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BBEAEHVE

dusnonorua (rped. physis —npupoga + logos —y4deHne) —Hayka
0 >XMBOW Npupoge, XN3HeAeATeIbHOCTU OpraHu3Ma U ero (yHKLK1o-
Ha/lbHbIX YacTel: KNeToK, TKaHei, opraHoB, cuctem. 3agaden (m3no-
NOTUW ABNSETCA BbISABMIEHNE M U3YUYeHWNEe MEXaHU3MOB OCYLLEeCTB/IEHMS
(hYHKLWIA >XMBOrO opraHmM3Ma BO BCEM MHOroobpasum B3anMOCBSI3M
MeX/y CMcTeMaMun 1 opraHamu, Npucrnoco6aeHns BO B3aUMOLeiCTBUM
C YCNOBMSIMW OKPY>KatoLLel cpefbl, UHANBUAYANIbHOTO Pa3BUTUA U CTa-
HOBJ/IEHWS ONpeAeNneHHOW AeAaTeNIbHOCTU XMBOTHOMO. Ans (hm3nono-
FMN KakK HayK1 NPUHLMNNANbHO BXKHO YCTaHOBUTL (PU3NYECKME N XNU-
MMUYeCKMEe OCHOBbI NPOLIECCOB, MPOMUCXOAALLMX B XKMBbIX CUCTEMAX Ha
pasfIMYHbIX YPOBHAX —OT CYOK/IETOYHOr0, KNIETOYHOr0, OPraHHoro Ao
LLe/IOCTHOrO OpraHu3mMa.

®un3M0N0rNa XXMBOTHBIX —MHOFONPoguUIbHaa AUCUUNANHA, BKHO-
yarowas B cebs 06Uy M KNETOUHYH (M3MON0rM0, QU3N0IOTNI0
OTZe/NIbHbIX CUCTEM Y OPraHOB —KPOBOOOpPALLEHNS, AbIXaHUS, NuLLe-
BapeHus, pasBUTUA, UMMYHWUTETA, 3HAOKPUHHOW W PenpojyKTuB-
HOI CUCTEM, HEMPOMU3IN0NOTMIO0 U PM3NONOTMNI0 NoBedeHNs. OaHaKo
y BCeX 3TUX CreLnann3vpoBaHHbIX pa3fenioB eCTb MHOXECTBO TOYeK
COMPUKOCHOBEHMSA, TaK KaK OHW, pPacKpbiBasf pasHble CTOPOHbI fefl-
TeNbHOCTW OpraHn3ma, NOAUYMHAKTCA 06LMM NPUHUMNaM. Tak, CTPYK-
rYpHble 3/1eMEHTbl LeHTPaJIbHON HEPBHOW CUCTEMbl He CMOCOOHbI
(QyHKUMOHMPOBaTL 6e3 MONHOLEHHOIro CHabXeHWs KUC/IOPOAOM U
FMIIOKO30 —OCHOBHbIM 3HEPreTUYecKn LieHHbIM MeTaboMToM; fe-
HTE/IbHOCTb CUCTEMbI KPOBOOOpaLLeHNs 06ecneynBaeTcs CoKpaTuTe lb-
HOM aKTMBHOCTbIO MUOKapZa WM KPOBEHOCHbIX COCY[OB, CepheyHas
laBMCUT OT JOCTATOYHOIO CHabXeHMs KUCN0POAOM, a 3TO onpegens-
eTcs [eATe/IbHOCTLIO NEerkux no obecnevyeHMto rasoobmeHa u T. 4.
MMO/IHe 0YeBUAHO, YTO 15 MOCTUXKEHNS TAKOrO CNOXHOro npegme-
la, Kak m3nonorns, Heo6Xo4NMOo MNoApasfennTb U3N0XKEeHUe MmaTe-
puana Ha OTAe/IbHble CaMOCTONATe/NbHbIE TNaBbl, HO C Y4ETOM CUCTEM-
HOr0 B3aMMOOTHOLLEHUNS NPW aHaM3e PYHKLUOHUPOBAHMWSA OpraHus-
Ma KaK eIMHOro Leforo.

WcTopus BeTepuHapHO MeAnLUMHbI MOKa3bIBaET, YTO BHavase noj-
non K JIEYEHUIO XXMBOTHbIX Obl/1 UCKIOYNTENBHO 3MMUPUYECKUM, T. €.
lnonunca K MeTony I'Ip06 n OIJ.I,VI6OK. OnbIT, HaKOMAEHHbIA MHOTUMU
MOKOJIEHUSIMW, MO3BOJN/T BbISIBUTb Hambosnee J((hheKTMBHbIE cpeacTBa



ANS neveHns 60/bHbIX, 04HAKO 3TOT NYTb TPebOBaN UCKNHOUNUTE/NBHO
60/bLINX 3aTpaT BPpeMeHn, n306mnoBan owmoKaMmm n 3abnyxaeHns-
MW 1 B Halle BPeMA NOYTU McYepnas CBOM BO3MOXXHOCTW. [JanbHel-
LM nporpecc B opraHu3aumm neyebHbIX MeponpuaTuii 3aBUCUT OT
NMOHMMaHNA MeXaHU3MOB [efATe/IbHOCTU U NaToN0rM4yecKnux cocTos-
HWIA OpraHoB N TKaHei, NosiBMIacb BO3MOXHOCTb pa3pabaTtbiBaTb Ha-
YYHO 060CHOBaHHbIe CNoco6bl ieyeHns 3abonesaHnii. Bpay, 3Hato-
LWWIA NPUHLMUNLI YHKLNOHMPOBAHUA OpraHn3Ma, MOXET MoCTaBuUTb
6onee TOYHbIA AMAarHO3 W HaszHa4YUTb MNpPaBU/IbHOE Jle4YeHue n ¢
MeHbLUEN BepPOSTHOCTbIO HAPYLUNT CBOMM BMeELLIATENbCTBOM (hU3MNO-
NOrnMYecKoe paBHOBecKe OpraHn3ma. BmecTe ¢ 3TM HEOLEHMMO 3Ha-
yeHue usnonorum ana obecneyeHns oNTUManbHbIX YC/IOBUIA CO-
LepXXaHUa M KOPMJIEHWUA XXUBOTHbIX, & CNefoBaTeNlbHO, U MOBbILLe-
HWUA peHTabenbHOCTM XXMBOTHOBOACTBA.

PaccmaTtpmBas rnaBHble KOHUeNuuu Guanonoruu, cnesyet noj-
YepKHYTb, YTO B OCHOBE BCAKON (PYHKLMMN NEXUT CTPYKTypa. ITOT
npuHUKUN obsA3aTeneH Ans N60ro ypoBHA opraHusayum —oT Mo-
NeKyNApHOro 40 OpraHM3MeHHoro. [ocTtatouyHO U3MEHUTb CTPYKTY-
py (KOH(uMrypauuto) monekynbl (PepmMeHTa U OH yTpayuMBaeT CBOH
6ronornyeckyto akTMBHOCTb. XapakTep ABUXKEHWUS U MeXaHuKa co-
KpalleHUn MbIlL CYLIECTBEHHO 3aBUCAT OT YNbTPAaCcTPYKTYpHOK
opraHusauuy COKpaTUTeNIbHOro annapaTa MblILEeYHON K/eTKu. Bo
BCEX KJIeTKax MpoLecchbl (hyHKLMOHMPOBaHMSA 00653aTe/lbHO CONpo-
BOX/AKOTCA U3MEHEHUAMU CTPYKTYPHbIX KOMMOHEHTOB, U MO3TOM
aHanm3 (U3NoNornyeckKNUX MexaHu3smMoB HEBO3MOXEH 6e3 nofapoob-
HOFO MX W3YYEHMS Ha YPOBHAX KNETKM W TKaHeWh. ITUM ornpe-
[lenseTca TecHas CMbIC/0Bas B3aMMOCBA3b (PU3NOMOTUM C APYIU-
MU AUCUUNIMHAMU, W Npexae BCEro C rMcTofiormein u LUTONO-
rmeil. HayuHble AOCTMXEHMA OKa3a/MCb HACTONbKO 3HAYMMbIMMU,
4YTO MOXHO TFOBOPUTb O CYLUECTBOBAaHWM CamMOCTOATENIbHON0 Ha-
npasfieHns LlMTO(BMSMOJ‘IOFMM, MO3BONAIOLLEN0 OLeHMBAaTb KNETKM
opraHu3Ma BO BCeli JUHAMUKe CTPYKTYPHbIX npespalieHuid. LinTo-
(hm3vonorus, wusyyas nNpoLECCbl MEeXK/IeTOYHOro B3aMMOZLENCT-
BMSA, NO3BO/SIET paccmaTpuBaTb [AeATeNbHOCTb MHOXECTBa K/1EeTOK
He KakK MaTemMaTU4YeCKyr) CYMMY K/IETOYHbIX MPOSABJEHWUA, a Kak
KOOPAUHUPOBAaHHYO BO BPEMEHM W B MNPOCTPaHCTBE [AeATeSb-
HOCTb K/IeTOYHbIX coobuiecTB. PaccmartpuBas BOMPOCblI TKaHEBOM
LUUTOAPXUTEKTOHUKN, CUCTEMY MEXK/IETOUYHBLIX B3aUMOOTHOLLEHW
W [janee OpPraHM3alLnio HEPBHOTO M 3HAOKPUHHOIO KOHTPO/s 3a
LeATeNIbHOCTLIO KNEeTOK, Mbl MOXeM MepernTn K OueHKe Hajkne-
TOYHOrO YPOBHS OpraHusayuy opraHa, CUCTEMbl OPraHoB M, HaKo-
Hel, opraHu3ma B Lie/IoM.

Ycnexu 61oNornyeckux UCCnefoBaHuin NocnefHUX NeT BblABUHY-
NN Ha NepeAHWI NnaH OAWH U3 Pa3fenoB KAeTOYHOW (hr3nonormm —
MeM6paHO/I0r M0 —KOMMJIEKCHOE UCCNefoBaHWe MN1a3mMaTtuyeckoi
MeM6OpaHbl K/IETOK, B KOTOPOM YCUNINA OUOXUMUKOB, 6MO(N3NKOB



U MOP(OSIOrOB CKOHLIEHTPMPOBaHbl Ha paclunMpoBKe CBOeobpasms
MeMOpaH pasfIMYHbIX KETOK B XOAe OCYLLEeCTBAEHMS UMW MPOLEeccoB
cneunpuUYecKon nNpPoOHMLAEMOCTH, (PePMEHTATUBHOM aKTUBHOCTH,
MEXKNETOYHOW CBSA3M W CMOCOOGHOCTW BOCMNPUHUMATL XUMUYECKME
CUrHasbl. ITOT Nporpecc 00yCnoBeH NPeXxe BCero TeM, YTO peLueHne
(1)m3mnonornyecknx 3agad CTUMY/IMPOBA/IOCHL 3anpocamn apmakoso-
MKW, 3aMHTEPECOBaHHOM B M3bICKaHWW Hambonee 3PPeKTUBHO Aeil-
CTBYHOLUMX NpenapaTos, 061afatoLwmx MUHUMabHBIM NO60YHbIM 3¢)-
(I>exToM. BosbLIOE 3HAYeHWe MembpaHonornmn Ans apmakonormyec-
KUX UCLUNINH OO6BACHSAETCSH TOW OrpOMHOW (PYHKLMOHANBbHON po-
NblO, KOTOPYIO UrpatoT MeM6paHbl B XWU3HeLeATeNIbHOCTU KeToK,
rKaHei 1 opraHvM3MoB.

MeMm6paHbl OTBETCTBEHHbI 32 LENOCTHOCTb W TeTePOreHHOCTb
(060C06/1EHHOCTL) K/ETOK, 3a MexaHu3M peuenuuu. B3avmopeicT-
B/e MembpaH —3TO K/HOYEBON MeXaHW3M B afre3viOHHbIX SABNeHNAX
COeAUHEHNWS, CANNAHUS KETOK), PeryampyroLmx npoLecchbl npoau-
1)epaumy KNeTOK U UMMYHHble peakumu. MemopaHbl OCYLEeCTBAAOT
npeobpas3oBaHne IHEPrumn B KNeTKe, TPAHCNOPT MOHOB, MeTaboIMTOB
1 ApYruX BELLEeCTB; BO MHOMOM ONpPefeNfoT KUHETUKY HaKOMIeHns u
y[aneHns BeLlecTB, BBeAEHHbIX B opraHm3M. C MeMbpaHamu TecHO
CBfi3aHa M CNOCOBHOCTb KNETOK BOCMPUHMMATL KOMaH/HbIe CUTHASbI:
Ha/Mume cneunannu3MpoBaHHbIX PeLenTopoB obecrneyrBaeT BO3MOX-
HOCTb Y3HaBaHUA HYXHOr0 KneTKe CUrHa/bHOr0 XMMMWYeCKoro Be-
LWecTBa, OT/IMYUTb ONpeAeneHHbIi TOPMOH OT APYIrUX XUMUYECKMX
cy6cTaHumii. CTPYKTypbl, BOCNPUHMMAIOWME Cheunpuyeckyro Xu-
MUYECKYI0 KOMaHLy —peLenTopbl, CNOCOOHbI CBA3bIBATL (PU3MOM0-
TMYECKN aKTMBHbIE BELLECTBA HAa BPEMS, HeOBXOAMMOe A/is B3anMmo-
[encTena c onpefeneHHbIMU BHYTPUKIETOYHBIMU MOCPEAHUKAMMU,
KOTOpble, B CBOK O4yepefib, BOCMPOM3BOAAT KOMM/EKC peakLuuii rop-
MOHa/IbHOTO OTBETA.

LLInpoKO M3BECTHO, YTO B NpoLecce 3BOMOLUN CHOPMUPOBAINCH
OCHOBHble MOP(ONOrMYecKmne XapaKTepUCTUKN BCEX HblHE CYLLECT-
NYIOLMX BUAOB XXMBOTHbLIX OPraHnM3MoB. MOXHO cKasaTb, YTO He
0/IbKO CTPYKTYpa, HO W TECHO CBfi3aHHas C Hew (yHKUuA npe-
reprienia 3BOJIOLMIO B XO/€e eCTeCTBEHHOro otéopa. Mem6paHbl Ha-
psgy C APYTUMWU CTPYKTYPHbIMW KOMMOHEHTaMW KNeTOK MpoLan
MyTb 3BOJIIOLMOHHOIO COBEPLUEHCTBOBAHNA, NMOATBEPXAEHUEM 3TO-
K) Ha HacTOALLEM 3Tare CAYXWUT reHeTuyeckas getepMuHaums (npea-
OMNpeaeneHHOCTb) MeMOpaH pasN4YHbIX KNeTOK. Takum o06pasom,
Tk1)opmauwus, HaKoneHHas B X04e eCTeCTBEHHOro oTbopa, npu3Bsa-
;| NOBBLICUTb LUIAHCHI OpraHn3Ma Ha BbKMBaHWeE, a Ntobble n3MeHe-
MU (MyTaLmmn), CHKaKoLWwme BO3MOXHOCTU BbKMBAHUS U BOCMPO-
NTeLeHNs, YCTPaHATCS.

O603Hayas OCHOBHble pa3fenbl COBPEMEHHOW (M3M0N0rUN, He-
n()X0AMMO BblgeNNTb OOLLYH IU3MONOTUI0, pacCMaTpUBatOLLY0 Npu-
poay OCHOBHbIX XXW3HEHHbIX ABMEHU, MeTabonn3M OpraHoB U TKa-
LU-1, CBOWCTBA OMOMOTMYECKUX MeMbpaH M OTAeNbHbIX KNeToK, 06-
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LWne 3aKOHOMEPHOCTU pearMpoBaHWs OpraHuM3Ma Ha MeHstoLmecs
YCNOBMA OKpYXatoLeid cpefbl, Npoueccbl BO30YXAeHWUS U TOPMOXe-
HusA. K Bornpocam o6Lieid (hn3nonornm 0THOCATCA N 3aKOHOMEPHOCTK
(hYHKUMNOHNPOBaAHUSA OpPraHOB M TKaHei, 06YyCnoBfeHHble 0CO6EH-
HOCTAAMMW WUX CTPYKTYPHOW OpraHu3auuu.

B M3yyeHUM npoLeccoB XWU3HEeAeATE/IbHOCTU OrpoMHYH pPOJb
UrpaeT cpaBHUTENbHbIM noaxon. CpaBHMBAA pPas3/IMYHbIX XXWUBOT-
HbIX W BbIAICHAA, KaKuM 00pa3oM KaXK[oe M3 HUX BbDKMBAeT, Npwu-
cnocab/mBasch K yCroBMAM OKpYXatoLLeid Cpefbl, Mbl Mosy4aem npej-
CTaB/leHMs 06 00WMUX 3aKOHOMEPHOCTAX OpraHu3auuv QYyHKUUW.
CpaBH/TENbHAA (h13MON0rMa n3yvaeT PYHKLUUWU OTAENbHbIX OPraHoB
M UX CUCTEM Y CaMbIX pPa3/IMYHbIX rPynn OpraHU3MoB, BbISBMAA 06-
e NPUHLMNBI (DYHKLMOHABHON OpraHun3aLmm, a Takxe cnocoobsl,
nocpeacTBOM KOTOPbIX Pa3/iMtHble OPraHU3Mbl OCYLLECTBNAT 04N~
HaKoBble (PYHKLMW. B 3Ha4YMTeNIbHOW CTEMeHW CpaBHUTeNbHasA (U-
31onorus basmpyertcs Ha 9KOOTMYECKUX No3nLmax. BnusaHue cpesbl
06MTaHMA BO MHOrom onpejenseT 0CO6eHHOCTU (hOpM XKXU3Henes-
Te/IbHOCTM W ABNAeTCA NPeAMeTOM WUCCNefoBaHUsA 3KONOrNYecKoi
tumsvonoruv.

Bo3pacT XXMBOTHOr0 npeabasiseT ocobble TpeboBaHWA K UcCeso-
BaHVAM (PYHKLMOHANbHON opraHu3auuy opraHusma. TeyeHue u-
3M0NOrMYECKMX NPOLLECCOB CYLLECTBEHHO pa3niMyaeTcs B npefenax of-
HOr0 BMAa B 3aBUCMMOCTU OT MHAMBUAYaNbHOIO PasBUTUA U BO3pacTa
XMBOTHOro. HeCOMHEHHbIV UHTepec NpeAcTaBNseT CTaHOB/IEHWE pas3-
NNYHBIX (DYHKUWA Y PYHKLMOHAbHBIX CUCTEM B XO4€e pocTa U pa3su-
TMA opraHusma. 19 NOHUMaHWUA MeXaHW3MOB XXWU3HEeLEeATe/IbHOCTH
B&XXHO 3HaTb W MPOLECChI, COMPOBOXJatoLme yracaHne (YHKLMIA B
CTapyeckoM BO3pacTe, 3TV BOMPOCHI BXOASAT B KOMMETEHLMIO BO3pacT-
HOVA cpranonorum.

YacTHas msmonorma nsyvaet QyHKUUU OTAEeNbHbIX TKaHel (Mbl-
LLEYHON, HEPBHOW, CEKPETOPHOWN W Ap.) M OpraHoB (CepAaue, MOYKM,
neyeHb U T. 4.) U UX (DYHKLUOHMPOBaHUe B COCTaBe cUCTEM (KPOBO-
o6palLeHns, fblXxaHUsA, NULLEBAPeHNUs 1 np.).

MpuvknagHas qu3nonorus n3yyaet NpPosBIeHUs AedATeNbHOCTU opra-
HM3Ma B YC/IOBMAX, CBA3AHHbIX CO CMeuupUKON ero MUcrnonb3oBaHus
nnn obuTaHusa (NOLBOLHAA, KOCMUYecKas GpuU3nonoruns, cnopTuBHas
n np.). Hambonbliee nNpakTMYEeCKOE 3HA4YeHMe MMEeT (U3Monorus
CeNbCKOXO3ANCTBEHHBIX YKMBOTHbIX, B 3aJja4y KOTOPOW BXOAAT aHaiun3
(hM3M0NIOTMYECKNX MEXaHU3MOB MPOLYKTUBHOCTU (MOJIOYHON, MSAC-
HOW, LUEPCTHOM M Mp.) M BbipaboTKa HayYHO 0O6OCHOBaHHbLIX MepO-
NPUATAA NO MOBbILWEHWUIO MPOAYKTUBHOCTU U YBENUYEHUIO 3 dek-
TUBHOCTM XXMBOTHOBO/CTBA.

®u3nonorna Takxke NoapasfeNsfeTcs Ha HOPMaTbHYIO U NaToNnoru-
yeckylo. HopmasnbHas (M3Monorusa n3yyaet 3aKOHOMEPHOCTU XKU3He-
[eATeNlbHOCTW 3[0pPOBOr0 OpraHu3Ma, MexaHusmbl afantauuy yHK-
LW K LeCTBUIO pa3/iyHbIX (hakTopoB. HopmanbHas (hrsnonorns as-
NAETCH TEOPEeTUYECKOM OCHOBOW MPaKTUYeCKM BCEX MeLULMHCKMX U



BETEPUHAPHbIX AWCUMNAMH, TaK Kak 6e3 3HaHWA HOPMasibHOro
TEYEeHN (PU3NONOTUYECKNX MPOLECCOB U (DYHKLMNOHANbHbIX OT-
npaefieHN BGECCMbICNIEHHO MbITaTbCA Ne4YnTb 601bHOr0. B oTiuU-
4yme OT HOPManbHOM naTonoruvyeckas PU3NONOrMA paccmaTpuBaeT
N3MeHeHUs (hyHKLUMIA 60NbHOr0 OpraH1M3mMa, BbISIBASIET 3aKOHOMep-
HOCTU BO3HWKHOBEHMWA W pa3BUTUS NATONOTMYECKMX MPOLECCOoB, a
TakXe NpoLeccbl KOMMEHCAUUN yTpadeHHbIX PYHKUNIA N MeXaHU3-
Mbl BbI30OPOBEHUS.

MeTogabl (Pr3M0I0rNYecKnx uccnefoBaHnii. B gmsnonormm wnpo-
KO NPUMEHSAETCA 3KCNEPUMEHT, TONIbKO B X04e KOTOPOro MOXHO Bbl-
AACHWUTb, YTO Xe MPOMCXOAMT B OPraHn3me, Kak BO3HMKAET 1 pa3su-
BaeTCA (hM3MONOrnveckmii npouecc. ®u3nMoN0rns —ato aKcnepu-
MeHTa/lbHas AuUcuMNAnHA. SKCNEPUMEHT ABAAETCA OCHOBHbIM Me-
XaHW3MOM MO3HaHWA, NPUYEM A1 N3YYEHUS TOFO UAN UHOTO ABMIEHUS
Heo6Xxo4MMO c03AaBaTb M NOAAEPXMBATb YCNOBUA, B KOTOPbIX MO-
XeT NMPoOUCXOAUTb (PU3NON0rNYecKniA npouecc. AHaIMTUYECKNE UC-
CnefioBaHWsi NpuU3BaHbl 06ecrneynTb MaKcUmanbHO rny60Koe npo-
HUKHOBEHME B MPUPOAY ABMEHUI. YCNEeXn COBPEMEHHOM HayKu Mo-
3BONSIOT M3yyaTb (YHKLUMOHMPOBaHWE HEPBHOW, MbILIEYHOW nu
CEeKPETOPHOW KNETKW Ha MONEeKYNApHOM YpOBHE, UYTO AaeT ucudep-
nblBatoLlee npefcTaBneHNe 0 Npoueccax, NPOUCXOAALMX B OTAENb-
HOW KNEeTKe, ee opraHennax U MemopaHHbIX 06pa30oBaHUAX. YXe Ha
YpOBHe MeM6paHHbIX 06pa3oBaHWii K/IETOK OCYLLEeCTBNSETCS Aalb-
HOAencTBytoWas CBSA3b OTAE/bHbIX KNETOK, MX (DYHKLUMOHAbHbIX
KOMMNEKCOB, OpraHoB, CUCTEM, M 3TO ABAETCS CYLLECTBEHHOMN Npea-
NOCBINIKOW AN1A UCCNef0BaHUA XU3HeAeATeNIbHOCTM OpraHu3Ma BO
BCEM MHOroo6pasmmn B3aMMOCBSI3eii C OKPY>KatoLLEn cpefoit, T.e. BO3-
HUKaeT Heob6XOAUMOCTb Pa3BUTUS LPYroro HanpasfeHUs, yAayHo
Ha3BaHHOro W.I1.IMaBnoBbIM CMHTETUYECKON hn3nonormeid. B oTnu-
yme OT aHa/IMTMYECKON CUHTeTU4YecKas (um3nonorus Tpebyer mak-
CUMAIbHOrO MPUGAKEHNA 3KCMEPUMEHTa K eCTeCTBeHHbIM, Hau-
60/ee  COOTBETCTBYIOLMM >KWU3HELEATEeNbHOCTU OpraHu3Ma Yc/o-
BUAM. CUHTeTMYecKas (M3N0N0rns n3yyaet opraHusM Kak eguHoe
LieNoe BO BCEX MPOSABNEHUAX XU3HEAEATENIbHOCTH.

Han6onee cTapblit METO —3TO YAa/IeHWE, UK IKCTUpnauus, opra-
Ha WM ero YacT¥ U3 opraHusma C nocnegyrowmnM HabngeHem 3a
NocNeACTBUAMM BMeLLaTeNnbCcTBa. JanbHelwnii nporpecc B 3TOM Ha-
npaeneHnmn 6bin CBA3aH C paspaboTKOW MEeTOHOB TpaHChIaHTauum —
NepeHoC opraHa Ha HOBOe MeCTO WY B APYron opraHusMm. ogo6HbIN
NOAXOA OKa3a/ica BeCbMa NPOAYKTUBHLIM M 06ecnevynmn UHTEHCUB-
HOe pa3BUTUE 3HLOKPMHOMOTMKN. Ha HacTosiLeM 3Tarne eCTeCTBEHHbIM
NPOAO/HKEHVEM 3TOr0 HanpaB/IeHUs ABNAIOTCA UCCNeL0BaHWe [eincT-
BYHOLMX Cy6CTaHUMI, BbIAENEHHbIX U3 Pa3/INUHbIX 3HLOKPUHHbBIX Op-
raHoB, BbISIBfIEHNE UX XUMUYECKOW CTPYKTYPbl, CUHTE3 UX aHa/IoroB U
aHasin3 NpoLeccoB BOCMPUATUSA TOPMOHA/IbHOTO CUrHana.

Mpu HeobxoAMMOCTH NS UCCNe0BaHUA paboTbl OpraHa, pacnono-
YXEHHOr0 B rNyo6vHe Tena, NPUMEHSAIOT CrneunabHbI METOANYECKMIA



NnpYem —HanoXeHMe @UCTYNbl, NPU KOTOPOM'OAUH KOHEL,
MEeTa/I/IMY4EeCKO UK NIacTMaccoBOM TPYOKM 3aKpennsatT B UCCNenye-
MOM M0/IOM opraHe (Kenyzke, KULLKe, XXeYHOM WU/ MOYEBOM My3bl-
pe U T.A4.), @ 4pYroiA —Ha NoBEPXHOCTY Tena >XUBOTHOr0. AHa/IOrNy-
Hble LeNnn npecnefyeT BblBeJeHWe MPOTOKOB Pa3/IMYHbIX Xene3 Ans
aHanun3a BblAeNseMbIX NPOAYKTOB U OLeHKW CeKPeTOPHbIX MPOLIECCOB.
Pa3BuTVe (M3MONOrMYECKUX METOLOB MO3BOSINIO 3HAYMTE/IHO YCO-
BepLUEHCTBOBATb 3TW MPUEMbl BCELCTBUE Pa3pabOTKU METOAMKM Ka-
TeTepusalummn, Korja B KDOBEHOCHbIE COCY/bl, MPOTOKMN Xene3s, nosble
opraHbl BBOAAT TOHKMe TPYOKM —KaTeTepbl, NO3BO/AIOLLNE B HY>XHOE
Bpems Mony4aTb Heo6xoLuMble 06pasLbl KPOBW, CEKpPeToB M Np. Ans
aHanu3a, NOACOeANHATL PErUCTPUPYIOLLYIO annaparypy.

Ycnexu B pa3paboTke BOSIOKOHHOW ONTUKW cAenaiv BO3MOXHbIM
NpYMeHeHne 3HAO0CKONUM W1 NanapocKonuy —HenocpesCTBEHHOIO Ha-
6M0AeHNS 38 COCTOSHMEM Pa3NYHbIX BHYTPEHHUX OpraHoB B 6GpHOLU-
HOW nonoctu. Mcnonb3oBaHWe pasIMYHOrO pofa KareTepos, 30HAOB
MO3BO/NSIET BBECTU B UCC/ELYEMbIA OpraH AaTyuku perucTpupytoLLeit
annapatypbl 6e3 TpaBMaTUUHbIX OMepaTUBHbIX BMELLIATENIbCTB U NpO-
BOAWTb UCCNEeA0BaHWUSA B YCNOBUAX, MakKCUManbHO MPUBAKEHHbIX
K eCTeCTBEHHOMY COCTOSIHMIO XXVMBOTHOro. BapuaHTOM fanbHeliLlero
pa3BUTUA 3TOr0 MeTofa ABMAETCA KOHCTPYMPOBaHWe CreLuanbHOW
paauoKancysbl, B KOTOPY 3aK/KO4eHbl COOTBETCTBYIOLMIA AaTUMK,
3NleMeHT NUTaHUA U pafuonepesaTyunk, nepefarowunii No mMepe npo-
[OBWKEHUA MO MULLEBAPUTENIBHOMY TPakKTy WH(opMaumio. Paguocur-
HaNbl YNaBIVBAIOTCA PaAUONPUEMHNKOM W (DUKCUPYIOTCS PerncTpu-
pyloLLeli annapartypou.

OTKpbITOoe B KOHUe XVIII B. «KMBOTHOE 3/M1EeKTPUYECTBO» B MO-
cleflytoLlleM MCCefoBanoch C MOMOLLBIO Pa3HO06pasHbiIX METoAM-
yecknx npuemoB. CyLLeCTBEHHbIMW BeXaMv B 3 N1eKTpop un 3 u -
ONOrvu SBUINCH MPUEMbI PerncTpaLmm BHYTPUKIETOUYHbIX GUO-
3NIEKTPUYECKUX NPOLLeCCOB reHepauuy MeMbpaHHOro noTteHumana v
noTeHuuana AeicTBus, pa3paboTka BHYTPUKNIETOUHbIX CTEKIAHHBIX
MUKPO3/EeKTPOA0B, NPUEMOB (hMKCaLMMN HanpsHKeHUs Ha MeMbpaHe
¥ aHanm3a fesTeNlbHOCTU OTAeNbHbIX MOHHbIX KaHanoB C UCMo/b30Ba-
HVeM MeTofa ney-knamna. Bmecte ¢ 3TUM TpaguLMOHHBLIM U Hanbo-
nee NHPOPMATUBHLIM METOLOM UCCNe0BaHNSA HEPBHOW CUCTEMbI AB-
NseTca aHamM3 6MO3NEeKTPUUYECKNUX peakuuih, conpo-
BOX/AOLLMX MPOLECChl BO3OYXAEHUA U TOpMOXeHus. B nocnegHee
BpEMSA ANS U3YyYeHUs peakuuii HepBHOW CUCTEMbI, He HapyLUeHHbIX
B/IMAAHWEM HapK0o3a, WUCMOMb3yT MeTo[ 06e34BMXMBaHUS 604pCT-
BYHOLLIMX XXMBOTHbIX.

Ncxops m3 mocTtaBneHHOn 3afayv UCCNefoBaHWUs, 3KCNEepUMEHT
MOXET OblTb OCTPbIM UM XPOHUYECKUM. B Xofe ocTporo onbiTa, KO-
TOpbIN, Kak NpaBWo, ABMSETCA KPaTKOBPEMEHHbIM, HapKOTU3UPO-
BaHHOE MM 00e3[BMKEHHOE XKMBOTHOE MNOC/E CMeLNanbHbIX MaHNMy-
NAUMA —TpenaHauumn Yepena, BCKPbITUA NOMOCTeN Tena, BblBeAeHUA
opraHoB, obecreyeHus AocTyna K cocyjaM W HepsBam, NMpOBOAMTCA
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perucTpaums (u3noiorMyeckux peakuuin, BO3HMKAKOLWMUX Ha pas-
[paXeHWe HepBOB, BBeJeHMe PapMakoornyeckmx npenapatos. OfHa-
KO B X0fe OCTPOro OrbITa, KOrga npuMeHeHne nNpMeMoB HapKoTu3auuu
NNy 06e34BMXMBAHNSA XMBOTHOIO CKa3blBAETCH Ha (M3NONOrNYECKNX
(yHKUMAX, MO CYTU, Mbl UIMEEM [1e/10 C UCKYCCTBEHHO CO3JaHHbIMU YC-
NOBUSAMU 3KCMEPUMEHTA.

MeTofbl XpOHUYECKOr0 ONbiTa B ONPeAe/ieHHON CTerneHu nuLle-
Hbl 3TUX NOrpelHocTei. MpoBefeHWe XPOHUYECKOro 3KCNepuMeHTa
TpebyeT onepaTVBHbIX HaBbIKOB HANOXEHUA (UCTYN, WU3roTOB/IEHUS
(hparMeHTOB OpraHoB (M30/IMPOBAHHBIN >XeyaoueK, NeTas KULLKK)
WK Nepecagkun OpraHoB, BXMB/IEHUA 3/1EKTPOLOB U T.4. TOMbKO noc-
Ne TOro Kak >XMBOTHOe OMNpaBWTCA OT MOCMEACTBUN XUPYPruyecKoro
BMeLLaTe/IbCTBa, BO3MOXHbl M3Y4YeHWe CI0XKHbIX (DOPM MOBeAeHWs,
Heo[HOKpaTHOe MOBTOPEeHWe UCCNefoBaHUIA U T.4.

Mpn Heo6X0AMMOCTU M3yUeHUs PaboTbl OTAENbHbIX OpraHoB Ge3
CUCTEMHBIX B/IMSHNIA NPOBOAAT OMbITbl C M30/MPOBAHHLIMW OpraHamm,
ANns obecneyvyeHNs >KU3HeeATelbHOCTU KOTOPbIX 3KCMepUMeHTaTop
bepeT Ha cebs noagepXkaHve Heo6X0AMMON TeMnepaTypbl, BNAXKHOCTH,
CHabXXeHve KMCNopoLOM U NUTaTe/IbHbIMK BellecTBaMU. JTO obecne-
UMBaeTCA 3a CYeT MPOKayYMBaHMA Yepes cocyfbl opraHa crneuuaibHbIX
nuTaTesIbHbIX PacTBopoB {MeTOoZ nepdysun).

Mpw peLieHnn cneunabHbIX 3a4a4 no paclunpoBKe MeXaHU3MOB
MEXK/IETOYHbIX B3aUMOOTHOLUEHUA W MPUHLUMNOB (HOPMUPOBAHUA
HEPBHbIX CBA3eli HEOOXOLMMO MPUMEHEHME KyNbTypbl KNETOK U Kie-
TOYHbIX COOOLLECTB, MpPUYEM 3TK PaboTbl TPEOYIOT OCOObLIX TEXHOOT NI
K/IETOYHOr0 WM OPraHOTUMUYECKOro Ky/IbTUBMPOBAHWSA C NOALepKa-
HMEM HEOOXOLMMbIX YCMIOBUIA NUTAHUS U CHaBGXEeHWUSA KMUCOPOLOM BO
Bpems BCEro nepuoja akcreprumeHTa.

B (h1M31M0n0rMm akTMBHO UCMO/Mb3YHOTCA METOAbl CMEXHbIX AUCLN-
NanH —6uonsnyeckme, BMOXUMMYECKME U LUTONIOrMYecKMe ans
pacLngpPOBKN NPOLECCOB (PYHKLUMOHUPOBAHUA OTAeNbHbIX Opra-
HOB M CUCTEM OpraHusma. TeXHUYeCKuUii Nporpecc Nno3BoO/SET 3Ha-
YNTE/IbHO U3MEHUTb TEXHWKY 3KCMepUMEHTa, Crnocobbl perucrpa-
LM (PU3NOMOTNYECKMX MPOLLECCOB, 06paboTKM M OLEHKWN 3KCMepu-
MEHTA/IbHbIX JaHHbIX. J/IeKTPOHHbIE CUCTEMbl 06ecneynBaroT rnpe-
obpa3oBaHue MOMe3HOM MHDopMaLmMmK, Noyvyaemoin B Xo4e OnbITa,
6e3 WCKaXeHWMW, NPUCYLLUX WHEPLUOHHBIM MeXaHW4YeCKUM um
rMApPaBIVYeCcKUM CUCTeMaM, PEerncTpaumio 3KCnepumeHTaNbHbIX
[aHHbIX B LM(PPOBOM BUAE, YTO JaeT BO3MOXHOCTb KOMMbIOTEPHON
06paboTKM pe3ynbTaTos.

VcTopurueckast cripaBka. Pa3BuTue (u3NOMIOTUN KakK Hayku 6b110
npesonpegeneHo CMeHOM 3MoX U MPOLUKTOBAHO MOTPEOHOCTAMYU
NpakTUKW, B NEPBYI0 oYepelb MeAVMUMHCKON. B nepuog Bospoxae-
HUA UHTEHCWMBHO Pa3BMBAIOTCA ECTECTBEHHbIE HAayKW —aCTPOHOMUS,
mMatemMaTnKa, MexaHuka, (u3nka, aHaToMus. YenoBeyecTBO YXe He
yCTpamnBaroT CX0/laCTUYeCKNe B3rNAAbl CPeAHEBEKOBbS O HEMOCTUXM-
MOCTW CYLLUeCTB, CO3JaHHbIX BCeBbILHUM, W NOABASETCA HeobXon4u-



MOCTb M3y4yaTb MPOUCXOAALLME B OpraHu3me npoueccol. MpUHATO
cumtaTh 1628T. AaTtoli OCHOBaHUS (PU3NOMOTUN —OTKPbITUE aH-
rMUACKMM BpayoM YuibaMom [fapBeeM CUCTEMbl KPOBOOOpaLLeHus,
cocToslein M3 60MbLOro M Manoro Kpyra, o6pasoBaHHbIX COCY-
JaMu, BbIXOAAWMMN U3 cepaua. ITO 0KasanoCb BO3SMOXHbLIM TOJIbKO
B pe3ynbTare paspaboTKy N NPUMEHEHUA MPUHLUNWNANLHO HOBOIO
MeTOa >KMBOCEYEHUs, UIn BUBUCEKLMU. B aanbHeiwem npasusib-
HOCTb NpefcTaBneHUn Y. Mapeesa 6bina nogTeepxaeHa M. Manbnu-
M, KOTOpbIA onucan (POPMeHHbIe 3/1eMeHTbl KPOBU, a/ibBEO/bI Ner-
KUX W BbISBU/I CBA3b apTepuii C BeHamy MOCPeACTBOM Kanwunins-
poB. B nocnegytowem pusnyeckne 3aKOHOMEPHOCTW BCe valle uc-
NoMb3YytT A4/19 06BACHEHUA (PU3NONOTNYECKUX MeXaHU3mMoB. U Tanb-
AHew [1. Bopennu onucbIBaeT ABUXEHME XXNBOTHLIX HA OCHOBE 3aK0-
HOB MEXaHWKW, a ABUXEeHWe KPOBM paccmaTpuBaeT C TOUKM 3peHus
3aKOHOB rnapaenvMku. B 1738 r. aHrnninckomy ydeHomy C. Xeincy ¢
MOMOLLbIO MPSAMbIX U3MEPEHUI YAan0Ch YCTaHOBUTL BEJIMUYUHY KPO-
BAHOrO faB/ieHWsa Y NowWain B pasHbIX COCYAUCTbIX 061acTaX, 4To
[lano Havano pasBUTUI0 3HAYMTENIbHOro pasgena (rU3nonorum —remo-
JAVHaMUKe.

Ba)KHbIM LWarom B MaTepuasimcTU4ecKOM NMOHUMaHUK (r3nono-
rMYecknx MpoueccoB cTano cgopmynuposaHHoe B XVII B. P. [e-
KapToM MOHATME O pednekce. B panbHeiwem Ha OCHOBe 3TUX
B3rNs40B POAMNOCL NPeAcTaB/ieHe 0 HepBHOM pedinekce, pedriek-
TOPHOW Ayre v ponu 3TuxX 06pa3oBaHWMin BO B3aMMOAENCTBMM opra-
HM3Ma CO cpefol obuTaHus. B pabotax P. Peomtopa 1 J1. CnannaH-
LlaHW pacKpbITbl XMMMUYECKUE MPOLECCHI, fieXallme B OCHOBE NuLye-
BapeHUs. XMMnyeckme 3aKOHOMEPHOCTU, 0OBACHAIOLWME MeXaHU3M
AblXaHua, paccmatpusaet A. JlaByasbe. B Poccun 0CHOBOMOOXHUK
0TeYeCTBEHHOW Hayku M. B. JTOMOHOCOB BHeC 3HAaUMTeNIbHbIA BKNag,
B pa3BMTME MATEpPUaIMCTUUECKMX OCHOB (husmoniornn. PaspaboTaH-
HbI UM 3aKOH COXpaHeHWs MaTepuu U 3HePrn — OUH U3 OCHOBHbIX
3aKOHOB TEPMOJWHAMUKN —ABNAETCA OCHOBHbLIM MPUHLMMIOM CO-
BPEMEHHOI0 B3r/s/a Ha npoueccbl 06meHa BellecTs. Maes M. B. lo-
MOHOCOBa 06 06pa3oBaHWK TeNI0Tbl B CAMOM OpraHu3Me MMeeT uc-
KNIOYNTENbHOE 3HAYeHMe AN peLleHns nNpobieM TepMoperynayum.
HecomHeHeH npuopuTetr M. B. JlToMmOHOCOBa B CO34aHUN TPEXKOM-
MOHEHTHOW TEOPMM LBETHOrO 3PEHUA W AeATeNbHOCTUM BKYCOBOIO
aHanmsaTopa.

3asepuieHne XVIII B. 03HaMEHOBAHO OTKPbLITUEM <«<KWBOTHOIO
anekTpuyecTBa». TanbAHCKUA PU3NK 1 ecTecTBOUCMbITaTeNb JTy-
noXkun anbBaHW AOKasan ero CyLecTBOBaHWE B TKaHAX XMBOTHbIX,
T.e. OH ABWCA POLOHAYANIbHUKOM 3/1eKTPOU3M0N0rum, 1 COBMECTHO
CO cBOMM y4yeHMKOM K. MatTeyyum Hauan wccnefosatb OA4HO U3 OC-
HOBHbIX (IM3MONOrMYECKMUX SB/IEHWUI —NPOLECC BO3OY>KAEHUA. ITU
[N15 CBOEro BPeMeHW PeBOOLMOHHbIE BO33PEHNS Bblfin BOCIPUHATBI
n B Poccuun, 0 YeM CBUAETENLCTBYET KHUra npogeccopa Meauko-
XUPYPruyeckon akagemun B. MeTpoBa «M3BecTus 0 ranbBaHW-BOSIb-
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TOBCKMX OnblTax». B fganbHeilleM C pa3BUTMEM MeTOAOB BO3[ei-
CTBUS 3/IEKTPUYECKOr0 TOKa Ha BO36YAUMble TKaHU U perucTpauunm
3NIEKTPUYECKUX ABNIEHUI B KNeTKax 6blin 3a10XeHbl OCHOBbI COBpe-
MEHHbIX TEOPETUYECKNX NPEeACTaB/IEHNIA O NPUPOLE 3NEKTPUYECKUX
SBIEHNI, CONPOBOXAAKLUX NPOLECChl BO3OYXAEHNA. 3Ha4YUTENb-
Has 3acnyra B 3TOM npuHagnexut 3. [jrobya-Penimony, J1. epmaH-
Hy, 3. MNdmorepy. B panbHeiiwem I enbMronbly yaanocb n3me-
PUTb CKOPOCTb MPOBeeHUs BO30YXAeHUs no Hepsy. [Nporpecc B
3TOM Harnpas/ieHun 6bli 06ecrneyeH ycnexamum u3nyeckon XUMuK:
pesynbTatbl paboT AppeHuyca, OcTBanbga, NMepcta NO3BONNUAN YyYe-
HUKy [Lobya-PalimoHa HO. BepHLUTEAHY Ha OCHOBaHWW B3r/sA0B
CBOEr0 yyuTens copmynmpoBaTb MEMOPAHHYI TEOPUO BUO3NEKT pU-
yeckmx aBneHuid. Mocnegytoulee passuTne GMOOU3NKN GUOINEKTPU-
YyecKux sBneHuin cesizdaHo ¢ 30-my rogamm XX B. A. XOOXKKUH,
A. Xakcnm n b. KaTu cmornm 060CHOBaTb U 3KCMepUMeHTaNbHO Noj-
TBEPANTb 3aKOHOMEPHOCTHU, fieXallne B OCHOBE COBPEMEHHOW Teo-
pUM MeM6pPaHHbIX NMPOLLECCOB.

WccnenoBaHnsa 0CHOBOMOMOXHMKA LUKO/MbI HEMELKUX (PU3M0I0roB
WoraHHeca Mtonnepa 3aTparmBanu WWPOKWUIA Kpyr Npobnem, BKIKOYa-
tOLLMX B ce6s BOMPOCHI ()YHKLMOHMPOBAHUSA CUCTEM OpPraHn3Ma: >e-
ne3 BHYTPEHHel CeKpeuuu, 3peHus, Cryxa, peyu, KpoBu U NUMMbI.
Passutne gumsmonorum B cepegnHe XIX B. OblI0 TECHO CBA3AHO C
MeTogu4Yeckum nporpeccom. B 1847 r. K. JllogBurom n3obpeTeH Ku-
morpad, NpeasioXXeH MaHOMETP A4/15 3anncy KPOBAHOIO AaBNeHns, pas-
paboTaHbl KPOBSAHbBIE Yacbl /11 OLEHKM CKOPOCTU KPOBOTOKA. B aTOT e
nepuog 3. Mapeem pa3paboTaHbl NPUHLMMNbI MHEBMOTPagUYeCcKoin pe-
rucTpauum paga pusnonornyecknx MyHKUUii n coemectHo ¢ K. Jlioa-
BUIOM BbIfiB/IEHA B3aMMOCBA3b MeXay (pasamy CepAeyHoro uukna u
KonebaHMAMN JAaB/IEHNS B COCYaX.

MapannensHoO ¢ pa3BUTUEM 3N1EKTPOPU3NONOTUN 3HAUNUTESIbHbIE pe-
3ynbTaTbl B UCCNEA0BAHNUMN BO3OYAUMbIX TKaHER Oblin MoNyYeHbl YKe B
Havasie XIX B. OCHOBbIBasACh Ha tornsgax Jekapra o pethieKTopHOM npu-
pofe HepBHbIX ABneHWN, Y. Benna n ®. MaxaHAn BbIACHUIN LEHTPO-
CTPEMUTENBHYIO MPUPOAY [OPCa/bHbIX W LEHTPO6eXHoe [AercTBue
BEHTPa/IbHbIX KOPELIKOB CMMHHOI0 Mo3ra. 3TO OTKPbLITME MO3BONIO
PAcKpbITb CTPYKTYPHYIO OpraHu3aumio CoMaTUYecKoi pedIeKTOPHOIA
ayrn. B pganbHeliwem 6narogaps pabotam W. Mwonnepa n M. ['anna
Oblna co3faHa pehieKTopHas Teopus. BakHeliee 3Ha4YeHWe nvenmn Tpy-
abl . M. Ce4yeHoBa, B KOTOPbIX 6blfM 3a/10)KEHbI OCHOBbI M3y4eHUs
npoueccos paboTbl rOI0BHOr0 MO3ra Kak MaTepuanbHOro cybcrpara.
B ero reHvanbHON KHUre «PedieKcbl r0OIOBHOMO MO3ra» faHa MaTepu-
IMCTMYeCKasa MHTEPrpeTaLmsa Takoro CI0XHOro NPUPOLHOro ABMIEHNS,
Kak CO3HaHue, OnucaHo siBfieHMe CyMmauuy B LeHTPasibHON HepBHOM
cucteme. VICKNHOUMTENBHO BaXHbLIM 415 pasBUTUA (PU3NOIOTMK CTa-
no otkpbITMe V. M. CeyeHOBbIM TOPMOXKEHWSA B LEHTPa/IbHOW HEPBHOIA
CUCTEMe, Ha3BaHHOI0 «CEYEHOBCKMM TOPMOXEHMeM». Takum obpa-
30M, «OTel, PycCcKoW (uanonorum» 3anoxun, a W. IN. MNMasnos npo-
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JOMKWA pa3paboTKy (HM3MONOrMK BbICLLE HEPBHOW AesTenbHocTU. He-
COMHEHHO, BaXkHbl nccneaosaHus . M. CedeHoBa B 0611aCTK aHanmsa
rasoB KpOBW, BJ/IMSAHUA Pa3/IMYHbIX WMOHOB Ha (PU3NKO-XUMUYECKMe
MPOLLECChI, MPOUCXOAALLME B OPraHU3Me.

OpHoBpemeHHO C WM. M. CeyeHoBbIM paboTasii MHOTVE pPyCCKue
tusunonorn. N. ®. LiInoH 06Hapy>Xun LEeHTPOCTPEMUTENbHbIE BOJIOK-
Ha, uayuwine OT cepfua n aopTbl, obecneymnBatowne pehneKTopHYHO
perynaunio nx gedatesibHoctn. ®. B. OBCAHHWUKOB OTKPbI/ B MPOLO/I-
roBaTOM MO3re LieHTp perynsauum cocyamctoro ToHyca.

. M. CeyeHoBbIM Oblfia CO3f4aHa Hay4Has LKOMa, K KOTOPOiA
npuHagnexanu u3BecTHblin hapmakonor H. M. Kpaskos, pun3nono-
rm B. B. Bepuro, M. H. LWaTtepHukos, A. ®. Camoinos, N. P. Tap-
xaHoB. B. B. MawytnH n A. A Jluxaues npeaioxunnu Hamnbonee
TOYHbIE METOAbl aHann3a TenJonpoAyKLNN XXNUBOTHOTO OpraHn3ma,
M. A. Crnupo OTKPbIN COMPSXKeHHOe TOPMOXKeHWe B aHTaroHMCTMUYec-
Knx LeHTpax. OfinH 13 Hanbonee BbifaloLMXcs yueHnkos . M. Ce-
yeHoBa —H. E. BBefieHCKUi1 co3aan CTPOWHY TEOPUIO O EMHCTBE
MPOLECcCoB BO36GYXAEHNA M TOPMOXEHUS 1N OTKPbIN ABNEHUSA ONTU-
MymMa 1 neccrmyma.

Noen N. M. CeueHoBa 6bini1 pa3sutel V. T. Masnosbim. bnaro-
[apa 3KCnepvMeHTaslbHbIM MUCCNefoBaHNAM (DM3NO0NTOTUYECKUX Me-
XaHW3MOB, fexalmx B OCHOBe MCUXUYECKOWN [eATeNbHOCTU U Mo-
BeleHYECKMNX peakLWid, UM CO3[4aHO YYeHMe O BbICLUEN HePBHOIA
[eATeNbHOCTY >XMBOTHbIX U yenoseka. Tpyabl Nasnosa onpesenunu
KauyeCTBEHHO HOBbI 3Tan B pasBUTUM (U3NONOTUKN, €ro Hay4Hble
NHTEpeChbl OblI UCKNHOUYUTENIbHO MHOrOrpaHHbl. V3yyeHune mexa-
HU3MOB PErynsauun KpoBoobpaLleHns No3BOMNIIO BbISBUTL TPO(U-
YeCKne BNNSAHUS HEPBHOW CUCTEMbI U 060CHOBATL AaNbHenLiee pas-
BUTWE 3TOr0 Hanpas/ieHWA, KOTOPOe Hall/1o0 nocnefosaresiel B Nu-
ue /1. A Op6enn n A. . CnepaHcKoro. Pa3paboTka 3KCNepuMeH-
TanbHO-XMpypruyeckoro nogxoga nossonuna W. IN. MNaBnoBy He
TO/IbKO CO3[aTb 3aHOBO (PM3MOJIOTUIO MULLLEBAPEHUs, HO U paspa-
60oTaTb «(U3NOMIOTMYECKOE Hamnpas/ieHne, CTpeMsLLeecsd pacnpo-
CTPaHUTb B/INSHUE HEPBHOM CUCTEMbl Ha BO3MOXHO 0O/blLee KO-
NNYeCTBO [eATeNbHOCTEN OpraHu3ma», T. e. TEOpeTUYeckn 060CHO-
BaTb MAEK Hepsu3Ma. OTO KayeCTBEHHO HOBOE Harnpas/ieHue 6bli0
BbICOKO OLLeHEeHO MMPOBOI Hay4YHOW 06LLeCTBEHHOCTbIO, 1 B 1904 r.
K. M. MaBnoBy 3a paboTbl B 06/1aCTM (HM3MONOTMKN MNULLLEBAPEHNS
6blna npucyxxaeHa Hobenesckas npemusa. M3yyas yHKUUWU KOpPbI
60nbLLMX NONyLapuin ronoBHoro mosra, V. I. Iaenos npuiien K oT-
KPbITUIO YCNOBHOIO pediiekca, KOTOPOE /ersio B OCHOBY WCCNefoBaHusA
MPOLECCOB MOBEAEHMNSA XXMBOTHBIX U NMCUXWUKWN Yenoseka. M onpege-
NEeHbl 3aKOHOMEPHOCTU (OPMMUPOBAHUA U TOPMOXKEHUSA YCNOBHbIX
pedIeKCoB, YCTaHOB/IEHbI TUMbI HEPBHON feATeNbHOCTM, pa3paboTaHa
Teopus CHa U rMnHo3a C yyactTMeM B 3TOM npoLecce Kopbl 60/bLnX
nonyLiapuii, chopmMynMpoBaHo yyeHue 0 ABYX CUTHa/IbHbIX CUCTEMaX
1 MHoroe gpyroe. Moxanyii, HeT HanpaBneHWs, B KOTOPOM Obl HU Obl-
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N 3a710XKeHbI MI0A0TBOPHbIE UAEN «CTaPeMLUNHBI (DU310I0T0B MUPaX.
YueHukamu W. . Masnosa ssnastotcs C. M. babkuH, /1. A. Opbenu,
K. M. bbikoB, TI. I1. 3enenbiit, . C. dypcukos, A. . CrnepaHCKuia,
W. M. PazeHkos, H. A. PoxaHckuid, M. C. Kynanos, H. /. KpacHo-
ropckuid, I. B. ®onbbopt, A. I'. iBaHOB-CMoneHCcKuiA, . K. AHOXUH,
A. 3. AcpaTaH, [l. A. bUpIOKOB 1 MHOrve apyrue.

YueHue 0 pedyIeKTOPHOW Npupoje HEPBHOM fesTeNbHOCTU pas-
B Y. LLIeppyvHITOH, YCTaHOBMBLUMIN NPUHLMMNbI UHTErPaTUBHOW fe-
ATe/IbHOCTM MO3ra, pa3paboTaBLUNil NpeAcTaBneHns 0 peLenTUBHbIX
nonsx U MYHKUMOHa/IbHOM pa3feneHnn PeLenTopoB Ha 3KCTepo-,
NHTEPO- W MponpuopeLenTopbl. AHanu3 MpoLeccoB KOOpAMHauuu
CNUHaNbHbLIX pedieKCcoB MO3BOAUA eMy NPEASIOKUTL MPUHLKUN 06-
Wero nyTW Mpu peanu3aunun ¢QYHKUWA HEPBHON CUCTEMbI. ITK
npeacTas/gHUs B flaNibHelLleM ObiIM NOATBEPXK/AEHbI U PACLUVPEHbI
C Mo3vuuii MemBpaHHbIX MEXaHW3MOB CUHaNTUYeCcKOW mnepejayu
L. Skncom.

Knog bepHap, 6yayun coBpeMeHHMKOM W. M. CeuyeHoBa, ctan
pPOLOHaYa/IbHUKOM TEOPMM O MOCTOSHCTBE BHYTPEHHEN cpefpl opra-
Hu3Ma. Habnwopgas usMeHeHue yrneBoAHOro obMeHa nocnie ykona B
OnpefeneHHbI y4acTOK MPOLO/IroBaToOro Mo3ra («CaxapHbIil YKOM»),
K. BepHap caenan npeanocbiIKKM K CO3AaHNI0 HOBOW OoTpacnun (puaun-
ONOrnN — 3KCNepUMeHTalbHON naTonorun. Pacwunpsas naen K. bep-
Hapa, Y. KeHHOH co3[aeT y4yeHne 0 romeocTase — (PyHAaAMEHTaIbHOM
A9 XKMBbIX 00BEKTOB MNpOLIECcce, 3aK/oyatolemMcs B CMOCO6HOCTU
opraHM3mMa CoXpaHsTb M aKTUBHO MOAAEPXMNBATb CTAOUNBHOCTL (DY HK-
LWUOHMPOBAHUA Pa3/IMUHbIX ero CUCTEM Jaxe B YCNOBMAX, Korfa arta
CTabUIbHOCTb MOXET ObITb HapyLUeHa BHELHUMWU BO3JeACTBUAMM.
B pesynbTate noaaepXmBaeTcs AHaMUYECKOe MOCTOSHCTBO BHYTPeH-
HeW cpefpbl M 0OecrnevmBaeTcs YCTOWUYMBOCTb OCHOBHBIX (DU3MOSONK-
YecKUX (DYHKLUWIA opraHu3mMa.

B. M. bexTepeB ycTaHOBWU/ PO/ib MOAKOPKOBbLIX CTPYKTYp B (hop-
MUPOBaHMM 3MOLMOHA/bHLIX W ABUraTesibHbIX peakuuii. A. A. Yx-
TOMCKWIA, yyeHUK H. E. BBeAEeHCKOro, npegioxun ngew o [JOMuU-
HaHTe— BefyLleM NpuHUMNe paboTbl ronoBHoro mosra. K. M. Bbl-
KOB B CBOEM WcCC/efoBaHUW KOPTUKO-BUCLEPanbHbIX B3anMMOOT-
HOLWEHWI y6eanTeNlbHO [OKasan BAWAHME KOpbl OOMbLUMX MNOAY-
Lapuii Ha paboTy BHYTPEHHUX OPraHOB M BO3MOXHOCTb UX peryns-
UMM B pesynbTaTe BK/HOYEHUS YCNOBHO-PedIeKTOPHbIX MeXaHWU3-
moB. B nocne,qyrougelvl 6narogapa uccnegosaHusm B. H. YepHuros-
CKOro 6blnia paspaboTaHa NMpUMHUUNNANBHO HOBAas BETBb (PU3NOJIO-
rMy — MHTepopeLenuus.

B uccnefoBaHnM BeretaTvBHON HEPBHOW CUCTEMbI, HECOMHEHHO,
BEZyLLYI0 PO/ib Urpasv 0TevecTBeHHble y4eHble. J1. A. Opbenu un ero
yuyeHKn A. . TmHeumHCKNA 1 A. B. TOHKUX C€O34ain y4yeHne 06
;1 AanTauMoOHHO-TPOPUYECKOM BIUAHUM CUMMNATUYECKON HEPBHOW CU-
CTeMbI, KOTOpOE B AanbHeliwemM pa3sun B. A. ToBbIpuH. BmecTe ¢ aTum
paccMOTpeHWe AaHHONW npob6niembl nossonuno J1. A. Opbenu cpopmy-
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NIMPOBaTh MPUHLMNNANBHO HOBOE HanpasfeHne B (h3M0N0rMm —3Bo-
NFOUVOHHYIO0 (hU3VOMIOTHO.

CyLLeCTBEHHO pacLUMpun NpeacTaBeHns 0 AedTeIbHOCTM BUCLLe-
panbHbIX OpraHoB paboTbl yuyeHukoB W. I. MNMaenoea. B. B. CaBuy,
. B. ®ans6opT, W. IN. PaseHKOB NPOJOMKNIN U3yUeHe CEKPETOPHOM,
MOTOPHOM M 3KCKPETOPHON (DYHKLMIA >KeNyL0HHO-KULLIEYHOro TpakTa.
A. M. YronesbiM paspabotaHa ¥ 060CHOBaHa MPUHLMMWANBHO HOBas
KOHUenuus o MembpaHHOM, WAX MPUCTEHOYHOM, MULLEeBapeHNN. 3Ha-
YMTENIbHO PaCLUMPWUAM NpPeACTaB/eHWe O POW LEEHTPasbHON HepBHOIA
cucTeMbl paboTbl H. M. BexTepeBol N0 M3y4YeHUIO KOPKOBO-MOAKOPKO-
BbIX OTHOLIEHWIA, M. H. JlnuBaHOoBa —MO U3YYEHNO MEXAHU3MOB Nams-
™, . T. KocTioka n A. W. PoiliT6aka —no unccnefoBaHUo MyHKLMUN
BLryTpuuUeHTpanbHbIX MEXHEMPOHHBIX 1 HEAPOH-TIabHBIX OTHOLLE-
HuK, 3. A AcpaTtaHa —no U3y4yeHno MexaH13MOB KOMMeHcaLum Hapy-
LLUEHHbIX (OYHKLWIA HepBHOW cucTembl. Teopus M. K. AHOXMHa 0 hyHK-
LMOHANIbHbIX CUCTEMAX SBUIACh CYLUECTBEHHbIM BKN3LOM B peLleHue
npo6sembl perynsuum QyHKLUIA HEPBHOM CUCTEMBI.

Pa3BuTVe M3MOMOrMN CeIbCKOXO3AMCTBEHHbIX YXXUBOTHBIX B Poccum
KakK Hayku. Ha nepBbix 3Tanax CBOEro passutus obuias gpusmonorus
3aHMMaacb BOMPOCaMMN XU3HEAeATeIbHOCTU YeSI0BEKA U XXUBOTHbIX.
Kak 4acTHas camocCTosiTe/lbHass BeTBb (DM3MOMOIMSA CebCKOXO0351-
CTBEHHbIX >XVMBOTHbIX Hayana (POPMUPOBATLCA B CBA3W C OTKPbITUEM
BeTEPUHAPHbIX Y4ebHbIX 3aBefeHWU U U3LaHneM cneumanbHbIX yyeb-
HUKOB. B 1735T. B Poccum 6bina OTKPbITa NepBasi BETEPUHapPHas LLKO-
na NOAroTOBKW CMELUanncToB A1 NeYeHUs XXMBOTHbIX. B fanbHeld-
Lem Oblna co3fjaHa CeTb CPefHMX CKOTOBOAYECKMX YUYWL, B KOTO-
pbIX Npenojasancb BeTePUHapPHbIe ancunnanHbl. B 1805—1806 rr. Ha
MeAULMHCKNX (hakynbTeTax MOoCKOBCKOro, BuneHckoro, XapbKOBCKO-
ro n KasaHCKoro yHuBepcuTeToB 6bI/10 BBEAEHO MpenojaBaHue BeTe-
PUHAPHBIX AUCLUMNAUH C Lenbio NOArOTOBKM Bpaveli ABOMHOro npo-
(VNS —MeLULMHCKOrO W BETEPUHAPHOr0. W XOTH 3TO HauvMHaHWe He
MoJTly4nsio LJO/MKHOrO Pa3BMTUSA, OLHAKO OpraHu3auns Kaeap BeTepu-
HapHOro fena cnocobcTBoBasia rny6oKoMy Hay4HOMY PasBUTUIO BeTe-
pUHapuUn 1 MeTOLOB ee NpenojaBaHus.

MepBoe B Poccum BbiCcLLee y4ebHOe 3aBefieHue MO MOATOTOBKE Be-
TepyHapHbIX Bpayei 66110 OTKPbITO B 1807 . npu CaHkKT-IMeTepbypr-
CKOIi MefKO-XVPYPryeckoii akagemum, npeobpasosaHHoe B 1860 T.
B BeTepuHapHbln MHCTUTYT. Kypc ¢m3nonornm 3pecb Yntanm Kpyn-
Heilwne oTeyecTBeHHble (uanonorn —I. M. MNpo3opos, W. IM. [MaB-
nos, U. ®. LinoH, N. P. TapxaHos, ®. H. 3aBapbiknH. 3a 75 et oTAe-
NEHNEM, a 3aTeM VHCTUTYTOM MNpW akaaemun Obl1o NOAr0TOB/IEHO 60-
nee 1000 BeTepuHapHbIX Bpayel U BbICOKOMPOGECCUOHANBHBIX Npe-
nofasarteflbCKNX KafpoB. B fanbHelilleM BeTepuHapHble OTAeNeHUs
Obly co3gaHbl NpyY MOCKOBCKOM MeAMKO-XMPYPrMYecKoin akagemmm
(1808) n Bunexckom yHusepcuteTe (1818), a TaKKe OTKPbITHI YeTbIpe
BeTepuHapHbIX MHCTUTYTa: KOpbesckuii (1840), XapbkoBckuin (1851),
KasaHckuii (1873) n Bapliasckuii (1889).
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Mocne MepBO MUPOBOI BOMHbLI, OKTAGPLCKOWA pPeBONOLMM 1
"paxxgaHcKol BOMHbI B Poccun cnoxmnnacb KpaliHe TsKenast CuTyauus
B XXMBOTHOBOACTBE. HTepechl pa3BUTUSA CeNbCKOro X034McTea, 60pb-
Obl C 3MM300TUAMU, MALEXOM XMBOTHbIX NOTPebOBasM MOArOTOBKU
BeTepuHapHbIX Kaapos, M B 20-x rogax Hayanacb opraHusaLumsa cetu
KPYMHbIX CEeNbCKOXO3ANCTBEHHbIX, BETEPUHAPHBIX U 300TEXHUYECKUX
WHCTUTYTOB, B KOTOPbLIX Npenogasanack usvonoruda. Ecnn go 1917r.
B Poccuy 6b1710 BCEro YeTbIpe BETEPUHAPHbBIX UHCTUTYTA, TO NOC/E OHU
6blnM co3faHbl B KPYMHbIX, ropodax Poccuiickoin denepaumm 1 cors-
HbIX pecny6nvK. Hapsay ¢ NoAroTOBKOM BETEPMHAPHbIX Bpayeli 1 cne-
LManMCTOB-XMBOTHOBOAOB B MHCTUTYTax NPOBOAWINCHL Hay4Hble UC-
cnefoBaHusA. Mo3fHee OblM OPraHN30BaHbl Hay4HO-UCCNe0BaTeNb-
CKME WHCTUTYTbl U3NONOTUN 1N BUOXMMUW CeNIbCKOXO3ANCTBEHHbIX
XXMBOTHbIX, OTAeNbl UK nabopatopmm GU3NONOTUMA NPU CEIbCKOXO-
3AACTBEHHbIX Hay4YHO-MUCCNef0BaTe/IbCKUX MHCTUTYTaxX. B 1960 r. 6bin
ocHoBaH BcecotosHbli HAW dusmonornn, 6uoxmmum m nutaHus
CeNbCKOXO03ANCTBEHHbIX XXUBOTHbIX, CTaBLUMIA BeAyLw M B pa3paboTke
OCHOB Ce/IbCKOXO03ANCTBEHHOM (DU3MONIOTUN.

MepBblii Y4EOHUK MO (HM3NOMOTUN CEeIbCKOXO3SANCTBEHHbIX XU-
BOTHbIX 6bln1 HanucaH A. B. JleoHToBMYeM (1916). LLInpokyto mn3BecT-
HOCTb monyunnun yyebHuku K. P. Buktoposa (1930), I. . Asumo-
Ba, . A. KpuHuumHa n H. ®. Nonosa (1958); yuebHMKM noa pefak-
uven H. Y. bazaHoBoil (1967), A. M. KocTuHa, ®. A. MeLlepsikosa,
A. A CebicoeBa (1974), A. H. Tonnkosa u I. B. MapwyTunHa (1980),
B. N. l'eopruesckoro (1990), A. H. lonmkosa (1991), a Takxe psag aT-
NacoB 1 y4YebHbIX NPaKTUKYMOB MO (PU3MONOTUN XKMUBOTHBbIX.

Tpygb! yyeHbIX Poccun 3HaUMTeNIbHO pacLUMpuIn NpeacTaBieHve o
(J)m3amonoruueckmx npoueccax, NPOTeKatoLWMX B OpraHn3mMe XXUBOTHbIX.
BbINo/HeHb! BaXKHble B TEOPETUYECKOM W MPAKTUYECKOM OTHOLLUEHWM
“ccnesoBaHns No (U3N0N0TMN HEPBHOM CUCTEMbI W BbICLLEA HEPBHOM
[eATeNbHOCTK, N0 ONpefe/eHNIo TUMNOB BbICLLE HEPBHOW JeATe/lbHOC-
TV y nowajen, KpynHoOro poratoro ckota u ceuHeit (™. T1. 3eneHbii,
M. ®. MMonos, A. A. Kyapssues, A. H. Nonunkos, 3. T. KOKOE)VIHa). Og-
HUM M3 OCHOBHbIX HarpaBneHUA MU3N0NOrMN CebCKOXO3ANCTBEHHbIX
XWBOTHBIX ObINO M3yYeHMe NPOLECCOB NuLLeBapeHus. B pesynbtare
MHOTOYMC/IEHHbIX MCCNEf0BAaHUIA BbICHEHbI 3aKOHOMEPHOCTU CEKpe-
TOPHOM Y MOTOPHOI AeATeNIbHOCTU OPraHoB NULLEBAPEHUA Y NoLLajein,
KPYMHOrO 1 MENIKOro poraTtoro CKoTa, CBUMHEN, MTULLbI, MYLUHbIX 3Bepei
N CeBEPHbIX oneHeﬁéH. Y. ba3aHoBa, B. A. bepecTtos, . ®. X)Kepeb6L0B,
I. M. 3enennid, A. A. KpuHuumH, A A. Kyapssues, H. ®. Kypunos,
< C. MontbipeB, H. ®. onos, A. 4. CuHewekos, W. 1. CanmuH,
N. . Yepenkosa n gp.).

3HaunTesNlbHble YCMeXn Obinv LOCTUTHYTHI MPU U3YyYeHUn o6bMeHa
WCLLCCTB Y XXMBOTHbIX KaK B LleOCTHOM OpraHu3me, Tak U B OTAe/bHbIX
[>)|aHax (A. A Anves, A. A Kygpssues, B. ®. Jlbicos, A. . CuHelwe-
kou, Il. @. CongateHkos, C. B. CTOSHOBCKUI 1 Ap.). PyHAaMEHTab-
m.if nccnefoBaHWa NpoBefeHbl B 06/1aCTU U3YUYEHUS MUHepasbHO-

15



ro obMeHa y XuBoTHbIX B. W. l'eopruesckum, B. [l. KafibHULKUM,
B. B. KoBasnbckum, P. H. OfblHel. JaHHble U3yYeHUA (HU3M0NI0rnm
nuiLeBapeHns M obMeHa BeLLecTB NIeriM B OCHOBY Hay4HbIX peKo-
MeHZaumii no paymoHasibHOMY KOPMIEHUIO CENIbCKOX03AMCTBEHHbIX
XUBOTHbIX. COBpeMeHHble AaHHble 06 06MeHe BeLLecTB U TepMO-
Perynsauuu nocnyxunn OCHOBOW Ans pa3paboTKM BOMPOCOB afan-
TauuM W akKIMMaTu3auuum CefibCKOXO03UCTBEHHbIX XWBOTHBIX K
3KCTpeMasibHbIM YC/IOBMSAM BbICOKOTOpbS, apuiHbIX U TYHOPOBbLIX
30H 1 CMOCO6CTBOBANIO Pa3BMTMIO XKMBOTHOBO/ACTBA B YCI0BMAX Kpaii-
Hero Cesepa u CpegHeli Asun (H. E. KoyaHoB, M. I'. PoweBcKkuid.).
Pﬂ,g yueHbix (M. M. 3aBagoBckuin, . N. iBaHoB, A. B. KBacHuL-
kuin, A. WN. NonblpuH, A. A. CbiCoeB 1 Ap.) NOCBATUAN CBOK Hayu-
HYI0 [esTeNIbHOCTb WU3YYeHUO (PU3M0N0rnU PenpoayKTUBHOW CU-
CTeMbl XWBOTHbIX, UCKYCCTBEHHOMY OCEMEHEHWIO W TpaHcnaaHTa-
UMM 3MOPUOHOB. 3HAYUTENIbHOE BHUMaHWe Y[AeneHo (U3Moorum
naktaumu kopos (I. L. Asumos, N. A. bapbilwHUKoB, N. . paues,
K. 4. QectombuH, 3. M. KokopuHa, A. . TapaHeHko, [I. b. Tep-
CKON 1 ap.). Bbinn ycTaHOBMEHbI OCHOBHbIE 3aKOHOMEPHOCTMW Nak-
TOreHe3a M /1aKTonoasa, U3yyeHbl perynaTopHble MexaHn3Mbl MOJO-
KOBbIBeZleHNs, pa3paboTaHbl PU3NONOTMUYECKME OCHOBbI MallUHHO-
ro poeHusa. bosbllioe 3HauyeHue Ana (U3NONOTMU U NATONOrUAU
nvenn paboTbl MO remMatonornv CenbCKOXO3ANCTBEHHbLIX >KUBOT-
HblX, Ha OCHOBE KOTOPbIX ObIIN COCTaB/EHbI MepBble remaTosio-
rnyeckue atnacel (H. M. Pyxnagees, B. H. HukutuH, A. A. Kygpss-
ues, A. H. HoBuk). 'nybokme mccnefgoBaHus NMPOBOAWMAUCL B 06-
NacTh 3HLOKPUHOMOTUMN CENIbCKOXO3ANCTBEHHbIX XXMUBOTHbLIX U (K-
31010TMN  UMMYHHOW cucTembl (B. A. TanoukuH, A. C. Kaiipuc,
X. X. AnHcoH, B. . PagueHkos, I'. A. Llaxaes u ap.).

Takmm 06pa3oM, HakonjeHne (HakTUYeCKOro martepvana no ¢gu-
310N10TUN  CENbCKOXO3SMCTBEHHbLIX >XMBOTHLIX U €ro 0606uweHne
NO3BO/IMAN CROPMYNIMPOBATL Le/blA PAL MOMOXKEHWUN, WUMEIOLLUX
He TO/IbKO MPUKNagHoe, HO U pyHAaMeHTabHOe 3HayeHne. MOXHO
C YBEPEHHOCTbIO CKasaTb, YTO (PU3NONOTUSA CENbCKOXO3ANCTBEHHbIX
XKMBOTHbIX ABNAETCA OfHWUM W3 INAVNPYIOLMUX HaNpasneHunii husmno-
NOTMYECKOW HayKW.



Mlasa 1
PErYnAuUnA »N3NONO0IMrMYECKUMX <DYHKLI,I/II7I

1.1. NOHATUE O IOMEOCTASIE

Okpy>xatoLas cpeda 1 opraHusm. J1to60i opraHu3mM —oOAHOKNETOu-
HbIA WM MHOTOK/IETOUHbIV —O6UTaeT B Cpefe, BO3AYLIHOW UK BOS-
HOW, 1 OTAeNeH OT Hee TOHKUM MOKPOBOM. MOHATUe «cpefa» 03HayaeT
BO34yX, BOZY, MULLY, CBET M MHOroe Apyroe. BHellHVe yCcnoBus n3-
MEHYMBbI, OHW 3aBUCAT OT BPEMEHU rofa U CYTOK, CO/THEYHOWN aKTUB-
HOCTMW, KNIMMAaTUYECKMX U METEOPONOrMYecKnX yCcroBuii, OT B3avMo-
OTHOLLEHNA C APYTMMU >KUBOTHBIMW W MHOTUX APYruX (hakTopoB.
/1ns jOMalHUX >KMBOTHBIX cpefa 06UTaHWUA BO MHOIOM (hopMuUpyeT-
cA Gnarogaps [eATenbHOCTW YernioBeKa W OnpefenseTcs YCnoBusamu
K(!>MneHns 1 cofep>kaHus.

OpraHu3m SB/SIETCA OTKPbITON CUCTEMON, T. €. OH NOJyYaeT U3 OK-
PY>XaloLLLeN cpefbl BCe HEOOXOAUMOE AJIl XXM3HU U MOCTOAHHO Bblue-
NACT BO BHELLHIOK Cpefly NPOAYKTbl CBOel XW3HeLesTenbHoCTH. IMpe-
KpalleHne obmMeHa C OKpyXKatoLlel cpefoi HEMWHYEMO MPUBOAUT K
cMepTu. Mo3aToMy OZHOM M3 OCHOBHbIX (DYHKLWIA OpraHusma, T. e. npo-
AB/IEHNEM XXWU3HELEeATeNbHOCTH, ABNAETCA 0OMEH BELLECTB U 3HEPTUN.
'mlia PyHKUMA BKIKOYaeT B cebsi ABa B3avMOMPOHMKAKOLWNX NpoLec-
ca —acCMMUALMIO N AUCCUMUNALMIO.

AcCcumMunaymnsg —ato YCBOEHNE MOCTYMAKLWMX B OpPraHu3m
BELLIECTB, CUHTE3 13 HUX HOBbIX CIOXKHbIX OPraHNYECKUX COeUHEHWI,
CBOMCTBEHHbIX AaHHOMY WHAMBULYYMY, 00pa30oBaHue XUBOM MacChl.
O[LHOBpPEMEHHO CO3/aeTcs 3anac 3Heprumn, HeobXoLUMOW OpraHu3my
ON19 ero >XW3HeHHbIX MpoABNeHWA. Auccumunayuns — ato
paspyLUeHVe XWBOW MaTepuu W BblUeNeHWe O0CBOOOAMBLLENCA Mpu
MOM 3Hepruu.

Mpoueccbl acCMMUNALUN 1 AUCCUMUNALUN MOTYT ObITb YpPaBHO-
BeLUeHHbIMW, 1IN cbanaHCMpPOBaHHLIMW, HO B HEKOTOpPblE MepuoAbl
XW3HWU OLMH Y3 HUX MOXET npeobnafatb Haj Apyrum. Tak, B nepuog,
pocTa OpraHusma uam Bo Bpems 6epemMeHHOCTU NpPOLecChl aCCUMUNIA-
LMKn npeobnafatoT Hag npoueccaMmn AUCCUMUNALUA, NPOUCXOANUT Ha-
KOr/IeHne BeLLeCTB 1 Macchl Tena, a B CTapoM OpraHnsme npeobnafarot
|![rouecchl guccumnnanmm, pacnaga.

C o6MeHOM BeLlecTB CBA3aHbl W [pyrne MYHKUUU OpraHu3Ma.
FrB3gpaxXxummMmocTb (BO3GYAMMOCTb) —CMOCOBHOCTb OpraHu3ma
(NneyaTb Ha pa3nMYHbIE U3MEHEHUA OKPYXatOLLE cpefbl UK COCTONA-
HWA COOCTBEHHbLIX OpraHoB W TkaHeil. OTBET Ha pa3gpaxeHue No3Bo-
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NseT NMbo npeaynpeanTb HeXenaTenbHble BO3AENCTBUSA, OTCTPaHUTb-
CA OT HWX, MO0 WM3MEHUTb Kakue-TO CBOWM MNPOLECCbl aeKBATHO
BO34eNCTBUAM. ECnM HexenartenbHble MPOLECChl Y)Ke BO3HUKAN, TO
6narofaps perynaTopHbIM MexaHu3mam OHW MOTYT ObITb NPEOAO0/IEHbI
W KOMMEHCUPOBAHbI.

Pa3MHOXeHMWe —CBOWCTBO CAaMOBOCIPON3BEAEHMNS, T.€. POXK-
[eHne MOTOMCTBa, CXOAHOI0 B OCHOBHbIX YepTax C POAUTENAMMU,
O4Ha M3 OCHOBHbIX (DYHKLWI OpraHv3ma, oT/inyaroLlas ero o1 Hexu-
BOW NpVpoAbl U HarpaB/ieHHas Ha COXpaHeHue BUAa, Nonynauuu.

PocT, pa3BuTue, CcTapeHMUe —BO3PaCTHble MNPOLECChHI
CTaHOBJ/IEHMA B3POC/ION0 OpraHu3ma, COBEPLUEHCTBOBaHUA ero cTpoe-
HWUA 1 PErynsaTopHbIX BO3MOXHOCTEN, a 3aTeM MOCTEMNEHHOr0 CHUXe-
HWUA aKTUBHOCTMW BCeX (PYHKLWI, NPUBOASLLNE K eCTECTBEHHON CMep-
TV VHAVBUAYYMA.

Peanm3auma XWU3HEHHbIX (YHKLMWIA opraHu3Ma OCyLlecTBNseTCS
CUCTeMamy OpraHoB MuLieBapeHns, KpoBoobpaLLleHWs, AblXaHWs, Bbl-
[eneHns, ABMKEeHNS, pa3MHOXEHNS.

BHyTpeHHAsa cpefa 1 romeocTas. BHelHAs cpefia —3To BCe, YTO OK-
py>XaeT )XMBOTHOe. B cepesimHe XIX B. 3HAMEHUTbIN PpaHLy3CKUA hu-
3nonor Knog BepHap BriepBble CHOPMYIMPOBa MOHATUE O BHYTPEH-
Hell cpefe opraHu3ma. CyTb ero KOoHLUenuuu coctossia B TOM, 4TO
KNIEeTKM TKaHei 1 0praHoB He COMpUKacatTCs C OKPYXaroLLein cpesion,
a HaxogATcs B 0C060M cpefie, BKHOYAKOLLEN B Ce65 LMPKYnpytowue B
OpraHv3Me XuAKOCTY —KpPOBb, TKAHEBYH XMAKOCTb U numpy. CTpo-
ro roBops, Noj BHyTPeHHel cpefoit cneflyeT MOHUMaTb TONIbKO TKaHe-
BYIO, WM MHTEPCTULMANBHYIO, XWUAKOCTb, TaK KaK KNeTKW TKaHei co-
npukacarTcs TO/IbKO C Hell. HO TkKaHeBas XXWAKOCTb 06pa3yeTca u3
KPOBM W OTTEKaeT OT OpPraHoB MO KPOBEHOCHbIM Y NNUM{ATUYECKUM
cocygam. MoaTomy 0600LLEHHO K BHYTPEHHEN cpefe OTHOCAT BCe TPU
XWUIKOCTU —KPOBb, TKAHEBYHO XWUAKOCTb U IUMQY.

UTo6bl NMOHATH COOTHOLUEHWE MEXAY Ha3BaHHbIMU XXUAKOCTAMU
obpatumcs K puc. 1.1. KpoBb ABMXETCA B 3aMKHYTbIX KPOBEHOCHbLIX
cocyfax, He OMblIBast KNeTKU TKaHW. B KanunnapHoW 4acTu cocyamncTo-
ro pycna npovucxoauT gpuabTpaLms, Uan BbINOTEBAHUE, XMUAKOM Yac-
TU KPOBW —MJia3Mbl Yepe3 CTEHKU COCyfoB. POPMEHHbIE 3/1EMEHTbI
KPOBW N MaKpOMO/eKy bl (Oe/IKM) He MOTyT NMPONTH Yepe3 CTEHKM CO-
CY[0B 1 OCTalOTCH B KPOBU. ®PUNbTPAT KPOBK, BbiLLeALLIEN 3a Mnpesesbl
KPOBEHOCHbIX KarnuinsapoB, Ha3blBAeTCH TKAHEBOMW, WUIN UHTEPCTULU-
aNlbHOM, YXUAKOCTbIO.

TKaHeBast XWAKOCTb OMbIBAET KNETKN TKaHei 1 ABNAETCS AN HUX
Kak Obl BHELLIHEN cpeoit. 3 TKaHeBOW XXUAKOCTM KNeTKX MOrnoLaoT
BCE, YTO UM HE06XOAMMO, —KMC/IOPOZ, NuTaTe/lbHble U MUHEPa/bHbIe
BELLeCTBa, BUTaMUHbI, FTOPMOHbI, @ BbLUENAT B Hee MPOLYKTbl CBOEM
Xu3HegeATeNbHOCTN. OOMeH BeLLECTB OCYLLECTBSETCA MEXAY KNeT-
KO N TKaHEBOM XWNLKOCTbIO Yepe3 KNeTouHble MeMopaHsbl.

B pesynbraTe XW3HeAeATeNbHOCTU KMETOK COCTaB TKAHEBOW >XW/-
KOCTU M3MeprseTcs: YMeHbLUaeTcs COAepXaHue Kuciopoga u nura-
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KpoBeHOCHbI TkaHeBasi
Kanunnsp XNAKOCT b

NnmdpaTnyeckunii
Kanunnsap

Puc. 1.1. BHyTpeHHAs cpefa opraHu3ma. Cxema obpa-
30BaHMS 'reaHeBON XXUAKOCTU U TUMbI

[CMbHBIX BELLeCTB, a YBENMYMBAETCA KOMMYECTBO NMPOAYKTOB 0OMeHa,
MOAB/AKTCA HOBbIE CIIOXKHbIE BELLECTBA, CMHTE3MPOBAHHbIE B K/IETKAaX
(6enkun, nUNnAbl, TOPMOHbI 1 Ap.).

OTTOK TKaHeBOW XWAKOCTY OCYLLECTBNSeTCA ABYMS MyTamu. YacTb
IKaHeBOW >XXMAKOCTM BCACbIBAETCA 00PaTHO B KPOBEHOCHbIE COCY/bl, &
Apyrasa yactb —B NMM{aTNyeckre Kanunnapbl. Ta TKaHeBas Xua-
KOCTb, KOTOpas BCACbIBAeTCA B NMM{ATUYECKME COCYAbl, Ha3blBAETCH
nnmMdoi. Jiumda, 06pasyroLasnca U3 TKaHeBOM XXULKOCTKN, HeNpepbIB-
HO [ABWXETCA MO NMM{ATUYECKUM COCy/AaM, MOCTynas B MepefHtow
MOy BEHY, CMELLMBAETCA C BEHO3HOW KPOBbIO.

1704 BepHap npuwen TaKke K MbICAIM O TOM, YTO K/ETKN N TKaHN
opraHusma moryT HopmasbHO CYLLEeCTBOBaTb TO/ILKO B CTPOr0 Onpeje-
NEHHbIX YCNoBUAX. Te N3MeHeHUs BHELLHEN cpefbl, KOTOPble Ye/I0BEK
1 XKMBOTHbIE NEPEHOCAT 0BO/IbHO NIErKO, youUTe/NbHbI AN OTAENbHO
B3ATbIX K/IETOK, TKaHei 1in opraHos.

Hanpumep, B cpegHein nonoce Poccun nepenagbl NeTHEN U 3MHeiA
toMnepartyp Bo3gyxa coctanstoT 6onee 60 °C, HO XXU3Hb NPOLO/MKAET-
A 1 B 3HOWHON nycTbiHe (Npu ntoc 60 °C), 1 B AHTapKTUae (Npy Mu-
Hyc 80 °C). OfHaK0 M30/11MPOBaHHbIe K/IETKW BbLLEPXMBAKOT TeMepa-
lypubie KonebaHuna TOMLKO B Npefenax HeCKOMbKMX rpadycoB, CyTou-
Hble KonebaHust TemmnepaTypbl KpoBM 0Kono 1°C, a npy 3a601eBaHnsAX
BO3MOXHbl OTK/IOHEHMA OT HOpMbI Ha 4...5 °C.

[Opyroii npumep. Ecnun XnBOTHOE B TedeHMe 2...3CyT He nonyyaeT
KOPM, TO COCTaB ero KpoBM Masio OT/INYAETCA OT KPOBM CbITOr0 XUBOT-
HOI0, HECMOTPSA Ha TO, YTO W3 BHELUHEN Cpefbl NUTaTEe/IbHble BELLecTBa
HC NOCTYMatoT. 3HAYMT, CYLLECTBYHOT KaKMe-TO MeXaHu3Mbl, CrIaxu-
BaloLLye BIMSHWE BHELWHEN cpefbl W HarpaB/ieHHble Ha COXpaHeHue
MOCTOSHCTBA BHYTPEHHEN Cpefbl OpraHn3ma.

KoHuenums Knoga bepHapa 0 BHYTPeHHei cpefe opraHu3ma 6bl-
na PasBuUTa 1 JOMOJIHEHa aMePUKAHCKUM (PU3nonorom Yontepom Ken-
HOHOM (1926) 1 B HacTosLLEe BPEMSI M3BECTHA KaK yUeHue 0 roMmeocTa-
c TomeocTa3s (rpey. homeo —MOCTOSAHHLIN + Stasis —CTOsHWE,
HenoABMXXHOCTb) —3TO MOCTOAHCTBO XMMMWYECKOro coctasa U (u-
Bl KO-XMMWUYECKNX CBOWCTB BHYTPEHHE cpefdbl opraHusMa. B 6onee
LUMPOKOM CMbICNIe TOMeOCTa3 BK/I0YaeT U MexXaHu3Mbl, 0becneynsaro-
BLUC NOCTOSIHHbIE NapameTpbl BHYTPeHHel cpefbl, KOTOPble MPUHATO
Ha HaBaTb FOMEOCTaTUYECKVMU.

19



HekoTopble NokasaTe/in KPOBU UMEKOT OYEHb HE3HaUMTeSIbHble KO-
nebaHmns, 3TO TaK HasblBaeMble XECTKMEe KOHCTaHTbl rOMeocTasa: Co-
JepXKaHue rnoKo3bl, 6efka, K1cnopoaa, AMOKCUAa Yriepoaa, KOHLEH-
Tpauusa BOAOPOAHbLIX MOHOB (pH), KOMIOMAHO-OCMOTUYECKOE faBfie-
Hue, TemnepaTypa, apTepuanbHoe AasneHne u ap. B To Xe Bpemsa co-
[lep>aHue NUNNL0B, OTAE/NbHbLIX 3IEKTPOUTOB Y aMUHOKMUCIOT, YMCNO
(DOPMEHHbIX 3/1EMEHTOB B KPOBM KO/ebneTcs B 60nee nam MeHee LWun-
POKMX AuanasoHax, HO Takke ABNSeTCH 0OBLEKTOM perynsauum —ato
MeHee >XeCTKMEe KOHCTaHTbl OpraHn3ma.

"omeocTaTUYecKyrie nokasaresiv OTHOCUTESIbHbI U AMHaMUYHbI. [axe
Te, KOTOpPble Mbl OTHOCMM K XECTKUM W CTPOr0 KOHTPOSIMPYEMbIM, MO-
ryT U3MEHATLCA B 3aBMCUMOCTW OT BO3pacTa U (PU3Monornyeckoro co-
CTOSIHWSA XMBOTHOr0. Tak, Y KOPOB COZiepXaHne rNHoKo3bl B KPOBU MOJ-
LepxxumBaetca B npegenax 40...60 mr Ha 100 mn KpoBwU, a 'y TeNAT NepsBoro
mecaua xusHy —80... 120 mr. Mo3TomMy TOT YpPOBeHb [/IHOKO3bl, KOTO-
PbIli ABNSETCA HOPMa/IbHLIM ANSi KOPOBbI, CMepTeneH s TeneHka. Cy-
LLLeCTBEHHO U3MEHAKTCA roMeocTaTUYecKmne nokasaTenu npu usmnyec-
KOW Harpyske, BO BpeMsi 6epeMeHHOCTH, B Nepuoz lakTaumu.

Takum 06pa3om, roMeocTas —3TO He HeYTO 3acTblBLLEE, a AUHAMU-
YecKoe CBOMCTBO OpraHu3ma, onTUMasbHO obecneynBaloLLlee MeHSH0-
Wwmecs NOTPe6bHOCTM ero OpraHoB, TKaHEeN U KIeToK.

He6onblive OTKIOHEHUS roMeocTaTUyecKMX Mnokasateneit Habto-
[At0TCA 4aCTo, OHM KpaTKOBPEMEeHHble M ObICTPO BO3BpALAOTCA B
CBOV HOpPMaJibHble TpaHuLbl. AnuTefbHble e U CYLleCTBeHHble W3-
MEHEHMWS NPUBOAAT K 0CNabneHno UM pacCcTPOCTBY PerynsiToOpHbIX
MeXaHW3MOB M pasBUTUIO MATOMOrMYeckmx npoweccos. W Haobopor,
HapyLLeHWe perynaTopHbIX CUCTEM MOXEeT MPUBECTU K Pe3KMM CLBU-
raM romeocTasa.

1.2. TYMOPAJIbHbBIE 1 HEPBHbIE MEXAH/3MbI
PErynAaunn oyYHKUUM

®UN3NONOrMYECKON perynsauveil HasblBaeTCcs aKTVBHOE M3MEHEHMe
(hYHKLMIA opraH1M3mMa Unm ero NoBefeHWs, HanpaBfieHHOe Ha obecne-
YeHne OMTUMaNbHbLIX YCNOBUI XMU3HEAEATENbHOCTUN, COXpPaHEHUe ro-
MeOoCTa3a B MEHSIHOLLMXCA YCNOBUSAX OKpYXKatoLleli cpefbl. Hanpumep,
B COCTOSIHMM NMOKOS apTepuanbHOe AaBneHne NOAAEPXKMBAETCS Ha On-
pefieNeHHOM ypoBHe. pn (hr3MYeCKO Harpy3ke bnarogaps peryns-
TOPHbIM MeXaHM3MaM OHO MOBbILIAETCA M TEM CaMbiM 06ecrneynBaeT
NOMHOLEHHOE (DYHKLUMOHMPOBaHME MbILLEYHOW CUCTEMbI B AaHHbIX
YCNOBUWSIX, a NOCNe NPeKpalleHns paboTbl OHO MOHMXKAETCA A0 MpPex-
Hero 3HadyeHus. Takum 06pasom, perynsuus opraHoB KpoBOOGpalle-
HMSA 06ecneynBaeT ONTUMANLHYH BEIMYMHY apTepuanbHOro AaBeHUs
M B MOKOE, 1 Npu Harpyske.

Perynauma QyHKLMIA MOXET BblpaXaTbCA B BUAE Pa3fIMYHbIX NPO-
ABNeHWiA. VIHorga Heo6XoAnMOo BKIHOUEHME UMW BbIKMHOYEHUE KAKOW-
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NMBO (DYHKLMW: COKpaLleHne 1 paccnabneHvie Mbllupbl, Ha4as1o 1 npe-
KpaLleHue CMIIOHOOTAeNeHus. B fpyrux cnyyasx TpebyeTtcsa yeunmTs unm
0CMabuTb KaKOM-TO MPOLECC: COKpaLLeHMs cepaua, YacToTy 1 ryouHy
[bIXaHWA UK XKe MPOU3BECTN KOMIMYECTBEHHbIE U KAYEeCTBEHHbIE U3Me-
HEHWA B COCTaBe CEKPeTOB —XKeNyLO0YHOro COKa, MoIoKa 1 T. .

B npouecce 3BoMIOLMN B OpraHn3mMe XXMBOTHbLIX CIOXMU/IUCH [iBe
PErynaTOpHbIE CUCTEMbI —TryMOpasibHasa (XMMUYecKas) U HepBHas
(pehnekTopHas).

F'ymopanbHaa perynauusa (nar. humor —xuakocTb)
oCyLlecTBAseTCA 3a CYET 61K0N0rMYeckn akTUBHbIX BeLLecTB, KOTO-
pble MMEKTCA B OPraHU3Me W OKa3sblBalT B/IUSHUE Yepe3 KPOBb Ha
TKaHW 1 OpraHbl.

B perynauumm (yHKUMIA y4yacTBYIOT Clefylolime rymMopasibHble
BELLECTBa.

1 SnekTpomThbl. NOHBI HaTpua, Kanud, KaibUus, mMarHus, xsaopa
OTBETCTBEHHbI 328 BO3HWKHOBEHWE U MPOBEJEHME 3MIEKTPUYECKUX UM-
nynbCoB B GMONOrnyecknx membpaHax (6MoTOKM). PacTBOpeHHble B
KPOBM MWHEpasibHble COMN CO3LAt0T OCMOTUYECKOe AaBleHune, onpe-
[enstoT KNC/IOTHO-LLE/04YHbIE CBOCTBA KPOBU, OT BENIMYMHBI KOTOPbIX
3aBMCAT MHOIME MPOLECChl B OpraHn3me.

2. KOHeuHble 1 MpoMeXKy TO4Hble NPOLYKT bl 06MeHa BeLLecTB —/MNOK-
Cug yrnepoga, rnKosa, MoYeBrHa 1 Ap. Tak, Hanpumep, ANOKCUL yr-
nepofia fBNAeTCA BXHENWLLIMM CTUMYNATOPOM AbIXaTe/IbHOro LeHTpa, a
OT YPOBHS [/IIOKO3bl B KPOBW 3aBUCUT [EATE/IbHOCTb MHOIMX >Kenes
BHYTPEHHEN CeKpeLuu 1 apyrux opraHos.

3. [opMOHbI — BMONOrMYECKN aKTVBHbIE BeLLecTBa, 0bpasyroLmecs
B 9HLOKPUHHbIX XXefe3ax 1 KneTkax.

4. HepBHble MeanaTOpbl — BELLECTBa, 06pasytolmnecs B HEPBHbIX
OKOHYaHUAX W Nepefalrolime BO3OYXAEHWE OT HepBa Ha MblLLLY
WNN XKenesy.

5. LInTomeanHbl — BeLLecTBa, 06pa3ytoLmnecs B pas/iMyHbIX KieTKax
N HeCyLLme MH(OPMaLMIO ANA APYTUX KNEeTOK.

'ymopanbHaa perynsums —6onee ApeBHUn crnocob perynaumm y
pacTeHWi, OLHOKNETOUYHBIX U MHOTOKNETOUHbIX XMBOTHbIX. Y BbICLUMX
XWBOTHbIX TYMOpasibHaa perynauns He yTpaTtuna CBOero 3HayeHus.

B cBA3U C YCNOXHEHMEM CTPOEHUA OpraH13MoB ryMopasibHOM pery-
NALMKN 0Ka3a10Cb He[,OCTaTOYHO A/151 ObICTPbIX U3MEHEHWUIA XU3HEHHbIX
peakuuii, X Koppensuum n B3aMMOAENCTBIS B YCOBUAX MEHAOLLENCS
OKpYXatoLLeli cpedbl. Ha onpefeneHHOM 3Tane pas3BUTUA XMBOTHOMO
opraHusMa nosiBu/acb HepBHasA CUCTeMa, KOTopas obecneuuna ObICT-
PYIO N HanpaeNeHHyo nepefady CUrHasoB B BUZE HEPBHbLIX UMMY/bCOB
(6roTOKOB) K OMpefefieHHbIM OpraHam-afpecartam, B TO BPeMsi Kak ry-
Mopa/ibHasA perynauns HecneumduyHa, Tak Kak rymMmopasbHble pasfpa-
XUTENN, LMPKYIMPYS B KPOBM, OKa3blBatOT BO3ZENCTBME Ha to0ble YyB-
CTBUTENIbHbIE K HUM TKaHW (Hanpumep, UHCYINH —TOPMOH MOXENy-
[OYHOIN >Kenesbl —Yy4yacTByeT B 22 peakumsX, a afpeHasMH —rOpMOH
MLLLLLIOYEYHNKOB —B/IMSIET MOYTU HA BCE PYHKLMM OpPraHnu3ma).
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HepsHaa perynauna. HepsHad cuctema COCTOUT U3
LIEHTPaNbHOro 1 nepugepnyeckoro oTAenos. LleHTpanbHas HepBHas
CUCTEMA —3TO FOMIOBHOM WM CMUHHOW MO3r, rAe pacrnosoXeHbl HepB-
Hble KNeTKN (HelipoHbl), 00beAVHEHHbIE B HEPBHbIE LIEHTPbI. Mepuge-
puyeckas HepBHas CUMCTeMa —3TO OTPOCTKM HelpoHOB, (hopMUpYHO-
Le HepBbl U NPOHK3bIBAIOLLIME BCE TEMO XXMBOTHOTO.

Mo (yHKUMAM HepBHAasA CUCTeMa MOApa3fensieTca Ha comaTuyec-
Kyt0 1 BeretatuBHyto. ComMaTuWyeckas HepBHas CUCTEMa MHHepBUpyeT
MonepeyHonosiocaTble MblWLbl Y 06ecnevnBaeT ABMXXEHUE XUBOTHO-
ro, MO3TOMY Ha3blBAaeTCs TAKXe aHMMasIbHON (<OKMBOTHOM») UAWN LBU-
rateflbHOM HepBHOW CUCTEMOW. BereTaTuBHas HepBHas cucTeMa WH-
HEPBMPYET BHYTPEHHWE OpraHbl N PerynvMpyet CUCTeMbl OPraHoB Mu-
LieBapeHNsi, KPOBOOOPALLEHUSs, AbIXaHUS, BbLUENEHUS, PASMHOXEHMS!
1 06MEH BELLECTB. 3TN PYHKLMM UMEOTCS 1 Y PaCTEHUI, a CI0BO «Be-
reTaTMBHbIV» 03HaYaeT «PacTUTE/NbHbIN».

Kak comaTunyeckass, Tak W BeretaTMBHas HepBHas cuctema vMeeT
HepBHble LLeHTPbl B FOIOBHOM W CMIMHHOM MO3re U nepugepnyeckume
HEPBbI, Yepe3 KOTOpPble OCYLLEeCTB/AETCA [ABYCTOPOHHASA CBA3b HEPBHOIA
CUCTEMbI C OpraHamu.

OCHOBHOW (hOPMOI AeATeNIbHOCTU HEPBHOW CUCTEMbI ABNAETCS
pedriekc. Ped e Kc —3TO OTBETHAs peakLusi opraHusma Ha pas-
APaXeHWe U3 BHEeLLHel U1 BHYTPEHHel cpefpbl Npy y4acTuu Heps-
HOW cucTeMbl. Hanpumep, OTAeprviBaHvWe pyKu OT ropsayero npegmera
(nBuratenbHbIA petinekc) AN BbLUENEHUE XEMUN U3 XKENYHOFO My3bl-
ps (BereTaTuBHbIA pednekc).

Jlto60oli pedinekc OCYLLIECTBASETCA MPU y4yacTUM OnpeaeneHHbIX
MOPOIOrMYeCKNX CTPYKTYpP, KOTOPbIE COCTaBNAT PedeKTOpPHYH
ayry. PedpnektopHaa payra—aTo nyTb, N0 KOTOPOMY Mpo-
XOAMT BO3BYXJeHWe 0T MecTa pa3fpaXeHus Yepes LEeHTPasibHYH HepB-
HYIO CUCTEMY K UCMONHUTE/IbHOMY OpraHy.

PedpriektopHas gyra (puc. 1.2) cOCTOMT 13 CleLYyHOLLUNX 3BEHbLEB:

peLenTopbl — YyBCTBUTE/bHbIE HEPBHbIE OKOHYaHUSA, BOCNPUHUMA-
toLLme pasgpaxeHus. Iof BO3AeNCTBMEM pa3apaxuTens B peLientopax
BO3HMKAeT NoTeHuman geictauns (bMoTok);

LEeHTPOCTPEMATENbHBIA, UM adPepeHTHbIA, Heps, MO KOTOPOMY
BO30OYXJeHWe (nNoTeHUuan [encTBMA) nepefaeTcss B LEHTPabHYIO
HEPBHYIO CUCTEMY;

Puc. 1.2. Cxema pecthneKTopHoOR fyru:

/ —peuenTopbl, MNM YyBCTBUTENbHbIE HEPBHbIE OKOHYaHUA;, 2—

LLeHTPOCTPEMUTENbHbIA, WAN adEPEHTHBIA, HEPB, 3— HEPBHbI

LEHTP; 4— LieHTPOGEXHBIM, nn a(h(pepeHTHbIR, Heps; 5—addek-
TOP, WAN UCMONHUTENbHBIN OpraH



HEPBHbI LEHTP — COBOKYMHOCTb HEAPOHOB, NepepabaTbiBatoLLNX
MONYYeHHYH0 OT PeLenTopoB MHPOPMALMIO 1 NOAr0TaB/INBAIOLLMX KO-
MaHZy A1 UCMOJTHUTESNIbHbIX OPraHoB;

LEeHTPOGEXKHbIA, NN APdEePeHTHbIA, HepB, MO KOTOPOMY HEPBHbIN
MMMY/bC NepesaeTcs UCMONHUTEIbHBIM OpraHam;

3hheKTOp, UM UCNONHUTENBbHBIA OpraH.

1.3. EAMHCTBO HEPBHOW V1 TYMOPAJ/IbHOW PEFYALIN

B opraHusme BbICLLMX YKMBOTHbIX U Ye/ioBeKa B pesynbtare A4/in-
TeNbHOW 3BO/OLMMN CNOXMWIACh efUHAas HelporymopasibHas cuctema
perynsuum yHKUMA. [eneHne 3TON CUMCTEMbl Ha HEPBHYHK U FyMO-
pasibHYH0 YCNOBHOE C LIe/IbI0 aHam3a CoXHeLLmMX NpoL,eccos, yrnpas-
NAOLLMNX OPraHU3Mom.

BefyLLyto posb B PErynsaTopHbIX peakuusx Urpaet HepBHas cucTe-
Ma 1 ee BbICLLMIA 0TAen —Kopa 60/bLLMX NoNyLwapuii rofIoBHOro Mo3-
ra. OT MHOrOUYMCNEHHbIX PELENTOPOB, HaXOAALLMXCA BO BCEX OpraHax
M TKaHAX, B Hee MOCTyNaeT Kak B rNaBHbIN AUCMETYEPCKUIA LLEHTP UH-
thopmauus 06 OKpyXXatoLLein cpefe, 0 BHYTPEHHEM COCTOSIHMM Opra-
HM3Ma, BCEX U3MEHEHUAX B paboTe OpraHoB U CUCTEM, 06 N3MEHEHUAX
B COCTaBe KPOBU M TKaHEBOMW XXWAKOCTU.

"ymMopasibHble areHTbl MOTyT BK/IKOUATbCA B PEIEKTOPHbIe Ayrn Kak
CaMOCTOSATe/IbHbIE 3BeHbsA. Takol CNOCOOHOCTLIO, Hanpumep, obnagatoT
rOPMOHbI. [JONyCTWUM, B KPOBY XMBOTHOIO BO3POC YPOBEHb [/1HOKO3b,
A 0 BblI3blBaeT BO30OY)XKAEHME PeLenToOpoB COCYLOB (XeMOPELENTOpOB),
MH(opMaLmMs NocTynaeT B rmnoTanamyc —oTAe/ NPOMeXXyTOYHOro MO3-
ra v B KOpy 60/1bLyX nonyLiapuid. Nocne oLeHKN CUTyaummn n3 runota-
namyca BO30YyX[eHVe nepesaeTcs B OCTPOBKOBbLIA annapaT Momxesny-
[OYHOMW Xenesbl, rae BbipabaTbiBaeTcs rOPMOH MHCYNH. VIHCYNIWH Bbl-
[enseTcs B KPOBb, [eCTBYeT Ha KNeTOYHble MeMOpaHbl 1 CHUXKAeT COo-
JepXaHue TNIoKOo3bl B KPOBU [0 06bMHOI0 YpoBHA. Takum 06pasom,
FOPMOH BK/OUMACA B 3(D(IEPEHTHYHO YacTb pPeqIEKTOPHONW Ayru.

OfiHaKo efj\HCTBO HEPBHOM M ryMOpasbHOW Perynauum sTum He
orpaHuymBaeTcs. VI3BeCTHO, YTO HEPBHbIE KNETKM (HEWPOHbI) 06-
nafarT ABYMA (PYHKUMAMU; reHepupoBaHMemM OGUOTOKOB U Mepe-
fadert MX Ha Apyrue KneTKW, BbIpabOTKOM OGMONOrMYECKN aKTUB-
HbIX BELLECTB.

O TOM, 4YTO B HepBHbIX OKOHYAHUAX BbILENAKTCA XUMUYECKME
BelllecTBa —Meaunatopsbl, 6b110 M3BECTHO ewe B 20-x rogax XX B.
MeguaTopbl SBNAOTCA XUMWUYECKMMU MOCPeLHUKaMU Mexay adde-
PEHTHbIMW HepBamy W opraHaMu. HepBHble OKOHYaHWA HWUKOrja He
MPOHNKAKOT BHYTPb APYrov KNeTKK, a 3aKaH4MBatoTCH Ha HeOO0/bLLOM
paccTofAHUN OT MembpaHbl MHHEPBMPYEMOW KETKW. MeCTO KOHTaKTa
HEPBHOr0 OKOHYaHWA C APYrol KNeTKo —HEepPBHOM, MbILLEYHOR Wn
CEKpPeTOpHOM —Ha3blBaeTcd cMHancom (puc. 1.3).
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Puc. 1.3. CxemMa CTpOeHNA cuHanca:

1— OKOHYaHMe aKCcOHa C My3blpbKamMu MefuaTopa; 2 — CUMHanTu-
yeckas LWenb; 3 —4acTb MEMBPaHbI KNeTKU, Ha KOTOPYH NepexoauT
BO36YXeHue

CurHanc cocTomT 13 Tpex 3NEMEHTOB: NPeCcUHaNTMYeCKOn Mmembpa-
Hbl (4aCTb HEPBHOr0 OKOHYaHMSA), MOCTCMHANTUYECKON Mem6paHbI
(4acTb mMeMbpaHbl ApYror KneTku) M CUHaNTUYecKoW wenu (npo-
CTPaHCTBO MEXAy npe- U NocTCMHanTU4Yeckor membpaHamn). Mepepa-
ya BO30YXK[EeHWA C HepBa Ha opraH (KNeTKy) 3ak1iyaeTcd B TOM, YTO
nof BAUSAHWEM HEPBHOMO MMMy/bCa U3 MPecUHanTUYeCKon MemopaHbl
BbIENSIETCA MEAMaTop, KOTOPbIN SABNSETCA XUMUYECKUM pasdpaxuTe-
Nem 418 NOCTCMHANTUYecKoW MembpaHbl. B pe3ynbtaTe B Hei BO3HU-
KaeT BO30Y)XAeHMe, pacnpocTpaHstoweecs no Bcein knetke. CambiMu
pacnpocTpaHeHHbIMW MeAnaTopaMu SBAKTCA aueTUIXOUH, HOpaa-
PeHanviH, agpeHanviH v ap.

MoMMUMO MefMaTopoB HEMPOHbLI FOMIOBHOMO MO3ra BblpabaTbiBatoT
rOPMOHbI —HenponenTuabl. TakoBbl, HanpuMmep, rOPMOHbI FUnoTana-
Myca. VX Ha3blBalOT PUIN3MHI-(DAKTOpPaMu. STU FOPMOHbI CTUMY/K-
PYIOT UM YrHeTaloT 06pa3oBaHNe TOPMOHOB B MepesHel fone rmmno-
(hm3a, KOTOpble, B CBOK O4epefp, PErynvpyroT LeAaTelbHOCTb APYTuX
Xene3 BHYTPEHHEeN cekpeuuun. HeKoTOpble rOPMOHbI runotasamyca
MOCTYNaloT B 3aJHIOK0 JO/I0 rMNO(n3a yXKe B «rOTOBOM BUAE», a 3aTeM
yKe 13 runogusa B KPoBb.

Takum 06pasom, eANHCTBO HEPBHOI 1 ryMOpasibHOI perynsumm ocy-
LLeCTB/ISETCA Ha YPOBHE He TO/IbKO HEPBHbIX OKOHYaHWUi, HO 1 Ha 6onee
BbICOKOM YPOBHE —TrMNoTanaMo-runofusapHoin cuctemsl. Perynayms
BCEX XKM3HEHHbIX NMPOLECCOB OCYLLECTBNAETCA eANHONM Henporymopasb-
HOW CUCTEMOIA, B KOTOPOW Befyllee 3HaUYeHUe UrpaeT LeHTpaslbHas He-
pBHasA CUCTeMa U ee BbICLLMIA OTAeN —Kopa 60/bLLMX NOMYLLAPWIA.

Ha 6051ee NpOCTbIX YPOBHSX OpraHn3aLumn XnBo matepum — mosne-
KYNSAPHOM, BHYTPUKNETOYHOM, TKAHEBOM — BOJIbLLYIO PO/ib UFPAET Xn-
MUYecKas perynauus. Yem cnoxxHee OGuonoruyeckas cucrtema, Tem
60/blLIee 3HAUEHME NPUOOpPeTaET HEPBHAA Perynauus, Kotopas 0o6beam-
HSIET OpraHbl U TKaHW B Pa3IMyHbIe CUCTEMbI, OCYLLECTB/IAA (DYHKLMO-
HMpOBaHWe opraHu3Ma BO BHELLHel Cpefe Kak eiMHOro Lienoro.

1.4. OCHOBHbIE NMPUHUMMbI PETYIALNN
PUN3NONOTMMYUYECKNX dYHKL NN

Mpy N3MEHEHUU COCTOSIHWSI OpraHM3Ma, OT/IMYAKOLLErocs OT HOp-
Mbl WM MPUBNMXKAIOLETOCH K MPefeNbHbIM rpaHnLaM romMeocTasa,
pasBuUBaeTCA AeATeNbHOCTb, BO3BpaLLatoLLas OpraHM3M B 0ObIYHbIN
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peXmnmM. TaKoi MexaHU3M Ha3blBaeTcd OTpuLUaTenbHOW 06 -
paTHON cBA3bl. Hanpumep, Npu KonebaHWUAX YPOBHSA T/HOKO-
3bl B KPOBW BblILLE WM HWXKE HOPMbl M3MEHSETCA paboTa Mnoyek, Ku-
LIEYHWKA, JKe/le3 BHYTPEHHEN CeKpeLuu, 4To NPUBOAMT K Criaxusa-
HWUIO 3TUX KONeGaHUW U COXPaHEeHWI0 MOCTOSIHHOTO COAePXaHUs -
KO3bl B KPOBW. M0 NpUHLMNY OTpULUaTeNIbHON 06paTHOW CBA3W pery-
NNPYHOTCA Temnepartypa Tena, apTepuanbHOe AaBfieHMe, CeKpeuus
MHOTUX 3HLOKPUHHbBIX Xene3 1 Apyrne QyHKLMN opraHm3ma.

Hapsagy ¢ oTpuuartenbHOW BO3MOXHA M MONIOXMUTEeNbHasd
obpaTHas cBf3b. B'sTOM Cnyyae npouecc, ke HayaBLUWIACS B
opraHmsme, cam cebs ycunusaet. Tak, nocse nprema nULWN HaunHa-
eTCA BbLLE/IEHNE XeNun B NPOCBET KULLEYHMKA. B cocTas xenum BXo-
OAT XKENYHbIE KUCMIOThI, KOTOPblE CMHTE3NPYIOTCA B NneyeHun. lMonas B
KULLEYHUK, YXENMYHbIE KUCNOTbl 0OBEANHSAITCA C XUPHBIMW KUC/0Ta-
MU, BCaCbIBAtOTCA B KPOBb U OCBOGOXAAKOTCA OT HMX. HO, OKa3aBLUMCh
B KPOBW, XENYHbIe KUCNOTbI YCUMBAKOT CUHTE3 U BbIfENeHVE XKeluu
B KULIEYHUK. Takum 06pa3oM, cama XeNub ABNAETCA XenyeroHHbIM
CpefCTBOM.

Ob6partHas cBA3b —MOIOXKUTENbHAA Y OTpULATE/IbHAA —YNaB/nBa-
eT N KOMMNEHCUPYET Te OTK/IOHEHUSA, KOTOPbIe Y)XKe BO3HUK/IMN B Opra-
HV3Me, U NPOM30LLIIO PaccornacoBaHme Mexxay Qpusnonormyeckumm
napameTpamu, CBOMCTBEHHbIMW JaHHOMY OpraHu3My, n (hakTUyecKu-
MU MX 3Ha4YeHUAMW. TMoNb3ysacb TePMUHAMU KUOEPHETUKN —HayKU
06 ynpasneHnn 1 aBTOMaTUYeCKOM PerynnpoBaHumn cucTem, obparHas
CBA3b (PYHKLMOHMPYET Ha BbIXOAE CUCTEMbI, MO CYTW, 3TO —BOCCTa-
HOBJIEHWE N3MEHEHHbIX CBOMCTB OpraHu3ma.

Mexay Tem B OpraHvu3Me WMeKTCH PerynsaTopHble MexaHW3Mmbl,
CNocobHble MNpPeAoTBPaTUTL Kakue-nnbo HexkenaTtesibHble OTK/0HE-
HVUA. Ho 4na 3T1Oro cnepyert y/noBUTb CUMHa/ «TPEBOTU», pasgpaxe-
HWA, NPeBblAKOWMNIA AONYCTUMOe 3HayeHue. YTo aenaeT cobaka,
NN3HYB ropunly (Tak OTy4yatoT MHOrAa cobak 6patb KOPM U3 YyXKMX
PyK)? BbInieBbiBaeT KOPM, Yy Hee YCWUIMBAETCA C/HOHOOTAE/NIEHME,
OHa MbITaeTCA OYUCTUTL POT Nlanoil. B aTOM cnyyvae BKYCOBble pe-
LenTopbl BOBPEMS OTpearnpoBasiv Ha NOCTYMNMBLLYIO MH(OPMaLMIo 1
OCYLLUECTBW/ICA psAf peakuun, He ONYCTUBLLMX NonajgaHne HeCBOWCT-
BEHHOI cobake nuwn (ropynLbl) B XenyaoK. Takor NpuHUKUN pery-
NALMN Ha3bIBAETCA pPerynsumneit «Ha BXoLe» CUCTEMbl MW Perynsaym-
el «no BO3MYLLUEHWNIO» CUrHana.

Ob6a npuHUMNa Perynauum —Ha BXode M Ha BbIXOAE —O06bIYHO
NPOABAAITCA BO B3aMMOLEUCTBUM U MMEKT NM60 3allUTHbLIN, M0
KOMMeHCATOPHbIN XapakTep. B KauyecTse nprmMepa paccMOTPUM Mexa-
HWU3Mbl yNpaBneHus Tenoperynsauvein. B s3umHee Bpems B camble /1t0-
Tble MOPO3bl TEMMNepaTypa KPoBM U BHYTPEHHWX OPraHOB Y XMUBOTHbIX
0CTaeTCca Takol Xe, Kak netom, —okono 38...40 °C. MNMepenag e TeM-
nepatyp € OKpyXatroLmnm Bo3ayxoM okasbisaetca nouty 100 °C. Kakum
06pa3om JocTuraetca TemnepatypHblii romeocTas? BHauvane pearvpy-
IOT Ha HU3KYH0 TemnepaTypy Hapy>XHOro BO3fyxa KOXHble peLenTopbl
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(TepmopeLenTopbl) 1 3anycKatT KOMMeHCATOPHble peakLuuu, KoTopble
yBeNMYMBatoT 06pa3oBaHvie TeNIOTbl B OPraHM3Me 1 OrpaHMYmBatoT ee
OTZayy B MPOCTPAHCTBO. ITO PErynauus «rno BO3MYLLEHWNIO», T. €. Ha
BXOfle CUCTEMbl. ECM 3T MexaHW3Mbl He Y[epXXMBaKT TEMMepaTypbl
Tena B HOPMasibHbIX rpaHMLUax 1 TeMnepatypa KpoBM HaYHET CHMXaTb-
cAa, TO Tepmoperynauma OyaeT OCyLLeCTBAATLCA MO MPUHLMUNY OTpULLa-
TeNbHOI 06paTHON CBA3N: CHMXEHWE TeMMePaTypbl KPOBWN NPUBEAET K
BO30Y)K/IEHVO TEPMOPELLENTOPOB KPOBEHOCHBIX COCYJ0B U 3TO Bbl30-
BET JOMNO/HUTENbHbIE PeakLUnn, TaKKe HarnpaB/ieHHbIe Ha COXpaHeHue
MOCTOSHHOM TeMnepaTypbl Tena (ycuneHne obMeHa BELLECTB, MblLLey-
Hasd LpOoXb, OrpaHNyeHvie Tena00TAaun).

NTak, ona niobov perynsTopHoM peakumm Heo6XoAMMO:

1 Hannune B TKaHAX M opraHax «4aT4yuKoB», pearnpyowmnx nméo
Ha BHELLHWE CUTHa/bI (M3 OKPYXatoLLen cpefbl), 60 Ha N3MEHEeHUS
roMeocTaTMYecK1x napameTpoB opraHusma. Takumu faTynkamm SBns-
IOTCA peLenTopbl —YyBCTBUTE/IbHbIE HEPBHbIE OKOHYaHWS.

MoA peLienTopamMu TaKxKe MOHUMALOT 0CObble MOJIEKY/Ibl, BCTPOEH-
Hble B brofiornyeckne membpaHbl U obnagaroLine n3bmparensHoOM YyB-
CTBUTE/IbHOCTbIO K OMpefefieHHbIM XUMWUYECKUM BeLLeCTBaM, Hamnpu-
Mep K mMegmaropaMm unu ropMoHam. KneToyHble peLentopbl nepesaroT
NH(OPMALIMIO BHYTPb K/IETOK.

2. Hannune mexaHm3ma «CamueHusi», UnM COMocTaBleHNS NOJyYeH-
HOW OT peLenTopoB MH(OPMaLUKU 1 TeX roMeocTaTUYeCcKnUX nokasare-
Neli, KOTOpble CBOMCTBEHHbI, 3anporpaMmMmMpoBaHbl JaHHOMY OpraHu3-
My. 3a 3TV MPOLLECChbl OTBEYAET LIeHTpasIbHas HEPBHAA CUCTeMa.

3. Hannume mexaHusmoB, npefoTBpallaloWnX W3MeHeHuUs ro-
mMeocTasa Wy BO3BpaLLaroLLmMX UX B (PU3NONOTNYECKME TpaHULbl. ITO
(YHKUMA pasnnyHbIX CUCTEM OpraHv3Ma: nuileBapeHns, KpoBoobpa-
LWeHNA, AbIXaHUA, BbLUENeHNS, ABMXEHUA U [Ip.



Fnasa 2
PN3NON0OTMNA BO3BYANMbIX TKAHEN

OpraHbl U TKaHW NO3BOHOYHBIX XXMBOTHbIX COCTOAT U3 MHOXe-
CTBa Creymanu3npoBaHHbIX KNeToK. B npouecce Xu3HeesTenbHOC-
TW KNETKW HenpepbiBHO MOABeprartTcs pas/fIMyHOro Tuna BO3fen-
CTBMAM (MEXaHUYEeCKUM, XUMUYECKUM, 3NIEKTPUYECKUM U T. I.) KaK CO
CTOPOHbI OKPY>KAKOLLMX X KNETOK, TakK 1 HENMoCpeACTBEHHO U3 BHeELL -
Hell cpefdbl. B OTBET Ha 3TV BO3LEWCTBUSA KIETKN pPearupyroT nsmeHe-
HVWEM XapakTepa WAY UHTEHCMBHOCTU MPOTEKAlOLMX B HUX npoLec-
COB: 06MeHa BeLLeCTB, pocTa u gnddepeHUMPoBKN. CNOCOOHOCTL Kie-
TOK K TakOil peakuuu ronyymna HazBaHue pas3fpa> MMoCcTHu.
MposBeHne PasLpaXXMMOCTU KNeTOK BO3MOXHO B pas/IMyHOW (opme.
B ofiHMX Cny4asx OHO MOXET ObITb 06HapyXeHo BU3yanbHO (M3Me-
HeHVe pa3mepa MbILLEYHbIX K/eTOK MPU COKpalleHWV MbllLbl), B
APYyrux Ana perucrpauuy TpebyroTcs 40CTaTOYHO CIOXHbIE NPUGOPSI
(M3MeHeHMe KOHLUEHTpauuy HeopraHMyecKUX MOHOB WU BbICOKO-
MOJNEKYNAPHbIX 6MONOTMYECKN aKTUBHBIX BELLECTB B Pa3/IMYHbIX y4acT-
Kax K/eTKM).

BonbLION 3KCNepyMeHTa/IbHbIA MaTepual, NnoyyYeHHblin (nu3nono-
ramm B KoHue XI1X 1 B Hayane XX B. B ONbITax Mo U3y4yeHUIO pasgpa-
XXVMOCTY pa3/inyHbIX TKaHEN B XXMBOTHbIX OpraH13Max no3sosini cae-
NaTb 4pe3BblYaiHO BaXXKHOE 3aKNHYeHVe O TOM, YTO B MHOrOK/IETOY-
HbIX OpraHu3Max UMerTCS CrneLmann3npoBaHHble TKaHW —HEPBHAA 1
MblleyHas, obecneymnBaroLLme perympoBaHme 1 KoopanHauumo pabo-
Tbl BCEro opraHuama. OfHa U3 rNaBHbIX OTANYNTENbHBIX 0COBEHHOC-
Tell X B TOM, YTO aKTUBHOE COCTOSIHME TKaHU, NoJyyyBLLee Ha3BaHUe
BO30Y>K/EHNA, MOXET 6bICTPO M Ha AOCTATOYHO 60/bLIOE PacCTOAHUE
pacrnpocTpaHATLCSA OT MecTa ero BO3HMKHOBEHWSA. CBOCTBO HEPBHOW
M MbILLEYHON TKaHEen 0TBeYaTb Ha pasfpakeHue pacrpoCTpaHAoLLMW-
MUCA MMMYyNbCaMn BO3OYXKAEHWUS W NepexoiuTb B aKTUBHOE COCTOS-
HMe 6b110 KnaccurLMpoBaHO Kak BO36YyAMMOCTh. Bo3byam-
Mble TKaHN MOTYT Hax04MTbCA B TPEX COCTOAHMAX: (DU3NON0TNYECKOTr0o
MOKO$1, BO36GY)XXAEHUS U TOPMOXKEHNS. DU3MONOrNYECKNiA MOKO —Heak-
| MIBHOE COCTOSIHME TKaHW , KOT[a Ha Hee He [eNCTBYIOT pasfpaxuTenu,
OfHaKO B CamoOli TKaHW B [aHHOe BpeMs COBepLlatoTCA O6MeHHble
npoLecchbl. TOPMOXKEHME —aKTUBHOE COCTOSHME TKaHW, BO3HUKaOLLee
MOA B/IMSIHWEM Pa3fpaXWUTens, XapakTepusyrolweecs YrHeTeHNEM Uu
npekpatieHveMm yHKunn (ymeHblleHne metabonnsma, pocra, Bo3by-
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ANMOCTM MO OTHOLLEHWMIO K pa3apaxuTensm). CTpyKTYpHble 3NEMEHTbI
BO30YAMMbIX TKaHeil onpeaeneHHbIM 00pa3oM CBSi3aHbl MeXAy co00i
1 NONYYNIN Ha3BaHWE HEPBHOWM M MbILLEYHOW CUCTEMBI. B CBOKO Ouve-
pedpb, B OpraHu3me 3T fBe BO30yaVMble CUCTEMbI HAXOAATCS B TECHOM
CTPYKTYPHOM U (DYHKLMOHA/IbHOM B3aUMOAENCTBUN, KOTOPOE TaKxXe
MONYYMNO0 Ha3BaHNE HEPBHO-MbILLIEYHOWN CUCTEMBI.

2.1. ®N3N0N0IrnA NPOLEECCOB BO3BYXXAEHNA
B HEPBHOW CUCTEME

2.1.1. CTPYKTYPHbIE OCOBEHHOCTW HEPBHbIX K/IETOK
1 BO/NOKOH

[na nydwero NoOHMMaHMA MexaHU3MOB Mpouecca BO30YXAeHUS B
HEPBHbIX CTPYKTypax KPaTKO OCTaHOBMMCS Ha UX CTPOEHWMU.

HepBHYIO CUCTEMY BbICLLUMX OPraHM3MOB [eNAT Ha COMaTUYECKYHo
M aBTOHOMHY. ComaTtunyeckas y4acTByeT B Perynsuuv QyHKLMOHK-
POBaHMA BHELUHWUX MOKPOBOB U CKENETHbIX MbILUL, XXMBOTHbIX, aBTO-
HOMHas —B perynsauum yHKUMin BHYTPeHHUX opraHoB. O6a Tuna
HEPBHOMN CUCTEMbI UMEIOT LeHTPaSIbHbIA U Nepudepuyeckmne oTaeNbl.
B LeHTPa/IbHbIV OTAE/ BXOAAT CMIMHHOW 1 TO/I0BHOM MO3T.

Mepudepryeckmnii oTaeN BKIOYAET HE WP OHbl, CrpynnupoBaH-
Hble B 0COOble 06pa30BaHNA —raHIINKN, UIN XXe OTAE/NbHbIE HENPOHBI,
Haxogawimeca BOAM3M Pa3INYHbLIX CTPYKTYP OpraHusma, perynsauuto
(DYHKUMIA KOTOPbIX OHW ocCywecTBAAT (cM. rn. 12). Kak nokasanu
MHOrOYMCNEHHbIE MOP(ONOrMYECKMe UCCeL0BaHNSA, HENPOHbI U3 pas-
NMYHbIX OTAEN0B HEPBHOW CUCTEMbI XXMBOTHbIX MOTYT ObITb Pa3HO06-
pasHo (opmbl M pa3mepoB. BmecTe C TeM B CTPOEHUN HENPOHOB
MOXHO BbIAeNnTb 06Lmne YepTbl. HeilpoH coctonT m3 Tena {Combl), B
KOTOPOM Haxo[MTCS KNNETOUYHOE S4p0, 1 0TPOCTKOB (puc. 2.1). OTpocT-
K1 NOAy4nn HasBaHue AeHAPUTOB N aKCOHOB. [eHApUTbl MOABOAAT K
COMe BO3HMKaloLLee B UX Pa3BeTBNEHMSX BO30YXKAeHME. AKCOHbI, Ha-
06opoT, nepeaaroT OT HelipoHa BO30YXXAeHMEe 4epe3 CBOW pa3BeTBIe-
HUA K Apyrum Knetkam. Cneayet OTMETWUTb, YTO Ha3BaHWe OTPOCTKOB
HelipoHa nepBOoHaYasbHO faHO Mopgoioramy Ha OCHOBaHWUM Npeano-
NOXEHWIA 0 TOM, YTO KOPOTKME N CU/IbHO BETBALLMECH OTPOCTKM, Ha-
nMoMUHaroLLme Mo hopme BETB/EHNE AepeBa (OTCHOAA U Ha3BaHWE [eH-
4pWT), NOABOAAT K HeipoHY BO30YXXAatowme CUrHasbl, a A/IMHHbIE
ManoBETBALLMECH OTPOCTKN OTBOAAT OT COMbI HEPOHa BO30YXXAEHMe.
OpHako nocneaytolLme HeiipomMopthonornyeckne n HempopuU3nonorm-
Yeckme MccnefoBaHNA NoKasanu, Y4To No 3TUM KPpUTepMsSM HEBO3MOXX-
HO onpefennuTb (PYHKLMOHaNbHOE Ha3HayeHWe OTPOCTKOB HEMpoHa,
MOCKO/IbKY CYLLECTBYIOT 3HaYMTE/IbHbIE BapuaLMn Kak B CTENEHN BETB-
NeHUs, Tak U BJINHbI aKCOHOB M AeHAPUTOB. Pasmepsbl (4uaMeTp) CoMbI
HEPOHOB Y Ce/IbCKOXO35MCTBEHHbIX YXMBOTHBLIX BapbUpYOT OT 5 Ao
100 MKM, a AuameTp aKCOHOB U AeHapuToB —B npegenax 0,3...25 MKM.
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(3> -

BuononsipHblii YHUNONApPHbLINA MynbTUNONAPHLI

Puc. 2.1. Pa3nn4Hble TUMbl HEPBHbLIX KNETOK:

1—aapo; 2—coma KNeTKWU; CTpenkamu nokasaHo HanpasieHne pac-
npocTpaHeHns BO30YXAEHWS B HEPBHbIX BONOKHAX

B 1O e Bpems OTPOCTKW HEPBHBIX KNETOK (aKCOHbI N AeHAPUTLI), Ha-
npuMep WHHEPBUPYIOLLME HVKHIOK KOHEYHOCTb Y KOPOBbI WX /10-
LWaau, MOryT ObITb ANNHON 60nee 1m.

HeMnpoHbl N0 KOMMYECTBY OTPOCTKOB, OTXOASALLMX OT COMbI, MOX-
HO pasfenuTb Ha Tpy rpynnbl (CM. puc. 2.1): YHUNONAPHbIE HENPOHBI
C OLHUM OTPOCTKOM; OMNONAPHbIE —C ABYMS OTPOCTKaMu; MynbTu-
nonsipHble, UMetoL e 6osee ByX OTPOCTKOB W Yallle BCero BCTpeya-
tOLLIMECSH Y MO3BOHOYHbIX XMBOTHbIX. HENPOHbI, KaK U KNeTKN ApYyruX
TUMOB, CHapY>XW MOKPbITbI MnasmaTn4Yeckon MembpaHo. OHa oTfe-
NAET LMTON/A3MY KNETKU OT BHEK/IETOUYHOW XUAKOCTW W BbINO/HA-
eT KNKYeBYy0 poJib B npouecce BO30YXeHWs HempoHa. LinTonnasma
HelipoHa NMOMUMO fpa COL4ePXUT annapat [oNnbIKK, CUCTEMY MUK-
poTpy6OoUeK, HeMpOPUGPUIbI, MUTOXOHAPUK, PUOOCOMBI. C NOMOLLBIO
CBOMX OTPOCTKOB HEpPBHbIe KNEeTKW KOHTaKTUPYHT Apyr C ApYroM, a
TaKxXe C ApYrMMu TUNamu KNeTok B OpraHn3Me >XMBOTHOMO, 06pasys
C/IOXHbIe CNNeTEHUS.

KOHTaKTbl Mexay KeTkamy UMeroT cneunanbHoe CTPOEHUe U Ha-
3bIBAKOTCA CMHAMNCAaMM. Y MNO3BOHOYHbIX XXMBOTHbLIX 06Hapyxe-
Hbl Pa3/IMYHbIE TUMbI CUHAMCOB, Pa3NYAONLLECs MO CTPYKTYpe U (hyHK-
umMn. Havbonee 4acTO BCTPEYAlOTCA TaK Ha3blBaeMble XUMUYECKME
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Puc. 2.2. Cxematnyeckoe I/I306pa)K9HVIe MWENNHU3NPOBaHHOI0 HEPBHOI0 BOJIOKHA!

A, B n B — pasnunyHble cTaguun pasBuTua MUeMHOBOM 060104KN; T — MUENNHU3MPO-
BaHHOe HepBHOe BOMIOKHO; | — LUBaHHOBCKas KNeTKa; 2 — HepBHOE BOJIOKHO; 3 — ne-
pexsaT PaHBbe; ®—C/ion MUeNnHa

CMHAaNCbI, B KOTOPbIX Mepefaya CUrHana oCyLLEeCTBSETCS C MOMOLLbIO
crneuunanbHOro XMMWYeCKOro BelllecTBa-rnepegaTyvka —Meamnaropa.
K Teny HeiipOHOB M UX OTPOCTKaM TeCHO NPUErarT rnuabHble KeT-
K (acTpouuTbl, ONUIOAEHAPOLMUTHI, LUBAHHOBCKME K/ETKU W Ap.).
Yncno rnnasibHbIX KNETOK B OpraHnM3mMe >XMBOTHOIO MPEeBbILWAaeT KO-
NNYEeCTBO HeilpoHoB 6Gosniee YeM B 10 pa3. Cpeaun ux npeanonaraeMbix
(DYHKUMIA JOCTATOMHO XOPOLLO M3y4veHa PYHKLMSA, CBA3aHHasa ¢ obpa-
30BaHVEM MWENNHOBOM 060/104KM BOKPYT OTPOCTKOB HEMPOHOB.

B Mopthonornyeckux wnccnefoBaHuUsX C UCMONb30BAHMEM 3/EKT-
POHHOI0 MUKpOCKOMa 6bino y6eanTensHo NMPoAeMOHCTPUPOBAHO, YTO
B llcpu(l)cpuyeckmx HepBHbIX OKOHYaHUAX BO BpPeMs 3MOPUOHaNbHO-
ro U MOCTHaT&/IbHOro PasBUTUA LLBAHHOBCKME KNETKM MHOMOKPaTHO
obmall /BatOTCA BOKPYr HEPBHOrO OTPOCTKA, (DOPMUPYA LUAUHAPW-
YecKyto 000/104KY, COCTOSLLYH BHayane U3 YepeLyroLmnxcs C/NoeB
Mem6paHbl M TOHKOTFO €105 LuToniasmbl (puc. 2.2). 3ateM Coi uu-
roHaa IM.I ucuesaet 1 obpasyeTcst KOMMaKTHas CTPYKTypa, COfepXa-
aM B OCHOBHOM /IMNUAbI, MONyYMBLIAsA Ha3BaHWe MWUEMHOBOW 060-
'toukm OfHa LIBaHHOBCKasA K/1IeTKa MOXET NMOKPbITb HEPBHOE BOSIOKHO
MB!M T1B»BOW 060/104KOIA Ha paccTosHumM 0,9...2 MM. Mem6paHa Heps-
MOK BOMOKHA OCTaeTCA HEMPUKPbLITON Ha Y3KOM MPOMEXYTKe A/NHOI
OKOIB) 1mkm. "JTOT yYaCTOK HEpBHOro BOJIOKHA MOMYy4Yun Ha3gaHue
nri'i-MKinui 1vwn>e.



[Apyroii TN ravanbHbIX KNETOK —ONUTOAeHAPOLMTLI aHanormy-
HbIM 06pa30M CO3Aat0T MUEIMHOBYHO 060/104KY Y OTPOCTKOB HEPBHbIX
KNETOK, HaxoAsLMXCH B LEHTPaNbHbIX OTAenax HEpPBHOM CUCTEMbI.
[aHHbIA TUN HepPBHbIX OTPOCTKOB WM, KaK 00bIYHO MPUraTo KX Ha-
3blBaTb, —HEPBHbIX BO/IOKOH MOMYYM/1 Ha3BaHWe MUENMHN3MPOBAHHbIX,
NN MAKOTHbIX. He BCe HepBHble BOMOKHA MOKPbLITbI MWENMHOBOW
060/104KO. HeKoTOopble M3 HUX XOTA U OKPY)XXeHbl LUBAHHOBCKUMM
KneTkamy Unv ONUroAeHAPOLMTaMM, HO He UMEKT MUENHOBOM 060-
noykn. COOTBETCTBEHHO 3TOT TUM HEPBHbLIX BOSIOKOH MOMyYn Ha3Ba-
HWe HEMMWENMHU3MPOBAHHBIX, WM Ge3MSAKOTHbIX. TepMUHa/bHble (KO-
HEYHbIE) YYaCTKV MUEMHWU3UPOBAHHbLIX aKCOHOB W [EHAPUTOB Npw
BETB/IEHWW MOCTEMEHHO TEPAIOT MUENIMHOBYH 060/104KY, OfHAKO Npw
3TOM OHU HEe OCTAKTCSH «TOMbIMKA», a MOKPbITbI, KaK 1 HEMUENNHN3N-
POBaHHbIE BOMIOKHA, FNMa/IbHBIMU KNIeTKaMU. B opraHn3me >XMBOTHbIX
HepBHble BOJIOKHA, KakK MpaBWio, cobpaHbl B HEPBHble MyYKU UK
HEpPBHble CTBO/bI. B cOCTaB HepPBHbIX CTBOMIOB MOXET BXOAUTb [10 CO-
TeH ThICAY OTAENbHbIX MUENMHU3UPOBAHHbIX U HEMUENNHN3NPOBAH-
HbIX HEPBHbIX BOMIOKOH.

2.1.2. SNEKTPNYECKUNE ABNEHNA B BO3BYANMbIX TKAHAX

Mpexxae Yem NPUCTYMUTL K W3/0XKEHNIO COBPEMEHHbIX MpeacTaB-
NEeHW 0 BO3OY>KAEHUW B HEPBHOM U MbILLEYHOW TKaHAX, KpaTKO OCTa-
HOBMMCSA Ha UCTOPMYECKMX acnekTax. Kak yxe rosopuiocb B Hadase
rnasbl, 0 Ha/IMYMKN MpoLecca BO3BYXKAEHNS B pas/IMUHbIX KeTKax W
TKaHAX MOXXHO CYAWTb MO psgy NpU3HakoB —Kputepues. dusmnonora-
MU, M3y4aBlUMMKU Npobnemy BO36YXAeHUs B XIX B., B HEPBHON K
MbILLIEYHON TKaHAX OblNN HalfeHbl [Ba BeCbMa MOKasaTeslbHbIX U
YAOOHbIX KPUTEPUS, NCNOMNb3YEMbIX B KTMHMUYECKON M nabopaTopHOW
MPaKTUKe: MOsB/EHVE 3/IEKTPUYECKOrO CUTHaNa B HepBe N COKpalLe-
HWE MbILLLbI, UHHEPBMPYEMOI 3TN HepBOM. KnaccuyeckvMu onbiTa-
MW, B KOTOPbIX BrepBble bbina NPOAEMOHCTPUPOBaHA CBsA3b BO30YXe-
HWUA B HEpPBaxX U MbILWLAX C UX 3/1eKTPUYECKON aKTUBHOCTBIO, ABUIUCH
3KCMepuMeHTbl, npoBefeHHble B KOHUe XVIII B. ntanbaHckum yue-
HbiMm J1. afbBaHK, a 3atem B Havane XIX B. ero yyeHukom K. Mar-
Teyun. [asibBaHV NPUTOTOBWU U3 NaNKW NATYLIKNA HEPBHO-MbILLEYHbI
npenapar, COCTOSALWNIA U3 CeaIMLLHOr0 HepBa, BK/IKOYatoLero B cebs
60/NbLIOE KOMIMYECTBO OTAE/bHbIX HEPBHbLIX BO/IOKOH, M MKPOHOXHOM
MbILLLbI, TAKXKE COCTOSILLIEA U3 MHOTMX OTAENbHbIX MbILLEYHbIX Ke-
TOK —MbILIEYHbIX BOMIOKOH. B cepefnHe MbilLbl genancs Hagpes, B
pe3ynibTaTe Yero 4acTb MbILIEYHbIX BOJIOKOH paccekanacb. Ha noBpex-
,geHHbIVI YYacTOK MbILLLbI C MOMOLLUbI CTEK/AHHBIX KPHOYKOB (CTEK/O

bI/I0 BbIOPAHO B Ka4ecTBe M30/14TOpa K 31EKTPUYECKOMY TOKY) nome-
Lasica HepB TakMm 06pas3oM, YTO OfiHA YacTb Kacasacb NOBPEXAEHHO-
ro, a Apyras —MWHTaKTHOro y4yactka Mbiwubl (puc. 2.3, A). B MOMeHT
HakfaAblBaHNA HepBa MbilLa COKpalLanacs. bnarogaps pesynbtaram
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Puc. 2.3. OnbITbl ManbBaHn (A) n MatTteyun (B), AoKasbiBaloWwMe Hanmume
3M1eKTPUYECKMX MOTEHLMAI0B B HEPBHO-MbILLIEYHOM Mpenapate:

/—HepBHbIﬁ CTBOJI; 2—MEeCTO MOBPEXAEHUA MbILLLbI; J —€TeK/AHHbIE KPHOYKM, 4 —wmec-
TO KOHTakTa HepBa C MHTAKTHbIM Y4aCTKOM MblLLULbI; 5 —6UMeTaNnIMYeCcKnin aNeMeHT 13
NNacTUHOK Mean U UMHKa ANnAa pasgpakKeHusa HepBa U MblLLbI

JAHHOTo onbiTa [anbBaHW BbIABUHYN [iBa BaXKHbIX MONOXKEHUA:
1) «KMBOTHOE 3/IEKTPUYECTBO», WN 3NIEKTPUYECKAA NOSApM3aLmns,
NMEeTCs He TONbKO B CMEeLManbHbIX W3BECTHBIX K TOMY BPEMEHU
3NIEKTPUYECKMUX OpraHax HeKOTOpbIX Pbl6 (3N1eKTPUYECKUI COM,
yropb, CKart), HO W B [PYrMx TKaHAX OpraHu3ma y pasInyHbIX
XWBOTHbIX. OTMeTVMM, 4TO A5 [OKa3aTe/lbCTBa [LAHHOrO MOJOXKe-
HMUA W OblN rNaBHbIM 06pa3oM MOCTaB/NeH 3TOT ONbIT; 2) 3/eK-
Tpuyeckas nonspusauns, CyLWEeCcTBYHOWAA B MbIWLEYHOW TKaHMU,
MOXET BbI3BaTb BO3OYXXAEeHWe Hepsa.

PesynbTatbl 3KCNEPUMEHTOB MartTeyum CO BTOPUYHLIM COKpa-
LWEeHNEeM MbIlLLbl OKa3aiucb B MOMb3Y MONOXEHWA [anbBaHW. Mart-
Teyun B CBOEM OrbITe MCMO/Mb30Ba/ [Ba HEPBHO-MbILLEYHbIX Npena-
paTa (puc. 2.3, B). Heps nepsoro npenapara COeAUHASNCA C UCTOYHU-
KOM 3/1eKTPMYECKOro TOKa, a HepB APYroro HaknaAbliBascad Ha MbiLLLy
nepsoro. pu pasgpaxeHun HepBa 3M1EKTPUYECKUM TOKOM OT BHELL-
HEro NCTOYHMKa TOKa COKpaLLaincb MbILLLbI HE TONLKO MepBoro rpe-
napata, HO W BTOPOro. Takum 006pa3oM, 3NeKTPUYEeCKuUii TOK Kak oT
BHELLLHEro UCTOYHMKA, TaK M BO3HUKAIOLWMA BO BPeMsi BO3BYXXAEHWS
ABNAETCA 3MEKTUBHBIM pasapaxknTeneM Ans 9TUX TKaHeid. TMpouecc
BO30Y)XJEHWSA, MPOUCXOAALLMIN B pe3ynibTaTe pasfpaXKeHus HepBOB U
MbILLLL, MOXET PacnpoCTPaHATLCA Ha 3HaUYMTESIbHbIe PACCTOAHUA OT
MecTa BO3HWKHOBEHWSA, MPUYEeM OH COMPOBOXAAETCA M3MEHEHWEM
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3NEKTPUYECKOW nonspu3aunm TKaHu. Ons 00bLeKTUBHOCTM cregyet
yKaszaTb, UYTO MPSAMbIX WU3MEPEHWI 3MEeKTPUYECKUX TOKOB B HEPBHO-
MbILLEYHOM Mpernaparte B OMWCbIBAEMbIX OMbITaX He MPOW3BOAMNOCH,
TeM He MeHee pe3ynbTaTbl WUCClefoBaHUA [anbBaHU 1 MarTeyuu
SBUNNCb OCHOBOMN A/11 BO3HUKHOBEHWUS aKTVBHO pa3BMBAlOLLEincs no
HacToslLLee BPEMSI HayKM O MeXaHW3Max 31eKTPUYECKUX SBNEHUN B
OpraHu3max —aneKTpopu3nNoNornu.

MOLHbIM TONYKOM AN Pa3BUTUS UCCNeLOBaHWIn NPUPOLbI ANIEKT-
PUYECKNX SBNEHWUI B HEPBHBIX U MbILLEYHbIX CTPYKTYypax MOCAYXWu
paboThl E. jtobya-PeiimoHa. B cepeguHe XI1X B. [Jto6ya-PeiimMoH ¢ no-
MOLLbIO BECbMa YyBCTBUTE/IbHOTO, HO MHEPLMOHHOIO rasbBaHOMETpa
MPOBE/ CepUd KNacCMUeCKMX OMbITOB, MOATBEPAMBLLMX MOMOXKEHME
"a1bBaHN 0 TOM, YTO HepBbl U MbILWLbI CNOCO6GHLI caMu No cebe reHe-
PUPOBaThb 3MEKTPOABMXKYLLME CUMbl. Tak, NpPW pacceyeHnn UM npu-
XXUTaHUK y4acTKa MblLlLbl NOBPeXAeHHas 061acTb CTaHOBUTCS 3/1EKT-
POOTPULIATENBHOM MO OTHOLLEHWIO K WHTAKTHOW W COEAMHEHHbIN C
3TUMMW y4acTKaMu C MOMOLLbIO 3N1eKTPOAO0B raibBAHOMETP PerucTpu-
PYET 3NEKTPUNYECKMNIA TOK —«TOK NOBpexAeHns». Kpome Toro, pasapa-
XXEHMe HepBa 3N1eKTPUYECKUMU MMMY/bCaMU COMPOBOXAAETCA Kpart-
KOBPEMEHHbIMW KONe6aHUAMN PerncTpmMpyeMoro 3/1eKTpuYeckoro To-
Ka, KOTOpble BCerga Hanpae/fieHbl B CTOPOHY YMEHbLUEHUS «ToKa Mo-
BPeXAeHNA». [N 06bACHEHWNS 3NEKTPUYECKUX SBNEHWUM B HepBax M
Mbiwlax [dobya-PeiiMOH BbIABUHYN TMMNOTE3Y, COMNacHO KOTOPOW
3N1EKTPUYECKME CBOWCTBA HEPBOB U MbILL, 06YC/OBNEHbI HaX0AALLM-
MUCS BHYTPW 3TUX CTPYKTYpP TakK Ha3biBaeMbIMU NEePUNONAPHLIMUA MO-
NeKkynamn. B NOKOALMXCSH HEPBHBIX UM MbILLEYHbIX KNeTKax npu nx
pacceyeHUn OTPULATENIbHO 3apsXKeHHble YacTuLbl 3TUX MOMEKYN BCe-
raa obpalleHbl K nonepeqHoMy paspesy, a K NpoAo/bHOW (HEMOBPex-
[LeHHOW) MOBepPXHOCTU—INONOXUTENbHbIE. T1pn pasgpaxeHun nepu-
NoNApHbIE MOJIEKY bl MOTYT MEHATb CBOKO OPWMEHTAaLMIO, YTO NPUBO-
OUT K KONnebaHMsM BEIMUMHBI «MOTEHLMaNa MOBPEXAEHUA» NN, KaK B
JabHenLlem ero cTain HasblBaTb, NOTeHUMasa nokos. Takum obpa-
30M, corflacHo runotese [io6ya-PeliMOHa B HEPBHbLIX U MbILLEYHbIX
KNeTKax npu pernctpaumm noTeHumana nokos MOCTOSAHHO CYLLeCTBY-
0T BHYTPUK/IETOYHbIE COOTHOLUEHWUA MeXAy MONAPHbIMU MOMeKya-
Mu. Apyrumun cnosamu, NOTEHUMaN NOKOS NPeACYLLECTBYET, a BO3OYX-
[eHMe CBA3aHO C NepeMeLLeHMeM 3apsXKeHHbIX MOSIEKY, MPUYeM camu
MOJIEKY/Ibl MPU 3TOM He MpeTepreBatdT HUKAKMX U3MEHEHMNA. BmecTe
C TeM yueHunkoM [robya-PeiimoHa J1. F'epmaHOM 6Obina BbiCKa3aHa Aapy-
ras TOYKa 3peHust Ha MPOWUCXOX/eHNe NoTeHuuana nokos. OH cun-
TaJl, YTO 3NEeKTPMYECKON Nonsapusaln B HOPMasibHOW HernoBpeXieH-
HOW KNeTKe He cyuwlecTByeT. oTeHUMan NoKos BO3HMKAeT Kak cref-
CTBME MNOBPEXAEHWS KNETOK. pu pasgpaxeHun WM noBpexneHunm
NPOMCXOAAT M3MEHEHWUS B CaMUX MOJIEKYNax, HaxoAAaLWMXCcs BHYTPU
MbILLL, UM HEPBOB. ITW BE TEOPUU NIErIN B OCHOBY BCEX CYLLECTBYHO-
WMX B HACTOSLLEee BPeMS NPeLCTaB/eHN 0 pa3BUTUN BO3BYXKAEHUA 1
BO3HWKHOBEHUUN 3MIEKTPUYECKNX MOTEHLMAN0B B XXMBbIX KIEeTKax U
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TKaHAX —Teopuna MpeLCcyLLecTBOBaHUA U Teopua anbTepauum (ro-
BPEXJeHNs). ST TeOpuM B MOMEHT CBOEro BO3HWKHOBEHUS Obln B
3HAUUTENIbHOW Mepe YMO3PUTESIbHbI U He ONUPaInCh Ha Kakue-nnm6o
CepbesHble 3KCMepuMeHTaIbHbIE faHHble. BpeMs nokasano, Y4To Hau-
60/ee MepcneKTMBHOI OKasanacb Teopusi npefcyllectsoBaHust [to-
6ya-PeiimMoHa.

PesynbTatbl paboT (QU3NKOXMMWUKOB AppeHunyca, OcTBaNbfa,
HepHcTa nossonunm ydeHuky [iobya-PeiiMoHa HO. BepHLyTeNHY
pasBUTb B3rNsf4bl CBOEro yumTens v B Havane XX B. chopmynmpo-
BaTb MeMOpaHHYH TEOpUK OMO3NEKTPUYECKMX aBneHuid. Cornac-
HO KOHLEeNuMn bepHLyTelnHa, Xu1Bas KineTka OKpy>KeHa MeM6paHoW,
KOTOpas, NPonycKasa OAHW NOHbI U 3afiepXKnBas apyrve, MoXeT no-
NAPU30BaThCs, T. €. MEXAY BHYTPEHHEW U HapyXXHOW cpefon Knet-
KN BO3HWKAET 3M1IEKTPUYECKNIA noTeHUman. HeobXxoanmo OTMETUTD,
4TO K TOMY BpeMeHU 6blsI0 M3BECTHO O CYLLEeCTBOBaHUM MeMbpaHbl
TOI'IbKOg/ pacTUTeNbHbIX KeTOK. MpesAnosioxeHne, YTo MeMbpaHa
MOXET ObITb U Y KNEeTOK XXWBOTHbIX, BO3HUKIO MOC/e MPOBefeHMUs
3KCMEePUMEHTOB MO M3MEPEHUID MOHHOTO COCTaBa BHYTPU KNETKN U
OKpyXatoLLein cpefbl. Bblio 06HapyXeHo, YTO BHYTPU KNETOK rpe-
06124al0T MOHbI Kanns, a BO BHEKNETOYHOW cpefie —MOHbI HaTpuA.
B coOTBETCTBMM C 3TUMM JaHHbIMW BepHLTeH nonaran, 4To B CO-
CTOSAHUWN MOKOA KeToyHas MeMbpaHa M30upaTesibHO MPOHULaeMa
TONbKO A/19 MOHOB Kanusa 1 3Ta n3bmpaTe/ibHOCTb YTpaumBaeTcs Ha
BpeMs BO36YX[eHMWs, Korga MembpaHa CTaHOBUTCS B paBHOM Mepe
NPOHMLAEMON 1 ANS APYTUX MOHOB, HanpuMep A48 MOHOB HaTpUA U
X/iopa, Npu 3TOM NOTeHLMan nokos ncyesaet. MembpaHHas Teopus
BepHLTeiHa BHecna CyLLeCTBEHHbI BKNaL B BbISICHEHWE MeXaHW3-
MOB 3/1EKTPUYECKMX ABMIEHWUIA B XMBbIX KneTkax. B yacTHoCcTW, oHa
XOPOLLO 00bACHANA, KaK KNeTKa NoAAepXXMBaeT 4pe3BblyaiiHO 3KO-
HOMHO TpajgueHT KOHLEHTpauuin MOHOB. B COOTBETCTBMM C 3TUM
nosyynnmn ceoe 06bACHEHME CyLLecTBOBaHMe (NpeacyLLecTBOBaHMe)
noTeHUMana nokos, ero 3HakK W npuMmepHas BennymHa. Bmecte ¢
TeM B [JafibHELeM CTaau HakanaueaTbCs 3KCMEPUMEHTa/IbHble
(haKTbl, KOTOpPbIE ObINO TPYLHO 0O6BLACHUTL C NO3ULMIA Teopun bepH-
wreiHa. KoHuenuus bepHuTeHa Oblna CyLECTBEHHO BUAOMU3ME-
HeHa ¥ nepepaboTaHa B 50-x rogax XX B. A. XOMKKMUHbIM, A. XaK-
cim B, Katuem. Hy)XHO OTMETWUTb, YTO BO3HWKHOBEHWE HOBOM
MembpaHHO Teopumn 6GbINO NOLFOTOBMEHO Gnarofaps YCOBepLLeH-
CTBOBaHWIO METOLOB perncrpalum 3neKTpUYeckux MoTeHLManoB B
XUBbIX KeTKax W 9KCMepuMeHTa/lbHbIX MeTOLOB C O4WMHOYHbIMU
HEPBHLIMW W MbILLEYHbIMY K/IETKaMUW, & TakXe HEpBHbIMU BOJIOK-
Hamu. Kpome TOro, 3HauuTeNbHbIA BKMaj BHECNW WcCnefoBaHuA
CTPYKTYPbI CamMOli KNeTOYHO MeMbpaHbl. Bugmmbie gokasaTenbCcTBa
CYLLeCTBOBaHMS KNETOYHON MeM6paHbl Y K/IETOK XXMBOTHbLIX CTa/u
BO3MOXXHbI TO/IbKO B cepefuHe XX B. B CBA3M C NOSABNEHNEM 3/IEKT-
POHHOI0 MUKpPOCKONaA.
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2.1.2.1.YNbIPACTPYKTYPHASA OPIAHU3ALNA KJETOYHOW MEMBPAHbI

oA 9NeKTPOHHBIM MUKPOCKONOM MeMbpaHa MMeeT BUf, TPEXCOi-
MO CTPYKTYpPbl —/Ba TEMHBIX C/0S MO KpasiM 1 OfMH CBET/IbIN B cepe-
NIHe — «NPO3paYHblii» NS 3N1EKTPOHOB; TO/MWMHA ee 0Kono 10 HM. K
HacToALLEeMY BpeMeHW CTPYKTYpHas opraHu3auns HepBHOV MeMbpaHbl
[0 KOHLA He BbIICHeHa. BmecTe ¢ TeM 1Cnosb30BaHMe pasnnyHbIX Gu-
3MYECKUX U XMMUYECKMX METOLOB MO3BOJSIN/IO CO34aTb HECKO/IbKO MO-
Jeneli KNeTo4yHoW membpaHbl. Ha pucyHke 2.4, b npefcrasneH par-
MEHT CTPOEHUsi MembpaHbl if COOTBETCTBUM C TBEPLOKAPKACHOM XUA-
KOCTHO-MO03au4HON Mofenblo. MembpaHa COCTOUT raBHbIM 06pa3oM
13 IMNNA0B M 6e/IKOB C MPUMECHIO Yr1eBOA0B. JINNWAbI NPeLCTaBNeHbI
(hochonunugamu uam ramkonunuaamu. XXUPHO-KUCIOTHBIA COCTaB
NMNNA0B BeCbMa pa3Hoobpa3eH, 04HaKo NpeobnajatoT B HUX NasbMu-
TUHOBAsA N ONENHOBAA KUCNOTbI. 3yyeHne CTPYKTYpbl MOMeKyn fini-
MWAOB NOKa3ano, YTo OHW WMEIOT MOMAPHbIE «TOMIOBKU» W HEMONAp-
Hble «XBOCTbI», T. € Ha OAHOM KOHLe MOJIEKY/Ibl UMEKOTCS 3apsHKEHHbIE
WOHHbIE TPYNMbl, & APYrovi KOHeL, SBNSETCH 3/1eKTPOHeNTPa/ibHbIM.
CoyeTaHue B MOfeKynax MMNMAOB ABYX YacTeli onpeaensieT Ux cnocoo-
HOCTb 06pa3oBbIBaTb MeMbOpaHbl. [10/IAPHbIE TOMI0BKU MOMIEKYN CTpe-
MATCA KOHTaKTUpOBaTb C BOAON, a HemonsipHble XBOCTOBbIE YacTu
N36erarT TakKMX KOHTaKTOB U NMPUTATUBAKOTCA APYT K Apyry 6naropa-
|l 9 BaH-A€ep-BaaNbCOBbLIM B3aMMOAECTBUAM. B pesynbTate 06pasyroTcs
NEHKN, COCTOSALLME U3 ABYX CMOEB NUMUAHBLIX MOJieKy/. Taknum obpa-
30M, MOJIEKY/bl INMNA0B WaeanbHO NOAXOAAT AN 06pa3oBaHUs pasfe-
Na MexXay HeBoAHOM (ha3oi BHYTPU MeM6paHbl U BOAHLIMW BHYTPU- 1
BHEK/IETOYHbIMM NPOCTPaHCTBaMMU.

MembpaHHble 6eflKu noApasfensatoT Ha Ae 6oMblive rpynnbl B
3aBMCMMOCTM OT XapakTepa B3aVIMOAEWCTBMSA C OUCN0eM MNUAOB.
1icpeas rpynna—sTo nepudepnyeckne Genku, KOTOpble B3anMMO-
[eCTBYHOT C MONAPHBLIMU MOBEPXHOCTHLIMW YacTAMMU NINNUAOB 3/EK-
IpocTatnyeckn (cMm. puc. 2.4, £). Btopas rpynna —uHTerpasibHble
6enKn, B KOTOPbIX MHOFO HenofspHbIX aMUHOKMCIOTHBLIX OCTaTKOB,
B3aUMOAENCTBYIOLMX C TMAPOPOOHOI BHYTPEHHEN 061acTbio BMcnos
mMeMbpaHbl (T. e. XBOCTaMu NUNWUAOB) C MOMOLLLIO BaH-Aep-BaanbCo-
BbIX CW/1. BO3MOXXHbI C/ieflytoLLMe BapuaHTbl PACrofIOXKeHN HTErpasb-
HbIX 6e/IKOB B MembpaHax (CM. puc. 2.4, B)\ 6e/10K NOAHOCTbIO NO-
rpY>XeH B GUCNON; CpaBHUTENbHO Hebonbllas rmapodpobHas vacTb
6enka norpy>xeHa B MembpaHy, nepecekas npu 3T0M BCHO ee TO/LLMHY,
a 6onblias (rnapogmnbHas) YacTb obpalleHa B BOAHYHO cpeay; MA-
pogobHas yacTb 6enka (rmapohobHbIN «SKOpPb») MPOHUKAET TOMbKO
na rny6uHy goconnnuaHoOro MOHOC/IOS.

Mo yHKUMAM nepugepuyeckme 6eNikn SenaTcs Ha perynsaTopHo-
CUrHasnbHble (6esKKM BHEKETOYHOIO MaTpuKca; PUOPOHEKTMH, Namu-
HWH, KONMareH), CTPyKTYPHO-KapKacHble (aKTUH-CNEKTPUHOBbLIE KOM-
nnekcol), obecneynsatoLme MOLBMIKHOCTb BHYTPUKIETOUHbIX CTPYK-
lyp 1 oThenbHbIX KNeTok (6efikn MUKPOTPYOOUEK Y MUKPO(UIAMEH-
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Puc. 2.4. Cxema perucTpauuy MemopaHHoro noteHumana (A) n gparMeHT KNeTouHol MeM6pa-
Hbl (£) HEpPBHOW KNETKM:

A. | —HepBHas KNeTka; 2 — MUKPO3NEKTPOL; 3 — 3NeKTPOS4 CpaBHeHNs; J1,, —BXOAHOe CONpoTMBe-

HUE PerucTpupyroLLeli cUCTeMbl; CTPeKaMi NOKasaHO HamnpaBieHue ABWXXEHWUS PErucTpupyemoro

MNOHHOTO TOKa; B\ 1—nnnugHblil 6Ucnoii; 2 —uHTerpanbHble 6enkn; 3 —WOHHbLIN KaHan; 4—ane-
MEHT CMEKTPUHOBON CeTH; 5 —KOMMYTaLMOHHbIe BenKu

TOB). Cpean OCHOBHbIX PYHKLMIA MHTErpasibHbIX GE/IKOB MOXHO BblLie-
NNTb TPaHCMOPTHYIO, PELENTOPHYIO M (PepMeHTaTMBHYHO. TpaHcnopT-
Hble GENKN OCYLLECTB/AKT NEepeHOC MOHOB U He3apsXKeHHbIX MONEKYN
yepe3 MembpaHy, OHV (HOPMUPYIOT KaHaslbl MacCMBHOIO WM aKTMBHOIO
TpaHcnopTa. PeuenTopHble (T. e. BOCMPUHUMAatOLLME) Be/KM Ype3Bblyaii-
HO pa3HO06pa3Hbl M YHaCTBYHOT B BOCMIPUATUMN Pa3INUHbIX XUMUYECKNX
N PU3NYECKNX CTUMY/OB, BO3AEMCTBYIOLLMX Ha KNETKY. PepMeHTaTuB-
Hble GenKn 06ecrneymBaloT BMOXNUMUYECKME peakLuK, NMPOTEKAKLLIME Ha
KNIeToYHbIX MembpaHax. CornacHo mogenu (cMm. puc. 2.4, B) nnnuaHbIi
61Cnol 3anoNHAeT AYeiKn Kapkaca, 00pa3oBaHHble CBSA3aHHbIMW MeX-
Jly co60i1 onpeaeneHHbIM 06pa3oM NeputepuyecKUMmN U NHTErpanbHbI-
My 6efikamun. BmecTe ¢ Tem YacTb 6e/1IKOB He BXOAMT B COCTaB Kapkaca, a
HaxoguTca B CBOGOAHOM cocTosAHUKU. CTpyKTypa 6enKoBOro Kapkaca
AWHAMUYHA U B 3aBUCMMOCTM OT (PU3NONOTMYECKOr0 COCTOSAHNA KNeT-
KN MOXET U3MEHSTLCA B pe3y/ibTaTe BKAKYEHNS UM YAaNeHus pasiny-
HbIX CTPYKTYPHbIX U (DYHKUMOHANbHbIX (peuenTopbl, ()epMeHTbI) 3ne-
MEHTOB. TakuMM 06pa3oM, N0 COBPEMEHHbIM NPeACTaBNeHMAM KeTou-
Has MembpaHa VMeeT [0BOJIbHO C/MIOXKHYHK CTPYKTYPY, MOXET BbIMos-
HATb MHOTFOYMC/IEHHbIE W YpPe3BblYaNHO BaXHble Onepauun Ans
(DYHKLMOHMPOBAHUS KNETKW, Y B TOM YuMC/ie ANs ee BO3OYXAEHNS.
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2.1.2.2. MMOTEHUWMAN MNMOKOA

B TeyeHne 4MTeNbHOMO BPEMEHW NMOTEHLUMAN NOKOS U3MePANCA Kak
NoTeHLMan NOBPeXJeHNs, T. e. PerucTpupoBanach pa3HoCTb NOTEHL M-
a/10B MeX/y YYaCTKOM HepPBHOM UM MbILLEYHOW TKaHW, rfe KneTo4Has
MeMOpaHa Oblna paspyLlueHa, U y4aCTKOM WMHTaKTHON MembpaHbl. 1o
)TUM M3MEPEHUAM HeNb3s Obl0 CyanTb 06 abCOMOTHOW BeNuYMHe
noTeHUMana NnoKos, NMOCKO/IbKY HEBO3MOXHO K36eXaTtb LYHTMPOBa-
HVS PErUCTPUPYIOLLMX 3M1EKTPOAOB M3-3a TOTO, YTO YacTb TOKa, BE/N-
YMHY KOTOPOM TPYAHO OLEHWUTb, PacrnpocTpaHAaiach OT MOBPEXAEH-
HOMO yyacTKa Mo TOHKOMY C/I0H0 >XMAKOCTW K MHTaKTHbIM 06/1aCTAM
TKaHW, MUHYS PerucTpupyroLme snekTpoabl. Kpome Toro, noteHuman
MOBPEXAEHNS ObICTPO YMEHbLLIANCH CO BPEMEHEM.

BennunHy noteHumana nokos CTasio BO3MOXHbIM M3MEPATL C Bbl-
COKOI TOYHOCTbIO C BBeAeHMeM B 50-e roabl XX B. 'paxemoMm, JIUHrom
1 [XXepapZoM B MPaKTUKY 3M1eKTPOMU3N0IOTMYECKOr0 3KCNeprMeHTa
MVKPO3/1eKTPOA0B —MUKPOCO/IEBLIX MOCTUKOB. MWKPO3NeKTPOAbI 13-
rOTOB/AKTCA U3 TOHKUX CTEK/AHHBIX TPYOOUeK C OTTAHYTbLIM Ha Of-
HOM KOHLe KOHYMKOM, AMaMeTp KOTOPOro COCTaB/AET LON MUKPOHA.
MWKpPO3/1eKTPOL, 3aMNO/HAETCA KOHLEHTPUPOBAHHLIM CO/MEBLIM PacT-
BOpOM, Hanpumep 3-mondpHbiM KC1. Co CTOPOHbI LUMPOKOro KOHLA
B TPy6OUKYy BCTaBNSETCH MeTa//inyeckas npoBosioKa —MiaTUHOBAS
nnu cepebpsaHas.

[nga Toro 4To6bl n3bexarb NonspusaLny Metaana B CONEBOM pacT-
BOpE, T. €. BO3HUKHOBEHUS Ha PErMCTPUPYIOLWMNX 3M1eKTPOLaxX MpoTu-
BOMO/IOXXHO Harpas/ieHHON M3MepseMOMy MOTeHUUany 3/1eKTPoaBU-
XyLWen Cunbl, U TEM CaMbIM UCK/TOUNUTL UCKXKEHUA B permcrpaumm
noTeHUMana, Ha MOBEPXHOCTb MeTassla HaHOCAT TOHKWIW CNOi ero
CONMM 3NEKTPONUTNYECKNM MEeTOdOM. Hanpuwmep, B cydae cepebpa —
xnopug cepebpa. Takoe MOKPbITME CO3[aET 3HAYUTENIbHbIN 3anac
noHos Ag" n Cl~ Ha MOBEPXHOCTU MPOBOMOYKM U CAYXXUT npome-
XKYTOYHbIM 3BEHOM MEXJY 3/1IEKTPOHHONM NPOBOAMMOCTLIO B MeTasiie
(Agt+ e~ Ag) U NOHHbIM TOKOM, KOTOPbIA 00YC/M0BNEH 06MeHOM
noHamu C1* mexxgy cnoem AgCl n pactsopom. BcnefcTeme aToro cra-
HOBUTCS BO3MOXHbIM [ABYCTOPOHHWI MOTOK 3/1IEKTPUYECKUX 3apsjoB
OT 3/1eKTPOHOB B MeTa/l/Ie K MOHAaM X/iopa B PacTBOpe M B 06paTHOM
HanpaeneHun 6e3 BO3HWKHOBEHWS Ha 3/MeKTpojax obpaTHOHarpas-
NEeHHOW 3NeKTPOABWKYLLENA cunbl. Takune aneKTpoAbl Noay4nnun Hasea-
HVEe HenonspU3yLLMXCS.

[nsa paboTbl ¢ MUKPO3/ieKTpoAaMmn 6bln pa3paboTaHbl 3NEKTPOH-
Hble YCU/INTENIN MOCTOSAHHOIO TOKA, KOTOpble paboTatoT B 3/1EKTPO-
METPUYECKOM Pexume, T.e. UMEHT OYeHb 60/bLIOE BXOAHOE COMpo-
TUBNEHNE W NOTPEOMSIOT YPe3BbIYANHO Masibli TOK OT M3MEPSIEMOr0
ncrouHmka 34C. Ana nsMepeHnsa NoCTOAHHbLIX UIN MELJ/IeHHO 13Me-
HAKOLINXCA MOTEHLWANOB K BbIXOAY YCUIUTENS MOXHO MOAK/IHOUUTD
CTPENOYHbIA MHAMKATOP, OAHAKO AN PerncTpauny 6uICTpbiX M3MeHe-
HWIA NoTeHUMana WCMonb3yrT 6e3blHEPLUOHHbIE 3/1eKTPOHHbIE OC-
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unnnorpagbl. C Uenbio M3MepeHUs MnoTeHuMana MoKOos KOHUYMKOM
MUKPO3/IeKTpOoAa NpoKablBatOT MeMOpaHy K/IeTKW, BTOPOI 3M1eKTPOs
(3neKTpog cpaBHeHUA) —TaKxKe HeMoNAPU3YLWMNIACa 3NeKTpos —no-
MeLLalT pAaoM C MCCeayemoil KNeTKOW. Ero KOHCTPYKUMS MOXeT
ObITb CaMOI Pa3INYHO; B NPOCTENLLEM C/lyYae 3TO NPOCTO X10pUpo-
BaHHas NPOBO/IOYKA. HY>XXHO OTMETWTb, YTO MpOKasbiBaHNe MeMbpa-
Hbl KOHYMKOM MWKPO3/1EKTPOLA K/IETKN TakXe, Mo CyTW, HAHOCUT
K/IETKe NOBpeXeHwne, HO, KaK NMPOoAeMOHCTPUPOBA/IV MHOTOYUCIEHHbIE
1cCnefoBaHns, OHO MUHUMaIbHO. [MoATBEPXAEHNEM 3TOr0 ABNAETCA
TOT (DaKT, YTO PErncTPUPYEMbIA MOTEHLMAN MOXET AepXXaTbCs Ha He-
N3MEHHOM YPOBHe B TeUeHMe HecKONbKMX 4yacos. lpegnonaraercs,
YTO KNeTOoYHad MembpaHa B MecTe BXOAa MWKPO3/MEKTpoAa MA0THO
06XBaTbIBAET €r0 CTEHKW, Npedynpexzas NosiBfeHne LWyHTUPYHOLLEro
WMOHHOI0 TOKa BA0/b HAPY>KHOW MOBEPXHOCTWN CTEK/IAHHOIO KOHUMKA.
MWKpPO3/IEKTPOAHbIE U3MEPEHUS PA3NINUYHBIX TUMOB K/IETOK XUBOTHbIX
nokasanu, 4to MoTeHLMan NoKoA WK, Kak fyylle HasbiBaTb Pa3HOCTb
MOTEHLMANOB Ha KNeTOYHON MeMbpaHe —MeMO6paHHbIA NoTeHLUMan,
MMeeT OTpUUaTeNIbHbINA 3HaK BHYTPY KneTku (puc. 2.4, A). YunTbiBas,
4TO B Hapy)XHOW Lenn nctouHnka SAC 3neKTPMUECcKnii TOK TeYeT oT
MOMIOXMWTENIbHOrO No/toca K OTpULaTe/IbHOMY, TOK Yepe3 MembpaHy
OyAeT pacnpoCcTpaHATLCA K 9N1EKTPOAY CPaBHeHUs (BHEKNETOUYHOMY),
T. €. K Hapy>KHOW NOBEPXHOCTU MemMbpaHbl. B MecTe coenHeHNs cone-
Boin pacteop/meTann (AgCI/Ag) MOHHas NPOBOAMMOCTbL MEPEXOAUT B
3NEKTPOHHYI0. JNIEKTPOHHbIN TOK Ha BXOAHOM COMNPOTWB/EHUU YCU-
nutens JBX CO3L4acT nafeHue HanpsH>KeHns, oveHb 6/11M3Koe No Benu-
YMHe K MeMbpaHHOMY MOTEHUMaNY KNeTKN. 3aTemM MOTOK 3/1eKTPOHOB
B MecTe KoHTakTa Ag/AgCI, HaxogslleMcs B CTEKNAHHONM TpybouKe,
NnepexoiuT B MOTOK MOHOB M 4Yepe3 KOHUYMK MUKPO3NEKTPOSA BXO-
OUT B K/ETKY, 3aMblKas Lenb. TakuM 06pa3om, nsmepeHns memopaH-
HOro noTeHumMana ¢ NoMOLbI0 MUKPO3/IEKTPOLOB MOATBEPAUSIO Teo-
puto [robya-PeliMoHa 0 TOM, YTO Pa3HOCTb MOTEHLMA0B Yepe3 MeMb-
paHy npeopMupoBaHa M He ABNAETCA Pe3y/bTaTOM MOBPEXAeHMS
npoTonsasmbl KNeTKW. MNpenmyLLecTBO MUKPO3NEKTPOLHOIO MeToAa
COCTOMT B TOM, YTO MOXXHO MCC/Ief0BaTb MefiK1e KNeTKn 1 NpoBOAUTb
3KCMEepPUMEHTbI Ha OTAEeNbHbIX K/ETKaX, HaxoAALMXCca B OpraHu3me
6e3 X U30NsaLMN.

MonblTaeMcs Tenepb BbIACHUTL, KakuM 06pa3oM ycTaHaB/IMBaeTCA
yepe3 MembpaHy, MMEKLLYIO K3BMpaTe/ibHY0 NPOHULAeMOCTb K On-
pefefieHHbIM MOHaM, pa3HOCTb MOTEHLMaN0B U KakK MOXHO BblUUCINTb
ee BeNmunHy. HayHem c ngeansHoro cnyyas. Ha pucyHke 2.5 BugHo,
4TO ABa pacTBopa Cosei pasgeneHbl MemopaHo. PacTBOp BO BHYTPEH-
Hem o6beme {A) cogepxut 100 MM KC1 n 10 mM NaCl, cHapy»xwu
(£) —100 MM NaCl n 10 MM KC1. MembpaHa UMeeT KaHasbl, aua-
MeTp KOTOpPbIX MO3BOMSAET NPOXOAWUTL Yepe3 HUX TOMbKO rmapaTupo-
BaHHbIM (T.e. OKPY>XeHHbIM 060/104KOI U3 MOMEKY/ BOAbl) MOHaM Ka-
NS 1 Mofiekynam Bofbl. MmapaTupoBaHHble MOHbI HATPUSA, NpeBbILLa-
owpe B 1,5 pasa gnameTtp rupatmpoBaHHbIX MOHOB Kasins, He NMpoxo-
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NAT Jepe3 AaHHble KaHanbl. Kpo-
Me TOro, Ha BHYTPEHHUX CTeHKax
3TUX KaHA/I0B pacnonaratoTcs Puk-
CYpOBaHHblE OTpULLATE/bHbIE 3apsi-
Obl, UTO NPEensTCTBYET MPOXO0X-
LEHUIO Yepe3 HUX OTpuLaTeslbHO
3apsHKeHHbIX MOHOB xnopa. Mpwu
[aHHbIX ycnoBuax n3 obbema A B
06beM b uepes KaHanbl N0 CBOEMY
KOHLEHTPaLMOHHOMY rpagieHTy
MOTYT MPOXOAMTb TO/IbKO WOHBI
kanusa. Ho auddysnm npomcxo-
AnTb He 6ypeT. TpuynHa 3aknio-
4aeTca B TOM, YTO MOHbI Kanng —
NOMOXMNTENbHO 3apsKeHHbIe Yac-
TUubl. [BVKeHWe TOMbKO WMOHOB
Kanms B 06beM B npuBeget K
YBE/IMYEHUIO B HEM MOMOXKM-
TeNIbHO 3aPSXKEHHbIX YacTUL, yTo
cpasy >ke NposiBUTCA B BO3HMK-
HOBEHUW 3afepXXMBatoLLelt Ux no-
NOXWTENbHOW 3/1eKTpocTaTuyec-

Puc. 2.5. O6pasoBaHue noTeHUmana 4epes
LLieasIbHyt0 MeMbpaHy:

A — BHYTpEHHUI# 06beM» OrpaHUuYeHHbIA Mem™
6paHoil; b — BHeWHNIF 06beM; A, — BXOAHOE
COMPOTUBEHNE PEruCTpUpYtoLLell CUCTEeMbl;
CTpenKkami MoKas3aHo HarpasBNeHue WOHHOIo
TOKa, NYHKTWUPHOI MHWell —ypoBeHb pacTBopa

KO cunibl. Yepes membpaHy BO3-
HWKHeT pa3HOCTb MOTEeHLMaNoB COOTBETCTBEHHO C MOMOXWUTE/bHbIM
3HaKOM CHapy>u 1 0TpuLaTeNbHbIM BHYTPU 06beMa A, KOTOPYHO MOX-
HO M3MEPUTb C MOMOLLIbIO OMMCAHHOI paHee PerucTpupyroLLein cucte-
mbl. [lo6aBneHne NaCl B pacTBopbl N0 06e CTOPOHbI MeMb6paHbl 06ec-
neyvBaeT NnojgepXkaHve 0CMOTUYECKOro paBHoBeCUs. pn OTCyTCTBUM
NaCl BO3HMKNO Obl_rMApOCTaTUYECKOE [aBNeHWe WK XKEe B Crydae
noAaT/IMBOCTM MembpaHbl OCMOTUYECKUA TOK BOAbl B 06beM A 13
obbema b. Takum 06pasom, Mexay o6bemom A 1 o6bemoM B, paspe-
NeHHbIMU MeM6pPaHON, YCTaHOBUTCS 3N1eKTPOXMMUYECKOE paBHOBECHE,
06yCNOBEHHOE PAaBEHCTBOM 3/1EKTPUYECKON PaboThl, HEOOXOAUMOIA
ONA nepemeLleHns Hebo/bLIOro KoM4yecTBa 3apsPKeHHbIX YacTul, —
MNOHOB B OAHOM Hanpas/eHUy 1 0CMOTUYECKOI paboTol, 3aTpayeHHo
AN NepeMeLLeHns TOro Xe KOMYecTBa MOHOB, B NPOTMBOMO/IOXKHOM
Hanpas/feHnn. M3BecTHO, YTO anekTpuyeckas pabota A", Heobxonu-
Mas ans nepeHoca 1monb MOHOB K* MpoTWMB pasHOCTM MOTEHLMU-
anos E, pasHa npoussefeHunto 3apsga Q aToro Konmyectsa MOHOB Ha
Pa3HOCTb MOTEHLMANOB:

N = QE, (1)
HO Q = nE, rae N —BaneHTHOCTb MOHOB (B JaAHHOM C/ly4ae OHa paB-
Ha I), a F—uucno ®apages. CnegosaresbHo,

/143= EE.
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OcMoTrYecKyto paboTy, Heo6XoauMy Ana nepemMelleHns 1Monb
MOHOB Kanusi U3 061acTh KOHLIEHTpaUWK [K~]s s 00MacTb, Fae ero
KoHUeHTpauus [K*a B 10 pa3s Bbille, fierye BCEro OLEHWTb, NPoBe/as
aHanorunio ¢ paboTon No cxaTuio 1r <3ks naeansHoro rasa o 1/10 ero
nepBoHavYanbHOro o6bvema. VgeanbHblil ra3 CocTOUT M3 YacTuy, (Mone-
Kyn), He B3aMMOAENCTBYOLWMX ApYyr ¢ ApyroM. Cxartue rasa npousso-
OUTCA OYeHb Mef/IeHHO, 6e3 M3MeHeHMs ero Temnepatypbl. MpeacTa-
BUM, 4TO ras HaxoauTCs B LUIMHAPE C MOABWXHBLIM MopLUHem. Mexa-
HM4yeckas pabota  paBHa MPOM3BEAEHMIO Cubl F Ha paccTosHue /.
N7~= Fl. B gaHHOM c/lyyae /19 O4eHb Masloro nepemetueHuns [/ nopu-
HA AelcTBYylOWasA cuna F paBHa Npou3BefeHUto faBneHns P rasa Ha
nnowags S nonepevyHoro ceyenus. OTctoga nNpoussBefeHHas paboTa
npv MaJioM NepemMeLLeHnn NopLUHS

AAN = PSM. 3
YunTbiBas, 4T0 NpoussefeHne SAl —anemeHTapHbI 06bem Y,
AAN=PAV. (4)

Mpy MeLNeHHOM YBEIMYEHWUN CUMbl, AENCTBYHOLLEA Ha MOPLUEHD,
npoun3BefieHHas paboTa No CXXUMaHWMIO MAeanbHOro rasa 0T 0obema
[0 o6bema Vo, MeHbluero B 10 pa3 o6bema W\,

Ar = IPdV, ®)

CornacHo hopmyne MeHgeneesa —KnaiinepoHa fasneHne 1 06bem
rasa cBsidaHbl Mexay co60M 06paTHO MPOMNOPLMOHANLHON 3aBUCHU-
MOCTbHO:

PY = RT, (6)
P =RTly, (7)

roe R —yHuBepcanbHasi rasoBas nocTosiHHas; T—TemnepaTypa.

OTcrofa MmexaHu4yeckas pabora

M= Ne K,/K. (8)
Bbluncnas onpeaeneHHbIn UHTErpas, nosyynMm, YTo
AN= M (InK - InY) =RTIn Y/ ¥%. 9)

OTMeTUM, YTO NpY CXKaTUK rasa ¢ yMeHbLUEHNeM ero o6bema npo-
NCXOLUT YBENMYEHNEe KOHLEHTpaL MM ero Monekyn. MockonbKy Mexay
06bEMOM ¥ KOHLEHTpaLMen CyLlecTByeT 06paTHO NPONopLUnoHanbHas
3aBMCUMOCTb Y= 1/FC], MOXHO nepenwucatb opmyny (9)

AN, =1?2nn[Cb/[q,. (10)
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MpurBeLEHHbIE PacCy>XAeHNS NPUMEHUMbI K BbIYUCIEHUIO OCMO-
TUYEeCKON paboTbl, BbINOMHAEMON NPU YBEINYEHUN KOHLEHTpaL MM
MOJIEKY/ paCTBOPEHHOr0 BELLeCTBa, T. €. NPW NepeMeLLeHnn Mose-
Kyn B 061acTb MX 60nee BbICOKOW KOHLEHTpauuu. 3Ty CUTyauuto
Nerko cMofenvuposatb, NPeAcTaBuB, YTO B LUAMHAPE HAXOAUTCH He
ras, a pacTBop C MOHaMW W MOPLLEHb cAenaH U3 NoaynpoHuLiae-
MOW HenoAaTAuBOi (He M3MEHSIIOLLLEA CBOW pa3mepbl) MembpaHbl
(cm. puc. 2.5). onycTum, nepBoHayasbHO Mo 06e CTOPOHbI MOPLL-
HAMEMOpaHbl HaxoauTca pacTBOp, B KOTOPOM KOHUeHTpaums KCl
coctaBngetr 10 mM. 3ateM-HayHeM MeffIeHHO YBeM4yMBaTb AaBne-
HUe TakuMm 06pa3om, 4TOObl MONeKy/bl BOAbl MO KaHanam ycreBa-
NN BbIXOAWUTL U3 06beMa A B 06beM B 6e3 MOBbILIEHNSA TeMMepaTy-
pbl pacTBopa. Mpu LOCTUXKEHUN OnpefeneHHOro AaBfeHns Ha nop-
WeHb-MembpaHy KoHueHTpaums KC1 B obbeme A yBennumTca B
10 pa3. OcmoTuMUecKas paboTa

N = NNn[C]é/1C]la- n)

NoHbl K™ B COOTBETCTBMM C Pa3HOCTbLIO MX KOHLUEHTpauuii oyayT
CTPEMUTLCA ANDPPYHAMPOBATL Yepes3 KaHasbl MopLyHA. [MOCKOMbKY
OHW SBNAIOTCA 3apPSXKEHHbIMW YacTULaMK, YBENIMYEHWE KONNYECTBa
MOMOXUTENbHO 3aPAXKEHHbLIX YacTuL, He CKOMMEHCUPOBAHHOE C OT-
puuaTesibHO 3apsAXXeHHbIMW YacTuuamun, Bbl30BET BO3HWKHOBEHME
3aflepXXMBatoLLell UX 3NEeKTPOCTAaTUYECKOW Cubl. BO3HUKWNIA no-
TeHUMan KomneHcupyet «angdy3nMoHHOe faBneHne». B aTom cnyuae,
KaK Yy)XXe rosopunocs.

- Ag (12
MopacTaBnss 3HaYEHMs!, NOMTyYaem
EF =RT\n[CW[CU. (13)
OTclofa NoTeHLUMan yepes MemMopaHy
E = {RT/F)\n{[Ch/[CW nm £a6 = {RT/F)\n[K h/[K U. (14)

370 ypaBHeHMe 6bI10 BbIBEAEHO (PU3MKOXMMUKOM HEPHCTOM 1 HO-
cuT ero ums. Crnegyet OTMETUTb, YTO ypaBHeHWe HepHcTa —camoe 13-
BECTHOe 1 Hambonee ncnonblyemoe. NprBeAeH ero nepBoHayanbHbIii
BbIBOJ, KOTOpPbIN 6a3npyeTcs Ha NPOCTbIX TEPMOAMHAMUYECKMUX NPUH-
uMnax, onpefenstoLIMX 3NeKTPOXMMUYECKOe paBHoBecue. Kak cne-
[yeT 13 ypaBHeHUs, NoTeHuMan Yyepe3 MembpaHy 3aBUCUT OT TeMMe-
paTypbl N KOHLEHTPALMN TOMIbKO MOHOB MO 006e CTOPOHbI MeMbpa-
Hbl. JTOT MOTeHLMan NOMy4YWa elle M Ha3BaHWe PaBHOBECHOrO Mo-
TeHupana, NockosibKy OH ypaBHOBELLMBAET Pa3HOCTb KOHLEHTpaumil
MNOHOB Yyepe3 MembpaHy.
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Mepeings OT HaTypaibHbIX NOTapuMoB K LECATUYHLIM U MNOA-
CTaBMB 3HAuYeHMs YHMBEPCaNbHON ra3oBOl MOCTOSIHHOW W 4ucna
dapages, MOXHO BbIYUCAUTbL BEIMUMHY MOTEHUMana npu Temne-
patype 18 °C:

£= 0,058 Ig[10]/[100];
£= 0,0581g0,1 = 0,058 (-1);
£=-0,058 B= -58 mB.

Takum 00pa3om, COrnacHO pacyeTy Mo YpaBHEHUIO MOTeHUMan
NMEET 3HaK «MUHYC».

OT pacCy>XAeHWin 0 cuTyauun ¢ ngeanbHo MemopaHoin nepeigem
Tenepb K npumepy, 6onee NpUGAMKEHHOMY K pealbHbIM YC/IOBUSM:
MeMOpaHe Mexay ABYMs 06beMaMu, NponycKatoLell HECKObKO NOHOB.
Ha pucyHke 2.6 n300paxeHbl [Be A4YeliKW, pa3feneHHble JaHHbIM TKh-
nom MembpaHbl. OTMETUM TaKXe, YTO MeMOpaHa U CTEHKM iYeeK Crno-
COGHbI BblLepXMBaTb 60/bLIOE rMapocTaTUYeckKoe fasneHune. B ncxoa-
HOM COCTOSIHUWM KOHLEHTpauum MoHoB K* n C1“ B 06emx siueikax
OfMHaKOBbI M HaxoA4ATCA B paBHOBECHOM COCTOsHUWU. TMpu gobasne-
HUWN B AYeiiKy A KanneBol COMM, aHUOH KOTOPOM He cnocobeH npo-
X04UTb Yepe3 KaHaslbl, B MeMbpaHe MPOMCXOAUT nepepacnpeaeneHve
NoHoB K* 1 Cl~. MoHbl K* ByayT BbIXOAUTb U3 AYeiKn A B S4eli-
Ky B. INo aHanorum ¢ nepsbiM ciyyaem (CM. puc. 2.5) N3MEHEHMNE KOH-
LleHTpaLuy 3apsHkKeHHbIX YacTuL, No 06e CTOPOHbI MeMOpaHb! BbI30BET
BO3HWKHOBEHVE 3/IEKTPOCTATUYECKOW CUJIbl C OTPULATENbHBIM 3HAKOM
CO CTOPOHbI AYeiKn A, KOTOpas 3acTaBuT MOHbI Cl~ nepemeLyaTbCs B
A4eliky b, xoTa gamxeHne Cl~ OyaeT NpomMcxoauTb NpoTMUB 06pasyto-
LLLerocs 1 BO3pacTaroLLEero KOHLEHTPaUNOHHOrO rpaameHTa. 3T0T npo-
Llecc 6yzeT NPoAo/MKaTbCA 40 TeX NOp, MOKa pa3HOCTb KOHLEHTPaLWiA.

PABHOBECWE PABHOBECWE

Puc. 2.6. Cxema MOHHOro paBHoBecus [JoHHaHa:

J1.,- ' BxoaHOE cONpOTUBNEHWE PErMCTPUpYIOLLE CUCTEeMbI; CTPEnKaM1 NOKa3aHo HanpasneHue
MOHHOTO TOKa, NYHKTWPHOI IMHUES — YPOBEHb PacTBopa
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3aCTaBNALWMNX NOHBI NepexoanTb M3 A4eilkn A B fiueliky b, He
OyfeT ypaBHOBeLLUEHa MPOTMBOMOJIOXKHO HarpaBfieHHON CU/ION, 3a-
CTaBNAOLWeR nepexoamTb MoHbl C1“ u3 aueilkn b B Aveilky A. [ige
CW/bl YPaBHOBECAT APYr Apyra Torfa, Koraa OTHOLIEHWE KOHLEeHTpa-
unii gns K' n C1~ no 06e CTOpPOHbI MeMbpaHbl 6yAeT YA0BNETBOPSATh
paBeHCTBY

[K+]a/{K+16 = [C1-]6/1C1-]a (15)

JTO fABMIeHMEe Ha3BaHO paBHoBecueM [loHHaHa, No UMeHu . [loH-
HaHa, KOTopbIin B Havase XX B. BNepBsble UCCNeLoBas pacnpegeneHme
MOHOB B JaHHOW cucTeMe. OOLLAas OCMOTUYECKas KOHLEHTpauus B
o6beme A Bbiwe, 4em B 06beme b, HO CTpem/ieHUe MOMEKYN BOfAbl
nepexoauTb B 06beM A N0 CBOEMY KOHLIEHTPAUWOHHOMY TpPafUeHTy
OyfeT cbanaHcMpoBaHO Pas3BMBLUEMCS B 00beMe A rmapocTaTuyec-
KUM [aBfieHWeM, pPaBHbIM Pa3HOCTM OCMOTUYECKMX AaBNeHWl C ABYX
CTOPOH MeMbpaHbl. Bo BpeMsi paBHOBECHOIO COCTOSIHUSI CTpemsie-
Hue K* nepexogutb M3 A4eilkn A B fdeliky B 6yfeT paBHO CTpeM-
neHnto C1“ nepexoanTb M3 auveilkn b B Auveiiky A. OHaKO WMOHbI
nepemellatbca He OyayT, MOCKOMbKY 3TOMY MNpenaTcTByeT obpa-
30BaHMe pasHOCTW MOTEHLMANOB MeXAy ABYMS CTOPOHaMM, KOTO-
pas ypaBHOBeLUMBAET KOHLEHTPaLUUOHHbIE FPafWNEeHTbl 3TUX WOHOB.
|I%'envmlea 3TOM pa3HOCTW MOTEHLMaNoB onpeaenserca no opmyne

epHcTa

E = N77/[K+]6/[K+]a= /rT7/’1n[C1-]A/[CT]E. (16)

WccnefoBaHnsa noTeHUMana nokKos y pasfnyHbiX KNeToK (rnaBHbIM
06pa30M HEPBHbIX N MbILLEYHbIX) C MOMOLLbI MUKPO3NEKTPOAOB NoA-
TBEPAWW CNpaBeANMBOCTb OCHOBHbLIX MOMIOXEHNA MeMOpaHHOW Teo-
pun. Tak, 3KCNePUMEHTa/IbHO 3aMepPEHHbIe NOTEHLMabI MOKOA B pPAae
Cny4yaeB OblNM BN3KM MO 3HAYEHUHO C pacCUMTaHHbIM PaBHOBECHbIM
NOTEHLMANOM 415 NOHOB Kanus. Bapraumm Hapy>XHO KOHLEHTpauum
MOHOB Ka/insi BbI3blBa/IN M3MEHEHUS B BE/IMYMHE MOTEHLMaNa NoKos,
COBMaZaBLUVe C BbIYUC/IEHHbIMU MO YpaBHEHMIO HepHCTa, a n3MeHe-
HMUSA KOHLEHTPaLUMM MOHOB HAaTpUsi B OKPYXKatoLLel KNeTKy cpeae He
BIMANN Ha BEIMYMHY NOTEHLUMaNna Nokos. B To e Bpems Obinn nony-
YeHbl AaHHble, YTO MemOpaHbl, OKpYXatolue KNeTKW, B OTAUYMe OT
naeanbHON MembpaHbl MPOMNYCKatoT B TOMN MW MHOW CTENEHN He OAuH
WA [}Ba MOHa, & BCE HEOPTaHMYECKME NOHbI, HAXOAALLMECS B OKPYKa-
toLLel KNeTKY Hapy>XHOW cpefde, ¥ NO3TOMY MpeAcTaBnsatT cob6oi 60-
Nee CNOXHble CUCTEMbl. HanOMHUM, YTO 3/1EKTPOXMMUYECKUIA rpagu-
eHT TOro WA UHOrO MOHA He B/MSIET Ha MeMOpaHHbIA NoTeHuuan,
ec/i 3TOT MOH He CNOCco6eH NPOHMKaTb Yepe3 MemMbpaHy, T.e. MepeHo-
CUTb 3apsifibl C O4HOM CTOPOHbI MembpaHbl Ha Apyryto. Kpome Toro,
0Ka3anocb, YTO MEMOPaHHbIA MNOTeHUMaN He OyaeT 3aBMCETb OT 3/1EKT-
POXMMUYECKOro rpafiMeHTa MoHa U B TOM Cly4ae, eCiM ero NpoHuLae-
MOCTb Yepe3 MembpaHy BO MHOr0 pa3 MeHblLUe ferko audhdyHanpyto-
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LLero noHa. Takum 06pa3om, OTHOCUTES/IbHAsA CMOCOOHOCTb Pas/IMyHbIX
MOHOB K Anddysnmn yepes membpaHy onpesenseT UxX BKNag B NOTEHLN-
aJl, BO3HMKAIOLWWNiA B pe3ynbTate Augdy3nun. NMprUHAB BO BHUMaHUe 3T0
MOJIOXKEHME, a TakXe YNPOLLEeHHOe AOMYyLLEHNE O TOM, YTO YMEHbLLe-
HWe NoTeHUMana rnpu nepexofe oT OAHOM MOBEPXHOCTU MeMOpaHbl K
[PYroin npoucxogut pasHomepHo, [. FongmaH B Havane 40-X rofos
XX B. Ha OCHOBaHWW ypaBHeHMS HepHCTa BbIBE/T HOBOE YpPaBHEHWE,
yuuTbIBalOLLLEE OTHOCUTENIbHYHO MPOHMLAEMOCTb MeMbpaHbl A/1F BCEX

ANYHAMPYOLWUX MOHOB:

£m= RT/F\n PK[K+]o + PNa[Na"Jo + Pci[C1-],//’K[K+], +

+"Na[Na+], + Pa[C1-]o, (17

rge 99— npoHWLAaeMocTb 11 OCHOBHbLIX MOHOB, MPUCYTCTBYIOLWMX BO BHYTPU- U BHe-
KNeTOYHOW cpefie; / — BHYTPUKNETOUHAS KOHLEHTPALus MOHOB; 0 — 3KCTpaK/IeTouHas
KOHLIEHTpaLMsl MOHOB. MOCKO/IbKY Ba/eHTHOCTbL BCEX MOHOB paBHa 1, To neF= 1mF=F

MpoHMLAaeMOCTb OMNpeAenseTcqd Kak OTHOLLEHMe MOTOKa Kakux-
nn6o vactuy, (HeMTpasibHbIX MOMIEKY/, NOHOB) K UX KOHLEHTpaLmm
M XapakTepusyeT CKOPOCTb, C KOTOPOM 4YacTULbl MPOXOAAT 4epes
MeMbpaHy B 33laHHbIX YCNoBuAX. MOTOK YacTuL, MOXHO NPeACTaBUTb
KaK KO/IMYeCTBO PacTBOPEHHbIX YacTul, (Mosib), KOTOpble MepeceKkaroT
efVHULY nnowaan membpaHbl (CWMY) Kaxayro cekyHay (Monib/cMm” ec).
KoHUeHTpaLumsa BellecTBa B KakoM-nbo obbeme OyaeT M3MepsATbCS
Kak mMosb/cmM” TM03TOMY pa3mepHOCTb MPOHULEaeMOCTU OyeT Bblpa-
XKaTbCA Kak Mosfib/cM”: c/monib/cM” =cMm/c, T. e. MMeeT pPa3MepHOCTb
CKOpOCTU. B COOTBETCTBMM C ypaBHeHVeM [0fgmaHa BKNafg Kaxzoro
MOHa B MOTEHLMA NOKOA UK, KaK YacTo ero HasblBarT, MeMOpPaHHbI
noTteHuman, 6yaeT TeM MeHbLLe, YeM MeHbLLE ero NPoHULaeMoCTb Ye-
pe3 Memb6paHy. Kpome TOro, CHMXKEHWE KOHLEHTpALUMM MOHA Takxe
YMEHbLLAET ero BKaz B MEMOpaHHbIA NOTeHUMan. 3TO XOPOLLO WUN0-

CTPUPYET PUCYHOK 2.7, Ha KOTO-
pOM MpejcTaB/eHa 3aBUCUMOCTb
MeM6paHHOro NoTeHumana Mbilley-
HOro BOJIOKHA NIATYLKN OT BHeE-
K/IETOYHON KOHLEHTpaLuMm MOHOB
Kanus. T1py BbICOKMX 3HAYEHMsX
KOHLIEHTpaLuin MOHOB Kanusd Ha-

Puc. 2.7. 3aBUCMMOCTb MOTeHUMana rnokos
MbILLIEYHOrO BOSIOKHA OT KOHLIEHTpauuu 1OHOB
Kannsi BO BHEK/IETOUHOW cpefe:

1—TeopeTnyeckas 3aBUCMMOCTb, PaccUMTaHHas
no gopmyne HepHcTa; 2 —KpuBas, MOCTPOEH-
Has No 3KCMepuMEeHTaNbHbIM AaHHbIM; M0 OCH
abCumMce — KOHLIEHTpaUuUs WOHOB Kanus; no ocu
OpAMHAT — BeNMYMHA MEMGPAHHOTO NoTeHLnana
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K/IOH KPWBOM COBMajaeT C TEOPETUYECKM paccUUTaHHOM W UMeET,
KakK 1 B Cnyyae ¢ naeanbHON mem6paHoii, HakMoH 58 MB Ha gecsTu-
KpaTHOe yBeNnyeHune CoAep>KaHusa MOHOB Kanus. [pu HU3KUX KOH-
LLeHTpauuaxX KpvBble HauyMHAKOT PacxXo4uTbCA U3-3a BIUAHUSA MOHOB
HaTpus, XOTA MPOHMLAEeMOCTb A/19 3TUX WOHOB, OMNpefeneHHas B
onbITax C pafgvoaKTMBHbIMM U3oTonamu, npumepHo B 100 pas MeHb-
e, 4eM MOHOB Kanua. MNponsseseHune /~NafNa”\Jo yncfieHHO Hauu-
HaeT npubnmxartbcad K npousseseHuto /K[ K™g Cregyet yunThbl-
BaTb, YTO MOHbI X/10pa B MI1/LeyHbIX BOMOKHAX NATYLLKW pacnpeje-
NAKTCA NacCMBHO B COOTBETCTBUWM C BENNYMHOW M 3HAKOM MeM-
O6paHHOro noTeHumana, T. e. OTcloda cregyeT, UTO He WOHbI Xopa
BHOCAT BKNag B MeMOpaHHbIA NOTeHUMan, a MeMOpaHHbIA NOTEeH-
uvan onpefenseT pacrnpeesieHne NOHOB x/opa. Noatomy npu pac-
yeTe MeMOpPaHHOro noTeHuMana B AaHHOM C/y4vae MOHamu xJsopa
MOXHO fpeHebpeyb. BmecTe ¢ TeM McCnefoBaHWUA Mokasanu, 4YTO B
OPYTUX KNeTKax MOHbI X/10pa He HaxodAaTcs B COCTOAHWUW 3/71eKTPO-
XMMWYECKOro PaBHOBECUSA MO pPa3Hble CTOPOHbLI MeMbpaHbl U BHOCAT
COOTBETCTBYIOLUNIA BKMag B CO34aHWe MeMOpaHHOro noTeHuwana.
YuunTblBas 3TOT (hakT, ypaBHeHWe ongmaHa MOXHO 3anucatb B Y-
POLLEHHOM BapuaHTe:

= RT/F 1n/>k[K+]o +*Na[Na+]o/PK|K+], + PNa[Na+], =

= 0,0581¢gl[2,5] + 0,013[120]/1[140] + 0,013[10] = -89 wmB. (18)

Mpy PU3N0MIOrNUYECKNX 3HAYEHMAX WMOHOB Kanns B OKpYy>Kato-

|L|_|_|,e|7| cpese 2,5 MM paBHOBECHbI NOTEHLMaN NOKOSA MO ypaBHEHUIO
epHcTa

£k=/177/-In [K+]Jo/[K+] = 0,058 Ig 2,5/140 = -102 MB.

3HayeHune = —89 mMB 3aMeTHO OT/IM4YaeTca OT 3HayYeHUs pas-
HOBECHOro noteHumMana ang MoHoB K™u cornacyetcd CO 3HaYeHUeM
Bm = —90 MB, nonyyeHHbIM MpY MUKPO3NEKTPOAHbLIX M3MepPeHUaX
MeM6paHHOro NoTeHLUMana MblLLEYHON KIETKN.

2.1.2.3. POJIb AKTUBHOIO TPAHCIIOPTA MOHOB
B ®OPMNPOBAHN MEMBPAHHOIO MOTEHUVATA

OfHVM 13 NPEUMYLLECTB «UeabHOV» MeMbpaHbI, NMPonycKaroLLei
Kakomn-nm60 OAMH WOH, ABNSETCA MOAJEepXKaHWe CKOMb YrOAHO LONro
MemMbpaHHOro noTeHumana 6e3 3aTpaT 3HEPrum Npu ycroBMU, €Cu
NPOHMKAKOLWNIA NOH WCXOAHO pacnpefeneH HepaBHOMEPHO MO 06e
CTOPOHbI MeMbpaHbl. BmecTe ¢ TeM MeMbpaHa XMBbIX KIETOK NPOHU-
LLlaema B TOM UM UHOW CTEMNeHN AN BCEX HEOPTraHWYeCKNX NOHOB, Ha-
XOJALMXCH B OKPY>KatoLLeM KIeTKy pacTsope. [103TOMy KNeTKM LOMXK-
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Hbl KaK-TO MOALEPXWBaTb BHYTPUK/IETOUYHYIO KOHLEHTPALNIO NOHOB
Ha onpefeneHHOM ypoBHe. [loCTaTO4YHO NoKasaTtesibHbl B 3TOM OTHO-
LWEHUWN NOHbI HATPWA, Ha MpUMepe MPOHULLAEMOCTU KOTOPbLIX B Mnpe-
ObLUyLLeM pasgene pasbupanocb OTKIOHeHWe MeMOPaHHOro MoTeHLUK-
ana MblWLUbl OT paBHOBECHOrO KanueBoro noteHuuana. CornacHo us-
MEpPeHHbIM KOHLIeHTpauusM WMOHOB HaTpUA CHapY>XW U BHYTPU Mbl-
LUEYHON K/EeTKM PaBHOBECHbIA MOTeHUMan, pacCUMTaHHbIA no
ypaBHeHMIO HepHCTa 418 aTUX MOHOB, ByaeT 0kono 60 MB, npuyem co
3HAKOM «M/IHOC» BHYTPU KNETKU. MeM6paHHbIi noTeHuuan, paccyu-
TaHHbIW N0 ypaBHeHWIO "0naMaHa 1 U3MepPeHHbIV C MOMOLLUbI0 MUKPO-
3neKTpofoB, paseH 90 MB cO 3HAKOM «MUHYC» BHYTPWU KMETKU. Taknm
06pa3oM, OTK/IOHEeHWe ero OT PaBHOBECHOrO MoTeHuwana ans WOHOB
HaTpms 6yget 150 mB. Mog AelcTBMEM TaKOro BbICOKOr0 MOTEHLUMana
JaKe MpU HU3KON NPOHULLAEMOCTM MOHbI HAaTpUa ByayT BXOAUTb Yepes
MeMOpaHy M Hakan/MBaTbCA BHYTPU KNETKWU, YTO COOTBETCTBEHHO OY-
[leT CONPOBOXAaTLCA BbIXOLOM MOHOB Kanusa U3 Hee. B pesynbTarte 3T10-
ro npouecca BHYTPU- U BHEK/ETOYHble KOHLIEHTpaLMM MOHOB Yepes
HEeKOTOpOe BPEMS BbIPABHAKOTCS.

Ha camoM >e fefne B XXWBOW K/eTKe 3TOr0 He MNPOUCXOAMT,
MOCKO/IbKY MOCTOAHHO OCYLUECTBASAETCA YAa/leHWe WOHOB HaTpus
M3 KNeTKM C NOMOLLBLID TakK Ha3blBaeMOro MOHHOrO Hacoca. lpefa-
MOMNOXEHNE O CyLIeCTBOBAHMM WMOHHOIO Hacoca Obli0 BbIABUHYTO
P. AnHom B 40-e rogbl XX B. M $BUMIOCb 4YPE3BbIYAAHO BaXXHbIM
[OMONIHEHWEM K MeMbOpaHHOW Teopun (HOpMUPOBAHUS MOTeHLMana
MOKOS B XMBbIX K/eTKaxX. OKCMepMMEHTasIbHO MOKas3aHo, 4TO akK-
TUBHOE «BblKaymBaHme» Na’ 13 KneTku naet ¢ 06sa3aTeNnbHbIM «3a-
KaumBaHWeM» WMOHOB Kanns BHYTPb KNeTku (puc. 2.8). TOoCKONbKy
NPOHULAEMOCTb MeMbpaHbl A1 NOHOB HAaTPUA Mana, TO UX BXO[ U3
Hapy>XHOI cpefpbl B KNETKY OyfeT NpoucxoauTb MefieHHO, NO3TOMY

BHekneTouHas cpefa  + BHyTpukneToyHas cpefa
Bbicokas npoHuuaeMocTb K**

AT D
Hunskasa KoHueHTpauunsa K*' Bbicokaa KoHUeHTpauna K**
Bbicokas KoHueHTpayna N~ Nat-K+ Huskasa KoHUeHTpaumsa Na™*
+
wPj+A0D
' *Hu3Kasa NpoHMLaemMoCcTb Na™"
I

Puc. 2.8. Yuactne Na™*’- K'A-MOHHOro Hacoca B (hOpMUPOBaHWUM MOTeHLUMas a NOKOS KNeTKN
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Hacoc 3aP(eKTMBHO OyfeT MOALEPXKMBATb HU3KYK KOHLeHTpaLuuio
MOHOB HaTpusA B KNeTKe. MNMpoHMLaeMoCcTb MeMbpaHbl 4719 NOHOB Ka-
NN B NOKOE [OCTAaTOYHO BbICOKAs, U OHW NIErKO ANGGYHAMPYIOT
yepe3 MembpaHy.

Ha nopnep)aHne BbICOKOW KOHLEHTpaLuuMuM WMOHOB Ka/ius He
Haf0 TpaTUTb 3HEepruu, OHa COXpaHseTcs 6narogaps BO3HMKaAlo-
e TpaHCMeMOpaHHOW pasHOCTU MOTEHUMAN0B, MEXaHU3Mbl BO3-
HUKHOBEHUS KOTOPOW MNOAPOGHO WM3M0XeHbl B Mpeablgywmnx pas-
penax. MepeHOC MOHOB Hacocom TpebyeT 3aTpar meTabosimyeckoi
3HEPrUn KNETKW. VICTOYHMKOM 3HEpPruu 3TOro npoiecca ABAseTcs
3Heprus, 3anaceHHas B MaKpO3PrMyeckux cBA3AX monekyn ATO.
JHeprus ocBo60XaaeTcs 3a cyeT rnaponnsa AT ¢ nomoulbo dep-
MeHTa afieHo3nmHTpudocgartasbl. MonaratoT, YTO 3TOT e PepMeHT
HenocpeACTBEHHO OCYLLECTBMSET U MepeHOC MOHOB. B cooTBeTCT-
BUW CO CTPOEHWEM KeTO4HOW MembpaHbl ATdasa sBnsieTcs 0f-
HUM W3 MHTerpasnbHbiX 6€e/IKOB, BCTPOEHHbIX B IMMUAHbIA GUCION.
OCOGEHHOCTbIO (hepMeHTa-NepeHoCcUMKa SBNISIETCA Mo BbICOKOE CPOA-
CTBO Ha BHELLHEW MOBEPXHOCTM K MOHaM Kanusd, a Ha BHYTPEH-
Heli —K MoHaM Hatpus. [eicTBre MHIMOUTOPOB OKUCAUTENbHbIX
npoueccos (LMaHWLOB UM a3nA0B) Ha KNETKY, OXNIaXAEeHNe KNeTKK
6nokmpyet rugponuns AT®, a TakXe M aKTUBHbIA NepeHoC VMOHOB
HaTpms 1 Kanud. VIoHbl HATPUS NOCTeNeHHO MOCTYNarT B KNETKY, a
MOHbl Kalnsa BbIXOAAT U3 Hee, U MO Mepe CHUXEHUA OTHOLLeHUA
1K."Mo/[K?], noTeHUmMan nokos 6yaeT MeAasieHHO CHUXATbCS A0 HYNS.
Mbl 06CYXann CUTyaumto, KOrfa MOHHbIA HacoC BbIBOAWT U3 BHYT-
PUKNETOUYHOW Ccpefbl O4MH MOMOXUTENbHO 3apPSXKEHHbIA WMOH Ha-
TPUS U COOTBETCTBEHHO MEPEHOCUT M3 BHEK/IETOYHOr0 NpoCTpaH-
CTBa OfMH MONOXMUTENbHO 3apPSXKEHHbIA MOH Kanma (COOTHOLLEHME
1; 1). B aToM cny4yae roBopsiT, UTO MOHHbIA HAcOC ABNSETCS 9NeKT-
POHENT pasibHbIM.

BmecTe ¢ Tem 3KCnepyMeHTa/IbHO 6bMI0 06HAaPYXXEHO,4TO B HEKOTO-
PbIX HEPBHbIX KMETKAX MOHHbIA HACcOC 3a O4UH W TOT Xe MPOMEXYTOK
BpeMeHW 60/bLLe YAaNiseT MOHOB HATpUs, YeM 3aKayuBaeT MOHOB Ka-
nuns (COOTHOLLEHME MOXeT ObITb 3:2). B Takux cny4vasix MOHHbIA Ha-
COC SIBNSIETCA 3NEKTPOreHHbIM, T. €. OH CaM CO3/]aeT HeBO0/bLLLOM, HO MO-
CTOSIHHbIA CyMMapHbIi TOK NOMOXMUTENbHbLIX 3apsAf0B U3 KNeTKU U [0-
NOMIHUTE/IbHO CNOCOOCTBYET CO34aHMI0 OTpuULATe/IbHOro NoTeHuMana
BHYTpY Hee. OTMETUM, YTO CO3aBaeMblli C MOMOLLbIO 3/1EKTPOreHHOro
Hacoca B MOKOSLLeACA KNeTKe AONOMHUTENbHbIA NOTeHLMan He npe-
BbILLAET HECKO/IbKMX MUJIINBOSBT.

MoAbITOXUM CBEAEHUs 0 MexaHu3Max (OpMMpPOBaHUA MeMmb-
paHHOro NoTeHuunana —noTeHunana nokos B Knetke. OCHOBHOW Npo-
LIecc, 3a CYET KOTOPOro co3faercs 60/bluad 4acTb MoTeHumana ¢ oT-
puLaTenbHbIM 3HAKOM Ha BHYTPEHHEl MOBEPXHOCTU KNETOYHOM
MeM6paHbl, —3TO BO3HWKHOBEHWE 3/1EKTPMYECKOro NoTeHuuana, 3a-
[ePXMBaKOLLEr0 NACCUBHBIA BbIXOZ NOHOB Ka/iMsi U3 K/ETKW MO CBO-
eMy KOHLeHTpaLMoHHOMY rpafiMeHTy Yepe3 KasMeBble KaHalbl —MUWH-
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TerpasbHble 6enkun. Jpyrue voHbl (HanpumMep, VOHbI HaTpWSA) y4yacT-
BYIOT B CO3JaHWK NOTEHLMaNa iMllb B HEGO/bLLOW CTENeHU, NMOCKO/b-
Ky MPOHMLAEMOCTb MEMOpPaHbI /19 HUX 3HAUYUTE/IbHO HWXKE, YeM [ANf
MOHOB Kanus, T. €. YNC/O OTKPbITbIX KAHA/IOB ANS 3TUX MOHOB B COCTO-
SHUW MOKOA HEBENNKO. Upe3BblyaliHO BaXKHbIM YCNOBUEM AN5 MOAAEP-
XaHus NoTeHuMana nokos ABNSETCA Hannune B Knetke (B KETOYHOM
mMeMbpaHe) MOHHOMO Hacoca (MHTerpasbHoro 6eska).» KOTopbliA 06ec-
NneymBaeT KOHLEHTPALMIO MOHOB HATPUA BHYTPU KNETKU Ha HWU3KOM
YPOBHE 1 TeM CaMbIM CO3/aeT NPEANOChINKMN, YTOObI FNaBHbIMW MOTEH-
LManobpasyroLLMMMN BHYTPUKNETOYHBIMWU NOHAMW CTa/l UOHbI Kaus.
He6onbLUOW BKMaL B NOTEHLMAN NMOKOA MOXET BHOCUTb HerocpescT-
BEHHO M CaM MOHHBIN HAcocC, HO MpY YCNOBUK, YTO ero paboTta B K/eT-
Ke 3/1eKTPOreHHa.

2.1.2.4. MEXAHN3Mbl MEHEPALIN
MOTEHUMANA OEVNCTBUNA

Kpome NOCTOSAHHO CYLUECTBYHOLUErO B K/ETKE «TOKa MOBPEX-
AeHus» —noTeHymana nokoa Aobya-PeiMOHOM Oblin 06Hapy»xe-
Hbl MPU 3NEKTPUYECKOM pasfpaXkeHun HepBa GbICTpble Kosie6aHums
«TOKa MOBPEXAEHUN», HanpaB/ieHHble B CTOPOHY €ro YMeHbLUEHWS.
C nomoLWb BbICOKOUYYBCTBUTENLHOTO rasibBaHOMeTpa bepHLwWTeliHy
yAanocb NpubaM3NTEbHO ONPEAENNTb, Kak NPOTeKalT BO BPEMEHU
ObICTpble KONebaHWMa noTeHuMana, nosyymsBlUMe B AajibHENLLEM B
OT/MYMe OT MOTeHUMana NOKOS HasBaHWe MNOTeHuuana AeicTBus.
OnnTenbHOCTb MOTeHUMana AeicTBUA cocTaBfsna TbiCAYHbIE [LO/N
CeKyHbl (MC).

PeBONOLUNOHHOE 3HAYEHMEe UMENo MCMNoJib30BaHWe B (PU3MONO0-
rMyeckom akcnepmmeHTte B Havane 30-X rogos XX B. OpnaHrepom u
Maccepom 6e3blHEPLMOHHOIO PerncTprpyrowwero npubopa —aneKT-
POHHOI0 KaTtogHoro ocuwunanorpada, BK/OUAKOLWEro B cebs 3feKT-
POHHbIN ycunuTeNb. VI3MepeHus ¢ NOMOLLbIO KaTOAHOro OCLW/N0-
rpada nokasanu, 4To B HEPBHbIX BO/IOKHAX BO3HUKAKOT NOTEHLMaNbI
LeNcTBUA, ANUTENbHOCTb KOTOPbIX Y TEMIOKPOBHbLIX XUBOTHbIX CO-
ctasnget 0,4...2 mc. OnpefenieHHble MeTOoANYECKMe TPYLHOCTM BO3-
HUKAN C W3MEPeHUeM WCTUHHOW aMnauTyfbl noTeHuwana pAeu-
CTBUA. HanoMHMM, 4YTO cornacHo bBepHLWTENHY KneToyHas membpa-
Ha B COCTOSAHMM BO3OYXAEHWA TepseT U3bupaTe/lbHY0 NPOoHULae-
MOCTb K KakoMy-n1M60o WOHY W CTAHOBWUTCA B paBHOM Mepe npo-
HULLaeMOoiA NS BCEX MOHOB, MPU 3TOM MOTEHLMaN NOKOA CHUXaeTcs
[0 Hyns. B HauyanbHbIX 3KCMeprMMeHTax M3-3a HeCOBEPLUEHCTBA Me-
TOLOB paboTbl C OAMHOYHLIMU HEPBHLIMW BOSIOKHAMW N K/IeTKamu
N3MepeHns amnanTyabl NOTEHLMAN0B AeACTBUA LaXe C UCMO/b30-
BaHWEM 3NEeKTPOHHbIX ycunuTenein u ocuwunnorpaga gaBain He-
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Puc. 2.9. Vi3meHeHMe MeMBPAHHOIO NMOTeHLMana HepBHOM KeTKY Mpy BO36YXKAEHWUM:

A —cxeMa YCTaHOBKW ANS 3NEKTPUYECKOT0 PasfpaXKeHus 1 perncTpaumm MembpaHHoro noteHumana:
7, 2—pasgpaxatoLLye anekTpobl; 3, 4 - perucTpupytoLLe aNeKTpPoAbl; CTPenKami nokasaHo Ha-
npaBfieHWe pPasfpaXKatoLLero aNeKTPUYeCKoro Toka, AenonspusyoLero (4) 1 runepnonspusyoLLero
(r) HepBHYIO Mem6paHy; £ —MW3MeHeHe MeMOPaHHOro NOTeHLMana HepBHOW KNeTku; / —nokanb-
Hblli OTBET; 2—penonspusalns MembpaHbl (MCHe3HOBEHWE 3apsda MemGpaHbl ¢ nocnefytoLlein ee
nepesapsfKoii); 2 —penonapusalns MembpaHbl; -/—cnefoBas runepnonsapusaums; 5—kpuTuyec-
KU ypoBeHb fienonspusaunmn (Nopor BOSHWKHOBEHWS MOTeHuMana felicTBMUS); BHU3Y —OTMeTkKa
CTUMYNMPYIOLLLETro TOKA; OTKNOHEHWe BBEPX —/eNonapu3ytoLmnii TOK, OTKNOHEHWe BHU3 — r1nepno-
NAPU3YIOLLNIA TOK

Of\HO3HAYHbl€ pe3ynbTaTbl, MPUYEM BO BCEX C/y4Yasx BeNMYMHA NO-
TeHumana JenCTBUA He MpeBblllana HEeCKONbKUX MUIINBO/BLT, YTO
COr/1acoBbIBA/IOCH C NONOXeHWeM bepHLUTenHa. YCOBepLIJeHCTBOBa-
HYe MeTOJOB MCCNELOBAaHUS, W B YAaCTHOCTU MPUMEHEHUE BHYTpU-
KNeTOYHOW perncTpauyum noTeHLnanos ¢ NOMOLLLI0 MUKPOINEKTPO-
[0B, MoKasano, 4To amnAnTyja noTeHumana AeincTena 60bLue, Yem
noTeHLKana nokos.

PucyHok 2.9 VII'II'IPOCTpI/IFg/eT N3MEHEHMe MEMOPAHHOIO NoTeHLUKnana
HEPBHOWM KNETKM Npu BO3GYXAEHUW. [N M3MepeHus MeMOpaHHOro
noTeHumasa NPUMEHUIN CUCTEMY C MWKPO3SIEKTPOAOM, BBEAEHHbIM
BHYTPb K/NETKU, COEAUHEHHbIM C 3M1EKTPOHHbLIM YCUUTENEM U KaToa-
HbIM ocu,mnnorpanOM KneTky BO30YXAa/IM KPaTKOBPEMEHHbLIMU UM-
Ny/bCamm 3/1IEKTPUHECKOr0 TOKa Pas/IMiHON NONSAPHOCTU, NMOABOAUMbIX
C MOMOLLLID MWKPO3NIEKTPOAA. B nokoe MeMOpaHHbIA NoTeHLnan
MMeeT OTpuLaTeNbHbIA 3HaK BHYTpPWU KneTkn. Korga yepe3s memopaHy

4 B.T. CKonuycs up. 49



KNETKM MpPOMyCcKatoT OT BHELIHEro MCTOYHWUKA KpPaTKOBPEMEHHbIV
3N1EKTPUYECKUIA TOK, HanpaBneHHbli BHYTPb KIETKW, MeMOpaHHbIN
NOTeHLMan YBENMYMBAETCH B COOTBETCTBUWM C MPUIOXKEHHON CUON
TOKa 3a CYeT HaKOMNeHWUs AOMOSHUTE/IbHbIX 3apsAL0B Ha NMOBEPXHOCTM
MembpaHbl. Ha pUcyHKe BWAHO OTK/IOHEHWE WCXOAHOr0 YPOBHS MO-
TeHUuMana memb6paHbl BHM3. Ecinm oTpuuatencHbli NOTEHUMan Ha
MembpaHe yBennumBaeTcs, TO MembpaHa runepnonspusyercs. Mocne
BbIK/IFOUEHMWS TOKa NOTeHLMa BO3BPaLLaeTcs K MCXOLHOMY YPOBHIO —
mMeMbpaHa penonispuayetcs. [pyv NPONYCKaHMM  3M1EKTPUYECKOro
TOKa, HanpaB/IEHHOr0 W3 KNeTKW, MeMOpPaHHbIN MOTeHUMan CHUXa-
eTCs BCNeACTBME YMEHbLUEHWUA 3apAfioB Ha MOBEPXHOCTM Membpa-
Hbl — MemMbpaHa fgenonapusyetca. OAHaKo B OT/MYME OT runepno-
napusaymn Npy_aenonspusalim MemopaHbl, HaulHas ¢ HEKOTOPbIX
3HayYeHW, MeMbpaHHbIN NOTeHLMan Mnocne BbIKNHYEHNUA Aenonspu-
3YIOLLEro ToKka BOCCTAHaB/MBAETCSA He cpasy, a NpPoLo/MHKaeT HEKOTO-
poe Bpems yBeNnuumBathbCs. Bpems cnafa 3ameanseTcs, U Ha HMCXO-
JALLEN 4acTu MosBNsAeTCA CBOeobpasHblil «ropb» (cMm. puc. 2.9, B).
[aHHas peakuus KNeTKM Ha3BaHa N OKa/ilbHbIM OTBETOM.

Mpn ganbHenwem yBesIMYEHUN CUSbl TOKA /I0KA/bHbIA OTBET CTaHO-
BUTCS 60/1ee BbIPAKEHHBLIM 1, HAKOHEL, NPU AOCTUXEHUW OnpeaesneH-
HOI CWNbl TOKa, Ha3blBaeMOl MOPOTrOBOW, MEMOPAHHbLIA NOTEH-
Lpan HauynmHaeT CTPEMUTE/NbHO NafaTh 40 HY/IEBOro 3HaYeHWs, a 3aTeM
YBENNYMBAETCS B CTOPOHY MOMOXKMUTENbHOTO 3HaUYeHUs, T. e. BHYTPEH-
HAS YaCTb KNEeTOYHOW MeM6paHbl CTAHOBUTCA 3/71EKTPONONOXUTESb-
HOI. lOCTUIHYB ONpeLeneHHOM amnanTyabl, MeMBpaHHbI NOTeHUMan
HauMHaeT CHMKATbCA HECKONbKO MeAJiIeHHee, YeM B CBOel BOCXOAS-
e vactu. Mepeinas Hynesoe 3HaYeHMe, OH BO3BPaLLLAeTCA K UCXOA-
HOMY, HO He 0CTaeTCsi Ha 3TOM YPOBHE, a NPOAO/IKAET eLle HEKOTOPOe
BpemMs nagatb 0 HOBOr0 3HayYeHUs, 60see 3/IEKTPOHEraTUBHOIO, YeM
nepBOHavasibHbI NOTEHUMaN NOKOS. 3aTeM CPaBHUTENbHO MeA/1IeHHO
BO3BpaLLaeTCcs K UCXOAHOMY YpOBHIO (cMm. puc. 2.9, b).

[nnTenbHOCTb U3MEHEHUA MeMOPaHHOro NoTeHLMana —noTeHL -
ana [eicTBMA B YaCTW, NpeBbllaoLLeli UCXOLHYHO BENIMYMHY NOTeH-
umana noKosi, COCTaBMsSeT Yy PasINYHbIX HEPBHbLIX KIETOK MO3BOHOY-
HbIX XWBOTHbIX 0,5...2 MC. [IMTENbHOCTb e 4acTu, HaxoAsLlencs
HVXe MepBOHaYa/lbHOr0 YPOBHA MOTeHUMana Nokos, MOXET 6biTb B
2...3 pasa 60/blle ANNTENBHOCTU BOCXOASLLIEN HacTM NOTeHUMana aei-
cTBus. Cnefyer OTMeTWUTb, YTO MNPV Bapuauusax pasgpaxaroLero
TOKa, VMEIOLLEro amnanTyy Bbille NMOPOroBOro 3HaueHNs, BeMUnHa
noTeHuMana eicTBMA BO BCEX C/y4Yasx MMesia OAMHAKOBYO aMMInTy-
Jy. TakuMm 00pa3oM, Npu AOCTVXKEHUW MOPOrOBOr0 3HaYeHUs fanb-
HeliWwas genonspusayms meMopaHbl, 0TBevatoLLas 3a a3y nogbema no-
TeHUmana fencTBms, CTaHOBUTCA TaBMHOO6Pa3HO HapacTatoLLei, camo-
ycunmBatoLeiica (pereHepaTMBHOM) U He 3aBUCUT YXKe OT CU/ibl pas-
[ApaXKatoLLero afeKTPMYeCKoro CTUMyna, T. e. TeHepauus noTeHumana
AeACTBMS MPOMCXOANT NO NPUHLMUMNY «BCE UM HUYero». Kak yBuaum B
JlanbHedllem, 3TO CBOWMCTBO MMEET Upe3BblYaiHO BaXXHOE 3HAueHue

50



N5 3 (heKTUBHOTO 1 HAAEXHOI0 pacnpoCcTpaHeHMs B HEPBHOM cuUc-
Teme BO30YXX/JeHUs Ha 60/blLMe PacCTOAHUSA.

PaccmMOTpUM MexaHW3Mbl FreHepaummn noTeHumnana gencTems.

B npeabiayliem pasgene Mbl pasoupans npupogy MemMOpaHHOro
noTeHUMana B NOKOALLEINCA K/IETKE W BbIACHUAN, YTO KaXAbl WOH
COOTBETCTBEHHO KOHLEHTPALUN ¥ MPOHULAEMOCTH Yepe3 membpaHy
BHOCUT ONpefeneHHbll BKNag B BEMUYNHY MeMOPaHHOro NoTeHLMa-
Na —noTeHumana nokos. MNpu BbICOKON NPOHMLAEMOCTU Membpa-
Hbl 414 OnpegesieHHbIX WMOHOB OHWM MOFYT CTaTb rNaBHbIMK MO-
TeHumnanobpasyowmmm nollamm. B 60bLLIMHCTBE Cy4YaeB r/aBHbI-
MW MOTeHLUMano6pasyowmMm NoOHaMn B COCTOAHMM NMOKOSA ABNAIOT-
CA WMOHbl Kanus C paBHOBECHbIM noTeHumanom — 100 mB. Bcnefct-
BWE TOr0 YTO ANA MOHOB HAaTPUA COOTHOLUEHWE BHE/BHYTPUKIIETOY-
MO KOHLEHTpaLumn sBNSETCA NPOTUBOMOJIOXKHbLIM TaKOBOMY [A/15
MOHOB Kanus, paBHOBECHbIA MOTEHUMan Ans HWUX OyfeT cO 3HAKOM
«M0C» N cocTaBuT 60 MB. OgHaKo M3-3a HU3KOW MPOHULLAEMOCTM
MeMOpaHbl K MOHaM HaTpus OHW CMELLAT MemMOpaHHbIA MNOTEHLN-
a1 B MOJIOXKMTENbHYIO CTOPOHY (genonspusytoT) B npeaenax 10 mB.
Mpy BO36YXAEHWM MeMOpaHHbIN MOTEHLMaN Ha KOPOTKOe BpeMs
CTAHOBUTCA NOJIOXKMTE/NbHBLIM, T. €. MMeeT 3HAK pPaBHOBECHOrO Mo-
TeHUMana gna MOHOB Hatpusa (cMm. puc. 2.9). Takada cuTyaums Mo-
XeT ObITb NPY YCNIOBUK, YTO NPOHMLAEMOCTb MeMOpaHbl YBEeNUUNT-
ca AN MOHOB HaTpuMa M OyfAeT HaMHOrO MpeBbiWwaTb B 3TO Bpems
MPOHNLAEMOCTb A1 NOHOB Kanus.

[eicTBuTeNbHO, NpoBeAeHHbIe B KOHLe 30-X rogoB XX B. K. Koy-
nom u . KepTucom ONbITbl N0 U3MEPEHMIO MPOHMLAEMOCTM, & TOY-
Hee —MpPOBOAMMOCTU HEpBHOW MeMbpaHbl BO BpeMA reHepauumn no-
TeHumana AencTBus YeTKo MNPOAEMOHCTPUPOBAIN ee 3HauMTeSlbHOe
yBenuyeHve. CTOUT yKasaTb, UTO MPU NPOBEAEeHUN 31eKTPOPU3nN0IIO-
TMYECKNX ONbLITOB Yallle BCEro ornepupyroT TEPMUHOM «MOHHAsA MPOBO-
AMMOCTb». HecmMoTpsa Ha TO YTO «MOHHAas NPOBOAMMOCTbY U «MOHHAS
MPOHNLIAEMOCTb» HE OfIHO M TO XKe, 3TN CBOWCTBA MeMOpaHbl TECHO
CBSi3aHbl MeXAy C060M M UMET O4UHAKOBYH pPasMepHOCTb —CM/C.
MpoBOAMMOCTb MEMOPaAHbI CNYXUT MEPOVi ee MOHHOI NPOHULLAEMOC-
TW. Yem Bbllie NPOBOANMOCTb, TeM 0O/IbLUEe MOHOB MOXET Mepecedb
MeMOpaHy 3a eAVHULYY BPeMEHU MO WOHHbLIM KaHanam nof AeucTBu-
eM 3N1eKTPUYECKON CU/bl — PasHOCTM MOTeHLManoB. B nonb3y re-
Hepayuun NOTEHUMaNoB AeiCTBMA 3a CYET WOHOB HaTpus cBuAe-
TeNbCTBOBA/IN TaKXe W pe3ynbTaTbl IKCMEPUMEHTOB C Bapuauuein
BO BHELUHel cpefe MOHOB HaTpus. MpW 4YacTUYHOMW 3amMeHe WOHOB
HaTpua Ha Apyrne O4HOBA/IEHTHbIE WOHbLI, HaNpUMep MOHbI XO/NHA,
amnanTyga noTeHUMaNoB AeCTBUA YMeHbLIAach, a Npu NOMHON 3ame-
He MoTeHUManbl 4eNCTBUA He reHepupoBasICL B OTBET HA 3N1EKTPU-
4ecKoe pasfpakeHue.

CyLleCcTBEHHbIV BK/1ag B pa3BUTUE «HATPUEBOI TMNOTE3bI» reHepa-
LMW NOTEHLMANOoB AeACTBMS BHECNN Knaccuyeckme pabotbl A. XooK-
KunHa, A. Xakcnn n b. Katua. MMy 6b110 MOKasaHo, 4TO NpoBOAW-
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MOCTb MembpaHb! A4/19 MIOHOB HaTpus 3aBUCUT OT Be/IMYMHbI MEM6paH-
HOro noteHuuana. Caenartb 3TO yAanocb C BBeAeHMEM B Hadvane 50-x
rofos XX B. B MPakTUKy (YU3MOJIONMYECKOrO 3KCreprMeHTa MeTo-
OVKW, MO3BONAIOLLEN C BbICOKOW TOYHOCTbIO (PMKCMPOBaTb NOTEHLM-
an Ha MeMbpaHe Ha pas/iMyHbIX 3HaYeHUAX. Ta MeTofMKa 6blna
CHavasa ncnonb3oBaHa A4/19 NU3MEPEHNS NOHHbIX TOKOB Ha TaK Ha3blBa-
eMbIX «TUFaHTCKMX» HEPBHbIX BO/IOKHAX FO/I0BOHOMMX MOJITKOCKOB —
KasibmMapax M Kapakatuuax, KOTopble UMeKT [AeCTBUTENIbHO 4Ypes-
BblYaliHO 60MbLWIOA AnameTp —1,5..2 MM, Torfa Kak MaKCUManbHblii
ANaMeTp OTAeflbHbIX HEPBHbIX BOMIOKOH Y MO3BOHOYHbIX >XUBOTHbIX
0,01...0,015 mm. 3aTem pasfMyHble MOAUMPUKALUN 3TOW METOAMKM
OblIM YCNEWHO NPUMEHEHbI Ha OTAE/IbHbIX HEPBHbIX K/IEeTKax M BO-
NOKHaX MO3BOHOYHbIX XXUBOTHbIX.

Mpy 06bIYHOV METOAMKE 3NMEKTPUYECKOrO PasfLpaXeHUs U pernct-
pauum MoTeHUMaNoB [AeNCTBUA He YAaeTCs MPOCnefuTb AMHAMUK
MOHHOIo TOKa Yyepe3 MembpaHy B 3aBUCUMOCTM OT Be/IMYMHbI MeM0-
paHHOro noTeHuMana, MOCKO/IbKY MOCNe MpeBbIEeHNA MOPOrosoro
3Ha4yeHnsa NpoLecc N3MEHEHNS MEMOPAHHOTO MOTeHLMana CTaHOBUT-
Cf_B3PbIBOMOAOGHbLIM, HeynpasnsembimM (M. puc. 2.9). CorfacHo Ho-
BON MeTOAuKe MeMOpaHHbIi MoTeHUMan (UKCUPYEeTCA C MOMOLLbHO
3/IEKTPOHHOI crUCTeMbl 06paTHON CBA3M (ycunuTens o6paTHON CBA3N).
Ero MOXHO M3MeHATb Ha CTPOro OnpefefieHHY Be/IMUUHY, HO Mpu
3TOM BO3HVWKHOBEHMWE PEereHepaTMBHOrO B3PbIBOMOAOOHON0 M3MeHe-
HMA He npoucxoamT. CornacHo 3akoHy Oma HarnpsbkeHue Ha MeMbpa-
He ee nposogmmMocTts G U cuia MOHHOro Toka |, mpoxogAaLlero ye-
pe3 MmembpaHy, CBA3aHbl COOTHOLUEHUEM

E” = IfG. (19)

TakuM 06pa3oM, ecnim HanpshkKeHne Ha MeMbpaHe MoAAep>K1BaeTca
MOCTOSHHbBIM, TO U3MEHeHWe ToKa 6yaeT 04HO3HAYHO CBA3aHO C U3Me-
HEHMeM MPOBOAMMOCTN MeMbpaHbl, KOTOPOE, B CBOK Ovepefb, 00ycC-
NOBNIEHO aKTUBMPOBaHWEM (OTKpPbIBaHWEM) WM WHAKTUBMPOBAHMEM
(3aKpblBaHMEM) MOHHbIX KaHaoB. Mpu NoOMOoLWM ycunmTens obpaTHOWA
CBSI3M MeMOpaHHbIA NOTEHLMaN CPaBHMBAETCA C MNOTEHLMANOM, KOTO-
pbIli Mbl 3aaeM Ha membpaHe. J1l060e OTKNOHEHUe MeMBpaHHOro Mno-
TeHUMana oT 3aflaHHOro YCWINBAETCH ycunmTenem o6paTHOW CBA3N, U
Ha ero BbIX0Of4e BO3HUKAET YyNpaBastoLWMin TOK. ITOT TOK TeYeT yepes
3N1EKTPOAbI, Haxoasdwmecs No obe CTOPOHbI MeMbOpaHbl, B TaKOM Ha-
npaBieHnn, YTO MeMOPaHHbI NOTeHUMaN BHOBb CTaHOBUTCS PaBHbIM
3afaHHOMY. TOK OT ycuimTens obpaTHOM CBA3U MOXHO /Ierko n3me-
PUTb, NPUYEM OH OYLET paBeH Mo BeJIMYMHE TOKY, NPOXOAALLEMY Yepes
KaHa/ibl NPy COOTBETCTBYHOLLEM HANPsHXXeHUU Ha MeMbpaHe.

Kakunm >ke 06pa3om byaeT M3MeHATHCS TOK Yepe3 MeMOpaHy HepB-
HOIO BOJIOKHA NPU PasinyHbIX (GUKCUPOBAHHbIX 3HAYEHUAX NOTEHLM-
ana? bygem n3meHATb MeMOpaHHbIA NOTEHLMAnN B TOIM Xe NocneaoBa-
Te/IbHOCTU, KaK 3TO Aenasiocb B OnbiTax 6e3 (ukcauny HanpsxeHus
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Puc. 2.10. VIOHHbIN TOK 4epe3 HepBHYy MeMb6pa-
Hy Mpy pasfnyHbIX (UKCMPOBAHHBLIX 3HAYEHUAX
MemO6paHHOro noTeHuuana

VicxofHoe 3HayeHVWe MembpaHHOro nmoteHuuana 60 mB.
MeM6paHHbI NOTeHLMan CMeLlaeTcs U NOAAEPXKNBaeT-
€ B TeYeHWe 2MC C MOMOLLbID ycunuTens o6paTHow
CBA3M Ha YCTaHOBNEHHOM YPOBHE —MOKa3aHO MyHK-
TWPHOI FOPU3OHTaNbHON NMHUENR. WMOHHbLIA TOK B CO-
OTBETCTBMM CO 3Ha4eHWeM MeMOpaHHOro noTeHuuana
MMeET onpeaeneHHyto opmy. NS Kax[oro 3HauyeHus
MeM6paHHOro NoTeHLMana KpuBas MOHHOIO TOKa —He- 8MA/cMA
npepblBHas MNHWA, HANOXEeHHasa Ha NpepaBuCTy Nps-
Myto. CTpenkamu BHU3 NOKa3aHO HamnpaBleHWe BX0As-
LLero MOHHOIO TOKa, CTPENKON BBEPX — BbIXOAALLErO
MNOHHOrO TOKa

(cm. puc. 2.9). HauHem c runepnons-

pusauuyM Memb6paHbl (CTUMY”bl 3TON

MONIAPHOCTA He BbI3bIBAOT reHepaLuio

noTteHuuana fenctsusa). Mpu cmeLle-

HUM MemObpaHHOro noTeHuuana B OT-

puLaTe/lbHY0 CTOPOHY Yepe3 membpa-

HY HaYMHaeT TeYb HeOO/bLLIOW TOK, Ha-

NpaB/eHHbIA BHYTPb Y COXPaHSAOLLNIA-

CA B TeyeHMe BCEro BPeMeHW runep-

nonspusauun (puc. 2.10). Takoi >xe 2 mc
TOK TeYeT Yepe3 MeMOpaHy ¥ npu ee fe-

nonspusaLun, ecnivm BennUYMHa Lenonsapusauny He npesbiLaeT nopo-
roBOM BeNUYMHbI A/19 BO3HWKHOBEHUS MNOTeHUuWana feicTeus. lpu
MPEBbILIEHUN 3TON BENNYMHbI NOHHLIA TOK 4Yepes MemMbpaHy uUmeeT
60/bLLYIO BENIMYMHY 1 BONee CMIOXHOE U3MEeHeHVe BO BpeMeHW. BHa-
yasie KpMBas OTK/IOHAETCA BHU3, YTO COOTBETCTBYET BO3HWKHOBEHUIO
BXOAALLEro BHYTPb KNeTKM Toka. [loCTUrHYB MakCumyma npu AaHHOM
3HAYEHUN HanpsHXKeHNs Ha MembpaHe, TOK HaYMHAEeT YMeHbLLATLCA [0
Hyns. AnuTenbHOCTb 3TOW yacTu Toka coctaensieT 1..2mc. Mpu go-
CTVDKEHMMN HY/IEBOIO 3HAYEHMA TOK HAYMHAET YBe/MYMBaTLCA B NPO-
TUBOMOJIOXHYIO CTOPOHY M 3aTeM BbIXOAUT Ha nnarto. [anbHelillee
yBe/nMyeHne (UKCMPOBAHHOIO AenoNspuU3ytoLero HarpskeHus Ha
MeMbpaHe COMNPOBOX[AeTCH CHayana yBe/MYeHWeM MaKCUMaibHOM
Be/IMYMHbI BXOAALLEro MOHHOI0 TOKa. 3aTeM ero amMmniuTyga HadymHaet
YMEeHbLIATLCA, a NPU HanpsXXeHW Ha MeMmbpaHe okono +60 MB BXO-
JALWMIA TOK CHavasa CTaHOBUTCS PaBHbIM HY/IKO U [jaNlee MeHsIeT CBOe
Hanpas/feHne Ha BbIXOASALLMWA.

BblaM NpoBefieHb! OMbITbl, aHaNIOMMYHble 3KCMepUMeHTam Mo B/u-
SHUIO 3aMeHbl NOHOB HATPUS Ha MOHbI XO/IMHA Ha amnauTygy NnoTeH-
umanos feincteus. OKasanocb, YTO NPW 3aMeHe B OKpYXXatoLLein cpeae
MOHOB HATPMA Ha MOHbI XO/IMHA BXOASALWNA TOK ncuesan. MNpu aTom
BbIXOAALLMWA TOK OCTaBa/CA Heu3MeHHbIM. Ecnn HepBHOe BOJIOKHO
BHOBb OKa3blBasioCb B Cpefe C HOPMaslbHOM KOHLEHTpaLuein MOHOB

53



HaTpus, TO BXOAALMIA WOHHBIA TOK BOCCTaHaBNMBasiCA. ITO CBUAE-
TeNbCTBOBA/I0 B NOJb3Y TOr0, YTO BXOAALWMIA TOK 06YCNOBNEH BXOLOM
MOHOB HaTPUA Yepe3 MeMOpaHy B K/IETKY. B nosb3y JaHHOro nosoxe-
HUA YKa3blBAeT TAKXKE W W3MEHEHMe HanpasneHWs BXOAALLEro TOKa
npu 3HayeHWAX MeMOpaHHOro MoTeHUMana, MPeBbILLAlLLNX PaBHO-
BECHbIN MOTEHUMan 418 MOHOB HaTpus. Kak yxxe roBopunioch, 0TK/0-
HeHVie paBHOBECHOrO NoTeHuMana A1 NOHOB HATPUSA, BbIYMC/IEHHOTO
no ypasHeHunto HepHcta, fNa= +60 MB o1 MembpaHHOro noTteHumana
B Nokoe Yu= —90 mB coctaBnsieT "Na— = 60 —(—90) = 150 mB.
CornacHo 3akoHy OmMa = CHa(EHa—YM)- CnefoBatesibHO, Npu Cme-
WEeHUN MembpaHHOro NoTeHuuana B CTOPOHY PaBHOBECHOIO HaTpue-
BOro MOTeHLMana pasHOCTb MeXy PaBHOBECHbIM HaTPWEBLIM MOTEH-
LManoM 1 meMbpaHHbIM NOTEHLMANOM ByAeT YMeHbLLATLCA U Coriac-
HO hopmyne OyAeT YMeHbLLaTbCs BXOAALWMIA HATpueBbll TOK (/Na)-
Mpy 3HaYeHmAX = MVTOK OyfeT paBeH Hy/to, a Npu pas-
HOCTb —YMU3MEHUT 3HaK, COOTBETCTBEHHO M3MEHWUT 3HaK (T. e. Ha-
npaBfeHne) N HaTPUEBbI TOK, OH CTaHET BbIXOAALLMNM.

XOMKKUHBIM 1 Xakc/n Oblna TakxKe uccnefosaHa v Npupoaa Bbl-
X0AsLLero (3afepXaHHoro) MOHHOro Toka. B ombiTax C pagnoakTve-
HbIMW MOHaMU Kains ObINo NMOKAa3aHo, YTO 3a/lepXXaHHblil TOK NepeHo-
CUTCA MOHaMK Kanus. B ganbHeliliemM 6b110 0OHapYXXeHO, YTO 3afepX-
Ka C NOsIB/IEHNEM BbIXOLALLEr0 KajMeBoOro Toka npu Aenonspusauunv
MemOpaHbl CBA3aHa C OTHOCUTENbHO Mef/leHHbIM OTKPbIBAHWEM Ka-
NINeBbIX KaHaNnoB; HAaTpWEBble KaHanbl PearvpyroT Ha Lenonapusa-
LM 3HAUYNTENBbHO ObICTpEe.

2.1.2.5. VIOHHbIE KAHAJIbI

Jlornyeckrm Npogo/mKeHMeM n3yyeHUs MOHHbIX MeXaHU3MOB BO3-
OYX[EHNSA HEPBHbIX N MbILLEYHbIX KNeTOK ABMNach pa3paboTka MeTo-
OVKW Ons perucTpaumm TOKOB 4epes OAMHOYHbIE KaHanbl. B 1980T.
HeMelKMe ydeHble @. Cursopc 1 3. Heep ¢ NomMoLLbI0 MeToAa /10-
Ka/lbHOM (hMKcauuy CMOr/n 3aperucTpupoBatb TOK 4Yepe3 OfMHOY-
HbIi HATPUEBBIA KaHas, OTKPbITbIA (AKTUBMPOBAHHBIN) C MOMOLLbHO
Jenonspusaumm mMemopaHbl. a8 3TOr0 OHM UCMONb30BANN CTEK/IAH-
HYHO MUKPONUMETKY (BHELUHWUA AMAMeTP KOHUMKA 2 MKM, BHYTPEHHUIA
0K0/0 0,5 MKM), B KOTOPYIO BTATMBaIN C MOMOLUBLI HEMIbLIOTO Ba-
KyyMa y4acTOK MeMbpaHbl HEpPBHOW KneTku (puc. 2.11, A, B). Kne-
TOYHasd MembpaHa M0THO KOHTaKTMpoBasia C KOHYMKOM MUMETKMU,
4K0 NPensaTCTBOBA/IO YTEYKe TOKa. Ha orpaHMyeHHOM MUKPOMMMNET-
KO/ MpOCTpaHCTBE K/IETOYHOW MeMOpaHbl MOrnn okasatbcs 1.2 OT-
OCN Vb kaHana. Tok, NpoTeKaroLuii Yepes OTKPbITLIA KaHas, noga-
Mncu Ha BXOA YCUANUTENS, C NOMOLLbIO KOTOPOro HanpsXXeHue Ha AaH-
HOM YYacTKe MeMbpaHbl (PUKCUPOBANOCH MO TOMY Xe MPUHLMMY, Kak
n Il MeToAMKe PUKCALUN HaMPSXKEHNA HA BCEM Y4yaCTKe MeMOpaHbl
in-piiHoro BOMIOKHa UM KneTkW. OKa3anocb,uTO TOKU Yepe3 OAMHOY-



PHc. 2.11. VIOHHble TOKM OANHOYHBLIX MOHHbLIX KaHas10B:

A —cxemaTuyeckoe M306paxeHne aKCnepyuMeHTanbHoOM yCTaHOBKU: | — HepBHas K/eTka; 2 —MuK-
ponuneTka; 3 —ycunanTeNb; CTPEKO NOKasaHO NojBeAeHNe He6ONbLIOrO Bakyyma Ans npuca-
CblBaHMA KOHYMKA MUKPOMWNETKM K Y4yacTKy MemOpaHbl HepBHOW KneTku; b —B yBennyeHHOM
macliTabe NokKasaHo MPUKPenneHre ¢ NOMOLLbI0 HeGOMbLIOTO BaKyyMa KOHUMKa MUKPONUNETKN K
y4acTKy MembpaHbl HEPBHON KNETKU: 2 —KOHYMK MWUKPONWUNETKW; '—BbICOKOOMHbIA KOHTaKT
MexX/y CTEHKaMy MUMNeTkn u Mem6paHoii; 5—MoHHbIe KaHanbl; 6— KnetouyHas membpaHa; cTpen-
KO/ MOKa3aHO HanpasfieHMe TOKa Yepe3 OTKPbMbI KaHan, B — anekTpuyeckue oTBETbl OfUHOY-
HbIX KaHanoB (a): BBepPXy —CTYneH4YaToo6pasHblli 4enonsapusaLMoHHbIA CABUT MEMOGPAHHOMO No-
TeHuuana; I. BBEPCY —CYMMapHbIA MOHHbIA TOK U3 144 OTBETOB OAMHOYHBIX MOHHbIX KaHanos;
BHUM3Yy — KanMbpoBKa BpemeHn 60 mc

Hble KaHa/bl MOAYNHAIOTCS 3aKOHY «BCE UM HUYEr0», UMEKOT CTYMeH-
4yaToobpazHyo HOpMY € ObICTPbLIM (DPOHTOM HapacTaHus U cnaga, Tak-
»Xe OA4MHaKOoBbI M0 aMNAMTYAe ANs pasHbiX KaHanos (puc. 2.11, B). NH-
TepecHo OTMETUTb, YTO A/INTENIbHOCTL NPebblBaHNA KaHA/IOB B OTKPbI-
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TOM COCTOSIHUW BapbUpyeT C/lyvaiHbIM 06pa3oM U B OBOJIbHO LUW-
poKkux npegenax. CpefHee BpemMs HaxXOXAEHWSA KaHana B OTKPbITOM
COCTOAHWUW COCTaB/IsieT MeHee 1MC M 3aBUCUT OT BE/INYMHBI MEM-
6paHHOro noteHuuana. Bmecte ¢ Tem NpPOBOAMMOCTb KaHasioB
MPakTUYeCKN He 3aBUCUT OT Hanps>KeHWs Ha membpaHe U MmeeT
4ypesBblyanHO HU3Koe 3HayeHne (=10 NKCm, T. e. 10 « 10*" Cm). Mo-
CKOJIbKY MPOBOAMMOCTb — Be/iMYMHA, 06paTHas COMPOTUBIIEHWUIO,
TO COOTBETCTBEHHO COMPOTUB/IEHNE OAHOr0 MOHHOIO KaHana 6yaet
NMeTb OFPOMHYI0 BennynHy — 10" Om. PacuyeTbl MOKasbIiBalOT, UTO
B Havane pa3BMTUA MNOTEHLUMana [LenCcTBMA OTKPbITble HATpUeBble
KaHanbl nponyckalT npumepHo 6000 noHoB Hatpus 3a 1mc. O6-
WA HaTPMEBLIA TOK, KOTOPbIA OTBEYaeT 3a BOCXOAALLYH a3y
noTeHuunana AeicTBAA, paBeH CYMMe TbICAY OYeHb CnabblX WUM-
NYNbCHbIX TOKOB, 00YC/IOBMIEHHbIX OTKPbITUEM OTAE/bHbIX HaTpue-
BbIX KaHanos. Ha puc. 2.11, B npofeMOHCTpMpOBaHbl OTBETLI OAU-
HOYHOr0 HaTPMEBOrO KaHasa npu genonspusaunmm MembpaHbl Mbl-
lWeyHon Knetkn. CpabaTbiBaHWe KaHa/soB MNpOsBASeTCS B BuUAe
«BCM/MECKOB» TOKAa PasNIMYHON LANTENbHOCTU W pa3HbIM BPEMEHEM
OTKPbIBAHUA OT Hayasa fenonsapusaLun.

Ha pucyHke 2.11, I npeacTtaBneH CyMMapHbIiA TOK, NOYYeHHbIV B
pesynbTare CNoXeHus 144 0TBETOB O4HOr0 U TOrO Xe y4yacTka memopa-
Hbl. IMHaMMKa 3TOro TOKa OTpaXkaeT pacnpefesieHne BO BpemMeHU OT-
KpbIBaHNA OAVMHOYHbIX KaHaM0B Ha fenonspusaunto. Xopowo BUHO,
4YTO OHA CXOfHa C BPEMeHHbIM XOAOM 06LLero, MakpOCKOMMYeCcKoro
HaTpVEeBOro TOKa Yepe3 MembpaHy B peXxrMe puUKcauumn HanpsxeHus
npu genonapmusauun Memépaxsl (cm. puc.2.10).

Taknm 06pa3oM, (yHKLMOHMPOBAHNE WOHHbLIX KaHanos, obecne-
YMBAOLLMX FeHepaLuio NOTeHLMaN0B AeiCTBUSA, 3aBUCUT OT BENIMUYNHDI
HanpsHkKeHUs Ha membpaHe; faHHbIV TUN KaHa/oB MOMy4Yn/ Ha3BaHue
NMoTeHLMaN3aBnUCUMbIX WUAN MOTEHUMaNynpasnsemMbix. MoTeHumnansa-
BUCWMbIA KaHan nNpeAcTaBnseT co60i rMMKONpPoTens, Haxoaawmnines B
nmMnuaHom bucnoe membpaHsl (puc. 2.12). KaHan CTpyKTYpHO CBSsI3aH C
ApYrUMyY MembpaHHbIMK GeflkaMy 1 3/1eMeHTaMmn LMTOCKeeTa Knet-
Kn. Makpomonekyna HaTpueBoro kaHana skitodaet 1800...4000 amu-
HOKWC/IOT, OPraHn30BaHHbIX B OAHY WKW HECKOMIbKO NOIMNENTULHbIX
Lienei ¢ COTHAMM KOBAJIEHTHO CBA3aHHBIX MOMcaxapuiHbIX 0CTaTKOB
Ha HapYy>KHON NOBEPXHOCTU. MMAPO(pUIbHBIE aMUHOKUC/IOTbI BbICTU-
Nat0T CTEHKW Mopbl, a rMAPodo6HbIe KOHTAKTUPYIOT C iMnugamm 6m-
cnos. B KaHase BbLUENAKT BHYTPEHHee U Hapy>KHOe YCTbd, Nnopy, KO-
TOpas C MOMOLLbIO CMeLnanbHOro MexaHusMa MOXET OTKPbIBATbCA W
3aKpbIBATbCA, U CENEKTUBHBIN (DUNLTP, ABMAIOLLMIACA CAMOW Y3KOW Ya-
CTbIO NOPbI ANS Npoxofa WMOHOB. MexaHn3M, OTBETCTBEHHbIA 3a OT-
KpblBaHWe KaHasa, Mosiyynn HasBaHue BOPOTHOrO W MpeacTasnser
CO6OW HEKYH 3apsXKEHHYIO CTPYKTYpy. BepoATHO, B NOKOe MOTEH-
LMan3aBUCUMbIN KaHan (Hanpumep, HaTPUEBLIN KaHan) MeXaHU4ecKu
3aKPbIT 3TOW 3apsXKEHHON CTPYKTYpOii. [pn genonspusaunn Mmembpa-
Hbl pa3mepbl UK PacnosioXKeHre aTOW CTPYKTYPbl M3MEHSKOTCSA Tak, UTO
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Puc. 2.12. CxemaTtunyeckoe nsobpaxe-
HWe NOTeHLMaIaKTUBUPYEMOrO MOHHO-
ro KaHana:

A —HapyXHas cpefa; b — BHyTpuKneTou-
Has cpefa; / —AnnuaHbli 6ucnoit; 2,3 —
BOPOTHbIA MexaHu3M {2 — CeHcop Ha-
npskeHus, 3 — «BopoTa»); 4 — 6enkoas
MakKpomonekyna; 5 — AKOpHbIi 6Genok;
6 —yrneBogHas Lenouka; /—CenekTus-
HbliA unbTP; 8 — Nopa ANs Npoxoda MOHOB

KaHan oTKpbiBaetca. B nosb-

3y TOro, 4To B KaHase npowmc-

X04AT NofobHOro Buaa nepe-

CTPOIKWN, YKa3blBaeT PErunct-

paums Tak HasblBaeMbIX «BO-

POTHbIX TOKOB», BO3HWUKal0-

WX NpU OBMXKEHUWN YYacT-

KOB MOJeKy/, UMELMX 3a-

PSOXKEHHble rpynnbl. 3meHe-

HWUA noTeHUMana Ha MebpaHe

Ha COTble [ONWN BO/IbTa MOryT

CYLLECTBEHHO MOB/IMATb Ha PACNOOXEeHVE YHaCTKOB MOJIEKY/], UMEIO-
LWMX 3apsKeHHble rpynnbl. B yacTHocTY, aenonspusaums Ha 40...50 mB
06bI4YHO NPUBOAUT K OTKPbIBAHWNIO 60/bLLEN YacTu KaHanoB B Membpa-
He. TonwuHa 6mcnos MembpaHbl, B KOTOPOM HaxXOAATCA KaHasbl, CO-
CTaB/1sieT 0kono 10HM (10%“cm). 3HauuT, Mpy Aenonspusalnmn Ha
50 MB yepe3 aTOT GUCNOW BO3HUKAET U3MEHEHWE HanpsXKeHUs, paB-
Hoe 510~ B Ha 10“* cM, nnm 50000 B/cm. HeCcOMHEHHO, 4TO 3aps-
XXeHHble Tpynnbl 6eNKOB —KaHanoB OyayT pearMpoBaTb Ha Takue U3-
MEHEHWS HanpsXXeHWs 1 0TBeYaTb Ha HUX NPOCTPAHCTBEHHbLIMY Mepe-
CTPOMKaMU KaKMX-TO y4acTKOB 6€/KOBbIX MOJEKY.

CyLLEeCTBEHHbIV BKNag, B U3y4YeHUe Npuposbl TOKOB Yepe3 BO3OYAM-
Mble Mem6paHbl BHECNU (hapMakosormyeckue uccnefosBaHus. bbiin
HalMeHbl XMMUYeCKMe BellecTBa (XMMUYECKME WHCTPYMEHTbI), KOTO-
pble M36vpaTenbHO (CENeKTUBHO) MOrM 6/10KMPOBaTb HaTPUEBbIA Y
KanuneBblli TOK —HATPUEBbIE U KasMeBble KaHanbl. Tak, TeTPOLOTOK-
CWUH —BeLLEeCTBO, BbleNIEHHOE W3 BHYTPEHHWX OPraHoB PblObl U/0-
6ptoxa (pblbbl, obuTaroLleli y 6eperoB AnoHMmM), CNOCobeH BXOAUTb B
HaTpueBble KaHasbl M 610KMPoBaTh UX. OMbITbl, NMPOBELEHHbIE HA pa3-
NNYHBIX BUAAX HEPBHbIX KNETOK, NOKas3anu, YTo TeTPOLAOTOKCUH NOJ-
HOCTbIO MOZABNAET NMOTEHLMAN3aBUCUMYIO HATPUEBYIO MPOBOLMMOCTD,
BO3HUKLLYIO B HOpPMe NpuW Aenonspu3aunm; B 70 e BPeMSA 3afepiKaH-
HbI Ka/MeBbll TOK OCTaBasICAd HeM3MeHHbIM. KUHeTMYeckne ocobeH-
HOCTW GNOKMPOBAHWUA HATPWEBLIX KaHa/oB CBWAETE/NbCTBYHOT O TOM,
YTO KaKAas MONeKyna TETPOAOTOKCMHA CBA3bIBAETCA C O4HVMM KaHa-
nom. Ans KanueBblX KaHanoB Takxke Obln HafeH CeneKTUBHbIA 6/10-
KaTop —MWM OKasa/ics TeTpasTwamMoHuiA. [lelicTBUe MOHOB TeTpa-
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3TUNAaMMOHUSA MpPU TFeHepauuy NOTEHLMaNoB AeWCTBUS MPOSABNSA-
NOCb B 3aMef/IeHMN crafa HUCXOAALLEA YacTu NoTeHuuana aencTems
N YBENMYEHUN ero AAnTenbHocTU. Ha PyHKLMOHMpOBaHME HATpu-
eBbIX KaHa/oB TeTpasTUNaMMOHWIA He OKasbiBasl BAMAHUA. CnefyeT
OTMETUTb, YTO C Tex NOp Kak XOMKKUH N XakCnu BblLBUHY/IN CBOKO
MOHHYIO TUNOTe3y BO30OYXKAEHWSA, COrNacHO KOTOPOI B aKCOHE Kasib-
Mapa CYLLeCTBYIOT KaHasbl, U30upaTe/sibHO NPOMycKalLwme WOHbI
HaTpua M Kanus, B MHOTOYMCNEHHbIX OMbITaX Ha HEPBHbIX K/eTKax
6€eCNO3BOHOYHbIX M MO3BOHOYHbIX XXUBOTHbLIX OblN HalaeHbl ApY-
rme TUMbl 3NEKTPOBO30OYAMMbIX KaHaN0B A5 HAaTPUEBBLIX U Ka/IMEBbIX
MOHOB, a TaKkXke ANS MOHOB Ka/buus 1 xnopa. Kpome Toro, 6bina 06-
Hapy>keHa 60sbLias rpynna KaHanos, paboTa KOTOPbIX ynpasnsercs
Pa3IMYHbIMN XMMUYECKUMMN BeLLLeCTBAMM.

JKcnepvMeHTaslbHble [JaHHblE O MPOXOXAEHUU WMOHHbIX TOKOB
yepes 3/1eKTPOBO3OYAUMYO MeMOpaHy MO3BOJIAKOT NPOC/eLUTb Moc-
NnefoBaTeIbHOCTb BO3HWKHOBEHMA MOTeHUMana geicteus. MepsbiM
aTanom sBnseTcsa genonapusayms MemopaHbl (CHVKEHWe MOTeHL -
ana rnokos) ¢ NoMoLblo pasfgpaxutens. o mepe Toro Kak mMem6-
paHHbIA NOTeHUMan NpuonmxXaeTca K NoporoBoMy ypOBHIO, Hauu-
HaloT OTKPbIBATHCA HATPUEBbLIE KaHaslbl U BO3SHUKAET BXOAALLUIA TOK,
NepeHoCMMbIii MOHaMy HaTpusa. B ToM cnyyae, ecnn MemMOpaHHbIi
NOTeHLMan HUXe NOPOroBOro, BbIXOA MOHOB Kanusa yYepes KanneBble
KaHanbl, KOTOpble B 60/bLIOM KO/IMYECTBE OTKPbITbI B COCTOSHUWU
MOKOS, KOMNEHCUPYET BXOL MONOXUTENbHbIX 3apsf0B, 00YCN0BEH-
HbIX HaTPUeBbIM TOKOM, W MOTEHLManbl LEeNCTBUSA He BO3HUKAIOT.
MoporoBoe e 3HayeHMe MembpaHHOro NoTeHLMana 3aknyaeTca B
TOM, YTO BXOZ MOHOB HATpPUs HauMHaeT npeobnafatb Haf BbIXOLOM
MOHOB Kanus. [OCTUIHYB MOPOroBOro 3HavyeHWs, BXOAALLIMIA TOK
BbI3bIBAET elle 00/bliy0 [enonspusauunio MembpaHsl. 3Ta [eno-
napusauma npuobpeTaeT caMOYCKOPSAIOLMIACA pereHepaTUBHbIN Xa-
pakTep: BXOL B KMETKY MOMOXWUTENbHbIX 3apAA0B NPUBOAMUT K CLABU-
ry BHYTPUKNETOYHOr0 NOTEHUMana B NONOXUTENbHYO CTOPOHY, Npu
3TOM OTKPbIBAKOTCA HOBbIE HATPMEBbLIE KaHasbl, BXO4 MOHOB HaTpuUA
YCUNNBAETCA U BHYTPEHHSS MOBEPXHOCTb K/ETOYHOM MeM6paHbl
CTaHOBUTCH ellle 60/1ee NONOXKUTENbHON.

31K npoveccbl 06ycnoBNNBAIOT (ha3y HapacTaHWs NoTeHUMana feli-
cTBuA. 1o Mepe TOro Kak MembpaHHbIA NOTeHLMan npubamkaeTcs K
PaBHOBECHOMY MOTEHUMany Ans MOHOB HaTpus, 3[C, aeicTytoLLas
Ha MOHbI HaTpPUA 1 paBHas pPasHOCTU MeXay 3HayeHneM MeMO6paHHOro
noTeHUMana U paBHOBECHbIM HATPMEBbLIM MOTeHLManom, Bce 6onee
CHMXaeTcs. BcneAcTBme 3T0ro CKOPOCTb U3MEHEHWS MOTeHUMana Len-
CTBMSI HAYMHAET CHMXATbCA, UM TaK 40 Tex nop, noka amnautyga no-
TeHUmMana feiicTBua He JOCTUIHET MaKCUMa/IbHOTO 3HA4YEHUS, PaBHOIO
PaBHOBECHOMY MOTeHUMany Ans WOHOB HaTpus. MakcumaibHOe 3Ha-
yeHMe noTeHUMana AenucTema npumepHo Ha 120 MB MnosoXunTesibHOE,
yem noTeHumana nokosi. CnegoBaTenbHO, B pe3y/ibTaTte camOyCKOopAio-
Lwenca genonspusaumy MeMmopaHbl NepBMYHas Noporosas Aenonspu-
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3aumsa (coctaenswouias okono 20 MB), Ha3BaHHas MacCMBHOWM Aenons-
pu3auuen, ycunmneaetcs B 5...6 pas. [pu LOCTVIXKEHUN MaKCUMa/IbHOI0
3Ha4YeHUA NoTeHUMana JenCcTBMA HauMHaeTCs 3aKpblBaHWe (MHaKTUBa-
LnA) HaTpUeBbIX KaHanoB. Kasanock 6bl, 3TOro npotecca 6bi10 JocTa-
TOYHO [/19 NOCTENEHHOro YMeHbLUEeHWs NoTeHuMana AencTBms 1 Boc-
CTaHOB/IEHUSI UCXOAHOIO0 MeMOpaHHOro noTeHuunana. OfHaKo npouecc
yckopsieTca 6narogaps 4OMONHUTENbHOMY OTKPbIBAHUIO MOTEHLUMan-
3aBUCUMbIX KanneBbIX KaHaloB. YBe/NNYEHUe Yucia OTKPbITbIX Ka-
NINEBbIX KaHanoB Cnoco6CXBYeT BbIXOAY MOHOB Kans U3 KNETKW U
COOTBETCTBEHHO YJaNeHU0 MONOXUTENbHbIX 3apafos. [Mpoucxognt
60nee GbICTPOEe BO3BpaLleHMe (penonspmsaums) MeEMOPaHHOIO NOTEH-
Luana K UCXOAHOMY YPOBHI0. ToBbILIEHHasa NPOBOAUMOCTb A1 NOHOB
Kasmsa COXpaHseTcs elle HekoTopoe Bpems (Mc), NO3TOMYy MeM6paH-
HbllA NOTEHUMan CTaHOBMTCA B 3TOT Mepuof 6onee 3n1eKTpoOTpU-
LaTenbHbIM, YeM B UCXOAHOM COCTOSHWUW (CriefoBasi runepnonsapu-
3aums). Mocne oKoOHYaHUA NoTeHumana gercteusa Na® — K* Hacoc
BOCCTaHaB/IMBAET MCXOAHYIO BHYTPUK/IETOUHYHO KOHLEHTPALNI0 NOHOB
Kanma u Hatpus.

2.1.2.6. CBOWCTBA MOTEHUWANA OEANCTBUA

Bnarofaps Teopun MOHHOIO BO30YXAEHWUA XOLKKMHA — XaKcnu,
YTO ABNSIETCH CYLLECTBEHHbIM [OKa3aTe/lbCTBOM ee MPaBWIbHOCTK, CTa-
N0 BO3MOXHbIM O6BACHUTL C NMOMOLLbIO OCHOBHbIX €€ MOJIOXEHUN
CBOICTBa MOTeHLUMana LencTBns, a Takxke MexaHu3Mbl ero pacnpocT-
PaHEHUSA B HEPBHBIX N MbILLEYHBIX KIETKaX.

AxKomogauus. 3akoH pasapaxeHus [robya-PeliMmoHa. Kak 6bI10 Bbl-
ACHEHO, ANS TOro YToObl BO3HMK MOTEHUMan AeicTBUs, Heo6X0anMOo
[enonsapn3osaTb MeM6paHy A0 MOPOrosoro 3HayeHusd. OLHAKO HU Mo-
POroBbIV pasdpaxaroLiMii TOK, HU MOPOroBbIi MOTEHLUMAN He MMetoT
onpefeneHHON BeIMUYNHBI, NOCKO/bKY 3aBUCAT OT HECKONbKUX (haKTo-
POB, B TOM YKC/IE U OT CKOPOCTU Aenonspm3auum meMopaHbl. 3aBucu-
MOCTb NOpora BO3HUKHOBEHWSA NOTeHLMana feicTBms 0T CKOPOCTU Ha-
pacTaHus pasfpaXarollero ToKa Nojsyymsia Has3BaHMe 3aKOHa
pasapaxeHusa [Owby a-PeidMOHa, CyTb KOTOPOro COCTO-
UT B TOM, YTO A4/151 LOCTVXKEHMNA Nopora pasgpaxeHuns cuna TokKa Jo/mK-
Ha HapacTaTb C OMpefesieHHOM CKOpoCTh0. Mpn MefneHHOM HapacTa-
HUW CW/bl TOKA BO30Y>XXJeHWe He HacTynaeT (puc. 2.13). 310 AB/eHue,
Ha3BaHHOe akKoMogauueid, CBA3aHO CO CBOWCTBaMW WMHaKTMBaLUW
(3aKpblBaHMA) HATPMEBBLIX KaHanOB W aKTUBaLUWUW KalMeBbIX KaHa-
NOB MpW ANUTENbHOW fenonspusauun. B 4acTHOCTW, NOBbILLEHUE
MeM6paHHOro noTeHumMana K NOporoBOMY YPOBHIO Bbl3blBaeT OTKpbI-
BaHWe HaTPUEBbIX KaHa/0B 1 COOTBETCTBEHHO BO3HUKHOBEHME BXOAS-
Lero HaTpueBoro Toka. OfHaKo, ec/in CKOpPOCTb 3TOro npotecca He-
[OCTaTOYHA, YacTb HATPUEBBLIX KaHa/N0B YCneBaeT 3aKpbITbCA. B TO e
BpeMs Npu Lenonspusauum npoucxoauT akTUBaLmUA KasMeBbIX KaHa-
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Puc. 2.13. Cxema, MOACHAIOLWAA aKKOMOa-
LMo B 31eKTPOBO36YAUMON MeMbpaHe:

.4—KpMBaﬂ noBblIWEeHNA nopora BO36YXXAEHNS;
.4—HapaCTaHMe CUNbl pasgpaxkarouwero nm-
nynoca c pasanHoﬁ CKOpPOCTbHO

NOB, Y KOTOPbIX B OT/IM4ME OT HATPUEBbIX WHAKTUBALUS He MPOUCXO-
AnT. TaknuM 06pa3om, ocnabnserca BXOAAWMIA HAaTPUEBBIA TOK U YCU-
NMBAETCA BbIXOAALNIA KanneBbIil TOK. Bce 310 3ameansieT unu 610Ku-
pyeT pa3BuUTUE pereHepaT1BHOIO npoLiecca.

3aKOH [/ NTeNbHOCTM pazapakeHus. 3akoH [tobya-PeiiMOHa TeCHO
CBSi3aH C [pPYyrMM Heo6XO4UMbIM YCMOBMEM HaCTyMneHUs BO36YX[ie-
HUA —onpeeneHHON AIMTeNIbHOCTU pasgpaXKeHus. VccneoBaHuio
[aHHOM Npo6nembl 6bLUIN NOCBAWEHbI MHOFOUYMC/IEHHbIE PaboThl, Ha-
yatble ewle B KoHue XIXB., aKCrepuMeHTasIbHble AaHHble KOTOPbIX
NO3BOMIUAN CheNaTb BbIBOL, UTO MOPOr BO30OYXAEHUS HE MOXET ObiTb
[OOCTUMHYT, €C/IN pasfpaXkeHne AANTCS OYeHb AOT0, HO CUla ero Mana,
WK cuna pasfpaxeHus Benuka, HO LeNCTBYeT OYeHb KOPOTKMIA Npo-
MEeXYTOK BpeMeHu. Kpusasi, Bblpaxatollas 3aBUCMMOCTb HEo6Xonu-
MOV CW/bl TOKa OT BPEMEHW pa3fpaXKeHWs HepBHOMO BOJIOKHA, UMeeT
BUA rnep6bonbl M HUKOFAa MOAHOCTbIO He MPUOAMKAeTCA K OCAM
KoopauHat (puc. 2.14). HaunHasa ¢ HEKOTOpPOro MOMeHTa Kpusast UaeT
napanensHo 0CU abCumMcc —OCK BPEMEHMU, T. €. CUMa HUDKE MOoporo-

Puc. 2.14. Kpuas «cuia — [/IMTeNIbHOCTb» A/ BO3HUKHOBEHUSA
noTeHuunana B Hepse:

/: no ocu opamHaT —peobasa, No ocu abeumcc —none3Hoe Bpems;
/I: no ocu opanHaT —pBoliHas peobasa, Mo ocK abeLmce —XpoHaKcus
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BOVi He BbI3blBAET BO36YXK/AEHNS HI NPW KaKoW ANUTENbHOCTW pasfpa-
XeHus —Bpems 6ecrnosnesHo. 1 HaobopoT, HauMHasA ¢ MOPOroBoW CUibl,
BpemMs CTaHOBUTCA 3HAYMMbIM (MOMIE3HLIM) A4/ pasgpaxeHus. Mo cy-
LLECTBY, «rMOMIE3HOE BPEMS» —3TO KPUTUYEeCKas ANUTEeNbHOCTb [eiiCT-
BMS HAMMEHBLLIErO TOKa, CNOCOBHOIO BbI3BaTh BO30YXXAeHVe. MMprMeHu-
MO K HEPBHOW MM MbILLEYHOM K/IETKE 3TO BO3HUKHOBEHWE NOTeHuMana
JerctBusA. 4na TOro Ytobbl MMNY/bC TOKA MO U3MEHUTb MeMOpaHHBbIA
MOTeHUMaN 1 BbI3BaTb MOTEHUWAN LelCTBUSA, Yepe3 MeMOpaHy [LO/KHO
MPOATN HEKOTOPOE MUHMMa/IbHOE KOMIMYECTBO 3/1IeKTpUYecTBa Q, KOTo-
poe, KaK 13BeCTHO, M3MepseTCs Kak Npoun3BefeHne Cubl TOKa / Ha Bpe-
ma /2 Q= It. I3 COOTHOLLEHNA CneayeT, YTO MO Mepe COKpaLLeHus Anu-
Te/IbHOCTU TOKa HE0OXOAMMO YBENINUNTL Ero CUAY, YTOObI OH COXPaHSAN
3 (WEKTMBHOCTb B KAYECTBE pasfpaKuTens.

