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NNPEAUCIIOBUE

TTocnenHue gecATHIETHS XapaKTePU3YIOTCS TMHAMMY ~
HOM MHTerpanuei XuMuu ¥ OMOJIOruu. XUMUsS Kak Ha-
yKa 0 CTPOEHUM U CBOMCTBAX MOJIEKYyJN co3gana yHia-
MEHTAJILHBIN 6a3UC pa3BUTUS OUOXUMUM U MOJIEKYIISIP-
Holi 6uonorvy. B To ke BpeMs XMMHYECKasT HayKa aKTHBHO
UccaeayeT U NPUMCHSICT NMPUHLMIB MOJEKYISIpHON
OpraHM3anuM MNpOIeCCOB, XapaKTECPHBIX IJISI CUCTEM,
KOTOpBIE MBI OTIpefessieM KaK «KUBbIe». XUMUS U XU-
MUYECKAS TEXHOJIOTUS HENOCPEICTBEHHO MCIONb3Y-
0T OMOJIOTUYECKYE MaTepualbl U KaTaJu3aTophl IJIs
CO3IaHus MOJIE3HBIX MOJIEKYJ, MHOT00Opa3rue KOTOPBIX
MOCTOSTHHO YBEITUYUBAETCSI.

Muorue mpobmeMsl GyHIAMEHTANBHON W IpUKIIA-
HOH XMMHUM WHULIUUPOBAIIUCH HHTEPECOM K IIpeBpale-
HUSIM YIJICBOJOPOIOB U POACTBEHHBIX MOJIEKYII. BTO 00yC-
JIOBJIEHO TeM, YTO YIJIeBOZOPOIBl He(TH OBLIU CAMBIMU
JOCTYITHEIMU M PECYPCOSMKUMU COETUHEHUSIMM YITIEpO-
Ja. B HacTostiiee BpeMsT CUTYaIIUsI CYIIECTBEHHO U3MEHHU-
Jack. Te3uc «yrepon U3 OUOMacChl BMECTO yIilepona U3
HedTU» CcTajl JeBU30OM MHOTUX KPYITHEHIINX XUMUYEC-
KUX KxoMrnaHuil. HoBble MaTepUaibl, HOBBIE BHIBI TOII-
JIUB U CUCTEM TIpe0Opa30oBaHmsI S3HEPTUH, IPOAYKTH dap-
MaIleBTUYECKOM XUMUU U IperiapaThl JUIsI MEIULIUHLL K
CEJIBCKOTO XO3SIMCTBa, BLICOKOKAYECTBEHHBIC YIOOpEHUsI
CO3JAI0TCS C UCTOIBb30BAHUEM METOIOB OHOMOJIEKYIISIP-
HOHU XUMMUHU.

HpuHIUnuanbHOH SBIseTCS NOJTHAas COBMECTUMOCTD
MOJYYaeMBIX MPOAYKTOB U UCIIOIB3YEMBIX TEXHOIOIM-
YeCKUX IMPOLECCOB C OKpyXalollleil cpegoil. Xumuyec-
Kas WHIYCTPpUSA BOCIPUHUMAETCS 0OIIeCTBOM Kax IJIaB-
HBIA (akTOp 3arpsi3sHEHUsI Cpeabl OOUTAHUS UYETOBCKA.
Hepexon K OUOMONEKYISIPHON XUMUYECKOH TEXHONO-
TUY OpeICTaBIsSIeTCs] €CTECTBEHHBIM U JIOTUYHBIM U pe-
1IaeT Ha HOBOM YpPOBHE HpoOjeMy B3aUMOOTHOIIEHMUSI
XUMUH U OKPYXKAIOLIEH Cpeabl.

XHUMMYECKHE TIPOLECCH ¢ y4acTUeM OMOMOJICKYNT —
TpanuUMoOHHAg cdepa MHTEpecOB DYHIAMCHTAIBHOMH



XUMMUYECKOM Hayku. JloCcTaTOYHO cKa3aTh, 4YTO B HACTO-
Alee BpeEMS KITACCHYECKUE XHMHUYECKHE KYpHaJbl IO
IIOJIOBUHBI CBOEFO 00BheMa HOCBSILAIOT TPOGieMaM co-
BPEMEHHOHN OMOMOIEKYISIPHOM XUMUM.

Kirouesoe MeCTO B pa3sBUTUU COBPEMEHHONH OUOMO-
JIEKYJSIPHOM XMMUU ¥ TeXHOJIOTUH 3aHUMAIOT (DEPMEHTHI.
Jns peanuzanuy pasjMyHOrO poja TPOLECCOB C ydac-
THEM OUOMOJIEKYNT HEOOXOTUMbI COOTBETCTBYIOIINE WH-
CTpyMeHTHL. B ripupoae Takoro poaa BICOKOTOYHBEIMU U
CEJIEKTUBHBIMM arcHTaMu SIBJSIIOTCS (DEPMEHTH — Oen-
KOBBIE KaTaJHU3aToOPH.

Iepen yntatereM YIeOHUK, HOCBSIILIEHHBIA MOJIEKY-
JISIPHBIM acnekTaM (epMEeHTATUBHOrO Katajiusa U Ouo-
TEXHOJIOTUYECKUM MpONEeccaM Ha ero ocHose. MHTECH-
CUBHOE pa3BUTHUEC UCCICIOBAHUN B OOJACTH KaTalu3a
(hepMeHTAMU B TIOCIEAHIE TECATIICTHS IIPUBETIO K TOMY,
YTO (PepPMEHTHI CTATA XOPOIIO U3YYCHHBIMHU U IIUPOKO
IIPUMEHSIEMBIMU KaTaTN3aTOPaMU.

DepMeHTHI, 6€3YCIIOBHO, CaMbIe PacIIpOCTPAHEHHEIE,
JOCTYITHBIC M CAMBIE aKTUBHBIC KaTaau3aTopwl. Bech OK-
pyXanuii Hac GUOJIOrHYEeCKUM MUp HacwhimeH dhep-
MeHTaMHu. Pa3BuTHe OUOTEXHOJOTMM U TEHeTHYECKOM
WHXEHEPUH CIeal0 BO3MOXHBIM MOJYYCHUE U IIPOU3-
BOJCTBO (hepMEHTOB C HOBBLIMM CBOMCTBaMH B HeOrpa-
HUYEHHBIX KOJTUYECTBAX.

Kak xe «pabotaot» depMeHTsl? KOOpIUHUPOBaHHbIE
VYCHJINSA YICHBIX IO U3YUCHUIO CTPYKTYPHI OEJIKOB, X aK-
TUBHBIX LICHTPOB, UCCIELOBAHUEC KUHETUKU pEaKLUU C
yyacTueM (PepMEHTOB NIPUBEIIU K TOMY, YTO MOJIEKYJISIP-
Hasl KapTUHA AEUCTBUSI MHOTMX (DepMEHTOB CTaJIa ITOHAT-
HOIA.

N3yyenne MexanusMa aeHCTBUSI KaTalusaropa MOf-
pasyMeBaeT UCCIeI0BaHUe Ta0UIBHBIX ITPOMEXYTOUHBIX
COEAUHEHMII CyOCTpaTa ¢ KOMIIOHEHTAMU AKTMBHOTO LIEH-
TPa, UX KNHETUYECKYIO U CTPYKTYPHYIO UAEHTUGUKALUIO,
IMponeccsl, MPOUCXOIAIINE B AKTUBHOM LIEHTpe (hepMeH-
Ta IIPU eTo B3aUMOACUCTBUY C cyOCTpaTOM, I1peaCTaBIs-
0T Co00i MOJIEKYIISIPHO-TIPOTPAMMUPOBAHHbIE, OpraHU-
30BaHHBIC MHOTOCTaIUITHEBIE ITOCeI0BaTENbHBIE TIPOLIEC-
el ITpu 53TOM hepMEHTHI UCITONB3YIOT 00pa3oBaHue Clia-
OBbIX, HO OBICTPO BO3HUKAIOMIUX CBSI3eH (2IEKTPOCTATU-
YECKHX, BOZOPOIHBIX, TMApPOGOOHBIX) JUIST peaju3aluy
CTPYKTYD, MO3BOJSIIONINX B HAUOONBIIEN CTENIEHU CHU-
3UTh CBOOOIHYIO SHEPTHIO aKTUBAUUM Ha JIMMUTUPYIO-
1Iell CTaguuy Ipoiecca U B pe3yibTaTe YCKOPUTh XUMU-
yeckylo peakuuio B 10— 10 pas.



DT 0blKe U NPOCThie COOOpaKeHUsSI — IPOAYKT
JUITUTETEHON 9BONIONIMK OOJIACTH, KOTOPYIO Ha3BIBAIOT
XUMHUUYECKOM 3H3UMOJIOTHEH. 3agadyaMy XUMHYECKOMR
SH3UMOJIOTHH SBIISIOTCS: U3YYEHUE CTPYKTYPHI U Mexa-
HU3MOB [eWCTBUSI GUOJOTHYSCKUX KaTaTN3aToOpOB, pas-
paboTKa METOOOB MOJYYCHUSI (DEPMEHTOB C HOBHIMU
CBOMCTBaMH, pa3BUTHE MHOTOYMCIICHHBLIX 00JIaCTe MpU-
MEHEHUS (HEPMCHTOB.

XUMHYecKass 3H3MMOIOrUsI POHUKaeT BO Bce 06a-
CTW COBPEMEHHOU XUMUUECKON HAYKW, aKTUBHO MCIIOJb-
3ys1 METOLBI U TIOAXOABI pa3TUYHBIX 00JacTeil XUMUU.

Pusndeckass XUMUSI U, B YACTHOCTH, XUMHUYECKast KH-
HETHKA SIBJISIIOTCS] OCHOBOM U3YYEHUSI MeXaHU3MOB (hep-
MEHTAaTUBHBIX peakuuil. beqok Kkak MakpoMosekyna —
NpeaMET UCCIIeI0BaHUs XUMUM ToIuMepoB. Mcnonbs3o-
BaHuUe (pEpMEHTOB JIJII TOHKOTO OPraHUYeCKOro ¥ 3HaH-
TUOCEJIEKTUBHOIO CUHTE3a — BKJIA[ XUMHUUYECKOI DH3U-
MOJIOTMH B OpraHM4YecKy1o xumuio. Ha ocHoBe dhepMeH-
TOB CO3[aHBl COBPEMEHHBIC, IIUPOKO TIPUMEHSIeMbIe
AHATUTHUYCCKHNE METOABI, TAKUE KaK MMMYHO(pEepMeHT-
HBI aHATU3 ¥ 6M0CeHCOpHl. OUeBUAHO, YTO MULISIIISIP-
Hasl 9H3UMOJIOTUSI IPEACTaBsIeT UHTEpeC KaK JJIsl KOJI-
JIOUTHOU XUMUH, TaK U U1 OeTKOBOTO KaTajiu3a. fBmie-
HHE OUONEXTPOKATAIN3A OOBEIUHSICT IH3UMOJIOTHIO U
SNMCKTPOXUMMUIO.

Bo MHOrux 061acTsIX COBPEMEHHOM XUMHUH (hepMeH-
ThI HAXOISAT MECTO TNOO KaK OOBLEKT UCCITENOBAHMSI, THOO
KaK UHCTPYMEHT JUISI OCYIUECTBIEHHMSI TeX MIU UHBIX
MIPONECCOB.

H3yyeHue 6eKoB K OUOTOrHYeCKOro Karaausa BOIo
B 00pa3oBaTe/bHbIe CTAHIAPTH XUMUYECKUX (DaKyILTe-
TOB KJIACCUYECKUX YHUBEPCUTETOB. B MOCKOBCKOM TOCY-
IapCTBEHHOM yHUBepcuteTe uM. M. B. JlomoHocosa Ha
XUMMYECKOM akynbTeTe ¢ 1974 1. cymecTByeT Kadenpa
XUMMYECKOM SH3UMOJIOIMH, obecreduBamomas Moaro-
TOBKY CTYIEHTOB M aclUpaHTOB B 3ToH oOmactu. g
CTYHEHTOB XUMHYECKOro ¢akyiapTera MI'Y B Tedenue
MHOTUX JIET IIPEITOLAeTCS OOUIUH Kype «XUMHYECKUE
OCHOBBI OUOJIOTUYECKHUX MporeccoB». ITomobHbIe 00mHe
KYPCHI YMTAIOTCSI BO MHOFMX KJIACCUYECKUX YHUBEPCHU-
tetax Poccun u crpan CHI'. BMecTe ¢ TeM B Ilegaroru-
YECKOU JIUTepaType, B TOM YHACJIE U B MUPOBOU, OTCYT-
CTBYIOT VUCOHUKU B 3TOW OOJACTH, MpegHa3sHayeHHBIE
CTYIEHTaM, MOJNYYaoIIUM FyO0oKoe XUMUYECKoe 00pa-
3oBanue. IlpeuiaraeMplid yueOHHK ITO3BOUT BOCIOJIHUTL
3TOT NpoOGe.



YuebHUK Ga3zupyeTcsl HA 00ILIeM Kypce JIEKIUA 10
XUMHYECKUM OCHOBaM OMOJIOTMYECKUX TIPOLECCOB, a
TaKXKe Ha psifie CIeLKypCOB, IIperogaBaeMbIX Ha Kader-
pe xuMm4deckol sH3uMmonoruu MI'Y. IToatoMy OH MO-
XKeT OBITh MCIOIB30BaH KaK IS MepPBUYHOIO 3HAKOM-
CTBa C IPEAMETOM, TaK U JUIs1 00Jiee YIIyOJIeHHOTO €ro
HU3y9deHUs.

ABTOp BbIpaxaeT 6yarogapHocTsb nipod. A. B. JIesaiiiony,
npod. B. M. TuikoBy, KaHa. ¢us.-MaT. Hayk K. B. Yriopo-
BY, KaHz. 6uoi. Hayk H.T'. benorypoBoii, KaHa. XuM. HayK
H.B.Tauok 3a obcyXneHUe yucOHUKA U psid IEHHBIX 3a~
MeuaHui. Asrop 6marogapen T. A. OcunioBoit, C. A. CMup-
HoBy, K. M. CayrreBoii, oka3aplIKM GOJIBIIVIO TTOMOLUb
B 0(pOPMIICHUM PYKOMMCH.



[nasa 1

HCTOPUSA OTKPBITHUSA
N UCCIEJOBAHUA ®PEPMEHTOB

Hcropus Hayku — 370 HeTopus uaedl, koTopble H3MEHMAM MIpD,
HO KOTOpble CHa4aAa GbIAM OCMeAHDbI H OTBEPTHYTHI.

P. Bpaabepu

HcTopust OTKpHTHUS U UCCIenoBaHus HEpMEHTOB BeChMa MHTEpEC-
Ha U TOy4UTEIbHA. BOIIPOCH O TOM, UTO e COO0H NpeCTaRISIIOT XKUBBIE
CHUCTEMBI, KaKOBa MPUPOAA MPOLIECCOB B XUBOM, KAKOBbI XUMUYE-
CKHe OCHOBBI HaOMI0JaeMBIX IIpeBpalllcHUI BeHIECTBAa, BOMHOBAIY BCeX
BeTMKUX XUMUKOB XIX cToneTus. .

CospeMeHHas xuMust MHOTUM 00s13aHa MeHcony Sko6y bepuenuycy.
On B paMKax aToMUCTHYeCKO# Teopun JlansToHa co3gai epByIo Tab-
JIMLY ATOMHBIX Macc, pa3padoTaj HOMEHKIATYPY COeAUHEHUR U yCo-
BEPIUCHCTBOBA XMMUYECKYIO CUMBOIIUKY, CO31a]l XAMUYECKHUIA SI3BIK,
KOTOPBIM MBI NOJIb3yeMcsl B HacTosiiee BpeMs. M. bepuenuyc cosgan
INIEKTPOXMMUYCCKYIO TEOPUIO XUMMUYECKUX PeakilMii, BBeJ IpelcTaB-
Jenre 00 U30MepuM, OTKPBUT Psii HOBBIX 3JIEMEHTOB, TAKHX Kak Ile-
puil, cesnieH, Topuid, BaHaauil. UM Xe OBUTO BBEICHO B XMMHUIO ITOHS-
TUE KaTajlu3a.

K sTOMy BpeMeHU YK€ HAKOIMUIOCh MHOTO
HEOOBSICHUMBIX (DAKTOB, OOHAPYXUBAIOUIUX
BIUSTHUC «TPEThEro Teja» Ha IPOTeKAHUE XU-
Mudeckol peakuuu. B 1812 r. ®. @orens npo-
IEMOHCTPUPOBAJ, YTO B NPUCYTCTBUM YIJis
ITPOUCXOAUT peakuUs BOIOPOAa U KUCIOPOIa.
B 1817 r. I'.JI3BU 2KCIIEPUMEHTAIILHO TIOKA3aJI,
YTO B IPUCYTCTBUM MeTaUNTMUECKOM ITaTUHBI
WV fayIafus IPOUCXOLUT MEICHHOE Tope-
HUE BOIOpOIa, MOHOOKCHJA VIJIepona, MeTa-
Ha, ImapoB cnupTa, 3upa. ITO ObITH «XUMU-

yeckue Gokycel», I'.JIaBU IeMOHCTpUpOBa, Mencon ko6
YTO IpH BHECEHUM B KONOy, comepxXaliyio bepuenuyc
Mapel criupTa WM 2¢pUpa, HArpeTou IUIaTh- (1779 — 1848)



HOBOI MPOBOJIOKU, YACTh NMPOBOJIOKH, HAXO-
gsasicss B KonGe, pacKalsuiach JOKpacHa W
«0CTaBaIaCh B TAKOM COCTOSIHUM, TTOKA B KOJI-
6e OBIJTO TOCTATOYHOE KOMIWYECTBO IIapa U BO3-
Iyxa». B 310 BpeMs yxe ObIIM XOPOILIO M3BECT-
Hpl onuITH K. Kupxroga (1811, 1814 r.) no
FUIPONU3Y KpaxMasa moz nercreueM pas0as-
JIEHHOHN CepHON KUCJIOTH B HEKOETo «KIICH-
KOBaTOTO BEIIECTBAa», BBIACISICMOrO U3 Ille-
HUIIBL.

H. bepuenunyc 0bUI NepBLIM, KTO OCO3HA
3HAYMMOCTD BIUAHUS «TpeThero Tena». OH uc-
Mo1b30Bal JaHHbIe onbiToB K. Kupxroda npu
IIOCTPOCHUH CBOEH KOHIIENMIUU O KaTamuse®*.
B 1836 r. B crathe «HekoTOpBle COOOpaXeHUs O A0 CUX MOP €IE HeE
TIO3HAHHOM CUJe, NeWCTBYIOWEH IIpM 00pa3oBaHUM OPraHUYEeCKHUX
COCOIUHEHMH B XMBOW mpupome» U.bBepremmyc nmucar: «CylIHOCTb
“KaTaJIATUYECKON CUIILI” COCTOUT B TOM, YTO T€JIO JIMILb CBOUM IIPU-
CYTCTBUEM, a He Oiaromaps XUMUYECKOMY CPOJCTBY, HE TTPOSIBISAIO-
IEMyCH MPU 3TOU TEMIIEpaType, MOXET BO30OYXKIATh APEMITIOIINAE XU-
MHYECKHKE CPOACTRA B3aUMOJENCTBYIONINX BelieCTs». C caMoro Hayana
pa3BUTHUSI TIPEACTABIEHUM O KaTaju3e OBUIO SICHO, YTO B OUOJOTAYE-
CKMX CHCTEMAX YCKOPEHME PeaKMi Mo 1efCTBUEM KaTaIu3aTOPOB UT'-
paeT riepBocTelieHHYIo ponb. M. beplenyc micai: «B XUBBIX pacTeHU-
SIX ¥ KMBOTHBIX, B TKAHSIX U XUAKOCTSIX MPOTEKAIOT THICSIYY Kamaau-
muyecKux npoyeccos, OCYIECTBIISST OOBIIOE KOMUYECTBO PA3TUYHBIX
XUMMUYECKUX CUHTE30B U3 OBIIETO MCXOOHOTO MaTepuaia». ITo Obuia
TeHUATLHAS JOTAIIKA.

TI'embpu a1
(1778 —1829)

.

Hs wixonvnoii xapaxmepucmuxu H. Bepyeauyca: «Y marvuuxa
xopouiue cnocobrocmu, Ho naoxoe noseaerue. E20 6yaywee comnu-
meAbHO.

B coBpeMeHHOM CMBICTIE TIOHSATUE «KATaTU3» BOLLIO B XUMHIO JIUILb
cIycTs 1ojBeka mocie cMmeptu M. Bepuenuyca 6maromapss paboram
Bunerenawma OctBanbaa. beum chopMyTupoBaHbl OCHOBHEIE TOHSITUS
O CKOPOCTH XHMMYECKHUX PeaklUif, YCTAHOBACHB! 3aBUCHMOCTU CKO-
POCTH peaklMH OT KOHLIEHTPALMii B3aUMOJeHCTBYIOILMX BelliecTB (S1Ko0
Baut-Todd (1852—1911) «Ouepku 1o XMMUYECKOH OUHAMUKE»
(1884 r.), HobeneBckas npeMust o xuMuM 1901 1. 32 OTKpBITHE 3aKO0-
HOB XUMUYECKONH KUHETUKH M OCMOTUYECKOTO JABJIEHUST), ITPEXIE UeEM
MOHATHE O KaTaju3e IPOYHO BOLUIO B KATErOpUIo (PYHIAMEHTAIBHBIX
npeacraBieHult xuMun. B. OcTBajba onpenei KaTau3aTop Kak Be-

* TepMUH «Karanus» BHepBble ObUI MCMONB30BaH ANXUMHUKOM AHﬂpeaCOM“H]/I6a-
BUeM (1550—1616), ogHako OH He NpHaasan eMmy cMbicia, onpexenerHoro M. bep-
UEJIHYCOM.
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IIECTBO, «<KOTOPOE, He BXOASI B KOHEUHBIH ITpoO-
OYKT XUMUAYECKOM peaxklMd, YBEITUYUBAET ee
CKOpoCTh». COOTBETCTBEHHO KATaIU3 MIPEACTaB-
JIs1eT COOOM «yCKOpEHUE MEJUICHHO IIPOTeKAaKo-
[UX XUMHUYCCKUX TPOIECCOB B MNPUCYTCTBUU
MOCTOPOHHUX Bewwects». B 1901 r. B. OcTBaina
[Mcal, YTo OH pa3jiMyaeT YeThIpe TUMA KaTa-
JU3aTOPOB. KOHTAKTHOE HEUCTBUE <«3aPOJbI-
LIeil», TOMOTECHHBIH KaTIU3, reTepOrc¢HHBIN
KaTajJu3 U peicteue dpepMeHToB. B 1909 1.
B. OctBannay 661a mpucykneHa HobeneBckast
[IpeMUs 10 XUMUH 3a pabOTHl 10 KaTalu3y U
OCHOBONOJIAraoIIKe UCCeI0BaHUsI CKOPOCTe i
XUMHWYECKMX PEAKIIUNA.

TakuMm 00pa3oM, OCHOBONOJIOXHUKHK TeO-
pHUH KaTaau3a U3HAYaIbHO paccMaTpUBAH (hepMEHTATUBHBIN KATaIU3
KaK HEOTHEeMJICMYIO COCTABHYIO YaCTh KaTajlu3a B LICJIOM.

IIpencraBieHus 0 TOM, YTO KaTaau3 B XUBBLIX CUCTEMAaX OCYIHECTB-
JISIIOT XUMUYECKHUE BElLECTBA, TAKXKE UMEIOT CBOIO MCTOPUIO.

Brepsole KaTaTUTUYECKOE ECTBUE OGuoMaTepraia 66110 0O6Hapy-
xeHo Koncrantunom CurusmyngosudeMm Kupxrodom (1764 — 1833).
K. Kupxrod (antexkapp U XUMUK 110 0Opa30BaHHUIO) 3aHUMAJICS TIPO-
6eMOil moNTy4eHUs caxapa U3 Kpaxmana*. B aTo Bpemst oH paborai B
rnaBHol anteke Cankr-Ierepoypra. K. Kupxrod moruMan, uro ca-
Xap U KpaxmaJ SIBJISTFOTCS XUMHYECKH POJACTBEHHBIMU COeUHEHUSIMU.
B 1811 r. oH nipeacTaBuiI B AKafeMHIO HayK 00pasiibl CAXapHOTO CUPO-
I1a ¥ KPUCTAUIMYECKOTO «Caxapa», ITOIyICHHbIE UM NYTEM MMIPOINU3a
KapTodeIpHOro Kpaxmaia Mo 1eiCTBUEM pa3daBIeHHOM cepHoit Kuc-
JOTHL. Peakius mpoTekana CyTKH, IIpU 3TOM CepHast KUCJIOTa He pac-
XOJ0BaJach U IO 3aBEPILICHUM IIPOLECCa HedTpaIu30Baach pacyer-
HBIM KOJIWYECTBOM KapOoHaTa KaJlblUs. DTO ObLT UICTUHHO KATATUTH-
yeckuit nporecc. B 1812 r. K. KupxrodpoM 6biUTH UINOXEHBI OCHOBELL
3TOTO IpoIlecca B cTaThe «O TIPUTOTOBJIEHUM Caxapa U3 KpaxMaja.
Pacumupss csou uccnenosauusi, K. Kupxrod oGuapy:xumi, 4To aHajio-
TUYHOFO pe3yJibTaTa MOXHO TOOUThCS U 6€3 1oOaBIeHUsT KUCIOTHI, a
IO KEUCTBUEM <«KIIEMKOBATOrO BEILUECTBA» (KIEHKOBUHEI), KOTOPOE
OH TIONyYMJI U3 MileHn4yHOoro 3epHa. 30 Hostopsi 1814 r. K. Kupxrod
BBICTYNHII ¢ 1oKJIanoM «O MoayYeHHH! caxapa IIpH 0COJIaXUBAaHUY 3J1a-
KOB». BriepBole ObII0 MOKA3aHO, YTO AF€HTOM, 00€CIICYUBAIOIINM I'UI-
poJu3, SIBISAETCS OTIUYHOE OT KpaxMmana «KJIeHKoBaToe BELIECTBO».
Pa6otas B Poccun, K. Kupxrod mposes GoiblIoe YKCIo UCCaegoBa-

Bunserensm OcTBaibg
(1853—1932)

* IIpobGaema TMAPONUTUYECKOTO DACHIETUIEHUS] PA3IMYHOTO YIJIEBOAHOIO ChIPhS
He MoTepsliia CBOETO 3HaYeHUs U cerofHs. B cepenuue 1960-x rr. oHa BbIUDIA HA TEXHO-
JIO'MYEeCKUIl ypoBEHb, U ceiyac Co3gaHa MOIHAS WHAYCTPHs (ePMEHTATUBHOIO MO-
JYYEHUsT caxapoB IyTeM IMAPOAN3a Kpaxmana Mojx AefiCTBHEM rAoKoamuias.



HUH B 06J1aCTH TEXHUYECKOM XxuMun. B 1812 r. oH 6bU1 U30paH sKcTpa-
OpIUHAPHBLIM akaneMUKkoM IlerepOyprckoit akageMu HayK, ObLT Wie-
Hom [lamyarckoit m BOCTOHCKOI aKageMHUIA.

Bce Benukme XUMUKM MepBoil NoM0BUHB XIX B. y4acTBOBajIU B
JUCKYCCUU O TIPUPOIE MPOLIECCOB, MPOUCXOQAILNX B XUBLIX CUCTEMAX.
B xauyectBe MOxenu U TIaBHOTO 0OheKTa aHATU3a U TUCKYCCUU pac-
CMAaTPUBAJICS MIPOLIECC KOHBEPCHUU caxapa B CTUPT WM YKCYCHYIO KUC-
JoTY (BUHHOE WM YKCYCHOKHUCIOE OpoXeHue).

TTapuxckad akameMUst HayK B 1799 r. 3amana KOHKYpPCHBIN BOIIPOC:
«YeM OTIMYAIOTCS PACTUTENBHBEIE M XUBOTHBLIE BeIeCTBa, HEACTBY-
o1mMe kak (pepMeHT*, OT TeX BEILECTB, KOTOpHIe ToaBeprarrcs ¢ep-
MEHTALINH».

O060CHOBAHHBIM OTBET HA 3TOT BOIPOC OB 1aH QPaHIY3CKUM HC-
cinegosatenieM Ilapnem Kaubsp-Jlatypom (U1.Kaunwsap me nma Typ)
(1777 —1859). OH sKcnepUMeHTATIBHO TIOKA3aJI, YTO APOXKKHU, OCYIIIE-
CTBIAIOINAE (hepMEHTALIUIO, — He MPOCTO XUMHUYECKUE BEIIeCTBa, a
KUBBle OPTaHU3MBI, CITIOCOOHBIE PACTH M pa3MHOXaThCsl, TIPHIEM HC-
XOIHBIE BELIECTBA U IIPOAYKTH peaKUUU — IPOCThIE XUMUUYECKHUE CO-
eIUHeHHMsl. DTOT BBIBOI OBLT BCTpeueH B IITHIKM V. Bepuemmycow,
10. TubuxoMm, @.Bénxepom.

Bruan IOcryca ¢on JIubuxa B pasBUTHE OPraHUYeCKOH XUMUHU U
arpOXUMUM CpaBHUM JIMIIL CO 3HaYeHueM padot M. bepuenuyca mis
0611elt 1 HeopraHudyeckoil xumu. 0. JIn6uxoMm co3gaHa Teopusl pa-
IHAKANOB, pa3paboTaHbl METOABI aHaJTH3a M BIEPBBIE OCYIIECTBICH
CHHTE3 MHOTUX OpPraHMYECKUX COeIUHEeHUI, IToKa3aHa poib pocdopa
U a30Ta B PasBUTMHM PaCTCHUH, BIIEPBHIC MCIIOJIB30BaHbBI MUHEDATb-
HEBle ynobpeHus1 — cymnepdocdar U cyabhaT aMMOHUS IS TTOBBIIIE-
HHSA TUIOIOPOIHS TTOYB.

Beauxuii FO. Aubux 8 wxone umea mHozo npobaem. On ysae-
KaAcA xumueil u npexebpezas MpaguUUOHHBIMU WKOADHBIMU Npe-
memamu. Omey yempoun ezo npaxmuxarnmom 8 anmexy. Ho FOc-
myc 60Ablie UHIMEPECOBANCH XUMUHECKUMU SKCNEPUMECHITIAMU, YeM
npoussogcmsom aexapcme. Onacruvie onbimot ¢ cepebpom u pmy-
muio ox nposogua maiino. Onbimet 3aKOHYUAUCL CUADHBIM B3pbI-
80M, 83/1emend Ha 8034yx Kpviua anmexu. Ha smom xkapvepa Nu-
6uxa-anmekaps 3aKOHUUAACD.

Opunpux Bémep (1800 — 1882) 3HAMEHUT IpeXIe BCEFO CBOUMU
paboTaMu 10 IOJIYYCHUIO MOYEBUHLI U IABEJIEBOH KUCIOTHI (Ipo-
CTEHIIUX OPraHMYECKUX COCTUHEHHT) U3 HEOPraHWYECKUX BEIIECTB.
WM Takxke BriepBhle TIOTYYEH B 3HAYUTEIBHBIX KOJTUYECTBAX METAJUIM-

* TepMuHbl «bepMeHT» (fermentum), «bepMenTauus» (fermentation) TIPOUCXOISAT
OT NIAT. fervere — BCKMIIaTb WIK ferveo — IEHUTBCS M OTPaxaloT HabmonaeMslil 1po-
Liecc NeHooOpa3oBaHusA NpH CITUPTOBOM OpOXeHHH. TepMUHBI yX0OaIT CBOUMH KOPHS-
MU B aIXUMHIO.
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IOcryc don JTubux Opunpux Bénep
(1803 —1873) (1800 — 1882)

YeCKHUIT AIIOMAHUNA, OTKPHITA TIPAKTUYECKYN BaXHasl peakums II0JIy4c-
HHUA aluCTHIICHA U3 Kap6I/II[a KaJIbIIUA.

D. Béaep max onucaa aabopamopuro ﬁ.BepgeAuyca, 8 Komo-
poii BbLau caenambl solAaoWuecs Hayurble omxpoimus: «Psagom ¢
HCUALIM NOMEUICHUEM HAXOAUAUCH JBE OUCHb CKPOMHO 060pYJ08aH-
Hote komHamol. Tam He 6b110 2asa u sogvt. B ogmoii komname cmo-
S 06bIMHBII ePeBAHMDLIL CITOA, Y CMEHbL — HECKOAbKO MAACHLKUX
wiKagos ¢ HeboabuuM Koaudecmsom peazenmos. Kanarusauuon-
HYIO cucmeMy 3aMCHSAU COCYA € BOAOU, (PasHCOBAA PAKOBUHA U
cmoswue sHusy seapa. Bo smopoii komname naxoguauce secot u
APY2ue UHCMPYMEHMbL U MACMEPCKAS ¢ MAAEHBKUM MOKAPHBLM
cmanxom. Ha xyxue svinoansna ceou caymxebuvie obssannocmu
Anna, komopas 6oLra cayxcanxoii u 2a60paHmMKoil BEAUKOZO Yue-
Hozo. Tam xce cmosina masenbKas nevb U NOCMOAHHO 20pAUAs Ne-
counas 6ans». ITpu smom M. Bepuearuyc ymesepacaan, umo xopo-
WLE XUMUK JOAXCEH YMEmb NpoCeepAUmb Omaeepcmus nuAok.

