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Bbicrpoe pa3BHTHe TeopeTHqecKHX pa6oT b o6jia- 
CIII (])H3HOJIOrHH paCTCHHH H pa3pa6OTKa HOBblX 3KC- 
iicpiiMenTajibHHx MeTOAOB HCCJieAOBaHiiH Tpe6yK>T no- 
< 1'OHIIIIOrO COBepiIieHCTBOBaHHH MeTOAHHeCKOH nojiro- 
roiiKH CTyAeHTOB-6noJioroB. Ha Kaij)eApe 4>H3HOAorHH 
pncTCHHft Mfy b nocneAHHe roAti 3Ha<iHTejibHo nepe- 
rrpociiLi h MOAepHH3HpoBaHbi nporpaMMa n MeTOAHKa 
npoiieACHHH Majioro npaKTHKyMa c HcnoAbsoBaHiieM 
nonojibHO cJioiKHoft annapaTypH h opHmnaAbHbix 
ycianoBOK, MHorne H3 kotopmx co6paHbi h HaAajKeHH 
HiijKCHepoM KaijieApbi B. A. CoAOBbeBbiM. B OTAHqne 
ot npeAbiAymnx HacTOHinee H3AaHHe paccqnTano na 
HiiAHBHAyaAbnyio pa6oTy CTyAeHTOB, kotopmm npeA- 
jiaraiOTCH 6oAee cAOXHbie (j)H3HOAomqecKHe 3aAa<iH c 
HciioAbaoBaHHeM mctoaob aBTOMaTH<iecKoft perncTpa- 
UHH HOKasaTeAeft. HeMaAoe BHHMaHHe yAeAeno TaKJKe 
pacuiHpeHHio o6i>eKTOB HCCAeAOBaHHH, H3y<ieHHK> cne- 
HH(j)HKH MeTa6OAH3Ma y pa3AHHHbIX B 3B0AKHI.H0HH0M 
OTiiomeHHH rpynn pacTeHHft.

8-e H3AaHHe MaAoro npaKTHKyMa cocTaBAeuo na 
6ase o6mero Kypca 4)H3hoaothh pacTennft h BKAioqaeT 
CACAyiOlIlHe pa3A6AbI: (j)H3HOAOTHH paCTHTeAbHOft KACT- 
KII, ([)OTOCHHT63, AblXaHHe, MIIHepaAbHOe HHTaHHe, BOA- 
ui.ift pe>KHM, pocT h pasBHTne. KaiKAwft pasAeA co- 
CTOHT H3 TeopeTHHeCKOft H MeTOAHHeCKOH H3CTH. 3aAa- 
'iii pacciHTaHbi Ha 4-uacoBbie saHHTim. Ochobh3h iieAb 
upaKTHKyMa — yrAy6HTb h pacmnpHTb 3HaHHH CTyAeH- 
tob iio TeopeTHqecKOMy Kypcy n nosnaKOMiiTb hx c 
MeTOAaMH nccAeAOBaHHn b o6a3cth (j)H3HOAorHH pac- 
Tennft.



P asfleji I

<J>H3H0J10rHfl PACTHTEJIbHOH
KJIETKH

Bce oprann3Mbi Ha Hauieii nuianeTe coctoht H3 Kjie- 
tok. KaxAan H3 hhx o6jia#aeT t3khmh cBoficTBaMH 
jkhboto, KaK cnocoSnocTb k caMOBOcnpoH3BeAeHHK) h 
ABIIJKeHIIIO, MeTa6ojIH3M, pa3Apa>KHMOCTb, pOCT, H3- 
MeHHHBOcTb h aAanTaHHH k BHeniHefi cpeAe. Kactkh 
HMeiOT cjioxcHyio cneHHtJiHqecKyio opraHH3aii,Hio. Ha 
ee ocnoBe eme b nponuiOM ctojicthh ohh 6hah pa3- 
AeAenbi Ha ABe rpynnbi, hah Tnna: npOKapnoTbi h 
ayKapnoTbi. Hs nasBaHHH thhob CAeAyeT, hto b oc- 
HOBy KAaCCH(|)HKaH,HH KACTOK IIOAOJKeHa opraHH3aiiH5i 
siApa. OAHaKO nocAeAyiomHe HccAeAOBaHHH cy6KAe- 
TOHHOfi CTpyKTypbl, OCO6eHHO npH HCn0Ab30B3HHH 
3ACKTp0HH0fi MHKpOCKOHHH H AH4>(|)epeHH,HaAbHOrO 
ueHTpH^yrnpoBaHHH, noKasaAH 6oAee 3HanHTeAbHbie 
pa3AHHHH MejKAy THH3MH KA6T0K.

npoKapHOTbi (6aKTepiiH, cHHe-3eAeHbie BOAopoc- 
AH, MHK0HAa3Mbl), K3K npaBHAO, HCBeAHKH, AH3M6T- 
poM ne 6oAee 10 mkm, hmciot oTHOCHTeAbno npocToe 
cTpoenHe, jiHineHbi Mop(|)ojiorHqecKH o(J)opMAeHHoro 
HApa, CneHIiaAH3IipOBaHHbIX KAeTOHHHX MeM6paHHbIX 
CHCTCM: HAaCTHA, MHTOXOHApnfi, 3HA0nAa3MaTHHeCK0H 
cem, annapaTa ToAbA>KH h t. n. reneTHHecKHH an- 
napaT npoKapnoTOB npeACTaBjieH eAHHCTBeHHofi xpo- 
MocoMofi, cocTOHin,efi H3 X(HK, ne cBHsaHHofi c 6en- 
KaMH. nojiH(J)yHKHHOHaAbHa5i nAasMaTHHecKasi mcm- 
6pana mojkct o6pa3OBbiBaTb pa3AHHHoro poAa 
BnHHHBaHH5i, HanpHMep MesocoMbi y 6aKTepnfi. Cne- 
HHaAH3aiiH5i MeM6pan y npoKapHOTOB AHinb cAerKa 
HaMeneHa, h BHyTpeHHHe MeM6paHHbie CTpyKTypH 
HMeiOT H3MeHHHByiO, 3BOAK)H,HOHHO HeyCTQHBHiyiOCH 
(J)OpMy. OCHOBHbie KOMHOHeHTbl paCTHTCAbHOfi KA6T- 
kh syKapnoTOB h hx rAaBHbie (J)yHKn,HH npeACTaBAeHbi 
B Ta6A. 1.
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T afijinua 1

i >, <l>ti;iuoAOiu<iecKue (/jyHKtfuu cmpyKtnypHbix 
KOMmmeHmoe pacmumeAbHou KJiemKU

VHfVpMMO hOMIIOIICHTbl KJieTKH OcHOBHbie 4>H3HOJiorHqecKHe (Jjyhkuhh

1........ lMVviO'IKa OCecneqeHne npoiHOCTH, aaniHTa, 
onopHan cjiyHKUHH

lliiHyiMiii OcMoperyjinuHH, aanacanne Be- 
mecTB, nepeBapHBaHHe

i\

Ma|»o

IbipMIIIKO
Mll lOXOHApHH
XjioponjiacTH
AiinnpaT ToJibAJKH

iHAonjiaaMaTmecKati
cerb

JlllIIOCOMbl
C.l|H‘poCOMbI
MiiKporejia, nepoKCH-

COMIJ, 1’JIHOKCHCOMbI
MllKpOTpy6oKKH

I*I|6 oCOMM'
1 IjuisMajieMMa

(h iioiiiiaH njiasMa

XpaHeHHe h nepeaaia reneTnqec- 
KOft HH<jX»pMaiIHH

Chhtc3 h nepepacnpeaejieHHe PHK
/IbixaHHe
4>OTOCHHTe3
HaKonjieHHe yrjieBOAOB, ceKpeiiHH, 

oSpasoBaHHe KJieToiHoft oGojion- 
KH

TpaHcnopT BeniecTB, o6pa3OBatiHe 
MeTa6ojiHiecKHx ueHTpoB

BnyTpHKJieTOHHoe HHmeBapeHHe
HaKonjieHne h xpaneHHe xnpa
OoTOflMXaHHe, TJlHOKCHJiaTHMft

IIHKJI
OpHeHTaUHH MHKpo4»H6pHJIJI iieji- 

JUOJI03M
Chht63 6ejiKa
KoHTpojib aa TpancnopTOM Be- 

mecTB, samHTa, peiienuHH
TJIHKOJIH3

llapHJiy c OCOSeHHOCTHMH B CTpyKType KJieTOK 
''IUIpllOTOB H ByKapHOTOB HMeiOTCH H o6mHe qepTM 
l»pi .'IHH iaUHH, 'ITO nO3BOJI5ieT TOBOpHTb 0 CXOACTB6 

<|»yilKH,IIOIiaJIbIIOH ACHTejIbHOCTH. TaK KaK HMeHHO 
nhiiiioiiajibiiaH AeflTejibHocTb opranH3MOB, npo- 
ii 1.1, nponcxoAHiHHe b >KHBbix opraHH3Max, opra- 
x, iioihhx, KJieTKax, jie>KaT b ueHTpe bhhm3hhh 

I IIIO.IIOI OH, TO, lITO0bI nOHHTb (pHSHOJIOFHIO paC- 
Iii II, iipe>KAc Bcero aojijkhm 6mtb HayneHM cboh- 
Hl, Ol IIOUIIOHIHC JKHBbie KJieTKH pacTeHHH OT He- 
IIIMX.
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Oaho H3 caMbix pacnpocTpaneHHbix h jierKO 06- 
HapyjKHBaeMbix b jkhbbix KjieTKax hbjichhh — abii- 
>KeHHe npoTonjia3Mbi. CKopocTb ero mojkho ncnojib- 
3OB3Tb AJIH OIieHKH ypOBHH JKH3HeAeHTejIbHOCTH KACT- 
KH. O HajIHHHII ABIIIKeHHH HpOTOHAa3MbI II eTO CKO- 
pocTH cyAHT no nepeMein,eHino opraneAA kabtkh 
(nAacTHA, ciJiepocoM), B3BemeHHbix b Hefi. Hckaiohii- 
TCAbHblfi HHTepeC npeACTaBAHIOT aBTOHOMHbie ABHJKe- 
HHH KOMHOHCHTOB KA6TKH: XAOpOHAaCTOB HOA AeftCT- 
BHeM cBera, xpomocom npn mhtosc. Tonorpa4)HH op- 
raneAA h iix B3aiiMnoe pacnoAOJKeHiie b KAeTKe ne- 
HpepblBHO M6HHI0TCH.

06 ypOBHe JKH3HeAeHTCAbH0CTH KACTKH MOJKHO 
TaKJKe cyAHTb no bhskocth kactkh, ot bahhhhh BHern- 
HHX yCAOBHH, TCMHepaTypbl, BAaJKHOCTH, MHHepaAb- 
HOFO HHTaHHH H T. A. T(aH XapaKTepHCTHKH 5KH3H6H- 
Horo coctohhhh kactkii, KpoMe onpeAeAeHiiH a6co- 
AIOTHOH BH3K0CTII HpOTOHAa3MbI, 6oAbIHO6 SHaHCHHe 
npHAaiOT h onpeAeAennio CTpyKTypHoft bhskocth, 
O KOTOpOH CyAHT HO MHHHMaAbHOH BeAHHHHe HCHTpO- 
6e>KHoro ycKopeHHH, Heo6xoAHMoro aah cMenjeHHH 
CTpyKTypHblX 9ACMeHT0B npOTOHAa3MbI.

THHHHHblM AAH BCCX KA6T0K HBAH6TCH HaAHHHe 
na noBepxHocTH npoTonAa3Mbi tohkoh hcbhahmoh b 
CBeTOBOH MHKpOCKOn CTpyKTypbl, T3K H33bIBaeM0H 
HAasMaTHHecKOH MeM6paHbi, hah nAasManeMMH. 3ra 
norpaHHnHaH MeM6paHa o6naAaeT saMeqaTeAbHHM 
CBOfiCTBOM HOAynpOHHpaeMOCTH, HAH H36HpaT6AbHOH 
npoHHijaeMOCTH, t. e. BbinoAHneT 6apnepHyio (JiyHK- 
iihio, He nponycKan hah hohth ne nponycKan moac- 
KyAH Kpynnee, qeM MOAeKynbi boahi. Oah3ko thkoh 
6apbep cymecTByeT TOAbKO b jkhbhx KAeTKax. KorAa 
KAeTKa TepneT cbohctbo HOAynpOHHiiaeMocTH, Bce 
pacTBopeHHbie BemecTBa 6ncTpo bhxoaht Hapyncy h 
KAeTKa rH6neT. CymecTByiOT ABa npocTHX MeTOAa 
onpeAeAeHHH, coxpaHHeT ah KAeTKa noAynpoHHirae- 
MOCTb: nA33M0AH3, OTKpHTHH 60Aee CT0A6THH H333A, 
H — BHTaAbHOe, HAH npHJKH3HeHH0e, OKpaiHHBaHHe. 
Cefinac o6menpHHHTO, hto MeM6paHHHfi npHHiiHn op- 
raHH3an.HH xapaKTepeH ne toabko aah nAasMaAeMMbi, 
HO H AAH Bcex OCHOBHblX KAeTOHHblX OpraHCAA.
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II nII |. I IIHI HP0T0nJlA3MbI

|..t. ii iii iio'ith neaaMeiHoe ABHJKenne npoTO- 
H I I .111, ......... .. IipOHCXOAHT B KJI6TK3X B eCTCCTBeH-
ll... yi HOIIIIIIX, liaiblBaiOT nepBHHHblM. ,H,BH>KeHHe /KC, 
IfeAklllipillHIIIIIOC KaKHM-JinSo (JiaKTOpOM BHeiHHeH 
HH II, ..........  TCMliepaTypOH, XHMHH6CKHM HJIH Me-
fHHU'ii I HIIM ll(>3JiefiCTBHeM H T. H.), — BTOpHHHblM. 
C)h ............  iiuiweiiHH npoTonjiasMbi pacTeT c noBbiine-

n Miicparypbi ao onpenejieHHoro npeaejia (na- 
hh ............ 2'7 37°). npn AajibHefinieM yBennqeHHH
ihhii r ' i \ pi.i AinoKeHHe saMeAJineTca h b kohhc koh- 
I|ii|| llpl I |illimiCTCfl. CBeT MOJKCT JIH0O yCKOpHTb ABH- 
HI* iiiii ii|nini iimea), jih6o 3aMe,n,jiHTb h ocTanoBHTb 
•lll \ ip.ll.lcp peaKHHH 33BHCHT OT KOJIHHCCTBa H K3- 
0*41  ...............  cocTaBa CBeTOBofi SHeprHH. Pa3Jiii'iHbie
|iiMii'ii i Klic areiiTbi, 4)H3HnecKHe o6pa6oTKH, MexaHH- 
in i "i aaiuiciine TaKX<e bjihhiot na ABHJKeHiie npo- 
lllll III IM14.

I'IIK II JKIIHblX, T3K H B MepTBblX KJIBTKaX MO/KHO 
linli llo la I I, fipoyHOBCKOe ABHJKeHHe qaCTHU, BH3bI- 
»»>•*»<..•  himcTH'iecKofi SHeprHefi MoxeKyx. B OTjinnne 
ui iiriu aiiiiiKenne npOTonjia3Mbi o6ycjiOBjieHO najin- 
..... .... i nortoAnoft aHeprHH, Bbipa6aTbiBaeMofi jkhboh 
I "H"ll KpOMe TOTO, B 6pOyHOBCKOM ABHXieHIIH 
.............. . nc MoryT ABiiraTbca b k3kom-jih6o oahom 
iiupi ii ii-iiiiom iianpaBjieHHH, KaK npn ABHjKeHHH npo- 
.....  i i .-11.1. a ocymecTBjiHiOT cnynafiHbie ABHJKennH 
i'. iii rx iiaiipaBJieHHHx okoao nocTOHHHoro cpeAnero 
iiioiorticililil.

Hl.l H' IHIOT IieCKOJIbKO THHOB ABHJKeHHH npOTO- 
ii ' iimi.1 llaiifiojiee mHpoKO pacnpocTpaneHHoe KOJie- 

o.aoi' ciHTaeTCH HaHMeHee ynopHAoneHHbiM, tbk 
i ii n iiom cjiynae oahh nacTHHbi h3xoahtch b no- 
i III Ipvilie CK0Ab3HT K nepHfjiepHH, TpeTbH — K H,eHT- 
p\ i h'ikii /iBnweHHe HMeeT HeycTofiqHBbifi, cjiynaft- 
iii.ili xapaKTcp. UupKyjtnnuoHHoe ABHJKeHHe xapaK- 
n'pno 1.01 kjictok, HMeiomHx npoTonjia3MaTHqecKiie 
i" i ", iicpcceKaiomiie ueHTpajibHyio BaKyojib. Ha- 
llpllll iciiiic II CKOpOCTb ABH5K6HHH HaCTHH, H3XOAH- 
niiiMii niiyrpii hah na noBepxnocTH caoh npoTonxas- 
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Mti, a TaK>Ke b npoTonjiasMaraqecKHx ra»:ax, iic 
nOCTOHHHbl. OpH pOTUHUOHHOM ABHJKCHHH npOTOHJUlB- 
Ma HaxoflHTCH tojibko na nepHiJiepHH kjictkh h abh- 
JKCTCM HOAOShO npHBOAHOMy peMHK). ^BIIJKeHHe 3T0T0 
THna, b OTJiHHHe ot iiHpKyjiflmioHHoro, HMeeT 6ojiee 
hjih Menee nocTOHHHbifi h ynopHAoneHHbifi xapaKTep, 
nosTOMy yAoSno hjih KOJinnecTBeHHoro HsyneHHH. Ono 
nacTO BCTpenaeTCH b Kjieraax JiHcraeB boahbix pacTe- 
HHH (sjIOAeH, BajIJIHCHepHH h Ap.).

IloMHMo nepenHCJieHHbix BbiAeAHiOT em,e pnA ra- 
noB abidkchhh, nanpHMep (JioHTaHHpyiomee h qeji- 
HOHHoe. Tnnbi abh/kchiih pasjiiiqaiOTCH Me>KAy coSoii 
ycjiOBHO h b oahoh h toh >Ke kjictkc MoryT nepe- 
xoAHTb ot oahofo k ApyroMy.

HnoncKHe HccAeAOBaTejiH Kamhh h KypoAa (Ka- 
mhh, 1962), anaAH3HpyH pacnpeAeAenHe cKopocTeft 
b ABH>Kym.eftcH npoTonAa3Me kactok xapOBoft boao- 
pOCAH HHTCAAbl, npHHIAII K 33KAIOqeHHIO, HTO M6X3- 
HH3M, npiIBOAHIHHft B ABIIJKeilHC npOTOHAa3My, naxo- 
AHTCH na noBepxHOCTH pa3Aena 9KTonAa3Mbi h shao- 
nAa3MH. 3KTonAa3Ma, hah KopraKaAbHan npOTonAaa- 
ua (KOpTeKc), —3TO HapyjKHblH CAOH npOTOHAa3MbI, 
CTapHOHapHbifi reAb. 9HAonAa3Ma — BnyTpeHHHfi jkha- 
KHH 3OAeo6pa3Hblfi CAOft. B OneHb TOHKOM CAOe, 6aH3- 
KOM K BHyTpeHHeft nOBepXHOCTH KOpKOBOTO reAH, 6bIA 
o6Hapyx<eH pe3KHft rpaAneiiT cKopocra, a 4>aKrane- 
CKH BCH 3HAOnA33Ma T6LieT C OAHOH H TOfi >Ke CKO- 
pocraio. 3tOT MexaHH3M nOAyHHA Ha3BaHHe aKTHB- 
HOTO CKOAbJKCHHH, HOCKOAbKy 3HAOHAa3Ma CKOAb3HT, 
KaK peAoe, no BHyTpeHHeft noBepxHocra kopkoboto 
caoh. PenepaTopaMH^ ABHJKymefi chabi, no mhchhio 
pnAa HccAeAOBaTeAefi, hbahiotch cy^KOpTHKaAbHbie 
4>H6pHAAbI, npeACTaBAHIOmiie co6ofi CBH3KH MHKpOHH- 
Tefi (MHKpO(J)HAaMeHTOB) .

KAeTKH Me?KA0y3AHft HHTCAAbl ---  061>eKT MHOTHX
HccAeAOBaHiift no ABHxceHHio npoTonAa3Mbi — MOiyr 
CAyjKHTb xopomefi HAAIOCTpaiXHefi AAH nOHHMaHHH 
MexaHH3Ma ABHXCeHHH. OhII HMeiOT UHAHHApHqeCKyiO 
(JiopMy H 6oAbinyio iieHTpaAbnyio BaKyoAb. I7oa KAe- 
TOHHOfi CTeHKOfi H nA33MaAeMM0ft H3XOAHTCH 3KTO- 
nAaaMa co CTaimoHapHbiMH xAOponAacTaMH, o6pa- 
3yiomHMH cnnpaAbHbie phaw. Cy6KopraKaAbHbie <J)h6- 
Phaah npoxoAHT napaAAeAbHO pnAaM xAoponAacTOB
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g .... n. i. iiiih (pnc. 1). Sii/ionjiasMa ABHMeTCH 
miiJ.. intpi. . u' ii.no pHAUM xjioponjiaciOB.

;||.m.,ii mimiiiihm no3iiHKiioBeHHH ABHjKymeft ch- 
j|y | ,. , ii|u i lii/KCII Iia T0M OCIIOBaHHH, 'ITO B 3HAO- 

ii i... i iK >i oTACJibiibie iijih oS'beAHHeHiibie b 
HIII I" Illll III (piIC. 1), OAHHM KOHHOM KaK 6bl 

•h|H"1111'' ii i IIKOpO B KOpTCKCe. 3tH MHKpOHHTH 
HIHh1 I or cyfiKOpTHKaJIbHblX 4>H6pHJIJI, H B 

i111 ‘ 11 1 iii ioiuia3Me iix CBo6oAHbie kohhbi co-

I'h I I XI-MH CTpOeHM KJieTKH MCJKJI0y3JlHH HHTejWIH 
(hi. All'ii. 1974): 1 —KjieTOHHan o6oJioiKa; 2— pnjw 
. ..............  ioii II 3KTOHJia3Me; 3 — sHjionjiasMa; 4 — cy6-

....... "imiuc i|)h6phjijih; 5 — mhkpohhth; 6 — TOHOiwiacT

................... nojinoo6pa3Hbie K0Jie6aHHH. Ajijich (Allen, 
1'1.11, iipiiMcmiB THApoAHHaMHHecKHe ypaBHeHiiH, 
i............ ..................... AJia K0Jie6aHHii jKryTHKOB, npHinjia
n ifijiui iy, 'ito «B36?iBaHHe» 3HAonjia3Mbi miikpohhth- 
mii MiUIO'l lipilHOAHTb ee B ABHJKeHHe.

lUnpoc o iipnpoAe ABHJKymeft chjih OKOHnaTejib- 
.......... IK'iitcii ao nacTOHinero BpeMeHH. XaKCJin (Hux-

I, 1'1/3) lipCAHOJIOJKHJI, HTO B OCHOBe Bcex THIIOB 
...........  IKIIHIJX OpraHH3MOB JIOKHT OAHH H TOT >Ke 
H" II i V -IHpilblii MexaHH3M, B03HHKHIHft Ha paHHCM 

-II'> holihh: B3aHM0AcftcTBHe AByx thhob 6eji- 
huii ihiinin ii MH03HHa, HanoMHHaiomee npouecc, 
........... Mo iniiiiift n Mbimuax. B HacTOHiii.ee BpeMH sto 
npi iH" luiiu'iiiie naxoAHT Bce 6ojibine noATBep>KAe- 
llllft f KiltlipyiKClIO, 'ITO B nJia3M0AHH MHKC0MHH,eT0B
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HacTOHiii.ee


4>Il6pHJIJIbI COCTOHT H3 SejIKOB, aHajIOrHHHblX SeJlKIlM 
MblHIIi: aKTHHy—F-aKTHH H MHO3HHy — MHKCOMHO3IIII, 
JIOKaJIbHOe C>K3THe 4>H6pHJIJIbI BbI3bIBaeT BOJIHOO6 
pa3Hbie H3MeHeHHH, noAo6Hbie AenojiHpH3aii,HOHHbiM 
BOJIHaM B MbimeHHblX B0JI0KH3X H HepBHblX KJieTKIl \ 
npH 3KTHBH0M COKpailjeHHH B 9KTOHJia3Me MHKCOMII 
IieTa MOJKHO BHAeTb HHTH HJI33MbI HIHpHHOH OT 4 III 
21 hm. 3th hhth coKpamaiOTca b npncyTCTBHH AT<I> 
h npoHBjiniOT AT^asnyio aKTHBHOcTb.

OTHOCHTejibHO HeAaBHO 6bijio noKasano, hto miik- 
pOHHTH B KJieTKaX HHTejIJIbl COCTOHT H3 aKTHHa. C<>- 
KpaTHTejibHbie 6ejiKH o6HapyjKenbi b KjieTKax mhofiix 
paCTeHHH KaK MHKPOHHTH TOJIIUHHOH 5 HM. KpOMC 
TOTO, H3B6CTHO, 'ITO BemeCTBa, HHTH^HpyiOmHe KOIII 
paKTHJibnyio (coKpaTirrejibHyio) aKTHBHOCTb, o6paTii- 
mo ocTanaBJiHBaiOT ABHiKeHHe npOTonjia3Mbi. TaKiiM 
o6pa3OM, Bnojine BeponTHO, hto ABiixeHHe bo bccx 
KJieTKaX CBH33HO C aKTHBHOCTbK) COKpaTHTejIbllblX 
6ejiKOB.

XI,JIH OCymeCTBJieHHH ABH5KeHHH Heo6xOAHMO, hto- 
6m xHMHqecKan aneprHH nepexoAHJia b MexaHHnec 
Kyio. SneprHio, HcnojibsyeMyio b 6ojibHiHHCTBe 4>H3Ho 
jiornqecKHx npoueccoB, AOCTaBjineT AT<t>. Hctohhii 
KOM SHepTHH AJIH ABH5K6HHH npOTOHJia3MbI T3K>KC 
CJiyiKHT AT<&. CKOpOCTb ABHJKeHHH OHpeAOJIHeTCH HC 
cpeAHHM ypoBHeM ATC> b kjictkc, a KOJinqecTBOM 
AT<t> b MecTe Haxo>KAeHHH MexaHHKO-xHMHqecKOH cn 
CTeMbi, TaK KaK TaM, rAe BO3HHKaeT ABHJKymaa cnjia, 
ABHxceHHe o6biHHd ycHJiHBaeTCH c noBbimeHHeM koh- 
peHTpaiiHH AT<I> ao onpeAejieHHoro ypoBHH. Kajib 
HeHmee yBejinqeHHe KOHiieHTpaijHH npHBOAHT k 3Ha- 
HHTejibHOMy yBejiHneHHio bhskocth npoTonjiasMbi n 
BCJieACTBHe 3TOTO 3aM6AJieHHIO H OCTaHOBKe ABHJKC- 
HHH.

TIocKOJibKy ABHjKyman cnjia BO3HHKaeT b ochob- 
hom BemecTBe npoTonjiasMbi, TAe npOTeKaeT tjihko- 
jih3, SHeprHH, sanacaeMaa b stom npouecce, mojkct 
6biTb jierKO Hcnojib3OBaHa ajih ABHJKennH. B to x<c 
BpeMH AT<t>, o6pa3yeMan b mhtoxohaphhx b npoiiec- 
ce oKHCJiHTejibHoro 4)OC4)oPH-riHPOBaHHH, Menee a° 
CTynna. CTenenb Hcnojib3OBaHHH aneprHH abixhhhh n 
npopecce abhjkchhh 6yAeT saBHceTb ot cKOpocTii 
AH4>4>y3HH ATC> H3 MHTOXOHApHH K MCCTy BO3HHKHO-

10



J , hk-H CIIJIIJ. yCKOpflTb ABHJKCHHe npOTO- 
I4«4>..< M" I ■ I IUKJKC AJIO, HO He AM<t>.

1'..»»» iiiii nfinTopu ii pa3o6mnTenn AbixaiiHH 
/ihii<i ctuic 110 Miiornx pacTHTejibHbix kjict- 

. ............... . iniuieTejibCTByeT 06 3Hepro3aBHCH-
Hlll llpnt.......... 2,4-/lHHHTpo4>eHOJI HIHpOKO

MMMBuii. MMll pnaofimilTejIb AblXaHHH H (pOCtjlOpHJIH- 
inpM'iiin ABHiKeiiHe npoTonjiasMbi b koh- 

'||»|»ikui»' l<> 4 IO~3M. XleiicTBiie ero o6paTHMO, 
i «•»• . .. y/iajieHHH peareiiTa CKopocTb abhjkc-

Htin Hoi ■ i »u iii iiinaeTCH. Oahfomhhhh — hhth6htop 
imih iii >1 .............. i|>oc(|)opHJinpoBaHHs — 3aMeTH0 3a-
M*4« ■•< i inii/M'iiHe npoTonjiasMbi h cnHMaeT ycKO- 
tHnii i K ii in nnie ATC> h AZ(<1>. 3tot 3hth6hothk 
wiH'xp,' i nc TOJibKO npoiiecc o6pa3OBaniiH ATO, 
1 h »(■ iiiiiinicn> ATOaaw, ohcbhaho, noAaBAHH Ta- 

*MM Hlip/IHIM JU'HTeJlbHOCTb COKpaTHTejIbHblX 6ejIKOB.
... ......... .. 3iianeHHe abhjkchhh npoTonjia3Mbi 

hiiii'ih h iiim, HTO oho cnoco6cTByeT nepenocy Be- 
kh< iii iii oHiioii qacTH kabtkh k Apyrofi. FIomhmo 
.  . ....... . p» IMIKOKCHHe y HCKOTOpblX BOAOpOCJiefi CBH3a- 
H>' »■ IIP'IIICI COM ABHIKeHHfl, C ABHjKCHHeM CBH33H pOCT 
*>•>!• \ ipllOoll. y MHKCOMHIieTOB, aMe6, AHaTOMOBblX

■ • cii•■" icil inii/Keniie npoTonjiasMbi H nepeABH>KeiiHc 
............... .. jiBa nepaspbiBHbix npouecca. BoAbmoe 
4iin iiiiii< iimcct ABHiKeHHe npOTonAa3Mbi aah norno- 
. .................. iu.iACJieHHH BemecTB, nyTeM shao- h 3K30- 
ii"i ''< I lcpeMemeHHH b KjieTKe OKpyxeniibix MeM- 
fip hi "ii n\ ii.ipi>KOB, o6pa3OBaHHbix b pesyAbTaTe AeH- 
. ............. iii 'HiAonna3MaTHHecKofi ccth h annapaTa 
11111.11101. IIO-BHAHMOMy, TaKIKe OCymeCTBAHeTCH 
> iniMoiiihio AniiiKeHHH npoTonna3Mbi.

' IIIM\ OIHHH ABHACeHIIH npOTOHjia3MbI, B03M0IKH0, 
............... ... noi<a3aTejieM BoapacTaHHH 3kthbhocth 
i i' 'i ii Kai< y>Ke ynoMHHanocb panee, pa3Hbie BHein- 
1111« IIO I lciic i BHH CHOCO^Hbl H3M6HHTb CKOpOCTb ABH- 
...................  yCKOpeHHe abhjkchhh hoa BAHH- 
lllll'M ' IIMIt'ICCKHX BemeCTB Ha3bIB3I0T X6M0AHHe30M. 
l'" .......... . iiinepec npeACTaBnneT tot (JiaKT, hto xeMO-
Ailiu l ||.> IIIIIK.ICT npn AefiCTBHH MHHHMajIbHblX 4>H3HO- 
...........................KOHHeilTpaHHft MeTadoJIHTOB paCTHTeAb- 

IIIJK i ...... . ropMOHOB, HeKOTOpblX aMHHOKHCAOT.
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TaKHM O0pa3OM, BO3MO>KHa peryjIHHHH CKOpOCTH IIC- 
peABiijKeHHH npOTonjiasMbi npoAyKTaMH MeTa6ojiH3Ma 
KJICTKH.

YcHjieHHe abhjkchhh npoTonjia3Mbi mojkct cjiy- 
>KHTb noKaaaTejieM oco6oro coctohhhh kjictok: na- 
npHMep, npoHHKHOBeHHe <|)HTo4)Topbi, rpH6a-napa3HTa, 
b KjieTKH jiHCTbeB KapTOijiejiH Bbi3HBaeT 6ypnoe abh- 
>KeHHe npoTonjia3Mbi, CBHAeTejibCTByioinee o nepc- 
CTpoHKax, npoHcxoAHHjHx b KJieTKax. JjBHJKCHHe npo- 
TonjiasMbi b saMbiKaiomnx KjieTKax ycTbHii, tccho 
CBH3aHO C peryjIHHHefi H3MeH6HHH mHpHHbl yCTbHHHOfi 
mejiH.

HecMOTpn na to hto ocTaeTCH mhoto HencHoro 
b OTHomeHHH <|)H3HojiorHqecKoro 3HaneHHH abhjkchhh 
npOTonjia3MH, necoMHeHHO, oho nrpaeT BaiKHyio pojn. 
b ocymecTBJieHHH o6MeHa h pacnpeAejieHHH BemecTii 
KJieTKH, B peaKIIIIHX pa3Apa>KHMOCTII.

/tBHiKeHHe npoTonjia3MH mo>kho oxapaKTepH3o- 
BaTb, onpeAenHB ero CKOpocTb. Oah3ko Henb3H 3a- 
6bIBaTb O TOM, HTO OHa 3aBHCHT H6 TOJIbKO OT ABH- 
JKymefi CHJIH, HO H OT BH3KOCTH npOTOHJia3MH. CkO- 
pOCTb ABHJKCHHH HpOTOHJia3MH M05KH0 H3MepHTb HOA 
MHKpocKonoM npn noMom.H nacTHii, yBneKaeMbix npn 
ee abhjkchhh.

U,eM> paGoTbr. noKasaTb, hto CKOpocTb ABHJKeHHH 
npoTonna3MH HepaapbiBHO cBHsana c ypoBHeM >kh3- 
HeAeHTejibHOCTH KneTKH, c 3aTpaToft aneprHH.

O6i>eK.T uccAedo6aH.ua: jihcthh sjioach (Elodea 
canadensis) hjih BajuiHCHepHH (Vallisneria spiralis).

Xod pa6oTbi. HeAaJieKO ot BepxyinenHofi hohkh 
ctc6jih OTAeJiHiOT jihct ajioAen hjih OTpesaiOT KycoK 
AHCTa BajuiHcnepHH, KJiaAyT na npeAMeTHoe ctckjio 
B KannK) BOABI, B3HTOfi H3 COCyAa, B KOTOpOM 6bUI0 
pacTeHHe. Hepes 10 mhh, KorAa ycTaHOBHTcn CTaimo- 
napHbifi ypoBenb abhjkchhh npoTonjia3Mbi, kactkh 
jiHCTa paccMaTpHBaiOT hoa mhkpockohom. Bbi6npaiOT 
Han6ojiee nerKo npocMaTpHBaeMbie ynacTKH (y sao- 
Aen 9to name Bcero kjictkh cpeAneft jkhakh) h cne- 
Aht 3a ABHjKeHHeM npoTonna3Mbi no abhjkchhio xao- 
pOHJiaCTOB.

OnpeAejiHiOT CKOpocTb abhjkchhh xnoponnacTOB, 
H3MepHH nyTb, KOTopbifi npoxoAHT opranejuia b cah- 
HHijy BpeMenH. X[jih 6onbinefi tohhocth H3MepenHH

12

uccAedo6aH.ua


!««•»»*■  II.IIU Illlllb OTlIOCHTejIbHO KOpOTKHH ynacTOK 
|H, I' .......jft 10 ACJICHHHM OKyjIflp-MIIKpOMeTpa.

ii|i<<iu>ah1' JUifl 5 opraHejwi b 5 KJieTKax H 
iHyn><........ /uiiiiiijc CTaTHCTHHecKH ofipaSaTBiBaiOT.

,W i pr/uiec apHijiMeTHHecKoe; Sa — cyMMa ot- 
|MMllJ> II iMcpcHllft; n — HHCJIO H3MepeHHH',

/v ia__lup
—i-------- — ■— cpeAiiee KBaApaTHHHoe;

n

m -7=- — cpe£Hflfl omHdKa.
V n

11 >>i< hiiiiot Kanjno pacTBopa AT<I> b KOHiieHTpa- 
HHli ’< III 'M C OAHOii CTOpOHbl HOKpOBHOTO CT6KJI3 
| »• <<l>>llprMC||IIO OTTHTHBaiOT (JlHJIbTpOBaJIbHOH 6yMa- 

»<>n iii</iy n i iioa CTeKjia c ApyroH CTopoHbi. K.or#a 
6ih < >>i iKuvn'H b pacTBope ATC>, onpeaejifliOT cko- 
.................... HO'IIHH npOTOHJia3MbI. TIOAOSHblH OHblT npo- 
.... ............. . noMcmafl jihct b pacTBop 5-lO^M AH<I>. 
Bt">'i"> hioach hjih jihct BajuiHCHepHH onycKaiOT b 
MH' •<< I IIOAOft, KOTOpblH HaXOAHTCfl B TepMocTaTe 
Hpi> l/M ii ocTaBJifliOT TaM na 20 mhh. 3aTeM OTflejin- 
♦•»» iiin i ii, iiojiojkhb ero na npeAMeTHoe ctckjio b 
imi ih< iio/it,i, ObiCTpo onpeAeJifliOT cKopocTb abhjkc-

i «/icHue pa6oTbi. Ka>KAyK) saAany npaKTHKy-
................... .. b cAeAyiomeM nopHAKe: 1. ijejib pa- 
n > < < < ’ Ofi beKT HccjieAOBaHHH; 3. Xoa onpeAeAenHfl; 
i r< > nbinTbi; 5. BbiBOAM. PeayjibTaTbi, nojiyneHHbie 

.............. . ICJICIIIIH CKOpOCTH ABHJKCHHfl np0T0HAa3MbI, 
»«|i >| >< iniKr ii BiiAe TaSjiHiibi (TaSji. 2).

TaOjiHita 2
('xeMa o(popMAeHua peoyAbmamoe

lUpNniiTH

CKOpOCTb ABHJKCHHH, MM/C

Ai t m

,<< n MiK'|>«iy|>ii 20° 
,i < n MiH'tinTypn 37° 
1« • M X 14» 
|H • M 41 l«X*
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3 a a a 4 a 2

Bfl3K0CTb nP0T0nJIA3MbI

Bn3K0CTb, HAH BHyTpeHHee TpeHHe,--- 3T0 CHJia, llf
o6xoahm3h ajih nepewemeHHH oahoto cjioh jkhakociii 
OTHOCHTeJIbHO ApyrOTO. B«3KOCTb HOpMajIbHOH JKIIA 
KOCTH (TaK Ha3bIBaeMan HblOTOHOBCKaH JKHAKOCII.) 
oSycjiOBAHBaeTCfl cuenjieHHeM MoneKyji jkhakoctii 
Apyr c ApyroM h ne 33bhcht ot BenHHHHbi AeiicTByio- 
meii na nee cnjibi. B jkhakocthx, oSjiaAaioiimx CTpyu 
Typofi, b CHJiy cBoiicTBeHHoro hm pacnoAoweniin 
MaxpoMOJieKyji h hx cbh3H Apyr c ApyroM Bbi3Ban. 
CMemeHHe cjiocb mojkho, jiHmb npHAOxcHB HeKOTOpyio 
noporoByio MHHHManbHyio cnny. ConpoTHBnemic, 
OKa3biBaeMoe abhjkchhio nacTHii jia^HJibHMMH ajie 
MCHTaMH CTpyKTypbl JKHAKOCTH, npHHHTO Ha3bIBail. 
CTpyKTypHOH BH3KOCTbK), KOTOpaH HBAH6TCH OAHHM II i 
BaiKHbix noKaaaTeneH (JmsHKO-XHMHqecKHx cbohcth 
npoTonjiasMbi.

OnpeAeneHHe bhskocth npoH3BOAHT mbtoaom iiein 
pH^yrnpoBaHHH. Hpn BbiHHcneHHH nojib3yK>TCH ypan 
HeHHeM CTOKca, no KOTOpoMy cKopocTb naAennH uia 
poo6pa3Hoii nacTHiibi (npn hoctohhhom 3Haqemiit 
paAHyca nacTHiibi n haothocth nacTHiibi jkhakoctii) 
odpaTHO nponopimoHajibHa bhskocth. Mepoft cTpyn 
TypHOH BH3KOCTH npOTOHJiaSMH MOJK6T HBAHTbOI 
MHHHMajibHan BenHHHHa iieHTpo6e>KHoro ycKopenim 
b eAHHHiiax g, npH kotopom iieHTpHcJjyrHpoBaHHe n 
TeneHHe 10—20 mhh Bbi3biBaeT CMemeHHe xjioponjiac 
tob y 50% KJieTOK.

li,eHTpo6ex<Hoe ycKOpenHe C mojkct Omtb onpc 
AeJieHO H3 OTHOmeHHH H.eHTpo6eiKHOH CHJIbl K ClIJlc 
THJKeCTH, T. e.

q_  m (2n rTV)3-] _ (2n N)2 r
rmg g

TAe N — hhcjio odopoTOB iieHTpH^yrn b ceKyHAy; 
r — paAHyc iieHTpHtjiyrH; g — ycKOpeHHe chjibi t>i 
xecTH (981 cm/c2); m — Macca Tejia.
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MN i pmiiiiiicjibiibix oiibiTOB onpeAejuiiOT othoch- 
|£i^i iiiiii(O(ib Mepoii OTiiociiTeAbHoft bhskocth 

|jMH-i 'iikjio ofiopoTOB ueHTpH^yrH, HeoSxoflH- 
tHWi • "i " llllluKOiioro cMcmeHiia xjioponjiacTOB, 
yi |o •(■« i iriienb cMemeiiHH xjioponjiacTOB npn oah- 

■jlMi'n llp''/loA/KHTCJIbllOCTII HeHTpiKjjyrnpOBaHIIH.
//■ i'ii6on,i: cpaBHHTb CTpyKTypnyio bhskoctb 

b|<i<i 1.1 imm kjictok b ociioBaiiiiii 11 Bepxymi<e jniCTa 
|mi/|«ll

uccAedoeaHun: jihctbh sjioach (Elodea 
HpM>/'"'<-'. I densa).

| V-1 /nidorbl. Ot bctoukii ajioAen OTAejifliOT 10 
IHHil'H "II I MyTOBOK, HaXOAHIHHXCH Ha paCCTOHHHH 

li-M "i nepxyiHKH noCera, h noMemaiOT hx na 
'1 Uil Miin 11 cTaKan c boaoh, B3HToii H3 cocyAa, 

* diH' |'"M niixoAHJiocb pacTeime. 3aTeM b ct6kjihh- 
i' Hi'oii'iiikii c noMombio khctohkh noMemaiOT 

I 'lli lO'IKII BMeCTC C HeCKOJIbKHMH KaHAAMH BO- 
AM ' piiniiiipyH nx BepxymKoii b OAHy CTopoHy. flaT- 
(HH'i'" 11 iii'penocHT b ueHTpHijiyjKHbie npodnpKH, ko- 

••pMn \ piiiinonciiiHBaiOT na Becax, npiiAHBan b hhx 
H'i 1 01 m iiony H3 CTaKana c jihctbhmh. FIpo6HpKH
HHMtui ooi 11 ueiiTpiKjiyry, h OAHy H3 hhx neHTpn^y- 
|W|I |"I 1'0 CKOpOCTblO 1000 06/MHH, BTOpyiO —
jK'"" .1. miiii, rpeTbio — 3000 o6/mhh. FIocAe uenTpn- 
4ni"l..... 11111»! JIHCTOHKH 6bICTpO, HTO6bI He H3M6HH-
4 "' 1 npiiiiia cMemeHiin xjioponjiacTOB, BHHHMaiOT 

(i.i 1 poii'iiiKon c noMombio npenapoBaAbHoii htah 
H ................ . 11 (pHKCHpyioinyio CMecb, cocToamyio H3
1% iiom pucTBopa xpoMOBoii khcaoth h 4%-hoto 

«>h' tiiMpii i|iopMajiHHa, cMemaHHHX b cooTHomeHHH 
lini'M jiiiCTbH 113 (JiHKCHpyioiHeii CMecH nepeno- 

.. ........... llpCAMCTHOe CTCKAO B KanAK) BOAH H npo- 
• o ■'i'iiiniioT iioa MHKpocKonoM, OTMenaa cMemeHHe 
*||, I ' I II IOII B OAHy CTOpOHy KA6TKH B HHJKHeft Hac- 
IH III' lll, IAC KACTKH MOAOJKe, H B BepxyiHKe AHCTa 

1 '■ 111 1 iupiJMH KAeTKaMH. Ecah npH 3000 06/MHH 
................ . xjioponAacTOB eiiie He Ha6AK)AaeTCH, to 
Hi ii i i-M'l'v i npyior npn 4000 o6/mhh. HaxoAHT nopor 
iii 'i', 111.1 o.ihiiioineii naiaAO cMemeHim xAoponnacTOB 
I KJItrroK.
<ii irntie padoTbt. PaccniTbiBaiOT CTpyKTyp- 

i' Hi 10111(11111. IipOTOIIAa3MbI B KA6TK3X OCHOB3HIIH
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m BepxyiuKii jincTa, AejiaiOT bhboabi. EIoApofiiui 
ocJiopMJieHne aaaaHH cm. c. 13.

3anaia 3

nPOHMIIAEMOCTb KJIETOHHblX MEMBPAII

Bce BajKHeiiniHe nposBjieHHs x<H3HeAeHTeAbHoc i n 
KJieTKH CBH3aHH C IIHTOMeMSpaHaMH. MeM0paHbl ( II 
CTaBjiHiOT ot 2/3 h 6ojiee cyxofi Maccbi kjictok h iio 
CTpoeHbl B OCHOBHOM H3 AHHHAOB H fieJIKOB. JIhIIHA 
naa Mojienyjia coctoht H3 AByx nacTeft: nojiapnoii 
TOJIOBKH H AAHHHHX yrjieBOAOpOAHHX XBOCTOB, He lll' 
cymHx sjieKTpHnecKoro sapnAa. KoMnaKTHbie thap<» 
(JiHjibHbie tojiobkh MoryT iiMeTb pa3JiHHHbift coctiih, 
ho aah jihhhaob MeM6pan HanfioAee xapaKTepni.i 
npoH3BOAHbie caxapoB — tahkoahhhah hjih nponi 
BOAHbie (JlOClJlOpHOft KHCAOTH — (JjOCljjOAHnHAbl. VrAC 
BOAOpOAHbie THApocJiofiHbie xboctbi npeACTaBAHiOT co- 
6oft Hepa3BeTBAeHHbie n,enH c hhcaom 3tomob yrjic 
poAa ot 14 ao 24. MoAeKyAa AHnHAa HMeeT o6h>iho 
ABa XBOCTa. CBH3yi0mHM 3B6H0M MBJKAy TOAOBKOfi II 
XBOCTOM M05K6T 6bITb TAHH,epHH (TOTAa 3T0 TAHUepO 
AHHHAbl), C(|)HHrO3HH (3TH BCIIjeCTBa Ha3HB3K)T CCJjHH 
roAHnHAaMH) h HeKOTopbie Apyrne CHHpTbl.

npH BHCOKOH KOHH.eHTpan.HH AHHHAOB B B0A6 M0- 
AeKyAbi o6pa3yK)T ABoftnofi caoii tbkhm o6pa3OM, >iio 
rHApo(|)o6Hbie xbocth nanpaBAeHH Apyr k Apyry, 
THAP0(|)HAbHbie TOAOBKH K BOAC. ri0A06Hblfi 6hM0AC 
KyAHpHbift cAoft o6pa3yiOT ahhhah b MeM6pane.

EeAKOBaa MOAeKyAa HMeeT, KaK h ahhha, noAiip 
HHe h HenoAnpHbie rpynnbi. B boac 6eAK0Basi n.ein. 
CTpeMHTCH npHHHTb TaKyK) (J)OpMy, HpH KOTOpoft HC- 
noAHpHHe yqacTKH B3aHMOAeftcTByiOT Apyr c ApyroM, 
noAapHbie c BOAOfi. B MeM6pane noAHpnaH aacTi. 
6eAKa KOHTaKTHpyeT c BOAofi hah hoahphhmh toaoii 
KaMH AHHHAOB, HeHOAHpHaH, rHApo<j)o6HaH, — c yrAC 
BOAOpOAHHMH XB0CT3MH AHHHAOB.

CpyHKHHOHaAbHaH aKTHBHOCTb KA6T0K OHpeAeAHCT 
ch npocTpaHCTBeHHoft opraHH3aii.Heft MOAeKyA, co 
CTaBAHKHIjHX MeM6paHH, HX KOHTaKTaMH, CH0C06aMll
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COeAHHCHHH, B33HMOAeHCTBHHMH Ha HOBepXHOCTll piiia 
Aejia. CymecTByioT paajiHHHbie moacjih apxHTcui.pu 
MeMdpan, ocHOBaHHHe Ha pa3Hbix cnocodax cocthihh 
hhh odpaayioiiiHX hx MOJieKyji. Oflna H3 sthx mo/i? h 1 
npeACTaBjiena Ha pnc. 2. JlHniiAHbifi ABofiiioii cjiiiI 
O0pa3yeT BH3KHfi MaTpilKC, B KOTOpblfi BKJIIO'ICIIM 
SeAKH, HeKOTopbie H3 hhx npoxoAHT nepes MeM6p.my 
ot BHeinHefi ee noBepxnocTH ao BHyTpeHHefi, Apymi 
pacnoAOiKeHbi toabko na oaholi noBepxHOCTH.

i
6

5

4

i

2 

n

3

Pnc. 2. MosaHTOaa MOAejn. kjicto<ihoh MeMfipaHbi (no Rotli 
man, Lenard, 1977): I— BHe kjibtkh; II — BHyTpH KJiemii: 
1 — JIHHHAM, 2 H 3 — 9HAO6ejIKH, 4 H 5 — 3K3O6eJIKH, 6'

yrjieBOAH

KoMnoneHTbi 6HOAorHqecKHx MeM6pan acHMMvi 
pHHHbl OTHOCHTCAbHO HAOCKOCTH, HpOXOAHHiefi <ICpc l 
cepeAHHy MeM6panbi, o <ieM cBHAeTeAbCTByeT hccjiv 
AOBanne c noMombio MeTOAa 3aMopax<HBaHH5i co cim 
AbiBaHHeM, a TaK>Ke peayAbTaTbi onpeAeAeHHH aKTim 
HOCTH (JiepMeHTOB, CBH33HHbIX C MeM6paHOH, HO II' 
AOCTynHOCTH aah xhmhhcckhx peareHTOB h AeficTBino 
npOTeHHas. MeM6paHHHe 6cakh noApa3AeAHior n.i 
ABa THna: nepHtJjepHHecKHe h HHTerpaAbHbie. flepn 
4>epH<iecKHe 6cakh cBnsaHbi c noBepxHocTHMH mcm 
6paHH H AerKO OTAeAHIOTCH OT Hee npH MATKHX BOT 
AeficTBHnx. PlHTerpaAbHbie 6eAKH norpyjKeHH b tiu 
my MeM6paHH, n BHAeAeHHe hx bosmojkho Anuib npn 
paspynieHHH MeM6paHHbix CTpyKTyp c noMombio op 
raHHnecKHx pacTBOpHTeAefi, AeTepreHTOB, (JjepMemon 
AcHMMeTpHH B paCHpeAeACHHH MeM6paHHHX 6eJlKoil
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i»|»» M)i AOKaaaHa, HanpHMep, ropMOHO- 
h>i <i /in lonaiiu c napyjKHOH CTOpOHbi njia3- 

Htni'H Mt'Mrtpanu, ([lepMeHTu anepreTHqecKoro 
iiniyrpii, TpancnopTHue Scjikh nepeceKa-

IHIH'"! IiIIOKC ortjiajiaiOT OTHOCHTCJIbHOft acHM- 
||Hi n, ...........    H3 cjieayiomero: hohtii Ka>KAbift

i ftMllii i i npncyrcTByeT na ortenx cToponax mcm- 
»M, ■> i iijiiimcctbo ero mojkct BapbHpoBaTb b lhh- 

H|>> ivjinx.
«mA|>iiiih npcACTaBJifliOT cofioft MexaHimecKHe 

l>u oupy/KaioinHe KJieTKy h ee opranejiJiu. 3th 
■>»|i< oA IIIJUIIOT THrtKOCTblO, CHOCOShOCTBIO K £6- 
pMfliiiiii McMrtpaHH acjiht KJieTKy ayKapnoTOB na 

>H«l|.o IIHTOHOMHHX OTC6KOB, HJIH KOMHapTMCH- 
IHH|ii>f>iii>(' pa3flejieinie no3B0JineT yBejiHHHTb 3(j)- 

. ...... ........... II laHMOAeHCTBHH yHaCTHHKOB OTACJIbHHX 
ktiaAi>.<•>.. uix npoiieccoB (cyrtcTpaTOB h (JiepMeH- 
£i"i > i' ihti. npocTpaHCTBeHHO npHMue h ortpaT- 

.».  MeTartojiH3Ma, chhtcs h AerpanaitHio
ihii, hoiiKypeiiTHue npoiieccu; cosAaTb jiOKajib- 
> >'>iiitii cpeAu (pH, KOHijeHTpauHH hohob 

II >i pri yjmpoBaTb ckopocth OTAeAbHbix npon.ec- 
• •<*  >> iticio MCTartojiH3Ma kjictkh. <I>epMeHTHbie ch- 

• o ...........  iii i ii KJieTKy KOHTpojinpyeTcn njia3MajieM-
m ii    ona, KaK h jnortaa KjieTonnaH 
Vai"'|"oi!i. ortjiaAaeT HsrtnpaTejibHoft npOHHuae- 
................ II l llMHJieMMa BbinOAHHeT 3amHTHyio (jiyHK- 
.. ............ naviKt!, yuacTByeT b y3HaBaHHH KjieTKaMH

II.M.I I ICIKII MOryT HaXOAHTbCH BHyTpH KOMnapT- 
iHiii > >i |>.i< iBopennoM coctohhhh, rtbiTb npHKpen- 

rHMMII K MCMrtpaHe HJIH BXOAHTb B ee COCTaB.
■<i'i<(i|'.ni.'ix ortnapyjKeHH MHoronHCJieHHbie Myjib- 

m> iinii.it. cHCTeMu (nanpHMep, uenn nepenoca 
MMi|miioii npn AbixaHHH b miitoxohaphhx ii npn 
Mm iiiiii'ic ii xjioponjiacTax).

lloiii'pxiiocTHaH KJieTOHHan MeMrtpana, njia3Ma- 
............. , nriiocpeACTBeHHO cBH3ana c OKpyxcaiomeft 
•>«»*<». v niitHiiiieft cpeAoft, h 3thm onpeAejiHiOTCH ee 
Hfofli..i iiojiowcnHe b KaeTKe, ee CTpyKTypa h (pynK- 
HHi' ll ii 'ia iMiuieMMe saKJno'ieiibi cnenHajibHbie Me- 
................ .. v iiiaiianHH h peaKHHH na B03AeftcTBHe ca- 
MM« |ni nioortpaaiiHX (paKTopoB. FIocTynjieHHe jnorto-
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4lpyr /ipyra, arperauHH, aaresHH, o6Mene HH^opMn 
HHeft Me>KAy KJieTKaMH, BOCnpHHTHH pa3JIHHHblX XII 
MHHeCKHX H (j)H3HHeCKHX BO3ACHCTBHH, Ha HCH Iipo 
TeKaiOT 6HO3JieKTpHqecKHe peaKHHH.

MeM6paHH XCnBblX KJieTOK BO3HHKaiOT, pa3BIIIIIl 
iotch h paspyinaiOTCH na npOTH>KeHHH Bceft »1131111 
KJieTKH. CocTaB, cTpyKTypa h cbohctb3 MeM6pan 011 
peAejiaiOTCH hx npHpoAofi h, khk y»e yKastiBajioi 1. 
Bbirne, saBHCHT ot ycjioBHH OKpyxaioineH CpeAbl. I I I 
MeHHHBOCTb MCM6paH HTpaeT Ba»HyK) pOJIb B »H3II(!- 
AeHTeJIbHOCTH KJieTKH.

Oahhm H3 HaH6onee o6ih,hx, HecneuHtjiHqecKHx 11 
6bICTpbIX 0TB6T0B paCTHTejIbHOTO OpTaHH3Ma Ha B03- 
ACHCTBHH paSJIHHHblX (jiaKTOpOB BHeiHHeH CpeAbl Hll- 
jineTCH H3MeneHHe npoHHiiaeMocTH KAeTOHHbix mcm- 
6pan. CTeneHb npoHHixaeMocTH MeM6pan MeHHeTCH 
npn npopacTaHHH ccmhh, pocTe pacTeHHH, CTapeHint 
TKaHeft, xpaneHHH haoaob, npH BHecenHH yAo6peHHi'i, 
noA bjihhhhcm peryjiHTopoB pocTa, CBeTa, TeMnepa- 
Typbi, (jiHTonaToreHHbix BO36yAHTeneH ht. a.

Bo B33HMOACHCTBHH JKHBOH KJI6TKH C BHeiHHeft 
cpeAofi 6ojibmoe 3HaneHHe HMeeT ra3oo6MeH, oco6en- 
ho norAomeHHe h BHAeneHHe O2 h CO2. MeM6paHi.i 
KJieTOK npoHHixaeMH aah sthx ra3OB. y seAeHHX pac- 
T6HHH BHnOJIHeHHe TJiaBHOH HX (j)yHKH,HH— CBH3HBa- 
HHH COJIHeHHOH SHepTHH H CO3AHHHH OpraHHHeCKOTO 
BemecTBa — HepaspbiBHO cBH3ano c rasoo^MenoM. 
Oah3ko HHTepec npeACTaBjineT npoHHixaeMocTb mbm- 
6pan ne TOJibKO aah O2 h CO2, ho h ajih ApyrHx 
ra3oo6pa3Hbix BemecTB. B OKpy»aiomeH cpeAe mho- 
ro h BpeAHHX rasoB, npHneM coAep»aHHe hx c Ka»- 
Ahm toaom BO3pacTaeT, nosTOMy npo6jieMa npoHHK- 
HOBenHH ra3Oo6pa3HHx BemecTB b KneTKy h ee peaK- 
ixhh na hhx CTanoBHTCH Bce 6onee aKTyanbHoft. ripn 
HsyqenHH ckopocth nocTynAeHHH, BHAejienHH h nepe- 
ABH»eHHH ra3OB B paCTCHHH HIHpOKO HCHOAb3yeTCH 
H3OTonnaH MeTOAHKa.

B to »e BpeMH npoHHKHOBeHHe aMMHaKa h napoB 
COJIHHOH KHCJIOTbl B KJieTKy M05KH0 nOK33aTb C HO- 
Mombio oneHb npocToro h HarjiHAHoro onbiTa. Ecjih 
HpKo-KpacHbifi iiBeTOK repaHH noMecTHTb b napbi 
aMMHaKa, JienecTKH ero nocHHeiOT, h, Hao6opoT, ecjiH 
CHHHe KJieTKH 2KHBOKOCTH HAH (jlHaJIKH HOMCCTHTb B 
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HeKOTopoe BpeMH oh npoHHKaeT b BaKyoAb h nponc- 
xoaht Aenjia3MOJiH3. CKOpocTb A.enJia3MOJiH3a 3aBH- 
cht ot npoHHiiaeMocTH MeMfipan ajih AaHHoro Be- 
mecTBa, nosTOMy ee mojkho HcnojiB3OBaTb npn onpe- 
AejienHH npoHHixaeMocTH MeMSpaHbi.

UeAb pa6oTbt: HOKaaaTb pasjiHnne cbohctb njias- 
MajieMMH h TOHonjiacTa.

OSzeKT HccjieAOBaHHH: kactkii anHAepMHca 6ec- 
ABeTHoro h OKpameHHoro Ayna (Allium cepd).

OnbiT 1
OonapyAceHue TOHonAacra (no JJe <t>pu3y)

Xod paSoTbi. SniiAepMHc BornyTOH (Mop4)OAorH- 
necKH BepxHefi) ctopohm qemyH 6ecuBeTHoro AyKa 
noMemaiOT na npeAMeTHOM creKAe b KanAio 1 M 
(10%-hoto) pacTBopa KNO3 c 3O3iihom. Hepes 3— 
5 MHH HaiIHHaiOT Ha6AK)AeHHH nOA MHKpOCKOnOM. Xo- 
pomo saMeTHO yMenbmeHHe o6i>eMa BaKyoAH. Bnana- 
Ae npoTonAasMa OKpy>KaeT BaKyoAb tohkhm caocm, 
ho oneHb 6bicTpo HanHHaeTcn Ha6yxaHHe npoTonAaa- 
Mbi, a 3aTeM OTMHpanne npoTonAa3Mbi n AApa, BH3- 
Bamibie coBMecTHHM AeiiCTBHeM KNO3 h 3O3Hna, ko- 
Topbie npoHHKAH b Me3onAa3My. YHacTKH OTMepmefl 
npoTonAasMbi, OKpameHHbie b 5ipKO-po3OBbiH ubct, 
xopomo saMeTHbi. B TeneHHe AAHTeAbHoro BpeMeHH 
BaKyoAb ocTaeTCH coKpaTHBmencH n ne OKpameHHofi 
B pO3OBblii HBeT. CAeAOBaTCAbHO, HH KNO3, HH 303HH 
He npOHHKaiOT nepe3 TOHOHAacT b BaKyoAb.

OnbiT 2 
KOAnaHKOBblU HAa3M0AU3

Xod paGoTbi. Cpe3 anHAepMHca BbinyKAoii CTopo- 
Hbi nemyn OKpameHHoii AyKOBiiiibi noMemaiOT b 1 M 
pacTBop KNO3. Hepes 1—1,5 n npocMaTpHBaiOT cpe3 
nOA MHKpOCKOnOM. IIOCKOAbKy B3HT THHepTOHHHeC- 
khh pacTBop KNO3, bo Bcex KAeTKax Ha6AK)AaeTcn 
CHAbHblH HA33M0AH3. CaOH npOTOHAa3MH, OKpyXiaiO- 
ihhh coKpaTHBinyiocH BaKyoAb b AaHHOM onbiTe, HMeeT 
3aMeTHyio TOAUiHHy. Co cTopoHbi nonepenHbix ctchok 
npoTonAa3Ma HMeeT bha KOAnauKOB. HApo TamKe 
cHAbHo yBeAHHeno. YBeAHHeHHe o6i>eMa npoTonAaa- 
Mbi h nApa — CAeACTBHe Ha6yxaHHH, KOTOpoe bhsbh- 
ho npoHHKaHHeM hohob K+ h NO-3 nepes nAa3Ma- 
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Hoe npocTpancTBo kactkh, coaaaeTCH BnenaTJienii® 
Aenjia3MojiH3a. Oah3ko pa3MepH BaKyojin He yiie.iui 
HHBaiOTCfl, cjieflOBaTejibHO, TOHonjiacT ocTajicn iienpo 
HHiiaeM KCNS. OxHOBpeMeHHO c o6pa3OBaiiu< M 
KOJinanKOBoro h TOHonjiacTHoro njia3MOJiH3a h.<m<- 
HneTcn CTpyKTypa KJieTOHioro napa. Cnanajia oiio 
HaSyxaeT, 3aTeM paapymaeTCH HAepnaH o6ojio<ih.i 
TaKHM oSpasoM, njia3MajieMMa h sAepHaa o6oao>ikii 
npOHHuaeMM ajih KCNS, TOFAa KaK TononjiacT <<>- 
xpanneT cbok) nojiynpoHHiiaeMocTb.

OtyopMJieHtie pa6orbi. SapncoBbiBaiOT Ha6jiiOAae 
Mbie KapTHHH b onHTax 1, 2, 3, AeJiaiOT bhboau 
FIoapo6ho o^opMjieHne saAann cm. c. 13.

3 a a a >i a 4

BJIMJIHHE H3MEHEHHM TEMHEPATVPbl 
HA HPOHHHAEMOCTb
KJIETOHHblX MEMBPAH

Oahhm hs (JiaKTopoB BHeniHeii cpeAH, onpeAeAsnomnx 
CTenenb npOHHixaeMocTH kactohhhx MeM6paH, hbjbi 
ctch TeMnepaTypa. JIbbhtt (Levitt, 1972), 0606111.,ih 
AaHHbie no AeficTBHio cy6onTHMaAbHbix TeMnepa-ryp 
Ha pacTenne (cm. cxeMy), yKa3biBaeT, hto noBpejKAt*-  
HHe MCM6paH HBAHCTCH nepBHHHblM (npHMblM) ACfi' 
CTBHeM noBbimeHHH TeMnepaTypH. FIoBpejKAeHHe mo 
jkct 6biTb Bbi3Bano AerHApaTapHefi MOAeKyA 6eAKon 
b MeM6panax, HapymeHHeM boaopoahbix h S-—S-cirn 
3efi. yBeAHHeHiie KHHeTHqecKofi SHeprHH MOAeKy.i 
BOAH MOJKeT npiiBecTH k TOMy, hto panee aAcop6np<> 
BaHHbie MOAeKyAH nepexoAHT b cBo6oAHyio (jiopMy 
3to no3BOAneT MOAeKyAaM 6eAKa c6ah3htbch 11.1 
CTOAbKO, HTO MOTyT BO3HHKHyTb HOBbie CBH3H H IlpO 
h3oh:th arperanHH MOAeKyA. KpoMe toto, H3MeHeim>' 
TeMnepaTypbi hphboaht k H3MeHeHHio coctohiiii 1 
AHHHAOB B KAeTOHHblX MBM^paHaX. <I>epMeHTaTHBII.I J 
aKTHBHOCTb MHOTHX MeM6paHHHX 6eAKOB, HpOHHHaC 
MOCTb H TpaHCHOpTHan aKTHBHOCTb MCM^paH pC3K<> 
MeHHiOTCH npH nepexoAe ahhhaob H3 «jkhakoto» co- 
CTOHHHH B «TBepAO6». IIOBpOKAeHHH paCTeHHft Hll I 
khmh noAOJKHTeAbHHMn TeMnepaTypaMH TaKiKe xa 
paKTepnsyiOTCH H3MeneHHeM (|)H3nvecKoro coctohihbi
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MeMOpaH, KOTopoe BeaeT k noBbimeHHio hx np>niH| 
uaeMOCTH.

npOHHUaeMOCTb MeMSpaH MO>KeT SblTb HCHO.ll.mii 
Bana KaK noKaaaTejib yctohhhbocth pacTeHHfi n n > u 
peMajibHbix ycjiOBHHX. OnpeaeJiHTb bjihhhhc k;imh« 
JIH0O yCJIOBHH HJIH BemeCTB Ha npOHHIiaeMOCTb r IM 
TOHHblX MeM6paH MOJKHO C nOMOIIJblO pa3HHX McpJ 
AOB, B naCTHOCTH C nOMOHIbK) Aenjia3MOJIH3.'l II Ilf 
H3MepHH BHXOA pa3JIHHHHX MeTa60JIHT0B H3 KJIC 1 I lU

OtlblT 1
BjitiHHue TeMneparypbt Ha npOHuyaeMOCTb 

kjibtok jtyKa djtn MoneBUHbi
llejtb pafioTbt: onpeaeJiHTb AeficTBHe TeMncpaiyl 

pn na npoHHuaeMocTb njiasMajieMMH h tohohji.i> ifl 
B KJieTKaX JiyKa no CKOpOCTH HpOHHKHOBeHHH Mu'lflj 

BHHH B BaKyOJIb.
OG'teKT HccjieAOBaHHH: kjictkii anHAepMHca nui 

nyKjiofi CTopoHH nemyH OKpameHnoro jiyKa (///om| 
cepa).

Xod paSoTbi. flejiaiOT tohkhc cpe3H anHAepwmn 
BbinyKJioii CTOpOHH Hemyn OKpanieHHoro jiyica. Ib> 
MemaiOT 4—5 cpe3OB b 6k>kc c 10%-hoh MOHeninmft 
H OTMenaiOT BpCMH. BiOKC 3aKpHBaiOT KpHHIKOfi, ........
6h H36e>KaTb ncnapeHHH pacTBopa, a cjieAOBaTe.n im, 
h noBbimeHHH ero KOHijeHTpaitHH, h oct3bjihiot npit 
KOMHaTHofi TeMnepaType. OnpeuejiHiOT BpeMii lumu 
M0JiH3a h Aenjia3MOJiH3a ajih Bcex cpe30B. C nnft 
iiejibio nepea KaacAHe 5—10 mhh bhhhmhiot cpe i n t 
6ioKca h noMemaiOT ero b Kanjie toto nce pacTimim 
MoneBHHH na npeAMeTHoe ctckjio, 3aKpHBaior ikii 
KpOBHHM CTCKAOM H pacCMaTpHBaiOT nOA MHKpommi 
hom (Majioe yBenHneHHe). KorAa 50% KJieroK iiit 
cpeae 6yAeT HaxoAHTbCH b ct3ahh BHnyKJioro iii.ii 
MOJinsa, OTMenaiOT BpeMH nacTynjieHHH njiasMojm nt 
AJih AaHHoro cpeaa. Flocjie npocMOTpa cpes noMcm >• 
K)T o6paTHO B 6k>KC H 33TCM AAH 3THX /KC C|>c i"ll 
onpeAeJiniOT BpeMH Aenjia3MonH3a, t. e. Hcneaimm' 
HHH KapTHHH HAa3MOAH3a HOCAe HpOHHKHOBeilllH ‘.m' 
neBHHH b BaKyojib. BpeMH HacTynjienHH Aenjiaic 
jni3a TaKJKe OTMenaiOT, KorAa oh 6yAeT Ha6jiK)ji.i n.« 
ch y 50% KJieTOK. FIoAo6Hbie ohhth npoAejibinami, 
noMeman cpe3H b 6k>kc, HaxOAHiiiHHCH b xojio iiih.
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>4» h Mni pniypa 4-3°, h b #Be npoSnpKii, 
) ll>l<i|H.f' II.IXOJIHTCH B BOAHHOH 6aHe C T6M- 
'I 4 's , 'ipyran--- ^-45°. OnpeAejimoT Bpe-

MHi/ii' "i ii iciuia3M0Jiii3a npn sthx TeMne-

/KifioTbt. PesyjibTaTbi aaiOT b bhac

3) n /jejiaiOT BbiBOAM. noApoSno
w IflHllfi 
(tllfljl

III 1.1'111 CM. c. 13.

TaGjiHiia 3

i i.'mj mpipMjienuti pesyjibmamoe

A6 qirion
BpeMfl, MHH

njia3MOjiH3a AenJia3MOJiH3a

1 
2
3 

i'|iejliiee

1 
2
3 

cprAiiee

l 
2
3 

cpcnnee

1
2
3 

cpefliiee

Hr*<  mifii
Onbir 2 

n ntii'panjpbi Ha npoHuqaeMOCTb MeMSpaH 
<>AH OAeKTpOAUTOB

IIimiiii'iiiii' npommaeMOCTH MeMfipan no^ bjihh- 
• h ............... 'inr>o ijiaKTopa moikho onpeAejniTb no
1'0 > I' I IpoanrOB 113 KJieTOK B OKpyiKaiOIHHH IIX 

i»i»'P Mt'io,( ociioBan Ha ii3MepeHHH yuejibHoii
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ajieKTponpoBOAHOCTH pacTBopa npn noMomn <iirim 
aJIbHOft yCTaHOBKH (pnc. 3).

Ot renepaTopa CHrnajiOB nepeMeHHbift tok <• 'inei 
TOToft 10 kITii npn HanpnHieHHH 2,5 B .. ..........................
CJieAOBaTejibHO nepea AByxnojiynepHO/iHbift aho/him

Phc. 3. BjioK-cxeiua ycTaHOBKH ajih HSMepenHH h periKipn • 
IIHH KHHCTHKH SJICKTpOnpOBOAHOCTH BOAHMX paCTBOpOH: / 
renepaTop CHraajiOB T3-7A, 2 — BHnpaMHTejib c <^hjii.i (>•>•• 
3 — conpoTHBJieHHH HarpyaKH c nepeKJHonaTeJieM, 4—notni 
HHOMeTp pH-340, 5 — 9JieKTpoHHbiH caMonHinyiHHH norc...... ...
MeTp KCn-4, 6 — HneiiKa, 7 — ManiHTiiaH MeniajiKa, A 

yjibTpaTepMocTaT

BbinpiiMHTejib h HccjieayeMbifi pacTBop, HBJimoinnn. x 
B CXeMe OCHOBHblM COHpOTHBJieHHeM B uenn. BblllpHMl 
JieHHblft TOK, BejIHHHHa KOTOpOTO 33BHCHT OT Coilp" 
THBJieHHH HCCJieayeMoro pacTBopa, npoxo/iHT urpri 
narpyaoHHoe conpoTHBjieHHe, BbinojiHeHHoe b nn m 
CTyneHnaToro aejiHTejia. IlaAeHHe HanpHnceHiiii <• oi 
HOTO HJIH HeCKOJIbKHX (b 33BHCHMOCTH OT COHpOlllll 
JieHHH HccjieAyeMoro pacTBOpa) 3BenbeB flejiini' m
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|M •••• ......... jinftopaTopiioro noTenmiOMeTpa
I. ................. IIOIHCIO pOJIb yCHJIHTeJIH moiuhocth
l h > "mii. ii« a ropa. C iibixoAa noTeHHHOMeTpa 

| H'l" • • >........... IJICKTpOHHblH perilCTpnpyiOmHH
Hi'*'i ’i|' K< 11 4.