[na vmnynscoB 60/MbLIOA ANUTENBHOCTU CYLLECTBYET HeKoTopast
MWHMMaIbHasA Cu/a TOKa, JocTaToyHas Ans Bo3byXaeHnsa. bonee cna-
Oblii TOK M3-3a TOr0 4YTO MembpaHa B MOKOEe MMEeEeT OMnpee/ieHHYo
NMPOBOAMMOCTb A/19 MOHOB Ka/ns, He CNoCo6eH Bbi3BaTb HEOOXOAUMOE
CMelLeHVe TpaHCMeM6paHHON pPa3HOCTU MOTEHLMAaNoB U 3anyCcTuTb
pereHepaTUBHbIV MpoLecC reHepauun MnoTeHuUMana fencTsuns. Takum
00pa3oM, «Mone3Hoe BpeMS» MOXET CBUAETENbCTBOBATb 00 YpOBHe
BO30YAMMOCTM TKaHW: YeM KOpoUe «rosie3Hoe BpeMsi», Tem 6onee BO3-
OyavMbIMY ABNAKOTCA TKaHW W ObICTPee pearvpyroT Ha pasapaxuTesb.
370 NonoxXxeHve ¢ Hayana XX B. YCMNeLwwHO UCMOMb3YyeTCH B KIMHNYEC-
KOV M nabopaTopHOW npakTuke. BMmecTe ¢ TeM CrefyeT, 4YTO TOYHOE
N3MepeHNne «rone3Horo BpeMeHm» 3aTpyAHUTENIbHO, MOCKO/IbKY B 3TOM
4acTV KPWBOW 3HAYUTE/IbHble U3MEHEHUS BPEMEHW COOTBETCTBYIOT
OYeHb MasibIM M3MEHEHUSAM nopora pa3,q}_)|a>|<eHMﬂ (cm. puc. 2.14). Mo-
3TOMY (YpaHLy3CKMM uccnegoBatesieM Jlanvkom 6b110 NpesiokeHo
N3MepATb B KAYeCTBe Nopora BPeMEHN MUHUMaIbHYHO AUTENIbHOCTb
pasfpaxuTens npw ero cuie, paBHoW AByM noporam, 1 nNpu ycrosuu,
4TO CWla NOPOroBOro PasfpakMTens M3MepeHa nNpu AAUTEeNbHOCTSX,
NPeBbILLAKLLNX «MNOMe3HOe BpemMs». BpeMeHHble NHTEpBa/Ibl U 3HaYe-
HUA CUNbl Pa3fpaXkUTENa NOAYYUIN CrieuuanbHble HasBaHWUA U UC-
Mo/ib3yKOTCA MO HacToALee Bpems. MNoporosas cunia bbina 0603HayveHa
Kak peobasa, a He06X0AMMOe BPeMS pa3fpakeHnUs Npu cune pasgpaxe-
HWA, paBHOM [BYM peo6a3am, —XpOHaKcKs. XPOHAKCUA —BeNnynHa
nepemMeHHas U 3aBUCUT OT MHOTMX (haKTOPOB: CTPYKTYpbl TKaHW, ee
(PYHKLMOHANBLHOIO COCTOAHMA W BCEro opraHusma B Lenom. Kpusble
«CUNa —pANUTENIbHOCTb» 18 pasHblX TKaHel M opraHoB MOAOOHbI MO
(hopme, HO OTNMYAKOTCA BO BPEMEHW. Hanpumep, y NnoLagn n >sau-
HbIX YXMBOTHbIX XPOHAKCUA ABUraTe/lbHbIX HEPBOB Konebnetcs oT 0,09
0o 0,2 mc, a cKeneTHbIX Mblwil, —oT 0,2 go 0,4 mc; camast 60nbLuas
XPOHAKCUA Y TNafKNX MbILLL, XXeNyAKa, KMLWEeYHNKa U MaTKu, n3me-
pAemMas JecaTKaMn U COTHAMU MUNJIUCEKYHA.

PethpakTepHocTb. Mocne oKOHYaHUA BO30Y>KAEHUS B HEPBHbLIX UK
MbILLEYHbIX KMETKAX WK, APYTIMU C/IOBAMK, MOC/IE OKOHYAHWA B HUX
noTeHuUuana LencTBMA HaCTynaeT COCTOSIHWE BPEMEHHOW HeBO36Yyau-
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Puc. 2.15. Mepuogbl pepakTepHOCTU (CHK-
XKeHns BO30YAMMOCTM) MpW reHepauun no-
TeHUMana gencTeus:

BEPXHAS 3anMMCb —NOTEHLManbl AeicTBNSA, reHe-

prpyeMble Ha 3N1eKTPUYECKOe pasfpaeHue, HUXK-

HSIS1 3aNK1Cb —OTMeTKa 3/1EKTPMYECKOr0 pasapaxe-

HWS; A —nepunog abcontoTHOW pethpakTepHOCTY;

b — nepuog OTHOCUTENbHOW pedpakTepHOCTH;
— nepuobl pepakTepHOCTM

MOCTM —pedpakKTepHOC-

TW. Hanuuve asbl pedpakrep-

HOCTK, COMPOBOXAatoLLlee OKOH-

yaHue BO30Y>XXAeHMs, ObIno Bnep-

Bble YCTaHOB/IEHO B KoHLUe XIXB.

Mapeem Ha cepgue narywkn. OH

06Hapy>Xun, 4To Mocne Cokpatye-

HMA cepaua oyepefHoe CoKpalye-

HWe HeNb3f BbI3BaTb B TeYeHWe

nepvofa, paBHOrO AeCATbIM AO0/AM

CEKYH[bl, He3aBUCUMO OT aMM/iun-

TyAbl U AINTENILHOCTU pasfpaa-

toLLero ctumyna. B HepBHbIX KNneT-

Kax nepmog HeBo30YyAMMOCTY OKa-

3a/1csl 3HAYMTENIbHO KOpoYe, Yem

B MbILEYHbIX. pn yMeHbLLEeHUN

NHTEpBana pasfpaxXeHus Mexay

OBYMSA pasgpaxarowmmMmm 31eKT-

PUYECKMU CTUMYaMWN BENNYMHA

noTeHuuana AencTBMs B OTBET Ha

BTOPOM CTUMYNl CTAHOBUTCA BCE HIDKE U HUDKE. A eC/ii MOBTOPHbI

CTUMY/T HQHOCUTCA BO BpeMs reHepauuun noTeHumana AeicTsms nnm

cpasy e Nnoc/e ero OKOH4YaHus, TO BTOPOW MOTeHUMan AeicTBuS He

reHepupyetca (puc. 2.15). Mepunog, B TedeHWe KOTOPOro noTeHuman

[eACTBUA Ha BTOPOM pa3fpakarolimini CTUMYN He BO3HMKAeT, MOay4Yun

Ha3BaHMe abcoMOTHOro pedopakTepHoro neproga. OH cocTaBnseT Ans

HEPBHbIX KNeTOK MO3BOHOYHbIX XMBOTHbLIX 1,5...2 Mc. Nocne neproga

abCo/MIOTHON ped)pakTePHOCTM HACcTynaeT OTHOCUTENbHbIA pepakTep-

HbIli NMepuog, KOTOPbIA XapakTepusyeTcs: 1) NOBbILLEHHbIM MOPOrom

pas3gpaxeHns no CpaBHEHUIO C UCXOAHbIM COCTOsSHMEM (T. €. ANS TOro

4TOObI BO3HMK NOBTOPHbIA NOTEHLMAN AEACTBUS, HE0OX0AMM TOK 60/b-

LLel BEMIMUMHDI); 2) CHUXKEHMEM aMNUTYAbl NOTeHUnana gencraus. Mo

Mepe OKOHYaHWS nepuoja OTHOCUTENIbHOM pethpakTepHOCTU BO36YAW-

MOCTb NOBbILLAETCA 4O WCXOAHOr0 YPOBHA M Be/MYMHA NOPOroBOro
pasapaKeHns YMEHbLUIAETCS TakKe [0 NepBoHaYaIbHOTO 3HAUEHUS.

Hannumne nepnofos abCcoNOTHOW U OTHOCUTENbHOW pepakTepHo-

CTV NIerkK0 06bACHMMO Ha OCHOBAHWUW [JaHHbIX 0 AUHAMVKe aKTuBaLum

N MHAKTUBALUWN HATPMEBLIX U Ka/IMEBbIX NOHHbIX KaHas0B BO BPeMS
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reHepauuy noTeHuuana feictems. Tak, B nepuof abCONOTHOW pe-
(hpaKTepHOCTV BO BPEMS HUCXOAALLEA 4YacTu noTeHumana AeicTBums
MOBbILLIAETCA KanneBas NPOBOAMMOCTb 3a CUET OTKPbIBAHWS LOMONHU-
Te/bHbIX Ka/IMeBbIX KaHaN0B M CHVXAeTCs HaTpueBas MPOBOAUMOCTb
3a CYET MHaKTMBaLMM HaTpMeBbIX KaHanos. Mo3aToMy faxe npu 60b-
LUMX 3HAYEHUAX Lenonapu3yroLLero Toka He yaaeTcq akTUBMpoBaTh Ta-
KOe 4MCn0 HaTpUEeBbIX KaHaioB, YTOObI BbIXOAALMIA HATPMEBbI TOK
MOr 6bl NPEBLICUTb YBE/IMYEHHBI BbIXOAALLMNIA KaMEBbIA TOK M CHOBA
3anycTuTb pereHepaTuBHbI/A npolecc. Bo Bpems OTHOCWUTENbHOrO pe-
(hpaKTepHOro nepuoga AenonspusyoWnii CMrHaa LoCcTaTtovyHO 60/1b-
LIOW amMnUTYAbl MOXET aKTVBMPOBaTb BOPOTHbIA MEXaHU3M HaTpue-
BbIX KaHa/I0B TaK, YTO, HECMOTPS Ha 60/bLIOE YMCNO OTKPbITbIX Kau-
eBbIX KaHan0B, HaTpu1eBas NPOBOAVMOCTb YBENNYMBAETCA U BHOBb BO3-
HWKaeT MoTeHUMan AeicTens. BmecTe ¢ Tem M3-3a yBeNMYeHHO npo-
BOAMMOCTM MeM6paHbl K MOHaM Ka/iusi 1 0CTaTOYHON HaTPUEBOW MHaK-
TBaLMM MOBbILLEHNE MeMOPaHHOr0 NoTeHLMana He ByaeT yxe CTOMb
6/1M3KO0 K 3HAYEHMIO PaBHOBECHOIO HAaTPMEBOrO MOTEHLMana, No3ToMy
noTeHuuan AeicTma OyaeT MEHbLIVMM NO aMnanTye.

2.1.2.7. PACMNPOCTPAHEHVE BO3BYXIJEHNA

HepBHble KNeTKN CNOCO6HbI NepeaaBaTb BOSHUKLLEE B HUX BO30YX-
[eHVe ApYTMM KNeTKaM: HEPBHbIM UN Xe KeTKam Apyrux opraHoB —
MbILLEYHbIM, CEKPETOPHbLIM, PacnoOXeHHbIM OT COMbl BO36YXXAEHHO
HEPBHOW KMETKN WMHOTfa Ha A0BOMbHO 3HAYUTENbHbIX PACCTOSHUAX
(a0 1m). HecmoTpsi Ha 60MblLUOE pPa3HOOOpa3ne HepPBHbIX KMETOK B
opraHu3me, COOOLLAIOTCS OHU MeEXAy COOO0I C MOMOLLbIO [BYX OCHOB-
HbIX TUMOB 3M1EKTPUYECKUX CUTHAN0B: 1) MeA/IeHHO M3MEHAIOLLMXCS,
rpagyanbHblX, T.€. He UMEKLWMX (UKCUPOBAHHYK amnanTygy, W
25) MMMNYNbCHbIX NOTEHLMANOB C ONpPefeneHHOR amnanTygol, BO3HW-
KaroLWKMX N0 3aKOHY «BCE WM HUYEro» —noTeHLManoB LencTBus.
B030yaeHne 13 HEPBHbLIX KNETOK PacnpocTpaHseTcs No Mx OTpoCT-
KamM —HEpPBHbIM BOJ/IOKHAM (akcoHaMm wnu aeHaputam). o cBoemy
CTPOEHMIO HEPBHblE BOMOKHA C TOYKWM 3PEHUS 3NEKTPONPOBOAALLMNX
nyTeinl Nofo6HbI B KAKOW-TO Mepe MPOMOXEHHOMY MO MOPCKON
BOAOM 3neKTpuyeckomy Kabento. Mpu 3TOM LMTOMNa3mMa BOJIOKHA,
npeacTaBnstoLLas CONEBON pacTBOP M XOPOLLO NPOBOAALLAA 3NeKTPU-
YECKWI TOK, CMYXMWT aHaloroM MeTa/i/INYyeckoro npoBogHMKa. He-
MUENVHN3NPOBaHHbIE HEPBHbIE BOMIOKHA NMOKPbITbI MEMOPaHOW, KOTO-
pas NPOBOAMT 3NMEKTPUUECKUIA TOK 3HAUNTEIbHO XYXEe —aHanor n3o-
nupytowen 060M104KN Kabens. VgeanbHbIM M301ATOPOM SABASETCA
MUENnHOBasi 060104Ka MAKOTHbIX BOSIOKOH, HO OHa MeCcTaMu npepbl-
BaeTCA NPOBOASALLEN KNETOYHON membpaHoi yepe3 0,9..2 MM. Posb
MOPCKOi BOAbI, KOTOpPast, Kak U3BECTHO, N0 CBOEMY COCTaBy NpeACcTaBs-
NSIeT CONEBON PacTBOP, UrpaeT BHEKNETOUHAS XMAKOCTb. Mpy nocTyn-
NEeHUN 3NEKTPUYECKOr0 CUrHana B Haw 6uonormyeckuii kabesnb
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3NEKTPUYECKNIA TOK OyAeT pacnpoCTpaHATbCS MO HeMy B COOTBET-
CTBUW C €ro 3MeKTPUYeCKUMU CBOWCTBaMM, a TOYHee —B COOTBET-
CTBUW C €ro 3/IEKTPUYECKMUM COMNPOTUB/IEHNEM WOHHOMY TOKY LU-
TONNa3Mbl M MeM6PaHbI.

3TN CBONCTBa MOXHO MPOWMOCTPUPOBATL C MOMOLLbIO 3KBMBA-
NEHTHON 3M1eKTPUYECKON CXembl (puc. 2.16), B KOTOPOMN Y4aCTKu Lu-
TONMa3Mbl U MeM6paHbl COOTBETCTBEHHO 0603HAY€HbI COMPOTUB/IEHN-
amu 1,1 ConpoTUBNEHNS N300paXKeHbl KakK AUCKPETHbIE 3/1EMEHTI
nMWb AN yao6CTBa, Ha CaMOM [efne Takoro pasfefileHus B HeMuenu-
HW3MPOBAHHbIX HEPBHbLIX BO/OKHAX HeT. [ MWUeNUHU3NPOBAHHOIO
HEPBHOr0 BO/IOKHa  0603Ha4aeT TO/IbKO COMPOTUBIEHNE MeMOpaHbI
B 06bnacTu nepexsata PaHBbe. COMNpPOTUB/IEHVE BOJIOKHA Ha y4yacTke,
MOKPLITOM MWENVHOM, UMEET OYeHb 6OMbLUYIO BENNYMHY MO CpaBHe-
HUIO C CONPOTUB/IEHVEM MeMbpaHbl Nnepexsarta PaHBbe, U MO3TOMY UM
MOXHO npeHe6peyb. B 3TOM Ciyyae AUCKPETHOCTb 3/1EMEHTOB Ha CXe-

| |
| Mem6paHa f

BHYyTpu- [
KNeTouYHas BHekneTo4Hasn
cpepa > cpena
\b
v nnn/—
r’!
(VN A— Wi

IJ fm
Vo JUVT -

\ 1
NcTOoUHUK
TOoKa

Puc. 2.16. CgoiicTBa (Kab6eslbHble) HEPBHOr0 BOJIOKHA;

A —3KBUMBANEHTHAs 3M1EKTPUYECKAs CXEMa: I, — 3/IEKTPMUECKOE COMPOTUBAEHME YUacTKa LUTONNas-

Mbl; T,, — 3NEKTPUYECKOE COMPOTUB/IEHNE YYacTKa MeMOpaHbl; i. - MOHHbIA TOK B LMUTOMNAa3Me;

/,, —WOHHBI TOK Yepe3 MeMm6paHy; CTpeNKaMu MoKasaHo HanpasfieHWe WOHHOIO TOKa; Y\Y2,

V} — noTeHLManbl B TOUKAX LIMTONNA3Mbl BONOKHA, YAaNeHHbIX Ha pas3niuHble pacCTOAHMA OT UCTOY-

HUKa TOKa; b —3KCMNOHEeHLMaNbHoe 3aTyxaHne 3NeKTPUYECKOro CUrHana € YBEIMYEHMEM PaccTo-
AHMsA X BAONb HEPBHOTO BOMOKHA
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Me MpuobpeTaeT 3NeKTPOGM3N0NOTMYECKNA CMbICA. Ha cxeme cTpen-
KaMW MoKa3aHO BETB/IEHWE 3N1eKTPUYECKOro TOKa OT UCTOYHMKA. Co-
rNacHo NepBoMy 3akoHY Kupxroa cymMma BCeX TOKOB, BbIXOAALMX U3
NCTOYHMKA TOKa, JO/MKHA 6blTb paBHa CyMMe BCeX TOKOB, BXOAALMX B
Hero. 13 aToro 3akoHa, a Takke 3akoHa Owma cfieflyeT, Yto B TOUKax
BETB/IEHUSA TOK ByaeT pacnpefensiTbCs TakMM 06pasoMm, YTO ero Be-
NNYMHA 4Yepe3 OTXOAALLMIA OT 3TOW TOYKM y4yacTok 6yfeT nponop-
LMOHa/IbHa 3NEeKTPUYECKOMY COMPOTUB/IEHWNIO JaHHOTO ydyactka. [Mpu
BK/IKOYEHMMN TOK COOTBETCTBEHHO pacnpegenutcs no Bcem napasnesb-
HO ¥ MPOAONLHO PacnonoX/IHHbIM CONPOTMBAEHUAM. Tak, MpU Kax-
[OOM YBE/IMYEHUW MPOAOSLHOIO CONPOTUBNEHWUSA T, NPOAO/bHbIA TOK
OyZeT YyMeHbLLAaTbCA, NMOCKO/bKY NPU Noc/efoBaTe/lbHOM COeAVHEHUN
COMPOTUB/EHNS CKNALbIBAIOTCA. B KaXK40l TOUKe BETB/IEHUA TOK O6yaeT
pacnpegenatbesi. YacTb ero OyaeT yXoauTh Yepes CONpoTUB/IEHNE MEM-
6paHbl T,, a4acTb —uepes I,. B pesy/nbTate 3TOro TpaHCMeMO6paHHbIi
TOK, TEKYLMIA yepes I, 6yAeT YMEHbLLATHCA N0 Mepe YaaneHus oT 1c-
TOYHMKA TOKa ¥ B KOHLLE KOHL,0B ByaeT paBeH Hy/o. MaTtemaTnyeckuii
aHanu3 xapakTepa CHVKeHUS TpaHCMeMbpaHHbIX NOTEHLMAN0B B pas-
JMYHBIX YYacCTKax HEPBHOI0 BOJIOKHA MOKa3asl, YTO OH 3aBUCUT OT CO-
OTHOLLEHNA MeXAY 3NeKTPUYECKMMMN CONPOTMBIEHUAMIN 3TUX y4acT-
KOB M MMEET BUA 3KCMOHeHTbI (CM. puc. 2.16).

3 cxembl cnegyeT, YTO pacnpoCTpaHeHMEe MOHHOr0 TOKa BLO/b
UMTONNAa3Mbl MPOUCXOAUT C MEHbLLEN CTENeHb 3aTyxaHus, Yem
MeHbLLe ee NPOLO/IbHOE 3/1IEKTPUYECKOe CONpoTHBAeHKe. B To Xe Bpe-
M YMeHbLLEeHVE CONPOTUBNEHUA MeMOpaHbl YCUIMBAET YTeuKy TOKa
HO BHELLHIOKD Cpefy U Croco6CTBYeT 60/ee ObICTPOMY 3aTyXaHUIO TOKa
BLO/Ib BOMIOKHA. DNIEKTPUYECKUIA TOK PacrpoCcTpaHsAeTcs ¢ MeHbLLMM
noTepsAMY BLONb MUENNHU3NPOBAHHOIO HEPBHOMO BO/IOKHA, MOCKO/Ib-
Ky M30/IMpYIOLLMe CBOMCTBA MUETMHOBOW 060MI0YKM CHKAKOT YTEeUKY
TOKa Yepe3 NoBepXHOCTb BO/IOKHA. BMecTe ¢ TeM BbIYMCNEHUA U U3Me-
PEHUA 3NEKTPUYECKOrO COMPOTMB/IEHUS MeMOpaHbl M LMTONNa3Mbl
nokasanu, 4To Jaxe B CaMblX TOMCTbIX HEPBHbIX BOMIOKHAX MNO3BOHOY-
HbIX )XMBOTHbIX MX 3HAYEHUS COCTaBNAOT MUNINOHLI OM. poxoas ye-
pe3 Takoe COMpOTUB/EHWE, 3NEKTPUYECKUI TOK 3HAUYUTENbHO CHIDKAeT
CBOKO BE/IMYMHY, MO3ITOMY 3/IEKTPUYECKUIA UMMYbC MOXET MacCUBHO
pacrnpocTpaHATLCS B 3TUX BO/IOKHAX Ha PACcCTOSAHWE B HECKO/IbKO MUJI-
NMMETPOB. TakMM 06pa3oM, aHHbIN CNOCO6 pacnpoCTPaHEeHUs 3NEKT-
PUYECKOro noTeHUMana (3M1EKTPUYECKOro BO36YXAEHUS) Henpuem-
NeM AN HEPBHbIX KMNETOK, UMEIOLLMX BONIOKHA NPOTSXKEHHOCTbIO He-
CKOJIbKO [JeCATKOB M/ COTEH MUIIMMETPOB. B aTUX cny4yasx B KneT-
Kax AN1s pacnpocTpaHeHUs BO3OYXXAEHWS| y4aCTBYET pereHepaTuBHbIN
MEeXaH13M reHepaLmmn 3N1eKTPUUECKOr0 BO3BYXAEHMS.

B npegbiayLieM pasgene Mbl BbISCHUIN, YTO B MOKOE HEPBHasA KeT-
Ka MMeeT MeMOpaHHbIN NOTeHWUWan OTpPULATENIbHOM MOMSAPHOCTM Ha
BHYTPEHHeW CTOpPOHe Mem6paHbl, NPpUYeM OH MMeeT OLUHAKOBYHO Be-
NNYNHY N NONAPHOCTL M B COME, U B HEPBHbIX OTPOCTKaX. JonycTuM, B
pesynbTaTe BO3AENCTBUA KaKOro-nMb0o BHELLHEro WAN BHYTPEHHEro
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MCTOYHMKA pa3gpaXKeHns onpefesieHHbI Y4acTOK HEPBHOMO BOJIOKHA
BO30Y>aaeTcsi. B COOTBETCTBUM C 3TUM 1aBUHOO6Pa3HO yBeMUMNBAET-
CA MPOBOAMMOCTb A/ MOHOB HATPWUA W BHYTPEHHAS MOBEPXHOCTb
MeMOpaHbl CTAHOBUTCA Ha BPEMS MOJIOXMUTE/IbHON. B COOTBETCTBUM C
3aKOHaMW 3M1eKTPUYECTBA 3NEKTPUYECKMIA (MOHHbIN) TOK OyaeT pac-
MPOCTPaHATLCA OT MOIOXMUTE/ILHOIO NOAtCca K oTpuuaresibHomy. leT-
NN ToKa 6yayT NpoXoauTh BAO/b HEPBHOIO BOJIOKHA MO LMUTOMNIa3Me K
yepe3 MembopaHy HeBO30YX/EHHbIX Y4acTKOB. B pesynstate MembpaH-
HbIiA NOoTeHUnan 6yaeT CABMUraTbCA K MOPOroBOMY 3HAYeHWto, U B Cy-
yae ero MnpesbILEHNSA MPOHULLAEMOCTb MOHOB HAaTPUSA HAYHET pereHe-
PaTMBHO YBENIMUMBATLCA C NOC/MEAYHOWNM BOSHVUKHOBEHMEM MOTEHLM-
ana geiicteus. lMosBneHve noTeHuumana AeNCTBUS B HOBOM Y4aCTKe
BbI3bIBaE€T MECTHble TOKW, AeN0NApu3yLoLLe 1 BO3BYXaatoLLme cneay-
fOLLMEe YYaCTKN HEPBHOIO BOOKHA (puc. 2.17, A).

MbI onmcann npouecc pacnpocTpaHeHust NoTeHuumana LencTens B
HEMUWENIMHN3NPOBAaHHOM HEPBHOM BOJIOKHE. B MWEeNMHU3MPOBaHHOM
BOJIOKHe OH gl,ﬂ,ET HEeCKO/IbKO MHON. B 4acTHOCTM, U3-3a TOrO 4TO
y4yacTKu MeM 6;oal-u>| MeXgy nepexBaTamii PaHBbe MOKPbITbI Muenu-
HOM, BECb BO30Y>KAAlOLLMN MECTHbIA TOK OY[eT BO3/AENCTBOBATb TO/b-
KO Ha Memb6paHy B 0611aCTV nepexsarta PaHBbe M BO3HUKHOBEHME OYe-
pefHOro noteHuunana LencTens GydeT NPOUCXOAUTL TOSIbKO B NOChe-
Jyloulem nepexsate (puc. 2.17, £). Ecnn pacnpoctpaHeHue B 6e3ms-
KOTHOM HEpPBHOM BOJIOKHE MPOWCXOAWUT MMaBHO W HanoMwWHaeT ABU-
XXEHWe ropsLlero yyactka B 6MK(hOpA0BOM LUHYpe B3pPbIBHOIO YCTPOW-
CTBa, TO B MAKOTHOM BOJIOKHE BO30Y>XAeHWNe Oy[eT pacrnpoCTpaHATbLCA
CKa4yKoobpasHo, WK, KaK 4acTo MCMOMb3YHOT TEPMUH, Ca/lbTaTOPHO,
OT nepexBaTa K nepexsary. Takum 06pa3om, pacnpocTpaHsAoLWwmnincs no
HepBHOMY BOJIOKHY CUMHa/1 NOCTOSAHHO YCU/IMBAETCS U NOAAEPXKMNBaET-
CA Ha OAMHAKOBOM YpOBHe. [lopor Aenonapusauun ansa Bo30yXaeHus
MeMb6paHbl cocTaBnseT okono 20 MB, Torga Kak obbl4Has genonspusa-
LM membpaHbl NpU MakCMManbHON aMnAUTYAe NOTeHUMana Aencrt-
BuaA pasHa 100...120 mB. CnefosatefibHO, MpU reHepaunm noTeHUn-
ana fencTensa NPOUCXOLUT YCUNEHWE 3N1EKTPOTOHMYECKOro CUrHana B
5...6 pa3. Hy>KHO OTMETWTb, YTO TOK, BXOASLLUNIA B HEPBHOE BOIOKHO B
MecTe BO30YXXJEeHWS, YaCTUYHO pacrnpocTpaHaeTcs U Hasag, T. e. B Ha-
npasfieHnKn, NPOTUBOMOIOXHOM HEpPBHOMY umnysbey. OfHAKO 3TOT

—t [— ) tA.i. Puc. 2.17. PacnpocTpaHeHne HepBHOMO UM-
[ 1 * 4 nynbca B HEMUENMHU3UPOBAHHOM (J1) 1 Mue-
TT T T - -- - e 4+ + -4+ 3+ IMHW3UPoBaHHOM (£) HepPBHOM BOJIOKHE:

---------- a —B030Y)X/EHHbI (4enoNapnM3oBaHHbIN) yyac-
TOK MeMbpaHbl HEpPBHOFO BO/IOKHA; S—Yyuac-
g TOK MeM6paHbl HEPBHOTO BOJIOKHA, HaxXoAsLIMii-
cAl B COCTOSIHAM MOKOS. [MpepbiBUCTLIMK CTpen-
KaMmy MoKasaHO pPacrpocTpaHeHUe MOHHOro To-
Ka. BBepxy cTpesnKa yKasbiBaeT HanpasneHue pac-
6 NPOCTPaHEHUS HEPBHOMO UMMy bCa

66



Puc. 2.18. 3KcnepumeHTalbHasA yCTaHOBKa /19 M3MEpPEeHUA CKOPOCTU pac-
NPOoCTPaHeHns HepBHOIO BO30YX/eHMsA (cxema [enbmrosbua):

| —coKpalLeHue MbllLibl, 3aNUCaHHOE Ha ABWXKYLUENCS fleHTe KuMorpaga npu

pasgpaxeHuu HepBa CTUMYSUPYHOLLMMU 3NneKTpogamu Cti; 2—aHanormuHoe

COKpaLlleHue, Bbi3BaHHOE CTUMYNMpYOLWUMK 3neKkTpogamu CTr; Ad—pac-

CTOSHUE MEXAY ABYMS TOUKAMW CTUMY/SLMW HEPBHOTO CTBOMA; Ar—BpeMms

MEX[Y MaKCUManbHbIMW 3HAUEHUAMN COKPALLEHWUIA MbILULbI; TOPU3OHTabHOM

CTPe/Koi NMOKa3aHo Hanpas/eH e JBUXEHUsS NeHTbl KUMOrpada, ABoiiHoii cTpen-
KO —[BUKEHNME pblyara

TOK He BbI30BET BO30Y>XK/eHMe MemMbpaHbl, MOCKO/bKY ee y4acTKu, fe-
Xalive c3afn 0T pacnpoCTPaHAILLENCA BOMHbI BO30YXKAEHWS, Haxo-
JATCA B COCTOSAHMM abCONtOTHOM pethpakTepHOCTU. Kannesas npoHu-
LIaeMOCTb B HUX YBENNYeHa, a HaTPUEBbIE KaHaslbl BPEMEHHO NHAKTU-
BMPOBaHbI. Bce 370 CNYXWUT HageXHbIM 6/10KOM 15 BO3HUKHOBEHUSA
noTeHumana AencTBrA U pacnpocTpaHeHUs BLO/b HEPBHOMO WU Mbl-
LLLeYHOro BO/IOKHA.

C KakoW Xe CKOpPOCTbO pacnpoCTPaHsATCA NOTeHLUMabl AeiCTBUS
B HepBHoI cucteme? B 30-e rofbl XIX B. 0ANH 13 KPYNHENLUX Pu-
3uonoros . Miosnnep 3adBu/, YTO CKOPOCTb pacrnpocTpaHeHus BO3-
OyX[eHnsA M3MepUTb HEBO3MOXHO, MOCKO/NbKY BOJIHA BO36Y>XXAEHMA
(1nun, roBops COBPEMEHHBIM A3bIKOM, MOTEHLMA AeNCTBUA) —3NeKT-
PUYECKU MMMYNLC U OH [O/MKEH NMPOBOAMTLCSA CO CKOPOCTHbIO CBETA,
T. €. 3210 cm/c. YuuTblBasa Masible pa3Mepbl HEPBOB U MbILLLL U HECO-
BEpLLLEHCTBO perMCTpMpyroLgmx npubopoB TOr0 BPEMEHU, W3MEPUTb
TaKyt CKOPOCTb, KOHEYHO, ObIfIo HeBO3MOXKHO. OfHako 15 fieT cnycTa
yuyeHVK Mtionnepa, BNOCNEACTBAM 3HAMEHUTbIR ¢m3nonor, . [enbm-
rofibly C MOMOLLbIO HEC/I0XKHOM yCcTaHOBKM (puc. 2.18) nokasan, 4To
CKOPOCTb PacnpocTpaHeHns BO36YXAEHUA B HepBaxX W Mblllax B
10 M/IH pa3 MeHbLle CKOpOCTU cBeTa. B cBomx onbiTax [enbmrosnby,
1CNOMb30Ba/l HEPBHO-MbILLEYHbIA npenapaT. OH pasgpaxan Heps B
[BYX TOYKax, OTCTOAWMX APYr OT Apyra Ha paccTosHUU 3 CM, 1 n3me-
pAN BpemMs C MOMeHTa nojayv CTMMyna [0 HacTYMIeHUs MakCcuMyma
cokpalleHuns. MpefnosioxXnm, YTo MpPU pasfparkeHnmn yyacTka Hep-
Ba, PacnosioKeHHOro 6/mke K Mbllile Ha 3CM, BPEMS HACTYM/IEHNS
MaKCMMyMma COKpalleHns ymeHblumnocb Ha 0,001 c. Torga nony4yaert-
Cs1, YTO BOMHA BO30YXXAeHNa npotna 3 cMm Hepea 3a 0,001 c¢. CnenoBsa-

« 67



TeNbHO, BO3GY)KAEHVWE MO HEpPBHOMY BOJIOKHY PacnpoCTPaHseTcsi o
CKOPOCTbI0

5/1=1b cm/0,001 ¢ = 3«1Bcm/c = 30 m/c.

Ha ocHOBaHMKM CBOMX HAGNIOAEHNI TeNbMronbl, caenan BbiBO4, YTO
npoBefeHue BOMHbI BO30YXXAeHMs (HEPBHOMO MMMybca) —3TO 60see
C/TIOXHbIIA MpoLecc, Yem MpPoCToe MPOLO/ibHOe MPOBefeHVe TOKa B
HepBHOM BONOKHe. Kak yXe yKasblBasioCb, BBEAeHWEe IpnaHrepomM u
accepom B 30-Xx rogax XX B. B MPaKTUKY 31€KTPOPU3NO0N0rNYECKOr0o
aKcnepymeHTa 6e3bIHEPLMOHHOIO KaTo4HOro ocuunnorpada c 3/1eKT-
POHHbIM YCUAMUTENIEM NO3BOJINI0 BECbMA TOYHO M3MEPUTL MPOBeLEeHMe
NOTeHLMaNoB AeACTBUA B Pa3INYHbIX HEPBHbLIX BOMOKHAX. OKa3anoch,
4TO CKOPOCTb NPOBeLeHNS BO3OYXXAEHUA 3aBUCUT OT AMameTpa BOSIOK-
Ha, a TaKXXe Ha/IM4ns y HEPBHOIO BOJIOKHA MWUENMHOBOW 060/104KN. Y
BbICLUMX MO3BOHOYHbIX >XMBOTHbIX HaUMeEHbLUAA CKOPOCTb NpoBefe-
Hus, cocTaBnstowas 0,5...2 m/c, 6blna 3aperncTpupoBaHa B TOHKUX
HeMUeIMHU3UPOBaHHbIX BOIOKHaX AnameTpom 0,5... 1 MKM. Hanbonb-
Lwei ckopocTbto (70... 120 m/c) 06nafatoT camble TONCTbIE MUENIUHU3N-
poBaHHble BO/IOKHA iuameTpoM 15...25 MKM. CKOPOCTb pacnpocTpaHe-
HWS HEpPBHOrO MMMNy/bCca B 3HaYNTE/IbLHOW Mepe 3aBUCUT OT TOro, Kak
ObICTPO Y4aCTOK MemMbpaHbl Aenofigpu3yeTcd MeCcTHbIMU TOKaMu [0
MoOpoOroBOro YpoBHSA. A 3TO COrnacHo cxeme (cm. puc. 2.16) o6yaet
MPOVCXOANTL TEM ObICTPEE, YeM MeHbLUEe MPOLO/ILHOE COMPOTUBIIEHNE
LuTonnasmebl.

3BECTHO, YTO 3N1EKTPUYECKOE COMPOTMB/EHNE NMPOBOHMKA CBA3a-
HO C ero A/IMHOW 1 MaMeTpoM CNefytownM COOTHOLLIEHUEM:

R=pl/sS,

roe /{—conpotuBneHune, OM; p—yAenbHOe COMPOTWMBIEHWE MaTepuana; /—pnuHa
NpoBOAHMKA, M; S—nNowaib NONepeyHOro CeYeHNs NPOBOAHMKA.

B (BBOOouepepb, S = nrh, rae r—paguyc npoBogHMKa.
CnepoBarensHo,

R —plinr'~,

T. €. YeM 6OnblUe pagnyc NPOBOAHUKA, TEM MEHbLLE ero COnpoTUB-
NeHne, N NO3TOMY 60/1ee TONCTbIE HEPBHbIE BOIOKHA MMEKT 60/b-
LY CKOPOCTb NpoBeAeHMs. BTOpoil BaxHbIV (hakTop, CNOCOOCTBY-
oWnin 6onee GbICTPOW Aenonspusaumm MeMopaHbl, —3TO CHUXe-
HMe YTEUYKM TOoKa 4yepe3 MeMbpaHy BONMOKHa. B cBA3M ¢ 3TUM Mu-
eNVHN3NPOBaHHbIE HEPBHble BOJIOKHA MPW PaBHbIX AuMameTpax C
HEMUENVHMN3MPOBAHHLIMW MMEHOT BONbLUYH CKOPOCTb NMPOBEAEHMS.
Kpome TOro, 661710 06HapPY>XeHO, YTO MAOTHOCTb HATPMEBLIX KaHa-
noB B MembpaHe nepexsaTa PaHBbe B HECKO/IbKO pa3 Bbille, YeM B
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MeMbpaHe HEMWUENUHU3NPOBAHHbLIX BOMIOKOH. 3TO AOMNOHUTENIbHO
cnocobcTByeT 60nee ObICTPON Aenonspusauum membpaHbl B o6nac-
TV nepexBata PaHBbe M COOTBETCTBEHHO YBE/NYMBAET CKOPOCTb
MPOBeLEHNA MO BOMOKHY.

2.1.2.8. TIEPEJAYA HEPBHOIO BO3BYXAEHVA MEXAY KINETKAMW.
MPEACTABJ/IEHVE O CMHATICAX

Mbl paccMOTpeny MexaHu3Mbl Mepefayn BO3OYXAeHWUs B npe-
Aenax OAHOW KNeTKU. UTOo e MPOMCXOAUT, KOrAa CUrHan [oXoAuT
[0 MeCTa KOHTaKTa K/eTKM C ApYroi —HepBHON, MbIWEYHON Wm
MHOM KNEeTKOW opraHusma? 34ecb LenecoobpasHo caenatb He60/b-
LLOe UCTOPUYECKOe OTCTYyN/eHWe. B Havane XXB. KpynHeWLwuid ruc-
Tonor C. PamoH-n-Kaxanb ¢ NOMOLLLI CBETOBOr0 MUKPOCKOMA Bbl-
ACHWUN, YTO HEMPOHbI B HEPBHOMW TKAHW OKPaLUMBAOTCA KaK OTAe/b-
Hble KneTKu. OHAKO MHOrve aHaTOMbl NPOLO/MKANM CYMTATb, YTO
HepBHaa cucTema npeAcTaBnseT coboi ceTb, B KOTOPOW LuUTOMNNa3Ma-
TUYEeCKoe NPOCTPaHCTBO OTPOCTKOB OAHOM KNEeTKU Hanpsmyro coo6-
LLIAeTCA C BHYTPUKNETOUYHbIM 06BbEMOM ApYrux KneTok. OKOHYaTeIbHO
3TOT BONPOC 6bIn pa3speLleH B 40-X rogax ¢ NosBMEHVEM 3/1EKTPOHHOIO
MUKPOCKONa, Korga oblin nosyyeHbl YeTKME JaHHbIE O HAIMYUN MeM-
OpaHbl BOKPYT HEPBHbIX KNETOK U MX OKOHYaHWi, a Takxke 0 CyLecT-
BOBaHMN 0COObIX Y4aCTKOB MEXHEA-

POHHOIO B3aMMOAeNCTBUA, NOMyYNB-
LUMX Ha3BaHWe CUHarmncoB.

Mpexae 4em nepenTn K onuca-
HUKO CTPYKTYpbl M (DYHKUUWM CUHanN-
COB, PaccMOTpUM CUTyauwuto, Korga
3aMKHyTas KneTouHas MembpaHa HepB-
HOro OTPOCTKA NPUMbIKAEeT K Membpa-
He COMbI [IPYroil HEPBHOM KNETKN UK
K MembpaHe MbIMeyHoro BosiokHa. Jo-
nycTuM, B MeMbpaHe KOHLa HEPBHOIO
OTpPOCTKa (aKcoHa) B pesy/nbTare pac-
NPOCTpaHeHns BO36YXXJEHUA BO3HMK
noTeHUman AencTems. Torga cornacHo
BbILLEONNCAHHOI cxeme (CM. puc. 2.17)
OT 3TOr0 y4yacTka 4yepe3 ero MembpaHy
N MemopaHy COMbI APYroi KNeTkn oy-
[yT NacCMBHO pacrnpocTpaHATbLCA NeT-
nn ToKa (puc. 2.19), nenonsapusys Mem-
6paHy COMbl cocefHel KneTku. Mpwu

ToHW, TekyLne yepes
wenesble HOHTaHTbI U3
Puc. 2.19. CxemMa 31eTPUYECKOro CMHarca; OfIHOI KNETKM B APYTYH

CTpe}'IKOVI nokKasaHO HanpasneHue pacnpocTpaHeHnAa

noTeHymana feicTems B npecMHanTM4eCKOM HEPBHOM
BOJIOKHE
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[JOCTMXEHUN NOPOroBOro 3HaYeHUs B Helk HAYHETCH pereHepaTms-
Hbll/i NPOLECC NOBbLIWEHNA NPOBOAMMOCTM K MOHAM HaTpus U BO3-
HUKHET noTeHUman 4eincTBMA, KOTOPbIA MOXET NpocnefoBaTh Aasb-
LLe M0 0TPOCTKaM KNeTKU. Takoe coefjuHeHne Ha3blBaeTCA 3/1eKTpu-
YeCKMii cuHanc.

Mepefaya yepe3 ANEKTPUYECKMIA CUHAMC 3NEKTPUYECKOrO CUrHana
3aTpyAHeHa HeCOBEPLUEHCTBOM Kabe/lbHbIX CBOWCTB KNeTOK. B yacTHO-
CTW, B TOM C/ly4ae, ec/iv njowaib KOHTakTa MembpaHbl HEPBHOIO BO-
NNOKHA ¥ COMbI KNEeTKN CPaBHUTE/IbHO Hebo/bluas, Hanpumep KOHTaK-
TUPYET HEPBHbIA OTPOCTOK AMaMETPOM 5 MKM, obLLee 3eKTpuyecKoe
COMpPOTUB/IEHNE MeMOpPaHbI 3TOr0 OTPOCTKA M yyacTKa COMbI K/IeTKM, K
KOTOPOMY OH MPUMbIKaeT, COCTaBNAET MUIMAapAbl OM. B T0 Xe Bpems
CONPOTUB/IEHNE KNETOYHON MembpaHbl BCE COMbI KNeTKW ByaeT B He-
CKOJIbKO [leCATKOB pa3 MeHbLUE W CbIrpaeT Posib KOPOTKOro 3aMblKaHUS
AN19 TOKa, BbIXOASALLEro U3 KOHL,eBON MemMbpaHbl OTPOCTKa.

Kpowme Toro, MOHHbI TOK ByfeT yTeKaTb Yepe3 NPOCTPaHCTBO MeX-
Ay MembpaHamu. Bce 3TO, HECMOTPSA Ha BbICOKWIA ggaKTop HafeXHoc-
™M —5...6 (OTHOLWEHVEe aMNINTY bl NOTEHUMaNa 4encTBus K BENMYNHE
MoporoBoi genonapusauun), And noTeHUMana AeMcTBUS Ype3BblyaiiHo
CUNbHO 0CNabuT BbIXOAALLMIA U3 OTPOCTKA MOHHBLIA TOK W nepegaya
BO36Y)XEHNA B 3TOM yyacTKe He ByAeT NpouCXo4uTb. s TOro 4TobbI
nepefaya PyHKUMOHMPOBana 6onee aPheKTMBHO, HEOHX0AMMO YBENN-
YMTb NAOLWaAb COMPUKOCHOBEHMS ABYX MeMOpaH, a Takxe MjaoTHee
NpuGAn3nTL caMn MembpaHbl. HenocpeacTBeHHas anekTpuyeckas ne-
pefaya Oblla 3KCNEPUMeHTa/IbHO OOHapy)KeHa CHavana Ha TONCTbIX
éFVIFaHTCKVIX) BO/IOKHaX pakoobpasHblX, a 3aTeM TaKue COefuHeHus

bI/IN HafeHbl U Y MO3BOHOYHbIX XXMBOTHBIX MEXAY HEPBHbLIMMW K/ET-
kamu B LLIHC, B rnagkux n cepgeyHblxX Mbiwwiax. OTMETUM, UYTO 31EKT-
puueckas nepejaya BO30YXKAEHUS MMEET orpeaeneHHble NpenmyLie-
cTBa. MOCKONbKY MOHHBIN TOK NPY TaKoW Nepefadve HeNocCpeAcTBEHHO
TeueT M3 nepegatoLleli (NPeCUHaNTUYEeCKO) KNeTKN B BOCNIPUHUMALO-
Wyt (NOCTCUHANTUYECKYHD) KNETKY 6e3 KaKuX-mb0 NpoOMeXyTOUHbIX
3TanoB, 3afepXkka npu NpoBefeHUN BO36YXAeHWs ByaeT MUHMMaNb-
Had. TakuMm 06pa3oMm, 3/IeKTpUYecKoe NpoBegeHne 6onee yao6Ho B
Tex cnydasx, Korja Heo6XxoAumo ObICTPO O0XBaTWUTb BO3OYXAEHWEM
HECKO/IbKO HePBHbIX KeTOK. BMecTe ¢ TeM B 60/IbLUMHCTBE CMHAMNCOB
HEPBHOM M HEPBHO-MbILLIEYHOIN CUCTEM ANif Mepefadn CUrHanoB UC-
Mosib3yloTCA CreunanbHble XUMWYECKME BELLeCTBa-MOCPefHUKN —
mMeanaTopbl. MOCKONbKY crefytowas YacTb JaHHOW [MaBbl NOCBALEHA
N3MI0XKEHNIO MeXaHW3MOB BO30YXXAEHUA B MblLLLAX, 34eCb Mbl OCTAHO-
BUMCS Ha CMHANTMYeCKOM NPOBEAEHNIN Yepe3 HEPBHO-MbILLIEYHbIV CU-
Harnc uaun, Kak 4acTo HasblBatoT, Yepe3 KOHLEBYO NIACTUHKY CKeneT-
HbIX MbILUL, MO3BOHOYHbIX. O CTPOEHNN U PYHKUMN cuHancos B LLHC
6yaeT noapobHee M3N0XEHO B . 12,

CxemaTunyeckn nocnefoBaTesIbHOCTb COObITUI, NPOUCXOAALLUX NpY
rnepesaye 3/1EKTPUYECKOTO CUTHaNa Yepe3 XMMUYECKUI CUHANMC, MOX-
HO NpeLCcTaBuTL Credyrowmm obpasom (puc. 2.20). Tocne BO3HUKHO-
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X - CBsA3bIBaHe MeguaTopa C

N4 B npecuHanTuyeckom Y ° -
BOJIOKHE "\ N NoCTCUHaNTN4eCKMMn peuenTo-
3 5 ) W pamun
|
AKTVBaLUMSA CYHANTUYECKUX KaHanoB;
G+ BO3HMKHOBEHMWE CUHaNTUYECKOro TOKa,
YBennueHmne NpoHNLIAEMOCTY BbI3bIBAOLLLEr0 MOCTCUHAMTUYECKU
fj ana Can*; Bxog Can* \ noTeHuman
_ BbicBOGOXaeHVE MeamaTOpa M4 B nocTcUHaNTUYeCKOR
nyTeM 3K3ouMTO3a ~ . KneTKe
-1

Puc. 2.20. MexaHn3M nepefayn 3/1eKTPUYECKOr0 CUMHas1a Yepe3 XMMUYECKUI cuHanc

BEHMA noTeHUMana AeicTBna B MNPeECUHaANTUYECKOM OKOH4YaHWUu
MembpaHa ero fenonspu3osaHa. pn 3TOM NOMUMO HaTPUEBLIX N Ka-
NINEBbIX KaHa/0B aKTUBMPYHOTCA (OTKPbIBAKOTCSA) KaslbLMEBbIE KaHalb
W B OKOHYaHME U3 BHELLIHEV Cpefbl BXOAAT NOHbI KasbLus. oBbILLe-
HMe BHYTPUKIETOUYHOW KOHLEHTPaLMMN KabLMs Bbi3blBaeT 3K30LMTO3
BE3WKY/, HaNONHEeHHbIX MeMaTopoM (BbIOPOC M3 HUX MeAMaTopa).
Copaepxnumoe Be3UKy/ MOCTYNaeT BO BHEK/IETOYHOE MPOCTPAHCTBO,
W YacTb MOJeKY/N MeAmaTtopa, AMKMMYHAMPYS K MOCTCUHANTUYECKOM
MembpaHe (Mem6paHa MbILLIEYHON KNETKM), CBA3LIBAETCA CO CreLu-
a/lbHbIMK (peuenTopHbIMM) yyacTKamu 3TO MeMbpaHbl. B pesynbTare
NPOVCXOAUT aKTUBALMSA €e MOHHbIX KaHanoB, CBA3aHHbIX C 3TUMU
mMonekynamu. [BvKeHne No KaHanam COOTBETCTBYHOLUMX WMOHOB MO
NX 3NEKTPOXMMMWYECKUM TpafueHTam MopoXAaaeT MocTCUHanTuYec-
KWid TOK, nof fAeicTBMEM KOTOPOro BO3HMKAET AenoNsipu3ytoLmnii
NOCTCMHaNTUYECKNIA NOTEHLMaN MbILLIEYHOro BONOKHA. Ecnn aToT
NnoTeHUMan npesbllaeT MOPOroBbI YypOBEeHb, BO3HUKAET MOTEHLMan
feicTeus. M3-3a HaMUMs XMMUYECKOrO 3BEHa NPOBefeHVe B XMMMU-
YECKOM CMHarnce MPOUCXOAUT MefJIeHHee, YeM B 3/IEKTPUUECKOM.
OpfHakKo XMMu4YecKas nepegada ruoye 3neKTPUUYECKOW, MOCKOMbKY C
ee NMOMOLLbIO /IErKO MOXET OCYLLECTBNIATLCS Kak BO30YXX/aloLLee, TaK 1
TOPMO3HOe feiicTBre. Kpome TOro, npy akTuBaumy NocTCUHaNnTMUyec-
KNX KaHas0B XMMWYECKUMI areHTaMii MOXET BO3HMKaTb JOCTaTOYHO
CU/bHbIA TOK, CMOCOGHLIA [enonsapn3oBaTh 0 MOPOroBOro YPOBHS
KPYMHble KNeTKW. B CBA3M C 3TUM NpPU XMMUYECKOI nepegade TOHKMe
npecuHanTM4ecKne BONOKHa MOryT BO30Y>KaaTb 60/bLLMe MOCTCUHAN-
TUYECKME KNIETKM.

Heo6xo4/mMo OTMETUTL, YTO MPUHATMIO NPEACTaB/EHHON CXeMbl
XUMMYECKOM nepefayn npefLiecTBoBasv B TeUeHWe LUIECTU AecsaTune-

71



TR XX B. CNOPbI CPEAN YUEHbIX O HAIMUUM XMMUYECKOW Mepegayn u
MeMaTopOB B HEPBHO-MbILLIEYHOW CUCTeMe opraHu3Ma. lMepBble nps-
Mble JaHHble B MOMb3Y CYLECTBOBaHUS XMMUYECKOro MeanaTopa 6b1im
nonydeHbl B 20-e roabl XX B. O. fleB. OH 06Hapy>Xun, 4To nNpu Top-
MOXXEHMMN paboTbl cepALa NAryLwKy nyTem pasgpaxeHus 6nyxaatowe-
ro HepBa M3 cepAua B KPOBb BbLUENSETCA BELEeCTBO, Noj AeNCTBUEM
KOTOPOro 4acToTa COKpaLLEeHWNiA cepaua APYroi NArywKmn Takke YMeHb-
LwaeTca. B nocnegytowmx pabotax 6b1710 YCTaHOB/IEHO, YTO 3TUM BeLle-
CTBOM — MeaMaTopoMm aBnseTcs aueTnnxonuH (AuX). B ganbHeiiem
Obln1 06HapY>XXeH PAL APYrMX MeAnMaTopoB, HAKOMIEHO MHOXECTBO [jaH-
HbIX 06 VX AeNCTBUM N XUMUYECKOI Npupoje.

BepHeMcsi BHOBb K HEPBHO-MbILIEYHOMY CUHAMNCy — KOHLEBOW
nnacTuHke. Ha pucyHke 2.21, A npeAcTaB/ieHO TpexXmMepHoe n3o6pa-
YKEHMe KOHLEeBOW niacTMHKM. OHa COCTOMT M3 creunann3vpoBaH-
HbIX Y4YaCTKOB NOCTCMHaNTUYeCKOW MeMOpaHbl, ABASOLLIEACS Yac-
TbH0 MeMOpaHbl MbILLEYHOr0 BO/IOKHA, OKOHYaHWS HEPBHOIO BOIOKHA
(OKOHYaHWA ABUraTeNnbHOro HepBa —MNpPeCUHaNTUYeCKON MemM6paHbl)
M LWBAHHOBCKUX KNETOK. OT OKOHYaHWUS HepBa OTXOAAT BETOUKM TO/-
LUMHOW OKOMO 2 MKM, KaX[as M3 KOTOPbIX IEXXWUT B NPOLOSIbHOM Yr-
ny6neHn membpaHbl MbILLEYHOTO BO/MOKHA. MembpaHa, BbICTU/IAKO-
Wwas 3ato yrnybneHue, ¢ NepuogMYHoCcTbio 1.2 MKM 06pasyeT none-
peyHble CyOHeilpoHasibHble CKNafku. B yyacTkax HepBHOro OKOHYa-
HWS, pacronoXXeHHOro HenocpeACTBEHHO Haf 3TUMU CKNafKaMu, ume-
tOTCA TaK Ha3blBaeMble aKTUBHble 30Hbl —OMEPeYHbIE YYaCTKMN C He-
CKONIbKO YTO/ILLEHHOM NPecMHanTU4Yecko MemOpaHOoi, Haj KOTOpbI-
MW CKannmBarTCA CMHANTUYecKne ny3blpbKu. My3blpbKK BblgeNsH0TCA
13 aKTUBHbIX 30H MyTEM 3K30LMTO3a.

BblgeneHne meguaropa U3 NpecuHanTUYecKoro OKOHYaHWA Ha-
YMHaEeTCA NoA AeliCTBUEM Aenonspu3almm 3Toro OKOHYaHus, Bbl3BaH-
HON NoTeHUManoM [eicTensA. BbICBOOOAMBLUMIACA MeanaTop, B AaH-
HOM cryyae 310 AuX, CBA3bIBAeTCA C PELEnTOpOM, T. €. CO Cneyunasnb-
HON GefIKOBOW MOJIEKY/0M B NOCTCUHANTUYECKON MeMbOpaHe KOHLe-
BOV MIACTUHKKM, B pe3y/ibTare Yero Ha_KOPOTKOE BPeMS OTKPbIBAKOTCSH
KaHasibl, Yepe3 KOTOpble TeYET MOHHbIN TOK.

[ns BbIACHEHUS NPUPOAbLI NOHOB, 06YCNOB/MBAKOLLMX CUHANTUYeC-
KWiA TOK, MepBOHaYa/lbHO W3MEHANIM BHEKNETOUHbIE KOHLEHTpaLum
pa3/IMYHbIX MOHOB W WUCCNEA0BaIN BAUAHUE 3TUX U3MEHEeHWN. Tak,
OblNI0 0OHAPYXXEHO, UYTO BXOASALLINA CMHANTUUYECKUIA TOK B KOHLIEBO
NNacTUHKe ABMSETCA HATPMEBLIM MOHHLIM TOKOM, MPUYEM OH YacTuu-
HO KOMMEHCUPYETCA BbIXOAALMM KanneBbiM TOKOM. [anbHeiwne mc-
CNefoBaHUA NoKasain, UYTO Yepe3 OfHWU U Te XKe KaHallbl, akTuBupye-
Mble B KOHLEBOWN NnacTuHKe AuX, NPOXOAAT UOHbI HATPUA U Kaius.
3HaunT, 3TN KaHanbl 061a4al0T MeHbLLUEN N36MpaTeNbHOCTLIO (Cenek-
TUBHOCTbLIO), YeM MOTEHLMaN3aBUCUMble HAaTPUEBbIE W Ka/lMeBble Ka-
Haslbl Npu fenonspusauumy meMopaHsbi.

Mbl y)Xe nogpo6HO pasbupann MexaHn3mbl (HOPMUPOBAHUS MeMO-
PaHHOro NOTEeHUMaNna B HEPBHbIX M MbILLEYHbIX KNETKaX U 3HaeM, 4TO
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Puc. 2.21. Cxema HepBHO-MbILLIEYHOr0 CcMHanca (KOHLEBOW NMacTUHKM) WU aueTun-
XO/IMHaKTUBMPYEMOrO MOHHOI0 KaHana:

A —TpexmMepHas peKOHCTPYKLMS HEPBHO-MbILIEYHOrO CMHanca: | —TepMUHanbHas YacTb HEPBHOIO
BOJIOKHA; 2 —CUHaNTU4Yeckne ny3sblpbKu; 6—cuHanTuyeckme cknagku; P —nanbleobpasHble Bbl-
pOCTbI LUBAHHOBCKOM KeTkW; B —npofonbHbIA cpe3 yyacTKa HepBHO-MbILIEYHOro CuMHanca: / —
TepMUHaNb HEPBHOIO BOMOKHA; 2 —CWHANTWUYecKue Ny3blpbKW; J —NpecuHanTuyeckas mMembpaHa;
-/—nocTcuHanTUYeckas membpaHa; 5—6a3anbHas membpaHa; 6—cuHanTuyeckas cknagka; 7—ak-
TWBHas 30Ha; 8,10 — MbllLeYHOEe BOMOKHO; 5: a, p, 5,y “ 6enkoBble cybbeanHuLbl. Ha a-6en1KoBbIX
cy6beguHmuax (oAaHa cybbeAmHMLA He NoKasaHa) HAaXOAUTCS Y4acTOK CBSA3bIBAHUSA aueTWUAXONMHa
(AuX). XonunHpeLenTop B3aMMOAe/CcTBYeT ¢ 6enkom uutockeneta (L)

npy N3MeHeHUN MemOpaHHOW NPOHMLLAEMOCTU 418 KaKOro-11mbo noHa
MeMOpaHHbI NOTeHUMan cornacHo ypasHeHunto MongmaHa (17) 6yget
CMeLlaTbCsl [0 HOBOrO YPOBHA. ECAM NpoHWMLaeMOCTb ANS AaHHOro
MOHa YBENNYNTCA, MEMOPAHHBIN MOTEHLUMaN CMECTUTCA 6/nKe K paB-
HOBECHOMY MOTeHUMany 418 3TOro MoHa. M Hao6opoT, YMeHbLUeHue
MPOHNLIAEMOCTY BbI30BET CMELLIEHME B MPOTUBOMO/IOXHYH CTOPOHY OT
paBHOBeCHOro noTeHuunana. B oTBeT Ha ALX KaHas/lbl KOHLEBOW nac-
TUHKW CTAHOBATCS O|HOBPEMEHHO NMPOHULIAEMbI /11 NOHOB HATPUS 1
Kanus. Mpun 3TOM BO3HMKAET CMELUAHHbI UOHHbIV TOK, NOA AeNCTBU-
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eM KOTOpOro noTeHuman NocTCMHaNTUYeCKO MeM6paHbl CMeLLaeTcs
K HOBOMY YPOBHH0, TaK Ha3blBaeMOMY NOTEHLMaNy peBepcum, 3aHUMa-
FOLLLEMY MPOMEXYTOYHOE MOJIOXEHWE MEXY PaBHOBECHLIMU MOTEHLK-
anamu ans sTux AByX NPOHMKaLLMX NOHOB 1 paBHOMY ~10 MB. B 06-
LLeM cflyyae NOTEHLMaN peBepcumn AN NOHHbIX TOKOB, MepeHOCUMbIX
[BYMS MOHaMW, 3aBUCUT OT [BYX IMaBHbIX (DaKTOPOB: OTHOCUTE/bHOIA
NMPOHMNLIAEMOCTN aKTUBMPOBAHHOIO KaHana Ans NPOHMKatoLWMX NOHOB;
paBHOBECHbIX MOTEHLMWANIOB 418 3TUX MOHOB, 3aBUCALLMX, B CBOO OYe-
pefb, OT UX KOHUEHTPaUMOHHbIX rpafMeHToB. [ocTCMHanTUyYeckue
KaHanbl OTKPbLIBAKOTCA Ha KOPOTKOe BpeMs (Ha HEeCKO/NbKO MC), Mno-
CKOMbKY AuX 6bICTPO MOABEPraeTcs (hepMeHTaTUBHOMY pacLiensie-
HUIO aueTunxonuHacTepason (AuX3), KoTopas pacroniaraeTca B 06na-
CTW CYOHelipoHaNbHbIX CKNafoK.

AuX- aKTVBMpYEMbI/ KaHal. YCnexu B COBEpLLEHCTBOBAHUMN MeTO-
[,0B MONEKYNIAPHOW 610N0rnK, a TakxKe 31eKTPOPU3N0I0TMYeCKUX Me-
TOL0B MO3BO/INAN BbLUENNTb, MAEHTUPUUNPOBATL U N3YUNTb ALX-aK-
TUBUPYEMbIV KaHaN —WHTErpaabHblil 6e10K MbILLEYHON MembpaHbl.
AUX-aKTUBUPYEMbIA KaHan COCTOUT M3 NATM OENKOBbIX CyObeAnHNL,
KOTOpble 06pasytoT TpybuyaTyto CTPYKTYpy C O0OLUeld MONeKynspHOM
maccoli okono 250 000. KaHan BbiCTynaeT U3 MemopaHbl ¢ 06enx cTo-
POH, MPUYEM Haf Hapy>XHON ee NOBEPXHOCTbH BO3BLILLAETCS BOPOH-
KoobpasHasa CTpyKTypa —BX04 B KaHa/ (cM. puc. 2.21, B). PeuenTtop-
HbIA y4aCTOK KaHana COCTOUT 13 ABYX 6eNKOBbIX CyObeanHUL, 1 pacno-
naraeTcsi Ha Hapy>KHOI MOBEPXHOCTM MeMbpaHbl. Kaxpas n3 6enko-
BbIX CyObeAMHUL, COAEPXUT yUacToK cBaA3biBaHUA AuX. Ecnm K aTum
[BYM y4yacTkaMm npucoegnHsaetcs AuX, To KaHan C BbICOKON BEpOSATHO-
CTbIO NEepexoamT 13 3aKPbITOro COCTOAHWSA B OTKPbLITOE U Yepe3 Hero
TEYeT MOHHbIN TOK.

Perncrpauumio MOHHOIO TOKa 4yepe3 OTAeNbHble ALX-KaHabl yja-
NOCb OCYLLECTBUTb C MNOMOLLbIO METOAUKN NIOKaIbHON (hMKcaunm He-
MeLKMMK ydeHbiMKn O. Heepom 1 b. CakmaHoM B cepefnHe 70-X rofos
XX B. (CM. (hyHKLMOHMPOBaHKe MOTEHLMaI3aBUCMMOr0 HAaTPUEBOTO Ka-
Hana). 34ecb Hago0 OTMeTUTb, YTO B HOpMe AUX-KaHaslbl U CBA3aH-
Hble C HUMK ALX-peLenTopbl COCPEeA0TOYEHbI B MOCTCMHANTUYECKON
mMeMOpaHe KOHLUEBOM MNIaCTUHKW W MNAIOTHOCTb WX BECbMa Be/vka —
0K0M0 10Vmkm” B OCTa/IbHOM YaCTW MbILLEYHON MeEMOPaHbI UX HeT, U
WMEHHO M3-3a 3TOr0 B HOPMe He MHHEPBMPOBAHHAS YaCTb MbILLEYHbIX
BO/IOKOH HeuyBCTBUTE/bHA K AeiicTBuio AuX. OfHako ecnv nepepe-
3aTb [BUraTefibHbl HEPB, TO 30HAa YyBCTBMTE/ILHOCTU K AuX MnocTe-
MEeHHO pacnpocTpaHsaeTcs OT KOHLEBOM MAacTUHKKM, OXBaTblBas BCHO
MeM6paHy MbILLEYHOr0 BO/IOKHA. 3HAYUT, peLenTopbl U KaHa bl NOsB-
NATCA BO BHECMHANTUYECKUX YUacTKax. B HOpMasibHbIX YCNOBUAX 3TH
BHECMHANTUYECKME KaHa/lbl KaKUM-TO 06pa3oM 6/710KMpOBaHbl Masio-
N3YYEHHbIM TPO(PUYECKUM BANSHUEM HEPBHOW KNEeTKW, WHHEPBU-
pytoLeli MbllLeYyHOe BOMIOKHO. TakMM «pacCesiHHbIM» pacrpefeneHu-
eM AuX-KaHanoB Bocrnonb3oBanncb Heep n CakmaH. Ha yyacTok mem-
OpaHbl HaknagblBaM MUMETKY M C MOMOLLbIO HEBONbLLOro Bakyyma
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MAOTHO MpucacbiBann ee K MembpaHe. Mukponunetka 6Obina 3a-
noJiHeHa (PU3NONOTNYECKUM PacTBOPOM, cofepxaium AuX nam ero
aroHucT (T. e. BeLECTBO, OKa3blBatoLee CxoaHoe ¢ AuX aencreue).
C uenbto yBenmdenuss 3A4C ansg BXoAsLLero Toka MemopaHHbIA Mo-
TeHUmMan cABUrann B CTOPOHY runepnonspusauun. Ycunutenb pe-
TMCTPMpPOBAN O0YeHb Manble, meHee 5 10~ A, BXofAliMe KpPaTKo-
BPeMEHHbIE TOKMW, KOTOpble N0 (JOpPMe CXOfHbl C TOKaMW OAUHOY-
HbIX MOTEHLMaN3aBUCUMbIX HATPUEBBLIX KaHaNoB, T. €. UMelT ¢op-
MYy MPAMOYTOJ/IbHbIX WUMMNY/bCOB M MOAUYMHAIOTCA 3aKOHY «BCE WK
Huuero». YactoTa Takux ‘TOKOB Oblfa MpPOMopuMoHanbHa KOHLEH-
Tpauum AuX Wan ero aroHMWCTa B pacTBope nuneTtku. Ecnm xe atu
BeLLecTBa OTCYTCTBOBa/IM, TO TOKU He PerucTpuposanuch. Mposo-
AMMOCTb OAMHOYHOIO AU X-KaHana KpaHe mana U coctas/iseT 0KO-
no 20 nkC, 4to cootBeTcTByeT 5 ml0™ OM, T. €. TOro Xe NOpPsAKa,
4yTO W Y NOTEHLMAN3aBUCUMbIX HATPUEBBLIX KaHasnoB. CTaTUCTUYec-
KW aHanM3 O4MHOYHbIX TOKOB MOKasas, YTO KaHasbl C/y4valiHbiM
06pa3oM M3MEHAT CBOE COCTOAHME ((hYKTYMPYIOT), Mepexoas u3
3aKpbITOro COCTOAHMA B OTKpPbITOE. MO-BUAMMOMY, CBA3bIBAHUE MO-
nekynbl AuX € peLenTopoM 3aKpbITOr0 KaHana pe3ko yBenunumBaet
BEPOATHOCTb €ro OTKPbIBAHWSA, KOrAa WMOHbI B TeYeHNe KOPOTKOro
BPEMEHM MOTYT NMPOXOAMTbL Yepes AaHHbI KaHa.

2.2. ®V3NONOTMYECKVE CBOVNCTBA MbILLL|

MbiLUbl ABAAKOTCA BaXXHENLLMMU WUCMNOMHUTENbHBIMW OpraHa-
MU —adpekTopamu. Kak no mMoponornyeckum, Tak U no (yHk-
LMOHA/IbHBIM XapaKTepUCTMKaM MbILLLUbl pa3fensaioT Ha ABa Tuna —
nonepeyHononocarble W rnagkve. fNonepeyHononocarThble
MblLLL bl, B CBOK O4epefb, NMPUHATO NOAPAa3feNTb HA CKeNeTHble
N cepfeyHyto. onepeyHonosocatble MbllUbl HOPMUPYIOT ABUTA-
Te/lbHble annapaTbl CKefleTa, rnasofBurarefibHble, XeBaTe/lbHble U
Apyrue fBuratesibHble CUCTEMbl Y XMBOTHbIX. [MonepeyHonosoca-
Tble MbIWLbl, 38 WUCKIOYEHWEM CEpLEYHOW MbILiLbl, MOMHOCTHIO
KoHTponupytotca LUHC. OHn nuuieHbl aBToMatvMsmMa, T. €. He Crno-
cobHbl paboTtatb 6e3 curHanos, noctynawowmx us LUHC. napg-
KMe MblLLbl >XUBOTHbIX YYaCTBYIOT B paboTe BHYTPEHHUX Op-
raHoB. OHM B 3HAUNTE/IbHO MeHbLUell Mepe KoHTponupytotes LIHC,
06nagaroT aBTOMaTn3MOM U COGCTBEHHOI HEPBHOM CEThHO, Pacnoso-
YXEHHOW B MbILLEYHON CTEHKe (MHTpamypaibHOM CeTbio) U B 3HAYU-
TeNbHOM CTeneHy obecrneymBaloLLeil UX camoynpaBneHue. B 3Tol
4yacTu rnaebl Hanbonee NOAPOGHO BYAYT PaCCMOTPEHbI CBOICTBA NO-
nepeyHonosiocatbix MbLLL, ckeneta >KMBOTHbIX KakK Hanmbonee u3y-
YEHHOro 06beKTa U B MEHbLLEA Mepe CBOWCTBA rNagkuMx Moy, O
MOP(ONOrMUYECKUX U PYHKLMOHA/IbHBIX XapaKTepuCTKax ceppey-
HON MbILLL bl 6YfeT U3/10XKEHO B . 5.
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2.2.1.CTPYKTYPHbIE OCHOBbI COKPALLEHVA MbILLILL
MOMNEPEYHOMNO/IOCATBIE MbILLLbI

CTpoeHue MonepeyHOnosocaTbiX MbIWL, Ha Pa3/IMYHbIX YPOBHAX
MOXHO MNPeLCTaBUTb CXemMatuyeckun (puc. 2.22). MbliiLbl COCTOAT 13
OTAEeNbHbIX LWINHAPUYECKUX MHOMOSEPHbIX KNeTOK WK, Kak yallle
BCEr0 VX Ha3blBatOT, BOSIOKOH, KOTOPbIE 3aK/HOYeHbl B 06LLEM COeAU-
HUTENbHOTKAaHHOM (hyTnspe. MonepeyHononocaTble Mbilltbl 06bI4YHO
HaYMHAKTCA OT CYXOXWUNSA UK OT APYroi COeJMHUTENIbHOW TKaHN Ha
OAHOM KOCTW W 3aKaH4MBaKOTCA
B CYXOXWIMM WAN B COEAUHMU-
TeNbHOW TKaHW Ha Jpyroun Koc-
TW. B HEKOTOpbIX MbILLILAX Ha-
npas/fieHNe BCex BOJIOKOH na-
paNNesibHo [I/IMHHON OCK MbiLu-
Libl —napan/enbHO-BOMOKHUCThIN
Tvn. B gpyrux mbiwiax OHU
pacnofoXXeHbl KOCO, MpuKpen-
NASICb C OHOW CTOPOHbI K LLEHT-
PIbHOMY CYXOXMW/IbHOMY TSXY,
a C Jpyro — K Hapy>HOMY
CYX0XuNibHOMY (pyTnapy. Takoe
CTPOEHMe HanoMWHaeT Ha Npo-
[LONbHOM Cpe3e MbILWLbl Mepo
NTULLI —NEPUCTLIA 1M nony-
NepucTbliA Tun. MblleYHble BO-
NIOKHa B MbILLILE TeCHO npuse-
raloT Apyr K Apyry, T.e. OHM
paboTatoT napannensHo Apyr
apyry. AunameTp BO/IOKOH NoO-
nepeyHonosnocarbix MblllL, Ba-
poupyet ot 5 go 100 mkm, a
LNMHA Y KPYMHBIX >KUBOTHBIX
6onee 10cm. HeobblYHble UX
pa3mepbl U CTPOEHME 06BSACHS-
IOTCA TeMm, YTO MblLLIEYHbIE BO-
NIOKHA BO3HUKAKT M3 OTAEeNb-
HbIX KEeTOK —Mu06/1acToB, C/n-
BAKOLLMXCA B MUOTPY6OUKM, KO-
TOpble, B CBOO o4epeslp, Andde-
peHuupytoTca ¢ 0b6pasoBaHUeM
MHOTOSIJEPHBbIX, OKPYXEHHbIX
06LLeli MeMOpPaHOM MbILLIEYHbIX
BOJIOKOH. Kaxkgoe MbllleyHoe
BOJIOKHO COCTOUT M3 MHOXECT-
Puc. 2.22. CTpoeHue nornepe4yHOMNonocaTbIxX Ba rapasinesibHo PacroioxkeH-
MbILLL, HA Pa3NMYHbIX YpoBHSX opraHmsaumm  HbIX Cy6beAVIHI/IL|,—MI/IO(bVI6pI/Iﬂﬂ,

MNepucToe

MU1o3nHOBbIE hrNaMeHT bl

Monekyna mMnosnHa
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Puc. 2.23. Cxema ynbTpacTpyKTypHOIi opraHu-
3aUMM y4acTKa MbILLEYHOr0 BOMIOKHA MOMepeyHo-
nonocaTol MbILLLbI:

| —nonepeyHaa [-Tpybouka; 2 —ycTbe /Tpy6ou-
Ku; /| —OOKOBas LMCTepHa CapKomnnasMaTuyeckoro
peTUKynyma; 4— HapyXHas MembpaHa MblLLIEYHOTO
BOMOKHA; 5—{eHecTpupoBaHHas My(Ta capko-
nnasmMaTUyecKoro peTukynyma; 6—npofonbHble ane-
MEHTbI CapKomM/a3MaTnyeckoro peTukynyma

BK/IOYAKOLWMX B CebA MOBTOPSAO-

uecs B MPOAONbHOM Hanpasne-

HUWU 6/I0OKM — CapKOMepbl, OTAEe/eH-

Hble ApYyr OT gpyra Z-njactuHKamu.

CapkomMep MUOpUOPUNIIbI NPesCcTas-

nAeT 060 (PYHKLMOHANBHYIO eau-

HULY NOrMepevyHononocaTol Mbill-

Lbl. Munogunbpunnbl OTAENBHOrO Mbl-

LLIeYHOr0 BOJIOKHA CBA3aHbl TaKUM 06pa3oM, YTO PacrosioxeHue cap-
KOMepoB coBnafaeT (CM. puc. 2.22), 1 3T0 CO3JaeT KapTUHY Mnorepey-
HOWM «M0a0caToCTW» NOJ CBETOBLIM MMKpockonom. OTcloga 1 HasBa-
HME 3TUX MbILWL, — «MNOMNEPEYHOMN0N0CaTbIE.

UpesBblyaliHO LeHHble [aHHble 0 TOHKOW CTPYKType MonepeyvyHo-
MonocaTbiX MblLLL, 6bIN NOMYYeHbl C UCNOb30BAHWEM 3/1EKTPOHHON
MUKPOCKOMMMU. Ha 3M1eKTPOHHbIX CHUMKAaX BUAHO, YTO Z-NiacTUHKa
COLlEPXMWT a-aKTUH —OAWH U3 6eNKOoB, KOTOPbIA OOHapy>eH Yy BCex
KNeTokK, 06najatolmx noaBMKHOCTbIO. B 060ux HanpasneHusx oT
Z-NNacTUHKN TAHYTCA MHOTOUYMUC/IEHHbIE TOHKNE HUTK ((PUnaMeHTbl),
COCTOALLME TN1aBHbIM 06pa3oM 13 6eika akTUHa. OHWM KOHTaKTUPYHOT C
TONCTBIMA HUTAMW, COCTOAWMMMK U3 6enka Muo3nHa. MMO3UHOBbIE
(hmnameHTbl 06pa3ytoT Hanmbonee NAOTHYH YacTb capkomepa —/1-ancK
(B CBETOBOM MMWKPOCKOME OH BbIMNAANT TEMHOW mnonocoi). Bonee
CBET/IbIi YHaCTOK B LieHTpe /1-aucka HasblBatoT //-30HON. B cepeanHe
#-30Hbl HaxoguTcA J1/-nHuA, B 061acTM KOTOPOW /10Ka/M30BaHbI
(hepMeHTbI, UrparLive BaXHYI pO/ib B 3HEPreTMYeCKOM MeTabonns-
Me. 1o nepumeTpy KaXzoin MUO(UOPUNbI Ha YPOBHE Z-NNaCTUHKM
NOeT OKPY>XeHHas MeMbOpaHol nonepeyHas Tpybouka ([IM-Tpy6ouka)
AnameTpom okoso 0,1 mkm (puc. 2.23). OHa pa3BeTBNSETCA TaKMM 06-
pasoM, YTO COeAMHSAETCA C aHaNIOMMYHbIMU TPY60UKamu, OKPY>KaroLu-
MU cocefjHVie MMOMOPUNIIbI Ha TOM Xe caMOM ypoBHe. CucTeMa pas-
BETB/IEHHbIX TPY6OYeK B KOHEYHOM CYeTe AOCTUraeT MOBEpXHOCTU
Hapy>XHO MeMOpaHbl MbILLEYHOr0 BO/IOKHA, Tfe C Heil coefnHseTcs,
npuyeM ycTbe TPY6OUKM OTKPbIBAETCS BO BHEK/IETOYHOE NPOCTPaHCTBO
B 06nacTu r-odpaBHoro BnsaunBaHmMs MemM6paHbl MbILLEYHOIO BOJIOK-
Ha. B fononHeHne K cucteme I-Tpy6oyek B MbILLLAX ECTb €eLle OAHa
cucTeMa, MoJyyMBLIAsA Ha3BaHWE CapKonnasMaTU4ecKoro peTuKynyMa.
OHa 06BONakMBaeT NOAOGHO MOMIOA MaHXKETe OTAEMbHO KaXAyH MUO-
thnbpunny oT OAHON Z-NNacTUHKKW A0 Apyroi (cm. puc. 2.23). Capko-
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ronoskKa

Nerkuit
\ | Mepomuo3uH MepOMMUO3NH'

\ r

Puc. 2.24. Cxema ynbTpacTpyKTYpHOA opraHusauum M1o-
ubpnnn:

A —npofonbHbI 1 £ —nonepeyHblil cpesbl Yepes MUoduo-
punny; £ —aKTUHOBbIW (TOHKWUIA) KUNaMeHT; /m—cxema mo-
NeKyNbl MWO3UHA; [l —CXxema pacnonoXeHUs NonepeyHbIX
MOCTMKOB Ha TOACTOM (hnnameHTe; 7—CBeTNbIA Anck; A —
TEMHbI AUCK; Z —NNacTUHKa; 1 —CpefHAs 30Ha

NNa3MaTUYeCcKnin PeTUKYYM, OKPYXKAIOLLWIA KaXAblA OTAENbHbIA cap-
KOMep, COCTOUT M3 OrpaHNYeHHOro MeMopaHoi 06bemMa, OTAENEeHHOro
OT BHYTPUKNETOYHON Cpefibl MbILLEYHOTO BOMIOKHA (Muonnasmbl). KoH-
LIeBble LMCTEPHbI CapKoniasMaTuyeckoro peTukynyma BCTynatoT B Tec-
HbIA KOHTaKT ¢ [M-Tpy0O0UKOI 1 Kak Obl CLABNMNBAIOT ee MeXy CO60i, HO
MX NONOCTU He coeguHATCA (CM. puc. 2.23). MembpaHa MbILLEYHOrO
BO/IOKHa —N/ja3MajemMmMa CX0f4Ha No CBOeMy CTPOEHUIO C HEPBHOM MeM-
6paHoii. Ee 0C06EHHOCTb COCTOMT B TOM, UTO OHa AaeT PerynsipHbIe BNs-
ymBaHua (Tpyokm grameTpoM 50 HM) NpUbIM3UTENBHO HA YPOBHE rpa-
HULbI A- 1 /-ANCKOB, Kyda OTKpbIBalOTCA -Tpy60UKM.
YnbTpacTpyKTypa (viameHToB. Ha nonepeyHom cpese /-4UCKOB
BUAHbI TOMbKO aKTWHOBbIE (hMN1IAMEHTbl, a Ha MOonepe4yHoOM cpese
A-30Hbl —TO/IbKO MUO3MHOBbIE. B TO e BpeMsi Ha y4YacTKe B3aMMHO-
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ro NepekpbiBaHUA KaXAbIA MUO3UHOBbLINA (DUNIAMEHT OKPY>KEH LUECTbHO
aKTUHOBBLIMU (TOHKUMUW) prnameHTamu (puc. 2.24).

AKTUHOBbIA (DMNaMEHT M0 CBOEMY CTPOEHWIO HanoMWHaeT [Be
HUTKWN BYyC, NepekpyYeHHble B ABOWHYI0 cnupanb (puc. 2.24). Kax-
fas bycuHKa —3TO MOHOMepHas Mosiekyna (7-akTvHa. Monekynbl
C-aKTWHa, nofmmepusyscb, 06pasytoT AJIMHHYIO [BOWHYK Cnupanb
F-akTMHa. AKTUHOBbIE ()MIAMEHTBI UMEIOT ANHY 1MKM 1 gnameTp
8 HM ¥ NpUKpensfgTCAa OLHUM KOHLOM K KOMMOHEeHTam, o0bpasyto-
W1M Z-NMHNI0. B NpogonbHbiX 60po34Kax akTMHOBOMW crivpanu ne-
XaT HUTEeBUAHblEe MONeKy bl 6enka TponoMunosnHa. K Kaxzgom mone-
Ky/ie TPOMOMMO3WMHA MPUKPerNIeH KOMMIEKC MOJEKYN rNooynspHbIX
6enKoB, MOMYYNBLUMX Ha3BaHWNE «TPOMOHWUHBI». TPOMOHWHOBbLIE KOM-
MNEeKCbl COfepXar BbICTYMNbl BAO/b aKTUHOBOTO uiaMeHTa ¢ NHTep-
Ba/JIOM 0K0/10 40 HM.

MWO3MHOBbLIV (unameHT (CM. puc. 2.24) obpasyeT npu noavmMepu-
3aUyM MOHOMEPbI A/IMHOW 0KoNo 150 HM U AnameTpoM 2 HM. Ha of-
HOM KOHLe MWMO3MHOBBLIX MOJIEKYN 06pasyeTcs ABOMHasA rnobynspHas
ronoska. JnHHas TOHKas 4acTb MOJEKY bl COCTOUT W3 ABYX NenTuj-
HbIX Liernen, 3aKpy4YeHHbIX OTHOCUTE/IbHO APYr Apyra Ha BCeM MpoTs-
XXEHUWN 1 NoJpa3feNnstoLmxXcs Ha LWelKy n XBocT. MoHomMepbl cobupa-
OTCA B (DUIAMEHT TaK, YTO MX FOI0BKMW, MOMy4YMBLLME Ha3BaHVE MOC-
TUKOB, BbLICTYMNaKOT Ha MOBEPXHOCTM (UNaMeHTa K pacrosiararTcs
BLO/Ib €r0 OCU B BUAE ABYXHUTYATON cnuvpann. PaccTosHue Mexay Co-
CefHMMM MOCTMKaMM BLO/b OCU CNUpany 0KONO 14 Hm, a yron ux cme-
LeHna BOKPYr (unameHTa 120"

2.2.2. TEOPWUSA CKOJIbXEHUA HUTEN

BbINo yCcTaHOBNEHO, YTO CapKOMepbl M3MEHAKT CBOK AJIMHY Mpu
COKpALLEHNN NN PacTAXeHUM Mblwubl. Mpyn 3TOM WwWnprHa [-41MCcKoB
B 000MX C/lyyasax He MeHseTcA. B T0 ke BpeMs Npu YKOPOUEHUUN MbiLU-
Ubl /-OUCKN 1 //-30Ha CTaHOBATCA Gonee y3KUMK U, HaobopoT, npu
PaCTXKEHUN pacLnPATCH. DNeKTPOHHO-MUKPOCKOMUYECKNE UC-
Cfef0BaHNA CTPYKTYpPbl CapKoMepa Mpyv YKOPOYEHUM U pacTaxe-
HUN MbIWLbl 06HAPYXUNN, YTO MUO3UHOBbIE ([-AMCK) U aKTUHO-
Bble (/-ANCK) (DUNaMEHTbI HE U3MEHSIOT CBOEW AJIMHbI MpU U3MeHe-
HUW MPOTSXKEHHOCTU capkomepa (puc. 2.25). Mepraetca Mnilb Wnpu-
Ha Yy4yacTKa B3aMMHOTO MepeKpbIBaHWA aKTWHOBbLIX W MWO3MHOBbIX
KOMMOHEHTOB. 3TU (haKTbl Ner B OCHOBY TEOPUM, OOBACHAOLLEN
MbILLEYHOE COKpalleHue, NpeasiokeHHOW B Havane 50-x rogos XX B.
X. Xakcnm n A, Xakcnm —Teoprmn CKOMNbXeHWs HUTer. CornacHo aaH-
HOW TeopuM YKOpOUeHve capkoMepa, a CiefloBaTe/IbHO, U MbILLIEYHOrO
BO/IOKHA B MOMEHT COKpALLLEHNSA NMPOUCXOANT 6rarofaps CKOMbXKEHNIO
TOHKUX (aKTWHOBbLIX) HUTEA OTHOCUTENbHO TOMCTbIX (MUO3UHOBBLIX).
YKopoueHve 3aKaH4MBaeTCs, Korfa akTMHOBble (MNamMeHTbl MaKCu-
Ma/lbHO BTATMBAKOTCA MO HarpasneHuto K ueHTpy A-aucka. Mpu pac-
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Puc. 2.25. T'vnoTtesa CKONb3ALWMUX HUTEIA:

J1— B3aMMOOTHOLUEHUA MUO(MNAMEHTOB B MpOLEcCe YKOPOUYEHUs [BYX CapKOMepoB;

B — mMogenb yHKLMOHMPOBaHWS NOMEPeYHOro MOCTHKA, COrlacHO KOTOPOW Ha MUO3WHO-

BOIi rofoBKe MMeeTcs 4 LieHTpa CBA3bIBaHWUSA. ITW LeHTpbl oT M, Ao J¥4 nocnepoBaTenbHO

(cneBa HanpaB0) B3aMMOLEWCTBYIOT C LIeHTPaMUM aKTUHOBOrO hunameHTa; [J—o6Las cxema
LmKna paboTbl NOMepeyHoOro MoCTMKa

cnabneHnn Mblwbl 061aCTb B3aUMHOIO MePEKPbITUA (PUaMEHTOB
yMeHbLUuaeTcs. CKONbXeHWe (uiameHTOB OTHOCUTENIbHO Apyr Apyra
MPOUCXOAUT MOZ LENCTBMEM CWUAbI, KOTOpPas BO3HWKAeT nNpw nocne-
[0BaTe/IbHOM CBA3bIBAHUWM HECKOJ/IbKUX LLEHTPOB MUO3MHOBOW rO-
NOBKW C OnpefeneHHbIMWA y4yacTKaMuW Ha aKTUHOBbLIX (hMnameHTax.
MexaHun3M COKpalleHns COCTOUT B NnepemMeLleHnn (NpoTAarvBaHum)
aKTMHOBbIX HUTelW BLO/MIb MUO3MHOBBLIX K LIEHTPY capkomepa 3a cueT
«TPEeBHbIX» [BMXEHWW TFONI0BOK MWO3UHA, MEPUOAMYECKU MPUKper-
NAOLINXCA K aKTUHOBBIM (PUiaMeHTaM, T. €. 3a CYET MOMepeyHbIX ak-
TOMUO3UHOBLIX MOCTUKOB. AMNANTYAA ABMXXEHUI COCTaBNAET OKOJIO
20 HMm, a yacTtoTa —5...50 Kon/c. Kaxablii MOCTUK TO COEAUHSIETCS W
FAHET HWUTb, TO OTCOELAVHACTCH U XAET «YC/MOBUIA» ANS HOBOro Npu-
KpenneHus. TOCKO/IbKY OrpOMHOEe KO/MMYeCTBO MOCTMKOB paboTaeTt
HECMHXPOHHO, MX 06Lias «Tara» B pe3ynibTaTe OKa3blBaeTCA paBHO-
MEpPHOI BO BPEMEHMN.

CornacHo MMeRLMMCS 3KCMEPUMEHTA/IbHbIM AaHHbIM MexaHu3Mm
LIAQ HHOCT/ pab0Tbl MMO3MHOBLIX MOCTUKOB MPeACTaB/seTcs crefy-
fowmmM 06pa3oM. B nokoswelica Mblllle MOCTUK 06nafaeT onpeje-
NEHHON 3Heprvien, 3anaceHHoli B pesysbTate (POCHOPUNNPOBAHUSA MU~
03VHa, HO OH HEe MOXEeT COeAMHWUTLCA C aKTMHOBOW Cnupanbio, Mo-
CKO/NIbKY MeXZy HUMM B NPOAOJIbHbIX 60p03AKax Cnupany HaxoaAaTcs
HWUTK Gefika TPOMOMMO3UHA C rN00YNo TpornoHUHa. Tpy BO36YXae-
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HWV MbILWLbl BO BHYTPVKIETOYHOM NPOCTPAHCTBE YBE/NYMBAETCSH KOH-
LieHTpauus NOHOB KanbLmnd, KOTOPbIY B NpucyTcTBun AT® Bbi3biBaeT
N3MeHeHWs B KOH(hopMaL My TPOMOHMHA, B pe3y/ibTaTe Yero CMeLlaeT-
CA HUTb TPOMOMMKO3MHA W TO/I0BKA MUO3MHA MOy4aeT BO3MOXHOCTb
COeAMHUTLCA C aKTUHOM. COefiiHEHWE TO/T0BKN (HOCHOPUIMPOBAHHO-
ro MMO3MHA C aKTUHOM MPUBOANT K CrbaHmto rofioBKMA 1 nepemeLLe-
HUK0 HUTW aKTMHA Ha oAuH wwar (20 HM) € nocnefyoWwum paspbiBOM
MOCTMKa. DHEPrU0 Ha TaKOW eAMHUYHbIN aKT faeT pa3pbiB Makpo-
3prnyeckoi octaTHOM CBSA3U, BKAOUEHHON (POCHOPUNAKTOMUO-
3MHOM. 3aTeM MPOUCXOAUT YMEHbLUEHWNE NIOKa/IbHOM KOHLEeHTpaumm
NOHOB Kanbuus Mby,qaneHme NX OT TPOMOHMHOBOIO KOMMekca. Tpo-
NMOMWO3MH CHOBa BGNIOKUPYeT aKTWH, a MMO3UH, B CBOKO o4vepesb, (hoc-
(hopunupyetca 3a cyeT AT®. 3aecb BXXHO OTMeTUTb, 4To AT® Haps-
Ay CO CHabGXeHMem 3Hepruei cuctembl Ans ee dabHemLlien paboTsl
CNoCco6CTBYET BPEMEHHOMY Pa306LLeHNI0 HUTEW W [enaeT BO3MOX-
HbIM PacTsXXeHWe MbILWLbl NOJ BAUSHUEM BHELIHUX cun. Tpu mcues-
HOoBeHUN AT® M3 MMONNa3mbl pasBMBaETCA HEMPEpPbIBHOE COKpaLlle-
H/e —KOHTpaKTypa.

2.2.3. 3JIEKTPOMEXAHVNYECKOE CKOJIbXXEHVE

PaHee Mbl BbISCHUWN, KaK MepefaeTcs 3MeKTpuyeckoe BO36Yxae-
HVe C HEPBHOIO BO/IOKHA Ha MbILLYy. Tenepb, Noc/ne Toro Kak noapo6-
HO pa3obpann paboTy COKPaTUTE/ILHOTO annapara MbilLbl, 06beim-
HMM 3TK npouecchl, J06aBMB HEOOXOAMMbIE 3BEHbSA. VTaK, nosBieHne
noTeHuMana AencTBna Ha OKOHYaHMSAX aKCOHa Bbi3blBaeT 0CBOBGOXe-
HVe MefmaTopa —aueTUIX0NNHA. B KOHLEeBOW NAacTUHKE MbILLEYHOW
MeM6paHbl 3TO MPUBOANT K OTKPLITUIO MOHHBLIX KaHaNoB, Yepe3 KOTo-
pble TEYET TOK, AeNONApU3yoLWMin MemopaHy B 06nactu cumHanca. [fa-
Nee NoKasibHble BETBW TOKA BbI3bIBAKOT reHepaLuio Mo 3aKoHY «BCe UK
HMYEero» noTeHuUMana AencTBns B NOBEPXHOCTHON MeMbOpaHe MblLUey-
HOro BONOKHa. [MoTeHuman feiicTBUSA pacnpocTpaHseTcs B 06e CTOpo-
Hbl OT KOHLEBOM MNaCTUHKM, 3aXBaTblBas BCHO MeMOpaHy MbILLIEYHOTO
BO/IOKHa. MbILLEYHOE COKpaLlleHWe, Bbi3BaHHOE reHepaumen noTeHuu-
;LA AeiACTBUA, TaKKe MPOUCXOAUT MO 3aKOHY «BCE WU HUYEro».

BmecTe ¢ Tem Gonee fieTalbHble OMbITbl MO U3YYEHUIO BANAHUS fie-
nonsapu3aLun Ha ycuime, pa3BMBaeMOe MbiLULIeM BO BPeMs COKpalLle-
HWS, MOKa3aau, YTo OHO rpagyanbHo (NOCTENEeHHO) M3MeHseTcs B 3a-
BMCMMOCTU OT aMI'IfIVI?/,D,bI fenonspusaumn (puc. 2.26). Oenonspuasa-
LMIO MbILIEYHON MeMbpaHbl Bbi3blBan, NOBbILLAA BO BHELUHEN cpeae
KOHLEHTPpaLMi0 MOHOB KaiMs C OLHOBPEMEHHbIM YMEHbLUEHVWEM Ha
TaKyto XKe Be/IMUYNHY MOHOB HaTpus. BO3MOXHOCTb BbI3BATH AEMNONApU-
3auMt0 MblLLEYHOV MeMbpaHbl Takum 06pa3oM Mbl 06CYXaanu B pasge-
Ne Npu BbIBOAE YpaBHeHNS HepHcTa. B aTMX ycnoBusX reHepauyms no-
TeHUMana AencTBus, T. . HEKOHTPO/IMPYEMOrO U3MEHeHUs MeMbpaH-
HOro noTeHuMana, UckYanacb. OKa3anocb, YTO B OTBET Ha BO3Leii-
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Puc. 2.26. 3aBUCMMOCTb Mexay membpaH-
HbIM MOTEHLMANIOM U YCWU/IMEM, pa3BuBae-
MbIM MblLLeld. CTeneHb fenonspusaymmn
MeM6paHbl B 3aBUCUMOCTU OT BHEK/ETOY-
HOW KOHLeHTpauun xnopuga Kanus

CTBMSI PacTBOPOB C MOBbLILIEHHON KOHLEHTpauueli NOHOB Kaius Mbl-
LIeYHble BOJIOKHA pearvpyroT KpaTKOBpPeMeHHbIM COKpalleHueM. Bo
BpeMS 4enonspusaumm yCUnmna Mbllilbl HAYMHAKOT pacTu npyu memo-
paHHOM noTeHumane —60 MB (MexaHuueckuini nopor) (cm. puc. 2.26).
OTMeTUM, YTO MOTEHUMaN NOKOA MbILEYHOro BO/IOKHA COCTaB/seT
—90 mB. [OanbHeiwan genonspusaums BefeT K YBEINYEHUIO Mbl-
LLIEeYHOro YyCUIns, JOCTUTaloLWEero CBOEro MakCMmManbHOro 3HaueHums
npu MemMOpaHHOM noTeHuMane okono —25 MB. IHTepecHO CpaBHUTH
9TW [aHHble C U3MEHEHUEM MeMOpaHHOro MOTeHLKMana MbILeYHOro
BOJIOKHA MpwW reHepaunn noTeHumana AeicTeus. MI3BecTHO, YTO BO
BpeMs reHepaumu noTeHumana LelACTBUA MeMOpaHHbIA NoTeHunan
n3meHsetrca ot yposHa —90 mB (noteHuyman nokos) fo +50 mB
(MakcMManbHaa amnanTyga noTeHyuana gencTems); obwas amnam-
Tyfa noTeHuuana aeictems 140 mB. Takum 06pasom, moTeHuuan
fencTeua npesbiwaet Ha 75 MB [50 mB — (—25 MB)] Bennuuny ge-
nonfpusaunm, HeobXoAVMMYK NS Pa3BUTUSA MAKCMManbHOro Yycu-
nums. Ha 0CHOBaHMM 3TUX AaHHbIX MOXHO CfenaTb BaXHbI BbIBOA,
4TO YKOpOoYeHue (COKpalleHue) MbilWLbl MO CBOEM NPUPOLE ABNSET-
CA rpagyanbHbIM MPOLECCOM, HO B CUY TOTO YTO reHepauuns noTeH-
unana AeiCTBUS MbILLIEYHOIO BOJIOKHA NPOMCXOAUT MO 3aKOHY «BCE
NI HAYEro», TO M COKpallleHNe MbILEeYHOro BO/IOKHA NOAYMHAETCH
3TOMY 3aKOHY. MeM6paHHbIl NoTeHUMan B HOPMasibHbIX YCNOBUSAX
BO BpeMs reHepauuy noTeHuunana gencTemna Bcerga npesblilaeT ypo-
BeHb [enonspusauum, obecneunBatomii MakCMMaibHOe COKpalleHue
MbILLEYHOr0 BOJIOKHA.

HeobxoguMbIM yCcnoBueMm NS MEePefBUKEHUS aKTUHOBOW HUTK
BLO/Ib MMO3VMHOBOW ABNSETCA HA/IMYME NOHOB KanbLms. [JeidcTBUTENb-
HO, reHepaums noTeHumana AeliCTBUS CONPOBOXAAETCA YBe/MUYEHNEM
KOHUEHTpaUnmMm WMOHOB KalbLUs BO BHYTPUKIETOYHOM MPOCTPaHCTBE
MbILLIEYHOrO BOJIOKHA. DTO OYEHb HarNg4HO AEMOHCTPUPYIOT OMbIThbl C
6e/KOM CBETALLUMXCA Mefy3 — 3KBOPWMHOM, pearvpyrowum Ha MoBbl-
LUeHMEe KOHLEeHTpaLuuMM WOHOB KajibLMA CBeyeHWeM. Ecnu 3KBOPUH
BBECTW BHYTPb MbILLIEYHOrO BO/IOKHA, TO BO BPeMs COKpaLLeHUs peru-
CTPVpYyeTCA BCMbILLKA CBEYeHUs. BO3HMKaeT BOMpoC; OTKyAa MOryT Mo-
CTynaTb WMOHbI Ka/ibuua B uutoniasMy (Muoniasmy) MbILLIEYHOrO BO-
NOKHa? OfHUM 13 BO3MOXHbIX NMyTei MOXET ObITb MOCTYMN/IEHNE NOHOB
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KafbLMs 13 BHELLHEN cpefbl Yepe3 Hapy>XHYH MeMobpaHy K MUOguo-
puinam BO BpeMs reHepauuy noTeHumnana AencTBus, NOCKObKY UMe-
OTCS AaHHbIE, YTO BO BPeMS BO3HWKHOBEHMS MOTEHLMana KOHLEBOM
NNaCTUHKM 1 NOTeHUMana AeicTBruA B HEOONbLUON CTerneHn yBenyu-
BaeTCA NPOHULLAEMOCTb MeMbpaHbl 419 MOHOB Kanbuus. OfHako pac-
yeTbl MOKasa/n, YTO CKOPOCTb ANM®MY3NN MOHOB WX MONEKYN OT
MOBEPXHOCTN MeMOpaHbl K LeHTPY MbILEYHOr0 BOJIOKHA PagnycoMm
25...50 MKM B HECKO/bKO AECATKOB pa3 HVKe TOW CKOpPOCTW, KoTopast
AOKHA ObITb, CYAS MO Pa3HULE BO BPEMEHN (2 MC) MeX[ly MosiBlEHNEM
noTeHUnana AencTBna M akTiiBalmeln MblleYHbIX Guopunn. OaHako
OCHOBHOW MCTOYHWK MOHOB Ka/ibLiA HAXOAWUTCA BHYTPU MbILLEYHOIO
BOJIOKHA, PSAOM C MUOPUbpuniaMmn. TakuMm BHYTPUKIETOUHBLIM Leno
OKasa/icA capKomnaasmaTuyeckuii peTukynym. B cBA3W C 3TUM BO3HU-
KaeT BOMPOC O MexaHu3max O0CBOOOX[EHWA WOHOB KanbUWsA M3 cap-
KOMa3maTnyecKoro peTuKy/nyMa BO Bpems reHepaumu noTeHumana
[eicTBUA N COKpaLleHNs MbILLEYHOTO BOJIOKHA.

CTpoeHue 1 pa3mepbl NOMEPeYHOMNO/OCATbIX MbILLIEYHbIX BOJIOKOH UC-
K/IHOYatOT BbIXOZA WMOHOB Ka/bLUMsi U3 KaKUX-IMOO BHYTPUKIIETOUHbIX
CTPYKTYP, U B TOM YKC/IE U3 CAPKOMN/Ia3MaTUYeCcKoro peTukynyma, Hemno-
CPefCTBEHHO Mof AeicTBreM MoTeHumana geictems. Mpamoe usnyec-
KOe BO3[eiCTBMe Pa3HOCTM MOTEHLMAN0B Yepe3 NOBEPXHOCTHYHO MeMbpa-
HY CMOCOGHO PacnpocTpaHATLCA MaKCUMalbHO Ha 40N MUNTIMMUKPOHA
B I/lyOb MbILLEYHOrO BO/IOKHA. TeM He MeHee NoTeHUuan AeicTBUSA BCe
)Ke NPOHMKAET B rNyOb MbILLEYHOIO BOJIOKHA U BbI3bIBaET OCBOBOXAEHVE
MOHOB Ka/lbLis 13 CapKonia3mMaTuyeckoro peTukynyma 6iarogaps cuc-
Teme [-Tpy6oyek. Okasanock, UTo M-Tpy6OUKM CNOCOOHBI BO3DYXATHCS
NOTEHLUMA/IOM [AeNCTBUA, BO3HMKAIOLWIMM B MOBEPXHOCTHOW MeMbpaHe
MbILLEYHOr0 BOJIOKHA, M reHepupoBaTb CBOW MOTEHUMan LencTBus, Ko-
TOPbIA PacrnpocTpaHsAeTcs BHYTPb MbILLEYHOrO BO/IOKHA. PaHee roBopu-
nocb (cMm. puc. 2.23), 4yto T-TPyBOUKM CXKaTbl KOHLEBLIMU LMCTEPHAMU
capKornnasmMaTnyeckoro petvkynyma. MNpw genonapusauum MemopaHbl
[-Tpy6oueK, HaxoaALLMXCA B 06/1aCTV KOHLEBbIX LIUCTEPH capKoniasma-
TUYECKOr0 PeTUKYNyMa, CUrHan LOCTaBnseTca K ero memopaHe ¢ NomMo-
LU0 NOCPeAHNKA, KOTOPbIA 0CBOGOXAAETCA M3 MeMOpaHbl I-Tpy6ouek.
ATOT XMMUYECKUIA NocpefHUK (MHO3uTON-1, 4, 5-TpudoctaTt) Bbi3biBaeT
OTKPbITUE Ka/lbLMEBbIX KaHasioB B MeMbpaHe CapKoniasMaTuyeckoro
peTUKyNymMa U 0CBOOOX/eHWe 3anaceHHbIX TaM MOHOB KanbLus. KOH-
LieHTpaLms cBOOOAHLIX MOHOB Ka/lbLyA B MUOMNJIa3Me YBEMYMBAETCS B
10 pa3. Kanbumii, COeaUHASACL C TPOMOHMHOM, BbI3blBaeT B MOJIEKY/E
aToro 6enka KOHMOPMaLMOHHbIE U3MEHEHWS, B pesy/ibTaTe Yero ycTpa-
HAKOTCA NPENATCTBUA AN NPUCOEAVHEHNUSA MOMepPeyYHbIX MOCTMKOB K
aKTMHOBbLIM (puaMeHTaM M NepeMeLleHns HUTU aKTWHa Ha OAWH Luar.
3aTem MpoUCXOAUT (hepMeHTaTVBHOE paspyLUeHue NOCpefHUKa U Kaslb-
LiMeBble KaHalbl 3aKpbIBaOTCA. [lasiee C NOMOLLLbIO aKTUBHOIO TPaHCMop-
Ta (Ca’M"-Hacoca) Bblllefluve U3 CapKonaasmMaTuyeckoro petukynyma
MOHbI KaNbLWs BO3BPALLAKOTCSA Ha MPeXXHee MeCTo. Heprus Ans paboTsl
Ca" -Hacoca obecrieumBaeTcsa pacnagom ATO.
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Pewatowas ponb I-Tpy6ouek B MpoLecce COMPSXKeHUs aKTuBa-
UMM CapKOMEpPOB C fenonspusalmein NOBePXHOCTHOW MeMbpaHbl Obiia
NPoAEeMOHCTPMPOBAHA B OMbITax C OTPbIBOM [-Tpy60oueK OT noBepx-
HOCTHOI MeMb6paHbl NPy OCMOTMYECKOM LLIOKE, KOTOPbIA CO3aaBasics
BBefeHneM 50%-Horo rauuepurHa. Kak To/bKO-TPyOoUKM OTAENsInCh
OT NOBEPXHOCTU MemOpaHbl, COKpaTUTe/IbHas peakunsi MbllLbl Ucye-
3aa. Mpu 3TOM NOTeHLMan AencTsus B M-TpybouKax Takxe ncHesar, B
TO BPeM$ KaK NnoTeHLman AeNCTBUSA B HApY>KHOM MembpaHe MbllleYHo-
ro BO/IOKHA MOJTHOCTLIO COXPaHA/CA.

2.2.4. MEXAHVKA MbIWLbI

MHoOrne mexaHu4ecKve XapakTepuCTUKM COKPaLLaIOLLEACH MbILLLbI
OblNIN M3YYeHbl B MEPBOI NOM0BMHE XX B., 1O TOr0 KakK CTana NOHATHA
CYLJHOCTb CamMOro npoLecca COKpalleHMsi Ha CY6KIEeTOYHOM YPOBHE.
PaccmMOTpUM 3TU CTaBLUME K/1AaCCUYECKUMW [aHHble C TOUYKW 3peHus
COBPEMEHHbIX 3HaHWI 0 NEXaLMX B UX OCHOBE MeEXaHM3Max.

CokpalleH1e MblWLbl MOXET MPOUCXOAUTb B [BYX pPeXumax: 130-
TOHUYECKOM N M30METPUYECKOM. B M30TOHMYECKOM peXkuMe MblllLa
YyKOpauMBaeTCcs Npu HEM3MEHHOM BHYTPEHHEM HanpsHXKeHWM, YT, Ha-
npumMep, 6biBaeT Npy HEBONLLUOKW BEIMYMHE MNOAHMMAEMOrO Fpy3a un
COKpaLleHMN MbllLbl 6e3 rpy3a. B aToM cny4yae cokpalleHne OLeHU-
BalOT B eAMHULAX ANVHbI. [1py N30MEeTPUYECKOM PEXKUME ANNHA MblLL-
Libl He MEHSIETCS, a Pa3BMBAETCS BHYTPEHHEE HAMPSHKEHWE, UTO ObiBaeT
MpY Harpyske Mbillbl HENOALEMHBIM FPY30M. XOTA B 3TOM Pexume
3aMeTHOr0 BHELLUHEro YKOPOYeHUs HeT, Hebo/bLlOe BHYTPEHHEe YKO-
poyeHMe Bce-Taku npomcxoaut. OHO MOSBASETCA 3a CYET pacTAruea-
HUA BHYTPW- W BHEKNETOYHbIX YNPYrMX KOMMOHEHTOB, TaKuUX, Kak
TOHKME TSHKM MOMepeyHbIX MOCTUKOB U COeANHUTENBbHOM TKaHu, pac-
nonararoLmMxcsa NocneAoBaTe/lbHO C MbILLEYHbIMU BOIOKHaMKU. Cokpa-
LeHVEe NPU N30METPUYECKOM PEXMME OLIEHUBAOT B eAUHMLAX CUNBbI.
HeobxoAMMO yka3aTb Ha OAHO Ype3BblYaliHO B&XXHOE MOJIOKEHME O
pacnpegeneHnn HanpshkeHWs B Mblwe. Ero cmMbicn cocTouT B TOM,
4TO NPY LAHHOW Harpyske HanpsyKeHve B HO60M 3/1eMeHTe IMHENRHO-
ro paga (Hanpumep, B O4HOM 3BeHE LIeNu) paBHO HaMpsHXKeHWUo, pas-
BMBAaEMOMY B KaXK[JOM M3 OCTa/lbHbIX 3/IEMEHTOB 3TOr0 psga. AT0 No-
NOXEHMe CrpaBefNBO Kak A5 aKTUBHOIO Hanps>XeHWs, Bbl3blBaeMO-
roO COKpalleHVeM, TaK W 415 MacCUBHOMO HamnpsPKeHUs, 06yCNOBNEH-
HOFO HaTSHXKEHWEM MbILWLbI NOA AEACTBMEM BHELLHErO rpy3a.

CKOpOCTb, C KOTOPOI MbILLLA YKOPaunBaeTCs Mnpv JaHHON Harpys-
Ke, NMHEHO 3aBUCUT OT 4mcna NocnefoBaTe/lbHbIX CAapKOMEPOB B
MbllwLe. [lonyckas, 4To BCe capkoMepbl OAHOr0 MbILLEYHOr0 BOJIOKHA
YyKOpauuBaloTCs B eAVHULYY BPEMEHU Ha OfHY U Ty Xe BeIMYnHY, 00-
lee YMeHbLUEHNE ANMHbI 3a ONpeAeneHHoOe BpemMsi OyfeT mponop-
LUMOHANbHO 4uCNy MOCNefoBaTe/IbHO COeAMHEHHbIX CapKOMepOB.
OTctofa cnegyeT, YTO NPOTMBOMONOXHbIE KOHUbI A/VHHOW MbILWLbl
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conmxaroTes ¢ 60/bLIeli CKOPOCTbIO, YeM KOPOTKOM. COOTBETCTBEHHO
13 ABYX MbILWWL, OUHAKOBOW [ANMHbI COKpalleHune 6yaeT NPoUCXOLUTb
ObICTPee Y TON MbILLbI, Y KOTOPOI 60nee KOPOTKME capkoMepbl. [1pu
3TOM CKOPOCTb CKONbXEHUSA Mexay (unaMmeHTamun 6yaeT o41HAKOBOWA
B 06erx MbilwLax. BmecTe ¢ Tem MakCcMmasibHas CKOPOCTb COKpPALLEHUSA
M MaKc/MMasbHO pa3BMBaemas Cuia MblllLbl 6yAyT HAXOAUTLCA B 06-
paTHOM 3aBUCUMOCTW OT ANMHBI CapKomepa. Tak, Y MblWLbl C A/INH-
HbIMW capkomepamu (T. e. 60/bLUee NepekpbiBaHWe (uiaMeHToB) Oy-
JyT pa3BuBaTbCA OOMbLUAA CUNa U HU3Kaa npefenbHas CKOPOCTb YKO-
pOYeHus, 1 HaobopOT, B MbillLle ¢ KOPOTKUMK capkomepamu cuna By-
[eT MeHbLUe, HO CKOpoCTb 6osblue. BennymHa ycunus, passrBaemoro
Mpy COKPALLEHWUAX, OrpaHnyeHa YUCIOM MUOPUGPUNIN, a ToYHee —
YMC/IOM MUO3MHOBbIX N aKTUHOBbIX (PM1AMEHTOB, PaboTaroLLMX napasn-
nenbHO. Mo3ToMy TONCTasA MblWLA CNOCO6HA NOAHATL 60MbLUWIA Tpys3,
YeM TOHKasi, He3aBUCUMO OT A/INHbI.

3BECTHO, YTO MO Mepe YBE/IMYEHUS HArpy3Ku Ha MbILLILY YAIVHSA-
eTcs Bpems (NlaTeHTHbIV Nepurog), KOTOPOe MblLlLa 3aTpayrBaeT Ha OT-
PbIB rpy3a OT NOBEPXHOCTW Onopsbl. MpruynHa 3aKoYaeTcs B TOM, 4YTO
MbILLLLE HEOOXOLMMO BpeMS, A/ TOro YTo6bl NonepeyHble MOCTUKM,
aKTMBUPYACb, pa3Buav ycunve. Yem 6onbliue rpys, TeM MPOLOSIKM-
TeNlbHee Bpems, Tpebyemoe Ha PacTaXeHWe 31aCTUYECKMX KOMIMOHEH-
TOB 1 CO34aHne HeobxoamMmoro yeunms (puc. 2.27). C akTuBaumeid no-
MepeyHbIX MOCTMKOB CBfi3aHa W 3aBUCKHMOCTb CKOPOCTU YKOPOYEeHUA
MbILLLbI OT Harpy3ku. CKOpOCTb YKOPOYEHUA NajfaeT no Mepe yBenu-
YEHWs CU/ibl, KOTOPYIO [0/KHA Pa3BUTb MbILLA NS MOLHATUSA rpysa
(cm. puc. 2.27). 310 00YC/OB/IEHO CK/IOHHOCTHIO aKTWHOBBLIX (hmna-
MEHTOB «MPOOYKCOBbLIBATL» M0J, BAUAHWEM CW/bl, BO3HUKAIOLLEN Npu
aKTMBaLMN MOMEPeYHbIX MOCTUKOB.

B (hyHKLMOHAaNIbHOM OTHOLUEHWW MbILLY MOXHO MpeLCcTaBUTb
KaK COKpaTUTe/IbHbliA, KOMMOHEHT, COEAWHEHHbIV MapannenbHo ¢
MepBbIM 371aCTUYECKUM KOMMOHEHTOM (CapKofiemMma, COeAUHUTESb-
Haf TKaHb W T.[.) WU NOCMefoBaTe/lbHO CO BTOPbIM 3/71aCTUYECKUM
KOMNoHeHTOM (puc. 2.28). B nocnefoBate/lbHO BK/IKOYEHHBI KOMIMO-

Puc. 2.27. 3aBUCUMOCTb nateHTHoro nepuoga (A) u ckopoctun (B) cokpalueHus
MbILLULbI OT BHELLHEW Harpysku
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Puc. 2.28. MexaHn3Mbl COKpaLleHns
MbILLILLbI:

/A—Hayano cokpalleHus. Mblliya npejcras-
NeHa Kak COKpaTUTe/NbHbIi 3NeMeHT, coefu-
HEHHbIA nocnefoBaTeNbHO W NapannenbHo ¢
3N1aCTUYECKUM 3NEMEHTOM; £ —HanpskeHue B
MblLULe HapacTaeT No Mepe pacTArMBaHWUS no-
CcnefioBaTe/IbHO PACMONOXKEHHBIX 3M1aCTUYECKUX
3/1EMEHTOB; /|0 ONpefeNeHHOro MOMeHTa ANN-
Ha MbllWLbl HeusMeHHa; [l—npu paBeHCTBe
MeXaHU4eCcKoro Hanps)XeHus B MblllLie W Mac-
Cbl Tpy3a MOCNefHWIA NafaeT v AAMHA MblLULbI
yMeHbLUaeTcs (COKpaLLeHue)

HEHT BXOAAT CYXOXWIuUs, coefm-
HUTeNIbHas TKaHb, MPUKPEN/IeH-
Has K cyxoxunumam. CornacHo 3a-
KOHY 'yKa A/inHa 06bekTa ¢ uge-
a/IbHOMN 31aCTUYHOCTHIO YBENNUN-
BaeTCA NMpOMopLYOHaTILHO NPWOo-
YKEHHOM K Hemy cune. Ha cxeme
3nacTUYecKme 3aNeMeHTbl NPeACTaB/eHbl B BUAE MPYXUH. Y KOpOUeHue
WA HanpsKeHWe MbllWLbl AOCTUraeT CBOEro MakKCMMyMa B TeyeHue
10..500 MC 1 3aBMCUT OT TWMa MbIWLbI, TeMMepaTypbl U BEANYUHbI
BHELLHeN Harpy3ku. HamomMHUM, 4TO npu BO3GYXAEHWM WU BbIXOAE
MOHOB Ka/lbUWs M3 CapKomnaasMaTU4yeckoro peTuKysnyma nonepeyHble
MOCTWKWN CHavasia NPUKPENATCA K aKTUHOBLIM HUTAM, a 3aTeM Ha-
YMHaeTCA NPOLECC aKTUBHOIO CKOMbXXeHWs. Tpuyem cornacHo cTpoe-
HUIO MbIWLbl aKTVBHOE CKOJIbXeHVe CHayana [O/IKHO Bbi3BaTb pac-
TSOKEHME MOCNef0BaTeNbHOr0 31aCTUYECKOr0 3/1eMeHTa, Npexae Yem
HayHeT pa3BMBaThCs YKOPOUEHMe BCel MbliLLbl (CM. puc. 2.28).

B 3aBMCMMOCTU OT 4acTOThI pasfpaXkeHWs Yy MbILLL, pasfimyaioT Asa
BMAA COKpALLEHWI; OQUHOYHOE W TeTaHWYecKoe. OAMHOYHOE COKpalLlle-
HVE BO3HMKAET NP BO30Y>KAEHNUN MbILLEYHbIX BOJIOKOH OLHUM MOTEH-
umanom geiictems. Bo Bpems OLMHOYHOrO COKpaLleHWs npukpensne-
H/e MMO3UHOBLIX MOCTUKOB K aKTMHOBbIM (PriameHTam ObICTPO YCT-
paHsAeTca BCNeACTBUE TOr0, YTO MOHBI KaslbLMs BO3BPALLAIOTCA B cap-
KonnasMaTuyeckuii peTukynym. Mpu 3ToM PuiaMeHTbl He YCneBaoT
BTAHYTbCA APYr B Apyra 40CTaTO4HO r/1y60K0, YT06bI PaCTAHYTb TKaHMU,
BXOASALLMe B MOCNe0BaTe/lbHbIA 31aCTUYECKUIA KOMMNOHEHT, pas3BuB B
MblLLEe MOSIHOe HanpsykeHue (puc. 2.29). MMosTomy HanpsXeHue, Ha
KOTOpOe CrocobHa COKpaTUTE/IbHaA CUCTEMA, HE MOXKET peasnin3oBaThb-
CA B OQUHOYHOM MbILLIEYHOM COKpaLLleHMKn. B TO e Bpems ecnim BTO-
POV MOTeHUMan AeNcTBMS MOCNeayeT 3a MepBbiM MPexX[e, Yem B cap-
KoniasMaTuyecKuii peTUKynym BO3BPATATCA MOHbI KalbLms, aKTUBHOE
COCTOSAHME COKPATUTE/bHBIX KOMMOHEHTOB 6y/eT npodneHo. Mpu re-
Hepawuuu OT Tpex-YeTblpex MOTEeHLNanoB AelCTBUA COCTOSHME WU30-
METPUYECKOTO HamnpshKeHWs MbiWwLbl NPOLO/MKAET HapacTaTb A0 TeX
nop, Moka Hanps>keHue, BbI3BaHHOE BHYTPEHHUM YKOPOYEHMEM CO-
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TeTaHyc nNpu BbICOKOI
yacToTe pasfapaxeHuin

TeTaHyc npu HU3-
KOW YacToTe
pasapaxeHuii

Bpems

Puc. 2.29. OanHOYHOE N TeTaHM4YeCKOe COKpa-
LLIEHVS MbILLLbI

KpaTWUTeNbHbIX KOMMNOHEHTOB, He CTAaHET AOCTATOYHbIM, YTOObI BbI3BaTb
«MPOBYKCOBKY» MOMepeYHbIX MOCTUKOB, NPEnATCTBYHOLWMNX AasibHeliLe-
MY BHYTPeHHEMY YKOPOUeHUH0. Takoe CoKpalleHne MbillLbl Ha3bIBAeT-
CA TeTaHWYecK/M. B 3aBUCMMOCTUN OT YaCTOTbl C/leJOBAHUA MbILLEYHbIX
NOTEHLMANO0B Le/iCTBUA BO3HMKAKOT pasHble CTEMNEHN CNAHWUSA OJUHOY-
HbIX COKpaLLEeHWI N TEeTaHNYECKOr0 HanpskeHus (cMm. puc. 2.29).

VICTOYHVKOM 3Hepruu [ns COKPaTUTENIbHOrO Mnpouecca CayXuT
AT®, 4TO BUAHO U3 BblpaXXeHMWA

AT® AP + P+ CBobogHas aHeprus.

OpHako KoHueHTpauua AT® B MbiLLLe JOBOSILHO HU3Kas, MO3TOMY
npu ANUTENbHOM COKpalleHM Mblwubl AT® JO/MKHO XBaTUTb HEHa-
fonro. B 10 e Bpema AT® ObICTPO pereHepupyeT 3a cyeT hochopu-
nuposaHua AL®, npu 3TOM BbICOKO3HepreTuyeckas gocarHas rpyn-
na nocTaBfisieTcs 3a cyeT (PepMeHTATUBHOrO pacluensieHns 6oratoro
(hochopoM coefiMHEHUS —KpeaTMH(ocdaTa. STOT Npouecc KaTaansm-
pyeT PepMeHT KpeaTUH(OCHOKNHA3A:

KpeatuHgocgar + AP = KpeatuH + ATO.

[aHHasa peakuus npoTekaeT JOCTATOYHO 3HEPrMyHO, MOCTaB/AfA
AT® ana (hm3nyecKol Harpysku.

CoKpalleHve MbILLL, COMPOBOXAAETCA MOTepell aHeprum B opme
TennoTbl. KoapguumneHT nonesHoro geictems (KMA) mbliwybl Kak
cB0e6pa3HOM MexaHMYeCKON MallWHbI BbIYMCASETCS MO opmyne

KM = W/(4+ Q)]100%,

roe /4 —wmexaHuueckasi pa6oTa; i —TennoBoi BbIXOf MbILLLbI, KOTOPbIA BK/IOYAET B
cebsl Tennoo6pasoBaHNe, CBS3aHHOE C 3NEKTPUYUECKUM BO36YXKAEHNEM U MexXaHWYecKoi
aKTVBaUveli MbILLbI, a TakkKe TEMI0TY COKpalleHWsl, NPONOPLUOHAbHY BeNUUYUHE
YKOPOUEHUS MbILLILbI.
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SHeprusa, ocBoboxaroLlanca B BuAe TenaoTbl, NPUGAN3UTENBHO B
5 pa3 npesblllaeT 3HepPruto, 3aTpayeHHY0 Ha BbIMOSIHEHWE MeXaHU-
yeckow paboTbl. O6bIYHO KT mbiwybl He npesbiwaeT 20...30 %. Oa-
HaKo 3[eCb BaXHO OTMETUTb, YTO MblLLLLA —HE TO/IbKO MexaHW4yecKas
MallVHa, HO U OCHOBHOM 060rpeBaTe/lb OpraHu3Ma, noaTomy Tenso-
BOIi BbIX0Of, HEGECMONE3EH.

1monb AT® npu pacnage BbICBOGOXAaeT 48 KK aHeprumn, u ans
pecuHTe3a 1monb AT® B opraHu3mMe XMBOTHOrO He06XoAMMO 3 MOJSlb
Kucnopoga. B ycnoBusiX MHTEHCUMBHON MbllleYHOW paboTbl 3anacos
KMCNopoga He XxBaTaeT Ansi GbicTporo pecuHTesa AT®P. B wutore B
OpraH13me Hakar/MBaeTCcs MHOIO HeOOKUC/IEHHbIX NPOAYKTOB (MO/0Y-
HOW KncnoTsl 1 ap.). Co3faeTcs Tak HasbliBaemash KUCOpO4Has 3a40N-
YXEHHOCTb, Nnoratwiaemas nocsie paboTbl 3a CHET aBTOMATUYECKOro ycu-
NeHNa JblXaHus 1 KpoBoobpaleHus. Ecnu e paboTa, HECMOTPSA Ha
Ha/inune KUCNOPOAHOro J0ra, NpPoLoXKaeTcs, TO HACTynaeT yTome-
HUe MblwUbl. B HOPpManbHbIX YCNOBUAX YTOM/IEHUE XWUBOTHOIO pas-
BMBAETCA Mpexie BCero Kak oTka3 paboTbl cTpykTyp LIHC. JeueHT-
pann3oBaHHble MbILWLbI (T. €. MPU NepepesKe Hepsa) Npu pasgpaxe-
HUKM paboTaloT J0/bLUE, O4HAKO B KOHEYHOM CUETE TakXe YTOMAAKT-
cA. CKOpOCTb YTOMJIEHWUS Y MbILIL pa3Has B 3aBMCMMOCTM OT Tuna
3HepreTUYeckoro obecneyeHns MbiLL,.

2.2.5. METABOJIMYECKWME TPYMMbl NMOMNEPEYHOIMOMAOCATbIX
MbILWL. TNAOKUE MbIlLbI

MexaHn3Mbl MbILLEYHOTO COKpalieHns 6binv pa3obpaHbl Ha nNpu-
Mepe paboTbl (ha3HbIX MOMepPevHOrNosioCaTblX MbILLEYHbIX BOMIOKOH, Y
KOTOPbIX COKpallieHWe NPOMCXOAUT MO 3aKOHY «BCE WK HUYEro» U
00yC/I0B/IEHO MOTEHUMANIOM [eCTBUA, TeHepupyembiM Hapy>KHOW
mMembpaHoii. bonee feTanbHble UCCNe[0BaHMS MOMEPEYHONON0CcaTbIX
MbILLL, MOKa3aN, YTO CKeNeTHbIe MbILLLblI COCTOAT 60/ee Yem U3 0f-
HOr0 BUAA BOJIOKOH, pasfinyarowmxca no psagy nokasarteneid. bbuio
BbLLIE/IEHO YETbIPe OCHOBHbIE TPYNMbl MbILLEYHbLIX BO/TOKOH.

boicTpble MasmyeckKknMe OKUCNUTENIbHbIE BO-
NOKHa. 3TV BONOKHA pearvpyroT ObICTPbIM OLMHOYHBIM COKpaLle-
HWeM, MpuYeM YTOMJIEHME Y HUX HAcTynaeT Mea/ieHHo. OHW cogepxkar
60/bLLIOE KONNYECTBO MUTOXOHAPUIA; AT® MHTEHCUBHO 06pasyeTcs 3a
CYET OKUC/IUTENBHOIO PochopuInpoBaHus.

BoicTpble Ma3MmyeckKue TNAMKONUTUYECKME BO-
NOKHa. 3TW BOJIOKHA TakKXe ObICTPO COKpaLLatoTCs, HO YCTarT 6bl-
CTpee, Yem BOJIOKHA MepBOi rpynnbl. AT obpa3yeTcs 3a CYeT npo-
LLeCCOB NIMKONM3a; BOMIOKHA 6efjHbl MUTOXOHAPUSAMN.

MepneHHble Masmyeckme BONOKHa. KakwuyBcex
(ha3nyeCcKnX BOMIOKOH, COKpaLLleHWe Y HUX NPOUCXOAMT MO 3aKOHY «BCe
NN HUYero», HO AJIMTEeSIbHOCTb Peakuun NpoAo/HKUTENbHee, YeM Yy
nepBbIX ABYX IPYNM. YCTanocTb B 3TUX BOJIOKHAX HacTynaeT 40BOJIbHO
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MeAJIeHHO. 3TO NPOWCXOAMT 6narofaps HalMynio B HUX BGONbLUOTrO
ymcia MUTOXOHAPWUIA 1 UCNONb30BaHNI0 AT® ¢ OTHOCUTE/IbHO HU3KOM
CKOPOCTbHO.

ToHnuyeckune BONMOKHA. OHM COKpaWArTCA MeLNeHHO 1
He [enatT OAMHOYHbIX COKpalleHuid. OBYCNOBNEHO 3TO TeM, YTO Ha-
Py>XHasa MeMbpaHa He reHepupyeT NOTeHLMANOB LeCTBUA NO 3aKOHY
«BCE WM HWYero». PacnpocTpaHAKT BO30Y)KAeHWe BAO/b BOOKHA
MHOTOUMC/IEHHbIE CMHAMChI, KOTOPble 00pa3ytoT Pa3BETB/IEHNS aKCO-
Ha. OZIMHOYHbLIN HEPBHBIA MMMNY/bC, NOCTYMMUBLUNIA B MPecuHanTmuyec-
KOe OKOHYaHWe, Bbl3blBaeT "Me3HaunTeNlbHOE COoKpalleHne. Cepus M-
nynbLCOB NPUBOANT K CYMMMPOBaHUIO NMOCTCUHANTUYECKNX MOTEHLUMa-
NOB M0 BPEMEHMU, YTO CO3/aeT M1aBHO BO3PaCTatoLLytO Aenonsapusaumio
MeMOpaHbl MbILLEYHOro BO/IOKHA. JTO, B CBOK 0OYepefb, Bbi3blBaeT
rpasyasibHoe [BVXXeHre MUOUIaMEHTOB B CApKOMepax BOMOKHA. TO-
HWYeCKMe BOJIOKHa cnabee, Yem (hasnyeckune, N COOTBETCTBEHHO Maslo
TPaTAaT aHepruun. MoaTtomy npu HebONbLLIOM 3HepreTnyeckom obecne-
YeHUM (B HUX OTHOCUTE/IBHO Mano /IMKOreHa U MUTOXOHAPWUIA) OHW
CNOCOGHbLI A0NT0 PaboTaTb HE YTOMISACH.

Mnafkve Mbillbl Ha3BaHbl B NMPOTWUBOMONOXHOCTL MOMEPEYHO-
MonocaTbiM MbiWLAM, NMOCKOJ/IbKY B HUX HE YNOpsA40YEeHbl CNOU ak-
TUHOBBIX Y MWO3WHOBLIX (PUIAMEHTOB, (DOPMUPYEMBIX B CAPKOMEPbI.
BHyTpy mMuonnasmbl (unaMeHTbl rnajgKon Mblmub|6pacnpe,qeneHb| B
KaKoW-TO cTerneHn 6eccucteMHo. nagkvie MbllLbl, 06pasytoLLme CTeH-
KW BHYTPEHHUX OpraHoB —MWLLEBOAA, MOYEBOrO My3blps, apTepuid,
apTepuon n p., COCTOAT U3 MENKUX OLHOAAEPHbIX BEPETEHO0OPa3HbIX
KneTok (pwuc. 2.30) guameTpom 2...20 MKM, KOTOPbI/ YBEIMYMBAETCS B
10... 100 pa3 npu COKpaLlleHUN MbllLbl. 17eTKN 06befMHEeHbI Jpyr C
[pYyrom nocpescTBOM MNOTHLIX KOHTAKTOB, 06ecneynBatoLmx nofo6-
HO 3/1eKTPMYECKUM CUHAMcam pacnpocTpaHeHme 3/IEKTPUYECKOro TOKa
OT KNETKM K KNeTKe. VIHHepBaumWs rnajgkoi mbllwLbl CUIbHO OT/IMYaeT-
CA OT MHHepBaLuy CKeNneTHON. AKCOHbI He 06pa3ytoT CUHAMNCOB C Mbl-
LWeYyHbIMU BoNOKHaMK. OCBO6OXAeHME MeamaTopa MpPOMCXOAUT M3

OneKTpuyeckme KOHTaKTbl

PacwunpeHuna no
XoAy Hepsa

Puc. 2.30. Cxema CTpoeHMS INafKoi MblLLLbI
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MHOTOYMCNEeHHbIX PacLUMPEHWNIA MO BCEN AJINHE aKCOHA, HaxofsLle-
rocsi B rnafKombllleyHoW TKaHU. Megmatop AMphyHAMPYET Ha He-
KOTOPOE PacCTosiHMe, BCTpeyas Ha CBOEM MYTW MbILLIEYHbIE K/ETKU
1 BO36YyXas MX. VIOHHbIe KaHasnbl C peuentopaMu K mMeauatopy Ha
MOBEPXHOCTU MeMOpaHbl rN1aAKOMbILIEYHbIX BOSIOKOH UMEKT HU3-
KYH0 M/IOTHOCTb.

Nafikve MbILLLbI COKPALLAOTCA W PaccnabnaoTcs 3HauUTeNbHO
MeZ/leHHee, YeM nonepeyHonosocartble. CapkornnasMaTuyeckuin petu-
KyNnyM B KNeTKax rnafkux MbllL, umeeT 6osiee NpocToe CTpoeHue. OH
npeAcTaB/ieH BCEro NMLWb rNagkKuMmn NaoCKUMU My3bipbKamu, pacnono-
XXEHHbIMW BOU3N BHYTPEHHEN MOBEPXHOCTU K/IETOYHOW MeMOpaHbl.
Mo3ToMy NOBEPXHOCTHAA MeMOpaHa rnafKoMbILLEYHbIX KNETOK CNoco6-
Ha BbIMONHATL Ka/IbLMAPEryNMpYIOLLYIO (DYHKLMIO, KOTOPYHO OCYLLECT-
BNSIeT cucteMa IM-TpyboueK B OTHOLLEHUN MemMbpaHbl capKonnasMaTu-
YECKOro PeTWKynyma B MOMepeyHornonocaTbiX MbILLIEYHbIX BOOKHAX.
VoHbI KasibLms ¢ MOMOLLbHO akTuBHoro Ca™-Hacoca nocTosHHO BbIBO-
[ATCA Yepe3 MemMbpaHy, B pe3y/bTare Yero BHYTPUKIETOUYHAS KOHLEH-
Tpauus 3TOro MoHa B NMOKOALLENCS MblLLLEe NOALEePXMNBAETCA Ha [40CTa-
TOYHO HU3KOM YpoBHe. MNMoTeHUManbl 4ENCTBUA Bbl3bIBAKOT CUJIbHbIN
BXOAALLMIA TOK MOHOB KaNibLWsA 1, CrefoBaTe/lbHO, Hanbosee CUibHble
COKpALLEeHNA TNafKOMbILLEYHOW KNeTKW, MOCKO/IbKY WHTEHCUBHOCTb
MbILLIEYHOTO HampsXKeHUs HaxoAUTCs B rpafyasibHOM 3aBUCKMOCTY OT
BHYTPVK/IETOYHOW KOHLIEHTPALMN NOHOB KasbLns.

MexaHu13M perynsaTopHON PYHKLUU MOHOB KasbLis B COKpaLLEHU
rNafko MbllLbl OT/IMYAeTCA OT TaKOBOIO B TMOMEPEeYHOrN0/0CcaToi
MblLLe. B rnagkoi mblllue oTCyTCTBYET 6e/10K TPOMNOHWH, HO MeeTcs
Apyroi 6enok, HanoMWHalLWMA N0 CTPOEHWUKD TPOMOHWH, MOMYyyYMB-
UM Ha3BaHWE «Ka/lbMOAYNNH». VIOHbI KanbLns COeAUHAIOTCS C Kaslb-
MOZY/IMHOM. 3TO COefAVHeHne 06pa3yeT KOMMIEKC C MPOTeUHKMHa-
300, aKTUBMpPYS ee. B CBOK ouepefb, aKTVBMPOBaHHAA NPOTEUHKM-
Hasa (ochopunmnpyeT y4acToK, pacrofioXeHHbIA Ha MUO3MHOBOM TO-
NnoBKe. POCHOPUNNPOBAHHAA MUO3MHOBAA TOM0BKA MPUCOEAUHAETCA
K aKTUHy, 1 6narofaps nornepeyHbIM MOCTUKAM aKTWHOBbIE Y MUO3U-
HOBble HUTU CKOJb3AT APYr OTHOCUTE/IbHO Jpyra.



MFhasa 3
dPUNI3NONOTNA CNCTEMbI KPOBI

Mof, cUCTeMOW KPOBM NMOHUMAOT COBOKYMHOCTb TaKMX COCTaBNA-
IOLLMX, KaK KPOBb —>XXMWAKaA TKaHb OpraHun3ma, ABvxyLiascs B Kpo-
BEHOCHbIX COCy/aX, U ee NPOU3BOAHbIE —TKaHEeBas XXWUAKOCTb U NNM-
(ha, a TaKKe opraHbl, B KOTOPbIX 06pa3ytoTCcs 1 paspyLlaroTcs POpPMeH-
Hble 3/1IeMeHTbl KpoBU. PU3NON0Orna CUCTeMbl KPOBY ABNSAETCH pasje-
NOM (DyHAAMEHTaIbHOM 6MONOrMYecKor AUCUUMINHBI —TeMaToNorum
nar. haema —kpoBb). PU3NOIOTNA CUCTEMbI KPOBW M3y4aeT COCTaB U

M3NKO-XMMUYECKME CBOMCTBA KPOBU, (DYHKLUMUM (DOPMEHHbIX 3se-
MEHTOB KPOBM, a TaKXe HEenMporyMopaibHble MexaHu3Mbl MOAAepXa-
HWA roMeocTa3a —MNOCTOAHCTBA COCTaBa W CBOWCTB TKaHEBOW XW[-
KOCTW, KPOBU N IUMbI.

,D,nﬂ BEeTEPUHAPHOro WAM MeAMUMHCKOro Bpaya /1labopaTtopHble
nccnefioBaHNA KpPOBM MMEIOT O4YeHb 6O0sbLioe 3HaveHue. Bo-nep-
BblX, KPOBb MOXHO /lerko ¥ 6e360/1€3HEHHO B3ATb Yy MauueHTa.
Bo-BTOpbIX, pa3paboTaH O4YeHb LWMPOKMWIA CMEKTP CTaHAAPTHbIX re-
MaTO/I0rMYeckmx MeTOf0B UCCEA0BaHNA 1 YCTAHOB/EHbI FPaHULbI
KonebaHuii nokasartesiell KPOBM XXMBOTHbIX BCEX BMAOB C YYETOM MX
nopoAbl, nona, Bo3pacTa, pPas/iMyHbIX YC/OBUW cofepXaHus u (u-
3M0/I0NMYEeCKOr0 COCTOSIHUA opraHu3ma. AHann3 MoyYeHHbIX pe-
3yNnbTaToOB WCCNef0BaHU KPOBM MMeeT BaXKHOE WMH(pOPMaLMOHHOe
3HayeHWe N4 AMArHOCTWUKMW, OTCNEXWBAaHWUA TeyeHus OONe3Hu
NMPOrHO3MPOBaHUA ee 1CXoja.

3.1. BHAYEHNE U ®YHKUNWN KPOBW

JaBHO M3BECTHO, UTO NoTepst 60/bLLOIO KOMYECTBa KPOBU BeAET K
cmepTU. Takxke CMepTe/ibHbl NMpeKpaLLeHne ABMXEHMS KPOBK MO COoCy-
[am Wnv xxe 06MeH rasoB, NUTaTE/IbHbIX BELLECTB MeXY KPOBbIO U TKa-
HAMW 1 BHeLLHei cpedoid. OTcoda credyeT, YTO OCHOBHOE Ha3HaueHue
KpOBU —3T0 06pas0BaHMe BHYTPEHHEN Cpefbl OpraH13ma 1 obecrede-
HUE MOCTOAHCTBA ee COCTaBa U (IM3NKO-XMMMNYECKMX CBOWCTB. IMpu 13-
MEHEHMAX MapameTpoB BHYTPEHHEN Cpefbl BK/OYAKOTCA pas/inyHble
KOMMEHCATOPHbIE MEXaHW3Mbl, KOTOpble BOCCTAaHAB/INBAOT HapyLLEH-
Hble CBOICTBa. B psige CnyyaeB ycTaHaBMBAETCS HOBbIA YPOBEHb MO-
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MeOoCTaTUYeCKMX MokasaTesieil, No3BONAKLLMX OpraHuM3my npucnocab-
NNBaTbLCA K HOBbIM YC/I0BUAM XXN3HEAEATENbHOCTH.

DyHKUMN KpoBW. PasHoobpasHble (hYHKUUN KPOBU MOXHO 06be-
OVWHWUTb B TPW TPYMMbl: TPaHCMOPTHbIE, 3aljMTHble U Tepmopery-
NATOPHbIE.

TpaHcNnoOpTHbIe (YHKLMWWU KPOBM CBSA3aHbI C TEM, YTO
KpOBb, MepemeLiascb Mo CUCTEME COCYA0B, MEPEHOCUT U3 OfHOrO
y4yacTKa Tefa B ApYyroii Bce cofepkalimecs B Heil KOMMOHEHTbI. Mu-
TaTe/lbHble U MWHepasbHble BewecTBa TPAHCMOPTUPYIOTCA MeXay
NUL,EeBapuUTE/IbHBLIM TPAKTOM, r4e OHM BCaCbIBAKOTCH, ¥ OpraHamu, B
KOTOPbIX OHW [AEMOHUPYHTCH Uan yTunusupytotca. Kucnopog ne-
PEHOCMUTCH OT JIErKUX KO BCEM TKaHAM opraHm3ma. MpogykTbl 06me-
Ha BeLLeCcTB —AWOKCU[, Yrepoda, BoAa, pas/iMyHble MUHepasibHble
CONKN, NYPUHOBbIE OCHOBAHWSA, MOYEBMHA, XXE/YHbIE MUTMEHTbl U
[p. —KPOBbIO [OCTaBAATCA K OpraHaMm BbLieneHus (MOYKM, KOXa,
Nerkue, nNuuieBapuTeNbHbl TpakT). O4YeHb BaXHbIM A1 OpraHmM3ma
ABNAETCA MEPEHOC KPOBbK OMONOTMYECKM aKTUBHbIX BELLECTB —
rOPMOHOB, (DEPMEHTOB, HEPBHbIX MeAMaToOpPOB, LMTOMEANHOB 1 Ap.,
6narogaps 4Yemy OCYLLECTBAAKOTCA rymopasnbHas perynsauus gyHk-
LWIA BCEX CTPYKTYp OpraHu3Ma, 06befuHEeHUe X B efUHY cuUcTe-
My. O6MeH MH(opMaL el Mexay KneTkaMmu n opraHaMmu HasblBaeT-
CA KpPeaTOpHON CBA3bIO.

JaWwnTHble (GYHKLMWW KPOBM —ee yyacTUe B UMMYHUTE-
Te. VIMMYHUTET —3TO KOMM/EKC KNETOYHbIX U TyMOpaibHbIX (XUMK-
YeCcKMX) (hakTOPOB 3alMTbl OpraHu3mMa OT Yy>XepogHoro 6enka, MUK-
po60B, BUMPYCOB, NMPOCTENLLMX, a TaKKe OT COOCTBEHHbIX MYTaHTHbIX
NN OTMEPLUNX KETOK.

KneTouHble (hakTopbl MIMMYHUTETA —T/1aBHbIM 06pa3oM NeiKoum-
Tbl, KOTOpPble GOPIOTCA C YYXXEPOAHbLIMU TeNaMu, KneTKaMu U UX TOK-
CMHamu (sgamn). M'ymopasbHble aKTOpbl —pas/InYHble aHTuTena, n-
60 HaxogALmMeca B KPOBU Ha MPOTSHXKEHUW BCEM ero XXWU3HW, Hacnej-
CTBEHHO NprobpeTeHHbIe, MO0 06pasyroLLmMecs B OpraHn3Me npu BHe-
OPEHVUN aHTUreHoB. AHTUTENa SBNAOTCA 6enkamy M HasblBaKOTCA
NMMYHOT 106y /TMHaMW.

TepmoperynaTtopHas GYHKLMWA KPOBU 3akiwua-
eTca B NOAAEeP>KaHUM MOCTOSHCTBA TeMnepaTypbl Tena. OHa OTHOCUT
TennoTy OT 60/iee HarpeTbiX OPraHoB K MeHee HarpeTbiM. Hanpu-
Mep, ne4yeHb, pybel, CKeNeTHble MbIlWLbl BO BPEMA WX aKTUBHOWA
[eATeNIbHOCTM BbIAENAT MHOrO TenioTbl, KOTOpas BMecTe C OT-
Tekalolel KpoBbK MEepeHOCUTCA B Apyrue opraHbl U Takmm obpa-
30M ycpefHseTca TemnepaTtypa Kposu. OTAaya TensioTbl C NOBepX-
HOCTM Tena 3aBUCUT OT HANONIHEHMA MOAKOXHbIX KPOBEHOCHbIX CO-
Cy[oB. Ecnu npuTOK KPOBU K KOXE YBeNM4YMBaeTcs, TO BO3pacTaeT
TennooTgaya U3 opraHusMa. M1 Hao60poT, cnasm KPOBEHOCHbIX CO-
CY0B YMEHbLUAeT NPUTOK KPOBU K NOBEPXHOCTM Tena U orpaHuym-
BaeT paccenBaHune TenoThl.
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3.2. KOIMYECTBO KPOBIW B OPITAHN3ME

KpoBb LMPKYNMpyeT B 3aMKHYTOW COCYAMUCTON CETWU, MO3ITOMY ee
06beM [JO/IKEH COOTBETCTBOBaTb 06bEMY COCYAMCTOro pycna. O6Luii
06beM KPOBMW B OpraHu3me SBNASETCA BUAOBbIM MPU3HAKOM M 06bIYHO
Bblpa)KaeTcsi B NPOLEHTax 0T Macchl Tena. BennunHa cpegHero oovema
KpoBu: y nowaamn 9,8 %, KpyrnHoro poratoro ckota 8, Mefikoro poraro-
ro ckota 8,2, CBUHbW CasibHOro Tuna 4,6, CBMHbU MSICHOTro TMNa 7 %. Y
yenoBeka 06bEM KPOBKM 0KO0J0 7 % Macchl Tena.

Y camuoB, KakK npasuio, 06bem KpoBu 6ONbLUE, YeM Yy CaMOK,
13-3a MOBbILEHHOr0 cofepXXaHna aputpouuntos. C BO3pacToM 06bEM
KPOBW YMeHbLIAeTCA, HacTynaeT germgparauunsa (06e3BoXXunsaHue)
opraHusma.

[na onpegeneHnsi o6bemMa KpoBWM B Hee BBOAAT KaKyk-nnmbo 6es-
BPeHYH Kpacky (Hanpumep, KOHropor). locnie Toro Kak Kpacka pac-
npeaennTcs Nno Bcem cocyaam, 6epyT NopLuio KpoBKM U3 BeHbI 1 onpefe-
NAKOT B HEW KOHLEHTPaLMIO 3TON Kpacku. 3aTeM pacCumTbiBatOT 06BbEM
KpOBM, B KOTOPOM 3Ta Kpacka pacripegenunacb. C 3Toi e LeNbio Uc-
NO/b3YOT METOA MeYeHbIX aTOMOB. bepyT KpOBb Y XXMBOTHOr0, OTAENS-
0T 3PUTPOLUTLI Y MHKYBUPYIOT X B pacTBOpE, COLepXKalleM pafmoak-
TUBHbIV (hocop. DpUTPOLMTBLI aACOpOMPYIOT ero U3 pacTeopa U CTaHo-
BATCA «MeYeHbIMU». VX CHOBa BBOASAT B KPOBb TOFO >Xe YXMBOTHOIO U
yepe3 HEKOTOPOe BpeMsi ONpeaenstoT pafnoakTUBHOCTb KPOBW.

3 Bcero o6bema KpoBu TOJIbKO MPUMEPHO MOSI0BUHA LUPKYIMPYeT
no opraHusmy. OcTasibHas e NoJIOBNHA 3a[ePXKMBAETCA B pacLUMpeH-
HbIX Kanuspax HEKOTOPbIX OPraHoB M Ha3blBAETCA L EeMOH MU PO -
BaHHOW. OpraHbl, B KOTOPbIX AEMOHNPOBaHa KPOBb, Ha3blBAOTCH
KPOBAHBIMK Aeno(puc. 3.1).

CeneseHka. BmeLlaeT B CBOMX /laKyHaX —OTPOCTKaxX Kanuinspos 40
16 % BCell KpOBW. 3Ta KPOBb NPaKTUYECKUN BbIK/HOYEHA U3 KPYroobo-
poTa M He CMeLUVBAeTCs C LMPKYAnpytoweid Kpoebto. Mpu cokpate-
HUW TNaAKNX MbILLL, Cee3eHKM NaKyHbl CXMMAtOTCH U KPOBb MOCTYNa-
eT B 06Lee [gycno.

MeyeHb. BMmewaeT B cebs g0 20 % o6bema KpoBu. eyeHb BbINOHA-
eT pOoJib KPOBSIHOTO [eno 3a CYeT COKpaleHUs CHOUHKTEPOB NeveHou-

CeneseHka (16%) MeyeHb (20%) MoakoxHaa kneTyaTka (10%)

Puc. 3.1. Cxema [enoHNpoBaHNA KPOBWM B pas/IMYHbIX opraHax
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HbIX BeH, MO KOTOPbIM KPOBb OTTeKaeT OT neyeHu. Torga B ne-
YeHb KPOBW MocTynaet 6o/blle, YeM OTTekaeT. Kanunnapbl nede-
HW paclunpsaloTCcs, KPOBOTOK B Hel 3amepnsetcd. OpfHako fe-
NMOHWPOBAaHHAA B MEYEHM KPOBb MONHOCTbIO HE BbIKIHOYaeTCA W3
KPOBOTOKaA.

Moako>kHas knetyaTka. AenoHupyeT fo 10 % kposu. B kpose-
HOCHbIX Kanuniapax KoXu MMerTcs aHacToMOo3bl. YacTb Kanunispos
paclInpsieTcs, 3ano/HAeTCA KPOBbO, a KPOBOTOK COBEpPLUAETCS Mo YKO-
POYEHHBIM MYTAM (LLYHTam).

Nerkue TaKXke MOXHO OTHECTM K oOpraHam, AernOoHUPYOLWUM
KpoBb. O6beM COCYAWUCTOro pycna ferkux HemocTOSHEH, OH 3aBu-
CUT OT BEHTUNAUWUM anbBeos, Be/IMYMHbI KPOBAHOrO [aBfieHUS B
HUX W OT KPOBEHAMNO/HEHMUA COCYAOB 60/MbLIOrO Kpyra KpoOBO-
obpatlleHus.

Takum 06pa3om, enoHNMPOBaHHAsA KPOBb BbIK/IOYEHA U3 KPOBOTO-
Ka 1 B OCHOBHOM He CMeLUVBaeTCs C LMPKYMPYHOLLEA KpoBbio. Benea-
CTBME BCacCblBaHWA BOAbl AeNOHMPOBaHHAsA KPOBb Gonee rycrasd, oHa
COAEPXMUT 60/ibLLEe POPMEHHBIX 3/1EMEHTOB.

3HauyeHVe LeNOHMPOBAHHOM KPOBW 3aK/OYaeTCs B ClefyHOLEeM.
Korga opraHuam Haxogutcs B COCTOSHUWM (PU3MOJSIONMYECKOro Mo-
KOS, ero opraHbl M TKaHW He HYXXZAKTCA B YCUIEHHOM CHabXe-
HUX KPOBbK. B 3TOM cnyyae AenoHMpOBaHME KPOBW CHUXaeT Ha-
rpy3Ky Ha cepjue, u B pe3y/nbTaTte OHO paboTaeT Ha 1/5...1/6 cBoeii
MOLLHOCTK. [Mpy HeO6XOAUMOCTU KPOBb M3 KPOBSHbIX LENO MOXET
ObICTPO MEpPerTU B KPOBOTOK, Hanpumep npu gusmyeckoin pabore,
CU/IbHbIX 3MOLMOHANbHbIX NEPEeXMBaHUAX, BAbIXaHUW BO3AyXa C Bbl-
COKOW KOHLleHTpauueit gnokcmaa yrnepoga —T. €. BO BCeX CUTyauu-
AX, Korga TpebyeTcsi yBe/NMUWUTL LOCTaBKY Kucnopoda v nutaTenb-
HbIX BELLEeCTB OpraHam.

B mexaHu3Max nepepacnpegeneHns KpoBu Mexay AenOHMPOBaH-
HOM N LMPKYNUPYIOLLE y4acTBYeT BereTaTMBHas HepBHas CUCTeMa:
CUMMATUYeCKMe HepBbl BbI3bIBAKOT YBeNMYeHNE 06beMa LMPKYINPYHO-
LLeli KpoBY, a napacuMnaTuyeckme —nepexos Kposwu B geno. Mpu no-
CTYMNEHUN B KPOBb BGO/bLLOIO KONMYECTBA afjpeHa/MHa NpoucXoamuT
BbIXOZ KPOBY W3 Aeno.

Mpu KpoBonoTepsx 06beM KPOBM BOCCTaHaBAMBAaeTCA MNpexpie
BCEro 3a CYeT rnepexofa TKaHeBOM XMAKOCTU B KPOBb, a 3aTeM B KPOBO-
TOK MOCTynaeT AenoHMPOBaHHas KpoBb. B pe3ynbTate 06bem niasmbl
BOCCTaHaB/IMBAETCH 3HAUYUTENIbHO BbICTpee, YeM KONMYECTBO (DOPMEH-
HbIX 3/1EMEHTOB.

Mpy yBenuyeHUn obbema KpoBW (Hanpumep, NpU BBeLEHUN B
KpoBb 60/1bLLOr0 06bemMa KpoBe3amMeHUTeNlen UM Mpu BbiNanBaHUu
60/bLLIOro KOMMYecTBa BOAbl) YacTb XMAKOCTU OGbICTPO BbIBOAUTCA
noykKamu, HO BONbLUAA YacTb MEPEXOAMT B TKAHU W 3aTeM yxke nocTe-
MEeHHO BbIBOAUTCS M3 OpraHn3ma. Takum 06pa3oM BOCCTaHaBNMBaeTCA
06beM KPOBWU, 3aMO/HSAIOLLIER COCyaNCTOe pycno.
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3.3. COCTAB KPOBW/

KpoBb OTHOCUTCA K OMOPHO-TPO(MYECKUM TKaHAM. OHa cocTouT
N3 K/IETOK —(OPMEHHbIX 3/IEMEHTOB U MEXK/IETOYHOIO BeLLecTsa —
nnasmbl. K )OpMEHHbIM 3/1leMeHTaM KpPOBWU MPUHAAJIEXAT 3pUTPOLU-
Tbl, NEAKOLUTLI 1 TpOMOGOUMTLI. Mnasma KpoBWU NpeacTaBnsieT cobol
XNLKOCTb. KpoBb —eAMHCTBEHHAA TKaHb OPraHusma, rae Mexkre-
TOYHOE BELLECTBO AB/IAETCA XUAKOCTHIO.

YTobbl OTAENUTb (POPMEHHbIE 3/1EMEHTbI OT MN/a3Mbl, KPOBb HaZ0
npefoXpaHUTb OT CBEPTLIBAHUA W OTLEHTPU(Yruposatb. PopmeH-
Hble 3/1EMEHTbI KaK 60/iee TXKeNble OCAAYT, a Haf HUMK OyfeT coi
NpPo3payHoii, Cnerka onanecUupyroLLel XUAKOCTU XENTOro LiBeTa —
nnasma Kposu.

Ecnm 06beM Kposu npuHATL 32 100 %, TO ()OPMEHHbIe 31EMEHTbI
COCTaBNAT 0Kono 40...45 %, a nnasma —55...60 %. O6bem HOpPMEH-
HbIX 3/1EMEHTOB B KPOBMW, NlaBHbIM 06pa3oM 3pUTPOLUTOB, Ha3blBaeT-
CA reMaTOKPUTHO BEMYNHOMA NN reMaTOKPUTOM. TeMaTOKpUT MOXET
ObITb BbipaXkeH B npoueHTax (40...45 %) uam B nMTpax 3puTPOLUTOB,
Haxofqauwwmxca B 1n kposu (0,40...0,45 n/n).

Korja >XMBOTHOe [JaBHO He MOWAN WAN OHO MOTEPAIO MHOIO >KUA-
KOCTU (CU/IbHOE MOTEHMe, MOHOC, 06U/bHasd pBOTa), TO reMaToKpUT-
Hasf BENMYMHA YBENIMUMBAETCA. B 3TOM Cryyae roBOPAT O «CryLUEHUU»
KpoBW. Takoe COCTOAHWE He6MaronpuaTHO 419 OpraHv3Ma, TakK Kak
CYLLLECTBEHHO YBE/IMYMBAETCA COMPOTMB/IEHWE KPOBU MpPWU ee ABWXKe-
HWW, YTO 3aCTaB/IAET CepALe CUIbHee CoKpaliaTsea. B nopsake Kowm-
neHcauMm MPOUCXOAMUT Mepexo] BOAbl M3 TKaHeBOM XXUAKOCTU B
KpOBb, YMEHbLLAETCA ee BblBEAEHNE MOYKaMu W, Kak CreAcTBue, BO3-
HUKaeT XXaXJa. Y MeHbLLEHNe remaTtoKpuTa Yatle VIMeeT MecTo npu 3a-
60n1eBaHNAX —NpY MOHMXEHUN 06pa3oBaHNs IPUTPOLUTOB, YCUIEH-
HOM UX paspyLLeHUN MK Nocne KpoBonoTepwm.

Xumunyeckmm coctas Kposw. Mnasma Kposu cogepxnt 90..92 %
BoAbl 1 8... 10 % cyxoro octaTka. Cyxoi 0CTaTOK COCTaBNAT Oe/Ku,
NUNUABI, YINEBOAbI, MPOMEXYTOUYHbIE N KOHEYHbIe MPOAYKTbI X 06-
MeHa, MWHepa/bHble BelecTBa, rOPMOHbI, BUTAMUHbI, PEPMEHTHI U
Apyrue 6MONOrMYeCcKU aKTMBHbIe BelecTBa. BaXHO OTMETUTH, UTO,
HECMOTPS Ha MOCTOAHHbLIN 0OMEH BeLLeCTB MeX/y KPOBbO M TKaHA-
MW, COCTaB Mna3Mbl KPOBU CYLLLECTBEHHO He MeHAeTCA. OyeHb y3Kue
rpaHunLbl KonebaHuin cogep>xaHns obulero 6enka, raKo3bl, MUHE-
pasibHbIX BELLECTB —3/1eKTPONNTOB. [103TOMY Camble HE3HAUYUTeSlb-
Hble OTK/IOHEHWA B VX YPOBHE, BbIXOAALLME 3a Mpesesbl PU3nonoru-
YECKMX TpaHuLL, NPUBOAAT K THXKENbIM HapyLlieHnam B paboTte opra-
Hu3Mma. [pyrvie coctaBHble KOMMOHEHTbI KPOBWM —UMWAbI, aMUHO-
KUCNOTbI, ()epMEHTLI, FOPMOHbI U NP. —MOryT UMETb 60/Iee LLMPOKNi
CNeKkTp KonebaHWii. B cocTaB KpPOBWM TakXe BXOAAT KUCNOPOA U M-
OKCW[, yrnepoga.

PaccmMOTpuM (h13MONOrNMYECKOe 3HaYeHNEe OTAE/bHBIX BELLECTB, CO-
JepXaLinxca B KpoBu.
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Benkun. Benkn KpoBM COCTOSAT U3 HECKOMbKUX (hpaKLUii, KOTO-
pble MOXHO Pa3fe/inTb pasMyHbIMKU cnocobamu, HanpuMep MeTOLOM
anekTpodopesa. B kaxayro (hpakumio BXOAUT 60/bLUOE KOMMYECTBO
6enKoB, 06nafaloLLmMX Cneun@UUYecKUMmn PYHKLUAMMN.

AnbOyMUHbI. O6pa3yoTCA B NeYeHU, UMEKT CPaBHUTENbHO C Apy-
rmmmn 6enkamm HebosbLIYO MOJSIEKYNIAPHYHO Maccy. B opraHusme Bbl-
MOMHAKT TPO(MYECKYIO, WU MUTATE/IbHYIO, PYHKLUNIO, ABNAACH UC-
TOYHWKOM aMWHOKMWC/OT, U TPaHCMOPTHYH0, y4acTBys B MepeHoce u
CBSA3bIBAHWUMN B KPOBW XXMPHbIX KUCAOT, MUTMEHTOB XXeNuu, HeKoTo-
PbIX KaTVOHOB.

[nobynmHbl. CUHTE3NPYHOTCA B MeyYeHW, a TaKXe pas/MYyHbIMU
KneTKkamy —nenkoymtamun, nnasmouutamu. MonekynsipHas Macca
rnobynnMHOB 60/blle, 4YemM anbOyMWUHOB. [N0OYNMHOBYI (pakLuto
6eNKOB JOMOJTHUTE/IbHO MOXHO Pas3fe/inTb Ha TPU rpynnbl —anbpa-,
6eTa- 1 ramma-rnobynuHel. Anbha- n 6eTa-rnobynnMHbl yyacTByHOT B
TpaHCcrnopTe XosiecTepuHa, Pochonunmuaos, CTepOMAHbIX TOPMOHOB,
KaTMOHOB. MaMMa-rnobynnHoBas (hpakuma BKAKOYaeT B cebsa pasnuy-
Hble aHTuTena.

OTHOLWeHMe KonnyecTBa ab0yMWHOB K T/100y/IMHaM HasblBaeTcs
6e/1IKOBbIM KO3(h(ULMEHTOM. Y fowageit U KPYnHOro poratoro ckota
rno6ynvHoB 60fbLUe, Yem anbbyMMHOB, agl CBMWHeN, 0Bel, K03, Cobak,
KPOJIMKOB ¥ Yy YesioBeKa npeobnafatoT aibbyMmnHbl. Takas 0CO6eHHOCTb
B/IMSIET HAa HEKOTOPble (PU3NKO-XMMUYECKME CBOWCTBA KPOBM.

Benkun nrpaloT 60/bLLYI0 POMb B CBEPTLIBAHUW KPOBMU. Tak, (hunob-
PUHOrEH, OTHOCAWMIACA K rN06YyMHOBOIN (hpakLuu, BO BPeMS CBep-
TbIBaHWA NEPEXOAMT B HEPACTBOPUMYHO (OPMY —(PMOPUH U CTaHO-
BMTCA OCHOBOW KPOBSIHOTO cryctka (Tpom6a). benku moryt o6paso-
BbIBaTb KOMMJIEKCHI C Yrnesofamu (rIMKONPOTENHbI) U C IMNuaaMu
(nMnonpoTeunHbl).

He3aBMCUMO OT (YHKLMM KaXAoro 6efika, a Ux B nsasme KpoBu
HacuuTbIBAKOT A0 (10, OHWM B COBOKYMHOCTU ONPEeAenstoT BA3KOCTb
KpOBW, CO34al0T B HEI onpesienieHHoe KOMNMongHoe AaBeHune, y4acTBy-
tOT B NOAAEP>KaHNW MOCTOAHHOTO pH KpoBMU.

dunsmnonormyeckne KonebaHms Konmyectsa 06LLEro 6efka KpPoBu
CBfi3aHbl C BO3PAcTOM, MOJIOM, MPOAYKTUBHOCTBIO XUBOTHBIX, a TAKXKe
C YC/OBUSAMU UX KOPMJIEHUSA W COAepXXaHUs. Tak, Y HOBOPOXAEHHbIX
XWBOTHbIX B KPOBM OTCYTCTBYHOT ramma-rnobynvHbl (eCTECTBEHHbIE
aHTMTena), OHW NOCTYNalT B OPraH13m ¢ nepsbIMU NOPLMSMM MOJO-
3mBa. C BO3pacTOM B KPOBW YBE/IMUMBAETCA COLepXKaHue rnodynnHoB n
O[JHOBPEMEHHO CHU)XAEeTCs YpPOBEHb abbyMMHOB. Mpn BbICOKOI MO-
NOYHOMW MPOAYKTUBHOCTW KOPOB COAepXKaHue 6e/ikoB B KPOBWU MOBbI-
waetca. ocne BakuMHaL MM XMBOTHBIX YBENIMYEHWE COAep>KaHNs ben-
KOB B KPOBMW MPOMCXOAUT 3a CYHET MMMYHOI/I00Y/IMHOB. Y 3[40POBbIX
YKMBOTHbIX 00LLIEe KONMYeCTBO Gefika B KpoBw cocTasnseT 60...80 r/n,
nan 6.8 mio0 mn.

Kak 13BecTHO, XapakTepHOW 0COBEHHOCTbIO XMMNYECKOr0 cocTaBa
6enKoB ABNSAETCA Ha/IMUMe a30Ta, NMO3TOMY MHOrME METOAb! Onpesene-
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HUS KONnyecTBa 6e/IKOB B KPOBW 1 TKAHAX OCHOBaHbI Ha OrpejeneHnm
KOHLEeHTpauun 6enkosoro asora. OfHako asoT MPUCYTCTBYET U BO
MHOMMX APYIrMX OPraHNYeckuX BeLLecTBax, ABNAIOLMXCA MPOAYKTaMu
pacnaga 6enkoB, —3TO aMUHOKMC/IOTbI, MOYeBast K1CN0Ta, MOYEBMHA,
KpeaTuH, MHAWKaH 1 MHoruve apyrue. COBOKYMHbIM a30T BCEX 3TUX Be-
LLecTB (3a UCKNOYeHNeM Be/IKOBOr0 a3oTa) HasblBAETCA OCTaTOUYHbIM,
N HebenkoBbIM, a30TOM. Ero Konuyectso B njasme COCTaBNsfeT
0,2...0,4 r/n. OCTaTOYHbIA a30T B KPOBW ONPeAeNnstoT C Le/bl OLEHKM
COCTOSIHMS 6eNIKOBOro 06MeHa: Npu ycuneHHOM pacnaje 6efka B opra-
HV3Me CofiepXXaHne 0CTaTOYyHOro asoTa BO3pacTaerT.

Nunnwngel. lunnuabl KPOBY NOAPA3AENsOT Ha HeATpasbHbIe NNMK-
[bl, COCTOSILLME U3 TNINLEPUHA W XXMPHBIX KUCNOT (MOHO-, An- U TPUTN-
Llepufbl), U CNOXHbIE — XONIECTEPVH, ero NPoM3BOAHbIE 1 octonunnu-
Obl. B KpoBW MPUCYTCTBYIOT TakKe CBOBGOAHbIE XMPHble KUCNoTbl. Co-
JepXxaHve 06LWmMX NUMUAO0B B KPOBM MOXET M3MEHATLCA B 60MbLUMX
npegenax (Hanpumep, y KOPoB B HOpMe KonebaHue NMNuUAoB B npeaenax
1..10r/n). Mpn yBeNnnMYeHUN coaepXXaHmsi B KPOBM MNUA0B (Hanpumep,
rnoc/ie NprYema XMPHOM NULLK) Nia3Ma HauMHaeT 3aMeTHO onasiecumpo-
BaTb, MyTHEET, NPUOGPETAET MOMIOUHbIV OTTEHOK, a Y Kyp Npu OTCTanBa-
HUM NIa3Mbl XXUP MOXET BCM/IbIBaTb B BUAE TOICTON Karsiu.

YrneBopbl. Yrnesofbl KpOBM NpeAcTaBfieHbl raBHbIM 06pa3oMm
rNOKO30/. HO cofepkaHue rOKO3bl OMpeaenstoT He B Mnasme, a B
LLle/IbHOM KPOBW, TaK Kak r/1l0K03a YaCTUYHO afcopbupyeTcs Ha apu-
TpoumTax. KoHUeHTpaLms roKo3bl B KPOBU Y MAIEKONUTAKOLNX Yaep-
XXMBAETCA B O4EHb Y3KNX rPaHnLAx; Yy XXMBOTHbIX C O4HOKaMEPHbIM Xe-
nygkom 0,8...1,2r/n, a ¢ MHOrokamepHbiM xenygkom 0,04...0,06 r/n.
Y NTUL, COAep>KaHne TNKO3bl B KPOBW BbILLe, YTO 06BACHSAETCA 0CO-
6EHHOCTAMW TOPMOHa/IbHON Perynaummn yrneBogHoro obmeHa.

Kpome roKo3bl B N1a3me KPOBU COAEPXKATCH U HEKOTOpbIe Apyrue
YrneBoAbl —rNMKOTeH, (hPyKT03a, a Takke NpoAYyKTbl MPOMEXYTOUYHO-
ro obMeHa yrnesofoB 1 MMNUA0B —MOJI04HasA, NMMPOBMHOrPaLHas, YK-
CyCHas 1 [pyrue KUC/OTbl, KETOHOBble Tefa. B KPOBM XKBaYHbIX XU-
BOTHbIX MPUCYTCTBYET 60/bLLLe NETYUMX XKMPHbIX KNCnoT (JIXKK), uem y
YXUBOTHbIX APYrvX BULOB, 3TO 00YCN0BIEHO 0COOGEHHOCTAMM Py6LIOBO-
ro nuwesapeHns. B (hopMeHHbIX 31eMeHTax KpoBW MMeeTcs Hebosb-
LL0e KOMMYECTBO FNIMKOreHa.

Kak yXe 6bM0 CKa3aHO, B KPOBU COLEPXKATCH pas/iMuHble 61onoru-
YECKM aKTUBHbIE BeLecTBa —(epMEHTbI, FOPMOHbI, MeauaTopbl 1 Ap.

MunHepanbHblil CcOoCTaB KpOBW. HeopraHuyeckue Be-
WecTBa B KPOBM MOTYT HaxOAMTbCs KakK B CBOOOAHOM COCTOSHUMW,
T. €. B BUJE aHNOHOB M KaTMOHOB, TaK 1 B CBA3AHHOM, BXOAA B CTPYK-
TYpY OpPraHu4Yeckux BeLLecTB. Bosblue BCEro B KPOBWM KaTWOHOB Ha-
TpYA, Kanus, KanbLus, MarHus, aHNOHOB X/1opa, bvkap6oHaToB, (oc-
(hatoB, rugpokcunbHom rpynnel OH“. B KpOBM TakXe COLepXarcs
iiof, >xeneso, Mefb, KObanbT, MapraHeL, 1 Apyrue Makpo- n MMKpoane-
MeHTbl. ObLLee cofep>kaHe MUHepabHbIX BELLECTB B KPOBW MOCTOSAH-
Haa BefMumMHa (8O [0 r/n) AN KaXK4oro BMaa XXMBOTHOTO.
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CnefyeT MMeTb B BWAY, UYTO KOHLEHTpauus OTAE/bHbIX MOHOB B
nnasme KpoBu 1 B DOPMEHHBIX 3/IEMEHTaX HEOAMHAKOBaA. Tak, npemmy-
LEeCTBEHHO B NJia3mMe HaxoAATCca HaTpUiA, KanbLuid, Xnop, bukapboHa-
Tbl, B 3pv|T80u,MTax e 60nee BbICOKash KOHLEHTPaLMs Kanus, MarHus
nxenesa. OfHaKo 1 B apuTpoumMTax, 1 B leimkoumTax, 1 B niasme Kpo-
B/ YPOBEHb KOHLEHTpaLMMN OTAEe/bHbIX NOHOB (MOHOrpamma) nocTo-
SHHbIN, YTO NOAAEPXKMBAETCA HEMPEPbIBHBIM aKTUBHbLIM W MACCUBHbLIM
TPaHCMOPTOM MOHOB Yepe3 NoNynpoHULaemMble MeMOpaHbl KIETOK.

dusnonornyeckne KonebaHms CoAepXKaHUs MUHepPabHbIX BELLECTB
B KPOBM 00YCNOBNEHbl MWTaHMEM, BO3PacTOM, MPOAYKTUBHOCTbIO
YXUBOTHbIX W UX (DU3NONOrUYECKMM COCTOAHMEM. OT KX cofepxa-
HWUA 3aBUCAT Takue CBOICTBA KPOBW, Kak MAOTHOCTb, pH, ocmoTm-
YecKoe faBneHue.

3.4. ®PU3NKO-XUMNYECKUE CBONCTBA KPOBMU

KpoBb npefcTaBnseT cob0il CycreH3unto, B KOTOPOW Xuakas (asa —
nnasma, a YacTubl —(OpPMeHHbIe 3/1eMeHTbl. Kak 1 Bce Apyrue KieTku
opraHu3ma, MemopaHbl 3pUTPOLMTOB, NENKOLMTOB U TPOMOOLMTOB MO-
NAPU30BaHbI, NMPUYEM Hapy>XHas NoBepxXHOCTL MemMbpaH 3apsiXeHa nono-
YKWUTENbHO MO OTHOLLEHNIO K BMYTpeHHe. BOKpYr KNeToK KpoBW, Kak U
3HAOTENMANbHLIX KETOK, (hopMUpyeTca 06/1ako OTpuLaTesibHbIX 3aps-
[0B. bnarofaps OfAHOMMEHHbIM 3apsfamM KNEeTKA KPOBW OTTa/IKMBAKOTCH
[pyr OT gpyra n oT CTEHOK KPOBEHOCHbIX cocyfioB. [pwv noTtepe 3apsgoB
(hopMeHHbIe 3M1EMEHTBI KPOBM MOTYT CK/IeMBaTbCA U CAUNATLCS.

KpoBb 06nagaeT cnefyowmMmn (HrU3nKo-XMMUYeCKUMM CBOMCTBa-
MW: MNOTHOCTbIO, BA3KOCTbIO, MOBEPXHOCTHLIM HaTAXEHWEM, Kuc-
NOTHO-LLEeN0YHbIM paBHoBecneM (pH), KONNOMAHO-OCMOTUYECKM [aB-
NEHMEM W CBepTbIBaHMEM.

MNOTHOCTL M BA3KOCTb KpoBW. M 10OTHOCTHL  (YAe/NbHasa macca)
KpPOBM —3TO Macca efuHuLbl 06beMa. MNOTHOCTb LENbHOM KPOBM
paBHa 1,045...1,055. 3T0 03HayaeT, Yto 1M1 KPOBM WMEET Maccy
1,045...1,055 1, a 1n kKpoBn — 1,045...1,055 Kr. M03TOMY KOHLEHTpa-
LMI0 BELLeCTB B KPOBY BbIpaXatoT B rpaMMax, B MUIAUrpammax Uan
MOIAIX, Cogepxawuxcs B 1n Kposwu. Hanpumep, BbipaxeHue § r/n
03HayaeT, YTO B 11 KPOBU COZepXUTCHA § I Kakoro-tTo Bellectsa. [o-
NMyCKaeTCcsa TakKXe pacyeT KOHLEHTpauMn He Ha | n, a Ha [0 MmN Kpo-
B (rl 100 mn nnm r/%).

MnoTHOCTL niasmbl Kposw paBHa 1,025...1,034, a apuTpounToB —
1,090. BonbLias NNOTHOCTb IPUTPOLMTOB MO CPaBHEHUIO C NIA3MOiA
06BACHAETCS HaM4YMEM B HUX XKenesa. bnarogaps pasHowv MA0THOCTM
3pUTPOLUNTBLI U MNJIa3MYy MOXHO Pa3fenutb Npu LeHTpudyrmposaHum
NUNn oTCTaMBaHUM.

MAOTHOCTb KPOBMW 3aBUCUT OT KO/IMYECTBA B HEN 3pUTPOLMUTOB, re-
MOrnobuHa, 6enkoB 1 coneli B nnasme. bosnbLy0e KOAMYECTBO IMNNLO0B
B MN/1a3Me KPOBU CHWMXXAET ee MI0THOCTb.
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BA3KOCTb KpOBM —3TO CUNA BHYTPEHHErO TPEHUSA, WU CLen-
NeHus, yactuu >xxmakoctu. OHa B 4...5 pa3 60/bLUe BASKOCTM AUCTUNN-
POBaHHOW BOAbI, 3TO Be/IMYMHA OTHOCUTENbHON BA3KOCTM KPOBU. YeMm
60/bLLe 3PUTPOLMTOB B KPOBM, TEM 60/IbLLE BA3KOCTb KPOBW. YBeNu-
4MBAIOT BA3KOCTb KPOBY rN0BYNAPHbIE 6eKM, 0CO6EHHO (PUOBPMHOTEH.
A/bOYMVHbI B MEHbLLE CTEMEHN BUAIOT Ha BA3KOCTb.

IHTepecHo, YTO BA3KOCTb KPOBM, [BMXKYLUEACA MO KPOBEHOCHLIM
cocygam (in vivo), OTANYaeTCs OT BSA3KOCTU KPOBW, B3ATOW N5 UCClle-
foBaHua (in vitro). In vivo BA3KOCTb KPOBW 3aBUCUT OT AJIMHbI U Ana-
MeTpa cocyfa, OT CKOPOCTM KPOBOTOKA. Hanpumep, B KPYMHbIX COCY-
Jax, rge 60nbLas CKOPOCTb ABMXKEHUSA KPOBW, POPMEHHbIE 3/1EMEHTHI
nepemMeLLaroTcs 6/IMKe K 0CU cocyfa, a BbM3M CTEHOK TeyeT niasma ¢
MeHbLUel BA3KOCTbIO. B kanunnspax BA3KOCTb KPOBW YMEHbLUAETCH,
Tak Kak (DOPMeHHbIe 3/1eMeHTbl MOryT NPOXOAMTb TOMILKO MO OAHOMY,
a Mexzay HVMMK pacrnonaraetcd CTonbuk nniasmbl. Mpy peskom 3ames-
NeHU TOKa KPOBW 3pUTPOLMTBI MOFYT CMNATbCs M 06pa3oBbiBaTbh
60/bLLME CKOMIEHNSA —KOHTI/I0MepaTtbl. B 3TOM criyyae BA3KOCTb KPO-
B/ YBE/IMYMBAETCA.

em 00siblle BA3KOCTb, TeM 60fblUe cepAuy npuxogutcs pabo-
TaTb, YTOObI NPOTanKMBaTb KPOBb MO cocydam. [103TOMY BA3KOCTb
KPOBM 3HAYMUTENbHO B/IMAET Ha FemMoAMHaAMUKY W (opMUpoBaHue
KPOBAHOIO JaBNEHMS.

NoBepXHOCTHOE HATSHKEHME KpPOBW. [MOBEPXHOCTHOE HaTSXeHue
KPOBW —3TO CU/ia CLENIEHNS UV B3aUMOLENCTBUSA MOSIEKY/ NOBEPX-
HOCTHOTO CNof XWAKOCTW, HanpasfieHHas OT MOBEPXHOCTU BHYTPb.
MMOBEPXHOCTHOE HATSXKEHWMe KPOBWU HUXKE, YeM Y BOfAbl, 33 CUET Mpu-
CYTCTBMSA B Hel MOBEPXHOCTHO-aKTUBHbIX BewlecTB (MAB): HuM3Ko-
MONEKYNAPHBIX XUPHBIX KUCNOT, XXENYHbIX KUCNOT, Pas3/inyHbIX apo-
MaTUYEeCKMX BELLECTB.

Mpwn ysennyeHnn B Kposu MNAB NoBepxHOCTHOE HaTAXeHWe BHa-
yasne YMEHbLUAeTCs, HO 3aTeM ObICTPO —B TeYeHWe HEeCKONbKUX MU-
HYT —BOCCTaHaB/IMBAeTCA [0 MNepBOHaYa/lbHOro YpoBHA. CumTaloT,
YTO B 3TUX PeakLMAX y4yaCTBYIOT KaTMOHbI Ka/lbLiUs, KOTOPbIe OCaXa-
IOT pas/InyHble OpraHMYeckne KWUCNOTbI, BAUSKOLWME HA MOBEPXHOCT-
HOe HaTsHKEHMe.

Moajep>kaHWe MOCTOAHCTBA MOBEPXHOCTHOIO HATSXEHUSA KpPOBU
B&XKHO 19 HOPMaNbHOM TPaHCMNOPTUPOBKN BELLIECTB MEXAY KPOBLIO U
TKaHAMUW U 419 OBVKEHWS KPOBM MO COCYLaM.

KucnotHo-LwennouHoe paBHoeecve (KLUP) kpoBu. B KpoBM UMeOTCH
KUC/MOTHbIE 1 LIEN0YHbIE NOHbI. CyMMAapHbIA 3apsf LLEeOYHbIX NOHOB
60/ibLLE, YeM KMC/IOTHBIX, N UX COOTHOLLUEHME Ha3blBAETCA KUCNOTHO-
LLeNI0YHbIM paBHOBECUEM KPOBM. [M03TOMY peakuus Kposu cnabolue-
noyHas n pH coctasnset 7,35. Nokasarenb KOHLUEHTpaLuMy BOLOPOA-
HbIX MOHOB (pH) ABNAETCA OOHUM M3 CaMbIX XECTKUX KOHCTaHT opra-
HM3Ma. 3TO CBA3aHO C TeM, UTO /I06as XMMMYeCKas peakLms npoTeka-
eT Npu onTUmasbLHOM AN Hee ypoBHe pH. Bcsakoe n3meHeHwe pH
KPOBW BefET K HapYLUEHWIO CepAeUHON AeATeNlbHOCTH, AblXaHus, pabo-
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Tbl MO3ra, NneyeHu n Apyrmx opraHos. Casur pH KpoBM Ha HECKONbKO
[ecaTbIX, 0CO6EHHO B KUCNYHO CTOPOHY, HECOBMECTUM C >KU3HbHO.

Mexzay TeM B KpOBb NMOCTOSHHO MOCTYNaKT pas/inyHble BeLlecTBa,
CMocobHble HapywmnTb pH KpoBu. OHW BCacbiBAKOTCA U3 NULLEBAPU-
Te/IbHOro TpakTa, peabcopoupyOTCs U3 KaHabLEeB NoYeK, 06pasyoTcs
B TKaHsAX. Cpean MeTabo/mMToB NpeobnafatoT KUC/ble BeLLecTBa —Yrofb-
Has M MOMIOYHAas KMUCNOTbl, KUC/ble hoctaTbl U CynbdaThl, XKenyHble
KUcnoTbl 1 gp. Ho, HECMOTPS Ha HEenpepbIBHOE M3MEHeHWe cocTaBa
KpoBMu, ee pH ocTaeTcd Ha NOCTOAHHOM ypoBHe. Kak 3To npoucxoguT?
Perynauns KUCNOTHO-LLEe/I04HOr0 pPaBHOBECUS OCYLLECTB/AETCA Kak
XVMUYECKUMU, TaK 1 PU3NO0IOTNYECKMMUN MEXAHWU3MAMU.

XMMMUYeCcKNe MeXaHU3Mbl perynauumum nporeka-
tOT Ha MOJIEKYNIAPHOM YpOBHEe. K HUM OTHOCATCSA OY(epHble CUCTEMbI
KPOBW W LLENOYHON pe3eps. d M3monormyeckKkas peryns-
LMSA  BK/IOYAET CMIOXKHbIE HEMPOrymopasbHble MexaHu3Mbl, 3aTparu-
BatoLLMe (PYHKLMN Pas3/InyYHbIX CUCTEM OpPraHoB.

BythepHble cCTeMbl KPOBM —3TO BeLLECTBA, KOTOPbIe MOrYT H0aumo-
[eiicTBOBaTb /IM60 C KACNOTHLIMMK, MO0 C LWEeIOYHbIMU MOHAMMU, MO-
CTYNaroLMMN B KPOBb, Y HEMTPA/IM30BbIBaTL UX. B pesynbTare Xumu-
YECKMX peakumin pH KpoBY He U3MeHSeTCH, a yMeHbluaeTcs OydepHas
eMKOCTb KpoBW. pn 3TOM caMy KOMMOHEHTbI OY(epHbIX CUCTEM He
B/IMSAIOT HA aKTUBHYHO peakuunio Kposu. Tpu bydepHble cucteMbl —61-
KapboHaTHas, (octhaTHas v 6e/KoBas —HaxoAATCA B Nia3me KPOBU U
04Ha —remors06MHoOBas —B 3PUTPOLUTAX.

BukapboHaTHas bydepHas cucTema COCTOUT U3 YrObHOW KACNOTbI
(KarCO3) n 6ukapboHatoB Hatpus u kanma (KaHCO3 n KHCO3).
Mpy nonafaHny B KPOBb KaKOW-NMBO KUCMOTbI, 60/1ee CUMBbHOW, Yem
yronbHasl, OHa B3aMMOAENCTBYET C OMKapboHaTamun. B pesynbTarte 06-
pasyroTCs HeMTpanbHasa CoJb W YrosibHas K1CNoTa. YTofbHas KucioTta
HeCTOIKas, OHa pa3fnaraeTcs Ha BO4y W ANOKCUA YrNiepoda; NocneaHui
BbIBOAMTCA Yepes nerkue. pu nosiBnieHnn B KPOBY M30bITKA LLIEN0Y-
HbIX MOHOB OHW B3aUMO[EWCTBYIOT C YroNbHOW KWC/IOTOW U peakLus
KPOBW He M3MeHSsEeTCA.

docarHan bydepHas cuctema obpasosaHa nepsuyHbIM (NaH?I Pl 4 )
1 BTOpnYHbIM (Nal HPO ¢ ) dhochaTom Hatpms. MepBryHbIA ocgaT 06-
NnafjaeT CBOMCTBaMM €naboi KUCNOTbl, BTOPUYHBIA —Ciaboli LLenoun.
EMKOCTb 3TOM CUCTEMbI HE6O/bLLAA, HO OHA MMEEeT BaXKHOe 3HauYeHue B
perynaummn BolLeneHns (GochopHbIX CoMelt NoYKamMu.

Benkosas byhepHas cucTema nnasmMbl KPOBY BbINOHSAET CBOK PYHK-
uuto 6narofaps ToMy, UTo 6enku ABAATCA aM(OTEPHLIMU COEAUHEHU-
MW 1 MOTYT HENTPasIN30BbIBATb KaK KUC/OTbI, TaK U LLENoUu.

FemornobrnHoBas OydepHas cucTemMa HaxXOAUTCH B 3pUTPOLUTAX.
Ecnun 6ydepHble cBOWCTBa KPOBM NMpUHATL 3a 100 %, TO 75 % npu-
XOAMTCA Ha remMorno6mHoByto. OHa COCTOWUT W3 OKCMUIeMornobuHa,
T. €. COeJMHeHNs remornobrHa ¢ KUCNopoAoM, M BOCCTaHOB/IEHHOIO
remornobuHa, T. e. 0CBO6OAMBLLErOCA OT Kucopoga. MexaHusm pabo-
Tbl FEMOr06MHOBON 6Y(hepHOIN CUCTEMbI 3aK/THOHAETCA B CIeAYHOLLEM.
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B TKaHeBbIX Kanuinsapax OKCUremornobuH, oTAaBas Kucnopog, npe-
BpaLLaeTca B BOCCTAHOB/EHHbIA reMoriobuH. 3T0 BELECTBO ABNSETCA
OYeHb Cnaboi KMCNOTO M CYLLIECTBEHHO He BANSEeT Ha pH kposu. B ne-
FOYHbIX Kanuingpax AWOKCUL Yrneposa BbIBOAUTCA U3 KPOBU, M peak-
LMS KPOBU Moria Obl M3MEHUTLCA B LLEMIOYHYIO CTOPOHY. OHaKOo 3TOro
He MPOMCXOAMT, TaK KakK 00pasytowuiica OoKcureMornobuH obnagaet
KMUCNOTHbIMM CBOMCTBaMM U NpeAoTBpaLLaeT 3allenauymBaHme KpoBW.

Takum o06pa3oM, 3HavyeHWe Oy(epHbIX CUCTEM 3aK/O4vaeTcA B
TOM, 4YTO pH KpPOBM MOXET [OBOJIbHO [LO/ITO OCTaBaTbCA Ha YPOBHE
7,35, HECMOTPSA Ha NOCTYMNJ/IEHNE B KPOBb KUCAOTHbLIX MW LLLEN0Y-
HbIX KOMMOHEHTOB.

LLienoyHoli pe3epB KpoBY —3TO CyMMa BCEX LLE/TOYHbIX BELLLECTB KPO-
BY, rNaBHbIM 06pa3om 6MKapboHATOB HATPUA 1 Kanus. Bennunny Lie-
NNOYHOTO pe3epBa KPOBW OMpefensoT Mo KOIMYECTBY AMOKCUAA Yrie-
poja, KOTOpPOoe MOXKET BbLUeNNTLCA 13 6uKap6oHaTOB MpK B3aMMOLei-
CTBUWM C KUCMOTON. B cpeaHeMm LLIENOYHON pe3epB KPOBWM COCTaBASeT
55...60 cm. Uem 6ornblue L%enquon peseps KpoBM, TEM flyyLle OHa 3a-
LMLLIeHa OT KUCbIX MeTabonnToB. [103TOMY Y BbICOKOMPOLYKTUBHBIX
MOJIOYHbIX KOPOB, Y CMIOPTUBHbIX /10Laieil ¢ 601ee MHTEHCUBHBIM 06-
MEHOM BELLeCTB LLLe/I0OYHON pe3epB KPOBM HaxO4UTCA Ha BEpPXHEN rpa-
HULe HOPMbI. 15 NOBbLILWEHUSA LLEeIOYHOM0 pe3epsa B HEKOTOPbIX CAy-
yasaxX B KauyecTBe MOAKOPMKMN >XBaYHbIM >XVMBOTHbIM [AlOT MUTLEBYHO
cogy —6unKap6oHaT HaTpus, 0COBEHHO 3TO 3(h(EKTUBHO NPK CKapM-
NIMBaHUM KUCIOTO cusoca.

Hapsay C WwenovHbIM pe3epBoM B KPOBU MMEETCS U KACNOTHBIN pe-
3epB, WM KUC/I0THAas eMKOCTb KpoBW, 60/10THAA eMKOCTb KPOBU MMe-
eT MeHbLlee (PU3NO0MIOTMYECKNe 3HAYEHMe, HO OHa Heobxoauma Afs
HeMTpanmalémm N30bITKA LLENOYHbIX MOHOB.

Takum 00pasoM, Mpu yBeIMYEHUW COAEPXKaHUS B KPOBU KUC/OT-
HbIX MW LLLENOYHBIX KOMMOHEHTOB npexze scero KLU P KpoBu BoccTa-
HaB/IMBAETCA Ha MOJIEKY/IAPHOM YPOBHE 3a cHeT Oy(epHbIX CUCTEM UK
LLLeNI0YHOro pe3epsa, YTO He TpebyeT aKTMBHOMO Y4acTus Heporymo-
pasibHbIX MeXaHW3MOB.

Ecnn ke mMonekynspHble MexaHu3mbl He CMoCO6HbI COXpaHUTb
KLLP, TO HacTynalT aKTVBHbIE N3MEHEHUS B Pab0Te BbLUENNTENbHbIX
CUCTEM OpraHu3Ma —rmnoyek, MOTOBbLIX >Xefe3, JSIerkux 1 nuilesapu-
Te/IbHOro TpakTa.

MOYKM HEWTPaU3YIOT UK YLAANAIOT U3 KPOBM U3OLITOK MO0 KKUc-
NOTHBIX, MO0 LLeNOYHbIX coneld. oaTomy geaKva MOYM MOXET KO-
nebaTbCs B LWMPOKUX Npegenax —oT 5,7 fo 8,7. NoToBble Xene3sbl Bbl-
MOSHAKOT Ty Xe (PYHKUMIO, yanss 13 opraHusma rniasHbIM 06pa3om
KMC/ble MOHbI. Yepes Nerkne BbIBOANTCS U3 KPOBM ANOKCUS, YINepoaa,
MoaToOMYy MNP NOBbIWEHHON KOHLEHTPAUUKN YIeK1CcnoTel B KPOBY Ha-
CTYMaeT OfblLLKa, UMetoLLas KOMMEeHCATOPHOE 3HayYeHme.

bonblLoe 3HaueHWe B perynaumm pH KpoBuM MMEKOT Xesesbl nuLle-
BapuUTeNbHOrO TpakTa. B rmeyeHy nNpoucxoanT HermTpanm3aumns cepHo-
KUCNbIX COeAMHEHUI, ammmaka. CO CMOHON, NOMXKENYAOUHbIM U K-
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LUEYHbIM COKaMMn BblfenseTca MHOro 6ukapboHatoB. Hanpumep, co
CNIOHOW Y KPYMHOro poraTtoro ckota 3a cyTkv ypansercs fo 300 r 6u-
KapboHaTOB. SHEPrMYHbLIM CNOCO60M YAaNIEHNSA U3 KPOBU BOLOPOLHBIX
MNOHOB ABNAETCSA NepeBoj MX B COCTaB XenyAo4Horo coka. Ob6knafou-
Hbl€ YKeNe3bl XKenyaKa CUHTe3MPYHOT M3 NOCTYNaroLWMX C KPOBbIO BOAO-
POAHBIX MOHOB M MOHOB X/10pa CONSAHYI0 KUC/OTY, a TakKe MepeBoasaT
B XKeNYZOUHbIA COK OpraHMyeckue KUCNoTbl. OTUM, KCTaTh, 06BACHA-
eTCA XOpPOLUO M3BECTHbIV (DaKT: Moc/ne Hanps>XeHHON MbILIeYHOW pa-
60Tbl YCTaNI0CTb NPOXOAMT NoC/e efbl. V1 1eN0 He B BOCCTAHOB/IEHMN
3aTpayeHHbIX Kanopui, M60 M3 NUWKM MUTaTeNbHble BelecTBa Tak
ObICTPO He BCacbIBAOTCA, a B BbIAENIEHNM U3 KPOBU B XXENYL0K MOOY-
HOM KUCNOTbl U ApYrMx meTabonMToB, HaKOMUBLUMXCA B pesy/bTare
MbILLEYHOW AeATeIbHOCTW.

du3nonornyeckre mMexaHusmbl, yyactsytouwive B perynaumm KLLP
n pH KpoBW, BK/IOYAIOT B Ce6A peLenTopbl, yiaBvBaloLLMe KOHLEH-
Tpauuio BOLOPOAHBLIX NOHOB, apdepeHTHbIE HEPBHbIE MYyTU, HEPBHbIE
LIEHTPbI, 3PdepeHTHbIE HEPBbI U OPraHbl-3N(EKTOPSI.

WTaKk, pH KpoBM MMEeT NOCTOAHHYI BENNYMHY, YTO AOCTUraeTcs
KaK MONIEKYNIAPHBIMU, TaK U (DU3NONOTUYECKUMIU PErYNATOPHBIMU Me-
XaHu3Mamu. TeM He MeHee KUC/IOTHO-LLEeNI04HOM b6anaHe MOXeT 13Me-
HATbCA. MpW HEKOTOPbIX (HM3MOMOTMYECKMX W NAaTONOMMYECKNX peak-
LMSX BO3MOXHO YBE/IMYEHNE B KPOBM KUC/IbIX WU LLENTOYHBIX MPOAYK-
ToB. Casur KLU P B Kncnyto CTOPOHY HasbiBaeTCs auuio3oMm, a B Lue-
NOYHYH —a/Ka/lo30M.

Mo BenmunHe casura KLU P aumaossl v ankanosbl 6biBalOT KOMMEH-
CMPOBaHHLIMWA W HEKOMMeHCMpPOBaHHbIMW. BHauane npu noctynse-
HWUW B KPOBb U36bITKa KMCNOT UK LWenoyeil pH KpoBK He N3MeHseTCs,
HO YMeHbLUaeTcs 3anac 6yepHOW eMKOCTW. Takoi aunaos um anka-
no3 —6e3 capura pH —Ha3bIBaeTCA KOMMEHCMPOBAHHbLIM, TaK Kak OH
KOMIMEHCUPOBAH 3a CYET 3anaca UMEBLLEroCs B KPOBY LLENOYHOr0 Un
KMCMOTHOTrO pe3epBa. KoMneHcpoBaHHble auMao3bl U ankanosbl Ha-
6N0LA0TCA YacTO Y 340PO0BbIX XMBOTHBLIX U OT/IMHAKOTCA KpaTKOBpe-
MEHHOCTbIO.

Korpa 6ytepHas eMKOCTb KPOBM OKaXKeTCs UcyepnaHHOiA, Torga pe-
aKLmMsi KPOBMW, eCTECTBEHHO, M3MeHsieTCs. Takoi auuios Wam ankanos,
Korga nsMeHsieTcs pH KpoBM, Ha3bIBAeTCH HEKOMMEHCYPOBAHHBIM.

Mo mexaHM3Mam BO3HUKHOBEHUS auuAo3bl U ankanosbl MOryT ObITb
rasoBbIMV W HerasoBbiMW. ["a30BbI aUMA03 HabnAaeTca npy 3aTpys-
HEHWWN [bIXaHWA, NPU COLEPXKAHUW XXMBOTHbIX B AYLUHbIX, M/I0X0 BEH-
TUANPYEMbIX NMOMeLLeHUsSX. B KpoBM Torga HakanivmBaeTcs AVWOKCULA
yrnepoga, npespaliatoLmiics B YrofbHyH KUCNOTYy. Herasosblid, Wam
MeTaboMIMYecKni, aunao3 BO3HWKAeT MpY HaKOMEHUN B KPOBU He
Yro/bHOM KWC/OTbI, @ APYTNX KUCNOT —MO/I04HOM, (hochopHOi 1 ap.
370 BO3MOXHO, HanpuMep, Npwv TSHXKEN0N MbILLIEYHON paboTe nv npu
cKapManBaHuy 60MbLLIOT0 KOAMYeCcTBa K1CI0ro cunoca.

AsKanosbl BCTPEYAKOTCA pexe, YeM aumzio3bl. [a30BbIi ankano3 Bo3-
MOXEH NPV YCUNIEHHON BEHTUAALUM NErKMUX, KOrAa KPOBb COLEPXMUT

102



MeHbLLIe AMOKCUAA yrnepoda un 3allenaymsaerca. Herasosblii ankanos
06bI4YHO CBSi3aH C MOCTYM/IEHNEM B OpraHu3M 6O0/bLLIOTO KOMMyecTBa
LLeNIOYHbIX COJeid, B 3TOM Cllyyae YBE/IMYMBAETCA pe3epBHas LLe/oy-
HOCTb KPOBW.

KonnongHo-ocmMoTuyeckoe fasneHne Kposu. OCMOTMYECKOe AaBrie-
HMe —3TO Cu/1a, KOTopas BbI3bIBAET NepemeLLeHne BOAbl UK PacTBo-
PEHHbIX B Hel BELLEeCTB Yepe3 NonynpoHuLaeMble MmeMopaHbl. B opra-
HU3Me BCe MeM6paHbl —COCYAUCTble CTEHKM, 060/I04KN KNETOK UK
MOBEPXHOCTU BHYTPUKNETOYHbIX 06pa3oBaHUii — NoaynpoHULaeMble.
OHM XOpOoLLO MPOMNYCKalT BOAY, HO M36UpaTe/lbHO —pPacTBOPEHHbIE
BelllecTBa. MepemMelLeHne BeLLeCTB MeXy KneTkaMu, TKaHeBOWN Xuf-
KOCTbIO M KPOBbLIO 3aBUCUT OT UX KOHLeEHTpauuun. Yem 60/blle KOH-
LIeHTpauma pacTBOPEHHbIX BELLECTB, TeM 60/bLLe OCMOTUYECKOEe fAaB-
NeHne JaHHOW XMUAKOCTW.

B OCHOBHOM OCMOTMYECKOE AaB/eHre KPOBU OMpesensieTcs KOHLEH-
Tpaumein MvHepasibHbIX coneld. X cymmapHOe KOnM4yecTBO B M/a3mve
KpoBW cocTassnseT okoso 0,9 r 8 100 M, 3T0 COOTBETCTBYET OCMOTUYECKO-
My [aBfieHUIO B 7,6 atn, nan 5776 mm pT. cT. OpraHnMyeckne BeLLecTBa
(Hanpumep, rNKO3a) Masio BUAIOT Ha BE/IMUYMHY OCMOTUYECKOTO AaB/ie-
HMA. OOBACHAETCA 3TO TeM, YTO MOJIEKY bl OPraHUYeCKNX BELLECTB Ha-
MHOrO KpyrnHee HeopraHM4YeCKUX NOHOB, MO3TOMY B eiMHMLE 06beMa KO-
NINYECTBO UX YacTuL, (MOeKy) MeHbLLE, OCMOTUYECKOE Xe AaB/eHNe 3a-
BVCWUT MMEHHO OT YuC/a MOJIEKYN pacTBOPEHHOrO BELLECTBa.

BeLlecTBa, pacTBOpPeHHbIE B M1a3mMe KPOBK, NepexoiaT vepes MeM6-
paHbl 13 60/1ee KOHLEHTPMPOBAHHOIO PacTBOpPa B MeHee KOHLEeHTpU-
POBaHHbIM, & BOAa, HA060POT, M3 cpefbl C MeHbLUe KOHLEHTpaumei B
60nbLUyto. MOCTOAHCTBO OCMOTUYECKOr0 AaB/IEHNS KPOBU MMeeT 3Ha-
yeHve ANg 06MeHa BeLeCTBaMM MeXZy KPOBbIO, TKaHEBOW YKUAKOCTbIO
N KNETKaMU U ABNSETCHA CTO/b XXe He0OXOLUMbIM YCIOBUEM [N XKMN3-
HW, Kak 1 apyrue rnokasarenn romeoctasa —pH, Temneparypa.

PaccMOTpyM Ha NpuMepe 3pUTPOLMTOB, KakK M3MEHSKOTCA CBOWCTBA
KMEeTOK B pacTBopax C pa3HbIM OCMOTUYECKMM AaBfieHuem. BHyTpu
3pUTPOLMTOB (B LUTOMMA3ME) TaKas XKe KOHLEHTpauus Conei, Kak n B
Mnnasme KpoBK, T. €. BHYTPEHHAA cpefa 3puTPOLMTOB U30TOHUYHA Nnas-
Me KpoBW. ECn apuTpouuUTbl OTAENUTL OT Na3Mbl KPOBU U MOMECTUTb
1X B pacTBOP COMM C 60/1ee BbICOKOW KOHLEHTpaumen (runepToHuyec-
KWiA), YeM BHYTPY 3pUTPOLIUTOB, TO BOJA OyZeT NepexoiuTb U3 3pUTpPO-
LMTOB B pacTBOp 4O BblpaBHMBaHWUS OCMOTMYECKOrO faB/ieHnsi No obe
CTOPOHbI MeMOpPaHbl. SPUTPOLMTLI ByayT 06e3BOXMBATLCS, CMOPLUU-
BaTbCs, YMEHbLLATLCA B pa3mepe. BHavase aTOT npouecc 06paTtumMblii, 1
€C/IN 3PUTPOLUTLI BEPHYTH B M30TOHMYECKMIA PacTBOpP, TO OHU BOCCTa-
HOBSAT W CBOKO (hopMy, M (DYHKUMW. B ycnoBumsx, Korga rpagmeHT KOH-
LIeHTpaLumn conei no 06e CTOPOHbI MeMBpaHbl 60/IbLLON, a 3PUTPOLUTI
L/MTENbHOE BPeMs HaXOAATCS B HUX, OHW MOrn6atoT.

B pactBopax c 60/1ee HA3KOM KOHLEHTpauuen conei (runoToHM-
YECKWUI), YeM BHYTPWU 3pUTPOLUTOB, BOZA MOA AEACTBMEM OCMOTHU-
YECKOro [aB/eHNs MepexoauT B 3pUTPOLUTLI. DPUTPOLMUTbLI BOU-
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paloT B cebs BoAy, M3 ABOSKOBOrHYTbIX CTAHOBATCA CHHepUYECKUMMU
(LwapoobpasHbIMiK), YBENNYMBAIOTCS B 06BbEME U pa3pbliBatoTcs. Takoe
ABNleHNe —paspyLLUEHNe 3PUTPOLNTOB U BbIXOL U3 HUX Temorioou-
Ha —Ha3blBaeTCcs reMonm3om (6ykBa/lbHO —pacTBOpeHMe KpoBK). lMe-
MO/IM3, NPOU3OLIEeALWNIA B TMNOTOHNYECKOM PacTBOpPe, Ha3blBaeTCH
OCMOTNYECKMNM.

Mcxonsd 3 n3noXeHHOro, cnefyet NOMHWUTb, YTO BHYTPUBEHHO
MOXHO BBOAUTbL /LWL Te PacTBOPbl, KOTOPbIE M30TOHWYHbLI KPOBMU,
T. €. UMEIKT TaKoe >Xe OCMOTUYECKOe AaBfieHMe, KaK U nja3ma KpoBu.
Takvie pacTBopbl Ha3blBatOTCA husmnonornyeckumn. Camblii aneMeHTap-
HbI (DM3MONOrMYECKNIA PacTBOP —3TO PacTBOP X/I0pPUAA HATPUSA KOH-
ueHTpaymen 0,85% pna mnekonuTarowmx U Ntuubl U 0,65% —pans
X0MOAHOKPOBHBIX YXUBOTHBIX.

Mocko/bKy nnasMa KpoBW COLEPXUT Konnougbl (6enku), To KpoBb
obnagaeT TaKXe W KOMMOMAHbIM fasneHveM. KonnoumpHoe faBneHuve
Ha3bIBaETCA TaKXXe OHKOTUYECKUM (rped. onkos —npunyxaHue, B3ay-
TOCTb). OHO cocTaBnget 15..35 MM pT. CT., T. €. MeHee 1% OT OCMO-
Tnyeckoro. OflHaKo 3HaueHne OHKOTUYECKOro JaBNEHUSA BENKO: 3TO
Ta CWa, KOoTopas yAepXvBaeT BOAY BHYTPWU COCYZOB W CNOCOGCTBYET
nepexofy ee W3 TKaHeBOW XXUAKOCTU B KPOBb. JTO CBA3aHO C rmMAapo-
(hMNbHBIMY CBOWCTBaMW 6e/KOB NiasMbl KPOBU. OHKOTUYECKUM 3TO
[laBfieHne Ha3blBaeTCsa NOTOMY, YTO NPU YMEeHbLUEHWUM ero (Hanpu-
Mep, NpW roNofaHnN, Korfa CHUXaeTca cofepykaHue 6enkos B Kpo-
BW) BOJA He Y[EpXXMBAeTC B KPOBEHOCHbLIX COCyAax W MepexofuT B
TKaHW, NOABNAOTCA «r0M04HbIE» OTEKU. BHELWHNN BMA cO3haeTca Ta-
KOW, BYATO TKaHM ONyXatoT.

KonnonaHo-ocMOTMYeCcKoe [aB/eHWe CKafblBaeTca M3 OCMOTU-
YECKOro M OHKOTMYecKoro. lMpy HeobXxogumMoCTM BBEAEHUS B KPOBb
60/bLLIOT0 KOMMYECTBA XXNAKOCTEN Unn ansa nepgysnyu opraHos u Uc-
KYCCTBEHHOI0 KPOBOOGpaLleHNs, a Takxke A5 BblpallnBaHus KynbTy-
pbl TKaHel criefyeT yunTbiBaTb He TO/IbKO OCMOTUYECKOE M OHKOTU-
4eckoe JaBfieHne, HO M ONTUMasbHbI HAbop MUHEPa/IbHbIX BELLECTB.
MoaToMy (hM3nonornyeckne pacTsopbl MOTyT COZEepXaTb KpoMme XJ/10-
pvaa HaTpua 1 Apyrve BewlecTsa. Tak, B pacTsope PuHrepa cogepxar-
CA X/I0pUAbl HATPUSA, Kanus, Kanbumsa n bukapboHat HaTpus. B pacT-
BOP J/IOKKa KpOMe MepeymncrieHHbIX KOMMOHEHTOB BXOAWT T/1H0K03a, a
B pacTBop TMpOAe —XI0pUL MarHus uU Of4HO3aMeLLeHHbI gocdat
HaTpus. Bonee CNoXKHble pacTBOPbl B CBOEM COCTaBe VMMEHT 6eniku
(anbbyMVHbI) 1 NO3TOMY Ha3blBAKOTCA MNa3Mo3ameLLaloLwnMmn pacT-
BOpaMu. Takue pacTBOpbl B 60/bLUEN CTEMeHN COOTBETCTBYHOT Mia3me
KPOBM, TaK KakK VMeKT ONTUMa/bHOE KOJI/IOUAHO-0CMOTUYECKOE [aB-
NleHne, peakuuto, COOTBETCTBYIOLLYHO KPOBW, M COOTHOLLIEHWE Pa3/iny-
HbIX KOMMOHEHTOB.

B 6biBll. CCCP 6blia pa3paboTaHa NCKYCCTBEHHas KPOBb, COAEp-
allasa noMmMMo onpefesieHHbIX KATUOHOB Y aHWOHOB U ApYrux CBOW-
CTBEHHbIX M/1a3Me KPOBM KOMIMOHEHTOB (DTOPYr/IEPOAHbIE COeAuHE-
HWS, CNOCO6HbIE CBA3bIBATH U NMEPEHOCUTL KNCIOPOA. ITY XMAKOCTb, a ee
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Ha3Ba/N «roNy6oi KPoBbO», MOXKHO WUCMO/b30BaTh A1 3aMeLLeHUs
KPOBM BMECTO JOHOPCKOIA.

Perynauma KONNOWAH 0-OCMOTMYECKOro faBne-
Hu4d. KonnougHoe éqasneHme KPOBY 3aBUCUT OT CofiepXKaHuns 6e/KoB
W, CnefoBate/ibHO, 00yCNOBNEHO perynaumeli 6enkoBoro o6meHa. Ocmo-
TUYEeCKOe AaBNeHMe KPOBM MOABEPXKEHO 6onee YacTbIM KoNebaHusM,
00bIYHO HE BbIXOAALLMM 13 (D3MONOTNUECKMX TPaHILL 6narofaps CroX-
HbIM PEryNaTOPHbIM B3aNMOAENCTBUAM MeXaY KPOBbIO U OpraHamu.

PaccMOTpUM CrieflytoLimin OMbIT: NOLWaan BBEN B BeHY 7 1 5%-HOro
pactsopa cy/nbdara HaTpua.'T1o pacyeTy 370 AO/IKHO MOBLICUTL OCMO-
TUYeCKOe [aBfIeHMe KPOBW B [iBa pasa, OLHAKO Yyxe yepe3 |0 MUH OHO
BOCCTaHOBW/IOCb. Kaknm 06pa3om NMpouMCXOAMT BOCCTAHOB/IEHNE OCMO-
TUYECKOro AaBneHna?

Mpouecc HaunMHaeTCcs ¢ nepepacnpeaeneHns Boabl MeXay KpOBbtO
1 TKaHeBOW YKMAKOCTbIO. ECNM 9TOro HeAocTaTouHO ¥ OCMOTUYECKOe
[aB/IeHVie He BOCCTaHaB/IMBAETCA, TO BCTYMNAlOT B ieCTBME BOMee CNox-
Hble PerynaTopHble MexaHU3Mbl.

B cTeHKax KpPOBEHOCHbLIX COCYAO0B MMEKTCS PeLenTOpHbIe KETKMK,
UyBCTBUTE/IbHblE K M3MEHEHWUI0 OCMOTUYECKOr0 AaB/ieHUs KPOBU. DTn
K/METKM HasblBatoTCA ocMopeLenTopami. NMoMMUMO KPOBEHOCHLIX COCY-
A0B OHU HAXOAATCS Takxe B ONPeAeNEeHHbIX CTPYKTYpax Mo3ra, Hanpu-
Mep B runotanamyce (MPOMeXyTOUHbIA MO3r). [py M3MeHeHUn 0CMo-
TWYECKOTO 1aB/IEHNS1 KPOBM B OCMOPELIENTOPaxX BO3HUKAET NOTeHLMan
AENCTBUS, KOTOPbIA MO LIEHTPOCTPEMUTE/IbHLIM HEPBHbBIM BO/IOKHAM
nepefaeTcs B runoTanaMmyc v B Kopy 60nbWwmnx nonywapuii. LieHTpo-
6eXHble HepBHbIe NMYTU UAYT K BbLLeUTeNbHbIM opraHam. pu yyac-
TUW MOYeK, NOTOBbIX XKENe3, XXenyaouHo-KMLLEYHOro TpakTa M3 opra-
HM3Ma YMEHbLLAeTCa WKW yBeMYMBAETCS BblfjefleHne BOAbl U CONeWd.
OnHOBPEMEHHO perynmgyeTCH aKTUBHOCTb LIEHTPA XXaX[bl, YTO Bbl3bl-
BAeT M3MEHEHNME NOTPebNEHNSA XMBOTHbLIM BOAbI U CONEN.

B ahthepeHTHYO uacTb PedIEKTOPHOI [yry 4acTo BOB/EKAOTCA
KaK CaMOCTOATE/IbHbIE 3BEHbS XKe/e3bl BHYTPEHHEN CeKpeuun —rumno-
(13, HaZNOYEUHNKN, LWWNTOBUAHAA 1 NapaMTOBULHbIE Xenesbl, U UX
rOPMOHbI B/IMAKOT Ha BbLUENIeHNE BOLbl U OTAENbHBIX MUHEpPasibHbIX Be-
LLLECTB U3 OpraH13mMa.

Takum 06pas3om, Npu N3MEHEHUN KOJINIOUAHO-OCMOTUYECKOTO [aB-
NEeHNA KPOBW BK/IHOHAKOTCS HEMporymMopasibHble MexaHu3Mbl, ObICTPO
BOCCTaHaB/IMBaloLLMe HOpMasibHbIe NapameTpbl KPOBW.

3.5. TEMOCTAS N CBEPTbIBAHVE KPOBW

lemoctas (nat. haema —KpoBb, stasis —OCTaHOBKAa) —3TO Mexa-
HWU3Mbl, OCTaHaB/IMBAOLLME KPOBOTEYEHNWS, a TaKXKE HaMpaB/ieHHble Ha
CoXpaHeHWe KPOBM B COCYZaX B XMUAKOM COCTOSIHWUM, NPenAaTCTBYOLLME
KPOBOTOUMBOCTW M BOCCTaHaB/IMBAIOLLME KPOBOTOK B TOM C/y4ae, eciiu
MPOCBET COCYZa OKAXETCH 3aKyrnOpeHHbIM TPOMOOM.
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UT06bI ABUraTLCSA NO COCYAaM U BbINONHATL CBOM OCHOBHbIE (DYHK-
LMW, KPOBb AO/MKHA ObITb XXUAKOW. HO 0LHOBPEMEHHO KPOBb A0/~
Ha 06/1aaTb M CNOCOGHOCTLIO CBEPTLIBATLCA, YTOObI HE MPOM30LLNO
ee NoTepu M3 MOBPEXAEHHOro cocyfa: npu TpaBMax W pogax, npu
YCUIEHHOM (DYHKLMOHMPOBAHUMN CKENIETHbIX MbILL, U ApYyrux opra-
HOB (MWUKDPOTpaBMbl Kanunnapos). AuHamnueckoe eanHCTBO CBep-
TbiBalOLWEW U NPOTUBOCBEPTHIBAIOLLEA CUCTEM KPOBW COCTaBASET
CYLUHOCTb reMoCTasa.

Bpemsi cBepTbIBaHUS KPOBMU ABMSETCS BUAOBLIM MPU3HAKOM: KPOBb
nowagm ceepTbiBaetca Yepes 10... 14 MWH nocne B3ATUSA, KPYMNHOro pora-
TOro cKoTa —uepe3 6...8 MUH. Bpems CBepPTbIBaHMS KPOBW MOXKET M3Me-
HATLCS B TY WM UHYHO CTOPOHY. B 0AHMX Cyyasx 3TO UMEeET MPUCnoco-
OuTeNbHOE 3HayeHue, a B APYrnX MOXET OblTb NMPUYUHOW Cepbe3HbIX
paccTpoicT. Mpy NMOHMXKXEHHOW CNOCOOHOCTM KPOBWM K CBepTbiBa-
HWI0 BO3HMKAKOT KPOBOTEYEHMS, NPU MOBbLILLIEHHOW —HA060pOT, KPOBb
CBEpPTLIBAETCS BHYTPY COCYL0B, 3aKyrnopuBas Ux TPOMOOM.

OcTaHOBKa KPOBOTEYEHWS NPOMCXOANUT B TpU 3Tana:

o6paszoBaHVe MUKPOLUPKYNALUOHHOIO, UK TPoM6OLMTapHOro,
TpoMmb6a;

CBepTbIBaHME KPOBM, UV reMoKoarynauus;

peTpakums (YnjoTHeHWEe) KPOBAHOIO Cryctka v gubpuHonus (ero
pacTBOpeHue).

O6pazoBaHne MUKPOLMPKY/IALMOHHOIO TRoMGa. MUKPOUUPKYNALNOH-
HbIA TPOM6 00pasyeTcs B MEIKMX KPOBEHOCHbIX COCYfax C HU3KMM KpOo-
BAHbIM [aB/fieHNEM U MeANeHHbIM TedeHneM KpoBW. [pu TpaBme TakKmnx
COCYJ0B W/IN e MpY WU3MEHEHWW CBOWCTB BHYTPEHHEN MOBEPXHOCTM
COCy/10B (LLEepOX0BATOCTYU, U3bA3B/IEHNMN, NOTEPE 3NIEKTPUYECKOTO 3apsi-
[ia) CHayana BO3HMKaeT pe(IeKTOPHbIM cnasm cocyfa, B pe3ynbTare
4ero yMeHbLUIAeTCA NPUTOK KPOBU K NOBPEXAEHHOMY YYaCcTKy.

3ateM K BHYTPEHHEe MoBepXHOCTU cocyfa NoAXOAAT TpoMbouum-
Tbl —KPOBSAHbIE MNACTUHKW. OHWM pacniacTblBatOTCA Ha 3TOM y4acT-
Ke, BbITArMBAKOT HaBCTPeYy ApYr Apyry OTPOCTKM U 06pa3ytoT TPOM-
bouuTapHyto mMaccy (TPOM6) U3 CAMMLILMXCS, NOTEPSBLINX 3NEKTPU-
yeckue 3apsiabl TPOMOOUMTOB. TpPOMOOLMTapPHbIA TpomO BHavane
PbIX/IbIA, MOTOM OH YMN/IOTHAETCA U 3aKpblBaeT AeeKT cocyfa. Ckne-
nBaHue, cnMnaHne TPOMOOLIMTOB Ha3blBaeTCs aaresueid, a obpaso.a-
Hue TpoMbounTapHOM Maccbl —arperaumein. B npoueccax agresmm un
arperayum yyacTBytoT GMONOrMYECKM aKTUBHbIe BELUECTBa, BbLLe/s-
tolImecs M3 TPOMOBOLMUTOB U M3 CTEHOK KPOBEHOCHbIX COCYZO0B, a
TaKXe NocTynatoLlmne Cloga C KPOBbl. ITO —afpeHaIvH, Hopajpe-
Ha/IMH, CEPOTOHUH 1 Ap.

MUKpPOLMPKYNALNOHHBIA remMocTa3 BroJiHE JOCTaTOYeH Ana npe-
[OTBpALLEHNS KPOBOTEUYEHUS M3 MeIKUX cocyaoB. Ho npu nospexzie-
HUM 6osee KPYMHbIX COCYJ0B, B KOTOPbIX KPOBAAHOE faBneHue Gonee
BbICOKOE, TPOM6OOLMTapHas Macca ObICTPO BbIMbIBAETCA TOKOM KpOBM,
M TOrja HayvMHaeTCs HOBbIA 3Tan remocrasa —cCBepTbiBaHVe. B pe-
3ynbTaTe CBepPTbIBaHUA 006pas3yeTcst MOTHbLIA KPOBSHOW CrycTOK, OC-
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HOBY KOTOPOr0 COCTaB/IAOT BO/IOKHA (hnbprHa —CBepHyBLUerocs 6en-
Ka nnasMbl KpoBU. PUBPVHOBBIA TPOMO YXKe HaJeXHO 3aluMLLaeT co-
Cy[, OT KPOBOTEYEHNS.

CsepTbIBaHWe KpPOBKW, UK remMokoarynauus. CeepTbiBaHNe KPOBU 3a-
BepLUIaeTcs 0bpasoBaHueM (hMO6PMHOBOro TPOM6A W NpeAcTaB/IsfeT Co-
60V CNOXHBIN (hepMeHTaTUBHBIN KackKagHbI npouecc. [lepByto Hayu-
HO 0O0CHOBAHHYHO TEOPUIO CBEPTLIBAHMS KPOBW, /IEXALLYIO B OCHOBE
COBPEMEHHON Teopumn remokoarynaumm, chopMmynuposai npogeccop
HOpbeBcKoro, HbiHe Taprycj:oro, yHusepcuteta A A. LUmnar (1861),
a 3aTeM ee [OMOJIHU/I YellCKuiA yuyeHbld Mopasuy, (1905). Hanbonb-
LLIee YKC/I0 OTKPbITWiA, CBA3aHHBIX CO CBEPTbIBAHWEM KPOBU, ObINO cae-
naHo B rofpl lepBoli 1 BTOpoil MUMPOBLIX BOIH, KOrga noTpebHOCTU
BOEHHO-M0NEBOIN XUPYPrumn Bbi3blBa/I HEO6XOAMMOCTbL Bosee aeTaslb-
HOr0 W3y4YeHWs MexaHW3MOB OCTaHOBKWM KPOBOTEYEHWIA W MOWCKOB
CpefCTB 60pbObI C KPOBOMOTEPAMMU.

CyLLHOCTb NPOLLECCOB CBEPTLIBAHWSA KPOBU 3aK/IHOYaeTCs B Bblnaje-
HWUM B 0cafoK hnbpuHoreHa —6esKa, cofepxallerocs B nnasme Kpo-
B/. BbinaBLunii B 0caf0K PUOPUHOreH HasbiBaeTCs (PUOPUHOM.

KpoBb CBEPTLIBAETCA B ClyyasX, eC/in ee B3ATb Y XXMBOTHOIO B MPO-
BUPKY MK KaKoA-nn6o Apyro cocy, UM B CaMoM OpraHu3mMe npu
TpaBme, 3MEeHeHUW CBOMCTB 3HAOTENNSA COCYLOB.

Femokoarynaums npeacTaBaseT cO60W CMOXKHbIA KOMMNEKC (ep-
MEHTATMBHBIX peakuuid, B KOTOPOM MPUHMMAKOT y4yacTue BeLlecTBa,
HaxojAwmecs B nnasme KpoBu, B (DOPMEHHbIX 3/IEMEHTax KpoBu U B
aHAoTeNnMoumMTax. ITU BELLECTBA Ha3blBalOTCA (hakTopamu cBepThbiBa-
HWA KPOBW. 3yyYeH XMMUYecKuii cocTas 1 CBOCTBa 13 (hakTopoB, Ha-
XO[ALWMXCA B Na3Me KPOBM W COCYAUCTON CTeHKe, U 13 (hakTopos,
cofiepxalumxca B TpomboumTax. PakTopbl CBEPTbIBAHUA KPOBU 3pU-
TPOLMTOB U NEAKOLMTOB MEHEE U3yYeHbl.

Mo coBpemMeHHOW HOMeHKMaType BellecTsa ((pakTopbl), HAXOAALLN-
ecsl B NniasMe KPoBM WNN BbLUENAIOLLMECH U3 COCYAUCTBIX CTEHOK, 000-
3Ha4varT puMmcknumu uugpamu ot | go XIll, a TpomboLmTapHble (ak-
TOpbl —apabckumm Ludpamm Toxe ot 10 13. To cTapoii (Tpaguuu-
OHHOI) HOMEHK/aType (hakTopbl CBePTbIBAHUA KPOBM Ha3blBaKOT MO UX
XMMWUYECKOMY COCTaBy, MO MUX CBOWCTBaM, WM XXe N0 UMeHMW nauueH-
TOB, C KOTOPbIMU CBA3AHO KX OTKpbITHE (Tabsn. 3.1).

3.1. Tlna3meHHble (haKTOpbl CBEPTbIBAHUS KPOBU

Buoxumumnyeckuii

0
Ne n/n HasBaHue cocTap

DyHKLUMA

1 dunbpurHOreH FnukonpoTteng OcHoBa Tpomba. BbinageHue B 0cajok.
BbinaBLumnii B 0cafokK hMOPUHOreH Ha-
3blBaeTcA UOPUH

1 MpoTpom6UH » HeakTuBHbI hepMeHT. AKTMBHas op-
Ma Ha3blBaeTCst TPOMOUH. BbI3biBaeT Bbl-
nageHue B 0cafok gubpuHoreHa. OgHo-
BpPeMEeHHO pacTBopsieT (hnOpuH



Mpofon>keHne

BUoXvMMYecKuii

Ne n/n Ha3BsaHve cocTaB DyHKLMA

Il TkaHeBoli TpoM60-  Pocthonmnug Y4yacTByeT B 06pa3oBaHUN TKaHeBOM

nnacTuH npoTpomburHasbl
IV Kanbuwuii MNoHn3mpo- YyacTByeT BO BCex (pasax CBepTblBaHUSA
BaHHbIA KpOBM
KanbLmnii
V, VI TlpoakuenepuH, FnobynuH YCcKopseT cBepTbiBaHWe KpoBWu. Heak-
aKuenepuH TUBHasA N aKTUBHaA (opMbl (hepMeHTa
BMeCTe HasblBalOTCA rN106yNnNH-aKLene-
paTop
VIl KoHBepTukK Benok depMeHT, yyacTByeT B 06pa3oBaHUm
TKaHeBOW MPOTPOMOMHa3bI
VIl AHTUremodunbHbI  [N06YNUH YyacTByeT B 06pa3oBaHuNy KPOBSHOW
rnobynmH A npoTPOM6MHA3bI
IX  AHTUreMoubHbIN » YyacTByeT B 06pa3oBaHUN KPOBSIHOW
rnobynvH B (thakTop npoTpomMbuHa3sbl (akTuBMpyeT thakTop X)
Kpuctmaca)
X ®dakTop CTroapTa — » YyacTByeT B 06pa3oBaHuUn KPOBSAHOW U
Mpayapa TKaHeBOW NPOTPOMOMHA3bI, a Takxke
TpomMbrHa 13 npoTpombmHa
Xl MnasmeHHbIW Npea- bBenok AkTMBUpYeT thakTop IX

LIECTBEHHUK TPOM-
6onnactuHa (akTtop

PoseHTans)

X1l dakTop XaremaHa MonunenTtna  KoHTaKTHbIV hakTop. AKTUBUPYET (hak-
TOp XI N COBMECTHO C HUM UHULUNPY-
eT MpoLiecc CBepTbIBaHNA KPOBU. YUacT-
ByeT B (hubpuHonnse

Xl ®unbpuHcTabnnnsm- . YyacTtByeT B 06pasoBaHuUmM pubpuHa,

pyloLwmii hakTop YNPOYHSAET CBA3N MeXAy COCefHUMM
MOJieKynaMun. Y4acTByeT B pereHepa-
LMun TKaHel

BeluecTBa, yyacTBytoLLMe B CBEPTLIBAHWMM KPOBM, 00pasytoTcs Mno-
CTOSIHHO W BCerja npucyTCTBYHOT B KPOBU, HO B HEAKTUBHOM COCTOS-
HuW. Tlpu OTCYTCTBUM XOTA Obl OAHOTO U3 (DAKTOPOB KPOBb TepseT
CNOCOOHOCTb CBepTbIBaTLCA. [pUYMH AN1F 3TOr0 CyLIeCTBYET MHOrO.
MHoraa aTo reHeTudeckune 3abonesaHns (remounns), nepegarouime-
ca no HacnefcTBy. Kpome niofein remodunimns BCTpeyaeTca y Nowasen,
cobak, cBuMHel. KpoBb He CBEPTbIBAETCA MPU YMEHbLLEHUM B Mia3Me
KO/IMYECTBA MOHOB KasibLua, Npun 3a60/1€BaHUAX MeYeHU.

B 6mocrHTe3e MHOrMX (paKTOPOB CBEPTbIBAHWA KPOBW y4yacTByeT
BUTaMMH K (aHTuremopparmyeckuini BUTammnH). Noatomy aBuTammHo3
K conpoBoXaaeTcs KpOBOU3MUAHMAMMW. B HEKOTOPbLIX KOPMax MOXeET
COAepXaTbCa AUKYMapuH —aHTaroHUCT BuTammnHa K, noatomy oTpas-
NeHWe 3TMM BELLEeCTBOM TaKXe CONPOBOXAAaeTCA HECBEPTbIBAEMOCTbIO
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KpoBW. [MKyMapuH MUCNonb3yloT Ang 60pbbbl C rpbi3yHamMu, BBOASA
ero B npumaHkKy. ocne noefaHna Takoi 0Tpasbl KPbICbl NOrM6atoT o1
MHOX€ECTBEHHbIX BHYTPEHHUX KPOBOU3/UAHWNA.

CsepTbiBaHVe KPOBY MPOTEKAET B TPY (Pasbl C 06pa3oBaHMEM COOT-
BETCTBEHHO MPOTPOMOMHA3bI, TPOMOMHA U (PUOPUHA.

MepBasa ®Mas3a. [lpoTpombuHa3a —3TO KOMMNEKC BELLECTB,
o6nagaroLyx hepMeHTaTUBHOM akTUBHOCTbIO. O6pa3oBaHue NMPOTPOM-
6VHa3bl MOXeT WUATW ABYMSA MyTAMU —BHYTPEHHVM W BHELLHUM.
BHyTpeH! rag akTBauua hakTopoB UAET 3a CHET BELLeCTB, NPUCYTCTBY-
fOLLMX B M/1a3Me 1 B POPMENHBIX 3neMeHTax KpoBu: akTop XaremaHa
(XI1), dhakTop PoseHTansa (XI), aHTuremodunbHble rNo6ynmMHel A n B
(VIII, IX), nonbl kanbuusa (1V), rnobynunH-akuenepuH (VIII, VI).

BHYTpeHHAs cucTemMa 0b6pa3oBaHWs NMPOTPOMOMHA3bI MHULMMPYET
CBepPTbIBaHME KPOBU 6€3 BHENLLEro NoBPeXAeHNs CTEHOK cocyoB. A)Cru-
BaTOPOM B 3TOM C/lyyae fB/IAOTCA NOBPEXAEXble MeMOpaHbl TPOMOOLLU-
TOB: TPOMOOLMTBI NMOC/Ne afresunn 1 arperaumm Ha U3MeHeHHON cocyamc-
TOW CTeHKe pa3pyLuaroTcs. AKTUBHbIN (hepMEHTHBIV KOMI/IEKC, 06pasyto-
LMIACA 3a CHET (DAKTOPOB, HAXOASALLMXCA BHYTPW COCYAA, HA3bIBAETCA KPO-
BSAHOI NPOTPOMOMHA30i. OH 06pa3yeTcs B TedeHue 5... 10 MUH.

Mpouecc HaymHaeTcs € akTmsauum akTopa XaremaHa (XII) u
nofo6HO LenHOM peakuMn OXBaTblBaeT Apyrve (akTopbl. PakTop
XaremaHa Ha3blBalOT KOHTAKTHbIM (haKkTOPOM, TaK KakK Nocfe akTu-
BaLMN OH HE YHOCMTCS MOTOKOM KPOBW, a OCTAaeTCsA Ha MOBPeX/eH-
HOM NOBEPXHOCTH.

BHewWHWA nyTb aKTMBaLUKM (EPMEHTOB HaYMHaeTCA C NoBpex[e-
HUSA COCYZ0B, KOrfa 13 paspyLleHHbIX anNUTeNnaibHbIX K/ETOK Bblue-
nsetcs TkaHesol TpomobonnactuH (I11). OH B3ammopeiicTByeT ¢ 6en-
KoM npokoHBepTuHOM (VII), rnobynumHom-akuenepuHom (V, VI),
thakTopom Crtioapta —IMpayspa (X) 1 noHammn Kanbums. pu aTom
aKTMBaTopamu ABAKOTCA 3/IEMEHTbI Pa3pyLLUEHHbIX CTEHOK KPOBeHOC-
HOro Ccocy/a —KosinareHoBble BOJIOKHA, (oconunuabl MembpaH
ap. O6pa3oBaBLMACA DEPMEHTHbIA KOMMAIEKC Ha3blBAETCA TKAHEBON
npoTpoMbuHasoii. OH 0bpa3yeTcs 6biCTpee, YeM KpoBsiHas NPOTPOMOU-
Ha3a, —3a 5...10c.

WTak, nepsas (pasa CBepTbIBaHMA KPOBU 3aKaH4MBaeTCA 06pa3osa-
HWEeM NPOTPOMOUHA3bI —aKTUBHOIO PEPMEHTHOIO KOMMeKca.

BTopasa a3a CBepTbiBaHMA KPOBMW 3aK/HOYAETCA B TOM, UYTO
noj, BAUSHWEM MPOTPOMOUHA3LI 1 B MPUCYTCTBUM paja Maa3mMeHHbIX
(hakTOpoB (MOHbI KafnbLUns, NPOKOHBEPTUH, (akTop CTroapta —Ipa-
yapa) NPOUCXOAMT aKTUBALMA HOBOIO y4aCTHMKa reMokoarynaumm —
npoTpoM6uHa. MpoTPOMOUH —HEaKTUBHbIN (DePMEHT, NOJ BO3L4ENCT-
BYEM MNPOTPOMOMHA3bl NEPeXOaUT B aKTUBHYHK (HOPMY —TPOMOMH.
3TOT NpoLecc NPOMCXoauT Bcero 3a 1...5¢.

OG6Hapy»XeHO, YTO He6O0/bLLOe KOIMYECTBO NPOTPOMOMHA MOCTOAH-
HO aKTUBMPYeTCH W MpeBpaLlaeTca B TPOMOUH, HO B HOPMa/bHbIX YC-
NOBUAX KOHLeHTpaumsa TpoMOUHa HefocTaTouHa Ans Toro, YTobbl Bbl-
3BaTb CBEPTbIBaHUE KPOBMW.
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MpOTPOMOUH CUHTE3NPYETCA B MEYEHU W HAXOAUTCA B KPOBM
B 4OBOJIbHO BbICOKON KOHLeHTpauuu. B 10 Mn KpoBM ero copgep-
XUTCA Takoe KO/MMYeCcTBO, KOTOPOro [0CTATOYHO, YTOObI CBEPHY-
nacb BCA KPOBb B OpraHnM3Me —BOT TaKOW «pe3epB». OfHAKO HaKOnM-
NEHUS ero B KPOBW HE NPOUCXOAMT; NPUYMHBI 3TOro ByayT paccmoT-
PeHbl fasnblue.

TpeTbsa a3a CBePTbIBAHWA KPOBM NPOUCXOAMT NPU y4acTum
TPOMOMHA. AKTUBHbIA TPOMOWH BbI3bIBAET BbIiNaAeHNe B 0CaA0K hunb-
pUHOreHa —6enKa, NOCTOAHHO HaxoAALLerocs B niasme KpoBu.

Kak 1 npoTpoM6uH, (MOprMHOreH HeNpepbIBHO CUHTE3NPYETCS B Ne-
YeHW W MOCTYNaeT B KPOBb; €ro KOHLEHTpauus B CpefHeM COCTaB/seT
2..4r/n. Yactb pmbprHOreHa 13 KpoBY Yepes CTEHKN Kanusisapos Bbl-
XOAUT B MEXKNETOUHYHO XXMAKOCTb M N0 MMM(aTUYECKUM cocyaM BO3-
BpalLlaeTCs B KPOBb, NO3TOMY MMMa, KaK U KpoBb, 061afaeT COCO6HO-
CTbiO CBEpPTbIBATLCA. B COCYAMCTOM 3nNUTENIMN KaKoe-TO KO/IM4YecTBO
(hmbprHoreHa pacnazgaerca 40 NoAnMenTnLoB U aMUHOKUCIIOT.

FMoCKONbKY B OpraHu3me NnocTOSiHHO 06 aeg/eTCﬂ HeKoTopoe KO-
NINYeCTBO TPOMOMHA, TO HebO/bLIas YacTb (gm PUHOTeHa MOXET re-
peiTU B HepacTBOPMMOE COCTOSIHME —(MOPUH. OTMETUM, 4YTO 3TO
MPOUCXOAUT He B CNlyvae CBEPTbIBaHWUSA KPOBM, a B 0ObIYHBIX YC/IOBU-
ax. Obpasyowmninca (GUOpPMH NOKPbLIBAET HEXHbIM TOHKUM C/I0EM
BHYTPEHHIOK MOBEPXHOCTb KPOBEHOCHbIX COCYZOB, a TaKXe BCe Y3-
K1e KaHasibl OpraHu3Ma —cC/e3Hble NMPOTOKWU, MOJIOYHbIE KaHasbLbl,
XKENUYeBbIBOAALLME NYTWU, CEMEHHON KaHaTuK u ap. Cnov ubpuHa
ynyyliaeT NpoHuLaeMocTb Kanunnspos. Kpome Toro, ubpuH ap-
COpobUpYeT M3NULLIKN TPOMOUHA U APYrnX (PakTopoB CBepTblIBAHUSA,
NpensTCTBYS CBEPTbIBAHWIO KPOBMU.

®un6PUH BHaYane NOSABNAETCA B BUAE HEXHbIX TOHKMX 6en0BaTbIX
BO/IOKOH (HWUTeR). B neTnsax BOMIOKOH 3acTpeBalOT (POPMeHHble 3fie-
MEHTbI KPOBW, MO3TOMY CryCTOK KPOBY NnpurobpeTaeT 13-3a 3pUTpoLm-
TOB KpacHbIl LBeT. 3aTeM HUTK (hnbprHa YNNOTHAKOTCS, U3 (nbpuHa-
MOHOMepa 06pa3yeTcs (PUOPUH-MONMMEP, CryCTOK KPOBU CTaHOBUTCA
60/1ee NIOTHLIM U MPOYHBIM.

Ob6pas3oBaHue (MbpMHOBOrO TpoMbGa 3aKaHuMBaeT TPeTbi (hasy
CBepTbIBaHWS KPOBW, N fjanee HauyvHaeTcs rnocnedasa, Wan, Kak yalle
roBOPAT, TPETWIA 3Tan remocrasa. :

TpeTuin 3Tan remocrasa BK/IKOYaeT 4Ba npoLiecca —peTpak-
LMK KPOBSIHOTO CryCTKa W ero pacTBopeHne —pnoprHoON3.

PeTpakuus, nnv cokpalieHue n ynnoTHeHne uOpuHOBOro TPOM-
6a, CONPOBOX/AETCS BblLUENEHNEM W3 HEr0 CbIBOPOTKM KPOBM —MPO-
3payvyHOM >XXMAKOCTM XeNToro useta. 1o coctaBy CbIBOPOTKA NOA0OHA
nnasme, HO B Hell HeT PUOBPUHOreHa 1 psagda Apyrux (hakTopos CBEPThI-
BaHWsA KPOBW, MO3TOMY OHAa He MOXET CBepTbiBaTbCcA. B peTpakuum
KPOBSIHOTO CrycTka y4acTBYOT (hepMeHTbl TPOM6OLUUTOB (Hanpumep,
TPOMOOCTEHUH).

Bronornyeckoe 3HayeHve peTpakLum CrycTka KpoBW 3ak/oyaeTcs
B TOM, YTO CryCTOK CTAaHOBUTCS, BO-MNePBbIX, 60/1ee MPOYHbIM 1 HEMNpo-
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HULAeMbIM 415 KPOBW, & BO-BTOPbIX, OH CTATUBAET Kpas MOBPEX/eH-
HOr0 cocyfa, CrocobCTBYSA pereHepawuu.

®PubpuHOIM3 — 3TO npouecc (HepMeHTaTUBHOrO pPacTBOPeHUs
(pnbpuHa. PacnagaeTcsa A0 aMUHOKWUCIOT (DMOPUH, OTI0XMBLLUIACS
B €CTECTBEHHbIX YC/IOBUAX Ha BHYTPEHHel MOBEPXHOCTM COCY[OB, B
MEXK/IETOYHOM NPOCTPaHCTBe, B KaHaiax U MefikuxX npoTokax opra-
HOB, & TaKXXe COCTaBNAOLMIA OCHOBY KPOBAHOIO CrycTka. Bgesynb-
Tate (oMOPUHONN3A NPOUCXOANT paccacbiBaHWe MeNKUX TPOMOOB, a B
6onee KpynHbIX TpOMb6ax —0b6pa3oBaHNe KaHasioB, N0 KOTOPbIM MO-
)KET BOCCTAHOBUTLCA [IBVMXKEHNE KPOBU; 3TO AB/IEHNE Ha3blBAeTCA Ka-
Hanm3saymen Tpomba.

depmMeHT, pacTBopAOWMiA (DMOPUH, Ha3blBaeTCs NNasMUHOM. Y
30,0pOBOI0 >XXMBOTHOIO B KPOBU HaxXOAWUTCA ero HeakTuBHas hopma —
nnasMMHoreH. MnasMMHOreH CUHTE3NPYeTCS B NMeYeH, KOCTHOM MO3-
re, B moykax. Havnbonee H13Kas KOHLEHTPaLMA ero B KpOBY M/10L0B U
HOBOPOX/eHHbIX. Mpn 6epeMeHHOCTY YPOBEHb NIa3MUHOrEHa B KPO-
B/ MOBbILLAETCA.

B opraHu3me cyLecTByeT 60/bLUOe KONMYECTBO BELLECTB, AB/SAO-
LMXCH aKTUBATOpPaMU NNa3MUHOreHa, Mof UX BO3AENCTBMEM Nia3Mu-
HOreH npespalyaetca B nnasmuH. OLHUM M3 aKTUBATOPOB fAB/AETCA
(hakTOp XaremaHa, UrpatroLuii KYeBYH PoJib B CBEPTbIBAHUN KPOBW.
BbipaboTka akTMBATOPOB M/1a3MWHOreHa YCUIMBAETCH MOJ, BIMAHVEM
Pa3IMYHbIX CTUMY/IOB —aJpeHannHa, HUKOTUHOBOW KWUCNOTbI, Npu
(})V3nyecKkrX N MCMXMYECKMX Harpyskax, TO ecTb B TeX Ciy4yasx, Korga
MOBbILIAETCH CBEPTbIBAEMOCTb KPOBW. AKTWUBATOPbI MAa3MUHOreHa
06bI4HO afCcopOMPYIOTCH, KakK 1 cam MIa3MUHOreH, B croe (ubpuHa,
MOKPbIBAKOLLEr0 MHTUMY COCY/0B.

Kpome akTnBaTtopoB B KPOBY UMEKTCA U UHTUOUTOPbI, NN aHTU-
nnasMnHbI, —BELLECTBa, 6/IOKMPYIOLLME WX paspyLUatoLLye MIasMuH,
a TakKe aHTMaKTMBATOPbl MNja3MUHOreHa —BeLLEeCTBa, TOPMO3sLLue
aKTVBaLmio NiasMnHoreHa. B COBOKYNHOCTW Mna3MUHOrEH BMeCTe CO
CBOMMM aKTMBaTOPaMu 1N MHrMouTopamu CocTaBnfeT PUOPUHONMTMYEC-
KYI0 CUCTEeMy KpOBMW.

TakvM 06pa3oM, Mbl PaCCMOTPE/NY OCHOBHbIE MeXaHW3Mbl FemMocTa-
3a —MexaHu3Mbl, 6narofaps KOTOpPbIM KPOBb HAXOAMTCH B KPOBEHOC-
HbIX COCYyZaX B XXWLKOM COCTOSHUW, B Clly4ae HEOOXOLMMOCTU MOXET
CBEpPTLIBATLCA M 3aTeM 3a CYeT (PUObPUHONN3A BbI3bIBATb BOCCTAHOB/IE-
HWe KPOBOTOKa.

lMoyemy KpOBb He CBepTbiBAETCA B KPOBEHOCHLIX cocypax? lMpu-
YMH HECKOJbKO.

1 BellecTBa, y4acTByHOLIMEe B CBEPTbIBAHUM KPOBMW, HAaxoAsdTcs B
HeaKTMBHOM COCTOSAHMMW. XOTS Hebo/bLLIOe KO/IMYeCTBO PUOPMHA B ec-
TECTBEeHHbIX YCNOBUAX U 06pasyeTcs, HO (PMOPUHONUTUYECKAS CUCTe-
Ma YpaBHOBELLMBAET 3TOT MPOLECC U MPEnATCTBYET MPEBbLILLIEHNIO ero
(})m3nonoruyeckoro nopora B KPoBW.

2. BHYTpeHHsA NoBEPXHOCTb KPOBEHOCHbIX COCY/0B rNajkas, nme-
eT OTpULaTe/NbHbIA 3M1IEKTPUYECKNI 3apas, KaK U POPMEHHbIe 3/1eMeH-
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Tbl KpoBWU. [103TOMY TPOMOOLMTbLI HE MPUAUNAKT K CTEHKaM CO-
CYZ0B 1 He pa3pyLuaroTcs. MOCTOAHHOE BVXKEHVE KPOBMU NMPUBOAUT
K TOMY, 4YTO (DOPMEHHbIE 3N1eMeHTbl pacnpefenstoTcs 6amke K ocu
COCY[Zl0B, & BLO/Ib CTEHOK CTPYyMTCA Miasma KpoBM —3TO TOXe npe-
[OXpaHseT TPOMOOUUTLI OT paspylleHuns. Mpu pe3kom 3ameaneHun
NN 0CTaHOBKEe ABWXEHWUS KPOBU BEPOSITHOCTb ee CBEPTbIBaHWA No-
BblLIAETCS.

3. KNneTKn KpOBEHOCHbIX COCYZ0B MPOAYUMPYIOT TKaHeBble rop-
MOHbI —npocTarfadAvHel. [pocTarnaHaviHbl NPensaTcTBYHOT arpera-
UMy TpomboumMTOB, a ecnm TpomboumTapHas nNpobka yxe obpa3osa-
nacb, TO MpocTarfaHAvHbl OrpaHMyYMBalOT ee pacrnpocTpaHeHue Ha
Jpyrvie y4acTku cocyfa.

4. B KpOBM NPUCYTCTBYHOT €CTECTBEHHbIE aHTUKOArynsiHTbI, TO €CTb
BeLUeCTBa, NPensTCTBYHOLINE CBEPTbIBAHWIO KPOBU. OfHU U3 HUX —aH-
TUTPOMBONNACTUHLI —3aJePXKMBAKOT 006pa3oBaHUe MPOTPOMOUHA3HI,
Apyrne —aHTUTPOMOUHbLI —OBN0KMPYOT 06pa3oBaHmie TPOMOMHA.

MprYMepoM TakUX BELLECTB CNYXWUT rerapuH, KOTOPbIA TOPMO3NUT
CBepTbIBaHME KPOBW BO BCEX TpeX (pasax, TO eCTb 06/1a4aeT WMPOKUM
CNeKTPOM AeicTBusa. enapyH CMHTE3MpyeTCs B 6asodunax KpoBu 1 B
TYUHbIX KNETKax, HaXOAALMXCA B Pa3IMUHbIX TKaHAX. MHOro renapw-
Ha COAepPXMTCA B neyeHn (3TO 0OBLACHAET ero HasBaHue), B IETKKX, B
ceneseHKe. B KpoBu ero ypoBeHb B 2—4 pa3a 60/bllie, YeM Heobxoam-
MO, TO eCTb MMeeTCH ero peseps. BCnomHMM, 4TO M NpPOTpPOMOMHA —
npejLwecTBeHHNKA TPOMOHA —B KPOBU TOXE U30bITOK.

dapmakonornyeckuii npenapaT renapumHa nonyyatoT M6o 13 ne-
YeHW XMBOTHbIX (HA MACOKOMOMHATax), M60 CUHTETUYECKUM MyTeM.
B mefguunHe v BETepUHapUKN €ro UCNob3yrT ANS XPaHeHUs XUAKOW
KpoBW (4TO6bI OHA He CBepHy/acb B MPOOMPKE), Npu KaTeTepusaluu
KPOBEHOCHbIX COCYAO0B. [enapviH NMPUMEHSAIOT TaKXe A5 NIeYeHns Le-
NOW rpynnbl 3a60/1€BaHW, CONPOBOXAAIOLLMXCA KPOBOTOUMBOCTHIO U
MOBbILLIEHHOW CNOCOBHOCTHIO KPOBM K CBEPTbIBAHMIO, A1 Npoduiak-
TUKN BHYTPUCOCYAMCTOrO0 TPOoMB006pa3oBaHMs U paccacbiBaHUS CBe-
XNX PbIX/IbIX CrYCTKOB KPOBMW.

Perynaumps ceepTbiBaHMA KpoBW. Kak yxxe 6bl10 CKa3aHO, Bpems
CBepTbIBaHMS KPOBW ABNAETCS BUAOBLIM MPU3HAKOM XMBOTHbIX. Of-
HaKo B psfe Cny4yaeB 370 BPeMs M3MeHseTca. Ecnv Bpems cBepTbiBa-
HUA KPOBW YBENINYMBAETCA —TrOBOPAT O 3aMef/ieHMN CBePTbIBaHWS,
eC/ yKOpaumBaeTcst — 00 YCKOPEHUN.

[laBHO 13BECTHO, YTO Y JIOHOPOB, a TaKkXe Yy Ntofelt nepes, onepauu-
eli Bpems CBepTbiBaHWA KPOBWM YyMeHbLuaetcs ¢ §...10 fo 3..4AMuH.
CxofjHas peakuus OTMe4yeHa y CTYAEHTOB Nepej chayeil TpyAHOro K-
3aMeHa. Y >XMBOTHbIX Npu 60/M1eBbIX pas3gpaXkeHusx, Kak vy Nojen,
TaKXXe BO3pacTaeT CBEpPTbIBaKOLLAA CrOCOOHOCTL KPOBU. OCKO/bKY BO
BCEX 3TWX C/lyYasX NMOBbILLAETCA aKTUBHOCTb CUMMATUYECKON HEPBHOWA
CUCTEMbI ¥ YBENIMYMBAETCA BbIOPOC B KPOBL afjpeHa/IMHa, TO paHee Mno-
naranu, Yto CUMNaTUYeCcKnii OTAeN HEPBHOM CUCTEMBI YCKOPSET CBEp-
TbIBaEMOCTb KPOBW.
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OfHako 3aTemM 0Ka3anocb, 4YTO YCKOpeHMe CBepTbiBaHUA KPOBU
NPOVCXOANT 1 MpY BO3BY>KAEHMM MapacMnaTMYecKol HePBHOM cuc-
TeMbl, U NPV BBEAEHWN B KPOBb aueTUIXONMHA. STO NO3BOMUIIO CAe-
NaTb 3aKNloyeHWe 0 TOM, YTO B Mpouecce 3BOMIOLMU BblpaboTanach
0flHa peaKLus Ha BCce BO3[E/CTBUA —YCKOPEHNE CBEPTLIBAHNS KPOBM.
dTa peakuuss MMeeT 3aLLMTHO-MPUCNOCOOUTENbHBIA XapakTep, OHa
NOAroTaB/IMBaeT OpraHn3m K 6oniee ObICTPOMY 06pa3oBaHMIO CrycTka
KpOBM Npw yrpose Tpasmbl. .

Mpy JenCTBMM Ha OpraHun3M Nio6bIX Ype3BblYaliHbIX pasgpaxuTe-
Nell NMPOUCXOAUT pedIeKTOPHbIN BbIGPOC B KPOBb M3 CTEHOK KPOBe-
HOCHBbIX COCY/0B 60/1bLLOr0 KONMYeCTBa (hakTOPOB CBEPTLIBAHUSA U MO-
BbILLAETCH COAepXKaHue TPOMOUHA.

BosbLUyIO pO/ib B YCKOPEHWUW CBEPTbIBaHWUS KPOBW WUrpaeT afipeHa-
AH. Tpy NOBLILEHUN COAEPXXaHWS afpeHaMHa B KPOBU U3 CTEHOK
KPOBEHOCHbIX COCY/0B BblAeNSAeTca TPOMOONAACTUH, KOTOPbIA 6bICTPO
MpeBpaLLaeTcs B KPOBAHYHO NPOTPOMOUHA3Y. ALPEHaIVH TaKkXke 0CBO-
60xaaeT hoconunuabl U3 POPMEHHbLIX 3/1EMEHTOB KPOBMW, aKTUBUPY-
eT (hakTop XaremaHa. AKTMBALMA afpeHa/IMHOM TKaHeBbIX 1nas npu-
BOZMT K PacLLEenIEHNO XXUPOB Y MOCTYNNEHNIO B KPOBb XMPHbIX KUC-
NnoT, 06nafaroLWmnx TPOM60NNACTUYECKON aKTUBHOCTbIO.

Ba)KHO OTMETUTb, UTO Y 340POBbIX JIOLAENA 1 XMBOTHBIX MPW BCEX CAy-
YasX YCKOPEHUs CBEpPTbIBAHWUS KPOBW OLHOBPEMEHHO YBE/NNYMBAETCA
aKTMBHOCTb (DMOPUHONIMTAYECKON CUCTEMBI, YTO NPeaynpeXxaaeT Koary-
NAUMI0 U 0b6pa3oBaHKe TPOMOOB, Korja B 3TOM HET He0OXOAMMOCTH, U
CMoco6CTBYET PaCTBOPEHMIO ke 06pa3oBaBLlerocs (hmopuHa.

Uepe3 HEKOTOPOe BpeMs Moc/e YCKOPeHUS CBEPTbIBaHUA KPOBUW Ha-
CTynaeT 3aMefiieHne. ITO NPOSABIAETCA B YA/IMHEHUN BpPeMeHU 06pa-
30BaHMA CrycTka KpoBu. CumTaeTcs, YTO YMeHbLUEHWE CBEPTbIBAEMOC-
T KPOBMW SBNSETCA BTOPUYHLIM AB/IEHWEM, OHO OOYC/IOBNIEHO M3pac-
X0[l0BaHVeM (haKTOPOB CBEPTbIBAIOLLEA CUMCTeMbl KpoBW. Hanpuwmep,
BO BpeMs MPOLO/MKUTE/IbHBIX POAOB UK Onepauuii ecTb peaibHas yr-
po3a MOJIHOV MOTepU KoarynmpyoLwwmx CBOWCTB KPOBMU.

Takum 06pa3om, B OpraHu3mMe B AWNANIEKTUHECKOM eAMHCTBE CYLLe-
CTBYIOT KaK CBepTblBatoLLMe, TaK U NPOTUBOCBEPTbIBAIOLLME MEXaHU3-
Mbl. K CBEpTbIBAtOLLMM MeXaHM3MaM OTHOCAT BCe (DaKTopbl, MPUHUMA-
toLLMe yYacThe B CBEPTbIBAHWM KPOBU, —M/1a3MeHHble, TpombouuTap-
Hble, COCYANCTbIE 1 Ap.

MpoTMBOCBEPTbLIBAKOLLAA CUCTEMA BK/IOYAET [iBe CUCTEMBI;

BCerfa Haxopslmecs B KPOBU eCTECTBEHHbIE aHTUKOArynaHTbl —
aHTUTPOMOOMNACTUHBI, AHTUTPOMOWHBI, NNa3MUHOTEH W Apyrue
BELLleCTBa, B3aMMOAENCTBYHOLIME C MOCTOSHHO 06pa3syrounMmcs
TPOMOUHOM;

petheKTopHasA, BKAKOYaroLWasacs npu obpasoBaHMM 60/bLIOT0 KO-
NYecTBa TPOMOMHA. B KPOBEHOCHbLIX COCYyAaxX UMEKTCH peLenTopsbl,
YyBCTBUTE/IbHbIE K MOBbILLIEHHOMY YPOBHIO TPOMOGUHA. B036yXzaeHne
3TUX PeLLenTopoB NPUBOAUT K BbIE/IEHNIO B KPOBb aHTUKOAry/ISHTOB
N aKTMBATOPOB (PMOPUHONNTUYECKON CUCTEMBI.
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B 3[0pPOBOM OpraHu3me B YCNOBMAX (HM3MONOTMYECKOrO MOKOS
MOLLHOCTb CBepTbIBalOLLE/ U NPOTUBOCBEPTbIBAIOLLEN CUCTEM YypaB-
HOBELLEHa TaKUM 06pa30M, YTO KPOBb OCTaEeTCA XXMAKOW, HO B Upes-
BblUaliHbIX CUTYyaLMsaX aKTUBHOCTb 06enX CMCTEM BO3pacTaeT U paB-
HOBECMe YCTaHaB/MIMBAETCS Ha HOBOM YpOBHe. PerynupyeT aTu npo-
ueccbl LLHC wn ee Beaywimii otaen — Kopa 60nbLKMX NONYLAPWiA
r0N0BHOMO MO3ra.

3.6. ®OPMEHHbIE 3J/IEMEHTbI KPOBW

K (hOpMEHHbIM 3/IEMEHTaM, WU K/IETKaM, KPOBW OTHOCATCH Tpu
Kfacca: apuUTpoOLNTbI, NeAKOLUTLI U TPOMOOLUTI.

Oputpoumtel. Moponorng 3apuTpoumnTOB. 3penbie
3PUTPOLUNTBI Yy PENTUANIA, aMpUOUiA, pblb N NTUL, UMEIOT Aapa. dpu-
TPOLUUTBI M/IEKONUTAIOLLMX —6e3bsAfepHbIe: AApa MCYHe3atoT Ha paH-
Hei cTafun pa3BUTUSA B KOCTHOM MO3re. QpUTPOLUTBLI MOTyT ObiTb B
(hopMme [BOSAKOBOTHYTOIO AUCKa, KPYr/ible UN 0BaJibHble (OBa/lbHbIE Y
nam n Bepbnogos) (puc. 3.2.) Kaxablii 3puTPOLUT XKeNToBaTo-3e/e-
HOrO LBeTa, HO B TO/ICTOM C/I0€ 3pMTpOLMTapHas Macca KpacHoro LiBe-
Ta (nat. eiythros —kpacHblin). KpacHblii LBeT KpoBu 06YyCNoB/eH
Hannymem B apuTpOLMTax reMornobmHa.

O6pa3ytoTCs 3pUTPOLNTLI B KPacHOM KOCTHOM Mo3re. CpeaHss
NPOLOMKNTENIBHOCTL MX CYLLLECTBOBaHWUA COCTaB/seT OKOMO 10 CyT;

pa3pyLlatoTca OHW B Cefie3eHKe N B
neyeHu, NnLLb HebO/bLLAA UX YacTb
nozsepraerca aroynTo3sy B COCyAn-
CTOM pycre.

puTpounTsbl, Haxogdauinecs B
KPOBAHOM pycC/ie, HEOAHOPOAHbI. OHK
pasnnyaroTca no Bo3pacTty, opme,
pasMepy, YCTOMYMBOCTM K Hebnaro-
NPUATHLIM BO3AeNCTBUAM. B nepude-
PUYECKON KPOBW OAHOBPEMEHHO Ha-
XOJATCA MOJIOAbIE, 3pefible U CcTapble
apuTpoLmnTbLl. MosoAble 3pUTPOLUTEI
B LUMTOM/Ma3Me MMEIOT BKIHOYEHUS —
OCTaTKv AfepHON Cy6CTaHUMmn 1 Ha-
3bIBAIOTCA PeTUKyNoLyTamn. B Hopve
PETUKY/NOLUTLI COCTaBNAKT He 60nee
| % OT BCEX 3pUTPOLMTOB, MOBLIMEH-
HOe MX cofepXaHue yKasblBaeT Ha
YCU/EHVE 3pUTPONOaI3a.

Puc. 3.2. ®opma 3puUTpPOLUTOB:

A —[BOSIKOBOTHYThIN ANCK (HopMa); B —cmopLyeH-
HbI B TUNEPTOHMYECKOM CONEBOM PacTBOpe
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[BOsIKOBOrHYyTasi popmMa 3pUTPOLMTOB 0becrneymBaeT OOMbLLYHO
nnowaas NMoBepXHOCTH, MO3TOMY 06LLas NOBEPXHOCTb 3PUTPOLMTOB
B 1,5—2 TbicAYM pa3 npeBbILLAET MOBEPXHOCTL TeNa XMBOTHOr0. YacTb
3pUTPOLMTOB UMeeT LiapoobpasHyo (hopMy C BbiCTynamu (LWWMuU-
Kamu), Takue 3pUTPOLMTbI Ha3blBAtOTCA 3XMHOUMTamW. HekoTopble
3pUTPOLMTBI —KYyN01006pa3HON PopMbl —CTOMAUNTbI.

[vnamveTp 3puTPOLMTOB Yy pasHbIX BUAOB >XMBOTHBLIX Pas/NYeH.
OueHb KpYMHblE 3PUTPOLUTBLI Yy Narywek (8o 23 MKM) U Yy Kyp
(12mkm). Cpean mMeKONUTaKOLWNX camMble MaJIeHbKUE 3pUTPOLNTbI —
4 MKM —VMET 0BLbl 1 KO36L, a camble 60/1bLINE —CBUHbY W NIOLLIAAN
(6...8 MKM). ¥ >XMBOTHbIX OZHOr0 BMAa B OCHOBHOM pa3mepbl 3puUTpO-
LMTOB OfMHAKOBbI, N TONbKO He6O/MbLLAsA YacTb MMeeT KonebaHus B
npegenax 0,5...1,5 MKm.

embpaHa 3puTPOLMTOB, KaK M Y BCEX K/IETOK, COCTOUT U3 [BYX
MOJIEKYNIAPHBIX NIMMUAHLIX CN0EB, B KOTOPble BCTPOEHbI Ge/KoBble
Mosiekynbl. OfHN MONeKynbl 06pasyoT MOHHbIE KaHalbl A4J1F TPaHC-
nopTa BeLLeCTB, a [pyrve ABAAIOTCA peuenTopaMu (Hanpumep, Xo-
NMHOPeLenTopbl) WX WMEKT aHTUreHHble CBOWCTBA (Hanpumep,
arrNloTUHOreHbl). B MembpaHe 3puMTPOLMTOB BbICOKUIA YPOBEHL XO-
NINH3CTEpasbl, YTO MPeAOXpaHseT KX OT MniasMeHHOro (BHecUHanTu-
4ecKoro) aueTu/IXonuHa.

Uepe3 nonynpoHuLaemMyto MembpaHy 3puTpoLMUTOB XOPOLLIO NMPOXO-
[AT KUCNOPOJ, U YrNeKUC/bliA ras, BoAa, MOHbI X/iopa, 6ukapboHartbl.
MoHbI Kanus n HaTtpus NPOHUKAKT Yepe3 MembpaHy MeAJieHHO, a Ans
MOHOB Ka/bLs, 6eNKOBbIX W NUNUAHBIX MONEKYN MeMbpaHa Henpo-
HMLUaema. VIOHHbIM COCTaB 3pMTPOLMTOB OT/IMYAETCA OT COCTaBa nas-
Mbl KPOBW: BHYTPW 3pUTPOLMTOB MOLAEPXKMBAETCA 60/iee BbICOKas
KOHLEHTpaumns Kamsa 1 MeHbLLas HaTpus, Yem B nnasme Kposu. Ipa-
OMEHT KOHLEHTPaLuN yKa3aHHbIX MOHOB COXPaHAETCA 3a CHeT paboTbl
HaTpWiA-KanneBoro Hacoca.

eMOrnobnH — AbIXaTeNbHbIA NMUTMEHT, cocTaBnseT 4o 95 % cyxoro
ocTaTka 3puTpouuTOB. B uMTONNa3Me 3pUTPOLMTOB MUMEKTCA HUTU
aKTUHa U MMO3WNHA, (POPMUPYIOLLME LIMTOCKENET U PAL (PEPMEHTOB.

O60104Ka 3PUTPOLUTOB 31aCTUYHA, MOITOMY OHM CNOCO6HbLI NPO-
XOOUTb Yepe3 Menkue Kanwnispbl, AnameTp KOTOPbIX B HEKOTOPbIX
OpraHax MeHblle uameTpa 3pUTPOLMTOB.

Mpy noBpexaeHun 060/7104KN U3 3PUTPOLUTOB B MN/1a3My KpOBM
BbIXOAMT reMOrIobvH 1 Apyrvie KOMMNOHEHThI LuUTONa3Mbl. Takoe AB-
NeHVe Ha3bIBaeTCA remMosIM30M. Y 3[40POBbIX XKMBOTHBIX B Maasme pas-
pyLLAeTCca 04eHb HEOO/bLLOE KOMYECTBO CTapbIX 3pUTPOLMUTOB, 3TO —
(hM3M0N0rNYecKnin remonuns. MpuymnHbl 60s1ee 3HaYNTEIbHOTO reMosK-
3a Kak in vivo, Tak 1 in Vvitro MoryT 6bITb pa3/inyHbIMU.

OCMOTUYECKWIA TeMONN3 HACTYNaeT Npu CHUXEHUN OCMOTUYECKOrO
[aB/IeHMs Mnasmbl KPoBW. B Takom cnyyae BOAa MPOHMKAeT BHYTPb
3PUTPOLMTOB, 3PUTPOLMTLI YBENIMUMBAIOTCS B pa3mepax 1 paspblBatoT-
CA. YCTOWUMBOCTb 3PUTPOLMTOB K TMNOTOHUYECKUM pacTBOPaM Hasbl-
BaeTCs OCMOTMWYECKOW Pe3UCTEHTHOCTbI0. Ee MOXHO onpeaenvTsb, no-
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MeLLas 3pUTPOLMTLI, OTMbITbIE OT N/asmMbl KPOBW, B PacTBOPbI X/10-
puga HaTpusi pa3Hoi KoHueHTpaumm —oT 0,9 fo 0,1 %. O6bIYHO re-
MO/IN3 HayMHaeTca Mpu KOoHUeHTpauuu xnopuga Hatpusa 0,5...0,7 %;
MOHOCTLIO BCE 3PUTPOLUTBLI PaspyLlatoTCAa MpU KOHLeHTpauuu
0,3...0,4 %. NpaHuMUbl KOHLUEHTpaL MK, NPu KOTOPbLIX Ha4yMHaeTCa 1 3a-
KaH4M1BaeTCA remMosin3, Has3blBatOT LUVPUHOW PE3UCTEHTHOCTU 3PUTPO-
untos. CnefoBate/ibHO, He BCE 3pUTPOLMTLI 06/1aat0T OfJMHAKOBOM
YCTOMYMBOCTLIO K TMMOTOHNYECKMM PacTBOpaMm.

OcMoTnYecKas pesvCTeHTHOCTb 3PUTPOLMTOB 3aBUCUT OT NPOHMULA-
eMOCTM UX MemMbpaHbl 4/ BOAbl, YTO CBA3AHO C e CTPOEHWEM W BO3pac-
TOM 3pUTPOLMTOB. [1OBbILLEHWE YCTOMYMBOCTM 3PUTPOLMTOB, KOrja
OHV BblAEPXMBAOT 60/1ee HM3KYHO KOHLIEHTPALMIO COMK, YKa3blBAeT Ha
«CTapeHne» KpPoBW W 3alePXXKY 3pUTPOMnoasa, a NoHWXeHne pe3ncTeHT-
HOCTW —Ha «OMOJIOXEHME» KPOBU, YCUNEHNE KPOBETBOPEHMUS.

MexaH14ecKuii reMonn3 BO3MOXEeH Npu B3ATUMN KPoBK (B Npobup-
Ke); Npy HacacblBaHMUW W3 BeHbl Yepe3 y3Kue Wrfbl, npu rpyobom
BCTPAXMBaHUM U nepemelimBaHumn. [Mpu 3abope KPOBU W3 BeHbl
CTPYyS KPOBW W3 WUI/bl JO/XKHA CTEKATb MO CTEHKE NPOOGUPKK, a He
yAapATLCA O [HO.

TepMnUYecKuii reMonn3 NPOUCXOAMUT NPU Pe3KOM U3MEHEHUW TeMne-
paTypbl KPOBMW; Hanpumep, Npu B3ATUN KPOBU Y XMBOTHOTO B 3UMHee
BPEMS B XO/I04HYI0 NPOBUPKY, NMpu 3aMopaxkmeaHuu. Mpu 3amMmopaxu-
BaHWW BOAA B KNETKax KPOBYW MPEBPALLAETCS B NIef U KPpUCTa/bl baa,
yBeNMYMBasACb B 06beMe, paspyLuatoT 060/104KYy. TepMUYECKUin remo-
/I3 HACTYNaeT TakXe Mpu HarpesaHuu Kposu Bbiwe 50...55°C Bcnea-
CTBME Koarynauum 6ekoB B MembpaHax.

XUMUYECKNIA remonm3 00bI4HO Hab/loAaeTcs BHe opraHusma, npu
nonagaHnM B KPOBb KWUC/IOT, LLE/IOYEN, OpraHuMyecknx pacTeBopuTe-
neli —cnumpToB, adupa, 6eH30Ma, aLeToHa 1 ap.

Buonornyeckuin, MAN TOKCUYECKUIA, TEMON3 MOXET MPOU30MTK
MPUXWU3HEHHO, NMpY NonagaHny B KPOBb Pas/IMYHbIX FeMOIMTUYECKMX
A00B (Harnpumep, Npy 3MeMHbIX YKycax, MPu HeKOTOpbIX OTpasrie-
HUAX). BMONOTMYECKMiA remMonn3 BO3HMKAET NpU MNepenmBaHnn He-
COBMECTMMOW rpynrbl KPOBWU.

Femorno6buH wu ero ¢opmbl. [emornobuH npeacras-
NseT cob0i coefuHeHMe YeTbipeX MOMeKyn rema (HebenkoBas Nur-
MeHTHas rpynna) ¢ rnobuHom (npocrtetuyeckasa rpynna). em cogep-
XUT [BYXBa/IEHTHOE >Kene30. 'eM Y )KMBOTHbIX BCEX BULOB OANHAKO-
BOr0 COCTaBa, a rMo6WHbI OTINYAKOTCA CBOMM aMWUHOKMCIOTHBIM CO-
ctaBom. Kpuctansibl remorniobuHa MMerT BULOBbIE OCOOEHHOCTU, UYTO
MCNOMb3yeTCa AN UAEHTU(HUKALUN KPOBU U/ ee CNefoB B CynebHON
BeTepuUHapuv N MefuLuHE.

"eMOrno6uH cBA3bIBAET KUCMIOPOS, U ANOKCU YIieposa 1 Nerko ux
oTWennseT, 6narofaps Yemy OCYLLECTBNSAET [bIXaTe/lbHYH (PYHKLMIO.
CunHTe3 remorsiobnHa NPOVCXOAWUT B KPacHOM KOCTHOM MO3re 3pu-
Tpo6nactaMn 1 B TeYEHWe CyLLEeCTBOBAHWA 3PUTPOLUTOB HE OOMEHU-
BaeTcs. [pun paspyLleHUmn CTapblX 3pUTPOLUTOB reMornobuH npespa-
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TaeTCH B XKe/YHble NMUTMeHTbl —OunmpyebuH n 6unueepauH. B neyve-
HU 3TV NMUITMEHTbI NEPEXOAAT B COCTaB XNy U yaansTcs 13 opra-
HM3Ma Yepe3 KuweyHuK. OCHOBHasA 4acTb Xenesa U3 paspyLUEHHOro
reMa CHOBa PAcXOfyeTcs Ha CUHTE3 reMornobuHa, a MeHbLuas 4acTb
yfanserca u3 opraHusma, nosToMy OopraHusmy nocTOSHHO HeobXoAau-
MO MOCTYM/eHUNE XKefesa C NULLeid.

Pa3nnyatoT HECKO/IbKO hopM remornobuHa (Hb). MpuMUTVBHBLIiA
N (heTaNbHbIi remMornobuH — COOTBETCTBEHHO Y 3apofbilla ¥ naoja.
3TN hopMbl remornobrHa LacbIwakTes NpY MeHbLIEM COAEPXKaHWM
KMCNopoga B KPOBU, YeM Y B3POC/bIX XXMBOTHbIX. B TeueHne nepsoro
rofa XXu3Hu y CefibCKOXO03ANCTBEHHbIX XXMBOTHbIX (DETa/IbHbIA TeMO-
rnobuH (HbF) 3amelsaeTcs MOAHOCTbIO Ha reMOr/106MH, CBOMCTBEH-
HbIli B3poc/biM, — HbBA.

OkcuremornobuH (HbOr) —coegnHeHne remoriiobuHa ¢ KUCIopo-
[OM. BocCTaHOBMEHHbIA, WX peayUMpPOBaHHbIA, —3TO TemMOrno6mH,
OTA&BUJMVI chnogo,q. .

apboremornioonH (HbCl 1 ) —remMorno6uH, nNpucoeavHUBLLNI AU-
okeng yrnepoga. HbOr n HbCOr —coegnHeHnst HeNPOYHble, OHU fier-
KO OTAaloT NMPUCOEANHMBLUNECA MOJEKY bl ra3os.

Kap6okcuremornobuH (HbCO) —coeanHeHne remornobuHa ¢ yrap-
HbiM rasom (CO). M'emMornobuH 3HauMTENbHO ObICTPEE COEAUHAETCS C
yrapHbIM rasom, 4em c Kucnopogom. [axe HebosnbLLas MPUMECH yrap-
HOro rasa B Bo3gyxe —Bcero (,! % —o6nokunpyet okono 80 % remorno-
OVHa, T. €. OH Y)XXe He MOXET MPUCOELUHUTL KUCNOPOA U BbIMONHUTL
CBOO ApbIxaTefibHyto PyHKuno. HbCO HecToek, 1 ecnv NocTpajasLie-
My BOBpeMsi 06ecneynTb JOCTYN CBEXero BO3AyXa, TO reMornobuH
ObICTPO 0CBOBOXKAAETCA OT YrapHoro rasa.

MuornobmH — TOXe COeIHEHME KUCIopoJa C reMorio6uHOM, HO
3TO0 BELLUECTBO HAaxOAMTCA HE B KPOBY, & B MbillLax. MnornobuH yyacT-
BYET B 06ecneyeHnn KMCNOPOAOM MbILLUL, B YCNIOBUSAX HELOCTaTOYHOCTM
ero B KpoBW (Hanpumep, y HbIPSAIOLINX XXUBOTHbIX).

Bo BCex nepeuncneHHbIX hopMax reMornobmHa BaneHTHOCTb Xesle-
3a He MeHsieTca. Ecnm ke nof BO3LEACTBUEM KaKUX-NMO0 CUbHBIX
OKMC/IUTENIEN >KeNie30 B remMe CTAHOBWUTCA TPEXBA/IEHTHbIM, TO Takas
thopma remorn06mHa Ha3blBaeTCca MeETTEMOrI06MH. MeTreMorniobuH He
MOXET MPUCOEANHATL KICNOPOL,. B (hr3n0nornyeckmx ycnoBmuax KOoH-
LleHTpaumsa MeTremMorsiobrHa B KpoBu Hebosblas —Bcero |...0 % ot
BCEro remornobuHa, npuyeM OH HaxoAWTCA B OCHOBHOM B CTapbIX
aputpoumTax. CunTaroT, 4To NPUYUHOM (PU3NONOTNYECKON MeTremo-
rNOGMHEMMMN ABNAETCH OKWCNEHME )Kene3a B reMe 3a CYeT aKTMBHbIX
MNOHN3MPOBAHHbLIX MOJIEKY/T KACNOPOAa, MOCTYNatoWmnX B 3pUTPOLMUT,
XOTA B 3pUTpOLMTaxX MUMeeTCca (PepMeHT, NOoALep>XUBatOLWINA ABYXBa-
NEHTHYIO (PopMmy >kenesa.