Y. Bepuemnyc, 10.JIn6ux u ®. Bénep npeactasisuin cebe IpoLece
OpoxXeHHS KaK MCTHHHBIM XUMHYECKHI TPOLIECC, B KOTOPOM OCAIoOK
(mpoxcoku) obiamaeT HEKOTOPOM XHMHUYECKON akTHBHOCTBIO. PDakTu-
9eCKH BOIIPOC CBOTUTCS K TOMY, UTO XKe IIPEICTaBIsAeT coO0M KaTaln-
3aTOp: XMMHMYECKOE BELIECTBO HEM3BECTHOM, BOZMOXHO, OYEHD CIOXK-
HOM CTPYKTYpbl MMM XuBoi mMukpoopranusm? 10.JIn6ux, Y. Bepue-
qmyc, O, Bérep u MHOrHe IpyTue XUMUAKHA HE MOIJIH BOCIIPHHATH UIEIO
O TOM, YTO XHUBbIE OPraHU3MBI TIpY OPOXEHUH OCYILECTBISIOT XUMH -~
YEeCKYIO PEeaKLUI0, HECMOTpPS Ha TO YTO TOTOK (haKTOB, TIOATBEPXHA-
IOHIMX 3TO, HEMIPEPBHIBHO POC.

(3]
Oznaxcaor y Annot, komopas 6viaa cayxcanxoii M. Bepyeauyca,
HYPHAAUCTIBL CNPOCUNU, KaK pabomaem ee wied U 4mo ox Jeaaem
gecb gerb. Cayrcanxa omeemuaa, 4mo paHo Ympom oHa nPuHoCcUm
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eMy PABAUUHBIC NOPOWKU, HCUAKOCMU U APY2UE XUMUUCCKUE BEULC-
cmaa.

— Ymo on geaaem co scem smum? — cnpocuau HypHAAUCTTIOL.

— On cmewusaem sce 8 6oabuiom cocyge.

— Ymo aanvue?

— 3amen Hazpesaem cmeco u nepeausacm 8 Apyzyio NOCyay-

— A umo 8 konye?

— B xomye on sbLausaem sce 8 8e4po, HA cACAYOWULL JeHb HA
yuMHaem 8ce CHAYAAd.

bypnas auckyccust o npupoie XUMHYECKHX peakKUil B XKWUBOM pa3-
sepHynach Mexny JI. [Tactepom, 10./Iubuxom n M. BepTtio.

Jiyn Tlactep OBUT sipbIM CTOPOHHHMKOM TOro, 4yTo OpoxeHue (T.€.
KOHBEPCHIO caxapa B CIUPT WIHN B YKCYCHYIO KHUCIOTY M CONYTCTBYIO-
(A€ MPOXYKTHI) MOTYT OCYILEeCTBUTh JIMIIE KUBBIE KJIETKA MHKPOOP-
rann3MoB. J1. [Tactep orBepray caMy uaeo HeoOXOJUMOCTH CYILECTBO-
BaHUS paCTBOPUMBIX (PepMEHTOB, YYACTBYIOLIUX B OpoxeHuu. OH 1u-
cai: «4 He BIKYy HUKakKoi HeOOXOIMMOCTH HH B CYIIECTBOBAHUH 3THUX
(hepMEHTOB, HA B MOJE3HOCTH MX (YHKIMOHHPOBAHUS IPU OpOXKeE-
HUM».

OtMeTtuM, yro 10.JInOux, npoBOAs pazTUyHBIE XMMHYECKUE pe-
AKIUU C OPraHNYeCKHMMM MOJEKyNaMH, HE MOI JOIMYCTHTH MBICIH,
4TO ISl PeaM3auyM TIPOCTOr0 XMMHYECKOIo IIponecca — OKHCIEe-
HUS COIMPTA B YKCYCHYIO KUCIOTY (peakius HAET 10 JEHCTBAEM pa3-
TMYHBIX XUMHYECKUX OKUCIHUTENEH) — HeOOX0uMO ydacThe TaKoro
CIOXHOIO arperara, Kak uenas KJjerka xXusoro Mukpoba®. 10.Jin-
OMX Mpennojarai, YTo HabMI0aaeTCss BCEro JIMIIb KOPPENSIUST MEXIY
«(DU3NOTOTUYECKHUM TIPOLECCOM» 00pa30oBaHUs NPOAYKTOB U POCTOM
KJIETOK.

3HAaYMTEIBHYIO POJb B BBISSICHEHHMHU BOIPOCA CHIIPAIA JUCKYCCHS
Mexay JI. [Tactepom n Mapcenenom beptiro. Paboter M. beptiio BHe-
CJTM TPOMAAHBII BKJIAM B Pa3BUTHE CHHTETHYECKOI OPraHMYeCKOl XU-
MuH. VIM OBl OCYILEeCTBIEHB! peaKIMH TIOJyIeH!s YKCYCHOH U My-
PaBbMHON KHUCJIOT, TIpOBEINEH CUHTE3 3TaHOja U3 3THIEeHA, CHUHTE3
KUPOB U3 IIHLEepHHA 1 KapOOHOBBIX KHCIOT, CHHTE3 OeH301a U3 atle-
TWIEHA, CO34aHBl OCHOBBI ra30BOIl SIeKTPOXUMHHU U ITPOBEJIEH CUHTE3
aueTWIeHa B 3JCKTPUYECKOM paspsiie.

M. BepTtiio nojarai, 4o rpoiecc 6poXeHust OCYHIECTBISETCS Opra-
HHYeCKO cyOcTanMeil poxokeil. BaxHbIM ObUT a3KCiepuMeHT M. bept-
JI0, B KOTOPOM OH Pa3spylIMI KJIETKH APOXKeH, MOIydun OecKIeToy-
HBII 3KCTPaKT, NePeOCcaayi ero CIiipToM 6e3 CYILIECTBEHHON ToTepyu
aKTUBHOCTH U J0Ka3aJ, 4yTO IOJyIeHHasl cyOocTaHuus obnanaeT Kara-
JATAYECKUMH CBOMCTBAMH. DTOT JKCIIEPUMEHT TIOKa3al, 4To «bep-

* B xoHeunom cuete FO.Tubux okazancs npas. U3BECTHO, YTO KOHBEPCHIO 3TaHO-
J1a B YKCYCHYIO KHCIOTY OCYIIECTBISIIOT ABa (hepMeHTa — alKOTONbAETHApOreHasa u
aueTalbAerHaporeHasa.
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JIyu ITacrep Mapcenen bepmio
(1822—1895) (1827—1907)

MEHT» M XUBBI€ KJIETKH MHUKPOOPraHH3MOB He OJHO M TO Xe, IpojJe-
MOHCTPHPOBAJ, YTO KJIETKHM COAEPXKAT BEHIECTBA, pealbHO OCYIIECTB-
JISTTOHIMie XHMHUECKYIO PEaKIIMIo.

Ha 10, uTO GpOXEeHHEe MMeeT XapakTep KaTaTUTHYEeCKOIO IIpolec-
ca, ykasbiBan Dixanen Muruepiaux. B 1843 r. oH oTMmevan, 4To s
MpOBEeNeHUsT Ipouecca cOpaXuBaHUs caxapa HeOOXOJUMO He3HayM-
TeJbHOE KOTUYECTBO Jpoxckeli (MeHee 1 %), HECOM3MEPHUMOE C KOJIH-
4eCTBOM KOHBEPTHPOBAHHOIO cybCTpara, T.e. BKIAIOM APOXCKEd Kak
BEHIECTBA B MaTepUaAIbHBIN CallaHC peakiii MOXHO IpeHeOpedb.

JHcKyccHs 3aKOHYIIach, HO YYaCTHHUKHU OCTAJHUCh IIPU CBOEM MHE-
Hun. Heo6xomuMo oTMeTuTh: aBTopuTeT JI.IlacTepa OB HACTOJIBKO
BBICOK, YTO €r0 MHEHHE, YTO JIHIUB KHUBbIE KICTKH MHKPOOPTaHU3MOB
SIBJISIIOTCH HOCHUTENIAMH TIPOLIECCOB KOHBEPCHH BEIECTBA, FOCIIOLCTBO-
BaJIO cpenyl MUKPOOHOIOroB JUTMTENBHOE BpeMs. Ero BiMsiHMe Ha Hc-
clejgoBarelieil OmyIanocs U B XX B.

Oco6y10 ponb B JUCKYCCUH ChIrpajia HEOHO3HAYHOCTh B TEPMHUHAX,
CYILIeCTBOBaBLUAsA B Te roabl. B TeueHne MHO-
TUX JIeT APOXKH Has3blBalul (hepMEeHTOM.
JI.ITacTtep GBI NPOTHUB paclpoOCTpaHEHUS
TepMHHa «pepMEHT» Ha PaCTBOPHUMEBIE Beme-
CTBa, CIOCOOHBIE IIPOBOIUTL KOHBEPCHUIO Ca-
Xapa, a moHuMan 1mox «pepMEHTOM» KUBBIE
pacTyiupe KJIETKH, OCYILECTBIAIoNMe o0pa-
30BaHMe 3TIwieHoBoro cupta u CO,. TepMmu-
HBl «3H3MM» M «3H3NUMOJIOTHs» ObLIHM BBeje-
HBI B 1876 1. B. KtoHOM 11151 0003HaYeHUS «He-
OpraHu30BaHHBIX», «OecpOpMEeHHBIX» (ep-
MEHTOB, TaKMX KaK JUacTasa, NerCUH, TPUII-
CUH, M3BECTHBIX yXXe TOTHa.

Tquy B 3TOM HCTOPHYECCKOM CIIOpE Io- DUxXanbg MI/ITL{epJ'II/IX
cTaBwin onbiThl D. byxHepa (1897 r.), koro- (1794 —1863)
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PBI MPOJEMOHCTPUPOBAT BO3MOXHOCTD ITPOBENeHHs Ipouecca 6po-
JKeHUsI ITOJ, IeHCTBUEM OECKIIETOYHBIX IKCTPakTOB. D. ByxHep MexaHH-
YEeCKHM paspyuian KIeTKHM APOXOKE#, Habmoaas 3a mpoueccoM Moxg
MHKPOCKOIIOM, ITPOBOMMA 3KCTPAKLIMIO BOIOH C OTHeIeHHUEM XKHUIKO-
CTH OT TBEPIBIX YaCTUIl (DUIBTPOBAHHMEM ITOJ BHICOKMM [ABICHHUEM.
TTomy4eHHBIIT pacTBOP cMecH (epMEHTOB GbUI CITOCOGEH K HHTEHCHB-
HOMY BeIZeneHUIO criipTa B CO, TIpH BBEACHHUH €r0 B pacTBOP caxapo-
3bl. Ha peakuuio He AeCTBOBAIM KJIACCHIECKHE aHTUCETTUKH. ONBITHI
[oKas3aiu, 4to OpoXeHUe — pe3yJbTar ACHCTBUS (epMEeHTOB, He 3a-
BHCSILIETO OT 1enoctHoct kitetku. B 1907 r. B. Byxuepy 6bi1a riprcyX-
neHa Hob6eneBckas nmpeMHs [0 XUMHAM.

Pesynsratom paGoThl GOMBIIOMH IPYIIBE UCCHENOBATENEH, HAYNHAS
¢ K. Kupxroda, 1. bepuenuyca, sakanduBas B. OcTsanpaoM u D. byx-
HEPOM, SIBIJIOCH YTBEpXIACHHE, YTO (PepPMEHTHl — 3TO XMMHUYECKUE
KaTaJan3aTophsl U HEOOXOTMMO UCKaTh OOBICHEHUS NeHCTBUS (epMEH-
TOB Ha XUMUYECKOA OCHOBE.

Taxkum 00pa3oM, CTao SICHO CIEAYyIolIee.

o XMMHWYECKUI KaTaiu3 U OUOJOrMUeCKU KaTajln3 — 3TO SIBACHUSA
OIHOTO TIOpSINKa; KATAMM3aTOPHI («TpeThbe TEeJ0») 00IamalorT OOIIUM
CBOICTBOM — OHHM CIIOCOOHBI YCKOPSATH XMMHYecKue peakuuu. [1pu
3TOM CYIIECTBYIOT KaK OOIIME KaTalu3aTophbl, CMIOCOGHBIE YCKOPSTH
MHOTHE peaKUWMM (HalpuMep, KMCJIOTH), TaK U clieruduiecKkue Ka-
TaJIU3ATOPHI, YCKOPSIIOLINE AULUD Y3KUHM KPyT peakuuii 1 paboTaollue
¢ orpaHM4eHHBIM Habopom cyOcTparoB. ITocaenHee CBOMCTBO Xapak-
TepHO 11s1 (PEpMEHTOB.

¢ B kimeTKax MHUKpPOOpPraHM3MOB, PACTeHUH, XXMBOTHBIX, YEJIOBEKA
MMEIOTCS BEIECTBa, O0MaNarllfe HCKIIOYUTEIBHO BEICOKON KaTaiu-
THYECKOUA aKTUBHOCTHIO.

¢ brojormyeckyie Katam3aToph CIIOCOOHB! YCKOPATH KaK IPOCTeii-
e XUMHUYECKHEe peakKuwu (MHBEPCHIO caxapa, T'Mapojn3 OeiakoB,
peakiy OKUCIIEHUS ), TAK U CIIOXHBIE IPOLIECCHl, TaKWE KaK AACIPO-
TMOpUHUOHMPOBaHKe caxapa B 3TaHoa u CO,.

BaxXHBIM pe3ynbTaToM OBLIA JeMOHCTpauus Toro ¢akra, 4To 6uo-
KaTaJIMTHYECKO# ¢GyHKImel obaanarot 6enku. Hanbonee 4e€TKO 3T0 O6bUTO
chopMyIHpOBaHO HEMeKMM HccaeqoBareneM M. Tpayoe. B 1858 r. ox
B paMKax CBOEro IpeACTaBlIeHUS o AeHCTBUU HEPMEHTOB OXapakTe-
pu3oBai GepMEHTH Kak XMMHUYeCKHe BelllecTBa OSIKOBOI TIpUpOIEI.
DTOMY NpeTIeCTBOBAT 3TAIT HAKOIUICHSt 9KCIIEpUMEHTATBHBIX (DaKkToB.
B 1830 1. IT. PoGuke 1 A. byrpon-1llaysip vucciae oBany THIPONIA3 aMUH-
NAJMHA MO JeCTBUEM H3MeIbUueHHOro roppkoro Musaans. B 1831 r.
D.JletikcoM GpUTO OGHApYXKEHO, YTO CIIOHA 00J1alaeT aKTUBHOCTBIO
nuactassl. Briepsele JOCTATOYHO OYMINIEHHHIH ripenapar epMeHTa yaa-
nock noyuuTth A. Iatieny u 2K. ITepcy B 1833 r. OHU BeIZEIWIN aMuiIa-
3y M3 COI0Ja, ocanuB (hepMEHTHBII IIpernapar CIUPTOM. AHAJIOTHYHBI -
MU METOJAMU YIAJIOCh TTONYYNTh (hepMEeHTHBIN penapaT CHHUTPUHA-
3s1 (K. ®opc, 1835 r.), mencuna (T.I[IsanH, 1836 r.), TpuncuHa
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(J1. Kopsusap, 1857 1.). 3aMeTHYIO pOJIb B pas-
BUTHH METOIOJIOTHHU BBIAEACHUS (PEPMEHTOB
cuirpany paboTel O. bprokke u A. 5. [laHmres-
CKOTO, KOTOpBIe HCIIONB30BAIM SIBICHUE all-
copbuuu s pazaeneHus Oenkos. B 1862 r.
A. 51, JIlaHWIIeBCKOMY BIIEPBBIE YIAIOCH paszne-
JINTHb TPUIICHH Y IAHKPEATHUYECKYIO0 aMUa3y.
DTN pabOTHl CTaJX OCHOBOM COBPEMEHHBIX
METOJOB IOJIYyYeHHs OCIKOB.

Crenyiolyii aTan UccaeaoBaHus pepMeH-
TOB CBSI3aH C OCO3HAaHWEM Toro ¢akra, 4To
(pepMEHTHI 00MaNAIOT CTIOCOOHOCTHIO B3aUMO-
JeMCTBOBATh JUIIB C U30paHHBIMM CyOCTpara-
MH, T.e. 00aagator crrenuduyHocThlo. Takxke
GBLIO IOKA3aHO, YTO cyDCcTpar B Ipouecce Ka-
TAJATHYECKON peakiuy obpasyeT AabMIbHBIA KOMITIEKC C OEIKOM.
JleTaJbHOE MCCICAOBAHME psa CUCTEM Mo3Bonuino Omuwio Duiepy
c(hopMyITHPOBATH TIPEJCTABICHHUS O CIEIHOUUHOCTH HepMEHTATHBHOIO
Katannsa. D. Ouiliep — BHIAIOMIMICS XUMHAK-OpraHuK. OH 3aHIMAJICT
A3y4eHUEM NMpUponbl OEIKOB, caxapoB, KpacUTENei, a30THCTHIX OC-
HOBaHHWH, NyOMABHBIX BeliecTs. D.OHIEp I'MAPOIUTHYECKH paclie-
K GeJTKA M I10Kasan, YTo Bce OENKHU MOCTPOSHBI U3 0.-AMUHOKHUCIIOT.
Psin aMMHOKMCIIOT OH MONYYMJI BCTPEYHBIM CHHTE30M.

Smuns Quirep
(1852—1919)

3. Duwuep npoucxogun us bozamoii Kyneueckoli cembu, U omey
xomen, umobvt IMuab nowtea no ezo cmonam. IMuas omaaiu Ha
NPAKMUKY K POACIMBEHHUKY, HO €20 COBEPULIEHHO HC UMITIEPECOBAAa
mopzosasn. Yepes Hexomopoe 8pems pogcmBeHHUK 3aSBUA, UMO U3
Hezo Hu4ezo He noayuumcsa. B xonye xonyos omey Imuns omxa-
3aAcs om 3moii ujzeu u sblHec NPUzo8op: «Lharb, umo 445 kynua ox
caunixom wayn. Iyecmo ayvwe usyuaem xumuios.

D. Ouuiep CHHTE3UPOBAN AUTIEHTHAL U oauronentuasl. B 1907 r.
VM CUHTE3HPOBAH MENTHI, COCTOAIINN U3 BOCEMHAMUATH Pa3IuIHbIX
amuHoxkucaoT. B 1894 r. 8. Oumiep HavYax M padboT Mo U3y4eHHIo
crieunUYHOCTH IeHCTBUS (pepMEHTOB. DTH paboThl OBLTH IIPOIOIKE-
HHUEM €ro UCCIEIOBAHUI CTPYKTYPBI CaXapoB U MenTUIOB. [Tt 00bsic-
HeHHs] cieyupUIHOCTH aeiicTBua depMeHTOB B. PUiuep chopMyIn-
pOBaJl TIOJIOXKEHHE O TOM, UTO CYOCTpaT MOAXOTUT K (hepMeHTy, Kak
KJIIOY K 3aMKY. DTO IIOJIOXEHHE He ITOTEPSUIO aKTyaTbHOCTH M CETOINHS
JIEXUT B OCHOBE IPeICTaBlAeHUH O CTEPUYECKOM COOTBETCTBHUU MEXIY
cyGeTpaToM B (DepMEHTOM.

Brinarommecst paGoThl 6bUTH BEITIONHEHB 3. @uiiepoM B o6racti
XVIMMH YTJIEBOLOB U XpacuTeiel. Pabotsr B. Ouilepa 3a10XWIH OCHO-
BBl M3y4eHHUsI HYKIEHMHOBBIX KHUCIOT. 32 UCCIIeJOBAHUS CaXapoB U My-
PUHOBBIX MPOM3BOIHEIX B 1902 r. . ®uuiep 661 yaocroeH Hobemnen-
CKOM MpEeMHUU TI0 XUMUU.
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To, uyTo dpepMeHT B3aNMOIEHCTBYET C CYO-
CTpaToM M 06pa3syeT depMeHT-CYyOCTpaTHBIM
KOMILIEKC, CIEAOBAIIO U3 aHaTM3a KHHETUKHU
KaTaTUTAYeCKON peakiuu. V3ydeHue KUHe-
TUYECKUX 3aKOHOMEpHOCTelt AeicTsus Gep-
MEHTOB HAaYMHAJIOCh Ha 3Tafe pPa3BUTHS XU-
MUYECKON KHUHETUKH.

Briepssie cKOpOCTh (pepMEHTaTUBHBIX pe-
akuui aHanusuposan I'. Tamman. OH npoBen
THIATENLHOE CPaBHUTEIBHOE MCCleJOBaHUe
JeicTsud PEepMEHTOB U XUMHYECKHNX KaTa-
JIN3aTOPOB PEaKIMK THAPOIM3a W IIoKa3al,

Jleon Muxasnuc 4yTO (hepMEHTATUBHBIN TMIPONU3 [IMKO3H-

(1875—1949) OB ¥ IMCaxapyulIOoB aHAJNOTMYEH KiaccHhye-

CKOMY KHCJIOTHOMY, HICCITEyeMOMY CO BpEMEH

K. Kupxroga. I'. TammaH BriepBbie H3Y4II TeMIIEPATYPHBIE 3aBUCUMO-

CTH CKOPOCTH (DEPMEHTATHBHOM peakuuH. Pe3yasTaThl paGoTH OBLIH

onyonrkosaHb! B 1892 r. B 2KypHaiie pyccKoro ¢pu3MKo-XHMHYECKOTO

o0LuecTsa u Bocieactsun B JKypHane GU3NYeCKON XUMUHY, H31aBac-
MoM 5. BanTt-T'oddom n B. OcTBansiaom.

3aBepilleHHYIO (POPMY XMMHKO-KHHETUIECKUE UCCIIEIOBAHNS TIPH -
o0penu B paborax Jlym Aupu (1834—1913) u Jleona Muxasnuca.
W3 kuHeTHYecKUX JaHHBIX OJHO3HAYHO CIIEJOBAJIO, YTO B Ipollecce
KaTaJIUTHYECKOro AeHCTBHs (pepMeHT 06pasyeT KOMIUIEKC ¢ cyOCcTpa-
ToM. MHTepnperanns JI. Aupr u JI. MHXa3,IMCOM pOJIH 3TOro KOMII-
Jiekca Obuta pa3IuIHoON (CM. 1. 4), 0JHaKO 00a Noaxoaa JUist OObsICHE-
HUS 3KCTIEpUMEHTATBHEIX JaHHBIX ITOCTYIUPOBaJin 06pa3oBaHue dep-
MEHT-CYOCTPaTHOIo KOMILIEKCa.

3HaYUTEeNbHBIH BKJIAN B GyHIAMEHT KMHETHKH (hepMEHTATHBHOTO
KaTain3a BHecnu paboTel D. ApMmcrponra (1904 r.), oOHapyXUBIIETO
3thdexTsl THrHONPOBaHUS (hePMEHTATUBHEBIX pEAKITUH aHAIOraMH Cyo-
crpara, u C.CopeHceta (1868 — 1939), mpoaeMOHCTPHPOBABLIETO 3a-
BHUCHUMOCTbh CKOpPOCTEH (PepMEHTATHMBHBIX peaKUMHA OT KOHUEHTpauuu
MOHOB BOAOPO/A.

* % %

Myuapee Bcero — Bpemsi, H60 OHO pPacKpBIBAET BCe.

(Da/zec

HcTtopus oTKpHITUS (PepMEHTOB M MepBLIX HCCNeIOBAHNIM OHOKaTa-
JIA3aTOPOB MHTEPECHA M ITOy4YNTeNbHa. IIpakTHIecKH BCE BETUKUE XH-
MHUKH XIX cToneTHs BHECIH CBOI BKJIAX B co3gaHue QyHIAMEHTa XH-
MUYECKON IH3NMOJIOTMH, UX NpHUBIeKad (peHOMEH OHUOJIOTrMYeCKOro
Katannsa. PaboTast B pasIMuHbIX 001aCTsAX XMMUH (0011[asi M HEOpraHu-
qyeckass XUMHUSI, OpraHudecKas XUMHs, GU3HyecKas XUMUsI), KaXKIbIif
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c(hOPMHUPOBAIT CBOE MOHUMAHME 3TOM 3araiku NpUpoasl. OCIINIf Mex-
JUCUMIUIMHAPHBIA Xapakrep XMMUYeCKOH SH3MMOJIOIMH COXPaHsIeTC st
M CETOIHS.

MHorue MoJioXeHus!, cHOPMYIUPOBAHHBIE HUCCIEAOBATEIIMH B
XIX B., IpeIMETHI CIIOPOB, MHEHUSI U BBIBOJLI CETOMHSA MOTYT IIOKA-
3aThCH OUEBUIHBIMH M B YeM-TO HAUBHBIMH. OJTHAKO 3TO KAXYILASACS
ripocToTa. Kaxapiii war snepen — 3TO 1UAr B HEM3BECTHOE. TakoB Tep-
HUCTBIA IMyTh IOCTUKEHUST UCTUHBI.

JBaguaThlii BEK BHEC MHOIO HOBOI'O B IOHMMaHHe (peHOMeHa OHo-
JIOTMYECKOro Kataimn3a. HoBbie (PHU3UKO-XHUMHIECKHE METOIbI MCCIIe-
JIOBaHUS Ka4eCTBEHHO U3MEHWIM OOIMK XMMHYECKOH 3H3UMOJIOTHH.
MeToabl MOJIEKYISIPHONH OMOJIOTMH M Te HETUYeCKOM MHXKeHEPHUHA MHO-
roe IMpOsACHWIMA B MEXaHU3MaX peakiuii ¥ MO3BOJIWIHN ITONYYaTh HOBEIE
OMOKATANMN3aTOPRI, HE cyuiecTByIOIMe B npupoae. B XX B. B HayKky
[PULUIO MHOTO HCCAea0BaTeneil, YTo crnocoOCTBOBAIO PE3KOMY KO-
JINYECTBEHHOMY M KayeCTBEHHOMY pOCTY 3HaHUH. HakoHew, MosBH-
JINCH METOABI paboTH C OOJBIIMMY 00BEMaMHU HHPOPMAaLUH U IIPOBe-
JICHUS] BRIYUCIIEHWH TMIaHTCKuX o6bemMoB. Kak MHoOrue o0iacTé Xu-
MHH, XAMHUYECKass 3H3WMOJOTHSI CTANa PasJeloM TeXHUYeCcKOH Xu-
MuH. Bce 3TO cO37aeT KayeCTBEHHO HOBBIN YpOBEHb ITOHMMaHHUs TIPO-
OJIeMBI.

TeM He MeHee CerogHs MB HE MOXEM YTBEPXIATh, YTO NO KOHIA
TIoHMMaeM (PeHOMEH OMONIOrMYecKOro Katanuza. HemoHaTHO, KaKuM
00pa30M BO3HUKIIM OMOJIOrMYeCKUE KaTAIM3aToOPhI, OOagalolme (aH-
TACTUYECKOM aKTUBHOCTBIO, KaK OHU DBONIOUHOHHUPYIOT, HE SICHBI
JIETATX MHOIMX (DEPMEHTATUBHBIX peakuMi, He JO KOHLA HM3ydeHbI
MEXaHMU3Mbl PETYSIIIUUA aKTUBHOCTH (DEPMEHTOB MU MEXaHU3MBI PEry-
JISSUMM UX 3KCIIPECCHUU, HE BCErNa OMHO3HAYHO MPOCIEXWBACTCS CBSI3h
KaTAJIMTUYECKON aKTUBHOCTHU ¢depMeHTa C (PU3NOJTOIrMYECKUMHU OTKIH -
KaMM KJIeTKA. CaMBbIM HETIOHSITHBIM M HHTPHUTYIOWIMM OCTAaeTcsl BO-
1IPOC O MIPOUCXOXKIEHNH OUOKATATN3ATOPOB U OMOJOTMYECKUX CHCTEM
B yesioM. CoBpeMeHHOe MOHUMaHue peHoMeHa (pepMeHTATUBHOTO Ka-
Tajln3a IPeACTABICHO B 3TOM KHUTE.



I'nasa 2

XUMMUA BEJIIKA

ChwerlaHHOE TeAG CAO2KEHO U3 TeX COCTABASIONINX, Ha KOTOpbIE
OHO pa3ZeAsdeTCsl aHAAM30M M 3 KOTOPBIX OHO 06pasyeTcsl CHHTE~
soM. CripaBeAAMBOCTD 3TOTO BIIOAHE O4EBHAHA H3 MpeJCTABACHHs
0 1IeAOM H eT0 YacTsX H He TpebyeT kakoro-anbo JokasaTeAbCTBa.
Hanomuum autiib, 4To B XxuMHM cuHTeS Hepeako 6oAee 0CTOBEPEH,
4eM aHaAM3, H Jaxke OH OJUH JOCTATOYEH JiAsl TIOKas3aHHs COCTaB-
ASTIOUIHX.

M. B. Aomonocos

2.1. AMMHOKHUCJIOTHI H NEeNTHARAA CBA3b

OcHoBoit GHonoauMepHoil uenu, ¢opmupyoweit Genku 1 dep-
MEHTBI, IBISTIOTCS (-aMUHOKHCIOTHL. B npupoge n3sectno Gonee 500
PasIMYHBIX AMUHOKHUCIOT, OAHAKO OeJIKU (DOPMUPYIOTCSI BCEro JHUIb
u3 20, 1Ipu 3TOM aMHHOKHCIOTH OJIKOB MPEACTABASIOT OGO o-aMHU~
HOKUCIIOTHI. Peakiiust cuHTe3a 6eIKOB U3 aMHMHOKHUCIOT B XUMUYECKOM
CMEICIIe ABISETCS peakireid MOIUKOHAeHCalun, IIPA KOTOpOif obpa-~
3YIOTCS aMMIHKIe (MenTUAHBIE) CBA3U MEXNY KapOOKCUMNBHOM Ipymi-
MO¥ M aMHUHOTIPYITIION aMUHOKHUCIOTBL:

R,—CH—COOH + R,~CH—COOH —=
NH, NH,

R, R,

. L
—> H;N~CH~ C—NH~CH—COOH + H;0

Takum o6pazoM, B OO0 TOTUTIENTHAHON LENH UMEIOTCH CBO-
0onHass ammHOIpynma (Ha N-KoHue) M cBoOOmHas KapOOKCHIbHAs
rpymmna (Ha C-xonue). IIpu pH 7 amuHorpynna, Kax 1paswio, IIpoTo-
HHUpOBaHAa U, 3HAYUT, NOJOXKHUTEIBHO 3apsDKeHa, KapOOKCHITbHAsT rpyIl-
I1a IeNpOTOHUPOBAHA W 3apsiKeHa OTPULIATEIBHO.

Peaxumnsi oOpaszoBaHus NenTHOHON cBsa3m obparuma. CocTosiHNE
PaBHOBECHS 3aBHCHT OT CTpoeHHs pagmkana R, nokasartenst pH pac-
TBOpa, comepXaHus Boabl. KoHcraHTa paBHOBecHS K MOXET OBITh BbI-
YyClieHa Ha OCHOBAaHMM CBOGOAHOM sHepruu AG° peakimu o6paso-
BaHUA NEeNTUIHON CBSI3HU

K = exp[AG*/(RT)).
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Jlanee B KayecTBEe NMpUMEpa MPHUBEACHBI 3HAYEHUs CTAaHAAPTHOM
cBOOOIHOI 3Hepruu AG° peakuuii o6pa30BaHUsI MENTUIHON CBA3HU
Tp¥ B3aUMOJAEHCTBHY COOTBETCTBYIOLIMX AMUHOKHCIIOT B BOJHOM pac-
rpope nipu pH 7 u temmneparype 25 °C:

1)
NH,—CH,—COOH + NH,—CH,—COOH —

— NHZ—CHZ—(”:—NH~—CH2—COOH + H,0
0

auounraunuy

AG® = 18 xJIx/Mongs;
2)

O—CHZ—(EH—COOH + NH;—CH—C~NH, —

II\IH CH; O
C 0O

—_— @— —CH—C—NH—CH—C~NH, + H,0
o

NH o CH3

CH3

N-auernideHnnanaHuatasuHaMua
AG”® = 5,4 XIIX/MOb;
3)

QCHZ—(I:H—COOH + NHy—CH,—C—NH, —

I?IH 0
CO

— @— —CH—C~NH—CH,~C~NH, + H,0

NHO O

CH3

N-auetnadeHunananuIMIHIIHHAMHAL

AG® = 3,4 x]IX/Momb;
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4)

HO CH2—(|:H—COOH + NPI;Z—CHz—(lf—NHz —_—
/
o
(|:=O
CH,
— HO CH2—(|:H—(":"-NH—CH2~—(“3—NH2 + H,O
ITIH 0 0
CH;

N-aueTHATHPO3UNTTHIH HAMHL
AG° = 1,8 xIIX/MOb.

B cooTBeTCcTBHM ¢ IPUHUMIIAMA XMMHYECKON TEpMOIMHAMHUKY TIPO-
IIECC MPOTEKaeT CaMONPOMU3BOJbLHO, €CIIU CBOOOMHASI SHEPIUS peak-
MU oTpuuarenbHasi. Kak cieayeT M3 NpHBEACHHBIX BBIIIE JAHHBIX,
MEeNTHIHRIE CBA3U B BOZHOU Cpele TEPMOAUHAMUYECKH HEYCTONYNBBI
(cBOGOMHBIE SHEPIMH PeaKUUii CHHTE3a NENTHIOB TOJIOXUTETBHBIE).
CTaOWUIIBHOCTh NENMTUIHON CBSI3W B 3HAYMTEIHLHOIN CTEIIEHW 3aBUCUT
OT CTPOEHHMST AMUHOKHCIIOT, 0bpasyounx nentul. Hanpumep, Beese-
HHME METHJIBLHOM IPYMMEI B yIIEBONOPOIHYIO LIEMb YMEHbBIIAET NPOY-
HOCTB CBsA3H Ha 2 KJIxX/MoJb (CpaBHUTE BTOPYIO M TPETHIO peakilu);
BBeJICHUE TMIPOKCHJIBLHOM IPYIIIBl B apoMaThyecKOoe KOJIbLO CTa0H-
JMH3UPYeT NENTHAHYIO ¢BA3b Ha 1,6 K/X/MONb (CpaBHHUTe TPETHIO U
YETBEPTYIO PEAKLIHH).