« "i" I. iiitiJiMCT co6oft cTeKJiHHHbiii cocyn, 
mm 10 1 1, iiMcioimiii jinofinyio cTeHKy ajim Tep- 

NpoHii 1111 n ( htpcACJiemiaH TeMnepaTypa b Hnefi- 
H*|tMiiiiiir hti c noMoinbio yjibTpaTepMocTaTa. 
K|M* i«IIIoiiih>i pacrBopa iicnojibsyiOT MarnnT- 

l*hi>i  it'\ lliMcpeinie ajieKTponpoBOAHOCTii npo- 
* H11M01111.10 luiaTiiiioBbix ajieKTpoAOB, yicpen- 

■Ml N II l|> lnlli myio KpbiuiKy.
iMMoiuiiiiibifi b jiamiOM onbiTe mctoa nnipoKO 

HMMiii, 'II061.I OlipejiejIHTb BJIHflHIie pa3JIHHHbIX 
b......... .  inneft cpcjibi Ha npoHHijaeMOCTb KJie-
I M*MApini.  Meroji mojkbt 6biTb Hcnojib3OBaH 

, « ••• p.l tJIH'IIIIJX 06'beKT0B: KyCOHKOB TKaHII, 
|Mm* "piaiion, cycneii3nfi kjictok h npoTonjiac-

M*  fMflorhr oiipenejiiiTb xapaKTep bjihhhhh 113-

CMN " ‘ii" parypu onpyiKaiomeft cpe/ibi na npo- 
• »••">" I 'IC I O'lllblX MCM6paiI AJIH SJieKTpOJIHTOB. 
JBt** 1 i"1 i'TionaiiiiH: Kjiy6enb KapTOijiejiH (So- 

|bM hihi-ii'Miin).
H' finfiurtii Kjiy6eiib KapTocjiejiH paspeaaiOT

RMtll M llollOJiaM, a 33T6M CneUHajIbHblM HOIKOM 
<«» > u > >> lllllbl, TOJHHHHOH 3 MM, H3 KOTOpblX 
*HW nijp' iuioi 50—60 ahckob AHaMeTpoM 4 mm. 

H^WO'llllll l'O/iepiKHMOrO HOBpe>KJICHHbIX kjictok 
I H|'oMMiinioi BOjionpoBOAHoft Bonofi b TeueHHe 

HWH ll|ll lliapHTCJIbllO HOMeCTHB HX B BOpOHKy 
ItflM • 11 |»i.i ryio Mapjiefi, saKpenjieHHoft pe3HH- 

k " V 1 .    b cocyA noji, CTpyio xojiOAHoft
••• ll|........III.IC JUICKH XpailHT nOA BJiaiKHOft cjlHJlb-

tMt«’O.'i"l) AyMliroft.
I d"ii"\ onycKaiOT 3JieKTpoj[bi n najiiiBaiOT 

mh .......... . 1 ntpoiiaiinofi BOjjbi. 3aTeM c noMombio
...... 1 na ycTanaBJiiiBaiOT ny>KHyio TeMnepa- 

h h .« 11 m. y miycKaioT MemajiKy h npOBepniOT ee 
»■••» Ilip" 1 aMonncpa bmbojiht na nyjib c no- 

«♦*••  1 . 11 11 iioTciiiiHOMeTpa pH 340, BKJiionaiOT 
**••»••> ......... caMoimcna (jniarpaMMa), npOBepa- 
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tot CTa6njibH0CTb pafiOTbi npn6opa (nepo caMonncixa 
He AOJIJKHO OTKJIOHMTbCH OT Hyjlfl). OT^HpaiOT 8 AHC- 
kob Kapiofjiejia h Bce oAHOBpeMeHHo onycKaiOT b 
HneftKy. Hepes 10 mhh ohmt npeKpamaiOT, bmhhm3iot 
sjieKTpoflbi h MeinajiKy, ocTanaBjiHBaiOT ABHjKeHHe 
JieHTbi caMonnciia, TiuaTejibHO npoMbiBaiOT HneiiKy 
boaoh, oTMbiBaioT TaioKe ajieKTpoflbi h MeuiajiKy.

SjieKTponpoBOAHOCTb pacTBopa H3MepniOT no Be- 
jiiiHHHe OTKJioneHHH nepa caMOHHciia ot nyjin h bh- 
paiKaiOT B OTHOCHTOJIbHMX eHHHHIiaX. JJjIH JIHHeiiHblX 
ynacTKOB anarpaMMbi paccnHTbiBaiOT cKopocTb bm- 
xona 3JieKTpojIHTOB B OTHOCHTejIbHMX eflHHHIiaX 
B MHHyTy. OnblT MOJKHO npOBOAHTb b AByx Bapn- 
aHTax.

BapuaHT 1. B nqeiiKe ycTanaBjiHBaiOT TeMnepa- 
Typy 20°, onpenejiHiOT bmxoa ajieKTpojiHTOB b ah- 
CTHjijiiipoBaHHoii Bone h b pacTBope KaKoro-jin6o 
BemecTBa, AeftcTBHe KOToporo na bmxoa ajieKTpojin- 
tob ii3 KJieTKH HccjieflyeTCH, nanpHMep 5%-hoh mo- 
neBHHbi. rioAHHMaiOT TeMnepaTypy b HHeftKe ao 40° 
h tohho nepes 10 miih nocjie HHKy6aijHH ahckob Kap- 
TOljiejIH BHOBb OnpenejIHIOT BblXOA 3JieKTpOJIHTOB B 
BOAy. PaCTBOp CJIHBaiOT B HHCTMH CTaKaHHHK, KyCOH- 
kh KaproiJiejiH Bbi6pacbiBaiOT, npoMMBaiOT HneiiKy, 
sjieKTpoxbi h MeniajiKy. 3aTeM npH toh ace TeMnepa- 
Type n b TaKofi >Ke nocjienoBaTejibHocTH onpenejiHiOT 
bmxoa sjieKTpojiHTOB b Apyroft HccjieAyeMMH paCT- 
Bop. PacTBop nocjie HHKy6aiiHH cjihb3iot b hhctmh 
CTaKaHHHK.

SjieKTpOnpOBOAHOCTb paCTBOpa 33BHCHT He TOJIbKO 
OT KOHIjeHTpailHH B H6M SJieKTpOJIHTOB, HO H OT HOA' 
BHJKHOCTH HOHOB, KOTOpaH, B CBOIO OHepeAb, 33BHCHT 
ot TeMnepaTypbi. fljin toto hto6m HCKJHOHHTb bjihh- 
HHe nOABHJKHOCTH HOHOB, Heo6xOAHMO eiH,e pa3 H3Me- 
pHTb ajieKTponpoBOAHocTb pacTBOpoB, nojiyneHHMx 
npn 20 h 40°, npn oahoh ii toh n<e TeMnepaType, na- 
npHMep 20°. rioaTOMy BHOBb ycTaHaBJiHBaiOT TeMne- 
paTypy 20°, HajiHBaiOT b HneiiKy BOAy, bmboaht nepo 
caMonncixa na nyjib h 3aTeM bmccto boam najiHBaiOT 
b HneiiKy boahmh pacTBop ajieKTpojiHTOB, onpeAejiH- 
tot ero ajieKTponpOBOAHOCTb. LlocJie stoto, TaKJKe yc- 
TaHOBHB TOHKy oTCHeTa, onpeAejiHiOT aneKTponpoBOA- 
HOCTb Apyroro pacTBopa.
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i > 1’i‘PMAenue pa6orbi. CpaBHHBaiOT AaHHbie, 3a- 
Ihii uini,ic npii pa3Hbix TeiwnepaTypax h b pasHbix 
Kli'iiiopnx, o(|iopMjiHiOT TadjiHiiy (Ta6ji. 4), Aejiaior 
in in > 11.1 llojipoGnyio aanHCb saxanH cm. c. 13.

Ta 6jimia 4

CxeMa ocpopMMHun pemjMmamoe

« | <7UI HIIKyOaUHH

SjieKTpOnpOBOAHOCTb pacTBOpa, OTH. e/l.

4-20° 4-40°

H.,0

fi% nn;i MO'ieBMna

llapuaHT 2. ycTanaBJiHBaiOT b nneiiKe hcoSxoah- 
Myio TeMnepaTypy h HHKySnpyiOT KyconKH KapTOcjiejiH 
III MHII, CJIHBaiOT paCTBOp B HHCTblH CTaKaHHHK. OnblT 
npo iejibiBaiOT npn TeMnepaType 20, 25, 30, 35, 40°. 
< iuycKaiOT TeMnepaTypy b HneHKe ao 20°, naAHBaiOT 
noay ii ycTanaBAHBaiOT nyjib, 3aTeM onpeAenaiOT 
i'ieKTponpOBOAHOcTb KaiKAoro pacTBopa.

OcpopMAeHue pa6oTt>t. Ctpoht rpacJiHK saBHCHMO-
i iii ajieKTponpoBOAHOCTii ot TeMnepaTypbi, AejiaiOT 
iibinoAbi. lloApoSHyio sanncb saAann cm. c. 13.

OnuT 3

BAUHHtie TeMneparypbt Ha npoHuyaeMOCTb 
KAeTOUHbtx MeM6paH dAA 6eTayuaHUHa

BeTailHaHHH — HHTMeHT CTOAOBOH CBeKJIbl — OT- 
iiocHTenbHo dojibman (M564), xoporno pacTBopHMaa
ii BOAe MOJieKyjia, HaxoAsmaacH b KJieTOHHOM coKe. 
1 Ito6m nonacTb bo bhcihhioio cpeAy, MoneKyjia 6eTa- 
nnaHHHa AOJiiKHa npoftTH nepea TononjiacT, ocHOBiioii 
HHTonAa3MaTHHecKHH MaTpHKC h nna3MaAeMMy. flntj)- 
(|)y3Ha 6eTaiiHaHHHa H3 BaKyoAH b cpeAy mojkct npo- 
XOAIITb AOCTaTOHHO 6bICTpO HpH ACHCTBHH pa3AHHHWX 
(jiaKTOpOB HAH aTCHTOB, BbI3bIBaiOIH.HX H3MeH6HHe 

3t



npoHHixaeMocTH MeMSpan. PlaMepflfl onTnnecKyio hjiot- 
hoctb HHKySaHHOHHoii cpeflbi nepe3 onpeAejieHiibiii 
npoMexyTOK BpeMeHH, mo;kho oueHHTb CTenenb bo;o 
jieHCTBHH Ha npoHHuaeMocTb MeMSpan. 3tot npocToii 
H SblCTpblH MeTOJI. HCnOJIb3yeTCH ofiblHHO B HpHKJia/V 
hbix HCCJieAOBaHHMX npn H3yneHHH achctbhh KaKoro- 
jih6o BemecTBa hjih (JiaKTOpa na SHOjiorHHecKne 
oS'beKTbl.

U,ejib paftoTbr. onpeaejiHTb AeficTBiie TeMnepaTypbi 
na npoHHixaeMocTb MeMQpan ajih SeTaunaHHHa no 
Bbixoay ero b pasjiHHHbie HHKy6an.HOHHbie cpeAbi.

O6T>eKT HccjieAOBaHHa: Kopenb ctojioboh cseKjibi 
{Beta vulgaris).

Xod paQorbl. Id3 KOpHH CTOJIOBOHi CBCKJIbl CBepjIOM 
BbipesaiOT ctojiShkh tk3hh AnaMeTpoM 5 mm, c no- 
MOIHblO JIC3BHH H JIHHCHKH pa3pe3aK)T HX H3 MHJIJIH- 
MeTpoBbie KycoqKH. CTapancb BbiQnpaTb OAHHaKOBbie 
no iiBeTy, OTCHHTbiBaiOT 60 ahckob, KOTopbie b Tene- 
HHe 15—20 MHH npOMblBaiOT BOAOnpOBOAHOfi BOAOli 
AJih yAaJieHHH oct3tkob kjictok. KaK h b onbiTe 2, 
AJih 9Toro HcnojibsyioT BOpoHKy Bioxnepa.

B 3 npoSnpKH HajiHBaiOT no 10 mji boah, b cjie- 
AyiomHe 3 npoSHpKH —no IOmji 0,5 M caxapo3bi. 
B Ka>KAyio npoSnpKy noMemaiOT no 10 ahckob cbbk- 
jibi, 2 npo6npKH (oAHa c boaoii, Apyran c caxapoaoft) 
ocTaBJiHiOT npn KOMHaTHofi TeMnepaType, 2 Apyrne 
CTaBHT b BOAHHyio 6aHK> c TeMnepaTypofi +35°, 3a- 
MenaiOT BpeMH, 2 ocTaBinHecH npo6npKH (c boaoh h 
caxaposofi) noMemaiOT b BOAHHyio 6anio npn +45°, 
TaKJKe OTMenaiOT BpeMH.

B TeneHHe 1 q nepes Ka>KAbie 10—15 mhh b npo- 
6npKax H3MepnK)T bhxoa 6eTaijHaHHHa b pacTBop. 
JIjIH 3T0T0 H3 OHblTHOft npO^HpKH HHneTKOft OTJIHBa- 
iot pacTBop b HHCTyio npo6npKy h nocjie H3MepenHH 
OnTHHeCKOft njIOTHOCTH BblJHIBaiOT paCTBOp B Ty xe 
caMyio onbiTHyio npo^HpKy, CTapancb ne TepHTb ikha- 
KOCTb. Pl3MepeHHe hjiothocth npoBOAHT na C>3Ke 
C 3ejieHbIM CBeTO(j)HJIbTpOM, KIOBeTbl 0,5 CM HJIH 
CC>-4A npH 535 hm.

O(popMJieHue pa6oTbt. Ctpoht rpa^HK 33bhchmo- 
cth onTHnecKofi njiOTHOCTH pacTBopa OT BpeMCHH H 
AejiaiOT BbiBOAbi. noApoOnyio sanncb saAann cm. 
c. 13.
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B BO36y}KAeHHOe COCTOHHHe AOCTaTOHHO SHepFHH KIUIH 
tob bhahmoh ogjiacTH cneKTpa. Bce nnrMeHTbi <|>i'itM 
cHiiTe3Hpyiom.Hx opraHH3MOB oSbihho noApa3Ae.'nu<>i 
ch na TpH rpynnbi: xJiopoijiHjijibi h 4>hko6hjiiiiiii|m 
TeHAbl — HHTMeHTbl TCTpanHppOAbHOH npiIpniM,: 
a TaKXie KapOTHHOHAbl.

y Bcex 9yKapH0THbIX paCTCHHH HHTMeHTbl AOKII.ni 
30BaHbi b xAoponAacTax — b opranoHAax kactkh, imi 
TOpbie HBAHIOTCH ACHTpaMH HpeBpaiH.eHHH COAHC’1 ll< 
SHeprHii. y npoKapnoTHbix BOAOpocAeii h cJjotochhh 
SHpyiomHx 6aKTepHH xAoponAacTOB neT. IlHrMeiriiJ, 
npHHHMaK>in,He ynacTHe b (JiOTOCHHTese, y hhx aokii 
AH30B3HbI B MCM6paHHbIX CTpyKTypaX — THAaKOHAIIM 
h AaMeAAax.

X./iopo<piMAbi. Bce (J)OTOCHHTe3Hpyioiii.He oprann i 
mbi coAepxcaT sth aeAenbie nnrMeHTbi. FIo CBocfi 
npnpoAe XAopot|)HAAbi hbahiotch Mg-nop(|)HpHHaMii 
UeHTpaAbHblM aTOMOM, CBH3bIBaK)HI.HM HCTbipe IIII|I< 
poAbHbix KOAbiia (I—IV), cjiyiKHT Mg. B pe3yAbT.'H << 
o6pasyeTCH 6oAbmoe nop(f)HpHHOBoe KOAbn.0 c conpn 
xceHHbiMH no Kpyry abohhmmh cbhshmh. HepeAyio 
IXIJieCH OpAHHapHbie H ABOHHbie CBH3H BKAKBiaiOT MIIO 
JKCCTBO A6A0KaAH30BaHHbIX n-3AeKTpOHOB, KOTOpiJi' I 
npHHHMaiOT ynacTHe b norAonjeHHH cBeTa. KpoMe to 
ro, b cTpyKType xAopotjiHAAa HMeeTCH oaho hjikao- 
neHTaHOBoe koabiio (V), KOTOpoe BKAiOHaeT bmcoko I 
aKTiiBHyio b xiiMH<iecKOM oTHomeHHH KeTorpynny, I 
KOTopan ynacTByeT b o6pa3OBaHiiH accomiaTOB mo I 
ACKyA XAOpO(J)HAAa H KOMHACKCOB HHTMeHTa C MOAC- I 
KyAaMH BOAbl.

/XAiiHiiaH yrAeBOAopoAHan iienb (ocTaTOK (Jhito- I 
na), npncoeAHHeHHaH k nop(j)HpHHOBOH Hac™ mojic I 
KyAbl XAOpo4)HAAa O^AaAaeT AHno4)HAbHbIMH CBOHCT- I 
BaMH. OHTOAbHbiii ocTaTOK CAyiKHT CBoero poAa He- I 
nOAHpHblM HKOpeM, C HOMOHIbK) KOTOpOTO MOACKyAIJ 
XAOpo4)HAAa B3aHM0AeHCTByK)T C AHHHAaMH H THAPO- I 
4)o6hbimh 6eAKaMH. Bce sto HMeeT 3HaneHHe aah 
co3AaHiiH onpeAeAeHiioii npocTpancTBeHHoii opneHTa j 
H.HH MOACKyA XAOpO^IHAAa H HOAAepIKaHHH CTpyKTy- 
pbl XAOponAaCTOB.

B HacTOHin.ee BpeMH hsbcctho okoao 10 nnrMeH- 
TOB, BXOAHIII.HX B rpynny XAOpO^IHAAOB H OTAHHaK)- 
IH.HXCH Apyr OT Apyra HeKOTOpblMH CTpyKTypHblMII
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S’IO|>O<|>1IA4 a xnopo<|>H44 b

||(»fit'iiiiocTHMH. HanSojiee pacnpocTpaHeHH cpe.nn 
Hiix xjio|)O(jHijijibi a, b h 6aKTepHoxjiopo4)Hjui. Xjio- 
i»hi|m iji a bxoaht b cocTaB nHTMeHTHoro annapaTa 
|h>X (|)()TOTpO(j)OB, KpOMe (j)OTOCHHTe3HpyiOIHHX 6ai<- 
H'pnn, coAepxamHx 6aKTepHoxjiopo(j)Hjijibi. Xjiopo- 
'|'H i i I), KOTopbiii naxoAHTCH b xjioponjiacTax bhc- 
1*11» X pilCTeHHH H B 36JieHbIX BOAOpOCJIHX, OTJIHiaeTCH 
t»l xjiopo(j)HJiJia a TeM, hto bmccto —CH3 y 3-ro yr- 
/H'poAiioro aTOMa (b II KOJibpe) HMeeTCH — COH-
ipyima.

I lop(j)HpHHOBoe KOJibn.0 xjiopo(j)Hjijia noTjiomaer 
Hpin iibie h cHHe-ij)HojieTOBbie jiynn, nponycKaa snani- 
ivjibHyio nacTb sejienbix (pnc. 4). 3thm oS'bHCHiieTCH 
n' K'iibiii HBeT xjiopo(j)HJiJia. Hmchho MOJieKyAH xjio- 
po<|)i(jijia a (y pacTeHHii) h 6aKTepHoxjiopo(j)HJiJia a 
(v <|)OTOCHHTe3HpyK)IHHX 6aKTepHH) HBJIHIOTCa TeMH 
iiiii MeirraMH, KOTopbie nenocpeACTBeHHO bxoaht b pe- 
KKUiioiinbift peiiTp (j)OTOCHHTe3a h npiiHHMaiOT yiac- 
nic 11 npeo6pa3OBaHHH cb6toboh SHeprHH. OcTajibHtie 
xjiopo(|)iiAAbi cjiyxcaT «aHTeHHaMH». Ohh norjiomaioT
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HsieTCH hx jKejiTO-KpacnaH OKpacKa. Ochobhhimh Ka- 
pOTHHOHflaMH HAHCTHA BblCHIHX paCTCHHH H 36JieHbIX 
BOAOpOCJieii HBAAIOTCH p-KapOTHH H KCaHTO(j)HJIJIbI 
JUOTetlH, BUOACLKCaHTtlH H HeOKCUHTUH. 3tH HCTblpe 
HHrMeiiTa cocTaBjiniOT ~98% ot oSmero KOJinnecTBa 
KapoTHHOHAOB sejieHbix jiHCTbeB. Bojibinoe pa3Hoo6- 
pa3He KapOTHHOHAHHX HHTMeHTOB XapaKTepHO AJIH 
cHHe-3eAeiibix BOAopocAeii, KOTOpbie hbahiotch nep- 
bhmh (})OTOCHHTe3Hpyioni,HMH opraHH3MaMH, nepeweA- 
HIHMH OT (J)OTOpeAyKUHH K (J)OTOCHHTe3y C BblAeACHHeM 
KHCAOpOAa. CoCTaB KapOTHHOHAOB CHHe-3eA6HHX BO- 
AopocAeii 3aMeTHO OTAHnaeTCH ot nHTMeHTHoro co- 
CTaBa BHCHIHX paCTeHHH. M3 KapOTHHOHAHHX HHTMeH- 
tob y hhx npeoSAaAaiOT fi-KapOTUH, bxuhchoh h muk- 
coKcaHTotyuAJi. JjBa nocAeAHHx ne o6napy>KeHH y 
Apyrnx npeACTaBHTeAefi pacTHTeAbHoro MHpa. Mhoto- 
o6pa3He KapoTHHOHAOB y CHHe-3eAeHbix BOAOpocAeii 
CBA33H0 C HX 4)HAOreiieTHHeCKHM HpOHCXOJKAeHHeM, 
co cnoco^HOCTbio k cymecTBOBaHHK) npH onenb pa3- 
HOO6pa3HbIX, nopoio 3KCTpeM3AbHbIX yCAOBHHX BHeni- 
Heil CpeAH, c HX >Ipe3BbmaHHOH SBpH^HOHTHOCTbK),
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I |wi> l< ApOTHHOHAOB npn (j)OTOCHHTe3e IIOJIHOCTbK) 
| 1»«. hpi.11.1 /loi<a3aHO, hto KaporanoHAbi nrpaiOT 

C'll m .1 rcjibnux niirweHTOB, KOTopbie nepeaa-
i |n> ........ .. norjiomeHHbix kbhhtob xjiopocJiHjuiy hah

lani' iopo<[)iijijiy. BjiaroAapn STOMy dojiee noji- 
| .. .... .. lycicji Ta qacra bhahmoto cneKTpa, koto-

Ki iu iiorjiomaeT xAopoc[)Hjiji. Bo-BTOpbix, cymecT- 
lliic nia'ieiine b peaKijHHX (JiOTOCHHTesa HMeeT 3a- 

ttfHhii i|>viii<hhh KapoTHHOHAOB, KOTopbie, norAomaH 
..........  fiojlblHHX anepTHH, BblHOAHHIOT pOJIb 3Kpa- 

t*M<  npi' loxpanaioinHx xnop.o(J)HjiJi h ApyrHe Chojio- 
fHMPi I II IIKTHBHbie COeAHHeHHH KJI6TKH OT (J)OTOAeCT- 

iniii B rpeTbnxj B03M0MH0, hto KapoTiiHoiiAbi npn- 
Hmmioi yiacTHe b nponeccax BbiAeAeniiH KiicjiopoAa 

pm n'iiiixMii na CBeTy. Bbijio BbicKaaano npeAnojio- 
Pgllllc (('..IIIOJKHHKOB, 1965), 'ITO CBCTOHHAyHHpOBaH- 

n laiiMoiipeBpameHHH 3eaKcaHrana h BHOJiaKcaH- 
htllil ( l'IIK Iia3bIBaeMbIH BHOAaKCaHTHHOBblH HHKJl) 
VIII vi m paTb pojib b BbiAeJieiiHii O2 npn (|)OTOCHHTe- 
m Mvxiihh3M 3toto npon,ecca b HacTOHin.ee BpeMH ne 
KUH> IICII.

II i ui.iiiieH3Jio>KeHiioro bhaho, hto HajiimHe pa3- 
MMR mii MenTOB oSecnenHBaeT norjiomeHHe pacTeHHH- 
mii < ii iiic'iHoro CBeTa b ninpoKOM cneKTpajibHOM AHa- 
|A 411110, 9([)4)eKTHBHyiO MHrpaU,HK) H JIOKajIHSailJIIO 
•liepniii BosSyiKAeHHH na aKTiiBHbix ueHTpax. Ha6op 
II I llllcpJKaHHe HHTMeHTOB B paCTBHHHX 33BHCHT OT 
Hh |CM.ITlBieCKOrO nOJKDKeHHH (pOTOTpCKjlOB, OT HX 
'iii im ciieTHiiecKoro coctohhhh h ycjioBHfi cynjecTBO- 
hiiiiiim. B npoiiecce 3bojhohhh pacTeHHH pa3Hbix Mec- 
fiH>r>it riiHHft BbipadaTbiBajiH cboh xapaKTeptibift na6op 
IIHIMCHTOB, HO3BOJIHIOIIIHX HM HpH pa3JIHHHbIX yCJIO- 
niiiix cymecTBOBaHHH Han6ojiee 3([)4)eKTHBHO Hcnonb- 
"in.ni. AocTynHbift cbct.

I I IITeilCHBHOCTb H CHeKTpajIbHblfi COCTaB COAHeH- 
innii ciiCTa, AOCTynnbie aah pacTeHHfi pasnbix skojio- 
iii'icckhx rpynn, pasnnqaiOTCH. TpaBHHHCTbie pacTe- 
llllll II JlHCTBCHHblX H XBO0HbIX JiecaX AOBOJIbCTByiOTCH 
'Iiciom, KOTopbifi npoHiiKaeT CKB03b KpoHbi AepeBbeB 
ii npyc KycTapHHKOB. Ha aojiio TponiraecKHx TpaB, 
pncTymHx hoa Tenbio pacKiiAHCTbix AepeBbeB h jmaH, 
iipomiKaeT eABa AHnib AecHTan nacTb hoahoto ahcb- 
noi'o cBeTa. Aaxe b nocesax oahoh KynbTypH Ha
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Aojiio hhikhhx HpycoB jiHCTteB npHXojm i> >i p 
MeHbine CBeTOBofi BHepniH, qeM na flojim ■) 
Hpn npoxoxyieHHH nepes TOJirny ahcti>cii \ •>>>n 
CH HHTCHCHBHOCTb CB6T3, yB6AHHHBae H >1 lM 
cenHHoro cBeTa, HH(j)paKpacHoft n Kop<• i1 >>Mj 
paAHaii,HH. C SKOJiorHiecKoft tohkh 3pemi>i 11114 
bhhoto noKpoBa b Jiecy othochtch k 'iih iy It 
hocjihbhx pacTenHft. Ohh jiyHine pacryi n 4 
hhx MecTax h nacTO He BCTpenaiOTCii .1.1 itp**,  
jieca. K TenejiioGHBbiM h TeHeBHHOCAHiii.iM 
MHOTHe KOMHaTHbie paCTCHHH (acnHAHC I p.l, >>■» 
hhkh, njnom, acnaparyc), KOTopbie na cimni 1 
Beniibix MecTax o6ht3hhh pacTyT b ycjioim ■< 1 | 
ho cjiaSoro ocBemeHHH. 3th pacTeiiHH npiii i|> 
Hbl K MCHbUieft HHT6HCHBH0CTH CBCTa H II. I......
noA npHMHMH cojiHeiHbiMH jiynaMH.

EIpHcnoco6jieHHOCTb pacTeHHft k onpi i«M« 
CBeTOBOMy pexcHMy OTpaxcaeTCH b iix uihM» 
annapaTe. XjioponjiacTbi b jihctbhx tciiciii ih>>> 
pacTeHHft KpynHbie h 6oraTbi xjiopoiJihjijiom I ln 
HeHHK) CO CBeTOJIK)6HBbIMH TeHeBbIHOCAIIIII.I' | '> 
coAepxcaT 6ojibine xjiopocjiHJijia na eAHiniuv ■ 
Hx jiHCTbH HMeiOT HacbiiijeHHo seAenyio > n| 
B CBH3H C 3TIIM TeHeBblHOCAHBbie paCTCIIH I "'*■  
cpeKTiiBHO norjiomaiOT AOCTyniibift hm cmi Hi 
TOTO, B «T6HeBbIX» paCTCHHHX yBejIH'I1IH.Ii’l> 'I | 
>KaHHe xjiopoiJiHJiJia b, chjihho norAomaioiiii'iii ■ 
KOBOJiHOBbie jiynH. B peayjibTaTe 3toto cihohM 
xji a/xn b yMenbinaeTCH. Ecjih y cBeTOjimOiiui^j 
TeHHft cooTHomeHHe xna/xnb b cpe/uieM ........ ...

3,5—3,9, to y TeneBbiHocjiHBbix pacTeiiiin >>iih 
Mepno 2,5. TeneBbie pacTeHHH coAepiKar i.ii<.i>»> n 
CHTejIbHO MHOTO KapOTHHOHAOB. XOTH 3111 ll'Mfttl 
B COOTHOHieHIIH OTAeJIbllblX HHTMeHTOB y I' III'HM 
JIHBblX paCTeHHft Iie AaiOT BHAHMblX ABCTOIuH •<! ■ 
TOB B OKpaCKe AHCTbCB, HX MOXCHO paCC M d I |<M< 
KaK HBJienHe «xpoMaTHnecKofi aAanTaniiii <■ i ph 
BOBaHHio pacTennft b onpeAeneHHOM cb<-i i> •» 
THne.

PaCTCHHH rop npHBBIKAH K MOIAIIOMV II ri 
yAbTpaijiHOAeTOBbix Ayneft. AAbnHftcKiic |hh ■ 
KpaftHe CBeTOAK)6HBbI H HMeiOT BblCOKOC . .......... >111»
xna/xnb (^5,5). KAeTOHHbifi cok miioiih ih 
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flMH l|o| Killian (IKTHBIIblH yjIbTpa- 
! Hllll llpr loxpail'/IIOT (|)OTOCIIHTeTH- 

p*l  ll'llllll III IICpCI peBa H (pOTOOKIIC-

■MNhi ii. iiiii MeiiTiioro annapaTa k hh- 
|H»Nipn'iianiMy cocTaBy cneTa oco- 

|B** hiiii y noaiibix (|)OTOTpo(|)OB. Coji- 
Hiiuiii 'ii'pei cjioii boabi, tojiihhhoh 

iMin, i hiiioiiiitch Menee HiiTeHCHBHbiM 
M I < ■,<••'l " HIOJl I! bl(' BOAOpOCJIH, noxofi- 
| |hh ii iiiimm, xapaKTepnsyiOTCH bmco- 

M*M  iiui mcii iiiii. V Gypbix 11 KpacHbix 
iHI'lpHe 06llT.TI0T B TJiy6OKOH BOA,e, 

!*■«  Mii io Kpaciibix jiy'ieir h rje npe- 
|tt*lo  II' lellblil CBCT, B IIHTMeilTHOM an- 

i i »'iiipo(|)iiJijioM cojiepxxaTCH (JiyKO- 
h*«piiipiin  ii KapoTiiiioiiAbi. 3tii nnrMen- 

(lin iioina 11. Jiyin toh cneKTpajibHOH
HpMH HpOliyCKaiOTCfl TOJICTblMH CJIOHMH

i. ii'in noaopocjicH xapaKTepnbi xpoMa- 
(fimilviiii'i, nbi maiiiibie (JieHOTiinH'iecKHMH 

(i|n ii"tiiiui'iecKaH axanTaijHH). Ilepe-
1 |HHl" ii i n"M aimapaTe BOAopocjien na- 

■■**< hii hto iriMeiiHeTCH hx OKpacKa.
| ....... III.CM II laBIICHMOCTH OTyCJIOBHH

m iii K MiiepaTypbi, ocBemeHHn, cpeAbi 
... ......... ii" lopocjni, pacTymne na noBepx- 

Hioii, 'iin io hmciot sejienyio OKpacKy, 

| *lllllpoejlll  3CJICIICIOT B KpaCHOM CBCTy, 
I HHHVIIOM, >KCJITCK)T - B CHHe-36JieHOM
... . oxpacKH BOAopocjieii b stom 

M*ii'<  < nepcpacnpeAejieHneM cootho- 
fllliiioii i|)oTociiHTeTH'iecKoro annapaTa, 

i"<i ' iopo(|)HJijia a h 4)HKo6HjiHiinpo-

II", HIII MeilTHblh KOMHJieKC (j)OTOTpO- 
'liH ' " i i nfioii cjiojKiiyio ii jia6njibHyio ch- 

h| 'iyiho peanipyeT na HSMeneHiie yc- 
MWltll"1 ' I" ll'l II lipHCHOCO6jIHeTCH K HHM B 

i H'ii a n ii 'icicrncniio saKpenjieHHoii npo*



ZtOJliO HHIKHHX HpyCOB JIHCTbCB npWXOJI....... I •
MeHbUie CBCTOBOfi BHepTHH, qeM Iia JIII. IKI ■ 
npH npoxoxAeHHH uepes TOJiiny jihcti>cii \m*> n 
CH HHTeHCHBHOCTb CBCTa, yBejIHHHBaCH I <1^ 
cenHHoro cBeTa, HH(j)paKpacHofi n KopoiioiH 
paAHaiuiH. C SKOJiorHqecKOH tohkii apeniin 1*114  
BAHoro noKpoBa b jiecy othochtcm k 'iiii u * 
HocJiHBbix pacTeHHH. Ohh jiyqme pacryi n 4 
Hbix MecTax h uacTO ne BCTpeuaiOTCii ia iip« 
Jieca. K TenejiioSHBbiM h TeHeBbiHocjiiiiii.iM ofl 
MHorne KOMHaTHbie pacTenHH (acnHAHcrpn, n( 
hhkh, njnom, acnaparyc), KOTopbie na cihhii 
BeHHbix MecTax o6HTaHHH pacTyT b ycJioniin , 
ho cjiaSoro ocBenjeHHH. 3th pacTeiiHH npiii'll 
Hbi k MeHbineii hhtchchbhocth cbcth h ii hhii 
noA npHMbiMH cojineqHbiMH JiyuaMH.

FIpHCnOCoSjieHHOCTb paCTeHHH K Ollpi '11*4  
CBeTOBOMy pe>KHMy OTpaacaeTCH b iix iihi'MC 
annapaTe. XjioponjiacTbi b jiHCTbux tciicih .m*»»  
pacTeHHH KpynHbie h SoraTbi xjiopocJiHjiJioM, 11»*  
HCHHIO CO CBeTOJHOdHBblMH TeHeBbIHOCJIlllll.H p.u 
coaepjKaT Sojibine xjiopoiJiHjiJia na eAHHiiny I 
PIx JIHCTbH HMeiOT HaCbHH.eHHO 3eJICliyio <‘M 
B CBH3H C 3THM TCHeBblHOCJIHBbie paCTCIIIOI iH 
(JieKTiiBHO norjiomaiOT AOCTynHbiii iim ( i» i I' 
Toro, B «TeH6BbIX» paCTCHHHX yBejIHHHIlac H H | 
>KaHHe xjiopoiJiHjijia b, chjibho norjioinaioiiK i>> I 
KOBOjiHOBbie jiyqH. B pesyjibTare stoto coihhMi 
Kjialxnb yMeHbinaeTCH. Ecjih y cBeTojiior>iini|| 
TeHHH cooTHonieHHe Kj\alxj\b b cpeAiiCM > >>< 
~3,5—3,9, to y TeneBbiHocjiHBbix pacTcuiiii i<|| 
MepHO 2,5. TeneBbie pacreHHH coAepjKar i .n !■>• ( 
CHTCJIbHO MHOFO KapOTHHOHAOB. XOTH HTII lio>.l(| 
B COOTHOHieHHH OTAejIbHblX HHFMeHTOB y I t'IIHM 
JIHBblX paCTCHHH He AaiOT BHAHMblX HBCTOIII K 
TOB B OKpaCKe JIHCTbCB, HX MOJKHO paCCMIIpHl 
KaK HBjieHHe «xpoMaTHnecKoii aAanTannn <■ i 
BOBaHiiio pacTeHHH b onpeAejienHOM . ...............  ■
THne.

PacTeHHH rop hphbmkjih k moiuhomy < 
yjibTpa(j)HOJieTOBbix Jiyneii. AjibnnficKiie p >■ i« 
KpafiHe CBCTOJHOSHBbl H HMeiOT BblCOKOC . ............
xjialxnb (-~5,5). KJieTOHHbifi cok miioiiix »<
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)MII II"| minan aKTHBHblft yAbTpa- 
ij gllll npr loXpaiDIIOT (J)OTOCHHTeTH- 

Hpfimiil) oi iieperpeBa h ({iotookhc-

■Mftl n. .......... annapaTa k hh-
• ioo. ipn'ihiioMy cocTasy cBeTa oco- 
BM**l  ' IIOAHblX (|)OTOTpO(|)OB. COA-

'pn*ll  I" 'irpe i CAOft BOAbl, TOAIHHHOft 
Oi, i i iiuoiiHTCH Menee hhtchchbhhm

I aynOKOIIOAIIbie BOAOpOCAH, noAofi- 
|.ri .. iiihim, xapaKTepmyiOTCH bhco- 
|M lllll MellTOH. y 6ypbIX H KpaCHblX 

ifMut ofnnaiOT b TAy6oKoft boac,
U.1111 upacHbix Ayneft h tac npe- 

|«l II H'llblft CBCT, B HHTMeHTHOM an- 
.1 i'n ipoi|>ii.iiAOM coAepxaTCH 4)yKO- 
III . ......... I KapOTHHOHAbl. 3tH HHTMeH-

.......... III. JiyHH TOft CneKTpaAbHOft 
HpoliycKaiOTCH TOACTblMH CAOHMH 

■i iii ii<i'iopocjieft xapaKTepnbi xpoMa-
.. . 111.1 niaiinbie (jieHOTHnHnecKHMH 

■|.. n .iniiii'iecKaa aAanTaiiHH). Hepe- 
..............m aiinapaTe Boaopocjieft na- 
.... ........ '11'0 H3MeHHeTCH HX OKpaCKa. 

N4Mbiihii.< .1 I) aaBHCHMOCTH OT yCJIOBHft 
u i. •uiepaTypbi, ocBemeHHH, cpeAH 

ib' noAopocAH, pacTymne na nosepx- 
•1.1.10 iiMeiOT seAenyio OKpacKy, 

Hii',"|"" 'lll 3CJieHeiOT B KpaCHOM CBeTy, 
«• ll'IIOM, 

•tH'IIIIH

MHii<"ii i|iiiTocHiiTeTHHecKoro annapaTa, 
• *HM 'lop()(|)HAAa a H 4)HKo6HAHHnpO-

/KCJITeiOT — B CHHe-3ejieH0M 
nupilCKH BOAOpOCJieil B 3T0M 
ncpepacnpeAejieHHeM cootho-

|||f*l*l.ll",  UIHMClITHMti KOMHACKC (flOTOTpO- 
.. ....................... .. cJio>Kiiyio n jiaSnjibHyio ch-

i| . ii <» pcampyeT na HaMeneHiie yc- 
M«i.i. . pi’ II,| II lipHCnOCOfijIHeTCH K HHM B 

ih«hii ii.»< !<• ic iijchho aaKpenjieHHOH npo-



cocom. OTcacMBaiOT jkhakdcth npn homoiiih nacoca. 
Hocjie 3toto b CTynKy npHAHBaiOT eiije neMHoro an,e- 
TOHa, paCTHpaiOT, CHOBa BAHBaiOT Ha (JlHJIbTp H OT- 
cacbiBaiOT. 3Ty onepan,Hio noBTOpniOT ein,e necKOJibKo 
paa, noKa pacTBop, cTeKaioniHH 113 4>HjibTpa, ne 6y- 
ACT aScOJIIOTHO 6eCII,BeTHbIM.

BbiT5i>KKy nepejiHBaiOT b Mepnyio KOji6y na 25 mji, 
Koji6y ByH3ena cnojiacKHBaiOT necKOjibKO pa3 ne- 
60JIbHIHMH nOpiIHHMH aiieTOHa H AOBOA5IT HHCTblM 
aiieTOHOM o6T>eM BblTHJKKH B MepHOH KOJl6e AO MCTKH. 
PaSora KOAUUeCTBeHHaH, HeJlb35l TepHTb HU odHOH 
Kanjiu\ IIoAyqeHHaH aiieTOHOBan BHTiDKKa coAepjKHT 
cyMMy 3ejieHbix h jkcathx nnrMeHTOB.

KoimeHTpaiiHio xjiopoiJiHjijia a h b onpeAeAniOT 
na cneKTpoiJiOTOMeTpe. .LJah btofo nacTb noAynen- 
HOTO 9KCTpaKTa HaAHBaiOT B KIOBCTy cneKTpotjiOTO- 
MeTpa. BTOpyio KiOBeTy, sanoAHeHnyio hhcj'bim pacT- 
BopHTeAeM (80%-hbih aiieTon), ncnoAbsyiOT KaK 
KOHTpoAbHyio. KiOBeTbi noMemaiOT b KiOBeTHyio Ka- 
Mepy cneKTpo(|)OTOMeTpa h onpeAeAHiOT onTHqecKyio 
HAOTHOCTb (£)) BblTHIKKH npH AAHHaX BOAH, C00TB6T- 
CTByiomHx MaKCHMyMaM norAomeHHH xAopo^HAAa a 
h b b 80%-hom aneTOHe. £I,ah xAopo^HAAa a b 
80%-hom aiieTOHe MaKCHMyM norAomeHHH b KpacHoii 
o6a3cth cneKTpa Ha6AiOAaeTCH npn X=665hm, aah 
XAopo(J)HAAa b — npn X=649hm. KapOTHHOHAH on- 
peAeAaiOT npn A,=440,5hm. KoHueHTpauHio XAOpo- 
(j)HAAa a h b b BbiTHXiKe paccHHTbiBaiOT no (JiopMyAe 
BepiiOHa:

Ca— 1 1,63- £>665 — 2,39 • £>649, 
Cft = 20,l 1 • £>549— 5,1 8 • £>665,

TAe Ca, Cb — KOHIieHTpailHJI XAOpO(J)HAAa a H b B mt/a.
£(a5i onpeAeAeHHH KOHiienTpaiiHH KapoTHHOHAOB 

(mt/a) B CyMMapHOH BblTIDKKe HHTMeHTOB MO5K6T 
6biTb HcnoAb3OBaHa (JiopMyAa BeTTiHTeHHa:

Cnap—4,695 • £>440,5 — 0,268 (Ca^-i),

TAe Ca+b — cyMMapHoe coAep>KaHHe xaopo(J)haaob a 
h b b pacTBope (mt/a).

YcTaHOBHB KOHIieHTpaiI,HIO HHTMeHTOB B BHTIDKKe, 
onpeAeA5HOT hx coAepx<aHiie b HccAeAyeMOM MaTe- 
pnaAe c yneTOM oO'beMa BbiT5i>KKH h HaBecKH npo6u:
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A= vc .
PIOOO ’

«,«« ( KoiiueHTpau.H5i nnrMeHTOB b mt/a; V — o6i>eM 
h....... .. n mji (25 mji); P — HasecKa pacTHTeAbno-
l«« m,i n piinjia b r (0,1—0,2 r); A — coAepmamie hht- 
m» ««i ,« ii pacTiiTejibHOM MaTepnajie b Mr/r cbipoft 
MHI <14.

fhl><>i>MAeHue paSoTbi cm. c. 13.

< a A a h a 2

(HIPEflEJIEHHE OFITHHECKHX M 
XHMHMECKHX CBOHCTB XJIOPO<PHJIJIA

OtlblT 1 
tpjitjopecneHnun xjiopocfjujuia

'b.'iyopecueHH.HH — HBjieHHe cBenenHH BemecTB 
npu iioi'jiomeHHH hmh CBeTa. FlepexoA BO36yxAeHHOft 
Mo'ICKyjlbl HHTMeHTa B OCHOBHOe HCXOAHOe COCTOHHHe 
...... ... H3JiyqeHHeM norjiomeHHofi aneprHH 
ii iiiiac cBera (|)jiyopecn.eHn.HH. HajiynaeMbift cbct 
hmitt Gojibmyio AJiHHy bojihh, neM norjiomaeMbift.

I in xjiopo^Hjwia xapaKTepna Kpacnaa 4>Jiyopecn,eH- 
HIIH.

\od pa6oTbt. BbiTHJKKy nnrMeHTOB noMemaiOT na 
■ii pnoM (JioHe y oKiia hjih ocBemaiOT cHHe-tjmojieTO- 
ll 1.1 M tlieTOM B oSjiaCTH KOpOTKOBOJIHOBOTO MaKCHMy- 
Mn XJIOpO(J)HJIJia. BlIHIHeBO-KpaCHblft 1166^ BblTHJKKH 
ii m pajKeHHOM cbctc CBHjieTejibCTByeT o chocoShocth 
\,’iopo(|)HJWia (J)jiyopecn,HpoBaTb, hto hbahctch npH3- 
llllhOM (|)OTOXHMHHeCKOft aKTHBHOCTH BeiIl,eCTBa.

MiuieiiHe t|)jiyopecH.eHHHH mojkho HaSjno/iaTb h na 
/I.IIHI.1X paCTeHHHX. YAoSHblMH oS'beKTaMH AJIH 3THX 
iK'jieft iibjihiotch BOAopocjiH, BOAflHoft mox Fontina- 
/it, lilodea densa h Apyrae pacTenHH. PacTHTenbHbift 
ofibCKT HOMemaiOT na npeAMeTHoe ctckao mhkpocko- 
ii a n ocBemaiOT ero CHHe-tJmoneTOBbiMH jiyiaMH. Ajih 
Tioro Me>KAy ocBeTHTejieM h 3epKanoM MHKpocKona 
iniMemaiOT cHHee ctckao. FIoa BjmsiHHeM SToro 06- 
jiy'iciiHH coAep>Kamne xjiopofjmnji nAacTHAH Hamma- 
101' CBCTIITbCH KpaCHblM CB6T0M.
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OntiT 2
CneKTp nosAou^eHiin ebiTHMKU nueMeHroe

Aah nnrMeHTOB sejienbix AHCTbeB xapaKTepno 
H36npaTejibHoe norjiomeHHe OTAejibHbix JiyHeii cneKT- 
pa. HTo6bi onpeAejiHTb, KaKHe Jiynn norjiomaeT xjio- 
po^JHjiji, HcnojibayiOT cneKTpocKon. Oh coctoht H3 
KOJiJiHMaTopHoii Tpy6bi, iiMeiomeii na oahom kohh,c 
y3Kyio mejib, na ApyroM — jiHH3y; npH3Mbi; spHTeAb- 
HOH Tpy6bl C AHH30H Ha OAHOM KOHU,e H OKyAHpOM, 
aepes KOTOpbiii BeAeTCH Ha^AioAeHiie, — Ha ApyroM. 
B neKOTopbix cneKTpocKonax HMeeTca eme Tpy6a, 
b KOTopoii noMemena cnepHaAbHaH niKaAa aah H3Me- 
peHHH aahh boah ayneii.

CBeT OT HCTOHHHKa H3AyqeHHH, HpOXOAH H6pe3 
meAb KOAAHMaTopa, nonaAaeT na AHH3y, a hotom na 
npH3My. IIpH3Moii cbct pa3AaraeTCH Ha nyHKH Ayneii 
pa3AHHHbIX HBeTOB. B (JlOKaAbHOii HAOCKOCTH BTOpoii 
AHH3bi noAynaeTCH pnA napaAAeAbHHX, pa3AHHHO ok- 
pameHHbix H3o6pax<eHHii meAii, KOTopbie paccMaTpn- 
BaioTcn nepe3 onyAHp 3pHTeAbHoii Tpy6bi. IloMemaH 
na nyTH CBeTa, Aaioinero chaohihoh cneKTp, pacTBOp 
OKpameHHoro BemecTBa, o^HapyjKHBaeM Ha (^one 
cneKTpa TeMHbie noAOCH hah OTAeAbHbie ahhhh, co- 
OTBeTCTByiom,He ynacTKaM cBeTa, norAomeHHbiM pacT- 
BopoM.

Xod pafioTbt. Ho HanaAa pa6oTbi co cneKTpocKO- 
noM ycTanaBAHBaiOT hctohhhk cBeTa h perynHpyiOT 
HinpHHy meAii na KOAAHMaTopnoii Tpy6e. LIJeAb 
AOAiKHa 6biTb ne oneHb niHpoKoii, ho h ne oneHb y3- 
Koii. B nepBOM cAyuae cneKTp noAynaeTCH apKHii, 
ho pa3MHTbiii; bo btopom — oh MaAO ocBemen. IIpH 
pa6oTe co cneKTpocKonoM, rAe HMeeTCH HiKaAa ajih 
H3MepeHHn ajihh boah Ayueii, HSMeneHHeM noAoiKe- 
hhh 3epKaAbiia ao6hb3iotch, HTo6bi mKaAa naKAaAM- 
BaAacb Ha cneKTp, a AeAeHHH h n,H(j)pbi othctahbo 
6mah bhahbi uepea spiiTeAbnyio Tpy6y. BABHraHHeM 
H BbiABHraHHeM OKyAnpa AOCTHraiOT hchoto H3o6pa- 
jkchhh cneKTpa h npoeKTHpyiomerocH na neM H3o6pa- 
2K6HHH HIKaAbl.

YcTaHOBHB cneKTpocKon, npHCTynaiOT k onpeAeAe- 
hhk) cneKTpa norAomeHHH nnrMeHTOB. JIah stofo 
nepeA meAbio cneKTpocKona noMemaiOT npo6npKy 
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piriiiic c iiJiocKonapajiJiejibHMMH CTeHKaMii) c pacr- 
iini'MenTOB. Ilpo6HpKy yKpenjiHiOT b jianKe 

Iihii iiiiiu. 3apncoBbiBaiOT cneKTp n OTMenaiOT nojio- 
mi'iiiic b neM TeMHbix nojioc, cooTBeTCTByioiu.Hx ynacT- 
kAM encKTpa, KOTOpbie norjiomaioTCfl ahhhmm pacT- 
WupoM.

OnbiT 3
PaadeAeHue nuzMeHToe no Kpaycy

McTOA 0CH0B3H Ha pa3JIHHHOH paCTBOpHMOCTH 
lllll MCIITOB B CnnpTe H 6eH3HHe. CpOACTBO HHTMeHTOB 
h iiojHipiibiM (cnnpT, apeTOH) h HenojiapHbiM (6en- 
min) pacTBopiiTejiHM onpeAeJiaeTCH CTeneHtio hx no- 
/iupiiocTH. KcaHTOiJJHjinbi, coAepMamne abc hjih 6o- 
/irv iiojinpHbix rpynn, xopomo pacTBOpHMbi b cnnpTe, 
n ro iipeMH KaK KapoTHH OTAHnaeTCH 6ojiee bmcokhm 
i poACTBOM K 6eH3HHy. OHTOAbHMft 0CT3T0K B MOAe- 
kvjic xAopocJiHAAa npeACTaBAHeT ee THApo4>o6Hyio 
•HH 11> H 06yCA0BAHBaeT BO3MO?KHOCTb B33HM0AeftCT- 
iiiin MOAeKyAbi nHTMeHTa c 6eH3HH0M. VAaAeHHe <Jih- 
IIUIII npH OMblACHHH XAOpOljlHAAa yBeAHHHBaeT CpOA-
< IIIO HHTMeHTa K HOAHpHblM paCTBOpHTCAHM.

Xod paSoTbi. B npo6npKy HaAHBaiOT 2—3 ma 
i lllipTOBOH BMTHJKKH HHTMeHTOB, HpH^aBAHIOT HpH- 
Mcpno noAyTopHbiH o6-beM 6eH3HHa h necKOAbKO Ka- 
iicjii, boah, aah toto HTo6bi cnnpT ne cMemHBaACH
< 6eiI3HHOM. npo6HpKy 33KpbIBaiOT H HeCKOAbKO pa3 
CHJIbHO BCTpHXHBaiOT, a 3HT6M ASIOT 2—3 MHH HO-
< lOHTb. FIpOHCXOAHT pa3A6AeHHe CAOeBI BepXHHft 36- 
JICIIIJH CAOft (6eH3HHOBblft) COAepJKHT o6a 36A6HMX 
nin MeiiTa h KapoTHH, a hhikhhh nceATbift CAoft (cnnp- 
niiioft)—KcaHTOtJiiiAAbi. OnpeACAHiOT cneKTp norAO- 
memiH KcaHTOiJiHAAa. rioKaaaTeneM hhctotm OTAeAe- 
IIIIH KCailTO^IHAAa OT 36AeHMX HHTMeHTOB HBAH6TCH 
oicyTCTBiie noTAomeHHH b KpacHoft o6a3cth cneKTpa.

OnbiT 4
OMbueHue xAopocpuAAa u ordeAeHue KapOTUHa

Xod paSoTbi. B npo6npKy c 2—3 ma bmthjkkh 
iiin MeHTOB npH6aBAHK>T HecKOAbKO KaneAb 20%-hoto 
cnnpTOBoro pacTBOpa meAOHH. HaAHBaiOT 1 —1,5 ma 
6eit3HHa H ABe KanAH AHCTHAAHpoBaHHoft boam. 
CllAbHO BCTpHXHBalOT, a 33T6M A3K>T OTCTOHTbCH.
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HlIIKHHft, CnHpTOBOft, CJIoft COAepIKHT COJlb XJIOpod 
(pHJUIHHOBOft KHCJIOTbl (npOAyKT OMblJieHHH XJIOpO'l 
(jlHJIJia) H KCaHTO(|)HJIJI, BepXHHft, 6eH3HHOBblfi CJIOft, 
KapoTHH. OnpeAejiaiOT cneKTp norjiomeHHH KapOTiina

Mojkho npoH3BecTH OMbiJieHiie h nocjie pasAejie- 
iihh cjioeB no Kpaycy. npHSaBjiniOT b Ty >Ke npo6np 
Ky KyconeK cakoto kbjihh, BCTpnxHBaiOT h nadjiiOAa 
iot nepeMemeHHe xjiopo(j)Hjuia H3 Bepxneft $a3i.i 
(6eH3HH) B HHIKHIOK) (CHHpT). PeaKHHH XJIOpO(|)HJIJia 
co mejioqbio hact cjieAyioniHM o6pasoM:

COOCHg
C32H30ON4Mg/ + 2NaOH =

COOC20H39

COONa]
= CH3OHj+ C20H39OH + C32H30ON4Mg/

COONa

OnbiT 5
nojtynenue cpeocfjUTUHa u eoccTaHOBAeHue 

MeraAAOopeaHUHecKou cbabu

Xod pa6oTbt. B npo6npKy najiHBaiOT 2—3 mji 
CHHpTOBOft BblTHIKKH nHTMeHTOB H AO6aBJIHK)T 1—2 
KanjiH 10%-iiofi HCl. Hpn B36ajiTbiBaiiHH BbiTHiKKa 
CT3HOBHTCH 6ypofi BCJieACTBHe o6pa3OB3HHH npOH3- 
boahoto xjiopo(|)Hjijia — tJ)eo(|)HTHHa (b xjiopo4)Hjijie 
aTOM MarHHH 3aMem,aeTCH boaopoaom). PeaKiijiH 
HAeT no cjieAyiomeMy ypaBHeHHio:

COOCH3
C32H30ON4Mg/ +2HC1 =

COOC20H39

COOCHg
= C32H30ON4H2^ + MgCl2.

COOC20H39

K no6ypeBinefi BbiTHiKKe npH6aBAHiOT HecKOAbKO 
KpHCTaAAHKOB yKCyCHOKHCAOrO IJHHKa HAH MCAH,
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< ii" iuirpcnaiOT iia boahhoh 6ane h naSjnoAa- 
M iiuiiii ii iiiif .'iejiciioH OKpacKH SjiaroAaps Boccia-

H“ M<' I aJIJIOOpraHHHeCKOK CBH3H.

I n A n 'i a 3
< PAUHF.HHE KAHECTBEHHOTO COCTABA 
IIIIIMEHTOB 9¥KAPH0THMX
II IIPOKAPHOTHblX PACTEHHH

P«||< ll'IIIK' CMCCH HHTMeHTOB Ha OTACAbHbie KOMHO- 
**•*»• IH ll| iohoahtch c noMombio xpoMaTorpai|)HH na 
Mmti.i iiociiTejiHx-aAcop6eHTax (6yMara, caxapoaa, 
HMiiii ni'Jib, CHjiyijiOA h Ap.). ^4to6bi nnrMeHTbi pa3- 
■ic ui nu i, na cop6eHTax, ncnoAbsyiOT cncTeMy neno- 
am|hii.i\ pacTBopHTeAeH c npHMecbio onpeAeAeHHoro 
Ml‘ 01'11’1 nia IIOAHpHOrO paCTBOpHTCAH. Pa3AHHHbie 
lllll Mi ll 11,1, o6a3A3H HeOAHHaKOBOH paCTBOpHMOCTblO 
n iiniinoM pacTBopHTene h pa3Hoft aAcop6npyeMocTbio, 
in pi' iniii aiOTCH no Mepe ABHxceHHa pacTBOpHTeAH 
i p.i i ni'inoft cKopocTbio h pacnoAaraiOTCH na aACop- 
fiiilir II OTACAbHblX MeCTHX. HeM 60AbHie paCTBOpH- 
............ iiiu MeHTa b pacTBopHTeAe h qeM xyxce oh aA- 
HopAnpyeTCH AanHbiM aAcop6eHTOM, tcm 6biCTpee oh 
<• . i< i iiepeABHraTbCH h«.tcm Aanbine 6yAeT pacnona- 
IHH.I M ioiia SToro nnrMeHTa.

pa6orbi: pa3ACAHTb CMeCb HHTMeHTOB c no- 
Moiiibio xpoMaTorpa4)HH n npocAeAHTb, KaKHe cxoa- 
. imi ii pa3AHiHH HMeiOTCH b nHTMeHTHOM annapaTe 
y pn iiibix rpynn 4>ototpo4)ob.

()6t>eKT iiccAeAOBaHHH: nnrMeHTbi, BHACAeHHbie H3 
ni.i< iimx pacTeHHH, seAeHbix h cHHe-seAenbix boao- 
pocjicA *.

Xot) padoTbi.. PasACAeHHe nnrMeHTOB npoBOAHT na 
iijiiii TiniKax cHAy4)OAa pasMepoM 5x15cm. CHAy- 
• |.“ I - 3T0 HAaCTHHKH AAH TOHKOCAOHHOH XpOMaTO- 
ipiii|>ini na aAiOMHHHeBOH ^^o^Bre. B KanecTBe cop-

1 PncTBopbi nnrMeHTOB npnroTOBjimoT sapanee. IlHrMeHTbi 
HIIUH'KIIIOT H3 JIHCTbCB BblCIHHX paCT6HHH HJIH H3 OCaflKa BOflO- 
piM7i.ft cMCCbio cnnpTa c aiieTOHOM (1:3). IIojiyqeHHbifi pac- 
lllnp IIIITMCHTOB cjlHJIbTpyiOT iepe3 CTeKJIHHHblft <|)HJIbTp, 33T6M 
fiMiiiipiniaiOT pacTBopHTejiH, a ocTaTOK nnrMeHTOB pacTBopwT 
M XJK.pO(|>OpMe H XpaHHT B XOJIOAHJIbHHKe.
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6eHTa HcnojibayeTCH cnjiHKarejib, cBH3biBaiomHM bc- 
mecTBOM HBjiaeTCH KpaxMaji. MtoSbi npeAOTBpaTHTb
oKHCJieHiie xjiopo(J)Hjijia bo BpeMH pasroHKH nnrMeH-
tob, njiacTHHKy npeABapHTejibno o6pa6aTbiBaiOT 
10~2M paCTBOpOM aCKOpdHHOBOH KHCJIOTH.

Ha njiacTHHKy cnjiy^ojia c noMom,bio KanHjuiapa 
nanocHTCH BbiTH>KKa niirMeHTOB (0,05—0,15mji) no-

jiocoh 1,5 cm Ha pac- 
CTOHHHH 2 CM OT HH>K- 
nero Kpan nJiacTHHKH. 
B npouecce HaneceHHH 
BblTHJKKH njiaCTHHKy 
noAcymiiBaiOT CTpyefi 
BO3Ayxa. riocjie Hanece- 
hhh HyiKHoro oQbeMa 
BblTHJKKH nJiaCTHHKy 
noAcyniHBaiOT ao non- 
hoto HcnapenHH pacT- 
BopHTejiH h noMemaiOT 
b xpoAiaTorpaiJmqecKyio 
KaMepy, npeABapHTejib- 
ho HacbimeHHyio CMecbio 
pacTBopHTejiefi cneAyio- 
inero cocTasa: 6eH3HH, 
aueTOH, neTponefiHbifi 
stJiHp, reKcan b o6T>eM- 
HOM COOTHOHieHHH 10: 
10:3:10. Ha OAHy nnac- 
THHKy H3H0CHT BblTHJK- 
Ky HHTMeHTOB H3 BblC- 
HIHX paCTCHHfi H CHHe-

Pnc. 5. PacnpejiejieHne ot- 
HejIbHHX 3OH nHTMeHTOB BblC- 
UIHX pacTeHHH (/) H CHHe- 
3e;ieHbix Boaopocjieft (//) 
npH ipasjiejieHiHH na ciHJiy4>o- 
jie: 1 — 0-KapoTHH, 2 — sxh- 
HeHOH, 3 — (JieOCjlHTHH, 4 — 
MHHOpHHe KCaHTOljlHJIJIbl, 5 — 
xJiopocjiHJiji a, 6 — xjiopo- 
4>hjiji b, 7 — JiK>TeHH-|-3eaK- 
caHTHH, 8 — aHTepaKcaHTHii, 
9 — BHOJiaKCaHTHH, 10 — 
HeOKcaHTHH, // — MHKCO- 

KCaHTO({)HJIJI, 12 — CTapT

3ejienbix BOAopocjiefi. 
PasroHKy npOBOAHT b 
cocyAax c hjiotho 3a- 
KpblTOfi KpbHIIKOfi, 33- 
TeMHeHHHx Hepnofi 6y- 
Marofi. Flocjie toto KaK 
(ppOHT paCTBOpHTejIH 
HOAHHMeTCH BBepx, He 
AOXOAH 2 CM AO Kpan 
HAaCTHHKII, xpOMaTO- 
rpaMMy BbiHHMaiOT n 
BbicyinHBaiOT b CTpye 
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|ihi i\ x.i PaccMaTpiiBaercH, KaKne cxoxcTBa h ipaa-j 
AH'iiin itMeiOTCH b nHTMeHTHOM annapaTe y bthx AByx 

ftiyiiii opraiiH3MOB. CxeMa pacnpeAejieHHH nnrMeHTOB 
Iuhiiiix pacTeHHH h cHHe-3ejieHbix BOAOpocjieH Ana- 
Ihii'iiii variabilis Ha njiacTHHKe CHJiyi|)OJia noKaaana 
!ln plK'. 5.

(hfiopMAeHue pa6orbi.. nojiyneHHyio xpoMaTorpaM- 
My iuiKJieHBaiOT b TeTpaAt h OTMenaiOT 3ohm mirMeH- 
Hin llojipoSno otJiopMJieHHe saAaw cm. c. 13.

3 a a a a a 4
PA3.H.EJIEHHE HHFMEHTOB METOftOM 
XPOMATOTPA<I>HH HA BYMATE
(no Jl. H. CanoJKHHKOBy) H KOJIHHECTBEHHOE 
OnPEflEJIEHHE OCHOBHblX KAPOTHHOHflOB 
3EJIEHOTO JIHCTA

lli lh pa6OTbi: OTAeAHTb KapOTHHOHAH OT XAOpO(j)HA- 
iiin ii onpeAeAHTb hx coAepxcaHHe b seAenbix ahcthhx.

()6b6KT HCCAeAOBaHHH: AHCTbH BblCIHHX paCTCHHH 
(n iiipiiMep npHMyAbi).

Xod pa6orbi. Aah peineHHH aaAann naAo noAy- 
ill II. HblTHJKKy HHTMeHTOB, OTACAHTb KapOTHH, AIOTeHH 

ii imoAaKcaHTHH, a TaKjxe onpeAeAHTb KOHH.eHTpaH.Hio 
Itilpnl IIHOHAOB.

lloAyneHue butmcku nueMeHTOB. HaBecKy AHCTbeB, 
PHiiuyio'0,5 r, TmaTeAbHO pacTHpaiOT b cyxoft 4>ap- 
ilmpoBOfi cTynKe c 1—2r 6e3BOAHoro Na2SC>4 h ne- 
iin H.III1IM KOAHnecTBOM CaCOs ao cyxoro seAenoro 
in'pniiiKa. HsMeAbneHHbift pacTHTeAbHbift MaTepnaA 
lllpl'IIOCHT Ha CTCKAHHHblft (|)HAbTp N° 3 H HaCTaHBa- 
IIII II TCHeHHe 5 MHH C 3—5 MA paCTBOpHTCAH (cMeCb 
>i njionoro cnnpTa h aiieTOHa b OTHoineHHH 3:1). He- 
||" II.HIIIMH nopn,HHMH paCTBOpHTCAH H3 paCTHTCAbHO-
10 llopOIHKa Ha 4)HAbTpe BblMblBaiOT BCC HHTMeHTbl
11 npofinpKy, BCTaBAeHHyio b KOASy ByH3ena. JJah 
OKOII'iaTCAbHOft 3KCTpaKHHH HHTMeHTOB HOpOIHOK HpO- 
MI.III.IIOT nopUHeft 3THAOBOTO 3(j)Hpa h o6m.iift o6beM 
ii" rpaKTa b npo^HpKe aoboaht pacTBopHTeAeM ao 
10 mji. 3KCTpaKT coAep>KHT cyMMy seAenbix h x<eATbix 
iunMeiiTOB.

OrdCACHue KapoTUHa, AfQTeuua u euoAaKcaHTUHa.
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Ha ABa jincTa xpoMaTorpatjiHqecKOfi 6yMarn (jichhh- 
rpaACKaa SbiCTpaa) pasMepoM 16X16cm Ha pac» 
ctohhhh 2 cm ot HHJKHero Kpaa nojiocoft 12 CM na 
hocht no 1 mji nojiyqeHHoft bhthxkh nHTMeHTon 
B npouecce HaneceHHH SyMary noncyinHBaiOT CTpyeA 
Boaayxa. Flocjie HaHeceHHH blithjkkh dyMary xoponio 
noAcyniHBaiOT ao hojihoto HcnapeiiHH pacTBopHTejisi, 
CBepTbiBaiOT b U.HJIHHAP (coejjHHHH BepxHHe Kpan 6y

MeHTOB na 6yMa>KHoft xpoMa- 
TorpaMMe: 1 — KapoTHH, 2 — 
JHOTeHH, 3 — BHOJiaKCaHTHH, 
4 — xJiopo4>HJui a, 5 — xjio- 

potJiHJiJi b, 6 — CTapT

MarH cKpenKoft) h noMemaiOT b xpoMaTorpa4)HnecKyio 
KaMepy ajih pasroiiKH.

B KaMepy npejiBapHTejibHO (sa 15 mhh) HajiHBa- 
k>t 30 mji 6eH3Oji-neTpojieftHbift atjiHp (b o6i>eMHOM 
COOTHOineHHH 2:1). ypOBeHb paCTBOpHTeJIH AOJIJKeH 
6biTb HHxce HaneceHHoft nojiocbi nHTMeHTOB. KaMepy 
njioTHO 3aKpbiBaiOT KpbiniKoft ii saTeMHnioT nepHoft 
6yMaroft. Mepes 20—30 mhh, Koma (jipoHT pacTBopn- 
Tejin noAHHMeTcii Ha 12 cm h 6yaeT bhaho ueTKoe 
pa3AejieHHe nnrMeHTOB, xpoMaTorpaMMy BbiHHMaioT 
h noAcymHBaiOT. OTAejibHbie 3OHbi nnrMeHTOB pacno- 
JiaraiOTCH b cjie.nyioiii.eM nopnAKe (pnc. 6).

OnpedejieHtie KOHneHTpau^uu KapoTtiHoudoe. Ok- 
pameHHbie nojiocbi, cooTBeTCTByioiHHe KapoTHHy h 
KCaHTOljlHJIJiaM (jIIOTeHH-]-BHOJiaKCaHTHH), Bbipe3aK)T 
c AByx xpoMaTorpaMM, 3ohh OAHOHMeHHHx nHTMeH' 
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IM "H iiiiimiot, n.3Mejib'iaioT h noweinaiOT b ABa xn- 
i n cniKana (b oahh — 30hbi KapoTHHa, b #py- 

M lonhi .'iK ircmia ii BHOJiaKcaHTHna BMecTe). Ajih 
^Viiik ii > iii>hiiii HHTMeHTOB H3MejibneHHyio SyMary 
|HiiI lllll\ ()6pa6aTbIBaiOT 3THJI0BHIM 3(|)HpOM (1 MJl) 
■ iiiii ■h ii 11.1 .iaTeM ajiioHpyiOT cMecbio cnnpT — au,e- 
loil l l .1), 1’aCTBOpHTCJIb npHdaBJISIIOT HedOAblHHMH 
■Miiiiiiimii, nacTatiBaiOT 3 mhh h (JiHjibTpyiOT b Mep- 
M|n nportnpKy, noBTopna SKCTpaKniiio ao nojiHoro 
Mih n 'H iiini iiHTMeHTOB. O&beM ajnoaTa aoboaht ao 
III MJI.

' »111 ll'ICCKyiO HAOTHOCTb paCTBOpOB KapOTHHa H 
kfflll I' >i|)ll JIJIOB H3MepHK)T H3 (J)OT03AeKTpOKOAOpHMeT- 
|IF , rlfllllM CBeTOfjlHAbTpOM. KOHH.eHTpaiI.HK) HHTMeH- 
imi iuipeACAHiOT no KajiHdpoBOHHoii kphboh h pac- 
•........ . coAepxcaHHe nnrMeHTOB b 1 r cbipon Mac-
IM ikiiHH. JlaHHbie onbiTOB noMemaiOT b TaSAHiiy 
(lnflji. 5).