MpegnonaratoT, YTO B (PU3MONOTUYECKUX YCIOBMAX METTEMOTI06MH
06€e3BpeXMBaET SL0BUTbIE BELLECTBA —TOKCUHbI, 06pasytoLLmnecs B opra-
HM3Me B npoLiecce 06MeHa BELLECTB UM NOCTynatoLwune N3BHE: LuaHu-
Obl, (DEHO/, CEPHUCTBIV BOZOPOA, AHTapHasA M MacnsiHas K1CNoTbl 1 Ap.
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Ecnu »e 3HaunTeNbHasA YacTb remMorsiobriHa KpoBm nepenger B MeTreMo-
rNO6WH, TO BO3HWKHET KWUC/MIOPOAHAsA HEeLOCTaTOYHOCTb TKaHei. Takoe
COCTOSIHME MOXET ObITb NPV OTPAB/IEHUN HUTPATAMU Y HUTPUTAMK.

KonnyectBo remMornobuHa B KPOBU AB/AETCA BaX-
HbIM K/IMHWUYECKUM MoKa3saTtefieM AblXxaTe/lbHo PYHKLMN KpoBU. OHO
N3MepsieTcA B rpaMMax Ha nnTp Kposw (r/n). Y nowafm ypoBeHb re-
MornobuHa B cpegHem 90...150r/n, y KpynHOro poratoro ckota—
100...130, y ceuHen — 100...120 r/n.

[pyroil BaxHbI NokasaTeslb —3T0 KONUYECTBO 3PUTPO-
LMWTOB BKpOBM. BcpefHeM y KpynHOro poratoro ckota B 1/ Kpo-
BU cogepxuTcs (5...7) ¢ 10 aputpounToB. KoapdumumeHT 10™ Hasbl-
BaeTCA «Tepa», 1 00N BUA 3anncy cnepytowuid: 5...7 T/n (uiTaeTcs:
Tepa Ha nTP). Y CBMHEN B KpOBY cogepxmTca 5.6 T/n apuTpounTos,
Yy K03 80 14 T/n. Y K03 60/bLLOE KONMYECTBO 3PUTPOLMTOB 00YC/OoB/e-
HO TeM, YTO OHW OYeHb MasIeHbKOro pasmepa, Mo3ToMy 06bem BCex
3PUTPOLMTOB Y KO3 TAKOW Xe, KaK Yy ApYyrnx >XUBOTHbIX.

Cojep>xaHvie 3pUTPOLMTOB B KPOBW Y NOLLIAZEN 3aBUCUT OT UX MO-
pOAbl M XO3AWCTBEHHOrO WCMO/Mb30BAHWA: Y flolajeid waroBbIX Mo-
pog—si...8 T/n, y pbicucTbix —$ ... 10, a y BepxoBbIX —A0 11 T/n1. Yem
fonblle NOTPeOHOCTL OpraHn3Ma B KUCNOpOoe W NUTaTeSlbHbIX Belle-
CTBax, TeM 6O/bLUE 3PUTPOLMTOB COLEPXKMTCA B KPOBU. Y BbICOKOMPO-
OYKTUBHbBIX MOMOYHBIX KOPOB YPOBEHb 3PUTPOLMTOB COOTBETCTBYET
BEpPXHEN rpaHuLLe HOPMbI, Y HU3KOMOOUYHbIX — HUKHEN.

Y HOBOPOXXAEHHbIX >KUBOTHBLIX KOMIMYECTBO 3PUTPOLIMTOB B KPOBYU
Bcerfa 60sblue, YeM y B3pocC/bIX. Tak, y Tendr 1.6 -MecsayHoro sospacra
cofiepXXaHue 3puTpoLUTOB AoxoauT Ao §..10 T/n n ctabunumsmpyercs
Ha YpOBHE, CBOWCTBEHHOM B3POC/IbIM XXMBOTHbIM, K 5...6 rogam. Y cam-
LIOB B KPOBU COAEPXKUTCA BO/bLUIE 3PUTPOLMTOB, YEM Y CAMOK.

PYHKUUN 3PUTPOLUNUTOB:

1 MepeHoC Kncnopoga OT NErKnx K TKaHAM W LUMOKCKUAa yriepoga
OT TKaHei K Nerkum.

2. MoppepxaHve pH Kposu (reMorfiobnH M OKCUremMorfiobuH co-
CTaB/AT O4HY M3 6Y(hepHbIX CUCTEM KPOBU).

3. MNopaep>kaHe MOHHOrO roMeocTasa 3a CYeT OOMeHa WMOHaMK
MeXay naasMor v apuTpoLuTamMu.

4. YyacTue B BOJHOM W CO/IEBOM OOMEHE.

5. Afcopbuus TOKCMHOB, B TOM 4uMc/e NPOAYKTOB pacnafa 6eska,
YTO YMEHbLUAET UX KOHLEHTPauuio B nnasmMe KpoBW M MPEnATCTBYET
Mepexofy B TKaHW.

f.YuacTve B (pepMeHTaTUBHbLIX MpOLECcax, B TpaHCnopTe nurta-
Te/IbHbIX BELLECTB —T/IFOKO3bl, aMMHOKUCOT.

YpoBeHb COLEpXaHNA 3pUTPOLMTOB B KPOBU M3MEHSAETCH. Y MeHb-
LUEHNe KONMYECTBA 3PUTPOLMTOB HUXKE HOPMbI (303UHOMEHUSA) Y
B3POC/IbIX XXMBOTHbLIX 06braHo Habto4aeTca TObKO Npy 3abosieBaHK-
X, & MoBbILWEeHNe CBEPX HOPMbl BO3MOXHO U Mpu 3abonesaHnsax, n y
300PO0BbIX XXMBOTHbIX. YBE/IMYEHNE COAEPXKaHUA 3PUTPOLMTOB B KPOBY
Y 3[0POBbIX XWBOTHbLIX Ha3blBAETCA (PM3NO/IOTUYECKUM 3PUTPOLUTO-
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om. PasnuaoT Tpu (HopMbl (PU3MONOTNYECKIX 3PUTPOLMUTOZ08B; Mne-
pepacnpefenuTeNibHbIN, UCTUHHBIA U OTHOCUTESbHBIN.

MepepacnpeaenvTenbHbIil 3pUTPOLMTO3 BO3HUKAET ObICTPO 1 ABNSET-
CA MEXaHWM3MOM CPOYHON MOBUNN3ALMN 3PUTPOLMTOB NPY BHE3AMHOM
Harpyske —{@u3n4ecko nam 3MoLMOHaNbHON. Tpn Harpyske BO3HU-
KaeT KUCNOPOLHOe rofofaHne TKaHeil, B KPOBW HaKanInBatOTCH He-
[LOOKUCNIEHHbIE NPOAYKTLI 06MeHa. Pa3fpaxaroTcst XeMopeLenTopbl Co-
CynoB, BO30yxeHure nepepaetca B LLHC. OTBeTHas peakLus ocyLecT-
B/ISIETCA MPY y4acTUM CUMMATUYECKOM HEPBHOW cuCTeMbI. poncxoguT
BbIOPOC KPOBU M3 KPOBSAHLIX'AENO M CUHYCOB KOCTHOrO Mo3ra. Takum
06pa3om, MexaHu3Mbl fepepacnpesenuTesIbHOro 3pUTPOLUTO3a Ha-
npaBneHbl Ha nepepacnpejeneHne MMelLerocs 3anaca apuTpoLmnToB
MEXZy Aeno 1 UMPKYMpyoLeid KpoBbto. Mocne npekpateHns Harpys-
KV COAepXKaHve apuTpoLMTOB B KPOBY BOCCTaHaB/IMBAETCS.

VCTUWHHBIA 3puTpOLMTO3 XapaKTepusyeTcs yBe/IMYeHWEM aKTUB-
HOCTU KOCTHOMO3IOBOrO KPOBETBOPeHUs. [1f pasBUTUS WUCTUHHOIO
apuTpoumTo3a Tpebyetcs Gonee A4MTENbHOE BPEMSA, a PerynsTopHble
npoLecchbl 0KasbIBAKTCA 60/1ee CNOXHbLIMU. I/IH,ug/u,mpyeTCﬂ OIMTENbHOM
KNCIOPOLHOM HefoCTaTOYHOCTbIO TKaHeil ¢ 00pa3oBaHMEM B MOYKax
HU3KOMONEKYNSAPHOTO 6e/1Ka —3pUTPONO3TUHA, KOTOPbIA 1 aKTUBU3W-
pyeT 3puTponoa3. VICTUHHbLINA 3pUTPOLUTO3 06bIYHO pa3BMBAETCA Npu
CUCTEMATUYECKMX MbILLEYHbIX TPEHUPOBKAX, A/IMTENbHOM COAepXXaHUu
XXVMBOTHbIX B YCNOBUSAX NOHMXEHHOro aTMocqepHoro aasneHns. K aTo-
MY >Xe TUMY OTHOCUTCH 3PUTPOLMTO3 Y HOBOPOXKAEHHbIX XXUHOTHbIX.

PaccMOTpVM Ha KOHKPETHOM npuMepe, Kak CMeHa YCnoBuiA cogep-
YKaHWUA XXUBOTHbLIX MPUBOAUT K PasBUTUIO Y HUX (PU3NONOTMYECKOTO
3puUTpOLMTO3a. B HOXKHBIX palioHax Poccmmn NpakTUKYHOT OTFTOHHOE XW-
BOTHOBOACTBO. JIETOM CKOT HauYMHAIOT MEPEroHATb Ha BbICOKOrOPHble
nacTouvula, rae He XKapko, XOpOLMiA TPaBOCTOM, HET KPOBOCOCYLLMX
HaceKoMbIX. BHauase, Korfa CKOT NOAHMMAETCs Mo Aoporam Beepx, B
ropbl, N8 06ecrneveHns yBeSIMYeHHON NOTPeGHOCTY B KUC/IOPOAe Npo-
NCXOAMT NepepacnpeeneHne apuTpoLMTOB MeXAy KPOBAHbIMY AeMN0 U
LIMPKYNNPYIOLLEA KPOBbO (nepepacnpesfeniMTe/ibHblil 3pUTPOLUTO3).
Mo mMepe NOAHATUA B ropbl K (YU3MYECKOI Harpy3ke 406aB/iseTCs ellle
OLMVH MOLLHBIA (haKTOp BO3LENCTBMA —pa3peXkeHne Bo3ayxa, T. €. Nno-
HVKEHME aTMOC(EPHOTO AAB/IEHUS 1 COAEPXaHNs KUC0po/aa B BO3AY-
xe. T10CTeneHHo, B TeYEeHUe HeCKONbKUX [HEN KOCTHbIA MO3r nepe-
CTpaMBaeTCs Ha HOBbIA, 00/ee MHTEHCUBHbIA YPOBEHb KPOBETBOpE-
HUSA, 1 NepepacrnpesenunTe/ibHbln 3pUTPOLUTO3 CMEHAETCSA UCTUHHBIM.
VCTUHHbIV 3pMTPOLMTO3 COXPaHSETCA B TeUEHNe A/IMTENbHOIO BpeMe-
HW Noc/ie BO3BPALLEHNSA XMBOTHBIX OCEHbIO B PaBHWHHbIE MeCTa, YTO
MOBbILLAET PE3UCTEHTHOCTb OpraHuW3Ma K HebnaronpuAaTHbIM Mpu-
POLHO-K/IMMATNYeCKUM YC/TOBUSIM.

OTHOCUTENbHBIA IPUTPOLYTO3 HE CBA3AH HW C nepepacrpeseneHu-
eM KpPOBW, HW C BblpabOTKOW HOBbIX 3pUTPOUMUTOB. OTHOCUTENbHbIIA
3puTPOLUTO3 HabnogaeTcs Npyu 06e3BOXKMBAHWUM YXMBOTHOMO, BC/eA-
CTBME 4Yero BO3pacTaeT remMaTtokpuT, T. e. COAepXKaHue 3puTpoLmMTOB B
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efiMHnLe o6bema KpOBW YBENMYMBAETCA, a M/a3Mbl —YMEeHbLLAEeTCS.
Mocne 06UbHOro NOEHUS WU BBELEHUS B KPOBb (PU3MOIOMMYECKOr0
pacTBopa reMatokpuTHasa BeNM4YMHa BOCCTaHaB/IMBaETCS.

Peakupsi ocefjaHns 3puUTPOLMTOB. ECnv B3ATb KPOBb Y XXMBOTHOrO,
[06aBNTb B HEe aHTUKOAryNfHT M AaTb OTCTOATLCH, TO Yepe3 HEKOTO-
poe BpemMA MOXHO HabnofaTh ocefjaHne 3pUTPOLNTOB, a B BEpPXHEl
yacTu cocyga 6yfeT HaxoAWTLCA CI0W Na3Mbl KPOBMU.

CkopocTb oceflaHus apuTtpouuToB (CO3J) yunThIBAKOT MO OTCTOAB-
LeMycs CTONBMKY Nna3mbl B MUIMMETPaXx 3a vac unv 24 4. Mo metogy
MaHueHkoBa COJ onpefenaioT B KanUANAPHbIX TPYOKax, 3aKpensieH-
HblX B LUTATUBE BEPTUKA/IbHO. Y XMBOTHbIX CO3 BupocneumpuyHa:
ObiCTpee BCEro ocefatoT aputpoumnTbl y nowaan (40...70 Mm/v), megd-
neHHee Bcero —Yy XsayHbix (0,5...1,5 Mm/4 1 10...20 MMm/24 4); y CBU-
Hell —B cpefHeM 6 ... 10 MM/yY, a 'y nTuy 2...4 mm/u.

OcHOBHas NpuyMHa ocefaHna 3pUTPOLMTOB 3aK/HOYAETCH B KX CKIle-
MBaHWN, UNN arrnioTUHauun. MOCKONbKY MIOTHOCTL 3PUTPOLIMTOB
60/bLLe, YeM Na3Mbl KPOBK, TO 06pa30BaBLUMECS KOMOYKW W3 CK/IENB-
LLUMXCA 3PUTPOLMTOB OCEaloT. IPUTPOLUTLI, HaXoAsALINecs B KpOBA-
HOM pYyC/ie ¥ [BUXYLLMECH C TOKOM KPOBW, UMEIOT OAMHAKOBbIE 3/IEKT-
puyeckue 3apafbl U OTTa/IKMBAKOTCA APYr OT Apyra. B KpoBu, Haxoas-
Leinca BHe opraHusma («B CTEK/IE»), 3pUTPOLNTBI TEPSIOT CBOU 3apsafbl
1 Ha4YMHaKT 06pa30BbIBaTh TakK Ha3blBaeMble MOHETHbIE CTONIOMKK. Ta-
Kune arperarbl CTaHOBATCA 60/1ee TAXKE/NbIMU U 0CeAatoT.

ApuTpOUNTLI NloWAM B OT/IMYME OT APYTUX BULOB XMBOTHbIX UME-
tOT Ha MeMbpaHax arrtTUHOrEeHbI, KOTOPbIE, BEPOATHO, U BbI3bIBAKOT
YCKOPEHHYIO arrnioTuHaunio, no3aToMy BCE 3pUTPOLMTHI Y foLiaan
ocefaroT B MEPBbIA Yac peakuuu.

UT0 BNMSET Ha CKOPOCTL OCEfaHNsA 3PUTPOLUTOB?

1 Konnyectso 3puTPOULUTOB B KPOBWM W KX 3apag. Yem 60bLie
3pUTPOLINTOB B KPOBM, TeM Mef/leHHee OHM ocedaloT. HanpoTus, npu
BCEX Cy4yasnx aHeMuu (YMeHbLUEHUA cofepykaHus aputpountos) COD
BO3pacTaer.

2. BaskocTb KpoBu. Yem 60sbLIe BA3KOCTb KPOBU, TEM MeAJieHHee
0CefiatoT 3pPUTPOLUTLI.

3. Peakuyma kposu. MNMpu aumposzax CO3I ymeHblUaeTcqa. JTO sBNe-
HVEe MOXET 6bITb XOPOLUVM TECTOM AJif BbI6OPA ONTVMA/ILHOIO PEXMU-
Ma TPeHVPOBKW ANS CMOPTMBHOIA nowaan. Ecnm nocne Harpyskun CO3
3HAUYNTENIbHO CHUXAeTCH, TO 3TO MOXET ObITb CBA3AHO C HAKOM/IEHNEM
B KPOBWM HELOOKWUCNEHHbIX MNPOAYKTOB (MeTabonnyeckuii aumngos).
CnefoBaTenbHO, TaKOW NOLIAAMN HALO YMEHbLUUTL Harpys3Ky.

4. BenKoBbIA CNeKTp naasMbl KPoBW. [Mpu yBeIMYEHUM B KPOBM
rnobynnHoB 1 puobpuHoreHa COQ3 yckopseTcs. [1pUYMHOA YCKOPEHUs
oceflaHus apUTPOLMTOB ABNAETCA afcopbums YNOMAHYTbIX 6eNKoB Ha
MOBEPXHOCTN 3PUTPOLUTOB, HENTpanu3aums UX 3apsafoB U yTAXene-
HuWe Knetok. lMoatomy COQO yBenuumsaetcd npu bepemeHHOCTU (ne-
pes pojamu), a Takxe npu MHPeKLUNOHHbIX B60Ne3HAX U BOCNAINTESb-
HbIX MpoLeccax.
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CO3 gBngeTca BaXKHbIM K/IWHWYECKMM TMOKa3aTesieM COCTOAHUSA
XWBOTHOrO. Mpu 3a60neBaHnAX COI MOXET 3aMefNATbCs, YCKOPATb-
CA WU 0CTaBaTbCA B Mpefenax HoOpMbl, YTO BAXKHO B AddepeHLmasb-
HOW AnarHocTuke. OHaKO Haflo MMETb B BUAY, YTO W'Y 340POBbIX XU-
BOTHbIX BO3MOXHbI KonebaHms CO3, No3aToMy cneayeT OLEHMBaATb CO-
BOKYMHOCTb 1 1a60PaTOPHbIX, N KIIMHUYECKNX NOKa3aTenen.

NekounTtbl. KOonnuyecTBO NeWKOLUTOB. Y 340p0BbIX
Nowwageii, KpymnHoro v Mefkoro poratoro CKoTa B KPOBM COAEPKMTCA
6 ...10 I'/n nemkoumnToB (I" = JO®; UATAIOT; rra Ha UTP); Yy CBUHEN Nei-
KoumToB 6onblie —3 ... 16, a y ntuy —20...40 /0. YMeHbLUeHne Ko-
NNYecTBa TENKOLMTOB B KPOBW HasblBaeTCH feiikoneHvein. B nocnegHue
[ecATUNIETUA HaMmeTuNach TEHAEHLMSA K CHYKEHWIO Yncna NeikounToB
B KPOBW Y 3[0POBbIX XWBOTHbIX W l0feN Ao 4 [/n. CunTatoT, YTo He-
6o/bLUas IEMKONEHUS CBA3aHa C HapyLUeHUAMMN 3KONOTUY U He BCerga
ABNAETCA NaToNOrne.

YBe/NMyeHne KonmyecTBa NENKOLUTOB Ha3blBAETCS NENKOLMTO30M.
NeiikoumMTOo3bl NOApa3fenstoT Ha (HM3M0N0rMyecKmne, NaTonormyeckme
N MeLVWKaMeHTO3HbIE. Y 3[40POBbIX XWUBOTHbIX NIEAKOLMTO3 MOXET
ObITb B C/iefytoLINX CryyasX.

1 JleiikoLnT03 GepemMeHHbIX —B NOCNEAHIO CTaauio 6epeMeHHOCTH.

2. J1eikouMT03 HOBOPOXKAEHHBIX.

3. AfIMMEHTapHbIA NeKOLMTO3, TO eCTb CBA3aHHbIA C MPUEMOM
Kopma. O6bIYHO ObIBAET Y XKMBOTHBIX C OAHOKAMEPHbIM XXeNyaKOM Ye-
pe3 2...44 nocne KOPMJIEHUS, BO BPEMS WHTEHCMBHOIO BCACbIBaAHWA
BELLECTB N3 KULLIEYHUKA.

4. MnoreHHbIn neinkouuTo3. BO3HMKAeT y nollajein nocne Hanps-
XEHHOW (PU3NYEeCcKOol Harpysku. Yem Tsxkenee v U3HypuTe/bHee Obbla
paboTa, TEM BbILle NIEAKOLUTO3; B KPOBU MOSBAAKOTCS NEPepOXaeH-
Hble, fiereHepaTnBHbIEe KNeTKW. Tak, Yy nollafen nocne 04eHb UHTEH-
CUBHOM Harpysku otmedanm go 50 I'/n nelikouyutos, yto B 5... 10 pa3
60/bLLEe HOPMbI.

5. OMOUMOHaNbHbIN NeiKoLMTo3. MposBaseTcs Npu CUbHLIX 3MO-
LMOHaNbHbIX Neperpyskax, npu 60MeBbIX pasgpaxeHusx. Hanpumep,
NeKoumnTo3 y CTYJEeHTOB NpY cAadve TPYAHOIO 3K3aMeHa.

b . YCNOBHO-PEqIEKTOPHbIV IEAKOLMTO3. BblpabaTblBaeTCs, eC/n UH-
AN hepeHTHBI pa3fpaXkuntenb HEOAHOKPATHO coyeTaTb C 6e3ycrioB-
HbIM, BbI3bIBAIOLLUM NEKOLMTO3. Hanpumep, ecnM OLHOBPEMEHHO C
HaHeceHWeM 60/1eBOr0 pasfpaXKeHns BK/HOYaTb 3BOHOK, TO MOCNe He-
CKOJIbKMX OMbITOB Y>Ke OfIMH 3BOHOK BbI3bIBAET /IEAKOLMNTO3.

Mo mexaHusMmy pas3BuUTUA (U3MONOrMYECKne NeNKOLUTO3bl MOryT
ObITb [BYX TWUMOB: NepepacnpesenuTeNbHble Y UCTUHHbIE. Kak 1 3pu-
TPOUMTO3bI, NepepacnpesemMTeNbHble NENKOUMTO3bl ABAAKOTCA BPEMEH-
HbIMW 3a CYeT nepexofa NIeMKOUNTOB M3 KPOBSAHbIX AEN0 MW naccuB-
HOr0 BbIMbIBaHUS U3 KPOBETBOPHbIX OPraHoB. VICTUHHbIE NeAKOLMTO3bI
BO3HMKatOT Npu 60/1ee MHTEHCMBHOM KPOBETBOPEHWUW, OHW pa3BuBa-
IOTCA MEeAJIEHHO, HO COXPaHAKTCA B TEYEHWE [A/INTE/IbHOTO BPEMEHM.
OTHOCUTENbHBIX NEAKOLMTO30B, MO aHAIOMMN C OTHOCUTE/IbHbIM 3pK-
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TPOUMTO30M, He ObiBaeT, TaK Kak 06Liee KONMYECTBO NENKOUUTOB B
KPOBM HAMHOTO MeHbLLE, YeM 3pUTPOLUTOB. [103TOMY MpK CryLeHnn
KPOBM yBE/IMYEHNE remaToKpuTa NPOMCXOAMT 3a CHeT 3pUTPOLMTOB, a
He NeNKOLNTOB.

PYyHKUMM NeiKounTOoB. B KpoBM NPUCYTCTBYIOT [BE
rpynmbl NIENKOLMTOB; 3€PHUCTbIE, WX TPaHynouuTbl (cogepXxart B
LMTOMNMa3Me 3epHUCTOCTb, BUAUMYIO MPU (ZJMKcau,MM N OKpacke mas-
Ka), U HE3EPHUCTbIE, NN arpaHyIoLUTbI (38PHUCTOCTb B LIUTOMN/IA3-
Me oTcyTCTBYeT). K 3epHUCTLIM /NeiiKouMTaM OTHOCATCA 6asogubl,
303VHO(UIbI N HENTPOUIIbI. HesepHUCTbIE NeMKOLUTbI — INMAOLLU-
Tbl ¥ MOHOLMTBI.

Bce rpaHynounTbl 06pa3yroTca B KPaCHOM KOCTHOM Mo3re. X Ko-
I'II/ILIeCTBO B CMHYCax KOCTHOI0 Mo3ra 60/1bLUe, YeM B KPOBU, NPUMEPHO

10 pa3, OHM VI SIBNAIOTCA PE3epBOM ANs nepepacnpesennTesbHoro
I'IEVIKOLU/ITO3a ¥ NONHON OCTaHOBKe pasBUTMA NIENKOLMTOB KOCT-
HbIA MO3T cnoco eH B TeYeHue i CyT NoAAepXXmBaTb HOPMasibHbIA Ypo-
BeHb X B KPOBMU.

JNelikoumnTbl 33/1epXKMBAOTCA B KOCTHOM MO3re B 3pe/iloM COCTOSHUN
£0 3 cyT, Moc/ie Yero nonasarT B KPOBOTOK. OAHAKO Yepe3 HECKO/bKO
[HeN rpaHynoumMTbl HaBcerga nokKnaatT COCYANCTOe PYCno U MUTPUpY-
tOT B TKaHW, e NPOLO/HKAOT OCYLLECTB/IATL CBOV (DYHKLIMM W1 BMOC/es-
cTBMM paspywatoTcd. OHU yéanmomﬂ 13 OpraHu3ma v Apyrum nyTem,
CNYLLMBAACH CO CMIM3UCTBIX 000/104EK BEPXHUX AbIXaTeNbHbIX MYTEN, >Ke-
NY[0YHO-KMLLIEYHOTO TpaKTa M MOYernonoBbIX NyTei. Mpofo/mKuTeb-
HOCTb >KVU3HW TPaHyoLMTOB —OT HECKO/IbKMX YacoB A0 4...6 CyT.

basotunbl. Bazouibl CMHTESUPYIOT B rpaHyfnaX W BblAENAT B
KPOBb FMCTaMWH W renapviH. enapuH fBMSeTCA OCHOBHbLIM aHTU-
KOarynsHTOM, OH MpPensTCTBYeT CBEPTbIBAHWIO KPOBY B cocyfax. [u-
CTaMWH —aHTaroHuCT renapuHa. Kpome 10ro, ructamuH BbINOMHAET
PAL APYTUX (YHKLWIA: OH CTUMYNupyeT cparou,mo3 yBe/IMYMBAET MPo-
HMLL@eMOCTb KPOBEHOCHbLIX COCY[0B, pacLUMpseT apTepuonsl, Kanun-
NApbI U BeHynbl. bazogubl CUHTE3UPYIOT TakXke U apyrue BAB —xe-
MOTOKCUYECKMNEe (DaKTOpbl, MpUBNEKaloLLe 303MHOMUbI U HEelTpo-
(OWNbl, NPOCTarfiaHAnHbl, HEKOTOPbIE PAKTOPbI CBEPTLIBAHUSA KPOBMU.
B kpoBu cogepxkaHue 6a30(hnn0B 0YeHb He3HaunTelbHoe —a40 1% no
OTHOLLEHMIO KO BCEM NleiAKoLmMTam.

Binskumuy no cBoMM MOPMOIOrMYECKUM U (I13MONOTNYECKUM CBOWA-
CTBaM SABMIAKOTCA TY4Hble KNeTKW. OHM Haxo4AaTCs He B KPOBW, XOTH B
He6O/bLIOM KOMIMYEeCTBE MOTYT B HEl MPUCYTCTBOBATb, & B COEANHM-
Te/IbHOTKAHHbIX NPOCTPaHCTBaxX. Bofblleil YacTbio OHW BCTPEYaroTCs
BOKPYI KPOBEHOCHbIX COCY[0B, FNMaBHbIM 06pa3oM B KOXe, N0 BCeMy
AblXaTe/IbHOMY U MULLEBAPUTENBHOMY TPaKTy, TO eCTb B MeCTax KOH-
TaKTa BHYTPEHHeli cpefibl OpraHu3Ma C BHELLHEN. Ye camo pacnosno-
)KEHMNE TYYHbIX KNeTOK HaBOAWUT Ha MbIC/lb O TOM, YTO OHM Y4acTBYIOT B
3alUMTHBIX peakuuax opraHu3Ma oT BPeLOHOCHbIX ()aKTOPOB BHELLIHEN
cpedbl. CKoMNieHNe TYYHbIX KNETOK 06Hapy>K1BaeTCs Takxke Tam, rae
MOSABUIICA YYXXEPOAHbIV 6enoK.
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MponCXoXaeHe TYYHbIX K/ETOK MOKa He BbIICHEHO. BeposTHO,
OHMW 06pa3yloTCA B KOCTHOM MO3re ¥ MOryT MUIpupoBaTb M3 KPOBU B
COeAVHUTENIbHOTKaHHbIE MPOCTPAaHCTBA. YCTaHOB/IEHO, 4YTO TYYHble
K/IETKN MOTYT Pa3MHOXaTbCA.

MexaHu3Mbl ferpaHynaumm 6a3ouios U TyUHbIX KNETOK, 0YeBUj-
HO, OAVHAKOBbI M 3aBUCAT OT (DYHKLMOHA/IbHOTO COCTOSIHWA 3TUX Kle-
TOK. B COCTOSHUM MOKOS KNETOK MPOUCXOAUT Me[/IeHHbIA 3K30LMUTO3
(BbLUENEHNE) BE3NKYN, cofepxawmx BAB. Tpn ycuneHHoOM PyHKLMO-
HWPOBaHUW, AENCTBUN Ha KOETKY pas/IMyHbIX arpecCUBHbIX (PaKTOPOB
MefiKue rpaHysbl (Be3UKy/bl) 00bLeAUHAITCA, 06pasytoTcA «KaHalbly»
MeXAy rpaHyoli U BHEKNETOYHOW CPefiol, UK XKe rpaHy/bl CIMBAKOTCS
C Hapy>XHOM MemO6paHOi KNeTKW, NOCMeAHNAs pa3pbiBaeTcs, Npu 3TOM
K/IeTKa MHOrA4a NOMHOCTLIO pa3pyLuaeTcs. B n1l060om ciyyae Ha rpaHyns-
LMo 6a30(hMN0B N TYUHbIX KNETOK UAET BHYTPUKIETOUHbIN 3anac Ka/lb-
uMs, a 4ns nepemeLleHns, UM TpaHCIoKaumm, rpaHyn UCnosb3yrTces
COKpaTUTe/IbHble MUKPO(PUIAMEHTHbIE CTPYKTYPbl K/ETOK.

AKTMBaums 6a30(nnoB CTUMYIMPYETCS UMMYHHbIM KOMMIEKCOM
aHTUreH—UMMYHOINo6ynnH E 1 gpyrumm BewiecTsaMm —KOMMOHEH-
TaMu CUCTeMbl KOMI/IEMEHTA, Mnonancaxapuiamv 6akTepuin, aHTUreHa-
MM NIECHEBbLIX FPUOOB, annepreHaMn AOMaLLHen nNbiav v ap.

303nHOWBbI. D03MHO( UL 061aJal0T aHTUTOKCUYECKMMMN CBOIA-
ctBamn. OHM cNoCco6HbI aacopbrpoBaTh TOKCUHbI Ha CBOEN MOBEpPX-
HOCTW, HeNTPann3oBbIBaTb MX WX TPAHCNOPTMPOBATb K opraHam
BblJe/IeHMS.

3031HOMWNLI BbLENAKT pasnnyHble BAB, 60M1bLLNHCTBO U3 KOTO-
PbIX N0 CBOMM 3(h(heKTam NPOTMBOMOMOXHbI BELLECTBAM, CEKpeTMpye-
MbIM 6a30unamun 1 TyYHbIMU KeTKamMu. S03UHOMUIIbI COAepXKaT ru-
cTaMUHa3y —{epMeHT, paspyLUaroLMin rMcTaMuH, a Takke TOpMO3AT
JanbHelLlee BblleneHne ructaMmmHa 6asomnamm. 303MHOMUAbI CNo-
COGCTBYIOT CBEPTLIBAHWIO KPOBU B OT/IMUME OT 6a30(hM/0B. Y CTaHOB-
NEeHO, YTO OHM (ParouUTUPYIOT rPaHy/bl, BblgensieMble TYYHbIMU KeT-
Kamu, B MEXK/ETOYHbIX NMPOoCTpaHCcTBax. Bce 3T0 no3sonseT opraHuns-
MY CHU3WUTb MHTEHCUBHOCTb a/iNIePrMyecknux peakuuii, 3aWwnTuTb cob-
CTBEHHbIe TKaHW.

Mwurpauuio 303MHO(MUIOB M3 KPOBU B TKaHW CTUMYNUPYHOT 6a-
30(bWNbl U TYYHble KMETKKU, a Takke NMMGPOKUHbLI, npocTarnaHgm-
Hbl, (haKTOp aKTMBauun TpoM6OLUTOB M UMMYHOrnobynunH E. B cBoto
ouepefb, 303UHOGU/BI CTUMYNUPYIOT ferpaHynaumio 6asouios u
TYUHbIX K/IETOK.

YMeHblUeHMe Ynucna 303MHOMPUNIOB B KPOBU (303MHOMEHMSA) YacTo
HabnogaeTcs Npu cTpeccax pas/IMYyHOWM 3TMOMIOMMK, OHO 00ycnoB/e-
HO akTuBauuein rMNOPU3apHO-HaANOYEYHNKOBOW CUCTEMbI. YBen-
YyeHue uucna 303MHOMUIOB (303UHO(UNMA) OTMEeYaeTca NpuU BCEX
Clyyasx UHTOKCUKaUUW 1 Npu anfiepruyeckmx peakumsx (B coveta-
HUK ¢ 6asounneit).

HeirTpodmnbl. HeliTpoduibl XxapakTepu3ytoTcst BbICOKO CNoco6-
HOCTbKO K CaMOCTOATE/IbHOMY aMeb0BUAHOMY MEPESBUKEHUNIO, OYEHb
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ObICTPO NepexoasT 13 KPOBM B TKaHW W 06paTHO, MUTPUPYIOT MO MeX-
K/IETOYHbIM npocTpaHcTBaM. OHM 06/1afatoT XeMOTaKCUMCOM, TO €CTb
CMOCOBHOCTBLIO ABUTaThCA B CTOPOHY XMMUYECKOro Uan 61Monornyecko-
ro pasgpaxurens. Mostomy npu nonagaHny B OpraHv3M MUKPOOHBIX
K/IETOK, W/ NPOAYKTOB UX XWU3HEAEATENbHOCTU, UM KaKUX-TO MOCTO-
POHHUX TeN WX NPeXze BCero atakytoT HemTpodunbl. lMepeasuxeHune
HelnTpounoB 06ecneunBaroT KOHTPaKTUIbHbIE (COKpaTUTeNbHbIE) Gen-
KN —aKTUH 1 MUO3WH, HaxoZALmecs B X LUTOMNIa3me.

HenTpodunbl cogepxar epMeHTbI, pacLiennstoLie 6enKku, XXupsbl
n yrnesofpl. bnarogaps Habopy akTUBHbIX (DEPMEHTOB HelTpOQUbI
BbINOHAKT OAHY U3 rNaBHeNLLMX PYHKUNUIA —darounTos. 3a 0TKpbI-
The (parounTosa BeIMKWUIA PYCCKUIM Yy4eHblid . . MeYyHUKOB Obin
ypoctoeH Hobenesckol npemun. CyLHOCTb (haroumTo3a 3aKkn4vaeTcs
B TOM, YTO HEATPO(MW/Ibl YCTPEMJIAIOTCA HABCTPeUY YYXXePOLHOW KieT-
KW, NPUANNAIOT K HER, BTArMBAOT BMECTe C YaCTbi0 MeMOpaHbl BHYTPb
¥ NOZBEPrarT BHYTPUKNETOYHOMY NepeBaprBaHuio. B npouecce aro-
LMTO3a YYaCTBYIOT LLUEeMoYHas U Kucnas gocdarasa, KaTencuH, nun3o-
UMM, Muenonepokcugasa. Hetpodunbl (arouuTUpPYyOT He TO/bKO
MWUKPOOPraHn3mbl, HO M UMMYHHblE KOMIIEKCbl, 06pa3oBasLLMecs
npy B3aUMOLENCTBUM aHTUIeHa C aHTUTENOM.

daroymTo3 —3T0 60pbOa HE TOMBKO C MAaTOreHHbLIMU MUKPOOPra-
HM3MaMK, HO U CNoco6 0CBOOOXKAEHNA OpraHn3Ma OT COBCTBEHHbIX OT-
MEPLUMX Y MYTAHTHbIX KNETOK. [1yTem harouuTtosa NpoMCXoauT nepe-
CTPOMKa TKaHei opraHu3ma, Korfa yHUUTOXatoTCH HEHYXKHble K/eTKM
(HanpviMep, NepecTpoiKa KOCTHbIX Tpabekys). Y aaneHne HenonHoLeH-
HbIX 3PUTPOLMUTOB, M30ObITKA ANLEKNIETOK WX CNIEPMUEB TaKXXe Npowuc-
XO4WUT nyTeM (paroumrtosa. Takum o6pas3om, harouutos MposBseTcs
MOCTOAHHO B XVBOM OpraHu3Me Kak Criocob CoxpaHeHus romeocrasa u
KaK 0fjHa 13 cTaguii (r3M0N0rnYeckKoi pereHepaLmmn TKaHeil.

BakHOe 3HayeHMe HeMTPO(hMNOB 3aK/HUaeTCs TakKe B BbIpaboTKe
pasNnYHbIX BMOMIOrMYecKn akTMBHbIX BelwlecTs (BAB). 3Tu BellecTsa
MOBbILLAIOT MPOHMLAEMOCTb KanuiasapoB, MUrpaumio Apyrux Knetok
KPOBW B TKaHW, CTUMYNUPYIOT KPOBETBOPEHWE, POCT U PereHepaumio
TKaHel. HelTpodumbl BblpabaTbiBalOT OaKTepuLMAHbIE, aHTUTOKCU-
YeCKMe 1 NUPOreHHble BellecTBa (MMPOreHbl —BELLECTBA, MOBbILLA-
e Temnepatypy Tena, OHW BbI3bIBAKOT IMXOPaA0YHYIO PeakL Mo npu
NHMPEKLMOHHBIX UM BOCNAIMTENbHbIX 3aboneBaHnsax). HelTpogusbl
Y4acCTBYIOT B CBEPTbIBAHWUMN KPOBU U B (hMOPUHONK3E.

PaccMOTpUM (PYHKUMM arpaHynoyumToB — NIMMPOLUTOB
1 MOHOLMTOB.

NumdpouyTsl. JTMpOLMTLI 06pasyoTcs B KPACHOM KOCTHOM MO3-
re, HO Ha paHHen cTagnmn pasBUTUA YaCTb UX MOKMUAAET KOCTHbIA MO3r
M nonagaet B TMMYC, & 4acTb —B (DabpuLMeEBY CYMKY Y NTUL, U ee
aHanoru y mnekonutatowmx (npegnonoxuTensHo —ammgarmyeckue
y3/bl KULLEYHNKA, MUHAANNHBI). B 3TUX opraHax NpouCXOAWT failb-
Helilee co3peBaHMe 1 «0bydeHune» nuMmpounToB. Mog 06yyeHnem no-
HUMaIOT nNpuobpeTeHne MemOpaHOW MMAOLUTOB ChneLnpruyeckmnx
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PeLenTopoB, YYBCTBUTENbHbLIX K aHTWreHaMm OnpefefieHHbIX BUA0B
MWKPOOPraHN3MOB W/IN Yy>KEPOLHbIX 6eNKOB.

Takum 06pas3om, NMMQOLMUTLI CTAHOBATCA HEOAHOPOAHLIMW MO
CBOMM CBOMCTBaM W (hYHKLMAM. Pa3nuuatoT TpU OCHOBHble NOMyns-
U numdgounTos: T-num@ounTtsl (TUMYC3aBUCUMBIE), CO3peBatoLLne
B TUMyCe, WV BUIOYKOBOW Xenese; B-numdoumntsl (bypcaszasucu-
Mble), co3peBaroLLve B (habpuLmeBoin cymke y NTUL, U B TUMGOUAHON
TKaHW y MaekonuTalowmx; ( -nuMmqounTsl (HyneBble), KOTOpble MOryT
npespaLLarbes U B T- 1 B-numgoumnTsl.

T-nMM@OUNTBI NOC/E CO3peBaHNA B TUMYCe paccenatoTcs B TMMKO-
y3nax, CeneseHke WAV UUPKYNMPYKOT B KpoBW. OHM obGecreymsaroT
KNeTOuYHble peakunm UMMyHUTETA. T-IMMAOLNTbLI HEOAHOPOAHbI, Cpe-
AN HUX UMEETCS HECKONbKO Ccybnonynauun:

T-xennepsbl (aHrn, help —nomoratb) —B3aMMOAENCTBYIOT C B-num-
ounTamMu, NPeBPaLLarT UX B NiasMaTUYecKme KIeTku, BbipabatbiBa-
oL Me aHTuTeNa;

T-cynpeccopbl (aHrs, supress —mnojasffTb) —MOHMKAOT aKTUB-
HOCTb B-numdouunTos, I'IIZ)eI'IFITCTBy}OT UX Ype3MepHOW peakumu,

T-kunnepol (aHrn, Kill —y6uBaTh) —KNeTKU-ybUiiLbl; paspyLiatoT
Yy)XXepPOAHbIE KEeTKW, TPaHCMIaHTaTbl, OMyX0/ieBble KNETKWU, MyTaHT-
Hble K/IETKM W, TakuM 06pa3om, 6narofaps LMTOTOKCMYECKUM Mexa-
HM3MaM COXPaHSAT reHeTUYeCKUin romeocTas.

KneTkn MMMYHHO NamsATh —XpaHAT B MamATU BCTPEYEHHbIe B Te-
YeHWe XMU3HW OpraHn3Ma aHTUreHbl, T. €. UMEOT Ha MeMbpaHe peLen-
TOpbl K HUM. COrNacHo aHHbIM, 3TV KNETKU [0NTOXUBYLLME; Y KPbIC,
Harnpumep, OHM COXPaHAKOTCA B TEYEHWE BCEW WX XU3HW.

OcHoBHas yHKUMS B-numMdounToB —BbIpaboTka aHTUTeN, T. e. 3a-
WUTHBIX UMMYHOI06YIMHOB. IMMYHOI1I06Y/IMHBI HAXOAATCA Ha no-
BEPXHOCTW KNeTOYHbIX MeMbpaH B-nnM(OUMTOB 1 BbINONHAKT PO/b
PELIENTOPOB, CBA3bIBAIOLUX aHTUrEHbI. I3BECTHO, YTO U T-NUMGOLM-
Tbl TAK)XXE UMEIOT Ha CBOEM MOBEPXHOCTU UMMYHOTI06Y/INHbI.

MoHOUMTbI. MOHOUMTLI 061134at0T BbICOKOW (arouuTapHO akTuB-
HOCTbHI0. YacTb MX MUTPUPYET U3 KPOBY B TKaHW 1 MpeBpaLlaeTcs B TKa-
HeBble Makpodary. OHM OUMLLAIOT KPOBAHOE PYC/I0, PaspyLLatoT XMBbIE
1 NormbLime MUKPOOPraHM3Mbl, YHUUTOXAKOT 0B/IOMKN TKaHeid n oT-
MepLLMe KNeTKN opraHm3Ma. LIMToToKcuyeckoe [eicTBre MOHOLMUTOB
06YyCMoBNEHO HaNNMYMEM (hepMEHTOB —MWeNoNepoKenaassl 1 ap.

CyLLecTBeHHYI0 po/ib UrpaldT MOHOUWTBLI B OpraHu3aumm UMMyH-
Horo oreeta. MOHOUUTLI, B3aVMOJENCTBYA CBOMMM peLentopaMun C
aHTUreHoM, 06pasytoT KOMMIEKC (MOHOUWT + aHTWUreH), B KOTOPOM
aHTUreH pacrnosHaetcd T-numdoumTamun. Takum o6pa3oM, 3HayeHue
MOHOLIMTOB B UMMYHHbIX peakLuuax 3aknyaeTcd 1 B parounTose, 1 B
npeseHTauun, Uy B NPeACTaBIEHUN aHTUreHa T-MMdounTam.

MOHOUMTBI Y4acTBYIOT B pereHepauuy TKaHein, a Takxke B perynauum
reMornoasa, CTUMynnpys obpasoBaHune 3pUTPONOITUHOB W MpoCTarfiaH-
AUHOB. MoHOUMTbI cekpeTupytoT Ao 100 BAB, B TOM 4ncie HTepnei-
KWHbI-| , NMPOreHbl 1 BELLECTBa, aKTUBMpYtoLwme hnbpobracTsl, Nap.
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NedkoumtapHaa Gopmyna, wum neiikorpamma. J1ei-
KouuTapHas (opmyna —3aTo COAepXKaHue B KPOBU OTAE/bHbIX Knac-
COB NIEMKOLMTOB. JleikouuTapHas opmyna KpoBY MOKa3biBaeT KO-
NN4yecTBo 6a30(unoB, 303UHOMWUNOB, HENTPOPUIOB, NMMPOLUTOB
M MOHOLMTOB B MpoueHTax, T. e. Ha 100 KNeTOK BCex /IEMKOUNTOB.
3Haa NPOLEHT KaXAoro Buaa NenkounMToB 1 MX 06LLee cofepaHume
B KPOBW, MOXHO BbIYUCNUTb KONNYECTBO OTAE/bHbIX K1acCOoB fiei-
KOUWTOB B 111 KpOBW.

NeiikorpaMma MOXeT 6bITb ABYX TUMNOB: HENTPOMUAbHASA W JIUM-
(houmTapHasa. HeinTpodmnbHas opmyna, UM HeMTPOPUIbHbLIA Xa-
pakTep KpOBMW, XapakTepHa A/ nowagei, cobak M MHOTUX ApYrmx
BUJOB XWBOTHbIX C OAHOKaMEPHbIM >XeNyKOM: COAepXKaHue Hel-
Tpounos ot 50 fo 70 %. ¥ XBayHbIX XXMBOTHbIX B KPOBM npeobna-
faroT numgounTtsl (0T 50 4o 70 %), 1 Takol TUN NeiKorpaMMbl Ha-
3blBaeTCA NMMMOLMUTAPHBLIM. Y CBUHEN MPUMEPHO paBHOE Kosnye-
CTBO HEATPO(MNOB M NUMGOLMTOB, UX NleiKorpamma MMeeT nepe-
XOAHbIA TWN.

B cofep>kaHun gpyrux Knaccos NeiKoLMTOB BULOBbIE 0COOEHHOCTM
HecyLecTBeHHbI: 6asoduios —0...1 %, s03uHodpumnos — 1...4 (y xBau-
HbIX —/0 6 %), MoHoUWTOB —1...6 %.

Mpu aHanuse NeMKOLUUTAPHOW (OPMY/bl CheayeT Y4uTbIBaTb
BO3PACT XMBOTHbIX. Tak, y TeNaT NepBblX MECALEB XXWU3HWU, Korja
npemkenyakn ewe HeAoCTaTOYHO (PYHKUMOHMPYIOT, Neikorpamma
UMEET HeWTPOWbHbLIA XapakTep. YBeNUYEeHWe 4ucna HemTpo-
qom6nos CBEpPX HOPMbl BO3MOXHO Y f0Wajel nocne U3HypuTenbHoM

aboTbl.

P Mpun 3a60neBaHNAX COOTHOLLEHME MEXAY NelKouuTamn MOXKeT
M3MEHATLCA, MPU 3TOM YBE/IMYEHME NPOLEHTa OAHOr0 Knacca nen-
KOLMTOB COMPOBOXAAETCA YMeHbLUEHMEM ApyruX. Tak, npu HemnT-
podunnm 06bIYHO HabnogaeTca NMMAGONeHns, a npn AMMAQoLmMTOo-
38 — HENUTPONEHNs U 303MHOPUINA; BO3MOXHbI W Apyrue BapuaHTbl.
MoaTtomy Ana NOCTAHOBKM AMarHo3a Heo6X04MMO YyUMTbIBaTb M 06-
Lee YUCno NeMKOLMUTOB B KPOBK, U NeiKouuTapHyto hopmyny, a re-
MaTo/I0rMYyecKmne nokasatesnn COMNOCTaBUTb C KAUHUYECKUMMW MpPO-
ABNEHNAMM 3a60/1€BaHUS.

TpoM6OUMTLI, UM KPOBSHbIE MNACTUHKK, 06pasytoTca U3 Mera-
KapuoumToB KOCTHOIO MoO3ra B pe3y/bTaTe OTLWHYPOBKM 4acTul,
LUMTONNa3Mbl.

Uucno TpoMOGOLMTOB B KPOBM XXMBOTHBLIX MOXET KosiebatbCcsi B
6onbLumx npegenax —otT 200 fo 600 /n: y HOBOPOXAEHHBIX MX 60/1b-
LLe, YeM Y B3pOC/bIX; JHEM WX COLEPXMTCA 60/bLUe, YeM HOUbHD. 3Ha-
YnTENbHbIA TPOMOOLUTO3, T. €. YBEIMYEHHOE COAEPXKaHMe TPOMOOL M-
TOB B KPOBM, OTMeYaeTCs Npu MbIWEYHOW Harpyske, rnocie rnpuema
Kopma v npu ronogaHuun. Mpoao/mKUTENIbHOCTb XMU3HWU TPOM6OLMTOB
oT 4 10 9 cyT.

CsolictBa M (GpyHKUuMmMm TpomboumTOB. TpombO-
LUWTbl YYaCTBYIOT BO BCEX peakuuax remoctasa. [lpexzae BCero ¢ mx
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HenocpeACTBEHHbIM y4yacTreM (POPMUPYETCA TPOMOOLMTAPHBIA, KUn
MUKPOLMPKYNALNOHHbIW, TPOM6. B TpomboumTax HaxoguTcs 6enoK —
TPOMBOCTEHUH, CNOCO6HBIN COKpawaTbCca NOJO6HO aKTOMUO3UHY
MbILLEYHbIX K/ETOK. [Mpu cokpalieHun TPpOMOOCTEHMHA TPOM6OLUUT
BMECTO AVUCKOBUAHON (DOPMbl MPUHUMAET CHEPUYUECKYIO, NOKPbIBAET-
CA «LLETVUHOM» BbIPOCTOB —MCEBAONOANIA, YTO YBE/IMYMBAET KOHTAKT-
HYIO NOBEPXHOCTb KNETOK M CNOCOOCTBYET X B3aUMOAENCTBUIO MEX-
[y coboit. MpomncxoauTt arperauus TPOMOOLUUTOB, T. €. CKOMJEHUE UX
6onbworo yncna. Takue arperatbl MOXHO YBUAETb B Maske, eciu
KpOBb MpeABapuTeNbHO NPOCTOA/IA KaKoe-TO BpeMs B Npobupke. Ecnu
e Mas30K CAenaH M3 CBeXeBblMNyLLeHHOW Kanau Kposu (Mpy npokose
KPOBEHOCHOI0 cocyfia), TO TPOMBOLMTLI PacroniaratoTcs Mo OTAeNbHO-
CTU MeXAy ApYruMn Knetkamu Kposu. Arperauus Tpom6oLMTOB —
npouecc obpaTtumblil, Npu paccnabneHnn TpoMOOCTEHUHA TpOM6bOoLU-
Tbl CHOBA NMPUOBPETAIOT UCKOBUAHYIO (hopMy.

TpomboumnTbl 06NnafatoT aAresnBHOCTbIO (KNeKocTbio). OHKM cno-
CO6HbI pacnnacTbiBaTbCA M MPUKIEMBATLCA K YY>KEPOLHON MoBepX-
HOCTW, ApYT K ApYyry, K COCYAMUCTOI CTeHKe. AAre3vs —HeobpaTtnmMblii
npouecc, CKNeuBLUMECH TPOMOOLUMTHI paspyllatTcs. ALre3vBHOCTb
TPOMGOLMTOB MOBbILLAETCA NPU 6EPEMEHHOCTU, TpaBMaXx, XUpypruyec-
KMX BMeLLIaTeNbCTBaX; OpPraHm3M Kak Obl 3apaHee HauMHaeT roTOBUTLCA
K 60pb6e C BO3MOXHbIMW KPOBOTEUEHUSMMU.

3 pa3pyLueHHbIX CKNenBLUMXCA TPOMOOLMTOB BbILENAIOTCA TPOM-
6oumTapHble (haKTopbl CBEPTLIBAHUA KPOBM, Y4YacTBYHOLME B 06pas3o-
BaHWW NPOTPOMOUHA3bI U PETPaKLMM KPOBAHOIO CrYCTKa, & TAKXe Bbl-
3blBaloOLLMe COKpaLleHne KPOBEHOCHOMO Cocyfa.

®YHKLMM TPOMOOLMTOB He OrpaHMYMBAlOTCA TOMLKO remMocTa-
30M. ExefHeBHO 0k0n0 15 % TpoMOGOLMTOB MpuUAMMatoT K 3HAO-
TenmounTaM M U3NMBaKOT B HUX CBOE COAEPXMMOE, 3a 3TO UX Ha-
3bIBAKOT «KOPMU/bLAMMW» 3HAOTENMsA cocyfoB. OuYeBUAHO, 3HAO-
Te/nasnbHble KNeTKW He MOryT B [OCTATOYHOM KONMYEecTBe W3Be-
KaTb He0bOXOAVMble MM BeLLecTBa U3 MniasMbl KpoBu. Ecniv nuwnTtb
NX TPOMOOLMTAPHOW «MNOAKOPMKM», TO OHU ObICTPO NOABEprarTCs
ANCTPOMM, CTAHOBATCA IOMKUMUN U HAYMHAKOT NPONyCcKaTb Makpo-
MOJIEKY/Ibl W [aXe 3PUTPOLUTBI.

TpomM6oUWTLI CofepXxaT B CBOEM COCTaBe Xene3o, Mefp, AblXaTe/lb-
Hble (DEPMEHTbI U MOTYT Hapsay C 3puTpoLMTaMy TPaHCNOPTMUPOBATh B
KpOBW Kucnopod. 3TO npuobpeTaeT 3HayeHWe B TexX CryyasX, Korja
OpraHvM3M HaxofmuTCsi B COCTOSIHUWM 3HAYUTENbHOW TFMMNOKCUM —NpK
MaKCUMasibHOM (PU3NYECKON Harpyske, HU3KOM COZEpPXaHUW KWCo-
poja B BO3Ayxe. ECTb flaHHble, YTO TPOMOOLMUTLI CNOCO6HBI K (arouu-
TO3y. OHM CUHTE3MPYIOT TaK HasblBaeMblii TPOMOOLMTaPHLINA (PaKTop
poCTa, YCKOPAILWMIA pereHepaTtuUBHbIE NPOLECCHl B TKaHAX. OfHako
OCHOBHas (BYHKLMSA TPOMOOLUTOB —NpeoTBPaLLEHME UM OCTAHOBKA
KPOBOTeYeHMs, a BCe OCTa/lbHble —pe3epBHble, AOMNOJHAKLLINE POSib
3PUTPOLMTOB W/N NENKOLMTOB.



3.7. PErynauna KPOBETBOPEHUA

KpoBeTBOpeHWe, 1M remMonoas, — 3T0 MPOLECChl Pa3MHOXEHWSA
nposngepaumm), guddepeHLMpPoBKN (creyunanmsalmm) 1 co3pesaHns
OPMEHHbIX 3/IEMEHTOB KPOBU. YNC/I0 (POPMEHHbIX 3/1EMEHTOB B KPOBU

Y 3040POBbIX XXUBOTHbIX KONe6/eTcs B HeOO/bLIMX MpeAenax u ObICTpo
BOCCTaHaBNMBAeTCA 40 (PM3MOMOrMYecKoro 6iarofaps perynaumm npo-
LIECCOB KPOBETBOPEHWS, KPOBEpa3pyLLEeHMA 1 nepepacnpeseneHns Kpo-
BY MeXZy KPOBAHbIMU [EN0 U LMPKYIUPYIOLLEA KPOBbHO.

B ambproHanbHOM nepuoge rnepsble KPOBETBOPHbIE OYaryt nosBs-
tOTCA B KENITOYHOM MeLLKe; 3aTeM, MO Mepe 3aknajku u passButus
BHYTPEHHWX OpPraHoB, KPOBETBOPEHWE MPOUCXOAWUT B MeyeHu, cene-
3eHKe, TUMYCe, NMM(paTUYECKMNX y3nax, KOCTHOM Mo3re. locne poxzae-
HUS BCe KNEeTKN KPOBY 06pa3yroTCA TOMIbKO B KPACHOM KOCTHOM MO3re,
a 9KCTpaMesyNifipHOe KPOBETBOPeHWe (BHE KOCTHOrO MO3ra) MOXET
HabnopaTbes nNpu 3aboneBaHuUsX.

KpoBeTBOPHbI KOCTHbIA MO3r PacrosioXeH rNaBHbIM 06pa3oM B
MIOCKMX KOCTAX —B IFPYAHON KOCTW, KOCTAX Tasa, B pebpax, OTpoCT-
Kax MO3BOHKOB, B YEPErHbIX KOCTAX. Y MOMOAbIX XXMBOTHbIX KPOBE-
TBOPHbIA annapar HaxoAuTCs W B TPy6UaTbiX KOCTSX, HO B fa/ibHen-
LLeM OH, HayMHasa CO CpeAHel 4acTVM KOCTM, 3aMeLLaeTCs XENTbiM
(KMpOBbIM) KOCTHBIM MO3rOM W O4yary KPOBETBOPEHMUS COXPaHAITCA
TONbKO B 3nugu3ax (rosoBkax), a y CTapbiX XWBOTHbIX reMONoa3 B
Tpy6UaTbIX KOCTAX OTCYTCTBYET.

Bce KneTkyM KpoBW NPOUCXOLAT U3 OAHOW KMNETKM KOCTHOrO MO3-
ra —CTBO/MOBOW KNETKW. OTU KNETKU Ha3blBatOTCA MOMMNOTEHTHbI-
MW, T.e€. KNeTKaMu pasHbiX BO3MOXHOCTel (rpedy. poly —Han60/ib-
LKW1, potentia —cnoco6HOCTb, NoTeHUMs). CTBOMOBbIE MOMMUMOTEHT-
Hble KneTky (CIMK) npe6biBatOT B HEAKTUBHOM COCTOSIHUM U HaYMHa-
0T pasMHOXaTbCA B TexX CryyasX, Korga Heobxoguma pereHepauus
KNETOK KPOBW. M3 CTBOMOBbLIX KETOK B X0OAg WX AanbHeiilueid gudpe-
PEHLMPOBKYM Pa3BMBAKOTCA BCE K/IETKN KPOBU —3PUTPOLNTDI, NIENKO-
LMTbl ¥ TPOMOOLMTBI.

CTBO/IOBbIE K/IETKM OKPYXXEHbl PETUKYNIAPHBIMU KeTKamu, (unob-
pobnactamu, peTUKY/IMHOBbIMU BOIOKHAMU. 3[eCh e Haxo4ATCA Mak-
potharn, 3HAOTeNnalbHble KNeTKM KPOBEHOCHbIX cocyfoB. Bce 3tu
KMETKN N BOJIOKHA (POPMUPYIOT TaK Ha3blBaeMOe MWKPOOKPYXeHue
CTBOJIOBbIX K/IETOK. MUKPOOKPYXXeHWe, U HULWA CTBOJIOBbIX K/IETOK,
B 0fHMX cnyyasx orpaxgaet CIK oT gugphepeHUnpyroLmnx cTumynos
1 TEM CaMbIM CNOCOGCTBYET UX CaMOMNOALEPXKaHWUI0 B HEaKTUBHOM CO-
CTOSHUWN WX, HAobOoPOT, OKa3blBaeT B/IMAHME Ha ANQPHEepeHLpPoBKY
ClK B HanpaBneHUn Muenonoasa uav numgonoasa.

B nepuepnyeckoil KpoBM CTBOJOBbIE K/IETKU MPUCYTCTBYIOT B
OYeHb HebO/bLIOM KOMMyecTBe, NpUMepHo 0,1 % OT BCex CTBOJIOBbLIX
KNIETOK KOCTHOrO MO3ra. BblisiBieHMe UX B KPOBM METOAUYECKUN CIIOX-
HOe He TOJIbKO M13-3a Masioro Y1cna, Ho v NoTomy, 4to Mopdonornyec-
KW OHW OYeHb MOXOXW Ha NMMAPOLNTBI. PUNOMOTMYECKOE 3HAYeHMe
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LMPKYNAUMM B KPOBW CTBOJIOBLIX K/IETOK, 0YEBWUAHO, 3aK1ovaeTcs B
TOM, YTOObl PABHOMEPHO 3aCeINTb UMW KOCTHbIV MO3F, Y4YaCTKu1 KOTO-
pOro aHaTOMMYeCKM Pa3obLLEeHbI.

B perynsuumn KpoBeTBOpeHUS xﬁqaCTByroT HepBHbIE 1 T'YMOpa/lbHbIE
mexaHun3mbl. Ewe B pab6otax C. . BoTkmHa n W. IM. MaBnosa 661710
[OKa3aHo BnMsaHMe LIHC Ha KNeToYHbI cocTaB KpoBW. B yacTHoOCTH,
XOPOLLO M3BECTHbI (haKTbl YC/IOBHO-PE(IEKTOPHOIO IPUTPOLMTO3A LN
nenkountosa. CnefoBaTeNbHO, Ha KPOBETBOPEHWE OKa3blBaeT B/USA-
HVe Kopa 60MblMX NonyLWwapuii. EAWHBLIA LeHTP KpoBeTBOpeHMs (ro
aHanormm ¢ nuieBbiM My OpixateNibHbIM) He 06HapY>eH, HO 60/1b-
LLIOe 3HayeHWe B Perynauum remMonosasa OTBOAUTCA runoTanamycy —
OTAeNy MPOMEXYTOYHOr0 MO3ra.

B KpOBETBOPHbIX OpraHax uMeeTcsi 60/bLLIOe YNCN0 HEPBHbIX BOJIO-
KOH ¥ HEPBHbIX OKOHYaHWIA, OCYLLUECTB/AOLLMX BYCTOPOHHIO CBA3b
KposeTBOpHOro annapara ¢ LIHC. NMoaTtomy HepBHasa cucTema OKasbl-
BaeT MPAMOE B/IMAHME Ha Pa3MHOXEHMWE, CO3pPeBaHMe KIeTOK U Ha pas-
pyLUEeHME NINLLIHUX KNETOK.

BnusaHue LUIHC Ha KpoBeTBOpPEHME OCYLLECTB/SRTCA Yepes Beretatus-
HYI0 HEPBHYIO cucTemy. Kak npasunno, cumnaTuyeckas HepBHas cucTema
CTUMYNNPYET KPOBETBOPEHMWE, a NapacuMnaTnyeckas —yrHeTaer.

MOMUMO NPAMOro KOHTPONA 3a AeATe/IbHOCTbI0 KOCTHOr0 MO3ra
LIHC BnuseT Ha KpoBeTBOpPEeHWe uepe3 06pa3oBaHWe TymMOpasibHbIX
(hakTOpOB. MOf BO3LEACTBMEM HEPBHBLIX MMMY/LCOB B TKAHAX HEKOTO-
PbIX OPraHoOB 00Pa3yTCs remMono3TWHbI —rOPMOHbI 6e/IKOBOI NPUPO-
Obl. [eMOonoaT1HbI BO3AENCTBYIOT Ha MUKPOOKpYXeHue CIMK, onpege-
nag mx auddepeHLMpoBKy. PasnnyaroT HECKOIbKO BUAOB remMornos-
TUHOB —3PUTPOMO3TUHbI, NEAKOMO3TUHbI, TPOMOOLUTONO3TUHBI. 10
CBOUM (DYHKLMAM FemMOMO3TUHbI OTHOCATCA K UUTOMeAMHaM —BeLle-
CTBaM, OCYLLECTBAAIOLIMM KOHTAKT Mexay KneTkamu. Kpome remo-
MO3TUHOB B PErynaLMmM reMornoasa y4yacTsyroT v Apyrue 61Monornyecku
aKTMBHbIE BELLIECTBA —KakK 3H/0reHHbIe, 06pa3ytoLnecs B opraHu3me,
TaK ¥ 3K30TeHHble, MOCTynaroLLne 13 BHELWHel cpedbl. TakoBa o6Lwuas
cXema perynaumu remornoasa. B mexaHusme perynaumm uucna oTaenb-
HbIX BUAOB KNETOK KPOBU MMEKTCS 0COBEHHOCTH.

Perynauma sputponoasa. MOCTOSAHHO AelCTBYHOWIMM (PU3NONOTU-
YECKUM PerynsaTopoM 3puTponoasa ABMSeTCA 3puTPONoITUH.

Y 3[40pOBOr0 >XMBOTHOTO, €CNM eMy BBeCTWM Masmy KpoBu OT
[pYyroro >XWBOTHOrO, MepPEHECLUEro KpoBOMNOTeP, BO3PACTAET YMC-
N0 3pUTPOLUTOB B KPOBU. ITO 0OBACHAETCA TEM, YTO MOC/e KPOBO-
NnoTepy YyMeHbLUAeTCA KWUC/IOPOHas eMKOCTb KPOBW M BO3pacTaeT
BbIpaboTKa 3pUTPONO3TUHA, KOTOPbIA U aKTUBM3NPYET 3pUTPON033
KOCTHOro mos3ra.

JpuUTPONO3TMH 0b6pasyeTcsa B NOYKaX W aKTUBU3UPYETCA npu
B3aMMOAENCTBUM C rNOBYIMHOM KPOBM, KOTOPbIA 06pasyeTcs B neve-
HW. O6pa3oBaHMe 3PUTPOMOITUHA CTUMYIUPYETCS MPU YMEHbLLEHUN
cofilep>kaHus KUcopoda B TKaHAX —HanpumMep, MNpu KpOBOMOTEPE,
npy 4IMTENIbHOM HAXO0XAEHUN XWMBOTHBIX B YC/0BUSAX MOHMXEHHOIO
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6apoMeTpUUECKOro [aB/ieHUs, NPy CUCTeMaTUYeCKNX TPEeHMPOBKaX
CMOPTUBHbIX /10LLAaZeN, a Takxke npu 3a60n1eBaHnAX, CBA3aHHbIX C Hapy-
LeHneM razoobmeHa. CTMynsaTopaMmn apMTpONn0a3a ABNAKTCA NPOAYK-
Tbl pacnaja apuTpoLUTOB, KOBAIbT, MYyXXCKME MO/0BbIE TOPMOHbI.

B opraHusme vMeroTCca Takke MHIMOMTOPLI 3pUTPONO3TUHA —Be-
LWecTBa, NoAasnsAoLLMe ero BbIpaboTKy. VIHIMOGUTOP 3pMTPONO3TMHA
aKTUBU3UPYETCS NpPW MOBBILLEHHOM COAEpPXKaHUW KUCIopoja B TKa-
HAX —Harnpumep, CHWXEHWE Yncna 3puTPOLUTOB B KPOBU Y BbICOKO-
FOPHbIX XWTeNei nocne nonagaHus B MeCTHOCTb Ha YPOBHe MOpS.
WNHrméunTop apuTponoaTMHa 0OHapyXXeH Y HOBOPOXKAEHHbIX B NepBble
OHU N Hefenun >KWU3HW, BCNeACTBME Yero YWUCN0 3PUTPOLMUTOB Y HUX
CHVKaeTcs [0 YPOBHSA B3POC/IOr0 XXUBOTHOTO.

Taknm 06pasoM, BbIpaboTKa 3PUTPOLMTOB PErynupyeTcs MoCcpes-
CTBOM KO/iebaHWNs COofepXKaHUa K1cnopoga B TKaHAX nyTeM 06paTHON
CBS3W, a peasm3yeTcs aTOT NpoLecc Yyepe3 06pa3oBaHMe 3pUTPONOITU-
Ha, ero akTMBaLuo UM UHrnbnposaHme.

[l0BONbHO 3HauyMTeNlbHa B 3PUTPOMNO33e POJib KOPMOBbLIX (PAKTO-
poB. A1 NONHOLEHHOrO 3pUTPON033a He06X04MMO [OCTAaTOYHOE CO-
Jlep>xaHme B Kopmax 0efikoB, aMMHOKMWCAOT, BMTamuHoB B!, B”, BII,
(honmeBoli KMCNOTbI, aCKOPOMHOBOM KUCNOTbI, XXenesa, Mean, MmarHus,
KobGanbTa. ITW BeLLeCTBa BXOASAT NMO0 B remMornobuH, nnbo B cocTas
(hepMeHTOB, Y4aCTBYIOLLMX B €r0 CUHTESE.

ButamunH Bl) Ha3biBalOT BHELIHUM (DaKTOPOM KPOBETBOPEHMS, TaK
KakK OH NnocTynaeT B OpraHM3Mm C KOPMOM. [1/11 ero yCBOeHus Heob-
XO4UM BHYTPEHHWI (PaKTop —MyUMH (TIMKONPOTENS) Xeny[o4HOro
COKa. Po/lb MyUUHa 3aKnto4aeTcs B 3aluMTe MOJSieKy/l BUTaMuHa Bl
OT paspyleHns MUKpOoopraHusMamu, 3acensiolinumMm KULLIEYHUK.
COBOKYMHOCTb BUTaMMHa B!l 1 MyLMHa XenyA04YHOro CoKa HasblBa-
T «(akTop BOTKMHAa —Kacna» —no ¢amMunnsiM y4eHblX, OTKPbIB-
LUNX 3TOT MeXaHW3M.

Perynsums neinkonoasa. Mponngepaunto n guhepeHUNpOoBKY Nei-
KOLUWTOB MHAYLMPYHOT NENKONO3TUHbL. ITO TKaHeBble FOPMOHbI, KO-
TOpble 06pa3yroTCA B MEYEHW, Cenes3eHkKe, Nnoykax. B umuctom Buge
OHW NOKa He BblUeNeHbl, XOTA M3BECTHO 006 WX HEOAHOPOLHOCTH.
Cpeay HMX pasnMyaioT 303MHO(MNONOITUHBI, 6a30(NI0NOITHHBI,
HeATPOPUIONOITUHBLI, MOHOLMTOMOITUHBI. Kaxabll BUL Neiko-
MO3TMHOB CTUMYNMPYET NeNKOM033 cneunuhmuyHO —B Hanpas/ieHUN yBe-
NNYeHNs obpa3oBaHUSA 303MHO(PUNOB, 6a30(INI0B, HEMTTXX})WIOB WK
MOHOLMTOB. [N1aBHbIM PerynaTopomM 06pa3oBaHus v ANQQepeHLnpoBKU
T-NMMMOLNTOB ABNIAETCA TOPMOH TVMYCa —TUMOMOITUH.

He BbI3biBaET COMHEHMSA TakXe TO, 4YTO B OpraHu3Me obpasyroTcs
CTUMYNATOPbI U UHTUBUTOPbI N1IEAKOMO3TUHOB. OHU HAXOAATCA MeXay
cobou B onpefeneHHbIX B3aMMOOTHOLUEHUAX AN MoAjepXaHus 6a-
naHca Mexay OTAeNbHbIMW KnaccaMu NeiKoLMTOB (Hanpumep, mexay
HelTpodunamu v numounTamu).

MpoayKTbl pacnafa NenKouMToB CTUMYIUPYOT 06pa3oBaHue HO-
BbIX K/IETOK TOr0 e Knacca. Mo3tomy yem 60/bLie KNeTOK paspyLua-
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eTCA B XOfe 3alMUTHbIX peakumnii, TeM 60/bLLE HOBbIX KMETOK BbIXOAUT
13 KPOBETBOPHbIX OPraHoB B KPOBb. Tak, Npn 06pa3oBaHUN THOMHMKA
(abcuecca) B MOpaXXeHHOM Y4acTKe CKarn/mBaeTcs 60/bLIOoe KONN4YecT-
BO HEATPO(UIOB, OCYLLECTBAAIOLWMX (haroynTo3. 3HaunTeNnbHas YacTb
HEMTPOUIOB NPU 3TOM NOrMBaeT, U3 KNETOK BbLUENAKTCA pas/iNyHble
BELLLECTBA, B TOM YmMC/e U Te, KOTOPble CTUMYMPYHOT 06pa3oBaHmMe HO-
BbIX HEMTPOMMNOB. B pesynbTaTe B KPOBU HabMOJAETCS BbICOKAs Heil-
Tpounms. A 0 —3alnTHas peakumsa opraHusma, HanpasfieHHas Ha
ycuneHne 60pb0bl C NaTOreHHbIM areHTOM.

B perynauumn neiikonoasa y4acTBYIOT Xene3bl BHYTPEHHel Cekpe-
UMM —runogus, HaAMnoYeYHNKIN, NONOBbIE XeNesbl, TUMYC, LLUTOBUL-
Has >kenesa. Hanpumep, agpeHOKOPTUKOTPOMHbIA FOPMOH runodum3aa
BbI3blBaET CHUXKEHWE COAEPXaHus 303MHO(UIOB B KPOBU BMJIOThb A0
MOJTHOrO MX UCHE3HOBEHUS N YBENNUMBAET KOMMYECTBO HEMTPOQPUIOB.
Takoe fiBNeHNE 4acTo HabMAAETCS Y 3[A0POBbLIX XMNBOTHbLIX B YCNOBUSX
[/IMTENIbHOro CTpecca.

Perynsums TpomMéoumuTonoasa. Yncno TpomeoumMTOB B KPOBY, TaK Xe
KaK 1 Apyrux GOPMEHHbIX 3/IEMEHTOB, PeryanpyeTcs Hemporymopab-
HbIMW MeXaHun3mamMu. N'ymopasibHble CTUMYISTOPbI Ha3blBaKOTCA TPOM-
6oUMTONO3TVHAMKN, OHM YCKOPSHOT 06pa3oBaHMe MerakapuMouuToB B
KOCTHOM MO3re M3 WX NpefLecTBEHHUKOB, a Takke WX nponudgepa-
LIMI0 1 CO3peBaHMe.

Mpn pasnnyHbIX 3KCNEPUMEHTA/IbHLIX WCCMEA0BAHUAX U KAWHU-
YECKMX HabNAeHUAX 3a 60NbHBIMU 0BHAPYXKEHbI Y MHTMOUTOPbI 06-
pasoBaHus TpomboumToB. OUeBNAHO, TOMLKO NMPY YPaBHOBELLIMBAHNM
BO3AENCTBUIA CTUMYNSTOPOB M MHIMOWUTOPOB NOALEPXKMBAETCA ONTU-
Ma/IbHbIA YproBeHb 06pa30oBaHMs TPOMOOLMTOB 1 UX COLEPXaHUA B ne-
prdeprnyecKoii KpoBu.

NTaK, y 300pOBbIX XXMBOTHbIX MOAAEPXKNBAETCA MOCTOSHHOE YMC/O
(DOPMEHHBIX 3/1EMEHTOB B KPOBM, HO MPW_PasNnyHbIX HU3M0I0r1yec-
KNX COCTOSIHUAX UM NPW BHELLIHUX BO3AENCTBUSAX B OPraHnM3Me MOXeT
N3MEHATLCA KOHLEHTpaLmMs OTAEMbHbIX KNETOK UM X COOTHOLLUEHME.
3TN M3MEHEeHUA NPOUCXOAAT NMBO 6bICTPO, NyTeM nepepacnpejene-
HUS VMEIOLLLErocs 3anaca KeToK Mexzay opraHaMu 1 TKaHsMu, oo
MEeANEHHO, HO 60niee MPOAO/MKMTENBHO BO BpeMeHN —6narogaps m3-
MEHEHMWIO CKOPOCTN KPOBETBOPEHNS.

3.8. TPYIMNbl KPOBA

MepennBaHne KPOBW, B3ATON OT OAHOTO Yesl0BEKA WM XKUBOT-
HOro-fgoHopa (faroLmnin) Apyromy, AOroe BPEMS HE HaxOAWno Mpak-
TUYECKOro NPMMEHEHNSA, TaK KakK B pse Cny4yaeB y peuunueHTa (nony-
YaloLLero) pasBMBanNCA MOCTTPAHCHY3MOHHbIA LWOK (TpaHcqy3na —
nepennBaHNE) CO CMEPTENbHbIM MCXOAOM. [pMUMHY 3TOro SIBNEHUS
BbiiCHWN B 1901r. aBCTPUIACKUIA yueHblilt K. JlaHgwTeHep. OH cme-
LLIMBaN B NPOGUPKAX KPOBb Pa3HbIX MHOAEN 1 06HapYXXuA, YTO B psaae
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CNyYaeB 3pPUTPOLMTbI CKIEMBAKOTCA (ArrNHOTUHUPYIOT) MeXy Co60i 1
06pasytoT KOMOYKW, BUAUMbIE HEBOOPYXKEHHbIM rN1a30M. J1aHALUTei-
Hep BMepBble onucan y iloaei Tpu rpynnbl Kposu, a B 1907 r. YeLlCKuii
yueHbI A. AHCKWIA OTKPbIN eLle OfHY, YeTBEPTYHO rpynny Kposu. ITu
YeTbipe TPYNMbl KPOBW COCTaBUIN OAHY CUCTEMY, ee MO3/Hee Ha3Baaw
cuctemon ABO (A-B-Honb).

O[IHOBPEMEHHO Hayanv 13yyaTb TPymnnbl KPOBU U Y XUBOTHbIX —
CHavana y Ko3, MOTOM Y CBMHEN, nowajei, KPynHoro poratoro ckota
n nTuy. OKasanocb, YTO MOMUMO YETbIPEX TPYMM KPOBW, OTKPbITbIX
NaHawTenHepoM 1 AHCKUM, CYLLEeCTBYHOT M gpyrue. OHY OTAnYaKoTCA
COCTaBOM GeNKOBbIX MOJIEKY/l, BCTPOEHHbIX B MeM6paHbl 3pUTpOLM-
TOB. 3TW MOMEKY/bI ABNAOTCA aHTUreHaMu M Ha3blBalOTCA arrnio -
TUHOTEHaMMW. YCTaHOB/IEHO TaKXe, YTO TaKue Xe arrnTuHore-
Hbl, KaK Ha MOBEPXHOCTU 3PUTPOLIUTOB, MPUCYTCTBYKT U B APYIUX
K/eTKax, no3aToMy rpyrmny KpoBW MOXXHO OMpeaenunTb, U He umes 4nd
aHanu3a camoi KpoBu. B nsa3me KpoBU MOTYT HaXOAMTLCA aHTUTeNa K
arrflTUHOreHaMm, MX HasblBalOT arrNKTUHUHaAMN .

B HacTosLee Bpems y YenoBeka n3yyeHo yxe 15 reHeTUYecKnx cu-
CTeM Fpynmn KPoBK, BKIOYAKOLWMX 250 aHTUTEHHbIX (DaKTOPOB, Y KPyr-
HOro poraroro cCkota —!! cCuUCTem rpynn KpoBu W3 §§ aHTUreHHbIX
(hakTOpOB, Y CBMHe — 14 cuctem rpynn u3 6onee 30 haktopos. pyn-
na KpoBW ABNSAETCHA HAC/EACTBEHHbIM MPU3HAKOM U He W3MEHSAETCSA B
TEYEHME XKU3HMW.

B kakux cnyyasx Heo6XxoAMmMo 3HaTb rpynny Kposu? Bo-nepsbiX,
npy nepenMBaHnM KPoBK, Npu nogbope COBMECTMMbIX nap LOHOP —pe-
LMNWeHT. Bo-BTOPbIX, B Cyje6HON MeULIMHE U BETEPUHAPUK N8 yC-
TaHOBNEHUS NPUHAANEXHOCTU KPOBW, a TakxkKe A1 onpeaeneHns poacT-
BEHHbIX CBfA3eW B CeNleKLMOHHOM paboTe. ['pynnoByo NpUHaL/IeXXHOCTb
KPOBM MaTepy W 0OTUA MPUXOAUTCA YUYUTbLIBATL MPWU aHaIn3e Cry4vaes
becnioans. MHorga B opraHu3Me CamKy MPOMCXOAUT arrioTUHALNA
CrMepmMmeB 1 UX rmbenb BCNeACTBUE TKAHEBON HECOBMECTMMOCTU. B me-
OVUMHE BCerga y4mTbIBarOT rpynmny KpoBY MaTepy v noja C Le/bo 1c-
K/TIOYEeHWS U3-3a2 HECOBMECTUMOCTM TMBeNn Nnoga uan poxaeHns 60/b-
HOro pebeHka (reMonMTMUeCKas XenTyxa HOBOPOXKAEHHOTO).

PaccmoTtpum 6onee noapo6bHo cuctemy ABO, MMEIOLLY NpaKTu-
YeCKOe 3HauyeHue v Ans MefuUMHbI, U ANa BeTepuHapuu. 1o aToi cu-
CTeMe KPOBb /IHOZEN Y XKMBOTHbIX AENIAT Ha YeTblpe rpynmbl. 3TO CBA3a-
HO C TeM, YTO B 3pUTPOLMTAX MOTYT HAXOANUTLCA ABa arrTUHOreHa —
A n B, a nnasme KpoBu —[Ba arrnioTvHUHa —anbda 1 6eta. Arro-
TUHUHbI ABNSAKOTCA aHTUTeNamMu, KOTOpble MOryT B3aVMOAeWCTBO-
BaTb C COOTBETCTBYIOLWMMU, WUAN OGHOMUMEHHBLIMW arrnOTUHOreHa-
My —A nnn B (anba-A, 6eTa-B).

YCTaHOBMEHO, YTO CYLLECTBYHOT 60/ee 10 BapMaHTOB arrt0TUHOre-
HOB A 1 B. Bce OHUM arroTUHUPYIOT 3PUTPOLMUTLI C COOTBETCTBYHOLL M-
MW arrMioTUHMHAMKW, HO CW/1a WU CKOPOCTb peakuuu arrniTuvHaummn
pa3fnnyHbl. ArrnotuHoreHsl Al 1 Bl —camble CusbHbIe, N0 Mepe BO3-
pacTaHus HyMepauuy Ux akTUBHOCTb CHUXAeTCH.
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B KPOBW OJHOrO0 M TOrO e opraHu3ma (4esloBeKa Wam >XMBOTHOTO)
He cofepXXarca O4HOMMEHHbIE arr/IloTUHOTEHbI U arrMiOTUHWHLI. Ecin
Xe arrfoTUHOreH A BOWAET B KOHTAKT C arrloTUHUHOM aba um
arrflTUHOreH B c arrfioTUHUMHOM 6eTa, TO NPOW3ONAET .arrnio -
TUHaLWA, WM CKlenmBaHue, apuTpoumToB. Ob6pa3osaBLUMeECH 3a
04YeHb KOPOTKOe BPeMs ar/ioMeparbl, WA KOMOYKK, 3pUTPOLMTOB 3a-
KyrnopusarT Mefikue Kanunnapbl. ECiv aTo Npou3ongeT B XU3HEHHO
B&)KHbIX OpraHax —B rO/IOBHOM MO3re W/ CepAeyHON MblLlLe, TO
BO3MOXEH CMepTe/lbHbIA UC0[, N3-3a HapyLUeHWs KPOBOOOpPaLLEHNS.
CKnemBLUMECH 3PUTPOLNTBLI 0ObIYHO NOrM6aldT W BbIAENAOT B KPOBb
TOKCUYECKMe BEeLLeCTBa, BbI3blBaloOLLME TAXKe0e 0TpaB/ieHne opraHums-
mMa. B nnasmy KpoBM MOCTynatOT TaKXe 3puTpouuTapHble (akTopsbl
CBEpPTbIBAHNSA KPOBW.

6XapaKTepV|CTv|Ka rpynn Kposu B cucteme ABO npefcTas/ieHa B
Tabn. 3.2.

3.2. PacnpegeneHue arrfOTUHOMEHOB W arrMiOTUHUHOB B KPOBU cucTembl ABO

Hannune
[pynna Kposwu
arrJoTUHOreHOB B 3PUTPOLUTaX arrflTUHWHOB B Nnasme
1(0) — anp
2(A) A P
3(B) a
4 (A, B) A. B —

[na onpegeneHns rpynnbl KPOBW MCMOMb3YOT CTaHLAPTHbIE CblBO-
POTKM, COEPXKalle arrIIOTUHVHBI BCEX YETbIpeX rpynmn Kposu. B me-
AVLMHCKOM NPaKTUKe PeKOMEHAYETCA NepeNnBaTh TOMbKO KPOBb OfHO-
VIMEHHOW TPYMMbl C YYETOM ApYrX CUCTEM, 0COBEHHO CUCTEMbI Pe3yC —
aHTupe3yc. JT0 He0OXOAMMO CTPOro cob/AaTL NPY NepenMBaHUn 60b-
LWMX 06BEMOB KpPOBM, NPU TOTa/bHOM KpOBE3aMeLLeHUW (Hanpumep,
06LIMPHbIE KPOBOMOTEPY, CNOXHbIE XMPYPrMYeckre onepauun).

Mpn nepennBaHUN HeGONLLIONO 06bEMAa KPOBU MHOrAa AOMYyCKa-
eTca nepesnviBaHne Apyrovi, HO COBMECTUMOW rpynmbl. B TakoW cuty-
auMm Haflo onacartbCs CK/eMBaHWS BBOLMMbBIX 3PUTPOLMTOB, LOHOP-
CKUX, @ He COBCTBEHHbIX 3PUTPOLMTOB peuunueHTa. OCHOBHOE npa-
BMJIO MPY 3TOM 3aKNHOYaeTCs B TOM, YTO 3PUTPOLUTLI JOHOPCKOM KpO-
BM HE [O/KHbI COAepXXaTb arr/IloTUHOreHbI, Ha KOTOPbIe Y peLununeHTa
B N/1a3Me MMeKTCA OL4HOMMEHHbIE arrMiOTUHUHBI.

MOCKOMbKY 3pUTPOLUTLI AOHOPOB 1-ii rpynnbl KPOBM He cogep-
Xar arrfiTUHOTEHOB, MX MOXHO MepefimBaTb pPeuurnmeHTam c -
6ol rpynnoi KpoBW, TaK Kak OHW HUrAe He ckneatcs. Moatomy 1-10
rpynny paHblue HasblBa/n «yHUBEPCa/bHbIM LOHOPOM». KpoBb A0-
HOPOB ! -ii rpynmnbl MOXHO MEPenuTb TeM pPeuunueHTam, rgae Het
anb(a-arrMOTUHNHOB, T. €. peuunueHTam 2-n uam 4-ii rpynnbi.
AHaNornyHo KpoBb JOHOPOB 3-i rPynMbl MOXHO NepennTb peLu-
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nueHTam 3-in wnan 4-ii Tpynnbl, y KOTOPbIX B Niasme OTCYTCTBYHOT
6eTa-arrMOTUHNHLI. KpoBb JOHOPOB 4-Ui rpynmnbl MOXHO MepeunTb
TONbKO B OAHOMMEHHYIO Tpynny, HO peunnueHTam 4-i rpynnbl nepe-
nnBakoT (B HEOONbLLIOM 06BbeMe!) KpoBb NO6OIA rpynnbl —3TO TakK Ha-
3bIBAEMbIii «YHNBEPCA/IbHBIV PELIMMUEHT.

ATTIHOTVHWHBI AOHOPCKPM KPOBM MpPW NepenvBaHnn ee B HEOO/b-
LIOM 06beMe He HecyT yrposy aputpouuTam peuunueHTta. CmeLmnsa-
ACb C KPOBbIO PELMMMEHTA, OHWN OKa3blBalOTCA B TaKON HU3KOW KOH-
LIeHTpaLumK, 4YTO He B COCTOSHUW BbI3BATb arr/It0TUHALMUIO 3pUTPOLM-
TOB peuunmeHTa.

B HacTosilee Bpems MPOBOAATCS YCMELIHbIE UCCNEeA0BaHNSA aHTU-
FeHHbIX CBOWCTB TPOMOOLIUTOB M TEMKOLMTOB. YUeT aHTUIeHHbIX (DakK-
TOPOB NEMKOLMTOB MMeET 60/bLLIOe 3HaYeHWe Npu nofdope JOHOPOB
ANA Nepecajikyi OPraHoB 1 TKaHei, 419 yAa4HOro NPUXKNB/IEHNS TPaHC-
nnaHTata U CHUXEHUS BO3MOXHOCTEN ero OTTOPXEHUS.



MFrasa 4
dN3NONOMNA NMMYHHOW CUCTEMBI

iIMMyHoNOrMs ouumManbHO NprU3HaHa Kak Hayka B 1881 r., Koraa
Nyn Mactep cfenan CBOW BENMKONEMHbIA [OKNaA BO (hpaHLy3CKOW
aKafleMun 0 BO3MOXHOCTW MCMO/Ib30BaHNA aTTEHYMPOBaHHbIX (0Cab-
NEHHbIX) LWTAaMMOB MUKPOOPraHW3mMOoB A/ CO3[4aHuNs VCKYCCTBEHHOIO
MMMyHUTETa. B HacTosLlee Bpems 3TO HayKa C OFPOMHbLIM MOTeHuua-
NIOM W apCceHasioM 3HaHWI, KOTOpble He TONbKO MOTYT, HO W LO/MKHbI
NMPUMEHATLCS B NPAKTUYECKOW BeTEPUHAPUN, NMOCKOJIbKY (DaKTUYECKU
HeT 3a60/1eBaHNiA, B NaToreHe3e KOTOPbIX He Oblan Obl 3aTPOHYTHI Me-
XaHN3Mbl UIMMYHUTETA.

CyLLecTBYeT HECKO/IbKO OrpeAeneHnii «<MMMYHHOWR CUCTEMbI»;

1 «/IMMYHHYIO CUCTEMY MOXHO pacCMaTpuBaTh Kak COBOKYMHOCTb
NMMQOLMTOB, MakKpogaros, psfa CXOAHbIX C Makpodaramy K/eTok,
BK/HOYasA AEHAPUTHbIE KNETKMN CeNe3eHKN 1 aNUTeNINasibHble KNeTKN J1aH-
repraHca, a Takxe Creuupuyeckmne anuTenaibHbIe KIETKW, CXO4HbIE C
TeMW, KOTOpble 6blM HalifieHbl B TMyce» (B. Maynb, 1987).

2. «/IMMyHHas cucTema —{YHKLMOHaNbHasA cUcTemMa opraHu3ma no-
3BOHOYHbIX, COCTOALLAA U3 NIMM(OULHBLIX KIETOK U OPraHoB, OTBETCTBEH-
HbIX 3a crneyuguyeckme 3almTHble MexaHusmbl» (K. Opecnep, 1988).

3. «B HacTosLee BpeMA MMMYHHas CMCTEMA pacCMaTpPUBaeTCH Kak
cucTema KOHTpO/A, 06ecneymsaroLas MHAMBUAYaNbHOCTb U LieNocCT-
HOCTb opraHu3ma» (/1. Verep, 1992).

OCHOBHble (hYHKLUN UMMYHHOW CUCTEMbl —OT/INYATL FEHETUYEC-
KV Yy>KepofHble CTPYKTYpPbl OT COOGCTBEHHBIX, NepepabarbiBaTb U 3/11-
MWUHMPOBATb UX. IMMyHHas cucTema 06ecrneymBaeT 3aluTy opraHus-
Ma OT MH(EKLWN, a TaKKe yAaneHne noBpeXxXAeHHbIX, COCTapMBLLMXCA
1 N3MEHEHHbIX KNeTOK COBCTBEHHOI0 OpraHu3mMa.

4.1. CTPYKTYPA UMMYHHOW CUCTEMbI
4.1.1. LUEHTPAJIbHbIE OPTAHbI UIMMYHHOW CUCTEMBI
K UeHTpanbHbIM OpraHam UMMYHHOW CUCTEMbI OTHOCWUTCS BW/IOY-
KoBas enesa (TuMyc). OHa COCTOMUT U3 MHOXECTBA MENKMX A0NEK, B

KaK0M 13 KOTOPbIX MOXHO pa3NnunTb KOPKOBbLIA N MO3roBOW C/IOW.
KOpKOBbIiA CNOM rycTO 3anoHeH MMMQOoLMTaMn, Ha KOTopble BO3Aei-
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CTBYHOT «TUMWUYECKME (DaKTOPbI», BblAENSEMbIE 3NUTENNANbHBIMMU
KNeTKaMmy 3TOro cfos, —akTopbl, UrpatoLue BaxHyH posib B AnQ-
thepeHumpoBke T-numdoumToB. JIMMGOUUTLI KOPKOBOrO €108 Xapak-
TEePU3YIOTCA BblpaXXEHHbIM aHU30UMTO30M (pasfinyvMeM B pasmepax).
Bonblwine NMMAOOUUTBI HAXOAATCA MPEUMYLLECTBEHHO BO BHELLHEMN
30He KOpbl, F4e OHU NPOAO/HKAOT NPoAndepnpoBatb. Bo BHYTpeHHEN
30HE KOpbl COCPeLOTOYEHO MHOXECTBO MasbIX IMM(OLUTOB, HECYLLUX
T-KNeToYHble aHTUreHbl. bonblias vacTb U3 HUX NOrmMbaeT eLe B BU-
NOYKOBOW XXenese.

B M0O3roBom cfioe COLEPXKMTCA MeHbLUee KO/IMYECTBO, HO YXKe 3pe-
NbIX T-NMMQOUNTOB, NMOKUAAOLNX BUNOYKOBYHO Xenesy U BK/IOYal0-
LMXCA B UMPKYNAuM0. B BMIOYKOBOM Kenese CyLlecTByeT 6Gapbep
MEXAy UMPKYNMPYoLLed KPOBbO U KOPKOBbLIM C/OEM, aHa/IorMyHbIN
reMaToaHLepannyeckoMy bapbepy, BCNeACTBUE YEro B KOHTaKT C aH-
TUreHOM BCTYMaKOT TO/IbKO K/IeTKM MO3rOBOro Cos.

3aknagka TMMyca NpoucxXoauT B Nepuoj BHYTPUYTPOOGHOTO pasBu-
Tnd. Schultz, Dunke n Heist (1971), npocnexwsasa 3aknagky /inM-
(hoMAHbIX OpPraHoB Mo AHAM YTPOOGHOr0 pas3BMTUA OpraHM3mMa KpynHo-
ro poratoro ckota, YCTaHOBW/IW, YTO NepBbli MAEHTU(HNLNPOBAHHLIN
NUMGOULHBIA OopraH —TUMYC —MOSABUACA Y MI040B Ha 42-e CYTKU
passuTUA. QugphepeHUNpoBKa TMMyca MPOUCXOANT TakxkKe B MIOAHbIN
nepuog, U OH MpuobpeTaeT BbIPAXKEHHOE A0/bYaTOe CTPOeHWe, Noj-
pa3fenssicb Ha 30HbI: B KOPKOBOW 30HE COAepXKaTcs TUMOLUTBI, B MO3-
rOBOW 30He —anuTeNnanbHble CTPYKTYpbI (Tenblua Maccans).

Y aM6p1OHOB 0OBeL, TUMYC, COAepXalnin NMMMGOoLUTLI, hopmMupy-
eTca Ha 40-e cyTku cyarHocTu (1980). ¥ nnofoB CBUHER, Kak MU KO-
POB, MePBbIA NAEHTUPULUPOBAHHBIA NTMMMONAHLIA OpraH —TUMYC.
Y 28-CYTOYHOr0 Nnofa TUMYC COAEPXUT HECKOMBbKO KPYMHbLIX KNeToK
NMMMONLHOro psaaa, a K 42-m cyTkaM —CKOMJieHre NpenMyLLecTBeH-
HO 60nbLWNX NMMMAOLMTOB. B TUMyce 52-CyTOYHOro nnoja pasnnyu-
Ma Kopa 1 MeaynnspHblii cnoii. B megynne Ha 64-e cyTKM nosBns-
toTca Tenbla [accana. U yXe Ha 77-e CyTKW CTpOeHMe TUMYyca TaKoe
e, KaK Yy HOBOPOXAEHHOro XXMBOTHOr0. ¥ MI0J0B KPOJIMKOB TUMYC
TakXe ABNSAETCA NnepBbiM, MOPJOIOrNYECKN 0OPMIIEHHBIM OpPraHoM
NUMGONAHON CUCTEMBI.

Cymka ®abpuumnyca y NTuL TakKkKe OTHOCUMTCA K LeHTpasbHbIM
opraHaMm VMMYHHOW cucTeMbl. B Heli hopmupytoTcs B-nMdounTbl
aHaNorM4yHo TOMy, Kak B BUJIOYKOBOW Xefe3e co3peBatoT T-1mmgoLm-
Tbl. Y M/IEKONUTAKOLNX N YeNoBeKa, HECMOTPS Ha MHOMOYUC/IEHHbIE
yCcuAusa, J0 CUMX NOp He YAanocb 06HapYXXMTb HUKAKOTO 3KBUBASIEHTA
CyMKn ®Pabpuumyca —opraHa, B KOTOPOM npoucxoamna 6bl andde-
peHuupoBKa B-numdgounTtos. NonaratoT, YTO TaKMM OpraHom Yy mne-
KOMUTAIOLWMX N YesnioBeka ABNSAETCA KOCTHbIA MO3r, NOCKO/IbKY B HEM
06Hapy>XeHbl NpeAwecTBEHHUKN B-nMM¢oLmMToB.

KOCTHbIA MO3T, He ABNAACH HENOCPe/ACTBEHHO NMMGOUAHLIM opra-
HOM, NPUHAANEeXUT K OpraHHoW UMMYHHOW cucteme. C OLHOI CTOpO-
Hbl, OH MOCTaBNseT BCE K/IETKW-MPEALIECTBEHHUKN ANS PasfNyHbIX
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nonynauui NMM@OLMUTOB U MakKpogaros, a C [Lpyrol —B KOCTHOM
MO3re MpoTeKarT crneunpruyeckrne NMMYHHble peakLmu, CBA3aHHbIe,
Hanpumep, C CUHTE30M aHTUTe/. JTOT NPOLLECC NPOUCXOAUT Clesyto-
WM 06pa3oM. Yepes HECKONBLKO AHei nocne Havana BTOPUYHOIo UM-
MYHHOrO 0TBeTa 0GHaPYXXMNBAETCs MUTPaLMs aKTUBMPOBAHHbIX B-Kne-
TOK NamATW B KOCTHbI MO3T, T OHU 1 CO3PeBatoT B Nia3mMaTnyeckme
KNeTKW. X0Ts KOCTHOMY MO3TYy U He NpuaatoT 60/bLIOro 3HaYeHUA Kak
MECTY CMHTE3a aHTWUTeN, TeM He MEHEEe OH CNY>XWUT OCHOBHbIM WCTOUY-
HVWKOM CbIBOPOTOYHbIX MMMYHOT106y/IMHOB. KOCTHBIA MO3r B OT/IM4Me
OT NepuepryecKoin NMMEPONAHON TKaHW Ha aHTUreH pearupyet Mef-
NEeHHO, OfHaKo OTBeT 60/iee NPOLO/DKUTENbHBIA 1N COMPOBOXAAETCS
6onee aPPEKTUBHON NPOAYKLUMEA aHTMTEN NPV NOCNeAyHOLIEM KOH-
TaKTe C aHTUreHoM. JIMMQOLMTLI COCTaBNAT NpUMepHO 0Koo 20 %
BCEX K/IETOK KOCTHOr0 MO3ra.

4.1.2. MEPUDPEPUYECKNE OPIFAHbI MMMYHHOW CUCTEMbI

CeneseHka 3acensetcs numgoumMTaMmm B No3aHWUIA SMOPUOHAbHbIN
nepuog 1 cpasy nocne poxaeHus. CTPYKTYPHO BblpaXXeHHas Cefes3eH-
Ka BbliIB/IeHa Y NA0A0B KPYMHOro poratoro ckota 55-CyTo4HOro BO3-
pacTa, a AuddepeHLnpoBaHe KpacHOW 1 6enoi Nynbnbl NPOUCXOANT
mexxay 80-Mu 1 [0 0 -MWU CyTKamu.

B ceneseHke CcBMHe C 51 cyT yTpo6HOro passuTus HabntoaaeTcs
WHTEHCUBHbIV 3KCTpameLyNNspHbIV FEMOM033: NPUCYTCTBYIOT PETUKY-
nApHble Knetkn. Mexay 70-mu 1 100-mm cyTKamm NponcxogmT ,qmg
(hepeHUMaLMsA Ha KpacHyo n 6enyto nynbny. PeTUKYNsipHble KIETKM
CoAepXKart BaKyonm 1 3HA0MNasMaTUUYeCKUiA PeTUKYYM.

NnmoLmTbl HaKanMBaKTCS B NePUBACKYNAPHbLIX NPOCTPaHCTBAX
N ABNAIOTCA NpeALIecTBeHHMKaMmn 6eioli NynbMbl ceneseHkW. B 6enoit
nynbne pasnnyatoT TMMYC3aBUCUMbIE U TUMYCHE3aBUCKMbIe 30HbI, KO-
TOpble 3aCenatTCs COOTBETCTBEHHO T- U B-numdountamun. T-KneTkn
pacrnonaraloTca NpeMMyLLeCTBEHHO B nepuapTepuasbHbIX 061acTsx, a
B-kneTkn —B NMMGOnNLHbIX MydTax n QOoNanKynax. AHTUTEHbl C TO-
KOM KpPOBW JOCTUratoT CeNe3eHKU, (hMKCUPYHTCS B AEHAPUTHBIX KNeT-
Kax 1 B MapruHa/ibHOM 30He, OTKY/la OHW TPAHCMOPTUPYIOTCS B Genyto
NyNbMy ¥ PacrofiOKEHHbIE B HEW LEHTPbl Pa3MHOXEHUS. DTN aHTuUre-
Hbl UHAYUMPYIOT 06pasoBaHmne NMMo6,1acToB B TUMYC3aBUCUMOIA 30HE
Cefle3eHKM, a B TUMYCHe3aBUCKMMOW 30He MPOUCXOAUT Mponngepauns
NMMGOUNTOB N 06pa3oBaHMe Nia3MaTUHeCKUX KIeToK.

CeneseHKa OCYLLECTBNSIET KOHTPO/b 3a LMTON0rMYECKMM COCTaBOM
KPOBM, yfanss M3 KpOBOTOKA yTpaTuBLUMe (DYHKUMOHANIbHYH aKTUB-
HOCTb 3pPUTPOLMTbLI M NERKOLMTLI, & TaKXXe 00pa3yeT HOBble TMM{OLN-
Tbl B OTBET Ha 3aHECEHHbIE KPOBOTOKOM Yy>KEpPOAHble aHTUIEeHbl, 0CO-
6eHHO KOPMYCKYNAPHbIE.

Numpatnyeckme y3nibl OTHOCATCA K Nepuepnyeckum opraHam Mm-
MYHHO# cucTeMbl. OHM COCTOST 13 3aK/IKOYEHHON B Kancyny napeHxu-
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Mbl, COfepXallieil PeTUKY/IAPHYHO CTPOMY ¥ 60/IbLIOE YMNCNO MOABUKHBIX
KNeTOK: /IMMOLMTOB, NyiasMaTUYecKmnX KIeTOK 1 Makpogaros.

Y KpyMHOro poratoro cKota B 3M6PUOHasIbHbIA Nepuoj HafBbIMEH-
HbIA TMMMATUYECKNIA Y3en 1 Y3eN KONIEHHON CKNafKu npeacTas/eHbl
He6O0NbLUNMU Y3eNKaMu, OKPYXXEHHbIMU CTYAEHWUCTOM MI0THOW MacCoiA.
MMocTeneHHO OHU NPUOBPETAIOT PbIX/YHO, & 3aTEM YMPYryt KOHCUCTEH-
LIMIO M KO BpPeMeHV pOXAeHUs (hopMUpPYOTCS NMOMHOCTLIO. B HYX cosep-
Xarca (oSINMKYNbl, TIMMEOLMUTLI U MUENOUUTLI. Y IMOPMOHOB KO3 MO-
BEPXHOCTHble PervioHasibHble Mm@aTuyeckme y3nbl 3aknafblBaloTcs
TaKkxke B (hopMe Npo3payHbIX CTYLEHWUCTbIX My3blPbKOB B MePBON M0J10-
BUHE CYArHOCTW; K 75-M CyTKam pa3BUTUS OHW MOPONOrnyecku
oopmnaoTca. Y 120-CyTOUHbIX MNIOL0B Y)XKe pa3BuTa Kancyna, passu-
yatoTca Tpabekysibl U PONINKY bl HEKOTOPbIX Y3/10B. MNepudepuyeckme
1 1y60Kve nuMgaTnyeckmne y3nbl y MnaojoB CBUHEN NPeLCcTaBsatoT Co-
60l cMCTeEMY CUHYCOB, MOKPbITbIX MAOCKUMU KNeTKaMu; Ha 51-e CyTKu
pasBUTUA SOMUHUPYIOT TUCTOPETUKYNAPHBbIE KNETKU; pa3dpocaHHble
NMMPOLUTLI 06HaPYXXMBAKOTCA Ha 64-e CYTKW pa3BUTUS.

PeTuKynapHble KNeTkun nuM@aTnyeckux y3nos 06pasyroT CUHY-
Cbl, (hunbTpytoWwme NUMAgy, KoTopas ApeHupyeT TKaHW opraHu3Ma v
MOXET CoflepXXaTb Yy>KepofHble aHTUreHbl. B numdarnyeckom ysne
TaKXXe pasnnyaroT MO3roBON 1 KOPKOBBIWA c/ion. KOpKOBbIiA CNol ryc-
TO 3acefieH nMMgoLmTaMun. B Kope, B CBOIO Ouvepelb, TaKXKe BbLUENAT
BHELLUHIOK Y BHYTPEHHIOK 30Hbl. JIUMouaHble (MONINKY/bl U 3apo-
%bILIJeBbIe LIEHTPbl UMEKTCH TO/IbKO BO BHELUHel Kope W cofepxat

O/IbLLIOE KONNYECTBO AeNAWwnxcs NMMAOONHbIX KNeToK, nnMdodnac-
TOB N CpefHUX NMMMOLMTOB (B TOM unCie OAUHOYHBLIX T-numdoun-
TOB) M Ma3MaTUYeCKUX KNeTOK. TUMYC3aBUCUMOI 30HOW numdaTu-
YECKOro y3/1a ABNSAeTCA BHYTPEHHSASA 30Ha.

[JelicTBe MMMYHHbIX MeXaHU3MOB 6a3upyeTcs Ha peakumax AByX
TUMNOB —K/NETOYHbIX U ryMopasibHbIX. KneTouHble peakuuun obecne-
YMBAIOT 3ALUUTY OpraHuM3ma OT BHYTPUK/IETOUHbIX U TPUBHBLIX MHpEK-
LW, BHYTPUKNETOYHBIX NapasvToB M OMyX0/eBbIX KNETOK, TOrja Kak
(r))/MOpaanue Harnpas/ieHbl MpeX/ie BCEro NPOTUB BHEK/ETOYHbIX

aKTepuii N BUPYCOB. B KNeTOYHbIX peakumax y4yacTBYKT TUMYC3aBU-
cumble (T-KNeTKK), a B ryMopasibHbIX —TUMYCHe3aBucumble (B-knet-
Kun). Kpome nMM(OLUTOB B UMMYHHBIX peakLuax y4acTBYT BCOMO-
ratefibHble K/IETKW: Makpodaru, MOHOLMTbI, KOTOpble 3axBaTbiBalOT
aHTWreH, nepepabaTbiBAlOT €ro ¥ OCYLLECTBAAIOT MPe3eHTauunio M-
(houmTam, a TaKxKe BAMAKOT Ha NPOLECChl CO3peBaHUA NMMKBOLUTOB 1
noaaepXmeatoT (B KayecTse KNeToK-3ahPeKTopoB) peakunmm MMMYHO-
NOTMYECKON 3aluThbl.

B 3aBMCMMOCTM OT BMZA @aHTUTEHHOTO BO3JeNCTBUA U3MEHEHNS MO-
YT BO3HUKHYTb B Pa3NYHbIX 30HaX TMM{aTNyecKoro y3na. Mpu peak-
LUMX KIETOYHOrO TWNa BO BHYTPeHHel (NapakopTUKa/bHON) 30He
NMMGATUYECKOro Y3/a yXe B TeYeHe CyTOK MOXHO 06HapyXm1Tb 61acT-
Hble KNeTku, a nponudgepaumsa T-KNeToK NPOLO/HKAETCA HECKOJ/IbKO
CYTOK. EC/n >e aHTWUreHbl BbI3blBAlOT UMMYHHYIO peakLuio ryMmopasib-
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MOro TMna, T0 MOP(O/IOTUYECKM 3HAYVMbIE M3MEHEHUS MPOUCXOAAT
BO BHELUHEN (TMMYyC3aBMCUMOI) 06/1acT Kopbl. Torga aHTUreH, Ha-
KannuBascb Ha PeTUKYNAPHbIX KNeTkax NMMQONLHOro (onnunkyna,
VHAYUMPYeT nposingepanmio B 3apOAbILLIEBbLIX LEHTPaxX, U 4yepe3 He-
CKO/IbKO CYTOK HayMHaeTcs MuUrpaums nnasMaTuyeckMx Knetok Wu3
KOPKOBOW 30Hbl B MO3rOBYH.

NumdoymnTel NoCcTynatoT B AMMMATUUECKUIA y3en Mo apdepeHTHbIM
NNMMaTUYECKUM cocyaM, MPOHMKas 4Yepe3 CTEHKWU MOCTKanunnsap-
HbIX BEHY/1 C TaK Ha3blBaeMbIM BbICOKUM 3HAOTeNveMm. Ha aHpoTenu-
aNbHbIX K/ETKaX, BbICTUMNAKOLWNX 3TW BEHY/bl, pacrnonaratoTca cneum-
aNbHble PeLenTopbl, HampasfAloLMe COOTBETCTBYHOLIYIO MOMYNALUIO
AMMGOLMTOB B NMMGaTUYecknii y3en. epemelyeHre NMMEOLUTOB
MeXZy TKaHAMMW, KPOBEHOCHLIM PYC/IOM W IMM{aTUYECKUMMN Y3Nnamu
MO3BONAET aHTUTeHYYBCTBUTE/IbHBIM KNeTKaM 00HapyXWTb aHTUTeH U
cKannuBaTbCA B MecTax NpOTeKaHUs UMMYHHOM peakuuu, a pacnpo-
CTpaHeHue Mo opraHn3My Knetok namaTv U UX NOTOMKOB MO3BONSET
NUM(OUSHOM CUCTEME OpraHM30BaTb reHepasn30BaHHbIA UMMYHHbIA
OTBET. YXe yepe3 24 4 nocne TOro Kak aHTUreH oKasblBaeTcsa B INM-
(haTMYeCKOM Yy3/ie UK Cene3eHKe, pearvpylolime Ha Hero KnetTku u3
LIMPKYMPYIOLLEro nysna MiMMQOoLUTOB CKaniMBatoTCs B MeCTe 10KaIun-
3aumMy aHTUreHa, MHTEHCUBHO NPONMEPMPYIOT, U U3 NMM(ATUYECKO-
ro y3na yepe3 3 CyT BbIXOAAT aKTUBUPOBaHHbIE 6M1aCTHble K/ETKU.

K nepudepunyeckum opraHaM UMMYHHOW CUCTEMbI TAKXXE OTHOCAT-
cA MMM onHan TKaHb NULLEBAPUTENLHOMO TpakTa (MUHANMHbI FN0T-
KW, NeinepoBbl GMAWKN U CONUTApHbIE (ONIMKYMbI KULIEYHUKA) W
NMMMOUNLHAA TKaHb OPraHoB AbiXaHus (ropTaHb, Tpaxes, 6POHXH, fier-
Kue). Kak M3BecTHO, opraHbl AbIXaHWs WU NULIEBAPUTENbHbIA TPakT
CNYXar rnaBHbIMN «BXOAHbIMW BOpPOTaMu» AN aHTUIEeHOB, COAep>Ka-
LUNeCH TaM MHOTOYUC/IEHHbIE MM{AaTUYecKne HONINKY bl CXOAHbI MO
CTPOEHMIO C TAKOBbIMMW CENIe3eHKM U NUMGATUYECKNX Y3/10B.

Tumyc (thymus), nnm Buno4YKoBas >kefesa, MMEETCA Yy BCeX NO-
3BOHOYHbBIX XWBOTHbIX. B ambpunoreHese 3aknafbiBaeTcs paHblue Apy-
rMX NMMMAOUAHBIX OPraHoB. Y HOBOPOXAEHHOIr0 TUMYC YXe MOJIHOC-
TbtO pa3BuUT, a ero macca cocrasnsdet 0,59 % maccbl Tena. 3aknagka
TUMYyCa NPOUCXOAMT [AOCTATOYHO PaHO (Hampumep, Y KPYMHOro pora-
TOro cKoTa Ha 25...27-e CyTKW) B BuAe Tpy6UaTbiX BbINSYMBAHNIA IHTO-
[epMbl TPETbEr0-4eTBEPTONO XabepHbIX KapMaHOB rO/I0BHOW KMULLKW.
Ponb TMyca 6blna y6eanTenbHO nokasaHa npu u3yyeHun 3abone.a-
HUSA, NONY4YMBLLErO Ha3BaHue «cuHapom Aunxopmkm (DiGeorge)»,
npy KOTOPOM TeHETMYECKU AeTePMUHNPOBAHHOE HeopasBMTME 3TOr0
opraHa NpUBOAUT K OTCYTCTBUIO OLHOW M3 Nonynsuui TMmMgoLMToB —
T-numdounToB. Mpn TakOM BPOXAEHHOM MMMYHOAeduLUNUTe NposB-
NANach NOBbILEHHAA YyBCTBUTE/IbHOCTb K BUPYCHbLIM, TPUGHBLIM U He-
KOTOpPbIM 6aKTepuanbHbIM UH(EKLUAM.

MakcuMmanbHOro passuTus TUMYC AOCTUIaeT K KOHLY MOACOCHOro
nepuoga (y Tenat 2-mMecs4HOro sospacta ero macca 1050 r). Bmecre ¢
TEM OOBLEKTMBHbIE AaHHbIE CBMAETENbCTBYHOT 06 OYeHb ObICTPON ero
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BO3pacTHOW UHBOMOLUMW, T. €. 06 yTpaTe TUMyca C BO3pacToM. B Teue-
HME MepBbIX IET XXMU3HW eXErogHo TepsieTcst No 3 % UCTUHHO TUMUYEC-
KOW TKaHW, KOTopas MOCTEneHHO 3aMeLLaeTCs XXMPOBOW U COeLMHU-
TeNlbHOW TKaHAMW. COOTBETCTBEHHO CHMKAeTCA U NpoAyKuma T-1mMm-
(oumnToB. Camas BbiCOKas MpoayKuus T-AMMGOUUTOB Yy NPUMaros,
Hanpumep, coxpaHseTcs [0 ABYX fieT, a 3aTeM ObICTPO NagaeT. Y Mbilun
K 24-MeCcAa4yHOMY BO3pacTy npoaykumsa T-knetok coctaenfet 0,7 %
YPOBHSA WX MPOAYKUMW Y HOBOPOXAEHHOM MbILWK, T. €. MPOUCXoaUT
MoYTU NOMHasA pefyKums TUMyca: TepsaeTcs U CTPYKTypa, U ero PyHK-
umsa. OfHako creflyeT OTMETWUTb, YTO KO/M4YecTBO T-MMM(OLMTOB B
LUMPKYNALMN COXPaHAETCS Ha JOCTUIHYTOM YpoBHe. [leno B TOM, 4TO
3HAYMTENIbHYIO YacTb Nonynauumn T-AMMEOLMTOB COCTaBNAT A0/-
FOXUBYLLME KNETKW, KOTOpble He HY)XAAlTCs B MOCTOSSHHOM 006-
HOB/IEHWWN, W MO3TOMY YWUCNEHHOCTb T-K/ETOK MOALEepXUBaeTcs BO
B3pPOC/IOM OpraHu3Me W Npu OTCYTCTBMM TUMyca. Bonee Toro, 3pesnble
T-NMMQOLUTLI NOLBEPraroTCs TaK Ha3blBaeMOMN K/OHa/IbHOW 3KCMNaH-
cun, T. e. n3bupaTenbHON nponndepaLny B 0TBET Ha BCTPeYy CO CBO-
MM aHTUIeHOM, 3a CYET Yero WX YMC/MIEHHOCTb Bo3pacTaeT. lMocne co-
34aHuA nyna nepuepnyeckmnx T-NMMGOoLUTOB yTpaTa TUMYCa YXe He
NPUBOAUT K KaTaCcTpOPUUECKOMY CHUDKEHUID UMMyHMTeTa. B nonb3y
3TOr0 roBOPAT Pe3y/ibTaTbl MMMYHO/OMMYECKOro 06C/efioBaHNA Mbl-
LLUeR, nepeHecLnX TUM3IKTOMMIO.

N3 BCex opraHoB MMMYHHOW CUCTEMbI TO/IbKO A/ TUMYCa Xapak-
TepHa BO3pacTHas MHBONOLMA. KOCTHbIA MO3r He npeTeprnesaeT no-
[0O6HbIX BO3PACTHbIX M3MEHEHWIA, €CIN He CUATATb HAKOMNEHUS XU~
POBbIX OT/IOXXEHWNIA. He noaBep)XeHbl BO3PACTHOM UHBOIOLMMW HU Ce-
ne3eHKa, HY numdaTtunyeckue ysnbl. C BO3pacTom AnddepeHunpoBka
rpaHy/ioLMTOB M MOHOLMUTOB [aXe YCU/IMBAETCA, MOBbILIAETCA KON-
YECTBO ECTECTBEHHbIX KW/INepoB —O0/bWNX TPaHYNAPHLIX NMMEO-
LMTOB BHE 3aBMCUMMOCTM OT TUMyca. MOXHO 3aK/l0UnTb, YTO B Opra-
HM3Me COXpaHAeTCA BOCMPOM3BOACTBO BCEX OCTA/IbHbIX UMMYHOKOM-
MEeTEHTHbIX K/IETOK, KOTOPbIe He ABMATCA AONTOXUBYLLUMU, BbINON-
HAOT DYHKUUK 3(PheKTOPOB 1 TPaTATCA MOCTOSHHO B 60pbbe ¢ 60-
NEe3HETBOPHbLIMU MWUKpOOpraHusmamun. B oTimume oT 3Toro Heo6xo-
OUMOCTb B reHepauum HOBbIX T-IMM(OLMTOB CHMXAeTcA C BO3pac-
TOM. lMepBUYHbIE KOHTaKTbl C MHPEKLUOHHLIMW areHTamMmu npouc-
XOAAT B OCHOBHOM B MepBble rofbl XXWU3HU, KOrAa U (hopMUpPYOTCA
T-KneTkn namatTu. T-AUMGOUNTbI NaMATU Yy NI0AeN XUBYT 6oree
20 neT. B ganbHeiweM BO3MOXHOCTb NOCTYM/IEHNSA HOBbLIX MAaTOreHOB
CHWKAETCA M CofepXKaHne opraHu3mMoM LLesIoro TMMyca ¢ ero aHepre-
TUYECKOW eMKOCTbIO CTAHOBUTCH HelenecoobpasHbiM. TUMyC Moa-
BepraeTca MHBOJMIOLMM K TOMY MEpPUOAY XXU3HMW, KOrfga 3TOT oprad
CTaHOBMTCA HEHY)XHbIM, TaK KakK OCTatoTCs AONTOXMBYLLME T-KNEeTKN
namaTu. Fpyv HaMYMM TaKoro K/I0Ha OpraHn3my HecTpallHa BCTpeya
¢ 60/1e3HETBOPHBLIM acenTOM: TYT XXe Pacrno3HaKTCs «3anoMHMBLUMeE-
CA» aHTWUIreHbl, BbIpabaTbiBalOTCA CUTHa/bl KIOHaNbHOW 3KCNaHCum
(nponudepaymn), akTMBaLUN N KNETKU HAYHYT BbINOSIHATbL CBOM 3a-
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WNUTHbIE (YHKLNW, YTO BedeT K aNMMUHaLUY BO30YaUTeNs 1N HelTpa-
NN3aLUN ero TOKCUHOB.

Mpn OTCYTCTBAM TUMYCA €ro (OYHKLMUM MOTYT YaCTUYHO BbIMO/-
HATb Y4acCTKM MMM(ONLHBIX TKaHEW, rae co3peBaroT T-IMMQPOLUTHI.
Hanbonee Apkum NpMMeEpoOM MexXaHu3Ma KOMMeHcaunn (PyHKUWUi
OTCYTCTBYHOLWMX T-NUM(POLMTOB MOTYT CAYXWTb TaK HasblBagMble
ronsle (nude) MbIWK. Y TakKMX MbIlein UMeeTcq COYeTaHue fByX re-
HETUYECKUX AedeKTOB; AedeKkTa aNUTENNA KOXWU, BefyLlero K oT-
CYTCTBMIO BOJIOCAHOr0O MOKPOBa, U HeLopa3BUTUS TUMYCa, BefyLLero
K OTCYTCTBUIO T-TMM(OLATOB. Y HUX KOMMEHCATOPHO MOBbILIEHO
KO/IMYECTBO €CTECTBEHHbIX KW/1epoB, KOTOpble CMOCOBGHbI MpoAy-
LMpPOBaTb M CEKPeTMPOBaTb OUH U3 BaXHEWLIUX 3aALLUTHbLIX LUTO-
KWHOB —ramma-uHTepdepoH. Mpu Hanuuuu B opraHusme T-nuM-
(hounTbl ABNAOTCA OCHOBHLIMU NPOAYLEHTaMW raMmMa-uHTepgepo-
Ha, HO NPW UX OTCYTCTBUM 3TY BAXKHYIO 3aLLUTHYIO (PYHKLMIO 6epyT
Ha cebs fpyrue KMeTKN —eCTeCTBEHHble KWU/nepbl, pa3BuTuUe KOTO-
PbIX NpOTEKaeT 6e3 yyacTus TUMyca.

KOCTHbBI# MO3r [aeT Hayano BCeM POCTKaM KpPOBETBOpe-
HUS: U3 eMHON CTBOMOBONM MOMUMOTEHTHOM K/IETKU KOCTHOIO MO3ra
MPOUCXOLAT 3PUTPOLUTLI, TPOMBOLMTLI, rPaHYNOLUUTbI, MOHOLUTLI U
NNMAOLUMNTBLI. 3 CTBOMOBbIX KIETOK KOCTHOIO MO3ra nyTem pasiuny-
HbIX npespalleHnit obpasytoTces T- n B-numgounTsl. lNpespalueHne
CTBOJI0BOVI KNETKM B B-IMMMOLMT NPOMCXOAMT, MO-BUANMOMY, TakxKe
B KOCTHOM Mo3re. KpacCHbIli KOCTHbI MO3r MepBOHayabHO 3aHWMaeT
1 Tpybuatble, ¥ NAOCKME KOCTW, HO B NpoLecce pa3BUTUSA OopraHu3Ma
[eTeHbllla OH 3aMeLLaeTcs XeTblM KOCTHbIM MO3roM, MpuyemM mMon-
HOCTbO 3TOT NPOLLECC 3aBePLUAETCA K MOMEHTY MOJI0BOIO CO3pPEBaHMA.
Mocne 3TOro MOMEHTa KPacHbIA KOCTHbIA MO3F OCTaeTcs TO/MbKO B
MI0CKMUX KOCTAX.

CeneseHkKa BrnepBble KAK CAMOCTOATE/IbHbLIN OpraH nosBseT-
cA y pblb. B ambpuroreHese pa3BmBaeTcs U3 Me3eHXMMbl B JOPCa/IbHOM
yacTu 6pbixkelikn. BHayane B Hell NPOMCXOANT 06pa3oBaHme apuTpoLn-
TOB W rpaHynoumnTtos. Mo3fgHee 13 LeHTPasbHbIX OPraHoB KpoBoob6pa-
30BaHUA B Ce/lIe3eHKY BCENATCA IMMGPOLNUTBI. Y HOBOPOXIEHHbIX
mMacca Cefie3eHKM cocTasnsieT (y KPYMHOro poratoro CKoTa) OKOJIOo
0,15...0,19 % maccol Tena. CeneseHka y4yacTBYeT B 3allMTe OpraHu3ma,
a B CBA3W C TeEM, YTO OHa COCTOUT U3 PETUKYNSAPHOW U NMMBONLHONM
TKaHel, BbINOMHAET PYHKLMM KPOBETBOPEHNSA. B opraHn3me cosfaHbl
GnaronpusTHbIE YCNIOBUA /18 KOMMEHCALUUN (YHKLMN CeneseHKn 3a
CYeT ApYrvX OTAEN0B PETUKY/03HLOTEe/IMaIbHOW CUCTEMbl B Cllydvae
CMNeH3IKTOMUN. Ee fieaTeNlbHOCTL B (mnoreHese rnpetepreBaeT onpe-
JeneHHble U3MEHeHUs. Y NTUL, ceNie3eHKa BbIMOSHAET TOMIbKO (DYHK-
LMI0 KPOBETBOPEHMA (MPOAYKUUS NUME(OLUUTOB U MOHOLUTOB). Y
MIeKOMUTalOLWMX KPOME KPOBETBOPEHUS Cene3eHKa y4yacTByeT B WM-
MYHO/IOrMYeCKNX peakumsax opraHu3ma 3a CYeT TOro, 4To 3HAOTe-
NanbHble KIETKU CrMOCOOHbI 3axBaTbiBaTb Yy>KEPOAHble YacTuLbl W
3NeKTpoOoTpULaTe/IbHblE KONMOUABbI.
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4.1.3. KNETKW MUMMYHHOWN CUCTEMbI

T-numdountsl (puc. 4.1). Mpoucxogat T-AUMPOLUTBLI U3 MONU-
MOTEHTHbLIX KOCTHOMO3rOBbIX K/ETOK. [uddepeHumanms CTBOMOBbIX
KNETOK B T-NMM{OUNTBI OCYLLECTBNAETCA NOJ B/UAHNEM TUMO3MHA,
TUMOCTUMYNNHA, TUMOMO3ITUHOB W APYrMxX rOPMOHOB, MPoAyLupye-
MbIX 3MUTeNnasbHbIMU KNeTKkamn unu Tensuamm Maccans. B npouecce
co3peBaHus y npe-T-nuM¢ounTos (NPeTUMUYECKUX IUMPOLUTOB)
NOCTafMNHO PeopraHn3yeTcsa aHTUreHHas CTPYKTypa LuUTOMeMOpaH.
3akaH4ymBaeTCs gudhepeHumauns nosiBNeHNEM Yy 3penbix T-numMdo-
LMTOB CNeunpuUeckoro peLenTopHOro annapara pacno3HaBaHWsa aH-
TureHos. O6pasoBaBLINeCH T-MMMPOLUTBI Yepe3 IMMPY U KPOBb KO-
NOHN3MPYIOT TUMYC3aBUCKMbIE MAapaKOPTUKA/IbHbIE 30HbI NMUMMATH-
YeCKMX Y3/10B UM COOTBETCTBYHOLLME 30HbI MMMPOULHBIX (ONNNKYNO0B
ceneseHkun. Monynauma T-NMMEPOLUTOB BECbMa MHOro4YmcneHHa. Wx
KONNYeCTBO B nepudepnyeckori kposu Konebnetca ot 60 go 80 % 06-
LWen YNCNeHHOCTU NMMMONAHBIX KNETOK. VIM NpuHagnexmT BefyLuas
pO/b B TPaHCNIaHTaLMOHHOM, NPOTKBOOMYX0/IEBOM M NPOTUBOBUPYC-
HOM WMMYHWTETE, TMMNepyYyBCTBMUTENIbHOCTM 3aMeA/IeHHOro Tuna u B
ayTOMMMYHHbIX npougeccax. 3penble T-Aimm@ouuTbl No Gopme Hamo-
MUHAIOT Masible IMMGOLNTBI KPOBM, X SA4P0 MNOLKOBOOGpasHoe, NaoT-
HOe M MHTEHCMBHO OKpaLleHHOe, LMTonIasMa B Buae y3Koro 0604Ka,
avamveTtp 6,0...6 .5 MKM. T-KNeTKn nogpasgensior Ha psag cregyrowmnx
cybnonynsaumia.

T-xennepbl. 3TN KNETKN TEHETUYECKN 3anporpaMMupOBaHbl
«MOMOrarTb», T.e. UHAYLMPOBATL pPasMHOXeHMe U (Unn) auddepeHuum-
POBKY K/eTOK ApYyrux Tunos. Mx HasbiBatoT T-xennepamu n T-UHAYK-

OPIAHbI UMMYHUTETA N UMMYHOKOMIMETEHTHBIE KJ/IETKU

o 11r)|Lh«perufckme
)
Lorusumwe -! Malpodrit (cTpoeHMe, ponb)

NumdoumTbl Tumyc — » B-umcoumTibl/ |\

Numcpatiueckiid  /\ 1
YMbl 1\

CeneseHka \

MpomncxoxaeHue, (hopMUpoBaHue, NumdongHasn TKaHb
XapaKTepucTVIKa CNU3NCTBIX 060/104eK

Puc. 4.1. Cxema VMMMYHHOI CUCTEMBI
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TOopamun. Hanpumep, OHW WHAYUWUPYIOT CEKPELMIO aHTUTen B-knert-
KaMy U CTUMYNIMPYIOT MOHOLMUTBI, TYUHble KMETKA W MpejLlecTBeH-
HUKOB T-KWN/IEPOB K Y4aCTUI0 B K/IETOUHbIX UMMYHHbIX peakuusax.
T-xennepbl akTUBUPYIOT 3PPEKTOPHbIE, a T-UHAYKTOPbI —peryns-
TOPHbIE KNETKW.

CyLecTByeT Kak MUHUMYM Tpy TUna T-xennepos,;

y3HaKoLLMe aHTUIeH rNaBHOr0 KOMMJeKca rmcToCoOBMeCTMMOCTH;

y3HaroLye UMMYHOT1I06YNNHbI;

cekpeTupytone NMMMOOKUHBbI.

UacTb T-KNeTOK OCYLLECTB/ISET CBOK «XeMEepPHY0» (YHKLMIO Ye-
pe3 0CBOOOXAeHME «[a/lbHOLENCTBYHOLWMX» (DAKTOPOB —UHTEpP/IEeN-
KWHa-2 1 (hakTopa, 3ameLlaroero T-KneTkn. 3Tn (PaKTopbl HasbiBa-
toTCA Mg oKHaMU. OHM aKTUBMPYIOT MAKX CNOCOGCTBYIOT aKTuBaLMm
apyrux T- unn B-KNeTok. 3TW Xe KNeTKU MOryT UHAYLMPOBATL peak-
LMW TUNepYyBCTBUTENIbHOCTY 3aMef/IEeHHOr0 TUMa.

T-WHLYKTOpPbl Cynpeccum —3To T-KIETKWU, UHAYLUPYOLLLMe
npespaLleHue apyrnx T-KneTok B T-Cynpeccopbi.

CynpeccopHble T-KNeTKn —K/eTKW, TEHETUYECKM 3anpo-
rpamMmMMpoBaHHbIe [/19 CYNpPeccopHO akTMBHOCTK. Y TpaTa Cynpeccop-
HOM aKTUBHOCTW HabntoJaeTcs npy peBMaToMAHOM apTpuTe, CUCTEM-
HOVi_KpacHOW BONMYaHKe 1 pyrix ayTOMMMYHHbIX MpoLeccax.

Mpy NOBBILLEHUN CYNPECCOPHON aKTUBHOCTN OTMEYEHO YrHETEHNE
npouecca co3peBaHns UMMYHOKOMMETEHTHbIX KNEeTOK, YTO MpUBOAUT
K pasBuTUIO UMMyHoAeduLmMTa. BpeMeHHOe NoBbILLEHNE aKTVBHOCTU
T-CcynpeccopoB Hab/OAaeTCA NPY HEKOTOPbLIX BUPYCHbIX 3a601eBaHN-
AX, & TaKXKe XPOHUYECKUX BGaKTepuanbHbIX MHEKLNAX.

LntoTtokcuyeckune T-Knetkun, uam T-kunnepbl. Kunnep-
Hble KNeTKM (hoOpMUPYIOTCS MOC/e 3KCMNO3MLMIN C aJIONeHHbIMK, OMyXo-
NeBbIMW KNeTKaMu Unn Bupycamu. AKTUBHOCTb T-KW/11epoB 3aBUCUT OT
(yHKUMM T-MHAYKTOPOB. 3JTa nonynsuus T-KNeTok npoayuupyet
PacTBOPUMBIN (haKTop, HEOOXOAUMBIA Anst AndPepeHUMpPoBKN T-Kun-
nepos. [Mpy MOBTOPHOM KOHTaKTe C &//IOrEHHbIMW U OMYyXO0/IEBbIMM
K/IeTKaMu, Tenepb yyke KeTKaMn-MULLEHAMWU, KUAepbl Npu 6M3KoM
KOHTaKTe C NoC/eHNMMN 0CBOOOXKAAIOT LLMTOTOKCUYECKME TUMGOKNHDI,
Ha3blBaemble TMMOTOKCYHAMM, KOTOPbIe HapyLLaT MeMOpaHHYHo Npo-
HMLAEMOCTb K/ETOK-MULLEHEN N BbI3bIBAKOT UX MMGESb.

B-kneTkun. MNponcxogqat B-KneTkn oT CTBOMOBLIX KneToK. Co3pe.a-
0T N03TanHO —MepBOHaYabHO B KOCTHOM MO3re, 3aTeM B CeneseHKe.
MpeawecTBeHHUKN B-numdouuntos (npe-B-numdounTsl NOABNAKOTCA
Ha 16-e CyTKM BHYTPUYTPOOHOrO passBmuTua nnoga). Ha camoli paHHel
CTafMy CO3pPeBaHNsA Ha LMTOMNMa3mMaTnyeckort MmemopaHe B-KNeToK 3Kc-
MPeccupyroTca UMMYHOT00yIMHbI M, HECKOJIbKO MO3Xe B KOMI/IeKce
C HUMW NOSABASKOTCA UMMYHOIN06YNHBI G UK A, a K MOMEHTY POX-
[leHns, Korja npomcxoauT nojiHoe co3pesaHune B-numdgoumTtos, — um-
MyHOrnobynnHel D. B-numdouutbl SBAAKOTCA MpefLlecTBEHHUKaMM
aHTUTEN0006Pa3yHLLMX KNETOK. TakK KakK 60/bLWNHCTBO aHTUTEHOB TU-
MyC3aBuCHMble, TO 418 TpaHchopmauun B-nnm@ounTos B aHTUTENO-
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npoAyuMpytoLLme 06bI4HO HeOCTaTOYHO OAHOIO aHTUFEHHOrO CTUMY-
na. Tlpn nonafaHny Taknx aHTUreHoB B-numdounTsl anddepeHum-
PYtOTCA B M1a3MOLUTLI C MOMOLLLKO T-Xe/nepoB Mnpu y4yacTun Makpo-
(haroB M CTPOMASIbHbIX PETUKYNAPHBIX OTPOCHaTbIX KMETOK. [pu 3ToM
Xennepbl BbIAENAOT LUTOKMHbI —TI'YMOpaJibHble 3(PEeKTOpbI, KOTOpble
N aKTUBUPYIOT nponungepaunto B-numdgouuntos. BerpevatoTes, ofHa-
KO, 1 T-He3aB/CMMble aHTUTEHbI, TaKNe, KaK, Hanpumep, 6aktepmasb-
Hble nunonoaucaxapuasl, noancaxapus CTpenTokokka. Monvmepunso-
BaHHble 6€NKN XIyTUKOB MOTYT CTUMY/IMpOBaTb aHTWTEN006pa3oBa-
Hue 6e3 T-xennepos. lNMpaBga, UMMYHHbIA OTBeT Ha T-He3aBUCUMble
aHTUreHbl OrpaHNYMBaEeTCA NPOAYKLUMENR UMMYHOTrI06yNMHOB M, 1 no-
BTOPHOE VX BO3JENCTBME HA OpPraHn3M He COMPOBOXKAAETCA, Kak 00blY-
HO, YCWNEHHOW BbIpabOTKOM aHTUTEN.

Myn B-nMMQOLNTOB B OpraHu3Me 3HauuTeNbHbIA. Bonblue Bcero
X B IPYNMoBbIX nMMdEaqueCKmx (hONSIMKYNax, KOCTHOM MO3re, KpOBY
n ceneseHke (40...60 %), B iMM¢aTUUHECKNX Y31ax WU rpyaHOM numda-
TUYECKOM MpoToKe (25 %). MpaKTnyeckn HeT B-MMQOLMTOB TONLKO
B Tmyce. AuameTp 3penbix B-numgouuntos 8,5 MkM. O6GOJOK LUTO-
nnasvbl WUpe, a A4p0 cBeTnee, Yem y T-numdounTos. MoBEpPXHOCTb
B-numgounToB MOKpbITA TYCTHIM C/I0OEM OTPOCTKOB —aHTUreHpac-
MO3HaKLWNX PeLenTopoB, KOTOpble MO CTPYKTYpe MPeACcTaB/stT Co-
60l/i MOHOMEpPbI MMMYHOr106yIMHOB M. He3aBUCUMO OT Npupofbl 1
CW/bl aHTUreHa, KOTOPbIV Bbl3Ban TpaHc(opMauuo B-numdpouuntos,
obpasyroLpecs nnasmMoLuTbl MPOAYUMPYIOT aHTuTena. Takum obpa-
30M, aHTUreHHbIW CTUMY/ Haf0 paccMaTpuBaTb Kak MyCKOBOMW CUrHan
AN BbIPabOTKM TeHeTUYECKM 3anporpaMmmmypoBaHHONO CUHTE3a aHTW-
Ten. B-KneTku nepuepmyeckoin KpPoBW BKIKOYAKOT cybnonynsauuu,
Mo-pasHoOMY pearvpytoLne Ha curHasbl T-num@ountos. B-kneTku | Tu-
na (MeHee 3penble NMMQOLINTLI) pearnupytoT Ha XennepHble AencTBUs
T-NMMEOUUTOB TOMBKO B MPOLLECCe NPAMOro MeXK/1eTOYHOro KOHTaK-
Ta. B-knetku Il Tuna (6onee 3penble MMMAOLUTBI) YYBCTBUTENbHbI K
pacTBOPMMbIM (pakTopam T-KNeToK.

WTorosoii (ha3oii B-KNETOYHOr0 MMMYHUTETA ABASETCH MOCTOSH-
Has NPoAYKUMA UMMYHOrN06YyNMHOB-aHTUTeNN. CUHTE3 UMMYHOTN100Y-
JIMHOB MPOVCXOAMUT B My3blpbKax MaacTUH4YaToro annapara [onbmKu.
OpHoBpemMeHHO B opraHuame cuHTtesupyerca o 105... 107 aHTuTen
pasNYHOM CneunpuyHoCcTU. NHTaKTHble B-AMMGOLUTbI CUHTE3NPY-
0T 3a 14 npumepHo 250...500 monekyn 7°M 1 60MbLLUYyO YacTb UX OT-
[at0T B IKCTPaLENNIONAPHYIO XMUAKOCTb. ocne cneymguyeckon aH-
TUTEHHOW CTUMYNALMKU U TpaHchopmaumm NMMEGOLMTOB B NiasMaTu-
YeCKMe KNeTKW 3TOT CMHTE3 BO3pacTaeT B ThicAuM pa3 (puc. 4.2

B 70-x rogax BHMMaHue uccnegoBatesniel NpuBAeKIn NMMEOLUTbI
nepueprnyecKoil KpoBM, KOTOPbIe He UMEHOT MeMBPaHHbIX CTPYKTYP,
TUNWUYHBLIX aNs T- 1 B- numgounTos, HO 061a4al0T KOMM/IEMEHT3aBu-
CUMOW LMTOTOKCUYECKON aKTMBHOCTbIO MO OTHOLLEHUIO K K/eTKam-
MULLEHSM, NMOKPbITbIM aHTUTenamu. JIMMGoLnTbl C NOJOOHON Xapak-
TEPUCTUKONM Mony4mnm HasBaHue Honb(0)-numdoumnTtoB. B npegenax

144



Manblit

Puc. 4.2. TpaHcthopmaumsa B-numdountos B aH-
TUTeNONpPoAyLMpYLoMLLIE KETKU

(tbpakuym 0-nMMAOLMUTOB BbILENAOT L-KneTkn n K-knetku. L-Knetku
Bble/IeHbI TO/IbKO Y Ye/oBeKa.

K-nuM®OLWUTb —UHTAKTHbIE NTMM(OLMTbI, paspyLulatoLLime B
OTCYTCTBME KOMMNEMEHTA K/IETKU-MULLEHW, MOKPbITble aHTUTEena-
MU. AHTUTEN03aBUCMMas LUTOTOKCUYHOCTb K-K/MeTKu nposBnseT-
CA MPOTMB HEKOTOPbLIX OMYXOMEBbIX K/ETOK, a//IOTEeHHbIX U ayTOreH-
HbIX TMM{OLMTOB.

CneuntmyHOCTb UMTOTOKCUYECKOIO athekTa K-K/1eTOK B OTInUME
OT CMeLnUgUUHOCTM T-KWUINepoB ONpeAenseTcs He UX COBCTBEHHbIMU
()YHKUMOHaIbHbIMKX CBOWCTBaMM, a CNeLUpUYHOCTbIO aHTUTeN, Mno-
KPbIBAIOLLMX KNETKU-MULLEHN. AHTUTEN, obecrneymBaroLime LUTO-
TOKCMYecKoe AercTBme K-KeToK, OTHOCATCA KO BCEM YeTblpeM Cy6-
Knaccam /”; M3 HWUX Hambonee aktueHble 1gGl, 3 n 2. AHTuUTENa
knacca M, Au E ¢ K-kneTkamu He pearmpytoT. K-knetku npogyumpy-
tOT B NPUCYTCTBMM UMMYHHbIX KOMIMIEKCOB (haKTOp, NOAABASIOLLMIA
MUrpauuio AMMGoumMToB. LiMToTOKCUYeckmin noTeHuman K-kneTtok
OYeHb BbICOK: OfjHa K/IeTKa MOXEeT NN3MpoBaTb He MeHee |0 K/IETOK-
MuLLeHei. Mocne KoHTakTa ¢ K-numdouuntamm rubenb KNeTku-mu-
LUEHW MPOUCXOAMUT B TeueHne 15 MuH.

4.2. MHOYKUMA N PErYNAUMA UMMYHHOIO OTBETA
4.2.1. AHTUIEHbI

AHTUreHbI (rpey. anti —npoTuB, genes —NOPOXKAAKLLMIA) —BbICO-
KOMO/IEKYNAAPHbIE COEAUHEHUS, KOTOPbIE, CNELMHUYECKN CTUMYNUPYS
VIMMYHOKOMMETEHTHbIE K/ETKM, BbI3bIBAOT UMMYHHYIO peakLuio U
B3aMMOLENCTBYIOT C NPOAYKTaMy 3TOW peakuuu: aHTUTeNaMn 1 akTu-
BMPOBaHHbLIMN IMMGOLUTAMMU.
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AHTUTEHHbIMM CBOWCTBaMM MOTyT 00MafaTb Yy>XepoAHble 6efiku
CbIBOPOTKW, 3KCTPaKTbl TKaHei), Apyrve BbICOKOMOMEKYNIAPHbIE W
ofee NPoCTble coeAnHeHus. MNpaBaa, HU3KOMONEKYISPHbIE BELLECTBa

camu no cebe Bbl3blBaTb 06pA30BaHVe aHTUTENT HE MOTYT, HO BCTYNawoT
B peakuuio B3aUMOLEINCTBUA C UMMYHOI106yIMHaMK1, KOTOpble Bbipa-
6aTblBa/INCb MOJ BO3JENCTBMEM KOHBIOMMPOBAHHbIX C HUMU BblCOKO-
MO/NEKY/IAPHBIX COeAMHEeHWIA (6eNnKOB). BbICOKOMOMEKYNAPHbIE CO-
eAVHEHUNS, UHAYLMPYIOLLME aHTUTeN1006pa3oBaHMe U B3anMOLENCT-
BYHOLLME C UMMYHOrN06y/IMHaMy, Has3blBalOT UMMYHOreHaMu, a HU3-
KOMOJIEKYNIIPHbIE, TO/IbKO pearnpytoLLme ¢ aHTUTeNaMu, —ranTeHaMmu
(rpey. hapto —cxBaTblIBato).

B coBpeMeHHOW UMMYHONOMMN aHTUreHaMn HasblBalOT UMMYHOTre-
Hbl W ranTeHbl, KOTOpble, aKTUBUPYA UMMYHOKOMMETEHTHbIE KNETKMU,
Bbl3blBAtOT 06pa3oBaHme NMMYHOI100y/IMHOB 1 Pa3BUTUE MHOTUX [pY-
TMX IMMYHONOTMYECKNX (3aLLMTHBIX) npoueccos (puc. 4.3).

Knaccndpumnkayuma aHTUTEHOB

1 To npovcxoxKaeHuno:

ecTecTBeHHble (6efikun, yrnesopl, HYKNeMHOBbIE KUCNOTbI, BakTepu-
a/lbHble 3HA0- 1 3K30TOKCUHbI, AHTUTEHbI KNIETOK TKaHEeN 1 KPOBMK);

NCKYCCTBEHHbIE (ANHUTPOQEHNNPOBAHHBIE GENKN 1 YINEBOADbI);

CUHTETUYeCKNe (CUHTE3MPOBaHHbIE MOIMAMUHOKUC/IOTHI, MOAN-
nenTubl).

2. 1o Xxvmmnyeckoit npupoge:

6enKkn (ropMOHbI, (PEPMEHTbI; CbIBOPOTOUHbIE, AUYHbIE, MOJIOY-
Hble 6enku);

yrneBofbl (LeKCTpaH, ieBaH);

HyKnenHosble kucnoTel (QHK n PHK);

AHTUIEHbI

O6Lee

NoHATUE

Mprpoga T-He3aBUCUMble
MMMYHOreHOB

CsolicTBa AlMUKpoopraHn3mos ADMKMBOrHbIX
MMMYHOTeHOB
1 ranTeHos JHA0reHHbIe OK30reHHble

Mo cTpyKType

(0-.Vi-, K-, H-. MHC
NPOTEKTUBHBIE,
opraHougHble)

Mo cneHndgun'wocTn AyTOaHTUreHbI
Knacca |l Knacca Il

["omMo/10rnyHble [eTeporeHHble ., ”
(Bnpocnenunguyeckme) (me>"ungosble) HopMasibHble [laTonormnyeckue

Puc. 4.3. Knaccudpukaumsi aHTUreHoB



KOHBIOTMPOBaHHbIE aHTareHbl (AMHUTPOMEHUNPOBaHHbIE BENKN);

nonunenTuabl (NofMMepbl anbha-aMUHOKUCIOT, KOMOAUMEPbI T/y-
TaMuHa W anaHuHa);

NMNUAbl (XONecTepuH, NIEUUTHH, KOTOPbIE MOTYT BbICTYMNaTb B POSN
ranteHa, a CoeUHVBLUNCL C 6eNKamMun CbIBOPOTKM KPOBU, NpuobpeTa-
tOT aHTUTeHHble CBOMCTBA). Camu No cebe ranTeHbl HEMMMYHOTEHHbI,
04HaKo, Oyfyyn CBA3aHHbIMW C COOTBETCTBYHOLMM HOCUTENEM, Cro-
COOHbI BbI3blBaTb PEAKL MM MMMYHHOrO OTBETA.

3. o reHeTNYECKOMY OTHOLLEHUIO JOHOP — PELUMTMNEHT:

ayTOaHTUreHbl (MPOUCXOAAT U3 TKaHe CO6CTBEHHOIO OPraH13ma);

M30aHTUTEHbl (NMPOVCXOLAT OT FeHETUYECKU WAEHTUYHOrO —CUH-
reHHOro LoHopa);

annoaHTureHbl (NPOUCXOAAT OT HEPOACTBEHHOro [OHOpa TOro
Xe Buga);

KCEHOaHTUreHbl (MPOUCXOAAT OT LOHOPA APYroro B1aa).

B Tex cnyyasx, KOrga aHTUreHbl Bbl3bIBAOT UMMYHHbIA OTBET, WX
Ha3bIBAtOT UMMyHOreHamMn. AHTUTEHbI, MPUBOAALLME K CHUXEHUIO pe-
aKTUBHOCTW OpraHu3ma K 3TOMy aHTUreHy (TONepaHTHOCTH), Ha3blBa-
tOT TO/IepOreHamu.

IMMYHOreHHOCTb aHTUreHa 3aBUCUT OT LieNoro psaga (pakTopos;

1 MonekynspHoi maccbl. HU3KOMONeKynsipHble Beliectsa (MOHO-
caxapufipl, aMUHOKNCIOTbI, NUNNApI) HE ABNSIOTCA UMMYHOTeHaMu.
BelectBa ¢ MonekynspHoi maccon 5...10k/[ obnagatoT cnabosblpa-
XXEHHbIMW MMMYHOTeHHbIMW CBOMCTBAMWU. CU/IbHBIMU MMMYHOrEeHa-
MW SBNAKOTCS BELLECTBA C MOJIEKY/IAPHOW MAaccoi B HECKO/IbKO MWA-
NMOHOB [a/IbTOH.

2. XMMWUYeCKON HEOAHOPOLHOCTH.

3. FeHeTNYeCKO Yy>XepogHoCTU. VIMMyHOreH fomxkeH o6nagatb
leHeTUYECKM Yy>KepOAHbIMU CBOWCTBAMU MO OTHOLUEHWUIO K AaHHOMY
OpraHusmy.

4. [lo3bl aHTUreHa. Huskme [03bl Bbi3bIBAKOT BbIpabOTKY HeGO/IbLLO-
ro KONMYeCTBa aHTUTEN C BbICOKON apMHHOCTbIO. C yBeNMYeHUEM
[03bl BBOAMMOIO aHTUreHa BbIPaXXEHHOCTb MMMYHHOI0 OTBETa MOBbI-
waetca. OfHaKo crefyeT yunTbiBaTh, YTO 60/bLUNE [103bl MOTYT Bbl3bl-
BaTb COCTOSIHWE WMMMYHOJIOTMYECKOW TOMiepaHTHOCTM (cneumdguyec-
KOV apeaKTMBHOCTW).

5. Cnocoba BBefeHWsA aHTureHa. MpefnoytuTensHee aHTUTEH BBO-
AT BHYTPUKOXHO WIN NOAKOXHO.

6. NpyMeHeHns afblOBaHTOB — BELLECTB, YCUINBAKOLWMNX MMMYHO-
FeHHOCTb aHTUreHa.

CW/IbHBIMU UMMYHOTEHaMV AB/IAKOTCA YY>KePOAHble MPOTenHbI, In-
KonpoTenabl, IMNONPOTeNAbl 1 apyrve 6esikn B KOMIJ/IEKCe C ranteHa-
MU, CNI0XHbIe Monucaxapuibl Karcyn nHeBMOKOKKA, IMnononncaxapu-
Obl 3HTepO6aKTepUiA, HYK/IENHOBbIE KUCNOTbl COMATUYECKUX KIIETOK,
MHOTrMe NCKYCCTBEHHbIE BbICOKOMONNMEPHbIE COENHEHWS.

dopmMMpoBaHMEe MMMYHHOrO OTBETAa 3aBUCWUT M OT FEHETUYECKU
06YyCNOBNEHHON CMOCOBHOCTM OpraHuW3Ma pearvpoBaTb Ha 4YyXXepof-
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Hble BelecTBa. V13BECTHO, YTO MUMMYHHbI OTBET K ONpeAesieHHOMY aH-
TUreHy KOHTPOMPYeETCH /n-reHaMmn (immune respons), pacnosioKeHHbI-
My B D/DR 061acTu rnaBHoro Komnsekca rucrocosmectumoctt (MHC).
AHTUredsl MHC 3kcnpeccupoBaHbl Ha MOBEPXHOCTU BCEX AAEPHbIX
K/IETOK opraHusma. CBOe Ha3BaHWe OHW MOJy4nsin B CBA3M CO CMOCO6-
HOCTbIO BbI3bIBaTb CU/IbHYIO PeaKLMI0 OTTOPXKEHMA NPY Mepecajke TKa-
Hell. Y yenoBeka oHa 0603Ha4vaeTca HLA (human leukocyte antigens), y
Mbllleii—H-2, y cobak—DLA, y cBuHeit —SLA. B aHTUIeHHOM pac-
nosHaBaHuUM y4yacTeyroT aHTUreHol MHC knaccos | n Il.

Monekynbl MHC knacca | npefctaBnatoT co60i MembpaHHble rn-
KONPOTenHbl, OOHapYy)XXeHHble Ha MOBEPXHOCTM MPaKTUYEeCKU BCEX
KNETOK ¥ COCTOSLLME N3 OAHOW NONMNENTUAHON anbda-Luenu ¢ mone-
KynspHoi Mmaccoli 45000 1 cBA3aHHOW C Heli HEKOBaNEeHTHO Nerkol
Lienblo ¢ MonekynsipHoit maccoi 12000. Monekynsl MHC knacca |
onpeenstoT cneunuPUUHOCTb Y3HaBaHNA MULLEHWN a/i/IOrEHHbIMU KNeT-
KaMu-KunnepaMmy 1 pacrno3HarTC BMECTE C BUPYCHbIMU, OMyXose-
BbIMW W APYTrMMW MEMOpPaHHbIMW aHTUTeHaMn LUUTOTOKCUYECKUMM
T-knetkamu. Monekynsl MHC knacca |l Takke fBnsoTCcA MeM6-
PaHHLIMW FMKOMPOTEMHAMU N COCTOAT U3 ABYX FOMOIOMMYHBIX MO-
NMNENTUAHLIX Leneli ¢ MONEKYNSPHON MacCOil COOTBETCTBEHHO
33000 ..35000 (Tsxenas anba-uens) u 27 000...29 000 (nerkas 6eta-
Lenb). BmecTe ¢ 06bIYHBIMU aHTUFEHAMM 3T MOJEKY/Ibl Pacno3HatoT-
CA XennepHbiMK T-KNeTKaMu 1 gpyrummn T-KNeTkamu, B YaCTHOCTW,
Y4YacCTBYHOLMMU B PeakLnn runepyyBCTBATENILHOCTM, U TEMU, KOTOPbIE
BblpabaTbiBatoT IL-2 1 ycunmBaroT, TakKMm 06pa3oM, OTBET LIMTOTOKCHU-
yeckux T-numdountos. K 6enkam MHC knacca Il oTHOCAT 6enku
cucTembl KomnnemeHTa: C2 n C3, ¢aktop B.

4.2.2. AKTUBALVA JIMMOOLNTOB

YHWKaNbHbIM CBOWCTBOM aHTUIeHa, MPOHMKLUEr0 B OpPraHn3Mm, siB-
NAeTCA ero cnocobHOCTb CreLUUYecKr CBA3bIBATLCA C IMMMOLUMTaMK
N aKTUBMPOBATb WUX.

CornacHo KoHasbHO-CeNeKLNOHHOWN TeOpUN, BbLLBUHYTOM B 1959 T.
BepHeToMm, Npu HOpManbHOM PasBUTUN B OPraHn3mMe BO3HMKAET Habop
N3 TbICAY OYeHb HEOO/bLIMX MO 06beMy Cybnonynaumii NMMGOLNTOB,
VMEIOLLMX Ha Hapy>KHO MembpaHe peLienTopbl IMLLb K OLHOW Kakoi-To
JeTepMUHaHTe. VIMMYHHbI OTBET OKa3blBaeTCsi Chneumpuyeckum B
CWy TOro, YTO MPOHUKLUWIA B OPraHnM3M aHTUreH n3bupaTenbHo CBS-
3bIBAETCA TO/IbKO C TEMU KNETKaMu, Ha NMoBEPXHOCTN KOTOPbIX UMEoT-
Cl COOTBETCTBYIOLLYE pelenTopbl. C OCTabHbIMK KNETKaMu 3TOT aH-
TUTEeH He B3aNMOLENCTBYET.

CBA3blBaHME aHTUTeHa UHAYUMPYET akTuBauuio numdgounta, To
ecTb 3anyckaeT psj NpoueccoB, NPUBOAALLNX K KIETOYHOMY fene-
HUIO U guddepeHumpoBke. B npouecce AndhepeHUUPOBKN NNUM-
(hOLMTOB MPOUCXOAUT Ppa3BUTUE TakuUX IPNEKTOPHbLIX (YHKUWNA,
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KaK aHTMTenoobpasoBaHne y B-KNeTok n nosiBfieHWe LUTOTOKCU-
YECKOW aKTUBHOCTW Yy YacTu T-KNeToK.

Mop akTmBayuelr NMMMOLMTOB MOHUMAETCA AOCTAaTOYHO CNOX-
HbI npouecc nepexoga Knetku m3 assl GO B (hasy G1, BbI3BaHHbIN
LIaVMOJeCTBUEM CO CTUMYNMPYIOLWMM areHToM (Hanpumep, aHTure-
HOM WM MUTOTEHOM). TepMUH «MOKOSALLNIACSH IMMAOLAT» OTHOCUTCA
K numdoumTtamM, KoTopble Haxoaatcs B (hase GO (B 3TOW (haze K/eTou-
HOFO LMKNa KNeTKN He AensTcs), XapakTepusyoLwencs HU3KUM ypoB-
HEM MeTabo/IMYeCKON aKTUBHOCTU, T. €. HW3KOW CKOPOCTbIO CUHTE3a
6enkosB 1 PHK npu otcytcteumn cuHTtesa HK. PearvpytoLipe ¢ aHTu-
FeHOM KNIEeTKWM COrnacHoO K/I0OHa/lbHO-CeNeKLUMOHHOW Teopun bepHeTa
06bIYHO HaXOAATCA B MOKOALLEMCA COCTOAHUMU O NONYYEHUA CTUMY-
NMPYIOLLETro CUrHaa.

pY B3aMMOAEWCTBUN C aHTUTEHOM B paHee «MOKOMBLUMXCSH NINM-
()oumtax» Hapsagy ¢ MeTaboIMYeCKUMIN N3MEHEHUAMMU, XapaKTepHbIMM
AN 0enAWmMXca KNeToK, MPOMCXOAAT NPOoLecchl Co3peBaHus, pasiny-
Hble B pasHbIX cybrnonynaumax num@ouunTos. B ntore kaxzgas cyéno-
MynauMs npuobpeTtaeT Habop MPUCYLLNX TONbKO € MOBEPXHOCTHbIX
aHTUIEHOB U CreungpuyecKnx MyHKUNN.

MocnepoBaTelbHOCTL MPOLLECCOB aKTMBALUM NMMGOLNTOB B 06-
LLieM Bue MOXET 6bITb NPeACcTaB/eHa creayroLmM obpasom. PeuenTto-
Pbl Ha MOBEPXHOCTU NMM{OLMTA CBA3bIBAIOT CTUMYNPYHOLLMIA NTUTaHL,
(Hanpumep, aHTUreH) U CLUMBAIOTCA APYr C APYroM, oopasys He6osb-
LUKe NOKabHble KacTepbl CLUMTLIX PeLenTopoB, KOTOpPble CTAHOBATCA
Hanbonee a)(heKTUBHLIMMN B Mepesade akKTVBUPYHOLLErO CUrHaa.

JlokanbHble KnacTepb! MOBbILAKT NPOHMULAEMOCTL MeM6paHbl M-
(JK)umTa 4N OL4HOBANEHTHLIX KATMOHOB, MOCTYNAOLWMX BHYTPb KNeT-
KW, YTO NPUBOAMT K Aenonapu3auum meMopaHbl N NOKa/IbHOMY YBe/u-
YyeHMIo KoHueHTpauun Na”h-, KA-AT®dasbl. Benefactsne CLUMBKM pe-
LlenTOpoB IMMQoLNTa aKTUBUPYETCA MeMOpaHHad MEeTUTpaHCcye-
pasa, KOTopas KataiM3vpyeT obpa3oBaHue JOCTaTOYHOro KOMyecTsa
MOHOMeTUAoCHaTUANNITAHONAMIHA, MOBbILLAOLLEr0 TEKYYeCTb MEM-
OpaHbl ¥ BbI3bIBAIOLLErO €€ /I0KaNbHYH MepecTpoliky. B pesynbrare
NOro OTKPbLIBAKTCA KaHasbl, Yyepe3 KOoTopble MOHbI Ca™ NpoHMKatoT
(an()dhyHampyroT) B numMdounT. BeneacTBue Takoro oKanbHOro yBse-
HUYeHNs KoHLeHTpauun Ca™ ¢ BHYTPeHHel CTOPOHbI MemM6paHbl aK-
nwupyetcs ocgonmnasa A2, Katanmsumpyrowas obpasoBaHne nm3o-
acuMTUHA W apaxULOHOBOW KWUCMOTbI U3 CBOCCbaTVI,EI,VITIXOJ'II/IHa. 31 pe-
akLMmn MponcxoiaT B TeueHUe nepsbiXx 30 MUH MOCe KOHTaKTa /IMM-
()ouuTa c aHTUrEHOM.

OpfHOBPEMEHHO MOHbI Ca™+ aKTUBUPYHOT 1 APYrOit LiaTonasmartunyec-
KUA epMeHT, pacliennsowmnin gpocharnannnHosnTon (N0 KpanHein
mepe B T-KneTkax). BbICBOGOXAAKOLIAACA apaxuioHOBasi KMCNOTa npw
YHaCTUM IMMOKCUIeHasbl U LMKNOKCUTeHasbl pacLLenniseTca ¢ obpasosa-
HMeM NeNKOTPUEHOB M NpocTariaHAnHOB (O4HM NPOAYKTLI Kackaja apa-
XLLIKOHOBOWA KuCnoThl perynupytot cuHtes PHK n AHK, gpyrve —Bnus-
K)|- Ha nornoweHne noHoB C&¥* MNM akTUBHOCTb afleHNNaTLMKNA3bI).
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Jln3oneunTUH C nomoLbio MOoHOB Ca™* aKTUBUPYET ryaHunar-
LMKNasy, a akTMBHOCTb afleHUNaTuMKNa3bl YMeHbLUAEeTCA BCNeLCTBUe
ee coceactBa ¢ Nan-KN-ATda3oi, KOHKypUpytolLLei ¢ Held 3a ATO.
Bce 3T0O NpUBOAMT K BPEMEHHOMY YBENYEHMIO KOHUeHTpauun ur M®,
aKTUBUPYIOLLIErO MPOTEMHKMHA3bI, TpaHcdepasbl >XXUPHbLIX KUCIOT K
(hepMeHTbI, YBENUYUBAKOLLME CUHTE3 MeM6paHHbIX (HOCHOoNMNUA0B.
M3 gpyrux npoTeMHKMHA3 BaXKHOE 3HAYEHME MMEeET aKTMBaL s npoTe-
MHKMHa3, CNocobCTBYIOLWMX 61MOCMHTE3Y MaTpuyHol PHK, nonnamu-
HOB 1 NepeHoCcY MeTU/IbHbIX Fpynn.

IMOCKONbKY TPaHCNOPT FKOKO3bl B KMETKY fBnseTca Ca-3aBuUcU-
MbIM MPOLECCOM, TO NOTOK MOHOB Ca™ urpaet BaXHYH po/b B yBe-
IMYEHUN CKOPOCTWU ee TpaHCnopTa, T. €. NMOCTaBKW MCXO4HOro ma-
Tepvana Ans obecrnevyeHUs MHOXeCTBa 3HEepPro3aBUCUMMbIX CUHTE-
TUYECKMUX npoLeccoB. [MOBbILWEHHbIA TPaHCMOPT aMUHOKWUCIOT W
HYKNeOTUAOB B KNETKY BbI3blBAET MOBbILLIEHHOE 06pa3oBaHMe NMMNo-
COM, YBeIMYeHNe CMHTEe3a pUBOCOMHONM 1M MaTpuuHoii PHK 1 cnHTe-
3a 6e/1Ka B LIENIOM.

MoToK MoHoB GI'™' aKTMBMPYET CepMHOBYIO 3CTepasy, Bbl3blBal-
LUYIO NOBbILIEHWE KIETOYHOM NOLBUXXHOCTW barofaps U3MeHeHUsM B
cuUcTeEME LIMKINYECKUX HYKNeoTnaoB. Kpome Toro, cepnHoBas acTepa-
3a 0MnocpefoBaHHO aKTUBUPYET A4EPHYIO afleHUaTunKnasy. YBenmye-
HWe B A4pe KOHUeHTpauun LAM®O® BbI3blBaeT aKTMBaLMIO KMHA3, chne-
Unryeckn Gochopunmnpyrowmx KUCble HermcToHoBble 6efikn, pery-
iMpylolie TpaHckpunuuio n cuHtes AHK. 310 npnBoAWT K CUHTE3Y
PHK n AHK, HaunHatolLeroca Ha 3-v CyTK/ M LOCTUTaloLLLero Makcu-
MyMa Ha 4...f -e CyTKu.

Cpean (hakTopoB, BAUAKOWNX HA aKTMBALMIO IMMKOLNTOB, CNnesy-
eT OTMETUTb CrefytoLpe:

aHTUTeHbl, K KOTOPbIM WMMEITCA CreumpuyecKne peLenTopbl Ha
numdounTax; nonynaumi Takux UMQOLUTOB Ha3biBaOT aHTUMEH-
CBA3bIBAIOLWNMY K/IETKAMU;

aHTuTeNna K MMMYHOr/1I06y/IMHaM; CLUMBKA MOBEPXHOCTHBLIX MMMY-
HOrNo6YIMHOB B-KNETOK C 6VBaIEHTHLIMU aHTUTENaMu K 3TUM UMMY-
HOrNo6ynnHam;

nHTEpnenknHbl IL-1, 1L-2;

WHCYNNH; OH OMOCpeflOBaHHO, Yepe3 akTMBaLMIO afleHunaTunkna-
3bl, aKTUBUPYET IUMDOLMUTLI.

VHrnéupytollee BMAHME Ha NUMGOLUTLI OKasbiBAKOT Cneayto-
Wwue akTopsbl:

NUNUAbI; Hanbonblleld MHrMoupytoLwen CnocoOOHOCTBIO M3 NUMO-
npoTengoB 006n1afaldOT NMNONPOTEUAbI OYEHb HU3KOM MNAOTHOCTU
(JIOHIT), obycnoenmBatolwne pasobLieHne Mexay MOTOKOM WOHOB
CH*™ B KNETKY M KOHLEHTpauyven 06pasyroLyxcs npu aToM LuKnyec-
KUX HYKNeoTNLOB;

(hparMeHTbl KOMMOHEHTOB cUcTeMbl KoMniemeHTa C3e, C3c 1 C3d,;
OHW UHTMOMPYIOT Nponugepauunio T-KNeTOK Y CUHTE3 aHTUTEN B OTBET
Ha CTUMY/IALMIO C MOMOLLbIO aHTUTeHa.
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HecmoTpsa Ha TO 4TO MexaHu3Mbl akTMBaLUW NUMEOLNTOB pas-
NIAYHBIX MOMYNAUMIA XapakTepu3yroTCs OnpefeNieHHOM O0O6LLHOCTbIO,
cnefyeT OTMeTUTb U Te 0COBEHHOCTM, KOTOpble HabnogarTcA npu
aKktTuBauuu T- 1 B-nMMounNTOB, NMEIOLLMX PasINYHbIe MOBEPXHOCT-
M.ie MapKepbl, C MOMOLLbIO KOTOPbIX 3TU KNEeTKW B3aVIMOAENCTBYHOT C
HHELLHMMKN (PaKTopamu.

AKTVBaLVs B-MMoumToB. B-IMMGOUNTLI pearupyroT Ha Tpy pas-
JNYHBIX TUNA aHTUTEHOB:

L. TUMyCcHe3aBUCUMbIA aHTUreH Tvna! (Hanpumep, 6ak-
[ CprasibHbIA TMNononncaxapum).

2TUMYyCHE3aBUCUMbII aHTUreH Tuna 2 (Hanpumep, He-
KOTOpble JINHENHbIE aHTUIeHbl, MMEIOLLE YacTO MOBTOPSAOLLYHOCS,
ornpegenieHHbIM 06pa3oM OpPraHN30BaHHYIO AETEPMUHAHTY, —MONMe-
pbl D-aMWHOKMUCOT, NOMMBOHWUN-NUPPONUAOH, MNOMvcaxapus mnHes-
MOKOKKOB).

3TN aHTUTEHbI, ANNTENIbHO MEPCUCTMPYA Ha MOBEPXHOCTU Cre-
LMann3npoBaHHbIX MaKpo(aros KpaeBOro /MM{aTnyeckoro ysna v
Cene3eHKM, Crneumpuyeckn cBa3bIBalOTCA C UMMYHOrN06y/IMHOBLIMU
peuenTopamu B-knetok. Takum 06pa3om, 06a TUMYCHe3aBUCHUMbIX aH-
TUTeHa CNnoco6Hb! HEMOCPEACTBEHHO, T. €. 6e3 yyacTns T-KNeToK, CTH-
MynMpoBaTb B-MMOLUMTBI 1 BbI3bIBaTb MPENMYLLECTBEHHO CUHTE3
[i?M. Hoyumpyembli UMW UMMYHHbIA OTBET NPaKTUYECKWU He Conpo-
BOX[AeTCA (POPMUPOBAHNEM K/IETOK MaMATH.

3 TuMyCc3aBUCUMBbIA aHTWUTeH. MHOrMe aHTUreHbI
OTHOCATCA K rpynrne TMMycsasucumbIX. B otcyTtcteune T-nMm@oLmTos
)TV aHTUTeHbl NNLLEHBI UMMYHOT€HHOCTN —CBA3aBLLUWCL C B-KneTou-
VbM peLenTopoMm, OHW, NOAO6GHO ranTeHam, He CMOCOGHbI aKTUBUPO-
BaTb B-knetky. OfHa aHTWreHHas AeTepMUHaHTa TUMYC3aBMCMMOro
aHTUreHa CBA3bIBAeTCA C B-KNeTkoW, a ocTanbHble —C T-Xennepom,
aKTUBMPY# ero. T-xennepbl AOMKHbI pacrno3HasaTtb JeTePMUHAHTbLI HO-
CUTENA Ha MOBEPXHOCTU pearvpytoLleli B-kneTku.

AHTUreH, CBA3aBLLNIACA C MOBEPXHOCTHbIMU /gA-KNeTKaMu, rnona-
[laeT B 3HAOCOMbI BMecTe ¢ Mosiekynamu MHC knacca Il, a 3atem
BO3BpaLLlaeTCsA Ha NOBEPXHOCTb A-K/IETKM B NPOLeccMpoBaHHON (hop-
me. OH accouumposaH ¢ monekynamm MHC knacca Il n goctyneH
ONA  pacnosHaeaHus cneuupuyueckummn T-xennepamu. HocuTenb
npoueccupyetcad B B-knetkax, 3anporpaMMMpOBaHHbIX Ha CUHTe3
aHTuTen K ranteHy. Mocne ctumynaumm T-Xennepamu, pacrosHaro-
UMK MPOLLECCUPOBAHHBLIA HOCUTeNb, B-kneTkam yaaetcs BbINon-
HWTb CBOKO MpOrpammy, T. €. HayaTb MPOWU3BOAUTL aHTUTeNa, pearu-
PyIOLLME C ranTeHOoM.

MexaHn3m aKT1BaLmn KIeTok. CBA3bIBaHNE MOBEPXHOCTHBIX peLien-
TOpoB (/gM) B-K/IETOK C aHTUIEHOM WM aHTUTEeNlaMn K 3TUM peLien-
TOpaMm BblI3bIBAET COBOKYMHOCTb MOC/EL0BaTEe/IbHbIX pPeakLuunii, aHano-
TMYHBbIX Peakuuam npu aktmeauuy T-KNeTok (noctynseHve B B-num-
(Doumt MoHoB CI*™' N akTMBaUWA MPOTEUMHKUHA3) —3TO OAMH MeXa-
HU3M. [pyrov, UMeloLWnin BaKHOe 3HayeHue Ans T-3aBUCUMbIX aH-
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TUIEeHOB, —3TO YBE/IMYEHWe 3KCrpeccu NOBEPXHOCTHbLIX Mosiekyn MHC
knacca Il y>ke Ha cambIx paHHUX 3Tanax aktmsauum B-kneTtok. C mose-
kynamv MHC knacca Il n npoueccrpoBaHHbIM aHTUIEHOM CBA3bIBaETCA
T-xennep, KOTOpbIi NpogyuupyeTt (aktopbl (Hanpumep, BSF-1—ot
aHrn. B-cell stimulatory factor), obycnosnusatowue nepexog B-kne-
TOK B (hasy G-1 K/IeToyHoro umkna. Kak n aktuBuposaHHas T-KneTka,
CTUMYNNPOBaHHbIA B-numdounTt npruobpetaeT MHOrOYMC/IEHHbIE MO-
BEPXHOCTHbIE PeLenTopbl A4/ POCTOBbIX (PAKTOPOB, BbLUuenseMblX T-xen-
nepamu, B 3TOM COCTOSHUWM OH FOTOB K Mponudgepalmm —OCHOBHOMY
npoueccy B crefytoLeli hase MMMYHHOrO OTBeTa.

MepBbIMW HAUMHAKOT AeNUTbCA T-Xennepbl, Ha MOBEPXHOCTM KO-
TOPbIX 3KCMNPeccupyroTcs BblCOKOA(PUHHbIE pelenTopbl K IL-2.
3TN KNeTKU NponundepupyoT B OTBET MO0 Ha COOCTBEHHbI IL-2,
nnéo Ha IL-2, npogyuupyemblin cybnonynauvein T-xennepos. Mponu-
thepaumnto B-KNeTouHOro KnoHa obecnevnBatoT T-KNeTOYHblE pacTBO-
puMble hakTopbl, B YacTHOCTM BSF-1 (thakTop pocTta B-Knetok, nme-
HyeMblli Yalle WUHTEPNENKUHOM-4), BbLUeNseMble aKTUBMPOBAHHLIMU
T-knetkamu. lNog BAvaHMEM ,qurmx (hakTopoB (Hanpumep, BCDF —
oT aHrn. B-cell differentiation factor) nponcxoguT co3peBaHWe K/iOHa
B-numto6nacToB U YCKOpPEHMe MX Npeobpa3oBaHus B MniasmaTunyec-
KNe KNeTKM C BbICOKMM YpPOBHeM cekpeummn 7gM. Apyroi guddepeH-
LUMpPOBOYHbIN (hakTop BCDF (Takxe CUMHTE3UpyeTCHs aKTMBUPOBaH-
HbIMK T-Xennepamu) nepeknoyaeT cuHTes ¢ /*M Ha /gG v nHayumnpy-
eT Te MU3MeHeHUs, KOTopble He06X04MMbI A1s 06ecreyeHuns BbICOKOWA
CKOPOCTU CMHTE3a aHTUTEN.

AkTuBauma T-numoumToB. s akTneBaumm Heob6Xo4MMO ABa CuUT-
Hana. Po/ib NepBOro CUrHasa MoXeT BbIMOMHATL aHTUreH (MM MUTO-
reH), cBA3aHHbIN ¢ Monekynoin MHC knacca |l Ha NOBEPXHOCTW aHTU-
FeHMNPe3eHTUPYIOLWEN KNeTKN. TpOoViHOe B3avMOAENCTBME MEXAY aH-
TUreHoMm, rankonpotenHom MHC v peuentopoM T-nMmdouunTa reHe-
PUpYeT curHas, nepejaBaeMblii Yepes KOMM/EKC peuenTopa C Mose-
Kynoih CD-3 (370 MeM6paHOCBA3aHHbIA GENKOBbIA KOMMEKC, Npea-
CTaBMSAOLWMNA CcOBON aHTMUreHcneunPuUecknin T-KNeToUHbIA pe-
LenTop nepuepnyecknx T-TMMEPOLNTOB), U OAHOBPEMEHHO O06ec-
neymBaeT BO3LENCTBME Ha KNETKY BbICOKOIN /I0KaNbHOW KOHLEHTpa-
umm IL-1 (BTOpOI curHan), NPoAyUMPYEMOr0 aHTUIEHMPe3eHTUPYIO-
e KNETKONA.

AKTNBMPOBaHHbIe T-KNETKU CEKPETUPYIOT;

IL-2, cmmynvg)e/rommﬁ [leNieHne KeToK, nMerowmx peuenTop K IL-2;

nuMm@oknH BSF -1, akTuBnpytowmii B-knetku;

NMMMMOKNUH BSF -2, CTUMYNNPYIOLLMIA KNOHANIbHYHO 3KCNAaHCUIO ak-
TUBMPOBaHHbIX B-nnmgoLmTos;

nmMm@oknH BCDF -hakTop gnddepeHUnpoBKu B-KneTok, cno-
co6c;BK/||ou_Lm7| CO3PEBaHUI0 K/IETOK C BbICOKO CKOPOCTbHO CeEKpe-
unn /givi;

numoknH BCDF -(hakTop, BbI3blBatOLWMIA NEPEKSIOYEHNE C CUH-
Te3a 7gM Ha 7gG 1 BbICOKYHO CKOPOCTb CeKpeLMn MnocneHero.
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4.2.3. UMMYHHbIM OTBET N'YMOPAJIbHOIO TUMA

VIMMYHHbIE peakLMu NoApa3fensatoT Ha ABa TUMNa: ryMmopasibHble U
KNeTOYHble. MepBblii TUM OCHOBAH Ha Ha/M4YUWU aHTWUTeN, a BTOPON —
Ha [eNCTBMN aKTUBMPOBAHHBLIX TUMYC3aBUCUMbIX UM(OLUTOB. [
MMMYHHOr0 OTBeTa ryMOpa/ibHOro TuMa XapakTepHa BbipaboTKa aHTU-
Tefl, KOTOpble OLHOBPEMEHHO SBNAKOTCA 3dekTopamu B-cuctembl
MMMyHWTeTa. Pas3imyaroT 4Ba TUMa ryMopasibHOro MMMYHHOIO OTBETa;
I-3aBUCUMbIV U T-HE3aBUCUMBbIA.

dopmupoBaHMe MMMYHHDbBro OTBeTa MPOUCXOAMT B HECKOJ/IbKO
3Tanos.

MepBblA 3Tan —pacno3HaBaHWe aHTUreHa MMgoLmTamu.
| YcTynuBLwniA B opraHn3mM T-He3aBUCKMbIA aHTUTEH CBA3LIBAETCS C pe-
LenTopamm MMgoLMTa, NPEACTaBNAOLLMMY CO60M /M, BCTPOEHHbIE B
mMembpaHy B-nMmdgouuta. 3TO CAYXUT CUrHANIOM K faslbHenLweld npo-
nudpepaunn 1 AnghepeHLMPOoBKe. BaxkHYIO posib B NPOLIECCe pacrno3Ha-
BaHWS aHTUreHa UrparoT U Apyrue peuenTopbl, HanpuUMep peuenTop K
lec-hparmeHTy Ig. B 3aBMCUMOCTV OT NPUPOAbI aHTUreHa MPOUCXOasAT
XapaKTepHble M3MeHEHUS aHTUIeHHbIX PEeLenTOpoB: CBA3bIBAOLLUIACS
MY/IbTUBANEHTHBIV aHTUIeH UM KOMMNEKC «aHTUIeH —aHTUTEN0» Bbl-
3blBalOT B TeUEHME HEeCKONbKMUX MUHYT MeperpynnupoBKY peLenTopos,
paBHOMEPHO pacnpefesnieHHbIX Ha NMOBEPXHOCTU KMETKW, Ha OLHOM U3
MostocoB KeTkM (00pas3ytoTCA TaK HasblBaeMble «LLIAMOYKWU»). 3aTem
NMMAOLUT 0CBOOOXKAAET CBOKD MeMOpaHy OT 3TWX «LUano4vek», copep-
XalLyX aHTUIreHCBA3bIBatOLLIME PeLenTopbl, b0 oTTopras ux, 1Méo no-
F}'IOLIéaFI nyTeM nuHouuTosa. CrycTs HECKONbKO 4acoB YTpaueHHble
MeMOpaHoW NMMQoLMTa aHTUTeHCBA3bIBaoLL e PeLenTopbl BHOBb CUH-
Te3NpyroTCA 1 BCTPanBaroTCA B MeMOpaHy.

Ha BTOpOoM 3Tane nNPOMCXOAMT MEXKNeTouHas Koonepa-
UM —K MHAYKUMM UMMYHHOTO OTBETA MOAK/IH0YAKOTCA aHTUTEHMNpe-
3CHTUpYLOLWMe KNeTkn (A-KneTkun): Makpodarv, MOHOUNTLI, feHAPO-
UWTbI, MHTEPCTULMANbHBIE K/ETKW, KNeTKW JlaHrepraHca, anugep-
MUC, 3HAOTENWN, a Takxke T-nMM@oumnTbl. MOCKO/IbKY He BCe aH-
TUreHbl MOC/e CBA3bIBAHWA C peuenTopamu B-numdoumtos MoryTt
WMHOYUMPOBaTb MX nponudepaunto n andhepeHunpoBKy, B 00/b-
LUMHCTBE CMlyYaeB A9 WMHAYKLMWM MMMYHHOrO OTBeTa Heobxofuma
MEeXK/IeTOYHasA Koornepawus.

AHTVreH NornowaroT 1 nepepabaTbiBaOT NMPENMYLLECTBEHHO K/IET-
KW, CNOCOBHbIe K (paroumTosy 1M NUHOLUTO3Y. A-K/IETKM C MOMOLLbIO
NIM30COMaJIbHbIX TMAPONA3 pacLlensfgoT aHTUIeH, a 3aTeM BbIBOAAT Ha
CBOH MOBEPXHOCTb MPOAYKTbI 3TOr0 pacluensieHns (aHTUTeHHble fe-
|'epMUHAHTBI, KOTOPblE 3HAYUTE/IbHO 60/1ee MMMYHOIEHHbI, YeM Ha-
1MBHbI @HTUIEH) N COEAMHSAIOT MX C Oe/IKaMy aHTUTeHHOW Npupoabl
[NnaBHOro Kommnnekca rucrocosmectumoct MHC (aHrsi, major hysto-
compatibility complex) knacca Il B npegenax ofHOro suga.

3aTem A-KneTKa OCYLUEeCTBASeT Mpe3eHTauMio 3TOro Kommsjekca
I-numdoumnty. Cybnonynaunm T-numdoumTtoB (T-xennepoB n T-UH-

153



AYKTOPOB) MMEIOT Creunanu3MpoBaHHble peuenTopbl ANns aHTure-
HoB MHC knacca Il. MNpe3eHTauns aHTUreHa A-KneTkon npusoauT
K MEeXK/IeTOYHON Koornepauuy v (opMMUPOBaHMIO ABOMHOIO CUrHana.
A-KNeTKun HecyT aHTureHol n 6enok MHC knacca Il, a T-num@onmTsbl
VMEIT peLenTopbl 418 06enx CTPYKTyp, Gnarogaps yemy A-KNeTku u
T-nMMoUNTbLI CBA3LIBAOTCA pPeLienTopaMu ABYX TUMOB.

B koonepauunn A-Knetok U T-nMMGOLMTOB Y4acTBYHOT MeLMaTo-
pol — IL-1 © uHTepdepoH. IL-1 BbipabaTbiBaeTCAs Makpoparamm
(A-KNneTkn) v BbICTYNaeT B POAW [OMONHUTE/NIbHOIO CUrHana Ang
T-UHLYKTOPOB M T-Xennepos, a WHTepdepoH, BblipabaTbiBaeMbli
T-nuMm@oumnTamn, akTUBMPYOT MakKpodaru.

Takum 06pa3om, GONbLUMHCTBO aHTUIEHOB CTAHOBATCA MMMYHO-
reHHbIMU TOMIbKO Noc/e rnepepaboTky MakpodaramMmu 1 npescTaseHns
nmmgounTamu.

MMYHHbI/A OTBET Ha T-3aBUCUMble aHTUIeHbl HAYMHAETCA C aKTu-
Bauum T-umHAyKTOpOB. ocne nepepaboTkn T-3aBUCUMMOIO aHTUreHa
A-KneTKa OCYLLeCTB/ISET ero npeseHTauuio T-UHAYKTOPY, KOTOPbIN
BCMef 3a 3TUM HauyMHaeT BblpabaTbiBaTb U CeKpeTmpoBaTthb IL-2 —yHuK-
BepCa/lbHbIV CTUMYN AN aKTUBaLMM 3WHEKTOPHBIX T-IMMGOLNTOB He-
3aBUCMMO OT UX Tuna (T-Xennep, UMTOTOKCMYecKas T-KneTka).

[Oevicteue IL-2 HanpaBneHO B OCHOBHOM Ha KNETKU-NpPeLLLIeCTBEH-
HUKW COOTBETCTBYHOLLMX 3PEKTOPHBIX MMMGOLNTOB, Bbi3blBas AUQ-
(hepeHLMPOBKY U MPONUMepaLnio aHTUreHCTUMY/IPOBAHHOTO KJIOHA.
MpeseHTaUMA aHTUreHa NPUBOAMT K CTUMYNALUN VHAYKTOPHbIX Kie-
TOK 1 3Kcnpeccun perentopoB ans IL-2, a npogykuma IL-2, B cBOlO
o4epeab, CNOCOOCTBYET MX COOCTBEHHOI aKTMBaLMW.

Mpe3eHTUpYyOLME aHTUreH A-KNETKW B3aUMOZENCTBYIOT C aHTU-
reHcneunguyeckumMm numpoumnTamm Yepes UX peLenTopbl U CTUMY-
NMPYT T-MHAYKTOPbI U MPeALwecTBEHHUKN 3PPEKTOPHbLIX T-11M-
ouunTtos. CTUMYNVMPOBAHHbIE WHAYKTOPbI HauyMHaOT NPOAYLMPO-
BaTb IL-2, aKkTBMpPYySA Takum 06pa3oM KOOMEPUPYHOLLMXCA C HUMW Ye-
pe3 A-K/IETKY aHTUTeHCTUMY/IMPOBAHHBIX MPeALeCTBEHHNKOB ApYTnxX
TUNOB T-KNeTOK (NOKOALWMECS, He CTUMY/IVPOBAHHbIE TIMM(OLUTLI He
HEeCYT Ha CBOeli MOBEPXHOCTU PeLenTopoB K IL-2 1 He MOryT 6bITb UM
aKTUBMPOBaHbI).

OnNTUMa/IbHbIA UIMMYHHbIN OTBET peain3yeTcs TONbKO Npu B3anMo-
Jeictsumn T- n B-knetok: B-nnumdounTbl pacnosHalT AeTepMUHaH-
Tbl ranTeHa, a T-KNeTKN —HocuTens. BTopuyHas MMMyHHasa peakums
Ha ranTeH BO3MO>XXHa TO/IbKO B C/ly4yae, ec/iv Nocne KOHTaKTa c aHTure-
HOM 00pa3sytoTca KNeTKu NamaTu, cneunpuyHble Kak K ranteHy, Tak
M K HOCUTENO (K HOCUTENO CneunuyHbl T-Xe/nepHble KIeTKH).
Bsanmogeicteme T-xennepa ¢ B-numgouuTom OCyLLECTBASETCS Clie-
JQyHOLLIMM 06pa3oM. N3BECTHO, UTO T- 1 B-numdouunTbl cBS3aHbl apyr
C APYrom aHTUreHHbIM MOCTMKOM. [pu 3TOM onpefeneHHyo ponb
MOXET urpatb 0coboe MpefcTaBfeHNe aHTUreHa 4yepes T-K/eTKy,
YTO CNYXWUT CTUMYNOM Ana B-kneTku. Mo aHanornu ¢ A-kKnetkamu
B-K/eTKy TOXe MOryT OCYLLECTBAATL NPE3eHTaLMIO aHTUreHa B KOMI-
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jicKce ¢ 6enkamn MHC knacca Il, a nockosibky T-num@ounTtsl (MH-
OYKTOPbI 1 Xefinepbl) HeCyT 3TU CTPYKTYPHbIE PELLEnTOpbl, TO MEXay
- n B-numountamMmy BO3HMKaeT LOCTAaTOYHO MPOYHas CBA3b, a Takas
KoOoMepauusa CNy>XuT CUrHanoM ans B-KneTku.

Kpome Toro, Ha B-KneTku LelCTBYIOT Tak)Xe pacTBOpPMMble MeAnaTo-
pbl T-XennepoB —aHTUreHCneunpuyeckne 1 aHTUreHHecneuuguyec-
Kue XefnnepHole akTopbl. AHTUTEHHecMeLnyeckme XennepHble gak-
TOpbI BbIPAbaTLIBAKOTCA M CEKPETUPYIOTCA CTUMY/IMPOBAHHLIMU aHTUre-
HOM W aKTMBMPOBaHHbIMKU 112 T-numgoumTamn. daktop AeicTByeT
HEMoCPeLCTBEHHO Ha B-nMMMOUUTLI, CTUMY/IMPOBAHHBLIE aHTUIEHOM,
liro geiicTBre obnervaetca Gnarogaps (POPMUPYHOLLEMYCS aHTUTEHOM
MOCTUKY, coeauTtssroLemy B-numgoumt ¢ T-numdoLmTom.

AkTnBauus B-numounToB T-KneTkamm MOXeT MPOUCXOAUTb K
npy yvyacTuv Makpogaros, OCYLLECTB/AOLWMX NPe3eHTaUnK aHTu-
ICHa, B 4YaCTHOCTW, aHTuUreHcneuupuueckne B- v T-numpoumnThbl
MOCPeACTBOM PELENTOPOB CBA3bLIBAKOTCA C OAHUM U TEM Xe MaKpo-
€)arom, 4To Obecne4nBaeT ONTUMa/IbHbIE YCNOBUSA ANA MEXKNeTou-
HOW Koorepauuu.

AHanornyHasa cmTyaumns BO3HUKAET U B TOM Cryyae, Korga Makpo-
()arv ¢ noMoLLbIO COBCTBEHHbIX FC-peLenTopoB CBA3bIBAIOT aHTUTENa.
*)TO MPOUCXOAWT MpPEeXae BCero npyv BTOPUYHOM MMMYHHOM OTBETE,
MOCKOJIbKY MPU NEpPBUYHOM aHTUTesa eLle OTCYTCTBYHOT.

Ha TpeTbem 3Tane 6narogaps K/IeTOYHOM KoOOMepaumu
HauMHaeTcs BMOCMHTE3 aHTUTeN: aKTMBUPYKOTCS CTPYKTYPHbIE TeHbl,
KOAMPYIOLLME CUHTE3 KOHCTAaHTHOro M BapuabenbHOro (parmMeHToB
VMMYHOT 106Y/IMHOB.

BuocuHTes Tsxenbix (H) v nerkux (L) ueneri »MMyHOrno6ynnHoB
MPOMCXOAMT Ha nosmcomax. Bca nonnnentuaHas uernb cpasy CUHTe-
LUpyeTca B COOTBETCTBUM CO CTPYKTypoir MPHK. L-uenb cuHTe3npy-
etca B TedeHue 30...45 ¢, a H-uenb B ABa pasa gonblle. H- n L- uenn
BbI4ENATCA B 3HAOMNNA3MAaTUYECKUN PETUKYNYM, TAe OHM 6bICTPO
06beJMHAIOTCA B NOSHYHO MOJIEKY/lY UMMYHOT/1I06y/IMHA.

CHauvana 06pa3ytoTcs MOHOMepHble MOJIEKY/bl, 3TO CrpaBeAInBo
nans IgM, n IgA. Ecnmn cnHTe3 OTAENbHbIX Lenel N X COeaUHEHE B
Lenyto MOJIeKyNy MpoTeKatoT A0BO/bHO BbICTPO, TO TPaHCMOPTUPOBKa
3TOW MONEKY/bl K MembpaHe KMeTKU W BCTpavBaHWe YrnesoopOLOB
MPOAO/MHKAEeTCA nonyaca, MpuyeM rMocnefHne YrneBofopoabl MoryT
BCTPaMBaTbCA HernocpefcTBEHHO Mepes Cekpeuunein MMMYHOrnoby-
NIMHA UM BO BPems TPaHCMOPTUPOBKM MOJIEKY/bI Yepe3 Membpa-
Hy. AHTUTeNnoobpasyloLLne KNeTKN BbipabaTbiBaloT Takxe 1 J-Lenu,
KOTOpPble HEOOXOAMMbI TONbKO AN1Si NONMMEPHBIX UMMYHOI06YNn-
HoB. O6pasoBaHWe nonumepa, Hanpumep IgM, npoucxoauT Hemno-
CPeACTBEHHO Nepef Haya/ioM CeKpeLvu U COMpPOBOXAAETCA BCTpau-
BaHvem J-uenu.

Perynauysi BbIpaboTKM aHTUTEN. T1epBUYHbBIA UMMYHHDbI
oTBeT. Kak npaBuiio, UMMYHHbI OTBeT CKNafblBaeTcs U3 Tpex
aTanos.



B /IATEHTHON (ha3e LMPKYNUPYIOT B KPOBU /IMLLb CBOOOAHbIE aHTU-
reHbl, a aHTUTeNa OTCYTCTBYHOT, NMOCKO/IbKY BCe 06pasytolimecs B 3Ty
(ha3y aHTWTENa CBA3LIBAKOTCA C aHTUIEHAMW B UMMYHHbIE KOMIJIEKCHI,
KOTOpbIE 3IMMUHUPYIOTCA (BbIBOAATCA) OpraHn3mMom. JTa (asa 4nuT-
CA OKOMO Hegenu.

[Janee cnepyet log-thaza. OHa xapaKTepusyeTcs CMHTE30M creuu-
(PMYECKUX aHTUTEN U HapacTaHMeM KX KONMYECTBa B CbIBOPOTKE KPO-
BW. MO AOCTMXKEHMM MaKCMManbHOro ypoBHA (NMMK-(hasa) CUHTE3 aH-
TUTEN MOXET MPeKpaTuTbCH, a BCeAcTBre Katabonmsma lg nx obuuas
KOHLIEHTPALMA Ha4YMHAeT CHUXATbLCS.

BTOpPMYHBIA MMMYHHBIA OTBET BO3HMKAET NpU Mo-
BTOPHOM KOHTaKTe OpraHusma C aHTUreHom. 1o cCpaBHeHWIO C nep-
BUYHbIM OH OT/IMYaeTCA 60/iee KOPOTKOM NaTeHTHOM (ha3oil, UHTEH-
CYBHbIM aHTUTENo06pa3oBaHNEM N 60see BbICOKUM MaKCUMaibHbIM
YPOBHEM aHTWUTeN, KOTOPbIA COXPabrHeTcs B KPOBWM HECKO/IbKO Mecs-
LieB. 3TO ABNEHNE UMEET BaXKHOE 3HAYEHWE AN KNUHUKK, Tak Kak A0-
CTUTHYTbIV BbICOKWUI YPOBEHb UMMYHUTETA 06ecneynBaeT opraHu3My
NyyLLyto 3awmTy. Bo MHOrom 3ato obycnoBneHo 06pa3oBaHMeM [OMT0-
XUBYLLUMX KNETOK NaMATn (Manble IMMJOLMTLI), KOTOPbIe BOB/IEKAOT-
CA B MPONMepaumo N CUHTE3 aHTUTE/ MNPW MOBTOPHOM KOHTaKTe C
AHTUTEHOM.

[anoHeiwee BBeAeHWE aHTUreHa MOC/e BTOPUYHBLIX peakuuit
TaKXe MNOBbIWAeT TUTP aHTUTen. MpPoAo/HKUTENBHOCTL 3TOr0 NpPo-
Liecca 3aBUCUT U OT CaMOr0 aHTUTEeHa, TO eCTb OT TOr0, KaKoe KO/u-
YeCTBO TakUX FMNepuMMYyHU3aUUiA Heo6XoaUMMO MPOBECTW, YTOOLI
A0CTUYb MAaKCMManbHOIo TUTPa aHTWTeN. ocne AOCTMXKEHNS MaK-
CUMa/bHOW KOHLeHTpauumn aanbHellee BBeAEHNE aHTUTEHA MOXET
MPUBECTU K CHUXXEHWIO TUTPa aHTUTE/, YTO CBA3AHO 160 C Mexa-
HU3MOM PErynsuMmM no Tuny o6paTHOM CBSI3U, NGO C BbIPpabOTKOWA
KNeTOK-CYMnpeccopos.

B npoLiecce MIMMYHHOIO OTBETa MEHAETCA YPOBEHb aHTUTE/. TUMycC-
He3aBMCUMbIe aHTWUTeHbl CTUMY/IMPYIOT CUHTE3 TOMbKO IgbA. Tumycsa-
BUCKMble aHTUIeHbl CHavana MHAYLMPYIOT BbIpaboTKy NperMyLLEeCTBEH-
HO BbICOKOMONEKYNSAPHbIX aHTUTeN (/*M), a 3aTeM HWU3KOMONEKYNap-
HbIX Ig (/gG n 7gA), npnyeM npy MEPBUYHOM VIMMYHHOM OTBETE Bbl-
paboTka 7gM 3HauYMUTeNbHO OMepexxaeT Mo BpeMeHu CUHTe3 7gG, a (hasa
BbIpaboTKM 7gG OKasblBaeTcs 60/1ee NPOLO/HKATENBHOM.

Mpn BTOPUYHOM MMMYHHOM OTBeTe cuHTe3 7gM n 79gG Hauwm-
HaeTCs MOYTU OJHOBPEMEHHO, Mpuyem 79gG CUHTE3NPYHOTCSA Gonee
aKTMBHO. 3TW pas3nnumns 06yCnoBNeHbl PasHON CTeneHblo Auddge-
PEHUMPOBKN B-numdounTtoB K Havany peakuuu. [lo KOHTaKTa C
aHTUTEHOM B KPOBM MNPUCYTCTBYIOT KJ/IETKW, KOTOpble MepBOHa-
4aslbHO MOryT CMHTE3UpPOBaTb TOIbKO 7"M-aHTUTeNa. MNofg AencTeu-
eM T-nMMQOoLNTOB MPOMUCXOAUT MepPekNtoYeHne cuHTesa ¢ 7gM Ha
79G n 7gA TllapannefbHO B Xofde MepBMYHOr0O MMMYHHOrO OTBeTa
NoABAAKTCA Kaccocneyupumyeckme KneTkn namatu gna 7gM, 7gG,
79A, 79E, HO He gna 7gD. pn NOBTOPHOM KOHTAKTE C aHTUTEHOM
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AHTUTENOOBPA3OBAHWNE

Mopdodpusnonorn- AuddepeHumaumna KneTkn  @DyHKUNOHANbHbIE
YecKme N3MeHeHNs B-numcounToB «namsiT»  0COBEHHOCTY
nnasmoLmToB

Puc. 4.4. Cxema aHTUTenoobpasoBaHns

aKTUBMPYIOTCA 3TW K/EeTKM MamMATW, YCUIUBAETCA MX Nposvdepa-
uMs C nocnefylowum 6UOCUMHTE30M OnpedeneHHoro knacca Ig
(puc. 4.4).

4.2.4. AHTUTENA

AHTUTENaM NpUCYLIN CNeAyloLe OCHOBHble 6UONornyeckune
CBOMICTBA.

1 CneymnthnyHocTe — cnocobHocTe Ig pearupoBatb TO/MBKO C
onpeLeneHHbIM aHTUIeHOM, YTO 00YC/OB/IEHO HA/IMYMEM Y HUX aH-
IngeTepMnHaAHT, KOHTAKTUPYHOLWMX C COOTBETCTBYHOLWMUMU [eTep-
MUHaHTamu.

2. BaneHTHOCTb —KO/IMYECTBO aHTUAETEPMUHAHT B MOJSIEKY/Ie aH-
InTena. Yale BCero aHtTuTena GUBaNEHTHbI, HO CYLLECTBYHOT 5- 1 faxe
[0 -BaNIeHTHbIE.

3. ADPUHHOCTb, ahPUHNTET —MNPOYHOCTb COEAMHEHMNSA MEXAY [e-
TepMUHAHTamMK (3NUTOMOM) aHTUreHa U aHTugeTepMUHaHTamu (napa-
rorom) aHTureHa.

4. ABNLHOCTb —MNPOYHOCTb CBA3N aHTUreHa C aHTuUTenom. bnaro-
[aps MOMMBANIEHTHOCTY aHTUreHa CBA3b MEXAY ABYMS aHTUreHamu
OCYLLECTBNISETCA MPU MOMOLLY HECKONbKUX aHTUTEN.

5. leTeporeHHOCTb —HEOAHOPOAHOCTb, 00YCNOB/IEHHAA Hauynem
rpex BULOB aHTUTEHHbIX LeTePMUHAHT:

A. 130Tnnyeckne, XapakrepusyroLine npuHaaneXxHocTts Ig K on-
pefeneHHOMY Kaccy;

b. AnfloTnuyeckne, COOTBETCTBYHOLLME a&/le/IbHbIM BapuaHTam
VMMYHOr100y/INHa;

B. lanotmunuyeckume, oTpaxarowme MHAMBUAYaNbHbIE 0COO6EHHOC-
TV UMMYHOTI00Y/IMHa.

OpraHu3M crnocobeH pearnpoBaTb Ha MOCTYMNNEHWE YYXKEPOAHbIX
aHTUreHOB CMHTE30M OefIKoB, 06MafatoLyx cneunpuyeckum cpoa-
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CTBOM C @HTUIEHOM, BbI3BaBLUMM 3TOT CMHTE3. ITU BNk Monyynnun
Ha3BaHue aHTWTen. XOTA aHTWTena OTAMYaloTCA APYyr OT Apyra He
TO/IbKO MO CMOCOOHOCTM CBA3bIBATbL Pa3Hble aHTUTEHbI, HO U MO CBOUM
(PM3NKO-XMMUYECKUM CBOMCTBAM, CTpg/KTypHO BCE OHW CXOfHbl. JTa
BbICOKOCMELMaNN3MpoBaHHas rpynna 6enKkos, NOCTPOEHHbIX W3 NOJN-
NenTUAHbIX Lenei ABYX OCHOBHbIX TUMOB (IerkUX U TXKenblX), nony-
ymna Ha3gaHne UMMyHOr/06y/IMHOB.

MMYHOrN06ynnHbl CUHTE3NPYIOTCA B My3blpbKaxX NaacTUHYaTo-
ro annapara (Fonbfxu) B-numdormTtos. Mo mMepe co3peBaHUSA Ny3bl-
PeK MOAXOAMT K MOBEPXHOCTU K/ETKW, NMPU KOHTaKTe C Heil Mpoucxo-
ONT pa3pbiB Hapy>XHOM MeMOpaHbl KNeTKn U MeMOpaHbl My3blpbKa.
CB00OfHbIE MMMYHOT106Y/IMHBLI MNOCTYNAKOT B Na3My, a CBA3aHHbIe
C MeMObpaHOil 0CTalTCs Ha NOBEPXHOCTM KNeTKW. Takum o06pasom,
NTOrOBOW (ha3ol B-KNETOYHOro UMMyHMTeTa ABNAETCA MPOAYKUMUSA
[N-aHTUTen, KoTopas NPOUCX0AMT NOCTOSAHHO. OIHOBPEMEHHO B opra-
HU3Me CuHTe3npytoTes o 105... 107 aHTMTeN pasniMyHoON cneyniuyHo-
CTU. NHTaKTHbIN B-MM®OPUT CUHTE3NPYET B OAUH Yac NpPUMEPHO
250...500 moniekyn /gM 1 60/bLUYIO YacTb UX OTAAET B 3KCTPaALeNsIo-
NAPHYO XMAKOCTb. Tlocne crneun@uyecKoin aHTUreHHOW CTUMYNALUK
1 TpaHcpopMaLum NMMEpOLMUTOB B Nia3mMaTuyeckue KNeTkn 3T0T CUH-
Te3 BO3pacTaeT B ThbICAYN pas.

Hanbonee MofiHO M3y4YeHO CTPOEHWE aHTUTEsN, MpPeACTaBIeHHbIX
NMMYyHornobynuHamu knacca G (puc. 4.5).

Ha cxeme BMAHO, 4TO Monekyna 7gG nog AeicTBuMeM NPOTEONNTU-
4yeckoro hepmeHTa MamamHa paclUennseTcs Ha Tpu 60nblnx gpar-
MeHTa. [lBa U3 HUX WAEHTWUYHbI 1 0013fat0T CBOMCTBOM B3aMMOLEN-
CTBOBaTb C OJHON MOMEKYNoW aHTureHa. OHM OblM 0603HaYEHbI Kak
Fab-parmenTsl (Fragment antigen binding), CBf3blBatOLLME aHTUTEH.

fTmnepBapunabesbHbl e

ydyacTku nerm it~ ,[b'/(l)hem,

Vﬂ)KSnaﬂ uenb

(CBA3bIBaHue
aHTUreHa) fTmnepesapunabenbHbl e
ydyacTKu Tsix enoit
uenn
‘MB)KU,BI'IbeBbIe
AVNCYNbD UTHBI €
cBA3N Y4yacToK cBA3blBaHUA

WapHupHas o6nacTtb

KoMnnemeHTa

(O pekTopHbI € Yrnesoga

6nonornyeckune Fc
pyHKLUN) BHyTpuuenbeBbl e
AVNCYNbDUAHBI €
cBA3N

Vi n Vf*: BapnabenbHble o6nactu
Cl n Cu: KOHCTaHTHble o6nacTu

Puc. 4.5. CTpyKTypa MO/eKy/bl UMMyHOr106ynMHa G
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| peTuin hparmMeHT, cogepxxalinii yrneBoAHbIA KOMMNOHEHT, Obin nony-
YeH MpW U3YyYeHWN ero CBOMCTB B KPUCTA/I/IMYECKOM COCTOSHUU, 3a
4t0 1 HasBaH Fc-thparmeHToM (Fragment cristalline). B ganbHeiwem
(blno nokasaHo, 4To FC-(hparMeHT B3auMOLENCTBYeT ¢ MembpaHamu
K/IETOK, BbIMOJIHAA TPAHCMOPTHYIO PYHKLMIO, Pukcaumto Cql komno-
HEHTa KOMMJIEMEHTa U T. 4.

Bce MMMyHOrnobynvMHbl —aTo TeTpamepbl, COCTOSALLME U3 YETbIpeX
nonUNenTUAHbIX Lenei. [Be U3 HUX MpeLCcTaBneHbl A/IMHHbIMU (OKO/O0
450 aMMHOKMCNOTHbIX OCTATKOB), unu Txkenbimu (heavy), H-uenamu,
ii ABe Apyrue —KOpoTKMMM (0KONO 220 aMMHOKMCIOTHBIX OCTATKOB),
nan nerkmmun (light), L-uenamu. Jlerkne uenu ABAAKOTCA 06LWUMHN
[N BCEX KMaccoB M MOAKIACCOB MMMYHOT/I00YMHOB U MOTYT NPOu3-
BOJIbHO COYETaTbCA C N060W TAXKENON Lenbto. Y 60bLIMHCTBA M03BO-
[OUHBIX Nerkve Lenu pasfensatoTes no aHTUreHHbIM CBOMCTBAM Ha /Ba
[ Mna —«Kanmna» I-éc-ﬂ/ln) n «nambga» (1-tvn).

3yyeHne NepBUYHOWA CTPYKTYPbI MOAUNENTUAHBIX Lieneid UMMYHO-
rNo6yNMHOB MoKas3ano, YTo N-KOHLEBbIE YYACTKM TSXKE/bIX U NErK1X
Liene, BkrovatoLme okono 100 aMMHOKMCNOTHBIX OCTATKOB, 06/1afatoT
YHVKa/IbHON CTPYKTYpO M aMUHOKMUCIOTHOW MOC/eL0BaTeIbHOCThIO.
OHM npeacTaBnsakOT coboli BapnabdensHble obnactu (V-06nacTb) Tsxke-
nbix (YH) 1 nerkux (V1) uenei. YKasaHHble BapnabesibHble 0651acTu, ¢
OZIHOV CTOPOHbI, 06Pa3ytoT aHTUTeHCBA3bIBAOLLME LIEHTPbI aHTUTEN, a
C Apyroin —onpeaenstoT ux MHoroobpasme. OcTanibHas (C-KOHLEeBas)
NnocneaoBaTe/lbHOCTb TSXKENOW U NErkon uenein MAeHTUYHA Y BCeX
MONEeKY/ JaHHOMO Knacca Wmn NofK/acca, Ho pas/inyHa y Monekyn, oT-
HOCALLMXCA K pa3HbIM Knaccam U nopgknaccaM. OHa HOCUT Ha3BaHue
KOHCTaHTHaa obnacTb (C-06nactb). B 3aBUCMMOCTU OT CTPYKTYpbl
KOHCTaHTHOM 06/1aCTV THKENbIX Lierneid MosieKy bl UIMMYHOTI06y/IMHOB
[endT Ha Knaccbl. B HacTosLLee BpeMs M3BECTHO NATb KNaccoB UMMYHO-
rnobynnHos, o6o3Hayaemble Kak IgA, IgM, 79G, IgU un /gE. Taxenble
Liernv UMMYHOTN00YNMHOB KaXAOoro Knacca pas/inyatoTcs no CBOMM (u-
LUKO-XUMWUYECKUM, AHTUTEHHbIM U UMMYHONIOTMYECKUM CBOWCTBAM.
Tru uenn 0603Ha4alOTCA rpevyeckuMn OykBaMu B COOTBETCTBUW C Na-
TUHCKMM 0603HaYyeHneM Knacca WMMYHOro6ynnMHoB: IgA (a-uenb),
/lgM (m-uenb), 1~ (g-uens), 79D (d-uenb) n 7gE (e-u,enbg.

B N-koHUeBOI YacT H- 1 L-uene MMyHOrno6ynMHob MMekoTea
y4yacTKu, OT/IMYAKOLLMECS 4Ype3BblYaiHO BbICOKOM BapuabesbHOCTbIO
(rvnepBapuabenbHble yyacTkn): H1; H2; H3; L1; L2; L3. Kaxablii u3
HUX COLEPXMT OKOJO LUECTU aMUHOKMC/IOTHBIX OCTAaTKOB. BMecTe 3Tu
y4acTK1 06pa3ytoT aHTUTeHCBA3bIBAKOLLNIA LEEHTP.

Lienn MMMYHOrnobynnHOB COCTOAT W3 [OMEHOB —CTPYKTYPHbIX
eanHuL, cofepxkawimx okono MO ocTaTKoB aMWHOKWUCIOT. Tsxesble
uenn o6pasytoT YeTbipe [OMEHa: OAWMH BapuabesibHbll U TPU KOH-
CTaHTHbIX, 0603HavyaeMble CH1; CH2; CH3. Jlerkue uenu cofepxat
no fiBa [0OMeHa —BapuabenbHOMy (V1) u KOHCTaHTHOMY (C1). Kax-
Obl LOMEH NpeAcTaBnseT coboi MNOTHO YNakoBaHHYO r106yny, Tak
KaK aMUHOKWCNOTHbIE NOC/ef0BaTeIbHOCTW 06/134at0T OnpeseneHHbIM
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CXOACTBOM ApYr C APYrOM, U 3TW Y4aCTKM MONAMMENTUAHON Lenu
3aMbIKaKTCA BHYTPULLENOYHON ANCYNbPUAHON CBA3bIO.

Kaxabli n3 Fab-hparmeHTOB COCTOMT M3 O4HOWA L-uenn (Vi- un
CL-[lomeHbl) 1 MONOBUHbI 0AHON H-uenn (Vh- n CH-AOMEHbI), a
Fc-(hparmeHT o6pa3oBaH ocTaTkamy ABYX H-uenei, BKIOYatOLWMX
CH! 1 CH3 gomeHbl.

Knaccbl UMMYHOT106Y/IMHOB Pa3NnyatoTca N0 CBOMM XUMUYECKUM U
61onornyecknM cBoMcTBaM. Tak, X pasinyHas CKOpOCTb MomMmepu3a-
LMW BbIP&XKAETCA B TOM, YTO /gG CyLLECTBYHOT B BME MOHOMepa C MoJie-
KynsipHoi maccoin 1600010, Toraa Kak IgK cocTomT 13 0fHOM Man AByX, a
IgM, Kak npaBuso, U3 NATU COOTBETCTBYHOLLMX CYObeANHNL,

Buonornyeckne n MMMyHONOTMYECKME Pa3iMynsa Mexay Knaccamu
NMMYHOT/I00Y/IMHOB MMEIOT 60/bLL0e MPaKTUYECKOe 3HayeHue, Tak
Kak OHV 00YyCMOB/MBAOT XapaKTep peakuunu, cneayroLLein 3a obpasosa-
HMEM KOMIJ/eKca aHTUreH —aHTUTeNo.

3alUTHOE AE/CTBME aHTUTENI MOXKET BbIP@XATbCA B MPSAMOM MO-
BPEXAEHUN MUKPOOPraHU3MOB UK B HEATPaM3aLMmn CMHTe3pyemo-
ro UMy TOKCMHa. HelTpanusaymsa TOKCMHa COCTOUT B NpsiMoli 6/10Kaze
TOKCO(HOPHOW rpynnbl aHTUTENaMMN (AHTUTEHHbIE N TOKCUHHbIE JeTep-
MWHaHTbl UAEHTUYHbI). O4HaKO CBA3bIBaAHWE TOKCMHA W aHTUTeNna Mo-
XET BbI3bIBaTb U NPOCTPAHCTBEHHbIE M3MEHEHWUA KOH(Urypaumm, Ko-
TOpble [leflaloT HEBO3MOXHOI afcopbLMI0 TOKCMHA Ha CybCeTpate —
KNeTKe, YyBCTBUTE/IbHON K TOKCUHY.

VMMyHOrnobynuHel knacca G 0KasblBalOT CWU/IbHOE HeWTpanu-
3ytoLee AeiCTBME HA TOKCUHbI U BUPYChbl, & TaKXXe CNOCOOHbI K npe-
umMnuTaymun, 061a4atoT ONCOHU3UPYIOWMM AelACTBMEM (OMCOHUHbI —
rpe4. Opsonion —cHabXXeHne nuLiein —aHTuTena, B NPUCYTCTBUK
KOMIM/IEMEHTA CTUMY/IVPYIOLLME MOTJIOWEHME YYXXepPOAHbIX YacTul,
6aKTepuid, BUPYCOB M KX paspyLueHue ﬂeVIKOLLMTang, ycunueasa a-
roumtos. lNpun ymepeHHOM HarpeBaHun ZgG MOXET CBA3bIBATLCA C
aHTUTE/IOM, T. €. HAYMHAETCA peakuus, Ha3BaHHasA CBA3bIBAHNEM KOM-
MneMeHTa, OTBETCTBEHHOCTb 3a KOTOPYK HeceT Fc-thparmeHT. [Mpu
3TOM KPOME HernocpeLCTBEHHON HeNTpannsaLmm BUpycoB U TOKCUHOB
/gG cnocobCTBYIOT TaKkXKe 3aBUCALLLEMY OT KOMMNeMeHTa arountosy u
BHYTPUK/IETOYHON WHaKTMBaLUW MUKpoopraHuamoB. Ha gonto 79G
npuxoautcsa okono 80 % Bcex MMMYHOTN0BYNNHOB.

Bonee CNoXHOW, YeM Npu HeilTpanusaumy TOKCUHOB, NpeLCcTas-
NSETCS POJSib @aHTUTEN B pa3pyLLeHUN U yCTPaHeHUN camoro Bo36y-
OUTENs. Y HeKOTOpbIX rpaMoTpuuaTtesibHbiX 6akTepuin aHTUTena B
CBSI3M C HECNeuM(pUYecKn pearmpyrowmmMmmn gaktopaMmm KOMMaemMmeHTa
CbIBOPOTKMN MOTYT Bbl3blBaTb 6AKTEPUONN3. AHTUTENA N KOMIIEMEHT,
OfHaKO, He Bbl3blBatOT LMTO/N3 HENOCPELCTBEHHO, a NMULLb N3MEHSA-
0T BHayane MOBEPXHOCTb HGaKTepuasbHOW K/EeTKM TakuM 06pas3om,
YTO OHa CTAHOBUTCS LOCTYNHONW AENACTBUIO MMEIOLLErocs B OpraHm3-
Me (hepmeHTa nusounma. Jinzoumm pearvpyet ¢ Mypamuanentuaom
KNETOYHON CTEHKM W BbI3blBAET Pas3pblB B OAHOM WM HECKONbKUX
MecTax NoBepxHOCTW. lMOBbILWeHWE AaBEHUS BHYTPU KNETKKU, LOXO-
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AAluee fo 10 atn, NPMBOAMT K TOMY, YTO MUKPOOPraHU3M C MOBPEX-
JICHMOW CTEHKOW flonaeTcs.

[pyroil nyTb BO3MOXHOIO AeNCTBUA aHTUTeN —OMCOHMU3aunsa 3a-
K/IH04aeTcs B U3MEHEHWWU MOBEPXHOCTU MUKPOOGHON KNEeTKU Takum
06pa3om, YTO OHa CTaHOBUTCA 60/ee YAOOHOW ANS MOrNOLWeHUs ee
(lfroymTamn. Kak n 6aktepnonns, oncoHm3aLua npotekaet Ha ho-
He aKkTMBaLuy KOMMN/IEMEHTA, BbI3BaHHOW peakuuen aHTUreH —aHTu-
Teno. B oTnume oT umMToNmn3a, TpebyroLero 418 CBOEro ocyLlecTs/e-
HWA NPUCYTCTBUA Ha OaKTepuasibHOW KNeTKe BCEX AeBATU (PaKTopoB
KOMIJIEMEHTa, B OMCOHM3aLUNUW Y4aCTBYHOT TOMbKO YETbIPe KOMMOHEH-
la komnnemeHTa C!...Cl.

OC06eHHO BbIP@KEHO OMCOHM3UPYHOLLLEE AENCTBME aHTUTEN Mpu
KONMUUHMEKLNM HOBOPOXAEHHbLIX [AOMALLHUX XWBOTHbIX. bosbLioe
(HayeHWe UMEOT OMCOHU3MPYIOLLME aHTUTeNa U AN 3alnTbl NPOTUB
OUNTIOKOKKOB M CTPENTOKOKKOB. [Nnafkas MOBEpXHOCTb Karcy/sbl y
OUNIOKOKKOB MeLLaeT MX MOrfoweHunto arountamn. Jinwps Korga
noj AeNCTBUEM aHTUTEN UX MOBEPXHOCTb MEHSETCS, T. e. CTaHOBUTCS
LLIEPOXOBATON, OHW MOTYT 6bITb (haroLMTVPOBaHbl N 3aTEM YHUYTOXeE-
Hii BHyTpM KneTkn. CTPenTOKOKKKN MOAJAKTCA (haroumTosy gaxe npu
OrCyTCTBUM CNEeUNUPUYECKUX aHTUTeN, HO 13-3a NPUCYTCTBUA 0CO60r0
()crka, Ha3BaHHOT0 M-aHTUIeHOM, WHAKTUBUPYIOTCH HE MOJIHOCTLIO.
MacTb UX CHOBa BbIXOAMT M3 (haroLMTOB M MPOAO/IKAET pa3MHOXAaTbCA
Jasblie. AHTUTeNa, Harpas/ieHHble NPOTUB M-aHTUreHa NaToreHHoro
lima cTpenTOKOKKOB, COCOGCTBYIOT BHYTPUKNETOUHON UHAKTUBALMM
H X MUKPOOPraHN3MoB.

Benyllee MecTo B peakuumax

b6aKTepmonmMsa K ONCcoHM3auuu
npuHagnexut 7gM. 3ToT Knacc
VMMYHOI/100y/IMHOB ABNSIeTCA Cca-
MbIM «PEBHUM» B (DWUNOrEHETU-
YECKOM OTHOLleHMKn. B xoge nm-
MYHHOrO OTBeTa BHayasie Takxe
nosBNAKTCA aHTuTena /gM-knac-
ca. Y HOBOPOXAEHHbIX NepBble aH-
TUTENa NpuHagnexar K 7gM. B cbl-
BOPOTKe MOMeKysnbl 7gM cyLecT-
BYIOT B BWAe NeHTamepa C MOfe-
KynspHoii maccoii 950 000. IMATb
MOHOMEpPHbIX Ccyb6beaunHUL, pac-
NOMOXEHbl pafnancHO, NpUYem
| c-hparmeHTbI HanpaBeHbI K LieH-
TPy Kpyra, a Fab-gpparmeHTbl —
KHapy>u (puc. 4.6).

IMockosbKy 7gM B MOMHON Me-
pe He CNoCcOo6HbI K HeWTpanm3auum
TOKCUHOB, TO >XXVMBOTHblE PaHHEro .. : n

MOCTHAaTa/lbHOro rnepmnoaa Hanbo- ' CTpoeHMe NeHTaMepHOWCTPYKTY-
pbl UMMyHOF 100y IMHA M

11 B. I. Ckonuucsugp.
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Nee MOABEPXKEHbl TOKCMKOUH(eKuuam. /gM cocTaBnstoT MPUMEPHO
3...10 % MMMYHOrNo6Y/IMHOB CbIBOPOTKN KPOBW.

XapakTtepHad 0COO6eHHOCTb CTPYKTYpbl /gM onpefensetca TemM, 4YTo
OHa Mpu3BaHa OKa3sblBaTb 0CO00e 3alMTHOE AelCTBME NPOTUB MUKPO-
OpraHM3MoB W APYruX KPYMHbIX aHTUIEHOB, MMEHLWMX Ha CBOEA Mo-
BEPXHOCTW aHTUTEHHYIO MO3auKy 13 NOBTOPAIOLLMXCA AETEPMUHAHTOB.
AHTUTENa fjJPIMCBSA3bIBAKOT COOTBETCTBYIOLLUMIA aHTUIEH KadXKAbIM U3 CBO-
UX NATU YYaCTKOB CBA3bIBaHMSA. Takve NOBTOPbI aHTUMeHHbIX AeTepMu-
HaHTOB XapaKTepHbl A/ | -aHTUIeHOB U3 K/IETOYHON CTEHKM rpamMoT-
puuaTteNibHbIX 6aKTePUiA, XXIYTUKOB OaKTepuii U BUMPYCOB, MMEHOLLMX
Kancugpl. [Jaxe ecnim Kaxkablil OTAe/NbHbIA YYaCTOK CBA3bIBAHWUSA MPOSB-
NAeT NNLLb HeBOMbLUYIO aBUAHOCTb, 06L1as aBUAHOCTb BCEA MOJEKY /bl
MOBbILLAETCA U3-3a CYMMMPOBAHNA HECKO/IbKUX TaKNX CBA3EN.

Ecnn aHTUTena /gM pearvpytoT Takmm 06pa3om ¢ aHTUIEHOM, TO
MpU HaxoXAEHUWN aHTUreHa 6/IM3KO K MOBEPXHOCTU K/IETKU KOMMe-
MEHT HaCTO/IbKO aKTUBMPYETCS, YTO_BbI3bIBAET IOKaNN30BaHHOE MO-
BPEXAEHME HIKeNeXxalleid KneTouHol Mem6bpaHbl. Tak, eanHCTBEHHas
mMosiekyna 7gM B cuny akTUBMPOBAaHWUA KOMIM/IEMEHTA MOXET BbI3BaTb
NN3NC KNETKN (Hanpumep, GakTepuu wam 3putpouuTta). AHTUTENA
Knacca 79G, HarnpoTus, MOFYT BbI3BaTb KNETOUHbIW /IN3UC NYTEM aK-
TUBMPOBAHMNSA KOMIN/IEMEHTA TO/IbKO B TOM C/lyyae, Korfa fjBe MOJeKy-
Nbl aHTUTENa BCTYNatOT B Peakuuio Ha MOBEPXHOCTM KNETKM OYeHb
6113KO Apyr OT Apyra, HO 411 3TOro He06X0ANUMO OYeHb MHOTO (ThICH-
yn) monekyn 1gG.

Ecnn aHTUreH He cBA3aH C NOBEPXHOCTBLIO K/IETKM, a CYLLECTBYET B
CBOGOHOM BUE C MHOXECTBOM JETePMUHAHTOB, TO aHTMUTeNa 7gM He
VMET HUKaKMX npeumyllecTs nepes 7gG. HanpoTtus, WX y4acTku
CBA3bIBAHUSA, XapaKTEPU3YHOLLMECA HU3KOW aBUAHOCTLIO0, He MOTYT BCe
CBSI3bIBATbCS C OAHOM M TOI XKe MOJIEKYNION aHTUTena u Nerko Aucco-
UMunpytoT. Moatomy aHTUTeNa 7gG 6onee ahPeKTUBHBLI NPU HERTpann-
3aumn 6akTepuanbHbIX TOKCMHOB U NPW 3aluTe KIeToK OT afcopbupo-
BaHMA Ha HUX BUpYCa.

CpaBHeHWe aKTMBHOCTW aHTuUTen 7gG 1 7gM no OTHOLLEHUIO K 04-
HOMY ¥ TOMY >Xe MOBEPXHOCTHOMY aHTUIEHY Ca/lbMOHE/N/ MOKa3ano,
4TO Ha OCHOBE COOTHOLLEHWA Macc rnocnefHune B 10 pa3 akTUBHee npu
arrnoTuHauun [nat. agglutinatio —cknenBaHne B rNbIOKM (KOMOYKMN)
MWKPOOOB, 3pUTPOLMTOB UAWN APYTUX KMETOK W BbiNafeHWe X B Oca-
[0K B MPUCYTCTBMWN 3/1EKTPOINTOB] canbmoHes, 6onee yem B (00 pa3
aKTVBHEe B MHaKTMBaLUMN MWKPOOHON KMETKU C y4yacTvem KoMmnse-
MeHTa 1 6onee Yem B 1110 pa3 aPdeKTUBHEE B ONCOHMU3ALMUN MUKPO-
OPraHn3MoB W pYrux KeToK.

CbIBOpPOTOYHbIE aHTUTeNa 7gA B oTnume oT 7gM 1 7gG He crnocob-
Hbl K CBf3bIBAHWIO KOMM/EMEHTa M MO3TOMY HEe MOryT BbI3blBaTb HU
UMMYHOMPUANNAHUA, HU LUTONN3a AN KOHTTUHaUMK,. CuunTaloT,
4TO 3TOMY K/1acCy MMMYHOII00YMHOB NPUHAANEXUT PYHKLMA 3aLiu-
Tbl OpraHu3Ma oT NPOHWKHOBEHWUA BO30YAWTENA W Pa3BUTUA UHGDeK-
UMW, 3TOT KIacC MMMYHOr/I00yIMHOB YYacTBYET B 3/IMMUHALUN MK-
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LWCBLIX W APYIrUX YY>KEPOLHbIX aHTUreHOB, KOTOPbIE MOTYT MPOHUK-
Wyrb B OpPraHu3M 4Yepes C/M3UCTble 060/0YKM, a TaKkxkKe B perynauum
MMMYHHOIO OTBETA Ha 3TN aHTUIEHbI.

MMmMyHOrnobynuHus A coctasnaoT amws 10...15 % Bcex
MMMYHOT/I06Y/IMHOB CbIBOPOTKM. OHaKO OHY Mpeo6/1afatoT B 3KCTpa-
NacKynapHbIX cekpeTax. bosbliad yactb 7gA B CAtOHE, cfesax, nuile-
MapuTe/bHbIX COKaX, CEKpeTax CU3UCTON HOoca HaXoauTCs B BUje ce-
K[)cTopHoro TgA(S .”), T. . NONMMEPHOI (POPMbI, COCTOSAILLIEN M3 ABYX
/NA-MOHOMEPOB, COEAUHSAIOLLEN MOJIEKY bl TIMKONPOTENHA, Ha3blBae-
MOr0 CeKpeTOPHbLIM KOMMNOHEHTOM. Bronornyeckas ponb CEKPeTopHOro
KOMIMOHEHTa CBOAWTCA K MOBbILLEHWIO YCTORUMBOCTM IgA OT paspyLue-
HUSA NMPOTEONUTUYECKUMU (hepMeHTamu (puc. 4.7).

MMMyHOrno6bynunH blE —3T0 MOHOMEpLI, COAEPXKAHME KO-
TOPbIX B CbIBOPOTKE KPOBM HUYTOXHO Mano —0,00005...0,0003 r/n, nimn
0,(H2 % obuiero konuyecTsa lg. 3a cyTku nx cmHteampyetcs 0,02 Mr/kr;
nepmrog nonypacnaga B CbIBOPOTKE KPOBW COCTaBNSAET 2...3 CYT, & B KOXe —
0...14cyT. K knaccy 7gE oTHOCMTCA OCHOBHasi Macca anjieprmyeckmx
aHTUTeN-pearnHoB. YpoBeHb MX 3HAUYNTENbHO MOBbLILIAETCA Y OpraHns-
MOB, CTPafatoLLuX annepruein n 3apaxeHHbIX rebMUHTaMu. 7gE CBS-
(biBatoTCA C EC-peuenTopaMu TyUHbIX KNeTOK U 6a30¢puioB. Mpu KOH-
TaKTe C afnepreHoM 06pasyroTcs MOCTUKM 7gE —aHTureH —7gE,
YTO COMPOBOX/AAETCA NOCTYN/IEHNEM NOHOB KanbLUs B KNETKY-MU-
LLEeHb, aKTUBaLMen B Heik BMOXMMUYECKMX MPOLLECCOB W BblAeneHneM
((nonornyeckn akTMBHbLIX BELLECTB, BbI3bIBALLMX A/INIEPTNYECKMNE pe-
aKUMN HeMe[/IeHHOro Tuna. J03MHOMUIbHBIA XeMOTaKCUYeCKUiA (ak-
TOp, BbLUENAEMbIA TYYHbIMU KNeTKamu, CrocoOCTBYET akKyMynsaumu

Puc. 4.7. Cxema CTPOeHMS CEKPETOPHOro MMMyHOrnobynmHa A



303MHOWNOB W AECTPYKUUW TenbMUHTOB. [pefnonaraercs Takxke,
yto IgE, NokpbiBas napasnta, akkyMynupyet makpodaru 6narogaps
Fc-peLentopam 3TUX K/ETOK.

MMMYyHOrno6ynumH biO —3T0 MOHOMEPbI; UX COZlepXaHve
B KpoBu coctaBnseT 0,03...0,04 r/n, nam o 1% o6Lero KonuyecTea
MMMYHOr106yIMHOB. B cyTKM uX cuHTe3upyetcs oT | fo 5 mr/kr, a
nepvog nonypacnaga konebnerca B npegenax ...§ cyt. gD yyactsytoT
B PasBUTUM MECTHOro MMMyHMUTeTa, 06/1a4ar0T aHTUBUPYCHON aKTuUB-
HOCTbIO, B PefKMX Cy4vasx aKTUBUPYHOT KOMMAemeHT. [1nasmaruyec-
Kne KneTku, cekpetmpytowme IgD, noKanusyroTcs npemmyL,ecTBEHHO
B MUHAQIMHAX N afeHOMAHOW TKaHu. IgD BbISBNAOTCA Ha B-KneTkax,
OTCYTCTBYIOT Ha MOHoUMTax, HelTpodunax n T-numdouyuntax. Mona-
ratot, 4to IgD yu4acTBylOT B p,VI(b(gepeHLl,leOBKe B-KkneTok, cnocoo6-
CTBYIOT Pa3BUTUIO aHTUMANOTUNNYECKOrO OTBETa, YYacTBYHOT B ayTo-
NMMYHHbIX NpoLieccax.

OcHoBHast macca /M un /"D HaxogmTcs B nnasme, a 7gG u Igh pac-
npeaenstoTcs NPYMepHO B OAVMHAKOBbIX COOTHOLLEHUAX MeXay nnas-
MO 1 MEXCOCYMCTON TKaHbH0.

425 IMMyHHBIN OTBeT KNeTOUYHOro Tuna

ECnM B UMMYHHBIX peakuusx ryMopaibHOro Tuna aHTuTena BbICTy-
natoT B Posin 3M(MEKTOPOB, TO MMMYHHbIV OTBET KNeTOYHOro Tuna 6a-
3MpyeTcs Ha aKTUBHOCTU T-NMMMOUNTOB. YacTb M3 HUX OKasblBaeT
HenocpeACTBEHHOE BO3AENCTBUE Ha aHTUIEH (HanpumMep, KNeTKN-Kui-
nepbl), a Apyrve BAUSIOT ONOCPeOBaHHO Yepe3 MeamaTopbl UMMYHHO-
ro oteeta (IMMMOKNHbI).

T-nMMQOLUTBI, Tak Xe Kak 1 B-KneTkun, HecyT Ha MembpaHe aHTu-
reHcneympuyecke peuenTopbl, NPUHUUNNAILHO OT/IMYHbIE OT UM-
MYHOTr100y/IMHOBBLIX peLenTopoB B-knetok. Hanbonee BeposTHa cre-
aywouwaa cTpyktypa: B- v T-kneTouHble peuenTopbl aHaslornyHbl B
V-yuacTke TSHXe/bIX Lenen, nerkue uenu y T-peulentopos, BEPOSTHO,
OTCYTCTBYIOT, @ C-y4yacTKM TsXKe/bIX Lener MMeoT UMMYHOrnobynu-
HOBbI XapakTep. OfHaKO 3T UMMYHOIN00YNMHbI 06pa3ytoT 0Co6bIi
K/lacc ¥ He MOryT BbICTyNaTb B KA4YeCTBe aHTUTeN. Takum 06pas3om, pe-
LlenTopbl NPeAcTaBnsAT co60M AMMEPbI U3 ABYX TSHXKENbIX Lienei.

B MHAYKLUMN KNETOUYHOr0 MMMYHHOIO OTBETa BaXKHYIO Posib (Kak v
B peakumax rymopasbHOro Tuna) urpalT Makpodarun, nepepabatbi-
BatOLMe aHTUreH, KOTOPbIA 3aTeM akTmsupyet T-nmumdgoumnt. Kpome
TOro, Makpoaru BbLLENAT MeAnaTopbl, CTUMyMpytoLwme nponude-
pauuo n anddepeHuMpoBKy T-kneTtok. Ecnm T-numdouuT npucoeamn-
HW COOTBETCTBYHOLLMIA @HTUIEH, TO B NPUCYTCTBAM HEOOXOAMMbIX (haK-
TOPOB ((hakTOpbl Makpodgaros, Koonepauus KneTok 1 T. A.) Ha4YMHaeTcs
nponngepauns, B pesynbTate KOTOPOW BO3HWKAET KNOH creuuguyec-
KuX T-KneTok. MNapannesibHo ¢ 3TUM NPOAO/HKAETCA KNeTovHas andgde-
peHuunpoBka Ha T-apdekTopbl UM T-KNeTKN NamsTu.
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VIMMyHM3aLUMI0, BbI3BAHHYIO KOHTaKTOM C aHTUIEeHOM W CBS3aH-
HYI0 C pa3BMTUEM MMMYHHOrO OTBETa K/IETOYHOIO TUMNa, MPUHATO Ha-
3blBaTb CeHcMbUNM3aLmein. ITOT TEPMUH UCNONb3YETCs KakK Ans 060-
3HayYeHMa caMmoro npowecca, Tak U Ans XxapakTepucTukKn 00ycnoBneH-
HOIO0 UM COCTOSIHUSA.

BonbLIO MHTEepeC BbI3blBAET U3YUeHMe B3aUMOAENCTBUSA cybnony-
naunin T-knetok. Cybnonynaumm Kakux T-nnMmgoLnToB Koonepupy-
tOTCA B MMMYHHOM 0TBeTE? B nepByt0 04epeb Tak Ha3blBaeMble K/IETKU-
NHAYKTOPbl — T-MMMOLUNTBI, aKTUBMPOBaHHbIe 06paboTaHHbLIM aHTU-
reHoOM U MaKpodaranbHbIMK hakTopaMu. 3T NMMAoUUTLI Npuobpe-
3al0T CNOCOOGHOCTb K BblpaboTKe WMHTepneliknHa-2 (IL-2), KoTopsblii
CTUMYNUpyeT apyrve T-kneTkn (NpeallecTBEHHUKU KNeTOK-Kuse-
POB, CYNpPeccopoB, Xe/inepos) B TOM C/lyyae, eciiv NPYMEPHO 3a CYTKU
[0 3TOr0 aHTUreH U MakpodarasbHble (akTopbl CTUMYNIUPOBASIN UX
K BblpabOTKe COOTBETCTBYHOLMX IL-2-peuenTtopoB. B apyrnx cnyuyasx
aKTMBMPOBaHHbIE aHTUreHOM T-MMGOLMTbI 0Ka3blBAOT CTUMYUPY-
tolee (xennepbl) WAM MHrMbupytowee (Cynpeccopbl) AeincTeve Ha
KNETKN-VHAYKTOPbI.

VIMMYHHble peakuun KNeTOYHOrO TUMa WUrpatT BaXKHYK POfb BO
MHOIMX 3alMTHBIX peakuuax opraHnsma, a Takke npu pasimyHbIxX Bu-
nax naronormn. K HUM MOXKHO OTHECTU:

peakuMmn KMeTo4YHOro Tuna Ha BHYTPUK/IETOUHbIE MUKPOOPTraHn3-
Mbl, MPeXze BCEro BUPYChI, rpubbl N 6akTepuu;

LUUTOTOKCUYECKME IPIEKTbI NMMPOLUTOB Ha NepecaxeHHble KneT-
KV TKaHei 1 opraHos;

paspyLleHne OrnyxofieBbIX K/ETOK akTMBMPOBAHHbIMU T-1M-
(roumTamu;

peakuuu runepyyBcTBUTENLHOCTU 3aMep/ieHHoro Tuna (MF3T), kne-
lo4HO-onocpefoBaHHbIe (HOPMbI aNNePrMyYecKmUX peakLmii;

peakuun KNeToOYHOro T1na npy ayTOMMMYHHbIX PacCTpoMCTBax.

3TN pa3HOo6pasHble peakLMn KNeTOYHOro Tvna 06beAnHAeT 04HO
obLiee CBOWCTBO: T-NMMMOLUTLI B 3TUX peakLmsx BbICTYnatT B KO-
11CYHOM WUTOre B KAYeCTBe K/IETOK-UHAYKTOPOB, KOTOpPbIE B OT/MYME OT
nnasmMaTUYecKnx KETOK NPV OMpefesieHHbIX YCOBMAX MOTYT OMATb
npeBpawaTbCa B Masble TMMMOLUTbI —KNeTKN namatu. [eincrtseue
['-NMMGOUNTOB-3((HEKTOPOB MOXET 6a3npoBaTbCs Kak Ha MNpsMON
LMTOTOKCUYHOCTH é)KVIfII'Iepr), TaKk M Ha aKTUBHOCTW BblAeNseMbIX
AMM@ounTaMm IMMPOKNHOB, BIMAIOWMNX Ha COOTBETCTBYHOLLME KIET-
KN-MULLEHW, BbI3biBaf U3MEHEHNE UX aKTMBHOCTH.

BewectBa, akTMBUPYIOLLME N KOOPAUHUPYOLME B3aUMOLENCT-
BWe T-K/1eTOK, paHee HasbiBanu NMMQOKNUHaMu (rped. kineo —Bo3-
6y)XgaTb) WM UHTepnerkuHamm (nat. inter —B3aMMHO W Tpeu.
Icilkos —6enble); cTumynupytolme B-kneTkn uam makpodarm —
(>akTopamu; wuHAyuMpylowme obpasoBaHue U AuddepeHuMaLnio
[PYrux KpOBETBOPHbLIX KIETOK —remonoatuHamy (rpedy. haima —
KpPOBb M poiesis —BbIpaboTKa). Ceilvac UX BCEX MPUHATO HasblBaTb
uuTokMHamu (puc. 4.8).
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UNTOKUNHBbI

Oo6Lme
CBOIACTB;
LIMTOKMHBI LINTOKMHBI
npro6peTeHHOro NpPYPOAHOro
UMMYyHUWTETa UMMyHUTETA
Perynupytoume AKTUBMpYIOLLME
aKTunsaumio, poct Hecneyunduyeckme CTM“:gﬂg%gmme
n anddepeHLmaLlmnio 3heKTOpPHbIE (KC®)
num(oumnTos KNeTKN BOCNaneHns
IL-2 IL-4 TP®-p Y-NH® IL-5 IL-3TM M I IL-7
JIuMOTOKCUH

Puc. 4.8. XapaKtepuctnka UMTOKUHOB

LIMTOKMHbI MO CTPYKTYpe —NpPOTeUHbI, N0 3PQeKTy AencTBUA —
MeauaTopbl. BbipabaTbiBatOTCA NPU U?IMYHHBIX PeakuusX, peryimpyroT
N CTUMYNIMPYIOT MX. O6nafatoT NOTEHLMUPYOLWMM U aaANTUBHBIM [eit-
CTBMEM, T. €. CTUMY/IMPYIOT 06pa3oBaHme MAEHTUYHBIX U APYTUX BUAOB
UMTOKMHOB. BbICTPO CUHTE3NPYSCH W BbIAENSACH, OHW B KOPOTKME CPO-
KW pacxofytotcs. [pu yracaHnm MMMYHHOIM peakLMn CUHTE3 LMTOKNUHOB
npekpawaetcs. LIMTOKUHbI NOMMQYHKUMOHANbHBI; NOBbLILLAKT MeTabo-
N3M W PEryvpyroT feNleHne KNeToK-MULLEHeW; CTUMYINPYIOT PoCT U
AndhdepeHLmaLmnio He3penbiX TMMPOLUTOB U KOCTHOMO3I0BbIX KNETOK,
OKasblBas B/IMSHUE TAKXE M Ha CO3PEBLUMNE KNETKMU.

PasnuualoT LMTOKMHbI, 06yClIOBNMBaIOLLME NPUOBPETEHHBIV U ec-
TECTBEHHbIV UIMMYHWUTET.

LULNTOKMHBI NMPpUOBPETEHHOro UMMYHUTeTa. Bce
LUMTOKMHbI, 06yCNOBANBaOLME NPUOOPETEHHBIA UMMYHUTET, NOApPas3-
LensoT Ha TPU rpynmbl:

perynupyrowime akTmBaLuo, poct v anddepeHunauno nuMmgo-

aKTMBMpytowme Hecrneundmyeckue 3hMeKTOpHbIE KNETKU BOCMa-
NeHus;

CTUMY/IMpPYIOLLIME TEMONO33.

K nepsoi rpynne OTHOCAT WHTepneinkuH-2 (IL-2), nHTepnenkuH-4
(IL-4), TpaHctopmupyrowmii poct-thaktop P (TP®-P). Knoyeas
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pO/b U3 HUX NpUHagnexuT IL-2. BblpabaTbiBaeTca OH T-xennepamu un
T-cynpeccopamyi Npy BO3AeNCTBUM aHTUreHOB. MpefcTasnseT coboi
rNMKONpoTens ¢ MonekynspHoin maccor 14..17k[. TuK ero cekpe-
Uimn Hactynaet yepe3 4 4. CuHTe3 IL-2 CHMXKaeTCs No mMepe paspylue-
HWSA aHTUIeHa 1 NpekpawiaeTcs npyu nosHOW ero afiMMmnHaummn. Beico-
kue KoHUeHTpaumu IL-2 ycKopsitoT pocT HOPMaslbHbIX KWUIEpoB U
YCUIMBAKOT UX NMUTOIMTUYECKNI 3PPEKT, CTUMYMPYIOT 06pa3oBaHe
Ha T-KneTkKax crneunuguyecknx K Hemy peLenTopoB, CBA3bIBaACh C KO-
TOPbIMKU, aKTUBUPYIOT UX co3peBaHne. Kpome Toro, IL-2 akTuBupyet
pOCT B-KNeTok v MOBbIWAET CUHTE3 aHTUTeN. YyBCTBUTENbHBI K HEMY
N Hespenble T-NMMAOLMTI, 419 KOTOPbIX OH MOXET ABNATLCA (DaKTO-
poM pocta. O6Hapy»xeHbl peuentopbl K IL-2 1 y MOHOHYKNEapHbIX
()aroumTos. Bosgeuctsme IL-2 nosbilwaeT YyBCTBUTENBHOCTb He3pe-
NbIX KOCTHOMO3rOBbIX K/IETOK KO MHOTUM LIMTOKMHAM.

IL-4 —nonunenTug ¢ MonekynsapHon maccoi 20 k[, npoayumpy-
etca T-xennepamu. OKa3sblBaeT MeAWaTOpPHOe [AeliCTBME Ha YeTblpe
TVNa KNETOK, ABMAACH (haKTOPOM pocTa 1 anddepeHumanmmn B-num-
(houmTOoB (BHavane cTumynupyet obpasosaHue ZgG u /gM, a Bno-
cnefcTeumn /gE), akTMBaTOPOM U CTUMYNATOPOM Pa3inyHbIX Cybno-
nynaumMin T-KNeToK B TUMYyCe, (hakTOPOM poCTa CTBO/IOBbLIX K/IETOK, a
B CMHeprusme ¢ IL-3 —CcTuMynaTopoMm ux nponvdepayumn, aKkTusa-
TOPOM Makpogaros.

TP®-P —nonunenTug ¢ MONEKYNApHOW Maccoil okono 28 ki,
NPOAYLMPYETCA MHOTMMMW KNeTKaMu. ABNMAACL aHTarOHUCTOM Lienoro
pAfa LMTOKUHOB, Kak Mpasuio, MHIMOMpPYeT POCT KNeTOK, B YaCTHO-
CTW NOZAaBNfeT npouecc nponudepauuy T-AMMEPOLMUTOB M NPUOCTa-
HaBNMBAET UMMYHHbIA OTBET MPU HEKOTOPbIX OMYX0/sX, TOPMO3NT aK-
TUBaLMIO MaKpogaros, Perynnpyet B3anMOLENCTBME MOMMOPQHO-
ALEPHbIX NeAKOLUTOB NPU BOCNA/IUTENbHBIX MPOLEeccax, HAYyLMpyeT
pasBuTVE KanwuispoB, NepeknoyaeT MnpoLecc aHTUTe1006pa3oBaHms
na BbIpaboTKy ZgAS.

BTopas rpynna LY TOKMHOB BK/HOYAET B Ce6s ramma-uHTepPgepoH
(y-H®), nMDOTOKCUH 1 nHTepnenknH-5 (IL-5). Bce oHK aBNSA-
H0TCA NOAUMENTUAAMI C MONEKYNSpHOW Maccou 20...25 K/,

y-H® npoayunpyetca T-xennepammn u NoYTU BCEMU Cynpeccopa-
MU. FBAETCSA aKTMBATOPOM MOHOHYK/eapHbIX darountos. CTumynu-
PyeT MpoLecc nepeBapuBaHUA MOT/OWEHHBIX MUKPOOPraHu3MoB |
OMyXosieBblX KNeTok. NHayuumpyeT akcnpeccuto aHtureHos MHC,
CroCo6CTBYET pPacrno3HaBaHUIO YyXXepPOAHbIX aHTUIeHOB, CO3PEBaHUIO
v augdepeHumaummn T- n B-IMMGOLMTOB, CTUMYUPYET Npouecc 06-
pa3oBaHWsA aHTUTeN. AKTMBUPYET HEUTPO(UIIbI, HOPMabHbIe KWsine-
Pbl, 3HAOTE/NNANbHbIE K/IETKU.

JTMM(OTOKCUH BbipabaTbiBaeTCA aKTUBMPOBAHHLIMU T-NMMMOLHN-
ramu. VimeeT CXOACTBO C (haKTOPOM HeKpo3a ornyxonen n obuue ¢
HUM peuenTopbl. CTUMYNMPYET NIU3NUC KNEeTOK-MULLEHEN, aKTUBUPY-
eT HeNTpoW/bl U 3HAOTEeNINA/IbHbIE KNEeTKW, MOBbILIAET MPOHMLae-
MOCTb Karnwnisipos.
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IL-5 cekpeTupyeTca aKTUBMPOBaHHbIMW T-XefnnepamMmm u CTBOJIO-
BbIMU KneTKamu. B cuHeprusme ¢ IL-2 u IL-4 cTUMynMpyeT pocT U
anddepeHunaunto B-kneTok. MOBbIWLAET CUHTE3 aHTUTEN, 0COBEHHO
Igh. Obnagaet UCKNKOYNTENIbHON CMOCOBHOCTLI aKTUBUPOBaTb POCT
n anddepeHUnaLmo 303MHOPUIOB U TaKUM 06pa3oM YCUAMBAET UX
reNlbMUHTOLHOE AeNCTBME. ’

K TpeTben rpynne oTHOCATCA ABa UHTepnelikmHa —IL-3 n IL-7
n Tpu KOﬂOHMeCTMMyﬂMQme.l'\M/IX akTopa (KC®) — rpaHynoum-
TﬁﬁHo-O-MaKpomaraanPm (M), MoHoUMTapHO-MaKpomaranbHblii
(M) u rpaHynoumnTapHblin (IN). Bce UWATOKUHBI, CTUMYIMPYIOLLME TEMO-
n033, ABNAKTCA NOAUNENTUAaMM ¢ MonieKynsapHoi maccon 20...40 k[.
Mpw atom IL-3 npogyunpyetca T-knetkamu, 1L-7 —punbpobnactamm
M CTPOMa/IbHbIMM KOCTHOMO3roBbiMU Knetkamu, 'M KC®d, M KC®P n
I KC® —MOHOHYKNeapHbIMK (haroumtamu, 3HAOTENNANIbHBIMU K/ET-
Kamu, rubpobnactamm.

IL-3 1 TM KC® vHAYyuMpyroT pocT 1 AudpepeHUnaLmno Hespe-
NbIX KOCTHOMO3TOBbIX KNETOK B pa3Hble TWUMbl KNETOK MWUEeNoUAHOro
psga (nocnegHUin K TomMy e YCKOpSieT MpoLecc co3peBaHUs npep-
LLIECTBEHHWKOB TPaHy/o0LMTOB M MOHOHYK/eapHbIX Makpodaros).
M KC® BbI3bIBaeT AuhhepeHumaLMio reMonoaTMYeCKUX KNeTok-npes-
LLIECTBEHHNKOB B MOHOHYKneapHble tharountbl, I KC® —B HeliTpo-
utbl, a IL-7 —B B-numouuTsl.

LMTOKMHBI NnpupogHOro umMyHuteta. B rpyn-
My LUMTOKMHOB MPUPOAHOT0 MMMYHUTETA BXOAAT MHTEPEPOH | TINa,
(hakTop Hekpo3sa onyxosnei, IL-1, IL-§ 1 ceMencTBO HU3KOMONEKYNApP-
HbIX LUMTOKWMHOB BocnaneHmsa IL-§ .

Pa3nnualoT fBe ceposiormyeckue rpynnbl uHTepgepoHa (MH®)
I Tuna (aHrn, interfere —npenatcTeoBatb) —a U @ a-MIH® —a3T0 ce-
MeincTBO 20 rNKONPOTENIOB C MOMEKYIAPHOK Maccoi okono 18 ki,
P-MH® —rnnkonpoTens ¢ MonekynsipHo maccoli 20 k. OTnnyasich
Nno CTPYKTYpe, OHN 06/1a4at0T OANHAKOBbLIM MeXaHW3MOM LelCTBUA.
B Hopme a-MH® npoayuupyeTcs MOHOHYKNeapHbIMU (haroumtamu, a
P-H® —punbpobnactamn. 3almtHoe aerictene MH® | Tnna ceoguT-
ca K nHrnébuposanuio pennvkaumm PHK nan AHK nog Bo3geinctanem
O/IMroafeHUNaTCUHTETA3bl, KOTOPYHO MPOAYLMPYIOT MHTEpepoHCcoep-
Xawme Knetkn. MH® | Tuna ycunmeaeT AeiCTBME HOPMa/IbHbIX KUJie-
pOB, UHAYLMPYeT aKcnpeccuto aHTureHoB MHC knacca | u, Haobopor,
nojasnset POPMUPOBAHME TEX e aHTUreHoB Knacca |l.

dakTop Hekposa onyxonei (PHO) —pa3pyLatoLmii onyxonu. bbi-
CTpee BCEro NpoAyLupyeTcsa Mnof BMSHUEM IMMONONMcaxapuios rpam-
oTpuuatensHbix baktepuii. PHO o6nagaeT cBOCTBaMM NUpOreHa U
nofobHo IL-1 MnoBbILWAET TeEMMNepaTypy Tena, CTUMYNPYET CEKPEeLnto
IL-1 n IL-§ moHOuMTaMW 1 3HAOTENNASIbHBIMU KIETKaMMU.

IL-6 1 CemMelNCTBO HU3KOMOJEKY/ISPHbIX LIUTOKMHOB BOCMa/ieHnA-
nonunenTuapl; monekynspHasa macca IL-§ 8..10kA4d, a IL§ go 26 k/.
CeKpeTmpytoTcs Mpy BO3AEACTBUM NUHMEKLMOHHbIX areHTOB r/1aBHbIM
06pa3oM aKTVMBMPOBAHHbLIMW MOHOHYK/IeapHbIMU harouyuTamu, (Quo-
pobnactaMu 1 3HLOTENUANbHBIMU K/IETKaMU, pexxe — T-KneTKamu.
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[L- | —Hecneunguyecknii meamaTop BOCNAIMTENbHOW peakuuun.
Ivi'o BbIpaboTKa 3amyckaeTcd MpofyKTamu pacnafa 6akTepuaibHbIX
KNeTOK ¥ (hakTOpoM Hekpo3sa onyxonei. IL-1 cTtumynupyet npo-
Lecc nponudepaunn T-KNeToK, pocT n auddepeHunaynio B-kne-
IOK. B 60nblIMX KOnMyecTBax 06/1a4aeT MMPOreHHbIMU CBOMCTBaMM,
WHAYLUUPYET CUHTE3 6ENKOB OCTPON (hasbl BOCMANEHNSI.

1L-6 npoayuwmpyeTcs Bened 3a cekpeumeit IL-1 v hakTopa Hekpo-
3a onyxosiel. B ero cuHTe3e Kak MOCPeAHVKN YYacTBYHOT aKTUBUPO-
BaHHble T-UMAOUMTLI. IL-" NHAYUMPYET BbIpaboTKy GU6pMHOreHa,
C-peakTuBHOro 6efka 1 apyrux 6enKoB oCTpo (pasbl BoCManeHus, aB-
NAeTCs aKTMBATOPOM pocTa W anddepeHumatmmn B-KneTok, CTUmyns-
TOpOM T-KNeTok.

IL-§ , MM HU3KOMONEKYNSIPHbIE LUTOKMUHbLI BOCNaNeHus, NpoayLm-
PYOTCS NOA BO3LEACTBMEM GaKTepuasbHbIX 3HLOTOKCUHOB U LUTOKM-
HOB, rNaBHbIM 00pa3oM (hakTopa Hekposa onyxonei n IL-1. AKTUBK-
YYIOT HEMTPOUALI, B MEHbLLEN CTENEHW ApYrue rpaHyounTbl, Bbi3bl-
BalOT MX XEMOTAKCUC B o4Yare BOCMaseHus.

4.3. ®AKTOPbl ECTECTBEHHOW PE3VWCTEHTHOCTU

BblgenstoT cregytowne (hakTopbl €CTECTBEHHOW Pe3nMCTeHTHOC-
™ (puc. 4.9).

DAKTOPbI
Camoperynauum
BuogramarHeTnsm
TKaHeBble Kak MOAyNsATop
MymooasibHble MMMYyHUTETA
JIpcaKTMBHOCTb HopmanbHas
KNeToK / MUKpodiopa
HopmasibHble / \ Lpyrue
Kunnepsbl
VIMMyHoNornyec- KomnnemeHT \  MuKpobouuiHble
Kvie 6apbepbl n BeLLlecTBa
Y \ 4 WHTeptepoH
CoctaB \ X ~ n a
Craaun ,
daroumTbl tharouuTosa AkTmBaTopbl \ \%
Koxa Jlnmdpoysnbl MyTtun pyHKUUY,
aKTMBauuM  CBOWCTBA
Cnusnctble
060/104KN 3aBepLUeHHOoro He3aBepLueHHOro

Puc. 4.9. MexaHU3Mbl eCTECTBEHHO PE3NCTEHTHOCTU
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eCTeCTBeHHble 6apbepbl —KOXa, C/M3NCTbIE 060/104KK, MepBble BCTY-
NatT B KOHTAKT C BO30YAUTENEM UH(EKLMIA;

cucTema (parouMToB, BKAKOUaKOLLAS HEATPO(UIbI U Makpodaru;

cucTemMa KoMmMiaemeHTa (COBOKYMHOCTb CbIBOPOTOYHLIX 6€fIKOB),
TECHO B3aMMOZENCTBYIOLYMX C (harouutamu;

NHTEP(EPOHBI;

pas/fMyHble BellecTBa, Yalle Bcero 6e/IKOBON MpuUpoabl, y4acTByo-
Wne B peakumsax BocnaseHuns, GubpuHONN3a 1 CBEPTbIBAHUA KPOBW.
HekoTopble 13 HUX (nu3ouum) o6nagatoT NpsMbIM G6aKTepULMAHBIM
[lencTBnem;

CUCTEMY ECTECTBEHHbIX (HOPMasbHbIX) KWU/MepoB, He 06najaroLwmnx
aHTUreHHOM cneunpuyHocTbio (T- n K-kunnepsbl).

4.3.1. ECTECTBEHHbIE BAPLEPbI

naBHas posnb B 06ecneyeHUn 6GapbepHON (YHKUWUM OTBOAMUTCA
KOXe, KoTopast, 6yLyun HENOBPEXAEHHON, HenpoHuuaema ans 60nb-
WMHCTBA UHMEKLMNOHHbIX areHToB. CnocoBHOCTb KOXMW K [eckBama-
UMM KNeToK obecrneynBaeT MexaHU4YecKoe yfaneHve areHta. Bospgeii-
CTBME MOJIOYHOM KMUCNOTbI U XMUPHBIX KUCNOT, COAEpXXalymnxca B note v
CeKpeTax CalbHbIX Xene3 n 00yCnoBIMBAOLWMX HU3KOE 3HaYeHne pH,
OKas3blBaeTCcA ryouTtenbHbIM A1 60/bLMHCTBA GakTepuin. Vckntoye-
Hue cocTasnseT Staphylococcus aureus, 4acTo MHMUMPYOLWMWIA BOMO-
CAHble ONIINKYNbI U XKesesbl.

CekpeT, BbLUENAEeMbI MyKOLENHONAPHBIM annapaTtoM OpOHXOB,
Xenyaka, KMWweyHuKa v Apyrnx BHYTPEHHUX OpraHoB, AeMCTBYET Kak
3alMTHbIA Gapbep: NPensTCTBYeT NPUKPENEHNIO GaKTEPUA K anuTe-
NNaNbHBIM K/IETKAM U MeXaHW4ecKn yaanseT MX 3a CYeT ABWXKeHUS
PECHUYEK INUTENNS (Mpu Kallse, YnxaHum).

BbIMblBatoLLee feincTBme cnes, CMIOHbI, MOYM CMOCOBGCTBYET 3aluTe
ANUTENUA OT NOBPEXAEHWUI, BbI3BaHHbIX B pe3y/bTaTe LesTeNbHOCTM
MaToreHHbIX areHToB. Bo MHOrMX 61ONOrMyYecKnX XuKocTsax, cekpe-
TUPYEMbIX OPraHU3MOM, COZEepXKaTca BellecTBa, obnafarolive GakTe-
PULUUAHLIMY CBOWCTBaMW (HanpuvMep, CONMAHAas KWCoTa B XKenyaou-
HOM COKe; CMepMUH U LMHK B Crepme; M30UMM B Cfie3ax, HOCOBbIX
BbLUENIEHNSX U C/IOHE; NaKTOMNepoKCKnasa B MOJOKE).

bnarofaps MMKPOOHOMY aHTaroHu3Mmy, CBI3aHHOMY C NPUCYTCTBU-
eM HopMasnbHOM 6aKTepuanbHOM (opbl, YrHETAEeTCA POCT paja NOTeH-
LManbHO MaTOreHHbIX 6aKTepuin U rpuboB BCNEeACTBME KOHKYPEHLUM
3a HEeOOX0[MMble NUTaTE/IbHble BELLECTBA UK BbIPabOTKM HEKOTOPbIX
BewlecTB (KMcnoThl). Hanpumep, natoreHHas ¢iopa Bnaraivwia yrHe-
TaeTcs MOJIOYHOW KWUCMOTOW, KOTOpas BblpabaTbiBaeTCA O4HVM W3 BU-
[0B 6aKTepnii —KOMMEHCasI0B, MeTaboNU3NPYIOLWMX FNIMKOreH, CeK-
peTUpyemblii KNneTkamu anuTenns Bnaraimwa. 3awuTHOW ABASeTCA U
(OMNbTPALMOHHAA (DYHKLMA NMM(ATUYECKNX Y3/I0B.
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Ecnu »e MUKPOOpPraHM3Mbl BCE Ke MPeofoNeBaloT 3TN eCTEeCTBEH-
Hble 6apbepbl MakpoOpraHnu3ma, To B jeCTBMe BCTYNatoT ChnegytoLme
[iBa crocoba 3awuTbl: paspyLleHne nx pepmMeHTaMm 1Mo «noefaHues
KneTKamu —garoymnTos.

4.3.2. CUCTEMA ®ATrounTOB

. . MeyHnKOB onpegenu, 4to ee NPeAcTaBNAOT ABa TMMa Ke-
TOK: MUKpodarn (nonnMopgHosAepHble HEUTPODUIIbI) U Makpodaru,
TpaHChopMUpyoLLMeCs U3 MOHOLMTOB, KOTOPbIE 3aepXXMBAOTCA B
TKaHAX. OHM 06pasyoT CUCTEMY MOHOHYKJ/IeapHbIX (aroLuTos.

Bcem harouytam npucyLiy cnegyrowime QyHKUUN: MATPaLma n xe-
MOTaKCuC; aaresuns u (arounTos; LMTOTOKCUYHOCTb; CEKPeLus rmapo-
nas n Apyrmx 6Monornyeckn aKTUBHbIX BELLECTB.

3alUMTHYIO0 (PYHKLMIO KNIETOK, CMOCOBHbIX NOrnowarb 1 nepesapu-
BaTb MUKPOGLI, BrepBble nokaszan M. . Me4yHUKOB 1 Ha3Ban 3To AB-
NeHue (aroumTo30M.

PasnnuatoT (haroumTo3 3aBepLLUEHHbIA U He3aBEPLUEHHbI. Parouu-
TapHasa peakuus oCyLLeCcTB/ISETCA MNO3TarnHo. 3aBepLUeHHbIN (harouyTos,
3aKaHYMBAKOLLMIACA MOMHBIM pa3pyLLUeHVEM MUKPOOPraHu3ma, BKIItO-
YaeT yeTbipe cTagum (puc. 4.10):

]él_lOfIO)KVITefIbeIVI Takcuc, Uam npubavxeHue garouuta K Mu-
Kpoby;

M. Agresvs, v npuavnadune arounta K MUKpooby;

I11. BnaunBaHme Hapy>KHOM MeMbpaHbl (haroumTa ¢ Nocneayrowmm
06pasoBaHVeM (harocoMbl 1 ee CANSHME C TM30COMOIA;

IV. NHakTuBaums ” paspyLleHne MUMKpPo60B B (haronms3ocome,
nposBnsoLWnecs HabyxaHuem, parmeHTalumein v NU3MCOM € Mnon-
HOW Aerpafauuein 10 aMUHOKUCNOT U HU3KOMOMEKYIAPHbIX COeAMHe-
HWIA. ECM MUKPOOHbIE aHTWUIeHbl PaspyLLatoTca YaCTUYHO, BCes 3a
(harouMTO30M HAUMHAETCA aHTUTEI000Pa30BaHNE.

| cTagma cTaana
Ar (MMKpoo”
darounT GarounT W
XeMoTaKcuc ~Apresus
/11 cTaguna éra,qm
Bnaunsanne daronusocoma NpoTeonus
MeM6paHbl

Puc. 4.10. CTagnn 3aBepLUEHHOro (arowyrrosa
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HekoTopble BUAbl MUKPOOPraHW3MOB U OCOBEHHO MOr/OLWEHHbIE
BUPYCbI NPOABASAIT 60/bLUYI YCTONYMBOCTb K IM30COMasIbHbIM aHTU-
MWKPOOHBIM BELLIECTBAM W/N [aXe PasMHOXKaKTCs BHYTPY (haroumTa.
TakoW He3aBepLUeHHbIN BUA (haroumTo3a Yale HabnogaeTcs B HEMTpo-
%)vmax N 3aKaHuMBaeTCA UX rMbesbio nu GaroynTMpoBaHHble MUKPO-

bl BbITA/IKNBAKOTCA U3 HUX. HepeaKo rpaHynoumTbl C pa3MHOXMBLLN-
MUCS B HUX BAKTEPUAMW CTAHOBATCA 0OBLEKTOM (ParounTosa Ans mak-
potharos. CnefyeT NOAYEPKHYTb, YTO B OT/INYME OT HEUTPO(MUIOB, KO-
TOpble MOr/OWAt0T 1 NepeBapuBaldT B OCHOBHOM UCTUHHbIX 6aKTepuid,
MaKpogaru (haroynTpytoT CNMUPOXETbI, aKTUHOMULETbI, FPMbbI, NPo-
CTenrnue, BMPYCbl, aTpogupytowmecs, oOMepTBEBLLUME MW 3/10KaYecT-
BEHHble NepepoXKaeHHbIe KNETKMN.

HelnTtpodwunb (nonuMmopdHosLepHble NERKouUTbl) — KO-
POTKOXMBYLLME KNETKMW, CMOCOBHbIE K XeMOTaKcucy u (aroyuntosy.
B HeTpohmnax pasnnyatoT Tpy Tuna rpaHyn:

nepBUYHbIe, a3ypodubHbIe, COAePXaT Habop PasHOOOPa3HbIX MMAPo-
na3—A,D,E katencuHbl, 5-HykneoTuaasy, beTa-ranakro3ugasy, apwi-
cynbhartasy, 6eTa-r/IlOKypoHuaasy, anacrtasy, KosnareHasy, KaTMOHHbIe
6esikn, MyenonepoKcuaasy, M3oLnm, KICTble MyKomonncaxapuabl;

BTOPMYHbIE «CMEeLnpUUecKkme» rpaHy/bl COAepXaT nakTogep-
PVH, NN30UMM, WeNoyHyto ocgaTasy, 6e10K, CBA3bIBAOLLUNIA BU-
TamMuH Bl!;

TPETUYHbIE rPaHy/bl MOXOXMN Ha 06blYHblE /IM30COMbI U COAepXaT
KUC/ble rnaponasbl.

Taknm 06pa3oM, rpaHy/bl HEMTPOPUIOB cogepkaT Habop PepmeH-
TOB, OCTATOYHbIV AN ferpafauuy BCex UM MHOTMX IMNUA0B, NOJN-
caxapugoB 1 6eNKOB YyBCTBUTE/IbHbIX GAKTEPUIA, YTO MPUBOAUT K UX
3Ha4YUTE/IbHOMY MOBPEXAEHWNIO B CHUTAHHbIE Yacbl.

MOHOUMWTBHI M MakKpo@aru OTIM4arTCA BbICOKOWA (a-
roUNTapHON aKTUBHOCTbIO. POAYKTbI TUX KIETOK —MOHOKUHbI —
[OEeNCTBYIOT Ha MHOTMe KNeTKU ApyruxX TUnoB. MOHOUUTbI MOryT
y4yacTBOBaTb Kak B BOCMa/IMTENbHbIX, TaK U MPOTUBOBOCNINTENIbHbIX
npoueccax: cnoco6CcTBOBaTb CO3PEBaHNIO NPEALIECTBEHHUKOB NENKO-
LIUTOB, BIMATb HA CUCTEMY KOMIJIEMEHTA, CBEPTbIBAHUE KPOBU, 0OMEH
KWHWHOB, CNYXXWUTb OCHOBHbLIM UCTOYHUKOM MeTabo/IMTOB apaxmaoHo-
BOW KMCNOTbI, @ TaKXKe 0Ka3blBaTb TOKCUYECKOe AelCTBME Ha OrMyXoJsie-
Bble K/IETKM U MUKPOOPraHM3Mmbl.

Makpocary urparoT BaXKHYH poib B POPMUPOBAHUM YCTONYM-
BOCTW OpraHu3ma K uHekumum. OHK 06natatoT (aroLmnTapHOM aKTuB-
HOCTbH, 3HAUUTENbHON MNOABMXHOCTHH U CMOCOOHOCTbIO 06Pa30BbI-
BaTb TOKCMYECKME MeTabonnTbl KUCNOPOLa, a Takke Habopom MoLL-
HbIX TUAPONUTUYECKUX (DEPMEHTOB. B OT/MuMe OT HeiATpoduios y
Makpodaros 3amefsieHHas, HO 60nee MPOAO/HKUTENbHAA peakuus Ha
BHELWHMe CTUMYSbl. OHM CMOCOBHbI MCNONbL30BaTb (aronM30CoOMbI
MOBTOPHO, CEKPETVMPOBaTb HENN30COMaslbHble Gefiku. Y HUX Bbllle
CMOCOBGHOCTb K NMUHOLMTO3Y. Makpodgarn ObICTpee PeKOHCTPYMPYHOT
nnasmaTuyeckyto MembpaHy, HO XxapakTep WX GaKTepuLMAHOro Aeii-
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| [[[l/H BO MHOTOM CXOZEH C TakOBbIM Yy HeWTPO(UIOB: BK/IOYaeT
nurepHann3aumio MMKpPOOpPraHu3mMoB, CiMsHME (harocom C /in30co-
Mamy M aKTMBaLMIO MeTabo/MTOB KUC/IOPOAa MPU YHUUTOXEHUU
M/KpoopraHn3mos.

Mexzy MoHouMTaMn 1 MakpodaramMmm 06HapY>KeHO MHOro pasnu-
UMi: NPEeX/e BCEro 3TW K/ETKN OT/IMYAKOTCA MO (PepMEeHTATUBHON ak-
[ MBHOCTU 1 CNOCOGHOCTM K (haroumTosy. Mpu andoepeHLnpoBke Mo-
HOLMTOB B Makpodaru y HuX ncyesarot a3ypou/ibHble rpaHy’ibl, B pe-
|ynbTare 6051ee 3aMeTHbIMU CTaHOBATCA IM30COMbI, CofepXaliue rua-
ponuTuyeckue hepmeHTbl. VoBEpXHOCTb MaKpodaroB 06onee cknaj-
Malas ¥ Ha Heli 60/blLE pPeLenTopoB AN 1g 1 KOMMNIeMeHTa.

Makpodparn (1, B MeHbLUel CTerneHWn, HeaKTVBMPOBAaHHbIE MOHO-
UMTbI) NPOAYLMPYIOT pasHoobpasHble COeAMHEHUSA: KOMMOHEHTbI
KOMMMIEMEHTa, nponepanH, taktopbl B u D. enaTounTbl Npoun3-
BOAAT MHOrMe 13 3TUX 6efiKoB B 3HAUYUTENIbHO 6ONbLINX KONnYe-
ruax, ofjHako makpoaru obecrneymBarOT NOKa/IbHbIA CUHTE3 Gen-
KOB KOMI/IEMEHTa B 3KcCyaaTax.

Makpodarn npofyumpyroT pacTBOPUMble 6ENKN — MOHOKWHbI.
K HUM OTHOCATCA: MHTEpNenKnH-1 éIL-l), NeiKouMTapHbIA Nupo-
H-M; (haKTOp, aKTUBMpPYIOLWNIA (hrbpobnacTel U Npoandepawnto rnaa-
KOMBbILLIEYHbIX KNETOK, MHTEPMEPOH; (DaKTOPbl, CTUMY/IMPYIOLLME NPO-
[IM(])epauma KNeToK Kanunnsapos; akTopbl, BAUAKOLIME HA 06pa3o-
BaHWe KOJIOHWI rpaHynouMTOoB, 3pUTPOLMTOB, Makpodgaros, Mera-
KapuoumToB; (hakTop pocTa T-KMeToK; (hakTop Am£¢epeHumpOBKM
W knetok; 6enku, yoraroLme onyxonesble KeTKKW; 6eokK, cynpeccu-
pytowmin T- n B-Knetku.

Makpodarn npogyumpyroT 60/bLLIOE KOMMYECTBO OMOIOTMYECKN
aKTMBHbIX BeLLECTB ( ABE: npocTtarnaHanHbl (PGE2), TPOMOOKCaH 2,
MCiAKoTpreHbl B 1 C, npuyem B 3HAUMTE/IbHO GONbLLUNX KONMYECTBaX,
yeM HeWTpodubl. Muenonepokcmaasa HeTPOhUIOB M Makpogaros
()()eKTUBHO YHNUTOXaET MUKPOOPraHU3Mbl, MOXET UrpaTb CyLLecT-
BEHHYIO PO/ib B YHUUTOXXEHUW areHTOB, BbI3bIBAOLLMX XPOHUYECKME
I panynemaTosHble UHPeKLUN.

Mepokcmupgasa B HEUTPOMUIbHLIX NeiiKoLuTax Gblla Brep-
BLIC o6Hapy>keHa B 1941 r. K. ArHepom. 10CKO/IbKY NO CBOWM CBOW-
| | BaM 3Ta nepokcmiasa HECKONbLKO OT/IMYaNach OT OCTa/lbHbIX XKUBOT-
HbIX NepoKCcKAa3 M HaifieHa Noka TObKO B HEMTpoduax, MoHoLmMTax
1 Makpodarax, oHa Broc/eACTBUN MOSy4nna Ha3BaHe «MUeNonepoK-
IHgaza» (MIO). MeTogom renb-unbTpaumumu onpefeneHa Moneky-
MApHas Macca Muenonepokcugasbl: y cobakm — 149000 (K. ArHep,
1958). MNMO —3T0 BaXKHbI KOMMOHEHT BHYTPUNENKOLMTAPHOW MUK-
PO6OLMAHOM CUCTEMbI HEATPOMU/IbHBIX FPaHYNoOLMTOB. ITO Xeneso-
cofiepXalinii 6enoK, N303MEKTPUYECcKas TOUYKa KOTOPOro HaxoamTcs
B 06!1aCTI/I6pH 10,0. Cnoco6bHocTb MIMO 0oKUcnAaTb NEPOKCUAOM BO-
nopoga cyocTparbl pasnIMYHOM XMMUYECKOW NPUPOAbI U NPOAYLMpPO-
B.T, aNbJeruabl, X10paMUHbI, CUHINIETHBIVA KUCNI0POS, CBOOOAHbIE pa-
VHKaNbl U pyrue BbICOKOAKTUBHbIE aHTVMUKPOOHbIE areHTbl ABMAeTCH
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OG1OXMMUYECKOI OCHOBOW MMMYHMWTETA, F1aBHasi Posib B KOTOPOM Mpu-
Haa/IeXXUT HETPOMIbHBIM NeKoLMTaM.

Ewe B 1931 r. 66110 f0Ka3aHO, YTO MepoKcuaasa u Nepokcug Bo-
opoja 3HaYMTe/IbHO YCUNMBAIOT aHTUMUKPOOHYKO aKTUBHOCTb psafa
€HOJI0B MOCPeSCTBOM MNepeBoAa MX B COOTBETCTBYHOLLME XUHOHbI.

B ganbHeiwem BbIACHUAW, YTO MUenonepokcuiasa B NpucyTCTBUK
nepokcuia BOLOPOLA W OKMC/SEMOro KodakTopa [eiCTBYeT NpoTuB
pa3IMYHbIX MUKPOOPraHW3MOoB U UX TOKCMHOB. [loKa3aHo, YTO MUeno-
nepokcujasa, NepokKcuz BoAOpPoLa Y OKUCNAEMbIA KO(aKTop COCTaBs-
NAT aHTUMUKPOBHYIO cUCTeMy B fieikounTax. B cucteme mueno-
nepokcuaasa —nepokcus Bogopoga —ranoreH (Kpome ¢ptopa) WMOHBI
raJioreHoB B3aNMO3aMeHSAEMbI.