IIpn paBHOBeCHH B BOJHOM pPacTBOpE IENTHUIbl U OCIKU JOIDKHBI
ObUTM GBI OBITH MMOJHOCTBHIO THAPOJM30BaHBI U TIPEICTABISATH COOOM
CMecH cBOGOIHBIX aMUHOKHCIIOT.

N3 ckazaHHOTO BBIIIIE MOXHO CHEIaTh ABa BBHIBOJA.

1. Cunre3 GeJIKOB U MENTUI0B — TEPMOAMHAMHUYECKU HEBBITOTHBIN
TIpouECC, TPeOYIOIMIA 3aTpaT 3Hepruu. [103TOMYy pealbHBId CHHTE3
Oenka B GmocHcTeMax yuoeT ¢ OJHOBPEMEHHBIM PAacXONOBaHHUEM aae-
HO3UH-5'-TpudocdopHoit Kuciaotsl (ATD) — UCTOYHUKA SHEPTUU [T
OMONIOTrHMYECKHUX POLECCOB:

AT® + H,0 === AI® + H;PO,, AG° =-34 xlIx/mons (pH 7),

rae AII® — ageHo3uH-5-gudocdopHas KUCIOTA.

2. 3HayeHHs1 CBOOOMHOM 3HEPruy peakuuy oOpa3oBaHUA MEITUII-
HOH CBSI3M HE BEJIMKH: [T BTOPOH peakumu 5,4 kX/MoOJb, IS 4eT-
BepToil peakuu 1,8 kJIX/MOJb, YTO IO3BOJISIET IIPOBOLUTH CHHTE3
GeNIKOB M MENTHIOB MPH OTHOCUTENIEHO HEGOJIBILIMX 3aTPAaTax SHEPIuU
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(unst cpaBHeHMs1: CBOOOIHAs SHEPIUsl peaKUMK TMIPOJIM3a YKCYCHOTO
auruapyaa pasia -91,1 kJIX/MoJb).

JBanuaTh aMUHOKHCIIOT, M3 KOTOPBIX MTOCTPOEHBI Bce Oeku O1o-
JIOTUYECKOTO MUDa, MPUBeAeHBI B Tab. 2.1.

Bce aMWHOKUCIIOTHI, 32 MCKIIIOYEHUEM [JINIIMHA, UMEIOT XUpalib-
HBII aTOM B (-TIOJIOXEHUH. Bce mpupoaHbie aMMTHOKHCIIOTH B OejIKax
NpeacTaBIeHbl JIEBOBPAIAIOIIMM L-1nactepeomepom.

IlepBudHasi cTpyKTypa 6enKa (mocae10BaTeIbHOCTh aMUHOKUCITOT)
3almMcaHa B MOJeKyJax ae30KCUpruOonyKIlenHoBblx kuciot (JIHK) B
BUJIE TIOCJIEIOBATEIBHOCTH TPUHYKICOTUIHBIX (PparMeHTOB — KO0~
HOB. A30THCTBIE OCHOBaHMs1, OTPeAESsIIONINe TeHETUIECKUH KO, IIPe-
cTaBleHbl B HYKJIeMHOBBIX Kucaorax ypamwaoMm (U), tumunom (T),
nuro3uHoM (C), anennnoM (A) u ryaunHoM (G). ATeHuH, TYaHWH,
LUTO3MH BXopsT B coctas Kak JIHK, Tak 1 pubOHYKIEMHOBEBIX KUCIIOT
(PHK), ypauun — Tonbko B coctaB PHK, TuMnu — npeumytiectseHHO
B JHK. Kaxnas amunokucnora kogupyercs B Mosexyie JIHK tpex-
HYKJIEOTHIHBIM KOTOM. IIpy 9TOM M3 YeTBIpeX OCHOBAHUH HYKJIEOTH-
JIOB MOXET OBITH COCTaBJIEHO 64 pasNMUHBIX codeTaHusi. I10CKOIBKY
AMHUHOKMCJIOT Beero 20, TeHeTUIeCKU KO SIBJISIETCS BEIPOXKIEHHBIM,
T.€. OMHOH aMMHOKHCJIOTE COOTBETCTBYIOT HECKOJILKO KOJOHOB. ['eHe-
TUYECKMH KOJ, T.€. COOTBETCTBUE MEXIY aMUHOKHCIOTOI U KOmoHa-
MM, NpencTasieH B Tabi. 2.1. BugHo, 4T0 JefuuH, CepUH U apTUHUH
MPEACTABIEHB B FeHETUYECKOM KOME IIECTbIO KOMOHAMM, a TPUIITO-
daH ¥ METHOHMH — BCETO OIHHM.

Kaxnp1id 6eioKk MHAMBUAYAIEH, B COCTaB KaxIoi 6eKOBOi MoJe-
KYJIBI BXOIUT CTPOTO OMpPEAeSIEeHHOE YUCA0 aMMHOKHUCAOT. OHAKO ecliu
pPaccMOTpeTh OOJILIUYIO BHIGOPKY OEJIKOB, MOXHO IMOIYYMTh MH(pOpMa-
LU0 O CPeIHEM COAEPXAaHUM KaXIOH aMUHOKMCIOTH B OMOJOTHYE-
CKOM MUpe. DTH JaHHbIe MpUBeAeHEI Ha puc. 2.1. BUgHo, yTO Haubosee
PacnpOCTPaHEHHOU B XXUBOU MPUPOOE AaMUHOKUCTIOTOM SABJSIETCS Jiek -
UMH, Had BTOPOM MECTE — JIaHUH, TPETHIO MO3UIMIO 3aHUMAET CEPUH.
HaubGosee penkasg aMMHOKMCIIOTA B 6eJIKaXx — TpUNToday.

Paznoobpasme 6eJKOBbIX CTPYKTYP KojoccaibHo. Yrcno N BO3MOX-
HBIX BAPHAHTOB CTPYKTYD 3alaeTcsl ypaBHEHHEM

N = 20",

Ine # — YUCI0 aMUHOKUCIIOT B Oesike. JUTS OTHOCHTEIbHO HEGOJIb-
Iforo Oejyka, cocrosuero u3 100 aMUHOKMCIOT, YUCIO BO3MOXHBIX
crpykryp paBHo 20'%° = 10" (151 cpaBHEHUs: YUCIIO HYKIIOHOB (ITpo-
TOHOB M HeiiTpoHOB) Bo Bcesnennoit cocrasnsier 103, uro B 10 pas
MeHbllE).

XUMuueckye cBOMCTBA aMUHOKUCIOT B Oelikax, T.e. MX CIoco0-
HOCTb BCTYNATh B T€ WJIVM MHBIE PeaKIIMM, OMPENEsIIOTCS CBOWCTBAMH
Gokosoro pagukaia R. YcioBHO aMUHOKHCIOTH MOXHO pa3fe/uTh Ha
Heckonbko rpymi. HauGoabiueit XuMuuecKoi cTabMIbHOCTBIO 061aa-
0T aMWHOKUCIOTH (aJTaHWH, BAIWH, JEHLIMH, M30JeHIIMH), comep-
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Tabnuua 2.1

AMMHOKHCIOTHI, U3 KOTOPBIX MOCTPOEHb (EJIKH

Hazsanue 0603}{2_ CTpyKTypHas Konon**
YeHue ¢dopmyna
Inuuun Gly (G) NH,—CH,—COOH GGU
GGC
GGA
GGG
AJaHnH Ala (A) CH;—CH—COOH GCU
. NH GCC
2 GCA
GCG
Banun Val H,C GUuU
v H3C>CH—(|2H—COOH GUC
3 NH, GUA
GUG
Jlefiuun Leu (L) H,C._ UUA
. C/CH'—CHz-—(':H—'COOH uuG
! NH, Cuu
Cug
CUA
CUG
Hzoneiiuuu Ile (I) CH,—CH,__ AUU
_~CH—CH—COOH AUC
H;C |
NH, AUA
O®enunana- | Phe (F) Uuyu
HHH QCHZ—?H—COOH uuc
NH,
Acnaparu- [Asp (D) HOOC—CH,—CH—COOH GAU
HoBas ILIH GAC
KMCJIOTA 2
I'nyramuno- | Glu (E) | HOOC—CH,—CH,—CH—COOH GAA
Basi KMcaora ‘ GAG
NH,
AcnaparuH | Asn (N) NHZ—*(NZ—CHZ-—?H—COOH AAU
NH, AAC
I'nytamuH Gln (Q) NHZ—ICI"'CHZ—CHZ—|CH—COOH CAA
0 NH, CAG
Tuaun Lys (K) NH,—(CH,);—CH—COOH AAA
I'\IHZ AAG
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Oxonuanue maba. 2.1

HazssaHue

0O603Ha-
yeHHue*

CTpyKTypHas
¢opmyna

Konon**

ApTHHHH

Arg (R)

NH,—C—NH—(CHy);—CH—COOH|
NH NH,

CGU
CGC
CGA
CGG
AGA
AGG

Cepun

Ser (8)

OH—CH;—-?H—COOH
NH,

UCu
ucc
uca
UcG
AGU
AGC

TpeoHuH

Thr (T)

CH,—CH—CH—COOH
OH NH,

ACU
ACC
ACA
ACG

TuposuH

Tyr (Y)

HO—@-CHZ—QH—COOH

NH,

UAU
UAC

ucreun

Cys (C)

HS—CH,—~CH—COOH
NH,

UGU
UGC

MeTHoHHH

Met (M)

CH3—-S-CH2—-CH2—ICH—COOH
NH,

AUG

IMponun
(MMHHO-
KHUCIIOTa)

Pro (P)

H

H,C /N\
{ CH—COOH
H;_C\C/

CCcu
CcccC
CCA
CCG

Tuctnaun

His (H)

H,
N | CH,—CH~COOH
] NH,

N

H

CAU
CAC

Tpunto-

dhaun

Trp (W)

| CH,—~CH—COOH
NH,
N
H

UGG

* B ckoOKax yKa3aHo OnHOOYKBEHHOE 0G03HAYEHUE COOTBETCTBYIOILEH aMUHOKHCIIOTHL.
** G — ryauus; U — ypauun, C — UMTO3MH; A — aNeHHH.
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6

Conepxanue, %
S

L ASGV EKITDRUPNTFQYMHTCW

Puc. 2.1. Cpeanee cogepkanue aMMHOKUCIIOT B OHOIOrMUECKOM MHUDE

Xalye B KayecTBe GOKOBOro OCTaTKa amMQaTHIeCKH paguKail. DT
AMHHOKUCJIOTB NMPAKTHYECKH HE IMOOBEPralOTCs XMMHMUYECKOU MOIHU-
dukayu.

XuMUJIecKre CBOMCTBAa cepuHa, TPEOHWHA U IUCTEMHA OINMpenesis-
I0TCS peakMoHHoi crioco6Hoctbio OH- 1 SH-rpynmbl. BozmoxHoCTb
XUMMYecKoil MoguduKauuy GeHUNaTaHUHA, TUPO3UHA U Tpuntoda-
Ha 00YCJIOBJIeHA CITOCOOHOCTBIO apOMATHYECKUX PAAUKAIOB 3TUX aMU-
HOKMCJIOT YYacTBOBAThb B PEAKIIMSX 3JIEKTPOMUILHOIO 3aMEICHUS.
CaoifcTBa acapariHOBOM M NIYTAMWHOBOM KMCJIOT OIPEAENSIOTCS pe-
AKJMOHHOM CIMOCOOHOCTBIO KapOOKCHUIILHOM I'pyIIIbl; CBOMCTBA JIM3U-
Ha ¥ N-KOHUEBOH aMWHOKUCIOTHI — CIIOCOOHOCTBIO aMHUHOTPYITIIBI
BCTYNAaTh B T€ WJIM WHbIE XMMMWYECKHE PEeaKIIAW.

OIHAKO TJIaBHOM OCOOEHHOCTbIO MHOTUX aAMUHOKMCIIOT SBJISETCH
HX CITOCOOHOCTh K IMIPOTOHUPOBAHMIO. DTOT (GAaKTOp ONpeaesieT MHO-
THe cBOMCTBA 0€JKOB, (PepMEHTOB M UX AKTUBHBIX LEHTPOB.

2.2. Moaudukauus 6eJK0B NPOTOHHPOBAHHEM.
Beaxu Kak NOJAH3JEKTPOTHTHI

Hexkoropble aMUHOKMUCIOTH COAEPXKAT B KadecTBe 3aMecTUTeNIei
(hYHKUMOHAIBHBIE TPYIIIILI, SBISIONIMECS KMCIOTAMU U OCHOBaHMSIMU.
DTy TPYIIBI MOTYT IPUCOEIWHUTh TPOTOH M U3MEHMUTH 3HAK 3apsiia
MoJieKyJ/ibl B 1uana3oHe pH 3— 12. Peus uaet 06 amuHOrpyIme 1 Kap-
GOKCHMJIBHOM TpyIme cooTBeTcTBeHHO N-KOHIEBOM M C-KOHIeBOM
AMWHOKMCJIOTHI, KApOOKCWILHBIX IPYIINAaX aClIapariHOBOM U TJIyTaMHu-
HOBOH kucyoT, SH-rpynme mucrenHa, UMULA30JbHOM TPYIIIIE TUCTU-
avHa, (GEeHOJILHON TpyIIe TUPO3WHA, E-aMHUHOrpYIIe JU3UHa U I'ya-
HUIWHOBOH I'PYIITUPOBKE apriHUHA.
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Kap6okcwibHas U (peHobHAasl TPYNIEl TUPO3HHa (A) BBICTYTIAIOT
B 3TUX peakIMsiX KaK JOHOP NIPOTOHOB:
i K i~
——NH—%-—CH—NH—%— = —NH—-?—CH“NH—%?— +H"
0] O O 6]

AMWHOTPYIIB, UMWa30]1 TUCTUIWHA U TYaHWIUHOBAsI [PYIIIH-
poBKa apruuuHa (B) ciayXaT akienropamu MpoTOHOB:

D « ol
—NH—-%—CH—NH——%— +H = —NH—%—CH—NH—lcl——
0 0 0 0

Peaxkmuu nepeHoca mpoTOHa sIBISIIOTCS OOpaTUMBIMU U MOTYT OBITH
0XapaKTepU30BaHbl KOHCTAHTAMY PaBHOBECUS

g IATHT o [BI[H]
[AH] ~ [BH']

B 3aBHCMMOCTH OT KOHUEHTpPallMd MOHOB BOJOPOIA B PacTBOpe
(YHKIIMOHAIBbHBIE TPYMITIBI MOTYT HAXOAUTHCA B MPOTOHUPOBAHHOM U
HOHHU3UPOBAHHOM COCTOSIHWU.

Huxe ripuBeneHBl peakiyy qucconyauny U 3Hayenms pK HambGo-
Jlee BaXXHBIX QYHKUMOHANBHBIX MPYIIT aMAHOKUCIIOT:

acraparnuHosasi KUCJIOTa

pK 3,9
B-COOH =—= COO + H"

TJIIYTaMHWHOBAg KHUCJIOTa

pK 4,2
y-COOH =—= COO + H"
HMCTENH
pK 8,3
SH=—= S +H"
TUPO3UH

pK 10 _
OH =— O +H'

TUCTUIAUH
Y4 NH pk6,5 _[NH .
(e M
II\{I N
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JIU3UH

pK 10,5
e-NH} =—= «NH, + H"
apTMHUH
. pK 125 .
——NH'—(I?—NHZ _ —NH—?—NH; +H
NH, NH

Jrcconmanyst KapOOKCHIbHOMU rpyribsl C-KOHUA ITOJIMIIe ITUIHON
menu xapakrepusyercs pK ~ 3,5; amunorpynnbsl N-konua — pK ~ 9.

IlpuBeneHHble 3HadeHUs pK HAlOT TIpefCTaBIeHWE O JAMANA30HAX
pH, B KoTOpoM Ta WM WHAS TpyIiia IpeTepreBacT U3MEeHEHHE.

Ha puc. 2.2 noka3aHo, KaK 3aBHCHUT CTEII€Hb MOHMU3ALMM Pa3IHd-
HBIX aMUHOKUCIOT oT riokasarens pH. Ilpu pH > 3 kap6okcunbHble
rPYIITBI AMUHOKUC/IOT UOHU3UPOBAHH (OTPHULIATEILHO 3apsKEeHBL), a
1ipu pH < 3 — npoToHUpOBaHH (HelTpanbHast ¢popmMa). AMUHOTPYIIIIEL
JIN3UHA, UMUA30J1a TUCTUANHA U TYaHUIIMHOBOM FpYIIITMPOBKY apTH-
HMHa Tipu pH < 6 — 12 HaxomATcsl B MPOTOHMPOBAHHOM COCTOSTHHH
(mosIoXUTENBHO 3apskeHbl), mpu pH > 6 — 12 — B meNMpoTOHMpPOBaH-
HOM (HedTpaibHas dopMa).

B peanbHbIX 6es1Kkax 3HadeHUS p K HOHOT€HHBIX TPYINIT MOTYT U3Me-/
HSITBCS B IIMPOKOM HMHTepBaje. CBONCTBA 3TUX IPYIIT B 3HAUUTEJb-
HOU CTENEeHHU 3aBUCST OT UX OKPYXEHMS U JOCTYITHOCTH IS MOJIEKYJT
BOJIBL. B HEKOTOPBIX CiTyyasix HabmonaeTcs: cMelleHUe pK Ha HECKOJIbKO
€VUHMII.

ITpn xaxnom 3HadeHnu pH Moiexyia 6ejlka XapaKTepu3yeTcs OIl-
peliesIeHHBIM pacIipelie/ieHUeM 3apsifioB, KOTOpOe 3aBHCUT OT IIPUPO-
JIbl HOHOTE€HHBIX TPYII U CTeTIIEHH MX WOHM3anu. 3HadeHue pH, npu
KOTOPOM MoJieKysia 6ejika 2JIeKTpOHeTpaIbHa, Ha3blBaeTcs N303JIeK-

10—~ = ———— -
=

=

g

3

= [ \3

<Y IR S Y A N W
.a’5

5

E 2 4 6
6 5

0 1 1 | A

2 4 6 8 10 12 pH

Puc. 2.2, CreneHp MOHU3ALMY HOHOTEHHBIX IPYIII PA3TUYHBIX AMHHOKHUCJIOT
NOJUIIENITUAHON LEIIN:

1 — xap6oxcuibHasi TpyIa acnaparMHoBoM KUCIOTH, 2 — KapOOKCHIIbHAsL TpPYIIa

[JIYTAMMHOBOM KUCIOTBI; 3 — MMHAA30JbHas TpyIna TMCTUAWHA; 4 — (deHoabHast

TPYNIa TUPO3WHA, 5 — €-aMMHOTPYINA JU3WHA; 6 — TYaHUIUHOBAs TPYNIIMPOBKa
apTUHUHA
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TpUIECKOM TOUKO n obo3Havaerca pl. Hioke npuBeNeHbI 3HaYeHUs p/
JUTSL HEKOTOPBIX 0€JIKOB M (PEPMEHTOB:

Iencuu 1,0 I'moxozokcunnasza 4,3
PoponcuH 4,5 I'ekcokmHa3za 4.7
HMHcynuH 5,35 ALeTHUIXONMHICTepa3a 5,0
Karanasza 5,6 o-AMwiasa 5,7
Kapboxcunasa 6,0 0-XUMOTPHUIICHUH 7,8
y-I'nobynux 6,5 Tpuncux 10,8
F'emorno6un 7,0 Manaux 9,0
PuboHykieaza 7,8 Ypeasa 5,0
LutoxpoM ¢ 10,6 AJbnonasa 6,6

ITpu pH > p/ Mosekysna 6esika 3apsokeHa oTpuLaTenbHo, mpu pH < pl —
[TOJIOXXUTEJIBHO.

IIporecchl IPOTOHUPOBAHUS U NEIIPOTOHMPOBAHNS DYHKIIMOHATD-
HBIX I'PYITI MOJIEKYT 6eJIKa UTPaloT BAXKHYIO poJib B KaTanu3se. IIpuco-
eIVHeHNE MW Iepenada IMPOTOHOB OKa3bIBaeT CYIIECTBEHHOE BJIMsI-
HHe Ha 3JIEKTPOHHBIE XapaKTepUCTUKH (YHKIMOHAIBHBIX TPYIIT W
COOTBETCTBEHHO Ha PoJIb 3TUX I'PYINI B KaTaiu3e. Ecin pyHKIMoHAIb-
Has rpyIia urpaeT pojib HYKIIeoDWIbHOro areHTa B KaTAIHTHYECKOM
IMKJIe, TMPUCOENMHEHNE MPOTOHA MpPEBPAllaeT €e U3 OCHOBAHHS B
KUCJIOTY U TIpUHAET el 2/IeKTpodIIbHBIE CBOMCTBA, YTO BeHET K yTpa-
Te TPYIMIOH KATUIMTHYECKUX CBOMCTB. DTO MPOSBIAECTCS B TOM, YTO
3aBUCHMOCTM KATATUTHYECKOM aKTUBHOCTH HEepPMeHTOB OT IoKa3aTe-
sg pH uMeroT, KaK IIpaBWIO, 3KCTPEMAJIbHBINA XapaKTep.

B T0 Xe BpeMs ofiHa M Ta XXe (HyHKIMOHATIbHAS IPYIIIa B 3aBUCUMO-~
CTH OT CTEIIeHHM NMPOTOHMPOBAHMS MOXET UIPaTh POJIb KaK 3JIEKTPO-
hubHOrO, Tak M HyKIeoQUWIBHOTO areHTa. Tak, B aKTHBHBIX LIEHTPax
MHOIUX (epMEeHTOB KapOOKCUIbHBIE TPYIHILI 2aCTTapalMHOBOM U IIyTa-
MHHOBO KHCJIOT B 33aBICUMOCTH OT UX MOHHOIO COCTOSTHUS «paboTta-
I0T» KaK 3J1eKTpOoGUNbHBIE W HYKIeo(hWIbHBIE aTeHTH, ATAKYIOIIHe
cyoeTpaT (cM. TIL. 8).

2.3. Xumuyeckass MOTH(UKANMA AMHHOKHCJIOT O€JIKOB

Oco0bIii 3Tal B pa3sBUTHM XMMUUYECKOH S3H3UMOJIOTUN U XUMUH OeJiKa
CBSI3aH C Pa3pabOTKOM peaklMii XUMHUYECKOTo IpeBpatieHusT GyHKIINO-
HaJIbHBIX TPYIIT aMHHOKHWC/IOT MOJIANENTUAHON Lend. OTH PeaKIInu
LWIMPOKO UCITONB3YIOTCS I UIeHTUDHKAIMH QYHKIIMOHATIBHBIX TPYIIII,
onpeesSoNMX KaTATUTUIECKYIO aKTUBHOCTb (epMeHTOB. Kpome Toro,
3TH peaKLUH TTO3BOJIIN pa3padoTaTh METOXbl MAHUITYIMPOBAHUS O€JI-
KaMH B IIPAKTHYECKHUX LEJSIX (XUMUUYECKOE «CIIIMBaHKE» GEJTKOB ¢ pa3-
JIMIHBIMH HOCHTEJISIMH, TIOJTydeHHe KOHBIOTATOB GeJIKOB U T.11.).

Jlanmee paccMOTpeHBbl TUITMYHBIE U HauboJiee YaCcTO MCIOJIb3yeMble
peakimi MogUGUKAIIIH HeKOTOPBIX (DYHKITMOHANBHBIX TPYTIIT aMUHO-
KUCJIOT OEJIKOB.
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Croboanas amuuorpynnma N-KoHUeBOH, AMHUHOKHMCJIOTBI, €-aMHMHO-
Ipynna JM3MHA. DTU TPYIIIILI YacThI 00beKT MOTUPHKaINN.

Xpomodpoprsie u gayopecuenmunie memixu. Heckonbko peakumiit GyH-
KITMOHAJILHBIX MPYIITT aMUWHOKHCIIOT CHTPATH KJIIOYEBYIO POJIb B M3y4de-
HUU CTPYKTYPbI OeJIKOB U UAeHTH(HKALINY IIPUPOABI KATATUTHYECKUX
IPYIINT aKTUBHOTO IIEHTPA.

CB0OOIHbIE AMUHOIPYIIIIEI MOTYT B3aMMOIECTBOBATH C AMHUTPO-
(bropbeHsosiom ¢ 0O6pasoBaHHEM XpPOMOGMOPHOTO COETMHEHMUS:

O;N F + NH,—P — O,N NH—P + HF

N02 NOZ

(3necy u ganee P — 6enok.) TakuM 00pa3oM MOXHO BBECTH XpOMO-
TeHHYI0 MeTKY B N-KOHIIEBYIO aMWHOIDPYIIIY MenTHaa. AHAJIOTMYHO
cebs BemeT €-aMMHOTPYIIA JIM3MHA. DTO COeIUHEHHe YyCTOMYMBO B
Kucaou cpege. [Tocie Kuc10THOTO TUAPOIM3a NENTUa WK OenKa yaa-
eTcsl BBIIETNUTH OKPAIIEHHBIH IIPOAYKT M UACHTU(DHIIMPOBATh IPUPOLY
N-xoHIeBol aMUHOKHCIOTHL. [IpoBOMIS peakuyy ¢ MeNTUAaMU — PO
JIYKTaMW 4aCTUIHOIO TUIPOJin3a OeIKOB, MOXHO yCTAHOBMTD IMOCTIe-
JIOBATEeJIbHOCTb aMUHOKUCIOT B Oejike. Tak Oblia omnpenesieHa rnocie-
JOBaTebHOCTh aMUHOKHCIOT B uHCeymuHe (@.Cenrep, Hobenesckas
npeMus o xumuun 1958 r.).

BoJiee 4yBCTBUTEILHOI SIBJISIETCS peaKiMsl CBOOOIHBIX aMUHOTPYIIIT
¢ (IIyOpeCUEHTHBIM PEareHTOM — JAHCIUIXJIOPUIOM:

N(CH,), N(CH3),
“ U “
SO,Cl 0,—NH—P

BTa peakiys IMo3BoJisieT paGoTaTh ¢ 0YeHb HU3KWMM KOHIIEHTPALMS -
MM TIEITTUJIOB.

Omuwenaenue N-xonyesoli amunoxuciomsl. Peakisi ¢ ydacTUEM
N-KOHIIEBOIl aMIHOTPYIITH Oblila BBeneHa B IpakTHKy 1. SaMaHOM.
Peaxiys o3BoJisgseT XMMUYecky MoguduIrpoBath N-KOHUEBYIO aMU-
HOKHCJIOTY U OTHEJUTD €€ OT IOJMUIIENTUIHON 1ieny. B KadecTBe pe-
areHTa OBbUI MCIOJIb30BaH (HeHMIH30TUOLMAHAT:

R
|
N=C=S + NH2—CH—(”3—NH/\/\ .
0
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wn

_— NH—C—NH—-CH—R _—
|
N
;O NH” >N
%
— I\{/ \}\IH +NH2/\/\
C—C—H
Vi \

B kucnoil cpene NMpoaykr mepBoi CTaguM peakiluu IpeBpalaeTcs B
HMKJIMYECKOE COEIUHEHUE U OTILEIIsIeTCA B opMe PeHUITHOTNIaH -
TOMHA, COOTBETCTBYIOWEro N-KOHIIEBOIW aMUHOKHMCIIOTE.

Peaxyuu c arvdezudamu ¢ nocaedyowum 60CCMAHOBACHUEM A30MEMU-
HOBbIX céA3eli. B XuMUY O€JIKa 4acTO UCTIONB3YIOT PEAKIINIO AMUHOTPYIIIT
C aIbIETHIOM:

pH 9 NaBH,
P—NH; + RCHO —> P—N=CHR — P—NH—CH,;R

Peakumio mpoBomsaT B c1abollesIoyHoU 1ubo 1menodHoi cpene. ITo-
CKOJIBKY TIOJIVIAIONIMIACS MPOXYKT HE YCTOMYUB B HEUTPAJIbHON U CJIa-
GOKUCIION cpene, Ha BTOPOH CTAIUM peaKIIMU IPOBOMST BOCCTAHOBJIE-
HUE a30MeTHHOBBIX CBsI3ei OoprumpyuaoM HaTpusi. KoHeuHBIM ImpomyK-
TOM peaKiMM SIBJISIETCS YCTOWIMBBIA BTOPUYHBIA aMUH.

Pearxyuu ¢ umudosgpupamu. Peaxinsa uner B ciabouiesioqHoR cpene
npu pH 8,5:

IﬁIH -HCl IRIH-HCI
P—NH, + C2H5O'—C"“CH3 — P_NH_C_CH3 + C,H;OH
Peaxyuu ¢ aneudpudamu Kucaom. Peakunio TpoBogar B OOJBIIOM

HU30BITKE TaJlOTeHaHTUIPUAa KMCIOTBI, MOCKOJBKY B BOIHON cpene
MOCAENHNA THIPOJINIYETCS:

0O 0]
I [
P—NH, + CI—C—CH=CH,; —= P—NH—C—CH=CH, + HCI

Peaxumio vcrosb3yioT g BBeneHUs B 6e10K (pparMeHTa C JBOI-
HOI1 cBA3b10, KOTOPBIA B HaJibHeH1eM MOXeT ObITb MCIIOJIb30BAH IS
BKJIIOUeHHs 0eJKOB B pa3jiMuHble TTOJIMMepHble MaTpHIIBI 3a CUET pa-
JTHUKAILHOH ITOJIMMEpPU3alMy HEeNpPeneabHbIX COeTUHEHMIA.

Peaxyuu ¢ aneudpudamu ourxapbonoesix kucaom. Peakuys ¢ mmrpa-
KOHOBBIM aHTMAPUIIOM ITPOTEKAET CJeAYIOIMM 06pa3oM:
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0
CH;

] I
P—NH; + O —> P—NH—C—CH=C—COO0"

H,C
0

(HarromanM, utro npu pH 7 aMuHOrpymma nmpoTOHUpOBaHAa — 3aps-
JKEHa IIOJIOXUTENbHO, KapOOKCUJIbHAS IPYIIa JeNpOTOHMPOBAHA —
3apsikeHa OTPULATENBHO.)

Sawuma amunoepynnst. VIHorna 6bIBaeT HEOOXOIUMO MPOBECTH XM-
MUYECKYIO MOTUMDUKAITIIO ((-AaMWHOTPYIITHI JIM KapOOKCHUIILHON IPyII-
MBI, HE 3aTPOHYB IIPU 3TOM CBOOOIHYIO (KOHIIEBYIO) aMWHOTDPYIIIY.
Hanpumep, 3170 BaxkHO B MENITHUIHOM CUHTE3€ ITPH HapalMBaHUHU [IENH
B HY>KHOM HallpasjieHUM. JI1sg 9TOro cHayaia IpoBOAST PEeaKIHIo, 3a-
LIMIIAIOLIYIO CBOOOMHYI0 aMUHOrpyiTy. Hanbosee yacto UcIonb3yercs
mpem-OyTUIOKCHKAPOOHITHHAS 3arupTa. CBOOOIHYIO aMMHOTPYIILY alli-
JIMPYIOT aHTUAPUAOM Mpem-0yTHIIOBOTO 3(Upa YITOJbHOM KHUCIOTHL:

RN AN
CH;—C—0~C~0=C~0~C—CH; + NH,—P —=

CH; CH;
?H3 I
—_— CH3—CI:— O—C—NH—P
CH;

3alUTy MOXHO CHSTh B MSTKHMX YCJIOBUSIX NEeHCTBUEM KHCIOT B
OPraHUYeCKUX PacTBOPUTEJISIX:

CH

2 H* H,C_
CH;—C—0—C—NH—P -2~ NH,—P + CO, + _ >C=CH,

n H,C

CH,

Kap6oxkcuiabnas rpynna C-KoHIA MOIMITeNTHAHON 1eny, KapOoKCHIb-
HbI€ PYINBI ACHAPATHHOBOM H IIYTAMHKOBO# KHCJIOT. CBOOONHEIE Kap-
OOKCIJIBHBIE IPYIITHI O€JIKOB MOI'YT OBITH MOIMGMUIIMPOBAHEI PEaKIIv-
eif sTeprdHUKanNy WK amuaupoBanus. OnHako Haubosnbllee pacipo-
CTpaHeHHE MOJIYYMJIM PeaKlrH, B Pe3yibTaTe KOTOPBIX YBEJINYHUBAET-
CS1 CHIOCOOHOCTh KapOOKCHIBHEIX TPYIII K B3aUMOIEHCTBUIO C aMUHO-
TPYIIAMH aMUHOKHUCIIOT ¢ 00pa3oBaHHeM IENTHIHLIX cBA3ed. Pedb umer
0 PeaKIUsIX C YYACTHeM KapOOIMUMUIOB M M30KCA30JI0B (CM. Jlasiee).

DenoabHA IPYINA THPO3MHA. XMMHIYECKHE CBOHCTBA THPO3HHA OIIpe-
JIEJISTIOTCS BO3MOXHOCTIMH (peHOJIbHOI rpyrnmbl. OCHOBHbIE peaKIuu
XUMHWYECKOH MOTUGUKAIMHK B HAHHOM CJIy4ae 3TO PeakiMM dJIeKTpOo-
GUILHOrO 3aMEIIEHMS B apOMAaTHYECKOM KOJIbIIE.