Tafijimia 5

1‘o.il/Ahmambi KOJiuHecmeeHHOzo onpedejieHun Kapomunoudoa

3 a « a <i a 5

OnPEflEJIEHME HHTEHCHBHOCTH 
0OTOCHHTE3A

71aH XapaKTepiICTHKH HHTeHCIIBHOCTH (|)0T0CHHTe- 
i.i MoryT 6biTb ncn0Ab30BaHbi pa3Hbie noKasaTeAii: 
iiirieiicHBiiocTb rasoodMena, yqeT HaKonAeHHH accn- 
mil'iiitob b pacTeHHHx, SHepreTHHecKaH 9(})({)eKTHB-
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HOCTb ^OTOCHHTeaa, aKTHBHOCTb OTAeAbHblX 3BeHbelt 
MPTnnH^Le3n “ AP‘ Hail60JIee paCHpOCTpaHeHHblM II 
MeTOAaMII OlieHKH CyMMapHOH IIHTeHCIIBHOCTH (bOTO 
CHHTeaa hbji5hotcji raaoMeTpHqecKiie, ocnoBaHHbie na 
yneTe KOjnniecTBa norjionieHHOH yrjieKiicaoTbi haii 
BbiflejieHHoro KHcjiopoAa: onpeAejieniie hhtchchbho- 
cth (JioTOCHHTeaa c noMombio HHtJipaKpacHbix ra3o- 
anajiHaaTopoB, MaHOMeTpnqecKHfi mctoa Bap6vpra 
pajjHoyrJiepoAHbiH, KaTapoMerpHqecKHft h sjieKTpo- 
XHMHnecKHe MeTOAbi, a TaK>Ke PhA Apyrnx. Bbi6oi> 
toto hjih HHoro MeTOAa shbhcht ot hcjih pafioTbi 
H HajIHHHH TOH HJIH IIHOfi Jia6opaTOPHOH TCXHHKH.

iixe 6ojiee hoaPo6ho onncaii MaHOMeTpnqecKHfi 
MeTOA, KOTopbiH B HacToamee BpeMH UIHpOKO npiiMe- 
hhiot ajih onpeAejieHHH hhtchciibhocth (hoTocHHTeaa

MaHOMCTpHnecKHH MeTOA, pa3pa6oTaHHbiH neMeu- 
khm yqeHHM Bap6yproM, Hameji mnpoKoe npiiMene- 

He npn ii3yqeHHH npoueccoB, npoTeKaroiijHx c bh- 
AeaeHHeM hah norjiomeHHeM ra3oB (AbixaHiie, (boTo- 
eHHTe3 onpeAejieHHe aKTiiBHoc™ neKOTopbix cbep- 
MeHTOB). npiiHmin MeTOAa saKjironaeTCH b onpeAejie- 
HHH KojinwecTBa BbiAeAeHHoro hjih norjiomeHHOro 

6-beKTOM ra3a no HSMeneHHro AaBjieHHa B 3aMKHyTOM 
npocTpaneTBe npn hoctohhhom 06-beMe h TeMnepa- 
ype. Bojiee noApo6no MaHOMeTpnqecKiifi mctoa onn- 

caH B pa3AeJie «£bixaHiie». Hhjkc hPhboahtch jihhih 
PeKOMeHAauHH, KOTopbie Heo6xoAHMo co6A!OAaTb npn 
H3yqeHIIII HHTeilCIIBHOCTH <j)OTOCHHTe3a. F
ibemlrrn0;'1™ B *0T0CH»Te3e nponcxoAHT hotao- 
U e„He CO2 II BbiAeAenne O2. HcnoAb3yn ManoMeT- 
PWIO AAH oiieHKH HHT6HCHBHOCTH (j)0T0CHHTe3a Heo6- 
X Aiimo c03AaTb Taroie ycAOBHH, npn KOToPbix AaBAe- 

h ra3l B0 BpeMH onbITa OCTaeTCH nOCTOHH.
hhim. O6biqno <t)0T0CHHTe3 yqHTbiBaeTCH no BbiAeAe- 
nonn ^2’ a K0HU'eHTPaPH51 CO2 b Bo3AywHofi 4>a3e 
HOAAepjKHBaeTCH nocTOHHHofi 6Aar0AaPH npHMeneHHio

HX 6y*ePHbIX CMece»- Han6oAee iiihPoko 
np iMeiiHroTCH Kap6oHaTHo-6HKap6oHaTHbie SyijiepHbie 
N-iIir°nbI Bap6yPra’ eocTOHmHe h3 Na2CO3 h 
£a» ICO3 coaAaromne onpeAeAeHHbie ROHijeHTpaiiHH 
Pa.H(oLPaCTBr^e H B BO3AyiUHofl <Me (Ta6.£. 6). 
3ofi v C°2 MeJKAy PacTB0P°M H rasoBofi (Jia- 
aon ycTanaBAHBaeTCH no cxeMe:

TaCnHiia 6

KoHUeHmpat]Uft CO2, noddepMuaaeMaJt6ycpepHbiMU cmbmimu
Bapfiypsa npu 25

KoitiKHTpaUHn, 
MOJIb/jl

PH
CMCCH

KOHiieHTpaijHfl 
CO2 b 6y4>ep- 

HOft CMCCH, 
MOJIb/jI

KOHU,eHTpaiI,HSI COa B BO3AYUI- 
HOfi 4>a3e

1 
«

mt/ji %NaHCO,

1

n
t

I1,1

0,085 
0,080 
0,075 
0,070 
0,060 
0,050 
0.035 
0,025
0,015 
11,010 
0,005

0,015 
0,020 
0,025 
0,030 
0,040 
0,050 
0,065 
0,075 
0,085 
0,090 
0,095

10,8
10,7
10,5
10,4
10,2
10,1
9,8
9,6
9,4
9,2
8,8

0,53-10-» 
1,0-10-’
1.7- 10-’ 
2.6-10’’ 
5,3-10-’
9.8- 10-’ 
23-10-’ 
43-10"’ 
91-10-’ 
150-10-’ 
330-10-’

0,64-10-’ 
1,2-10-’ 
2,0-10-’ 
3,1-10-’ 
6,4-10-’

11.8- 10-'
27.8- 10-’ 
52-10-' 
119-10-’ 
180-10-« 
400-10*'

0,03 
0,05 
0,09 
0,13 
0,28 
0,52 
1,20 
2,30 
4,85 
7,90 

17,60

0,0016 
0,0030 
0,0050 
0,0077 
0,0158 
0,0292 
0,0685 
0,1280 
0,2720 
0,4470 
0,9850

COa (ra3) ^CO, (pacTBop) ^ H2CO8 Zt

+ H+ + HCO3 2H+ + COr.

KpoMe BbiineyKa3aHHbix npnMeHHioTCH eme TaK 
....ntaeMbie CO2-6y4)epw, cocTOHinne b ochobhomiH3 

, ocaiiiipHHH THna AH9TaH0AaMHHa. Ohh cnocoOHH 
,,<> i /i.cp»HBaTb nocTOHHHyro KOHHeHTpamiro CO2 b 
iipc iejiax ot 1 ao 5%-

](AH onpeAeAeHHH (|)OTOCHHTe3a naseMHbix pacre- 
unfi iico6xoahmo Bbi6paTb 6y(|)epHyro cMecb, nPH ko- 
lopofi lIOTAOmeHHe CO2 H3 BO3AyiHHOH 4)33« ypaBHO- 
nciiiiiBaeTCH ee nocTynAeHHeM H3 pacTBOpa. JIah sto- 
IO OlipeAeAHIOT 4)OTOCHHTe3 OHblTHOTO OO-beKTa B 
I............ cncTeMe 6y4)ePOB h Bbi6HParoT 6y4)ePHbifi

uiop, o6ecneqHBaroiHHH MaKCHMaAbnoe 3naqeHHe 
............. npeABapHTeAbHO hPoboaht TaK>Ke bu- 
6op OIITIIMaAbHOH nAOIHaAH AHCTa.

UeAb pa60Tbt: onpeAeAHTb HHTeHCHBHOCjb 4>oto- 
. niticta pacTeHHft pasnbix onbiTHbix BapnaHTOB.

Ofi'bCKT HCCAeAOBaHHH’. AHCTbH Ha3BMHbIX paCTC- 
llllft HJIII cyciieH3HH BOAopocAeft-
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Xod pa6orbi. B aaBncnMOCTH ot KOHCTpyKiiiin 11 
ofiteMa cocyAHKOB najiHBaiOT Ty/ia onpeAejieHiibiii 
o6"beM (5—10 mji) BbiSpaHHoii SycfiepHOH cmcch. Bi>i 
cenKH hjih HeSojibniHe KyconKH jiHCTbeB noMemaior 
na ceTice hjih cnemiajibHbix njiacTHHKax na/i 6y4ie- 
poM. BoAOpocjni mojkho norpyxaTb npaMO b 6y4>e]> 
Hbifi pacTBop. OAHOBpeMeHiio cthbht TepMo6apoMer- 
pbl H COCyAHKH AJIH OHpeACAeHHH HHTeHCHBHOCTII 
AbixaHHH. B TepMo6apoMeTpbi najiHBaiOT tot ikc 
o6i>eM 6y4>epHoro pacTBopa, hto h b onbiTHbie cocy- 
AHKH. JXaH OnpeAejieHHH HHTeHCIIBHOCTH AblXaHHH co- 
cyAHKii c 6y4>epHbiM pacTBopoM h pacTHTenbHbiM Ma- 
TepnajioM aaKpbiBaioT ot ocBemeHHH qepHHMH nex- 
A3MH.

ManoMeTpbi c cocyAHKaMH noMemaiOT b narpe- 
Tyio ao onpeAejieHHOH TeMnepaTypbi Banny (o6biqno 
25°), BKjnonaiOT KanaHHe h TepMOCTaTHpyioT c otkpbi- 
thmh KpanaMii b TeneHHe 30 mhh 6e3 ocBemeHHH 
AAH BbipaBHHBaHHH TCMnepaTypbl H HaCbimeHHH BO3- 
AymHOH 4>a3bi cocyAHKa yrjieKHCJiOTOH. 3aTeM bkaio- 
naiOT cbct h KanaiOT ManoMeTpbi c OTKpbiTMMH Kpa- 
naMH em,e 10 mhh ahh aocthjkchhh CTauHonapHoro 
COCTOHHHH ^OTOCHHTesa. IlOCne 9T0T0 ypOBCHb JKHA- 
kocth b npaBOM Konene aoboaht ao HyneBoS tohkh, 
3aKpbiBaiOT Kpan h oTMenaiOT hcxoahob nonoiKeHHe 
MaHOMeTpHHeCKOH JKHAKOCTH B JI6BOM OTKpblTOM KO- 
Aene. OTcneTbi AejiaiOT nepea 10-MHiiyTHbie HHTepBa- 
Jibi b TeneHHe 30—60 mhh, npnqeM nepeA KaiKAbiM 
OTcqeTOM ypoBenb jkhakocth b npaBOM KOJiene Mano- 
MeTpa ycTanaBAHBaiOT na hcxoahoh tohkc, a Aannbie 
6epyT no jicboh niKaAe.

PlHTeHCHBHOCTb ^^OTOCHHTeSa BblpaiKaeTCH KOAH- 
qecTBOM KHCJiopoAa (b ma hah mt) , BbiAeAeHHoro 
pacTHTeAbHbiM o6i>eKTOM Ha eAHHHuy Maccbi (1 r) 
hah nAomaAii (1 am2) 3a eAHHimy BpeMeiiH (1 q). 
PacqeTbi h 4>°PMa aanHcii npHBeAeHbi b pasAeAe 
«X(bixaHHe» (c. 78). CqHTaa 4ioTOcHHTeTHqecKHH ko- 
34>4>IIUHeHT O2/CO2=1, MOIKHO HOIIHTb, HTO KOAH- 
qecTBo BbiAeAeHHoro b onbrre O2 paBHO KOAHqecTBy 
norAoiijeHHOH CO2. 3naH KOAHqecTBo mhaahahtpob 
norAomeiiHOH b onbiTe yrneKHCAOTbi, mojkho nepe- 
BeCTH HX B eAHHHIIbl MaCCbl (Macca 1 A CO2 COCTaB- 
AHeT 1,9768 r).
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II iMi'itciiKn b ra30B0M cocTaBe, KOTopbie naSjiio- 
Jhimi. >i npii ocBemeHHH pacTeHHH, xapaKTepnsyiOT 

H>|IIM\IO IIIITCHCHBHOCTb aCCHMHJIHII,HH. fljIH paCHCTa 
■ iiiiiiinio <|)0T0CHHTe3a k 3thm SHaneHHHM cjieAyeT 
■n<)niiii n> KOjnmecTBo CO2, BbiAejieHiioro 3a sto

11 npopecce AbixanHH.
< h/iopMAeHue pa6orbi. PesyjibTaTbi npeACTaBJiaiOT 

| irtO,>iiine. noApoSno otjiopMjieHHe saAann cm. c. 13.

3 a a a m a 6
OHPEAEJIEHHE *OTOXHMHMECKOH 
AKTHBHOCTH XJIOPOHJIACTOB

lh'|iiui'iiibie (JiOTOXHMHHecKHe peaKHHH ocymecTBjia- 
iin >1 c ynacTHeM BoaSyjKAeniibix MOJieKyji xjiopo- 
»|«H I I.I II COnpHJKeHbl C nOTOKOM SJieKTpOHOB OT BO- 
rtu • noiiopa sjieKTpoHOB k coeAHHenHHM c dojiee 
ibl'i'MIM BOCCTaHOBHTejIbHblM HOTeHLI,HajIOM. TaKHM 
I|G|I|| IOM, 9HeprHM KB3HT0B HCHOJIbSyeTCH AJIH nOA'b- 
»Mil IJieKTpOHOB «BBepX» HpOTHB TepMOAHHaMHHCC- 
kmo noTeniiHajia. SneprHH sjieKTponoB Hcnojib3yeT- 
111 11 nenn nocjieAOBaTejibHbix OKHcjiHTejibno-BOccTa- 
iioiunejibHbix peaKiiHH, b pesyjibTaTe KOTOpbix o6pa- 
tytoicH BoccTanoBJieHHbie coeAHHeHiin (AT<f>,
ifl), 3tH COeAHHeHHH HBJIHIOTCH nepBblMH CTadHJIb- 

II 1.1 MII «KOHCepB3TOpaMH» CBeTOBOH SHeprHH.
MiioroHHCJieHHbie SKcnepHMeHTajibiibie AaHHbie, 

liojiyieHHbie b nocjieAnee BpeMH, hosbojihjih no- 
1 ipoiirb cxeMbi nepBHHHbix (JjOTOXHMHqecKHx peaKiinft 
i|niTociniTe3a. Handojiee npnsnaHHan cxeMa (Jiotoxh- 
MII'ICCKHX peaKUHH BblCHIHX paCTCHHH II BOAopocjieii 
(Z cxcMa) npHBeAena na pnc. 7. Ona BKJHonaeT ABe 
iiocjieAOBaTejibHo npOTeKaiomHe (JiOTOXHMHHecKHe pe- 
iikuiih, KOTopbie ocymecTBjiniOTCH 3a cneT cbctoboh 
mivprnn, norjioinaeMoii AByMH pasnbiMH <|)OTOCHCTe- 
miimii: <t>C-I — ajihhhobojihoboh, BO36yx<AaeMOH AaJib- 
iiiim KpacHbiM CBeTOM, c xjiopo(J)HjijioM LItoo b peaK- 
llllllllIIOM ipeHTpe, H OC-II — KOpOTKOBOJIHOBOH, BO3- 

zK laeMOH CB6T0M C AJIHHOH BOJIHbl 680 HM. ^Be 
<|>i>K)CIICTeMbI OCymeCTBJIHIOT pa3JIHHHbie (JiyHKIIHH. 
C (|)yiiKHHOHHpoBanHeM OC-I conpniKeHbi peaKUHH 
IIIIKJIII'ieCKOrO 4>OTO(|)Oc4)OpHJIHpOBaHHH H CO3A3HHH
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MOlUHOro BOCCTaHOBHTejIfl, B TO BpeMfl K3K O( II 
cBflaana c peaKU,HAMH ^otookhcjichhh boabi. Hpojiyio 
tbi, odpasyiomHecfl npn BO36y>KAeHHH OC-II, hciiojim 
ayiOTCfl b peaKHHflx, conpflweHHbix c <I>C-I. Baanwu 
AeficTBHe AByx (JiOTOCHCTeM ocymecTBJifleTCfl 'iepc i

Phc. 7. CxeMa ^OTOxHMmecKHx peaKijHft xjioponjiac- 
tob npn 4>0T0CHHTeae: — 4>epPeAOKCHH; 6559, f —
HHTOxpoMu; IIX — nJiacTOXHHOH; nU, — iwiacTOiiHaHHH; 
$11 (<I>A-HA/l<I>-peAyKTa3a) AXOHC>Na — ahxjiop- 
4ieHOJiHiHAo4>eHOJiNa, Y, Q, Z — neHAeiiTHcJiHUHpoBaH-

Hbie nepeHocHHKii

npoMejKyTOHHbie KOMnoneHTbi ajieKTpoHTpancnopTHoft 
yenH.

B cpOTopeaKquu I ajieKTpon, yAajieHHbifi ot bos- 
6yn<AeHHofi cBeTOM MOJieKyjibi xjiopotJiHJijia, npHBO- 
AHT K BOCCTaHOBJieHHK) (JieppeAOKCHHa H 06pa30B3HHI0 

HojioxKHTeJibHO 3apn>KeHHaH MOJieKyjia 
xjiopoijjHjijia BocnpHHHMaeT ajieKTpon ot 6jiH3Jie?Ka- 
HJHX AOHOpOB, nepBHM H3 KOTOpblX, HO-BHAHMOMy, 
flBJIflCTCfl UHTOXpOM f. HHTOXpOM f aKH.eHTHpyeT
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"r Apyroro nepenocHHKa, KOTOpbin, b cboio 
K||u ii., uoccTanaBJiHBaeTca 3a c>ieT ojieKTpoHa cjie- 
^Bhik io nepenocHHKa h t. a. Cbct, norjiomaeMOH 
■( |, nojiiiHMaeT noTeHiiHaji ajieKTpona ot ypoBHH 
■ffOMiioMu f (Ero=O,37 B) ao ypoBiia (jieppeAOKCH- 
•.. (I 0,43 B), KOTopbifi 3aTeM BOCCTanaBjiHBa- 
»< iia/io.

I II <|)(»TopeaKiiHH II sjieKTpoH, yAajieHHbiH ot 4»oto-
Iliyili (CIIHOH MOJieKyjIbl XJIOpO(|)HJIJia, BOCHpHHH- 

Mhi i.ii ai<iienTopoM njiacTOXHHOHOM A (hjih cocah- 
M»hih m Q) h BoccTaHaBJiHBaeT ero. Mojiexyjia xjio- 
Eiii|iiijuia B03BpamaeTca b ncxoAHoe nojio>KeHHe, boc- 
|iiiii»iii gjieKTpoH ot BOAbi (01+). OKHCJieHiie boau 

miinoAiiT k BHAeJieHHio MOJieKyjiapHoro KHCJiopoAa. 
4||< ||| CTHieCKHH HOTeHH,HajI 3JI6KTpOHa HOBblHiaeTCH 
ii> ypoBHH boabi (Ero= +0,81 B) ao ypoBHa njiacTO- 
au...... .. A (E^o^+0,01 B) hjiii 6jih3koto k HeMy no
iiiiiciiUHaay coeAHHenHH Q. 3aTeM nepe3 pHA tcm- 
IIIIIII.IX OKHCJIHTejIbHO-BOCCTaHOBHTCJIbHblX peaKH,HH 
•jifKrpoH nepeHOCHTCH k n,HT0xp0My f (Ero= 
■ | 0,37 B). Ha stom ynacTKe ajieKTpoHTpancnopT- 
llnll uenn IIpOHCXOAHT «CnyCK SJieKTpOHOB BHH3» 
(jJlCKTpOHM ABHJKyTCH HO rpaAlieHTy OKHCJIHTCJIbHO- 
i»<h (raiioBHTejibHoro noTenuHajia). 3a chct aneprHH, 
iii.iaejiHiom,eHC5i na stom nyTH nepenoca, ofipaayiOTCH 
MojieKyjibi AT<P.

laKHM o6pa3OM, b o6enx cjioTopeaKUHSx nponc- 
XOAHt aanacaHHe SHeprHH, a na yqacTKe n,enH ot 

\iijiucTOXHHOHa ao UHTOxpoMa f — ocBo6o>KAeHHe ee. 
(i6pa3OBaBHiHeca MOJieKyjibi HAJI^-H h ATO, b ko- 
inpbix cseTOBaa aneprHH npeo6pa3OBaHa h «3anace- 
iin» b BHAe xHMHnecKOH SHeprHH, yqacTByiOT b nocjie- 
ayiouiHx TeMHOBbix peaKUHHX BOccTanoBjieHHH CO2.

B HacTOHmee BpeMH AOKasano, hto H3OJiHpoBan- 
II140 XJIOponJiaCTbl HBJIHIOTCH nOJIHOIieHHblMH 4>oto- 
< IIHTeTHHeCKHMH CTpyKTypaMH H choco6hm OCymeCT- 
tuiHTb Bce STanbi (jiOTOCHHTesa. CBeTOBbie iJiotoxiimh- 
'iecKHe peaKHiiH nponcxoAHT b HHTMeHTCOAep>KamHX 
MCM6panHbix CTpyKTypax njiacTHA, 4)HKcan,HH CO2 
n TeMiioBbie 3H3HMaTH<iecKHe peaKiiHH npoTeKaiOT b 
ochobhom b cTpoMe xjioponjiacTOB, rAe cocpeAOToqe- 
llbl II COOTBeTCTByiOmHe (JiepMeHTHbie CHCTeMbl.

Oahhm H3 noKasaTejieii (JiOTOXHMHnecKOH aKTHB-
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hocth xjioponjiacTOB HBJuieTCH peaKiinji Xnjuia. Onn 
npeACTaBjiHeT co6oft komhjickc HanajibHbix CTaanft 
(JiOTOCHHTeaa, cBHaaiiHbix c cJjoTooKiicjieHneM boaij. 
B KOTOpHX M06HJIH30BaHHbie H3 boah npn yqacTiut 
OC-II ajieKTpoHbi HanpaBjmiOTCH na BOccTaHOBjiemie 
BBeACHHbix b peaKiiHOHHyio cMecb aKiienTopoB ajieKi- 
poHOB. ^OTOBoccTaiiOBjieHiie aKiienropoB conpoBoiK- 
AaeTcn BHAejieHiieM O2

2H2O + 2A-^-T->2H2A + O2,

rxe A — aKiienTOp e.
Ora peaKHHn 6biJia OTKpHTa b 1937 r. anrjinqa- 

hhhom Xhjijiom h Ha3Bana no ero hmchii. Xhjwi 06- 
HapyjKiiji, hto HsojiiipoBaHHbie xjioponjiacTH cnoco6- 
hh npn ocBemeHHH BoccTaHaBjiiiBaTb xcejieao (Fe3+-> 
->Fe2+), OAHOBpeMeiiHO BbiAejinn KiicjiopoA. B Aajib- 
HefinieM 6hjio noKasano, hto iisojiHpoBaHHbie xjiopo- 
HJiacTH MoryT BOccTaHaBjiiiBaTb na CBeTy ne tojibko 
JKejieso, ho h pHA Apyrnx coeAHHeinift: OKHCJiiiTejib- 
HO-BOCCTaHOBHTejIbllbie IIIIAHKaTOpbl, 6eH3OXHHOH, 
a Taxxce ecTecTBeHiibift aKixenTOp sjieKTponoB — 
HA£+. Thkhm o6pa3OM, peaKiina Xnjuia, b KOTOpofi 
xjioponjiacTH npoBOAHT paajioxceHiie boah h boccth- 
naBjiHBaiOT KaKofi-jin6o Apyrofi OKHCJiiiTejib, Ao6aB- 
jienHbifi H3BHe, npeACTaBjmeT co6ofi Han6ojiee npoc- 
TyiO MOACJIb nepBHHHHX (JlOTOXHMimeCKHX CT3AHI1 
(J)OTOCHHTe3a.

B OTHOHieiiHH CneKTpOB AefiCTBIIH, HyBCTBHTejIb- 
HOCTH K CneilHlJlHqeCKHM HHTH^HTOpaM II pa3JIHHHHM 
4>H3HqeCKHM II XHMIiqeCKIIM (JiaKTOpaM, peaKH.HH XlIJI- 
Jia BecbMa cxoAHa c npopeccaMH (JiorocHHTesa b ue- 
jiom. noaTOMy peaKiiHio Xnjuia HcnoJibsyiOT b Ka- 
necTBe (})H3HOJiorHqecKofi xapaKTepncTiiKH coctohhhh 
(JlOTOCHHTeTHqeCKOft CHCTCMH paCTeHHH.

B COOTBeTCTBHII C OCO6eHHOCTHMII MeX3HH3Ma (J)O- 
TOCHHTeTHHeCKOfi aCCHMHJIHIIJlH CO2 BCe BHCHIHe pac- 
TeHHH AeJiHTCH na ABe rpynnbi. K nepBoft rpynne 
OTHOCHTCH paCTCHHH, y KOTOpHX aCCHMHJIJIIIHH CO2 
npH (J)OTOCHHTe3e nponcxoAHT b miKJie KajibBHna h 
nepBHM CTa6HJIbHHM COeAHHeHHeM HBJIHeTCH Tpex- 
yrjiepoAHoe coeAHHeHiie — (poctJjorjiHHepHHOBan khc- 
JiOTa. 3to — Ca-nyTb. Ko BTOpofi rpynne othochtch 

62



Mfmniit, KOTopbie nepBonaiajibiio (JniKCnpyiOT C02 
■|iiii.i|'i'\yrjiepoAHbie acnapaniHOByio hjih HSjio'iHyio 

n 3aTeM 3Ty >Ke yrjieKiicjiOTy BiioBb ycBan- 
Kmh, iio y>i<e nepea hhkji KajibBHHa. 3to — CriiyTb, 
Li HitKJi XaT'ia—Cji3Ka. AKuenTopoM CO2 b uhkjic 

i Cji3Ka cjiyiKHT (JiociJioenojiniipoBHHorpaAHaH 
»h< <"i.i (0En). BKJiKHieHHe CO2 ocymecTBjineTcsi 
i|H ilKHHH p-Kap6OKCHJHipOBaHHH OEII C nOMOLUblO 

f|iMriiTa <PEFI-Kap6oKCHJia3bi. BnepBbie stot nyTb 
liin iiniiii yrjiepoaa 6hji o6napy>KCii b 1965 r. aBCT- 
DJiiilh'KiiMn yqeHbiMii XsTueM n Cjiskom y neKOTO- 
14« I pOIIIHieCKHX 3JI3K0B. K C^-paCTCHIIHM OTHOCHTCH 
Hi IClHIH, ClJlOpMHpOBaBnineCH B CXOAHblX aKOJiorHHe- 

iioi' ycjioBHHX apHAHbix TponiiqecKHx o6jiacTen. Th- 
nii'iiii.iMif npeACTaBHTeAHMH 3toh rpynnbi pacTeHiifi 
mniiioicH caxapiibin tpocthhk, npoco, copro, KyKy- 
ElA. CxeMa, OTpaiKaiomaa ocHOBHbie nyTii CrMera- 
Bojih iMa, npHBeAena na pnc. 8.

II 'ICM 3aKAIOliaeTC5I 4»I3IIOJIOrH'ieCKHH CMblCJI 
iiiinia XsTia — CjisKa?

OcllOBHOfi (jiaKTOp, AHMIITHpyiOUIHH CKOpOCTb $0- 
|||| llll IC3a, — HII3K3H KOHIieHTpaUHH CO2 B BO3Ayxe 
(I),o:l%) II ee MeAJieHHaa AH(J)4)y3HH b kactkh h xao- 
■OIIJincTbi pacTemiH. C^-pacTeiiHH no gKonorHqecKOMy 
ii|"HICXO>KAeHHIO HBJIHIOTCH 06lITaTejIHMH Tenjibix H 
IVXIIX paHOHOB. B TaKHX yCAOBHHX paCTBOpiIMOCTb 
<‘<» . .nia'iHTejibiio cHiixaeTCH. riosTOMy Kap6oKCiiAH- 
|iiMianHe MO/KCT OTCTaBaTb ot cBeTOBbix peaKii.nfi $0- 
|lirilllTC3a H CT3H0BHTCH «y3KHM M6CT0M», JIHMHTH- 
pyiomHM (j>OTOCIIHTe3 B H,eAOM. OAHaKO CKOpOCTb 
i|ioT()ciiHTe3a CrpacTeiiHH ne ciiHxaeTCH 6jiaroAapH 
loMy, 'ITO CBH3bIB3HHe CO2 C <PEn KaT3AH3HpyeTCH 
||H'PMCHTOM <PEn-Kap6OKCHJia3Ofi, KOTOpblfi H3-3a 
nojibiiioro cpoACTBa k CO2 pa6oTaeT Aaxce npn oueHb 
mriKHX KOHIXeHTpailJIHX CO2.

CjieAOBaTejibiio, ocHOBHan 4>yHKii,Ha C^-nyTH — 
hiiiineiiTpHpoBaHHe CO2 b KJieTKax Me3O(|)Hnna, hto- 
r,i.i i|)OTOCHHTe3 ne noAaBJiHACH H3-3a nexBaTKH yrjie- 
nitcjioro rasa. rio3TOMy uhkji XaTia—CjiaKa molkho 
pnccMaTpiiBaTb KaK cBoero po^a «yrjiepoAHyio hom- 
ny», iipncTaBKy k iinKny KanbBHiia, o6ecneniBaioiii,yio 
•><|>(|)CKTHBHyio pa6oTy (JjoTociiHTeTH'iecKoro annapa- 
ia. CrpacTemiH jiyqme ocTaJibHbix bhaob ncnojibsy-
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?nT™C«yaHbIe pecypcH c°2- A™ hhx xapaKTepna 
ZrL70pLcLL,,,aEc™HHH y™A p

ypojKaHHbie

Bl,l« 
nosTOMy 

co6on BbicoKo-
MHOTHe^ C^-pacTeHHH npeACTaBJiniOT 
x * f A Z”\ TTZ ••••—__k

------e KyjibTypbi.

$oc$o- 
nnpyBai- 
CHHTeTaaa

BajKHefimeH nepToii pacTennfi r- r -
jihiihh yrjiepoAa HBjiHeTCH ncnrtl C4‘nyTeM hcchmh- 
KOro CTioeHM °“„6„C",ra<:Tb =««TOMH,ec.
TOTHwcKoro annapara. Tycraa ^ceTb" Mere»* 0T°C"H' 
AHIIIHX nyqKOB oxnvwpua , CeTb MejIKHx npOBO- 
OdKJiaAKH II KOJIbHaPMii MesodiHZT^Ha napeHXHMH0fi 

o6kji34kh — reHeTHwecRir oo 17171 a' ^ajIHHHe kjiotok 
pacTeHHH. reHe™H 3aKPenjieHHbiH npii3HaK C4-

y HeKOTopbix npe/icTaBHTejieH C4-pacTeHHfi( Ha-
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y KyKypyaw, npKO Bbipaxena CTpyKTypnaa 
iihnnoiiajibHaa cnen.HaAH3aii.HH xnoponjiacTOB b 

■hiiiis ofiKJiaAKH h MeaoiJiHjijia. XjioponjiacTbi b 
|f*'l  I. I X M(‘3O(j)HAAa KOMHaKTHbie, C 60AbHIHM KOJIH- 
•ttlliiM rpail. B HHX (JiyHKHHOHIIpyiOT l\3K I, T3K H 
I «|m>iiH'itcTCMa. FpanajibHbie xjioponjiacTbi Me30- 

■lllll I’ BblCOKOII CKOpOCTblO OCymeCTBJIHIOT peaK- 
iiHki Xiuuia h Bce.jipyriie (JjOTOxiiMHHecKiie peaKijHH. 
(|Wi|iiiiijiacTbi o6kji3akh KpynHbie, aah hhx xapaK- 

t||iiin iiajiHHHe jiaMejwi h OTcyTCTBiie rpan. kl3-3a 
''.1111111 aKTHBHOCTb peaKijHH Xnjijia h ne-

^IIWlll'iri KOrO (|)OTO(J>OC(J)OpnjIHpOBaHHU B xjioponjiac- 

tflk uOhjiaAKH HeanaHHTejibHa. Jlninb na HeKOTOpbix 
■nwx oiiToreHeaa h npn bmcokoh hht6hchbhocth 
flffn na6jnoAaeTcn nesHanHTejibHaa aKTHBHsaijHH 
■f" II ;-)to cBasaHO c nosiBJieHHeM b arpanyjinpHbix 
... .......... . o6kji3akh nceBAorpaH (cnapeHHbix th- 
llfcoiiAOB, pyAHMeHTajibHbix rpan).

Ui-n> paQorbt: onpeAejniTb aKTiiBHocTb peaKixiiH 
Xh i i.i b xjioponjiacTax, BbiAeJieHHbix H3 Me3O(|)HjiJia 
H "OhJiaAKH cocyAHCTbix nynKOB. B KaaecTBe sabkt- 
ll'illilhlieilTOpHOH CHCTeMbl HCHOJIb3OBaTb 2,6-AHXJIOp- 
i|itnn i iiiHAO(t>eHOJiNa (.ZJtlJpI^Na).

<>hf,t’KT uccAedoeaHita.: KyKypysa.
\<n) paSoTbi. JJah pemeHHH aaAann hco6xoahmo 

Hiiu'iiiTb xjioponAacTH, onpeAeAHTb onTHaecKyio 
.......... cycneH3HH xAoponAacTOB, a 3aTeM cko- 
|kh n. peaKUHH Xhaah.

Hbi<)eAeHue xjioponjiacTOB. BbiAeAeHHe AByx th- 
iiihi xjioponAacTOB H3 AHCTbeB KyKypysbi ocHOBano 
II i |'.l IJIHHHOH yCTOHHHBOCTH KA6T0K O^KAaAKH H M63O- 
!•" i ia k MexaHHiecKOMy paspymeHHio. HejKHan 
ihiim. Me3O(J)HAAa paapymaeTCH AerKO, h xAOpo- 
" I " I bl BblXOAHT B CpeAy BblAeAeHHA. XJah pa3py- 
niriiioi kactok o6ka3akh Tpe6yeTCH 6oAee >KecTKoe 
n MiinroKpaTHoe pacTHpanne TKaneH.

llanecKy AiiCTbeB (5—7 r) paaMeAbiaiOT hojkhh- 
ii imii ii pacTHpaiOT b npeABapHTeABHO oxAaxAeHHofi 
i|inpi|)opoBofi CTynice c 10-KpaTHbiM KOAmiecTBOM (no 
iiinomenHio k Macce) cpeAM BHAeAeHHH (cpeAa A), 
inhJu' npeABapHTeAsHo oxAajKAeHHofi. /Iah Aymnero 
l' i' iiipamm cpeAy Ao6aBAHK)T He6oM>tuuMu nopu,uH- 

B cocTaB cpeAbi A bxoaht CAeAyiomne komho-
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HenTbi: 0,05 M rpuc-HCl 6y(j)ep, pH 7,0; 0,4 M caxal 
poaa; 0,01 M NaCl; 0,003 M uhctchh; 0,4 mt/mji a.n>l 

OyMini.
HojiyqeHHbiH nocjie pacTHpamifl roMorenaT otjkiiI 

MaioT nepes hojiotho b c[>ap4>opoByio naiiiKy n nepel 
hocht b HeHTpiicJiyjKiiyio npoOnpKy. Oct3tok, b col 
CT3B KOTOpOTO BXOAHT B OCHOBHOM HpOBOA5HH,He HV'll 
KH, HCHOJIb3yiOT AJIfl BblflejieHHH XAOpOtlMlCTOB 11.1 
KJieTOK oSiiJiadoK npoBodmyux nyuKOB. JIjih 3toi(1 
npoBOAfliHHe iiyuKii nepenocsiTCH b CTynKy, He6oniiu 
IUUMU nOpyilHMU AOGaBJIHIOTCH 20 MJI CpeAbl BblAGJIcl 
HII5I, II HHTeHCHBHO paCTIipaiOT TKailb. nOAyieilHblM 
roMorenaT OT>KHMaiOT qepes iiojiotho b naniKy, octii 
tok onHTb nepenociiTCH b cTynKy, h ripoueAypy nol 
BTopniOT em.e 2 pasa. HojiyqaeTCH ~60ma cycncn I 
3iiii, KOTopyio nepeAiiBaiOT b OTAeAbnyio H,eHTpH(j)yzK<l 
nyio npoOnpKy.

HepBoe HeiiTpHcjiyrHpoBaHiie npoBOAflT npn 300 
(1500 o6/miih na neHTpinjiyre IJ,JIC-3) b Teneniie 
3 mhh. OcaAOK, coAepiKainiiH oOpbiBKH TKaneii, nApa. 
paspymeHHbie KAeTomibie ctchkh h t. a., OT6pacbiBa 
k>t, a naAOcaAOHiiyio jkhakocth nepeAHBaiOT b Apyroft| 
HeHTpHijiyjKHbiH CTaKan.

Ajia ocaxiAemiH XAoponAacTOB cycneii3ino hcht 
pmfiyrHpyiOT b TeneHiie 10 mhh npn 1500 g (3500 o6/| 

mhh na neHTpinjiyre LIJIC-3). HaAocaAonHyio jkha- 
KOCTb CAHBaiOT, a HOAyfleHHblH OC3AOK HHCTblX XAOpO- 
nAacTOB cycnenAHpyiOT co cpeAoii B b MaAenbKOM 
roMoreHHsaTope ao noAyneHiiH oahopoahoh CMecn. 
CpeAa B coctoht H3 CAeAyromHx KOMnoneHTOB: 
0,05 M t/hzc-HCI 6y4>ep, pH 7,0; 0,4 M caxaposa; 
0,01 M NaCl.

,0,AH 3TOTO Ha OCaAOK XAOpOHAaCTOB B HeHTpiI- 
(jiyiKHOH npoOnpKe ao63bahiot necKOAbKO pa3 no 2— 
3 ma cpeAbi B, ocaAOK nepeMemHBaiOT CTeKAflHHoii 
naAOHKoii h nepenocHT b roMoreHH3aTOp. BoMoreHii 

’3HpyiOT ao noAyneHHH oahopoahoh cmbch, a 3aTeM 
nepenocHT b Mepiibiii hhahhap. UeHTpHtjiyjKHyio npo 
6npKy h roMoreHH3HTop HecKOAbKO pa3 onoAacKHBa 
iot cpeAoii B aah yAaAemifl ocTaBiimxcH xAoponAac- 
tob. KoneqHbiii o6T>eM cycneH3HH xAoponAacTOB mc- 
3ocj)HAAa aoboaht cpeAoii B ao 50 ma, xAoponAacTon 
o6ka3akh cocyAHCTbix nyiiKOB — ao 15 ma. noAyneH- 
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< \’< iicii3tttt xAoponnacToB xpaHflT b 6aHKe co 
^)>i>)M, miinHiiieHHoii ot cBeTa nepnoii 6yMaroii.

OnpcdeAeHue onTUuecKou iiaothoctu cycneH3UU 
'Iiictob ita <P9Ke. MaKciiMaAbHan cKOpocTb 

K.>> iinn XiuiAa na6AiOAaeTCH npn coAepxaHHH 20— 
Mhl XJ|()po(jHIAAa B peaKIIHOHHOii CMeCH. nosTOMy 

Hl 1111 lyueilllbix XAOpOHAaCTOB TOTOBHT cyCneH3HK>, 
tl M I KOTOpoii COAepiKIITCH 10 MKT XAOpO(j)HAAa. 

iii noro onpeAeAHiOT onTiniecKyio HAOTiiocTb cyc- 
iiimi na O3Ke c KpaciibiM cBeTO(j)HAbTpoM h npo- 

UHjoiohot npnOaBAHTb cpe^y B k cycnensHH ao Tex 
iiOKa D nocAeAiieii ne 6yneT 0,260. 3to cOOtbct- 

ihoi'i KOiineHTpauiiii xAopo(j>iiAAa 10 mkf/ma. B K3" 
•h>> iin' nyAeBoro pacTBopa ncnoAb3yiOT cpeAy B. Ho- 
xy>iriiin>ie xAoponAacTH HcnoAb3yiOT aah onpeAeAe- 

fllllll IIX (jlOTOBOCCTaHOBHTeALHOH 3KTHBH0CTH.
< >npedeAeHue uktubhoctu peaKguu Xuaau. Bna- 

ln II' I mpCAeAHIOT aKTHBHOCTb peaKH.HH XHAJia XAOpO- 
........... Me3O(j)iiAAa. JJah 3Toro b 4 npo6npKH na- 
hihiiiot no 3 ma cycneii3Hn xAoponAacTOB (30 mkt 
(ji >piH|)iiAAa) h no 1 ma pacTBopa 2,6 J[<I>H<5Na 
iii 1 M HeMeAAemio nocAe Ao6aBAeniiH JI<t»HONa 
•i|i<i6iipKii c peaKHHOHHOH cpeAoii noMemaK)T b nep- 
llljr C raKaHHHKH, qTO6bI 3aiII,IITIITb> HX OT BO3AeHCTBHfl 
i in'i.i Ha <I>3Ke c KpacHtiM cBeTotjiiiAbTpoM onpe- 
u inioi iicxoAiibie oiiTiinecKiie haothocth cycneHsmi 

«fi (in>x npo6upicax. 3areM abc npo6npKH oct3Bahiot 
H p'MIIOTe, II OHH CAy>KaT TeMHOBblM KOHTpOAeM, 
n .'iue Apyrne ocBemaiOT AaMnoii naKaAHBaHHtf ® Te- 
■H'IIIIC 5 MIIH. OKHCAIITeAbHO-BOCCTaHOBIITeAbHblii HH- 
uiharop 2,6-A^HONa b OKncAemioM coctoahhh iiMe- 
iu < iiiiiok) OKpacKy, a npn BOCCTanoBAeHHH npeBpa- 
iunercfl b 6ecHBeTHoe AeHKOcoeAHiieHiie. Onra’iecKafl 
........ pacTBopa npn stom yMenbinaeTCfl. PeaK- 
niiii iiact no cAeAyiouieH cxeue:

C1

'H,O | 2O=/ \=N-/ ONa^pbTT^

C1
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C* H

2 HO—^—N—Z ONa + O2 

cf

HeweAJieHEo nocjie ocBemeHHsi onpeAejiniOT D cyc« 
neH3HH b onbiTHbix (cbct) h KOHTpoJibHbix (t6MH0t;i) 
npoSnpKax. PaccHHTbiBaiOT H3MeneHHe D npo6bi aii 
BpeMH onbiTa. Bhocht nonpaBKy na TeMHOBoe bocct;i 
HOBJienHe KpacKH. Akthbhoctb peaKHHH BbipajKaeicn 
BejIHHHHOH H3M6HeHHH OHTHHeCKOH HJIOTHOCTH Hpll 
ocBemenHH cycneH3HH 3a 1 q b pacueTe na 1 mt xao 
pocJiHjiJia. Tohho TaKyio >Ke npoueAypy noBTOpHioi 
c xjioponjiacTaMH o6kji3aok.

CxeMa 3anncH npHBeAena b tb6a. 7.

Ta6 Jinua 7

PeayAbtnamtii onpedeAenun aKmuBHOcmu peaKtyiu Xuaau 
XAoponAacmoe MeoocjtuAAa u o6KAadKU Aucmbee KyKypysu

BapnaHTbi 
ontiTa

OnTHtiecKafl hjiot-
HOCTb paCTBOpOB

(D)

HaMeneHHe onTHqecKOfi
IIJIOTHOCTH (AD)

H3MeneHHe oiith- 
qecKOfi hjiothocth

(AD)

AO 
onbiTa

nocjie 
onbrra

3a Bpe-
Mfl onbi-

Ta

c nonpaBKofi
Ha TeMHOBoe 

BOCCTaHOBJlCHHe
<A°CBeT- 

adtcm>

3a 1

3a 1 q 
na 1 Mr 

XJlOpO(J)HJl- 
jia

Cbct 
TeMHOTa

OtpopMjieHiie pa6oTbi. PeayAbTaTH o6o6maiOT b 
Ta6AHixe. rioApo6HO otJiopMAeHHe saAann cm. c. 13.

3aj(aia 7

OIIPEAEJIEHHE ‘POTOCHHTETHHECKOEO 
0OC<I>OPHJIHPOBAHHfl

OnblTbl C H3OAHpOB3HHbIMH XAOpOHAaCTaMH noKaaa-
AH, HTO npH (JlOTOCHHTeSe SHeprHH KBaHTOB CBeTa, 
norAomaeMasi xaopocJjhaaom, nepexoAHT b SHeprnio 
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|*to" " > i iix cBH3eM MOJieKyji AT<&. 3tot npouecc 
KhiIII (|)OTOCHHTeTHqeCKHM IpOCljlOpIIJIIipOBaHHeM, 
rUi Hi'IIIC OT OKHCJIHTejIbHOTO (j)OC(j)OpHAHpOBaHHH— 
K ii.i\;iiiiiii. cpoTO(j)oc(|)opHjiHpoBaHHe BnepBbie ot- 
Kti" ii 1954 r. Ha OecKAeTomibix cncTeMax: Open- 
1 << *•' na CaKTepnajibHbix xpoM3TO(})opax h Apno-

na xJioponjiacTax inniinaTa.
i iiijiacno Teopim 3Jiei<- 

■liinoio noTOKa ApHona 
HpyillipyCMblH CBCTOM TOK 

(41*11 ipoiioi) b xjioponjiac- 
('oiipiijKen c o6pa30Ba- 

Hlll'M AT<P. Cbo6oAH35I 
flll'plllll, HCo6xOAHMaM aah 
Flninia AT<I>, ocbo6o>k- 
(Hi'ii'ii b onpeaejieHHbix 
»'li' rKax ajieKTpoHTpanc- 
ttopiiioif uenH, me nponc- 
ttiiini nepenoc ajieKTpona 
in> rpanneHTy TepMOAHHa- 
Mii'iccKoro noTeHHHajia. 
Ilpn najiHHHH conparaio- 
IIIIIX MCX3HH3MOB 3Ta CBO- 
n<i iiian 9HeprHM mojkct 
huii. 3a(j)iiKCiipoBana b

Mllhpo'iprHHeCKHX CBH3HX 
\ I •!>. B HacT05im.ee BpeMH 

HiiM'CTiio ABa THna cpoTO- 
Ipii' l|lOpiIJIHpOBaHH5i: HHK- 

E'0,B

-0,5- 

-0,4- 

-0,3 ~ 
-0,2- 

-0,1-

0 - 

0,1- 

0,2- 

0,3- 

0,V-

Pnc. 9. CxeMa miKJimec- 
Koro CpOTOCpOCtpOpHJIHpOBa 
hhh: <J>Xl — (peppeAOKCHH, 

nU, — njiacToiiHaHHH

/Hi'iecKoe h Hen.HKAHHe-
< Mii'. HHKAHiecKoe cj)OTO(|)oc4)opHAHpoBaHHe conpii- 
rto-no c uHKAimecKiiM hotokom SAeKTponoB, npn 
1'llopOM yAaAeilHBIH H3 (|)OTOBO36y)KAeHHOH MO- 
H'liyjlbl XAOpO(j)HAAa SACKTpOH B03BpamaeTCH K HeH 
lll) «3aMKHyT0H» CHCTCMe nepeHOCHHKOB H KOCpaKTO- 
l'Hii (pnc. 9).

B peaKH.H5IX HHKAHieCKOrO (j)OTO(j)OC(j)OpHAHpOBa- 
iiini yiacTByeT toahko C>C-I. FIoa AeiicTBHeM cBera 
WICKTpOHbl BO36y)KAeHHOH MOACKyAbl XAOpO(j)HAAa 
(llroo) npHHHMaiOTCH aKueiiTopoM (xHMHHecKan npn- 
pu la tohho ne ycTaHOBAena) c HOTeHUHaAOM —0,6 B. 
<>i aKnenTOpa SAeKTpoHbi nepexoAHT k nceAeaocoAep- 
.uaineMy 6eAKy cjieppeAOKCHHy, kotophh npn stom
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BoccTaHaBJitiBaeTCJi, a ot Hero — k HkTOXpoMy bn 
h 3aieM k miTOxpoMy f. Ha nocjie&HeM 3Tane pacr 
paniB 3Heprmo, nojiyqeHnyio npn nepexoAe b BO3fiy>K- 
AeHHOe COCTOHHHe, SJieKTpOHbl B03BpaiH,aiOTC5I na 
CBOH opSHTaAH B MOAeKyAax XAOpOlpHAAa a. U.HKJI 
3aMKHyACH. OKHCACHHafl (pOpMa HHTMeHTa BOCCTaHail 
AHBaeTCH II npil BO36yjKIieHHH CHOBa MOJKeT CAyiKHTb 
HCTOHHHKOM AJIH HHKAIIHeCKOrO HpOUeCCa.

Bo BpeMH onHcaHHoro npouecca ofiAaAaiomHe bi>i 
COKHM IIOTeHHHaAOM 3A6KTpOHbI ABHTKyTC^ «BHII3» II 
hx noreHmiaAbi hoctohhho cniiiKaiOTCH. nepenoc 
SAeKTpOHOB conpHJKeH C CHHT63OM AT<P. TaKHM 06- 
pa3OM, aneprHa CBeTa, norAomeHHaa niiTMeHTOM pe- 
aKAHOHHoro ueHTpa, cpHKCHpyeTca b bhab AT<P. Flpo- 
uecc uiiKAHnecKoro ^oTOCpoccpopiiAHpoBaHHfl ne co- 

npoBoiKAaeTCfl BbiAeAenneM O2 hah chhtcsom boc- 
CTaHOBACHHblX KOCpaKTOpOB H MOJKCT 6bITb npeACTHB- 
Aen cAeAyiomHM o6pa3OM:

A^ + 0a“^AT0.

CymecTByeT HecKOAbKo nyTeii HHKAiiqecKoro 
TpaHCnOpTa 3ACKTp0H0B, COnpflHCeHHblX C CpOTOCHHTe- 
TII'ieCKIIM CpOCCpOpHAIipOBaHlieM. OhH pa3AHHaiOTC5I 
HO BKAKWeHHIO pa3HbIX KOCpaKTOpOB H 3HepreTHHeC- 
KOH StpCpeKTIIBHOCTH. Pa3AHHHbie HyTH HHKAHHeCKOrO 
TpancnopTa 9acktpohob o6ecneflHBaioT Han6oAee acp- 
cpeKTHBHyio pa6oTy SAeKTpOHTpaHcnopTHofi uenn npn 
H3MeiieHHH yCAOBHH CymeCTBOBaHHfl pacTeHHH.

B SKcnepHMeHTaAbHbix ycAOBiiflx aaa o6pa3OBa- 
HHfl- AT<P H3OAHpOBaHHbIMII XAOpOHAaCTaMH Heo6xO- 
AHM CB6T K3K HCTOHHHK 3HepniH, OCHOBHbie KOMHO- 
IieHTbl CpOCCpOpHAHpyiOmeH CHCTCMbl — <pn,
Mg2+ n KO(j)aKTOpbI, Ka^KAblfi H3 KOTOpblX CJiy^KHT 
MeAHaTopoM nepenoca 3a6ktpohob. K KOipaKTOpaM 
AHKAHfleCKOrO <pOTO(pOCCpOpHAHpOBaHHfl OTHOCflTCfl 
cpeppeAOKCHH (<P^), cpena3HHMeTacyAb(paT (<PMC), 
(pAaBHHMOHOHyKAeOTHA (^MH), BHTaMHHbl Kl, Ks- 

UeAb paQOTbL'. OHpeAeAHTb aKTHBHOCTb IIHKAHHe- 
CKOTO CpOTOCpOCCpOpHAHpOBaHHH B XAOpOHAaCTaX BblC- 
IHHX paCTeilHH B 3aBIICHMOCTII OT yCAOBHH BbipaiHII- 
BaHHfl H OHToreHeaa pacTeHHfi. B KanecTBe KocpaKTO- 
pa HCHOAb3OBaTb <PMC.
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<hir,i-KT uccAedosaHUH: npopocTKH ropoxa, nine- 
HI1111.1 n jipyrHx pacieHHH.

Xo<) pafiorbL. OnpeaejieHHe ^OTOCHHTeTHnecKoro 
i|i<ipiuiiipoBaHH5i pacTeHiiii BKJHonaeT 4 3Tana: bh- 

J^'iriine xjioponjiacTOB; npoBeneHiie (J)oc4)opiiJiHpoBa- 
HH' onpciiejieHHe (JiociJiopa b peaKHHOHiioii cmcch, 
Uipr icjienne coAepxaHiiH xjiopo(|)HjiJia b cyciieH3Hii 
l^upmuiacTOB.

llbtdcAeHue xAoponjiacTOB. HaBecKy jiHCTteB (4— 
|<) pa iMejibnaiOT HOJKHHuaMH, pacTHpaioT b npeABa- 
•HH'JiiiHO oxjia>KAeHHofi (JiaptJiopOBOH CTynKe c 10- 
LinillWM (no Macce) KOJiHuecTBOM cpenbi Bbmejie- 
Hllll, II COCTaB KOTOpOH bxoaht cjieAyioinHe KOMHO- 
«< iii i.i 0,05 M Tpnc-HC 6y(J)ep, pH 7,8; 0,4 M caxa- 
Ean; 0,01 M NaCl. ZIjih Jiyumero pacTHpaHHH cpeAy 
H'iO ihjihiot He6oAbtuuMU nopyuHMu. Llocjie pacTiipa- 
iiiiii roMorenaT OTJKiiMaior qepe3 hojiotho b 4)aP4’0’ 
ponvio qauiKy h nepenocflT b ueirrpii4)y>KHyio npo- 

flnpky. cn
llepBoe ueHTpH^iyrHpoBaHHe hpoboaht npn loug 

(1000 o6/mhh Iia ueHTpn^iyre lj.JIC-3) b TeueHHe 
I miiii OcaAQK, coAep>KamnH o6pbiBKii TKaneii, HApa, 
pn ipymeHiibie KJieTOHHbie ctchkii h t. a., OT6pacbiBa- 
mi, a naAOcaAOHHyio jkhakoctb nepejiHBaiOT b Apy- 
tyio neiiTpiHjiyjKHyio npo6npKy. ZIjih ocaxAeHiiH xjio- 
........ cycnensHio HeHTpinJjyrHpyiOT b TeneHHe 
/ miiii npn 1500 g (3500 o6/mhh na ueHTpHtJiyre 
HJIC-3). HaAocaAQHHyio »HAKOCTb cjniBaiOT, a no- 
AyieHHbiH ocaAOK xjioponjiacTOB cycneHAiipyiOT b Ma- 
/ii'iibKOM roMoreHH3aTOpe c 7 mji cpeAH BbiAejieHHH. 
11< >.ii y‘iciiHyio cycneH3iiio xjioponjiacTOB noMemaiOT 
n rtaiiKy co jibAOM, aamnmeHHyio ot cBeTa nepHOH 
rtyMaroH.

11poeedeHue cfroTOcfrocipopuAupoBaHUH. Ajih npo- 
licacillia 4>0T04)0c4>0pHJIIip0BaHHH TOTOBHT peaKHIIOH- 
iivio cpeAy, cocTaB KOTOpoii npHBeAen b Ta6ji. 8.

PacTBopbi AJia peaKHHOHHoii cmcch, KpOMe AflO h 
'I'MC, totobht sapanee na 6hahcthjijihpob3hhoh bo- 
ac II XpailHT B XOJIOAHJIbHHKe. AJIO H <t>MC TOTOBHT 
nciiocpeACTBeHHO nepeA onbiTOM, h TorAa nce Bce 
HoMnoHeHTbi peaKHHOHHoii cpeAti cjiHBaiOT BMecTe.

PcaKHiioHHyio cpeAy totobht cpasy na 4 koji6o<i- 
hll (2 OJIblTHbie Ha CBeTy H 2 KOHTpOJIbHbie B TCMHOTe
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AJiH OAHoro SHOJiorHnecKoro BapnaHTa), bshb Ka>i< 
Aoro KOMnoneHTa peaKHHOHHoft cMecn b njiTHKpaTHOM 
oS-beMe (Tafiji. 8).

Ta6jiima 8

Cocmae peaKpuounou cpedu nuKJiuteCKoeo 
(pomocpoccpopujiupoeaHuu

KoMnoneHTbi

KOJIHHeCT- 
BO B KOJI- 

6oqKe, 
MKMOJlb

KOJIHHeCTBO 
pacTBopa 

B KOJl6OHKe, 
MJI

IlHTHKpaT
Hblft Ofi'bCM
KOMHOHeH-

Ta, mji

mpuc-HCl 6y<hep, pH 7,8 . . . 45 0,9 4,5
NaCl....................................... .... 60 0,1 0,5
MgC112H2O............................... 10 0,1 0,5
AflO, pH 7,8............................ 10 0,1 0,5
KH,PO42H.,O............................ 10 0,1 0,5
<PMC........................................... 0,1 0,1 0,5
H2O (6hahcthji.)................................. — 0,6 3,0
O6uiHft o6i>eM............................ 2,0 10,0

B Ka>KAyio KOJiSoqKy HajniBaiOT no 2 mji peaKHH- 
OHHOft CMeCH H HO 1 MJI CyCHCH3HH XJIOpOHJiaCTOB. 
B KOHTpOJIbHbie KOJl6OHKH Cpa3y AOdaBJIHIOT 1 MJI 
10%-Hoft TXY (TpnxjiopyKcycHaH KHcjiOTa) h 1 mji 
CH3COONa (1 M). OnbiTHbie koji6ohkii ocBemaiOT 
5 mhh (cxeMa ycTanoBKH noKaaana na pnc. 10). 
HyjKiio cjieAHTb, htoSbi TeMnepaTypa boabi b BaHHe 
He npeBbiinajia 20°. JHjih peryjinpoBaHHH ee mojkho 
HcnojibsoBaTb jieA- Hocjie ocBemeHHH b Ka>KAyio koji- 
6onKy 6bICTpO AO6aBJI5IIOT HO 1 MJI TXY H 1 MJl 
CH3COONa. CoAep>KHMoe koji6oh6k ijiHjibTpyiOT ne- 
pe3 6e33OJIbHbie (|)HJIbTpbI B Iipo6HpKII II B (|)HJIbTpa- 
Te onpeAejiaiOT coAepxcaHHe HeopraHHnecKoro 4>oc- 
4>opa mctoaom JloypH.

Onpedejienue HeopeauuuecKoeo cfjoctpopa e peaK- 
Huohhou cMecu no Merody Jloypu. K 0,5 mji c^njibTpa- 
Ta AO6aBJI5IIOT 1,5 MJI 6HAHCTHJIJIHpOBaHHOft BOAbl. 
3aTeM b npo6npKy HpH6aBji5iiOT 2 mji CH3COONa 
(1M); 4 mji aHeTaraoro 6y4)epa, pH 4,0; 1 mji 1%- 
HOft aCKOp6HHOBOft KHCJIOTbl, npHTOTOBJieHHOft H3 
0,001 M CuSO4-5H2O. Hepea 10 miih ao63bji5iiot 
1 mji 1%-hoto (NH4)2MoO4, npHroTOBJieHHoro na
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O,()f»N H2SO4. Hepes 10 mhh njioraocTb pacraopa 
i|ii(<|)opiiOMOJin6AeHOBOM chhh H3MepniOT Ha <I>3Ke 
H hlOBCTe 0,5 CM C KpaCHblM CBeTO(j)HJIbTpOM.

KoHueHTpaiiHio 4)oci|)opa b pacTBope onpeaejiHiOT 
III) IGlJIHfipOBOHIIOH KpHBOH. HOKa3aTejieM (J)OCCj)OpH-
HlipyiOmeH aKTHBHOCTH XJIO- 
poiuiacTOB cjiyxcHT y6buib 
in'opraiiHHecKoro tj)oc(|)opa 3a 
npcMsi HHKy6an,HH. <J)oc(j)opn- 
'llipyiomyio aKTHBHOCTb H3O- 
HipOBaHHblX XJIOpOHJiaCTOB 

Hl.ipa>KaiOT B MHKpOMOJIHX 
i|ioct|)opa 3a 1 q b pacneTe 
II.I I MF XJIOpO(j)HJIJia.

Onpedejiettue xAopo<puji- 
iu a cycneH3uu xAoponjta- 

< /0«. ^jih pacMera (J)oc(j)opH- 
.'iiipyiomeH aKTHBiiocra xjio- 
poiuiacTOB na 1 mt xjiopo- 
i|>iuijia Heo6xoAHMO onpeAe- 
'iiiTb coAep>KaHHe xjiopotjniji- 
1.1 b 1 mji cycneii3HH. C 3toh 

HCJIblO K 1 MJI CyCneH3HH 
xjioponjiacTOB Ao6aBjiniOT 
H,() mji 100%-hoto aipeTOHa. 
1’ncTBop (jiHjibTpyiOT qepes 
I ICKJIHHHblH (j)HJIbTp N° 2 
iijIii 3. 3aTeM o6T>eM (jnuibT- 
paTa aoboamt 80%-hbim an.e- 
TOIIOM AO 10 MJI H H3Mep5IIOT

Phc. 10. 06mnii bha yc- 
TaHOBKH ajih onpeAejienHH 
(llOTOCHHTeTII'teCKOrO 4>oc- 
<j)OpHJIHpOBaHH»: 1 — MO- 
TOp'HIK, 2 — BpamaiOmHH- 
CH AHCK C KOJl60HKaMH, 
3 — KpHCTaJWIH3aTOp c 
BOAOH, 4 — HITaTHB, 5 — 
TepMOMeTp, 6 — jiaMna 
HaKaJiHBaHHH na 500 Bt, 
7 — 3aiH,HTHMH KOIKyX JJJIH

oiiTHqecKyio njiOTHOCTb pa- jiaMnw
i i'iiopa na C<I>e npH 652 hm
(KoiiTpojib — apeTOH). CoAepjKanHe xjiopo(j)HAJia 
n MHjuinrpaMMax b 1 mji hcxoahoh cycneH3HH mos- 
iio paccHHTara, yMHOJKaa onraHecKyio njioraocra 
(/->€52) Ha KO9(j)(j)HH.HeHT

10

34,5-1,0
= 0,290.

CxeMa pacneTOB npHBeAena b ra6ji. 9.
OipopMJieHue pa6oTbt. Peayjibrarai o6o6m,aiOT B 

ra6jiHii,e. noApo6no oijiopMjieHHe saAann cm. c. 13.
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P a3Ae ji III

/IblXAHHE

IbiA BemecTB, bxoabiuhx b cociaB oprami3Ma, MoaceT 
inutcjiHTbCH caMonpoH3BOJibHo, 6e3 ynacTHH (JiepMeH- 
|O|I, T. e. npOHCXOAHT He3H3HM3THHeCK0e OKHCJieHHe. 

< vmnocTb AbixaHHH cocTaBjiaeT norjiomeHHe khcjio- 
|io;ia, KaTaJiH3HpyeMoe 3H3HMaTHnecKHMH CHCTeMaMH 
(i'M. cxeMy).

FIorjioineHHe Kncjiopo.uaI 1
n<‘ iniHMaTHHecKoe 9H3HMartwecKoe OiLixanne)I I

CBoooflHoe OKHCJieHne oKHCJieHHe, conpa>KenHoe c 
reHepnpoBaHHeM sneprnnI I

(poapopiunipyiomee iiecjiocipopHJinpyio- 
oKHCJieHae mee OKHCJieHHe

Zlbixamie HBJIMeTCH OAHOH H3 Ba>KHbIX CTOpOH 06- 
incro MeTa6ojiH3Ma BemecTB h cBH3aHHbix c hhm 
npcBpameHHH SHeprnH b /Khbmx opraHH3Max. Oho 
(HbixaHHe) npeACTaBJineT co6oft coBOKynnocTb mho- 
IIIIBeHHblX OKHCJIHTCAbHO-BOCCTaHOBHTejIbHblX npO- 
UeccoB, b xoAe KOTopbix CAoxiHoe opraHHnecKoe 
i'ocAHHeHHe npeo6pa3yeTCfl b 6oAee npocTbie MeTa- 
OoJIHTbl. SAeKTpOHbl H BOAOpOA AblXaTCAbHOTO Cy6- 
i rpaTa coBepinaiOT MHoro3BeHHbiii nyTb. Oi<ncAHTeAb- 
iibie STanbi aroro nyra KaTaAH3iipyiOTCH oKiicAHTeAb- 
iio-BoccTaHOBHTeAbHHMH (JjepMeiiTaMH (cm. saAaiy Ha 
r 91). KoHeHHbiii aKuenTOp sacktpohob oKHCAaeMbix 
lipOAyKTOB (TaKJKe H BOAOpOAa) —- KHCAOpOA.

CeododHblM OKUCJieHUeM Ha3bIBaiOT OKHCAHTeAbHO- 
iioccTaHOBHTeAbHbie npoiieccbi, HAymne 6e3 renepH- 
ponaHHH sHepriiH b AT(& (TpaHCMeM6paHHbiH noTen- 
niiaA ne B03HHKaeT). B xoas npoueccoB CBo6oAHoro 
OKHCAeHHH 06pa3yeTCH PHA Ba^KHblX AAH KA6TKH Me- 
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Ta6OAHTOB, y TenAOKpOBHblX OpraHH3MOB SojIbUIOM 
3HaueHHe HMeeT BbmejieHHe TenjioBoii OHepniH, no i'l 
Aep>KHBaiomeH TeMnepaTypy Tejia. Pojib cboSoahoio 
okhcachhh ajih pacTeHHii eiu.e Majio HayueHa.

(t>oc<popuAupyK)iulee OKUcjienue. PeaKijHH b hciiii 
OKHcjiHTejibHO-BoccTaHOBHTejibHbix npeBpameHHii cyfl'j 
CTpaTa MoryT Shtb conpHxeHbi c npon,eccoM 3anaca<| 
HHH BbIAejI5HOIH,eHC5I npH 3T0M aneprHH B (JiopMe 
(JiaTHblX CBH3CH AT<I>. COHpHIKeHHOCTb C (JjOC^OpHnil'j 
poBaHHeM yAajiocb noKasaTb jiHHib aah Hefiojibmoro 
KOJIHHeCTBa OKHCJIHTejIbHblX peaKIJHH MeTa6oAH3M.-|, 
B XOAe pa6OTbI MHTOXOHApHaAbHOH AblXaTejIbHoil 
uenu npoHcxoAHT o6pa3OBatiHe TpaHCMeM6paHHoro 
noTeimuajia, KOTopoe npeAinecTByeT cHHTeay AT<1> 
SueprHH TpaHCMeM6paHHoro noTeHHHajia mojkct ynio 
HenocpeACTBeHiio 6biTb Hcnojib3OBaHa, uanpHMep iin j 
nepenoc hohob uepes MeM6paubi npoTHB rpaAHeHTa 
b npoueccax norjiomeHHH h nepeABHJKeHHH hohob 
MHHepaAbHblX BeiljeCTB. EcTeCTBeHHO, B ASHHOM CAy- 
uae, HecMOTpu na to hto npoueccbi okhcachhh co 
npniKeHbi c HaKonjieHHeM aiieprHii, cHHTesa AT<I' 
npoHcxoAHTb He 6yAeT. TaKoe OKHCJieuHe mojkiio na 
3B3Tb He(f)OC(pOpUAUpyK>U{UM.

(PuauojioeuuecKaa. 3HauuMOCTb dbixaHun mhotoo6 
pasna. B peayjibTaTe (JiOTOCHHTeaa aueprHH CBeTa, 
npeo6pa3OBaHHaa b XHMHuecKyio (JiopMy AOCTaTOHiio 
CTa6ujibHbix coeAHHeHHH, oTKJiaAbiBaeTCH b sanac 
ZIaH TOTO HTO6bI 9HepTHH 3THX COeAHHCHHH, o6jiaA3IO 
mux BbicoKHM 3HepreTHuecKHM noTeHUHajioM, Morjia 
HcnojibsoBaTbca, oua AOJiJKHa 6biTb BHOBb npeo6pa 
3OBana b Jia6ujibHyio (JiopMy, KOTOpau jierKO yTHJiii 
3HpyeTCH. TaKOii yHHBepcajibHoii (JiopMOH hbahctcii 
auepFHfl cBH3eft AT<I>. AKKyMyAHHHH aneprHH b ao 
CTynnoH aah HcnoAb30BaHHH (JiopMe (AT<I>)—Baxc 
HeilHiaH (JiyHKHHH 6HOAOTHqeCKOrO OKHCAeHHH, HO 3T0 
A3A6KO ue eAHHCTBeHHan (JiyHKHHH AblXaHHH.

B xoAe OKHCAeniiH o6pa3yeTCH BOCCTaHOBHTeAb 
Hbiii noTeHunaA, uanpnMep HAJJ-H iiaii HAJT<I> H, 
KOTOpblii HCnOAb3yeTCH B pHAe BOCCTaHOBHTCAbHblX 
CHHT63OB.

npH OKHCAHTCAbHOM npeo6pa3OBaHHH CAOJKHblX II 
OTHOCHTCAbHO HHepTHblX MOACKyA HOHBAHIOTCH 6OACC 
npocTbie h Aa6uAbHbie MeTa6oAHTbi, HBAHiomHecii
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ic;ibiibiM» MaTepnajiOM b pa3Hoo6pa3Hbix CHH- 
K|n* TaK, b npouecce .ubixaHHH co34aiOTC5i KaK 
•Hi i'i ••iii'iecKaH, TaK n MaTepnajibHaa 6a3bi kjictkh, 

^■jifiMnAiiMbie ajih o6ecneiieHHH >KH3HeHHbix ^Yhkiihh 
fitiniiii iMa.

(laiioft 113 II3BeCTIIbIX (jjyHKHIIH AblXaHIIH HBJIHCTCH 
ItlohciiKaHHji HeKOTOpbix haob, nonaAaiomHx b op- 
IHIIIHM ii3BHe hjih o6pa3yrc>in,HxcH b hcm, npoHcxojXH-

nyrcM hx OKHCJiHTejibHOH AecTpyKijHH. flbixaHHe 
SIIHOAHT B ABHHieHHe MeTa60JIH3M He TOJIbKO onoc- 

IOII.IHH0 nepe3 o6pa30BaHHe 6oraTbix SHeprneH 
■ iiiiiemiH, ho h npHMbiM nyTCM, TaK KaK neo6pa- 

fllMhlC OKHCJIHTejIbHO-BOCCTaHOBHTejIbHbie npoiieccbi 
■pniio/iHT b ABHxceHHe uenb paBHOBecnbix peaKiiHH, 
tii i.iii;ih hm nocTynaTejibHoe 3HaneHHe.

I l.iy<iaH xhmh3m nponeccoB rJiHKOJinaa, ijHKJia 
K|>t'6ca, reKCO3OMOHO(J)oc4)aTHoro nyTH h Apyrnx /jbi- 
|n icjibiibix hhkjiob, Heo6xoAHMo npeflCTaBHTb ce6e 
i|iii mojiorHHecKoe 3HaneHHe OTAejibHbix 3TanoB okhc- 
•ifiiiiH, TaK x<e KaK h 3HaneHHe cymecTByiomero 
Miioroo6pa3HH bthx nyTeii.

3 a n a h a 1

HCCJIEAOBAHME HHTEHCHBHOCTH 
nOEJIOIIJEHHfl KHCJIOPOflA PA3HHMH 
PACTEHHMMH

'IhixaHHe — BaiKHeHiuee 3Beno MeTa6ojiH3Ma, ot ko- 
loporo 3aBHCHT MHorne >KH3HeHHbie (JiyHKiiHH opra- 
HiViMa. EcrecTBeHHO, b Tex KJieTKax, opranax h op- 
iaiiii3Max, me Han6ojiee 3kthbho npoTeKaiOT pa3- 
,'lll'lllbie JKH3H6HHbie (JjyHKUHH, BeJIHKa nOTpe^HOCTb 
n aneprHH, b npocTbix MeTa6ojiHTax, ncnojibsyeMbix 
II IIJiaCTHHeCKOM o6MCHe II Ap., IIHTeHCHBHOCTb Abixa- 
iiiih oco6chho BejiHKa. TaK, b 6ojiee mojioahix opra- 
mi3Max AbixaHHe aKTHBHee h npouyKTHBHee, neM b 
crapbix. ^leM Bbirne HanpniKeHHOCTb pasjiHHHbix >KH3- 
lieiiHblX 4>yHKH.HH, TCM K3K HpaBHJIO, BblHie H HHTCH- 
CIIBHOCTb AblXaiHIH.

OAHHM H3 BHeiHHHX npOHBJieHHH AblXailHM HBJIHeT- 
ch norjioiijeHHe KHCJiopo#a h BbmejieHHe yrjieKHCJioro 
ra3a. CyMMapnaH (JiopMyjia AbixaTeJibHoro raaoo^Me- 
na OTHOCHTejibHO npocTa:
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C6Hi2O6+6O2->6CO24-6H2O-|-3HepriiH.

HocMOTpeB na nee, jieriro ce6e npeAcraBHTb, hto 
II3MepeHHe HHT6HCHBH0CTH, HAH CKOpOCTH, AHXaiHIM 
MOJKHO npOBOAHTb, H3MepjIH CKOpOCTb nOrAOIH.eHIIM 
KHCAOpOAa (HJIH BblACJieHHH CO2). OcymeCTBJIH Tl. 
9T0 MOJKHO pa3JIHHHbIMH MCTOAHMH: MaHOMeTpHHCC-j 
KHM, nOJI5ipOrpa(|)HHeCKHM, XHMHHeCKHM MCTOAOM 
BnHKAepa (b boahoh cpeAe) h ApyrHMH. Mbi ocTano 
bhmch Ha nepBbix AByx MeroAax.

UeAb paSoTbi: no3HaKOMHTb c pasjiHHHeM hhtcii 
chbhocth npouecca b opranax h tkhhhx pa3Hbix 
o61>eKTOB.

O6n>eKT uccAedoeaiiun: npopocTKH ropoxa h nuie 
HHHbl (AHCTbH HJIII KOpHH).

Xod pa6oTbt. HaBecKy pacTHTejibHoro MaTepnajia 
(400—500 mt) noMemaiOT b peaKHHOHHbie cocyAHKii 
raaoMeTpHqecKoro annapaTa Bap6ypra. Mcakhc 
AHCTbH MO5KHO HCHOAb3OBaTb HCAHKOM, H3 KpyHHblX 
CBepAOM BbipesaiOT ahckh hah peacyT hx na nacTii. 
flpH pa6oTe c KopeniKaMH OTpe3KH Kopnefi noMemaror 
B HHTaTeAbHblH paCTBOp. Bo BHyTpeHHHH CTaKaHHHK 
cocyAHKa HaAHBaiOT 0,3 ma KOH h bct3bahiot «KOH- 
6yMa>KKy». CocyAHKH iipiiniAHiJioBbiBaiOT k cootbct 
cTByioiHHM MaHOMeTpaM h noMemaiOT b TepMocTaTH- 
necKyio BaHHy. HocAe TepMocraTHpoBaHHH H3MepHK)T 
norAoineHHe KHCAOpoAa.