CucTema MNO —HI O —iioana. M3 Bcex rasoreHoB 1og cuuta-
eTcAd Hambonee 3PMeKTUBHLIM KO(PAKTOPOM MpPU OCYLLECTB/IEHUM
MWEIoNepoKCUAa3HOW CUCTEMHON aHTUMUKPOOHOW (yHKuuK. [ns
9KBUBA/IEHTHOIO aHTMbaKTepuanbHOro athdekra Tpebyetca nnn ofHa
yacTb noamaa, nnn 15 yacten 6pommaa, unm 200 vactein xnopuaa. AH-
TUMUKPOOHBLIM AelicTBMEM 006/1a4aeT He TOMbKO Bca cuctema MIMO —
H!O! —ranoreH B LIeNOM, HO W HEKOTOpPble €8 KOMMOHEHTbl. ArHep
1947) nepBbIM YyCTaHOBWJI, YTO 3Ta cucTemMa WOAUHUPYET MOJEKY/IbI

aKTepuanbHbIX 1408 Npu ux obessapaxmsaHun. KnebaHos (1967) no-
Kasan, 4T0 aHTUMMKpo6bHas cuctema MIMO —H!O! —itoans obyc-
NoBNeHa MoAuHauMer MUKPOOPraHn3moB. Bbuta foKaszaHa 3aBuCU-
MOCTb (puKcauuu iogmga paroumtamu, Nornowarymm baktepum,
OT COAepXaHWs B HUX Muenonepokcuaasbl. MOHOUWUTBI CNOCO6HbI
(hMKCUpoBaTh MOANA, HO HEWTPOWUIIbI, TAe COAEPXUTCH HanbosbLLee
KO/INYEeCTBO MWeNionepoKcuaasbl, Hanbonee aMeKTUBHO (DUKCUPYIOT
oama. Mpun BbICOKMX GaKTepuasibHbIX Harpy3Kax akTMBHOCTb HEMTPO-
(hMN10B BbILLE, YeM Y MOHOUMTOB. NonHas aHTnbakTepuanibHas PyHK-
umsa cuctembl MIMNO —HIO! —ioanz COOTBETCTBYET aHTUBUPYC-
HOM 1 aHTUTPUGHOMA.

Cuctema MMO —H!0! —xnopug. O NnepeoKuUcINTeIbHOM OKMUC-
NneHuUn xnopuga snepsble coobwmn ArHep (1941). B HacTosee Bpems
[loKazaHa aKTMBHOCTb cuctembl MIMNO —H? 0! —xnopug npotums bakTe-
puyiA, MMKOM/a3 U BUPYCOB. AHTUMMUKPOOHAs aKTUBHOCTb 3TOW CUCTEMbI
OCYLLIECTB/AETCA 38 CHET NepeoKUCINTENbHOI0 Ae3aMUHUPOBaHNA U [e-
KapbOKCMIMPOBaHNA MUKpoopraHnaMoB. MIMO Katanusnpyet o6paso-
BaHMe HOC1 n3 Cl n H1Ol. HOC1 pearupyeT ¢ aMMHOKUCIOTaMu € 06-
pa3oBaHMEM X/10pPaMMHOB. X/0pamMuHbl HeCTabunbHbl U pacnajatoTcs
Ha NH3, CO?, Clu cooTBeTCcTBYIOLWME a/bAErapbl.

CylLecTByeT ornpefefieHHas B3aMMOCBSA3b W B3aVIMOAENCTBME BCeX
CUCTEM, BbINOMHAKOLWNX PYHKUUN BOPLObI C YyXXePOAHBIMU areHTaMu.
Tak, npofyKTtbl gerpagaunn IgG CTUMYIMPYOT YBENMYEHUE YPOBHSA
akTMBHOCT MIMO. Arperatbl UMMYHOT106Y/IMHOB, 06pasytoLyuecs npu
UX OKUC/TIMTENbHOW AeCTPYKLUMUW, CTUMYNINPYIOT AblXaTe/lbHbIM B3PbIB U
CEKPETOPHYIO fierpaHynALMI0 HeiTpo(nnoB ¢ BblaeneHrem MIO. Ar-
peratbl OKa3blBalOT U MPAMOe BO3AENCTBME HA HEAUTPOPUAbI, a TaKxe
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aKTVBMPYIOT CUCTEMY KOMMieMeHTa. locnefHee onpegenset obpaso-
BaHWe CTUMYNATOPOB AerpaHynAaUnum 3TUX KIETOK.

Ha ocHoBaHMM AaHHbIX 0 cNoCo6HOCTU MITO BbI3bIBaTb CEKPELIMIO
COZEPXXUMOTr0 TPOMOOLMTOB BbICKAa3bIBAETCA MPEAMOIOXeHMe 00 yyac-
™M MIMO B npoueccax MeXKNeTOYHON KOMMYHUKaumun. CnefyeT oT-
MCTWUTb, UTO MepoKcKuaasa C/AHbl 06/1a8aeT CNOCOOHOCTLIO CTUMY/IN-
pOBaTb MUTOTEHHYHO aKTUBHOCTb IMM(OLMTOB.

MTIO wurpaet ponb B perynaunm abixatenibHoro s3pbiea. OguMH n3
NPOAYKTOB MWENOonepoKcuiasHoin peakuuu Topmosnt HAL-H-ok-
cupasy, OTBETCTBEHHYHO 3a"'06pa3oBaHMe CYMNepOKCUAHOr0 pajuka-
na. Takol BbIBOL CAeflaH Ha OCHOBaHWW COMOCTaB/IEHWUs CKOPOCTU
reHepaymn OJ n O] Ha npenaparax HEMTPOPUIOB YeN0BEKA, UHKY-
()pyemMbix B MPUCYTCTBAUW W B OTCYTCTBME aHTUMWENIONEPOKCU-
[Aa3HbIX aHTUTEN.

MO HeATPOPMNOB MOXET CAYXKUTb (PAaKTOPOM YCUNEHUS aHTK-
MWKPOBGHOro noTeHLMana MOHOHYKNeapHbIX (arouuMToB K/IETKM
BTOPOIA 04epesun NMpu BOCNanuTeNbHOM MpoLecce, a Takke U (hakTo-
POM MOTEHLUMPOBAHUA NPOTEONn3a [LEeCTPYKTUBHbLIX MPOLECCOB B
[KaHaX. Tak, OHa WHAKTUBUPYET MHIMOWUTOP CEpMHOBbLIX MPOTEn-
Ha3 —a-1-aHTUTPUNCcUH n SH-npoTenHas nyTem TUongMcynbpua-
MOTO OOMeHa M B TO XXe Bpemsi 00/MagaeT CnOCOOHOCTbIO aKTUBU-
TpoBaTb NlaTeHTHble (DOPMbl MeTas/IoNpPoTeEMHAa3 HeATpohnUIoB —
KONnareHasbl 1 XenaTuHasbl.

Habop npoTeonuTUYecknx (PepmMeHTOB MakKpoMaroB MOX0X Ha
COOTBETCTBYIOLMI HAbOpP HENTPOMUIOB, HO aKTMBHOCTb MpOTeas B
HUX CYLLECTBEHHO Bbilwe. OfHUM U3 PepMEeHTOB, XapaKTepHbIX A/1A
Makpogaros, AB/AETCA aHTMOTEH3VHKOHBEPTA3a, KaTaiusupyrowas
npespaLleHrie aHrMoTeH3nHa-1 B aHrMoTeH3nH-N, peakuuio NHaKTU-
BaLUumn 6pafMKNHUHA.

Ha makpodarax umeroTcs peLenTopbl PUOpMHa 1 NPOAYKTOB Aerpa-
Jaunm uopuHa, croco6CTByOLIME 60Mee TECHOMY B3aMMOAENCTBUIO
K/IETOK C NMPOoAyKTaMu CBepTbIBaHWA. Makpodary npoayLupyroT 3ameT-
HOe KONMYEeCTBO PUOPOHEKTMHA, YUACTBYIOLLErO B KNETOYHOMN afiresunu,
|)acnnacTbiBaHNM ¥ ABVXEHWUWN KIETOK, a TakXKe COZepXar LieHTPbI CBS-
BMBaHWA KOJifareHa u KneTok, 06/1afarolyx 3HauuTelbHOM XeMOoTaKCeH-
YECKOM aKTMBHOCTbIO 411 (hM6p06,1acTOB, YTO UFPAET BAXKHYHO PO/Ib MPK
BOCCTaHOB/IEHUM MOBPEXAEHHbBIX TKaHEIA.

4.3.3. CUCTEMA KOMIJIEMEHTA, NPOMNEPAVH

KomnnemeHTOM Ha3blBaloT GOMbLLYH Fpynny B3auMOAEVCTBYHOLLMX
MeXay co6oii 6enKOB U IMKONPOTEMHOB KPOBW, MMEKOLLMXCA Y BCEX
MO3BOHOYHBIX. JTW 6eNKn yyacTBYIOT B BOCMa/IUTENbHbIX MPoLEeccax,
OMCOUM3MPYIOT YYXKEPOLHbIE MaTepuasibl AN WX NOcneaytoLLero aro-
LTO3a W OMOCPeAyHT HEernoCPefCTBEHHOE YHWUTOXEHWE KNEeTOK U
MWUKPOOPraHU3MOB.



KoMnneMeHT —ogHa M3 BaXXHEMLWMNX MONUPYHKLMOHaNbHbIX CU-
cTem opraHmsma. C 0fjHOl CTOPOHbI, er0 MOXHO PacLeHUTb Kak MpuH-
LunuanbHbiii 3hPeKTOp aHTUTENO3aBUCUMbIX pPeakLunii, a ¢ Apyron —
KOMM/IEMEHT BbICTyMnaeT_KakK OCHOBHas CUCTeMa —aMnangpukaTop
BOCNA/IMTENbHbIX PeaKLuii.

depmMeHTaTUBHAsA CUCTEMA KOMIIEMEHTA COCTOMUT MO MeHbLUel Mepe
13 [] BULOB 6€1KOB —MPO3H3UMOB M/1a3mMbl KPOBU, MPUCYTCTBYHOLLMX B
pasfIMYHbIX KOHLEHTPaUMsX B HOPMa/bHOW nnasme. Benku cucTemsl
KOMM/IEMeHTa COCTaBAT 0K0/0 || % rnobynMHOBOM (hpakummn CbiBO-
POTKM KpoBW. CUCTeMa KOMMieMeHTa BKIHOYaeT 9 KOMMOHEHTOB K/ac-
CUYECKOro nyTn akTneauum n 3 —mAonoSHUTE/IbHbIX, aflbTEPHATUBHOIO
nytn. o gaHHbIM paboTbl Y. Mepbepta (1974), BCe YeTbipe OCHOBHbIX
KOMMOHEHTa KOMM/IEMEHTa UMEIKOTCA B CbIBOPOTKE KPOBW, HO HE Y KaX-
[l0ro BUAa XuBOTHbIX. Tak, y cobak 1 Kowlek HeT C2 KOMNOHEHTa, U3-3a
4ero UX KOMMAEMEHT He ABMSETCSH IMTUYECKUM.

OOLLEeNpUHATBIA B3rNAL Ha KOMMIEMEHT Kak Kackaf MOJSieKynsp-
HbIX peakuuii 6asmpyeTcst Ha LOCTATOYHO ryOOKOM M3Y4YeHUWU mexa-
HW3MOB €ero geicTaus. MNpouecc akTMBaLMN KOMMIemMeHTa OCHOBaH Ha
MPUHLMNE OrpaHNYeHHOro NPOTeosin3a. B HeCKOMbKO nocnefoBaTe/lb-
HbIX CTaguii NPOUCXOANT aKTUBaUMS MPeLLIeCTBEHHNKA, UK 3UMOre-
Ha, B NpoTeasy, KOTopas paclyennseT cybcTpat —6enoK niasmbl. Mpu
3TOM BbICBOOOX/AETCS aKTUBMPYIOLLUI NENTU,; reHepupyeTcs HoBast
NN U3MEHSETCH CMeuMpUUYHOCTb Y)XKe aKTMBMPOBAHHOW MpoTeasbl.
JTOT BHOBb 06pa30BaHHbIi MPOTEONUTUYECKMIA (DEPMEHT, B CBOIO OYe-
pedb, pacuiennseT elle oAuH Genok Nnasmbl, AaBas Hadano cnegyto-
e NPoTeoNNTUYECKON aKTUBHOCTH, U T. 4. [ns npouecca NpoTeonu-
3a CBOWCTBEHHO /1TaBMHO06OPA3HOE YCUNEHNWE, KOTja OfiHa MO/IEKy/a akK-
TUBMPOBAHHOI0 (hpepMeHTa BO3ZAENCTBYET Ha 60/bLLIOE YMCNO MOJIEKY
cybcTpata, YTo 1 0becneymBaeT caMoaKTMBaLMIO NpoLecca ¢ MOMeHTa
MOCTYM/IEHNA NEPBUYHONO curHana. OCHOBHbIe 6UONOTNYeCKMe PYHK-
L1 KOMMN/IEMEHTA NPUCYLLM €r0 CYGKOMMOHEHTAM.

OfiHOl 13 Hambosnee N3yyYeHHOW (YHKLMWIA KOMMNEMEHTa ABNSETCS
€ro yyactme B UMMYHHbIX peakumsax. KomnoHeHT komniaemeHTa C3
CMOCOGCTBYET MPOYHOW (hMKcaLMM aHTUTeNa Ha aHTUreHe (HO He yBe-
NNYMBAET CPOACTBA aHTUreHa C aHTUTENIOM), BbI3bIBAET XeMOTaKCMC
NeNKoLMTOB, aKTUBUPYeT (haroumTo3 U KAETKM WMMYHHOW MNaMsTW.
KomnieMeHT yuyacTByeT B MpoLecce LMTOMU3A: ABOMHOW CNOM MK~
[0B K/IETOYHON MeMbpaHbl ABNAETCA MULLEHbIO 419 LUTOTOKCMYECKO-
ro AeicTBMS KOMMNIEeMeHTa. TepMuHa/bHble MPOTEWUHbI U3 CUCTEMbI
komnnemeHta C58, C9, nocfefoBaTeflsHO pearnpys OLMH C ApPYruMm,
BHeAPAOTCA B ABOWHON CNOV NMNUALOB, NOBPeXas KNEeTOUYHYH0 MeM-
bpaHy, 0bpasys TpaHCMeMOpaHHbIe KaHasbl, obecne4nBas Yepes 6u-
NUNULHBIN CNOWA KNETKW ABYCTOPOHHEE [BMXEHWE NOHOB BOAbl. MeM-
OpaHa noBpexpaaeTcs, U KneTka rmoHet. Tak, B YaCTHOCTM, OCYLLECT-
BNAETCA KUIMHT YY>KEPOAHbIX MUKPOOpPraHn3mMos (puc. 4.11).

B xoge akTuBauuu KomnnemeHTa obpasyeTcs psaf (hparMeHToB,
NenTNAOB, UrparoLLMX BaXKHYHO PO/ib B MpoLeccax BocnaneHus, garo-
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Knaccuyecknii nyTb AnbTepHaTMBHbIN NyTb

aKTuBaumm aKTVBaumm
Y3HaBaHWe Kommnekca PacnosHaBaHue 6akTepuii n gpyrux
AT+AT aKTUBUPYIOLLMX MOBEPXHOCTEN UX
MOSIEKY
AKTUBALUWMA
oncoHusaums
C3 - JerpaHynaLma TyUHbIX

KNeToK

perynauus T-cucTeMbl
BblpaboTka MIr
BK/II0YEHWE afibTepHa-
TUBHOTO NyTH
obpasoBaHVe pacTBo-

3anycK Komnnekca PUMBIX KOMMIEKCOB

MeMBpaHHOI aTaku

XemoTakcuc

nnsmnc
KNETOK

Puc. 4.11. Cuctema KOMM/eMeHTa

LMTO3a 1 anneprmyeckmx peakumsax. Tak, nentugbl C3a n Csa obnaga-
0T CBOMCTBAMMU aHa(UIOTOKCMHA. TPUCOEAMHSANACL K TYUYHbIM K/eT-
Kam 1 6a30(mnam, OHU MHLAYLMPYIOT BbldeneHne ructamvHa. CBAsbl-
BasACb C TpomboumTammn, C3a Bbl3bIBAET CEKPELMIO CEPOTOHMHA. AHa-
(OWMnoTtokcnyeckaa akTMBHOCTbL C3a 1 Cbha nerko paspyLuaeTtcs rnop
BO34eliCcTBMEM KapbokcunenTuaasbl B, KoTopas oTwennset oT 3TuX
nenTUAOB apriuHuH. O6pasyloLimecs NPOAYKTbl NpUoGpeTaloT CBOI-
¢ 1Ba XemMoaTTPaKTaHTOB B OTHOLUEHWUM MONMMOPPHOAAEPHbLIX KETOK,
*03MHO(WIOB U MOHOUMTOB. Apyroi nentug —C3B ABASETCA CUNbHBIM
OMCOHWHOM /151 NOIMMOP(HOSAAEPHBIX KNETOK M Makpodaros. Peuen-
topbl K 3TOMY MenTuay 06Hapy>XeHbl U Ha Apyrux KneTkax: B-numgo-
nn rax u MoHoumuTax. Hannuve Ha B-numdoumtax peuentopos ans C3
NCMOMb3yeTCA B KAYeCTBE OAHOr0 U3 OCHOBHbLIX MapKepoB 3TOM nomny-
IsHnn. B3anmopeiictene C3 n ero cyokomnoHeHToB (C3s, C3c, C3d)
¢ B-numdoumTtamy nrpaet onpegeneHHy0 posfib B MHAYKLUN Cheum-
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(PMYECKOro UMMYHHOIO OTBETa W B pereHepauumn B-Knetok namsaru.
YcTaHOBMEHO Takxe y4vactme C3 B NpofgyKuum aHTuTten K T-3aBuCU-
MbIM @HTUreHaM ¥ BO B3auMOLeicTBuu T- 1 B-KneTok, a Takke Mak-
podparos, T- u B-kneTok. N3BecTHo, 4to C5 yuacTByeT B aHTUTENO3a-
BMCUMOIN LMTOTOKCMYHOCTM NUMPOLMTOB, OCYLLECTBNAA Ha NMOBEPX-
HOCTU NUMMOLNTOB COOPKY KOMMIEMEHTAPHOIO MeM6paHOoNUTUYeC-
KOro KoMmrJekca.

CBsizaHHasi ¢ Memb6paHoil makpotaroB Cl KOMMOHEHTa MrpaeT
poSib B (hMKCaLMM KOMMEeKca aHTUreH—aHTuTeno. CucremMa Kom-
nnemeHTa MMeeT 60/bLIOE 3HaYeHWe A1 guccounaumm u aNuMmHa-
UMM MMMYHHbIX KomnnekcoB (MK). Takoe yyacTve obecreumBaeTcs
cBa3blBaHMeM C3B, KOTOPbIW, COEAUHAACH C aHTUTENIOM, CHUXaET Cro-
COBHOCTb CBA3bIBAHMA aHTWUreHa ¢ Fab-parmeHTom. B gaHHOM npo-
Liecce 3ageicTBoBaH Takke C4B. OTW (PaKTOpbl KOMMIEMEHTA He
TONLKO MPEnATCTBYOT 06pa30BaHM0 UMMYHHbIX KOMI/IEKCOB, HO TakK-
XK€ Y4acTBYHT B pa3pyLLEHMM YXe CPOPMUPOBABLLUXCA. Y MeHbLLe-
HWE UNN YBeNUYeHWUe CofepXaHna KoMnnemeHTa HabnogaeTca npu
MHOrMX 3a60neBaHNAX (BOCMaNTeNbHbIE MPOLLECChI, ayTOMMMYHHbIE
60nesHu, onyxonwu).

Y cobak nopoAbl 6pUTaHCKNIA cnaHneb BCTPeYaeTCs BPOXKAEHHbIN
feuuunt C3 thparmeHTa KomnaemeHTa. Jehuunt C3 KOMMNOHEHTa Ha-
cneflyeTcs no ayToCOMHO-PELLECCYBHOMY TUMY U KIMHUYECKW MPOSAB-
NAETCA YacTO NOBTOPAOLWMUMUCH BaKTepUabHbIMU UHEKUUAMW Y TO-
MO3UTOTHbIX WHAMBUAYYMOB. B pesynbtate geduumTta KOMMIEMEHTE,
YPOBEHb KOTOPOro COCTaBNAET NMnLb (1 % OT HOPMaNbLHOr0, CHUXKAKOT-
CA ONCOHM3ALNA, XeMOTaKCUC U UIMMYHONPUANMAHWE, YTO NPOAB/AET-
CA MOBbILUEHHOW YyBCTBUTENBHOCTBIO K MH(EKLUMAM. MyMOpasbHbIA 1
KNETOYHbIA UMMYHUTET Y NMOPaXKeHHbIX OPUTAHCKUX CraHuenein ocra-
eTca B HOpMe.

O[ZHMM 13 OCHOBHbIX AeicTBMil MK aBnseTcs akTMBaunsa nnasMeH-
HbIX KOMMOHEHTOB CUCTEMbI KOMM/JIEMEHTA U UMMYHOKOMMETEHTHbIX
KneToK. KoMMNieMeHT uUrpaet BaXXHy0 ponb B BbiBegeHUn UK 13 opra-
HM3Ma, No3aToOMy cnocobHocTb VK B3aMMoaelicTBOBaTb C KOMMOHEH-
TaMun K/1lacCUYeCKoro iM60 anbTepHATUBHOIO MyTWU CUCTEMbl KOMI/e-
MeHTa B KOHEYHOM MTOre onpejenseT XapakTep BOCMNa/eHNs N TKaHe-
BOr0 MOBPEXAEHNS B OpraHu3me.

CTOYHNKOM KOMMNEMeHTa ABNAKTCA KNETKN HECKO/IbKMX TUMOB,
BK/IHOYAA TKaHeBble Makpodaru, renatouunTbl, KepaTUHOLNTDI, KNeTKU
C/IM3UCTOM 060/104KN TONCTOW KULLIKW, 3HAOTE/MaNbHbIE KNeTKW, No-
NUMOpPHOALEPHbIE TeNKoLUTbI. [eyeHb ABNSETCS UCTOYHUKOM 60siee
yem 90 % nna3MeHHbIX 6eNKoB, a Makpogar —OCHOBHbIM UCTOYHMU-
KOM TKaHeBOro KOMIM/eMeHTa, OCOGEHHO B YCNOBUSX BOCMaNeHus.
NHTEHCMBHOCTL BMOCMHTE3A 3TMX KOMMOHEHTOB MOXET CYLLECTBEHHO
MEHATbLCA B 3aBUCUMOCTM OT KonnyecTtsa M Tuna VK, Haxoasdwmxcsa B
LMpKynauumn, Ha CUHTE3 KOMMOHEHTOB KommiemeHta nomumo UK
B/IMAIOT CUCTEMHO AENCTBYIOLLE TOPMOHbI, UHTEPENKMHBI 1 BMO/IO-
TMYECKN aKTUBHbIE COELMHEHNS.

178



CucTema KoMMN/eMeHTa UrpaeTt BaXKHYHO PO/b B NPOLIECCe pacTBope-
Hus VK. B3aumopencTeme LUMpKyIMpYyHOLWEero MMMYHHOIO KOMMieKca
(LWK) c cuctemoin komnnemeHTa obecrneyvBaeT pacTBOpeHMe Kpyn-
HbIX HepacTBopuMbIX VK o menkux. B onbiTax in vitro mokasaHo, 4to
HepacTBopuMble MK CTaHOBSATCA pacTBOPUMbIMKW Npu [06aBneHnm
cBeXxeii cbiBopoTkmM npu 37 °C.

WHunyumnpyemas KomnaeMeHTOM contobunmsaums MK aensetcs cneg-
CrBvieM CBA3bIBAHWA 3TUX KOMMIeKCcoB ¢ C3B TakMM 06pa3oM, UTO npoLecc
conmobunmsaumm MK aensgetcs C3-3aBUCMMbIMUA. YaCTUUYHOE pacTBOpPeHMe
MK npouncxoaut n B C3, C4-aethULINTHOI CbIOPOTKE, HO He B CbIBOPOTKE
MpY NOBPEXKAEHHOM aNbTEPHATUBHOM MYTU aKTUBALMM KOMIN/IEMEHTA.

KOMMOHEHTb!I anbTePHATUBHOINO NyTW akTWBaLUW KOMMEMeHTa
HponepanH 1 aktop D Hapsgy ¢ dakTopammn B, C3 n Mg Takxe
T paroT BaXHYO posib B pacTBopeHun UK. Knaccuueckuii nyTb cam no
cebe He ob6ecrneynBaeT pacTBOPEHMUS, O4HAKO ero akTuBM3auus npuBo-
OUT K 3HaUYMTEeNIbHOMY MOBbILLEHWIO B KPOBY Konuyectsa C3B 1 yBenu-
YeHMI0 BEPOATHOCTU CBA3bIBAHNSA C KOMMNEKCaMy aHTUreH —aHTUTENO.
TakuMm 06pa3oM, KOMMOHEHTbI K/IACCMYECKOro MyTU MOBbLIWAT
«|)()eKTUBHOCTb aKTUBALMW KOMMOHEHTOB a/lbTEPHATUBHOIO MyTU B
npouecce pacTeopeHus UK. .

BaxHenumm acriektom B3aumogencteusa LIWK n cuctembl KOM-
nneMeHTa ABNAETCA U3MEHEHUE (PU3NKO-XUMUYECKMUX CBOWCTB Camo-
ro Komnsekca B rnpowecce nNpucoegnHEHns K HeMy pas3fiMyHbIX KOM-
MOHEHTOB KOMM/EMEHTA, YTO MPUBOAUT K YBENIMYEHUIO CTEMEeHW Au-
CMepPCHOCTU U YMeHbLLUEHWIO arperaumm KOMMIeKCoB.

Bsavmogelictene MK 1 cucteMbl KOMMNJEMEHTa ABNAETCA KItOYe-
BbIM MOMEHTOM B cyapbe LK, nockosbkKy NOMMUMO aKkTuBauuu cu-
Crembl KOMMN/emMeHTa 3TO B3aMOAENCTBME BEET K BO3MOXHOCTM NpK-
coefmHeHuns MK uyepes Fc- n C-peuenTtopbl K 60/IbLUIMHCTBY UMMYHO-
KOMMETEHTHbIX KNeTOK, 4YTO BuseT Ha T—B-B3anMofeincTeuns, nme-
HSAET (haroumnTapHyr0 aKTUBHOCTb KNeTOK. AKTuBauus haroyutapHoi
CUCTEMbI MPUBOAUT MO0 K YAIEHNIO KOMI/IEKCa 13 KPOBOTOKA, IM60
CMOCOOCTBYET ANUTENbHON LUMPKYNAUUN, AANbHEALLIEMY OT/IOXEHUIO
MK B opraHax n TKaHAX 1 pa3BUTUIO BacKy/IUTOB.

B3avmogeiictene MK 1 cucteMbl KOMMNIEMeEHTa MPUBOAUT K ABYM
OCHOBHbIM C/IeACTBMAM; 06pa30BaHMI0 ()parMeHTOB KOMMOHEHTOB KOM-
nneMeHTa, 06nafatoLnx pa3HOCTOPOHHER 61MONOrMYecKo aKTUBHOC-
1bl0, ¥ MHIM6UpOBaHMo NpeunnuTaunn VMK npu aktmeaumm no Knac-
CUYeCKOMY MyTWN IM60 pacTBOPEHUIO CHOPMUPOBABLLIMXCH YXKE KOMII-
HCKCOB Mpu onpefensitoLemM y4acTum KOMNOHEHTOB abTepHATUBHO-
ro nyTu akTuBauun. B HOpMa/ibHON CbIBOPOTKE KPOBM KOMIMOHEHTbI
K/1iacCcu4eckoro nyTu nogaepxusatroT MK B pacTBOPUMOM COCTOSHUU B
reyeHne BPEMEHW, JOCTATOUHOIO AN UX 3/IMMUHALMN MOHOHYK/eap-
HbIMU qoaro%mamm. KOMMNOHEHTBbI anbTepHaTUBHOrO NyTW HE crno-
CO6HbI MHrMbmnposath npeyunutaumio MK, Ho moryT contobmunusmpo-
varb arperatbl aHTUreH —aHTuTeNno. B3aumopgeicteue LMK c cucte-
MO KOMMJ/IEMEHTa He TONbKO MPUBOAUT K CBA3bIBaHUIO VK ¢ peTu-
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KY/IO3HAOTENMOLMTaMNU, HO M 0becneynBaeT Mepexof HepacTBOpU-
MbIX VK B pacTBOpUMbIe UK 1X NOMHBIA pacnag. B npouecce pacTBo-
peHna UK onpegenswowas ponb NMPUHALNEXUT KOMMOHEHTaM asib-
TepHaTUBHOro nyTn. Knaccmyeckuin nyTb cam no cede He obecneynBa-
eT pacTtBopeHus MK, HO cnoco6CTBYeT NOBbILWEHNIO 3(eKTUBHOCTH
3TOro npotecca 3a cyeT npogykuumn C3-KoHBepTasbl.

PactBopeHHble K He MOryT (hMKCMpOBaTb KOMMJIEMEHT U MOYTU
MOJIHOCTBLIO /INLLIEHbl CPOACTBA K MOBEPXHOCTHLIM peLenTopam pas-
NNYHBIX KNeTOK. KOMMIEMEHT YCKOPSAET KAuMpeHc pacTtBopuMbiX UK,
OCYLLIECTBNAEMbII (haroLuTamu.

Ha pactBopeHne MK cyllecTBEHHO BAWSET CBOWCTBO KOMIMeKca
(hmKcMpoBaTb KomrnemeHT. MK ¢ HeKOTOpbIM M30LITKOM aHTUreHa Nnog
B/IMSSHNUEM CBEXE CbIBOPOTKM PacTBOPAKOTCA He MosiHocThbio, a UK ¢
60/IbLUMM M3ObITKOM aHTUreHa He PacTBOPAKOTCA KOMMOHEHTaMW HU
a/IbTEPHATUBHOIO, HW KNacCMYecKoro nyTu akTuBalum CUCTEMbI KOM-
nnemeHTa; VK c 136bITKOM aHTUreHa pacTBOPAIOTCA KOMMOHeHTamu
TO/MbKO anbTepHaTMBHOro nytn (GaninG et al., 1983). UK, o6paso-
BaHHble BHE COCYAMCTbIX MPOCTPAHCTB, YAANAKTCA 3HAYNTENbHO Mef-
NEHHee 1 MOryT MPOoBOLMPOBaTL MECTHbLIE BOCNA/EHUS.

B 3akntoueHe MOXKHO CKasaTb, YTO aHOManuu B CUCTEME KOMIlJle-
MeHTa CNoCOOGCTBYHOT PasBUTUIO MMMYHOKOMMIEKCHbLIX 60/1e3HEN.
JenumTt B cuCTEME KOMMIEMEHTA MPUBOAUT K HapYLUEHUIO CBA3N
NK —KoMNNnemMeHT —/ieHpUTHas KNeTKa NMMEGaTnyeckoro ysna, uto,
B CBOIO O4epefb, BNUAET Ha MMMYHHbIA OTBET B LIE/IOM.

MponepavH (nat. perdere —paspyLiatb) —6e10K, C MOMOLLbIO KO-
TOPOro OOHapyXeH anbTepHaATVBHbIA MexXaHW3M aKTuBaLuu KoMrne-
meHTa. OH npeAcTaBnsieT CO60M ramma-rnobynvMH ¢ MONEKY/SIPHOW
maccoi 220000 M COCTOMUT M3 YeTblpeX MPaKTUUYECKN WAEHTUYHbIX
CyObeiMHULL, COeAVHEHHbIX ApYr C APYrOM HEKOBANIEHTHbIMU CBSl-
35MUW. Ero KOHUEHTpaLmMsa B CbIBOPOTKE COCTABASET OKOJI0 25 MKI/MJI.
MponepAnH CyLLEeCTBYET B [BYX qgopmax: HaTMBHOW W aKTUBUPOBAH-
HOW, pasnnyaroLLMxcs Mexgy coboi, no Bceli BUAMMOCTU, HEBOSb-
WUMW KOH(OPMaLMOHHBIMU U3MEHEHUAMWU. HaTuBHbIA nponepauH
MOXXeT CBSi3blBaTbCS C 06pa3oBaBLUeil Komnneke C3/C5-KoHBepTa30ii
afbTepHaTMBHOro mexaHnsma (C3sBB), HO He C OLMHOYHLIMW MOJIe-
Kynamu C3B. Ero posib 3aKnt04aeTcq B YMEHbLUEHUN CKOPOCTM pac-
naja KoHBepTasbl U TEM CaMbIM YCU/IEHUN aKTMBaLMKN MO anbTepHa-
TUBHOMY MEXaHU3My.

MponepanH AeicTBYyeT, TaknuM 06pa3oM, He cam Mo cebe, a COBMeCT-
HO C ApYrMMun (PakTopamu, COLEpPXalMMUCA B KPOBW XXMBOTHbLIX, B
TOM 4uUCNe 1 ¢ KoMmnsjeMeHToM. Cama Xe C/UCTemMa KOMMJeMeHTa Co-
CTOWUT U3 TPeX OCHOBHbIX YacTeii: nponepanHa, NOHOB Komnne-
MeHTa. AKTuBauma nponepgnHa ocyuwectsnseTcd C3-KOMMNOHEHTOM
KomnnemeHTa. lponepanHoBas cucTema o6nafaeT aHTUb6aKTepuasb-
HbIM [eACTBMEM B OTHOLUEHWM MHOTMX NaToOreHHbIX U YCNOBHO MaTo-
reHHbIX MWKPOOPraHu3MoB. of feiicTBYEM MponepavMHa WHAKTUBK-
PyOTCA BUPYChbI repreca u rpunna. MNokasatenb ypoBHA NponepanHa B
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K|[tOBM B OnpefefieHHON Mepe OTpaxaeT YyBCTBUTENbHOCTb XMBOT-
HbIX K MHM(EKLUMN. YCTaHOBNEHO, YTO MPOUCXOAMT CHUXEHWe Co-
JepXXaHus nponepauHa npu Tybepkynese, CTPENTOKOKKOBOMW WH-
[l >eKumnn, noHM3upYytoLwem 06/1ydeHUN. N3baTe N3 CbIBOPOTKU KPO-
M4 NponepauHa pe3ko CHMXAeT ee HemTpanu3ytoLlyto aKTUBHOCTb.
MonHas MHaKTUBaUWUS nponepAnHa MPOMCXOAMT MPU HarpeBaHuu
[0 60 °C B TeueHme 30 MUH.

4:3.4. nusoyum

Nnzounm —aepmeHT, OTHOCALLMIACA K Knaccy raponas, n3bupa-
TeNbHO TMAPONU3YIOLNIA TNINKO3UAHBIE CBA3N B MyperHe —C/I0XKHOM
(ntononumepe, M3 KOTOPOro MOCTPOEHbI CTEHKM bakTepuid. Moneky-
napHaa macca nmsounma 14000... 15000. 370 CTOMKMIA 6eNOK, He Teps-
tOLLIMIA NIMTUYECKON CrnocobHOCTM npu HarpeBaHun o 100 °C. Cno-
COBHOCTb NM30UMMa NN3UPOBaTL MUKPOOPraHM3Mbl CTO/b BbICOKA,
YK 3TO CBOICTBO COXpaHseTcs B pasBedeHnn 1: 1000 000. Ero mone-
Kyna cocTouT 13 129 aMMHOKMCNOTHbIX OCTaTKOB, NPeACTaBneHa OAHOM
MOSIMMENTUAHON Lienbto, cofepkalleli § NONOBMHOK LMCTMHA, nonap-
HOe CoeiHEHNe KOTOPbIX 00pasyeT YeTbipe AUCYNb{uaHble CBA3N. OHK
MMbIKa}OT CNVpPa/IbHbIE YYaCTKWU MOMUMNENTULHOM Lenu nn3ounmMa.

O/leKyna NM30LMMa OKpYXXeHa rmapodpo6HLIMM rpynnaMmmn 60KOBbIX
Lienei 0CTaTKOB aMMHOKMC/IOT. [TnaBHas posib B 06pa3oBaHnM aKTUBHO-
1) LEHTpa NPUHALNEXMT, NO-BUANUMOMY, TPUMNTOMAHY.

depmMeHTaTVMBHAA aKTUBHOCTb NI30LMMa NPOABNAETCA B TMAPOSN3e
1,4-rNNKO3NAHON CBS3W MOIMaMMHOCaxXapoB KETOYHOW CTEHKM rpe-
NMYLLECTBEHHO TPamMMoNOXUTEIbHbIX MUKPOOpraHm3mMoB. Ab6cop6bu-
PysiCb MYKOMENTUAOM K/IETOYHOW CTEHKW, NN30LUM pacLiennseT ero
C 0cBOGOXAeHMEM N -aueTnIMypaMoBoOi KUCNOTbl U N-aueTunrito-
Ko3amuHa. VICkakeHne CTPYKTypbl Cy6CTpaTta, Nonspusaums ramkosng-
VO CBA3W, 06pa3oBaHVie BOJOPOAHON CBA3W C KUC/IOPOAOM NOCNeaHel
1 VBQIAT cCOBMECTHO K paspbiBY FHOKO3UAHOW CBA3N, a OKPY>KaroLLLas
nofa 3aBepLuaeT akT ruaponmnsa. CKopocTb peakuun paclyenneHns cy6-
crpara y pasHbIX /IM30LAIMOB pa3nyHa, YTo, BEPOSTHO, CBA3AHO C pas-
HMYMEM NEPBUYHOIN CTPYKTYPbI pasHbIX IN30LMMOB.

Jlnzouum oBHapY>XeH B pas/InyHbIX TKaHAX U CEKPeTax: B CbIBOPOT-
Ke KpOBMW, cnesax, C/lOHe, Mosioke. Ero makcmmasnibHOe KOMM4YecTBo
COLIEPXMTCH B NleiiKouMTax, 3aTeM B C/IHOHE U cfie3ax, MUHUMa/ibHoe —
M CbIBOPOTKe KPOBU. [OYKM JeHaTypupyroT U paspyLlaroT njiasmeH-
HbIA M30uMM. B nnasmy KpoBu NM30LMM NOCTYNaeT NMpu pacnage
NeKOLMTOB N TKaHel. KOHLEeHTpaLms ero 3aBMCUT OT COOTHOLLEHUS
MEX/y OCHOBHbIMW MPOAYLEHTaMV —HEeNTpopuaamm n MoHoLMTaMm
1 ()yHKummn novek. Makpodaru BbICBOGOXAOT IM30LUM NOCTOSAHHO,
(panynouunTbl —TO/MIbKO MPU AerpaHynaLmmn, no3ToMy CbIBOPOTOYHbIN
MNH30LUMM MOXET CNYXWUTb UHAMKATOPOM MakpodarasbHOW (PyHKLMK
opi-aHn3ma. OCHOBbIBasACb Ha aHTUbaKTepuaibHbIX CBOMCTBAaX /IN30-
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uMmMa, 60NbLIMHCTBO MCCNefoBaTesiel CKIOHHO paccMaTpuBath ero
Kak (hakTop Hecneumpuyeckoro mmmyHuteta. Kpome OCHOBHOIO
aHTMOaKTepnanbHOro eiCTBMS NN30LUM CTUMYNMPYET eCTeCTBEH-
HYI Pe3NCTEHTHOCTb OPraHuW3Ma >XMBOTHOTMO, YTO MrpaeT 6O/bLUYIO
po/fib B NpeaynpexaeHnumn 3abonesaHuii 1 B 61aronpusaTHOM UCXOAe
MHEKLWOHHOI0 npovecca.

4.3.5. NHTEP®EPOHbI

NHTepdepoHbl —aHTUBMPYCHbIE areHTbl. CyLIecTBYET No KpaiHei
Mepe 14 anbha-nHTephepoHOB, KOTOpPble NPOAYUMPYOTCA NMMABOLLN-
Tamu, a 6eta-nHTephepoH—gpubpobnacTamu.

Mpy BMPYCHOW MH(EKUUUN KNETKA CUHTE3NPYIOT UHTEP(EPOH K
CEKPETUPYIOT ero B MeXK/IETOUHOe MPOCTPaHCTBO, e OH CBA3bIBAETCA
C peuenTopammn CoCeHUX He3apaXXeHHbIX KNeTOK. CBA3aHHbIN C KeT-
KO NHTep(hepoH AepenpeccupyeTt No MeHbLUen Mepe ABa reHa. Haum-
HaeTCcA CUHTE3 ABYX (PEPMEHTOB:

nepBblil —NPOTEMHKMHA3a 3HAYUTENIbHO CHUXAeT B KOHEYHOM
utore TpaHcnauymio MPHK;

BTOPOM —KaTanu3npyeT 06pa3oBaHne KOPOTKOro nosvmepa age-
HWNOBOM KWCNOTbI, aKTUBMPYIOLLEro NAaTEHTHYH 3HAOHYK/easy, uTo
npuBOAUT K derpagauvy MPHK Kak BMpyca, Tak U X03aMHa.

B LenoM KOHeYHbIV pe3ynbTaT AeACTBMSA MHTepdepoHa 3akKntoya-
eTcq B 06pa3oBaHUN Gapbepa 13 HEMHMULMPOBAHHBLIX KNETOK BOKPYT
oyara BUPYCHO I/IHCbEKIéI/II/I, 4TOObI OrpPaHNYNTL ee PacrpoCTPaHeHme.
VHTephepoHbl UrpatoT 60MbLUIYH0 POnb B 60pbbe ¢ BUpYycaMu, HO He B
NpejoTBpaLLEHNN BUPYCHBIX UH(EKLWIA.

CucTeMa HOPMaNbHbIX KWUANepoB. K nuUMpougHbIM KneTkam,
CNocoGHbIM 0Ka3blBaTb LIUTOTOKCMYECKOe AeiicTBME 6e3 CeHCUBUIM3aLUM, 0THOCSMNCS
NK-KNeTKn (eCTeCTBEHHble KUIEpbl), KOTOpble B OTAMYME OT K-KNeTOK MOryT npo-
ABNATL LMTOTOKCUYECKOE [eliCTBUE W B OTCYTCTBUE Cheuuduyeckux aHTuTen. buono-
ruueckoe feiicteue NK-KNeTKM CBSI3aHO C KOHTPO/IEM PaHHEro 0nyxosieBoro pasBuUTuUS.
NK-kneTku 061afaloT LMTOTOKCMYECKON aKTUBHOCTHIO MO OTHOLUEHWIO K PasMyHbIM
ONyX0/eBbIM K/IETKaM, a TakXe K K/eTKaM, MHPULMPOBAHHLIM BUPYCHLIMW WU MUK-
po6HbIMK areHTamun. Bnarogaps asToMy NK MOryT nrpats BaXkKHy0 posib B yCTOAUMUBOCTY
opraHuamMa Ko MHOTMM 3a60/ieBaHUsIM.

4.3.6. B3AVMOAENCTBUE AHTUTEH— AHTUTENO

KomnnemeHTapHble, T. e. B3aMMHO COOTBETCTBYHOLUME APYT ApYry
aHTWUreH N aHTUTeNna 06pasyroT MMMYHHbIA KOMMIEKC aHTUreH —aH-
TMTeNo. NMPOYHOCTL TaKMX CTPYKTYp ONpeAenstoT BbiCOKas un3bupa-
Te/IbHOCTb M 60/bLIas MNoLab B3aMMOLENCTBUS Ha YPOBHE aTOMHbIX
rPynNnN1PoOBOK WNW 3apSA0B MO MPUHLMMY «KIKOY —3aMOK». B3aumo-
[encTeue ocyulectsnserca 6Gnarogaps rmapogobHbIM BOLOPOLHBIM
3N1EKTPOCTAaTUYECKMM CBA3AM K cuniam BaH-fep-Baanbca. AHTUreH
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MPU 3TOM COE[MHSETCS CBOEA aHTUTEHHON [JeTEePMMHAHTOMN, aHTUTe-
YO —CBOMM aKTMBHbIM LIeHTPOM. Mpy M36bITKE aHTUIEeHOB UK aHTK-
Ten 06pasyoTca pacTBOPVMbIE KOMM/EKCbI, NPU 3KBUBAJIEHTHOM CO-
OTHOLLEHWN —HepacTBOPUMbIV NpeLunuTar.

AHTUreH, KakK npaBuio, KpyrHee MOMEKy/bl aHTWUTena, NnoaTomy
NOCNeLHAS MOXET pacro3HaBaTb TO/IbKO OTAE/bHble Y4acTKU aHTure-
Ha, KOTOpble Ha3blBAIOT [eTepMUHaHTami. BOMbLIMHCTBO aHTUIEHOB
MMEET Ha NOBEPXHOCTU LieNibI HAabop pasIMYHbIX aHTUTEHHBIX AeTep-
MUHaHT, KaXjas 13 KOTOPbIX CTUMY/NIMPYET UMMYHHbI OTBeT. He BCe
OHW OJMHaKOBbI MO aKTUBHOCTW: Of4HW 60/iee UMMYHOTEHHbI U peak-
LMA Ha HUX JOMUHMPYET B 06LeM OTBeTe. Jlaxe OAMHOYHasA AeTepMu-
HaHTa aKTUBMPYeT, Kak NpaBuio, pasHble K/IOHbl K/IETOK C NOBepX-
HOCTHbIMM peLienTopamMu (aHTUTeNaMu), KOTOpble 00/1afatoT pasHbIM
CPOACTBOM K [JaHHOW feTepMuHaHTe. CnefoBaTte/lbHO, UMMYHHbIA OT-
BET Ha 60NbLUMHCTBO aHTUTEHOB ABMSETCA NOMKNOHAbHBIM. BMecTe ¢
reM 06pa3oBaBLUMECS aHTUTeNa MOryT BCTyNaTb B peakLuio He TONbKO
C 10MOIOTMYHBIM @HTUFEHOM, HO U C POACTBEHHbIMW €My TeTeposio-
FMYHBIMW aHTUTEHaMMW.

Peakuumn Hecrneunguyeckoro B3auMoLeincTsna aHTUTeN CbIBOPOT-
K/ KPOBMW C aHTUreHaMun NPOSBASIOTCA B Cnefytowmx opmax: arrto-
TUHaUWA —CK/IEMBAHWE aHTUTEHHbIX YacTuL, MexXay cob0i; npeuunu-
Tauus —arperayms yactuy, ¢ o6pasoBaHMEM HepacTBOPUMbIX KOMM-
NEKCOB; IM3MC —PacTBOPeHWE KNETOK MOJ BAUSHUEM aHTUTeN B Npu-
CYTCTBUW KOMIM/IEMEHTA; LMTOTOKCUYHOCTb —TU16eNb KIETOK MO
INTAHWEM aHTUTEeN —UUTOTOKCUHOB; HelTpanmsaumns — obessperku-
BaHWe TOKCMHOB 0e/IKOBOWN MPUPO/bI; ONCOHM3aUUS — ycuneHve daro-
LUMTapHON aKTUBHOCTU HEWTPO(UIOB MU MakpodaroB noj BAUSAHUEM
aHTUTEN UIN KOMMJIEMEHTA.

O6bIYHbIA MMMYHHBbI OTBET BbISB/AETCA Yepe3 HECKOIbKO CYTOK
nocne CBA3bIBaHUA aHTUreHa ¢ B-numdountom. OH npeacTaBnseT co-
00 WHTerpasbHyl0 peakuuio OpraHW3Ma Ha aHTWreH BCliefCTBUe
CMOXHbIX B3aUMOAENCTBUIA MeXay KNeTKammn pasHbIX TUMOB.



FrnaBsa 5
PN3INON0ITMA NMIALEBAPEHA

5.1. CYWHOCTb NMPOUECCA MNWEBAPEHUA

Bce XuBble OpraHn3Mbl HYXXatoTCa B MOCTYMN/IEHUN U3BHE CTPOU-
Te/IbHbIX MaTeprasioB n 3HePruv, HEO6XOANMbIX ANS POCTA, MPOLECCOB
XWU3HELeATeNbHOCTU M PasMHOXKEHUA. ABTOTPO(HbIE OPraHN3Mbl MO-
ryT UCMOJ1b30BaTb HEMOCPELCTBEHHO CO/THEYHYIO 3HEPTrUto 41 CUHTE-
3a YrneBofoB U3 AMOKCUAA yrnepofa v Bofbl. [eTepoTpogHble opra-
HWU3MbI, K KOTOPbIM NPUHAA/IEXMUT MOAABMAIOLLEe OOMbLUNHCTBO XU-
BOTHbIX, MO/Yy4ar0T HEOOXOANMYIO UM 3HEPTUI0 U3 OpraHNYecKuX co-
e[IVHEHWIA, COfepPXKaLLMXCa B MOr/IOLLaeMON NiLLe.

TakvM 06pa3om, CYLLIHOCTb NpoLiecca NMuLLEeBapeHns 3aK/ioyaeTcs
B MEXaHWYeCKO N XMMMUYECKO 06paboTke NULLM, HEOO6X0AMMOWA Ans
YCBOEHWS OPraHn3MoM MuTaTe/bHbIX BELLECTB.

[na obecneyeHns 3TMX MPOLLECCOB Y XXUBOTHbIX B XO/E 3BONMIOLMUU
cchopMupoBanach creumanbHas cMcTeMa OpraHoB NULLEBapeHus, BbIMNon-
HAOLLAA PYHKLUM (PU3NYECKOW M XUMUYECKON MepepaboTKy NULLK.

OCHOBHble (PYHKLUW NULLEBAPUTENBHOMO TPaKTa:

1 CekpeTopHas —BbIpaboTKa ¥ BbLLEe/IeHNe XeNnesncTbiMy KeTKa-
MW NWLLEBAPUTENbHBIX COKOB (CMIOHA, XXENYAO0UHbIA COK, XeNdb, Ku-
LLIEYHbIW COK).

2. MoTopHO-3BaKyaTopHas (4BurartenbHas) —u3MeSilbyeHne NMuLLK,
nepemMeLLMBaHMe ee C NULLEBaPUTENbHBIMIU COKaMU W NepesBudkKeHne
Mo OTAenam XenyAo4HO-KULLIEYHOTO TpaKTa.

3. BcacblBaTenbHas —MepeHoC KOHEYHbIX NPOAYKTOB NepeBapmBa-
HWS, BOLbl, CO/MEN Y BUTAMWUHOB Yepe3 aNUTeNINIA NULLEBAPUTENBHOTO
TpakTa B KpOBb M MMy .

4. DKCKpeTopHas —BbLUeNeHe U3 opraHusMa npoAyKToB 06mMeHa
BeLlecTB (MOYeBMHA, MOYeBas KWUCMOTa, KPeaTWHWH), BOAbl, MUHe-
pasibHbIX U NIeKapCTBEHHbIX BELLECTB.

5. QHAOKPUHHAA —CUHTE3 U BblUeneHne 61oNornYecKn akTUBHbIX
BELLEeCTB U FTOPMOHOB.

6 .3aWmTHaq —3almTa opraHm3mMa OT BpefHbIX areHToB (6akTepu-
UMAHOe, baKTepuocTaTUYecKoe 1 fe3NHTOKCUKALMOHHOE AeliCTBIE).

7. PeuenTopHas —OCYLLEeCTB/IEHNE HEePBHbIX CBA3el. B nuwesapu-
TeNbHOM TPaKTe HaxoAATCA PeLenTMBHbIE MONS MHOTUX pedieKTop-
HbIX QYT BUCLEpPasibHbIX CUCTEM UM COMaTUYECKNX PeIeKCoB.

Kpome Toro, »enygo4Ho-KuLWeYHblin TpakT 0nocpeioBaHHO y4acT-
BYET B MpoLeccax KPOBETBOPEHWA: ABAETCA Leno (peppuTnHa (Cnmnsm-

184



He. 5.1. TocnefoBaTeNbHOCTL OPraHoB >Kenyfo0yHo-
KWLLEYHOro TpakTa M/IeKONUTatoLLMNX:

/  poToBas MOMOCTb; 2 —MNULLEBOA,; J —XenyaokK; -/—ne-

yeT.; 5—nomKenyaouHan xenesa; 6-—pBeHaALATUNEPCT-

MV KULIKA; /—/AUCTaNbHbIii OTAEN TOHKOTO KMLLIEYHWKA;
8 —TONCThIN KMALIEYHUK

Crasn 060/104Ka XXeNyaKa, TOHKOW KULLKM,
MeyeHb), Yy4acTBYIOLLEro B CUHTe3e remo-
nobuHa. B nuLLeBapuTe/lbHOM TPaKTe Bbl-
pabaTbiBaeTCA BELLECTBO remMaMuH (BHYT-
peHHnin akTop KacTnd), Heobxognmoe
[NA BcacblBaHWA LimaHKobanamMuHa (BuTta-
MUH Bl1), TpebytoLerocs ans HopManbHoO-
| 0 co3peBaHus 3puTPO6NACTOB.

[Jaxe cpegy mnekonutarowmx Habso-
[aeTcs ypesBblyaiHoe MHOroobpasve CTpyk-
rYPHO-(PYHKLUMOHa/IbHOW OpraHu3aumm »e-
Ny[0YHO-KMLWIEYHOro TpakTa. OfHako noc-
NnefoBaTe/lbHOCTb MPOTEKALWMX B HEM MPOLECCOB OCTaeTcs Mpak-
| VHOOK/ nocTosiHHOM (puc. 5.1). OpraHbl poTOBOM NonocTu obec-
MeynBaroT 3axBaT NULLM, ee MEePBUYHYH MEXaHUYECKYH0 Y XUMUYec-
Kyt0 06paboTKy. ®YHKLMIO NPOBEAEHUSA NULLK, & MHOTAa ee 3anaca-
HWA BbINONMHAIOT NULLEBOL M 300. B MYCKY/bHbIX Xenyakax, npeg-
XenyaKax Y UCTUHHBIX XXeNyaKax NpofosnkaeTca nepetupaHue nu-
WM U TUAPONN3 NUTATENIbHbIX BELLECTB. B TOHKOM KULLIEYHUKE Npo-
NCXOAUT TUAPON3 U BCacblBaHWE OCHOBHOM MacChl MUTaTe/IbHbIX
BELLLeCTB, BCAaCblBaHWe 3NEKTPO/IUTOB U YAaCTUUYHO BOfAbl. B ToncTom
KULIEYHVKE C MOMOLLbIO COGCTBEHHbIX (PEepMEHTATUBHbLIX CUCTEM
(lnaHnsma 1 CMMOBMOTUYECKO MUKPOMIOPLI 3aBepLuaeTcs nuuie-
BapuTEeNbHbIN NpoLiecc.

OcCHOBHble (hepMeHTHbIE CUCTEMbI MULLEBAPUTE/ILHOIO TpakTa. Mpu
MULLEBaPEHUN TP OCHOBHbIX OPraHUYecKUX KOMMOHeHTa NULLM —yr-
NeBoAbl, 6eNKn 1 XMpbl —NOABEPraroTCs PepMeHTaTUBHOMY T1ApO-
N3y, pacnajascb Ha COCTaBMAlOLME UX CTPYKTYpHble 6710KU. ITOT
npoLecc Heobxo4uM [A/1i HOPMa/IbHOrO YCBOEHUS MUTATE/IbHbIX Be-
LLIeCTB, MOCKOJIbKY KNEeTKMW, BbICTUNAIOLLME KULLEYHUK, CNOCOBHbI BCa-
CblBaTb ¥ TPAHCMOPTUPOBATL B KPOBb U NIMM{Y TONbKO OTHOCUTENbHO
HebOo/bLLMe MOMEKYbI.

3 yrnesofoB y BbICLUMX XXMBOTHbIX NepeBapuBaHuUIO MojBepra-
tOTCA B OCHOBHOM MO/McCaxapuibl —Kpaxman v Lenntonosa, conep-
Xalymecs B paCTUTENbHOW MULLE, U T/IMKOTEH U3 MULLKU XUBOTHOTO
NPoMCcXoXxaeHns. Kpaxman v rnmkoreH NoaHOCTbIO pacluyennsTces
((pepMeHTaMM >KenyA04YHO-KMULIEYHOr0 TpakTa 40 CBOGOAHONM r/to-
Ko3bl. Llenntonosa'y 60/bLIVHCTBA MIEKONUTAKOLLNX HE TUAPONN3Y-
eres 1U3-3a OTCYTCTBMA CneunUYecknx HepmMeHTOB. Y TPaBOSLHbIX
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LleN/110103a NepeBapuBaeTCs Nof BO3LeincTBMeM 6akTepuasbHOW MUK-
pPOIOPbI XeNyaKa U TONCTOrO KULLEYHMKA.

Benkn pacwennsoTcs hepMeHTamuy XXenyL04HO-KULWEYHOro Tpak-
Ta 10 COCTaBMAOLLMX NX AMUHOKUCOT, XXUPbl — [0 XMUPHBIX KUC/OT U
MOHOAUUITNNLEPONOB. TaknuMm 06pa3om, NpoLeccbl XMMUYECKOn ne-
pepaboTKn NuLLK 06ecneynBaroTcA TPemMs OCHOBHbIMU (hepMeHTaTUB-
HbIMWU CUCTEMaMU;

aMUNONNTUYECKUMU (PepMeHTaMK, PacLLennaoLLUMy YIIeBOAbI;

NPOTEOIMTUYECKUMY (PEPMEHTAMM, pacLLenNALWLUMN Benku;

NUNOANTUYECKUMU (DePMEHTAaMU, PacLLEenNALWMMN XMPbI.

OCHOBHbIe TUMbI MNULLEBAPEHNA. B 3aBUCMMOCTM OT WMCTOYHUKOB
(hepMEeHTOB, TMAPOMM3YIOWMX MNULLEBbIE BELLECTBa, Y Pa3HbiX BBLOB
XXVMBOTHBIX pasivyatoT TpU TUNa nuuieBapeHnss —CcobCTBEHHOE, CUM-
O6MOHTHOE 1 ayTonuTuyeckoe. Mog COGCTBEHHBLIM nNwuULe-
BapeHWeM TMOHMMAKT Takoil TUN, Korga hepmMeHTaTUBHbIE CUC-
TeMbl BbipabaTbiBalOTCA CaMUM OpraHu3MOM, MOTPeONALWNM NALLY.
CUMOMOHTHOE nNuWeBapeHMe BCTPEYAETCH Y BbICLINX
XWBOTHBIX, €CIN B MEXaHW3Max pacLiensieHns MuLLeBbIX NMPOLYyKTOB
B&XKHYIO PO/Sib UrparoT (PEPMEHTbI, NPOAYLUMPYEMbIE CUMOWMOHTHbLIMU
opraHusmamu (6akTepuu, NpPocTeliline), 0OUTAOLLMMK B NULLEBAPU-
Te/lbHOM TpakTe. o4 ayToONMTUYeCKMM nwuuwesape-
HMueMm noapasymMeBatOT MPOLECC rMAPOM3a NUTaTeNIbHbIX BELLECTB
nos fencTteMemM (PepMeHTOB Camoil MWLM. ITOT TUM MULLEBAPEHUS
MMEeT BaXXHOe 3HayeHue A8 TPaBOALHbLIX XXMBOTHbIX (B MOeaeMbIX
MMM COYHBIX 3e/1IEHbIX KOPMax COAepXKaTCs pacTUTe/IbHble AnacTasbl) 1
O/19 HOBOPOX/EHHbIX (B MaTepPMHCKOM MOJIOKe cofiepXarcs Heobxoam-
Mbl€ IMMNONINTUYECKME N NPOTEONNTUYECKME PEPMEHTDI).

Mo gpyroi Knaccugukauuu, B 3aBUCMMOCTM OT MeCTa /oKasim3a-
LMW TUAPOAUTUYECKUX NPOLLECCOB, BbLLENAOT TPU OCHOBHbLIX TUMNA NK-
LeBapeHnss —BHYTPUKIETOYHOE, BHEK/IETOUYHOE (MOMOCTHOE U KK-
LLIEYHOE) U MPUCTEHOYHOE (M MeMbpaHHOe). Havbosnee NpuUMUTUB-
HbIA TUM —BHY TPUKNETOYHOE MNuUU,eBapeHue, Xapak-
TepHOe [/19 HEKOTOPbIX 6ECMO3BOHOYHbLIX OPraHn3mMoB. B aTux cnyvasx
rMAPOMN3 NULLEBLIX CYyO6CTPaTOB MPOUCXOAUT HEMOCPELCTBEHHO BHYT-
PN KNETOK, B MULLEBAPUTENbHBLIX BaKyONsaX, /IOKAJIM30BaHHbIX B LM-
Tonnasme. Y BbICLUMX MO3BOHOYHbIX OCHOBHbIM TUMOM TMAPO/N3A AB-
NSeTca BHEKNETOYHOEe nNuu,eBapeHMe, WM NONOCTHOE,
OfHaKO KNeTKN HEKOTOPbIX OpraHoB (MOYeK, NevyeHn v ap.) cogepxar
BHYTPUK/IETOUYHbIE (DEPMEHTbLI, CNOCOOHbIE PacLLenaTb NUTaTeNbHble
BellecTBa. M pPUCTEHOYHOE nNUWeBapeHue, Ui memb-
paHHOe, —3TO rMAPONU3, NPOUCXOAALLMI Ha rpaHuLe anuTenuanb-
HOro C0si KALWEYHMKA U ero CogepXXumoro. maponutuyeckue ep-
MEHTbI B 3TOM C/lyyae /IOKasM30BaHbl HEMOCPeACTBEHHO Ha MeMbpaHe
ANUTeNNaNbHbLIX BCACbIBAKOLLMX KNETOK, B CBA3W C YeM MpoLecchl rmg-
po/sin3a ABNAOTCA CONPSXKEHHbIMM C NMpoLeccaMun BCacblBaHUS.

OTtkpbiTne B 60-x rogax XXB. A. M. YT0neBbiM 3TUX MPOLECCOB
SBWNOCb NMOBOPOTHBLIM 3TaroM B (DOPMMPOBaHMUM COBPEMEHHBIX Mpes-
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¢ laBneHuii 0 cyLIHOCTU NULLeBapeHuns. [1o 3TOro MOMeHTa NuLleBape-
HVe paccMaTpuBa/sIoCh B Ka4eCTBe ABYX3TanHOro Mpouecca; rmaponua
MUTATENbHLIX BELLECTB B MOMOCTY XXeNyJo4YHO-KMLLEYHOrO TpaKTa u
cnefytolLee 3a HUM BcacbiBaHMe. B HacToslee BpeMs B npoLiecce niu-
LLIeBAPEHMUS BbIAENSAOT TPM OCHOBHbIX 3Tama: MOMOCTHOE NULLEBape-
HUWE, MPUCTEHOUYHOE MULLEBAPEHNE W BCACIBAHUE.

5.2. ®U3NOJTIOTMYECKUE OCHOBbI
FONIOJA W HACBILLEHMA

MuwiesapeHe Kak NpPOLECC rMAponnsa NUTaTe/bHbIX BELLECTB U
BCaCbIBaHWA ero NpOLyKTOB B KPOBb MOAAEP>KUBAET YPOBEHb NMUTATENb-
HbIX BELLeCTB B OpraHusme. JIMLLIEHWE YefioBeKA W XMBOTHbLIX MULLIN
B/lIeYeT 3a COO0I YyBCTBO, Ha3bliBaeMoe rofiogom. Mprem NuLn Bbi3biBa-
eT NMPOTUBOMOJIOXKHOE rO/I0AY YYBCTBO HACbILLEHWA. 0104 KaK pr3nono-
rMYECKOe COCTOSAHUE AB/IETCH BblpaXeHWeM NoTpeGHOCTU opraHu3ma B
nUTaTe/NlbHbIX BELLECTBAX, KOTOPbIX OH ObLl NLLIEH Ha HEKOTOPOE Bpe-
M$i, 4TO MPUBESO K CHUKEHUIO UX COAepXKaHUa B Aeno U LMPKYInMpyto-
Liet kposy. CyGbekTBHOE BbIPXKEHME r0/10/a —HENPUSATHbIE OLLYLLe-
HVS B BUZE XOKEHUSA, «COCaHWSA MOZ NI0XKEUYKOM», TOLLIHOTbI, YyBCTBA 06-
LLeii cnabocTun. BHellHee 06beKTUBHOE NPOSB/IEHME 01043 —MOBe/EH-
yeckas peakuus B popMe nouncka nuLm. CyobeKTUBHbIE N 06bEKTUBHbIE
MposiBNEeHNs roniofa 06ycnoB/eHbl BO30YXAEHNEM Pa3/IYHbIX OTAEN0B
LleHTpanbHOM HepBHOW cucTembl (LLHC). CoBOKYNHOCTb HEPBHBIX 3/ie-
MeHTOB 3TuUX oTtfenos W. IM. MNaBnos Ha3san NuLLeBbIM LEeHTpoM. Ero
()yHKUMS —perynsums NULEeBoro NoBeLeHUs, HanpasieHHOro Ha Mo-
VCK 11 NPUEM MULLY, a TaKKe Perynaumns n QyHKLUMOHabHas NHTerpa-
LiMs OPraHoB MULLEBAPUTESILHON CUCTEMBI.

MWLLEBOW LEHTP —3TO OYeHb CNOXHbIA runoTanamo-1MmonKo-
PCTUKY/NIOKOPTUKa/IbHBIA KOMMEKC. BedyLiMm ero otaenom ABnswoT-
CcA natepanbHble fgpa runotanamyca. Mpu nx paspylieHny Habnwga-
erca oTkas ot nuwn {adarus), a Npu pasapaxeHun —YyCUIeHHOe Mo-
TpebneHne nuwm (rvnepdparust). STOT OTAEN NMULLEBOIO LieHTpa Hasbl-
BalOT LEHTPOM ronoja Wiy LEHTPOM MuTaHua. B BeHTpoMenanbHbIX
A4pax runoTanaMyca N0KaInM30BaH LEHTP HacbiweHns. Mpy nx paspy-
LWeHnn HabntogaeTca runepgarvsa, a npu pasgpakeHnn —agarus.
Mexay LEeHTPOM HaCbILWEHNUA U LEeHTPOM ro/ofa yCTaHOB/IEHbI pe-
LMNPOKHble OTHOLUEHMWS, T. €. ec/i OAUH LEHTP BO36YXX[EH, TO ApY-
rol —3aTopMOXKeH, U HaobopoT. B perynaumm BO3HUKHOBEHUS YyB-
CTBa ro/10fja U HacbILEHWS TaKkXke MPUHUMAIOT yyacTue mmbruyeckas
cucTema, peTuKynapHas (opmauus n nepefHue oTaesbl Kopbl 60/b-
LUMX NOonyLapuii roNoBHOrO mo3ra. pu nopaxeHwWn 3TUX OTAENOB
laKkXe MPoMCXoAMT HapyLLeHWe NULLEBOro MoBeLeHNS.

MnotanaMnyeckme agpa NULLEBOro LeHTpa BO30YXKAalTcAd Wnv
TOPMO3ATCA HEPBHbLIMU VIMMYy/IbCaMK, MOCTYNAaLWMMUN C nepudepmm
O pasnnyHbIX 3KCTEpO- M MHTepopeLenTopoB. OCOOY pPosib B 3TOM
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UrpatoT MMMY/bCbl C PELIENTOPOB XenyLOoYHO-KULLEYHOro TpakTa, 1 B
MepByIO 04epeab Xenyaka. Mpy CoKpalleHnn XenyfKa HaToLak oT ero
MeXaHOPeLenTopOB UMMy bCbl MAYT B MULLEBOW LIEHTP Y BbI3bIBAIOT OLLY-
LweHus ronoga. Mpw HanonHeHWUN xenyaka nuuierd (Mv Npu pasgysaHnn
B HEM Pe3VHOBOro 6asifioHa) OHY MPEKPaLLArTCs, MMYbLCbI OT pasapa-
XaeMblX peLenTopoB Xeny/Ka, NocTynas B MULLEBON LEHTP, NOAaBNAT
rO/I0f 1 BbI3bIBAKOT YYBCTBO HACLILLEHWA. B 3TOM 3aK/1H04aeTcs CMbIC/ Tak
Ha3blBaeMON NOKaNibHOW Teopuu ronopga.

OfHaKo HeKOTOpble JaHHble NPOTMBOpeYaT 37O Teopun. Hanpu-
Mep, y Ntofel nocne yaaneHus xenyaka (Kak MCTOYHMKA «MMMY/bCOB
rosiofia M HacbILLEHUA») He CHUXKAKTCA YyBCTBA ro/10a N HacbILWeHNs;
pasfyTbll B Xenyfke 0ani0H TOPMO3UT rofof KPaTKOBPEMEHHO, 3a-
TeM MOSABNAETCA YYBCTBO r0/i0fa, a Y XXMBOTHbIX Hab/tofaeTca nouck
nuwm. C yyeTom 3TUX (PaKkToB 6blUa BbBABUMHYTA TyMOpanibHas
Teopua rofioga W HacblWweHUa. OITaTeopus npegnona-
raeT, YTo YyBCTBO r0n104a —pe3ynbTar BIUAHWUSA Ha COOTBETCTBYHOLLIME
LIEHTPbI «rOI0AHOM» KPOBU, N B 3aBMCKMMOCTM OT BMA BELLECTB, KOTO-
pble OMpPeAenstoT XapakTepHble MPU3HaKW 3TOW KPOBW, MPeSJ/IoKeHo
HECKO/IbKO ee BapuaHTOB.

CornacHO rnNIKOCTATUYECKOW Teopwuu olylleHve
ronofa 06ycnoBfieHO YMeHbLUEHVEM COLEPXKaHUA B KPOBU [/IHOKO3bI.
B runotanamyce vMMerOTCA rNHOKOPELENTOPbI, BOCMPUHUMAIOLLNE KO-
nebaHNa YpPOBHSA B KPOBW T/IHOKO3bl. VI3MEHEHUS 3N1eKTPUYECKON ak-
TUBHOCTU LEHTPOB r0/10a W HaCbILEHWSA BblI3bIBAOTCA He TOJIbKO
BHYTPVBEHHbLIM BBELEHNEM T/IHOKO3bl, HO U TOPMOHAMWN —perynaTopa-
MVIXpOBHFI caxapa B KpoBM (MHCY/IMHOM W T/IHOKaroHOM).

MMUHOaUMAgoCTaTMyeckKaa Teopusd 0ObLACHAET ro-
NojA, Kak pesynbTaT M3MEeHEeHUA COAepXaHus B KPOBM aMWHOKWC-
not. ilmnocrtatmyeckasda Teopwud YTBEPXKAAET, YUTO pasfpa-
XUTeNleM COOTBETCTBYIOLMX LIEHTPOB ABNSAETCA HeLOCTaTOK MeTabo-
NNTOB  NIMNUAHOTO 06MeHa.

TepmocTatTmuyeckasa Teopwuda npeanonaraer yrHerte-
HWe LieHTpa ronoga npu noBbIWEHUM TeMNepaTypbl OMbIBAtOLLEN ero
KPOBW, YTO NMPOWUCXOANT NPY NPUEME MULL.

A. M. YronesbiM 6blna npegnoxeHa metabonmyeckasa Te-
OpunA, KOTOpas B M3BECTHON CTeNeHW CONMXKAET U3/0XKEHHbIE TEOPUN.
CornacHo el NpomMeXyTo4Hble NPoAyKThI Linkna Kpebca, obpasytouine-
cA Npu MeTaboIM3ve BCeX BUAOB NUTATE/bHBIX BELLECTB, LIMPKYIMPYS B
KPOBW, [EACTBYIOT Ha MULLEBOW LEHTP W ONPejenstoT CTeneHb ero Bo3-
OyAMMOCTU. VIM 1 €ro yueHnKamu 13 CIN3NCTOM 060/104KN fiBeHa L a-
TUMNEPCTHOW KULIKW OblU BbLUeNeH MenTug, perynupyrowmii anmneTuT.
Mpw ero BHyTPMBEHHOM BBELEHWMN NPOUCXOANN0 CHUXEHME NOTpe6Ho-
CTV B nuule. 310 Bewlectso A. M. YToneB Ha3gan anneTUTperynupyo-
WUM (ap3IHTEPMHOM). AMNMETUT YTHETAKOT Y HEKOTOPbIE APYTHEe KMLLEY-
Hble TOPMOHbI (Harnpumep, XoNeLNCTOKUHUH/MaHKPEO3UMUH).

Takum 06pa3oM, B eCTeCTBEHHbIX YC/MIOBUAX COCTOSIHME MULLEBOrO
LIeHTpa OMnpefenseTcs Kak CoCTaBOM KPOBW, TaK U HEPBHLIMU UMY b-
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camu OT MuLLeBapuUTe/ibHbIX OPraHoB, Aeno NuUTaTe/bHbIX BELLECTB, MHO-
FOUUC/IEHHBIX MHTEPO- U 3KCTEPOPEeLLenTOpOB, LEHTPOB MHOIMX petiek-
cos. [Npvem nuLM Yalle BCEro npouCXOAUT B OMpefesieHHOe Bpems u
oriepeXkaeT BO3HWKHOBEHWE Ae(hmumnTa NUTaTesbHbIX BELLECTB.

YyBCTBO HAaCbILEHWNA HACTYMaeT A0 TOro, Kak B KPOBb MOCTYMAT
NPOAYKTbLI NepeBapuBaHns NUTaTe/IbHbIX BELLECTB. Takoe HacbIeHne
11 K. AHOXMH Ha3Bas CEHCOPHbIM 1N nepBuYHbIM. OHO 3aK/o4aeTcs B
FOPMOXEHMM NULLLEBOrO LieHTpa (TOYHee, LeHTpa rofoga) 1 Bo3byxae-
HUW LeHTpa HaCbILLeHNA, UMEET pedhieKTOpHY0 npupody. MepBryHoe
HacbILLeHNe CMEHAETCA OOMEHHbIM, BTOPUYHBIM, WU WUCTWHHBLIM, OC-
HOBHbIM MEXaHW3MOM KOTOPOro SB/AETCA MOCTYM/IeHNe B KPOBb Mpo-
LYKTOB NnepeBapriBaHNsA NUTaTe/IbHbIX BELLECTB.

5.3. METOAbl NCCJIEOOBAHUA OEATE/IBHOCTU
MAWEBAPUTENIBHOIO TPAKTA

WccnenoBaHna HOpMasibHOW [eATeNIbHOCTU MULLEBAPUTENIHOTO
TpakTa NpvBneKann BHUMaHue Bpayeii U (hrm3nonoros ewe ¢ XL ..
()AHaKO Y MHTAKTHOIO >XXMBOTHOr0O MPakTUYeCKW HEeBO3MOXHO MNo-
NYYNTb UYUCTbIA CEKPeT KaKoM-nnbo nulieBapuTeNbHON >Kenesbl.
H XVIII B. PeoMiop AaBan XUBOTHLIM 3arnatbiBaTb 3aKpPeEmn/eHHbIe Ha
HUTKax KyCOYKW Try6Ku, KOTOpble B XenyaKe NnponuTbIBa/INCL ero co-
JepXUMbIM. B 3T0 e Bpems ObblM NPeANpPUHATBI NepBble MOMbITKN
BXWBNATb MET/IINYECKME W CTEK/IAHHbIE TPYOKM B NPOTOKM MiLLeBa-
pUTENbHBIX XKene3. OfHaKo 3T1 TPYOKM NEerko Bbinaganu, a XX1BOTHbIE
(avactyro nornbanv oT UHMeKUMU. He yaaBanocb LOCTUYb HYXXHOrO
pesysibTata ¥ B OCTPbIX OMNbITax, TaK Kak nt0boe onepaTMBHOE BMe-
LLaTeIbCTBO M OTPaB/IEHNE HAPKOTUYECKMMU BELLECTBAMMU MCKaXKasun
HOpMa/bHYI0 pPaboTy Xenes.

MepBble Waryv B peLleHUn 3Toin nNpobnembl 6bTU chenaHbl bomo-
HOM, KOTOPbIN Hab/HOAaN B TeUEHME ANNTE/IbHOTO BPEMEHU nauyeHTa
¢ (Ductynoii xenyaka, 06pa3oBaBLLENCs B pe3ynbTaTe paHeHus. 103-
Hee pycckuii xupypr B. A. bacoB npesnoxun crnocod XPOHUYECKOro
HaboaeHNa 3a paboTomM >KenyLoUHbIX Xene3 yepe3 MeTal/IMYecKyto
IpyOKy, BCTaBMEHHYIO B XenyfoK. HO TOMbKO BbLLAKLLMMCA PYCCKUM
()A3monorom . T1. MaBnoBbIM Obllia OKOHYaTeNbHO YCOBEPLLEHCTBO-
BaHa 3Ta MeTOAMKa, Nerwias B OCHOBY (hyHAaMeHTa/lbHbIX UCCNef0Ba-
HUA LeaTeNbHOCTU HKeNlyJ0YHO-KULLEYHOro TpakTa. B knaccmuyeckux
nccneposaHusax V. M. lMasnosa JOCTUMN COBEPLUEHCTBA XPOHUYECKMe
METOAbl UCCNeLOBaHUNA XeNyLOYHO-KMLLIEYHOTO TpakTa. /IX 0CHOBHO
[TPUHLUMN, KaK M06bIX XPOHNYECKUX METOLOB (hM3MOSIOTUYECKMX UC-
CMefloBaHWI, 3aK/yaeTca B NpeABapuTeIbHOM OnepaTUBHOM MOAro-
TOBKE >KVBOTHbIX (B [J@HHOM C/ly4yae Ha/IOKEHUN (PUCTY/IbI HA Te UK
VHble YYacTKM NULLEeBapuTeNIbHONO TPakTa MM MPOTOKM MULLEBAPK-
t0/IbHBIX XKefie3). K onbiTam npucTynaroT vepes onpeeneHHOe Bpems,
KO ga )KMBOTHOE MOJIHOCTHIO OMPaBUTCSA OT onepauuun. Takue XWUBOT-
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Hble 06bIYHO MCMOMb3YIOTCA AN 3KCNepUMeHTaNbHOW paboTbl ANK-
Te/lbHOEe BpeMms, MHOr4a HeCKObKO eT. C NOMOLLbIO (PUCTY bl MOXKHO
cobupatb YMCTble MULLEBAPUTE/IbHBIE COKM, HE CMeLLaHHbIe C NULLEN,
Hab/toaaTh 3a (DYHKLUMER opraHa, KOTopblil MMeeT HopMasibHOe KPOBO-
CHabXeHve 1 MHHepBaLMIO U (DYHKLMOHUPYET B HOPMasIbHbIX YC/10BU-
AX, B TOM yucne 6e3 npumeHeHns Hapko3a. OAHako B pafe Cry4aeB
HEeo6XOAMMO MCNONb30BaHWE OCTPbIX 3KCMEPVMEHTOB, B YacTHOCTU
Ha M30MPOBaHHbIX OpraHax. Tak, MPUCTEHOYHOE nuLLeBapeHue 6bino
OTKPbITO U nccnegosaHo A. M. YTo/eBbiM W ero Konseramy B onbiTax
Ha M30/IMPOBAHHbIX N Vitro 0Tpe3Kax KMLLKW.

Y KPYNHbIX CeNbCKOXO03ANCTBEHHbIX XWBOTHbLIX W YefioBeKa ANs
N3yYeHUs [eATelbHOCTY XenyL0YHO-KMLLEYHOr0 TpaKTa LMPOKO Npu-
MEHSIOTCA METOAMKM, He TpebytoLime Kakux-nnmbo onepatuBHbIX BMe-
LiaTeNbCTB. Hanpumep, akT XXeBaHWsA UCCeLyeTca METOAOM permcTpa-
LMW OBUKEHWUIA HWKHEN YeNtocTn —mMacTuKaumorpapuu, rnotaHue um
nepemeLleHe MULKM —C MOMOLLbI PEHTIEHONOrMYECKNX METOAO0B.
WHorga npumeHseTcs 6annoHorpatuyeckunii MeTos; B KaKoin-nnbo oT-
[en »KenyAo4HO-KMLWEYHOro TpakTa ¢ MOMOLLbO 30HA4a BBOAWTCA 3nac-
TWUYHbIWA GaNMOHYMK, COEANHEHHbIA C PErMCTPALMOHHON Kancynom, u
Mo U3MEHEHWUIO [aBNeHUA Ha CTeHKM H6an/IoHUYMKa CYAAT O MOTOPHONA
(hYHKUWUKN JaHHOrO OTAena. .

[ns NpKNU3HEHHOTO WUCCNef0BaHWUSA CEKPETOPHOW [eATe/IbHOCTY
XeNny[0UYHO-KMLLIEYHOTO TpaKTa UCMO/b3YHT 30HA0BbIE MeToAbl. VIHOT-
[a C LUenbio N30NAUUA O4HOMO yvacTKa KULWKK OT APYroro UCnosb3yoT
TaK Ha3blBaemble 0OTYpauMOHHbIE 30HAbl, O4MH W3 KaHanoB KOTO-
PbIX COEAMHEH C ABYMS Pe3vHOBbIMK bannoH4mMkamu. Mpu pasgysa-
HUN OHW M30/MPYIOT AaHHbIA OTPE30K NULLEeBapUTENbHOTO TpaKTa.
KOHCTpYKLMK 30HA0B, a TaKXe MeTOZbl 30HAUPOBaHUA 41 Onpejene-
HUA TeX UM UHbIX NapameTpoB (PYHKLMOHAIbHOTO COCTOSHUA NuLLe-
BapuUTe/IbHOr0 TpakTa MOCTOSAHHO YCOBEPLUEHCTBYHOTCA. [1A 3TOro
30HAbI CHabXarTCA COOTBETCTBYHOLMMUN AaTunKamu Ans onpegene-
HUA pH, faBneHWs, KOHLUEHTpaUMK Tex UM MHbIX MOHOB 1 Ap. Bce
LUIMPE B 3KCMEPUMEHTA/IbHBIX U ANArHOCTUYECKUX LLENAX MPUMeHseT-
cA pafuoTenemeTpuyeckas Metoauka (paguonunionn).

5.4. NMWEBAPEHVE B POTOBOW MOJIOCTH

MuuieBapeHne B pOTOBOI MOIOCTU BKIKOYAET NpMemM Kopma, Co6-
CTBEHHO POTOBOE NULLEBAPEHME W FNoTaHKe. B poToBoi NonocTu ocy-
LecTBNAETCA anpobaLms 1 MexaHW4eckas 06paboTka NuLM, cMaYvnBa-
HVMe NMUWM CNIOHON M (hOPMMPOBaHME MULLEBOrO KOMa M Hada/lbHble
aTanbl rMaposmn3a NUTaTeNbHbIX BELLECTB.

B 3axBaTblBaHWU MNULWMN Y4HaCTBYHT rybbl, 3ybbl, A3biK,
a MHorga nepefHue KoHeyHocTn. Cobaku 1 Apyrne XMWHUKN 06bI4HO
3axBaTblBalOT NMLLY 3y6aMn —pe3uamMy 1 KiblKamMu, OTKYCbiBas, pByT
ee, YAepXXnBas MHOrga fo6blvy nepegHMMM nanamu. MLy XWLLHWKK
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06bIYHO He pa3eBblBAKOT, KPOME KOCTEN U cyxapei. XXUAKYH NULLy
cobaky nakaroT, onyckas f3blK B XXUAKOCTb M 3abpacbkiBas ee B N010CTb
pTa. Jlolwaam 3axBaTbiBalOT TPaBy MpevMyLLEeCTBEHHO rybammn v pesua-
MW, HE NepeKyLleHHble TPaBUHKN ABUXKEHNEM TO/I0Bbl BHU3 U/IN B CTO-
POHY 06pbIBAIOT, & CEHO WM 3epHO 3axBaTbiBAKOT rybamMn 1 0TyacTu
A3bIKOM. Y KOPOBbI B 3aXBaTe TpaBbl BaXKHasd Po/b NMPUHALNEXUT ANNH-
HOMY W MOABMXXHOMY $i3blKY, KOTOPbIA MOKPbIT OCTPbIMUA OPOroBeB-
WKMK cocoykamu. OBLbI 3aXBaTbiBAlOT KOPM XOPOLLO NOABUXHbLIMM
ly6amu, rnaBHbIM 06pa3oM BepxHel, 0Tpe3as pes3Lammn HUXHeR Yento-
CTW. Y CBUHEN B Npueme Kopma NpUHMMAET ydyacTue A3blK, a Ans OTKY-
CbIBaHWUA TPaBbl Ha MNacTouLLe cryxXar pesubl. Jowaan v CBUHbN XXYHOT
nyLLy Nocne ee npuema JONro U TiatesibHo. XKBayHble XXMBOTHbIE NPU
NMepBMYHOM MpUYEeMe KOpMa NULLIb C/Ierka MepexeBbIBalOT ero, Tula-
lenlbHas mexaHWyeckas 06paboTKa NULLM NPOUCXOAUT BO BPEMS XKBay-
HOro npotecca.

XeBaHune ocyLlecTsnserca 6arogaps COKpaLLeHMIo XKeBaTe b-
HbIX MbILL,. [Tpy 3TOM HWXKHAS YeNoCcTb OMyCKaeTcs, a 3aTeM BHOBb
conmxkaeTcsa ¢ BepxHeid. bnarogaps cBoeo6pasHOMY ABVMXXEHUIO YenkC-
Tel nuwa JpobuTca U nepetupaeTcs. XKeBaHue 4pe3BblYallHO CBOe-
06pasHO y pasHbIX BUAOB XXMBOTHbIX. Y XXBaYHbIX XapaKTep XXeBaHus u
XKEBATE/IbHOr0 pedeKca 3aBNCUT OT KOIMYECTBA 3aXBa4YEHHOr0 KOpMa,
ero (WM3NYeCKNX N XMMUYECKMX CBOWCTB: YeM rpybee KOpM 1 ronofHee
XXMBOTHOE, TeM OO/blle >KeBaTeflbHbIX [BUKEHWI OHO COBepLUaeT BO
Bpems edbl. MepBble NOPLMN NULLKM BCEra CONPOBOXAAOTCA 66/1bLIMM
YMCNOM HKeBaTe/lbHbIX ABVMXXEHWI, YeM Moc/iedytolime. Y HernapHOKo-
MbITHbIX XXEBaHWE 0YeHb NPOAO/HKUTENBHOE, C YepefoBaHNEM NMPOTUBO-
MOSI0XKHbLIX CTOPOH YentocTen. ANnTenbHOCTL KeBaHNSA Ha O4HON CTOPO-
lle y nowagwn coctaBnset B cpeaHem 47 MvH. OHa cbefaeT 1 Kr cyxoro
ceHa 3a 30 MUH, a yBnakHeHHOro —3a 17 MuH, cosepLuas 70...80 xeBa-
[CNbHBIX ABVKeHWI 3a 1MuH. KopoBsa 3aTpayvsaeT 94 MvH Ha noepa-
HVMe 1Kr ceHa W 78 MMH Ha noefaHue cuioca; o6Llee YMCIO XKeBaTe/lb-
HbIX ABUKEHWI 3a 1CyT COCTaBNSET OKONO 42 ThiC.

CBMHbY, TaK Xe KaK 1 nowasm, nepexkeBblBaloT KOPM TLLATE/bHO
1 gonro. [ing HaceKOMOSAAHBIX (EXK) Npw XeBaHWW XapaKTepHbl pasna-
MblBalOLLMe ABUXKEHUSA. Y TPbI3YHOB YKeBaHVe HOCUT XapaKkTep rpbi3e-
nus, 4To 06ecneymBaeT PYHKLUMIO Nprema NuLLx, HO TaKKe MpescTaB-
NAET CaMOCTOATENbHYHO PYHKLMIO: Y KPO/IMKOB, HanpyMep, noBbILLa-
eTCA MHTEHCUBHOCTb ra3o0bMeHa, NPOUCXOANUT CTauyMBaHMe MOCTO-
SAHHO PaCTyLUMX Pe3LoB. Y Me/IKMX TPbI3yHOB 4acToTa [ABUKEHWi
YenCTen 04eHb Bbicoka —po 20 3a 1c.

XeBaHne —aKT pedineKTOpHbIA. Pazapaxutenem, Kak npasuno,
CNY>XUT KOPM, HaxoAALWMIACSA B POTOBOM MONOCTW. AKT XKeBaHWUs Noj-
Y/MHEH B/IVAHWUIO KOPbl FOIOBHOrO MO3ra W, CrefoBaTeslbHO, MOXeT
ObITb NPOV3BOJILHLIM.

Y HOBOPOXAEHHbIX AeTeHbILed OrpOMHOro 60/bLINMHCTBA MJIEKO-
NnUTaloLLMX NpUEeM NULLKN CBA3aH C aKTOM cocaHua. [loctyn-
NeHVe MOJIOKa B POTOBYHO MOJIOCTb NPW COCaHUK obecneynBaeTcs Co-
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3aHNeM B Heil oTpuuaTenbHOro AaefieHnsi. CKOpPOCTb COCaHus y
pasHbIX BUAOB pas/inyHa. [BUXeHUS YentocTel U A3blka AeTeHbllwa
CO34at0T B POTOBOI MOMIOCTW paspexKeHne, KOTOPOe B COYeTaHUM C
MeXaHWYecKUM JaB/ieHMeM Ha COCOK obecreynBaeT BbiBefjeHNe MO-
NoKa 13 cockKa.

CoctaB 1 (oyHKUMKN CtoHbL. CNoHa —MPOAYKT CEKPETOPHON fes-
TENbHOCTU C/IIOHHBIX Jkene3. o XapakTepy BbLUEMSEMOro CekpeTa
C/IIOHHbIE XXene3bl [eNAT Ha Cepo3Hble, CWU3UCTble W CMELUaHHbIE.
Cnm3ucTble Xenesbl BbIAENAOT CNOHY, COAepXallyto CAu3nUCToe Be-
WecTBO —MyLUMH. K HUM OTHOCATCA MeSIKMe CNHOHHbIE Kenesbl W
OTZeNbHble OOKaNoBUAHbIE KETKW. B cOCTaB cekpeTa Cepo3HbIX XKerne3
BXOAAT 6€/1KM. 3TO OKOMNOYLLHbIE Y HEKOTOPbIE MeSIKMe Xene3bl A3bIKa.
MoayentocTHas, NoAbA3LIYHAA U LLEUHbIE XKeNe3bl BbIAENAOT CEPO3HO-
C/IM3UCTbIV CeKpeT.

Mo mopthonornyeckMMm 0CO6eHHOCTSAM BCe MULLLEBAPUTENIbHBIE XKe-
ne3sbl PasfenstoT Ha FTOMOKPUHHbLIE U TeTePOKPUHHbIE: MepBble Bbl-
CTNaHbl OAHOPOLHbIMU CEKPETOPHBIMU KNeTKamu, BTOpPble —pasHbl-
MW TUNaMy CEKPETOPHBIX KNETOK (KakK Cepo3HbIX, TakK U CMU3UCTBIX).
K rOMOKpUHHOMY TUMY OTHOCAT OKOJ/IOYLUHbIE C/HOHHbIE JXEfe3bl
B3POC/IbIX XXMBOTHbIX, K FeTePOKPUHHOMY —NOAYENOCTHbIE U NOAbA-
3bluHble Xenesbl. CMoHa 06pa3yeTcs Kak B auMHycax, Tak U B NpoTo-
Kax C/TIOHHbIX Xeres.

CeKkpeumnsa —aTo BHYTPUKIETOUHbIM Mpouecc obpasoBaHuA
crneunguyuecknx BeLLECTB W BblAeNeHNs NX U3 KeToK. CekpeLuio cne-
[yeT OT/iMyaTh OT 3KCKPeLuMu, T.e. BblAeNeHUs NpoLyKTOB 06MeHa.
Ha kneTo4yHoM ypoBHe 3T 06a npoLiecca 0BO/IbHO 6/IM3KM MO CBOEMY
MexaHW3My, O[HaKO Mpy 3KCKPeLWW BbIBOAATCA HEHYXXHble U Jaxe
BpeLHble BellecTBa. Mpy CeKpeLun KNeTKN BbLUENAIOT CUHTE3MPYEMble
et0 BeLLeCTBa, MMEKLLMe CreuuanbHoe Ha3HavyeHne. VICXo4HbIM maTe-
puanom An1s CUHTEe3a CEKPEeTOB C/yXaT M3bumpartesibHO nocTynaroLime
yepes K/eTOYHble MeMbpaHbl BOLA, MUHepaibHble COeAVHEHNS, aMU-
HOKUCNOTbI, nomcaxapuabl 1 ap.

CeKpeTopHbI/ MPOLECC BK/IKOYaeT B CeOA TpU LMKNa: CUHTe3 nep-
BMYHOr0 MPOAYKTa ¥ 06pa3oBaHune rpaHy/ CeKpeTa; BblBeLeHue cekpe-
Ta W3 IOTETKMW; BOCCTAHOB/IEHWNE UCXOLHOMN CTPYKTYPbl KNETKM.

CWHTE3 NepBMYHOro CEKPETOPHOro MPOAyKTa MPOUCXOANT B Ka-
Ha/lbL,axX rpaHynsapHo/ 3HA0Ma3MaTUYeckom ceTu npu yvactum pm6bo-
com. o mMepe 06pa3oBaHMA NMPOLYKTbI CEKPELMM NMePeMELLAOTCA B -
CTepPHbl Komnuekca [onbmpku, rae NPOUCXOAWT OKOHYaTenbHoe (hop-
MUpOBaHWe rpaHyn cekpeTa. I'paHy/ibl MOCTENEHHO HaKanMBalTCA B
anukanbHOM (BEPXYLUEYHOM) YacTu KNneTku. B arpaHynspHoi aHAo-
nnasmaTuyeckon ceT 06pas3ytoTcs CeKpeTbl HebGenkoBOW NPUPOABbI,
KOTOPble TaKXe KOHLEHTPUPYHOTCA B arnuKasbHOW 30He K/IETKU.

BbiBeieHVe cekpeTa 13 KNEeTKM NPOMCXOANT pas/inyHbIiMK cnocoba-
mu (puc. 5.2). Obpa3syrowmecs rpaHysbl v Bakyonu npubnmxarotcs
K anukanbHOn MembpaHe KneTkW. 3aTemM Ha MecTe KOHTaKTa obpasyeT-
CA MMKPOCKOMWYeCKoe 0TBEPCTUE, Yepe3 KOTOPOe CeKpeT BbIBOAUTCA B
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Puc. 5.2. TUNEL BbLLEAEHUS CEKPETOB M3 KIETKU:

A — MMKPOMEPOKPUHOBEI; b — MaKpOMepPOKPUHO-
Bbli; [l —anoKpuHOBbI

a/IbBEO/Y XXenesbl. ATOT TUM CeKpeLnn HasbIBaeTCA MakpOMepPOKPUHO-
BbIM. BbIX0Z, CEKPETA BO3MOXEH TaKXKe B BUfe OTAE/bHbLIX MOJIEKY/ He-
NOCPefACTBEHHO Yepe3 MembpaHy KieTKy — MUKPOMEPOKPUHOBBLIA TUM.
Mpy HakoMNeHUN B KNeTKe BO0/bLIOr0 KONMYEeCTBA CEKPETOPHbIX rpa-
HY/l OHW CNMBAKOTCH U 06Pa3yroT BbIPOCTbI LUTOMMA3Mbl, KOTOpPbIe OT-
PbIBAIOTCA OT KNETKM, a Cama K/eTKa Yn/oLlaeTcs 1 BpeMeHHO Nnpekpa-
LaeT cekpeToobpasosaHue. [aHHbIA TUM CEKPeLun HasblBaeTCs ano-
KPWHOBbLIM. py HaKoMnJeHWM GOMbLLIOIO KO/IMYECTBA CEKpeTa KreTka
MOSTHOCTBIO MEPEPOXAeTCA M OTTOpPraeTcs —rofio/CPMHOBL/bI TUM Ce-
Kpeunn. Mpu CeKPeTOPHOIN AeATeNIbHOCTU CMKOHHBIX U ApYruX nuuie-
BapuTE/IbHbIX XKe/e3 MMEHT MeCTO BCe 3TW TUMbl CEKPELMN.

B auuHycax >ene3 npomcxoaut obpasoBaHue NepBUYHOIO CEKpeTa,
COZePXKaLLero MyUmH, a'y HeKOTOPbIX XXMBOTHbIX a-amunasy. B coH-
HbIX NMPOTOKax COCTaB MePBUYHOI0O CEeKpeTa CYLLEeCTBEHHO U3MEHSeT-
CSl; MOHbI HATPUA aKTUBHO peabcopbupyroTCs, a MOHbI Kanns akTUBHO
CEKpPeTMPYIOTCA. DTW MPOLECChl BbI3bIBAKOT NacCMBHYO peabcopbumto
MoHOB xsopa. OHOBPEMEHHO YCU/IMBAETCH CEKpeLus anutennem 6u-
KapbOHaTHbIX MOHOB B MPOCBET MPOTOKA.

KOMMOHEeHTaM C/OHbI NMPUHAANEXUT OCHOBHAs PoSib B (DU3MKO-
XMMMNYeCKoil 06paboTKe NULLM B POTOBOI MOAOCTV U B (hOPMUpPOBa-
HUWM MULEBOro KoMka. CMaymBaHue 1 HabyxaHue KopMa Mnof fLeinct-
BMEM C/IHOHbI CYLLLECTBEHHO 06/1eryatoT ero AanbHenlyto 06paboTKy, a
4aCTUYHOE PaCTBOPEHME HEKOTOPbIX KOMMOHEHTOB COCO6CTBYET /lyy-
LUe/i BKYCOBOW peuenuuun. 3a cyeT aMUIONUTUYECKUX (DEPMEHTOB,
COZlepXXalLLMXCA B C/IOHe, NPOUCXOAAT Haya/lbHble 3Tanbl rmaponunsa
Kpaxmana. B aTux npoueccax NpyHMMAOT yyacTue 1 guactaTuyeckune
((pepMeHTbI KOpPMa, KOTOpble PacTBOPSAKOTCA B CNtOHe. bnarofaps co-
JepXXaHUo MyLUWHa, NpugaroLwero el cimM3ncTble CBOWCTBA, CHOHA
CKNienBaeT 1 06BONaKMBaeT MULLEBOM KOM, 06neryas ero npornarbisa-
HWe 1 6onee Nerkoe NPOABMKEHME Yepe3 NULLEBO/ B ey oK.

Kpome TOro, c/itoHa BbINOMHSAET LEenblid pag PYHKUNUIA, He CBA3aH-
HbIX C MuLLeBapeHeM. TepMOoperynsTopHas MYHKLMSA CMHOHbI 3aK/to-
YaeTCcA B OX/TKAEHWN OpraHn3ma npu MHTEHCUBHOM WCMapeHun ee C
MOBEPXHOCTU A3blKa M CAM3UCTON 060104KM pTa. CtOHHbIE XKenesbl
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CMOCO6HbI K 3KCKpeuuu psga BELLeCTB, MOAJEXALMX YOANEHUIO 13
opraHusma. 3a cuyeT M36upaTesibHO CeKpeunun TeX UM MHbIX MOHOB
C/TIOHHbIE >Xene3bl y4acTBYIOT B MOAAEPXXaHUM MOCTOAHCTBA KUCOT-
HO-LLLe/IOYHOr0 PaBHOBECUS BHYTPEHHeN cpefbl opraHu3Ma. YpesBsbl-
YaHO Ba)KHOE 3HayeHue MMeeT 3aliuMTHas PYHKUMSA CNtoHbl. CrtoHa
NpefioXPaHAEeT CM3NCTYO POTOBOK NOIOCTM OT Pa3/IMYHbLIX NOBPEX[e-
HUM, MOXET pa3baBnsTb efKMe pacTBOPbl N CHKATb UX TOKCUYHOCTb.
Mpv nonagaHnn B POTOBYHO MOJIOCTb EKUX PACTBOPOB WM KaKNX-11M60
HecbeJOOHbIX BELLECTB (Hanpumep, necka) NpPoucXo4uT 06WUIbHOE Bbl-
LeneHve XNAKOW COHbI, COLepXKaLLeil Malo OpraHMYeCKMX BELLECTB.
Takasi C/HoHa Ha3blBAeTCS OTMbIBHOW CtOHON. CrtoHa obnagaeT 6akTe-
PULMLHBIM JeiAcTBMEM Gnarofapsi MHIMbaHy 1 M30LUMY.

OObLiee KONNYECTBO C/HOHbI, BbIAENAEMON XXMBOTHbIMU, J0CTaTOY-
HO Be/IMKO. 3a CYTKM Yy KOpoBbl obpasyetcs 190 n, y nowaam —40, y
cBuHein — 15 n. CntoHa npeacTaBaseT coboi Npo3payvHyto 6ecLBETHYHO
BA3KYHK XMAKOCTb, KOoTopasd Ha 98,5..99 % coctomT M3 BOAbl, a Ha
1...1,5 % —wu3 NAOTHOro ocTaTka (Co/Mu, opraHUYecKme BELLECTBA);
y yenoseka pH cntoHbl coctaenset 6,8...7,0, y koposbl —8,1...8/4, y
nowaan —7,55, y ceuHbn —8,1...8,7. 113 HeopraHn4eckux BELLECTB B
C/IOHE MPUCYTCTBYIOT XN0puabl, Cy/bhaTbl, KapOboHaTbl, Kainii, Kasb-
LW, MarHui, aMMmuak B ClefloBbIX KOMMYECTBaX, a TaKXKe HeKOTopble
NpPoAyKTbl 06meHa BewecTB —COL, CONM YronbHOW KUCNOTbI, MOYEBU-
Ha, /IeKapCTBEHHbIE BELLECTBa.

Y )KBauHbIX XXMBOTHbIX MOBEPXHOCTHOE HaTsXKEHWe C/OHbI cpaB-
HUTENbHO HM3KOoe: noytu B 1,5 pasa HWXKe BOAbl, YTO MPEnsTCTBYET
06pa3oBaHuMIO NEHUCTON Macchl B pybue v ceTke. CEeKpeT U3 OKONOYLL-
HbIX XK€e/ie3 KOPOB 1 0BeL, MMEeT CPaBHUTE/NbHO BbICOKYHO LLIENOYHOCTh
(pH 8,1) n obnafaet BbIpaXeHHbIMU O6yhepHbIMU CBOVICTBaMU. Bbico-
Kaf LLefiovYHOCTb, 06YCNOBMIEHHAsA cofepxaHuem 6ukapboHaToB U
thocdatoB, HeobXoaMMa ANs HEMTPanu3aLMm KIUCNoT, 06pasyoLmXcs
B Mpepkenyakax B pesysibTate OpOXeHUs. B cOCTaB C/HOHbI XXBaUYHbIX
BXOAWT ackopbuHoBas kucnota (ButamuH C), cnocobCTByrOWas pas-
BUTMIO MUKPOOPraHN3MOB-CUMOVIOHTOB B NMPepKenyaKax 1 noAas/isio-
LA naToreHHy MUKpodiopy. COHHbIE Xefe3bl Y XBaUHbIX XXUBOT-
HbIX Y4YaCTBYIOT B 006LLEM a30TUCTOM 0OMeHe, TaK Kak B COCTaB C/HOHbI
BXOAMT MOYEBMHA, KOTOpas MCMosb3yeTca py6LOBbIMU MUKpOOpra-
HU3MaMK 4na cuHTesa 6enka.

OpraHuyeckre BeLlecTBa CNOHbI MPeACTaB/eHbl MPeXae BCero
6enkamn. OaMH 13 Hanbosiee M3yyeHHbIX OEIKOB C/IHOHbI —T/IHOKO-
npoTeng MyLWH, NPMAAOLLINIA eli Cn3NCTble CBOMCTBA. MyUMH yua-
CTBYET B CK/IEMBAHWUW MULLEBbIX YaCTUL, B €AVHbIV NULLEBOW KOM, 06-
NneryaeT ero NpornarbiBaHne, a TakxKe 3aliyiaeT CM3UCTY0 060/104KY
POTOBOW MOMOCTN OT MEXaHWYECKUX MOBPEXEHWA. BaxHyto 6ronoru-
YECKYH0 pOo/nb MrpaeT 6enoK 1M3ouum, 06nafatolnii SPKO BblpaXKeH-
HON 6aKTepuULNAHON aKTUBHOCTbIO.

B cnoHe 4enoBeka, CBUHER U NTUL, COAepXXaTca (hepMeHTbI, pac-
Wennsowme yrnesogpl, a- U p-amMmunasbl PacLLensfoT noavcaxapuabl
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A0 Ancaxapuos. MMApoaus Aucaxapuios OCYLIECTBASETCSA NOf BO3-
pencrtenem 3-rnokosngasbl (Manbtasbl). ONTMMabHblE YCI0BUA
ANS [encTBma 3TUX (PepMEHTOB Credylolme: Temnepatypa cpegpl
okono 37..40°C, peakuua cnabowenoyHas. oatomy npu nona-
AaHWU NWLLEBOTO KOMa B eNnyAok rmaponns yrneBoaoB npoaoska-
eTCA TOJIbKO B ero LeHTpasibHou yactu, rae B TedeHue 20...30 MuH
COXpaHseTcs Heob6XoanMMbIin pH. Y KpynHOro poratoro ckoTa U fo-
Lafen aMmnunonnTUYecKne PepMeHTbl B CIHOHE MPUCYTCTBYHOT TO/b-
KO B CNeflOBbIX KOHLEHTPALMAX U He UMEIOT CYLLECTBEHHOIO 3Haye-
HWUA NS NULLEBApPeHNs.

Perynaupns  cntoHooTgeneHns. OKOMOYLUHbIE CAIOHHbIE Kenesbl
KPYMNHOr0 poratoro CKoTa W ApYrMx >KBauHbIX XXMBOTHbIX (YHKLN-
OHUPYIOT HEMPepbIBHO, HO YPOBEHb CEKPELNW YBEIMUMBAETCH BO Bpe-
M )KBauKM 1 npuema KopMma. Y fiowajein v CBUHEN CeKpeLms CNHoHbI
OKO/IOYLLHbIMW Kenie3amMn MNPOUCXOANT NEepPUOANUYECKU, TOMbKO Mpw
npuemMe nuwm. MNpu 3TOM Y CBMHEN C/tOHA BblAeNAeTcs € 04MHaKo-
BO/ MHTEHCUMBHOCTbIO 06eMMU XKenesaMu, a y iowasmn To/1bKO C TOi
CTOPOHbI, TAe NPOUCXOAMT MNepexxeBblBaHME KOpMa. KayecTBO U KO-
NIMYECTBO CEKpeTa C/IIOHHbIX XKe/e3 3aBUCUT OT XapakTepa U cocTasa
MUK, MpeXae BCEro ee (PU3MKO-XUMUYECKUX MoKasaTeneid. Mpu
3TOM 4esioBeKy M MIeKONUTAKLWMUM npucylla obwas 3akoHoMep-
HOCTb —Y4eM MeHbLUe BOAbl COAEPXUTCSA B NPUHMMAEMON NuLe, Tem
60/bLIee KONMYECTBO CNHOHbI BblAeNseTcs.

CocTaB CNHOHbI MOXET CYLLEeCTBEHHO BapbMpOBaTh B 3aBMCUMOCTM
OT Yy4acTus B PErynauun CIHOHOOTAENEHNSA TEX UAN UHbIX HepBOB. Mpu
CTUMYNALMUM CUMMATUYECKNX HEPBOB C/IOHBI BbILENAETCA 00bIYHO He-
MHOrO, HO OHa COAEPXWUT 3HAYUTE/IbHOE KOMMYECTBO OpraHUYeckKmx
BewlecTB. C/tOHa, BbLUENAOLWAACA MPY pasfpaXkeHun napacvmMnaTtu-
4eCcKNX HepBOB, 60see XNAKas U COLEPXKNT MeHbLLIE OpraHNYecKnx Be-
wecTs. [103TOMY CMMNATUYeCKNe HepBbl Ha3bIBAKOT TPO(UYECKUMU, a
napacumMnaTnyeckne —CeKpeTopHbIMU. [MapacMmnaTyeckoe BVSHUE
Mna C/IOHHbIE XXefe3bl CUbHee, YeM CUMMNaTUYeCKOe.

Perynaums cnrOHOOTAENEHWUSA MPOUCXOAUT CNOXHOPEMIEKTOPHbLIM
nyteM. OCHOBHOe peLenTopHOe nosie 6e3yc/IoBHOIO C/IKOHOOTAENN-
TeNbHOro pediekca —cam3ncTas 060104Ka A3blKa U POTOBOW MO/0C-
T, TAe 3a10XeHbl MexaHOpeLenTopbl U XemopeuenTopbl (puc. 5.3).
MexaHopeLenuusa obecrneyrBaeT aHa/in3 NJIOTHOCTA KOPMa, ero KOH-
CUCTEHLMIO 1 cofiepXaHune Bnarv. XeMopeLenTopbl NPUHMMAKOT y4ac-
TWe B aHa/M3e BKYCOBbIX Ka4yecTB KopMa. Ha fedATelbHOCTb C/IIOHHbIX
XXene3 BNUAIOT PELenTOPHble MO/ Pas/NYHbIX OTAENI0B MULLEBapU-
TeNIbHOro TpakTa. Tak, pasfpaxeHve peLenTopoB NULLEBOAA Bbi3blBaeT
06MNbHOE CNIOHOOTAEeNeHNe. B036yxaeHne OT peLenTopoB POTOBOW
nonocTn no adMepeHTHbIM BOMIOKHAM TPOMHWYHOIO HepBa, A3blKO-
rMOTOYHOr0 HepBa, BePXHeropTaHHOM BeTBU O/yXJaloLero Hepsa U
NALEBOro HepBa MnepesfaeTcs B NepPBUYHBIA LEHTP C/IIOHOOTAENEeHUS B
NPOAO/ITOBAaTOM MO3re, rfe PacnofoXeHbl sApa NULEBOro, A3bIKOr1o-
TOYHOro 1 61yXAaroLero Hepsos. M3 NpogoaroBaTtoro Mosra no Boc-
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Puc. 5.3. Cxema peieKTOpHOro npo-
Lecca C/IIOHOOTAENEHNA:

/ —peuenTopbl pOTOBOI MonocTn; 2—
aepeHTHbIN NyTb; 3— HepPBHbIN LEHTP
npoAonroBaToro Mosra; 4 — napacumnaru-
yeckue BOMOKHA; 5—cuMmnaTnyeckne Bo-
NOKHa; 6— KpaHWanbHblli LWelHbIA raHr-
AWiA;  7—MNOCTraHrNNOHapHbIE CUMNaTh-
Yeckue HepBHble BOJMIOKHa; |  ClOHHas
Xenesa; 9—cumnaTuyeckue LeHTpbl

XOOALYM nyTaM BO30YX[eHWe MepefaeTca Ha CTPYKTYpbl Tasamyca,
rmnoTanamyca v Kopbl T0/IOBHOMO MO3ra.

3 HepBHOr O LeHTpa CUrHasbl NOCTYNAKT K CIFOHHBIM XXefe3am o
CUMMNATUYECKMM W NapacuMnaTUYyecKMM HepBHbIM BOMIOKHaM. Mapa-
cMMNaT4ecKne BOJIOKHA UaYyT K OKO/OYLLHOW Xesese B COCTaBe sA3bl-
KOr/IOTOYHOI O HEepBa, a K NOAYeIFOCTHON U MOAbA3bIYHOW —/NLEBOTO
HepBa, 6apabaHHON CTPYHbI U OKAHUMBAKOTCA Ha HelipoHax, pacnono-
XXEHHbIX B caMoM xene3e. CuMnaTuyeckme HepBHbIe BOTOKHA BbIXOAAT
“3 CNMHHOrO Mo3ra Ha ypoBHe II—VI rpygHoro cermMeHTa B COCTaBe
ero BeHTpasibHbIX KOPELLKOB, HarpaBnstoTCA O BEPXHEro LUeNHOro
CUMMATUYECKOTO raHrnunsa, rae NepeknyvaloTcs Ha NOCTraHrIMoHap-
Hble CUMMNATUYECKME HEMPOHBI.

CnioHa BblAenseTcs He TO/IbKO B pe3y/fibTaTe HenocpeiCcTBEHHO-
ro BO3AENCTBUS NMULLM HA PeLenTopbl CiM3UCTon 06onouku pra. Cy-
LEeCTBYeT a/ibTePHATMBHbI MeXaHM3M CAHOHOOTAENEHUs, OCYLLeCT-
BNSEMbIA NO MPUHLMNY YCNOBHOIO pediekca, T. €. 40 pa3gpaxeHus
nUWeln peLenTopoB POTOBO NONOCTU. lMepBbiM 3BEHOM YC/IOBHOIO
C/IOHOOTAENUTE/IBHOTO pediekca Cnyxat aHanu3atopbl (3puTenb-
HbIA, OOOHATENbHBLIA W [p.), HA KOTOpble [e/CTBYIOT BMA W 3anax
MUK, 3BYKKU, COMYTCTBYIOLWME ee MPUroToBiaeHnto. OT HUX BO30OYX-
[eHne nepefaeTca B COOTBETCTBYHOLLME 30HbI KOPbl 6O0/bLUMX NOJY-
LLapuii rONIOBHOIO MO3ra, a TakXke B NepeAHWe 1 3aHve rpynnbl saep
runotanamyca. OTcrofa Mo HUCXOAALMM MPOBOAALLMM MYTAM BO3-
Oy>XJeHve nepefaeTcsa B CMOHOOTAENNTENbHbIA LeHTP NpoLoNrosa-
TOro mosra. OfiHaKo 3anax v BuUf, NULLY BbI3bIBAKOT C/IKOHOBbLLE/EHNE
TONbKO B TOM C/lyYae, ec/in paHee OHW 4eiCTBOBa/IM COBMECTHO C pas-
gpameHmeM peLenTopoB POTOBOI nosnoctu. Tak, y cobaku, He npo-

OBaBLLEN paHee msca, Npu ero 0OHIOXMBAHUN CtOHA He BblaenseT-
ca. Takum 06pas3oM, aTOT pethneke, Kak 1 Apyrue ycioBHble pegiek-
Cbl, BblpabaTbiBaeTCAd B T€YEHWE XWU3HWU. YC/OBHble CMOHOOTAENU-
TeflbHble pediekCbl MOryT 06pa3oBbIBaTLCA UM Ha pasfpaXkuTenu, He
MMetoLLMe NPSMOro OTHOLIEHUS K nuue (MCKYCCTBEHHbIe pa3gpaxu-
Tenu), HO ANS UX BbIPabOTKN N OCYLLECTBNEHNS HEOOXOAMMO y4yacTume
KOpbl 60/bLUNX NOMYLIAPUIA FONIOBHOTO MO3ra.
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y noLuasim OTCYTCTBYET YETKO BblpaXXeHHas YCNOBHO-ped/ieKTopHas
peakuns Ha HaTypa/ibHble YCI0BHbIE PasfpaXuTenn. Y XULHBIX XN-
BOTHbIX, AJIATE/IbHO BbICNEXUBAOLLNX A00bIYY, YCNIOBHO-pedhieKTop-
HbIX C/IFOHOOTAENNUTENIbHBIX PeNeKCcoB HET, HamnpoTWB, BUA W 3anax
[06bI4M TOPMO3AT CHOHOOTAENEHNE. OLHAKO Y MOMOAbIX, eLLe He 0XO-
TALMXCA XXMBOTHBIX, KaK 1y C06aK, HaTypa/ibHble YCNOBHbIE C/IKOHO-
OTAeNnuTeNbHble pedieKcbl MPOABAATCA OYeHb OTYeT/IMBO. Heob-
XOMMO MOMHWUTbL, YTO HOPMasibHOE CNIOHOOTAENeHUe Mpu npueme
MULLN —BCerfa CMoXHbIA KPMMIEKC YCNOBHbIX U 6e3yCN0BHbIX pas-
ApaxuTeneid, npuyem [eliCTBME MepBbIX BCerfja npepLiecTByeT Aei-
CTBUIO BTOPBbIX.

F'ymopanbHas perynauus [edTeflbHOCTU CIIIOHHBIX JKene3 WMeeT
BTOPOCTENEHHOE 3HayYeHue. YCTaHOB/IEHO, YTO MPY PasfpaxkeHnn na-
pacumMnaTUyecKnx HepBOB C/TIIOHHOW Xesnesbl B Heil 0bpasyeTcs TkaHe-
BbIli TOPMOH Ka//IMKPENH, KOTOPbIA BbI3bIBAET PacLiMpeHune KpoBe-
HOCHbIX COCY[]0B, B/IMSIET Ha NPOHML,AEMOCTb MeMOpaH 1 MOXET 13Me-
HATb CEKPELMI0 AeHePBUPOBAHHOMN CIKOHHOM Xeres3bl.

noTaHne — aBuraTefibHas peakuus, 6narogaps KOTOpoOW nu-
LLeBOM KOM MepeMeLLaeTcsa M3 MosocTh pra Mo MNULLEBOLY B Ke-
NyfoK. AKT rn0TaHWUA LennuTcs Ha ABe (ha3bl: NMPOW3BONbHYO U He-
MPON3BOJIbHYIO.

B npon3BonbHON (ra3ze nNMLIEBOA KOM [ABUXEHMAMMU
A3blKa MnepesBuraeTcsl K ero CrvHke. 3atemM NPOUCXOAMUT MpMdKMMaHUe
KOMa K TBepLOMY HEGY 1 nepeMeLLeHue ero B rNnoTky. C MOMeHTa nepe-
MeLLEeHMA KOMa 32 HEOGHble YKV HaYMHAeTcs HeNnpoMW3BO b -
Haa @as3a rnotaHua. HacTynaroulee pasgpaxeHue peLenTopos
MSArKOro Hé6a BbI3bIBaET COKpaLLeHNe COOTBETCTBYHOLLMX MbILLLL, B TOM
yunce NPUNOLHUMAIOLMUX MATKOe HEGO. Mpu 3TOM NOMOCTb pTa 0TAe-
NeHa 0T r/I0TOYHOIO MNPOCTPAHCTBA M 3aMbIKaeTCA HOCOII0TOYHbIM
MPOCTPaHCTBOM, I/e PacrosioXeHbl X0aHbl N OTBEPCTUA EBCTaxXMeEBbIX
Tpy6. A3blK, NPOTaNKMBAA NULLEBON KOM, Ha[aBNIMBaeT Ha HAAroOpTaH-
HVK 1 3aKpblBaeT BXOJ B AblXaTefibHble MyTW, MOAbA3bIYHASA KOCTb U
ropTaHb NOAHUMAKOTCS BBEPX, B Pe3y/ibTaTe BXOZ B ropTaHb MN0THO 3a-
MblKaeTcs. [1LLEeBON KOM MOXET Tenepb MonacTb TOMbKO B OTBEPCTUE
MULEBOJa, paclUMPeHHOro B pe3y/bTaTe COKpalleHWUs HEeKOTOpbIX
mbly,. Beckb aToT npouecc 3aHMmaet 0,5...1,0 c.

MpwW rnoTaHUK NPOABMXKEHWNE MIOTHOTO NULLLEBOTO KOMa Mo nuLe-
BOAY BO3MOXHO 6/1arofaps nepuctaibTUYeCKUM ABUXEHUAM €ro CTeH-
Kv. JBW>KeHWA NULLEBOAA BO3HUKAKOT PEqIEKTOPHO MPU KaXKA0M [/10-
TaTe/lbHOM aKTe.

"noTaHVe —TUNWYHBIA  PeqeKTOpHbIA  akT. [0 MOoCTyn/eHus
MWLM 3a HEOHbIE AY>KKN BCe MPOLECChl COKpaLleHWs MbILL, Npoun3-
BO/IbHble. C MOMEHTa MOCTYN/IeHNS MULLM 3a HEOHbIE JYXXKW MpoLecc
He 3aBMCUT OT KOpbl FO/IOBHOrO Mo3ra. O6s3aTe/lbHbIM YCNOBUEM ANs
I'noTaHunsa ABngeTCa BO3OYXAEHVE PeLenTopoB MArkoro Héba. Ecnv ero
CNN3NCTY0 060/104KY CMa3aTb HOBOKAWHOM, TO /l0TaHWe CTaHOBUTCA
HEBO3MOXHbIM. LIeHTp rnoTaHus HaxoAuTCsA B NPOAO/IrOBaTOM MO3re.
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Bo Bpems rnotaHus TOPMO3UTCH BO3OYXAEHMe AbIXaTeNlbHOro LeHTpa
M MPOMCXOAUT HEKOTOPOE yuyalleHve cepaLebueHmns.

AKT pBOTbl. PBOTa —3alUNTHBIA PedIeKTOPHbINA aKT, 3aK/tyato-
WNIACs B BbIGPOCE COAEPXKMMOTO XXeNyfKa, a B HEKOTOPbIX ClyyasX U
KuULLeYHKKa, Yepes poT. OH 06YC/IOB/IEH C/IOXHbLIM KOMI/IEKCOM COKpa-
WEHWUA CKENMETHbIX MbILIL, M MbILLL, YXe/TlyJ04YHO-KULIEYHOTO TPakTa.
O6bIYHO PBOTA HAYMHAETCH C COKPALLEHNS MbILLL, CTEHKM KULLEYHMKA,
B pe3y/ibTaTe Yero XmMMyc nonagaet B NonocTb Xenyaka. Yepes 10...15¢
MPOVUCXOAUT CU/MbHOE COKPALLLEHWNE MbILLLL XeNyAKa U BXOA B NULLIEBOL
OTKPbIBAETCSH, a TaKxXe MbILL, OPIOLLIHON CTEHKN U Auadparmbl. B mo-
MEHT «XO/I0CTOr0 BAOXa», T.e. MOMbITKN BAOXa C 3aKPbITON rOpTaHbHo,
COZIEPXMMOE XKenyfika BblOpacbiBaeTCA Yepes MuLLIEBOS, B MOIOCTb pra.
LieHTp pBOTbI pacnonoXeH B MPOAONTOBAaTOM Mo3re. ECiv pasgpaxarb
HepPBHble KNEeTKWU 3TOr0 LEeHTPa XMMUYECKUMW BELLLeCTBAMU, TaKXe
MOXXHO BbI3BaTh pBOTY. K addhepeHTHOMY 3BeHY pediekca pBOTbl OTHO-
CATCA LIEHTPOCTPEMUTESIbHbIE BO/IOKHA LIENIoro psfa CeHCOPHbIX HEPBOB
(612/>Kgarom,ero, A3bIKOrIOTOYHOIO U T. [.), K 3PPepeHTHOMY —LIeHT-
POGEXHble BOIOKHA B/yX/alOLLEro N YPEBHOrO HEPBOB, a TaKXe Hep-
BOB, VIHHEPBUPYIOLLMX OPIOLLIHYIO CTEHKY U Anadparmy.

5.5. MMWEBAPEHVE B XXEJTYKE

MuileBapuTenbHble PYHKLMM XXenyaKa 3ak4aroTcs B AeNOHMPO-
BaHWW NuWK, ee nepepaboTke (MexaHUYecKon M XMMUYECKOi) 1 no-
CTEMNeHHOW MOPLMOHHOW 3BaKyauuu B KULEYHWK. MMuwa, B TeueHue
HECKO/IbKUX YacoB HaxOAACh B XenyfKe, HabyxaeT, pa3xmxaeTcs, MHO-
rve n3 ee KOMIMOHEHTOB PacTBOPSAKOTCA W MOABEPralvTcs rMAponn3y
(hepMeHTamMu C/HOHbI U XKeNyL04HOr0 COKa, MoC/e 3TOro BCachbiBaloTCs B
KpoBb. [lna >enyfka xapakTepHbl TakXKe 3KCKPeTopHas (BblLeneHue C
XEJy04HbIM COKOM B MOJIOCTb Xe/y/jKa TaknX MeTabonnToB, Kak MoYe-
BWHA, MO4YeBas KUCNOTa, KpeaTuH, KpeaTUHWUH) N MHKpPeTopHaa (o6pa-
30BaHMe PerynsaTopHbIX 6MOIOrMYECKN aKTUBHBIX BELLECTB) (DYHKLUW.
Kpome TOro, »enyfoK OCYLLECTB/ISIET TAKXKE 3aWMUTHYIO PYHKLMIO 3a
cyeT 6aKTepULMAHOIO 1 6aKTepUOCTATUYECKOrO AENCTBUSA XKenyao4HO-
ro COKa 1 BbI6pOCa HeJ06pPOKaYeCTBEHHON NuLLK (PBOTA).

B 3aBucrMocTU OT poja nNoTpebsemMoro Kopma pasmepbl U CTpoe-
HWe Xeny[Ka y pasHbIX BUAOB XMUBOTHbIX OTAnYatoTcsA. XXenyaku no
aHaTOMWYECKOMY CTPOEHMIO 6bIBAIOT CIEAYIOLLME: NPOCTON —O/AHOKa-
MEPHbIV U CMOXHbIA —MHOrOKaMepHbI.

CTeHKa 04HOKaMepHOro >keflyaKa COCTOMT M3 CEePO3HOro, MblLley-
HOro, C/IM3UCTOr0 W MOAC/N3UCTOrO CNoeB. M0 CTPOEHWUIO CM3UCTOM
060/104KN 1 XENe3NCTbIX KETOK B Xe/y/Ke BbLLENAT TPU CEKPeTop-
Hble 30HbI: KapAnanbHyo, PYHAIbHYIO Y NUnopuyeckyro. Kap au -
anbHaf YacTb OKenyAka NPUMbIKAET K MULLEBOAY W WMeeT
TO/IbKO C/IM3UCTbIE XKeNe3bl NULLEBOAHOINO TMNa. B )y HA4anbHO
MNUNOPUYECKON YacTax XKenesbl TpybUaTble reTepOKPUHHbIE,
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KNETKI KOTOPbIX MPOAYLMPYIOT pasNnyHbIiA ceKpeT. NnaBHble, uau nen-
CMHOBbIE, K/IETKMN BbLUENSIOT COK, cofepxXaliyin epmeHTbl, 06KnaLou-
Mble —BbIPabaTLIBAIOT COMISIHYHO KMC/IOTY, a C/IM3NCTbIE 11 MOKPOBHO-3MN-
renvanbHble —CM3NCTbIA CeKpeT. B kenesax nunopuyeckoi Yactu 06-
KNafjouHble KIeTKN, 06pasytoLLye CONAHYIO KUCOTY, OTCYTCTBYHOT.

CocTaB Xe/nyfjouHOro Coka. YKenyfouHbliA COK SIBNIRETCA MPOAYK-
TOM CEKPETOPHOW [JeATeNbHOCTM TPy6YaTbIX >XenyfouHbIX >Kenes, a
TaKXKe CeKpeuun INuTeNnanbHbIX K/ETOK, BbICTUIAKOLWMX MOMOCTb
xenygka (tabn. 5.1).

5.1. ®YHKLMOHa/IbHOE 3HAuUeHVe CEKPETOPHbIX KMETOK XenyaKa

YKenypouHble xenesbl CeKpeTopHble KNeTkn MpogyKT cekpeLnn
PyHAaNbHbIe ["naBHble [MencuHoreHbl
O6knagoyHble (unn napu- HCL
eTaslbHble)
[o6aBoyHble Mykononucaxapugbl Caun3su,

BHYTpeHHWi thakTop Kacna.
Cekpeuusi ycunmeaeTcs npu
npueme NULLK

KapgnanbHble [o6aBouHble (rnaBHbIX U Cnunsb
06KNaf04HbIX K/ETOK
MnoYTUN HeT)
Munnopnyeckune ["naBHblE, CXOAHbIE C MencuHoreHbl
KNeTKaMu (pyHAaIbHbIX CekpeT cnaboLenoyHoi n
xenes BA3KWUIA, CNn3b.
[o6aBoyHble CeKpeLuio He CTUMYNUpYeT
npuem nuLn
[MoKpoBHO-3NUTENNASb- KneTkn umnmHgpuyec- Cnusb 1 XXMAKOCTb cnabolue-
3ble KNETKU KOro anutenuns NOYHON peakuumn

UNCTbIV XenyAo4HbI COK MIEKOMUTAIOWMX NPeacTaBseT coboii
6ecLBETHYHO NMPO3PaYHYHO XUAKOCTb Kucnoi peakumm (pH 0,8...1,0); co-
LepXuT consaHyto kucnoty (HC1) n HeopraHnyeckue MOHbl —KaTUOHbI
Kanus, HaTpus, aMMOHWSA, MarHus, KaabLusi, aHUOHbI X/1opa, He6osb-
LLIOE KONMYECTBO cynbdhaToB, hocthaToB 1 GMKapboHaToB. OpraHu4ec-
Kve BELLECTBa Mpe/jcTaBneHbl 6e/1KOBbIMIA COEANHEHNUAMM, MONIOYHO
KWUCMOTOW, TOKO30M, KpeaTMHMOCHOPHOW KUCIOTON, MOYEBMHOW,
MOYEBOI KUCNOTON. BenkoBble COeANHEHUS —3TO B OCHOBHOM Mpo-
TEONIMTUYECKME W NINMONINTUYECKME (PEPMEHTbLI, U3 KOTOPbLIX Hanbosee
B&XKHYO POJb B XKENYL0YHOM MULLLEBAPEHUW UTPAKOT NENCUHbI.

MencuHb TrUAPONN3YIOT 6GEfIKM Ha BbICOKOMONEKY/APHbIE
coefiMHeHna —nonunenTuibl (anbbymo3sbl U MenToHbI). [MencuHbl
BblpabaTbIBalOTCA C/IM3UCTOW 000/104KOM XeNyfKa B BUAe HeaKTUB-
HbIX MENCMHOreHOB, KOTOPble B KUC/OW Cpefe NepexofsT B CBOO
aKTUBHYIO (JOpPMY —NEencuHbl. N3BecTHbI 8...1 pa3finyHbIX nencu-
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HOB, MOApa3fensaemMblX N0 CBOMM (PYHKLMOHa/IbHBIM OCOBEHHOCTAM
Ha HeCKOMbKO rpynm:

nencuH A —rpynna epMeHTOB; onTnym pH 1,5..2,0;

nencuH C (raCTpUKCUH, XeNnyfouHbli KaTencuH); ontumym pH
3,2...3,5;

nencvH B (mapanencuH,, XenatuHasa) —pa3XuXaeT >XenaTuHy,
pacLennseT 6esKn coeAMHUTENbHON TKaHKU; onTuMym pH go 5,6;

nencuH D (pPEHHWH, XMMO3NH) —npeBpaLaeT 6enoK MO/oKa Ka-
3eWHOTEH B Ka3eMH, KOTOPbI BbiNajaeT B 0CafoK B BUAE Ka/bline-
BOW con, 06pa3ys pbiX/blA CrycTOK. X1MO3UH aKTUBUPYETCA MOHaMW
Kanbums; 06pasyerca B 60/1bLLOM KOMMYECTBE B XKeNyAKe Y XKMBOTHbIX
B MO/JIOYHbIN nepuof,. KasenH n afcopbupoBaHHbIN Ha HEM 3MYNbIU-
POBaHHbIN XMP MONOKa 3aJePXXMBAKOTCA B XKeNyakKe, a CbIBOPOTKa MO-
NOKa, COofepXKallas nerkoycBosiemMble anibOyMUHbI, T106Y/IMHbI N NakK-
TO3Y, 3BAKyUpYyeTCs B KULIEYHUK.

NTunasa >Kenyfo4HOrO COKa OKa3blBaeT CNabblii rMaponusyto-
WA 3PGEKT Ha XKUPbI, MAKCUMabHO pacLiennseT amMmy/brMpoBaHHbIe
YKUPbI, HaNpUMep >XXUpP MOJIOKa.

CondaHas KWUCNOTa —BaXKHbIA KOMMOHEHT XenyA04HOro
COKa; BblpabaTbiBaeTCs NapueTaibHbIMU KNeTKaMK1, pacnonoXeHHbIMU
B MepeLLeiike 1 BepXHeM OTAefe Tena xenyaka. ConsHasa Kucnota yya-
CTBYET B Perynaumnm cekpeLnm XenyaouHblX U NomXKenyL0UHbIX dKenes,
CTUMY/MpYs 06pa3oBaHvie racTpuHa 1 CEKpPeTuHa, CrocobCTByeT npe-
BpalleHWIO NencuHOreHa B MencuH, cosgaet onTumym pH ans gei-
CTBMA NENncUHOB, BbI3blBaeT AeHaTypauuto 1 HabyxaHue 6enKkoB, YTO
CMOCOOCTBYET MNepexody MUKW U3 KeNyhKa B [ABEHAALATUMEPCTHYIO
KWLLIKY, CTUMY/IMPYET CeKpeLuto hepmMeHTa IHTEPOKINHA3LI SHTEPOLIM-
Tamy CNU3NCTON [BEHAALATUNEPCTHON KULIKW, CTUMY/IMPYET MOTOp-
HYH0 aKTUBHOCTb XXeNyJKa, y4yacTByeT B OCYLUECTB/IEHUN MUIOPUYeEC-
KOro pedekca, oKasblBaeT baKTepMuUUAHOE AeicTBHe.

Cekpeuus CONsHON Kncnotel —UAM®-3aBUCMMbINA Npouecc. [ns
(DYHKUNOHMPOBAHMNA CUCTEMbI CEKPELMN COMISHOW KUCMOTbl HEOOXO-
OUMbl MOHbI Kanbuus. PaboTa KMCNOTONPOAYLMPYHOLWNX KNETOK CO-
MPOBOX/aeTca noTepein MOHOB H” 1 HaKoMMeHeM B K/eTKax MOHOB
OH*, cnocobHbIX OKa3sbliBaTb MOBPeXAatoLlee LeNCTBME HA KNeTou-
Hble CTPYKTYpbl. Peakuum nx HernTpanmsauum akTBUPYET XKenymnou-
Has KapboaHrmgpasa. O6pasosaBlumecd nNpuv 3ToM BMKapboHaTHbIe
NOHbI BbIBOAATCS B KPOBb, @ HA MX MECTO B K/IeTKW NOCTYNalT NOHbI
Cl~. MepBoCTENEHHYIO POJb B MpoLeccax CeKpeLmmn CONAHOW KNUCN0-
Tbl Urpaet cucrema knetouHolXx AT®da3. NAVKA —ATd3a nepeHo-
cut K" B 06meH Ha Na+ n3 kposu, a HVK' —AT®3a TpaHcnopTu-
PyeT U3 NePBUYHOr0 CEKpeTa B 0OMEH Ha BbIBOAUMbIE B XKeNyAou-
HbIli COK MOHbI H,

B cocTas »enyfo4yHOro coka BXoAUT HebGO/bLLIOE KO/IMYECTBO C/n-
3n. Cnmsb (MyUMH) —NPOAYKT CEKPEeLMM A06aBOUHbIX KNETOK (MYKO-
LMTOB) M KNETOK NOBEPXHOCTHOIO 3NUTENNSA >KeNyaoUHbIX Xenes. B ee
COCTaB BXOLAT HENTpa/ibHble MyKOMoAncaxapuibl, CUasioMyLUuHbl, rn-
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KOMPOTENHbI U FNKaHbl. MyunH 06B0/1IaKMBaeT CAU3UCTYHO 060/104-
Ky >XeNy[Kka, NpensatcTBys MOBpeXJatoLleMy [AeACTBUI0 3K30TeHHbIX
(hakTOpoB. MyKOUNUTLI MPOAYLMPYIOT TakKe 6ukapboHaTbl, KOTOpble
NMeeTe C MYLIMHOM 06pa3ytoT MyKO3HO-0MKapbOoHaTHbI Gapbep, npe-
[LOXPaHAOLWMIA CN3UCTYIO OT ayTonm3a (camonepeBapyBaHuUs) MO
BO3/1eICTBMEM COJIAHO KMCNOTbI U MENCUHOB. [eincTBnO MencuHoB
Ha CTEHKY >Xeflyflka MpenaTCTBYeT TakKe LenoyHas peakuus LUUPKy-
NIVPYIOLLIER KPOBMW.

erynaums CeKpeLmm XenyLouHoro coka. B xenynouHoi cekpeuumu
BbIENAOT TPU OCHOBHbIE (ha3bLy CBA3aHHbIE C 0COOEHHOCTAMM BO3[el-
CrBYSA pasjpaxkarolimx (hakTopoB: CNOXHOPEQIEKTOPHYIO; Xenyaou-
HYI0 HEPBHO-TYMOPA/IbHYIO; KULLIEUYHYHO TYMOPabHYH.

MepBas (paza cekpeunmm —cnoXHopedgnekTopHasa, 8-
YsieTca pesynbTaToM [eNCTBUA CMOXHOro KOMMiekca 6e3yc/ioBHbIX U
YCNOBHbIX PedIeKTOPHbIX MeXaHW3MOB. Hayano ee CBA3aHO C BO3Aei-
CTHVEM BMJa 1 3anaxa NuLLK Ha peLenTopbl COOTBETCTBYHOLLMX aHaIN-
laropoB (yC/0BHble pa3gpakuTenn) uam rnpyu HemocpeACcTBEHHOM pas-
OPaXEHUN peLenTopoB POTOBOM MOMOCTU (6e3yCOBHbIE pasfpaxuTe-
nn) nuuleir. Cekpeums XenyaouHoro coka HactynaeT yepes 1.2 MUH
nocne npuema Kopma. 3T10T cpoK W.MM.MaBnos Ha3san «3anaibHbIM»,
[JKKaK OT Hero 3aBUCUT NOCNELYIOLMIA MPOLECC XEeNYLOYHOIro N KK-
LLIEYHOT 0 NULLEBAPEHNSA; B HEM BbICOKAsA KOHLEHTpaLMs CONAHON Kuc-
NOTbI M PepMEHTOB.

Hanuune cnoxxHopeneKTOpHON (asbl yoeanTenbHO OblN0 A0Ka-
lano W. I. MNaBnoBbIM B €ro OnbiTax ¢ TaK Ha3blBaeMbIM «MHWUMbIM
KOPM/IEHUEM», B KOTOPbIX MCNO/b30Ba/IM CObakK nocse 330(haroToMum
(nepepesky nuuiesoga). MNpu aTOM KOHLbI NULLEBOAA BbIBOAWINCH Ha-
PY>XXY U BLUMBA/IUCh B KOXY Llen. Takum 06pa3om, nornowiaemas coba-
KO Muuia BbiNajana 13 BEpXHEro KoHLa N1WeBoa, He nonajgas Bixe-
Ny[oK. Yepes KOPOTKMIA MPOMEXYTOK BpeEMeHM OT Havasia «MHUMOrO
KOPM/IEHUS» OTMEYasioChb BbLUENEHNE 3HAYUTE/IbHOMO KO/IMYEeCTBa Xe-
NYL0YHOTO COKa C BbICOKOW KUCNOTHOCTbLIO.

Ona mn3ydeHuna >xenyfo4yHon cekpeummn [eligeHraliH MCNonb30Ba
XVPYPrUYecKniA MeTog U30M1ALMN MaNeHbKOro YXenyfouka OT NoaocTu
OCHOBHOTrO Xenyfka (puc. 5.4). Takum o6pa3om, B COKe, BbleNgeMOM
3_Ma/IEHbKOTO HKeNnyJouka, He Obl10 KaKnX-Mbo MULLEBbIX Npume-
ceid. OfHaKo rnaBHbIN HEJOCTATOK 3TOr0 MeToja —/AeHepBUpOBaHue
Masioro XenyAouKa 13-3a nepepeskyt HepBHbIX CTBOJIOB NP Onepaumn.
BhblgeneHve enya04uHoro CoKa B TakOM XKeflyJouke HaumHanoch yepes
30...40 MWH nocrie KOpMJIEHNS CObaKu.

L. M. MaBnoBbIM Obll MPeasioXKeH COBEPLUEHHO HOBbIA CrMocob
BblKpaviBaHMs Masioro >Kesyfoyka, NMpy KOTOPOM ero MHHepBauus He
HapyLanacb. 301auMs NONOCTY MasIeHbKOTO »KenlyAouka OT 60/1bLLUO-
ro Npou3BOAMIACh TO/IbKO 3a CYET CU3UCTON 060/104KKU, NMPU coXpa-
HEHUW LLeNOCTHOCTM BeTBel 6nyxaatowero Hepsa (cM. puc. 5.4). Ce-
Kpeuus XenygoyHOro coka B MasioM Xenyjouke, M301MpPOBaHHOM Mo
metogy [MaBfnoBa, HaunmHanacb yepes 1.2 MWH Mocne npuvema MUK,
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Puc. 5.4. Cxema w3onauun Masoro
enygouka no eigeHraliny (A) n
M. M. Naenosy (B):

| —Wn30NMpoBaHHbIXeNyouek; 2 —nu-
HUW pa3pe3os; 3 —BeTBU BnyxjatoLle-
ro HepBa; 4—HepBHO-MbILLEYHAA CBA3b
MexXay 60nbLINM >XenyAKOM U 1301Mpo-
BaHHbIM >Xenyaoykom no W. M. Masno-
BY; 5—06pbhKelika ¢ cocyfamu, nutato-
LMW N30NMPOBaHHBIV Xeny[ouek

Takum 06pa3om, bblna fokasaHa pofib LEHTPabHOM HEPBHOW cucTte-
Mbl U UHHEPBaLUW XeNnyaKa 415 OCYLLeCTB/IeHWs NepBOi (asbl Xeny-
[OYHON cekpeumn.

AddepeHTHbIA MyTb OT PeLEnTOPOB POTOBOWA MOMOCTU TaKOW Xe,
KakK W Mpu CNOHOOTAENUTENIbHOM pediiekce. HepBHbIN LeHTP Xeny-
[LOYHOTO COKOOT/eNeHNs pacronaraeTcs B Aapax 6/1y>xaaroLero Hepsa.
3 HepBHOro LeHTpa MpoLONAroBaToOro Mo3ra BO30YXKAEHWE K Keny-
,gOLIHbIM XenesaMm nepefaeTcs Mo CeKPeTOPHbIM HEepPBHbIM BOJIOKHAM

NY>XXAaoLWmMX HepBoB. Ecnn y cobakn nepepesatb 06a 61yxaatoLmx
HepBa, TO «MHUMOE KOPMJIEHME» HE BbI30BET BbLLEEHNE XKENYLOUYHOr0
CoKa. JKCNepuMeHTaNbHO 40Ka3aHO y4yacTue CUMNaTUYecKuX HepBoB
B Perynsuum CeKpeummn XenyLouHbIX XKenes, B OCHOBHOM CAU3UCTbIX
K/IETOK. Y[aNieHne COMIHEYHOrO Cr/IeTeHNs, Yepe3 KOTOpoe UayT CUM-
naTnyecKme HepBHbIE BOIOKHA Xeny[Ka, NMPUBOAUT K Pe3KOMY YBeu-
YEHWIO CEKPELMU XKenyLOoUHbIX Xeres.

Ha pednekTopHyto (hasy >Xe/lyfouHOW Cekpeuun Hacnansaercs
BTOpas (hasa—HemporymopanbHan. OHa HauMHaeTcs yepes
30...40 MMH nocne Hayana npuema Kopma, npu MexaHu4yeckoMm U Xu-
MWYECKOM pa3fpaXeHUM CTEHOK XXenyKa NuLeBbIM KOMKOM. Helipo-
rymMopasibHas perynsuus >XenyfovyHOW CeKpeuuun OCyLLecTBseTCs
3a CYeT fAelCTBMA OGMONOTMYECKM aKTMBHbIX BELLeCTB: FOPMOHOB,
9KCTPAKTUBHBIX BELLECTB KOpMa W MPOLYKTOB MApO/M3a nutartefib-
HbIX BeLLecTB. MNpoayKTbl NepeBaprBaHMA U 3KCTPAKTUBHbIE BELLECTBA
MWLM BCaCbIBAKOTCA B KPOBb B NMUIOPUYECKOI YacTu XenyaKa u ¢ To-
KOM KPOBM [OCTaBNAOTCA K PYHAANbHbIM XXefie3am.

Pa3fpaXeHne nNULEBbBIM KOMOM CTEHOK >Xeflyaka MpuBOAUT K
BbIpabOTKE CMeuMann3MpoBaHHbIMW KNeTKaMu CAU3MCTON 060-
NOYKM OAHOr0 U3 FOPMOHOB XXENYyA0UYHO-KULLEYHOr0 TpakTa —rac-
TpuHa. [acTpuH o6pasyeTcs B MUIOPUYECKON 4YacTu >Xenyaka B
HeaKTMBHOM COCTOSHUU (I'IpOFaCTpI/IHS) W npeBpawaeTcqd B aKTWB-
HOe BELLeCTBO MoJ AeACTBMEM CONMAHOW KWUCNOTbl. [acTpuH CTUMY-
NnpyeT 0CBOBOX/eHWe TaKoro 61oornyeckn akTMBHOIO BELLEeCTBa,
KaK rmcTamuH. ["aCTpMH U rMcTaMUH 0KasblBalT CTUMY/MPYHOLLee
[encTBMe Ha XenyLovHYI CEKpeuuto, B NepByl0 o4vepefb COMSHOWA
KUCNOTBI.
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Crefyet OTMETUTb, YTO BMONOrMYECKN aKTUBHbIE BELLECTBA, CUHTE-
31pyemMble B XKe/y04HO-KILLIEYHOM TpaKTe, MOryT [ieCTBOBaTb Hemo-
CPeLCTBEHHO Ha KNETKM ero CAn3ncTon 060/104KM CO CTOPOHbI MX anu-
KaJlbHbIX MembpaH. B To e BpeMs OHWM MOTyT BCacbIBaTbCA B KPOBb U
[elicTBOBaTb Ha 3MUTENINOLMUTLI CO CTOPOHBI MOAC/N3NCTON 060/104KN U
6a3asbHON MemMbpaHbl Yepe3 MHTpPaMypasibHYH HEPBHYHO CUCTEMY.

TpeTba (hasa >XenyfoUYHON CeKpeuum —KULIeYHas rymopaibHas —
HaYMHaeTCcs NpPU NOCTYM/IEHUN YaCTUYHO MepPeBapeHHOro MuLLEBOro
KOMa B [iBEHAALATMUNEPCTHYI0 KULWKY. Mpu LencTBUM Ha ee CAn3unc-
TY0 060/104KY MPOMEXYTOUHBIX NPOAYKTOB rMAponn3a 6e/KoB BbLLe-
NAeTCA rOPMOH MOTWAMH, KOTOPbIVA BO30YXKAAET XKenyfoUYHYt0 Ccekpe-
umto. B cnmancToli 060104Ke ABEHAALATUMNEPCTHOM KULLKWA W Hava/lb-
HOM OTZefie TOLLEN KMULWKN 06pa3yeTcs NoMMNenTua —3HTeporacTpuH,
[eliCTBME KOTOPOro aHanorMyHo ractTpuHy. MNpoayKTbl nepeBapuBaHus
nuwmn (0CobeHHO 6e/ikK), BCOCABLUMCHL B KULLEYHWKE B KPOBb, MOTYT
CTUMYNNPOBATb XeNyL0UHble XXefesbl, yCcunmeBas obpasoBaHue rucra-
MWHA 1 racTpuHa.

Kpome BeLecTs, CTUMYNPYHOLLNX CEKPETOPHYHO LeATENbHOCTb XXe-
NYAOYHbIX Xene3, B XenyfKe U KULIEeYHWKe 00pasytoTcs BeLLEeCTBa,
BbI3bIBatOLLME TOPMOXKEHME XKENYLOUYHON CEKpPeLnmn: TacTPOoH U aHTe-
poracTpoH. O6a aTu BellecTBa ABAATCA MOAMNenTugamu. acTpoH
o6pasyeTcs B MUI0PUYECKON YaCTU XeNyKa 1 0Ka3blBaeT TOPMO3sLLiee
BIMSHME Ha CeKpeuuto (hyHAAbHbIX XKenie3. QHTeporacTpoH CUHTE3N-
PYeTcs B CNM3UCTON 060/104Ke TOHKOMO OTAena KueyHuKa npy Bo3-
[EeNCTBMN Ha Hee XKMpa, XXUPHbIX KUCNOT, CONSAHOM KWUCOTbl U MOHO-
caxapuaos. lMocne cHKeHns pH cogep>XMmMoro ApeHaaLaTUNnepCcTHON
KULWKN HKe 4,0 KACNbIM XMMYCOM HauyMHaeT BblpabaTbiBaTbCA rop-
MOH CEKPETUH, YTHeTatoLWMI XKeNyLOUHYIO CEKPELMIO.

K rymopanbHbiM hakTopam, TOPMO3SALLUM XKeNyaoUHYH CEKpeLuto,
OTHOCATCS TaKXKe FOPMOHbI 6YNbOOraCTPOH, >KEyA0UHbIA TOPMO3HON
nonmnenTug (GIP), XoneuucTOKNHMH, BA30aKTWBHbIA KULLEYHbIA MeMn-
Tug (VIP). Kpome Toro, pesko yrHeTatoT CEKPETOPHYHO AeATe/IbHOCTb
KNETOK AHa XXenyaka Aaxke HebosnbLUMe NOPLUN XuMpa.

BellecTBa, BXOAALLME B COCTAaB MULLK, ABNAKOTCH afjeKBaTHbIMU pe-
rynsaTopamu XXenyaouHow cekpeuumn. Mpu 3TOM CEKPeTOPHbIA annapat
Xenyaka npucnocabnmBaeTcs K ee KauyecTBY, KOMMYECTBY U PeXxunmy
nutaHus. MdacHas aveta (y cobak) noBbILaeT KUCI0THOCTb U MepeBa-
PUBAIOLLYHO CUMY XKeNyA04YHOTO COKa. Benku v NpofgyKTbl UX nepeBa-
puBaHWsA 061a4at0T BbIP@XKEHHbIM COKOrOHHbIM AelCTBMEM, NPU 3TOM
MakKCUMyM CeKpeLumn XXenyao4yHoro coka npuxoAanTCs Ha BTOPOM uac
nocne npvema nNUWKM. YrnesofHas nuia cnabo CTUMyNMpyeT cekpe-
LMIO: MakCMMyM B NepBbliA Yac nocne npuvemMa nuuin. 3atemM cekpe-
LMA pe3Ko MaflaeT M y)Ke Ha HEeBbICOKOM YPOBHE YAepXXMBaeTcs Mpo-
[OO/MKUTENbHOE BPEMSA. YT/IEBOAHAA AVETa CHUXAET KUCMIOTHOCTb U Nne-
peBapuBatoLLyto CUNy coka. XXunpbl TOPMO3AT XKENYL0UHYIO CEKpeLuto,
HO K KOHLY TpeTbero 4yaca nocse npuema nuy CEKpeTopHas peakuus
[JOCTUraeT MakcMyMa.
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[BviratenibHas aKTUBHOCTb XeflyAka. B HeakTMBHOM COCTOSHUK
(oTcyTCTBME NprEeMa NULLK) MbILLLbI XKeNlyKa HaXOAATCA B COKpa-
WEHHOM COCTOSHMMK. TMMpueM NUWKM NPUBOAUT K PedIeKTOPHOMY
paccnabneHnto CTeHOK >XenyfKa, 4YTo CNoco6CTBYeT [enoHMpoBa-
HWIO MWLLEBOTO0 KOMa B MOMIOCTU XenyaKa U TPaHCNopTy Xenyaou-
HOro Coka.

"nafkne MblWLbl CTEHKM >Xeflyaka CNoCOOHbl K CMOHTaHHOM akK-
TMBHOCTMN (aBTOMaTW). AflEKBATHbIM Pa3fpaXMTENEM AN HUX ABNSA-
eTCs pacTsHKeHWe CTEHOK Xenyfka nuuieid. B HanosHEHHOM Xeny/a-
Ke BO3HMKAIOT ABa OCHOBHbIX TUMa COKPALLEHWI; TOHUYECKME N Nepu-
cTa/lbTUyeckne. TOHMYECKME COKpalWeHMa MnosBNAOTCA
B BUJe BOJIHOOOPA3HO pacrnpoCTPaHAILLErOCH CXKaTuA NMPOLOJIbHOro
M KOCOrO MbILEYHbIX cnoeB. lMepuctanbTuMyecknme CcoO-
KpaweHMWs COBepLIAKOTCA Ha (JOHe TOHMYECKUX B popme BOSI-
HOOOpa3HOro nepeMelLeHns Kosbua Cy>XeHus. OHM HaduHatoTca B
KapananbHOI 4acTy XXenyaKa B BUAe HEeMOMHOW KOMbLIEBOWN MepeTsk-
KW, MOCTENeHHO YBEeNMYMBAsACH, MEPeMeLLatoTCca K MUI0PUYECKOMY
CIMHKTEPY; HUXKE KONbLAa CYXXeHUs NPOMCXOAUT paccnabneHve Mbl-
LLEYHbIX CErMeHTOB.

MepeMelLeHNe NULLEBOTO KOMa B MOMOCTb ABeHaALaTUNepCTHON
KULLIKN MMEET MPepbIBUCTbIN XapaKTep U peryanpyeTcs pasgpakeHnem
MeXaHO- U XeMOPELLENTOPOB XeNyAKa 1 ABeHaALaTUNEPCTHON KULLKMW.
PasfpaXeHne MexaHOPeLenToOpOB XXe/yfKka YCKOpsieT 3BaKyauuio, a
KULLIEYHNKa —3amea/iseT.

Munopuyeckuninh pednekc o06YyCNOBEH pa3HbIMU peak-
UMK cpefbl B NONOCTAX Xenyfaka (Kucnas) v AseHaguaTunepcTHoOw
KUWKKN (WwenoyHas). Mopuma xumyca, UMEKOLEro KWUCIYK peakuuto,
npy NOCTYN/IEHNN B IBEHAAUATUNEPCTHYIO KMLLIKY OKa3biBaeT 4pesBbl-
4aiiHO CUJIbHOE pasjpakaroLLee [enCTBINe Ha ee XemopeLenTopsl. B pe-
3ynbTate pethIEKTOPHO COKpaLLaeTcs Kpyrosas MblLllLa MnMIopuYecKoro
chmHKTepa (3anupaTenbHblil NMNOPUYECKNiA pednekc), YTo NPensTCT-
BYET MOCTYMN/IEHWIO CNefyHOLLEen Nopumum Xxmmyca B NosiocTb ABeHaALa-
TUNEPCTHON KWLIKW [0 TeX Nop, noka ee COAePXXMMOe NMONHOCTbIO He
HeiTpanusyetcs. Mpu 3aKpbITUM CHUHKTEPA OCTATOK XEeyJ04HOro Co-
LEPXXMMOro 0TbpachiBaeTcsa 06paTHO B MUIOPUYECKNIA OTAEN XeNyaKa.
Mofo6Has fMHaMMKa obecreymBaeT nepeMeLLMBaHme B XXeyaKe nuLe-
BOr0 COZIEPXKMMOTO U XeNyl04HOro coka. B Tene eny/ka Takoro nepe-
MeLInBaHMsA He nmpoucxoaut. locne HermTpanMsaumn COAEPXXMMOro B
[BEeHaaLaTUMNEPCTHON KMLIKe NUIOPUYECKNIA CMHKTEP paccnabnseTcs
N 13 KeNnyaKa B KALWEYHMK NepexoanT odepeaHas nopums num.

CKOpOCTb 3BaKyaLMn NULLEBOM MacChl U3 XenyfKa 3aBUCUT OT MHO-
rmx akTopoB, Npexze BCero ot o6bema, CocTaBa, TeMMNepaTypbl 1 pe-
aKLMn MULLEBOrO COAEPXMMOr0, COCTOSHUS NMUIOPUYECKOTO0 CHUHK-
Tepa u T. 4. Tak, nvuia, 6oratas yrnesofaMu, CKOpee 3BaKyvpyetcs u3
Xenypaka, yem 6oratas 6enkamu. C HaviMeHbLUER CKOPOCTbIO 3BaKyu-
pyeTcs XupHas nuwa. XXnaKocTb HauMHaeT NepexoanTh B KULLIKY cpa-
3y nocne ee NOCTYNIEHUA B XKeNyLoK.
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MoTopHas aKTMBHOCTb XXeNyfKa perynupyercs napacumnaTu-
Yeckumu (6/1yKAaroUym) 1 CUMNATUYECKUMU  (YPEBHBIM) HepBamu.
Bnyxgarowmini Heps, Kak nNpasuio, akTMBUPYET ee, a YPeBHbIA Nojas-
nset. OCOOEHHOCTbIO MHHepBauuu Xenyaka (M BCero >enyno4vHo-
KULLEYHOr0 TPaKTa) ABNAETCSH HA/IMYME B €0 CTEHKE KPYMHbIX, TaK Ha-
3bIBaEMbIX WHTPaMypasibHbIX CMIETEHWIA', MEXMbIWEYHOro (M Ayap-
6axoBa) CnieTeHns, IOKaIM30BaHHOT0 MeXAY KO/bLEBbIM 1 MPOA0b-
HbIM CNOSIMW MbILLL, U NOACAU3UCTOrO (MN MelicHepoBa) CreTeHNS,
PacnofiOXKEHHOI0 MeXAy CAM3UCTOM U Cepo3HO 06onovkamn. Mop-
(honornyeckne 0CO6eHHOCTU, MeLMATOPHbLIA COCTaB U O0COBEHHOCTU
O6vonoTeHUManoB NOA0GHbLIX CTPYKTYP, UMEIOLLMXCA TakKe B CTEHKe
MaTKM, MOYEBOro MNy3bipsd U APYrMX OpraHoB C r1afKOMbIWEYHbIMU
CTeHKamu, NOo3BONAKOT BbIAENUTb UX B OCO6bLIA TUM BereTaTuBHOM
HEPBHOW CUCTEMbl —MeTacMNaTUYeCcKyt0 HEPBHYIO cucTeMy (Haps-
[y C CUMNaTUYecKon nagacmmnaqueCKoﬁg. [aHrnMu Nogo6HbLIX
MHTpamypabHbIX CNIETeHWUI NPeACTaBsOT CO60M NONHOCTLIO aBTo-
HOMHble 06pa3oBaHus, UMELOLLME COOCTBEHHbIE Pe/IeKTOPHbIE AYTU 1
CNOCOO6HbIe (DYHKLMOHMPOBATL AaXe MpW MOMHON feleHTpannsaumm.
B MHTaKTHOM oOpraHu3Me CTPYKTYpbl MeTacvMnaTU4eckKor HepBHOM
CUCTEMbI MMEIT Ba)XXHOE 3HaYeHWe B MeCTHOM (I0Ka/bHOM) peryns-
LMK BCeX (DYHKLNIA YXXeNyA0UYHO-KULLEYHOTO TPaKTa.

'ymMopa/ibHbIMK (DakTOpaMu, BO30OYXXAAIOLMMU MbILLLbI YKENYKa,
ABNAKTCA racTpWH, TMCTaMWUH, MOTW/IUH, XONeUUCTOKUHWH, NpocTa-
rNaHavHbl. TOpMOo3ALWNiA ath(heKT OKasbiBatoT afpeHanuH, 6ynsboract-
POH, CEKPETWH, Ba30aKTWBHbIM KWLLEUYHbIA NEeNTUL U XXenyaoUHbIi
TOPMO3HOIN noAnnenTug,.

"onogHas nepuoavika. BrnoTb A0 KoHUa XIX Beka cuMTanoch, YTo
BHE Npuema NuLLM Xenya04HO-KNLLEYHbIN TPaKT HaXoAMUTCs B COCTOS-
HUW «MOKOS», T. €. €r0 Xene3bl He CeKPETUPYIOT, a XeNyLoYHO-KHuLLeyY-
HbIli KaHan He cokpalyaeTca. OfHaKO YXe B 3T0 BPEMS MMESIUCb CBU-
[eTenbCTBa 0 NOAB/MEHWMM HATOWAK COKpALLEHUI XenyaKa U Kulley-
HMKa Y MtofeR 1 XMBOTHbIX. W. . MNaBnoB B AANTENbHbIX OMNbITax Ha
cobakax yCTaHOBW/ NEpuoLbl MOTOPHON aKTUBHOCTM XKeNyaKa U CUH-
XPOHHOE YCU/IEHWNE MaHKPeaTUYeCcKOn, KULEeYHOW CeKpeuun n MoTo-
PUKKN KnwevyHnka. OH BbLUENNA B TaKOW AeATeNbHOCTM XenyaKa pery-
NAPHO YepeaytoLLmecs Neproabl «paboTbl» 1 «MOKOs» CO CpefHeli Npo-
JIO/MKUTENbHOCTbID COOTBETCTBEHHO 20 M 80 MMH. [lepBOMPUUMHOI
NepuoaNYeCcKoin AedaTeNbHOCTU SBNSETCA COCTOSAHME (DU3MONormyec-
KOro rosiofja, MoaToMy nofo6HbIEe COKpaLLeHUs MONYyYUIN Ha3BaHMe
TONOAHON NePUOANKN.

MexaHu3M roNoAHOIN AeATeNbHOCTU XeNlyKa CBsi3aH C akTuBaL e
runoTasiamyca, AeULMTOM NUTaTeNbHbIX BELLECTB B KPOBU, BHYTPU- 1
BHEK/IETOYHbIX XMUAKOCTAX. [mMnoTtanamyc npu yyacTuu TOMIOBHOMO
MO3ra aKTVBMPYeT NuLieBoe noseaeHue. onogHas AeaTebHOCTb Myc-
TOro >Xenyfka v MPOKCMMasIbHOM 4acTW TOHKOM KULIKK 060CTPSOT
4yBCTBO r0/I04Q, YTO Bbl3blBaeT HEOCO3HAHHOE [BurartesibHoe 6ecno-
KOMCTBO Y >XMBOTHBIX N OCO3HAHHOE YyBCTBO r0/104a Y Ye/i0BeKa.
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Mepuoanyeckas fedaTeNlbHOCTb MULLEBAPUTENBHOMO annapara cro-
COGCTBYET BbIBEEHUIO HEHY>KHbIX OpraHW3My BELLECTB, a CeKpeLus
MOALEPXKMBAET HOPMa/bHYI0 MUKPOMIOPY KHMLLEYHMKA, NPensTcTBys
pacrnpocTpaHeHo MUKPOM/IOpbI BBEPX MO TOHKOW KuLKe. bnarogaps
MepUOANYECKOMY BbILENEHNIO NULLEBAPUTENbHBIX COKOB MOAAEPXMBA-
eTCcs HopMaslbHOe COCTOSIHME C/IM3UCTOMN 060/104KM, BOPCUHYATOrO an-
napaTa 1 LLeTOYHOMN KaliMbl 3HTEPOLMTOB.

5.6. OCOBEHHOCTW XEJTYAOYHOIO NMUWEBAPEHNA
Y HEKOTOPbLIX BNAOB XXNBOTHbIX

YKenyaouHoe nuiiesapeHvie y nolaan. XKenyaok y noujaaeii ogHo-
KaMepHbIN épmc. 5.5). B 3aBMCcMMOCTM OT pasmepoB noLaan ero em-
KOCTb Kosiebnietcs ot 6 fo 15 n. Bkenyake pasnmyaloT KapAnanbHyto,
(hyHAANbHYHO U NIIOPUYECKYHO YacTU. KapananbHas YacTb MMeeT pac-
LMPEHHbI CNenoii MeLLoK, 1 B Heli OTCYTCTBYIOT XKefle3bl. B cnnauc-
TON 000/104Ke (DYHAATbHOW W MUIOPUYECKON YacTeil pacrofioXeHbl
KapavanbHble, (hyHAaNbHbIE ¥ NUNOPUYECcKue Xenesbl. Bxenyake pH
cogepxumoro Konebnetca ot 11 go 6,8, a KOHUEHTpaums CONAHOW
kmcnotel —oT 0,05 g0 0,29 %. B cnenom melike 6narogaps nocTynne-
HUIO C/IHOHbI COXPaHSAETCA cnaboLLenoyHas peakums, 4To cnocooCTBy-
eT XXMN3HeeATeNbHOCTY MUKPOQ/IOPbI. Y)Ke B CNernoM Mellke HaunHa-
eTCs nepeBapuBaHve KeTYaTKN 1 Kpaxmana, HO B MEHbLLEN CTeneHu,
yeM B NpeKenyKax XsadHbIX. B npouecce nuuieBapeHns Takxe npu-
HUMALOT yyacTue (hepMeHTbI Camoro Kopma. PacTuTensHble gnactasbl B
cnaboLLenoYHO cpefe pacLLennatoT Kpaxman 40 Ancaxapuios v rko-
KO3bl, YeMY CMOCOOCTBYET XapakTepHOe A1A XKey/aKa NoLaimn nocnoii-
HOe pacnpegeneHve Kopma. XXenyaouHbli COK MOCTENEHHO NPONUTbI-
BaeT M Pa3KMKaeT MULLEeBOM KOM, NO3TOMY BHYTPM €ro B TeYeHMe He-
KOTOPOro BPeMEHW MOALEPXMBaeTCA cnabollenoyHas cpega. CnroHa
TaKXXe CrnocobCTBYeT NOAAEPXKAHMIO LENOYHOW peakuun coaepXXnmo-
ro Xefnyfka B ero KapavanbHoOW 1 LEHTPanbHOW YacTsX.

B nuwieBoin mMacce, y)xe NPONUTaHHOW XXenyA04HbIM COKOM, Hauu-
HaloT [leiicTBOBaTL ero PepmMeHTbl —MEeNCUHbI U vnasa. Takum obpa-
30M, BXeflyAKe nowaamn nponcxoanT 04HOBPEMEHHOE nepeBapriBaHme

Puc. 5.5. XXenypok nowuagu:

| —KapauansHbli  CUHKTEP; 2 — NULLEeBOgHas
YacTb; 3— rpaHulia Mexay MULWEBOAHONR U (yH-
[anbHOM YacTblo; <#—00/MacTb AHa; 5—nNuaopu-
yeckasl uacTb; 6-—nWUNOPUYECKNIA CHUHKTEP; 7—
ABEHaALATUNEPCTHas KULLKaA



yrneBogoB, 6e/1K0OB 1 XXUpPoB. NepeBapuBaHue B Xenyake v Bakya-
LUMA MULLEBOTO KOMa B [BEHafLATUMNEPCTHYH KULKY — MeLNeHHO
npoTeKaroLine npoLeccsl.

Cekpeuus Xenyfo4yHOro coka y fioagmn nponcxoauT HeMnpepbIs-
HO, @ KaX/bliAi Npuem KopMma ycunuBaeT ee. [axe MycTOW >XXenyaok
BblJeNseT 3a CyTkM B cpegHem Ao 30 1 cOKa. JTa 0COO6EHHOCTb MOo-
3BO/IMNA MCMOMb30BaTh /lOWAaAeid B KayecTBe MPOAYLEHTOB >Keny-
[JOYHOTO CcOoKa. B cBSi3W € HenpepbIiBHbIM XapakTepoM XXeny404HOM
cekpeuuu (asbl CeKPeTOPHON [eATeNIbHOCTU >Xenyjka y noliaau
BbIPaXXeHbI €1abo.

MoTopHasa (PYHKLUA >KenyAKa XapakTepusyetcs nepuofuyHoc-
TbO U BOMIHOOOPA3HOCTLIO. TpU CHUXKEHWUU KUCNOTHOCTU [eATeflb-
HOCTb ee ycunuaaeTcs. Mo mMepe nepeBapmBaHUA ¥ 3BaKyauun num
KWCNOTHOCTb XXeNyLOYHOr0 COKa CHMXaeTcs, a MOTOpHaa AeAaTeflb-
HOCTb BO3pacTaer.

XKenypouHoe nuesapeHune y cBuHed. o mMopdodyHKLMOHaNb-
HbIM OCOOEHHOCTAM MULLEBAPUTENBbHBIX OPraHoB CBUHbLU 3aHVMAlOT
NMPOMEXYTOUYHOE MOMOXEHNE MeXAY TPaBOSAHbIMW >XMBOTHLIMU C
MHOTrOKaMepHbIM >KelyLKOM W NAOTOALHbIMU, Y KOTOPbIX XeNnyaoK
OfHOKaMepHbIi.

B ogHoKamepHOM >enyake cBuHbK (puc. 5.6) B OTIMUME OT XKenyu-
Ka NI0TOAAHBIX XXMBOTHbIX KapAnasbHas 4yacTb 3aHUMaEeT OKOJI0 NOJo-
BMHbI 00LLei nnowaan. B obnactv BnageHns nuileBoja KapavanbHas
yacTb Xenyfka obpasyeT BblNA4YMBaHNEe — CNenoi Mewwok. Mo cTpoe-
HUIO CU3UCTYIO 060/I0UKY B XXenyfKe MOApa3fensoT Ha crefyroLme
30HbI: NULLEBOAHYIO, KapananibHY0, ANBEPTUKY/ CNEMOro MeLUKa, 30HYy
[Ha Xenyaka u NUNopUYecKyo. B NnLLEBOAHOIA 30HE OTCYTCTBYHOT Xe-
nesbl. B cnnsucToli 060/104Ke CMenoro Mewka 1 KapananbHOW 30HbI
pacnosnoXeHbl Xenesbl, BbipabaTbiBatoLLMe CU3UCTbIA CEKPET, He CO-
JepXxaLl i mencuHa n ConsHoM KUCNoTbI. XKenesbl PyHAaNbHOM U NK-
NNOPUYECKON 30H COOTBETCTBYHOT TAKOBbIM Y MNOTOALHbBIX XXUBOTHbIX.
YKenyaouHblii COK CBUHEN COLEPXXUT (PepMEHTbI NMENCUH U XUMO3WH,
Ha/M4ve nnnasbl TOYHO He YCTaHOB/EHO.

XenypnouHas cekpeuus y CBUHEN
MPOUCXOANT HenpepbIBHO. B cBA3n ¢
aKkToM npuema nuwM >Kenyao4Has
cekpeLms pes3ko ycunmsaetcs. Ped-

Puc. 5.6. XXenynok cBuHbY;

| —nunnopuyecknini  cuUHKTEp; 2 —nunopuyeckas
yacTb; 3 —fHO >Xenydka; W—nULLEBOAHAA YaCTb;
5—cnenoii MewwoK; 6— KapfunanbHas YacTb



NeKTOpHas (hasa Xeny[o4HOM cekpeumn HacTynaet yepe3 5--10 MuH oT
Hayana KOpMIeHUs 1 NPOAOIKAETCA OKO/O ABYX HacoB.

OCO6EeHHOCTbIO XKeNyfo4YHOro NuLLeBapeHns y CBUHen ABnseTcs
cnaboe nepemMeluvBaHWe MNULLEBLIX MacC MNpu MoefaHUy KOPMOB
MNOTHOW KOHCWUCTEHLMM W MOCNOMHOe pacnpefeneHne Kopma Mo
Mepe ero noefaHus. B xenyake CBUMHbW, Tak Xe Kak W nowagu,
OLHOBPEMEHHO MAYT aMUNOINTUYECKUE N NPOTEONNTUYECKNE MPO-
Lecchbl. B KapgmanbHOW 30He XXeflyka U CIenom MeLlKe co34arTcs
6naronpusTHblE YCNOBUA 18 NepeBapvBaHus YrneBofoB C NOMO-
b0 ()ePMEHTOB CNHOHbI U PaCTUTE/IbHbIX KOPMOB. B thyHAaNbHON 1
NMUIOPUYECKON YacTax Noj AencTBmem nencuHa v CONSAHOW KUCNo-
Tbl NAET rMAPONN3 6eNKOB A0 MENTOHOB. B Kenyake CBUHbY NpouUC-
XOAUT U MOJIOYHOKMCNOE BPOXKEHWNE, HO €r0 MHTEHCUBHOCTb OTHO-
CUTENIbHO HEBesnKa.

Y HOBOPOXAEHHbIX MOPOCAT XKeNyA0UHbIA COK He COAEPXXUT CBO-
60aHOI consiHOW KucnoTbl. Kncnas peakuusi B »kenyake o6ycnoBieHa
B 3TOT NepUOL NPUCYTCTBMEM MOJIOYHOW KMCMOTbI, KOTOpas obpasyeT-
CA NP pacLLenieHnn rNMKOreHa, HaxoLALLEerocs B KeTkax Xenymnou-
HbIX >Kenes. ConaHas KMCNOTa MOAB/IAETCA B XKE/Y[OYHOM COKE KO
BTOPOW-TPeTbeN AeKaje.

YKenygouHoe nuweBapeHMe Y >KBauHbIX. >KBauyHble >KMBOTHbIE
COCTaBNAKT A0CTATOYHO KPYMHYK TPynny XMUBOTHbLIX (KPYMHbINA
N MeNKWUn poraTbllii CKOT, CEBEPHble 0neHn, Bepbnwoabl 1 T. a.). Oc-
HOBHbIMW MpU3HaKaMK, 0O6beAUHAIOWMMU XUBOTHLIX 3TOW rpyn-
Mbl, SBNSAETCA HaM4yMe MHOrOKaMepHOro >Kenyjka W >XBa4yHOro
npotiecca.

YKenyfok XBayHbIX COCTOMT M3 YeTblpex OTAENoB: pybel, CeTKa,
KHUXKa, cbivyr (puc. 5.7). V13 HUX TONbKO CbI4YT — UCTUHHBINA Xeny-
[OK, UMEKOLWMNIA CEKPETOPHbIE >Kenesbl, NPOAYLMPYIOLLNE XXenyaou-
HbIA COK. PybeL, CeTKa, KHMUXKa OTHOCATCA K npekenyakam; nuile-
BapeHVe B HWX MNPOUCXOAMT 3a CYET CUMOWMOHTHON MUKPOMIOPbI
pybua. B pybLe nepeBapvBaeTcs 3HauuTe/IbHas 4acTb YrNneBOAOB,
nMNuaoB n 6enkKoB Kopma.

B npemkenyakax npoucXoanT Me-
XaHuyeckasl, XMMuueckas, 61onoru-
yeckas 06paboTKa KopMa, pacluensne-
HUE W CUHTE3 NUTATENbHbIX BELLECTB.
MuieBas Macca, NOCTYMNaroLLas B Cbi-
4yr, Mo CBOEMY COCTaBY CYLLIECTBEHHO
OT/INYAETCA OT CbeEHHOIr0 KopMa.

Puc. 5.7. XXenyaok XBayHblX;

| —py6eL,; 2—KOHeYHbI y4acToK NuLLeBoaa; 3—nu-
LLLeBOAHBIN Xenob; 4—ceTka; J —KHWXKKa; 6— cbluyr
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MuweBapuTenbHble QyHKUMM pybua. M3 nuwieBofa CMOYEHHbIV
C/IOHOM NWLLEeBONM KOM nonagaeT B pybewl. EMKoOCTb pybua y oBel, co-
ctanseT 4..10 n, y kpynHoro poratoro ckota —100...300 n. PyGeL,
npeacTasnseT cobon 60/bLLy0 6pOANIbHYO Kamepy. ChefeHHbI KOpM
B pybLe M3mesibyaeTcd —3TOMY CMOCOBCTBYET NepuoaMyeckn noBTo-
PSAKOLLAACA XBayka M TOMbKO TOrja nepexoauTt B MOCneaytoLme otae-
Nbl NULWeBapuTeNbLHOro Tpakta. B py6ue nepesapusaetcs fo 50 % cy-
XOro BeLLecTBa paunoHa. XapakTepHol 0COOeHHOCTbIO pybua ABnseT-
€ Hannume 60raToil CMMOMOHTHOI MUKPOMIOPbI, NPeACTaBNEHHON
6onee 100 Buaamy 6aKTEPUIl M OJHOKIETOYHbIX MPOCTEAWMX (Hanpu-
mep, MH(y3opun). Bee CMBUOHTHbIE BakTepum —aHaspobbl. Hanbo-
Nee pacnpocTpaHeHHble B pybLe MUKPOOPraHn3Mbl —Masible Masoyvku
N KOKKMN (CTPENTOKOKKKW, MOJIOYHOKMC/Ible GakTepuu, LenntononmTu-
yeckue b6akTepun). HopmanbHas XX1U3HeaeaTeNbHOCTb PYOLIOBOI MUK-
ponopbl 06ycnoBneHa NOCTOAHCTBOM Cpefbl X 06UTaHWSA B MOMOCTU
pybua 3a CUeT cnegyroLmx (hakTopoBs:

yacToe MOr/OWEHME KOPMa W 33flepXKa ero B pybue fo 7..8 cyt
obecneynBaeT perynsapHoe MoCTynjeHne cy6CcTpaTtoB Ans MUKPO-
OpraHv3moB;

pacTBOPUMbIE MPOAYKTbI XWU3HeLeATeNbHOCTM MWUKPOOPraHn3MoB
NEerko BCacblBalOTCH B KPOBb UM NEPEBOAATCA B Apyrue OTAeNbl Xe-
Ny[AKa, He Hakananeasch B pyobue;

Temnepartypa B py6Le nofjepxusaetca B npegenax 38...42 °C, npu-
4eM HOYbHO OHa BbILLE, YEM [HEM;

C/lOHa >KBayHbIX Gorata 6MKap6oHaTOM; 3a CYET Hee B OCHOBHOM
NOAAEPKMBAETCA 06bEM XKMAKOCTM, NOCTOAHCTBO PH M MOHHOMO CO-
cTaBa. 3a CyTku B pyb6eu, noctynaeT okono 300 r NaHC0 i . B Heit co-
LEePXNUTCS TakKe 3HAUYUTEeIbHOE KOMYECTBO MOYEBMHbI U aCKOPOBUHO-
BOWM KMCMOTbI, UMEIOLLMX BOKHYIO POSb ANS XXU3HEAEeATEIbHOCTU CUM-
OGMOHTHON MUKPOQ/IOPBI.

B npouecce nepeBapuBaHusa Kopma B pybue o6pasytoTcsa rasbl B
pe3ynbTate 6UOXMMUYECKON aKTMBHOCTU MUKPOOPraHU3MOB. 3a CYTKM
MOXeT obpasoBbiBaTbcA A0 1000 n rasoB B 3aBMCMMOCTM OT BMAa
Kopma: gumokcug yrnepoga (go 60...70 %), metaH (40...50 %), a3or,
aueToH, fneTyune XUpHble Kucnotbl (JIDKK) u HebonbLlioe Konu-
4eCTBO BOAOPOAA, CEPOBOAOPOLA W KMcnopoga. M36bITOK rasos u3
pybua B OCHOBHOM Yyfansercs npu OTpbbkKe. Hambonbliee raso-
0bpa3oBaHMe NPOUCXOANT MPU MOEAAHUN 3e/IEHbIX COYHbIX KOPMOB,
0C06eHHO 6060BbIX.

MepeBapuBaHne yrnesopos. [lepesapuBaHue Knet-
4aTKu B pybue NpoMCXOANT 3a CHET LeNN00IMTUYECKON aKTUBHOCTU
CUMOUOHTHBIX MUKPOOPraHM3mMoB. KnetyaTka (MM Lennnosa) —oc-
HOBHasi COCTaBNAIOLLAA KOPMOB, BXOAALMX B PaLMOH XBayHbIX XKK-
BOTHbIX. B pacTuTenbHbIX Kopmax ee cogepxutcs ao 40...50 %. VHhy-
30pUK 1 Jpyrue NpocTenLmne, paspbIxifsa KNeTyaTky, NoAroTasmsatT
ee ANS BO3AENCTBMA (hepMeHTOB. MApoOnW3 LEenntno3bl OCyLLecT-
B/IIETCA C NMOMOLLbIO HECKO/IbKMX BaKTepnasibHbIX PepMeHTOB, OTBET-
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CTBEHHbIX 3a pa3Hble 3Tanbl pacLieneHns ee Makpomonekyn. Mpome-
XYTOUHBIM MPOLYKTOM pacLLEenieHns KNeT4aTKu ABNSeTCA fucaxapu
Llennobmosa, KOTOpbIA, B CBOK O4Yepefp, pacLienseTca A0 r/HKO3bI.
[Mpn 3TOM (hepMeHT, OTBeYalLWNiA 3a HavabHbIA 3Tan rMAponaun3a,
6onee nabuneH U mMeHee TpeboBaTeNeH K YC0BMSAM Cpefbl, YeM thep-
MEHTbI, KaTaIM3npyoLLne rmgponns yxe 4acCTUYHO pacLiensieHHoro
cy6etpata. CTeneHb rMaposin3a KNeTyaTKM Y XBauHbIX CHUKaeTCs,
ecn B KOPMe YBeIMYMBAETCA [0/ NIErKOCOpaXKMBaeMbIX Yr/1eBOA0B
(Hanpumep, Kpaxmana).

Kpaxman B py6ue MOXeT paclennaTbCa A0 AW- U MOHOCaxapu-
[0B. B pacuiensieHMn Kpaxmana NpuHMMAKOT yyactve UHMY30pun 1
bakTepuun. B py6Le cosepxarca amuiasbl Kak pacTUTE/IbHOro, Tak U
MWKPOOGHOI0 NPOMCXOXAeHUS. Kpome TOro, HeKOTOpble NpocTenLme
(MHY30pMKM) CNOCOGHBLI 3aXBaTbliBaTb U MepeBapuBaTh 3epHa Kpax-
Masa, npu 3ToM 60nbluas 4YacTb CybcTpata HakanjvBaeTCs B BUAE
FNKOTEHA WM aMUONEKTUHA U 3aTeM COpaxuBaeTCs B TedeHue
O/IUTENIBHOTO BPEMEHMW C MOYTU MOCTOAHHON CKOPOCTbIO. 3TO Mpe-
AynpexzaaeT BHe3anHble BCMbILWKN OPOXEeHUs Npu MNOCTYMAeHUn B
py6eL, CBeXero Kopma.

MpocTble caxapa, NOCTYNMBLUME C KOPMOM MM 06pa3oBaBLLnecs
B pe3ynbTaTte rMApoan3a MakpoMO/eKyn, aKTUBHO WCMOMb3YHOTCA
KakK NpocTeilnMn, Tak n 6akTepusmMum pybua u copaxmnBaroTcs [0
NeTYy4YnX XUPHbIX KUCNOT. BpoxeHMto nogsepratorcs v 6e3a3oTuc-
Tble OCTaTKN aMUHOKMCOT. [py copaxnsaHuy caxapos 06pasyroTcs
XWPHbIE KUCNOTbl —MOJI0YHasA, YKCYCHas, NponuoHoBas, mac/isHas
N XXUAKWe Henetyume. B pybue yalle npeobnafaeT yKCyCcHas KMUCNoTa,
B HEOO/bLLIVX KOMIMYECTBaX BCTPEYatOTCA N30Mepbl MacNsaHOW 1 Bane-
PVUaHOBOW KMC/OT.

Takvm o6pasom, 06pasyrolivecs B pesy/bTaTe rmaponn3a caxapa
(B TOM umCne rNOKO3a) He YCNeBarOT BCacbIBaTbCA B KPOBb A0 MpeBpa-
weHmsa B JIXKK. MN0o3ToMy KOHUEHTPALMA T/1H0KO3bl B KPOBW Y XBaUHbIX
HAMHOTO HVXE, YeM Y MOHOTaCTPUYHBIX XXMBOTHbIX. OAHAKO MOCTynuB-
LUne B KpOBb py6LIOBbIX BeH JIKK 3amelLatoT yHKUMMW [HOKO3bI: Bbl-
CTYMatoT B KQYeCTBe NCTOYHMKA 3HEPTUM Y YHaCTBYHOT B CUHTE3E C/I0XK-
HbIX Yr/feBOA0B U MNUAOB. B uacTHOCTK, 60/blIOe 3HaveHue JDKK
MMEKT B CMHTE3e MOJIOYHOIO XXMpa. BBefeHne B pauyoHbl NaKTUpyHo-
LUMX KOPOB COJeld YKCYCHOIM KMCNOTbI (Hanpumep, auetata HaTpus) 3Ha-
YMTENbHO YBENNYMBAET YA0U U MOBbILLAET XXMPHOCTb MOJIOKaA.

Takum 06pa3omM, Mo CpaBHEHWUIO C APYrMMU BUAAMMW XXUBOTHBIX Y
XKBaYHbIX 3HAYNTENIbHO U3MEHEH YTNIeBOAHbI OOMEH.

MepeBapusaHue 6enka. benku, noctynuewune B pyodeL
C KOPMOM U CJIHOHOM, paclyennsaiTcs Nof LeicTBMeM NPOTEONUTUYEC-
KX (DePMEHTOB MUKPOOPraHW3mMoB A0 MenTUAoB, aMWHOKMCOT, a
3aTeM 0 aMMumaka. MenTugbl, aMMHOKUCAOTbI 1 aMMUaK UCNONb3YHOT-
cs GaKTepusiMn AN CUHTe3a 6aKTepuanbHOro 6enka, MMeRLLIEro ans
YKBaYHbIX OMNpefeneHHY0 NuTaTe/IbHYH0 LeHHOCTb. B npouecce cuHTe-
3a OCHOBHas 4acTb 6enka kopma (40...80 %) npespatyaetcs B 6e/0K
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MWKPOOPraHM3MOoB, a OCTa/lbHON 6efloK B HEM3MEHEHHOM BUAe NO-
CTynaeT B CbIYyr 1 KULLIEYHMK. B CyTKMn y KOopoB obpasyetcs Ao 100 r
MUKPOGHOro Oefika, npuyem 3TOT GENOK COAEPXWUT, B OT/MuMe OT
6enka pacTUTeNIbHOrO MPOUCXOXAEHWS, BCE He3aMeHUMble aMUHO-
KNUCNOTbI, T. €. AB/IAETCA OUONOrMYECKN MOMHOLEHHbIM.

MwuKpoopraHusmbl pybua MOryT MCNonb3oBaTb He TO/IbKO 6enok,
HO 1 HebGenkoBble a30TUCTble BellecTBa Kopma. 103TOMy 0Kas3anocb
BO3MOXXHbIM 4acTb 6efka B paLyoHe XBaYHbIX XXUBOTHbLIX 3aMeHUTb
CUHTETMUYECKON MoYeBUHOW N(Kapbamuaom). B py6ue kapbamup pac-
WwennseTca (epMeHTOM Yypeasoi, BbLUENSeMON MUKPOOPraHu3mMamu,
[0 aMMmMaka n gnokcuaa yrnepoga. B paunoH, cogepxawunii Kapbammp
B KauecTBe 3aMeHuTens 6enka, LO/MKHbI BXOAUTL KOpMa, boraTtble Nerko-
nepeBapuMMbIMWU YrNeBOAaMU, A4/19 HOPMabHOW >XU3HeAeATeIbHOC-
T OpPraHNM3MoB, MCMOMb3YOLWNX Kapbamng 1 ammmak. B npoTrBHOM
cnyyae kapbamupi He ycBavBaeTc B pybLe M BCacbiBaeTCs B KPOBb B
Hen3MeHeHHOM BUfE, Bbl3blBasA CU/IbHYIO MHTOKCUKALUUIO.

MoTopuka npempkenyakoB. CokpalleHNs OTAeNbHbIX YacTeil npej-
YKeNyAKOB CKOOPAMHMPOBaHbI MeXay COBOM.

B Hopme py6el, cokpauiaeTcs 2..5 pa3 B 2 MUH. Tpu 3TOM npo-
MCXOAMT MOC/efoBaTe/IbHOE COKpALLEHNe ero OTAeNioB —npeansepus
py6ua, AOpCasbHOr0 MeLLUKa, BEHTPa/lbHOro MeLlKa, KayAo4opcaibHO-
ro CMenoro BbICTyMa, KayLOBEHTPasbHOrO CENOro BbICTYMNa, a 3aTeM
CHOBa OPCaA/IbHOr0 M BEHTPA/IbHOr0 MELLIKOB.

CokpalleHve JopcalbHOr0 MeLlKa COMPOBOXAAETCA OTPbIrMBaHU-
em rasos. lNpu CoKpaLleHn BEHTPa/IbHOro MeLKa NJ10THoe py6L0Boe
COAEPXKMMOE OTXKMMAETCA B CTOPOHY /1IEBOM FOMIOLHON SIMKM, a pa3Xu-
YKEeHHas Macca BbDKMMAaeTCs B CTOPOHY npeansepus pyoua. Mpu aTom
nornepeyHas CK/aZKa OMyCcKaeTcAd BHU3 W MNOMY>KWAKas macca 3aros-
HAET npegasepvie pybua v ceTky. MnoTHasa macca pyoL0BOro COepXu-
MOro, TakuMm 06pa3om, 6narogapss MoOToprKe pybua MeaneHHo Bpallia-
eTCA NPOTMB YacOBOW CTpenku. Mpomcxogsliee npu aToM pasmesnbye-
HVe 1 NepemMeLlBaHe KOPMOBOI MacCbl COCOOCTBYET CO34aHUI0 Or-
TUMa/IbHbIX YCIOBUIA ANS XKU3HEAEATENbHOCTU MUKPOM/OpLI. pekpa-
LeHe MOTOPUKK pybua NpuBOAMT K rnbenn cMMOUOTUYECKON MUK-
pOIOPbI, Pa3BUTUIO THWUMOCTHBLIX NMPOLLECCOB B PyOLe U CUIbHOW WH-
TOKCMKaLUKN opraHn3ma.

CeTka cokpauwaetcs kaxpable 30..60 c. Pasnuuatot gge ¢asbl:
BHayasie CeTka yMeHbLUAeTCH B pasMepax HanosIoBUHY, 3aTeM Cnerka
paccnabnaeTcs, nocne Yero COKpaLLaeTcsa yXe nosiHoCTbi0. Bo Bpems
OTPbIrMBaHUA XBAuKW MPOUCXOAUT LOMNOSIHUTENbHOE TPeTbe COKpa-
WweHue. Mpu COKpalleHNn CeTKM rpybble KpyrnHble YacTuLbl cogep-
YXUMOrO0 BblTa/IKMBatOTCA 06paTHO B pybeL, a u3MesibYeHHas 1 nosny-
XUAKasa nuwesas macca NnocTynaet B KHUXKY, a 3aTeM B Cblyyr. Me-
pexoAy MuLLLEBOI MacChbl U3 KHVKKW B Cbl4yT COCOOCTBYET TO, YTO BO
BPeMSs COKpaLLeHUsA CETKM CblUyr pacLlmMpsaeTcs, B HEM CO34aeTcs OT-
puuaTenbHoe AaB/ieHne U B pe3ynbTaTe 3TOro XuAKas macca 3acachbl-
BAeTCA M3 KHVDKKMN.
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KHMKKa cokpalliaeTcs B MOMepeyHoMm M NpoAOSIbHOM Harpas/e-
HUAX, 6Gnarofaps 3TOMY MPOWUCXOAWUT [AOMOSIHUTE/NILHOE MaLepupo-
BaHMe 3aflepXXaHHbIX rpybbIX vacTuy Kopma. Mexay nMcToyvKamu
KHWKKN 60/iee rpybble YacTuubl KOpMa NoABepratoTes fasbHeiemy
nepesapuBaHnio. HexXHble, TOHKNE Pa3BETBNEHHbIE IMCTOUKU KHUXKM
061aaat0T OT/IMYHOI BCaCbIBaKOLLIEN CNOCOOHOCTbIO. B KHMXKE MHTEH-
CVMBHO BCacCbIBaeTCA BOAA, PaCTBOPEHHbIE B HEW OpraHuyeckue Belue-
CTBa N MWHepasbHble CoNY, a YNIoTHEHHOe COAepXXMMOoe NnepexonuT
B CblUyT, rfe CHOBa pa3baBnsieTcs, HO YXKe XenyaoyHbIM COKOM, COAep-
XKaLUMM COMAHYIO KUCNOTY. Taknm obpa3om MPOUCXOAUT CMeHa peak-
LMK XXMAKOM (ha3bl COLEPXXMMOTO NpeLKesy/KoB.

CokpalleHve npespkenyakoB perynvmpyet HaxoasLWwmiics B Nnpogon-
roBaTOM MO3re HepBHbI LieHTp. [apacumnaTuyeckue HepBbl YCUIIN-
BalOT, & CMMMNATMYeCKne —TOPMO3AT COKPaALLEHNS NpesKenynkos. Ha
COKpaLlleHVs MpeKenyfKoB B/MSET Takke Kopa 60/bwux nonylia-
puiA. Pa3gpaxeHue peLenTopoB POTOBON MONOCTW MpY MepexeBblBa-
HUM KOpMa Yy4allaeT M YCWIMBAET COKpaLLEeHWs NpempKenynkos. Pas-
[paXeHne peLenTopoB ABEHAALATUNEPCTHOM KWLIKW TOPMO3MUT CO-
KpalleHune npempkenyakos. OThenbl Npeskenyakos pPeg/IeKTOPHO BK-
A0T Ha MOTOPUKY Apyr Apyra. Hanpumep, nepenosiHeHue cblyyra
TOPMO3UT COKPaLLEHNA KHUXKW, a NepenosiHEHNE KHMKKN TOPMO3NUT
COKpallleHuns pyoLa 1 ceTkn. MoTopuka npekenyiKoB COXpaHsSeTcs U
npu HapyLUueHUn NX CBA3WN C LLeHTPaSIbHON HEPBHOW CUCTEMOM 3a CYeT
WHTPaMypabHbIX HEPBHBIX CMIETEHUIA, O4HAKO NpY 3TOM pas/IMyHble
OTZeNbl COKpaLLLatoTCH HEeCOrnacoBaHHO.

>KBauHbIM npouecc. XapakTepHOil 0CO6EHHOCTbIO MULLLEBAPUTESTb-
HbIX (PYHKLWIA Y >XBaYHbIX XMBOTHbIX ABMAETCA HaIMume npouecca
XBauyKyW —OTPbITMBAHVE YacTM MIOTHOrO COAEPXMMOro pybua u ero
MOBTOPHOE MepeXxxeBbiBaHWe. YXXBayHbIA MEpuoj HauMHaeTcs CnycTs
HEKOTOpOe BPEMS Mocsie efbl B 3aBMCMMOCTU OT XapakTepa Kopma v
BHELLIHUX YCNOBUIA: Yy KPYMNHOro poratoro ckota 4epes 30...70 MUH, y
oBel, yepe3 20...45 MUH. 3a 3TO BpeMs KOpM B py6Lie HabyxaeT u yac-
TUYHO pasMsAryaeTcs, 4YTOo oOferyaetT ero rnepexesblBaHue. [py6bIi
KOpPM 3afiepXX1BaeT NosBAeHne XBayHoro nepuoga. buictpee HavmHa-
eTCS XKBaYHbIA Nepuoj npy MosIHOM MOKOe Y /IeXaLLero XX1UBOTHONO.
B HOUYHOe Bpemd XBayHble Nepuodbl BO3HWUKAKOT Yallle, Yem LHeM.
B cyTKu 6bIBaeT 6...8 )XBaUHbIX NEPUOLOB, KaXAbIA 13 KOTOPbIX A/INTCA
no 40...50 MnH. B TeyeHMe CYTOK KOpPOBbI MepexesbiBatoT Ao 100 kr
COAepPXMMOro pyoua.

B Havasie OTpbIrMBaHWA BO3HUKAET AOMO/HUTE/IbHOE COKpaLLeHune
CEeTKV W NULLEBAPUTENIBHOIO Kenoba, B pesynbTare Yero Xukoe co-
LePXXVMOe CeTKV NogHUMAeTCs K KapAnalbHOMY OTBEPCTUIO MULLEBO-
Aa. OAAHOBPEMEHHO NPOMCXOANT OCTAHOBKA AbIXaHWA B (hase BbIAOXa, a
3aTem cnefyeT nonbITKa BAOXa MPW 3aKpbITOW roptaHn. Mpu 3Tom co-
KpalLaTCs MblLLLbI-MHCMUPATOPLI ¥ Avagdparma, HO BO3LyX B JIErKue
He nonagaeT. B cBA3N C 3TUM JaBneHune B rpyAHOM NOMOCTU Pe3Ko na-
[aeT ao 46...75 MM pT. CT., YTO NPUBOAUT K 3aCaCbIBAHNIO Pa3XMXKEH-
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HOW Maccbl B NMULLeBOf. 3aTeM [blXxaHWe BOCCTaHaB/NMBAETCA M aHTU-
nepucTa/ibTUYECKME COKpALLEHMS MULLEBOAA CrOCOBCTBYIOT NPOABU-
YXEeHWIo MULLEBOro KOMa Mo MULLEBOAY B POTOBYHO MONOCTL. locne no-
nagaHus OTPbIrMBaeMolr MaccChl B POTOBYIO MONOCTb XXUBOTHOE MeJIKU-
MU NOPLMAMUN 3arnaTtbiBaeT XUAKYH 4acTb, a NIOTHY0, OCTaBLLYCA B
POTOBOM NONOCTK, TLWATE/IbHO NepeXeBbIBaeT.

Takum 06pa3oM, >XXBauHbIiA ngou,ecc —3TO NPOsAB/IEHNE CMOXKHOIO
BUCLLEPOMOTOPHOIO peduiekca. Bo3by)kaeHue OT TaKTU/bHBLIX peLen-
TOPOB MpPeayKeNyAKOoB MO LLEHTPOCTPEMUTENIbHBIM HEPBHBLIM BOJIOKHAM
B COCTaBe BarocvMmnaTuyeLlX HepBOB LOCTUraeT LEHTPa XBayku B
npogonrosatom Mosre. OTCOAa MMNY/bChbI MEPEAAlTCA Ha LEEHTP Abl-
XaHua 1 agpa 61y>KaaroLwmx HepBoB, 3aTeM Mo LeHTPO6EXXHbIM BOJIOK-
Ham B cocTaBe 6/y)XJaroLyX HEPBOB K MbILLLLaM CETKW, MULLEBOAHOMO
Xenoba, NMLLeBOAa, rOpTaHN U AbIXaTe/lbHbIM MbILLLAM.

CTuMynupyeT OTpbIrvBaHWe COAEPXKMMOro MpefkenyiKos pasjpa-
YKEHMe peuenTopoB MpemkenyaKa, 0CO6EHHO CeTKM M MULEBOAHOro
xenoba, rpybbiMm YacTaMu Kopma. MepexkeBaHHas macca 3anofHseT
KHKKY W MEepexofuT B Cbiuyr. PasfpaxeHue peLenTopoB 3TMX OTAe-
NOB TOPMO3WT >XBayHbIli MpoLecc.

MuieBapeHye B cbidyre. CnsncTas 060/104Ka Cblvyra COAEPXUT Xe-
ne3bl, BblpabaTbiBatoLLME ChlvyXKHbIV COK. CblUyXKHbIE XXese3bl CEKpeTu-
PYIOT HernpepbIBHO. 3a CYTKM 06pa3yeTcsi 4OBO/IbHO GOMbLLOE KOMINYe-
CTBO CbIUy>XHOro coka: y kopos —40...80 /1, y Tenok n 6eiukos —30...40,
y B3pocnbix oBey—4...11 n. lpn KaXKAOM KOPMJIEHMM >KMBOTHOIO
NPOUCXOANT yCuneHune cekpeummn. Y osel, pH coka konebnetcs ot 0,97
[0 2,2, y KopoB —oOT 1,5 10 2,5. KaK 1 y X1BOTHbIX C O4HOKaMepHbIM
XenyaKoMm, Hambonee BaXKHble COCTaB/IAIOLLME CbIYYXXHOr0 COKa — 3TO
(hepMeHTbI (MencuH, XMMO3WH, N1Nasa) U CoNsHasa KUCoTa.

OfiHa 13 CYLLECTBEHHbIX 0COOGEHHOCTEN CbIYYXXHOr0 MnulleBape-
HWUA —HenpepbIBHAA CEKPeLMs XenyA04HOro CoKa B CBA3M C MOCTOSAH-
HbIM MOCTYM/IEHWEM B CblYyr NpPeABapuUTeIbHO NOATOTOB/IEHHOW OAHO-
POAHOM Macchl. Takoe COCTOSIHME CbIYY)XXHBIX XKene3 MnoAAepXXvBaeTcs
MOCTOAHHbIM pa3fpaXKeHWem MexaHo- Y XeMOPELENTOPOB CaMoro Cbl-
yyra u UHTEPOPELIENTUBHBLIM B/IMSHUEM NPELKENYKOB.

"ymopanbHas (hasa Cbl4y>XHON CEKPeLMn OCYLLEeCTBNSETCA NPU yya-
CTUX TOPMOHOB M METaboNNTOB NULLEBAPUTENILHOIO TpakTa (racTpuH,
3HTEPOracTPuH, rMMCTamuH 1 Ap.). B perynsumnm ceKpeTopHom fesTesib-
HOCTM Cbluyra MPUHUMAOT yYacTue rOpMOHbI LMTOBUAHON >Kenesbl,
HaAMnoYevyHNKOB, MOKeNYA04HON Xene3bl, NOM0BbIX Xene3 n ap.

B 3aBMcMMOCTM OT BMAA KOPMOB BbIJeNsAeTCA pasHOe KO/IMYECTBO
CbIYYXXHOr0 coKa. HanborsblLiee ero KosiM4yecTBO C BbICOKOW KUCMOTHO-
CTbIO 1 NepeBapmMBatoLLEeil CNOCOOHOCTLIO 00pa3yeTCs NP CKapM/nBa-
HWUM TpaBbl N ceHa 6060BbLIX TPaB, 3€PHOBLIX KOPMOB U1 XMbIXa.

CokpallleHuns cbluyra, NofobHO OAHOKaMEPHOMY XXenyaKy, NposBs-
NAKTCA B (POPME MEPUCTaNbTUYECKUX N CMabbiX TOHUYECKUX ABUXKE-
HWiA. Tepnoabl COKpaLLeHnid cMeTatoTCca nepuodamm nokos. fopuyms
COZEPXXMMOro NpoxoaunT Yepes coivyr 3a 30...60 MUH.



OCO6EHHOCTY YKeY[OUHOro MULLEBAPEHNSA Y MOJIOAHSKA YKBaYHbIX.
MuieBapuTe/ibHble MPOLLECCHI B XKeNyJOYHO-KULWIEYHOM TpakTe HOBO-
POXAEHHbIX (TENAT, ATHAT U AP.) 3HAYUTENbHO OT/IMYAKOTCA OT aHasno-
MMYHBIX NPOLLECCOB Y B3POC/bIX XXUBOTHBbIX.

Y HOBOPOX/EHHbIX XXBaYHbIX NPesKenyaKn HeoCTaTOuHO Pa3BUTbI
B MOP(ONOrnMY4eckKoM 1 (YHKLNOHAIbHOM OTHOLLEHUKN (06beM pyobLa,
CeTKM U KHWKKW COOTBETCTBYET MOJIOBUHE CblYyra). VIHTEHCUBHbIN
POCT NpeKenyAKoB MPOUCXOAUT B NePBble MECALbI XXU3HU U CTUMY-
NNpyeTca noefaHvem TBEPAOro kopma. B roposasiom Bospacte pybew,
yXe coctasnseT okono 80 % o6bema C/IOXKHOr0 Xenyaka. Y HOBOPOX-
[EeHHbIX TeNAT, NUTaKLMXCA MOSIOKOM, py6eL, HeoCTaTOYHO 3acesieH
OakTepmaMM 1 He MPUHUMAET y4yacTus B npouecce ruaponmsa u copa-
XMBaHWS NUTaTeNIbHbIX Cy6CTPaToB. B CBA3N C 3TUM COfepXaHue -
KO3bl M NETYUUX XMPHBIX KACNOT B KPOBU MOJIOAHSKA XKBayHbIX, NUTa-
IOLLIUXCA MOJIOKOM, aHa/IorMYyHO TaKOBOMY Y XXMBOTHbIX C O4HOKamep-
HbIM >Kenyakom. o Mepe pasBuTua pybua cofepXxaHue rKO3bl B
KPOBM >BayHbIX nagaeTt 60see YeM B [Ba pasa, HO MNOBbILAETCSA YPO-
BEHb NIETYUMX XKUPHbIX KUCNOT.

Y MONoAHsAKa XBayHbIX MOSIOKO, MUHYS pybeL, NepexoauT 13 nu-
LLeBoZa B KHUXKKY M0 TaK Ha3blBaeMOMY MULLEBOLHOMY Xenoby, obpa-
30BaHHOMY CKJ/1afiKaMun CN3UCTON 060/104KN. [TaBHbIM CTUMY/IOM /15
pedIeKTOPHOrO CMbIKaHUA MULLEBOAHOIO Xenoba CNy>XuT cam akT Cco-
caHus. PeuenTopsl, pasapaxeHne KOTOPbIX Bbl3blBAET 3TOT Pedekc,
HaxoAaTcs B CAM3MCTOM 060M04Ke f3blKa, Ty6 U rnotkm (puc. 5.8).
Mpn MeAneHHOW BbINOMKE >enob CMbIKAeTCA MOMHOCTbIO M NPOrio-
YeHHOe MOJIOKO MOCTYMaeT HernocpeACTBEHHO B Cbiuyr. [pu GbICTpOM
3arnatbiBaHUM BOMbLLLOIO KOMMYECTBA MULLLEBOAHbINA XKenob CMbIKAeTCs
He MOJIHOCTbIO N MOJIOKO YaCTUYHO MonajaeTt B pybel, rae MoXeT 3a-
[epXXunBatbCs M 3arHMBaTb. M03TOMY TensaTaM-mMON0YHMKAM MOJIOKO
Heob6X0AMMO BblNanBaTh M3 MOUIOK C COCKOW. Pediekc nuLLieBoAHOro
Xenoba CoxpaHseTca y Tenat o 2-MeCcA4YHOro Bo3pacrta, a 3aTeM no-
CTeneHHO yracaeT. 1o Mepe pa3suTua pybua B HeM (hopMMpyeTca Mno-
nynaymMs MMKPOOPraHn3mMoB, NonajatoLwmnx ¢ KOpMOM M BOAON. Bax-
HbIMW (haKTOpaMu, Y4acTBYKOLIUMWU B 3TOM Mpouecce, ABNSKOTCA
KOHTaKT TeNAT CO B3POC/bIMU XXUBOTHBIMU W Hayano npuema pactu-
TeNIbHOro Kopma. B pybue 2...3-MeCAYHbIX XXMBOTHbIX LENIHN030-
NINTUYECKAsA aKTUBHOCTb YXe JOCTaTOYHO BbICOKas.

1

Puc. 5.8. Cxema pethieKTOpHOI perynaumm
CMbIKaHVS MULLIEBOAHOIO Xesoba:

| —peuenTopbl poTOBOI NONOCTU; 2 —ad(hepeHT-
HbI/i NYTb OT peLenTopoB POTOBOW NonocTu; 3 —
HEPBHbI/A LEHTP NPOAO0/IrOBAaTOr0 MO3ra, WH—3(-
(hepeHTHbIV NyTb B cOCTaBe 6AY>KAAOLMX HEPBOB;
] —nuweBoaHbIli Xenob; 6—ceTka; 7—py6eL;
- KHWXKa; 9—cbluyr; 10— nuwesog; |l —BbIc-
LUMe LieHTPbI pethnekca NuLLeBOAHOrO Xxenoba



B MepBble CYTKM Y HOBOPOXAEHHbIX OTCYTCTBYHOT >XBayHble Me-
puofbl. Y TenaT M ArHAT OHW BrepBble MOABAAOTCA B BO3pacTte
9...10 cyT. BHauane ><BauHble Mepuofbl BO3HUKaOT pefko (2...4 pasa
B CYTKW) W ONATCA BCero 2...8 MWH, 3aTem KX 4actoTa U MPOLO/KU-
Te/IbHOCTb BO3PACTaloT.

Chluyr Takxe npeTteprieBaeT onpefefieHHble U3MEHEHUS B X0fe
oHTOreHe3a. K MOMEHTY pOXAeHWa BCe CNOM CTEHKWU cblvyra 0hopM-
NeHbl, O4HAKO ero >enesbl He LOCTUratoT NOMHOrO PasBUTUA. Y HOBO-
POXAEHHbIX TeNnAT 60/bllas YacTb CONAHOW KUCMOTbl HaxoguTcs B
Cblyyre B CBA3AHHOM COCTOSHWUW. B nepsble OHW MOC/e POXAEHUA B
YKenya04HOM COKe Masio (PepMeHTOB, NMO3TOMY BaXKHYHO POJib B TMAPO-
NM3e NUTaTeNbHbIX BELLECTB UrpaloT PepMeHTbl MaTepMHCKOro MoJsio-
ka. C BO3pacTOM B CbI4Y>XHOM COKe YBE/IMYMBAETCH KUCMOTHOCTb U
KOHLEHTpaUns akTUBHbIX MPOTEO/IMTUYECKMX (DEPMEHTOB, NMPUYEM Y
TeNAT, NoMyyatoLMX MOIOYHYIO NULLY, NPeobnafjaloT XUMO3UH U Xe-
NyfoyHasa ninasa.

5.7. MNWEBAPEHVE B TOHKOM KULUIEYHWKE

B pesynbTaTe nuuieBapeHns B TOHKOM KMWLUEYHWMKE MPOMCXOAUT
pacLLensieHne CNoXHbIX NUTaTe/IbHbIX BELEeCTB O TeX 0CTaTKOB (B OC-
HOBHOM MOHOMEPOB), B KOTOPbIX OHM MOTYT BCOCATbCS B KPOBb U /INM-
(by. B KMLLIEYHNKE OCYLLECTBNAETCA OKOHYATENbHbIN MMAP0IN3 NnLLe-
BbIX BELLECTB Noj AeCTBMEM MOKENYLOYHOIO U KULLIEYHOTO COKOB,
XKenum n BcacbiBaHWe NPOAYKTOB rMAponn3a.

K TOHKOMY OTAeny KulleyHuKa OTHOCAT ABEHaALaTUMEPCTHYIO,
TOHKYIO U NOAB3LOLWHYI0 KAWKKA. B nonoctb ABeHaaLaTUNepCcTHOM
KUWKN OTKPbIBAKOTCS MPOTOKM MOMKENYAOUHON >Kenesbl U XKenu-
HbllA NPOTOK. HaTowak cofep>XMMoe ABeHafLaTUNEPCTHOM KULLKK
nmeeT cnabouwenoyHyro peakumto (pH 7,2...8,0). Mpu noctynneHum
B Hee NMOpLMIA XXeny[o4yHOro COLEPXKMMOr0 peakums cpefbl CTaHo-
BUTCS KWUCMOWN, 0fHaKO ObICTPO MPOUCXOAUT ee HelTpanmsaymsa 3a
CYUET XKenuum, MnomkKenyfoyHoro coka M KMLWeEeYHOro coka, KoTopble
NHTMOUPYIOT XKeNyAOUHbIA NencuH. Yem Bbille KWCNOTHOCTb AYyO-
[EHaNbHOr0 COAEePXUMOro, Tem 60/blue BbIAENSETCA MOMXKENyA0Y-
HOr0 COKa W XXenuu.

MompkenyaoyHbli COK. Posb NOMKeNyA04HONM Xenesbl B NuLLeBa-
PUTENbHOM MPOLECCe OMNpefenseTcsa ee BHELIHECEKPETOPHONM aes-
TeNbHOCTbIO, T. €. BblAe/IeHNEM MOMXKENYLOUYHOr0o COKa B MPOCBET
[BEHAALATUNEPCTHON KULWKK. KOMMYECTBO BbLUENSEMOro 3a CYTKU
NopKeNyJOYHOro COKa B CPefHeM COCTaB/feT Yy XBayHbIX 6..7 N1, y
CBUHen 8 n, y cobakn 200...300 mn, y Yenoseka okono 1. Mogxeny-
AOYHbIA COK NpeacTaB/isieT co60i BGECLBETHYHO XMUAKOCTb LLEN0YHOV
peakuumn, 06yCcnoBEHHON BbICOKOM KOHUeHTpauuen aHnoHos HCOJ.
Kpome TOoro, B HeM MPUCYTCTBYIOT X/IOPUL, HAaTPUA, X0pUL KasbLus,
(hocaTbl U Apyrve HeopraHUYeckme NOHbI.



B MOMKeNyAOUYHOM COKe cogepxxarcsi (PepMeHTbl, AeiCTBYHOoLMe
Ha BCe rpynnbl NUTaTe/IbHbIX BELLECTB: MPOTEO/IMTUYECKNE, aMUSIO-
NNTUYECKNE U NNMONNTUYECKME.

TpPpUNCUH —OCHOBHOW NPOTEO/IMTUYECKNIA (epMEeHT MomKe-
NYAI0UHOro coka. lMepBOHaYaNbHO BbIAENAETCSA B BUAE HEAKTUBHOIO
npogepmMeHTa TPUMNCUHOrEHa, KOTOPbIA aKTUBUPYETCSH (DEPMEHTOM,
BblpabaTbiBaeMbIM C/IM3UCTON 060N0UKON ABEHAALATUMNEPCTHON KULLL-
KW, —3HTEeponenTunaasoi (3HTepOKNHa30M). TPUNCUH aKTUBEH B Lue-
NOYHOM cpefe, rMaponusyet OefKM U KX MPOMEXYTOUHble COefu-
HeHMA —anbbymo3bl U NenToHbl —A0 NOANNenTUAL0B, AUNENTULOB
N faxe aMUHOKMCAOT.

XUMOTPUNCUH BbLENAETCA TaK)Ke B HEaKTUBHOM COCTOS-
HAW B BMAE XMMOTPUIMCUHOrEHa W aKTUBMPYETCA TPUMCUHOM; pac-
wennseT 6enKn NPeMMyLLECTBEHHO Mocse ux 06paboTKM NencuHoM
N TPUMNCUHOM.

MaHkpeaTonenTupasa (3nacrtasza) OCYyLIeCTBNSAET
rMAPONN3 crneympmyecknx 6enKoB COeAVHUTENIBHON TKaHW U My-
KOMoucaxapuaos, pacwennsas ux Ha nentuabl U aMUHOKUCIOTbI.
Kapb6okcunentumpgasa OTWennseT oT NenTUL0B CBOOGOAHbIE
aMUHOKMCNOTbI CO CTOPOHbI Kapb6OKCUNBbHOM rpynnbl. [, e 30K C U -
puboHyKneasa W puOOHYKIeasa OCYLECTBIAOT n-
APONN3 HYKEUHOBbLIX KUCNOT.

Nvnasa —unonMTUYecKUii epMeHT MNOLXKENYL0YHOro COKa.
O6nagaeT WNPOKUM Anana3oHOM AeiCTBMS Ha XXUPbl, paclennsas ux
Ha TIMLEPVH W XXUPHbIe KUCNOTbI. PacTBOpsieTCA B BOfAe U AeNCTBYeT
Ha XXUpbl TO/IbKO Ha rpaHuue pasgena Bofa —xup. Jlunasa akTuBm-
pyeTcs MOHAMMW KanbLMs 1 XXENYHbIMU KUCNOTaMW.

K rankonutuyeckum (Mnn ammnonnTUYecKum) hepmeHTaM Mof-
XKeNyA04YHOro COKa OTHOCATCA: aM W a3 a —pacwennseT Kpaxman,
FNIMKOTEH U aMUIONEKTUH Ha AeKCTPUHbI U MaibTo3y; T KO3 U -
fa3a (ManbTasza) —pacwennseT ManbTO3y Ha [Be MOJEKY/Ibl
FNIOKO3bl; PPYKTOMPYPOHMMAA3a —pacllennsger caxaposy Ha
TNIHOKO3Y U (PPYKTO3Y.

Y MONIOfHAKA B MOJIOYHbIA MEpnos B NOLKENYA04YHOM COKE OTMe-
4aeTCA BbICOKOE CofepXaHWe ranakTo3umpgasbl, paclennsto-
LLIE MOMOYHBIV caxap aKTo3y Ha [/IOKO3Yy U ranakTosy.

Cekpeums NomKeNnyfoYHOM >Kenesbl. Perynsaums ocyLlecTBseTcs ¢
y4acTMeM [BYX OCHOBHbIX MeXaHW3MOB —HepPBHO-PeqIEKTOPHOIO U
rYMOpPa/IbHOr0. ECTECTBEHHBIM CTUMY/IATOPOM CEKPELUM CNYXUT Npu-
em nuwun. Mepsaa (asa cekpeuun NOMLKENYL0HHON >Kenesbl —CNoX-
HO-peIeKTOpHas —O06yCnoBeHa OAHOBPEMEHHbIM AeliCTBUEM YC-
NOBHbIX (BMA W 3anax nuun) n 6e3ycnoBHbIX (KeBaHMe W rnoTaHue
nuum) pasapaxutenein. AhdepeHTHble NyTN OT 3TUX PELENTOPOB aHa-
NOTUYHbI a®epPeHTHbIM MYyTAM COHOOTAENNTENBHOrO pedriekca u
pedhnekca XenyouHoi cekpeunn. SidepeHTHbIe MyT pedrieKcos
NOMKeNyA04HOW CeKpeLumn OT LieHTPpa, PacrnoioXXeHHOro B NPOAOATo-
BaTOM MO3re, NPOXOAAT B COCTaBe OMy>)KAaroLWMX HepBOB. PasfipaxeHue
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6nyXXJatoLLero Hepea OKasblBaeT cf1aboe CTUMYMPYOLLEe BINAHNE Ha
CeKpeLmIo NoLKeNyL04HOM Xenesbl, 04HaKO MNPy 3TOM CEKPET XKefesbl
CYLLIECTBEHHO o6oraLyaeTcs hepMeHTaMm.

Cekpeuns MNOMKeNnyL0o4HOro CoKa BO BPeMS TyMOpPa/ibHOW (hasbl
onpegenseTca ropMOHaMM XenyLoUYHO-KMLLEYHOro TpaKTa, npexae
BCEr0 CEKPETMHOM W XONEeUUCTOKMHUHOM (MM MaHKPEO3MMUHOM).
CekpeTuH ob6pasyeTcsd B HEAaKTUBHOM COCTOSIHUM —B BUAe MpPo-
CekpeTuHa. B nonoctu fBeHaaLaTUnepCTHOM KULKK OH aKTUBMPYeTCS
CONAAHOM KMUCNOTOW M apyrm™! KUCNbIMK BelecTBamu, 3aTeM BCacblBa-
eTCs B KPOBb U OKa3blBaeT CT' VMY MPYHOLLEee AECTBME HA KNETKW MOofA-
XenyaouHou xenesbl. CekpeLmto NogKenya04HOro coka, Kpome Toro,
CTUMY/IMPYIOT FacTPWH, CEPOTOHWUH, UHCY/IVH, Ba30aKTUBHBIA MHTeC-
TUHANIbHbIA NENTUA, COMN XXENYHbIX KACNOT. X ONeUuUCTOKMN -
HWH NPUBOAUT K YBENNYEHUIO KOMYECTBA (DePMEHTOB B NOKesNy-
[OYHOM COKe Npu COXpaHeHUu ero obbema. TOPMO3ALWUM 3PPEKTOM
06M1a4al0T rNHOKaroH, npoctarnaHiuHbl, XXenyLo4YHbl TOPMO3HOM
NoONMNENTUS, KasbUUTOHMH.

>KenueobpasoBaHue 1 xenyeBblaeneHvie. Cekpeuuns Xenun ocylue-
CTBNAETCH KNETKaMW MeyYeHOYHOW MapeHXuMbl, COOpaHHbIMK B Mneye-
HOYHble A0/MbKN. OT MeYeHOUHbIX KMETOK HaYMHAtOTCH XKeNyHble Ka-
NUANAPbI, KOTOPble 06BEAMHAOTCA B XKeNyHble NPOTOKW. lMocnegHue,
CNMBasCb MeXAy CO60i, 06pa3ytoT NeYeHOUHbI NPOTOK, OTKPbIBAtO-
WMIACSA B XEMYHbIA My3blpb. Y nowagmn, Bepbnoga, ONeHs XKeNYHbIN
Ny3blpb OTCYTCTBYET, @ €r0 ()YHKLMIO BbINONHAKT XOPOLLO pa3BuUTble
XenuHble xogpl. O6Lee KONMMYECTBO BbIAENAIOLENACS XEeNUn 3a CyTKK
COCTaB/IAET Y NloWaamn 1 XBayHbiX 0K0Mo 6 1, y osel, —300...400 mn, y
cobakn —250...300 mn.

B >xenueobpaszoBaHnn pasmMyatoT TpKu npouecca:

aKTUBHAs Cekpeuus, Hanpumep 6UAMPYOMHA, XKENUYHbIX KACMOT;

(bmMNbTpauma 13 nnasmbl KPOBU BOAbl U PacTBOPEHHbLIX B HEN Be-
LLeCTB: /IHOKO3bl, KpeaTUHMHA, NOHOB Kans, HaTpUs, XI0pa;

peabcopbuus, T. e. BcacbiBaHWe 06paTHO B KPOBb HEKOTOPbIX 3/e-
MEHTOB MEPBUYHON NN NEYEHOUHOR Xenuu.

Takum 06pa3om, 4acTb BELLECTB, BXOAALWMX B COCTaB >Keuu,
CUHTE3MpPYeTCs KNeTKaMu MNeyeHn, Apyrve noctynawT B Hee M3
nnasMmbl KpoBMW.

B >xenyHoMm ny3bipe NpomcxoguT peabcopbums M3 Xenynm HeKoTo-
PbIX COMEN M BOAbI, B pe3ynbTare Yero u3 nevyeHoUHoM >Kenum obpasy-
eTca 6o/ee rycrasd, KOHLUEHTPYPOBaHHasA, TakK HasbiBaemas My3bipHas
>Kenub. NoTHOCTL NevyeHoYHOW enuwm coctasnset 1,009...1,013, co-
JepxaHue nnoTHbIX Bewects 1..5 %, pH 7,5. My3bipHasa »enyb coaep-
XKUT 9...20% NNOTHbIX BellecTs; NAOTHOCTL ee 1,026...1,048, pH 6,8.
Kpome TOro, B ee cOCTaB BXOAUT C/U3b, BblUenswoLwascs 60Kanosua-
HbIMW K/METKAMU C/IM3NCTON 060/104KM XKeNYHOro ny3bips. XKenyb B
neyeHn obpasyeTcst HenpepbIBHO, O4HAKO COHMHKTEP XXENYHOr0 NPoTo-
Ka HaXxo4uTCS B COKpALLEHHOM COCTOSIHUM A0 TeX Mop, Noka B NoJIOCTb
KULLEYHMKA He NOCTYNUT NULLEeBas Kauua.



B COCTaB XXenuu BXOAAT BOAA, CMM3b U MUTMeHTbI (BUIMpYOuH 1
OUNNBEPANH), XKENYHble KUCMOThI (X0eBas, [1e30KCUX0/eBas, IMTOXO0-
NneBas), XeNYHOKUC/ble COMW, XONEeCTEPUH N NIELUTUH, COMM Heopra-
HUYECKNX KNCNOT. PEepPMEeHTbI B XXenum OTCyTCTBYIOT.

XKenyb, nocTynaroLwas B KMLWEYHUK, CNOCOOCTBYET MuLLEBAPEHNIO
3a CYeT CBOei LUEe/IOYHON peakumu nyTeM HerWTpanmsauum Kncnoro
XVMyCa, NOCTYMaloLLEero 13 >kenyaka. Hatpresble COMN XeNuHbIX KKC-
NOT YMEHbLUAKT MOBEPXHOCTHOE HATSXKEHWE BOAbl M XWpa, Crocob-
CTBYS 3MY/IbIMPOBAHMIO YKUPOB MULLEBON KalluLbl, NPy 3TOM KX MO-
BEPXHOCTb YBE/IMYMBAETCSA M 06/eryaeTcs npouecc B3anMofeicTBus ¢
NUNONUTUYECKUMU (hepMeHTaMn. Kpome TOro, CO/MN XKeNMUYHbIX KACIOT
aKTVBMPYIOT NIMNasy MoXenyAo4yHOro Coka M YCKOPAKT BCacbiBaHMe
KOHEYHbIX MPOAYKTOB pacLLensieHns xupa. XXenyHble KUCNO0Tbl YCu-
NNBAIOT MOTOPUKY KULLEYHMKA; COeAMHAACL C HEpacTBOPUMbIMU B
BOZE XXUPHbIMY KMCNOTamu, 06pasytoT BOAOPaCTBOPUMbIE KOMMEKCHI,
BCaCbIBaOLLMECH B KMLLEYHUKE.

YKenueobpasoBaHue B K/eTKax MeYeHW MPOUCXOAUT HemnpepblB-
HO, OAHaKO OHO MOXET ObITb CTVMYNNPOBAHO aKTOM efbl, pasfpaxe-
HVWEeM OnyX[atoLlero Hepea WM ryMOpasbHbIM MyTeM (Harnpumep,
[eliCTBME CeKpeTUHa).

MocTynneHune »enun B LBEHALLATUNEPCTHYIO KULLIKY Perynmpyetcs
HEPBHO-PE/IEKTOPHBIM M TYMOPa/IbHbIMK MexaHu3Mamu. [epsbie nop-
UMW >KeNnyn nocTynatoT B KULIEYHUMK Yepes 5...10 MMH nocne npuemMa
nULmM. [0S HaKOMNIEHUA W BbLLEIEHUA XKeNUM BaXKHA CUHXPOHHAs paboTa
MbILLIL, COMHKTEPA YKETYHOIO MPOTOKA M MbLULL, YKe/TYHOro ny3bipd. Mpu
3BaKyauun Xenyu COKpalleHWe CTEHOK My3bips COMPOBOXAAETCA pac-
cnabneHvem ciuHktepa. Mpy HakonneHWM >kenun HabnwgaeTcs obpar-
HbI Mpouecc —paccnabneHne MblllL, CTEHOK My3bIpA U COKpalleHue
CMHKTepa. JTa cornacoBaHHas paboTa MbILL, PerysvmpyeTcs HepBHO-
peneKTOPHbIM U ryMopasbHbIM MyTAMUW. PasgpaxeHvie 6y aatoLLero
HepBa NPVUBOAWT K COKPALLEHMIO MbILLIL, MY3bIPS 1 pacc/iabeHmnto Kpyro-
BOW MbILLLbI COUHKTEPA, T. €. 3BaKyaLum xxenun. CTuMynauma cuMnatm-
YECKOro HepBsa MpeKpaLLaeT NocTymnieHne Xenuv B KULLEYHVIK.

ymopanbHas perynaums BbLUeNeHNs Xenym cBsa3aHa ¢ BbipaboTKoM
B C/IM3MCTON 060/104Ke ABEHaALaTUNEPCTHON KULLKWM FrOpMOHa Xose-
gMCTOKVIHI/IHa noA B/VAHMEM MPOMEXYTOYHbIX MPOAYKTOB rMApoM3a

€/IKOB 1 XXUPOB. X0JIELUCTOKUHWNH BbI3bIBAET COKPALLEHNE MbILLIL, MYy-
3bIpsi U paccnabneHne MbllWLbl CPUHKTEPA XXETYHOr0 NpoToKa. Bax-
HbIli TyMOpasibHbIA BO36GYAMTESb XeNyeBbLLEeIeHNS —W CaMa XeNub: ee
MOCTYMN/IEHNE B KULLEYHWK CNOCOBCTBYET Xenyeobpa3oBaHuio.

CTpyKTYpHO-(hyHKLMOHa/IbHAA OpraHvsaums  snmTenMasibHoro Crios
TOHKOr0 KWULLIEYHVKA. N5 3nuTenns, BbICTUNANOLWLEr0 MOA0CTb Ku-
LLIeYHNKa, XapaKTepHa CKnagyartas NoBepxXHOCTb, MPOSBAAIOLLLAACA Ha
Pa3HbIX YPOBHAX OPraHM3aLumy KNLWeYHbIMW CKNagKamu, BOPCUHKaMM
¥ MVKPOBOPCUHKAMW anvKaabHOW MembpaHbl annTenmabHbIX KIeToK
(puc. 5.9). KnweuHble BOPCMHKMN YBEMUMBAIOT MOBEPXHOCTb anuTe-
nva B 8 pas, a MukposopcnHKM —B 30...60 pas.
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Cnusucrasn

o60104Ka Bopcuhku
LleHTpans-
HbIli NuMmda-
— T UNyecKui
cocyy,
MoacnuancTas
ocHoBa
Puc. 5.9. Cxema CTpoeHUs CAN3NCTON 060- Puc. 5.10. Cxema CTPOEHMS KULLIEYHO
JIOYKN TOHKOW KULLIKM BOPCUHKU

OCHOBHOI CTPYKTYPHOW eAvHWLEA CIN3UCTON TOHKOM KULLKW $iB-
NsieTca BOPCUMHKaA, WMMELWas CBOM COCYAUCTbIA, MbILIEYHbIA 1
HepBHbI annapat (puc. 5.10). Kaxaas BOPCMHKA NPOHM3aHa TyCTOiA
CETbI0 KPOBEHOCHBIX KanwaisapoB, B HEM TakKe Hax04ATCS HECKOJIbKO
NMM@aTUyecKnxX cuHycoB. Kanunnspbl BOPCMHOK TECHO KOHTaKTUpYy-
0T C 3NUTeNUa/IbHbIMU KNeTKaMu, 4to o6nieryaet nyTb MNuLieBapu-
Te/lbHbIX CyOCTPaToB M OOMEH MeXAy aNUTe/IMeM U KPOBEHOCHOW CU-
CTemMoi. B cTpoMe BOPCUHOK HaxOAATCH TNafKOMbILLEYHble K/IETKMU,
obecreyvBaroLne MX MPOAO/bHOE COKpaleHue. Mofo6Hble pUTMK-
Yeckne COKpaLleHUsi BOPCUHOK CMOCOOCTBYKOT MUKPOLMPKYIALUN Y
NPOABWKEHWNIO NUTATE/IbHbIX BELLECTB.

IMOBEPXHOCTb KULLEYHbIX BOPCUHOK MOKPbIBAET OAHOC/OMHBIA Lu-
NIAHAPVYECKNIA 3MUTENINIA C APKO BbIP@XXEHHONW MONAPHOCTBIO, ~eTKMU
3NUTeNNaNLHOro naacTa npeacTasneHsbl Ha 90 % aHTepoLMTaMK C Xapak-
TEPHOI NCYePUEHHO (MX LLETOYHOI) KaeMKOoi, 06pa30BaHHO MUKPO-
BOPCUHKaMU anunKaibHOW nnasmatnyeckort memopans! (puc. 5.11). Kpo-
Me HMX B COCTaBe KMLLEYHOr0 nacTa BCTpeyaroTcsi 60KaNoBUAHbIE K/eT-
KW, CEKPETUpPYIOLLME MYKOMOMcaxapuipl, a Takke 3HAOKPUHHbIE KeT-
KV 1 KneTku MaHeTa, cofepxkallme auuaoduibHble rpaHybl. B coctase

Puc. 5.11. Cxema CTpOeHMsA BcacblBalo-
weli kneTkn {A) KMLLEYHOro aNuUTeNus n
ee LLETOYHOW KaeMKku (£):

| —MWKpPOBOPCUHKK; J —paecmocoma; 3 —

AAPO; MUTOXOHAPWK; 5—annapat onb-

[DKN; 6—3HLOLUMTO3HbIe BE3NKY/bI; 7T—T -

KOKaNNKC; S—aKTUHOBbIE (nNaMeHTbl; 9—

(hmnameHTbl a-aKTUHUHA; 10— HUTU MUO-
31Ha



BHellHee Puc. 5.12. Cxema perynaumm nuilesapuTebHbIX
BO3felicTBME MPOLIECCOB Ha YPOBHE aNUTeNNabHOro niacra:

7—3nNnTeNnMoLmnThI; 2—He|7lp03H,D,OKpMHHaﬂ KNneTKa;
3 — 60KanoBMAaHas CEKpeTopHaa KnetTka

aNUTEeNNaNbHOro naacTa NpUCyTCTBY-
0T NUM@OLUTLI, NPOHMKaKLWme B
CTPOMY BOPCUHOK 4epe3 6a3a/ibHyto
Mem6paHy, KO/MIMYeCcTBO KOTOPbIX Cy-
LLeCTBEHHO BapbypyeT B 3aBUCHMOCTU
OT (PV310MIOTNYECKOT0 COCTOAHMSA Xe-
NY[0YHO-KULLEYHOr 0 TpakTa.

CnnsncTyto 000/104KY TOHKOM KWLLKWM MOKPbIBAeT HEMPEPbIBHbIN
C/IOM TaK Ha3blBaeMbIX CNMU3UCTbIX HANOXKeHWn. B ero coctaB BXoAAT
C/M3b, (hparMeHTbl CNYLLEHHbIX 3MUTENIMOLUTOB, MeMOpPaHHble BE3N-
Ky/bl, OTAe/IbHble NeNKOLMTbI. 3[4eCb MOrYT TakXe HaxOAUTbCH Mu-
LeBble YacTuubl, 6aktepun, npocteiwme. OT HU3INKO-XUMUYECKNX
CBOWCTB CNU3M 3aBUCUT CKOPOCTb NMPOHUKHOBEHUS Yepes3 CNou Cnu-
3UCTbIX HAIOXXEHWUIA TeX UM UHBIX BeLLeCTB. [JoKa3aHO cofepXxaHue
B C/IM3UCTOM C/0e psaja rMAPONTUYECKMX (DePMEHTOB U ero copb-
LMOHHbIE CBOWCTBA. TaKMM 06pa3oM, C/MOW CAU3UCTLIX HaNOXeHWi
BbIMOMHAET 3aWMUTHYH (MEXaHUYECKYID U XMMUYECKYI0), OytepHyo,
MULLEBAPUTENIbHYIO Y TPAHCMOPTHYHO (DYHKLUN.

AnuTennanbHbll NAacT KULLEeYHWKA — Ype3Bbl4aHO C/0XHasA
caMoperynmpyoLLancs cMcTeMa, HaxopasLaaca nog CTporuM HepBHO-
ryMopasibHbIM KOHTpOsieM. [pocTeiwmnii MexaHusm perynsauum ero
(I?yHKLI,VIVI NoKann3oBaH B npegenax camoro snutenus (puc. 5.12).

ONb PeLLenTOPOB MrparT HEMPO3IHAOKPUHHBIE KNeTKWU (CoBMella-
towne PYHKLUN HEPBHBIX Y 3HLOKPUHHBIX K/IETOK), KOTOpble B C/y-
yae U3MEHeHWs TeX UIN WHBIX YCNOBUIA B NOMOCTU KULLEYHMKA NpU-
XOLAT B COCTOSIHWE BO30YX[JEHUA W BbLUENAIOT B 6a3a/lbHY0 4acTb
aNUTeNnanbHOro nnacta 6GMOMOTMYECKM aKTUBHble BelecTBa. ITU
6MONOrnyeckn akTVBHbIE BellecTBa (Hanpumep, CepOTOHUH) MOryT
[elicTBOBaTb HEMOCPeACTBEHHO Ha KNETKMN 3MUTeNns, U3MEHAs X Bca-
CbIBAOLLYHO, CEKPETOPHYIO 1 Apyrue QyHKLUN.

Kpome Toro, B perynaumm yHKUWIA KULLEYHOro 3nuTenus MoryT
y4acTBOBaTb K/IETKU UHTPaMypasibHbIX HepBHbIX raHrnves (puc. 5.13).
Peructpupyemoe pasfpaxeHue (M3MeHeHVe napameTpoB BHYTPUKU-
LEYHOro CoAepXnmoro) nMM6o No HepBHO-CUHANTUYECKUM CBA3AM,
NGO AMCTAHTHO MOCPEACTBOM GMONOTMYECKM aKTUBHbLIX BELLECTB
BbI3blBaeT aKTUBALMIO HEAPOHOB MOAC/IN3NCTOIO U MEXMbILLEYHOT 0
cnneteHunii. Bblensemble HEMPOHAMU KNACCUYECKME MEANaTopbl U
BelLecTBa TMNa KOPOTKMX MenTUAOB AEeiCTBYIOT Ha KNeTKM anuTe-
NNANbHOTO oS, NPUBOASA K M3MEHEHWNIO ero PYHKLMOHANBHOIO COo-
CTOSHUS.
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Puc. 5.13. Cxema perynaumv nuilesaputenbs- BHeLLHee
HbIX MPOLIECCOB C YYacTUEeM HepBHbIX 3sie- BO3eNCcTBUe
MEHTOB MOAC/N3NCTOrO CrJIeTeHN:

| —3nuTennoumT; 2— Helipo3HAOKPUHHASA KNeT-

ka; 3 —60okanoBnaHaa knetka; 4 —addepeHT-

HbIA HEMPOH; 5 —BCTaBOYHbI/ HelipoH; 6—Mo-

TOPHbIV HENPOH B cOCTaBe NOACAM3UCTOrO Chne-
TEHUS

CocTaB 1 3HaueHVe KULLEYHOro

coka. B cnnsncToin 060/104Ke TOH-

KOro KULLIEYHUKA CofepXXartcs nn-

6EPKIOHOBBI XKenesbl, BbipabaTblBa-

toLMEe KULLEYHbIV MULLEBapUTE Ib-

Hbli COK. KuLleyHblin cok —6ec-

LIBETHAA XWMAKOCTb, KOTOpas npu

OTCTavBaHWUM pa3fenserTcs Ha fABa

CNOSA: HWKHUI, coaepxalumii cnm-

3UCTble KOMOYKWU, N BEPXHUA —

XUAKUIA Npo3payHblil. CnnsncTble

KOMOYKM COCTOSIT U3 cekpeTta 60-

KaJIOBUAHBIX XKene3 N CNyLLeHHbIX

anuTeNManbHbIX KNEeTOK, Ha KOTOpbIX agcopbuposaHo go 70...80 %
thepmeHTOB. KullieyHbli COK 06MadaeT NpPOTEOIMTUYECKOM, NNMNONK-
TUYECKOWN N aMUIONNTUYECKON aKTUBHOCTbIO.

OHTeponenTtumpasa (3HTePOKMHA3a) Mpoayuupyercs B
HayanbHOW YacTW TOHKOro oTgena KuweyHuka. OHa rugponusyet
TPUNCUHOTeH M nNpokapbokcunenTuaasy, npespawias Ux B aKTUBHbIE
(hepMeHTbI. [leiicTBME ee Ha Apyrve Genku orpaHUYeHO BCNeACTBUE
BbICOKOI cNeUugmnyHOCTK.

AMuUHONenTMpgasa, amMuHoTpunentumpgasa u gpy-
rve KuweyHble NenTuaasbl pacliennisaoT B OCHOBHOM NeNTUAbl, 0bpa-
3ytoLymecs B pesynibTare eMCTBUs MencuHa 1 TpuncuHa. Mentuaassl
pacLennfoT nNenTuasl 40 CBOOOAHLIX aMUHOKUCNOT. KULLEeYHbIN COoK
rMAPONN3yeT HaTUBHbIE GENKK, 3a UCK/OYEHEM KasenHa.

LLlenoyHaa d¢ocgartasza nNpPUHMMaeET yyacTme B OTLLEN-
neHmm ocdaTuaoB OT pPasiMUHbIX COeMHEHUIA K (ochopmunmposa-
HWUW YrNeBOLOB, aMUHOKMNCNOT M INNUAOB, 06ecreynBas X TpaHCNopT
yepe3 KneTouYHble MembpaHbl. LLienoyHas ocarasa npucyTcTBYET
MOYTU BO BCEX TKAHAX OpraHumsMa, HO B 3NUTeNMaNbHbIX K/eTKax
BOPCUHOK TOHKOT0 KuileyHunka ee B 30...40 pa3 60onbLLE, YEM B NMEYEHN
VW NOMKeNYA04HOM XXenese.

B K1LLIEYHOM COKe MMetoTCa BCe (hepMeHTbI, AeNCTBYIOLLME Ha Yr/ie-
BOAbl. HO 0CO6EHHO BbICOKA aKTUBHOCTb (DEPMEHTOB, pacLLenstoLLmnX
ancaxapuibl: rnwKo3upjasbl, (GPYKTOHGYypoOHUAA3LI.
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rafnakrtosmpgasbol. KuweuyHasda nunasa pacwensifer Xu-
pbl, HO ee cofepXaHue B KULLIEYHOM COKe HesHauuTenbHo. P ocC -
honuvnasa [fencTeyeT Ha aMpHble CBA3M B (hochonmnuaax, pac-
LEenAs UX Ha XUPHbIE KMCNOTbI, TALEPUH U docdaTbl.

Mo cpaBHEHWIO C (PepMeEHTaMM XKeNyA0HHOr0 UK MOXKeNyL0HHOTO
COKa (PepMeHTbI KMLLEYHOr0 COKa [eiCTBYIOT Ha NPOAYKTbI MPOMEXY-
TOYHOrO rMAPONMN3a MUTATEeNbHbIX BELLECTB. Tak, MenTuiasbl Kuiley-
HOrO COKa He [elCTBYIOT Ha HaTUBHbIE Ge/KM UM BbICOKOMOJIEKYNAP-
Hble MPOAYKTbI MX Pa3/ioXXeHWs, HO pasfnararoT NenTuibl HEBbICOKOM
MOJIEKYNIAPHOIA Macchl 40 OTAE/bHbIX aMUHOKUCAOT.

OCHOBHbIM BO36Y>XJatloLWUM PakTopoM B perynaumnm obpasoBaHus
M BbLUENEHNS KMLIEYHOrO COKa fB/ISETCA cama Muilesas Kaluua —
XUmyc. BeposiTHO, HepBHO-pe(h/IEKTOPHAA Perynaums BblLUENeHNS KK-
LLEYHOro COKa OCYLLECTBNSAETCA 3a CUET HEPBHbIX cnneTeHnin (Meiic-
HepoBa 1 Ayap6axoBa) B CTeHKe KuweyHnka. Cumnarmnyeckas v napa-
CUMMAaTUYeCcKas perynaumm ocyLecTBSAOTCA NOCPEACTBOM YPEBHOIO
1 6nyXxgjaroLero HepsoB. 'ymopanbHas perynsauus COKOOTAeNeHus B
TOHKOM KWLUEYHWKE KOHTPONUPYETCH BO36YXXAaroLWmmmn (Ba3oakTuBs-
HbIA KULLEYHbIA NONMNENTMA, SHTEPOKNHUH, XONELMCTOKNHIH, racT-
pvn-? ¥ TOPMO3ALLMMU (PKENYL0UHbIWN TOPMO3HOW NOMUNENTUL, Cekpe-
TWUH) rOPMOHaMMK.

MpucTeHouHoe (MemMbpaHHOE) NULLIEBAPeHVEe. B TOHKOM KULLIEYHUKE
MPOUCXOLAT 3aKNHUUTENbHbIE 3Tanbl PacLLenieHns NUTaTeNbHbIX
BELLECTB U BCacCblBaHMe KOHeYHbIX NPOAYKTOB rmaposnvsa. Bepgyliee
MeCTO B OCYLLUECTB/IEHUN 3TUX MPOLLECCOB 3aHWMaeT MPUCTEHOYHOE,
nnn MembpaHHoe, MuLLeBapeHune, OCYLLECTBNSieMOe (epMEHTHbIMU
cucTeMamu, NOKaM30BaHHbIMW Ha rpaHuLUe BHe- U BHYTPUKIIETOY-
HOI cpedbl. Heob6xo4uMoe Ans 3TOro yBennyeHwe nnowagu noeepx-
HOCTW, Ha KOTOPOM MOryT MATW MNULLEeBapuUTebHble NpPoLecchbl, Co-
3faeTca 6narofaps HaIMyuMio Crneun@uyYecknx BbIPOCTOB MasmaTu-
4eCcKo MembpaHbl 3HTEPOLMTOB —MMUKPOBOPCUMHOK, KOTOpble 00-
pasyloT TaK Ha3blBaeMyl LIEeTOYHYIO KaeMKy. Ha noBepxHoCTu
MWKPOBOPCUHOK, B CBOK O4Yepefib, MUMeeTCsa C/IOW INIMKONpoTensoB —
rnMKokanukc (cMm. puc. 5.11). Takum o6pa3om, AOCTMYL Membpa-
Hbl, T. €. MecTa loKanu3auny nuLLeBapuTeNibHbIX (EPMEHTOB, MOryT
TONbKO HeboMbLOoro pasmepa MoOMekysbl. [103TOMY MPUCTEHOYHOE
nuwesapeHne Hambonee aPPEKTUBHO A/ MPOMEXYTOUHBIX MPOLYK-
TOB rugponusa. Kpome T10ro, OHO NPOUCXOAMUT B CTEPUIIbHBIX YCNOBU-
X, MOCKO/bKY 6aKTepun n Apyrne MMKPOOPraHM3mbl He CMOCOGHbI
MPOHUKHYTb Yepe3 CeTb IMUKOKannkca. AT0 OA4HO M3 OCHOBHbIX OT-
NNYNIA MPUCTEHOYHOTO MULLLEBAPEHUS OT MOIOCTHONO.

[pyras 0co6eHHOCTb —3TO MECTO JioKanu3saumm (Tonorpadus).
B oT/IMume OT NOMOCTHOrO MuLLEeBapeHns, Hanbonee aPHeKTUBHOIO B
[BeHaALaTUNEPCTHON KMLIKe, 3(PMeKT NPUCTEHOUYHOIO MKLLLEBAPEHUA
MaKCUManeH B TOHKOIN KULLKe.

MpyUCTEHOYHOE NULLEBAPEHME CONPSXEHO C MpoLeccaMmn BCacblBa-
HUA MuUTaTeNbHbIX BewecTs. luTarTe/bHble BELLECTBa BCaCbiBAKOTCA B
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OCHOBHOM B BMJe MOHOMepPOB. lMpuyeM ecnn OHWU NPeACcTaBasIOT Co-
60i NPOAYKTbI pacLLenneHns oMromepos, TO BCacbiBaHWe UX MPOuUC-
X0AMT BbICTpee, YeM NPOCTO MOHOMePOB. Hanpumep, rnokKosa, BBe-
[eHHas B KWLIKY, BCAacblBaeTCs MefJ/leHHee, YeM [/1I0K03a, KoTopas
obpasyeTcs Kak NpPoAyKT rMApoan3a BBeLEHHOI0 B KULLIKY Kpaxmasa.
3TO roBOPUT O COMPSYKEHHOCTM Ha MeMbpaHax 3HTEepOLWUTOB MpPO-
LLeCCOB rMAPONMN3a U TpaHCnopTa U akTUMBM3aLUKM TpaHcnopTta npo-
Lieccamu rugponmsa.

depMeHTbl MPUCTEHOYHOTO MULLEBAPEHNS MMEKOT ABOSIKOE Mpo-
NCXOX[EHUE: YaCTUYHO OHW'afcopbupyroTCa U3 XMMyca, a 4aCTUYHO
CUHTE3MPYIOTCA B CaMUX 3nuTeNnanbHbIX KneTkax. Ha noBepxHOCTH
MeMOpaHbl (PEPMEHTbI U COOTBETCTBEHHO WX aKTUBHbIE LIEHTPbI JI0Ka-
NN30BaHbl B OMpefenieHHOM NOpsAKe, YTO NOBbIWAET 3(h(HEKTUBHOCTb
NpoLIeCCOB rMaponn3a. B LETOYHONM KailiMe O6GHapy»XeHbl LieNoYHas
(pochatasa, amuHoMenTMAasa, Mnasa, amunasa, PPyKToPypoHuaasa
VN Apyrve epMeHTbl.

MoTOprKa TOHKOrO KuLleyHuka. MoTopHas 4esaTelbHOCTb KuLley-
HMKa obecrneynBaeT nepemelliBaHWE MPUCTEHOYHOIO C/I0S XMMYCa,
NOBbILIAET BHYTPUK/IETOYHOE [aBfieHWNe, YCWUMBAET BCAaCblBaHWe Mu-
LLieBapuUTeNIbHbIX BELLECTB W MepefBUMdKEHUE COLEPXMMOro Mo nu-
LeBapuTeNbHOMY TpakTy. MOTOpuKa KuLIeYyHWKa OCYLLecTBseT-
ca 6narofaps KOOPAWHWPOBAHHLIM COKpaLLeHUAM u paccriabneHm-
M Hapy>XHOro MpoAo/bHOINO0 U BHYTPEHHErO LMPKYNSAPHOrO C/oeB
MblWwL,. BonokHa rnagkMx MblWly, KUWeYHMKa 06/1aaatoT aBToma-
TWeW, T. €. CBOMCTBOM PUTMUYECKU COKpaLLlaThCs 6e3 BO3[enCTBus
BHELLHUX pasgpaxuTenein.

3BeCTHO YeTblpe TuMa KWLIEYHbIX COKPaLeHWid: puTMUYeckas
cerMeHTauus, nepuctanbTuUka, MasTHUMKOOOpPasHble M TOHWUYECcKue
COoKpalleHuns (puc. 5.14).

XapakTep MOTOPUKHM MecTo DyHKLUMA

TpaHcnopT u
nepemeLIBaHune

nepucTasibTukKa

TOHKaA KiLlKa nepemewinBaHune
TONICTasdA KMLKa P
PUTMUYECKaA CermeHTaunsa

KOHTaKT XMMyca

| TOHKaA KnLiKa €O CAIM3NCTOIA

TONCTast KMLLKa M
MasiTHUKOOOpasHbIe BMKEHUSA 0601104KoOA
0" (DyHKLMNOHaNbHOE
COMHKTEpbI pasjeneHue
oTfenoB

TOHWYeCKOoe CoKpalleHune

Puc. 5.14. Buabl MOTOPUKM KULLEYHNKA

223



PuTMMnuyeckol cermMeHTauLwWei Has3blBALTCS pUTMUYEC-
kne (8...10 pa3 B MWUHYTY) COKpaLLEeHWs CNos LMPKY/ISPHBIX MbILL, B
pesynbTarte Yero BO3HUKAOT NepeTsHkKKM (LUMPUHOWA 1.2 CM) 1 y4acT-
KW paccnabneHns Mbllil, MeXay 3TUMKU NepeTsHkKamu (LLMPUHON
15...20 cm). TepeTsXKKM CErMEHTUPYIOT KULLKY, AeNAT ee COAepXnmoe
Ha 4acTu. PacTskeHue paccnabneHHOro yvacTka Bo36yXaeT MUoLu-
Tbl, 4TO CONPOBOXAAETCH 06pa3oBaHMeM HOBOM NePeTsHXKKM. pu 3TOM
paccnabnaTca MbllLbl paHee 06pa3o0BaHHOW NEPETHXKM.

MepucTtanbTnyeckne cokKpalweHUs MNOAOOHbI BOJHE,
pacnpoCTpaHstoLLEnCs BAOMb MO KALLKE N NPOABUTAtOLLEN ee COAepXNn-
moe. BosHa HauMHaeTCs C COKpaLLeHMs LMPKYNSPHBIX MbILLL, BblLe
nopLuMmn XMMyca WU pacTsXKeHWUs NPOAOJbHbLIX MbILL, HUXe 3TOW nop-
unn. BOONb KMLWIKWM MOTYT OAHOBPEMEHHO WATW HECKOSbKO BOJH
nepucTanbTUYECKMUX COKpalweHui. Cnabble BOSIHbI MepeMeLlvBatoT
MOBEPXHOCTHbIV CNON XMMyca BON3M CTEHKM KULIKW. MoLHble ne-
pUCTalbTUYECKME BOJHbI MOTYT PacnpoCTPaHATLCS MO TOHKOW KULLKE
BNOTb A0 WeOLeKaIbHOW 3aC/IOHKN M JOBO/IbHO 6GbICTPO 0CBOBGOXK-
JaTb KULIEYHUK OT MULLEBbIX Macc.

MaaTHUKOOGpPa3Hble [ABUXEHUSA BO3HMKAOT Mpw
COKpaLLeHMN NPOAOSILHOIO, B MEHbLUE/ CTENeHWN LMPKYISAPHOIO Mbl-
LLEYHOro c/ost. Takve ABMXKEHWS MepemeLLatoT XMMYC «Briepes-Hasamy.
UepenosaHye pUTMUYECKOI CEerMeHTaLMM 1 MasTHMKOOGPA3HbIX [BMKe-
HWW CMOCOGCTBYET TLIATENIbHOMY MEPeMeLLVBaHMIO MULLIEBLIX MacC.

ToHMYeCKNE CcOKpaweHUsd 0OYyCNnoBNeHbl ONpefeseH-
HbIM TOHYCOM T1aKUX MbILLL, TOHKOW KMLWKK. OHW COCTaBNSKOT OCHOBY
NepuUCTa/IbTUYECKOr0, MasTHUKOOOPA3HOro COKpaleHWUid 1 puTMmnyec-
KOM cermeHTaumun. OTCYTCTBME TOHYCA MbILLUL, KALLIEYHWKA (AaTOHWS) UC-
K/IK04aeT BO3MOXKHOCTb /11060r0 BMAa COKpaLLeHniA. BOPCUMHKM KuLey-
HMKA TaKXXe MOCTOAHHO COKPALLAKTCsA U paccnabnatTcs, YTo cnocob-
CTBYET OOHOB/IEHNIO XUMYCA, BCACHIBAHWIO 1N OTTOKY NIMM{bI.

[BuratenbHasg akKTUBHOCTb TOHKOIO KWLLEYHWKA perynumpyetcs
HepPBHO-Ped/IEKTOPHBLIM M TyMOpa/ibHbIM MexaHu3mamu. Cokpatue-
HMWE MbILL, BbI3bIBAETCA MEXaHUYECKUM W XUMUYECKUM pasjpaxe-
HVWEM C/M3NCTOM 060/I04KM MULLEBOI Kawwmnuein. MymopanbHas pe-
rynauus ABuUrateNlbHOM akTMBHOCTY TOHKOMO KMLUEYHMKa CBfA3aHa C
LeNcTBMEM aLeTUNXONNHA, 3HTEePOKUHMHA U CepoTOHMHa. Kpome
TOro, MOTOPUKY BO36YXJAIOT 3KCTPAKTUBHbIE BELLECTBA, XKeNyb, COMM
KanbLna 1 marHums.

5.8. MMWEBAPEHVE B TOJICTOM KNLUEYHUKE

13 TOHKOTrO KMLLEYHMKA Yepe3 UNEOLLEKabHbIM CHMHKTEP XUMYC MO-
CTYMaeT B HaYa/lbHblIli OTAEN TOICTOrO KULLEYHUKA —CeNnyH KULLKY.

Mepexod XxumMyca B TONCTbI KWLLIEYHWUK M3 TOHKOTO perynmpyeTcs
crneuvanbHbIM 00pa3oBaHeM, BKIOUAKOLWMM KNnanaHHbI/ annapart u
nneoueKanbHblii CUHKTEP. OObIMHO CHMHKTEP HaxoAWTCS B COKpa-
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LWEenHOM COCTOAHMMW. py ero KpaTKOBPEMEHHOM paccnabneHny nop-
LMS COLEPXMMOTO M3 TOHKOrO KMLLIEYHNKA NOCTYNaeT B CMENYH KWL -
Ky. YBeNmueHve JaBNeHns B TO/ICTON KULLKE MOBbILLIAET TOHYC CPUHK-
Tepa ¥ TOPMO3MT MOCTYM/IeHNe HOBOW nopuumn xumyca. Cumnatu-
Yeckas HepBHas CUCTEMa BbI3blBaeT COKpalUeHWe KPYroBOM MbILLbl
ChMHKTepa, napacmmnaTuyeckas —ero paccnabneHve u nocTynnieHue
NopuMn X1UMyca B CNENyH KULLIKY.

K MOMEHTY MOCTYM/IeHNs XUMyca B CMenyo KULLIKY rMaponmMTuyec-
KOe pacLuernieHve n BcacblBaHWe MuTaTe/lbHbIX BELIECTB B OCHOBHOM
3aKaHuMBatoTCsH. PepMeHTbI B HEM NPaKTUYECKM He BbipabaTbiBalOTCH.
MnLLEeBapUTENbHBIA COK TOICTON KULLKWN BbLUENSETCS B O4eHb HEGONb-
LIOM KOJIMYeCTBE U WUMeeT LuenoyHyto peakuyuto (pH 8,5...9,0); npu
MeXaHWYeCKNX pasfpaXKeHUAX TONCTON KULLKWM COKOOTAENeHNE YCUsu-
BaeTcs B 8...10 pa3. B COKe TONCTON KULLIKN HET 3HTEPOKMHA3bI 1 caxa-
pasbl, LEN0YHOi thoctaTasbl B 15...20 pa3 MeHbLLIE, YEM B COKE TOHKO-
ro0 KMWeYHUKa, He3HauynTeNbHO MPUCYTCTBYIOT MenTuaasbl, iMnasbl,
amunasbl ¥ HyKneasbl. MMAPONMTUYECKOE pacLuen/ieHne HernepeBapyB-
LUMXCA BELLECTB MNPOAO/HKAETCA 32 CYEeT MNULLeBapuUTeNbHbIX COKOB,
NOCTYNMBLUMX BMECTE C XMMYCOM W3 TOHKOroO KuweyHuka. Kpome
TOro, B TO/NICTOM KWLIEYHMKE COAEpXMUTCA Goratas 6GakTepuasibHas
(hnopa. ®epMeHTbl GaKTepuasbHOro MPOUCXOXAEHWUA pacLlennsT
pacTUTENIbHYIO KNeTHaTKy —Le//ono3y, KoTopas He NoffaeTcs fei-
CTBMIO MuLLEBapUTeNbHbIX COKOB. bakTepuanbHas (hiopa Bbi3biBaeT
rHUeHve 6enka, B pesy/ibTaTe Yero 0bpasyeTcs pag BPeAHbIX XUMUYec-
KUX BewecTB —WHAO0N, cKaTofn, ¢eHon u ap. OHM BcacbiBalOTCA B
KpOBb 1 00€3BpeXXMBatOTCA B MeveHn. Mukpodiopa TOCTOR KULLIKK
CUHTE3NpYeT HeobXxoAnMble AN opraHmsmMa ButamuHel (K, E n rpyn-
nbl B). CbanaHCMpOBaHHbIN pauyoH MUTaHWA YpaBHOBELLMBAET Npo-
LLlecCbl BPOXKEHUSA N THUEHWS B TONICTOW KULLKE.

B TONICTOM KMLLIEYHMKE NPOUCXOAUT BCAChIBAHWE 3HAUUTENIbHOIO KO-
NNYeCTBa BOAbl M HEBCOCABLUMXCA paHee MOHOMEPOB M MUHEpPasbHbIX
COMIeN, 3a CYET Yero pes3ko YMeHbLUaeTcs 06beM XMMyca, NMPOUCXOANUT
ero yrnsjoTHeHUe 1 06pa3oBaHMe Kanosbix Macc. KanoBble Macchl cogep-
XaT HernepeBapeHHbIe OCTaTKM, MUTMEHTbI XKeN4n, XONeCTepuH, HepacT-
BOPUMbIE COMN, BaKTepuUn, KNETKN NULLIEBAPUTENILHOMO TpakTa.

MoToprKa TONCTOM KULWIKK 0becreymBaeT 3afepXKKy KULIEYHOro
COAEPXKMMOr0, BCacbiBaHWE NPEUMMYLLIECTBEHHO BOAbl U COneit, dop-
MMpPOBaHMe KasioBblX Macc W UX yfaneHue. AHTUNEPUCTaNbTUYECKME
[BWKEHWS, Bbl3blBalOLLME PETPOrpasHoe nepeMeLLeHne KuLweyHoro
COAEPXMMOr0, U MasTHUKOOGPa3Hble ABUXXEHMS CNOCOOCTBYIOT nepe-
MELLUVBAHMIO U CTYLLEHWIO X1MYCa 33 CHET BCaCbIBaHUS.

Bce BMAbl MOTOPVKM TO/CTOW KULLKU PErynupytoTcst MHTpamypasib-
HOW HepBHON cucTemol. CMMNaTUyeckas HepBHas cUcTemMa TOPMO3UT
MOTOPWKY TO/ICTOM KULLKMK, a fapacumnaTvyeckas —akTUBMPYET ee.
MoTopurKa TONCTON KULLKN BO3BYXAAETCA MPU pasapaxkeHun MuLLei
MeXaHo- 1 XeMOpELIeNTopoB pTa, MULLEBOAA, Xe/y/Ka 1 ABeHadLaTunep-
CTHOM KMLWKN. PazapaxeHve peLenTopoB NPSMOM KULLIKW BbI3bIBAET TOP-
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MOXEHMEe MOTOPUKM TOCTOM KULKKM. Boicwwve otaensl LLHC (amouun,
CTpax) MOryT BUATbL Ha XapaKTep ABWKEHWIA TONCTON KULLKM.

HekoTopble rymopasibHble (hakTopbl, TaKMe, Kak CEPOTOHUH, agpe-
Ha/IMH, TNIFOKaroH, TOPMO3ST MOTOPUKY TOICTON KULLKKU, & KOPTU3O0H
CTUMYNNPYET.

Oedekauyunsa —.biBefeHne kana. MNpouecc yfaneHns KanoBbiX
MaccC OCYLLEeCTB/IAETCA KOOPAMHUPOBAHHbLIM COKpaLleHVeM 1 paccnab-
NEeHVEM MbILWL, CTEHKW MPAMON KULLIKKW, BHYTPEHHEro rnagKoMbliley-
HOro CHMHKTEPa W HApPY>XHOro MOMepevyHornosiocaToro MblleYyHOro
CMHKTEpPa, a TakKe MbILLL, NPOMEXHOCTM 1 BPIOLLHOro npecca. Mex-
[y aKkTamy fedeKaumm BHYTPEHHUIA W HapYXXHbIA CHUHKTEPbI Haxo-
LATCSA B COCTOAHUM TOHMYECKOro cokpalleHus. [lo Hayana gedekauum
Kan B NPSMOIA KMLLKe OTCYTCTBYeT. AKT Aedekal M Bbi3bIBAeTCA Mexa-
HUYECKUM pa3fpaXeHWEM Ka/lOBbIMU MacCcaMu HUXHWUX OTAEeN0B TOf-
CTOro KulleyHuka. LleHTp fedekaumm nOKann3oBaH B MOACHUYHO-
KPEeCTLOBOIA YacTu CNMHHOI0 Mo3ra. Jetekauns Ha4MHaeTcs ¢ CoKpa-
WEeHMSA NPOAO/IbHBLIX MbILLL, MPAMOIA KULLIKK, NOCNeAYHOLWMM COKpaLLe-
HMEM KOJbLEBbIX MbILWL CTEHKN KULLKW W paccriabneHnem MmbiLlL,
NMPOMEXHOCTW OfHOBPEMEHHO C OTKPbITUEM CMHKTEPOB. AKTY fede-
KaLumn cnocobCTBYET yBe/IMYeHVE AaBNeHNs B OPIOLLIHOW NOM0CTH, A0-
CTUraemMoe CoKpallleHeM B6PIOLLHOIO npecca.

5.9. BCACbIBAHVE

BcacbiBaH/e —3TO npouecc TpaHCnopTa KOMMOHEHTOB MUK U3
MOMOCTU XKeNyA0UHO-KULLEYHOr0 TpakTa BO BHYTPEHHIOK cpefy opra-
HM3Ma, ero KpoBb M MMQy.

B nonoctu pra ath(peKTMBHOCTbL BCACbIBAHUA HUYTOXHO Mana. Of-
HaK0 HeKOTOpble IeKapCTBEHHbIE BeLLeCTBa BCaCbIBAlOTCA B 3TOM OTAe-
Ne NULLEeBapUTENbHOW CUCTEMbI 0YeHb BbICTPO. B kenyke BcacbiBaeT-
CA OYeHb He3HauYUTeSIbHOE KOMMYECTBO aMUHOKWUC/IOT, T/1H0KO3bl, He-
CKOJIbKO 60/bLU€e BOAbl Y PaCTBOPEHHbLIX MUHepasbHbIX COMeR, anko-
ronb. BcacbiBaHWe BOAbI, 3NEKTPOANTOB, NPOAYKTOB rMAposv3a nura-
Te/lbHbIX BELLEeCTB OCYLUECTB/SETCA B OCHOBHOM B TOHKOW KWLUKE, a
TakXke B NOAB3LOLIHOW KMLLUKe W TONCTOM KULIEYHUKe. [epBOCTENeH-
Has poSib B OCYLUECTB/IEHUWN 3TUX MPOLLECCOB MPUHALNEXMNT KNeTKam
KWLIEYHOro anuUTenus —3aHTepouuTam.

B 3aBNCMMOCTN OT MHTEHCUBHOCTW MULLIEBAPEHMSA B MpoLiecc Bca-
CblBaHMS B TOHKOW KMLUKe BKNOYaeTCs 60/bLIee WY MEHbLLEE YNCI0
anuTennouunToB. Hanbonee akTUBHbLI 3ANUTENNOLMTLI BEPXHEN U cpes-
Hel 4acTu BOPCUHOK. B cpegHeM Kaxkzas anuTenmManbHas BCaCblBako-
LWaa kneTka obecneymBaeT XusHegeaTelbHOCTb 10M.. 10N kneTok opra-
Husma. pu ANWTeNbHOM ronojaHuy akTWMBHaA BCacblBalollas fes-
Te/IbHOCTb 3HTEPOLMTOB MPOAOIKAETCA: OHU abcopbupyrOT 3HAOMEH-
Hble BeLLEeCcTBa 13 MpocBeTa KULLIKW.

Pa3fiMyaloT ABa OCHOBHbIX Cnoco6a TpaHCMOPTUPOBKM BELLECTB B
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ANUTeNnaNbHble KNEeTKU CU3UCTOA 060M0YKM  KULLEYHUKA —Yyepe3
KNeTky {TpaHCUeNonsapHbIid) U M0 MEXKNETOYHbIM NPOCTPaHCTBaM
{n%pauenmonﬂpl-lblﬁ). MocpesCTBOM MOCNEAHEr0 MEPEHOCUTCH OYeHb
He6O0/bLIOe KOMIMYECTBO BELLECTB, HO Ha/lMymMe 3TOro crocoba TpaHc-
nopTa 06bACHAET MPOHUKHOBEHWE M3 MOMOCTU KULLIEYHUKA BO BHYT-
PEHHIOK0 Cpefy HEKOTOPbIX MaKPOMOEKY (aHTUTeN, afifiepreHoB 1 ap.)
N faxxe G6aKkTepuii.

OCHOBHbIM CrOCO6OM MepeHoca BeLecTB NMPUHATO CYMTATb TPaHC-
LennoNapHbIA. OH, B CBOKOX)Yepedb, MOXET OCYLLECTBNATLCA MOCpes-
CTBOM [jByX OCHOBHbIX MeXaHW3MOB — TPaHCMEMOPaHHOro nepeHoca U
3HOoUMTO3a. AHAOLMTO3 (MUHOLMTO3) —3TO TPAHCMOPT C MOMOLLLHO
06pa3oBaHNa 3HAOLMTO3HbIX (I'IVIHOLLI/ITOBHbIXS) MHBarvHauumm anu-
Ka/lbHO MeMb6paHbl MeXxay OCHOBaHWSAMWU MUKPOBOPCUHOK 3NTepouu-
Ta. B pesynbTare aT0ro npouecca B LMTOMNNa3Me 3HTepoLmTa 06pasytoT-
CA MHOTOYMC/IEHHbIE 3HAOLMTO3HbIE BE3NKY/bl — My3bIPbKK, COLepXa-
Lye Te UM MHble BellecTBa. B npouecce 06pa3oBaHns 3HAOLMTO3HbIX
BE3VKY/l Ba)XHAsA POJib NPUHALNEXMUT LUTOCKENETY MUKDPOBOPCUHOK K
anvKasbHOM YacTn aNUTENNA/IbHBIX KULLEYHbIX KeTOK. Cneayet oTme-
TUTb, YTO NapainenbHO C 06pa30BaHNEM 3HIOLMTO3HbLIX My3bIPbKOB B
MOJIOCTb KULLIEYHMKA OTAENAKTCA 3aMKHYTbIe (DparMeHTbl MUKPOBOPCH-
HOK. OTW OKaliM/IeHHbIe BEe3WKY/Ibl HECYT Ha CBOE NOBEPXHOCTH BCTPO-
eHHble B MeMbpaHy ()epMeHTbI M TakMM 06pa3oM y4yacTBYHOT B NpoLiec-
cax rvaponusa nuTatesibHbIX BellecTs (puc. 5.15).

OCHOBHbIM TPaHCMOPTHbLIM MEXaHU3MOM Yy B3POC/bIX XMBOTHbIX
CUMTaeTCA TpaHCMeMOpaHHbI nepeHoc. TpaHCMeM6paHHbIA NepeHoc
MOXET OCYLLeCTBNATLCA C MOMOLLbHO MACCKUBHOMO M aKTUBHOTO TpaHcnop-
Ta. [MaccuBHbIN TPAHCMOPT OCYLLECTBNAETCA MO rPafneHTy KOHLeHTpa-
LMK 1 He TpebyeT 3atpar sHeprumn (aAuddysmsa, ocmoc 1 QuibTpauus).
AKTVBHBIA TPAHCNOPT —3TO NepeHOC BELLECTB Yepe3 MembpaHbl Npo-
TWUB 3/IEKTPOXMMNYECKOTO WM KOHLEHTPaLMOHHOIO rpajueHTa C 3aTpa-
TOW 3HEPrny N NPU yyvacTUM CreumanbHbIX TPAHCMOPTHLIX CUCTEM —
MeM6paHHbIX NMEePEHOCYMKOB M TPAHCMNOPTHBIX KaHa/10B.

BcacbiBaHe 60/bLLUMHCTBA BELLECTB MPOUCXOAMUT 38 CHET UX aKTUB-
HOro «3aKauMBaHusA» Yepes anukasbHyt0 MembpaHy C 3aTpaToil aHep-
My v nocnesyroLwmm naccus-
HbIM OTTOKOM MULLEBbIX CY6CT-
paToB Yepes fatepasibHy0 Mem-
OpaHy B MEXKNeTOYHble MpoCT-
paHcTBa. OTClO4a OHM MocTyna-
0T B KPOBb 1 nMayy. Npsamoro
ncnonb3osaHna AT® B ucuyep-
YEeHHON KaeMKe He 06Hapy»ke-

Paccnat6neHwne CokpauweHune

Puc. 5.15. CxemaTu4yeckoe nsobpaxkeHne

(hyHKLMOHMPOBaHNSA COKPaTUTENIbHON CU-

CTeMbl anUKa/bHOW YacTu anNnTeNnanbHbIX
KNETOK TOHKOW KMLLUKK
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HO. /ICTOYHMKOM 3Heprum ans TpaHCMeMOpPaHHOr 0 NnepeHoca cybeTpa-
Ta, NO-BUANMOMY, SBNSETCA rpagneHT Na”, T. €. NOCTOSIHHbIA MOTOK
MOHOB Yepe3 MembpaHy, KOTOPbIA CO3[aeTCA 3a CUYET OTKAYKW 3TUX
MOHOB M3 KNeTKu ¢ 3atpatoi aHeprum NaN/K» —ATdaszoli, noka-
NN30BaHHOI B 6a3onatepasibHO MembpaHe. TakuM 06pa3oM, TpaHc-
nopT 6O0/bLUIMHCTBA BELLECTB Yepe3 anukaabHyt0 MembpaHy 3HTepo-
umutoB Na™-3aBucumsblii. OtcyTcTBre Na’ B pacTBope MpUBOAUT K
CHVKEHUIO aKTUBHOTO TpaHcropTa cybcTpara.

BcacbIiBaHvie yrneBosoB. BcacbiBaHWe Yr/ieBOA0B MPOUCXOAUT TONIbKO
B BMZEe MOHOCaxapuioB B OCHOBHOM B TOHKOM KWLUEYHWKE U HE3HAYu-
TeNlbHO B TOJICTOM OT/efle KULEeYHUKa. BcacbiBaHve rioKo3bl aKTUBK-
3MpYeTCsa BCaCcblBaHNEM MOHOB HATPUS, U He 3aBUCUT OT ee KOHLLeHTpa-
LMK B XumMyce. [/110K03a akKyMynMpyeTcs B annTeNMoumnTax, a nocnesy-
tOLUNIA ee TPAHCMOPT B MEXK/IETOYHbIE MPOCTPAHCTBA U B KPOBb MPOKC-
XOAWT B OCHOBHOM MO rpagneHTy KOHUeHTpaumu. MapacuMmnarnyeckve
HepBHble BO/NOKHA YCUNMBAKOT, a CMMNAaTUYecKne YrHeTaroT npoLecc
BCACbIBaHSi MOHOCAXapW0B B TOHKOM KULLEYHMKe. B perynauum faH-
HOr0 MpoLecca BaXKHas Posib NPUHALIEXNT Xefle3am BHYTPEHHel cekpe-
LMK. BcacbiBaHMe TNHOKO3bl YCUNMBAIOT FOPMOHbI HALNOYEeYHUKOB, TW1-
nogusa, LWUTOBUAHON XKenesbl: CEPOTOHWUH, aueTUIX0NH. TMCTamuH,
comaTocTaTuH TOPMO3AT 3TOT npoLecc.

BcocaBLumnecs MoHocaxapuibl U3 KanuiispoB BOPCUHOK Mepexo-
[AT B CUCTeMY BOPOTHOW BeHbl NeveHW. B neveHn 3HaumtenbHoe WX
KONNYeCTBO 3a/iepXXMBaeTCca U NpesBpaLlaeTcs B rNKOreH. Yactb rnto-
KO3bl MCMO/b3YEeTCA BCEM OPraHU3MOM KaK OCHOBHOW 3HepreTuyec-
KU maTepmarn.

BcacbiBaHMe 6enkoB. Benok, NocTynatoLniA ¢ NuLLIEl, BcacblBaeTCs
B BUAE aMWUHOKMCNOT. [oCTynneHue aMmUHOKUCNOT B 3NUTENIMOLMUTLI
MPOUCXOANT aKTUBHO C Yy4acTVeM MepPeHOCUMKOB M C 3aTPaToi aHep-
rn. V13 aNMTeNnoLmnTOB B MEXK/IETOUHYHO YXXUAKOCTb aMUHOKMNCIIOTbI
TpaHcnopTupytoTCa 6narofaps MexaHusmy 06/ierdyeHHou Andoysmu.
HekoTopble aMMHOKMUC/IOTbI MOTYT YCKOPATb WK 3aMefnsTb BCaChl-
BaHWe Apyrnx. TpaHCMopT MOHOB HaTpus CTUMYNMPYeT BCacblBaHWe
aMUHOKMCNOT. TTOCTYNMB B KPOBb, aMUHOKWCNOTHI M0 CUCTEME BOPOT-
HOW BeHbl NMonajaroT B NeYeHb.

BcacbiBaHve XMpoB. XKnpbl B Xenyao4HO-KULLEYHOM TpakTe Mnof
BO34eNCTBMEM (PEPMEHTOB PACLUEN/IATCA Ha TNULEPUH N XKUPHble
KUCNOTbl. MNNLEPUH XOPOLLIO PaCTBOPUM B BOZE M NIErKO BCaCblBAeTCA
B anuTeNmanbHble KNeTku. XXnpHble KUCN0Tbl HEPacTBOPUMbI B BOAE
M MOTYT BCaCbIBaTbCA TO/IbKO B KOMI/IEKCE C XEMUYHbIMU KUCNOTaMMu.
YKenuHble KMCNOTbI, KPOME TOro, MOBbILIAKT MPOHULAEMOCTb 3MUTe-
NNA KULLIEYHWUKA ANA XUPHBIX KWCMOT. JInnuabl Hambonee akTUBHO
BCaCbIBAtOTCA B [1BEHAALATUMNEPCTHON KULLKE N NMPOKCUMaNbHOW YacTu
TOLUEN KULWKKU. W13 MOHOIMLEPUAOB M XUPHbBIX KUCNOT C y4acTUeM
CO/MEN XeNYHbIX KUCMOT 00pa3ytoTcs Mefbyaiiive Muuennbl (AuameTp
0K0no 100 HM), KOTOpble Yepes anukaibHble MeMbpaHbl TpaHCcnop-
TUPYIOTCA B aNUTENNOLMTLI. B anuTennoumTax NpoUCXOAUT PeCUHTE3
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TpUrnuepugos. 3 Tpuravuepuaos, XonectepuHa, Gochonununios,
rno6yNHOB B LMTONNa3Me 3NUTENNOLNTOB 06pasyroTCs XUIOMUK-
POHbI —Me/lbYaliLLne XUPOBbIE YaCTULbI, 3aK/HOUYEHHbIe B 6E/IKOBYHO
060/104Ky. OHM MOKUAAIT INUTENIMOLMTLI Yepe3 faTepasibHble U ba-
3a/bHble MeMOpaHbl, MPOXOAS B CTPOMY BOPCMHOK, rAge nonajatoT B
LEHTPaNbHbIA TIMMAATNYECKNIA COCY/ BOPCUHKM.

CpyAHOW NuMdaTAYeCKniA NPOTOK BMadaeT B MepeaHio0 Mosyto
BEHy, r/ie IMMda CMeLInBaeTCs C BEeHO3HOW KPOBbHO. IMepBbiit opraH,
B KOTOPbIA NonajatT XUIOMUKPOHbI, —/erkue, rae OHy paspyLuiaroT-
CA 1 IMNUAbI NONajatoT B KPOBb.

Ha ckopocTb rugponusa u BcacbiBaHus xwpa savset LUHC. MNapa-
CUMNATUYECKWIN OTAEN BEreTaTMBHOW HEPBHOM CUCTEMbl YCU/IMBAET, a
cMnaTUyecKuii —3ame/ifeT aToT npouecc. BcacbiBaHWe XKXMPOB ycu-
NNBAKOT FOPMOHbI KOPbl HAAMOYEYHWNKOB, LLUMTOBUAHON Xenesbl, rmno-
(nsa, a Takke fyoaeHaIbHble TOPMOHbI —CEKPETUH N XONEeLMCTOKN-
HUH. BMecTe C IMMQOiA 1 KPOBbIO XMPbI PA3HOCATCA MO OpraHu3my u
OTK/13f1bIBAKOTCA B XXMPOBbIX [1eno A1 fa/bHelLIero ncnosb30BaHns B
3HEPreTUYeCcKMX 1 NNacTMYecKnX Lensx.