30



Tupo3uH B GeNKax JerKO BCTYIAeT B PeaKLHU HUTPOBAHUS:

P—Q‘OH + (NO)),C—P OH + C(NO,);H
Terpanur-

OMETAH
P NO,

C 1uazocomsiMu (peHOJTbHAS IPYTINa TUPO3UHA BCTYIIAET B PeaKIUH
a3ocoyeTraHus1 ¢ obOpa3oBaHUEM a30KpacuTesieil:

NaNOZ

R@‘NHZ “ha R N=NCI
R‘@‘I\F-‘I:ICI— + HOO‘P —

O
HO

B OHOXMMIYECKIX MCCIIEIOBAHMAX YaCcTO UCTTONB3YIOT peaKLIMy HOIOH -
pPOBAHUS TUPO3HUHA!

1
HO—Q—P s HO@—P
I

Bra peaKuus MpUMeHsIeTCS IJIs1 BBeIEHUSI B MOJIEKYJTy GeJka wiu dep-
MeHTa paguoaKTUBHON MeTKH 7], Peakius MaeT KOMMYECTBEHHO MPU
HU3KHX TeMIEpaTypax ¥ ITO3BOJISET IMOJYYUTH PAIHMOAaKTUBHO Medye-
HBI OeNoK.

OKcurpymma THpo3uHa B OMOXHUMHUUYECKHX CUCTeMaX MOXeT OBITh
dbepMeHTaTHBHO (ochopMIHpoBaHa ¢ HCIIONL30BaHUEM (EepMEHTOB
KuHazHoro tuma u AT® B KauecTse (HocHOpUITHUPYIOIIETrO areHTa:

O
HO + AT® Tupo3nHKHHa3a /1"7\—0 + ALID
HO OH

Dra peakuus uMeeT 00sbII0e GUHOIOTUIECKOE 3HAUSHHE U SIBJIS -
€Tcs KIIOYeBOH B PeTySITOPHOM OTBETE KJIETKU HA BHEIIHUE penel-
TOPHBIE CUTHAIBI.

Nmuaazonbnag rpynma rHCTHANEA. DTa IpyNa TUCTHIWHA UTpaeT
OoJtpIyI0 postb B Karanu3se GepMeHTaMK. B XuMuM GeJiKa UCTIONb3YIOT
HECKOJIBKO peakiUil Ul ee XMMUYECKOU MOmUpUKaIUK.
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Peaxyus ¢ dusmuanupoxapbamamonm. Peakus ¢ STUIOBEIM 3(DUPOM
YTOJIBHOM KUcOTHL B hopMe aHruapuaa uaet 3¢h¢peKTUBHO B quana-
30He pH 5—8:

0
I
N  C,H;0-C N
HN Cszo_(”: I}I
O 0=C—OC,H;

Anxuauposanue 2ansoeenkemonamu. 5-AToM azoTa UMMAA30JILHOTO
KOJIbIIA MOXET OBITH NMPOaNKWINPOBAH peaKiMeil ¢ raToreHKeTOHAMM.
ATOM rajoreHa B o(-raJJOTeHKETOHAX JOCTATOYHO aKTUBUPOBAH IS Pe-
axnUu HYKJIeO(HUILHOTO 3aMellcHUS:

R P

O
I Il
N\/NH + CI—CH,—C—R — N\/N—CHZ—C—'R

Pearxyus pomoorucaenusn. iMunazosibHast rpyIima rHCTHIHHA sIBJISI-
eTcsl 3JIEKTPOHHOHACHIIIIEHHOM, OHA CIIOCOOHA JIETKO OKUCISITHCS pa3-
JIMYHBIMU aT€HTaMM C pa3pylieHueM rerepouukia. IIpu ucciaenosa-
HUU (PepMEHTOB YacTO UCIOJBL3YIOT peakKiul (DOTOOKUCIIEHUS TUCTH-
JUHOBBIX OCTAaTKOB. C 3TOH 1ENBI0 B MPUCYTCTBUH CEHCUOMIU3ATOpA
(Xpacuresis MEeTHUJIEHOBBIII CUHMIA) IpOBOAAT OCBelIeHHWE 00pasIioB
6enKa B a3pOOHBIX YCIIOBHSIX BUIUMEIM CBETOM. Pe3ynsTaToM peakiuu
SIBJISICTCSI MECTPYKLIUSA UMHUIA30JILHBIX IPYIIIT THCTUIUHA.

I'yanuauHOBas rpynna apruHMHa. DTa rpyria Xapakrepusyercs pK > 12.
ITpu pH 7 oHa NpOTOHUPOBAHA U MOJIOKUTEJEHO 3apsDKEHa.

OyHKUMOHAIbHAA IPYIIA apTUHUHA MOXeT GbITh MOTUGbHIIMPOBA-
Ha peaKldeil ¢ TMOHAMM:

H,C_ 0 N cH,
_NH C /N=C~O0H
C N ~-C—OH
2 / \ N \
HC 0 H CHs
byrananon

Cyandragpunbibie rpynnbl. DTH TPYIITH XapaKTepU3YIOTCS BBICO-
KOH peakuMOHHON CITOCOOHOCTHIO.

HucynsunHbie MOCTHKH B OejIKaX MOTYT OBITh JIETKO BOCCTAHOB-
JIEHBI PA3JIMYHBIMU areHTaMHU, HarlpuMep CyNb(MUTOM, TUTUOTPEHATO-
JIOM, AUTHO3PUTPOTPCUTONIOM:

P,—CH,—S—S—CH,—P, + SO; + H' —
— Pr—CHz——S—SO; + HS—CHQ—PQ
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JIUTUOSPUTPOTPEUTON BOCCTAHABIUBAET CBSI3U S—S CIEAYIOLIAM
o0Opa3oM:
CIIHQ—SH
CH—OH
Pl—CHz_S—S'—'CHZ—Pz + |
(IIH—OH
CH,—SH

HO S
—— P]“‘CHzSH + P,—CH,SH + |
HO

Tuoossle IPYIILI ABJSIOTCS BHICOKOPEAKIIMOHHOCITOCOOHBIMU U
JIETKO OKUCJIAIOTCA Ha BO3IyXe, UX MOXHO CTaOMJIM3UPOBATE PEAKIIM-
el anKUIMPOBaHUsL. [IJIs1 9TOr0 4acToO UCIIONAB3YIOT UOJAlleTaMUL:

P—CH,SH + ICH,— CONH, — P—CH,—S—CH,—CONH, + HI
WM OPOMYKCYCHYIO KHUCJIOTY:
P—SH + BrCH,COO — P—S—CH,COO + HBr

XOpOIHI/IM ANKWIHPYIOLIUM ar¢HTOM SIBJISIETCA TAKXKE STUWJICHHUMUH!
CHZ\
P—CH,—SH + [ >NH — P—CH,—S—CH,—CH,~NH,
2

B pesynbrate MOgUGUKANUM TATOTEHYKCYCHOM KHUCJIOTOH B HEUT-
PaJILHOM pacTBOpe OelKOBasi MOJIEKYJIAa IMPUODpeTaeT OTpULlaTeIbHBIM
3apsz (3a cuer MOHU3UPOBAHHOM Tpu pH 7 KapOOKCIITEHOM TpyHITbD);
B CJiydae MOAMGMUKAIUY STHUJICHUMHHOM — TIOJIOXHTEJIBHBIN (3a cueT
IIPOTOHUPOBAHHON aMUHOTPYIIIEL).

OuyeHb BaXXHbIN peareHT s MApKUPOBKH M KOJIHMYECTBEHHOTO OIl-
peneneHusi cBoGOIHBIX SH-Tpym ObUT peioxkeH K. DIUIMaHOM (pe-
aKTUB DJyMaHa — 5,5 - IUTHO-0uc- (2-HUTpOoOeH30Has KUCIOTa)). Pe-
areHT B3aUMOJeHCTBYeT cO CBOGOIHBIMH SH-TpyIIIaMu CTeXHMOMET-
pUYecKu ¢ 00pa3oBaHUEM XPOMOTEHHOTO IPOIYKTA. DTa peakIus Mo-
3BOJISIET OTIPEJAETIUTD YUCNIO CYIbMTUAPUILHEIX TPYIIT B 06pasie.

budynknuonanbible ciuupammue arenrbl. Ilonydenne KoHBIOraTOB
OenkoB W mMMoOHIM3anusa depMenToB. CHHTe3 NenTHAHON cBA3M. 3a
NocieAHUe AeCATUIETUST pa3paboTaH OObLION Habop peaKlMii, 1mo-
3BOJSIIOLINX COETUHUTh OeJIKM XUMHYECKON CBSI3BIO MM XUMUUYECKH
(buxcupoBats 6eJIKU WM (hepMeHTH Ha HOCUTENISIX PasJInYHOM Mpupo-
nel. [TocnenHuit mponece Ha3bsIBAlOT IMMOOIIH3aMe Oeka uim dep-
MeHTa (cM. 1. 11). JI1st 9TuX nenei UCHob3yIOT pasiuyHble OMdYHK-
LMOHAJILHBIE CUIMBAIOIINE aTeHTEHL.
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Huansoeeudor. Inymapogeiii duassdeeud. YacTo IU1st OIyYEHUS] KOHb-
I0TaTOB OEJIKOB M XUMUUECKOTO CBA3LIBAHUS O€Ika C HOCUTEEM, CO-
JIEPXallUM CBOOOIHYIO aMUHOTPYIIY, UCHONB3YIOT OMMYHKIIMOHATb-
HBIM areHT, HAIpUMEp TIIyTApPOBBIA TUANTBACTHU:

B—NH, + HOC—(CH,);—COH + NH,—P —
~»= B—N=CH—(CH,);— CH—=N—P

rne B—NH, — Hocuresns uim 6e10K, coaepXauui aMUHOTPYIIITY.

Ilocnenyroliee BOCCTAHOBJICHHE a30METHHOBBIX CBA3ell BeJeT K XU-
MHYECKH MMPOYHOM (pukcanuu 0eJIKOB WM HMMOOWIM3anuu 6eIKa Ha
HOcHTelIe. DTy peakiMio MOXHO TaKxkKe MCIONb30BATh IS TTOIYISHUS
BHYTPEHHUX IOMOTHUTENBHBIX CBsI3el B Oe/Ke IyTeM XUMHYECKOH
MOTU(DUKAIUY ABYX CTEPUYECKHU JOCTYITHBIX TPYIIIL.

Peakuyst BemeT K NMOTepe aMUHOTPYNIEL, a Mpu pH 7, Kak npaBu-
JI0, K IOTepe OMHOTO IMOJOXHUTEILHOTO 3apsija. )

s uMmmobunu3anuu (pepMeHTOB WIKM OeJIKOB Ha IONMcaxapuI-
HEBIX HOCUTENSX (LEeJUTION03e U ee MPOU3BOJHBIX, JeKCTpaHaXx W JIp.)
MOXHO HUCIONB30BATh PEaKIUIO BBEICHUS OKCOTPYMIIEI B HOCUTEND
MyTeM OKMCIIEHUS YIJIeBOJA IepUOIaT-HOHOM:

CH,0— CHQO—

10;
OH OH -
—0 OH —0 CH HC OH

O6pazoBasiIvecs albIeTUAHbIEe TPYIITEI MOTYT 6LITL BBEACHEI B peak-
IMIO ¢ aMUHOTPYNINaMy Oeflka B HelTpaJbHONU WM claboIIeI0uYHOR
cpefie ¢ TMOCIeNYIOIIMM BOCCTAHOBIEHUEM a30METHHOBEIX CBsI3el O0p-
TUAPUIOM HATPUSI.

Hmuoosgpupst. Jumemunranuoumudam. I noxydeHyst JOMOTHUTE b~
HBIX BHYTPEHHHX CBsI3ed B OeliKe MOXHO HCIIONB30BaTh OMQYHKIIUO-
HaJIbHbIC areHTHl HA OCHOBE UMMIO3(UPOB, B YACTHOCTU JUMETUIIATTNIM-
muaar. [Ipy HAIMYMK B MOJIeKyJie OeNiKa ABYX CTEPUYECKH TOCTYITHBIX
rpynn (NH,— P—NH;) peaxuus npoTeKaer 10 CAEAYIOLICH cxeme:

NH,
H |
NH, NHz NHz N—C
12 + CH;0— c (CH,)s— c OCH3——»P \(CH2)4
NH, AN 7/
N—C
H I,

Peaxivio MpoBOIST PU HU3KUX KOHIEHTPAIUAX GeJiKa, IUTST TOTO YTOOHI
u36exaTh 00pa3OBAHUS MEXMOJIEKYJIIPHBIX CBA3eil. [TonydeHue nornon-

34



HUTEJEHBIX BHYTPHMOJIEKYJIIPHBIX CBA3EH 44aCcTO NMPHUBOTUT K POCTY
yCTOMYMBOCTH 0eNKa K TEeIUIOBOM AeHATypauuy. .

Kap6oouumudsl. Peaxmue Bydeopda. Kiaccnieckuii crmoco6 o6pa-
30BAHUSI CBSI3U MEXIy KapOOKCWJILHON TI'PYITHOM U aMHHOTPYIION
OCHOBaH Ha HCIOJIb30BAHUU KapOoguuMMHUIOB. Peaknus ¢ ydyacTueMm
JUIHKIOTeKCHIIKApOOIUUMHEIA IIPOTeKaeT B HECKONMBKO cTanuid. Ilep-
Bas CTaMus — AKTUBAUUSA KapOOKCUIBHOMN TPYITITHL:

i

T~
—P—C__ |

[
NH

Bropas cragusi — peakuus ¢ aMMHOKOMITOHEHTOM:

9
P=Cio_& +NH,P, —»
|
NH
? e
—= P—C-NH—P,+ 0=C

NH

Peakiuio uCronb3yioT B NMENTUAHOM CHHTE3e, MpU TMONyYeHUH
KOHBIOTAaTOB 0€JIKOB, MPU UMMOOWIN3auU (pepMeHTOB. 11 ITpoBeae-
HUSI peakildd B BOJE HCIOJB3YIOT BOZOPACTBOPUMEIC MPOU3BOIHEIE
JUIUKIOTeKCHIKapOonuuMuaa, HampuMep N-(nukiaorekcun)-N'-
(n-IMSTUIAMUHOIMKIIOTE KCHIT) - KApOOTUUMU;

N=C=N N(C,Hs),

Apyroit pacripocTpaHeHHbBIN 1MOAX0L K O0Opa3’OBaHMIO MNEeNTHIHOM
CBsI3U ObUT NpetoxeH P. BynsopiaoM B 1961 r. OH ucrionb3oBan g
AKTUBALIMH KapOOKCUJILHOM TPYIINBI K30KCA30THUEBEIE COJU, HAIpH-
Mep N-3TWII-5-heHUIM30KCca30aIui-3'-CynhpoHar:
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e=GH
O_ //CH
SO; N+
C2H5

Peaxnusi 00pa3oBaHUSI MENTUIHON CBI3M MPOTEKAET CIEAYIOINM
o0pa3oM:

Rr—/C=C\—R2 (") 1111
0, ,CH +P—C00" —=P—C-0—C=C—R,
N CONHR,
R;

IHonydeHHOEe coenuHEHHE NMpeacTaBigeT cO00i aKTHBUPOBAHHBIHA BU-
HWIOBBIH 3¢pup, KOTOPHIH 3¢ ¢HEeKTUBHO pearupyer ¢ aMUHOKOMITO-
HEeHTO:

P
P—C—H-— c=§—R2 +P,—NH, —
CONHR,
0]
Il Rl-—(”jQH

b P]'—C_NH—P2 +
R,—C—CONHR;

Kak u B ciayyae KapOOIMHUMUIOB, C TOMOIIBIO 3TOTO METONA MOX-
HO TIOJIyYaTh CBSA3W MeXIy aMUHOKMCIOTaMM, OelkaMu, OejlKaMu U
HOCHUTEJIAMU.

A3udvt kapbonoswix xucaom. KapOokcuibHas rpynmna MOXeT OBIThH
aKTUBUPOBAHA MyTeM TMOJYyUYeHUs a3UIoB:

N,H, HNO,
P,COOH — P,COOR —— P,CONHNH, —

+ _ NH,P,
— PJCON=N=N~ —> P|—N=C=0 ——— PI—NH—(HZ—NH—Pz

0o

C 1TOMOUIBIO 3TOTO MOIX0AA B PA3HEIX YCJIOBUSIX MOTYT OBITH ITOJTYyYEHEI
KaK COETUHEHUS C MEeNTUIHON CBA3bI0, TAK U IPOU3BOJHEBIE MOYE-
BUHEL

JBYXOCHOBHBIE KUCJIOTEI MOTYT OBITH TPAaHC(HOPMUPOBAHEI B OHU-
(byHKuMoHaNLHEIE CLUIMBAIOIME areHTHl. g BHHHON KHMCHOTHI Takast
peakuusi MpoTeKaeT Kak MOKa3aHO BHIIIE:
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?(X)Hﬁ ?Ph
HO—(I:H N,H,, HNO, HO"“(':H
HO—(I:H HO—(':H

COOH CN;,

DTO MO3BOJSIET MONYYUTE OUGPYHKITUOHAJIBHEIM areHT U XUMHYe-
CKH TIPUCOEIUHUTE 1BE AMUHOKHCIIOTEI.

Xnopnpouseodusie 1,3,5-mpuasuna. Xnopucmutii yuaryp. XJIOpUCTHIA
MAHYp — 3T0 MHOTOGYHKIMOHANLHBIN CIUMBAIOIUM areHT, pearu-
PYIOLIMI ¢ pasIUYHBIMU I'pyNnaMu OeJIKOB, BKIIOYAasi AMUHOTPYIIIIHL,
CITUPTOBLIE ¥ (PEHONBHBIE OKCHTPYIITEL, THOJEL:

Cl Cl

S 'y
P—XH + | _———-» =
o )\N J\Cl HCI /k J\ ~ha

NN

P—X N Y—P,

Yno6HBIM SIBIISIETCSI TO, YTO 3aMellleHHe aTOMOB XJIOpa IPOUCXO-
IUT IpH pa3NiMYHBIX TeMIlepaTypax: nepBbii pearupyet nipu 0— 10°C,
Bropoit — nipu 20— 50°C, tpetuit — npu 80— 100 °C.

bpomyuan. Paznuuuele rpynmsl B OeliKe WIM Ha HOCHTENIE MOTYT
OBITH AKTMBUPOBAHEI OPOMIIMAHOM.

B cnydae aMHMHOTPYIIITEL peakiisl KMEET BUL

+BrCN _NHpP
—NH; —> —NH—CN —— —NH—(HZ—NH—P

—-HBr
NH,
B cmyyae oKcurpymnmsl, HarpuMep MPH UMMOOHIN3AIUH hepMeH-

TOB Ha CTEKJIC U HA APYTUX IMPOU3BOJIHBIX KpEMHE3€Ma, peaKius nmpo-
TEKaeT Mo cxeMe

0 0 o 9
+BrCN
~0— SI—OH —0— SI—O CNW—-O $i—O—C—NHP
5 5 ’ o

BpoMumaHoOBHI MeTOR LIMPOKO UCTIOMB3YETCST MPH MMMOOMITH3a-
LMK (hepMEHTOB.
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JocTynHocTh GYHKIHOHANBHMX IPynn OejJka ajifd XHMHYEeCKOH MO-
aupukanun. Benok mpeacTaBisieT co0oil JOBOJBHO XECTKYIO, IIOT-
HOYIAKOBAHHYIO CTpYKTYypy. OUeBHUIHO, UTO He BCe (DYHKIMOHANb-
HBIE IPYIIIEl aMUHOKHCIIOT JOCTYIHBI IS XUMUYecKoil Moauduka-
197978

B Hacrosititee BpeMst B CBSI3M C Pa3BUTUEM METOIOB KpUCTA/LUTH3a-
UMK OEJIKOB M PEHTIEeHOCTPYKTYPHOIO aHallM3a OLeHKA JOCTYTTHOCTH
TOTO WIM MHOTO OCTATKAa aMUHOKHUCJIOTHI IS XMMHYECKOH Momxudu-
Kaly MOXeT GBITh ONpele/icHa U3 CTPYKTYPHBIX JaHHBIX. B Tabm. 2.2
[IPUBEJEHB! CBEICHUS O JOCTYITHOCTH JISI MOTUGUIUPOBAHUS (DYyHK-
LIMOHANBHBIX TPYIINT AMHHOKUCIIOT TaKuX (PepMeHTOB, KaK C-XHUMO-
TPUIICKH, 3jlacTa3a, pubOHyKIIeasa.

Tabnuua 2.2

Cymmapnoe yucao N QyHKIHOHAJBHBIX TPYII AMHHOKHCJIOT HEKOTOPBIX
(dhepMeHTOB H YHCO Ipynn 7, JOCTYNHBIX /I% MOAH(UUHPOBAHAHA

AMHHO- 0.-XUMOTPHUNCUH Onacrasa Pubonyxneasa
KHMCJIOTa N n N n N n
Ala 22 15 17 12 10 2
Arg 3 3 12 12 4 2
Asn 13 13 I8 18 9 5
Asp 9 7 6 4 5 2
Cys 10 5 8 2 8 0
Gln 10 8 15 14 — -
Glu 5 5 4 4 5 2
Gly 23 15 25 15 — —
His 2 0 6 4 2
Ile 10 5 10 3 0
Leu 19 10 I8 10 2 I
Lys 14 14 9 4
Met 2 1 2 0 4 0
Phe 3 0
Pro 9 6 7 4 3
Ser 27 24 22 21 9 3
Thr 22 15 19 13 10 4
Trp 8 6 7 3 — -
Tyr 4 4 11 10 3
Val 23 10 27 13 1

38



TTOHSITHO, YTO JOCTYITHOCTE (DYHKIIMOHANBHEIX TPYIIT aMUHOKIC-
JJOTBI OTIpEAEssSieT BOSMOXHOCTH €€ MOIUMUIIMPOBAHUS XUMUYECKUM
ATEHTOM.

B xauecTBe NMpUMepa paCCMOTPHM 3KCITepUMEHTAIbHEIE JaHHEIE 110
XUMHUECKONH MOZM(pUKAIUUA OCTATKOB I'MCTUAMHA B MpOCTAIJIAHIUH-
H-cunrase. IpocramanauH-H-cuHTa3a — TUMHTHPYIOLIHA 3JIeMEHT
CHUHTE3a MpocTariaHaHOB (cM. T 7). PepMeHT coepkuT 18 ocTarkos
ructiarHA. OnHAKO XUMUYECKON MoauduKauuu TUSTHIITHPOKAp6Oo-
MAaTOM B aroepMeHTe, T.€. B OelKe, He colepxXKaileM KohaxTop —
reMHH, MOIBEprafoTCs BCETO JIUILL LIECTh UMUAA30JIbHEBIX Ipym. Tloc-
JIe TOTO KakK 0eJIOK MpUCOEIUHSIET TeMUH U 00pa3yeTcst X0I0(hepPMEHT,
¢ IUITHUIIMHPOKApPOOMATOM B3aUMOJCUCTBYIOT BCEro JIMIID JBE UMM~
NA30JILHEBIE TPYIITEI TUCTUAMHA. TakuM 06pa3oM, FeMHUH JJOTIOJTHUTEIHHO
9KPAHUPYET YeThlpe MMUIA30JbLHEIE TPYIIE U IeJaeT UX HeJOCTYIT-
HBIMHU IS MOTU(UKAIMA XUMHUYECKUM areHTOM.

2.4. XuMuyecKas MOAU(MUKAIMA KATAJTHTHYECKH BAKHBIX
rpynn aKTHBHOIO IEHTPA

IlepBole cBeleHUSI O NPUPOAE TPYII, COCTABJSIOUIUX AKTHBHBIE
HeHTpBl (PepMEHTOB, OBUIN MOTYYeHbl METOJAMM XMMHUYEeCKOM MOIu-
dukanuu. JI1o60e XuMHUYecKoe U3MEHeHUe TPYIITEL, BXOJAIICH B KaTa-
JUTHYECKUH neHTp (bepMeHTa, OTpaXaeTcst Mpekae BCero Ha KaTaiu-
TUYECKUX XapaKTepUCTUKAX aKTUBHOTO NeHTpa. Kax MmpaBHio, XuMH-
Yyeckasa MorupUKanusa GYHKIUOHANIBHO BAXXHEIX TPYII BELET K I1OTe-
pe (bepMEHTOM KaTaJIMTUYECKON aKTUBHOCTH.

Merton xumMuuyeckoil MomudUKanuu 1ro3BoJigeT MOJIYYUTE BeCchMa
BAKHYIO UH(DOPMAITUIO O IPUPO/ie aKTUBHEIX IEHTPOB hepMeHTOB. [1pu
3TOM, OJHAKO, Hal0 MMETh B BUIY CIeAyIOulee.

OYHKIMOHANIBHBIE TPYIITHI GeJIKa, COCTABJIIIONINE AKTUBHEIH LIEHTD,
MOTYT OBITH MACKMPOBAHBI MOJUTIENTUAHON NEIbI0 MM OCTaTKaMU
IPYTMX aMUHOKMCIIOT, YTO JejlaeT T'PyHITel aKTUBHOTO LIEHTPAa Heno-
CTYITHBIMH [UTsI peareHTa-MomaugukarTopa (cM. Beiiie). TakuMm oGpazoM,
METOI XMMUYECKOH MOAM(DUKAIINY He MO3BOJISIET MTOIYYUTh HCUEPITHI -
BaoIyo HHpopManuio o GYHKITMOHAIBHEIX IPYINAX — YJ9aCTHHUKAX
KartaJUTUIECKOTO aKTa.

XuMuyeckass MoguduKamusa, Kax MpaBUiIo, He sIBIsAeTCA M30Hupa-
TEJILHOM, XMMHYECKOH peakiiny MOABepraloTcs cpa3y HECKOIBKO aMu-
HOKUCIIOTHBIX OCTATKOB OeJika. DTO BeleT K CyNIeCTBEHHOMY U3MeHe-
HHIO CTPYKTYpHI OelIKa, pa3BUTUIO WHAKTHBAIIMOHHBIX U AeHATYpali-
OHHBIX MPOLIECCOB, YTO MOXET TPUBECTU K rorepe hepMeHTOM KaTa-
JIUTUYeCKOM aKTMBHOCTH JaXe B TOM CJIydae, ecjil XMMUYeCKH MOIM -
(bUNMPOBANTKUCH OCTATKHU, HE BXOIAIIME B KATATUTUYECKUM [EHTP.

ITosromy BEIBOZBI OO0 Yy9acTMHM TeX HJIM HHEIX (DYHKIMOHAJILHEIX
TPYIIT aMUHOKHUCIIOT B KATATUTHYECKOM TIpoNecce Ha OCHOBE JAHHBIX
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MO XUMHYeCcKOU MomuduKanuy 6eaKa MOTYT OBITh CHETaHbI C U3BECT-
HOI1 OCTOPOXHOCTBIO M OroBopkaMu. Kak nmpaBwiio, Wit TAKOTO poja
BBIBOJIOB TPEOYIOTCSI HE3aBUCUMEBIE CTPYKTYPHBIE UCCIEIOBAHUS.

CuTtyanusi CTAHOBUTCS OJHO3HAYHOM, eClTM XUMMHUECKUM MOTUpH-~
KaTOp BCTPAuBAETCA B CTPYKTYpPY CHenu(pUIeCKOro cybcTpaTa MM
UHTUOUTOpA epMeHTa. B 3TOM Cityyae MOTu@UKATOp aJpecHO Harpas-
JISIETCSI B aKTUBHBIA LIEHTP, YTO CYIIECTBEHHO YBEJIMYMBAET BEPOSIT-
HOCTb XMMHUECKOI peakiui ¢ (pyHKIIMOHAILHOM TpyIIol aKTUBHOTO
HEHTpA.

IIpuBeneM HECKOIBKO IIPHUMEPOB.

Hmudazonvnas epynna eucmuouna-57 o-xumompuncuna. 9ra rpymia
6blTa MOTUUIIMPOBAHA peaklMell ATKWIMPOBAHHA C XJIOPKETOHOM
(cm. Beue). J1s 3Tux Leneil Mogu@UIUPYIOUIMIA areHT ObUT BKIIOYCH
B CTPYKTypy cybcTpara:

7 ? 7 T

I Il

%
I|\IH Il\IH
(|ZO ('30
R2 R2

B pe3ynbpTare XUMHUYECKOM peakuuu (GepMeHT MOJTHOCTHIO MOTEPS
KaTaJTUTHYECKYI0o aKTUBHOCTE. [locie 1mojiHoro ruaposin3a 6eaKa Obur
BBIZeJIEH M UICHTUPUNUPOBAH TPOAYKT XMMHUYeCKON Momuduka-
WU,

Cepunosbvie npomea3soi u 3cmepassi. KatraJuTHYECKH aKTUBHOM IpyiI-
MO MHOTUX (bepMEHTOB SIBJISIETCS THAPOKCUIIBLHAS I'PYIIIA CepUHa.
B axTMBHOM 1[eHTpe 3TA CIIUPTOBAst IPYIIIA UIPaeT pOIb HYKIeOMUIb-
HOTO peareHTa B peaxiusaxX HYKJICOPMWILHOIO 3aMEILIEHUST IIPU THAPO-
JIU3e CJIOXHEIX 3(UPOB, aMUIOB, MenTUIOB. [Ipy vccnerOBaHUYM 3THX
(hepMEeHTOB OBUTM UCITOIH30BAHBI AHAJIOTH CYOCTPATOB C 3aMEHOM yr-
nmepona Ha ¢ocdop. OKa3anocs, 4YTO B ITOM Ciiydae [IPOUCXOMUT (poc-
GopMIHPOBaHKE CEpHUHA ¢ 00Pa30BaHHEM CTAOHIBHBIX TIPOU3BOIHBIX.
DepMeHT ITpH 3TOM MOIHOCTHIO TepSIET CBOIO aKTUBHOCTH. TakuM 00-
pazoM, ochopopraHndecKre aHAJIOTU CyOCTPaToB SIBISIOTCS 3hdek-
TUBHBIMU HeOGPAaTUMBIMH MHTHOUTOPAMU (EepMeHTA.

Peaxuust cepuHoBblx npoteas E—CH,OH c muusonponuwidrop-
(bocaroM rpoTeKaeT CiaeayIoIuM o0pazoM:

0] o)
i _O—CH(CHj;), [
E—CHQOH + P\ — E_’CHQO—P + HF
/ "O—CH(CH;), /\
F (ONe

o
(H;C),HC CH(CH;),
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ALIETWIIXOJIWHACTEPa3a HeoOpaTnMo ONokuMpyercs docdopminpo-
BaHMEM THOPOKCHIBHON IPYINBI MTPOU3BOAHBIMHA (HOC(HOHOBOI KHMC~
JIOTBIL:

O O
I _O—CH(CH,;), I
E—CH,0H + P — E—CH,0—P + HF
/ CH; /\
H;C (|)
CH(CH;),

B 1anHOM cityyae MOIM(DPHKATOPAMY BBICTYIIAIOT OOeBBbIE OTPABJIS-
[OLIME BENIECTBa THIIA 3apUHA.

Ilpocmacnandun-H-cunmaza. AcnupuH (alleTHICATMLIMIIOBAsT KUCIO-
Ta) NpeAcTaBiIsder coOOM HECTEPOUAHBIN NMPOTHUBOBOCIAIMTENbHBIN
JIEKAapCTBeHHBI mpenapar. Pu3nonornieckoe neficTsde mpenapara
CBSI3aHO C €ro CIMOCOOHOCTBIO AllETHIMPOBATh Ser-514, BXomsuuil B
LEHTP COpOLMK apaxXWAOHOBOM KHCIIOTHI — CyOCTpara MmpocTarijaH-
nuH-H-cuHTa3mr:

i
O/C_ CH3
E—CH,—OH + —_—
COOH
0 OH

Il
— E—CH,—0—C—CH; +
COOH

TakuM o0pa3soM, acIUPHH BBICTYA€T HEOOPATHMMBIM MHIUOUTO-
POM JTUMUTHUPYIOLErO (pepMeHTa CMHTE3a IpocTariaHauHoB. [Tocie-
IVIOLUMIA THAPOIKM3 MOAU(MUIIMPOBAHHOTO O€JIKa ¥ aHaIN3 MTPOAYKTOB
TUIPOAK3a TTO3BOJIMIN UACHTH(hHIIMPOBATh IEHTP MOoxnpUKanu dep-
MeHTa.

* k%

Auib B KoHILe paBoThl Mbl OGbIYHO Y3HAEM, € H9ET0 ee Hy2KHO
6bIAO HAYHHATD.

b. Iackarw

Urak, yprarens ¢ GOJBIIMM TPYIOM TIPEOAOJEN YACTOKON XUMU-
HecKuX (GOpMYJa M MBITAETCS OTBETUTH HA BOIPOC, YTO XE€ JaeT 3TO
M300MiIMe XMMWYECKUX peaKuMil /I MOHMMAHHS NMPUPOIAbI GEJIKOB,
(dbepMeHTOB, MEXaHU3MOB UX NEHCTBHS.