OcpopMAeHue pa6oTbi. 3anncb peaynbTaTOB pa6o- 
Tbi na raaoMeTpHnecKOM annapare Bap6ypra yAo6no 
BecTH TaK, KaK yKaaano b tb6a. 11. B 3aKAioiieiiHe 
CAeAyeT BbinncaTb KorieHHbie pesynbTaTbi pa6o™ 
(cBOAKa pesyAbTaTOB) h ahtb bbiboa, cAeAaHHbift Ha 
ocHOBaHHH nonyqeHHbix pesyAbTaTOB. Flpn o^opMAe- 
hhh KaxcAoft saAaiH AOA>KHbi 6biTb 3anncaHbi peayAb- 
Tarbi KajKAoro 3Tana pa6oTbi, 3aTeM KoneqHaH cboa- 
Ka peayAbTaTOB h bhboabi. Hoapo^ho otJiopMAenHC 
3aAaHH cm. c. 13.

MeTod pa6oTbi Ha easoMeTpuuecKOM 
annapaTe Bap6ypea

MeTOA ocHOBan na onpeAeneHHH H3MeneHHn ra- 
soBoro AaBAeHHH, o6ycAOBAeinioro BbiAeAeHiieM haii 
norAomeHHeM KaKoro-An6o rasa b cHcieMe. OnpeAe-
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rllU' npoBOAHTCH b ycjiOBHHX nocTOHHHoro 06'beMa 
■illlcpaTypbi. CoxpaneHne nocTOSHCTBa o6"beMa 
B|mu,iaii<> iipn npoBeaeHHH H3MepeHHft rasoBoro AaB- 

■Hlini ii laMKHyTOM npocTpancTBe, KOTopoe orpann- 
WH MaHOMCTpH'ieCKHM COCyAHKOM H HaCTblO MaHO-

■ JllH TOHHCTBO oS'beMa CHCTCMbl AOCTHTaeTCH TeM, 
■u lirpcA nanaJioM onbiTa h i<a>KAbiM otchctom Me- 
hHi K M .1 IIOMeTpH'ieCKOH >KIIAI<OCTH B COeAHHeHHOM c 
fy niKOM KOJiene ManoMeTpa (npaBOM) BcerAa npn- 

llTcn k nyjieBOMy nojiojKenino, Bbi6paHHOMy 3apa- 
06 H3MeneHHH AaBjieiiHH raaa b cncTeMe cyAflT 

ypomiio MaHOMeTpii'ieckoH jkhakocth b jicbom 
KOTI'HC.

KojnmecTBO norjiomeiiHOro hjih BbiAejieHiioro ra- 
H ( v) paccHHTbiBaeTca no cjiopMyjie:

x—HK,

ihi' II—OTMenaeMoe no ManoMerpy H3MeneHHe asb- 
4I HIOI rasa b mm MaHOMeTpnnecKoft jkhakocth (c no- 
ll|iiini<oft na noKasaHiie TepMo6apoMeTpoB); K— koh- 
Timiia cocyAHKa (K03c|)cpiiiiHeHT, no3BOAdiOLUHH pac- 
i'iinT,inaTb o6"beM raaa).

KoncTanTa cocyAHKa K (mkji/mm) OTpa>KaeT ko- 
UH'httbo norAomeHHoro hjih BbiAejieHHoro rasa 
II MKJi, KOTopoe Bbi3biBaeT ii3MeneHHe rasoBoro AaB- 
1111101 B ASHHOM COCyAHKe, paBHOe 1 MM MaHOMCTpH- 

•wijKoii jkhakocth. KoiicTaHTy cocyAHKa BbinncJiHiOT 
llo ('JieAyiomeH (jiopMyjie:

273
vg — + Vfa

K=——p—
r 0

i ii' — o6T>eM rasoBoro npocTpaHCTBa cocyAHKa, 
iih iio'ian h nacTb MaHOMeTpa ao nyjieBoft tohkh; 
V/ — o6-beM xhakocth b cocyAHKe; T — TeMnepaTypa 
oin.ua b rpaAycax a6cojnoTHoft niKajibi; a — pacTBO- 
piiMocTb rasa b 1 mji jkhakocth npn napmiajibHOM 
itiuichhh raaa b 1 aT h TeMneparype T; Po — cTan- 
TiipTiioe AaBjieHHe (760 mm pT. ct., hah 1013 Ila), 
in,ipa>KeHHoe b mm MaHOMeTpHnecKoft >khakocth — 
10 000;
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n _ 760-13,6
' o — ~ ~ —yaejibHaa Macca ManoMeTpii'iecKon /kmjikoctH

= ■ 76°-13’6 = 10 000. 
1,033

npuMep pacnera K. Ycjiobhh onbna: onpeAenneM 
oO-beM KHCJiopoAa. HaBecKa — 0,4 r, oS'beM mejionn 
0,3 mji, oS'beM cocyAHKa 23,43 mji, TeMneparypa onu- 
Ta — 25°C (T —298).

Vf— oS'beM JKHAKOCTH, BHeceHHOH B COCyAHK — 
2 mji;

a — pacTBopHMocTb KHCJiopoAa b BOAe npn 25°C- 
0,028;

Vg — paSoqiiH oO'beM cocyAHKa 23,43—(2+0,4+I 
+0,3) =20,73 mji.

BbipaiKaeM o6"beM b MiiKpojiHTpax h noACTaBjineM 
3HaqeHHH b (JiopMyjiy KOHCTaHTbi cocyAHKa:

273 
20730-------- + 2000-0,028

K =------------- —------------------------= 1,955 mkji/mm.
10 000

<SopMbi h pa3Mepbi cocyAHKOB MoryT Sbitb pa3- 
hbimh, qam.e Bcero y hhx oahh 6okoboh otpoctok 
(pnc. 11, CJieBa), KOTOpblH HO3BOJIHeT BBOAHTb BO 
BpeMn onbiTa b peaKHHOHHyio cmccb KaKOH-Jin6o 
peareHT. B aho cocyAHKa BnanH CTaKaH'iHK, b koto- 
pbift npn HccjieAOBaiiHii norjiomeHHH KiicjiopoAa na- 
JIHBaiOT paCTBOp mejIOHH, IIOTJIOIIiaiOmHH BblAeJIHK)- 
HJHHCH CO2. B KaiKAblH CTaKaHHHK HaJIHBaiOT no 
0,3—0,5 mji 20%-hoto pacTBopa KOH. HtoObi yBe- 
JIHHHBaTb nOBepXHOCTb COnpHKOCHOBCHHH mejioqH c 
BO3AyXOM, B CTaKaHHHK HOMeiH,aiOT KyCOHCK (JlHJIbTpO- 
BajibHoft 6yMarH, cjioiKeHHbifi rapMoniKOH. Pa3Mep 
«KOH-6yMa?KKH» (KBaApaT co ctopohoh npHMepno 
2 cm) aojhkch 6bitb TaKiiM, HTo6bi ona, BCTaBjieHHaa 
b cTaKaHHHK, BbicTynajia H3 Hero na 3—5 mm. Hocjie 
yBJiajKiieHHH 6yMa?KKH mejioqb na Ane cTaKaHHHKa 
AOJDKHa em,e ocTaTbcn.

ManoMeTp HMeeT U-o6pa3Hyio (JiopMy, o6e ero 
BCTKH BHH3y CXOAHTCH B OAHH OTpOCTOK, KOTOpblH 
BCTaBJineTCH b pe3HHOBbiH peaepByap c ManoMeTpH- 
qecKoii jkhakoctbio (pnc. 11, cnpasa). CnenHajibHbiM
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Pnc. 11. PeaKIlHOHHUH co- 
CyAHK C MaHOMCTpOM K 
raaoMeTpHHecKOMy anna- 

paTy

HIIHTOBblM 33JKHMOM, nO3B0JIHIOmHM CJKHMaTb pe3«- 
imiiijii peaepsyap, mojkho BBecTH b ManoMeTp 6ojib- 
IIK'l' IIAII MeHblliee KOJIHqeCTBO XHflKOCTH. O6e B6TBH 
MIIIIOMCTpa IIMeiOT IHKajiy AejieHHH C OTCqeTOM CHH3y 
unepx. CepeAHiia uiKajibi 
(acjieiiHe 15 hjih 150) na- 
inc Bcero npHHHMaeTcn 3a 
nyjicBoe. JleBan BeTBb Ma- 
noMCTpa OTKpbiTa, npaBan 
iiMeeT H3orHyToe Kojieno 
CO IHAH(|)OM, Ha KOTOpblft 
HpillHJlH(|)OBbIBaeTCH cocy- 
(IIK. Hajl, 6OKOBbIM OT- 

POCTKOM HMeeTCH KpaH, 
KOTOpblft BO BpeMH OHblTa 
uiKpbiBaioT. B pa6oqeM 

COCTOHHHH MaHOMCTpbl 
VKpenjieHbi na cneuHajib- 
IIIJX CTOHKaX, HMeiOmilX 
KpenjieHHH ajih ycTaiiOBKH 
MlllIOMeTpOB Ha TepMOCTa- 
iii'iecKOH Bamie.

W3MepeHHe AaBAennn 
n 3aMKnyTOM npocTpancT- 
ne npoBOAHT npH hoctohh- 
noft TeMnepaType, koto- 
pyio noAAep>KHBaioT c no- 
MQmbK) TepMOCTaTHHeCKOH 
naiiHbi, 3anojiHeHHofi bo- 
AOft. Bo BpeMH onbiTa co- 
cyAHKH norpyjKeHbi b bo- 
Ay. Ha Ane Baniibi iimciot- 
ch ABa HarpeBaTenn: oahh 
MOHlHblft, nOAHHMaiOIUHft 
icMnepaTypy ao 6nH3Koft k onbiTHoft, Apyroft Harpe- 
niiTenb AHiHb noAAepiKHBaeT TeMnepaTypy hoctohh- 
noft. BTOpoft HarpeBaTenb BKjnoneH b ceTb nepe3 
iiycKoperyjinpyiomee ycTpoftcTBO h KOHTaKTiibifi Tep- 
MOMeTp, KOTopbie o6ecneHHBaK)T aBTOMaTHqecKoe 
iiKJiioqeHHe h BbiKJiioqeHHe HarpesaTeAH. B BaHHe 
ecTb qyBCTBHTeAbHbift TepMOMeTp h MemaAKa, o6ecne- 
'iiiBaiomaH xopoinee nepeMeinnBaHHe boabi h, cacao- 
iniTeAbHO, OAHHaKOByio TeMiiepaTypy bo Bcex nacTHX 
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BaiiHbi. OdbinHo cTOHKa, na kotopoh KpenATcn Mano- 
MeTpbi, coeAHHena c KauaiomiiM hah abhjkyihhm mc« 
xaHH3M0M, oSecnenHBaiomHM nepeMeniHBaHHe >khh- 
KOCTH B COCyAHKaX.

KoHCTpyKU'iia npu6opa dAH easoBbtx MUKpoaHaAusou 
AT-1 u pa6ora c hum

TepMOCTaTiiqecKaH Banna uHAHHApHHecKau, o6'i>e 
mom 40 ji. Hpn6op cHaOxteH AByMsi ABHraTejiHMii, 
oahh — c KpbuibqaTKOH — pacnoAoiKeH CBepxy Bail- 
Hbi h cjiy>KHT ajih nepeMeinHBaHHH bohh (MeniajiKa), 
Apyroii pacnojioxeH CHiisy ii npuBOAHT b ABHXceHiic 
Mexami3M KanaHHn ManoMeTpoB. FIpiiOop ocHamen 
16 MaHOMCTpaMH, KOHCTpyKHHH IipilOopa UO3BOAHCT 
npH6jiii>KaTb k SKcnepiiMeHTaTopy jiio6oh MaHOMeTp. 
X(jih 3Toro AocTaTOHHo naiKaTb na pyuKy c[)HKcaTopa, 
HaxoAHiijerocn y ocHOBaHHH BanHbi, h noBepnyTb un- 
jihhap, npH6jiH>Kafl k ce6e nyxHbifi ManoMeTp. Ka- 
HaiiHe ManoMeTpoB ocymecTBJiHeTca c noMombio 
ajieKTpoflBiiraTejiH, BpameHHe KOTOporo nepenaeTcn 
na KyjiHCHbifi MexaiiH3M, npeo6pa3yiom.HH BpamaTejib- 
noe ABHJKemie b BO3BpaTHO-nocTynaTejibHoe KOJie6a- 
Hlie KyjIHCbl OTHOCHTejIbHO AHCKa. npH 3TOM Bce Ma- 
HOMeTpbi coBepinaiOT 100 KOjie6aHHH b MHiiyry. Am- 
njiHTyAa KOJie6aHHii mo/kct MeHHTbcn c noMombio 
nOBOAKa. ripH HIOKH6M HOAOIKeHHH HOBOAKa p33M3X 
KanannH MaKCHMajien. no Mepe npOABHxeHHH no- 
BOAKa KBepxy KOAe6aniiH yMenbinaiOTCfl ao hoahoh 
ocTanoBKH ManoMeTpoB. YKasaHHaH peryjinpoBKa 
pa3Maxa BbinojiHHeTcn npoABHiKeHHeM nAanoK urra- 
THBa BAOAb OCH KanaHHH. <I>HKCaiI.HH HITaTHBH 06eC- 
neuHBaeTCH npyiKiiHOH-sameAKOH. OnncaHHoe ycT- 
POHCTBO HO3BOAH6T HpOH3BOAHTb HHAHBIIAyaAbHOe 
BKAioneHHe h BbiKAKBieHHe Aio6oro ManoMeTpa co 
CTyneHHaTOii peryAHpoBKoii na xoAy. llpu pa6ore 
npu6op doAAceH 6birb o6n3aTeAbHo saseMAeH. Ha 
nyAbTe ynpaBAeiiHH 4 TyM6Aepa-BbiKAionaTeAH, 
2 KHOHKH, 2 CHTHaAbllbie AaMHbl n 2 naTpOHa AJIH 
npeAOxpaHHTeAeft.

riopfldOK BKAlOHeHUH'.
1. BKATOHHTb BHAKy HpH^Opa B CCTb.
2. BKAiOHHTb TyMfbiep «MeuiaAKa» h cpasy xce 

uaiKaTb ua KHonKy KH-1 (ua uyAbTe CAesa).
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,'l llKJiiO'iiiTb TyMdjiepbi «narpeB» h «iioAorpes».
I llpn TeMnepaType na 0,5—1,0° iiii>Ke TpeOye- 

■ill ni.iKJiioiuiTb TyMSjiep «HarpeB», HHane boas ne- 
(m rcii n oxjiaAHTb ee 6yAeT TpyAHo.

> OrperyjnipoBaTb KOHTaKTHbift TepMOMeTp, kot- 
■) icMiiepaTypa b TepMOCTaTe no noKaaaHHHM koht- 

HI'imioto TepMOMeTpa hph6ah3htch k saAaiiHofi. JIjih 
|t"H. MCAJieiiHO BpamaTb ManiHTHyio roAOBKy koh- 
jjknioro TepMOMeTpa npOTHB nacoBoft cTpejiKH ao 

nop, noKa ne noracHeT KOHTpojibHasi jiaMnonKa 
S|oaorpeB», h saKpeniiTb bhht3mh MarHiiTHyio ro- 
jfcm<y KOiiTaKTHoro TepMOMeTpa.

li, /IjIB BKAIO'ieHHH KaHaHHH MaHOMCTpOB, BKJIIO- 
ifini, TyMSjiep «npHBOA» h cpaay >Ke HaiKaTb KHonKy 
h 11 2 (na nyabTe cnpasa).

Ilpn BbiKjiiOHeHHii npnSopa cnaqaaa BbiKJHonaiOT 
lYMftjiepbi, 3aTeM npHSop OTKJiKHiaiOT ot ccth.

Xod pa6orbi. CocTaBjimoT cxeMy onbira, corjiacHO 
Horopofi pa3MemaiOT cocyAHKH h 3anoAHHK)T hx. On- 
|H' ICJlCHHe npOBOAHT B AByX- TpeXKpaTHOfi nOBTOp- 
lioi rn. CjieAOBaTeJibiio, b 2—3 cocyAHKa noMemaiOT 
iiiiiicckh onbiTHoro BapnaHTa (c HHTH^HTOpOM), B Ta- 
IIOC >Ke KOJiHqecTBo cocyAHKOB noMemaiOT naBecKH 
koii rpojibHoro BapnaHTa h 2—3 cocyAHKa ncnojibsy- 
»T n KanecTBe TepMoSapoMeTpoB (o TepMoSapoMeT- 
pnx cm. HHiKe). HaBecKH noMemaiOT b ochobhoc 
HpOCTpailCTBO COCyAHKa. Bo BIiyTpeHHHft CTaKaHHHK 
iiiuiHBaiOT 0,3—0,5 mji 20%-hoto pacTBopa KOH h 
ByiaBAHiOT «KOH-6yMa>KKy». Hpn OTcyTCTBHii hcht- 
piuibiioro CTaiiaHHHKa KOH najiHBaiOT b 6oKOBoft 
OTpOCTOK. IIIjIHlJlbl Hpo6OK COCyAHKOB H MaHOMeTpOB 
i MII3bIBaiOT CHeilHajIbHOft CMa3KOft, 6OKOBbie OTpOCT- 
Mi cocyAHKa saKpbiBaioT npo^Koft (niAHcjibi xopouio 
IIpilTIipaiOT) .

CocyAHKii HaAesaiOT na sapanee cMasaHHbie Ba- 
KyyMHOfi CM33KOH inAIIlflbl MaHOMCTpOB H T3KX6 THia- 
Tt'JibHO npHTHpaiOT (xopouio npHTepTbie hiah^m npo- 
ipa'iiibi). Ha oTpocTKH cocyAiiKOB h ManoMeTpoB na- 

AenaiOT pesHHOBbie KOAbpa, noAAepjKHBaiomHe co- 
eyAHKH. MaHOMeTpbl C COCyAHKaMH CTaBHT B TepMO- 
("raTHqecKyio BaHny. KpaHbi MaHOMerpod doM/CHbl 
CblTb OTKpblTbll BKAKHiaiOT CHCTCMy Ka'iaHHA.

H3MepeHiie raaosoro AaBAeHHH HanHHaiOT toabko 
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'iepc.3 20—30 mhh. Ilocjie ypaBHHBanHH TeMnepan , 
pi>I COCyAHKa H BaHHbl HeoOxOAHMO OCTHHOBHTb h.l 
'iaiiiie, ycTanoBHTb ypOBenb MaHOMeTpHqecKOH >kii i 
kocth b npaBOM KOjieHe na xejieHHe 15 (150), <n j 
MCTiiTb noJioxKeHHe MenHCKa b JieBOM KOJiene Maim 
MCTpa. B HeKOTopbix ManoMeTpax (no pasHMM npii'in 
hum) AejieHHii b npaBOM h jicbom KOJiene ne Bcerj ' 
coBnaAaiOT. 3aTeM aaKpbiBaiOT Kpanbi ManoMeTpoii ii 
ciiOBa BKjnonaioT KanaHHe. FIoKaaaHHH chhmbiot qepii 
20 mhh 2—3 pasa. Hjih SToro OTKjnonaiOT Kaqaiini', 
ypoBeiib >kiiakocth b npaBOM KOJiene c noMombi" 
BHHTa na peaepByape c MaHOMeTpHnecKOH jkhakocti.hi 
AOboaht ao AejieHHH 15 (150) h OTMenaiOT nojiOMc 
Hiie MeHHCKa b jicbom KOJiene. yqHTbiBan hcxoaikk' 
(nyjieBoe) noKaaaHHe ManoMeTpoB, onpeAejmiOT ne 
jiiiqiiHy cMemeniin ypOBHS MaHOMeTpimecKOH >kii i 
koctii 3a BpeMH onbiTa. Ymhojkhb nojiyneHHoe 3iia 
neHiie na KOHCTaHTy cocyAHKa, nojiynaiOT KOJiHHecTiio 
norjiomeiiiioro KHCJiopoAa b oSbiAHbix eAHHHuax 
Bboaht cooTBeTCTByioiuyio nonpaBKy na noKaaaniin 
TepModapoMeTpoB. Hhjkc npHBeAeHa cxeMa saniicn 
peayjibTaTOB h nocjieAOBaTenbHOCTii pacneTon 
(TaSji. 11).

Hocjie OKOtinaHHH onbrra OTKpbieaiOT KpaHbi mu 
HOMerpOBl H TOJIbKO IlOCJie 3TOTO CHIIMaiOT M3H0MCT- 
pbi c BaiiHbi h CTaBHT hx Ha cneijHajibHbie noACTaBKii 
EcJIII CHHTb MaHOMeTpbl Iie OTKpblB KpaH, TO 113-311 
SbiCTporo noHiijKeHiia TeMnepaTypbi MaHOMeTpimec- 
Kan >KHAKOCTb mojkct SbiTb nepeSpoineHa b cocyAHh 
h TorAa cHOBa npHAeTCH npoMbiBaTb h nepe3apn>KaTi. 
MaHOMerp.

CoCyAIIKH CHHMaiOT C MailOMCTpOB. BaTKOH Bbl 
TiipaiOT CMa3Ky co hijihiJiob ManoMeTpoB, a 3aTCM 
H CO HIJIIKflOB COCyAHKOB. BOAee TIUaTeAbHO MOJKIIO 
y6paTb cMa3Ky BaTKoft, CMoqeHHofi TOJiyojiOM. Pa6o 
Ty c TOJiyojioM npoBOAHT iioa Tnroii. CocyAHKH moiot 
MbUIbHblM paCTBOpOM HJIH XpOMOBOH CMeCbK). XpO 
MOBan cMecb mo>k6t ncnopTiiTb injiHtjibi, noaTOMy 3a 
jniBaTb cocyAHKH eio cjieAyeT TaK, hto^m ona ne Ka 
caJiacb hijihiJiob. riocjie xpoMOBoii cmcch cocyAHKii 
TinaTejibHO npoMbiBaiOT BOAonpoBOAHOii, a 3aTeM 
AHCTHAAHpoBaHHoii boaoh. CyinaT cocyAHKii b nepc- 
BepnyTOM bhac.
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I < />ui>6apoMeTpbt. flapajuiejibHO c cocyAHKaMH, 
flitn>pi.ix npOBOAHT n3MepeHiie, ct3bht TaK>Ke ne- 
Mbl«> cocy/iHKOB b KanecTBe TepMo6apoMeTpOB, no 

KOHTpOJIHpyiOT B03M0>KHbie KOJie6aHH5I TCM- 
,»»iivpi.i n Biiemnero AaBJieHHH. 3tii cocynHKii oc- 
VIMIOI liyCTblMH (HHOFAa B HHX HajIIIBaiOT TOJIbKO 
Uii'ib). IlonpaBKy na TepMo6apOMeTpbi bboaht 
1/iyioin.HM o6pa3OM: ecjiH ypoBenb tkhakocth b ot- 
Niom KOJiene TepMo6apoMeTpa hoahhjich, to jih6o 
i iii.iiiifjiocb BHeniHee AaBJieHHe, ah6o noBHCHAacb 
mn'parypa BaHHbi. B stom CAynae aah onbiTHbix
V/iiiKOB, b KOTOpbix npoHcxoAHT naAeHHe AaBAe-

■ faia, OTMenaeMoe no ManoMeTpy, yMenbmeHHe
inh'iniH MeHbrne AencTBiiTeAbHoro na BeAHHHHy H3- 

Kiii'iniH AaBAetiHH rasa b TepMo6apoMeTpe. OTCiOAa
Wr/iycT, HTo k Ha6AK)AaBnieMycH 3Aecb naAenHio 
tllll'H'llHH Iieo6xOAHMO HpH6aBHTb nOK33aHHH TepMO- 

flpoMCTpOB. EcAH X<e ypOBeHb MaHOMeTpHiecKOH 
fltll IKOCTH B OHblTHOM COCyAHKe nOBblinaeTCH, TO B 
»iom CAyqae H3 Ha6AiOAaBHierocH noKaaaHHH ohbit-
linio cocyAHKa CAeAyeT BbinecTb noKaaaHHH TepMO- 
finpoMCTpa. TaK, ecAH noKasaHHe TepMo6apoMeTpa 
IIMl'l'T 3H3K, HpOTHBOHOAOXHblH HOKa3aHHIO OHblTHO-
10 cocyAHKa, to noKaaaiiHe TepMo6apoMeTpa cAeAyeT 
lipil6.IBHTb K HOKa3aHHIO OHblTHOrO COCyAHKa, eCAH 
fln' iiMeeT tot >Ke 3naK, to noKasaHHe TepMo6apo- 
Mdpa cAeAyeT BbmecTb H3 noKasaHHH onbiTHoro co- 
cyAiii<a. CAeAOBaTeAbHO, 6epeTCH apncJiMeTHHecKaA 
pnpiocTb Me?KAy noKaaaHHHMH onbiTHoro cocyAHKa
11 TepMo6apoMeTpa.

llpiiBeAeM npHMep pacneTa (th6a. 10).

Ta6mma 10

riOKasaHHH

OnbiT TepMo6apOMeTp
C nonpaBKoft na TepMO- 

6apOMeTp

—2,0 —0,2 —1,8
—2,0 +0,2 —2,2
+ 1,0 —0,2 + 1,2
+ 1.0 +0,2 +0,8
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3 a b. a h a 2

MHOrOOBPA3HE nyTER 0KHCJ1EHH5I 
flBIXATEJIBHOrO CYBCTPATA

IlyTii okhcachhh AbixaTejibHoro cydcTpaTa mhoio- 
o6pa3Hbi. Okhcachhio noABepraiOTcn coeAHHeiiHH, ot«| 
HocamHecH k pa3noo6pa3HbiM KJiaccaM. PaccMOTpiiM 
nyra OKHcjieHHH rjiiOKO3bi. Okhcji6hhio MonceT no,'i- 
BepraTbCH He^oc^opHjiHpoBaHHaa rjnoKoaa. KaTajm 
3HpyeT ero (JiepMeHT rjiiOKOOKCHAasa. 3tot ny™ xo- 
pomo iisyneH y MHKpoopraHH3MOB. OKHCJieHHe moho 
4>oc(j)aTa rjiiOKO3bi (rjiiOKO3o-6-(j)oc4)aTa) HBJiaeTcii 
nepBHM STanoM reKCO3OMono4)oc4)aTHoro nyTH okhc 
jieHHii (anoTOMHqecKHH nyTb). UJHpoKo pacnpocTpa 
HeH ny™ okhcjichhh rjiiOKO3bi, nepBbiM STanoM ko 
TOpOTO HBJIHeTCH TJIHKOJIH3. 3TOTO HyTII XapaK 
Tepno AByKpaTHoe (jioc^iopHjiHpoBaHHe npH nonro 
TOBKe cy6cTpaTa k okhcji6hhio. IdHorAa stot nyTb 
Ha3bIBaiOT AHXOTOMHHeCKHM, THK K3K B OCHOBC CFO 
JiejKHT pa3pbIB ABaJKAbl (j)OC(j)OpHAHpOBaHHOH TCKCO 
3bi na ABe qacTii.

PasjiHHHbie ajibTepnaTiiBHbie ny™ oKHCJieHiia 
MOJKHO OTMBTHTb AJIH PHA3 MeTa6OAHTOB II H3 npO- 
MexyTOHHbix 3Tanax oKHCAeHHn. OHSHOAorHHecKoe 
SHaneHHe MHOJKecTBa nyTen okhca6hhh orpoMiio, TaK 
KaK KaiKAan aAbTepHaTHBHaa uenb OKHCAHTeAbiibix 
peaKHHH IipHBOAHT K 06pa30BaiIHK) CBOHCTBeiiHblX 
TOAbKO 3T0H IieHH M6Ta6OAHTOB. M.H0T006pa3He Me- 
Ta6oAiiTOB o6ecneHHBaeT BbinoAHeiiHe 6oAbmoro hhc- 
Aa JKH3H6HHO BaJKHblX KAeTOAHblX (j)yHKH.HH. HanpH- 
Mep, na npoMexyTOHHbix STanax reKcosoMOHo^ioc- 
4)aTHoro ny™ OKHCAeHHH o6pa3yroTcn neiiTO3bi, ne- 
o6xOAHMbie AJIH CHHTesa HyKACHHOBblX KIICAOT, KOM- 
nOHeHTOB aAeHHAOBOII CHCTCMbl H ApyrHX BajKHblX 
coeAHHeHHH; 9pnTpo3O-4-4)oc(j)aT yqacTByeT b chhtc- 
3e uihkhmoboh KHCAOTbi — npeAmecTBeHHHKa apo- 
MaTHHeCKHX aMHIIOKHCAOT, ^^eiiOAOB II pOCTOBHX Be- 
mecTB.

Ha noAHOCTbio oKHCAeHHyio MOAeKyAy tak)K030-6- 
4)oc4)aTa (6 hiikaob) BOCCTaHaBAHBaeTCH 12 MOAeKyA 
HAjj<I), BbiAeAaeTCH 6 MOAenyA CO2 h 1 MOAeKyAa 
4)OC(j)OpHOH KHCAOTH, HpH 3T0M HCHOAb3yeTCH 7 MO- 
AexyA H2O. BocCTaHOBAeHHbifi HAJI^ (HAZIO-H)
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cc6e 6ojibinofi 3anac aneprHH, peajinayeMofi 
tT^III'lllblMH CH0C06aMH, OAHHM H3 KOTOpblX HBJIHeT- 

■ lini<uib3OBaHHe HAJJO-H b BoccTaHOBiiTejibHbix 
n|H'i.ix, nanpHMep b cHHTese 6cjikob h /khphbix 
■h' lol He OTpHHaeTCH B03M0>KH0CTb nepeHOCa SJieKT- 
Piiiuii HAZI^-H no AbixaTejibHoii uenn mhtoxoha- 
I

| II peayjibTaTe rjiHKOJiHTH'iecKQro npeBpameiiHH 
■MHuiibi CHHTeaiipyeTCH 2 moah AT<I>, o6pa3yeTCH 
■fn i|iiii\!!iincpaT, KOTOpbiii MOxeT ynacTBOBaTb b chh- 
Krc /KiipoB h yrjieBOAOB, a TaK>Ke TaKoii u,eHTpo6o- 
Kn, i<ai< nnpoBHHorpaAHaH KHCJiOTa. JlaAbHeiiiiiee 
fllviipameHHe nocjieAneii BecbMa MHoroo6pa3iio. npH 
llkiic'iiiTejibHOM AeKap6oKcnjiHpoBaHHH nnpyBaTa b 
MlnoxoHApHHX o6pasyeTCH an.eTHJi-KoA, noABepraio- 
lllllilcjl OKHCJieHHK) B HHKAC Kpe6ca. B XOAe stoto 
lliiK.'ia Mo6HJiH3yeTCfl 6ojibinoe KonimecTBO sacktpo- 
nmi, TpancnopTHpyeMbix no 3AeKTpoiiTpancnopTHOH 
lli'iin (3TIJ,) AbixaHHH. TaK, na MOAeKyAy nnpyBaTa 
MnrtiiAinyeTcsi 10 3A6ktpohob. TpancnopT aneKTpoHOB 
iii> .)TH, ABixaHHH conpajKen c chhtbsom ATrt> (2—4 
MojicKyAbi ATO Ha napy sacktpohob) . M.eTa6oAHTbi 
UliKJia Kpe6ca hbahiotch KOMnoneHTaMH mhothx Ba>K- 
IIMx cHHTeTHnecKHx npoueccoB b KAeTKe, nanpHMep 
I i lOKHCAOTbl, aMHHHpyHCb, A3K)T aMHHOKHCAOTbl, He- 
MxOAHMbie aah cHHTeaa 6eAKa. Auctha-KoA HyiKeH 
Ajiii ciiHTesa jKHpiibix khcaot. OpraHHnecKHe khcao- 
Tid iicnoAbsyiOTCH b cHHTese yrneBOAOB.

CooTHomeHHe nyTeii okhca6hh5i ne hoctohhho 
ii i<a>KAOM opraHH3Me, oprane, TKann, kactkb b 3a- 
HHCHMOCTH OT IieAOTO pHAa (JiaKTOpOB. B peryAHUHH 
iroro cooTHomeHHH MoryT yuacTBOBaTb TaKHe hcht- 
portoAHTbi, kbk HAA. n HAJJO; HAA-H h HA,H,<I>-H; 
ATO h AA^- B TKaHJix Kopim mopkobh, nanpnMep, 
iio AanHbiM Pnca h BnBepca, hohth noAOBHHa taio- 
KO3bI OKIlCAHeTCH HO TeKCOaOMOHOlflOCIpaTHOMy nyTH 
n noAOBHHa — nepe3 tahkoahs h hhka Kpe6ca. HpH 
crapeHHH TKaneii, a TaK>Ke nertAaronpiiHTHbix ycAO- 
IJHHX 3TO COOTHOHieiiHe H3MeHfleTCfl HepeAKO B CTOpO- 
ny noBbimeHHH poah reKcoaoMonoiJiocijjaTHoro nyTH, 
'ITO M0>KH0 npOCAeAHTb, HCHOAb3yH mctoa MeqeHHX 
IITOMOB. npHMCHHIOT TAIOKO3y C MeHeHHM yTAepOAOM 
II HOAO>KeHHH C1 IIAH Ce H 33T6M IICCAeAyiOT COOT- 
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HoineHHe yrjiepoflOB Ci n C6 b BbiAeneHHOM npn iu 
xaHHH ymeKHCJiOM rase. CCh, BbiAejineMbiH npn iciJ 
CO3OMOHO(j)OC(j)aTHOM HyTII OKIICJieHHH, COAepIKH'l \ >• 
JiepOA Ci. Bo btopom cjiynae coAep>KaHHe Ci n ( t 
npiiMepno paBiio.

KocseHHO o cooTiiomeHHH AaHHbix nyTefi okiic.u' 
HHH MOIKHO CyAHTb HO HHTHdHpyiOIHeMy AblXaillK 
AeficTBHio NaF. B KOHn,e rjiHKOAHTHiecKoro ahk.ui 
THApaTaHHio 2-4)oc(j)orjiHHepaTa c o6pa3OBaHHeM (jx>eJ 
(|)O3HOAnHpyBaTa KaTaAH3HpyeT (j)epMeHT 9HOAai.i, 
,H,ah AeiiCTBHH 3Toro ^epMenra h6o6xoahmo npHcyi 
CTBHe AByXBaAeHTHblX KaTHOHOB Mg2+ H Mn2+, C KO' 
TopbiMH (jiepMeHT o6pa3yeT komhackc, npc/KAe hcm 
npHcoeAHHHT k ce6e cydcTpaT. OepMeiiT Hnra6Hpyei 
CH (jlTOpHAOM (NaF), OCo6eHHO B npiICyTCTBHH (j)()C 
(J)aTa. HnrH6Hpyiomee AeftcTBHe OKasbiBaeT Mg21 
(j)TOpO(j)OC(j)aTHblft K0MHA6KC. IlOAaBAeHHe ABIXaHIIII 
hoa AeftcTBiieM NaF BbipaxaiOT b npoiieiiTax ot iic 
xoahoto noTAOin.eHHH O2, hto OTpaiKaeT aoaio yqac- 
TH5I OKHCACHHH, HAyiU.erO Hepe3 TAIIKOAH3. FeKCO3O- 
MOHO(j)OC(j)aTHOe OKHCACHHe (j)TOpHA He HHTH^HpyeT.

noAyneHHbie pesyAbTaTbi asiot AHinb npHMepnoe 
npeACTaBAeHHe cooTHomeiinft nyreft okiicachhh, thk 
KaK HHTH6HpoBaHHe He 6biBaeT 36coaiotho noAHbiM 
11 HHradHTOp ne BcerAa AeiiCTByeT CTporo cneH,H(j)nii- 
ho. Oah3ko Hiira6HTOpHbift anaAH3 ninpoKO ncnoAb- 
syeTcn aah penienHH pa3noo6pa3Hbix saAan npn nc- 
CAeAOBamiH AbixareAbnoro MeTa6oAH3Ma.

Hejib pa6oTbr. onpeAeAenHe cooTHomeHHn AByx 
nyTeft okhcaohhh 11 ero H3MeneHHft b cbhsh c Bospac- 
TOM H (j)aKTOpaMH BHeiHHeft CpeAbl.

O6t>ckt uccjiedoeaHUH. 3ry pa6oTy moikho npo- 
BOAHTb c Aio6biMH tkhhhmh pacTennft, HanpHMep c 
KopmiMH npopocTKOB ropoxa pa3Horo BO3pacTa.

Xod pa6oTbt. HaBecKH tkhhh 400—500 mt hh~ 
(JiHAbTpHpyioT pacTBopoM 0,02—0,05 NaF, npHTOTOB- 
AeHHbiM na 6y(j)epHOM pacTBope (moikho (j)oc(j)aTHOM) 
c pH 4,5. HapaAAeAbHo KOHTpoAbHbie naBecKH hh- 
(j)HAbTpHpyK)T 6y(j)epHbIM paCTBOpOM c pH 4,5 (cm. Me- 
toa HH(j)HAbTpauHH na c. 90). B neKOTopbix CAyqaax, 
nanpHMep npn pa6oTe c moaoabimh KOpeniKaMH, on- 
peAeAmoT norAOipeHHe O2 HenocpeACTBenHO b pacT- 
Bope HHra6irropa, 6e3 ero HmjiHAbTpaiijiii. ^ah stoto
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HaBeci<y noMeinaioi b cocyAHK Bap6ypra h sajniiiu J 
iot onbiTHbie BapnaHTbi pacTBOpOM NaF (2ma), koiiiI 
pojibHbie — 6y4iepHbiM pacTBopoM (2mji). OnpejH'/ir 
HHe nOTJIOmeHHH O2 npOBOAHT B 2—3-KpaTHOH IIOIII 
TOpHOCTH, K3K OHHCaHO B HpeAblAymCH 33^3^6.

OiJiopMjieHHe pa6oTbi Aano b Ta6ji. 11. Paccmirui 
BaiOT cpeAHee 3HaneHHe ajih KaiKAoro BapnaHTa. JI.1.1 
xanne b onbiTHOM BapnaHTe, t. e. npn HH<|)HJibTpaniiii 
HHTH^HTOpOM, Bbipa>i<aioT b npoiieHTax ot Abixanini 
B KOHTpOAe. OKOHHaTejIbHHH peayjibTaT BbipaiKam^ 
b npoueHTax noAasjieHHH (Ta6n. 12).

Ta6jiniia 12 j

CxeMa aanucu peay/tbmamoe onbima

BapaaHT
riorjiomeHHe KHCJiopofla, 

MKJl/r Cbipoft Maccbl/H
PeayjibTaTbi noAaBJienii>t 

% OT KOHTpOJIbHOl'O

Hhth6htop
By4>epHHH pacT-

Bop

Merod BaKyyM-uHjpuAbTpaUfiiu. HasecKH pacTii- 
TejibHoro MaTepnajia (400—500 mt), cocTOHiijHe n i 
Ky6HKOB TK3HH CO CTOpOHaMII 4—5 MM, 3aBepTbIBai()l 
B MapJIIO, KAaAyT B CTaKaHHHK, 33AHBaiOT paCTBOpOM 
HHTH6HTopa. CBepxy noMemaiOT rpy3HK, nanpHMep 
AHTyio CTeKAHHHyio npo6Ky. FpysiiK neo6xoAHM aa« 
toto, HTo6bi HaBecKa ne BcnAbiBaAa Ha noBepxHOcn. 
paCTBOpa npH HH^HAbTpaHHH. Xopomo CTaKaHHHKII 
npHKpblTb BOpOHKOH 6e3 AAHHHOFO HOCHKa, lITO npe 
HHTCTByeT pa36pbI3FHBaHHIO paCTBOpa. JlAH KOHTpOAH 
T3K>Ke 6epyT HaBecKii b Apyrofi cTaKaiiHHK, saAHiia 
K)T HX COOTBeTCTByiOIIIHM 6y(|)epHbIM paCTBOpOM, 
h AaAee bck> ripoiieAypy npoBOAHT anaAorHHHO.

CTaKaHHHKH HOMemaiOT B BaKyyM-3KCHKaT0p, xo 
pOHIO npHTHpaiOT KpblUIKy, nOACOeAHHHIOT OKCHKaTOp 
k SAeKTpHHecKOMy BaKyyMHOMy MacAHHOMy nacocy 
h OTKanHBaiOT BO3Ayx b Te'ienne 20—30 mhh, hok;i 
H3 pacTBOpa ne nepecTanyT BbiAeAHTbcs nysbipbKii 
XlaAee 3aKpbiBaiOT Kpan sKciiKaTopa h TOAbKO TOiAa 
OTCOeAHHHIOT 9KCHKaTOp OT HaCOCa. 3aTeM MeAACHHO
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5hpi.in;itoT Kpan, B03#yx bxoaht b SKCHKaTOp. B pe- 
n.i.ire yBejiHHeHHH AaBAeiiHH BO3Ayxa naa pacT- 

pnM, paCTBOp BXOAHT B MejKKACTOHHHKH TK3HH, 
lOCTByH npOHHKHOBeHHK) HHTHSHTOpa. KyCOHKH 

BMIHi MaiOT, AaiOT hm cnerKa oScoxnyTb h noMemaiOT 
Bl'itcyAHKH rasoMeTpHuecKoro annapaTa Bapdypra.

3 a a a h a 3
<PEPMEHTHbIE CHCTEMbl flblXAHHfl

/lljxaiine — CAOJKHblH MH0r03B6HHbIH KOMHJieKC OKHC- 
||iic.iii>Ho-BOccTaHOBHTejibHbix npoueccoB, b peayjib- 
■ 1t< KOTOpblX BOAOpOA OKHCAHeMOTO AblXaTeAbHOTO 
i)Cn ipaTa BOccraHaBAHBaeT khcaopoa c odpasosa- 
hiicm H2O hah H2O2. KncAopoA npn stom nrpaeT 
En n> aKuenTopa 3acktpohob. BoAa o6pa3yeTCA npn 

rpriioce 4 OACKTpOHOBI

O2 +4H+ + 47-»-2 H2O,

JtpCKHCb BOAopoAa npn nepenoce 2e:

O2 + 2H+ + 2e-*H2O2.

<l>epMenTbi, KaTaAH3HpyioiuHe nenocpeACTBeHHO 
HKHCAIITeAbHO-BOCCTaHOBHTeAbHbie HpeBpaiH,eHH5I Abl- 
jHrejibHoro cy6cTpaTa, mojkho pasACAHTb na CAe- 
iyiomHe rpynnbi: AerHAporenasbi (ipepMeHTbi, aKTH- 
mipyioLUHe boaopoa), OKCHAasbi n OKcnreHaabi (4>ep- 
MCIITbl, aKTHBHpyKHHHe KHCAOpOA), (JiepMeHTbi, Bbl- 
iii>.iiiisiiom,He poAb npoMe>KyToqHbix nepenocHHKOB 
*icicrpoHOB (BOAOpOAa).

/IezudpoeeHci3bi — cpepMeHTbi, KaTaAH3HpyiomHe 
AvriiApHpoBaHHe AbixaTeAbHoro cy6cTpaTa. Ohh aK- 
ininipyiOT onpeAeAeHHbie aTOMH BOAopoAa cy6cTpa- 
Tti, npHAaBan hm cnoco6HOCTb nepexoAHTb c cy6cT- 
pnra Ha cooTBeTCTByiomHH aKHenTop c 6oAee bhco- 
khm peAOKc-noTeHHHaAOM. AKii,enTOpoM BOAopoAa h 
• JKIKTpOHOB MOACeT 6bITb KHCAOpOA HAH KaKOC-TO CO- 
tAimeHHe, yqacTByiomee b uenn nepeHoca 9AeKTpo- 
...... ii BOAopoAa. JlerHAporeHaabi, y kotophx aKH,en- 
TOpOM SAeKTpOHOB HBAHCTCH KHCAOpOA, Ha3bIB3IOT 
ii »po6HbiMH AerHAporenasaMH, nepeAKO hx no npasy 
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Ha3biBaK)T OKCHAaaaMH, TaK KaK ohh BbinojiHHKxr 01 
CH#a3Hbie (jiyHKiiHH, nepeAaBan boaopoa h ajieK'rpoiiM 
Ha KHCJIOpOA- AKH,enTOpOM BOAOpOAa H 3JieKTpoll.il 
ot anaapoSHbix AerHAporeHaa cjiyaoT npoMexyTO'i. 
Hbie nepeHoc'iHKii BOAopoAa.

FIo CBoen xHMHnecKOH npHpOAe AerHAporena h.i 
6bIBaK)T HHpHAMHOBblMH H (|)JiaBHHOBbIMH. B CBOCM 
cocTaBe ohh HMeiOT 6ejiKOByio nacTb — ano^epMcm 
h KOtjiepMeHT. KotjiepMeHTaMH hhphahhobmx AernApo- 
renaa mojkct 6biTb HAH (HHKOTHHaMHAaAeHHHAimy' 
KJieOTHA) IIJIH HAA^ (HHKOTHIiaMHAaAeHHHAIIHyKJICO- 
THA(j)OC(|)aT) .

HnKOTHHaMHAafleHHHAMHyKneoTHA (HAA+)

K HAJJaaBHCHMbiM AerHAporenasaM othochtch, 
nanpHMep, jiaKTaTAerHAporenasa, H3OHHTpaTAerHApo- 
renasa, MajiaTAerHAporenaaa; k HAfl<I>3aBHCHMbiM — 
TJHOKO3o-6-(j)oc4)aTAerHAporeHa3a, 6-4)oc(j)orjiiOKOHaT- 
AerHAporeHaaa h Apyrne.
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3JieKTpoll.il


<l'.iiaBHHOBbie AerHAporenaabi b cocTaBe KO(j)ep- 
M<hi.i coAepncaT npoH3BOAHbie pndo^JiaBHHa (bht3- 
Mllll B2). j(Ba, 06bIHH0 OTMeaeHHbie 3Be3AO’IKaMH, 

Kdmii a3OTa — K/iiO'ieBbie aTOMbi b KaTajiHTHaecKOH 
■InMiiiH. K hhm npHcoeAHHHK>TCH 2 H+, b pesyjibTa- 

h 'KTo KocJiepMeHT BOccTanaBjiHBaeTCH.

HO—P = O

OI
ch2

HOCH Pn6o$JiaBHH

(JjjiaBHHaAeHHHAHHyKTieOTHA (4>AZJ)

Ko())epMeHTaMH (|)JiaBHHOBbix (JiepMeHTOB MoryT 
(iblTb IIJIH OMH (4)JiaBHHMOHOHyKJieOTHA), HJIII OAJJ 

93



(4)jiaBHHaAeHHHAHHyKJieoTHA). Cpe^ii (pAaBHiioBijx 
jieriiAporeHaa BCTpenaiOTca aHaapoSiibie n a3po6nu<- 
■ipepMeHTbi. K nepBoft rpynne othochtch cyKUHHar 
AerHAporenaaa h pn/i cpjiaBHHOBbix (pepMeHTOB npo- 
MejKyTOHHoro nepenoca e n BopoAopa, HanpiiMep, 
peAyKTaaa H.HTOxpoMa c, XHHonpeAyKTasa h fjhot;i 
THonpeayKTasa. Mnorne (pjiaBHHOBbie (pepMeHTbi ocy 
mecTBjiaiOT OKCHAaaiibie (pyHKHHH, nanpHMep, tjhoko- 
3OOKCHAa3a, 0KCHAa3bI L-aMHHOKHCJIOT, KCaHTHHOKCII 
Aasa, OKCHAasa rjiHKOJieBOH khcaotbi h JiHnooKCH.ua- 
3a. (pjiaBHHOBbie AerHAporeHa3bi HepeAKO coAepxar 
MeTajiJibi — Co, Mo, Fe, Cu. FIpu okhcachhh Kocjiep 
MeHTa ABa aTOMa BOAopojia nepenocHTCH ot MOJieicy- 
jim poccTaHOBjieHiioro KorfiepMeHTa Ha MOJieKyjiy ai<- 
penTopa. IIo iiMeroiUHMCH AaHHbiM, 9tii aTOMbi boao- 
poAa MoryT npricoeAiiiiHTbca iijiii OTpbiBaTbcn ot nero 
no OAHOMy.

Heo6xoAHMO no3naKOMHTbCH c OTAeAbHHMH Ae- 
THAporeHasaMH h KpaTKOH hx xapaKTepHCTHKofi no 
yuedHHKy.

OepMeHTbi, KaTaAH3Hpyioiii,He nepeuoc 3A6ktpohob 
ua KiicAopoA, Ha3biBaioiCH OKCudaaaMU. Hx na3MBa- 
IOT TaKJKe TepMHHaAbHblMH, HOCKOAbKy KaT3AH3Hpye- 
mhh hmh npouecc npeACTaBAHeT KouenHbiH 9Tan 

lOKHCAeHHH — HepCAaUy SAeKTpOHOB H BOAOpOAa Ha' 
iKHCAopoA c o6pa3OBariHeM H20 hah H2O2.

He6oAbnian aoah noTpe^AneMoro npu AbixaHHii 
'KHCAopoAa (Menee 1%) BHeApneTCH nenocpeACTBen- 
ho b MOAeKyAy OKHCAHeMoro cy6cTpaTa. KaTaAiisnpy- 
IOT 3TH peaKAHH (JiepMeHTbl OKCUZeHaSbl.

MoHOOKCHrenasa KaTaAHsupyeT THApOKCHAHpOBa- 
HHe cy6cTpaTa, aah stoto ncnoAbsyeTCH oahh aTOM 
KHCAOpOAa, BTOpOH aTOM KHCAOpOAS A0AJK6H HpHHHTb 
BOAOpOA II SAeKTpOHbl, I-ianpHMep, OT BOCCTaHOBAen- 
iioro HAH. CAeAOBaTeAbHo, noAo6ubie (JiepMeHTbi — 
(JiepMeHTbi CMemaHHoro Tiina (BbinoAHHiomHe okch- 
reHa3Hbie h 0KCHAa3Hbie (JiyHKHHH). K hhm x<e otho- 
CHTCH O-AH(j)eHOAOKCHAa3a H nepOKCHA33a, KOTOpbie 
HapHAy c 0KCHAa3HbIMH BblHOAHHIOT H THApOKCHAH- 
pyromne (fiyiiKHHii. HiiOKCHreHasbi KaTaAH3HpyroT 
BiieApeHiie b MOAeKyAy cy6cTpaTa AByx 3tomob 02 
c paspbiBOM apoMaTHHecKoro KOAbua.
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CpeAH oKCHAas Sojibiuoe mccto aaHHMaiOT 
BcpMCHTbi, coAep>KamHe >Kejie3O b cocTaBe npo- 
» icTHiecKoft rpynnbi (Fe-npoTenAbi) h mcah (Cu-npo- 
H'IIAbl) .

B rpynne oicejieaonpoTeudoB ochobhoc mccto 3a- 
miMaioT reMonpOTeHAbi. Bapdypr noKasaji, hto s<e- 
jic3o b jKejiesonopcpHpHHOBOM KOMnjiei<ce (reMiiHe) 
• rnx (pepMeHTOB npeTepneBaeT oSpaTHMbie okhcjih-
I CJIbHO-BOCCTaHOBHTejIbHbie npeBpameHHn. Atom Me- 
nijuia b reMonpOTeHAax mojkct npHcoeAi-iHHTb hjih 
OTAaBaTb OJieKTpOH, COeAHHHTbCH C MOJieKyjIHpHblM 
MicjiopoAOM c AajibiieHiueH AiiccoHiiauneH 3tofo 
koMiuieKca, coeAHHHTbCH c H2O2 c nocJieAyioiijeH ne- 
pecTpoiiKOH o6pa3OBaBinerocH coeAHHeiniH, npiiBOAfl- 
mcft k BbiAejieuHio KHCAopoAa h AP- noaTOMy neKO- 
Topwe reMonpoTeHAbi, nanpHMep, reMorjio6HH, KaTa- 
jiaaa, nepOKCHAasa, HHTOxpoMOKCHAasa h uhtoxpomh

II uenu nepenoca sjieKTpouoB, MoryT ocymecTBJiHTb 
pII3JIHHHbie (JiyHKIIHH.

B paCTHTejIbHOM MHpe TepMHHaJIbHbie (JiepMeHTbl, 
COAepjKanjHe Cu, nrpaiOT BaiKHyio pojib. K Medbnpo- 
reudaM OTHOCHTC5I nojiiupeHOAOKCHAasbi, hjih (fieno- 
Jlil3bl (lIJIH (peHOJIOKCHAa3bl), H aCKOp6lIHOKCHAa3a.

C xapaKTepHCTHKOH iiepeuiicjieHHbix Bbinie (jiep- 
MCHTOB TaKIKe HeodxOAHMO nO3H3KOMHTbCH IIOApo6- 
ueft 110 yue6HiiKy.

Xopomeft HjuuocTpauneft (jiepMeHTOB npoMeJKyTOH- 
lioro nepeuoca sjieKTponoB (BOAopoAa) sbjihctch 
m HTOxoiiApiiajibHaH AbixaTejibiiaa uenb (pnc. 13). 
Tai<, AeniAporeHasbi Mo6njiH3yiOT ajieKTpOHbi h bo- 
AOpOA cy6cTpaTa. Ot BoccTaHOBJieuHoro KoijiepMeHTa 
IIAXI, aneKTpoHbi (h boaopoa) nepenocHTCH na (pjia- 
nonpoTeHHOBbift KOMnoneiiT uenn b KOMnjieKce, c ko- 
TopbiM (jiyHKiiHOHHpyeT nereMHHOBoe >i<ejie3O. ,5ajiee 
11 nepenoce 3Jiei<TponoB yuacTByioT KO3H3HM Q, ijenb 
niiToxpoMOB b, c, Ci, a, a^. Konemibie uiiToxpoMbi 
H-FU3 BbinOJIHHIOT OKCHA33Hbie (jiyilKHHH II H33bIBaiOT- 
ch HHTOxpoMOKCiiAasoft. CjieAyeT euie pa3 OTMeTHTb, 
'iTO nepenoc e nponcxoAHT no sjieKTpoxiiMiiqecKOMy 
rpaAHeiiTy ot KOMnoHeuTOB c 6ojiee iihskhm okhcjiii- 
TCJlbHO-BOCCTailOBHTejIbHblM HOTeHUHajIOM K KOMHO- 
.ucHTaM c 6ojiee bbicokhm noTCHUnajioM. Ha pnc. 12 
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npeACTaBJieHH anbTepnaTHBHbie AbixaTejibHbie ueini, 
b KOTopbix mojkho BHAeTb h Apyrne cjiepMeHTbi npo- 
MejKyTOHHoro nepenoca ajieKTponoB h BOAopoAa.

UeJib sadauw. npocjieAHTb 3a aKTHBHocTbio ot 
AejibHbix cjiepMeHTOB b pa3Hbix pacTenHHx, opran.i'. 
pacTeHHH h 3a H3MeneHHeM 3kthbhocth hoa bjiiim 
HHeM pa3JIHHHbIX (JiaKTOpOB.

Onur 1

Onpedenenue oStqeu deeudpoeenasHou aKTUBHOCTii 
(no Tynfiepzy)

Akthbhoctb AerHAporeHaa mo/kiio onpeAejnm. 
C IIOMOIHbK) KpaCOK, HaHpHMep MCTHJieHOBOH CHHII, 
THOHHHa, 2,6-AHXJIOp4>eHOJIHHAo4)eHOAa, COJIH TeTpa 
3OJIHH, KOTOpbie B 0KHCJI6HH0M H BOCCTaHOBJieHHOM 
coctohhhh pa3Horo u^eTa. TaK, nepBbie Tpn KpacKii 
6eCH,BeTHbI B BOCCTaHOBJieHHOM COCTOHHHH (jICHKO 
4)opMbi) h OKpameHbi b okhcjichhom. JIjih TeTpaso- 
AHeBblX KpaCOK, HaoSopOT, SeCHBCTHbl OKHCJieHHblC 
4)opMbi h OKpameHbi BOccTanoBjieHHbie.

FlepeHHcjieHHbie KpacKH Moiyr aKiienTHpoBaTb 
BOAopoA cy6cTpaTa c noMombio KaK anaapoOHbix, 
TaK h aapo6Hbix AerHAporenas. BoccTaHOBjieHiie 
KpacKH npoHcxoAHT no cjieAyioineii cxeMe:

AH2 + Kp ■-■■■HjWore"a3H-» A + KpH2
OKHCJieHHblft BOCCTaHOBJieHHasl 

cyficTpaT KpacKa

UeAb pafioTbt u o6T>eKTbt uccjiedoeaHun-. cpaBHHTb 
AerHAporenasHyio aKTHBHOCTb TpoHyBHierocs b pocT 
3apoAbiina h ceMHAOJiefi ropoxa, CTapbix h moaoamx 
ynacTKOB Kopnn npopocTKOB ropoxa, Apo>K/Keii jkh- 
BblX H y6HTbIX KHHHHeHIieM.

Xod pa6oTbt. H3 npopocniHX ccmhh ropoxa, npeA- 
BapHTenbHO OHHmenHbix ot o6ojioneK, H3BneKaiOT 3a- 
poAbiniH (KopemoK ne aojdkch 6brrb AAiinnee 0,5 cm). 
HaBecKH no 200—300 mt aapoAbimefi h ceMHAOJieit
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»t K'jibiio pacTiipaiOT b CTynKe c 1 ma 0,87%-noro 
■CTBOpa K2HPO4. PacTepTyio Maccy nepeHOCHT b 
■yfii<y TynOepra. ,fl,Ba>KAbi onojiacKHBaiOT cTynKy, 

ibifi pas npHjiHBaa no 1 ma pacTBopa KsHPOi.
■KliM oSpasoM, b npo6npKe Haxo/iHTCfl pacTepTaa 
ItiinccKa b 3 mji pacTBopa K2HPO4.

B mapoo6pa3Hoe pacinnpeHHe npo6KH bhocht

I Mji pacTBOpa (KOHiieHTpanna 5-10 4M) 2,6-AHXJiop- 
i|>i'H0JIHHA04)eH0JIHTa HaTpHH, CMa3HBaiOT IUJIW4> Ba- 
nyyMiiofi cMasKofi h npo6Ky BCTaBjiHiOT b npo6npKy, 
H|lllUiaH C He60JIbHI0H aMHJIHTyAOH H3 CTOpOHbl B 
lliipOHy. ripHUIJIHljlOBaHHbie nOBepXHOCTH AOAJKHbl 
61.1 ib npoapanHbiMH. IT3 Tpy6oK OTKaiHBaiOT BO3Ayx 
|o ocTaTOHHoro AaBJienHH 10—12 mji. Ha sjieKTpn- 
HfcKOM MacjiHHOM Hacoce 3to AOCTHraeTCH 3a 2— 
.1 MHH. HOBOpOTOM npO^KH Tpy^Ky 3aKpbIB3IOT HpeiK- 
|C, 'ieM GTcoeAHHHiOT ee ot nacoca. 3aTeM Tpy6KH 
Iyii6epra noMeiuaiOT b TepMOCTarayio Banny c tcm- 
ttcpaTypofi 37°. Hocjie 15-MHHyTHoro TepMocTaTHpo- 
IIIIIIHH KpaCKy H3 TOJIOBKH npo6KH npHAHBaiOT K co- 
MpjKHMOMy npo6npKH h saceKaiOT BpeMH. Tpy6na 
ItpOAOJIIKaeT HaXOAHTbCH B BaHHe. BpeMH OT MOMCH- 
111 BBeAenHH KpacKH ao nojiHoro o6ecn,BenHBaHHH ee
II peayAbTaTe AenTeAbHOCTH AerHAporeHaa xapaKTe- 
plbiyeT HX aKTHBHOCTb. Pe3yjIbT3TbI BblpaiKaiOT B OT- 
nocHTejibiibix eAHHHuax A h paccnHTbiBaiOT no (Jiop- 
Myjie

„ 1 ■ 100
A =----------- ,

n • 3

I7ic n — BpeMH o6ecH,BeiHBaiiHH b miiii, z — naBecKa 
11 rpaMMax.

CpaBHiiTeAbHoe onpeAeAeiiHe mojkho npoBecTii 
11 TaK. 1—2r pacTHTeAbiiofi TKann pacTiipaiOT c 5 ma 
0,87%-hoto pacTBopa K2HPO4 h nepenocHT b npo- 
OlipKy. HoCAe TepMOCTaTHpOBaHHH npH63BAHIOT 1 — 
1,5 ma pacTBopa KpacKH h nepeMeniiiBaiOT. HtoSm 
npeKpaTiiTb AocTyn KHCAOpoAa, noBepxnocTb >kha- 
kocth b npo6npKe 3aAiiBaiOT BaseAHiiOBbiM iiaii Apy- 
niM jkhakhm MacAOM. 06 3kthbhocth AeriiAporeHa3 
cyAHT 110 cKopocTii o6eciiBeniBanHH icpacKH. Hkjkc 
noKaaano BOccTaHOBAeiiHe 2,6-AnxAop(j)enoAHHAO(J)e- 
IIOAHTa IiaTpiIH II TCTpO3OAHH XAOpIICTOrO.
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C1

ONa 4- 2H

C1

BoccTaHoejieHHe

2,6-4Hxaop<j>eHoaHH4o<f>eHoaaTa HaTpna

BocCTanoBaeHHe TeTpasoxna xaopHCToro

OtlbLT 2
CpaBHeHtie aKTUBHocTU tiepoKcudaobi Kopneu 

u AucTbee paoHbtx pacTeHtiti

riepoKCHAaaa — (JiepMeHT, KaTajiii3Hpyioni.HH okhc 
Jiemie (JienojiOB, apoMaTHuecKHX aMHiiOB h Apyrnx 
coeAHHeiiiin c noMoipbio nepeKHcn BOAopo.ua hjih op- 
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■imuecKHx nepeKHceii. npocTeTHqecKaa rpynna (£>ep- 
lciria hbahctch >Kejie3onop4)HpnHOM.

<PeHOJi — — H2O2
HepoKCHAaaa

Xhhoh •*- -> 2H2O

Uejib pa6oTbi u oS&eicTbi. uccAedoeanufi: cpaBHiiTb 
IhlllBIIOCTb nepOKCHAa3bI MOJIOAHX H CTapblX AHCTbBB 
ii'iii pasjiHHHbix no BospacTy yaacTKOB Kopna.

Xod pa6orbi. HaBecKii (100—200 mt) TKaneft Kop- 
|cft H AHCTbCB paCTHpaiOT B CTynKC C HeOojIbHIHM 
fciijiimecTBOM aiieTaTHoro 6y4>epa (pH 5,4)- PacTep- 
fyio Maccy KOJiiiqecTBeHiio nepenocHT b Meptiyio koa- 
oy na 25 mji h aoboaht ao mctkh 6y4>epHbiM pacTBO- 
|IOM. ^aiOT HOCTOHTb 10—15 MHH. 3aT6M paCTBOp 
iK'iiTpHijiyrHpyiOT npn 3,5—4 thc. o6/mhh, cahbhiot 
llii/locaAOHHyio ikhakoctb b KOA^OHKy h onpeAeAHiOT 
iKTHBiiocTb (JiepMeHTa na C>3Ke. (Bmccto ueHTpn- 
Jiyi'HpOBaHHH MO5KHO (JlHAbTpOBaTb paCTBOpbl Hepe3 

yMiDKHHH (pHAbTp.) 06 aKTHBnocTii nepoKCHAa3H 
cyAHT no BpeMenH o6pa3OBaHHH cHneft oKpacKii ao 
IDAaHHOH sapanee onTHqecKofi haothoctii.

OnpedeaeHue Ha <i>3Ke. B ABe KiOBeTH toaihhhoh 
jl'M HaAHBaiOT 2 MA BHTHJKKH, 2 MA 1/15 M (|)OC(|)aT- 
limo 6y(J)epHoro pacTBopa, pH 6,7, 2 ma pacTBopa 
ITHIflKOBOft CMOAH, 0,05%-Hblft paCTBOp TOTOBHTCH na 
0(>%-hom cnnpTe (xpaHHTb ne 6oAbine 3 Anefi). CTa- 
iiiit KioBeTH b KiOBeTOAepiKaTeAH npn6opa, oAny 
CJicBa (KoiiTpoAb), Apyryio cnpasa (ohht) h c ho- 
MOIHbK) OHTHqeCKHX KAHHbeB ypaBHHBaiOT o6a CBe- 
nniHX noTOKa, npH stom cTpeAKa na raAbBanoMeTpe 
m raeT b HyAeBoe noAOJKeHHe. VpaBHHBaiOT CBeTOBbie 
flOTOKH cnaqaAa npn qyBCTBHTeAbHOCTH 1, 3aTeM 2 
(ii;iH6oAee BHCOKoft), npn KOTopofi h BeAeTca onpe- 
JtCJieHHe. npaBbift OTcqeTHbift 6apa6an cTaBHT na Ae- 
jieime 0,250 (niKaAa onTHqecKofi haothocth), b stom 
CJiyqae, ecTecTBeiiHO, crpeAKa raAbBaHOMeTpa CMe- 
IHaeTCH B cTOpony. B AeByio KOHTpOAbHyio KiOBeTy 
iiaAiiBaiOT 2 ma boah, b npaByio onbrrnyio AOAiiBaiOT 
2 ma 0,1—0,3%-noft H2O2 nHneTKoft c hihpokhm ho- 
itikom. CnAbHan CTpya nepeMeiunBaeT coAep>KH>ioe 
iiiobcth. OAHOBpeMeiiHo c nepBoft KanAeft BKAioqaiOT 
ccKyiiAOMep. B onbiTiioft KioseTe pacTBop cniieeT,
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CTpeJiKa rajibBaHOMeTpa nepejiBnraeTCfl k nyjieBOM) 
nojio>KenHio. OTMenaiOT BpeMH ot nanajia npHAiina 
HIIH H2O2 AO AOCTHJKCHHH paCTBOpOM 3aAaiIHOH Oll 
TiiuecKoii haothocth, KOi'Aa CTpejiKa raJibBaHOMeTpa 
AOCTiiraeT HyAeBoro noAOJKeiiHH. FIpoBOAHT TpH on- 
peAejieHHH h 6epyT cpeAHee 3HanenHe. Akthbhocti. 
(JiepMenTa A paccnHTbiBaiOT no cjieAyiomeH (popMyjic

_ g • a • P ■ Y 
t • d

TAe E— 3KCTHHHHH = 0,250; d — TOAlHHHa CAOH XCIIA 
KOCTH B CM (TOAIHHHa KIOBeTbl) ; t — BpeMH B CJ a, fi, 
y — cpaKTopbi pasBeAeniiH; a— OTHomeHiie KOAHnecr 
Ba JKHAKOCTH, B3HTOH AAH npHTOTOBAeHHH BblTH/KKII 
b ma, k Macce naBecKH b r; 0— CTenenb aohoahii 
TeABHoro pa3BeAeiiH5i bbithjkkh nocAe iieHTpHifiyrHpo 
BaHHH (ecAH 3to TpedoBaAOCb); y— CTeneHb hoctohh 
Horo pasBeAeHHH bbitajkkh b KiOBeTe (b Hainnx yc- 
AOBHHX 4). B K0H6HH0M HTOTC pe3yAbTaT OTpaJKaCT 
H3MeneHHe onTHnecKOH haothocth pacTBopa 3a eAH 
HHiiy BpeMeHH b pacneTe na 1 r cbipofi Maccbi.

/Jah onpeAeAeHHH 3kthbhocth (JiepMeHTa AaHHHM 
mctoaom b KanecTBe cydcTpaTa nepoKCHAa3bi mojkho 
HcnoAb3OBaTb TaKxce TBaHKOA h nnporaAAOA, onpe 
AeAeime npoBOAHT c chhhm cBeTO(|)HAbTpoM. Xoa oii 
peAeAeHHH tot xe, hto h c rBaHKOBOH cmoaoh. Koh 
ueHTpaiiHH FBasiKOAa — 0,183 r b 50 ma pacTBopa, 
nnporaAAOAa — 0,189 r b 50 ma pacTBopa. Bytfiep- 
Hbifi pacTBop — 4>oc(J)aTHbiH 1/15 M, pH 6,7. Hepe- 
KHCb BOAopoAa — 0,1%-HbiH pacTBop. HasecKa pac- 
THTeAbHOTO MaTepnaAa   50—100 MT B 50 MA paCT- 
Bopa.

Onbir 3
CpaBHeHue aKTueHocTu nojiu(f>eHOAOKCuda3bi

B KOpHHX u AUCTbHX paCTCHUU

B aKTHBHofi rpynne HOAH(j)eHOAOKCHAa3bi coAep- 
JKHTCH MeAb. nOAH(f)eHOAOKCHAa3a 0KHCAH6T (|)eHOAbl 
c o6pa3OBaHHeM xhhohob, b peayAbTaTe nero mo6ii- 
AH3OBaHHbIH BOAOpOA (peHOAOB COCAHHHeTCH C KHCAO- 
poAOM c o6pa3OBaiiHeM H2O. B jkiiboh KAeTKe xhho- 
Hbl BHOBb BOCCTaHaBAHBaiOTCH AO 4>eHOAOB XHHOII- 
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pfiyKTaaaMH. B KOHennoM iiTore ciicTeMa cnojin^e- 
llii.ll>! — XIIHOHbI» CJiy>KHT BaXKHblM saBepniaiomHM 
iWeliOM AbixaTejibiioro uiiKJia nepenoca BOAOpofla ao 
BlicjiopoAa BO3Ayxa.

Ha3BanH5i nojiH(J)eHOJiOKCHjia3 OTpancaiOT okhc- 
flncMbie hmh cy6cTpaTbi: jiaKKaaa, THp03HHa3a, moho- 
i|)eiiojioKCHAa3a (M<[>0), opro-AHcjjeHOJiOKCHAaaa 
(o/I<t»O) h napa-AHcj)eHOJioKCHAa3a (n-,D,<I>0).

nOAH(J)eHOAbI —

Xhhohm -<------
FIoAH(j)eHOAOKCHAa3a

- l/2O2

-*h2o
ripHMepOM MO/KCT CJiyiKHTb peaKU,H5I OKIICAeilHH 

impoKaTexHHa

2H+ + ’1/2O27>H2O

Uejlb pa6oTbi: CpaBHHTb aKTHBHOCTb nOJIH(|)eHO- 
JI()KCHAa3bI JIHCTbeB H KOpHeft, JIHCTbeB pa3HOTO BO3- 
pacTa.

O6T>eKTbt uccAedoBaHtw. AByxHeAejibHbie npopocT- 
kii ropoxa, jnoniiHa, (JiacojiH, noAcojineHHHKa, a TaK- 
>KC KJiyfiHH KapTOCpeJIH, y KOTOpOrO MO}KHO CpaBHHTb 
I KaHH KOJKypbl H M5IKOTH.

Xod onpedejieHun. HaBecKy pacTHTejibnoro MaTe- 
pnaJia (500—1000 mt) pacTHpaiOT b (J)oc(j)aTHOM 6y- 
i|>epHOM pacTBope pH 7—7,4, nepeHOCHT b Mepnyio 
K()Ji6y Ha 25 mji h CMecb aojihb3iot 6y4)epoM ao 
motkii. TexmiKa onpeAeAeHHH na <I>3Ke Ta >Ke, 'ito 
n onpeAejiemiH aKTiiBiiocTii nepoKCHAa3bi. B ABe kio- 
lieibl TOJHHHIIOH 2 CM BHOCHT 2 MJl BblTHIKKH, 2 MJI 
noAbi hjih 6y(j)epHoro pacTBopa, 2mji 0,01—0,02%- 
uoro pacTBopa napa^eHHjieHAHaMHHa1 (fotobht na 

1 Bmbcto napatjieHHJieHAnaMHHa moikho 6paTi> HHMeiiTHJina- 
pn<t>eHHJieHAHaMHH, ho ero pacTBopmoT b Bone. flpn ncnojibao- 
iiiihhh BToro peaKTHBa BenyT onpejiejieiiHn co cbcto(|)hjh>tpom

6 (opaiDKeBbiii).
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0,01 h. maBejieBofi KiicjiOTe). O6e KtoBeTbi CTamrr 
B O3K. ypaBHHBaiOTCH CBeTOBbie HOTOKH. CTpejII<;i 
rajibBaHOMeTpa ctoiit na nyjie.

Ct3bht OTCHeTiibiii npaBbiii 6apa6an Ha 0,250 
(onTiiHecKan njiOTHOCTb). Onpe/iejieHHe npoBOflHT npn 
/KejiTo-sejieiioM cBeTOi|)HjibTpe Ns 5. B jieByio, koiii 
pojibnyio, KiOBeTy bhocht 2 mji boabi, b npasyio, onbn 
nyio, npHjiiiBaiOT 2 mji 1%-iioro pacTBOpa nnpoKa 
TexHHa (totobht nepefl onpeaejieHHeM). OTMenaior 
no ceKyHAOMepy BpeMH ot nanajia npHjiiiBaiiHH nn 
poKaTexiiHa ao MOMeHTa, Koraa CTpejiKa rajibBaiio 
MeTpa AOCTHrneT nyjieBoro nojioxceHHH (t. e. pacTBop 
AOCTHrneT sapanee saAaHHoii onTiiqecKOii hjiotho 
CTH--- 0,250). AKTHBHOCTb (})epMeHTa paCC'IIITblBaiOT
no toh >Ke (JiopMyjie, hto ii aKTiiBHOCTb nepOKCHAa3bi 
PeaKpHH npoTCKaeT no cxeMe.

napar|)eHiwien- OKpanieHHbifi
^HaMHH npo^yKT

3 a a a h a 4

AJlbTEPHATHBHblE HYTH TEPMHHAJIbHOTO 
OKHCJIEHH5I

TepMHHajIbHblM (hJIII KOHeHHblM) OKHCJICHHeM Ha- 
3biBaiOT nocjieAnee sbcho, KOTOpbiM 3aKaHHHBaiOTCH 
MHoroHiicjieiiHbie ajibTepnaTHBHbie oKHcjiirrejibHbie 
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iiciiii (pnc. 12). Ha stom arane gjieKTpoHbi h boao- 
Boa At>ixaTejibHoro cyScTpaTa aKuenTHpyiOTCH khcjio- 
»(>A<)M C 06pa30B3HHeM H2O HJIH H2O2.