BcacbiBaHve BOfbl W coneid. BcacbiBaHWe BOfbl MPOMCXOAUT Ha
BCEM MPOTSXEHUMN XKENYAOUYHO-KMLLEYHOrO TpakTa: 60/bluas 4acTb —
B TOHKOM KMWLUEYHWNKE, & OCTaBLUadcs BMECTe C pacTBOPUMbIMUK CONA-
MV —B TOJICTOM KULUEYHUKE.

BcacbiBaHve BoAbI MPOMCXOAUT MO 3aKOHam ocMoca. Boga nerko npo-
XOAWT Yepe3 KNeTouHble MeMOPaHbI 13 KULLIEYHNKA B KPOBb 1 0GPATHO B
XUMyC. "MNepoCMOTUYECKUIA XMMYC XKeNy/Ka, Nonafas B KALLIEYHUK, Bbl-
3blBaET NOCTYM/MeHWe BOAbl M3 Ma3Mbl KPOBM B MPOCBET KULLKW. 3TO
06ecrneymBaeT 1300CMOTUYHOCTb CPefbl KuLleyHrka. Mo Mepe BcackiBa-
HWA BELLECTB M3 NPOCBeTa KMLLKK B KPOBb MPONCXOAUT CHUXEHWE OCMO-
TUYECKOT 0 [aB/IEHNS XMMYCa, YTO BbI3bIBAET a6COPOLMIO BOAbI.

Pelwatowwas pofib B MepeHoce BOAbl Yepes 3NUTeNnasibHbIA CNnoii
NPUHALNEXUT HeOpraHMYeckUM MoHaM, 0CO6eHHO HaTpus. [oaTomy
BCE (PAKTOPbI, BUAIOLLME HA ero TPaHCMOPT, BAWAIOT U Ha TPaHCNOPT
BoAbl. Kpome TOro, TpaHCNopT BOAbl CONPSXKEH CO BCacbiBaHWEM aMu-
HOKMCNOT 1 caxapos.

WoHbI HaTpud, Kanma 1 Kaibuus B OCHOBHOM BCACbIBAtOTCA B TOH-
KOM KWLLeYHUKe. OoHbI HaTPUA MepeHOoCcATCAa B KPOBb Kak 4vepes Ku-
LLIeYHbIe 3NUTENNOLNTLI, TaK U MO MEXK/ETOYHbLIM MPOCTPaHCTBAaM.
B pasHbIx 0TAeNnax KMLWeYHMKa UX TpaHCMopT oTanYyaeTcs. Tak, B TON1-
CTO KMLUKEe BCACbIBaHWE HATPWA He 3aBUCWUT OT HanWuus caxapos U
aMWHOKMCNOT, a B TOHKOW —3aBUCUT. B TOHKOIN KWLUKe COMNPsHKEH
MepeHOC MOHOB HAaTPUSA W XJ10pa, B TONCTON —MEPEeHOC MOHOB HATPUS
N Kanusa. Tlpy CHUXeHUW cofepXaHua B OpraHnusme Hatpus ero BCa-
CbiBaHVe B KWLLEYHWKe pesKo yBennyumBaeTcd. BcacbiBaHMe MOHOB
HaTpus yCUNMBaKT TOPMOHbI HAAMOYEYHUKOB 1 T1nogun3a, a yrHeta-
IOT FaCTPUH, CEKPETUH U XOMNELUCTOKUHUH.

OCHOBHOE KONIMYeCTBO MOHOB Ka/ius BCACbIBAETCS B TOHKOMN KULLKE
MocpesCcTBOM aKTMBHOIO M MacCMBHOrO TpaHcropTa (Mo 3/EKTPOXU-
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MWYECKOMY TpafueHTy). Ponb akTMBHOIO TPaHCMOpPTa MeHbLLUE, OH, Be-
POATHO, COMPSXXeH C TPaHCMOPTOM MOHOB HaTpuS.

VMoHbI xN10pa Ha4YMHAKT BCACbIBATLCA YXKe B XXefyKe, HO Hanbosee
WHTEHCMBHO B MOAB3A0LIHON KMLIKE MO TWUMY KaK aKTUBHOrO, TakK u
MaccMBHOIo TpaHcnopTa.

[ByxBafeHTHble MOHbI BCACLIBAKOTCA U3 MOSIOCTU XenyLoYHO-KU-
LLIEYHOro TpakTa 0YeHb MefieHHO. Tak, NOHbI KabLMa BCACbIBAOTCH
B 50 pa3 mefsieHHee MOHOB HaTpuda. Elle mefneHHee BcacbiBakOTCH
NOHbI >Kenes3a, LMHKa, MapraHua.

5.10. HEMWWEBAPUTE/IbHbIE ®YHKLU NN
XENYJOUYHO-KNWWEYHOIO TPAKTA

3awmTHas gyHKUma. CTeHKa BCeX OTAEN0B XKeny[04HO-KNLWEeYHO-
ro TpakTa Ha BCEM CBOEM MNPOTSXKEHWU, NO CyLIECTBY, NpeACTaBnseT
CO00l rpaHuLy MeXay BHeLUHel W BHYTPEHHEN Cpefoil opraHusma.
BMecTe ¢ nuwein B NoN0CTb NWLLEBAPUTENBHOMO TpaKTa nonagaeT 3Ha-
4ynTENbHOE KONMYECTBO YYXKEPOAHbIX BELUECTB, OaKTepuid, NMPOCTEl-
WX 1 T.4. M03TOMy HeyaMBWUTENbHO, UTO XXENyAOYHO-KMLLEYHbIN
TpakT 06nafaeT MHOroCTyNneH4aTon CUCTEMOW 3alinTbl OT YyXKepo-
HbIX (DAaKTOPOB BHELLIHEN Cpefpl.

BaxHble 3aWuTHbIE (OYHKLMM BbIMOHAET CaMa CUCTEMA MWL EBa-
PEHVS 3a CYeT TMAPONN3a YYXXEPOAHbIX MaKpPOMONeKY/ A0 YHUBEP-
Ca/lbHbIX MOHOMepPOB. CyLLEeCTBEHHbIN BKNaf B KOHTPO/IbHbIE Mexa-
HW3Mbl BHOCWUT C/IOM CMIM3NUCTbLIX HAMIOXEHWI, TaK KaK MoOMUMO n36u-
paTe/IbHOro TpaHCnopTa BeLeCcTB HEMTPaIN3yeT HEKOTOPbIe aHTUTeHbI
B COCTaBe XMMycCa 3a CYET MMMYHOF/I00Y/IMHOB.

Cnepywownii 6apbep AnA Hy>KepPOAHbIX areHT0B —r/IMKOKaNuKe,
KOTOPbIN UrpaeT ABOSKYK pofib. Mpexze BCero OH 3afepXusaet
KPYnHble HErnaponn3oBaHHbIE MOMEKY/bl, HE MPOMyCKas WMX K anu-
KaflbHON MeMbpaHe 3HTEpOLMUTOB, M 06ecnevmBaeT HenTpanmsaymto
HEKOTOPbIX aHTUIeHOB 3a CYET BXOAALLMX B €0 COCTaB MMMYHOI00Y-
NMHOB. B MEXKNETOUYHbIX MPOCTPAHCTBAX 3NMTeNNaNbHOro naacta u B
COOGCTBEHHO MNACTUHKE CAN3UCTON 060/104KM KULLKK OCYLLECTBSETCS
NNMOOLNTAPHBIA KOHTPO/b BCOCABLUMXCSA HYTPUEHTOB.

TaknM 00pa3oM, B TOHKOM KULLKE BbLLENAIOT TPU OCHOBHbLIX KOM-
MOHEHTA WUMMYHONOTUYECKUX W HEMMMYHONOTMYECKMX 3alUTHBIX
MeXaHU3MOB:

NPUCTEHOUHAA 30HA (CNOW CIM3UCTLIX HANOXKEHWIA);

3NUTEeNNaNbHbIA CNOW C FNNKOKAIMKCOM;

NNMAOPETUKYNAPHAA CUCTEMA C/IM3UCTON 060/TOUKN.

MuiieBapuTeNbHbIE CEKPETbI XENY[0HHO-KMLLIEYHOr0 TpakTa (Cnto-
Ha, YXe/y[JOYHbIA COK, XeNub) TaKXKe BbIMOMHAOT 3alUTHYIO (DYHK-
LIMIO 3a CYET CBOMX aHTMOaKTepuanbHbIX 1 06e33apaXkMBatoLLX CBOMCTB.
Takne 3aWmnTHbIE peaKLm XenyL04HO-KULLEYHOro TpakTa, KaK TOoLu-
HOTa M pPBOTA, TaKXKe UMEOT BaXKHOE 3HAYeHMe.
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OHOOKPUHHAA (yHKUMA. B opraHmsme (yHKUMOHMPYET 60/bLioe
KO/IMYEeCTBO NeNnTUAHbIX FTOPMOHOB, MPOAYLMPYEMbIX TaK Ha3blBaeMOM
AN dY3HON IHLOKPUHHOWA CUCTEMOM, KIETKU KOTOPOI He arpermposa-
Hbl B )Ke/ie3bl, a paccesHbl N0 Bcemy Teny. OCO6eHHO MHOTO TakuX Krie-
TOK COLEPXUTCA B C/IM3NCTON 060/I0UKE >KenyA04HO-KULLEYHOro Tpak-
Ta. IX COBOKYNHOCTb Ha3blBalOT raCcTPOUHTECTUHANBHON rOPMOHab-
HOW cucTemoi. OTKPbLITO 60/bLLIOE YMC/I0 BUMONOTMYECKN aKTUBHBIX Men-
TUAO0B, MPOAYLMPYEMbIX B XKE/yA0YHO-KULLEYHOM TpakTe (Tabn. 5.2), u
HEKOTOPbIE M3 HUX Y)XXe CUHTE3MPOBAHbI UCKYCCTBEHHO.

5.2. TOpPMOHbI Xenyfo4HO-KULLEYHOro TpakKTa

HasBaHue MecTo BbIpaboTKM AheKT feiicTauna
Ba3oakTuBHbIN [iBeHafuaTUNepcTHas YrHeTeHMe XenyAo4uHON ceKpeuun, cekpeuums
WHTeCTMHAaNb-  KMULIKa NaHKPeaTUYeCcKOoro CoKa; yCU/eHne KpoBOTOKa
HblA NenTug
[acTpuH XKenypok, aseHagua- Crtumynaums cekpeumn HCIL, MOTOPUKUK Ke-

TUNEePCTHas KuLLKa nynka
["acTpoH XKenypok CHWXaeT 06beM >Xenyf04HOl cekpeumnmn 1
KUC/I0THOCTb XeNyAo4YHOro coka
FmctamuH Bce oTgenbl xeny- CTUMYNnpyeT CeKpeLmnio Xenyaka v nogxe-
[OYHO-KULLIEYHOT O NYL[0YHON Xenesbl; paclimpsieT KPOBEHOCHbIE
TpakTa Kanunnapbl; aKTUBUPYET MOTOPUKY KenyfKa
N KULLIEYHMKA
MoTunuH MpokcManbHbIi 0T-  B036yX/AaeT CeKpeLuio nerncuHa >XenyaKkom n
[ieN TOHKOW KULKK CeKpeL Mo NoSKeNnyA04HOW Kenesbl; YCKOps-
eT 3BaKyaLu o COAEPXUMOro KuULeYHnKa
CeKpeTuH TOHKNIA KULLEYHUK CTuMynupyeT cekpeuuto 6MkapboHaTOB U BO-
[bl MOAXeNyA04HON Xene3oi, neveHbio, 6PyH-
HepoBbIMU Xesie3aMu, NencuHa —XenyfKoM;
TOPMO3UT XXeNYJOUHYIO CEKpeLuto
CepoTOHUH Bce oTgenbl xeny- TOpMO3UT BblgeneHne CONAHOM KWUCNOTbI B Xe-
[OYHO-KULLIEYHOT O nyaKe; CTUMYNUPYeT BblfeneHne nencuHa; ak-
TpakTa TUBMPYET CeKpeLunto NomxenynoUHON Xene-
3bl, Xe/lYeBblfeNleHNe N KULLEYHYIO CeKpeLuto
XoneumncTokn- TOHKWIA KULLEYHUK TOpMO3NT CEKPeL MO CONAHOW KUCNOThbI B Xe-
HUH/NaHKpeo- NyAKe; YCUINBaeT COKPaLLLeHUE XXeTYHOro ny-

3blpA U Xen4deBblaeneHne, MOTOPUKY TOHKOIA
KULWKN

Upe3BbIlYaiiHO BaKHO, YTO MHOTUE W3 XEeNy[0YHO-KNLLEYHbIX Fop-

MOHOB MAEHTU(MLMPOBAHbI LEHTPaNbHON 1 Nepugepuyeckoin HepBs-
HbIMW CUCTEMAMMN 1 MOTYT BbIMO/HATL PO/b MeAUATOPOB. TakuM 06-
pasoM, racTPOMHTECTMHANbHbIE TOPMOHbI (FracTPUH, CEKPETUH, Xose-
LMCTOKMHWUH, MOTWU/MH W [ip.) YHYacTBYHOT He TONIbKO B SIOKaNbHON pe-
rynauum [esTeNnbHOCTU TeX WM UHBIX YYacTKOB MULLEBAPUTENBHOTO
TPaKTa, HO W, Pa3HOCSACH C KPOBbLIO MO BCEMY OPraHu13My, MOryT BAUSATb
Ha (PYHKLMOHNPOBaHWE APYTMX CUCTEM W OPraHoB.
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[aCTPOMHTECTMHANIbHBIE TOPMOHbI PErYNNPYHOT B XKenyL0o4HO-Ku-
LLIEYHOM TpaKTe CeKpeL o BOAbl, 3NEKTPOSIUTOB U (PEPMEHTOB, MOTO-
PUKy, KMLIEYHOe BcacblBaHWe, BbICBOOOX/AEHVE FTOPMOHOB, Mponude-
PaTMBHbIE MPOLECChI B AMUTENNM 1 BbINONHAOT PO/b HENPOTPAHCMUT-
TepoB. OHV 0Ka3blBAlOT TaKkXke AENCTBME Ha CepAedHO-COCYAMCTYHO,
LUHC wn gpyrve cuctemsl opraHusma. MHoruve nentufbl >KenyaoyHo-
KMLLIEYHOT 0 TPaKTa y4yacTBYHOT B METAb0N3ME HE TOJIbKO MOCPeSCTBOM
rMAPONMN3a N BCaCblBAHUA MUTATENbHbIX BELLECTB, HO U Yepe3 rmnora-
Nnamyc W enesbl BHYTPEHHEW CeKpeLuu.

O6paluaeT Ha cebsi BHUMaHWe CNOCOOGHOCTb KMLLEYHbIX FTOPMOHOB
B/IMATH Ha pasHble PYHKLMU NULLEBAPUTENbHBIX OpraHoB. OAWH 1 TOT
e TOPMOH MOXET [IeCTBOBAaTb M0-Pa3HOMY Ha pas/iyHble KNeTKU-
MULLEHW; Hanpumep, X0NeLUCTOKMHUH TOPMO3UT CEKPELMIO CONAHOIA
KUCNOTbI B XKeNyAKe, HO YCUNMBAET CEKPELMIO NencrMHOreHa.

_OKCKpeTopHas (hyHKUWS. 11 nofAep>KaHusi romeocTasa BHYTpeH-
Hell cpefbl opraHn3ma HeobXoAMMO MOCTOSHHOE YyAaneHue NponyK-
TOB MeTabosiM3Ma U3 KpOBOTOKA. Takasd 3KCKpeLus obecrneumsaeTca
peHasibHbIMW (MOYEYHbIMWN) M 3KCTPapeHanbHbIMU (BHEMOYeYHbIMM)
nyTAMU, CPeau NOCNEAHUX BaXKHas PO/ib NMPUHAANEXUT XKenyAoyHo-
KULLIEYHOMY TPakKTy.

Uepes »eNy[04HO-KMLLIEYHbIA TPaKT BbLUENATCA NPOAYKTbI 06Me-
Ha BELecTB (MOYEBMHA, MQYeBas KWCN0Ta, KpeaTWHUH), BOAa, MUHE-
pasibHble BellecTBa (HaTPUR, Kanuid, KanbLuid, MarHui u ap.), a Takxe
NeKapCTBEHHbIE BeLLeCTBa.

PaznnyHble 0Tae bl NNLLIEBAPUTEIbHONO TPakTa 06/1ajatoT CNoco6Ho-
CTbIO BbLLENATL OMNpede/eHHbIe BelecTsa. Tak, CO C/IIOHOM BbLLENATCS
Ka/Mi, HaTPWI, KanbLWiA, M0, Yepe3 CTEHKY XeNyaka U KULLeYHUKa —
MOYeBMHa, MOYEBas KNCN0Ta, KPeaTVHUH, MOMIOYHAsA KUCNoTa, XI0puabl;
NOKeNyJ04HOM XKENe30iM U NeYeHbo —MyPUHbI, LAHK 1 [p.

OKCKpPETOpHasA (YHKLUMA NULIEBApPUTENIbHOTO TpakTa perynvpy-
etca LUHC, B yacTHOCTM napacumnaTnyeckas HepsHaa cuctema ycu-
NINBAET CeKpeLmIo.

Takum 06pa3oM, Kenyf0uHO-KULLEYHbIV TPAKT y4acTByeT B Nof-
Jep>XaHUM romeoctasa —MNOCTOAHCTBA COCTaBa ¥ CBOWCTB BHYTPEHHEN
cpefbl opraHv3mMa.

5.11. MMWEBAPEHVE Y MTUL,

YKenyaouyHo-KuMLweyHbln TpakT NTUL, XOPOLLIO NPUcnoco6sieH K Obl-
CTPOMY M 3pheKTUBHOMY NepeBaprBaHU0 KOPMOB C He6O/bLUNM CO-
Jep>xaHneM KnetyaTku. KoaguumeHT nepeBapyMOCT KOPMa Yy HUX
Bbillle, Yem Yy MjieKonuTarowmx. CKOpoCTb MPOX0X/AEHWUs KOPMOBOWA
MacCbl Yepe3 NuLLIeBapUTEbHbIA KaHa y NTUL, Takxe BblLLe, YTO CBS-
3a2HO C MeHbLUel NPOTAXEHHOCTHIO KLEeYHUKA 1 601ee MHTEHCUBHbI-
MW npoLeccaMun paclienneHus NuTaTe/bHbIX BELecTB.
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OfiHOV M3 rnaBHbIX 0COBEHHOCTE POTOBOM MOMOCTU NTUL, ABNSAET-
CA OTCYTCTBMe 3y60B. MTULbI He NepeXKeBbIBalOT KOPM; ero pasmsrye-
HWe N MepeTMpaHue NPOUCXOAUT B MOCMEAYHOLWNX OThenax —306e
M MbILEYHOM Xenyake. A3bIK Y HUX MNOKPbIT POrOBbIMW COCOYKaMu
1 Croco6CTBYeT 3axBaTy W NpornarbiBaHNi0 KopMa. CrloHa BblAens-
eTCA B Ma/lOM KO/IMYeCTBe, HO 3a CYET MPUCYTCTBUA CIU3M OHa Cy-
LIeCTBEHHO O06ner4aeT_npornarbiBaHue Kopma. CmellaHHas CAtoHa
NTUL, NPeACcTaBiseT co60i BA3KYHO, 60ratylo MyLMHOM MYTHYHO XWUJ-
KoCTb ¢ pH 6,9...7,2. 3a cyTKn y B3poa/blX Kyp Bblaenserca 7..25 mn
CNIOHbI. B CtoHe cofepxxaTcs aMunonmTnyecke hepmMeHTbl.

30 pTa KOpm noctynaeT B 306, KOTOPbIW NpeAcTaBnseT coboi oa-
HOCTOPOHHee BbINAYMBaHUE BMNPaBO CTEHKW MuLieBofa. 306 XopoLlo
pasBUT Y Kyp, UHAEEK, ronybeid. Y ryceii U yTOK UCTUHHBIN 306 OTCYT-
CTBYET, a B KOHLe MWLLEBOJA UMeETCA amrynoobpasHoe pacLuvpeHune
NOXHbIN 306). Cnm3uctas 306a He COAEPXKUT Xenes, CEKPETUPYOLLMX

epMeHTbl, HO 3[eCb MPOWCXOAUT MepeBapvBaHNe NUTATe/IbHbIX Be-
LLLeCTB C MOMOLLbIO (DEPMEHTOB PACcTUTENIbHLIX KOPMOB, CUMBUOHTHOIA
MUKPOMAOPbI U CMOHbI. OCHOBHLIMU MUKPOOPraHW3MaMu, Hacensto-
WUMK 306 NTUL, ABNAIOTCA NaKTOBaLWUNIIbI, KALLUEYHbIE NaN0YKW, 3H-
TEPOKOKKU, rpubbl 1 APOXOKEBbIE KNeTKW. B 306e 4OCTaTOYHO MHTEH-
CMBHO MPOTEKaeT rMApon3 Kpaxmana 40 mMasbTo3bl U rNOKO3bl, 6pO-
XeHVe caxapoB M 00pa3oBaHWe MOJIOYHOM W JpYrux KWUCMOT Mog
BIMSHUEM (DEPMEHTOB MUKpodiopbl. Mpu yaaneHnn 306a y NoLomnbIT-
HbIX NTWL, Pe3KO HapyLUaeTCs rnepeBapvBaHMe KOpMa U MOXET HacTy-
MUTb CMePTb M3-3a Pe3KOro HapyLLeHns obMeHa BellecTB. BcacbiBaHMA
NPOLYKTOB rMaponn3a B 306y He NPOUCXOLMUT.

OBakyauusa cofepXumoro 306a HaumHaeTcs depes 1...34 nocne
KopmneHns. O6Las NpoAoMKNTeNbHOCTb NPeGblBaHMs MULLM B 306e
Y Kyp, UHAeek, ronybel konebnetca B npegenax 3...18 u.

OcHoBHas (opma cokpauieHus 306a —nepuctanbTuka. Cokpa-
LeHns 300a 3aBMCAT OT CTEMNeHN ero HanonHeHus. MycToi 306 co-
KpalliaeTcs yalle, HO C Manoi aMnanMTyfoin. MoTopuKa perynupyetcs
CUMMaTUYeCKMMMN M NapacuMnaTUYecKUmMn HepBamu. PasfpaxeHue
napacvMnaTMyecKnx HepBOB YCW/MBAET MOTOPUKY 306a, cMMMaTu-
YECKMX —TOPMO3MUT.

XKenyfok NTuL, COCTOMT U3 [ABYX OTAE/IOB — XKENIe3nCToro 1 Mbl-
LeYHoro. MepBsblil CUbHEe PasBUT Y XULLHBLIX NTUL, BTOPOA —Y 3ep-
HOAAHBIX. YKene3ncTbli XenynoK No MyHKLUM HanNoMUHaeT NPOCTOiA
XeNny[oK MNeKONUTAOLWMX, a MbILLEYHbIA CNYXWT CreLmnanm3npoBaH-
HbIM OpraHoM [ nepeTupaHns Kopma.

N3 306a KOPMOBas Macca cHavana nonasaeT B XKeNe3nCTbIN XeNnyLoK,
OAHOC/NOWMHbBIV 3NUTEIMIA KOTOPOro 06pa3yeT NOBEPXHOCTHbIE MPOCTbIe
»xenesbl. Kpome Hux B nogcnusnctom cnoe nmeetcs 30...50 CNoXKHbIX
aNbBEO/IAPHBIX XKene3, COOTBETCTBYHOLMX (DYHAA/IbHBIM XKee3am xe-
nyfKa MnekonuTaroLwmx. XXenyfoUHbli COK MNTUL UMEET KAC/YIO peak-
LMIO 1 COLEPXUT CBOOOAHYIO CONSIHYIO KUCNOTY, MYLWH, (DEPMEHTI.
MencuH NTUL aHanornyeH nerncuHy miekonuTawowmx. Kpome Hero.
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BO3MOXHO, B Xe/lyJOYHOM COKe MTUL, ecTb elle [Be NpoTenmHasbl —
KenatuHasa u racTpukcuH. OfHaKo y pacTUTeIbHOAAHBIX NTUL, B Xe-
NEe3NCTOM XKenlyaKe MPOUCXOLUT NINLLIb HE3HAaUYUTe/lbHOe MepeBapuBa-
HVe Nun. MnweBoin KoM, NPONUTaHHbIN YKeyJ04HbIM COKOM, rnona-
[aeT B MbILUEYHbIN YXeNyaoK, rae v NpoucXoAuT OCHOBHOW mpovecc
XKenyaoyHoro nuuieBapeHus. o Bcei BUAMMOCTM, Y NTUL, OCyLLeCT-
B/IAIOTCA BCe TPW (Pasbl XenyLoUHOW CeKpeLumn; CNoXHO-pedieKTop-
Has, rymopansHas 1 KuweyHas.

MbILIEYHbIV YXeNyaoK COeAMHEH C KeNe3ncTbIM KOPOTKUM Mepe-
LeiikoM. Ero ocHOBHast (hyHKUMA —cCAaBnmBaHue U nepetupaHue nu-
Wy, XapakTepHOi 0COBEHHOCTLIO MbILLEYHOTO XenyKa ABNseTcs TBep-
Aasi OpOroBesLUas Ck/aguaTas 060/104Ka, HasblBaeMast KyTuKy/ion. Ee
0bpasyeT 3aTBepAeBLUNA MYKONOAMcaxapuiHblil CEKPeT PacrooXeH-
HbIX NOA Hel xene3. KyTukyna noCTOAHHO CTUPAeTCs M HapalyMBaeTcs
M3HYTPU 3a CUET CEeKpeLun xene3. B MbILIeYHOM >Kenyake MOCTOSAHHO
HaxoaaTCcs Mesikne KaMewKn 1 apyrve TeepAble YacTuubl.

YacToTa COKpalleHMn MbILLEYHOro enyaka konebnercs ot 2..4 B
1MWH o ogHoro pasa B 3..5 MuH. [laBneHue B NOMOCTU XKenyaKa no-
BbILIAETCHA Ha MUKe COKpawieHus y Kyp fo [00..160 Mm pT. CT., Yy Iy-
celi —po 250...280 MM pT. CT., 4TO 06ecnevnBaeT CNPeccoBbIBaHMe, pas-
[aBNMBaHMe N nepeTupaHve copepxmmoro. OCHOBHOWM pas3fpaxuTesb
ON19 COKpalLeHMsi BO BPeMS MNuLLeBapeHns —MexaHUYecKoe BO3[eit-
CTBME Ha CTEHKW Xenyaka. Perynsaums MOTOPHOW [esaTelbHOCTU OCy-
LLECTBNSAETCA HEPBHO-TYMOpanbHbIM nyTeM. CTUMYMPYET MOTOPUKY
ony>xgarowmnii Heps. MoMUMO MepeTUpaHns MUK B MbILLEYHOM dKe-
NyOKe NMPOUCXOAAT MHTEHCUBHbIE MPOTEONIUTMUYECKIME MPOLECChl: KPOMe
6enkoB paclennsetcs 17...25 % yrnesofos, 9...11% XuMpos.

OnopoXXHeHWe XenyaKa y NTUL NpoucxoanTt penektopHo. OfHa-
KO NUIOPUYECKNIA pediiekC OT/IMYaeTCca OT TaKOBOro Y MJIEKOMMUTal0-
WX B CUNY 0COBEHHOCTEN CTPOEHUA CHUHKTEPA U HaIMYUSA KUCNOW
cpefbl N0 06e CTOPOHbI OT Hero. Y rycei B Nepuoj nuileBapeHns xu-
MYC B KMLLEYHMK NOCTYMNaeT HeMpPepbIBHO, a' Y Kyp U YTOK — He60/b-
LWMMW NOPLMAMMU.

OCO6GEHHOCTbIO KMLIEYHOro MNuLLeBapeHnsa y NTuL, NO cpasBHe-
HUIO C MJIEKONUTAKLWMUMKN ABNSeTCA 60/ee BbICOKAA KOHLEeHTpaLums
BOLOPOAHbIX NOHOB B XMMYycCe, T. e. 60/1ee HU3KMe 3Ha4yeHUs pH Bo
BCEX OTAeNnax TOHKOro KuleyHuka. [MomKenyaoyHblil COK y BCex
BM0B NTUL, OTAENAETCA HenpepbiBHO U 06/1adaeT npoTeoMTMYec-
KOW, aMWUNO/IMTUYECKON N NUNOIUTUYECKOW aKTUBHOCTLIO. UMNCTbIiA
COK npeAcTaBfseT co60iM XMAKOCTb C NAOTHOCTLIO 1,0064...1,0108,
pH 7,5...8,1.

XKenub y NTUL, NpeacTaBnseT co60iM rycTyt0 MacnsaHyr XUAKOCTb
TEMHO-3e/IeHOro (Ny3blpHaa >Xenub) WAN APKO-3e/1eHOro (neyeHou-
Has >Xenuyb) uBeta. KONMYECTBO OTAENSEMOMN >KENYWM BbllLE, YeM Y
OPYTUX BUAOB XXMBOTHBIX, KPOMe CBUHEN (B nepecyeTe Ha | KI macchbl
Tena). Mpouecc xenyeobpasoBaHua NOAYNHAETCA HEPBHO-TYMOpasib-
HbIM MeXaHu3mam.
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CnusncTtas 060104Ka TOHKOFO OTAeNa KUWeYyHnKa NTuL nogobHa
TaKOBOW Y MNEKOMUTAIOLWMX, HO B HEeil cnabo pasBuT MOACIU3UCTLIN
CNOV N OTCYTCTBYHOT GPYHHEPOBbIE XKenesbl. B Tene BOPCMHOK NIOX0
BbIpaXKeHbl MM(aTMYeCKMe MoMoCTU U OTCYTCTBYHOT CUCTEMbI TUM-
(haT4ecKnx MPOTOKOB. KKMLIEYHbIA COK COAEPXKUT 3HTEPOKUHA3Y W
obnagaeT aMuna3Hol, ManbTa3HOM, caxapasHoil M NMenTUAa3HOW ak-
TUBHOCTbIO. MogasnstoLlee 60/1bLINHCTBO (DEPMEHTOB B TOHKOM KU-
LUEYHVMKE, KaK 1y MNIEKONUTAKOLWMX, YHaCTBYET B MPUCTEHOUYHOM MK~
LEeBapeHmnm.

K Tonctomy oTaeny Kuwb4HMKa OTHOCMTCA NpsMast KuLiKa ¢ nap-
HbIMW CNeMbIMX OTPOCTKaMM, B KOTOPbIX OCYLLECTBASAKOTCA Cnepyto-
LLMe MPOLLeCChI:

pacLlenieHne KNeTyaTkn ¢ yyactmeM )epMeHTOB MUKPOMOPBI;

NPOTE0NN3 NOZ BAVNSHUEM (DePMEHTOB TOHKOI0 OTAe/Na KNLLEYHUKA;

npeBpaLleHne a30TUCTLIX BELLECTB C y4acTMeM MUKPOMIOPbI;

CUHTE3 BUTaMWHOB rpynnbl B;

BCacbIBaHVe BOfbl 1 MUHEPabHbIX BELLECTB.

3anonHeHne cnenbiX KWLWOK MPOMCXOANT MEPUOANYECKN —OaWH
pa3 B 35...70 MUH 3a CYET aHTUNEPUCTaNbTUUYECKUX ABVKEHWUI NMPSMON
KMLIKN N OQHOBPEMEHHON MEPUCTaNIbTUKM CaMUX OTPOCTKOB. MoTo-
PUKa CnernbIX OTPOCTKOB OCYLLUECTBAETCA aBTOMATUUECKMN.

TONCTbIN OTAEN KUWEYHMKa BrnajaeT B Knoaky. MNpsmas Kuwika
OTKPbIBAETCS B KanoBblii CUHYC, FAe U Nnpoucxoant hopMupoBaHme
Kana. Kan, npoxogs 4epe3 MOYernosioBOW CUHYC, CMeLIMBaeTcs C
MOYOoi. MouyeBas KCnota KpUCTaninm3yetcs U NOKPbIBaeT KanoBble
MaccCbl 6enbiM HaneTom; B MOMY>XMAKOM COCTOSIHUM MOMET Bblfe-
NSETCH Hapyxy.



FnaBa 6
PN3NON0IMMA KPOBOOBPALLEHNA

Y BCeX MO3BOHOYHbIX XXUBOTHbIX KPOBb LIMPKYINPYET MO 3aMKHY-
TOW CMCTeMe KPOBEHOCHbIX COCY[O0B, TaK KakK TO/IbKO NpwW YC/oBUU
HENpPepbIBHOrO ABVMXXEHWS OHa BbIMNOMHAET CBOW BaXKHEMLLMe TpaHC-
NOPTHbIE (YHKLNN.

Cucrema opraHoB KpoBOOOpaLLEHNA CXeMATUYHO BK/HOYAeT B Cebs
CNefytoLLe 3BEeHbA.

1 Ceppue —opraH, paboTaloLwmii Kak Hacoc; nepekaynBaeT KpoBb
3 BEHO3HOr 0 pyc/ia B apTepuanbHOe 1 CO3LaeT B Hauasne apTepuid Bbl-
COKO€ MMApoCTaTUYecKoe AaBfieHue.

2. ApTepuasibHble COCyfibl —MO WX PyCny KpPOBb TeYeT OT cepAua v
pacnpejensercsa rno BCEM OpraHam W1 TKaHAM OpraHu3ma.

3. KanunnapHaa ceTb —3[eCb MPOUCXOAAT OOMEHHble MNpoLEecChl
MEXYy KPOBbH N TKaHAMMW.

4. BeHO3Hble ¥ NUMGaTUYeCKne COCyfbl —MO HUM KPOBb U fiuMda
OT TKaHei 1 opraHoB BO3BpaLLatoTCA 006paTHO B cepALe.

Pa3nimyatoT 60/bLLIOIA 1 Manblil Kpyrn KpoBoobpalleHus (puc. 6.1.).
BonbLUIO Kpyr HauMHaeT aopTa 13 IEBOTO XKeNly04Ka —Camblid Kpyn-
HbliA B OpraHn3me apTepuanbHblii cocys. OT aopTbl OTBETBAAIOTCA ap-
Tepun KO BCeM OpraHaMm ¥ TKaHfM; COCTaB apTepuasibHOW KpoBU OfM-
HaKOB BO BCeX apTepuasibHbIX cocyax 60/bLIOro Kpyra KpoBoobpalle-
HUSA. BHYTpW opraHoB apTepuu pa3BeTBNAIOTCA HA CPeAHUE U MeflKue
apTepuu, apTepuonbl U Kanunnsapbl. Mocne NpPoxXoXaeHWs uepes Ka-
MUNNAPHYIO CeTb COCTaB KPOBU M3MEHSETCA: YMeHbLUAeTCA cofepxa-
HVE KMCNOopoJa W nuTaTeNbHbIX BELeCTB, YBE/IMYMBAETCA KOMIMYECTBO
AMOKCMAa yriepoga v apyrux npoaykToB oOMeHa BeLecTB U XXU3He-
[eAaTeNIbHOCTY TKaHel. Takas KpoBb Ha3blBAETCH BEHO3HOM, Npuyem ee
COCTaB M CBOWCTBA U3MEHSAIOTCS, YTO CBA3AHO CO CMeunpUKon n pu-
3M0/10rYeCKOIN aKTUBHOCTbIO OpraHoB.

BeHo3Hble kanunnspbl 06beAVHAIOTCSA B BEHY/Ibl, 3aTEM C/IMBAOTCS
B 60/1ee KpYMHble BeHbl; BCS BEHO3HAA KPOBb COBMPAETCS B NEPeLHHOH0
¥ 3a[HIOI0 NOJble BeHbl, BrnajatoLye B Npasoe npegcepave. B nepep-
HIOKO MONYI0 BEHY BMajatoT rpyAHOM W LWEeRHbIA NMMgpaThyecKme npo-
TOKW: BEHO3HAs KPOBb BONM3WM NpPaBOro npefcepams CMeLLUMBaeTcs C
NUM(ON 1 ee cOCTaB YCPeAHSeTCs, T. €. YXKe MCYe3alT OpraHHble
0CO6EHHOCTH.

236



Puc. 6.1. Cxema KpoBooOpaLLleHNs:

| —aopTa; 2-—neBoe npefcepaue; 2 —neBblii Xenynoyek;

W—neyeHOUHaa apTepus; 5—ceTb Kanunnsapos 60MbLIOro

Kpyra; 6—apTepus KuleyHuka, 7—BOpOTHas BeHa; —ne-

4yeHo4YHas BeHa; P—npaBblil xenypouek; /O—HWXKHAS nonas

BeHa; |l — npaBoe npefcepane; 12— BepxHAs Mofas BeHa;

13—neroyHas aptepus; 14—ceTb KanuINapoB Manoro Kpyra;
15—o0fHa W3 YeTblpex NeroYHbIX BeH

Bonbluoi Kpyr KpoBoOGpaLleHns BK/IHO-

yaeT [00aBOYHblE Kpyrn —LUYHTOBON Me-

XaHW3M CepAaua, MOYeYHbIA U NeYeHOUHbI

Kpyru (cm. pasgen 6.4). Manblii, unm nerou-

HbI, KPYr Ha4YMHaeT 13 MPaBOoro Xenyaouka

NneroyHas apTepus —eAMHCTBEHHasA B opra-

HU3Me apTepusl, HecyLlas BEHO3HYH KPOBb

B /lerkvie. B nerkmx neroyHas aptepus pas-

BETB/IAETCA Ha apTepuonbl U Kanunnsapsbl,

rae npomMcXo4uT OCBOOOXAEHWe KpoBM OT

AMoKcuza yrnepoga v oboratleHne ee Kuc-

NopofoM, T. e. NPOUCXOAMT apTepuanusa-

UMsA KpoBWU. ApTepuasibHas KpPOoBb TEYET Mo

NeroyHbIM BeHynaMm 1 BeHam. JIeroyHble BeHbl —TaKXXe e4NHCTBEHHbIE
BeHbl B OpraHu3Me, cojepaliune apTepuasibHYyt0 KpoBb, BMafaroT He-
CKONIbKUMW CTBONIAaMU B NIEBOE MpeACcepame.

B Kpyrax KpoBoo6paLLeHNs KpoBb pacrnpegenserca cnegyrowmum o6-
pa3om; cepjue B (base paccnabneHms cogepXuT okono 7 % Kposu, ma-
NblA KpYyr KposoobpaleHns —9, 6onbwoin Kpyr —84 %. [Mpu aTom
CNnefyeT yUnTbIBaTb, YTO B OTAE/bHbIX OpraHax JenoHWpoBaHHasA KPOBb,
cofiepXkalLascs rnasHbIM 06pa3oM B Kanuinspax u BeHynax, CocTaB/isieT
OKO/10 MONOBUHbI OT BCEr0 06beMa KPOBY B OpraHu3Me.

6.1. ®N3NOJTOIrMA CEPAOLA

CrpoeHue cepaua. CepAue ABNSeTCA MOJbIM MbILLEYHbIM OPraHoM.
M3HyTpy nonoctu cepaua (MPeAcepans 1 Kenyfoukmn) BbICTNaHbl 9H-
[0KapioM —BHYTPeHHell 060N104KON cepaLa. CHa%y»(m MbILLIEYHbIA
cnoin (MuokKapa) NOKPbIT 3NMKapAoM —Hapy>XHol 000104KOI cepaua.
OT opraHoB rpygHol MonocTu cepiue OTAeNeHO nepukapaom —cep-
[e4YHON Copouykoin. Mexay anuKapaoM W nepukapiom HaxoauTcs
nepvikapfuvanbHas nonocTb, 3arnosHeHHas Cepo3HOM XNAKOCTbIO, npe-
[OXPaHAIOLWLEN cepAle OT TPeHWs C cocefHUMK opraHamu. Kpome
TOro, nepuKapg orpaHNYnBaeT pacTsXXeHWe cepla BO BPeMS 3arosiHe-
HUS ero KpoBbHO.

B cepaue vMmetoTca ABa NpeAcepavs W [ABa XXenyaouka —/eBble U
npasble. KpoBeHOCHbIE COCy/bl, BnafjatoLive B NpeLcepamns, HasblBa-
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toTCA BeHamu. B npaBoe npefcepave BNafatoT NepesHAs W 3afHsAsA No-
Nble BEHbI, & B /IeBOe Npejcepavie —/eroyvHble BeHbl. V13 neBoro xeny-
[0YKa HauMHaeTcs aopTa, M3 MpaBoro —/erovyHas aptepus. Jlesas u
npasas MOJIOBMHbI CepAlia Co06LaTCA TOMIbKO B MI0AHOM Mepuose.
Y nnoga mexgy npefcepavsiMn MMeeTcs OBasilbHOE OTBEPCTUE, uepes
KOTOpOe YacTb KPOBY M3 NPaBoro npeacepavs nonagaeT B nesoe. lMoc-
Ne POX[eHWs 0Ba/lbHOe OTBEPCTME 3aKPbIBAETCA U 3aryCTeBaeT.

MblilLbl NpeAcepanin oTAeneHbl OT XKeNyA04YKOB CYXOXU/bHbIM
KO/bLLOM, 06pa3ytoLLmMM aTPpUOBEHTPUKYNISAPHYIO MEPEeropoaky.

B cepaue MMeroTCa 4YeTbipe KfanaHa. [lBa M3 HUX —aTPUOBEHTPU-
KyNsipHble —HaxX04ATCA MeXJy NpeicepavaMy W Xenygoukamu. Jle-
Bblli aTPUOBEHTPUKYNAPHbIV KnanaH UMeeT [Be COefUHUTEeIbHOTKaH-
Hble CTBOPKM W Ha3blBaeTCa ABYCTBOPYATLIM, UM MUTPa/bHbIM, Mpa-
Bblli aTPUOBEHTPUKYIAPHBIA KnanaH —TpexcTeopyatbiM. ELle ABa Kna-
naHa —nonynyHHble, NN KapMallKOBble, —HaxX0AATCA MeXy NeBbIM
XKeNyaouKoM ¥ aopToil (aopTasibHbIl KianaH), Mexay npasbiM XXeny-
[OYKOM M NEerovHoin aptepueld (NynbMOHa/IbHbIA KnanaH). KnanaHbl
o6ecneynBaloT OLHOCTOPOHHEE ABVKEHWE KPOBU B CepALie.

Bnarogapsa MeTofam CBETOBOM MMWKPOCKOMUW BbISACHEHO, YTO
MbILLEYHble BOJIOKHA CepALa, Kak v CKeNneTHble MbILWLbl, UMEKOT No-
MepeyvyHomnosiocaTyo NCHepPYEHHOCTb BCEACTBUE YepeLoBaHUA TeM-
HbIX (aHW30TPOMHbLIX) W CBET/bIX (M30TPOMHbLIX) Y4aCTKOB, YTO CBA-
3aHO C pacnosioXXeHnem B MMoubpunIax akTUHOBbLIX U MUO3WHO-
BbIX NPOTOPUOPUNI. B OTIMUME OT CKENETHbIX MbILLL, BO/IOKHA MUO-
Kapfa KOpPOTKMWE, MpepbIBalOTCA Ha YPOBHe BCTABOYHbLIX [MCKOB.
Mem6paHbl BCTaBOYHbIX [MCKOB MepecekarT MuUopuopuinsl Ha
YpOBHE Z-MeM6paH, CKpennflowWmnx akTUHOBbIE HUTU, U UMeT
CK/agyaToe CTpoeHue, yBennymBaroLLee 1X noBepxHoOCTb B HECKO/b-
Ko pa3. Muogmbpunnsl obecneynsatroT COKpalleHne n paccnabne-
HWe CepAeYHOW MbILLbI.

CapkoniemmMa cepfievHbIX MbILLEYHbIX BOIOKOH COCTOMT M3 naasma-
TMYECKON MemMObpaHbl 1 MOKpPbIBatOLLEl ee 6a3anbHO MemMbpaHbl, 06-
pa3oBaHHOW MyKONonucaxapuAHbIMU HUTAMU. ST 06pa3oBaHMs OT-
BETCTBEHHbI 33 KNETOYHYIO MPOHMLLAEMOCTb, FeHepauuio U nposese-
HWE 31EKTPUYECKNX UMMY/IbCOB.

B MuokapavoLmTax, Kak u B Apyrux Knetkax opraHu3Ma, MMerTcs
O4HO W HECKO/bKO fAep, MUTOXOHAPUK, capKomniasMaTUyecKuin pe-
TUKYNYM 1 Apyrue BHYTPUKNETOUHbIE 006pa30oBaHus.

B membpaHax MUTOXOHAPWIA OCYLLECTBAAOTCA a3pOobHblIE OKUC-
NATENbHbIE MPOLECChl Y OKUC/UTE/NIbHOE (DOCHOPUIMPOBAHMNE. Y XN-
BOTHbIX C BbICOKOI 4acTOTOW CepAeyHbIX cokpaleHuii (400...500 yaa-
POB B | MWH) B MWOKapAMoOLMTaX HaxoauTcs 60/bLIOe YMCIO0 MUTO-
XOHAPWIA, Y XXMBOTHbIX C 60/1ee peAKOi HacTOTOM CepaeyHbIX COKpalLle-
HUA (go 100 yaapoB B | MMH) MWUTOXOHAPWM pacnonaratotcs 6osnee
PEeLKO U COLepXXaT MeHbLUee YMCI0 BHYTPEHHUX MeMOpaH.

Cuctema capkoniasMaTyecKoro peTukynyma u T-cuctema Muo-
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Puc. 6.2. Cxema npoBofsiLLeit cucTeMbl cepaua;

| —BEPXHSAN U HWKHAR NOMble BeHbl; 2 —npeacepamns; J —xe-

NYA0YKN; 4 — nanunnspHble MbllLbl; 5 — CUHYCHbIN y3en

(KelAiT —®dnaka); 6—aTpMOBEHTPUKYNAPHBIA y3en (Awwod —
TaBapa); 7—nyu4okluca

KapAmoLMTOB pas3BuTbl crabee, YeM B CKEETHbIX MbILLAX, HO (DYHK-
LM X COBMALatoT; LENOHNPOBaHWe N BbLLENEHWE Ka/lbLnsa B NpoLec-
cax conpshkeHns BO3DYXAEHNS N COKpaLLLeHUS.

Hapsgy C cokpaTuTeNbHbIMW, MAWM PaboymMMK, MbILLEYHbIMW BO-
NOKHaMW B CepALe MMEKTCA ApYrue MblleYHble BO/IOKHA —TaK Ha-
3blBaeMble KNETKU MPOBOAALLEN CUCTEMbI, KOTOPblE CYLLECTBEHHO
OT/INYAIOTCA AETaNnsgM1 CTPOEHUS U PYHKUMAMW. DTU KNETKuU nn6o
UMAVHAPUYECKOW, NMBO CMTbHO BbITAHYTOW (DOPMbI, COAEPXaT pef-
Kne, 6ecnopsgovyHO pacrnonoXXeHHbIe MUOGMOPUANbI, CNabopas3BUTYHO
T-cucTeMY, HEMHOTrOYUC/IEHHbIE MUTOXOHAPWUM, HO MMeKT 60/bLLoe
KO/IMYEeCTBO FNINKOreHa B hopme rpaHy/. Ha ocHoBaHWMM NepeyvuncreH-
HbIX MOP(ONOrMYECKX MPU3HAKOB SICHO, YTO KNETKWM MPOBOAALLEN
CUCTEMbI HE CMOCO6GHbI K BbINO/IHEHNIO COKPATUTENbHBLIX PYHKLWIA, a
npegHasHayeHbl ANs reHepauun 1 pacnpocTpaHeHNs MO CepALY 3nek-
TPUYECKNX UMMY/IbCOB.

MpoBogdwas cuctema cepgaua (pwuc. 6.2.) npeactasaseT co6oi
CKOM/EHMS BbILLEYNOMSAHYTbIX aTUMUYHbIX MbILIEYHbIX KNEeTOK, 06pa-
3YHOLMX Y3/bl, NYYKN 1 BOMOKHA. Begywias yacTb NpoBOAsLLEN CUC-
TeMbl CepALa —CUHOATPUabHBIA, WM CUHYCHBIN, Y3eN, WUNn y3en
KeliT —®naka, —Haxo4uTcs B MPaBOM NpPeACepAnn, MeXAy NpaBbiM
CEepPAEYHbIM YLLKOM U YCTbEM MOJbIX BEH, MOBEPXHOCTHO MOA 3nuMKap-
oM. BTopoii y3en —aTpuoBEHTPUKYNSAPHbINA, unn y3en Awod —Ta-
Bapa, —pPacnosioXeH B Neperopogke Mexay npeacepavsmu n xeny-
Joykamu, 6vke K npaBomy npegcepguio. OT Hero 0TXO04MT KOpoT-
KWIA TONCTBIVA NY4YOK Tuca, NPo60oJatoLL NI CYXOXMbHYHO NeperopoaKy
MeXay NpeacepavsaMu v Xenygoukamui. Bongsa B MeXoKenyaoukoByH
NeperopoaKy, ny4ok Tuca pacxoauTcs Ha ABa CTBO/IAa —HOXKMW MyyKa
vca, nayLme COOTBETCTBEHHO B MbILLLbI MPABOr0 W NIEBOTO XXy 0u-
KoB. HOXKM nyuyka Tuca pa3BeTBASKOTCSA Ha 60/1ee TOHKME BOOKHA —
BOMIOKHa IMypKMHbE, KOHTaKTMPYHOLME C COKPATUTEIbHBIMI BOMIOKHA-
MW CepAeYHOM MbILLbI.

KpoBocHabxeHne 1 nHHepBaumsi cepaua. Ceppue cHabXaeTcs Kpo-
BbHO Yepes 1BE KOPOHapHbIe apTepun —MepBble apTepun, KOTOpbIe OT-
XOAAT OT Ayrn aopTbl Cpa3y 3a MONYNYHHbIMW KnanaHamu. JleBas Ko-
pOHapHas apTepus pa3BeTBNAETCA B NIEBONM NOMOBUHE CepAaua, a npa-
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Bas —B 0060MX NOSIOBMHAX cepaua v B ero neperopogke. Xots 6ac-
CeilH NpaBoOli KOPOHAPHOW apTepuy 00Mblle, Yem NEBOR, HO 06BLEM
KPOBW, MPUXOAALLEN MO NeBOM KOPOHapPHOW apTepuu, 60/blUe 13-3a
bonee CUNbHO Pa3BMTBLIX MbILLL, IEBOFO XKe/yAo4uKa. Konnuectso Ka-
NMUNNAPOB Ha efMHULY MacCbl CepLe4HOM MbIlLbl B ABa pa3a 60/b-
Lle, YeM B CKeNeTHbIX MbllILaxX, U Bo3pacTaeT npu pabodyei runep-
Tpodmn ceppua.

BeHO3Hasd KpoBb OTTeKaeT OT cepAua rnaBHbIM 06pa3om 4yepes Ko-
POHapHbLIA CUHYC W 4Yepe3 Mesfikue BeHbl (BeHbl Tebesns) B MONOCTU
MpaBoro W /IeBOr0 XeyJ04KOB.

CyuecTBeHHass 0COOEHHOCTb KPOBOOOpaLLEHNS B CepaLe 3aK/to-
4aeTCA B TOM, YTO BO BPeMS CUCTO/Ibl KPOBEHOCHbIE COCY/bl CAaBMU-
BalOTCA U NMPUTOK KPOBW K MUOKapAy, 0CO6EHHO K XenyAoukam, pes-
KO CHmxaeTcq. Bo Bpems AmacTonbl KPOBOTOK MO cocyfaM cepAua
BO306HOB/AETCS.

Bce HepBbl, Nogxoaswme K cepauy, MMerT CMeLlaHHOe Barocum-
naTnyeckoe MPOUCXOXAeHWe. MapacumnaTnyeckre HepBbl UHHEPBU-
PYIOT Mpeacepaus v rnaBHbIM 006pa3oM Y3/bl MPOBOAALLEA CUCTEMbI
cepgua. Cumnatmnyeckne Hepsbl pacrpefenstoTca B OCHOBHOM B Xe-
Ny[0YKax U B MEHbLUEN CTeneHW B MPeACEPAMAX U UHHEPBUPYIOT
COKpaTUTe/bHbIE MblleYHble BOMIOKHA. KOpoHapHble apTepun v ap-
TepUosbl TakKe WHHEPBMPYIOTCA CUMMATUYECKMMM W napacumnaru-
4ECKMMM HepBamu.

B cocTaBe cepfieUHbIX HEPBOB MMEKOTCH He TO/IbKO 3DdepeHTHbIe
HepBbl, MepejatoLivie NHHOPMALUIO U3 LEeHTPa/IbHOW HepBHOWM CUCTe-
Mbl B CepAue, HO 1 ajhepeHTHble BOIOKHA. OHM HauMHatoTCA C YyB-
CTBUTE/IbHbIX HEPBHbIX OKOHYaHWI B MPEACEPAMAX U XeNyLoUKax, OT-
Beyas Ha HarpskeHue N pacTsHKeHWe CepheyvHOl MbllLbl, a Takxke
y4yacTBYKOT B NpoBeAeHMN 6G0NEeBON YyBCTBUTENbHOCTU OT cepjua B
BbICLUVE OTAE/bl FO/IOBHOIO MO3ra.

OcoGeHHOCT ObMeHa BellecTB B cepaue. O6pa3oBaHMe 3Heprum B
cepaue NpPOMCXOAUT B MNpouecce OKUCIEHUS MUTATeNIbHbIX BELLECTB,
rNaBHbIM 00Pa30M [/1H0KO3bl, XXUPHBIX KUCNOT, OCOGEHHO YKCYCHOMN W
aLETOYKCYCHOM KWCMOT W [pYyrux, B LUKIe TPUKapOOHOBbIX KUCNOT
(umkn Kpeb6ca). na Toro 4todbl 0CBO60AMBLIAACS B a3PO6HbIX YC0BU-
X 3HEPrus mMorna ucnob3oBaTbCs CepaLeM, OHa fO/MKHa ObITb NpeBpa-
WeHa B 3HEPruMi0 Makpo3prmyeckmx (oCchOpHbIX COeAMHEHWNIA, rnas-
HbiM o6pasom AT®P, AP n kpeatuHdochat (KP). 3Tn npoueccol
Ha3bIBaKOTCA OKMCUTENbHLIM (hocthopnnnposaHnem, bnarogaps UM fo-
CTUraeTCs pacyneHeHne aapobHbIX 1 aHa3aPOOHbIX MPOLLECCOB BO BpeMe-
HY, a TaKkXKe NPOLLEcCcoB 0CBOOOXAEHWS U NOTPEONEHNA 3HEPTUN.

Takum 06pa3oM, B Le/IOM 3HEpreTM4ecknin 06MeH B cepaeyHOl
MbILLLE HE OT/IMYaeTCA OT TaKOBOrO B ApYrux mbiwuax. Creympmyec-
Kasi 0CO6eHHOCTb paboTbl cepALa 3aKnyaeTcs B HEMPepbIBHbIX PUT-
MMUYECKNX COKpaLLeHnsaX 1 paccnabneHusx. Bo Bpems kaxaoro cokpa-
LEeHNA Ceple UCMbITbIBAET KUCMOPOAHY HEA0CTaTOYHOCTb, TaK Kak
coKpaliatoLascs cepeyHas MbllLa CAABNBAET KOPOHAPHbIE COCY/pbl
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N NPUTOK KPOBM K MUOKapAy YMeHbluaeTcs. B aTOT nepuog B cepaue
npeobnagaloT aHasapobHble npouecchl: pacnag AT® n K®, Hakonne-
HVWe NPOAYKTOB 0OMEHa, rnaBHbIM 06pa3oM MOJSIOYHOWA W docdop-
HOI Ku1CnoT.

Bo Bpemsi paccnabneHus cepgeqHaﬂ MbILLILA MOMTyYaeT [OCTaTou-
HbI NPUTOK KPOBW 1 B HEl MpeobnagaroT aspobHbIe MNPOLECChI; OKUC-
NAETCH MOJIOYHaA KUCoTa, a pochopHas K1cnoTa MUCrosb3yercs 414
pecrHTe3a MaKpOo3pros.

MopasnTenibHa CKOPOCTb, C KOTOPOM NPOUCXOAAT CMeHbl 6uno-
XMUMUYECKMX MpoLeccoB B'cepAaue. PaHee cuuTann, 4TO KOHLEH-
Tpauma B cepgue ATP, AP, KO n apyrnx Makpospros nocTofdHHa
M mMano 3aeucuT OT paboTbl cepgua. llocnegHne mccnefoBaHus C
NMPVYMEHeHVeM LMTOXMMMUYECKMX METOAOB MOKa3aau, YTo BO Bpems
KaXO0ro CepAevHOro LuKaa NPOUCXOAAT 3HaYUTeNbHble U3MeHe-
HUSA YNbTPaCTPYKTYpbl MUOKapaa. MeHseTca KonnyecTBo, 06beM U
CTPYKTYpa MUTOXOHAPWUIA, KOMMYECTBO rpaHy/ rNKOreHa, KOHLEeH-
Tpaums Makpo3pruyecknx (OCPOPHbIX COeAUHEHWI, aKTUBHOCTb
(hepMeHTOB.

Ecnn BO Bpems CUCTO/bI B MMOKapAe YMeHbLUAeTCa KOHLEeHTpauus
AT, AP n KP, To B Anactony OCyLLIECTBAETCA UX PECUHTES 1 BOC-
CTaHOB/eHVe 00LIEro KO/MYecTsa.

CreflyeT TakXe Y4ecCTb, UTO Cepfue CnoCOoBHO M3BNeKaTb U3 KPOBU
60/bLUEe KMCNIOPOAa, YeM CKefeTHble MbIWLbI, a TakKe 3PeKTNBHEE
MCNONb30BaTb KMUC/IOPOA MUOrI06MHA 1 perynmposats 00beM KpOBWU,
npoxojsLLein Yepe3 KOpPOHapHble cocydbl. YeM MHTeHCMBHee paboTa
cepaua, Tem 60nbLUe KPOBM NPOTEKAET Yepe3 MMOKaps U 60/bLle Kuc-
nopofa 3aTpaumBaeTcs cepaueM, yBenmuuBaeTcs KO3(hMUUMEHT yTu-
Nn3auun Kncnopoga.

SHOOKPVHHASA yHKUMS cepaua. XoTs CepAue v He ABNSeTCS ere-
3014 BHYTPEHHel CeKpeLmmn, HO B HeM 06pa3yeTcs HaTpUilypeTnyecKuii
FOPMOH, Y4aCTBYIOLUWIA B PErynauuy YpoBHS MOHOB HATpPWsA B KPOBW.
Mpn MOBbLIWEHHOM KPOBAHOM [aBfIEHUW 3TOT FOPMOH YBE/MYMBAET
BblBeZeHMe MOoYKamy HaTpus W BOAbl, TEM CaMbiM YMeHbLIas 06bem
KPOBW B OpraHu3me 1 CHUXXas ee faBfieHue.

6.2. CBOWCTBA CEPAEYHOW MbILLLIbI

OCHOBHbIMW CBOWCTBaMW CEPAEYHON MbiLLbl, OMPeAensoLWnMMn
HenpepbIBHOE PUTMUYECKOE COKpalleHWe cepaua B TeuyeHue BCel
XWU3HW OpraHu3ma, SIBNSKTCA aBTOMaTWsi, BO30OYAMMOCTb, NPOBOAU-
MOCTb M COKPaTMMOCTb.

AsTomaTtus. Mo aBTOMaTUeil NOHMMatOT CMNOCOBHOCTL cephey-
HOW MbILLILIbI PUTMUYECKM BO3OYXXAATbCA U COKpallaTbCs 03 KaKux-
NM60 BHELWIHWX NO OTHOLIEHUID K CepAuy BO3AeiCcTBUiA, T.e. 6e3
yyacTus HEPBHOM CUCTEMbl M FymMopaNibHbIX (DAaKTOPOB, JOCTaBNA-
eMbIX K Cepauy KpoBblO.
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[JokaszaTenibCTBOM aBTOMaTUM CepAaua NOCNY>XUAW Chefytolime Ha-
6NI0AEHNA N IKCMEPUMEHTDI.

WM3onnpoBaHHoe cepaue, T. e. BbIBEAEHHOE U3 opraHvM3Ma 1 nome-
LEeHHOe B NUTaTe/bHbIN pacTBOpP, MNPOLO/MHKAET CaMONPOU3BOJIbHO CO-
Kpawiatbcs. [laxe paspe3aHHOe Ha KyCOYKW, OHO COKpaLLaeTcs B TOM
XXe pUTMe, YTO W1 Y 3[40POBOr0 XXMBOTHOF0. EC/N Y XXMBOTHOIO AeHep-
BMPOBaTb Cepaue, T. €. nepepesatb BCe HEPBHbIE CTBO/IbI, MOAXOAALLME
K cepauy, OHO NPOAO0JIXaeT COKpaLlaTbCs.

Ha cnocobHocTn paboTaTb 6e3 BO34ENCTBUA BHELLHUX pa3fipaXku-
Teneil ocHoBaHa nepecagka cepgua. OXXvBNeHWe OCTaHOBMBLUErOCH
cepaua AocTuraeTca BOCCTAHOB/IEHMEM CMOHTAHHOMW aKTUBHOCTU
cepaua, ero aBTomaTuu.

B yeM npuumHa Takoro yHWKanbHOro CBOMCTBa cepfua? Y 60b-
WMHCTBA 6€CNO3BOHOYHBIX XMBOTHLIX aBTOMATWS CBA3aHA C HEPBHbI-
MW FaHrnAMU, PacnofioKeHHbIMU BOAM3M cepaua, T. e. UMeeT Hei-
POreHHYI0 NPUPOAY. Y BCEX XKe MO3BOHOYHbLIX XXMBOTHbIX WU Y YacTu
6ecrno3BOHOYHBIX aBTOMaTUA cepiua 06YC/iOBNeHa He HEpBHbIMU, a
MbILLEYHbIMW KNeTKaMu, KOTOpble CamMOMNpOW3BONbHO [enonspusy-
IOTCA MOCMe KaXoro noTeHUuana AencTBus. OTW KNETKW HasblBa-
I0TCA NericMekepaMmn, UM «3afatoLIMU CePAEUHbIA PUTM», WX BO-
ANTENAMU CepeyHoro putMa. Takas Teopus aBToOMaTMU cepAua Ha-
3bIBaeTCSA MUOTEHHOIA.

Cnoco6HOCTLIO K aBTOMaTUM 0061a4al0T aTUMNMYHbIE MbILEYHble
KNETKW, COCTaBMAIOLME NPOBOAALLYHO CUCTEMY CepaLa.

BeayLiyto ponb B aBTOMatum UrpaeT CUHYCHbIA  y3en. OH
obnagaeT Hanbosee BbICOKOW aKTUBHOCTbIO MO CPaBHEHUID C ApYru-
MW yyacTKamy MpoBOAsLLe/ CUCTEMbI, YacToTa UMMynbcauMm B HeM
Hanbosnee BbICOKasA, ¥ OH 3a/laeT Orpefe/ieHHY YacTOTy COKpaLLeHus
cepaua B COCTOSAHUM (DM3MONI0TMYECKOro NOKos. Takol puTM 06bIYHO
Ha3blBatOT CUHYCHbLIM PUTMOM, @ CUHYCHbIN y3e1 —BOANTENEM pUTMa
cepAua nepeoro nopsiaka.

Ecnn oTaenuTb nuratypoit CUHYCHbIA y3en OT npeacepauii (OnbIT
CraHHuyca), To 06bI4HO cepue ocTaHasnMBaeTca. OfHAKO yepes He-
KOTOpOe BPeMs OHO CHOBA Ha4YMHaeT COKpaLLaTbes, HO B 6o/ee peaKom
puTMe. ITOT PUTM «3adaeT» CNefyHLWMA y3en NpoBOAALLEN cucTe-
Mbl—aTPUOBEHTPUKYNAPHbIA. bonee peakve cokpaweHus
cepaua 0bycnoBneHbl TeM, YTO BO30YAUMOCTb aTPUOBEHTPUKYISPHOTO
y3Na MeHbLLe, YeM CUHYCHOro. JTOT Yy3e/ Ha3blBatoT BOAUTENEM pUTMa
cepfua BTOporo nopsagka. Ecnv ke v aTpUOBEHTPUKYNSPHbIA y3en ne-
pecTaeT reHepupoBaTh BO36YXXAeHWe, TO BOAMTENEM pUTMa cepAua cTa-
HOBUTCS NMYYOK '1ca, HO ero BO3GYAMMOCTb eLle MeHbLLE; My4oK M1uca
Ha3blBalOT BOAUTENEM PUTMA TPETHEro NopsaKa.

B 06bIYHbIX YCNOBUAX aTPUOBEHTPUKYISPHBIA y3en 1 ny4ok Mmca
TONbKO MPOBOAAT BO30OY)XKAEHME OT CMHYCHOrO Yy3/a. VX cobcTBeHHas
aBTOMaTuA Kak Obl NoAaBneHa rnaBHbIM MEeNCMEKEPOM, M TOIbKO Mpu
pa3BMTUM MATO/IONMYECKOro Mnpouecca, MpekpaLlaloLero (yHKLMIO
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CUHYCHOTO Y3/1a, CBOW PUTM HaBA3bIBAKOT HVDKenexalime yssbl. OHU
ABNAOTCA NIATEHTHLIMW, WAW CKPbITbIMW, WAN MOTEHLMANbHBIMY
nencmekepamu.

KakoBa npupoga asTomatnu? MeTogaMu 3neKTpogusnonornm yc-
TaHOB/IEHO, YTO NoTeHuman aenctens (M) KNeTok NpoBoAALLeit cuc-
TeMbl OT/IMYAETCA OT APYIMX MbILIEYHbIX N HEPBHbIX KNeToK. Bo Bpems
paccnabneHus cepgua —AMacTosbl —HaYNMHAETCA Mef/IeHHO HapacTa-
towasa genonspmsauns MembpaHbl, KOTOpas 3aTeM Nnepexoaut B (asy
6bIcTpoi fenonspusaunn (puc. 6.3, A). ®asa penonspusaymmn B neic-
MeKepax [OBO/IbHO MPOLO/NGIrTeNbHasA, B NelicMeKepax CUHYCHOrO y3na
OHa MMeeT BblpaKeHHOe MaTto BMEeCTO nuka noteHumana. Cpasy noc-
Ne BO3BpalLeHUs MeMOpaHHOro NoTeHuMana K YpOBHIO MOTeHUuana
MOKOA CHOBa HauyMHaeTCA Mef/leHHasd AmacTonuyeckasa fenonapusa-
LMs MembpaHbl, U KOrga pa3HoCTb NMOTEHLMAN0B MEXAY Hapy>XHON U
BHYTPEHHEN NOBEPXHOCTAMU MeMBpaHbl YMeHbLLAETCA [0 OnpesesnieH-
HOr0 KPUTMYECKOro, WK MOPOroBOr0 YPOBHS, BHE3aNHO BO3HMKaeT
HOBbIV KPYTOW CABWT 3/1EKTPUYECKOTrO0 3apsafa KNeTKu, YTO CBULETENb-
CTBYET 0 ee BO30YXXAEHWN.

WHTepBan mexay asymsa [ 3aBUCUT OT ANTESIbHOCTU MefJieH-
HOW [MacTONMYeCKOW [enonspusaummn, ee BeNUUYUHbI U NOPOroBOro
ypoBH4A cepgeyHoro N[, Ecnn ckopocTb fenonapusaumm yMeHbLLaeT-

Puc. 6.3. SneKkTpuyeckuii noteHuman neiicmekepa (A) n
patGouero muokapaa (B)
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ca (Hanpumep, MpyY OXNXKAEHWU CUHYCHOMO Y3/1a), TO MOPOroBbIi
YPOBEHb Aenonsapu3aLm HacTynaeT no3jHee, yactota N/ n cokpale-
HUI cepAua ymeHbLatoTes. [pu Bo3pacTaHUM CKOPOCTU Aenonspu3sa-
LMK MeMbpaHbl, HanNpoTKB, MOPOrOBbIA YPOBEHb AeNoNsapu3almn Bo3-
HWKaeT paHbLUe W 3TO MPUBOAUT K YyalleHWo BO36YXAeHWs cepaua.
OTyacTV 3TUM 0OBACHAETCA YyalleHne CephevHOl AeATe/lbHOCTN Npu
NOBbILLEHUN TemnepaTypbl Tena.

MeganeHHas AMacTonnueckas fenonspusauns obycnoeneHa 0co-
GEHHOCTAMM MOHHOM MpPOHULAEMOCTM MembpaHbl nericMekepoB. Kak
N B APYruX KneTkax, aNeKTpuyeckne npoLeccbl B MembpaHax MMOKap-
[a ABNAKTCA CNefCTBMEM MAaCCMBHOIO W aKTUBHOIO MepeMeLleHns
MOHOB HAaTpUA WM Kanus Yepe3 TOHYaiLLMe KaHanbl (Nopbl) B Membpa-
He, MPOHML,AEMOCTb KOTOPLIX PErynpyeTcs 3apsXeHHbIMW YacTuua-
MU —unoHamy Ca™ uan Mn™. MepgneHHaa AnacTtonmyeckaa geno-
napu3aumnsa o6bACHAETCA TeM, YTO BO BpeMsi penonsapusaluy 4acTb
HATPUEBbIX KaHaNo0B He WHAKTUBUPYETCA M OCYLUECTBAETCH ME//eH-
HbIA BXOf CHayasa HaTpus, a 3aTeM KasbLuusi B MembpaHy. Korga Ko-
NNYECTBO MOHOB HATPUS, NMPOHMKLUUX B KETKY, CHU3UT MeMOpaHHbIi
noTeHLMan [0 KPUTUYECKOr 0 YPOBHS, HacTynaeT 6bicTpas (asa fenons-
pusaumm n MM jocTuraet CBOEro MakCMMasibHOro YpOBHS.

B Teopun 06 aBTOMaTUK NEWCMEKEPOB elle MHOr0 HesCHOro, K
PACKPbITME TOHYANLWINX MEXaHU3MOB 3/IEKTPUYECKMX NPOLIECCOB,
NMPONCXOAALWMX B CepAle, —aKTyanbHasa 3afaya COBPEMEHHOW Kap-
auonoruu.

Bo3byaumocTb. B036yaMMOCTb —CBOWCTBO CEPAEUYHON MbILLILbI
NepexoAnTb B_COCTOAHWE BO3OYX/AEHWUA NOA BAUAHWEM Pa3/INYHbIX
pasgpaxuTene.

B ecTecTBeHHbIX yCNoBUAX pasgpaxutenem asngerca M, BO3HU-
Kawwmnii B CUHYCHOM Y3/ie U pacnpocTpaHsAoLWMincs no npoBoas-
LWen cucteme cepaua Ao paboumx KapamoMmuoumnTos. Mpu HEKOTOPbIX
3ab601eBaHMAX CepALa pasjpaxeHne MOXKeT BO3HWKATb B APYrux ero
yyacTKax, KOTopble reHepupytoT cobcTBeHHble MM, v Torga cephed-
HbIA pUTM OyZeT HapyLUeH 13-3a B3aUMOAENCTBUA pa3HbIX N0 YacToTe
n ¢ase M. B akcnepMMeHTax Ha XXMBOTHbIX B KayecTBe pasfpaxure-
nel MOryT 6bITb UCNO/b30BaHbI MEXaHWYECKUe, TePMUYECKME NN XU-
MUYECKMe BO3LENCTBUA, €CNN KX BENIMYMHA NPEBbLILLIAET NOpPoOr BO30y-
OUMOCTH cepAua.

Mpy 60ne3HAX cepAua, COMPOBOXAAKLLMXCA HapyLLUEHNEM Cephey-
HOro puTMa, 60/bHLIM BXUBASAIOT B CEPALLE MUHMATIOPHbIE 3/1EKTPO-
Obl, NUTaloWmecs ot 6arapeek. VIMnNynbCbl TOKa NOAAKOTCA HEMocpes-
CTBEHHO Ha cepjle M BO30Y)KAAT B HEM PUTMUYECKME VMMY/bChI.
Mpn BHe3anHoW O0CTaHOBKe cepALa Unn HapyLLeHUU CUHXPOHU3aL UK
OTZE/bHbIX MbILIEYHbIX BOSIOKOH BO3MOXHO BO3/ENCTBME Ha CepfLe
NPSMO 4Yepe3 KOXHbIA MOKPOB CU/IbHbIM KOPOTKMUM 3/1EKTPUYECKUM
paspsAaoM Hanps>XeHWem B HeCKONbKO KBT. 3TO BbI3blBaeT OfHOBpe-
MeHHOe BO30Y>XXJeHMe BCeX MbILLEYHbIX BO/IOKOH, MOC/e Yero BocCTa-
HaB/MBaeTCA paboTa cepaua.
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Bo Bpemsi B0O36GY>JeHUS B CepAue BO3HUKAKT (DUNKO-XUMU-
yeckue, Mopgonornyeckme M OGUOXMMUYECKME WM3MEHEHUS, KOTO-
pble MPUBOAAT K COKpalleHuto paboyero muokapga. OfHMMM M3
pPaHHUX MPU3HAKOB BO3BYXXAEHWNA ABNAKOTCA aKTUBaLMSA HATPUEBbIX
KaHanoB 1 AN y3ns MOHOB HaTPUA M3 MEXKIETOUYHON XMAKOCTM
yepe3 MemMbOpaHy, YTO MPUBOAMT K ee [enonspus3auun m BO3HUK-
HoBeHuto 4.

B knetkax pabouero muokapga MJ paseH 80..90 mB, npu M4
100...120 MB mepfieHHas LMacTofiMyeckas Aenonsapusaums B OTanyune
OT neiicmMeKkepoB OTCYTCTBYeT. CKOPOCTb HapacTaHus fenonspusalum
Be/IMKa, BOCXOoAAWas 4actb [, oyeHb KpyTas, HO penonspusaums
npoTeKaeT 3amMed/iIeHHO, U MembpaHa OCTaeTcsi Aenonspu30BaHHOW B
TeyeHue COTEH MUMMNCEKYHS (CM. puc. 6.3, [).

Takum 06pasoM, gmTenbHocTb [ B MUOKapAuouuTax BO MHOrO
pa3 60/blle, YeM B APYrMx MblLEYHbIX BOMOKHaX. bnarogaps atomy
BCe MbILLEYHble BOIOKHA MPeACepaniA UK XXenyaovkoB yCreBatoT Co-
KpaTUTbCA [0 TOro, Kak Kakoe-mbo 13 3TWX BOJIOKOH HAYHET pac-
cnabnatbea. Moatomy (hasa penonsapusalmm NPOLO/MKAETCSH B TeUeHue
BCeli cuctonbl. Bo Bpems passutus ML, BO30yAMMOCTb CepAua, Kak K
ApYTuX BO36GYAUMbIX TKaHeW, M3MeHseTcs. Bo Bpemsa fenonspu-
3auMmM BO3OYAMMOCTb CepALAa Pe3ko CHKaeTcs. ITo —pasza ab -
CONWTHON pedpakTepHocTKn. [lpnyunHon ee sBnseTca
MHaKTUBaLMS HaTPUEBbLIX KaHanoB, UYTO MpeKpawiaeT MnocTynfeHune
HOBbIX MOHOB HaTpuMsi B MeMbpaHy. Ecnn B CKeneTHOM MblllLe abco-
NIOTHasA pedhpakTepHOCTb OYEHb KPATKOBPEMEHHAA, N3MEPSAETCS Aecs-
TbIMU AONAMU MUMIMCEKYH/bI N 3aKaHYMBAETCA B HaYasle COKpaLleHns
MbILLLbI, TO B cepALe abcontoTHas HeBO30YAMMOCTL MPOLO/KAETCA BECh
nepuop cucTofbl. paKTUYeCKn 3TO 03HAYAET, YTO eC/IM 0 BPeMS CUC-
TO/bl Ha cepAue AeUCTBYET KaKon-nmbo pasgpaxuTenb, Aaxe CBepX-
MOPOroBbIiA, TO CepALe Ha Hero He pearvpyet. Mo3ToMy B OT/M4ME OT
CKeNeTHbIX MbILLL, CepALe He CMOCOBHO K TETaHNYECKMM COKpaLLEHUAM
N 3alULLEHO OT C/IMWIKOM ObICTPOro NOBTOPHOIO BO36YXAEHWUA U CO-
KpaleHus. Bce coKpaleHus CepAedHol MbIlUbl OAUHOYHbIE. [Mpn
OYeHb 60/bLLIOIA YaCTOTeE UMMYLCOB BO30YXXAEHMS CEPALIE COKpaLLlaeT-
CA He Ha Kbl M/, a Ha TO/IbKO Te U3 HUX, KOTOPble MOCTYNarT Mo
OKOHYaHMN abCONOTHON pelpakTePHOCTH.

Bo Bpemsi HUCXOAALLeN (hasbl penonispusanmm, Kotopas coBnaga-
eT C Ha4asioM paccrabneHuns cepAeyHon MbillLbl, BO30YANUMOCTb Cepa-
Lla Ha4YMHaeT BOCCTaHaBNMBaTbCA. OTO —®Ma3a OTHOCMUTENb -
HOW pedpakTepHocTu. EcnuBHavane Anactosnbl Ha cepaLe
[eCTBYeT KaKOn-mobo [LOMOMHMTENbHbIA pasfpaXuntens, TO cepaue
roTOBO OTBETUTb Ha HEro HOBOW BOJSIHOW BO30YXAeHMsA. BHeouepea-
HOe BO36YX[eHMe U COKpalleHue cepfua noj LeicTeBuMem pasgpa-
XWUTeNns B MNepuof OTHOCUTENbHOW pelpaKTepHOCTM HasblBaeTcs
3KCTPacuCTONON.

Ecnm oyar BHeo4YepeAHOro BO30YXXAEHUS HAXOAWUTCA B CUHYCHOM
y3/e, TO 370 MPUBOAUT K NPEeXAeBPeMEHHOMY BO3HWKHOBEHUIO cep-
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Puc. 6.4. 3kcTpacucrona:

N I, N 2, 3—WNCKYCCTBEHHOE pasfpaxeHne HaHOCAT
BO BpeMS COKpaLLeHWUs XXeNyAo4KoB, MO3ITOMY
apekTa HeT (abcontoTHaa pedpakTepHas asa);
4, 5, 6—pasgpaxeHne HaHOCAT BO BpeMs pac-
cnabneHns MblllLbl U Bbi3blBAIOT NOAB/IEHME IKCT-
pacucTon, amnauTyga KOoTopbiX Tem 60fbLue, Yem
no3xe B nepuoy paccnabneHns HaHeceHo pasjpa-
XeHune. 3TO CBA3aHO C M3MeHeHMeM BO36yAMMOC-
TU MbILWLBI, HACTYNatoLWMM Mocne BO3DYXAEHUS;
npsmble CTPENKU U MYHKTUPHbIE MHUN YKa3blBa-
10T MOMEHT MOSB/MIEHNA WUMMNYNbCOB B CUHYCHOM
y3ne, 6OKOBble —MOMEHT WMCKYCCTBEHHOro pas-

fpaxkeHua cepaua

[e4YHOro umkna, npu 3ToMm nocre-
[0BaTe/lbHOCTb COKpaLleHuid npej-
CEPAVIA N XENyAO0YKOB He W3MEHSs -
etca. Ecnu ke BO30OyXaeHUe BO3HM-
KaeT B XeNyfoukax, TO nocne BHe-
OYepefHOro cokpalleHus (IKcTpa-
CUCTONbI) NOABNAETCA YAJIMHEH-
Had naysa. HTepBan mMexay 3KCT-
pacucTonon 1 cnegytoulein (o4epegHo) CUCTOON XKeNya0UKOB Ha-
3bIBaeTCS KOMMNEHCATOPHON nay3oi (puc. 6.4.).

KomneHcaTopHas naysa 06bACHAETCS TEM, YTO 9KCTPACUCTONA, Kak
1 BCAKOE COKpALLeHNe CepAeYHON MbILLLbI, CONPOBOXAAETCS pethpak-
TepHOW nay30i. OuepeHON MMNY/bC, BO3HWUKAKOWMA B CUHYCHOM
y3/ie, NPUXOAMUT B XXeNyA04KM BO Bpemsi abCONHOTHON pedhpakTepHOCTH
1 He BbI3bIBAET X COKpaLLeHns. HoBoe CoKpalleHne HaCcTynuT nLLb B
OTBET Ha Crefyowmii UMNybC, Korga Bo3oyAMMOCTb MUOKapaa BOC-
CTaHOBUTCA.

Mocne OTHOCWUTENbHON pedpakTEPHOCTU B cepaue HacTynaet
OYeHb KOPOTKWI nepuoj MOBbILEeHHOW BO30YAUMOCTU —3K3aib-
TauMu, Korja cepjue rotoBo OTBETUTb [axe Ha MOANOPOroBoe
pasfpaxeHue.

MpoBoAnMOCTb. MPOBOANMOCTb —CBOWCTBO CEPAEYHON MbILLLbI
NPOBOANTL BO30YXXAEHME.

Kak y)e ckazaHo, umnynbc Bo36yxxaeHus (M), BO3HMKasa B nelic-
MeKepax CUHYCHOrO y3na, pacnpoCTpaHseTcs cHadvana Ha npejcep-
ava. B npepcepausax, rae 04YeHb HebOsbLLOE KONMYeCTBO NPOBOASA-
LMX aTUMUYHBIX MbILLEYHBbIX BO/IOKOH, BO36YXJeHMe pacrnpocTpaHs-
eTCA He TO/IbKO MO HUM, HO ¥ Mo paboymMMm KapgumomuouuTam. 37O
06BACHAET HeBOMbLLYIO CKOPOCTb pacnpocTpaHeHns BO30YXAEeHWA B
npescepansx.

IMOCKONbKY CUMHYCHbIV Y3en pacrofioXkeH B NpaBoOM Mpefcepanu, a
CKOpOCTb Nepegayn MM, Hesenuka, To BO3OYXAeHWe NPaBoro npegacep-
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AVS HAYMHAETCS HEMHOTO paHblue, Yem neoro. CokpateHue e ne-
BOr0 1 NPaBoro npejcepauii NPOMCXoAMT OLHOBPEMEHHO.

Mocne TOro Kak BO30Y)X[EeHWe OXBATUT MbILLLbI NPeCcepAniA, OHK
CoKpaLlaloTcs, a BO36YXKeHNe KOHLEHTPUPYETCH U 3afepXKV1BaeTcs B
aTPUOBEHTPUKYNSPHOM Y3/ie. ATPUOBEHTPUKY/ISPHAA 3afiepkKa AnnTcs
%o OKOHYaHWS COKpaLLeHWs Mpesacepami, 1 TONbKO Moc/e 3Toro BO3-

VKAEHME NepexoauT Ha ny4vok 'uca. Takum o6pa3om, 61onornyeckoe
3HaYeHVe aTPUOBEHTPUKY/APHON 3a/lePXKKN 3aKNtoyaeTcs B obecneye-
HWW MOCNef0BaTENIbHOCTU "OKpaLLEHWIA MNpeacepanii 1 enyLouKoB.
OJHOBpPEMEHHOE UX COKpaLLeHVe NHOra 6bIBaeT NPy 0YeHb CePbe3HOM
naTonormu, Korza Bo3by>kieHne BO3HUKAET He B CMHYCHOM Y3/ie, a B aT-
PUOBEHTPUKY/ISPHOM U pacnpocTpaHseTcs B 06e CTOPOHbI OT aTPUOBEH-
TPUKYNAPHOT 0 Y3Nna —MW B NPeLCepAns, 1 B XeNyLouku. B Takom cryvae
HacTynaeT pe3koe HapyLLeHne reMoLuHaMUKK B CepfLe.

MexaHun3Mbl aTPUOBEHTPUKYNAPHON 3aflePXXKU He BbISACHEHbI. B03-
MOXHO, B/iMsieT HU3Kas amnauntyga MU B KneTkax-neicMekepax faH-
HOro Yy3na, CUIbHasA HaTpreBas MHaKTUBALWSA, 6O/bLLOE CONPOTUB/IE-
HME MEXKNETOUYHbIX KOHTaKTOB.

[Janee B036YX[eHWe pacnpocTpaHAeTca Mo Myyky [mca, HOXKam
nyyka mca v BosiokHam lNypkuHbe. BonokHa MypKUHbE KOHTaKTUpPY-
tOT C COKPaTUTE/IbHbIMU BOJIOKHAMV MUOKapAa, U BO3bYXXaeHve nepe-
[iaeTcs € NPoBOAsALLElN CUCTEMbI HA paboyne MbILLbI.

CKopoCTb pacnpocTpaHeHuns BO30YXeHUs B CepALie crefytoLas:
OT CUHYCHOIO Yy3/1a 0 aTPUOBEHTPUKYNSApHOro y3na —0 ,5...0 ,§ m/c;
B aTPUOBEHTPUKYNspHoM y3ne —0,02...0,05; no nposogsLiein cuc-
TemMe Xenyaoykos —pao 4,0; B COKPaTUTE/NIbHOW MblLLLE XKenynou-
koB —0,4 m/c.

HenocpeacTBeHHas CBA3b NPOBO/sLLEN CMCTEMBbI CepAla ¢ paboum-
MW KapAnoMMoLMTamy OCYLLIECTB/IAETCA C MOMOLLbH0 MHOTMOUMC/IEHHbBIX
pa3BeTB/IeHWA BOMOKOH [ypkuHbe. Mepefaya CUrHanoB MPOUCXOAUT
3NIEKTPMYECKMM MYTEM C HeOOMbLUIOI 3aAepXKKOW. ITa 3afepXXKa BO3-
By>XaeHus cnocobCTBYET CYMMUPOBAHUIO UMY/ IbCOB, HEO4HOBPEMEHHO
MOCTYMNaroLLUMNX N0 BONOKHaM IMypKMHbE, N 06eCrneynBaeT NyuyLlyt CUH-
XPOHM3ALMIO MpoLEecca BO30YXAeHWsT paboyero M1MoKapaa.

B pabouem MUoKape MMeKTCA KOHTaKTbl Kak MeXxay Topuamu, Tak
1 60KOBbIMW MOBEPXHOCTAMM BONOKOH. M03TOMY BO30Y>X/eHVe OT OC-
HOBHbIX CTBO/IOB NMPOBOZASALLEN cuCTeMbl (HOXeK ny4ka Mica) npakTu-
YeCcKV OAHOBPEMEHHO PACnpOCTPaHAeTCA Ha MpaBblid W NIEBLIN Xeny-
[04KM, obecrieymsas MX OLHOBPEMEHHOE COKpaLLEeHMe.

HanpasneHvie BO36YXeHUA BHYTPU XeNy[0UKOB PasiInyHO Y Xu-
BOTHbIX pa3sHOro Buga. Tak, y cobak BO30YyX[eHne BHauae BO3HNKaeT
Ha PacCTOSHUN HECKO/IbKUX MUIIMMETPOB OT BHYTPEHHEN NOBEPXHO-
CTU MbILLEYHOI CTEHKW, a 3aTeM NepexoauT K 3HLOKapAy W anunkapay.
Y KOMbITHbIX (Y KO3) HanpaB/ieHNe pacnpocTpaHeHUs BO36YXAeHUS B
TO/ILIE MbILLIEYHOW CTEHKWU MEHSeTC MHOrO pas, U MHOXECTBO BOJIO-
KOH B palioHax 3HAoKapAa, anukapaa v B rnyouHe CTEHKW aKTUBUPY-
eTCcs NPaKTUYeCKN OJHOBPEMEHHO.
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B MEXOKE/Ny04KOBOM MeperopoAke BO30YXAEHWE HayuHaeTcs B
LLEHTPaNbHOM YacTh 1 ABMKETCA K BEPXYLLKE Y aTPUOBEHTPUKYNSAPHOA
neperopojke, NpUYem BEPXHAS YacTb XKeNy[04KOB aKTUBMPYETCS M03-
Xe; 0[HaKO Ha NpaBoii 1 NeBOV CTOPOHAX MEXOKeNyA04YKOBON nepero-
POAKWN BO30Y)XXAEHVE BO3HUKAET OAHOBPEMEHHO.

Ocob6eHHOCTN pacnpocTpaHeHUs BO30YXAeHWA B cepile uMe-
0T 3Ha4YeHWe Mpu aHanuse 3NeKTPOKapAuOorpamMmmbl —3anunucu 6uo-
TOKOB cepaua.

CokpatumocTb. CoKpauieHne —cneympnyecknii npusHak BO3-
OY>KAEHMA CepAeYHON MbllWLbl. Kak 1 B ApYTMX MbllWLax, COKpalleHve
CepLeYHbIX MbILIEYHbIX BOJIOKOH HAa4YMHAETCA noc/ne pacnpocTpaHeHus
noTeHUMan a LeiCcTBMA MO NMOBEPXHOCTU KNETOYHbIX MembpaH 1 fBNs-
etca (DyHKumeid mmogubpunn. CokpaTuTesbHas cuctema Mnogpumo-
pUNN NpeacTaBieHa YeTblpbMsi 6e/1KaMy —aKTUHOM, MUO3UHOM, TPO-
MOHWHOM U TponomuosnHomM. CokpallieHne muodubpunn cepaua B
NPUHLMUINE He OT/IMYaeTCs OT COKpaLLeHWli CKeNeTHbIX MbILL, corac-
HO TEOPUM CKONbXXEHWUA NPOTOGMOPUIN Xakcnu.

CyTb TEOpPUM XaKC/N 3aK/THYaeTCs B CKONIBXKEHUMN TOHKUX aKTUHO-
BbIX HUTEA B MPOMEXYTKM MeXAy TOACTbIMA MWO3VHOBLIMUA HUTAMM,
4TO MPMBOAUT K YKOPOUeHUIO capkomepa. Mpu paccnabneHny Mbilubl
aKTUHOBbIE HUTW OTOABUIatOTCS Hasad, 3aHUMast UCXOAHOE NOMOXKEHME.
B mexaHun3Me CKOMbYXEHUSI aKTMHOBbIX HUTE WMEeT 3HauyeHue Kasb-
Wi, AeNOHMPOBAHHbIA B CapKoMIasMaTUYeCKOM PETUKY/yMe.

MocnefoBaTeNlbHOCTb ANEKTPUYECKUX N MeXaHMYECKMX NPoLeccoB
NpU COKpaLeHNN CepAeUHbIX MbILeYHbIX BOIOKOH B HAcTosLLee Bpe-
Msl MPEACTaBNSAETCA CieAytolwmm 06pasom. MoTeHuman jeicTBUS, BO3-
HUKLIN Ha MNOBEPXHOCTN MemMOpaHbl MbILLIEYHOr0 BOIOKHa, N0 nomne-
peyHbIM T-Tpyboukam, KOTOpble SBASAOTCA BNAYMBAHUSAMMN Hapy>KHOM
MeMb6paHbl, OCTUIaeT CUCTEMbI MOMNEPEYHbIX TPYOOUEK, COEANHEHHbIX
C UMCTepHamMM capKoniasMaTU4eckoro petukynyma. Monoctu capko-
Nn1asMaT14eckoro peTukynyma He coobliatotcst Hu ¢ T-Tpy6oukamu,
HW C UHTEPCTULMANbHOWN XXUAKOCTbIO M 3aM0/IHEHbI PAaCTBOPOM C Bbl-
COKUM cofilepXXaHVemM WOHOB Kanbuus. Monoctn T-Tpy6ouyek mMmetoT
TaKOW Xe COCTaB, YTO U MeXK/IEeTOUYHasA XULKOCTb.

Bo Bpemsi BO36Y>KAEHMA aKTVBUPYHOTCA HaTpUEBbLIE KaHaslbl B Membpa-
Hax T-Tpy604eK 1 B MMOTLLIa3My BXOASAT MOHbI HATPUS U Ka/lbLiA U3 MEX-
KNETOYHOM XMNAKOCTU. Bonbluas vyacTb BXOAALLErO KaslbLsA He y4acTByeT
B COKpaLleHMn M1Mounbpmnn, a NoNoHAET ero 3anackl B capkoniasma-
TUYECKOM peTuKynyMe. 104 BO3AeNCTBMEM NOTEHLMaNA AeACTBMA NOBbI-
LLIaeTCcA MPOHMLAeMOCTb MeMbpaHbl CapKomnIasMaTUyecKoro peTukynyma
N MNOHbI KafbUWs BbLUENAKOTCA M3 HEro B Muonnasmy. VoHbl KanbLus
CBA3bIBAOTCA C TPOMOHMHOM, YTO BbI3bIBAET KOH(DOPMALMOHHbIE U3Me-
HEHMsi B ero monekyne. CABWr TPONOHUH-TPONOMMUO3NHOBOIO CTEPXKHS
06ecneymBaeT B3aMMOECTBME HUTEN aKTWHA U MMO3MHA (HanOMHKM,
4TO B paccnabneHHoN MbIlLe aKTUHOBbIE BO/IOKHA NMPUKPLITHI MOEKY-
NaMu TPOMOHUHA M TPOMOMMO3MHA, 06Pa3yHOLLMMM KOMIIEKC, NpensT-
CTBYHOLLMIA CKOMbXXEHNIO NpoTOuopunn).
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Mocne 0cBOBOXAEHWUSA aKTMHOBbLIX HUTEN OT G/I0KUPOBKW TPOMo-
MWO3VMHOBbIM KOMM/IEKCOM MUO3VHOBbLIE TO/IOBKU MPUCOEANHSOTCS K
COOTBETCTBYIOLLEMY LiEHTPY aKTMHOBbIX HUTE nog yriom 90°. 3atem
HaCTynaeT CNOHTaHHbIA MOBOPOT rO/I0BKM Ha 45°, pa3BMBaeTCs Hanps-
XEHVEe Y MPOUCXOANT NPOLBMKEHVE aKTUHOBOW HWUTW Ha OLWH LUar.
3TN Npouecchl OCYLLECTBNAKTCA 3a CYET 3Heprun AT®, npuyem pac-
nag AT® KaTanM3npyeTcs akTOMWO3NHOBLIM KOMM/IEKCOM, 06najato-
wum ATd-a3HO aKTUBHOCTHIHO.

Korza Bo30yX/eHvie npekpaLLaeTcs, cofiepXaHne NOHOB KanbLus
B MWON/a3mMe CHWXKaeTca BC/EeACTBME pa60TbI KasibLieBoro Hacoca u
3aKauMBaHNA Ka/bLMs B CapKOMIasMaTUYeCKUin peTukynym, npuyem
Ha paboTy KanbLMEeBOro Hacoca Takxke 3aTpaumBaeTcs aHeprus ATO.
B pe3ynbTate CHUXEHUS COfepPXaHWs Kanbuus B MUoMiasMe Tpomno-
MWUO3VHOBBI KOMMNEKC 3allMLLaeT aKTVBHbIE LLEHTPbl aKTOMUO3UHO-
BbIX HUTEA. HUTU MMO3MHA 1 aKTUHA BOCCTaHaBNMBAKOT UCXOAHOE MNO-
NOXEHWE, ¥ MbIWLA paccnabnseTcs.

3n05KeHHas Teopus COKpaLLEeHNA CepAeYHON MbILULbI BO MHOIOM
06BACHAET 3KCNEPUMEHTa/bHbIE U KIMHUYECKNe HabMoAeHNs 0 BIUS-
HUW KanbLMA U MarHus —ero aHTaroHucTa Ha paboty cepaua. M3BecT-
HO, 4TO NpW Nepgy3nn N30IMPOBAHHOIO CepALLa PacTBOPOM, He COAep-
KalLMM KaNbliMs, OHO OCTaHaB/MBAETCA, a NPU 06aBEHNN KaNbLUs B
Nepyy3vOHHBIV pacTBOP COKpaLleHWs BOCCTaHaB/MBaloTCA. V3BeCTHO
TaKXe, YTO CepAeyHble MKo3Nab! (HanprmMep, npenaparbl HanepcTaH-
K1) YBENIMYMBAIOT MPOHULLAEMOCTb MEMOPaH /1 Ka/lbLa 1 TeM CaMbIM
BOCCTaHaB/MBAIOT TPAHCMOPT KasbLys MeXay CapKonnasmaTuyeckum
PETUKYNYMOM, Hapy>HO/ _MeM6paHO 1 M1ON/Ia3MOiA.

CornacyeTcs € TeOpVei MbILLEYHOrO COKpaLLeHUs 1 6naronpusaTHoe
B/IMSAHVE Ha CepALe MaKpPO3PTrMYECKUX BELLECTB, 3HEPrus KOTOPbIX UC-
Mo/b3YeTca He TOMbKO A/19 MeXaHUYeCcKoro COKpalleHus, HoO 1 Ansa pa-
00Tbl MOHHbIX HACOCOB —Ka/IbLIMEBOTO U Ka/IEBO-HATPUEBOTO.

CokpatuTe/ibHble CBOWCTBA CEPAEUYHOM MbILLblI HECKONBLKO OT/N-
YaKTCA OT CKe/ETHbIX. ECNM CKeneTHas Mblllla pearupyeTt Ha pasapa-
XXEHWe B COOTBETCTBUM C €ro CUJIOW, TO cepfeyHast MbiliLa NoAvnHA-
eTce 3aKOoHY boyauua «Bce Unn Hu4ero». Ero cyTb 3akn04aeTcs B TOM,
4TO Ha MOAMOPOroBble PasfpaXkeHns cephue He cokpallaercs («que-
ro»), a Ha MoporoBoe pasfpakeHne OTBEYAET MaKCHMaslbHbIM COKpa-
LLEeHMEM («BCe»), U yBeNMYEHNe CWU/bl PasfpaXkuTeNs He NPUBOAUT K
YBE/IMYEHNIO CUJIbI COKPALLEHNSA.

B CKeNeTHbIX MbIlILAX 3aKOHY «BCE WM HUYEro» MOAYMHAKTCA
OTZeNlbHble MblLLeYHbIE BOMOKHA. [leno B TOM, YTO MOTeHUWan Aei-
CTBUS BbI3bIBAET OCBOGOX/AEHME Ka/lbLMsi U3 CapKOMIa3MaTnyeckoro
PETUKYNyMa PaBHOMEPHO MO BCE ANMHE BOMIOKHA, MOTOMY OHO CO-
KpaliaeTcs NoNHOCTbI. HO B CKeNETHOI MblLULE MMEOTCs BOIOKHA C
Pa3HOI CTeneHbi0 BO36YAMMOCTI, MO3TOMY MpW CnabomM pasfpaxeHuu
COKpALLaKTCA He BCe BO/IOKHA 1 CYMMapHOE COKpaLleHne OKa3blBaeT-
cs HebonbLIMM. B cepaeyHoli e MblllLe BOMIOKHa paboyero, T. €. CO-
KpaTuUTeNbHOro, MMoKapAa CoeAVHEHbI MEXKNETOUYHbIMU KOHTaKTaMu
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(BblpoCcTaMu nnasmatvyeckux MembpaH), UTO CNOCOGCTBYET MPaKTu-
YecKV OAHOBPEMEHHOMY PacrnpoCTpaHeHWIO NoTeHUMana AeicTBrsA no
BCEM MbILILE, N OHA BO3OY)KAAETCSA 1 COKpaLLaeTCa Kak eAuHbIA opraH,
ABNAACH PYHKLUMOHA/IbHBIM CUHLUTUEM.

3akoH boyauya fBNseTcA CKopee NpaBwIOM C OnpeseneHHbIMK Or -
paHuyeHnaMU. Tpy NoLNOPOroBOM PasfpakeHWn COoKpalleHue, fei-
CTBUTE/IbHO, He BO3HMKAeT, HO B 3TO BPeMsi HauyMHaeTCs aKTuBauus
HaTPUEBLIX KaHaN0B W MOBbILLIAETCH BO30OYAMMOCTb MUOKAPANOLIUTOB.
Bo3HuKaloLwme MeCTHble MOTeHLManbl MOryT CYMMMPOBATLCA U Bbl-
3BaTb PacnpoCTpaHAloLWMAca noTeHyman aenctens. C gpyroin cTopo-
Hbl, CW/a COKpalleHus cepAua, Kak XOpoLo U3BECTHO, HEMoCTOSHHa
1 MOXET U3MEHSATHCA B PA3/IMYHbIX YCIOBUAX XXU3HW.

[Opyrasa xapakTepHast 0CO6eHHOCTb CepAeYHON MbILWLbI 3aK/ToYaeT-
CA B TOM, YTO CWNa COKPALLEHNSA CepAaLa 3aBUCUT OT CTEMNEHWN pacTsxe-
HUSA MbILLEYHbIX BOIOKOH BO BpeMs AMACTO/bI, KOrja noaoctu 3arnofi-
HAKOTCA KPOBbH. 3TO —3aKOH ®dpaHka —CrapnunHra. YKasaHHas 3a-
KOHOMEPHOCTb 0OBACHAETCA TeM, YTO NPU PacTsHXKeHUU ceppua Kpo-
BblO BO BPEMS [LMACTO/Ibl aKTUHOBbIE HUTWU HECKO/NbKO BbITATMBAKOTCA
13 NPOMEXYTKOB MEX/Y MWO3MHOBBLIMU, W NPU MOCMeAYIOLLEM COKpa-
L{eHNN BO3PACTAET YNC/IO EHEPUPYIOLWMX CUAY MOMEpeUHbIX MOCTU-
KoB. Kpome TOro, npu pactarnBaHny cepaevyHoON MbllLbl B Heli NOBbI-
LLaeTca CONPOTUBNEHME YNPYTUX 31IEMEHTOB, U BO BPEMS COKpaLLeHus
OHWN MTPaOT PO/ib «MPYXXMHbI», YBENNYMBAS CUNY COKPALLEHWS.

Oco6eHHO BaXkHOe 3HayeHMne 3akKoH PpaHka —CTapavHra umMeeT BO
BpeMs YCUIeHHOM paboTbl cepaLa, Korja Bo3pacTaeT 06beM KpoBU, Mo-
CTyNaroLLei B Hero BO BPeMs AUacTo/bl. YBeNMYEHNE C/bl COKPALLLEHNS
MPVBOAMT K TOMY, YTO BCA KPOBb BblGpACchIBaeTCA NPY CUCTOSE XENYL0u-
KOB B apTepua/ibHble COCY/bl, MHaYe Noc/e KaX4oro COKpaLleHns B cepa-
Lie ocTaBasiacb 6bl 3HaUMTEIbHASA NOPLUMA KpoBy. IMpw oTcyTCTBUM 60/1b-
LLIOI Harpy3ku 1 Heb6osbLLIOM 06beMe KPOBOTOKA CIA/a COKPALLEHUS Cepl-
Lia yMepeHHas. TakuM 06pa3om ceppLie Crioco6HO perynposaTh B U3BECT-
HbIX Npefienax cuny CoKpaLLeHNs B 3aBUCMMOCTM OT 06beMa KPOBOTOKa.

6.3. CEPAEYHbIN LMK U KNAMAHHBIA ANMAPAT CEPALA

Mo cepAeyHbIM LMKIOM NOHMMAKOT MocnefoBaTebHble YepeaoBa-
HUS cokpalleHms (cuctona) u paccnabneHuns (ouacrtona) nonocTei
cepAua, B pesy/ibTaTe Yero OCyLIeCTBNSETCA nepekaynBaHue KpoBU U3
BEHO3HOr0 pycna B apTepuasibHOe.

B cepfieuHOM LMK/e MPUHATO BbLIENATL TPU (hasbl:

nepBas —CuUCTONA NPeACEPANIA N LMacTonNa XKeNlya04KOB;

BTOpas —pmactona npeAcepanii v CUCTONA XXeNyA04YKOB;

TpeTbs —O06Las AnacTona NpeLcepanin n XenyLouKoB.

CepeyHblii UMK HAYMHAeTCA C TOr0 MOMEHTa, KOorfa Bce NosiocTu
cepAua 3anosiHeHbl KPOBbHO: Mpefcepans —MONHOCTbIO, a Xenyaou-
ku —Ha 70 %.
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B NepBY a3y CepAaeyHoOro LMKIa COKpaLarTca npea-
cepavs, faBneHne B HWUX MOBbLILIAETCA M KPOBb HArHeTaeTcs B Keny-
[LOYKMN, BbI3blBas UX pacTsXkeHue (Keny[ouky B 3TO Bpems paccnabne-
Hbl). O6paTHO B BeHbl KPOBb U3 MPeACEPAWIA He NOCTyMnaeT, XOTH ee
[aB/IEHNE B HUX BO BPEMS CMCTO/bl CTAHOBUTCA GO0/bLUE, YEM B BEHAX.
370 06bACHAETCA TeM, YTO COKpalyeHWe Npeacepavini HaumHaeTcs C
OCHOBaHMA W LMPKYNAPHble BOMIOKHA, OKpyXawllue Bnajawolive B
npeacepavs BeHbl, X CAAB/IMBAIOT, Urpas posib CBOe06pasHbIX CPUHK-
TepoB. CTBOPKM aTPMOBEHTPUKYNAPHLIX KNarnaHoB OTKPbIThbI U CBUCA-
0T BHU3 —B CTOPOHY XeNlyJO4KOB, He MPEnATCTBYS ABUMXEHUIO KPO-
B/. B cepaeyHOM UMKe Ha [ONH0 MepBOi (hasbl NPUXOLUTCA OKOMO
12,5 % BpemeHu.

BTtopas as3a HauMHaeTcs, Korja BO36Y>KAeHMe U3 aTpUOBEH-
TPUKYNSPHOTO y3/a neperigeT no NPOBOAALLEA CUCTEME Ha MUOKapg,
XenyaoukoB. K 3TOMy BpeMeHW XenyAouku MOMHOCTbH 3anO/HeHbI
KPOBbLO U CTBOPKM aTPIVIOBeHTpVIKyﬂHprIX KnanaHoB Kak 6bl BCM/blBa-
IOT BMECTE C KPOBbHO. [Mpu COKpaLLeHNN MbILLLLbI XeyJ0UKOB YBENYU-
BAaeTCA [aB/ieHne B UX NONOCTAX N aTPUOBEHTPUKYSAPHbIE KNanaHbl 3a-
XNonbIBakTCA. BblBOpauMBaHnIO KnanaHoB B CTOPOHY Npeacepanii npe-
NATCTBYIOT CYXOXW/bHbIE HUTU, WA CTPYHbI, UAYyLWMe OT CTBOPOK K/a-
MaHOB K COCOYKOBbIM MbILILAM enygoukos. anunispHble MblL-
Libl, COKpaLlascb, HaTArMBalOT CyXOXWU/bHbIE HATKU, N Kpas CTBOPOK He-
CKO/IbKO 3aBOpayuMBatOTCA B CTOPOHY XXeNy[ouyKoB TaK, 4TO /10nactu
K/arnaHoB He NPOCTO COMpMKacatoTCA CBOMMU KPasmu, HO 1 MepeXxxmma-
HOTCH, HafeXHO 3aKpbiBas aTPUOBEHTPUKYNAPHbIE OTBEPCTUSA. ITOMY
CMOCO6CTBYET TAKXKe COKPALLLEHME KOMbLEBbIX MblILUL, OKPYXXatoLLmX OT-
BEPCTUSA MEXAY MpefcepAnaMu U XenyoouKamu.

B Havane cuCTosbl Xeny[oukoB NOMY/yHHble KnanaHbl Takke 3a-
KPbITbl, NMOCKO/IbKY OCTaTOYHOE AaB/ieHWe B aopTe M NIErOYHON apTe-
puK nocne NpefpLLyLIero cepAeyHoro LMKna Bbille, Yem B XKenyou-
Kax. MoaTomMy B Hayane BTOPOW (ha3bl >KeyAouKN COKpaLLakTCs, Kor-
[la BCe KnanaHbl 3aKpbITbl. A NMOCKO/bKY KPOBb KaK XXWUAKOCTb HE CXKK-
MaeTcs, TO COKpalleHWe MbIllbl NPUBOAMT He K YKOPOUYEHWUHD Mbl-
LUEYHbIX BOJIOKOH, a K YBE/IMYEHWNIO UX HanpshkeHus. Takol Bup co-
KpaLeHnNa MblLLL, Ha3blBAeTCA W30METPUYECKVM, NOITOMY HayaslbHbIi
Nnepuos CUCTOJbl KeNy[OYKOB Ha3blBaeTCAd MNEpUOLOM HarpsXXeHUs
WM U30METPUYECKOro CoKpalleHud. [laBneHne B MOMNOCTAX >Kenynou-
KOB BO3pacTaeT, M Korja OHO CTaHeT Bbllle, YeM B aOpTe W Nero4HoM
apTepun, OTKPbIBAOTCA MOJYNYHHbIE KfanaHbl, X KapMallKy TOKOM
KPOBM MPWKMMAKOTCA K CTEHKAM COCY[0B U KPOBb NOJ faBNeHNeM Ha-
YMHAET M3NMBaTbCA U3 cepaua. 3T0O —Nepuos N3rHaHusa KpoBu.

BHauane fgasneHve B NOMNOCTAX XeNyL0UYKOB BO3pacTaeT ObICTPO U
KpOBb ObICTPO M3NMBAETCS W3 NIEBOr0 XKENyaouka B aopTy, a U3 npaso-
r0 —B JIErOYHYH apTepuio 1 06BEM XKe/lyJ0UKOB Pe3K0 YMEHbLLIAeTCs.
3706 nepros MaKCMManbHOIO OMOPOXHEHUS. 3aTeM CKOPOCTb Teue-
HUS KPOBW U3 XKeNyJ0UKOB 3aMef/IfeTCs, a CoKpallleHne Mmokapaa oc-
nabnseTtcs, HO AaBNeHNe B XKeNyouKax BCe elle Bbllle, YeM B COCyfax.
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N, cnefoBaTeflbHO, MONYNYHHbIE KnanaHbl BCE ele OTKPbITbl. JTO
nepuoj 0CTaTOUuHOro OMOPOXXHEHUS cepAua.

Bo Bpems BTOpOWi (ha3bl Npeacepans ocTatoTcs paccnabneHHbIMK, [aB-
NeHMe B HUX HU3KOE, HWXKE, YEM B BEHAX, U KPOBb M3 MOSbIX W ErOYHbIX
BeH CBOGOAHO 3ano/iHAET NOOCTW Npeacepanin. Mo AnUTeNbHOCTW BTO-
pas (hasa cepieyHoro Lmkna 3aHumaeT okono 37,5 % BpeMeHMU.

TpeTbda (asa cepheyHoro umMkna —obuas guactona, Korga
paccnabneHbl U NPeACepPANs, W >XenyAoukn. Ha ee [0/110 NpuxoguTcs
0K0/10 50 % BpeMeHM BCero UMkna, ™ a (asa HauyMHaeTcs ¢ paccnabne-
HUS KeNyAouKoB. [laBneHne B HAX NafaeT U CTaHOBUTCS HIKE, YeM B
aopTe M NIero4HOM apTepumn, 4TOo 0becneuynBaeT 06paTHbIN TOK Kpo-
BW —B CTOPOHY XXe/ly404KOB, 3ano/IHeHNe KapMallKoB NonynyHHbIX
KNanaHoB M WX CMbIKaHMe. JTUM MpefoTBpaLlaeTcs MnocTynneHue
KPOBW 13 COCYZ0B B XXey[o4KM.

Korpga faBneHvie B Xenyfoukax CTaHeT HWKe, YeM B Npeacepausx,
TO NOJ AaB/IEHNEM KPOBW OTKPbIBAKOTCA aTPUOBEHTPUKY/IAPHbIE Kia-
NaHbl U OHa W3 NPeACePAUIA N3NMBAETCA B Xenyaoukun. MpoucxoamT
3amnosiHeHMe KPOBbIO BCEX MOOCTel cepaua. TakumM 06pasom, K Havany
HOBOrO CepeyHoro LMKa cepALe 3ano/iIHEHO KPOBbIO, aTPMOBEHTPU-
KYNISPHbIE KanaHbl OTKPbIThI, & MOJYNYHHbIE —3aKPbIThl.

AHann3npys NpoLO/MKUTENIHOCTb KaXK0M (hasbl CepevHoro LuK-
na, CTaHOBUTCS ICHbIM, YTO AMAacTO/IMYECKMe Nepuoabl 6onee nNpogon-
XWUTENbHbI, YeM CUCTO/MMYeCcKUe. [eicTBUTENIbHO, Npejcepans ocTa-
IOTCA B pacc/iiab/ieHHOM COCTOSHWUM 0K0M10 87,5 % BpeMeHU, a XXeny-
foukn —62,5 %. CnefosatefisHO, 0fiHA U3 NPUYNH HEYTOM/IAEMOCTM
cepAua 3akntoyaeTcs B TOM, YTO OHO A0/bLUE OTAbIXAeT, YeM paboTaerT.
OfHaKo 3TO BO3MOXHO TO/IbKO MPU HOPMasbHOW 4acToTe cepieyHoin
fedaTtenbHocTW. Mpn yJalleHnn cepguedbreHns AIUTeNbHOCTb KaXKaoro
CepAeyvHoro LuMkKa ykopaumMBaeTcs B OCHOBHOM 3a CYeT AuacTofibl,
BCNeACTBME Yero CTaHOBATCS 60/1ee MHTEHCUBHbLIMU BUOXUMUYECKNE 1
3HepreTUYecKme NpoLLecChl B CepAle VM HauMHAET CKasblBaTbCA Hefo-
CTaToOK K1cnopogaa, nutartesibHbIX BELLeCTB.

Kak n3meHseTcs faBfieHne B MonoCcTaX cephua BO BpeMs cepaeu-
HOro umkna? Bo Bpems CUCTOMbI AaBneHue B Mpefcepansx foCTUraet
5..15 MM pT. CT., B neBoM >xenygoyke — 115...160, a B npaBom —
30 mm pT. cT. Bo Bpems AMacTonbl AaB/ieHME B XXenyfoukax nagaet go 0,
4TO U BbI3bIBAET MPUTOK KPOBM N3 BEH Yepe3 MPeSCcepans B Xenynouku.
Mpw opcrpoBaHHOM BbLLIOXE AaBNEHME MOXET CTaTb OTPULATENbHbIM.

6.4. PUSNHECKUNE ABJIEHNA, CBA3SAHHBLIE
C PABOTOWN CEPALA

B aTOoM pasgene pacCMOTPeHbl BHELUHWE MPOSABIEHUS CepAevHON
[eATeIbHOCTH, UMEIOLLME BaXKHOE K/IMHUYECKOe 3HayeHue, —cepaey-
HbIA TONYOK, TOHbI CepALa, CUCTOIMYECKUIA U MUHYTHbBIA 06bEMbI CepA-
La, aneKTpokapamorpapus.
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CeppaeuHbliii Tonuok. CepaeyHblit

TONYOK —3TO yjAap cepAua o rpya-
Hyt0 KneTky. OH 06HapyXuBaeTcs
Mpn BHELLUHEM OCMOTPE XXWBOTHOTO
¥ nanbnaumm c neBor CTOPOHbI rpya-
HOW K/ETKW >XUBOTHbIX. TOYHas TO-
norpagua 06nacTu cepfevHoro Ton4-

Ka 3aBMCUT OT BUA )KUBOTHOTO.

CepfAeyHblii TONYOK BO3HMKAET Py, 6.5. Cxema BepxylLeaHoro (A) u
BCNEACTBNE TOTO, 4TO BO BPEMA CM- 60K0BOro (B) cepaeiHoro Tonuka:
CTO/Ibl XENy04KOB CepALie Hanpsra-
eTcA, CTAHOBUTCA 60Mee NAOTHLIM U '2_”H"QA’S;?SH”Se°§£€5‘SJ£&“K:§J§E§'
ynpyruMm u crerka npunogHUmaeT-
cA, TaK Kak B PyAHOM MOMIOCTM OHO KaK Obl NOABELLUEHO Ha KPYMHbIX
KPOBEHOCHbIX COCYyAax. Y KPYMHbIX XXUBOTHbIX (/loLajb, KOPOBa) CEepA-
Le MPYKMMaeTcs K rpyLHON KeTKe /1IeBOM OOKOBOW MOBEPXHOCTHIO,
Takou cepAeyHblii TOMYOK Ha3blBaeTCd G OKOBbLIM. Y MENKUX XN-
BOTHbIX CepfLe He TO/IbKO NPUNOLHUMAETCS BO BPEMSA CUCTO/bI XKefy-
[OYKOB, HO W C/erka noBopayvBaeTCs BOKPYr CBOEW OCW, Y[apssiCb O
FPYLHYIO CTEHKY BEpXYLUKOW. Takol cepfeyHblii TONYOK Ha3blBaeTcs
BepXyweyHblm (puc. 6.5).

MpW KNMHUYECKOM OCMOTPE XMBOTHOrO 06pallatoT BHUMaHWe Ha
Tonorpaduio cepAeyHoro To/4Ka, Tak Kak CepfiLe MOXeT CMeLlaThb CBoe
MONOXEHWE B rPYAHON MOJIOCTK, a TaKXKE Ha ero CUy 1 YacToTy.

UacToTa 1 pUTM COKpallgHuii cepaua. 104 4acTOTOW COKpaLLeHWiA
MOHMMAKOT KONMYECTBO CEPAEUHbIX LMKN0B B 1MUH. YacToTy COKpa-
LLEHNIA MOXHO OMpesennTb Mo YACTY CepAEUHbIX TONYKOB, T. €. CUCTO/
XXenyAoukoB B TeYeHMe | MUH.

YuallieHune cepAeyHbIX COKpaLLleHNA Ha3blBaeTCs TaxukKapam g,
ypexxeHne —6pagukapauns.

YacToTa CoKpalleHuid cepaLa B COCTOSAHUN (DU3MONOTMYeCKOro no-
KOS AB/IAETCA BaXKHbLIM KIMHUYECKUM NMPU3HAKOM, XapaKTepu3yoLwmnm
((:ep6,u,eq6HyK; LeaTeNbHOCTb XUBOTHOIO, U MMEET BUA0BYH 0COGEHHOCTb
Taosn. 6.1.).

6.1. YacToTa CcoKpallieHWii cepaua B 1 MUH

Konnuectso Konnyectso

Bug, )KMBOTHOTO COKpALLIEHMA Bug X1BOTHOrO COKPALLIEHUT
Jlowagb 24..42 Kponuk, KoLika 120...140
KpynHbIil poratblii CKOT 50...80 MbiLb 500...700
Menkuit poraTblii CKOT 60...80 CnoH 2S...28
CBUHbA 60...80 Kypuua Ao 300
Cobaka 70... 100 MeBune NTULbI 700... 1000

3 paHHbIX Tabanubl BUAHO, YTO YEM Me/lbye XXMBOTHOE, TEM yvallle
y Hero cokpallaeTca cepae. 3T0 CBA3aHO C 60n1ee MHTEHCUBHbLIM 00-
MEHOM BELLECTB Yy Me/KMX YKMBOTHbIX W GO/bLUei MOTPeBHOCTLI0 KX
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OpraHoB ¥ TKaHeli B JOCTaBKe KpoBW. [oyeMy Xe y fowagn, y KoTopoii
macca Tefla MaJio 0T/IM4aeTcs OT MacChbl KOPOBbI, YacTOTa COKpaLleHui
cepfua moyTy B ABa pasa MeHblue? [NpeanosnaratdT, UTO Y KUBOTHbIX,
MPUCNOCOBNEHHBbIX K OOMbLLION (DU3NYECKOW Harpyske, TkaHu 6Gonee
9KOHOMHO PacxofyroT KUCNOPOL, N NUTATENbHbIE BELLIECTBA, Y HUX BbILLE
LLEeI0YHON pe3epB 1 BytepHas eMKOCTb KPOBU. 103TOMY B COCTOSHUM
MOKOS Y HUX COKpaLLEHUs cepaua 1 YacToTa [blXxaHus 6onee pefkue.
3aTo Npu PU3MYECKOI Harpy3Ke YacToTa COKpaLleHWid cepaua MOXeT
BO3pacTaTb B HECKO/IbKO pa3. OfHAKO My CNOPTUBHBIX /0LLAafe YacTo-
Ta paboTbl cepaua npy Harpy3ke MOXET 6blTb HeOLMHAKOBOW. Tak, Yy
MOJIOA0M, He NpoLueALleli TPEHUHT nowaan nocne 15-MuHyTHOrO Gera
yacToTa cepauedueHnii 4oXoauT A0 (20 yaapoB M BO3BPALLAETCS K HOP-
Me ToMbKo Yepes 50...60 MVUH. Y TpeHUpOoBaHHOIA N1oLwaamn nocsie Takon
»Ke Harpy3ku yactota cokpaieHuin meHblue —80...90 1 Bo3BpaLlaetcs K
HopMme yxe 4epes 20...25 MUH.

YacToTa COKpalleHWii cepfua 3aBUCUT OT BO3pacTa. Y nnoja Ko-
poBbl OHa cocTaBnsieT 120...190 ypapoB B 1MuH. Boobule yactoTa
cepauebueHns y naoga He COOTBETCTBYeET YacTOTe COKpALLEeHWUiA cepa-
La matepyn. OHa MOXET ObITb pexxe y nnogda (Kpbica, NTULa) UAKn Yalle
(Koposas), 4em Y B3POC/IOA 0COOM, 1 3aBUCUT OT PasBUTUS CTPOEHUSA U
(PYHKLMN CUHYCHOTO Yy3/ia —BOANUTENs pUTMa cepAua.

Y MO0M0f4bIX XXMBOTHbIX YacTOTa COKpalleHUi cepjla HaMHOro
0onblUe, Yem Yy B3pOC/bIX: Y LIEHKOB B Bo3pacTe 16..18cyT 4acToTa
cepauebunenmin gocturaet 180...200 yaapoB B | MWH, Y MOPOCAT B He-
JenbHoM Bo3pacTe —a0 200. YuauleHne paboThl cepAlia Y MOMOoAHsKa
CBf3aHO C HefoCTaTOYHO C(POPMUPOBABLLMMUCS BHECEPAEUYHbIMU pe-
rynatopamy paboTbl cepaua, B 4aCTHOCTM OTCTaBaHVWEM B PasBUTUU

NY)XXOAKOLLEro HepBa.

rof pUTMOM CepAeUHON feaTelbHOCTU NOHMMAKOT NpaBusibHOE COo-
rnacoBaHme BO BPEMEHMW CepAeYHbIX LUMKN0B. [n OLeHKN cepAeyHoro
puTMa crefyeT npoaHasM3npoBaTb XOTS 6bl B TEYEHME | MUH 3amuchb
CoKpalleHu ceppua (kapavorpaMmmMy) uam 3anuchb 31eKTPUYECKMX Mo-
TeHUManoB (371eKTpoKapanorpamMmmy), obpaTe BHUMaHWe Ha UHTep-
Ba/lbl MeXy OAMHAKOBbIMM (Pa3amy CepAeyvHoro LuKna —Hanpumep,
MeXay ABYMS MOCNefoBaTe/IbHbIMU CUCTONaMU MPeACEePANA nin Xe-
Nyao4koB. CepaeyHas fesaTeslbHOCTb MOXKET ObITb PUTMUYHON (OANHA-
KOBble WUHTEPBa/ibl) Y HEPUTMUYHON. VI3MEHEHUS CephevyHOro putma
Ha3blBatOTCA AapUTMUAMN .

ApUTMUN MOTYT ObITb (DU3NONOTNYECKUMU U MATONOrMYECKUMN.
Y 3[40pOBbIX XWBOTHbIX (DM3NONOTNYECKNE apuUTMUM Hab/IoAaTCA
BO BpeMS AbIXaTeNbHOIo LMKa U Ha3bIBAKTCA AbIXaTeNbHOW apuTMu-
el. [bixaTenbHas apuTMUS CBA3aHa C M3MEHEHMEM TOHyca 6yxaato-
Lero Hepsa BO BPEMS BAOXa W Bbl0OXa W MPOSBNAETCA B TOM, YTO K
KOHLY B[l0Xa 4acToTa COKpAaLLeHWiA cepAla He3HauUMTeNbHO HapacTaerT,
BO BPeEMS Bblj0Xa —YpeXxaeTcs.

®dunsmnonornyeckas apuTMmna MoXeT OblTb Y MONOABLIX XKMBOTHbIX U
feTeil, 0CO6eHHO B Meproz NosoBOro Co3peBaHuns, No3TOMy OHa Hasbl-
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BAETCH HOHOLUECKON apuTMueid. MpUUNHON ee ABNSETCS HEYyCTOWuU-
BOCTb BEreTaTMBHON HEPBHOW CUCTEMbI K Pa3/IMYHbIM 3HLOKPUHHBIM U
HEPBHO-MCUXNYECKMMMN BINSHUAM.

O6a Bmaa (hM3MOMNOTMYECKON apuUTMUM He MNPUBOAAT K Cylle-
CTBEHHbIM W3MEHEHMAM TeMOLMHAMWUKN U He TpebyrT creuunanb-
HOrO fleYeHus.

ToHbl cepaua. ToHbI cepAla —3To 3BYKW, KOTOPbIe BO3HMKAOT BO
BpeMsi paboTbl cepaua. OCHOBHOWM MCTOYHMK 3BYKOBbIX IBMIEHNII —pa-
60Ta KnanaHHoro annapata, 38yku BO3HWKatOT BO BPEMSs 3ax/10MbIBa-
HMA KnanaHos.

TOHbI CepAua MOXHO YyCblWwaTb, MPUIOXKMB K TPYAHOW KeTKe
nmbo yxo, Nnbo annapar AN NPocnyLmMBaHUA —CTETOCKON UM ¢ho-
HeHAgockon. MpocayLIMBalOT TOHbI CepALa B TeX MeCTax, rae KnanaHbl
MNPOELMPYOTCA Ha NOBEPXHOCTL TPYAHON KNETKW. DTN TOUKU, a UX Ye-
Tbipe —M0 YWCNY KTanaHOB —Ha3bIBAKOTCSH TOYKAMMN HanyuyLLUei crbl-
LIMMOCTU unm puncta optima. Tonorpadusa aTUX TOYeK pas3nyHa B 3a-
BUCUMOCTM OT BMAA XNBOTHBIX.

Mpun aHanu3se cepAeyHbIX TOHOB 06pallalT BHUMaHME Ha UX TO-
norpaguio, cuay, 4actoty, pUTMUYHOCTb U HaNU4Me WAN OTCYTCT-
BME [LOMNOMIHUTENbHbIX —NAaTO/IONMYeCKUX —3BYKOB, KOTOpble Ha-
3bIBAKOTCA WymMaMu. KccnefoBaHne TOHOB cepaua siBAsSeTcs oc-
HOBHbIM K/IMHUYECKUM METOAOM W3YYeHUSA COCTOSHUA KnarnaHHOro
annapara cepaua.

Kak 13BeCTHO, aTPMOBEHTPUKYIAPHBIE KamnaHbl 3aX10MNbIBAHOTCA B
Hauase CUCTO/bl XKEeNyAouKoB, a MONYNYHHbIe —B Havyane AuUacTosbl
KE/lylO4KOB. Pa3ninuatoT fiBa OCHOBHbIX TOHA Cepua: Nepsblid, nau
CUCTONNYECKNIA, U BTOPOW, UM ANACTONNUECKNIA,

MepBbliA TOH —CUCTONNYECKNIA, COBMAZAET C CUCTO/ON Xe-
NYA0YKOB, OH HU3KWUIA, TNYyXOR, NPOTSHXKHbIA. MOMUMO 3ax10MNbiBaHUS
CTBOPYATBLIX K/1anaHOB ero KOMMOHeHTaMu ABNAKTCA KonebaHus, um
BMOpaLMSA CYXOXMWMbHbIX CTPYH, NMPUKPENIEHHbIX K CTBOPKaM Knana-
HOB. 3BYKM BO3HMKAIOT TakXKe Npu 6bICTPOM BblOpacbiBaHUW KPOBU U3
YKeNyA04YKOB, CONPOBOXAAKOLLEMCSH TypOYneHTHbIM (BUXPEBbIM) ABU-
XXeHveM. BO3MOXKHO, 3BYKM FeHepupytoT CaMu MbILLEYHbIE BOSIOKHA
npy nx cokpalleHnn. Taknum o6pa3oM, NepBblil TOH cepaua ABNseTcs
MHOTrOKOMMOHEHTHbIM.

BTopoi TOH —AnacTonnueckui, cosnagaeT ¢ Hayanom Au-
acTo/Ibl XKe/y/|04KOB; 3BYK KOPOTKMIA, BbICOKMI, 3BOHKMIA, OTPbIBUC-
Tbll. OH cuMTaeTcsd OAHOKOMMOHEHTHLIM K o6ycnoaneH 3ax/onblBa-
HVEM MOYNYHHbIX KnarnaHoB.

Pa3nnunTb NepBbliA U BTOPOA TOHbI MOXHO He TO/IbKO MO BbICOTE U
MPOAO/IKMUTENBHOCTM, HO U MO I/IHTepBaJ'IaM MEXAY HUMMW. Y XXUBOTHbIX
C UnCNIOM COKpalleHuii cepaua ao 60..80 B | MUH Mexay nepBsbIM 1 BTO-
PbIM TOHOM WHTEPBaS MasleHbKWUiA, a MeXay BTOPbIM ¥ MOCNeAYHOLLMM
nepBbIM —60/1bLLe. [py 60/1ee YaCTbIX COKPaLLEHUAX cepALla NHTepBa-
Nbl CrNQXMBAKOTCSH, @ TOHbI C/lefyeT COMoCTaB/IATh C CepAeYHbIM TONMY-
KOM; NepBblil TOH C/ibILLEH BO BPEMS CEPAEYHOr0 TOMYKA.



[na 6onee feTtaslbHON XapakTePUCTUKN TOHOB MPUMEHSAIOT METO[
peructpauum (3anucun) 3ByKoBbIX ABNEHUN cepiua —®hoHOKapamorpa-
tuto. Mpy paclngpoBke hoHOKapAMOrpaMmMbl MOMUMO ABYX OCHOB-
HbIX TOHOB —TEPBOr0 M BTOPOrO BbLUENAOT 06aBOYHbIE TOHbI, UX Ha-
3bIBAtOT TPETbMM N YETBEPTHIM.

TpeTuih TOH BO3HMKAET MOC/e BTOPOro, KOrfa >enysouku
HauMHatOT ObICTPO HAMONHATLCA KPOBbHD. YeTBepTblil  TOH
npesLecTBYET MePBOMY U CBA3aH C KOMebaHMSMW CTEHOK XXenypnou-
KOB B MOMEHT [J06aBOYHOr0 HamMo/IHEHUA WX KPOBbIO NPU CUCTONe
npeLcepanii.

[Tpu HenocpeAcTBEHHOM NPOC/YLLUMBAHUN CepALIA TPETUIA 1 ueTBep-
Tblil TOHbI C/IMBAKOTCA C OCHOBHbLIMMW M NMO3TOMY HE Pas/nyaroTCs.

MUHYTHBIA 1 cUCTOMMUYecKuii o6bembl KpoBoToka. O6beM KpOBM,
BblGpacbiBaeMblli 13 NPaBOro WM NIEBOTO XenyAo4vka BO BpeMs UX CU-
CTO/bl 32 | MUH, Ha3blBaeTCA MUHYTHBLIM O06BHEMOM KPpO-
BOTOKa. MWUHYTHbIA 06bEM NPaBOro U IEBOr0O XXeyf04KOB Npu-
MEpHO OAMHaKoB. Ecnmn ux 06bembl ByayT OT/IMYATLCA, TO NPOU3ONAET
pe3Koe HapyLleHWe reMoAMHaMUKN —3acTOl KPOBU B OAHMX TKaHAX W
opraHax opraHusma v HefloCTaTOK —B [pYruX.

MWHYTHbI 06beM KPOBOTOKA OMNpeAensitoT KOCBEHHO, N0 06beMy
KMCMopoAa, BAbIXaeMOro 3a | MWH, ¥ N0 pasHULLE COAepXXaHus Kuc-
nopoja B apTepuasibHOM U BEHO3HOW KpoBu (MeTog Puka). Hanpu-
Mep, 3a 1MuH yepes nerkune B KpoBb noctynuno 400 M Kucnopoga, a
B apTepunanbHOW KpoBM Kucnopoga Ha 8 06.% 60sblue, YeM B BEHO3-
Hoi KpoBuW. CnepoBaTenbHO, Kaxgble 100 Mn KpoBM nornowanv B
Nnerkmx § mn kucnopoga. Utobbl NOrnoTUTL BeCb 06bLEM KMCNOPOAa,
KOTOPbIA NocTynun B fierkue B TeyeHne 1muH (400 mn), Heo6xo-
AMMO, 4T0ObI Yepe3 nerkue npowso 100 <400 :§ = 5000 mn, uam 5n
KpOBMW. 3TO KO/IMYECTBO KPOBM W COCTaBNSAET B AJAHHOM MPUMEpPe MU-
HYTHbIA 06BbEM KPOBOTOKA.

Pa3fennB MWHYTHbIA 00bEM KPOBOTOKA HA YMCNO COKpALLEHWI
cepgua 3a 3TO Bpems, NOAYYMM CUCTONMYECKUWA O06bem
KPpOBM, T.e. KOMNYeCTBO KPOBW, BbiGpacbiBaeMoe MpasbiM WU fie-
BbIM >KeNyZJOMKOM 3a OfHO COKpalleHue cepgua. MUHYTHBIA U CUCTO-
NINYECKNA 0ObEMbI KPOBY SBSKOTCA XOPOLUMM roKa3aTtesieM paboTbl
cepaua (tabn. 6.1 .).

6.2. CUCTONMYECKUI N MUHYTHBI/ 06BEMbI KPOBM Y YKMBOTHBIX

Bup, XXMBOTHbIX Cuctonuueckuii 06vem, mn MUWHYTHbIA 06beM, N
Jlowagb 400...850 20...30 (B nokoe)
120...160 (npwu Harpyske)
KpynHbIiA poratblii CKOT 600 30...40
Menkuii poraTblil CKOT 55 4
CBUHbA 70 10
Cobaka 14 15
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Mpu hU3NYECKOI Harpy3ke YBENNYMBAKOTCA U CUCTONNYECKUIA, N MU-
HYTHbIA 06bEMbl KPOBOTOKA. Hanpumep, y nowaan MUHYTHLIA 06bem
npu 6ere Bo3pacTaeT B 60...80 pa3. Y TpeHMpPOBaHHbIX OLIAAeN TaKoi
06beM KPOBOTOKA YCTaHaB/MBAETCA 3a CYET YBE/IMUYEHWNA CUCTONNYeC-
KOro BbIOpoCa ¥ HEKOTOPOro yyalleHWs CepAeyHbIX COKpaLLeHWiA. Y He-
TPEHMPOBAHHbIX /OLWAfein nan ocnabneHHbIX NpeaLwecTByoWwmnM 3a6o-
NeBaHUEM cepALe He CNoCOBHO YBENNMUYUTL 3HAYUTENIbHO CUCTONIMYEC-
Kuii 06beM, 1 BO3pacTaHWe MUHYTHOro o6bema A0CTUraeTcs B OCHOB-
HOM 3a CYeT yyalleHns eropaboTbl. ITO KpaliHe HEBbITOAHBIA PeXnM
afanTtaumm cepfua K Harpyske, Tak KakK yBe/MyeHue 4acToTbl COKpa-
L{eHUIA BEAET K YKOPOUEHMIO CEPAEYHONO LIMKMA, 0COBEHHO 1MacTo-
Nbl. 3TO NPUBOAUT K HELOCTAaTOYHOMY HANO/IHEHUIO NOMIOCTeN cepALa
KPOBbIO, YMEHbLUEHWIO CIAMbI COKPALLEHUI 1 3aTPyAHSET BOCCTAHOBU-
TeNbHble HOXUMUYECKME NPOLLECCHI B CEPAEYHOW MbILLILE.

AnekTpokapanorpadmsa. dnekTpokapauorpapus (KM —ato me-
TOL PerucTpauum 31eKTPUYECKMX MOTEHLMaN0B, BO3HUKAKOLLMUX Mpu
paboTe ceppua. 3anucb 6MOTOKOB CepALa Ha3blBaeTCH 3/1EKTPOKap-
JIMOrpaMMO.

B HopMme B036Yy>K/ieHMe 0XBaTbIBAeT BCE OTAE/bl CepALa nocnesosa-
Te/NlbHO, MO3TOMY Ha ero NoBepxXHOCTY BO3HUKAeT PasHOCTb MOTEHLMa-
NOB MeXfy BO30Y>KAEHHbIMU Y HEBO30YXXAEHHbIMW Y4acTKamu, [40CTU-
rarowas 100... 120 MB (MunivBonbT). bnarogaps 3neKTpornpoBoAHOCTH
TKaHein opraHun3Ma CUoBble IMHWUN TOKA AOCTUraKT NOBEPXHOCTY Tena,
r4e pasHOCTb MOTEHLMANOB MeXay BO30YX[JEHHbIMU WU HEBO30OYX/eH-
HbIMW y4yacTKamu ceppua scero 1.3 MB, 4TO MOXXHO U3MepUTb, NPUo-
XVB K COOTBETCTBYIOLLMM Y4YaCTKaM KOXW 3/1eKTPOLbI.

Ceppue HaxoauTcs B rPYAHOIA KNeTKe XOTA W MocepesuHe, HO Bep-
XyLLKa ero Harpae/neHa B/ieBO. 13-3a TaKOro HeCMMETPUYHOIO pacno-
NOXEHUA 3NIEKTPUYecKas oCb CepAua CABUHYTA U MPOXOAUT NPUMEPHO
OT MPaBoro npeAcepana K IEBOMY XXenyfouKy, N03TOMY 3/1eKTPOAbI Ha-
KnafplBaloT Ha TOYKWN, HECMMETPUYHbIE OTHOCUTENBHO CepaLa.

B BeTepuHapuu NPUMEHAIOT pas3/inyHble CNoCcoObl Ha/l0XEHUS
3NeKTPOoaOoB, UM oTBeAeHns. CTaHAApPTHbIA cnocob oTBeaeHUs 6Mo-
MOTEHLNaN0B —Ha/N0XeHWe 3MeKTPOSOB Ha KOHEYHOCTU Clepyto-
MM 0Opa3oM:

| oTBEAEHME: MSACTW NEBOI 1 NPaBON rPyAHbIX KOHEYHOCTEN; perun-
CTPUPYHOTCA NOTEHLUMa bl NPeacepanii; . .

I oTBefieHMe: NACTb NPaBOW IPYAHOM Y NIKOCHA N1eBOI Ta30BOW KO-
HEYHOCTEN; PerncTpupyeTcs BO30YXXAEHVE XXeNyA04KOB;

I11 oTBeAeHWe: NACTb /IEBOM IPYAHONM M MIKOCHA NIEBOI Ta30BOW KO-
HEYHOCTEN; perncTpupyeTcs BO30YXAEHVE IEBOr0 XenyLouKa.

MpUMEHSAIOT TakXe rpyfAHble OTBeAeHWs OGMOMOTEHLMANOB: O4UH
3M1eKTPOZ, pacnonaratoT Ha KOHEYHOCTH, a fipyrue WecTb —Ha pas/nny-
HbIX K'-IaCTKaX PYAHON KNETKN. .

OKI cocTonT M3 pOBHOW M30MOTEHUNANBHOW NMHUKN, KOTOpas Co-
OTBETCTBYET MOTeHumany nokod, u natu 3youos —P, Q, R, S, T.
Tpw 3ybua {P, i? 1 7), ngywme BBepX OT M30MOTEHLMANLHON NN-
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Puc. 6.6. Cxema n3mepeHus nHTepsasioB KT :

P — B036YyaeHue npeacepanii; Q, R, S — B036Yy>KaeHWe Xeny[ouKoB; R-  HauaibHas
1 T —KoHeuHas (asbl BO3GYXKAEHNS XKeNy[0uKoB

HUW, ABNAKOTCA NOMNOXUTENbHLIMY, a ABa 3ybua (Q u S), HanpasneH-
Hble BHU3 OT Hee, —oOTpuULaTenbHbIMK (puc. § .6).

3ybel, P —cymma noTeHLManoB npegcepavin. BosHWKaeT B nepuog,
pacnpocTpaHeHns BO30YXXAEHWSA MO NPeAcepansM. Y KpPYMnHbIX XXUBOT-
HbIX (nowajb, Koposa) 3ybel, P 06bIYHO OblBaeT pas3fBOEHHbIM, TaK
Kak BO30Y)K[eHve BHaYasie BO3HNKAET B MPaBOM npeacepanmn (B CUHYC-
HOM Y3/1e) 1 TONbKO cnycTda (,0] ¢ LOCTUraeT IEBOr0 Npescepamns.

WHTepBan <—0 —BpemMs NPoXoxaeHns BO30YXAeHns OT npeacep-
OUIA K XKenypovkam. ITOT UHTepBasl COOTBETCTBYET aTPUOBEHTPUKY-
NAPHOI 3a/lep>KKe BO3GYXKAEHMS.

3y6el, Q—B036YXK/eHWE BHYTPEHHNX C/OEB MbiLLLbI ey 404KOB,
npaBolii COCOYKOBOM MbILULbI, MEPErOPOAKM, BEPXYLUKN NEBOr0 1 0C-
HOBaHMS NPaBOro »XeyL04KOB.

3ybel, R — pacnpocTpaHeHne BO30OYXEHUS Ha MblLLbl 060MX
XKeNnyA04KoB.

3ybeLl, S — 0xBaT BO30YXXAEHNEM XKENYJ0HKOB.

WHTepBann S—T oTpaxkaeT OTCYTCTBME pasHWMLbl MOTEeHLManoB B
nepuoj, Korga MuokKapz oxsayeH BO30yXzeHueMm. B Hopme wm3ono-
TeHUMaseH.

3ybey T—a3a BOCCTaHOBNEHUA (penonspusaynu) muokapga
XenyaouKoB.

QRS—Bpewms, B TeYeHME KOTOPOro BO3GYXAeHWe ycneBaeT Mos-
HOCTbIO OXBaTWTb MbILULLbI XKeNyL04YKOB.

QRST—sBpemsi BO36YX/EHNSA N BOCCTAHOB/EHUSA MUOKapAa »e-
NY[0YKOB.
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NHTepBan T—P — B036yXXAeHMe B XXenyaoukax ke 3aKOHUYMI0Ch, a
B NpeLcepauax elle He Havanocb. Ha3blBaeTcs 3MeKTPUYEcKomn amac-
TONON cepaua.

WHTepean R—R (unn P—P) cOOTBETCTBYET NOSIHOMY LMKNY Cep-
[IeYHOI AesTeNbHOCTL.

Mpn aHanmse KT yunTbIBAKOT BbICOTY 3Y6LIOB, MX HAaNpaB/leHHOCTb
OT M30MOTEHLNANbHON IMHUN 1 NPOAOIKMUTENBHOCTL MHTEPBA/IOB.

OKTI B KOMMAeKce ¢ Apyrmmu KNMHUYECKUMIN MeTofamu nccneso-
BaHWSA NPUMEHAETCA 4/19 AUarHoCTUKK 3aboneBaHui cepaua, 0Co6eH-
HO TakKux, KOTOpble CBfA3aHbl C PacCTPOCTBOM BO3BOYAMMOCTU U NPO-
BOAVMOCTMN CEPAEYHONM MbILLLbI.

AKI ucnonb3yetca U B (PM3MONOTUYECKUX WCCNEeLOBaHMAX O/
M3yYeHUA COCTOSHNA CepAeyHO-COCYANCTON cucTembl. HakonneHa or-
pomHas 6a3a [aHHbIX, PacKpbiBaloLiasd BUAOBbIE W WHAMBULYA/IbHbIE
ocobeHHocT IKI y nowazei, KpynHOro 1 Menkoro poratoro CKoTa,
CBUHeiA, cobak, BepbnoaoB. BHeapeHne TenepagnomeTpuyecknx Mme-
TOAOB perucrpaumm 6MonoTeHLUanoB cepaua Nno3soinao U3yuuTb
OKT y ANKMX 1 NONYANKUX XKUBOTHBIX, & TakKXe B 3KCTPEMasIbHbIX yC-
NOBUSAX —KOCMMWYECKWE MONeThl, NOrpyXeHve B Bogy v ap. PaspaborTa-
Ha Takxe Metogmka peructpauum 3KI y nnoga, 4Yto rno3sonseT msy-
yaTb pasBMTUE cepaua, ero YHKUMUA N BbISBNATL PAHHIOK BHYTPU-
YTPOOHYIO MaTo/oruio.

6.5. PErynduna PABOTbI CEPOLIA

PuUTmmnuyeckne cokpalLeHuns cepfua 00yCc/ioB/IEHbI 3NIEKTPUYECKN-
MW NoTeHUManamu, BO3HMKAaKOWMMK B NencMekepax nepeoro no-
psfKa, T. €. B CUHYCHOM Yy3re. Takas yactoTa paboTbl cepaua Hasbl-
BaeTCA CUHYCHON M HAabNIOAAETCA Y XXMBOTHbIX B COCTOSAHUN (DU3NO-
NOrnyeckoro nokos. Cuna cokpalieHus cepaua B onpegeseHHOM
fAmanasoHe, rnaBHbIM 06pa3oM B COCTOAHWW MOKOS, TaKXe pery-
NNPYeTCA BHYTPUCEPAEYHLIMU MexaHu3mamu (3akoHbl boyguua u
®paHka —CTapnnHra).

OfHaKo Npu pasfIYHbIX BHELLIHWUX BO3LENCTBUAX WU MPU U3MEHE-
HUAX [eATeIbHOCTU OTAENbHbIX OPraHoB U CUCTEM OpraHu3ma paboTa
cepaua nM3MeHsieTcs. B pesynbraTe M3MEHEHUS, WU Perynaumm, cep-
[eYHON fesaTenbHOCTU 06ecneyvnBaeTcsi COOTBETCTBUE MEXAY YPOBHEM
06MeHHbIX NPOLLECCOB B OpraHax 1 KO/IMYeCTBOM KPOBW, HarHeTaeMoi
CepALemM B COCYAMCTYHO CUCTEMY. Takoe LUHAMWYecKOe paBHOBeCKe
MeXay NoTpe6HOCTbI0 OpraHM3Ma 1 ero peasmsalmein JocTuraeTca 3a
CYET M3MEHEHMS YacTOTbl U CU/bl COKPaLLeHWiA cepALa, YTo CBA3aHO
Y)Ke He TOJIbKO C BHYTPUCEPLEYHbIMU MeXaHu3Mamu, HO U C BHecep-
[EeYHbIMU, UK 3KCTpaKapAnanbHbIMN.

BHyTpuricepaeYHble MexaHV3Mbl BK/HOYAKOT B Ce6 BHYTPUKIETOU-
Hble MeXaHM3Mbl, MEXK/EeTOYHOe B3auMOAENCTBME U BHYTPUCEPLEY-
Hble nepudepnyeckme pednekcs.
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BHYTPUKIETOYHbIE MeXaHW3Mbl Harpas/ieHbl Ha yCWeHWe uau
ocnabsieHme CuHTEe3a KNeTOYHbIX GEenKOB, a TakXe BHYTPUKIETOY-
HbIX CTPYKTYp, 06ecrneynBaloLLmx 6MOXMMUYECKME NPOLIECCHI B K/ET-
Kax. CTUMYIALMA 3TUX NPOLIECCOB NIEXXUT B OCHOBE (PU3NONOTNYECKOIA
Uy pabouei rMnepTpomum cepaedHbIX Mol (Hanpumep, y CropTuB-
HbIX nowagei). K BHYTPUKIETOYHbIM MexaHu3MaM MpUMeHUM 3a-
KOH ®paHka —CTapinHra (cuna cokpalleHus Muokapaa nponop-
LiMOHa/IbHa UCXOAHOW AJIMHE ero MbILLEeYHbIX BO/TOKOH).

MexaH13Mbl MEeXK/IETOYHOr0 B3aVMOAENCTBMSA 0becneymsaroTcs
BCTABOYHLIMUN ANCKAMMN, OOBEAVHAOWMMMN KIETKN MUOKapAa B (PYHK-
LMOHaNbHbIA CUHUUTWIA. Bnarogaps BCTaBOYHbIM AUCKaM K/IETKM 06-
MEHMBAtOTCA MHAOPMaLMen 1 BO3BYXKAEHNE OYEHb ObICTPO, NPaKTU-
YECKN OJHOBPEMEHHO OXBATbIBAET BCH CEPAEUYHYIO MbILLILLY.

BHyTpucepaeuHble nepudepuyeckme pediekcbl —0601ee BbICOKMI
YPOBEHb perynaumn. 3Tu peeKchbl 3aMbIKatOTC He B LeHTPaIbHOA
HEPBHOWN CUCTeMe, a BO BHYTPUCEPAEUHBIX HEPBHbIX FaHrNAX, M03TO-
MY OHW MMEKT KOPOTKYH pedineKTopHyto ayry. AddepeHTHble (4yB-
CTBUTE/IbHbIE) HEPOHbI BOCMPUHUMAIOT PACTSXKEHUS MbILLIEYHBIX BO-
JIOKOH cepfua 1 KOpoHapHbIX COCyAoB, aPdepeHTHbIe (4BUraTebHbIe)
HeMPOHbI UHHEPBUPYIOT MUOKapA, 1 rNafKue MbllLbl KOPOHapPHbIX CO-
cyfoB. Hanpumep, npv nepenosiHEHUN KPOBbIO U PacTsHXXeHWUM MpaBo-
ro npeacepansl, YTo 06bIYHO ObIBAeT NPW BEHO3HbIX 3aCTOSX B 0O0/Ib-
LLIOM Kpyre KpoBOOOpaLleHUs, yCUNNBAKOTCA COKPaLLeHNs NIeBOT0 Xe-
Nyfoyka. 3HauyeHue 3Toro pedgiekca B ToM, Y4T06bl 60/bLLE KPOBY MNe-
pekayatb 13 NonbiX BeH B apTepun. OfHAKO TaK MPOUCXOAUT TOJIbKO
npy HOPMaibHOM WM MOHMXEHHOM [aB/fieHUW KpoBM B aopTte. Ecnm
Ke KaMepbl cepfa nepenonHeHbl KPOBbIO, a [jaBNeHne B aopTe MoBbi-
LLEHO, TO pacTaXeHue npeacepani Ha 3TOM (DOHe YrHeTaeT COKpa-
WEeHNA MUOKapAa M B aopTy BblOpacbiBaeTcsa MeHblue Kposw. [pu
HOpPManbHOM MPUTOKE KPOBW K CepAuy, HO BbICOKOM apTepuanbHOM
[aB/IEHMN CUNa COKpaLleHNn M1nokapaa yBemumBaeTcs, cnocobecTByS
«NPOTA/IKUBAHNIO» KPOBU B apTEPUN.

Mopo6Hble BHYTpUCEPAEYHble pedieKcbl CTabUNN3NPYIOT HamnoJs-
HEHME KPOBbIO apTepumanbHOro pycna: YMeHbLUAKT BbIOPOC KPOBK B
apTepuu Npv NepenosiHEHNN X KPOBbIO M YBEIMUMBAIOT NPU HeJocTa-
TOYHOM BO3BpaTe KpOBW K CepALy.

BHecepaeuHasi, UM 3KCTpakapAuaibHas, perynsaums cepaeqHon ges-
TeNbHOCTU —ellle 60/lee BbICOKMIA YpOoBeHb NPUCNoOcob/ieHus cepaua K
noTpebHOCTAM opraHu3ma. OHa OCYLLECTBMSETCH HENporyMopasibHbIMM
MexaHusmamu, T.e. npu ydyactum LUIHC u 6Monornyecky akTmBHbIX
BELLLECTB, LOCTaBNAEMbIX K CEpPALY KPOBbHO.

HepBHaa perynauymnda. HepBHad, uiu pednekTopHas,
Perynaumsa OCYyLLEeCTBMSETCA MO MPUHLUNY pedieKCoB. ITO 3HAYMT,
YTO M3MEHeHWA PaboTbl CepALa MPOUCXOAAT BCMeACTBME [AeiCTBuS
KaKnxX-nnbo pasapakutenein No KnacCUYecKoi petneKTOPHOW ayre:
peLenTopbl —agepeHTHble HEPBbl —HEPBHbINA LEHTP —3(epeHT-
Hble HepBbl —CepALe.
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PaccmoTpeHmMe HepBHOI perynsauumn padboTbl cepala LenecoobpasHo
HayaTb C 3()(hepeHTHON YacTn peNeKTOPHON Ayrn. ShepeHTHbIe,
NN LEeHTPObEeXHbIe, HepBbl CepALa OTHOCATCA K BereTaTMBHOWN HepB-
HOM cucteme. Kaxpgoe BeretatmBHOE HepPBHOE BOSIOKHO 06pa30BaHO
[OBYMSI HEPBHbIMW KeTKaMu. [epBblii HEPOH HAXOAUTCS B LEHTPasib-
HOM HEpPBHOW CUCTEME N He JOXOAMT A0 3(peKTOopa, a ero akCoH 3a-
KaH41BaeTCA B HEPBHOM FaHIIMM N Ha3bIBAETCHA MperaHr/iMoHapHbIM.
BTOpoil HelpOH —MOCTraHrIMOHapPHbINA, HaYMHAETCA W3 HEPBHOrO
FaHr/ins, a ero akCoH JOXOAUT 0 MbILLeYHbIX BOIOKOH cepaua.

MapacrMnaTnyeckme NperaHriMoHapHbIe HepBHbIE BO/IOKHA HauK-
HaloTCA B MPOA0ArOBaTOM MO3re U UAYT B CcOCTaBe By>KAatoLLEero Hep-
Ba Baryca, fAB/SIOLErocs 4ecATONn Napoil yepernHO-MO3roBbIX Hep-
BOB (puc. 6.7.). AKCOHbI MperaHrMoHapHbIX napacumnaTuyeckmx Bo-
NOKOH 3aKaH4MBaKTCA B MHTPaMypasibHbIX FaHrIMAaX Cepaua, rnaBHbIM
obpa3om B npaBoM npeacepaun. OTCrofa KOPOTKME aKCOHblI NOCT-
raHrIMOHapHbIX HEMPOHOB HaMNPaBNAKOTCA K CUHYCHOMY 1 aTPUOBEHTPU-
KyNSpHOMY y3/1aM MPOBOAALLEl CUCTEMbI CepALa, U NMULLb He6O/bLLIOoe
KONNYEeCTBO BOMIOKOH PacXoAmTcsi B MUOKapAe Npescepauid.

CumnaTnyeckue nperaHriMoHapHble HepPOHbl HAXOAATCA B LLECTU
MepBbIX CerMeHTax rpyAHON YacTu CMUHHOIO MO3ra, a UX akCOHbI 3a-
KaH4MBaKTCS B LUEAHbIX U TPYAHbIX CUMNATUYECKMX Yy3nax. W3 wei-
HOro 3Be344aTOro raHrnuns, VMEKLLEro BaXKHOE 3HaYeHue B WX pac-
npeAeneHnn, BbIXOLAT NOCTraHrIMOHAPHbIE CUMMATUYeCcKue BOJIOK-
Ha, WHHEPBMPYIOLLME [NaBHbIM 06pa30M MbILLLbl XKEeyJ04KOB U B
MeHbLLUEM CTENEeHW MbILLbl NPeAcepAnia.

BereTaTuBHble HEPBbI BANSAKOT Ha BCe CBOMCTBA CEPAEUHOW MbILLILbI.
BnnsHne Ha 4acTOTy COKpalleHWi cepjua HasblBaeTcs XPOHOTPOnN-
HbIM, Ha CUNY COKpaLLEHN —UHOTPOMHbIM, Ha BO36yAMMOCTb —6aT-
MOTPOMHbLIM, Ha CKOPOCTb PacnpoCcTpaHeHWs BO30Y>XAeHUs —4pPOMO-
TponHbIM. Ecnm paboTa cepp%a npn BO3AeNCTBUM
Ha Hero ypexaeTcs Wam ocnabnsercs, roBopsT 06
OTPULATENIbHOM B/IMSHUK, @ €C/IN y4YaLLaeTcs Uam
YCUNNBAETCA —O NOMOXUTENbHOM.

Mpwy pasgpakeHUn cUMNaTUYeCKNX HEPBOB Ha-
6N0AAKTCS MONOXKMTENbHbIE XPOHOTPOMHbIA, MHO-

TPOMHbIA, 6aTMOTPONHLIV 1 APOMOTPONHbIN 3h-
(hekTbl. PazgpaxeHne napacUMnaTUYeCKUX Hep-
BOB BbI3blBAlOT OTpULATE/IbHbIE BO3AENCTBUS,
T. €. YrHeTeHne paboThbl cepAaua BNAOThL 4O ero oc-
TaHOBKM (puc. 6.8). OTKpbITME TOPMO3HOIO Aeii-
CTBMS Baryca Ha cepfiLie NAryLwKu BrepBble NoKa-

Puc. 6.7. Cxema VMHHepBauuu cepjgua:

1—kopa Mo3ra; 2— NpoAoNroBaTthlil Mo3r; 3, 4— cumnaTuyeckne Bo-

NOKHa (MOCT- WM NperaHrAMoHapHble); 5—LueliHble cumnaTuyeckune

y3/bl; 5—B0O/IOKHA 6/1yX/JalOWero Hepsa (npe- M MOCTraHrinoHap-
Hbl€); 7—MNPOMEXYTOUHbIN MO3r

261



3as10, UTOHepBHasa cuctema MOXet
He TO/IbKO yCWUMBaTh PYHKLMIO Op-
raHa, HO U CHWXaTb.
B coctaBe Kak cMMnaTUYeCcKux,
TakK 1 napacvMnaTMyeckux HepBoB
06Hapy>XeHbl NyTem TLiaTesbHOA
npenapoBKN 1 NOCNeAYyHoLLEeR CTu-
MYNALUUN 3NEKTPUYECKUM TOKOM
OTAeNbHble BOJIOKHA, KOTOPbIE OKa-
3bIBAOT UM XPOHOTPOMHbIE, WU
WHOTPOMHbIE BAUSHUA. BnnsHue
HepBOB Ha CepALie peannsyeTtcs ye-
B pe3 HepBHble MeauaTopsl. B cuHan-
Puc. 6.8. CokpaileHunsa cepaua npu pas-  TUYECKUX OKOHYaHUAX MpPe- U NOoCT-
ApakeHnn_Gnyxpaioilero (A) U cumMnaTi-  FaHFIMOH/APHBLIX BOMIOKOH MapacuM-
Heckoro (B) HepBoB: 3 ——OTMETKA PasaPa-  naTiiyecKUX HEPBOB BblENAETCS
aLeTUIXONINH, Takue BOJIOKHA Ha-
3bIBAlOTCH XOMHEPTUYECKUMW. ALETUNXONNH BbLUENSETCA TakKXe B
OKOHYaHMAX MPeraHriMoHapHbIX CUMNATUYECKUX BOMIOKOH —B CUM-
NaTUYeCKMX FaHrmsaX. B OKOHYaHWAX MOCTraHrAMOHaPHbIX CUMNaTh-
YeCKMX BOMIOKOH OCBOOOXAAeTCA HOpafpeHanuH, 310 —ajpeHepru-
YecKme BOSIOKHa.

BbI3biBaeMbI NpY pasfpakeHUn HepBoB 3MEKT 3aBUCUT HE TO/Ib-
KO OT MeAMaTopoB, UX XMMUYECKOI CTPYKTYPbl, HO 1 OT GE/IKOBbIX MO-
NeKyn —peLenTopoB, HAXOAALLMXCA Ha NOCTCUHANTUYECKMX Membpa-
Hax. MIMEHHO B3aMMOfeincTBMe MeamaTopa C peLenTopom onpegenset
OTBETHYIO peakLMio TKaHei Ha pasgpaxeHne. O4MH 1 TOT e Mefuna-
TOP MOXET BbI3blBaTb NMPOTMBOMOMIOXHbIE PeakLuy B pasfIMyHbIX TKa-
HAX. Hanpumep, B CKeMETHbIX MbILILAX aueTUIXO0NNH ABNSETCA BO3-
6y>KaatoLyM MeanaTopoMm, a B CepALe —TOPMO3HbIM.

MexaHn3m TOPMO3HOI0 BAVAHWA Baryca Ha Cepiue CBsi3aH C TeM,
4TO aueTUIXONNH, OCBOOOXAAIOLIMIACA U3 NPEeCMHANTUYECKOW MeMm-
OpaHbl, B3aMOLENCTBYA C XO/IMHPELLENTOPOM, BbI3bIBAET MOBbILLIEHNE
KanneBoin MPOHMLAEMOCTM MembpaH MelCMeKepHbIX KNeTOK U WX
rmnepnonspusaunto. Beneacteme 3Toro HOBbI MOTEHLMaN AeicTBmA
BO3HMKAET No3fHee. YKOPOUEHHbIA NOTeHUMan AeNCTBUA He Crnoco-
6eH BO36YAUTb AOCTATOUYHOE KONMYECTBO KapAUOMUOLMTOB. oMUMO
3TOr0 runeprnonspusayms MblleYHbIX BOSIOKOH MPOTUBOAENCTBYET
BXOZY KanbUua BHYTPb MUOGMOPUNN. ALETUNXONMH TaKXe yrHeTaeT
aKTMBHOCTb AT® N CHMXAET CUY COKpalLeHMA CapKoMepoB. Takum
.06pa3om, pasgpakeHve Baryca npuMBOAMUT K MOBbILLEHWUIO Mopora pas-
OPOKUMOCTU NpefAcepanidi, NOAaBNeHM0 aBTOMaTUM U 3aMefNeHuto
NPOBOAMMOCTU aTPUOBEHTPUKY/IIPHOIO Yy3/1a U YMEHbLUEHUIO CUJIbl
COKpauleHns Muokapga (cm. puvc. 6.8, A).

Ecnn pasgpaxeHue Baryca Npogo/mKaTb 4MTeNbHOe Bpems, TO OC-
TAHOBMBLUEECH BHayase cepALe HauMHaeT BHOBb COKpallaTbecs, Mpu-
YeM COKpallleHWs OKasblBaloTCs 60/1ee CUMbHBLIMU U PeAKUMU, YEM B
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HOpMme. Takoe AB/IeHNe Ha3bIBAETCA «YCKO/b3aHMEM Cepjua n3-nog
BINSHWS Baryca», W, BO3MOXHO, OHO SIB/IAETCA Pe3y/ibTaTOM KOMIEH-
CaTOpPHOro YCW/IEHWUA CUMMNATUYeCcKUX BAUAHWUWA Ha ceppue. EcTb u
Jpyras ToUKa 3peHus: YrHeTeHve BarycoM aBToOMaTum CUHYCHOIO y3na
Croco6CTBYET NPOAB/IEHNIO APYTMX 04aroB aBToMaTuu, B NepByto o4e-
pefjb aTPUOBEHTPUKYNIAPHOTO Y3Na.

PasgpaxeHne cMMNaTUYeckKUx HepeoB (CM. puc. 6.8, b) Bbi3biBaeT
yyauleHune cepAeyHoro puTma 1 yBesiMyeHne Cusibl COKpaLLeHuii cepa-
ua. MexaHu3Mbl BAUSHUS PUMNATUYECKUX HEPBOB Ha CepALe Takxke
06BACHAIOTCA B3aMMOLENCTBMEM MeamaTopa C pelentopaMu nocTcu-
HanTU4YecKMx MembpaH. HopafgpeHanuH, BblAeNAIOWMNIACA N3 OKOHYa-
HWUI afpeHepruyeckmx CUMMaTUYECKUX HepBOB, B3aVIMOAENCTBYET C
6eTa-peLienTopaMn NOBEPXHOCTHOW MeMbpaHbl. B pesynbTate yBenu-
4MBAETCS NPOHMLIAEMOCTb MEMOPaHbI 415 HATPUS U KalbLUs 1 YMeHb-
Lwaetca ana Kanua. CKopocTb BO3HMKHOBEHMS NOTeHLMana fercTBus
BO3pacTaeT, yBeNNuMBaeTCA BO3OYAMMOCTb M MPOBOAUMOCTbL Cepfey-
HOM MbIlLbl. CMNATUYECKME HEPBbI YNYULLAIOT TPO(VKY (NUTaHKe)
CepLevyHON MbILLLbl U PaCLLMPAIOT KOPOHApPHbIE COCYbl, Yyullias ee
KPOBOCHabXeHMe.

HopazpeHanuH pa3pyLLaeTcs B CMHancax 3Ha4nTeIbHO MefJIeHHee,
YeM aueTU/IXO/IMH, MO3TOMY afjpeHepruyeckne BAUAHUSA MPOLOIKM-
Te/lbHee XO/IMHEPrMYECKNX 1 COXPAHSAKTCA HEKOTOPOE BPemA rnocsne
npekpaLieHns CUMMNaTUYecKoin CTUMYNALNN.

Ecnm 'y XXMBOTHOro nepepesarb napacMmnaTuyYeckne Hepsbl, UAY-
WKe K cepauy, unn 3abnokuMposatb nepefady BO36YXAeHUs € napa-
CMMNATUYECKUX HEPBOB HAa MMOKapAMOLWTLI (Hanpumep, BBeAEHUEM
aTpornuHa), TO 4acToTa COKpalleHWA cepiua pe3ko BO3pacTaeT —B
nonTtopa-fAsa pasa.Ecnn e nepepesatb CUMNaTMYecKue HepBbl WK
BBeCTM GeTa-afpeH06/10KaTop, TO YacToTa COKpaLleHns cepala yMeHb-
WuTes, Ho nuib Ha 15...20 %. 3T HabnogeHNs, HeOAHOKPATHO Noj-
TBEPX/EHHble Ha N1ab0PaTOPHbLIX XUBOTHBLIX W Ha /OAAX, NOKasanw,
4TO B COCTOSIHMM MOKOS B OO/MbLUEM TOHYCe HaxoAMTCS GyXAatoLLmnii
HepB. OH MNOCTOSHHO TOPMO3WT paboTy cepfua B OOMblUeW unM B
MEHbLUEA CTeneHW. Y HOBOPOXAEHHbIX XXUBOTHbIX TOHYC 6/1yxzaato-
LMX HEPBOB OTCYTCTBYET, NO3TOMY Y HUX YacTOTa COKpaLleHWin cepaua
HaMHOro 60sbLLe, Yem y B3pOC/bIX.

ToHyC 6ny>aaloWwmxX HepBOB MOAAEPXKMBAETCA MOCTOAHHBIMK UM-
ny/nbcamu, NocTynaroLwymMn B NPoJO/roBaTthlii Mo3r, B fapa Baryca, ot
pa3MyHbIX peLenTopoB. OCO6eHHO BaXKHOE 3HAYeHWe UMEKOT peLienTopbl
[yrvi aopTbl U KapPOTUAHOIO CUHYCa, KOTOPble pasfpaXaroTcs Npu Kax-
[OM CMCTONIMYECKOM BbIGPOCE KPOBYM U3 NIEBOTO XE/y0uKa B aopTy.

Mpy MblWeYHON paboTe, NCUX0IMOLMOHANBHBIX Harpy3Kkax yBesu-
YMBAETCA TOHYC CMMMATUYECKOW HEPBHOMW CUCTEMbI, U 3TO BbI3bIBAET
MONOXWTENIbHbIE MHOTPOMHbIE U XPOHOTPOMHbIE BAUAHUA Ha CepAue,
HO NPW 3TOM TOHYC NapacuMnaTNYecKnX HEPBOB CHUXKAETCS.

TakvM 06pa3oM, HECMOTPSA Ha NPOTUBOMO/OXHOE BIUSAHWE Ha Cepa-
Le, MeXxay CUMnaTyecKuMmn 1 napacuMnaTMyecKMMm LeHTpamm cep-
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[eYHON feATeNlbHOCTU HET aHTaroHU3Ma. JTU LeHTPbl HAXOAATCH MeX-
Ay C060M B COCTOAHMM PELMNPOKHOr0 TOPMOXKEHMA, Korja Bo3byxje-
HVMe OAHOro OTAena aBTOMATUYeCKU BefdeT K TOPMOXXEHWUIO ApYroro.
Mo3TOMy B COCTOSIHAM (PM3MONOrMYECKOro NOKOSA Npeo6safaeT TOHYC
napacMmnaTU4yecKnx HepBOB W ceppue paboTaeT Ha 1/5...1/6 Huxe
CBOMX BO3MOXHOCTelW. 3aTO NpW pa3NyHbIX Harpy3kax roBblLLaeTcs
TOHYC CMMNATMYECKOro OTAena v cepaue YBennumnBaeT vacToTy U cuny
COKpaLLeHWI B HECKO/IbKO pas.

[TOMMMO NPOAOATOBaTOr0 MO3ra, rae PacrooXeHsbl LEHTPbI B1yX-
[aloLLero Hepea, ¥ CMMHHOMO MO3ra C LleHTpamy CUMNaTUYeckux Hep-
BOB B perynsuuy paboTbl cepAua y4acTBYIOT BbilLefieXaline oTAefbl
MO3ra —CpefHWii 1 NPOMEXYTOUHbIN, a TaKxke MMBUYecKas cuctema
N Kopa 60/blUMX nonywapui. Mpu pasgpaxeHun aTUX OTAEN0B BO3-
HUKalT pa3HoOoOpa3Hble peeKToOpHbIe peakuuun, npucnocabnmsaro-
Wue paboTy cepaua K NoTpe6HOCTAM opraHuama. Tak, Kopa 60/1blimnx
nonyLwapui y4acTyeT B 06pa3oBaHni YCNOBHbIX Pe(IEKCOB (Hanpu-
Mep, NPeACTapTOBOW TaxMKapAMmM Y CNOPTMBHbIX NOWageit), a Takke B
NPOSBNEHNMN Pa3/INYHbIX IMOLUIA.

Bonbluas yacTb cepfeyHblX penekcoB COYeTaeTcs C COCYAUCTbI-
MU peNeKTOPHLIMU peakLnaMU 1 HarpasieHa Ha perynsauuio KpoBo-
obpalyeHuns B LenoM. PethneKTopHble 3MeHeHMs paboTbl cepaua Mo-
ryT BO3HUKHYTb NPU pasfpakeHUn caMblX pasHO0OpasHbIX 3KCTEPO- U
VNHTEpPOpeL,enTopoB.

PedpieKCbl, HauMHalOLWMECA C COCYANUCTLIX PeqIEKCOTeHHbIX 30H,
MMEKT OYeHb 60/bLLIOE 3HAYEHUE B PEryNALMM CepLevHON AeaTeNbHO-
CTW, COCYAMCTOrO TOHyCa W APYrnx (MYHKUWUIA opraHun3Ma.

CvHOKapoTWaAHasA 30Ha, UK 30Ha KapoOTUMAHOIO CUMHYyca, —napHas,
Hax0AMTCS B Pa3BETB/IEHUAX MPABOM M NIEBO COHHbIX apTEPUIl Ha Ha-
PY)XXHble N BHYTPEHHME BETBU. 3[eCb MMEETCS «KapOTUAHOE TefbLe»,
WA KapOTUAHbIA CUHYC, NpeAcTaBNAOWMA cob0N CKonneHne 60/b-
LIOr0 YMcna HepBHbIX KMETOK M YyBCTBUTE/bHBIX HEPBHbLIX OKOHYa-
HUIA. KapoTUAHbIA CUHYC MMeEeT COBCTBEHHYHO 000/0YKY U CETb NnUTa-
IOLLMX ero KPOBEHOCHbLIX COCY/0B.

PeuenTopbl CMHOKAPOTUAHOMN 30HbI YyBCTBUTE/NbHbI K KONebaHNAaM
apTepuanbHOro [aB/ieHusl, ero M3MeHeHUs BOCMPUHMMAlOTCA 6apo-
nnn npeccopeuentTopamu. Mpu NOBbILEHNN apTepUanbHOro AaBfieHuns
MMMYNbCbl OT PELEenToOpoB MO CUHYCHOMY HepBy (BETOYKA A3bIKOI/I0-
TOYHOr0O HepBa) NnepeAaroTcs B NPOLONTOBaTbIA MO3I U NepeknyaroT-
ca Ha agpa 6nyxpaatowero Hepsa. Mo Barycy oTBeTHast KOMaHaa nocTy-
naeT K cepauy, Bbl3blBasg OTpULATE/IbHblE MHOTPOMHbIE YU XPOHOTPOr-
Hble 3(peKTbl. B pesynbtate apTepuvanbHOe [aBfeHUE CHUXKAeTCs.
Ecnn e apTepuasibHOe [aBneHue HMKe Kakoro-TO YPOBHS, CBOWCT-
BEHHOr0 JaHHOMY XXVWBOTHOMY, 6apopeLenTopbl He MONYy4YaroT HY)XXHOWA
NH(OopMaL MK, YTO BefeT K 0CnabneHnto BAUAHUA 6NyXXaatoLero Hep-
Ba Ha CepALe M YCUIEHNIO CUMMATUYECKON CTuMynauun. B cMHokapo-
TUAHON 30HEe MMEKTCA TakkKe XeMOPELENTOpbl, YYBCTBUTE/NbHblE K
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KOHLEHTpaunUn K1cnopoga, AMoKcuaa yrnepoaa, BoLOPOAHbIX NOHOB,
HUKOTUHA N OPYrnX BeLLeCTB.

BTopas >KM3HEHHO BaXKHas COCYAMCTas pPedhIeKCOreHHas 30Ha Haxo-
ONTCS B Ayre aopTbl. 3[4eCb TakXKe pacrosioXXeHO 6O0MbLIoe CKOMeHue
6apo- M XemopeLenTopoB, pasjpaeHue OT KOTOPbIX NepejaeTcs Mo
aopTalbHOMY, UK [enpecCOpHOMY, HEPBY B NMPOAO/roBaTbIiA MO3r, OT-
KyZa no Barycy UMnynbCbl UAYT K CepALy, YMeHbLUas ero paboty.

Takum 06pa3oM, 06e yKasaHHble 30Hbl —aopTasibHasd U CUHOKa-
pOTUAHAA —(PYHKLUNOHMPYK T OfHOHANpaB/fieHHO, Kak Obl Ay6nupys
Apyr gpyra. AopTasibHas 30Ha KOHTpPOAMpyeT obLiee apTepuasibHOe
[aB/ieHVe B OpraHu3Me, a CMHOKapoOTUAHAsA 30Ha perynvpyeT KpoBo-
CHabXXeHne mosra.

BonblWwyto ponb B perynsauum cepaevHoi AesTenbHOCTU urpaet
pehieKcoreHHas 30Ha BOAM3M YCTbA MOMbIX BEH, & TaKXXe B NpPaBoM
npeacepavn. Pednekc ¢ 6apopeL,enTOpoB 3TON 30HbI HOCUT Ha3BaHWe
pethnekca beiHbpnmKa. OH 3aKknoYaeTcs B TOM, YTO NPU NepenosHe-
HUN KPOBbIDO M PaCTXKEHUW MNOJbIX BEH WMMMY/bCbl OT PeLEenTopoB
3TOM 30HbI HaNpPaBNATCA MO CErMeHTapHbIM CMIMHHOMO3IOBbIM Hep-
Bam B IPyAHYH0 4aCcTb CMMHHOIO MO3ra, re HaXo4aATCs LEeHTPbl CuMna-
TUYECKNX HepBOB cepAaua. CumnaTuyeckmne HepBbl YCUIMBAKOT paboTy
cepaua, v AaBneHne KpoBK B MOJMbIX BEHAX CHMXKAETCS.

PedieKTOpHbIE M3MeHEHMs paboTbl cepALa BO3HMKAKOT M Mpu pas-
LpaXKeHUW ApYruX peLenTopHbIX Yy4YacTKOB (30H) opraHusma. Pednekc
["0/bLa NPOSABNAETCA B BUAE PE3KOr0 3aMef/1eHus, BMNIOTb 40 OCTaHOB-
KN cepaua, Npu pasgpaxeHnn MexaHopeLenTopoB GPHOLIHON CTEHKM U
OpraHoB GPHOLLIHOM NONOCTK, a TakxKe NpY Pe3KOM OXNKAEHUN KOXU
XuBoTta. Periekc ALLHepa 3aK/4aeTca TakXe B 3aMefl/IeHUM COKpa-
WeEeHNIN cepaua Npy HecunbHOM (He60NeBOM) HaZaB/MBaHUM Ha rnas-
Hoe A6/10K0. Y 3/10pOBbIX NHOAEN NPY 3TOM YacToTa COKpaLLEHUIA cepa-
Lla yMeHbLUaeTcs npumepHo Ha 10 yaapoB B MUHYTY. Pediiekc ALlHepa
MCMONL3YIOT MHOrAa AN onpeaeneHns TOHyca BereTaTBHOW HepPBHOM
cuctembl. Pethnekc JlapvHa NposiBAsSieTCcA Cnefyrowmm obpasomM: npu
YBE/IMYEHUN [aBNeHNA B NEr0OYHON apTepum pUTM COKpaLLEeHWUA cepa-
La 3amefsercs.

3aMblKaHMe pedieKTOPHbIX Ayr YKasaHHbIX peth/IeKCoB NPoMCXoanT
Ha YpOBHE MPOLOAroBaTOr0 MO3ra, 3TO TUMNYHbLIE BarycHble peteKchbl
C OTpULaTeNbHBIMWA MHOTPOMHLIM U XPOHOTPOMHbLIM 3deKTamu.

YcuneHve paboTebl cepAua NponcXoauT npy 601eBbIX pas3gpaxKeHu-
AX, COKPALeHNN CKENeTHbIX MbILWL, BO BpeMs (DM3UYECKOW HarpysKu.
B 3Tux cnyyasx pethneKTopHble peakuumn OCyLLEeCTBAAKOTCS Yepes CUM-
NaTUYeCcKyo HEPBHYIO CUCTEMY.

OueHb YYTKO pearvpyeTt cepfue Ha M3MeHeHue TemnepaTypbl Kpo-
BW. [pn NOBbIWEHNM TemnepaTypbl YacTOTa COKpaLLEHN cepaLa BO3-
pacTaeT, MpPU CHMXEHUN —yMeHbLIaeTcs. BnunaHue Tenna v xonopa
CKa3blBaeTCA Mpexze BCero Ha Bo3byAMMOCTN 1 MPOBOAUMOCTMN Cepa-
Lia, 0COBEHHO KNETOK CMHYCHOrO y3na. VI3MeHeHUs 4acToTbl U CUJbI
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COKpalLeHui cepAua HabofaoTCs AaXKe NPU NIOKaTbHOM OXNXAEHNUN
WM COTPEBaHNU CMHYCHOrO y3/1a. Kpome TOro, OT TemrepaTypbl npute-
KatoLLei KpoBY 3aBUCUT CKOPOCTb BUOXUMUYECKNX PeaKLni.

He Bcerja oTMevatoTCsa OfHOHANPaB/ieHHbIe U3MEHEHUs CUnbl W
4acTOTbl COKpalleHunid cepgua. lMpy ydalleHun cepAeyHoro putma
yKOpaumBaeTCa [MacToNMyeckas naysa M Cuia COKpalleHUs MOXET
YMeHbLUUTLCA. HanpoTuBs, ypexxeHue CepAeyHoro putMa MOXeT npu-
BECTM K 60/1ee MOLLHbIM COKpaLLeHWsM, TakK KaK B 3TOM C/lyvae yBenu-
YMBAETCA AMACTO/IMYECKOe Haro/IHeHMe cepAua KPOBbHO.

Ff'ymopanbHaa perynauuna ceppgua. buonornyecku
aKTVBHble BeLLecTBa BAMAKOT IMO60 HENOCPeACTBEHHO Ha CepfeyHble
BOJIOKHA, NM160 Ha ah(hepeHTHbIE HEPBHbIE OKOHYaHWS CUHANCOB, 60
peqIeKTOPHO —Yepe3 LieHTPasibHYH0 HEPBHYHO CUCTEMY.

KaTtexonamuHbl (agpeHanvH, HopafpeHaiuH) —ropMOHbI, BbLUens-
fOLLMecH MO3roBbIM BELLECTBOM HaAMOYe4YHUKOB M OCTPOBKaMU XPOM-
a)(pMHOBOW TKaHW, pa3bpocaHHbIMW MO BCEMY OpraHu3my. Katexon-
aMVHbI ABNISIOTCS TaKXKe MEeAMATOpamMu afpeHepruyeckix HepeoB. OHU
[eNCTBYIOT Ha cepjLe aHanorMyHo CUMMaTUYECKON HEPBHOM CUCTEME,
pearvpytoT ¢ 6eTa-peLi,enTopamu, Bbi3blBas MOMOXUTENIbHbIE MHOTPON-
Hble U XPOHOTPOIHbIE BO3LENCTBMA.

AUETUNXONMH 06pa3yeTcs B XONMHEPrUYECKUX HEPBHbIX OKOHYa-
HusaX. K cepauy OH MocTynaeT He TONbKO Yepe3 CUHANChl napacumna-
TUYECKUX CepfeUHbIX HEPBOB, HO Yepe3 KPOBb N MHTEPCTULIMANBHYHO
XWAKOCTb, [eNCTBYA Tak Xe, Kak v napacvmnatnyeckrie Hepsbl (0TpU-
LaTefibHble 3MMEKTDI).

MoNoXWTeNbHOE WHOTPOMHOE [AeACTBME Ha Cepile OKasblBatoT
MIIOKaroH —ropMOH NOXKEeNyLOYHOW Xene3bl, TUPOKCUH —TOPMOH
WNTOBUAHON >Kene3bl U KOPTUKOCTEPOMbl —rOPMOHbI KOPbl HaZMno-
YeYyHMKOB. [lelCTBME YyKa3aHHbIX FOPMOHOB Ha Cepfle peannsyetcs
NM60 Yepes LMKIMYeCKUn afeHo3nHMoHodochaT (LAM®), Haxops-
WKiics B MembpaHe KNeTok, 60 yepes ycuieHne TOHyca cumnatu-
YECKOW HepBHOW CUCTEMDI.

BonbLioe 3HaueHne B perynaumm paboTbl cepaLa UMEHT 3/1eKTpo-
NnTbl. KaTuoHbl KasbLms NoBbILAI0T BO36YAUMOCTb KNETOK MUOKap-
[a, aKTMBMPYIOT thocopunasy, yuyacTByHOT B MEXaHNYECKOM COKpaLLe-
HUM Muotmbpunn. Kanbumil ycunuBaeT cepfieyHble COKpaLLeHNs, HO
npu M36bITKe ero B KPOBU CepALie OCTaHaBNMBAETCH B COCTOAHUMN CU-
CTONbI, TaK KaK OH B MUOUOpUIIax TOpMo3nUT pa3obLLeHne akTUHO-
BbIX Y MMO3MHOBbIX HUTEWA.

KaTvoHbl Kanns B MOBbIWEHHOW KOHLEHTpauum CHMXaKT Mno-
TeHunan nokos MWOKapAMOLMTOB U YBEIMYMBAKOT KalMeBYH Mpo-
HMLAemMoCTb MembpaH. [Mpn HeboNbLiOM MpPeBbILeHNN KOHLEHTpa-
UMM Kanuii yBenmumsaeT BO3OYAMMOCTb CepAua, a npy BbICOKON —
3amefinsieT ero paboTy U ocTaHaB/MBAET B (pa3e AMacTosbl. JTO ABNe-
HWE UCMO/b3YIOT B KAPANOXUPYPruv 4N 0CTAHOBKY cepaua. CHuxe-
HVe Kanus B KPOBW HuKe (DM3MO0/IONMYECKON HOPMbl aKTUBU3MpYeT
aBTOMaTMIO CepAua, HO NPy 3TOM BO3MOXHO HapyLleHWe ceppeu-
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HOrO puUTMa M3-3a CTUMYNALMM MOTEHUMaNbHLIX MelicMekepoB (Ha-
npumep, aTPUOBEHTPUKYISAPHOTO Y3/1a).

Ha pa6oTy cepaLa BAMAIOT YPOBEHb KNCNOPOAA, ANOKCUAA Yriepo-
[a 1 BOAOPOAHbLIX MOHOB B KPOBU. CHUXKEHME COAEPXKaHMUS KUC0poaa
B KPOBW, YBENMYEHME AMOKCKUAA YrNiepoda WA aumuao3 yrHeTarT co-
KpaTWUTENbHYH aKTUBHOCTb MUOKapAa.

6.6. OBVOXEHWE KPOBW MO KPOBEHOCHbLIM COCYOAM

[BWKeHne KpoBM N0 KPOBEHOCHbIM COCYfam MOAYMHAETCA 06LNM
3aKOHaM rMapoANHaMUKMN.

KpoBb aBmkeTca 13 061actu 60/ee BbICOKOrO AaB/ieHust B 06/1aCThb
60nee HN3KOro. EANHCTBEHHBIM UCTOYHUKOM 3HEPrUn A1 LBUXKEHMS
KpOBW ABNAeTCS cepALe. Bo Bpems CUCTONbI XeNy[04KOB OHO nepeja-
eT 3anac NoTeHUMabHOW 3HepryM KpoBu, KOTopas 3aTpaynBaeTcs Ha
npeojoneHne ee COMPOTUB/IEHNS O CTEHKW COCYAOB U BHYTpPEHHee
TpeHue (BA3KOCTb). YacTb 3HEPrumM pacxodyeTcs Ha pacTskeHue CTe-
HOK aopTbl U KPYMHbIX apTepuiA, HO 3aTpadyeHHas 3Heprus npu nocne-
OYIOLLEM COKpaLLeHU 3TUX COCYLO0B CMOCOGCTBYET AasbHeliLemy
NPOABMKEHNIO KPOBW. 0 Mepe ABMXEHUS KPOBWM OT cepua 3anac ee
3Hepry yMeHbLLaeTcs, a LOMOMHUTENbHOr0 UCTOYHMKA A/15 CBOEro
nepemMeLLeHns KpoBb He MMEET.

Wcxofs us Toro, 4To NPUTOK KPOBM K CepALy Mo BeHam paBeH OT-
TOKY KpOBW B apTepuasibHOe pycro, CnedyeT OYeHb BaXKHas 3aKOHO-
MEpPHOCTb: Yepe3 BCe apTepun, Yepes BCe Kanuanisapbl, Kak v vyepes Bce
BeHbl, B OJHO W TO & BPEMS NPOTEeKaeT O4HO U TO Xe KO/MMYeCcTBO
KpoBu. OObeM KPOBM, NPOTEKAlOLLEl Yepe3 NornepeyHoe cevyeHune co-
CYZl0B 3a eAMHULY BpeMeHMW, Ha3blBaeTcsi 06bEMHON CKOPOCTbI KpO-
BOTOKa U n3mMepsieTcs B Ma/c. O6bem KpPoBMW, MPOTEKaKOLWMiA Yepes
nonepeyHoe CevyeHne COCYLOB OAHOrO Kanmbpa 3a | MWH, paBeH Mu-
HYTHOMY 06bEMY KPOBMU.

B oTAenbHbIX opraHax 06beMHas CKOPOCTb KPOBOTOKA pas/inyHa B
3aBUCMMOCTM OT (PYHKLMOHANLHOTO COCTOSAHUS OpraHu3mMa, Harpys-
KW, MOMIOXKEHUA TeNla U Apyrux (hakTopoB. YBe/MYeHe 06beMHOro
KPOBOTOKAa B OZHOM pervioHe BefeT K YMEHbLUEHW0 ero B [pYyrom,
MOCKO/IbKY 00LIMiA 06beM KPOBM B OpraHuW3me A0BOJIbHO MOCTOSHEH.
Tak, Hanpumep, BO Bpems MuLLeBapeHUs YBENNYMBAETCA MNPUTOK
KPOBW K OpraHam >enyA04YHO-KULLeYHOro TpakKTa, HO YMeHbLLaeTcs B
CKeNETHbIX MbILLLAX.

Mpu pa3BeTBNEHWUMN apTEPUn Ha apTePUOSbl U 3aTEM Ha Kanuanspsbl
CyMMa MornepeyHoro cevyeHnss HoOBOO6Pa30BaHHbIX COCYA0B BCe 60/b-
lie Bo3pacTaeT. lpPaTOMy OAWH W TOT Ke 06bEM KPOBW, MPOXOAA 3a
| MWH 4epe3 aopTy ¥ 60see Mesikue COCyAbl, ABUXKETCA C PasHOW Nn-
HeliHOW cKopocTbio (puc. 6.9).

Moa NMHENHON CKOPOCTbIO KPOBOTOKA MOHMMAKT PacCTOsHUE,
KOTOpOe MPOXOAMT YacTuLa KPOBU 3a CeKyHAy; u3MepsieTcsa B M/C
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Kanunnsapbi

BeHynbl
e 4000
1 3000 Monble
A 2000 BeHbl

Puc. 6.9. 3aBUCMMOCTb CKOPOCTU KPOBOTOKA OT CEYEHWUS CO-
cyfioB. JIMHeliHas CKOpPOCTb KPOBOTOKA B COCyAax KaXzioro oT-
[lena KpoBSIHOIO pycna 06paTHO MpPOMNopLMOHasibHA MAoLLamn
MNOBEPXHOCTU MOMEPeYHOro ceyeHns aToro otgena. Hamb6onb-
Lasi CKOPOCTb B MarnucTpasibHbIX apTepusix 1 BeHaX Y HauHU3-
was —B Kanunnspax; HanpoTve, CyMMapHas nfowlafb no-
BEPXHOCTW MONEPeYHOro ceyeHUs Hambonbluas AN Kanwuans-
POB 1 HaMMeHbLUas — AN KPYMHbIX apTepuwii 1 BeH

nnn cm/c. Camaa 60/nbLIas NMHeNHas CKOPOCTb KPOBOTOKA —B aop-
Te, npumepHo 0,5 m/c. Mo mepe pa3BeTBNEHNIA COCYA0B OHa NajaeT
camasl Hu3Kas cTaHoBUTCA B Kanunnapax. CymmapHas njaowiaib no-
nepeyvyHoOro ceveHus Bcex kKanunnspos B 800...900 pa3 6onbLue no-
WaaM norepevyHoro cevyeHus aopTbl, MO3TOMY /IMHERHas CKOPOCTb
KPOBOTOKA B Kanuangpax BO CTO/IbKO e pa3 MeHbLUe, YeM B aopTe, U
poxoaut go 0,5 mm/c.

Korga kanunnspbl COeLMHAIOTCS 1 06pa3ytoT 60/1ee KpynHble cocy-
[bl —BEHY bl 1 BeHbl, 00L1as naowagb nxX nornepeyHoro ceyeHms Bce
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BpeMS YMeHbLLaeTcs, a /IMHeNHasa CKOPOCTb TEYEHWUsS KPOBW BO3pac-
TaeT. B nofibIx BeHax OHa NPMMEPHO B [iBa pa3a MeHbLUE, YeM B aopTe,
MOCKO/IbKY aopTa 0fHa, a NnosibIX BeH —/Be.

Takum 006pa3oM, NMHeNHas CKOPOCTb KPOBOTOKA He 3aBUCUT OT
YAaNeHHOCTW COCY[0B OT cepAua, a 06ycnoBneHa naowagblo norne-
PEYHOr0 CeYeHUs COCYL0B M 00BEMOM KPOBU, NPOXOAALLErO MO HUM.
Mpn NOCTOSSHHOM 00bemMe KpOBM, Bbl6pacbiBaeMOM CepALeM 3a
| MUWH, NMHEeHasn CKOPOCTb KPOBOTOKA 60/IbLLE B KPYMHbIX COCyAax 1
MeHbLUEe —B MeSIKMX. :

KpoBsiHoe faBneHve. MnapocTaTnyeckoe AaBneHne KPOBM Ha CTEHKM
KPOBEHOCHbIX COCYZ0B Ha3blBaeTCs KPOBAHbIM [aBfieHneM. B pasHbix
cocyfjax OHO pas/fIMyHO, NO3TOMY 0ObIYHO BMECTO 06LLEro (hm3nyecko-
ro MNOHATUA «KPOBAHOE AaB/eHMe» YrnoTpebasatoT 601ee KOHKPETHOE —
apTepuasnbHOe, KanuanspHoe Wi BEHO3HOE faBfeHue.

BenmunHa KpoBSIHOTO AaB/IeHNs 3aBUCUT OT CrieflyHoLyX (PaKTopOoB.

1 Pa6ota cepaua. Bce, 4TO NpMBOAMT K YBENNYEHUIO MUHYTHOrO
06bema KpoBOTOKa —MOJIOXKUTESIbHbIE MHOTPOMHbIE UM XPOHOTPON-
Hble 3()(heKTbl —BbI3bIBAET YBE/IMUEHNE KPOBAHOIO AaB/eHNs B apTe-
puanbHOM pycnie. HanpoTue, yrHeTeHUe cepAeyHol AesTeNbHOCTH COo-
MPOBOXJAETCA CHUXEHMEM KPOBAHOIO AaBNeHUs, U Mpexpe BCEro B
apTepusix, HO Mpy 3TOM B BEHaX OHO MOXET BO3pacTaTb.

2. O6bem 1 BA3KOCTb KpoBU. Yem 60sbLIe 06bEM 1 BA3KOCTb KPOBYU
B OpraHu3me, TeM Bbllle U KPOBAHOE [aB/ieHNe.

B aBuxyLLeiica no cocyiaM KpoBM BA3KOCTb 3aBUCUT He TOMbKO OT
Ha/IMumnA B Hell (DOPMEHHbIX 3/1EMEHTOB U 6€NKOB, HO U OT CKOPOCTH
KpOBOTOKa U finamMeTpa cocyoB. B aopTe 1 KpYMHbIX apTepusix KpoBb
TeyeT MOC/IONHO, T. €. flaMUHapHO. BAonb CTeHKM cocyda B TOHKOM
CNoe nnasMbl CKOPOCTb KPOBOTOKA MUHMMaJIbHA, MPUYEM TOHYaLLNA
MPUCTEHOUHbIA CMOA MnasMbl BOOOLLE He ABWXKETCH, a CheayoLuii
CNOW Kak 6bl CKONMb3WUT NO HeMy. POPMEHHbIE 3M1EMEHTBI Nepemelya-
HOTCS MO LIEHTPY COCyaa, M Hanbonbluas NMMHeNHas CKOpPOCTb HabnHo-
[iaeTcs no ocu cocypda. MosToMy B KPYMHbIX COCYfax BA3KOCTb KPOBU
MaKc/UMa/ibHa B LIeHTpaslbHOW Ya-

CTU cocyfa U MUHUMaibHAa — Y
CTeHOK (pwuc. 6 .10).

B HeKOTOpbIX KPYMHbIX COCY-
fax NamuHapHbIA KPOBOTOK MO-
XeT 3aMeHATbCA  TypOYNeHTHbIM
(BMXpeBbIM): BOMN3N  CEPAEYHBIX
KnanaHoB, Npu CUILHOM nepexa-

TMN apTepun, NpU 0YeHb 60Jib-
LLIOA CKOPOCTWM KPOBOTOKa. [Mpwu
TYpOYNEeHTHOM [BWXXEHWUW BA3-
KOCTb KPOBW YBeNMYMBaeTCs, Tak
KaK ee C/oM nepemMeLLnBaloTCs
(cm. puc. 6.10). B menkux Kpose-
HOCHbIX cOCyfax nna3maTu4ecKui

CkopocTb

ATYypOGYNeHTHbIA  — em/lTaMUHapPHbINA

Puc. 6.10. Mpocunm ckopocTein nNpy namu-

HapHoM 1 Typ(SyneHTHOM MoTokax (mpu Typ-

OYNEHTHOM TeYeHUWM CKOPOCTb OCEBOro Mo-

TOKa W CPefiHAs CKOPOCTb HWXe, 4YeM npu
NamMnHapHOM)
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MM PT.CT. CNow KPOBU Y CTCHOK YBE/INMYMNBAET-
€A, MO3TOMY B HUX BA3KOCTb KPO-
BU NPUOMXKaeTCa K BA3KOCTU NJias-
Mbl. OfHaKO B OYEHb MeNKMX Ka-
nunnapax, AvameTp KOTOpbIX paBeH
NN JaXe MeHblle AuvameTpa 3pu-
TpouuTa, BA3KOCTb KPOBW YBeNu-
yMBaeTCs 3a CYET TOro, YTo 3pU-
TPOUMTBI  «MNPOTUCKMBAIOTCA» Ye-
pe3 Kanwuniapsl.

3.

[lOB, Mpexae BCEro apTepuasibHbIX.
Puc. 6.11. KonebaHus AaBNeHNs B pas- O6beMm KpOBWM B cOcyfax Bcerfja He-
HbIX y4aCcTKax CoCyanuCTon CUCTEMbI: MHOTIO npeBbILuaeT eMKOCTb Cocy_
7—aopta; 2—Kpynsle aprepun; ) —wen- - QUCTOTO pycra. KpoBb faBuT Ha co-
Dbl O BoHyMLY 7. BbHb - > oranwina Cyjibl, CeTKa X pacTArvBaer, a co-
LWIT pUX0BKOIA 0603Ha4eHo aasnenne B cuctony  CYAbl, CY>XMBAACb, OaBAT Ha KPOBb.
(A) w puactony (B), nyHktvpom —cpeaiee  KpOMeE TaKOro MacCMBHOrO [aBrie-
Aaenene (6) HUS B CWY CBOEM 3MAaCTUYHOCTU
cocyfibl MOTYT aKTMBHO W3MEHATb TOHYC INafKOMbILIEUYHbIX BO/IOKOH U
TEM CaMbIM B/IUATL Ha KPOBAHOE [jaBneHue. UeM Bbille TOHYC (Hanpsxe-
Hue) cocyoB, TEM BbMNe KPOBAHOE [aB/eHNe.

Camoe BbICOKOE KPOBSIHOE AaBfieHNWe —B aopTe, Y XXMBOTHbIX OHO
pocturaet 150... 180 mm pt. cT. 1o Mepe yaaneHus oT cepALia AasneHne
najaet n B YCTbsAX BEH, BONM3M ceppua goxoant go 0 (puc. 6.11). Mog
Hy/eBbIM YPOBHEM AaB/ieHUs1 KPOBWM MOHUMAIOT BENIMUYUHY aTMochep-
HOro fJaBfieHns B AaHHOe BPeMs, T. €. KPOBAHOE JaB/ieHne —3To AaB-
NeHue cBepxX aTMOC(EPHOro, M MO3TOMY M3 MNepepe3aHHOro cocyga
KpOBb BblTeKaeT. VIHOrga, Hanpumep, npu rnybokoM BLOXE AaBfieHune
B MOJIbIX BEHAX CTaHOBUTCH HWXKe aTMOC(EpPHOro, WAM oTpuuaTefib-
HbIM. 3TO 06YyCNOBMBAET NPU MYHKLUN SPEMHOI BeHbI 3acacblBaHMe
BO3/lyXa B BEHY Yepe3 UHBLEKLMOHHYIO Ury.

BaXXHO OTMeTUTb, UTO Hambonbllee CHUKEHWE [aB/ieHUs NPounc-
X04WT B apTepmonax. 3T0 CBA3aHO € 60/bLLUM COMPOTUB/IEHMEM apTe-
PUON M3-3a UX MaIEHbKOro AvameTpa U 60/bLIOW ANMHBI, YTO 3HAYU-
TeNIbHO YBENMUYMBAET TPEHME KPOBWM O CTEHKM cocyfos. Kanuanapel,
XOTA U VMMEKT ewe 6onee ManeHbKWUA AMaMeTp, HO OTHOCUTESIbHO
KOPOTKMeE, NO3ITOMY rpagueHT fAB/IEHNS KPOBU B HUX MeHbLUE, YeM
B apTepuoniax.

PaccMoTpyMM 0COGEHHOCTU [BVKEHUSA KPOBW B COCydax pPasHoro
TMNa —B apTepusax, Kanuanspax v BeHax.

ApTepun. Bbixogsaiime 13 cepAla aopTa 1 fieroyHas apTepus Hasbl-
BAKOTCA COCy[aMMn 31aCTUYECKOro TWMa, TakK Kak B UX CTEHKe OTCyT-
CTBYIOT I1aiKOMbILLEYHbIE BOMIOKHA, a CPeAHAs 060/7104Ka COCTOUT U3
NAOTHOW COEAMHMTENbHOI TKaHW, 06M1aAatoLLIE BbICOKOI 3/1aCTUUHO-
CTbl0. K apTepusiM 31aCTUYECKOr0 TUMa OTHOCATCH TakXXe Takme Kpyn-
Hble apTepun, Kak obLuas CoOHHas, naeyeBas 1 HeKoTopble Apyrve. B nx
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CTEHKe MMeeTcs 04eHb HeOO/bLLOE KOIMYECTBO MafKNX MblLL, KOTO-
pble Y4YacTBYHOT B HATSDKEHUWN 3M1ACTUYECKMX BOMIOKOH.

Mo mepe pa3BeTB/EHNSA a0OPThl U NErOYHON apTepPUM Ha KPYMHble, a
MOTOM Ha CpefHUe, MeSIKMe apTepun U apTepuosibl COeAUHUTENbHO-
TKaHHbIE BO/IOKHA NMOCTENEHHO 3aMeLlakTCs rafKoMbILeYHbIMK. 1o-
3TOMY CpefHue 1 MenKue apTepumn 1 apTepuobl Ha3blBatOTCA apTepu-
SIMN MbILLIEYHOrO TMNa.

Ponb apTepuii 31aCTUYECKOT0 M MbILIEYHOTO TUNa B ABMXKEHUM
KPOBW pasnnyHa. :

ApTepm 3facTMYeCKOro Twuna obecneynmsaroT Henpe-
PbIBHbLIN TOK KPOBY B COCyAax Mpvi NepuofvMyeckom (CUCTOINYECKOM)
BbIOPOCE ee 13 XKeNyaouKoB, T. €. KPOBb ABMXKETCS B COCYAaxX He TO/lb-
KO BO BPEMS CUCTO/Ibl XKENYLOUKOB, HO 1 B AWACTONY, KOrAa cnefyroLuas
nopLms B COCyabl M3 cepAaLa eLle He nocTynaeT. Bo Bpemsi CUCTONbI Xe-
Ny[04KOB KPOBb BbIOPACHIBAETCA B COCY/bl, KOTOPbIE HE MyCThble, a Co-
JepXat KpoBb OT MpefblayLieit CucTonbl. JononHnTe bHbIN 06beM KpPO-
BM pacTArmBaeT 3NacTUYECKME BOMOKHA, 1 cocyabl pacwmpstoTes. Ko-
rAa HauMHaeTCs AnMacTona XenyaoukoB, PacTAHYTble COCYAMCTbIE CTEH-
KW CXKMMaroTCs, NepeMeLlas KPoBb AasibLLie N0 COCyAaMm.

ApTepM MbILLEYHOTO TMWNa Has3blBAKOTCA COCyAaMu Co-
MPOTUB/IEHNS, UM PE3UCTUBHBLIMU cocyfamu. [nafkue MbilLbl 3TUX
COCY[Zl0B NMOCTOSHHO HaxXOAATCS B OMpeAeneHHOM ToHyce. og BAus-
HWEM HEPBHOM CUCTEMbI WM Ba30aKTUBHbIX BELLECTB UX TOHYC MOXET
M3MEHATLCA, BMSAS TEM CaMbIM Ha BEIMYMHY apTepuasbHOro fasre-
HUA. Mpy COKpaLLEHNW TNaaKNX MbiLLL, apTEPUON JaBNEHNE B HUX BO3-
pacTaeT, HO NPU 3TOM YMEeHbLLAeTC OTTOK KPOBW B KanNuspbl.

Mpy paclpeHnn apTepyuon AaB/ieHNe KPOBM B apTepUAX CHUKAET-
Cs, HO YBENMYMBAETCA MPUTOK KPOBYM B Kanunnsapbl. APTEPMOSbI Hasbl-
BalOT «KpaHamu CepAeyHO-COCYANCTON CUCTEMbI», TaK KakK OT UX TOHY-
Cca 3aBUCUT KaK apTepuasibHOe AaB/ieHre B KPYMHbIX apTepuabHbIX CO-
Cyfax, Tak U MeCTHbIWA, NN OpraHHbIf, KPOBOTOK.

Bonbluoe KAMHMYECKOe 3HayeHWe WMEeeT BEeNNYMHA apTep U -
aNbHOTO [aBNeHUN. Y KPYMnHbIX CENbCKOX03ANCTBEHHbIX XU-
BOTHbIX apTepuasibHOe AaB/ieHe U3MePAOT Ha XBOCTOBOM W/IN 3amscCT-
HOI apTepusX, Y C06aK 1 KoweK —Ha 3ansiCTHOW unv 6epeHHOIA.

B skcnepmMmeHTanbHOM paboTe NPUMEHSHOT NPSIMOWA, NN KPOBaBbIN,
Crnoco6 M3MepeHUs aBeHNs, KOrja B apTepuio BBOLAT UMY UK KaHHo-
N0 N COEAMHSAIOT e C MaHOMETPOM. B KNMHNYECKO NpaKTUKe UCMONb-
3YIOT HEMPAMOWA, NN KOCBEHHbIA, MeTog. OH 3aknto4aeTcs B TOM, YTO
Ha KOHEYHOCTb MM Ha KOpPeHb XBOCTAa HaKNadblBakdT Pe3NHOBYHO MaH-
XETY, COeAVHEHHYIO C Pe3VHOBON pyLUei Ans HakaumBaHWUs BO3L4yXa, U
MaHOMETPOM —PTYTHbIM, MPYXXUHHBIM UAW 3NEKTPOHHbIM.

Mpu HarHeTaHUK BO3AyXa B MaHXETY apTepus CAaB/MBaeTCs U Kpo-
BOTOK B Heil npekpalwlaetcsa. MaHOMeTp Nnpy 3TOM MOKa3blBaeT BEPX-
Hee (MakCUMalbHOE), U/ CUCTOIMYECKOE, [jaBfieHne, KOTOPOe COOT-
BETCTBYET CMUCTONE Xenyfo4KoB. Korga Bo3gyx U3 MaHXeTbl BbiMyCKa-
tOT, KPOBOTOK HauyMHaeT BOCCTAHAB/IMBATLCA U B COCY/le HUXKE MaHXe-
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Tbl MPOCNYLUMBAIOTCSA 3BYKMW, KOTOPble Ha3blBalOTCA TOHaMu KopoT-
KoBa (Mo thamunuu pycckoro Bpada KopoTkoBa, KOTOpPbIA BrepBble
NPUMEHUN 3TOT METO/ M3MEPEHUs apTepuanbHOro AaB/eHus). 3ByKM
BO3HMKAIOT M3-32 BUXPEBbIX ABMXEHUI KPOBM, MPOXOAsLEn uepes
CYXXEHHbIN y4acTOK COCy/a, KOrja KpoBb Yepe3 Hero npoxoAuT TOJlb-
KO BO BPEMS CMCTO/IbI XXeNyAo4KoB. pekpalleHne 3ByKOB B apTepum
COOTBETCTBYET HWKHEMY (MWHUMASbLHOMY), WU AUACTO/IMYECKOMY,
[aB/IEHNIO.

NTaKk, B apTepusx fasneHue Konebnetcs B 3aBUCUMOCTM OT (hasbl
CepAeYHoro umkna. Bo Bpems CUCTO/bI XXenyA04KOB OHO NOAHMMAETCS,
BO BpeMS 4MacTO/Ibl —MOHWKAETCH. Pa3HOCTb MeXay CUCTONNYECKAM U
[AMaCTONMYECKUM AaBNeHEM Ha3blBaeTCs Ny/IbCOBbIM AaB/IEHVEM.

Mpu BINTENBHON perncTpauumn apTepuanbHOro 4aBieHns NpsimbiM,
WK KPOBaBbIM, METOAOM, KOrfa BHYTPb COCY/a BBOAAT KaHHO/KO U CO-
EAMHSIOT ee C MaHOMETPOM, a KoNlebaHus PTYTV B MaHOMETPE 3anmchbi-
BalOT Ha ABMXYLLENCA NeHTe Kumorpada, ycTaHOB/IEHO, YTO apTepu-
a/lbHOE [aBfieHNe HEemnoCTOSAHHO U Ha 3an|/|cm 06bIYHO oTpaxaroTcs
BOJIHbI []BYX, & MHOTAa Tpex nopsagkos (puc. 6 .17.).

BosHbI NepBoro nopsiaka —aTo MyNbCOBOE AaB/eHWe, T.e. Kore-
6aHuA [aBneHWs B COOTBETCTBUM C CUCTOMOW WM [MACTOMON Xe-
NyL04YKOB cepAua. BonHbl BTOpOro nopsgka ™ AbixaTeNbHble, OHU
COBMNAZatoT C AbIXaTe/lbHbIMU ABVKEHUAMM XUBOTHOMO: K KOHLLY BOXa
[aBfleHNe B apTepusxX MOBbLILIAETCA, K KOHLY BblOXa —CHWXKaeTcs.
BonHbl TpeTbero nopsgka —eLle 6onee peflkue, OHW 06BLEAUHSIOT
HECKO/IbKO [bIXaTeNlbHbIX BOJH. MpoUCX0oXaeHne BOMH TPETbero rno-
psAfKa He BMOSHe ACHO. OYEBMAHO, OHU BO3HUKAIOT MPU CHUKEHUM

MM pT CcT. cofepXaHna Kmcnopoda B Kpo-
110 BW, MpW OTPaB/IEHUN COCYAO-
100 [BUraTeIbHOro LeHTpa Npoayk-
90 Tamy 06bmeHa. [lpegnonarator,
8\ 4YTO BOJIHbI TPETLEro nopsaaka
70 06yCNoBMeHbl AeATeNIbHOCTbIO
60 MeyeHn Kak opraHa, AenoHu-

PYIOLLErO KPOBb.
MM pT.CT.

100r
V W Puc. 6.12. KpuBaa 3anucu KpoBSIHOro
380 faBneHust (PTYTHbIA MaHOMETP):

A —OTYeT/IMBO BWAHbI MNY/bCOBble BOMHbI
(Menkue n yacTble 3y6uUuMKM), AbIXaTeNbHble
BOJ/IHbI, OXBaTbIBatoWMe Kaxgas 10... 12 nynb-
COBbIX BOJIH, N Mef/leHHble BO/HbI (3 BOMHbI)
40 - TPeTbero nopsgka, He CBA3aHHble C Ablxa-
TeNbHbIMU [BWXEHMAMU (N0 POXaHCKOMY);
b —nocne oTgeneHns 60/bLINX NonyLIapuii
OT NPOZOroBaToro 1 CpefHero mMosra. bayx-
falolime HepBbl nepepesaHbl. Ha (oHe He-
HOPManbHO PefKMX AblXaTeNbHbIX ABMXKEHUN
(HV>KHAR KpuBas) BUAHBI MpefLLecTBYyOLLye
MM BO/IHbI MOBbILLIEHUS KPOBAHOIO aBneHuns

70 -
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BosbLIoe KNMHNYECKOE 3HAYEHNE UMEET BENMYNHA apTEPUATIbHOrO
[aBeHns, U3MepeHHasa B onpeaeneHHbIX cocydax (Tabn. 6.3.).

6.3. BenmurHa apTepranbHOrO AaB/eHUsl Y XMUBOTHbIX, MM PT. CT.

Bup »xmBoTHOro ApTepus szggllllg:agkoe ﬂ,maﬁct;ggem:ﬁgkoe
Nowagb XBocToBas 110...120 35.. .50
KpynHbili poratblii cKoT » M0...140 30.. .50
Menkuii poraTblii CKOT MneyeBas M0...120 50.. .65
CBUHbA 135.. 155  45.. .55
Cobaka 120.. 140 30.. 40

ApTepuanbHbIil nynbc. ApTepuanbHbli MynbC —3To
PUTMUYECKUE KoNnebaHNA CTEHOK apTepuid BCELCTBUE CUCTONMYECKMX
BbIGPOCOB KPOBU U3 cepAua. PacTsHXeHMe U Cy)XXKeHue aopTbl U Neroy-
HOW apTepuu, NPUHABLLUNX CUCTONUYECKUI 06beM KpOBW, nepepa-
0TCA Jasiblle MO apTepusM W NOCTEMEHHO racaTca B apTepuonax.
B kanunnspax nynbcauum yxe HeT. CKOpPOCTb pacnpocTpaHeHus
MyNbCOBOW BOJIHbI BbILLe, YeM JIMHeiHas CKOPOCTb TOKa KPOBWU. Tak, B
MefIKUX apTepusx MynbCcoBas BOSIHA MPUMEPHO B 20 pa3 npeBblllaeT
NMHEVHYI0 CKOPOCTb KPOBOTOKA.

ApTepuanbHbIn MyNbC UCCNEAYIOT Ha apTepusx, PacrofioKeHHbIX
NOA KOXei, KOTOPble MOXKHO MPUXaTb K MIOTHbIM NOAJIEXALUUM TKa-
HAAM, —Ha XBOCTOBOM, 6efJpeHHOM, 3anNACTHO, nnevesol n ap. Meto-
OOM Nafibnaymm onpeaensoT Creayrolime Kadectsa Mynbca: 4acToTy
(B HOpMe OHa COOTBETCTBYET YaCTOTe COKpalleHWi cepaua), HanosHe-
HWe, HanpsKeHWe apTepuaibHON CTEHKW, PUTMUYHOCTb, ObICTPOTY
HanosHeHMs ¥ cnageHuns cocyga. Mynbc oTpaxaeT 0co6eHHOCTM pabo-
Tbl CepAua M COCTOSIHME CaMWX KPOBEHOCHbIX COCYLOB, MO3TOMY €ro
nokasartesiv UMerT B0/bLIOE KMHWYECKOE 3HaYeHME B OLeHKe (DYHK-
LIMOHA/IbHOTO COCTOSAHWA CepAeYHO-COCYANCTON CUCTEMDI.

3anucb apTepuasbHOro nyJsibca HasblBaeTCs CHUrMorpamMmmon. [ns
perncTpauumn nynbca Ha cocyf HaknafblBaloT AaTUnK. ITO MOXET ObITb
pe3nHoBas Kancyna, 4aB/ieHne B KO-

TOPO M3MeHsieTCH MpWU HajaenMBa-
HWW CO CTOPOHbI apTepun. Ha cur-
morpamme (puc. 6.13) paznuyaroT 3y6-
Lbl OTpaxaroLlme pacTsHXEHUe u cy-
XeHue apTepun. Bocxopswas yacTb
3ybua Ha3blBaeTCs aHaKpOTOM, HUC-
XoAsLlas —KaTakpoToil. Ha Hucxo-
OSLIEM KONeHe MMeeTcs HebonbLIOoi
[ONONHUTENbHBIA MOAbEM —ANKPO-
TWYecKasl BOMHa, OTAEMNEHHbIA OT Ha- A A

YARHSH HAETY KATAKPOTE wuunay  hfSedbin iy HIRIRERBC LSS A,
poin (Bblpe3koi). NHUM3ypa oTpaxa- 3anmcaHHble CUHXPOHHO
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eT 6bICTPOe crnajeHue [aBleHWs B aopTe BO BPeMS 3ax/10MblBaHWA
aopTaNbHOro KnanaHa, Korja KpoBb Ha MIHOBEHMWE YCTpeMaseTcs
obpaTHO K cepAuy. HO nocKonbKy MOMyNyHHble KnanaHbl YXXe 3a-
X/IOMHYNNCb, KPOBb, OTTaNKMUBAACh OT HUX, YCTPEMASAETCS Aaniblie B
aopny W [aB/fieHne B HE HEMHOIO NOBbILLAETCA, YTO U Bbl3bIBaeT M-
KPOTUYECKYIO BOJHY.

Mukpouupkynaums. K MUKPOLMPKYNATOPHOMY PyC/ly OTHOCATCS
NPUHOCALLMe apTeprobl, KanNuIspbl ¥ OTBOAALLME BEHO3HbIE U IUM-
(haTnueckue cocyfpl. T0O —HaurnaBHeNLLIas 4YacTb COCYANCTOM CUCTE-
Mbl, TaK KaK MMEHHO 3/leCb NMPOUCXOANT Mepexos BewecTs U3 KpoBuM B
TKaHW 1 06paTHO.

CTpyKTypHas opraHu3auus MUKpPOLUPKYNALUM OTINYaeTCA B pas-
HbIX OpraHax. PasnnuatoT cnefyrolime TUMbl MUKPOLUPKYNATOPHOIO
pycna (puc. 6.14).

1 KanunnspHble CETU —KOHEYHble pa3BeTB/IEHWUA apTepuon, Co-
efIMHeHHble MeXay co60i napannensHo 1 nocneaoBartesbHO.

2. ApTepuoso-BeHyNAPHbIE aHaCTOMO3bl (LLYHTbI) —KpaTyailume
COeIMHEHUS MeX[y apTepuonon 1 BeHynoi. Mo HUM apTepuanbHas
KPOBb HErnocpeACTBEHHO NepexoauT B BeHy. Takoil kanunnap npe-
[OXpaHAeT KanunnspHy ceTb OT nepenosiHeHus. bonblioe 3Haue-
HVe LWYHTUPYIOLLME COCYAbl UMEKOT HA KOHEYHOCTSAX: OHU YMEHbLUAoT
NPUTOK 60/1ee TEMON apTepnasbHOM KPOBM K HUKHER 4acTu KOHeu-
HOCTEN 1 OrpaHMYMBalOT TakUM 06pa3oM TennooTaauy.

3. Mna3matnyeckune Kanuanapbl —B HUX ABUXKETCA TONbKO niasMa
KPOBW 1 OTCYTCTBYIOT (DOPMEHHbIe 3/1eMeHTbI. Takoe AB/IeHne —OoT/e-
NeHne nnasMbl OT 3PUTPOLUTOB —MPOUCXOANUT B Kanunispax, KoTo-
pble OTBETB/AKTCA OT apTepuos nog 601bLUUM YTIOM.

[dunameTp kanunnspoB kone6netca ot 4 4o 20 MKM, B CpeflHEM CO-
cTaBnAd 7.8 MKM. [lnameTp BEHO3HbIX KOHLOB KanwiispoB HEMHOIO
6onblue, Yem apTepuasnbHbIX. [MHA OAHOTO Kanwinspa O4eHb Ba-
puabenbHa —ot 50 4o 1000 MKM.

CreHka Kanunnspa obpa3oBaHa OAHWM C/I0EM 3HAOTENMANbHbIX
KMeTOK; CHapy>Xu pacrnonoXeHa 6asanbHas membpaHa. [lepexon Be-
LLLeCTB CKBO3b CTEHKY Karuispos NPOUCXOAUT Yepe3 nopbl (KaHasbl)

CTWHHbIe
Kanunnsapbl

~eTapTe/l, OCHOBHOI KaHan ,,
a Menkas

. pna e
ApTepmof-) MpekanunnspHble  BeHy/a
BEHO3HbIIA COMHKTEPBI
aHacToMO3

Puc. 6.14. Cxema MUKPOLMPKYNATOPHOrO pycna



B MembpaHe, Be3uKynbl (NMy3blpbKW) BHYTPU KNETOK, CAMBLUNECH
Yy4aCTKN Hapy>XHOW N BHYTPeHHeil MembpaH KneToK ((heHecTpbl), a
TaKXXe Yepe3 MeXKNETOUYHble KOHTaKTbl (LLenn).

MpoHULaeMOCTb KanunasapoB 3aBUCUT OT CTPOEHUS UX CTEHOK U
006ycnoBfieHa 0CO6EHHOCTSIMM (YHKLMOHUPOBAHUA opraHoB. Hanbonb-
LIasg MPOHULAEMOCTb KaruinspoB —B KPOBETBOPHbLIX OpraHax. 3hech
MeXay 3HAOTeNNANIbHBIMWA KNeTKaMn UMerTca 0ofbluve LLenn, Yepes
KOTOpble MOTYT MPOXOAMTb HE TONbKO PAaCTBOPEHHblE BellecTsa U
MaKpOMO/eKy/bl, HO W KNeTKU KPOBW. BbICOKOW NPOHMLAEMOCTbIO
061a0at0T Kanunnspbl NOYEUHbIX KNyOOYKOB, KULLEYHOM CTEHKWU, Ye-
pe3 KOTOpble He MPOXOAAT /Wb KNEeTKU KPOBM M MaKpOMOJEKY/IbI
(6enkn). HavmeHbLUed MPOHULAEMOCTbIO 06/1a4al0T COCyfbl MO3ra,
bnarogaps Yemy B HErO He MonajatoT U3 KPOBU MHOTUE PaCTBOPEHHbIE
BeLecTsa 1 hopMupyeTcs cBoeobpasHas BHYTPEHHASA cpefa Mo3sra, oT-
NIMYHaA No coCTaBy U CBOMCTBaM OT M/1a3mbl KPOBW.

[JasneHve B kanunnapax cHmkaetca ot 20...40 Mm pT. CT. Ha apTe-
pvanbHOM KoHue Ao 15..20 MM —Ha BeHO3HOM. B HeKOTOpbIX opra-
Hax KanunnsapHoe AasneHue 6osee BbICOKOe. Hanpumep, B Kanuing-
pax noyeyHblX KNYyOOUYKOB (Ma/ibMUrMeBO Tefble) AaBfieHMe JOXOAUT
[0 60...90 MM pT. CT.

CKOpOCTb TEYEHUS KPOBW B Kanuinspax camas Hu3Kas BO BCeW Co-
cyguctoii cucteme —0,5...1,0 MM/c. B HUX HaxogmMTcs HEMHOrO Kpo-
BW —BCero oKosio § % obuero ob6bema KpoBW; Hamnpumep, Yy fowan
maccoit Tena 500 Kr 370 BCero 0koso 3 /1 KpoBu. HO NOCKO/bKY Konuye-
CTBO KanwinapoB OFPOMHO, a UX paguyc OYeHb Mas, TO MOBEPXHOCTb
COMPUKOCHOBEHWNSA KPOBW CO CTEHKOW Kanuinspos, rae U Npoucxoaut
06MeH BeLLEeCTB MeX/Y KPOBbIO U TKaHAMMK, focTuraeT 1500 M Ha (00 T
TKaHW. lMpryem 3TO CpeAHMIA MoKasaTesb, a B pa3HbIX opraHax nioT-
HOCTb pa3MeLLeHNs KanuiisapoB HeoOAMHaKoBa. Tak, B FO/IOBHOM MO3re,
MUOKapAe, NeYeHn 1 NoYKax YMC0 KanuansapoB B HECKO/bKO pa3 60/1b-
Lie, YeM B CKeNneTHbIX Mblwax. OTHOCUTENbHO Maio Kanwinspos B
CepAeYHbIX KnanaHax, B KOCTHOW, XXMPOBOW M COeANHUTENbHOMN TKaHSIX,
Mo3TOMY Mn/oWwaab 06MeHHON NOBEPXHOCTM 34eCb HeGOMbLIAS.

B cocTofHMM NOKOS opraHa KpoBb LMPKY/NUPYeT TONbKO Yepes
25...35 % BCex Kanuanapos, OCTa/lbHbIE Kanu! Ngpbl 3aKkpbITel. [pouncxo-
OUT «Urpa Kanuingapos» —MNooYepeHOe X 3aKPbITUE Y OTKPbITUE Ha Of-
HOM W TOM >Xe y4acCTKe TKaHW. Tlpn BO3pacTaHWW aKTUBHOCTW OpraHa
YBE/IMUMBAETCA UNUC/O OTKPbITHIX, UK Mepiy3npyemMbIX, Kanuansapos v
COOTBETCTBEHHO YMEHBLUIAETCA PACCTOAHNE MEXY Kanwuisapamun u KneT-
Kamu opraHa. Tem cambIM YyyLIaeTcs KpOBOCHAOXEHWNE TKaHW.

KanunnspHblii KPOBOTOK PerynvMpyeTcs CrefyroLwymm MexaHn3Mamu.

1 3meHeHre ToHYCa apTepuon. [pu pacluvpeHnn apTepron Hamon-
HeHVe KanuinsapoB YBe/ITUBAETCA, MPU CYXXeHUN —YMeHbLIAeTCS.

2. PaboTa npekanuansapHbIX CHOUHKTEPOB. Bo MHOrMx aprepuosnax
Ha rpaHuue Cc KanunisapaMmyv UMelTCH LUPKYNSpHble rNafKoMblLley-
Hble BOJIOKHA. py MX COKpaLLeHUN npekpaLlaeTcs NpUTOK KpoBW B
Kanunnap, a npu paccnabneHny —B0O306HOBNAETCA.
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3. \3meHeHne obbema 3HAO0TeNNaNbHbIX KNeTOK Kanunnspos. Mpu
nX HabyxaHUM 06BLEM KPOBM B Kanunispax YMeHbLUAeTCA U3-3a CyXKe-
HMA NPOCBETA COCY/0B.

4. A'3MeHeHWe TOHYyCa UM KpPoBeHarnonHeHusa BeHyn. MNpu nx yse-
NMYEHUN 3a[ePXKMBAETCA OTTOK KPOBU M3 Kanunispos.

BeHo3Hble cocyabl. CTEHKN BeH MMetoT HebOMbLLOWA CMoW rnafko-
MbILLEYHbIX BO/IOKOH. OHM 60/iee pacTsHKMMbI, YeM apTepuasibHble CO-
Cyfbl, N MeHee 3N1acTUYHbl. B BeHax MOXET CKanamBaTbCs 60/bLLOe
KO/INYeCTBO KpoBM —a0 75 % BCeli KPOBM B OpraHvW3ame, NoaTtomy mx
Ha3blBalOT «EMKOCTHbIMW» cocyfamn. KpoBsiHble Aeno —reyeHb, ce-
Ne3eHKa U MOAKOXHaA KnetyaTka, —CofepXXaT KpPOBb, UCK/IOUYEHHYIO
3 KPOBOTOKA MMEHHO B BEHO3HbIX COCYAaX.

JlnHeHas CKopoCTb KPOBOTOKA B BEHaX MOCTENEHHO, MO Mepe WX
CnnsHWA B 60/1€e KpPyrnHble BeHbl, yBeNn4YnBaeTca. Tak, B nepupepm-
YecKMX BeHax OHa Konebnetcs OT 6 fo 14cm/c, a B NOMbIX BEHaX A0-
CTWraeT MnosIoBUHbI CKOPOCTY KPOBW B aopTe —zo0 10 M/cC.

[laBneHne KpoBW B Hayajse BEHO3HOro pycna cocrtasnger 15..
20 MM pT. CT. M MOCTENEHHO CHWXaeTcA. B nonbix BeHax B6AU3U
cepAua oHo NpubnmxaeTcs K aTMocepHoMy. Taknum obpasom, nepe-
naj, faBNeHns B BEHAX MeXay COCeHUMU y4acTKammn O4eHb Hebo/Ib-
LLOW, XOTA OH 06YCnOBNMBaeT B OCHOBHOM [BVKeHMe Kposu. Kpome
TOr0, B KOHEYHOCTAX KPOBb MOAHMMAETCA MO BeHaM BBeEpX, NPeojo-
neBas CuUny TAXeCcTW. B BEHO3HOM pycrie UMeKTCs Chegylolime Ao-
NONHUTENbHbIE MEXaHW3Mbl, CNOCOOCTBYIOLME MEePEMELLEHNIO KPOBY
B O4HOM Harpas/ieHUN.

1 Hannuve kapmalKoBbIX KnanaHoB (KpoMe y4YaCTKOB BeH BOPOT-
HOI CMCTEMbI, MESIKUX BEHY U NOJMbIX BeH). MpensTcTBYOT 06paTHO-
My TOKY KPOBW.

2. PUTMUMYECKME COKpaLLeHNA CKeNETHbIX MbILLUL, OKPYXXatoLiMX Be-
Hbl N «BbDKMMAIOLLME» KPOBb M3 BEH. TOT MEXaHN3M MMeeT 60/bLLOoe
3HadeHve y iowageid. Mpu 4anTeNnbHOM CTOSHUN B KOHIOLWHE 6e3 ABK-
YEeHWI y nowagen nossiseTcs 0TeK KOHEYHOCTEN, NpuYmMHa KOTopo-
ro —3acToil BEHO3HOW KPOBW NPV OTCYTCTBUM COKPALLEHWIA CKeneT-
HbIX MblWLy. [AMTeNbHblE XXe TOHWYECKME COKpaLLEeHWS MbILL, Mpu
CTOSIHUW He CMOCOBCTBYOT ABMXXEHMIO BEHO3HOI KPOBW.

3. MpucacbiBatoLlee AeicTBre cepaua v rpyaHOR KNeTkn, ocobeH-
HO Npwv BLOXe.

4. NlaBneHvie gnagparMbl Ha opraHbl GPIOLLHON MONOCTU BO BPEMS
BAoxa. CnocobCTBYET BbDKMMAHNIO KPOBYM 13 OPIOLLHBIX OPraHoB B 00-
NacTb BOPOTHOW BEHbI, a U3 Hee —B MOy BEHY.

BeHHbIA nynbc. BeHHbIN NynbC —pUTMUYECKME Koseba-
HMA CTEHOK KPYMHbIX BeH B6/M3KM cepaua. B Menkux v cpegHMX BeHax
nynbcaumsa OTCYTCTBYET. Y KPYMHbIX XXMBOTHbIX BEHHbIA MY/bC MOXHO
HabnaaTb BU3yabHO B APEMHbIX BeHaX. BeHHbIA nynbc 06ycnoBneH
3aTpyfiHeHVeM OTTOKa KPOBW W3 BeH B MpeLcepans BO Bpems paboTbl
cepgua. Mpw peructpauum BEHHOro Ny/nbCa MOXHO HabnogaTb Tpu
3ybua (puc. 6.15.).
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3ybeL, a coBnagaeT ¢ CUCTONON Npea-
Cepauii, Korfa KpoBb B Mpeacepams He
NoCTynaeT W 3aJep>XMUBaeTcA B BeHax.
Bo Bpems Amactonbl Npeacepanin KpoBb
CHOBa CBOOOAHO NMPOXOAMT B NpeAcepanst
N KpuBas nynbca CHMXaeTcd. 3ybel, C
CBSI3aH C My/bCaLnein COHHOW apTepun,
nexkawiein BOAM3N OT APEMHON BeHbI Pyc. 6.15. Bennuii mymec (oGbsc
(BepxHas Kpusas — C()HrMarpaMMVia CoH- B e TEKCVTQ)
HOW apTepuu). B KOHLE CUCTOSbI Xeny-
[OYKOB Mpefcepans MOMHOCTLIO 3anofIHEHbl KPOBbIO M [afbHeiillee
NOCTYN/IeHVEe KPOBU M3 BEH B HWUX HEBO3MOXHO. Korfa HauymHaetcs
oblwaa naysa, B paccnabfieHHble >Xenyfo4yKn MepeTeKkaeT KpoBb M3
npeacepavii, a B NPeAcepans —n3 BeH, U 3TO oTpaxaeTcs Ha hne6o-
rpamme B BUfe Pe3KOro 3anageHus nocne 3ybua.

Bpema kpyroo6opoTta KpoBM. Bpems nmosHOro kpy-
roobopoTa KpoBM —3TO BpeMs, 3a KOTOPOEe KPOBb NMPOXOAUT 60/bLLON
N Manblil Kpyr KpOBOOOpaLLEHNS.

C uenblo onpefeneHns BpeMeHN KpyroobopoTa KpoBM BHYTPUBEH-
HO BBOAAT Kakoe-imbo BeLLECTBO, KOHLEHTPaLMIO KOTOPOro MOXHO
onpeaennTb Nocne pacnpefeneHns ero B KPOBM WAN BbISBUTb BbI3bl-
BaeMbli UM 3(hpekT. Hambonee 4acto MCNOML3YIOT LUTUTOH UAN NO-
6envm —hapmakonornyeckme npenaparbl, ABAAIOWMECA CTUMYNATO-
pamu AbiXaTesIbHOro ueHTpa. OHU AeMCTBYIOT Ha AbIXaTeNbHbIA LeHTp
petheKTOPHO, Yepe3 peLenTopbl CUHOKaPOTUAHOM 30HbI.

MeToavKa OnpefeneHns BPEMeHW KpoBOTOKa. LIMTUTOH wnu nobe-
NN BBOAAT B GEPEHHYIO UM SIPEMHYIO BEHY U U3MEPSOT BPeMsi OT
MOMeHTa BBEieHMS [0 NepBOro YCUNeHHOro BAoxa. 3a 310 Bpems npe-
napaT BMecTe C TOKOM KpOBW MPOWAET OT MecTa BBEAEHUA 40 MpaBoro
npeacepavs, aanee yepes Npasblii Xenyaoyek B Masblil Kpyr KpOBO-
obpalleHns, cHoBa MOCTYNUT B aOpTy M Korja AOCTUIHET MecTa pas-
BETB/IEHNSA COHHbIX apTePUIn Ha HapY)XXHble U BHYTPEHHUWE BETBU, TO pe-
(P1EKTOPHO ycunuTesa AbixaHve. MNepefaya BO3OY>XAEHNA OT peLenTo-
POB CMHOKAPOTWAHOW 30HbI /10 [ibIXaTe/IbHOrO LieHTPa NPoJo/roBaToro
mMo3ra 1 OTTyAa K [bIXaTe/lbHbIM MbILULAM 3aHUMaeT KpalHe Heb60/b-
LLIO MPOMEXYTOK BPEMEHMW, KOTOPbIM 06bIYHO MpPeHe6peraroT.

Y Menkux XUBOTHbIX BPEMS KPyroobopota KpoBM, M3MEpPEHHOe C
NpYMeHeHWeM UUTUTOHA (N06ennHa), cocTaBnseT OKono 6.8 ¢, ay
KPYMHbIX XXMBOTHbIX (lowwaab) —23 €. OHO BK/IHOUAET BPEMS MPOXOXK-
[OEHUS KPOBM Yepe3 Masblil U YacTb 6OMbLLIOr0 Kpyra KpoBoobpatlue-
HMA 6e3 yyeTa KanunnspoB 60/bWOro Kpyra. MonHblii 060poT —OT
MecCTa BBeAeHMWs npenapara 4o 3TOro e cocyfa —KpOoBb MPOXOAUT B
cpegHeM 3a 27 cepfeudHbIX UMKnoB. Tak, y fowaan Bpems o6opoTa
OKONO | MWH, a Y KpPYMHOro poratoro CKota —npuoanm3nTenbHoO B
! pa3sa 60/iblle 13-3a Pa3HOI YaCTOTbl COKpaLLleHNs cepAua.

NumgaTtnueckas cuctema. JIumparnyeckas cuctema obecneyvsaet
OTTOK TKaHeBOW XWUAKOCTM OT OpPraHoB M TKaHen 1 BO3BpaLLeHVe ee B
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KpoBb. OHa fBNSeTCA BTOPOW APEHaXXHOW CUCTEMONM OpraHusma, na-
pannenbHO BEHO3HOW.

O6pasoBaHue AuMMdpbl. JlIumpa —aTo YacTb TKAHEBOMN XKNA-
KOCTW, BCOCABLLUAACA B IMM{aTnyeckme Kanunnspbl, no3Tomy nepso-
HayaslbHO CneAyeT pacCMOTPETb MexaHU3M ee 06pa3oBaHus.

TKaHeBas XWAKOCTb 06pasyeTca nyTeM (uibTpauuy nnasmbl Kpo-
B/ Yepe3 CTeHKM KPOBEHOCHbIX KanunnspoB. ®OPMEHHbIE 3/IEMEHTbI
KPOBM 1 BbICOKOMOJIEKY/ISIPHbIE BELLECTBA —6eNKN He NPOXOAAT vepes
CTEHKM COCY[I0B 1 OCTalOTCH B KPOBMW.

B mexaHn3Me 06pa3oBaHMs TKaHEBOW XMUAKOCTU Y4acTBYHOT Cledy-
oLme hakTopbl:

rMapocTaTUYeckoe Aas/ieHne KpoBK, Croco6CTBYOLLLEE BbIXOAY Mas-
Mbl 3a Npejesnbl cocyaa;

OHKOTMYeCKoe laB/leHne KpoBY, co3faBaemMoe Konnovaamu (6en-
Kamu), yaepXusatoLlee BOAy B COCyAax W NPenaTcTByoLiee Puib-
Tpayuu,

MPOHULLAEMOCTb Karnu/nspos.

Korga rugpocratnyeckoe faBneHne KpoBu 60/bLUe KONMOWULHO-
ro (OHKOTMYECKOro), To npy AOCTATOYHOW MPOHULLAEMOCTM Karnwu-
NAPOB MPOUCXOAMT BbINOTEBAHUE XWAKOM 4aCTU KPOBW 3a Mpegesbl
cocyfa. 3TM yCroBuA CO34al0TCA B apTepnasibHOM KOHLE KPOBEHOC-
HbIX Kanwunnspos, rae ruapocTtaTuyeckoe AaBfieHMEe KPOBM PaBHO
20...40 MM pT. CT., @ OHKOTUYECKOe 0K0/10 25 MM pT. cT. ObpasytoLas-
CA 3[eCb TKaHeBasl, WM WHTePCTULMaNbHas, XUAKOCTb GecLBeTHas,
noyTy Npo3spayHas. B Hei cogepxkatca BCe Te Xe BeLecTsa U B TOM Xe
KOMMYeCTBe, UYTO M B M1a3Me KPOBW; eUHCTBEHHOE OT/IMYMe 3aK/loYa-
eTca B TOM, YTO B TKAHEBOM XXMAKOCTU KONMYeCTBO 6enKoB B 3...4 pasa
MeHbLLe, YeM B Ma3Me KpOBW.

TKaHeBas XWUAKOCTb 06pa3yeTcs HeNpPepbIBHO, HO KO/IMYECTBO €ee 3a-
BUCUT OT YPOBHA OOMeHa BeLLeCTB B JaHHOM oOpraHe. TKaHeBas Xug-
KOCTb SIBNAETCA UCTUHHON BHYTPEHHENW Cpesoin opraHn3Ma, 13 KoTopon
KNETKM NOJMyYaroT Bce HEOOX0AUMbIe BELLECTBA M Ky/a MoCTynatoT rnpo-
OYKTbl UX XM3HefeaTeNbHOCT. COoCTaB TKaHEeBOW XUAKOCTU U3MEHUNB:
MOHMXKAETCA COAEpXaHve nuTaTe/lbHbIX BELeCTB, KUCI0Poaa, NosB/s-
tOTCA HOBble BeLecTBa. ITO BeLLECTBa, CUHTE3MPOBaHHbIE B K/IETKaX
(ropMOHbI, (hepMeHTbI, 6enKun, NUNUAbI), a Takke NPOMEXYTOYHbIE U
KOHeYHble NPoLYyKTbl 06MeHa BeLLEeCTB, B OCHOBHOM HU3KOMOEKY/Isp-
Hble coefMHeHNs. OHW yBenMYMBalOT OCMOTUYECKOE AaB/ieHne TKaHe-
BOW >XWAKOCTW, YTO YCWU/IMBAET Mepexos nnasMbl KPOBM W3 COCYZOB B
MEXXK/IETOYHbIE NPOCTPaHCTBa. Takum 06pa3oM, YeM MHTEHCKBHee pa-
6oTaeT opraH, Tem 60/bLLUe 06pa3yeTcs TKaHEBOM XXUAKOCTM.

YBennyeHnto 06pa3oBaHUS TKaHEBOW KMAKOCTM CMNOCO6GCTBYHOT
MMM OreHHble BELLeCTBa, MOBbILLAIOLME NPOHMNLAEMOCTb KPOBEHOC-
HbIX Kanunisapos (rMcTamMuH, NeNTOHbI U Ap.).

B BEHO3HbIX KOHLAX KanwuinspoB W B BeHynax rMapocTaTuyeckoe
[laBneHve kposu coctasnset 15...20 MM pT. CT., @ OHKOTMYECKOE [aB/e-
HWe, MOCKO/IbKY 6e/K1 He NPOXOAAT B TKAHEBYH XWUAKOCTb, OCTaeTCs
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TaKNM XXe —OK0/10 25 MM PT.CT. M03TOMY YaCTb TKAHEBOW XXWUAKOCTH,
B OCHOBHOM HW3KOMOJIEKY/IAPHbIE BELLECTBa, BCACLIBAETCH B BEHO3HbIE
Kanuanapbl U MenKue BeHy/bl, B KOTOPbIX MPOHWL,AEMOCTb CTEHOK [10-
CTaTOYHO Befinka. [pyras >ke 4acTb TKaHEBOM XXUAKOCTU BCaCbIBAETCH
B nMM{aTnyeckme Kanunnspbl. OHU HAYMHAKOTCA BHYTPU OpraHoB B
BU/E 3aMKHYTbIX CMEMbIX MELUKOB, MX CTEHKN 001aaat0T 60/bLLONA No-
PO3HOCTbIO, MOITOMY BbICOKOMONEKYNAPHbIE BELLECTBA (6enKu, NnMnu-
[bl) BCACbIBAKOTCS U3 UHTEPCTULMASIbHOW XUAKOCTN UMEHHO B IMMMa-
TUYECKME COCYAbI.

CocTaB BEHO3HO KpoOBWM M NMM{bl KONebneTcs B pasHblX opra-
HaX B 3aBUCUMOCTM OT 0COGEHHOCTel MX YHKLUMWIA N YPOBHS 0OMe-
Ha BELLeCTB.

NIumda —6ecuBeTHaA WM CBETNO-XENTOro LBeTa, Mo4vtTu npo-
3payHas XUAKocTb. JIMwb BO BpeMs npouecca MnuieBapeHns nmMm-
tha CTaHOBUTCS HEMPO3PaYHOiA, 6enoro LBeTa. 3TO 0OYCNOB/IEHO TEM,
YTO XXMPbl BCACbIBAKTCS M3 KULIEYHWKA B BUAE XXUPOBOW 3MY/IbCUN
6enoro LBeTa, NPUYeM BCACbIBAKOTCA HE B KPOBEHOCHbIE, & B InM{a-
TUYECKMNE CoCyapbl.

Jluma 13 rpygHoro nMMdaTuyeckoro npoToka COAEPXUT B [Ba
pasa 60nblie 6e/IKOB, YeM TKaHeBas XMAKOCTb, HO MeHbLLUE, YeM Be-
HO3Hasl KpoBb. B numde npucyTcTByeT GnOpPUHOreH, NosTomy numda
MOXET CBepTbIBaTbCA. B iMMpe OTCYTCTBYET KMCNOPOA, Masio Comep-
XXUTCA NUTaTeNbHbIX BELEeCTB, HO MHOIO NPOAYKTOB 0O6MeHa. Peak-
unsa numdgbl cnabollenoyHad. B numde HeT 3puTpouuToBs, a B ee
nenkouuTapHoin topmyne fo 95 % cocTaBnaT NMMMGBOLNTLI He3aBu-
CUMO OT BMAA XXMBOTHbIX.

B opraHusme Ko/M4ecTBo UMbl B cpefHeM cocTaBnseT 50 Ma/Kr
macchl Tena. Tak, y KopoBbl Maccoi Tena okono 500 Kr B CyTKM 06pasy-
eTCA 0K0MO 24 N NIMM®bI.

OBuxeHne num@pbl. Jiumdpa HenpepbiBHO ABUMXKETCA N0
nMm@aTUYeCcKUM cocygam, MNO3TOMY MOCTOSAHHO MOAAEepPXXMNBaeTCS
rpagveHT AaBNeHUs MeXAy TKaHeBOW XKWUAKOCTbIO U IMMQON, uTo
CMOCOOCTBYET BCACbIBAHWKO YacTU TKAHEBOM XWAKOCTM B iMMdaTu-
yeckme cocyfpl.

NumdaTtnueckne cocyabl COEAMHAIOTCA B 60/ee KpPyMHble CTBOSbI,
NPOXOAAT Yepes numgartnyeckme y3nbl. B iMmgarnyeckmx ysnax 3agep-
XXUBAKOTCA MHOPOAHbIE YacTWubl, MUKpOdIopa, a U3 MMQaTnyecknx
Y3/10B B IMM{DY BbLLeNatoTcs numdgoumnTsl. Janee numda, oTTekaroLasn
OT BCEro Ty/I0BMLLA, KPOME ro/ioBbl U LLIEN, COOMPAETCS B FPYLHON M-
(haTnuyeckuii NPoOTOK, a OTTeKaroLas 0T rosoBbl U BEPXHEN YacTu Lwen —
B LWEWHbIA numdaTtnyeckmini npotok. Oba NpoToKa BNagatoT B NOAK/IIO-
UMYHYIO U MEePeSHIOK Moy BeHy. Takum 06pasoM, BcA nMmda no-
CTyNaeT B BEHO3HYHO KPOBb W CMELLNBAETCS C HEW.

Kak 1 KpoBb, MM®a ABUXETCA NO cocyfam 13 o6nactu 6onee Bbl-
COKOro JaBfieHns B 06nactb 60nee HM3Koro. OfHaKo nepenag fas-
NeHnsA B NUMEaTUYeCKUX cocyfax Heb0sbLION, NO3TOMY WMEKTCS
[OMOJSTHUTENbHbIE (haKTOPbI, CMOCOOGCTBYIOLUME MEPEMELLEHNIO NTUM-
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(bl: HENpepbIBHOCTb 06pa3oBaHNs TKAHEBOW XWUAKOCTU, PUTMUYEC-
K1e COKpalleHWs CTeHOK KPYMHbIX NMMEaTuyeckux cocynos (OT
§..10 0O 10 COKpauwieHWii B | MUH, YTO CO3[4aeT B HWUX [aBneHue [0
[0 MM PT. CT, CNOCOOCTBYHIOLLEE OTCACLIBAHUIO XMUAKOCTU OT TKaHel),
npucacbiBaroLlee AelACTBUE TPYAHOM KNETKU U PUTMUYECKME COKpa-
LLEeHNA CKENETHbIX MbILLLL.

Bnarogaps HenpepbIBHOMY ABVXKEHUIO NMMMbI N0 IMM(ATUYECKAM
cocy[am W perynauuv aToro ABVXEHUS obecreumBaeTcs GafaHc Mexay
06pa3oBaHMeM TKaHEBOM XMAKOCTM W ee BO3BPATOM B BEHO3HYHO KPOBb.

Takum 06pas3om, nuMm@arnyeckas cuctemMa B opraHu3me y4vacTByeT
B CNefyHoLLmMX npoueccax:

[OpeHaX TKaHew, T. . 0TBOA TKaHEBOW XMAKOCTN OT OPraHos;

0TBOZ, 6€NKOB 1 APYrMX MakpOMOJIEKY1 U3 TKaHel B KPOBb;

OTBOA MM{OLMTOB U3 NNMPATUYECKMX Y3/10B B KPOBb;

06e3BpeXxuBaHne MUKPOMIOPbI U APYTUX YY>KEPOAHbIX Ten npu
MPOXOXAEHWUN UMb Yepes MMpaTUYECKne Y3bl.

6.7. PErynauna ABM>XEHNA KPOBW MO COCYAAM

TOYHbIE COOTHOLLEHMS MeXay 06bEMOM KPOBM W KPOBEHarosiHe-
HMEeM OTAe/IbHbIX OPraHOB W CUCTEM, MeXJy MPUTOKOM W OTTOKOM
KpoBM B CepAle, a Takke nepepacnpeaeneHie KpoBu perynnpyrotcs
C/IOXKHBIMW HeNpOryMopasibHbIMUA MexXaHU3Mamy, BKIHOYAIOWUMU LeHT-
pasibHble N MECTHbIE PErynATOPHbIE CUCTEMDI.

LieHTpanbHasa perynaums KpoBoobpalieHus obecrneyvBaeT AWMHa-
MWYECKOe MOCTOAHCTBO CUCTEMHOrO apTepuanbHOro AaBneHus, MecT-
Has perynauns —BeNnYnMHy KpOBOTOKa B OTAE/NbHbIX OpraHax B COOT-
BETCTBUM C UX (DU3NONOTMUYECKMM COCTOSSHUEM. ITO [efleHue peryns-
UMW Ha LeHTpa/lbHOE N MeCTHOe YC/IOBHOE, TaK Kak OT 06Lero apre-
pPUanbHOro AaBNeHUs 3aBUCUT, XOTS U He BCerga, KPOBOTOK B OpraHax.
C Apyroii CTOPOHbI, KPOBEHAMO/IHEHWE KaKOro-nn6o 60/bLIoro peru-
OHa, HanpvMep Maioro Kpyra KpoBoobpalleHus, oTpaxaeTcs Ha 06-
Lem apTepuaibHOM AaBneHun.

Kak y>xe 6b1t0 CKa3zaHo, faBieHre B KPYTHbIX apTepusax MoALepXu-
BaeTCs Ha NOCTOSAHHOM YpOBHe 6niarofaps pabote cepaua, 06bemy v BA3-
KOCTW KpPOBW M COMNPOTUB/IEHNIO (TOHYCY) cocydoB. B gaHHOM pasgene
Mbl OCTAHOBMMCS Ha perynsyum TOHyca KPOBEHOCHbLIX COCY/OB.

Haunbonee noasep>eHbl BO3LENCTBUIO CO CTOPOHbI HEPBHOM CUCTE-
Mbl 1 TYMOpPa/ibHbIX BELLECTB COCY/bl MbILLEYHOrO TUNA, T. €. MeJIKKe,
CpefiHVe apTepumn 1 apTepuosbl.

"nafikme MbllLbl COCYA0B NPebbiBalOT B NOCTOAHHOM HE60/1bLIOM
HanpsXeHUn —ToHyce. OH COXpaHseTCs Aaxe Nnocne nepepeskn Hep-
BOB, MHHEPBUPYIOLLMX KPOBEHOCHbIE COCY/bl, U MO3TOMY Ha3blBaeTCH
6a3anbHbIM UM OCHOBHbLIM TOHYCOM. M3MeHeHWe 6a3anbHOro TOHyca
COCY[J0B —YBe/INYeHNe UMM YMeHbLUEHNEe —OTPaXKaeTcs Ha BeiunHe
KPOBSHOI O faBneHus.
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PethneKTopHast perynsiuMs cocyamcToro ToHyca. [ afKoMbllleYHble
BOJ/IOKHa COCYZI0B MHHEpPBUPYHOTCA BEreTaTvBHbIMWU HEpBaMu, UX Ha-
3bIBalOT COCYZOABUIaTe/lbHbIMU UM Ba3OMOTOPHbIMW. Ba3oMOTOpHbIe
HepBbl MOAPA3AENA0TCA Ha Be rPynmbl; Ba30OKOHCTPUKTOPLI (COCYAO-
CY)>XUBaKoLLMe) 1 BasogunaTaTopsl (cocygopaclumpsioLue).

BONbLWNHCTBO Ba30KOHCTPUKTOPOB ABMAOTCA CUMMATUYECKUMU
HepBaMu, B UX OKOHYaHWAX BbILENAETCA HOPajpeHanviH, MNo3Tomy
OHW Ha3blBaKOTCA afpeHeprnyecknmn. VICKnoYeHme cocTaBnsaloT
cUMnNaTUYeCKNe HepBbl, HaNpyYMep UHHePBUPYIOLLME COCYAbl CKeneT-
HbIX MbILWL, BbILENAKOLWNE' MeANaToOp aueTUNXoNnH (XO/IMHEepruyec-
KNe CYMMaTnyeckue Hepsbl).

MapacnmnaTUyecKre HepBbl BK/IKOYAKOT B CBOI COCTaB Ba3oaunsaTa-
TOPbI, MPU X pasfpaXKeHn B HEPBHbLIX OKOHYaHWAX BbLUENAETCA aLe-
TUJIXONIUH (XONMHEPr1YecKne napacrMnaTUYecKne HepBbl).

CocygoaBuratenibHblli LEHTP Obll OTKPLIT B 1871 I. pycCKUM (hu-
3nonorom B. ®. OBCAHHMKOBBLIM. 3TOT LIEHTP HaxoguTCs B NMPOLOSI-
rosatom mosre. [locne nepepes3ku Mo3ra Mexzy MpoAo/rosatbiM U
CMWHHbLIM OTAeNnamMu apTepuasibHOe AaBfieHNe Y XMBOTHbIX MagaeT o
60...70 MM pT. CT., YTO CBMAETe/IbCTBYET O TOM, YTO COCYyAOBUra-
Te/IbHbIN LeHTP HaxoAMTCA NOCTOSHHO B OMNpefesieHHOM TOHYCe, TeM
caMbIM NOAJeP>KMBas KPOBEHOCHbIE COCY/bl B COCTOSHUM HeBGOMbLLIOIO
COKpaLLeHMS.

B cocygopasurartensHoM LieHTpe MMeloTCs fBa OTAena —CoCyAo-
Cy)XvBatoLWMiA  (NPeccopHblil) 1 cocypopacwumnpsaowmii  (aenpeccop-
HbIiA). Tpn BO36YXAEHMN COCYL0CY>KUBAIOLLENO LIEHTPa apTepraibHoe
[AB/IEHNE NOBbILLIAETCA, MNPV BO3OY>KAEHUN COCYLO0PaCLUNPAIOLLEro —
CHUXKaeTcH.

MoMMMO HEMPOHOB MPO/O/IrOBATOr0 MO3ra Ha COCTOSIHME KpPO-
BEHOCHbIX COCY[j0B BNMAIOT MPOMEXYTOUHbI MO3r (runotanamyc),
nMmbuyeckasa cuctema M Kopa 60nblUMX Nonywapuin. 3TN OTAeNbl
MO3ra KOHTPO/MMPYHOT 60/iee TOHKME NPUCNOCOBUTENbHbIE peakuuu
COCY[l0B, Hanpae/eHHble Ha M3MEHeHVe KaK 06LLero apTepuasibHoro
[aB/IeHNs, TaK 1 MECTHOrO KPOBOTOKa B COOTBETCTBMM C NOTPeBHOC-
TAMMW OpraHunsma.

KopTukanbHble cocyaucTble peakuun Obinn [oKaszaHbl MHOFOYKC-
NEHHbIMM OMbITaMWN C MOMOLLLIO YC/IOBHbIX PedekcoB. Hanpumep,
eC/IN HEeCKO/IbKO pa3 CouyeTaTb COrpeBaHMe yyacTKa KOXXW, Bbl3blBato-
LLiee pacLupeHmne KOXHbIX COCYZ0B, C N06bIM UHAND(EPEHTHbIM pas-
ApaxuTtenem (CBeT, 3ByK 1 T. M.), TO BO3LENCTBME NNLLbL OLHOrO 3TOr0
NHON(HEPEHTHOTO Pa3fpaXnTeNs Bbl3blBAET TaKyk Xe COCYAUCTYH
peakuunio. B aToM cnyyae pethieKTopHasa fyra 3axBaTblBaeT He TO/IbKO
LIeHTPbI NMPOAO/IroBaTOro M CNWHHOIO MO3ra, HO 1 KOpy 60/bLUnX No-
NyLapui, rae pacrofioXeHbl LeHTpaibHble OTAeNbl BCEX aHann3arto-
POB ¥ BbICLUME LEHTPbI BCEX BEreTaTMBHbIX PYHKLUINA.

BnusHuem Kopbl 60/1bLLIMX MONYLLAPUIA FONOBHOIO MO3ra 06bACHA-
eTCA NOBbILLEHNE apTepUanbHOro AaBneHns Npy KBbIX NCUXUYECKUX
NN 3MOLMOHaNbHbIX peakumsax. Nofo6Hble penekcbl HasbiBalT
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«OMePeXaroLLMmn», OHWN 3apaHee FOTOBAT OpraHuM3M K Harpyske, co-
34asas ycnosus Ana 6bICTPOro U3MEHEHNA KPOBOTOKA M KpoBepacrpe-
[leNeHnst B opraHusme.

CocyfoCYyXMBaOLWMIA LLEHTP NocblnaeT ahepeHTHbIE UMMNY/bChI B
60KOBble pora rpyAHbIX CErMEHTOB CIIMHHOMO MO3ra, OTKyAa no CUM-
NaTUYeCKM HepBaM OHMW MepefaroTca Ha rnafkue MbllLbl apTepuii 1
apTepuon, Bbi3blBas CYXXEHWEe COCYLOB M MOBbILIEHWE apTepuanbHOro
[aBneHus.

Mpwv pa3gpaxkeHnn cocyf0pacLLUMPAIOLLEro OTAeNa CoCyLoABUraTeb-
HOro LieHTpa BO30YXXAeHWe nepeAaeTcs Mo BOMOKHAM OyXXAatoLlero
HepBa MM NapacuMnaTMyecKMX HepBOB, BbIXOAALMX U3 MOSCHUYHO-
KPecTL,0BOro 0TAena CrMHHOIo Mo3ra, apTepuasibHble COCyAbl pacLymps-
t0TCA W [iaBNieHne B HUX NajaeT. Bo3MOXHO, BO36Y)XAeHWe Aenpeccop-
HOro oTfena COoCyfOoABMIaTeNIbHOro LIEHTpa aBTOMATUYECKU CHUXKaeT
BO36YAMMOCTb MPECCOPHOr0 Y MMEHHO 3TUM OOBACHSAETCS ero cocyao-
pacwmpsAoLWwniA aggekT. Takoe B3aMMOOTHOLLEHNE MeXAY ABYMSA 6/113-
KUMW M0 PYHKLUAM HEPBHBIMU LieHTPaMK, KOrfa OAMH LeHTP Npu BO3-
OY>)KAEHUN TOPMO3UT AeATeNlbHOCTb APYroro, HasblBaeTCA peLunpok-
HbIM TOPMOXXEHWEM WV PELUMPOKHBIM B3aMOLENCTBMEM.

B cOCTOSHMM (h13MONOrNYECKOro NOKOSA B 6O/bLLEM TOHYCE Haxo-
[ATCA HEMPOHbI COCYAOCY>KMBAIOLLErO LeHTPa, YTO NOALEPXKMBAET MO-
CTOSIHHBI TOHYC FNMafKNX MblLLL, COCYLOB.

Bo30yxaeHve cocyfoABMraTeNnbHOro LeHTpa MogkpennseTca ag-
(hepPeHTHbIMYN (LLEHTPOCTPEMUTENIbHLIMWN) UMMYIbCAMU OT PasINMUHbIX
9KCTEPO- U MHTEPOPELIENTOPOB, a TaKXe PAAOM OGMO/IOTMYECKN aKTUB-
HbIX BELLECTB, NMOCTYNaOLLMX B HEFO C KPOBbLIO U LeACTBYHOLMX HEMO-
CPeACTBEHHO Ha HEWMPOHbLI MPOAO/ITOBATONO MO3ra.

Cocypguctble petneKcbl MOryT 6bITb COOCTBEHHBIMU N COMPSXEH-
HbIMW, & TaKXKe MECTHbIMW, UJIN aKCOH-pediekcamu.

Cob6cTBeHHble cocyaucTble pednekcbl BO3HU-
KaloT NpU pasgpaxeHnn peLenTopoB, HaXOASLMXCA B caMUX KpOBe-
HOCHBbIX cocyfiaX, CONpPsKeHHbIe pediieKCbl —Npu pasfpaxeHnun apy-
rMX peLenToOpHbIX 30H.

bonbluoe 3HayeHWe cpean COBCTBEHHBLIX COCYAUCTbIX pedsieKcoB
NMetoT pedp/ieKcbl, HaUMHaKoLWmecs ¢ 6apo- 1nn npeccopeLenTopos B
aopTa/lbHOM U CMHOKApOTWUAHOW 30HaX, KOTOpble BO30YXXAAKTCH Mpwu
YBE/IMYEHUN [aBMIeHUs B aOpTe U COHHbIX apTepusx. HepBHble UM-
NynbCbl MepefatTcsa No aopTanbHOMY HepBY (HepBY-Aenpeccopy) u
N0 CMHYCHOMY HepBYy (BETBb A3bIKOTM/I0TOYHOIO HepBa) B Aenpeccop-
HbIA OTAeN NPOAO0ArOBaTOr0 Mo3ra, OTKyAa UMMy bCbl HaNpaBasatoTCA
M K TNagKum MblllaM COCyAO0B, pacLiupss nocnegHvue, U K cepauy,
YMEHbLLAA 4acToTy U CUNY ero COKpaLleHuid. B pe3ynbTaTe COBMECTHO-
ro BAUAHWA cepaLa M KPOBEHOCHBIX COCYZ0B apTepuasibHOe [aB/eHune
CHVXXaeTcs.

Ecnvn ke faBneHve B aOPTE M COHHbIX apTepPUAX CHUXAETCA HUXKe
(h3MONMOTNYECKOM HOPMbI, TO MPECCOPELIENTOPbl COCYAMCTbIX ped-
NeKCOTEHHbIX 30H pa3fpaXkaroTcAd MeHee UHTEHCUBHO, WX BIMAHME Ha
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cocyfofBurartenbHbli LEHTP 0cnabnsercs, 4To NPUBOAUT K YCUNEHWIO
TOHYyCa NMPecCOPHOro COCyA0ABUIaTeIbHOrO LeHTPa, CTUMYNALUK cep-
[eYHON [eATeNlbHOCTU W CY)XXMBaHUKO apTepuanbHbIX cocyfoB. B pe-
3ynbTaTe 3TUX peakuuii apTepuanbHoe faB/eHne nosblwaeTcs. Mo3To-
My COCYZMCTble peth/IEKCOreHHble 30Hbl Ha3bIBaKOT «00Y3/bIBATENAMM»
apTepuasibHOro AaBneHns, OHN BK/IKOYAKOT PerynaTopHble MexaHu3Mbl
[N BOCCTAHOBJ/IEHUSA YXKE W3MEHMBLUEroCs [aBfeHUs KpPOBUW. Takoi
MNPUHLMN Perynauum HasblBaeTCA OTPULATENbHON 00paTHON CBA3bIO:
YeM BblLLIe apTepuasibHOe faB/ieHne, TeM 60/1ee CyLLeCTBEHHbl KOMIEH-
caTopHble peakuuu, CHUXA'toLwmMe ero, n HaobopoT.

Co6CTBEHHbIE COCYAMUCTble peth/IeKCbl BO3HWKAKOT MpU pasgpaxe-
HWM COCYZAMCTbIX MPECCOPeLenTopoB U B APYTNX KPOBEHOCHBIX COCY-
[ax —B COCy[ax NIerkmx, KULEeYHNKa, XenyaKa, ceneseHku u ap. Tak,
NPy pacTHKEHUW >Xenyaka WK KULLIEeYHWKa rasamu, npyu TUMNaHum
pybLa NPOMCXOANUT MeXaHUYeCKoe [aB/ieHNe Ha HaXoAsALMecs B CTeH-
Kax 3TWX OpraHoB cocyfbl Y peneKTOpPHO WM3MEHSETCA AaBleHue B
KPYMHbIX apTepusx.

PeuLenTopbl B /IErOYHON apTepun BO3OYXAKOTCA TaKxXe Nnpu nosbl-
LeHUN B Hell fasneHus. Mo3TomMy npy NepenosiHEHNM Manoro Kpyra
KPOBOOGpaLLeHNs pedIEKTOPHO pacLLMpAOTCA cocy bl 60bLLOr0 Kpy-
ra, M 370 yCTpaHseT 3aCTOW KPOBU B NIErKMX.

MoMMMO NpeccopeLienTopoB B KPOBEHOCHbIX COCYaX MMEKTCA XEMO-
peLenTopbl, YyBCTBUTE/bHbIE K M3MEHEHUAM XUMUYECKOrO COCTaBa Kpo-
BU. D((EKTbI, BO3HUKAOLLME NPU YBENMYEHUN KOHLLEHTpaLn B Kpo-
BY AMOKCMAA Yreposa, BOLOPOLHbIX MOHOB WK MPU YMeHbLUeHu pH,
COZlepPXXaHus K1cnopoga, npoTUBOMOMOXKHbI TEM, KOTOPble NPOSBAA-
tOTCA B pesy/ibTare pasfpaXKeHUs MpeccopeLenTopoB 3TWX 30H, T. e. Ty-
MoOpasibHble pa3fpaXkMTenu MOBbIWAKT TOHYC apTepuasibHbIX COCY[0B
M yCUNMBalOT paboTy cepaua, BCMEACTBME Yero apTepuasnbHoe [asre-
HVie MOBbIWAETCA. YBe/MYeHNe apTepuanbHOro LaBneHns ABnseTcs
OAHVM W13 MPUCNOCOOUTENbHBIX MEXAHW3MOB MPU TUMOKCUW TKaHEeN,
CnocobCTBYS 60/bLUER AOCTaBKE B TKAHU K1CNopoaa.

XeMopeLenTopbl HaXOAATCA He TO/IbKO B MN1aBHbIX COCYAMCTbIX pe-
(hfleKCOreHHbIX 30HaX, HO W B COCYJax MHOMMX BHYTPEHHUX OpraHoB —
B CeneseHKe, HaAnoyeyHrKax, noykax, B KOCTHOM mo3re. OHW 4yBCT-
BUTE/IbHbI K aueTUNIXO0NNHY, afpeHannHy, npojykraM metabosinsma,
HUKOTWHY, UunaHngam, AMOKCuay yrnepoza u ap.

ConpaXeHHble COCyAWUCTble pedneKkcbl MposB-
NATCA NPU PasfpaXXeHUN He COCYAMCTbIX PeLenTopoB, a PeLenTopos
B ApYrux opraHax: Hanpumep, KOXW, GPHOLUNHBI, CKEMETHbIX MbILLLL.
Pe3ynbTaToM 3TUX pa3fpakeHuin 06bIYHO ObIBAET CY)XXeHWe COoCyLOoB U
MOBbILLIEHNE apTepnasbHOro AaB/eHNs.

Hanpumep, npu pasgpaxeHuy NponprvopeLenTopoB CKeeTHbIX
MbILIL, NPU MX COKpALleHWN LEeHTPOCTPEMUTE/IbHbIE WUMMY/bCbl Ha-
npaBnATCA B NPOAO/IroBaTbIn MO3r, & 0TTya —K KPOBEHOCHbIM CO-
cyfam v cepauy. PaboTa cepfla Bo3pacTaeT, ¥ apTepuasibHOe AaBfieHune
noBblllaerca. IMpy 3TOM KPOBOTOK B KOXe, MOYKaX, KALIEeYHUKe U B
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HepaboTaroLMX MbILLILAX CHUXAETCH, a B paboTaloLxX —YyBenn4ymnBa-
ercs. OTUM PelNeKTOPHbIM peakLmsaM CrnocobCTBYeT U pasfipaxeHve
XEMOPELENTOPOB MbILLL, KUCbIMU NPOAYKTaMy 06MeHa BELLECTB.

ApTepuanbHoe faBneHue MoBblllaeTcs Npu 60M1eBbIX pasgpaxe-
HUAX —(aKT, XOpOLIO M3BECTHbIA Bpayam. B aTux cnydyasx Takxke
pedneKTOpHO yCcUNMBaeTca paboTa Cépaua U CY>KMBaOTCA KpoBe-
HOCHbIE COCYyJpbl.

MecCTHbIe, UM @K COH-p e /1 e K C bl, —3TO PeneKchbl Ha He-
60/IbLLIOM Y4YaCcTKe cocyfa, MPUYeM BO3OYXAeHWe OT PeLenTopoB He
[OXOAMUT [0 Tena HepBHOWM K/IETKW, a Mepek/toyaeTcs Mo Apyromy oT-
POCTKY TOrO € aKCOHa K rnagkum Mblllam cocyfoB. [MOCKO/bKY
HepBHble UMMY/bCbl B 3TOM C/ly4ae He JOCTUraloT LEHTPaIbHON HepB-
HOW CUCTEMbI, aKCOH-pedIeKCbl Ha3blBalOT JIOKHLIMUA WAN NCEBLO-
pegnekcamu. Mo NpUHLMNY aKCOH-PedIeKCoB PerympyeTcs KpoBo-
TOK B MefibyaiiLumx apTepuonax v kanunnapax. Mogo6HbIN perynatop-
HbIA MexaHu3M o6ecrneymBaeT HEOO6XOLUMbIA YPOBEHb KPOBOTOKa B
KaXX[0M Y4aCTKe opraHa, He neperpyxas LEeHTpa/ibHyt0 HEPBHYHO CUC-
TeMy U3NLWHENR UH(OopMaLmei.

MymopasnbHas perynaums KposoobpalyeHus. ['yMopasibHas perynayms
OCYLLLECTB/AETCA Pa3MUYHbIMK BeLLecTBamMu, [e/CTBYHOWMUMUN KaK Ha
HepBHble CTPYKTYpPbI (PeLenTopbl, HEPBHbLIE LIEHTPbI), TaK Y HeMocpes-
CTBEHHO Ha IN1afikvie MbILWLbl KPOBEHOCHLIX COCYAO0B. BeluecTsa, Crno-
COOHbIE M3MEHATb TOHYC INafKNX MbILLL, COCYZO0B, MOAPA3fensoT Ha
[Be Tpynmbl: COCYAOCYXXMBaKOLLME 1 COCyLopacLLmpstoLLme.

Cocypocyxusawuwumne BeuectBa. KarTexonamuHbl (as-
PeHaNINH, HopaZpeHasnH) UMEKT pasnnyHoe NPoUCXoXxaeHne. B cum-
NnaTMYyecKnX OKOHYaHWAX COCYAOCYXMBAIOLLUX HEPBOB BblfeNfeTca
HOpaZpeHasMH. B M03roBom croe HafinOYeYHUKOB CUHTE3UPYHOTCA U
afipeHasIH, N HopajpeHanunH, NpuyeM MX COOTHOLLEHWE Pas3INyHo Y
XVBOTHbIX pa3HbIX BMAOB. Kpome TOro, KatexosamuHbl 06pasytoTcs B
OCTPOBKax XpoMap(UHHOA TKaHN, pa3bpocaHHbIX MO BCEMY OpraHu3-
My. BHecrHanTuyeckue KatexosaMnHbl OCTaBNAIOTCA B KDOBEHOCHbIE
COCy/ibl C KPOBbIO M OKa3blBalOT [e/iCTBME Ha rMafiKue MbILLLbl.

Peakuuy cocyf0B Ha afipeHaN H 1 HOpaZpeHaINH B pasHbIX OpraHax
pa3nMyHbl 1 MO HanpasNeHHOCTK, U MO BEIMYMHE, ITO 3aBUCUT OT Ha-
NNYNA B COCyfax fByX TUMOB peLenTopoB —a U (3 Bo3byxaeHve a-pe-
LIeNTOPOB COMPOBOX/AETCA COKPALLeHMeM rNafgkux Mbiwl,. MexaHu3m
[eACTBUA a-peLenTopoB 3aK/IYaeTCH B CHUXXEHUMN YPOBHA LAM® 1
YBE/IMYEHWUN KOHLIEHTPALMN BHYTPUKNETOUYHOIO Ka/bLWs, YTO U NPUBO-
OUT K YCUNEHWIO COKPALLEHWNSA TNaAKOMBILLEYHbIX KNETOK.

Bo306yxaeHve P-peLenTopoB NPUBOAMT K paccnabneHnto rnagkmnx
MbILLL, COCYAOB W WX pacLUMpeHnto: ypoBeHb LAM® MoBbILLAETCS U
KOHLEHTpauusa CBOGOAHbIX MOHOB KanbLUua B LWUTONMa3Me rnagko-
MbILIEYHbIX BOJTIOKOH CHUXaeTCs.

HopagpeHanuH fgeiicTBYeT MpenMyLLECTBEHHO Ha a-afpeHope-
LenTopbl, a agpeHanvH —u Ha a-, U Ha P-agpeHopevenTopbl. B 60nb-
LMHCTBE KPOBEHOCHBIX COCYZ0B MMetoTca 06a Tuna peLenTopos, HO
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MX KO/IMYECTBO W COOTHOLUEHME MOryT 6bITb pasHbiMWU. Ecnn B co-
cypax 6onble a-peLenTopoB, TO afpeHasMH BbI3bIBAET WX CyXe-
HWe, a ecnn 6onblue P-peuenTopoB —TO WX paclimpeHuve. [lMopor
BO30YXX/eHNs P-peLenTopoB HMXe, YeM a-peLenTopoB, NO3ITOMY B
ManbIX f[03ax afjpeHasnviH Bbi3blBAET pacLUMpeHie CoCy0B, a B 60/b-
LWNX — CYXeHwe.

dapmMakoornyeckmne BeLLecTBa, Bbi3blBaloLline 610Kagy a- wau
P-peuenTopos, Has3blBaOTCA CUMMNATONUTUYECKUMW WM CUMMATO-
nutukamn. Mpu 61okate 0,-afpeHopeLLenTOpPoB NOAABAETCA COCY0-
Cy>XuBarowmnin aphekT agpeHannHa. brokaga p-afpeHoOpeLenTopos
06bIYHO MpPUMEHSeTCH ANS MOLABMEHUS CUMNATUYECKUX BIUAHUN He
Ha COCY/Abl, a Ha CEePAEUHY0 MbILLLLY.

Mpw NOBbILIEHNN YPOBM afjpeHasnvHa B KPOBW MPOUCXOAUT NOBbI-
LUeHWe apTepuanbHOro aasneHns (puc. 6.16), 4To Y XXMBOTHbIX BbiBaeT
4acTo Mpu (PU3NYECKON Harpy3ke, BOSIHEHWUW, CTpaxe, arpeccuu u T. M.
MexaHu3m BNVAHWUA afjpeHanviHa Ha apTepuasibHOe JaB/ieHne 3aK/o-
4aeTCcH B CleAyHoLL;em;

| —BbI3bIBAET CY)XXEHNE KPOBEHOCHbIX COCYA0B KOXW, NErkux n op-
raHoB GPIOLLHONM NMOMIOCTM Ha (DOHe pacLUMpPeHns apTepuasibHbIX COCy-
[,0B B CKE/ETHbIX MbILLILAX, B CEPALE Y MO3TY; KPOBOTOK B 3TWX Opra-
Hax yBennumBaeTcs;

) —OBbILIAET YaCTOTY U CUNY COKPALLEHWIA cepaua, CUCTONNYecC-
KWA Y MUHYTHBIA 00bEMbI KPOBM, PacLUMPSAET KOPOHApPHbIE COCY/bl U
yAyJlaeT nutaHue (TPOPUKyY) cepaevyHON MblLLLibI;

3 —yBenn4ynBaeT 06beM LMPKYMPYIOLLEN KPOBU 3a CYET BbIXO-
[a [enOoHMPOBAHHON KPOBWM W3 MEYEHWU, Cene3eHKU W MOAKOXHOWA
KNeTyaTKu.

HopazpeHanvH 3a CYET CYXXEHWNA KPOBEHOCHbLIX COCYO0B MOBbILLAET
apTepwasibHOe AaBfieHne, HO BC/EACTBYE pa3fpaXkeHns peLenTopos co-
CYAMCTbIX Pe/IeKCOreHHbIX 30H YMeHbLUAeT paboTy cepaua.

Takum 06pa3oM, B perynaumnm KpoBoobpalleHns y4acTByoT U afpe-
Ha/IMH, N HOpaLpeHaINH, N TONLKO MPU UX ONTUMASIbHOM COYeTaHUn
MPOUCXOANT COrnacoBbiBaHNe paboTbl Cepaua M TOHYCa KPOBEHOCHbIX
COCY/10B B 3aBMCUMOCTY OT NOTPEBHOCTEN OpraHn3Ma.

PeHWH-aHrMoTeH3nHoBas cucrema. PeHUH —ropMoH, o6pasyeTcs B
OKCTar/ioMepy/IspHOM anrnapaTe MOYeK W BbIJENAETCA B KPOBb; MO

Puc. 6.16. BnusiHve agpeHasiMHa Ha KpPOBSIHOe AaB/ieHne cobaku
(BBefieHMe afjpeHasIMHa OTMEYEHO KPECTUKOM)



6ronorMyeckMM CcBoicTBaM aBnseTcs (hepmeHTOM. OH pacuiennset
NoNUNENTUS, aHTMOTEH3UHOTEH, KOTOPbLIA CUHTE3UPYETCS B MEYEHN U
MOCTOSIHHO MPUCYTCTBYeT B KPOBW. [0 BO3LENCTBMEM PEHWHA aH-
FMOTEH3MHOreH MpeBpallaeTca B aHrMOTEH3MH-1 HO HM peHuH, Hu
aHTVOTEH3VHONEH, H/ aHTMOTEH3MH:| HE B/IUAKOT Ha KPOBEHOCHbIE CO-
cydbl. B cocypax nerkmx aHrmoTeHsuH-1 npeBpallaeTcs B aHTMOTEH-
31H-11. BOT 3T0 BeLeCTBO —aHIMOTeH3NH || —o6nagaet MOLLHbIM
COCYAO0CYXXMBAKOLWMM 3P(eKTOM, LeCTBYET Ha apTepuosibl U BeHbI,
BO30Y>XXJaeT LeHTpa/bHble U nepudepnyeckne cUMnaTuyeckme CTpyk-
Typbl. [leicTBME aHrMoTeH3MHa-11 KpaTKOBpEMEHHOe, OH paspyLuaeTcs
B TEYEHNE HECKONbKNX MUHYT.