3HaueHre XUMHUUECKHMX METONOB A XMMHYECKON 3H3UMOJIOTHU
TPYyAHO nepeoneHUThb. s XuMuKa N3001IHe XMMUIECKUX peakiuil —
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3T0 n3obmwire Bo3MoxHocTel. IIpexne Bcero, 6oratelii HAGOp XUMU-
YeCKHX peakIluii (BBIIE OOCYKIAIOTCS NaleKo He BCe U3BECTHBIE U
NIPUMEHSIEMBbIe PEAKIIMM, a4 TOJBKO HX HeboJbIlas 4acth) Jaer BO3-
MOXHOCTb XUMHUKY MaHUITYJIUPOBATh ¢ OEJKOM, KaK C OOBIYHBIM XU-
MMUYECKUM peakTUBOM. B pyKax ucciemoBateneili U MpakKTUKOB ITOSIBH-
JIMChb METOMBI, MO3BOJISIIONINE U3MEHSTh 3apsd Oenka, o0pa3oBhIBATh
XUMUYECKYIO CBSI3b MEXAY Pa3IMuHbIMK OejIKaMH, a TakXke CO31aBarth
BHYTPUMOJIEKYJISIPHBIE, BHYTPHOEAKOBEIE CBSA3M. MeTonaMu XxuMuye-
CKOIl MoguGUKaIIM MOXHO CBsI3aTh 6ejioK viu ¢depMeHT ¢ JT0bIM
TBEPABIM TEIOM HJIM HocuteneM (cM. Ti. 11). XuMHUeCKUMHU MeTolaMu
ObIJ1a yCTAHOBIIEHA MMOC/IE10BATEILHOCTE AMUHOKHCIIOT B MO MEPHOIA
nonurentuasoi nenu. HakoHen, xumMuuecku Obn CHHTE3MPOBAHBI
U eple OYAyT CMHTE3UpOBAHb! pas3yIMuHble TTenTHanl U Genku. Kak u3-
BECTHO, BIIEPBble XUMHIECKHI CHHTE3 IIENTHUIOB OCYIIeCTBIeH D). Pu-
mepoM (cM. 1. 1). CvHTe3 NOAUIENTHAOB HA HOCHUTENE € 3aKPETUICHH -
€M MEpBO aMWHOKMCIOTEI Ha MOJUMEpe U ITOCHEeNVIONIM XUMWYeE-
CKMM YIJIMHEHHWEM TTOJUIIENTUIHON Lerny TTO3BOJMI TOJNYYUTh Tep-
Bble CHHTETHUYECKHE (HYHKIIMOHAJIbHO aKTUBHBIE GENIKHU.

Meron xuMmuiecKoit MoguduKkanuu (GpepMeHTOB MO3BOJIMIT chop-
MHPOBATH IIpeACTaBlIeHe 0 HAJIMYMK B OEJIKOBOI MOJIeKyJie 0coOoro
YYaCTKa, COCTOSHIETO U3 OMpeneIeHHOIO YMCia OCTaTKOB aMHMHOKHC-
JOT ¥ ODECIeUNBaOLIET0 KATAIMTUIECKYI0O aKTUBHOCTh OeaKa. DToT
Y4acTOK MOJYyYHJI Ha3BaHUE aKTHBHOTO IIeHTpa hepMeHTa. MeToramMu
XUMHUYECKO MoxmduKanum ObIa TodydyeHa TiepBasi MHGOopMaIus o
XUMHYecKoil mpuponae (HYHKLMOHAILHEIX IPYII, 00pa3yIOLINX aKTHB-
HBlE LIEHTPH (hPepMEHTOB.



'maBa 3

CTPOEHUE BEJIKOB

OHblT yaKe ZaBHO NIOKa3aA, YTO ITOAHOE H3YYEHHE XHMHUYECKHX
[IpOoLeccoB Tpe6yeT OZHOBPEMEHHOTI'0 UBy4€eHHs TeX (PUBHUECKHX 5B~
)\eHPIﬁ, KOTOpbIE BbI3bIBAIOT H COIMPOBOAAIOT XHMHYECKHE peaK-~
1IHH. pO)\b TaKHX (PHBHYECKHX SBAEHHH HAaCTOABKO BE€AHKa, CBOE~
06pa3Ha H MHOrorpaHHa, 4YTO B KOHEYHOM PE€3YAbTATE Pa3BHAACh H
0(pOpMHAACD CrielIHaAbHasA AUCIIUIIAMHA — pHusHYeCKasA XUMHUS ~—
HayKa O (PH3HYECKHUX SIBACHHSX, HEPA3PbIBHO CBA3AaHHDLIX C XHMH-~

YECKHUMH NIpOoLIeCCaMH.

A. B. Pakosckuii

3.1. MoJieKyasipHble CHJIbI H B3aUMOJAEHCTBHSA

DepMeHTB! — 3T0 MOOYIsIpHBIEe OeKH, copepXailiue KaK peryisap-
Hble YYACTKH (O.-CITUPAIM ¥ B-JIMCTBI), TaK W HEPeryisipHble o0JacTu
THIIA [TOIUMepHBIX retelib. Ha puc. 3.1 mpuBeaeHa CTpyKTypa MOJHIIENn-
TUIHOI Lenu IIUTOXPOM-C-TIEPOKCHIA3E. BUIHO, 9T0 3T0O BechbMa ClIOXK-
HOE MOJIEKYJIIpHOEe 06pa3oBaHue, KOTOPOe YAEPXUBAETCS B CTPYKTY-
PHMPOBAHHOM COCTOSTHMM AEMCTBHEM KaKMX-TO BHYTpeHHuX cwl. Kakosa
npuponaa 3tix cui? UYto 3acraBiaser OONBIIYIO0 COBOKYITHOCTE aTOMOB
B3aUMOJIECTBOBATH APYT C APYTOM M (POPMHMPOBATh YHUKATIBHYIO CTPYK-

Typy? (OYEBUIHO, UTO STH XE CHIIbI
Y B3aMMOJEICTBUS ITPOSIBIISTIOT ce0st
B 3JIeMEHTAPHBIX aKTaxX KaTajiusa,
onpenessisi CIOcOOHOCTL cybcTpara
BXOAUTh B AKTUBHBII LIEHTP M Ipe-
TEPHEeBATh XUMWYECKHUE HM3MEHe-
HU4.) B manHOM paszesie nocrapa-
€MCS OTBETUTh HA 3TH BOIPOCHI.

BHyTpH- ¥ MeXMOJIEKYASIpHBIE
CBsA3M B GeJjiKaxX ycJaoBHO (MO cuie
Y IpUpOEe B3aUMOIENCTBYI) 1O -
pas3fiengior Ha KOBaJICeHTHBIE, 2JIEK-
TPOCTaTUYECKHUE, BOLOPOIHBIE U
runpogoOHble.

Kopanenrnsie caasn. Crepuye-
CKne orpanuyenns. OCHOBOIT Oen-
Ka gmisgercs monMMepHas MOJMM-
NenTyuaHas nenb, B KOTOPOil ot-
JenbHBle AaMWUHOKHCIIOTHI CBA3aHBI
KOBaJieHTHOI aMUIHOIA CBSI3bI0. Xa-

Puc. 3.1. I[TonunentuaHas Lenb
LIMTOXPOM-C-TIEPOKCUIA3HI
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pakrepnble TuHbI cBg3eit: C—H, N—H, O—H 0,1 umM; C=0, C=N,
C=C 0,12 um; C—C 0,15 aM; S—S 0,18 HM. AMUIHAs CBSI3b B BOJE
TEPMOTUHAMMWYECKH HEYCTONUMBA, M JIIOOOU GeIOK B BOTHOM PacTBO-
pe B COCTOSHWM paBHOBECUsI MOJDKEH ObLI OBl MpEACTaBIATH cODOIf
cMech CBOOOIHBIX aMUHOKMCIOT. OTHAKO MPOLecC ruapojin3a B HENT-
PIBHBIX Cperax MPOTeKaeT MCKITIOUMTENBRHO MeIeHHOo, YTo ofecmne-
YUBaeT KHHETHIECKYIO CTAOMIBHOCTL OeKa.

DNeKTpOHHAs KOH(pUTYpAIIUsT aTOMOB TIEITTHIHON CBS3U JEJIAET €€

- O\ e .
TUTOCKOIA: C—Nw___ . Atomnl O, C u N Haxonsarcs B OIHOI ILIOC-
- H
]

KOCTH. ATOMBI, XHMWYECKH He B3aUMOAEHCTBYIOIINE, MOTYT IIPUTSTHU-
BaThCs 33 CYET CJIaOBIX BaH-I€p-BaaJbCOBBIX CHJI M CHJIBHO OTTIKU-
BatTbcs npu comkenuu 1o 0,2— 0,3 um. [IpursxeHrne uMeeT KBaHTO-
BYIO MIPMPOAY M CBSI3AHO C COINTACOBAHHLIMM KOJIEOAHUSIMU IJEKTPO-
HOB o6oux atroMoB. COIMKEeHNE aTOMOB Ha pacCTOSTHUE MEHBLIE Kpy-
TUYECKOTO BBI3BIBAET MOIIHOE 3JEKTPOCTATHYECKOE OTTANKMBAHUE
37eKTpOHOB. B 001ieM ciyuae sueprusi U BaH-Iep-BaalbCOBOIO B3au-
MOJEUCTBMSI aTOMOB KaK (DYHKIIHS PACCTOSTHUS ' MeXIy aToMaMH
MOXeT OBITh IIpeaCTaBIeHa KPHBOIA, TIOKAa3aHHO Ha puc. 3.2. Bta KpH-
Bast XOpollio ormuceiBaercs dopmyinoit Jlenrapa-/xoHca:

3

12 6
U(r) = E [’7"] —2[’—0) , (3.1)

r

roe F, — miyOMHA 3HepreTM4YecKoro MUHHUMyMA; r, — pacCTOsTHUE
MEXIYy aTOMaMM, OTBEYAKIllee MUHUMYMY 3HEpPruu, T.e. Hauboree

SHEPreTUYecKH BHITOTHOMY PACIIONOXEHHUIO aTOMOB.
Kaxk crenyer u3 ¢opmynsl (3.1),
cONMXeHne aTOMOB Ha PacCTOsTHUeE,
v MEHBIIIEE 7), BbI3bIBAET MX 3¢ (HEKTUB-
HOE, TaK Ha3plBaeMoOe CTEepHMYECKOe
oTrajkupanue. B ¢popmyne (3.1) or-
TaJIKMBAHHE OTMCBIBAETCS WIEHOM
(ro/P'2. DaHHBI 5¢(deEKT nMeeT or-
penensolee 3HaUeHME IIPK B3aUMO-
NEHCTBUU MOJIEKY)T B GEJIKOBBIX CHC-
TEMax, B YaCTHOCTH, OH Ofpemelis-
eT KOH(OPMAIUIO ITONHIETITHIHOM

LIETTH.

| OTHoOcHUTEBHO CBODOTHOE Bpailie-
! HUE B TOJUNENTUAHON LIEAU BO3-
o r  MoxHo o cBszsim C,—C; (yron )
Puc. 3.2. DHeprus BaH-aep-Baaib- 1 C/—N, (yron ¢) (puc. 03'3)~ [Tnoc-
COBOTO B3ANMOEHCTBHS Kak dyHk- KOCTH MENTHAHBIX CBsI3ei MOKa3aHbl
LS PACCTOSIHMSL Mexiy aromamy Ha PUCYHKe 11BeToM. Haimuue 3ame-
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Puc. 3.3. Crepuyeckue B3aUMOIEHCTBHs TPYII MTETTTUAHOMN CBA3H

cruteneil y atomoB C;' M MX cTepHyecKoe B3auMOIEHCTBHE C aTOMaMU
KHCIIOPOAa 1 aMUIIHBIM 2aTOMOM BOJOPOJA OTPaHM4YNBaeT cBOOOIY Bpa-
HIEHUS BOKPYT 9TUX cBsizell. OUueBMIHO, YTO B 3aBUCMOCTH OT pa3Me-
pa ¥ CTpOeHMS 3aMeCTUTENel CTepHIecKOe OTTAIKUBAHHUE aTOMOB 6Y-
JeT pa3nuyHbIM. CaMbBIM CBOGOIXHBIM SIBJISIETCS BpallleHKe MO yIjiaM ¢
W W U5 TVIMIMHA, CaMbIM OTpaHUMEHHBIM — IJIsE AaMUHOKHCIOTEI IIpO-
nuHa. BrepBrle pacueT MOTeHUMANTbHON SHEPTHU KaK GYHKIUY YIIIOB
¢ ¥ y 661 nipoBeleH [. PaMavangpanoM. OH TpeyIoOXII MpeacTaB-
JATh pe3ynbTaThl pacyeTa B BHAE ABYXMEDHBIX 3aBUCUMOCTEN MOTEH-
UHMaJIBHON 3HEPTUH OT 3HAYEHUH YIJIOB ¢ M Y. DTH 3aBUCUMOCTH TTOJY-
YWIM Ha3zeaHue KapT Pamauangpana. Ha puc. 3.4 npuBeaeHB! KapThl
PaMavangpaHa j1s meNTHIHON CBSA3H ¢ ydacTHeM InUuHa (q) ¥ ala-

y, TIpan
180

~-180 0 180 -1 0 180
¢, Ipax ¢, Ipax
a 7]

Puc. 3.4. Kapra PamagaHapaHa ju1s METITHAHON CBA3YU C yJacTHEM
TAWIKWHA (a) ¥ ajaHuHa (6)



HUHA (6). 3aTeMHeHHbBIe OBJIACTY HA 3TUX KApTax COOTBETCTBYIOT ITa-
paM yrJioB (@, ¥), IpH KOTOPHIX CTEPHUYECKOE OTTAIKUBAHME OTCYT-
CTBYET M CHCTEMA SHepreTuyecky crabwibHa. CBeTible 06JacTH OTBeE-
YaloT napam yrioB (@, ), Npd KOTOPBIX KOH(MOPMAIIMS UCTIBITHIBACT
HanpsoKeHUe W SHEepreTUYECKH 3aTpyJaHEHa WM BooOuie 3ampelleHa.
HNHTeHCHBHOCTH 3aTeEMHEHHUS obJacTeil Ha puc. 3.4, a, 6 xapaKTepu3y-
€T CTEINeHb SHEPIeTHUECKOI CTAOMIBHOCTH KOH(pOpMAaLIMIA.

BunHo, 4ro mwid ramMnmHA OONAcTh paspelieHHBIX KOoH(opMaluii
MakcUMaibHast (HauboJbiuasi 3aTeMHEHHAs ITOBEPXHOCTB); WIS ala-
HMHA 061acTh CBOGOIHOTO BpallleHUs Ipyrm BOKpyT cesseit C,;—C;' "
C{"—N; cyllecTBEHHO OrpaHMYeHa, OJHAKO CYLIECTBYeT OBNACTb He-
HanpsikKeHHBIX KoH(opManwmii. 715t nponuHa 0064acTh pa3perieHHBIX
KOH(popMaIuii MpeaeibHO orpaHNYeHA. DTa CTPYKTypHasi 0cOOeHHOCTh
AMUHOKMCJIOT MCIIOJIB3YETCs TIPH (POPMUPOBAHUM U (DYHKITMOHHUPOBA-
HUM OETIKOBBIX MOJIeKYJI. Eci Heo6XoauMo cTporo 3ahuKCUpOBATh M0~
JHMNENTHAHYIO Leb B IPOCTPAHCTBE, B KauyecTBe CTPYKTYpooOpasy-
IOl AMUHOKHMCIOTHI UCIIONIb3yeTcs nposivH. Eciu Tpebyercst obec-
MeYnTh KORGOPMAIMOHHYIO MOABIKHOCTH TON MJTH WHOI o61acTu Henka
YUIM BO3MOXHOCTb TTOBOPOTA LIEMH, B CTPYKTYpE MOJHUTIENTHIHON Lenu
TOJDKEH HaXOAMThCH IJIMIIMH.

DneKkTpocTaTHyecKne B3anMoaeiicTena. [Ipupona anekTpocraTuye-
CKHMX B3aMMOICHCTBIIH onpenesieTcss KyJIOHOBCKUM MPUTSDKEHUEM IIPO-
THBOIOJIOXHO 3apsiKeHHBIX TPYITI WX ATOMOB M OTTAJIKMBAaHUEM OJT-
HOMMEHHO 3apsKeHHBIX. DHEeprus 3JIeKTPOCTATHUECKOrO B3aMOACii-
CTBUSI 3apsiKCHHBIX YaCTUIl OrpeaesgeTcs 3aKkoHoM KynoHa

2
Ur) = -2%% (3.2)
er
TIe Z;, 2 — 3apsasl B3aMMOIEHCTBYIOIINX YACTHIL, € — 3apsi SJIeKT-
poHa, paBHbIA 1,6- 107 Ki1; € — auanekTpuuecKas MPOHULAEMOCTh
Cpebl; ¥ -— PAcCTOSHUE MeXIY YacTHIIAMM.

DHeprus B3aUMOIEHCTBUS 3apsPKEHHBIX YACTHII MOXeT ObITh BECh-
Ma 3HauuTedbHa. Tak, B BaKyyMe SHeprusl B3auMOICHCTBUS YACTHII,
Haxogsiuiuxcs Ha paccroguuu 0,1 uM, cocrabnseT 1380 x/x/Monb; Ha
paccrostaun 0,3 HM — 460 kJIx/Monb. OnMHAKO B BOJHOM pacTBOpe U
0COBOEHHO B PacTBOPaX 3JeKTPOJHUTOB KYJIOHOBCKOE B3aUMOACHCTBUE
CyLIeCTBEHHO ocilabsieTcs. MoJeKysnbl BOgbl UMEIOT OOMBILION TUITONb-
HbIIf MOMEHT ¥ MO3TOMY CIIOCOOHBI, B3aUMOIEUCTBYS C 3apsKeHHEI-
MM YacTMIIAMHU, YaCTUIHO KOMITEHCHPOBATh WX B3aMMHOE BIMSHUE.
Husnektpuuyeckass MPOHHIIAEMOCTb BOAbLl paBHa € = 80, u cornacHo
3aKkoHy KynoHa cwia B3auMomeicTBUS 3apsDKeHHBIX YACTHMIL B BOJE
O6yzner B 80 pa3 MeHblile, YeM B BaKyyMe.

W3 n3noXeHHOTO BBINIE CIAEAYIOT ABA BAXHBIX ST MPAKTHKH BEI-
BOJA:

1) B OpraHMYecKuX pacTBOpHUTENIX WK B MUKpodase, 61I1u3KoI 1Mo
XapaKTepUCTHKaM K THapodoOHOMY aroasspHOMY OpraHMYecKoOMy pac-
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TBOPHTEJIO, CHJIA BJICKTPOCTATHIECKOTO B3aAUMOIEHCTBUS 3apsiKeHHBIX
TPYNI BO3PACTaeT MO CPABHEHMIO C BOXOI (AU3NIeKTpUYecKasl IPOHHU-
LAEMOCTL OPTaHUYECKOr0 pPacTBOPUTENS CYNMIECTBEHHO MeEHble TH-
37IEKTPWYECKO TTPOHUIIAEMOCTH BOJBI);

2) BBeICHHUE B CUCTEMY JOTIOMHUTEBHBIX 3apSLKEHHEBIX MOHOB 10T -
JKHO TIPHBOIUTE K OCJA0NEHUIO 3JIEKTPOCTATHIECKOTO B3aMMOIEICTBI S
B CWIY DKPAHHPOBAHMS 3apSITOB BBEACHHBIMU HOHAMM.

XapakTepUCTUKOW BIUSHUS JOTIOJIHUTEIBHBIX UOHOB SIBASETCS HOH-
Hast cwia [ pacTBOpa 3JIEKTpOJINATA:

1 = %Z(CIZE)’

i

rge C; — KOHIEHTpAIMS /-TO MOHA; g; — 3apsif [-ro MOHA.

Jnsg ymoOcTBa OLleHKY BIMSTHUAS MIOHHOM CHJTBI pacTBoOpa Ha 3JIeKT-
pOCTAaTUYECKHE B3AaUMOIEHCTBUSI MOXHO BBECTH Oe3pa3MepHBIil (pak-
TOp BIIUSTHUSL.

Teopus anekTpocTaTUIecKuXx 3¢} eKTOB B pacTBope B 0611eM BHJIE
6b1a passura I1. Jlebaem u D. Xiokkenem. C yueToM NOTEHIUATBHON
sHeprun U(r) B3auMOZENCTBUS 3apsKeHHBIX YacTUIl Oe3pa3sMepHbIit
(aktop BiaustHuA f paBeH

- -1
£ {ka ] e TO\E (33

rae Ry, — cyMMa pagvycoB B3aUMOJEHCTBYIOIIMX YacTUIl; K — KOH-
cranta boneiMaHa; 7 — abcomotTHas TeMIteparypa.

B peasibHBIX cucTeMax B ITPUCYTCTBUU ZUITONEN BOABI U JOMOIHM-
TEJIBHBIX 3JIEKTPOJIMATOB SHEPTUS UOHHBIX B3aUMOACHCTBHUU HE TIPEBBI-
waer 12--20 xJI3X/MONb, XOTS MOXET CIJIBHO BO3pacTarh B JIOKAJIb-
HOI1 0671acT MUKPOOpraHuyeckoil (hasel OENKOBOMH MOJEKYBL.

IIpu m3BecTHON (PYHKIMKM MOTeHUMAIbHOI sHepruu U(r) snekT-
pocTaTyecKue B3aUMOJEHCTBUS MOTYT GBITh IETaNbHO IMpOaHAIM3H-
POBaHEI ¢ MCIIONIb30BaHMeM ypaBHeHud (3.3). Teopernuecku B aHAINU~
THYeCcKoif ¢opMe 3HaYeHME f pacCUyMTaHO IUIS ABYX CIIydaeB — JUIS
B6ecKoHEeYHO pa3baBIEHHBIX paCTBOPOB 3JIEKTPOJIMTOB U IUISI pacTBO-
POB 2J1eKTPOJINTOB, MONYUHSIOWIUXCS MTpeaeNbHOMY 3aKOoHY debast —
XIOKKeJs.

beckoneuno pazbaenennvie pacmeopvt snekmpoaumos. B pacrsopax
3JIEKTPOJTUTOB IIpH OeCKOHEeYHOM pa30aBlieHAN NMOTeHIUATbHAS SHep-
THsT B3aMMOJEHMCTBUS 3apsDKEHHBIX TaCTHLI ONTHChIBAaeTCs 3aKoHOM Ky-
JgoHa (3.2). Hoxacranoeka (3.2) B ypaBHeHue (3.3) u mociemylouiee
WHTErpMpOBaHUE MPUBOIAT K BHIPAXKEHHIO

é
et -1’

f= (3.4)
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roe

5= afe’ (3.5)
SRTRLZ

BunHo, 4TO B 3aBUCHMOCTH OT 3HAaKa
MIpOM3BENEHUS 7,7, mapaMerp f MOXeT
ObITh Kak 6oJblie (7,2, < 0), TAK ¥ MEHb-
e (z;2, > 0) emuHuel. Ha puc. 3.5 npuse-
JleHa 3aBUCHMOCTS lg f OT 7,2, pacCUMTaH-
Has o ypasHeHusiM (3.4), (3.5) npH € =
=80, T=298 K, R, ,=0,5 um (JruHus 7).
Bunxo, 4ro auHusA I HECUMMETPUYHAS,
-3 ! ) ) a¢dekT YMEHBIIEHUS JIEKTPOCTATHYE-
-8 -4 0 4 717y CKOTO B3aMMOJEHUCTBMS 3a CUET OTTAJIKU-
BaHUS 3apsiioB IpU 7,7, > 0 Bosee cyiue-
TIpOW3BEACHUS 3apANioB pea- CTBEHEH, UeM s dekr yBerudeHUsI TpU
TMPYIOLUX YACTHIL T pac- B3AMMONCHCTBUM MPOTHBOMOJIOXHO 3aps-

TBOPOB MOHHOM cuibt /=0 (1), KEHHBIX HaCTHIL.
107 (2), 1072 (3) monb/x Pazbasnennvie pacmeoput neKmpoaumos,
noduunsowuecs saxony Jebas— Xiokkeas.
B pacTBOpax 35eKTpOJINTOB MPOUCXOINT 3KPAHMPOBaHUE 3apsiioB HOHA-
MH. JI1sT pacTBOPOB ¢ HU3KOIM MOHHOU cuioit GyHKIMS MOTEHIHAJIb-
HOIt 9Hepruu comracHo Teopuu [debast — XIOKKEsT OTUChIBAETCS YpaB-

HEHUEM

Puc. 3.5. 3aBucumocts Igf ot

1| exp(xRy) . exp(xR) |2122
(r) 2[ T iR, + TryR | or e2(1-xr), (3.6)

rie R;, R, — pamnychi B3aMMOAEIHCTBYIOLINX YacTHll; ¥ — BEIWUYMHA,
oGpartHas TOJNKHE UOHHOIO CIOST:

4me? V2
1=|—=2(C2})| =3,295-1071". (3.7)
kgT 5
Hcrione3ys wis GyHKIUY NOTEHIUANBHOM 5HepruM ypaBHeHue (3.6)
" noacTanisig ero B (3.3) npu mocieayionieM WHTETPUPOBaHHH, IO-

JiyyaeM
_ Y3exp(8R, 2x)
T exp(yd) -1 G9)
rae
1| exp(xR,) | exp(xR,)
-2 . 3.
v 2[ 1+ xR, * 1+%R, (39)

Vpasuenue (3.4) aBisieTcss YaCTHBIM ciiyyaeM ypaBHeHMs (3.8),
MOCKONBKY Npu [ — O uMeeM y — 1.

Ha puc. 3.5 npuBegeHa 3aBUCUMOCTh (aKTopa f OT 7,7, JUIST paCTBO-
POB pamIMUHON MOHHOHN cuibl. JIMHUKM 2, 3 pacCUMTaHEBI N0 ypaBHe-
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auto (3.8). Buaxo, uto BBEmeHME MHEPTHOTO 3JIEKTPOJIMTA B pACTBOP
3aMETHO BIMMUHUDPYET BIUSHUE 3apsiIOB.

PasnoxeHue B psii 3KCIIOHEHIIANBHON (YHKUUK ypaBHeHUs (3.8)
npu yd <« 1 NMpUBOIUT K PAaBEHCTBY

S =exp(YdR, 5x)- (3.10)

[Ipu HM3KUX MOHHBIX CHIIaX UMeeM ¥ ~ 1 u ypaBHeHHe (3.10) MOX-
HO TIPEACTABUTHL B BUIE

Igf = 2zl (3.11)

C noMo1nbio ypaBHeHuUs (3.11) MOXHO MOXYIUTh KJIACCHYECKOE YpaB-
peuue Bpencrena— Jlebast — XiokKensg, onmUChIBaloniee 3aBUCHMOCTD
KOHCTAaHTH CKOPOCTH peakIIMi OT MOHHON CHJIBI pacTBoOpa:

lgk =gk, + 21200l 2, (3.12)

rne ky, @ — KOHCTAHTHI, HE 3aBUCSIME OT [,

YpaBHenus (3.8) — (3.12) npuMEeHUMBI U TIPH BBICOKUX 3HAYEHMSIX
MOHHOI1 CHJIBL. DKCIIEpUMEHTAIBHEIM MYTeM OBLIO TIOKA3aHO, YTO 3a-
BUCUMOCTH lg fot I'/? coxpaHsieTcs mpakTHYecKH JIMHEIHOH ¢ TaHTeH-
COM YIJIa HAKJIOHA rpadmka, GIU3KKUM K 7,7, ipH ~6 < 712, <6 u 1< 0,01.
IIpu s1O0M (pakTOp f MaNO YYBCTBUTENIEH K mapaMmerpy yo, W JIMHeH-
HOCTb COXpaHseTCsI BILTOTh 10 | Y3} < 8.

Bauanue o6uezo 3apada Geakoeoii 2no6yavi. TIpuBeneHHBIN BIlle
aHaIM3 JIeKTPOCTATHUECKUX 2(p(DeKTOB He YUUTHIBAET Bo3nelcTBIE Ha
t(hepMEHTATUBHYIO peakIuio ob1rero 3apsaa 6enkopoit rnobynel. [Ipu
HcciiefoBaHMY (PEepMEHTATUBHON peakIVM B YCIOBHSX, OJM3KNX K
M303JICKTPUYECKON TouKe (cM. manee) Oenka, 3TUM 3¢ QeKToM aeii-
CTBUTEJIBHO MOXHO IMpeHeOpeyb.

OnHako MpH IMPOBEICHUHU PEaKlWU BHAJIM OT M303JIeKTPHUECKOI
TOYKM B YCJIOBMsIX, Korna GenkoBass miofyjia Hecet OOMbINON 3apsia,
BIIUsSTHUE OOIIET0 3apsiaa ri1o6yibl MoXeT ObITh BeCbMa 3HAYUTEbHBIM.

IIpenmonaranoch, yro obuIMil 3apsan Gejika MOXHO MPEACTABUTH
PABHOAEUCTBYIOILMM 3apsiioM, JIOKATM30BAHHBIM B IIeHTpe Cheprie-
cKoftf rno6ynpl. JIuaneKTpuiyecKe CBOICTBA CpeIbl CYUTAIMCH MTOCTO-
SIHHBIMHU T10 BCeMy O6BEMY M XapaKTepU3OBAIHCh AMINEKTPUUECKOI
TIPOHMIIAEMOCTHIO. B paccMarpuBaeMoM NMPUOIILKCHUM [TPeIIoarajioch
TAKXe, YTO MOTEHIIMAJIBHAS JHEPIusl B3aMMOIEHCTBUS 3apsKeHHBIX
YACTUI] HE 3aBUCHT OT YIJIOBBIX XapaKTepUCTHK U B3auMOoaeHcTBHE 3a-
PAIOB MMeEET IMHEHHBI XapaKTep.

Hns sroit Momenu (YHKHHMS TOTEHIHAIBHON SHEprUM ¢ y4eTOM
nebaeBckux 3¢ ¢GeKTOB MMEET BHI

eXP(XRl.Z) 0%

U(r) = ——2 =2 222 o2 exp(—yr) +
1+ XR]’z er

exp(x R ) <3 2
: —x(r + Ry)], 3.13
" 1+xR 5 e(r+ R3)e exp[ xr 3)] ( )
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lgf; rae R, ; — cyMMa paauycoB MOJIEKYJ CY0-

7 cTpara u (pepMmedTa; R; — paauyc mosie-
2 KyJbl (bepMeHTa; 73 — 3apsd MOJEKYIIBI
1 3 depmeHTa.

TMoncrasus ypaBHeHue (3.13) B (3.3),
MOXHO BBIYMCIHTh (PAKTOp BIUSHUS f.
Ha puc. 3.6 npuBexeHa 3aBUCUMOCTB f oT
7123 B pacCTBOPAX Pa3IMUHON MOHHOM CHIIBI
npu 15 = -4, R, =0,5 1M, Ry ;= 2,8 HM,
-1 Ry = 2,5 HM. BunHo, 4To BIUSHHE 3apsiia
mI06YIIBI MOXeT OBITH BeChbMa 3HAYUTENb-
HBeIM. Eciu cyOCcTpar 3apstkeH ¥ peakUust
| | MTPOBOIUTCS BAAJIM OT H303IEKTPHIECKOH
40 0 ~40 2% toykH (Z; # 0), MOXKHO OXWIATH YBEINYE-
HUS WY YMeHBIIIEHUs] SHeprUu B3aMMO-
IefCTBYS MPUMEPHO Ha ABa MOPSAKA.

BaxXHO OTMETUTb, UTO 3NEKTPOCTATH-
yecKHe B3aUMOIEMCTBHS SIBISTIOTCST HEHa-
MpaBlIeHHBIMH B OTJIMYKE, HAIPUMED, OT
BOHZOPOIHOI CBSI3M (CM. j1ajiee).

OcnabjieHHe 3JEKTPOCTATUYECKOTIO
B3aMMOJEMCTBUS IPY BEICOKKX KOHITEHTPAIMSIX coNlell 4acTo MCIOb-
3yI0T B IpernapaTMBHON XMMWUecKoil sH3uMosioruy. Hampumep, BbI-
jgeneHue 6ejsKoB B OOJIBIIMHCTBE CIyYaeB BKITIOYAET CTAOUIO OCaxae-
HUs 0eJIKOB KOHIIEHTPMPOBAHHBLIM PACTBOPOM 3JIEKTPOJINTA, YACTO
cynbdara aMmMoHus. [Ipy 3TOM B repByIO oUeperb ITPONCXOIUT HENT-
panu3aius 3apsaoB 6eIKOBBIX MOJIEKYJT U arperaius Oenka.

Bonopoanas cBa3b. DTta CBA3b YpE3BHYANHO BaXXHa B OMOXUMMIUE-
CKMX cUCTeMax B o011eM 1 B (pepMEHTATUBHOM KAaTajIn3e B YACTHOCTH.