PeaKHHH TepMHHajIbHOTO OKHCJieHHH KaT3JIH3H- 
jiyiOTCH pa3HOo6pa3HbiMH no xHMHHecKoft npHpoAe H 
MexaHH3My achctbhh OKCHAasaMH. TaKaa mhotohhc- 
/lcHHaa h reTeporeHHaa b 4>yHKu,HOHambHOM oraome- 
llllll CHCTeMa 3H3HMaTHHeCKHX M6XaHH3M0B paCTCHHH

Cucnwa nepoKcuOaobi 

r/iUKO/iam —OKCudaoa i/iuko/icBou Kuc/iombL 

•VcHO/ibi--------------M<POpO-A<POp-n-p<PO

_ /r AcKopOunoBan Kuc/ioma—AcKoptiunoKcudaoa 
r/uomamuoH
I ------ ------------------------------------— OKCUCOHOObl—

HHg-HA/)(<P)—<Pn — UumoxpoMbi /), Cj,c— HumoxpoMOKCudaoa
\ % -UumoxpoM b^,b6,b,)-------------------

\. ---------------------------------UumOXpOM Pi>S0

OKCudaobi aMuHOKUQ/iom, KcaHmuHOKcudatibi 
r/iKKooKCuOaoa, HummuHOKcuOaoa

Phc. 12. AjibTepnaTHBiibie ny™ TepMnnajibHoro okhcjichm: 
RH2 cyScTpaT okhcjichhh, M4>0 — MOHOtjieHOJioKCHAasa, 
o-AOO — opro-AH^eHOJioKcnnaaa, n-A®0 — napa-jwfyeuo- 
jioKCHAaaa, CDn — (^jiaBonpoTenA, HAA(<D)—HAA h HAA<D

AaeT BO3MO?KHOCTb MO6HJIH3OB3Tb SJieKTpOHbl OT MHO- 
Hix cy6cTpaTOB.

OyilKHHOHajIbHaH 3Ha<IHM0CTb OTACJIbllblX OKHCJIH- 
rcJibHbix AbixaTejibiibix ueneH H3y<ieiia iieAOCTaTonno. 
Oah3ko ne Bbi3biBaeT coMHeiiiiH, hto MHoroo6pa3He 
.'IJIbTepHaTHBHblX OKHCJIHTCJIbHblX Uenefi B pa3AHHHbIX 
KmeTOHHbix opranonAax HMeeT orpoMiibiH 6nojiorH- 
'icckhh cmhcji. ^lbixaHiie pacTeniiH nponcxoAHT b 
fiojibiHOM AHanasone TeMiiepaTyp, KOimeHTpauHH khc- 
JIOpOAa, B OTAHHHe OT TeHJIOKpOBHblX OpraiIH3MOB 
C IIOCTOHHHOH TCMHepaTypOH T6JI3 H KpOBeHOCHOH 
i'iictcmoh, TpaHcnopTiipyiomeH KiicmopoA b KaxiAyio 
KJieTKy. HyBCTBHTeJIbHOCTb OTACAbHblX 4>epMeiITOB K 
MCHHIOimiMCH yCJIOBIISIM pa3AH'IIia. MlIOJKeCTBemiOCTb 
(|>epMeiITHbIX CHCT6M HO3BOJI5ieT KOMHeilCIipOBaTb 
ijiynKnuii oAiioii cncTeMbi ApyrnMii. HanpiiMep, npn 
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neflocTaTKe KHCAOpOAa hah hhskhx TeMnepaTypax 
yBejiHHHBaeTCH aojih ynacTHH iiepoKCH,n.a3HOH chctc> 
mh, yMeHbinaeTCH noAHijieHOAOKCHAasHOH, a b CAy'iac 
HeAocTaTKa xcejiesa naxaeT aKTHBiiocTb xejieaoco- 
AepJKamnx (JiepMeHTOB n yBejiHHHBaeTcn MeAbcoAep- 
jKaiiiHX. TaKHX npHMepoB mhoto.

npH (JiyHKHHOHHpOBaHHH OTACJIbHblX AblXaTCAbHbl X 
HeneH ofipasyiOTCH pasjiHHHbie npoMe>KyTOHHbie npo- 
AyKTH, KOTOpne MOryT 6bITb HCnOJIb3OBaHH B MHOTO- 
HHCJieilHHX CHHTe3aX B KJieTKe, HTO TaKJKe BajKIIO 
b >KH3HH opraHH3Ma. PaccMaTpHBan snaneHHe ot- 
AejibHbix nyTeft okhcjichhh, ne TpyAHO npeACTaBHTi,, 
IiaCKOJIbKO gOAb AblXaHHH MO5K6T SblTb MHOrO3Ha’l- 
HOH.

Handonee xoporno nsyneHa (JjociJiopHnHpyiomaii 
4>yHKHHH finojiorHqecKoro ' OKHcnenHH, ocymecTBJiae- 
Maa B MHTOXOHApHHX. OHa HBJIH6TCH OHeHb BajKHOfi, 
HO He eAHHCTBeHHOH (JiyHKHHeH AblXaHHH. OTa 4>yHK- 
Hhh cBHsana c hotokom ajieKTponoB ot OKiicnHeMoro 
cy6cTpaTa no sjieKTpoHTpaHcnopTHOH Henn AbixaHHH, 
C KOTOpblM COnpHHCeH CHHTC3 AT<&. TepMHHajIbHHM 
(JiepMeHTOM 3TII, MHTOXOHAPHH HBJIHeTCH HHTOXpOMO- 
KCHA33a.

Ha cxeMe npeACTaBJienbi HanSojiee H3BecTHbie 
ajih pacTenHH ajibTepnaTHBHbie nym TepMHHanbnoro 
OKHCAeilHH (pHC. 13). PaCCMOTpHM 4>ePMeHTHbie CH- 
CTeMbl, OTBCTCTBeHHbie 33 OKCHA33Hbie (TepMHHaAb- 
Hbie) 3Tanbi. TaK, cpeAH okcha33 mh yxce OTMenajin 
HHTOXpOMOKCHAaSy — TepMHHaJIbHblH KOMHOHeHT 3TLI 
MHTOXOHAPHH. Il,HTOXpOMOKCHAa3a HpeACTaBAHCT CO- 
6oh komhjickc miToxpOMOB a h a2 c peAOKc-noTen 
unajiaMH -p0,29 h +0,55 cooTBeTCTBeHHO. KaK bcc 
HHTOXpOMbl, HHTOXpOMOKCHA33a HBAH6TCH >KeAe3O- 
nop^iHpHHOBbiM coeAHHeHHeM. 3tot 4>ePMeHT coAep 
>kht b CBoeii MOAeicyAe h mcab. TaKHe coeAHHeHHa, 
Kax UHaHHAbi, aaiiAbi, CO, o6pasyiOT KOMnAeKCbi c 
THXieABIMH MeTaAAaMH H TCM CaMblM 6AOKHpyiOT JKC- 
A63O aKTIIBHOrO HCHTpa 3T0r0 4)ePMeIiTa, hto Iinril 
6npyeT ero KaTaAHTHnecKyio aKTHBHOCTb. BAH3Kyio 
xiiMHHecKyio npHpoAy HMeeT 4)ePMeHT nepoKCHAasa, 
aKTHBHblfi HCHTp KOTOpOH, K3K H \ HHTOXpOMOKCHAH 
3bl COAeP>KHT reMHHOBOe }KeA63O H HOAaBAIieTCH TeMII 
>l<e HHIT16HTOpaMH. MeAbCOAeP>KaiAHe OKCHAa3bI
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BcpMeHTbt, B aKTIlBHOM IteHTpe KOTOpblX COAepXHTCH 
■CAb. K HHM OTHOCMTC5I aCKOp6HIiaTOKCIIAa3a H (jte- 
M<wia3bi (M<PO, o-flt&O, n-J(C>0), KOTOpbie TaKiKe 
niiriiOHpyiOTCJi asHflaMH, iinaHHAaMH h CO. KpoMe 
roro, MeAb aKTHBHblX HeilTpOB 3TIIX (jiepMeilTOB MO- 
|I(CT SjIOKHpOBaTbCH HHTIl6HTOpaMH, BSailMOAeiiCT- 
lyiomHMH TOJibKO c MeAbnpoTeHAaMH. HanpHMep, 
h HHM OTHOCHTC5I AH3THAAHTHOKap6aMaT HaTpHSI.

norjiomenne KHCJiopoAa, ycTofinHBoe k achctbhio 
iiikiix KJiaccnnecKHx hhfh6htopob, KaK KCN, NaNa, 
('.(), HepeAKO Ha3bIBaK)T OCTaTOHHblM, HJIH pe3HCT6HT- 
ii 1.1 m, AbixanHeM. Oho ocymecTBJineTcii (JjJiaBonpoTen- 
IIOBblMH OKCHAa3aMH, CpeAH KOTOpblX MOiKHO H33BaTb 
iviioKOOKCHAasy, jinnooKCHAaay, KcaHTHHOKCHAasy, 
(»KCHAa3bi L-aMHHOKHCAOT, TJiHKOAaTOKCHAasy ii Apy- 
i ne. 14 x aKTHBHan rpynna npeACTaBjiena np0H3B0A- 
libiMH pn6o4)AaBHHa (BHTaMHHa B2) OTCiOAa na3Ba- 
ime— (JiAaBHHOBbie (JiepMeHTbi, KO(J)epMeHTaMH koto- 
|)IJX 5IBAHIOTC5I 5>MH HAH <&AaBOHpOTeHHOBbie
qiepMeHTbi HHrH^npyioTcii aTe6pHH0M (xhhhhom) h 
tll<])HXHHOM.

TaKHM odpasoM, ncnoAb3OBaHHe pa3AHHHbix hh- 
ni6HTopoB npH HccAeAOBaHHH AbixaTeAbHoro hofao- 
UieHH5I KHCAOpOAa nO3BOA5ieT BblHAeHHTb Ty HAII HHyiO 
rpynny (J)epMeHTOB, hto AaeT bosmojkhoctb npeACTa- 
itin'b hx aoaio yqacTHsi b AbixaTeAbHOM npouecce. 
('.o'ieTaHHe noAo6Horo hhth6htophoto anaAH3a Abixa- 
11 iiii c onpeAeAenneM 3kthbhocth OTAeAbHbix (pepMen- 
1011 K3K TepMHHaAbHOTO, T3K H npOMejKyTOHHblX 3Ta- 
IIOH OKHCACHH5I HO3BOA5ieT 6OAee nOAHO CyAHTb 0 
Miioroo6pa3HH OKHCAHTeAbHbix nyTefi.

UeJlb pafiOTbL'. H3yHHTb MHOFOO6pa3He OKHCAH- 
tcjibiibix nyTefi.

O6T>eKTbL uccjiedoeaHun: pasnbie pacTenHn, na- 
npiiMep, KopeniKH ropoxa, ntneHHiibi h Apyrnx pac- 
icniiii.

Xod pa6orbi. BepyT 6 HaBecoK no 400 Mr pacTH- 
tfjlbliofi TKaHH. HOAOBHHy HaBCCOK HH(J)HAbTpHpyK)T 
0,005 M pacTBopoM a3HAa HaTpnsi (NaN3), npnroTOB- 
•ifiiiibiM na 6y<J)epH0M pacTBope, pH 4,5, BTopyio no- 
AODHHy — HH(J)HAbTpHpyK)T AA5I KOHTpOAH 6y(J)epHHM 
pncTBopoM. KajKAyio nasecKy, noAroTOBAeHHyio Ta- 
Hhm o6pa3OM, HOMemaiOT b peaimHOHHbie cocyAHKH 
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annapaTa Bap6ypra n onpeAeJisiiOT norjiomeHiie kii<‘ 
jiopofla. Mctoa HHtJmAbTpaijHH h mctoa onpeAejienmi 
KiicjiopoAa, norAoiuaeMoro pacTiiTejibHon TKaiibio, 
Mbi yx<e paccMaTpHBajin b saAauax 1 h 2. Hpn pa 
6oTe c mojioammh KopeniKaMii moikho ofioiiTHCb 6c i 
HH(J)HAbTpaH,HH H OIipCACJISITb nOTAOIlieHHe KHCAOpo- 
Aa pacTiiTeAbHoii TKanbio, naxoAnmeHCA nenocpeACT- 
bchho b pacTBope Hiirn6HTOpa (2 ma) b peaKHiioir 
hom cocyAHKe.

OfiopMAeHue pa6oTbL. KoneHHbie pesyAbTaTia 
AOAJKHbl OTp’a?KaTb HHTCHCHBHOCTb nOTAOIHeHHH KHC 
AOpOAa o6ohmh BapnaHTaMH n aoaio noAaBAHeMom 
iihfh6htopom norAomeHHH KiiCAopoAa, BbipaiKemiyio 
b %• CxeMy aanHceii pesyAbTaTOB moikiio bshtb ii i 
saAaan N° 1, 2 stoto pa3AeAa.

3anaia5
MCCJIEAOBAHHE CTEHEHH COHPflXEHHOCl II 
HPOH.ECCOB OKHCJIEHHJI 
H 4>OC0OPHJIHPOBAHH5I

c&yiiKHHeii (JioccjiopHAHpyioinero okhca6hhh nBAneTCii 
aKKyMyAHHHH sneprHH okhcachhh b (jiopMe (Jioc^ar 
hbix cBnseii AT<P. 3tot npouecc Ha3biBaeTCH okhcaii- 
TCAbHblM cjjOCfJlOpHAHpOBaHHeM. Pa3AHHaK)T ABa THIHI 
OKHCAHTeAbHoro (Jioc^opHAHpoBaHHH — cy6cTpaTiioe j 
(J)OC(j)OpHAHpOBaHHe H (JjOC^OpHAHpOBaHIie b ueiin 
AbixaTeAbHbix (JiepMeHTOB (MeM6paHHoe). Chhtci 
ATO B npouecce OKHCAHTeAbHOTO 4>OC(|)OpHAHpOB,T’ 
hiih cocpeAOTOHeH, TAaBHbiM o6pa3OM, b cneHiiajin- 
3HpOBaHHbIX OpraHOHAaX KA6TKH — MHTOXOHAPHAX II 
COnpHMeH C HOCAeAOBaTeAbHblMH OKHCAHTOAbHO-BOC 
CTaHOBiiTeAbHbiMii npeBpaiuennnMH b SAeKTpoHTpaiic- 
nopTiioii nenn AbixamiH miitoxohaphh. Hhjkc npejv ' 
CTaBAeHa 3TH, AtixaHHH (pnc. 13), KOMnoneHTbi ko-I 
topoh pacnoAaraiOTCH b neii b cootbctctbhh c okiic 
AHTeAbHO-BOCCTaHOBHTCAbHblMH HOTeHIl,HaAaMH K3>K- I 
Aoii napbi chctcmh.

Ha cxeMe 3TH, nyHKTbi (J)oc(|)opHAHpoBaHHH n 
AbixaTeAbHoii uenn OTMeneHH (cm. cxeMy). TaK, npii I 
OKHCAeilHH a-KeTOTAIOTapOBOH KIICAOTbl B MHTOXOIIA' I 
pHHX npOHCXOAHT T3K H33bIBaeMOe «Cy6cTpaTHOe c[)()C- I 
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4>opiiAnpoBaHHe». Hco6xoahmo BcnoMHiiTb H3 npofl 
AeHiioro MaTepnajia, hto «cy6cTpaTHoe cpoccpopiuin 
poBaHiie» ocymecTBJiaeTCH TaKxce BHe mhtoxohaphh, 
HanpiiMep npn rAiiKOAHse. OepBoe (poccJiopHjiHpona- 
Hlie B 3TH, MHTOXOHAPHH HpOHCXOAHT npH OKHCJIC- 
hhh HAA-H, BTOpoe — na OTpesKe ot cpJiaBonpoTen- 
Ha AO HHlDXpOMa C| h oaho hjiii ABa (pocijiopiijiHpo- 
BaHHH — na OTpe3Ke nocjie HHTOxpoMa c.

Bce MeTOAbi KOJiH'iecTBeHHoro yneTa HaKonjieHiin 
SHeprHH ocHOBaHbi Ha onpeAejieHHH o6pa3yiomeroca 
ATC> (nenocpeACTBeHHO hjiii kocbchho). TaK, kojiii 
necTBo AT<P mojkho onpeAejiHTb HenocpeACTBeHiio 
JHOHH(pepHH-JIIOHH(pepa3HbIM M6T0A0M (6HOJHOMHH6C 
neHTHbift mctoa), npeAAoxceHHbiM CTpejiOM h Mai< 
SjipoeM. Mepoft OKHCJiHTejibnoro (jioc^opHjiHpoBaiiiiii 
mojkct cjiyjKHTb oTiioineHne P/O (oTiioineHHe 3Tepii 
(J)HHHpoBaHHoro tJ)oc(j)aTa k norjiomeHiioMy KHCJiopo- 
Ay). Ilo OTOMy KOSCjxjlHHHeHTy 4>OC(j)OpHAHpOBaHHH II 
CyAHT O CBO6OAHOM OKHCACHHH npH yCAOBHH, HTO 
COIipiIJKeHHOCTb 0KHCA6HHH H ^OCCjlOpHAHpOBaHHH HC 
napymeHbi npn BbiAejieniiH MiiTOxoHApnfi. MaKcn 
MaAbHaa BeAinniHa KO34>4»>HHeHTa ^JC^opHAHpoBa- 
hiih 3—4, npeAnoAaraiOT, iito xeM ona Menbine, tcm 
60AbHie AOAH CBo6oAHOFO OKHCAeHHH.

npH nOAHpOrpa4>HHeCKIIX HCCAeAOBaHHHX (JiyHK- 
uiift MHTOxoHApHft (mctoa oniicaH b saAane N» 6 pa3- 
AeAa III) mojkho 6biCTpo npocAeAHTb peaKHHio mii- 
TOXOHApIlft Ha AO6aBAeHHe pa3AHHHb!X peaKTHBOB. 
O AOAe 4>oc4>opHAHpyiom.ero okhcachhh Tai<>Ke b \a- 
KOH-TO Mepe CyAHT IIO AeftCTBHIO na CKOpOCTb OKHC- 
AeiiHH Ao6aBOK AJJ<I>, aKuenTopa ^ioc^BTa npn chh- 
Teae ATO. PeaKHHH MHTOxoiiApHft na A/Xcp BbipaiKa- 
eTCH KO34>(|)HHHeiiTOM A/I<I>/0. J3,o6aBAeHiie A,fl,<I> cth- 
MyAHpyeT norAomeHHe KHCAopoAa mhtoxohaphhmii, 
HaXOAHIHHMHCH B aKTHBHOM COCTOHHHH. OTHOHICHHe 
CKOpOCTH nOrAOmeHHH O2 B OTBCT Ha AA® K CKO- 
pocTH ero norAomeHHH, KorAa AeficTBHe AJI<i> 33koh- 
HHAOCb, H33bIBaeTCH AblXaTCAbHblM KOHTpOAeM (AK). 
OTCiOAa CAeAyeT, hto npn npeo^AaAaHHH 4>oc4>opHAH- 
pyionjero oKHCAeiniH BeAii'inna /TK n OTiioineiiHa 
AJT<I>/0 MaKCHMaAbiia 11 nao6opoT.

CynjecTByeT 6oAbinoe koah'icctbo BemecTB, pas- 
o6maioiunx oKHCAeHiie h 4>oc4>opHAHpOBaHHe. Mexa-
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IIILIMbl HX A6HCTBH5I MOTyT 6bITb pa3JIHHHbI. OAHHM 
h i raKHx pa3o6nj,HTejieH hbjihctch 2,4-AHHHTpocj)eHOji 
1IIH0). Z[HC> — npoTOHOiJjop, Tai< nasBaji B. FI. CKy- 

■hi'ieB BemecTBa, noBbimaioiHHe npoTOHHyio npoBOAH- 
K|ocTb MeM6pan. Ha stom cbohctbc pa3o6m.HTejieH 
Kce ohh npoTOHo4iopbi) ocHOBan MexaHii3M pa3o6- 

lll^IHH flblXaHHH H 4)Oc4>OpHJIHpOBaHHH. B pe3yj!bT3Te 
icAcTBHH AH<& npeKpamaeTCH chhtc3 AT<I>, aKHen- 
rop »e 4)oc4)aTa AJI® HaKanjiHBaeTca. yBejiimeHHe 
lipOBOAHMOCTH MCM6paH AAH HpOTOHOB HOA ACHCTBHeM 
|>;i3o6iii,HTejieH yBejiiiHHBaeT CKopocTb AbixamiH h bh- 
jtcjieHHe TenjioBoii aHeprHii. EcTecTBenHO, neM aK- 
niBHee hpohcxoaht chhtcs AT<I>, tcm b 6oAbineH 
(■reneHH AeiiCTBiie pa3o6mHTejin npHBeAeT k yBeAii- 
'ICHHIO CKOpOCTH nOTAOIHeHHH KHCAOpOAa. CACAOBa- 
TCJibHO, no CTeneHH aKTHBau,HH norAonieHim khcao- 
poAa npn AeficTBHH ZIH<I> mojkho kocbchho cyAHTb 
O CTeneHH COnpHXteHHOCTH OKHCAeHHH H 4>Oc4>OpHAH- 
poBaHHH. PasyMeeTCH, hto na cy6cTpaTHoe 4>°c4>°' 
piuiHpOBaHHe ZtHO ne AencTByeT.

llejib pa6orbi: iiojiymiTb npeACTaBAeHHe o aoag 
4>oc4>opHAHpyiomero OKHCAeHiiH y H3ynaeMoro o6t>- 
CKTa.

O6t>ckt uccAedoeaHUfi: KopeniKH ropoxa.
Xod pa6oTbt. KoHH.eHTpan,H5i B,H<I> ajih KaxcAoro 

poAa pacTHTeAbHoro MaTepnaAa noA^HpaeTCH smhh- 
piriecKH aapanee. Ona KOAe6AeTCH b npeAeAax ot 
5-10-4 ao 5-10_6 M. PacTBop AH® fotobat na 6y- 
4>epHOM pacTBope, pH 6,0. Pa3o6iu,HTeAb bboaht b 
MeJKKACTHHKH MCTOAOM BaKyyM-HH^IHAbTpaHHH (CM. 
3aAany N» 2 pa3AeAa III). B HeKOTopbix cAynanx, 
nanpiiMep c moaoabimh KopeniKaMH, mojkho pa6oTaTb 
CO B3BeCbIO KyCOAKOB paCTHTCAbllOH TKaiHI B paCTBO- 
pe ZtHC).

HasecKy pacTHTeAbHoii tkhhh (400—500 mt) no- 
MemaioT b cocyAHKH Bap6ypra, b KOTopbie 3aTeM na- 
JIHBaiOT 2 MA paCTBOpa AHO, B KOHTpOAbHbie cocy- 
AHkh k HasecKe HaAiiBaiOT cooTBeTCTByioinnii 6y4>ep- 
iibiii pacTBop. HpoAOAJKeHiie pa6oTbi na npn6ope 
Bap6ypra onHcano Ha c. 82 b saAane N» 1 pasAe- 
jia III. PeayAbTaTbi BbipaxcaiOT b MiiKpOAHTpax O2, 
iiorAomemioro 1 r CBe>Kcii Maccbi 3a 1 h. JI,aAee pac- 
CHHTbiBaiOT aKTHBaii,Hio norAom,eHHH KiicAopoAa flHO
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b npoueHTax ot kohtpojih. JlejiaiOT bbiboa 0 CTeiienit 
COnpHJKeHHOCTH 0KHCA6HHH H (J)0c4)0pHJIIip0BaHH5I.

PaSoTy mo/Kho npoBOAHTb na nojisiporpa())HnecK()ii 
ycTanoBKe ajih onpeAeJieiiHH KonneHTpairnn Kiicjyb 
pOAa Tai<, ksk onHcano b aaAaue 6 pa3Aejia 111 
CycneH3iiio BbmeJieHHbix b onpeAejieiiHbix ycAOBHiix 
MHTOXoHApiiH, iiaxoAHinnxcH b 6y(J)epHOM pacTBppe 
b npHcyTCTBHH (JioctJiaTa, HOMemaiOT b sineHKy n pe- 
THCTpHpyiOT yMeHbineHHe KOHu,eHTpan,HH O2. Z(o6an- 
AHIOT AJIO H OHpeAeAHIOT AblXaTeAbHblil KOHTpOAb, 
KOTOpblH HBAH6TCH MepOH CTeneHH COnpHJKeHHH Abl- 
XaHHH H 4)OC(J)OpHAHpOBaHHH (HHCAeHHO paBCH KO3(|)- 
(J)HHHeHTy P/O). yBeAHueiiHe ciropocTH norAomeHmi 
O2 noA AencTBHeM AH® TaKxce moikho HadAiOAaTb 
3TIIM MeTOAOM.

3 a a a n a 6

AAAHTHPOBAHHOE K TEMHOTE H 
HOCJIECBETOBOE AblXAHHE CHHE-3EJ1EHOH 
BOflOPOCJlH ANABAENA VARIABILIS

HccAeAyeMan cHHe-3eAenaA BOAopocAb Anabaena va- 
riabilis HBAneTcn o6AHraTHbiM 4)OTOTpO(|)OM. Bce 
>KH3HeHHbie npopeccbl STOH BOAOpOCAH T3K HAH HH3HC 
CBH3aHbI C HCIIOAb3OBaHH6M CBCTa. CBeTO3aBHCHMbIC 
peaKpHH npoHcxoAHT na MeM6panax c(|)eponAacTOB. 
OcynjecTBAeHHe (|)OTOCHHTeTHqecKHx peaKHHft conpo- 
BO/KAaeTCA BbiAeAeHHeM KHCAopoAa b cpeAy. Oahako 
B OTCyTCTBIIH CBCTa CIIHe-3eA6Hbie BOAOpOCAH HOlVlO- 
maiOT KHCAOpOA- f&HSHOAOrHHeCKaH CymHOCTb npo- 
ueccoB, cBH3aHHbix c norAomeHHeM KHCAopoAa y 
cHHe-3eAeiibix BOAopocAeii, Hsynena eme neAocTa- 
TOAHO. npoiieccbl, CBH33HHbie C HOFAOIHeHHeM KHCAO- 
poAa, nponcxoAHT na Tex x<e MeM6panax, hto ii 
CBeTO3aBiiciiMbie npoiieccbi. Tai<nx cneiiHaAii3iipoBaii- 
Hbix opraHoiiAOB, nenocpeACTBeiiHO BbinoAnmoinHx 
AbixaTeAbHbie (JiyHKijHH, KaK mhtoxohaphh bbichihx 
pacTeHHii hah xcHBOTiibix, y hhx hct. BepoHTHO, npo- 
ueccbi norAonjeHHH KHCAopoAa n CBeTOsaBiiciiMbie 
npopeccbi y cHHe-3eAeiibix BOAopocAefi B3aHM0CBn- 
3anbi 6oAee Tecno, ueM y bhcuihx pacTeHHii.

TeMHOBoe hah aAanTHpoBaimoe k TeMHOTe hofao- 
ineiiiie KHCAopoAa y iiaynaeMOH boaopocah npoHcxo- 
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AIIT CO CpaBHHTCJIbHO HH3K0H CKOpOCTblO. OcBeHjeHHe 
UpiIBOAHT K CTHMyjIHUHH HOTJIOIUeHHH KHCJIGpOAa B 
locjiecBeTOBOH nepHOA. B KHneTHKe 3toto anAoren- 
iroro npoiiecca mojkho OTMeTHTb ABe (J)a3bi. HepBaa 
<|®3a — Gojiee aKTiiBiioe norjiomeHiie KHCJiopo/ia 
nicjie ocBemeHHH c 6biCTpbiM cnanoM b nepBbie mh- 
iiwh nocjie ocBemeHHii n BTopaa (jiasa — 6ojiee 
MeiJieHHoe norjionjeHHe KHCJiopoAa, cKopocTb koto- 
poip oaeHb MeAJieHHo yMenbniaeTCH, ho Bce xe oc- 
Taejrcsi 6ojiee bbicokoh no cpaBiieHHio co cKopocTbio 
aAairriipoBaHHoro k TeMHOTe norAom.eHHH Kiicjiopo- 
Aa. t»KcnepnMeHTajibHO noKasano, hto noAo6naH cth- 
MyjIHHHH HOrJIOIIjeHHH KHCJIOpOAa He 3aBHCIIT OT H3- 
MeH^HHa ero KOHH.eHTpan.HH bo BpeMH onHTa b pe- 
3ynbTaTe (jiOTOCHHTeTHnecKHx peaKijHH.

X^Be KHHeTHHecKHe 4>a3bi kphboh, OTpaiKaiomeH 
nocjiecBeTOBoe norAomeHHe KHCAopoAa, roBopnT o 
pasHOKaiecTBeHHocTH npoiieccoB, npoTeKaiomHx b 
pasribie nepnoAbi nocAe ocBemeiiHH. TaK, BTopoii, 60- 
jiee MeAAeHHbift, nepHOA norAomeiiHH KHCAopoAa 
HMeeT 6oAee caMocTOHTeAbnoe HeaaBHCHMoe ot 
CBeTa 3HaaeHHe no cpaBHeiiHio c nepBbiM, kopotkhm, 
nocAecBeTOBbiM nepnoAOM. Bosmoikho, ato b nepBbiH 
nepHOA OKHCAHIOTCH npOAyKTbl, BOCCTaHOBACHHbie 
bo BpeMH (JioTociiHTeTHHecKHx peaKHiiii (HanpiiMep, 

nAacTOXHHOH). 3th coeAimeHHH b OTcyT- 
CTBiie cBeTa okhcahiotch c 6oAbineii cKOpocTbio, aeM 
cy6cTpaTbi npn aAanTHpOBaHHOM k TeMHOTe hotao- 
meHHH KHCAopoAa (nanpHMep, noAHcaxapnAbi).

OTCIOAa MOIKHO npeAHOAOIKHTb, ’ITO nOCAeCBCTO- 
Boe AbixaHHe h Abixanne, aAanTHpoBannoe k tcmhotc, 
KaneCTBCHHO pa3AHHHbI. POAb TeMHOBOTO H nocAecBe- 
T0B0T0 AblXaHHH, BepOHTHO, TaKJKe pa3AHHHa.

BbinoAtieHHe stoh pa6o™ nposoAHTCH Ha hoah- 
porpaijiHqecKOH ycTanoBKe. Mctoa noAnporpa^HHec- 
koto anaAH3a 6bia npeAAOiKeH neuicKiiM ynenbiM 
l eHpoBCKHM b 1922 r. CyTb 9AeKTpoxHMiniecKHx npo- 
peccoB, AexianiHx b ochobc noAHporpa(j)HHecKoro Me- 
TOAa, o6T>HCHHeTCH npOCTblM npHMepOM. MeTaAAHHeC- 
Kaa HAacTHHKa onymena b pacTBop coah toto xte 
MeTaAAa. Ha rpaHHiie mcthaa — pacTBop o6pa3yeTCH 
ABOHHOH 3AeKTpHHeCKHH CAOH. HOHbl MCTaAAa HOA 
AeiicTBiieM noAHpiibix MOAeKyA boam nanHHaiOT nepe-
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xoAMTb b pacTBOp, a na noBepxnocTii MeTajuia octh- 
IOTCH HeCKOMneilCIipOBaHHblMH SJieKTpOHbl. B03HHKa/ 
eT hto-to BpoAe KOHAencaTopa, oAiia oSKJiaAKa i«y- 
Toporo coctoht ii3 OTpinjaTejibiibix, a Apyrafl —1/3

nojio>KHTejibHbix sapsiAOB b pacTBope, yAep>KHBae- 
Mbix B3aHMHbIM SJieKTpOCTaTHHeCKHM HpHTHJKeHHeM 
(pnc. 14).

Tai< na rpaHHixe MeTajui — pacTBop co3Aaetcn 
ajieKTpHHecKoe nojie. Pasnbie MeTajuibi BeAyr ce6a 
no-pa3iioMy b 3aBiicHMOCTii ot iix ajieKTpoxHMiiqec- 

KOft nOABHJKHOCTH. 3to( HO-

I® e s ® ® ® 
a® ®®e ® ® ®

1 © 0
9 ® © © @

e® ® ®

jie xapaKTepH3yeTCH paB- 
HOBeCHblM 3JieKTpOA«bIM 
noTeimiiajiOM MeTajula 11 
hbjihctch Mepoft ero sjick- 
TpOXHMHHeCKOH aKTHBHO- 
cth. Ecjih k MeTajwiy hoa- 
BeCTH OTpHLiaTejIbHblH 3a- 
P«A, TO nOJIOXKHTejIbHbie

Pnc. 14. CxeMa sjieKTpo- 
xnMnnecKnx npoiieccoB 
npn noMemeHHH njiacTHii- 
kh MeTajijia b pacTBop 
COJIH 3TOTO )KC MCTHJIJia

iioHbi nanHHaioT oca>KAaTb- 
ch na MeTajuie aKTHBnee. 
npOHCXOAHT KaTOAHOe boc- 
CTaHOBjienHe. Ecjih noABe- 
CTH nOJIOJKHTejIbHblft 3a-
psiA, to aKTHBnee 6yAeT 

npoHcxoAHTb anoAHoe pacTBopeHHe. EIpH o6bmHOM 
3JieKTpojiH3e o6a sth npouecca iipohcxoaht OAHOBpe-
MeilHO.

FIoji5iporpa4)HqecKHft anajiH3 saKJnonaeTCH b npo- 
BeAenHH peaKUHH 3jieKTpojiH3a b sjieKTpoxHMnqecKoft 
aneftKe h ociioBan Ha HHTepnpeTauHii saBHciiMocTii 
MejKAy CHjioft TOKa, xapaKTepnsyioineft cKopocTb 
sjieKTpoxHMHHecKoro npouecca, h noTeHH,HajioM 
sjieKTpoAa hjih HpHjiojKeHHbiM HanpnjKeHHeM. JJan- 
Hblft MeTOA MO5K6T 6bITb HCHOJIb3OBaH HpH yCJIOBHH, 
hto coAepxcameecH b pacTBope BemecTBo (hjih hoh) 
cnoco6no gjieKTpoxHMHnecKH BOccTanaBjiHBaTbCH hjiii 
OKHCJIHTbCH Ha HOBepXHOCTH SJieKTpOAa.

npH SJieKTpOXHMHHeCKOM (KaTOAHOM) BOCCT3HOB- 
JieHHii KHCJiopoAa npHHHHnHajibiio bosmojkho ocy- 
mecTBjienHe AByx cyMMapnbix peaKixnft, oAna H3 ko- 
Topbix npoTeKaeT c npncoeAHHeHHeM AByx, Apyraa— 
qeTbipex ajieKTponoB:
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02 + 2H+ + 2e->H2O2, 

02 + 4H+ +'4e->2H2O.

(1)

(2)

I Hpii pa6ore c TBcpAbiMii KaTOASMH (b HameM 
cAyqae khtoa njiaTHHOBHfi) npoHcxoAHT peaKn.H5i 
c ppncoeAHHeHHeM 4 ajieKTponoB (2).

iHpouecc cHHTeaa boabi mojkct ocymecTBAHTbCfl 
Abjmh nyTHMH: ah6o HenocpeACTBeiiHO, ah6o nepea 
npdMexeyTOHHoe o6pa30BanHe nepeKHCH BOAOpOAa.

o8^->h2o2 —->h2o

Ha njiaTHHOBOM ajieKTpoAe npouecc mojkbt npo- 
TeKaTb no AByM napaAAeAbHbiM peaKiijiflM, BeAymnM 
k o6pa3OBaHHio oahoto h toto :kc npoAyKTa. 3ackt- 
poAHbie peaKUHH npoTeKaioT b necKOAbKO ct3ahh. 
Mo>KHO BHAeAHTb TpH HOCAeAOBaTeAbHbie CTaAHH: 
noABOA pearnpyioinHX uacTHii H3 o6"beMa pacTBopa 
K HOBepXHOCTH SAeKTpOAa (I), CO6CTBeHHO 3AeKTpO" 
xHMHHecKoe npeBpameHHe BemecTBa A b BemecTBO B
(II) , otboa npoAyKTOB peaKUHH b o6T>eMe pacTBopa
(III) . 3aKOHOMepHOCTH I H III CTaAHH flBAfllOTCfl 
AH(()4)y3HOHHbIMH H xapaKTepH3yK)T TpaHCnOpT 9A6KT- 
pOaKTHBHHX flaCTHU B paCTBOpe. II CTBAHfl— KHH6TH- 
necKasi h cBA3ana c xhmhhcckhm npeBpameHHeM. Kh- 
HeTHKa npoiiecca b ucaom onpeAeAaeTcn Han6oAee 
MeAAeHHofi H3 nocAeAOBaTeAbHbix cTaAHH. B HameM 
cAyuae HccAeAyeMbiii npouecc HMeeT AH(|)4)y3HOHHbiii 
xapaKTep.

OcHOBHaa oco6eHHOCTb aaeKTpoxiiMiHiecKHx npo- 
IieCCOB — 3aBHCHMOCTb HX CKOpOCTH OT HOTeHHHaAa 
3Aei<TpoAa. FIoA5iporpa4)HqecKHH anaAiis 6a3iipyeTCH 
na H3MepeHini chahi TOKa, npoxoAnmero nepes HHefi- 
Ky b saBiicHMocTii ot HanpflxeiiHfl. TaK, ecAii b fliefi- 
Ky c pacTBopoM, coAepjKamHM HccAeAyeMoe BemecTBO 
(b HameM CAyuae khcaopoa), noMecTHTb sacktpoa, 
Ha SAeKTpoA noAaBaTb HanpniKeHHe h H3Mep5iTb npH 
3tom cHAy TOKa, a pesyAbTara OTpa3HTb rpa^iHHe- 
CKH, TAe Ha OCH a6CH,HCC OTAO}KHTb pa3HOCTb HOT6H- 
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UMaJiOB, co3AaBaeiwyio na ajieKTpoaax, Ha ocn op/m 
naT — cooTBeTCTByioiuyio ciwiy TOKa, to nojiyqiiTcM 
KpHBan, na3biBaeMan BOJibTaMnepHofi KpHBofi (B 
A-KpnBaa), hjih nojinporpacjiHHecKofi boaiio/'i 
(pnc. 15).

FIo xapaKTepy KpiiBofi moikho cyAiiTb o KaqecTBe 
HccJieAyeMoro BemecTBa n ero KomjenTpaHHH. K$y 
TOH B3JI6T KpHBOfi CBHAeTCJIbCTByeT O HOHBJieHHp B 
u,enH TOKa b tot momcht, Kor#a khcjiopoa HaHHHpeT 
BoccTanaBJiHBaTbCH na KaTOAe. Ho stoto na ynaqTKe 
a noTeHujiaji ajieKTpoAa 6biji HeAocraTOHHbiM iaah

ocymecTBneHHH peaKufin c 
33MeTH0fi CKOpOCTbK). TIpiI 
cMem,eHHH noTeHixnaj/a b 
OTpHH,aTenbHyio cTopony 
naqiinaeTCH 3JieKTpoAH3, 
CKOpOCTb KOTOpOTO SblCTpO 
pacTeT no cpaBHeHHio co 
CKopocTbio cMenjeiiHH no- 
TeHunaAa (yqacTOK 6). 
B 3T0fi o6a3CTH BCAeACT-
BHe npoxojKAeiiHH TOKa 

Pnc. 15. noAHporpacJmqecKan HanHHaeTCH BOccTaHOBAe- 
BOJina HHe KHCAopoAa, HaxoAH-

merocH b6ah3h noBepxno- 
CTH BACKTpOAa. IIOBepXHOCTHaH KOimeHTpan,HH CTa-
hobhtch MeHbme o6"beMnofi, b pesyAbTaTe nero bos- 
HHKaeT AH4)4>y3HoiiHbifi npouecc, iianpaBAeHHbifi 
B CTOpOIiy BbipaBHHBaiiHH B03HHKinefi pa3HOCTH KOH- 
iieiiTpaiijift h o6ecneAHBaiom.Hft noAany HccAeAyeMoro
BemecTBa k noBepxHocTH SAeKTpoAa.

CKopocTb AH(})4)y3HOHHoro npon,ecca, BbipajKennaH 
b BAeKTpHnecKHx eAHHHiiax, nponopiiHOHaAbHa rpa- 
AHeHTy KOHHeHTpan,iift b6ah3h noBepxnocTH sackt- 
poAa:

i = tiFDa (33KOH (I)IIKa)

TAe n — hhcao 3AeKTpoiioB, npiiHHMaioinHx ynacTHe 
b npoiiecce, F — nocTOHHHan (PapaAen, Da — kos^)- 
4)HH.HeHT AH^^Y31111 naCTHH, A, 6a — TOAIIIHHa AH(j)- 
(J)y3HOHHOTO CAOH, B KOTOpOM H3MeHH6TCH KOHIl,eHT-
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>amia pearHpyiomnx BemecTB, CSA— KOHH.eHTpan.ua 
iciuecTBa A y noBepxnocTH ajieKTpoAa, C°a — koh-
leiiTpaiiHH BemecTB b rjiy6mie pacTBopa.
, Ilo Mepe cABiira noTeHunajia b OTpimaTejibHyio 
topony noBepxnocTHan KOHH.eHTpau.HH na,n.aeT, hto 

npiiBOAiiT k yBejiii'ieHiiio hjiothoctii TOKa. Hocjie jio- 
CTHHiemiH HOBepXHOCTHOH KOimeilTpaUHH C/I —0 CKO-
popTB npouecca ct3hobhtch MaKCHMajibHoft h nepe- 
CTaeT aaBHceTb ot noTenHHajia 3JieKTpo,n.a H3-3a ne-
B03M0>KH0CTH AajibHeftmero yBejiHneHiiH rpaAHeHTa 
KOHn.eHTpaH.Hii (yqacTOK e).

CA
Bejinmnia id = nFD\ =— Ha3biBaeTCH hjiot- 

nocTbio npeAejibHoro TOKa AHcJiifiyaHH. nponopiiHO- 
najibHan saBHCHMOCTb Mencny npeAejibHbiM tokom 
AH(j)(|)y3HH no onpeAejineMOMy BemecTBy h kohucht- 
pauHeft iiocjiejiiiero b oS'beMe pacTBopa h hbjihctch 
ocnoBoft KOJimiecTBemioro nojiaporpa(j)miecKoro ana- 
jiiiaa. rioTeHiinaji paSonero 3jieKTpo.ua onpeAejiaeTCH 
TepMOAHHaMHHecKofi (JiopMyjioft HepiiCTa:.

nF C n cs

rAe 00 — CTaHAapTHbifi noTeHHHaji chctcmbi, 7? — mo- 
jiapnaa ra3OBan nocToaHHaa, T — aficojiiOTHaa TeM- 
nepaTypa, CSA h Csb — noBepxnoCTHbie KOHiieHTpa- 
UHii BemecTBa A h B. noTenijHaji nojiyBojiHbi paBen

RT Dr6.
01/2 = 0 -|---------- ln------------= const,1/2 nF DAt>B

rAe DA h Db — KO3(|)(|)iin.iieHTbi AH(j)(|)y3iiH BemecTB 
A h B.

npn cepiifiHbix anajni3ax hct iico6xoaiimocth 
KajKAbifi pa3 CHHMaTb nojiHbie nojiaporpaMMbi. ,3o- 
cTaTOHiio orpaHHHHTbca H3MepeiiHeM chjibi Toiia npn 
noTeHHHajie, npHMepno cooTBeTCTByiomeM cepeAHiie 
njiomaAKH npeAejibHoro toio AH^^ysHii (BejmmiHa 
nojiyBOJiHbi). B narneM cjiynae 3Ta BejiHmina paBiia 
0,65—0,70 B. OAiiaKO 3KcnepHMeHTaTop aojdkch 
6biTb yBepen, hto H3MepaeMaa BejimniHa AeficTBH- 
Tejibiio cooTBeTCTByeT npeAejibHOMy AH(j)(j)y3H0HH0My 
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TOKy b pacTBOpe AaHHoro cocTasa h na AannoM 
ojieKTpoxe. JIjih 9Toro HeoSxoAHMO npeABapnTejibiin 
ao6htbch nojiyneHHH bochpohsboahmmx nojiHporpaMM 
TaKan nojiaporpaMMa h npeACTaBJiena na pnc. 15.

AnajiH3 HaAO npoBOAHTb b CTporo B0cnp0H3B0ji.ii 
Mbix ycjioBHHx nepeMemHBaHHH pacTBopa. OjieKTpo 
Abi H3 SjiaropOAHbix MeTajijioB CAeAyeT aKTHBH3Hpo 
BaTb nonepeMeHHoii aHOAHO-KaTOAHOH nojiHpH3anHeii 
nepeA k3>kaoh cepneii HSMepeniiH.

OnucaHue noAHpoepacpunecKou ycraHOOKu dna 
onpedeACHUH KOHyeHTpaquu KUCAopoda

PeaKUHH npoHcxoAHT b HaefiKe, ofi'beM KOTopoii 
npHMepHO 3 mji. SjieKTpoA BCTaBjiaeTCH b HHeiiKy 
cBepxy, c6oi<y b Heii ecTb oraepCTHe, nepes KOTopoe 
BO BpeMH OHblTa MOHiHO BBOAHTb TOT HJIH IIHOH pea 
reiiT. Bjiok hhchkh HMeeT cncTeMy ajih npoTeKaimsi 
BOKpyr peaKHHOHHoii KaMepbi boam c nocTosiHHoii 
TeMnepaTypofi. Bona noAaeTCH H3 yjibTpaTepMOCTaTa.

KaTOAOM (—) HBjineTCH njiaTHHOBan npoBOjiOKa, 
OKanHHBaiomaHCH ahckom. Ahoaom ( + ) cjiy>KHT ce- 
peSpHHan njiacTiiHKa. SjieKTpoA HMeeT Kopnyc H3 
HjieKcnrjiaca c oTBepcraeM b HHXineft nacra, KOTopoe 
3aTHHyT0 HOJIHSTHJieHOBOH HJieHKOH. BHyTpeHHHH 
nacTb ajieKTpoAa sanojiHena pacTBOpoM 6oparaoro 
6y(j)epa b KCl CJieAyiomero cocTaBa (r na 250 mji): 
0,05 M Na2CO3 (6/b) — 1,33 hjih 0,05 M Na2CO3X 
X10H2O — 2,33; 0,05 M Na2B4O7-10H2O — 4,77; 
0,1 M KCl (x.m.) — 1,87.

CxeMa ycTanoBKH npeACTaBjiena na pnc. 16.
B ycTanoBKe b KanecTBe ycHJiHTejin Hcnojib3yeTCH 

pH-MeTp Jiny-01. PerHCTpan,HH pesyjibTaTOB ocy- 
mecTBJineTCH caMonHcueM (cHcraMa KCH-4 hjih 
3HH-09). Hctohhhkom hoctohhhoto tokh ajih sjibk- 
TpoAa HBJineTCH 6aTapen (1,5 B). B cxeMy bkjhohc- 
hm ABa conpOTHBJieHHH: 15 kOm h 500 Om (nep- 
Bblfi — pyHKa HyBCTBHTCJIbHOCTH, BTOpOH — yCT3HOB- 
Ka HanpH?KeHiia). Tok, HOAaBaeMbiii na 3JieKTpoA, 
H3MepHCTCH BTOpblM pH-MCTpOM JIHY-Ol. TaK, 
JIHY-Ol cjieBa noKasbiBaeT tok, HAymnii c HHefiKii 
na caMoniicen, cnpaBa — noAanaeMoe na ajieKTpoA 
nanpHHceHHe. O6o3naneHHH na njiaTe ynpaBjieHHH 
ycTaHOBKofi: 51 — HnefiKa, B — JIHY, B — 6aTapea 

116



tryMfijiep bkjuohchhh 6aTapen, csepxy). Pyin<a na- 
nmeim CBepxy; pyiiKa qyBCTBHTejibHOCTH, no3BO- 
JUiiomaa yMeHbuiiiTb hjih yBejiimnTb cnrnaji c aiien- 
l<h, CHH3y (npn 3T0M MeHHeTCfl BeJIHHHIia OTKJIOIie- 
iubi cTpejiKH caMonncua, t. e. niHpHiia sanncH Ha

Phc. 16. CxeMa nojiaporpatiimecKoii ycTaHOBKH hjih 
onpeneJieHHn KHCJiopofla: 1 — caMonHceii; 2 — npnSop, 
H3Mep»IOIIIHH KOHIieHTpailHIO Oz', 3 — peryjlHTOp HyBCT- 
BHTejibHocra; 4 — aneKTpoa; 5 — peryjiHTOp HanpniKe- 
hhh; 6 — npnCop, KOHTpojiHpyiouiHft HanpHJKeitnc na 

sjieKTpoAe

jieiiTe). B ycTanoBKy bxoaht ManiHTHaa MemajiKa 
ajiji nepeMeniHBaHHH coAepxtHMoro aqefiKH. JJjih ocse- 
meHHH aneiiKH cjiyxHT AHanpoaKTop. Mexifly hhm h 
aqeHKOH noMemaeTca hjiockhh cocyA c boaoh ajih 
norjiomeHHH TenjiOBbix Jiynefi.

riopfidoK BKAtoHenun ycTaHOBKir.
1. BKJHonaioTCH b ceTb bhjikh npnfiopoB: caMO- 

nHcixa, AByx pH-MeTpoB, yjibTpaTepMocTaTa, ManiHT- 
hoh MemajiKH h ocBeTiiTejia.

2, BKjiiOMaioTCH TyM0Jiepbi na npnGopax: caMO- 
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imcue, Auyx pH-Merpax, yjuyrpaTepMOCTaTe (pyiiKii 
npnCopa n TyMCwiep MOTopa).

3. B aneHKy HajiiiBaiOT OyipepHbiii pacTBop, 
BCTaBJIHIOT SJieKTpOA.

4. PyqKOH HanpHxceHHH (cBepxy) ycTanaBAHBaioT 
nanpajKeHHe Ha ajieKTpoflax na niKajie cootbctct- 
Byiom.ero pII-MeTpa 0,65—0,70 B.

5. PyHKOH HyBCTBHTejIbHOCTH (ciiH3y) ycTaHaBJin 
BaiOT nHCHHK caMonHcua b HyxiHOM nojioxeHHH, ycn-

1 2 9 6 3 5 4 7

Pnc. 17. CxeMa sjieKTpona (rana KaapKa): 1—ruiarana 
(KaTon); 2 — ciwiaB njiaraiiH c Menbio; 3— cepeSpo (anoji); 
4 — npo6Ka c aanpecoBaHHbiMH BbiBOnaMH ot njiaranbi h ce- 
pe6pa; 5 — Koacyx c pacraopoM KCl b 6opaTHOM 6y(j)epe; 
6 — hcxoji ajih npnjKHMa noJiynpoHHiiaeMofi njieHKH; 7 — pe- 
SHHOBblH ynjIOTHHTejIb; 8 — npHJKHMHOe KOJIMIO; 9 — MeCTO 

npHKpenjieHHn njieHKH

jiHBaa hjih ocjiaSjiHH tcm caMHM CHraaji c ajieKTpo- 
AH.

HtoSm BCTaBiiTb ajieKTpoAbi b HqefiKy (cxeMa 
sjieKTpoAa Aana na pnc. 17) 6es BO3AyniHbix nySbi- 
pefi, npnxoAHTCH HajiHBaTb pacTBOp b HneHKy AOBep- 
xy c o6pa30BaHHeM Bepxnero MenHCKa. K nosepx- 
HOCTH JKHAKOCTH OCTOpOJKHO HOABOAHT 9A6KTpOA H 
TaK>Ke ocTopo>KHo bcthbjihiot ero B nnefiKy ao yno- 
pa. IlepeA HanajioM pa6oTH SAeKTpOA hco6xoahmo 
CTa6HjiH3HpoBaTb b TeneHHe nojiyqaca. CoAepaiHMOc 
HueHKH nepeMeniHBaeTCH MarnHTHofi MeniaAKoft, na 
Kopnyce KOTopofi saKpenAena HnefiKa.

UeAb pa6OTbl U o6t>6KT UCCAedOBUHUH'. H3yHHTb 
aAaiiTHpoBaHHoe k tcmhotc h nocAecBeTOBoe Abixa- 
iine ciiHe-seAeHoft boaopocah Anabaena variabilis.

Xod padoTbt. CycneH3Hio BOAOpocAefi 8—10-ahcb- 
Hofi KyAbTypbi H.eHTpH(|)yrapyiOT b TeneHHe 10 mhh 
npn 4000 o6/mhh. 3aTeM boaopocah npoMbiBaiOT 6y- 
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l])OpHbIM paCTBOpOM, AAH HCrO OCaAOK B UCHTpHlJiyjK- 
iibix npoSnpKax B36ajiTbiBaioT c 6y4>epiibiM pacTBO- 
I om pH 6,8 h cHOBa peHTpHijiyrnpyioT. OcaAOK nepe- 
IOCHT B MepHblii U.HJIIIHAP 6y4>epiIbIM paCTBOpOM. 
06"beM cycneH3HH aoboaht ao 25 mji.

BepyT 2 mji cycnensiiH h pasBOAHT b 3 pasa, 3a- 
tcm KOJiopHMeTpnpyioT na O3Ke, Hcnojib3ya aeAeHbift 
CBeTOljlHJIbTp. IloCJie 3TOTO o^-beM CyCneH3HH AOBO- 
AHT AO Hy>KHOft KOHIieHTpailHH. OnTHnecKan HJIOT- 
HOCTb OnblTHOft CyCH6H3HH BOAOpOCAeft AOAJKIia 6bITb 
1,00 (KioBeTH <P3Ka toaiu,hhoh 1 cm). OnbiT npo- 
boaht npn 30°, noaTOMy 6ycj)epHbift pacTBop h npH- 
roTOBAeHHyio cycneH3Hio noMemaioT nepeA onpeAe- 
ACHHCM B TepMOCTaT.

FIoAroTOBAeHHyio cycneH3Hio noMemaioT b aqeftKy 
(OKOAO 3 MA). B flqeftKy BCTaBAAIOT 3A6KTpOA TaK, 
'ito6m hoa hhm ne 6mao nysbipbKOB BO3Ayxa. Bkaio- 
qaioT MarHHTnyio MemaAKy (TyM^Aep cnpasa) h abh- 
>KeHHe AeHTH na caMonHcue. JleHTa abhjkotch co 
CKOpocTbio 240 mm/i. B TeneHHe 20 mhh npoBOAHT 
3anncb aAanTHpoBaHHoro k TeMHOTe norAomeHHH 
KHCAOpOAa. 3aT6M BKAIO'iaiOT CB6T. IIpOAOAJKHTeAb- 
HOCTb CBeTOBOft 3KCHO3HHHH 5 MHH. CaMOHHCeH, peTH- 
CTpHpyeT yBeAHHeHHe KOHiieHTpauHH O2, KOTOpoe 
npoHcxoAHT npH cjiOTOCHHTese. B TeqenHe CAeAyioiUHx 
5 mhh sanncbiBaiOT nocAecBeTOBoe norAomeHHe O2 
H CHOBa BKAIO'iaiOT CB6T Ha 5 MHH. IIOCAe BTOpOH 
CBeTOBOft 9KCnO3HII,HH 3aHHCb HOTAOIIieHHH O2 npOBO- 
Aht 6oAee AAHTeAbnoe BpeMH (ne Menee 30 mhh) .

CpaBHHBaiOT CKOpOCTb aAanTHpOBaHHOTO K TCM- 
HOTe nOFAOIIjeHHH KHCAOpOAa CO CKOpOCTbK) nocAe 
nepBoro h BTOporo ocBemeHHn. HocAe BTOporo ocse- 
meHHH H3MepnioT norAomeiiHe O2 cpaay nocAe ocBe- 
meHHH, qepe3 10 mhh h nepe3 20—30 mhii. Ckopoctb 
norAomeHHH O2 BbipaiKaioT b mkM O2 3a 1 mhh. 
PaCCHHTblBaiOT TaKXie CKOpOCTb BblASAeHHH O2 npH 
(j)OTOCHHTe3e.

KaAu6pO8Ka npu6opa (Karoda). JlHHefinocTb ot- 
BeTa noAHporpac^H'iecKoft ycTanoBKH na AHHefinoe 
HSMeneHHe KOHn.eHTpaii.HH O2 b H'iefiKe ycTanaBAii- 
BaeTCH c noMombio cycneH3HH AponoKefi, TaK KaK 
OHH AbimaT c nOCTOHHHOfi CKOpOCTblO H norAomaiOT 
Becb KHCAOpOA H3 OHblTHOfi CMCCH.
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1 r cbokhx ApojKJKeft cycnensnpyioT b 12 mji bo 
AonpoBOAiioii boam n peHTpncJiyrHpyiOT npn 1000 pf 
b Teiieniie 5 mhh. K ocaAKy npiuiHBaioT 1 mji 1%-hoi'i 
rjnoK03bi, npnroTOBJieHHOH na 0,15 M pacTBope KCI, 
33tcm 0,2 mji cycneii3HH ninpHpeM bboaht b HneHKy, 
b KOTopyio npeABapiiTejibHO hhjiht 1%-hmh pacTBop 
rjiiOKO3bi b 0,15 M KCl. IlpejiBapHTejibHo ajieKTpo/i 
CTa6HJIH3HpOBaH C 3THM paCTBOpOM (nHCHHK C3M0 
nHcua nocTaBJien na MaKCHMajibHoe 3HaneHiie niKa 
jih). KaJindpoBKy npoBOAHT npn toh x<e qyBCTBii- 
TejibHOCTH npnSopa, hto h sKcnepHMeiiT. OnpeAejie- 
HHe HpOBOAHT npH CKOpOCTII ABHJKeHIIH JieilTbl C3MO- 
nncpa 240 mm/h hjih 4 mm/mhh.

FIpHBeAeM npHMep pacneTa abhhbix KajinOpnpo- 
BainiH KaTOAa. B cpe#e 250 mkM O2. X(po?K>KH no- 
rjiomaioT Becb khcjiopoa. AMnjiHTyAa ABixaHHH 
Apo>K>KeH — 93 AejieniiH na jieiiTe, cjie/ioBaTejibHO, 
n,eiia OAHoro AejiennH 250:93 = 2,68 mkM O2. KajiiiO- 
pHpOBaHHe BpeMH OT BpeMCHH nOBTOpHIOT.
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P a3aeji IV

MHHEPAJIbHOE HHTAHHE
(norjiomemie BemecTB)

HeopraHimecKne nHTaTejibHbie BemecTBa, HeoSxojiii 
Mbie ajix HOpMajibHoro pasBiiTHH pacTeHHH, nojipas 
AejiHKrr Ha MaKpo- h MHKpoajieMenTbi b 33bhchmoctii 
ot KOJiHnecTBeHHOH noTpeSnocTH. K nepBbiM npHHa/i 
jiexKaT C, O, H, N, S, P, K, Ca, Mg, a TaKAte Na, 
Si, Cl. CoaepjKaHHe hx b pacTenHH AOBOJibHO bcjiii 
ko — ot 0,1 ao HecKOJibKHx npouenTOB ot cyxoii 
Maccbi pacTeHHH. HpH KOHiieHTpaiiHH ao 200- 
300 mf/ji b napyjKHOM pacTBope ohh He OKasbiBaioT 
BpeAHoro achctbhH Ha pacTeHHe. MnKpoajieMeHTbi 
3to B, Mn, Cu, Zn, Mo, Co, V h Ap. Hx coAepJKaHiie 
b pacTeiniH cocTaBJineT coTbie, Tbicnmibie h AecHTii 
TbiCMHHbie aojih npoueHTa ot cyxoii Maccbi pacTeHiiii. 
BoAbniHHCTBO sjieMeHTOB 9toh rpynnbi npH KOII- 
HeHTpaiiHH Bbime 0,1—0,5 mt/ji yrneTaiOT pocT pa- 
ctchhh. JKeJieao saHHMaeT npoMejKyTOHHoe mccto 
MeiKAy MiiKpo- h MaKpoajieMeHTaMH. Ero onTHMajib- 
Han KOHH,eHTpau,HH b napyjKHOM pacTBope — 5- 
10 mt/ji.

norjiomeHHe nepeuHCAeHHbix BAeMeHTOB, 3a hc- 
KAioneHHeM C, H h O2, y bmcihhx naseMHbix pacTe- 
HIIH npOIICXOAHT nepe3 KOpiIH H3 HOHBbl HAII HHT3- 
TeAbiioro pacTBopa. BoAHbie, a TaioKe hhshihc 
pacTenHH norAomaioT nHTaTeAbiibie BemecTBa H3 
OKpyjKaiomefi cpeAti Bceii cBoefi noBepxnocTbio. 
B HOHBeHHOM paCTBOpe HOHbl AIlSo HaXOAHTCH B CBO- 
SOAHOM COCTOHHHH, AH6o CBH33HbI C HOHBeHHblMII 
KOAAOHAaMH. nOTAOLUaiOTCH SAeMCHTbl MHHepaAbHO 
ro nHTaHHH Ham.e Bcero b hohhoh 4>opMe.

B cootbctctbhh c coBpeMCHHbiMH npeACTaBAemiH 
mh npouecc norAomeHHH hohob pacTenneM mojkho 
pa3AeAHTb na ABe (jia3bi: I — nponiiKHOBeHiie hohob 
b «cBo6oAiioe npocTpancTBO» KopiiH, II — nepeABii-
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)i<ciiHe iix 8 npotonjiacTbi kjictok TKanefi KopHH. 
• ('.nofioAHoe npocTpaHCTBo» BKjnonaeT KjieTOHHbie 
ctchkh h MeJKKJieTOHHoe npocTpaHCTBo napenxHMH 
Kopbl KOpHH. OHO JIOKajIH3OBaHO BHC HpOTOHJiaCTOB 
KJICTOK H COCTaBJIHeT 4—6% o6T>eMa KOpHH. IdOHbl 
MoryT nocTynaTb b ccboSoahoc npocTpaHCTBO» h bh- 
/lejiHTbCH odpaTHO nyreM cBo6oAHofi AHcjxJiyaiin II 
iioiihoto o6Mena.

«Cbo6oaho6 npocTpaHCTBO» npeACTaBjineT co6ofi 
i ncTeMy KanajioB h nop, ctchkh kotophx hmciot 
orpHiiaTejibHbifi sapnA (HanpHMep, 3a chct Kap6o- 
KciuibHbix rpynn neKTHHOBbix BemecTB) h MoryT aA- 
COp6HHOHHO CBH3bIB3Tb KaTHOHH. I103T0My KOHH6HT- 
pailHH K3TH0H0B H aHHOHOB B HCHTpe KaiiajIOB H 
okojio hx CTenoK paajiHHHa. B neHTpajibHofi nacTii 
liop KOHIieHTpaHHH KaTHOHOB H 3HH0H0B paBHa HX 
KoimeHTpaHHH b HapyxiHOM pacTBope. OTdOAa hohh 
MoryT 6biTb BbiAejieHbi b BOAy nyTeM AH(J)4)y3HH. 
OkOJIO CTeHOK nop KOHII,eHTpaHHH K3THOHOB yBejIHHH- 
iiaeTCH, a aHHOHOB —■ yMeHbinaeTcn, h hohh MoryT 
ftblTb BblAeJieHbl TOJIbKO B cojieBofi pacTBop nyTeM 
ofiMena. FIo «CBo6oAHOMy npocTpaHCTBy» KopnH 
noiibi nepeABHraiOTCH nacciiBHO anonjiacTHbiM nyTeM 
(pnc. 18), t. e. no BsaHMocBnsaHHofi CHCTeMe Bcex 
KJieTOHHbix CTenoK h MOKKJieTHiiKOB. TaKoe nepeABii- 
>l<eiIHe HOHOB BO3MOIKHO TOJIbKO AO SHAOAepMH KOp- 
iih, TaK KaK cy66epHHOBbie yqacTKH kjictok STofi 
tiohh (noncKH Kacnapn) hjiotho conpHKacaiOTCH c 
HHTOHJiaSMaTHHeCKOfi MeMfipanofi H CO3A3IOT npe- 
rpaAy anonjiacTHOMy TpancnopTy. IlocTynjieHHe 
iiohob b «cBo6oAHoe npocTpaHCTBo» cHHTaeTcn nep- 
HHM, HOArOTOBHTejIbHHM, 3T3H0M HOrjIOIHeHHM.

BTOpofi 3Tan norjiomeHHH — npoHHKHOBeHHe 
iiohob b ijHTonjia3My KjieTOK KopneBbix TKanefi. Ha 
9tom 3Tane hohh aojijkhh npofiTH qepes nojiynpo- 
iniHaeMbie MeM6paHH, h npe>KAe Bcero njia3MajieM- 
My. TpaHcnopT iiohob mojkct npoHcxoAHTb b coot- 
IICTCTBHH C SJieKTpOXHMHHeCKHM rpaAHCHTOM 3TOFO 
nona. B 3tom cjiynae roBopsT o naccHBHOM Tpanc- 
nopTe 6e3 saTpaTH AonojiHHTejibHofi gneprHH. FIpH 
ABHJKeHHH HOHa HpOTHB rpaAHCHTa SJieKTpOXHMHHe- 
ckofo noTeHHHajia ocyinecTBjiaeTCH 3kthbhhh, no- 
rpe6jiHioinHft SHeprnio h, cjieAOBaTejibno, saBHcaiiiHfi 
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ot (jjoTocnnTesa ri AttxaHtia npoijecc. FIo coBpeweii 
iimm ripe/icTaBjieHHHM oh hact npn y'iacTim Beui<<m 
nepeiiocmiKOB (pnc. 19). CneuHijiHHecKHM xap:n>i< 
poM nepenociiHKOB o6i>5ichhiot HsSnpaTejibiiyio <n<> 
co6nocTb pacTenHH npn norjiomeiiHH nHTaTejibinn 
SJieMeHTOB H3 CpeAbl.

Phc. 18. ynpomeHHaa cxeMa CTpoeHHH Kopna (nonepeHHHH cpe <) 
(no KjiapKcony, 1978); U —iviT0n;ia3Ma, B — BaKyorib

Kopenb — ne TOJibKO opran norjioin,eHHH hohob, 
HO H HX aCCHMHJIHHHH, B HCM HpOHCXOAHT CHHTC3 
opraHHHecKHx coeAHneHHH. Pha ajieMenTOB, b nep 
Byio oaepeAb N, P, S, nonaAaa b tk3hh KOpHH, npe 
TepneBaioT cJiorKHbiii uhkji MeTa6oAiiTHnecKHx npe 
BpameHHH. rioaTOMy norAomeHHe hohob H3 cpeAbi 
33BHCHT H OT npOH,eCCOB, OHpeAeASHOIIIHX npOHHKHO 
BenHe hx nepe3 MeMdpaiiHbie cTpyKTypbi kabtkh, h 
ot o6in,ero MeTa6oAH3Ma b KOpne h pacTeHHH b b,c 
aom. OTCiOAa norAomeHHe bo mhotom saBiiciiT ot 
yCAOBHH BbipamHBailHH paCTBHHH — OCBemeHIUI, 
TeMnepaTypbi, pH nHTaTeAbHoro pacTBopa, CHa6?Ke 
HIIH KOpiieBOH CHCTeMbl KIICAOpOAOM, OT KOAIIHeCTBa 
H COOTHOUieHHH HOHOB B HHTaTCAbHOM paCTBOpe.

3aBUcuMOCTb ckopoctu nozJiotneHUH ot cBera. 
CBeT BAiisieT na norAomeHHe KOCBenHbiM nyTeM. 06- 
pasoBaBHiHeca na cseTy b npon,ecce 4)OTOClIHTe3a 
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yrjTCBOAM HBAHIOTCH Cy6cTpaT0M flblXaHlH'P' 
gccca, oienb BajKHoro ajih norjiomenHH h 
lliii<a anepriiH, h khk nocTaBiiiHKa njiacTHit®,e' 
IIU'CTB, HeofixOAHMblX AAH aCCHMHJIHHHH 
•icckhx BeuiecTB (nanpHMep N). Kp^ffO’ 
ii npoiiecce (JioTOCHHTeaa oSpasyiOTCH cH.n,Efll)C" 
ciaiiOBHTejiH, KOTopbie MoryT ynacTBOBaTb,tiira" 
IIOBACHHH H0H0B NOs- H SO42-. Ha CBeT)l!*H"

Phc. 19. Cxewa nepenoca hohob qepci 
MeMfipaHy npn yqacTHH nepcHOCHHKOi

pyeTCH TpaHcnHpaiiHOHHbiH tok b cocyAa*(aeMbI’ 
'iTo TaKuce CKasbiBaeTCH na nornomenHH
HblX SJieMeHTOB.

3a6UCUMOCTb CKOpOCTU nOZJlOU\eHUfl o1]'*ePa~ 
Tiypbt. XapaKTep 33bhchmocth norAoin,ennfC!tMne" 
paTypbi npn 0—2°, b HHTepsajie ot 5 ao 4"i»OCJie 
40° HMeeT cynjecTBeHHbie pa3AHHiiH. C nflWHeM 
TeMnepaTypH ot 5 ao 40° cKopocTb nornoi1110 yBe" 
jiHiHBaeTCH ao MaKCiiMaAbHOH. ,HajibHeiillllll,OBbI" 
nieHHe TeMnepaTypH npiiBOAHT k CHH5KeHll,i(>rj10" 
ipeHHH coAefi. 3to cbh33ho, ho-biiahmomjS 1111KTH' 
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Bannefi (JjcpMenTHbix chctcm, npiiHHMaioiUHx yqacTiie 
I! IIOrJIOIlICHHH II aCCHMHJIHHHH HOHOB. KpOMC TOTO, 
npn bbicokhx TeMnepaTypax (cyneponTHMajibHbix) 
o6napy>KHBaeTCH noBbinieiinan npoHiinaeMocTb mgm 
6pan, lito cnocodcTByeT ycHjieimio naccHBHoft yTem<n 
cojieft. B HHTepBajie TeMnepaTyp ot 5 ao 40° Q|0 
Ajih iiorjiomeHHH pnfla hohob (K, Ca, NH4+ n AP-) 
pasen 2—3. 3to CBH/ieTejibCTByeT 06 onpeAejifliomeii 
POJIH MCTadOJIHTHqeCKHX peaKHHH B pa3BHTHH cKopo- 
cth npon,ecca norjiomenHH b AaiiHbix TeMnepaTypnbix 
yCJIOBHHX.

npH TCMnepaTypax, Ojiiiskhx k 1—3°, norjiomeHiic 
cojieii CHHiKaeTCH i<ai< 3a chct saMeAJieHHH 6hoxhmh- 
qecKiix peaKHHH, TaK n 3a cneT noBbimeHHJi bhsko- 
CTH, a CJieAOBaTeJIbHO, COnpOTHBJICHHH KAeTOHHblX 
MeM6pan. Qi0 norjiomeHHH hohob o6biHHO paBHO 
1--- 2. B 9THX yCAOBHAX OnpeAeA5HOIH.HMH CKOpOCTb
norAOiijeHHH oKaabiBaioTCH (})H3HqecKHe npon,eccbi 
(AH(j)(l)y3n5I, MaCCOBblH TOK, aACOp6u,H5l) .