MMoMUMO BNUAHUA Ha rNafKue MbllLbl COCYA0B aHTMOTEH3NH-IT cTu-
MYNMPYeT BbIPaOOTKY B HafnovyeyHMKax ropMoHa aibaoctepoHa. Afbfo-
CTEPOH CrnocobCTByeT peabcopbumm HATPUS U K04bl U3 MOYEYHbIX Ka-
Ha/bLeB. B pesynbTarte yBeNMUMBAOTCA 00beM KPOBW U ee aB/eHue.

Obpa3oBaHMe peHnHa B NoYKax NMPOUCXOANUT NMOCTOAHHO, HO YBENN-
4MBAETCH MPU CHUXXEHWM YPOBHS KPOBOTOKA B NMOYKax M0G0 3TMo/M0-
MM —WNN B pesy/ibTate MeCTHOT0 WM3MeHeHWs KPOBOTOKa, WUAW Mpu
CHKEHMMN 06LIero KpoBSHOMO AaBneHusi. Takum o6pasoM, Gpusnono-
rMYeckoe 3HaYeHWe peHuMHa —obecnevyeHne OMTUMaNbHOrO YPOBHS
KPOBSIHOIO [aBNeHns B MoYKax, HO ero AeiicTBUe peasm3yeTca Kak Ha
YPOBHE NoYeK, ynyullas UxX KPOBOCHaOXEeHNe Yepe3 MeCTHbIe peryns-
TOPHbIE MEXaHU3Mbl, TaK U Yepes LeHTpaslbHble PErynsTopHble Mexa-
HWU3MbI, BNINAA HAa CUCTEMHOE KPOBAHOE [aB/IEHNE.

AnbOCTEPOH — FOPMOH KOPKOBOW 30HbI HAAMOYEYHNKOB, OTHOCUT-
CA K rpynne MUHepPasioKOPTUKONLOB. ANbAOCTEPOH YBENNYMBaeT 06-
paTHOe BCacbiBaHWe HATPWMA M3 MOYeYHbIX KaHa/bLeB, a cinefoM 3a
HaTpveM —no 3aKOHY ocmMoca —peabcopbupyeTca Boga. Takum obpa-
30M, OH YBe/IMYMBAET 00bEM BHEK/IETOUHOMN XXUAKOCTU U KPOBU. Anb-
[LOCTEPOH MOBbILIAET YYBCTBUTENbHOCTb MaAKUX MbILLIL, COCY/ZI0B K aH-
FMOTEH3UHY-II, TemM camMbIM YCWUINBAA ero felicTBue.

KOoHUeHTpauna anbfocTepoHa B KPOBU YBENNUMBAETCA NPU aKTU-
BaLUMM PEHWH-aHTMOTEH3UHOBOW CUCTEMbI, MO3TOMY 3TW TPU BeLle-
CTBa 4acTO OObEAVHAIOT B €AUHYI0 PEHUH-aHTMOTEH3NH-A/TbA0CTEPO-
HOBYIO CUCTEMY. 3Ta CUCTeMa Perynvmpyet BeIMUUHY apTepuanbHOro
[AaBNEHNA TPEMS OCHOBHbIMW MYyTAMU: YBennumBas 00bLEM KpPOBW,
ycunmneas paboTy cepAua M nosbias nepugepmnyeckoe conpoTms-
NeHne cocynos.

BasonpeccuH, vnv aHTUAMYypeTnyecknin ropmoH (AAN), —ropmMoH
3afHel fonm runogusa. BasonpeccuH MoBbIWaeT apTepuasnbHoe AaB-
NeHue, HernocpeacTBEHHO B/IMAA Ha KPOBEHOCHbIe COoCyfbl. ITO O4HO
N3 HEMHOTUX BELLECTB, KOTOPOE B/IMAET HE TOMbKO Ha apTepuosibl,
HO W Ha Kanunnspbl U BeHY/bl. BasonpeccuH TakXke MpenaTcTByeT
BbIBEJIEHMIO BOAbl MOYKaMW, YTO Bbl3bIBAET YyBeNNYeHe 06bemMa Kpo-
BU. B He6onbLIOW (Pr3MONOrNYecKo) KOHLEHTpaLny Ba3onpeccuH
[eicTBYeT MPeuMyLLecTBO Ha MOYKMK, a Npu 6O0/bLLONA KOHLEeHTpa-
LMY —Ha cocyfibl APYrMX PermMoHOB OpraHn3Ma.
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CepoTOHMH 06pa3yeTcsi B CIM3NUCTOM 000/104KE KULIEYHWKA, B FO-
NOBHOM MoO3re, Npu pacnazge TPoMoounUTOB. BosbLLOe 3HaYeHNEe UMeeT
npu TpaBMax KPOBEHOCHBIX COCYL0B. OH CYXXVBAeT KPOBEHOCHbIE COCY-
Abl N TEM CaMbIM YMeHbLUAET KPOBOTOK B TKaHAX. BinsiHWe cepoTOHNHA
Ha cocyfbl 3aBUCUT OT MX TOHyCa: MPU BbICOKOM TOHYCE OH BNSETCS
ANNATaTOPOM, @ NPU HU3KOM TOHYCe —Ba30KOHCTPUKTOPOM.

Cocypfopacwupatowme BeuwecTtsa. AUETUIXONH —
mMefmaTop napacumnaTuyeckux HepBoB. OH [eliCTBYeT B OKOHYa-
HUAX XONMHEPrUYEeCKUX Ba3OAUNATATOPOB. ALETUNIXO/IMH B3aUMO-
[encTByeT ¢ MycKapuH-xonuHopeuentopamu (M-xonnHopeuenTo-
pamu), pacnosioXKeHHbIMW B MeMbpaHax rnafgKoMbIWeYHbIX K1eToK
cocyfos. Ctumynaumsa M-XONMHOPELENTOPOB MPUBOANUT K YBENU-
YeHUIo cogepXaHuna ulrM® (ryaHosvHMOoHodoc(aTa), KOTOPbIA 1
NHULMMPYET BHYTPUK/IETOYHbIE MeXaHW3Mbl paccnabneHms muo-
tdhnbpunn. bnokaga M-X0AMHOPELLENTOPOB (hapMaKOMIOrMYECKUMM
npenapatamu ycTpaHseT Bbi3blBaeMOe aLeTUIX0/IMHOM paccnabrne-
HWe rNagKux MblLLL, COCYAO0B.

AUETUNXO0MNH BbICTPO pa3pyLLaeTCs aLeTUIX0INHICTepa3oin —dep-
MEHTOM, Haxo4AaWwMMCa B CMHANTUYECKOW Lenn, noatomy obnagaer
MEeCTHbIM U KpaTKOBPEMEHHbLIM AeNACTBUEM.

MOLLHbIM Ba304MNATaTOPOM ABNAETCA MOHOOKcKS a3ota (NO), 06-
pasyroLmincs B 3HLOTENNN COCYLOB M APYTrMX OpraHoB.

KnHWHBbI (HanpriMep, KaninkpenH, 6paguknHUH) 06pasyroTcs B XKe-
ne3ax XenyaoyHO-KMLLIEYHOro TpakTa, B JIEFKUX U B APYruXx opraHax.
Mpu pas3gpaxeHnn CEKPeTOPHbIX HEPBOB KMHUHbI BbI3bIBAIOT YBENNYe-
HWe MPUTOKa KPOBU K MULLEBAPUTENbHBLIM Kefie3aM. KWHUHbI yyacT-
BYIOT B COCYAWCTbIX peakLuaxX KOXW npu notootgeneHun. Wx gei-
CTBME KPaTKOBPEMEHHOe, Yepe3 HeCKO/IbKO MUHYT OHW paspyLuaroTcs
TKaHeBbIMW (PepMeHTaMn —KMHa3aMun. KUHUHbI y4acTBYHOT B BOCMa-
NNTENbHBIX W aNNepruyeckrx peakumsax, B pacLLUMpeHnn KPOBEHOCHbIX
COCYZ0B NPV HarpeBaHuu.

fMcTammH obpasyetcs nNpu paspylleHun 6a3opuioB M Ty4HbIX
KNeToK. MCTaMWH BbI3blBAET MECTHOE paclUVipeHune apTepuosn, Ka-
MUINAPOB W BEHY, YBENIMUYMBAET MPOHULAEMOCTb Kanwuaisapos. Yuya-
CTBYET B PErynfuMn CeKpeuun >XenyfoyHoro coka, obecrieymsas
MPUTOK KPOBW K XeNyLo4HbIM Xenesam. bosbLiyto posib UrpaeT B CO-
CYANCTbIX peakuuax npu BOCManeHWn W anneprun. BbICOKME KOH-
LLeHTpauumn ructaMmHa Bbi3blBatOT MepepacrpefesieHe KpoBu, yBe-
Nn4mMBas 3anofIHEHHOCTb KanuansapHO ceTw, npu 3ToM obLlee ap-
TepyvanbHOe faBneHune pe3Ko CHuKaeTca. MMcTaMuUH No3ToMy Hasbl-
BalOT «KanuUNNAPHbIM S40M».

MeaynimH —ropMoH, 06pa3yeTcsi B MOYKax, Bbl3blBAET pacluMpeHmne
KPOBEHOCHbIX COCY[0B.

MpocTarnaHayHbl — TKaHeBble TOPMOHbI. FABNSAKOTCA MPOU3BOAHbI-
MW BbICOKOMOEKYNAPHbIX HEMpegenbHbIX XXUPHbIX KUCIOT, 06pasy-
IOTCA BO MHOIMX OpraHax u TKaHax. OfuH n3 X PU3N0N0rnYecKnx
3(h(PeKTOB —MeCTHOe pacLUMpeHmne KPOBEHOCHbIX COCY/IOB.
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Cocygopacwmpstowmnm geinctemem obnagator AT®, kucible npo-
[YKTbl 0OMeHa BeLleCcTB —MO/I0YHas, YronbHas, ocopHas KUCNoTbl.
OHuM 06pasyroTcA Npu COKpaLLeHUW CKeNeTHbIX MbILWL, U pacumnpsaoT
MX KPOBEHOCHbIe COCY/bl, YTO Y/yyLIaeT NUTaHne TKaHew.

€A0CTaTO4YHO M3YYEHO B/NAHME HA KPOBEHOCHbLIE COCYAbl 3M1eKT-
PONMTOB. VI3BECTHO, YTO Kas/ibLNiA BbI3blBAET CY>KEHUE apTepuaibHbIX
cocyfi0B. BnusHme Kanus 06ycnos/ieHo BO MHOFOM €ro KOHLeHTpaLu-
el B KpPOBW; MPU HEBLICOKOM YPOBHE OH Bbl3bIBAET pacLlmpeHne cocy-
[,0B, MPU BbICOKOM —CYXEHME.

WoHbI HaTpusa, MarHug, pTyTM U Kagmnsa aBna0TCA BasoanIaTaTo-
pamu. AKTVBHbIMW AUNSTaTOpPamMmn SBASIOTCS Takxke auetathbl, LuUTpa-
Tbl, CO/IN COJIAHOW, a30THOW W APYTUX KUCNOT.

ToHyC cocyfijoB 3aBMCWUT OT ra3oBOoro CocTaBa KpOBW: CHWKEHWe
KOHLIEHTpaLUWX B KPOBM KMC/IOPOAa WX YBeNNYeHVe AUOKCUAA yrie-
pofa BbI3bIBAET pacLUMPEHne COCYA0B, HanpvMep, B MO3ry, ynydiias
ero ra3oobmMeH 3a CHeT ipyrmx obnacrteii OpraHn3Ma.

6.8. OCOBEHHOCTUN KPOBOOBPALLIEHWA
MNP PA3NNYHBIX COCTOAHNAX OPITAHU3MA

Pa3/IMyHOMY YpOBHIO [eATeNbHOCTM TKaHelW W opraHusma co-
OTBETCTBYET ONpejenieHHbIi ypoBeHb MeTabonusma. CnepoBatenb-
HO, [OCTaBKa KMCNopoha 1 NUTaTe/lbHbIX BELLECTB, a TakXe yjasne-
HVWe NPOLYKTOB O6MeHa M3 OpraHoB W TKaHell ABNAKOTCA He MO-
CTOSIHHBIMU, a MepeMeHHbIMW BeIMYMHAMUN, U 3TO OnpesenseT Kpo-
BOTOK B [aHHOW o6nactu opraHusma. [Mpu ycuneHHom (yHKLUK
opraHa MpuUTOK KPOBM K HEMY YyBe/nM4yuBaeTcs, 3T0 06A3aTenbHOe
YCNoBWeE ANS BbIMOJIHEHUSA Harpy3ku. YBenuyeHve obbemMa KpoBOTO-
Ka_B paboTaloLiMX OpraHax HasblBaeTcs paboueit nu yHKLMOHaNb-
HOVA rnepeMueit.

MocKo/bKY 061K 06beM KPOBU U3MEHSETCA TO/bKO MpPW Ype3Bbl-
YaHbIX 06CTOATENLCTBAX, TO KPOBEHAMO/IHEHNE B O4HON COCYAMNCTOW
06nacT NPUBOAMT K €ro U3MEHEHUIO B pYruX permoHax. Pasymeercs,
3TO KacaeTcs 60NbLUOM COCYAMCTOW 06/1acTu, Tak Kak npu pacluupe-
HWUM COCY0B B HEOO/bLLIOM YYacTke TKaHU KPOBOOOGpaLLEeHVE B LIE/IOM
MEHSETCA He3HaYMTe/IbHO, a Perynaums ABUXKEHUS KPOBW OrpaHnYu-
BaeTCH MECTHbIMU peakLUsMU.

BnusiHve MbllLieyHOl paboTbl Ha KpoBoobpaLLgHre. MblllieyHasa TKaHb
cocTaBnsieT okono 40 % macchl Tena. KpoBOCHaGXeHWe CKeneTHbIX
MbILLL, MPY (OM3NYECKOW Harpyske CWU/bHO BO3pacTaeT, YTo MpUBOAUT
K nepepacnpeaeneHnio KpoBu Mexay paboTaroLlmMm 1 HepaboTaroLm-
MW MblLILAMM, @ TAKXKE MeXAY MbILLEYHON CUCTEMO 1 CUCTEMOI Op-
raHoB nuwieapeHns. OCO6eHHO 3HAYMTE/bHO YCUIMBAETCA KPOBOTOK,
KOrja COKpaLLeHNA MbILWL, YepeayroTcs ¢ UX paccnabneHnemM (xonboa,
6er). Ctatnueckas paboTa Takke COMPOBOX/AAETCA YBE/NUEHNEM KPO-
BOTOKA, HO B MeHbLLei CTENeHU.
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YBenmyeHne KpoBoobpaLLeHuMs B paboTaroLmx MbllLLax 3aBucuT oT
COYeTaHWs psfa MexXaHU3MOB, VMEHLWMX KaK MEeCTHOe, TaK W LeHT-
panbHOe perynuposaHue. VIMMynbCbl OT MeXaHOPeLenToOpoB MbliLLL,
CYXOXW/IMIA 1 CBA30K COKPALLAKLLMXCA MbILL, OT 6apopeLenTopos u
XeMOPELENTOPOB MbILIEYHbIX KPOBEHOCHbIX COCY/0B BbI3blBAlOT pe-
(DNEKTOPHYIO CTUMYNALMIO LeHTpa CepheyHon AeaTelbHOCTU U CO-
Cy[OABMraTe/lbHOro LeHTpa. B pe3ynbTaTe HECKONBbKO YBE/NYMBAETCA
[aBfieHNe B KPYMHbIX apTepuanbHbIX COCyAax, HO MesiKue apTepumn u
apTepuonbl paboTaloLMX MbILL, PacLUMPAKOTCA, YTO U yBENUYUBaAET
MPUTOK KPOBM K MbILLLAM.

O[HOBPEMEHHO B pe3y/ibTaTe HaKOMIeHUs KUC/bIX NMPOLYKTOB 06Me-
Ha B MbILLULAX pacLUMPSAOTCA Kanunnapbl. [Nagkve MbillLbl COCYZ0B CO-
KpaLLaroLLMXCS MbILLIL, CTAHOBATCA HEUYBCTBUTE/IbHBIMW K COCYLOCYXXN-
BatOLLMM BO3AENCTBMSAM Ba30KOHCTPUKTOPOB M K HOpajpeHaHy. B 10
XXe Bpems B HepaboTatoLLMX MbILLLAX, KOXE, opraHax 6pHOLLIHOM Nosoc-
T COCYJbl CYXKAtOTCA U K HAM MPUTOK KPOBM YMEHbLLIAETCA.

B pe3ynbTaTe MbllEYHbIX COKpalleHW B KPOBW MOBbILIAETCA
KOHLeHTpauumsa AnoKcmaa yrnepoaa, MoIoYHOM KUCNOTbI, BOAOPOAHbIX
MOHOB, a KMUCNOPOJa YMEHbLUAETCA. YBEMYMBAETCA YTUM3ALMSA KNC-
nopoga. MiameHeHus coctaBa KpOBM NPUBOAAT K PasfpakeHUo Xemo-
PeLEenTopOoB, HaXOAALLMXCS AaNeKO OT PaboTaroWmX MbILLL, B TOM YMC-
ne n B LUHC. B03HUKAIOT HOBblE pedp/ieKChbl, M3MEHSAOLWME KPOBOO6pa-
LeHVe W AbIXaHue.

Bce onucaHHble Bbille peakuun ABASHOTCA BPOXAEHHbIMW 6e3ycnoB-
HbIMU pedpriekcaMmun. Ho ¢ nepBbIX AHEN UM MECALEB XU3HW Y XXUBOT-
HbIX BblpabaTbIBalOTCA YCNOBHblE Pe/ieKCbl Ha BECb CTEPEOTMN pas-
[OPaXEHWN, CBA3AHHbLIX C MbILLEYHON AeaTeNbHOCTbI0. Tak, AN crnop-
TUBHbIX NTOWWIAfEeN YCNOBHbIMU Pa3fpaXunTensMm aBAsOTCS HageBaHue
copyw, BMA UNMOAPOMA, APYruX fowajeid, nocafka HaesgHMKa map.
YC/I0BHO-Pe(IEKTOPHOE N3MEHEHUE KPOBOOOPALLEHUNA B 3TUX CyYasx
no3BonseT 60see 6bICTPO NPMUCNOCOOUTHL KPOBOOOpaLLeHNE K NPeAcTo-
Awenn PU3NYecKoin Harpyske.

CrepyeT 3aMeTWTb, YTO XOTS paboTa cepAua BO BPeMS MbILLIEYHOM
Harpyskn 3HauyuTe/NIbHO YBE/NYMBAETCH, & CUCTO/IMYECKUIA U MUHYT-
Hbl1 06bEMbI KPOBM BO3PacTaloT B HECKO/IbKO pa3, CUCTEMHOE apTepu-
a/lbHOE [1aB/IeHME MOBLILLAETCA He CTO/b Pe3Ko. ITO 00YCNOB/IEHO TeM,
4TO B paboTaloLMX MbllWLaxX KPOBEHOCHbIE COCYAbl PacLUMpAaTCa U
BMELLAIOT 0YeHb 60/1bLLON 06bEM KPOBMU.

Mocne 3aBepLueHns paboTbl BbICTPee BCEro BOCCTaHaB/IMBAETCH
(PbYHKUMA cepfua, a MbILLeYHble KPOBEHOCHbIE COCYAbI eLle A0/ro OC-
TalOTCH pacliMpeHHbIMKU. Ecnn nocne HanpsyKeHHON MblLLIeYHOl pa-
60Tbl cpa3y MepenT B COCTOSAHME MbILLEYHOTO MOKOSA, TO BO3MOXEH
06MOpOK (NoTeps CO3HAHMA) U3-3a HEAO0CTATOUYHOr0 MOCTYMN/EHUS
KpoBK K mMo3ry. O6bI4HO flowageil nocne dera 4onroe BpeMsi 3acTaBns-
0T XOAWTb Lwarom, 6narogaps Yemy MOCTENEHHO BOCCTaHaBNMBaeTCA
COOTBETCTBME MEXAY AeATeNIbHOCTbI0 CepALa, COCYAUCTbIM TOHYCOM U
pacnpefeneHMemM KpoBM B OpraHu3me.
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BnvisiHve NuLeBapeHust Ha KPOBOOGpALLIEHE. Bo Bpems nepesapusa-
HUSA NULLM 06bEM KPOBU, NMPOXOAALLEN Yepe3 opraHbl GPHOLLHONM N0Jo-
ctu, Bo3pactaet Ha 30...50 %. OfHOBpPeMEeHHO CHWMXXaeTCAa KPOBOTOK B
MbILLLAX ¥ B FOJIOBHOM MO3re. 3TO AB/AETCA OAHOW M3 NMPUYUH TOrO,
4TO NOC/Ne NpremMa NULLX HacTYNaKT BANOCTb U COH/IMBOCTb, CTPEMIIE-
HVEe K MOKOI M KOM(OPTHOMY MOJIOXKEHUIO Tefa.

Bo Bpema nuLLeBapeHns pe3ko BO3PacTaeT KPOBOTOK B C/IIOHHbIX XKe-
ne3ax, NOKeNYyA0HHON Xenese, CTEHKe KuLeYHMKa. B neveHn B pasrape
nviLieBapeHnsa yBennyeHUsa KpoBOTOKa He MpoucxoguT. Bo3MoxXHO, 3To
CBA3aHO C TeM, YTO OHa 1 TakK 06M/IbHO CHabXKaeTCst KPOBLIO U AEMOHMPY-
eT 10 20 % BCeli KpoBM OpraHn3ma. Kpome Toro, neyeprb MOCTOSIHHO Ha-
XOOUTCA B AEATENIbHOM COCTOSHUW, B Held He GbIBaeT «MOKOs».

Mocne npuemMa KOpMa CHMXaeTCs aKTMBHOCTb CMMMATUYeCKOW
HEPBHOM CUCTEMbI, MO3TOMY CUMMNATUYECKNE Ba30KOHCTPUKTOPbI OC-
NabnaT CBOE B/IMSIHUE Ha COCY/bl OPraHOB NULLEBapeHus, a BANSHME
napacmMMmnaTU4ecKmnx Ba3oaunATaTopoB ycuameaeTca. bonblyoe 3Haue-
HVWe B pacLiUpeHUn COCy[0B YPeBHOM 06/1acTU MMEKOT rymopasibHble
pasfpaxuTenn, 0CO6eHHO FOPMOHbI, 06pa3yoLLMECH B CTEHKE XXeNlyaKa
N KALWEYHWNKA: TaCTPUH, TMCTaMUH, CeKPeTUH, XONeLUUCTOKUHUH. TN
rOPMOHbI YCUIMBAKOT N CEKPELLMIO MULLLeBapUTE/IbHbIX COKOB, U KPOBO-
TOK B >kene3ax. MpoTMBONOMOXHbLIM —COCYLOCYXXNBAKOLLMM —AEeCT-
BMeM 061aJat0T racTpoH, Ba3onpeccuH, npocrarnaHavH E.

BnusiHve BHeHLLeN TemnepaTypbl Ha kpoBooGpalLeHre. py NOBbILLEHNN
BHELLHEN TeMnepaTypbl PACLLMPAIOTCS COCY/bl KOXM, YBENMUMBAETCA NPU-
TOK KPOBW K MOBEPXHOCTY Te/a U TeNooTAaua Ho3pacTaeT. YCuneHme Kpo-
BOTOKA B KOXE JOCTUraeTCA 3a CHET PacKpbITMS apTePUOBEHO3HbIX aHACTO-
MO30B. PacLLpeHmne CoCy/I0B Npit 3TOM 0ObACHSAETCS YrHETEHUEM COCY/0-
CY>KMBAIOLLIEN UMMy bCaLMK, NOCTYMNALOLWEN No CMMMNaTUYeCKUM afpeHep-
FMYeCKMM HepBaMm. PacluMpeHue COCYfOB KOXW MPOUCXOAUT TakKe Mog,
[eiCTBMEM T1CTaMMHa, A0NaMUHa 1 npocTariaH4UHOB.

Cocyfibl KOXW pearvpyroT He TO/IbKO Ha U3MEHEHUS BHELLHENR TeMne-
paTypbl, HO 1 TemMnepaTypbl KPpoBKW. [py NOBbLILLEHUM TeMNepaTypbl Tena
TAKXXe CHUXAETCA peakuus rafkuxX MblLL, COCYI0B KOXWN Ha CUMMaTu-
YECKYH0 MMNYNbCaUMIo U HOpPagpeHaInH, YTO CBSA3aHO C MOHWXKEeHVEM
4yBCTBUTENBHOCTY a-afjpeHopeLlenTopoB. 03TOMYy MpU MOBbILEHWM
Temnepatypbl KPOBY KOXHbIe COCYAbl pacLLmpsatoTcs. [py 3HaUUTEIbHOM
PaCLLMPEHNN KOXHbIX COCYZOB, MPOUCXOAALLEM Ha 60/bLLOV MoLaam
MOBEPXHOCTW Tefa, NageHUs apTepuasibHOro AasfieHNs He MPOMCXOAMT,
Tak Kak B 06LMIn KPOBOTOK MOCTYMaeT KPOBb M3 KPOBSAHbLIX [erno, CyXa-
tOTCA coCy/ibl OPIOLLHONM NOMOCTU U YCunvBaeTcs paboTa cepaua.

MMpn CHMXeHUN TemnepaTypbl BO3A4yXa KOXHble apTepuiTy BeHbl
CY)KAKTCH, YTO MPUBOAMT K YMEHbLLEHUWIO TEMI00TAAYM C NOBEPXHOC-
TV Tena. IToT 3PeKT peann3yeTcs Yepes cCUMnNaTuyeckme agpeHepru-
yeckue BOMIOKHA. [pn 3TOM HECKO/IbKO MOBbILLIAeTCA AaB/iEHNe B CO-
CyfAax BHYTPeHHUX opraHos. 0BbIWEHNE apTepuanbHOro AaBneHuns B
Moykax NMPUBOAUT K YBENIMYEHUIO MO4Yeobpa3oBaHus, YTO MpesoTBpa-
LLAeT 3HaYNTENbHOE NOBbLILEHWE apTepuanbHOro AaBneHus.

290



MFrhrasa 7
PN3NONO0TIMNA AbIXAHNA

[bixaHne —aTo (m3nonoraveckas (yHkuma, obecneuymsaroLias
raso00MeH Mexzay OpraHu3mMOM U OKpy>XKarowlein cpepoin. Kucnopopg
pacxofyeTcs Knetkamu A5 OKUCNEHUS CNOXHbIX OpraHnyecKux Be-
LLecTB, B pe3y/nbTaTe Yero 06pasytoTcs Boga, AUOKCUA Yrieposa v Bbl-
pensetca aHeprus. Mpy pacnage 6e1KOB U aMUHOKMCIOT KPpOMe BOApb!
N gnokcuga yrnepoga obpasytoTcs a3oTcofepkaline BeLlecTBa, HEKO-
TOpble U3 KOTOPbIX, TaK Xe Kak Boga 1 AMOKCUA YTriepoaa, BblAensaroT-
CSl Yepes opraHbl AbIXaHuA

MocKonbKy 0OMeH BeLLeCTB COBepLLaeTCca HeMpepbiBHO, ngera-
LWEeHMe AblXaHna NPUBOAUT K pacnagy XXMBoi matepun. Tak, 6e3 o-
CTyna Kucnopoga Mo3r MOXeT CyLLeCTBOBaTb 40 5 MUH, cepaue —a0
15...18 MWH, Moc/ie Yero Ha4YMHaKTCA CTPYKTYPHbIE N (hYHKLNOHANb-
Hble M3MeHeHus. [lpyrve opraHbl U TKaHW MOryT Haxo4WUTbCA B 6ec-
KMUCNOPOAHbIX YCNOBUSX 60niee ANUTeNIbHOE BPEMS: Hanpumep, Ha
KOHEYHOCTb XIYT ANA OCTaHOBKM KPOBOTEUEHUS HaKNaAblBalOT Ha
CPOK A0 45 MUH.

Y O[HOK/IETOYHbIX OpraHu3MOoB AblXaHWe OCYLLECTBNAETCA uepes
MOBEPXHOCTb. Y HUBLLMX MHOTOK/IETOUHBIX XXUBOTHBIX Y)Ke He BCe K/eT-
KN Tefla CONnpuKacarTCa C BHELUHEN Cpefoi W B AbIXaHUW Kpome Mno-
BEPXHOCTHBIX K/1ETOK Y4aCTBYeT KULIEYHUK. Y HACEKOMbIX MOABMSETCA
TpaxeasilbHOE AblXaHue (Tpaxen —aTo TPYOOUKU, NPOHU3LIBAIOLLMNE TENO).
Y pbl6 opraHamm biXaHus ABAAKOTCS Kabpbl —MHOM0UYUC/IEHHbIE TOH-
KNe NINCTOYKM, OKPY>KEHHbIE TYCTON CETbl0 KPOBEHOCHbIX COCYA0B U
OMbIBaeMble BO/IOM.

Y aMm(ubuin, npecMblKaroLLMXCc, NTUL U MIEKOMUTaKOLWMX ras3o-
06MeH MpoucxoanT B Nerkux. AbixaHne yepe3 KOXY (KOXXHOe [Ablxa-
HVe) MeeT 60/bLLoe 3HaYeHNEe ANS 3eMHOBOAHBIX (Y NAryLLeK, Hanpu-
Mep, Ha SO0 KOXHOI0 AbIXaHUA NPUXOAUTCA 0KOM0 2/3 ra3o0bMeHa).
Y MNeKONUTaKOLLMX ero AoNs cocTaBnset okono 1%. Y nowagein npu
60MbLLOIA (M3NYECKOM Harpyske AblXaHue vepes 340POBYH U UUCTYHO
KOXYy BO3pacTaet Ha 8 %.

[ﬁﬂxaHme npeacraBnsetT cob60M COBOKYMHOCTb CMEeAYHOLWMX MATU
B3aMMOCBA3aHHbIX U 00beAMHEHHbIX 06LLMMMN PerynsaTopHbIMUA Mexa-
HM3MaMmn MPOLECCOB:

BHeLLHee AbIXaHue, T. €. ra3000MeH MeXay Nerkumum 1 OKpyaro-
el cpenoir;
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06MeH ra3oB Mex/y BO3yXOM, HaXOAALMMCS B albBeONax Nerkux,
¥ NPUTEKAOLLIEN K NEFKNM KPOBBIHO;

TPaHCMOPT KUCIOPOAA M AVOKCHAA YTIepoaa KPOBbHO;

06MeH ra3oB MeX/y KPOBbH U TKaHSMU;

TKaHeBOe, UM BHYTPUKNETOYHOE, AbIXaHue.

MOMUMO OCHOBHOI (hYHKLMWN —Ta3006MeHa —OpraHbl [blXaHus
BbIMONHAKT U P ApYrvX. OblXaTenbHblii annapaT orpaxpjaeT opra-
HWU3M OT NonajaHnsa ¢ BO34yXOM arpeccuBHbIX rasos, Mblav, MUKPOOP-
raHM3MoB. Jlerkve y4acTByOT B NOAAEPXKaHUN KMUCNOTHO-LLEN0YHOr0
6anaHca KpoBW, TENNOPerynsaummu, obmMeHe BELLECTB, AEMNOHWPOBAHNM
1 CBEPTbIBAHWMM KPOBY U B APYrUX DYHKLMAX.

7.1. BHELWHEE AbIXAHVE

BHelyHee AbixaHue, UMW BEHTUNALMA NETKUX, OCYLLEeCTBNSETCA MO-
CpefCcTBOM BLOXa U BblgoXa.

MPUHATO pasnyaTb BepXHUE U HUXKHUE AbIXaTenbHble nyTu. K Bepx-
HWUM [bIXaTeNbHbIM MyTAM OTHOCATCA HOCOBas MOMIOCTb M ropTaHb (40
rOMI0COBOM LENN), a K HMXXHUM —Tpaxes, 6poHXKM, BPOHXMOSbI U ab-
Beo/bl. [a3006MeH COBepLLAeTCA TO/bKO B a/bBeosax, a Bce 0CTa/lbHble
OTZE/Nbl OPraHoB AbIXaHWNsA ABNAKTCA BO3AYXOHOCHBIMU MYTAMM.

3HayeHVe BO3yXOHOCHbIX MyTeidl. HOCOBbIE XOAbl, FOpTaHb, Tpaxes u
OpOHXM MOCTOAHHO cofepxar Bo3ayx. lMocnefHsAs nopuus BO3LyXa,
BXOAALLasA B BO3YXOHOCHbIE MyTV BO BPEMS BAOXa, NEPBOM BbLUbIXaeT-
cA npu Bbigoxe. [103TOMy COCTaB BO3fyXa U3 BO3LYXOHOCHbIX MyTel
6/1M30K K aTMOC(epHOMY. MOCKO/bKY B BO34YXOHOCHbLIX MYTAX ra3006-
MEeH He COBepLLAeTCs, MX Ha3blBalOT BPEAHbIM WM MepTBbIM MPOCT-
PaHCTBOM —T10 aHa/IoTUK C NMOPLLHEBLIMU MEXaHU3MaMU.

O[ZiIHaKO BO3[yXOHOCHbIE MyTV UTParOT GO/bLLYIO PO/b B XU3HEAes-
TeNbHOCTU OpraHn3ma. 34ecb NPOUCXOLMT COrpeBaHue X0N0AHOro BO3-
JyXa UNn OXNaxaeHne ropsyvero, ero yBfaXXHEHWe 3a CHeT MHOro4uc-
NEHHbIX KeNe3nCTbIX K/ETOK, BblpabaTblBalOLLMX XULKWUA CEKpeT ”
cnm3b. Cnnsb CnocobCTBYET ukcaumm (MPUANNAHNI0) MUKPO- U MaK-
poyactuu,. lMbuib, caxa, KONOTb 06bIYHO B IETKME He nonagatoTt. du-
KCUpOBaHHble YacTuubl Gnarofaps paboTe pecHUYEK MepLaTesibHOro
3ANUTEeNNA NepemMeLLaloTCca K HOCOr/I0TKe, 0TKYy/a OHY BblOpacbIBatoTCs
6narofaps COKpaLeHUAM MblLLL,.

Pa3fpaxkeHne peLLenTopoB HOCOBOW NOIOCTU Peth/IeKTOPHO Bbi3blBaeT
YMxaHvie, a ropTaHy W LUNKeNeXallnx Bo34yXOHOCHbIX NyTell —Kallefb.
UnxaHve 1 Kallenb —a3To 3alUTHbIe pediiekehl, Hanpas/eLlble Ha Bb!M
BeleHMe Yy)XXePOLHbIX YaCTUL, U C/IM3U U3 BO3LYXOHOCHBIX MyTeN.

PasgpaxeHvie peLenTopoB BO3LYXOHOCHbLIX MyTe XMMUYECKUMU
Bell,ecTBaMu MOXET Bbl3BaTb Cna3m 6POHX0B U GPOHXMOS. DTO Tak-
Xe 3aluTHasa peakuus, HanpasneHHas Ha HefoMyLeHNe BPeAHbIX ra-
30B B a/1bBe0/ibl. B CTeHKax 6pPOHX0B, 0COOGEHHO Mefbyalwmnx nx pas-
BETB/IEHNIA — OGPOHXMONAX, YYBCTBUTE/IbHbIE HEPBHblE OKOHYaHWA
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pearvpytoT Ha NblfeBble YaCTULbl, CU3b, Mapbl eAKUX BELLECTB (Ta-
6ayHbIN AblM, aMMUaK, aup 1 4p.), a TaKXKe Ha HEKOTOpble BELLEeCTBa,
obpasytoLimecs B caMOM OpraHusmMe (ructamuH). 3Tn peLenTopbl Ha-
3bIBAKOTCS MPPUTaHTHbLUK (NaT. irritatio —pasapaxeHue). [Npu pasgpa-
YXEHUN UPPUTAHTHBIX PELenTOpOB BO3HUKAET YYBCTBO XOKEHUS, nep-
LLeHWs, NOBNAETCA Kalle/lb, yyallaeTcs AblxaHue (3a cHeT COKpaLleHus
(hasbl BbIAOXa) M CYXalTCH OPOHXM. ITO —3alMTHbIE pedieKcsl,
npejocTeperatoLLye XXMBOTHOe OT BAbIXaHUA HEMPUATHbLIX BELLECTB, a
TaKXXe HefoMnycKaroLLme nonagaHna ux B aibBeo/ibl.

B cocTofHMM nokos [epuoamyeckn y XXMBOTHLIX MPOUCXOAUT
rny6okuii Boox (B3gox). MNMpuumHa 3TOro —HepaBHOMEpPHas BEHTUNA-
LMA NNETKNX U CHUDKEHME MX PaCTHXKMMOCTU. ITO BbI3bIBAET pasfpaxe-
HIe VPPUTAHTHBIX PELIENTOPOB U PedIEKTOPHbIV «B3[0X», HacNanBa-
OLNIACA Ha O4vepefiHONM BAOX. Jlerkue pacrpasnsiOTCA, U BOCCTaHaB-
NNBAETCS PaBHOMEPHOCTb BEHTUMALUN.

nagkve MbiwLbl GPOHXMON MHHEPBUPYIOTCA CUMMATUYECKUMUN U
napacvMnaTUyecKMMmn Hepsamun. Pa3fpakeHne CUMMaTUYECKUX Hep-
BOB Bbl3blBaeT paccnabieHne 3TMX MbILLL, U paclunpeHmne 6POHXO0B, YTO
YBENNYMBAET MX MPOMYCKHYK CNOCOBGHOCTL. PasfpaxeHue napacum-
naTM4YeCcKUX HEpPBOB BbI3blBaeT COKpalleHune OGPOHXOB W yMeHbLUaeT
MOCTyNJieHWe BO3yxa B abBeosibl. [1py 04eHb BbICOKOM TOHYCe napa-
CUMMAaTUYECKNX HEPBOB HACTYMaeT cnasm GPOHXOB, YTO Pe3Ko 3aTpys-
HAET AbIXaHue (Hanpumep, NpuM 6POHXMANIbHON acTMe).

MexaHn3M BHELLHEro ApixaHus. B nerkmx HeT MblllL, KOTOopble Obl
y4acTBOBa/IM B MpOLiecCe BAOXA W Bblgoxa. PaclumpeHue n cnafeHvie
aNbBe0/1 OCYLLECTB/AOTCA CO CTOPOHbI NIEFKMX NAaCCUBHO, B pe3y/bTare
YMEHbLUEHUS WY YBEIMYEHUS 06bema rpyaHoM MosiocT U U3MeHe-
HWUA B HEN JaBneHus.

lpygpHaa nonocTb W OTpuuaTenbHOEe faBne-
Hue. Tlog rpyaHol NONOCTbIO 06bIYHO MOHUMAKOT NPOCTPAHCTBO, O -
paHW4YeHHOe PebepHOn KNeTKOn K AvadparMoin. ITO NPOCTPaHCTBO
3arno/iHeHO opraHamu (nerkue, Tpaxes, CepAue, KpyrHble KPOBEHOC-
Hble cocyfbl, MMM®(OY3Nbl, FPyAHAs 4acTb NULIEBOAA) M MONOCTM MO
CyLlecTBY HeT. Mo3Tomy 6osiee TOYUHOe ApYroe onpejesieHve: rpyaHas
MOJIOCTb —3TO Y3Kas KanunigpHasa Lienb Mexay ABYMS INCTKaMu ce-
PO3HOM 060/104KM —NNEBPbI: BUCLEPA/IbHON W napueTanbHO.

BuicuepasibHas nnespa NOKpbIBAET OpraHbl, PacrnooXeHHbIe B rpy/-
HO MonocTn, a napueTanbHas —pebepHyto KeTKy. Mexay 3TrMm
NNCTKaMW NJieBpbl UMEETCH Cepo3Has >KUAKOCTb, NpPefoXpaHAaroLLasn
opraHbl 0T TpeHus. LWLnpuHa mexnnespanbHoi wenu 5... 10 mkm. Mo-
NOCTb e MOXeT 06pa3oBaThCs MpW MaTtosiornu, Korga 06beM Mex-
MeBpasibHOM LLeNN 3Ha4MTeNbHO YBEIMUMBAETCA 38 CUET CKOM/IEHNA B
Hel aKccyfara, KpoBU U BO3AyXa.

MneBpa He y4acTByeT B ra3oobmeHe. OHa 06/1a4aeT XxopoLuen
BcacblBaTe/bHOM CMOCOOGHOCTLIO. Yepes nnespy BcacbiBaeTca MU30bI-
TOK CEPO3HOW XMAKOCTKU, KOTopas obpa3yeTcs NocTosHHO. lMnespa,
0C06eHHO napueTasnibHas, cHabXeHa 60neBbIMU peLenTopamMu, cama
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Puc. 7.1. N3mepeHne oTpuLATE/IbLHOrO AaBfieHNsA B
rpygHoli nonocTu:

| —nerkue; 2—cepaue; .l1—nnespa; -/—pnadparma;
5—wrna; 6—kumorpag; g—=*, —ypOBHW PTYTW, Noka-
3blBalOLLME OTpULLATENbHOE AaBNeHVe B FPyAHOM NON0OCTM

e neroyHas TKaHb 60NEBbIX peLenTo-
POB He UMeeT.
Ecnn B nneBpanbHyt0 NoOnoCTb BBe-
CTV VHBEKLUMOHHYIO WY, COEAVHEHHYHO
Tpy6KoiA ¢ maHomeTpoMm (pwuc. 7.1.), TO
OKaXeTcs, UTO aBfieHne B Hell HXKe aT-
MOCGEepHOro 1 Konebnetcs B COOTBETCTBMU C AbIXaTe/lbHbIMW ABUXe-
HUAMWU —B[OXOM W BbILOXOM. [laB/ieHWe HuXe aTMOoC(epHOro B u-
310/10MUK NPUHATO HasblBaTb OTPMLATE/bHLIM, a BeMYMHa aTMocdep-
HOTO [JaBNeHns B AaHHbI MOMEHT BPeMeHU NMPUHMMAETCS 3a HOSb.

Korga n KakvuM 06pa3om co3gaeTcs B NieBpaibHON MNON0CTN OTpu-
LaTenbHOE AaBneHne? 3TO NPOMCXOAUT MPU MEepBOM BAOXE HOBOPOX-
[EeHHOro. Y nnofa pasmep fIerkux COOTBETCTBYET pa3mepy rpyAHOM
KneTkun. a3006MeH B Nerknx He MPOMCXOAMUT, N0 06MeHUBaeTCs ra-
3aMM C KpOBbKO MaTepy uepe3 nnaueHTy. Mo3Tomy y nnoga rpygHas
KNneTKa ynnoLieHHas, pebpa onyLieHbl, anbBeosbl CNaBLLnecs, ronoco-
Bas Lenb 3aKpbiTa. OHaKO YXKe B Mepuos, BHYTPUYTPOOGHOrO pasBuTus
MAET CTPYKTYPHaa 1 PYHKLMOHaIbHAA NOAr0TOBKA AblXaTe/lbHOW Cuc-
TEMbl K CAMOCTOSATENIbHOMY AbIXaHWi0. Y M/oja pefkue n HepUTMUY-
Hble AbIXaTe/bHble ABVXEHWS, HO OKOMOMNOAHbIE BOAb! HE MONajatoT B
Nerkve n3-3a 3akpbiTOA ron0COBON LUeNN. STV ABMXKEHUS YIyuLLaoT
LMPKYNALMIO KPOBU B NIErKMX W NOAFOTaBNMBAOT (DYHKLMOHANbHbIE
CBA3UN MEXAY HEPBHLIMU W MbILLEYHBIMU 3/1EMEHTaMW, MPUHUMAIOLLN-
MM y4acTue BO BHeLLHeM AblXaHUu cpasy Mnocne poXKAeHUs.

B MOMeHT pojoB 1 0CO6EHHO cpa3y Moc/e nepexaTus MyrnoBuHbI Y
nnofa BO3HWUKAKT TMNOKCUSA (HU3KOE COAepXKaHue KMCNopona B TKa-
HSAX) 1 runepkanHus (BbICOKas KOHLEHTpaLMsa AMOKCUfA Yriepoda B
KpOBW), YTO rNaBHbIM 06pa3oOM U CTUMYNUPYeT MepBbIA BAOX W Mep-
Bblli KpK. OAHOBPEMEHHO 3TOMY CMOCODOCTBYHOT TakXkKe auuio3 nnoja,
pe3kas CMeHa OKpYXXaloLLei TemnepaTypbl U MOBbILLEHHAA YYBCTBU-
TeNbHOCTb [bIXaTebHOr0 LieHTpa K ANOKcuay yrnepoga.

Bo Bpems nepBOro BAoXa COKpallaetca anagparma, NOAHNMAKOTCA
pebpa, AaBneHune B rpyLHON NOMOCTU CHUXAETCA M BO3AYyX 3acacbiBaeT-,,
CA B Nlerkue, pacrpaenss aibBeosibl U 3anosiHAa ux. B aT0T mMomeH?
MPOMCXOAMT OYEHb BaXKHbIV MPOLIECC: ecnn y nnoga pebpo hmnkcmpo-
BaHO TO/IbKO B OAHOI TOYKe (ronoBka pe6pa —y Tena NMo3BOHKA), TO
BO BpeMs NepBOro BAoxa pebpo nonyyaeT BTOPYH TOUKY (hMKCaLMM Ha
BCHO MOC/eAYHOLLYIO XWN3Hb; BYropok pebpa —Y rnonepeyHo-pebepHoro
OTPOCTKa NO3BOHKA. M03TOMY MpwW BblUOXe, MOCMeOBaBLLEM 3a nep-
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BbIM BLJOXOM, pebpa yXXe He BO3BpaLLatOTCs B UCXOAHOE MOMOXKEHWE, a
3aHMMAlOT HOBYHO MO3ULNIO —CPeHIOK MEeXAY HauyabHbIM MOJIoXe-
HWEM Yy M04a U MMEBLUMM MeCTO BO BpeMsi Bfoxa. B pesynbrate
06beM TPYAHOA NONOCTM BO BPEMS BblOXa CTAHOBUTCA GOMbLUE, YEM
Obl/1 4O Ha4Yana camoCTOATENbHOIO AblXaHWA, a faBieHne B Held ocTa-
eTCs HMXe aTMocdepHoro. Tak, BnepBble B XXU3HW B rPyLHOIR nonoc-
TW CO3faeTcs oTpuuaTe/lbHOe AaB/ieHMe MU COXPaHseTCa Mpu BAOXE U
BbIOXE.

nepBble AHW U MecAUbl NOCe POXAEHUS pasHULA MeXay aTMmo-
cthepHbIM AaBNEHMEM W faBNeHWEM B rPYAHOW NOMOCTU CTabunn3npyeT-
CA M HEMHOrO YBENMYMBAETCA. DTOMY CMOCOOCTBYET HepaBHOMEPHbIN
POCT CKefleTa U BHYTPEHHUX OpraHoB (KOCTU pacTyT ObICTpee), a Takxke
3N1aCTUYHOCTb NIEFOYHON TKaHU W Hanuumne XKWAKoOW HochonmnuaHoi
NNeHKN —cypgakTaHTa —Ha BHYTPEHHEN NOBEPXHOCTM a/ibBeoN.

JnacTnyeckre BOMOKHA B JIEFOYHOM TKaHW pPacTArMBaroTCA npu
BJOXe BC/IELCTBME TOr0, YTO aTMOC(EPHOE faB/ieHne, AelCTBYIOLLEee Ha
BHYTPEHHIOIO MOBEPXHOCTb a/lbBEO/ Yepe3 BO3AYXOHOCHbIE MyTW, Bbl-
LLe, YeM [aB/ieHne B M/1IeBPaIbHOW MOIOCTU, LEVCTBYIOLLEE HA HApYX-
HYI0 MOBEPXHOCTb /IerKMX. PacTaHyTble BCNeACTBME pa3HuLbl AaBe-
HWA 31aCTUYECKMe 3/IEMEHTbI CTPEMATCA COKPATUTLCA U CXKaTb NErkue.
Cuna, ¢ KOTOPOW /Ierkne CTPEMATCA CKaTbCH, HA3bIBAETCA 3nacTuyec-
KO TAroi nerkux. Ee MOXHO M3MepuUTb MaHOMETPOM, BBeAsA WUy B
MEeXMNeBpasibHyH LLEe/b, B KOHLE MOMHOro riy6okoro Bbujoxa. OHa
coctaenset 1,5..3 MM pT. CT. [aBneHne B NneBpasibHON NONOCTU MOX-
HO U3MepUTb B TPYAHOIN YaCTV NULLEBOAA Yepe3 HOCO-MULLEBOLHbIV
30H4. OKasanocb, 4YTO 3TN 3HAYeHUs OAMHAKOBbI.

BHYTpeHHSS NOBEPXHOCTb a/lbBEO/T BbICT/IaHA BELLECTBOM, VMEOLLMM
HW3KOe MOBEPXHOCTHOE HaTsXeHWe, —cypgakTaHToM (aHrn, surface
activiti —noBepxHOCTHasA akKTUBHOCTL). CypdakTaHT cofepxut 85 %
(hocthonmnumaos, a Takke HebOo/bLIOE KONMYECTBO OE/IKOB M YI/IeBO-
[oB. TonwmHa cnoa cypiakrtaHta 10...20MKM. CUHTE3 cypaKTaHTa
ocyuecTBnsieTcs nHesMounTamu 1l nopsgka us BewecTs, NOCTynaro-
WMX ¢ KpoBbio. O6pazoBaHue cypdakTaHTa yCUIMBaeTCa Npu pasgpa-
XXEeHUU napacvMnaTu4yecKnx HepBOB M YMEHbLUAETCA MNpu pasjpa-
XEeHUV cumnatuyeckux. 3HauyeHue cypdakTaHTa Bennko. Bo-nep-
BblX, 6narofaps emy CHMXXaeTCcs MOBEPXHOCTHOE HATSXKEHVE a/lbBeos
N TeM cambIM 06/1eryaeTcs UX pacTsHKeHne Mpu BLOXE U Mpefynpex-
JaeTca cnunaHue (cnageHve) nNpu Bblyoxe. Bo-BTOpbIX, 0OMeH rasos
yepes aibBEONIAPHYIO CTEHKY BO3MOXEH TOJ/IbKO MOC/e pacTBOPEHUSA
nX B cypakTaHTe. Babixaemble CMONbI, eAKNE rasbl CHMKAKOT Bblpa-
60TKYy CyphakTaHTa, 4YTO NPUBOAUT K HAPYLUEHWNIO ANHAMUKMN [blXa-
HUA 1 razoobmeHa.

WTak, npu nepBoM BLOXe HOBOPOXAEHHOr0 BO3HWMKAET OTpuua-
TeNlbHOe AaBfieHne B rpyaHOW (MexXnneBpanbHOR) MonocTun, Benen-
CTBME Yero flerkue pacnpasnstoTCAa WM 3amnofHAKTCSA BO3JYXOM, 3a-
HUMas BeCb CBOOOLHbIA 06beM IpyAHOIN KNeTKN. O4YeHb BaXKHO, YTO
M NpY BblJOXE NErkne He BbITECHSAKOT BECb BO34YX M OCTAKOTCH Ha-
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MOSIHEHHBIMU WM, TaK KakK OTpuuaTeNbHOe AaB/ieHue B MNJeBpasibHOiA
MOJIOCTU COXPAHAETCA W MPU BbILOXE.

Jlerkue 3anonHeHbl BO34YXOM W NPV BLOXE, W MNPW BblAOXE.
BCKpbIB rpyAHYIO KNETKY Y XXMBOTHOrO, He MOBPeAWB M/eBpy, yepes
TOHKY'0, NPO3payHyto MNiespasibHy0 060/104KY XOPOLIO BUAHO, YTO
Nerkue BMIOTHYHO MNpuUeralnT K pebepHOi KeTke W npu BLOXe, U
npu Bblgoxe. ECnu ke BCKPbITb NapueTanbHbll MMCTOK MAeBpbl, TO
NEerkune CKUMaroTCa BCNeLCTBME 31aCTUYHOCTY NPUMEPHO Ha 2/3 cBoe-
ro obbemMa M He pacrnpasffOTCA MpY BLOXE. ITO AB/EHME Ha3BaHO
MHEBMOTOPAKCOM — MonajaHue Bo3ayxa B rpyAHyto nonoctb. [asne-
HVEe Ha HapyXHYI 1N BHYTPEHHIOI NMOBEPXHOCTb a/lbBEO/T OKAa3bIBAET-
CA O4MHAKOBbIM, PaBHbIM aTMOCHEPHOMY, W a/bBEO/Ibl Y)XKE He MOryT
pacTArnBaTbCA W 3anofIHATLCA BO3AYXOM BO Bpems BAoxa. IMpu one-
paumMax Ha BCKPbITOW TPYAHOM K/eTKe nauueHT He MOXeT camMo-
CTOATENbHO AblliaTh W ero MepeBofAT Ha UCKYCCTBEHHOe AbIXaHue.
Mocne onepauun repmMeTUYHOCTb FPYAHOIN MOIOCTM BOCCTaHaB/MBa-
tOT, 60/IbLLYI0 YaCTb HaxXOAALIEerocs B Heil BO3Jyxa OTCacbIBaoT, a OC-
TaBLUMIACA NOCTENeHHO BCACbIBAETCH M/IEBPOM B KPOBb U Y[ANAeTcs C
BbLLIbIXaEMbIM BO3JYyXOM.

IMHEeBMOTOPAKC MOXET ObITb HE TONbKO HapyXXHbIM —MNPU BCKPbI-
TUW TPYLHON KNETKU WU NPOHWKAKOLIEM PaHEHUW, HO U BHYTPEH-
HUM —NpU paspbiBe a/bBEONAPHBIX CTEHOK W Meperopojok B6/1u3u
BUCLiepabHOro NNCTKa NeBpbl. VIHOT4A Y >KMBOTHbLIX BCTpevatoTcs
BPOX/AEHHbIE UW NPUOBPETEHHbIE «OyNNbl» — Ny3bipW, 06pa3oBaBLLV-
ecs 13 HECKONbKUX eCATKOB WU/ COTEH CAMBLUMXCA anbBeon. CTeHKM
TakuX Ny3bIPbKOB VCTOHYAKOTCA W NPU CUIbHOM B[OXE MOTYT pasop-
BaTbCA. B 3TOM cryyae BO3AyX MpWU KaxoM BLOXE Yepe3 BO34YXOHOC-
Hble MyTW MOCTYNaeT B M/eBpa/ibHYH NOJOCTb.

MexaHun3m Bfioxa. Bpox (nart. inspiracio —uHcnupawums) HaunHaeT-
CA C COKpaLLLeHNs BAbIXATE/bHbIX, NN MHCMMPATOPHbIX, MbILLL, B pe-
3ynbTaTe Yero 06LeM rpyAHON NOMOCTY YBEIMUMBAETCA B TPEX Harpas-
NeHNsAX —Cnepean Hasafl, CBepxXy BHU3 U B CTOPOHbl. YBeNM4eHue
o6bema rpyfHON MooCTY BEAET K CHUXKEHUIO B HEW [jaBneHus, 3aca-
CblBaHWIO BO3/yXa M3 BHELLHEW Cpedbl N PacTSXXEHWUIO a/lbBeO.

YBenuueHne obbema rpygHoi
MOOCTM Crepesmn Hasas, Y XX1BOTHbIX
[OCTUraeTcs 3a CYeT COKpalleHus
Avagparmbl. Mpn 3TOM CyXOXWU/b-
HbIN LLEHTP 0CTaeTcs Ha TOM e Mec-
Te, YTO M NPV BbIJOXeE, 8 COKPaLLato-
LMeCs MblleYHble y4acTKu [ua-
(bparmbl [enatoT ee KOHYCOBWAHOW,
OHa CLaB/IMBaET Y HEMHOTO OTTECHS-
€T Hasag, opraHbl 6PIOLLIHON NOMI0CTH
(puc. 7.2). Y cTapbIX XWUBOTHbIX Cy-

Puc. 7.2. MonoxeHve guacparmbl B gasy  XOXWUNbHBLIA LEHTP ,qmaopparlvlbl yac-
Bblgoxa (1) n Bgoxa (2) TO CpACTACTCA C MCpuk3p40OM.



B Nonepe4yHoOM HanpaB/ieHUN —B CTOPOHbI —rpyAHas NosiocTb yBe-
NINYMBAETCA 3a CYET COKPALLEHMS Hapy>XHbIX MeXPebepHbIX U Mex-
XpAWEBbIX MblWL. B pesynbrate pebpa npunogHUMatoTCs, a rpyaHas
KOCTb HEMHOro onyckaetca (y Ye/ioBeKa OHa BblfaeTcA Brepen).
Bcrneacteue n3mMeHeHUs MOMOXEHUSA TPYLHON KOCTU 06beM rpyaHON
KNETKN YBE/IMYMBAETCSA CBEPXY BHU3.

Onaparma, Hapy>XHble MeXpebepHble N MeXXPSALLEBbIE MbILLLbI
o6ecrneymBaroT CNOKOMNHOE Herny6boKoe AbiXaHue B COCTOSHUM (PU3N0-
NOTMYecKoro nokos. Mpu yCuneHHOM [bIXaHWM Yy4acTBYKOT BCNOMOra-
TeflbHble MHCMUPATOPHbIE ‘MbILLLbI —NOgHMMaTeNN pebep, Aopcab-
HbIiA 3y0OuaThblil BAbIXaTenb 1 ap. Mpu nX COKpalleHWn BMECTUMOCTb
rPYLHON NONOCTW YBENUUMBAETCA B OO0/bLLEA CTEMEHW, 3TO MOBbILLAET
06beM BAbIXaeMOro BO3zyxa v yny4liaeT ra3o06MeH B NIErKux.

MexaHn3m Bbigoxa (flaT. expiratio —BblgbIxaHue). s CNOKONHOro
Bbl0Xa 4OCTaTOYHO paccnabneHns MHCNMPaATOPHbIX MbIwL,. Torga am-
apparma, pebpa, rpyfHas KocCTb, OpraHbl GpPIOLLHON NONOCTM BO3Bpa-
LWAKTCA B UCXOLHOE MOMOXEHME, 06beM IPyAHONM MOOCTU YMeHbLLa-
eTCs U BO3LYyX BCNeACTBME 3M1aCTUYHOCTU NIerknxX 4aCTUUYHO U3 HUX
BbITeCHseTCA. B (hopcMpOBaHHOM BbIJOXE Y4acTBYHOT LOMOMHUTESb-
Hble 9KCMMPATOPHbIE MbILLLbI-BbLbIXATENN: BHYTPEHHWE MeXpebep-
Hble, [JOpCaNbHbIA 3y64aTbli BblgblXaTeNb, MPAMble U MOMNepeyHble
TPYAHbIE, MbiLLLbl XUBOTA. Mpn UX COKPaLLEHUN elle 60/bLle YMeHb-
LaeTcs pasmep rpyaHONM MoiocTw.

[aBneHne B nnieBpanbHON Mo-

NOCTW MpW BAOXE W BbIAOXE W3-
MeHSeTCa crefyowmm obpasom
(puc. 7.3). Mpu CNOKOMHOM Abl-
XaHUN Ha BbICOTE BAOXa Aasle-
HVe B MJeBpasibHON MNOMOCTU Ha
30 MM pPT. CT. HMXe aTMOC(EepPHOroO,
npu ycuneHHom Bpoxe — Ha 60.
OueHb CUNbHO CHWKaeTcsa Aasne-
HVe BO BPeMs 3eBOTbl, Mepes Kall-
neMm, ymxaHuem. [lepen pPBOTON K
OTpbIrMBaHNEM KopMa Habnogaet-
CS «XO/IOCTON BHOX» —BAOX NpU
3aKpbITOI ropTaHu, Korga Bo3ayx B
Nnerkue He nonajaet, u Torja fas-
NeHve B MneBpasibHOM NONOCTY OKa-
3blBaeTcs ewe 6onee oTpuuartesb-
HbIM —f0 64...70 MM pT. CT.
Mpn CNOKOMHOM BbIAOXE AaB-
NeHne B MJeBpasbHOM MOJIOCTK
MOBbILLAETCA MO CPaBHEHWIO C (a-
301 BAOXa, HO OCTaeTCA HWXe aT- Puc. 7.3. Vi3mMeHeHVe AaBneHus B rpyp-
MocgepHoro Ha 5...8 Mm pT. cT. Mpu HOIA MONOCTY MPY AbIXaHNN:
YCWU/IEHHOM, T/ly60KOM, MO/IHOM Bbl- a— WIOX: 6 — BBIIOX



Puc. 7.4. Mpnbop ona peructpaumm AbixaTesbHbIX
[IBVDKEHWIA:

| —nHeBMmorpad; 2—kancyna Mapes; 3- Kumorpad;
4 — pbNaXoK C NUCYNKOM

[lOXe OHO BCe paBHO OTpuLUaTencHoe, Ha 1.3 MM PT. CT. HUXXe aTmoc-
(hepHOro, 4YTo 00YCNOBNEHO 31aCTUYECKOW TArOM NErKuX.

[JbixaTefibHble [ABVXEHUS MOXHO 3apernctpupoBath (3anucatb) C
MOMOLLbI0 MHEBMOrpada —pe3vHOBOW Karicy/ibl, NMPUKNaLbiIBaeMON K
FPYAHORN KNeTKe XXMBOTHOro (puc. 7.4). MonocTb Kancynbl coobLiaeTcs
Pe3NHOBOI TPy6KOI € Kancyo Mapes, pbl4aXKOK KOTOpOI NogHMMa-
eTca M OnycKaeTcs Npu KonebaHWsaX [LaBreHns B NHeBMorpadge npu
BJOXe 1 BblLOXe, BO BPeMs 3KCKYPCUI TPYAHON CTEHKWU. 3anuck fblxa-
TeNbHbIX ABVWXEHWI Ha ABWXYLUEWCA NeHTe Kumorpada HasblBaeTcs
MHEBMOT PaMMOA.

Tunbl 1 YacToTa AbIxaHusA. B 3aBUCMMOCTM OT npeobnajaHus Tex
VAN MHBIX MbILLL, YYaCTBYIOLMX B AbIXaTe/bHbIX ABVKEHUAX, pasnu-
4aroT TPX TUNA fbIXaHWS:

rpyAHoe (Y4acTBYHOT MPerMyLLeCTBEHHO MbILLLbI TPYAHOMO nosca un
Hapy>XHble MeXpebepHble);

proWwHoe (Npeo6nafatoT CcoKpawieHus auadparmbl U MblLLL,
XNBOTA);

CMeLLaHHOe.

Y KPYMNHbIX CeIbCKOX03NCTBEHHbIX XXMBOTHbBIX 0ObIYHO [AblXaHue
CMELLUaHHOro TmMna, U nNpuM OCMOTPe TPYZAHO BblUeNWUTb MpeobnafaHve
KaKMX-11M60 rpynn MbiLL, YYaCTBYIOLINX B AbIXaTENbHbIX ABUKEHUAX.
Y KOpOB ¥ ApYrux BUOB XUBOTHbIX BO BPEMS GepemMeHHOCTM, Korja
NNoA Y>e 00NbLIOro pasMepa, AblXxaHue CTaHOBWUTCA FPYAHOro Tuna.
Mpu pa3nnyHbIX 3a60/1eBaHNAX TUM bIXaHUA TAKXKe MOXET U3MEHATD-
cA. Hanpumep, npu 3a6oneBaHusAX OpraHoB rpyfaHON MonoCcTv Ablxa-
HIe OCYLLIECTB/IAETCS NPEUMYLLLECTBEHHO 3a CUET Anadparmbl 1 MbiLLL,
XUBOTA, a Npu 3ab0neBaHNAX OPraHoB GPIOLLHOW MONOCTU —3a CYeT
MeXPe6epHbIX MbILLL,.

CMOKOWHOM COCTOSIHUM Y KMBOTHbIX fibIXaHNE PUTMUYHOE, AblXa-
TenbHble 3y6ubl OAMHAKOBLI N0 amnauTyge. OfHaKo npyu ManemLumx
OTK/IOHEHMAX B COCTOSAHUMN XXUBOTHOFO PUCYHOK [bIXaHWUA (natTepH)
ObICTPO M3MeHseTCA. Tak, Npu MbllLeYHOW paboTe, NPW BONHEHUN, B
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YapKyto Norogy AbixaHve yyatlaerca uHorga B 4—5 pa3. Bo Bpems cHa
[bIXaHWe 3aMefNfeTca U MOXET OblTb MeHee PUTMUYHBIM. Y HEKOTO-
PbIX XXMBOTHbIX (HanpuMep, Y eHOTOBUAHbIX c0b6akK) npu ncnyre apixa-
HWe CTaHOBMTCA He3aMeTHbIM —OHO PEe3KO0 YpexxaeTcs u ocrabnsercs,
BMN/IOTb 4O OCTAHOBKMW. VI3MeHSAeTCA NaTTepH AblXaHWUs BO BPEMS efbl,
NPUHIOXMBaHWA, NOLaYN rosoca.

Mof 4acToTON [AblXaHWA MOHMMAtOT KOIMYECTBO [blXaTeNbHbIX
LUMKNOB (BLOX-BbLOX) B 1MWH. YacToTa AbIXxaHWA 3aBMCUT OT BuAa
XWBOTHBIX, BO3pacTa ¥ ABNSETCA BaXKHbIM K/IMHUYECKUM MOKa3aTenem
COCTOSIHMS AbIXaTeNbHOI ciicTeMbl (Tabn. 7.1).

7.1. YacToTa AblxaTe/bHbIX ABWXeHWI B 1 MUH

Bug XK1BOTHOTO Hucno Bug )KMBOTHOTO Hucno

[blXaHui [bIXaHWiA
Jlowaan: Cobaku:
xepebsita 14...15 Mosofble 20...22
B3poc/ible 9...12 B3poc/ble 14...18
KpynHbI poraTblii CKOT: Kowku 10...25
B3poc/ble 10...30 CeBepHbIil 0/1eHb 8...16
TenATa 37...56 Bepb6ntog 5..12
Tenkun 27..30 MopcKne CBUHKMK 100...150
Menkuii poraTblii CKOT: Mbiwin [o 200
ArHATA 15...18 Kponunku 50...60
0BLibI 8...20 Kypbl 20...40
Ko3nATa 12...20 YTKM 50...75
KO3bl 9..18 Fony6u 20...40
CBUHbYU 8..18

CrepyeT y4yecTb, 4TO B Tabnvue NpuBefeHbl CPefHVEe MoKasaTenu.
OfiHaKOo YeM HUXKe macca Tefia XXMBOTHOr0, TEM Yallle bIXxaHue: Y TOi-
Tepbepa 1 Y KaBKa3CKOW OBYApPKM 4acToTa AblXaHWs 3aMeTHO OT/InYa-
eTcq. [poAyKTUBHOCTb XXMBOTHbIX B/IMAET HA YaCTOTY [AbIXaHWA: Y Bbl-
COKOMPOAYKTUBHbLIX MO/IOYHBLIX KOPOB B COCTOAHUN c%lmmonormqecr(o-
ro nokos AbixaHue B 1,5 pasa valle, YeM Y HU3KOMPOAYKTUBHbLIX. Y
MOJIOAbIX XMBOTHbIX [ibIXaHWe Yallle, YeM Yy B3pPOC/bIX.

INeroyHble 06beMbl. Pa3nnyaroT 06LLYH M XKU3HEHHYHO eMKOCTb Jer-
Knx. XXn3HeHHas emKoCTb nerknx (PKEJ1) —3To MakcumasbHbIi
06beM BO3Myxa, KOTOPbIi MOXHO BbLLOXHYTb MOC/e MaKCUMasibHOro
Booxa. XXEJ1 cknafbiBaeTca W3 TpeX KOMMOHEHTOB —[bIXaTeNbHOro,
Pe3epBHONO 1 AONOJIHUTENILHOTO (puc. 7.5).

[AbixaTenbHblii 06beM —3T0 06bEM BO3/lyxa, KOTOPbI MOXHO Cro-
KOWHO, 6e3 ycunus BLOXHYTb W BbILOXHYTb, T. €. TOT BO34yX, KOTO-
Pbl BbLUbIXAETCA MOC/e CMOKOMHOro BAOXa B COCTOSHUM MNOKOSA. Y
KPYMHbIX )XMBOTHbIX (N0LIajb, KOPOBA) OH COCTaBNsET 5.6 /1, y Yeno-
Beka—pao0 0,51, PesepBHbIn 06LeM —A3TO BO3A4YX, KOTOPbIA MOXHO
MaKCUMasbHO BbLLIOXHYTb NMOC/e CNOKOWHOrO0 BblfoXa (Hanpumep, npu
ymxaHuu). JONONHNTENbHbIA 06beM —3TO BO3AYX, KOTOPbIA MOXHO [0-
MOSIHUTE/IbHO BAOXHYTb MOC/E CMNOKOMHOro BAoxa (Hanpumep, npu
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rny6oKoM B3foxe, nepes YnxaHnem). O6beMbl pe3epBHOro M A0MOJTHU-
Te/IbHOr0 BO34yXa MPUMEPHO OAMHAKOBbLI: Y KPYMHbIX XMBOTHbLIX NO
[0...17 n, yyenoseka no 1,5...3n.

Y MyXCKux ocobein XXEJ1 60nbLUe, YeM Y XKEHCKMX. Y BbICOKOMNPO-
JOYKTUBHbBIX KOPOB M CMOPTUBHbLIX /0L OHa 6OMbLUe, YeM Y HU3-
KOMPOAYKTUBHbIX UM HETPEHMPOBaHHbIX. Bce nepeHeceHHble 3a6ore-
BaHWA OPraHoB [blXaHWs, a TaKkKe 4acToe BfblIXaHue nbliu, TabauyHoro
AbIMa, CMOf1, AA0BUTBLIX rasoB CHUXakT XKEJ1 1 agantaunmoHHble BO3-
MOXHOCTM [bIXaTe/IbHOro annapara.

Mocne NoMHOro, MakcMManbHO r/Ty60KOro BbLLOXa B NErKUX OCTaeT-
CA ellle 4acTb BO3[yXa, KOTOpas He BbLUbIXaeTcd, —ocTaTo4yHaf
nopuusa BO3gyXa. Y KPYMHbIX )XMBOTHbIX 06bEM OCTaTOYHOrO BO3-
ayxa okono HKOn, y uvenoeka 1n. OCTaTOYHbIA BO3L4YyX He BXOAMT B
YKU3HEHHYIO eMKOCTb nerkux. Cymma >XEJ1 1 octatoyHoro Bosgyxa
COCTaB/AET O6LLY0 EMKOCTb fIErkuX.

MoyeMy OCTaTOUHbIV BO3LYX HEBO3MOXXHO BbIOXHYTb? BO-MepBbIX,
M3-3a OTPULATENIbHOrO0 [AaB/eHUs B TPYAHOM MONOCTM NPU BbLLOXE,
BC/eCTBYE Yero Ha BHYTPEHHIOK NMOBEPXHOCTb a/ibBeOs [eiiCTBYET 60-
Nee BbICOKOe [aBfieHNe, YeM Ha Hapy>XHY0, N anbBeosibl MOCTOAHHO
pacTAHYTbI BO3LYXOM. BO-BTOpbIX, 4aCTb BPOHXMON 3aKPbIBAETCA U Cra-
[AeT paHbLUe afbBeosi, NO3TOMY BO3AyX Nonafaet Kak Obl B BO3AYLUHbIE
«JI0BYLLUKW». B-TpeTbuX, CNafeHuto afibBeos Npu BbLLOXe NPensaTCcTBYeT
CYpP(haKTaHT NIErKmXx.

CyMMa 0CTaTO4YHOro U pe3epBHOro BO3AyXa HasbLLIAeTCs (PyHKLMOHAb-
HOW OCTATOYHON EMKOCTBIO U/ a/lbBEONSPHBIM BO3JYXOM.

BeHTUnsumst nerkux. BeHTUNALMA Nerknux —ato 06HOB/IEHME ra30-
BOr0 COCTaBa a/bBEO/IAPHOro Bo3Ayxa. Ee XapakTepu3yeT MUHYTHbIN
06beM, KOTOPbIA 3aBUCUT OT NyOUHBI Y YaCTOThI AblXaHUsA. Tak, ecu
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y Niolasim B COCTOSAHMM MOKOS [blXaTeNbHbli 00beM cocTaBnseT 51, a
yacToTa AblXaHus —8 AbIXaTeNlbHbIX ABUXKEHWIA B | MUH, TO MUHYTHbIA
06bem fbIxaHusa OyaeT paseH 5x ¢ = 40 /.

C yuetom TOro, 4to 30 % BAbIXaeMOro Bo3fyxa OCTAeTCA B BO3[YXO-
HOCHbIX MyTAX, MNPN KaXXAOM BAOXe 3TO cocTaBuT 15/, a 3a 1MUH
1,5 X8 = 12, To, cneaoBaTeNibHO, A0 anbBeosn gongeT 40 —12 = 28 n.
3Ta BeNMYMHa Ha3blBaeTCA albBEONAPHON BEHTUAALMEN, OHA paBHa
06beMy BO3fyXa, MPOXOAALLEro Yepes afibBeobl Ierknx 3a 1 MuUH. Ab-
BEO/IAPHAsA BEHTUMALMA MOXET BO3pacTaTb 3a CUeT YBe/IMUeHUs [biXa-
Te/IbHOro 06beMa WM 3a CHeT yyalleHUs AblXaHus.

Y nowagein Bo BpeMsi 6era MUHYTHbIA OObEM NErKUX AOCTUraeT
400...500 n, uto npumepHo B 10 pa3 60/ibLUE, YEM B COCTOAHUN MOKOS.
Mpw 3TOM YacToTa fbIXaHWs NPW HaNPsXKeHHOW paboTe y TPEHMPOBaH-
HbIX nomageﬁ Bo3pacTaet B 1,5...1 pa3a, ay HeTpPeHMPOBaHHbIX —3Ha-
4ynTeNnbHO 60blue. OAHAKO Npy 60NLLLONM YacToTe [blXaHWe CTaHOBUT-
CA NOBEPXHOCTHbLIM, & BEHTUNALMNA IETKUX MOXET AaXKe YMEHbLUNTBLCS.
Hanbonee athPeKTMBHO BEHTUAMPYIOTCA NIErkKue MNpu 3HaYUTENIbHOM
yriny6neHnn n Heb6oMbLIOM YYalLeHUN [bIXaHuS.

OTHOLLEHNe 06beMa BLbIXaeMOro BO3Ayxa K afibBEOIAPHOMY Ha3bl-
BaeTCA KO3(D(MLMEHTOM aNbBEONAPHON BEHTUSALUMN. py aTOM cnegyeT
yunTbiBath, 4TO 30 % BO3M4yXa OCTaeTCA B BO3AYXOHOCHbIX MyTaX. Ha-
npuMep, y nowaan n3 5n BapiXxaeMoro Bo3gyxa [0 anbBeos JOXOAUT
70 %, nnn 3,5n; cyMMa pesepBHOro U OCTaTOYHOrO BO3fyXa —OKO0/0
20 n. CnepoBatesibHO, KO3IP(MULMNEHT anbBEONAPHOM BEHTUAAUNUK pa-
BeH 3,5:20 unm 1:§ . 3TO 3HAUUT, YTO NPU KaXKLOM CMOKOMHOM BLOXE
BEHTUANPYeTCA [/ anbBeor.

Bo BpeMs AblxaHUs OTAeNbHbIE YYACTKU NIErKUX BEHTUINPYHOTCA He-
OAMHAaKOBO, 0COBEHHO Y CTapbIX XMBOTHbLIX. HeKOTOpble albBeOsbl BEH-
TUIVPYIOTCA, T. €. Yepe3 HUX MPOXOAMT BO3AYX MPU BAOXE U BLLLOXE, HO
He OMbIBAOTCH KPOBLIO U3-3a CrMa3ma KPOBEHOCHbIX COCYZOB, MO3ITOMY
ra3o06MeH MeXAy KPOBbHO 1 albBEONSPHBLIM BO3AYXOM B HUX HE MPOWC-
X0AuT. YacTb anbBeon nepgy3npyeTcs KPOBbHO, HO HE BEHTUINPYETCH, B
HMX TaKKe ra3o06MeH He coBepLUaeTcs. W HaKOHeLl, HEKOTOpble a/lbBeo-
Nbl BbIK/THOYEHbI N3 KPOBOTOKA M He BEHTUAMPYOTCA. B obriactv Bepxy-
LLIEK JIErKNX /1bBE0/Ibl BEHTUNPYHOTCA MeHee 3(heKTUBHO, YeM BO/IM3U
Amnadparmbl, 1 cnabee nepgysmnpyroTca KpoBblo. BO3MOXHO No3Tomy B
3TUX OTAENax Nerkux yatle n0KannsyroTcs Naronornyeckme npoLecehbl.

7.2. TASOOBMEH B NEIMKNX

B 06blYHbIX YCMOBMAX COCTaB aTMOCHEPHOro BO3fyxa OTHOCU-
Te/IbHO NocTofAHEH. B cyxom Bo3gyxe cogepxutca 20,93 % kucnoposa,
0,03 —pauokcnga yrnepoga, 79,04 % a3oTa U MHEPTHbLIX rasos. B npo-
MbILLIJIEHHBIX TOPOAAX, KPYMHbIX XXMBOTHOBOAYECKUX MOMELLLEHUAX CO-
CTaB BO3[yXa MOXET M3MEHATbCA: B HEM YBE/IMUMBAETCA KOHLEHTpa-
Luns gnokcuaa yrnepoga, NosBAATCA BpeaHble MpyMecu.



B BblbIXaEMOM BO34yXe MeHbLUe Kucniopoga (4o 16 %) u 6osblue
Avokeuga yrnepoga (go 4,5 %), a cofepxxaHve a3oTa HEMHOro 60/1b-
e, Yem B aTtMocepHOM (79,5 %). 3TO He O3Ha4yaeT, YTO as3oT Yyua-
CTBYeT B razoobmeHe. [lefio B TOM, YTO 06bEM BbIfbIXaEMOr0o BO34yXa
HECKOJIbKO MeHbLLE, YeM BAbIXaeMoro. YacTb Kucnopoga B opraHus-
Me, MnpeBpaLLasch B BOLY, YAASAeTCA C MOYOM, KaJioM U NMOTOM, & TOT
Ke camblli 00beM a30Ta, MOMaBLUMIA B NErkue, pacrpefensietcs B
MeHblLeM 06beme BO3gyXa.

Ecnn BbigbIxaemblid BO3LYX Pa3fenntb Ha Nopuun, TO OKaxkKeTcs,
YTO WX COCTaB OYAEeT M3MEHSATbCA OT MEepPBOV MOPUUM K MOCNEAHEN.
MepBble NOPLUN BbLLLIXAEMOro BO3Ayxa OyayT MOX0XW Ha aTmocdep-
HbIM, 3TO BO34YyX U3 BO34YXOHOCHbLIX MyTEW, rae He coBepLlaeTcs ra-
3000MeH. B nocnefyrolwimnx nopumax rnocTeneHHo yMeHbLUaeTcs Co-
JepXaHne K1Copoa v yBenumBaeTca ANoKcuga yrnepoga. ocnesn-
HUe >Xe nopuuun yxe cogepxat 14% kwucnopoga, 55 —yrnekucnoro
rasa, 80,5 % asota 1 MHepTHbIX ra3oB. COCTaB BbLUbIXAaEMOro BO3LyXa
nofo6eH abBeONAPHOMY.

ANbBeONAPHLIA BO3AYyX ABNSETCA KaK Obl BHYTpPeHHEN ras3oBoW
Cpefoi opraHunsma, 1 OT ero cocTaBa 3aBUCUT ra3000MeH MeXay asib-
BeO/slaMu NIErKMX N KpoBbtO. B COCTOAHMM MOKOSA COCTaB anbBeonsp-
HOro BO3fyxa MaJsio 3aBMCUT OT (hasbl AblXaHUA, NO3TOMY ra3oo06meH
MeXAy anbBeOoNSPHLIM BO34YXOM N KPOBbIO COBEpLUAETCS HemnpepbIs-
HO —W MpW BAOXE, U NPU BblAoXe. TO 06CTOATENILCTBO UTpaeT 60/b-
LUYIO POJIb B MEXaHWU3MaXxX pPerynsuum BHeLWHero AbixaHus. CobCcTBeH-
HO roBOpS, 3HaYeHMe BHELUHEro AblXaHWA W 3aKNo4YaeTca B MNOALEP-
YXaHUN NOCTOSHHOMO rasoBoro COCTaBa a/ibBEOSIAPHONO BO3AyXa, UTO
COCTaB/sieT OCHOBY MOCTOSAHHOIO COAEPXKaHUs K1cnopoga u AUOKCHU-
[a yrnepoga B apTepuanbHO KpoBU. 3MeHeHUs B coflepXXaHuu ra-
30B B apTepuasnibHOM KPOBM UMEIOT K/THOYEBOE 3HAYEHME B perynauum
BHELLHEro AblXaHus.

CocTaB a/1bBe0/IAPHOr0 BO3AyXa 3aBUCUT TO/IbKO OT CYLLIECTBEHHbIX
N3MEHEHWNI AbIXaTeNlbHbIX ABVWKEHWI. TakK, Npu 3afepXXKe AblXaHus
(anHO3) nnun yoyweHnn (achukcus) B anbBeOSIAPHOM BO3AyXe Hakan-
NINBAETCA ANOKCUT YIiepoda v YMeHbLIAeTCA COAepXKaHne KNCoposa,
a npu ofblwke (rMNepnHo3, rMNepBeHTUNALMUA NIerknx), HanpoTuB,
YPOBeHb KMUCIOpOa YBenmumMBaeTcs, a AMoKcuaa yrnepota yMeHbLua-
eTcs. 1 B TOM 1 B pyroM cfiyyae U3MeHEHUs B 4acToTe Uan riybuHe
AbIXaHWS CKa3blBAKOTCA Ha ra3oBOM COCTaBe KPOBMU.

B neroyHble Kanwunnspbl MocTynaeT BeHO3Has KPOBb M3 COCYOB
Masnioro Kpyra KpoBoob6palileHus. 1o cocyaam 60/bLLIOI0 Kpyra KpoBo-
o6paleHuns (bpoHxuanbHas aptTepus) apTepuanbHas KpoBb MoCTynaet
ONA NUTaHWA NeroYHON TKaHW. W13 anbBeONSIPHOrO BO34yXa KUC/IOpOs
NepexoAuT B BEHO3HYHO KPOBb, & MOKCHS Yr/iepoaa —n3 BEHO3HON Kpo-
B/ B a/bBEONAPHLIA BO3AyX. Kucnopog u3 aibBeOspHOro BO3fyxa
CHavasla pacTBOpsieTCA B CypdaktaHTe, 3aTeM AMD(OYHAUPYET yepes
3HAOTENNANbHbIE KNETKW a/ibBeosl, [ABe OCHOBHble MeMOpaHbl, ab-
BEO/IAPHYIO U COCYAMUCTYIO, N Yepe3 3HAOTeNMa/IbHble KNETKN KpoBe-
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HOCHbIX KanuinapoB MocTynaeT B KPOBb. [MoKcufi yrnepofa ABu-
YKETCH B NPOTUBOMOMOXHOM HanpasneHuu. lNnowaib CONPUKOCHOBE-
HUS NIErOYHbIX KanwunispoB CO CTEHKOIW afbBeon Benuka. Tak, y oBel,
06LLaA MOBEPXHOCTb a/lbBEO/, rAe MPOMCXOAMT ra3oobmeH, B 100 pa3 v
60/1ee NpeBbILWAET NOBEPXHOCTbL TeSa.

a3006me.! MeXAy aflbBEONSIPHbLIM BO3LYXOM U KPOBbO NMPOUCXOANT
no (YM3N4YeCKMM 3aKoHam ocMoca U AndPysmu, T. e. rasbl NepexoasaT
yepes NonynpoHuLaeMble MembpaHbl U3 061acTN 6oee BbICOKOrO JaB-
neHna B 06nacTb 60nee HW3KOro AaBneHMs. AKTUBHbIA TPAaHCMOPT ra-
30B yepe3 MembpaHbl He 06HAPYXeH.

[JaBfeHne 0fHOro rasa B CMeCM rasoB HasblBaeTcsi napuuanb-
HbIM. OHO 3aBUCUT OT OOLLEro LaBNeHWs M KOHUEHTpauun LaHHOro
rasa M rokasblBaeT, Kakas 4acTb fJaBfieHUA MPUXOAUTCA Ha TOT UK
WHOI ras. Hanpumep, ecnv npu atMmocepHOM AasnieHnumn 760 MM pT. CT.
coaep>kaHne kucnopoga cocrasnset 20,9 %, To napymanbHoe aasfe-
HWe Kucnopoga 6yaet paBHo 158,9 MM pT. CT., a NapunanbHOe AaBneHue
Avokcumaa yrnepoga, ecnm ero cogepxutca 0,03 %, —0,22 mm pT. CT.
Mpy 6onee BLICOKOM aTMOC(EPHOM JaBneHuny napLmanbHoe AaBneHve
Kucnopoga v AMOKCMAA yrnepofa NoBbIWAETCA, @ B BbICOKOTOPHbIX
MECTHOCTAX —TMOHWMXKaeTCA.

MapumanbHoe faBfieHne ra3oB B aflbBEOIAPHOM BO3MYXE HUXKE, YeM
B aTMOC(pepHOM, 13-3a TOr0, YTO B anbBeosiax NPUCYTCTBYIOT BOASA-
Hble napbl. B cpegHeM faBrieHWe BOASHbLIX NapoB Mpyv HOPMasibHOM
TemnepaType Tefla OK0/I0 47 MM pT. CT., MO3TOMY Ha JONKO APYrux ra-
30B MPUXOAUTCHA MeHblLee faBneHWe. Tak, ecnv aTMOCepHoe AaBsre-
HuWe 760 MM pT. CT., TO [jaB/ieHMe B a/ibBeosiax bydeT Ha 47 MM MeHbLLE,
T. . cocTaBuT 713 MM pT. CT. Torga napumnanbHoe aasfneHne Kucnoposa
6yzneT paBHO 100 MM pT. CT., yrfiekucnoro raza —40, a azota BMecTe ¢
WHePTHbIMM rasamm —573 Mm pT. CT.

B KpoBWM pacTBOpeHHble rasbl CO3Jal0T napuunanbHoe fasfieHue,
NNn HanpsbkeHue (4N8 BO3AYLWHOW CMecu 0ObIYHO WMCMO/Mb3YHT MNo-
HATME «napuuanbHOe JaBNeHME», a ANs XUAKOCTEN — «HaNpPsHKeHNe
rasoB»). OHO 3aBMUCWT OT OOLLEro AaBNeHMs KPOBU W COflepXKaHus B
Heill jaHHOro rasa.

BeHO3Has KpoBb, MOCTYMaKOLLAs B lerkue, cogepxut 1206.% kucno-
poga (T.e. 12mn kucnopoga B 100 mn Kposm), 55...58 —Aanokcuaa yroe-
pofa v okono 106.% asota. Npyn TOM YpOBHE rMAPOCTaTMYECKOro AaBsie-
HWA KPOBM, KOTOPOE MMEETCH B Kanunnapax, MpPUMbIKaoWUX K anbse-
onam, HanpsbkeHwe Kucnopoga coctasnseT 40 MM pT. CT., a AUoKcuaa yr-
nepoja —46 MM pT. CT. TakuM 06pa3om, MeXay asibBe0sIAPHbIM BO3LYXOM
1 BEHO3HOM KPOBbIO CO3At0TCA YC/OBYUS, MPY KOTOPbLIX KNCMOPOA U3 alb-
BeO/ noj fasneHuem 00 MM pT. CT. AUh(OYHAMPYET B KPOBb, rAe ero
AasneHvie 40 mm pr. cT. (puc. 7.6). OfHOBPEMEHHO ANOKCUA YTiepoaa n3
KpOBW NOA AaBneHneM 46 MM pT. CT. AUGYHAMPYET B abBEONSAPHbIN
BO3A4yX, rfe ero gasnieHne 40 MM pr. cT. Kaxzblil ra3 nepemeLyaeTcs u3
OAHOW 06NacTy B APYryto TONbKO NOA BO3AEACTBMEM COBCTBEHHOIO [aB-
NeHWs, He3aBUCKMMO OfUH OT ApYroro, Kak Obl B MycTOTy.

303



Anbseona

Nnerxoro That
N
Pn ~10i TTpm.cm. re2-"0
Po)»—40 mm pT.cm.
BR:] =40 mm pm.cm. .
N02=47 MMpm.cm. ” A Pggt=40 MM pm.cm. ®

Puc. 7.6. ObmeH rasoB Mexay asibBeo/IsipHbIM BO34Y-
XOM, KPOBbIO U TKaHAMM:

A —apTepuanbHas KpoBb; B —BeHO3Has KpOBb; CTPeNku
MOKasbIBAIOT HAMPaB/eH1e TOKa KPoBU

BonbLuoe 3HayeHne B ra3oobMeHe MMeeT NpoLecc pacTBOPeHUs ra-
30B B KpoBuW. Koah(uuueHT pacTBOPUMOCTM KUCNOpPOSa Npu Temne-
patype Tena coctasnget 0,022, guokcuga yrnepoga —0,5116, a aso-
Ta —0,011. MOCKONMbKY a30T M MHepPTHbIe rasbl Npu 06bIYHbIX KONeba-
HUAX aTMOC(EPHOTO JaBNeHNs B KPOBM He pacTBOPAIOTCA, TO, HECMOT-
P Ha BbICOKOE napLuvanbHOe [aB/ieHne, OHW He MonajaroT B KPOBb.

PacTBOpMMOCTb rasoB B KPOBM YBE/IMYMBAETCA MPU MOBbILLIEHUN
6apomMeTpUYecKoro fasneHns. MoatoMy Ans nyyllein HacbllLaemocTy
KPOBM KUC/IOPOAOM 33 CYET YBE/IMYEHUS PACTBOPEHUS ero B Mnjasme
KpOBW MauMeHTa MoMeLlatoT B Kamepy, rfae CO3[aeTcs MOBbILLIEHHOE
[aBneHvie BO3Ayxa. TakoW MeTO[ NlevyeHNs HasblBaeTcs runepbapuyec-
KO okcureHaumein. OgHako npu 3TOM a30T TakKKe MOXeT pacTBoO-
PATLCA B KPOBMU.

AHanornyHas cutyaums cosgfaerca npu riy60KOBOAHBIX MOrpyxe-
HMAX. ONacHOCTb 3aK/0YaeTCAd B TOM, YTO MpW BbICTPOM CHUXEHUU
aTMoC(epHOro fasneHuns 40 HOPMasibHOr0 YPOBHSA a30T U3 pacTBOPEH-
HOrO COCTOSIHUSA MEepexofuT B ra3oobpasHoe M KPOBb «BCKUMAET» My-
3blpbKaMu a30Ta, YTO MOXET NPUBECTU K THXENoW natonorum. Moato-
My MpU MOAHATUMN BOAOMA3a C rNyOUHbI Ha MOBEPXHOCTb U NPU BbiBe-
JeHMN naumeHTa u3 6apoMeTpUYecKoil Kamepbl HEOOX0AUMO [aB/eHme
CHVXXaTb MOCTENeHHo. Torga v asoT MOCTENeHHO BbIBOAUTCA U3 KPO-
BW, He NpeBpaLlascb B My3bIpbKU.

7.3. TPAHCMNOPT N'A30B KPOBbLIO, TASOOBMEH B TKAHAX

TpaHCrnopT K1cropoaa KpoBbto. K1cnopog TpaHCnopTUpyeTcs Kpo-
BbO B ABYX (hOpMax —B paCcTBOPEHHOM BUAE W B COEJMHEHUN C FreMO-
rnobuHom. B nnasme apTepranbHOM KPOBY COAEPXKUTCA OYEHb He-
60NbLIOE KONMNYECTBO (PU3NYECKN PACTBOPEHHOrO KUCOpoAa, BCEro
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0,3 06.%, T. e. 0,3 mn1 kucnopoga s 100 mn kposu. OCHOBHas Xe YacTb
Kucnopoga BCTynaeT B HEMNPOYHOE COefUHeHWe C TemoriobuHoOM
3puTPOLUTOB, 06pasysd OKCUTemMorso6mH. HacbiweHne KpoBu KUC-
NOPOLOM Ha3blBaeTCA OKCUreHauuerd uam aptepuanusaunein Kposu.
KpoBb, OTTeKatoLas OT IErKMX MO Nero4yHbIM BeHaM, MMeeT TaKoii Xe
rasoBblii COCTaB, YTO W apTepuasnbHas KpoBb B BOMbLLOM Kpyre Kpo-
BOOGpaLLeHus.

KonunyectBo kucnopoga, Haxogdweeca B 100 mn KpoBu npu ycro-
BUW NONHOrO nepexoja reMorsiobuHa B OKCUremoriobuH, HasbliBaeTcs
KMCNOPOLHOW eMKOCTbI0 KPOBW. 3Ta Be/IMYMHA MOMMMO NapuuanbHOro
[AB/IEHNS KMCMOPOLa 3aBUCUT OT COLEepXaHusa reMorsiobuHa B KpoBW.
3BecTHO, 4To 1T remMor/iobmHa MOXeET B cpeAHeM cBsi3aThb 1,34 M Kuc-
nopoga. CnefioBatensHo, 3Has YPOBEHb COAEPXaHWsA B KPOBU remMorsio-
6VHa, MOXXHO BbIYUCNTL KUC/TIOPOLHYHO EMKOCTb KPOBY. Tak, Yy noLia-
[eil Npu cofep>kaHnn remornobrHa B Kposu okono 14 r/LLO mn Kuc-
NnopofHas eMKOCTb KpoBmM cocTasnseT (1,34 « 14) okono 19 06.%, y Kpyn-
HOro poraToro CKoTa Npu ypoBHe remoriobuHa 10 ...[2 rl [0 M1 —oKono
1T..1606.%. MepecunTaB cogepxkaHune Kucnopoga B 06LIEM 06beme
KpOBM, OKa3blBaeTCs, YTO ero 3amaca XsaTuT Nvub Ha 3...4MWH Mpu
YC/IOBUU, €CNX OH He OYAeT NocTynarth U3 BO3AyXa.

Ha ypoBHe mMops npu COOTBETCTBEHHbIX KO/ebaHUAX atMocep-
HOro [aBfieHWa W napuuanbHOro [faBfieHUs KUcnopoga B afibBeo-
NAPHOM BO3fyXe reMorno6uH NpakTUYecKy MOMHOCTbI HacblLaeT-
CA KUCNopoAoM. B ycnosusx BbICOKOropbs, rge aTMoc(epHoe AaB-
NleHVe HUW3KOe, CHWKaeTca MapuunanbHOe [aBfieHWe Kuciopoga u
YMeHbLLaeTCa KUCNopogHas eMKOCTb KpoBu. Ha copep>aHue Kuc-
nopofa B KPOBW TakXXe BANAET TeMnepaTypa KPoBW: C MOBbILLEHNEM
TEeMMepaTypbl Tena CHUXAeTCA KUCMOPOLHAA HaCbILEeHHOCTb KPOBMU.
Bbicokoe cofepXaHue B KpOBW BOAOPOAHLIX WOHOB W fMOKcuia
yrnepoja cnocobCcTBYeT OTLLeNnJeHNo Kucnopoga 0T OKCMIemorsio-
OMHa Npy NPOXOXAEHUN KPOBU Yepe3 Kanunnspbl 601bWOro Kpyra
KpoBOO6GpaLLeHns.

OO6MeH rasoB MeXJy KpOBbHO M TKaHSIMW COBepLLaeTcs Tak Xe,
KaKk M 06MeH rasoB MeXAy KpOBbH M a/ibBEONSAPHbIM BO34YXOM —
no 3akoHam angdysmm 1 ocmoca. MNocTtynarowas cofa apTepuans-
Haf KpOBb HacblleHa KWUCNOPOJOM, ero HanpsykeHuwe cocTaBfseT
100 Mm pT. CT. B TKaHEBOW XWUAKOCTM HanpshKeHue Kucnopoga co-
ctasnger 20..37 MM pT. CT., @ B K/MeTKaxX, KOTOpble MNOTpebnsawT
Kucnopof, ero ypoeHb nafgaeT Ao 0. [103TOMYy OKCUFemMorio6uH
OTLLEennfAeT KWUCNOPOA, KOTOPbIN MEpexoAmT CHadvana B TKaHeBYHO
XUNAKOCTb, a 3aTeM B KNETKN TKaHei.

B npouecce TKaHeBOro AblXaHWA W3 KNETOK BbLUENAeTcA AMOKCUA
yrnepoga. OH cHavana pacTBOpseTCca B TKAHEBOM XXUAKOCTU U CO3aaeT
TaMm Hanps>keHue okono 60...70 MM pT. CT., YTO BbllLe, YeM B KPOBMU
(40 mm pT. cT.). [pagueHT HanpsXXKeHWUs KUCnopoda B TKAHEBOW Xuj-
KOCTM M KPOBW ABNSAETCA NPUYMHON Anddy3nn AnoKecuaa yrnepoga us
TKaHEeBOW YXNAKOCTU B KPOBb.
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TpaHcnopT gyokcuaa yrrepoda Kposbto. [MOKCKy yriepoga TpaHc-
MopTUPYETCA B Tpex (popmax; B paCTBOPEHHOM BUE, B COELVNHEHWUN C
remMorn06mHom (kapboremorno6uH) n B Buge 6MkapboHaToB.

MocTynaroLwwmin M3 TKaHel AMOKCUA Yriepofa He3HaunTenbHO pa-
CTBOpsieTCA B nyiasmMe Kposu —Aao 2,500.%; ero pactBOpMMOCTb He-
MHOrO BblIle, YeM Y Kucnopoga. 3 nnasmbl AUOKCUL yriepoga npo-
HWKaeT B 3pPUTPOLUMTLI U BbITECHSET M3 OKCUIeMOr/IobMHa KUCNOPOL,
OkcnremornobuH npe.paLLaeTcs B BOCCTAHOB/IEHHHbIN, UK peayLm-
POBAHHbIA, remornobuH. puCyTCTBYIOWMIA B 3pMTPOLIMTAX (DEPMEHT
KapboaHrungpasa ycKopsieT CoefJMHEHNe ANOKCMAA Yrieposa ¢ BOLOW U
obpasoBaHue YronbHoW Kucnotbl—HICO3. 3Ta KucnoTa HecToiKas,
oHa anccouuunpyeT Ha H' n HCOJ.

MockonbKy MeMbpaHa apuTpoLuTa HenpoHuuaema ans H”, oH oc-
TaeTcs B apuTpounTax, a HCO3 nepexoauT B Nniasmy Kposu, rae npe-
BpaLyaeTcsa B bukapboHat HaTpusa (TYaHCO3). YacTb guokeuaa yrnepo-
[ia B 3puUTpOLMUTax COeUHAETCA C reMornobmHom, obpasys Kapboremo-
rNO6WH, a c KaTMoHaMu Kanus —6ukapboHaT kanusa (KHCO3).

B nerouHbIx anbBeonax, rae napunanbHoe AaBneHne guokcuaa yrne-
PO/Ja HUXKE, YEM B BEHO3HOI KPOBW, PACTBOPEHHLIV 1 OCBOGOANBLLINIACS
npu guccoumanmm KapboremornobuHa guokeuns yrnepoga gnhpyHau-
pyeT B aNbBeO/IsiPHbIA BO3AyX. OAHOBPEMEHHO KWC/IOPOJ, NepexoauT B
KPOBb M CBSA3bIBAETCA C PeAyLMPOBaHHbLIM remMorfiobuHom, 0bpasys OK-
cUremornoouH. OKcUreMorno6uH, aBnssch 6onee CUNbLHON KUCNOTOM,
YeM YrosibHasl, BbITECHSAET Yro/lbHYH0 KUCMOTY M3 6MKapboHATOB MOHbI
Kanua. YronoHas kucnota pacluennsercs go CO!I n HIO npu yyactum
KapboaHrmapasbl. AvOKCWA yrnepofa MNepexoauTt u3 3putpouuToB B
nnasmy KpoBW 1 3aTEM B a/lbBEOSISIPHBIA BO3AyX (CM. puc. 7.6).

HecmoTps Ha TO 4TO OCHOBHAA 4acTb AMOKCMAA Yr/eposa npucyT-
CTBYET B NNa3Me KpoBW B (hopme 6rkapboHaTa HaTpusi, B allbBEONSPHbIA
BO3yX BbLLENAETCA MPEeMMYLLECTBEHHO LMOKCUS, Yriepoja He 13 nnas-
Mbl KPOBMW, & 13 3pUTPOLMTOB. [leNo B TOM, YTO TO/IbKO B 3puTpoLmUTax
nMeeTcs kapboaHrnapasa, paclennstoLwas yronsHy Kucnoty. B nnas-
Me KpOBW KapboaHrungpasbl HeT, No3ToMy OGVKapboHaTbl paspyLuarT-
CA OYeHb Mef/IEHHO 1 AMOKCUS YrNiepofa He YCNeBaeT BbIliTW B a/lbBeo-
NAPHbIA BO34yX (MO NEeroYHbIM KanwinispaM KpoBb MPOXOAUT MeHee
yem 3a 1c). Takum 06pa3oMm, AUOKCUA Yriepofa Haxo4uTcs B KPOBU B
Tpex (hopmax: pacTBOPEeHHOW, B Buie KapboremornobuHa, 6ukap6oHa-
TOB, HO Yepe3 Nerkne yaanseTcs To/bKo B oaHoi opme —COL.

He Becb KMCNopog W3 apTepuvabHON KPOBM MOCTYNaeT B TKaHMU,
4aCTb €ro rnepexoauT B BEHO3HYHO KpoBb. OTHOLIeHMe 06beMa KMCo-
pofa, NOr/IOWEeHHOr0 TKaHAMM, K COLEePXaHWKo ero B apTepuasibHOM
KPOBM Ha3blBaeTCA KO3h(MLMEHTOM yTunn3aummn kucnopoga. B ycnosu-
AX (PU3M0NOrNYECKOro MoKos OH cocTtasnfeT okono 40 %. Mpwu 6onee
BbICOKOM YPOBHE MeTab0/1M3mMa KOIPMULMEHT yTUN3aLMM KUCIOpoAa
YBE/IMYNBAETCA 1 YPOBEHb €0 B BEHO3HOW KPOBM MafaeT.

Mpoxogsa yepes nerkune, He BeCb AVIOKCUA Yriepofa MocTynaeT B aflb-
BEO/IAPHbIV BO3AYX, YaCTb €ro 0CTaeTcs B KPOBM U MEpexoanT B apTe-
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pranbHy KpoBb. TakMm 06pa3oM, eCnv B BEHO3HOW KPOBMW COAEPXKNUT-
cs1 58 06.% anokcmaa yrnepoaa, To B apTeprasnibHON Kposu —52 06.%.
Hannumne onpefeneHHOro YpoBHA KMC/OPOLA M OCOOEHHO AMOKCMAaa
yrnepoga B apTepuasibHOM KPOBU MMeeT OrpOMHOe 3HayeHue B Mnpo-
Lieccax perynauuy BHeLWHero fblxaHus.

TkaHeBOe (BHYTPUK/IETOYHOE) AblxaHue. TKaHeBOe [AblxaHne —
3TO npouecc 6MONOrMYecKOro OKMUCNEHUA B KNeTKax U TKaHAX op-
raHvusma.

Bronornyeckoe oKucneHwe MPOUCXOAUT B MUTOXOHAPUAX. BHyT-
PEHHee MPOCTPaHCTBO MUTOXOHAPWUI OKPYXXEHO ABYMS MembpaHa-
MW —HapPY>XHOW W BHYTpeHHeil. Ha BHYTpeHHeli MeMbpaHe, MMeto-
e cknagyaroe CTpOeHWe, CO(pefOoTOHeHO 6O/bLLIOE KONNYECTBO
(bepmeHTOB. [oCTynawoLWuii B KNETKY KWUCNIOPO[, 3aTpaymBaeTcs Ha
OKMC/IeHMEe XXUPOB, YrnesofoB 1 6enkos. pu 3TOM 0CBOGOXKAaeTcs
3Heprus B Hanbonee LOCTYNHOW A4NA KNETOK (hOpMe, Npexze BCero B
(hopme ATP —afeHO3NHTPUPOCHOPHOIN KUCNOTbl. Beayllee 3Haue-
HWE B OKUC/IUTE/bHbIX NpoLeccax MMeKT peakuuun LernapupoBaHus
(oTpava Bogopoaa).

CnHTe3 AT® ocyllecTBNSETCA NPUM MUrpauun 371eKTPOHOB OT
cybcTparta K KUCNopoay yepes Lenb AblXaTeslbHbIX (hepMeHTOoB (na-
BMHOBbIE (DepPMeHTbI, LUTOXPOMbI 1 ap.) OcBoboXaatoLwasaca aHep-
rMa HakanjveaeTcs B (hopMe MaKpO3prmyeckmx coefuHeHuin (Ha-
npumep, AT®), a KOHEYHbIMU NPOAYKTaAMW peakuuii CTaHOBATCH
BOAa U AMOKCUA Yriepoga.

Hapsagy ¢ okucnuTenbHbIM QochopuimpoBaHnemM K1UCnopos mo-
XET UCNOJb30BaTbCA B HEKOTOPbIX TKAHAX MO TUMY HENOCPeACTBeH-
HOr0 BHELPEeHNs B OKUC/IIEMOe BeLLecTBO. Takoe OKMC/EHME Has3bl-
BaeTCA MUKPOCOMasIbHbIM, M60 MPONCXOAUT B MUKPOCOMax —Be3u-
Kynax, 06pa3oBaHHbIX MeMbpaHaMy 3HO0M/1a3MaTUYeCKOro peTuKy-
NyMa KNeTKu.

TKaHW 1 opraHbl UMET pa3Hyto NOTPe6HOCTb B KWUC/OPOLE: WH-
TEHCMBHEe NOr/OWatoT KMCNO0POL 13 KPOBM FO/I0BHON MO3r, 0CO6eH-
HO Kopa 60/bWNX NONyLIapuid, NeyveHb, cepaue, Noyvku. MeHblue
NoTPebNA0T KMCNOPOLa B COCTOSHUM MOKOA K/ETKN KPOBW, CKeneT-
Hble MblLLbI, ceneseHKa. Mpu Harpy3ke NoTpe6/ieHre K1caopoaa Bos-
pacTaeT. Hanpumep, npu TsKeNOW MbILLIEYHOW pPaboTe CKENeTHbIe
MbILWUbI MNOTPE6NAOT 60Mblle Kucnopoga B 40 pas, cepaevHas MblLl-
ua —B 4 pasa (B pacyete Ha 1r TKaHw).

[Jaxe B npefenax ofHOro opraHa notpe6neHne KUCopoaa MOXET
pesko oT/myatbcs. Hanpumep, B KOPKOBOW 4YaCTW MOYEK OHO WUHTEH-
CUBHee, YeM B MO3roBoi Yactu, B 20 pa3. ITO 3aBUCUT OT CTPOEHUS
TKaHW, NIOTHOCTU pacnpefeneHns B Helk KPOBEHOCHbIX Kanuinspos,
PerynaunM KpPoBOTOKa, KO3P(UUMeHTa yTWAM3aumMm Kucnopoga wu
paga apyrux haktopos. CnefyeT NOMHUTb, YTO YeM 6GO/bLUe K/ETKM
OyayT NoTpebnaTb KMCnopoaa, Tem 6onbLle obpasyeTcs NPoAyKTOB 006-
MeHa —[MoKcuaa yrnieposa v Bofbl.
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7.4. PErynauna gbIxXAHUA

naBHas 6Guonoruvyeckas (YyHKUWUA AbIXaHWs —3To obecneveHvie
ra3oobmeHa B TKaHAX. VIMEHHO pafiy TKaHeBOro AblXaHWs B npouecce
3BOJIIOL MW BO3HUK/IN 1 COBEPLUEHCTBOBA/INCL CUCTEMbI KPOBOOGpaLLLe-
HWUA W BHELLHero AbixaHus. JlocTaBka TKaHAM KMCNOpOoAa, BblBefeHue
BOAOPOAHbLIX MOHOB U AMOKCMAA YrNepoAa [O/MKHbI TOYHO COOTBET-
CTBOBATb NOTPEOHOCTAM TKaHEN W OpraHu3Ma B ONpeAeneHHbIn nepu-
Of VX XW3HefesTeNbHOCTW. B peanunsauum aTux npoLeccos, UX AMHa-
MWYECKOr0 PaBHOBECWSA YYaCTBYHOT C/IOXKHbIE MeXaHWU3Mbl, BKNHOYal0-
Lne perynsaumio ra3oBoro coctaBa KpoBu, permoHanbHOro Kposoobpa-
WeHNA 1 TPOUKY TKaHeid. B faHHOW rnaBe Mbl pacCMOTPUM, Kakum
06pa3om opraHv3M MoLAep>KNBAET ONpefesieHHoe COAepXKaHve K1co-
poja 1 AMOKcuaa yrnepoga B KpoBK, T. €. KaKUM 06pa3om perynupyroT-
CA AbIXaTeNibHble LMK/bl, Ty6uHa 1 4acToTa AbIXaHus.

BHellHee AbIXxaHWe perynmpyeTcs HelMporyMopaibHbIMW MexaHu3-
mamu. Ewe B 1885r. pycckuin pusmonor H. A. Mucnasckuii o6Hapy-
XXWUN B NPOLONTOBAaTOM MO3re [bIXaTe/bHbl LEeHTP W A0Ka3an Hanu-
Yne B HEM [IBYX OT/E/I0B —LIEHTP BAOXa W LIeHTP Bblaoxa. LIeHTpoGex-
HbIMU (3()(DEPEHTHBLIMKN) MYTAMU [AbIXaTeNbHbIA LEeHTP CBfA3aH C 3g-
(heKTOpamy —abIXaTe/IbHbIMU MbllLLaMn. AQQepeHTHbIe, UK CeH-
COpPHbIe, WM LeHTPOCTPEMUTESNIbHBIE, UMMY/bCbI MOCTYNAT B AblXa-
TeNbHbIV LEHTP OT Pa3/INYHbIX 3KCTepPO- U MHTEPOPELLENTOPOB, a Tak-
Xe OT BblILLenieXxalmx OTAe/I0B ro/I0BHOro mMo3ra. Takum o6pasom, B
BUAE AOBOJSIbHO YMNPOLLEHHONM 0O6LLEein CXeMbl MOXHO MPeAcTaBuTb TU-
NUYHYIO PeNeKTOPHYHO AyrY, COCTOSALYH U3 peLenTopoB, addepeHT-
HbIX NyTel, HEPBHOIO LEeHTPa, 3 (epeHTHbIX NyTein 1N aheKTopoB —
[bIXaTeNIbHbIX MbILLL,.

[ObixatenbHbliA LeHTp. [bIXaTe/bHbl LEeHTP —3TO COBOKYMHOCTb
HeilpOHOB, pacnooXeHHbIX BO Bcex oTgenax LLHC v npuHumatowmx
TO WAN WHOE y4acTue B Perynaumu fAbixaHus. [naBHas 4acTb, WM
KaK NPUHATO TOBOPUTb, «AAPO» AbIXaTENbHOr0 LEHTPa, HaxoamTcs,
KaK fJoKa3an 3KcrnepuMeHTasbHO MwucnaBckuiA, B MPOAO/SrOBaTOM
Mo3re, B 061acTv peTUKYNApHOW (opmaLmmn Ha [iHe YeTBEPTOro Mo3-
roBOro >kefygouyka. bes atoro ovgena AbiXxaHWe HEBO3MOXXHO, MO-
BPEeX/JeHne NpoLoNroBatoro mMosra npuMBOAUT HEMUHYEMO K CMepTH
13-3a OCTaHOBKM [bIXaHWA.

UeTknii MOP(ONOrnyecknin passten Mexay LeHTpaMu BAOXa U Bbl-
[0Xa B MPOAO0/IroBaTOM MO3re OTCYTCTBYET, HO CYLLUECTBYeT pacnpege-
NeHve (YHKLUIA Mexay HelpoHamu: OLHW HerpOHbl —UHCIUpaTop-
Hble —TeHepupyroT NOTeHUManbl AelCTBMS, BO36YXXAAtoLmMe NHCMN-
paTOpHble MbILWLbI, APYre —3KCMNMPaTOPHble —BO30YXXAAtOT BbLLbI-
XaTeNbHble MbILLLLbI.

B mHcnupaToOpHbIX HeWpoOHax 3/eKTpUYeckas ak-
TUBHOCTb BK/IHOYAETCH ObICTPO, MOCTENEHHO HapacTaeT yacToTa VM-
nynscauuy (go 70..100 nmnynbcoB B 1C) U pe3Ko MnajaeT K KOHLY
BLOXa. JTa MMMy/bcauns NPUMBOAMT K COKpaleHWo Auadparmel,
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MeXpebepHbIX 1 APYTUX MHCMMPATOPHbLIX MbIWL,. «BbIKIOUYEHNE» UHC-
NMPaTOPHbLIX HEMPOHOB MPUBOAUT K paccnabiieHnto MHCNUPaTOPHbIX
MbILL, W BbLIOXY. AKTUBHOCTb 3 KCNMUPATOPHbLIX HeWpo-
HOB MNPU HOPMa/IbHOM CMOKOMHOM AbIXaHUW WUMEET MeHbLUee 3Ha-
YeHune. Ho Npu ycMneHHOM AbiXaHWK, 0COGEHHO NPy (HOPCMPOBAHHOM
BblZOXe, 3KCMMPATOPHble HEMPOHbLI OMpPeAenstoT COKpalleHWne Bblbl-
XaTe/bHbIX MbILLLL.

Bynb6apHblii oTAen [bIXaTe/bHOr0 LEHTPa ro/I0BHOIO
mMo3ra obnafaet aBToMaTueill. ATa YHUKa/bHaA OCOBEHHOCTb AblXa-
TENIbHOrO LeHTpa 3aK/4aeTca B TOM, 4YTO ero HelpoHbl MOryT
CMOHTAHHO, T. €. CAaMOMNPOU3BO/IbHO, 63 KaKNX-1M60 BHELIHUX BO3-
LencTBuii f,enonspu3oBbIBaTbCA, WK paspskatbecsi. Bnepsble CMOH-
TaHHble KONebaHWa 3NeKTPUYECKOM aKTUBHOCTY [bIXaTe/lbHOro LieHTpa
obHapyxun W. M. CeyeHos. [lpupoga aBTOMaTuv AblXaTeslbHOro
LeHTpa go CUX NOpP He BbiACHEHa. BeposTHO, OHa 3aBUCUT OT cneyu-
KM 0bMeHa BeLLEeCTB HEMPOHOB 3TON 061acTM FOIOBHOIO MO3ra U
0C060I YYBCTBMTE/ILHOCTU MHCMMPATOPHbLIX HEMPOHOB K OKpPYXXato-
e cpefe, cocTaBy LepebpoCnuHanbHON XUAKOCTU. ABTOMATUS fbl-
XaTeNbHOrO LieHTpa COXpaHsAeTcs noc/e NoYTu NOAHONW ero geagde-
peHTauun, T. e. Nocne npekpalleHns BO3AeNCTBUIA CO CTOPOHbI pas-
JNYHBIX PeLenTopoB.

Bnarofaps aBToMaTUM AbiXaTe/bHbIl LEHTP NPOAO/IroBaToOro Mo3sra
obecneynBaeT pUTMUYHbIE YepesoBaHNA BAOXA U Bblgoxa W onpegens-
eT YacToTy AbIXaHWs B YCN0BUAX (PU3NOMIOTMYECKOrO MOKOS.

BynbbapHbIil 0TAEN AbIXaTelbHOro LeHTpa ABNAETCS CaMbIM YCTOW-
ymebIM oTaenom LLHC K geiicTBMio HapKOTMYECKMX NpenapaTos. Jaxe
npu rnyboKoM HapKo3se, Korja peqieKTOpHble peakunn OTCYTCTBYHOT,
CaMOCTOATE/IbHOE [AblXaHWe COXpaHseTcs. B apceHane (hapmakonoru-
YeCKMX NnpenaparoB UMETCA BelLecTBa, M3brpaTenbHO MOBbILWatoLLVe
BO36YAMMOCTb [bIXaTeNbHOro LeHTpa, —n106ennn, LUTUTOH, BO3feii-
CTBYIOLLME Ha [bIXaTe/IbHbI LEHTP petIeKTOpPHO, Yepe3 peuenTopsl
CUHOKAPOTWUHON 30HbI.

L. T1. MaBnoB roBopws, YTO AbIXaTeNbHbIA LEHTP, KOTOPbLIA paHb-
Lle npeACTaBNsAA BEMIMYMHON C GyNnaBOYHYH T0M0OBKY, HeobblYaliHO
paspoccs: OH CryCTUICS BHU3 B CIIMHHOM MO3F M NOAHSANCA BBEPX [0
KOpb! 60/1bLIMX NOMYLIAPUIA.

Kakyto e ponb UrpatoT apyrve oTAenbl AbIXaTeNbHOro LeHTpa?
B cnvHHOM MO3re HaxofATCcs HeMpoHbl (MOTOHEWPOHLI), UHHEPBU-
pytolLve fbiXaTe/bHble Mbilllbl (puc. 7.7). Bo30yXAeHne K HUM ne-
pefaeTcs OT MHCMMPATOPHbIX U 3KCMUPATOPHbIX HEMPOHOB MPOLON-
roBaToro Mosra no HUCXOAALMM MPOBOAALMM MYyTAM, Nexaliym B
6enoM BeLlecTBe CMMHHOMO Mo3ra. B oTnumne oT 6ynb6apHOro LeH-
Tpa MOTOHEMPOHbI CMMHHOIO MO3ra He 06/1aaat0T aBToMaTuen. Mo-
3TOMY Moc/fie nepepesky CMMHHOIO Mo3ra cpasy 3a NpoAonroBaTbiM
[blXaHWe OCTaHaB/NMBaeTCsA, TaK KaK AblXaTe/lbHble MbILLbl HE MO-
NyYaloT KOMaHAbl K COKpalleHnsaM. Ecnm e CMMHHOW MO3r nepepe-
3aTb Ha ypoBHe 4...5-ro WenHOro No3BOHKa, TO CaMOCTOSTEe/IbHOe
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Kopa LleHTpansHoe

r0N0BHOrO npeAcTaBMTeNbCTBO
Mo3ra aHann3aTopos
. CurHanusaums
Mpome Ky TOUHbIi 06 o6meHe
BeLLeCcTB
CpegHuii
MO3r
MponpuoLenTuBHaA
cUrHanusauus
Baponues
MOCT

CurHanusaums ¢
COCYANCTbIX

o pedhneKCoreHHbIX
MpogonroBaThiii 30H

Mo3r

(abIxaTenbHbI LeHTP) V- CurHanvsaLys ¢

[bIXaTeNbHOro
annapaTa
(abIXaTenbHble MyTw,
nnespa, Nerkune)

X
Ounadparma

Me>kpebepHble

IpynHolt oTfen MbILLIL|bI

CMWHHOro Mo3ra
Puc. 7.7. CxemMa opramvsalumH LEHTPasIbHOMO annapara perynisuuy AbixaHust

[blXaHNe COXpaHseTcs 3a CYeT COKpaleHWid auvadparmbl, NOTOMY
4TO LIEHTP AnadparMansHOro HepBa PacnosiokeH B 3..5-M LWweiHbIX
CermMeHTax CrMHHOIO MO3ra.

Bbllle NpoAonrosatoro Mosra, npuneras K Hemy, HaxoauTcs B a -
ponnvesB MOCT, B KOTOPOM PACrMOSIOXKEH «MHEBMOTAKCUYECKUI
ueHTp». OH He ob6nafaeT aBTOMaTWel, HO 6narofaps HemnpepbIBHOW
aKTMBHOCTM 06ecneymBaeT MepuoanYeckyto AedTeNlbHOCTb AblXaTesb-
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HOrO LIEHTpa, yBe/IMYMBaET CKOPOCTb Pa3BUTUA UHCNNPATOPHOM U IK-
CNMPaTOPHOI MMNYNbCaLMiA B HEMPOHaX NPOA0/rOBaTOr0 MO3ra.

CpefHWIA MO3T VMeeT DO/bLLIOE 3HAYEHMe B perynsuum To-
Hyca MorepevyHononocartbiX Mbilwit. MO3TOMY NpyU COKpalleHWUn pas-
NINYHBIX MbILIL, apdepeHTHas UMMy nbcauus 0T HUX MOCTYNaeT B Cpes-
HWIA MO3r, KOTOPbI COOTBETCTBEHHO MbILLIEYHON Harpyske M3MeHseT
XapakTep AbixaHus. CpefiHUA MO3r OTBETCTBEH TakKe 33 KOOPAMHALMIO
[bIXaHWs C aKkTamu rn0TaHus, pBOTbI U OTPbIrMBaHWA. Bo Bpems rnoTa-
HUSA OblXaHWe 3alepXXMBaeTCs Ha (pase BbLLOXa, HALropTaHHMK 3aKpbiBa-
€T BXO/, B ropTaHb. IMpy pBOTE, OTPbIrMBALLI ra30B MPOUCXOAUT «X0/10C-
TOI BAOX» —BAOX MPW 3aKPbITOM ropTaHu. Mpu 3TOM CUIbHO CHUXKAeT-
CA BHYTPUNNeBPa/IbHOE [aB/ieHWe, YTO U CrMOCOGCTBYET MOCTYM/IEHNIO
COLEPXKMMOTr0 W3 XenyaKa B rpyAHyHo 4acTb NULLEBO/A.

FMnoTanamMyc —OTAeN NPOMEXYTOYHOrO Mo3ra. 3HauyeHue
runoTanamyca B perynsuuy AbiXxaHus 3aK/l04aeTcs B TOM, YTO B HEM
COZlepXXaTcs LEeHTPbl, KOHTPONMPYHOLMe BCe BUAbI OOMeHa BeLLecTB
(6€N1KOBBIiA, XXMPOBOW, YrNeBOAHbLIA, MUHEpaNbHbIA), U LEHTP Temnso-
perynauun. Moatomy ycuneHve o6MeHa BelecTs, MoBbILLIEHUE Teme-
paTypbl Tena BedyT K YCWIEHUIO [blxaHus. Hanpvmep, npu nosblile-
HWUW TemnepaTtypbl Tefa [blXaHWe y4yallaeTcsi, YTo CrocobCTBYeT yBe-
NMYEHWUIO OTAAYM TEnoTbl BMECTE C BbLUbIXaeMbIM BO34YyXOM W Mpe-
[OXpaHseT opraH13m OT neperpeBaHus (TennoBas OfblLLIKa).

'MnoTanamyc NpuMHUMAET yyacTve B U3MEeHeHUWN XapakTepa Abl-
XaHusA npu 60M1eBbIX pa3fpaxeHusx, Npy pasfMyHbIX NOBeLeHYec-
KX aKTax (npuem Kopma, 06HIOXMBaHWe, cnapvisaHue u ap.). lo-
MUMO Perynifumm 4actoTbl U rNyOuHbI AblXaHWUsa runotTanaMyc yepes
BeretaTUBHYIO HEepPBHYK CUCTEMY perynnpyeT npocsBeT GPOHXMOI,
cnafeHne HeyHKUMOHUPYOLWNX anbBeos, CTeMeHb paclliupeHuns
NeroYHbIX COCY0B, MPOHMULAEMOCTb 1EFrOYHOM0 ANUTENNA U CTEHOK
Kanunnsapos.

MHOrorpaHHo 3HadeHne KOopbl 60NbWMX NONyWwapui
rON0OBHOTO MO3ra B perynauum bixaHus. B kope pacnono-
KEHbl LEHTpa/bHbIE OTAE/bl BCEX aHasM3aTopoB, WHHOPMMPYHOLWINX
KaK 0 BHELLUHWX BO34eNCTBMAX, TaK M 0 COCTOSAHUM BHYTPEHHEN cpefpbl
opraHusma. oatomy Hanbosee TOHKOe MPUCNOCO6/eEHNE AbIXaHUs K
CUIOMUHYTHBIM NOTPEOHOCTAM OpraHu3ma OCyLUecTBNseTca npu 06s-
3aTeNlbHOM y4acTuMW BbICLLUMX OTZE/I0B HEPBHOWN CUCTEMBI.

Oco60e 3HayeHMe MMeeT Kopa 60/1bLUMX MOMYLIAPWIA NMPU Mblley-
HOW paboTe. V3BECTHO, YTO yyallleHue AbIXaHWd HauMHaeTcs 3a He-
CKOJ/IbKO CEKYH/ [0 Hayana paboTbl, cpa3y nocne KOMaHAbl «MNpuroTo-
BUTbCA». AHaIOrMYHOE ABNEeHME HabMoAaeTca Yy CNOPTUBHBIX NoLwa-
[eii Hapsay ¢ Taxukapavein. MpuunHOin NOAOGHbIX «OMEPEeXatoLLINX»
peakuui y NoAel 1 XXMBOTHbIX ABNAIOTCSA BbipaboTaBLUMECH B pe3y/lb-
TaTe NOBTOPHbIX TPEHUPOBOK YC/IOBHbIE peieKchbl. TONbKO BAUSAHUEM
KOpbl 60/1bLUNX NONYLLAPUIA MOXHO 0OBACHWUTL NMPOM3BOJIbHbIE, BOJIE-
Bble U3MEHEHMNS PUTMA, YacTOTbl U FNYOUHBI AbiXaHUA. YenoBek MOXeT
MPON3BO/IbHO 3a/lePXaThb AbIXaHNe Ha HECKO/IbKO CeKyH[, Un YCUNUTb
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ero. HecomHeHHa posib KOpbl B U3MEHEHUW NAaTTepHa AblXaHWs BO Bpe-
Ms nofayum ronoca, Npu HbIPAHUKN, 0OHIOXMBaHUN.

NTak, B perynsumMm BHELWHEro [bIXaHWUs Y4acTBYET AbIXaTe/lbHbIN
LIeHTp. ﬂp,po 3TOr0 LiEHTpa, Haxogslieecs B NPOAONroBaTOM MO3re,
nocbiNaeT PUTMUYHbIE UMMY/bChbl YePes CMMHHOM MO3I K AblXaTe/lb-
HbIM MbltiLam. Cam e 6ynb6apHbIid OTAEN AbIXaTebHOTO LIeHTPa Ha-
XOAMTCS NOL MOCTOSHHbIM BO3AENCTBMEM CO CTOPOHbI BbILLENEXALLMX
otgenos LUHC un pas3finyHbIX peuentopoB —My/NbMOHa/IbHbIX, COCY-
[LUCTBIX, MbILIEYHbIX U Ap.

3HaueHVe peLenTopoB NErknx B perynaumm abixaHus. B nerkux nme-
KOTCA TPY TPYNMbl PELENTOPOB: PACTSXXEHWUA U CNafeHUs; UPPUTaHTHbIE;
FOKCTaKanunIspHeole.

Peuentopbl pacTAXeHMWA pPacrnofoXeHbl MeXay rnaj-
KUMW MbILILAMWN B BO3JYXOHOCHBIX MyTAX —BOKPYT Tpaxeu, OPOHXO0B
W OGPOHXMON, a B anbBeonax W MnyeBpe OTCYTCTBYHOT. PacTsxeHwue
NEerKnx npu BAOXe Bbi3blBaeT BO30YXK/AEHME MexaHopeLenTopos. Bos-
HUKaKowW e NoTeHUMabl AeNCTBAS NepedatoTcs No LLeHTPOCTPeMN-
TeNlbHbIM BOMIOKHaM ONyXJaroLero Hepea B MPOAOATroBaTbii MO3T.
K KoHUy BfoXa 4yacTtota uMmnynbcaumm HapactaeT ot 30 go 100 nm-
nynbCOB B | C M CTAHOBMTCA NecCMMasibHOM, Bbl3blBas TOPMOXEHUE
LeHTpa Bfoxa. HauuHaeTtca BblgoX. Peu,enTopbl _CnajieHus nerknx
M3yyeHbl HeLOCTATOYHO. BO3MOXHO, NPV CMOKOMHOM AblIXaHUU WX
3HaYeHue HeBennKko.

Pedhiekcbl ¢ MexaHOPEeLLeNTOPOB NIErkKMxX Ha3BaHbl MO MMEHW OT-
KPbIBLUMX MX Y4eHbIX —pednekcbl MepuHra — bpeiiepa. HasHaueHve
3TUX PE(NIEKCOB 3aK/OYaeTCs B CeaytoLem: NHHOPMMPOBaTh [blXa-
Te/IbHbIN LEHTP O COCTOSHUW NIErKMX, UX HANO/IHEHHOCTW BO3A4YXOM U
B COOTBETCTBMM C 3TUM PerynvmpoBatb Noc/nefoBaTeNbHOCTh BAOXa U
BbLLOXa, OrpaHU4YMBaTh YpPe3MEpPHOE PacTsHXKeHWe fIerkux npu BLOXE
NN cnageHve NIerkux npy BbLLOXe. Y HOBOPOXXAEHHbIX PemIeKChbl ¢
MexaHOpeL,ernTopoB NIerkux UrparoT 60bLIYH PO/ib; C BO3PAcTOM 3Ha-
YyeHMe NX YMEeHbLLIAeTCH.

Takum 06pa3om, 3HaUeHne 6yx-

[latoLLLEero HepBaa B Perynauun gbixa-

HWA 3aK/o4vaeTca B nepegade ag-

(hepeHTHbIX UMMY/LCOB OT MeXaHo-

PELEenTopoB /IErKMX B [blXaTe/lb-

Hbld LEHTP. Y >XMBOTHbIX MNOC/e

nepepeskun Baryca UHgopmauusa ot

Nerknx He rnonagaeT B NPOAO/roBa-

TbIl MO3r, MO3TOMY AblXxaHue cTa-

HOBUTCHA MeJJIEHHbIM, C KOPOTKUM

BLOXOM W QYeHb NPOJO/IKUTESb-

HbIM BbLLOXOM (puc. 7.8). Mpu pas-

Puc. 7.8. BnusHve aBycTopoHHeii nepe- [APaKEHUN Baryca Ha6mo,qaeTc;| 3a-
PEsKK By)XKAAlOLLErO HepBa Ha AbixaHue:  NepXKKa AblXaHWsA B 3aBUCMMOCTM OT
/ —p0 nepepesku; // —nocne nepepesku TOr0, B Kakyt a3y [bIXaTe/lbHoro
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Puc. 7.9. BnusHwne pasgpaxeHus 61y>KaatoLLero Hepea Kpovka Ha fbixa-
Hue. OCTaHOBKa [ibIXxaHus B CTaMn BAOXa:

a—nHeBMOrpamma; 6 — MOMEHT pasapakeHna

LMKNa feicTBYeT pasfpaxeHune. Ecnv pasgpaxeHune noctynaeT BO Bpe-
MA BAOXa, TO BAOX MPEXAEBPEMEHHO MpeKpaLlaeTcs U CMEHSEeTCA Bbl-
[OXOM, a ecnn coBnagaeT ¢ (Pas3oi BblgoXa, TO, HA060POT, BbLLIOX CMe-
HAeTCs BOOXOM (puc. 7.9).

MppuTaHTHbIe peuenTOpbl  PacnoNOXeHbl B aNuTe-
NNaNbHOM U Cy63nMTeNnanbHOM C/OAX BCEX BO34YXOHOCHbLIX MyTel.
OHV pasgpaxatoTcs nNpu nonagaHum B BO3LYXOHOCHbIE MyTWU MblN,
AA0BUTBLIX Tas30B, a Takke MpU AOCTaTOMHO 60MbLUMX W3MEHEHMUSX
obbeMa nerkux. Hekotopas 4acTb MPPUTAHTHbIX PELLENTOPOB BO30YX-
[aeTcs Npy 06bIYHbIX BAOXaX M BblUoOXaX. PedieKcbl C MPPUTaHTHbIX
PeuenTopoB HOCAT 3aLUMTHbIA XapakTep —umMxaHue, Kallenb, rny6o-
Knuin BOOX («B3L40OX»). LIeHTpbl AaHHbLIX pPeqieKCoB pacrnofnoXeHbl B
NPOAOArOBaTOM MO3re.

FOkKcTakanunnapHble peuenTopbl (HOKCTAa —BOK-
pyr) Haxogatca B6AM3M KanunnspoB Manoro Kpyra Kpoeoobpalle-
HUA. 0 PYHKLMAM OHU CXOAHbI C peuenTopaMy CnafeHus, ans HUX
pasfpaxuTesiemM ABNSETCA YBeNMYEHUe VHTePCTULMANIbBHOIO NPOCTpaH-
CTBa /IErKMUX, HanpumMep Npu oTeke. PasgpaxeHue tOKcTakanuinsap-
HbIX PELenTOPOB Bbi3blBAeT OAbILLKY. BO3MOXHO, NP MHTEHCUBHOA
MbILLIEYHOWN paboTe KPOBSHOE AaB/ieHMe B NEroYHbIX Cocyaax MoBbl-
LLAeTCs, 3TO YBENYMBAET 0OBEM WHTEPCTULMANBbHON XUAKOCTM ©
CTUMYNNPYET aKTUBHOCTb KOKCTaKanuNspHbIX peuentopos. Pasgpa-
XUTENeM MNyNbMOHaNbHbIX PELEenTOpoB MOXeT O6biTb TUCTaMUH,
CUHTe3MpYLWMAca B 6a3ouiax n TyUHbIX KneTkax. B nerkmx atux
KNeTOK A0BO/IbHO MHOFO, U NpY annepruyeckmx 3aboneBaHUNAX OHK
BbI4ENAT TMCTaMMUH B TAKOM KO/IMYECTBE, YTO 3TO NPUBOAMUT K OTe-
Ky W OblLLKe.

3HayeHVe peLenTopoB AbIXaTe/bHbIX MbIWL. B AbixaTenbHbIX MblLL-
LaxX MMEKTCA peLenTopbl PacTsHXKeHUs —MblLLEYHbIE BEPETEHA, CYXO-
XWUnbHble peuentopbl. OCO6eHHO BeMKa MNAOTHOCTb X pa3MeLL,eHns B
MeXpebepHbIX MbILILAX U MbIWLax CTEHOK XXMBOTa. MexaHopeLenTo-
Pbl AbIXaTe/lbHbIX MbILUL, BO3BYXJAKTCA NPY UX COKPaLLEeHUN UK pac-
TSDKEHUWN MPU BLOXE WM BbLLOXE. 0 NPUHLMNY 06paTHOW CBA3W OHU
PErynupytoT BO36Y>XaeHne MOTOHEPOHOB CMIMHHOIO MO3ra B 3aBUCHK-
MOCTMN OT UX MCXOLHOM ANNHbI U CONPOTMBEHNS, KOTOPOE OHW BETpe-
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4aloT Npu cokpaweHnn. CunbHOoe pasfpaXkeHre MexaHopeLenTopoB
rPYAHOW KNETKM (Hanpumep, Npu ee CXKaTun) Bbi3biBaET TOPMOXKEHME
MHCNNPaTOPHOW LeATENbHOCTW AbIXaTeNIbHOrO LeHTpa.

3HayeHVe XeMOpeLEeNTOPOB B perynsauum apixaHus. CKnounMTensHO
Ba)KHOE 3HauyeHue B Perynsuuy BHELIHEro AblXaHWs WMMEeT rasoBblii
COCTaB apTepmasibHON KpoBW. Bruonoruyeckas LenecoobpasHoCTb 3TO-
ro BrojiHe MOHATHA, NOCKO/IbKY OT COZePXaHWs Kucnopoaa v AnoK-
cuja yrnepoja B apTepuasibHOM KpPOBY 3aBUCUT OOMEH ra3oB Mexay
KPOBbIO M TKaHsMMW. [aBHO CTa/im Knaccukor onbiTel Ppepepuka
(1890) ¢ nepeKpecTHbIM KPOBOOGpPALLIEHNEM, KOTAa apTepuabHas KpoBb
OT OZHOW cobakun NocTynana B KPOBb APYroi, a BeHO3Has KpoBb OT ro-
NOBbI BTOPOIi CO6aKn —B BEHO3HYH KPOBb NepBoi cobaku (pwuc. 7.10).
Ecnn nepexxaTb Tpaxew U TeM CaMbIM OCTaHOBUTb [bIXaHWe MepBoMn
CO6aKu, TO ee KpOBb C HEAOCTATOUHbLIM COAEPXKaHUEM KICII0pOoaa U M3~
ObITOYHLIM AMOKCMAA YrNepoaa OMbIBAET FO/IOBHOI MO3r BTOPOW coba-
KW, ,ﬂsblxaTe}'IbeIVI LIeHTp BTOPOW cobakn ycunmBaeT AbixaHue (runep-
MHO3), U B ee KPOBW CHIKAeTCH KOHLUEHTpauums AuoKcuaa yrnepoga u
ypexaeTca fbIXxaHue BNa0Tb 0 OCTAHOBKW (arH03).

Bnarogapa onbiTaMm ®pefepuka CTalo OYEBUAHbIM, 4YTO AblXa-
Te/IbHbIA LEHTP YyBCTBUTE/IEH K YPOBHIO COAEPXXaHWs ra3oB B apTepu-
a/lbHOM KpoBMW. BO3pocLuas KOHUEeHTpauus Auokeuga yrnepoga (runep-
KanHus) 1 BOAOPOAHLIX MOHOB B KPOBM Bbl3blBAaeT yyalleHue [Ablxa-
HWSA, BCNEeACTBME YEro AMOKCUA Yrnepofa BbLUENSETCS C BblLbIXaeMbIM
BO34YXOM M €ro KOHLUeHTpaums B KpOBM BOCCTaHaBMBaeTcA. CHUXe-
HVe CofepXKaHus AnoKcuaa yrnepoga B Kposu (rMnokanHus), Hanpo-
TUB, BbI3bIBAET YPEXEHME AbIXaHWA MM ero OCTaHOBKY O Tex nop,
NoKa B KPOBW KOHLIEHTpaLus AMOKCUAa yrnepota CHoBa He JOCTUTHET
HOPMasIbHOMN BENNYMHBI (HOPMOKAMHNS).

KOHUeHTpauus Kucnopofa B KpOBW TakKxe BAMAET Ha BO3OyAu-
MOCTb [JbIXaTe/IbHOr 0 LIeHTPa, HO B MEHbLLIEN Mepe, Yem AMOoKcuaa yrie-
poja. 3TO CBA3AHO C TeM, UYTO NPU 0BbIYHBLIX KONlebaHUAX aTMOCHepHO-
ro AaBneHusa, faxke Ha BbicoTax 0 1000 M Haj YpOBHEM MOpS, MOYTU
BeCb remor/iobuH npespaliaeTcsd B OKCUreMOor106uH, noaTomy nap-
LvanbHOe AaBleHne KMCNopoaa B apTepuasibHOW KPOBW BCerja Bbille,
4yem B TKaHeBOW XXWMAKOCTW, U TKAHW MOMy4aroT, BO BCAKOM Cly4ae B

COCTOSIHMM (DM3MOSIOTMYECKOTO MNO-
KOS, JOCTAaTOYHO Kucropoga. Mpu
3HAYUTE/IbHOM CHUXKEHMU napuu-
a/lbHOr0 faBfieHNs Kucnopoja B
BO3/lyXe YMEHbLLAETCH COfepXxaHune
KMcnopoda B KpoBu (rmnokcemuns)
1 B TKaHAX (TMNOKcKA), B pe3ynbTa-
Te 3TOro BO30YAMMOCTb [blXaTesb-
HOro LieHTpa MOBbILIAETCA U AblXa-
HVe yyallaeTcs.
CHMXEHME KOHLEeHTpauuu Kuc-
Puc. 7.10. MepekpecTHoe kpoBooGpalleHre J10POa B KPOBU (FI/II'IOKCGMVIH) MO-
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XKET MPOM30NTU N BCNeacTBMe 60/ee MHTEHCUBHOIO NOTPeOeHns ero
TKaHsMU. B aTOM C/iy4ae BO3MOXXHO pa3BuTME KMCNOPOAHOWN HeJocTa-
TOYHOCTU, UTO, B CBOK OYepefb, BbI30BET YCU/IEHWNE BHELLHEro [blXa-
HUsA. Tpu NOBLIWEHNM COAEPXKaHUA KMUCN0poaa B KPOBW, Hanpumep
npv BAbIXaHUWN ra30BOM CMECU C BbICOKMM COAepXXaHWeM Kucnopoga
WK MPU HaXoXaeHWn B 6apoKaMepe noj BbICOKMM aTMOCHepPHOM AaBs-
NEHNKN, BEHTUNALNA NErknx YMeHbLUAETCH 3a CYeT YrHeTeHWs Ablxa-
Te/IbHOr0 LieHTpa.

MbI paccmMoOTpesiv B OTAbHOCTU 3HaYeHMe COLEeP>KaHUs KNCnopoaa
W AMOKCMAA Yrepoaa B apTepuanbHOi KPoBU, T. e. aHannTudecku. Of-
HaKo B [elCTBMTENbHOCTM 06a rasa BAWSAKOT Ha [AbIXaTe/lbHbIA LEeHTP
OAHOBPEMEHHO. YCTaHOB/IEHO, YTO FMMOKCUSA MOBbILIAET YyBCTBUTESIb-
HOCTb [bIXaTeNlbHOro LeHTPa K MOBbILLIEHHOMY COAEPXKaHWIo AMoKcuaa
Yrnepoa, v yCUIeHne AbIXaHUs B 3TUX YCMIOBUSAX ABNAETCA UHTErpasib-
HO peakLmen abIXaTelbHOro LeHTpa B OTBET HA M3MEHEHWe ra3oBoro
coctaBa KpoBW. Tak, npu (hm3n4yeckor paboTe B MbilLbl MOCTYMaeT
60/bLUe KMUCOpoAa 13 NPUTEKAIOLLEA KPOBU, YBEIMUYMBAETCA KO3 -
LUMEHT yTUM3aLmMmn KUCIopoaa, a ero KOHLEHTpaLUms B KPOBU CHUXAET-
ca. OHOBPEMEHHO B pe3y/ibTare MoBbIWeHNs MeTabonn3Ma U3 MblLLL, B
KPOBb NOCTYMNaeT 60/ibLUe YIIEKUCNO0TbI U OPraHUYecKmx K1CoT.

Bennka ponb COCYAUCTLIX XeMOpPeLernTopoB NpwW MepBOM BAOXE
HOBOPOXAEHHOro. CHVKeHNe COAEP>KaHNA KUCIOPOoAa B KPOBY U yBe-
NNYeHne ANoKCuaa yrnepoga Bo Bpems poAoB, 0CO6EHHO nocrne nepe-
XaTusa NynoBWHbI, ABNSETCA [NaBHEALWNM pasfpaXknTenem AbixaTenb-
HOrO LEHTPa, YTO W BbI3bIBAET MEPBbIA BAOX.

Ecnu B TedeHWe 1MWH NPOM3BOSLHO MAKCUMabHO YCUINTb [bIXa-
HWe U BbI3BaTb 3TUM TMNEPBEHTUNALMIO NErKUX, TO 3aMETHO YI/INHA-
eTcs AplxaTenbHas naysa MeXay BbLLOXOM M MOC/efyowWwyM BAOXOM.
MOXKeT HaCTynuTb KPaTKOBPEMEHHOE anHO3 —OCTaHOBKA AbIXaHusA Ha
1...2 MMH. Be3 npeaLuecTByOLWel rMNepBeHTUNALMMN 3a4epXKaTb Ablxa-
He MOXHO nuwb Ha 20...30 ¢. Mofo6HY0 rMNepPBEHTUNALMIO NErKNUX
C MOCNeAyIoLMM anHo3 BbI3bIBAIOT Y CEOA HbIPANbLMKA —OXOTHUKN
3@ )XemMUyrom uam rybkoi. rocne ginteNibHbIX TPEHUPOBOK OHW OCTa-
KOTCA Nopa BOAoW A0 4...5 MUH.

Monpobyem pa3obpaTbCcs B MeXaHV3Max arnHo3 nocne ofbIwku. Mo-
CKOJ/IbKY NpKU 06bIYHOM CMOKOMHOM [bIXaHWN KPOBb HACbILLeHa KUC/O-
pogoMm Ha 95 %, ycuneHue AblXaHWA He NPUBOAUT K 3HAUYUTENIbHOMY
YBE/IMYEHUIO KOHLEHTpaLMM KUCMIopoAa B KpoBM. Ha cofepykaHuvie e
Jmokcunaa yrnepoga runepeeHTUNALMA 0Ka3blBAeT 3aMETHOE B/ISHNE —
YPOBEHb AMOKCUAA YI/IepoAa CHKAETCA CHavYaa B aflbBEOIAPHOM BO3-
[lyxe, a 3aTeM B KpoBu. CnefosaTesibHO, anHO3 MOC/e rMnepBeHTUAALMK
NErknx cBA3aHO C yMeHbLUEHWEM KOHLEHTPaLMK YIIEKUCIOTbI B KPOBMW.
[JpbixaHne BOCCTAHOBUTCS, KOrfa B KPOBM CHOBa HaKOMWUTCH [OCTATOY-
HbIlA, U MOPOroBbI, YPOBEHb AMOKCUAA YrNeposa.

Ecnu 3agepxatb abixaHue Ha 20...30 ¢, TO HAaCTynaeT HeyaepXnumoe
CTPeM/IeHMe B3LOXHYTb U CLieflaTb HECKO/IbKO TyOOKUX AblXaTeNbHbIX
OBWXeHWI. CnepoBaTenbHO, 3aiepXXKa BeAeT K rmneprnHos —ycune-
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HUIO AblXaHWA. 3TO TakKe 06YCNOBEHO HAKOMIEHWEM B KPOBU Au-
okcuaa yrnepoga, Tak kak 3a 20...30 ¢ KOHLUeHTpaunsa Kucnopoga B
KPOBMW CHU3NUTCS HE3HAYMTENbHO, a AUOKCUA Yriepoga NOCTOSHHO Mo-
CTYnaeT B KPOBb 13 TKaHEN.

WTak, AuoKcupg yrnepoga fBNSETCA FNaBHEWLMM TyMOpa/ibHbIM
pasgpaxuTeneM [blxaTeNbHOro LeHTpa. 3mMeHeHMe ero KOHLUeHTpa-
LMW B KPOBW BeLET K TaKUM M3MEHEHUSIM B 4acToTe U rnybuHe Apbixa-
HWSA, KOTOPbIe BOCCTAHAB/MBAIOT NOCTOAHHbIN YPOBEHb YTEKUCNOTbI B
Kposu. IMpu yBeNnYeHUM yPOBHA AUOKCKAA YTriepoda B KPOBU Npouc-
XO4UT CTUMYNIALUMA AbIXaTeNIbHOrO LEHTPa U YCUNeHne AbIXaHus, npu
CHVKEHUN —YyMeHbLUEeHMEe 4acTOTbl U TNYOUHbI AbiXxaHus. [Mo3Tomy
CTO/Mb 3 (hEeKTUBEH METOJ, MCKYCCTBEHHOIO AblXaHMS «130 pTa B POT»,
a B ra3oBble CMeCU /19 UCKYCCTBEHHOIO AblXaHus 06s3aTeNnbHO fL06aB-
NAKT ANOKCUS Yrnepoga.

e Xe HaxoAATCs Te AaTUMKKU, UK PeLenTopbl, KOTopble yiasau-
BalOT KOHLEHTpaLMIO ra3oB B KpoBM? OHKU pPacnonoXeHbl Tam, rae He-
06X0AMM TLLaTe/IbHbIA KOHTPO/b 3@ ra3oBbiM COCTABOM BHYTPEHHe
cpefbl opraHu3Ma. Taknumm yyacTkamy SBASKOTCA COCYAUCTbIe pedriek-
COr€HHbIe 30Hbl KAPOTUAHOIO CMHYCa U aopThbl, a TAKXKe LeHTpasbHble
peIeKCOreHHble 30Hbl B NPOAO/ITOBAaTOM MO3re.

CuHoOKapoTMgHas 30Ha, WM 30Ha KapOTUAHOTO CUHY-
ca, MeeT 0Cc060 BaXXHOE 3HAYeHVe B OTC/IEXMBAHWM ra30BOro cocTasa U
pH kpoBu. OHa HaxoaMTcsA B 06/1aCTV Pa3BETB/IEHNA COHHbIX apTepuii
Ha Hapy>Hble U BHYTPEHHWME BETBW, OTKyfa apTepuasibHas KPOBb Ha-
NpaBnseTcs B rOMIOBHON MO3r. oporoBasi KOHLUEHTpauna K1UCIopoaa,
YINEKUCNOTbl U BOLOPOLHLIX NOHOB A/1 PeLenTopoB CUHOKAPOTUAHOWA
30HbI COOTBETCTBYET MX YPOBHIO B KPOBU NPU HOPMa/IbHbIX YC/IOBUSX B
COCTOSHUM MOKOS. HebonbLioe BO30YXKAeHVE BO3HWUKAET B OTAE/bHbIX
peuenTopax Npu peakoM rny60KOM [bIXxaHUW, KOrja KOHLEeHTpaums ra-
30B B KPOBW HaYMHAET HEMHOIP U3MEHATLCA. Uem CuibHee N3MeHSeTCs
rasoBblii COCTaB KPOBM, TeM 60/bLUas YacToTa MMNYy/bCaLun BO3HUKa-
eT B XeMopeLenTopax, CTUMYNPYS AbIXaTe/bHbINA LEHTP.

3mMeHeHMe AbiXaTeslbHbIX ABUXXEHWIA NPOUCXOAMT He TONbKO Mpu
pasgpaxeHnMn XemopeLenTopoB aopThl UM KapoOTUAHOMO CUHYca. Pas-
JApaXeHne HaxoAAaLMXCs 3[4ecb Xxe 6apo- UM NpeccopeL,enTopoB npu
MOBbILEHUN apTepuasibHOro AaBneHuUs 00bIYHO BeLeT K 3aMefeHnIo
AbIXaHWS, a NPY CHUXXEHWUW apTepuasibHOro AaBfieHNs —K ero ycune-
HUto. OfHaKo Npu M3nYeCcKor Harpyske MoBbILLIEHNE apTepuasbHOro
[AaBNEHNS HE NPUBOAUT K YTHETEHMIO AbIXaHWA, a TakxXe K genpeccop-
HbIM pediiekcam.

LieHTpanbHble (MeLynnsipHble) XeMOpeLenTopbl B NPOLOATOBATOM
MO3re YyBCTBUTE/IbHbI K YPOBHIO COAEPXXaHWA AUOKCMAA Yriepoja B
LiepebpoCcnmHabHO X1AKOCTW. ECnn apTepuasnbHble XeMOPELLenTopbI
PerynupytoT ra3oBblii COCTaB apTepuasibHOW KPOBM, TO LeHTpa/bHble
XeMOpeLEenTopbl AepXKaT Mo KOHTPOIEM ra3oBblil U KUCNOTHO-LLEN0Y-
HO romMeocTas XWAKOCTW, OMbIBAKOLLE FOMIOBHON MO3r, —Hanbonee
YA3BUMYIO TKaHb OpraHu3ma. XeMopeLenTopbl, YyBCTBUTE/bHbIE K 13-
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MeHeHUI0 pH, AnoKcmaa yrnepoga n KMciopoga, UMeTCs Takxke B Be-
HO3HbIX COCY/aX M B pa3/IMYHbIX TKaHAX opraHu3ma. OfHaKo MX 3Have-
HWe 3aK/TH0YaeTCs He B Perynsuuy BHELHEro AbIXaHusl, a B U3MEHeHUM
PErmoHasibHOro, UAM MeCTHOr0, KPOBOTOKA.

Bonblwoi MHTepec NpeAcCTaBNAKT MeXaHU3Mbl U3MEHEHUS [bl-
XaHua npu Pr3nMYecKoin paboTe: Npu GOMbLUOA Harpy3ke 4acToTa
M cuna AblXaTeNlbHbIX ABVDKEHWM YBENMUYMBAKOTCH, YTO NPUBOAUT K
rMNEePBEHTUNALMM NErKnx. YTo ABNsSeTcs NPUYUMHOW 3TOro? Ycu-
NeHWe TKaHeBOro [AblXaHWA B MbIWILAX MPUBOAMT K HAKOMJIEHUIO
MOJI0YHON KncnoTbl Ao 160...200 mr/100 mn kposu (BMecTo 15...24
B HOPME) M HefoCTaTKy KMCMopoga 418 OKUCIUTE/bHBIX NPOLECCOB.
Takoe COCTOAAHME Ha3bIBAETCA KMCNOPOAHOW 3afO0/IXKeH-
HOCTbt. MonoyHasa KucnoTa, ABNSAACL 60/ee CUMBbHOW KUCNOTOM,
4eM YronibHasi, BbITECHSIeT U3 6MKapObOHATOB KPOBU ANOKCUA YIepoja,
B pe3y/ibTaTe 3TOro BO3HUKAET rurepKanHus, Yto ycunueaet Bo30yau-
MOCTb AbIXaTe/IbHOr0 LieHTpa.

[anee npy MbiweyHON paboTe BO3BYXAAOTCA pasnnyHble peLenTo-
Pbl: MPONPUOPELLENTOPbI MbILL, U CYXOXWUWIA, MexaHOpeLenTopbl er-
KNX W BO3A4YXOHOCHBIX MyTel, XeMOPELEenTopbl COCYANCTLIX Peqiekco-
reHHbIX 30H, peuenTopbl cepaua uap. OT 3TUX W APYrux peLenTopos
ajhepeHTHas MMMNybcauns Takke LOCTUraeT AblXaTe/lbHOMO LeHTpa.
Mpy MbILWEYHON paboTe MOBLILAETCH TOHYC CMMMATUYECKOro OTAena
HEPBHOW CUCTEMbI, YBENNUYMBAETCS COLEPXKaHNe KaTex01aMUHOB B KPO-
BW, KOTOPble CTUMY/IMPYIOT AbIXaTe/bHbIA LEHTP U peieKTOpHO, U He-
nocpeacTBeHHO. Mpu MbileYHOM paboTe yBeMUMBAETCS TEMIONPOLYK-
WA, YTO TaKXKe BEET K YCUMEHNIO AblXaHWs (TennoBast Of4bILLIKa).

PasgpaxeHne pas/IMyHbIX 3KCTEPOPeLLenTopoB NpMBoauT K obpa-
30BaHMIO YCNOBHbIX pethnekcoB. O6CTaHOBKa, B KOTOPOW 06bIYHO
coBepluaeTcs pabota (MNNogpom, naHawagT, B3Hy3AblBaHWE, MOSAB-
NeHVe Hae3fHVKa, a TaKXe BPems CYTOK), ABMAETCA KOMIMIEKCHbIM
CTEPEOTMNOM pa3fpaxeHus, MOArOTaB/MBaKOWNM foWaab K nocne-
ayrouleil pabote. Hapsgy ¢ pasnuyHbIMU NOBEAEHYECKMMU aKTamn y
XXMBOTHOrO 3apaHee ycunmneaeTcs paboTa cepALa, NoBbILLIaeTcs apTe-
puanbHoe faBneHune, nepecTpanBaeTcs AblXaHNe U BO3HUKAKOT apyrue
BeretaTuBHbIe U3MEHEHUS.

B Hayane paboTbl 3Heprus MbiiLaM MocTaB/feTCA 3a CYET aHa-
3pO6HbIX MpoLeccoB. B fanbHeiweM 3TOro okasblBaeTCs HepocTa-
TOYHO W TOrfa BO3HMKaeT HOBOE CTaLMOHapHOEe COCTOAHWMe («BTO-
poe AbIXaHne»), NPU KOTOPOM YBE/IMYMBAETCA BEHTUNALMA NIETKNX,
CUCTOMMMYECKNIA N MWUHYTHbIA 06bEM cepjla, KpOBOTOK B paboTaro-
LWINX MbILLAX.

Takum 06pa3om, perynsauus AblXaHWs BK/KOYaeT ABa MexXaHu3Mma:
PErynsiLui0 BHELUHEro [AblXaHWsi, HanpaB/iEHHYI Ha obecnevyeHune
ONTUM&a/ILHOIO COZlEPXXaHWs KUCNopoaa 1 AMOKCUaa yrieposa B Kposu,
T. €. 4fleKBATHOr0 TKaHEBOMY MeTabonn3my, 1 perynsuuio Kposoobpa-
LUeHWA, CO3LAtOLLYyI0 Haunyyllve yCinoBus obMeHa rasoB Mexzay Kpo-
BbO U TKaHAMM.



B perynauuy Bhoxa W Bblfoxa 00/bllee 3HaYeHMe VMerT aBTo-
MaTua [bIXaTeNbHOro LeHTpa 1 apdepeHTHbIe UMMYbCbl OT Mexa-
HOPELENnTOPOB JIETKUX W [bIXaTe/bHbIX MbILL, & B pPerynfymm yac-
TOTbl U FNy6UHBI [blIXaHUS —Tra30Bblii COCTaB KPOBWU, Liepebpocnu-
HaNbHOW XUAKOCTU U alhepeHTHble UMMYbCbl OT XeMOpPeLenTo-
POB KPOBEHOCHbIX COCY[0B, TKaHEN WU MefynnspHbiX (6ynbb6apHbIX)
XeMOpeLenTopoB.

7.5. OCOBEHHOCTU AbIXAHVA Y MTUL,

OCo6eHHOCTK fbIXaHns Y NTUL, 00YCNOB/IEHbI X 06Pa30M XU3HN —
MoneToM ¥ CBOEOOpa3MeM aHATOMWUYECKOr0 CTPOEHUS AbIXaTeNbHbIX
nyTein. 3TN 0CO6EHHOCTM CBOMCTBEHHbI BCEMY K/lacCy MTUL, —Kak Jie-
TatoWMX, TaK U HeMeTaroLmX.

Y NTUL, CUIbHO pa3BuTa rpyaHas Knetka, 60/bluas rpygHas KocTb,
BMECTO pebepHbIX XpsiLlei rpyaHble KOCTHbIe pebpa NoABMXHO coeau-
HEHbl C MO3BOHOYHbIMU pebpamu. [uadparma y NTuL, pefyLypoBaHa,
MO3TOMY He UMeeT 6O/IbLLOr0 3HaYeHU B blXaHun. Hapy>xHas nosepx-
HOCTb JIErKMX BZaB/ieHa MeXay pebpamu 1 MpoYHO CPacTaeTcs C HUMU.
CB060aHasA NOBEPXHOCTb NErKNX rnafKas, NoKpbITa Maespoii.

Tpaxes BXOAWUT B NIerKne, pa3BeTBAsSeTCs Ha OPOHXU U BPOHXUONbI.
B 6poHXMonax npomcxoanT 06MeH rasos C NPUTEKatOLLEN Ctoaa BEHO3-
HOM KpOBblD. YacTb OPOHXOB BbIXOAWUT M3 NIErKUX W 3aKaH4YMBaeTCs
BO3[YXOHOCHbIMU MeLLKaMN —3TO TOHKOCTEHHble 06pa3oBaHus, 3a-
MOJIHEHHbIE BO3A4YyXOM (puc. 7.11). OHM pacnosioXKeHbl MeXay opraHa-
MU, COELUHAIOTCSA C BPOHXaMW, a HEKOTOPbIe 13 HUX TOHKUMUK Tpy60Y-
Kamy COefJMHAIOTCA C BO3AYLUHbIMK MOIOCTAMU KOCTe. Mpwu nepeno-
Max Takmx KocTteil (pebpa, MO3BOHKM, rpyfHas KOCTb M Ap.) nTuua
MOXET [blllaTh Yepe3 BbICTYNaroLWuii 06/10MOK KOCTW, CNIN Y Hee MNo-

Puc. 7.11. OpraHbl fibIXaHns HILL:

| —HO034pW; 2 — pelueTyaTas KOCTb;
3—HocoBasA MonocCTb; -/—CUHYC;
5 —HE&6Has wenb; 6— wWenb ropta-
HW; 7—BEPXHAA ropTaHb; Tpa-
Xef; 9—LeiHble BO3/YXOHOCHblE
MeLWKK; /O —MeXKNUNYHbIA BO3-
[LYXOHOCHbIV MeLokK; 11— noAMbILWeYHbIA guBep-
TUKYN; 12—Xof B NneyeByt0 KOCTb; 13— KpaHu-
anbHble TPyAHble BO3LYXOHOCHble Mellkun; 14—
nerkvie; 15— B034yX0BbIBOAALLNI BPOHX KayAab-
HbIX TPYAHbIX BO3AYXOHOCHbIX MeLIKOB; 16— Kkay-
[anbHble N rpyAHble BO3AYXOHOCHbIE MeLKW; 17—
BO3yXOHOCHblE OpIOLIHbIE MeLlKKW; 75—3KTo-
6poHX ¥ O6ploWHble MewWwKW; /9 —npesasepue
rnaBHoOro 6poHxa ¢ OTBEPCTUAMMU BO BTOPWUYHbIE
6poHXxun; 20—rnaBHble OPOHXU; 27 —HWXHASA
(nesuas) ropTaHb; 22 —rnoTka
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BpeXeHa ropTaHb uUav Tpaxed. Y NTUL, YeTbIpe NapHbIX BO34YXOHOC-
HbIX MeLlKa (LelHble, TPyAHble nepefHue, TpyaHble 3a4HuUe, 6proLl-
Hble) U OAWMH HenapHbIA (KNHYMYHBIN), KOTOPbIE CHAPY>KNU MOKPbITbI
CEpPO3HOIN 060/104KOI, BHYTPU —CNN3NCTON. a3006MeH B BO3[YyXO-
HOCHbIX MeLLKax He NPOUCXOANT.

®13n0Nnornyeckne 0Co6eHHOCTY AblXaHus Y NTUL, MPUCYLLMN TOTbKO
MexaHm13mMam BHELLIHero fAblxaHus. Mpouecchbl ra3006MeHa Mexay Bo3ay-
XOM, COAepXKawymMca B BPOHXMOMAX, KPOBbKO M TKaHAMW OCYLLECTBNSA-
tOTCA, KaK M Yy MNEKONUTaNUMX, UCKTHOUYNTENBHO MO 3aKOHaM Anddy-
31K ra3oB Yepe3 NosynpoHuLaeMble MembpaHbl. He 06Hapy>KeHo cyLue-
CTBEHHbIX OT/IMYNIA Y NTUL, U MIEKONUTAIOLLMX U B HEMPOryMOPa/IbHbIX
PEryNATOPHbIX MEXaHV3Max BHELLUHETO AbIXaHWUS.

Bo Bpems BAOXa COKpALLalOTCA MHCMMPATOPHbIE MbILLLbI, OTYEro
rpyAHas KneTka pacLuMpseTcs ¥ B Heil co3aaeTcs oTpuuarte/ibHoe 4as-
NleHne, pacrnpocTpaHsaioLleecs Ha Nerkne M BO3LYXOHOCHble MELLIKW.
Bcrnescteue pasHULbl AaBneHUs aTMOCHEPHbIA BO3LyX 3acacbiBaeTCs
yepes HO34pPY B HOCOBYHO MOMOCTb, rOpTaHb, TPaxew, 6POHXU, BPOH-
XWMONbl U BO3LYXOHOCHbIE MELLKW.

Mpwu BbIAOXe rpyAHAasA MOMOCTb CXXMMAETCH, 00bEM rpyAHON KNeT-
KN yMeHbLUaeTcs. o BO34eNCTBUEM TPYAHBIX U OPHOLLIHBIX MbILUL,
CXXUMaKTCS BO3LYXOHOCHbIE MELIKN M BO34YX U3 HUX NPOXOAWUT B
OPOHXMO/bI, 6POHXM, Tpaxew, ropTaHb, HOCOBYIO MONOCTb W BbIXO-
LUT Hapyxy.

Bo Bpems NpoxoXaeHns U3 BO34YXOHOCHBIX MELLKOB B GPOHXMO/IbI
13 BO3JyXa eLLe pa3 ycBavMBaeTCs KUCIopos. TakuM 06pa3om, BO BpeMs
[bIXaTeNnbHOro uukna (BLOX-BblLOX) NMPOMCXOAMT ABYKpaTHOe W3BJe-
YeHWe 13 BO3LyXa KMCopoja v oTAaya AMoKeuaa yriepoga, 4to obec-
neynsaeT 60/1ee MHTEHCUBHbIV ra3000MeH.

B cocTosiHUM NOKOS 1 Npu ONTUManbHOM ra3oBOM PeXKMme B Mome-
LLLeHUW YacToTa [bIXaHUA MOCTOSHHA A8 KaXKaoro suga ntuy. Konu-
YeCTBO AbIXaTeNbHbIX ABMXEHUIA B 1MUH Yy Kyp cocTaBnseT 25..45, y
ryceit n ytok —20...40, y nHaeek — 15...20. Y KpynHbIX NTUL, AbIXaHWe
pexxe (y nenukaHa BCero 4 Apixate/ibHbIX LUWKNa B 1MUH), a 'y MeSIKuX
NTUL OHO Yalle (y kaHapeek 90... 120).

YacTtoTa AblxaHns 3aBMCUT OT BO3pacTa MTULbL. Y MOMIOAHAKA [bl-
XaHue 6onee yactoe. Bo Bpems cHa fblxaHue 3amefnseTcs. [1pu Bbico-
KOV TemnepaType BO3AyXa OHO y4alaetca. Tak, npu TemnepaType BO3-
ayxa 37 °C y Kyp 4acToTa fbixaHua goxogut go 120...150, npu 3tom
OHW [bIWAT He TOMbKO Yepe3 HO34pPW, HO W 4Yepe3 OTKPbITbIA KB
(nabuanbHoe fbixaHue). YyalleHHOe AblXaHne TaKkke HabnaaeTcs npu
BbICOKOW KOHLEHTpauumn SUOKCMAa Yriepoda B BO3LyXe B MN/IOX0 BEH-
TUIMPYEMOM MOMELLEHUN.

BOo34yXOHOCHbBIE MeWKN BMeWaKT 601bLWOoN 06bem
BO34yxa, Npesbnnatowuii B 10 pa3 eMKOCTb NIErkMX. STOT BO3AYX ABaXK-
Obl, K&K CKa3aHo paHee, MPOXOAWT Yepes NIerkune, rae CoBepLUaeTcs raso-
06MeH. OTO UMEET CYLLEeCTBEHHOe 3HAaYeHWe BO BPeMs MOJIETa, a Takxke y
BOZON/aBatonLx nTuL, BO BpeMs npebbiBaHNA M0J, BOAOW.



B034yXOHOCHblE MeLUKM 06n1eryaroT Maccy Tena MTul, nomoratoT
COXpaHATb paBHOBeCWe B BO3Ayxe W nof BoAoW. OHM cnoco6CTBYHOT
NoAAepXXaHWI0 NOCTOAHHOW TemmnepaTypbl Tena, NpefoTBpalyas nepe-
rpeBaHve nnu nepeoxnaxaeHve. [laBneHne, co3gaBaeMoe BO3LYXOM B
BO3[YXOHOCHbIX MeLUKax, Yy4llaeT NpoxXoXaeHne KULLIeYHOro cogep-
YXMMOTO 1 BbLUeNeHne NomeTa.

KuncnopogHasa eMKOCTb KpoBM y Kyp oT 12 no 21 06.%, y yTOK
16..17, y rycein 21...2206.%. 3HayeHWUs 3TON BeIMYMHbI OIM3KN K
KUCNOPOLHOM eMKOCTU KPOBM Y MJIEKOMUTAIOWMX, TaK KaK YPOBEHb
COAEPXKaHUs remornobuHa y HMX XOTS U OT/INYaeTCA, HO HEeCYLecT-
BeHHO. CNoco6HOCTL reMorfiobnHa cBA3biBaTh chnopo,u,6y HUX TaKxe
oAmHakosa. Ho y nTuu, 60/bLI0e 3HaYeHe UMEET MUOTIOOMH, HaXoas-
WMinca B Mblwyax. B otanume ot remornobuHa KpoBM MUOTI06MH MO-
»KeT oTfaBath 40 70 % Kucnopoja gaxke Npy TakKMX HU3KUX HanpsXeHu-
fX KWUC/IOpPOAAa B KPOBW, MPU KOTOPbIX FEMOTIOBNH YXKe He OTLLENnfeT
Kucnopog (Hike 10MM. pT. €T.). OCOGEHHO 3TO BaXKHO A1 HbIPSHOLLMX
NTUL, NPebbiBAIOLWMX NOL BOLOW L/INTENbHOE BPEMS.

MexaHn3m AbiXaHua BO Bpems Mnoseta NTuLbl U3yyeH HegocTaTou-
HO. Bo Bpems noneta rpygHas KOCTb MasionofBuXHA, YacTble [biXa-
TeNbHble [ABWKEHNUS ee HEBO3MOXHbI, TaK KaK OHa SIB/ISeTCH OMOpoii
[ANA netatenbHOro annapara. CumTalT, UTO BO BpeMs Mnoseta [bixa-
Te/lbHble ABMXEHUA pefkue, HO MPU KaXAOoM BAOXe NTuua 3abupaeT
MaKCMMa/lbHOE KOJ/IMYEeCTBO BO3AyXa B BO34YXOHOCHble MELUKW, Mpu-
4UeM HEeKOTOpble MELUKW 3arofiHAITCA BO3LYyXOM BO BpeMsi BAOXa, a
[pyrue —BO Bpems Bbifoxa. MNTuLa Kak Obl «Bpe3aeTca» B BO3AyX, 1 OH
CUNbHOWN CTpyell YCTPeMNISETCA MO BO34YXOHOCHbIM MyTaM. [Tuupbl
CBOGOJHO NepeHOCAT pa3peXXeHHbIi BO3AyX BO Bpems noseta. HekoTto-
pble BUAbI NTWL, COBEPLUAIOT [/INTE/bHbIE MepeneTbl Ha BbICOTE OKO/10
6 KM, HO ANS OTAbIXa OHWM CNYCKatOTCA Ha MEHBLUYIO BbICOTY.



FfnaBa 8
PN3NON0TIMNA BblIAE/IUTE/IbHBbIX NMPOLUECCOB

BbigeneHune —3aknounTenbHbI 3Tan obmMeHa BellecTs, obec-
neymBaloLLNiA Nnogaep>kaHne Heo6XoAMMOro, ONTUMaIbHOrO cocTaBa
Cpefibl OpraHX3mMa 3a CYeT y[aleHUs BO BHELLHIOW Cpefy CoefuHe-
HWIN, KOTOpble He MOTyT MOABepraTbCA AaibHewnm MmeTabosnmyec-
KUM npeBpaLweHnsM (KOHeYHble NMPOAYKTbl 0OMeHa), a TakKXe 4yxe-
POAHbIX U U3NULWHUX BeLecTB. ®YHKLMUM BblAeNEHUS OCYLLEeCTBNA-
IOTCA CUCTEMON BbIAENNTENbHbIX OPraHOB, BKIOYAIOLMX MOYKU, Xe-
NYLOYHO-KMLLEYHbIN TPaKT, fIerkue, KOXY W CM3UCTble 060104KMN.
3a NCK/IOYeHNeM LUOKCHAA YIIepoaa, SABASIOLWErocs KOHEYHbIM Npo-
[LYKTOM BCEX BWOB 0OMeHa W yAansiemoro fierkuMm, Bce OCTallbHble
BbleNsiemMble BELLeCcTBa ABMAAOTCA BOLOPACTBOPUMBIMW, U MO3TOMY
BOJA COCTaBNSeT OCHOBHYK Maccy BblfeneHuid. Mpu HapyLieHun
NpoLLeCcCOB BblgeNeHnst rmbenb opraHM3Ma HacTynaeT 3HauUTebHO
6biCTpee, YeM NPy OTCYTCTBMU MOCTYMNEHUA MUTaTE/IbHbIX BELLECTB:
NOMHOE rono4aHne Npu AocTyne K BOAe, KOTopas ABnseTcs Heobxo-
OUMbIM KOMMOHEHTOM BbIAENUTE/NbHBIX MPOLLECCOB, MOXET NPoAoN-
aTbCA JOCTATOYHO JO/ITO, HO NpekpalieHne BOLHOro obmeHa npu-
BOAMUT K rnbenn 3a HeCKO/bKO AHEW WM YacoB B pe3y/fibTaTe HaKor-
NEHNsA TOKCUYECKMX BeLLeCTB.

KOHe4Hble NpofyKTbl 06MeHa, BblLeNseMble U3 OpraHnu3ma, Hasbl-
BatOTCA IKCKpeTaMu, a OpraHbl, UX yaanatolme, HasblBatoTCA IKCKpe-
TOPHLIMYA NN BbIAENNTENbHBIMA.

JKCKpeTbl —3TO BELLECTBa, BbLUeNSeMble M3 OpraHu3ma B npouecce
XWN3HEAEATENbHOCTH.

K H1M oTHOcATCS:

ONOKCWE, Yriepoja, BblAensieMblil B OCHOBHOM Yepes fIerkue;

KOHeYHble NPoAYKTbl 0e/IKOBOro 06MeHa —MOYeBMHa, MO4YeBast
KNCMOTa, KpPeaTUHUH U apyrve a3oTCOoAepKalime COeAUHeHNUs, BblLue-
NSieMble B OCHOBHOM MOYKaMu, B MEHbLUEA CTENeHU >Kenyno4vHo-
KULLEYHbIM TPaKTOM U KOXEil;

MPOAYKTbl HEMOSIHOTO OKWUC/IEHUS OpPraHnYeckux BeLecTB —MO-
NOYHas KWUCNOoTa, aueTOHOBbIE U KETOHOBble Tefa W Ap., yAansemble
NOCPeLCTBOM MOYEK, NErKMUX W XXeNyJ0UYHO-KULLEYHOTO TpaKTa

HeopraHN4YecKune BeLLeCTBa —CONN, BblUE/NAEMbIE HEMPEPLIBHO, Bbl-
BOAATCS MOYKaMM, XeNyL0HHO-KMLLEYHbIM TPAKTOM, KOXeN faxe npu
OTCYTCTBUW UX MOCTYMN/IEHNSA U3BHE;
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Yy)>XepoAHble BeLlecTsa, MOCTynarowme C NULWEN U He y4acTBylo-
Wne B 0OMeHe BeLLEeCTB, Yaalsemble Xeny404YHO-KULLIEYHbIM TPaKTOM
B COCTaBe NWLLLEeBapUTE/IbHbIX COKOB;

M3/IMLLHWE BellecTBa —npU 3HAYMTENbHOM MOBbILLEHUN KOHLEH-
Tpauuu B KPOBM 1 BO3MOXXHOM HapyLLEHUM romMeocTasa yaaisemMble noy-
KaMu 1 >enyfo4YHO-KMLLIEYHbIM TPAKTOM, HanpumMep r/K03a;

BOZla YAANSETCA BCEMM BbLLENTE/IbHLIMM OpraHamMu: NoYKamu, ner-
KUMW, NULLEBAPUTENbHON CUCTEMOI 1 KOXEN.

Taknm 06pa3oM, BbLUENTENbHAA CUCTEMA XKMBOTHbIX BK/THOYAET MOY-
KW, MOTOBbIE XXe/e3bl, Nerkue, Xenya04HO-KULWeYHbIA TpakT. Y NTul, 1
Pbl6 B BbLLE/IEHUM YYaCTBYHOT HOCOBbIE U PEKTa/IbHbIe COMEBbIE XKeslesbl,
a 'y pbl6 ele 1 >xabpbl. Yepes Noykn yaanatoTca BOAa, MPOAYKTbl a30TUC-
TOro o6mMeHa (MoYeBMHA, MOYeBas KUCNOTa, KPpeaTUHWH, ammuak nap.).
MoTOBbIE U Ca/lbHbIE XeNe3bl KOXW CyXaT A/19 BblAeNeHWs BOAbI, NPo-
[YKTOB 6€/IKOBOr0 06MeHa, NIETYUNX XKMPHBIX KAC/OT, BUTAMUHOB 1 MU-
HepasibHbIX BeLLeCTB. Yepes fierkune BbIBOLATCA M3 OpraHn3ma yrinekuc-
NoTa, BOLA W HeKOTOpble NleTyumne BellecTBa. KWLLEYHUK yyacTByeT B
BblBEJEHUV 13 OpraHn3ma BoZbl, MUHEPASIbHbIX BELLECTB, KAC/bIX U L e-
NOYHbIX MPOAYKTOB, >XENYHbIX KUCNOT, NUrMEHTOB, XO/ecTepuHa, ne-
KapCTBEHHbIX BELLECTB U COMEN TAXE/bIX MET/I/I0B.

3HayeHMe OopraHoB BblUENeHUs He CBOAMTCHA TONbKO K yAaNleHuHo
KOHEYHbIX NPoAyKToB 06MeHa. OHM y4yacTBYHOT B MpoLeccax ocMope-
ryNauun; perympyror MoCTOSHCTBO WMOHHOMO COCTaBa BHYTPEHHEN
cpefbl opraHn3ma, a Takxke pH KpoBM M TKaHEBbIX XWUAKOCTEN.

MOCKO/bKY NpU MCNapeHUn BOLbl C NOBEPXHOCTU KOXW U aNnbBeon
Nerknux NOHWXXaeTcs Temneparypa Tefia, TO NOTOBbIE XXe/e3bl U NIerkue
Y4acTBYIOT 1 B npoLeccax TepmMoperynsuum.

8.1. BbIAENVTENBbHAA ®YHKUWA NMOYEK

MOYKM BbINOMHAKT PAL FOMEOCTaTUYeCKMX (PYHKLMUIA B OpraHmu3Me
BbICLUMX XKMBOTHBIX, U UX PO/ib HE OFPaHNYMBAETCS TONbKO 3KCKPEL M-
e/l KOHEYHbIX MPOAYKTOB GEIKOBOr0 0OMEHA W YyXXepOoaHbIX BELLECTB.
OHu obecreunBaroT:

BO/IHO-3/IEKTPONNTHbI 6anaHC OpraHn3ma;

TMOCTOAHCTBO OCMOTWYECKOTO [aB/IEHNSA XKWKOCTEN BHYTPEH-
Heli cpeabl;

KWCNOTHO-LLIE/IOYHOI GanaHc;

npoueccbl MeTabonmama 6enKoB, NMNNA0B, YINEBOAOB, HYKNENHO-
BbIX KMUCMOT U APYrUX OPraHMYecKMX COefMHEHWNIA 3a CYUeT yhaNneHus
KOHEYHbIX MPOAYKTOB 0OMEHa;

noafepXXaHve Heo6xoaUMoro oobema LMPKYIUPYHOLLEA KPOBK, ap-
TepUanbHOro AaBneHnsi, 06MeHa 3M1eKTPOIMTOB U NepeMeLLEHNs Pu-
3M0NOTNYECKN aKTUBHBIX BELLECTB — PErynsTopos;

PErynayuMi0 KPOBETBOPEHUS, BbIJENsAs B KPOBOTOK 3pUTPOMO-
3TUH;
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CBEPTbIBAHNE KPOBU, CUHTE3MPYS PaKTOpbl remocTasa u (onubpruHo-
Nn3a YpoKnHa3y, TpombonnacTuH, TPOMOOKCaH M NPOCTaLUKINH;

BbLLle/IEHVE B KPOBb BUTaMuHa D3, apuTponoaTuHa.

Takum o6pa3om, couyetas 3TV MPOLIECChI, MOYKM y4acTBYIOT B
9KCKPETOPHOM, roMeocTaTUyecKon, MeTabonnyeckom, 3HLOKPUHHON
W 3aLMTHBIX (DYHKUMSAX OpraHu3ma, T.e. ABIATCA [NaBHOW CuUCTe-
MOI, coxpaHstolen romeoctas. Mo3aToMy MNOYKM ABAAOTCA MOJMN-
(DYHKLMOHaNbHbIM OpPraHOM U KX MOPaXXeHWe MOXET NPUBecTn K co-
CTOSHUAM, HECOBMECTUMbI” C XXM3HbHO.

8.2. CTPYKTYPHAA OPIrAHUN3ALNA TMOYEK

MoukM y MnekonuTalWmuX 00bIYHO GO6OBUAHOW (POPMbI, 33 UC-
KMHOYEHNEM HEKOTOPbIX XXBaYHbIX: Y KPYMHOro poratoro ckota noyka
thparMeHTMPOBaHa, HO Yy 1I0Cei parmMeHTaums ~nee BblpakeHa. [ou-
KW pacronaratoTcs Ha 3ajjHeit 6ptoLLHOI CTEHKe 3a npeaenammn 6proLy-
HOM MOMIOCTM, Ha PaBHOM PacCTOAHWUM OT NMO3BOHOYHOrO CTOM6a N OK-
PYXeHbl hacuueit, Nofd KOTOPOW XupoBas Npoc/ioika. MapeHxnma
MOYKN OKpY>XKeHa (PMOPO3HOI Karcynol, MOKPbIBAKOLLEA BbIMYK/bINA
Hapy>XHbI Kpail opraHa. BHYTpeHHWI, BOTHYTbI Kpail hopmupyet
BOPOTA MOYKM, OTKPbIBatOLLMe JOCTYN B MOYEYHYHO Nasyxy, B KOTOPOA
pacrnofiaraeTcs rnoyeyHas noxaHka 1 Yepes KOTOpble BXOAAT apTepus,
HepBbl, a TaKXXe BbIXOAAT BEHA, MM(pATUYECKME COCYAbl U MOYETOY-
HUK. AHaTOMMUYECKMN NOYKa MIEKOMUTaloWmMX pasgeneHa Ha [iBe 30Hbl:
BHELLHIOK KOPKOBYH KPacHO-KOPMYHEBOIO LiBETa N BHYTPEHHIO MO3-
rOBYH, Pa3fe/ieHHYH Ha Hapy>XXHYHO (Npunexalllyto K KOpKOBOW) N110BO-
KpacHOro LBeTa 1 cocoyek 6eoBaTo-entoro ugerta (puc. 8.1). Mac-
ca NoYyeK Nno OTHOLLEHUIO K Macce

Tena cocTasniseT (/200 ero yacTb. Mex<a0/bKoBas
EXXEMUHYTHO Yepe3 MoUKy Mpoxo-  Kopkosoe ~ APTEPUA 1 kiyGouka
AnT 1/4 BCcero oobema KpoBu, Bbl-  BEWECTEO Mupamnga
bpacbiBaemMoil cepaLem. Mosrogoe
Mo AaHHBIM MUKPOCKOMMUYEC-  pienoy BeUJLB%CT-

KUX UCCNeA0BaHui, NoYKa COCTONT

N3 MHOXECTBa He COOOLLAIOLUMXCH  Moueunas
Apyr ¢ apyrom (Kak mopgosiormyec- aprepus
KW, TaK U PYHKLMOHA/IbHO) CTPYK-
TYPHO-(PYHKLMOH/IbHBIX e4UHUNL, —
He(bpoHOB, 06ecneymBaroLLMX BeECb
KOMM/ieKC 06pa3oBaHnA U KOH- Cocouek
LleHTpaLumMmn Moum, 1 TOMbKO Ha Bbl-

X0fe coeauHAalLWmxcs B cobupa-

TeNlbHble TPY6KWU. B nouke Kpyn-

HOrO POraToro cKota § MH Hegpo- Kancyna  Mupamuaa

HOB, Y CBUHEN _115 MJ/IH, OBEL, — Puc. 8.1. AHaTOMUYeCKMe 0COBEHHOCTN
| M/IH, KpbICbl — 62 TbIC., COba- MOYKM
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Puc. 8.2. Cxema tokcTameaynnisipHoro (A) u no-
BEPXHOCTHOro (£) He(hpOHOB:

1—kKopKoBoe BellecTBO; WM —HapyxHaa n 11—
BHYTPEHHAS 30Hbl MO3roBOro BellecTsa; 1— Kiy-
6ouku; 2, 3—wu3BMUTas U NpsAMas 4acTu NPOKCU-
ManbHOro CermMeHTa; 4— Hucxopsllee KoNeHo net-
nn TeHne; 5—TOHKOE BOCXOAALLEe KOMEeHO MeTnu
eHne; 6—ToNCTOE BOCXOAsLLEe KONeHO NeTn [MeH-
ne; 7—,gVICTaJ'IbeII7I U3BUTBIN KaHanew,; 8 — CBA3y-
towuin otgen; A 10— cobupatensHas Tpy6ka

Kn —816 TbIC., a Y Ye/siloBEKA OKO-
no 2 MnH. HedgpoH cocTouT mn3 He-
CKONbKUX MOC/ef0BaTENIbHO COeAUn-
HEHHbIX OTAe/N0B, pacrnonararoLLmx-
CA B KOPKOBOM ¥ MO3rOBOM BelLie-
CTBE MOYKM.

Mo cTeneHn MorpyXeHus B Kop-
KOBOE BELLEeCTBO pa3/inyaroT Tpu TU-
na HeppoHOB; cynepuumasbHble, YH-
TPaKopTVKaTbHble 1 HOKCTamMesy -
nspHble (prc.8.2). HavanbHbIi 0Taen

KaX10ro HedypoHa npe/cTaB/isieT Co60i COCYAMUCThIN KyGoUeK, OKPYKEH-
Hbln Kancynoi LUymnsHckoro —boymeHa. Kny6ouyek Kanunnspos
(Manbnurunes Knyoo4ek) hopmMmnpyeTcs MPUHOCALLUM COCYA0M —apTe-
PWONOiA, pacnagaroLlerics Ha MHOXeCTBO (80 50) KanunnsapHbIX NeTesb,
KOTOpble 3aTeM CMMBAKOTCS B BbIHOCALLEM cocyge. Kancyna LUymnsH-
CKOro —BoyMeHa OKpYXKaeT CoCyAuCTbIi Kny6oUek NogobHO LLapoBuna-
HOMY 60Kaly, Yyepe3 Y3Koe rop/o KOTOPOro BXOAAT MPUHOCALLNNA W Bbl-
HOCALLMIA cocyfpl, a BCA BHYTPEHHAA NOOCTb 3ano/iHeHa NeTasaMmn Ka-
NUNNISPOB Manbnurmesa Kny6ouka (puc. 8.3).

[MpuHocawan BbiHocALLAA
apTepuona apTepuona

BHyTpukanun-
nApHoe
[faBneHue
+50 mmpT.cT. A n BoymeHoBa
Karncyna
OcmoTHYec-
Koe faBneHue
-30 Mm pT.CT.\ Kny6oukoBble
Kanunispbl
MuneTka
'mppocTaTunyec-
KOe fiaBfieHue
lBsTKaHS:IX PTYTb Wi
oMM PT.CT. pacTUTeNbHoe
mMacsno
MpoKcMasbHbIN
KaHanew,

Puc. 8.3. Cxema Tenbua LLlymnsHckoro



bucLepanbHblii (BHYTPEHHUIA) UCTOK Kancy/bl COCTOUT U3 NOAOLM-
TOB, KOTOPble MOP(ONOrMYeCcKN CBA3aHbI C Kanuansapammn Kinyoouka.
Mpouecc ynbTpauabTpauum XXUAKOCTA U3 NPOCBeTa Kanuiispos B
MPOCTPaHCTBO Karncynbl LLyMnsHCKOoro —boyMeHa cBsizaH ¢ ABUXe-
HVWEeM (unbTpaTa 4Yepe3 TPU MOPKOSIOTUYECKN PA3/INUYHBIX CNOS —
3HLOTENUM Kanunnspos, 6asaiibHyr0 MemM6paHy W anuTefnasibHble
KNEeTKW, (hopMupyloLLMe BUCLEepabHbIA NUCTOK Kancynbl. Ans obec-
MeyeHNs 3TOro npouecca Kanuanapbl BbICTNaHbl YMIOLWEHHbIMU 3H-
[OTeNMaNbHbIMU K/IETKaMK, NPUYEM WX BbICOTA MOXET COCTaB/ATb
Bcero 0,15...1,2 MKM, a B Tefile 3HAOTENMOLMTOB 06pasyroTca 0TBep-
CTUA —peHeCcTpbl. Mexay aHA0TeNneM Kanuanspos 1 NojoumTamu
NEeXUT MOLLHBIA cnoll — 6asanbHas MembpaHa (150...300 Hm). Camu
nofounThl B npouecce AUDdepeHLUUPOBKMA 06pasytoT YANMHEHHbIE
OTPOCTKM (NeamKynbl), MeXAy KOTOPbIMU MMEHTCH Y3KMe MPOCTpaH-
cTBa {LWenesble Anadparmbl) WUPUHONA 35...45 HM. TeanKybl NOKPbI-
Tbl C/IOEM MO/IMAHNOHOB CUaNOr/IMKOMPOTEMHOB, KOTOPbIE BO MHO-
roM onpeaesAtoT XapakTep NPoLEeccoB ynbTpaduabTpaLuy npu obpa-
30BaHUM nepBUYHON Moun (puc. 8.4). MNapueTanbHbIl NMCTOK Kan-
Cynbl 06pa3oBaH 6as3anbHOW MeMOpaHOl M C/MOeM KMETOK anuTenus
Ky6unyecKoli (hopMbl, KOTOpPbIV NEpexoanT B MOYEYHbIN KaHanel, co-
CTOALLMIA U3 TPeX OTAENOB: MPOKCUMaNbHOro CerMeHTa, W3BUTOrO U
npAMOro KaHanblues. MpsAMas 4acTb NPOKCUMANLHOTO KaHa/bua ne-
PEXoAuUT B TOHKWUIA OTAen neTnu lenne.

MpOKCMMasbHbIA U3BUTHIN KaHasel, Ha4MHaeTCs HeEMOCPeACTBEHHO
OT NofocTn Kancysbl LLymnsHCKoro —boyMeHa 1 fienaet ABa-Tpu U3ru-
6a B KOPKOBOW 30He MOYKWU. OCOBEHHOCTb K/IETOK 3TOr0 OTAena He-
(hpoHa onpesenseTca HaiMuMem PasBUTON LIETOYHOW KaeMKu, npeq-
CTaB/IAIOLLEN COB0M MUKPOBOPCUHKM —BbIPOCTbI anuKasbHOM Mnas-
MaTU4ecKoih MeMbpaHbl BbICOTOM A0 1 MKM. LiuTonnasma KneTok 3To-
ro oTAena CoAepXXMT 60NbLLIOe KOMMYECTBO BaKyosIeid, IM30COM, MUKPO-
Teney,. B 6a3anbHOM YaCTW KNIETOK KOHLEHTPUPYKOTCA MHOTOUYUCIEH-

Kny604KoBbIi Kanunnsp

deHecTpbI JHAOTeNnnanbHas KneTka
BHYyTpeHHASA'
mz_ Mpo3payHas
nnacTuHKa
MNnoTHas Kny6oukoBas
AMpAnacTUHKa 6a3anbHasi
HapyxHas MemMmbpaHa
Kny6o-n<osb|ﬂ:] ~ npospayHas
nonvaHnoH nnacTunHKa
Meaunkynbl
aNnTennanbHbIX
annTenuanbHas K/eTokK
wenesas
Memb6paHa

Puc. 8.4. CTpoeHMe CTEHKMN KNyBOUKOBOro Kanuansipa
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HapaZy € npoueccaMmu (DOPMMPOBAHUA MOYM YYaCTBYHOT B pery-
NATOPHbIX MexaHW3Max, CUHTe3Mpys W MepeHocs B KPOBb (PU3M-
0/10TMYEeCKN aKTUBHbIEe BELLECTBa, T. €. OCYLLECTBASKOT 3HLOKPUH-
HYI0 (DYHKLMIO MOYKMN.
Moyka SBNSETCH BaXHbIM 3BEHOM B PedIeKTOPHON perynauuu
NMOCTOSHCTBA COCTaBa U 06bema BHYTPEHHEN cpeabl opraHusma. -
EPEHTHbIE HEPBbI UrPAOT CYLLECTBEHHYHO POJib B OpraHusaumm pe-
NeKcoB Noykn. OHW NpeacTaB/ieHbl CUMMNATUYECKMMU (OT CONHeY-
HOro cnjieTeHus) n napacumnatruyeckmu (0T GNyXIAKOLEro Hepsa)
HEPBHLIMU BOSIOKHaMMU.

8.3. MOYEOBPA3OBAHWNE

Mpouecc Moyeobpa3oBaHWUs COCTOUT W3 ClefYHOWMX MPOLEecCoB:
unbTpaLmm B NOYeUHbIX KNyboukax, peabcopbumumn (obpaTtHOro Bcachbl-
BaHWs) B MOYEYHbIX KaHa/bLaX, CEKPeLWn 1 CUHTE3a.

Kny6oukosas ynbTpadunbTpaums. ObpazoBaHMe MOUM BK/IKOYAET [Be
(basbl: KNYOOUKOBYI YbTpadunbTpauno —obpasoBaHe MNepBUYHOA
MOYM U KaHa/bLEBYHO —o06pa3oBaHe BTOPUYHON MOYM,
NOITOMY 3TOT MPOLIECC HA3bIBAETCA (HWbTPALIMOHHO-PEAbCOPOLIMOHHBIM.
®YHKLMNOHaNbHOW 0COBEHHOCTHLI0 HAYa/IbHOM YacTu HepOoHa ABNSAET-
cA (hubTpaunsa nnasmbl KPOBU Yepe3 rMOMePYNApHbIA uibTP, KOTO-
Pbli COCTOUT W3 3HAOTENNSA KanwunispoB MaslblUIrMEBOro Knyobouka,
Pa3BUTON 6GaszanbHOM MeMOpaHbl U 3NUTENUs BUCLIEPASILHOTO NUCTKA
Kancynbl. ®eHecTpbl aHA0TeNNs —oTBepcTus Ao 100 HM, cBOGOAHO
MPOMycKatoT BOAY M PacTBOPEHHble B HEW BeLLecTBa, KpomMe (hOPMEH-
HbIX 3/1EMEHTOB KPOBU W KPYMHbIX MOJEKY/I.

CTpyKTypa 6a3aibHoin MeMbpaHbl, NpeACTaBIeHHOW (hMOPUNNSPHBLIM
BELLLECTBOM, CLIEMEHTMPOBAHHbLIM 3/1EKTPOHHO-NPO3payHbIM amopd-
HbIM MaTPUKCOM, 06ecrneynBaeT QYHKLUUN «MOJSIEKYNIAPHOro cuta» C
A4eiKamn OKOMO 2,9 HM M OTpuuaTe/bHbIM 3apsgoMm. TpeTuid cnoi
rNoOMepynsapHOro guabtpa OPMUPYIOT OTPOCTKU MOJOLMTOB, MEXAY
KOTOPbIMU HAXOAMTCA MPOCTPAHCTBO —MEXK/NETOYHble LWwen 0 10 HMm,
MEXAY CTeHKaMu, MOKPbITbIMUA TIMKOKA/IMKCOM, LeneBuaHOe Npo-
CTPaHCTBO COCTaB/AeT OKONO 3 HM. 3Ta 4YacCTb (PU/bTpa TakKKe HeceT
oTpuUaTeNbHbIA 3apag U NPensTCcTBYeT NPOHWKHOBEHWUIO B MepBMY-
HYIK0 MOYY 3Ha4MTEe/IbHON YacTy 6eNKoB Nasmbl KpoBu. OTPOCTKM MO-
[OLMTOB 3arosIHeHbl 3/1EMEHTaMW LIMTOCKeNeTa, CrocobHbIMU COKpa-
LaTbCA U paccnabnaTbCs, U TeM CaMbIM aKTUBHO YYacTBYHOT B NpoLiec-
ce (unbTpaumm, oTKaumMBas (UAbTPAT B NOMOCTb Kancynbl. Pacnono-
XEHHbIE MeXy Kanunnapamu MesaHruasbHble KIeTKWU, CoKpallasch 1
paccnabnasnch, U3MEHAIOT aKTUBHYIO NJIOLAaAb NOBEPXHOCTU Kny60u-
KOBOIo punbTpa.

B kanunnapax kny604koB 3HauuUTe/IbHO 60Nee BbICOKOE AaB/ieHune
KpOBW, YeM B [pyrux Kanunnspax Tena, npuyemM 3a cyeT pasnnyunii B
AvameTpe BXOAALLErO U BbIXOAALLEr0 COCY0B TOK KPOBU 3aMef/ifeTcs
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1 CO34at0TCA YCN0BUA A1 «BbILABMMBAHWUA» YacTW Nia3Mbl 3a npege-
Nbl KANUANAPHOTO pycna. PUNbTPaLNOHHOE AaBNeHne, 06yC/oBeH-
HOe rnapocTaTuyecknm gasneHmem kposu (60...90 Mm pT. CT.), BOSIXK-
HO MNpeofofieBaTb OHKOTUYECKOE [aBneHune 6efiKoB Mnia3Mbl Kpo-
BU (25..30 MM pT. CT.) W [aBfieHWe >KMAKOCTM B MOJIOCTU Karcy/bl
(15...20 Mm pT. cT.). ®dunbTPaLUOHHOe AasneHue (PL) npeactaBnseT
Co60l pasHOCTb MeXAy rmapocratuyeckum aasneHnem (P") Kposu B
Kanunnapax Knyboyka u CyMMO OHKOTUYECKOrO AaBneHuns nnas-
Mbl KPOBW ¥ [aBNeHMs nepBuyHon moun (J1,):

& =Pr~ {Po+ "m) = 70 —(30 + 20) = 20 MM pT. CT.

Takum 06pa3oM, a(heKTUBHOE (hUNbTPaLMOHHOE) faB/eHue, Bbl-
3blBaloLLee nepexof nsasMbl KPOBW B MONOCTb Kancynbl LLymnsH-
ckoro —boymeHa, coctaenset Bcero 20...30 mm pT. CT. NepBryHas Moya
(Kny604KOBbIV YNbTpatuIbTPaT) MO COAEPXKaHU0 aMUHOKUCNOT, Fto-
KO3bl, MOYEBWHbI, KpeaTMHWHA, MOHHOMY COCTaBy W HW3KOMOJEKY-
NAPHBIX KOMMNJ/IEKCOB MAEHTUYHA Nia3Me KpoBu. OHa NpakTUYecKy He
COAEPXUT Be/IKM aHMOHHOW NPUPOAbI, & /Il COXPaHeHUsi PaBHOBECKS
JoHHaHa (CM. rn. 2) B NepBUYHOW MOYe KOHLEHTpauma xnopa, bukap-
OOHATOB BbILLE, & HATPUSA N Kanmnsa HuXxe.

Mpouecc (UNbTPaUMKM XapakTepusyeTcs CKOPOCTbIO K/yBOYKOBOW
unbTpayumn (CK®) n onpegensetca o6beMoM ybTpadunbtpata (nep-
BUYHOW MOu4M), 06pa3oBaHHOIO 3a eauvHULy BpemeHn (1 MuH). CK®
3aBMCUT OT 06beMa MPOTEKatOLLEN Yepe3 NOYKK KPOBU, (UIbTPaLMOH-
HOrO AaBneHuns, (PUIbTPaLMOHHON MOBEPXHOCTU U KONNYeCTBA (PYHK-
LIMOHUPYIOLWNX HepoHOB. B ycnoBuax (u3Monornyeckorr Hopmbl
CK® noppep>xmBaeTcs Ha [OCTATOMHO MOCTOAHHOM YPOBHE 3a CYeT
MexaHu3Ma ayToperynauuv, BKIHYAMLLEr0 MWOTEHHYH perynaumio
TOHyCa MPUHOCALLEro cocysa (apTepuosibl) U U3MeHeHVe COOTHOLLE-
HUSA TOHYCa BXOAALLEr0 M BbIXOASALLEro B Ky60YeK COCYA0B, NMpUYeM
3TN MexaHu3Mbl 06ecneynBaroT NMOCTOAHCTBO KPOBOTOKA B K/y60u-
Kax W (OMNbTPALUOHHOIO [aB/IeHUA. Hannume perynaTtopHbIX CUCTEM,
ornocpefoBaHHbIX (PU3NONOTNYECKN aKTVUBHbLIMYW BeLLeCcTBaMu %)eHVIH-
aHTMOTEH3UHHAA CUCTEMA, KMHUHBI, NpoCcTarfaHinHbl), CnocoocTByeT
N3MEHeHU0 (UNbTpauun B pesynibTate W3MeHeHUs apTepuasbHOro
[aBnieHns, naowaay akTMBHOW (UbTPaLMOHHON NOBEPXHOCTU U TO-
Hyca nogoumToB. KOHeuHbln pe3ynbTaT ageKTUBHOCTM paboTbl NOY-
KW B npouecce ynbTpaguibTpauuy onpeaenseTcs u Yncnom ofHoBpe-
MEHHO (PYHKLMOHMPYOLWNX HEPPOHOB. ECnM B 0ObIYHBIX YCNOBUSAX
(pyHKU,MOHM%yeT 0ko0/10 10 % He(hpoHOB, TO NPW YCUIEHHOW Harpys-
Ke 4mMcnio paboTaroLLMX CTPYKTYPHO-(PYHKLMOHANbHBIX €4UHUL, MHO-
rOKpaTHO BO3pacTaer.

CK® onpeaensietcs Npu cONOCTaB/EHNM KOHLIEHTPALMIA BELLECTBA,
nepexofsLLero U3 niasmbl B MEPBUYHYHO MOYY, W B Ja/ibHelLLEM MNpu
MPOXOX/JEHNN KaHasbLieB Hepeagcopbrpyemoe. TakvM BelecTBOM MO-
XET ABMATLCA WHYNWH (nosmcaxapug ¢ MonekynspHon maccoid 5200,
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BCTPeYatoLNiACH TONbKO B pacTeHusx). Mo KOHUEeHTpauumn nHynHa B
nnasme Kposu (J/InH) 1M B ONpeaeneHHOM OO0beME KOHEYHOW MOuM
(K/VH) paccumTbiBalOT KOSPAOULMEHT OUMLLEHNUA UHYNNHA WKW KNKN-
PEHC VHYNUHA:

CKo
‘,-I”H

Ona onpepeneHns CK® MHyNMH Heo6X04MMO KanenbHO BBOAUTb
B KPOBOTOK, MO3TOMY [aHHYK TPYAOEMKYIO Npoueaypy 3aMeHuIn
OMpefesieHneM K/MPEeHCa 3HAOTEHHOr0 BellecTBa —KpeaTuHWHA,
obpasytolieroca B opraHusMe u He nojgepratoLierocs peabcopo6-
UMK, KOHUEHTpaums KOTOpOro B MnsasmMe [0CTaTO4YHO cTabuibHa
(npoba Pebepra).

O6bem 00pasytoLLUeiics NepBUYHONA MOYM OYeHb Bennk. Mo pas-
HOCTM KOHLIEHTpaL WA HEKOTOPbIX BellecTB (CynbthaToB) B NEPBUYHONA
M KOHEYHON MOYe MOXXHO OMNpefenuTb, CKOMbKO BOAbl BCOCANOCh 06-
paTHO B KpOBb. KOHLEHTpauusa CynbhaToB B KOHEYHOW MOYe COCTaB-
nset 0,18, a B nepBmyHoii —0,002 %, T. e. KOHLEHTPaLMs BO3pacTaeT B
90 pa3. CnepoBatefibHO, AN 06pa3oBaHMs 11 KOHEYHON Mouu Heob-
X0AMMO, 4T0bbI Yepe3 KaHasbLbl Nponuto 90 1 NepBUYHONA.

B Hopme CKOpOCTb K/y6OYKOBOW (hvbTpaLun Bcerga npesbllaeT
100 mn1 B 1MuH (Npu pacyeTe Ha 1,7 W NOBEPXHOCTU TeNa), a MOYeoTae-
neHnsa o6blyHO pasHa 0,8..2 Mn B 1MuH. Takum 06pa3om, B MosoCTb
Ha4a/IbHOro OTAeNa HehpoHa U3 niasmbl NPOGUILTPOBLIBAETCA TaKOM
06beM MepBMYHOM MO4YU, KOTOpbIA 6onee yem B 100 pa3 nmpeBblaeT
BbLLe/NISEMBIIA 32 3TO Bpems noykamu. 103ToMy BrosiHe OYEBMAHO, YTO B
HOpMe MO4YeOTAeNeHNe Mano 3aBUCUT OT K/Iy60YKOBOM (DubTpaumm:
ec/in 06paTHoe BcacbiBaHMe cocTaBnseT 99 % oT Kny604KoBOi PunbTpa-
UMK, TO JaXe YBeNMYeHve MocnefHeli BABOe YCUIUT MOYeOTAeNleHune
nnwb ¢ 100 2 M 3a LMUH, Torja Kak yMeHbLLeHWe peabcopoLmm ToMb-
Ko Ha 10 % npuBegeT K AeCATUKPAaTHOMY YBe/IMYEHWIO ANypesa.

KaHanbLeBas peabcopbupms. B 3aBUCMOCTY OT noKanusauum otae-
Nna KaHanbLEB pasnnyaloT NPOKCUMarbHY0 M AMCTanbHyl0 peabcop6-
umto. MpokcumanbHas peabcopbums 06ecrnevnBaeT NosHoe BCacbiBaHUe
rNI0KO3bl, 6e/IKOB, aMUHOKWUC/IOT U BUTAaMUHOB. B npokcMManbHOM
oTaene peabcopbupyetca 2/3 NpodunbTPOBaBLUEACA BOAbl U HATPWS,
Kanus, ABYXBaJIEHTHbIX KaTMOHOB, X10pa, 6ukapboHaToB, (hocgaTos.
YeTBepTb NPOgM/IbTPOBABLLErOCA HATpUs peabcopbupyeTcs B Metne
leHnie n 8...10 % BcacbiBaeTCA B KOHEUYHbIX OTAeNnax HepoHa 1 cobu-
paTefibHbIX Tpy6kax. OCOBEHHOCTb MPOKCUMasbHOW peabcopbunm B
TOM, YTO HaTPWiI1 BCaCbIBAETCS C OCMOTUYECKN 3KBUBA/IEHTHBIM 006be-
MOM BOfibl U B KOHLE MPOKCMMa/bHOro OTAena octaeTca ToNbko 1/3
ynbTpaunbTpaTa, N300CMOTUYHOIO nnasme Kposu (puc. 8.6). MpoHK-
LLaeMOCTb CTEHKM KaHanblia Ans BOAbl U MOHOB ONpeAensieTcs CBOW-
CTBAMU anviKa/bHbIX K/ETOYHbIX MemOpaH, BbICTUNAIOLWMNX KaHaseL.
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MpoKcUManbHbIA
M3BUTBIA KaHaeL,

~TnokKo3a "2

OucTanbHbI KaHanel,

<C?Na _Na a

KopTukansHas
~AMUHOKUCIOTbI cobmpaTenbHas
HCO,
l«<ee KOJEHO t Tpybka
JneTrm_leHner
N PHHa  Hapy>kHas
. bAOCT €pOoH
AKTVBHbIN MegynnsapHoe ?(fﬁp'l}llgg'?'%;iﬂaﬂ
TpaHcnopT To/nCcToE | >
. BOCXOfs- K ¢ ~  Tpybka
MaccrBHbI Liee KosieHo \
TpaHcnopT neTsm lewne
Hucxopsauee
KOJEHO neT/m MepgynnspHoe BHyTpeHHss
leHne TOHKoe MegynnspHas

Bocxogsa-
Liee KONEHO

cobupaTenbHas
TpyobKa

neTnn /Vn~u n
["eHne

Puc. 8.6. Cxema KaHanbLeBOW peabcopbLmm

MoBEPXHOCTb anuKanbHOW MeMb6paHbl Y K/eTOK MPOKCUMAasbHOro
KaHanblLa O4YeHb Be/MKa 3a CYeT 06pa3oBaHWs MHOTOYMC/IEHHbIX
MWKPOBOPCUHOK LLETOYHOW KaeMKW. B npokcumanbHOM OTAene He-
(hpOoHa CyLLeCTBYeT [iBa MeXaHW3ma BCacblBaHUS BOAbl N MOHOB: ak-
TWBHbIA TPAHCNOPT HATpUsA C NaccuUBHOM peabcopbuueli 6ukapboHa-
Ta 1 _BOfbl, NAaCCUBHbIA TPAHCMOPT X0PWO0B C NacCMBHOW peabcopob-
LMen HaTpus 1 BOAbL.

B HauyanbHOM y4acTke KaHa/bLeB HaTpuUii BXOAWT B K/IETKM 3Mu-
Te/IMs NacCUMBHO MO KOHLEHTPaLVUOHHOMY rpajueHTy, Tak Kak B K/eT-
Ke NMOCTOSHHO MOAAEPXMBAETCA HU3Kas KOHLEHTpaLWUA 3TUX VOHOB.
Bnarogaps 3MeKTPOXUMUYECKOMY TpPafUeHTYy, T. €. eCTeCTBEHHOMY
3/1IEKTPOOTPULATENIbHOMY 3apsAY Ha BHYTPEHHEN MOBEPXHOCTU MeM-
OpaHbl K/IETOK, MPOUCXOAMT MepeMeLLleHne MOOXUTENIbHO 3apsiXKeH-
HbIX MOHOB HaTpWa BHYTPb KNETKW. HaTpuii BbiIBOAMUTCA Yepe3 6a3o-
narepasibHble NOBEPXHOCTUN K/IETOK C NMOMOLLbI0 HATPUR-KaNneBbIX Ha-
COCOB, UCNOMb3YIOLWNX ANA CBOE paboTbl aHepruto ATP. C noHamu
HaTpWs NacCMBHO BCaCbIBAeTCA aHMOH 6ukap6oHata. Xnopuabl abcop-
OMPYIOTCA NAacCMBHO B KOHEYHbIX YYacTKaxX MPOKCUMabHbIX KaHaslb-
LIeB Yepe3 30HY MeXK/IETOYHbIX KOHTaKToB. BmecTe ¢ HUMK B (hopme
CONPsHKEHHOr0 TpaHcnopTa (KoTpaHcnopTa) peabcopbupyroTcs HaTpuii
n Boga (puc. 8.7).

MpoKcuManbHas peabcopbums rHKO3bl U aMUHOKMUCIOT OCYLLECT-
B/IAETCS C MOMOLLbIO CreLmanbHbIX NePeHOCYMKOB, IOKaIN30BaHHbIX B
WETOYHON KaeMKe anuKasibHOW KNeTOYHOW MeMbpaHbl U (yHKLMO-
Ha/IbHO CBfI3aHa C peabcopbuwmeli HaTpus. TepeHOC rNKOo3bl U aMu-
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HOKMC/IOT U3 KNEeTOK 3MUTENNA B MEXK/IETOYHOE MPOCTPAHCTBO TaKXe
CBS3aH C aKTUBHbLIM Yy[aNeHWeM HaTpus U3 KNeTKW Yepe3 GaszonaTte-
pafbHYt0 MeMbpaHy C 3aTpatoi aHeprun AT®. Takoi B TpaHcnopTa
Ha3blBAlOT BTOPUYHO aKTVBHbIM MU CMMNOPTOM. Ha membpaHe wie-
TOYHO KaliMbl NEPEHOCUMK NPUCOEAMHAET TPAHCMOPTMPYEMOE Belle-
CTBO M MOH HaTpus. bnarogaps 3apsagy MembpaHbl U HU3KOMY COAep-
XKaHWI0 HaTpus B LMTONMa3Me K/IEeTOK TPaHCMOPTHBIA KOMM/EKC nepe-
MeLLaeTcs BHYTPb K/ETKK, rAe pacnajaeTca ¢ 0CBOGOX/AEHVNEM HaTpuS
1 TPAHCNOPTUPYEMOrO BeLlecTBa. HaTpuii yaansetcs B pesynbrare fe-
ATeNIbHOCTU HaTPUIA-KaIMeBOW MOMIMbI, NOKaIM30BaHHOW B 6a3onarte-
pasibHOV MeMbpaHe, a r1toKo3a IM60 aMUHOKMUCNOTbI N0 FpagueHTy
KOHLIEHTpaL My NOCTynatoT B KPOBb.

[ns peabcopbunm 0AHON MONEKY/bl FNIHOKO3bl UCNOMb3YeTCsH 04-
Ha MoJfieKyfia NepeHocYMKa, No3ToMy Mpu M36bITKE T/H0KO3bl B KPO-
BW, a CNnefoBaTeNbHO, U B YNbTpauibTpaTe MOXET MPOUCXOANUTb
MO/IHas 3arpy3ka BCeX MOJIEKY/T MEPEHOCUMKA W U3/NLLEK T/THOKO3bl
yXKe He peabcopbupyeTcs W BblAenseTcs ¢ MOYO. Takum obpasom,
CYyLeCTBYeT onpefeNeHHblli TMMUT «MaKCUManbHOrO KaHasbLeBoro
TpaHCnopTa BELLECTB» —TPajNLMOHHOEe Ha3BaHMe «MOYeYHbI NOpor
BbIBEZIEHUS», 1 MOC/Ee LOCTUXKEHUS MakcMMyMa peabcopbuum riKo-
3a 1 HEKOTOpble pyrue «noporoBble BeLLecTBa» NOSBASIOTCA B OTAe-
NAEMOi MoYe.

Mopor BblBeJeHNs —3TO Takas KOHLEHTpauusa BellecTBa B KPOBMU,
NpU KOTOPOM OHO He MOXeT ObITb MOMHOCTbI peabcopbMpoBaHO B
KaHanblax M nonafaeT B KOHeYHYK Mouvy. BelyecTBa, KOTOpble He
peabcopbmpytoTCs B KaHanbLiaxX W BbLUENAKTCS NPOMOPLMOHANIbHO MX
HaKOM/IEHNIO B KPOBM, Ha3blBAKOT HEMOPOroBbIMU, HanpumMep MOYeBM-
Ha, WHYNNH, KpeaTUHWH, cynbdatbl 1 Ap.
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OvctanbHas peabcopbuma MOHOB W BOAbl. B aTom
oTAene He(poHa NPOUCXOAUT aKTMBHaa peabcopbums okono [0 %
HaTPWS, YTO CO3/AET 3HAUMTE/bHbIA TPaANEHT OCMOTUYECKOTO AaBe-
HUA MEXIY MOYOW U MEXKNETOYHOW TKaHbi. X/Iop BCacbiBaeTCA nac-
CVMBHO BC/ie[, 3a HaTpueM. SnUTENIMIA ANCTalIbHOTO KaHasbla B 06MeH
Ha WOHbl HaTpus yaanseT B MoYy H-MOHbI (3TOT BUA MOHOOOMEHHbIX
MNPOLIECCOB Ha3bIBAETCA aHTUNOPT). Hapaay ¢ 3TUM B UCTa/IbHOM OT-
[ene akTUBHO BCACbIBAKOTCA Ka/lMi, KanbLUui u ocdaTbl.

KoHLEeHTpupoBaHue 1 passeaeHve Moun. Cpefiv Mo3BOHOYHbLIX TO/b-
KO Y MIeKONUTAoLWMX U NTUL, 06pa3yeTcs Moya, rmnepocMoTnYHas no
OTHOLLEHWIO K Mna3me KpoBW. B xofe 3asontouMu CKNafblBanacb pas-
NINYHAA CTeneHb CNOCOOHOCTU K KOHLEHTpaLMM MOUK: Npu HeobXxoau-
MOCTW cbeperaTb BOLY Y MYCTbIHHbIX XWBOTHbIX MoYa B 25 pa3 KOH-
LIeHTPVpPOBaHHee Nasmbl KPOBW, @ Y KUBOTHbIX, UMEIOLLMX CBOOOA-
HbI1 gocTyn K Bofe (606p, CBMHbLS), KOHLEHTPUPYHOLLME BO3MOXKHOC-
TV BbIpaXeHbl BECbMa yMepeHHO (Tabn. 8. .).

8.1. KOHUeHTpupytoLwasa crnocobHOCTb MOYKU

MakcumanbHas ocmoTu-
Bwug XXMBOTHOIO yeckas KOHLeHTpaums
MOYU, OCMONb/N

OTHOLLEHME KOHLEHTpauum
Moua/nnasma

Bobp 0,52 2
CBUHbSA 11 3
Kowka 31 10
ABCTpanuiickas npbliraioLias Mbillb 9,4 25

KoHUeHTpupoBaHue wnnn pasBefieHVe MOuYM OCYLLECTBNSAETCA B
pesy/nbTate PYHKLMOHMPOBaAHMSA MNPOTUBOTOYHO-MHOXWUTENbHON Ka-
Ha/1bLLeBO-COCYANCTON CUCTEMbI MOYeK (puc. § .8), KOTopas COCTOMT U3
KaHanbLeB netau eHne v cobupaTenbHbIX TPYOOUEK, a TakKe HUCXO-
JAWMNX N BOCXOAALLMX KPOBEHOCHbBIX KanwuaIspHbIX COCYAO0B, WUAYLMX
napanfienbHO KaHasbLawm.

KoHUeHTpupytowwas cnocobHOCTb MOYKM TECHO CBS3aHa C [/IMHOM
neTnn eHne. Y XXUBOTHbIX, KOTOPbIE BbIAENAT OYeHb KOHLEHTPUPO-
BaHHYI0 Mouy, npeobnafatoT HOKCTaMeLy/iipHble HEe(POHbI C OYeHb
OJVHHBIMW NEeTASMU, MPOHUKAKOLWNMY B MOYEYHbIA COCOYEK. Y XU-
BOTHbIX, CN1ab0 KOHLEHTpUpyowmux moyy (606p, CBUHbLA), NETAN 3Ha-
4YMTeNbHO KopoYe. MpoLecchbl TpaHCNOPTa B HACXOAALLEM KOJSIEHe YCU-
NINBAIOTCA 32 CHET AeATeNIbHOCTN BOCXOAALLEr0 KOEHa, ABMXXEHNE MOUU
B KOTOPOM MPOUCXOAUT B NMPOTUBOMOJIOXHBIX Hanpas/ieHNsX.

MpegnonaraeTcs, YTO CTEHKA BOCXOAALLEr0 KaHa/bla aKTUBHO pe-
abcopbupyeT B OKpyXatoLlee MEXKNeTOYHOe MPOCTPaHCTBO MOHbI
HaTpus, obecneynsas rmnepoCcMONSPHOCTb MEXKKNETOYHOMN XMUAKOCTK,
BmecTe ¢ HaTpvem B KayeCTBe NMPOTMBOMOHA AKTUBHO MepPeHOCUTCS
xnop. CTeHKa HUCXOLALLEro KaHa/iblLa OKasblBaeTCHd MPOHULLAeMOiA
AN BOAbl, KOTOpas N0 OCMOTUYECKOMY FpafUeHTy yXOAWUT B T1nepTo-
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Puc. 8.8. Cxema KOBLEBTPUpPYHOLLIE
ro mexaHu3ama netnm FeHne

HUYHYIO Cpefly MEXK/IETOYHOM TKaHW, HO
He npoHuuaema ans Hatpus. MocKobKy
aKTUBHbIV TPaAHCMOPT MOBbLILWAET B WH-
TEPCTULMN KOHLEHTPALUIO OCMOTUYECKN
aKTMBHbIX BELWECTB (HaTpwus, Xnopa), TO
COZEPXXMMOE HUCXOAALLEero kaHanbLa, oT-
faBas Bogy, CTaHOBMUTCS BCe 60siee KOH-
LIeHTpUpOoBaHHbIM. poiigsa NoBopoT neT-
NN, KaHa/bLieBas XUAKOCTb NoABepraercs
[elCTBMIO HAcoca, OTKauMBaeTCs elle He-
KOTOpPOe KO/IMYECTBO X10pa, C KOTOPbIM
MO0 OCMOTWUYECKOMY TpajueHTy LOMNONHU-
Te/IbHO Y[aNnsfeTcs HeKOTOPOe KOMMYeCTBO
BOAbl. BOXXHO OTMETUTb, YTO OLMHOYHbIN
3(hPEKT MOHHOrO TpaHCMopTa, NPOMCXO-
JALLero B BOAHON netne eHe, yMHOXa-
eTca Mo Mepe TOro, Kak Bce 60/bLUe BOAbI
BbIXOAWT U3 NEeTn 1 BCe 60/ee KOHLEH-
TPMPOBaHHasA XXWAKOCTb MOCTYMaeT B ee
BOCXOAALLYHO YacTb (puc. 8.9).

CcKNoUMTeNbHO BaXKHYHO PO/b UIPatoT KPOBEHOCHbIE Kanunnspbl,
napannenbHble NeTnsMm FeHne. AT Kanunnsipbl BNOMHe NPOHMLaeMbI

aona oAbl N PaCTBOPEHHBLIX

B Hell BeLLecTB, NMO3TOMY KOHLEHTpaLus

PacTBOPEHHbIX BEeLLECTB B MPOCBETE COCY/A NOBLILLIAETCA TaK Xe, KaK 1
B MHTEPCTUUMANbHOM Xunakoctn. OHKOTMYECKOe AaBnieHue 6GenkoB
nna3Mbl KPOBM TaKKe 06ecreynBaeT BTArBaHe BObl B KPOBEHOCHOE
pycno. Takum 06pa3oM, U3NULLIEK BOAbI NMOCTYMNaeT B BEHO3HYH CUCTe-
My ¥ NpU HeO6XOAMMOCTY KOHLEHTPALMU MOYM BEHO3HAst KPOBb He-

MocTeneHHbI CABUT XUAKOCT U
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2
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Puc. 8.9. Cxema NpoTUBOTOYHO
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N30eXXHO OKa3sblBaeTCs Gosee pa3baB/ieHHOW MO CPaBHEHUIO C NpuTe-
KaloLlein apTepuanbHON KpPoBbHO.

B AncTanbHYyH 4acTb KaHasbla M3 BOCXOAALLEro TONCTOro KaHasb-
L& MocTynaeT Xuakoctb, obegHeHHas NaCl, KoTopbli HakanauBaeTcs
B IHTEPCTULMANLHOM NPOCTPaHCTBE B 30He net/n. Mpun BXofe B COOU-
paTesibHyt0 TpPybKy KaHanbgeBaﬂ XWAKOCTb 6efiHa CONAMM HaTpus, HO
COAepXnUT MoyeBMHy. CobupaTenbHas Tpybouka MpoxoauT napan-
NefnbHO Y, eCTECTBEHHO, KOHTAKTUPYET C BOCXOAALLMM KOSIEHOM MNeTn
"eHsie N TOXKe BXOAWT B NPOTUBOTOYHYHO CUCTEMY: ee CTeHKa MPOoHMLa-
ema N5 BOoAbl, ¥ MO Mepe NPOABMXEHUA MOYY BOAa MacCUBHO YXOAUT
B FMMEPTOHNYHOE COLEPXMMOE MEXK/IETOYHON TKaHW U MoYa CTaHo-
BUTCSA BCe 60/1ee KOHLEHTPUPOBaHHON. MoYeBMHa NacCUBHO AUDDYH-
AVpYyeT B MEXK/eTOYHOe MPOCTPaHCTBO, YTO 3HAYMTENbHO MOBbILLAeT
OCMOTUYECKOE [iaB/IeHMe 1 CNOCO6CTBYET MOCTYMNEHUIO BOAb! U3 MPO-
CBeTa KaHanbLieB. B TOHKOW BocxofsdLLeit yacTy neTau 'eHne MoyeBu-
Ha MO KOHLEHTPaLWOHHOMY TFpafgMeHTy MocTynaeT B MoYy U Janee
MPOHUKAET B ANCTaNbHble KaHasblibl U cobupaTenibHble TPYOoUKK. 3a
CYeT 3TWX MPOLLeCCOB OCYLLECTBNACTCA KPYroob0opoT MOUYEBMHbI B Ka-
Ha/bLiax, NoLAEPX1BAIOLLMIA ee BbICOKYHO KOHLEHTPaLuio B MO3roBOM
BeLlecTse Moyku. Kanunnsapbl, NPoXofdLmMe no Mo3rosBoMy BELLECTBY
MOYKMN MapanfieslbHO HUCXOAALWMM KaHanbLam, OTAAloT BOAY B runep-
OCMOTUYECKOe MEXKNEeTOYHOE NPOCTPaHCTBO M 000ralatoTcs HaTpu-
eM 1 MOYeBMHOW. B BoCXoasLLeM KanuinsapHOM cocyfie HaTpUii 1 mMo-
yeBMHa AUMOYHANPYIOT NO KOHLUEHTPALUMOHHOMY TpagueHTy B TKaHb
MO3rOBOr0 BELLECTBa, a BOZA BCACbIBAETCH B KPOBb. KOHeUHbIW pe3y/ib-
TaT paboTbl MPOTMBOTOYHbIX CUCTEM 3aBUCUT OT CKOPOCTEN [BUXXEHUA
MOYM 1 KPOBU. BbICOKas CKOPOCTb y/bTpauibTpaLumn uin ycuneHve
[BV>KEHUSA KPOBMW MO BOCXOAALMM UM HUCXOAALLMM KPOBEHOCHbLIM CO-
cyfiam MpuBOAAT K BbLUENEHNIO MOYM HU3KOTO YAE/NbHOro Beca, Torga
KaK 3aMefiieHne CKOPOCTU [BVXXEHWS MOYM WU KPOBM B MO3rOBOM
BeLLEeCTBe YBENNYMBAET KOHLIEHTPUPOBaHKE MOYW.

KaHa/bLieBasA CeKpeLyist —3To NpoLecc nepemeLleHns BeLwecTs, Co-
JepXawmxcs B KPOBM UNN 06pa3yroLLmMxcs HENOCPeACTBEHHO B KIIET-
Kax Mo4yeyHoro anuTenusa v NOCTynaroLLMX B NPOCBET KaHa/bLieB npo-
TUB KOHLIEHTPALMOHHOI0 NN 3NeKTPOXMMUYECKOro rpagueHTa. C no-
MOLLbI0 KaHa/bLieBON CEKpeLnn 13 KPOBU B MOYY BbLLENAOTCA HEKO-
TOpble MOHbI (Kains, BOJOPOLA), OPraHNYeCcKne KUCNoTbl, OCHOBAHUA
9H[OrMeHHOro MPOUCXOXAEHNUSA N NOCTYNUBLLME B OPraHN3M Yy>Xepos-
Hble BeLlecTBa (aHTUOUOTUKM, KpacUTeNn, PEHTFEHKOHTPaCTHbIe Mnpe-
napatbl 1 Ap.). CeKpeTopHbIe NPOLECChl B Pas/iMuHbIX 0TAeNax Hepo-
Ha (PYHKLMOHaNbHO pasnnyaroTcsa. OpraHnyeckne CoeiHEHNS CeKpe-
TUPYHOTCA C MOMOLLLIO CneuuanbHbIX MepeHOCHMKOB B MPOKCUMasb-
HbIX OTfenax. BoAOpPOAHbIX WOHOB BblUENsfeTcs 60/blye B MPOKCU-
Ma/IbHOM OTAeNe, Kanua —B AUCTa/lbHbIX KaHanblax, a aMMuakK —Kak
B NMPOKCUMAJIbHOM, TaK 1 B JUCTa/IbHOM OTZene.

HekoTopble BeLlecTBa, VMeHLMe ANarHOCTUYECKOe 3HayeHue W
MHbeLMpyeMble BHYTPUBEHHO (MapaamuHorunnyposas kucnota MAI),
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3a O[HO MPOXOX[AEHVE KPOBWM MO NMOYEYHOMY KpYyry yAansTcs non-
HOCTbIO nyTem cekpeumun. Paccmatprsas Ha npumepe MAID yyacTtue
CEKpPeTOPHOro npolecca B TPaHCMNOPTE OPraHUYecknx COeAMHEHWIA,
CneayeT yKasaTb Ha HaM4umMe CrneuuanbHOro rnepeHocymKa, IoKanuso-
BAHHOIO0 Ha Hapy>XHOW MOBEPXHOCTU MeMOpaHbl KNeTKW MPOKCKU-
Ma/lbHOr0 KaHasblia, 06palleHHOM K MEeXKNeTOYHOMY MPOCTPaHCTBY.
B npucytcteumn MAT obpa3yeTcs KOMMEKC, KOTOpbIA nojBepraet-
CA TpaHCcnoKaummn (nepemMeLleHnto) Yepes MemopaHy U y)Ke Ha BHYT-
PeHHen NoBepXHOCTM MeMbpaHbl guccouumpyet, ocBoboxgas MATl, a
CBOGO/HbIA NEpeHOCUMK BO3BPALLAETCS HA BHELLHIO MOBEPXHOCTb
MeM6paHbl. TO 3HEPro3aBMCUMbIV NPOLECC, TPEOYHOLLMIA HeNpepbIB-
HOW noctaBkn AT® K 30He aKTMBHOrO TpaHCNopTa, W HapyLleHue
OKUC/INTENIbHOTO (hOCHOPUINPOBAHNSA B MUTOXOHAPUAX, pacnoso-
YKEHHbIX B MPUMEMOBPaHHON 06M1acTy, NPeKpaLlaeT NPOLIECC CEKPELIUN.
MakCUManbHbIN YPOBEHb CEKPeLMn ONpefenseTca YMCIOM MOMEKY
nepeHoOCYMKa, CMOCOOHbIX y4acTBOBaTb B MepeHOCce TpaHCrnopTupye-
MOrO BeLLEeCTBa.

PaccmatprBas NpoLecChl BbIBEAEHUSA Kanus C MOYOiA, Heo6Xoaum-
MO OTMETWUTb, YTO 3a 1CyT MOYKM BblAENAT 0K0M0 90 MMO/b Kanus.
B ()131010rMyecknx yCroBusx NpakTUHeCKU Becb NPOMUILTPOBAH-
HbIA Kannii peabcopbmpyeTcst B NPOKCUMaIbHOM OTAeNe, HO AUCTasb-
Hble CerMeHTbl Hej)poHa CMoCcO6HbI Kak peabcopbupoBaThb, TaK U Ce-
KpeTupoBaTb Kanuii. banaHc mexzay npoueccamu peabcopbumm un ce-
Kpeuuun B AMUCTa/lbHOM OTAeNe onpegensieT 06Ly0 3KCKPeuuo ¢ Mo-
4ol 3TOro KaTuoHa. Peabcopbums obecreunBaeTca HaMyveM pas-
HOCTW 3/M1EKTPUYECKUX NOTEHLMANO0B Ha /IlOMEHaNIbHONM (06paLyeHHO
B NPOCBET KaHasbLa) MembpaHe, a CeKpeuus —pasnunsgMm B KOH-
LEHTpaLMn Kanusa Mexay BHYTPUKIETOYHbIM MPOCTPaHCTBOM M NpPo-
CBETOM KaHasbLia, TPAHCANUTENNaIbHON PasHOCTbO MOTeHLMana u 0co-
GEHHOCTSMW MPOHULAEMOCTM NIOMUHANBHOW KaHa/bLEBON Membpa-
Hbl. [pn 3TOM BbICOKas KOHLEHTpaLMs BHYTPUKNETOYHOIO Kaans, Co-
3AaBaeMas 3a CUET HaTPWIN-KasIMeBOI MOMIbI, IOKaIM30BaHHON B 6a30-
natepanbHOi MembpaHe KMeTKW, MO rpagueHTy KOHUeHTpauuu cTpe-
MUTCS CPaBHATLCS C HU3KOW KaHa/bL,eBOM KOHLEeHTpauuen.

Ha gucTtanbHbIX cermeHTax MembpaHbl KeTOK 3HauyuTenbHas pas-
HMLA 3N1EKTPUYECKMX MOTEHLUMAN0B, NPUYeM cneyndmKy TpaHCnopT-
HbIX MPOLLECCOB OnpeaenseT U 3Ha4YUTeNbHas TpaHCanuTennanbHas
Pa3HOCTb MOTEHLMANOB. B HOpMasbHbIX YCMI0BUAX 3Ta Pa3HOCTb 3/1EKT-
PUYECKMX NOTEHLMaN0B NPensTCTBYET CEKPeLMn Kanuns B NPOCBeT Ka-
Ha/bLa, MPOTUBOAENCTBYS €ro NepemeLLeHno Mnoj BAVUSIHUEM pasHO-
CTW KOHLeHTpauymi. Ho npu NOBbILEHUN BHYTPUKAHA/bLEBOW KOH-
LieHTpaLmmn HeacopOUpPOBaHHbIX aHMOHOB (KapboHATOB M CyNb(aToB)
Pa3HOCTb 3/IEKTPUYECKMNX NOTEHLNAIOB U3MEHSETCS, UTO 6/1aronpusT-
CTBYET CEKpeLnn Kanus.

MHoOrve HeHyXHble 15 OpraHn3Ma BeLLecTBa TOXe MOryT BbIBO-
ANTbCA Gnarofaps KaHa/bLEeBOW CeKpeuun —3To OTHOCMTCA K (e-
HO/IbHBIM COEAVHEHVAM W MNPOAYKTaM WX AeTOKCUKauuu. BbicTpo
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YANSTCs 3a CYET KaHabLeBOI CeKpeLuy NeHNLMUANNH U ero Npouns-
BOZHble, MO3TOMY ANS NoAAepXKaHMs TeparneBTUUYECKMX KOHLEHTpaLWii
X HE06XOAMMO MOCTOSIHHO BBOAMTb.

COPMOHbI M CHMMNATUYecKas HepBHas CUCTeMa BNMSIKOT Ha CeKpe-
TOPHble NPOLLECChl B MOYKe, M3MEHSIS KPOBOTOK B MOCTIIOMEPYNSPHbIX
Kanunnspax novykn UM MeTabosMyecKyto akTUBHOCTb K/ETOK 3nunTe-
NS KaHasnbLeB.

8.4. TOMEOCTATUNYECKAA ®YHKUUNA MOYEK

MOYKM —3TO OCHOBHOI OpraH, 06ecneymBalOLLNiA NOCTOSAHCTBO
ob6bema 1 cocTaB BHYTPEHHEN Cpefbl, ¥ NpeXxje BCero Kposu. Peanun3sa-
LMI0 TOMEeOCTaTUYeCKOM (DYHKUMUW OCYLLECTBAAIOT CrneuuasbHble pe-
(h1IEKTOPHbIE CUCTEMbI, BK/HOYAKOLME Cheunann3npoBaHHble peLer-
TOopbl (OUEHMBAKOLLNE O0O0BEM LMPKYINPYHOLLEA KPOBU —BOJIHOMO-
peLenTopbl, 0CMOPELEeNTopbl, NOHOPELenTopbl), CUCTEMbI NepepaboT-
KN MHGOopMauun (HepBHble LEHTPbI) WM «KOMaHAHbIe» CTPYKTYpbI,
OnocpefytoLive CBOe BINAHME HA TKaHb MOYKW 338 CYET 3NPEPEHTHBIX
HEPBOB M FOPMOHA/bHBIX B/IUSAHUIA.

Ocmoperynaums. Mpu n36bITOYHOM COAEPXaHWU BOAbl B KPOBWU
KOHLEHTpaLMa OCMOTUYECKM aKTMBHbIX BELLECTB CHMXAETCsa U OcC-
MOTUYECKOE [aB/IeHNe KPOBW MafaeT, YTO YNaB/MMBAETCA KaK LEHT-
pasibHO PacnooXeHHbIMX OCMOpeLienTopamMy B 06nacTy cynpaonTu-
YeCKUX Afep runotanamyca, Tak v rnepupepuyeckummn petentopa-
MU MOYeK, NeYeHu, ceneseHkn. B pesynbTarte CyLLeCTBEHHO CHMXKAeT-
CA BbIpab0oTKa aHTMAMYPETUHECKOro ropmoHa (A4l v ero noctynneHune
B KPOBb M3 HEpormnogusa, 4to NpUBOANT K YCUIEHWIO BblAENEHNS
BOZbI MOYKO 3a cHeT 06pa3oBaHNsA MeHee KOHLEHTPMPOBAHHOW MOUN.
O06e3BoXMBaHNe opraHv3ma NMpPUBOAUT K YBEIMYEHUIO KOHLEHTpauuu
OCMOTMYECKW aKTUBHbIX BELLECTB. B pesynbTare aKTUBUPYHOTCA OCMO-
peLenTopbl, YCUIMBaeTcs NPoayKuma v BbiBegeHve ALl BospacTaeT
KaHanbLeBas peabcopbums BOLbl, BKNOYAETCH MeXaHU3M KOHLeHTpa-
LMY MOYU, YMEHbLLAETCH MOYEOTAeNeHMe.

Bontomoperynauus. O6bem BHYTPUCOCY4UCTON XXMAKOCTM OLEHU-
BaeTCA peuenTopamu, pearvpyroumMmn Ha U3MeHeHue TOHyca cocy-
OUCTOW CTeHKU. B 061acTM HU3KOrO AaBfieHUs OT peLenTopoB fe-
BOr0 M Npasoro npegcepgus umnynscebl nepegatorca B LIHC no
a%qJepeHTHblM BOJIOKHaM OnyxjatoLiero Hepsa. Mpu yBennmyeHun
obbema KpoBM (BHYTPUCOCYAWUCTOM LMPKYNIUPYIOLLEA >KUAKOCTH)
MOBbILLAETCA UMNY/bCaLMA C BOJIIOMOPELENTOPOB, YTO BbI3bIBAET
9KCKpeumno Hatpua v Bofdbl. OJHOBPEMEHHAA aKTuBaLuUsA BOOMO-
1 OCMOPELENTOPOB NPVBOAUT K YCU/IEHUIO BbIBEAEHWS BOAbI, YMEHb-
wasa ee peabcopbumto.

WoHoperynauys. [laHHble 0 HanymMn PeLenTopoB, OLIEHUBARLLMX
coflep>xaHue Hatpus (BBefeHue B 06acTb 11 >xenynouka runepToHu-
YeCKOro pacTeopa X1opuja HaTpus Bbi3blBaeT aHTUAUYPES, a T1nepTo-
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HUYECKMX PacTBOPOB caxapa Takoro 3(heKTa He Bbi3bIBaeT), yKasblBa-
tOT Ha BO3MOXHOCTb 136UpaTe/IbHOM OLEHKN KOHLEHTpauuin oTAeb-
HbIX MOHOB W afleKBaTHON peakuuy BblLE/IMTENIbHON CUCTEMbI B XOAe
peNeKTOPHbIX peakuuil. VI3BeCTHblI FTOPMOHbI, perynvpyrolime pe-
abcopbuuio 1 Cekpeunto OTAeNbHbIX WOHOB B pPas3/IMyHbIX OTAenax
He(ppoHa. Peabcopbuua HaTpus BO3pacTaeT B AMCTa/bHbIX OTAenax
MOYEYHbIX KaHa/bLEB Noj BNUSHWEM TOPMOHA HaAMoYeuHnKa anb-
[0CTepoHa, KOTOPbI B OTHOLUEHWU Kalns OKa3blBaeTCs BELLECTBOM,
CTUMY/IMPYIOLLIMM €ro yfaneHune ¢ Mo4oi. 3BeCTHO, YTO a/lb0CTEPOH
CBAA3bIBAETCA C K/MNETKaMU AUCTa/IbHOMO0 U cobmpaTtesibHOro CerMeHToB
MOYeK M MOXET YBeNMumBaTb peabcopbuUMI0 HATpuUs MyTeM CUHTe3a
PHK n ogHoro unm 6onee crneunduyecknx 6enkos. B pesynbTarte
MOXEeT HEenoCpPefCTBEHHO CTMMY/IMPOBATLCA MeXaHU3M aKTUBHOIO
TpaHcnopTa HaTpus, YBENMYMBATLCA MPOHULAEMOCTb AN HATpuUS
MeM6bpaHbl KNeToK, 06paLleHHbIX B MPOCBET KaHasibLa, Uiv CTUMYN-
poBaTbCA K/ETOYHbIA MeTabo/M3M M BO3pacTaTb MOCTaBKa 3HEPrumu
ON19 TPaHCMOPTHBIX NPOLIECCOB. BbigeneHne Kanvmsa yMeHbLUAeTCH Mof
LeNCTBMEM MHCY/IMHA.

CHWKeHNe KOHLEeHTpaLUMmn Ka/bLiMs B KPOBU BbI3blBaET BblUeNeHne
napawmToBMAHBIMU Xene3aMu napaTropMoHa, 6narogaps KOTopomy
yBeNMUMBaeTCcs peabcopbLMmM 3TOro MOHA B NOYEYHbIX KaHanbLax. Au-
CTaNnbHbIA 0TAEN HethpOHa NpeacTaBNseT cOb0l rnaBHbIl y4acToK, rae
OCYLLLeCTB/ISAETCA AieMCTBUE NapaTUPeonAHOro ropMoHa. Munepkabume-
MWSi CTUMY/IMPYET CEKPELMIO LWUTOBUAHOM XKenesoi TupokanbuuTo-
HUHA, KOTOPbIA CHWXAaeT KOHLEHTpauWIo KanbLUWs B KPOBM 3a CYeT
YCWUNEHUS ero aKCKpeLMmn NoyKor n MobunmnsaLmm B KOCTHOM TKaHMU.
B noyeyHbIX KaHa/blax perynnpyeTtcs Takxe ypoBeHb peabcopbuumu
mMarHus, xsiopa, ocgaros, Cynb(HaToB 1 ApYyrux NOHOB.

Perynauma KUCNoTHO-LLEI0YHOro paBHoBecus. KOHLEHTpaums NOHOB
BOAOPOLA B MOYE MOXET CYLLECTBEHHO MEHATHLCA B CTOPOHY CHUXEHUS
(oo 45) nnu BospactaHma (go 8,0), uTo npm3BaHoO 0becnevnTb NOCTOAH-
CTBO pH nniasmbl KPOBW Ha ypoBHe 7,36. MexaHu3M yaa/ieHus NOHOB
BoZopofa (3akucneHms moun) obecneynBaeTcs npoLeccamm cekpewmnu
3TOr0 MOHa B NMPOCBET KaHa/bLeB. Hannune B anukanbHON nnasmatu-
4ecKoii MembpaHe (hepmeHTa KapboaHrnapasbl obecneumsaet rugpata-
LMI0 ABYOKMCK Yrnepoga 1 ob6pa3oBaHme YrofbHON KUCNOTbl, KOTopas
cpasy AuccoummpyeT Ha MOH BOAopoaa 1 BMKapboHaTHbLIV NOH.

BogopoaHble MOHbI CEKPETUPYIOTCS B KaHAIbLIEBYHO XUAKOCTb, & 06-
pa3oBaHHble 6MKapOOHaTHbIE MOHLI BO3BPALLAOTCA B M/asmy, T.e. Ce-
Kpeuns H” cooTBETCTBYET 06pa3oBaHMIO 6MKapboHATOB B nasme. [1o-
CTYNaroLLuiA U3 Nnnas3mbl KPoBU B xofe ynbTpadunbTpaummn NaHCl§ B3a-
VMOZENCTBYET C MOHaMV BOJOPOAA, CEKPETUPOBAHHLIMM KNEeTKaMu, YTO
npuBOAUT K 06pasoBaHuto auokcuga yrnepoga (puc. 8.10). B npocsete
KaHa/lbL|eB MOHbI BOAOPO/A CNOCOGHbI CBA3LIBATLCA U C (hocaTamm, 1 C
APYTVIMA @aHUOHAMW, YTO NPUBOAUT K 3KCKPELUKN C MOYON TUTPYEMbIX
KUCNOT, a B Mn/ia3Me KpoBW YBE/NYMBAETCH YPOBEHb OCHOBaHWI. Kpo-
Me TOro, ammuak, BblAeNAtWMNACA B KPOBb KaK KOHEYHbIA MPOAYKT
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6e}'IKOBOFO 06MeHa, TaKXXe CMnoco- MpocBeT MeputybynAapHbI i

6H CBA3LIBATLCA C MOHAMM BOAO-  Kewanwua —  xanawsp
pofia C 06pa3oBaHNEM NOHa aMMO-  Po@1nbTPo:
HVA. AMMUaK CBA3bIBAET KUC/ble Nat Na+

HPOMN+Na+- —

MPOLYKTbI, BbLLENSEMbIE C MOYOM,
06pa3yeT aMMOHWIHbIE CONU W,
yAanssch 3a npegensl oOpraHn3Ma,
3aMeLLaeT HaTpuii u kanuii. Am-
MWaK, UCnonb3yemblii Ans HeTpa-
Nn3aumm K1Cnom mouun, obpasyet-
CA B MOYKaxX M3 aMWHOKMCOTbI
rnyTamMmMHa 3a cYeT (PYHKLUMOHMU-
poBaHUA (epMeHTa rnyTamuHa-
3bl, KOTOpast aKTMBMPYETCA B Cy-
yasax HeobXOAMMOCTU KOppeKLuum
peakuuMu Mouun. B uTore noyku
CTabUNM3NPYIOT KOHLEHTPaLUIo
MOHOB BOZOPOAA B MNia3mMe KpoBwu;
NPU CHVKEHUN pe3epBHON Lie- o, 8.10. OF 5
MIOHHOCTH KDOBY BLIETAETCA KiC-  FC.S.10. Ofpescsane urpyenol e
nas mo4a, a npu ankanose —60- KaHarbLe
Nee LLenoYHas.
TakuMm 06pa3oM, KO/IMYECTBO 3KCKPETUPOBAHHBIX BOAOPOLHbIX
MOHOB C MOYOM —CyMMapHas aKckpeuus H”, MOXeT ObITb NpescTas-
NeHa CnefyoLmm BblpaKeHNEM:

CymmapHas 3KCKpeumsa H > = N H . + TUTpyemasa K1UC/oT-
HOCTb HC Os MOYMN.

OO6bIYHO 00LLee KOMYECTBO 3IKCKPETMPOBaHHbLIX MOHOB BOAOPOAA
paBHAETCA BOLOPOAHONM Harpyske. CyMmapHas akckpeuus H* moxeT
OTCYTCTBOBATb U/IM MMETb OTpULATE/IbHOE 3HAYEHWE, YTO NMPOUCXOANT
npy 6ukKap6oHaTHOM Harpyske (BbICOKOM COLEpXaHWW LMUTpaToB B
KOpMe), uuTpaTbl MeTabo/msnpyoTca 4o bukapboHaToB M Moya npu-
06peTaeT Le/IOUHYI0 pPeakLmIo.

OKCKpeuya. Yepe3 noyky BbIBOAMTCA 60/bLIas 4YaCTb KOHEUHbIX
NPoAyKTOB 06MeHa BeLlecTB. OCOO6EHHO 3TO BaXKHO AN1d MeTabonmsma
6€NKOB M HYKNENHOBBIX KUC/OT, B XOAe KOTOPOro 06pasytoTcs pasnny-
Hble MPOAYKTbI a30TMCTOro 0bmeHa. B npouecce npespalleHns aMUHO-
Kucnot amuHorpynna (—NH?) ygansetca nyTtem Ae3amMHUPOBaHUA 1
obpasyeT aMMmMaK (N Hs), KOTOPbI/ BblAENSAETCS B BUAE aMMOHUHBLIX
COMeN UM UCNOSMb3YeTCs B CUHTE3e a30TCOAEePXKaLLUMX COeANHEHNI —
MOYEBMHbI Y MOYEBOW KWUCMOTBI.

CVHTE3 MOYeBVHbI OCYLLECTB/ISIETCA B MOCNEL0BaTe/IbHbIX (PEPMEeH-
TaTMBHbIX pPeakLmsxX, COCTaBMAIOWMNX OPHUTUHOBLIV LK. AMMUAK 1
[BYOKUWCb Yrnepofa, KoHAeHCUpyAack ¢ hochaToM, 0bpasytoT Kapbo-
moundhocthaT, KOTOPbIA MCMONb3yeTca AN CUHTe3a UMTPYyNIMHa 13
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OpHWUTKHA. lMpucoeanHeHVe elle OLHOW MONeKy/bl amMmnaka n3 ac-
naparmHoBOM KWCMOTbI MPUBOAUT K 06pa3oBaHM0 aMUHOKUCNOTbI ap-
rMHUHA. B NpucyTCTBUM apruHasbl aprmHUH pacnajaeTcs Ha MOYEBUHY
I OPHATVH; U3 OPHUTMHA CUHTE3VPYETCA HOBas MOMEKY/a LUTPY/IINHA,
1 BECb LMK/ MOBTOPSETCA. BblfeneHne MOYeBOW KUCIOTbI Npeobnaja-
€T Y XMBOTHbIX, BbIHY>XIeHHbIX cbeperaTb BoLYy (PenTuinmM U NTULbI).
MOCKO/IbKY MOYeBas KWUCM0Ta M ee COMM OYeHb MNI0X0 PacTBOPUMbI B
BofZe 1 peabcopbumsa BoLbl NPUBOAMT K BbINafeHWI0 MI0THOIO 0CafiKa,
TO ONA BblBEJEeHUA a30TUCTbIX IKCKPETOB PACXOLyeTcs OYeHb Maslo
BOAbl, T. €. AN BbIBEAEHNS KOHEYHbIX MPOLYKTOB 06MEeHa ee HYXHO
3HAYNTENbHO MEHbLUE, U 3TO 0COBEHHO BAXHO A1 CHUXEHUS MaccChl
Tena NTULL, YTO BXHO A1 MnoneTa.

HyK/enHoBble KMCMOTbI COAePXarT [Be rpynrbl a30TUCTbIX COeANHE-
HWIA: NypuHbI (84EHWH W TYaHWH) Y NUPUMUANHBI (LUTO3UH Y TUMUH).
Y HeKOTOPbIX XXMBOTHbIX MYPUHbI BbLUENAKOTCA B BIAE MOYEBOW KUC/O-
Tbl, Y APYTUX —MYypPUHOBasA CTPYKTYpa pacLLenisfeTcs L0 NpPoMexXyTou-
HbIX COeAMHEHNIA N ammmaka. YenoBek W BbiCLUME 00€3bsiHbI U3-3a
OTCYTCTBUS (hepMeHTA YprKa3sbl He CIOCO6HbI MeTaboIM3MpoBaTh MoYe-
BYIO KUCNOTY 1 BbLLENAKOT €e C MOYOI, OCTa/IbHble Xe MJIeKonuTatoLLme
061a4aroT 3TUM (PEPMEHTOM 1 MPeobpasyroT MOYEBYHO KUC/OTY B aiaH-
TOMH. Cpefun cobak y JO/IMAaTUHCKOro Aora 06Hapy>KeHO MHTEHCUBHOE
BbLLIE/IEHWE MOYEBOMW KMCMOTbI, HO He 13-3a OTCYTCTBUSA YpUKa3sbl, a Kak
cnefcTaue Hacne%CTBeHHoro noyeyHoro fAedekra, NPenATCTBYHOLLETO
KaHasbLleBON peabcopbLmm, a, BOSMOXHO, 3KCKPELIMM MOYEBOI KUCO-
Tbl MyTeM aKTMBHOIO KaHa/1bLieBOro TpaHcnopTa.

"opMoHOMo33. Moyky BbipabaTbIBaOT PAL (PU3NOMOTNYECKN aKTUB-
HbIX BELLECTB, NOCTYNatoLLMX B KPOBOTOK M YYaCTBYHOLMX B CUCTEMHBIX
peakuuax opraHu3mMa, Yto MoATBepXAaeT UX 3HAOKPUHHYIO d)ngKLI,I/I}O.
["paHynisipHble KETKW OKCTarIoMepynspHbIX HEPPOHOB CMOCOOHbI CUH-
Te3npoBaTh U BbLLUENATb B KPOBb PEHUH —MPOTEOIMTUYECKUI (DEPMEHT,
KOTOpbIW B Ma3me KpPOBW OTLLEN/AET OT aHIMOTEH3UHOreHa Aekaner-
TUA @HTMOTEH3WH |, 3aTeM OT aHrmoTeH3uHa | OTWennAlTCa eLle [Be
aMVHOKMCNOTbI, ¥ 06pa3yeTcs BeCbMa aKTUBHOE COeAVHEHNEe aHr MOTeH-
3uH Il. AHrnmoteHsuH Il BbI3blBaeT Cy>KeHWe COCYA0B, CTUMYNPYET ce-
Kpeuuto aiboCTepoHa MU aHTUANYPETUYECKOrO TOPMOHa U yCUnvBaeT
MoYeyHyto peabcopbuMio HATPUSA, a TakXKe y4acTBYeT B (hOPMUPOBaHMUN
4yBCTBa Xaxap! (puc. §.11).

Cekpeuns anbfocTepoHa Mpu3BaHa NOBbIWATL peabcopbunio Ha-
TPUS N IKCKPELMIO Kaina B AUCTANIbHOM OTAefie HedppoHa. Mo npuH-
umny obpaTHO OTpULATEe/IbHONM CBA3W CEKPEeLUs peHnHa MHTMoupyeT-
CA aHrMOTeH3NHOM |l 1 aHTUANYPETUYECKUM FTOPMOHOM, HO BMECTE C
3TUM CEKpeuus peHHa CyLLeCTBEHHO 3aBUCUT OT COCTOSAHUA 6apo-
PeLenTopoOB MOYKMW, COLEPXaHUA HATPUSA B HAY&/IbHOW YacTW KaHallb-
LleB M CUMNATUYECKUX HEepPBHbIX BAUAHWIA. TakmuM 06pa3oM, YpOBeHb
aKTUBHOCTU pPEHWHA MNNa3Mbl CHUXAEeTCs Mpu yBENNYeHUN 06bema
BHEKNETOYHOMN >XXWUAKOCTW, COMEBOM Harpyske, M30bITKe MUHEPaNKop-
TUKOWZOB ¥ runepkanvemum. MoBbllLleHNE YPOBHS COAEPXaHUA PeHW-
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, ANbjOCTEPOH W

YBenuyeHue
peabcopbumm Na

Puc. 8.11. Cxema B3aMMOAENCTBUSI CUCTEMbI aHIUOTEH-
31Ha N anbocTepoHa

Ha pa3BMBAeTCA MPWU YMeHbLUeHUN 06beMa BHEKNETOUHOW XUAKOCTH,
OrpaHUYeHUn Cconn, MoTepe XMAKOCTWU (pBOTa, MOHOC, AWNYPETUKM),
rMNOKaIMemMun, n3bbITKe KaTexolamuHOB W NPU YBENNYEHUN COmep-
XKaHuA B Nnyia3mMe KPOBM PeHUH-Cy6CTpaTa 3a CYET YCUIEHHOTO CUHTEe3a
B neyeHn. NIOKOKOPTUKOWABI W MOSI0Bble CTEPOUAHbIE TOPMOHbI CMO-
COGHbI NOBbLICUTb YPOBEHb aHMMOTEH3NHOMeHa 40 KOHLEeHTpauuii, ak-
TUBMPYHOLLMX PEHUH.

KannukpenHosas cMctema BO MHOFOM CXOXa C PeHWHOBOW. Kannwu-
KPeWH NpeacTaBnseT coboii nentuiasy, BO3AENCTBYHOLLYHO Ha ar-rnoby-
NUH (KNUHUreH) ¢ 06pasoBaHmeM KUHWHA. TepMUH 1 KMHUHO OTHOCUTCA
K Tpem 61ONMOrnYecKn akTVBHLIM NenTuaam: MeTUOHWA-TAMUMN-6pagn-
KUHWHY, NU3UN-0pagnknHuHy 1 6pagnknHuHy. KMHWHbI— 3TO MOL-
Hble Ba3oaunaTaTopbl. MoyeyHas KalMKpenHoBas CUCTeMa ABMISETCA /10-
Ka/lbHOV TOPMOHa/IbHOM CUCTEMOM, BOB/IEYEHHO B perynsaumio KpoBoTo-
Ka M 9KCKpeuuto HaTpus. KanivkpenH CUHTe3NpyeTcs B KOPKOBOM Be-
LLeCTBe MOYKM 1 06ecneymBaeT NPOAYKLUMIO MOLLHOMO CocyfopacLumps-
IOLLIEro BeLLecTBa KaninauHa. V13BeCcTHO, UTO Ka/lIMKPEUH MOYeK OCBO-
60XaaeTCsA 1 NOCTynaeT B KPOBb MOJ, BIMSAHWEM BbICOKOI0 apTepuasibHoO-
ro AaBneHus, aueTUIXonnHa, npoctarnaHanHa, fohammHa, HU3KUX 403
HopafpeHanHa, aHrmoTeHsmHa Il, MUHepanKopTUKOMAOB M Mpu ObICT-
POM YBe/IMYEeHUN 06beMA XXUAKOCTU, LUPKYIMPYIOLLEA B OpraHu3me.
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B MO3r0OBOM BELLECTBE MOYKM 06pa3yroTCcs npocTariaHiuHbl, B TOM
ymnce ¥ npocTarnaHavH Ar, KOTOpPbIA Ha3blBAKOT TakxKe MeLy//IMHOM,
a TaKxxe nNpocTaumknunH, unm Pgll - MpoctarnaHAvHbl CNOCO6HbI BAMATH
Ha nepudepryeckoe cocyamncToe CONPOTUBIEHME 3a CHET UX LeNCTBUSA
KaK Ba30A4nnaTaTtopoB, HaTPUAYpPeTUYECKUX BELLECTB, UHTMOUTOPOB
aflpeHeprnyecKnx MefmaTtopoB U M3MEHEHUS YyBCTBUTENIbHOCTM Kile-
TOK K aHTUANYPETUYECKOMY FOPMOHY. oyeyHbli cuHTe3 Pgll cTumy-
nupyetcs aHruteHsuHom Il, 6pafMKMHUHOM U Ba30MNPECCUHOM. YBe-
NINYEHME CUHTe3a MPOMCXOAMT 3a CYET MOBbILLIEHHOIO 0CBOBOXAEHUS
apaxnoHOBOM KWCMOTbl M3 MOYEYHbIX IMNUA0B M0J BAVSAHVEM (ep-
MeHTa auunruaponasbl.

Perynauus KosmyecTBa 3pUTPOLMTOB OCYLLECTBNSETCS OAHUM U3
FOPMOHOB MOYKM —3PUTPONOITUHOM, KOTOPbIV MpeAcTaBnseT coboi
rMMKonpoTemH ¢ M. M. 40 000. CTumynom 419 MOBLILLIEHHOMO CUHTE3A
3pMTPONOITMHA TKAHAMU MOYKM SIB/IAETCA YMEHbLUEHNE HanpsiXKeHus
B HEN Kucnopoga.

KneTkun noyky y4yacTBytoT B MeTabonm3me ButamuHa D: obpasyto-
LWKIACA B NMeYeHU NPOropmMoH BUTaMMH D3 NOYKM U3BNEKalT U3 Kpo-
BOTOKa W NpeobpasytoT B pAaL AUOKCU-MPOU3BOAHbLIX (Haubonee Bax-
HbiMU sBnaoTCa 1,25-A1Moken-03 1 24,25-anoken-2). 1,25-amokcun-03
KaK BECbMa aKTUBHbIA CTEPOUAHbIN KalbLIMEMUYECKNIA TOPMOH YBENN-
YMBaeT TPAHCMOPT Ka/bLna 1 qocdopa B KNLLEYHWKEe, Perynnpyer pe-
abcopbLUMIo KanbLWs B MOYEYHbIX KaHasbLiaxX ¥ MoBbILLAeT MUHepasb-
HY0 pe3opoL M0 KOCTEN.

MeTa6onmn3m. NomMnmo obecrneyeHnss Co6CTBEHHbIX 3HEPreTUYECKNX
3aTpar npu BbIMOSHEHWUMN CNeLUpUYecKnX (YHKLMIA NOYKM YHaCTBYHOT
B 0OMeHe BelLecTB, NPM3BaHHOM MOALepPXKMBaTb romeocTas. B nouke
MMeeTcs cucTema HoBOO6pa3oBaHWA TNHOKO3bl — INIHOKOHEeOreHes. Mpu
O/IMTENIbHOM TO/I04aHNM 13 MOYeK B KPOBOTOK MOXXET MocTynaTb [0
MOJIOBMHbI 06LLEro KONMYecTsa rioKosbl. Moctynarowme npyu puibT-
pauuv B MPOCBET KaHa/bLEeB HU3KOMONEKYNAPHbIE 6eNKn 1 nenTuabl
pacLensigTCa KNeTKkaMu KaHanibLeB [0 aMWHOKWUCNOT, KOTopble ye-
pe3 6a3osiaTepasibHyt0 MembpaHy BO3BpALLAlOTCS B KPOBOTOK. B TKaHu
MOYKN CUHTE3NPYeTCA OAMH U3 BaXKHbIX KOMMOHEHTOB GMOMeM6paH
(hocthaTUANNMHO3NT, & CBOOOLHbIE XXMUPHbIE KWUCMOTbl BK/IKOYAIOTCA B
cocTaB TPUTNNLEPULO0B N HhOCHONUNNA0B, KOTOPbIE KPOBOTOKOM MMO-
CTaBNATCA K Mectam AernoHMPOBaHUA NN YTUIN3ALMN.

8.5. PErynaunaA rnPOLEECCOB OBPA3OBAHUVA MOYU

OueHuBas (hakTopbl, PErynupyroLime (yHKLWOHUPOBaHME MOYKMU,
cnefyeT yuuTblBaTb, UTO HadasbHbI/A 3Tan Mo4eobpa3oBaHWUs —Y/bT-
paunbTPaLmMa 3aBUCUT OT TOHYCA MPUHOCALLMX U BbIHOCALLMUX apTe-
prvon 1 apTepuanbHOro AaBneHus. Hapsgy ¢ npsMbiM BO3AEACTBUEM
Ha TOHYC COCY/I0B HECOMHEHHO BAWSHWE CUMNATUYECKO HEPBHOM Cu-
CTEMbI Ha K/IETKW HOKCTar/0MepynspHbIX HePPOHOB. KaTexonamuHsl,
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AeiicTBys uepe3 GeTa-aApPEHOPELLENTOPbI, CTUMYIMPYIOT CEKPeLuto
PEHMHA ¥ NPUBOASAT B AEUCTBIUE aHTUOTEH3NHHBIN MEXaHU3M pPeryns-
LUn Knybo4vykoBOM (hUNbTPaLUKM 3a CYHET crasma BbIHOCALMX W (Un)
NPUHOCALWNX apTepuos. BMmecTe C 3TM, BO3LAEACTBYS HA TOHYC COCY-
[0B K/y60UKa, MeHsAA COCTOSIHNE Me3aHTMa/IbHbIX K/IETOK, NO4OLMTOB,
pas/yHble BELLECTBA CYLLECTBEHHO MNPeopMMpytoT Kayb0oUKOBYHO
(unbTpaumio (tabn. §.0).

8.2. dakTopbl, BAVAOLWME HA KITY60UKOBYIO (UILTPaLMIO

YBenuumsarot YMeHbLUaoT
MpocTarnaHgnHbl ATpuonenTtug
BasonpeccuH [MporectepoH
AHrnoTeHsuH Il [ NIOKOKOPTUKONLbI
HopaapeHanuH [nokaroH
ALpeHanuH
OKcuTOUMH
NelikoTpueHbl T-3 n T-4
MapatnpuH

XOpUOHMYECKNIT TOHAZOTPONYUH

KaHanbLesas peabcopbunsa perynvmpyeTcs HepBHbIMW U TyMOpasib-
HbIMW MexaHu3mMamu. BrinsHue cMMnaTnyecKoli HepBHOW CUCTEMBI, Bbl-
paXkaroLLieecs B aKT1BaLuy NpoLLeccoB peabcopoLym rnoKo3bl, HaTpus,
BOAbl M (hochaToB, 06ecrneymBaeTcs BK/IOYEHMEM afieNaTuMKIa3HOM
CUCTEMbI M peasi3yeTca 4yepe3 BTOPUUHbIE MOCpPefHUKN (LAM®).
OcTpas fgeHepBauus NOYKW MPUBOAUT K HATPUIYpe3y U YCUIEHUIO
anypesa. [ns cMMNaTUYeCKON HEPBHOW CUCTEMbI CYLLECTBEHHbIM AB-
NAETCA N N3MEHEHNE TOHYCa KPOBEHOCHbIX COCY/I0B MO3r0OBOIO BeLLe-
CTBA, BK/IOYAIOLLMXCA B COCTaBe NPOTUBOTOYHOM CUCTEMBI B NMPOLLECChI
KOHLEHTPUPOBaHUA MOYMW.

B OCHOBHOM M3MEHEHNE KaHa/bLieBO peabcopbLmm aNeKTPOINTOB
1 BOAbl OCYLLECTB/AETCA 38 CHET MeXaHM3MOB 3HAOKPUHHOWN peryns-
unn (tadn. 8.3).

8.3. ®dakTopbl, perynupytoLie KaHanbLeByto peabeopbLmto

Ysenuumsatot YMeHbLualoT
MpocTarnaHavHel BasonpeccuH
ATpronentung AHIMoTEH3NH 1l
KWHUHBI MHcynuH
MapatnpuH 3CTPOreHsbl
Kanbuutpuon XOpUOHNYECKNIA TOHAA0TPOMNUH

NelikoTpureHbl T-3 n T-4
ANUdU3apHbIA 3KCTPaKT

OfvH 13 Hanbonee aPHEKTUBHLIX PETYNSTOPOB NPOLIECCOB pead-
copbuunm — aHTUAMYPETUHECKNI A FOPMOH Ba3ONPECCUH CUHTE3NPY-
eTca B AiApax runoTanamyca 1 BblenisieTcs B KPOBb U3 HeMpormnohumsa.
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Monajas ¢ KPOBOTOKOM B MOYKY, Ba30MpPecCuH B3aMMOAENCTBYET C pe-
uentopom V-2 Ha 6a3onarepasbHOlM MOBEPXHOCTU KNETOK W, aKTUBU-
pys ageHunatuyuknasy, obecrneuvsaet obpazoBaHne UAM®. Linknu-
yeckuii AM® B 30He anukaibHON MeMbpaHbl CNOCO6EH aKTMBUPOBATb
UAM®-3aBMCUMbIE NPOTEUHKMHASbI, YTO, B CBOKO 04Yepesb, NPUBOAUT K
06pa3oBaHMI0 3HAYUTENbHBIX KOIMYECTB BHYTPUKIETOUHbLIX BaKyOsel,
nepeHocALMX 60/1blUMe NOTOKN BOAbl OT anvKaibHOW NOBEPXHOCTU K
6a3onaTepasnbHOM MeMmbpaHe. B TaKOM BHYTPUK/IETOYHOM TpaHCnop-
Te BOZa BaKyoO/ell He CMeLUVBaeTCA C BHYTPUKNETOYHOM BOAOM, YTO
npefoxXpaHseT KNeTKy OT HabyxaHusa. AHanorMyHbIM 06pasom Mpoxo-
OAWNIA Yepe3 KNETKY KaHa/blia HaTpuidi He CMeLlMBaeTcs C 06LMM
HaTpuem KIeTKK, a (DOpMUPYeT TPaHCMOPTHbIA (DOHL, KOTOpbLIM onpe-
[enseTca rnpoueccaMmn BX0ofa MOHa B K/ETKY, NMepeHoca ero Yepes Lu-
TOMMa3My M 3HEProo6ecnevyeHHOCTU NOHHbLIX HACOCOB.

YyacTue ageHnnaTunuKnasHo CMCTeMbl B TPAHCMOPTE HATpUA ye-
pe3 aNUTENNA KaHaNnbLeB CBA3aHO C BIMAHUEM LMK/IMYECKUX HYKIe-
OTMAOB Ha AeATe/IbHOCTb MOHHbLIX HACOCOB, /IOKA/IM30BaHHbIX Ha 6a-
30/1aTepasibHOM MOBEPXHOCTU KNETKM M OTBETCTBEHHbIX 3a yjasleHue
3TOr0 MOHa 3a Npefenbl KNEeTKN B MEXK/IETOYHOe NPOCTPaHCTBO. d-
(heKT BasonpeccuHa NOTEHUUUPYeTCA TEOPUAINHOM, KOTOPbIA 6/10-
KupyeT ocgoamactepasy, paspywarowyro LAM®D, 4TO0 B KOHeu-
HOM cyeTe MPUBOAUT K MOBbLILUEHNIO ee BHYTPUKIETOYHON KOHLEH-
Tpauun. AHTaroHMCTOM Ba3OMpeccuHa B AaHHOM Clyyae fB/IAETCH
npocrarnaHanH E, KOTOpPbIA CHUXKAET BHYTPUKIETOUHOE COfepKaHue
ULAM® (puc. 8.12),

AJbAOCTEPOH —TOPMOH KOPbl HafnoyeyHnKa w3 rpymnnbl MUHe-
PasKOPTUKOMAOB (CTEPOUAHLIA FTOPMOH) NPOHUKAET B AP0 KNETKU U
CBA3bIBAETCA C XPOMATUHOM. AJIbLOCTEPOH CTUMYUPYET CUHTE3 B AApe
PHK, B pe3ynbTare 4ero akTMBMPYeTCA CUHTE3 GENKOB, OTBETCTBEH-
HbIX 3@ TPaHCMOPT HaTpus. TPaHCMOPTHbIE BO3MOXHOCTW B AaHHOM
CNy4ae NOBbILIAKTCA 3a CYET YBE/IMYEHNS HATPUEBOM NPOHMLLAEMOCTU
anunkanbHOM Mem6paHbl KNETKU U CTUMYNAUMKU paboTbl HATPUEBOIO
Hacoca. B gucTasibHbIX KaHa/bLax Ba3onpeccuH akTUBUMPYET (DePMEH-
Tbl rManypoHnAasbl, KOTOpPble BbIXOAAT W3 KNETOK, PacLLennisoT riu-
KO30aMMWHOTIMKaHbl OCHOBHOIO MEXK/ETOYHOr0 BeLLecTBa, YBeIn4u-
BalOT PacCTOSHUA MEeXAY KeTKamu 1 06ecrneyrBaloT MeXK/IeTOUHbIN
MacCUBHbIN TPAHCMOPT BOZAbI MO OCMOTUYECKOMY TPafMEHTY.

JHAOKPUHHASA perynauns AesTeNbHOCTW MOYKM MPOSABNSETCA B
BUAE CNefyroLwmx (r3noormyecknx npoLeccos:

MOBbILLEHNE MPOHULAEMOCTM MeM6paH AUCTasIbHbIX OTAEN0B He-
(hpoHa Ans BoAbl (Ba30NPECCUH, MPOMaKTUH, XOPUOrOHUYECKUIA ro-
HaOTPOMUH);

M3MEeHeHVe KIEeTOUHbIX PeLenTopoB K Ba3onpeccuHy (napaTvpuH,
KafIbLMTOHWH, Ka/bLUUTPUON, NMpoCTarfiaHAvHbl, anbL0oCTepOH);

M3MeHeHNe OCMOTUYECKOro rpajgMeHTa WHTEPCTULMS MO3rOBOr0O
C/I0sA NOYKM (NapaTUpPUH, KanbLUUTPUos, TUPEOUAHbIE TOPMOHbI, UHCY-
JIVH, Ba30NpPeccuH);
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Puc. 8.12. KneTouHble MexaHU3Mbl AeACTBUSI AUYPETUKOB U FOPMOHOB

N3MEHEeHWe aKTUBHOMO TpaHCcMnopTa HaTpua W xnopuja (anbgocre-
POH, Ba30MpPeccuH, aTpuonenTua, NPorecTepoH, rIKaroH, KaabLuTo-
HWH, NpocTarnaHAnHbl);

MOBbILLEHNE OCMOTUYECKOr0 AaB/feHUs KaHa/bLeBo Mo4un (KOH-
TPUHCYNAPHbIE TOPMOHbI);

N3MEHEHMe KPOBOTOKa NO MPsMbIM COCyZam MO3roBOro BeLlecTBa
(aHrnoTeHsmH-I, KNHWHBI, NpocTarfaHAnHbl, napaTupyH, Basonpec-
CWH, aTpuonenTung).

8.6. COCTAB 1 CBOWNCTBA KOHEYHOW MOUYU

B cyTKM y pa3nnyHbIX XMBOTHBIX 06pasyetcsa oT 0,3 go 20 1 moun,
4To cocTaBnseT 65...80 % BbINUTOM XMAKOCTK (Tabn. 8.4). MNOTHOCTb
Moun 06bI4HO Konebnetcs B npegenax 1,005...1,025. Peakumsa moum
3aBUCUT OT XapakTepa KOPM/IEHUA: Npu pauuoHe, 6oratom yrnesoja-
MU, Moya boree LwenoyHas, a npu NperMyLLeCcTBEHHO 6e/IKOBOM NUTa-
HUM Kucnasd. Kpome Toro, pH mMouu 3aBUCKT OT YPOBHA MeTabom3ma:
HapyLLEeHWe OKWUC/NTeNIbHbIX MPOLLeCcCOB, HaKoM/eHWe HeLOOKWUC/EH-
HbIX NPOAYKTOB NPUBOAUT K auuio3y, KOTOpblA KOMMEHCUPYETCA UH-
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TEHCWBHbIM BblBEeAEHVEM BOLOPOAHbLIX NOHOB W MOBbILLEHNEM KUCOT-
HOCTU Mouu. TpU LEeHTPU(YrMpoBaHUM MOYM MOXHO MOMYUYUTb He-
60NbLION 0CafoK M3 HEOOMbLIOr0 KOMYecTBa 3pUTPOLMTOB, NIENKO-
LMTOB, 3NUTENIMA U KPUCTaNNI0B CONEA.

8.4. O6bEM MOYW, BbIENSIEMON 32 CYTKU

Buz XMBOTHOrO KonuuecTso Moun, n

Jlowapgb 3...6
KpynHbiii poraTblii cKoT 6...12
Menkuii poraTblii CKOT 0,5...1
CBUHbA 2.4
Cobaku:

KpynHble 0,5..1

MesiKue 0,04...0,2
KoLwku 0,1...0,2

OO6beM BbLLESEMOM MOYM 3aBUCUT OT MHOMMX (hakTopos. Auypes
BO3pacTaeT npu npuemMe 60/bLLIMX KOMMYECTB XXMUAKOCTH, NMPu 06UIbHOM
6e/IKOBOM NuUTaHMW. XXMBOTHbIE, Y KOTOPLIX CEKPeLMs noTa HesHauu-
TenbHa (Co6akW, KPYMHbIA poratbiii CKOT), BbLUEASIOT OO0/bLUE MOYM,
YeM C XOPOLLO Pa3sBUTLIMU MOTOBLIMU Xene3amu, HanpumMep NoLUaau.
Ha anypes okasbiBalOT BUSAHME NOrofa, Bpems rofa u CyTok (gHem 06-
pasyeTca 60nbLUe MOUM, YEM HOYLIO), TeMMepaTypa BO3ayxa.

C Mouoi1 BblenseTca 60/bLUI0e KOIMYECTBO HEOPraHUYECKUX COMeiA,
rnaBHbiM 06pasom xnopug Hatpusa (10...15r), xnopug kanus (3...3,5r),
cepHokucnble conn (2,5T), hocdopHokmcnblie conn (2,55 ). B Moue
MOXET MPOUCXOAUTb KpucTanioobpasoBaHme. Kpuctanibl conein npea-
CTaB/IEHbl B OCHOBHOM LLECTbO MUHepanamu: BesenuT (CaCrl { mH?O),
Begennut (CaCri ¢ ! H1O), anatut (C35(P0 4)3(0 H, CO3)P, Cl), cTpysuT

MgNHIPI ¢ 6 HIO), amopHbIiA thocdaT KaibLms, MOYeBas KMCNOTa
CiHIN4O3).OkcanaTbl BEBENNT W BeLeNUT 00pasytoT NoANKpUCTan-
NNYEeCKne arperartbl UronbyaTor U gMnNupamMmuaansHon opmbl. Move-
KUCNble KPUCTa//Ibl MO POpMe BecbMa pasHo0bpasHbl —OT Uro/bYaToM
[0 KOKKOBUAHON. dochaTcofepKallie MoYeBble KPpUCTasbl CTPYBUTBI
M anaTuTbl MMEOT TabUTUaTY M MNACTUHYATYHO (POPMbI.

Benok u rniokosa B KOHEYHOW MOYe OTCYTCTBYIOT, a COAepKaHue
aMUHOKWCNOT He MpeBbIWaeT CNefoBbIX Komyects. C MOYON BbIBO-
[ATCA OpraHMyecKne KUCNOTbl, BUTaMUHBI (B HE3HAYUTENbHBIX KOMU-
YecTBax), OUOreHHbIE aMUHbI U NMPOLYKTbI UX 0OMeHa, CTepOUIHbIE Top-
MOHbl M WX NPOU3BOAHbIE, PEPMEHTbI U MUIMEHTbI, OnpeaenstoLLmne
cneun@uyecknin UBeT mMoun. LIBeT mMOuYM 3aBUCUT OT €€ KOHLEHTpa-
LUMKN: MeHee KOHLEHTPUPOBaHHas MMeEeT CBET/I0-XKENTbIA WU 3e/IeHO-
BaTbli LBET, @ MPY MOBbILIEHUN KOHLEHTPaLUN UHTEHCUBHOCTb XKen-
TO WM 3eNeHO OKpPacKy Bo3pacTaeT. HenapHOKOMbITHbIE BbIAENAOT
C/IM3NCTYI0, MYTHYO (32 CYET B3BELLEHHbIX KPWCTa//IOB YINEKMC/IOro
KasibLuMs) TEMHO-3e/leHy0 Mouy. Hannume myuuHa, 0CO6EHHO Y He-
MapHOKOMbITHLIX, ONpeAensieT 3Ha4YMTeNbHYH BA3KOCTb MO4YM, KOTO-
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pas NMpy NepenvBaHUM M3 COCyAa B COCYf 06pa3yeT [/IMHHble TOHKME
HWUTK, a NPU MOYEUCNyCKaHUM NeHUTCA. MUrMeHTbl MoUM 06pasytoTca
13 GUMPYOHA XKeNUM B KMULLIEYHWKE, TAe OH NpeBpaLlaeTcs B ypOOUIMH 1
YPOOWIMHOXPOM, KOTOPbIe YaCTMYHO BCACbIBAOTCS B KMLLEYHMKE W BbLLie-
NATCA Noykamu. BmecTe ¢ 3TMM YacTb MUrMEHTOB MOYM NpeacTaBns-
0T C06OIi OKMCNEHHbIE NMPOAYKTbI pacrnaja remMornobuHa. Y 310poBbIX
YXMBOTHbIX 3anax Mouu cneuupmnyeH. 4ns MHOTUX BULOB XMBOTHbIX Ha-
NNYNe NHAMBMAYANbHbIX 3anaxoBbiX BELLECTB MO3BONAET «METUTL» TEp-
PUTOPUIO CBOEro 06MTaHNA,~3603Hayas apeas 0buTaHus.