IIpencraBierEue 0 BOQOPONXHOMN CBSI3M C(HOPMUPOBAIOCH MIPU HM3Y-
YeHWH MMoBereHUs aTudaTiiecKux KUCJIOT B ra3oBoii ¢ase. OKazaoch,
970 JeTydMe KUCIOTH (MypaBbUHASI, YKCYCHasl, IpOIIMOHOBAs) B ra-
30B0Oi1 (baze 0Opa3yoT JOBOJBHO YCTONYMBEIE TUMephl. MeToIOM 3J1eK-
TPOHHOIT AP pPaKIIuU OOHAPYXKEHO, YTO, HANpUMep, TUMEpHAss MO-
JIeKyJia MypaBBUHOMN KUCIOTHI TUIOCKAsI, PACCTOSTHME MEXITY aTOMaMH
xucnopoza 0,26 —0,28 um:

Puc. 3.6. 3aBucumocrts lgf ot

MpOU3BEICHUA 3apslOoB MO-

JIeKyn cyberparta u 6enka Juist

pacTBOPOB HMOHHOUN CUJIBI

I=0(D), 1072 (2), 102 (3)
MOJBb/J

0,096 um
/O --H— O\
—C;S 125° /C—H
O—H--0O

HccnenoBaHue 1MoKa3ajo, YTo fUMepU3aLns o0yCIoBieHa THIIOJb-
HbIM XapakTepoM cBsisk O—H. B cBow ouepenb AUITONBHEIN XapaKTep
CBSI3M OMpenesieTcs pasHbIMU 3JIEKTPOOTPHIATENIBHOCTSIMM ATOMOB,
00pa3yIoILIKX CBA3b. DIEKTPOOTPHIIATENBHOCTh XapaKTePU3YeT CIIOCO0-
HOCTb aTOMA T10JIIpU30BaTh KOBaIeHTHBIE CB3H. CBS3b MEXIIYy aToMa-
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MU TeM GoJiee nmongpHasi, yeM OoJbllle Pa3HOCTh dMEKTPOOTPHIIATED-
HoCTeH aTOMOB. DJIEKTPOOTPHLIATEIBHOCTI aTOMOB BOJOPOIA U yIiie-
pona 61u3ku (2,1 n 2,5 cootsercTBeHHO). [Toartomy cesasun C—H Herno-
NISpHBIC, UX TUITONBHBIT MOMEHT NPAaKTUUECKM paBeH Hy0. B a1o Xe
gpemsi cBsisn C=0, O—H, N—H nonsipHbie (2/1€KTPOOTpHLIATETb-
HOCTb aToMa Kucjopoga 3,3, azora 3,0). Cssa3u O—H u C—O xapakre-
pU3YIOTCSI TMITOTBHBIM MOMEHTOM 1,6 1 2,5 JI COOTBETCTBEHHO. DTO
MPUBOIMUT K TOMY, YTO Ha atoMe Kucnopogaa cssa3n O—H nokanusyer-
¢St HEKOTOPBIH M3GBITOUHBIN OTpHLATEBHEIN 3aps 86—, Ha aTOMe BO-
Iopofa — HEKOTOPBI M30BITOUHBIA MONOXUTENBHBIN 3apsn &+. I1pu
Ha4YK# B o6nacté eBsisnt O—H 06011 apyroil mosisipu3oBaHHON CBS3U
(B mMepe KUCIOT 3T0 ¢BsI3b C=0) MeXIy HUMU HEN36EXHO BO3ZHM-
KaeT 3JEKTPOCTATHYECKOEe B3anMOJeUCTBUe, NMpuBoIsllee K oOpa3o-
BaHMIO KOMILIEKCA WM BHYTPHUMOJIEKYISIPHON CBSI3M:
6~ & & O+ -
-—O—-H-"O——C\

JlaHHBIHA THI CBSI3U ObLT HA3BaH BOMOPOTHOU CBSI3BIO.

DHeprusl BOIOPOIHOU CBS3M B AuMepe TM(haTHIeCKUX KICIOT paBHa
28,4 + 0,6 xJIxx/Mons. BonoponHast CBSI3b B OTJIMYKE OT 3JEKTPOCTATH -
YeCKOT'O B3aMMOJICHCTBHS XapaKTepr3yeTcs ONpele/ICHHON HampaBieH-
HocThio. Hanbomblas sHeprusi oTBevaeT B3anMOACACTBHIO, peaTh3y-
oeMyCsl TMHEWHO MeXIy aKIeIITOPOM U JOHOPOM BONOPOJA.

BonoponHble CBSI31 UIPAIOT UCKIIOUMTEBHO BAXHYIO poJb B OMO-
Jiornyeckmx cucreMax. ITpexe Bcero BogopomHble CBI31 GOPMUPYIOT
CTPYKTYPY BOIBI, KJIACTEPU3Ys MOJIEKYJTBI BOIBI K CYIIECTBEHHO M3Me-
HSS ee DUNKO-XUMHUYECKUE XapaKTePUCTUKU:

H\
O

s

H s+

/O\6

H H
B cuny Hanuuns cucreMsl BOTOPOIHBIX CBsideil TeMIlepaTypa KUMEHU
BOABI noBkIIIacTed npaktuuecky Ha 200°. BogopolHsle CBI3M NIPHHI-
MUaJIBHO BaXHbI B CUCTEMax «3aluch» Grosiorndeckoil nHdopManuu
B Mojekynax JHK npu obpasoBaHun creundndecKnx KOMIIIEKCOB
MeXIy reTe polrKIaMy MUPUMUINH~-ITYPHHOBBIX OCHOBaHMIA (puc. 3.7).
Bonoponubie cBsa3n popMupyroT BTOPHUHYIO CTPYKTYpy Gelika. Baan-
MozeiicTBre MeXIy KapOOKCHIIBHBIM KUCTOPOIOM M aMUAHOM TpYyIl-

&+ & &+ &
mupoBkoil —C=0-H—N— obecneunnaer oOpa3oBaHne o-cnupaneit

1 B-crpykryp (cm. ganee). O6pasopaHme (hepMeHT-CYGCTPATHBIX KOMIT-
JIEKCOB M «y3HaBaHME» MOJIEKYJT cyOCcTpaTa aKTHBHBIM LIEHTPOM IpO-
HcxXogut B GOJBLIMHCTBE CAYYaeB C yYacTHEM BONOPOIHBIX CBsI3eH.
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Puc. 3.7. BogopomHbie CBA3M MEXAY NMapaMy FeTEPOLIMKIIOB B HYKJICMHOBBIX
KUCJIOTAX:

a — THUMHH — aleHHH; 6 — HUTO3WH —I'YaHUH

T'uapogobusie B3aumoaeiicTeaa. CTpYKTypa AUIIONb-IMITOIbHBIX B3a-
UMOJIICICTBUU M BOLOPOIHBIX CBSA3eU MEXIY MOJIEKYJIAMUA BOIBI HApy-
IIaeTcsl, eCIM BOJA HAXOOWUTCH B KOHTAKTC C HENOJSPHON T'PYITION,
HampUMep ¢ YIIeBOTOPOIHBIM panukanoM. OTCYTCTBAE KOMIIEHCUDY-
IOUMX 37IEKTPOCTATHUYECKUX B3aUMOIEHCTBUU CYIIECTBEHHO ITOBbIIIIA~
€T 3HEePTUIO cucTreMbl. CucTeMa UIeT NYTH CTa0WIN3ay U HAXOOUT
HX, BBITECHSS HEIMOJSPHBIE IPYIINBI APYr K Opyry, obecrnieudBast UX
BAaH-/ICP-BaIbCOBBIMU B3aUMOJCHCTBUASAMU, OTPAHUYMBAS YUCIIO He-
OMaroNpUSTHBIX KOHTAKTOB C JUITOJNSIMU BOIBIL.

CroliicTaa BOIBI KaK pacTBOPUTENSl, BHYTPH MPOLUITUTOIO BOJOPOI-
HBIMU CBA3SIMU, UTPAeT B 3TOM CJIyyae IepBOCTeNeHHYIO posb. Moe-
KyJeI BOIbl B KOHTAKTE C HEMOJIAPHBIMU COECTUHEHUSIMU (YTJIeBOIO-
POJAMHU U YIJIEBOIOPOIHBIME (DparMeHTaMUA MOJIEKYJ, HEMOISPHBIMU
raszamu tiuna H,, O,, 61aropogHsIMA ra3aMu) JIMIIIEHH BO3MOXHOCTU
00pa30oBBIBATh JONOJTHUTEbHBIE BONOPOMHBIE CBI3U M HAXOUSTCS B
3HEPreTUYeCKHA HeOMaronpusTHOM cocTossHUU. CHcreMa CTpeMUTCS
YMEHBIIUTD YHCIIO TAKOTO Poa MONEKYJT. DTO BO3MOXHO 32 CYeT 00b-
eIMHEHNUST HETIOJISIPHBIX MOJIeKyn B KoMIuteke (puc. 3.8), B pe3ynbrare
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Puc. 3.8. Cxema o6pa3oBaHusi KOMILIEKCA U3 MOJICKYJ, OOBEIUHEHHBIX TUAPO-
(OOGHBIMM CBSI3AMU:
a — VHIMBUAYaJbHasA HemossgpHas MojieKyna (HaXoAMTCS B KOHTakTe ¢ 11 qunonsamu
Boflbl); 6 — KOMIIIEKC, 0OPa30BaHHBIM U3 JIBYX HENOJISIPHBIX MOJIEKY (B HEGIaronpu-
STHBIX YCJIOBHAX KOMIUIEKC KOHTAaKTHPYeT ¢ 16 munossiMu BoIbl BMecTo 22)

MOBEPXHOCTH B3aUMONEUCTBUS cTaHET MEHbIe. CBA3M, 00beAHHSIO-
L€ HeNoJISIPHBIE MOJIEKYJIbI B BOZHOM PAacTBOpE, MOJYYWIM Ha3Ba-
Hue TUAPOHOOHBIX.

Hccnenosanve TepMOTUHAMUKU TUAPODOOHBIX B3aMMOINEHCTBUIA
I10Ka3aJ10, YTO OCHOBHOM BKJIAJ BO B3aUMOACHCTBUE BHOCHUT 3HTPO-
nuiiHas cocrasisaouas ceobogHoil 3Heprun. Kak uasectHo, cBob6oz-
Hag Heprus Ipoliecca, ONpeessionas TepMOIUHAMUYECKYIO BO3-
MOXHOCTb €I'0 NPOTEKaHMs, BKIIOYaeT SHTANBIUNAHBIA U 3HTPONUN-
HBI wieHBl AG = AH — TAS.

B Ta6a. 3.1 npuBeneHH TepMOIUHAMHAYECKHE TapaMeTpPHl IIpolecca
repexoja IUKJIoreKcaHa M3 ra30oBoit $Hasbl B XKUIKYI0 OPTaHUYECKYIO
thaszy, obpasyemyl0 LIKIOreKCaHOM, U3 ra3oBoil $a3bl B BONY U U3
KUIKOHM (ha3bl LMKJIOTeKCcaHa B BoAy. BUaHO, UTo Nepexoa MUKIOreK-
caHa B XHIKYI0 $a3y repMomrHamuueckKu BoirogeH (AG < 0). Ilepe-
HOC LUKJIOTEKCaHa B BOAY KakK M3 ra3000pa3HOro COCTOSIHUS, TaK M U3
KHUOKOU dasel TepMonHamMuieckd HeGnaronpusiteH (AG > 0). Ilepe-
HOC MOJIEKYJIbI IUKJIOTEKCaHa 13 COOCTBEHHOU XHUAKON $ha3bl B BOA-
HYIO BBI3BIBACT CYIIECCTBEHHOE YBEJIUYEHUE SHTPOIIMMHON COCTaBIsi-

Taoauua 3.1

TepmMoauHamMuYecKne NapaMeTpsl Mpouecca PacTBOPEHHA LHKIOTEKCaHa
B opranndeckoii ¢gase u Boje

Tpouecc AH, TAS, AG, Ac,,
k/lx/Monb | Kx/monb | xx/Monb | KIx/(Moisb- K)

Iepexon -30,7 -12,2 -18,5 33,6
CeHy(r.) —CeH 5 (x.)

IMepexon -30,7 -40,3 9,6 394,8
CsH,»(r.) —H,0(x.)

IMepexon 0 -28,1 28,1 361,2
CeH,5(x.) —H,0(x.)




oueil cBobonHol snepriun. M3 tadi. 3.1 BugHO, YTO IJS1 3TOTO IIPO-
necca AH = 0 ¥ Bce u3MeHeHUsT CBOOOIHON 3HEPTHH OIpeacIIOTCS
SHTPOTINIHBIM WieHOM. CiJibHOE NaneHWe DHTPOMUN BeJeT K POCTy
cBoOOOHOU dHepriur. MoeKy/ibl BOABI CTPYKTYPHUPYIOTCS. U «3aMopa-
XKUBAIOTCST» Ha MOBEPXHOCTH KOHTAKTa ¢ HenojspHoH rpynnoit. I1pn
3TOM TaKXKe PE3KO BO3PACTAET TEIIOEMKOCTb AC, CUCTEMBIL.

Kak KoJIM4ecTBeHHO oXapaKTepr30BaTh CHTY rnapodobHOro B3au-
MoneicTeusA? Cuy runpoghpoGHBIX B3aUMONECTBUAI MOXHO OLEHHUTE,
M3yyasl pacapeneiaeHe BEIIECTB MEXIY IBYMS HECMEILMBAOIIUMUCS
dhazamMu: BOTHOU U opraHnyeckoil. B ayxdasHoil cucreMe Bojia— He-
CMeUIMBAIOUHUIICS ¢ BOTOM OpraHMYeCKU# pacTBOPUTEIb BEHIECTBO A
pacnipefensieTcss MexXny dazaMid U MOXHO HalTH Ko3DHUIHCHT ero
pacnipeneneHus: Py = [A] ./ [Alsoy. OKa3anock, uTo ko3pduumeHT pac-
NpefieIEeHUsT IpakKTUYeCKH He 3aBUCHMT OT NMPHUPOABI OPraHUYeCKOro
PacTBOPUTENSA IIPU YCJIOBUH, YTO MEXIY PACTBOPUTEIEM U BelllECTBOM
HeT KaKMX-1U00 JONOIHUTENbHBIX, HapUMep BOJOPONHBIX, CBA3EH.

JlorapnthM KoadduumrenTa pacrpeneacHUs SIBISETCS XapaKTepu-
CTUKOM TUIpoPoOHOCTH BeltecTBa A: iy = Ig Py. IToHATHE TUAPOhHOO-
HOCTHU 7T MOXET OBITh OTHECEHO He TOJBKO K LeIbIM MOJeKy/iaM, HO U
K uX hparMeHTaM: Ty = Ig Pa- — lg Py, THE T — KOHCTAHTa THIPOG00-
HocTH (hparMeHTa (3aMeCTUTENs) MOJIEKYIbl A; Py — KoaddUIHeHT
pacnpeneleHds] MOJIeKyabl A ¢ 3aMecrureneMm; Py, — KoaddumeHT
pacnpenesieHUsT He3aMelle HHOM MOJIeKyJibl A.

B Tab. 3.2, 3.3 npuBeneHbl KOHCTaHThI THApodobHoCTH TaHIa st
psina hparMeHTOB OpraHMdecKux MosieKyin. Ha ocHoBaHMY 3TUX JaHHBIX
MOXHO OLICHUTH I'MIpo(poOHOCTb MPAKTUYECKHN JIIOOOTO CoeqUHEHMSI.

T'uopodobHbIe B3auMoneicTBIS UTPAIOT 0COBYI0 pOb B OETKOBBIX
cucremax. B mobynspHbIx 6eikax rufapod)oGHbIe B3auMoneHCTBUS Yac-
TO hopMUPYIOT AP0 OenKoBoi MoeKyibl. Ha moBepxHocT 6eTKOBOIM
MOJIeKyJbl, KaK IMPaBUJIO, JIOKATU3YIOTCS MOJSPHBIEC I 3apsKeHHbIE
TPYTIIbI, KOTOPBIE B3aUMOIEHCTBYIOT ¢ MOJleKyiaMu Boabl. [ unpodhob6-
HbIE OCTATKA AMHAHOKUCIIOT HAXOASAT SHEPTeTUUECKU BBITONHBIE 10JIO-
XKeHUsT BHYTpH OeJIKOBOM MOJIEKYJIbl, CO3MaBasl BHYTPEHHIO TMApO-
(obHuy1o cpeny. Baxuyto posb runpodoGHbIe B3aMOIe ICTBIS BBITIOJ -
HSIOT TIPA «y3HABaHUM» CyOCTpaToB MM MHTHUOMTOPOB aKTHBHLIMHU
LeHrpamu (cM. 1. 9). TunpodobGuble pparMeHTHI cyGeTpaTa B3aUMO-
JeHCTBYIOT C TUIPOGOOGHBIMHU yYyacTKaMH aKTHBHOTO LieHTpa, oOpa3ys
crenduIecKie KOMIUIEKCHI, OpPUEHTUPYIOLE PeaKIMOHHBIH IEHTP
cyObcTpaTa OTHOCHTENBHO KaTaauTnyeckuX rpym. Ilpu 3ToM coBceM
He 00513aTeJIBHO yYacThe B 3TOM Ipoliecce THapodobHoit ¢a3pl 60b-
Woro oobeMa. [JocTaTOYHO BHITECHEHHUS HECKOJIBKUX MOJIEKYJ BOMBI,
st TOoro 4tobbl THApo¢oOGHasl CBA3b YIEPXHMBAJIA JIBe HEMNOJSIpHbIE
rpynnupoBku. IIpy 3ToM mpH yBeIMYEHUM pa3zMepa MOJeKyJbl cyb-
cTpaTa Ha KaxAayro rpyrnny CH, (¢ yd4eToM reoMeTprUM aKTUBHOTO LIEH-
Tpa) BBIUIPBII CBOOOAHON 3HepruM oOpa3oBaHMs KOMILIEKCa COCTa-
BUT NIpuMepHO 3 KJX/MOJTb.
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Tadbnuma 3.2

KoncrtauTsl ruapodobHoctn Fanina Ajig HEKOTOPBIX
(parMeHTOB MOJIEKY/l OPraHAYECKHX COCIHHEHHHA annaTuyecKoro pana
(cucremMa H-OKTaHOJI — BOJa)

E dparMeHT bis DparmeHT 7
H 0 OC4H; 2,08
CH, 0,50 SC¢Hj; 2,32
CH; 0,50 Huxnonentnn 2,14
C,H; 1,00 IIukiorekcun 2,50
C;H, 1,50 CH,C¢Hy, 2,89
CH(CH;), 1,30 NHC¢H, 1,54
C.Hy 2,00 CONH, -1,71
CH,CH(CHy), 1,80 COCH; -0,71
CH,CH=CH, 1,10 COC¢H; 1,05
CH,C=CH 0,94 OCOCH; -0,27
CH,CH,C(CHa); 2,98 NHCOCH; -1,21
CH,CH=CHCH; 1,60 COOCH; -0,27
CsH;, 2,50 COOC,H; 0,51
C¢Hy3 3,00 CH,OC,H; 0,53
F -0,17 (CH;),N(CH3); -3,20
Cl 0,39 SO,CH; -1,63
Br 0,60 NHC¢H; 1,37
CN -0,84 SO,C¢Hj; 0,27
CF, 0,88 (CH,),0C¢Hj; 2,01
(CH,),Cl1 1,39 NH(CH,),C¢H; 2,61
(CH,),SCH,CH; 1,95 Qypoun 1,75
C¢Hj; 2,13 Huxorunoun 1,55
CH,C¢H; 2,63 H30HUKOTHHOWT 1,66
(CH,),CsHj; 2,66 [MukonuHOMN 1,10
(CH,);C¢H; 3,03 2-AMUHOGEH30MIT 2,80
OH -1,16 2-XUHOMMHOWI 2,45
—0— -1,03 PasgeTBneHue B LiENU -0,20
OCH; -0,47 JBoitHast cBaA3b -0,30
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Ta6nunma 3.3

Koncrantsl ruapoodHoctn Fanma A1 HEKOTOPLIX
(parMeHTOB MOJIEKYl OPraHAYECKUX COEIHHEHHH 2POMATHYECKOTO PAAA
(cHCTEeMa H-OKTaHOJ — BOJA)

DparmeHT 7 Dparment bis
H 0 3-CN -0,30
2-CH, 0,68 4-CN -0,32
3-CH; 0,50 2-NO, -0,23
4-CH, 0,93 3-NO, 0,11
2-C,H; 1,22 4-NO, 0,24
3-C,H; 0,97 NH, -1,23
4-C,H; 1,02 CONH, -1,49
3-u-C3H; 1,43 CH,0H -1,03
3-i-C;H;, 1,30 3-COOH -0,15
4-i-C3H; 1,40 2-COCH; 0,01
3-#-C Hy 1,90 3-COCH; -0,28
3-OH -0,49 4-COCH; -0,37
4-OH -0,61 4-0OC,H; 0,38
2-OCHj;4 -0,33 4-N(CH3), 0,18
3-OCH;4 0,02 4-C(CHs3), 1,98
4-OCH;,4 -0,04 4-CH(CHj;), 1,53
2-F 0,01 3-NHCHO -0,98
3-F 0,13 3-NHCOCH; -0,79
4-F 0,15 4-NHCOCH,Br -0,37
2-Cl 0,59 COOC,H; 0,51
3-Cl 0,76 CH,COOH -0,72
4-Cl 0,70 3-C¢H; 1,89
2-Br 0,75 4-C¢H; 1,96
3-Br 0,94 4-CH,Cg¢H;s 2,38
4-Br 1,02 OCgH; 2,08
2-1 0,92 SC¢H;s 2,32
3-1 1,15 NHCH; 1,37
4-1 1,26 CH(OH)C4H; 0,54
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Oxonuanue maba. 3.3

DparMeHT n DparmenT n
(CH,),0C¢H;s 2,01 4-O(CH,);0C¢H; 2,50
3-NHCOC¢H; 0,49 NHCOC(H,-3"-Cl 1,20
4-O(CH,);C¢H; 2,66 NHSO,C¢H,-4’-SO,F 0,50
NHCH;; 1,54 NHCOC¢H,-4-SO,F 0,54
4-CON(CH;)C¢H; 0,86 NHCONHCH,-4’-SO,F 1,84

PaccMoTpeHHbIe BbILIe MOJIEKYISIDHBIE CHUTBI (2J1eKTpOCTaTUYeCKUe,
rugpogoGHbie, BONOPOMHbIE) XapaKTepU3YIOTCS CIEIVIOHIMMU OCO-
OeHHOCTSIMU.

1. Br1o cinabeie B3anMOneHCTBHS, 00eCIIeUBAIOLE OTHOCUTEIBHO
HEBBICOKHMIA BEIMTPBIII 3HepTUH (CBOGOIHAS SHEPIUsT 0Opa3soBaHUsA 3TUX
cBs3elt cocrapnseT 2 — 25 K/ /Monb). OnHako B 11060 GeTKOBOM MO-
JIeKyJle TaKUX CBs13eH JOBOJNIBHO MHOTO. [IpakThyecKn KaXaas aMUHO-
KUCIIOTa MOJIMNENTHAHON eNy y4acTBYeT B 00pa30BaHWUM ONHOM WA
JIBYX CBSI3€ii. DTO U omnpenesisgeT BICOKYIO SHEPTHIO BHYTPUOETKOBBIX
CB43€il.

2. B3auMoneCTBHS ¢ yYaCTHEM 3IEKTPOCTATHYECKHX, BOJOPOIHBIX
1 tuApooOHBIX CBA3eH NPOTEKAIOT KUHETHYeCKH ObIcTpo. CKOpPOCTH
00pa3oBaHUS U pacraja CBg3eil onpenessioTCs CKOPOCTSIMH Mepeopr-
EHTALUN JUIIONEN U COM3MEPHUMBI CO CKOPOCTSIMU IBIKEHUST MOJIEKY.
JaHHOe cBOMCTBO MO3BOJSIET GUOJOTHYECKUM CHCTEMAaM PeaTH30BbI-
BaTb MHOTOCTaAWMHBIE MMPOIECCHI C MepeMelieHeM OONbIIMX TPyl
A0ep, pasbIrpbiBasl pasjinyHbie CIleHApUM B3aUMOJeUCTBUN U OCyIlle-
CTBJISISI TIPOLIECCHE IO MapIIPYTy ¢ HAUMEHBIIMMH KUHETHYECKUMU U
TEPMOAMHAMUYECKUMU OapbepaMu.

3.2. IlepBuyHas CTPYKTypa O€JKOB.
buoundopmaTuka

bBazucHbIM NoNMOXEeHHEM CTPYKTYPHOU XMWY GejiKa SBJIIeTCs Ipe/-
CTapjieHNEe O TOM, YTO MOCeAOBATEIbHOCTE AMUHOKHUCIIOT MNOJTAIIEN -
THIHOMN Lenu (nepeuuHas cmpyKkmypa) onpenenseT Bce Nocieayoume
CTPYKTYpBl B U€pApXUH, BKIIOYAsl CTPYKTYPY aKTMBHOIO lieHTpa dep-
MEHTa, a TaKXe BO3MOXHOCTb 0Opa3oBaHMS KOMITAKTHOH (PYHKIIMO-
HaJIbHO 3HAYMMOM CTPYKTYPHI B KOMILIEKCOB C JPYTMMU OelKOBBIMU
MOJIeKyTaMHi WM OMOJIOTMUYECKN MeMOpaHoId.

TpamuumnoHHO nepapxus CTPYKTYphl GejiKa CKiIagbiBaeTCs U3 mep-
BUYHOI CTPYKTYpPHI (ITOCEA0BATEIbHOCTD AMHUHOKHCIIOT MOJMUTIENI TH I~
HO 1eny), BTOPMYHON CTPYKTYpHI (YKIIANKa MOTUTIENTUIHBIX Lierel —
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pETYNSIPHBIE 3JIEMEHTHl THIA O-CITUpajell M (3-JTUCTOB), TPETAYHOMN
CTPYKTYPHl (pacmojioKeHHe aTOMOB B MPOCTPAHCTBE) M YeTBEPTHY-
HOU CTPYKTYpHI (06pa3oBaHre KOMIUIEKCOB U3 CyOBbeIMHMIY).

Pazputiie 1 aBTOMATH3aLMS METONOB ONpedeiicHUST MepBUYHOI
CTpyKTyphl (cukBeHupoBanus) JHK nossomwm pacumdposaTh re-
HOMbI Pa3IMYHBbIX OPTaHM3MOB, BKJIIOUas TeHOM YEJOBEKa, XUBOT-
HBIX, pacTeHUN U OOJBLIOTO YMCIIa MUKPOOPraHUM3MOB. ITOCKONBKY
CYLLIECTBYET OMHO3HAYHBIHN Nepexon crpykrypa JHK — cTpykrypa 6en-
Ka, B HacToslliee BpeMs MojiydeHa HHDOpMAIIUS O TTOCIeN0BATEIbHO-
CTH aMHUHOKHUCIOT Goyee YeM JUIs1 MIUIMOHA OenkoB. s mopasnd-
I0111er0 OONBUIMHCTBA U3 HUX He U3BECTHO HMYETO KpOMe MepBUYHOMN
CTPYKTYpHI. JINIIb HeKOTOpBIe Oe/IKH BBIIEACHBl X 0XapaKTe pU30BaHbI
Kak dusndeckme o6beKThi. OJHAKO MOCKOIBKY IEPBUYHAS CTPYKTYpa
OIpedesisieT BCe MOCHeAYIOUMEe CTPYKTYPEl B MepapXyUM, MHOTME Xa-
PaKTepUCTUKU CHKBEHHUPOBAHHEIX, HO HEM3ydeHHBIX O€JTKOB MOTYT ObITh
npencKa3aHbl TEOPETHUYECKH.

I'mranTcxuie 06BeMBl paciIuhpoBaHHOM reHeTHIeCKO MHOopMaIu
1 COBPEMCHHBIC BO3MOXHOCTH BBIYMCIUTEIBHON TEXHUKH 00YCIOBUIIA
BO3HMKHOBEeHHUE HOBOM 001aCTH HayKN — GuouHpopMaTtuku. buoungop-
Mamuka — HayKa O KOMITBIOTEPHOM aHaNIM3¢ FeHETUYECKUX TEKCTOB,
AMUHOKUCJIOTHBIX IOCJIETOBATEILHOCTE M, IPOCTPAHCTBEHHOU CTPYKTYPbI
1 GyHKIUit 6enkoB. B mociaendie rogsl Bce GuICTpee YBEIUYMBAETCS
KOJIMYECTBO HAKOIUIEHHOU reHeTUUeckKoir MHdopManuu, pa3padaTsl-
BAIOTCSi HOBbIE METOIBI AHATM3a MONTYYeHHBIX JaHHBIX. CTpeMuTeNnbsHOe
pa3BUTHE MOJICKYJISIPHONA OUOJIOTUM M BEIYMCTUTEIBHON TEXHUKU 03-
BOJISIeT aHAM3UPOBATh Bee GOJblllee KOTMYECTBO MHDOpMalIiH.

3axoHOMepHOCTH (HOPMUPOBAHKUS IPOCTPAHCTBEHHON CTPYKTYDHI
Oeyrka, aHaau3 B3aUMOJCUCTBUIT GelKOBLIX MONEKY APYr C APYIOM,
TTOUCK 3BOJIIOIIMOHHBIX B3aUMOCBsI3ell KaK Ha YPOBHE MOJIEKYJ, TaK U
Ha YpOBHE OPTaHU3MOB, IpeacKa3aHhe CTPYKTYphl U QYHKIIMY TeHOB
U OeNTKOB, MOKCK MOTEHIUATBHBIX MHUIIIEHe! I JIeKapCTBEHHBIX Be-
LLEeCTB U NpeIcKa3zaHue BO3MOXHBIX aKTUBHOCTEN 3THUX BEHIECTB, UC-
ClieJOBaHUEe 3K30MHTPOHHOI CTPYKTYPhI TeHOB — BOT HEKOTOPEIE MPO-
OyieMBl, pelllaTb KOTOPBIe 03BoJIsleT GMoMHMDOpMaTHKa.

B Hacrosiuiee BpeMs B 001 TOCTYIIHOM ITOJIb30BaHUH B MHTepHeTe
HaXOTUTCST HeCKOJBKO 0a3 JaHHBIX U nporpaMM. Haubonee momyssap-
HBI CIeayioume.

1. TTorck romMonornyHbIX GeiKoB, 06aanaronUX GIM3KOoMH IepBUY-
HOU cTpykTypoil (mporpamma BLAST).

2. baza gauaeix SWISS-PROT.

3. Beiasnenue rpymnmnst 6e1KoB, GIM3KUX 10 NEPBUYHON CTPYKTYpE.
BT0 1no3BoseT OObeMUHUTD UX B pOJOBbIE IPYIITHL (OGBIYHO CYUTAET-
csl, YTO GEeJIKM POACTBEHHBI, €CJIU CTelleHb roMoJorun gocturaet 30 %
1 Bole). IIporpaMMsl Mo3BONIAIOT OOBEIUHATEL TOMOJOTHYHBIE OeJIKM
B KJIaCTepbl U IOCTPOUTH (DUIOTEHETUYECKOe ACPEBO, T.€. PACHOJIO-
KUTh OelKM 10 NpUHIUIY HauMeHbIUnX u3MedeHuir. Ha puc. 3.9 B
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Puc. 3.9. @unoreHeTHYECKOE AEPEBO MIEPOKCUIA3, BBIICIEHHBIX U3 pACTEHUIA:

1 — Cucumis sativus; 2 — Nicotiana tabacum; 3 — Populus kitakamiensis, 4 — Armoracia

rusticana; 5 — Nicotiana sylvestris; 6 — Brassica rapa; 7 — Oryza sativa; 8 — Triticum

aestivum; 9 — Arachis hypogaea; 10 — Artemisia annua; 11 — Medicago sativa; 12 —

Vigna unguiculata; 13 — Mesembryanthemum crystallinum; 14 — Spinacia oleracea; 15 —

Gossypium hirsutum; 16 — Arabidopsis thaliana, 17 — Hordeum vulgare; 18 —
Lycopersicon esculentum; 19 — Solanum tuberosum

KauecTBe IpUMepa MOoKa3aHbl (PUIOTEHETHYECKHUE CBI3H «POINCTBEH-
HHAKOB» MepOKCHUNA3bl, BLISIBJICHHBIE B Pa3jIMYHbIX TeHOMaX. «JIucTH-
KH» Ha KOHIIAX «BETBEW» 3TOrO JiepeBa MpencTaB/IsIoT co00M CHKBEHMI -
poBaHHbIe OEJIKH, B TOM YHCJIE U «BBIYHUCIEHHBIE» HA OCHOBE M3BECT-
Holi crpykrypst JIHK; mepeceueHust «BeTBeil» — TMMIOTETHMYECKUE
CTPYKTYphI, OOUIME IS BCETO ceMeitcTra.

4, CpaBHeHMe GEJIKOB 10 NEPBUYHON CTPYKTYpe B GOJBIIMX TPYII-
nax (6aza manHeix HSSP (http://www.san.der.embl-heidelberg.de/hsspl)).
J1s1 cpaBHEHMS TOCIIENOBATENLHOCTE N aMUHOKHCIOT, BISIBJICHHUS O3~
KOpOACTBEHHBIX OeJIKOB B OMOUH(pOPMATHKe IITUPOKO HCITONb3YETCS
npoueaypa, KOTopasi Ha3biBaeTcs «BbIpaBHMBaHHUe» (alignment). Dty
NIpoLe Aypy Yallle BCero MPOBOAST NPU MOAEIMPOBAHUN NPOCTPAHCTBEH-
HOM cTpyKTypbl Oejika 1o TOMOJOTHH, a TaKKe TP IOHCKe 1o Oase
JaHHBIX C 1eJIbIO BBRISBICHUS OOBEKTOB, CXOTHBIX C M3y4YaeMoil Io-
CJieIOBaTeIbHOCTBI0 AMUHOKHWCIIOT IUIS TIpelcKa3aHusl ee (YHKIIMM.
IIponenypa «BbIpaBHUBAHUS» IPEICTABISET COOON KOMITBIOTEPHOE
CpaBHeHHe ITOCIEIOBATEIbHOCTE aMUHOKHCIOT B O€NiKax ¢ BEISBIIC-
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HUeM OOIIMX WHBAPUMAHTHBIX YYACTKOB LIEMM WIM MO3UIUNA aMHHO-
KcioT. I1py TakoM cpaBHEHUU JIETKO OGHAPYKHBAIOTCS IPONYCKHU (I1e-
JIELIMN) OTAEIABHBIX YYACTKOR IleNM WM BCTaBKU (DParMeHTOB ILiellH,
BO3HMKAIOIIHE 32 CYeT MHOIOOOPa3HBIX MyTallMOHHBIX IIPOLIECCOB WIN
obMeHoB ¢dparMeHramu JTHK.