SaBUCUMOCTb CKOpOCTU nOZJlOU^CHUH OT KOHU,CHT- 
paupiu eodopodHbix uohob. Khcaothoctb cpeAH oxa- 
3HBaeT BAH5iHHe Ha p5iA npoiieccoB, onpeAeA5iioin,Hx 
BeAHHHHy nOTAOmeHHH TOTO HAH HHOTO HOHa. Ot nee 
33BHCHT CTeneHb paCTBOpHMOCTH pflAa COACH B HOHBC 
II, CAeAOBaTCAbHO, AOCTynHOCTb HX AAH paCTCHIIH. 
B HOHBeHHOM paCTBOpe, B HHTaTeAbHOH CMCCH pH 
MO/KCT o6yCAOBAHB3Tb CTeneHb AHCCOHHanHH MHOTO- 
ocHOBHbix coAefi. TaK, noAmeAauHBaHHe cpeAbi ot 
5,5-^-6,0 h Bbime hphboaht k BHAOHSMeneHHio npeo6- 
AaAaiOIHeH (j)OpMbI (j)0c4)aT0B OT OAHOBaACHTHOH 
(H2PO4-) K AByxBaAenTHOH (HPO42-) h k TpexBa- 
A6HTHOH (PO43-). B 3HaHHTeAbHOM KOAHUeCTBe HO- 
TAOmaiOTCII TOAbKO OAHOBaAeHTHbie IIOHbl.

yBeAHHeHHe KOHIieHTpailHH BOAOpOAHblX HOHOB 
(CHHMeHHe pH) npHBOAHT o6bIHHO K CHH5K6HHIO HO 
TAOIIieHHH K3TH0H0B, B TOM HHCAC NH4+, B6pO5ITHO, 
BCAeACTBHe KOHKypeHHHH MeiKAy OAHHaKOBO 3ap5I- 
JKeHHblMH H0H3MH 33 BO3MO5KHOCTb BCTynaTb B peaK- 
u,hio c nepeHOCHHKaMH. B 33bhchmocth ot pH cpeAbi 
MOryT MeHHTbCH H HOTAOTHTeAbHbie CBOHCTBa CaMOTO 
pacTemi5i. HanpiiMep, BbicoKasi KHCAOTiiocTb cpeAw 
yBeAHHHBaeT npoHHijaeMOCTb MeM6pamibix CTpyKTyp 
KAeTOK.
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SttBUCUMOCTb CKOpOCTU nOZAOmeHUll U0H06 OT ux 
KOHneHTpaquu b cpede. CKopocTb norJioiU®13 Pa" 
cTeHiieM hohob 113 pacTBopa saBHCiiT ot KOHUeiiTpa- 
UiiH AaiiHoro Hona TaK ace, iok n cKopocTt ^epMen- 
TaTHBHOii peaKIIHH — OT KOHpeHTpaUHIi cyfiCTpaTa, 
3aBHCHM0CTb noAHHHHeTCH ypaBiiennio MaxWHca

Phc. 20. CooTHomeHHe McjKjiy BHemHefi KOffl®TPaiaie11 
pacTBOpeniioro BemecTBa h ckqpoctmo ero noH<®eHIIH 
AJiH cjiynaa aKTHBHoro nepenoca. O6o3Ha‘ienna b kkctc

MeHTOH H MOJKCT SblTb HpeACTaBJICHa CJiejiyiOIUHM 
oOpasoM:

V ■ C 
v —-------------- ,

Km + C

rjie v ■— cKopocTb norjioiueHHH nona npH onpe/ie- 
jienHoii ero KOHtfenTpaujiH (C), V — MaKCHMaJibHO 
BO3MOJKH3H CKOpOCTb HOrjIOIIieHIIH npii KOHIieilTpa- 
min HOHa, cTpeMHiueHcn k fiecKonennoCTii, 
KoncTaHTa ckopocth npou,ecca. PpaipHHecKoe Bbipa- 
xcenne 3toh saBHCHMOCTii nBJineTcsi rnnepoojioii 
(pHc. 20, t4).

EcJIII no OCHM OTJIOIKHTb BejIHHHHbl, O^paTHbie 
V H C, KpHBaH npHHHMaeT JIIIHeHliyiO $°PMy 
(pnc. 20,5). FIpii 9tom npHMan jihiihh nMeeT Iia" 
KJIOH, paBHblH KmlV, II OTCCKaCT OT OCH OpAHHaT 
OTpe3OK, paBIIblfi 1/1/. TaKHH SaBIICHMOCTb CKOpOCTH 
liorjiomeiiiiH ot KQHH.eHTpaii.HH iioiia b pacrBope hoa- 
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TBCp>K/iaeT B03M0>KH0CTb HOrAOIH,eHHH npH yi.il IIIH 
iiepenociHKa.

B IipiICyTCTBHH ApyrOTO HOHa C 3apHAOM TOI<> 4l«| 
.niaKa na6jiioAaeTca cnnxenHe ckopocth norjioineiiiiii 
Aaimoro noHa, noAofinoe chhjkchhio CKopocTii i|»vp 
MCIITaTIIBHOH peaKHHH, KOTOpoe HafijIIOAaeTCH, 1« II III

Phc. 21, A. IIorjioineHHe py6HAH« b OTcyTCTBne (1) 
H B IipHCyTCTBHH (2 H 3) HOHOB KajIH'HJ B. nOTJIO- 
meHne py6H#Ha b OTcyTCTBHe (1) h npncyTCTBHH 
(2) JIHTHH (KOHHeHTpailHH JIHTHH 25 MMOJIb/jl) (nO 
CaTKJiH<j>4>y, 1964); V — CKopocTb norjiomeHHH py- 
6hahh, MKMOJib-1 r-'-l h-1; C — KOHixeHTpaiiHH py- 
6hahh b pacTBope, mM; (A) 2 h 3 — KOHiieHTpaiiHH 
KaJIHH COOTBeTCTBeHHO 10 H 25 MMOJlb/jIJ V H C —

TaK »<e, KaK na pnc. 20

b cpeAe npncyTCTByeT HHrnfiiiTOp. TaK >Ke KaK h h 
cjiynae (jiepMeHTaTHBHOH peaKiiHH, noAaBjienHe no 
rjiomeHiiH iiona npn Ao6aBAeHiiH Apyrnx hohob mo 
>K6T HOCHTb KOHKypCHTHblH, HCKOHKypeHTHblH H CMC 
inaiiHbiH xapaicrep. Ha pnc. 21,4 npeACTaBJien b;i- 
pnaiiT KOHKypeHTHoro HHTH^HpoBaHHH norjiomeHiin 
iiohob py6HAHH KajineM. XapaK'repnbiM HBAneTcii 
HeiisMeHHoe snaneHHe 1/V. Phc. 21, B HAAiocTpHpyeT 
CAyqafi neKOHKypeHTiioro noAaBAeHHH norAomeHHii 
py6iiAHH iioHaMii ahthh. B paanbix Ananasonax koh- 
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lieiiTpauHH cojih saBHCHMocTb cKOpoc™ norjiomeHHJi 
BOlia ot HajiHHHH Apyrnx hohob hmcct neKOTopbie 
HpKHHHHHajIbHbie OTJIHHHM. FIpiI IIH3KHX KOHHCHTpa- 
Uiiiix Hona (ao 5-10’4 M cojih) norjiomeHiie Majio 
liinncHT ot najiHHHH b pacTBope npyroro HOHa. Koraa 
HoiineHTpauHH HOHa Bbime (6ojiee 10~2 M cojih), npn 
UorjiomeHHH npoHBjineTCH 6ojibinee cpoactbo c .npy- 
riiMii iiOHaMH. Ha 3tom ocHOBaHiiii npe/inojiaraiOT 
^iyiiKHHOHHpOBaHHe HByx MexanH3M0B norjiomeHHH, 
fooTBeTCTByioiHHx pasHbiM nepenocHHKaMH h jiok3jih- 
louaHHbix b njia3Ma.iieMMe (Mex. I) h b TononjiacTe 
(mcx. II).

BaauModeucTBue Memdy uohcimu. KoHHoe OKpy- 
iKciiHe cymecTBeHHO BJiiineT na norjiomeHHe KaKoro- 
10 Hona. H3 pacTBopa oahoh cojih k3thoh 6y.neT 
llorjiomaTbCH 6bicTpee b npncyTCTBHH jierKO norjio- 
inaeMoro aHHona. Ha cKopocTb norjiomeHHH HOHa 
IIJIHHeT BeJIHHHHa THApaTHOH o6ojiohkh. HosTOMy 
OAiioBajieHTHbie nonbi norjiomaiOTCH 6biCTpee, neM 
/iByx- hjih TpexBajieHTHbie. Ho, xpoMe stoto, BaxcHyio 
pojib HrpaiOT cneHHtpHnecKHe oco6chhocth, cbohct- 
ncnHbie caMOH HorjioruaiomeH cncTeMe. KajiHH, na- 
npiiMep, H3 mejiOHHbix KaTHOHOB norAomaeTCH Jiynme 
■cero, xoth AnaMeTp rHApaTHpoBaHHbix hohob py6n- 
/uih h ijeaiiH MeHbiue. Ecah b cpeAe npncyTCTByiOT 
/iBa hah 6oAbine hohob, to MoryT Ha6jiioAaTbCM hb- 
jieiiHH ah6o aHTaroHH3Ma, ah6o cHHeprH3Ma hohob. 
'lacTO xHMHnecKH 6jih3khc hohm MemaioT oahh Apy- 
lOMy npn norjiomeHHH, pa3AHHHbie x<e hohh ne koh- 
KypnpyioT Me>KAy co6oh. TaKHe aHHOHbi, KaK HHTpa- 
Tbl, CyAb(|)aTbI, ijlOCtJiaTbl, OK33bIBaiOT CTHMyAHpyiO- 

mee AencTBHe na norAomenHe ApyrHx hohob, ho-bh- 
AHMOMy, BCAeACTBne aKTHBan,HH npoueccoB o6Mena.

IHeAOHHbie KaTHOHH B 60AbineH HAH Menbinefi 
CTeneHH KOHKypnpyiOT Apyr c ApyroM npn norAome- 
iiiih pacTenHeM h c yseAHneHHeM KOHii.eHTpauHH oa- 
uoro yMenbniaeTCH norAomeHHe Apyroro KaTHona.

BsaHMOOTHOmeHHH hohob npn norAomeHHH (koh- 
KypenTHbie h neKOHKypeHTHbie) MoryT 6bm> onpeAe- 
JteHbl HO anaAH3y 3aBHCHM0CTH CKOpOCTH norAome- 
IIIIH OT KOimeHTpamiH HOHa B CpeAe. ^AH 3T0T0 
onpeAeAHioT saBHCHMOCTb CKOpocTH norAomeHHfl 
nona ot ero KOHiieHTpaiiHH b npncyTCTBHH KaKoro-TO
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Apyroro nona n 6e3 nero. Ctpojit rpacjiHKH 3aBncm 
MOCTH ofipaTHblX B6AHHHH CKOpOCTH nOrJIOHI,eHHH (OCI, 
OpAHIiaT) II KOHUeHTpamiH (ocb a6cn,HCC) B pa3I!I.U 
yCJIOBHHX. npH KOHKypeHTHOM HOFJIOIIieHHH npjIMI.ll' 
nepeceKyTcn b oahoh tohkc na och opmiHaT. Flpii 
iieKOHKypeHTHOM norjiomeHHii npnMbie SyayT no'ini 
napajiJiejibHbi. Phc. 22,A,B HjwuocTpHpyeT koiikv 
peilTHbie OTHOHieHHH KajIIIH II py6HAHH H HCKOIIKy 
peHTHbie — py6iiAHH h jihthh.

3 a n a h a 1

norjIOIUEHME AMM0HH5I PACTEHHflMH 
B PA3HMX yCJIOBHJIX KHCJIOTHOCTH 
CPEflbl

norjiomeHiie pacTeHHeM aMMOHHH moxiio npocjieAini. 
no H3MeHeHHK> KOHn.eHTpan.HH aMMOHHfiHOTO 330TII 
b nHTaTejibHOM pacTBope nocjie 9kcho3hii.hh b hcm 
paCTCHHH. JI.JI5I STOrO rOTOBHT HHTaTejIbHyiO CMet'l. 
onpeAejieHHoro cocTaBa, noMemaioT TyAa na KaKoe-To 
BpeMH pacTeHHs. OnpeAejimoT KOHn.eHTpan.Hio aMMo- 
HHHHOTO a30Ta AO H nOCAe 9KCnO3HU,HH. PaCCHHTI.1 
BaiOT ii3MeHenHe KOHpeHTpanHH 3a 1 q na 1 r cbipofi 
Maccbi Kopnefi.

Llejib paSoTbi: H3yiHTb bahhhhc KOHii.eHTpan,i!ii 
BOAOpOAHblX HOHOB Ha nOrJIOHI,eHHe HOHa aMMOHHfl.

06T>eKT uccJiedoBaHU.fi: aah pa6oTbi HcnoAb3yioi 
pacTeHHA KyKypysbi 10—20-AHeBHoro BOspacTa, bi.i 
pameHHbie na BHA0H3MeneHH0H cMecn Kjiona, pa.i 
OaBjieHHoii b 10 pas, h BbiAepxcaHHbie b TeneHiic 
cyTOK ao onbiTa Ha BOAonpoBOAHofi BOAe. Bo BpeMii 
BbipaniHBaHHH noAAepx<HBaioT onTHMajibHbifi aaii 
AaHHoro pacTenHn pH cpeAbi. HHTaTeAbHan cmcci. 
AJiA Bbipam.HBaHHH pacTeHHfi HMeeT cjieAyionijifi co 
CTaB (t/a); Ca(NO3)2 — 0,100; KH2PO4 — 0,025; 
MgSO4 — 0,012; NH4NO3 —'0,010; KCl — 0,017.

Xod padoTbi. /Jah HsyneHHH norAonjeHHa NH4 
roTOBHT nHTaTeAbHyio cMecb toto n<e cocTasa, hto ii 
AAH BbipaUJHBaHHfl paCTeHHfi, HO KOHIieHTpailHK) yBC 
AHHHBaiOT BABOe. AjIH npHrOTOBAeHHH 3TOfi HHTa 
TeAbiioft cMecn HcnoAb3yiOT roTOBbie HcxoAHbie pa- 
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■TBopbi HyjKHHx cojiefi b dojiee bbicokoh KOHiieHTpa- 
iimi:

COAb
KOimeHTpaUHH

HCxoAHoro pacTBOpa
(rOTOBblfi), t/a

Ao6aBHTb 
na 500 ma

Ca(NO3)2 100 1 MA
kh2po4 25,0 n

MgSO4 12,5 »»

NH4NO3 10,0
KCl 17,0

B hhahhap HajiHBaioT 200—300 mji BOflonpoBOA- 
noft boabi, npHOaBjiHioT Ty#a no 1 mji Kaa<Aoro hc- 
xoahofo pacTBopa cojih. OO'beM pacTBopa aoboaht 
DOAofi ao 500 mji, nepejiHBaiOT b KOJiSy h nepeMeniH- 
naioT. PoTOByio niiTaTejibHyio cMecb paajiHBaiOT no- 
poBHy b #Ba CTaKana. nojib3yncb pH-MeTpoM H3Me- 
|)HK)T pH CMeCH H AOBOAHT 6FO B OAHOM CTaKaHe AO 
7,0, a b ApyroM — ao 5,0. JIjib 3toto noMemaiOT 
CTaitaHbi na ManiHTHyio MemaAKy, onycKaioT b pa- 
CTBOp 9JieKTpOAbI pH-MeTpa, BKJHOHaiOT HpHfiop H, 

i/loOaBJiHH b cTaKan no kbhahm KHCJiOTy hah meAOHb, 
AOboaht pH ao nyiKHoro 3HaqeHHH.

B 4 CTaKaHHiiKa Ha 100 ma naAHBaioT no 50 ma 
llpHTOTOBAeHHOft HHTaTeAbHOft CM6CH ---  B ABa H3 HHX
pacTBOp c pH 5, b ABa Apyrnx — pacTBop c pH 7,0. 
PacTeiiHH coeAHHmoT b nyqKH no 3—7 niTyK, npoMM- 
BaiOT 2—3 pa3a B AHCTHAAHpOBaHHOfi BOAe, OCT3TKH 
BOAbi yAaAsnoT (JiHAbTpoBaAbHoft 6yMaroH. KopHH 
onycKaiOT b npHroTOBAeHHbie pacTBopu Tai<, MToSbi 
ceMena ne nonaAaAH b pacTBOp. CTaKaHHHKH c pa- 
CTCHHHMH B3BeiHHBaiOT, 33T6M CT3BHT H3 CBCT H HOA’ 
COeAHHHIOT K CHCTCMe npOAyB3HHH paCTBOpa BO3Ay- 
xom. 9kcho3hhh5I 30 hah 60 mhh. 3a 3to BpeMH pa- 
ctchhh MoryT norAomaTb h ncnapHTb BOAy. O6i>eM 
HHTaTeAbHoro pacTBopa MeHHeTCH. IIo oKoimaHHH 
3KCHO3HHHH CT3KaHHHKH C paCTCHHHMH B3BeiHHBaiOT 
CHOBa, Maccy aoboaht ao nepBOHanaAbHoft, Ao6aBAHH 
B HHTaTeAbHblfi paCTBOp HO K3HAHM BOAy. PaCTCHHH 
BblHHMaiOT H3 paCTBOpa, KOpHH oTpesaioT, cyinaT 
<|)HAbTpOBaAbHOft 6yMarofi H B3BeiHHBaiOT.
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B pacTBOpax, na kotophx npoBOAHjiacb skcikhhI 
U.HH paCTCHHH, H B HCXOAHOM HHTaTCAbHOM p 3 C I 11< > | ■ »♦ 1 
onpexejiHiOT KOHpeHTpauHio aMMOHHfinoro aaora mh! 
TOAOM JIlo6oiHHHCKOrO (nOApo6HO CMOTpH HHH«')I 
OnpexejieHHe bcayt b KOJi6ax Ha 25 mji. H Biia'ia uil 
paCCHHTblBaiOT, CKOAbKO MHJIJIHJIHTpOB HHTaTeJII.IH >11 
CMeCH Ha#O B3HTb Iia o6"beM 25 MJI, HTO6bI KOHC'lll.lll 
KOHireHTpauHH aMMOHHHHoro a3OTa TaM 6bwia n ii|>i'l 
Aejiax 0,02—0,4 mkt/mji. Kcxoah H3 toto hto khiiI 
IieHTpaHHH NH4NO3 B HHTaTCAbHOH CMCCH — 20 Ml/'l.| 
paCCHHTblBaiOT COOTBeTCTByiOmyiO KOHHeHTpailHIO N 
B aMMOHHHHOH (|)OpMe H pa36aBA6HHe, KOTOpoe na 1'1 
cAejiaTb, HTo6bi nojiynHTb HyxcHyio KoimeHTpaiiHio N,| 
/Jajiee paccnnTaHHbiH o6beM HHTaTejibHOH cMecn 111 
onbiTHbix cTaKanoB nepenocHT b Mepnbie koa6h 11« 
25 MA, AO6aBAHK)T Hy>KHbie peaKTHBbl B CTpOTO onpr 
AeAeHHOH (cm. mctoa) nocAeAOBaTeAbHOCTH, o6i>i m I 
paCTBOpa AOBOAHT AHCTHAAHpOBaHHOH BOAOfi AO MCI 
KH H npOBOAHT KOAOpHMeTpHpOBaHHe. HOAbSyHCb Kll 
AH6pOBOHHOH KpHBOfi, H3X0AHT KOHH.eHTpaH.HIO aMM" 
HHHiioro a3OTa b MepHofi KOA6e, yqHTbiBan pa3BeAc- I 
HHe, paccuHTbiBaioT KOHHeHTpaijHio ero b nHTaTejih 
HOH CMeCH H KOAIiqeCTBO B 50 MA ee. FIo pa3HOCIII 
Me>KAy HCXOAHblM H KOHeMHblM COAep>KaHHeM aMMII 
HiiiiHoro a3OTa b 50 ma HHTaTeAbiiOH cmcch naxoAtir 
BeAHHHny norAomeHHH ero pacTenHeM. Paccninu 
BaioT norAomeHHe Ha 1 r cbipofi Maccbi KopHefi b 1 >i, 
CpaBHHBaioT norAomeHHe aMMOHHH npn pH 5,0 u 
pH 7,0. O6bHCHaiOT npHHHHy pa3AHHHfi b norAOHic- 
HHH aMMOHHH B p33HbIX yCAOBHHX KHCAOTHOCTH CpC- 
Abl.

OcjjopMAeHue pa6oTbi. PesyAbTaTbi pa6oTbi aaini- 
CHBaiOT B BHAe Ta6AHH,bI (Ta6A. 13).

HoApo6Hee 06 ocJiopMAeHHH aaAanH cm. c. 13.

OnpedejieHtie aMMOHun 
MerodoM J1k>6ouiuhckozo u 3aAbTa

Hpn B3aHMOAefiCTBHH aMMOHHH, (JieHOAa H THIIO- 
xAopHTa HaTpHH noAynaioTCH np0H3B0AHbie hhao- 
(JieHOAa, OKpameHHbie b cHHHfi u,BeT. JJo^aBAeHiie 
b KanecTBe KaTaAH3aTOpa HHTponpyccHAa HaTpiui 
o6ecneqHBaeT 6biCTpoe npoTeKanHe peaKmiH npn kom- 
naTHofi TeMnepaType. MHTencHBHOcTb cHnero OKpa-
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TafijiHiia 13

lUIIBaHHH npOHOpHHOHajIbHa KOAHUeCTBy aMMOHHHHO- 
ro asoTa b npeAejiax 0,02—0,4 mkt/mji.

Xod padoTbt. B Mepnbie koji6bi na 25 mji npnjiH- 
BaioT TaKoe kojihhcctbo HcnbrryeMoro pacTBOpa, hto- 
6bi npiiMepnaH KOHueiiTpamifl a3OTa b hcm 6biJia 
b npenejiax ot 0,02—0,4 mkt/mji. B Kaxcnyio KOJi6y 
npH6aBjiaioT b yKasaHHOH nocjieAOBaTejibHOCTH cjie- 
Ayiom.He pacTBopbi: 4’eH0JIHT HaTpHH CgHsONa — 
2,5 mji; (jjocifiaTHyio 6y(J)epHyio CMeeb (pH 12) — 
2,5 mji; 0,05%-hbih pacTBop HHTponpyccHAa HaTpun 
Na2[Fe(CN)5NO]-2H2O — 0,5 mji (totobsit nepea 
ynoTpe6jieHHeM H3 1%-hoto pacTBOpa); rnnoxjiopHT 
naTpHJi (4% no xjiopy) —- 0,5 mji.

Kojl6bl B36aJITbIBaiOT, AOJIHBaiOT BOAOH AO MCTKH 
H CTaBHT B TCMHOTy H3 30 MHH. 3a 3T0 BpeMH HHTCH- 
CHBHOCTb OKpaCKII AOCTHTaeT MaKCHMyMa II coxpa- 
naeTcn b TeneHiie HecKOJibKiix uacoB. Hepea 30 mhh 
H3MepmoT onTHqecKyio njioTHOCTb pacTBOpoB na 
<F3Ke C KpaCHblM CBeTO(J)HJIbTpOM. no KaAH6pOBOH- 
iioii KpHBofi onpeAeAmoT, KaKoii KOHueuTpauiiH aMMo- 
HHHHOTO 33OTa COOTBCTCTByeT A3HH3H OHTHUeCKaH 
njIOTHOCTb. yqHTblBaa pa3BCAeHHe, paCCHHTblBaiOT 
KOHU.eHTpaU.HIO N B HCXOAHOM pacTBOpe.

pH-Merp («pH-121»)

«pH-121» npeAHasHaueu aah H3MepeHHn 3kthb- 
hocth hohob BOA°p°Aa (pH). Oh coctoht H3 npeo6- 
pasoBaTejin (naabiBaeMoro b AaAbHeiiuieM «npu6op») 
h noACTaBKH. Ha ahiicboh naueAH npu6opa pacno- 
AaraiOTca pyuKH nepeMeuubix pesucTopoB «KaAu6- 
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p<>BK;i», «pHn», «KpyTH3na», «HK» h pynKa «Tcm 
neparypa pacTBopa», a TaioKe 4 khohkh BbiOopn 
po;ia paOoTbi: «pH», «-j-mV», «—mV», «0, t», 5 kiio 
iiok m.i6opa AHanaaoHa HSMepemm: «HH», «—14-11».

1-4-4», «4-^9», «94-14». Pe3HCTopbi «KajiH6pmi 
k;i», «KpyTH3Ha», «pHn» cjiy>KaT AJm nacTpoHKH npn 
6opa na AanHyto ajieKTpoflnyio CHCTewy.

Ho/iCTaBKa npeAHasHaneHa ajih ycTanoBKH cocy- 
AOB c KOHTpojiHpyeMbiM pacTBOpOM h ajih Kpenjieiiioi 
ajieKTpoflOB, aBTOMaTHHecKoro TepMOKOMneHcaTopa 
(hjih TepMOMeTpa).

nopndoK. padoTbt Ha pH-Merpe:
1. Ha>KaTb KHonKy «0, t».
2. HaacaTb KHonKy «—14-14».
3. Bkjhohhtl npn6op b ceTb 220 B.
4. HporpeTb npn6op ne Menee 30 mhh.
5. Ha>KaTb KHonKy cooTBeTCTByiomero Ananasona 

H3MepeHHH.
6. Ha^KaTb KHonKy «pH».
7. SjieKTpoAbi nepeA norpyxeHiieM b kohtpojii. 

HblH paCTBOp Iieo6xOAHMO TmaTejIbHO HpOMblBaTI. 
AHCTHJIJIHpOBaHHOH BOAOH, OCTaTKH BOAbl C SJieKTpO- 
Aob yAajiHTb (jmjibTpOBajibHoii 6yMarofi.

8. Hpn 3aMene KOHTpojinpyeMoro pacTBOpa h no 
OKOHH3HHH H3MepeHHH AOJIJKH3 6bITb HajK3Ta KHOH- 
Ka «0, t».

9. OTCieT no iiiKajie noKasbiBaiomero npn6opa 
cjieAyeT npoH3BOAHTb nocjie toco, KaK noKasaHHa 
npHMyT ycTaHOBHBineeca 3HaneHHe. O6m’iho BpeMa 
ycTaHOBjieHim noKaaanHH ne npeBbimaeT 3 mhh.

10. OtCHCT HOKa3aHHH npH H3MepeHHH pH.
npH pa6oTe na oahom H3 y3KHx AwanasoHOB 

(—14-4; 44-9; 94-14) otchct noKaaaHHft neo6xoAH- 
mo npoH3BOAHTb ho BepxneH iiiKajie noK33biBaiomero 
npn6opa, pyKOBOACTByncb ouHijjpoBKOH, cootb6tct- 
ByiomeH Bbi6panHOMy AHana3OHy H3MepeHHM h onpe- 
AejineMofi nojiojKeHHeM khohok Bbi6opa AHanaaona. 
Hpn HajKaTHH KHOIIKH «—14-14» 0TCH6T nOKa33HHH 
neo6xoAHMo npoH3BOAHTb no HHjKHeii niKajie npn- 
6opa.

11. no 0K0HH3HHH pa6oTH C npH6opOM SJieKTpOAbl 
AJIH H3MepeHHH AOJIJKHbl OCTaBHTbCH norpyxceHHbiMH 
B BOAy.

134



3 a a a h a 2

nOEJlOUUEHHE HOHOB KAJIHfl KVJlbTyPOH 
ANABAENA VARIABILIS

11nTeHciiBHOcTb norjiomeHHH KajiHH BOAOpocjiHMH xa- 
p;iKTepH3yiOT no H3MeHeHHio KOHU,eiiTpan,HH HOHa b 
HiipyjKHOM pacTBope 3a onpejjejieHHoe BpeMH. J],jih 
>toto onpeAejiHioT KOHiieHTpanHio AanHoro Hona b hc- 
XOAHOM HHTaTeJIBHOM paCTBOpe H nocjie 3KCHO3HIIHH 
ii neM BOAopocjieft b TeueHHe saAaHiioro BpeMenH.

4jih onpeAejieHHa KOHiieHTpannH iiona npHMe- 
IHieTCH HOTeHHHOMeTpHHeCKHH MCTOA c HCHOJIb3OBa- 
iineM HOHcejieKTHBHoro ajieKTpoAa. I43MepniOT ajieK- 
■rpoABH/Kymyio CHjiy (3Z(C) rajibBaHHuecKoro ajie- 
MeHTa, cocToamero H3 AByx 9JieKTpoAOB — bcho- 
MoraTejibHoro, c hoctohhhmm noTeHnnajiOM, h 
HHAHKaTOpHOTO (HOHCejieKTHBHOro), nOTeHHHaJI KOTO- 
poro 33BHCHT OT 3KTHBH0CTH HOHa B paCTBOpe. 3flC 
rajibBaHHuecKoro ajieMeHTa onpeAejineTCH paanocTbio 
IIOTeHITHaJIOB 060HX BJieKTpOAOB. Akthbhocth (a), 
HJIH 3(j)(j)eKTHBHaH KOHH,eHTpaiJHH HOH3 B paCTBOpe, 
CBnsana c KOHn.eHTpan.HeH (C) nepea K03(j)(|)HUHeHT 
aKTHBHOCTH (f) I

C = —.
f

B Hameii ycTanoBKe b KanecTBe sjieKTpoAa cpaB- 
HemiH Hcnojib3yeTcn xjiopcepeSpnHbift ajieicrpoA 
(3BJI-1M3). Oh coctoht H3 cTeKjiHHHoro Kopnyca 
c BnanHHoft acfiecTOBoft HHTbio, coeAMHeHHoft nepe3 
pacTBop AgCl c cepe6pHHoft hhtbio. Kopnyc sjick- 
TpoAa 3anojiHeH HacbimeHHbiM pacTBopoM KCl. FIo- 
TennHaji BcnoMoraTejibHoro ajieKTpoAa H3BecTeH 11 
npHHHMaeTCH neH3MeHHbiM npn H3MeiieniiH cocTasa 
H3ynaeMoro pacTBOpa. PlHAHKaTopHbift ajieKTpoA uyB- 
CTBHTejien k HOHy Kajinn. SjieKTpoA npeACTaBJiaeT 
co6ofi Tpy6Ky H3 onpeAejienHoro Tnna cTeKJia, 3ai(aH- 
HHBaiomyiocH mapHKOM, BHyTpn KOTOporo h Haxo- 
Ahtch 6y(J)epHbift pacTBop h noMemen ajieKTpoA 
c yCTOHHHBBIM HOTeHUHajIOM, HTpaiOmHft pOAb Hpo- 
BOAHHKa TOKa. KanecTBo CTeKJia onpeAejmeT hs6h- 
paTejibHOCTb ajieKTpoAa k nony Kajinn. SjieKTpoA Ta- 
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Koro Tima cnocoSen H3MenaTb cboh noTeimiiaji npu 
ynejiii'iennii haii yMeHbmeHHH 3kthbhoh kohucii i p■< 
hiiii aamioro noHa b pacTBOpe.

HjiCKTpoAHan cHCTeMa ajih onpeaejieHHfl i<a nn 
C HOIICCJieKTHBHblM H XJI0pcepe6p5IHbIM SJieKTpO '1.1 MII 
COCTaBJIHCT raJIbBaHHHeCKHH SJieMeHT H MOzKCT 61.I1I1 
npe/icTaBJiena cjieayiomeH cxeMoii (aah cjiynaii < n 
CTeMbi 6e3 nepenoca):

BnyTpen-
HJifi

BCHOMO- 
raTejibHHH 
gjieKTpoA

CTGKJIHHHblH HOHCeJieKTHB-
HLIH SJieKTpOJJ

BcnoMoraTejibHbifl .x.in|» 
cepefipHHbift 3jieKi|«”-i

BnyTpen-
HIIH 

pacTBop 
iioctohh- 
Horo co-

CTaBa

Ctckjio Mccjie- 
TiyeMEifi 
pacTBop

KCl
HacbimeH- 

Hblfi
pacTBop

AgCl Atf

qpi % <p3 <P4

Bce pa3HOCTii noTenuHajioB Ha rpaHHpax (]ki i, 
KpOMe (f3, — HOCTOHHHbie BejIHHHHbl. BejIHHHHa <|”| 
3aBHCHT OT aKTHBHOH KOHH.eHTpaH.HH HOHa KaJlllll 
b cpeAe. SaBiiCHMOCTb 3J],C (£) sjieMeirra ot hkthb 
hocth (a) onpeAejiennoro nona b pacTBope Bbipa- 
ncaeTCH ypaBiieHHeM HepHCTa:

r r , 2.3RT ,E = E0 + - - lg a.
r

rAe Eo — cTaHAapTiioe snaqeHHe 3AC sjieMeiiTa 
(E = E0 npH a=l); 7? — MOJinpHari rasoBaa hoctohh 
Han; T — TeMnepaTypa (K°); F — nocTOHHHaq Oa 
paAea.

H3 ypaBHeHHa CAeAyeT, hto npn H3MeneHHH ai< 
THBHOH KOHHeiiTpaHHH OAHOBajieHTHOTO HOHa B 10 pa.i 
3,H,C SAeMeriTa aoajkhh MenHTbCH na 59,14 mB 
PeajibHari xce BeAHHHHa H3MeHeHHa 3AC b stom CAy 
qae aah KaxKAoro 3AeKTpoAa OTAiiqaeTCH ot TeopeTii 
qecKOH. rioaTOMy Bce 9AeKTpoAbi KaAndpyiOT, t. e. 
H3MepHK)T 34C B CepHH CTaHAapTHblX paCTBOpOB 
C H3BeCTHOH aKTHBHOCTbK), CTpOHT rpa(J)HK 3aBHCHMO- 
CTH 3J1,C OT —Iga H paCCHHTblBaiOT yrAOBOH KO9({) 
(JlHHHeHT (S) KaAH6pOBOHHOH KpHBOH IIO (JlOpMyAe
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s = A£ 
A Iga

3nafl S Aamioro ajieKTpoAa, mojkho, H3MepHB 
'•VIC nccjieAyeMoro pacTBopa, onpeAejiHTb 3kthb- 
IIOCTb HOHa B AaHHOM paCTBOpe. I4cnOAb3OBaHHe AAH 

I K.'lJlH6pOBKH 3A6KTPOAOB pacTBopoB, no COCTaBy H 
iiohhoh CHJie 6jih3kiix k nccjieAyeMOMy, AaeT B03- 
Mojkhoctb paccnHTaTb KOHireHTpaiiHio nona. Snane- 
iuie 3AC b HCCAeAyeMOM h cTaiiAapTHOM pacTBOpax 

imojkho sanncaTb cjieAyioin,HM o6pa3OM:

Ehcwi = £o + S Ig

Ecrann = Eo + S Ig tZcTaiiA-

Pa3HOCTb HOTeHHHaAOB MC/KAy HCCJieAyeMblM H 
craHAapTHbiM pacTBopaMH paBHa

A + — Eiiccn ' — -EcTanA'

AE/S = Ig -gHCCJ1 - = Ig C- ^CCJ1-.

^CTanA ' fcTaHft

HoAaran, 
noAyHHM:

1ito fHccji = fcTaHji ii noTeimnpyH ypaBnenne,

C — C ■ 1OAE/S
'-'HCCJl ----- ^CTaHA

Ecah perHCTpaHHH npoBOAHTCH b eAHHHiiax pK 
(pK=—Ig aK), pacneT KOimeHTpau.HH hpohsboahtch 
iiHaqe.

Flo CTanAapTHbiM pacTBopaM KaAH6pyioT niKaAy 
caMonHcga, paccqHTbiBaiOT, KaKOMy H3MeneHHio pK. 
cooTBeTCTByeT 1 cm noKasaHHH HiKaAbi caMonHcua. 
UaxoAHT pK HCCAeAyeMoro pacTBopa, paccnHTbiBaiOT 
KOIIHeHTpagHIO KaAIIH.

CxeMa ycTanoBKH aah onpeAOAeHHH 
nOTAOmeHHH K3AHH KyAbTypoft BOAOpOCAeii 

(pnc. 22)

ycTanoBKa BKAio'iaeT TepMocTaTHpOBaHHyio KaMe- 
py (/) aah BOAopocAen c MarHHTHoii MemaAKofi (2), 
TepMocTaT u-1 (5), pH-MeTp-262 (4) c SAeKTpoAa- 
MH BCnOMOraTeAbHblM 3BJI-1 M3 H H3MepHTeAbHHM 
3CJI-51-07. pH-MeTp BKAioneH b pa6oTy b pejKHMe 
'iyBCTBHTeAbHOCTH Ha 1 eA- pH. JXah perHCTpau.HH
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H3M6HeHHfl BejIHHHHbl pK CJiyjKHT 9JieKTpOHHblfi < ll • 
MOHHHiymHH nOTCHUHOMeTp KCIT4 (5) (1HK.IJII 
10 mB, BpeMH npo6era niKajibi — 1 c). IIoTeiinilo 
MeTp noAKJnoHeH k pH-MeTpy nepea KOMnencHpyio

Phc. 22. CxeMa ycTanoBKH ajih onpejxejieHHH norjioinenHii 
KajIHH BOAOpOCJIHMH. O6o3H3HeHHH B TCKCT6

m,ee (cTyneHHaTO h njiaBHo) ycTpoficTBO (pnc. 23,6, 
pHc. 23).

Pnc. 23. CxeMa KOMneHcnpyiomero ycTpoficTBa: 1 — bkjhomc......
KOMneHcaiiHH, 2 — njiaBHan KOMneHcaima b npeAejiax oah"H 

niKajiH, 3 — nepeKnK>HeHHe uiKan

KoMneHcnpyioiii.ee ycTpoficTBO cjiyjKHT pjisi toio, 
HTo6bi nepo caMonHcpa mofjio 6biTb ycTaHOBjieiio n 
jiio6ofi nanajibHofi tohkc ero mKajibi (nesaBHCHMO m 
noKaaaHHfi pH-Merpa).

B KanecTBe HCTOHHHKa cBeTa Hcnojib3yeTCH iJjoto' 
npOCKTOp «CBHTH3b» (pHC. 23,7).
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Uejib paSoTbi: nayqnTb AHHaMHKy norJiomeHHH K 
BOAOpOCAHMH.

OGueKT uccAedoeaHUfi: aah aaAanH HcnojibayioT 
4—10-AHeBnyio KyjibTypy BOAopocjiefi Anabaena va- 
riabilis, BbipanieHHyio na MHHepajibnoft cpeAe.

Xod pafioTbt. HayqeHHe norjiomeiiHH K KyAbTypoft 
BOAopocAeft npoBOAHT na 4)oc(})aTHoft 6ycj)epHoft cMe* 
cn (KJH2PO4+KOH) 0,008 M, pH 7,0. npHro- 
TOBAeHHH 6y<j)epHoft CMecH b KOA6y na 200 ma 6epyT 
5 ma 0,2 M KH2PO4 h 3 ma 0,2 M KOH. PacTBop 
AOBOAHT AHCTHAAHpOBaHHOft BOAOft AO M6TKH. KOH- 
ii.eHTpaii.H5i K paBna 8-10~3 moab/a.

Xajiu6poBKa ojieKTpoda. J(ah k3ah6pobkh back- 
TpoAa perHCTpHpyiOT noKasaHHH HOTeHiiHOMeTpa, ot- 
Meaan ypoBenb sanncH na achtc caMonHcua, npn 
Tpex pa36aBAeHH5ix 6y(f)epHoro pacTBopa, ncnoAb- 
syeMoro aa^i norAomeHH5i K. C BToft n,eAbio bkaio- 
qaiOT TepMOCTaT h ycTanaBAHBaioT TeMnepaTypy 
b KaMepe 30°. B KaMepy npHAHBaiOT 8 ma 6y(|)epHoro 
pacTBopa, noMemaioT b pacTBOp aAeKTpoAbi TaK, hto- 
6bl IIiapHK H3MepHTCAbHOrO BAeKTpOAa 6bIA nOAHO- 
CTbio norpyjKeH b Hero H SAeKTpoAbi ne KacaAHCb 
CTeHOK KaMepbi; BKAiOHaioT pH-Merp h caMonHceu. 
Bbi6HpaioT HaH6oAee yAo6Hbift pe>KHM pa6o™ caMo- 
nnciia, HcnoAb3y5i KOMneHcnpyiomee ycrpoftcTBO, ko- 
TOpOe BKAKAiaiOT TyM^AepOM (/). B 33BHCHM0CTH OT 
noKasaHH5i pH-Merpa nepeKAioqaTeAeM (3) ycTanaB- 
AHBaiOT nepo caMonHcn,a b nanaAe niKaAbi. Ecah 
Heo6xoAHMo, HcnoAbsyiOT nAaBnyio KOMneHcan,Hio (2). 
HocAe Toro KaK ycTanaBAHBaeTCii nocTOiiHHbift ypo- 
BeHb sanncH na AeiiTe caMonncua, Ao6aBA5iiOT k 6y- 
(JiepHOMy paCTBOpy 1 MA AHCTHAAHpOBaHHOft BOAbl. 
PerncTpHpyioT bhobb ycTaHOBHBineecn noKasaHHe 
noTeHHHOMeTpa. Eme pa3 Ao6aBAHK)T 1 ma H2O h 
CHOBa perHCTpHpyioT noKasaHHe caMonncna. PaccHH- 
TbiBaiOT KOHiieHTpauHio K npn nepBOM (8 ma 6y(|)ep- 
hofo pacTBopa n 1 ma H2O) h btopom (8 ma 6y(j)ep- 
Horo pacTBopa h 2 ma H2O) pa36aBAeHHii. Hhxoaht 
pK AAfl 3THX KOHIieHTpailHft. OnpeAeA5IIOT, KaKOMy 
H3MeneHHK) pK COOTBCTCTByeT 1 MM IHKaAbl ca- 
MonHcpa.

PeeucTpau,UH noejiou^eHUH K eodopocjiHMU. Onpe- 
AeAHioT onTHqecKyio nAOTHOCTb KyAbTypbi Ha <&3Ke 
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c sejienbiM CBetocJiHJibTpoM b hiOBerax na 0.1 cm 
Kcnojibsyji KajiHdpoBOHHyio Kpnsyio ajhi jiaiiin.n 
BOAOpOCJieH, paCCHHTBIBaiOT KOHIjeHTpaHHIO K I■ 11 ■( 
B KyjibType, ncnojibsyeMOH aah 3aAanH, h kojiii'k < <• 
BO KJieTOK B 100 MJI 9T0H KyjIbTypbl.

100 mji cycnen3HH BOAopocjien neiiTpinjiyini". <.. i 
5 mhh npH 2000 o6/miih. OcaAOK BOAOpocAeii p-. v 
CneH3HpyK)T B AHCTHAAHpOBaHHOH BOAe, CAIIHalot 
B OAHH HeHTpHljjyjKHblH CTHKaH h H.eHTpH(j)yril p \ h 11 
eme pa3 b tom )Ke pejKHMe. K ocaAKy BOAOpoi Affl 
HpHAHBaiOT 3 MA AHCTHAAHpOBailHOH BOAbl. PaCCIIH 
TblBaiOT KOHH.eHTpaH.HK) KA6T0K B 9TOH CyCneH3IIll

B KaMepy naAHBaiOT 8 ma OyijiepHoro pacTiiopi, 
na aho ee KAaAyT MarHHTHK h BKAK)TiaiOT MarHHTiiym 
MemaAKy. B 6ycJ)epiibiH pacTBop onycKaioT aACKip" 
Abi, BKAKBiarc>T ocBeiii,eHiie h caMonnceH.

riocAe tofo KaK ycTaHaBAHBaeTCH nocTOHHtn.ul 
ypOBenb 3anHCH, b KaMepy npiiAHBaiOT 1 ma cycncn 
3hh BOAopocAeii. PemcTpHpyiOT H3MeneHHe kohhcii 
TpapHH KaAHH b cpeAe b TeneHHe 20—30 mhh. 3ihih, 
KaKoii BeAHHHne pK cooTBeTCTByeT 1 cm iiiKaAbi c.i- 
Monncua (AanHbie k3ah6pobkh), paccHHTbiBaioT n < 
MeneHHH pK (A pK) 3a KaiKAyio MHHyTy nocAe npn 
6aBAeHHH BOAopocAefi h pK b KajKAbiii AaiiHbiii m<>- 
MetiT. ilo BeAH'iime pK hhxoaht KOHn.eHTpan.Hio K.

norAomeHHe Kajmn KyAbTypoii BOAopocAefi xapai. 
TepH3yiOT no yMeHbineHHio KOHii.eHTpaii.HH Hona b p;i- 
CTBope b eA- BpeMemi Ha 1 mapa kactok.

OtpopMAemie paGorbi. Ctpoht rpa(])HK 3aBHCHMo- 
cth norAomenHH ot BpeMeHii. IIoapo6ho o nopHAiu' 
sanHCH 3aAaiiH cm. c. 13.

BapuaHTbi aadau no nozAOtneHuio K 
KyjibTypou eodopocjieu

noejtouiftHue kujiuh KyjibrypaMU pasHozo aospa 
cra. XIah BbinoAHeHHH 9toh saAann 6epyT 4—5-ahcb 
nyio n 20—25-AneBHyio KyAbTypy. HsMepnioT ohtii 
necKyio haothoctb. BoAee rycTyio cycneH3Hio boao- 
pocAeii pa36aBAHioT Taic, hto6h KyAbTypbi pa3Horo 
BO3pacTa HMeAH OAHHaKOByio onTHnecKyio haothocti. 
ZIah pa6oTbi HcnoAb3yioT no 100 ma k3>kaoh KyAb 
Typbi. /JaAee npoBOAHT onbiT TaK, KaK onncano bij- 
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'iie, nocjieaoBaTejibHO, t. e. cnanajia ajih ojjhoh 
■uibTypbi, saTeM ajih Apyron.
[ BauaHue oceeu^eHun Ha noeAou^enue K eodopoc- 

KftMU. npOBOAHT paOOTy B COOTB6TCTBHH C OHHCa- 
Iiicm b AByx BapnaHTax: I — b TeMiioTe, II — npn 
■'iiemeiiHH.

F nozAotqeHue K s aaeucuMOCTii ot KOHneHTpau,uu 
Hotta b -cpede. XIjih xaHHOH aanaqH Hcnojib3yiOT mo- 
■ojiyio 4—7-AHeBHyio KyjibTypy Anabaena variabilis. 
•llHHyiO KOimeHTpaUHK) K CO3AaiOT COOTBeTCTByK)IU.HM 
|in6aBjieHiieM 6yij)epHOH cmbch.
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P a 3 a e ji V

BOAHblH PEXWM PACTEHHH

Bo£a cocTaBjiseT Sojibniyio uacTb Maccw jkhbhx i>|i 
raHH3MOB: b cpenneM ot 70 ao 90% cbipoii m;iu ij 
BHonojiiiMepbi, b tom hhcjic h OejiKH, MoryT nop 
MajIbHO (JiyHKIIHOHHpOBaTb JIHIHb B BOflHOH CpCU' 
nosTOMy neKOTopbie HccjieAOBaTejiH cuHTaioT, in« 
MHorne (j)H3HOAorHaecKHe HBJieiiHH o6ycJiOBJieHbi ocu 
SeHHOCTHMH H6 TOJIbKO paCTBOpeHHblX BemeCTB, llll 
b paBHoft Mepe h pacTBOpHTejin — boam.

Pojlb BOAbl B JKH3HH paCTeHHII npOHBJIHeTCH II" 
Bcex acneKTax hx >KH3HeAeHTeAbH0CTH. Boah hbahci 
ch h cpeAoii, h HenocpeACTBeinibiM yaacTHHKOM 6ojh. 
niHHCTBa 6hoxhmhhcckhx peaKiiHH. BoAa cjiyiKH'f 
KOMnoneHTOM cTpyKTypbi npoTonAa3Mbi. HopMajibiiaii 
o^ecneueHHOCTb kjictok boaoh neo6xoAHMa ajih hojv 
AepjKaHHH hx o6ojioneK b ynpyroM coctohhhh, b co 
ctohhhh Typropa. (TypropnbiM AaBJieHHeM na:<i.i 
BaeTCH THApocTaTHiecKoe AaBjieHHe coAepjKHMoi u 
KJieTKH na o6ojiOTKy). BjiaroAapn TyprecpeHTHOMi 
coctohhhio noAAepjKHBaeTCH (JiopMa opranoB pacre 
HHH CO CJia6o pa3BHTOH MexaHHHeCKOH TKaHbK) H ocy. 
mecTBjiaeTCH hx pacnoAOJKeiiHe b npocTpaHCTiie 
C H3MeHeHHHMH TyprOpHOTO AaBACHHA CBH33HbI HCKO' 
TOpbie ABHJKeHHS HaCTefi paCTeHHH. IlOCKOAbKy BOAII 
hbahctch xopoiiiHM pacTBopHTeAeM, OHa cnoco6iin 
nepeHocHTb no pacTeHHio KaK MHiiepaAbHbie Bemecr 
Ba, T'ak h opraHHiecKHe coeAHHeHHH. nHTaleAbnui 
BemecTBa norAomaiOTCH H3 noiBbi b pacTBopeHiioM 
BHAe. PIcnapeHHe boabi (TpaHCHHpaiiHH) CAyjKin 
OCHOBHblM CpeACTBOM TepMOperyAHHHH y paCTeHHfl, 
TaK KaK yAeAbnan TenAOTa ncnapeHHH boabi OHem. 
BeAHKa.

3HaieHHe boam aah ikhbmx opranH3MOB, b uacr- 
hocth aah pacTenHft, o6ycAOBaeHO ee yHHKaAbHbiMii 
CBOHCTB3MH, KOTOpbie hoapo6ho paccMaTpHBaioTcii

142



ii cneuHajibHOii jiHTeparype. yKaxceM jihihb na ochob- 
jiibie oco6eHiiocTH boam, HMeiomne 3HaueHHe ajih 6ho- 

■jiorHHecKHx o6"beKTOB (no H. A. TyceBy, 1974). Ten- 
lljioeMKOcTb, TenjionpoBOAHOCTb, TenjiOTa nAaBAeHHH h 
jiicnapeHHH, naH6oAee BbicoKHe cpeAii jkhakoctch
■ (KpoMe NH3), yMeHbniaiOT npeAeAbi TeMnepaTypHbix 
■KOAe6aHHH, cnoco6cTByioT coxpaneHHio nocTOHHCTBa
■ TeMnepaTypbi opraHH3Ma, asiot TepMocTaTHpyiomHfi 
|'J(j)4)eKT B TOHKe 3aMep3aHHH.

BbicoKoe noBepxHOCTHoe HaTHJKeiine cnoco6cTByeT 
I nepeABHTKeHHio boabi ho KanHAAnpaM. Cnoco6HOCTb 
I paCTBOpHTb 6OAbHIHHCTBO BeiH,eCTB BHJKHa AAH HOH- 
| BeHHoro niiTaHHH pacTeHHfi h nepeABHiKeHHH Be- 
I mecTB no pacTeHHio; HeMaAyio poAb aah AbixaiiHH h 
I ^OTocHHTeaa HrpaeT pacTBopHMOCTb b BOAe ra3OB, 
I b nepByio onepeAb O2 h CO2.

CBOHCTBa BOAbi onpeAeAHioTCH ee BbicoKoii CTpyK- 
I TypHpOBaHHOCTblO. MOACKyAbl BOAbl, HpeACTaBAHK)- 
I mne co6oft ahhoah, cocahhhiotch MeiKAy co6oh bo-
■ AOpOAHblMH CBH3HMH, 06pa3yH aXCypHyK) KB33HKPH- 
| CTaAAHHecKyio CTpyKTypy c TeTpaaApHnecKoft koopah-
■ naijHeH coceAHiix MOAeKyA. 3to OTAHHaeT BOAy ot 
I Apyrnx JKHAKOCTefi, B TOM HHCAe H aCCOIIJIHpOBaH- 
| Hbix. He Bce MOACKyAbl BOAH BXOAHT B COCTaB KpH- 
I cTaAAHHecKOH cTpyKTypbi, cymecTByioT h 6oAee no-
■ ABHJKHbie MOAeKyAHI, He HMeromHe H-CBH3eH hah 
I HMeioinHe Majioe koahhcctbo iix. CAoniiiaH cTpyKTy- 
I pa BOAbi o6ycAOBAHBaeT ee B3aHMOAeficTBHe c 3AeK- 
r TpOAHTaMH H He3A6KTpOAHTaMH, B TOM HHCAe H 6HO- 
I noAHMepaMii, AeAaeT BOAy CTpyKTypHbiM HHrpeAweH-

tom u,HTonAa3Mbi, cnoco6cTByeT nepenocy npoTOHOB 
H 3ACKTP0H0B, T3KHM 06pa30M, BO MHOTOM BAHHCT 
Ha XOA (j)H3HOAOrO-6HOXHMH<ieCKHX npoijeccoB B pa- 

l CTCHHH.
ripHHHTO CHHTaTb, 'ITO BOAS B KACTKe MOIKCT 6bITb 

B AByX COCTOHHHHX: CBO6OAH3H H CBH3aHH3H. flOA 
[ CBH3bIB3HHeM nOApasyMCBaeTCH B03HHKH0B6HHe B33H- 

MOAefiCTBHH MeiKAy MOACKyAaMH BOAbl H IieBOAHOTO 
KOMHOHCHTa, BeAymHX K CHH)KeHHK) nOABHXCHOCTH MO- 
AeKyA BOAbi, OTnero hsmchhiotch h Apyrne ee cboH-

■ CTBa. KoHCHHO, CymeCTBOBaHHe AefiCTBHTCAbHO CBO- 
6oAHOfi BOAbl, COXpaHHBHiefi BCe CBOfiCTBa HHCTOH BO- 
Abl, B 6HOAOTH<ieCKOfi CHCTeMe MaAOBepOHTHO, HO3TO- 
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My noHHTne KareropHH cboSoahoh boah aoboai.ii" 
ycjiOBHO. IIpaBHjibHee AejieHHe boabi na (JjpaKnim, 
paajiHqaiomHecH no hoabhjkhocth h ApyrHM CBoib r 
BaM. 3th 4ipaKii,HH CBHsaiibi c onpeAejieHHoii npoi 
HOCTbK) C pa3JIHHHHMH COCAHHeHHHMH, HO3TOMy /II u 
Hx H3BjieqeHHH TpedyioTCH (JiaKTopbi pasHoii boaooi’» 
HHMaiOIHeH CHJIbl.

MeTOAOM HMP H ApyrHMH COBpeMCHHblMH MCT" 
Ahmh ycTaHOBjieno, hto na Sojiee noABHiKHyio (jipah 
iijiio npnxoAHTCH 85—90% oOnjero KOJinnecTBa boam 
CiOAa othochtch pesepBHan eoda, 3anojiHHioiii.a5i na 
Kyojni h KOMnapTMenTH KJieTKH, cjiyxamne peacp- 
ByapaMH pacTBopoB (3Ta boas oGhhho ocmoth'icckii 
cBHsana c caxapaMH, opraHHnecKHMH khcjiot3mh n 
ApyrHMH pacTBopeHHHMH b Heii BemecTBaMH), h uh 
repcTuquajibHaH eoda, BbinojiHiiiomaH TpaHcnopTHi.ii' 
(JiyHKijHH b Me>KKJieTHHKax h cocyAax pacreiiHH. 3m 
(|)OpMH BOAH yCJIOBHO OTHOCHT K KaTeTOpHH CBOfiOA- 
hoh bohh; ona 3kthbho ynacTByeT b (JiHSHonoTHue 
ckhx npoiieccax.

<I>paKUHH MaJIOnOABHJKHOii BOAH COCTaBJIHCT 10 
15% Bcefi boah KJieTKH. 3to boas KOHCTurynuoHHaii 
XHMHHecKii cBH3aHHan, h eudparayuoHHaH, oSpasyio- 
man o6ononKH BOKpyr hohob h MoneKyn pacTBopen 
HHX B BOAe BemeCTB. KOAAOHAHOCBH3aHHaH TIIApaTa- 
HHOHHan BOAa, OKpy>Kaioni,aH KonnoHAHbie nacTHiiij 
6enKOB h Apyrnx nojiHMepoB, neo6xoAHMa aah nop- 
MajibHoro (JiyHKiiHOHHpoBaHHH KjieTKH h ee ycTofimi 
bocth npn nonaAanHH b He6naronpHHTHbie ycnoBHH. 
pHApaTaHHOHHaH BOAa npeACTaBnneT oco6bifi HHTepec 
Aah 6hojiotob, nocKonbKy OHa nenocpeACTBeHHO B3an- 
MOAeficTByeT c 6HononHMepaMH h no npHHiiHny 06- 
paTHOfi CBH3H BJIHHCT Ha HX CBOfiCTBa.

3 a a a <i a 1

OnPEAEJIEHHE OTHOCHTEJIbHOR 
AKTHBHOCTH BOflbl B PACTEHHH 
METOflOM nOTEPH BOflbl

,Hjih 6hoxhmhh6Ckoh aKTHBHOCTH npoTonna3MH Ba>K- 
ho He npocTo KonnnecTBO boah, a ee TepMOAHHaMH- 
necKoe coctohhhc. ^ocTaTOHHO xopomo xapaKTepn- 
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SyeT cocToflHne boam b pacTennn aKTUBHOcrb aodbt. 
floA aKTHBHOCTbio noHHMaioT cnocoSHOCTb Beni,ecTBa 
yqacTBOBaTb b xhmhhcckhx peaKiiiiflx, cjiaaoBbix nepe- 
xoAax, MexaHimecKnx nepeMeineHHHx h t. n., cjicao- 
BaTCJIbHO, aKTHBHOCTb HOKa3bIBaeT 3(J)(j)eKTHBHyiO 
(peajibnyio) KOHii,eHTpaii,Hio BemecTBa, b nacTHOCTii 
BOAbi, b CHCTeMe. 3a Mepy 3kthbhocth boahi npHHH- 
Mae'Ecn OTHocHTejibHoe ABBJienHe BOAHHoro napa, 
C KOTOpblM CHCTCMa B AaiiHblX yCAOBHHX IiaxOAHTCH 
b paBHOBeciiH: 

rAe a — aKTHBHocTb, p — AaBJieHHe napa naA ch- 
CTeMoii, Po — AaBneiiHe HacbimeHiioro napa naA hh- 
CTOH BOAOH npH TCX X<e yCAOBHHX.

AKTHBHOCTb HHCTOH BOAbl (Zq=1. B 1KHB0H KAeTKe 
nOABHJKHOCTb BOAbl CHHJKCHa BCACACTBHe MCJKMOAe- 
KyAHpHblX B3aHMOACHCTBHH, FHApaTaiiHH, HMMO0HAH- 
3aiiiiH BOAH b MHKpOKanHAAHpax MeiKAy MaKpOMOAe- 
KyAHMH H BHyTpH HHX, a TaiQKe OCMOTHHeCKOFO AaB- 
achhh. flosTOMy 3aTpyAHeno nepeMemeHHe MOAeKyA, 
3aMep3aHiie h Hcnapenne; CBH3aHHan BOAa Menee hh- 
TencHBHo ynacTByeT b xhmhh6Ckhx peaKHHHX, t. e. 
oSAaAaeT MeHbineii aKTiiBHOCTbio. floAOiKHTeAbHO 
bahhct Ha aKTHBHOCTb noBbinieHHe TeMnepaTypH II 
AaBAenHH. Akthbhoctb boam, BbipaiKeHHyio b npo- 
u,eHTax, nasbiBaioT FHApaTypofi:

a ■ 100 = • 100.
Po

pHApaTypa, KaK h aKTHBHOCTb, yMeiibinaeTCH b 
pacTBope no Mepe noBbimeHHH KOHH,enTpauHH ocmo- 
THnecKH aKTHBHbix BemecTB, a b BO3Ayxe — C nOHH- 
HceHHeM CTenenH HacbimenHH boahhhmh napaMH.

OnpeAeAeHHe OTHOCHTeAbHOH 3kthbhocth boah 
mctoaom noTepn boah ocnoBaHO na tom, hto pacTe- 
HHe (hah OTAeAbHbie ero hhcth) 6yAeT TepHTb BOAy, 
ecAH ero noMecTHTb b rHnepTOHHqecKHii pacTBop 
hah b KaMepy c cyxHM BO3AyxoM. OnpeAeAenne no- 
TepH BOAH B KaMepe C CyXHM BO3AyXOM HMeeT TO 
npeHMymecTBO, hto boah OTHHMaeTCH b napoo6pa3- 
HOM COCTOHHHH, K3K H B eCTeCTBeHHHX yCAOBHHX. 
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Ilciiapenne BO/ibi hact ycnjieHHo, tsk KaK AaBJiemie 
boahhoto napa b MOKKJieTHHKax jiHCTa hjih apyroro 
oprana pacTeHHn anaHHTejibHO Bbime, neM b cyxoM 
Boajiyxe. noTepa boah Bbi3biBaeT cHHjKeHHe Macci.i 
pacTCHHH. HocTynHBHiaH b BO3Ayx napoo6pa3Han no 
/ia iiorjiomaeTCfl nirpocKonHqecKHM BemecTBOM, na- 
IipHMep 6e3BOAHbIM CaCla HJIH H2SO4.

KojIHHeCTBO BOAbl, HOTepHHHOft pacTeHHeM, 33BH- 
CIIT OT BOAOOTHHMaiOmeH CHJIbl THrpOCKOnHHeCKOI ■<) 
BemecTBa h ot 3kthbhocth boam b pacTeHHH, o6yc- 
JIOBJieHHOH nOABHJKHOCTblO ee MOJieKyjI. Ecjih BOAO» 
OTHHMaroman cHjia nocTOHHna (hto AocTHraeTCH pe- 
ryjiHpHOH saMenoH THrpocKonHnecKoro BemecTBa), to 
KOJiHnecTBO HcnapHBineHCH BOAbi 6yAeT 3aBHceTb 
JIHHIb OT 3KTHBHOCTH BOAH B 061>eKTe. Ha KOJIHHeCT- 
bo BOAbi, TepaeMOH pacTenHeM, bjihhiot CTpoenHe 
TK3HH JIHCTa H npOTOHJia3MbI KJieTOK, CBOHCTBa njia3- 
MajieMMbl, HHTCHCHBHOCTb O^MCHa BeiH,eCTB, KOTOpan 
BO MHOTOM 33BHCHT OT BH6HIHHX yCJIOBHH. HO3TOMy 
TeMnepaTypy h ocBemeiiHOCTb, npn KOTOpbix npoBo- 
Ahtch onbiT, cjieAyeT co6jnoAaTb no bosmojkhocth no- 
CTOHHHblMH.

UeJlb padOTbi: 3HaKOMCTBO C npOCTHM MeTOAOM 
onpeAejieHHH oTnocHTejibHoft hkthbhocth boabi b pa- 
CTeHHH hjih ero hhcthx, nanpHMep b jiHCTbnx pa3Ho- 
ro BoapacTa c oahoto pacTeHHH hjhi jihcthhx oahofo 
BO3paCTa C paCTCHHft OAHOrO BHAa, HaXOAHIUHXCH 
B pa3HbIX yCJIOBHHX BOAOCHa6x<eHHH HJIH HHTaHHH.

06-beKT uccAedoeaHUH: jihcthh npHMyjibi, repaHH, 
TpaAecKaHHHH h Apyrnx pacTeHHft.

Xod pa6oTbi. CpesaTb c pacTeHHfi no 3 jihcth ajih 
Ka>KAoro BapnaHTa, nponyMepoBaTb hx, B3BecHTb Ha 
TOp3HOHHbIX Becax H HOMCCTHTb B 3KCHK3T0p C XJIO- 
pHCTblM KajIbUHCM. OAHOBpeMeHHO C paCTHTCJIbHblMH 
npo6aMH nocTaBiiTb b SKCiiKaTop KioBeTy H3 (Jiojibrii 
njiomaAbio 4 cm2, b KOTopyio HajiHTb 0,8—1 mji ah- 
CTHJIJIHpOBaHHOH BOAbl, HTo6bI AHO KIOBCTbl 6bIJIO HOJI- 
HocTbio noKpbiTO boaoh. ElepeA noMemeHHeM b bkch- 
KaTop KioBeTy c boaoh Toxce HyjKiio B3BecHTb. Hepea 
2 q HOBTOpHO B3BeCHTb JIHCTbH H KIOBCTbl C BOAOH. 
PaCCHHTaTb KOJIHHeCTBO HCnapHBHieftCH BOAH.

OnpeAejiHTb njiomaAb Hcnojib3OBaHHbix jiHCTbeB 
BecoBHM mctoaom. O6bccth KOHTyp jiHCTa Ha 6yMa- 
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re na KonnpoBajibiioM cTOJiHKe, Bbipeaaib nojiyneH- 
Hyio (JiHrypy, B3BecHTb ee n HafiTH njiomaAb nyTeM 
cocTaB/ieHHH nponopuHH c Maccoii KBaApaTa hsbcct- 
hoh njiomaAH (HanpHMep 100 cm2), BbipesaHHoro H3 
toh >Ke OyMarn.

PaCCHHTaTb CKOpOCTb nOTepH BOAbl AIICTOM H HC- 
napeHHH hhctoh boahi c eAHHHUbi luiomaAH. Otho- 
CHTenbliyiO aKTHBHOCTb BOAbl JIHCTa paCCHHTaTb no 
(JiopMyJie:

V 
a = —, 

Vo

rAe v — CKopocTb noTepH boam pacTeHHeM, — 
CKOpOCTb HCnapeHHH HHCTOft BOAbl.

OcpopMJieHue pa6oTt>t. PeayjibTaTbi npeACTaBJinioT 
b BHAe TadjiHHbi (Ta0A. 14). FIoapoSho otjiopMjieHHe 
saAa'iH cm. c. 13.

Ta6juma 14

CxeMa sanucu pesyjibtnamoe

Bapn- 
aHT

Macc

hcxoa- 
H3H

a, Mr

nepea
2 H

IlOTepH 
bojvj, mt

njiomajib, 
CMa

CKOpOCTb 
noTepH 
BOAbl, 

Mr/CM2-M

Othoch-
TejIbHaH 

aKTHBHOCTb 
boam

3ajaia2

OnPEAEJIEHHE BOflHOrO HOTEHH.HAJIA 
PACTEHHH flCHXOMETPHMECKHM METOflOM

Ba^KHbiM TepMOAHHaMHnecKHM noKaaaTeneM coctoh- 
hhh boam b cHCTeMe, b qacTHOCTH b pacTeHHH, opraHe 
paCTCHHH HJIH KJICTKe, HBJIHCTCH BodHblU nOT6HU,UaA 
(i|i). Boahmh noTeHUHan noKa3MBaeT cnocodHOCTb 
boah b cHCTeMe coBepmaTb pafioTy no cpaBHenHio 
c toh, KOTopyio npoH3Bena 6bi npn npoiinx paBHbix 
ycjioBHHx HHCTan BOAa, HMeioniaH aKTHBiiocTb, paB- 
Hyio 1. HnaHe ero mojkho onpeAejiHTb KaK padoTy, 
Heo6xoAHMyio ajih toto, HTo6bi noAHHTb noTeHiiHaji 
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CBH33HH0H BOAbl AO nOTCHIIHajia HHCTOH, T. e. CBO 
SOAHOH BOAbl.

TepMHH «BOAHbIH HOTeHH,HajI» HC BHOJIHe TOHCII, 
npaBHJibnee, ho Menee ynoTpeSHTejien TepMHH «piu 
HOCTb noTeHnuajioe Bodbi», nocKojibKy oh onpeAe 
JIHeTCH pa3H0CTbK> Me>KAy XHMHHeCKHMH nOTeHHIia 
JiaMII BOAbl B CHCTeMe H HHCTOH BOAbll

^b-Pb

-------------------
VB

TAe |1B—[X°B — pa3H0CTb XHMHHeCKHX IIOTeHIlIiajIOB 
CIICTeMbl H HHCTOH BOAbl, VB — napH,HajIbHbIH MOJIb- 
Hblii oS-beM BOAbl.

Boahmh noTeHHHaji HMeeT pa3MepnocTb anep 
THn/oS'beM, a>k/m3, hto sKBHBajieHTHo h/m2, t. e. ASB- 
jienHio, noaTOMy ero Bbipa>KaiOT b nacKajinx (Ha) 
hjih Apyrnx eAHHHuax AaBJieniiH (1 aT= 101,325 Klla). 
XHMiiqecKHH noTeHiiHaji boabi cBHsan c aKTHBHOCTbio: 
p = RT In a. AKTHBHOCTb BOAH b pacTBope BcerAa 
MeHbrne eAHHHH,bi, noaTOMy In cz&<0. CjieAOBaTejibHo, 
noTeHHHaji boah b pacTeHHii, nouBe h aTMoccjiepe 
MeHbine 0. noTeHHHaji hhctoh boahi hjih chctcmm, 
IiaXOAHIIieHCM B paBHOBCCHH C HHCTOH BOAOii, paBen 0. 
nojiO/KiiTenen noTeHHHaji boabi, noABeprHyTofi Aeii- 
ctbhk) AaBjieHim, no cpaBHeHHK) c noTeHiiHajioM bo- 
Abl npH CTaHAapTHHX yCJIOBHHX. noaTOMy BOAHblii 
noTeHiiHaji moikct 6biTb nojioiKHTejieH npH ryTrauHH 
hjih njiaue pacTeHHii (cm. HHiKe).

Pa3JiHHHe 3HaueHHii boahoto noTeHiinajia b pa3- 
Hbix TOHKaX (ift H 1p2) O3H3HaeT, HTO MeiKAy 3THMH 
T0HK3MH BOAa He IiaXOAHTCJI B COCTOHHHH paBHOBe- 
CHH H 6yAeT CTpeMHTbCH B TOHKy C 60Jiee HH3KHM 
3HaneHHeM if. CyMMapnbiii boahmh noTeHiiHaji hohbm 
hjih oprana pacTeHHH onpeAejineTCH ypaBHeiiHeM:

1|>£ = tpm + % +

TAe ijlm — MaTpHHHblH HOTeHHHajI, o6yCJIOBJieHHblii 
MHKpOCTpyKTypOHJ Ipp — OCMOTHHeCKHH HOTeHIIIiaJI 
pacTBopa; i|:s — noTeHHHaji AaBJienHH (TypropHbiii 
noTeHHHaji). CyMMapnbiii boahbih noTeHijHaji hbjihct- 
ch Han6ojiee yAo6nbiM noKasaTejieM ajih SKOJiorHue- 
ckhx HCCJieAoBaHHii, rAe Heo6xoAHMa xapaKTepncTH- 
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i<a cocTOHHiia boabi bo Bcex aacTax cncTeMbi noHBa — 
pacTeHHe — aTMOctJiepa.

HeM Hii>Ke BOAHbift noTenuHaji cncTeMbi, tcm 
c dojibinefi chjioh ona norjiomaeT BOjiy. noaTOMy 
BOAHblfi nOTeHIIHajI, B3HTblfi C OTpHIiaTejIbllblM 3Ha- 
kom, o6o3HanaiOT TepMHHOM «cocymaH cnjia» (S). 
B HacTO5ini.ee BpeMH stot TepMHH ynoTpe6jineTC5i Bce 
pe>Ke, TaK KaK oh Majio cooTBeTCTByeT noKasaTejiio, 
HMeioiueMy pasMepHOCTb naBjienHH. PasjiHHiie cocy- 
mefi chjih b AByx TOHKax TaKxe yKasbisaeT na bo3- 
MO/KHOCTb nCpeflBH/KCHHH B0£bI MOKAy HHMHJ B 3T0M 
CJiynae Bona ctpcmhtch b TOHKy c 6ojibmiiM 3HaHe- 
jhhcm cocymefi chjih.

' npejuiaraeMbifi MeToa, ocnoBaH Ha H3MepenHH 
pasHOCTH TeMnepaTyp cyxoro h yBJiajKHeimoro tcm- 
nepaTypHoro AaTHHKa b cpexe c onpenejieHiiofi ynpy- 

JrocTbio napa (oTHOCHTejibHoft BAawnocTbio). lIeM 

Menbine ynpyrocTb napa, tcm Bbime CKOpocTb ncna- 
peHHH B0AH c nOBepXHOCTH aaTHHKa, T. e. 3H3HH- 

|TejibHee ero oxjiajKAeHHe. Ecjih noMecTHTb HcnbiTye- 
Mbifi o6pa3eii (nanpHMep nacTb pacTenHii) b 3aKpbi- 

kyio KaMepy, to qepes onpeaejieHHbift HHTepBaji Bpe- 
MeHH b KaMepe ycTaHaBjiHBaeTcn paBHOBecHan ynpy- 
rocTb BOA5iHoro napa, 3aBHC5ima5i ot bkthbhocth bo- 
Abi h boahofo noTeniiHajia pacTHTejibHOft TKann. 
YnpyrocTb napa 6biBaeT b stom cjiynae hhxkc ynpy- 
rocTii HacbimeHHoro napa:

ip = In — 
T V Po

Tne 4’ — AaBjienne Bjiam b cncTeMe (BOAHbifi no- 
TCHHHaJl); V — MOAbHblfi 061>eM }KHAKOCTH (BOflbl) 
b CHCTeMe; p — ynpyrocTb BOAHHoro napa, naxoAA- 
merocsi b paBHOBecHH c o6pa3u,OM; Po — ynpyrocTb 
HacbimeiiHoro boahhoto napa.

ZIji5i 6iiojioroB h noMBOBeAOB npeACTaBJiaeT nirre- 
pec HHTepBaji AaBjienHfi ot 0 ao —5000 Klla, oxBa- 
TbiBaioinHft o6AacTb AOCTynHofi aah pacTeHiifi BAani. 
B 3tom AHanaaone oTHocHTeAbHan ynpyrocTb napa 
II3MeHHeTC5I OT 100 AO 96%. 3aBIICHMOCTb Me>KAy 
AaBAenneM BAarn n ac4)hhhtom OTHOCHTeAbiiofl ynpy- 

rocTH napa (1-------— 1 b iiiiTepnaAe p = 90—100%
\ P 0 1 
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fijllllKa K lipHMOJIHHeHHOH, HOSTOMy H OXJiajKJU'lllir 
yiuia>Kneiiiioro AaTHHKa 6y#eT nponopiiHOHajibHO iu> t 
noMy iioTenuHajiy iiccjie/iyeMoro oSpaaua.