8.7. MEXAHV3MbI BbIBEAEHNA MO4YMA

3 cobupatenbHbIX TPYHOK Moua NOCTYNaeT B NoYeyHble N0XaHKK, a
3aTeM 3a CUET NepUCTaIbTUYECKNX COKPALLEHWI TNafKon MYyCKynartypbl
NOXaHKM 1 MOYETOYHMKOB B MOYEBON My3blpb. 3amno/IHEHE MOYOW N0-
XaHOK 1 pasfpaXKeHve MexaHopeLenTopoB 06ecneumsaroT pa3suTue co-
OTBETCTBYHOLLEro pedniekca. Ymcno nepuctanbTUHECKUX COKpaLeHUi
MOYeTOYHUKa cocTaBndeT 1.5 B 1MWH; CKOPOCTb pacnpocTpaHeHus
BOJIHbI COKpALLEHUs BAO/b MO MOYETOUHUKY —2...2,5 CM B 1 MUH. Mo-
4eBOM My3blpb NPeACTaBNAeT COBON MOMbIA MbILLEYHbIA OpraH, ChyXa-
WM pe3epByapoMm A8 Moun. Moua no mepe 3arofIHeHWUs pacTarvBaet
ero CTeHKW. NagKve MblLlLibl MOYEBOTO My3bIPsi COCTOST M3 TPEX C/I0EB,
NnpuyemM CpefHMn U3 HUX NMOCTPOEH M3 KOJbLEBLIX BOMIOKOH, a HapyX-
HbIA N BHYTPEHHWIA —W3 BOMIOKOH, NeXawnx napaniefibHo afvHe ny-
3bIps. B MecTe BbIX0Aa MOYENCNyCKaTe/lbHOro KaHana U3 ny3sbips Kofb-
LleBasi MycKynatypa o6pasyeT yTO/LLeHMe, OXBaTblBatOLLee Haya/bHYHO
4acTb KaHana —CuMHKTep. Y caMLOB nepenoHyaras 4yacTb MoYencnyc-
KaTe/lbHOrO KaHana OKpY>XeHa nonepeyHononocaTon MbllWLen, aBns-
tOLLECA HapyXXHbIM COUHKTEPOM. Y CaMOK POJib 3TUX MbILLUL, BbINOHSA-
eT KO/bLieBasg MyCKynatypa CTeHKM MOYenCrycKaTe/lbHOro KaHana.

®YHKUNOHUPOBAHME MOYEBOro Ny3blps KOHTPOMPYET CUMMATU-
yeckaa M napacumnaTnyeckas HepBHble cucTeMbl. ONOPOXKHEHME MO-
4eBOro nysbIpa MPOUCXOAUT nepuoguyveckn. CumMnaTtuyeckme Heps-
Hble BOJIOKHA, BbIXOAALWME W3 3afHero 6pbPKEeYHOro raHrnuns, pac-
NpesensTCca B MbllLAX MOYeBOro nysbips. Mpu Bo36YXAEHUN CUM-
NaTMYeCKON CUCTEMbl MbILLbl CTEHKM My3blps paccnabnsatTcs, a
COUHKTEPBI (BHYTPEHHUIA W HapyXHbIN) OCTAlOTCA B COKPALLEHHOM
COCTOSAHUM —MPOUCXOAUT Haro/IHEHNe MOYEBOro Ny3bips MoYoW. Mpu
ONpefeneHHON CTeneHn pacTHKeHNS N LOCTUXEHUN BHYTPUNY3bIPHO-
ro gasneHusa (12... 15mMm Bof. CT.) HAYMHAKOTCA MO3bIBbl K MOYencnyc-
KaHuto. B pedhneKTOpHOM aKTe MOYEMCNYCKaHUSA Y4YacTBYHOT KPecTLo-
Bble OTAe/Ibl CIMHHOIO Mo3ra. depeHTHbIe UMNYNLChl U3 CMNHAMb-
HOro LieHTpa No napacuMnaTyeckKUM HepBHbIM BO/IOKHaM o6ecneyn-
BAKOT COKpPALLEHUSA TNafKuMX MbIWL, CTEeHKU MNy3bips, paccnabneHue
[BYX C(MHKTEPOB €ro LUEMKM M MOYEeUCrnycKaTe/IbHOro KaHana, 4To
CMOCOGCTBYET YAQIEHNIO MOUM M3 NYy3bIps. [BUXEHME MOYM MO MoYe-
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NCMyCKaTeSIbHOMY KaHany pedIeKTOPHO CTUMYIMPYET COKpalleHue
MOYEeBOro ny3bips. LIeHTp MoyencnyckaHns HaxoauTCsa Mog BAUSAHUEM
MMNYNbCOB, NPUXOAALMX OT LEHTPOB NPOAO/SIrOBaTtoro U CpefHero
MO3ra, a TaKKe OT KOPbl GO/MbLUMX MONYyLIapniA roN0BHOro Mo3ra. o-
Ka3aTe/IbCTBOM 3TOMY C/Y)XXUT BO3MOXHOCTb BOJIEBOM 3afepXKKN aKTa
MOYENCNYCKaHNA, a Takxe NPon3BOJ/IbHOE MOYENCyCKaHue.

Y N7y, Moya no AByM MOYETOYHMKaM M3 MOYeK NonajaeT B K1oaky,
rge cMeLLmBaeTcs ¢ Kaiom. pucyTcTBME MOYM B KaI0BbIX Maccax 006-
Hapy>XMBAETCA MO BKNOUEHNSIM 6E/0ii XN0MbEBUAHOI MacChl, COCTOS-
e B OCHOBHOM M3 MOYeBOM KMUCMOThl (40 70 % BbLLENSEMOro a3oTa),
MOYEBUHbI, aMMMaKa, ryaHuHa n kpeatuHa. CyTouHas nopuus mouu y
Kyp OKOMo | N, ay rycen go ! n.

8.8. BbIAENVTENBbHAA ®YHKUNA KOXU

KoXa noMMMO MeXaHW4eCKOW 3aljuTbl BbIMOSHAET WCKIHUK-
TeNIbHO BaXHYK (DYHKLMUIO —BbLUENEHNe LeNioro psaga CoeAvHEHMWIA:
noTa, XMponoTa, KOXXHOro cana. NoToBblAeneHne MMeeT ocoboe 3Ha-
YeHMe B npoLieccax TePMOPerynsaumMmn: nNpu notepe Koxen Bofabl {KO>K-
HOVA NepcnvpaLmmn) CyLLeCTBEHHO CHUXXaeTCa TemnepaTypa Tena. Bmecte
C 3TUM C MOTOM Y[ANIAOTCA HEeOpraHM4Yeckue U OpraHUYeckue BeLlle-
ctBa. MoToBbLIE Xefe3bl UMeKT Tpy6yaToe CTPOEHME M pacrosiarakTcs
B MOAKOXXHON COEANHNTENbHOW TKaHW B BUAE CBOEO6Pa3HbIX Knybou-
KOB. BbIBOZHbIE MPOTOKM OTKPLIBAOTCA Ha MOBEPXHOCTU KOXMW, (op-
MUPYst CBOEOOPa3HYHO MOTOBYHO MOpy. Y NoLajeit 1 OBeL, NOTOBbIE Xe-
nesbl pacnpefenstoTcs No BCemy Teny, ay KOpoB U CBUHEN cOCpeoTo-
YyeHbl B 00/1aCTV rosoBbl. 10T npeacTasnseT coboli BOAAHUCTBIN Cce-
KpeT (nnotHocTh 1,005...1,021; pH 6,0...6 8), cogepxalwinii B OCHOB-
HOM Xfopuiel, a Takke qocgaTbl U cynbgaTbl. OpraHu4eckune Be-
LwecTsa noTa NpeAcTaBfieHbl 6en1kaMu, MOYEBMHOW, MOYEBOW KUC/O-
TOW, KpeaTUHMHOM, ammunakom, JDKK, nurmeHTamm u ButaMmHamu.
OfHO 13 Hambonee 3Ha4YMMbIX OpraHUYeckMX BeLecTB Mota —Mo-
NIOYHaaA K1cnoTa CoAepXUTCS B AOCTATOUYHO BbICOKMX KOHUEHTpaLu-
ax: or 40 go 150 mm. T1OT nowagn OTNMYAeT BbICOKAasA MIOTHOCTb
1,021; ero BsA3KOCTb paBHa 1,2, a pepakums — 1,350; copepxxaHue
obuyero asota coctasnset 281 mr%, 6enkos —0,71 %, anb6yMUHOB —
0,15, rnobynuHos —0,55, MoueBuMHbl —0,14 %. KneTouHble Mmexa-
HU3Mbl CEKpeuun noTa BKKYaOT B CebS BbIXOJ MEXK/IETOUYHOM
XUAKOCTM MO MEXKNETOUYHbIM MPOCTPaHCTBaM W aKTWBHbIA TpaHc-
NopT MOHOB Yepe3 KNeTKW 3NUTeNns NoToBbIX Xenes. MNMpumevarens-
HO, YTO B 06pasuax U30MPOBAHHBLIX MOTOBbLIX >Kee3 COLEPXUTCS
BblCOKOaKTMBHad Ha""KM-AT®dasza, UTo 00bACHAET 3HAYUTENbHbIE
N3MEHEHUS TpaHcnopTa KaTWMOHOB MPWM CTUMYNALUKW MNOTOOTAeNe-
Hus. Kpome TOro, B yCNoBUSAX CTUMY/ALMW BbLENEHUS NOTa NPOUC-
XOAMT CYLEeCTBEHHOE W3MeHeHWe KOHMUIypauun MexXKNeTOUYHbIX
MPOCTPAHCTB, COAEPXKALLNX MEXKIETOUHYIO XXUAKOCTb, NPUYeM npea-
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rnoniaraeTcs akTUBHas PO/lb MEXK/IETOYHOTO KOHTaKTa B NepeMeLLieHny
3TOW XMAKOCTM B NPOCBET NPOTOKA XKenesbl.

PaszgpaxuTenem npu noTooTAENEHWN CYXWT Temnepatypa OKpy-
Xarollen cpefbl. MNpu Temnepatype, 6/M3KON K YPOBHIO TemnepaTyp-
HOro KomdopTa, MOTOOTAENEHVNE HUYTOXKHO, a NPW ee MOBbILLEHNN
BO36Y)>KAAl0TCSA TEPMOPELLENTOPbI KOXW U Yepes 3aHUe KOpeLLKn BO3-
6y>XaeHne NocTynaeT B GOKOBbIe pora CNHHOIO MO3ra, rae HaxoasTcs
LLeHTPbl CUMMNATUYECKO HEPBHOWM cUCTEMbI. LIeHTpanbHble MeXaHu3-
Mbl TEPMOPEryNALuMM pacnonararoTcs B runotasiamyce, KOTopblii pearu-
PYET KaK Ha CHUXXEHMe, TaK 1 Ha MOoBbILLEHNe TeMMNEPaTypbl U BKIKOYa-
€T CMHaNbHbIE LIEHTPbI MOTOOTAENEHNS, PACMOIOXKEHHbIE CErMeHTap-
HO BAO/b BCEro0 CMMHHOIO MO3ra COOTBETCTBEHHO NOKaNM3aLMmn raHr-
NINeB CUMMATUYECKOro OTAena. HerpoHbl 3TWUX raHrnveB o6pasytoT
aKCOHbI, KOTOpble ABMAOTCA CUMMATUUYECKUMM HEPBHbLIMWU BONOKHA-
MW, MHHEPBUPYIOLLMMMN NOTOBbIE Xenesbl. Perynaums noTooTAeneHms
npeanonaraeTt yyacTue XO/IMHEPrMYecKoro 1 aipeHeprnyeckoro Mexa-
HM3MOB. 3TN HepBbl NPeACTaBNAKOT CO60M OTPOCTKM KNETOK, pacnosno-
YEHHbIX B CUMMATUYECKMX TaHINAX, OCOBEHHOCTbH) 3TUX BOMOKOH
ABNSETCA MPEVMYLLECTBEHHbIV XONUHEPTNYECKUIA MeXaHW3M KX BO3-
[eicTBMSA Ha 3PPEKTOPHbIE CTPYKTYPbI.

BecbMa MHTEPECHbIM OKa3blBAETCSA Pe3y/bTaT AEHEPBALMM KOXHbIX
enes: B YCNOBUSAX ayTOTPaHCMNIaHTaUUU Y4YacTKOB KOXW KOHLEBble
OTZe/bl MOTOBbIX XKefe3 paclymMpeHbl, KNETKN ANUTENNS YNIOWEHbI 1
NPOSIBASIKOT CKAOHHOCTb K AereHepaumm. 3T Mopdonornyeckmne gaH-
Hble W pe3ynbTatbl (YU3UONOTUYECKMX 3KCNEPUMEHTOB YKa3blBalOT
Ha TO, YTO MHTEHCMBHOCTb MOTO06PA30BaHNA 3aBUCUT OT COCYAMUCTbIX
peakunin. BasogunaTaums obecrneyvnBaeT MHTEHCUMBHOE MOCTYM/EeHNe
«NPeALEeCcTBEHHNKOB» M0Ta M YCWU/IEHMe TPaHCMOPTHbLIX MPOLECCOB B
KMeTKax CEKPeTOPHOro anuTenus. Hapsay ¢ sTMM yganeHue cekpeTa
13 MPOCBETA Xene3bl OCYLLECTBAAETCA COKPATUTENbHBIMW 3/1EMEHTaMM
Xenesbl, KOTOpble pacrnonaratTcd Ha KOHTP/IOMEHa/lbHOM CTOPOHE
ANUTEIMANBHOIO C/I0A. JTU COKPaTUTe/IbHbIe KNETKU pearvpyoT Ha
afipeHepruyeckme BAUAHMUA, a BbIOPOC KaTexonammHOB B KPOBb Mpw
3MOLMOHa/IbHOM BO36YXX/AEHWM NPUBOAUT K BbIBEAEHWIO paHee CUHTe-
3MPOBAHHOW NOTOBOM XWUAKOCTU («XONOAHLINA MOT»).

CurHanom K Hauany WHTEHCUBHOTO 06pa30BaHWs 1 BbllUENeHUs
noTa CNyXuT TemrnepaTtypa OKpyXXatoLuei cpefbl MG0 M3MEHEHUS
TemnepaTypbl Tena npu UHTEHCUBHOW MbILLEYHOW Harpy3ke. [MoBbILLe-
HVe TemnepaTypbl NPUBOANT K BO3DYXXAEHWUIO TEPMOPELEenTopoB, 3a-
TEM Yepes 3aJHue KOopeLLKkn BO30Y>xaeHne nocTynaeT B OOKOBble pora
CMWHHOIO MO3ra, rAe Y HaxogaTCst LeHTPbl CUMMNAaTUYeCKONn HepBHOM
cuctemMbl. Hapsgy ¢ 3TuM AaHHble nepudeprnyeckoin TepMOMETPUN
oueHunsaroTca LIHC ¢ uenbio nogaepXaHus TemneparypHoro romeoc-
Tasa (cm. rn. [0).

CeKpeums KOXHOr0 cana OcyLLECTBNSETCA cneumanbHbIMU XKenesa-
MW a/lbBEONIAPHONO TWMa, B KOTOPbIX 3a CHET FO/IOKPUHOBOW CeKpeLmm
pa3BMBaIOLLMECH K/IETKN MOABEPratoTCca >XUPOBOMY MEPEPOXAEHUIO,
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OTTOPrarTCA MOMOAbIMUA K/IETKAMW W BbITECHAIOTCA B BbIBOLHOW
NPOTOK B BUAE XXMpa UM BOCKOBUAHOTO cekpeTa. A/bBeO/Ibl Ca/ibHbIX
Xene3 onnetarnT TUNUYHbIE MUO3MUTENNaNbHbIE K/IETKW, KOTOpble B
MepBYI0 OYepeb pearvpyroT Ha AeHepBaLuio, 1 fereHepaTuBHble U3-
MEHEeHNs NPOUCXOAAT MpeXxAe BCero B HUX. VIHHepBauus CalbHbIX
Xene3 OCYLLEeCTBAETCA CUMMNATUYECKUMU HEPBHLIMU BOIOKHAMM.
OueBMAHO, YTO HapyLUeHWe CEKPeTOPHOro npouecca B CaslbHbIX Xe-
ne3ax W yfaneHve paHee 06pa3oBaHHOI0 XXMPOBOIO CeKpeTa CBA3aHO
npexzae BCero ¢ HapyLUeHNeM AesTe/IbHOCTU BCEro CTPYKTYPHO-(PYHK-
LMOHANbHOrO KOMMJeKCca CaNbHOM Xenesbl. CeKpeT caslbHbIX Xe-
Ne3 —KOXXHOE Ca/io COCTOMT U3 HEHACBILEHHbIX XXUPHbIX KACNOT U
3(hMpPOB XONIECTEPUHA.

BbLuenvsLieecs 13 NPOTOKOB, PacrosioKeHHbIX B OCHOBHOM Y KOp-
HA BO/I0CA, KOXHOE Ca/lo pacrpesensieTcs no BofoCy U NOKPbIBAeT ero
B BUAE 3aWUTHON CMaskM. B MOMEHT BbLUEMEHUA XMAKOE KOXHOe
ca/lo B MOCNeAyHoLLEM 3arycTeBaeT 1, CMeLLMBasCh C MOTOM, pasnaraeT-
Cs C 0O6pa3oBaHMeM NETYUNX XXMPHBIX KUCOT, 06najatoLmnx cneyngm-
4eckMM 3anaxom. CMecb NoTa U KOXHOr0 casla Ha3biBakoT XKUPONOTOM.
XKuponoTt npegoxpaHsieT BOMOCbI OT HAMOKaHUS W 3arpsA3HeHus; y
oBeL, obecneynBaeT 06pa3oBaHue pyHa. KonmyecTBo >XmponoTa co-
cTaBnseT oT 7 Ao 30 % o6LLeli Macchl LWEepCTU 1 3aBUCUT OT NOPO[bI,
ce3oHa rofa, KnvMmarta, YC/OBMIA COAepXXaHua 1 KopmieHus. KoxHoe
cano, NOKpbIBas KOXY, 3alluLiaeT poroBoi CMoi anuaepmuca ot Bbl-
CbIXaHWA 1 06pa3oBaHns TPELLUH.

Y ntuy, 0co6eHHO BOAOMNIaBatoLWMX, OTCYTCTBYIOT MOTOBbIE U Caslb-
Hble XKenesbl, a X QYHKLMIO BbINOHAET KONYMKOBAsA Xenesa, pacno-
NOXEHHasA Haf, § —/-M1 XBOCTOBbIMW MO3BOHKaMU. YKesesa MokpbITa
NIOTHOW Karncynom, KpynHble KPOBEHOCHbIE COCY/bl NOAXOAAT K Heil C
BEHTPa/IbHON CTOPOHbI. JlaTepaslbHO K Karcysne KOMYUKOBOW Xene3sbl
pacnofiaraloTcs My4Yyky MonepeyHo-nonocaThbliX MbILWEYHbIX BOJIOKOH,
KOTOpble, COKpaLLascb, CNOCOGCTBYHOT MPOU3BO/ILHOMY BbLUABNVBA-
HUIO CeKpeTa. Y BOAOMN/IaBAOLLMX XKene3a pa3BuTa 3HaUUTE/IbHO flyu-
we, YeM y apyrux ntuy. CekpeT KOMYMKOBOW XKenesbl NpescTaBiseT
COGOWA TyCTYH XMUAKOCTb CBET/IO-XKENTOro LiBeTa €O CnabbiM 3arnaxom
rYCUMHOro cana un co cnabowenoyHon peakumen (pH 7,17...7,18), KoTo-
pas COCTOMT B OCHOBHOM W3 NNMUAOB, & TaKXXe 6e/IKOB Y HEeKOTOPbIX
MUHepanbHbIX BewecTB. CeKpeT KOMYMKOBLIX Xene3 06najaeT 6akTe-
PUOCTAaTUYECKUMW CBOWCTBAMU MO OTHOLLEHMIO K FPammnofioKUTeNb-
HOW 1 rpamoTpuLUaTenbHON MUKpodiope.



MFhasa 9
dPN3NONOTNA PASMHOXEHWUA

9.1. NMONOBOE CO3PEBAHWNE U NOJIOBAA 3PEJIOCTb

Pa3MHOXeHNe —3T0 CMOCOBHOCTb XXMBbLIX CYLLECTB BOCMPOWN3BO-
AnTb cebe NOAoOHbLIX. BocrnpoussefeHWe MNOTOMCTBA —BaXHelLLIas
(DYHKLMS XKUBbIX CYLLECTB, 0becneynBaroLas CoxpaHeHne Buaa: npo-
ABNAETCA Yy M/IEKONUTAKOWMUX 1N NTUL, He cpa3y nocne poXKAeHud, a
TOMIbKO MPW AOCTUMXEHUU UMK MOM0BOI 3penocTu. ocne HacTynse-
HAS NONOBOW 3penocTwu, T.e MNPUOBPETEHUS camKamu U
camuammn CrnocobHOCTU K PasMHOXEHWIO, B UX OpraHu3Me HauMHalT
MPOVCXOAMTb 3aBepLUatoLLMe 3Tanbl TaMeTOoTr e H e 3a —obpa3oBa-
HNA MYXXCKMX 1 XXEHCKUX MOJMOBbLIX KNETOK, KOTOPbIe MPOA0IKakTCS B
TeyeHne BCeN PeNpPOSYKTUBHOW XXMU3HU XMBOTHbIX. B nepnoj nososo-
ro Co3peBaHNa OpraHn3M X1BOTHOIO NpPeTepreBaeT CNOXHY MOPJO-
(hYHKLMOHaNbHYIO MepecTpoiKy, BedyLlyt K HOBOMY (hM3Monoruyec-
KOMY coCTosHMI0. C HacTynneHneM NonoBoOW 3pesiocTh NoJoBbIe Xe-
Ne3bl HAYMHAKT YCU/IEHHO BblpabaTbiBaTb FOPMOHbI —3CTPOreHbl U
aHZpOreHbl, perynupyroLime MnpoLeccbl CriepmaroreHesa M 0OreHesa,
NMPUBOAALLME K MOSABMIEHNIO Y XXUBOTHbLIX MOMOBOr0 BO30OYXAEHWUA ©
CMOCOOHOCTU K MOIOBOMY aKTy (KOMTycy). [10/10Bble FOPMOHbI CTUMY-
NNPYIOT pasBUTUE He TO/bKO MOJI0BOM CUCTEMbI, HO U BTOPUYHBIX MO-
NOBbIX MPU3HAKOB (MOMOYHbIX Xene3 y CamMOK), a TaKXXe y4yacTBYyHT B
perynauuy obMeHa BeLlecTB, NPUBOAA K (POPMUPOBAHUIO Y MOJI0BO-
3PenbiX XMBOTHbIX XapaKTepHbIX BHELUHWUX MPU3HAKOB 1 NMOBEAEHYeC-
KUX peakuuii, MPUCYLLIMX MYXCKOW WK XXEHCKOR 0cobm.

CpoKU HacTyneHWs NnoJsioBoi 3penocTun 3aBUCAT OT MHOTUX (haKTo-
POB W Mpexze BCero oT BMAa, MOPoAbl, MoJa XMBOTHLIX, Kiumara, yc-
NOBWA KOPM/IEHNA, YXO/ia N COAEPXKaHNA, NMPOAO/MKNTEIbHOCTY CBETO-
BOr0 nepviofa, Temnepartypbl OKPYXaloLlen cpefbl, Halnunsa Henpo-
CeKCyasibHbIX pasgpaxuTtenein (00OLLeHe Mexay pasHoMosbIMU XUBOT-
HbIMW, KOHTAKT CaMOK C caMLOM-Npo6HUKOM). Hanpumep, y oBeL
6onblUe, YeM Y APYTUX XMUBOTHBIX, CPOKW MPOSBEHUS NOMOBON 3pe-
NOCTW 3aBUCAT OT MOPOZbI: MOJIOBOE CO3pPeBaHNE Y APOK POMaHOBCKOIA
nopoAbl HacTynaeT B Bo3pacTe 4...4,5 Mec, a y ApOK KapaKy/bCKOW Mo-
pOAbl—TONbKO B 18 MeC. Y CBMHel MOM0BOE CO3peBaHWe HacTynaet
paHbLLe NPy KPaTKOBPEMEHHOM MOBbILLEHNN YPOBHA KOpM/eHNs (0co-
GeHHO MpW UCMO/Ib30BaHWMN PALMOHOB C BLICOKUM COfepXaHvem 6en-
KOB), OMTUMA/IbHOM PEXMME COAepXKaHus W B MPUCYTCTBUU XpsKa.
Ce30H pOX[AEeHUA CYLLECTBEHHO B/UAET Ha CPOKW MOJI0BOr0 CO3peBa-
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HUSA KO6bIN 1 ApoK. Ecnn fpoyka poguniack 3MMOI UKW B Havane Bec-
Hbl, TO MPU HOPMa/SbHOM Pa3BUTUKN OXOTa Yy Hee MPOSIBUTCA OCEHbIO
(T. €. B BO3pacTe §...8 Mec), a ecnu No3aHeit BECHOW, TO MepBast 0xoTa
HacTYNuT Y Hee TO/IbKO B Hayasie OCeHW CreflytoLLero roga (T. e. Ha BTO-
POM TOAY XW3HW).

Y CeflbCKOXO035NCTBEHHbIX XXMBOTHbLIX MO/I0BOE CO3peBaHWe 3Ha-
4MTeNIbHO OnepexaeT 06y (M3UONOrMYecKyro 3penoctb. lMonosas
3penocTb NPOSABNAETCA BCerfa paHblle, YeM 3aKaHUMBAETCA OCHOBHOM
POCT 1 Pa3BUTKE XXMBOTHOTO, MO3TOMY ee HaCTYIJ/IeHMe eLLe He CBUufe-
TeNbCTBYET O FOTOBHOCTU OpraHu3ma K BOCMPOM3BOACTBY MOTOMCTBA.
cnonb3oBaHme >XMBOTHBLIX ANS BOCMPOW3BELEHNA Cpa3y Moc/e Ha-
CTYN/IeHWUS NOMOBOWA 3peNoCTU OTpMLATEIbHO CKa3blBAETCA HE TOJbKO
Ha 3[0POBbE CaMUX >XMBOTHbIX, HO U Ha MX NOTOMCTBE. 3apofbln B
HEeC(OPMMPOBABLLEMCA MATEPUHCKOM OpraHu3Me HeAomnonyyarT He-
06X04MMble 418 CBOEr0 Pa3BUTUA BELLECTBa. Y CULLKOM MOMOAbIX ca-
MOK eLLe HeJoCTaTOYHO Pa3BMTbI MOI0Bas CUCTEMA, MONIOYHAs XKenesa,
KOCTHbIV Ta3, YTO BefeT K TSKe/lbIM pojaM, pasInuyHbIM POLOBLIM M
NOC/ePOLOBbLIM OCIOXKHEHUAM.

O6bIYHO CeNbCKOX03ANCTBEHHbIX XMUBOTHbBIX UCMOMbL3YIOT A1 BOC-
NPOM3BOACTBA NOTOMCTBA 3HAYMTENbHO MO34HEE HACTYMN/AeHUs Noso-
BOIA 3penocTu, B NepuoA TaK Ha3blBaeMOl (h3MOIOMMYECKOR 3penoc-
TW, KOrja B OCHOBHOM 3aBepluaetcd (POpMuUpOBaHWe opraHusma.
®P13M0I0rMYECKYHO 3pefioCTb, T. €. FOTOBHOCTb MOJIOAbIX CaMOK K oce-
MEHEHMIO W BblHAWMBAHUIO MN04a, ONPeAenstoT Nno COBOKYMHOCTU
NMPU3HaKOB: BO3PacTy, XXMBOW Macce M CTENEHW pa3BUTUA MOIOBbLIX Op-
raHoB. Cyautb 0 ()M3MOIOTMYECKON 3peiocTn MO KakoMy-1nbo 0fHO-
My M3 3TWX MoKasaTesnel Henb3s. Hanpumep, Tenku npu 06UIbHOM
KOPM/IEHMN HabMPatOT BbICOKYIO Maccy yxe K |1 -MeCcs4HOMY BO3pac-
Ty, HO VX M0JI0Bas CUCTEMA M MOJIOYHAA >Kefe3a eLle HefoCTaTOvyHO
pa3BuTbl. V1, HAO60POT, NPW NIOXMX YCNOBUAX KOPMIEHUS U COAepXKa-
HMA Tenkn B Bo3pacte 18 n gaxe 24 mec elle He AOCTMrakT MOSIHOMO
pasBUTUS, U B Aa/IbHEALEM M3 HUX TPYLHO NOMY4YMTb BbICOKOMI0A0-
BUTbIX YKUBOTHbIX.

MexaHn3M NOoN0BOr0 CO3PeBaHMS CBS3aH C HEPBHON N 3HAOKPUH-
HOM cUMCTeMamK OpraHv3ma, v Npexzie BCero 3aBUCUT OT (PYHKLMOHab-
HOro COCTOAHMA runoTtasamyca. [lopor YyBCTBUTENIbHOCTM TUnoTana-
Myca K NosiIoBbIM FOPMOHAM CYLLECTBEHHO M3MEHSETCA B TEYEHME XIN3-
HW. BcKope nocne poXxgeHus runotasamyc MakCumanbHO YyBCTBUTE-
NeH K TOPMO3siLLeMY AeNCTBUI0 MUHMMAIbHOTO KOMMYeCTBa MOsoBbIX
FOPMOHOB, KOTOPbIE Y)Xe BblpabaTblBalOTCA roHafamMu v KOpoW Hajano-
YEYHWKOB B HEMosI0BO3pPesIoM opraHusme. Bcneacrsue aToro rnosoBoi
LIEHTp runoTtasamyca HaxoAMTCA B 3aTOPMOXKEHHOM COCTOSIHMM, Bblpa-
60TKa MM COOTBETCTBYIOLUUX PUNN3MHT-(PAKTOPOB ((honnmbepmHa u
NonnbepuHa) yrHeTeHa, 4To U NpefoTBpallaeT NpeXxaeBpeMeHHoe no-
NOBOE CO3peBaHue, COM3MepsAs ero Temrbl C 06LMM pa3BUTUEM Opra-
HM3Ma. bnarogaps NOBbILLLEHMIO MOPOra YyBCTBUTENIbHOCTW rMnoTana-
Myca K MosioBbIM rOpMOHaM, OH NOCTEeNeHHO OCBOGOXAaeTca OT Top-



MOXEHWS, OCYLLLECTBAEMOr0 Mo NPUHLMNY 06paTHON cBA3n. Mepexos
K M0N0BOMY CO3peBaHMUI0 CBA3aH C YCTaHOB/IEHWEM HOBOIO paBHOBEC-
HOI0 COOTHOLLIEHUA KOHLIEHTPaLWii roHaoTPONMHOB W MOJIOBbIX FOp-
MOHOB B KpPOBW. [1pn JOCTUMXEHMN XKMBOTHLIM OMpeaesieHHoro Bo3pac-
Ta YCWUMBAETCA CEKPeLMs Kak roHafoTponmnHOB, Tak 1 NosioBbIX rop-
MOHOB, W HacTynaeT nonosas 3penocTb. CneposatesibHO, AN MOJO-
BOr0 CO3peBaHUs HeobxoAMma akTUBauus rOHafOTPOMHON (PYHKLUMK
rmnoTanaMmo-runou3sapHoin cucTemMbl NPU OLHOBPEMEHHOM YCUIEHWN
CeKpeLmMmn rnonoBbIX ropMoHOB (Tabn. 9.1).

9.1. Nonosas n (pusmonornyeckas 3peniocTb CaMKu

CpOoKV HacTyrieHus

Bug, »1BOTHOIO S p—— q""”;%’;%‘f#ﬁ“‘o“ PenpoayKTVBHbIA Nepros
Kobbina 18 mec 3..4roga [o 16..18 net (MHorpga
no 25...30 ner)
OBua 7...8 mec 12...18 mec [o 6...7 net
CBUHbA 5...8 mec 9...1 mec [o 6...9 net
KopoBa 8...12 mec 16...18 mec [o 13..16neT

9.2. ®N3NOMOMNA PENPOAYKTUBHOM
CNCTEMbI CAMLIOB

K opraHam pa3MHOXeHMS CaML,0B XXWBOTHbIX OTHOCAT CEMEHHU-
KW C npugaTkaMu, CemManpoBoAbl, MOYENoIOBOV KaHas, NpuaaToyHble
MO/OBbIE Xefe3bl U NOM0BOI YNeH. MoNoBble OpraHbl CaMLOB UHHEP-
BUPYIOTCA BETBAMM MOSICHUYHOIO M KPEeCTLOBOrO CM/IETEHUI, a Takke
CUMMAaTUYEeCKOW Lenoykn. B HHepBaLuy CEMEHHNKOB y4YacTBYeT Tak-
Xe 6ny>KAaroLWMiA Heps.

CeMeHHUKN —MapHble MOMOBbIe XKefe3bl, B KOTOPbIX 06pasytoTca
MoNIOBble KNeTKW —CMepMUH  (CnepmaTto3omibl) WM CUHTE3MpyeTcs
MY>KCKO MOMI0BON rOPMOH —TeCcTOCTePOH U Ap. OObIYHO CEMEHHMU-
KW YKMBOTHbIX SIALEBUAHON (hOPMbI, UX ANUHA KOnebnetcs ot [l Ao
15cm B 3aBUCUMOCTM OT BMAA XXMBOTHOr0. Macca ceMeHHUKOB BblKa
okono 300...350 r (kaxablii), 6apaHa —200...300, ko3na — 145...150,
Kepebua —okono 200, xpska —250...350 1. CEMEeHHWKN MOKPbIThI
CepO3HO N CoeAMHUTENbHOTKAHOW (6enoyHoil) obonoukoil. Pagu-
aflbHble MeperopofKn pas3fenstoT Tena CeMeHHMKa Ha OTAe/bHble
Kamepbl, MapeHX1Mma KOTOPbIX COCTOMT W3 W3BUTLIX CEMEHHbIX Ka-
Ha/IbLeB 1N COeAMHUTE/IbHOW TKaHW. of coeUHUTEIbHOTKaHON 060-
NOYKOW KaHasbLieB pacnonaraloTcs MONNNKYNAPHbIE KNETKN (KNeTKu
CepTonn) M KNETKW CnepMaTOreHHOro anuTenus, dalouine Ha4vano
MY>XCKMM MOJI0BbIM K/IETKAM.
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Bo BpeMs aMOpPMOHaNIbLHOIO Pa3BUTUA CEMEHHUKM 3aKafblBatOTCS
B MOSACHUYHOW YacTV 6PIOLLIHOI NonocTy nnoga. B nocnegHune mecsubl
ambpuoreHesa UM HenocpeACTBEHHO MOC/E POXAEHMS OHWU OMycKa-
tOTCS B MaxoBy0 06/1aCTb ¥ 3aTeM B MOLLIOHKY camLia.

MoLUOHKa NpefCcTaBnseT o060 MELLIOK M3 KOXMN, BHYTPEHHIOK MO-
BEPXHOCTb KOTOPOr0 BbICTWU/MAKOT MYCKY/IbHO-3/1aCTUYeCKas U obLias
BnaranuwHas 000104kn. Koxka MOLLIOHKM COLEPXMWT 60/bLLIOe KONK-
YECTBO XOPOLUO PasBUTbIX CasibHbIX M MOTOBbLIX XKene3. TemnepaTtypa B
MOLLOHKE HWXe, YeM B OPIOLLHOWA MO/OCTK, YTO 6/1aronpuATCTBYET NPo-
Lleccam 06pa3oBaHMs MYXXCKMX MOMOBLIX KNEeTOK. B cnydae 3agepx-
KN CEMEHHVKOB B OPIOLLIHON NOMoCcTn (KPUNTOPXM3ME) camLbl MOTHO-
CTbiO TEPSAKOT CNOCOBHOCTb K OMNOAOTBOPEHUIO (MPW [ABYCTOPOHHEM
KPUNTOPXM3ME) W/IN XKe OHA HECKONbKO CHUXKAEeTCA anm Of4HOCTOPOH-
HeM KpUNTOpXM3Me). ITO NOATBEPXKAAET (PU3N0IOTMUECKYI0 posib MO-
LLUOHKWN B MeXaHM3Max TepMOpPerynsaumum ceMeHHKOB.

CylecTByeT OnpefeNieHHbIA MeXaHU3M NoajepXXaHnsa nocTOAHHO-
r0 YPOBHS TEMMNEpaTypbl B MOLLIOHKE HE3aBUCMMO OT YC/I0BUIA BHELU-
Hel cpefbl. B XapKyto norogy MycKy/bHO-3nacTudeckas 060104ka u
MYCKY/-MOAHNMATe/Ib CEMEHHMKA paccnabnsoTcs, MOLIOHKA YBe/u-
4yMBaeTCs B pa3mepax, U CEMEHHUKM OMYCKalTCA BHU3, T. €. TENJ000T-
fiada yBennmumBaeTca. ITOMY CNoCcOBCTBYeT CeKpeLms MOTOBbIX Xeses.
B xonogHyto norogy MycKyn-nogHumaresi CEMeHHUKa U MyCKY/bHO-
anacTnyeckas 000/104Ka COKpaLLatoTCsH, CEMEHHMKM MNOATArMBatoTCA
BBEPX U MPUOAMKAIOTCA K TSy XXMBOTHOI0. KoxXKa MOLLOHKN CMOPLL M-
BaeTCs, CTEHKW ee YTO/LLAIOTCSA, a ee NMOBepPXHOCTb YMEeHbLUAeTCs, YTo
3HAUNUTE/IbHO CHWDKaeT TEniooTAady. YCWUneHHas Cekpeuus CasibHbIX
Xenes Takke 00ycnoBnmBaeT CTabUIbHOCTb Temnepanglpbl. Tak, npu
nepenajgax Temnepartypbl OKpy>xatoLlero sosgyxa ot 15 go 38 °C tem-
nepatypa BHYTPM CEMEHHUKOB Y OblKa U3MeHSETCA ToMbKO Ha 2,3 °C.
BbIK/OYeHME PYHKUMY NOTOBbIX U Ca/IbHbIX XXe/e3 Npu 3arpssHeHnn
MOLLIOHKMN WA KOXHbIX NOPaXKeHUAX NPUBOAMT K HapyLUeHUIo criep-
maToreHesa.

Ha npouecc TepmMoperynaymm B CEMEHHUKAX Takxke BMSIET UX KPO-
BOCHabXeHne. BHYTPEHHSS CeMeHHasi apTepus HauMHaeTCs OT aopThbl
B MOSICHWYHOW 06M1acTW M MO BCEN ANIMHE K Max0BOMY KaHany CUAbHO
N3BUBAETCS, YTO HapAdy CO CPaBHUTENbHO HEGONLLLUM AaMeTpoM ap-
Tepun Crnoco6CTBYET OXNXKAEHMIO apTepuanbHO KpoBu. B obnactu
MaxoBOro KaHasa apTepus TeCHO COMpPUKacaeTcs C MacCUBHbIM BEHO3-
HbIM CN/IETEHNEM BHYTPEHHEe CeMEHHOM BeHbI, B pe3y/bTaTe Yero co-
3pal0Tcs 61aronpusATHbIE YCNOBUSA AN OXNXKAEHUA apTepuanbHOi
KpoBW. B)kapKyto norogy npuToK KpoBM K CEMeHHMKaM ocnabnsercs,
a B XO/IOAHYI0 YCUNBAETCS.

FeMaTOTeCTUKYNAPHLIA 6Gapbep —CneunaibHbIA (yHK-
LMOHA/IbHbI MeXaHM3M, 3allULatoLLniA MOJIOBble KIETKN OT BHELUHUX
BO3ECTBMIA; NO CTENeHW NPOHULLAEMOCTM COMOCTaBMM C FreMaTo3H-
Lepanmyeckum. bnarofaps aTomy 6apbepy CyLLeCTBYHOT OnpefeneH-
Hble pa3inyma B COCTaBe MasMbl KPOBM W CEMEHHOW nnasmbl. B ce-

354



MEHHOW Nnia3me KOHLEHTpaLma Kanus B 2—3 pasa Bbllle, YeM B 1a3me
KPOBM, a KanbLUma U MarHus npMMepHO B [iBa pasa HWXe; OTCYTCTBYHOT
rNI0KOo3a U (PPYKT03a, HO OTMEYEHO BbICOKOE COfepXaHue WUHO3UTONE;
YPOBeHb 6eika, B TOM YKC/ie ¥ UMMYHOT/106Y/IMHOB, 3HAYUTENIbHO HIDKE
(okono 5 %), yem B nNnasme KpoBu. OCHOBY reMaTOTECTUKYNSPHOro 6a-
pbepa COCTaB/IAKOT CTPYKTYPbI, pacronaratrownecs Mexay MpoCBeTOM
KanunnispoB 1 NPOCBETOM CEMEHHbIX KaHa/lbLEB; 3HAOTENNI Kanunns-
pOB, NMMM{aTUYECKMe COCYAbl UHTEPCTULNA, COOCTBEHHAA 060/104Ka Ce-
MEHHbIX KaHasbLeB, KneTku CepTonu, WHTepCTUUManbHas TKaHb ce-
MeHHMKa 1 prubposHas 060104Ka CEMEHHMKA.

BaxkHaa ponb B npoLeccax HoOpMasibHOro PyHKUMOHUPOBAHMSA Ce-
MEHHWKOB B Lie/IOM W HENOCPEACTBEHHO CMEePMaTOreHHOro anuTenus,
KOTOpPbIV ¥ [aeT Hayano MY>XCKUM MOM0BbIM KNeTKaM, MPUHALNeXUT
wonnukynapHoelm knetkam Ceptonun. Knetkn Cep-
TOJIN BXOAAT B COCTaB 3MUTE/INA CEMEHHbIX KaHa/bUeB, UX LUANHEPN-
YyecKoe OCHOBaHMe MOKOUTCA Ha 6GasanbHol MembpaHe, a OTPOCTKM,
o6pallleHHble B CTOPOHY MpOCBeTa CeMEHHbIX KaHasbLeB, 00pasytoT
CBOEOOpasHble KOHTAKTbl C K/eTKamMu CnepMaTOreHHOro anuTesus.
LinTonnasma knetok CepTonm TAHETCA OT COGCTBEHHON 060/104KM Ce-
MEHHOr0 KaHasbla [0 ero npocBeTa W COAEPXKUT 3HAUNTENbHOE KOJU-
YeCTBO 1a4KOro 1 LLepoxoBaToro peTukynyma; B LMTOMnAa3Me MHOro-
YMC/IEHHbIE NM30COMbI OCYLLECTBNAIOT NepeBapriBaHne AereHepupyto-
LMX MOJIOBbIX KNETOK. MOMMMO yyacTus B 06pa3oBaHMM reMaToTecTu-
KynsapHoro 6apbepa Knetku Ceprony y4yacTBYHOT B MUTAHUN U MOA-
[lep>XBaHWUW KNeTOK CnepMaToreHHoro anutenuns. B knetkax Cepronu
nponcxoanT ob6pasoBaHne Tak Ha3blBAEMOI0 aHApPOreHCBA3bIBAOLLENO
6efka, B3aMOZeliCTBYIOLLEro C aHApPOreHamu, KOTopble He06X0ANMbI
NS perynsuuy npoLeccoB cnepmartoreHesa, T. e. 06pa3oBaHus rano-
MAHBIX MYXCKMX MOMIOBbIX KNETOK W3 AWUMIOUAHBIX NEPBUYHBIX MOJO-
BbIX KNETOK. AHAPOreHCBA3bIBAIOWMI 0OenoK BblpabaTbiBaeTCcA MO
BAUSHUEM (DONNIMKYNCTUMYNupytowero ropmoHa (PCI) runogu3a,
LN KoToporo Knetku Cepronin cayxat muileHaMmu. Knetku Ceptonu,
B CBOKO O4Yepefb, Y4aCTBYIOT B Perynsuuu BbipaboTkn (HONIUKYNICTU-
MY/IMPYIOLLEEr0 TOPMOHa: OHW BbIpabaTbiBalOT BELLECTBO, TOPMO3sLLee
cekpeunto ®CI™ 1 HasbiBaemoe UHTMbmHom PCr.

CnepmatoreHes 1 crnepmuoreHes. Mpowecc 06pasoBaHMst MY>CKUX NO-
NOBbIX KNETOK —CMepmueB, Un CNepMaTo30ua0B, NMPOUCXOANT B CTEH-
KaxX CeMeHHbIX KaHanbLeB. [0 Mepe pa3BUTUA MOSIOBbIE KNETKW Mnepe-
MeLLatoTCS OT 060/104KN CEMEHHOIO KaHa/bLia K ero LEeHTpYy.

basasbHas MembpaHa W3BWTLIX CEMEHHbIX KaHa/bLEeB BbICT/IaHA
KNeTKaMun, UMelLWwmMMn ANNIouAHbIA Habop XPOMOCOM —cCrepmaro-
roHusMun. B pesynbTaTte MUTOTUMYECKOTO AeNeHUs CnepmaTtoroHvm
[aloT Hayasio NepBnYHbLIM criepmartounTam. NepBuUHbIE criepMaToLu-
Tbl NPeTepneBalOT MENOTUYECKOe efleHune, B pe3y/ibTaTe KOTOpOoro 06-
pasyloTcs [Ba BTOPMYHBIX CMEpMaToumTa, SAHOLWMX HAvano YeTbIpem
rannovgHeiM cnepmatugam. CriepMaTuibl nocne psga CTPYKTYpHO-
(hYHKLMOHa/IbHbIX Npeobpa3oBaHWil NpeBpaLLatoTcs B 3pesible crnepMa-
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AKpOCOMHas TO30MaAbl W CNCpMUN. 3TOT MpOLCCC HO-
LUanoyKka [Heifka , H3BaHME CnNepMMUOreHesa.

CnepMUWH —3TO 3aKOHYMBLUME CBOM
POCT Y pPa3BUTME MYXXCKME rameTbl, PYyHKLMS
KOTOpPbIX 3aK/1H04aeTcs B OMNI0A40TBOPEHUN
YKEHCKOW MOSIOBOW KNETKM MPU OCEMEHEHWUM.
Y MNeKonuTatoLwmux crnepMmim COCTOUT U3 ro-
NOBKW, LIeVKW, Tena M XBocTa (KryTuka)
(pvc. 9.1). AnvHa nX B 3aBUCMMOCTU OT BMAa
YKMBOTHOIO BapbupyeT B npegenax 50...80 MKM.
"0N0BKa CriepmMms COoCTaB/seT NpUbIn3nTeNb-
HO 1/9 ero AnnHbI, UMEeT OBTbHYIO (hopmy,
HECKO/IbKO YCEeYEHHYHO CO CTOPOHbI LUENKMN.
B xofe cnepmuoreHesa 13 ny3bipbKOB KOMIM-
nekca Fonbmpky B UMTONNIa3Me cnepmatugpl
cpopmm%yeTc;l akpocoma, KoTopas MpeAcTaB-
NnseT coboi orpaHNYeHHY0 MeMbpaHoi opra-
He/y, TECHO NPU/erarLLyto K NnepeHen ya-
CTM f4pa crepmarosomja M Kak Lianoyka
O/i€BAtOLLLYHO ero rosioBKy.

AKpocoMa CnepmMaTo30M/j0B M/IEKONUTAIOLMX COAEPXKUT 60/bLLIOE
KO/INYeCTBO YI/IeBOAOB, B Heil NPUCYTCTBYIOT (DePMEHTbI SIN30COM-
HOWM Npupoabl (CXOAHble C (DepMeHTamMu IM30COM COMATUYECKUX Kie-
TOK) —ruanypoHuasa, kucnas ocarasa v apyrue, a Takxe npo-
TEO/IMTUYeCKMNe hepMeHTbl (aKpo3nH). 13 akpocoMbl JepMeHTbI OCBO-
60XaalTCA NpU KOHTaKTe Cnepmus C OnJ0A0TBOPSEMbIM AALOM W,
BO34eNCTBYS Ha 060104KMN fiiLa, 061eryatoT NPOHNKHOBEHWE B HEro
cnepmus. C paspyLueHVeM akpoCOMbl CMEPMUH TEPSAOT OMI040TBOPS-
tOLLYIO CMOCOGHOCTL, TaK Kak He MOryT MPOHMKaTh Yepes 060/104KN
ANLEKNETKN.

B xofe cnepmuoreHesa a4po crnepMatuibl YMeHbLIaeTCs, npuobpe-
TaeT OnpefesieHHy (hopMy, B HEM NMPOUCXOAWUT KOHAEHCaLMs Xpoma-
TWUHa, KOTOPbI NpeBpaLlaeTcs B NAOTHbIA U MeTabONMYECKN WMHEPT-
HbIi. MUTOXOHAPWK BbICTPanBalOTCA B CNMpab, 0OBUBAIOLLYHO XBOCT
cnepmarosounja B ero cpefHen yactu. MponcxoauT hopMnpoBaHme
XIYTUKa, UMEIOLLErO CNOXHOEe CTpoeHne. OCHOBHOM CTPYKTYPOWA XKry-
TUKa CNepmaTo30uja ABMSeTCAa 0CEBOM KOMMNEKC, COCTOALMI U3 ABYX
LIEHTPa/IbHbIX MUKPOTPYOOUEK, OKPYXXEHHbIX AEBATHIO nepudepunyec-
KUMW NapHbIMA MUKPOTPYOOUKaMK.

ChopmupoBaBLUMECS CMIepMUH NPOABUTatoTCA B NPOCBET KaHalb-
ua, rge B cnaboulenovHon cpefe NpuoobpeTaroT NOABMKHOCTb M MO-
CTYNarT B NpsMble KaHanblbl U Aanee B U3BUTON KaHan npupaTka
CEeMEeHHUKa.

MpuaaTok ceMeHHMKa. PacnonaraeTcsi Ha NOBEPXHOCTU CeMeHHMKa
B BMfe TsHKa. Ha npupatke pasnuyatoT ronoBky, Teno v XBocT. [nHa
KaHana npuaaTtka CeMeHHMKa y caMLoB Konebnetca ot 50 m (y bapa-
HoB) A0 85 M (y XepebL,oB) U YBENNYMBAETCS C BO3PACTOM YKMBOTHOTO.

Puc. 9.1. Cxema cTpoeHus
CrepMmsa MNIEKOMUTAIOLLMX
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B CTEHKax CeMSABbIHOCALLNX KaHa/bLeB, 06pasyroLLMX ro/I0BKY npuaar-
Ka, pasnMyaloT anuTeNnanbHbIi U COeaNHUTENBHOTKAHbIN Con. 3nu-
TeNasbHbIA CNO COCTOMT M3 BbICOKUX MPU3MATUYECKUX MepLiaTesib-
HbIX K/IETOK, COAepXaljux NUMNuAHbIe BKIOYEHUS, N CEKPETOPHbIX
K/IETOK, NINLLEHHBIX PECHUYEK. DTV KIETKM 06/1aat0T TakxKe CnocobHo-
CTbIO K MUHOLMTO3Y U paroumtosy. CeMsABbIHOCALLME KaHa/bLbl MOCTe-
MEHHO C/IMBAOTCA B OA4UH 00Mee KPYMHbIA KaHasl, KOTOpbI 0bpasyeTt
TeNo 1 XBOCT npuaaTka. MNpoaBmKeHVie CrepMmeBs vepes npuaaTok npo-
NCXOAUT B OCHOBHOM 3a C/IeT COKPALLEHMS ero MbILLEYHOro annapara.
CoKpallleHns yCUIMBatoTCa Nog AencTBMEM OKCUTOLMHA. B ecTecTBeH-
HbIX YCMIOBUAX YCU/IEHHOE BbLLENIeHWe OKCUTOLMHA U3 3afHeli JONU TU-
nogrsa NPOUCXOAUT NPKW MOSI0BOM BO30Y>KAEHUN camLia.

Bo BpemMs NpPOXOoX[eHUs uepe3 NpUAATOK CEMEHHMKa CrnepMuH
npeTepnesardT MOP(O/IOrMUYECKY0 U LUUTOXUMUYECKYHD MOAM(UKa-
umto. OHM NpMOGPETAOT CNOCOOHOCTb K KOOPAMHALMM N K CAMOCTOS-
Te/lbHOMY MOCTYrMaTe/lbHOMY ABVXEHWIO, B HUX CYLLECTBEHHO BO3pac-
TaeT ypoBeHb AT®. K membpaHe cnepMus MpUCOeUHAKOTCSA CBOOOS-
Hble KUC/IOTHbIE Tpynnbl. OHN KOHLEHTPUPYIOTCA Ha XBOCTE CrepMus,
3a CYeT Yero 34ecb 00pasyeTcs MOBbILWEHHbIN OTPULATENbHbIA 3apsf,
6narogaps KOTOPOMY He MPOUCXOAUT arrfiloTUHauus cnepmues. Ta-
KnM 00pa3om, B npoLecce NPoABYKEHNS Yepes NpruaaTKn B CnepMusx
NPONCXOAAT N3MEHEHNS, MOBbILLAIOLLINE UX YCTOMUYNBOCTb K BHELLLHUM
BO3JeNCTBMAM U CNOCOOHOCTb K OTOAOTBOPEHUIO ANLEKNeTKN. Tyc-
Tasd CeTb KPOBEHOCHbIX COCY/I0B M HEPBHbIX BO/IOKOH B CTEHKAX KaHana
npugatka obecneynsaeT HEOOXOAMMbIV COCTaB cpeabl U BbICTPOe yaa-
NeHve 13 KaHana NpoayKToB 06MeHa BeLLEeCTB.

Mpouecc cnepmuoreHesa 3aHUMaeT AnuTesibHoe Bpems. B yacTHo-
CTW, y BbIKOB 1 6apaHOB ANUTENbHOCTL CMepMUOreHesa U NpoxXoxae-
HWA CNepMueB Yepe3 KaHasi npupaTka B CpefHeM COCTaB/ifieT OKOJIO0
50 cyT. Ha npoxoxkaeHve criepMmumeB vepes npuaaTok CEMeHHUKa yxo-
OUT §...8 cyT, cnefoBartefibHO, OCTa/IbHOE BPeMs 3aHNMaeT CO6CTBEHHO
cnepmuoreHes. B xBocte npugaTtka cnepMuUH MOFYT COXPaHATb OMo-
[LOTBOPAOLLYHO CNOCOOHOCTL A0 2...3 MeC.

CemsnpoBoAbl 1 NPUAATOYHbIE MOJOBbIE XKenedbl. CemMANpPoBOAbI,
Kyfa fanee NocTynakT CepMuH, NPeAcTaBnsoT CO60M AMHHbIE TOH-
Kne TpyOKM CO CTeHKamu U3 [ByX CNOeB rna%Koﬁ MYCKynaTtypbl, Bbl-
CTNaHHble LWUIVHAPUYECKUM 3nuTesMeM. Y 6blka U 6apaHa XopoLyo
pa3BUTbI ammnysibl CEMANPOBOLOB U BO BPEMS 3PeKL MU B HAX HaKanm-
BAtOTCA CNEepMUMH. ¥ xepebua B amnysie CeManpoBoa NpocBeT MouTu
He pacLLMpeH, a ee CTEHKM BbIMOJHAKOT POJib CEKPETUPYIOLLE Xenesbl.
CemfAnNpoBOAbl OTKPLIBAKOTCA B Ta30BYK 4acTb MOYENO/IOBOr0 KaHa-
na. Crofia ke OTKPbIBatOTCA NPOTOKU NPUAATOYHbIX MOJSIOBbIX XKefes:
Ny3bIPpbKOBUAHBIX, NPeACTaTeNIbHOM, KYMNepoBbIX U MHOFOUMUCIEHHbIX
ypeTpasibHbIX.

apHble Ny3blPbKOBUAHbIE Xese3bl HAX0AATCA M0 60KaM OT amnys
CeMANPOBOAA. Y XepebLa OHM BbipabaTbIBatOT TAryUniA CEKpeT, Y ObiKa,
6apaHa, xpsKa —XUAKWUA. B nx cekpeTe B 60/bLLMX KOMYECTBAX CO-
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fepxarcs (hpyKTo3a, rnKo3a, aMMHOKUCIOTLI, NHO3UTON, acKopou-
HOBasi KMCNOTa, WwenoyvHaa ochatasa. CeKpeT Ny3blpbKOBULHbLIX XKe-
ne3 CTUMy/NMpyeT MeTabosim3M Crnepmues.

MpeacTaTensbHas Xesnesa XopoLo pas3suTa y xepebua u bbika, cnabo
pa3BuTa y 6apaHa, y Xpska OHa noytn He pa3suTa. CekpeT npocTarsl
COAEPXUT UUTPaTbl, aCKOPOVMHOBYHO KWCAOTY, nunugbl, 6enku. OT
CEKPEeTOB ApYruX NPUAATOUHBIX MOMOBbIX XKe/e3 ero 0T/IMYaeT BbICOKOE
cofiepXaHue UMHKa. Kpome Toro, B CekpeTe npeAcraTesibHOM Xenesbl
B BbICOKMX KOHLIEHTPaLMsAX MPUCYTCTBYHOT OGMOMIOTMYECKN aKTUBHbIE
BellecTBa —nNpocTarnaHAvHbl U Ba3ornaHAvH, BAMSIOWME Ha COKpa-
TUTENIbHYHO CMOCOOHOCTb MATKM, a TaKXKe NPOTEOIUTUYECKME (hEPMEH-
Tbl. KynepoBbl »e/ie3bl MakCMasibHO Pa3BUTbl Y XPAKOB.

Pa3ninums B pasBUTUM NPULATOYHBIX MOMOBbLIX Xefe3 Yy pasHbIX BU-
[,0B >XMBOTHbIX 00YCNOB/IEHBI TUMOM OCEMEHEHMS. Y CaMOK KPYMHOro v
MeJIKOro poraTtoro CKoTa crepma fnpv ecCTeCTBEHHOM OCEMEHEHMM, Mo-
nafias BO Baraaule, nepeaBuraeTcs 3aTem B LLUEKY MaTKK, a 'y KobObbl
N CBUHEW 38KYNIMPYETCA HEMOCPEACTBEHHO B MaTKy. YKepebLbl 1 XPsiKu
C pasBuTbLIMM NPUAATOYHBLIMYW NMOJOBLIMY Xene3aMun BbIAENAT IAKYNAT
3HAYUTENIbHO BOMbLUMIA N0 06bEMY, YeM ObIKM U 6apaHbl.

3HayeHVe CEKpPeToB MPUAATOYHbIX MOMOBbIX XKENe3 3aKnto4vaeTcs B
CNefytoLLeM; NPOMbIBaHWE U MOLrOTOBKA MOYErNO/I0BOro KaHasa K npo-
XOX[EHUID CMEpPMbl; YBENNYeHNe 06bema 39KyNATa; CTUMY/IMPOBaHNe
[OBVOKEHUIA CrepMueB 4Yepe3 MOYENO/IOBOW KaHan; NpoTaiKuBaHue
CNepPMMEB K BepLUMHe poros MaTku (y cBuHeld). Ho, Kpome aTUX YNCTO
MEeXaHUYecKNX (YHKLMI, HECOMHEHHO, UMEIOTCS eLle U apyrue, He-
[OCTaTOYHO BbISACHEHHbIE. B 4aCTHOCTW, B CeKpeTe MpeAcTaTe/ilbHOA
Xenesbl CoAepXaTcs Takme OMOMOrMYECKM aKTVBHbIE BELLECTBa, Kak
npocTarnaHaviHel. lNMonagas BMecTe € 39KynATOM B MOJIOBbIE MYTW CaMm-
KW, OHN YCUIMBAIOT COKPALLEHMSA UX CTEHOK, YCKOPAs TaKUM 06pa3om
NPOLBMKEHME CNepMUEB MO MOIOBLIM MYTAM CaMKMU.

MonoBble pednekcbl y camuoB. PYHKUNA pa3sMHOXEHUS Y CaMLIOB
M/IEKOMMTaOLLNX XKMBOTHbIX NPeLCTaBNAET COO0M CNOXHbIA KOMMIEKC
pediekcos. MonoBoe BeYeHne, UM NONOBON MHCTUHKT, NPOSBASET-
CA B pe3y/bTaTte BOCMPUATUA aHanm3aTtopamy camua (CnyxoBbIM, 3pu-
TeNbHbIM, OBGOHATE/IbHbIM, TaKTU/IbHLIM) pPa3fpaXXeHUR, WUCXOAALLMX
OT CaMKW, Npu [OCTaTOYHOM YPOBHE B KPOBW aHAPOreHOB, Npexae
BCEro TeCTOCTEPOHa.

PasapaxeHns OT peLenTopoB NoCTynaroT B KOPY 60/bLINX MONy-
Lwapui, a oTTyfa B rurnoTasamyc, 4to BefleT K YCUIEHWNIO BblAeNeHNs
rmMnogM3oM roHafoOTPOMHbLIX TOPMOHOB, BO30OYXAAKOWMUX AeATesb-
HOCTb CeMeHHUKOB. CeMeHHWKW, Bblfends B KPOBb TECTOCTEPOH,
AencTBytoT Ha LUHC, ycunuBas BO36YX/eHWE MOMOBOrO LiEHTpa M
noAAepXunsas B HeM rocnoAcTBYIOWMI ovar BO36YXAeHUs —noo-
BYIO [IOMUHaHTy. Bo30yXaeHne MoAKOPKOBOro MO/0BOIO LIEHTpa
ropMOHaMun SBNSETCA CW/OW, AEWCTBYIOLWEN Ha KOPY rO/I0BHOrO
Mo3ra v onpefensitoLein nosefeHne XMBOTHOrO NpU NPOSBEHUAX
NONOBbLIX (PYHKUWUIA. BbINONHEHWE NOM0BbIX PYHKLWIA NPOMCXOAUT
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MPY HaIMYMM YCNOBHbIX PEX/IEKCOB, BblpabaTbIiBAIOLLMXCA HA OCHOBE
6€e3yCNOBHbIX B TEYEHWE XKU3HU XKMBOTHOTO.

Y camUO0B Ce/IbCKOXO03AMCTBEHHbIX XXMBOTHbLIX YC/IOBHbIE MO/0BbIE
pediekcbl BbipabaTblBatOTCA YPe3BblYaHO ObICTPO. TakKoW CUIbHbIIA
pasgpaxunTesib, Kak Cry4dka uam rnosyyeHue crnepmbl B UCKYCCTBEHHYHO
BarvHy, BeeT K 3aKpernsieHuto YC/IOBHOIO M0/0BOro pegiekca ¢ nep-
BOr0 XK€ COYeTaHWs. YCMOBHbIMU MOJOBbIMU Pa3fpaXUTeNsMu MOryT
ObITb BUA C/IYYHOrO MaHexa, NoAroToB/SEMON K C/yYKe CaMKW, Haje-
BaHWe CNYyYHOW y34eUKn WM. g

Kpome nonoXutesnbHbIX pethnekcoB MOryT BbipabaTbiBaTbCA M OT-
puuaTtesibHble YCMIOBHbIE pediieKChbl, TOPMO3sLLMe NPOsiB/IeHEe MO0-
BO MOTEHLUW: MPU Pe3KOM 1 rpyboM ofepruBaHumn, LLyMe, OKpUKax,
Npu HenpasWIbHON MOArOTOBKE MCKYCCTBEHHOW BarvHbl U Mpu fen-
CTBUW APYTUX pasgpaxutenen, NpUUYNHAIOLWMX camuy 60/b UL Bbl3bl-
BatOLLMX UCNYT B HE3HAKOMOWA 0OCTaHOBKE.

BesycnoBHble NONOBble peieKChbl Yy CaMUOB ABMAKOTCA LEMHbIMM
pediekcaMu, T. €. OHU COCTOST M3 psfa B3aMMOCBSA3aHHbIX peakuuid,
npuyem 3aBepLUeHNe OfHON N3 HUX ABNSETCS CUrHAIOM ANt BO3HMK-
HOBEHWA Mocnesytollen. B cNoXHOM LenHOM T0/0BOM pediiekce y
CaMUOB pPas3InyatT HECKO/IbKO OCHOBHbIX CTafWN.

Pedhnekc npubnuxeHuns (pedhnekc NonoBoro BreveHus).

O6HMMaTenbHbI pednekc. Pednekc NpubAMKeHNUs n
06HUMaTeNbHbIV pedieke obpaLleHbl He 0653aTe/lbHO Ha camky. po-
13BOLAMTENb MOXET feNaThb CafKy Ha KaCTPUPOBaHHYIO CaMKy U Ha 4y-
yesio camku (3a UCK/OYeHEeM 0apaHoB, KOTOpbIe He AenatoT cajky Ha
4yyeno). AT0 MMeeT 60/bLL0e 3HAYEHNE ANS NOMYYEHUA CNEePMbl MPo-
N3BOANTENSA A1 UCKYCCTBEHHOIO OCEMEHEHMS.

Apekyunda. MblweyHbli MEXaHU3M BbINPSMIEHUS U 3aTBepje-
HWA MOMOBOr0 Y/IeHa 3aK/10YaeTCcs B TOM, YTO MNELLEPUCTbIe Tena COBO-
KYNWUTENbHOro opraHa 3ano/iHATCA apTepuanbHOW KPOBbIO B pesy/ib-
TaTe paclWupeHns apTepuasibHbIX COCYA0B M 3amef/IeHUsi BEHO3HOMO
oTTOKa. lMpy apekuUn cepanuLiHo-MeLLepucTas U yKOBUYHO-MeLLe-
pucTas MblLlWLbl COKpPALLAKTCA Y NPUXMMAKOT KOPEHb MOI0BOr0 Y/ieHa
K Cefja/IMLLHbIM KOCTSAM, 3aTpy/AHAS OTTOK KPOBM 13 Hero. B pesynbTa-
Te MOJIOBOW Y/ieH yBeNMYMBAETCA B pasmepax, AenaeTcs ynpyrum, no-
BbILLAETCA ero Temneparypa u 4yBCTBUTENILHOCTL. Bce 3To cnoco6eTay-
€T BBEAEHMWIO NOM0BOr0 Y/ieHa B OpraHbl pasMHOXEHUA camKu. po-
CBET MOYEro/IOBOr0 KaHasa paclympseTcs, YTo ob/eryaeT npoxoxme-
HWe cnepmbl. PacwimpeHune apTepuii 06yClOBNEHO COCYLOABUraTe b-
HbIMW napacuMnaTMyecKMMm BOSIOKHAMUN HEMPOHOB KPECTL0BOro OT-
Jena CnMHHOro mMo3ra, BXOAAWMNMM B COCTaB Ta30BOro Hepsa. Bo36yx-
JeHue napacumnaTnyecknx HepoHOB NOAAEPXKMBAETCA apdepeHTHON
“Mnynbcaumeld ¢ OCHOBHOM 3POreHHOW 30HbI —T0/I0BKU M0/10BOr0
yneHa. Y epebua newiepucToe Tefo rofoBKM MNeHnca yBeInymBaeTcs
MeA/IEHHO, TaK KakK OHO Hamno/HAETCS He apTepuasibHOW, a BEHO3HOW
KpoBbtO. M0OMHOE paclymMpeHmne rofloBKM 06bIYHO MPOUCXOAMT YXKe BO
BpeMs NM0JI0BOro akTa BO B/arauie Koobisbl.
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CoBokynneHwune. T[lpu BBEAeHUN BO Barajvile camkui Heps-
Hble OKOHYaHWA MOJI0BOr0 Y/eHa BCTYMAKT B KOHTAKT C peLentopamu
Bnaranvwia. MpogomKnTeIbHOCTb NPOLLECca COBOKYMIEHNS 3aBUCUT OT
BMA XXMBOTHbIX: Y KPYMHOr0 ¥ Me/IKOro poratoro cKota 04YeHb ObICT-
PbIi —HECKO/IbKO CeKyH[,; 6onee AnuTenbHblil y nowageint —30¢; y
CBMHEN —5...8 MUH; y cobakn —45 MUH.

Bo BpeMsi COBOKYMUTE/bHbIX ABUXEHWUIA NMPOUCXOAUT BO3OYXKAEHME
HEPBHbIX OKOHYaHWI MON0BOr0 Y/ieHa, KOTOPbIX 60/bLUE BCEro Ha ero
ronoBke My KOpHA. OHKW pa3nnyHbl N0 CBOEW (PYHKLUM M MOTYT BOC-
NpUHMMAaTL TemnepaTypy (Teruto, Xonop), AasneHvie, NPUKOCHOBEHWE
“ 60nb. B 3aBMCMMOCTM OT pasgpakKeHus TeX WAN WHbIX HEepPBHbIX
OKOHYaHWIN cameL, pearvpyeT Ha pasfpakKUTenn MONMOXUTENbHO WK
oTpuuaTensHo. Bo Bnaranuile camky U B NpaBW/bHO MOLIOTOB/IEHHOM
MCKYCCTBEHHOI BarvHe Mo/I0BOI Y/ieH camua BOCMPUHMMAET pasfpa-
XXEHMA, BbI3blBAKOLLME PEAKL IO BbILENIEHNSA CMEPMbI.

akynauna. [lpouecc BbLefeHUsA CriepMbl Yepe3 MOYEnoso-
BOW kaHan. LleHTp 3Toro pediekca Haxo4uTCS B NOSCHUYHOM OTAene
CMWHHOro Mo3ra. s COBepLUeHUs 3AKYNALMN He06X0AMMO MpU Ha-
NNYUN 3PEKLUN N COBOKYM/IEHUA OKa3aHWe OnpesesieHHOro AaBneHus
Ha NOBEPXHOCTb MOJI0BOr0 YneHa. Bo3byxaeHne C HepBHbIX OKOHYa-
HWI NOIOBOTO YNeHa MnepesaeTcs No HepBaM B LLEHTP 3AKYNALUMN U OT-
Tyfja B OTBET K MO/IOBbIM MYTAM, BbI3blBas COKpaLLeHWe MbILLL, NpuaaT-
KOB CEMEHHWKOB, CEMAMPOBOLOB, NMPULATOYHbIX MOJIOBbIX XKENe3 N MO-
4erosioBOro KaHana. B pe3ynbTare cofepxumoe npugatka (crnepmaro-
30MHas macca) U BblaeneHns (CekpeTbl) NPUAATOYHbIX MOMOBbIX Xe-
Ne3 NocTynarT B MOYErosioBOM KaHas, 13 KOTOPOro Bbl6pachIiBatOTCS
PUTMUYECKUMK, BOSIHOOOPA3HbIMU COKpalLeHUsaMM Mbill. Cnepma,
BbLLie/IeHHas Npu OLHOM CMapuBaHWKW, Ha3blBAeTCA IAKYIATOM. Y Xe-
pebLL0B 1 XPSKOB NO CPaBHEHUIO ¢ 6apaHamu 1 GbiKaMn NPUAATOYHbIE
MOJIOBbIE XXeNe3bl 3Ha4YMTeNbHO 6onee pa3BUTbl M 06bEM UX CEKpeTa BO
MHOro pa3 6onblue. CocTaB 39KynsTa 'y camMmL0B OT/IMYAETCA B 3aBUCK-
MOCTM OT BMAa XUBOTHOro (Tabn. 9.2).

9.2. CpefjHMe KO/IMYeCTBeHHbIe MOoKas3aTeNn Crnepmbl

KoHueHTpauusa cnep- O6ujee 4Mcno cnepmues

Bupj XNBOTHOTO O6bem 3AKynsaTa, Mn
MueB B 1 mn, mnpg BO BCEM 3AKYNATe, MAPA

BapaH 1.2 2,0...4,0 2..10
Bbik 4.5 1,0...1,5 4..10
XKepebel, 50...120 0,1...0,25 6..15
XpsK 150...300 0,1...0,2 20...80

Bo Bpems aaKy AN XepebLbl 1 XPAKM BbLLENAT CEKPeThI He 0f-
HOBPEMEHHO, a B OMNpeAeneHHON MocneaoBaTeNbHOCT. Y X epe o -
LOB 38KyNauus NpoucxoauT B Tpu (hasbl. B nepByto a3y Bbije-
NAETCA XUAKUIA CEKPeT ypeTpasibHbIX U KYMepoBbIX XKene3 3a cyeT
NepucTaNbTUYECKNX COKPALLEHMIA MOYENOIOBOro0 KaHana. Bo BTopyto
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MPOVCXOAMT BbLUENEHNE CMEPMUEB BMECTE C CEKPETOM MpeAcTaTelb-
HOWA >Kene3bl 3a CYET COrnacoBaHHbIX TOHUYECKUX NepUCTaIbTUHECKNX
COKpALLEHNIN KaHana npuaaTtka CEMeHHUKa, CEMAMNPOBOAOB U MouYe-
MoNoBOro KaHana. W1 B TpeTblo (ha3y NPOMCXOAMT BbLLENEHNE CEKpeTa
My3bIPbKOBUAHBIX Xene3 3a CYET COKPaLLeHNA MOYernonoBOro KaHana.
OnnTensHOCTh agKynaumm y xepebuos — 1.3 MUH, a 006beM 3aKynsaTa
coctasnset 40...200 mn.

Y XpAKOB 3AKynauus Takke NpoOVCXOAWUT B TpM (asbl, KOTO-
pble pasnnyatoTCa MeXxay co60i 06beMOM, YMCIOM CNEepMUEB U MpPo-
LOMKUTENbHOCTLIO. DAKYNALMA Y XPAKOB ANNTCA B CpefHeM 6...8 MUH,
HO Y HekoTopbIX npogomkaetcs A0 15...20 MMH; 06beM BbLLENSIEMOro
askynata —200...500 mn. B Havane askynaummn (nepsas asa) Xpsku
BblAENAT BOAAHUCTYIO, GeHYIO CnepMuaMmn (DpakLmIo, NpescTaBieH-
HY!0 B OCHOBHOM CEKPETOM YPETpasibHbIX Xe/e3 N 3Ha4YMTe/lbHO 3aC0o-
PEHHYO MVUKpOOpraHu3mMamu. 3ateM (BTopast (hasa) BbLUE/SATCA crep-
MWUH BMECTE C CEKPETOM MpeAcTaTe/lbHOW 1 My3blPbKOBU/HBIX YKENes.
Bo Bpems nocnegHer TpeTbeil (hasbl BbLUENAETCA CEKPET KyrepoBbiX
»Kenes, KoTopsblli B BUAE ryCTO MacCbl 06pa3yeT B LLEKe MaTKK XKena-
TUHOO6pPA3HYH «MPO6KY», NpefoTBpaLlatoLLly0 06paTHOe BbiTeKaHue
Crnepmbl U3 MaTku. Takum 06pa3om, nepsas hasa IAKYNALUN Yy XPAKOB
CBOAWTCA K 06/1erYeHnI0 NPOX0XKAEHNS MacChl CMepMUEB MO MOYeuc-
nycKaTenbHOMY KaHany, a nocfnefHsas asa 3a CyeT BbLUeneHns 60/1b-
LLOro KONMYeCTBa XWUAKWUX CEKPETOB W >KenaTUHOMoLo6HON macchbl
CNOCOGCTBYET MPOABMKEHUIO CMIEPMUEB Yepe3 MaTKy, YTO 0CO6eHHO
Ba)KHO A/11 CBMHEN, Y KOTOPbIX pora MaTtku AJIMHHbIE.

Y 6bIKOB 1 6apaHOB 3Ky LM NPOUCXOANT O4EHb ObICTPO (2... 10 ),
M CrepmMa, Hakon/jeHHasa B amnysiax CemMAarnpoBOAOB BO BPeMs MOArO-
TOBKM CaMLOB K CMapuBaHuio, BbIAENAETCA O4HVMM TOMYKO0OpPa3HbIM
COKpALLEHMEM MYCKY/aTypbl amnyn 1 MOYENCMYCKaTe/IbHOTO KaHasa.
O6bem BbLLENAEMOro Npu aToM 3AKynaTa coctasnset 1.5 mn.

9.3. ®U3NOOrNA PEMPOAYKTUBHOW CUCTEMblI CAMOK

MonoBble OpraHbl CaMOK XMBOTHbLIX MOAPA3AENsAOT Ha HapyXHble
(nonosble Ty6bl M KAMTOP) WU BHYTPeHHMe. K BHYTPEHHWM OTHOCAT
Bnarasumie (CO6CTBEHHO Bnara/mLLe 1 ero npeaasepue), MaTky %3 KOTO-
PO Pa3NYatoT LLEIKY, TeNno un pOIF-I:ElSLHVILLGHDOBO,D,bI ¥ An4YHUKK. B nono-
BbIX OpraHax caMoK 06pa3ytoTcs AWLEeKNeTKN, NPOUCXOANUT UX OnJio-
[LOTBOPEHUE CNepMUAMM, Pa3BMBAIOTCS 3apObILLN U BbipabaTbiBaloTCA
FOPMOHBbI, PerynvpyroLLmne yKasaHHble NpoLEeccChl.

Avunnkn. TapHble BHYTPEHHME OpraHbl, B KOTOPbIX 06pasytoTcs
MOJIOBble KNETKN U CUHTE3NPYHOTCA FTOPMOHbI, HE0BX0AMMbIe /15 OCY-
LLUECTBNEHNA NpoLeccoB BocrnpoussoacTea (puc. 9.2). Pa3mepbl Anu-
HUKOB Yy KopoBbl —2...5 X1,2 cm, y oBubl —0,5...! X0,3...0,5 cm, y cBK-
Hb —5 x 2¢cM, Yy KobbInbl — 10 x 5 cM. VX pa3mepbl U Macca B 3Ha-
YMTE/IbHOW CTeneHu 3aBUCAT OT CTaAMKn MOAOBOr0O LMKA, Bo3pacTa u

361



Puc. 9.2. ANYHNK MNeKONUTAatOLLIErO:

/ —npumopananbHble QONNNKYNbI; 2 —pacTy-

Wi onnukyn; 3, 4— rpaados nysbipek; 5—

OBYNMpoBaBLUas AliLeKkneTka B Metadase BTOPO-

ro flefieHns cospesaHus; 6-—cnasluniica rpa-

aoB Ny3blpek; 7—aTpcTuyeckuii honnukyn;
8 —xentoe Teno

Maccbl XXMBOTHbIX. B 4aCTHOCTM Macca SIMYHUKOB Y CBMHEN pa3HOro
BO3pacTa MOXeT Konebatbecst 0T 240 15T.

AVYHUKN COCTOAT W3 COEAMHMUTENIbHOTKAHOIO OCTOBA W MapeHXu-
Mbl, MOKPbITbI 6e104HO 060104KOIA, MOBEPXHOCTL KOTOPOI BbICTNAHA
3a4aTKOBbIM 3NUTeNVEM. B coeMHNUTENBHON TKaHW ANYHMKA pas/inya-
0T KOPKOBbI/ 1 MO3roBOW CNOWN. B KOPKOBOM C/10€ PacnosioKeHO MHO-
YKECTBO (DONIMKY/NOB, HAXOAALMXCA Ha Pa3HOM CTagum pasBUTUS UK
aTpesuu (rmbenun), 1 kenTolX Ten. B MO3roBoM cfioe HaxoanuTca 60bLLoe
KO/IMYECTBO HEPBHBIX BOJIOKOH, KPYMHBLIX KPOBEHOCHLIX U nM{aTnyec-
KUX COCY[i0B, KOTOpbIe B LieHTPe 30Hbl MHOIOKpaTHo BeTBATCA. OTCloga
HEepPBbI U COCYAbl HAaNPaBAKTCA B KOPKOBbLIA CMOWA, rae JOCTUratoT BCeX
(hYHKLUMOHa/IbHbIX 06pa3oBaHuii. BoKpyr (honinmkynos, XenTbiX Ten un
VHTEPCTULMAIBHBIX KIETOK (DOPMUPYHOTCS HEPBHbIE CM/IETEHMS.

donnmkynoreHes. K MOMEHTY MOJI0BOr0 CO3peBaHuns y CaMOK B KOp-
KOBOM CJI0€ AINYHWKOB MPUCYTCTBYET OO/bLUOE KOMMYECTBO pas/iny-
HbIX MO pa3mepam U ha3am pocta MepBUYHbIX (NpUMopanab-
HbIX) U pa3BuMBawUWMXca Gonnukynos. Passutune qon-
NIKYJIOB N ANLIEKNETOK HOCUT LMKINYeCKUI XapakTep. Of4HOBPEMEH-
HO pa3BMBaeTCcs OAMH UNN HECKONbKO (DOSISIMKYNIOB U COOTBETCTBEHHO
OfIHa W/IN HECKOJbKO AWLEeKNeToK. KonnmyecTBo nepBuUHbIX (DOINKY-
NOB Y HOBOPOXAEHHbIX CaMOK [OCTUraeT COTHMU ThbicAY. Kaxablil u3
HMX COCTOWT 13 NOI0BOW KMETKN (0oL MTa NepBOro nopsaka), OKpyxa-
tOLLEro ee OAHOro C0s (hONIMKYNAPHBIX KNETOK W COEAUHUTENbHO-
TKaHOW 060M104KM —TeKn. Bo Bpems pasBuTuna anuTennin Qoninkyna
3 NIOCKOr0 CTAHOBMTCA CHavana Kyouyeckmnm, a 3atem npusmarmyec-
KUM. PasmMHOXaAcCb, (DONMKYNAPHbIE KNETKM OKPY>KatoT 00LMT nep-
BOro nopsfka cHayana B [iBa, a 3aTeM B HECKO/IbKO C/ioeB. B pesynbTa-
Te (DOPMUPYIOTCA TaK Ha3biBaeMble BTOPUYHbIE (PONNUKY -
N bl. B ganbHeiwem B t%eHTpe (honnukyna nosBNAETCA HaNoJSIHeHHas
XWULKOCTbKO MOMOCTb, 06Pa3ytoLasnca U3 CAMBLUMXCA He6ObLUNX Ha-
MOJTHEHHBIX XWUAKOCTBIO MOSIOCTEN MeXAy PONNNKYNAPHbIMU KeTKa-
Mn. PoNnKyn npespallaeTca B rpaados nysbipek. B npouecce pas3su-
TV QONAMKYNa NPOMCXOAMT POCT ooLuToB. OHM NOKpbIBaOTCA 6nec-
TALWeN 060/104KOM, KOTOPas COCTOUT M3 MyKOMOAMcaxapuaos u ABNs-
eTCs NPOAYKTOM 0OMeHa BeLecTB oouuTa. Bokpyr oouuTa honimnKy-
NAPHBLIN 3aNUTeNWiA pacnosiaraeTcs B BUAe MPaBU/IbHBLIX pagnaibHbIX
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nyyeit (Ny4ncTbIli BeHeL). OTU KNETKM BbINONHAKT MO OTHOLIEHWUIO
K 00UUTY Tpoghmyeckyto (nMutatesnibHYK) posb. Mo Mmepe pocTta 3pe-
NbIA MONNNKYN HAaYMHAET BbINAYMBATLCA HaZ NMOBEPXHOCTbIO ANYHU-
Ka B Bvuée _Np0o3payHoro nysbipbka. PassuThbIi (HONAMKYN npeacTas-
NSeT coboi Mysblpek, LEHTP KOTOPOro 3amofiHEH XMAKOCTbIO. [Mo-
NOCTb OKPY>XeHa 30HOM (PONNKYNAPHBIX KMETOK, pacnonaratLimxcs B
10—12 cnoeB. Ha y4JacTke, rae HaxoauTcs AnLeKNeTKa, QoNanKynsp-
Hble KMIETKW 00pasytoT YTO/LLEHNE, KOTOPOe BAAETCA B MOMOCTb (hO/I-
NUKyna B Buie Gyropka. ero BepLUMHe pacrosioXKeHa OKpPY>KeHHas
NY4nCTbIM BEHLOM Al ekneTKa. CHapyXu (honivkyn noKpbIT
COeIMHNTENIbHOTKAHOW 000/104KO0I, 06pa3oBaHHON U3 CTPOMbI ANY-
HUKa. B Hell pas3nnualoT ABa CNos: BHYTPEHHWIA, Npunerawuwmin K
KMeTKaM rpaHy/iesbl, 1 Hapy>XHblil —K CTPOMe AnYHMKa. KNeTkun BHyT-
PEHHEero Cfios C/yXar OCHOBHbIM MECTOM BbIpabOTKM MPOrecTepoHa,
aHAPOreHOB N 3CTPOreHOB.

3 pacTywmx honamkynos TOMbKO YacTb pPa3BMBAETCA MOHOCTbIO,
a 60/IbLUMHCTBO MOrM6aeT Ha pasHbIX CTaAMAX PasBUTUA. ITO ABNEHUE
HOCMT HasBaHWe aTpe3un honmnKynos. ATpesns (oaINKyI0B NPOMCXO-
OUT NOCTOSAHHO U ABNAETCA PUINONOTUYECKMM ABNEHNEM, HEOOXOAN-
MbIM AN HOPMA/IbHOTO TEYEHMS LUMKINYECKUX NPOLeccoB B AUYHU-
Kax. CuMTaeTcs, 4YTO NepBUYHbIE U3MEHEHUS B aTPETUUHBIX (DOSIINKY-
nax NpouCXOAAT B 00UMTaX, YTO B JafibHelLLIeM MPUBOAUT K nepe-
CTpOViKe 06MeHa BeLLecTB B K/eTKax rpaHynesbl. B KieTkax rpaHynesbl
CHWKAeTCsA CUHTE3 3CTPOreHOB M3 TECTOCTEPOHA, M B (POSINMKYNax 06-
pasyeTcd MOBbILWEHHOE KOMMYeCTBO aHAPOreHOB, MPenATCTBYHOLWNX
HOPMa/IbHOMY Pa3BUTUIO (HONIMKYNA.

OBynauus. Iocne co3peBaHns MPOUCXOAUT PaspbiB CTEHKN honn-
Kyna N HaxogAawasacs B Hem flLeKneTKa BMeCTe € (PONIUKYNAPHON
XWLKOCTbIO NMONafaeT B BOPOHKY AiLenpoBoga. Mpouecc BblLLeneHNs
ANLEKNETKN U3 PONIMKYNA Ha3blBaeTCA OBy nsaLuel. [MpuynHbl,
BblI3blBatoLLMe OBYNALMIO (DONSTMKYOB, €Lle HEAOCTAaTOYHO PacKpbIThbI.
[nvTenbHO cyllecTBoBaBLIAA rMnoTesa, YTo paspbis PONANKyna npo-
NCXOAWT NMOJ LaBNEHNEM CKOMUBLUEACA B HEM XXUAKOCTW, He NMOATBEp-
Aunacb. YCTaHOB/MEHO, YTO nepef OBYNsUMEN AaBfeHNe XUAKOCTU B
(DOJINIMKY/IE HE TONbKO He BO3pacTaeT, HO AaXe HeCKO/bKO najaer. He
Y[aBa/ioCb BbI3BATb OBY/ALMIO U BBEAEHVIEM B 3pesible PONNNKYbI L0-
NOMIHUTENIbHOIO KOMIMYeCTBa XMAKOCTU. B HacTosLLee BpeMS CUATAET-
CA, YTO OBY/NAUWA CBfi3aHA C OMNpefeneHHbIMA GMOXUMUYECKUMU WY
(PepMeHTaTUBHbLIMW MpoLeccamu, NMPOUCXOAALLUMU B CTEHKE (hoNu-
Kyna. Mpwn co3peBaHun (HONIMKYNA B INLLIEHHOM KPOBEHOCHbIX COCY-
[0B y4aCTKe CTeHKa Ha4yMHaeT UCTOHYaTbCA, 34€eCh B fasbHelieM npo-
NCXOAMT ee paspbiB. B pesynbrate B 9TOM MeCTe Haf MOBEPXHOCTHHO
(hoNNIMKyna obpasyeTcs Kpyrioe BbiNa4yMBaHUe, KOTOPOe 3aTeM sona-
eTcsi. B MOMEHT 0ByNALMMN (DONNUKYNAPHAA XNLKOCTb UMEET BbICOKYHO
BA3KOCTb, 0OYC/IOB/IEHHYIO COZEpXaLLMMK Cepy MyKoroimcaxapyaamu.
3HaunTenbHas BSA3KOCTb XXMAKOCTM MpeAoTBpaLlaeT nonagaHve Ai-
LIeK/IeTKN B GPIOLLIHYIO0 NOMoCTb. Mepes oBynsiumelt B PoNInKyne Bo3-
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pacTaeT KO/IMYECTBO rMasypoHuaasbl U MPOTEOIMTUYECKUX (DepMEH-
TOB, KOTOpble NPWHMMAKT aKTUBHOE y4yacTue B /IN3UCe 000104KM
(honnukyna. CuHTe3 ruanypoHuasbl NPOUCXOAUT oL BAUSAHUEM
NOTENHU3MPYIOLLEro ropMOHa.

Mocne BbIXoda AWLEKNETKW, OKPY>XEHHOW K/eTKaMu Jly4ucToro
BeHLa, NonoCTb (POIMKYNOB 3aMOHAETCA KPOBbIO M3 pa3opBaBLUMXCS
cocynoB. KneTku 060/104KM (HONINKYNA HAYMHAKOT PasMHOXAaTbCH W
MOCTENeHHO 3aMeLLaroT KPOBAHOW CrycTOK. Tak o6pasyeTcs >KenToe
Teno. B Hero npoHnKaeT coefuHUTENIbHAA TKaHb U KPOBEHOCHbIE CO-
Cyfbl, KOTOpble 00pa3yloT pajuasibHble Neperopoku, pasfenswoLiune
XENTOe Teno Ha JoMbKu. ocne oByNsUUM KNeTKW rpaHynesbl runep-
TPO(MPYIOTCA M NpeBpaLlaloTcs B IMNUA0COAEPXKaLLne NOTEUHOBbIE
KNETKW XenToro Tena. KneTku »entoro Tena, obpasytoLyecs nu3 Kne-
TOK BHYTpeHHel 060/104KN, MeHbLLIEro pasMepa, COAepXXaT BaKyonm v
KanesnbKu upa.

AuenpoBoabl. Mocne paspbiBa PoONAUKyna ALeEKNeTKa Yepes Bo-
POHKY AiiLlenpoBo/a nonadaeT B ero MnonocTb. AiiLenposofbl npef-
CTaB/IAOT COOOW TOHKMe U3BUTbIe TPYOKM CO CIU3UCTON (MepuaTtesb-
HbIA 3NUTENNIA), MbILLEYHOW 1 Cepo3HOM 060104KaMK, 06pasyroLme
OKOJ/10 ANYHMKA BOPOHKY 1 6aXpoMy. Y KOPOBbI A/IHA KX 25...28 CM,
y 0BUbl —6, Yy CBUHbM N KO6bIIbI —n0o 30 cM. Cnmnsnctas 060/10uKa
CpefHeli YacTy AlLEenpoBoa MMEET XOPOLUO BbIPaXEHHYH MHOrOCTY-
MeHYaTyro CKNaayaTocTb. B nepBUYHbIX CKMaLKax NPOXoAAaT KpOBeHOC-
Hble U NMMpATUYECKNE COCY[bl, & TAK)KE HEPBbI, KOTOPble OTAAOT Be-
TOYKM BO BTOPUYHbIE, TPETUYHBIE U YeTBEPTUYHbIE CKNaAKuU. Cnnsnc-
Tas 000/104Ka ANLENPOBOAA MOKPbITa OAHOCAOAHBLIM LUANHAPUYEC-
KUM 3NUTENIMEM M3 MepLaTe/lbHbIX U CEKPETOPHbIX K/ETOK. B 3aBu-
CUMOCTV OT Mnepuofa NoMoBOro LMKIa COOTHOLeHWEe 060MX TWUMOB
KNeTOK MeHsieTca: npu pocTe (onnvkyna u oBynsuum npeobnagarot
CEKpPeTOpHble K/ETKM, a B OCTa/lbHOe BPeEMS —MepLaTe/lbHble.

B aliLenpoBofax NMPOMUCXOANUT NepeaBKeHNe AWLEKIETOK K po-
raM MaTku, a crepMumeB —B 06paTHOM HanpasneHun. CnepmuH
NnpoABuralTca yepe3 ANMLENPOBOLbI 38 CYET COKpaLLeHUs UX Mbl-
LLIEYHbIX CTEHOK. VIHaye HEBO3MOXKHO 0OBSCHUTL YPe3BblYaiiHO ObICT-
poe Mx npoaswxeHne. CokpaTuTe/lbHas aKTUBHOCTb TEX U/IN UHbIX
y4acTKOB AMLENPOBOAOB TaKXXe MEHSETCH B 3aBUCMMOCTM OT CTafuu
MosIoBOro LMKIa.

Matka. MaTka —BHYTPEHHWIA NO/bIA MbILLEYHbIV OpraH ¢ Tpy6ya-
TbIMW Pa3BETB/IEHHbIMU Xe/e3amu B CIM3UCTON 060/104Ke, B KOTOPOM
npoucxoamT passutue nnoga. CTeHKa MaTKu COCTOUT U3 Tpex CrI0eB,
UM 060/104eEK: BHYTPEHHETO, WU CIU3UCTOrO; CPeAHero, U Mblley-
HOr0; Hapy>HOro, Un Cepo3HOro, NMOKPbIBAOLLErO pora, Teno U Tak-
e YaCTb LWelKN MaTKN CHapy>u. Y HebepeMeHHbIX KOpPOB, OBeL,, K03
Ha NOBEPXHOCTY CIM3UCTON 060/I04KM POroB MaTKM MMEKTCH HebO/b-
LUNe BO3BbILIEHWS, Ha3blBaeMble KapyHKYynamu. OHM pacnosno-
XeHbl psgaMu no 8...15 B KaXJ0M pore: y KOPOB UX HacUUTbIBatOT
80...120, y oBey,—88...100, y k03 —90...120. C HacTynneHvem bepe-
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MEHHOCTW KapyHKY/bl 3HAYUTENbHO YBENMUYMUBAKOTCS U CYXAT MeCTOM
COeAMHEHNS C MMaLeHTON 3apoAbllleil. Y KOObIn U CBUHEN KapyHKY-
NOB Ha CNM3MCTOM 000M0YKEe MaTKM HET, HO B Hell MMerTcsa yriy6ne-
HUA (KpUNTbI), B KOTOPble BXOAAT BOPCUHKWM HapY>XHOM 060/104KK
nNaueHTbl Nioga.

MonoBoi uykn. MONOBOM LMK —3TO NEepuoanNYeckn MoBTOPAIO-
LMeca y MosIoBO3peNbIX caMOK MOPOr3NONormyeckue npoLeccsl,
CBsi3aHHble C pa3MHOXeHWeM. Mog06Has COBOKYMHOCTb CTPYKTYPHbIX
N (OYHKLMOHA/bHbIX W3MEHEHWIN MPOUCXOAUT He TONbKO B MOSI0BOM
annapare, HO 1 BO BCEM OpraHu3Me caMKu. MpOMeXyTOK BPeMeHN OT
OAHOM OBYNALMKN (OXOTbI) 4O APYFOi COCTaBNSAET NPOAOIHKUTENLHOCTD
MOMOBOro LMK/a.

B nonosoii cucteme camuoB He HabnO4aeTCs NEPUOANYECKUX N3-
MeHEHWI, NoJ06HbIX TeM, KOTOPbIE NMPOUCXOAAT B OpPraHn3me Camok.
Mepunognyeckne N3MeHEHNS B CEMEHHMKAX W Ce30HHas akTuBM3aLns
cnepmaroreHesa UMeeTCA TO/MbKO Y XMBOTHBIX CO CTPOrO CEe30HHbIM
pasMHOXeHMeM (cobonb, nucuua u ap.). HaunHas ¢ KoHua mapTa y
camLL0B CepebpUCTO-YepHbIX TUCULL, Pa3BOAMMbBIX B KNETKax, NPOUCXO-
OMT pe3Kas fereHepaLmns CEMeHHUKOB 1 OHU MO CBOEMY CTPOEHUIO Ha-
MOMWHAIOT Xefe3bl HeMon0BO3Pe/bIX LLEHKOB. BoccTaHOBNEHWE Nono-
BbIX )Kefie3 MpoMcxXoauT B Aekabpe. B KoHuUe sHBaps —B (espane y
NCUL, HAYMHAETCA «FOH» (CMapuBaHue).

YKMBOTHbIX, Y KOTOPbIX B TeYEeHME rofa nososble LUKAbl (MpU OT-
CYTCTBMM 6EPEMEHHOCTIN) MOBTOPSOTCS YaCTO, OTHOCAT K NONNULUKIN-
YeCKMM (KOpOBbI, CBUHbYK). OBLbI —NpeLCTaBUTeNN NOMNLUKINYEC-
KNX YXMBOTHBIX C IPKO BblpaXKEHHbLIM MOI0BbIM CE30HOM (HECKO/IbKO
MOMOBbIX LMKMOB CNeLyT OAMH 3a APYrVM, NOC/Me 4Yero LUKAnY-
HOCTb AONr0 OTCYTCTBYET). MOHOLMKNNYECKNE —3TO XXMUBOTHbIE, Y KO-
TOPbIX NOMIOBON LMK Ha MPOTSHKEHUN rofa 0TMeYaeTCs TONbKO OAUH
pa3 (Hanpumep, nucuua). NepexofHas hopma Mexay MOHO- U MOu-
LUMKINYECKUMW YKMBOTHBIMU BCTPEYAETCS Y HEKOTOPbIX NOPOJ OBeL,
BepbnoanL,

AHINNIACKNIA nccnefosaTelb XUNM Ha OCHOBaHUM MOP(OPYHK-
LMOHA/IbHbIX N3MEHEHUI, NPOUCXOAALLMX B MOMIOBOM arnnapaTe cam-
KW, BbLUENW HECKO/bKO CTafuiA NOM0BOro LMK,

MpoacTtpyc (npeareyuka) —Havano ObICTPOro pocta Goniu-
KynoB. Pa3suBatowymecs (onInKybl BbipabaTbiBalOT 3CTPOreHbl, Mog,
B/IMSIHUEM KOTOPbIX YCU/IMBAETCS KPOBOCHAGXXEHME MOJIOBbIX OPraHoB,
cnm3ncTas 060/104Ka Bnaranmuia npuobpeTtaeT BCeACTBYE 3TOrO Kpac-
HOBaTbIl LBeT. MpoMcXoanT oporoBeHWe ee KeTOK. Bospactaer ce-
Kpeuus CnmM3u KneTkamu CAn3UCTON Bnaraiviia u Wweikn matku. Mar-
Ka yBe/IM4mBaeTcs, CamM3ncTas 060/104Ka ee CTaHOBUTCS KpOBeHanon-
HEHHOI, MaTOYHbIe XKeNle3bl —aKTUBHbIMUW. Y caMOK cobak B 3T0 Bpe-
MS HabMAaTCA KPOBAHUCTbIE BbLLEMEHWS U3 BaraimLLa.

dcTpyc (Teuka) —nonoBoe BO3GYXKAEHME 3aHNMAeT rocrnoacT-
BytoLLee nosnoxeHne. CaMmka CTPEMUTCA K CrapuBaHWIO U AOMNycKaeT
cagky. KpoBocHab>keHune mosioBOro anrnapara v CeKpeums Civsn ycu-
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nuneatoTcA. Paccnabnserca kaHasn LWenkn MaTkW; U3 Hero BbITeKaeT
cnmn3b (OTctofa Ha3BaHMe Teyka). 3aBepluaeTca pocT (onamkyna u
MPOUCXOANT OBY/ISILMUA —er0 paspbiB W BbIXOA ANLEKIETKN.

MeTacTpyc (nocnereyka) —anuTennasbHble KNeTKN BCKPbIB-
Lerocs oNNKyna npeBpawlaoTCs B IIOTENHOBbIE, (POPMUPYETCS XKesl-
TOe Teno. Pa3pacTatoTcAd KPOBEHOCHbIE COCYAbl B CTEHKE MaTKM, BO3-
pacTaeT aKTMBHOCTb MaTOYHbIX )Kene3. 3aKpblBaeTCH KaHan LUeinku
MaTKW. Y MeHbLUAeTCA NPUTOK KPOBY K HapyXXHbIM M0JI0BbIM OpraHam.
MpekpallaeTcs Nonosas oxora.

OnacTpyc — nepuos Mexay crefyloWwMn OAWH 3a APYrum
uMKnamu. JJoMUHUPOBaHWE XeNnToro Tena. MaTouHble Xenesbl aKTUB-
Hbl, LWeka MaTKn 3akpbiTa. LiepBrKanbHOM cnn3v mano. Cnusucras
Bnaranvuia 6negHas.

AH3CTpPYC — AMTENbHbIA Nepuoj MonoBOro MOKosi, B Teye-
HVe KOTOPOro (PyHKLMSA AMHHUKOB ocnabneHa. Pa3suTus onnnkynos
He npomcxoauT. MaTtka Manas v aHeMUyHas, LWeika NI0THO 3aKpblTa.
Cnusuctas Bnaranuia énegHas.

Poccuiickum yuyeHbiM CTyfeHUOBbIM 6OblUa NpesnoXxeHa Apyras
Knaccuukauus cTaguii MofoBoOro LUK, oTpaxarolas 0Co6eHHOCTH
COCTOSIHWNSA HEPBHOW CUCTEMbI U NOBEAEHYECKMX peakLnii CaMOoK Ceflb-
CKOXO03MCTBEHHBIX XMBOTHbIX. COracHo ero B3rnsgaMm, nonoB oW
LWUKA — 3TO NPOSBMEHNE XKXU3HEeLeATeNbHOCTM BCEro opraHusMa B
LieIoM, a He TO/IbKO MOJIOBOW CUCTEMbI. DTO CNOXHbIA HEMporymo-
pasibHbIA PedIeKTOPHBINA NPOLECC, CONPOBOXAAOLLMIACA KOMMIIEKCOM
(h13nMoNorMyecknx 1 MopmosormyecKnx U3MeHeHWUn Kak B MOSIOBbIX
opraHax, Tak ¥ BO BCEM OpraHu3me camKu OT OAHOW CTaguu Bo36yxe-
HUA [0 apyroil. CornacHo yyeHuto CTyfeHL0Ba, pasinyatoT Tpu cTa-
AN —BO30YXK/eHVEe, TOPMOXKEHNE 1 ypaBHOBeLIMBaHWe. HanbonbLuee
npaKTUYecKoe 3HaYeHue 419 BeTepUHapPHbIX CNeLMannucToB UMeeT Mno-
HYMaHMWe CYLLHOCTU CTafuu BO36YXAEHWSs, TaK KaK YCreLHoe ocemMe-
HeHVe CaMK/ BO3MOXXHO TO/IbKO B 3TOT MEpPUOA.

Ctapgua Bo36yXpeHusa (Npoactpyc-acTpyc). KnuHnuecku
cTagua BO30YXXAEHWS XapaKTepusyeTcs Ha/IMuvMeM YeTbipex (heHoMme-
HOB: TEYKM, NOMOBOro 1 06LLero BO36YXAeHUA CaMKK, OXOTbl 1 OBY/S-
umn. Cragua BO3OYXAEHWUS HavyMHaeTCs C CO3peBaHus (ONIMKyna.
BbLiensemble co3peBatoMMmn  (HONNMKYNaMU 3CTPOreHbl BbI3bIBAKOT
nocTeneHHoe pas3BUTWE KOMMeKca NponngepaTvBHbIX MPOLECCOB B
MOMI0BbLIX OpraHax: HabyxaHve 1 NoBbIWeHWe YyBCTBUTENILHOCTY NOJIO-
BbIX OpPraHoB, FMNEPeMUI0 N YBNAXKHEHWE CN3UCTOA 060M104KM Mpo-
BOAALLMX MOMOBbIX NYTENA, ycuneHue GyHKLM NoN0BbIX Xenes. Mose-
[eHNe Taknx caMOK CMOKOWHOE, HO cameL, NPOsBASET K HAM UHTepeC.
YcuneHume ceKpeTOpHbIX NMPOLLECCOB BbI3bIBaeT TEYKY —MNPOLECC BblLLe-
NEeHUs CM3K 13 NONOBbIX OpraHoB. Camka CTaHOBUTCS 60/iee MOABUXK-
HOI, 6ECMOKOHOM, CHMKAETCA ee anmneTuT, OHa CTPEMUTCA K camLy,
3anpbIrvBaeT Ha APYrux XMBOTHbIX, OAHAKO CafKy €eLle He AOMYyCKaeT.
[aHHbIi KOMNneke npusHakoB CTyAeHULOB MNPeLoKuI MMeHOBaTb
KaK «06LLee N0noBoe BO3DOYXEeHNe CaMKmMy».
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MonoBas 0xoTa He Bcerga CoBMagaeT Mo BPeMeHU ¢ 06LWMM Noso-
BbIM BO36GY)XXAEHMEM M MO3ITOMY Mepef OCEMEHeHVWeM CaMOK 0053a-
Te/IbHO NPOBEPSAIOT Ha Ha/sMyKe NONOBOI OXOTbl. B cOCTOAHMM nono-
BOM OXOTbl CamMKa [JoMyCKaeT cafKy camua, TO eCTb Y Hee NposBAseTCs
TaK Ha3blBaeMblii pedhieKC HeNOABMKHOCTN. 3TO ONTUMa/bHBIN NEPUoL
NS eCTeCTBEHHOIO0 M WUCKYCCTBEHHOro OCeMeHeHus caMok. Cpepa
MaTKM U AALEeNnpoBOLOB B 3TOT Nepuof Hanbonee 6naronpuatHa Ans
cnepmues. Bblgensaowasncs ciM3b obneryaeT vx ABMXKEHME N0 Noso-
BbIM MyTAM, a BO/IHOO6pa3Hble COKpaLLeHNs CTEHOK POroB MaTku crno-
COOCTBYIOT MPO/ABVKEHUIO CMIEPMbI K SIALIENPOBOAAM.

OBynAUMA Yy KOObbI, OBEL, 1 CBUHEN MPOUCXOANUT Yepe3 HECKOJbKO
4acoB OT Hayasia OXoTbl, a'y KOpoB ( B OT/IYME OT CaMOK ApYruX BULOB)
yepes 11...26 4 nocne yracaHms pedoiekca HeMoABMXHOCTU. Y CUNEHHBI
MPUTOK KPOBU K MO/OBLIM OpraHam, POCT 1 CeKpeuus KeToK Cn3unc-
TON 060/104KN MaTKW B 3TOT MEPUOS, SABNAIOTCS KakK 6bl NOATOTOBKOW K
npuemMy Onio40TBOPEHHbIX ANLEKNETOK. Hannume Teuku, obLlero Bos-
Oy>KAeHUs, 0XOTbl U OBYNALUMS —HE0OX04MMOe YCoBUE A1 ONoL0-
TBOPEHMS. 3aBepLuaeT CTaguio BO36YXAeHNS NPOLEecC OBYISLUN.

CTapuna TOpMOXeHMA. BITOT nepuog Habnogaetcs oc-
nabneHne 1 NOJIHOe MpeKpalleHre TeYKU 1 NONOBOr0 BO3OYXAEHUS.
B nonosoit cucteme npeo6s1afaldT MHBONKOLMOHHbIE npouecchbl. Cam-
Ka Y)Xe He pearvpyeT Ha camua WUan gpyrux camok B 0xoTe (apeakTuB-
HOCTb), Ha MecTe OBY/NMPOBaBLUMX (DONSIMKY/IOB HAYMHAKT pas3su-
BaTbCA XeNTble Tesa, KOTopble BbLLENAT ropMOH 6epeMeHHOCTH Npo-
recTepoH. Ecnn onnogoTBOpPeHMs He NPOU30LLIO, TO NPOLECChl Npo-
nugepauny U cekpeunmn, HavaBLUVECS B NEPUOL TeYKW, NOCTENeHHO
npekpaLlatoTCs.

Ctagua ypasHoOBewMBaHuda. BaTornepnod nonororo
LMKNa NPU3HAKM TeYKM, OXOTbl 1 MONOBOr0 BO3BYXAEHUS OTCYTCTBYHOT.
[aHHaa cTagua xapakTepusyeTcs YpaBHOBELLUEHHBIM COCTOSHUEM XW-
BOTHOMO, Ha/MYMEM B AWMYHWMKE W XEeNTbIX Ten, U ¢onnukynos. Mpu
OTCYTCTBUM GEpeMEHHOCTM NPUMEPHO Yepes ABe Hedenn nocne OByfisi-
LMW CeKpeTopHas AeATeNbHOCTb XXENTbIX Ten npekpaliaetcs. XKentble
Tena paccacbiBatOTCs, a Ha MX MeCTe B IMYHMKE OCTatoTCA py6oLbl. BHOBb
aKTUBM3MPYHOTCSA MPOLECChl CO3peBaHUA (DOSIIMKYNOB U HACTymnaeT HO-
Bbli1 nonosoli uukn (tabn. 9.3).

9.3. OC06eHHOCTU MO/OBbIX LMKI/I0B

[AnnTensHOCTL
Bug Bpems oByNSLMM OT  Perpeccus Xentbix
XXMBOTHOTO L[nmolé]/'(ljaBOCr)(/)r [ONOBOM OXOTbI, 4 Ha4asna oxoTbl TeN OT Hayana uykna
KopoBa 18...23 16 Yepes 22...36y4 17...18cyT
Kobblina 20...23 96...168 (B cpefHem Yepes 72...140 4 20 cyT
0KO0/10 6 cyT)
CBUHbA 19..21 40...60 Yepes 30...36 4 18cyT

Osua 16...17 24...40 Yepes 31...32 4 15¢cyT



HeliporymopasibHas perynsilpsi XXeHCKMX NosioBbIX doyHKUMA. Peryns-
LLMA NOJOBbLIX MPOLECCOB B OPraHn3mMe CaMKu NPOUCXOAMT C y4acTueM
HEPBHOM CUCTEMbI W ee BbICLUEro 0TAeNa —KOpbl F0/IOBHOMO MO3ra
Epmc. 9.3). Bo3byxaeHve npu pasfgpakeHun 3KCTepopeLenTopos
(hoTOpPELENTOPOB /a3, TEPMOPELENTOPOB Y MEXaHOPELLENTOPOB KO-
XMW, XeMOpeLEenTopoB) U UHTEPOPELENTOPOB MO LEHTPOCTPEMUTENb-
HbIM HepBaM nepefaeTcs B KOPY ronoBHOM0 mMo3sra. OTTyda UMMY/bChbl
MOCTynatoT B rMnoTasiaMmyc, B KOTOPOM HelipoCeKpeTOpHbIe KIETKMN Bbl-
[LenaT cneundmnyeckme HempocekpeTbl (PUAN3KUHI-FOPMOHbI). [loc-
NefjHWe BO3AENCTBYIOT Ha rMNogus, KOTOPbIA B pe3ynbTare BblUenseT
rOHafOTPOMHbIE TOPMOHbLI —(OMNMKYNOCTUMYMPYIOWNIA N OTENHN-
3UPYIOLLNIA, N NaKTOTPONHbIM ropmoH (PCI, JIF n 1TI). MocTynneHne
B KpoBb PCI™ 06yCNOBNMBAET POCT, Pa3BUTME M CO3PEBAHME B IMUHMKAX
(hONNNKyNoB. 3petolime (oNINKYbI NPOAYLMPYIOT (ONTUKYNSAPHbIE
(3CTpOreHHbIe) TOPMOHbI, Bbi3biBaOLME TeuKy (3CTpyc): Haumbosnee
aKTUBHbIV 3CTPOreH —acTpaaunos. lMog AenCTBYEM 3CTPOreHOB MaTka
YBE/IMYMBAETCA, ANUTENNIA ee CIM3UCTON 000/104KN pa3pacTaeTcs, Ha-
OyXaeT, YCU/IMBAETCA AeATe/IbHOCTb AUYHMKOB U CEKPETOPHbLIX K/eTOK
NPOBOAALLMX MOMOBbIX MYTER. SCTPOreHbl CTUMYINPYHOT COKpaLLeHns
MaTK1 N MaToYHbIX TPYO, NOBbILIASA UX YYBCTBUTE/IbHOCTb K OKCUTOLM-
HY, pa3BuTME MOJIOYHON Xenesbl, 06MeH BeLlecTB. Mo mMepe Hakone-
HWS 3CTPOreHOB YCWUNMBAETCH MX EVCTBME HA HEPBHYKO CUCTEMY, YTO
BbI3bIBAET Y XKMBOTHbIX MNO/I0BOE BO3BOYX/EHME U OXOTY.

3cTporeHbl, 06pa3oBaBLUMecs B 60/1bLLIOM KO/IMYECTBE, BO3LENCTBY-
0T Ha cCUCTeMy ruMnogm3 —runotanamyc (Mo TUNy OTpULATE/IbHOWA
CBA3M), B pesy/bTate yero cekpeuus ®CI 3aTopMmaXkuBaeTcs, HO B TO
Xe BpeMs YCUIMBAETCA BbljeneHne NI0TEeNHU3NPYIOLLErO U NaKTOTPONM-
Horo ropMoHos. Mog BausHuem J1IN B covetaHun ¢ ®CIT npomcxoaut
OBYNALMA U HaUMHaeTCA (hOpMUPOBaHUE XENTOro Tena, PyHKLMI0 KO-

BHELUHWME ®AKTOPbI
(cBeT, KOpM, TeMMepaTypa, NPUCYTCTBYE Camna)

KOPA BOJIbLLUX MOJTYLUAPUIA
F’MrNOTANAMYC

PUNU3KMHT-haKTOpbI

rmrnoen3
CospeBatoLLme
oMKy bl ANYHUKN
aMATKA

Puc. 9.3. Cxema HeliporymopasibHOM perynsumm
NnosoBbIX (YHKLMIA caMoK



TOPOro NOAAEPXKMBAET MOTEMHMINPYIOLLNIA ropMoH. O6pa3oBaBLLIEECS
XKeNToe Tefo BblpabaTbiBaeT rOPMOH NPOrecTepoH, 00YyC0BINBAIOLLMIA
CEKPETOPHYI (PYHKLMIO 3HLOMETPUA W MOLrOTaB/MBAOLWNIA CNU3NC-
Tyt0 060/104Ky MaTKM K MMMNaHTauuy 3apofbliia. MporectepoH cno-
COOCTBYET COXPaHEHUIO Yy XXMBOTHbIX GEPEMEHHOCTV Ha Haya/bHOW
CTain, TOPMO3UT POCT (POINKY/IOB U OBYNIALMIO, MPenAaTCTBYeT COo-
KpaLLeHuo MaTku. BbiCOKas KOHLeHTpauus nporectepoHa (no npuH-
LMny oTpuLaTe/IbHOM CBA3WM) TOPMO3UT JasibHelillee BbluenieHne J1T,
CTUMYNUPYS Mpy 3TOM (N0 TWUMY MOSIOXUTENIbHOW CBA3W) CEKPeLuio
®CrI, B pe3ynbTare 4ero‘obpasyroTcs HOBble (PONINKY/IbI U MOSIOBOM
LUMKN noBTopseTcs. [n1s HOPMaibHOro TeYeHUs MOJI0BbIX NPOLLECCOB
Heo6X0AMMbI TaKXKe FOPMOHbI 3NUMU3a, HaAMOYeYHUKOB, LWUTOBUA-
HOW 1 Apyrux >enes.

9.4. OIrViI0AOTBOPEHVE

OnnogoTBOPEHNE —CANSHUE MYXXCKOW (CMepMKUs) M XKEHCKON (Ai-
LIEKNETKM) MONOBbLIX KNETOK, UMEHOLMX FaniongHbIi Habop XpoOMOCOM,
B pe3ynbTaTe Yero obpasyercs HOBasi KneTka —3uroTa ¢ AMNAOUAHbIM
Habopom XpPOMOCOM, JatoLias Hauaio pasBUTINIO HOBOMO OpraHn3mMa, 06-
NajatoLLero ABOVHOW HacneACTBEHHOCTbIO (MaTepy 1 0TUQ).

Mpu KouTyce (MONOBOM aKTe) 3AKY/AT BBOANUTCA B KpaHWa/bHYH0
yacTb Bnaranuiia (KpynHbiiA 1 MeNKuii poratblii CKOT, KPOAMKK, Mpu-
MaTbl) WM NPOTa/IKMBAETCA Yepe3 KaHan LUEeKM HENOCPELCTBEHHO B
MaTKy (CBWMHbM, nowaaun, cobakn). B ganbHeiweM NpoABMKEHME Criep-
MMEB K MECTY OM/0A0TBOPEHNS OCYLLECTB/IAETCA KaK 3a CYeT Co6CT-
BEHHOW WX MOABMKHOCTM, TaK U 6narogaps MbllLEYHbIM aHTUNEepu-
CTa/IbTUYECKUM COKPALLEHNAM CTEHOK MOM0BOr0 TpakTa CaMKu, CO3fa-
tOLLMM B HEM OTpULaTeNbHOE AaBneHne U 3PheKT 3acacbiBaHus. CTu-
MYNILNUA COKPATUTENbHbIX MEXaHW3MOB NaAKo MyCKynaTypbl MaTKu
M ANLENPOBOAOB OCYLLECTBASETCS 3a CYET npocTarfaHAMHOB rpynnbl
E, npucyTcTBYOWMX B CNEPME CaMLOB, N OKCUTOLIMHA, BblbpacbiBae-
MOrO 3afiHeil fonel runogusa camk BO BPeMsi N0JIOBOr0 akTa.

B nepuog nponBvKeHWs CnepmMmeB MO MOSIOBOMY TpaKTy CamKwu
OHW MOABEPrarTCs pasMYHbIM PU3NYECKUM N BUOXMMUYECKNM BO3-
AECTBMNAM CO CTOPOHbI CEKpeTa MaTKM 1 ALenpoBOAOB, B pe3y/bTaTe
4ero B HMX COBEPLUAKTCA 3HaYMTeNbHble (PM3MONOrNYecKne, Mopgo-
NOTMYECKMEe N MONEKYNSAPHO-BMONOrMYECKME W3MEHEHUS, MPUBOAS-
LMe K OKOHYaTe/lbHOMY CO3PEBaHMNIO CEPMUEB N MPUOBPETEHNIO MK
On/I0A0TBOPAOLLEA CNOCOBHOCTM. B mpouecce 3TUX M3MEHEHWI, Ha-
3blBaeMbIX peaKkuMein KanauumTauuu, NPOUCXOAAT yaane-
HWE C MOBEPXHOCTU CNEepPMUEB CNOS CTabUNN3NPYIOLLMX TNIMKONPOTEN-
HOB, NMPUOOPETEHHOIO0 UMW B MPUAATKE CEMEHHMKA U NPU B3aUMOLEN-
CTBMM C CEKpeTaMMn MPUAATOYHbIX XKene3 BO BpeMs 3Kynsaunu, name-
HEHMe MaKpOMONEKYNSAPHONM CTPYKTYpbl MemMbpaHbl criepmus, BCes-
CTBME YEero YBeNIMUMBAKTCA UX NOABMXHOCTbL U CNMOCOOHOCTL BbIAENATD
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13 aKPOCOMHOW 06/1aCTV rO/IOBKM MPOTEO/IMTUYECKNE (DEPMEHTbI, He -
06X04MMble NS PacTBOPEHUS NyYUCTOro BeHLa AliLeKneTkn. Bpems,
Heo6X0AMMOe A/ 3aBepLUeHUs peakuuy KanauuTauuu, 3aBUCUT OT
BUAA XMBOTHbIX: Yy 6apaHa 1.,,1,54, y Xpska 2...3, y 6blKa 1 Kponmka
5...6, y npumatos 4...5 4 nocse 3akynayuu.

MPOAOMKMTENBHOCTb XXWU3HW 1 COXPaHeHVe OMnJIoA0TBOPSAIOLLEN Cno-
COOHOCTM CrepMmeB, HaXOAALLMXCA B ANLENPOBOAAX KPYMHOro u Mes-
KOro poraTtoro CKoTa, CBUHEW, cocTaBnseT 24...484, a y nowaam —ao
6 cyT. Tem He MeHee CTapeHne MYXCKUX MOJOBbIX KETOK Mpu 4/INTESb-
HOM npebbiBaHWM B NO/IOBOM TpakTe camku (6osiee 24 4) MOXeT OTpu-
LlaTe/IbHO CKa3aTbCA Ha PasBUTMM M BbDKMBAHWUW 3apojpllla, Ha 06LLeii
M10LOBUTOCTU XXMBOTHbIX, MO3TOMY OYEHb BaXKHOE 3HAYEHWE WMeeT
NpaBu/bHbIA BbIGOP CPOKOB 15 UCKYCCTBEHHOTO OCEMEHEHNS.

Mpouecc onnoA40TBOPEHUA BK/KOYaeT psaf 3TarnosB. Ha nepsBom
MOAroTOBUTE/IbHOM 3Tane CrnepMuH, OKPYXXMBLLME ANLIEKNETKY, C Mo-
MOLLbIO BbLUENMSAEMbIX VMU (PepMeHTOB (rMaslypoHugasbl, MyLUHa3bI,
TPUNCUHOMOLO6HBLIX (PEPMEHTOB W Ap.) AenONMMEPU3YIOT BELLECTBO,
CK/ievBaroLLee KNIeTKM lyYnCTOro BeHua, paspbIXfioT ero v Bbi3blBatoT
4aCTUYHOE paccenBaHue YONMKYNAPHBLIX KNeToK. Mocne aToro cnep-
MWUH BXOAAT B KOHTaKT C MPO3payHoin 060/104KOIN AALEKNETKM, C NO-
MOLLbIO TIMKOMPOTenA0B (PeLenTopoB) KOTOPOM NPOUCXOAUT Y3HaBa-
HWe crnepMmeB [aHHOr0O BMAA. 3a PefKUM UCKIHOYEHWEM 3apofblln,
BO3HMKaIOLLME B pe3y/ibTaTe MeXBWUA0BOI0 OMI0A0TBOPEHNS, HE MOTYT
pa3BMBaTbCA HOPMabHO U MOrn6atoT.

Ha cnegytowem atane CrepMuUH BHeApPSAIOTCA B Mpo3payHyo 060-
NOYKY ANLEKNETKN WU ee NepuBUTENINIMHOBOE MPOCTAHCTBO. Y Mpu-
KpenieHHbIX K Npo3payHoil 060/104Ke CrepMUeB pa3BMBAeTCA Tak Ha-
3blBaeMas akKpOCOMHAaA peakumda. BXxogeeenepesHue [ge
TPeTV Maa3maTtuyeckoil MembpaHbl rOIOBKM CNepMUs CIUBAOTCH C
nepefHeli 4acTbl0 MeM6paHbl akpoCOMbl. MpoTeonuTUYecKue v apy-
rme (epMeHTbl aKpOCOMbl BCTYNatOT B KOHTAKT C NPO3pa4Hoi 060-
NOYKOW ANLEKNeTKN, NIOKa/bHO paspyLlaloT ee, co3jasas YC/0BUA
ONA NPOABMXEHMUS cnepMmua B rny6b AWLEKNeTKU. TOMbKO OAUH U3
MHOXECTBa CrepMuneB, NPOLBUTaOLLMXCA K AALEKNETKE U OCTUral0-
LMX NepuUBUTENTMHOBOIO MPOCTPAHCTBA, BCTYNAET B KOHTAKT C Mas-
mMaTuyeckor MembpaHou slLeKkneTkn. Ha 3ToM 3Tane cnepmuil
C/IMBAETCA C nna3MaTUyeckor MembpaHoi U MPOHMKAET B 00MN/Ia3my.
XBOCT cnepmMus paspyLuaeTcs, a rosoBka, Habyxas u yBennunBasch B
pasmepax, nepemellaeTcs K LEHTPY aiuekneTkn. O6onoyka sjpa
paspyLuaeTcs, ero XpomaTuH pas3pbIXNfeTcs, U nocne B3auMOLencT-
BUA C OenkamMy 0BMa3Mbl A4P0 CrEPMUS NPeBPaLLaeTcs B MyXCKOA
MPOHYK/EeYC.

CONpMKOCHOBEHWE CMEPMUSA C XKENTOYHOM 060/104KON AALEKNETKN
N CNNSIHWE MNa3MaTUYeCKnX MembpaH 06enx rameT BelyT K O4eHb ObICT-
PbIM crieyugruyeckum npeobpasoBaHnsM B ANLEKNETKE. 32 HECKO/IbKO
CEKYH[ B XOfe TaK Ha3blBaeMON KOPTUKaNbHOMN peakuuu
N3MEHSAIOTCA MOJIEKYNAPHO-6MON0rMyYecKne CBOMCTBA MNiasmaTuyec-
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KO MemMbpaHbl, a 3a HECKO/IbKO MUHYT B X0/€ peakL K, Ha3blBaeMOM
30HHOW, W3MEHAKTCHA CBOMCTBA M Npo3pavyHoi 060M104kK. Mnas-
mMaTuyeckas MembpaHa 1 HapyXXHas npo3pavHas 060/104Ka ANLEKNeT-
KW CTAHOBATCA HEBOCMPUUMUMBLI K APYTMM MY>XCKMM MOSIOBbIM K/1ET-
Kam, 4TO npefynpexzgaer MO MCMNEePMU IO — CIUAHUE AiiLe-
KNIETKN C HECKONIbKUMW CIIEPMUAMMU.

B npouecce cnmsHus AiLeKneTKn co CnepMrUeM B HEil Pe3ko akTu-
BU3MPYeTCS 06MeH BELECTB M CHUMAETCS 6/10Kafja Meiio3a. 310 BefeT K
3aBepLUEHNIO BTOPOro Ae/IOHUA CO3peBaHNs Meino3a. XPOMOCOMbI XeH-
CKOro siipa feKOHAEHCUPYIOTCA M NPeobpasytoTCs B XXEHCKUIA MPOHYK-
neyc. Bckope npoucxoauT nepeoe feneHve apobneHns 06pa3oBaBLLeit-
CA 3UroThbl, Jatolliee Ha4ano Pa3BUTUIO HOBOTO OpraHu3ma.

9.5. BEPEMEHHOCTb

BepemMeHHOCTb —0C060e PU3M0N0TMYECKOe COCTOSHMUE OpraHns-
Ma CaMKW, CBAi3aHHOE C OM/I040TBOPEHMEM M pa3BUTUEM M104a B MaT-
Ke. bepeMeHHOCTb Y KOPOBbl Ha3blBAKOT CTE/IbHOCTLIO, Y KOObIbI, OC-
nnupl, BeponAMLbl —XepeboCTblo, 0BLUbl U KO3bl —CYArHOCTbLHO,
CBUHbW —CYMOPOCHOCTbIO, KPOJSIbYMUXN —CYKPOIbHOCTbIO, C06akm —
LWEHHOCTbHO.

B 3aBMCHMOCTY OT KO/IMYECTBA BblHALLMBAEMbIX M/0A0B pasnnyaroT
OAHOMMNOLHYH U MHOTONNOAHY 6epeMeHHOCTb. MMpn
OfHON/I0AHOW 6epeMeHHOCTV B MaTKe pa3BMBAeTCA OAWH NJIOf, Mpu
MHOTOMNIO4HOM —HECKONbKO. Y KPYMHbIX XUBOTHbIX (KOPOB, KOObIN,
Nocux, ONeHeNn, BepbnoanL) 6epeMeHHOCTb, KakK NpaBuio, 0AHONM0A-
Has, a y Menkux (CBUHeW, OBel, K03, cobak, Kowek, Kponbymx) —
MHOron04Has. Y KOpoB ABOVHM BCTpeyatoTcsi B 1..5 %, a TpoliHu —B
0,1 % cny4aeB. ¥ KoObin ABOMHK cocTasnstoT 1...1,5 %, npuyem 6onee
MONOBUHbI U3 HUX HE AOHALLMBAOTCA. Y OBEL, POXKAeHMe 1BOEH B 3Ha-
YNTENbHOW CTeneHn 3aBMCUT OT NOPOAbI: Y TOHKOPYHHbIX COCTaB/IfA-
et 50...80 %, y KapakynbCkux 1 KyparuHbix — 10...15 (go 40 %), y
OBeL, POMaHOBCKOMK nopogbl —A0 9%. Y cBMHEN 00bIYHO pPOXAaeTCs
10...12 nopocAT 3a onopoc, a uHorga 17...20. Y cobak KpyrnHbIX NOpoS,
(oBuapku, gorun) poxgaercs vawe 7...10 (go 12) weHsT, cpefHen Be-
NNYNHBI —6...8, a Y Kap/JMKOBbIX NOPoL — 2...4 LWeHKa. Y Kollek
poxgaeTca 2...5, y nucuy, —4, y necuos — M, y HOpok —5, y co60-
neinl —3 peTeHbILa.

dun3nonornyeckas 6epeMeHHOCTb XapakTepu3yeTcs HOpPMasibHbIM
COCTOSIHMEM OpraHv3Ma MaTepu 1 POXKAEHMEM 3PEsioro XU3HEecnocoob-
Horo npunsofa. MHorga y >KMBOTHbIX ObiBaeT f06aBOUHas GepemMeH-
HOCTb (cynepgeTauns), Korga 6epeMeHHble CaMKN NPUXOAAT B OXOTY
M [ONONHWUTE/NbHO OM/I0A0TBOPSAKOTCA C PasBUTUEM OAHOIM0 WM He-
CKOJIbKMX HOBbIX M1040B. [Jo6aBouHas 6epeMeHHOCTb BO3MOXKHA TO/b-
KO B HayaslbHbl Nepuo nepBuYHON 6epemMeHHOCTU. OHa cunTaeTcs
HOpMasibHbIM ABIEHUEM Y HEKOTOPbLIX MAOTOAAHbIX XXMBOTHBIX, OCO-
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GeHHO Yy HOPOK, KOTopble, Byay4n Onio40TBOPEHHBLIMU, BTOPUYHO NpU-
XOLAT B OXOTY HECKOJIbKO pa3 B TeYeHMe MOoJI0BOro Ce30Ha C UHTepBa-
nom 15..20cyT. B pefkux cnydasx nofobHoe fBfieHWe BCTpeyaeTcs y
KoObl/1, KOPOB, OBeL, CBUHEA. [pn PoXaeHU HOPManbHOIO 3pesoro
nnoja N3roHseTCcAa U BTOPON, HEAOHOLLEHHbIN M04,

JloxxHasa 6epemMeHHOCTb MOXET pa3BMBATLCA Y CamOK (CBUHbM,
KO3bl, KPO/IbYMXM, COOAKM, KOLLKW) MOC/e MOJI0BOMO LKA, He CO-
MPOBOX/ABLUEroCA OCEMEHEHVEM, WK MOC/e HenioL0TBOPHOIO Mo-
NOBOM0 aKTa. Y >XXMBOTHbIX MOABAATCA MPU3HAKM UCTUHHOW Gepe-
MEHHOCTU: YBeNMYeHne MOJIOYHbIX XKesie3, MON0Koobpa3oBaHue, cam-
KV NOANYCKAKT YY>OM NPUNoL, roToBAT rHe3sfo AN poLoB. Y KO3 U
KOLLEK OTMEYeHbI Clyvau CKOM/eHns B MaTke 60/1bLIOr0 KO/M4YecTBa
C/IU3W, YTO YBENNYMBAET KOHTYPbI XMBOTA, [Aenas UX XapakTepHbIMU
AN 6epeMeHHbIX XXMBOTHbIX. Uepes 2...3 Hefl NpU3HaKN N0XHON Ge-
PEMEHHOCTM MCYE3al0T; CKOMMBLUAACA B MATKe C/IN3b BbILENAETCA Ha-
PYXY WN paccacblBaeTcs.

MpogoMmKNTENbHOCTL OGEPEMEHHOCTM Y KOpPOB cocTasnseT 270...
300 cyT, y oBeL, 1 K03 — 141..157, y ko6bln1 —320...355, y CBUHel —
110.. .118, y cobak —58...66, y kowwek —56...60, Y Kposbumx —29...33, y
nueuu, necuos —49...55, Hopok —37...80, HyTpu — 128... 137 cyT.

O6pa3oBaBLUasAcs B pesynbTate CANAHUS SNLEKIETKN 1 cnepMus 3u-
rota yepe3 HECKO/IbKO YacOB HayvMHaeT CBOe pasBuTWe NyTem Apobrie-
HUS B npefeniax Npo3payHoil 060/104KN. STOT NPOLECC HAYMHAETCS Y
CBUHbW Yepes 14..16 u, y oBUbI Yepes3 16... 18, y koposbl Yepes 20...24,
y nowaan yepes 24 4. HavanbHble CTaguMn pasButus aMbpuoHa npo-
NCXOAAT, Kak Mpasuio, B AiiLLENPOBOAaxX, KOTopble 6Gnarogaps ne-
PUCTNIbTUYECKMM COKPALLEHUAM CBOEM MYCKynaTypbl, Ko/iebaHuam
PECHMYEK MepLaTeNnbHOro anuTenns U 06UNbLHOW Cekpeuun crm3uc-
TO 060/104KN 06eCneYnBatoT NOCTENEHHOE NepeaBUXEHNE 3apoablLla
K poram maTku (puc. 9.4). B por matkn 3apojpilli NOCTynatoT y CBU-
HbW Yyepes 46...48 4, y 0BLbI Yepes 66...72, Y KOpPOBbI Yepe3 72...84, y
nowaan yepes 140...144 y. B nocnegytowme 5...9 cyT B 3aBUCUMOCTU
OT BMAA XXMBOTHOIO 3apO/blILL Ha CTaguu MOPY/bl HAXOAMTCA B MONOC-
TN MaTKy B CBOGOAHOM COCTOAHMMW. B npouecce gpo6reHns obpasy-
toTCA Ba B1Aa 61acTOMEpPOB: 60/1ee MesIKVE 1 CBET/Ible pacrosiararTcs
no nepucepun, npuneras K Npo3padvHoii 060104Ke, 06pasytoT TPogo-
bnacT (NUTAKOLWKUIA NUCTOK), a 6osiee KpynHble 1 TeMHble TPYNNupy-
OTCA B LEHTPE M (DOPMUPYIOT aMOp1o6iacT (3apOoAbllleBbli Y3e0K).
B Bo3pacTe 5...6 CyT Y CBMHEN 1 0BeL, 7 CyT Y KPyNHOro poratoro CKo-
Ta Mexgy Tpoobnactom u amb6puobnactom 0b6pasyeTcs MosocTb —
GnacTolenb. Takum 06pa3om, Mopyna npespallaeTcs B NOMbIi Wap —
GnacTouncTy. Knetkn am6puobnacta ckannausaroTcs nog tpoobnac-
TOM Ha OHOW CTOPOHE 3TOro LWapa. bnacTouncTa BbIXOAUT Y CBUHEW K
6.. .7-McyTKam, y oBeL, K 7...8-M, y fiowageii K 8-M 1y KopoB K 9...11-Mm
CyTKaMm, Kak 6bl Bbl/lyna1BaeTCs U3 Npo3pavyHor obonoyku. Mpoucxo-
OUT 3TO BC/IEACTBME MCTOHYEHMSA W paspbliBa ee CTeHKWU B pesy/bTare
pocTa 6/71aCTOLNCTLI, YBEIMYeHNs ee 00beMa, a TakKKe BblpaboTKM e
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2-a kneTouHass [lpospauHas
cTagus o60/104Ka

MoTka ~siiuesog

OnnogoTBOpeHue

Puc. 9.4. PaHHuve cTagmMm asm6pMOHaNbLHOIO passu-
TUSA B MOMIOBbLIX MYTAX CAMOK MJIEKOMUTAIOLLMX

NPOTEONIMTUYECKMUX (PEPMEHTOB, BbI3bIBAIOLMX /IN3UC CTEHKM Mpo-
3pa4Hoit 060M104KKN. PoNb HAPYXKHO 060/104KNM 3apo/pblLlia Mocsie 3To-
ro NpYHMMaeT Ha ce6s TpodobsiacT, Yepes KOTOPbIA OCYLLECTB/ISETCA
NPOLLECC MHTEHCUBHOIO NMUTaHWA 3apojblLLa.

Tpodobnact BblLeNseT NPoTeo/IMTUYECKUE, TIUKOIUTUYECKME 1
Apyrve (hepmeHTbl, KOTOpble, OKasblBas BO3AEWCTBME HA CAM3UCTYIO
000N104KYy MaTKu, obecreunBaloT HeEOOXOAMMbIE YCNOBUSA A1 Ocefa-
HWUSA 3apofbllia U ero NpUKpenaeHns (MMNanaHTaLumM) K CTEHKe
MaTKW. TpomMcxoanT 3TO Y KPOoSibYMx Ha 7...9-e CyTKM nocsie onnofo-
TBOpEHMA, Y CBUHOMATOK Ha 11...13-e, y oBLeMaToK Ha 13...15-e, y KO-
poB Ha 15..17-e n y nowapgein Ha 35...37-e cyTKN. OCOOGEHHO CWULHO
BbIP@XEHHbIMW NPOTEO/IMTUYECKUMI CBOMCTBaMM 00n1ajaet Tpodo-
6nacT y NpMmaTtoB: MpPU CONPUKOCHOBEHWUW CO CAMU3UCTOM 060/104KON
MaTK/ OH BbI3blBaeT PacTBOPEHWE MOKPOBHOMO 3MUTENNSA, MATOYHbIX
Xenes, KNeToK CTPOMbI U COCYJ0B C/IM3UCTOM M B TeveHue 40 Y 3apo-
AbILW MOMTHOCTLIO NOTPYXaeTcs B CIM3NUCTYI0 060/104KY MaTKWU. Y Cefb-
CKOXO3ACTBEHHbIX XMBOTHbIX NPOTEO/IUTUYECKME CBOICTBA TPOdoO-
6nacta MeHee BblpaXeHbl, W MO3TOMY Ha MeCTe COMPUKOCHOBEHWUS
61acToUMUCTbl CO C/IM3NCTON 060/M0YKO MAaTKM OTMEYatoTCs TOMbKO
aKTUBHaA runepemMmsi, CeKpeuns MaTouHbIX XKenes 1 HabyxaHue Ciu-
31CTON 060M104KN. OfHAKO AadXkKe MpY 3TUX YCNOBUAX PE3KO yNyullaeT-
CA NUTaHve 3apofpllla 3a CYeT acCUMWUNALMM MaTOYHOrO MOJIOYKa
(asmbpuoTpoga), BbIAENSEMOr0 >KeNe3nCTbIMU KNeTKaMu C/N3UCTOIA
060/104KN MaTKW.

MocTeneHHO M3 ambpuobnacta 06pasytoTCa TPU 3apPOAbILLEBbLIX
NNCTKA; aKTohepMa, 3HTOAepMa W Me3opgepma, u3
KOTOPbIX pa3BMBAIOTCA BCE OpraHbl M TKaHW opraHusma. W3 aktopgep-
Mbl B MOC/eAYIOLWEM pPa3BMBAKOTCA KOXa, PeLenTopbl, HEPBHAs CUCTe-
Ma, HayaslbHbI/i U KOHEYHBIN YHaCTKM XKeNyA04YHO-KULEYHOT0 TPakTa;
M3 3HLOLEPMbl —3NUTENINIA NULLEBOJR, >KeNyfKa, KULIEYHUKa, Me-
YeHb, MOKeNyAo4Has, WMTOBMAHAS, NapawMToBUgHas U 306Has Xe-
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nesbl, ANUTENniA Tpaxen, 6POHXO0B, NErKNX, 3NUTENUA MOYEBOIO My3bl-
ps, MOYEMCrnycKaTe/IbHOr0 KaHana; 13 Me304epMbl —ragKas MyCKy-
Nnatypa, CKefleTHble MbIWLbI, CepAevHas MbiliLa, AepmMa, COeAUHUTENb-
Hasa TKaHb, XPALWM, COCyAbl, MOYKN, CEMEHHUKWN, SUYHWNKMN.

O[ZIHOBPEMEHHO (hOPMUPYHOTCA M OKpYXKatoLuve 3apofblll NI0AHbIe
060/104KK, NoAaepXKuUBatoLLMe, 3au4mugarom,me 3aM6puNOH 1 obecneun-
BatoLlMe ero nutaHue (puc. 9.5). C 60KOB 3MOpMOHa (hopMUpYyeTCS
CK/agKa u3 aKTofepMbl Y Me304epMbl, KOTopas, pa3pactasch, OKpy»Ka-
eT 3MO6PMOH 1 CpacTaeTcs Hafg HUM. !“a BHYTpPeHHsAs 060/104Ka Mosny-
ymna HasBaHME «aMHWOH». [10N0CTb aMHMOHA HaNOHAETCA NPo3pay-
HOVi BOASHWCTOMN XUAKOCTbIO, BbINOMHAOLLEN PO/b GUONOTMYECKM aK-
TUBHOW MPOMEXYTOYHOIN cpeabl Mexay niogoM M opraHu3mMom MaTe-
pu. OHa ABNAETCS BHayase NPOAYKTOM >KM3HeAesATeNlbHOCTN Tpodo-
6nacTa, 3aTeM NPOAYKTOM CEKPETOPHOW AeATeNlbHOCTY aMHUOTUYECKO-
ro aNUTeNUs, a Takke TpaHCCyAaLMmn U3 KPOBEHOCHbLIX COCY0B aMHU-
OHa. AMHMOTUYECKas XXULKOCTb COLEPXUT GENKMn, XUpbl, YrIeBoabl,
(hepMeHTbI, BUTaMWHbI, FTOPMOHbI, Apyrue 6MONOrMYECKN aKTUBHbIE
BELLeCTBa, B YaCTHOCTM KaTexoSiaMUHbl, CEPOTOHUH, TMCTaMUH, aue-
TUNXO/IMH, NpOCTarnaHAuHbl, a Takke MeTabo/iMTbl BCEX 3TUX Be-
wectB. OKOMOMMOAHbIE BOAbl ABMASKOTCA MPOMEXYTOUYHbIM 3BEHOM B
rOpMOHa/IbHOM OOMEHe MeXay OpraHuM3MoM matepu v nnoga. Am-
HMOTMYECKas XUAKOCTb 06nafaeT 6aKTepuoCcTaTUYECKMMM CBONCTBA-
Mn. OfHaKO He WCK/YaeTCs BO3MOXHOCTb MPOHUKHOBEHUS 4epe3
aMHUOH BUPYCOB U faxe GaKTepuid.

Ha paHHWX CTagusx pasBUTUSA Naoja aMHUOTUYECKUe BOAbl y4acT-
BYIOT B €r0 NMUTaHuUu, CNOCOOCTBYIOT PasBUTUIO fbIXaTeNbHbIX NyTei
N NULLEBAPUTENBHOTO TPaKTa, a NMO34Hee OCYLLECTBAAIT (YHKUUN
NMoYeK M KOXHOro Nnokposa. B 0K0MONMOAHBLIX BOAAX MPOUCXOAUT
MOCTOSIHHbIN 1 ObICTPbIA 00MeH BellecTB. Kpome TOro, aMHUOTK-
yeckas XXMAKOCTb o0becneynBaeT pPaBHOMEpPHOe [aBfeHWe Ha Bce
TKaHW pa3BMBAtOLLErOCA OpraHMsMa uU MX HOpMasbHOe pasBuUTwHe,
co3faeT naofy BO3MOXHOCTb fABuratbca. OHa npefoTepaLiaeT Cim-
naHne NOBEPXHOCTM 3MOGPUOHA M MNoAa C OKpyXKarouiein ero 060-

NOYKOM, a BO Bpems POOBOro akTta cro-
CO6CTBYeT pacLUMpPeHnto ek maTt-
KN N YBNAXHSET PoLoBble NyTU. B KOH-
Lie BHYTPUYTPOGHOTO PasBUTUA KONK-
4eCTBO aMHWUOTUYECKOWN >XXULKOCTU Y
oBel, 1 Ko3 okoso 0,5...1,2 1, y KOpoB
3...5, y KobbIn fo 3...7 1.

Puc. 9.5. CxemaTunyeckoe n3obpaxeHue 3apojbuma
M/IEKOMMTAIOLLEr0 C 3MBPUOHANTbHOW NAaLeHTon 1
N0AHLIMK My3bIPSIMA (&1, —asiNaHTome, amu. 06, —
aMHVOTUYecKast 060/104Ka, alT. M. — aMHUOTNYeC-
Kasi M0/10CTb, YKENT, MELLOK — >KeNTOUHbIV MeLLOK,
BHE3ap. Me3. — BHe3apogblLLIeBas Me30epMa)



Ha%/x(Haﬂ o6onouka nnoga (cocyaucrast) —XOPWOH BO3HUKAET U3
TpothobnacTa 1 mesogepmol. Mouesas 06onouka (anaHTouc) obpasyet-
CA M3 BbINAYNBAHNA NEPBUYHON KULLKN.

Y BCEX XXMBOTHbIX MPW MHOFOMAOAHON GEepPeMEHHOCTU KaX[bll
Nog VMeeT COBEepPLUEHHO 060C06/IeHHbIE BOLHYHO, MOYEBYO U Hepej-
KO COCYAMUCTYIO 060/104KM. Y KOPOB NMPU MHOIOM/OHOV 0epeMeHHOC-
T cocyamucTas 060/104Ka YacTo ObiBaeT 06LLUel, HO C 060C061EHHbIMM
LNS KOKAO0ro nnoja 30HaMu pacrnpocTpaHeHUs KPOBEHOCHbLIX COCYA0B
W nnaueHTapHbIX CBA3ei. Mpu 0bpa3oBaHUM aHACTOMO30B MEX[y CO-
CyJamMu pas3n4yHbIX MN0LOB KPOBb OHOr0 Mnsofa nonajaet B KpoBe-
HOCHYO CUCTEMY ApYroro, OKasblBas Ha Hero onpejeneHHoe 3HA0-
KPUHHOE BO34enCTBYE. TOPMOHbI MY>KCKOM 0COOM 3aflepXXVBaloT HOpP-
MaJibHOe pa3BUTME MOJIOBbIX OPraHoB Y Te/IOYEK, U OHW, KaK npasuso,
POXAAKTCA C Helopa3BUTLIMM MOMOBLIMU OpraHaMmn ¥ ocTatoTcs 6ec-
NAOAHLIMK. Y OBeL, ¥ KO3 Mpy MHOTOMI0AHON 6epeMeHHOCTH 06Luas
cocyancTas 060104Ka HepeaKo BCTpeyaeTcs, HO aHaCTOMO3bl KpoBe-
HOCHbIX COCY[IJ0B OTMEYaKTCH KaK MCK/THOYEHMe.

BHYTpUYTPOGHLIA Nepuog pasBuTna pasgenstoT Ha TPU OCHOBHbIE
thasbl. 3apoabllweBas (gasa (40 UMANAHTALUKM 3MOPUOHA) NpPo-
fonxkaetcs 7...15¢yT (7..9 y kponbuux, 11..13 y 0BLEMATOK U CBMHO-
matok, 13..15 y KOpoB M Kob6bl1). OM6pMOHanbHaa (asza —
(hasza 3aKnagKy opraHoB NPOAOIKAETCA Y KPONbUMx ¢ 9-x no 18-e cyT-
KW, Yy 0BLEMaToK ¢ 13-x no 46-e, y cBMHOMATOK ¢ 13-x no 38-e, y Ko-
poB € 13-x no 60-e n y KobbIn ¢ 15-x no 97-ecyTkn. lMnopgHas
(ha3a — (pasa CTPYKTYPHOro M (hM3MONOTMYECKOr0 COBEPLUEHCTBO-
BaHWs OPraHoB NPOAO/MKaeTca Y Kponbumx ¢ 19-x no 30-e CyTKK, y 0B-
uemaTok ¢ 47-x no 150-e, y cBMHOMATOK € 39-X no 114-e, y KOpOBbI C
61-x No 284-e n y Kob6bIN ¢ 98-x No 335-e CyTKM.

AMO6pMoHanbHas Auanaysa. Y HEKOTOPbIX BULOB XXUBOTHbLIX 3UroTa,
AOCTUTHYB CTaany 61aCTOLMCTbI, ANUTENbHOE BPEMS He MPUKPen/seT-
CA K CMM3MCTON 060/104Ke poroB MaTku (KyHuueobpasHble, KOocyns,
Me/Bean, HEKOTOpble BUAbI KEHIypY, 6POHEHOCLbI, CKYHCbI, MOPCKOWA
3adu). MNepvog OT ONIOAOTBOPEHMUS OOLMTA 0 UMMIaHTAL MK 3apoabl-
Wwa noayynn y 3TUX XXMBOTHbIX HasBaHWe 3MOGPUOHANbHOI
Avanay3bl WM NaTeHTHOW cTajguum 6GepemMeHHO-
CTU. 3MOpuoHanbHaA fuanaysa MMeeT 00/blIOe 6GUMONOrnYeckKoe
3HayeHue, NMo3BOJIASA XXMBOTHLIM POXAaTb MOTOMCTBO B Hambonee Gna-
ronpusTHbIA Cce30H rofa. Hanpumep, y cobonein ce3oH cnapmBaHus
NPUXOAUTCH Ha WIOMb, a LLIEHEeHWe CaMOK MPOUCXOANT B anpese —Ha-
yasie mMas Cnefytowero roga. Tem He MeHee B (heBpasie N Havane map-
Ta 6/1aCTOLMCTbl B MaTKe HaxoAAaTCs elle B CBOOOLHOM COCTOSIHUW.
CnepoBaTenbHO, 6epeMeHHOCTb OT Havasla MMniaHTauny 61acTouncT
[0 pofoB AnmTcs Y cobons okono 1mec. 3Urota y aMmepmKaHCKOn Hop-
KW [OCTUraeT B CBOEM Pa3BUTMM CTagum 61acToumcTbl 3a 8 CyT M MO-
XeT HaxoAWTbCA B pore MaTKn B TaKOM COCTOSAHMM [0 49 cyT. 3aKaH-
ymBaeTcs aMOpuoHanbHas Auanaysa 3a 29 cyT Ao pofos. Bo Bpems
3MOPMOHaNbLHOW Ananay3bl XenTble Tena NpeacTaBstoT cO60l BNOHe
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chopMMpPOBaHHble 06pa30BaHMsA, HO
YPOBEHb MX CEKPETOPHON AesTeNbHOC-

TW HWKE, YeM MpPY MMNaHTauunu.
MnaueHTa. B ceasn ¢ umnnanta-
LI,I/IeVI n paspuTunemMm 3apofbllla Haydyu-
HalT NPONCXOAUNTbHb rnyﬁokme n3ime-
HeHus B matke. YXKE Ha paHHWUX cTa-
onax pasButua Tpodgob6nact NAOTHO
npuneraer K 3HAOMETPUI U BHeppsa-
Puc. 9.6. Pa3nuyHble TUNbl nNAaueHT eTcA B Hero. BHauyane 3TO OYeHb PblX-
Yy M/IeKonuTaroLmx: n~a CBA3b, HO nocTteneHHO 6naropaps
N —anddysHaa nnaueHTa cBuHbn; J—ko- WMN3MeHeHUAM B 3HAOMeTpU, XOpUNOHe,
TWNefOHHas nnaueHTa XBauyHblX; B ~ no- ~ MO34Hee B aJ1/TaHTOXOpMOHe KOH-

AcKoBas (30HanbHas) nnaleHTa cobakn
TaKT CTAHOBUTCH TecHee (MMNaHTa-
uns). BO3HMKLLASA MpKY 3TOM CTPYKTypa HasblBAETCA MaLeHTON, OHa
npegHa3HayeHa Ans CBA3W niofa ¢ MaTepUHCKUM OpraHusMoM U ocy-
LLEeCTBNEHNS 0OMeHa BELLECTB MeXAY HAMKU. ITO peluaromii haktop
ambpuoreHesa, onpeenstoWwmnin HopmanbHoe pasBuTMe nnoga. IMna-
LieHTa ABNAETCA YHUKa/IbHbIM 06pa3oBaHMEM, BbIMOMHAKOLWUM OfHO-
BPEMEHHO (DYHKLMIO NErkux, KULIeYHnKa, revyeHu, MoYek U 3HA0-
KPWHHOMW >Xenesbl.

MnayeHTa MMeeT MaTepPUHCKYH YacTb, 06pa3oBaBLUYOCH U3 3HAO0-
MeTpUs, 1 3apofblLLeByto, 06pa30BaBLLYOCSH U3 XOPUOHA UK anflaHTo-
XOpUOHa 1 06palLleHHYI0 B NOMAOCTb NIoJA.

Mo pacrofioXeHnto BOPCUHOK XOpPUOHA PasnMyaloT YeTbipe Tuna
nnaueHT (pwmc. 9.6).

PaccedHHasa, wm gnpdysHasa. BOpCUHKM paBHOMEPHO
MOKPbLIBaKOT BCHO MOBEPXHOCTb XOPMOHA. 3TOT TUM BCTPeYaeTcs Y fo-
Luafiei, cBUHeN, ocnuy, BepbnoauL,.

MHOXeCTBeHHAaa, WM KoTunepgoHHasa. BopcuHku
006pasytoT rpynnbl Ha OTAE/IbHbIX Y4acTKax —KOTWUNEeAOHbI, KOTOpble
COEAMHAIOTCA C YTOMWEHUAMN MATKN —KapyHKynamu. ITOT Tun
BCTPEYAETCA Y KOPOB U OBeELL.

3o0HanbHas (KonbueBUAHadA, WM nomckosas). BopcUHKM
OMOACHLIBAKOT CPEAHIOK YacTb XOPUOHa, 06pasys CTPYKTYpY, Hanomu-
HalLWY KOMbLO. XapakTepHa AN CaMOK LWHOTOAAHBIX >XUBOTHbIX
(kowkwn, cobakm).

McKosugHaa. BopcuHKM cocpefoTOYeHbl HA OrpaHnUyeH-
HOW NOBEPXHOCTM XOPWOHA. [ANCKOBWAHbLIE MNALEHTbI XapakKTepHbl
ANa BCex NpeAcTaBUTENe TPbI3yHOB M NPUMaToB (B TOM yucne Ans
YesloBeKa).

Mo rnybrvHe NMPOHUKHOBEHWUA BOPCUHOK XOPUOHA B MaTepuH-
CKYI 4acTb NAaueHTbl, T. €. N0 CTENeHN B3aMMOCBA3M MAOAHOW U
MaTePUMHCKOM TKaHW, NNaueHTbl MOApasfenstoT Takke Ha uYeTbipe
Tuna (pwuc. 9.7).

AnuTtennoxopuanbHasa (nonynnaueHTa) nnaleHTa nme-
eTcs y Kobbl/l, CBUHEN, Bepbomy, ocnul, caMku 6eremota U HeKo-
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Puc. 9.7. B3aMMOOTHOLLEHUA 3apofbllLeBbIX N MaTe-
PVIHCKMX TKaHei B nnaleHTax pas/ivyHbIX TUMOB:

/4—anuTennoxopnanbHas nnaueHTa (CBUHbsA): K—pecmo-
XOpuasbHas nnaueHTa (KBauHble); S—3HA0TENNOXOPUa/b-
Has nnaueHTa (XuWiHble); [ — BOPCMHKOBas FeMOXopuab-
Has nnayeHTa (npumartsl); / —TpodobnacT; 2—coefnHu-
TeNbHas TKaHb XOPMOHA C 3apofblLieBbIMK cocyamu; 3 —
ANUTENUA MaTKU; 4 —coefnHUTENbHAs TKaHb CAU3NCTOM
060/104KM MaTKM C MaTEPUHCKMMU COCYZaMiu; 5 —KpPOBEHOC-
Hble NaKyHbI

TOPbIX CyMyaTbIX. BOPCMHKM XOpMOHa NPOHMKAKOT B MPOCBET MaTOu-
HbIX XKe/ie3, TECHO COMpMKacaschb CO CAN3UCTbIM ANUTENNEM MATKK, HO
He paspyLlaloT MaTepuMHCKMe TKaHu. MuTaHne nnoga nocne MMMaH-
TalUMmn OCYLLECTBNSETCS 3a CYET MAaTOYHOrO MOMOYKA UM 3MOPUOTPO-
(ha. Mpwn pofax He MPOMCXOAMT Pa3pyLLUEHUN N OTTOPXKEHUSA TKaHW 3H-
AOMETPUS; KPOBOTEUEHUS HET.

LecmoxopuanbHaa (CMHAECMOXOpWabHasA, COEANHUTENb-
HOTKaHast) nnaLeHTa MMeeTca Yy XBayHbIX (KOpOBa, OBLa, K03a, N0CU-
xa). BOpCMHKM XOpMOHa paspyLllalT anUTeNnii 1 >xenesbl 3HAOMET-
pUsi, BHEAPASICb B COEAMHUTENIbHYHO TKaHb CTEHKM MaTKN —KapyHKY-
nbl. Mpy pogax LenocTHOCTb 3HAOMETPUS HapyLUaeTcs TOMbKO Ha OT-
AENbHbIX y4YacTKax.

dHpoTenunoxopuanbHaa (BasoxopuanoHasd) nnaueHTa
NMEETCA Y XULLHbBIX XXUBOTHBLIX. BOPCUHKM XOpPWUOHa, BHEPSAACh, pas-
PyLUAKOT He TO/IbKO 3NUTENNIA N COELNHUTENbHYIO TKaHb 3HAOMETPUS,
HO W CTEHKWN KPOBEHOCHbIX COCYA0B, KpoMe 3HAoTenus. MnutaHme nno-
[a NPOMCXOANT M3 KPOBW MaTepwu, OTAeNeHHOW OT TpodobnacTta TO/b-
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KO 3HAO0TEe/NIMEM MaTEPUHCKMX COCYZ0B. STOT 60/ee COBEPLLEHHbI TUM
nnaueHTauum obecneynsaeT CHabXXeHWe Nnofa NUTaTe/lbHbIMU Belle-
CTBaMK M KucnopofZoM. IMpu pofax OTTOPraeTcs TOMbKO YaCTb IHAO-
MEeTpUA; KPOBOTEYEHNE He 0COBEHHO CU/IbHOE.

FemMoxopuanbHasa nnayeHTa UMeeTcs Yy HEKOTOPbIX Hace-
KOMOSIAHbIX, NIETYUMUX MbILLER, rPbI3yHOB, NPMMATOB (06€3bsHbI, Yeno-
BeK). BOPCUMHKM XOprOHa paspyLularoT TKaHW U KPOBEHOCHbIe COCY/bl
3HOOMETPUS M OMbIBAKOTCS HEMOCPEACTBEHHO KPOBbIO Matepu. [Mpu
3TOW CBA3W yCTaHaBNMBaeTCA 60/iee TECHbIM KOHTAKT njofa ¢ mare-
PUHCKUM opraHuaMom. [Mpyu pogax NPOUCXOAUT OTTOPXKEHWE 3HAO-
METPUa/IbHOTO C/I0A MaTKW; KPOBOTeYeHUe 06U/IbHOE.

®yHKUMN nnaueHTbl. MnaueHTa —CnoXHbIA M0 CBOUM (YHKLMAM
OpraH, Yepes KOTOPbI OCYLLECTBNAOTCA NMUTaHWe U ra3006MeH Nnoaa,
BbLLIe/IEHWe MPOAYKTOB MeTabonn3Ma, (hopM1poBaHNe ero ropMoHasb-
HOI0 M UMMYHHOrO cTatyca. MnaueHTa BbINOMHAET He TO/bKO TpaHC-
MOPTHbIE PYHKLUKN, HO 1 cama CUHTe3NpyeT HeobxoauMble A4N1s Mioja
nuTaTteNbHble N BUONOrMYECKN aKTUBHbIE BELLECTBA, BK/KOYas ropmo-
Hbl. 104 nonyyaeT OT MaTepy Yepes MaueHTy KUCNopos, nutarte/ib-
Hble BELLECTBa, BOAY, BUTAMWHbI, 3IEKTPONNUTLI, aHTUTeNa, a nepeaaeT
MaTepu Yr/ieKUCoTy U KOHEeYHbIe MPOAYKTbl 06MeHa BELLECTB.

OO6MeH Kucnopoga v pacTBOPMMbIX BELLECTB Yepe3 MniaLeHTapHyo
mMeMbpaHy MOAYMHEH 3aKOHaMm ocmoca U Auddy3nmn, Yemy cnoco6eT-
BYET pasHuLa NapLuanbHOro Aas/ieHns B KPOBW MaTepu 1 nioga. B kpo-
B/ NJIofa KOHLUeHTpauusa Kanusa, Hatpus, gocgopa Bbille, a 6enkos,
NUMUAO0B, HENTPA/IbHbIX XXUPOB, TMHOKO3bl HUXKE, YeM B KPOBM MaTtepu.
a3006MeH B MuaLeHTe aHanornyeH NpoLeccy B NIETKUX W onpeje-
NAeTCA Ha/MuMeM MnaueHTapHOro KpoBoooOpalleHus. TpaHcnopT ra-
30B NPONCXOAMT MOCTOSAHHO, TaK Kak nnaueHTa He 06/1agaeT crnocoob-
HOCTbIO K HAKOMNEHWIO KACIOPOAA WU YTIEKUCIOThI.

B nnaueHTe o6HapyxeHbl BuTamuHbl A, B, C, D n mHorve tep-
MEHTbI, MO AeNCTBNEM KOTOPbIX GE/IKMW, XUPbI, YINEBOAbI paclienns-
tOTCA U MOTYT yCBaMBaTbCA TKaHAMW noja. B Hel oTknagpiBatoTcs 3a-
Macbl rNMKOreHa, XXnUpa n BUTAMWUHOB, T. €. B NJIaLeHTe He TONbKO CUH-
Te3upytoTCsa, HO 1 LeNOHUPYIOTCA NUTaTeNbHbIe BeLecTBa.

Uepes nnaLeHTy He NPOHMKAIOT B KPOBb NJI0Aa KPYNHOMOEKYIAP-
Hble BELLECTBA, HEKOTOPble MUKPOOPraHW3Mbl, MapasuTbl 1 UX fiua.
Cnoco6HOCTb 3NMTeNnsA XopuoHa NponycKaTb O4HM BeLLecTBa U3 Kpo-
B/ MaTepy B KPOBb N/oja W 3aflepXxuBaTb UNKU nofsepratb 6MOXMMM-
4ecKoin 06paboTKe Apyrue nosyyusia HassaHme niaLeHTapHoro 6apbe-
pa. OfHaKo BO3MOXEH Mepexof M3 KPOBW MaTepu HeKOTOpbIX Bpef-
HbIX BELLECTB, TaKMX, KaK HAPKOTUKM, a/IkOro/lb, HUKOTWH, CyNbgaHun-
amupl, aHTUBNOTUKN, PTYTb, MbILWbAK U T. . BUpyCbl Takxe crnocob-
Hbl MPeojoneBaTb NiaueHTapHbI bapbep.

B0 B3ayIMOOTHOLLEHMNAX MeXAY OpraHU3MOM Matepy 1 nnioja nna-
LIeHTa BbIMOJIHAET PO/ib 3HAOKPUHHOIO opraHa. B nnaueHTe Bcex Mie-
KOMUTAKLLMX XXMBOTHbIX CUHTE3UpPYeTCa acTpaauon. B nnaueHTe npu-
MaTOB ¥ OBLIbl CUHTE3MpYyeTCs NPOrecTepoH, NpuyeM B TaKOM Konnye-
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CTBE, YTO NaueHTa NONHOCTbI0 3aMeHSeT (DYHKLMIO XXeNToro Tena
ANYHMKA, KOTOpas MpeKpawiaeTcs y YesioBeKa Ha YeTBEPTOM Mecsle
6epemMeHHOCTI, Y OBLbl —B KOHLLe BTOPOro mecsia. Y K03, CBUHER n
KOpOB MnaLeHTa TakxXe BblpabaTbiBaeT NPOreCTePoH, HO B HEOO/bLLIOM
KO/IMYeCTBe, He JOCTaTOMHOM AJ1 COXpaHeHWs 6epeMeHHOCTU Moc/e
3KCMNEPUMEHTANbHOIO YAANIEHWUS XENTOro Tena. B nnaueHTe npumaTos
W TPbI3yHOB CUHTE3UPYETCA XOPUOHNYECKNIA TOHaA0TPOMNMH, KOTOPBbIIA
B paHHWE CPOKM GepeMeHHOCTU CrocoBCTBYET Pa3BUTUIO U CTaHOBJIe-
HUIO PYHKLMOHAbHON aKTUBHOCTW XENTOro Tefia. B nnaueHTe fowa-
[leli CUHTe3upyeTcs roHaaoonuH, AeNCTBYHOLINIA Ha OpraHM3M aHa-
NOTNYHO (DONINMKYNCTUMYNPYIOLLEMY TOPMOHY rnnogusa. OH Bblpa-
6aTbIiBaeTCs 0COObIMU CTPYKTYpamu, NI0Kann30BaHHbIMU B CU3UCTOMN
060/104Ke MaTKW, —3HAOMETPUA/IbHLIMK Yallamu, 06pa3oBaHHbIMK
KNeTKaMmn XOopuoHa. [oKa3aTenbCTB BbIpabOTKM rOHaA0TPONMHa Mna-
LIEHTOR Yy APYrnX XMBOTHbIX MOKa HeT. BMecTe ¢ TeM y OBeL, KO3, ca-
MOK KPYMHOFO pOoratoro CKoTa ¥ MpUMaToB M/aueHTa CUMHTe3npyet
APYToMn TN ropmMoHa 6e1KoBoi NPUPOAbLI —MN/aLeHTapHbIA NaKTOreH-
HbIli TOPMOH, 06NajatoLWniA NIOTEOTPOMNHbIM AeCTBUEM, T. €. CTUMY-
NNPYIOLWMNIA (YHKLMOHMPOBaHME XENTOro Tena.

3HauuTeNbHa Ponb NaLeHTbl B UMMYHOIOMMYECKOM 0b6ecrneyeHnm
pasBUTUA 6epeMeHHOCTU. BUONOrMyecky akTUBHbIe BeLLecTBa U ropmo-
Hbl, CUHTE3MpyeMble M/aLeHTON, OKasblBalOT BAWUSHWE Ha pas/NyHbIe
OTZeNbl MMMYHHOI CUCTEMbl MaTepu, NOAABNAT aKTUBHOCTb MMEO-
noasa, 610KUPYIOT peLenTopbl BOCMIPUHUMAOLLMX KNETOK.

Oc06eHHOCTM M/ALEHTApHOr0 KPOBOO6paLLeHNsT U KPOBOOOpaLLeHNS
nnoga. MutaTtenbHble BeLLeCTBa N0 Npw nnaLeHTapHOM KpoBoobpa-
LleHMN MOoNy4aeT NMocpPeACcTBOM COCY/0B MyrnoBUHbI. O6MeH_BeLLEeCTs
MPOUCXOANT MeXAY MaTePUHCKOM KpPOBbIO, LIMPKY/PYHOLLEN B COCy-
fax CAU3NCTOM 060/104KN MaTK1 (MaTepuHCKas nnaueHTa), U KPpoBblO
nnoga, LUUPKYIUPYIOLWEA B Kanuanspax ero Cocyauctom 060104KK
(nnogHas nnaueHTa). KpoBoobpalleHne nnofja NpeacTaBnseT coboi
3aMKHYTYIO CUCTEMY, U30/IMPOBAHHYIO OT KPOBEHOCHOM CUMCTEMbI Ma-
Tepun; KPOBEHOCHbIE COCYAbl MaTepy W Niofa Mexay coboil He coo6-
waroreq (puc. 9.8).

Bce oprawp! 1 TkaHW Tena noja CHabXatoTcs KPOBbIO, COAEpXKaLLeit
HebOo/NbLIOE KO/NMYECTBO KMCIOPOAa W MOBbMMNEHHOE —YIeKUCIOTbI.
KpoBb nnoga, NofyymBLIas NuTaTe/bHble BELLECTBA U KUCOPOS, U3 Kpo-
B/ MaTepu, NpUbAMKaeTca No nokasaTensM K apTepuanbHoi. V13 MHoro-
YMCNEHHbIX KanunispoB COCYAMCTON 060M104KM (XOpMOHa) nnofda ¢op-
MMPYETCA KPYMHbIA CcOoCyd—nynoYHas BeHa (Y XBauHbIX —[BOVHaS).
OHa Haxo4mMTCs B NYNOYHOM KaHaTuKe 1 Yepes MynoYyHoe Ko/bLo 6proLu-
HOW CTEHKW NOCTyNaeT B N/I0A, 3aTeM K BOPOTaM MeYeHn 1 CoefuHseTcs
C BOPOTHO BEHOWA, rae MpOMCXOAWT MepBoe CMeLLeHVe apTepuasibHOM
KPOBW MYMNOYHON BeHbl C BEHO3HOM KPOBbIO BOPOTTHOM BEHbI.

Y NnogoB Nowaan U CBUHbM CMeLlaHHas KpoBb pacrpocTpaHseTcs
no Kanuansapam neyeHu, cobmpaeTcs B NEYEeHOUHYH BeHy, Brajaro-
LY B 3a[lHIOIO MOy BEHY, e CMELUINBAETCA C BEHO3HOM KPOBbIO
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Puc. 9.8. Cxema KpoBoobpalleHUss nioja mMaekonuta-
OLLMX;

| —nnaueHTa; 2 —BeHa 0T NnaLeHTbl; 3— NynoYHble apTepumn
0T NOAB3AOLLUHON apTepun nnofa; 4—neyeHb; 5 —BeHO3HbIN
NpoTOK; 6—3afHAf Nonas BeHa; 7—nepefHAs Monas BeHa;
8—npaBoe npegcepave; 9— oBanbHOE OTBEPCTVE MeXAY Npea-
cepausmmn; /O—neroyHas apTepus; 11— BeTBuW, nuTatoLme ner-
Kue; 72—60TannoB NpoToK; 7J—payra aopTbl; 14—BeTBK OT
NoAB3AOLLHbIX apTepuid, nepexofslive B MYNO4YHble apTepun
(rycToTa LTPUXOBKM COOTBETCTBYET CTEMEHN BEHO3HOCTU KPOBY)

3afiHeil monoi BeHbl. Y M/I0A0B >XBaYHbIX
XXVMBOTHbIX MyMNOYyHas BeHa MWHYET MeYeHb.
KpoBb Nyno4YHou BeHbl Yepes 0co6bIi (apaH-
LIMEB) MPOTOK MOCTYMaeT B 3afHIOK0 MONYH
BeHy. Hebosbluas YaCTb KPOBW U3 MYMOYHOM
BEHbI MPOHMKAET Yepe3 BOPOTHYHO BEHY B Me-
YeHb [/151 MUTaHWs 3TOro opraHa. Mo 3azHei
MO/OW BEHe CMeLaHHas BEHO3Hast KpoBb MO-
CTynaeT B MpaBoe Npeacepave.

Y nnoga B Neperopoake Mexay NpeacepavsiMin HaxoauTcs OBaslb-
HOe OTBEPCTUE C KNarnaHOM, OTKPbIBalOLIMMCS B CTOPOHY IEBOTO Npej-
cepaus. B npaBom npefcepauy cMellaHHas KpoBb, MOCTynaroLias no
3aJHel Nonoi BeHe, elle pa3 CMeLLMBAETCs C BEHO3HONM KPOBbIO, MO-
CTynaroLeil No nepeaHei Nonon BeHe. V3 npaBoro npeacepams 4actb
KPOBU NPOHMKaeT Yepe3 OBa/IbHOE OTBEPCTUE B /IEBOE MpPeAcepame, 3a-
TEM B /IEBbIV KeNyJo4eK, a U3 Hero B aopTy. Hebo/bLIasa YacTb KPOBK
nonagaeT B MpaBbli XenyoueK, a 0TTyAa B /IEFOYHbIE apTepUMN.

Jerkue y nnopa He (hyHKLMOHMPYHOT, MO3TOMY KPOBb U3 JIEFrOYHOM
apTepun, MUHys Nlerkve, NOCTynaeT HeNOCPeACTBEHHO B aOpTy Mo 6oTas-
NOBOMY MPOTOKY U TeYeT No 60bLIOMY Kpyry KporobpalLeHns, obecne-
yMBas NUTaHMe BCEro opraTtiu3Ma. locne oTgauM nUTaTeNbHbIX BELLECTB
TKaHsIM NN10Ja BEHO3Has KPOBb COOMPAETCS B MOJbIE BEHbI.

OT pa3BeTB/IEHNSA Ta30BbIX APTEPUIA OTXOAAT ABE NapHble MyNoYyHbIe
apTepuu, KOTOpble BMECTE C MOYEBLIM NMPOTOKOM MPOXOAAT B NYyNOBU-
He W, [4OX04A LO COCyamcTol 060M104KM (XOpPUOHA) Nioja, Apo6ATcs
TaM Ha MefIKve BETBM U Kanuanspbl, M3 KOTOPbIX KPOBb COGMpPaeTCs B
cocyfpl, 06pasytoLme MynoYHbIe BeHbl. TakuM 06pa3oM 3amblKaeTcs
Kpyr NnaLeHTapHOro KpoBoo6paLLeHus.

CDyHKLI,I/IOHaﬂbeIe N3MEHEeHNA B opraHusme 6epeM6HHbIX camok. Pa3s-
BUTNE GEPEMEHHOCTYM COMPOBOXAAETCS PSLOM CYLLECTBEHHbIX M3MEHE-
HWIA He TOMbKO B MOJIOBOI CUCTEME CaMKW, HO U B A€ATENbHOCTU ApY-
rMX opraHoB. MeHSTCA MHTEHCMBHOCTb U XapaKTep 06MeHHbIX Npo-
LieccoB. lMoBbILLAETCA anneTUT, YBENNYMBAKOTCSA NOTPe6IeHe KOPMOB,
nLWeBoe BO30OYXXAEHME, CEKPETOpHas AeATeNIbHOCTb Xene3 nuiyesa-
PUTENbHOrO annaparta, YKopaunBaeTcs BPEMS rnepeBapvBaHUs KopMma.
B 06MeHHbIX npoueccax HauyMHatoT MpeobnagaTb MPOLECCHl acCUMM-
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nauuu. FponCcXogMT HakomM/eHWe asoTa, Xupa, rMMKOreHa, MuHe-
pa/ibHbIX BeLLecTB. Bo3pacTaeT NOTPe6HOCTb B MUTATENbHbLIX U MUHE-
pasibHbIX BELLECTBax, BUTaMUHax. B KpoBWM NOBbILAETCA KOAMYECTBO
YXUPHbIX KUCMOT, HEATPaNbHOIo Xupa, hochonmnmaios, XO!'IeCTegI/IHa.
Y 6epeMeHHoi caMKy Ha 15..20% noBbILLAETCS OCHOBHOW OOMEH.
YBennunBaeTCA Macca XXMBOTHOr0. B KpOBU CHMXKAeTCs YPOBEHb Kaslb-
umsa n hocdopa, ycuUnnBaeTca n3BeveHne NxX U3 KOCTEN. Y CuImBaeTcs
KPOBETBOPEHME, B KPOBU MOBLILLAETCA YMC/I0 3PUTPOLUTOB U NIeiAKO-
LMTOB, KONMYECTBO reMorapbuHa.

N3meHseTca (hyHKUMOHaNbHAA [eAaTelbHOCTb CepAeyvHo-cocyamc-
TOI CUCTEMbI. YCUNMBaeTca paboTa cepAla, yBeNMUMBAETCS MUHYTHbIN
06beM KpoBW. MponcxoguT usmonornyeckas runepTpodpus cepped-
HOM MbILLbl (OCO6EHHO NIEBOTO XKeNyAo4uKa); BO3MOXHA TaxuKapaus.
MoBbILLAETCA TOHYC COCYA0B. HECKONbKO yyallaeTcst AbIXaHue.

BonbLyto %yHKLI,VIOHaIIbHny Harpy3Ky WCMbITbIBAOT NeYeHb U NoY-
K. TMNepTpomuUpyrOTCS MbILLLbI OPIOLLHOM CTEHKM, pa3BUBaKOTCS MO-
NOYHbIe Xenesbl, yBenmuneaetcs 06bem BbiMeHU. K KOHUY 6epemeHHOC-
TN YBEINMUMBAETCA MOABMXKHOCTbL B COYSIEHEHMSX Tasa. brarogaps nepe-
CTpOiiKe 06MeHa BELLECTB U AeATe/IbHOCTU OpraHoB CO3M4at0TCA YC/0BUS
AN19 NOCTYNNEHWs BELLECTB K NIOAY, 4719 ero pocta U passuTus.

Bo Bpems GepeMeHHOCTVM B OpraHu3mMe CaMKW YyBenynBaeTcs
00bEM LMPKYNUPYIOLLEA KPOBW, YCUINBAETCA 3PUTPOMNO33, NOBbILLa-
eTCA CBEPTbIBaEMOCTb KPOBUW, BO3pacTaeT CKOPOCTb OCefaHns 3puTpo-
untos (CODJ).

FMnogu3 ctaHOBUTCA 60/bLLE 3a CHET NepefHelt 40N, MOBbIWAT-
ca 06pa3oBaHue M KOHLEHTpaunus B KpOBM FOPMOHOB NepeaHen 4onm
rmnogmu3a —nponakTuHa, NIOTENHU3NPYIOLLErO FTOPMOHA, afpPeHOKOop-
TUKOTPOMHOro, TUPEOTPOMHOro, COMAaTOTPOMHOro ropmoHa. lunep-
TPOMPYHOTCA HafMNOYeYHMKM, B KPOBU MOBLILLAETCS KOHLEHTpaLms
MX TOPMOHOB —KOPTMKOCTEPOUOB, KaTex0/iaMUHOB. YBeMYMBaEeTCA
WMTOBMAHASA Xene3a, MNoBbIaeTca ee MyHKLMSA (B NepPBOI MONOBUHE
6epemMeHHOCTI), B KPOBM MOBbILLAETCA KOHLEHTpaL s ee ropMOHOB —
TUPOKCMHA W TPUAOATMPOHNHA. OCTPOBKOBbLIV annapat noxenynou-
HOW >kene3bl HaYMHAaEeT 00/bLLE BbLUENATb MHCYNMHA. [MOBbILLeTCA TO-
HYC MapacuUMnaTU4YecKoi, a Mo3Ke CUMMNATUYECKON HepBHON cuUcTe-
Mbl. K KOHLly GepemMeHHOCTU MOHMXKAETC BO36YAMMOCTb KOpbI 00/1b-
WX MONYyLIapM rOIOBHOMO MO3ra, HO MOBbILLAETCa BO30YAUMOCTb
CMWHHOIO0 MO3ra.

[ns HopManbHOro NpoTekaHUs 6epeMeHHOCTU Ype3BbIYaiHO BaX-
HO NOAJEepPKaHne OnpeLeneHHOro ropMoHaIbHOro (JoHa B OpraHu3me
caMKu. [pu NosoBOM LMK/E, He 3aKOHUYMBLLEMCSH OepeMeHHOCTbI0, C
10... 12 cyT HaYMHAETCA PErpeccus >KenToro Tena; KOHUEeHTpauuma npo-
recTepoHa B OTXOAALLMX OT AMYHUKOB COCyfax CHuaeTca. B cnyuae
e OMI0J0TBOPEHNSA 3TOr0 He MPOUCXOAUT, YTO 0OBACHAETCS BO3LEN-
CTBMEM Ha FOPMOHa/IbHbIV (POH caMux 3apofplileit. OanH U3 yCTaHOB-
NEHHbIX (PAKTOPOB UX BNAHUSA —BbIPab0TKa UMW 3HAYUTENBLHOTO KO-
NINYeCTBa 3CTPOTrEHOB Ha 12-e CyTKW MOC/e OCEMEHEHUA, T.e. Hemno-
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CpefCTBEHHO Mep>ed MMMNaHTaumeld. bnarogaps aTomy obecneuynBa-
eTCs COXpaHeHue enToro Tena. [ns noajepXkaHws GepeMeHHOCTM
KOHLIEHTPaLMs NPOrecTepoHa He [O/MKHA MafaTb HIKE HOPMaslbHOro
YPOBHS B TeUeHMe BCE GepeMEHHOCTM.

9.6. POAbI

Pofbl —CnoXHas peakuus opraHnama 6epemMeHHON camMKu, BO3HU-
KaloLlas B CBA3W C 3aBEPLUEHMEM Pa3BUTUSA M04A U BbIpaXatoLasncs B
BbIBEAAEHUWN N3 MATKKN NI04a U NIOAHBLIX 060/104EK.

Pogam npepLlecTBYHOT OnpefesieHHble CTPYKTYPHO-(PU3nonornyec-
KWe U3MEHEHUNS B OPraHnU3Me CamKun. 3TU U3MEHEHUS ABNAKOTCA Npea-
LLIeCTBEHHMKAMW POAO0B, HAYMHAIOT NpoaBAATLCA 3a 1..3 CyT 40 pOLOoB:
paccnabneHve CBA30YHOrO annapara Tasa (KpecTuoBble KOCTU Npuob-
peTatoT BO3MOXHOCTb CMELLATLCA BBEPX M BHWU3); OMyXaHwWe U yBenu-
YeHMe MOJOBbIX ry6; OTBMUCAHME XMBOTA; YKOPOUEHMNE LUEKN MAaTKM;
paaXmKeHne rycTton, NUMNKOW CAn3v Bnaranuila, CAmsncToil npoobku,
3aKpbIBalOLLIE/ KaHan LIENKN MaTKW, W BblLENEHWE 3TON CAN3N U3 Ha-
PY>XHbIX MOJIOBbIX OPraHoB; YBeNMYeHNe MOJIOYHOW Xenesbl 1 Bblaene-
HWe U3 Hee CekpeTa.

PogoBoii NpoLecc YCNoBHO AeNiAT Ha TPW NOCNef0BaTe/IbHbIe CTaAWN:
MOAroTOBUTE/bHASA, BbIBELEHUA Noja U BbiBEAEeHUS Nocesa.

MoaoroTtoBUTeNbHAs CcTajua HauMHaeTCAa cOKpalie-
HUAMW MaTKN —POJ0BLIMU CXBaTKaMu, Yepeyrowmmucs ¢ paccnabne-
HusMu. CXBaTKM BHayane KOpoTkue, ¢ nay3amu Ao 30 MUH, 3aTeM WH-
TepBasibl ymeHbLUatoTes 4o 3...5 mvH. CoKpalleHns HauMHAKTCA B CBA3-
KaxX, MOALEPXMBAIOLLMX MATKY, 3aTeM MepexofAaT Ha BepLUMHY pora u
nepemMeLLialoTCcs Aanblie K Lenke MaTku. [pu coKpalleHun Matku B
Hell MepemMeLLaloTCs MbllleYHble NNacTbl, OHA YTO/LWAETCA U NOATAMM-
BaeTCA K NO3BOHOYHUKY. PacKkpbiBaeTca KaHan LWeliku maTtku. 3me-
HAKOTCA NO3NLMU M pacnonoxeHue nnoga. nos nosopaumsaeTcs Ha
90—180" 3a cyeT BOIHOO6PA3HbIX ABMXXEHWNIA NAOLHON XUAKOCTK, Bbl-
3BaHHbIX COKpaLleHnamn MaTku. [Bvxetcsa u cam nnog. og gaeneHu-
eM NI0AHbIe 060/104KN NPOHMKAKOT B KaHasl LLIENKMN MaTKK, pa3pbiBaeTcs
cocyamcTas 060/104Ka 1 Yepes paspblB BbIXOAAT MoYeBast U BogHasA 060-
NOYKM, KOTOPble pacLUMpAIOT LWenKy MaTku. T11oaHble 060/104KM paspbl-
BAlOTCH, W OKOMOMNNOAHAsA >XUAKOCTb WU3NMBAETCH, YBNaXKHAA pPOAOBble
nyTX W NOAroTaB/MBas MX K M3rHaHWO nnoga. Yactb OKONONIOAHOM
YKWOKOCTU 33[1ePXKMBAETCA NIOAOM U BbI/IMBAETCH MOKE.

CTagmnsa BbiBefeHWUSA NNo0fLa —NpoaBKeHWe nioga rno
POLOBOMY KaHa/y HauyMHAeTCHd AKTMUBHbIMW COKpPalLeHUAMU MaTKW,
MbILL, GPIOLIHOrO npecca M CNUHHBLIX MbilwL. COKpaLleHUs MbILL,
OPIOLLHOrOo npecca 1 CNMHHBIX MbILWL, CBA3aHHbIE C BbIBEEHMEM M104a
N3 MaTKW, HasblBalOTCA NOTyramu. MoTyrn nNpogo/mKUTENIbHOCTLIO 0KO-
N0 1MUWH YepeytoTcs nay3amu Ao 2...3 MUH. 3a CUeT ABVXKYLLEl Chbl —
CXBaTOK W MOTYI MN/0f, BbIBOAWUTCA Yepe3 POAOBbLIE MYTU.
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Ctagua BbiBejeHUs nocnepga HacTynaeT nocne
poXaeHua nnoga. B aTy cTaguio cXBaTKM M NOTYTY CTAHOBATCA PEXeE.
MOHWMKeHNe faBNeHNS B BOPCMHKAX COCYAMNCTON 06010UYKU, CBA3AH-
HOe C pogamu, ocnabnseT CBA3b OKO/MOMIO0AHbIX 000/104eK C mare-
PUHCKOI YacTbo NNaLeHThbl. 3a CUET CXBATOK U MOTYr MA0AHAs YacTb
NNaueHTbl OTAENAETCA OT MaTEPUMHCKOW 4acTM M BbIBOAUTCS yepes
pOAOBbLIE NYTW.

Y KOpOB B CBSi3M C 0COBEHHOCTAMM CBA3M NIOLHON U MaTEPUHCKOM
4acTW NnaueHTbl CTaAMs BblBeeHUA nocnefa 6onee NPOAOMKUTENb-
Hasi, YeM Y ApYruX BUAOB XXMBOTHbIX; OTMEYAOTCA CyYan 3afepXKaHms
nocnepaa, TpedyoLLme BpayebHOro BMeLlaTenscTea (Tabn. 9.4).

9.4. MNpojoNXKNTENLBOCTL POLOB

Craavs BbIBeaEHUA

BW/ XMBOTHOIO HoArog_?gcll'Al;lrﬂeanaﬂ
vioga nocnea
Koposa 4...64 0,5..4y4 7...124
Osua 4..64 0,5...1,54 1..24
CBUHbA 2..64 2.6y [Mocnen u3roHserca Beneq
3a naoLoM
Kobbina Ao 12y 10...30 MuH 5...30 MyH

Perynauusa npouecca poAoB OCYLLECTBSETCS C y4aCcTUeM Heiipo-
rymopasibHbIX MexaHu3MoB. [lepef pofamMy KOHLEHTpauusa nporecre-
pOHa B OpraHu3mMe CaMKu MeAJIeHHO CHWXKAeTcs, a 3aTem BbICTPO na-
JaeT. OfHaKo caMas HMU3Kaa KOHLeHTpaLmsa nporectepoHa 0TMeyaeTcs
TO/IbKO Yepe3 HecKo/IbKO 4acoB Moc/ne 3asepLueHns pofos. KOHUEH-
Tpauus 3CTPOreHOB B MOC/EAHIO Hefento 6epeMeHHOCTY 3HaUUTE N b-
HO BO3pacTaeT, a Noc/ie POA0B PE3KO CHMKAETCS, YTO 06bACHSAETCA Bbl-
PaboTKO 3CTPOreHoOB MnaLeHTon. B nocneaHve aHU_ 6epemMeHHOCTU
MOBbLILLIAETCS YPOBEHb KOPTUKOCTEPOMAOB. BadkHenLnin hakTop, pery-
NNPYOLWNIA POAOBOI NpPOLECC, —MNOBbILEHNe KOHLEHTPaLMN THOKO-
KOPTMKONOB B KPOBM MN0AA, YTO CBS3aHO C YCW/EHHOW CeKpeuuel
AKTI runotu3om 1 npoueccamm co3peBaHMsA Hafrno4YeyYHUKOB M0-
[0B. NIIOKOKOPTUKOUABI C KPOBbK LOCTMratoT NaleHTbl U Cnocob-
CTBYIOT 06pa30oBaHNI0 TaM 3CTPOreHOB U3 aHAPOreHoB, BbipabaTbiBae-
MbIX Hafno4yeyHUKaMu Ma040B. SCTPOreHbl MOBbILAKT YYBCTBUTESb-
HOCTb MaTKW K BO3[ENCTBUIO OKCUTOLMHA U OAHOBPEMEHHO B/USKOT
Ha BbIpabOTKY B MnaleHTe 1 MaTKe NpocTarnaH4MHoOB, 00yCnoBAMBalo-
LUMX NIIOTE0NN3 (PErPECCUIO XKENMTBIX TEST) U CHYDKEHWNE YPOBHS Mporec-
TepoHa. Bce 310 NpuBOAUT K CTUMYNALMM MUOMETPUA 3CTPOreHaMm u
OKCUTOLMHOM.

OKCUTOLWH 0Ka3blBaeT B/IMAHNE HA MATOYHYHO MYCKY/aTypy TOJb-
KO Torga, Korja KoHLUeHTpaums nporectepoHa cHikaetcs o 30 % uc-
XO[HOW, 4YTO NMPOUCXOAWUT He3a[onro 40 pPogos. MO3TOMY OKCUTOUMH
He NPUMEHAIOT 418 MHAYKUAW POAOB, a UCNONb3YIOT TOIbKO C Liefbio
YCUNEHNS COKPaTUTeNbHOM (PYHKLMN MATKU B POAOBOIM WK NOCNepo-
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[0BOV Nepuoj. Y MHOTMOM/OAHBIX XXMWBOTHbIX MakKCUMa/lbHOe KO/u-
4eCTBO OKCUTOLMHA BblpabaTbiBaeTCA rMNnou3oM nocne BblBeLeHUS
MepBoro naoja, YTo CBA3aHO C HEPBHbLIMU MMMY/IbCaMU, BbI3BAHHbLIMM
MEeXaHWYeCKNUM pasfpaXeHNeM POLOBbLIX MYyTeN.

MpocTarnaHAvHbl OKasblBAtOT NPSAMOe AeWCTBME Ha CTUMYNALMIO
MbILL, MaTKU. OHM Takxke CrOCO6CTBYIOT BbLLEMEHWNIO OKCUTOLMHA U3
rmnogusa matepu n NIoAOB, a OH, B CBOK 04epefb, OKa3blBaeT BAUA-
HVie Ha BblAeNeHNe npocTarnaHinHoB.

B TeueHve Bceli OepeMeHHOCTM XXeNnToe Teflo BbipabaTbiBaeT nen-
TULHBIA rOPMOH pPenakcuH. B LMKIMYecKoM XenToM Tefie OH He o6pa-
3yetca. Bo Bpems GepeMeHHOCTV OH HakanjuBaeTCs B JIOTea/IbHbIX
KNeTKax XXenToro Tena, a B NpeApoAoBoii nepnog 3a 48 Y 0 BbiBeLeHWS
MA0L0B Ha4YMHaeT B 6OMbLUNX KOMNYeCTBaxX BblLUENATbCA B KpoBb. Oc-
HOBHas PO/b PeNlakCUHa 3aKNoYaeTcs B pacciabNeHnm CBA30K coure-
HEHWIA NOAB3AO0LLHbIX N KPECTLOBbIX KOCTE U pacluMpeHn poLoBoro
KaHana; OH [ie/iCTBYET B CUHepru3me C 3CTPOreHamu 1 npocTarnaHm-
Hamy. PenakCuH CHUMaeT TaKkxxe TOPMO3sillee BAUSHWE NPOrecTepoHa
Ha COKpallleHNe MbILL, MaTKV B OTBET Ha OKCUTOLMH. Cekpeuun pe-
NakKcuHa crnocobCTBYIOT NpocTarfiaHuHbI.

Takum 06pa3oM, B posiv MNYCKOBOr0 MexaHu3ma poLoBOro npotec-
ca BbICTYMaKT rMIOKOKOPTUKONAbI, @ OCHOBHOIO OCYLLECTBNAIOLLErO
MexaHu3Ma —rnpocTarnaHanHel. Koptvkougbl v npoctarnaHinHbl BO
BpayebHOW NpaKTVKe UCMOMb3YHTCA A1 UHAYKLMN POLOB.

9.7. MOCNEPOAOBOW MEPVOA

MocnepoaoBoi Nepuos BKIKOYAET NMPOMEXYTOK BPEMEHN C MOMEHTA
BbLLIE/IEHNA NOCNEea 10 3aBEPLLEHNA MHBOMOLMM MOMOBbIX OPraHoB, BO3-
BpaTHbIX U3MEHEHWUI AeATeNIbHOCTY MOMOBbIX W APYTNX OpPraHoB.

B nepBble CyTKu Nocne poAoB y CaMKu HOPManu3yrTes MynbC, TeM-
nepatypa Tena, pUTM AbIXaHWs, ABUraTeNlbHass akTUBHOCTb XenyfKa u
K1LLeYHUKa (B nepeble AHW MOCNe POLOB BO3MOXHa BPEMEHHas aTo-
HUSA YKeNyA0UYHO-KULLEYHOro TpakTa). Yepe3 Tpu AHA mcuyesaeT oTeu-
HOCTb Hapy>XHbIX MOJIOBbIX OpraHoB. K nsTomy AHK BOCCTaHaBnMBa-
IOTCA 4O WMCXOAHOr0 COCTOSIHME CBSA30YHOrO annapata U NOABUXK-
HOCTb B COYNIEHEHMSX Tasa. B nepBylo fekagy 3a CYET aKTWBHbIX CO-
KpaweHnii 3HaYMTeNbHO YMeHbLLAeTCs MaTKa; aTpodmpytoTcs, gere-
HepMpytoT, MOABEPratoTCs pacnafy W PaccacbiBaHWO CTPYKTYPbI C/u-
3UCTOM 060/104KM. OJHOBPEMEHHO MPOUCXOANT 06pa3oBaHNe HOBO-
ro 3NMTeNnasbHOro NOKPOBa. Y KOPOB MCYE3at0T MaTOYHbIE KPUMTbI.
B TeueHne BCEro 3TOro BPEMEHU M3 HapPYXXHbIX MOOBLIX OPraHOB XW-
BOTHOrO MPOWCXOAUT BblfeNeHne NPoAYKTOB pacnaja nepepoXXaeHHo-
ro anUTeNns, KPOBW, CEKPET Xene3 MaTkun. MNoao6Hble BblAENEHNS HO-
CAT Ha3BaHue JIOXMIA.

Y KopoBbl B Te4eHne HOCYT B AMYHUKE COXPaHAETCS XKeNToe Teno.
Co BTOpOIA feKafbl NOCNe POAOB B SMYHUKAX MOSBASKOTCS 3aBepLUato-
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Wne co3pesBaHue PONNUKYbl. BoccTaHaBMBAKOTCA MOJOBbIE LKL,
Mocne pofoB HauMHaeT HapacTaTb MHTEHCUBHOCTb 06pa3oBaHUs MO-
NIOKa 1 COOTBETCTBEHHO U3MEHAETCA HarnpaBNeHHOCTb 0OMeHa BeLLEeCTB,
MOBbLILIAKOTCA CEKPeTOpHasA AeATeNIbHOCTb MULLIEBAPUTESNbHBLIX XKESE3,
[BUraTenbHas akTUBHOCTb XKeNyKa U KULLIEYHMKaA.

Mpofo/MKNTENBHOCTL MOC/EPOLOBOro (CEPBUCHOrO) nepuoga y Ko-
poB coctasnsfeT 15...27 cyT, y oBel, — 18...20, y cBMHelh — 15... 17, y KO-
ob11 —8... 12 cyT.

9.8. TPAHCMNAHTALMA 3APOABIWEN ¥ XUBOTHbIX

TpaHcnnaHTaumo (nepecaky) 3apofbllleid 0T O4HOr0 XXMBOTHOIO
(ooHopa) Kk gpyromy (peuunueHTy) NPUMEHSAIOT C Le/blo MoSyYeHus
MHOTOYMC/IEHHOr0 NOTOMCTBA OT 3/IMTHbLIX BbICOKONPOLYKTUBHbIX XXW-
BOTHbIX, ObICTPOIO PasMHOXEHUSA 3K30TMYECKMX MOpof CKoTa, Npo-
BEPKM CaMOK MO KayecTBY MOTOMCTBA, 3KCMOPTa U UMMOPTa 3apOofbl-
LI/ OT 3/IMTHbIX XNBOTHbIX 1 Ap.

Mpy CTUMYNALMN 3NNTHON KOPOBLI OMPeJeNeHHbIMU TOPMOHaMK
MOXXHO BbI3BaTb CO3peBaHWE He OLHOr0, & HECKONbKUX (hONNNKyNoB
Of4HOBPEMEHHO, T.&. CYNMepoBYyALMNIO.

Mocre ocemMeHeHMsA B porax MaTky yepes 5CyT OKaKETCH HECKO/bKO
mMopyn. VX 13BMeKalT 1 MepecaxvsaloT MeHee NPOAYKTVBHbIM KOpO-
BaM — peLuMnueHTam, y KOTOPbIX CPOK OXOTbl COBMaAaeT Co CPOKOM KO-
POBbI-A0HOPA WM HAa OAHW CYTKW MO3Xe, YeM Yy [IOHOpa.

MHOXeCTBEHHOE pa3BUTHE (PONKYNOB B AVYHUKAX BbICOKOMPO-
OYKTVBHbIX YXMBOTHBIX 0ObIYHO CTUMYNMPYIOT CbIBOPOTKOW >KepebblixX
Ko6bin (CXKK), cogeprkalleit roHaf0TPOMNHbIA FOPMOH C BbIpaXKEHHbIM
(hONMKYNOCTUMYINPYIOLLUM 3DDEKTOM.

Kopose ans ctuMynauun OLHOBPEMEHHOrO pPas3BMUTUA 6GOMLLIOIO
ynucna oNMKyoB OLHOKPATHO BHYTpMMbIWeYHO BBOAAT CXKK, a
yepes 1..2 cyT —npocTarfaHgnH pl,, WaM acTpagmon (418 nogasne-
HUA PYHKLMKM XenToro Tena). Cnycrta 1..2 cyT XUBOTHOE MPUXOAUT
B oxoTy. Mpu nHbekymm 1500 EA CXXK yncno oBynmposaBLUnX ¢hos-
nnkynos coctaenset 8... 11, npu gose 2000 EQ — 10... 14, a npu gose
2500 EA - 10..17.

3apoAbllln Yy OHOPOB M3BMEKAOT ABYMA METOZamu: XUpYpruyec-
KUM 1 HEXVIPYPTUYECKUM.

Mpy XMPYyprmyeckKom MEeTOAE Y KOPOBbl MOA MecT-
HbIM HAapKO30M Aenat0T GOKOBOM pa3pe3 KOXW U NpueraroLinx TKa-
Hell B 00/71aCTU TOM04HOM AMKW. POr MaTKV MEPexXmMmaroT KULWeYHbIM
)KOMOM Ha PaccTosiHAKM 2—3 CM OT Tena MaTkn. B BOPOHKY fliLiesoaa
BBOZAT KaHIO/M0. B pore MaTku Bbllle XXOMa AenaroT HebOMbLLOW pas-
pe3 1 BCTaB/SAKT NJaCTMaCCOBYHO KaHIO/H0. Yepe3 BOPOHKY AliLeBoja
OCTOPOXXHO BBOAAT NUTATE/IbHYIO XWUAKOCTb M BbIMbIBAKOT €10 38PO/bl-
WK1 13 fAueBosa U pora Matku. Takum cnocobom ypaeTcs u3Bneyb
0K0/10 60 % 3apofplLLeiA.
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Mp HeXMpyprumyeckKkom MeTOAe A9 WU3BNEYEHUS
3apojpllieli MPUMEHSIOT BbIMbIBAHWE M3 POrOB MaTKM C MOMOLLbIO
creuvanbHbIX KateTepoB. KateTep BBOAAT yepe3 LUeiKy mMaTKu no-
O4YepefiHO B Kax[bliA por, NPOMbIBas UX HECKONbKO pa3 Cheuuasib-
HbIM PacTBOPOM. MPOMBLIBHOM XXWUAKOCTWN NMPU JaHHOW MaHUMYNALMM
pacxofyeTtcs ropasfo 60nblie, YeM MNPU XUPYPruyeckom crnocobe
(800 mn npoTtme 100... 150 mf1). HefocTaToK aTOro MeToa 3ak/o4vaeT-
CA B TOM, YTO HEO6XOLMMO MHOIO BPEMEHWN Ha TLATeNbHbIE UCCNes0-
BaHMsA 060/NbLIOr0 06bema MPOMbIBHOW XUAKOCTU. 3aTO 3apofblLLm
MOXHO M3B/lIeKaTb HEMOCPEACTBEHHO Yy KOPOB B CTOM/IAX, & He B crne-
LMafibHbIX onepaumnoHHbIX. Kpome Toro, OH no3Bo/sieT MHOrOKPaTHO
NCMONb30BaTb BbIJAKOLUNXCSA B FEHETUYECKOM OTHOLUEHMMW XXUBOTHbIX
B KayecTBe [OHOPOB.

KoHcepBaumio 3apoabnneii Npon3BoAAT B XXNAKOM azoTe npn —196 “C.
Mpouecc 3amopaxkusaHua npogomkaerca 3...5 4. CTOMLKO e ANnT-
Cs 1 OTTamBaHMWe 3apojpllleii nepea nepecagkoit. HanbonbLias BbKK-
BaeMOCTb OTMeYeHa Y 3apOfblLlleid, M3BNeYeHHbIX Ha 4...6-e CyTKM nX
Xn3Hn (55...60 %).

9.9. OCOBEHHOCTU PASMHOXEHWNA MTIAL,

Pa3MHOXeHVE NTUL, UMEET PAL XapakTepHbIX YepT, KOTOpble npexzae
BCEro CBA3aHbl C YC/IOBUAMU Pa3BUTUA 3apojbllia. B oTinyme oT Meko-
MUTaIOLWMX XMBOTHBLIX PasBUTME 3MOPUOHOB MTUL, NPOUCXOLUT BHE
opraHv3mMa martepu, Npuyem He B BOAHOW cpefe, KaK y pblo 1 amgunonii,
a Ha Cylle. B cBA3K € 3TUM fiLa NTUL, 06/1afal0T CIOXHOW CUCTEMOM
ANLEBbIX 0060/104eK, NPeAOXPaHAIOWMX 3apOofblll OT MOBPEXAEHWUA 1
npeXze BCEro OT BbICbIXaHusi. Kpome Toro, siua cogepyat 60/bLuoit
3arnac nuTaTefibHbIX BELLECTB, HEOOXOAUMBIX AN Pa3BUTUS 3apOAbILLA.
B xoge amGpuoreHesa 3HauMTENIbHOIO Pa3BUTMA LOCTUralOT aMHMWOH,
aINaHTONC N XKENTOYHbIA MELIOK, KOTopble OepyT Ha cebs (yHKLMK
NUTaHMs 3apojpllla, ra3006MeHa 1 06MeHa BELLIECTB.

Oco60e 3HauyeHue A/ BeTEPUHAPHBIX CMeLnanncToB UMeeT n3yye-
HUe (U3NOMorMY PenpoLyKTUBHOIO annapara JOMAallHWX MTUL, 0CO-
GEHHO Kyp-HeCyLLeK, OCHOBHAs X03AMNCTBEHHO M0/e3Has LIeHHOCTb KO-
TOPbIX CBA3aHA UMEHHO C [eATe/IbHOCTbI0 OPraHoB Pa3MHOXEHWS.

MonoBoe co3peBaHWe Kypuupbl AALEHOCKUX NOpOoJ 3aBepLuaeTtcs K
4...5 Mmec, 6onee KpYmnHbIX MACHbIX —K 6...8 MeC, MeTYLUKM CO3peBartoT
HECKONbKO paHbLle. MpPOoAo/MKMNTENbHOCTb NOM0BOM aKTUBHOCTU [0-
MallHei NTuLbl COCTaBNsAET Y NeTyxa Ao 4 net, y Kyp 4o 6, y UHAtoKa
[0 3, Y MHAEVKN [0 5, y cenesHs n yTKn Jo 4, y rycaka o 5, y rycbiHu
[o 8 net.

CeMeHHUKM Y camMLL0B MTUL, PacnosioXeHbl B GPIOLLIHOM NOMOCTUA Ha
YPOBHe Tpex nocnegHux pebep. B nepuop nonoBoi AeATeNbHOCTM
CEMEHHUKMN CTaHOBATCA KPYrMHee; B U3BUTbIX KaHa/bLiax obpasytoTcs
cnepMuH. CnepMUH Yepes CeMsABLIHOCALLME KaHabLbl, KOTOpble BMNa-
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[AK0T B NPUAATOK CEMEHHMKA, NepexofAaT B CEMAMNPOBOL, OTKPbIBAto-
WMIACA B CTEHKE KNOaKWM COCOYKOM. pmaaTKy CeMeHHWKOB pas3BUTbl
cnabo, NpuaaToYHbIe MOMOBbIE Xefe3bl Y NTUL, OTCYTCTBYHOT. COBOKY-
MUTENILHOTO OpraHa y MneTtyxa HeT, OH BBOAWUT CEMS, MPVXUmas CBOKO
KM0aKy K Knoake caMKu. Y cefie3Heil 1 rycakoB KOMyNATUBHbLINA OpraH
(nonoBoli YneH) cocTouT U3 PUOPO3HON TKaHW, 06pasyloLLeli KaBep-
HO3HOe Teflo. Ha ero noBepxHOCTM CNMpasbHO MPOXOAUT CEMEHHON
»Keno6, KOTOopbIV NPU 3PEKLNN NpeBpaLlaeTcs B KaHal.

O6bem agkynaTa y netyxa gocturaeT 0,8 M1, KOIMUECTBO criepmar
TO30M40B B 1M cocTasnseT 5..7 mapg, NpyM 4acTOM COBOKYMIEHWU
4MC/I0 CMEPMAaTO30MA0B CHUXKAETCA.

C HacTynneHveM SIMHbKW M0/10Bas akKTMBHOCTb NeTyxa MOCTENeHHO
ocnabeBaeT 1 HaCTynaeT COCTOSHME NO0BOro NoKos. B oTnnyme ot -
LIEKNETOK CNEPMUH CNOCO6HbI A/INTE/IbHOE BPEMSI COXPAHATLCA B AliLLe-
BOAE Kyp, He Tepsis CBOeW OMn/IoA0TBOPAIOLLEN crnoco6HocTn. Hanpu-
Mep, Kypbl HeCyT OMNIOLOTBOPEHHbIE ANLLA eLle B TedeHne 20 cyT nocne
OTCafKu1 CaMLO0B, Y MHAEEK U T'YCblHb 3TOT CPOK 60/1ee MPOLO/DKUTENEH.
Y perynsipHo crnapvBaloLmMXca Kyp BCe OTAeNbl AileBoja 3ano/HeHbl
crnepmatosongamu. ocne cnapnsBaHns CNepMnH He cpasy MosBIAKTCA
B BOPOHKe fAiLIeBOAa, e NPOMCXOAUT ONN0LOTBOPeHMe. [epBble onio-
[OTBOPEHHbIE ALA KypuLa HeceT NNLLb Ha TPETUI feHb.

Y NTuY PYHKLMOHMPYET TONMbKO NIEBbIA ANYHMK; NPaBblid, XOTS U
3aKfafblBaeTcs, BCKope peayumpyetcs. COOTBETCTBEHHO Y MTUL, UMe-
eTCsA TOMbKO OAMH ANLLEBOS, COCTOALWMIA U3 BOPOHKN, 6ETIKOBOW Yac-
T, NepeLyeika, «MaTku» («13BECTKOBOW» YacTW) W BnaraiuLia, KoTo-
poe OTKpbIBaeTCs B Knoaky (puc. 9.9). O6uas anvHa siiuesoaa y Kyp-
HGC%LLLGK pocturaeT 60 cm. . . .

WYHWK NOABELLEH Ha OGpbDKeliKe Noj nepefHer LoNel NOYKW.

Ero_rnyGokuit cnoii 06pa3yeT COCyAWUCTYH0 30HY, MOBEPXHOCTHbIIA
CNON —MONNNKYbl Pa3HON BENNYMHBI U 3penioc-
TW, NPUKpPeneHHble Ha 60raTbIX KPOBEHOCHbLIMU
cocyfamu BbIpOCTax Cepo3Hoi 06o/iouku. B pas-
rap Anueknagkm AMYHUK HarnomMuHaeT KUCTb BU-
HOrpaja; y KypuLbl-HECYLLKN B HEM COLEPXUTCHA
o1 500 go 3500 ooumMTOB Ha pa3HbIX CTagMAX oore-
He3a. [MepBoe MeMOTUYECKOE [AefieHne MpPonCXo-
OUT NMPMMEPHO 3a Yac [0 OBYNALMKN. 3aBepLieHune
BTOPOr0 MehOoTUYECKOro [feNeHns U BblfeneHne
BTOPOrO HanpaBUTENbHOTO TeNbla MPOUCXOANAT
y>Ke nocne paspbia oNnvMKyna, nonagaHus anua
B BOPOHKY fliLieBofa M NMPOHUKHOBEHUS B AWLO
cnepmus.

Puc. 9.9. OpraHbl pasMHOXEHUA KypuLpbl:
| —ANYHUK; 2—BOpOHKa fiiLeBoaa; 3 —6enkoBas u4acTb AliLeBOAa;

4 — nepelleek; 5 — «martka»; 6 — npamMas KuLIKa (Bnaranuuie);
7 — Knoaka
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B XOfle CBOEro pasBUTMS 00LMTbI HAKanMBatoT B LUTOMNIa3Me XKe-
TOK, 3a CYET KOTOPOro JOCTUratoT 3HaUMTe NbHbIX pasmepos (35...40 Mm
B AMameTpe Yy Kypuubl). B co3pesatolynx fiiLax BblAeNnsoT L ep -
BMUYHbLIW M BTOPUYUYHBIA XKENTOK. MepBUYHbIN XXENTOK ABNSA-
eTCs MPOM3BOAHbIM LMTOMIa3MaTUYECKMX CTPYKTYp Camoro oouuta, a
BTOPUYHbIA —pe3y/IbTaTOM CeKPETOPHON feATeNbHOCTU KeTOK (osi-
NNKYNApPHOro anuTenus. O6pa3oBaHe XKenTKa ANTCA OKOJO ABYX He-
%enb. YKenTok KypmHOro fiilia COCTOUT M3 MeNKNX N KPYMHbIX FpaHy’,

0/1ee KPYMHble U3 HUX Ha3blBAOTCA XKENTOYHbIMMK LWapamu. Pa3nnya-
IOT 6eNbliAi M XeNTbll XEeNTOK, KOTOpble pasnyarTcs no
WHTEHCUBHOCTW OKPAacKWU 1 CTPOEHUIO XKEeNTOUHbIX Wapos. Cnoun 6eno-
ro 1 XXeNnToro >KesTKoB YepedyroTcs. B npouecce passutus oouuTa B
ANYHUKE KYPULLbI CMIOW YKENTOr0 YKeNTKa OTKNafblBalOTCA B LMTOMN/A3-
Me oouuMTa fHeMm, a Cnon Genoro >XenTka —HOoYbH, Korfa B ANYHUK
NOCTYNaeT MeHbLLE MUTaTe/lbHbIX BELLECTB U3 KPOBMU.

B AanyHMKe neproamyecky NPOMCXOANT OBYNALLMA Yepes nosyvaca noc-
Ne CHECEHMA NpepLUyLIero sinua. JamMTenbHOCTb 3TOro npoLecca CocTas-
NSET 1..2MUH. Y NTUL XKENTOe Te/o He 06pasyeTcs, NosToMy OBYNALMS
He 3aflepXK1BaeTCa 1 ANLEeKNafKa MOXET ObITb eXXeHEBHOM.

Mocne paspbiBa PONNUKYNAPHOKA 060104YKN OOLUT MPOCKaNb3bl-
BaeT B BOPOHKY fliLeBoAa, KOTOPbIA Npu 3TOM NepucTanbTUHeCKu
COKpaLaeTcs, YTo CNOCcOOCTBYET ero MPOABMXKEHMIO B HamnpaBieHUm
Knoakn. B BOpoHKe fiLleBOfa MOXET OCYLLECTBATLCA OMI0L40TBOPE-
Hve. B 3TOM cnyyae crnepMaro3ouibl NPOHUKAKT B SALO Yepes3 Mo-
KpblBatOLLMe ero Ae HeXHble naeHkW. pouecc ApobaeHns onnogo-
TBOPEHHOWN AMLEKNETKM HaymHaeTcs 4epe3 4..54 nocne oBYNAUUW.
[pobneHune y NTUL, B OTANYME OT MIEKOMUTAIOLLMX XKMBOTHBIX Y a C -
TUYHOE AucKompanbHoe. /[pobutcs TONbKO 3apofplile-
Bbll AUCK Ha aHUMasbHOM MOJtoce Anua, MMEKLWMIn HAYTOXKHbIE
MOBEPXHOCTb 1 06BEM MO CPABHEHWUIO C HePOOSLLENCS MacCo XenT-
ka. MNpun nonagaHuu aiila B MaTKy ApOo6ALLIMIACA 3apoAblll COCTOUT
13 4...8 6nacTOMepoB, a K MOMEHTY OTKNafblBaHWS UX YNCMO JOCTUra-
eT 256. B TakoM CcOCTOAHMM SAIALLO 60Mee TPeX HeAeNb MOXKET COXPaHATb
CNOCOGHOCTb K JasibHelLlemMy pasBUTUIO, ecnn ByayT co3faHbl COOT-
BETCTBYIOLLME TEMNEPaTypHble YCIOBUS U BNaXXHOCTb.

LBWKeHNIO ooumTa No AlLeBoay crnocobeTBYET MepLiaTeNbHbIA 3MnK-
TeNWiA CTEHKM siueBoda. MPoOXoXKaeHMe NO BepXHel YacTu fAlLeBoja
[0 6enkoBoW 4yacTu anutcs okono 15..18 MMH. B 6enKoBoOi vacTty,
,?_IIWIHa kotopoit 30...40 cm, hopmupyemoe AiLo Haxogutcg 3...3,54.

PV NPOABMXKEHMM XKENTOK BpaLLlaeTcs BOKPYT MPOALOSIbHOM OCK, YTO
NPOMCXOANT BNarofaps CNpaibHOMY PacrosiOKEHNO CIM3UCTON 060-
NOYKM fAKiLeBofa. B npouecce BpalleHUs HacnanBaeTcs YeTblpe C/os
6enKa, BbLLENSEMOrO Xene3amu AiLeBoa.

CHavana >eNiToK NOKPbIBAETCA TOHKMM CNoeM MAOTHOro 6enka,
KOTOpbI/ BCMEACTBME BpaLleHUs >XenTka obpasyeT Ha ero nostcax
LUHYpOO6pasHble TSHKM —X afl a 3 bl. bnarogaps HaMumio xasas xes-
TOK MOXeT CBOGOAHO BpalLaTbCA Takum 06pa3oM, YTO Mpu nepesopa-
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YMBaHMM ANLA 3apOAbILLEBbIA AUCK BCErga HaxoAmWTCs CBEpPXY, Tak
KaK ee BeretatMBHas 4acCTb TSDKENee aHUMasibHOW (rae pacnonoXeH
apobsawmiics 3apogbiw). CnefoaTefibHO, NPW €CTECTBEHHOM Ha-
CUMXKMBAHUW 3apOAblLLEBbIA AUCK BCErga CMellaeTcs 6nmke K Teny
HaceaKu.

B 6enkoBoii yacTu aiiueBoga Hapawmsaetca 40...50 % 6enka, oc-
Ta/lbHOW — B Mepelleiike U maTke, e ANLO MOXET HaxoAMTbCA
1,5...20 u. B nepeLueiike HaunMHaeTcs obpasoBaHne MO LCKOP Y -
NOBOMN 060M0YKM,”™ COCTOSILLEN W3 ABYX JIMCTKOB, KOTOPbIE B
06/1acTN TYMOro KoHUa pasfenstoTcs, Mexay HUMWU NosBASeTCA BO3-
AylwHas Kamepa — nyra. [locne o6pa3oBaHWs NOACKOP/YNOBOWA
060/104KM AKWLO MPUHUMAET (OPMY, XapaKTepHyl AN AaHHOro
BMAa NTULLbI.

B maTke HaumHaeTcs MedneHHOe 06pa3oBaHMe Ha AliLe U3BECTKO-
BOM (CKOp/ynoBoi) 060104kKM —CKOpAynbl. B nepuog hopmu-
pOBaHMSA CKOPAYMbl YCUMBAETCA KPOBOCHAGXEHME MaTKK, B Pe3y/bTa-
Te Yero B ee K/IETKM BO3pacTaeT MOCTYN/eHMe CONei Kanbuus, KOTO-
pble BbLLENAOTCA B NOMOCTb MaTKu. B ckopnyne umeetcs 60/bLuoe
4MCNO Mop, Yepe3 KOTOpble OCYLLECTBAKTCA ra3006MeH U ncnapeHue
BOZbl. bonbLle Nop pacrnofiokeHo Ha TyNnom KOHUe fiua, B CBA3M C
yeM Mpy XpaHeHWUW AKL, B CyXOM MecCTe YBeNMYMBatOTCA pa3Mepbl BO3-
AYLIHOW Kamepbl.

Takum 006pa3oM, roToBOe K OTKMaAKe AWLO OKPY)XXEHO LefbiM ps-
[0M flLeBbIX 060/104eK, Yepe3 KOTOpble OCYLUECTBNAETCA CBA3b 3ap0-
AblLia C OKpY>KatoLLel cpefoil —ero NMTaHne U 3aluTa Npu passuTum
BHEe MaTepuHcKoro opraHusma (puc. 9.10). Bce siiueBble 060/104KM NO
MPOUCXOXAEHWIO NOAPA3LeNAt0T Ha MNepBUYHbIE, BTOPUYHbIE U Tpe-
TUYHble. lMepBnYHas 060/104Ka HOCUT Ha3BaHWe COOGCTBEHHO >KeNTou-
HOM 060/104KN W ABMSETCS MPOU3BOAHBLIM LUTOMNMA3Mbl AALEKNETKN.
BTopnuHas 0605104Kka NpeAcTaBnseT co60iM NPOAYKT XKU3HeLeATeIbHO-
CTW KNEeTOK (DONNMKYNSPHOTO anuTenus. TpeTuyHble 060104KN hop-
MUPYIOTCS B pe3ynibTaTe AesTeNIbHOCTM Xene3 pa3nyHbIX OTAEN0B Bbl-
BOASALLMX MOMOBLIX MyTel —3TO 6enKkoBasi, NOACKOPAYNoBas U CKOp-
nynosas 060104KM.

Puc. 9.10. Cxema CTPOEHUSA KYpUHOro
anua:
| —cKopnyna; 2 -—nofCKOPNYNOBble NNEHKK;
3 —BO3ayLUHasA Kamepa; 4 — 6enkosas 0 noyka

(6enok); 5—xanasbl; 5—xenTouHas 060/104Ka;
7 —3apoAblLLUeBblii ANCK; 8 — XENToK
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Aliyeknagka. MpoucxoauT uepes Bnarainwe — LWKWPOKOE Mbl-
LeyHoe ob6pa3oBaHmMe, COOTBETCTBYHOLLEe pasMmepam fAlila. Bo Bpems
CHeceHMAa filua maTKa OnyckaeTcs, Bnaraauie 1 Knoaka BblBOpa-
4MBaKOTCA U ANL0 BbICKA/Ib3bIBAET HAPY)XKy Yepe3 BEPXHUI Kpali Bna-
ranuwia, He COMpuKacascb HW C Bnarajviem, HU C KNoakon. ITOT
MpoLEecC BbiBeLeHUA AiLla ocyLlecTBNseTC 61arofaps CoOKpaLleHuto
MbILUL, KNOaKMW.

Mpouecc opMmupoBaHna fiila B ALIEBOAE NPOAO/MKaeTCa OT 23
40 304, npu aTom fAkLo 6onee 80 % BpeMeHN HaxO4WUTCS B U3BECT-
KOBOW 4acTu siuesBofa. Y O0/MbWIMHCTBA Kyp-HECYLIeK OBYNALMUS
HacTynaet yepe3 10..30 MMH MoOcne CHeCeHMs NpeabluyLIero siLa.
Takum 06pa3oM, OBYNAUMA U ONOLOTBOPEHME NPOUCXOAAT C He-
3HauYMTe/IbHbIM MHTEpPBasioM, He npesbiwawowmum 20 MuH. Ecnn 3a
3TOT Nepuog OonjoA0TBOPeHME He MPOM30LLIO0, TO ANLO OcTaeTcs
HeonnoLOTBOPEHHbIM, AaXe ec/in B AilleBOAe MPUCYTCTBYIOT Criep-
mMaTo30ungbl.

Mpouecc AnLeKnagkn y NTUL perynmpyeTcs HemporyMmopasibHbIMU
mMexaHm3mamu. Mogo6HO mekonuTaloWwmMM co3peBaHne (PONINKY-
NOB B UX ANYHMKE CTUMY/IMPYETCA FOHaLOTPOMHbLIM FOPMOHOM Nepes-
Hei aonn runodu3sa. Eile 0fNH ropMoH runogunsa —nioTenHN3NPYo-
WM —KOHTPONMPYET NPOLIECC OBYNALMM. B camOM SIMUHKKe TaKxe
00pasyoTCa FOPMOHbI —3TO 3CTPUH, UK (DONNUKYNAPHbLIA TOPMOH,
CUHTE3MPYIOLMIACA B KNETKax (hO//IMKY/OB, 1 NPOTecTepoH, Unu rop-
MOH >Ke/ITOro Tena. SCTPUH CTUMY/IMPYET YBEIMYEHNE AKLLEBOLA U [e-
ATeNIbHOCTb ero >xene3. loBblwas MeTabonnsm, 3CTPUH perynupyert
ero Takum 06pas3om, 4To6bl 06ecneynTb CUHTE3 N AOCTaBKY HEOOX0AN-
MbIX 1151 06pa3oBaHKA SiiLA BELLECTB.

B ecTecTBeHHbIX YCnoBuax fiileknagka y nTul, Kak npasuno,
ObiBaeT BECHOW. OAHako y Kyp 6narofaps CenekuuoHHoW pa6oTe
(cucTematnyeckunin 0T60p Ha AMLEHOCKOCTb) YAaeTcs Bbi3BaTb NOY-
TU HEMpepbIBHYO fAMLEKNaAKy B TeyeHue BCero roga. OfHum u3
Hanbosiee BaXHbIX CTUMY/IMPYIOLWUX (haKTOPOB AB/AETCA A/IMHA CBe-
TOBOro AHSA. AiiueKknafka npekpawaeTca ¢ HacTynjeHWeM NNHbKK
MNPy OYEeHb HWU3KOW OKpYyXKalouleint Temnepatype. BHelwHue pasgpa-
XUTENN TaKkxKe 0KasblBaKOT BAUAHME Ha AlLeknagky. Ecnv cnyrHyTb
HeCyLLytoCa Kypuuy, TO NpoLecc Aueknagkym MOXeT 3HAYMTeNIbHO
3afiepXKaTbCs UM AaKe NPOU3OATU Ha Cnefyroluid LeHb, a ucnyr
MOXeT He TO/IbKO OTTSHYTb AlLeKNagKy, HO U yXYALNTb KayecTBO
qrua (Hasmume KpoBaBblX TOYeK). AMLEHOCKOCTb MTUL, CBA3aHa C
BO3pacToOM MpPOM3BOAUTENEN: MaKcumanbHas Habnojaetcs y Kyp B
NepBbI TOA WX XU3HW, O4HAKO filla Mefbye CTaH4apToB ANS AaH-
HOM nopoAbl. Kpome Toro, Ha siLeKknagKy BAUAKOT HacNeACTBEHHbIE
Npu3HaKn JaHHO ocobu.

Luknom siyeKnagKmn HasblBaeTCA MNepPUOL CHECeHUs
AUl B TeYEHME HECKONbKMUX AHel nogpad. Linknbl MoryT 6biTb npa-
BU/IbHBIMM, KOTfa MepepbiB B AiLleKNaake MPOMCXOANT Yepes on-
pefenieHHoe YMCNo AHEM, U HenpaBU/IbHbIMU —C NepepbiBaMmn Ye-
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pe3 pasHoe YNUCNO AHEeN. Y NNOXMX HECYLIEK LMK/bl KOPOTKME, a ne-
PepbIBbI B ALEKNAAKE A/TIUHHbIE.

Pa3BuTHe 3apofbllla y NTUL, OCYLLECTBASETCA 6narojaps U HKY -
6auunmn. Pa3imuatoT eCTECTBEHHYIO WHKYbaL Mo —pa3BuTUe 3apo-
Ablwa nof HaceAKomn (HacvXXuBaHWE) Y UCKYCCTBEHHYHO UHKYOaLmo —
pasBMTUe 3apofbllla B MHKybaTope. [nd cO3f4aHWUA ONTUMaNbHOrOo
pexunmMa B MHKybaTtopax y4yuTblBAOT, YTO pa3BuUTUe 3apofblllieli B
qnyax nNpoucxoauT Mnpu nepemexatoleinca Temneparype 37...40*C.
MpU NCKYCCTBEHHON WHKy6auMn NPOLO/MKUTENbHOCTb IMOPUOHASIb-
HOro pas3suTtma y Kyp coctasnsetr 20..21 cyT, y YTOK U WHAOeeK —
27...28, y ryceii —29...30 cyT.



Mfnasa 10
PUN3NONTOTMA NAKTALUNN

dusmonornsa naktaymm paccMmarpubaeT 3aKOHOMEPHOCTM pocTa
N pasBUTUA MOJIOYHON XXenesbl, ee B3aUMOAENCTBME C APYTUMU CU-
cTeMaMu opraHusma, o6pasoBaHMe MOJIOKA W ero BbiBEE€HWe BO Bpe-
M#A COCaHua UNN AoeHnd. JlakTauMoHHas PyHKLMA NPUCYLLa TOJIbKO
NNLWb OAHOMY, Hanbonee COBEPLUEHHO OpraHNM30BaHHOMY Knaccy no-
3BOHOYHbIX XXMBOTHbIX —MieKonutarowmm. Crnoco6HOCTL BCKapM-
NNBaTb [eTeHbILEen MOMIOKOM 0becrneyrBaeT pa3BuBatoLLIEMYCS opra-
HU3MY HOBOPOXAEHHOro Hanbosiee NOHOLEHHOE MUTaHUe U Ha ca-
MbIX PaHHWX 3Tarax pasBuUTUA 3alWUTy OT BO3LENCTBUSA Hebnaronpu-
ATHbIX ()aKTOPOB Cpejpbl.

CTpoeHMe MOJIOYHON Kenesbl KaK C0XHOOPraHM30BaHHOro opra-
Ha, COCTOSALLEro 13 paja TKaHeil (Kenesnctoi, MblLLeYHOM, COeanHN-
Te/IbHOW, XXMPOBOW 1 T. 4.), 06ecneynBaeT onTUMabHbIe YCI0BUA A1
06pa3oBaHns cneympmnyecKoro cekperta. XKenesucras, Un cekpeTop-
HasA, TKaHb MOJIOYHOW Xene3bl y BCEX BUAOB M/IEKOMUTAKOLLINX UMeeT
BWJ, PO34€EBUAHON NOPUCTOIN Macchl, COCTOSALLEN 13 BETBALLIMXCA MPO-
TOKOB, 3aKaHUYMBAKLNXCA albBEONIAPHBLIMU paclimpeHnamn. Kaxpas
anbBeona npeacTasBnseT coboit HebOMbLON Ny3blpek (guametp oT 0,1
40 0,3 MM), CTeHKa KOTOPOro BHYTPY BbICT/laHa OfHWUM C/IOEM >Xene-
3UCTbIX (CEKPETOPHbIX) K/IETOK, a Ha Hapy>HOW pacrionaralTcs Muo-
anuTenunanbHble KNeTku, obnafaroline COKpPaTUTENbHON Crnocoo6-
HOCTbI0. Cnenoli KOHeL, aibBeosibl UMeeT OKPYT/yto (hopMy; Ha Mnpo-
TUBOMOJIOXKHOW CTOPOHE CY)XKEHWe MNepexoauT B BbIBOLHOM MPOTOK
(puc. 10.1). MosnoYHble afibBeosibl 06beANHAKTCA B OTAENbHbIE TPYyI-
Mnbl, UK LOMIbKK, UMEIOLLME A/INHY 0KOMO 1,5 MM, LUMPUHY 11 BbICOTY
0,5 MM; nx o6vem 0,7...0,8 Mm*. TOHKME BbIBOAHbIE NMPOTOKU, HAUYNHa-
ACb OT a1bBe0s, MOCTENEHHO C/IMBAKOTCA C aHA/IONMUYHbIMU NPOTOKa-
MU COCEeiHMX a/IbBEO/T BO BHYTPUA0/IbKOBbIE NMPOTOKW. [lO/IbKW, B CBOKO
ouepedb, 00beAMHAOTCA B 60Nee KpynHbie 06pa3oBaHWA —a0Nw,
MMeKoLLMe WNPOKNE BbIBOLHbIE MPOTOKN: AMaMeTp AOMeid fjocTura-
eT 2...17 MM. Y KOpOB, KO3 1 O0BeL, 10fIeBble NPOTOKWN OTKPbLIBAIOTCA B
CBOeO06pasHble pacLIMPEHNA —MO/OYHbIe LMCTEPHbI. KpynHble Bbl-
BOAHbIE MPOTOKM CYLUECTBEHHO OT/IMYAKOTCA MO CTPOEHUIO OT Hayasb-
HbIX BbIBOAHbLIX MPOTOKOB: Cnu3uctas 060/104Ka UX BbICTaHa ABYX-
CMOAHBIM LUWNUHAPUYECKUM 3NUTENNEM, & BHYTPEHHSAA CTEHKA UMeeT
CK/1al4aTyto NOBEPXHOCTb. 3a 3aNUTeNnanbHbIM CI0EM B CTEHKE MPOTO-
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Puc. 10.1. CTpyKTypa a/lbBeoNIApHOro 0TAena MOJIOHHON
Xenesbl:

a—anbBeona; 6—ponbka MOMOYHOW >Kenesbl; 1— f0MbKY;
2 —BHYTPUAO/bKOBbIE MPOTOKU; J —MEXA0MbKOBblE NPOTO-
KW; 4— BbIBOASALLME NPOTOKM

Ka pacronaratoTcs LMPKYIsSPHO M NPOLOSLHO TNafKOMbILLEYHbIe BO-
NOKHA. YCTb NPOTOKOB 3aKaHYMBAKTCS YTOMLLEHVNEM LUPKYNISPHOIO
€105 MbILWL, B BUAZE CHUHKTEePOB. MonoKo, obpasytoLLeecs B ajibBeosiax,
Mo MPOTOKOBOM CUCTeMe NonagaeT B MOMIOYHYI0 LUCTEPHY —pe3sep-
Byap, KOTOpbI M0 CBOEMY aHaTOMWYECKOMY CTPOEHUIO MOXHO pasfe-
NNTb Ha UMCTEPHa/IbHBIA OTAEN XKenesbl U LUCTepHY cocka. Hambonee
BblpaXKeHa LMCTepPHa Y KOPOB U KO3; Y KOObIN HA OAWMH COCOK NpPUXO-
ANTCS ABE LUMUCTepHbl. 11010CTb MONOYHOM LUCTEPHbI OTAeNeHa OT -
CTEPHbI COCKa KPYroBOW CRUHKTEPOOOPA3HOIA CKNaLKOiA.

CoefnHUTENbHASA TKaHb, WAN CTPOMA, MOJIOYHOIN Xenesbl BbINO/-
HAET MeXaHUYeCKyHo, MOALEPKMBAIOLLYIO U 3alUMTHYHO (PYyHKUMKU. B co-
eANHUTEIbHOTKAHON OCHOBE MPOXOAAT KPOBEHOCHbIE, MMbaTnyec-
Kne cocyfpbl, HepBbl, M OHa ABNAETCA MPOAOHKEHUEM COEANHUTENbHO-
TKaHOro arnnapata OptOLWHON CTeHKW. BprowHasa gacumsa popmupyet
COeAMHUTE/IbHOTKAaHYI NIacTUHKY, KOTOpas, nepexofs B 06/1acTb OC-
HOBaHUS BbIMeHW, 06pa3yeT MOABELUMBAIOLLYIO CBA3KY, COCTOALLYHO U3
[BYX NNCTKOB, W Le/IUT BbIMSA Ha MPaBYHo W NIEBYHO NOMOBUHbLI. CHapyXu
BbIMS MOAAEPXKUBAETCS HapY>KHOM (hacuumeld, NpeacTaBNstOLLIEN COOOi
NPOAO/HKEHNE MOBEPXHOCTHOW GptoWwHON acumn. CoefnHUTENbHASA
TKaHb ()OPMMUPYET MHOTOYMCIEHHbIE NEPEropoAKMN —TpabeKy bl —MeX-
[y [OoNamMK, [oNbKamu U abBeonamu. bnarogaps onTMMansHOMY COOT-
HOLLEHWIO 3M1aCTUYECKMX W KOMNareHOBbIX BOIOKOH B CTPOME MpW Ha-
MOJIHEHWM BbIMS 6O/IbLLIE PACTArMBAETCA B rOPU30HTA/IbHOM Harnpas/e-
HUK (B CTOPOHbI), YeM B BEPTUKaIbHOM (BHU3).

)161poBast TKaHb BbIMEHW Y KOPOB COCTaB/sET B cpeaHeM 43 % opra-
Ha M pa3BMBAaETCA He3aBUCMMO OT MOAKOXKHOM >XMPOBOW KNeTHYaTKM.
OHa TeCHO cBsi3aHa C KPOBEHOCHOWM CUCTEMOIN MOJSIOYHOM >KENesbl:
KaXK[as >XXMpoBas KneTKa HEernocpeiCTBEHHO KOHTaKTUPYeT C MeTseit
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Kanunnapa. Kpome BbICOKO CTeneHW BacKynsipusauuv B XKUPOBOIA
TKaHW MOSIOYHOM >Kene3bl MOLLHAsA CeTb CUMMATUYECKOW (agpeHepru-
YeCKOoI) MHHepBaLMK CMOCOBCTBYET ObICTPO MOOWIN3ALMN KUPOBLIX
3anacoB, BOCTPeOYeMbIX NMpu NepecTpoikax opraHa v UHTeHCUUKa-
UMM PYHKLMOHA/TbHOW aKTUBHOCTH.

WNHHepBaLmMa MOMOYHON >Kenesbl Y pasfiInuHbIX BUAOB >XMUBOTHbIX
OCYLLECTB/AETCA CMMHHOMO3rOBbIMM HEPBaMM. Y XXMBOTHbIX, Y KOTO-
PbIX MO/I0YHAA >Xenesa npeAcTaB/ieHa KOMNakTHbIMU 06pa3oBaHus-
MW B NaxoBoW 06nacT (XKBayHble, HEMAPHOKOMbITHbIE Y MOPCKas
CBMHKA), Y4aCTBYIOT B MHHepPBaLMWN MOSACHNYHO-KPECTLLOBOrO creTe-
HWA: B OCHOBHOM 3TO HAapYXHbIN CPaMHO HepB, B MeHbLLER cTene-
HVY —MOAB3A40LHO-Nax0oBble HepBbl. Y BUAOB XXMBOTHLIX C MHOXECT-
BEHHbIMW XKenie3aMu (60/1bLLUMHCTBO MPbI3yHOB, XMULLHbIE, CBUHLU U T. 4.)
WHHEPBaLUA OCYLLECTBNAETCA MeXPeOepHbIMU N MOSCHUYHBIMU Hep-
BaMW. MOJIOYHbIe Xene3bl 06/1aat0T PasBUTbIM PeLenTOPHbIM anmna-
paTom, 6narogaps KOTOPOMY OCYLLECTBASIETCSH TaKTUIbHaa 1 TeMnepa-
TypHas peuenuus; addepeHTHbIe HepBbl 06ecneynBaroT nepegavy
COOTBETCTBYIOLEN MHOpMaLMn B pasnnyHble otgensl LHC. ddde-
PEHTHble HEpPBbl (CUMMATUYECKWIA OTAEN BereTaTUBHOW HEPBHOW CUC-
Tembl) OCYLLECTBAAT KaK afpeHeprnyeckoe, Tak u XOoNnMHepPrnyeckoe
HepPBHOE B/IMSHME HAa TeYeHMe NPOLLEeCCOB PasBUTUS N PYHKLMOHNPO-
BaHWA MOIOYHOW >Kesesbl.

KpoBoCHab)XeHMe MOJIOYHbIX Kefie3 OCYLecTBASETCA M3 pas/ny-
HbIX OTAEN0B COCYAMCTON CUCTEMbI U UMEET BUAOBYH crieLupuy-
HOCTb. Y KOpPOBbI, KO3bl U KOObI/bI KPOBb MOCTYMNaeT B OCHOBHOM Ye-
pe3 Hapy>XHY0 CPaMHYI0 apTeputo, a OTTEKAEeT MO Hapy>XXHOW CpamHOM
1 NOAKOXHON GPIOLLIHON BEHaM. Y CBMHOMATKMN K Hapy>XHOI CPaMHOA
nNpnoaBnATCA NepefHsAs NOAYPEBHAs apTepus, KOTopas nuTaeT Mo-
NOYHBbIE Xenesbl, HAX0AALWMecs KpaHaibHee Mynka, 1 apTepuaibHble
BETBMW, LOCTaBNAOT KPOBb U3 BHYTPEHHEN N Hapy>XXHOW rpyAHbIX apTe-
PUIA K NepBbIM Napam rpyaHbIX Xenes. Pa3BuTume MHTpaopraHHbIX ap-
Tepuii TECHO CBA3aHO C Pa3BUTUEM XXENe3UCTON NapeHXUMbl. Y BbICO-
KOMPOAYKTUBHbLIX KOPOB €MKOCTb apTepuanbHoOro pycna B 4—5 pa3
BbilLe, YeM Yy MasionpoAyKTMBHbIX. ApTepun | n Il nopagka nmeroT
00bIYHO 6UYPKALMOHHbIA TUN AEeNEeHUS C YrNOM OTXOXAEHUS Me-
Hee 90°. ApTepuu CHayasa criefytoT No MeXA0MeBbIM Y MEXA0/bKO-
BbIM MPOCTPaHCTBaM, a 3aTeM 00pa3yroT KanuiaspHYK CeTb BO BHYT-
PUAONLKOBOW COEAUHUTENIbHOW TKaHW.

NumbaTnyeckas cuctema MOJIOYHON XXenesbl Hapsay C BEHO3HOM
ABNAETCA CUCTEMOW OTTOKA M COCTOMT M3 3aMKHYTbIX IMM(aTmnyec-
KX KanunnspoB, pacnofioXXeHHbIX B MapeHXnMe, 1 06benHALWMUX
X MUmMaTUHeCcKnX cocynos. JIumga oTTekaeT No NMUM@aTnyecKkmm
Kanunnspam u cocyjam, NpPOXOAWT yepe3 IMM(aTUYecKue y3bl U1
MO BbIHOCALMUM NUMMBATAYECKUM cocydaM MocTynaeT B NOACHUY-
HYI0 MM(aTUYECKY0 LUCTEPHY, a U3 Hee Mo rpygHomy numdaru-
4eCKOMY MpPOTOKY MonajaeT B NepefHIo0 MONyK BeHy M BMecTe C
KPOBbIO B CepALie.

394



10.1. PA3BUTWVE MOJIOYHOW YXENE3bI

B Xxofe pocta 1 pa3suTus MONOKO06Pa3yHoLLEro annapara u nogro-
TOBKM_K CEKPEeLMN CyL|ECTBEHHO W3MEHSIOTCA CTPYKTYpa U (YHKLMs
TKaHeil MO/IOYHON XXenesbl. MoptoreHes MOMOYHOWM Xenesbl (MaMMo-
reHes) HauMHaeTcs B 3IMOPUOHASbHLIN Nepuog. Y aM6puoHOB no obe-
MM CTOPOHAaM XXWBOTa B BUAE Y3KMUX A/IMHHbLIX MOMOCOK YTO/LEHHOr0
ANUTENNA 3aKNablBaloTCA TakK Ha3blBaeMble M/1eYHble (MONOYHbIE) NN-
HuK. T1o mMepe pocTa M/eYHble NIMHUW YMEHbLLAIOTCS B A/IMHE, CTaHO-
BATCS MPEPbIBUCTLIMU 1 06pa3yroT Cepuio 3KTOAePMasibHbIX YTOsLLe-
HWUI (MNeYHbIX BYropkos). Pa3BuBaroLLecs MeyHble Gyropku onyc-
KatoTCs B Me3eHXUMY U NPeopMuUpytoTCH B MJIEYHbIE MOYKM —nep-
BUYHYIO CTPYKTYpY OYZAyLUMX MOMOYHbIX Xene3. MeseHxmma, paspac-
TasCb, AaeT Ha4yano byayLuei CoOeANHNUTENIbHOW M XKMPOBOI TKaHN. Yie
Ha PaHHMX 3Tanax SMOPUOHANLHOIO Pa3BUTMS OTMEYaloTCA Pasnny-
Hble COOTHOLLEHUA ANUTENNIbHOW U Me3eHXMMa/IbHOM YacTeid 3avat-
Ka opraHa. Pa3BuTVe XWPOBOW TKaHW Y TeNOYEK HauYMHaeTcs ropasfo
paHbLLe, YeM Yy BbIYKOB, 1 paHbLLe, YemM (DOPMUPOBAHUE XMPOBbIX KIie-
TOK 00HapY>XMBAeTCs B NOLKOXHOW YXMPOBOWA KNeTHaTKe.

Bo Bpems pocta Mne4yHoOM MOYKU Me3ofepma AnddepeHumnpyeTcs
Ha YeTbIpe Cos:

npeLLecTBeHHUK MYCKyNnaTypbl cocka (CNom, 6amkanlumin K mney-
HOW NOYKe);

OyayLlas cTpoMa CocKa;

Me3eHXUMaJIbHbIE K/TETKU, PbIX/I0 OKPY>KatoLLme BETBALLMECH OKOH-
YaHWA MPOTOKOB, 06pa3yloT B [afibHelLLEM COeLUHUTENbHYIO TKaHb
[I0NeK 1 OONeN;

NpeaLecTBEHHNK BHYTPMUAO/IbKOBbIX MEPEropofok U MexalbBeo-
NAPHOW COEAMHUTENIBHOW TKaHW.

MeseHxVMa He TONbKO WMCTOYHMK Pa3BUTUSA OMOPHOrO annapara
opraHa, OHa NpPUHMMAET 0coGoe yyacTve B npoueccax AuddepeHuu-
POBKW K/ETOK MOJIOYHOM XKene3bl Kak B 3MOPUOHa/IbHbIN Nepuog, Tak
M B X04e NpeanakTauMoHHOW MOLrOTOBKM MOJIOUYHOW Xenesbl. K mo-
MEHTY pOX[AeHUS Y NN0AO0B 60/bLIMHCTBA BIL0B XMBOTHbLIX OKa3blBa-
tOTCA CCHOPMUPOBAHHBIMU COCKM, CBA30UHBIN annapar v MeXzo/bKo-
Bble MeperoposKu.

OT poX/eHWs L0 HaCTyn/IeHNUs NON0BOM 3PeNoCTN B MOIOYHOWA Xe-
ne3e NPOUCXOAMT pa3BUTME CUCTEMbI NPOTOKOB. Hanpumep, y TeNoK B
BO3pacTe 6 Mec MOJIoYHas Xenesa UMeeT LUMUCTepHY C He6ObLLOM No-
NOCTbIO, Kyfa OTKPbIBAETCA Pa3BeTB/IEHHAA CMCTEMA NPOTOKOB. YBenu-
YeHue pa3mepa BbIMEHW B 3TOT Nepuwof NMPOUCXOAUT B OCHOBHOM 3a
CYeT pOCTa XXMPOBOW W COEANHUTENbHON TKaHW. Hanbonee WMHTEH-
CUBHOE pa3BUTME MOJIOYHOW Xene3bl Ha4YMHaeTCa nepes NepBoin Teu-
KOW B Nepuoj MnosioBO 3peniocT! 1 CONPOBOXAaeTcAd 06pa3oBaHWEM
HEXHON 1 XOPOLLO BAaCKY/APU3NPOBAHHOW TKaHV BOKPYr NPOTOKOB U
UX 3MUTeNUanbHbIX MoYeK. [l1o HacTynneHns 6epeMeHHOCTH [0/1bYaTo-
a/bBEONAPHBIA MaMMOTeHe3 BbIpaXXeH 04eHb €n1abo, 1 TONbKO BO Bpe-
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M GepeMeHHOCTM CUCTeMa NPOTOKOB W [0/bYaTO-a/IbBeoNsipHas Cu-
cTemMa JOCTUratoT CBOEro MakCMMasbHOro passutus. Hapagy c cob-
CTBEHHO K/IETOYHbIMY M3MEHEHMSMW B MEpPUOA NpeaiakTaLMoHHOro
CTaHOB/IEHUS CTPYKTYPbl &/1bBEO/NSPHON CUCTEMbI CYLLIECTBEHHO M3Me-
HAETCS LMTOAPXUTEKTOHMKA TKaHW MONOYHOM Xenesbl. SCTPOreHsbl,
KaK npasu/io, CTUMYMPYIOT POCT NMPOTOKOB, & NPOrecTepoH COBMECT-
HO C 3CTpOreHamyu OTBETCTBEH 3a POCT M pa3BUTUE anbBeon. BakHO
OTMETUTb, YTO MNPOLECCHbl PasBUTUS MUOINUTENNANbHBIX K1eTOK
KOHTPO/IMPYIOT 3CTPOreHbl. Pa3BuTue MUOpUOPUANAPHOro annapata
N 4pyrve npusHaku gugpepeHuraLmm KneTok MnoanuTenns Habso-
[atoT Npy BBEAEHUM 3CTPaAMona AeBCTBEHHLIM XMBOTHbLIM, NporecTe-
POH MOLOBGHOrO AeiCTBUA He OKa3blBaeT. Brnpouem, NporecTepoH oka-
3blBaeT TOPMO3SiLLiee BAUAHME U HA [AesATeNlbHOCTb 3Pesioil M1oanuTe-
NNaNbHOW KNETKN B NaKTaLWOHHbIA Nepuog, yBenumBas naTeHTHbI
Nepuos MO/IOKOBbILENNTENIbHON peakuun anbBeos Ha OKCUTOLMH U
aLeTU/IXOMNH.

,Ll,nﬂoycneumoro pasBMTUNA ailbBEONSAPHOr0 OTAeNa MOOYHO Xene-
3bl HEOOXOAUMO MPUCYTCTBME TaKUX FTOPMOHOB, KaK KOPTUKOCTEPOUAbI
(rnroKoKopTUKOMAbI) Y NPoNakTuH. Mpu aBTOpaguorpagmyeckom mc-
CefloBaHNM Ha TMCTONOMMYECKMX Cpe3ax MeYeHHble PajMoaKTUBHbLIM
M30TOMOM (TPUTWEM) 3CTPOreHbI CBA3bIBAOTCA UCKNHOUUTENIbHO C XKe-
Ne3NCTON TKaHblo opraHa. lMoBbIWEHME COAepXXaHWs MOMOBbLIX CTe-
POVOB BbI3bIBAET YCW/EHME CeKpeuuu MpofiakThHa U, BO3MOXHO,
COMAaTOTPOMHOr0 ropMOHa. YCTaHOB/IEHO, YTO BBEAEHWE 3CTPOreHOB U
nporecTepoHa croco6CTBYET YCU/IEHWIO KPOBOCHAGXKEHNSI MOIOYHON
Xenesbl, YNCO KanuANAPHbIX CMJIETEHWUN BOKPYr MPOTOKOB 3HA4YM-
Te/lbHO BO3pacTaerT.

3 HepnddepeHUMpOBaHHbLIX rpynmn KAeTOK, HaKanJMBarLmxcs B
pe3ynbTaTe MHTEHCMBHOW NponugepaLmmn B amnynoobpasHbIX KOHLe-
BbIX YTO/LWEHNAX MNPOTOKOB, HA4MHAKT (OPMUPOBATHLCA a/bBEObI
6narogapst 0CO6eHHOCTAM MEXKNETOUHbIX B3anMOAENCTBMIA. BnusHne
Me3eHXMMbl, Croco6CTBYtOWee AnddepeHLMaLmm KneTok cekpeTop-
HOro 3aNUTeNns, KOHEUYHO, HEPaBHO3HAYHO CKa3blBaeTCs Ha BCEX K/eT-
Kax K/eTOYHOro CKOMieHus. M3BeCTHO ee NpenMyLLecTBEHHOE BnS-
HMe Ha nepupepuyecknii CNOM KNeToK 3a CYET MHAYLMPYIOLLEro Me-
3eHXMMaJIbHOr 0 (hakTopa.

AHann3 MOpKoNOrMYecKoin KapTWHbI MOKasasn, 4To [0 BTOPOIid
TpeTn 6epeMeHHOCTM MOJIOYHAsA XKenesa 3anofIHeHa rnaBHbIM 00pa-
30M OrPOMHbIMU MPO3PAYHBLIMU XKMPOBLIMK KneTKaMmn (nunoyuTa-
MW) C OTTECHEHHbIMW K Mepugepuy TOHKUM CNOEM LMTOMAa3Mbl U1
CN/IIOCHYTbIMK AApamn. STU KIETKU COCTaBAAOT 00beAUHEeHUs W3
OTZENbHbIX JONeK, pasfeneHHbIX MeXAy co00W U noaLepXmBaeMbiX
TSHKaMU U3 PbIX/IO COEAUHUTENbHONM TKaHW. B coefMHUTENbHOTKA-
HOM CTPOMe OTMeyanv KPOBEHOCHbIe cocyfbl. V3BECTHO, YTO OKO/O
50 % >KMPOBOI TKaHW COCTaBNSAIOT KNETKWU CTPOMbI (a HE XXMPOBbIE),
ABNAOLWMECH CTPOUTENbHbIM MaTepuanom ana oyayuiein napeHXuMbl
MOJIOYHOM Xenesbl.

396



B NocnefHein TpeTn GepeMeHHOCTU >KUPOBbIe K/IETKM MOJIOYHOIA
Xenesbl, KaK npasuno, NOCTENEHHO 3aMeLlalTCs COeAnHUTEIbHOTKa-
HOI CTPOMOM, NPMYEM 3TOT NPOLLECC COMPOBOXAETCA 3HAYNTESbHbIM
BblBEEHVEM TPUTIMLEPUA0B 13 XXMPOBOUM KNETKW U UCMOMb30BaHUEM
MX B NIACTUYECKOM U 3HEPreTUYecKOM 0OecreyeHnn pa3BuBatoLLero-
cs opraHa. BnocneicTBrM BCe XMPOBbIe KNETKW 3aMeLanch, a Ha ux
MeCTe HauyuMHanacb MHTEHCWMBHasA nponudepauuns HegudghepeHLUpo-
BaHHbIX KNETOK ranakTo)OpHbIX KaHanoB ¢ MeNIKUMN TEMHOOKpPALLIEH-
HbIMW fapamu. :

Ty nponugepmpyrowmnx HeguddepeHUMPOBaHHbLIX KNETOK BCTPe-
4arTCA U CPEAM XMPOBLIX KMETOK Ha Tex yyacTKax, rfe eLle He 3aKOH-
YMNIOCb UX 3aMeLLeHME XKeNe3nCTon napeHxXmMmon. M3 HegugpepeHum-
POBaHHbIX CKOM/IEHWNIA KNETOK (POPMUPOBaINCh abBEOSIbI YETKO Bblpa-
XXEHHOW chepryecKoi (PopMbl. YUnTbiBag MUTPaLMOHHbIE BO3MOXHO-
CTM KNETOK 3a4aTKOB a/lbBe0/1, MOXHO Mpeanonararb «COPTUPOBKY» U
B3aIMHYI0 MPOCTPAHCTBEHHYHO OPUEHTALMIO KIETOUYHbIX 3/1eMEHTOB
oynyweln anbBeosbl. Of4HOW M3 NPUYKMH, 06YCNOBAMBAKOWUX POPMHU-
pOBaHWe anbBeosibl U3 CKOMJIEHUS K/eTOK, ABAMUCH, BO3MOXHO,
CK/1aAblBaBLLVECS B 3TOT MEPUOL MEXK/ETOUYHbIe B3auMocBsA3n. KreT-
KN 3a4aTKa a/ibBe0/1bl, HEMoCpPeACTBEHHO KOHTAKTUPOBABLLME C OKPY-
Xaroulell COeAMHUTENbHOW TKaHbI0 MEe3eHXMMA/IbHOro NpoucXoXzie-
HUSA, HaXOAATCA B NMPEUMYLLECTBEHHOM MOMOXEHUM MO OTHOLUEHUIO K
VHOYUMPYIOWUM BIUSHUAM, TaK Kak 4epe3 COefUHUTENbHOTKaHYH
CTPOMY OKPY>KaroLLMX anbBeon NPoXoAna KanunnspHas ceTb, obecne-
ymBaBLLasa bGnaronpusATHbIe YCNOBUSA ANA MeTabo/nm3ma 3TUX KIIeTOK.
BrnonHe oyeBnaHa NepBooYepeiHOCTb 3TUX HAPYXXHO PacroNOXEHHbIX
KNeToK B Mpouecce AMMHepPeHLMPOBOYHbIX MPeBPaLLeHNin, a Takke
M3MEHEHWNI NOBEPXHOCTHbIX MEMOPaAH.

Co3faHne Komnnekca MeMOpaHHbIX OpraHesn, HOBbIX 415 K/eTou-
HOI NOBEPXHOCTK, CNOCOBCTBOBA/IO 0ObEAVNHEHWNIO K/TETOK HAPYXXHOTO
/oS B ChepnYeCKNiA MOHOC/ION BAONb BHYTPEHHEN NOBEPXHOCTM aslb-
BEOJ, KOTOpbIV XapaKTepu3oBaics MeTabosIMyYecKoin 1 perynsTopHoi
Koonepaumeid pas/IMuHbIX KETOYHbIX nonynaumin. Knetku, He nog-
Bepriimecs MHAYLMPYIOWMUM BAUSAHUAM, OTCNaMBanChL, a 3aTeM NOJ-
Bepraincb fereHepaTMBHbIM U3MEHEHUAM W LECTPYKLUMUM C NOMOLLbIO
NPOTEO/IMTUYECKUX (PEPMEHTOB IMMMOUAHBLIX KNEeTOK W aBTO/N3a,
OYMLLABLLMX NPOCBET a/1bBe0/1bl U BbIBOAHOIO NPOTOKA [/19 BbIBEAEHNS
CeKpeTa B /laKTaLMOHHbIN Nepuoj. B anbBeone ocTaBa/MCb TOMBKO Ha-
PY>XHO PacrosioKeHHble KNeTKW, 4To 00yCnoBN1Basio (HopMmpoBaHue
MOHOC/1051 CEKPETOPHOr0 3NUTENNSA, BbICTUNABLLErO MOJOCTb.

B mMono4yHol enese B Nepuoj, NpefLlecTByOWMA pogam, npouc-
XOJAT UHTEHCUBHbIE NMMYHOOMONOrMYeCcKMe npoueccbl. B nepsryHOM
MOJIOYHOM CeKpeTe 3a 5...12CyT [0 POLOB COAePXKaoCb 3HAYMTE/IbHO
60/1bLLEe UMMYHONOrMYecKnx haktopos (T- 1 B-numdgouuntos, MIMMYHO-
rno6ynnMHoB, N130LUMMa, ECTECTBEHHbIX aHTUTES), YeM B MOJIO3MBE, B3S-
TOM Cpasy nocre pogoB. VIMetoTcs CBefjeHMs 0 BOXKHOM PO/N KNETOYHbIX
1 HEK/ETOYHbIX 3/1EMEHTOB BHYTPUAO/bKOBOW COEAUHUTENIbHOW TKaHM
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B nepunog, AMhdepeHUNPOBKN 1 NHBOOLUM MOJIOYHOMN XKenesbl y na-
60paTOPHbIX XMBOTHLIX. BaXXHO OTMETUTL, YTO MOAAB/IEHNE [eATe lb-
HOCTW PEervoHapHoro NMMMaTuyeckoro ysna (MCTOYHWKA NUMKONA-
HbIX K/IETOK) CYLLEeCTBEHHO HapyLuaeT MOpP(o/IorMyeckme npoLecchl n
nofaBnseT pasBuTUE CTPYKTYPbl a/lbBeO/Ibl.

OZHMM 13 BaXHbIX MPOLLECCOB CTAHOB/IEHUA NakTauuu ABnseTcs
nepuof 3aBepLUeHVs MaMMOreHesa, Korga npovcxoAanT hopmMupoBa-
HVEe CTPYKTYPbl XeNe3UCcTon napeHxmmbl opraHa. Ocobas posb npu-
Haf1eXXNT UMMYHOKOMMETEHTHLIM K/IeTKaM (CermMeHTosLepHble Nnei-
KOLMTbI, MIMMGOLUTLI U Makpoarn) Kak fIoKasibHbIM Perynaropam,
OKa3bIBaloLLMM BIUSAAHNE Ha TeYeHMe LieNoro paga Knoyesblx npoLuec-
coB. Takum 06pa3om, npu HOPMMPOBAHMNN OKOHYATENIbHOW CTPYKTY-
pbl aNbBEONSAPHOIO OTAeNa MOMIOYHOM Kenesbl IMMMOULHbIE KeT-
KW MOMOCTU anbBeon Hapsgy ¢ o6pa3oBaHMEM WMMMYHOIOrMYECKMX
(hakTOpOB MO0/03MBa, BEPOATHO, Y4acTBYHOT B ()OPMMPOBAHUN albBe-
ONAIPHOr0 KOMMJEKCa M ANPHEpPeHLNPOBKe CEKPETOPHBLIX KNETOK
MOJIOYHOM XXenesbl. BkntoyeHne B npouecc AnggepeHLMpoBKN UH-
AYLMPYIOLLMX BAUSHUIA ME3EHXUMbl Y @y TOMMMYHHbIX NPOL,EeCccoB [0-
NONHAETCA CNeLUnPUIECKUMN N3MEHEHUAMUN B CTPYKTYpPE CEKPEeTop-
HbIX K/IETOK U UX MeMbpaH, MPUypoYeHHbIMU K Nepuogy CTaHOoB/e-
HWA NaKTauWOHHOW PyHKLUMK. M03TOMYy CBOEObpasve coctaBa MoJIo-
3MBa M ero OT/MyMe OT 3Penoro MoJsioka OnpefenstoTCsd MHTEHCUB-
HOCTbIO ayTOMMMYHHbIX MnpoLeccoB. OueHMBas K/ETOYHbIA COCTaB
MO0/1031Ba B NepBbIil AeHb NOC/e POLOB, MOXHO CYAUTb O MOSTHOLEH-
HOCTU MMMYHOOMO/IOMMYECKNX NPOLLECCOB, NPeALIECTBYHOLNX Hava-
Ny NakTaunoHHOTo neproga. BbiCoKoe cofepykaHne B MOJIO3UBE Kiie-
TOK NMMMQOnLHON npupofbl (Makpodaros, HeATPODUIbHBIX NERKO-
LUTOB Y NMUM(OLMTOB) U HaJIMUMe NPU3HAKOB UX akTmaaumm (obpa-
30BaHuWe arperatos 13 3 1 60nee KNETOK) CBUAETENLCTBYET O BbICOKOW
3 (heKTUBHOCTM ayTOMMMYHHbIX NPOLECCOB MOANOTOBKM MOJIOYHON
Xenesbl K faktayuMoHHOMyY nepuogy. CnabocTb UMMYHHOWR CUCTEMbI
WA OTBNEYEHME PE3EPBOB MMMYHHOI CMCTEMbI Ha 60pb0Y C ApYrMMM
aHTUreHamun NPUBOAMUT K HapYyLUEHWIO NpeAnakTalMoHHOW NOAroToB-
KN opraHa v nocnesyoLein runoranaktmm.

Mon0o31BO BblfenaeTca B nepsble 5...7 CYT NakTaunum N CyLLecTBeH-
HO OT/IMYaeTCs OT 3penoro monoka (taén. 10.1)

10.1. XvMU4ecKunii cocTaB CEKPETOB MOJIOYHON XKenesbl, %0

MokasaTenb Monosuso Monoko

Bopga 66,4 87,0
A3oTcojaepxal, me CoOefUHEHNS 23,14 3,56
KaseunH 5,57 2,76
ANb6GYMUHB + TNO6GYNWNHBI 16,92 0,75
Xwup 6,5 3,7
NNakTo3a 2,13 7,78
3ona 1,37 0,90
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Mono3nBo 06/1aaeT BbICOKOV G1OMIOMMYECKON LIEHHOCTLIO U Kaslo-
PUIAHOCTLIO U SIBNSIETCA HE3aMeHWMOW NULLE ANA HOBOPOXAEHHBIX.
B M0n031Be KOpPOBbI COAEPXXUTCA B [Ba pasa 00/bLUe CyXUX BELLECTB,
6enkoB B 1—b5 pa3 60bLUe, anbbyMUHOB U rnobynmHos B 20—25 pas, a
MUHepanbHbIX coneit B 1,5 pasa 60sbLue, Yem B MO/OKe. OBbILEHHOE
cogep»(aHme mMarHus, o6nafjatoLlero nocnabnsowmm AencTBmem, cro-
COOCTBYET aKTMBaLMM NEPUCTANbTUKN KULLEYHNKA HOKOPOXKAEHHbIX U
yZaeHno NepBopoaHOro Kana (MEeKoHWs). benkn monosnsa no cBoemy
aMWHOKMCNOTHOMY COCTaBY Jjaxe 60/1ee NMOTHOLEHHbIe, YeM MOJIOUHbIE.
BmecTe ¢ 3TUM C MO/I03MBOM HOBOPOX/AEHHbIE XXMBOTHbIE MONyYatoT
VUMMYHOTT06Y/IMHBI, KOTOPbIE CMOCOOHbI BCAChIBATLCA B KULLIEYHUKE, He
paspyLlasnch. Takum 06pa3oM, 3a CHET UMMYHUTETA, CDOPMUPOBAHHOTO
B OpraHu3me MaTtepy B X0fe MacCUBHOW UMMYHU3aLUN, AeTeHbILW Mpu-
06peTaeT CBOW COOCTBEHHbIA (HM3MONOrMYECKU UMMYHWUTET, Npeaoxpa-
HAIOLLMIA ero B Haya/lbHOM MEPUOLe XKWU3HW OT MaTOreHHOW MUKPO-
(hnopel. Hapsgy ¢ nMMyHOrNo6yiMHaMy MOJI03UBO COZEPXKNT IN30LUM,
OKas3blBaloLLMIN CBOE aHTMOaKTepnanbHOe AeincTame.

B npouecce Xun3HeAeATeIbHOCTM OpraHn3M XXMBOTHOIO NOCTOSAHHO
BCTYMaeT B KOHTAKT C Pa3/IMYHbIMW aHTUTEeHaMW OKPYXKatoLLel cpeabl.
B oTanume OT B3pOC/IOro opraHn3M HOBOPOXAEHHOr0, MOYTH NOAHOC-
TbIO M30/IMPOBAHHBIA OT aHTUIEHOB MAaLeHTapHbIM 6apbepom B Mpo-
Llecce BHYTPUYTPOBGHOro pasBuTUs, 06/1a4aeT NUWbL MUHUMAbHbIM
KO/IMYECTBOM COOCTBEHHbIX aHTUTeN. [Jaxe ecny 6bl opraHM3M HOBO-
POXXAEHHOIO Oblfl B COCTOSAHUM TaK >X€ WHTEHCMBHO, KaK OpraHu3m
B3pOC/I0r0 XXMBOTHOI O, pearnpoBaTb Ha Pa3/INYHbIE aHTUFEHbI, eMy Obl
noTpe6oBaiocb 04eHb MHOMO BPEMEHU A1 BbIPpabOTKM JOCTAaTOYHOr0O
KONNYeCTBa aHTUTe/, HeOOXOAMMBIX AN 3aWwuThl. [locneacTBus ns-3a
OTCYTCTBMSI COOCTBEHHbIX aHTUTEN UM 6onee cnaboil NO CPaBHEHMIO
CO B3pOC/IbIM OPraHM3MOM MMMYHOPEaKTUBHOCTM HOBOPOXKAEHHOTO
KOMMEHCUPYIOTCA nepegayeil eMy MaTepPUHCKUX aHTUTE.

Mo BpeMeHW nepefayn MaTepUHCKUX aHTUTEN MJ/EKOMUTAOLLUX
MOXHO pa3fennTb Ha TpK 6osnbluve rpynnel (Tabn. 10.2). B nepByto
rpynny c nocneposLoBoii nepejayeil MaTepPUHCKUX aHTUTEN MOX-
HO 00bEeAUHUTL BCEX KOMbITHbIX (KBayHble, NOWaan U CBUHbK). Bo
BTOPY Trpynny c NpeapofoBoOvi nepefavenn aHTUTEN BXOAAT
MOpPCKas CBMHKA, KPOMMK, YenoBek. B TpeTblo rpynny XKu-
BOTHbIX, 06/1aatoLwnX npea- U nNperMyLLecTBEHHO MOCNepoL0BON Me-
pefayent, BXOAAT cobaka, Mbillb U KpbICa.

10.2. Tvin nnaueHTaUMmn 1 NaccuBHas nepefaya UMMyHuTeTa (X - -cTeneHb nepegaynt.
O —oOTCyTCTBME Mepeaayn)

Mepegaya UMMyHUTETA

Bug »nMBOTHOro Twvn nnaueHTbl
Mpeapososas nocneprofosas
Yenosek FemoxopuanbHbl it XXX (o]
M bl wb » X XX

Kpbica » X XX



Mpogon>kexne

Mepegaya UMMyHMUTeTa

Bupj XnBoTHOroO Twun nnayeHTbl
npeagpogosas nocnepogosas

Mopckasa CBUHKa FemoxopuanbHbl it XXX [e]
Kponunk FemMosHAOTeNManbHbI XXX [e]
Cob6aka OHAOTENNOXOPUANbHBI X (X -) XX (XXX)
OBLUa, Ko3a CuHpgecmoxopuanbHbl it o XXX
KopoBa [e] XXX
CBUHbLA SnuTtennoxopuanbHbl i (0] XXX
Nowapgb [e] XXX

MaccuBHbI UMMYHUTET Y KOMbITHBLIX XXMBOTHbIX NepeaaeTcs ¢ Mo-
NO3UBOM, Y CO6aK M MbILEBUAHbLIX IPbI3YHOB Mepejada aHTUTeNn npo-
[OMKAEeTCs B MOMIOYHbIV NepMog nakTauuu.

MaTtepvHCKMe aHTUTeNa nonagatT B KpoBoObOpalleHue nnoga Ao
POXAEHWNSA Yepe3 COCY[bl XXENTOYHOr0 MeLlKa WX NNaueHTy, a nocne
POXAEHNS —C MOJ/I03MBOM Yepe3 CTEHKY KULIeyHWuKa, obecrneynBas
emy, KaK 1 B3pOC/ibIM 0C065M, 3aLMTy NPOTUB BHEAPSAOLMXCS B Opra-
HWM3M BO30yauTenein 6onesumn (tabn. 10.3).

10.3. Tlepegaya naccMBHOro MMMyHUTETA

Mepviog, nepegaun
Bug XMBOTHOrO

npespoLoBoi n0ocnepooBoii
X BauHble (6bl K, KO3a, 6apaH) —_ O XXX (36 u)
CBUHbLSA - O XXX (36u4)
Nowagb - O XXX (36 u)
Cobaka X XX (KO cyr)
M bl W b X XX (16cyT)
Kpbica X XXX (20 cyT)
Mopckaa CBUHKa XXX XXXO
Kponwunk XXX XXXO
Yenosek XXX XXXO0

MaccuBHas nepegayva MaTEPUHCKUX aHTUTEN NNOAaM B YTPOOHbIi
nepnog BO MHOrOM OMpeAensieTca TUMOM NAaueHTbl. SnUTeNnoxo-
puanbHas (y MOHOFacTPUUHBLIX KOMbITHbIX) W CUHAECMOXOpPUabHas
(Y XBauHbIX )KVIBOTHbIXE) nNaueHTbl, COCTOSALME U3 LLECTU COEB, HE
NPONyCKalT aHTUTeNa; aHAOTeNnoXopuanbHasa nnayeHta (y naoTo-
AAHBIX) M3 YeTbIpex CNOEB YaCTUYHO MPOMYCKaeT aHTUTENa; remo-
XopuanbHas nnaweHTa (y npumartoBs, rpbi3yHOB) M3 TPeX CNOEB Mpo-
MyCKaeT MOAHOCTbI WMAW YaCTUYHO aHTUTena; OAHOC/ONHas remo-
3HAOTe/MaNbHas nnaleHTa (y MOPCKUX CBUHOK, KPO/IMKOB Ha Mo3a-
Heln cTaguy 6epeMeHHOCTM) MOMHOCTHLI0 MPOMYCKaeT aHTUTeNa Ma-
Tepu (Tabn. 10.4).
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10.4. MNaccuBHbIN NepeHOC MaTepUHCKNX aHTUTen

Bug KMBOTHOrO MyTb nepegaqn

Nowapb, KOpoBa, 0BL A, CBUHbSA M O0N03MBHO-KWNLW €Y HbI

Cobaka MnayeHTapHbIA N MONO3UBHO-KWUL €Y HbII

Kpblica, MbllWb X enToYHbl i MEWOK U MONO3NBHO-KMK-
WeYHbl i

Kponuk, mMmopckas CBMHKa, nTuya X enTouyHbl i Mmewok

Mpumatbl (o6e3bsiHa, Yenosek) * MnayeHTapHbl i

OfiHaKo M 3[eCb MPOHWLAEMOCTb MaUeHTbl /1 Pa3HbIX KNaccoB
MMMYHOT106y/IMHOB pa3nnyHa. ViIMMmyHornobynuHel knaccos IgA, IgE
n IgM npakTuyecku He MPOXOAAT Yepes MaaueHTy, a U3 UMMYHOT/10-
6ynnHoB Knacca IgG tpakymsa IgG) npoxoauT nyye, Yem 1gGL.

cxons v3 BblLLIeCKa3aHHOr0, MOXHO nosaratb, YTo 418 60/bLNH-
CTBa HOBOPOX/EHHbIX XXMBOTHLIX UMEHHO MO/NO3MBO ABNAETCHA eAUNH-
CTBEHHbIM W OCHOBHbIM UCTOYHUKOM aHTUTEN.

Mo071031BO B OpraHu3Me BbIMOJIHAET [ABE BaXKHble OMOMI0rMYecKme
(OYHKLMN —NUTaTeNbHy0 U 3aWmTHyt0. lepBag onpegensercs
BbICOKMM COfEpXaHWeM B HEM 3HEpPreTUYecKuX v GMOMOrNYecKn akK-
TUBHbIX BeLecTs. B Mo/i03uBe 60/1ee BLICOKOE MO CPaBHEHWIO C MOJIO-
KOM KONMYECTBO CyXWX BELLECTB, GE/KOB, XMPOB, MUHEPa/IbHbIX KOM-
MOHEHTOB. YPOBeHb 6esika B MOJI031Be B 2—3 pasa BblLle, YeM B MOJIO-
Ke. OCHOBHYIO Maccy 6efIkoB MOJI0311Ba COCTaB/AT MMMYHOTI100y K-
Hbl, 06ecneynBaroLLMe ero BTOPY 0  (PYHKUMIO.

AHTUTENA U3 MO03UBA AOKHbI MPONTK Yepe3 CTEHKY KULLIEYHMKA
B HEW3MEHEHHOM BWfe, NO3TOMY B MEPBbIe AHWN KN3HU Y HOBOPOXAEH-
Horo (24...36 4) HabngaeTca TaK HasblBaeMblil MOKOW hepMeHTaTMB-
HOro nyiesapeHns. B kenyaouyHoM COKe OTCYTCTBYET cBOOOAHas CO-
NAHAA KWCMoTa, a MuLieBapuTenbHble (epMEHTbI Xenyaka v KuLley-
HWKa Haxo4ATCs B HEAKTMBHOM COCTOSAHUW. Cim3ncTas 060/104Ka TOH-
KOro oTfena KuLIeYHWKa crnocobHa nponyckatb psf KOMMOHEHTOB
Mosio3vBa 6e3 npeLBapuUTESIbHOro UX pacLLensieHns —B NepByro oYe-
pefb MaTepUHCKWE aHTUTena v nUmAQouMTbl, 06ecneymsaroLLve UM-
MYHHYIO 3aLuTy.

B M0/1031Be XMBOTHbLIX COAEpPXaTcsa TPWM OCHOBHbIX Kfacca MMMY-
Horno6ynunHos IgA, IgM, 1gG, cnocobHble 06ecrneynTb NOMHOLEHHYIO
3awmTty. Hamnbonee MHTEHCVMBHOE BCaCbiBaHWE WUMMYHOr/106Y/IMHOB B
XeNyo4YHO-K/LIEYHOM TpaKTe HOBOPOXEHHOro XWBOTHOMO Mpouc-
XOLMT B MnepBble 24 4 ero Xn3Hu 1 Npogos/KaeTcs 0Kono 96 u.

MMMyHHbIe r106ynnHbl Hakan nBakTCsA B MOJIOYHON Xenese ABY-
MA NyTAMW. M epBbIA NYyTb — 3TO 32HOC C KPOBbIO (MMMYHUTET
TPaHCXKENEe3NUCTbIA), NPy 3TOM TUTP aHTUTE/N B MOJIO31BE 3aBUCUT OT
MX KOHLEHTpauuy B KpOBM MaTepu. BTopoi nyTb — BblpaboT-
Ka aHTUTeN B MOMIOYHOM XKefie3e B OTBET HA NPOHVKHOBEHWE aHTUreHa
(MMMYHWTET OuaneTUYeckuin). YCTaHOBMIEHO, YTO MOJIOYHAs >Kenesa
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COZEPXXUT OONbLIOE KONMYECTBO Ma3MeHHbIX K/IETOK, KOTOpble Mpo-
AYUMPYOT UMMYHHbIE 1106Y/IUHbI. KCNepuMeHTaNbHble JaHHble MOJ-
TBEPXJAKOT, YTO NPU BBEAEHWN aHTUIeHOB HENOCPeACTBEHHO B MO-
NOYHYIO XENe3y MOXHO MONYYUTb BbICOKUI TUTP aHTUTENT B MOJIO3MBE
1 MONOKe. HakonieHne aHTUTEN B MOIOYHOW >kenese U MosiB/ieHNe KX
B MOJI03MBE NPOUCXOAAT HENOCPeACTBEHHO Mepef pofamu. YCTaHOB-
NEeHO, YTO Y 3[0POBbIX XXMBOTHbIX, COAEPXALLMXCA B HOPMa/IbHbIX YC-
NOBUAX N Ha cbanaHCMPOBaHHOM paLyoHe, YPOBEeHb aHTUTE/ B MOJIO-
3uBe B 3...15 pa3 Bbille, YeM B KpoBU. OCHOBHYHO Maccy UMMYHOr/100Yy-
JIMHOB MO0/1031Ba COCTaBnAlOT 1gG, cofepXkaHne KOTOPbIX Pe3KO CHU-
XaeTcd Ha 5...7-e CyTKW W COXpaHfAeTCa Ha TakoM YpPOBHE B MOJIOKE.
NMmyHOrno6ynuHel Knacca M Mono3msa COCTOAT M3 CMeCU MOMEKYI,
4aCTb KOTOPbIX MepeLinia 13 CbIBOPOTKM KPOBW, a [ipyras —CUHTE3N-
poBasiach B M1a3MaTMUeCKUX KIETKaX MOJSIOYHOW >Kenesbl.