ITycTs TpeGyeTcst NpoBECTH «BbIpABHUBAHME» TPYIIEI POJCTBEHHBIX
0eJIKOB OTHOCUTENTbHO BhibpaHHOTO Oeka KOHKpeTHOro ceMeiictra. s
3TOTO MepBUYHAs CTPYKTYpa 3TOro Oenka OepeTcs 3a OCHOBY M Ha 3Ty
MaTpuily, Kak Ha «abjoH», HAHU3BIBAIOTCA OCTaNbHble OeNKM ce-
MeiicTBa. HeKxoTopble aMMHOKHCIOTHI B ONpee/IeHHBIX TTO3UIUAX OY-
YT COBIAATh JUIS1 BCETO ceMelicTRa. dpyrue mo3uiu 6yayT xapakre-
pU30BaThcs GONBIINM pa3HOOBpa3zueM aMUHOKUCITOT.

Ecnmu ananusupyeMoe ceMeicTBO BKIIIOYaeT GOJIBIIOE YUCIO Oes-
KoB (6onblasi BRIOOPKA), Mg KaXHOH j-f MO3ULHMKM MOXHO pACCYM-
TaTrb BEPOSITHOCTD p; HAXOX/AeH!Us B 3TOM MO3UIMHU j- aMUHOKHUCIIO-
ThI, 3a7aBaeMoil «abaonom». [IJig 3TOro MoACUMTHIBAETCS, CKOJBKO
pa3 JaHHasi aMHMHOKHWCIJIOTa BCTPeYaeTCss B KOHKPETHOM MO3UIAN 1T
BCETO CeMeHCTBa, U 3TO YMCIIO IEeJIUTCS Ha 0b11lee KOIMYeCTBO aHAIU-
3UpyeMbIxX NIpeICTABUTENIe CeMeCTRa.

B 6uonndopmarnxe 115l O1ieHKMA HHBAPUAHTHOCTH (WM KOHCEpBa-
TUBHOCTH) TTOJIOXKEHUS j-I aMUHOKMCIOTHI MOAUIENTUAHON 1IeTId UC-
nons3yercd QyHKuusi — sHTponusl llleHHoOHAa — HHTerpalbHas xa-
PaKTepUCTHKA BepOSTHOCTHOTO Mporiecca:

Hj = _Z(pji log, pji), (3.14)

TO€ pj; — BEPOSITHOCTh HaXOXKHEHUS j- aMUHOKHUCIIOTHI B TTOJIOXKEHUH
HOJUANENTUIHON Uenu (caydaliHOe coObITHE).

To o6cToATENBCTBO, UTO IJIS1 COOBITHIA, BEPOSITHOCTb KOTOPBIX CTpE-
MUTBCH K eAUHMIE WX K HYJIIO, SHTPOIHUA 6JIH3Ka K HYIIO (WIN paB-
Ha HyJI0), UCIIONb3YeTCs1 B OMouHpopmaTuKe. Eciiu BeposATHOCTD pj;
MOSIBIEHUA J-f aMHUHOKHUCIIOTHI B i-if TTO3MIIAH paBHa elnHUIe (abco-
JIOTHO AOCTOBEPHOE cOGbhITHE), 3HTpomus LlleHHOHa paBHa HyJTO. Ta-
KM 00pa3oM, Wi aMPHOKHUCIOT, 3aHUMAIOIHX aBCOMOTHO KOHCep~
BAaTUBHBIE MO3UIMU, IHTponus [1lenHoHa paBHA HYIIO.

IpencraBuM ceGe ceMelCTBO TOMOJIOTMYHBIX GeJIKOB, BEIDABHEH-
HBIX 11O ornpeneJeHHOMY GelIky ceMelicraa. ITocnenoBareibHOCTh aMU-
HOKHCJIOT B 3TOM GeJiKe B3sATa 32 0CHOBY. JlIg KaXIOH MO3ULINH 3TOMH
MOCJeTOBATe ILHOCTH MOXET OBITh OllpejiefieHa BEPOSITHOCTD [T0sIBJIE-
HUS TOU WM MHOH aMMHOKMCIOTH. HanpuMep, eciiyi cCpaBHUBAIOTCS
100 6enKoB U NpoLEeaypa Bl paBHUBaHUSA OOLEIUHAET UX B OMHY TOMO-
JIOTHYHYIO TPYINY, a B KaKOH-JIMO0 HO3HIIMH / OKa3hIBalOTCsa 98 rm-
IIMHOB, TO BEPOATHOCTb HAXOXICHUS TIIMIMHA B 3TOA MO3UIMKA paBHA
0,98. CooTBeTCTBEHHO [Tl KaxKIOM NO3HIMY MOXKXHO pacCYUTaTh SHT-
ponuio H (ypasHeHue (3.14)). B ciyvyae eciny IpaKTHuecKH JUIsT BCEX
OenkoB faHHoro ceMetictra (98 u3 100) B 3T0¥ mo3numu OymeT Haxo-
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Puc. 3.10. Dutponusa llleHHOHa, paccuuTaHHas A4Sl 184 6enkoB ceMmeiicTpa
HENCHHA TIPU BBIPABHUBAHUH OTHOCUTEJIBHO ITENICHHA (YKa3aHbl KOHCEPBa-
THBHBIE aMHHOKHCJIOTHI)

JUTHCS DIMIKH, 3HTponns LleHHOHa 6YAET CTPEMHUTBCS K HYJIIO. DTO
[O3BOJIIET WACHTAU(ULIMPOBATH MO3UIIMA aMUHOKKMCIIOT, OOIINe I
BCero ceMeticTBa. TaKoro poja IMo3uIlA U COOTBETCTBYIOLIHAE UM aMH-
HOKMCJIOTHI Ha3bIBalOT KOHCEPBATHBHBLIMH.

Ha puc. 3.10 mpuBeneHs! pe3yJabTaThl pacucta sHTpormu Hlennona
U1 6enkoBoro ceMeiicTa (184 6emnka), 6JM3KOro K (hepMEHTY IIeNCH-
Hy. Bce 6enku sToro cemelictBa 0061aa10T HepMEHTATUBHOM aKTHBHO-
CTBRIO B peakIIMM THAPOIM3a OEJIKOB M IENTHIOB. BHAHO, YTO 3HTPO-
rus Hlennona mnsg HeKoTopelx aMuHokucaor (G21, T33, S35, Y75,
G78, G82, D87, G119, G122, G168, D215, G217, G302, F305,
A323) 6;13Ka K HYJII0. DTH aMUHOKUCJIOTHI ABISIOTCS KOHCEPBATHB-
HbIMHA. OYeBUAHO, YTO OHM BBINOJHAIOT BaXXHbie (PYHKIIMH, KOTOpLIE
OynyT obcyxnaThes ganee. Onepainio BHIpaBHUBAaHUS U pacyeTa BEpo-
SITHOCTH HAXOXKICHUS OINpPeIeJIEHHON aMUHOKUCIOTH B TOM UM MHOMI
TIO3UIIMKM OyAeM MCHOJIB30BATh MPU OOCYXACHUN MEXaHMU3MOB (YyHK-
LIMOHWPOBAHMS aKTHUBHEIX LIEHTPOB (DEPMEHTOB (CM. TJI. 8).

3.3. Bropuynras, TpeTHYHASA U YETBEPTHYHAA
CTPYKTYpa 0eJIKoB

BogoponHble ¢Bg3M 0GECIIEUMBAIOT ABA TUIIA 8MOPUUHBIX CIDYK-
myp B Monekyise OejiKa: o-CIMpalyd U P-CTPYKTYpHl (CKJIAgKWA WU
JMCTEI).
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B pamMkax ofHOM HOMUTTEHTUIHOM LIEMTH BO3MOXHO B3aUMOJENCTBHE
aMHUIHOTO a30Ta U KapOOKCHIBHOTO KUCJIopoja ¢ 06pa3oBaHUEM BO-
JOPOIHOM CBA3H. AHAJIN3 BO3MOXHBIX HEHAITPSKEHHBIX KOHGMOPMAaIIA
[TOKa3bIBAET, YTO HAUOOIEE BHITOAHON U YCTONYUBOM SIBJISETCS BOAO-
poAHas CB3b MEXAY aTOMOM KMCJIOPOHa OJHOM U aTOMOM a3oTa Ipy-
ro¥ aMAHOKHUCJIOTBI, OTCTOSIIEH OT ITepBOi HAa YETHIPpE aMUHOKHUCIIOT-
HBIX OCTATKa:

(1 @ 3 @

O--. 0
bl B RN I !
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H H H H - H

BTa ¢Bs3b IOKa3aHa IMYHKTUPHOM JTUHKHEH. B 06pa3oBaHNM TaKoif CBS3H
MOXET YyYaCTBOBATh KaXMIbIH KapOOKCWIBHBIA KACTOPOA U aMUIHBIN
a30T. B cwIy 3TOr0 moJMnenTUaHas 1elb CBOPAauUBAETCs B CIIAPAIh,
[IOJIYYUBILYIO Ha3BaHUE o-cupain. Kak NpaBmio, o-ClUpalb 3aKpy-
YeHa MIPOTUB YaCOBOM CTpesIKK M 0603HavaeTcs o.- R-crivpains (B oTin-
yre OT o-l-crupanu, 3akpydyeHHO} no 4Jacopoil crpeske). Ilomumo
KJIACCUYECKON 0.-CITUPAIM B 00pa30BaHMK BTOPHUYHBIX CTPYKTYP MOTYT
[IPUHUMATh YYacTUE CIHMPaA, o6pa3oBaHHbIe 1-M U 3-M, 1-M U 5-M
AMUHOKHUCIOTHBIMUA ocTaTKaMu. Ho 3TH CTpyKTypH ropas3zio 6osee Ha-
NPSIKEHHBIC U [I03TOMY BCTPEYAIOTCS peXe.

JIBa yyacTka NOIUIICNITUIHOMN LIEMTH MOTYT B3aUMOAEHCTBOBATh APYT
¢ IpYIrOM 3a CYeT BOHOPOIHBIX CBSI3eH, cO3MaBasi IPOCTPAHCTBEHHEIE
MoBepxHOCTU. OHa U3 BOSMOXHEIX CTPYKTYP TaKOTO THIIA NPEACTAB-
JIeHa Ha CXeMe

NS
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MHoOXecTBEeHHBIE BOJIOPOJHBIC CBA3W, PEATU3YsICh IO HAaUMEHBILHM
PacCTOSHUAM MEXAY aTOMaMu KHUCJIOPOAa M a30Ta IBYX YYaCTKOB IIO-
JIMNENTUIHON LIeNH, 06eCIIEUnBAIOT IPOCTPAHCTBEHHBINA JINCT (CKIak-
KY, TaX). Takoro poma cTpykTypa HOJlyduia Ha3BaHUE [-CTPyKTYPHI.
Ha puc. 3.11 noka3aHsl o-cniupais (@) u B-muct (6).

[ToMrMO peryssipHBIX BTOPUYHBIX CTPYKTYD THIIA O-CIIAPaeil Wiu
B-JTUCTOB MOJIEKYJIBI GEJIKOB CONEPXAT HEPETYISIPHBIE 3JIEMEHTHI, Ta-
KHE KaK IET/IH, CBSI3BIBAIOIIME OL-CIIUPATA WUJTH 3-JIACTHI.

benxn knaccuduumpyor, Kak TIpaBWio, MO COOEPXAHHUIO peTy-
JISPHBIX CTPYKTYP — O-CHpajIedl u B-JIMCTOB (CKIANOK):
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Puc. 3.11. Yknanka nojunenTUIHOA UEMK B oi-cIiMpans (a) U B-nuct (6)

1) a-6enku (COCTOAT NPEUMYIUECTBEHHO U3 O-CITUPANEi);

2) B-6enku (CTPYKTypa 006pa3oBaHa P-CKIAAKAMU WK B-CI0IMR);

3) o/B-6enxy (B CTPYKTYPE YEPEHYIOTCS O-CIIUPATIH U -CTPYKTYPHI);

4) (o+P)-6enku (comepXaT KaK O-CIUAPAIH, TaK U B-CTPYKTYPHI,
KOTOpBle HE 4YepeaylioTcd, a TPYIIUPYIOTCS, W, TaKMM 006pa3oM, B
MOJIEKYJIE OeNiKa cojepkarcs GJIOK a-cnupaiiell ¥ OJI0K -CTpYKTyp).

IHonnas xmaccudukanms 6eJIKOB [0 BTOPUYHOM CTPYKTYpe Ipen-
CTaBJIeHa B KOMIIBIOTepHBIX 6a3ax gaHHBIX Dai/FSSP, CATH (Class
Architecline Topology Homology), SCOP (Structural Classification of
Proteins).

TunUIHBIM IpEACTABUTEIEM [-OeNKOB SBJISETCS (hUOPWILIAPHBIN
Oerok wenka. Ilo mepBUYHOM CTPYKTYpE 3TOT OEJIOK ITPEeACTaBIIsAET CO-
60l 610K-COMONMMEpP CepUHAa, TIIMIIMHA W alaHWHA

—</Ser\Gly/Ala\Gly/Ala\ />_

Gly .

BKJTIOUEHHBIHT B MeHEe peryjIsipHble YYaCTKH LIENW. DTOT 8§-KpaTHBIH
O710K-comoMuMep U3 6 aMHHOKKCIOT HoBTOpsieTcs 50 pa3 u obpasyeT
BECbMa ITPOYHBIN B-1UCT. PeryisspHOCTb NOJMIICITUIHON 1Ienu obec-
TICYNUBAET BHYTPEHHIOK PETYJISPHYIO CTPYKTYPY IOJUMeEpa: ABOMHOU
CJIOH TJIMLIMHOB — OBONHOW CJIOM aJaHWHOB — JABOMHOM CJIO TVIMIIN-
HOB U T. 1. Hayimume 607161010 Yuciia OpueHTUPOBAHHBIX BOTOPOIHBIX
CBSI3€il OIpeaesAeT CBEPXBBICOKYIO IIPOYHOCTD HUTH,

B-CtpykTypbl MOTYT 00Gpa30BBIBATh PETYJISIPHBIE CTPYKTYpHl THIIA
«0OYKU», BHYTPU KOTOPOM JIOKAIM3YIOTCS (DYHKIIMOHAIBLHO BaXHBIE
rpynnel. Ha puc. 3.12 nokasaHa BTopUYHas CTpYKTypa (QIroopeCcmpy-
wllero 6enka. IlpuMmepoM GEIKOB, COpepXalllX O-CIIUPad, MOTYT
CITyXUTh MEMOpaHHBIE GEJIKY — IMPOBOINHUKU [TPOTOHOB TUITA 6AKTEPUO-
Pogorcuna (puc. 3.13). IomunenrtugHas uenb 00pasyeT ceMb OL-CITH-
PANbHBIX yYACTKOB, IPOHMU3BIBAIOIIUX MEMOpaHy.
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Puc. 3.12. BropuuHas cTpyKTypa Puc. 3.13. BropuuHas cTpykTypa
6enka, comepxauiero ¢guaooporeH 6aKkTepHOpOIOIICHHA
BHYTPH «0OUKH»

CrpyKTypa 0eJIKOBOM MOJIEKY/IBI MOXET OhITh CTAOMIM3UPOBAHA 32
CYeT 00pa3oBaHus IUCYIHGUAHBIX cBsi3eit. HampuMmep, e SH-rpyn-
Bl IUCTEUHA, HAXOAAIMeECH OJIU3KO OPYT K APYTY, MOIYT OBITH OKUC-
JIEHBl ¢ 00pa30BaHUEM BHYTPUMOJIEKYIAPHON JUCYIB(GUIHON CBSI3U
Bxnan nucyinGbUIHBIX CBA3CH B CTAGMIM3ALIKIO0 GEJIKOBOM MOJIEKYIIbI
cocrabisieT 4 — 20 kIX/MOoMb, 4TO BechbMa cylnecTBeHHO. O6pa3oBas-
1asics QUCYIbMUIHAS CBS3b NPEHNITCTBYET Pa3BOPAYNBAHUIO TIOJIUTIETI-
TUOHOMU 1IENHU B MPOIECCE ACHATYpaIlMi, TEM CaMbIM YBEJIMYMBAsL CTa-
OWIBHOCTH Geika. OmHaKo 06pa3oBaHHe AUCYIb(GUIHBIX CBSI3eH HE BCe-
raa tpedyetcs Wi crabunusanuy 6enaka. Tak, 1Sl MHOTUX aHa’pos-
HBIX M (GaKyJIbTATHBHO aHA3POOHBIX OPraHM3MOB OKHUCIIUTENBHO-BOC-
CTAHOBUTEIBHBII MOTCHIIMAN CPEABI B KJIETKE OTPHUIIATENIEH, U CYIbh-
TUAPWIbHEIE TPYIIIIBI HAXOASTCS B BOCCTAHOBJIEHHOM COCTOSIHUM, TEM
HEe MeHee OeJIKM MOTyT OBITh BeChMa CTAOWILHBI, KaK, HallpUMED, B
ciy4ae TepMO(PUIBHBIX MUKPOOPTAHU3MOB.

Tlon mpemuunoti cmpyxmypoii 6ejika TOHUMAIOT PAcIOJIOXEHUE ero
HOJIMMENTHAHOM 1enu B nipoctpaHcTie (puc. 3 14). Ipu yseanueHnH
MOJIEKYJISIPHON MacChl 6€JIKOB MOXHO HAOMI0AaTh TEHASHIINIO K 00pa-
30BaHHUIO B paMKaxX OJHOM IOJIUIIETITUIHON HEMU CTPYKTYP [JIOOYISIP-
HOTO THIA. OTH CTPYKTYPHI BKITIOYAIOT THAPO(OGHOE AP0 U COMbBaTa-
LIMOHHYIO 0GOJIOUKY M3 ITOJISIPHBIX M 3apsKeHHBIX TPYIIL. Takue CTpyK-
TYPHBIE 00pa30BaHUS TOJIYYWIA Ha3BaHUe JOMEHOB. 1101 JoMEHaMu B
GenKax NMOHUMAIOT OGJIACTM B TPETUYHOU CTPYKTYPE C aBTOHOMHOIA
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a 7]

Puc. 3.14. TpetudHast cTpyKTypa (aTomMapHoe pa3pelieHHe)
LIMTOXPOM-¢-MIEPOKCHUIA3E! (ITOKAa3aHbl aTOMBI (a) U ¢BA3U (6))

Puc. 3.15. YeTBepTHYHAs CTPYKTYpPa CYTIEPOKCUITNCMYTA3b!
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CTPYKTYPHOM opraHm3aiyeit. 3a4acTyio JOMEHB! OIIPENeIsioT KaKylo-
nnbo pyaxkumo 6enka. Tak, B HAl*-3aBiCUMBbIX JeTUAPOT€HA3aX UIIEH-
TUQHUUAPYETCH IOMEH, OTBETCTBCHHBIN 33 CB3bIBaHME KO(pakTopa —
HUKOTHHaMupaneHUHAMHYKeoTHAa (HAJTY). DTOT 1OMEH MPUCYTCTBYET
y 6onpinHCTBAa HAJI -3aBUCUMBIX JeTHIPOTEHA3.

MHorHe 6eKy CKIOHHBI 06pa30BbIBATH KOMILTIEKCH MEXIY CyOb-
enuHULIAMy, 00pa3ysl TaK HA3LIBAEMYIO 4emegepmuiHyr) CmpyKmypy.
B 06pa3oBaHUM KOMITIEKCOB 3HAYHTEILHYIO POJIb UTPAIOT JIEKTPOCTA-
THYECKHUE B3aUMOHECHCTBIS, BOJOPOJHbBIE CBSI3M M MHOTIA THIPOdo06-
Hble B3auMoneiicTeus. Ha puc. 3.15 npuBeneHa cTpykTypa (pepMeHTa
CYIIEPOKCUIZUCMYTa3hl, O0JIadaIIEr0 YETBEPTAYHON CTPYKTYpOIl.
Oka3anock, YTO 006pa3oBaHNE YeTBEPTUYHOI CTPYKTYPEI MTPAET OIpe-
JEJIEHHYIO peryIsaTOPHYIO Pojib B kaTanmie. O6pa3oBaHue KOHTAKTOB
0e1oK— 0eJIOK MOXKET OTPaXKaThCsAd Ha KOH(MUIypalliuy aTOMOB aKTHB-
HOTO IIEHTpa U, KaK CJIeACTBUC, IPUBOJHUTH K U3MEHEHMIO KATAUTUTH-
YeCKOH aKTMBHOCTH. OTO TaK Ha3bIBAEMOE AJIOCTCPHUYECKOE B3aMMO-
JCHACTBHE.

DTOT heHOMEH MOXKET MMETh PErYJISITOPHOE 3HAYEHHE, ITIPUBOII K
S-06pa3HBIM 3aBUCHMOCTAM CKOPOCTM pEaKkiiMd OT KOHIIEHTpalldH
cybcrpara (eM. 1L 4).

3.4. Macc-cneKTpoMeTpusi 6HOMAKPOMOJIEKY.T

B Hactosiiee Bpemst 60JbIIOE pa3BUTHE ITOJNYYAIOT METOIBI Macc-
CIIEKTPOMETPHAYECKOTO aHAIHN3a GHMOIOMMMEPOB. Macc-clieKTpoMeTpH-
YECKHME METONBI, afaNTUPOBAHHLIE K UCCIEIOBAHUIO OMOMOAUMEPOB,
[IO3BOJISIIOT pellaTh BOIBIIONH KPYT 3a1a4 0 UAEHTU(DUKAIIAU HYKIIEU -
HOBBIX KUCJIOT, OEJIKOB, NENTHAOB, ITONUCAXapUIOB. DTOT METO I10-
3BOJIMJI PACLUMPHUTE BO3MOXHOCTY T€HOTUIIUPOBAHUSI U T€HOAMArHO-
CTUKU, TEHETMYECKOW WHXCHEPHUM, UCCICIOBAHUS YIJIEBOJOB CIIOX-
Horo cocraBa. CoBpeMeHHas TeXHMKA MacC-CIIeKTPOMETPUIECKOTO aHa-
JIn3a, COBMEIEHHAsA ¢ YHU(PUIIMPOBAHHONW TeXHOJOTHEN pa3feseHHUs
GEeJIKOB U MENTUI0B, COCTABIISIET OCHOBY MPOTEOMUKM — pa3zelia Cco-
BPEMEHHOIT MOJIEKYJISIDHON OMOJIOTMM, HAIIPABJICHHOTO Ha UACHTU-
¢HUKaIMIO 1 BBIgBIEHIE QYHKIMN BceX H6EJIKOB KIISTKH.

Macc-cnekTpoMeTp — 3TO YCTPOICTBO, MO3BOJSIOLICE PA3feATh
MTYYOK 3apsKEHHBIX YacTHI[ HA Gpakiny YacTUIl ¢ OAUHAKOBBIM OT-
HOLIEHWEM MACCH K 3apsany m/z. PasgesieHue MPOUCXOINUT B BHICOKOM
BaKyyMe€ C IOMOILBIO 2JIEKTPUYECKUX ¥ MATHUTHBIX mojieif. [TepBoiit
Macc-crnekTpoMeTp cosgan Ix. k. TomcoH B 1907 r. Macc-criekTpo-
METPHUS LUIMPOKO UCIIOIB3YETCA B XUMUM KaK YHUBCPCATHLHBIA METOM
aHAIM3a COCTaBa M CTPYKTYPHI MOJIEKYR. [[J11 TOrO 4TOOH pa3genuTh
MMYYOK 3apsKEHHBIX YaCTHUI[ B 3JIEKTPHYECKOM M MAarHWTHOM IIOJIC.
MOJIEKYJTBI HEOOXOMMMO IIPeBapHTEIbHO HOHH3UPoBaTh. CyIecTByeT
OOJIBIIIOE YICIO METOJOB UOHU3AINH, IPHA 3TOM Haubosee 4acTo Uc-
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MOJIL3YIOTCS METOABI 3JEKTPOHHOro Mk GOTOHHOrO yrapa. QueBUIHO,
yTO KOTAa Peyb UIET 0 OMOMAaKPOMOJIEKYJIaX, IPHHIIHITMATIBHLIE CIOXK-
HOCTH BO3HUKAIOT IIPU IepeBone 00pa3sna B ra3oBylo ¢asy. Pesonomnu-
OHHBIC HHXEHEPHBIE pellleHUd, HaliieHHble B cepeyuHe 1990-x rr.,
[TO3BOJIMUIM TIPEONOJIETh 3Ty TPYAHOCTh. BBUIM CO31aHBI ABa MeToIa
MOHU3AIMH GEKOB M MENTHIOB, HAIISALIAE LIXPOKOE IMpUMEHEHHE.
DTO aCCUCTUPOBAHHAS MaTPHIEH jazepHad HeCOpOIUT — MOHU3ALUA
(Matrix-Assisted Laser Desorption— Ionization (MALDI)) u noHu-
zamus mon perctreM aexrpocnpes (Electrospray lonization (ESI)).
Jlnst GeJIKOB M IENTHIOB MOJIEKYJIAPHON Maccoit mo 35000—40 000
nanbosbliiee NpuMeHeHHe Hailea Meton MALDI, conpskeHHBIH ¢
ppems-niponetHeIM (Time of Flight (TOF)) macc-cnexrpomerpom. Tlpu
HCTOIb30BaHNN MeToga MALDI o6Gpaser; HAHOCAT Ha MaTPHUILYy — Opra-
HUYECKYIO KHCJIOTY, KOTOpast ABJSETCA JOHOPOM IIpoToHOB. s ana-
m3a GeJIKOB 1 TIENTHUIOB YacTO UCIIOJIB3YIOT O/ IUAHO-4-THAPOKCUKO-
pHUYHYIO KHUCIOTY, 2,5-IUTHAPOKCHOEH30HHYIO KUCIOTY, 3-METO-
KCH-4-THAPOKOPHYHYIO KHCIOTY, IJIs aHAIM3a HYKJIEOTHIOB — 2.4,6-
TPUTUAPOKCHALIETOPEHOH, 3-METOKCH-4-THIPOKOPUUHYIO KHCJIOTY,
3-rUIPOKCHIINKOJIMHOBYIO KACIOTY. YIVIEBOIH OOBIYHO aHATU3HPYIOT
¢ HCIIOIb30BAHUEM MATPHUIILI B BUAE 2,5-IUTHAPOKCUGEH30MHON KHC-
70TH. Martpuiisl 06pasyloT ¢ GMononMMepaMu KpUCTAJUIOUMIHBIE CTPYK-
Typbl, KOTOPBIE IMOA AeiicTBUeM KOpoTkoro ((2—35)- 10712 ¢), Ho no-
CTATOYHO MOIIHOTO JIA3ePHOrO UMITYJIECA UCIIAPAIOTCs. 1IpH 3TOM Hpo-
HCXOIUT NOHU3AINS GHOMONIAMEPA, 0OOECITEeYNBAIONIAs ABIDKCHHE B ra-
30BO¥t haze U pa3fefieHHe OTAEIBHBIX MOJIMMEPHBIX MOJIEKYJI 10 Macce
W 3apsiay.

B cnyyae metona ESI o6paselr] HOHM3HpYeTCS B TOHKOM KaIlTAJUIsIpe
101 IeMCTBUEM MOIIHOTO 3JIeKTpruueckoro nois (o 20 kB). DinexTpu-
YEeCKUH pa3psy BBI3BIBAET 00pPa30BaHHE 3aPSIKECHHBEIX MHKPOKAIIEIb,
KOTOpHI€ B BEICOKOM BaKyyMe€ OCBOGOXIAIOTCS OT BOJKL. YCOBEpIIEH-
CTBOBAHME TEXHUKH MAaCC-CIIEKTPOMETPUH MPHUBENO K CO3NAHMIO BhHI-
COKOUYYBCTBHTEIBLHBIX METOIHK, MTO3BOJITIONINX OIEPHUPOBATh ¢ 06pas-
amu maccoit 10°—1076 r.

st pasmeneHUs 0Gpa3loOB Ha OTAENbHbIE (DPAaKIMKA MCTIONL3YIOT
TPaIUITMOHHEIE METOIBL, JBYMEPHEIN 3J1eKTpodope3, H303IeKTPodo-
KyCHpOBaHHE, XpOMAaTOTparuuecKrue METOIBI.

Wnentndukannio 6ej1x0B MPOBOIAT ¢ UCIONBL30BAHUEM BYMEPHO-
10 ajiekTpodope3a ¢ MOCHEAYIOUAM TPATITRYECKUM THIPOIN30M Gel-
KoB. Tpurcux geigercs creuuduueckoil MpoTeasoil, paCmersomeit
Oenku u moNUIEnTU L MO MENTHIHBIM CBA3SM C yuyacTUeM JIM3UHA U
AprHUHA. O6pa30BaBLINECS TIENTHIB Pa3geNdioT U HIeHTHDULIAPY-
T 110 MaccaM W 3apsiiaM ¢ MCIOJB30BaHUEM, KaK MpaBUJIO, METONA
MALDI-TOF. Ha puc. 3.16 rpuBeeH Macc-CIeKTp MeMTHAOB, TTOJy-
YCHHBIX B pe3y/bTaTe TPUIITHUCCKOrO THAPOJN3a (pepMEHTa OpraHo-
bocharruponassr (cm. oL 4). benok GbUT MONYYEH ¢ 3aMEHOM THPO3H-
Ha Ha PropruposuH. Macca nentuaa (cM. puc. 3.16, nuk 1411) omim-
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Puc. 3.16. Macc-criektp (Meton MALDI TOF) nentunos, MoJiy4eHHBIX IPH
TPUIITHYECKOM THIPONIH3e opranodocdaTruaponasbl, conepxalieil ¢pparMeHTh!
(GTOPUPOBAHHOTO TUPO3UHA

yaercs Ha 18 eWHHIL OT HATUBHOIO 6eJIKa, YTO COOTBETCTBYET YBEJIU-
YEHUIO MOJIEKYISPHON Macchl GesIka MIpH 3aMEHe aToMa BOJOpoJa Ha
¢rop.

Takum 06pa3oM, IPH HCCIETOBAHUM CTPYKTYPHI M KaTAJIUTUYECKOTO
JEUCTBUS (PEpMEHTOB MACC-CIEKTPOMETPHYECKUN METOH YacTO SBJISI-
€TCs B BBICILUEH CTEIIEHU ITOJIEC3HBIM.

3.5. Metoap!l u3ydeHus CTPYKTYpbI GeJIKOB

PenrtreHocTpykTypHblil agamm3. IIpHHUMITHATEHO BaxkHass WHOOpP-
Malus O CTPYKType OejKOB, (hepMEHTOB 1 MX AKTHUBHBLIX LIEHTPOB B
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KPUCTADIHYECKOM COCTOSTHIYN MO~
3KeT OBITh TTIOJIYyYEHA METOIOM PEHT-
TeHOCTPYKTYPHOTO aHanu3a. B Ha-
cTosTIee BpeMsI PeHTTEHOCTPYK-
TYpPHBI aHAJIN3 TTO3BOJISET Olpe-
NENSTh CTPYKTYpPY GUOIOJIUMEPOB
¢ aTOMApHBIM pa3pellieHUeM NpU
YCJIOBAM HATWYMS KpHCTaljla pas-
MEPOM JI0 AECATHIX HOJeH MUUIA-
meTpa. Meron ocHOBaH Ha qudpak-
WU PEHTTCHOBCKUX JIy4ell Ha ITe-
pUOIMYECKON pelleTke, CO3qaBa-
MO YITOPSIAOYEHHO PacioIOXeH-
HBIMW aTOMaMM KpucTaia.

HHCcTpyMeHTaIbHBIE METOMBI
WCCJIEIOBAHUS M KOMIIBIOTEpHBIE
MIpOTpaMMBbl MHTePIIpETALIMU U~
(bpakIIMOHHBIX KAPTUH JOCTUIIHN
BLICOKOTO COBEpILEHCTBA. B GONBIIMHCTBE CIIyyaeB caMbiM TPYIHBIM
SIBJSICTCS NOJydeHue KpucTamia 6uonoanMepa TpebyeMoro pasmepa 1
KayecTsa.

HeobxoaMMbIM YCIIOBUEM SIBISETCS WCNOJIb30BaHUE MINYYCHUS C
JJIMHOW BOJIHBI, COU3MEPUMOI C MEXATOMHBIMU PAaCCTOSTHUSIMU B
xpucramie, [loeToOMy OCHOBHOE NpMMEHEHHE IS PEIIEHNs TAKOTO pOaa
3aj1a4y HallTK peHTreHOBCKUE nudpakToMeTphl. B arrmapaTax 3TOTO THITa
MYy4YOK PEHTIeHOBCKOTO M3NTy4eHUs pacCenBAETCA Ha aTOMax KpUCTan-
JIMYECKOM peuieTKH, co3naBast MHTepHEePEeHIIMOHHYIO KAPTUHY.

B HEXOTODHIX HAITPABIEHWAX ITPOUCXOAUT TallleHIie BOJTHOBOTO CUT-
Haja, B HEKOTOPHIX — YCHIEHHE, CO3Marollee WHTEHCUBHOE PEHTIe-
HOBCKOE IMATHO. PaccessHHOE N3MyYeHe MOXET OBITh 3apeTUCTPUPOBA-
HO 1100 ¢ MOMOIBI0 GOTOIIEHKH, YYBCTBUTENBHOIN K PEHTTEHOBCKOMY
U3NYYEHUIO, JUO6O0 C TTOMOIIBI0 CUETYHKOB PEHTTEHOBCKOIO U3JIy4e-
Husi. UsMensis HanpasiieHMe Nafalolliero U3Jy4eHus, MOXHO IOJy-
YUTH UH(OPMALIO O BceX BO3MOXHBIX BapUaHTaX WHTEp(hEepeHIIMOH-
HOU KapTuHBl. OGBIMHO HaIpaBJIeHIE N3TyYeHUSI BAPbUPYIOT, Bpaliias
Kpuctaul. MamepsieMbIMA MapaMeTpaMHi SIBJISIIOTCS KOOPAUHATHI peTl-
JIMK ¥ UHTEHCUBHOCTh PACCESTHHOTO M3MydeHus:. TUMMHMUHASL PEHTIEHO-
rpamMma ar¢pakIIMOHHOTO paccessHus (audpakrTorpaMMa) nMpuBeacHa
Ha puc. 3.17. CoOTBETCTBYIOLINI MaTeMaTHIECKW I arriapaT i MporpaMM-
HOE KOMIIbIOTEPHOE 0ObBeciiedeHHe TO3BOJIAIOT TTepeiTH OT nudpakiih-
OHHBIX PEeIUIMK K KOOPIMHATaM aTOMOB.