B KanecTBe TeMnepaTypnoro /jaTHHKa mojkho hc 
IIOJIb3OBaTb TepMOpe3HCTOp, COHpOTHBJieHHe KOTOpoio

Phc. 24. BjioK-cxeMa ycTanoBKn ajih onpcaejicnnH BOflnoro 
noTeHiinaJia pacTeHnii nciixpoMeTpmecKHM mbtoaom. O6o3Ha- 

HCHHH B TCKCTe

h, cjieAOBaTejibiio, ciuia TOKa b iienn H3MeHaeTca 
npn H3MeneHHH TeMnepaTypbi. B HHTepecyiomeM nac 
HHTepsajie AaBjieHHft H3MeneHHe chjim Toica npaKTH- 
qecKH nponopu.HOHajibHo BejiHHHHe boahoto hotch 
ijHajia. CxeMa ycTanoBKH ajih onpe/iejieHHH boahoto 
noTenuHaAa npiiBeAena na pnc. 24.

B KaMepe (1) noAAep>KHBaeTCH nocTOHHHan tcm- 
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nepaTypa c noMombio yjibTpaTepwocTaTa U1 hjih Ka- 
koto-to /ipyroro. B KpbiniKy KaMepbi BCTaBJien Tep- 
MopesHCTop MT-6 (3), aaKpenjieHHbifi na CTep>KHe 
t3khm oSpaaoM, hto oii mo)K6t nepeMein,aTbC5i BBepx 
h bhh3 h norpyjKaTbca b Kancyjiy c boaoh (2). Kan- 
cyjia ao MOMem-a onpexeJieHHH repMeTHnecKH 3aKpbi- 
Ta (JlOJIbrOH HJIH KajIbKOH, HTO6bI HCKJHOHHTb HCH3- 
peHHe. ‘ BbiABHTKHaa pemeTKa OTAejiaeT b KaMepe 
oTceK ajih noMenjeHHH HCCJieAyeMoro MaTepHajia. 
TepM0pe3HCT0p HBJineTCH njieaoM mocth conpoTHBjie- 
HHH (4), B KOTOpblH BXOAHT T3K2K6 6aAaHCHpOBOHHOe 
COHpOTHBJieHHe, nO3BOJI5HOIH.ee HJiaBHO H3MCH5ITb CH- 
jiy TOKa. B AHaronajib mocth bkjiiohch H3MepHTejib- 
HblH HpH6op — ([jOTOKOMneHCaHHOHHMH MHJIJIHBOJIbT- 
MHKpoaMnepMeTp <& 116/2. Oh npeAHasHanen: aah 
6ajiancHpoBKH MocTa; aah H3MepeHHH TOKa pas6a- 
jianca MocTa, Bbi3BaiiHoro H3MeHeiiHeM BejiimHHbi 
conpoTHBJieHHH TepMHCTOpa BCJieACTBHe ero oxjiaxc- 
AeHHH npH HcnapenHH boabi c ero noBepxHOCTH; aah 
BbiAanH CHHiajia na noTeHiijioMeTp pH = 340, cnyxca- 
ih,hh ycHJiHTejieM, c nocjieAyiomen perHCTpaiiHeii chf- 
najia na ajieKTpoHHOM caMonHmymeM noTeniinoMeT- 
pe KCn-4.

HpH6opbi OTperyjinpoBaHbi TaKHM o6pa3OM, hto 
MaKciiMajibHoe HSMeHeHiie chjih TOKa cooTBeTCTByeT 
oxjiajKAeHHio TepMopeancTopa na 2°. 3to 6bijio ycTa- 
HOBjieno norpyiKeHHeM AaTiHKa b BOAy c OAHOBpe- 
MeHHbiM H3MepeHHeM TeMnepaTypbi boahi TOHHbiM 
TepMOMeTpOM.

Hejib pa6orbt: 3H3komctbo c ncHxpoMeTpHnecKHM 
mctoaom onpeAejienHH boahofo noTeimHajia pacTeHHH 
h cpaBHeiiHe boahbix noTeHHjiajioB jiHCTbeB pacTeHHii, 
HaXOAHHJHXCH B pa3HbIX yCJIOBHHX B0A0CHa6>KeHHH, 
pa3Hbix opranoB oahoto pacTeHHH h Ap.

06'beKT uccAedoeaHUH: jiHCTbn h Apyrne opraHH 
pa3JIHHHbIX pacTeHHH.

Xod pa6orbi. BKjHonaiOT yjibTpaTepMOCTaT. Ha- 
AHBaioT b Kancyjiy AHCTHjijiHpoBaHHoii boabi iiph6jih- 
3HTejibH0 ao 3/4 ee BbicoTbi, 3aKpHBaroT ee 4)ojibroii, 
3aKpynHBaK)T KpbimKy h BCTaBjuiiOT Kancyjiy b Ka- 
Mepy. BABHraiOT b nasbi KaMepbi penieTKy h 3anoji- 
hhiot OTceK HccjieAyeMHM MaTepnajioM. 3aKpbiBaioT 
KaMepy KpbimKoii.
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Bkaio'ihiot npndopbi. HacTynjieMHe ctadHAbHoetii 
TeMiicparypbi b Kaiwepe oripeAejineTCn no nocTOHiici 
ny neaii'iiiiibi TOKa paaSajianca na niKajie $ 116/2 n 
no orcyrcTBiiio OTKJiOHeniift nepa caMonnciia ot Bcp 
TiiKajibiioii npnMofi jihhhh. TeMnepaTypa CTa6Hjni3ii 
pycrcH yace nepea 10—15 miih, ho nsMepeime cjic 
nyeT naHHHaTb ne panee, neM nepes 20—25 mhh, t. c 
nocjie ycTaHOBjienHH paBiiOBecnofi ynpyrocTH boa» 
noro napa b KaMepe.

npii6jIH3HTejIbHO Mepe3 10 MHH BKJIIOliaiOT TyM6 
jiep caMonncua «3anncb» ajih npoBepKH CTa6njibHo 
cth TeMnepaTypbi. PeryjinpoBKa hcxoahoh, nyjieBoii, 
BejiiiHHiibi Toica pa36ajianca hpohsboahtcm nocpeACT 
BOM H3MeH6HH5I BCJIH'IHHbl nepeMCHHOrO COHpOTHBJie 
hhh. Hyjiesoe nojiojKeiiHe napa caMonHcna (AeAeniie 
niKajibi 1) ycTanaBjiHBaeTcn pyKOHTKofi pH-MeTpa 
«TeMnepaTypa pacTBopa».

Hepea 20 mhh nocAe saKpbiBanHH KaMepbi ony- 
CTIITb CTepjKdlb C AaTHIIKOM IiaCTOJIbKO, 'IT06bI Oll 
npopBaji (jiojibry h norpysHjicn b Kancyjiy c BOAoii, 
3aTeM cHOBa hoahhtb ero. HcnapenHe boabi c nosepx- 
hocth AaTHHKa Bbi3biBaeT H3MeneHHe toio pa36aAan- 
ca, perHCTpnpyeMoe OTKAOHeHHeM CTpeAKH npn6opa 
$116/2 h nepa caMonHcua. B neKOTOpbix CAynanx 
otkaohchiiio CTpeAKH npeAinecTByeT KpaTKOBpeMCH- 
iibiii OT6poc ee b npoTHBonoAoxKiiyio CTopony, koto- 
pbifi ne CAeAyeT npHHiiMaTb bo BHHMaiiHe. BeponTno, 
3T0 BbI3bIBaeTCH HBACHHJIMH CMa'IHBaHHH.

IIocAe toto KaK H3MeneHHe chah TOKa aocththct 
M3KCHMaAbH0H BeAHHHHbl II Iia'IHeT yMeHbinaTbCH, 
CAeAyeT OTKAio'iiiTb 3anncb, nocAe 'iero cMemiTb nc- 
CAeAyeMbiii o6pa3en, h noBTopiiTb onpeAeAenHe. FIpo- 
boahtb ne Menee AByx onpeAeAeiiHii aah KaxcAoro 
BapnaiiTa.

l1to6h ycTanoBHTb, KaKOMy sna'ieHHio boahoto 
noTenuHaAa nccAeAyeMoro MaTepnaAa cooTBeTCTByeT 
Ha6AK)AaeMoe HSMeneHHe chah Toica, hpohsboahtcsi 
KaAH6poBKa ycTanoBKH. /Iah stoto b KaMepy noMe- 
maioT jxryTbi H3 (JiHAbTpoBaAbHoii 6yMani, cMOHen- 
Hbie paCTBOpOM CaxapO3H. K0HH.eHTpaiIH5I paCTBOpOB 
caxap03H ot 0,5 ao 2 M, hto cooTBeTCTByeT bcah'ih- 
naM ocMOTH'iecKoro noTeHHHaAa ot —1420 ao 
—6080 Klla.
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FIo rpacJiHKy, noAyaeiiHOMy na ochob3hhh Kajind- 
pOBKH, HaiiTH 3HaneHHe boahoto noTenixHajia 06- 
pasiia.

OcfjopMJienue pa6oTt>t. PeayjiBTaTbi npeACTaBjimoT 
b BHAe Ta6jiHiibi (Ta6A. 15). rioApo^HO oijiopMAeHHe 
3aAann cm. c. 13.

Ta6ji niia 15

CxeMa sanucu peayMmamoe

BapnaHT
OTKJIOHeHHe B ^GJieHHHX 

niKajibi caMonnciia
BoAHbift noTeHimaji, Kfla

1.
2.

3 a a a h a 3

OnPEAEJIEHHE IIOrJIOIHEHHH BOftbl 
PACTEHHEM nOTOMETPHHECKMM METOflOM

Boaoo6m6h pacTenHH cKjiaAbiBaeTCn H3 nepaspbiBHO 
CBH3aiiHbix npopeccoB: norAomeHHn boabi, ee nepe- 
ABHxceHHn h pacnpeAejieHHn, a TaKace HcnapeiiHH bo- 
Abi (TpaHcnHpauHn). 3th npopeccbi HaxoAHTca MeiK- 
Ay co6oh b noABioKHOM paBHOBecHH. Ohh o6ecnenH- 
BaioT nocTOHHHoe nepeABHxceHHe boabi b chctcmc 
noHBa — pacTenHe — aTMoccjiepa, o6ycAOBJieHnoe 
BbipaBHHBaHHCM 3KTHBHOCTH BOAbl H BOAHOTO IIOTeH- 
IXHaAa B 3TOH CHCTCMe.

HaABeMiian nacTb pacTeiiHH iiaxoAHTCH o6binHO 
b BO3AyuiHOH cpeAe (3a iicKAKAieHHeM BOAHbix pacTe- 
hhh). B BO3Ayxe cymecTByeT AeijiHiiHT ynpyrocTH bo- 
Ahhoto napa, noaTOMy ero boahhh noTeimHaA iihsok, 
t. e. BbicoKa cocym.au cnaa. Hpn OTHOCHTeAbHOii 
BAaiKHOCTH B03Ayxa 99% ero cocyman CHAa cocTaB- 
AneT 1360 Kfla, npn 90% noBbiinaeTca yace ao 
14 200 Kfla, a npn 50% — AO 91000 Klla. Cocymaa 
CHAa TKaHeii pacTeiiHa 3HaaHTeAbHO hhjkc, ot 100— 
1500 Klla (y TpaBanHCTbix pacTeHHii) ao 3000 idla 
(y AepeBbeB). IlepenaA cocymefi chabi BeAeT k no-
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ctohhhoh OTAane boam pacTenneM b Boaxyx b bha<' 
boahhoto napa (npopeccy TpaHcnHpau,HH). H3-3.1 
HacTimHOH noTepn boabi noBepxHOCTHMMH KJieTKaMii 
pacTeHHH ee aKTHBnocTb cHHJKaeTCH h BoapacTaei 
cocynjaa CHJia sthx kjictok, 3a cneT nero ohh Moryi 
OTHHMaTb Boay y Sojiee rjiySoKO jiewaniHx kjictok, 
Te y cjie/iyioimix 11 t. a.

FIpeAnoJiaraioT, hto boab nepeABHraeTCH TJiaBHbiM 
o6pa3OM no KanHJWiapaM KJieTOHHbix ctchok, t. e. ny 
TeM HaiiMeHbniero conpoTHBAeHHH. nepeABHJKeHiie 
BOAbl HABT OCMOTHneCKHM nyTCM, BCJieACTBHe yMeilb 
HieHHH HaSyxaHHH KOJIJIOHAOB H nOBblHieHHH OCMOTII 
necKoro AaBjienHH. Thkhm o6pa3OM boahbih Aecjanun 1 
pacnpocTpaHHeTCH ot kactkh k kjictkc c noBepxno 
cth pacTeHHH ao ero cocyAHCToii chctcmm.

npHcacbiBaiomee (noBbimaiomee cocymyio cnjiy) 
AeficTBHe TpaHCHHpapHH BbisbiBaeT paapexceHHe b co 
cyAax, BCJieACTBHe nero ot Kopneii k jincTbHM 110 
cocyAaM nocTynaeT BOAa. Ho npncacbiBaiomeH chjh.i 
TpaHCHHpaHHH HeAOCTaTOHHO, HTo6bI nOAHHTb BOAy 
Ha bck) AAHny KanHjijiHpnoro cTOA6a b cocyAHCToii 
CHCTeMe, AOCTHraioineH y AepeBbeB aschtkob MeTpon 
CHHTaiOT, <ITO B noAAepiKaHHH TpaHcnHpapHOHHoro 
TOKa BajKiio ynacTHe chjibi ciienjieHHH MOAeKyji boam 
Me>KAy co6oh (Kore3HH), AeiiCTByiomeH npn ycAOBim 
OTcyTCTBHH nysbipbKOB rasa. BoAbmoe 3HaHeHiie 
HMeeT h cHAa cpenAeHHH boahi co cTeHKaMH cocyAon 
(aAre3HH). JJeiicTBHe bthx cha hphboaht k TOMy, hto 
BOAa b npocBeTax cocyAOB abhjkctch HenpepbiBHbiM 
nOTOKOM. CKOpOCTb TpaHCHHpaHHOHHOTO TOKa COCTai) 
AHeT ot 1—5 m/h y 6oAbiHHHCTBa AepeBbeB ao 10 
60 m/h y pnAa TpaBHHHCTbix pacTeHHii h ao 100 
150 m/h y AiiaH.

HapHAy c npHcacbiBaiomHM AeiiCTBHeM TpaHcnii 
pan.HH, HMenyeMbiM eepxHUM KOHneebiM deuzareAeM 
BOdHOeO TOKU, B nOFAOIHeHHH H nepeABHJKeHHH BOAbl 
b pacTeHHii ynacTByeT TaKxte hmkhuu kohhbbou deu 
eareAb, hah KopHeeoe daBAeuue. B OTAHnne ot «nac 
chbhofo» norAomeiiHH boahi, Bbi3B3HHoro ee noTepeii 
b xoAe TpaHcnHpauHH, KopneBoe AaBAenne o6ycnoii 
ACHO «aKTHBHbIM» HOTAOIIieHHeM, CBH33HHMM C 33Tpa 
toh sneprHH. Ecah npn hhtchchbhoh TpaHcnHpauiui 
OTCTaBaHHe norAomeHHH boam ot ee pacxoAOBamm
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|[Hbi3biBaeT ycmieHMe HaTH>KCHii5i boahlix hht6h b co- 
llcyAax, BeAymee k co3AaHino b iiiix oTpHixaTejibHoro 
BrHApocTaTHiecKoro AaBJieHHH, to npn ocjia6jieHHH 
IIhah OTcyTCTBHH TpaiicnHpan,HH AaBAenne b cocyAax 
■CTaHOBHTCH H36bITOHHbIM. 3tO o6yCJIOBACHO CyiUCCT- 
Bbob^hhcm KopneBoro AaBjieHHH, AeiicTBiie KOTOporo 
|lnarjiHAHO npoHBJineTCH b cjiynae chhjkchhh TpancnH- 
||pan.HH.

TaK, npn HacbimeHHH aTMOcijiepbi boahhhmh na- 
I! paMH Ha6jnoAaeTca zyrTau,UH — BbiAeJienne Kanejib-
■ hOTKHAKOH BOAbl Hepe3 THAaTOAbl (BOAHbie >Kejie3bl). 
Ij Ecjih cpeaaTb HaAaeMHyio nacTb pacTemiH, na nenb- 
II Ke BblAeAHeTCH >KHAKOCTb. 3tO HBJieillie Ha3bIBaiOT 
UtiAaneM pacreHuu, a BbiTeKaioinyio H3 cocyAOB >kha-
■ koctb (boahbih paci'Bop pHAa opraiiHHecKHx h neop-
■ raHHiecKHx BemecTB) — nacoKoii. BejinqHiia Kopne-
I boto AaBAeHHH, CKOpocTb iiAana h cocTaBa nacoKH
■ BapbHpyiOT b saBHCHMocTH ot bhah pacTeHHH, ero
■ BospacTa, BpeMeHH roAa h BpeMeHH cyTOK. TyTTaHHH
II H HAan paCTeHHH Ha6jIIOAaiOTCH AHIIlb npH yCAOBHH 
I HOpMaAbHOH pa6OTbI KOpneBOH CHCTeMbi: OHH TOpMO-
■ 3HTCH B OTCyTCTBHe O2 HAH npH BO3AeHCTBHH H3 KO-
■ peHb HHTH6HTOpOB AblXHHHH, pa3o6lH,HTeAeH AbIX3HHH
■ H OKHCAHTeAbHOTO (|)OC4)OpHAHpOBaHHH. 3t0 nOK33bI-
■ BaeT, hto KopHeBoe AaBAenne o6ycAOBneHO hmchho
■ «aKTHBHbIM» HOrnOIIieHHeM BOAbl, CBH3aHHbIM C MeTa- 
I 6OAHHeCKHMH HpOH,eCCaMH B KA6TK3X KOpHH, HAyiHJi-
■ mh 3a cneT BbicBo6o>KAeHHH sHeprHH npn aapo6HOM 
I AblXaHHII.

EIpeAnoAaraioT, hto nornomeHHe boah KopneM h 
I ee nepeABioKenne no kactkhm Kopw ao ueiiTpaAbHO- 
I ro HHAHHApa ocymecTBAHeTCH, Kai< h nepeABH>KeHHe 
I BOAbl B Me3O(J)HAAe AHCT3, OCMOTHHeCKHM nyT6M HO 
I rpaAHeHTy boahoto noTenuHaAa. HepeineHHbiM 
I ocTaeTCH Bonpoc o tom, KaKHe HMeHHcr npoueccbi 
I co3AaioT rpaAHeHT cocymen cham, o6ycAOBAHBaiomHH 
I OAHocTopoHHHii tok BOAbi. CymecTByeT rHnoTesa 
| O nOAHpHOCTH KA6TOK H KOpOBOH napeHXHMH, T. e. 
I 0 AOKaAbHblX pa3AHHHHX HpOHHH,aeMOCTH H M6Ta6o- 
I AHnecKHx npopeccoB b npoTHBonoAO>KHbix ynacTKax 
I HHTOHAa3MbI 3THX KA6T0K.

B KopoBoii napenxHMe -BOAa ABH>KeTCH TAaBHbiM 
I o6pa3OM no KanHAAHpaM KAeTOHHbix ctchok; b ijeHT-
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pajibHbift hhahhap ona npoxo/lHT nepes uhtohji;i im\ 
nponycKHbix KjieTOK SHAOAepMbi. B cocyAbi kchjicmm 
BOAa nocTynaeT BCJieACTBiie bbicokoh cocymeH ciiaij 
HX COAepjKHMOTO. OCMOTHHeCKHH nOTCHIIHaJI H, CAl' 
AOBaTejibno, cocymaa cHJia coKa kchacmh C03Aaei 
ch 3a caeT aKTHBHoro TpancnopTa hohob jkhbijmh 
KJieTKaMH napenxHMbi b cocyAH- Akthbhbih Tpanc 
nopT Tpe6yeT saTpai’ MeTadojiHHecKOH aneprHH, 110 
9TOMy KOpneBoe AaBjieiiHe h saBHCHT ot HHTeHCHBiio 
CTH AblXaHHH. npH HHTCHCHBHOH TpaHCHHpailHH, K.'ll. 
yace yKasbiBajiocb, BbicoKaa cocymaH cnjia b cocyAax 
noAAepacHBaeTCH 3a caeT npHcacbiBaiomero AeficTBiin 
TpaHCHHpailHH. JlOAfl «aKTHBHOTO» HOrAOHI,eHHH B o6- 
m,eM norjiomeHHH boabi pa3AHlina y pa3Hbix pacTe 
HHH H BapbHpyeT B 33BHCHMOCTH OT BpeMCHH F0A3 II 
yCJIOBIIH npOH3paCT3HHH.

Kopenb pacTeHHH ii3BAei<aeT BOAy »3 hohbbi a<> 
Tex nop, noKa cymecTByeT rpaAHeHT 3Kthbhocth bo 
Abi imcikav KopneM h hohboh, t. e. noKa cocym.au 
CHjia KJieTOK anHAepMHca, KOHTaKTHpyiomnx c no'i 
BeHHBiMH qacTHuaMH, xoth 6bi HesHaniiTeAbHO npeBbi 
inaeT cocymyio ciiAy nonBbi. JIah stoto kactkh Kop 
Hefi TpaBHHHCTbix pacTeiiHfi pasBHBaiOT cocymyio CII 
Ay ao 1500 Klla, Aeciibix AepeBbeB — ao 3000 kILi, 
pacTeHHH sacyuiAHBbix MecTHOCTefi — ao 6000 Klla. 
B KAeTKy anHAepMHca BoXa nocTynaeT ocMOTHnecKiiM 
nyTeM b BaKyoAb hah no KanHAAnpaM KAeTOHHoii 
CTeiiKii h AaAee, khk yace roBopHAOCb, nepeABHraeT- 
C5I H3 KA6TKH B KACTKy HO TpaAHeHTy cocymefi CHAbl. 
CAOIKHOCTb H3BAeneiIH5I BOAbl H3 HOHBbl saKAioiaeT- 
CH B TOM, HTO KOpHHM H6O6xOAHMO HpeOAOACTb CO- 
npoTHBAeHiie ciiA, CBH3biBaioiiiHx nonBeHHyio BAary, 
TaK Kai< ee yAepiKHBaiOT noiBeHHbie qacTHn.bi. Yxe 
npn He3HaHHTeAbHOM CHHIKeHHH COAep>KaHH5I BOAbl 
b noiBe ee cocymasi cnaa pe3KO BO3pacTaeT, bcc 
Menbine oTAHaancb ot cocyipefi chabi KOpnefi, hto 
CHHJKaeT IIHTeilCHBHOCTb H0CTynAeHH5I BOAbl b pacTe- 
HHe.

Pa3AHHaK)T CTaTHieCKH H AHHaMHHeCKH AOCTyn- 
nyio pacTeHHio BOAy. CTUTUuecKU docTynuafi coda — 
3to Becb sanac noABennofi BAarn, yAepiKHBaeMofi ch- 
AaMii, MeiibHiHMH, hcm cocymaii CHAa KOpHefi. J],UHa- 
MunecKU docTynnafi eoda — Ta BOAa, KOTOpyio pa- 
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CTeHHe peajibHO norjiomaeT b eAHHHijy BpeweHH. 
HeAOCTynna ajih pacTeHHH zpyHToeaa BOAa, TaK khk 
ee ypoBHii kophh o6mhho ne AocTnraioT. BoAa hohbm 
MOJKCT yAepJKHBaTbCH HOHBeHHblMH KOJIAOHAaMH, Ka- 
nHJWiapHbiMH cHjiaMH (b nopax Me>KAy nacTHijaMH 
noHBbi) h ocMOTHqecKH (hoh3mh) . PHApaTauHOHHaH 
BOAa kojijiohaob ajih pacTenHH neAOCTynna. Ocmoth- 
necjcoe cBH3biBanHe boam HonaMH o6mhho oneHb ne- 
3HalIHTeAbHO, 3a HCKJIIOHeHHeM 3aCOAeHHbIX HOHB. 
XtocTynna ajih pacTenHH KanujiJiHpHan BOAa, koto-
pyio h H3BAeKaiOT Kopne- 
Bbie BOAOCKH H3 HOHBeH- 
HMX HOp. CHAa, C KOTOpOH 
BOAa cBH3aHa b nonBe Ka- 
HHAAHpHO H aAC0p6n.H0H- 
ho, onpeAeAneT MaTpuu- 
HblU, HAH KUnUAAHpHblU 
BodHbiii noTeHyuaA no'iBbi.

KopneBaH cncTeMa pa- 
CT6HHH nOCTOHHHO H3X0- 
AHTCH B nOHCKaX BOAbl, 
ona «CAeAyeT 3a boaoh» 
nyTeM napacTanHH h yBe- 
AHHeHHH 3KTHBHOH HOBepX- 
hocth KopneH, ocBaHBaa 
Bce HOBbie ynacTKH hohbm

Phc. 25. rioTOMeTp b co6pan- 
HOM BHAe

nocAe Toro, khk b cTapbix hctoiiihach sanac AOCTyn- 
HOH BAarH. BO3MO>KHOCTb paCTCHHH HOrAOHiaTb BOAy 
33BHCHT He TOAbKO OT CBOHCTB HOHBbl, ee BAaTOHpO-
BOAHOCTH, HO H OT COOTHOHI6HHH BCAH'IHH BOAHOTO HO-
TenpHaAa b nonBe h pacTeHHH, ot TeMnepaTypbi non- 
Bbl H OCOSeHHOCTefi CaMOH KOpneBOH CHCTCMM.

X(ah onpeAeAenHsi norAomeHHH pacTeHHeM boabi 
3a HeSoAbniHe npoMexyTKH BpeMenn HcnoAb3yiOT 
npHdopbi, Ha3MBaeMbie HOTOMeTpaMH («H3MepHTeAii- 
MH BCaCbIB3HHH»). IIOTOMeTp COCTOHT H3 U.HAHHAPH- 
necKoro cocyAa, b kotopmh noMemaeTca KopneBaH 
cHCTeMa (hah odpesaHHbifi cTe6eAb) pacTeHHH, n 
pacnoAOJKeHiiofi ropH3OHTaAbHO 6apoMeTpHnecKofi 
KanHAAHpHOH Tpy6KH (pnc. 25). Mo>KHO HCnOAb3O- 
BaTb TaK>Ke U-o6pa3Hyio Tpy6Ky b KauecTBe pesep- 
Byapa aah Kopnefi: b oaho KOAeno ee bct3bahiot 
pacTenHe, b Apyroe — KanHAAnpnyio Tpy6Ky. IlpH 
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MajieftineM H3MeneHHH o6"beMa boam b cocyae KOiien 
iioAiioft iihth b KanHjuiape 6yaeT CMemaTBCH.

Hnjib pa6oTbi: 3H3KOMCTBO c mctoaom onpeAejie 
HIBl CKOpOCTH nOTAOIUeHHH BOAbi; OIipeACJieHHe AOJIII 
aKTHBHoro iiorjiomennH BOAbi pacTenHeM ot o6mero 
IIOTJIOmeHHH BOAbl.

O6"beKT uccjiedoBaHua: npopocTKH tmkbbi, KyKy- 
py3bl, (JiaCOJIH, 6060B HJIH paCTCHHH TpaAeCKaHH.HH, 
jiaHTanbi h AP-, BbipameHHbie b boahoh KyjibType.

Xod pa6oTbt. IIoTOMeTp AOBepxy sanojiHHioT bo- 
AOil (npOKHHHHeHHOH H OXJiajKAeHHOii hjih otctohb- 
meiicfl ne Menee 8 h). Oaho kojicho U-o6pa3Hoii 
Tpy6KH 3aKpbiBaioT KayuyKOBoii npo^KOH c paspesoM, 
b KOTOpyio BCTaBjineTca CTe6ejib pacTeHHH thkhm 06- 
pasoM, hto6m bch KOpHeBan cHCTeMa 6biAa norpyjKe- 
na b BOAy. zlpyroe KOJieno npn6opa 3aKpHBaioT 
npo6Koii, b KOTopyio BCTaBjiena iiaoTHyTaa hoa npa- 
MbiM yrjioM KanHAAspHaa Tpy6Ka c AeJieHHHMH (ecjin 
Tpy6Ka 6e3 AeAeHiift, k nefi pe3HHKaMH npHKpenAmoT 
nojiocKy MHjwiHMeTpoBofi 6yMarn). KanHjuinpHyio 
Tpy6Ky sanojiHHioT >KHAKOCTbio. B npH6ope He aojijk- 
ho coAcpjKaTbca hh ny3bipbKa BO3Ayxa. Bce mejlli 
hco6xoahmo 3aMasaTb BaKyyMHofi 3aMa3Kofi. X(ah 
noAAepjKaiiHH nocTOHHHofi TeMnepaTypbi npn6op CAe- 
AyeT noMecTHTb b cocyA c BaTofi hah b yAbTpaTep- 
MOCTaT.

OTMenaioT HcxoAHoe noAojKeHHe MeHHCKa b Tpy6- 
Ke, 3aTeM cMemeHHe 3a 3—5 mhh; onpeAeAenHe npo- 
boaht 3—4 paaa. CKOpocTb norAomeHHH boam Kopne- 
BOfi CHCTeMOH BblCHIITblBaiOT HO HlICAy ACAeHHfi, H3 
KOTopoe nepeMemaeTca mchhck b KanHAAnpe 3a eA«- 
HHiiy BpeMenH. Mojkho onpeAeAATb H3MeneHHe cko- 
POCTH nOTAOmeHHH BOAH, H3MeHAH HHTeHCHBHOCTb 
TpaHcnHpaiiHH noA3eMHofi nacTH (npn BapbHpoBaHHH 
TeMnepaTypbi, ocBenjeHHOCTH, ABiiiKeHHH BO3Ayxa h 
t. a ). KpoMe Toro, ueAecoo6pa3HO cpaBHHTb cko- 
pOCTb nOTAOmeHHH BOAbl H3 CMCCH KHOna CO CKOpO- 
CTbK) HOTAOIIieHHA HHCTOfi BOAM- OHa 6yACT HHOH, T3K 
KaK y>Ke HesHanHTeAbnan KOHii,eHTpaiiHH ocMOTHne- 
CKH aKTHBHblX BeiH.eCTB CymeCTBCHHO BAHHeT Ha no- 
CTynAeiiHe boabi b pacTenne, saMeAAfln ero (cm. bbi- 
ine). JUih SToro 6epyT 0,05 h. cMecb Knona. FIoMe- 
CTHB HOTOMCTp B COCyA co AbAOM, Ha6AIOAaiOT bahh-
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Hne noHHxeHiiofi TeMnepaTypbi b 3one KopHefi Ha 
CKOpOCTb nOTJIOmeHHH BOAbl. FIOAKHCJieHHe HJIII HOfl- 
mejiaqHBaHHe jkhakocth b npndope AaeT bo3mo>k- 
HOCTb npOCJieAHTb 3a BAHHHHeM pH Ha CKOpOCTb no- 
rjiomeHHM BOAbi pacTenHeM.

Hocjie onpeAeJieHHH norjiomeHHH boabi uejibiM 
pacTenHeM cpesaTb naAaeMHyio nacTb pacTeHnn. Hpo- 
BecTH onpeAeJieHiie norjiomeHHn boam H3OJiHpoBaH- 
hoh KopHeBofi cHCTeMOH, KOTopoe 6yAeT hath Tenepb 
c MeHbmefi cKopocTbio, TaK Kai< onpeAejiaeTCH jinnib 
aKTHBHblM HOI'AOIHeHHeM BOAbl KOpiIHMH. PaCCHHTaTb 
AOak> aKTHBHoro norAomeHHn BOAbi b npoiieHTax OT 
o6mero norjiomeHHii.

OtyopMjieHue pa6orbi. PesyjibTaTbi npeACTaBAsiiOT 
b BHAe TadAHiibi (Ta6A. 16). noApo6no ocjiopMAeHHe 
3aAAHH CM. C. 13.

Ta6.nnu.a 16

CxeMa sanucu pe3ijAbmamoe
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aeMHHX opraHOB
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OnPEAEJIEHHE HHTEHCHBHOCTH 
TPAHCHHPAH.HH H TPAHCnHPHPyKHHEH 
HOBEPXHOCTH JIHCTA

Flpouecc HcnapeHHH boah HaAaeMHbiMH opranaMH 
pacTeHHfi b aTMOctjiepy HasbiBaeTcn Tpaucnupanueu. 
BoAS MO/KCT HCnapATbCH c KyTHHH3HpOBaHHOH HO- 
BepxHOCTH anHAepMHca (KyTUKyjiHpHaa. rpaHcnupa- 
u,uh), c onpo6KOBeBiiiHx noBepxHOCTeft (nepudep- 
MaMHUH TpaHcnupatiUH) h H3 ycTbHii (ycTbUHHan 

159



TpaHcnupanuR). HanfiojibiuyK) nacTb BOAbi BbiAejnici 
JIHCT, KOTOpblft HBAHeTCH OCHOBHblM TpaHCHHpHpy l< > 
ih,hm opranoM pacTeHiiH. BoAa HcnapneTCH c noBepx 
HOCTH KJieTOK M63O(J)HJIJia JIHCTa B MOKKJICTHHKH H <> I 
TyAa yjieTyaHBaeTCH nepe3 ycTbHHHbie mejiH b aTMo 
cipepy.

Ochobhoh thh ycTbHHHoro annapaTa — sto mejib, 
OKaHMJieHHaH AByMH BHA0H3M6HeHHbIMH SHHAepMaJIb 
HblMH KJieTKaMH 606OBHAHOH (J)OpMbI, T3K Ha3bIBa(' 
MblMH 33MbIKaiOIHHMH KJICTKaMH. V pa3HbIX BIIAOII 
pacTeHHH ycTbHpa paajinnaiOTCH no (JiopMe, kojih'io 
CTBy, CTpoeHHK) H BejIHHHHC, HTO OnpeASJIHeT MaKCll 
Majibnyio TpaHcnHpaiiHOHiiyio cnoco6nocTb pacTemiH 
PacnojiaraioTCH ycTbHpa y 6ojibiiiHHCTBa pacTetiHii 
na HHjKHeH cTopoHe jiiicTa. Xoth cyMMapnaH njio 
maAb ycTbHmibix OTBepCTHH peAKO npeBbimaeT 2% 
nOBepXHOCTH JIHCTa, HO OTHOCHTejIbHaH TpaHCHHpaHIIH 
jnicTa cocTaBjiaeT 6ojiee 50% BCJieACTBne saKOHOMep 
hocth HcnapenHH c Majibix noBepxiiocTeii. Othocu- 
TeAbHan TpaHcnupaupia. — nHTenciiBHOCTb Tpancnn- 
paHHH C eAHHHUbl JIHCTOBOft HOBepXHOCTH, OTHeCCHHaH 
K IIHTeHCHBHOCTH HCnapeilHH C paBHOH HO BeAHHHIie 
CBO6OAHOH BOAHOH nOBepXHOCTH. IdHTCHCHBHOCTb 
TpaHcnHpan,HH — kojihhcctbo boabi, HcnapHBineiiCH 
C eAHHHII.bI HOBepXHOCTH JIHCTa 3a eAHHimy BpeMeHH.

Mbi yace roBopnjiH, hto TpancnHpaiuin, 6yAynH, 
KaK ii HcnapeHiie, Aii(J)(J)y3H0HHbiM npopeccoM, onpe- 
AejineTCH rpaAHeHTOM BOAnoro noTeHHHajia b chctc- 
Me pacTeniie — BO3Ayx. noaTOMy Bce (JiaKTopbi, 
BJIHHK>miie Ha 3TOT rpaAHCHT, BJIIIHIOT H H3 06lIiyi0 
(ycTbHHHyio h KyTHKyjiapnyio) TpaHCiiHpapHio b toh 
x<e Mepe, b KaKofi h na npopecc ncnapeHHH boabi. 
TpaHcnHpaitHH KaK (J)H3H'ieci<Hft npopecc 33bhcht ot 
Ae<J)Hii,HTa HacbimeHHH BO3Ayxa boahhmmh napaMH, 
TeMnepaTypbi, ocBemenHOCTH, BeTpa (abhx<6hhh bo3- 
Ayxa), a TaKxce Bejiii'iHHbi h (JiopMbi HcnapHiomeii no- 
BepxHocTH, onpeAejiHeMoft oco6chhocthmh cTpoenHH 
pacTeiiHH.

CTporan 3aBiicHMocTb TpancnHpauHH ot sthx 
(JiaKTOpOB COXpaHHCTCH JIHHIb HpH yCJIOBHH nOCTOHH- 
CTBa HJIOmaAH yCTbliHHblX OTBepCTHft, nOCKOJIbKy pa- 
CTeHHe ciioco6ho peryjnipoBaTb OTAany boah nyTeM 
H3M6HeHHH CTeneHH OTBepCTOCTH yCTbHIJ. BjiarOAapH

160



OCOOeHHOCTH CTpOeHHH 3aMbIKaiOIHHX KA6T0K OHH MO- 
ryT H3M6HHTb HIHpHHy yCTbHHHOH IH,eJIH OT M3KCH- 
MaJIbHOH AO MHHHMajIbHOH (nOJIHOTO 33Kpb!BaHHH). 
OTKpblBaHHe II 3aKpbIBaHHe yCTbHIJ OCHOB3HO Ha 
H3MeneHHH TypropHoro AaBJieHHH b 3aMbiKaio- 
IHHX KJieTKaX, BbI3BaHHOM H3M6HeHHeM OCMOTH- 
fiecKoro AaBJienHH b sthx KJieTKax. Hpn no-
BbimeHHH Typropnoro AaBAeHHH ycTbHiia OTKpH- 
BaiOTCH, npH nOHHJKCHHH — 3aKpbIBaiOTCH. Chh- 
TaeTCH, HTO OCHOBHOH npHHHHOH ABHJKCHHH yCTbHH-
Hbix KJieTOK CJiyjKaT H3MeneHHH KOHH.eHTpan.HH 
C02 B 3aMbiKaiomnx KJieTKax ycTbHn. h b mokkact- 
HHKax. CymecTByiOT necKOJibKO rnnoTes 0 bosmojk- 
hbix MexaHH3Max H3MeneHHH ocMOTHqecKOro AaBjie- 
HHH B 3aMbIKaK)mHX KACTK3X B CBH3H C HaKOnJieHHCM 
hjih pacxoAOM C02, ho hh OAna H3 hhx ao chx nop 
He nojiyHHJia nojiHoro npH3naHHH. HapnAy c ycTbHq- 
hoh peryjiHHHeii TpancnHpaiiHH cymecTByeT TaKJKe 
BneycTbHHHaH, ocHOBaHHan na H3MeneHHH BOAoyAep- 
jKHBaiomeH cnocodHOCTH KjieTOK BCJieACTBHe H3Mene-
HHH aKTHBHOCTH BOAbl B KA6TK3X HJIH npOHHHaeMO- 
CTH KJieTOHHblX MCMfipaH.

nponecc TpaHcnHpau.HH cnocoOcTByeT hoctohhho- 
My BOAHOMy TOKy no pacTeHHio, c boaoh norjiomaiOT- 
ch H3 noHBbi h nepeABHraioTCH no pacTeHHio pasjiHH- 
Hbie HeopraHHnecKHe h opraHHnecKHe BemecTBa. 
TpaHcnHpaiiiiH hbjihctch ochobhbim cpeACTBOM TepMO- 
peryjiHiiHH pacTenHH, hosbojihioihhm hm b caMue 
jKapKHe ahh npeAoxpanHTb JiHCTbH ot neperpeBa, 
HecMOTpn na snaiHTejibHoe norjiomeHHe cojiHenHoii 
aneprHH. 3to oneHb BajKHO ajih coxpaneHHH cTpoe- 
HHH H (JjyHKIIHOHHpOBaHHH ShOKOJWIOHAOB.

HocKOAbKy nepea ycTbmja ocymecTBJineTCH ne 
TOJibKO HcnapenHe boah, ho h AH(J)4)y3HH KHCAopoAa 
h yrjieKHCAoro rasa, TpaHCHHpan.HH CBHsana c npo- 
ueccaMii AbixaHHH h (|)0T0CHHTe3a. OcoCeHHO chabho 
CKasbiBaeTCH coctohhhc ycTbHH Ha xoAe BO3AyniHoro 
nHTanHH pacTenHH. no onpeAeAeHHio O. IBTOKKepa, 
rAaBHan npoSAeMa ra3oo6Mena coctoht b AaBHpo- 
B3HHH Me>KAy TOAOAOM H JK3H1A0H. HT06bI HOAyaaTb 
CO2, pacTenne BbiHyjKAeno OTAasaTb BOAy; ecAH oho 
yAep>KHBaeT BOAy, coKpamaeTCH nocTynAeHHe yrAe- 

- KHpAoro raaa. PacTenHio npnxoAHTCH hoctohhho «6a-
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jiancnpouaTb», iiaxo/m KOMnpoMiiccnoe penieiiin 
b Aamibix ycjiOBiiflx.

/Jjih onpeaejieHHH siJxjieKTHBHOCTii Hcnojib3OBaini>i 
BOAbi pacTeHHeM BBeaeHbi cjieayioinHe noKasaTejin 
rpaHcnupau,uoHHbtu KOocpipuyueHT — kojihhcctbo bo 
Abi, H3pacxoAOBaiiHOH pacTeimeM hjiii pacTHTejibiibiM 
coodmecTBOM na nocTpoeHHe eAMHHiibi Maccbi cyxoro 
BemecTBa; npodyKTUBHocrb rpaHcnupauyui — kojiii 
necTBO cyxoro BenjecTBa, odpasoBaHHoro pacTeniieM 
npn pacxoAOBaHHH 1000 r boah. B cpenneM aah 
OojibiHHHCTBa cejibCK0X03HHCTBeHHbix pacTeHHfi npo 
AyKTHBHOCTb TpaHcniipaiiiin cocTaBjiseT okojio 3 i

B HacTonmee BpeMH b gKOJioro-ifiHSHOJiorHHecKHx 
HccjieflOBaHHHX y/iejifliOT Oojibmoe BHHMaHHe h3mchc 
HHHM HHT6HCHBHOCTH TpaHCHHpailHH B 33BHCHMOCTII 
OT BHeiJUHHX yCJIOBHH. «AMHJIHTyAy» HHT6HCHBHOCTII 
TpaHcnnpaiiHH pacTeHHH b OTBeT na BnemHee BO3Aefi- 
CTBHe paccMaTpHBaiOT KaK npH3HaK, xapaKTepnayio- 
HIHH nOABHXHOCTb HJIH yCTOHHHBOCTb BOAHOTO pe>KH- 
Ma pacTetiHH, t. e. ero chocoShoctb aAanTHpoBaTbca 
K H3MeneHHHM yCAOBHH CpeAbl. FIo HHT6HCHBHOCTH 
TpaHCHHpau,HH ne BcerAa bmhbahiotch neTKHe pasjni- 
uhh MexAy SKOJiorHHecKHMH rpynnaMH pacTeHHfi, 
CKOpee MOJKHO TOBOpiITb 0 TeHACHUHH THrpO(j)HTOB 
K MeHbinefi hht6hchbhocth TpancnHpaiiHH, no cpaB- 
HeilHIO c M63O(J)HTaMH, yHHTHBaSI npH 3T0M yCJIOBHH 
cpeAbi.

y pa3HbIX paCTeilHH B pa3JIHHHbIX COOTHOHI6HHHX 
HaxoAHTca npopeccbi nocTynjieHHH h pacxoAOBanHH 
BOAbl, pa3HOCTb KOTOpblX onpeAeAHeT oodHbiu 6aAauc 
pacTeHHH. KootpcpunueHTOM Bodnoeo 6aAUHca na3bi- 
BaeTCH OTHOHieHHe KOAHHeCTBa HOTepHHHOfi BOAbl 
K KOAHqecTBy norjioiueHHofi BOAbi 3a onpeAeAenHoe 
BpeMH. B CAynae corAacoBaHHH norAomeHHH, nepe- 
ABlGKenHH H HOTepH BOAbl BOAHblfi 6aA3HC 6yAeT 
ypaBHOBemeHHbiM. KaK npaBHAO, BOAHbifi 6aAanc no- 
ctohhho KOAe6AeicH. FIoAAeptKaHHe 6aAanca MeiKAy 
HOCTynAeHHeM h pacxoAOBaHHeM boabi Ha onpeAe- 
AeHHOM ypoBne AOCTiiraeTCH nyTeM peryAHpoBaHHH 
KaK norjioineHHH, Tai< h ncnapeHHH ee.

Hejib padoTbi: cpaBHeHHe HiiTeHCHBHOCTH Tpauc- 
HHpailHH pa3HOBO3paCTHbIX AHCTbCB OAHOrO paCTCHHH 
HAH OAHOBO3paCTHbIX AHCTbCB paCTCHHH, HaXOAHIIIHX- 
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Cfl B pa3HbiX yCJIOBHHX BOAOCHad>KeHHfl HAH npn pa3- 
jihhhom ocBemeHHH, TeMnepaType, abhjkchhh BO3Ay- 
xa, a TaKx<e H3yueHHe ctpochhh h BbmncjienHe njio- 
ma,HH ycTbiiHHoro annapaTa y pasiibix pacTeiiHfi.

Onbir 1
OnpedejieHue uhtchcubhoctu TpaHcnupatpiu
, npu noMOtqu TpaucnupoMeTpoe

Kojihhcctbo boaahofo napa, HcnapneMoro pacTe- 
HHeM, mokho onpeAejiHTb npH noMoiHH TpancnHpo- 
MeTpoB (pnc. 26). TpaHcnnpoMeTp EBTymeHKO—

Phc. 26. TpaHcnnpoMeTp b pacKpbiTOM bii;ic (a) n saKpen- 
jieHHHH na jiHCTe (6)

IIlnOTa COCTOHT H3 AByX 060HM C XAOpKo6aAbTOBOH 
6yMaroft, CKpenAeHiibix npyjKHHHiijHM 3a>KiiMOM. 
XAopKo6aAbTOBan 6yMara — 3to (JiHAbTpOBaAbHafl 
6yMara, nponHTaHHan 30%-hmm pacTBopoM CoCl2 
h 3aTeM BbicynieHHan. Cyxan 6yMara HMeeT chhioio 
OKpacKy; npH yBAa>KHeHHH C0CI2 o6pasyeT KpHCTaA- 
AorHApaT, h ii,BeT 6yMarn H3MeHHeTCH na poaoBbifi. 
Macca 6yMarH npn stom yBeAHHHBaeTCA 3a cieT no- 
rAomeHHH BOAbi. Me>KAy onbiTaMH TpaHcnnpoMeTpbi 
xpaiiHT b SKCHKaTope c FHrpocKonHHecKHM BemecT- 
bom, hto6h 6yMara ocraBaAacb b cyxoM coctohhhh. 
MeTOA MOJKHO HCnOAb3OBaTb B HOACBblX yCAOBHHX.

O6T>eKT uccAedoBaHUH'. pacTenHH npHMyAbi, rop- 
T6H3HH, AaHTailbl, TpaAOCKaHHHH.

Xod pa6orbi. BbiHHMaioT TpancnHpoMeTp H3 3kch- 
KaTopa h B3BeiiiHBaiOT ero na topshohhmx Becax. 3a- 
KpenAHioT ero iia ahctoboh nAacTHHKe TaK, hto6m 
oAna o6oiiMa 6biAa haotho npHHiaTa 6yMaroii k Bepx- 
Hefi cTopoHe AHCTa, a BTopaa — k HHxnefi. Otmc- 
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tjatoT BpBMH Hanajia ont>rra. Ha oaho pacTemic ■ i< 
AyeT nocTaBHTb He Menee Tpex TpaHcnHpoMeTpon

Korxa SyMara c k3koh-jih6o ctopohbi jihctb itmn 
hct poaoBeTb, TpancnHpoMeTp chhmbiot c jihctj ii 
CHOBa B3BeniHBaioT. OTMenaiOT BpeMH OKOii'iamiH 
OHblTa H paCCHHTblBaiOT AJIHTCJIbHOCTb 3KCHO3HIIIIII, 
yBejiHHeHHe Maccbi TpaHcnnpoMeTpa yKa3biBacr nn 
KOJiHHecTBO norjiomeHHoro SyMarofi BOAHHoro uapn, 
OnpenejisiioT njioma/ib otbcpcthh b oSofiMe, t. e. 6y« 
Marn, norjioTHBmefi Bony (yiHTbiBaTb noBepxnocii. 
AByX oSofiM!). PaCCHHTblBaiOT HHTOHCHBHOCTb TpIIIIC 
nHpaiXHH B r/AM2’T HJIH b mt/cm2-1!.

OipopMJieHue pa6orbi. PesyjibTaTbi npeACTaBJismn 
b BHAe TaSjiHUbi (TaSji. 17). IloApofiHO oc[)opMJieiiiH’ 
3aAaiH cm. c. 13.

Ta6jimia 17
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OnbiT 2
OnpedeAeHue uucAa ycTbuu, u noeepxHocTU 

ycTbUHHbtx tyeAett Ha eduHuyy nAouifldu auctu

O6T>eKT uccAedoeaHun-. jihcthh TpaAecKaHH.Hn, 
3e6pHHbi, ceTKpesHH, nnionia, acnHAHCTpbi, kjihbhh 
h Apyrnx pacTeHHfi pasnbix aKOJiorHHecKHx rpynn.

Xod pa6oTbi. CpeaaiOT c HiijKHefi noBepxnocTii 
AHCTa anHAepMHc, noMemaioT cpe3 b Kannio boabi h 
paccMaTpHBaiOT noA MHKpocKonoM npH yBejiHHenHii 
o6-beKTHBa 40 X. Ecjiii anHAepMHC CHHMaeTCH hjioxo 
(y acnHAHCTpbi, KyKypy3bi h np.), mojkho nojiyHHTb 
OTnenaTKH snHAepMHca mctoaom FIojiaqqH. JJjih bto- 
ro na hhjkhioio noBepxHOCTb AHCTa HanocHT najioq- 
KOfi TOHKHfi M33OK KOJIJIOAHH. BblCTpO 3aCTbIBaS, 
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KOAAOAnfi oSpaayeT njieiiKy, na KOTOpoii OTneuaTbt- 
BaeTcn noBepxHocTh anHflepMHca c ycTbHuaMH. Ky- 
coneK njieHKH noMemaiOT b Kanjno boabi h paccMaT- 
pHBaiOT noA MHKpOCKOnOM.

nOACHHTaTb HHCJIO yCTBHU, B 5 HOJI51X 3peHHH HpH 
SoAbiuoM yBeAHnenHH h paccHHTaTb cpeAHee hhcao 
yCTbHII. HafiTH OTKpblTbie yCTbHIia H H3MepHTb OKy- 
AHpHHM MHKpOMCTpOM AJIHHy H IHHpHHy yCTbHHHOH 
HjeAH AAH 5 yCTbllH,. npH nOMOLHH oS'beKTHBHOTO 
MHKpoMeTpa onpeAejinioT npH SojibinoM yBeAmiemm 
AHaMeTp nojm speiiHH H ueny AeAemm OKyjiHpHoro 
MHKpoMeTpa. PaccHHTbiBaioT njiomaAb hoah apenHH, 
njiomaAb oahoh ycTbnmioft mejiH h oSmyio Hcnapmo- 
myio noBepxHOCTb Bcex ycTbHii, b nojie 3peHHH. Yhh- 
TblBaS, lITO (JlOpMa yCTbHHHOft IH,eAH 6AHJKe K pOM6y, 
neM k npHMoyroAbHHKy, nyjKHO BBecTH npn pacneTe 
KoacJxjmHHeHT 0,7.

HcnoAbsya noAyqeHHbie AanHbie, paccnHTbiBaior 
KOAHHeCTBO yCTbHIX H3 eAHHHIiy HAOmaAH AHCTa H 
nAOHjaAb ycTbHHHbix meAeft b npopeHTax ot HAoma- 
AH AHCTa. OnpeAeAemm npoBOAAT ajih AByx pacTe- 
HHfi; JKCAaTeAbHO CpaBHHTb CTpOeHHe H OTHOCHTeAB- 
nyio noBepxHocTb ycTbHii, y pacTenHft paanbix skoao- 
rnnecKHX rpynn.

OtyopMJieHue pa6oTbt. PeayAbTaTbi npeACTaBAHiot 
b BiiAe Ta6AHH,bi (Ta6A. 18). FIoaPo6ho oijiopMAeHHe 
pa6oTbi cm. c. 13.

T aSjinua 18

CxeMa sanucu peayAbtnamoB
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P a 3 n e ji VI

POCT H PA3BWTHE PAC'TEHHH

npoueccbi pocra h pasBHTHs pacTeHHS othocatch k 
HHCJiy Ba>KHeHLUHX npOHBJieHHH HX >KH3HeAe5ITejIbHO- 
CTH. HBJieilHSI pOCTa H pa3BHTHH H6 OAHO3HaHHbI, OHH 
npeACTaBJIHIOT CO6oH ABe B33HMOCB5I3aHHbie CTOpOHbl 
eAMHoro npoiiecca >kh3hh.

PaccMaTpHBaTb pocT KaK npocToe ysejiHHeHHe 
Maccbi h pa3MepoB opraHiisMa ohihSohho. B TaKOM 
onpeAejieiiHH ne OTpajKeHbi cjio>KHbie npopeccbi 06- 
Mena BeipecTB, HOB0o6pa3OBaHHH ajieMeHTOB cTpyK- 
Typbi KjieTOK, opranoB, opraHH3Ma, bjihhioiuhx na 
yBejiHqeHHe Maccbi h pasMepoB. B HacTOsmjee BpeMH 
cymecTByeT o6menpHH5iToe noH5iTHe pocTa. Poct — 
sto npopecc HOBOo6pa3OBanH5i BAeMeHTOB cTpyKTy- 
pbl, COHpOBOTKAaiOIIXBHCH yBejIHHeHHeM KOJIHHeCTBeH- 
hbix h KanecTBeHHbix noKasaTeAeft, o6ycAOBAeHHbix 
AOMHiiHpoBaHHeM npopecca cHHTesa naA pacnaAOM. 
PaaeuTue — KauecTBeHHbie H3MeneHH5i o6Mena Be- 
ipecTB, npHBOA5Hu.Me k hobmm (|)0PMaM pocTa. ripo- 
n,eccbi pocTa h pa3BHTH5i nepaspbiBHO CB5i3aHbi Me«<Ay 
co6oft.

HaH6oAee o6m,eft saKOHOMepnocTbio pocTa, npn- 
cymeft BceM jkhbbim opranH3MaM, 5iBA5ieTC5i ero pHT- 
MHHHOCTb. COTAaCHO npeACTaBACHHIO O «60AbIH0M 
nepHOAe pocTa», OTAeAbHbift opran hah ero yuacTOK 
CHauaAa pacTyT MeAAeHHO, saTeM hx pocT ycKopsieT- 
ch, AocTHraeT MaKCHMaAbnoft bcahhhhh, nocAe uero 
nocTeneHHO saMeAAneTcii. O6niHpHbift sKcnepHMen- 
TaAbiibift MaTepnaA CBHAeTejibCTByeT o tom, hto phtm 
pocTa saBHCHT ot BHyTpeHHHx npHHHH, ot xapaKTepa 
o6Mena BemecTB, xota mojkct H3Men5iTbC5i h noA 
BAH5IHHeM BHCUIHHX (JiaKTOpOB.

PaccMaTpHBaii pocT OTAeAbHbix KAeTOK, onpeAe- 
a5hoih,hh yBeAHueiiHe pasMepa h MaccH oprana, Heo6- 
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xo/ihmo paajiHqaTb Tpn cj)a3M (hjih TpH 3Tana) po- 
rra: 3M6pnonajibHyio, pacTAXieHHH h AHijxJiepeHUH- 
poBKii. 3th STanbi pocTa pasjiHnaiOTCH no nanpaB- 
jiciihoctii npoueccoB oSMena BemecTB, no CKOpocTii 
yBCJiii'ieiiiiH o6"beMa kjibtok, no hx fotobhocth k bbi- 
iiojnieiiHio cneuiicjiHnecKHx ^yHKUHH b opraHH3Me.

B pejioM pacTeniiH hctko peryjinpyioTCH nocjieAo- 
BaTejIbHOCTb H 33K0H0MepH0CTH HpOTeKaHHH TCX HJIH 
HHbix npoiieccoB. B nepByio onepeAb HanpaBAenHe, 
a TaK>Ke xapaKTep pocTa n pa3BHTHn pacTeHHH 33bh- 
CHT, KOHCHHO, OT HOTeHHHajIbHblX BO3MOJKHOCT6H Op- 
raHH3Ma, 3aAo>KeHHbix b hx reHOMe. Oah3ko peajin- 
3aiJHH 3THX BO3MOJKHOCT6H 06yCJI0BJieiia pHAOM (jiaK- 
TopoB, peryjiHpyiomee AeficTBHe KOTopbix mojkct 
iiponBJiHTbCH no-pa3HOMy: BO-nepBbix, — nepe3 yn- 
paBACHHe CHHTe3OM (jjepMCHTOB (TpaHCKpHHHHH, 
TpaHCAHHHH, pa6oTa ph6ocomhoto annapaTa), bo- 
BTOpbix, — nepes peryAHUHio 3kthbhocth (JiepMeHTOB 
(b ochobhom 3a cneT aAAOCTepHnecKoro achctbhh) , 
B-TpeTbHX, — H3M6H5IH CBOHCTBa H.HTOHAa3MaTHHe- 
ckhx MeM6pan. CTporan Koonepan,HH AesrrenbHOCTH 
Bcex opranoB uenoro pacTeHHH AocTHraeTca naAH- 
HHeM pa3AHHHbIX CHCTCM peryAHpOBaHHH, K KOTOpblM 
OTHOCHTCH H (jjHTOTOpMOHbl.

FIo onpeAeAeHHio X A. Ca^HHHHa, k (JiHToropMO- 
HaM othocatch BeiijecTBa, o6AaAaioiii.He cnoco6no- 
CTbK) B He60AbHIHX KOAHHeCTBaX BbI3bIBaTb (|)H3H0A0- 
THnecKHe npoijeccbi, npoTeKaioniHe na ochobc (f)H3H- 
HeCKHX H XHMHHeCKHX H3MeHeHHH; ABASIIOmHeCfl npo- 
AyKTaMH o6Mena BeinecTB opraHH3Ma; AeficTByiomHe 
b Hiibix nacTAx opraHH3Ma, homhmo Tex, r^e ohh bhi- 
pa6aTbiBaioTCH.

MnoroHHCAeHHbie SKcnepHMeHTaAbHbie AanHbie 
CBHAeTCAbCTByiOT O TOM, HTO (JlHTOTOpMOHbl BAHHIOT 
na Bce CTopoHbi MeTa6oAH3Ma pacTenHH, OAHaKO aah 
HOpMaAbHOH JKH31ieAe5ITeAbHOCTH nOCAeAHHX neo6xo- 
Ahmo KOonepaTHBHoe AeficTBHe Bcex 4)htofopmohob 
b onpeAeAenHbix KOHn.eHTpaH.HAx.

MnoroHHCAeHHbie npoHBAenHH pocTa pacTetiHH 
H6Ab3H paCCMHTpHBaTb B OTpblBe OT HX C00TB6TCTBHH 
onpeAeAeHHOMy nepnoAy HHAHBHAyaAbnoro pasBHTHn, 
HAH >KH3HeHHOrO UHKA3 paCTCHHH. B 33BHCHM0CTH 
ot Bbi6paiiHbix KpHTepneB OHTorenes pacTeHHH moik- 
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iio pacqjiennTb na BereTaTHBHbifi h penpoayKTHBHbiH 
nepHOAM, na BO3pacTHbie nepnoAbi, cjieHOJiorHHecKHe 
4>a3bi, 3Tanbi opraHorenesa n t. a. HepexoA pacTe- 
hhh H3 oAHoro KanecTBeHHoro COCTOHHHH B Apyroe 
xapaKTepH3yeTca ne TOJibKo H3MeHenHeM ijiopMbi, ho 
B nepByio ouepeAb KopeHHbiMH HSMeneHHHMH xapaK- 
Tepa oSMena BemecTB. PeryAHpyiomee AeficTBHe 
BneniHHx BO3AeftcTBHft nponBAneTca b saAepiKKe hjih 
;k6 ycKopeHHH npoxoiKAeHHa OTAejibHbix STanoB pa3- 
BHTHH. IlpHpOAa pepenTOpOB, BOCnpHHHMaiOniHX CHT- 
naji BHeniHeii cpeAti, h MexaHH3M OTBeTHbix peaKUHH 
npHBJieKaiOT BHHMaHHC 4)H3HOAOrOB Ha npOTHJKeHHII 
MHOFHX AeCHTHAeTHH. YcTaHOBAeHa Ba>KHaH pOAb 
4>HTOxpOMHoii cHCTeMbi pacTeHHH b ^^OTonepKOAH'ie- 
CKoft peaKUHH h peAOM pnAe MeTaSoAHuecKHx npo- 
peccoB.

3 a a a i a 1
OCHOBHblE 3AKOHOMEPHOCTH POCTA 
PACTEHHH

RuHaMUKa pocToeozo nponecca. Ecah OTAOJKHTb na 
rpa^HKe AorapH^iM pasMepa pacTenHH khk 4>yHKH.Hio 
BpeMenH, to pocT pacTeHHH (ero oprana, tk3hh) 
SyAeT BblpaiKeH B BHAe CHTMOHAHOft HAH S-o6pa3HOft 
KpiiBoft pocTa (pnc. 27). 06m,Hft xapaKTep KpHBbix
pocTa 6ma ycTaHOBAen b kohh.6 
K). CaKCOM, HTO ^^KTHneCKH
ABHAOCb OAHHM H3 HaH^OAee 
KpynHbix o6o6njeHHft, hmcioihhx 
o6me6HOAOTHqecKoe 3HaneHHe. 
B CBH3H C yHHBepCaAbHOCTbK) 
S-o6pa3HOft KpHBOfi pOCTa 6bIAO 
33KOHOMepHO CTpeMACHHe MHO- 
FHX HCCAeAOBaTeAefi Bbipa3HTb 
npopecc pocTa b MaTeMaTHae- 
ckhx Bha npeAAO-
>KeH pnA 4>°pMyA (Po6epTco- 
hom, BAeKManoM, Fckcah HAp.), 
KOTopbiMH 6oAee hah MeHee 
yAanHO onncbiBaioTCH OTAeAb- 
Hbie yqacTKH KpHBoft pocTa. 

npoinAoro Bena

Pnc. 27. CHrMOHAHaa 
KpHBaa pocTa: 1 — jiar- 
nepHOA, 2 — jiorapHij)- 
MHHecKaH ;(j)a3a, 3 — 
3aMe,zuieHHbiH pocT, 
4 —CTaHHOHapnoe co- 

CTOHHHe
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„ Pa3JIH‘,aTE TP» 4>a3bi (hjih Tpn STailll) pll I 
nonvJ ^PHOHa,71bHyI0’ PaCTH>KeHH5I II AH^epi'ln .1^TH 3TanH POCTa pasjiHqaiOTCH no naiip.m 1 

vRPniTuI11 nP°Hecc0B °6MeHa BemecTB, no cK()p>'> m
HHH °6’BeMa KJieTOK, no HX TOTOBHOCTH I' ""

• chiiio cneuHijiHHecKHx (JiyHKHHii b opraHH3Mc
RflTPnv 0M paCTeHHH hctko peryjiHpyioTcfl nocJivi>> 
,,,,,, . H0CTb H 3aKOHOMepHOCTH npOTCKaHHH TCX II III 
a TntwoP°HeCC0B' ® nepByio oqepeflb HanpaBJieiiin 
„„„ T-A XapaKTeP POCTa H pa3BHTHH paCTCHHH 331111 
rn ’ HetlH0’ 0T nOTeHIIHajIbHBIX B03MO>KHOCTeii op

f’ 3ajI0>KeHHfaIX B HX TeilOMe. O^HaKO pC.'l.lll 
Tonnn BO3MO>KHOcTeH ofiycjIOBJieHa pflJJOM <|>.i 
n P ’ P^y^PyKWee aeHCTBHe KOTOptlX MO/KCI 
DaBnpnnl^51 n°’pa3H0My: BO-nepBBIX, — qepe3 J H 
Tnan,. CHHTesOM (jiepMeilTOB (TpaHCKpHIIHH'i. 
BTomiY PHa’ pa^0Ta PhSocomhofo annapaTa), no 
/ p ’ nepes peryjiHHHio aKTiiBHOCTH (jiepMeiiToii 
B.TnpCH0BHOM 3a CHeT ajIJI°cTepHqecKoro fleHcTBiim 
CKI V H3M^H5!51 CBOHCTBa HHTOnjia3MaTIIi|<
rcpy nnrM6paH’ CTP°raH KoonepaiiHH jieHTejibHoc i n 
„ praH0B PeJioro pacTeniiH jjoCTiiraeTCH Hajni 
nT„„„ Pa3JIHlIHfaIX CHCTCM peryjIHpOBaHHH, K KOTOpblM 
OTHOCHTCH H (pHTOTOpMOHbl.
„ ° onpe'ZtejieHino H. A. CaSiiHHHa, k (jiHToropMo
ctria HOC?TCH BemecTBa, oSjiajjaiomHe cnocoflno 
riiun/rv, He°0JIbIHHX KO-aHHeCTBaX Bbl3bIB3Tb d)H3HOJl(> npri nv n npoueccbi, npoTeKaiomHe na ochobc <j>ii3ii 

nvuTo»., XHMHHeCKHx H3MeneHHH; HBJimomnecH npo 
R^nvrv 1 o6MeHa BemecTB opraHH3Ma; neHCTByiomiir 
pafiaTbiBaro^TCH. °PraHH3Ma’ H0MHM0 Tex’ T*e 0HH BH' 

cRw^T2nu'IHCJIeHHbIe 9KcnePHMenTaJifaHbie xaiiHbic 
na RCA bCTByi0T 0 T0M, HTO (JiHToropMOHbi BJIHHIOI 
nnnun CTOpoHbI MeTad0JiH3Ma pacTennii, onnaKO AJih 
miMA >/nH0H >KH3He^e5!Te^ifanocTii nocJieAHiix neofixo 
R nnnOn°0nePaTHBH0e ^HCTBHe BCeX (jHITOTOpMOHOII 

B onpeuejieHHbix KOHueHTpapHHx.UOnC,H°r0tIHCJieHHWe npoHBJieHHH pocTa pacreHiiii 
nnnnnZnaaCCMaTP11BaTb B 0TPfa!Be °T HX COOTBeTCTBIIH 
II n I ™H™H0My HepHW HHAHBHAyajIbHOTO paSBHTHM, 
OT n3HeHHOr° HHKJIa PaCTeHHH. B 3aBHCIiMOCTII 

paHHbix KpiiTepneB OHToreHea pacTeHiia mojk- 
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y hhx npoHcxoAHT eme b Hiojie, xoth no noro/iHbiM 
ycjiOBHHM 3tot Mecnii iianSojiee 6jiaronpHHTeH ajim 
pocTa. FIo ero mhchhio, npHHHna phtmhhhocth pocto- 
BblX npOHeCCOB COCTOHT B HCCOOTBeTCTBHH CKOpOCTeft 
CHHTeaa ?KH3HeHH0 BajKHbix BemecTB bo BpeMH pocTa, 
B HaCTHOCTH OHa 33BHCHT OT ypOBHH HyKJieHHOBblX 
khcjiot b MepncTeMe tohck pocTa.

HajIHHHe AJIHTeJIbHblX nepHOAOB OTCyTCTBHH BHAH- 
moto pocTa npHBejio (jiH3HOJioroB k BbiBoay o cyme- 
CTBOB3HHH COCTOHHHH HOKOH HOSeTOB MHOTOJieTHHX II 
ceMHH OAHOJieTHHx pacTennfi. Taxan npHOCTanoBKa 
pocTa y pacTenHft cpeAHeft hojiocbi ceBepnoro nojiy- 
uiapHH coBnajiaeT c HacTynjieHHeM oceHHe-3HMHero 
nepHOAa. Bo BpeMH hokom npoHcxoAHT 3HaqHTejibHbie 
6H0XHMHHeCKHe H CTpyKTypHbie H3MeH6HHH B TOHKaX 
pocTa, oSecneuHBaiomHe AajibHefiniHft HHTeHciiBHbift 
POCT.

Llejib padoTbL'. HccjieAOBaTb AHHaMHKy pocra Ape- 
BecHoro pacTeHHn (tohojih).

O6T>eKT uccAedoBaHUfi: oaho- hjih AByxAeTHHft 
no6er ApeBecHoro pacTeHim (tohoam).

Xod pa6oTbL. npn HccAeAOBaHHii AHHaMHKH po- 
ctoboto npou,ecca cTpoaT rpaijiHK 33bhchmocth yBe- 
JIHH6HHH AJIHHbl CTe6jIH ot HOMepa y3Jia (hohkh). 
Ha nojiyneHHoft KpHBoft pocTa OTMeuaiOT ee ochob- 
Hbie 3AeM6HTbI. A-UH AeMOHCTpaiJHH pHTMHHHOCTH 
pocTa Heo6xoAHMO nocTpOHTb rpaijiHK H3MeneHHH 
AJiHHbi Me>KAoy3JiHfi ot HHJKHero KOHiia no6era 
k BepxHeMy. HsMepenHH ajihhm ct66ah ot ochob3hhh 
ao onpeAejieHHoro y3Jia hjih BejiHHHHbi MeiKAoyajiHH 
npOH3BOAHT JIHHeftKOft HJIH MHJIJIHMeTpOBOft 6yM3FOft. 
npH H3MepeHHH CTe6jIH Ba>KHO He ynyCTHTb H3 BHH- 
M3HHH C^JIHJKeHHbie y3JIbI C Hepa3BHBIHHMHCH nOHKa- 
mh y ocHOBaHHH h Ha BepxyuiKe no6era.

OcfropMJieHue pa6orbL. PesyjibTaTbi H3MepeHHft 
ocjiopMHTb b BHAe rpatjiHKa H CAejiaTb BblBOAbl. no- 
Apo6Hyio 3anHCb saAaun cm, c. 13,



3 a a a h a 2

M3yHEHHE BJIMflHMfl POCTOBblX 
BEHJECTB HA POCT KOJIEOMTHJIEM 
3JIAKOB

B (j)opMHpoBaHHH pacTeHHH ynacTByiOT TOHKHe Mexa- 
HH3MBI peryjIHUHH H KOOpAHHapHH ACHTejIbHOCTH pa3- 
jihhhbix opranoB h KJieTOK opraHH3Ma. ZIjih ocymecT- 
BJieHHH KOOpAHHapHH B paCTeHHHX MOryT HCHOJIb3O- 
BaTbCH ABa ™na MexanH3M0B: cncTeMbi xhmhhcckhx 
«HOCbIJIbHbIX», HanpaBJIHK)III,HX aKTHBHOCTb KJI6TOK H, 
TaKHM 06pa30M, BblHyjKAaiOmHX HX BblHOJIHHTb Te 
HJIII HHbie Heo6xOAHMbie (JiyHKHHH, H CHCTCMbl (j)H3H- 
necKHx nojieii. K nepBOMy mny othochtch pacTHTejib- 
Hbie TOpMOHbl, KO BTOpOMy —- 3JieKTpHHeCKHe H Me- 
Ta6ojiHnecKHe rpaAHeHTH AaBjieHHH h rasoo6MeHa. 
FIpOAyKTOM ACHTejIbHOCTH BC6X 3THX CHCTCM HBJIH6T- 
CH CJIOJKHblH paCTHTCJIbHblH OpraHH3M.

XHMHaecKHe BenjecTBa, KOTOpbie MoryT ynacTBo- 
BaTb b ynpaBjieHHH poctom, nasbiBaiOTCH peryjiHTO- 
paMH pocTa. <t>H3HOJiorH pacTeHHft pasjiHnaiOT neTbi- 
pe THna thkhx peryjiHTOpOB: ayKCHHbi, TH66epejuiH- 
Hbl, HHTOKHHHHbl H HHTH^HTOpbl. PaCCMOTpHM (j)H3HO- 
jiorHqecKyio pojib oahoh rpynnbi sthx BemecTB — 
ayKCHHOB.

OTKpblTHIO ayKCHHOB CnOCO^CTBOBaAH OHblTbl, 
iiejib KOTopbix 6buia b H3yneHHH oahoto H3 Koppejin- 
HHOHHblX 3(j)4)eKTOB, a HM6HH0 — (|)OTOTpOnH3Ma. 
4. X(apBHH nanieA (1897 r.), hto 4)OTOTponHHecKafl 
peaKHHfl KOjieonTHjiH 3JiaKa 33bhcht ot BepxymKH 
KOJieOHTHJIfl, B KOTOpOM, KaK o6Hapy>KHA BeHT 
(1928 r.), HMeeTcfl neKOTopoe BemecTBO, peryjinpyio- 
mee pocT, — ayKCHH. KeHJib h Ap. (1934) noKasaji, 
HTO ayKCHH HBJIHeTCH P-HHAOJIHJiyKCyCHOH KHCJIOTOH 
(p-HYK, hah npocTO KYK). Hhcjio xhmhhcckhx 
Beni.ecTB, o6jiaAaioiiiHx cnoco^HocTbio cTHMyjinpoBaTb 
pocT no THny HYK, BecbMa bcjihko. 3to coeAHHeHHH 
rpynnbi HHAOJia, naijiTHjibHbie npoH3BOAHbie, (jieHO- 
KCHCOeAHHeHHH H 6eH3O3TbI. OAH3KO KOppeAflHHOH- 
Hbiii 3(j)4)eKT, noAo6Hbiii stj^eKTy ayKcnna, Bbi3bi- 
BaeTCfl 3HanHTejibHO MenbniHM hhcjiom BemecTB, TaK 
KaK oneHb HeMHorae cHHTeTHHecKHe peryjiflTopbi po- 
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CTa cnoco0Hbi k n0AHpH30BaHH0My nepeABH>KeHHio no 
paCTHTeJIbHBIM TK3HHM.