"NaBHbIM MCTOYHUKOM /IM30LMMA Y HOBOPOXKAEHHBIX TaKXe Chy-
YKMT M0M03nBo. Hanbonee oHO 6orato NvM30UMMOM B NEPBbIV AEHb
nakrauuu.

Mo071031BO COAEPXMT HEOOXO0AMMbIV Habop BUTaMUHOB. OCOBEHHO
Ba>KHO MpWCYTCTBME BMTaMUHa A —OJHOro 13 (akTopos, obecneyu-
BalOLLMX COCTOSIHME eCTeCTBEHHOM Pe3NCTEHTHOCTU OpraHu3Ma >Xu-
BOTHbIX. ECn y4yecTb, 4To 6MoTpaHciopmauns (3-kapoTuHa B BUTa-
MVUH Ay MNEKOMUTAOLLMX XXMBOTHBLIX 0 MECAYHOr0 BO3pacTa OTCyT-
CTBYET, TO OCHOBHbIM €ro UCTOYHUKOM B paHHeM MOCTHAaTa/lbHOM ne-
puoge 6yAeT MOI03MBO U MOJIOKO.

MOXXHO OTMETUTb, YTO [/19 HOBOPOXJEHHbIX XXMBOTHbIX MO03UBO
ABNAETCA OCHOBHbIM MCTOYHUKOM 3aLLUMTHBIX (DAKTOPOB U BO MHOIOM
onpezensieT Ux cnocobHOCTb NPOTUBOCTOATL HEGMAronNpPUATHOMY BO3-
[eNCcTBMIO (haKTOPOB BHeELLHEN cpefbl. JTlobble OTKNOHEHUS B COCTaBe
MO/10311Ba, NOSABNEHNE B HEM TOKCUYECKMX BELLECTB MOMYT NPUBECTU K
TSXKENbIM HeraTvBHbIM nocnescTsuaM. CnefyeT NOMHUTb, YTO NacCUB-
HO NPUOGPETEHHbIN UMMYHUTET Hanpas/ieH Npexzae BCero npoTue Tex
aHTWTeHOB, C KOTOPbIMM Oblf1ia B KOHTaKTe MaTtb, Y 3(MEKTVNBEH NINLLb
B TOM C/lyyae, ec/im HOBOPOXEHHOEe XXMBOTHOe pacTeT B TOM Xe cpefe
N CTaIKMBAETCA C TOM XXe MUKPO(IOPOM, YTo 1 ero matb. Mpwu nepe-
BO3KE XXVMBOTHbIX B Aipyr1e permoHbl MOBbILLAETCA BEPOATHOCTb BCTpe-
4M C TaKUMK BO3BYAMTENSMU, NPOTUB KOTOPbIX Y HUX HET MaTepUHCKMX
aHTuTen. MoBbILEHHAA B 3TOM C/ly4ae OMacHOCTb 3apaXKeHus LOSK-
Ha KOMMEHCUPOBATLCA CTPOrMM COGMOLEHMEM CaHUTapHO-TUTMEHN-
HeCKMX NpaBu/ CoaepXKaHUs 1 KOPM/IEHUS, a TakiKe CBOEBPEMEHHOM 1
BbICOKO3(P{EKTUBHON CneLmpryeckoi npoduiakTUKoN.

Ha npoTsKeHun MOMI03UBHOrO nepuoja B CEKpeTe MOJIOYHOW Xe-
ne3bl NOLAEPXKMBAETCA BbICOKOE COAepXKaHue HeMTpounios, obnagato-
WMX MOLYHBIM LMTOTOKCMYECKUM AECTBMEM WM CNOCOGHbLIX 3Pgek-
TUBHO (ParouMTUpPOBaTb O6/IOMKM K/IETOK, WHOPOAHble 4acTuLbl W
MWUKPOOPraHn3mbl. YganseMble M3 MOJIOYHOM XKene3bl OTMUparoLue
KNeTKN 3NUTENNsa asibBEOsT U NPOTOKOB (paroumTUpytoT Makpodaru, a
NpYCYTCTBYIOLLME B MONO3MBE 303MHOMUIIbI YMEHbLUIAKOT NPOABIEHUS
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WMMYHHbIX peakLuii, HeiiTpann3ys rucTaMuH U KnHUHbI. Basogmnib-
Hble NeNKOLMTbI HapsLy CO CBOeW CMOCOGHOCTLIO K (ParoumTo3y mMoryT
BbLUENATb (PM3MONOTMYECKN aKTWBHbIE BELLECTBa —renapuH U rucra-
MWH, o6agatoLpe cocyaopacympsiowum geinctanem. Mocne 3aseplie-
HWS MONO3VMBHOMO Neprofa KONMYEeCTBO KMETOK B MOJIOKE CHUXKAETCH
I OHN BHOBb MOSBMISOTCSA NINLLb B KOHLE NaKTaLMOHHOIO nepnoja —
B Hayane CyXOCTOWHOro nepuoja, Korga MHBOMKOLMS XKeNne3ncToin na-
PEHXUMbI MPOXOAUT C UCMO/Mb30BaHMEM MOABMXHBIX U OCEAbIX MaK-
potharoB, a a/lbBEO/SAPHYIO TKaHb BbITECHSET XXMPOBas.

10.2. BUOCUNHTE3 OCHOBHbIX KOMIMOHEHTOB MOJIOKA

MON0OKO —C/IOXHbIA B6MONOrMYecknini NpoaykT. B Monoke copgep-
xutca 6onee 100 pas3MyHbIX BELLECTB, BCE He3aMeHUMble aMUHOKUC-
notol, 60nee 30 XUPHbLIX KACNOT, 3HAYMTE/IbHOE KO/IMYECTBO Makpo-
N MUKPO3NEMEHTOB, 17 BUTAMWUHOB M JECATKU APYTUX HEO6XOAUMbIX
OpraHn3my feTeHblla BeLlecTB. HekoTopble N3 OCHOBHbIX COCTaB/ISALO-
LLMX MOMOYHbIA 6enoK (KasemH) M MOMOYHbIV caxap (nakTo3a) npu-
CYTCTBYIOT TO/IbKO B MO/NIOKe. Cofiep>KaHue pas/iMyHbIX KOMMNOHEHTOB B
MOJIOKE 3aBUCUT OT YC/IOBMIA KOPMJ/IEHUA U COfEpXaHus, CTagun nak-
Tauumn, (MYHKLMOHAIbHOTO COCTOAHNS OPraHM3Ma XXUBOTHOIO, YPOBHS
MOJIOYHOW MPOLYKTUBHOCTMW, HacneACTBEHHOCTW, MOPOAbI, BO3pacTa,
BPEMEeHW OTefla, Ce30Ha roga v 1. 4. Ha coctaB v KO/IMYECTBO MO/OKa
OKas3blBaOT CYLLECTBEHHOE B/IMSIHUE TOPMOHbI rMnogusa 1 apyrmux aH-
LOKPVHHbIX XKeses.

enkn. lpeAcTaBneHbl Ka3eMHOM U CbIBOPOTOYHLIMU GenKamu.
KasenH coctaBnset 76...86 % o6liero 6enka MOM0Ka; MO CTEMEHU
cofepxaHus gocgopa pasnnyaroT ero a-, P-, y-, K-thpakyuu.

AneKkTpogopeTnyecKas MNOABMXKHOCTb (hpakuuidi Mpu LWe04YHOM
pPH CcHwXaeTcs OT a- [0 K-, OTHOCUTE/IbHAas MOJeKynspHas macca
Konebnetrca ot 18000 fo 24 000. eTepOreHHOCTb 3TUX (pakLuii
OTpaXkaeT a3Tanbl CMHTE3a WM BHYTPUKIETOYHON 06pabOTKM cekpe-
TOPHOTro npofykra. Mosnekynbl KasenHa B K/IeTKe 00pa3ytoT 0Co6bIM
CNocoboM CTPYKTYPUPOBaHHbIE KOMMIEKCbl —MULENSbI, KOTOpble
KpOMe KaseunHa COAepXXaT MOHbl KanbLus, HeopraHu4yeckoro goc-
(haTta 1 yuTpara.

CbIBOPOTOUHbIE 6€NKM MOJSIOKa cOCTaBNsaT 14...24 % obuiero 6en-
Ka MO/IOKa W MnpeAcTas/eHbl anbbymMyHamun v rnobynvHamn. Jlakrto-
anbbyMUHbI, ABNASACL MAacTUYeCKUMU Genkamu, y4yacTBYKT B MO-
CTPOEHUM Tena HOBOPOXAEHHOrO, a-n1akToasibbyMUH KOPOBLEFO MO-
NIOKa —3TO 6eN0K, COCTOALLMIA M3 OAHOW MOAUMENTUAHOW LENKN C OT-
HOCUTENbHOM MonekynapHoin Maccoii 15000. CbIBOPOTOUHBIA asb-
OYMWH TaKXKe COCTOWUT M3 OAHOW NONUMNENTMAHONM Lienn, OTHOCUTENb-
Has MonekynsapHasa macca Kotopoit 68000. JlakTornobynuHbl, npea-
cTaBffoWme CO60M MMMYHHbIe TNOBYNHbLI, NPeACTaB/eHbl ABYMS
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(hpakumaMu: 3BrnobynnH 1 nNceBgornobynmH. X Konmyectso cocTas-
NseT 0KoMo 2 % 6e/IKoB KOPOBLETO MOJIOKa, NnpuyeMm Konuyectso 1gG
Hambonbwee, IgM —cpepHee, IgA —HanMeHbLLee.

Nunngel. B ocHoBHOM (98...99 %) npefcTaBfieHbl TpUranuepuaa-
MW; HE3HAUYUTE/IbHYIO YacTb COCTABAAKOT NELUUTUH, KedanuH, CHuH-
rOMWeNIVH, XONeCTepUH, 3procTepuH, Lepebpo3nibl, a Takke CBO-
60A4HbIE XMPHbIE KUC/O0TbI, XNUPOPacTBOPUMbIE BUTaMWHbI U Kapo-
TUHOMAbLI. MONOYHBIA XMP CYLUECTBEHHO OT/IMYAETCA OT Xupa, OT-
NIOXXEHHOTO B >XWUPOBbIX [eM0; OH COLEPXUT O0KON0 20 >KUPHbIX
KVUCNOT —>XXWPHbIE KUC/OTbI C HEYETHbIM YWCNOM aTtoOMOB, MOHO-,
OW- N TPUEHOBbIE, C Pa3BETBIEHHONW LEMbi0 U HACbIWEHHbIE C YeT-
HbIM 4YKC/IOM aTOMOB. 3TU 0COBEHHOCTU MOATBEPXKAAIOTCS Pasnny-
HbIMU (PU3NKO-XMMUYECKMMMN KOHCTaHTaMu: Temmnepatypon nnas-
NIeHUA, YACNOM OMBbINIEHNS N T. I,

CVHTe3 MO/IOYHOIO XXMpa BK/OYAeT ABa mpouecca: obpasoBaHue
YXUPHbIX KUCMOT U FAWLEPVHA W 3aTeM 0bpa3oBaHMe TpUrInuepuos
Mosioka. lMpeflecTBeHHUKAMU XXUPHBIX KWUC/IOT MOJIOYHOI0 Xupa
(B yacTHoCTM BblCOKOMOI‘IeKyfIFIprIXE) CnyXat KUCoTbl IMNULO0B KPO-
BW. BMecTe ¢ aTMM MOJIOUHas >Kenesa NoriowwaeT TPUrnnuepuibl Kpo-
BW, BXOZSALLME B COCTaB IMMONPOTENOB.

B kanunnspax MONOYHON >enesbl 06Hapy>keHa NMNonpoTenHoBas
nmnasa, pacuiennfoLwas XnnoMMKpoHbl. B CMHTE3e MONOYHOIO Xupa
NMPUHUMAET yyacTvie pakLmsa HeaCTePUPULNPOBAHHBLIX XUPHbLIX KNC-
not. C KpOBOTOKOM B >Kefe3y [OCTaB/AeTCA CTeapnHOBasA KUCIO0Ta, KO-
Topas NpeBpaLLaeTcs B 0N1eMHOBYHO. ManbMUTUHOBASA KUCNOTa MOJIOY-
HOr0 >Knpa b0 CUHTE3NPYETCA TKaHbKO OpraHa, imbo nocTtynaet n3
KpoBW. [1pefLUecTBEHHUKN HU3KOMONEKY/IAPHBIX XXMPHBIX KWUCMIO0T —
aueraTt u p-oKcubyTupat 06pasytoTcs B pybue npu copaxmnsaHum yrie-
BOACOAepXaLlnxX KOMMOHEHTOB KOpMa.

uuepvH —BTOpas COCTaBALLAA MOJIOYHOIO XMpa, NOCTYMNaeT B
Xenesy M3 LUMPKYIUPYIOLLE KPOBW WM B HEW XKe CUHTEe3MpyeTcs U3
NOKO3bl. BaXXHO OTMETUTL, UTO XMPOBasA TKaHb BbIMEHU MPUHMMAET
aKTMBHOE yyacTue B CUHTEe3e MpejLeCTBEHHMKOB XMUpa, KOTopble U B
nocnegyoLLeM, Nepexoss U3 XXUPOBbIX KNeTOK MeXXasbBeOIAPHON YN-
POBOI TKaHM, BKNOYAKOTCA B COCTAaB MOJIOYHOIO Xupa. B HenakTaum-
OHHbI Nepnog BbIMA NOrnoLWaeT u3 Kposu rnokosy, JIXKK n KeToHo-
Bble Tena C JOCTOBEPHO 60/1ee HU3KOW MHTEHCMBHOCTLIO, YeM MPK Nak-
Tauun. B MONOYHON Xenese Takxe NPoUCXo4nT 06pa3oBaHne HeHaChI-
LLEHHbIX XWUPHbIX KMCNOT M3 HACbILLEHHbIX, NMPUYEM MONIOYHasA Xenesa
HENaKTUPYHLLMX KOPOB CrOCO6HA BbLLUE/ATH B KPOBb HEHACHILLEHHbIE
YXUPHbIEe KACNOTBI.

Yrnesogpl. MNpeactasieHbl B OCHOBHOM /1aKTO30W, KOTOpas CUHTe-
31MpyeTCs UCKNKOYUTENIbHO B TKaHW MOJIOYHON >Kenesbl. Jlakto3a (au-
caxapug) nog AeWCTBMEM NaKTasbl >XesyfKa HOBOPOX/AEHHbIX pac-
LWEenaseTca Ha r/I0KO3y U ranaktosy, HeooxoauMble A8 OpraHu3ma
HOBOPOXJEHHOTO B Ka4yecTBe WCTOYHMKA 3HEPTUM U ANs nnacTuyec-
Kux Lenen. Ocoboe 3HaYeHVe UMeeT ralakTosa f41a cuHTesa Lepebpo-
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3V0B pas3BMBaloLLerocsd mosra. Bmecte ¢ Hatpvem 1 Kanvem, BXOAS-
WMMMN B COCTaB MOJIOKA, /1aKTO3a ABNSETCA OCMOTMYECKN aKTUBHbIM
KOMMOHEHTOM 1 06ecrneynBaeT HeOOXOAUMbIA YPOBEHb MOCTYMN/IEHUS
KNKOCTU B OPraHn3M HOBOPOXXAEHHOTO.

EPMEHT, CUHTE3NPYIOLMIA TaKTO3Y, —/1aKTO30CUHTETa3a COCTO-
NT 13 6enKoBbIX cyoveanHuy A n B. CybbeguHunua A, ABNSSICb He-
crneymnguyeckor ranakToannTpaHcgepason, akTMBU3NPYeT NepeHoc ra-
NnakTo3bl 13 YA®P-ranakrosbl Ha N-aueTuarnoko3aMmH. B monoyHol
Xenese OH [eliCTBYeT B KOMIJ/EKCE C a-nakrtoaibbyMuHom (cybbeam-
HuUua B) 1 BbINONHAET (DYHKLMIO NepeHoca ranakTosbl TONbKO Ha rio-
KO3y, T. €. a-N1aKToanbbyMuH ABNAETCA KOMMOHEHTOM, OrpaHu4mBalo-
LWMM CUMHTE3 NakTo3bl. lpefLlecTBeHHUKOM N1aKTo3bl (MOMIOYHOrO ca-
Xapa) Cny)Xar r/Ko3a KpoBW, a Takxke auetar, MpPonuoHaT u rauue-
PVH Mocne uxX npeobpa3oBaHWA B [/IOKO3Y B MEYEHW WU Hero-
CPEeACTBEHHO B MONIOYHOM Xerese.

ButamuHbl. Mpepactaenerbl 17-10 3 20 U3BECTHBIX U AENATCA Ha XU-
popacTBOPUMbIE N CBAA3AHHbLIE C MOMOYHbLIM XUpom —A, D, E, K u
BOA0OPAacTBOPUMbIE, HaxoasLmMecs B nia3me, —ackopbuHoBsas, onue-
BasA, «-aMWHOOEH30MHas, HUKOTUHOBAs, MAHTOTEHOBAs KUCNOTbl, 6UO-
TUH, UHO3UT, NUPULOKCUH, pnbodiaBuH, TMaMuH, BUTaMuH B). -

@PYHKUMOHANBHOE Ha3Ha4YeHWe 3TUX BMOMOrMUYeCcKN akTUBHBIX Be-
LLeCTB pacCcCMOTpPeHO B rnaee 11. Heo6xo04MMO OTMETUTDL, YTO, 6naroga-
ps AeATeNbHOCTM MUKPOMIOPbLI PybLa XXBayHbIX Y NOCTYMNNIEHUIO BUTA-
MWHOB C KOPMOM, MOJIOKO SIB/SETCA MOMHOLEHHbIM UCTOYHUKOM BU-
TaMWHOB N5 MUTAHUA HOBOPOXEHHBIX.

MuHepasibHble BellecTBa. HeobxoauMbl 4ns nojaep>kaHns oCMoTu-
YeCKOro [aB/ieHNst COBMECTHO C /1aKTO30M U Kak MnacTUYecKuii mare-
puan ans NnocTpoeHus Ckeneta U PepMeHTOB OpraHu3Ma feTeHbila.
OHu cocTaBngaoT 0,75 % BCcero coctasa MOJIOKa M NPeACTaB/ieHbl: Ka-
nmem (24,06%), Hatpuem (6,05%), kanbumem (23,17%), marHuem

2,63 %), »xenesom (0,44 %), hocthopHoit Kucnotoun (27,98 %), xnopom
13,45 %), cepHoli kucnoTon (1,267 %), nMMoHHoM kucnotoi (0,1 %).
Haunbonee 3HaYUMMbIMU MUHEPaIbHBIMU COCTaBAAOLWMUMY MOJIOKA AB-
NATCA Kanuin, Kanbuuid, octhop M MarHwin. [ige TpeTu KanbLus B
MOJIOKE NpeACTaB/eHbI B KONOUAHON (hopme B BUAE KaslbLMEBOrO Ka-
3eMHaTa, a OcTaBllasics TPeTb CBs3aHa C JIMMOHHONW M (hOCHOpHOIA
KMC/IOTaMU M YaCTUYHO HaxOAMTCA B MOHWU3UPOBAHHOM COCTOSHUW.
Kpome MakpoanieMeHTOB B MOJIOKE MPUCYTCTBYKOT MHOFOUYUC/EHHbIE
MWKPO3/1IEMEHTbI, HEOOX0AMMbIE [/1F NMOCTPOEHUSA MeTaIOPEePMEHTOB
pa3BMBaIOLLEr0Cs OpraHM3Ma 1 yyacTBYHOLLVE B PErynsymmn npoLeccos
passmuTna. Ocoboe 3HavyeHWe B Xofe NakTauuv nNpuobpeTatoT MUKPO-
3/1EMEHTbI Meflb U LUHK, MOTPEOHOCTb B KOTOPBIX Y MOJSIOAHAKA BblILLE,
4eM Yy B3POC/bIX XXMBOTHbIX; B MEPUOA laKTauuy B OpraHu3me mMartepu
MOXET HacTynuUTb MWKPO3NEMEHTAEPUUMNTHOE coCcTosHMe. HekoTo-
pble MUKPO3/1IeMEHTbI BXOAAT B COCTaB HEKOTOPbIX (DEPMEHTOB, Mpu-
CYTCTBYIOLUMX B MOJIOKE: XKENe30 COAePXXWUTCA B Nepokcugase, Meip B
LepynnonnasMmHe 1 T. 4.
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®epMeHTbI. MpUCYTCTBYIOT B NONOCTU BbIBOAALLENA CUCTEMbI MO-
NOYHOV Xene3bl B pe3y/bTate NOCTYMN/IEHNSA KNETOYHOro matepuana
B MPOCBET a/IbBEO/ U NMPOTOKOB. ®PparMeHTbl KNETOK CoAepXaT non-
HOLEHHble (PEPMEHTATVBHbIE CUCTEMbI, KOTOPbIE MPOLO/KAIOT (PYHK-
gl/lOHl/IpOBaTb B MPOCBETE LMUCTEPHbI U B CBEXEBbLIAOEHHOM MOJIOKE,
narogapsi YeMy MOJSIOKO COCOGHO MEHSITb CBOI COCTaB («CO3PEBATHY).
Tak, B NPOTOKOBOW CUCTEME N B CBEXEBbLLOEHHOM MOJIOKE NPOAOIXKA-
eTCA CUHTE3 N1aKTO3bl, TeEM 60/1ee YTO KOMMOHEHTbI JIaKTO30CUHTETa3bl
(a-nakToanbbyMUH) BXOAAT B cOCTaB 6eNKoB MOoka. ®epMeHT Mo-
/loYHaa npoteasa HaxoguTcsa B Komricl<le ¢ KasemHOM. JlmM3oumm
MoJioKa (Mypamupasa) —(epMeHT Knacca rugponas, Kataamsumpyet
paspyLleHne nosmcaxapuios, NOKaIM30BaHHbIX B CTEHKaxX GakTepwuid,
4yTO 06yCnOBNMBaET aHTMOGaKTepManbHble CBOMCTBA MONOKa. omu-
MO YNOMSIHYTbIX ()eEPMEHTOB NPOSBAAETCA aKTUBHOCTL 3cTepas (cpe-
AN HUX XOMMH3CTepasa), KaTanas, anbfonas, LUeNoYyHol ¢ocdarasbl,
KCaHTUOKCM/a3bl U Nnepokcnaasbl. Kpome cyrybo ceKpeTopHOK/eTou-
HbIX (DEPMEHTOB B MO/IOKE MPUCYTCTBYHOT (JepPMEHTLI IEMKOLUTOB U
6aKTepvanbHON (hnopsbl.

10.3. ®UN3NKO-XNUMNYECKWE NMOKA3ATENIN MOJIOKA

Hanbonee nNofHO M3y4eHO MOMOKO KOpoBbl. OHO MMeeT cnabo-
Kucny peakumo: pH coctasndetr 6,3...6,9, 4TO COOTBETCTBYET
0,000000251 cBo60OAHBLIX MOHOB BoAOPoAa Ha 11 Monoka. Kucble CBOIA-
cTBa 06yCnoB/eHbl 6eikamu, POCHOPHOKUCIBIMU U IMMOHHOKMC-
NbiMu conamu. MnoTHOCThL LensHoro mosioka npu 20 °C cocTtasnseT
1,026... 1,032; BA3KOCTb MOJIOKA MEHAETCA B TeUeHWe nakTaumm ot 1,2 1o
2,0 caHTMMya3; MOBEPXHOCTHOE HaTSHXKEHWE COOTBETCTBYeET 2/3 NoBepx-
HOCTHOro HaTsXeHus oAbl U paBHO 49mN/m. OcMoTUYeCKoe aaBne-
HMe MOJIoKa KakK GMOI0rMYecKoil XXNAKOCTU He OT/INYaeTcs 0T OCMOTU-
YeCKOro JaB/fieHnsA KPOBU 1 COCTaB/AET B CpefHem 6,7 atM. Temnepary-
pa 3amep3aHus okono 0,555 °C, TenaonpoBOAHOCTb MPUBAN3UTENBHO
1,8 kX, yaensHasa TennoemMkocTb 3,9 K[K; 31eKTponpoBoAHOCTL U3Me-
HAeTCA B TeyeHMe naktaunn. KoapguumeHT nyyenpenomeHns cocTas-
nset 1,347..1,362. LiBeT MOMOKa 3aBUCUT OT BMAA KMBOTHOrO: Genblii
LIBET OMpeAenstoT KONNOUAbl N XXMPOBble BKIKOYEHWS; XKEeNToBaTbIin OT-
TEHOK 06YC/I0BNIEH NOBbILLEHHLIM COAEPXXaHNEM KapoTuHa.

10.4. CTPYKTYPHAA OPIrAHU3ALUUNA
CEKPETOPHOI'O MPOUECCA

CeKpeToo6pa3oBaHNE TECHO CBSI3aHO C (hYHKLIMOHUPOBAHUEM Ce-
KPETOPHbIX KNETOK a/lbBEONSPHOIO AMUTENNS U UX CTPYKTYPHbIX KOM-
MOHEHTOB. HanGonee BaXKHble 3BEHbS B LMW KNETOUHbLIX NMPOLIECCOB,
o6ecneunBatoLLyX 06pa3oBaHNE W BbLLENEHME U3 KETKU CEKPETOPHO-
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ro NPOAyKra, cnefytouine: a) cuHTe3 pasnnyHbix Tunos PHK (pPHK,
MPHK, TPHK), 06yc/oBfeHHbI TeHeTUYeCKOW WHopMaLmen, co-
Jepxaulierica B agpe; 6) yyactme MPHK n TPHK B cuHTe3e 6enka Ha
prnbocomax (nonucomax); B) AEATENbHOCTb CTPYKTYP 3HAOMIa3maTu-
YECKOro peTuKyfyma B Cerperauuy 1 rfepemeLleHun CeKpeTopHoro
NPOAYKTA; T) KOHLEHTPaLUNa N «yrnakoBKa» CEKPETOPHOro MpoAyKTa
CTPYKTYypamut Komnekca onbmku.

MoHATME «OpraHn3aLma CeKpeTOPHOro npoLecca» BKNOYaET U CTPO-
rylo pernamMeHTauuio cekpe”oobpasosaHus. MHoroobpasHble npotec-
Cbl CUHTE3a 1 MPeoPMUPOBAHUSA NEPBUYHBIX U MPOMEXYTOUHBIX (OPM
CEKPeTOPHOro NPOAYKTa CTPOro N0Kann30BaHbl M MPOXOAAT B onpe-
JeNeHHble NPOMEXYTKV BpemeHW. 3Ta NpoCTpaHCTBEHHO-BPeMeHHas
nocnefoBaTe/lbHOCTb 0653aTeNbHO YKAAbIBAETCA B PaMKWU CeKpeTop-
HOro LuKna. BecbMa BaXKHOW 0CO6EHHOCTBIO MHOMMX KNETOK ABNSeTCA
N3MEHEHWe WX MOP(ONOrMyYeCcKMX NnapameTpoB Ha BCEX ero aranax.
MeTozbl 3MIEKTPOHHON MUKPOCKONUW U aBTopaguorpapus, a takxe
LMTO(M3NONOrNYECKNe HaBMIOAEHNS B XOLe MPUXKU3HEHHOro ucce-
[,0BaHNSA NO3BOJININ BbIABUTb KOHKPETHbIE 3Tarbl CEKPETOPHOIO LiNK-
na: 1) noctynneHue BeLLeCTB —MpesLLeCTBEHHUKOB CeKpeTa B Teso
KNETKW; 2) CUHTE3 MEepBMYHOIO CeKpeTa; 3) BHYTPUK/IETOYHbIN TpaHC-
nopT, fanbHelwasa 06paboTka U HaKoMIeHWe CEKPeTOPHOro MPoAyK-
Ta; 4) yoaneHue u3 KNeTku, BblBefeHWe CeKpeTa (3KCTpy3us). Takum
06pa3omM, CeKpeTOpHbIA LUK — 3TO NOC/nefoBaTeNbHOe Npo-
XO0X/EHNe KMeTKOol CTaauii MeTabonmyecKnx U CTPYKTYPHbIX nepe-
CTpoek, obecneynBaroLLMX MONHOE NpeBpaLleHne CeKPeTOPHOro npo-
JyKTa OT MOCTYMNNeHWUs BeLLecTB-NpeAecTBEHHWKOB [0 BblBOJA M3
Tena KMeTky roToBoro chopmMmMpoBaHHOMO MPOLYKTa CEKPELUN.

N3MeHeHWs, npoucxogsiine B CEKPETOPHOM 3MUTENIMN MPU WH-
TeHCU(MKaL MU CEeKPEeL MK, YKa3blBAtOT Ha TO, YTO HEKOTOPbIe MpoLec-
Cbl NPUXOAATCA HA HAyaso CeKPeTOPHOro LMKIa —akTuBauus agep-
HOro annapata COBMafaeT C MHTeHCU(MKaLMeld TPaHCMOPTHbIX MpPo-
LieccoB. Ha nepBbIX 3Tanax CeKpeTOpHOro Uukna, cpasy nocne ygane-
HUA paHee CUHTE3MPOBAHHOIO CEKpeTa, MPOUCXOAUT 3HaYUTeNbHOe
yBe/nMyeHne 06beMa CEKPeTOPHBIX KNETOK U U3MEHeHMe UX (DOPMbl OT
YNOLWEHHOW K UMANHAPWUYECKON; NPy 0JHOBPEMEHHON MHTEHCMN-
Kauun TPaHCMOPTHBLIX M CUHTETUYECKUX MPOLECCOB MeHseTcs 6uo-
3NeKTPUYECKAs aKTMBHOCTb K/ETKW. PYHKUMOHa/IbHOe HabyxaHue
06YyCNoBMIEHO ObICTPLIM MOCTYMN/IEHWEM B K/IETKY OCMOTUYECKW aKTUB-
HbIX BELLECTB —T/IKOKO3bl, AMUHOKNCNOT Y 3NEKTPONIUTOB. Y ANNHEHNE
ANUTENNaNbHBbIX K/IETOK CBA3aHO C COKPaTUTE/IbHOW aKTUBHOCTbIO
BHYTPUK/IETOYHbIX LIMTOCKENETHBLIX CTPYKTYp: paspyLueHne 1x ¢ nomo-
Wb KONIXMLUMHA NpesynpexaaeT n3MeHeHne (opMbl KIETOK.

Ha HavanbHbIX CTagnsX CeKpPeTOPHOro LMK/a B HECKO/IbKO pas yCu-
NNBAETCA aKTUBHOCTb TaKMX TPAHCMOPTHbIX ()epMEHTOB, Kak, Hanpu-
Mep, wenoyHas ocdartasa. C yBenuyeHnem obbema LUTOMNA3MbI
CEKPETOPHOW KNeTKW COBMajaeT MOBbILLEHWE YPOBHA COAepXKaHWs
PHK. HoBoo6pa3osaHve PHK u TpaHCcnopT ee B UUTONNa3My Bbi3Ba-
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Hbl, B CBOK O4Yepefb, aKTMBaLMeil reHoma Knetku. VHTeHcudgmka-
LMS TPAHCKPUNUMOHHOW aKTUBHOCTM XpOMaTWhHa NPOABNASETCS B MO-
BbILUEHUM COfepXXaHWs LEKOHLEHCUPOBAHHOIo XpomaTuvHa U ycune-
HUW CBS3bIBaHWUSA (PIFOOPECLEHTHBIX MHAMKATOPOB, YKa3blBatoLWmnX Ha
Jepenpeccuto onpeaeneHHbIX Y4acTKOB reHoMa.

B xo4e CeKpeTOpHOro LMK/fa Ha nosmcomMax, PacnofoXeHHbIX Ha
MOBEPXHOCTN KaHa/I0B 3HAO0MN/1a3MaTUYECKOrO PETUKY/TyMa, NMPOUCXo-
JNT CUHTE3 NeNTUAHbIX Lenein. B nonucome Ha oaHy monekyny MPHK
MPUXOANTCH HECKOJIbKO pubocom; 06pa3oBaHue MOSIMCOMHBIX KOMI-
NeKcoB obecneunBaeT Hanbonee agheKTMBHOE Ucnonb3oBaHne MPHK.
Mpoiiga uepes oaHy U Ty Xe ceputo KogoHoB MPHK, pnubocombl CMHTE-
3MPYIOT OAHOTUMHbLIVA Oenok. Ha pnbocomax CUMHTe3 6enka OCyLLecT-
BNgeTca 3a 2...3 MUH, B TeyeHue cnegyowmnx 10 MMH MeyeHble aMUHO-
KNUCNOTbl 0OHAPY)XMBAKOTCS B COCTaBe MEeNTUAHON MW GENKOBOW Mone-
Ky/bl B TPOCBETE KaHa/10B 3HAOMMa3MaTUYeCKOro peTukynyma. B knert-
Kax MO/IOYHOW Xene3bl 3HAOMNIa3MaTUYECKUIA PETUKYTYM Y4acTBYeT U
B CMHTE3e MO/IOYHOIO XKupa.

3aTeM CEKpPeTOPHbIV NPOAYKT MNOCTyNaeT B KOMMAEKC onbmku, rae
nonmMnenTuaHble Lenu opMUPYOT MULLENNbI Ka3enHa 3a cHeT 06paso-
BaHWSA QocdaTHbIX W KalbLumeBblX cBa3el. CTPYKTypbl KOMIeKca
[ONbAKM OCYLLECTBAAIOT eLle OAHY (DYHKLMIO CEKPETOPHOWN KNeTKn —
CUHTE3 MOJIOYHOro caxapa (nakTosbl). J1akTo3a, chopMUpoBaHHasA 3a
BPEMSI NMPOXOXXAEHUS KOMMOHEHTOB Komniekca onbapku, no uuTo-
nnasme BMeCTe C rpaHy/siaMun KasenHa NnepexoauT B MOIOCTb a/ibBEOSbI
npv OMOPOXXHEHUN Be3uKy/. O4YeBUAHO, 3TO Hambosnee yaayHbIn NyTb
BbIX0Ja MOJIOYHOr0 caxapa M3 KNeTKu, MOCKO/IbKY /1aKTo3a HEecrnocoo-
Ha MPOHMKATb Yepe3 KeTOUHYI0 MeMOpaHy.

PacnonaratoLnincs B KOHAEHCUPYIOLWMX Be3WKynax KOoMMekca
[ONbIKN CEKPETOPHbIV NPOAYKT, COCTOALLMIA U3 Ka3eMHa 1 NakKTo3bl, a
TaKKe NUNuAHbIE TN06Ybl 414 BbIBEAEHUA U3 KNETKN NepeMeLLatoTcs B
ee anuKaJbHYH 30HY. JTO HanpaB/eHHOe MNepeMeLLeHne CBA3aHO C
3N1eKTPUYECKOIN MONApU3aLnein KNeToK anbBeoNSPHOr0 aNUTeNNS; BHYT-
PUK/IETOYHbIE BE3UKY/Ibl MEPEMELLAIOTCA K MOOXWUTE/IbHOMY MOJHOCY
Knetkun. Mpu feicTBrmM PU3M0N0rMUYECKN aKTUBHbIX BELLECTB, YCUINBA-
IOLLMX BbLLE/NEHME CEKpeTa M3 KNEeTOK, pasBMBAeTCa runepnonsapusaums
KNETOYHOM MeMOpaHbl, YCUIMBatoLWwas CTeneHb NOAspu3auny KNeTKu.
BMmecTe ¢ aTUM B npoLeccax BblBefeHUs ceKpeTa 3a npefenbl CeKpeTop-
HOW KNETKW, HECOMHEHHO, Y4aCTBYIOT COKpaTUTE/bHbIE 3MIEMEHTBI: Lin-
TOCKeneta nNpu 06paboTKe MOMOYHOW XXenesbl KOAXWULMHOM, BELLECT-
BOM, paspyLUatoLLM MUKPOTPYOOUKM, IKCTPY3nS NpeKpaLLaeTcs.

ANeKTPOHHOMMKPOCKOMMYECKOe MccnefoBaHne CEKPETOPHbIX Kie-
TOK MO3BONSET AeTa/IN3MPOBaTL NMPOLECC yaaneHnsa cekpeta. KpynHas
Xuposasa Kanns (rnobyna) npubamxaeTca K anmkanbHON MemopaHe W
o6nekaeTcsa et0. 1o Mepe yBe/IMYEHUS KOHTaKTa C niaMaTuyecKoi
MeMb6paHoil Kanns Bce 060/bLUe BbICTyNaeT B MPOCBET aibBeosibl. Oru-
6as XXMPOBYHO Kan/to, nnasmaTnyeckas MemopaHa Cy>aeTcsl y OCHOBa-
HWUA W NepeLlHYpOBbLIBAETCA, a 3aTeM OTPbIBAeTCA W nonajaer B Mo-
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NOCTb anbBeO/bl. BbiBegeHne 13 KNeTKM 6enka M NakTo3bl NPOUCXOANT
MHaye: 3aKNtoYeHHble B MeMOpaHbl KOHAEHCHPYIOLME BaKyoin NOLXO-
AAT K anvKanbHoi MemGpaHe. MembpaHa Bakyonn COeANHAETCA C nnas-
MaTU4yecKoii MembpaHoi, 3aTeM MONOCTb BaKyOM MOTHOCTbIO PacKpbl-
BaeTCA U ee COLEPXKMMOe OMOPOXKHAETCA B NPOCBET a/IbBEO/Ibl. 3aMeTUM,
4TO Nnia3MaTnyeckKas MembpaHa nocse Toro, Kak ee YacTb MoLL/Ia Ha Mo-
KpbITViE MO/IOYHOrO XKMPOBOTO LUApMKa, BOCCTAHAB/MBAETCA 3a CHET
pacrnpas/ieHNs Ha arnvKaibHOWN ee MOBEPXHOCTUN CTEHKMN BE3UNKY/IbI, NMPW-
HOCSILLEI 6e/IKOBble CEKPETOPHbIe rpaHysibl. CneayeT NoAYepKHYTh, YTO
JekanuTauusa u, cnefoBaTesibHO, arnOKPWHOBBLIA TUM CEKPeLun B MO-
NNOYHOW >Kenese He NPOMCXOAMT. BeflokK BbIXOAUT M3 KNEeTKU MO Mep-
OKPWHOBOMY TUMY, a AN YANEHWUS XKUpa UCroNb3yeTcs 1EMMOKPUHO-
Bbli1 (NaT. lemma —060104Ka) NPUHLMN 3KCTPY3UN.

AnbBeosia —CTPYKTYPHO-(PYHKLUMOHANbHAA eANHNLLA MOSIOYHOW Xe-
ne3bl. Kak nokasasiv nccnefoBaHns Ha Ky/lbTUBMPOBaHHbLIX M30AMPO-
BaHHbIX K/IETKAX MOJIOYHOM Xe/Ne3bl, YPOBEHb UX CEKPeL M OKasblBaeT-
CA 3HAYMTESILHO HUXKE, YeM B KJIETOYHOM CO06LecTBe. To ectb /14 co-
XPaHeHUs CeKPETOPHON (PYHKLMM XKENEe3UCTbIX OPraHoB 1, B YaCTHOCTH,
MOJIOYHO >Kenesbl, He0OX0AMMA LIeNIOCTHOCTb KNETOUYHOrO KOMIbleKca
KakK (PYHKUMOHaNIbHOW eanHnUbl. Ans 60MbLUMHCTBA 3K30KPUHHbIX XKe-
Ne3, BK/IKOYasA MOSIOYHYHO, TAKOW «HeAeNMMON» eanHULEN ABNSETCS allb-
Beosla UM auuHyc. Mpu aHannse NPUHLMNOB 06beAMHEHUS KNIETOK B
a/IbBEO/IAPHOM KOMI/IEKCE Hanbosiee BaXKHbIMU AB/IAKOTCA MEXK/IETOY-
HOe B3aMMOJelNCTBME M NOCNeA0BaTeIbHOCTb Pa3BUTUSA peakuuii B OT-
JeNbHbIX KOMMNOHEHTaX KNeTOYHOro aHcaMons.

B3anmopelncTBre Mexzay CeKpeTOpHbIMU KeTKaMun 06YyC/ioB/ieHO
(DYHKUMOHUPOBAHNEM MEXK/IETOUYHbIX KOHTAKTOB, Pacno/iOXKEHHbIX
Ha conpefesibHbIX MOBEPXHOCTAX KNETOK. [pu BHYTPUK/IETOYHOW
NHBbEKUMN (PIOOPECLEHTHON METKM B OAHY U3 KNETOK a/ibBeObl
yxe uvepe3 10...15 MUH hiyopoxpomM 0OHapy>XuBaeTcs B 2...3 pacno-
NOXKEHHbIX PALOM K/eTKax, YTo CBUAETE/IbCTBYET O CYLLECTBOBaHMM
MEXK/IETOYHOro 06MeHa KpynHbIMU MonieKynamu. [pu passutum
(hM3M0NIOTUYECKNX peaKkL i anbBeosbl MePBbIMU pearnpyoT (0KoNo
25 % KNeToK), 1 ToNbKO 3aTem yepe3 10... 15 MUH B peakuuto BOB/e-
KalTCA OCTa/lbHble KMETKW. CucTemMa BbICOKOMPOHMULAEMbIX KOH-
TaKTOB 00beUHAET KNEeTKU B (DYHKLMOHANbHbIA CUHLUTUIA NpY CO-
XpaHeHUN KNeTOYHOM 060c06/1eHHOCTU. pn NOBpeXaeHUN coces-
HUX K/MeTOK OCTaBLUMECA LENbIMW KNETKW «OTK/YalT» BbICOKO-
NPOHULAaEMble KOHTaKTbl W pacnpocTpaHeHue WHGopmauum no
a/fibBeosie npekpawiaeTcs.

BapbepHble CBOWMCTBA CEKPETOPHOro 3NUTenus GopMuUpyroTcs 3a
CYET HaM4YmMs CreunanbHOro 3amblkaTe/lbHOro KoMmrjiekca naoTHOro
KOHTaKTa, pacrofioKeHHOr0 Ha rpaHuue Mexay anvikaabHON u nare-
pasibHOW 30HaMW K/IETOYHOM MembpaHbl. Uepes anbBeoNsspHbIin 6apbep
He NMPOHUKAIOT CreLmanbHble BellecTsa (Nepokcnaasa u cﬁnyopecu,eMH
Hatpusa). Bce BellecTBa, monajaroLive B NPOCBET a/ibBeO/bl, 0653a-
Te/IbHO JO/DKHbI MPONTU Yepe3 CEKPETOPHYHO KNETKY.
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B3aumopelicTBue Mexzay MUO3ANUTEeNNaibHbIMU U CEKPETOPHLIMY
KNeTKaMn BO3HMKAET B X0A€ (hYHKLMOHA/IbHOrO CONpPsXXeHMs npoLec-
COB BbIBEIEHNSA pPaHee CMHTE3MPOBAHHOTO MOMOKA W BK/KOUYEHMS Kne-
TOK a/IbBEOJIAPHOrO 3NUTENNS B HOBbI CEKPETOPHbIW LMK, BbiBe-
[EeHVe MOMoKa M3 MONOCTW aibBeON U BO30YXKAEHME CEKPETOPHOrO
npoLecca B XXeNe3nCTbIX KNeTKax BOCMPOW3BOAUTCS FOPMOHOM Heid-
pormnounsa —OKCUTOLMHOM W MeLMAaTOPOM HEPBHOW CUCTEMbl —
aueTunxXonMHom. Kpome Toro, npu 610kage M-XonnHOpeLenTopoB
peakuns KNETOK anbBeO/IPHONO AMMTENNA HE Pa3BMBAETCs, XOTS CO-
KpalleHNs MUO3NUTENNSA N BbiBE4EHWE MONOKA M3 NOMOCTY a/ibBeOosbl
NPOMCXOAAT. B MnoanuTennanbHbIX KIeTkax Ha OCHOBaHUW TUCTO-
XVIMUYECKOr0 WCCNe0BaHNsA BbISB/IEHa BO3MOXHOCTb CUHTe3a aLe-
TUNXONMHA, O6Hapy>KeHa aKTUBHOCTb Cneunduyeckoro gepmMmeHTa
aueTUIXoNMHTpaHcdepasbl. Kpome TOro, HapylueHWe CMHTe3a ale-
TUNXOIMHA NPUBOAUT K OTCYTCTBMIO peakLMil CEKPeTOPHOro anuTe-
NS, 1 TONbKO BBEAEHME ero 13BHE BOCCTaHaB/MBAET cekpeuunto. Cu-
CTEMa MHaKTMBaLMWN aLeTUIXONMHa NpeAcTaB/ieHa B MOIOYHON XXe-
Nne3e XONMHACTEpasaMmn, Cpean KOTopbIX 0O6HApYXXeHbl Kak aueTuixo-
NNHACTepasa, Tak U aunnrugponasbl. JeincTBne aHTUXONMHICTEPas-
HbIX MPenapaToB, NpeaynpeXAatoLimX rmaponn3 aueTuIxonmHa, obec-
neynBaeT NOTEHUMPYIOLWNIA 3¢heKT. Taknm 06pa3oM, MOXKHO r0BO-
pUTb O CyLLECTBOBaHWUM CBOEOOPA3HOr0 MexaHW3Ma nepefadn pery-
NPYIOLLNX BAUAHWUIA C COKPATUTENbHON CTPYKTYpPbl anbBeosibl (MUO-
3ANUTENNANbHON KNETKN) Ha CEKPETOPHbIE KNETKN C MOMOLLbIO Meau-
atopa (aueTUIXoNnHa), KOTOPbIA CUHTE3NPYETCA B MUO3IMUTENUN U
BbIfE/ISIETCS B MPOCTPAHCTBO MeX/Y CEKPETOPHOI 1 MNO3NNTENNA b~
HOW K/MeTKaMu W YyNnaBNMBaeTCa XO/MHpPeLenTopaMmum Ha membpaHe
CeKpeTopHoi KneTtku (puc. 10.2).

CokpauweHme MUO3INUTEeNMaNnbHbIX KNETOK pa3BMBa-
eTca Npu AeNCTBMM OKCUTOLMHA W aLeTUNXONMHA, NPUYEM KNETKU 06-
NajalT CaMOCTOATE/IbHbIMU OKCUTOLMHOBBLIMU U XO/IMHOPELenTopa-
MU. ATPOMNVH He NpekpallaeT COKpaTUTENbHOW peakuun anbBeosbl, a
COBMECTHbIA 3th(heKT AeACTBMA aLeTUIXONNHA U OKCUTOLMHA OKa3sbl-
BaeTCs CU/IbHee, YeM KaXKZOro U3 HUX B OTAeNbHOCTU. CyLLeCTBEHHOe
M3MEHEHWNE COKPAaTUTENbHOW aKTUBHOCTM MWO3AMUTENUA HacTynaeT
noj, BAWSHMEM KaTex0NaMWHOB, B0KMPYHOLWMX COKpaLLeHWs abBeon
B OTBET Ha JeNCTBIE OKCUTOLMHA. NoAaB/ieHne CoKpalleHnin Mnoanu-
TeNNanbHOW KNEeTKM CBA3aHO C peakumein (3-agpeHopeLenTopos, npe-
[0TBpaLLatoLLMX NOCNEeLYHOLLYI0 COKPATUTE/IbHYHO aKTUBHOCTb. COKpa-
LWeHNs MMO3NUTENNSA Pa3BMBAKOTCA NPU Aenonispmu3alMm MemopaHbl, B
TOM 4uC/e W MOoA AEACTBMEM 3EKTPUYECKOr0 TOKa C ANNTENbHOCTHHO
nmnynsca He meHee 350 mc.

CoKpaTuTenbHbliA annapaTt MUO3NUTENNANbHBIX KNETOK aHanoru-
YeH TAKOBOMY Y K/IETOK INafKoin MyCKynatypbl U MpeAcTaB/ieH MUO-
$m6pmnnamm, 3ano/HSAOLWMMI TEI0 M OTPOCTKMU KNETOK. Kaxkgas Muo-

nbpunna NOCTPoeHa U3 OPUEHTUPOBAHHbIX B MPOAOSLHOM Harpas-
NeHnn muodunameHT TonwmnHo ot 50 o 80 HM. O6HapyXuBaeTcs

410



Puc. 10.2. Cxema MeXK/ETOYHbIX B3aMMOOTHOLLUEHWI B anbBeonax
MOJIOUHO XKenesbl:

M3 —muoanutenuansHaa knetka;, CK—cekpetopHas kneTka; [MA —no-
NOCTb anbBeonbl; JT—Kanunnap; N —Be3nKynbl; XX—>XnWpoBas KNeTka;
B — dmbpobnact; HB — HepBbI

LleHTpasibHas NNHUA NPUKpenneHus —aHanor Z-memb6paxbl. Hapsgy
C aHa/loroM Z-mem6paHbl BbISIB/IEHbI 3/IEKTPOHHOM/IOTHbIE W 3/1EKT-
POHHOMpPO3payHble y4YacTKK, NoAaoOHble anckam A n |. CoeiHEHHbIe
Apyr C ApyroM n ¢ Z-membpaHoii MUO(UIaMeHTbl 3arnosIHAT Mpo-
CTPaHCTBO OTPOCTKOB MMWO3NUTENNANbHBLIX KNETOK, MPUYeM B MecTe
NPUKPeneHns K naasmaTuyeckoin meMopaHe yBenmyeHa aneKTpoHHas
NNOTHOCTb Xemugecmocoma. COKpalleHUs MUO3NUTENNS CBA3aHbl C
NOBbILEHNEM KOHLEHTPaLUW Kasbums BHYTPU KNeTKn. O6Hapy>XeHo
[Ba MecTa JenoHNPOBaHNSA MOHWU3NPOBAHHOMO KasibLisa —3TO KaHaslbl
3HA0MNNA3MaTUYECKOr0 PETUKYTyMa U NpuMeMOpaHHble Be3NKYNSpHble
CTPYKTYpbl. Mpn JeACTBAM OKCUTOLMHA U PAa3BUTUM COKpaLLeHMs
MUO3NUTENNANIbHOM KNETKN NOHM3UPOBaHHbIN Ka/lbLMil 06HapyXXuBa-
eTCs B MPOCTPaHCTBE MeXAy MuounaMmeHTaMm.
KpoBocHabXeHUe ailbBeO/N CYyLECTBEHHO MeHseTCH
B XOA€ CEKPEeTOPHOro LMK/a, NpuyemM pacliMpeHne MUKPOCOCYLO0B U
packpbITe [LOMOMHUTENbHLIX KanuaispoB 06ecneynsaroT pabouyto
rMnepeMunio opraHa. Perucrpaums KpoBEHAMNO/IHEHUA COCY[L0B, OKpY-
XKarLWnX anbBeosy, Mo3BosiseT 00HapYXUTb Hanmuune ABYX(asHOW
peakuMmn KpaTKOBPEMEHHON Ba30KOHCTPUKLMM (CYXXeHUs COCYZOB),
006yCNOBNEHHOW [AeCTBMEM OKCMTOUMHA (CTPYKTYPHOro aHanora
Ba30MPEeCcCUHa) v LAUTeNbHOW BasogunaTaumelt (paclumpeHneM cocy-
[0B). IHTEHCUBHOCTb CeKPeTo06pa3oBaHnA TECHO CBfi3aHa C MOJHO-
LLeHHbIM KPOBOCHabXXeHMeM opraHa: 00beMHbIA KPOBOTOK 3HaYMTe lb-
HO BO3pacTaeT Npu CTAHOB/IEHUW NlaKTaLWUN U YBEIMYEHUN MOJIOUYHOM
NPOAYKTUBHOCTM B NaKTaLUMOHHbIV nepuod. HapylieHne o6pa3oBaHus
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MOJI0Ka NpY FnoranakTm 06bI4HO CBS3aHO M C OTK/IOHEHUSMU B re-
MoAMHaMuKe. Mo JaHHbIM PEOSIOrMYEcKOro WUCCNeaoBaHmMs, CYLLECT-
BEHHO CHWXaeTcs amnauTyaa NynbCoBOM BOJIHbI, CrNaXMBAKOTCA Ka-
TaKpoTa M aHaKpoTa, YTO YKa3blBaeT Ha CrasM MUKPOCOCY/0B MO/OY-
HOW >ene3bl. BMecTe ¢ 3TM naieHWe MOMOYHOI NPOAYKTUBHOCTM CO-
MPOBOXAAETCA CHUXKEHNEM KOXHOI TemnepaTypbl MOJIOYHON >Xenesbl
Ha 0,5...1,5 °C.

10.5. PErynauna CEKPEUNN MOJTOKA

B perynsuuy cekpeTopHbIX NPOLECCOB Cpa3y Xe Nnocne poios U B
nepuog yCTaHOBMBLUEICS NaKTauuy NpUHMMAlOT yyacTue pasHoobpas-
Hble, TECHO CBA3aHHbIE MeX/Y CO60M perynsTopHble MexaHn3mbl. [aH-
Hble MHOFOYMC/IEHHbIX MCC/IEA0BAHNI, MPOBEAEHHbIX Ha LIEIOCTHOM
opraHvsme, 130/1MPOBAHHON MOJIOYHOW XKefie3e Y Ha KNeTOYHOM YpOB-
HE, YKa3blBatOT, YTO B Perynauuv LesaTeslbHOCTW XKEeNe3ncToro anuTe-
NNA NPUHUMAET y4acTe HEPBHASA U 3HLOKPUHHAA CUCTEMBI.

ApdhpepeHTHad wumnynbcauusa o6ycnosneHa Haau-
ymeM 60raToro peLenTOPHOro annapara; B MOIOYHOM Xenese LWMPOKO
npeacTaBfieHbl MeXaHo-, TEPMO- 1 XeMOpeLLenTopbl. PasapaxeHue pe-
LLeNTOPOB MOJIOYHOM >Kene3bl NPU LOEHUU WAN COCaHUU NPUBOAUT K
BbLLE/IEHWIO B KPOBb OKCUTOLMHA, MPONAKTUHA U APYTUX NIAKTOr€HHbIX
ropMoHoB. Mpwu nepepeske agepeHTHbIX HEPBOB Ha YPOBHEe A0pCasib-
HbIX KOPELLKOB HabntofaeTcs NpekpalleHne nakTauum, ecnu LeTeHbl-
LN MOAMYCKaINCh TOMbKO K Aead(epeHTMPOoBaHHOW (LeHepBrpPOBaH-
HOI) MOMOYHOI Xefe3e, HO EeC/N XXe UX MNOAMNYCKann K COCKaM WH-
TaKTHbIX )ene3, Nnakrauus npoLo/Kanacb Ha MpeXxxHeM YpoBHe. WH-
TEHCMBHAA 3NeKTPOCTUMYNALMUA LEHTPasbHOro y4yacTka nepepesaH-
HOI0 HepBa MPWBOAMT K UHTEHCU(MUKALMN CEKPETOPHOro npoLecca.
Bo3HUKLIAA B peLienTopax MOMOYHOM >Kefesbl a(g(bepeHTHaﬂ UMNYNb-
cauus rnoctynaeTt B CMMHHOW MO3r, rae (hopMUpyeTcs KopoTkas pe-
(hNIeKTOpHaa fAyra, pa3BMBaeTCA B3aUMOZLEWCTBME YYBCTBUTE/IbHOIO U
3 heKTOPHOro HEMPOHOB, BC/EACTBME Yero OCYLLeCTBNSeTCA TakK Ha-
3bIBAEMbIA CErMEHTapHbI pPeieKc Ha MOMOYHYHO XKefesy.

BmecTe ¢ aTUM apdpepeHTHbIe UMMYNbCbl OXOAAT A0 NPOAOATO-
BaToOro mosra v runotanamyca rno npoBofAsLLeil cUCTeMe CMUHHOIO
Mo3ra, A0pCcaibHOMY NPOAOSIbLHOMY MYYKYy U CNUHOTaNaMUYeCKUM
nyTaM. AddepeHTbl MOMOYHON Xenesbl LUIMPOKO MpeLCcTaB/ieHbl B
rmnoTanaMuyeckmx CTPYKTypax, KOTOpble OTBETCTBEHHbI 38 MPOAYK-
LU0 PUNU3UHT-(AKTOPOB (IM6EPUHOB) Y UHTUBUPYIOLWMNX (DAKTO-
poB (CTaTWMHOB), OMpefenaWmx NPOAYKLUNIO NaKTOreHHbIX FOpMo-
HoB. OT runoTtanamyca BO36YXJAeHUe MocTynaeT K Kope 60/bLUMX
nonylwapuin, rge n opMmpyeTtcs O06LWHOCTb HEpPBHbIX LIEHTPOB,
OCYLLEeCTBNAOLWMNX KOHTPO/b 38 MHTEHCUMBHOCTbKO NAaKTaLMOHHOIO
npowecca, U co3gfaeTca 0coboe COCTOSHME OpraHvM3Ma, Ha3BaHHOe
«NaKTaLMOHHOW AOMUHAHTOM».
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YpoBeHb MpoSiakTHa B MNia3Me KPOBWM KOPOB ObICTPO BO3pacTaeT
nepes A0WKoW (B TeUeHUM 1MMH), B KOHLE 1 MOC/e ee OKOHYaHus, YTo
CBWIETENLCTBYET O Pe(h/IEKTOPHOW Perynauum CeKpeummn n BbiIXoge npo-
NnakTuHa B KpoBb. KosnebaHns ypoBHSA CEKPeLMU NPonakTuHa B afleHo-
runoguse 06ycnoBneHbl MPOTUBOMOMIOXKHO AENCTBYHOWUMUN BINSHUSA-
MW MPONaKTUH-puansnHr-gakropa (PRF), obpasytoLerocs B cpefuH-
HOM BO3BbILLEHNM, M MNPONAKTUH-MHIMoupytowero takrtopa (PIF),
BblpabaTblBaEMOro B NpeonTnyeckoit obnactu. Mo cBoelt XMMUYECKOW
npupoge PIF sBngetca gonamMmHOM; ero NPoAyKLMsA CHMKaeTca npu
(hapmMaKon0rnyeckoM HapyLleHUM CUHTe3a KaTexo/lamnHOB MOA Aeit-
CTBMEM PE3EPnuHa 1 ero aHaoros. ToOpMO3sLLEee BANAHME HA NPOLYK-
LMK MPOJIaKTMHA OKa3blBatOT HEKOTOPbIE TMMOTaIaMUYECKNE CTPYK-
Typbl; MeananbHas 6asanbHas 06n1acTb Oyrpa, apKyaTHoe a4po, sapa
BEHTPOMe/MaNbHOro runotasamyca. SNeKTPONNTUYECKOe paspyLLeHme
3TUX CTPYKTYP 06YC/OB/MBAET MNOBbILLEHWNE BbLLENEHNS MPOI0ATUHA,
yCWUNeHre 1 NMPoAJIEHNe NnaKTauum.

Perynaums cekpeLmmn 1 BbLUeNeHNs APYTUX TAKTOTeHHbIX TOPMOHOB
TaKXXe TeCHO CBA3aHa C rurnortasamycom. B yacTHocTu, comaroTpon-
Hblii ropmoH (CTI) nNpuMHUMaeT aKTMBHOE y4yacTue B perynauuv ce-
KPETOPHOro npoLecca 1 BBeAEHWe ero B ONTUMa/IbHbIX [03aX HE TOMb-
KO YBE/IMYMBaeT MO/IOKOOTAAaYy, HO M MOBbILLaeT abCoNMoTHOe comep-
»XaHue B HeM Xupa, 6enka v nakrtosbl. HapyweHvne npogykumm CTI
npu paspyLleHun nepegHer runotanammyeckori 061acTm CBA3aHO C
npekpatweHnem ebuieneHus CTI-punusuHr-gakrtopa (GRF). Axano-
rMYHas cuUTyaums HabnofaeTcs W Nnpu MOBPeXAEHUW 3afHen 4acTu
CPEAVMHHOIO BO3BbIWEHUA W MapaBeHTPUKYNAPHOTro Aapa. ONeKTpu-
yeckas CTUMY/NALUA BEHTPOMELMAbHOIo A4pa runotasamyca npuso-
ANT K NoBbllLeHno cogepxkaHuda B kposu CTI B 2... 12 pa3. K nakTto-
reHHbIM rOPMOHaM MOXHO OTHecTM U AKTI: ero cOBMecTHOe Aeit-
ctBue ¢ CTI 1 NpoNakKTMHOM CO34aeT MaKCUManbHbIA 3 heKT U Mo-
NOYHasA NPOAYKTUBHOCTb BO3pacTaeT Ha 147 %. [anakTtonoaTuyecKuii
a(exT TUpeoTponHoro ropmoHa (TTI) nposBnseTcsa B OCHOBHOM Ha
crajie nakraumm n cBsisaH C yBe/IMYEHNEM B KPOBM YPOBHSA TUPeOous-
HbIX FTOPMOHOB. TWPOKCWUH Y TPUAOATUPOHWUH Bbl3bIBAOT MO6UIM3A-
LIMIO XXMpa M3 XWUPOBBIX Aerno, CrocoOCTBYHOT MOT/IOWEHNIO U3 KPOBYU
XVPHBIX KUC/IOT N aMUHOKWUCNOT, aKTUBUPYIOT MUKPOOHbIE NPOLLECChI
B py6Lie 1 3a CUET yBeNIMYeHUs NPoAYyKLMN aueTaTa o6ecneunsaroT rno-
BblLLIeHHOe 06pa30BaHNe MOIOYHOIO XKUpa.

BimaHMe MHCYNMHA Ha CeKPeTOPHbIV NpoLecc TECHO CBA3aHO C
aKTMBaLMeil nepeHoca caxapoB M aMMHOKWUC/IOT 4epe3 K/eTOUHble
MeMOpaHbl, YTO CKa3blBaeTCA Ha CKOPOCTU U XapakTepe CeKPeTOPHbIX
MPOL,EeCcCOB B MOIOYHOW Xene3se. VIHCY/IMH TakxKe y4acTByeT B OpraHu-
3aumu enoHMPOBaHNA YINIEBOJOB M XXMPOB, YTO 06eCneynBaeT Hajex-
HOe CHabXeHue MOJIOYHOM >Kenesbl MeTabonMTaMu B MPOMEXYTKaX
MeXxay npreMamu Kopma. Posib OKOMTOWMTOBUAHBIX XKefie3 B 0becneye-
HUW Ka/bLMeM aKTMBHO CEeKPEeTMPYIOLLE MOMOYHOM >Kenesbl SPKO
NPOSABIAETCA NPU X YAaNIeHUN —HaCTyMnaeT pe3koe YrHeTeHue flakra-
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Unn. TOpPMOHBI KOpPbl HaAMOYEeYHNKOB CYLLECTBEHHO B/IMAKOT Ha Mpo-
Liecc nakTaumn. M13BeCcTHbI aHHbIE O CHUDKEHUN MOIOYHON NPOAYKTUB-
HOCTW y KOpOB Npu BBeAeHWN UM AKTT, X0TS y MHOTVX Apyrux BU0B
YXMBOTHbIX OHM OKa3blBAKOT CTUMY/IMPYLOLLEEe AENCTBUE, YTO CBA3bIBAIOT
C MIHTEHCU(MKaLMe YIIeBOAHOO 0OMeHa 1 3a CHeT TpaHcrnopTa 3/1eKT-
pONUTOB. ['OPMOHbI NOMOBLIX Xe/e3 0KasblBatoT 3aMETHOe B/IUAHME Ha
TeyeHMe CEKPETOPHOro mnpouecca B MOJIOYHON Kenese: HebonbLyme
[l03bl 3CTPOreHOB MOBLILWAIOT MPOAYKLUMIO XMpPa, HO 3HAYMTESIbHOE WYX
yBe/IMYeHne, COMoCTaBMMOE C YPOBHEM BO BPEMS 3CTPYCa, CEPbe3HO
TOPMO3UT CeKpeLuto MooKa. Takum 06pa3oM, IHLOKPUHHASA cucTema
aKTVMBHO Y4acTBYeT B Perynsauum nakTalyMoOHHOrO npouecca, npuyem
BaXKHO MOAYEPKHYTb, YTO /IAKTOTEHHas (YHKLMWS XKenes BHYTPEHHEw
CEKPELIMM OCYLLECTB/ISIETCA B TECHOM B3aMMOAEMCTBUN C HEPBHOIA CHC-
TEMOW W ee NOAaBMEHHOE COCTOAHME —3MOLMOHA/IbHOE HanpskeHwe,
aflanTaums K pas/IMyHOro pofa CTpeccopam MOXET NPUBOAUTL K CHIKe-
HMIO TOPMOHOM033a U MOIOYHOW MPOLYKTUBHOCTW.

10.6. BbIBEAEHVE MOJIOKA

MosiokooTAaua OCYyLLECTBASETCA He CMOHTaHHO, a IULb NpY Hau-
YN OnpeaeneHHbIX crneunpuyeckmx BO3AENCTBUIA HA MOIOYHYHO XKe-
ne3y —cocaHusa unu foeHns. CekpeLms KOMMNOHEHTOB MOJIOKA B afib-
BEONIAPHOM 3MUTENIUU MPOXOAUT LMKIMYecKme (asbl CEKPeTOPHOro
uukna (TpaHcnopT npeaLwecTBeHHNKOB, CUHTE3 CEKTOPHOIO NMPoayK-
Ta U ero BbiBefeHWe 3a npefesibl KMeTKW), 3aBeplLlaeTcs B TeyeHue
55...70 MyH. 3a Bpemsa Mexxay COCaHWeM Wn LOEHWEM B CEKPETOPHOM
ANUTENINU MOXKET OCYLLECTBNIATLCA HECKOJIbKO CEKPETOPHbLIX LIMK/IOB,
HO NPY HAKOMNEHNN N3BbITOUYHBLIX KOMYECTB MOJI0KA B a/1bBEO/IAPHOM
aNUTeNNU MPOUCXOAUT TOPMOXKEHME CEKPETOPHOro npotecca. Ecte-
CTBEHHbIM CTUMYJ/IOM [N Hayasia HOBOrO CEKPeTOPHOro LMKa ABfA-
eTCA yfaneHne paHee CUHTE3NPOBAHHOIO MOJIOKa, KOTOPOe 3aronHsaeT
eMKOCTHYH CMUCTEMY OpraHa: NnosocTi anbBeos, NPOTOKM, MOSIOYHYHO
LUMCTEPHY W LIMCTEPHY COCKa. PegiieKc BbIBEAEHUS MOMIOKA CIOXHbIl
aKT, BK/IOYAKOLWMIA M3MEHEHME TOHYCa rNafKo/i MyCKynatypbl MNpoTo-
KOB W LUWCTEPHbI MOIOYHOI >Kenesbl, COKpalleHne MWUOo3nuTennaib-
HbIX KNETOK a/1bBe0s1, MU3MEHEHNME TOHYCa KPOBEHOCHbLIX COCYAO0B U1, Ha-
KOHeL, paccna6neH|/|e C(PMHKTEPOB COCKa.

MpUHATO pa3fensTb MOMOKO, HaxoAsLleecs B eMKOCTHOM cucTeMe
opraHa, Ha LWUCTepHa/IbHYH0 M aNibBEONAPHYHO nopumn. AnbBeonspHas
nopuus cekpeTa 3anoHAeT MoI0CTb a/lbBeOsT U MeSIKUX MeXXaslbBeonsp-
HbIX MPOTOKOB U cocTaBnsAeT oT 25 40 48 % pa3oBoro yaod. K MoMeHTy
AOEHVS B LMCTEPHE COAEPXKMUTCS OKOMO 25 % Y/0s, HO NPU MOJIHOLEH-
HOI NpefAonNIbHON NOArOTOBKe (Maccax, 06MblBaHMe BbIMEHM) OCHOB-
Has macca Mosioka (85...97 %) ckannvBaeTcs B LMUCTEpPHEe. JTO [JOCTa-
TOYHO YC/IOBHOE pasfeneHune yaos HeobXxoaumo Ans onucaHus as pe-
(hnekca BbiBeEeHNS MOOKA: HEPBHOW M HEPBHO-IYMOPa/IbHOMN.
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HepBHasa {a3a pednekca cBA3aHa C pasfLpaxeHneM peLien-
TOPOB MOJIOYHOW XKenesbl MpPY cocaHUM UK AoeHnn. B pesynbTate 3a-
MbIKaHNA pedIeKTOPHOW Ayrv NPOUCXoAMUT paccrabneHne CoCKOBOro
CUHKTEPa 1 COKpaLLeHWe rNajKoil MyCcKynaTypbl MPOTOKOB U LUCTep-
Hbl. B 3Ty (hasy BbluenseTcs LuucTepHanbHas nopuus Monoka. Ilepsas
(hasza pedpiiekca BO3HMKaET HENOCPEACTBEHHO BCes, 3a MeXaHUUYeCKUM
pasfpaXXeHUeM peLenTopoB >kenesbl (Yepe3 2..6C) M NpPoLo/MKaeTcs
nepsble 25...30 c.

HeWporymopanbHaa ¢a3a pednekca asnserca npo-
JIO/IXEHNEM MEPBOI N CBSAI3KA C OCBOOOXKAEHNEM OKCUTOLIMHA U3 HEli-
pornnogusa, KOTOPbIA C TOKOM KPOBM NOCTYNAaeT K MO/IOYHOM Xese3e
M BbI3blBAET COKpPaALLeHNe MUO3NUTeNnaNbHbIX KNEeTOK anbBeos. Pas-
[paXeHne peLenTopoB COCKOB 06ecneymBaeT MOLLHOW MOTOK alde-
PEHTHOM WMMyfbcaLMmn, KOTopas Mo HepBam MOJIOYHOMN >Kefe3bl
(Hapy>XXHblA CeMEeHHOM, MOAB3L4OWHO-NOAYPEBHbIA, MOAB3LOLIHO-
MaxoBblIVi ¥ NPOMEXHOCTHbIN) 1 LOPCa/IbHbIM KOPeLLKaM nepefaeTcs B
CNWHHOM Mo3r. MpoBoAsLMe NyTU CIUHHOIO Mo3ra (natepasbHble 1
BeHTpa/ibHble CTO/I6bI) NPOBOAAT MMMY/bCALMIO B BbiLLefieXxatliune oT-
[enbl HEPBHOM cucTeMbl. MOIOKOBbLUENNTENIbHbIE OTBETbI PErUCTpU-
PytOTCA B YETBEPOXO/IMUM U LLeHTPa/lbHOM CEPOM BeLLEecTBe CpefHe-
ro mosra. Ha ypoBHe BeHTpOMeAMasbHOro Ko/eH4YaToro tena age-
PEHTHbIA NyTb pa3fgBanBaeTCs: JOPCaIbHbIA MYyYOK AOCTUIAET rMnomu-
3apHOIM HOXKM, Afep MeAuasbHOro M JOpPCaibHOro runoTasiamyca, a
BEHTPa/IbHbIA NMyTb BKOYAET CyO6Tanamyc, natepanbHblii runoTanamyc.
B MeXXyTO4YHOM MO3ry MOJIOKOBbLUENNTEIbHbIE OTBETLI Hab/It0Aa N NpK
paspaXXeHn BEHTPanbHOro Tanamyca, natepasbHOM, AOPCabHON U
nepegHein obnact runoTanamyca, 4OPCO- U BEHTPOMEAUANIbHOTO,
CynpaonTUYeckoro 1 napaBeHTPUKYIAPHLIX A4ep.

BblleneHne OKCMTOLMHA M3 Helporunogusa npesornpesensercs
CUHTE30M €ro B KPYMNHOK/ETOUHbIX fiApax runotasamyca (Cynpaontu-
YECKOM ¥ NapaBeHTPUKYNSAPHOM) W TPaHCMOPTOM MO CynpaonTUKo-
runousapHoMy TpakTy. lepemeLiatoiminca no akcoHam Hewpoce-
KPETOPHbIX HEMPOHOB OKCUTOLUH B COMPOBOXAEHUN BefKa-HOCUTeNs
Helpou3nHa AOCTUraeT aKkcoBasa/ibHbIX CUHArMCOB, 06ecrneymBatoLLmX
nonajaHue ero B KPOBEHOCHOe pyc/o. C TOKOM KPOBY OKCUTOLMH f0-
CTUraeT MOJIOYHON >Xene3bl N B3aUMOLENCTBYET CO CreunipuyecKuMm
OKCUTOLMHOBLIMU peLenTopaMn MUO3NUTENNaNbHbIX KneTok. Cokpa-
WeHne MUOoaNUTeNus obecrneymBaeT Mepexol MOMOKa B MOOYHbIE
NPOTOKU 1 Janee B LUNUCTEPHY. JlaTeHTHbIN nepuoja BTOPOW (hasbl pe-
thnekca gnntea 25...50 ¢, a NpoLecc BblAeNeHUs MOS0Ka —HECKO/bKO
MUHYT. Hapsgy C yaaneHnem paHee CMHTE3MPOBAHHOrO MOJIOKa B
X0[ie 3TOW (pa3bl pehineKca 3a CHeT MUOINUTENNANbHO-CEKPETOPHOI0
B3aMMOAENCTBMSA HAUMHAETCS HOBbI CEKPETOPHBIN LUK B XKeNesnc-
ThIX K/IETKaX abBeo/ibl.

HakonnieH 3HaunTe/bHbIA (haKTUYECKWUA MaTepuan, CBUAETe b-
CTBYIOLLMIA O HAIMUYUW YCNOBHO-PeIEKTOPHOI0 MexaHn3ma BbLLese-
HUA MOMoKa. Takue YCNOBHblE Pa3LpaXMTeNn, Kak Mpuxop LOSAPKM.
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onpeseneHHble 3BYKW, 3amaxu, CBET, NMOMELLEHNe, Maccax, 06MblBa-
HVe U BbITMpaHWe BbIMEHM, MOLKOPMKA XXMBOTHbIX MUrpatoT posib Nno-
NOXWTENbHbIX CTUMY/I0B M CMOCO6CTBYIOT BblpaboTKe AMHAMUYECKOrO
cTepeoTuna. Mpy yCTaHOB/IEHUW YCTOMYMBBLIX aCCOLMATUBHBIX CBA3Ei
YCKOPAOTCA PedneKTopHble peakumn, CTUMYIUPYEeTCS NOMHOLEHHOe
Bblfle/leHNe OKCUTOLMHA W OLHOBPEMEHHAsA CeKpeuus NaKTOreHHbIX
ropmMOHOB. PaccmaTpuBas MposiBNEHWUA COXPaHeHMs cTepeoTuna Ans
noAAepXXaHusi BbICOKON MNPOAYKTUBHOCTW, HEOOXOAMMO YUUTbIBATb,
4YTO B CBOMX MHOFOrpaHHbIX CBS3AX C OKPY>KaloLein cpefort ntoboi
OpraH13M no/BepraeTcs 6ecHMCNeHHbIM BO3AEACTBUAM PA3NNYHbIX MO
KayeCcTBY M MHTEHCUMBHOCTU pasgpaxuTenei. Mpu 3Ha4UTENbHOM MO
WHTEHCUBHOCTU WU AJINTENbHOCTW BO3AEACTBUM U HaIMUUK Cneum-
(hnyeckoi peakuuu_Ha aTOT pasdpaxuTe B OpraHu3me pasBuBaeTCs
pAaL 06LMX peakLMil, HOCALLMX CTEePeOTUNHbIM XapakTep. Komnnekc
Hecrneunpuyecknx U3MeHEHUN, BO3HUKAKOLWMX MOL4 BO3AeliCTBUEM
BHELLHNX pasgpaxuTenieid, CTPeMALLUXCA BbIBECTU OGWOMOrMYECKYHO
CUCTEMY W3 paBHOBECUSA W HapyLUTb FOMeOocTa3, HasblBaloT 06LIUM
aflanTauuoHHbIM CUHAPOMOM, WM CTpecc-peakuueid (cM. rnasy 11).
Mpn 3aTSXHOM COCTOSHUWM CTpecca, BbI3BAHHOrO AelCTBMEM Hebna-
ronpuATHbLIX (PaKTopoB, afanTauMOHHbIe BO3MOXHOCTW OpraHu3ma
CHMXXAIKTCA W B pesy/ibTaTe LJITEIbHOr0 Y UHTEHCUBHOIO B/IUSHUA
KaTexonamMMHOB Y TIFOKOKOPTUKOWMAOB MOryT pa3BMBaTbCH MHOr006-
pasHble CTPeCCOPHbIe MOBPEXAEHUSA, YTO, eCTECTBEHHO, CYLLECTBEHHO
CHVKaeT MPOAYKTUBHOCTb.

Jtobble HapyLleHWs CTepeoTuna COAEPXKaHUA KOPOB CHVKAKOT MO-
NOYHYIO MPOLYKTUBHOCTb, YTO CBA32HO C Pa3BUTMEM 3MOLMOHA/IbHOTO
BO36Y>KJ€HUA N CTPECCOPHOI0 COCTOAHUA. Kak crnefcTsme aToro 4acto
Hab/loaeTca TOPMOXKEHMe pedpiekca MOMOKOBbLIBEAEHMSA: NMBO NOMHOe
(He ypaeTcs BbLLOUTb MOMIOKO, OCOGEHHO U3 aNibBEOJIAPHOro 0TAeNa),
NMB0 4YacTMyHOe (3amenNIfeTcA BbLUENEHME MOJIOKA, YBEMYMBAETCS
NaTEHTHbIN Nepuog pediekca MOMOKOBbLIBEAEHWS, B BBIMEHN OCTaeTCA
60/bLUee KONMYECTBO OCTATOMHOrO MOJIOKA). B OCHOBHOM TOpMOXe-
HMe pediekca BblBEAEHUS MOJIOKA peasim3yeTca yepe3 runoranamo-
rMnogu3apHyro CUCTEMyY: yBe/nYeHUe BbIBpPOCa B KPOBOTOK KaTexos-
aMUHOB M3 MO3rOBOr0 BeLLeCTBa HagmnoyeyHUKa u ycunieHvne TOHyca
CUMNATUYECKOM HEPBHOW CUCTEMbI CYLLECTBEHHO HapyLlalT Helipo-
CEKPEeTOPHYI0 aKTUBHOCTb CYMNpaonTUYecKOro 1 rnapaBeHTPUKYISAPHO-
ro agep runotanamyca. Kpome Toro, npucyTcTBUE KaTexoNamyHOB B
Helporunogu3se 6/10KUPYeT BblAe/ieHNe paHee CUHTE3MPOBAHHOMO OK-
cutoumHa. Cnegyet yunTbiBaTb U TO, YTO MOBbIWEHME (JOHA KaTexos-
aMWHOB KpaliHe HebnaronpuaTHO A1 CeKPeLnn ApYrux NakToreHHbIX
ropmoHoB. Hanpumep, nponaktoctatuH (PIF) no cBoeil Xumnyeckom
NPUPO/ie OTHOCUTCA K KaTexosiaMuHam; AonamuH —mu3noornyeckm
aKTUBHbIV NpeALecTBEHHNK afpeHanHa.

Mog BNMAHWEM KaTeX0/1aMUHOB NMPOUCXOAUT YCUEeHNe TOHyca Co-
CKOBOTO C(IMHKTEpa, CYXXeHue ero KaHasa v crnasm YCTbeB NMPOTOKOB,
4TO NPensATCTBYET BblLEeMEHNO MONoKa. OCO6eHHO BaXKHbIM NposB/ie-
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HVWEM BNUAHWA KaTeX0NaMWHOB SBMISIETCA UX B3aUMOAENCTBUE C pP-af-
peHopeLenTopamy MemopaHbl MMO3NUTENNANbHBLIX KNETOK. B pesynb-
TaTe aflpeHeprnyeckoro Bo3AeiCTBMS HacTynaeT 6/10Kaaa COKpaLleHunit
MUO3NUTENNANbHbLIX KNETOK, BbIBEAEHME MOJIOKA W3 MOOCTW aNbBeos
NpeKpaLLaeTcs 1 pa3BMBAETCA NaKTOCTa3. BbIKIKOYEHNE MUOINUTENNS
3 B3aMMOAENCTBNSA KNETOK B a/lbBEONIIPHOM K/IETOYHOM COOOLLECTBE
NPUBOANT K HEMOSTHOLEHHOM CTUMYNALMN CEKPETOPHBIX KNETOK U Ha-
PYLLEHNIO NPOAYKLMM MOJIOKA.

bonbLioe BMSHUE Ha BbiBE4EHME MOMOKA MMEKT TUMOOrnYecKmne
0CO6EHHOCTU HEPBHOM CUCTEMbI XXMBOTHbIX. DKCMEPUMEHTA/IbHO YC-
TaHOB/EHbI Pa3NNUNA B KOPTUKANbHON Perynayun BolBeAeHUs MOIOKa
B 3aBMCHMMOCTM OT XapaKTePUCTMUKMN BbICLLEA HEPBHON AEATENIbHOCTH:
CWNbI, NOABMXHOCTN 1 YPaBHOBELLEHHOCTI HEPBHbIX NpoLeccoB. Ans
MPOMbILLIEHHOTO MOJIOYHOTO XXMBOTHOBOACTBA Hanbonee NpeanoyTu-
Te/lbHbl KOPOBbI CU/TLHOTO YPaBHOBELLEHHOTrO NMOABWXHOIO TUNa, Ans
KOTOPbIX XapaKTepHO ObICTpoe 06pa30BaHME YCNOBHbIX PetIEKCOB.
Hanb6onee cunbHOe TOPMOXKEHME YCIOBHOIO pedrieKca BbiBeeHUs MO-
NOKa 1 NOCneaytoLLee CHMKEHNE NPOAYKTUBHOCTUA NPUCYLLE KOPOBaM
CUNbHOMO YPaBHOBELLEHHON0 MHEPTHOrO TUna. XXMBOTHbIE CUIbHOIO
HeypaBHOBELLEHHOIO TuMa 06bIYHO TOPMO3AT pedieKC BbIBEAEHUSA
MO/I0Ka B MEHbLLIEA CTEMEHMN.

10.7. ®N3NONOIMNMYECKUE OCHOBbI
MALUNHHOIO JOEHUNA

Mpn MaWMHHOM [0EHUN HEo6XoAMMO 06ecneunTb Hambosbliee
COOTBETCTBME MPOLLECCOB BO3JEWCTBUA Ha MOJSIOYHYHO Xenesy u qu-
3M0N0OTrMYECKMX peakumnii opraHa. [ns noagepXxaHus MONOYHOW Npo-
AYKTUBHOCTU Ha BbICOKOM YPOBHE A/IMTENbHOCTbL NpoLecca JOEHUS He
AO/MKHA MpPeBbIWAaTh 7 MVWH, YTO COOTBETCTBYET Mepuogy AercTBus
OKCUTOLMHA N COKPATUTEIbHOM peakuny MMO3NUTENNaNbHbIX KNETOK.
Mpy cobMOAEHUN 3TOrO NPasBuia He TOIbKO OMOPOXKHAETCA MOJIOY-
Hasl »Kenesa, HO M NOSABNSETCA MOLLHbIA CTUMYN A1 CEKPeLun Mono-
Ka Mexay Aovikamu. a5 ycneuiHoro AO0eHUs Heobxoammo obecrnedye-
HMEe HanbOsbLUEro YPOBHA afleKBaTHOW PeLenToOpHOM WMNy/bcauuu.
Komnnekc ycnoBHbIX M 6e3yCNOBHbIX pa3gpaxkuTeneid, COMyTCTBYHO-
LLMX NOArOTOBKE XXMBOTHOIO K JOEHUIO, CMOCOOCTBYET pe/IeKTOPHO-
My BbLLENEHNIO OKCUTOLMHA, paccnabneHnto cuHKTepa Cocka, Myc-
KynaTypbl LLUCTEPHbI N NMPOTOKOB.

Cuctema noAroToBUTE/IbHBIX MEPONpPUATUIA BK/OYaeT B cebs 06-
MblBaHue BbIMeHW Tennoi (53..56°C) Bogoil. Mpw 3Toi npouenype
BO30Y)XJAlOTCA TaKTU/IbHble Y TepMOpPeLenTopbl, 4To obecneuvnsaeT
NOTOK afleKBaTHON MMMynbcalun U cnoco6CcTBYET NONHOLEHHOMY Bbl-
[ENEeHNIO OKCUTOLMHA M BMECTE C 3TUM 61aronpusTHO BAWSIET Ha re-
MOZMHAMUKY BbIMEHW. locne 06TUMpaHns BbIMEHN NOMOTEHLLEM HEOO
XOAMMO cfienaTb Maccax, 6narogaps KOTopomy pedieKTOPHOE BO3feii-

27 B.T.Ckonunues unap. 417



CTBME Ha rNafiKyto MycKynaTypy NpOTOKOB M LUCTEPHbI YCUIMBAET MO-
TOPHY (PYHKLMIO OpraHa 1 CnocobCTByeT CBOEBPEMEHHOMY MPOsBIIe-
HUIO pediekca BbiBeeHNA MOMoKa. Hapsagy ¢ NpUTOKOM KpOBM pe-
(hIEKTOPHO CTUMYNMPYeTCH BasoaunsTaums U OTTOK MMdbl. Kpome
3TOr0 HeoOXOAMMO OTMETUTb HaaMyne OnpefeneHHOW MexaHOouyB-
CTBUTENIbHOCTW Y MUO3NUTENNANIbHBIX KNETOK: HENOCPeACTBEHHOE N3-
MEeHeHVe NOBEPXHOCTU a/bBeOs NPUBOAUT K PasBUTUIO COKpALLEeHUA 1
YLANEHNIO paHee CUHTE3MPOBAHHOIO MOJIOKa. TakMMm 06pasom, A4ns noj-
[epXaHWs BbICOKOr0 YPOBHSA MOJIOYHON MPOAYKTUBHOCTM HEO6XO04UMbI
npaBW/bHas 06paboTKa BbIMEHW U CO6MtOLEHME Hambonee afieKBaTHbIX
PeXMMOB L0EeHMA: ONTUMasibHaA ANUTENbHOCTL foeHns —5... 10 MUH,
npu Bakyyme 306...320 MM pT. CT. 1 onpesesieHHOM COOTHOLLEHNN TaK-
TOB COCaHMA K CXXaTWUI M 4acTOTbl My/bCaLuii.

B xo4e peakumnini MOMOYHOW Xene3sbl, pasBrBatOLLMXCA NPU LOEHUN
1 nocnegyroLelt MHTEHCUMUKALUM CEKPETOPHBIX MPOLLECCOB, HECOM-
HEHHO, BaXXHOW ABNAETCA paboyas runepemus BbIMeHW, KanuaispHbIi
KPOBOTOK BO3pacTaeT Ha 64 %, 4To onpefensetcd Kak pegieKTOpHbI-
MW, TaK U MECTHbIMW MexaHu3Mamu. B afbBeonsipHOM OTAesle MOsoY-
HOWA >Kene3bl NMPU COKPaLLLeHUN MUOANUTENNABbHBIX KETOK U BbLLeSIe-
HUN XONMHEePruyeckoro MeamaTopa Beres 3a KpaTKOBPEMEHHOW Ba3o-
KOHCTPUKLMER, CBA3AHHOM C NPECCOPHbIM AEeCTBMEM OKCUTOLMHA,
Pa3BMBAETCA MHTEHCUBHAA U CTOMKas Basofuiataums. PaclimpeHue
MMUKPOCOCY/,0B 3HAYUTE/IbHO YBENIMYMBAET O0BLEMHBIA KPOBOTOK Yepes
MOJIOYHYIO XKefe3y 1 06ecrneynBaeT NOBbILLIEHHbI YPOBEHb MOCTYM/e-
HUSA NpefLlecTBEHHWKOB MO/oKa. B xofe NoAroToBKY HeTenel K nak-
Tauuy Ha 6...8-M Mecsle CTelbHOCTM MOMOXUTENbHOE BAUAHWE OKa-
3bIBaeT BaKyyMHbIA Maccax.

Bo BpeM# ceaHca [eKOMMNPEeCcCUM KPOBb, HacCbILLeHHasA KUCMopo-
LOM MpU HOPMasibHOM aTMOC(epHOM [AaBneHuu, nonagaet B 06-
NacTb Tena, HaxodAWMACA Nof BO3LECTBMEM OTpPULLATENIbHOTO [aBre-
HuUA. Bcneactsme aTOro NPouCXoanT anddysnsa Knucnopoga m3 Kpo-
B/ B TKaHb, 3a CYET Yero U3MeHAeTCca MeTabonn3m TKaHW, akTUBM-
pyeTcA TKaHeBOe [blXaHWe B 30He BO3LENCTBMS NIOKaNbHOro OTpu-
LaTenbHOro fasneHns. TakuMm 06pa3oMm, NOBbILLIEHWe TPaHCMYpaib-
HOro AaBneHuns B Kanuanspax cocyamcToro pycna BefeT K MHTEHCK-
(hMKaLun OKUC/IUTENbHOro 06MeHa BacKympuayembiX TKaHein. Mpu
BO3AENCTBUM OTPULATENbHOTO [aBNeHUs MNPOUCXOAUT aKTuBaums
TpaHCMeM6paHHOro o6meHa BellecTB. Mpuyem LaHHbIA 3PHEKT Cy-
LWEeCTBEHHO YBENNYMBAETCA C paclUMpeHremM niaowaam ANpQys3noH-
HON MOBEPXHOCTW TpaHCKanuaispHOro obmeHa u Mobunusauueit
APYTUX (M3NONOTMYECKNX MeXaHU3MOB. py 3TOM MPOUCXOLMUT He
MPOCTO U3MEHEeHNe OKWUC/INTENIbHbIX MPOLECCOB, a NX KaYeCTBEHHas
nepectpoiika. NMomMumMo yBennyeHns SUPPY3MOHHOK NOBEPXHOCTU
Kanunnspos B pe3y/ibTaTe UX pacTArMBaHUA NPOUCXOAUT TaKXKe pac-
LWIMPEHME MOP N (PEHECTP, KOTOPOe fenaeT ux 6osee NpoHMLaeMbl-
MU 4N BbICOKOMOEKYNAPHbIX COEAUHEHUI, WUrPatoLWMX BaXKHYHO
posib B MeTabosimame.
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MFasa 11
PN3NON0TIMMA OBMEHA BELWWECTB N SHEPT NI

O6MeH BEeLLECTB M 3HEPT I —COBOKYMHOCTb XMMUYECKUX W (hn3U-
YECKMX NPEeBPaLLEHNIA BELLECTB, MPOUCXOAALLMX B XXMBOM OpraH13me u
06ecneunBarOLLMX ero Xn3HeAesTeENbHOCTb BO B3aMMOCBSI3M C OKpYXKa-
towen cpepoii. O6MeH BELLECTB COCTaB/ISET OCHOBY XXMU3HU Ha 3emne,
NPUYEM XapaKTep U MHTEHCMBHOCTb OOMEHHbIX MPOLIECCOB, KOOPAW-
HaLMs U MHTerpauus nx SBnsTCa hakTopamu, KOTopble obecneynBa-
tOT XKN3HEeAEesATeNbHOCTb OPraHn3Ma XXNBOTHOMO, YPOBEHb €r0 NPOAYK-
TUBHOCTM W CPOK 3KCMnyaTauuu. HasHayeHMe 0OMeHa BELLECTB U
SHEPrUK 3aKMYaeTCA MPeXae BCEro B 06eCneyYeHMn NaacTUYecKmx
MPOLLECCOB, T. €. B JOCTaBKE OPraHM3My TaKMX XMMMWYECKMX BELLECTB,
KOTOpble HEOOXOAMMbI 415 NOCTPOEHNS €ro CTPYKTYPHbIX 3/1EMEHTOB,
noaaepXXaHns PYHKLMOHAbHOM aKTUBHOCTU CUCTEM M BOCCTaHOB/E-
HUA pacxofyemblX W yaanseMblx BellecTB. B xoge pocta v pasButus
OpraHn3Ma NpPOMCXOAUT YBENIMYEHME UYMCNA U MACChl KIETOK, a TaKke
061bEMOB BHEKNETOUYHOr0 BellecTBa. B TeuyeHue Bceit nocnepéyrom,eﬁ
XXU3HWN B HEM CMEHSIIOT Apyr Apyra Npouecchbl pacnaga U BO30OHOB/e-
HUA Pa3/IMYHbIX CTPYKTYPHbIX KOMMOHEHTOB; MOCTOSHHO MEHSTCA
KNETOYHbIA COCTaB KPOBM W MOKOJNIEHWUA 3MUTENMaNbHbIX KIETOK
XXENYA0UYHO-KMLLEYHOrO TPaKTa, M AaXe HepBHas TKaHb MOCTOSHHO
06HOBNAETCA 3a CYET HOBOOOPA30BaHWA CTPYKTYPHbIX U (YHKLM-
OHaNbHbIX 6enKoB. M03TOMY AN 06eCneYeHUs XN3HeAeATeNbHOCTH
Heob6X04MMO NOCTOSIHHOE MOCTYMN/NEeHNe U3BHE BELLECTB B BUAE opra-
HUYECKMX L, HEOPraHNMYeCKUX COeAVHEHWUIA Mpexae BCEero Ans Toro,
4yTOObl OpraHM3M MOT MOAAEPXKMBaTb CBOW XMMWUYECKWUIA COCTaB W
MOMHOLEHHO (PYHKLMOHMPOBATb.

BmecTe ¢ 3TUM Heob6X0AUMbIM YC/IOBMEM AN 06GECMEYEHUS XKI3-
HEHHbIX (YHKUWIA ABNSETCA NOCTYNNeHUe 3Hepruun. B xope peanvsa-
MM NpOLECCOB 0OMEHA BELLECTB MPOMCXOAMT PacCLLENnEHNE CNOXKHbIX
XVIMUYECKMX COEIMHEHWIA, NPX 3TOM MOTEHUMaNbHas 3HEPrns XumMu-
YeCKMX CBSA3eli 0CBOOOXAAETCSA, MpeBpallascb B TENIOBYH, MeXaHu-
YECKYIO U 3MIEKTPUYECKYHO.

CyLHOCTbIO 06MeHa BELLECTB, WM MeTabonm3Ma, SiBAseTcs no-
CTYM/IEHVE B OPraHM3M W3 OKPYXXaroLeld cpefpbl pas/inyHbIX BELLECTB,
YCBOEHME ¥ 1CMO/b30BaHME VX B MPOLIECCAX YXKU3HEAEATENbHOCTA U Bbl-
JeneHne 06pasyoLmMxcs NPoAYKTOB 06MeHa. BaXHO NOAYEPKHYTb, UTO
0OMEHbI BELLLECTB M 3HEPTMM COCTaBASKOT OAHO LIEN0e U NOAUYUHSAOT-
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CS YHMBEPCASIbHOMY 3aKOHY COXpaHeHus martepum v aHeprumn. Obume
NPUHLMUNLI TEPMOLMHAMUKN 0643aTe/lbHbl B TPAKTOBKE 3HepreTuyec-
KNX MPOLLECCOB 1 B XXMBOM opraHm3me. OOMeH BeLLEeCTB CK/1afblBaeTCs
N3 acCUMMUAALUKN 1 guccummnauun. Accumunauusa (ot assimulo —pe-
nat0 NofobHbIM) —3TO MOr/NOLWEHNe W YCBOEHME MNUTATENbHbIX Be-
WeCcTB KOpMa, npeBpalieHne X B COO6CTBEHHble (MOLOGHbLIE) 6enku,
)KI/IFbI, yrneeofpbl Tefla U HakonneHue aHeprumn. Auccumunnauus (dissi-
mulo —penato HeNnoJOOHLIM) —3TO pacnaj CNOXHbIX BeLecTB opra-
HM3Ma, 0CBOOOXEHWE 3HEPTMM 1 06pa30BaHMe KOHEYHbIX MPOAYKTOB
meTabonm3ma. TecHas cBsi3b accuMunaumMm (aHabonmama) u AUCCUMu-
naymmn (katabonmsma) —o06s3aTeNIbHOE YCNOBUE XU3HELEeATeNbHOCTU
opraHuama. PocT opraHnsma npexze BCero cBsizaH ¢ CUHTe30M 6efiKoB
N APYTrMX BbICOKOMOJIEKY/IAPHBIX COeLUHEHWI, HO OH HEBO3MOXKEH 6e3
3HaUUTENbHbLIX TPaT JHEPrMKM, KOTOpas OCBOOOXAaeTcA Mpu pacnaje
YINEBOAOB M XKMPOB, T. €. B X0fe Katabonmsma. ECTeCTBEHHO, UTO AN1d
BCEX 3TaroB XXW3HW XapakKTepHO pa3/IMYyHOe KONMYeCTBEHHOE COOT-
HOLLleHVEe MPOLECCOB aCCUMUAALMKN W JucCUMUnaLMmn. B pacTywem
opraHusme npeo6sagatoT aHabonMyeckne NPoLLECChl, BO B3POC/IOM YC-
TaHaB/MBAeTCS OTHOCMTENbHOE paBHOBECUe aHabonn3ma 1 katabonms-
Ma, a B CTapyecKoM Bo3pacTe npeobnagaet ANCCUMUNALNA. Y B3pOC-
NIOr0 XVMBOTHOFO B 3aBMCUMOCTW OT (PYHKLMOHA/IbHOrO COCTOAHMUSA
(6epemMeHHOCTb, NlakTaums, THKenas MblleyHas Harpyska, 60/1e3Hb)
OTHOCUTENIbHOE paBHOBECME MeX[y aHabonnM3mMoM U KaTtabosM3MoMm
MOXET CYLECTBEHHO W3MEHATbCA W A/ NOLAEpPXKaHUs romMeocTtasa
TpebyeTcs BKNOYEHNE CreunanbHbIX MeXaHU3MOB.

PasnnyatoT cnefytoLine OCHOBHbIE 3Tarnbl 06MeHa BeLLecTB B Op-
raHusme:

nepepaboTKa MNWLLEBLIX BELLECTB B OpraHax MuLieBapeHus n no-
CTYM/IeHVe MUTaTeNbHbIX BELECTB B KPOBb U NNMAY;

npespaLleHne aMUHOKUCIOT, MOHOCaxapuaoB, FNnLepUHa u Xup-
HbIX KWCNOT B HOBble OENKW, YrneBsoAbl, XUPbl U KX KOMIIEKChI
(MEXYTOUHbI 06MEH);

BbLLEe/IeHVe KOHEYHbIX NPOAYKTOB 06MeHa.

IMeHHO B X0fle MeXXyTOUYHOro o6mMeHa NpPoMCcxXoaMT obpa3oBaHme
BMaocneunguuecknx 6enKoB, XMPOB, YINEBOAOB U UX MPOU3BOA-
HbIX (HyKneonpoTengos, goconmnuaos). OQHOBPEMEHHO MpuU npe-
BpaLLeHMAX YrneBofoB, XXUPOB 1 6e/IKOB POPMUPYIOTCA 0COObIE XU-
MUYECKNe COefMHEHUSA, HakanamBalowmMe MHOro aHeprum (Makpo-
apru). B opraHnu3me posib Makpo3pros BbIMOJIHAKOT B OCHOBHOM pas-
NNYHblE (hOCHOPHbIE COEAMHEHWUS, TNaBHbIM 06pa3oM afeHO3WH-
TpuoctopHaa kucnota (ATP). B npouecce OTWEMNNEHUA OLHOMO
ocTaTka gocopHoil kucnotel AT®P npeBpaliaeTcs B afleHO3UH-
andochopHyto kucnoty (AAP), 1 npu 3ToMm 0CcBOOOXKAaeTCA 60/b-
lwoe Konm4yectso aHeprum (41..54 k)X *MOsb), UCMNONb3YEMON B
npouecce XXWU3HeAeATe/IbHOCTH.

BoccTtaHOBNEHME MaKpO3Prmyeckmx CBA3EN NPOUCXOAUT MPU CUH-
Tese AT® 3a cuet ocpopunuposaHma AOP 1 aHeprum, 0cBo6OXaa-

420



OLLIEMCA MpU peakuusiXx OKUcneHus B LuKne Kpebca, a Takke aHa-
9pO6HOro rnMKonm3a u pacliennieHns KpeatuHgocdarta. VIMeEHHO B
AT® koHueHTpupyeTcsa 60...70 % 3Heprum, ocBOBOXKAAOLLENCS Npu
MEXYTOYHOM 0OMeHe. JTO Be3fecyllee COeAUHEHMe ABNSETCA Hemno-
CPEeACTBEHHBIM UCTOYHUKOM XUMMUYECKO SHEPrMmn Ans TakKuxX npouec-
COB, Kak COKpalleHMe MbILiL, MepeHOC BELEeCTB B KNeTKax, BCEBO3-
MOXXHble BMOCUHTETUYECKME peakunn U T. 4. Takum obpasom, ATO —
3TO YHMBEpPC&/IbHbIA NOCPefHUK, 06ecneyvnmBaroLMini NepeHoc X1UMu-
YECKOW 3Hepruv OT MuTaTeSlbHbIX BELLECTB K MeTabo/IM4yeckum Mpo-
Lieccam, TpebytoLyM ee 3aTparbl.

CneflyeT OTMETUTb, YTO KaK Npy CropaHuy OpraHNYecknx BELLECTB
B Ka/slopumeTpuyeckoin 6ombe, Tak M MpPU OKUCNEHUN MPOAYKTOB
o6MeHa B opraHu3Me BblAeNAeTCH COOTBETCTBYHOLLEE KOMMYECTBO Ter-
NOTbl M MO Tenn006pa3oBaHNO MOXHO KOMIMYECTBEHHO OLEHUTL Npo-
LlecC 3HepreTmyeckoro obmeHa. KoHeuHbIVi npouecc meTtabonmama
3aKno4vaeTca B 06pa3oBaHMM U YAQIEHUM U3 OpraHu3mMa npoayKToB
obMeHa: a30TcofepxalliMe BeLlecTBa, Kak 3aBepluyatolias cragms 6en-
KOBOI0 0OMEHA, BbLLENSKTCA C MOYOR, KasoM 1M NOTOM; Yr/1eBOAHLIA U
YXMPOBOI 0OMeHbI 3aKkaHuMBatOTCS obpasoBaHnem COl, yaansemoro B
OCHOBHOM 4epe3 Nlerkue, 1 BoAbl, KOTOpas BbIBOAUTCH OpraHamul Bbl-
[eNNTENbHON CUCTEMbI, B OCHOBHOM MOYKaMU U KOXKEN.

Mexdy OpraHu3mMOM U OKpy>KatoLLen Cpefioii MPOMCXOAUT MoCTo-
AHHbIA OOMEH BELLECTB M 3HEPrum, KOTOPbIA NOAYMHSAETCA MEepBOMY
Havany TepMOAMHAMUKK, B COOTBETCTBMM C KOTOPbIM 3HEpPrus He uc-
ye3aeT U He CO3LAeTCA BHOBb, a /IMLLb NepexoAuT U3 O4HOro COCTOS-
HUA B apyroe. Vicxoas u3 aToro, MOXXHO OLEHUTb MHTEHCUBHOCTL Me-
Tab0/IM3Ma Kak BeIMYMHY 3HEPreTUYeCKOro obMeHa B eAnHULY BpeMe-
HU. OUEeHUTb UHTEHCMBHOCTb 06MeHa —MepBbIA CNOCO6 — MOXHO MO
Pa3HOCTU MEXAY 3SHEepPreTUYeCKON LEHHOCTbIO BCE MOTPe6/IeHHON
MALWKN 1 BCEX IKCKPETOB (6anaHCoBble OMbITbl), NMPUYEM BaXKHO Yybe-
OUTBCA B TOM, YTO OPraHU3M >XXMBOTHOIO He NpeTeprneBaeT CyLLeCTBeH-
HbIX U3MEHEHWI, a COCTaB TKaHell He M3MEHW/ICA B XO4e pocTa unu
CTapyecKoi MHBOOLMN.

BTopoli cnocob OLeHKM 0O6MeHa BELLECTB U 3HEPTUM OCHOBaH Ha
onpezeneHny 06LLER TenNoNPOAYKLMN OpraHn3Ma. YUmnTbiBaeTcs BCe
NCMOMb30BAHHOE «TOM/IMBO», N NPaKTUYECKN ONpeaeneHvne napamet-
POB 06MEHHbIX MPOLLECCOB MPOBOAAT, NMOMELLas OpraHu3M B Kanopu-
MeTp. OnbITbl, NpoBefeHHble JlaByasbe U JlaniacoM M MHOTFOKpPAaTHO
MOBTOPEHHbIE APYrMMW UCCNEA0BATENAMM Ha Pas/IMyHbIX BUAAX XKK-
BOTHbIX, MOKa3aM YAMBUTENIbHOE COBMafeHWe BeNNYUH BblAeNeHNs
TEN0BOWN 3HEPTUM NPY OKUCNEHUW NUTATE/IbHbIX BELLECTB B OpraHu3-
Me M NPpU X CKUTaHUM BHEe OpraHu3ma.

TpeTuin cnocob OCHOBaH Ha OMNpeAeneHnMn KONNYecTBa KMCIOPoAa,
1CNO/b3YEMOr0 B npoueccax OKUCNeHUs. [N 3TOro HYXHO 3HaTb [bl-
XaTeNbHbIn KoappuuymeHT (AK) —OoTHOWeHne ob6bema BblAeNeHHOr0
Anokeuga yrnepoga K 06beMy NorfioweHHoro kucnopoga. Npu takmx
1CCNeaoBaHUAX OLEHNBAETCS BblLbIXaeMblli BO34yX: 06beM M MPOLEHT-
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HOe coAepXXaHve AUoKeuaa yrnepoga n kucnopoga. Tak Kak KOHLEeHTpa-
LUS pas/IMYHbIX ra3oB B aTMOCHEPHOM (BAbIXaeMOM) BO3AyXe N3BECT-
Ha, TO MOXHO BbIYWC/IUTb, HACKOJ/IbKO CHWXXAEeTCA (NoTpayeHo) ypo-
BeHb KMCNOPOAa M HACKO/IbKO yBeNnumnBaeTcs (Npon3BeAeH0) Komye-
CTBO AMOKCUAA Yr/iepoja B BblablxaeMoM Bo3ayxe. BennumHa K 3aBu-
CUT OT oKucnsemoro cybcrpata. Mpy OKUCNEHWMW YINeBOZOB B pe-
3ynbTaTe noslyyaeTcs O4UHAKOBOe KO/IMYECTBO MOSIEKYN AUOKCMAA Yr-
Nepoja 1 BOfbl, KOTOPbIe B COOTBETCTBUW C 3aKOHOM ABOrafpo 3aHuMa-
OT paBHble 00beMbI, T. €. [1K OKa3biBaeTCcs paBHbIM eanHuLe. AK npu
oKuncneHnn xupos paseH 0,7; npu okucneHun 6enkos —0,8, a npwu
cMewaHHoM nutaHunm —0,85...0,9.

K cOoOTBETCTBYET OmnpefeneHHbIn 3HepreTMYecknii (Kanopudec-
KWiA) 3KBMBANEHT KWUCMIOPOAA: KOMMYECTBO TENOTbl, BbLLUENSeMOl op-
raHM3Mom npv noTpebneHun 1n kucnopoga. B npaktuke npu npu-
OGNKEHHBIX pacyeTax 3a CpefiHee 3HaYeHVe IHePreTUYecKoro aKBmBa-
neHta npuHumaroT 20,2 K>K/n KMcnopoga, 4To COOTBETCTBYET Besu-
ymHe meTabonmyeckoro LK 0,82; npuyem fgmanasoH KonebaHwmii
3HEPreTMYeCKOro 3KBMBasieHTa B 3aBUCUMOCTM OT 3HayeHuns K, Kak
npaBuIo0, HEBENK W MOTPELUHOCTb OLEHKM MHTEHCUBHOCTU OOMeHa
3Heprum He npesbiwaet 4 %.

JHepreTnyecknii 06MeH B OpraHM3Me XXUBOTHbIX CKaablBaeTcs U3
OCHOBHOIo 06MeHa 1 pabodeli NprubaBkK (T. e. 3aTpaT SHEPrun Ha Bbl-
NOMIHEHWNE MONEe3HON paboTbl). OCHOBHOM OO6MEH —3TO MWHUMa/bHbIV
YPOBEHb 06MeHa, HEOOXOAMMBINA 419 NOAAEPXKAaHWA XNZHEHHO BaXHbIX
(DYHKLMIA OpraHn3Ma, OH CNY>XUT UCXOLHOW BEMYMHOW NS OLEeHKU
YPOBHSI 0OMeHHbIX mpoueccoB. OnpeaenseTcd 0CHOBHOM 0OMeH B CO-
CTOSIHUM  (DM3MONOTMYECKOro MOKOSA, MpU KOM(OPTHOM Temneparype
NOMeLLeHWs, UCKYatoLWeld 3aTpaTbl 3HePrum Ha TepMOpPErynsuuto, 1
HaToLaK, MOCKO/IbKY HEOOXOLMMO UCK/OUNTL 3aTpaTbl 3HEPTMM Ha NK-
LLIeBapUTE/IbHbIe NPOLLECCHI (AUHAMUYeCKOe LeiiCTBME KOPMA).

O6LWKin 06MeH —3TO 0OMEH MeXAy OpraHn3mMoM W cpefoi B 06bIY-
HbIX AN [AHHOr0 >XMBOTHOIO YC/IOBMAX XW3HW. Ha obwwnii 06meH
B/IMAIOT Pa3HO0Opa3Hble BHELLHNE Y BHYTPEHHNE (PAaKTOPbI, N3MEHSAIO-
LMe pacxofoBaHue 3Heprun B CBA3WM C CE30HOM, K/IMMATOM, O6LMM
COCTOSIHMEM 3[0POBbA, MOIHOLEHHOCTLIO MUTAHUA U CHaBXeHns BO-
[0W, (hU3NYECKOIN Harpy3Koin 1 rsnonornyeckum coctosiHnem (6epe-
MEHHOCTb, NnakKTauus). PaccmaTpuBas COOTHOLLEHME OCHOBHOMO U 06-
Wwero obMeHa, crieflyeT OTMETUTb, YTO paLMOHa/ibHOe MUTaHWE XUBOT-
HbIX NpejgycMaTpuBaeT TakoM YpPOBEHb M TUM KOPMJIEHUS, NpU KO-
TOPOM 00€ecneunBaeTcsl Hanbosee BbICOKas CTeneHb NPeobpas3oBaHUs
COCTaBHbIX BELLECTB KOpMa B OXKMAaemMblii BUA NpogyKumun. Mutatens-
Hble BeLlecTBa KOopMa Mpexnae BCero Heob6Xxo4umbl A obecrneveHns
nojAepXuBaroLero o6MeHa (NOCTPOEHNE M BOCCTAHOB/IEHUE TKaHEN;
CUHTE3 N 06HOBNEHUE 6ENKOB, B TOM YmMc/ie (DePMEHTOB 1 HEOENKOBbLIX
COefIMHEeHWIA; 3aTpaTbl Ha NuLLeBapeHve, NoALepXxaHve Temnepatypsbl
Tena, Ha BbINO/IHEHNE XXN3HEHHO BaXKHbIX ABVKEHWUI 6e3 nepemelle-
HWUI Ha 3HaYMTeNbHbIe PacCTOAHUA). aeanbHblil ypoBeHb NOLAEPKU-
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Batowlero nutaHns o6ecneynBaeT CTPOroe MOCTOSHCTBO CYMMapHO
MaccCbl BCEX TKaHen 1 opraHoB, a M36bITOYHOE MO OTHOLLEHUIO K MO/-
AEPXKVBatOLLEMY YPOBHIO MOCTYN/IEHNE NPOAYKTOB NUTaHUS UCMONb3Y-
eTCsA 4N8 pocTa MacChbl TKaHeW, CMHTe3a KOMMOHEHTOB MOJIOKa, Luep-
CTW, 06pa3oBaHMsA OTNIOXEHWIA XuUpa, T.e. AN ONpefeneHHOro Buaa
NPOLYKTUBHOCTH.

Wcxops n3 aToro, 3aTpathl Ha NOAAEPXKMBAIOLLMIA 06MEH ABNAIOTCS
KakK Obl HaKMagHbIMK pacxojamun B npolecce npeobpasoBaHUs pacTu-
Te/IbHbIX KOPMOB B MPOAYKTbl >XMBOTHOBOACTBA. [MOHATHO, YTO YeM
60/bLIas YacTb NMPOAYKTOB MepeBapuBaHUSA Y XXMBOTHOMO WUCMOMb3YeT-
CA ANA OT/IOKEHUA, TEM HWKe HaKafHble pacxofbl U TeM Bbile 3(-
(beKTMBHOCTb MepepaboTKy kopma. B npouecce npoussogcTea npo-
[OYKTOB >XVMBOTHOBOZCTBA 3aTpaTbl Ha MOAAEPXMBAKOLNUA O06MeH Y
Pa3INYHbIX XXUBOTHbIX Ha eAMHULY MeTaboNMYecKo Maccbl NpakTu-
YECKMN O[JMHAKOBbI.

KonnyectBo aHepreTnyeckux Tpat, obecneynBatownx npuBechl
06pa3oBaHMe MOJIOKA, 3aBUCUT B OCHOBHOM OT CKOPOCTU CUHTE3a CO-
CTaBHbIX BELLECTB Tefla UM Mosioka. py 3TOM YeM Bbile CKOPOCTb
CUHTE3a W, CNefoBaTeNibHO, BbIXOL CYTOYHOW NPOAYKUWUW, TEM MeHb-
Lee KOMMYeCTBO HEMPOM3BOAMTENIbHOM MOAAEPXKMBAIOLLEN 3Heprum
3aTpaynBaeTCs NPy NPOM3BOACTBE KAX/OW eNHULbI XMBOTHOBOAYEC-
KOV NpofyKuun. B cBOKO o4epefp, CKOPOCTb CHHTE3a COCTaBHbIX Yac-
Teldi NMPOAYKUMM XMBOTHOBOACTBA, a CneAoBaTeslbHO, U 3PgeKTuB-
HOCTb MCNONb30BaHNA KOPMa MOXET MOBbILLATLCA NPU CKaPMINBaHWUU
Hanboee NOMHOLEHHbIX KOPMOBbIX CMecel, 06ecreymBaroLLmx Ham-
60nee MOMHYK peann3auuio NOTEHUMaNbHOMW CKOPOCTM CUHTE3a, a
TaKXXe Npu UCMOMb30BaHUN TEHETUYECKMNX BO3MOXHOCTEN XKUBOTHbIX,
obnagaroLmx Hanbonee BbICOKOM CKOPOCTbK CUMHTE3a COCTaBHbIX Be-
LLLeCTB NpoAyKumMmM (Msica NN MOJIOKA).

OueHnBas MHTEHCMBHOCTbL 3HEPreTMYECKoro obmeHa no notpeé-
NEHHOMY KWUC/IOPOAY, UTO ABNAETCA LOBO/IbHO HAZEXHbIM KpUTEPU-
eM YPOBHS 3HEepreTU4eckoro obmeHa, 06HapyXunm, 4To Ha efUHU-
Lly Macchbl Tena Menkue Maekonutatowme noTpebsoT 3HaUYMTEeNIbHO
6onble Kucnopogda, YeM KpynHble. MHorve ¢usnonoru, mnsyvas-
Wune 3Ty npobnemy, MbiTaIMCb HANTU paLMOHa/ibHOe 06bACHEHUE
yCTaHOB/IEHHON 3aBucumocTu. Mouty 100 net Ha3a% HemMeLKNin hu-
3nonor M. Py6Hep, nccneays MHTEHCUMBHOCTbL MeTabonnsma y cobak
pasHbIX pasMepoB, BbIABUHY/ MAEH O 3aBUCUMOCTM OTHOLLLEHMSA NMO-
BEPXHOCTM Tena K ero obvemy. Tak Kak TemnepaTypa Tena y BCex
cobak ofMHaKoBa W 418 MOAAepXaHUs ee BblpabOTKa TensjoTbl B
npouecce MetabosmM3ma [O/HKHA OblTb NPOMNOPLMOHANbHA MOTEPE,
TO MeJfikue ocobu, y KOTOpbIX OTHOCUTE/IbHas MOBEPXHOCTb Tena
60/bLLE, YEM Y KPYMHbIX, BbIHY)XAEHbI BblpabaTbiBaTb 60/bLLE TeM-
NOTbl Ha eAunHNULY Macchl. PyOHep BbIYMCAWA TENNONPOAYKLNIO Ha
KBafpaTHbI MEeTp MOBEPXHOCTW Tefla M Halles, YTO OHa COCTaBNsAeT
Kak Yy KpYnHbIX, TaK Uy Menkux cobak npumepHo 4200 kX B CyT-
Kn. Takum 06pa3om, MHTEHCMBHOCTb 3HEPreTUYecKoro obmMeHa on-
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pefenseTcs pasmMepamy MoBepxHOCTM Tena (NAoLafblo NOBepPXHOC-
TW), UTO U3BECTHO Kak npasuno PybHepa.

Perynauus obmMeHa BellecTB U 3Hepruu obecneymBaeT M3MeHe-
HVE WHTEHCUBHOCTM MeTabo/NMYecKMX NPOLEeCcCOB B XoAe nMpucno-
CO6/1IEHNA K MOCTOSHHO M3MEHSIOLWMUMCH YCI0BUAM CYLLLECTBOBaHUA
opraHuama. Tak, Hanpvumep, 414 NoAAepXKaHUs HOpMasibHON TeMre-
paTypbl Tefia Npy COAEP>KaHWM XXMBOTHOMO B XONOAHOM MOMeLLeHNN
MPOUCXOAUT YCWU/IEHNE OKWUCNUTENbHbIX MPOLLECCOB W YBeNWYeHue
NPOAYKLMN TENoThbl, NP PU3NYECKOW Harpyske MNoBbILLLAeTCA pac-
X0, XMMUYECKNX COeAUHEHW, 3anacatoLLmx sHepruto, u T. 4. Bcee pe-
akuuy obMeHa NMPOUCXOAAT MPeXxie BCEro Ha K/IeTOYHOM YPOBHE U
perynupyoTcs (hepmMeHTaMm B 3aBUCMMOCTU OT aKTUBHOCTU, KONU-
yecTBa (DepMeHTa M Hanuuus cybecTpaTa, Ha KOTOPbIA OH [eiCTBYeT.
B ocHoBe aBTOMaTMYeCcKo perynaunm obMeHa BeLLLECTB NIEXMUT MPUH-
uun obpaTHOM CBA3M —KOHLleHTpaLmMs BellecTBa OnpeaenseTr Ha-
npaBneHHOCTb XMMMWYECKOro npouecca. Hanpumep, gocgopunasbl
neyeHn Npu M36bITKE TNOKO3bl YCKOPAIOT CUHTE3 [NIMKOreHa, a npu
JehuunTe rNOKO3bl aKTUBUPYIOT pacnag ravnkoreHa. Aedgochopunu-
poBaHme AT® 1 HaKONIEHNE B MbILLEYHOI KNeTKe HEOPraHM4YecKoro
(hocthata 1 AP Npyu MHTEHCUBHOW (PU3NYECKON Harpyske ycunmea-
eT OKUCNIUTEeNbHOEe (hocthopunnpoBaHue u pecnuHtes AT®, Heobxoan-
MOV AN1f CNefytoLmX COKpaLLeHWA.

YBenmueHne KOHLEHTPaLMN KOHEYHbIX NPOLYKTOB (DepMeHTaTuB-
HOW peakuun nojaBnseT akTUBHOCTb (JepMeHTa WU Jaxe CHUMKaeT
ero HoBoOOpa3oBaHue (penpeccus CMHTe3a (hepMeHTa Ha YPOBHE reHo-
Ma K/eTKun). HanpoTuB, CHUXEHWe COfepXXaHus MpoLyKTa peakLuuu
aKTVBUPYET YXKe CYLLEeCTBYHOLWMEe (epMeHTaTUBHble eAVHULbI U CTU-
MYNMPYET CUHTE3 HOBbIX (PEPMEHTOB. Hapsay C BHYTPUK/IETOYHbIM,
aBTOMaTUYeCKM MNOALEePXKMBAEMbIM YPOBHEM MeTaboNMYeCKNX peak-
LM, NOCTOAHHO (PYHKUMOHUPYET HaAKMETOYHbIN, CUCTEMHbIN Ypo-
BEHb PErynsaToOpHbIX B3aVIMOOTHOLLEHWNIA, HanpaBneHHbIA Ha NPUCNo-
cobneHne opraHvMaMa K peasibHbIM YCNoBUAM cpefbl 06utaHus. Hau-
6onee aPPeKTUBHO Ha TeyeHWe MeTaboNMYecKMUX NPOLECCOB BAUSET
3HLOKPUHHAsA cucTeMa opraHusma. [elicTBve ropmMoHOB Ha MeTabo-
/IN3M OCYLLIECTB/IAETCA 3a CYET: 1) N3MEHeHNs aKTUBHOCTM (DepMEHTOB,
2) CMHTe3a (PepMeHTOB, 3) NpoHMLaeMocT MembpaH. CO6CTBEHHO, U
NMPOHMLAEMOCTb K/IETOUYHON MeMbpaHbl, Onpeaenstoleil KOHLeHTpa-
LMOHHbIE TPAANEHTbI /151 KOHEUYHbIX MPOAYKTOB (IEPMEHTATUBHbIX Pe-
aKuuin, obecrieymBaeT aBTOMATUYECKUIA YPOBEHb PETYNALUU aKTUBHO-
CTU (hepMeHTATUBHbIX peakLmii.

Takum 06pa3om, BUSHME TOPMOHOB MOXET 06ecneyunTb GopMmpo-
BaHMe HOBbIX (DEPMEHTATVBHbIX CUCTEM 3a CHET BO3JeNCTBUSA Ha reHe-
TUYeCKuiA annapat KneTkn. CTepouiHble U NONMNenTUAHbIE TOPMOHbI
pean3ytoT CBOE [e/iCTBME MMEHHO Ha YPOBHE K/IETOYHOIO AApa, akTu-
BUPYIOT MPOLECChl TPAHCKPUMLUUU U TPAHCNALMK, MOBbILIAOT CUHTE3
COOTBETCTBYHOLMX PepMeHTOB. MHOrMe ropMoHbl, BAWUAA Ha NMPOHU-
LLlaeMOCTb K/IETOYHbIX MemMbpaH Ans YrneBofoB U aMUHOKUCNOT, Cy-
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LLECTBEHHO MEHSIOT YPOBEHb Cy6CTPaTOB (PEPMEHTATVBHBIX peakLuii B
KNEeTKe W, KaK CnefcTBre, KNEeTOYHbIA MeTabom3M. VI3BECTHO 1 BHYTPU-
KNIeTOYHOE [e/iCTBME HEKOTOPbIX TOPMOHOB Ha MeMOpaHbl HEKOTOPbIX
BHYTPUK/IETOYHbIX CTPYKTYP: Harnpumep, TUPeouaHble rOPMOHbI BNSA-
tOT Ha MeMbpaHbl MUTOXOHAPWIA, & M’MAPOKOPTU30H —Ha MembpaHb! -
30COM, MPU 3TOM MEHSETCA YPOBEHb NPOLLECCOB OKUCAUTENbHOIO (hoc-
(hopMNMpPOBaHUA NN OCBOOOXKAEHUA TMAPONTUHECKUX PEPMEHTOB.

Hanbonee BbICOKAM MHTErpaTUBHLIM YPOBHEM CUCTEMHbIX perysu-
PYHOLMX BAUAHWIA 06/1afaeT HepBHas cucTema. Hapagy ¢ HemocpencT-
BEHHbIM aJanTalVOHHO-TPO'(PUYECKUM BO3LEACTBMEM CUMMNATUYECKOTO
OTAena HePBHOMN CUCTEMbI HECOMHEHHYHO LIEHHOCTb NpeACcTaB/seT OLeH-
Ka BAUAHWSA HEPBHON CUCTEMbI, ONOCPeAOBAHHOIO rMNoTasaMo-rmmno-
(hM3apHOI CUCTEMOW, B NPOAYKLMMN OMpeseieHHbIX TOPMOHOB M KOOp-
ANHALMW 0eSTeNbHOCTU Pa3NNUHbIX 3HAOKPUHHbBIX OpPraHoB.

TakuM 06pa3om, A4/1 COXpaHEeHUs MOCTOAHCTBA BHYTPEHHEN cpespl
HEeo6X0AMMO CNnaXKeHHoe (PYHKUMOHMPOBAHWE MHOTMX CUCTEM Opra-
HM3Ma, Befb KonebaHus BHELLUHEN Cpeabl MOTYT NpeBbiwaTh npejensi,
HeobxoAuMble [ HOPMabHOro (PYHKUMOHMPOBaHUA. Tak, B nepe-
pbiBaX MeXAy npuemamv nuiiy HeobXoaMMo NOCTOSHHOE Nojdepka-
HWE YPOBHSA T/THOKO3bl B KPOBW, €r0 CHUDKEHWE HUXKE OrMpesesieHHOro
YPOBHS FPO3UT CMepTbio. HeobXxoanmMoCcTb COXpaHeHUs onpefeneH-
HOro YPOBHA (PEPMEHTATUBHBLIX pPeakunin N nogaep>KaHns 06MeHHbIX
npoueccoB TpebyeT 06s3aTeIbHOr0 06MeHa BOAHOWN cpefbl OpraHu3-
Ma —HefonycTMMO 006e3BOXMBaHWE OpraHuW3Ma W ero oTpasfieHue
npogykTamu obmeHa. B ycnoBusix HefoCcTaTOYHOro NOCTYM/IEHNSA BOAbI
BK/IIOYAIOTCA TOMeoCTaTUYeCKNe MeXaHU3Mbl, YMeHbLLaoLWme oThady
BOZbI U3 OpraHnM3mMa 1 coXpaHsHoLLmMe ero BoAHbI 6anaHc. B xoge 3Bo-
JOLMMN MOCTEMNEHHO YC/IOXHANNUCH U COBEPLLEHCTBOBA/INCH MEXaHWU3-
Mbl TOMeOocCTas3a, obecrneymBas MPOABVIKEHME XUBOTHbLIX B 06/1aCTh C
He6naronpuATHLIMKA YCNOBUAMM XWU3HW. C ApYroli CTOPOHbI, U U3Me-
HeHMA (YHKLMOHANbHOTO COCTOSHMA XKMBOTHOFO (POCT, 6epeMeH-
HOCTb, NakTalus) COMPOBOXAAKTCS CYLLECTBEHHON MEepPecTPOiiKol
0bMeHa BelLLeCTB.

11.1. TEPMOPEIYNnAUnNA

Cnoco6HOCTb K TEPMOPErynsaLmm —BaxHELLUiA roMmeocTaTnyec-
KU MexaHu3M, OH BO MHOTOM OMNpesensieT rpaHuLbl paccesieHns 1 Bbl-
XXVBaHWS XXMBOTHbIX JaHHOIO BUAA B Pa3IMUHbIX KIMMATUYECKNX YC-
nosusax. MnekonutaroLme 1 NTULLLI 06/1a4at0T CNOCOBHOCTBLIO perynu-
poBaTb TemnepaTypy CBOEro Tena, MOAAEPXMBas ee Ha MOCTOSAHHOM
YPOBHE, a y pbl6, 3eMHOBOAHbIX, MPECMbIKAIOLLMUXCA U BCeX 6eCn0o3BO-
HOYHbIX TeMnepaTypa Tefia ornpeaenseTcs TeMneparypoit cpefbl. XKu-
BOTHbIX pasfensioT Ha [Be rpynnbl: MOWKMIOTEPMHbIE (XONOLAHOKPOB-
Hble), Ybs Temneparypa Tena U3MeHSeTCs B 3aBUCUMOCTM OT U3MeHe-
HWIN TemMnepaTypbl OKPY>KatoLLLei cpefpl; FOMOMOTEPMHbIe (Tern1I0KPoB-
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Hble), CMOCOGHbIE MOALEPXMBATL CTAOWNbHYKO TemnepaTypy Tesna 3a
CYeT BbICOKOI0 YPOBHS aHeproobmeHa v obnagarowime cneuuanbHbIMm
MexaHu3Mamy TennonpoaykumMn v Tennootaadu. oMmoroTepmus Bbl-
paboTanacb B NpoLecce 3BOMOLMM KaK MPUCIOCObmUTeNbHAA peakLms,
MOCKO/IbKY B MPUPOAe CYLLECTBYET 3aBUCUMOCTb CKOPOCTU XMMUYeC-
KX peakuui OT TemnepaTypbl, KOTOpas BblpaXaeTcs 3aKOHOM BaHT-
odhdha —AppeHnyca: NMoBbILLEHNE AN NMOHWKEHWE TEMMEPATYPbI TKa-
H1 Ha 10 °C nprBOAMT K MOBLILLEHUIO (MU MOHUXEHWUIO) CKOPOCTU
XUMUYECKMX npoueccos B 2..3 pasa (KoagduumeHTt Qio). Y Tenno-
KPOBHbIX XWBOTHbIX A5 MOBbILWEHNA 3NPEKTUBHOCTU XUMUYECKMX
peakuuii opraHu3Ma MUCronb3yeTcs BbICLUNIA, 6e30NacHbIN 415 XU3HN
TemnepaTypHbIiA AnanasoH.

Tepmoperynauusa —mu3noiiornyeckas (yHKLUMA, HanpasneHHas
Ha obecneyeHne oNTUManbLHOW ANS AaHHOrO BuUAa TemnepaTtypbl ray-
60KMX 06n1acTell Tena HeCMOTPA Ha KonebaHMs TemnepaTypbl OKpy-
Xatowen cpegpl.

MOoCTOAHCTBO TeMMEPaTypbl TeNa Ha3blBaeTCsA 130TepMuei. s noa-
[ep>KaHns 3TOro COCTOAHNUSA He06X04UMO, YTOObI 06pa3oBaHKe TenoThl
n noteps (oTaaya) GblIM OAMHAKOBbLI. TepMOperynsauns y Nty u mne-
KOMUTaKOLWMX HACTOMbKO 3PQeKTUBHA, YTO KonebaHWs Temnepartypbl
Tena Ha MPOTSXKEHUN BCEW XKN3HN 3TUX XKMBOTHbLIX He MPEBbILLAOT He-
CKOMIbKMX TPajlycoB. HY)XXHO OTMETUTb, YTO Y M/IEKOMMTAOWMX Ha
opraHbl rpyAHON 1 GPHOLLIHOW MOMOCTEN, KOTOPbIE COCTAaB/AKT OKO/MO
6 % Maccobl Tena, npuxoamTcs 56 % Bceld TENNONPOAYKLMMA OpraHu3Ma.
Mo3r Kak WHTEHCUBHO (YHKLUMOHMPYHOLWAas 06/1acTb OpraHvM3Ma Bbl-
pabaTbiBaeT 33 % v BMeCTe C BHyTPEeHHUMM OpraHaMmn o6ecrneymBaeT ABe
TPeTV BCel TENIONpOAYKUUM oOpraHu3Ma. TemrepaTypa BHYTPEHHUX
OpraHoB BCerga NOALEePKMBAETCA Ha [0BO/ILHO MOCTOSHHOM YPOBHE:
opraHbl, BblpabaTbiBaloLine 60sblUe TEMNIOThbl, OX/AKAATCS KPOBbIO
(T. e. oTTeKaroLLas BEHO3HasA KPOBbL Tersiee, YeM apTepuasibHas). Temne-
paTypa pasHbIX OpraHoB HEOAMHAKOBa, NOITOMY He/b3si TOBOPUTL O Ka-
KOW-TO OAHOI Temnepatype Tena. B BeTepuHapumn Ans NpakTUYeCKMX
Lieneil B KayecTBe MokasaTtens Havmbonee 4YacTo MCNOMb3YHT F1y60KyHo
PEKTa/IbHYIO Temrepatypy, KOTOPYH WM3MepAOT B MPSIMOM KULLIKe Ha
paccToaHun 5...8 cm OT aHyca (Tabn. 11.1).

11.1. PeKTanbHaa Temnepatypa y pas/IMyHbIX BULOB XXUBOTHbIX

I
Bug, »xviBOTHOrO Temnepatypa, 'C 1 Bu XMBOTHOrO Temniepatypa, "C

Jlowagb 37,5...38,5 CBUHbA 38,0...40,0
KopoBa 37,5...39,0 Kypuua 40,5...42,0
ByiiBon 37,0...38,5 MHpelika 40,0...41,5
OneHb 38,0...38,5 YTKa 41,0...43,0
Bep6niog 37,5...38,5 Iycb 40,0...41,0
OsBua 38,5...40,0 Kponuk 38,5...39,5

Kosa 38,5...40,0 Cobaka 37,5...39,5
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TemnepaTypa Tena y MIEKONUTAKOLWMX U MTUL, MOABEPXKEHA pery-
NAPHBIM CYTOYHBbIM KonebaHmam B npegenax 1.2 °C. Y AHEBHbIX XW-
BOTHbIX TeMMepaTypHbIi MakCUMyM PerucTpupyeTcs AHeM, MUHWU-
MYM —HOYbIO, & Y HOYHbIX XXMBOTHbIX —HA060pOT. TOT CYTOUHbIN
PUTM, He 00YCNOBNEHHbIA CMEHOW MepuofoB aKTMBHOCTM U MOKOS,
COXPaHSETCA Y XXMBOTHOTO aXe B COCTOSAHUW MOSTHOro nokosi. CyTou-
Hble KOMebaHUs COOTBETCTBYIOT Nepuoaam CBeTa U TeMHOTbI, OfIHaKO
€C/IN KPYrN0CYTOUHO COAEPXKAaTb XXUBOTHBIX B YCNOBUAX MOCTOAHHOW U
pPaBHOMEPHOW OCBELLEHHOCTM, 3aKOHOMEPHOCTb COXPaHAETCA, T. €. 3T0T
MeXaHW3M MMeeT 3HAOreHHYI0 MpUpoay.

B opraHu3me >XMBOTHOrO npu cbanaHCMPOBaHHOM Tenjo06meHe
Temnepatypa Ha NOBEPXHOCTW Tefla BCerja Hudke BHYTPeHHel. ApTe-
prvanbHas KpoBb, MPUTEKAOLWAA K MOBEPXHOCTM Tefa, TepseT yacTb
Tenna, M oTTeKawwas BeHO3Has KPOBb XONOAHEE apTepuasnbHOMN,
T. €. TaKuM 06pa3oM OCYLLECTB/ISIETCA NMEPEHOC Tenn0Tbl K NMOBEPXHOC-
TW N OXNXAeHWe BHYTPEHHUX opraHoB. Ocoboe 3HaYeHWe 3TO UMeeT
ON191 XKBAYHbIX XWMBOTHbIX, Y KOTOPbIX MPU (YHKLMOHMPOBAHUN MUK-
podiopbl pybua BblfenseTcs MHOro TennoThbl (Temnepatypa B pyobue
AHem 38...39 °C, a Ho4bto 39...41 °C). B opraHuM3me XXMBOTHbIX UMEETCS
bonee Tennoe «A4poO», NPEACTaB/IEHHOE BHYTPEHHUMW OpraHamMu 1
MO3roM, U nepudepns —KoXxa, MblLLbI, TemMrepaTypa KOTOpbIX KO-
nebnetca B LMPOKKX Npefjenax B 3aBUCMMOCTM OT TeMMepaTtypbl OKpy-
XaroLlen cpelbl.

[na TennonpogyKuum TenoKPOBHbIE XUBOTHbIE LLMPOKO UCMO/Sb-
3YIOT TePMOPEryAUMOHHYIO aKTMBHOCTb Mbiliy,. COKpaTUTeNbHbIN
TepMOreHe3 NPOAB/AETCS B YCMOBUSX MOHVKEHHOW BHELLHei Temne-
paTypbl: Creyunyecknii TepMOPEryALMOHHbIA TOHYC MbILLL, pa3Bu-
BaeTCA M MPOTeKaeT Ha YPOBHE OTAE/bHbIX ABUraTeSIbHbIX efUHWLL.
[BuraTtencHble eAUHMLbI Mbilil, paboTaldT aCMHXPOHHO B pPeXuMme
HM3KO4YaCTOTHOrO 3y64aToro TeTaHyca c 4acToTol oT 4 4o 16 cokpalle-
HWIA B 1C, 4TO CO34aeT BUAMMOCTb TOHNUYECKOTO HaNPSHXKEHUS MbILLL,.
TOHMYECKOEe HamMpsXKeHWEe WUCMbITbIBAOT MbIWLUbl e, Tynosuwa un
crubartenieii KOHEYHOCTel: >XMBOTHOE CBOpayuMBaeTcs B K/y6OK, 4TO
YMeHbLLaeT MNOBepXHOCTb TennooTaaun. Mpu panbHenwem oxnaxae-
HUW N9 BblpabOTKM [LOMONHWUTENIbHON TennoTbl BK/IOYAETCA Mexa-
HWU3M «XO/I0[0BOV APOXW», Pa3BMBAeTCA 3a1MoBas akTUBHOCTb BblICO-
KOMOPOrOBbIX [ABUraTeflbHbIX eAVHULL; 3TU COKpalleHWUs KpaiHe He-
3KOHOMMWYHBI.

Hapagy ¢ cokpalleHnem CKefleTHbIX MbILLL, B Ka4ecTBe UCTOYHMKA
TenoTbl BbICTYMNaeT 0ypas Xu1posas TKaHb —3TO 0cobasd opma opra-
HM3aLUKN XKNUPOBOK TKaHW, B KOTOPOW MPOUCXOAUT OKUCNEHWE XUp-
HbIX KUCNOT 6e3 cuHTe3a M pacnaga ATd, 4To AaeT BO3MOXHOCTb MO-
NYYEHUS 3HAYUTENbHbBIX KOMMYECTB TennoTbl. JTa (hopMa HEecoKpa-
TUTENBLHOrO TenjoreHesa Hanbosee xapakTepHa AN 3MMHECMALLNX
XWUBOTHbIX, Y KOTOPbIX TemrepaTypa Tesia NoALepXXMBaeTCA X0Tb U Ha
HU3KOM, HO MOCTOAHHOM YypoBHe (1...2 °C BbllLle TemmnepaTypbl OKpY-
XaroLen cpegpl).



TennooTpfaya — MPOLUECC BbLLUENEHUS TEMIOTbI U3 OpPraHus-
ma. OcyulecTBnseTca 6narogaps cregyrowmM MexaHusMam: Tenno-
U3Ny4YeHVe — paccenBaHune TEN/OTbl B BO3AYX M KOHBEKL WA 3a CYeT
HarpeBaHusa Cl0s BO34yXa, OKPYXXatOLLEro Teno XMBOTHOrO; TEenso-
npoBeAeHne — nepegayda TenoThbl OT Tena XXMBOTHOTO K OKPY>XKatoLLM
npeamMeTam (CTeHbl, NMoN); BbiAeNeHNe TEN/0Tbl U3 OpraHM3Ma npu nc-
napeHny noTa W CMOHbI, a TakXKe C BblbIXaeMbIM BO34YXOM, MOYOM,
KaJIoM 1 MOJIOKOM.

TennooTAaya Kak rnokasaTenb nepejayn Tenna oT BHYTPEHHMX Yac-
Teli Tena K MOBEPXHOCTM KOXW M OT KOXMN B OKPY>XKatoLLYt0 cpesy MOo-
XET CYLLECTBEHHO MEHATLCA B 3aBUCKMOCTM OT Ha/IMUYMA HA KOXE BO-
NOCAHOr0 NOKPOBA. Y XXMBOTHbIX, 06MTaOLMX B XONOLHOM K/MMaTe,
MeX MPensTCTBYET yTeyke TennoTbl. XOPOLLO M3BECTHO, YTO rycToTa
Mexa Yy XMBOTHOIO 3aBMCWUT OT BPEMEHW rofga: 3VMHWUIA Mex ryuie B
2,5 pa3a, nydlle coxpaHseT TenioTy. MMOLKOXHbIA XWUP BbICTYMNaeT B
KayecTBe 3PMEKTUBHOIO TENIOU30NATOPA AaXKe B IKCTPEMaSIbHbIX
apKTUYeCKNX YCOBUSIX.

BbICTpOe CHWKeHWe TemnepaTypbl Tena NPoUCXOAWT Npu ncnape-
HWUW C/KOHBI U NOTa: KOJIMYECTBO TEMJIOThI, TEPAEMOE MPU UCMapeHnu
1kr Bofbl, cocTasnset npumepHo 580 kkan, unu 2426 kx. Koxa nme-
eT 0c060e 3HayeHne B TEPMOpPErynauum, Tak Kak okono 60 % obuiel
noTepy TeNIOTbl NPOUCXOAUT UMEHHO Yepe3 Hee. IMpu OTCYTCTBUM BO-
NOCAHOr0 NMOKpOBa MOT MUCNAapseTcs 04YeHb BbICTPO, YTO INPEKTUBHO
CHWKaET TemrepaTypy OTTeKatoLLel OT KOXMN KPOBW. Y 60/bLUMHCTBA
YXUBOTHBIX, MOKPbITbIX LLEPCTHI0, CHUXKEHME TemnepaTypbl Tena obec-
neynmBaeTcs NMOTOOTAENEHNEM. Y BepOnoaa, NOKPLITOro rycTon Lep-
CTblO, TaKXe (PYHKUWOHUPYIOT MOTOBbIE XENe3bl: B YC/OBUAX CYXOro
BO3AyXa MyCTbIHW MOT UCMapseTcsd MrHOBEHHO, YTO MOC/YXXUI0 OCHO-
BaHVWeM [na Bepcun, BYATO OHM He moTetoT. Criegyer yynTbiBaThb, YTO
MPOLECChbl MCNAPEHNA MOoTa, & 3HaYMT U Tenn00TAaun CyLecTBEHHO
3aBUCAT OT YC/I0BUI OKPY>KatoLLEel cpefbl, BNXHOCTU, TeMnepaTypbl,
CKOpOCTM BO3AYLLHOr0 NOTOKA.

Y KpYMHbIX KOMbITHBLIX XXWBOTHbIX U cOb6aK Tennootaaya ycunmea-
eTCA 3a CYET YacToro 1 NOBEPXHOCTHOIO AbiXaHus (Tennosas 0AblLLKa).
OueBunaHas pasHULa MeXAy y4yaluleHHbIM bIXaHWeM WU NOTOOTAENeHN-
eM KaK CpefCcTBaMn WCMapeHns Bfarm COCTOMT B TOM, YTO CO3/aeTcs
TOK BO3fyXa Haj, BNaXKHOM NMOBEPXHOCTbIO, HO MPW 3TOM He MpPOUCXO-
OUT MOTEPU MUHEPaSibHbIX BELLECTB, BXOAALLMX B COCTaB MOTOBOM
xugkoctu. Mpu 06MILHOM MOTOOTAENEHNN MOXKET BO3HUKHYTb COCTO-
AHVE geduunTa conert B opraHusmMe. Y CuneHHas BEHTUNALNA Nerkux
NPy y4alleHHOM [bIXaHWM MOXeT MNoBbICUTb BbiBegeHne CO! 1 Bbl-
3BaTb CW/IbHbIV a/ikano3. B CBOKHO o4epefb, YBE/IMYEHWNE BEHTUAALUU
TpebyeT AONONHUTENbHOM MbILLLEYHON PaboThl U CBA3aHO C AOMO/HU-
Te/IbHOW TennonpoayKLumen. Y cobakm B XKapKWUil AeHb fblXaHue yya-
LLIEHHOE: 4MCNO AblXaTenbHbIX ABMKeHWI Bo3pacTaeT ¢ 30..40 ao
300...400 B MMHYTY; NepuoAbl yyalleHNss —KOPOTKUE U NepemexxaroT-
A C nepmofammn 06bIYHOrO AblXaHus. MTuLbl, B OTANYME OT MAEKOMNK-
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TaloLWmMX, He VMEIOT MOTOBbIX XKe/e3, U YCUEHHOe UCNapeHune Barv y
HUX NPOMUCXOANT INGO 3a CUET YUaLLlEHNS AbIXaHWS, M60 C NOBEPXHOC-
TV CIM3UCTON 060/104KMN fHA 6pOTOBOVI MOJIOCTN U BEPXHEN YacTU FNOTKM
I'IOClge,EI,CTBOM ObICTPbIX KONebaHWiA (rynspHoe TpeneTaHue).
erynauus temneparypbl Tefa, T. e. NogjepkaHue 6anaHca mexay
YPOBHEM TernaonpoayKuu 1 TeNI00TAa4M, OCYLLECTBNAETCA pediiek-
TOpHO. Bepgylias posib NPUHAANEXUT LeHTPY TEPMOPErynaumum, Koto-
PbIf ABISETCS YaCTbHO CUCTEMbI LIEHTPOB rmMnoTanaMmyca, UHTErpupyto-
LLeil BereTaTUBHbIE, 3MOLIMOHA/IbHBIE Y MOTOPHbIE KOMMOHEHTbI ajari-
TUBHOrO noeefeHus. Llentp Tepmoperynsaumm B runotanamyce, BOC-
NMPUHUMas CUTHASbI OT TEPMOPELLENTOPOB KOXWU, BHYTPEHHUX OpPraHoB
1 TepMOYYBCTBUTENbHbLIX HEMPOHOB rUNoTanaMyca, N0Kan30BaHHbIX
B Me[Ma/lbHO NPeoNTUYECKON 30HE, 06ECNeUMBaAET KOPPEKLMIO TeM-
nepaTypbl Tefia. TepMOoperynsauMoHHble pediekcbl pasBrBalTCA npu
MOCTYM/IEHUN COOTBETCTBYHOLMX CUrHANIOB OT Neputepuyeckux Tep-
mMopeL,enTopoB. AddepeHTHas UMMNYy/bCaLUsA OT HUX NMPOXOAUT uepes
JopcaibHble KOpeLLKN 1 3ajH1e pora CMHHOI0 Mo3ra 1 Mnepeksto-
4aeTCs Ha CUCTeMy CerMeHTapHbIX U BeretaTMBHbIX HEMPOHOB, KOTO-
pble 06ecnevnBaoT NPOXOXKAEHWE UMMY/IbCOB MO BOCXOAALMM MYTAM
CMWHHOro Mosra. Mpolias no cnMHoTanaMM4yeckoMy U CrIMHOPETUKY-
NAPHOMY My4KaM, MH(OpMaLmMs OT Nepudepryecknx TepMopeLenTo-
POB, MOCTYNMB B HEWPOHbI rnoTanamyca, UCnosb3yercs AN obecre-
YeHWs TemrnepaTypHOro romeoctasa. HelpoHbl MeuasibHOW NPeonTu-
YECKOM 30HbI NOMTyYaloT MH(OPMaLMIO 0 TeMnepaType mMo3ra. [Npuuem
Ha OCHOBaHUW pe3y/NbTaTOB MHOXECTBEHHOW TepMOMETPUM MO3ra,
KPYMHbIX COCYZI0B W CMM3UCTOM HOCOBbLIX XOA0B MOXHO roBOpUTb 06
OXNaXAEeHUN Mo3ra 3a CYeT (PYHKLMOHUPOBaHUSA TENI00OMEHHWKOB,
pacnonaratLmXcs B rMasHNYHbIX N KPbINOBUAHbIX BEHO3HbIX CrJieTe-
HusAX. TeMnepatypa B MejMa/lbHOM NPEONTUYECKON 30He runoTanamy-
ca BO BCe Ce30HbI rofa Hke pekTanbHol Ha 0,5...1,5 °C, 4yTo ocobeH-
HO BaXXHO B )XapKoe BpeMs rofa, Korja 4actoe AblxaHue cnacaeT TKaHu
MO3ra OT MneperpeBaHus.
PasgpaxeHvie nepuheprnyeckmx Xono40BbIX PeLenTopoB NpUBOAUT
K YBENMYEHWUO TENIONPOLYKLMKN, B OCHOBHOM 3a CYET MHTEHCU(UKa-
UMM 06MeHa BeLLecTB, XON0LOBON APOXMN U YMEHbLLEHUIO TennooTaa-
yn. [pn CHKEHUW TeMnepaTypbl Tena HUXKe KOM(OPTHON aKTUBKPY-
eTcs CUMMNaTUYeCKUii OTAeN BereTaTUBHOW HEPBHOW CUCTEMbl U, Kak
CNeAcTBMe 3TOrO B/IUSHUSA, YCWIMBAETCA 3HEProOOMEH W CHUXKAeTCs
oTfava Tenna. MblLbl coKpalwatoTcs B Hanbonee ah(heKTMBHOM A/1S
HUX peXKuMe, MoBbILLAeTCA TOHYC Nepuiepmyeckmx KPOBEHOCHbIX CO-
Cy[l0B ¥ pa3BuMBaeTCA NUIOMOTOPHBIV pediekc. Munospekuns, Bos-
HUKLLasA B pe3ynbTare 3TOro pediekca, —noLHATWE BOOC UM MepbLEB
[enaeT >XMBOTHOIO U NTULY NMYLWUCTbIMK, YTO CMOCO6CTBYET MOBbILLE-
HUIO TENION30ALMMN 3a CUET COXPaHeHNs 60/bLLOro KonmyecTea Ha-
rpeToro Bosgyxa. 'MnoTepmus, pa3BMBAKOLLAACA NPU CHYKEHUN pek-
Ta/IbHOV TemnepaTypbl Ha 2 °C, NPUBOAMT K NOTepe CO3HaHUSA: Y Yesno-
BeKa MpW CHWXEHMM Temnepatypbl Tena o 24..26°C HacTynaet
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CMepTb 3a CYET HapyLleHUs aBTOMaTUK CepALa, XXUBOTHbIe Xe 60-
nee yCTOWYMBBI K runotepmun: gns cobak netanbHas Temnepatypa
18...20 °C, kowek — 14...16, kpbic — 13...15 °C.

Mpy NpesbILLIEHUN KOMKDOPTHOIO YPOBHS TeMMepaTypbl OKpYXKato-
LLero BO3Jyxa U BO3HMKAIOLLE 0nacHOCTU neperpesa Tena u, 0CO6eH-
HO, MO3ra pearvpyloT TepMUYecKre pelenTopbl (TEPMOCEHCOPbI) Me-
[JVanbHON NMPeonTMYECKOW 06/1acTU rmnoTanamyca, akKTUBUPYHOTCA
0co6ble OTAeNbl CUMMATUYECKOM HEPBHOWM CUCTEMbI, 06ecneynBatoLLme
peakumMio pacnonaratolnxca B KOXKe XOJIMHEPrUYEeCKNX HEPBHbIX BO-
NOKOH. BblUeneHune aueTuaxonmHa npuBoauT K paclumMpeHunio nepudge-
PUYECKMX KPOBEHOCHBIX COCYA0B M YBENMYEHWIO TEMIO0TAAUN 3a CHeT
NOBbILIEHWS TEMMEPATYPbI NOBEPXHOCTM Tefla U YCUIEHUA TENION3NY-
yeHus. Mpun eNcTBUM aLeTUNX0NHA BO3pacTaeT MNOoTOOTAeIeEHUe, YTO
NPUBOAMT K CYLLUECTBEHHOMY CHVDKEHWIO TemmepaTtypbl Tefla 3a cyeT
ncnapeHns. PasBuBaeTcA TensioBas OAbllIKa —AblXaHWe CTaHOBMTCA
4acTbIM Y MOBEPXHOCTHbIM, YTO NPUBOAUT K MHTEHCMBHOMY Mcnape-
HUIO BNarv B BEPXHUX AbIXaTeNbHbIX NyTaX. OAHOBPEMEHHO CHUXAeT-
CA TOHYC CKeNneTHOW MyCKynaTypbl W, CnefoBaTeflbHO, YMEeHbLUAeTCs
TennonpoayKums.

B npouecce 4nnTenbHOM agantauum K XU3HW B XKapKoM Kimmarte
Y XMBOTHbIX YMEHbLLAEeTCA MOTPebHOCTb B BOAE, HEOOXOAUMON ANs
CHWKEHWSA TemnepaTypbl Tena, MU3-3a CMOCOOHOCTU OrpaHWyYnTL MOo-
CTynneHve TennoTbl n3sHe. CYLIECTBEHHO W TO, YTO Y XKMBOTHbIX —
obutaTenein NycTbiHW (Hanpumep, y Beponto4a) TONCTbIWA CMOW LIEPCTM
06na4aeT BbICOKUMU TEMN0M30NALMOHHBIMI CBOWCTBaMU. ECnn ocTpuyb
Bepb/t0fa, TO HapyLUeHWe TeN0BOro 6anaHca HesameUTeNlbHO Npu-
BeJeT K YBe/NMYEeHUI0 pacxofa BoAbl npumepHo Ha 50 %. lMpu wnc-
yepnaHumM afanTaunoHHbIX MEeXaHW3MOB HacTynatoLwas runeptTepMums
OKasblBaeTca 60siee ONAcHOM AN OpraHu3ma: NeTasibHbIi UCXOL BO3-
MO>EH MpW MNOBbILLEHWUW TemnepaTtypbl Tena Bcero Ha § °C.

Hapsigy ¢ pedpieKTOpHbIM MeXaHM3MOM B npoueccax TepMopery s-
UM B CMMNATUYECKOM OTAe/Ne BereTaTMBHOW HEpPBHOM CUCTEMbl B
peanu3aumm rmnoTanammyeckort TepMoperynsaumMm yyHacTBYHOT Xenesbl
BHYTPEHHe CeKpeuun, rnaBHbIM 06pa3oM LUMTOBUAHANA XKene3a U Haf-
NMOYEYHUKMN. YPOBEHb TUPEOUAHbIX TOPMOHOB OnpeseNseT UHTEHCUB-
HOCTb OKMC/IMTE/NbHbIX MPOLECCOB U TECHO CBA3aH C CE30HHbLIMU KOfe-
6aHvaMy Temnepatypbl. OCOBGEHHO APKO NPOSABAAETCA 3TOT (PeHOMEH
Y )XMBOTHbIX, BrafaloLmx B CNAYKY: B 3TOT NepUOL ypoBeHb rOPMOHOB
WMTOBUAHOM >Kenesbl U UHTEHCUBHOCTb OCHOBHOIO O6MeHa CyLLeCT-
BEHHO CHMXXatoTCH. BYCNoBMSAX NETHEro Nepuofa B KPOBM Y XMUBOTHbIX
ycTaHaB/mBaeTcs 60/ee BbICOKas, YeM B 3UMHUIA CE30H, KOHLeHTpa-
LMSA KanbLma 1 caxapa, HapacTaeT OCMOJIAPHOCTb M1a3Mbl KPOBU B pe-
3ynbTaTe fesTeNlbHOCTU FyMOpasibHbIX MEeXaHWU3MOB, OCYLLECTB/ISEMbIX
KOpOW HagnoyevyHuka. Tepmoperynsauns KOHTPOIMPYeTCs KOpPoin 60/b-
LUMX NOMYLLAPWIA, YTO NO3BOJISIET OLEHUTb 0OLUYO TEMMepaTypHYHo CuU-
Tyauuio 1 onpesennTb NOBEAEHYECKYHO peakLuuio, HarpaBieHHY Nn-

0 Ha u3bexaHue 3KCTpeMasibHbIX TemnepaTtyp, IM60 Ha aKTUBHbIE

430



[eiCTBMA, CBA3aHHbIE C NOCTPOIKONM yoexuia (Hopa, SI0roBo, rHesno),
AN Ha W3MeHeHVe TeMmnepaTypbl Tena. BaXHO OTMETUTb, 4TO ec/u
npouecchbl TENIONPOAYKUMMN Y BONbLUIMHCTBA XXMBOTHbIX [0OCTATOYHO
CTabunbHbI 1 ONPeaensoTcs BUA0BbIMU, NOPOAHBLIMU N MHAUBUAYab-
HbIMW 0COGEHHOCTAMM 0OMeHa BellecTB, TO ajanTauus opraHusma K
ObICTPOMEHSIOLLMMCS YCNIOBUAM OKpYXXatolleli cpefibl NPOMCXOANT B
OCHOBHOM 32 CYET M3MEHEHUs MPOLLECCOB TEMI00TAAUN.

11.2. BEJIKOBbIN (A30OTUCTbIN) OBMEH

Benkamn (nNpoTemHamu) HasbiBalOT BbICOKOMOJIEKY/IAPHbIE CO-
efIMHEHUNA, MOCTPOEHHbIE M3 aMWHOKWCNOT, KOTOopble ob6ecreymsatoT
CTPYKTYPHYIO OpraHu3auuio 1 >XXWU3HeLeaTe/IbHOCTb opraHu3Ma. OHu
COCTaB/IIlOT OCHOBY BCEX TKAHEBbIX 3/IEMEHTOB OpraHusma, ux 6umo-
CUHTE3 OornpegenseT pocT u passutme. MNMocTosHHOe 06HOBMEHNE Gen-
KOB —He06Xx04MMoe ycnosve ans obecreyeHns CTPYKTYpbl U PYHK-
LMW OpraHu3Ma Ha MpOTSHXXKEeHUN XWU3HWU. Benku obnagaroT U 3Hauu-
Te/IbHOW 3HEPreTMYeCcKOMn LIeHHOCTbIO (! T 6enka faeT B meTabonmyec-
KnX peakumax 17,22 k[x).

OpHa u3 Hanbonee BaKHbIX (DYHKLMIA BelIeCTB 6e/1KOBOI MpuUpo-
Obl —3T0 UX yyacTue B peakumsax 06MeHa BELLeCTB B Ka4eCTBe MOLLHbIX
KaTasm3aTtopoB XMMMUYECKMX peakuuii —epMeHTOB. benku obecneun-
BalOT COKpPaTWUTEeNbHbIE MPOLEeCChbl (aKTUH, MWO3UH), TPaHCMOPT rasos
KpOBblO (remMornobuH), cBepTbiBaHWE KPOBW ((DMOPMHOrEH), 3awuTy
opraHvsma OT BMPYCOB, MMUKPOG6O0B, YyXXepoaHoro 6enka (MIMMYyHOro0-
6Y/IMHbBI), B3aMMOCBSA3b MEXIY OpraHamu U TKaHAMW (TOPMOHbI). Takum
06pa3om, 6efikn BbIMONHAT NAACTUYECKYHO (CTPYKTYPHYIO) U PYHKLK-
OHa/IbHYIO posib. Benkun NOCTOAHHO 0GHOBNAOTCA, TaK KaK B OpraHu3me
HEnpepbIBHO NPOUCXOAMT pacnaj 6Gefika M CUHTe3 HOBbIX OEIKOBbIX
CTPYKTYP. EAWMHCTBEHHbIM WCTOYHWKOM [/1 CUHTe3a HOBbIX GefkoB
opraHusma sasngoTca 6enku nuwn. Mpu pacnage 6en1KoB Kopma 0CBO-
60>KAatTCAd aMUHOKMUCNOTbI, KOTOPbIE MOTYT BCACbIBATLCA U UCMOJIb30-
BaTbCH KaK CTPYKTYPHbIV 3/1eMEHT [J1 CMHTe3a HOBOr0 TKaHeBOro 6en-
Ka, AN 00pa30BaHMs NPOU3BOAHbLIX aMUHOKUCNOT (MYPUHOBBIX U (hoC-
(haTUAHbIX OCHOBAHWI). HeKoTopble aMWHOKWUC/IOTbI, MOABEpPrasch
[e3aMUHNPOBAHMIO, Y4acTBYIOT B YI/IEBOAHOM OOMEHE.

Buonornyeckas LEeHHOCTb pa3/iMyHbIX 6e/KOB HEOAMHAKOBaA W 3a-
BMCWUT OT MX aMUHOKMC/IOTHOTO cocTasa. [onHoLeHHble 6enkn comep-
Xar BCe He3aMeHVIMble aMMHOKWUCOTbI, T. €. aMUHOKMC/O0TbI, KOTOpPbIe
He 06pasytoTca B OpraHu3Me, HO Heob6XoAMMbl A1 ero NOSIHOLEeH-
HOro pasBUTUA U PYHKLUOHUPOBAHUA: BaMH, U30/ENALUH, NelLmnH,
TPEOHWH, IU3UH, TPUNTO(aH, PeHnnanaHnH. YacTMyHo 3aMeHUMbIMU
ABNAKOTCA apPrUHWUH, TMCTULAWH, LUMCTEUH U TUPO3VH. He3amMeHUMOCTb
aMWHOKMC/IOT ONpesenseTcs y4acTuem KX He TONbKO B CUHTE3e CreLu-
(hmyeckmx 6enKoB, HO N CaMOCTOATE/IbHO B PerynsTopHbIX U 06MeH-
HbIX mpoueccax. Tak, 4/ CUHTe3a (PU3NONOTNYECKN aKTUBHbIX Be-
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LWecTB —apeHannHa 1 HopagpeHaiuHa —pa18 NpoLeccoB MeTUINPO-
BaHUS HEOOXOAMM METUOHWH, KOTOPbLIA MOXET MCMO/b30BaTLCA U MpH
06pa3oBaHUN XONMHA N KpeaTuUHa. PeHnnanaHnH n TMPO3MH HeobXo-
OUMbl Ang 06pa3oBaHUA KaTexolaMUHOB M TUPEOUAHbIX FOPMOHOB.
TpunTodaH CNy>XUT MCTOYHMKOM A/1F CMHTe3a BUTammHa PP u cepo-
TOHVMHA. APr1HUWH MCMOMb3YyeTca B npouecce 06pa3oBaHNA MOYEBM-
Hbl —3Tana 6e/KOBOro 06MeHa, HeoOX0AUMOro Ans 0CBOOOX/AEHUS
opraHu3ma OT KOHeYHbIX NPOAYKTOB.

MoTpe6HOCTb B NOCTYMN/IEHUN HE3aMEHUMbIX aMUHOKUCIOT C KOp-
MOM Y XBa4HbIX XMBOTHbIX 3HAYUTE/IbHO MEHbLUE, TaK KakK MWKPO-
(hnopa pybua crnocobHa CUHTE3MPOBATb MX B AOCTATOYHbLIX KOMUYe-
CTBax. Y NPOCTEMLINX COAepXKaHMe He3aMeHMMbIX KUCNOT B pacyeTe Ha
Cyxoe BellecTBO Konebnetca ot 33 go 44 %, a y 6aktepuii —oT 24 [0
27 %. JT0 yKasblBaeT Ha TO, YTO aMUHOKMC/IOTHbINA COCTaB W nepe.a-
pUMOCTb 6aKTepMasbHOro U NPOTO30MHOIO NPOTENHA AOCTATOYHO He-
3aBMCKMbI OT pPaLuoHa: MUKPO6MabHbIN NPOTEUH ABASETCA UCTOYHU-
KOM a30Ta MOCTOSAHHOro cocTaBa. BMmecTe € 3TUM AN18 XBayHbIX U
MOHOTaCTPUYHbIX XXMBOTHbIX aKTya/lbHOW 0CTaeTcs npobnema nosiHo-
LLEHHOro NuTaHus, obecneynBaroLLIeEro HeOO6X0AMMbIA aMUHOKUCIOT-
HbIi COCTaB M NONHOLEHHOE pa3BMTME POCTa U NPOAYKTUBHOCTU. N5
poCTa LWepcTn oBLaM TpebyeTca 60/bLUe cepocoepXKallinx aMMHOKNC-
NoT, a Ana obpa3oBaHns KazemHa —nm3nHa. C MOMeHTa Havana fakTa-
UMM B NasmMe KPOBM YMEHbLLAETCS KOHLEHTPaums Nn3nHa, TPEOHUHa,
rMCTUANHA, NelLMHa, aprMHUHa U ryTamUHOBON KMcnoTobl. Mpu go-
NOSIHEHWUW paLMOHa HEKOTOPbIMWU aMUHOKUCIOTaMK NMPOUCXOANT Nyu-
LLiee YCBOEHMe a30Ta KopMma.

HopmanbHOoe npoTekaHue npoueccoB 6e/KoBOro 06MeHa, NosiHo-
LLleHHOE OCYLUeCTBNEeHNE (M3NONOTNYECKUX (YHKLMIA HEBO3MOXXHbI
6e3 foCTaTOMHOro 6enKOoBOro NUTaHusA. MOCKOMbKY OTAUYUTENbHOM
OCOOEHHOCTHH XMMWYECKOr0 COCTaBa Oe/iKOB ABMIAETCA Ha/iMuue B
HeM a3oTa, TO KO/IMYeCTBEHHOE COOTHOLUEHME Pa3/IMYHbIX CTOPOH
6en1KkoBOro o6MeHa MOXHO OLEHUTb MO a30TUCTOMY GanaHcy. Ons
3TOro OnpefensieTca COOTHOLLEHVE a30Ta, NOCTYMMBLLETO B OPraHu3m
3a CYTKU C NULLEN, 1 a30Ta, BbIAENEHHOr0 U3 OpraHu3ma B pesy/nbrarte
pacnaga 6enkoB. MOCKOMbKY Bble/leHNe a3oTa MPOUCXOAUT rNaBHbIM
06pa3oM C MOYOiA, TO (hopMysia a30TUCTOro 6anaHca BbIMAANUT Creay-
HOLUM 06pa3om:

A30T nuLn —A30T Kana
A30T mMouun

K

Mcxoaa w3 Toro, 4to B Genke B cpeaHeM cofepxuTcs 16 % a3oTa,
Nerko paccuvTartb MocTyrnsieHne 6enka B OpraHn3M: | r a3ota COOTBET-
cTByeT 6,25 1 6enka. B opraHmame B3pOCNOro 3/0pOBOr0 XKMBOTHOIO
Nnpv ONTUMA/IbHBIX YC/IOBUAX KOPM/IEHUSA U COAEpPXaHUsA LO/HKHO Moj-
[epXXnBaTbCs a30TUCTOE paBHOBeCWE, OAHAKO A/ 06ecnevyeHns Toro
NN NHOTO BUAA NPOLYKTUBHOCTU NPU YCUIEHHOM POCTe, 6epeMeHHO-
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CTM WM NakTauuy 4YacTb a3oTa KOpMa [AO/MKHA 3afepXuBaTbCs B
opraHuame, T. €. a30TUCTbIA 6anaHCc JO/KEH ObITb MONOXKUTENbHBIM.
Ecnu 13 opraHmama Bblgensietca 60/blue a3oTa, Yem MOCTynaeT, a aTo
MOXeT OblTb CBSi3aHO C HapyLUeHMeM MOCTYMNJeHNS NOSTHOLEHHOro
6enka nwnn B nepuog 3aboneBaHNs, a3oTUCTbIA 6anaHC MOXET ObITb
oTpuLaTesbHbIM.

Pacnag 6enkoB B opraHuM3aMe npu OTCYTCTBUM MX MOCTYMEHUSA C
KOPMOM NPUBOAUT K NMoTepe TKaHeBOro 6esika, 00ycnoB/ieHHOW Npo-
Lleccamn XusHegeaTtenbHoATU. M. Py6Hep BBen noHATME «KO3(hu-
UMEHT W3HaWWMBaHUA» —3TO MoTeps 6Genka, nepecuntaHHas Ha [ Kr
maccol Tena B ycnosusax nokosa (0,028...0,065 r a3ota Ha 1Kr maccbl B
CyTKu). [ng NOKpbITUA 3TOr0 6enKoBOro AeuuuTta OpraHusM Los-
YKeH nosiyyaTb U3BHe M3ObITOYHOE KOMIMYECTBO 6enka, Y4To NO3BOAUT
«BblOpaTb» HYXXHble aMUHOKUCOTbI M3 60Mee 3HaYMTENbHOW Macchbl
6enKoBOro NUTaHus.

BmecTe ¢ aTuM Genky nuwim 061agar0T cneuupuyeckn guHamu-
YECKUM AeiACTBMEM M CMOCOBHOCTLIO NOBbIWATh MHTEHCUBHOCTL 00-
MeHa BewlecTB. locnie NOCTYNneHUs 6enKoB C MULLEd UHTEHCUB-
HOCTb 06MeHa noBblliaeTca u coctasnseT 40..50 % KanopuitHocTu
BBeJEHHOro 6enka. Takum 06pas3oM, AN4 MOALep>KaHWUs a30TUCTOro
paBHOBECMSA C NULLEN AO/MKHO NOCTYNaTb 60/blue 6efka, TakK Kak 310
KO/IMYEeCTBO [O/IKHO KOMMNEHCUPOBATb CMOXMBLUMIACS AeUUUT 1 No-
KpbITb 3aTpaTbl Ha AMHAMWYECKOe BO3AeWCTBME MPUHATOW MUK,
Mpn 6en1KOBOM rOMI04AHUN CHUKAETCA WHTEHCUBHOCTb CUHTE3a WU
pacnaga 6enka, 4to B/eYET 3a CO60M HapyLleHne CuHTe3a PYHKLMO-
Ha/IbHO HEe06X0AMMbIX 6e/IKOB, HapyLlaeT PYHKLUMUIO MHOTMX OpraHoB
M CUCTeM, NpekpaliaeT pocT opraHusMa 1 (HopMUpoBaHWe CKefeTa.
BenkoBoe ronofaHne NpuMBOAMT K YCUIEHHOMY pacnagy 6enKoB CKe-
NeTHOW MyCKynaTypbl, Ne4YeHn n apyrmx opraHos. OcBOGOXatoLLne-
CS aMWHOKWUCNOTbI B Xofde nepepacnpefeneHns aMUHOKUCIOTHbIX
3anacoB UCNonb3ytTCa Ans cuHTe3a 6enkos LIHC, cepaeyHoin Mblw-
Ubl, ropMoHoB. OpraHu3m npucnocabnnBaeTcsa K HOBbIM 3KCTpe-
Ma/ilbHbIM YC/IOBUAM CYLLECTBOBaHUA. B ganbHeiwemM CyLecTBeHHO
CHWKAEeTCS aKTUBHOCTb (JEPMEHTOB, pa3BMBAETCA AereHepaumns 3H-
LOKPUHHBIX Xene3 1 HapyllaeTca paboTa nevyeHW U noyek. Takum
obpa3oM, Ans obecneyvyeHUs >KWU3HEAEeATeNbHOCTM W MOALEPXKaHUs
a30TUCTOr0 PaBHOBECUS B OPraHM3M >KMBOTHBIX LO/DKHO MOCTynaTb
onpefeneHHOe KOMMYECTBO 6enka —3aTo MUHUMa/IbHOE KO/IMYeCTBO
6enka, Heo6xoAMMOoe AN NoAJepXKaHNA OCHOBHOIO 06MeHa, HasblBa-
emoe 0enKoBbIM MUHUMYMOM. benKoBbI MUHMMYM (B rpammax Ha 1Kkr
YXMBOW Macchl ) COCTaBNAET AN1S OBLbI U CBUHbLW |, A5 fowaan B no-
koe —0,7...0 8, a npn pabote —1,2...1,42; Ana HeNaKTUPYHOLLERA Ko-
poBbl —0,6...0,7, a gns naktupytowen — 1 W3 atoro cnegyet, 4to
nocTynarowiee npy 6e1KOBOM MUHUMYMe KOJIMYECTBO CMOCOOHO He
TO/IbKO KOMMEHCUpoBaTb MeTabonnyeckoe M3HallmMBaHe 6enKoB, HO
M ONNaTUTb 3HEreTUYecKne 3aTpatbl, CBA3aHHbIE CO CheungpuyecKkm
JNHAMUYECKMM AeACTBUEM MPUHATON NULLN.

28 B.T. Ckonuucsugp. 433



11.2.1. OCHOBHbIE 3TAlbl BEEJIKOBOIO OBMEHA

MepBbli 3Tan. [uuweBapuTenbHble Npoueccbl obecneymsa-
HOTCS (DYHKLMOHMPOBAHNEM (PEPMEHTATUBHBLIX CUCTEM, YHaCTBYHOLLMX
B pacLiensieHun 6e/KoB 40 aMUHOKUCNOT M NOCNeLYHOLLEM UX BCACI-
BaHUM B KpoBb. PepmeHTaTVBHble MPOLECChbI paclyenneHns 6enka
OCYLLEeCTBNATCA NpOTenHasaMm —rnaponuTUYecKUMmn hepmeHTamu,
paspyLualwnumMmn nenTuaHble CBA3W, B pesynbTare Yero U3 6e/ikoB 06-
pasytoTcs KpynHble noamnenTuapl (MenToHbl 1 anbbymosbl). B aasib-
Helem npy yyacTum KapbonenTtugas, ammHonenTuaas, AvnenTtungas
6enKoBas MO/eKyna paspyLuaeTcs [0 CTafuu aMUHOKUCIOT. AMUHO-
KNCMOTbl TPAHCMNOPTMPYIOTCA Yepe3 3NUTeNNanbHY KNeTKy Kulleu-
HMKa 1 NOCTYNakT C KPOBOTOKOM Yepe3 BOPOTHYHO BEHY B NeYeHb, rae
4acTb UX 3a[ePXXMBAETCA M TPaHCHOPMUPYETCH, a YacTb NEPEHOCUTCH
K pasnn4yHbIM OpraHam M TKaHsM. 3amMeTUM, YTO BcacblBaHWe aMUHO-
KMCMOT B KULLIEYHUKE —3Hepro3aBuCcUMbI npouecc, Tpebyrowwunii
pacxofgoBaHua ATO.

Y XBauHbIX B pybLe 60/blIas YacTb OENKOB U APYrMX a30TUCTbIX
COEIMHEHWI NN [0 NOCTYN/IEHWS B MOC/EeLYHOLLMe OTAe bl NULLEeBa-
PUTENIbHOrO TpaKTa MOoABEPraeTca CrneunpuyecKUM npeBpaLleHunsm.
Py6L,0Bble MUKPOOPraHn3mbl, 06/1aasi B YMC/e MPOYNX U NPOTEONUTU-
YECKOW aKTMBHOCTbIO, pacLlennatoT 6ekn KopMa A0 NenTugoB U amu-
HOKMC/IOT 1 CMyXaT UCTOYHMKOM 06pa3oBaHus aMmmaka B npotiecce
fe3amrHMpoBaHus. O6pasyroLLMiicd aMMuaK UCnosb3yeTcs B OCHOBHOM
N9 CMHTe3a MUKPOOMa/IbHbIX Ge/IKOB, HO HEKOTOPOE ero KOIM4yecTBO
MOCTyNaeT yepe3 CTeHKY pybLa B KPOBb. BbICBOOOXKAEHVE amMuaKka rnog
LecTBUEM MUKPOOMabHbIX Ae3aMnHa3 NPOUCXOAUT LOCTaTOUHO BbICT-
PO, NPMYeM pasnNyHble KOPMOBbIE MCTOUYHMKM a30Ta CYLLEeCTBEHHO pas-
NNYaKOTCHA MO CKOPOCTM 06pa30BaHUA aMMuaka B 3aBUCMMOCTY OT Noj-
rOTOBKWM KOPMa; CU/I0COBaHHbIE KOPMa, Ie npouecc hepMeHTaTUBHOMO
pacLensieHns CoCTaBNAOLLMX KOpMa B OCHOBHOM Y)Ke npoLyen, obecne-
YMBAIOT 3HAUUTENLHO 6OMEe BbICOKUIA BbIXOL aMMUaKa.

OC06eHHO BaXXHbIM MCTOYHUKOM aMMUaKa SBASETCS MOYEBUHA H-
[OTEHHOr0 M 3K30reHHOro NPOUCXOXAEHWUSA, KOTOpas pacLuensseTcs
MUKPOOManbHbIMK ypeazaMn 40 aMMUaka u ,CI,VIOKCVI,ga yrnepoga. Bbicso-
60XJeHMe aMMMaKa NPoOUCXOAUT U U3 OPYrnX HebGenKoBbIX COefuHe-
HWIA as3oTa. Kpome Toro, 40 aMMuaka MOryT BOCCTaHaB/MBaTbCA HU-
TpaTbl NPOCTENLLUMMM MUKPOOPraHu3mMamy pybua Ha cTagum npome-
XXYTOYHOro obmeHa as3oTa. bnarogaps aTOMy MOXHO WCMO/b30BaThb
MOYEBUHY Y aMMOHUIACOAEePXallne COefUHEHUS B KayeCTBe MULLEBbIX
[06aBOK B pauMOHaXx »BayHbIX XMBOTHbIX A1 BOCNONHEHMS 6enka u
onTMMM3aLMM a30TUCTOro 6anaHca. VI3BECTHO, YTO MOYeBMHA NOCTO-
AHHO MPUCYTCTBYET B KPOBOTOKE XXBAYHbIX XXMBOTHbIX, HO NpuK ObICT-
POM €ee NOCTYM/IEHNN B KPOBb Y AOCTVKEHWUW ONACHbIX KOHLEHTpaLnii
OHa BbIBOAMTCA MOYKaMK, a NPy HeGONbLUMX KOHLEHTpaLnaX aKCKpe-
TUPYETCA CMOHHBIMW XXene3amu 1 CO CHOHOM MocTynaeT B pybew, rae
BHOBb NojBepraeTcsd MMKPoOGHOMY MeTabonusmy. [ipyras rpynna as3oT-
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COAepXKaLLmMX BeLLeCTB B PyOLLOBOM COAEPXKMMOM NpefcTaBneHa HYK-
NENHOBbIMW KWUCNOTaMU, KOTOPble ObICTPO pacLLennsatoTcs GepmeH-
TamMyM MUKPOOPraHn3mMoB 10 MOHOMEPOB M UCMOJb3YHTCH MUKPOOPTra-
HU3Mamu pyoua ans 6e10KCUHTETUYECKON AeATeNbHOCTH.

McTouHMKM a30Ta, GbICTPO 06pasyrolime ammuak, CnocoO6CTBYHOT
nepeBapyvBaHuUIO LeNH0I03bl U Kpaxmasna, NOCKO/IbKY OH Heob6Xoaum
ANA NATAHWSA U Pa3MHOXEHUSA LeNn1030/IMTUYECKUX U aMUNI0NNTU-
yeckmx GakTepuid. nd cMHTE3a aMMHOKUCIOT U3 amMuaka Heobxoam-
Mbl YIIePOAHbIN CKENeT MU 3Heprus, npyu 3TOM MUKPOOPraHu3mbl Cro-
COGHbI UCMO/b30BaTb Pa3/IYHbIe UCTOYHWUKN Yriepoga (yrieBojbl, 130-
Ba/lepnaHoBYIO KUCNOTY, auetaT u gpyrve NeTyuve XUpHble KUCOoTbI).
CuHTe3 onpefeneHHbIX aMUHOKUCOT TpebyeT CrneuuguyHbIX yrie-
POLHbLIX CKENETOB: M30Banepuar Ana neiunHa, ! -metunbyTtupat ans
n3onenunHa, n3obyTupaT ANA BasvMHa, PeHunaueTat Ans geHunana-
HWHa, nHAoN-3-aueTtar Ansa TpunToaHa. Hapsagy ¢ CMHTe30M aMUHO-
KNCNOT B py6Le NPOMCXOAMT BCacbiBaHMe ammMuaka npu ero KOHLEeH-
Tpauum 7 Mr%. AMMUAK C KPOBOTOKOM MOCTYMaEeT B NeYeHb, rae oH uc-
Monb3yeTcs 418 CUHTe3a MOYEBMHbI. AMMUAK B MOHHOW (hopMe —UOH
aMMOHMA He cnocobeH afcopbupoBaTbCs KMETOYHON MembpaHoir, U
TO/IbKO MpW MOBbILLEHUN PH MOHBI aMMOHMS, NMpeBpaLLasch B aMMUaKk,
ObICTPO BCACbIBAlOTCA 3a CYHET JIErKOro NMPOHWKHOBEHUSA Yepe3 KeTou-
HYt0 MeMbpaHy. HekoTopoe KO/IM4ecTBO aMMMaKa MOXET TpaHCHopMu-
poBaTbCA B MOYEBMHY M B C/IM3UCTON 060/104Ke pybua.

BTopoin atan. [MpomexyTouHblli 06MeH 6e1KOB HauMHaeTCs B
MeyeHu, Kyga nocTynatoT BCOCABLLMECS B XKe/Ty04HO-KULLEYHOM TpaKTe
aMUHOKMCNOTBI. 3[eCb NPOUCXOAUT MX TpaHc(opmauns —ae3amuH1po-
BaHuWe, nepeammHUpoBaHmne (MM TpaHCaMUHMPOBaHUE), AeKapboKeunn-
poBaHVe Npu yyacTumn crneunpuyecknx MepmMeHTOB 1N 00pa3oBaHmne Ho-
BbIX aMUHOKMICOT C OTLUEN/IeHNEM aMUHO- U KeTorpynnbl. be3a3oTuc-
Tble OCTaTKN aMUHOKMC/IOT UCMO/b3YHTCS B CUHTE3€ XKNPOB, YINEBOAOB U
Apyrmx MeTabonMyecKn 3Ha4MMbIX COeaMHEHWA. B npouecce npomexy-
TOYHOr0 06MeHa aMMHOKMCIOT 06pasytoTcs U (HU3MONOTUYECKN aKTUB-
Hble COEAUHEHUS; NPU AeKapOOKCUNMPOBAHUN —aMUHbI (KaTexonamu-
Hbl, TMCTaMWH, CEPOTOHUH) 1 FraMma- aMMHOMac/sHas KucioTa.

HavanbHbIM 3BEHOM 6MOCUHTE3a 6e/1KOB SBNSETCA TPAHCMOPT WX
13 KPOBW B KNETKW, rae CBOOOAHbIE aMUHOKMC/IOTbI 06pasytoT Komn-
NeKcHble coeanHeHuns ¢ AT® n TPHK un foctaBnsaioTes K pubocomam.
CTpYKTYpHble KOMMOHEHTbI KMETKU pMOOCOMbI (MM UX 06bednHe-
HMEe MOJINCOMbI) «CLUMBAKOT» aMUHOKWUCNOTbI B ONPeAeNeHHON nocne-
[0BaTe/IbHOCTU U (HOPMUPYIOT MEPBUYHYHO MONMNENTUAHYHO Lenb.
LanbHellme BHYTPUKIETOUHbIE NPEBPALLEHNA NONUNENTUAHOW Lenu
(NnprobpeTeHne BTOPUYHOIN M TPETUYHOW CTPYKTYpPbl 3a CYET BK/HOYe-
HWUA B COCTaB MOJIEKY bl POCHATHBIX U Ka/lbLiMEBBIX CLLMBOK) onpese-
NAOT KOHEYHbIN pe3y/ibTaT 0e/IkoBOr0 CUMHTE3a —MOsAB/eHME CheLu-
(hmuHoro Genika c onpegeneHHoNn MONeKyNSpPHO Maccoi 1 xapakTep-
HbIMW CBOMCTBaMW. Hapsagy C CUHTE30M HOBbIX 6€NKOBbIX MOMEKYN B
KNeTKe BO3MOXHa fAerpajaums HOBOOOpa30BaHHOro Genka nof Aew-
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CTBMEM MPOTEMHA3, KOTOpble ABAAKTCA 3HAONENTUAa3aMn 1 gokanm’
3yt0TCA B OCHOBHOM B /IM30COMax. Ecnm kneTka BbipaboTana nsnuiiHee
KONNYeCTBO Gefika U ero BbiBefeHNe 3aTPYLHUTENIbHO, TO BK/IHOYaeT-
CA BHYTPUKNETOYHAs cucTeMa ferpagaummn 6enka, akTMBMpyroTca Xpa-
HUTENN TUAPOIUTUYECKNX cpepmeHTosLénmocomu) n uutonsasma oc-
BOOOXAaeTCA OT 6e/IKOBbIX «U3/MNLLIKOBY.

Tpetunin 3atan. KOHeyHbIMM NpoAyKTamun 6e1KOBOro obmeHa
ABNATCA AUOKCUL, YINePOAa, BOAA M a30TCOepKaLLve BellecTsa —Mo-
4yeBMHa, Mo4eBas KMCNOTa, aMMMaK, KpeaTUHWH, TMnnypoBas KucioTta
N MHAWKaH. 3TV NPOAYKTbl AO/MKHbI ObiTb BbIBE4EHblI U3 OpraHu3ma
NM60 06e3BpeXeHbl B XOAe AafbHEeAWMnX MeTaboNnyecKnx peakuui.
Tak, YacTb aMMMaKa 06e3BpeXnBaeTCs 3a CHeT 06pa3oBaHUsA rIrTaMu-
HOBOW KMCMOTbI U rNOTaMUHa 160 NPeobpa3oBbIBAeTCS B MEHee TOK-
CUYHbIV NPOAYKT —MOYEBUHY. Y aaneHne NevyeHn —OCHOBHOI0 MoYe-
BMHOOpPa30BaTe/IbHOro opraHa —npuBOAUT K aMMUayHOMy OTpaBsre-
HUI0, KOTOPOE CKasblBaeTCA npexae Bcero Ha coctosiHum LIHC. Mouye-
Bas KWCOTa, ABNAKOLWANACH KOHEYHbIM MPOAYKTOM OOMeHa HyKfeu-
HOBbIX KMC/OT, KakK M MOYEBMHa, BbIBOAMTCSA U3 OpraHu3mMa yepes rnou-
KN. HekoTopble KONMYyecTBa aMMmaka MOryT CBSi3bIBaTbCA HeMnocpes-
CTBEHHO B MOYKax ¢ 06pa30BaHMEM aMMOHUIAHbIX COMENA.

B KuwweYHnKe Nof BAUAHWEM THWUMNOCTHbIX 6akTepuii 6e10K NULIn
MOXET Mpeo6pa3oBbIBaTbCA B MBLOJS U CKATO/, KOTOpbIE, NOCTyMas B
KPOBb, WHaKTUBUPYIOTCA 3a CYET CBA3bIBAHWA C CEPHOM KMUCIOTOMN.
O6pa3oBaBLUMecs NHAOKCU/I-CepHaa (MHAUKAH) U CKaTOKCU/I-cepHas
KUCNOTbI BbIBOAATCA C MOYOM.

Mpy HapylweHnn o6pa3oBaHMA MOYEBMHbLI B MEYEHN MM Npekpa-
LUEHNW BbIBEAEHMA NPOAYKTOB 6e/IKOBOro 06MeHa B OpraHu3Me pasBu-
BaeTCs runepasoTeMmsi —HaKormnjeHne B KPOBU aMMMaka, aMUHOKMC-
NOT W NoAMNenTuaoB. Mepen3ObITOK NOMMNENTUAOB BbI3bIBAET 3HAYU-
Te/lbHOE MajieHne KPOBAHOrO faBfeHnst (MeNTOHHbIM LOK), 3amep/ie-
HVWe CepAeyHol [eATeNlbHOCTM W yBe/IMYeHUe MPOHMLAEMOCTN Ka-
NUNNAPOB. JTa peakyms 06yCnoBfeHa BbICBOOOXAEHNEM 3HAYUTESb-
HbIX KONMYEeCTB TMUCTaMWHA, KOTOPbIA BbI3bIBAET COCYAMCTble pac-
CTPOMCTBA W YBENIMYEHVE KPOBEHAMNOHEHUS MEYEHN 3a CHET CYXEHUS
MeYeHOYHbIX BEH, Cra3m COCYZOB CENe3eHKN W yMeHblUeHne o6bema
KpPOBOTOKa Noyek. HakonneHne KPoBM B MeYEHU Y U3MEHEHUS B NOY-
Kax COMpOBOXAAKTCA 3aMef/IeHNEM CBEPTbIBAEMOCTY KpoBWU. B fanb-
HelLeM pa3BmMBaeTCA NOPO3HOCTb Kanuinsapos, B KPOBW YBEIMUMBAET-
CA YPOBEHb Ka/niA, a KaslbLys CHKAETCA. MNMajjeHne akTUBHOCTY XO/MNH-
acTepasbl NPUBOAMT K M3MEHEHUIO aKTUBHOCTU BereTaTMBHOW HepB-
HOI cuctembl. Mpu HapyLlweHU AedTeslbHOCTU NOYeK B MOYe Hakar-
NNBAKOTCA A0 OMacHbIX MPesesioB MOYEBMHA N UHAUKAH, & B KPOBU NO-
ABNAKOTCA PEeHO/, napakpes3on v Apyrue TOKCUYeCcKne MpoAyKTbl, 4TO
MPUBOAUT K THXE/IOMY OTpaB/ieHUt0 opraHusma (ypemus). Hapsgy c
NOYKamM BbiBeEHNE KOHEYHbIX MPOAYKTOB 6e/IKOBOro 06mMeHa ocyLie-
CTBNISIETCA XKENYJ0UYHO-KMLLIEYHbIM TPAaKTOM, NOTOBbLIMM XXe/e3aMun U, B
MEHbLLEA CTeNeHW, Yepes Nerkue C BbLLbIXaeMbIM BO3LYXOM.
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11.2.2. PErynauna BeENKOBOIro OBEMEHA

Ha KNeTOYHOM YpPOBHE OCYLLECTBMISETCA «aBTOMATUYECKWIA MPUH-
LMM» CONPSXXEHHOCTU BHYTPUK/IETOUHbIX peakuunii metabonmsma. Of-
HaKo B MHOrOK/IETOYHOM OpraHu3me 3TU BHYTPUK/IETOUYHbIE MEXaHU3-
Mbl MOAUYMNHEHbI BHELIHUM PErynsTOpHbIM BO3AENCTBUSM CO CTOPOHbI
HEPBHOW 1 3HAOKPUHHON CUCTEM. PerynsitopHoe BAMAHWE LeHTpaslb-
HOW HEpBHOW CUCTEMbl Ha MPOLECCbl CUHTE3a W derpajauun benka
MPOMCXOAMNT KaK 3a CYET NPSIMbIX HEPBHO-TPOMYECKNX BAUSAHWNIA, Tak
1 ONocpeioBaHHO 3a CYeT LieNeHanpaBieHHOro U3MeHEHUs aeaTenb-
HOCTW PasiNyHbIX XKene3 3HLOKPUHHON CUCTEMBI.

HepBHO-Tpodmnyeckme BANAHNA AeMOHCTPATUBHO NPOSABAAIOTCS NpU
JeHepBauummn TKaHeld. Mocne nepepeskun ABUrate/ilbHbIX HEPBOB B UHHEp-
BMPYEMbIX UMW MbILLILLAX HAYMHAETCS YCKOPEHHBI pacnaf, 6enka u pas-
BMBAETCS aTpoMs MbILLEYHON TKaHM 3a CHET YMEeHbLUEHMS KOMYecTBa
MbILLEYHbIX 6eM1KOB. TPOo(hnyecKoe BVNSHUE HEPBHbIE BOJIOKHA OCYLLe-
CTB/IFIKOT 3a CYET CMHTE3MPYEMOTO B Te/le HelpPOHa 1 TPaHCMOPTMPYeMO-
ro Mo akCOHY CMneLmgpu4ecKoro HepBHO-pOCTOBOrO (hakTopa. Ecnn, He
HapyLas (hyHKLUMOHMPOBaHUA MeMOpaHbl, NpeKpaTuTb nepemMeLLeHue
akconsasMbl B HepBHOM BOJIOKHE (006paboTKa KOMIXMLMHOM COXpaHseT
NpoBefeHNe HEPBHOIO MMMNY/bCa, HO BNOKMPYET aKCOHa/IbHbIN TpaHC-
MopT), TO aTPOIMA MbILLILbI HACTYMNAET TaK Xe, Kak 1 B Ciyyae rnepepes-
K1 HepBa. BwmecTe ¢ 3TUM CyLeCTBEHHbIM afanTalMOHHO-TpoduYec-
KUM BNUAHUEM 06/1aJal0T HEpPBHbIE CTPYKTYPbl CUMMATUYECKON HepB-
HOM CMCTeMbI; NPU BblAENEHUN MeANATOPOB (KaTexX0oNamMUHOB) CyLLECT-
BEHHO MeHSeTCs 6eNKOBbIi MeTaboN13M B NULLLEBAPUTENBHBIX Xee3ax
N Opyrux BucuepasibHbIX opraHax. VHTerpatuBHas (yHkums LIHC,
HanpaBneHHas Ha afjleKBaTHOe MPUCNoco6/eHne K YCIOBUAM MOCTOSH-
HO MEHSIOLLEeNCa cpefbl 00MTaHMs, 0becrneynBaeT CBOM TpoUUecKme
(hYHKLMKN Yepe3 runoTasiaMmyeckne CTPYKTYpbl FO/1I0BHOro Mosra. Mpu
yAaneHMn Kopbl 601bLUMX NOMYLIAPUIA Y XKMBOTHBIX HAaGMOAAeTCs CyLLe-
CTBEHHOE CHUXXeHWe GesKoBOro 0bMeHa, ay Mo/ofbiX —pPe3Koe 3amef-
NeHVe pocTa 3a CYET CHUXKEHUS HOBOOOpa3oBaHWA 6enkoB. Benkosbliii
06MeH U3MeHSeTCA Mpy CUIbHOM 3MOLIMOHATIbHOM BO30Y>XXAEHWUW, BO
CHe, MPU TMNHOTUYECKMX COCTOAHMAX N axe YC0BHO-PedIEKTOPHO B
OXMAAHMMN 3HAUMTEIbHOIO pacxofa (M3HaWMnBaHWs) CTPYKTYPHbIX Ges-
KOB. ['MnoTanamyc Kak BbICLUMIA LEHTP perynayum Metadbonn3ma, B Tom
ymcne 1 6enKOBOro 06MeHa, 06ecneymBaeT KOHTPO/b 3a PYHKLMOHNPO-
BaHMEM MOAUYMHEHHbIX eMy 9HJOKPUHHbBIX OpraHoB NMOCPEACTBOM Mpo-
OYKLUMA N BbLLENEHNS COOTBETCTBYHOLMX HEUPOrOPMOHOB —NGEPLLIOB
M CTaTWHOB. 3TO, B CBOKD oqep%qb, NPUBOAMT K NPOAYKLMN rOPMOHOB,
obecneynBatoLLMX HaKomnieHve benka (aHaboM4ecKnx) Unm ero MHTeH-
CMBHOE pacxofioBaHue $<aTa6onmquKmx). AHab0MYeCKe FOPMOHbI Bbl-
JensarTca Moo B runoguse, B NMOMOBLIX Xesesax, MM60 B NogKenyaoy-
HOM WAV LWUTOBMAHON >Xenese, HO B IIO60OM cny4vae ah(PeKTbl ITUX
rOPMOHOB LieNIeHanpaB/ieHHO KOOPAUHMPYIOTCA C 06LLeil NporpamMMol
(hYHKLMOHNPOBAHWSA OpraHn3mMa.



ComMaTOoTpONHbIA ropmoH (comatoTponuH) —CTIT, BbipabaTbiBae-
Mbli1 B nepefHeil gone rmnogumsa, OCyLecTBNSeT MOLLHOe aHabosnu-
4eckoe AeNCTBIE B NEpPUOf POCTa Yy MOJIOAbIX XKUBOTHbIX, 0becneunsas
HakornneHve 6e/KOBOW MacChbl BCEX OPraHOB U TKaHei 1 COOTBETCTBY-
foLLee pa3BUTKE CKeleTa. Y B3POC/bIX XNBOTHbIX CTI yyacTByeT B pe-
rynaymm 6enKoBO-CUHTETUYECKMX MNPOLLECCOB, YTO OCOGEHHO BaXKHO
ANA PYHKLMOHMPOBAHWSA MOJIOYHON Xenesbl, BbipabaTbiBatOLLER KO-
noccasnbHOe KoimuyecTBo 6enka. dgektol CTI NpossBnsTCA B UH-
TEHCU(MKaLMM TpaHCopTa aMUHOKMCNOT Yepe3 KIeToYHble MeMbpa-
Hbl, B CTUMYNALUN CUHTE3a MHOopMaLnOoHHbIX PHK B fape kneTok u
(hopMMPOBAHMIN NONNCOM, Ha KOTOPbIX MPOUCXOAUT CUHTE3 NONUMen-
TULHbIX Lenei, B NOAAaBMEHUN KaTeNCUHOB BHYTPUKNETOYHbIX MPO-
TEOMTNYECKUX PEPMEHTOB.

IHCYMH — rOpMOH NOpKe/yJ04HOM Xenesbl, 06M1aaas aHabonuuec-
KUM AieCcTBUEM, HENOCPELCTBEHHO BMSET Ha MPOLLECCHI TPAHCKPUNUMK
N TPaHCNALUMM 1 ONOCPeOBAHHO 3a CHET UHTEHCUMMKALUM TpaHCnopT-
HbIX MPOLLECCOB. Ha K1eTo4HoN MeMbpaHe YCUNMBAET TPAHCNOPT B KeT-
Ky aMWHOKMC/OT M NOAHMUMAET YPOBEHb CyOCTPaTOB AN CuHTe3a BGenka;
WHTEHCWMBHOE MOCTYM/IEHWE T/IFOKO3bl 06ECreunBaeT aT0T NMPOLECC 3Hep-
reTU4eckn. TOpMOHbI LMTOBUAHOW Xene3bl — TUPOKCHH U TPUiioLTvpo-
HWH MO-pa3HOMY BAUSAIOT Ha MeTabonusMm 6enka. B HopMe npucyTCTBUME
TUPEOVAHBIX TOPMOHOB HEOOXOAUMO NS CTUMYNALUUN CUHTE3a 6enka,
pasBuTUA OpraHn3ma, AndepeHLMPOBKY KNeTOK U (hopM1pOBaHns TKa-
Hell. ECnn TUPEO3IKTOMUS CYLLECTBEHHO HapyluaeT pocT W pasBuTue
opraHu3ma, T0 Npw r1nepTUpeose N3NMNLWASA CTUMYNALMA OKUCIUTENb-
HOro ocMopPUNNPOBaHMS NPUBOANT K BbICTPOMY «CrOpaHUio» MeTabo-
NMTOB YINEBOAHOIO M XXMPOBOIo 06MeHa, a B MOCNEAYHOLLEM K pacXoioBa-
HUIO 1 TKaHeBbIX 6eNKoB. B 3TOM cnyyae AeicTBME TOPMOHOB LMTOBUA-
HO1 YXene3bl NPOoSABSETCA Cyry6o KaTabo1myecku.

TOPMOHbI NOMOBbLIX XXefie3 0Ka3blBalT Pas3/IMYHOEe MO CTENEeHM
BO34eNCTBUS aHabonn4yeckoe BANSIHME. YKEHCKMEe MOM0Bble TOPMO-
Hbl {3CTporeHbl) CTUMYIUPYIOT CUHTE3 Gefika NpPeumMyLLecTBEHHO B
TaKUX TKaHSAX U opraHax, KOTOpble TeCHO CBSi3aHbl C PenpoAyKTUB-
HOM (DYHKLUMeR: yeunuBarT pocT MaTKu, ANALEBOLOB, MOJIOYHOW
Xenesbl U Bnaranvwa. BavsHue acTporeHoB Ha Apyrue opraHbl He-
3HauMTeNbHO. MYXXCKMe NosioBble TOPMOHbI {aHAporeHbl) o6nagatoT
6onee WMPOKMM aHABO/MMYECKUM BIMAHMEM He TO/IbKO Ha OpraHbl
PenpoAyKTUBHOW CUCTEMbI, HO U Ha GENIOKCUHTETUYECKYHO AeATe lb-
HOCTb CKENeTHOW MYCKYnaTypbl, 4TO NMPUBOAUT K YBEINYEHUIO Mbl-
LWEeYHON macchbl.

K kaTabonnmyeckum ropmoHam Hapsigy C TUPeOUAHbIMU FOpMOHa-
MW, BblpabaTbiBaeMbIMU MPU TUMNEPPYHKLUAN LLNTOBUAHON Xenesbl,
MOXHO OTHECTW aApeHOKOPTMKOTPOMHbIA FOPMOH rMnogusa, BAUSIO-
WM Ha KOPKOBOE BELLECTBO HAAMOYEYHUKA, CTUMY/UPYS CUHTE3
N BblgeneHne rnrKokopTukonaos: AKTI Bbi3biBaeT UHTEHCUMBHOE
npesBpaLleHne TKaHeBbIX GEe/IKOB B T/THOKO3Y. Lé)eﬁcmme rIFOKOKOPTU-
KOMAOB CBA3aHO C MHAYKLMeW cuHTe3a psfga (epMeHToB, obecneyu-
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BalOLUMX Ae3aMUHMPOBAHME aMWHOKMCNOT B XOAe T/IIOKOHeoreHe-
3a —HOB0O06OpPa30BaHMS TNHOKO3bl. B neyeHn, ogHaKo, rHOKOKOPTU-
KOMAbl CTUMYNUPYHOT CUHTE3 6eNKOB Niasmbl.

11.3. YIMIEBOAHbIA OBMEH

Buonornyeckoe 3HayeHue yrneBofOB 3aK/HOYaeTCsa Npexzae Bcero
B 06ecrneyeHny 3HepreTMyecKoro obmeHa: | r yrneBofoB Bblaenser
17,18 kx (4,1 kkan). 3a cuer yrneBogHoro obmeHa obecneyrBaeTcs
Ha 60...75 % NoTPe6HOCTL OpraH13mMa B 3HepPruu. YTneBofpl, Npexae
BCEr0 [/IH0KO03a, CNYXXaT HernocpeiCTBEHHbIM UCTOYHMKOM KNEeTOYHOM
3Hepruun. B sHepretmyeckom cHabXeHun mosra ocobas posib Mpu-
HaA/IeXXWUT TNoKo3e. KNeTouHoe fbiXaHue, CUHTE3 MaKpO3pros u Me-
[AMaTopoB 06ecrneymBaeTcsd TONbKO 3a CYET MOCTYM/IEHUS [/1IHOKO3bI,
eJMHCTBEHHOI 0 YI/IeBOAHOI0 MeTaboMTa HEPBHOM TKaHW. YTeBofbl —
Hanbosee Nerko Mo6uNN3yemble UCTOYHWKN 3HEpPruu, 0COBEHHO 3TO
NposABAAETCA NPU PYHKUMOHMPOBAHWUMN MbILEYHOW TKaHW, Fae aHep-
reTmyeckas 06ecrneyeHHOCTb COKpPaLLLEeHWNIA onpesenseTca aHaspoOHbIM
1 a3po6HbIM pacnagoM YrieBof0B. YTNeBOAb! NIErKO pe3epBMpytoTCS B
BUAE TNIMKOreHa, YTO NOAAEPXKMBAET NMOCTOSHCTBO Yr/IEBOAHOIO NuTa-
HWUA TKaHei 1, 0COBEHHO, MO3ra, Aaxe Npu rofojaHunm.

HecoMHEHHO y4yacTue yrneBofoB B NAacTUYECKMX (DYHKLMAX opra-
HMU3Ma. VICKMUNTENIbHO BaXKHbl AN PYHKUMOHUPOBAHUS KETKN U
XpaHeHusa reHeTNYecKoin UHgopmauun ae3oKcmprnbosa n pubosa, My-
Konosmcaxapuabl, MyKonpoTendbl, ravkonenTuabl. Bmecte ¢ aTum,
06n1afas BbICOKOM OCMOTMYECKOW aKTUBHOCTbIO U ABNASCL 06s3aTeslb-
HOW COCTaBHOM 4YacTbl0 OMONOTrMYECKUX XXUAKOCTEN OpraHu3Ma, yrne-
BOAb! (rnaBHbIM 06Pa30M rNHOK03a) Y4acTBYHOT B OPraHu3auum TpaHc-
MOPTHbIX MPOLIECCOB, NOAAEPXKMBAOT TOHYC KMETOK U OCHOBHOTIO Be-
LecTBa COEAVHUTENbHON TKaHW. YPOBEHb T/IHOKO3bl B KPOBU —BaX-
HbI1 rOMeoCTaTUYECKUIA (haKTOp: Y dKBaUHbIX XXMBOTHbIX €6 KOHL,EH-
Tpauus coctasnset 0,4...0,6 r/n, y MoHoracTpuuHbix —1,0 ..1,6 r/n, a
y NTUL, 3HAYUTENbHO Bbille —A0 3 r/n. MpeBbIleHWe 3TUX YPOBHEN
NPUBOAUT K YAANIEHWIO U3MIMLLIHUX YTNIEBOAOB C MOYON. MMpu CHMXxXe-
HUW KOHLEHTpaLMmM caxapa B KPOBM M3-3a Aeduumnta sHepreTuyeckm
BaXXHOro metabonuta Hapylaetcs pabota LIHC v passmBatoTcs cyno-
pOry1, CMeHSLWMECs KOMaTO3HbIM COCTOSAHMEM.

11.3.1. OCHOBHBIE 3TAlNbl YITNEBOAHOIO OBEMEHA

MepBblii 3Tan. [MuueBapuTesibHble NPOLECCHI, 06ecneynBa-
toLvie NOCTYN/IEHVE YTNIEBOAOB B OPraHNW3M, HauMHAtOTCS Y)Ke B pOTo-
BOW MnonocTu. B cntoHe cofepXatcd aMuUNONNTUYECKME (DEPMEHTDI,
pacLuennfloLne nNpupoaHsble nonncaxapuasl (Kpaxmas) yXe B nonaoc-
M pta. CMelaBLWwmncs ¢ KOPMOM, B COCTaBe MULLEBOr0 KOMa amuo-
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NUTUYECKME (DEPMEHTbI C/IOHbBI PACLLENn/IAT YINeBoabl MUK, npu-
4yem Takue nonucaxapugbl, Kak Kpaxman, paspyLiatoTca aMmuiason o
Ma/ibTO3bl, NMPOXOAA MNPV 3TOM CTaguto AeKCTpaHoB. B cogepxmmom
Xeny[Kka amunasbl C/IIOHbI MHAKTUBMPYOTCA. danbHelwee 6onee nos-
HOe nepeBapvBaHWe YrneBOLOB OCYLLECTB/IAETCA YXKe B TOHKOM KU-
LLleYHMKe NOJ AeiiCTBMEM amMi/ias, MOCTYNaroLWKUX B BeHaLaTMNepcT-
HYI0 KMULLKY M3 NOMKeNyL0UHOW XXenesbl. B KULWKe nepeBapviBaHue U
BCacblBaHVe YrneBoAoB MPOUCXOAAT MHTEHCUBHEE, YeM B POTOBOW MO-
noctn. Obpas3oBaBLLasica MasbTo3a M ManbTo3a NMULLM pacLLennstoTcs
[10 TNOKO3bl ManbTasol (a-rntKo3naasoi), BbLLENSEMON KakK MOaKe-
NY[0YHON Xene3oi, TakK Y KNeTKamy KULLEeYHOro anutenus. MonyyeH-
Hble B X04€e (hepMEeHTaTMBHOIO pacLLensieHns MoHocaxapuabl, nonas-
LWMe B OpraHn3M MOHOTaCTPUYHBIX XXMBOTHBIX B BUAe MoAncaxapuios
(Kpaxmana, rniMKoreHa), TpaHCNOPTUPYHOTCA B KPOBb 1 C KPOBOTOKOM
MO BOPOTHOW BEeHe MOCTYNatoT B NeYEHb.

TONbKO XKBayHble XXWBOTHblE CMOCO6GHbLI NepeBapuBaTb B X0OAe
CMMGMOHTHOTO NWLLEBAPEHNA KNETUaTKy —nonmcaxapus, onpeaensio-
WM MexaHWYeCKyt MPOYHOCTb CTebneli pacTeHMA. XXUBOTHble He
BblpabaTbiBatOT COOCTBEHHBIX LE/NH0M030/IMTUYECKUX (DEPMEHTOB U
BbIHY>/IeHbl CMO0/Ib30BaTb A/ MPOLLECCOB NULLEBAPEHNS (HEPMEHTHI
NPOCTEMLLNX N MUKPOOPraHM3MoB. poLecc pacluenieHns noamcaxa-
PUAOB Y XXBayHbIX He 3aKaHYMBaeTCA Ha CTaguy MOHOcaxapuaos, cre-
u,vnﬁ)mqecwl HeobX0AMMbIX A4/1 MPOMEXYTOYHOro o6MeHa BCeX BUAOB
XUBOTHbIX. Kak MocTynuBLiMe C KOPMOM, TaK M 06pa3oBaHHble
nocne pacliensieHns nosmcaxapugos MOHO-, AW- W OfUrocaxapuibl B
aHaspOOHbIX YCNOBMSIX PybLa COPaXmMBatoTCA [0 NETYYMX XXUPHbIX
KMUcnoT (YKCYCHOI, NpONMOHOBOW, MacnsiHOM, KOTOPble BCacblBaOTCA
B CTEHKe pybua), MeTaHa 1 A1MoKcuaa yrnepoga. Jletyume XupHble K1c-
NOTbl MCNOMBL3YIOTCA B MeTaboNMYeCKUX peakumax ans obpasoBaHuUs
3Heprun, cMHTesa rKo3bl 1 Xupa, 06pa3oBaHMs KETOHOBLIX Tel U
MOJIOYHOIO Xupa. M3 rAlKo3bl 1 AncaxapuioB npocreiwme pyéua
CUHTE3MPYIOT Nosiucaxapugbl, NPUYeM CUHTE3 MUKPOOManbHOro u
NH(Y30pMasbHOr0 Kpaxmana BO MHOrOM Onpefensercs pauuoHOM.
JTOT npouecc Hapsagy ¢ o6pasoBaHMeEM NErKO YTUIU3UPYEMOrO 3a-
naca yrneBofoB CYXWUT U ANS NpeAoTBpaLLeHns N30bITOYHOIo 6poxe-
HuA B pybue. CesA3biBas CyOCTpaThl, y4acTBytoLWMe B 6pOLMIbHBIX NPO-
Leccax, MMMOGWUIM3aLMA CaxapoB MpeAoTBpaliaeT obpasoBaHue W3-
NULLHEro Tenna v rasos. B cbluyre npoctenwime 1 MMKPOOpPraHu3Mbl
nornéatoT nog AeNCTBMEM CONSAHOM KMCNOTbI K, MOCTynas B TOHKWA
KULLIEYHWK, MepeBapmBaroTCA NPOTEOIMTUYECKMU U aMUNONINTMYEC-
KUMW (hepMeHTaMmM C 0CBOBOXEHMEM caxapa, MOCTynarLlero B Kpo-
BOTOK. AHaNlorMyHble npoueccsl npeobpa3oBaHMs noancaxapuios
pacTeHUi ¢ yyacTreM MUKPOOPraHM3MOB NPOUCXOAAT B TONICTOM OT[je-
Ne KueYyHnKa nowagu.

BTtopoli atan. [pomeXyTouHblii 06MEH YrneBoAoB HavyuMHa-
eTCs B NeYeHu, KyJa U3 CoCy0B KMLWEYHNKA KPOBb, COLEPXaLLasn r/to-
K03y, MOCTynaeT B MepByto oyepesb. BaXKHO OTMETUTb, UTO NeYeHb ak-
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TUBHO y4yacTBYeT B NpoLeccax perynsuuy YpoBHA r/OKO3bl B KPOBU:
npv U3NULLKe CBA3bIBAET, a NPW HeLoCTaTKe BbI6PaCchIBAET ee B KPOBb,
npuyem ata roMeoctatyeckas (yHKLMUA COXPaHAeTCA U Y M30/IMpOBaH-
HOro opraHa. /13BecTHO, YTO B MEYEHN MPOUCXOAAT pa3/inyHble Npo-
Lieccbl 06MeHa yrneesofoB, 06ecneymBaroLLMe Kak 3anacaHvie yrieso-
%OB B BUZe rNunKoreHa (rnvkoreHes), Tak U pacnaj riavMkoreHa o cBo-

O[IHOM TrNOKO3bl (FAMKOoreHonns). KnroueBbiM (DEPMEHTOM B 3TOM
npouecce SBASETCA MNMOK030-B-(hocthaTasa, KoTopas obecrneynBaeT 06-
pasoBaHue r1KOo3bl U3 TH0K030-6 -hocdarta npu pacnaje ramKoreHa.
Hapsgy ¢ aTumu npouecca*mMm 06MeH YrieBoA0B BK/IHOHYAET OKUC/IEHNE
MOKO3bl C BbIAENIEHNEM 3HEPruun, UCMOMb30BaHME [/IH0KO3bl B Kaue-
CTBe CbIpbfl A/19 CUHTE3a HeyrnesojoB —O6enkoB U XMPOoB. [/110K0o3a
y4acTBYeT TaKkXe 1 B CMHTE3e HEKOTOPbIX CMeLnufuyecknx yriesoaos,
Heob6X04MMbIX 418 OCYLLECTBIEHMS 0CO6LIX PYHKLMIA opraHu3ma. Ha-
npumep, U3 r1OKO3bl 06pa3yeTcs rHOKYPOHOBasA KUC/IO0Ta —BaXXHOe
coefinHeHune, obecrneynBaroLLee AeTOKCUKALMOHHYIO (DYHKLMIO nede-
HW. /N HakoHel, B neyeHy BO3MOXHO M HOBOOOGpAa3oBaHWe Yr/eBOJ0B
13 NPOAYKTOB pacrnaja Xupos n 6enkos (r1HOKOHeoreHes).

B yrnesogHom o6MeHe opraHusma 60/blUOe yyacTve MpUHUMaET
MblLLeYHas TKaHb: BO BPEMS MbILLEYHON aKTUBHOCTY MYCKy/aTypa ak-
TUBHO 3axXBaTblBaeT 3HAYMTENlbHOE KONMYeCTBO [/IOKO3bl. BmecTe ¢
3TUM MbIWLbl, KaK WU NeyeHb, CNOCOBGHbI HakKannMBaTb Yrnesofbl B
BuAe rnnkoreHa. Mpwv pacnage ravkoreHa (rIMKOreHonms) Bbigensercs
3Heprus, HeobXxoAumas A MbILLIEYHOTO COKpalleHus, HO 0bpasyto-
L MICA TNOKO30-6 -(hocthaT He cnocobeH npeobpa3oBaThCs B MMHOKO3Y
13-3a OTCYTCTBUS (hepMEHTa FNtOK030-6 -hocaTaskl, 1 paclienseHne
npofo/MmKaeTca A0 CTafuu MUPOBMHOIPALHOW WM MONOYHOW KUCNOT
(rnvmkonus). B nepuog 0TAbIXa B MbILLE MPOUCXOANUT PECUHTES TINKO-
reHa 13 MOJIOYHON KUCNOTbI, & YaCcTb MOJIOYHON KWUCNOThI, Nonasas B
KpPOBb, BbI3bIBAET runepnakuaemMuio, TpebyoLLyr pacXxo40BaHUs Lue-
NOYHbIX PE3epBOB KPOBM M 00YC/IOBNVBAOLLYIO PEXUM TMMEPBEHTUNSA-
LN Nerknx ans NMKBMAaUUM «KUCNOPOLHOW 3a[0/HKEHHOCTU» N YCT-
paHeHus auuaosa.

Y >KBauyHbIX [/1I0KO3a BCACbIBAETCA W3 XKENyL0YHO-KULLIEYHOTO
TpakTa He3HauyuTenbHO. B OCHOBHOM NOTPeGHOCTM opraHn3ma nokpbi-
BatOTCA Gnarogapsa npoueccam rIloKOHeoreHesa, npuyeM roKo3a Mo-
XET CMHTE3MPOBATLCA U3 NPOMUOHATA, HEKOTOPbIX GeIKOB, MOIOYHON
KUCNOTbI W rnuepuHa. Hapagy ¢ TpaguuvoHHbIMU 418 BCEX BWAOB
XXVBOTHbIX MYTAMW WCMO/b30BaHWS [/1OKO3bl, 3aK/YaloWyMmcs B
obecrneyeHMn paboTbl LEHTPasIbHON HEPBHOW CUCTEMbI U CKENETHOM
MYCKY/aTypbl, Y XXBa4HbIX [/1H0K03a He00X0MMa NS CMHTEe3a NaKTo3bl,
NUNWAOB (B TOM YKC/ie U MOJIOYHOTO XKMpa), NUTaHWs nnoga n 6enko-
BOro CMHTe3a. B cnHTe3e nakTo3bl yyacTByeT 40 62 % Bcell NOCTynaro-
el B MOMOYHYHO Xene3y NH0KO3bl: [/1H0K03a aKTUBMPYETCA C 3aTpa-
TOM AT® 1 o6pa3oBaHVEM YpULMHANDOCHATIIIOKO3bI, KOTOpas npe-
BpallaeTCs B ranaktosy v COeAMHSAeTCA C INH0KO301 Ans 06pa3oBaHus
ancaxapuga nakto3sbl. [/110K03a CMYXWT rNaBHbIM UCTOYHUKOM 3Hep-
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riv ANS NA0Aa, KOTOPbIA ncnonb3yeT okono 70 % Bcelk noctynato-
Lel TNHKO3bl, MPUYEM YTUAM3ALMSA THOKO3bl B MaTEPUHCKOM opra-
HU3Me CHMXaeTcs B pe3ynbTaTe CBOE0Opa3HOro AnabeTonogo6HOro
BNMSAHWA NPOrecTepoHa.

TpeTwnit 3Tan. KoOHeYHbIMU NPOAYKTaMW YrNeBOAHOr0 06Me-
Ha ABNAOTCA LMOKCWUJ Yriepoja v BOAa, KOTOpble BbIAENAIOTCH U3
opraHuama npwv pabote nerkux v noyek. Mpu 3ToM NOAHOCTbIO OCBO-
60XXAaeTCA NOTEHLUMANbHAS SHEPI NS, 3aKNHYUYEHHAS B XUMUYECKNX CBSA-
34X YINIeBOA0B M KOTOPas MCNo/b30Basacb OPraHNM3MoM B BUAE MaKpo-
3PrnYeCcKUX COEAUHEHNA.

11.3.2. PErynAauna yrneBoaHOroO OBMEHA

Caxap KpoBv M ApYruxX BHEKNETOUYHbIX XWUAKOCTEN (MM{bI, CMINH-
HOMO3rOBOW XWAKOCTN) NpeLCTaB/eH roKo30i. OnpeaeneHHas KOH-
LLeHTpauua raKo3bl B 3TUX Cpefax opraHn3ma nopjepXxusaeTcs npu
MOMOLLM OYEHb C/IOXKHOIO PErynsaToOpHOro MexaHusma ¢ yyacTueM ne-
yeHu (romeocrtaTuyeckas éEyHKLU/IFI), HEPBHOW W 3HAOKPUHHON cuC-
TeM, YNPaB/AIOLLMX CNOCOOHOCTbIO Pa3/IMYHbIX OPraHoB NOTPe6ATL U
BO3BPALLAaTb I/OKO3Y B KPOBb. YYacTue HepBHOM CUCTEMbI B YI/1eBOA-
HOM 06MeHe ycTaHoBWN KOwg bepHap: y XMBOTHOrO Npu yKose B AHO
IV MO3roBoro enyfo4ka B NpoAo/iIroBaToM mMo3re npoucxoamT Moou-
NN3aunsa rNNKOreHa, B KPOBM PE3KO MOBLILLAETCA COAepXaHue caxapa
1 B MOYe TaKXe MOSIB/ISETCA caxap — «CcaxapHblid YKo/». PasapaxeHne
HepBHbIX AAep B 061acTu AHa IV xenynoyka, onocpefoBaHHOE cumna-
TUYECKUMU HEPBHbIMU BIUSHUAMW, OKa3blBaeT BO3AeENCTBME HA KNeT-
KN NEeYeHn 1 BMECTE C 3TUM CUMNATUYECKNE HEPBHbIE B/IUAHWNSA BblI3bl-
BatOT MOLLIHbIA BbIGPOC afpeHannMHa, KOTOpbIA, NOCTyNas K NeyeHu u
JAPYyrvM opraHam, Crnoco6CcTByeT Npeobpa3oBaHWIO MIMKOreHa B MHOKO-
3y W, eCTECTBEHHO, BbI3bIBAET MMMEPrINKEMUIO.

ropMOHanbHast perynsaumua yrneBogHOro obmMeHa OCYyLLECTBASETCS
3a CYeT (DYHKLMOHMPOBaHMNA OCTPOBKOBOW TKAHW MOKENYLOUHHOW XKe-
ne3bl, KOTOpas NPOAYUMPYET UHCYIMH —TrOPMOH, BbipabaTbiBaeMblii
6eTa-K/ieTKammn OCTPOBKOB JlaHrepraHca. VIHCYIMH ycunmneaeT nocTyn-
NEeHWe T/KO3bl U3 KPOBU B KNETKN MEYEHN W CKENIETHOW MyCKynaTy-
Pbl, YTO NPUBOAMT K MOBbLILIEHNIO 06PA30BAHNA 1 HAKOMNEHWIO /K-
KoreHa. Bo3geinctBys Ha XMPOBYHO TKaHb, UHCY/IMH CTUMY/IMPYET npe-
BpaLleHWe T/IH0KO3bl B XXUP, KOTOPbIA MOXET ObiTb MCNO/b30BaH Kak
NCTOYHUK 3Hepruu, T. e. CNOCOOCTBYET ee pe3epBupoBaHmMio. OAHOBpE-
MEHHO C 3TUM TOPMO3UTCA NPOLLECC HOBOOOPa3oBaHMS HOKO3bI érmo-
KOHeoreHes). B pesynbTate nof AeiCTBMEM MHCY/IMHA B KPOBU ObICT-
PO CHWKAeTCA KOHLEeHTpaLmsa caxapoB. ®U3N0NOTMYECKUA aHTaro-
HWUCT MHCY/IMHA T/II0KaroH, BblpabaTbiBaeMblil anib(a-KneTkamMmm oCTpoB-
KOBOW TKaHW, aKTUBWPYET INIMKOreHO/N3, B XO4e KOTOPOro paspylLua-
eTCA T/IMKOTeH, U CBOOOAHAA [/H0KO3a MOCTyNaeT B KPoBb. AfpeHa-
JMH — FOPMOH MO3rOBOr0 BeLLeCTBa HaAmoveyHuKa, Kak W roKaroH
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aKTUBMPYs (hocoprnady, BbI3bIBAET pacnaf rNM1KoreHa B neyYeHu, oaHo-
BPEMEHHO B MbILLEYHON TKaHW YCWIMBAETCA pacnag r/MKoreHa, B pe-
3y/bTaTe 3TOro B KPOBY NMOAHUMAETCS KOHLEHTpaUMS r1F0KO3bl U MOJIOY-
HOW KucnoTbl. TOPMOH ageHornnopmsa —oheHOKo/IbIcavppAHbIA rop-
MOH (AKTI) BAMSIET Ha YrneBoAHbIi OOMEH OMOCPEeA0BaHHO, W3MEHSS
YPOBEHb CEKPELMN TNIOKOKOPTUKOWUA0B —rOPMOHOB KOPKOBOIO BELLECTBA
HaZNO4Ye4YHUKOB. [IIOKOKOPTUKONAbI 3HAYUTENIbHO YCUIMBAIOT [/IOKO-
HeoreHe3: KOHLEHTpaLuMs r/OKO3bl B KPOBU MOBbILIAETCS 3a CYET [/1t0-
KOHeoreHe3a —o06pa3oBaH™ caxapa W3 HeyrneBodoB. B MbiliLax n He-
KOTOPbIX APYrMx opraHax™ HaumMHaeTcs pacnaf beska, 0cBOOOXKAato-
Wmecs aMUHOKMCNOTbI Noc/e Ae3aMUHUPOBaHUSA UCMO/b3YHTCA AN
06pa3oBaHMs rOKo3bl. CoMaTOTPOMHbIA ropmoH (CTI), obecneurBas
3HepreTMyeckne NOTPEOHOCTM NPOLECCOB POCTa, YMEHbLUAET YTW/In3a-
L0 TIOKO3bI NepUgiepruyecKnMmn TKaHSMIU 1 04HOBPEMEHHO YCUNNBAET
pacnag, >kupa 4ns obecrnevyeHns NpoLeccoB rMHOKOHeoreHesa. OPMOHbI
LMTOBW/HO XKe/le3bl — TUPOKCUH 1 TPUAOATUPOHUH B Npe/esax (ursno-
NOrMYECKON HOPMbI CMOCOOCTBYHOT MPOLIECCaM BCaCblBaHUS HEKOTOPbIX
caxapos. lMoBbILEeHME UX KOMMYeCTBa TOPMO3UT OKUCIMTeNbHOe octo-
PUNNPOBAHWE YTNeBOLOB: B KPOBU PE3KO MOBBILLAETCA KOHLEHTpaLms
rNOKO3bl. Ype3mepHas NpoayKums TMPeOUaHbIX TOPMOHOB MOXET OblITb
CNeAcTBMEM BAUAHWS TUPEOTPOMHOrO ropmMoHa runogusa, GopMupyto-
Lwero obLuee runepTMpeongHoe COCTOSHME.

Hazgnexaluas KOHLEHTpauua caxapa B KPOBM aBTOMaTUYeCKU pery-
nupyetca. Bce 60nee nnm MeHee 3HauMMble OTK/IOHEHUA COAEPXKaHUS
[/IIOKO3bl B KPOBW BO30Y)KAAtOT MeXaHW3Mbl, Nof BO3AENCTBMEM KOTO-
PbIX YPOBEHb IMIMKEMUN BO3BPALLAETCA K CBOMCTBEHHON AaHHOMY Op-
raHu3my Hopme. [py FUNOTNNKEMUN —CHUXKEHNN YPOBHA TNHOKO3bI
HVXe HVXHEro npejena HopMbl —aKTUBMPYHOTCA HEMPOHbI TMnoTana-
MUYECKOiA obnacTu. Mpexae BCero Bo30y>KAatoTcs LEeHTPbl CUMMATUKO-
aflpeHaNoBOl CUCTEMbI, B pe3y/ibTaTe Yero BblpabaTbiBaeTCs afpeHaInH,
a B MEeYEHN 1 MbILLEYHOM TKaHW NPOUCXOAMT pacnag ramkoreHa. Bblue-
NAKOLWAACA B Mpouecce rMUKOreHonm3a rnKosa nocTynaet B KPoBb, a
BbLLE/IEHHas M3 MbIWL, MOJIOYHas KMCNOTa BOCMOJIHAET 3anacbl neye-
HOYHOrO TMKOreHa. AHaNOrMYHbIM, TIHOKO30MOOUNN3YIOWMM AeCT-
BreM 061agatoT ratokaroH, CTI v rntoKokopTUKouasl. Hanbonee MoL-
HbIM (DaKTOPOM, NPOTUBOLENCTBYHOLLMM MOBbILLEHNIO YPOBHS T/IHOKO3bI
B KPOBW, CNYXMWT WHCY/IMH, KOTOPbIA BbLUENAETCS MPW MOBbILLEHNM
KOHLEHTpaummn rNoKo3bl B KPOBM MO0 MOJ BAVSHUEM napacumnaTu-
YecKOro OT/Aena BereTaTMBHOM HEPBHOI CUCTEMbI, 06ecrneynBaroLLEero
KOHTPO/b 32 OCTPOBKOBOM TKaHbH MOMKENYLOUHON XKeNesbl.

11.4. MMNUAOHBLIA OBMEH
Buonornuyeckoe 3HavyeHue NUNUAOB BeCbMa MHOroo6pasHo: OT
3HEpreTM4ecKoro 06ecneveHns XM3HeaeaTeNbHOCTM 0 BaXKHbIX Mnac-
TUYECKUX (DYHKUMIA (MOCTPOEHNSA KNETOUHBLIX CTPYKTYp) U 06pa3oBa-
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HUSA (PU3NONOTNYECKN aKTUBHbIX BellecTB. OCHOBHYHO Maccy MnuioB
B OpraHu3Me XMBOTHbIX COCTaBNAOT HeTPasibHbIE XWpPbl, NpeacTaB-
NeHHble rNaBHbIM 06pa3oM Tpuravuepugamn. HABnssacb BaXKHLIM MC-
TOYHUKOM 3Heprum [npu okucneHun 1rxupa sbluensetca 38,97 KOx
(9,3 kkan), 4to obecneunBaeT go 50 % aHepreTMUeCKMUX TpaT B3pOC/0-
ro opraHunsmal, OT10XeHHbIE B XXMPOBbIX «AEMN0» TPUIINLEPULbI MOTYT
CNYXXWTb B KA4eCTBE JONTOCPOYHOr0 NULLEBOr0 N 3HEPreTUYECKOro 3a-
naca opraHusma. BmecTe C 3TUM HeWTpasibHble XXMPbl UCMOMb3YHTCA
OpraHW3MOM Kak WUCTOYHMK 3HAOrEHHOW BOAbl: NpW cropaHum (00 T
Xupa ocsoboxaaetcs 107 Ma BOAbl. ITO AEMOHCTPATUBHO NPOSABASET-
cA B 6MOIOMMYECKNX BO3MOXKHOCTAX XKMBOTHBIX, NPUCMNOCOONEHHBIX K
06UTaHMIO B NYCTbIHE, Y KOTOPbIX BO BpeMs A/INTe/NbHbIX NepexosoB B
6e3B0HOM MeCTHOCTM XXuMp (y Bepbtoaa OTNI0XKeHHbIA B ropbax) cny-
KUT PE3ePBOM IHEPTvN 1 UCTOYHNKOM BOfbl. Y HEKOTOPbIX BIL0B XN~
BOTHbIX (MOPCKME U NONAPHbIE) CNOI HENTPaIbHOIO XMpa NOKPbIBaET
TENo 1 CAYXMWT 6MONOrMYECKON TEPMOU30NNPYIOLLIE CUCTEMONA, 0bec-
neyvBaloLLLeil coxpaHeHne TensoTbl B opraHusme. OTNOXEHWUS HEWT-
pasibHOro XX1pa 06B0NMaKMBalOT OpraHbl U TKaHW, COCYAbl U HEPBbI,
npefoxpaHas nx oT TPaBMaTUUECKNX BO3ENCTBUIA OKPYXKatoLLIEl cpe-
Abl. OC060 HeXHbI MO CTPYKTYPe U KOHCUCTEHLMUWN XXWUP 3arofHseT
rNa3HWYHYI0 BNaguHy, 3alimiLas OT MeXaHUYeCKUX BO3LENCTBUIA CNOX-
HbIA ONTUYECKWI NPUBOP —rnas. PasnuuatoT Genyto n Gypyro Xnpo-
BYO TKaHb, KOTOpPbIE CYLLECTBEHHO pa3/iMyatoTcs No CBoeli MeTabonu-
YeckoW akTMBHOCTW. KneTku Oypol >XXMPOBOM TKaHM cofepxar uc-
KMOUNTENBbHO 60NbLL0E KOMMYECTBO MUTOXOHAPWIA, NPUYeM LBET ee
onpegensieTca UMToxXpomMammn (>kenes3ocogepkatlme nurMeHTbl), cocTaB-
NAOLWMMUN BOKHYIO YaCTb OKUCNUTENIbHON (DepMEHTATUBHOW CUCTEMBI
MUTOXOHAPWIA. Bypast KMpoBas TKaHb XapakTepHa 15 aMOpUOHasb-
HOro W paHHero MOCTHATA/IbHOro Mepuofa, a TakXke AN B3POC/bIX
YXUBOTHbIX, BNagatowmnx B CNAYKY, TakK Kak TKaHb, 60ratas MUTOXOHA-
PUSMM, BbIMOMHAET BXKHYHO PO/Sib B MOAAEPXaHWUU TeMmrepaTypHOro
romeocTasa. Kpome Toro, HeiTpasibHbIe XUPbI CYXaT pacTBOPUTENS-
MW HeKOoTopbIX BUTammHoB (A, D, E, K).

NTvnonpoTewnpb — KOMMAEKC IMNULOB C Genkamu, Cnyxa-
WNIA JOMOSHUTENbHBLIM Pe3epBOM 60raTbiX 3Hepruein MeTaboinToB.
LiMpkynupytowme B niumde 1 KpoBM NINMNONPOTENALI NOL AelCTBUEM
NUMOMPOTENHOBOM NIMNasbl MOrYT pacnafarbCa A0 XXUPHbIX KUCMOT Y
BK/1IOHATLCS B 0OMEHHbIE MPOLeCChl.

®ochonumnupbl (poctarmabl) —CNOXKHbIE MMNUALI, B MO-
NeKynax KoTOpbIX MPUCYTCTBYET OCTaTOK (POCKHOPHON KUCNOTbI. ITO
CNOXHble 3hmpbl POCHOPHONA KUCMOTbl U FAULEPMHA UMW aMUHO-
cnmpTa CPUHIo3nHa, KOTOPble MOCPeLCTBOM 3(MMPHON MM aMUAHON
CBA3U COELMHEHbI C OCTATKaMM HACbILLEHHbIX W HEHACBILLEHHbIX XWp-
HbIX KUCNOT. Hanunuve NongpHbIX U HENONAPHBIX FPYNMNYPOBOK B MO-
Nnekynax oconnnugos o06ycnosnnsaeT cBoeobpasne HrU3NKO-XUMU-
YECKMX CBOMCTB W X CMELMPUYECKYHO PO/b B MOCTPOEHNUMN KINETOYHbIX
memMbpaH. CuHTe3 ochonnnmngoB NPOUCXOAUT M3 HEMTPAsIbHbIX XU-

444



poB, (hOCHOPHON KUCNOTbI U B 6OMBLUMHCTBE C/ly4aeB a30TUCTOro Oc-
HOBaHWA xonnHa. O6pa3oBaHNe XONMHA PerynupyeTcs nocTynieHnem
M3 NULWKU METUOHMHA —aMUHOKMWC/IOThI, CNy>XKallen [OHAaTOPOM Me-
TUNbHBIX TPynM.

CTepounjbl —MNONULKUKINYECKNE COELUHEHUS, MOApa3fensio-
LMecs Ha CTepUHbI, BUTaMUHbI rpynnbl D, XenyHble KUCNO0Tbl U Cnnp-
Tbl, CTEPOUAHBIE aNKanouabl U CTEPOUAHbLIE TOPMOHLI.

XonecTepwuH —BeWeCTBO M3 TPYNMbl CTEPUHOB (TETpaLuK-
NNYECKUI, HEHACBLILWEHHOW cnmpT). X0necTepuH COBMECTHO C (poc-
thonunugamn ABNSETCA BaXKHbIM CTPYKTYPHbIM KOMMOHEHTOM 6MO-
NOTNYECKUX MeMObpaH ¥ yyacTByeT B CUHTE3e HEO6XOLUMbIX [AN15
(hYHKLMOHUPOBAHNA OpraHM3Ma ropMOHOB HajnoyeyHnKa, nosoBbIX
Xene3 n Takxe BuTaMmHa D3. B OCHOBHOM XO/NeCTEPUH CUHTE3UPY-
eTCA MeYeHbo 1 TOMbKO 20 % ero noctynaet ¢ NPoAyKTaMu nuTaHus.
B neyeHn 3HAOreHHbIA W NOCTYMUBLUNIA W3BHE XONECTEPUH BKIO-
yaeTca B cocTaB afba- U 6eTa-nMnonpoTensoB —KOMMIEKCHbBIX
COeANHeHUM NUNUAoB C¢ 6enkamu, KOTOpble MEPeHOCATCA C TOKOM
KPOBM K pa3/IMyHbIM TKaHAM. HanbosnbLuee KOMYeCcTBO X0NnecTepuHa
COAEPXUTCA B HAAMOYEYHMKAX, MO3re U Mnepupepruyecknx Hepsax.
Hewncnonb3oBaHHbI B METABONNYECKMX PeaKLMAX XONeCTepuH B ne-
YeHW pacnajgaeTcs ¢ 06pa3oBaHMEM XeNYHbIX KUCOT, a 4acTb X0sec-
TepMHa M3 KPOBM MNOCTyNaeT 4epe3 CTEHKY TO/CTOr0 KULLIEYHUKA U
BK/IHOYaEeTCA B COCTaB KasioBbIX Macc. Mpy HapyLleHUn XonecTepuHo-
BOro obMeHa XO/IeCTEPUH N ero 3upbl OTKNaAbIBAIOTCA B K/ETKax
aKTUBHON Me3eHXMMbI, 3Be3AuaTbiX K/eTKax MneyeHW, 3HAOTEIMN K
NoA3HAOTENNaNbHOM C/I0e KPOBEHOCHBIX COCY[0B, KOXe. CneacTeu-
eM HapyLlUeHWs X0/ecTepMHOBOro obmMeHa MOryT 6blTb aTepockie-
pO3 COCy0B, 06pa3oBaHne X0MeCTEPUHOBbLIX KAMHEN B XeNuHbIX My-
Tax. Mpu gemumTe XonecTepuHa HapyLIaKTCA CTPYKTypa KNeTou-
HbIX MEMOpaH, 0COOGEHHO B K/IeTKax HEPBHOWN CUCTEMbI, U CUHTE3
CTEPOUHbIX TOPMOHOB.

CTepounAHble TOPMOHbB —{U3NONOTNYECKN aKTUBHbIE
BeLLLeCTBa CTEPOMAHONM Npupobl (KOPTUKOCTEPOULbI, MONOBbIE FOPMO-
Hbl, MPOrecTuHbl) CUHTE3NPYIOTCA U3 XONIECTEPUHA B KOpe Hafnoyey-
HWUKOB, KneTkax Jleingura, B (hONINKynax u XenTom Tese SUYHUKOB, B
nnaueHTe Npu npoueccax ruApoKCUNNPOBaHUS B MUTOXOHAPUSX 1
MWKPOCOManbHOW (ase uuTONnIasMbl. B CBA3M C BbICOKOW NMMO-
$VlfleOCTb}0 CTepouHble TOPMOHbI OTHOCUTENILHO CBOOOAHO AU(-

YHAVPYIOT Yepe3 nna3mMaTryeckme MeMbpaHbl B KPOBb, NMPOHMKAKOT B
KNeTKN-MULLEHW, TAe CBA3bIBAIOTCHA C COOTBETCTBYIOLLMM BHYTPUKIIE-
TOYHbIM PeLEenTOPOM.

FTAMKONWUNW[LbB —CNOXHblE NUNUABI, He cogepxaliune goc-
(hop, B COCTaB KOTOPbIX BXOAWT raiakto3a. K HUM 0THOCATCS Lepebpo-
31Abl Y TaHTIM031bl, NPUCYTCTBYHIOLLME B 3HAYUTENbHBIX KOIMYECTBAX
B MO3rOBOM TKaHW W K/eTKax KpoBW. PU3MONOrMYecKoe 3HaueHue
3TUX COeIMHEHMI 3aK/I0YaeTCs B NPMOBPETEHUN KNIETKAMM LieHTpaslb-
HON HEPBHOM CMCTEMbI 0COObIX CBOWCTB. Pacnonarasicb BO BHELUHEM
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cfoe niasmaTuyeckoi memobpaHbl, Lepebpo3nabl U raHrIMo3nibl
KOHLEeHTpUpYyoTCcs B 06nacTu cuHancos. Kpome Toro, ycTaHOB/IEHA
NX pOfb B MMMYHOXMMMWYECKMX MpOLeccax CBA3bIBAHWS BUPYCOB C
K/1eTOYHOW MeMBpaHoiA.

11.4.1. OCHOBHBIE 3TAlNblI AMNMAHOIO OBMEHA

MepBblii 3Tan. [yueBapuTeNbHbIA 3Tan HAYMHAETCS YXKe B
XenyaKe: BO3LeWCTBME NNMAa3 Ha 3MY/brMpOBaHHbIA XUP (MNUAbI
Mo/0Ka). OCHOBHbIE NULLEBapPUTENbHbIE MPOLIECCHI, 06ecneynBatoLLme
MCNONb30BaHNE NULLEBBIX XUPOB, OCYLLECTBNAOTCA B TOHKOM KMLLEY-
HUKe. [0og BAUAHWMEM XeNUHbIX KMCNOT NPOUCXOANT 3MY/IbIpOBaHue,
6narofaps 3TOMY OHM CTaHOBATCA LOCTYMHbI vnasam. B pesynbrare
(hepMEHTATMBHOIO pacLLeneHns TPUIAnLEPUALI KOpMa pacnafjatoTcs
Ha FTULEPVH N XXUPHbIE KUCMOTbI. XKeNnuHble KUCNOTbI, 06pasys C Xup-
HbIMW KUCNOTaMW BOAOPACTBOPVMbIE KOMMEKChI (XONenHatbl), gena-
OT BO3MOXHbIM MPOHNUKHOBEHME MOCNEAHUX B KNETKN KWULLEYHOro
ANUTENNS, rae MOryT PeCUHTE3MPOBATLCA TPUINULEEPUAbLI UK 06pa3o-
BblBaTbCA (POCHONUNUALI. PEeCUMHTE3MPOBaHHble B KULLEYHOW CTEHKe
TPUIANLEPULbl Y XUIOMUKPOHBI (4aCTWLbl 3MY/IbIMPOBAHHOIO XKMpa
Anametpom 0,5 MKM) MOCTynaroT B IMMGaTUYECKME COCYy /bl BOPCUHOK
KULLEYHNKA, KOTOPble CMMBAKOTCA B rPyAHON NUMMaTUYECKUA npo-
TOK. F%/AHOM AMM(aTUYECKIUIA NPOTOK, C/IMBAsACH C 3aHei Nonoii Be-
HOI, obecrneynBaeT NOCTYM/EHNE XUIOMUKPOH B Masblil Kpyr KpoBO-
obpalleHuns, rae OHN 1 3afepXMBaloTCA B TKaHW Nerkoro. B nerkux
XUNOMUKPOHbI MOCTENEHHO MOABEprarTcA AeNCTBUIO N1Ma3: COCTaB-
NAoLWMe NX MHIPeaneHTbl UCMOb3YTCA B MeTabom3me Kak camMmoro
NerKkoro, Tak 1 Bcero opraHnsma. Kpome XumioMMKpOH B KPOBOTOK MO-
CTYNAtoT XXMPHbIE KUC/IOTbl, KOTOPbIE Yepe3 BOPOTHYO BeHY A0OCTUra-
tOT MeYeHW 1 yHacTBYIOT B METabo/IMUYeCKMX peakuusx.

OC06eHHOCTb MNWLLEBAPUTENBHOIO 3Tana IMNUAHOrO obMeHa Yy
XBaUHbIX COCTOUT B TOM, YTO XXUPbl KOPMa —TpUranLepuabl, gpocga-
TUAbI, 3(UPbI XOMECTePUHA W LWMPOKO NPefCTaBfieHHble B 3e/ieHblX
KOpMax MOHO- W AWUranakTo3uirnuuepuibl ObICTPO pacLyennsatoTes
MUKpoopraHusmamy pybua, a BbICBOOOXAAKOLWMECH TNIULEPUH W Ta-
NaKTo3a COPaXMBAIOTCA 0 NETYUUX XUPHBIX KUCNOT, KOTOPble BCAChI-
BalOTCA B py6Le. BO3MOXeH Takke U CMHTE3 MUKPOOUA/bHbLIX NINMNU-
[0B pyOLOBbIMU MUKPOOPraHu3mMamu (6akTepusMu n MHQy3opusamu),
KOTOpble BK/IKOYAtOT B COCTaB COBCTBEHHbLIX NUMNUAOB MalbMUTUHO-
BYO, CTEapPVHOBYIO U ONIEVHOBYHO KWUC/OTbI.

BTtopoi# atan. [MpomMexyToyHbli 06MEH MNUA0B NPOUCXO-
ONT B MEYEHU, XMPOBOW TKAHM N KNETKax Pas/NyHbIX OpraHoB, Npw-
YemM OH TeCHO CBf3aH C yrneBoAHbIM 06MeHOM. IMpu HOpManbHOM
nUTaHUKN B opraHusmMe genoHupyetcs oT [0 fo 10 % Xupa B Ka4yecT-
Be pe3epByapa 3HEPrum u CTPYKTYPHOro KOMMOHEeHTa Tena. XKuposas
TKaHb —3TO He NPOCTO [1eNno X1pa, B Heik NOCTOAHHO NPOUCXOAAT UH-
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TEHCUBHbIe NpoLeccbl 06MeHa B BUAE OT/IOXEHUSA XKuUpa B hopme Tpu-
rnuuepuga (nmMnoreHes) u pacnaja TPUrIvMLepuLoB ¢ 0CBOBOXAEHU-
eM He3aTepU(ULMPOBAHHbLIX XUPHbIX KUCAOT (nunonus). Pacnonara-
ICb BOKPYI KPOBEHOCHbIX COCYZ0B 1 MPOnycKas yepes cebs BeLLecTsa,
C M30bITKOM MOCTynaroLime 13 NULLEBAPUTENIbLHOTO TPakTa U Nerko
ANyHAMPYIOLLME U3 COCY[LO0B, XXMPOBas TKaHb NOrnowWaeT TpyAHO-
XpaHVMble 1 BbICOKOTUAPVPYEMbIE COeAnHeHns (aueTar, 6eTa-oKcu-
6yTupar), npespaLLas ux B NerkoxpaHuMble U MOYTU 6e3BOAHbIE XUP-
Hble KMCNOTbl U TpUrnuuepnabl. OHY MOTYT XpaHUTLCA HeorpaHuyeH-
HOe BpPeMsi U B HEOrpaHW4YeHHOM KO/MYeCTBe, a Npyu HeobXOoLUMOCTH
1Cnonb30BaTbCA Kak pesepBHasd aHeprua. OObem XMPOBOW TKaHW On-
pefienseTca He KONIMYeCTBOM K/IETOK, a UX pasmepamu. B 3aBucnumocTtu
OT Harno/IHeHHOCTM XMPOM Pas/InyaroT BepeTeHo06pas3Hble KNeTKM, He
cofiepXKallime >upa, U MeSIKOBaKyO/IMCTbIe, HaNO/HEHHbIE XXUPOM, —
agunouuThl. Kaniu Tpurnvuepuia B uutonnasMe agunoumta moryt
ObITb BeCbMa 60/1bLLOr0 pasMepa, BMAOTb 40 TOr0, YTO XUP OTTECHAeT
uuTonnasmMaTMyeckmne CTPYKTYpbl Ha Mepupepuio 1 KieTka npuobpe-
TaeT «MepcTHeBUAHYIO» (POpMy. OCBOBGOXKAEHUNE XUPHBIX KACMIOT U UX
OKWC/IEHNE WCMOMb3YIOTCA OPraHU3MOM NS MOKPbITUA 3HepreTnyec-
KMX pacxofoB. B neyeHn obpa3ytoTcs 1 KeTOHOBbIe Tena (aLeToykcyc-
Haf U P-OKcMMacnfHas KUCNOTbl, aueToH), CnyXatine UCTOYHWKOM
3Heprnu, HO MpPU HapYLLEHUN MEXYTOYHOro obmeHa NMNUAOB BO3-
MO>XHO MOBbILLEHWE YPOBHSA KETOHOBbIX Te/ (TMNepKeTOHEMWUS) U Bbl-
JeneHne nx ¢ MoOYoi (KeToHypus).

Tpetuin atan. KOHeYHbIMM NPOAYKTaMU MMMUAHOIO 06MeHa
ABNAOTCA AMOKCUA Yrnepoja v Boda, TakK Kak noj AedCTBUEM NuUnas
HeMTpasibHble XXMPbl PACLLENNAIOTCA O IMULEPUHA U XXMPHBIX KUC/OT, a
YX 3aTeM 0cBO6OXAaeTCs yrnepod. NpoLyKTbl HEMONHOTO OKUCNEHUS
XWPOB, KETOHOBbIE Tena, MOryT Hapsafy C y4acTMeM B 3HEpreTUyecKoM
mMeTabonn3me 1 UCNONb30BaHMEM B KayeCcTBe MpeALecTBEeHHNKOB MO-
NOKa BbIBOAMTLCA U3 OpraHn3ma rnovykamut 1 nerkumm.

11.4.2. PErynaumna nmnmgHoro ObEMEHA

MpoLecc OTNOXEHNS XMpa 1 ero MoO6GUIN3aLMUN U3 XKUPOBbLIX Lerno ¢
MoCNeayroLMM UCNOMb30BAHNEM B TKaHAX OCYLLECTB/IAETCA MO MPUH-
umny camoperynauuu. FNoBbILEHHBIA YPOBEHb [/1HOKO3bl B KPOBU 3a-
[epKMBaeT pacnag TPUrIMLEPUAOB Y aKTUBMPYET KX CUHTE3, HaNpoTuB,
MPY CHUXKEHWUW ee KOHLEHTPaL UM YCUIMBAETCSA pacLLensieHne XX1poB U
B KPOBb NOCTYNalT HE3TEPUPULMPOBAHHbIE XUPHbIE KUCMOTbl. CUH-
Te3 —MOOUNN3ALNOHHBIN LMK B XXMPOBbLIX [erno opraHu3ma Koop-
AVHUPYETCA (U3N0NOrMYECKUM COCTOSAHMEM >XMBOTHOIO, XapakTepom
KOPMNEHUS N PEryNnMpyeTcs HeliPO3HAOKPUHHOM CUCTEMOIA.

B cooTtBeTcTBUM C yyeHuem W. Tl. MaBnoBa NuLLeBOW LEeHTp, OT-
BETCTBEHHbIA 32 MOr/0LWEeHVE NULLK, N3BNIEYEHNE U3 Hee NUTATE/TbHbIX
BELLIECTB, UX MUCMO/b30BaHWe 1 3anacaHvie, NpescTaBseT co60i PyHK-
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LUMOHaNbHOe 06beAUHeHME KNeTOK, pacnofiaralolwmnxcs B pas/iny-
HbIX OTAenax roN0BHOrO MO3ra, Kope 60/blWMX NOMyLWapun, nog-
KOPKOBbIX CTPYKTypax M CTBOJIOBOM 4acTu mo3ra. B3avmopgericteue
MeXZAy 3TMMMW Trpynnamm HempoHOB obecneuynBaeT afeKBaTHYHO pe-
aKUMI0 Ha pas/inyHble MeTabonmyeckne cuTyaunn n GopMmposaHme
NULWEBbLIX MOTUBaLUN.

Oco6yt0 ponb UrparT HerpoHbl 3afHEro runotasamyca B BEHTPO-
natepanibHbIX M BEHTPOMEAMabHLIX sapax. PaspylleHue BeHTposaTte-
pabHbIX 84ep NPUBOAUT K adarum — noTtepe annetuTa, 0TKasy OT Nu-
LM BNIOTb 4O CMEPTU OT UCTOLLEeHMS. PaspyLueHne BeHTPpOMeANa/IbHbIX
A4ep, HanNpoTUB, BbI3bIBAET [/IMTE/NIbHOE MULLEBOE BO3OYXAEHMe. XKu-
BOTHble NMoefatoT Heo6bIYHO BOMbLLME KOMMYECTBA NULLM, Y HUX pPa3Bu-
BaeTCsA OXKMPEHME, KOTOPOe 00YCMNOBNEHO He TO/IbKO MOBbIWEHHbIM M0-
CTyNJIeHNeM MeTabo/IMTOB YIrNIEBOAHO-XXMPOBOro 06MeHa, HO 1 YCW/EH-
HbIM MEepexo4oM YrneBofOB B XMpbl. [psMoe HepBHOE BWAHWE Ha
npoLeccbl MMNUAHOr0 0OMeHa NPOSABASETCS BO B3aUMOMCKIOYAIOLLEM
BO3AENCTBMN CUMNATMYECKOTO 1 NapacMnaTMyecKoro OTAenoB Bereta-
TUBHOIN HEPBHOM CUCTEMbI: UMMNY/bChI, NepefaBaeMble Mo cMmnaTnyec-
KUM HepBam, TOPMO3AT CUHTE3 TPUINLLEPUAOB M YCUNBAKOT X pacnag,
(nmnonus). MoBblWweHne TOHyca napacuMnaTMyeckoro oTgena cnocoo-
CTBYET 4EeMOHUPOBAHMIO XMpa AaXe B YCNOBUAX ronofaHns. Tak, npu
nepepeske YpeBHOro (CMMNATUYECKOro) HepBa B OKO/IOMOYEYHOM KneT-
yaTKe COXpaHsieTcs 60/bLue XKUpa Ha feHepBUpPOBaHHOW CTOpoHe. Ha-
pAgYy C CUMNATUYECKMMUN HEPBAMU BbIPaXXEHHBLIM XMPOMOOUIN3YIOLWUM
BMSHMEM 06/1aal0T rOPMOHbI MO3rOBOr0 BelecTBa HaAnovyeyHmKa —
afipeHasIH 1 HOpaf4peHaINH.

Mog felicTBMEM COMATOTPOMHOMO rOp.MOHa MPOLECChl KNETOYHOW
nponugepaymy CONpoOBOXAAKTCA 3HAUYUTENbHBLIMU 3HEPreTUYeCKu-
MW 3aTpaTamu: B Nepuoj pocTa MHTEHCMBHO PacxXoayroTcs 3anaceH-
Hble, eMOHNPOBaHHbIE BELLECTBA 32 CHET MHTEHCU(UKALUM TNNONN-
3a. AHanorMyHbIM AencTeBmMeM 061agaeT U FrOPMOH LLIUTOBUAHOMN XKe-
ne3bl TUPOKCUH: MPU rUnepTupeo3e HabngaeTca 3HaYMTebHOE UC-
XyfaHue, a npu runoyHKLMmM runousa n LWNTOBUAHON dXenesbl
pa3BMBAETCA OXMpeHne. AAPEHOKOPTUKOTPONHbIA ropmoH (AKTI)
B/IMSIET ONOCPEeL0BaHHO: BO3AENCTBYSA Ha CUHTE3 W BbLUENEHUE TTHOKO-
KOPTUKOWNAOB, OH CMOCOGCTBYET MOBbILLIEHWNIO COLEPXKAHUS T/THOKO3bI
B KPOBM 3a CYeT MOOWMIM3aUMM BHYTPUKIETOYHbIX 3arnacoB B XOf4e
rNIFOKOHEOreHesa.

YTunusauymm yrneBofoB 3a CUET MX NOrMOWEHNS KNeTKOM 1 0Tno-
XXEHUS B BUAE TNIMKOreHa W TPUTMLEPULOB CNOCOBCTBYET WMHCY/VH.
AHaIOrNYHbIM [eicTBEM 00MafaeT M NPONaKTUH —TrOPMOH nepej-
Hell Lonu runogusa. HepaHble M TOPMOHa/IbHbIE aKTOPbl NOCTOSAHHO
B3aMMOJENCTBYIOT, 0becrneynBas COOTBETCTBME MeXAy Mpoueccamm
Mo6UAn3aLUM 1 AenOHMPOBAaHMA XXUPa, HO NPU HapyLUeHUN MexaHn3-
MOB KOHTPO/A ObICTPO HaCTynatoT naTosiornyeckme W3MeHeHUs —
OXUpeHNe nnm ucxypanune. OXuUpeHve Npexzie BCEro CBA3aHO C W3-
NMLLHWM, MPEBbILLAIOLMM 3HEPreTUYeCKMe TpaTbl OpraH1u3ma, nocTyn-
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NeHVeM MUK (aMMeHTapHoe) 60 C HeJoCTaTOUYHbIM UCMO/b30Ba-
HMEM XXMpa KaK UCTOYHUKA SHEPTUU NPU MOHVKEHUW MbILLEYHON Ha-
rpy3Kn opraHusMa uam fgepuumTe XXMpPoOMOOGUIN3YHOLWKUX FOPMOHOB.
O>XunpeHne MOXeT ObITb BbI3BAHO YCWUIEHHLIM NEPEXOA0oM YreBoA0B B
XUpPbl, KaK CneAcTaue U36bITOYHOM NPOAYKLUN UHCY/IMHA U NPOJiaK-
TWHAa, WX HacNeACTBEHHOW aHOManneli obmeHa BellecTs. VcTolleHne
pa3BMBaeTCs NPU HeAOCTaTOYHOM MOCTYMNIEHUN MULLW, KOTAa NPUXO4
nuTaTe/bHbIX BELLECTB HEe MOKPbIBAeT JHepreTMyeckme TpaTbl opra-
HM3Ma, NMMB0 OHO ABNSETCA CNEACTBMEM AJINTENBHOI0 XXUPOMOOUIN3Y-
FOLLIEr0 AENCTBUS CMMMNATUYECKOro OTAeNa BereTaTMBHOM HEPBHOI CU-
CTEMbI UM COOTBETCTBYHOLUX FOPMOHOB.

11.5. OBMEH BO/bl

Bronornyeckoe 3HavyeHne BOAbl KaK YHMBEPCA/IbHOrO pacTBopuTe-
NS VCKNKYMTENIbHO BbICOKO. KOnmMyecTBO BOAbI B OpraHv3Me XWUBOT-
HbIX COCTaB/1AeT OKO0JI0 65 % Mmacchbl Tena, HefoCTaTOK MOCTYN/eHus
BOZbl BbI3blBAET 0COO0 TSXKe/ble HapyLUEHUS >KU3HeAeATeNbHOCTH,
BM/I0Tb O CMepPTU. Bce BMOXMMMUYECKME peakLmmn B OpraHu3Me nayT B
BOAHbIX pacTBopax. CnoXKHble BelecTsa, COCTaB/ALLME OCHOBY XW-
BOr0 BELLECTBA, MOTYT CMHTE3NPOBATLCA TO/ILKO B BOAHbLIX pacTBoOpax.
Bnarogaps nonsapusauum Monekynbl BOAbl 06eCrneyrBaeTcs ee B3anmo-
[eliCTBME C APYrUMK 3apsXXeHHbIMU MosieKynamu. B npoueccax rugpa-
Tauun CTeneHb PacTBOPUMOCTU 3/1EKTPO/IMTOB M HE3/IEKTPO/INTOB 3a-
BUCUT OT COOTHOLUEHMSA MONAPHBLIX (TMAPOMUIbHBIX) U HENONSPHBLIX
(rngpoobHbIX) rpynn B MX MOSEKY/aX.

Bopa Heobxoamma s obecrieveHms NpoLLeccoB NuLLeBapeHuns, aHa-
NN3a BKYCOBbIX KayeCTB KOpMa, PacTBOPeHWs, pasMAryeHus, co3gaHus
ONTUMa/IbHbIX YCNOBUI AN (YHKLMOHUPOBAHNSA (DEPMEHTATUBHbIX CU-
CTeM ¥ cpefibl 0OMTaHMA CUMOWMOHTHBIX OpraHu3MoB. B BofHON (hase
MPOUCXOANT BCaCbIBaHWE MUTATENbHBLIX BELLECTB U yAasleHve 13 opra-
HM3Ma KOHEeYHbIX NPOJYKTOB 06MeHa. Bofa cocTaBnseT OCHOBY BHYTPU-
KNIETOYHOro o6MeHa. BbryTpy KNeToK 3aknoveHo 71 % Bcex BOAHbIX 3a-
nacoB opraHv3Ma. BHekneTouHas Boga HaxoAMTCA BHYTPU COCYLMCTOrO
pycna (B KpoBW, NUM®E U CIIMHHOMO3IOBOM YXUAKOCTU MPUXOAUTCH Ha
Body 10 %) n B MeXKNeTo4HOM npoctpaHcTee (19 %). Linpkynauua B
opraHu3me BOZbl, COfepXKaLllein (hM3n0NorMYecKn akKTUBHbIE BELLECTBA,
obecrneymBaeT UHTErpaTMBHbIE PYHKLUN SHAOKPUHHOW CUCTEMBI.

B opraHn3me >XMBOTHbIX aKTUBHO UCMO/b3YHOTCA TEPMUYECKME CBOWA-
CTBa BOAbl. Ee BbICOKas Tenn0emKoCTb B MPOLECcce perynauum Temne-
paTypbl Tefla N03BONSAET MPUHUMATL U OTAaBaTb GONbLIOE KOMMYECTBO
TenoTbl. Y BOAbl OAWMH M3 BbICOKUX MOKasaTesiel napoobpa3oBaHums
g544K,ﬂ,)K/F). Mepexop, BOAbl B MOHOMO/IEKY/ISIPHOE COCTOsIHME TpedyeT

O/bLUMX 3aTPaT TEM/I0BON 3HEPruu, MO3TOMY WCMapeHne HebOsbLLINX
KO/MYeCTB BO%bI ob6ecneunBaeT 6OMbLUYIO TEMNOOTAAYY, YTO ABAAETCA
OAHVM 13 Hanbonee BaXXHbIX MEXaHV3MOB TePMOPErY AL,
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O6MeH BOAbl TECHO CBA3aH C OOMEHOM 3/1eKTPO/IUTOB, MO3ITOMY
KOMIMNEKC [O/MKEH paccMaTpuBaThCA Kak efjuHas cuctema. 3HayeHue
3/1EKTPO/INTOB B 06OMEHE BELLIECTB ONpe/eNiaeTcs npexaie BCero 1x ocmo-
TUYECKOM aKTUBHOCTbIO M CMOCOGHOCTLI0 Y4acTBOBATb B 3/1EKTPOXUMU-
YeCKMX MpoLeccax reHepalum MembpaHHOro noTeHuuana n noteyuana
%eMCTva OCHOBHbIX MPOLLECCOB, ONpefensoWwmnx npoBeieHne BO3-

YXAeHUs 1 00befVHEHNe TKaHel 1 OpraHoB OpraHv3ma B eAuHoe Lie-
Nnoe. INEeKTPONUTLI N36MpaTeNIbHO PacrpeseNiatoTCcA BO BHYTPUKIIETOY-
HOW M BHEKNeTOYHOW Bofe. B pe3ynbTaTe [eAaTeNlbHOCTU CheluaibHbIX
TPAHCMOPTHBIX CUCTEM, CENEKTUBHBIX KaHa/I0B U MOJEKY/IAAPHbIX Haco-
COB CO3/jaeTCA HEPaBHOBECHOE pacrpejesieHne NOHOB: BO BHEK/ETOY-
HOW cpefie Npeob/1afatoT KaTUOHbI HATPUS, @ BHYTPU KNEeTOK —Kanus.
Pa3nnyHOo ¥ pacnpefeneHne aH1OHOB: B Na3Me N TKaHEeBOW XMAKOCTU
npescTaBfieH B OCHOBHOM X/10p, a BHYTPY KNeTok —ocar. B nnasme
KPOBW, TKaHEBON ¥ BHYTPUKIETOUYHOM XMUAKOCTAX NPaKTUYECKN ypaB-
HOBELLLEHO CYMMapHOe COZiep>kaHne aHWOHOB M KaTWMOHOB, YTO o6ecne-
UMBAET WX 3MIEKTPOHENTPANIbHOCTb M NOCTOAHCTBO pH.

O6nagas BbICOKOV OCMOTUYECKOW aKTUBHOCTbIO, 3/1EKTPONUTBI aK-
TUBHO Y4YaCTBYIOT B MnpoLieccax BOAHOro obmeHa. [n1s 6Monornyecknx
mMembpaH (060/104Ka KNEeTOK, CTEHKM KaruinsapoB) XapakTepHa nosy-
MPOHMNLAEMOCTb, T.€. OHW MPOHWULAEMbl 419 BOAbl M HENPOHMLAeMbl
ans Kpﬁ/nglx Monekyn (6eKoB, NMoimcaxapuioB U HEKOTOPbIX KaTuo-
HOB). lpy MOBbIWEHMN OCMOTUYECKOrO [aB/IeHUs BOAA /IErKO MPOHU-
KaeT yepe3 3TOT YHaCTOK M NMPOUCXOANT BblpaBHUBAHNE KOHLEHTPaLui
OCMOTUYECKMN aKTUBHbIX BELLECTB. [MOCKO/bKY B HOPMasIbHbIX YCIOBUAX
OCMOMO/IAPHOCTb BMOMOTMYECKMNX KNLKOCTEN paBHa, KOMIMYECTBO BOAbI
BO BHEK/IETOYHOM XXMAKOCTU U BHYTPU KNETOK MOLLEPXKUBAETCA B OMNpe-
JeneHHbIX npegenax. Ecnyv KOHUeHTpaums 3neKTPO/IMTOB BO BHEKIe-
TOYHOW >XUAKOCTU YBENUYMBAETCH, NPOUCXOAUT Nepexon BHYTPUKIe-
TOYHOW BOZbl BO BHEK/NETOYHYHO (Da3y, a npyi NOBbILIEHUW BHYTPUKIe-
TOYHbIX KOHLEHTPaLWii BoAa CTPEMUTCS B KNeTKy (Tabn. 11.2).

11.2. KoOHLEHTpaums 3M1eKTPONTOB B XUAKOCTAX OpraHvu3Ma, M3kB/n

BHekneTouHasa XunaKoctb

ONeKTPoNUTHI
nnasma Kposu o6Las
KaTwuoHb!
Na+ 142 145 8
K+ 5 4 151
Caz2+ 5 - 2
Mg2+ 3 — 28
MToro 155 149 189
AHWOHbI
HCO3" 27 30 10

C1- 103 16 -
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Mpopon>keHue

BHeKneToYHas XUAKOCTb
OneKTpoONUTHLI

nnasMma Kposwun TKaHeBas oﬁu_\aﬂ

PO~ 2 100

OpraHuyeckune 6 — 4
KNCNOThbI

Benknu 16 — 65

M toro 155 46 189

YKusHeobecneyeHne opraHvu3Ma BO3MOXHO TONbKO MPU MOCTOSH-
HOM BOAOO6MEHE MeXZy KPOBbI M TKAHEBOW XXWUAKOCTbIO, Gnarofaps
4eMy COXPaHATCA 006bEM LIMPKYIMPYHOLLEN XNLKOCTIA, KOHLEHTpaLmMs
B Hell XMMUYECKMNX BELLECTB U (DOPMEHHbIX 3/1EMEHTOB KpoBU. OCHOB-
HON 06MeH MeXZy KPOBbIO U TKaHEeBOM XXNAKOCTbIO MPOUCXOAUT B Ka-
nunnapax. B ux apTepuanbHOM YacTW COOTHOLLEHWE rMapocTaTuyec-
KOro Y OHKOTUYECKOro aBfieHns TaKoBO, YTO MO BINSHUEM BblCOKO-
ro rmapocTaTMYeckoro AaBneHus NPOUCXOANUT nepexon 6e36e/KoBoi
yacT¥ NMNasMbl B MEXK/ETOYHOE NPOCTpaHCTBO. 1o Mepe nponBuxe-
HWA KPOBW MO Kanuanspam ruapoctaTmyeckoe AaBeHne CHUKaeTcs, a
OHKOTMYECKOe MOBbLILLAETCA, TaK KaK 3a CYeT BbIXOAa 4acTu MnasMbl
KPOBb CryLLaeTca M KOHLEHTpaunus anb0yMMHOB NOBbILLAETCA. Takum
06pa3oM, B BEHO3HOW 4acTU Kanunsispa OHKOTUYECKOe [aBfieHne B
npoceeTe cocyfa npeobnajaeT Haj ruapocTaTMYeckMMm U Boja CTpe-
MWUTCS BEPHYTbCA U3 TKaHW B KPOBb.

Hapagy C LuMpKynaumein XXnaKoct B cMcTeMe KpoBb —TKaHb HE06-
XOLMMO MOCTYN/IEHVE ee U3BHE C MUTLEM U NULLe 415 (hOpMUPOBaHMS
NYLLLEBAPUTE/IbHBIX COKOB, BCACbIBaHMA NUTATE/IbHbIX BELLECTB U BbiBe-
%eva KOHEYHbIX NMPoAyKTOB 06MeHa. Cama BOofa TOXe B psje MeTa-

O/IMYECKMX peakunii ABNSeTCS KOHEYHbIM MPOLYKTOM OOMeHa; npw
okmcneHmn 100 r 6enkos obpasyetcs 41 mn BoAbl, 100 r yrneBogoB —
55 mn, a 100 r>xunpa — 107 mn Bofpl. B cpegHem B npouecce MeTabonms-
ma obpasyeTcs 40 12 % Bcero oobema LVPKY/IMPYIOLWLEA B opraHn3me
BOAbl. B €CTECTBEHHbLIX YC/IOBMAX KO/IMHYECTBO MOCTYMartollen B opra-
HM3M W BbIAENSAIOLLENCA BOAbl YPaBHOBELLMBAETCA, OHAKO B peaslbHbIX
YCNOBUAX XXN3HeeATeNIbHOCTY B 3aBUCUMOCTY OT KIMMATUYECKUX (pak-
TOPOB, TemnepaTypbl Tena, akTMBHOCTU MbILLEYHON AeATeNlbHOCTH, CO-
cTaBa KOPMOB BOZHOE PaBHOBECKE MOXET KONebaThbCs.

B BOAHOM 0OMeHe CyLLECTBEHHYIO PO/ib UrpatoT fIerkue, Koxa, »e-
NYLOYHO-KULLEYHBIA TPakT M MOYKW. M3 opraHuama depes nerkue
BOda yfanserca B BMAe BOAAHOrO napa, nMpuyem noTepu COOTBET-
CTBYIOT WHTEHCMBHOCTM [ibIXaHWs 1 Temnepatype Tena. [pu ycunex-
HOWM MbILLLEYHON Harpyske, cneunpruyeckoM BO3OYXAEHUUN AblXaTe/b-
HOro LeHTpa 1nn nuxopagke napoobpasoBaHMe MHOTOKPaTHO BO3pac-
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TaeT. Koxka y4acTByeT B yJaneHUn BOAbl U3 opraHusma. Bblgenssch
B BMAe MOTa, BOAA OX/IaXAAeT NMOBEPXHOCTb Tena. MIHTEHCMBHOCTb
McnapeHnsa 3aBUCUT OT PasHOCTW TemnepaTtyp MOBEPXHOCTU Tena u
OKpY>XXaloLLel cpefpl: NPV NOBbILLEHHON TeMnepaType OKpYXXaroLLei
Cpefbl CHUXeHWe TeMnepaTypbl Tesia NPOUCXOAMUT 3a CHET UCNapeHuns
CekpeTa MoTOBbIX Xene3. B XenyaoyHO-KULLEYHbI TpakT Boda Mo-
CTynaeT C NUTbEM N NULLEN N BbIBOAUTCS C KanoBbiMM Maccamu. Oc-
HOBHOE Yy4acTue MULLEBapUTeNbHOro TpakTa B BOAHOM O6MeHe 3a-
KntoYyaeTcs B 06pa3oBaHNM MuLLeBapUTEIbHbIX COKOB —C/IHOHbI, Xe-
NYA0YHOr0, KULLEYHOrO, NOMKENYA04YHOr0 COKOB, KOTOPbIE B HECKO/Ib-
KO pa3 npesbIWalOT 06beM LUPKynupytoled Kposu. B npouecce
BCacblBaHMS BOAa B OCHOBHOM BO3BpaLLaeTCs B KPOBEHOCHOE pycro,
HO NpWY HapyLeHWy BcCacbiBaTe/IbHOW (DYHKLMKW KULLIEYHWKa opra-
HU3M TepseT MHOro BOAbl W PacTBOPEHHbIX B Heil 31eKTPO/INTOB.
OCHOBHbIM OpraHoM, OCYLLECTBASIOWMUM Perynsuuio BOAHO-31eKTPO-
NMTHOrO COCTaBa BHYTPEHHWNX Cpef, OpraHnu3ma, c/yxar novyku. B nou-
Kax CTPYKTYPHO-(DYHKLMOHabHbIE eANHNL bl —He(POHbI 06ecneyn-
BalOT YNbTpadunbTPaLn0 6e306e/1IKOBOI YacTy nna3mbl (MePBUYHON
MOuYK) 1 peabcopbLUI0 BOAbI, MOHOB M CaxapoB C 06pa3oBaHMEM Ae-
GUHUTUBHOIA Moun (cm. . 8).

Perynauus BogHoro obmeHa. B perynsuuy BogHOro obmeHa yyacTBy-
tOT [1Ba FOPMOHA: a/b[0CTEPOH (TOPMOH KOPbl HAAMOYeYHNKa) W Ba30-
MPEeCCUH (aHTUANYPETUYECKNTI TOPMOH Heillporunogusa). AnbAoCTEPOH
YCUNMBAET peabcopbLUUIo HATPUSA U BbiBeLeHWe Kasins, a aHTUANYpeTu-
YeCKnil ropMOH —BOfbl. B ycnoBusax oTpuuatesibHOro BOAHOro 6anaH-
ca npu 06e3BOXXMBaHUKN OpPraHn3ma, Bbi3BaHHOM MB0 HEAOCTATOUHbIM
NOCTYNNEHNEM BOfAbl, MO0 U3OLITOYHLIM ee BbiBefeHnem (06U/IbHOe
NOTOOTAENeHME, LAUTENIbHOE YCUIEHHOe AblXaHue, 60/blias noteps
KpOBW, pBOTa, MOHOC), YMEHbLUEHWE KOMMYecTBa LMPKYIMpPYIOLLel
KPOBW CKa3blBaeTCs Ha [JeATeNIbHOCTW HOKCTAr/10MepysipHOro annapa-
Ta NOYKN. MOHMWXKEHME [aBNeHNA B 3TOM OTAeNe Hed)poHa BbI3blBaeT
CeKpeuuio peHnHa —depmeHTa, B3auMOAENCTBYIOLLIErO C a-2-rno6y-
NMHOM M1a3Mbl KPOBM (aHrMOTEH3MH 1), KOTOpPbLIV NpeBpaLLaeTcs B aH-
rmoteHsunH Il. MNog BAnsHMEM aHrMoTeH3nHa Il NponcxoauT cyxeHune
MeSIKUX apTepuabHbIX COCYA0B, YTO, eCTECTBEHHO, MPUBOAUT K NOBbI-
LUEHWIO apTepuanbHOro AaBneHns. BMecte ¢ 3TUM CTUMYNMPYeTCS ce-
Kpeuus anbLoCTepoHa, YCUMBAKOLLEro 06paTHOe BCaCblBaHWE HaTpus
1 BOJAbI, YTO COXPAHSAET BOAY B OpraHu3me.

Mpu Aervapatauny CredytowmM KOMMEHCaTOPHbIM MeXaHU3MOM
CNYXWT TunoTasaMmmuyeckas peuenums OCMOTUYECKOW aKTUBHOCTM
KPOBU M NINKBOPA, 3afOofIHAKOLWMNX XXeNy[oukn Mo3ra. mnepocmMus
BO30Y)XX[jaeT aKTUBHOCTb HEMpPOCEKPETOPHbIX HENpPOHOB CynpaonTu-
4ECKOro M napaBeuTPUKYNAPHOrO SAep runotanamyca, YTo nNpuBoauT
K YBE/IMYEHWIO BblAeNeHNS B KPOBb aHTUAMYPETMYECKOro ropmMoHa
Ba3onpeccuHa. Hafo oTMeTUTb, NpW Pe3KOM NafeHnn KPOBAHOIO AaB-
NeHus (Npyv KPOBOMOTepe U T. M.) PeIeKTOPHO MOBbILLAETCA NPOAYK-
LMs ¥ BbIGPOC B KPOBOTOK BA30MPECCHHA, YTO NPUBOAUT K YCUNEHWIO

452



peabcopbuunn BOLbl B KaHa/IbLLEEBOM OTAefle He(hpOoHa, U ee BbiBEAEHMe
C MOYOIN 3HAUYMTENbHO CHUXXaeTCcs. B COBOKYNMHOCTU pasfpaxeHue
OCMOpEeLenTOpOB rMnoTasiaMMYeckoin 061acTi U COOTBETCTBYHOLLME
MEeXHENPOHHbIe B3aVIMOOTHOLLEHWNSA B KOPe W MOLKOPKOBbLIX CTPYKTY-
pax, 06beAVHEHHbIX B MUTLEBOW WM BOAHbIVA LEHTP, 00yCNOBANBaKOT
BO3HWKHOBEHWE YYBCTBA XaX/bl.

Takum 06pa3om, Npu aervjpatauuy opraHu3ma B yCroBUAX 0Tpu-
LaTelbHOro BOAHOro 6anaHca B3aMMOAEWCTBYIOT ABa Heiiporopmo-
Ha/IbHbIX MeXaH13Ma —CeKpeLms Ba3onpeccuHa 1 anb4ocTepoHa, Npu-
yeM Al BblgensieTcs Npu MOBbILLIEHUN OCMOTUYECKOrO AaBfieHus
MEXK/IETOYHOM XMAKOCTU, a CeKpeLma anbLoCTepoHa NPOUCXOANT Npu
YMeHbLLEHUN 06beMa LMPKYUPYIOLLE KpoBW. KoMneHcaTopHoe BAUS-
Hve ALl 1 anbpocTepoHa He GecnpefgenibHO. py BLICOKOM COfepXKa-
HUW CONeil B KPOBW (rMnepcosieMmn) BO3HUKAET OCMOTMYECKUIA rpa-
OVEHT MeXay BHYTPUKNETOYHOW W BHEKNETOUHbIMU XKULKOCTAMM,
BOJA U3 KNETOK YXOAUT BO BHEK/IETOUHYHO XXWAKOCTb, U B pesynbrare
BO3HUKAeT gervaparaums KNeTok, Npu KOTOPOM HaumHaeTcs pacnag
6efika U KNeToYHbIX CTPYKTYP, YTO HECOBMECTMMO C XKU3HbIO.

Bo3pacTaHve o6bema BHEKIETOUHOW XXUAKOCTU U LUPKYINPYHOLLel
KPOBW CNYXXWUT CUrHAIOM [1 cpabaTbiBaHWS CreLmann3npoBaHHbIX pe-
LLIenTopoB 06bema KpoBY —BOMIOMOPELIENTOPOB. ALIEKBATHOE pasfpake-
HVe BbI3bIBAET MOCTYTLUEHVE B KPOBOTOK 3HAYUTENIbHLIX KONMYECTB 130-
TOHUYECKOW XMAKOCTU ((hM3MONOrM