FlepBbiMH Ha#e>KHbiMH 6H0MeT0£aMH onpeAejieHHH 
ayKCHHOB, HpHMeHHeMblMH H B HaHIH AHH, HBAHIOTCH 
HayqeHHe peaKHHH H3rn6a (npH OAHOCTOpoHHeii 06- 
pa6oTKe) hjih HccAeAOBanHe aohctbhh Ha npHMOH 
pocT (npH norpyjKeiiHH b pacTBop peryAHTopa po- 
cTa) KOAeonTHAeii. B HacTonmee BpeMH tcct Ha bbi- 
TAFHBaHHe B AJIHHy B COHeTaHHH C MeTOAOM XpOMa- 
TorpaijiHH na 6yMare hosboahct HsynaTb npnpoAy 
H AOKaAH3aiXHIO 3HA0reHHbIX ayKCHHOB.

VBeAHHeHHe KOHH,eHTpan,HH ayKCHHa Bbime hcko- 
TOpOH OHTHMaAbHOH npHBOAHT K O^paTHOMy 3(jK|)eK- 
Ty — pe3KOMy saMeAAeHHio pocTa. AyKCHHH HrpaioT 
CymeCTBeHHyK) pOAb B pa3AHHHbIX KOppeAHHHOHHblX 
acjicjieKTax, nanpHMep TponH3Max. C hhmh ace cbh- 
33HO H HBAeHHe aHHKaAbHOFO AOMHHHpOBaHHH, 
onaAenHH AHCTbeB, AHtjiijiepeimHpoBKa opraHOB h 
TKaneii.

B BbicniHx pacTeHHHx ayKCHH o6biHHO o6pasyeT- 
ch B MepHCTeMax h pacTyiHHX TKansix. KAaccHnecKHM 
HpHMepOM MOJKeT CAyiKHTb CHHT63 3T0T0 TOpMOHa 
B BepxyHIKe KOACOHTHAH 3AaKOB. AyKCHH O^AaAaeT 
cnoco6HOCTbK> HOAHpHO nepeABHraTbCH no MHOTHM 
paCTHTCAbHblM TK3HHM, H B CHAy STOFO OH 0K33bI- 
BaeT 4>H3HOAOrHHeCKOe BAHHHH6 Ha 3OHbI, pacnOAO- 
xeHHbie na 3HanHTeAbHOM paccTOHHHH ot MecT ero 
o6pa3OB3HHH. PacTeHHH nacTo noAynaioT ayKCHH ot 
cbohx napa3HTOB hah ot chm6hohtob, HanpHMep, 
o6pa3OBaHHe KAy6enbKOB na kophhx 6o6obbix npo- 
hcxoaht hoa AeiicTBHeM ayKCHna, cHHTesnpyeMoro 
KAy6eHbKOBoii 6aKTepHeii.

IIocAe toto KaK noA AeiicTBHeM ropMOHa 3asep- 
IIIHTCH COOTBeTCTByiOmaH peaKIIHH, OpraHH3M AOA/KeH 
6bITb B COCTOHHHH T3K HAH HHaHe H36aBHTbCH OT 
Hero. PiYK, nanpHMep, mojkct hah bohth b cocthb 
pa3Horo poAa KOMnAeKCOB, hah 6biTb cBH3ana b on- 
peAeAeHHbix ynacTKax HHTonAa3Mbi, hah, naKOHeu, 
6biTb paapyineHa (j)ePMeHTaTHBH0- HYK o6pa3yeT 
KOMHACKCbl TpCX THHOB: C HCHTHAaMH (HHAOAHAaue- 
THAacnapTaT b Kopnnx ropoxa), c caxapaMH (o6pa- 
3yH FAHKO3HAbI C apa6HHO3OH H TAIOKO3OH B paCTC- 
hhhx KyKypyabi), c opTo^ieHOAaMH (nanpHMep c XAop- 
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reHOBofi khcjiotoh). CBH3biBaHHe HYK c HHTonjiaa 
MaTHuecKHMH CTpyKTypaMH HfleT, no-BHAHMOMy, ny 
tcm ee aAcop6u,iiH na noBepxnocTH uHTonjiasMaTHHe 
CKHX SejIKOB.

<t>epMeHTHbiii npenapaT, nojiyneHHbifi H3 pacTeHiiii 
H CnOCOdHblft K3TaAH3HpOBaTb OKHCJIHTejIbHblfi pac- 
naA HYK, nojiynHA Ha3BaHHe OKCHAasa HYK, xotii 
eAHHoro npeACTaBJieHHa o ero npnpoAe h MexaHH3Me 
AefiCTBHH BblpafiOTaHO He 6bIJIO. Oahh aBTOpbl chh- 
TaiOT, lITO (JiepMeHT COAepjKHT >KeJie3O H, BO3MOJKHO, 
npeACTaBjiaeT co6ofi nepoKCHAasy, Apyrne — 1ito sto 
MeAbCOAepjKaiunfi cjiepMenT. B pesyAbTaTe TinaTejib- 
hofo HCCJieAOBaHHH OKCHAasbi PIYK H3 ropoxa 6mjio 
HOKaaaHO, hto ona CBHsana c KocjiaKTopaMH AByx th- 
nOB — HOH3MII MapraHIja H cjieHOJIbHblMH COeAHHe- 
hiihmh. MapraHeu ynacTByeT b ocHOBnofi OKHCJiHTejib- 
iiofi CTyneHH (hohhi MapraHixa MoryT HenocpeACTBeH- 
HO OKHCJIHTb HVK c 06pa30B3HHeM CO2) , a cjieHOJIb- 
Hbie coeAHHeHHH HrpaioT pojib nepenocHHKOB sjick- 
TpoHOB npH peoKHCJieHHii Mn+2.

npOAyKTbl OKHCJieHHH ayKCHHa pa3HOo6pa3HbI. 
B npoijecce pasjioxceHHH ayKCHHa o6pa3yeTC5i pHA 
npOMOKyTOHHblX HpOAyKTOB, 'ITO 33TpyAH5ieT HX 
HAeHTHCjlHKaHHIO.

He TOJibKO o6pa3OBaHHe ropMona pocTa, ho h ero 
pa3Jio>KeHHe, nepeBOA b neaKTHBHyio cjiopMy nyTeM 
CBH3bIBaHHH, — 3T0 pbHiaTH TOHKOTO MeX3HH3Ma pe- 
ryjIHHHH pOCTa H pa3BHTHH paCTeHHH.

Cneu,u(puuecKue cbouctbu KOAeonruAeu saclkob 
KCLK o6T)BKTOB dAH U3yneHUA BAUHHUH pOCTOBblX se- 
mecTB. npn HsyneHHH pocTOBbix npon,eccoB npHHUH- 
nnajibHoe MeTOAHHecKoe SHaneHHe HMeeT Bbi6op o6i>- 
eKTa. JIjih 3Tofi nejin c ycnexoM MoryT 6biTb ncnojib- 
3OB3HbI KOJieOHTHJIH HpOpOCTKOB 3JiaKOB, TAC c|)a3bl 
pocTa KJieTOK neTKO paarpaHHneHbi bo BpeMeHH. FIpo- 
AOJixcHTejibHOCTb OAHofi h Tofi xce cjiasbi pocTa KJie- 
TOK y KOJieOHTHJiefi pa3JIHHHbIX 3JiaKOB pa3JIHHHa. 
y nmeHHijbi AejieHHe kjictok b KOJieonTHJiflx npoAOA- 
JKaeTCH 48 h, y oBca — 54 h, y KyKypy3bi — 72 h. 
HeoAHnaKOBa npoAOJi>KHTejibHOCTb h cj)a3bi «HHCToro» 
paCTHHCeHHH, KOTOpaH 33BHCHT OT yCJIOBHfi BblpailJH- 
BaHHH H COpTOBblX 0C06eHH0CTefi KyjIbTypbl. HoCJie 
npopblBa KOAeonTHJIH HaCTOHIIlHM JIHCTOM npOHCXOAHT 
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tipeKpaiueHiie pocTa b ajihhy h yBejinneHHe mhccm 
KOJieOHTHJIH.

I-l3BeCTHO, 11TO H3 CCMHH 3JI3KOB B KOJieOHTIIJIB 
inepexoAHT HpejunecTBeHHHK ropMona pocTa, KOToptifi 
jnepeMemaeTcn b BepxyiUKy KOJieonTHJin, h thm npo- 
hcxoaht npeBpaipeHHe npeAiiiecTBeHHHKa b AenTejib- 
Hblft POCTOBOH ropMOH (ayKCHH) . 3aTeM 3T0T TOpMOH 
pocTa pacnpocTpaHHeTca bhhs no KOJieonTHjiio. Ecjih 
OT/i,ejieHHbift ot ceMeHH KOJieonTHjib AeKanHTHpoBaTb, 
to KJieTKH, naxoAHiHHecn b (jiase pacTHxceiiHA, He b 
COCTOHHHH C3MH CHHT63HpOBaTb pOCTOBbie BemeCTBa. 
rioaTOMy H3OAHpOBaHHbie yqaCTKH KOACOHTHAH, KACT- 
kii KOTOporo HaxoAHTCH b oAHofi (jiase pocTa — pa- 
CTHIKeHHH, HBAHIOTCH XOpOIHHM 06a>CKTOM AAH H3y>ie- 
HHH BAHHHIIH 3K30I'eHHbIX TOpMOHOB pOCTa.

Uejlb padOTbt: HSyHHTb BAHHHHH pOCTOBHX 
BemecTB (pacTHteAbHbix h cHHTeTHnecKHx) Ha 
POCT B AJIHHy KOAeonTHAeft 3A3KOB HO MCTOAy BOflp- 
KHHa.

O6T>eKT uccjiedoBaHUn: KOAeonTHAH nnieiiHUbi, 
BbipameHHoft b TeMHOTe.

Xod pa6oTbt. OTSnpaioT KOAeonTHAH onpeAeAeH- 
hoto BospacTa, kabtkh KOTopbix npeKpaTHAH AeAe- 
Hne h nepeiHAH b (jiasy «hhctoto» pacTHXieHHH (aah- 
Hoft tie 6oAee 2,5—3,0 cm). 5—7 KOAeonTHAeft 3a>KH- 
MaiOT Mex<Ay yKasaTeAbHHM h 6oAbiiiHM naAbixaMH 
AeBOft pyKH, OCTaBIIB CBO6oAHbIMH BepXHHe KOHUbl, H, 
OTCTynHB 4 MM OT KOHHHKa, C nOMOIUblO AHHeftKH II 
6pHTBbi napeaaioT 0Tpe3KH aahhoA 5 mm. IlpH noMo- 
ih.h Tynoft CTeKAHHHoft naAOHKH (hah KanHAAHpa) 
BblTaAKHBaiOT H3 OTpe3KOB HepBHHHblft AHCT H3 HOAO- 
BHny ero aahhbi, a saTeM BHTacKHBaioT pyKaMH. Ho- 
Aynennbie TaKHM o6pa3OM noAbie uhahhaPhkh naHii- 
3bIBaiOT no 10 IHTyK Ha CTCKAHHHbie KaHHAAHpbl 
(AAHHoft 9—10 cm), a 3aTeM H3MepaioT o6myio aah- 
ny 10 cABHnyTbix BMecTe oTpe3KOB KOAeonTHAeft na 
Ka>KAOM KanHAAnpe. HTo6bi H36e>KaTb noACbixaHHH 
pacTHTeAbHoro MaTepnaAa, KanHAAapbi c OTpe3KaMii 
KOAeonTHAeft xpannT b ahcthaahpob3hhoh boag. 
3aTeM c noMombio nHHiieTa b AAHHHbie y3KHe ctbk- 
AHHHHe KioBeTbi (^aoaohkh^) noMemaiOT no ABa Ka- 
nHAAHpa B KaXiAyiO. XIaH OTAHqHH KanHAAHpOB Apyr 
ot Apyra na hx kohabi HaAeBaiOT MaAenbKne nAa- 
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renoBofi khcjiotoh). CBH3biBaHHe HYK c u,HTonjia.i 
MaTHHeCKHMH CTpyKTypaMH HACT, nO-BHAHMOMy, Iiy- 
TeM ee a.acop6iJ,HH na noBepxnocTH HHTonjiasMaTH'ie 
CKHX 6ejIKOB.

OepMeHTHHH npenapaT, nojiyqeHiibiH H3 pacTemiii 
h cnoco6Hbiii KaTajiH3HpoBaTb OKHCJiHTejibHbifi pac 
naA HYK, nojiyqnji Ha3BaHHe OKCHAaaa PIYK, xotsi 
eAHHoro npeacTaBJieHHH o ero npnpoAe h MexaHH3Me 
AefiCTBHH Bbipa6OT3HO H6 6bIJIO. OflHH aBTOpbl CHH 
TaiOT, HTO (jiepMeHT COAep>KHT >Kejie3O H, BO3MOJKHO, 
npeACTaBjiaeT co6ofi nepoKCHAasy, Apyrne — WO sto 
MeAbCOAepxamHfi (J)epMeHT. B pesyjibTaTe Tin,aTejib- 
hoto HccjieAOBaiiHH OKCiiAa3bi HYK «3 ropoxa 6mjio 
noKaaaHO, hto ona CBH3aHa c KO(j)aKTOpaMH AByx th- 
hob — HOHaMH MapraHiia h 4>enojibHbiMH coeAHHe- 
hhmmii. Mapraneix ynacTByeT b ocnoBHofi oKHCAHTeAb- 
hoh CTyneiiH (hohm MapraHya MoryT nenocpeACTBeH- 
HO OKHCAHTb nVK c 06pa30B3HHeM CO2) , a (jieHOJIb- 
Hbie COeAHHeHHH HrpaiOT pojlb nepeHOCHHKOB 3A6K- 
T-POHOB npH peOKHCJieHHH Mn+2.

ripOAyKTbl OKHCJieHHH ayKCHIia pa3H006pa3HM. 
B npopecce pa3AO>KeHH5i ayKCHHa o6pa3yeTcn p»A 
HpOMeJKyTOHHblX npOAyKTOB, HTO 33TpyAHJieT HX 
HAeilTHCjlHKaLlHIO.

He TOJibKO o6pa3OBaHHe ropMOHa pocTa, ho h ero 
pa3Jio>KeHHe, nepeBOA b neaKTHBHyio (JiopMy nyTeM 
CBH3bIBaHH5I, — 3TO pblHaFH TOHKOTO MeX3HH3Ma pe- 
ryAHHHH pOCTa H pa3BHTH5I paCTeHHH.

CneU'UtfniuecKiie cbouctbu KojieonTUjieti sacckob 
KO.K o6t>eKTOB dAH U3y<ieHU5l BAUHHUA pOCTOBblX 86- 
Ul^eCTB. npH H3yneHHH POCTOBMX HpOIieCCOB npHHIJH- 
nnaAbHoe MeTOAHnecKoe 3HaaeHHe HMeeT Bbi6op 061^- 
eKTa. Hah 3toh peAH c ycnexoM MoryT 6mtk ncnoAb- 
30B3HM KOAeOHTHAH HpOpOCTKOB 3AaKOB, FAC (j)a3M 
pocTa KAeTOK neTKO paarpaHHHeHbi bo BpeMenH. Ilpo- 
AOAJKHTeAbHocTb OAHofi h Tofi >Ke (jia3bi pocTa KAe- 
TOK y KOAeOHTHAefi pa3AHHHbIX 3AaKOB pa3AHHHa. 
y nmeHHiibi AeAeHHe kactok b KOAeonTHAHX npoAOA- 
HtaeTCH 48 q, y OBca — 54 q, y KyKypy3bi — 72 n. 
HeOAHHaKOBa npOAOAJKHTeAbHOCTb H <j)a3bl «HHCTOrO» 
paCTJIJKeHHH, KOTOpaH 3aBHCHT OT yCAOBHfi BbipamH- 
BaHHH h copTOBbix oco6eHHOCTefi KyAbTypbi. HocAe 
npopblBa KOAeOHTHAH HaCTOAIHHM AIICTOM npOHCXOAHT 
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tipeKpameHne pocia b AJinny n yBejinqeHiie Maccti 
KOJieOHTHJIH.

I43BCCTHO, HTO H3 C6M5IH 3JI3KOB B KOJieOHTHJlb 
inepexoAHT npeAwecTBeHHHK ropMona pocTa, KOTopbiii 
|nepeMemaeTCH b BepxyiiiKy KOJieonTiijiH, h thm npo- 
hcxoaht npeBpam,eHHe npeAmecTBeHHHKa b AeHTeAb- 

I Hblft pOCTOBOH TOpMOH (ayKCHH). 3aTCM 3TOT TOpMOH 
pocTa pacnpocTpaHneTcn bhhs no koacohthaio. Ecjih 
OT'AeAeHHblH OT CeMCHH KOAeOHTHAb ACKanHTHpOBaTb, 
to kactkh, HaxoAAmneca b i|)a3e pacTsuKeHHH, ne b 
COCTOHHHH C3MH CHHTe3HpOB3Tb pOCTOBbie Bem.eCTBa. 
IIoaTOMy H3OAHpOB3HHbie yqaCTKH KOAeOHTHAH, KACT- 
kh KOToporo HaxoAHTCH b oahoh (jiase pOCTa — pa- 
CTHJKCHHH, HBAHIOTCA XOpOLHHM o6T>eKTOM AAH H3yie- 
HHH BAHHHHH 3K3OI'eHHbIX TOpMOHOB pOCTa.

Uejlb pafiOTbr. H3yHHTb BAHHHHA pOCTOBMX 
BemeCTB (paCTHfeAbHMX H CHHTCTHHeCKHX) H3 
pocT b AJiHHy KOAeonTHAeii 3A3kob no MeTOAy Bosip- 
KHHa.

06-beKT uccjiedoBaHUTT. KOAeonTHAH nnieiiHiibi, 
BbipailieHHOH B TCMHOTe.

Xod pa6oTbi. OT6npaioT koacohthah onpeAeAen- 
hoto BO3pacTa, kactkh kotopmx npeKpaTHAH Aeae- 
HHe h nepemAH b (Jiaay «hhctoto» pacTHJKenHH (aah- 
hoh ne 6oAee 2,5—3,0 cm). 5—7 KOAeonTHAefi 3aiKH- 
MaioT MeiKAy yKasaTeAbHbiM h 6oAbinHM naAbpaMH 
A6B0H pyKH, OCT3BHB CBo6oAHbIMH BepXHHe KOHIIbl, H, 
OTCTynHB 4 MM OT KOHHHK3, C nOMOIHblO AHHCHKH H 
6pHTBbi napesaioT 0Tpe3KH aahhoh 5 mm. Ilpn noMo- 
IH.H TynOH CT6KAHHH0H naAOHKH (hah KanHAAiipa) 
BblTaAKHBaiOT H3 OTpe3KOB HepBHHHblH AHCT H3 HOAO- 
BHHy ero aahhbi, a 3aTeM BbrracKHBaioT pynaMH. Ilo- 
AyneHHbie TaKHM o6pa3OM noAbie h,hahhaphkh Hanii- 
3biBaioT no 10 niTyK na CTeKAHHiibie KanHAAapbi 
(aahhoh 9—10 cm), a 3aTeM H3MepnioT o6myio aah- 
Hy 10 cABHHyTbix BMecTe 0Tpe3K0B KOAeonTHAeii na 
Ka>KAOM KanHAAHpe. HtoObi H36e>KaTb noACbixaHHH 
pacTHTeAbHoro MaTepnaAa, KanHAAnpbi c OTpe3KaMH 
KOAeonTHAen xpaiiAT b ahcthaahpob3hhoh boac. 
3aTeM c noMoiii,bio HHHpeTa b aahhhbic y3KHe ctbk- 
AHHHbie KIOBeTbl («AOAOAKH») HOMemaiOT HO ABS K3- 
HHAAHpa B Ka»AyiO. JI,AH OTAHHHH KanHAAHpOB Apyr 
ot Apyra na hx kohubi HaAesaiOT MaAenbKHe nAa-

175



CTHJIHHOBbie IIiapHKH pa3HOTO HBCTa. B JIOAOHKIi 
npeABapHTejibHO HajiHBaiOT pacTBopbi (JiHToropMOHOB 
HyiKHOH KOHH,eHTpaHHH.

JlaHHbie paCTBOpbl TOTOBHT Ha (JjOClJiaTHO-UHTpa^- 
hom 6y(j)epe pH 5,0 c 1%-hoh caxapo3OH. JIoaohkh 
c njiaBaiomHMH b hhx KanHjuinpaMH noMemaiOT 
b TepMocTaT npn 25—28°. Hepea KaxKAbin qac b Te- 
neHHe 3 q iipoMepmoT AJinny 10 OTpe3KOB KOJieonTH- 
jieii (npnMO na KanHjuinpe), npeABapHTejibno hx 
CABHHyB.

Ta6jiHiia 19

Bjiumue pocmaKmueupyiou^ux seuificms Ha pocrn 
s tpase pacmmceHun

BapaaHT 
onbrra

JMb 
jio^ohck

AJiHna 10 KOJie- 
ODTHJieft, MM

npHpOCT B JJJIH- 
Hy 10 KOJieon- 

THJieft, MM

npHpOCT, % OT 
KOHTpOJlH

OfyopMJieHtie paGoTbt. PesyjibTaTbi sanocnT B Ta6- 
jiHiiy (Ta6ji. 19) h npeACTaBjiaioT b bhao oahoto H3 
AByx rpa(j)HKOB: 1 — yBejiHneHHe o6meii ajihhli ot- 
pesKOB KOJieonTHJieii b xoAe SKcnepHMeHTa (Anna- 
MHKa pocTa); 2 — BejiHHHHa npnpocTa OTpe3KOB 
KOJieonTHJieii 3a onpeAeJienHbie HHTepBajiH BpeMenH 
(pHTMHHHOCTb pOCTa).

Cxeua onbima

I BapWaHT — 1) * KOHTpOJIb II BapHailT — 1 )2KOHTpOJIb
2) 'HyK, 10"2 M 2) KYK, 10-5 M
3) HYK, 10-4 M 3) Khhcthh, 10-6 M
4) HYK, 10-7 M 4) IIYK, 10-6 M

III BapHaHT—1) KOHTpOJlb
2) HyK, io-3 M
3) HyK, 10-6 M
4) HyK, 10-7 M

(KoHTpoJib — cpoccpaTHO-un'rpaTnwfi , 6y<pep, HyK — nacpTHJiyK- 
cycnaa KHCJiora).
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3 a a a «i a 3

BJIHflHHE HEBJIArOHPHflTHblX <I>AKTOPOB 
BHEHIHER CPEJJbl HA Bbl/KHBAHHE 
CHHE-3EJIEHOH BOflOPOCJIH

* ANABAENA VARIABILIS

MHAHBHAyaJibHoe pasBiiTne pacTenHfi — npoijecc mho- 
ronjianoBbiH h BaaHMOoSycjioBjieiinbiH, b kotopom 
CTapenHe h OTMHpanHe oahhx opranoB hact napaji- 
jiejibHO c HOBoo6pa30BaHHeM h pa3BHTHeM Apyrnx. 
C BoapacTOM npoHcxoAHT (jHianojioro-SHoxHMHnecKHe 
H3MeH6HHH OTACJIbHblX HaCTefi H BCeTO paCTeHHH B n,e- 
JIOM, npHBOAHHJHe B KOHIje KOIIHOB K eCTeCTBCHHOH 
CMepTH opranH3Ma. B ne6jiaronpHHTiibix ycjiOBHHX 
BHeinneH cpeABi MoryT nponcxoAHTb neo6paTHMbie 
napymeHHH MeTa6ojiH3Ma, npHBOAamHe k 6bicTpoft 
rndejiH pacTeHHH. ¥^06^011 MOAejibio ajih BbiHcneHHH 
neKOTOpbix saKOHOMepHOCTefi AerpaAaijHH pacTeHHii 
MoryT cjiy>KHTb oAHOKjieTOHHbie opraiiH3Mbi. noAa- 
raioT, hto y 6aKTepHii, apojkjkch h mhothx pacTH- 
TejibHbix (JiopM, pa3MHO>Kaioni,HxcH BereTaTHBHbiM ny- 
tcm, ecTecTBeHHHH npopecc crapeHHH OTcyrcTByeT, 
a OTMHpaHHe nx kjictok npoHcxoAHT b pesyjibTare 
AeiicTBiiH He6jiaronpHHTHbix tjiaKTopoB BHeniHeii cpe- 
Abl. K3B6CTHO, OAHaKO, HTO MHOTHe MHKpoopraHH3MH 
b TeneHiie 6ojiee iijih Menee AJiHTejibiioro BpeMeHH 
cnoco6iibi nepe>KHBaTb AeficTBiie TaKHx (JiaKTopoB, co- 
XpaHHH CBOK) HHAHBIIAyajIbHOCTb.

npoii,eccbi BbDKHBaHHii, a TaK>Ke coxpaneHHH 
B TeMHOTe ne>KH3Hecnoco6Hbix KjieroK Anabaena va- 
riabilis — o6jiHraTHO 4>OTOTpo(f)HOH HHTnaToii chhb- 
3ejieHoii boaopocjih — conpoBoiKAaeTCH AecTpyKU.Heft 
HX BIiyTpHKJieTOHHblX KOMHOHeHTOB. IlOCKOJIbKy AJIM 
o6jiHraTHO (j)OTOTpo4)Hbix CHHe-sejieiibix BOAopocAefl 
CB6T HBJIHCTCH eAIIHCTBeHHblM (JiaKTOpOM, KOTOpHH 
o6ecnenHBaeT hx pocT h pa3BHTHe, tojibko oh mojkbt 
6bITb HHAHKaTOpOM HOBpejKAeHHH B KJieTKaX, BbI3B3H- 
Hbix naxojKAeHHeM hx b reMHOTe. 3th noBpex<AeHHH 
MoryT OKasaTbCH cymecTBeHHbiMii hjih necymecTBeH- 
hmmh ajih nocjieAyiomeii cbctoboh jkhshh boaopocjih. 
OnbiTHbiM nyreM ycTanoBjieHO, hto BbiAepJKHBaHHe 

I; KyjibTypbi Anabaena variabilis b TeMHOTe ao AByx 
iieAejib nc CKa3i>iiiacTCH cymecTBeniio na CKOPOCTHX
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CHHresa BemecTB kaotok, 6ejiKa h HyKjienHOBbix khc- 
aot. FIpoAJieHHe nepnona HHKyfiaijHH kjictok b tcm 
HOTe 710 Tpex He#ejlb npHBOAHT K CHHXieHHK) CKOpO* 
CTeil SHOCHHTCTHHeCKHX peaKHHH, 0AH3K0 Ha CBCIV 
npoHcxoAHT iiocTeneHiioe BOccTaiiOBjieHHe cKopocm 
pOCTa H (pyHKIJHH KJieTKH.

AaJibHeiiiiiee npeSbiBanHe KyjibTypbi BOAopocjm 
b TeMHOTe (Sojiee Mecmja) npnBOAHT k thkhm iio- 
Bpe/KAeHHHM b KAeTKax, KOTopbie He penapHpyiOTcii 
na cBeTy. B KJieTKe HanHiiaeTCH AecTpyKHHH, npn co- 
XpaHCHHH nOCTOHHHOTO HHCJia KJieTOK B KyAbType 
b KopOTKiie cpoKH npoHcxoAHT pa3pymeiiHe hx Biiy r- 
pHKJieTOHHHX KOMHOHeilTOB: 6eAKa, PHK, AHK. 
OneHb HHTeHciiBiiOMy npopeccy AerpaAan,HH na CBery 
noABepraiOTCH nnrMeHTbi, 6bicTpee Bcero — KapoTii 
HOHAbl, BCAeA 3a HHMH — XAOpO<j)HAA, H eiHC Me/l- 
AeHHee — (pHKOHHaiiHii, b pesyAbTaTe nero nponc- 
xoaht 6biCTpoe o6eciiBeqHBaHHe KyAbTypbi nepea npo- 
MexiyTOHHyio CTaAHio HiiTeHCHBHOH TOAy6oH OKpaci<n 
KAeTOHHbix cycneii3HH. Flpoijecc cbctoboh AecTpyKiiiiii 
kactok Anabaena variabilis conpoBox<AaeTCH SHami- 
TCAbHblM B03paCT3HHeM CKOpOCTeH HOrAOmeHHH HMII 
02. VAaAeHHe H3 cpeAbi 02 nepeA nepeneceHHeM KAe- 
tok Ha cBeT samnmaeT kactkh ot (jioTOAecTpyKHHn.

06Hapyx<eHHe npopecca (poTOAecTpyKHHH kactok 
Anabaena variabtlis na onpeAeAeHHOM 3Tane hx tcm- 
hoboh HHKy6au,HH npn nocAeAyiomeM nepeneceHHH Ha 
CBeT, ecTecTBenno, CTaBiiT Bonpoc o npnpoAe stoio 
HBACHHH. Ha OCHOBaHHH HepeuHCAeHHblX HHJKe AaH- 
hbix 6ma cAeAan bhboa o npoTeKaHHH npopecca Ae- 
CTpyKUHH B pesyAbTaTe (JjOTOOKHCAeHHH nHTMeHTOB. 
ZleHCTBHTeAbiio, npopecc (JioTOAecTpyKHHH npoHcxo 
Aht b noAHOHeniioH nHTaTeAbHOH cpeAe, t. e. b ycAo- 
BHHX, O^ecneMHBaiOIHHX HHTaKTHHM KACTK3M HX HOp- 
MaAbHoe pa3BHTHe. npopecc i-iHAyunpyeTCH cbctom, 
HesaBHCHMo ot ero hhtchchbhocth. H, KpoMe toto, 
b npopecce (JioTOAecTpyKHHH yqacTByioT (Jjotochhtc 
THHeCKHe HHFMeHTbl H KHCAOpOA-

Bhahmmh cbct noTeHi/HaAbHO BpeAen ajih mhothx 
KAeTOK, EKAIOnaA paCTHTeAbHbie H /KHBOTHbie, KAeTKH 
ayKapHOTHhlX H npOKapHOTHblX MHKp00praHH3M0B, 
K3K (j)OTOCHHTe3HpyiOmHX, T3K H He4)OTOCHHTe3HpyiO- 
mnx. ripHHHHOH noBpex<Aaiomero AeficTBHH cseTa na 
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jkiiBbie KJieTKH HBjiaeTCH odpasoBaiine cHnrjieTHoro 
KHcjiopo&a b peayjibTaTe nepenoca aneprHH Ha O2 
C BO36y>KAeHHOH CBCTOM H HaXOAHIHeHCH B CHHTJieT- 
hom coctohhhh OKpameHHoii MOJieKyjibi (nanpHMep 
xjiopoi|)HJiJia). CHHrneTHbiH khcjiopoa cTanoBHTca 
hctohhhkom AecTpyKTHBHbix npou,eccoB 6jiar0Aap« 
B3aHMOAeHCTBHK) C HeiiaCbIIH,eHHbIMH JIHHHA3MH, HTO 
hphbOaht K o6pa3OBaHHio nepeKHceH jihhhaob h 
BCJieA 3a TCM — CBo6OAHbIX paAHKaAOB, BbI3bIBaiO- 
HJHX HOBpeXiAeHHH ^HOAOTHHeCKHX MCM6paH. XjIOpO- 
(})HAJI, CeHCH6HAII3HpyiOIH,HH o6pa3OBaHHe CHHFAeTHO- 
ro KHCAopoAa, b cboio oaepeAB, cnoco6eH noABep- 
raTbCH AerpaAauHH npn cookhcachhh b ueiiH peaK- 
UHH.

HTaK, B HOpMaAbHO paSBHBaiOIHHXCH Ha CBCTy 
KAeTKax, coAepiKaiHHx xaopoiJihaa, cymecTByeT onac- 
HOCTb (jjOTOOKHCAHTCAbHblX peaKHHH, CeHCH6HAH3II- 
pyeMblX XAOpO(j)HAAOM. KapOTHHOHAbl C'IHTaiOTCH yiiH- 
BepcaAbHblM 33IHHTHbIM MeX3HH3M0M OT IIOBpeiKAaiO- 
m,ero A6hctbhh (jioTOOKHCAeiiHH ne TOAbKO y (Jioto- 
CHHTeSHpyiOIHHX, IIO H y He4)OTOCHHTe3HpyiOmHX 
OpraHH3MOB. BO3MOJKHO, B KACTKaX CHHe-3eACHbIX 
BOAOpOCAeii 3amHTHyiO 4>yHKUHIO OT (JlOTOOKHCAeHHH 
MOHieT HMCTb H ^^KOHHaHHH.

/(AHTCAbHOe BblAepiKHBaHHe KyAbTypbl KACTOK 
BOAOpOCAH B TCMHOTe npHBOAHT K Heo6paTHMbIM H3- 
MCHeHHHM, «n0A0MK3M» B CHCTCMe 3aiH,HTbI KACTKH 
OT 4>OTOOKHCAeHHH, H HOSTOMy OHO CT3H0BHTCH HpH- 
hhhoh 6mctpoh AecTpyKHHH kactok npn nepeHeceHHH 
HX Ha CB6T. BepOHTHO, HTO H MaCCOBOe OTMHpaHHe 
CHHe-3eA6HbIX BOAOpOCAeii B MeCTaX BbI3bIBaeMOTO 
HMH «U,BeTeHHH» BOAH B HpHpOAe MOIKeT npOTCKaTb 
no TOMy x<e MexaHH3My.

Hejib padoTbt: onpeAeAHTb >KH3Hecnoco6HocTb 
KA6T0K KyAbTypbl o6AHraTHO 4)OTOTpo4)H°H CHHe-3e- 
AeHOH boaopocah Anabaena variabilis, BbiAepiKaHHOH 
1,5 Mec. B TCMHOTe, H HCCAeAOBaHHe MexaHH3MOB, 
npHBOAHHIHX K TH^eAH KA6T0K HpII nOCA6AyiOIII,eM 
nepeneceHHH hx Ha cbbt.

06'beKT uccAed08aHU.fi: cycneH3HH kactok chhc- 
seAeHoii boaopocah Anabaena variabilis, Bbipamen- 
Hbix na CBeTy b TeaeHHe 7—10 ah. (KOHTpoAbHbiii 
BapnaHT) h BbipameHiibix na cBeTy b TeaeHHe 7 ah.
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CHHTesa BemecTB kjictok, 6euKa h HyKJieHiioiii.i\ n 
jiot. FIpoAJieHHe nepHOAa HHKy6aiuiH kactok i< i

HOTe ao Tpex iieAejib hphboaht k chhjkchiiio cmi 
CTefi SHOCHHTeTHHeCKHX peaKUHH, OAH3KO IIII . l< 
npoHcxoAHT nocTeneHHoe BOccTaHOBjieHHe cMipin 
pOCTa H (JiyHKHHfi KJieTKH.

/JajibHefiniee npeSbiBaHHe KyjibTypbi boao| hi 
b TeMHOTe (Sojiee MecMua) hphboaht k tbkiim i

Bpe>KAeHHHM b KJieTKax, KOTopbie He penapnp\i< 
na CBeTy. B kactkc HanHHaeTcn AecTpyKHiiH, npn
xpaneHHH nocTonHiioro ancjia kjictok b i<y.ii.i'
b KopoTKne cpOKH npoHcxoAHT paspymenHe IIX llll 
pHKJieTOHHbix KOMnoHeiiTOB: 6ejiKa, PHK, 'II 
OueHb HHTeHCiiBHOMy npoiieccy AerpaAau.HH na cin 
noABepraioTCH nnrMeHTbi, SbiCTpee Bcero — Kiipo 
HOHAbl, BCJieA 3a HHMII — XJIOpO(|)IIAA, II CIHc i 
AenHee — (JiHKOiiHaHHH, b peayAbTaTe nero npn 
xoaht SbiCTpoe oSecHBeqHBaHHe KyAbTypbi qepei ii[ 
Me>KyTOHHyio CTaAHio HHTencHBHofi roAySofi 0Kp.n 
KAeTOHHbix cycneH3Hft. FIpoHecc cBeTOBoft AecTpyun 
kactok Anabaena variabilis conpoBO>KAaeTCH ann'
TCAbHblM BO3paCT3HHeM CKopocTeft norAomeiiiin II 
O2. YAaAeiiHe H3 cpeAbi O2 nepeA nepeHecemieM k

tok h a CBeT 3aiH,HmaeT KACTKH OT (JioTOAecTpy k llll
O6napy>KeHHe npouecca (JjoTOAecTpyKHHii k n n 

Anabaena variabilis Ha onpeAeAenHOM 3Tane nx ro|
HOBofi HHKy6auHH npn nocAeAyionieM nepeHeceiimi
CBeT, ecTecTBeHHO, CTaBHT Bonpoc o npnpoAe um 
HBAeHHH. Ha OCHOB3HHH nepeHHCACHHblX HH>KC 1.1 
Hbix 6ma CAeAan bbiboa o npoTeKaHHH npouecca i 
CTpyKipHH b pesyAbTaTe (JiOTOOKHCAenHH nHFMeinu 
.HeftcTBHTeAbHO, npouecc (JiOTOAecTpyKiiHH iipoih mii 
Aht b noAHopeHiiofi HHTaTeAbHofi cpeAe, t. e. n y< im 
BIIHX, O^eCHeqHBaiOmHX HIITaKTHblM KAeTKaM IIX impi 
MaAbHoe pa3BHTHe. npou,ecc HHAyHHpyeTca chi'ikm, 
HesaBHCiiMo ot ero hht6hchbhocth. 14, KpOMe nnii) 
b npouecce (JtoTOAecTpyKHHH yqacTByioT (Jjotociih im 
THqecKHe nnrMeHTbi h khcaopoa.

BHAHMbifi cbct noTeHiiHaAbHO BpeAen ajih mii<hih| 
KA6T0K, BKAIOHaA paCTHTeAbHbie H >KHBOTHbIC, Is -l<'II. II 
ayKapHOTHbix h npoKapnoTHbix MHKpoopraiiii im<<h( 
K3K 4>OTOCHHTe3HpyiOmHX, T3K H He(J)OTOCHHTe Ulp\II' 
iijhx. ripHHHHofi noBpe>KAaiomero AeficTBHH cneia im 
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H 33T6M Bbl/iepjKailHblX B TeMHOTe 1,5 MCC (OHblTHblfi 
BapnaHT).

Xod pa6OTbl. H3 Ka>KAOH KOJl6bI (c KOHTpOJIb- 
HbiM h onbiTiibiM BapnaHTaMH) OT^HpaiOT no 20— 
30 MJI (3TO 33BHCHT OT HCXO/lHOft HJIOTHOCTH M3T6- 
pnajia) cycneH3HH kjictok b ABe HeiiTpHcJiyjKtibie npo- 
6npKH. OTodpaHHbie npo6bi KyjibTypbi ueHTpniJiyrH- 
pyiOT 10 mhh npn 6000 o6/mhh na Majioft u,eHTpH- 
(jiyre h pecycnenAHpyioT b 8 mji nojiyqenHoro cynep- 
iiaTaiiTa hjih 0,05 M 4)oc<t>aTHoro 6y4>epa, pH 7,4. 
CKOHIjeHTpHpOBaHHyiO CyCneiI3HlO KA6T0K KOHTpOJIb- 
hofo h onbiTHoro BapnaHTOB pasjiHBaiOT na #Be paB- 
Hbie nopiiHH b npo6npKH ii o#Hy H3 hhx ocBemaiOT 
2,5 H HHTCHCHBHblM CBCTOM. 3a 9TO BpeMH npOH3BO- 
AHT onpeAejieHHe KOjiHHecTBa xjiopo^iHjuia, Kapo™- 
hohaob h ^HKOHHaHiiHa b HeocBemeHHbix npo6ax. Ho 
oKOHuaHHH ocBemeHHii KJieTOK BOAOpocjiH b hhx onpe- 
AejiaioT coAepjKaHHe nHTMeHTOB.

CneKTpocfjoTOMeTpwiecKoe onpedejteuue 
KOAUUeCTBa nUZMBHTOB 
b cycneH3uxx kabtok

B KpyrAbie KiOBeTbi aah o6pa3H,a bhocht no 3 mji 
nojiyqeHHoft cKOHiieHTpHpoBaHHoft cycneH3HH kactok 
h sanHCbiBaiOT hx cneKTp norAomeHHH na cneKTpo- 
4>OTOMeTpe C0-14. CoAepjKaHHe nnrMeHTOB b cycneH- 
3HHX KACTOK Bbipa>KaiOT B OTHOCHTCAbHblX eAHHHIiax 
OHTHHeCKOft HJIOTHOCTH: H3 BCAHHHHbl OHTHHeCKOft 
njiOTHOCTH b o6nacTH MaKCHMyMa norjiomeHHH 
(7)max) BbHIHTaiOT SHaueHHe OHTHHeCKOH HAOTHOCTH 
npH 750 HM (Z>75o) — BCAHHHHy nOTAOmeHHH B He- 
cneuH^iHqecKoft o6jiacTH. XJah XAopo^iHAAa 3to 
COCTaBAHCT AZ)(578—750), AAH KapOTHHOHAOB   
■AD(496- 750), Aah 4>HKOHHaiiHHa — AD(626-750). Ha OA- 
hom 6AaHKe 3anHCbiBaioT no ABa cneKTpa (neocBe- 
meHHoft h ocBemeHHoft npo6) KajKAoro BapnaHTa. 
FIocAe nepBoft sanncH na 6AaHKe oTMenaioT Bce yc- 
aobhh perHCTpauHH cneKTpa norAomeHHH HeocBenjeH- 
Hbix npo6, hto6h npH chhthh noBTopHbix cneKTpoB 
(ocBemeHHbix o6pa3ii.OB) co6AK)AaTb Te H<e ycnoBHH 
3anncH.

OcpopMAeHue pafioTbi. PesyAbTaTbi npeACTaBASioT
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bhjic Ta6jnmbi 
lAann cm. c. 13.

(Ta6ji. 20). FIoapo6ho ocJiopMjieHHe

Ta6jiHU.a 20

H3MeH.eH.ue codepxauun nuzMenmoB e cycnenouu KJiemoK 
eodopocMi npu 0C6eu{eHuu (AD1 = DHe0CB. — DOCB.)

3 a a a m a 4

BJIHflHME TETEPOAyKCHHA, 
THBBEPEJIJIHHA H KHHETHHA 
HA HPOPACTAHHE H CKOPOCTb POCTA 
HblJIbUBI

'Jejib pa6oTbL: onpenejiHTb BjiHHHiie ropMOHOB na 
ipOpaCTHHHe II CKOpOCTb pOCTa HblJIbllbl.

O6t>ckt uccjiedoBaHun.: nbuibixa npHMyjibi, TioJib- 
lana, HapiiHcca.

Xod pa6oTbi. npopacTaHiie nbwibiibi BeueTCH bo 
sjiaiKHOH KaMepe npn KOMiiaTiioH TeMnepaType hjih 
3 TepMocTaTe npn 20—25°. BjiancHaa KaMepa ae- 
naeTCH t3khm o6pasoM: na npeiiMeTHoe ctckjio KJia- 
leTCH CTCKJIHHHOe (c HIJIH({)OBaHHbIMH KpaHMH), BO- 
iKOBoe hjih napacJiHHOBoe KOJibiio AnaMeTpoM 10—- 
12 MM H BblCOTOH 5—6 MM. HhJKHHH H BepXHHH KpaH 
iojibija cMasbiBaiOT BaaejiHHOM. CBepxy kojibiio na- 
kpblBaiOT HOKpOBHblM CT6KJIOM, H3 BHyTpeHHKHO CTO- 
)OHy KOTOpOFO HaHOCHTCH KanJIH OAHOTO H3 OIIblTHMX 
jacTBopoB. HbiJibiiy 6epyT mhtkoh khctohkoh H3 
jpejioro TpecHyBuiero nbiJibHHKa h BbiceBaiOT na no-
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BepxHocTb Kaiwin, CHanajia na KoirrpojibHOM Bapit.ni 
Te, a saieM c HHTepsajioM 10—15 mhh Ha oHbiniui 
OnbiT npoBOAHTCH no cjieayiomeH cxeMe:

1. KoHTpojibHbiii 10%-Hbift pacTBop caxapo:ibi im 
1%-hom arape.

2. PeTepoayKCHH 3—5 mt/ji na KOHTpojibiioM pn 
CTBope.

3. rH66epeJWiHH 1 mt/ji na KOHTpojibHOM pn 
CTBope.

4. Khhcthh 1 mt/ji Ha kohtpojibhom pacTBopc.
JIjih onpeaejieHHH pasMepa nbijibiieBOH TpySxii n 

aScojnoTHoro npnpocTa nojibsyioTca OKyjinpHbiM mii 
KpoMeTpoM. FIpeABapHTejibHo nyxHO onpenejiirn. 
ueny aejieHHH MHKpoMeTpa. Mepea nac npeAMeTiioc 
ctckjio c BJiaiKHOH KaMepoii noMemaiOT na ctojiiik 
MHKpocKona. Bce HaSjiiOAeHHH npoBOAHT npH HeSojn, 
uiOM yBejiHHeHHH MHKpocKona. B HecKOAbKHx ynaci 
Kax HOAH 3peHHH MHKpOCKOHa HCCACAyeTCH H6 MCHCC 
100 HbiAbijeBbix sepen. OnpeAeAinoT koahhcctbo npo- 
pocuiHx 3epeH b npoiieHTax. 3aTeM H3MepmoT AAHiiy 
10 cpeAHHx nbiAbijeBbix Tpy6oK. Bcaca 3a KOHTpO' 
AeM TaKHe nce H3MepenHH npoBOAHT na onbiTHbix b;i 
pnaHTax. rioAcieT h H3MepenHe bo Bcex Bapnainax 
hco6xoahmo saKOHHHTb b TeneHHe naca. Hepea nac 
nocAe nepBoro H3MepeHHH bhobb yqHTbiBaiOT koah 
necTBO npopocmHx nbiAbueBbix sepen h onpeAenflior 
AAHHy 10 nbIAbU.eBbIX Tpy6oK.

OcjjopMAeHue pa6orbi. noAyqeiiHbie pesyAbTaTbi 
3anHCbiBaioT b TeTpaAb no CAeAyiomeH (JiopMe 
(Ta6n. 21). .HenaiOT 3ai<AioqeHHe 06 3(|)4)eKTHBHOCTii 
HsynaeMbix ropMOHOB. noApo6no o nopHAKe 3anHcn 
3aA3HH cm. c. 13.

Ta 6 ji n ua 21

BapnanT

KojiHqecTBO npopocuiHx 
nbiJibueBbix aepen

/J,jiHHa nbijibiieBOii 
TpydKH CKOpOCTb 

pocTa 3a
1 q, mk

nepea 1 q qepea 2 h »iepe3 1 q nepes 2 h
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3 a n a h a 5
0HT0EEHE3 PACTEHHH. CPABHHTEJlbHOE 
HCCJIEflOBAHHE HPOU.ECCOB 
OPTAHOEEHE3A 3THOJIHPOBAHHBIX H 
3EJIEHWX BOBOBblX PACTEHHH

Xn3iieiiHbiH uhkji (oHTorenes) Bbicmero pacTeHHH — 
3TO >KH3Hb paCTeHHH C MOMCHTa BO3HHKHOB6HHH OHJIO- 
AOTBOpeHHOH flftljeKJieTKH (3HTOTbl) HJIH BO3HHKHOB6- 
hhh saqaTOHHoft noHKH, .naiomeft Hanajio opranaM 
BereTaTHBHoro pa3MHOH<eHH5i, ao ecTecTBenHoft CMep- 
th pacTHTejibHoro opraHH3Ma. CynjecTByeT necKOJib- 
ko choco6ob aejieHHH >KH3HeHHoro HHKjia na nepno- 
Abi:

1) ABa ocHOBiibix nepnoAa — (jiopMHpoBaHHe Be- 
reTaTHBHbix opraHOB pacTeiiHH h — (jiopMHpOBaHHe 
renepaTHBHbix opranoB;

2) (jieHOJiorHqecKHe cjiasbi pa3BHTHH h pocTa, xa- 
paKTepH3yK>mHeCH HeTKO BbipaiKeHHblMH MOpcjlOJIOrH- 
HeCKHMH H3MeH6HHHMH — (j)a3bl HpOpaCT3HHH CCMHH, 
noHBJieHHe bcxoaob, pocTa CTe6jiH, HBeTeiiHH, o6pa- 
3OB3HHH H CO3peB3HHH HJIOAOB H C6MHH;

3) ocHOBHbie BO3pacTiibie nepHOABi, xapaKTepnayio- 
mHecH nepexoAaMH pacTenHH ot roBeHHJibHoro co- 
CTOHHHH K 3pejIOCTH II 33T6M K CTapCHHK) H CMepTH;

4) cTaAHH pasBHTHH, OTpaxcaioiiiHe npHcnoco6n- 
TeAbiibie H3MeHeHHH pacTeHHft k ycAOBHHM cymecT- 
BOBaiiHH b OHTorenese. CMena ycjioBHft BHemneft cpe- 
AH, neo6xoAHMbix aah npoxoxcAeHHH npopecca hhah- 
BHAyaJibHoro pa3BHTHH pacTenHH, xapaKTepH3yei 
ocHOBHbie pasjiHHHH cTaAHfi h nepexoA ot OAHoft CTa- 
Ahh k Apyrofi;

5) BTanbi (jiopMHpoBaHHH opranoB, hjih 3Tanbi 
opraHoreneaa pacTenHft.

Bce npoiieccbi, xapaKTepH3yiom.He pasjiHmibie ne- 
pnoAbi OHTorenesa, npoTeKaiOT chhxpohho h B3aHM0- 
cBH3anbi. B opraHH3Me pacTeHHft b npopecce hhahbh- 
AyajibHoro pa3BHTHH HapnAy c npeBpameHHHMH Be- 
mecTB h 3HepreTHnecKHM o6mchom HAyT npoueccbi 
HpeBpameHHH (|)OpM MaKpO- H MHKpOCTpyKTyp, npo- 
peccbl H3MeneHHH CTpOeHHH OpraHOB. Mop4>o4>H3HO- 
jiofhh pacTenHft — nayxa o saKOHOMepnocTHx opra- 
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iioi'6He3a h H3MeHtiHB0ctH pasjiHHHbix pacTciinii, i| 
cjieayiomaH (JiopMy h (JiyHKHHH b hx 6ahhctb<'

Bbicnine pacTeniiH ofipasyiOT HOBbie opraiii.i n i|i 
jibie noSern b TeneHHe Bcefi jkhshh. B stom i'iikkJ 
pasne h OAna H3 cymecTBeHHbix ocodeHHOCTcii p.<< 
hhh. OdpasoBaHHe thkhx opraHOB b pasnbie ncpiinM 
>kh3hh oOecneHHBaeTcn HaAHweM mojioaoh, u< 
4>epeHHHpOBaHHOH TK3HH — MepHCTeMbl. Poct p.i< i 
HHH npOHCXOAHT K3K nyTeM MHOTOKpaTHOrO ofipilj 
BaHHH oahhx h Tex xe opranoB — MeTaMipnh 
pocT, TaK h nyTeM oSpasoBaHHH hobbix no 4>opM<> 
4>yHKUHH opranoB. BepxynienHasi MepHCTeMa, ut| 
man naqajio bccm opranaM cTeSAeBoro npoHcx<>.i< itn 
HHH H KOpneBOH CHCTCMe, CKOHH,eHTpHpOBaH(l II llfl 
nycax HapacTaHHH, cooTBeTCTBeHHO Ha BepxyimiH 
CTeSjieft h BeTOK h b KopneBbix OKOHnaHHnx. Pauiili 
Tiie HOBbix opraHOB b jiio6om BO3pacTe pacTemoi iim 
HHiiaeTCH BcerAa c He6ojibHioft rpynnbi HHHHHajii.nu|i 
MOAOAblX, KJieTOK. OopMHpyiOmHeCH H3 9TIIX KJK l<<M 
HOBbie opraHbi KajKAtift paa bochpohsboaht b ci*<i«»|| 
CTpoeHHH ocHOBHbie xapaKTepHbie aah ahhhofo i<hJQ| 
npH3H3KH.

npH BCefi CneUH4)HHHOCTH (J)OpMbI, CTpOeilllll M 
Mop^orenesa, onpeAeAsnomHx BHAOBbie h poA<niul 
npH3HaKH, aah Bcex nofieroB noKpbiTOceMeHiibix p>n 
ctchhh xapaKTepna onpeAeAeHHan nocAeAOBa ic iM| 
HocTb 0praH006pa30BaTeAbHbix npoijeccoB. B >kiii« 
HCHHOM UHKAe OAHOAeTHHX paCTeHIlfi, T3K JKe K.IK n 
HHKAe p33BHTHH AByACTHHX, MHOFOAeTHHX TpaHlllllt' 
ctbix h ApesecHbix pacTeHHfi, ycTaHOBAeno najni'iin 
ABenaAuaTH STanoB opraHorenesa.

Ha I 3Tane nponcxoAHT o6pa3OBaHHe Konyca ni 
paCTaHHH H3 HHHHHaAbHblX KA6T0K HpOMepHC K'M I I 
B UHTOAOTHHeCKOM H (JlHSHOAOTHHeCKOM OTHOHICIIIIII * 
Konyc HapacTaHHH npeACTaBAneT co6oft nepBii'iiiYin 
o6pa3OBaTeAbHyio TKanb — MepHCTeMy. Ha II >r.in< 
npoHcxoAHT AH^epeHijHpOBKa BereTaTHBHbix opm 
hob pacTenHH, na III 3Tane — npouecc AH(J)4)ep< ii 
UHaiiHH rAaBHofi och sanaTOHHoro coijBeTHH. Iln 
IV—VIII STanax nponcxoAHT 3aKAaAKa, ^opMHpon i 
HHe h pocT reHepaTHBHoft c^iepbi pacTemi'i 
IX 3Tan — ABeTenne, onAOAOTBopeHHe h o6pa.ioiiu 
HHe 3HroTbi. X—XII aTanbi — (^opMHpoBaHHe n p<>< i
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ceMHH, nepexofl niiTaTejibHbix BemecTB b sa- 
Bciibie BemecTBa b ceMena.
I V 6o6obbix pacTeHHft Konyc napacTaHHH o6;ia,n,aeT 

fIlCTepMHHHpOBaHHblM THHOM pa3BHTHH, T. e. B npO- 
lcee oHTorenesa hoctoshho ocTaeTca «mojioahm», 
nnaii Hanajio no6eraM BToporo nopnAKa, o6pasys 
rit copBeTHH. KoHyc napacTaHHH pacnojiaraeTca 

nepxymeqHOH h Sokobbix nonKax. TIohkh naxoAiiT-
I y ocHOBaHHn KpoiomHx jiHCTbeB. IloKasaTejieM 
ri'lieHH pa3BHTHH HOHKH HBJIHeTCH eMKOCTb HOAKH, 
, C. HHCJIO AHCTbCB, SajIOXCHBHIHXCH B H6H.

Ha CTe6jie mojioaoto 6o6oboto pacTeHHn othct- 
IfllO BHAHbl ABa HH30BHX JIHCTa, OTJIHHaiOmHXCH HpO- 
TOTOH (jlOpMbl OT BC6X OCT3JIbHbIX AHCTbeBI 3T0 JIH- 
Touan HAaCTHHKa C TpeMH 3y6uaMH. OCHOBHbie 
ncTbH 6o6obhx pacTeHHH hmciot CAOxnoe CTpoeHHe, 
poiiBjiniomeecH yxce npn nx saKAaAKe b Konyce na- 
.icraniiA. rioBTOMy y 6o6ob sanaTOHHbie AHCTbn 
MCIOT (jlOpMy HAaCTIIHKH C nHTbK) 3y6liaMH, KOTOpaH 
HK 6h o^BopaHHBaeT c oahoh cToponbi Konyc napa- 
TamiH.

I h II STanbi opraHorenesa xapaKTepnsyioTCH 
iiKJiaAKOH h AHtjxjiepeHiiHaLiHeH BereTaTHBHbix opra- 
on. B 3tot nepnoA b noHKe o^napyjKHBaeTcn Konyc 
apaCTaHHH C OAHHM-AByMH 3aqaTOHHbIMH AHCTOHKa- 
111 Ha III 3Tane b naayxe saqaTOHHoro ahctohk3 
6pa3yioTC5i Konycbi HapacTanHH oceii BToporo no- 
UAKa, HMeiomHe (JiopMy 6yropxa Me>KAy AiicTOHKa-
III 11 ochobhmm KonycoM HapacTanHii. B pesyAbTaTe 
iicjieAyiomeii AH(j)(j)epeHHHaHHH KonycoB napacTaHHH 
I nopHAKa o6pa3yioTC5i 3aHaTOHHbie con,BeTH5i
IV 3Tan), 33T6M HB6TKH (V 3Tan) . Ha HOCAeAyiO- 

n,iix 3Tanax pa3BHTH5i nponcxoAHT o6pa3OBaHHe nAO- 
|OH H C6M5IH.
1 C AeficTBHeM csera Ha pacTeHH5i CBH3an npesBbi- 
/liilio HIHpOKHil Kpyr (|)H3H0A0rmieCKHX 5IBAeKHii, 

KOTOpblii, HapiIAy c (JlOTOCHHTeSOM, BXOAHT h nesa- 
IICMMblH OT nero (j)OTOMOp4)OreHeTHqeCKHH KOHTpOAb 
IIA pOCTOM, pa3BHTH6M H OpraHOreH63OM, paCTeiIH5I. 
OAblHHHCTBO paCTeilHH IipopaCTaeT B TeMHOTe, H 
lllllb 33TCM CTe6eAb BblXOAHT Hepe3 CAOii nOHBbl Ha 
Bvt. Xlo stoto MOMeHTa yciiAeHHO paeTeT CTe6eAb 
y 3A3KOB yAAHII5ieTC5I MC30K0THAb), a AHCTB5I HOHTH
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ne yBejiHHHBaioTCJi. JJeficTBHe cBeTa na npopoi iok 
AaeT cHTHaji k cymecTBeHHofi nepecTpofiKe poi ia 
y 3Jiai<oB npeKpamaeTCH yAJiHHeniie MeaoKOTiuoi n 
HaHHHaeTCH pOCT AHCTbCB H CTeSjIH. y AByA0JII.lll.IX 
paCTCHHH H0A AeHCTBHeM CBeTa yCTpaHHCTCH II.TI 116 
THHOKOTHAH (0H oSjieTHaeT npopOCTKy npOHHKIIOIIC 
HHe nepes noHBy 6e3 HOBpeiKAeHHH tohkh poci.i), 
T0pM03HTCH pOCT CTeSjIH H HaHHHaeTCH pOCT JIHCTI.1'11

AnajiH3 cneKTpa AeficTBHH noKaaaji, hto HaHOojn. 
mefi (JioTOMOpcJioreHeTHqecKOH aKTHBHOCTbio o6jiaaaer 
CHHHfi CB6T, KpaCHBIH H AaJIbHHH KpaCHblfi. B 6()J|I> 
HiHHCTBe cjiyiaeB bjihhhhc CBeTa na pocT h pa3Biniie 
CBH3aH0 C (JlHTOXpOMOM — HHTMeHTHOfi CHCTeMOfi, 110 
rjionjaiomefi b AAHHHOBOAHOBofi o6ji3cth cneKTpa

Ecjih nocjie npopacTaHHH pacTeHHe ne nojiyiaer 
CBeTa, to npoHcxoAHT AaJibHefiinee yAJiHHeHHe mcik- 
A0y3JIHH, (JlOpMHpOBaHHe H pOCT JlHCTbCB 3aAep>KII 
BaioTCH, b hhx He o6pa3yeTCH xjiopoijiHjiji. B oTcyn i 
BHe cBeTa saAepiKHBaeTcii 3aKjiaAKa reHepaTimnoii 
ccjiepbi pacTeHHH, h b KOHii,e kohixob oho norHfiaer 
Bce npon,eccbi opranoreHesa pe3K0 TopMO3HTcii.

UeAb pafioTbr. cpaBHHTeAbnoe HccjieAOBaHHe ipn 
SHOJIOTHHeCKHX H OpTaHOreHeTHHeCKHX XapaKTeplK'I IIK 
6o6obbix pacTeHHH oahofo BOspacTa, BbipanjeHHbix na 
CBeTy ii b TeMHOTe.

06T>eKT uccjiedoBaHUH'. 10—15-AHeBHbie npopoi i 
kh 6o6ob copra PyccKHe nepHbie, BbipameHHbie na 
CBeTy HJIH B TeMHOTe.

Xod pa6orbi. y npopocTKOB onpeAenmoT ci>ipyio 
Maccy, AJiHHy HaAaeMHofi qac™, AAHny MeiKAoyajiiiii, 
a TaKxce STanbi opraHorenesa nasyniHbix h Bepxy 
ineuHofi noHeK.

OnpeAejienHe STanoB opranoreHesa hpoboaht npn 
homoihh 6iiHOKyjiflpnoro MHKpocKona h npenapoiiajn. 
HblX HTJI. FIpOpOCTKH 6060B, H3OJIHpOBaHHbie OT < (■ 
M6H.H, KAaAyT Ha npeAMeTHoe CTeKAO h cna'iajia 
OTAeAHIOT nepBblfi HH30B0ft AHCT, 33T6M BTOpofi 1111 
3OBOfi AHCT, nepBblfi HaCTOHIIJHfi AHCT, BTOpofi H I A. 
OTAeAHTb AHCTbH CACAyeT OCTOpOIKHO, HOApt'iaa 
TKaHb HI'AOfi B CaMOM 0CH0B3HHH AHCT3, HO T3K, 'HO 
6bi He noBpeAHTb naayuiHbie hohkh.

OtfjopMACHue pa6oTbi. Bce pesyAbTaTbi HSMepcimii 
3anocHT b Ta^Aiiuy (Ta6A. 22) hah npeACTaBAHioi 
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T a 6 ji h u a 22

<t>u3uoaoeuuecKue xapaKinepucmuKU 3e.te.Hbix (amuoAupoeauHbix) 
npopocmKoe 6o6oe (npouseecmu U3MepeHUfi na 5 pacmenuax 

u naumu cpeduue eeAUWHbi)

OS'beKT
Ns 

onpefle- 
JICHHH

Cbipan
Macca,

r

JJjIHHa 
naA3eMHoft 
qacTH, cm

KOJIHHeCT- 
BO Y3JI0B

JJjIHHa MOKAOySJTHft, CM

1 2 3 4 5

b BHAe AiiarpaMM. CjieflyeT onpeaejiHTb KOJinqecTBO 
noneK b nasyxe KajKjjoro jincTa, eMKOCTb KaiKAofi 
noHKH, 3Tan opraHoreHesa n bhccth AaiiHbie b Ta6- 
jiHixy (TaSji. 23). 3apncoBaTb nepBbie nHTb STanoB 
opraHoreneaa.

Ta6jimia 23

MopcpocpusuoAoewiecKue xapaKtnepucmuKU eepxyuieuHou u Gokobux 
nowK seaeHbix (amuoAupoeaHHbix) npopocmKoe 6o6oe

JIHTEPATYPA

N° jiHCTa
KojiHnecTBo 

noqeK
EMKOCTb

HOMKH
3Tan oprano- 

reneaa

1- fi HH3OBOft
2- fi HH30B0fi
1- ft HaCTOHIIIHft
2- ft HaCTOSHHHft H T. fl.

BepxyineqHan noMKa

Keijjejin B. 14. Poct pacTeHnfi. M., 1973.
<KynepwaH 0. M. Mop4>o4>H3HOjiornH pacTeHHfi. M., 1976.
JlH66epT 3. ®H3HojiorHH pacTeHHfi. M., Mnp, 1976, c. 344— 

381; 404—417; 458—487.
P y 6 h h B. A. Kypc <j)H3HOJiorHH pacTeHHft. M., Bbicuian uiko- 

Jia, 1976, c. 422—522.
Ca6,HH.'HH JL A. 0H3HIOJIOHHH pa3BHTHH paCTeHiHM. M., 1963, 

c. 6—41.
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HPHJIOXEHHM

I. nopHAOK pa0OTbI Ha (j)OTO3JieKTpOKOJIOpilM< I |»»< 
O0T03JieKTp0K0JI0pHMeTp — <i>3K nO3BOJB<< I <)■ 

peaejiHTb onTHnecKyio hjiothoctb OKpameHiibix p<i«>l 
BopoB. npnSop pa6oTaeT no npHHixnny ohth'b < i.<1 
KOMneHcapHH AByx CBeTOBbix hotokob nyTeM n <> n| 
hhh pa3MepoB AHacjiparMbi.

nopndoK padoTbt Ha <P9K-M. riepeA pa6oi<>u i|l 
o6xoahmo npoBepHTb ycTanoBKy npn6opa. JJjiii >iul 
bhhtom npasoro 6apa6ana ycTanaBJiHBaiOT ii\.u.B 
KpacHoii iHKajie. FlocJie nporpeBaHHH npn6opa u il 
neHHe 15 mhh BKJHonaiOT rajibBanoMeTp h npon< |ni« 
ycTaHOBKy CTpejiKH na nyjib c OTKpbiTOH ini<>pi<ul 
Ecjih cTpejiKa otkjiohhctch, ee hoaboaht k Hyjiio mil 
tbmh rpy6oft h TOHKoft nacTpoftKH, coeAHneiiiii.i\in I

AByMH KpyrOBblMH KJIHHbHMH, H3M6HHI0IAHMH llllll'Nl 
CHBHOCTb OAHOTO H3 CBCTOBblX HOTOKOB.

Ha nyTH npaBoro h jicboto nynKOB cbcth ih>M| 
maiOT KioBeTbi c pacTBopHTejieM. OTKpbiBaiOT iiriopN) 
h BKJiionaioT Heo6xoAHMbift ajih AaHHoro onpci<' i«» 
HHH CBeTOlJlHJIbTp. BpailjeHHeM KpyrOBblX 4)OTOM< l|l| 

necKHx KJiHHbeB ycTanaBjiHBaiOT CTpejiKy rajii.ii.nni 
MeTpa Ha nynb, saTeM rajibBanoMeTp BbiKJiio'iamf 
Bmccto KioBeTbi c pacTBopHTejieM na nyTH npaiiiiH 
jiyna ycTanaBJiHBaiOT KiOBeTy c pacTBopoM hcc.h iv» 
Moro BemecTBa. BKnioqaiOT ranbBanoMeTp cHa'ia in i 
1-e, 3aTeM bo 2-e nojioJKeHHe nyBCTBHTejibiioc i n i 
nocneAOBaTenbHo hoaboamt OTKjioHHBinyiocH ct|>< m 
k Hyjiio c noMombio BHHTa npaBoro 6apa6aHa, ii im« 
Hfliomero BejiHiHHy mejiH AnaijiparMbi. Ilo i<p.i< ii<i 
HiKaAe npaBoro 6apa6ana oTMenaiOT 3HaneHHc <>mii 
HeCKOft njIOTHOCTH, COOTBeTCTByIOIH.ee MaKCHMa.ll.llll 
nyBCTBHTejibHocTH ranbBaHOMeTpa. HsMepeHiie miiii 
aecKoft njiOTHOCTH HOBTopniOT 3 paaa, npoBepHH i< am 
Abift pa3 ycTanoBKy npn6opa na HyAb npH np<>•<>m 
A6hhh jiynefi nepes KioBeTbi c hhctmm pacTBopn n i< m

OnpeAeAeHiie onTHiecKoft hjiothoctii pacni<>|i<n 
Ha (})0T03JieKTp0K0JI0pHMeTpe CBH33HO C HCHOJll. II>1111 
HHeM pa3AHHHbix cBeTO(|)HjibTpoB, nponycKaioinn\ l\ 
hh aoboabho niHpoKoft o6ji3cth cneKTpa. Bbl6op < IW 
TO(j)HJibTpa o6ycjioBJieH cneKTpajibHbiMH xapaKn pn 
cTHKaMH nnrMeHTa. Cb6t, npoxoAHin.Hfi aepea cih i< 
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(j)HJIbTp, AOJIlkeH COOTBeTCTBOBaTb HHTepBBJIy AJIHH 
bojih, norjionjaeMbix onpeAejieHHHM BeniecTBOM.

nopndoK. pa6orbi Ha <i>3K-56-M. YcTaHOBHTb pyjib 
na o6ohx 6apa6anax npn6opa. npH 3aKpbiToft uiTop- 
Ke ycTanoBHTb cTpejiKy rajibBanoMeTpa Ha Hyjib pyq- 
koh «nyjib» (cjiesa). HoMecTHTb b JieByio KacceTy 
KiOBeTy c pacTBopHTejieM, a b npasyio, ABoftnyio, — 
ABe KiOBeTbi: b jiesoe rHe3n.o — KiOBCTy c pa6onHM 
pacTBopoM, b npaBoe — KioBeTy c pacTBopHTejieM. 
OTKpblTb IHTOpKy H JieBblM 6apa6aHOM HOCTaBHTb 
CTpejiKy rajibBaHOMeTpa na nyjib, ypOBHHTb pacTBO- 
pHTejib-KOHTpojib c pa6onHM pacTBopoM. FlepeBecTH 
npaByio KacceTy (pynKa HaA npaBbiM 6apa6aHOM) b 
nojio>KeHHe «pacTBopHTejib-pacTBOpHTejib» h npasbiM 
6apa6aHOM ycTaHOBHTb cTpejiKy rajibBaHOMeTpa na 
nyjib. BejiHHHiia onTHuecKon iijiothocth pacTBopa ot- 
CHHTbiBaeTCH no KpacHOH niKajie npaBoro 6apa6aHa.

II. ripHrOTOBjieHite peaKTHuoB

((Pa3,a.e.n «MnHepajit>Hoe nHTaHMe», aaaaaa JV« 1, 
MeToa JIioSouiMHCKoro n 3ajibTa)

1. OoctjiaTHaa 6y<j)epHaH cmccb (pH 12). K 5,0 mji 
0,1 M Na^HPO^ AO'OaBJiHioT 4,32 mji 0,1 M NaOH 
h 0,68 mji H2O. /Jjih npHroTOBJieHHa OyijiepHbix pac- 

tbopob Na2HPO4-H2O ABaXAbi nepeKpHCTajuiH3OBbi- 
BaiOT H3 BOAbl H BblCyHIHBaiOT npH 37° HJIH B 3KCH- 
KaTope naa xjiophctmm KajibiineM ao hoctohhhoh 
Maccbi. npHroTOBJiaiOT pacTBOp NaOH, jinnieHHbift 
Na2CO3. fljia btofo pacTBOpniOT 50 r NaOH b 50 r 
boabi, nepejiHBaioT b y3KHft hhjihhaP, hjiotho saKpbi- 
BaioT h ocTaBJiniOT na necKOJibKo AHeft. B KpenKOM 
pacTBope mejioHH Kap6onaTbi HepacTBopHMbi. Hocne 
ocaiKAeHHH 6epyT chiJiohom (cBepxy) npospanHbift 
paCTBOp H TOTOBHT H3 HerO paCTBOp HyiKHOft KOHIieH- 
TpapHH, npOBepHfl THTpOBaHHBM COJIHHOfi KHCJIOTOft.

2. OeHOJiHT HarpHH — CeHsONa. 5 r nepernaHHO- 
ro (jieHOJia H 2,5 r NaOH pacTBopmoT b 100 mji boabi.

3. rnnoxjiopHT HaTpnn NaOCl (4%-Hbift no xjio- 
py). 100 r xjiopHoft hsbccth pacTBOpniOT b 170 mji 
BOAbi npH cHJibHOM nepeMeniHBaHHH b TenenHe 15 mhh 
(nacTb BenjecTBa ocTaeTca HepacTBopeHHofi). HpnjiH- 
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Barc>T paCTBop Na2CO3 (70 r b 170 mji boabi) ii 1111.1 
TCjibno nepeMemiiBaiOT. Cna'iajia cMecb 3acTbin.n1, 
hotom npeBpaujaeTCM b MOJioiiHO-6ejiyio jkhakoch,. 
Ee (JiHjibTpyiOT npn OTcacbiBaiiHH uepea ABa cjioii ii<»« 
JIOTHa, HOJIOHCeHHOrO B BOpOHKy BioxHepa, 33tcm 'H 
pes CTeKJiHHHbiii cjiHJibTp N° 3. nojiyuaiOT npoapa'i 
Hbiii 3ejieHOBaTbiH pacTBop rnnoxjiopHTa HaTpHH. O11 
peaejiaiOT KOnn.eHTpaii.Hio ero nyTeM THTpoBanHH tho 
cyjibtJiaTOM HaTpna. PacTBop ne aojijkch coAepJKan. 
Kajibn.Hn, hto npoBepneTcn peaKHHeft c inaBejieBOKiic- 
JlblM aMMOHHeM.
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