Bce nosyuenHsie K HacToslEMy BpeMEHHN CTPYKTYPHI XpaHATCH B
MexnyHapomHOM 6a3e JaHHBIX GEIKOBEIX cTpyKTyp Protein Data Bank
(PDB), x xoTopoit uMeeTcst CBOGOIHBII JOCTYTL.

PaccesiHue PEHTIEHOBCKONO H3NYyYeHHUST TIPOMCXOAUT 32 CUET €0
B3apMopeiicTBUA ¢ HEKOBAJIEHTHBIMU BHYTPEHHUMU 3JIEKTPOHAMM aTO-
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MOB BelecTBa. [103TOMy YacTo B UCCIeAyeMBbIll 0OBEKT BBOJAT aTOMBL
TSIKEJIBIX 3JIEMEHTOB, IIPOBOJA TaK HA3bIBAEMOE M30MOp(QHOE 3ame-
meHue. Eciay Taxenblif aToM 061afgaeT 3HAYUTEIbHONU 3JIEKTPOHHOM
IUIOTHOCTBIO, U3MEHEHHE TA(DPAKLIMOHHON KapTUHBI OYIIET CYLIECTBEH-
HBIM. [0 3Tolf NpUYMHE PEeHTTCHOCTPYKTYPHLIM aHaIN3 HE JaeT UH-
(hopMaInio O IMOJIOXEHNH TPOTOHOB MJIM ATOMOB BOIOPOHA.

Jocruxenue Boicokoil (0,2 uM) m Husko (0,5 HM) IUIOTHOCTH
paspeIeHus: 3aBUCHT OT MHOTUX (paKTOPOB, TAKMX KaK Ka4yeCTBO KpHU-
cTaula ¥ CTelNEHb YINOPSNOYEHHOCTA MOJIEKYJ B KPUCTAUIMYECKOU
yHakoBKe. bonbUIyio posib UrpaeT TOUHOCTh H3MEPEHUS UHTEHCUBHO-
CTH W3TYYCHUS.

B b6enkax cymecTBYIOT 00JaCTH ¢ BEICOKOM MOJBMXKHOCTBIO, TAKOM,
YTO JaXxe IpM MOJHOM KPUCTAUIM3AIMY HE ITPOUCXOIUT «3aMOPaXU-
BaHUS» CTPYKTYPBHl. DTH 00JaCTH B PEHTIEHOCTPYKTYPHOM aHANMU3e
TIPOSIBJISIIOTCS KAaK YYACTKH C TIOHMKEHHEIM paspelleHueM. [is xapak-
TEPUCTUKH pa3pellleHs] BBOAWUTCS TaK Ha3biBaeMbIN B-dakTop, KoTo-
PHBII [MO3BOJISIET HAEHTU(DHUITMPOBATE OOJJACTH BHICOKOU ITOABUXHOCTH.

OrpaHuYeHNE PEHTICHOCTPYKTYPHOTO aHAIN3a CBA3aHO C TEM, UTO
CTPYKTYpHass MH(OpMALII MOXET OBITh MOJIydeHa TOJNBKO I KpH-
CTAUIMYECKOTO BEILIECTBA.

B kpucramie Geka MOJIeKYJbl IUIOTHO YITaKOBAaHbI; COCTOSTHUE KPH-
CTaIa XapaKTePU3YETCS GOBITUMH KOHIICHTPAIIUSIMA KOMIIOHEHTOB.
BTO MOXET MOBJIUATH Ha KAUECTBO Pe3yJIbTATOB PEHTICHOCTPYKTYPHO-
TO aHaJIA3a GROTIOIMMEPHBIX MOJIEKYI.

B Teuenune goaroro BpeMeHH Ijia JUCKYCCHS O TOM, MOXHO JIM Ha
OCHOBE PEHTT€HOCTPYKTYPHBIX JAHHEIX [J€71aTh BBIBOJ O CTPOCHUU MO-
JIeKyJ Genka B pactBope. IIpUIUIM K MHEHHIO, YTO UCKAXKEHUS, KOTO-
pble BHOCUT KPUCTAIM3AIUAS, OTHOCHUTEJIBHO HEBEIHUKHU, U MOXHO
CUYUTATh, YTO PEHTTCHOCTPYKTYPHBIA aHAajIM3 HAeT alcKBATHYIO aTo-
MapHY1O CTPYKTYpY OenKa.

CiexTpocKonMs SAepHOTO MATHUTHOTO pe3oHanca. B rocieHue rompl
IIJIs U3YYEHUS CTPYKTYPhl GUONOIMMEPOB B pACTBOPE IIMPOKO IIPUME-
HSIETCS CITEKTPOCKOITHS SIASPHOIO MAarHUTHOTO pe3oHaHca. MeToy oc-
HOBAaH Ha PETUCTPAIMK PE3OHAHCHOTO MOTONMICHUS PaaiON3IyueHNs
BEIIICCTBOM B CHJILHOM MarHUTHOM T10jie. OCHOBOM MeTOna SIBJISIETCS
CAeAyIOIUM pU3nIecKui (akT: siapa, UMEIOIUE CIIMHOBOS KBAHTO-
BOe Uucno /5, B MOCTOSHHOM MarHUTHOM TOJIE MOTYT HAaXOIMUTHCH B
JIBYX COCTOSIHMSIX, COOTBETCTBYIOIIMX Pa3HOM OPHUEHTAIMM SIAEPHBIX
MAarHUTHBIX MOMEHTOB: TT0 HAIIPABJICHUIO U MTPOTUB HATIPABICHUS TTOJIS.
PasHOCTE 3Hepruif, COOTBETCTBYIOIHUX ABYM COCTOSIHHAM, JIMHEIHO
3aBUCHT OT MATHUTHOW MHAYKILIAY 11011, [Ipy 0G/IydeHuU saep paguo-
H3JIyYCHUEM COOTBETCTBYIOIUEH YACTOTHI MOXET MPOUCXOIUTH pe3o-
HAHCHOE MOIVIOIIEHWE 3HEPTHH, COOTBETCTBYIOIICE PAa3sHOCTH JHEP-
TUHU JBYX COCTOSHUH siep. st OMONIOrn4ecKuX CUCTEM SIpaMHU, UMe-
IOIIMMU CITMHOBOE KBAHTOBOE YMCIO 1 /2, spnsiores 'H, 1C, 3P, Uu-
Tepec mpencrasiser Takxke F.
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B coBpeMeHHbIX IMP-crieKTpoMeTpax UCMOIB3YIOTCS MOLIHEIE Mar-
uuTHBIE Tos 10— 16 To; Wis IpOTOHOB 3TO COOTBETCTBYET PE30HAH-
cHbIM yactoram 400 — 800 mI'mL

Kaxmoe sapo HaxoANTCs B OKPYXXEHUH SIEP W 3JIEKTPOHOB, CO3/a-
JOLIMX CBOE COOCTBEHHOE JIOKATbHOE MarHUTHOE TToste. B cuy aroro npn
MHIOYKLUAWA TIOJNST PaIuon3NIydeHne TOTJIONIAETCS B HE3HAYNTEIBLHOM
CTEITEHN M OTJIMYAETCST OT MHOYKLMM BHELIHETO ITOJS JWIIb Ha MUJI-
nroHHbIe o, OTHAKO 3TOr0 MOCTATOYHO, YTOOBI COBpeMeHHbIe SMP-
CITEKTPOMETPBL CMOTJIU 3apETUCTPUPOBATE PE30OHAHCHBIE CUTHAIBI.

B ocHOBe CTPYKTYPHBIX MUCCHIEIOBAHUI CIIOXKHBIX MOJIEKYN, B TOM
yucsle MEeNTUAOB, OEJIKOB, HYKJIEMHOBBIX KHMCJIOT, JEXUT sSAEPHBIIA
a(pdext OBepxaysepa, KOTOPEIN MO3BOJISIET MTOJYYUTh KOJIMYECTBEH-
HbIe CBEJCHHS O PACCTOSIHUM MEXIY OINpENCACHHBIMU TTapaMHU sifep,
T.€. 0 reomeTpuu Monekyn. CyTe sinepHoro addexra OBepxay3epa 3a-
KJTIOYAETCST B TOM, YTO MEPEHOC 3HEPTUU CITMHOBOTO BO3OYXXIEHUS OT
OIHMUX Iep K APYTHM 3aBUCHUT OT PACCTOSTHUAST MEXTY OTU3IEXAIIUMA
sapaMu. YCToOHUYMBOE MOMTOLIEHUE PATUOUINYUEHHS MOXET IIPOUCXO-
JIATH JIMIIB TIPU YCJIOBUHM OBICTPOM pelakcaunu H30BITOYHOM SHEPTHH
3a cYer ee Iepenayr APYTMM CIIMHOBBIM CHCTEMaM (CITMH-CIIMHOBAs
pesakcanus Win CIIMH-pelleryaras pexakcauns). Ecian BROpoc sHep-
MM OTCYTCTBYET, TO CUCTEMa OBICTPO HACHIIAETCS, M ITOrIOLIEHNE
PaTNOM3IYUEHHUST [TPEKPAIIAeTCS WIN 3aMeTHO YMeHbliaeTcs. Perakca-
HMOHHBIE TTPOLIECCHI TTPOUCXOISIT C YYACTUEM ONM3IEXKAIIMX SAnep, 3T
MTO3BOJISIET TIOJIYYUTh WHPOPMALIMTIO O TEOMETPUN MOJEKYI.

Jannaast MeTOIMKa MCIIOML30BaHus crieKTpockormn IMP s cTpyk-
TypHBIX uccnempoBanmnit — Nuclear Overhauser Effect Spectroscopy
(NOESY) — HaxoguT HIMPOKOE IIPUMEHEHHE.

JanpHelilllee pa3BUTHE TEXHUKU W METOHOJOTHH DPaIUOCIIEKTPO-
CKOIMMYECKUX UBMEPEHUH CBSI3aHO C MOTYYCHUEM JIBYMEPHBIX CIIEKT-
pos SIMP. B aToM cityyae Kaxaslii CHTHT B3aUMONEUCTBYIOIINX sIIEP B
BUJIE KPOCC-IIMKA IMONIYYaoT KakK QYHKIMIO JBYX MEPEeMeHHBIX pe3o-
HaHCHBIX 4acToT. Hanbonee Tpymoemkas Iporuemypa 3aKiIouyaeTcs B
COOTHECEHMH OTHEIBHEIX CUTHATIOB | sinep. [Ipouenypy MoxHO yco-
BEpIIEHCTBOBATh, €CIM UCKYCCTBEHHO JOMOIHHUTEIbHO BBECTU B MO-
TeKy/Tly GUOITONIMMepa <«CUTHasALIee» Aapo, Takoe kak PN mwm 13C.
Inst vHTepIIpeTanny CIEKTPOB TaKXe IPUMEHSIOT 3aMEHY TOIBMX-
HBIX [IPOTOHOB Ha JAEUTPOHEI, NCITONb3YS TSKENYIO BOIY.

B nacrosinee BpeMs Texumka crniektpockormu IMP mossossier nsy-
YaTh CTPYKTYpy OenkoB Monekyssipuoi maccoit 40 000 — 50 000 n MoxxHO
OXHate JalbHEeHLIero Mporpecca B 3Toi obmacTu.

3.6. KoMmbioTepHOE MOJIEKYIAPHOE MOJEIMPOBAHAE GEIKOB

KoMnpioTepHble METOIB HAXOAAT HIMPOKOE IIPUMEHEHNE TIPU pe-
WEHnM pa3NUyHBIX 31249 COBPEMEHHOW OMOXMMMHU M MOJIEKYJISIPHOM

71



buonorun. B nocnenHee necaTiieTe OONBLIOE pa3BUTHE MONYYWIH JIBa
MeTona — OGHOMHGOPMATHKA M MOJIEKYJISIDHOE MoJenupoBaHue. Me-
TOOIOTUS GUOMH(OPMATUKY OCHOBAaHA Ha aHaTU3e OONMbLIMX 00be-
MOB MH(OPMaLINHN, 3aJI0KEHHOH B ITOC/IEIOBATEIEHOCTH OCHOBaHHU I B
HYKJIEMHOBBIX KHCJIOTaX U aMHHOKHCIIOT B Bekax (CM. BHIlIe). Mome-
KYJISIDHOE MOACIMPOBAHNE MO3BOJSIET B paMKax CYLUECTBYIOMIUX (H-~
3AYECKUX TPEICTABIeHUI OMUCATh CTPYKTYPY O€JIKOB M IPOTHO3UPO-
BaTh €¢ UBMEHEHMS B CJIyYae TeX WJIM WHBIX BO3NCHCTBUI UMM JIOKAIb-
HBIX CTPYKTYPHBIX M3MEHEeHUI. MeTonbl MOJIEKYISIPHOU TUHAMHUKU B
COBOKYIMHOCTH C MOJIEKYJSIDHBIM MOJIESIMPOBAHUEM OOECIEUYNBAIOT
[NIOHMMaHHWEe MHOTHX aCEKTOB (U3UKU U XHUMHUUA OEJTKOBBIX MOJIEKYIL.
I'padnyeckiie BO3MOXHOCTH COBpEMEHHEIX pabOUMX CTAHIMI, OTHOCH-
TeJbHas JCILIEBA3HA M MOIITHOCTH COBPEMEHHBIX ITPOLIECCOPOB, EMKOCTh
YCTPOMCTB XpaHEeHNST HH(POPMALINH, TOCTYITHOCTh OOJIBLIOTO YMCIa pa3-
PELUEHHBIX IIPOCTPAHCTBEHHBIX CTPYKTYp OENIKOB, HYKIEHHOBBIX KHC-
JIOT ¥ MX KOMILTIEKCOB — BOT OCHOBHBIE IIPENTIOCHUIKA OBICTPOTO pac-
MPOCTPAHEHNS METOJOB KOMIIBIOTEPHOTO MOIEIMPOBAHUA U UX 30-
dexruBHOrO NIpMeHeHNs. MeTOIBI KOMITBIOTEPHOTO MOICTUPOBAHMS
HIMPOKO MCIOIB3YIOTCS TP OTIPEAEIEHUH CTPYKTYP GMOMOJIEKYIT (PeHT-
TeHOCTPYKTYPHBIM aHAIN3 W CTIEKTPOCKOIINSI MHOTOMEPHOTO SIIEPHO-
IO MArHUTHOTO PE30HAHCA), IIPH TEOPETUYECKOM U3YYEHHH B3aNMO-
JNeUCTBHI MeXIy OMOMOJIEKYIAMH, MeXny MeMOpaHHBIMU OesIKaMu
A MeMOpaHaMH, Isi CTPYKTYpPHOTO AHaIM3a pe3yJbTaTOB HallpaB-
JICHHOTO MyTareHesa, a TaKXe I INPeJCKa3aHWsl HOBBIX LIEHTPOB
MyTauMit U CTPYKTYPBl G€JIKOB (METOJ TOMOJIOTHYECKOTO MOJEINPO-
BaHUS).

[lInpoxoe NpuMeHEHNE MeTOMa MOJEKYISIPHOIO MOACTIUPOBAHMUS
00yCIOBIJIO TIOSBJICHAE COOTBETCTBYIOIIETO IPOrPaMMHOTO OOecIIe-
yeHust. Cpean KOMMepPYECKHUX TpOrpaMM Ciie1yeT OTMETATH IPOrpaM-
MEI Insightll ¢pupmer Accelrys Inc. (San Diego, CA, USA, http://
www.accelrys.com), Sybyl ¢dupmpr Tripos Inc. (St.Louis, MO, USA,
http://www.tripos.com). OTUMH MIPOTPaMMaMM JIETKO ITOJIb30BaTECS,
OHMU TO3BOJISIIOT KOHCTPYMPOBaTh OMOMOJIEKYNBl PasiINdHOR IIpHpo-
IIBl, pedaKTUpOBaTh CTPYKTYPY MOJEKYI (IIPOBOAWTH 3aMEHY I'DVIII,
M3MEHATE KOHGOPMALUIO MOJIEKY/ISIPHBIX TPYIIN) | jajiee IPOBOANTH
CTPYKTYPHYIO PEJaKCalHri0 METOOaMH MOJEKYISIPHON MEXaHMKU H
JUHAMHMKY, BBEIYUCTIATH PA3THYHEIE XapAKTEPUCTUKU MOJIeKyT (JIEKT-
pOCTaTMYECKUHA TTOTEHLUAN, TIOLIANE [I0BEPXHOCTH, JOCTYIIHOM pac-
TBOPHTEIO, M JIp.), M3y4YaThb B3aMMOICHCTBHE MEXAY MOJEKYJIaMH,
[IPOBOANTD «BBIPAaBHUBAHUE» MOCIENOBATEIBHOCTEN OENKOB U ITOCTPO-
€HHE CTPYKTYpPBI 10 TOMOJIOTUSIM, OCYILECTBIISITh BBEJCHUE JIUTAHIIOB
B aKTHBHBII LIEHTp pepMeHTOB. B rocnegHme roasl MOSBWINCH TAKXE
OeCIUIaTHBIEe TIPOrpPaMMBI, BBITTOTHAIOIINE HEKOTOPBIE U3 ITEPEYNCIIEH-
HBIX BEILUE (GYHKUMIH, Hanbojee TONYJISIpHON SBJISIETCS TPOrpaMMma
Swiss PDB Viewer (http://www.expasy.ch/spdbv/), obecnieunBarowias
00bLINE BO3MOXHOCTH.
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TeopeTnveckoif OCHOBOH pacyeTOB CTPYKTYPbl OMOMaKpOMOIEKYI
1 WX B3aMMOJEHCTBHS APYT C APYTOM SIBJISIETCS MOJIEKY/IsIpHAsT MeXa-
gukKa. B paMkax 3Toro rmojaxoaa BBOAUTCS ITOTEHUMATBHAS SHEPTHUST CH-
CcTEMBI U TTOJIAraeTcs, YTO paBHOBECHOM CTPYKTYpe COOTBETCTBYET TJIO-
BaIBLHBI MUHUMYM 5T0i QyHKImMH. [171s ITOMcKa 3TOro MUHMMyMa (I1o-
TEeHLUMAIBHAS 3HEPTHUS 3aBUCHUT OT JAEKApTOBBIX KOOPIMHAT BCEX 4TO-
MOB, COCTABJISIOIINX CUCTEMY; KOJINIECTBO TIEPEMEHHBIX 3TOM (PyHK-
UM B TUITMYHOU CUTYalluM JOCTUTAET HECKOJIBKMX ThHICIY) TPUMEHSI -
J0TCI PA3IMYHBIE METOABI IMHAMHUYECKOTO IIpOorpaMMHUpoBaHms. Bxiian
B MOTEHIIMAIBHYIO SHEPTHUIO OTAESIBHOTO aTOMA 3aBHMCHUT OT €T0 BJIeKT-
POHHOTO COCTOSTHMS M 3apsifia. IIpaBuia, 0 KOTOPEIM KaXIOMY aTOMy
B OMOMOJIEKYJIE MOXHO ITOCTaBUTH B COOTBETCTBHE ITapaMeTphl ero
BKJIaZia B TOTEHLMAIBHYIO 3HEPTHUI0 CHUCTEMBI, U COOTBETCTBYIOIIHE
3HAYEHMSI STHX NTApaMeTPOB COCTABISIOT TaK HA3bIBAEMOE CJIOBOE TIOJIE.
B nacrosiiiee BpeMst OOLIETIPUHSATBIMA CWIOBLIMU TOJISAIMU SIBJISTIOTCS
CHARMM22 u AMBER. IlepBoe paspaborano B ['apBapickoM yHH-
BEpPCUTETE TPYIIION Mo pyKoBoncTBoM Tipod. M. Kaprinioca u siBister-
¢S YACTBIO MTAaKeTa NMPUKIAIHBIX TTPOrPaMM I10 MOJIEKYIIpHOH MEXaHH-
ke n nuHamuke CHARMM. Bropoe 6puto paspaborano B Kamndop-
HHUICKOM YHHUBEpCHUTETEe oA pyKoBoacTtBoM ripod. 1. Konmana n siB-
JITeTCS YACTBIO TTaKeTa NpHKIagHbIX IporpaMM AMBER. O6a cunoBgix
ITOJIST MOTYT TIDUMEHSITECS K 00BEKTaM, COCTOSIIIINM M3 OEJIKOB, HYK-
JIEWHOBBIX KHACJOT, JUITUIOB U YIJIEBOAOB, W TIPUBOISAT K CXOXUM pe-
3yJILTATaM.

YnomsayTthle makerbl iporpaMM CHARMM n AMBER 1o cBoeit
ruOKoCcTH, 3GGEKTHBHOCTH M Pa3sHOOOPa3MI0 M3YyYaeMBIX OOBEKTOB
NIPEBOCXONST THOObIe KOMMepYECKIe TIpoTpaMMbl. OMHAKO YIIpaBIeHNe
3THMH IIpOTrpaMMaMHU SIBJISIETCST JOBOJIBHO CJIOXKHBIM, UTO IIPEIbsIBIIS -
€T ollpesiesieHHbIe TpeOOBaHMS K MOIb30BATENIO.

MeTonbl MOJIEKYJIIPHOTO MOIENTUPOBAHMS TTO3BOJITIOT PEIIUTD GOJTb-
woif xpyr 3anad. IlepeyncianM HEKOTOPHIE U3 HUX.

Komnosromepruoiii catim-cneyuguveckuti mymaeenes. DKCIiepuMeHTAb-
HBIN cafiT-crieunpUIecKUii MyTareHe3 3aKiIlouaeTcsl B 3aMeHe OJHOM
WIN HECKOJBbKUX aMUHOKHUCIIOT OJUIENTUIHON LIEeNH Ha YpOBHE TeHa
¢ nocaenymwoeit skcrpeccreil HoBoro oeska (cM. 1. 10). DTo cnoxHas
" TpyoeMKast 3KCIiepMeHTaIbHas 3amada. B ToM ciydae, ecin n3Be-
CTHAa KpUCTALITMYECKasl CTpYKTypa Oenka, TaKyl 3aMeHY MOXHO cle-
Jlate BUpTYyalbHO. IIpoliecc 3aMeHbl OMHOM KHUCIOTH Ha JIPYTYIo ¢ IT0-
clenyroileil OTNITUMU3ALMEN CUCTEMBI 110 HEPIUU ITO3BOJISIET MTOJIYYUTH
HOBBI OeJToK. DTO B BhICHICH CTETIEHM ITOJIe3Has MpoLenypa, Io3Bo-
JIgI01ast aHAJTU3UPOBATh CTPYKTYPHEIE U3MEHEHWS, BhI3bIBAEMEIE MY-
TauusiMu.

Ilocmpoenue cmpyxkmyper 6eaxa no npunyuny eomonoeuu. s 60b-
YHCcTBa OEMKOB KpHUCTAUIMYECKass CTPYKTypa Hem3BectHa. OpHako
KaxIprii 6enok umeeT OJIM3KOTO pOJCTBEHHHKA C U3BECTHOW KPHUCTAN-
JIMUECKOi CTPYKTYPOUH, KOTOPBI BBISBJISIETCS METOAAMM OuOouHdoOp-
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MATUKH (CM. BBIIIE) KaK 6€IOK C BBICOKOM CTEIeHbI0 roMoniornn. Ecnu
Tako# OeJIOK HalleH, MOJIEKYSIpHOE MOAETUPOBaHMe TO3BOJISIET MO~
JIYYUTh KPUCTALIMYECKYIO CTPYKTYPY TOMOJIOTHYHOTO GejiKa ¢ BBICO-
KOH CTEIIEHBIO HAIeXHOCTH.

Bzaumoodeiicmesue pepmenma ¢ cyocmpamamu u uneubumopamu. Ipn
pElIeHUH MHOTHX 3a7ad, TpeXIe BCero Npu noucke 3GHGheKTUBHBIX
JIEKAPCTBEHHBIX CPEJICTB, IIPUHIMIIMATEHO BAXHO MCCJIEAOBATH B3au-
MOIEUCTBIE HU3KOMOJEKYISIPHEIX BelIeCTB (CyOCTpaTOB, HHIMOUTO-
pOB) C aKTUBHBIM LIEHTPOM (epMeHTa. DTOT MPOLECC MOXHO MOJE-
JINPOBATh Ha KOMITBIOTEpe (TTpoLEnypa «IOKHHTa»). B pesynprarte Oyaer
noJsiyyeHa nHpopManusi, Kak BEIeCTBO TOM WIN MHOI CTPYKTYpBI B3a-
UMOJIEVICTBYET C AKTUBHBIM LIEHTPOM OeJika.

* ok ¥

Koraa cxopocTy BbruucAeHMI IPEBbICAT CKOPOCTH PAsBHTHA pe-
aABHBIX COOBITHH — HcHesHeT Oyayilee.

benxoBas MoneKyna GpopMupyercs o 1eCTBHEM Pa3HOOOPA3HBIX
CWIOBBIX IIOJIEH, CO3aBaeMBbIX aTOMaMHU U IPYNIIAMU ATOMOB IIOJIH-
MepHoit uernu. KoBaneHTHBIe TeNTUAHBIE (AMHUIIHBIE) CBSA3M CO3AAIOT
MEPBUYHYIO CTPYKTYpPY — IIOCJIeIOBATEIbHOCTE aMMHOKHUCIOT, KOTO-
pasi B 3HAUMTEJIbHOM CTEeNeH! OIpeAesieT BCe [JIaBHBIE CBOMCTBA MO-
JieKynbl. OTHOCUTENIBHO cl1abble, HO MHOTOYHCIEHHBIE 3JIEKTPOCTATH-
yeckne, ruapo@oOHbIe B3aMMOICHCTBUS, BOJOPOIHEIE CBSI3K (QOPMU-
PYIOT MPOCTPAHCTBEHHYIO CTPYKTYpY Oenka. Bce 3To cosznmaer gocra-
TOYHO IIPOYHBIE, YHUKAIBHBIE II0 CTPYKTYPE MOJIEKY/ISIDHBIE KOHCT-
PYKIUH.

HecMoTtps Ha TO 4TO 6eJTOK — 3TO KOJUIOMIHAST CUCTEMA, MOJIEKYJIa
fesika — 3TO «TBepaoe Teslo». MHOXECTBEHHOCTD CTalbbIX CBSI3ei obec-
MEYNBAET MOIIHYIO SHepreTuKy GOpMUPOBAHUS CTPYKTYDHI.

KavecTBeHHBIM IIPOPBIB B UCCIENOBAaHUM CTPYKTYPHI OEJIKOB 00ec-
MeYUIN COBPeMEHHEIE DU3UKO-XUMIYECKHIE METOINbI. PEHTTeHOCTPYK-
TYPHBI aHallN3, CIIEKTPOCKOIIMS SJIEpHOT0 MarHMTHOrO pe30HaHca
MO3BOJISAIOT IOJIy4aTh MHOOPMALIMIO O CTPYKTYpe OEIKOB C aToMap-
HBIM paspenreHueM. BoJbillyio poJib B COBPEMEHHOM XUMHH GeIKa Ur-
paeT macc-cleKTpOMETPUYecKMii MeTol uiaeHTUduKaunu OelKoB H
nientuoB. O6beM CTpYKTYpHOU H(popMaImu orpomMeH. ToNbKO MTOSAB-
JIEHUE COBPEMEHHOI1 KOMITBIOTEPHOM TEXHMKM 00ECTIEYIIIO BO3MOXHOCTh
afeKBaTHOM MHTEPIIPETALUM SKCIIEPUMEHTAIbHBIX TJaHHBIX, CO3/JaHUs
HOBBIX CIIOCOOOB XpaHEeHHUs U IepepadoTKU MH(OpMalnd, a TaKXe
TpaHcOpMALMH M Tepeayn ee TOTPeOUTEIO B MOJTHOM O0BeMeE.

B HacTosuee BpeMst TpYIHO OLIEHUTh, KaKasl JOJs CyllecTBYouen
B OMOJOTMYECKOM MHUpE MOJEKYJISIPHON CTPYKTYpHOU MHGOpMalMHi
HaMM yXe ocBoeHa. OHAKO OYEBHIHO, YTO ITOAABIAIONIEE YUCITO U3Y-
YeHHBIX OENMKOB — GJIM3KKe WU JajleKhe poACcTBeHHUKU. CyllecTBY-
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[OIIYE METONBI CPABHEHHUS M MIEHTU(GHUKALIMA CTPYKTYD, OObEINHEH-
HbIe B HOBYIO OTpacib 3HAHUS — OUOUHGMOPMATHUKY, NO3BOJSIOT BbI-
SIBUTDH OOLIME DJIEMEHTBI Pa3IMYHbIX OSJIKOB M KOAUPYIOIINX UX HYKJIE-
MHOBBIX KHCJIOT, OOBbeIMHATE MX B ceMeCTBa 1 CyliepceMeiicTBa. DTo
MMO3BOJISIET IIOCTPOMTH CTPYKTYPbl MaJOMCCIEAOBAHHBIX OEKOB I10
MIPUHLMITY TOMOJIOTHH.

Bce Bo3pacTawllylo pojib B MU3YYEHWH OMOMAKpPOMOJEKYJT MUTPAIOT
METOAbl KOMMBIOTEPHOIO MOJIEKYJISIPHOTO MOAETUPOBAHUS, MOJIEKY-
napHoit MexaHnkn. CoOBpeMeHHBI YPOBEHDb 3THX METONOB W MX JO-
CTYITHOCTh CYHIECTBEHHBIM 00pa30M 00JIEryaroT UCCIeIoBaTeIsIM BO3-
MOXHOCTB ITOJIyYeHUST CTPYKTYpHOI nHpopMannm.

C TOYKH 3peHNs IOHUMAHHUS TIpUPOIbl (PEPMEHTOB U MEXaHN3MOB
nX OeWCTBUS M3YyYEHME BJIEMEHTAPHBIX B3aMMOIECHCTBHI B OEJIKOBBIX
MOJIEKYJIaXx U MCCIEI0BAHUE CTPYKTYPHI OEJIKOB C aTOMapHBIM pa3pe-
[IEHNEM SIBIISTIOTCS (yHIaMeHTalbHOI 6a30if, Ha KOTOpoil crposiTcst
IIPEJCTABIEHUS O MEXaHM3Max KaTaTuTUUYECKOTo neMcTBUs (pepMeH-
TOB. JIpyIr'M BaXKHBIM 0a3MCOM CO3MaHNS MEXaHUCTUYECKUX MPEeACcTaB-
JICHWII B XUMHUYECKON 3H3MMOJIOTHHN, KaK X BO BCEH XMMMH, SIBISIETCS
A3yYeHNe KUHETUKU peakunil. DTOMY TTOCBSIIEHA CAeAYIOIas IaBa.



I'masa 4
KHUHETUKA ®OEPMEHTATUBHOI'O KATAJIN3A

El,ge 60Aee (PYHAGMEHTAABHBIM BOIIPOCOM XHMHH ABAAETCA PO~
6AeMa XMMHYECKOTO fnpeBpalgeHusA, MeXaHu3Ma XUMHYEeCKHX peaKk-
Qﬂﬁ, XHMHYECKOH KHHeTHKH M KaK 4acTH ee — KaTaAu3a.

H.H.Cenénos

4.1. OcHoBHBIC NOHATHS XHMHYECKOH KHHETHKH

XuMunyecKast peakivs sBIIeTCs Pe3yJbTaTOM B3aUMOIEHCTBHAS MO~
JIEKYJT pearnpyIoufx BelecTB (CyocTpaToB). DTo B3anMOoneHCTBHE TIPO-
WCXOIUT TP CTOIKHOBEHHH MOJIeKy/1. OMHAKO He KaXI0€ CTOIKHOBE-
HUE TIPUBOAUT K 00pa30BaHUIO NIPOIYKTOB PeakUuu. st Toro YToOs!
MPOM30LUIA XUMUYECKAsT PEaKiMs, SHepTrusl B3auMOIeHCTBYIOIINX
MOJIEKYJ TOJDKHA OBITh OOJIBbIIE HEKOTOPOH KPHUTHYECKON BEIWYMHEL,
Ha3blBaeMoii snepeueli akmusayuu. IIpy 3TOM 1T KaXXIOH XMMUYECKOKN
pEaKLMK XapaKTepHa CBOSI DHEPTHSl aKTMBAIMM, 3aBUCSIIAS OT IIPpHU-
POIBI pearupyrounx BeIieCTB.

Bce xuMHuueckue peakumy JeNATcesl Ha MIPOCThIE M CIOXHBIE, Peak-
LIMH, TIPEACTABIAILINE COO0H COBOKYITHOCTh OJHOTHITHEIX 3JIEMEH-
TAPHBIX AKTOB, HA3BIBAIOTCA Hpocmbimu. B 3aBUCHMOCTH OT 4mciia MO-
JIEKYJI, BCTYIIAIOIIHX B [IPOCTYIO PEAKINIO, pa3IMyaioT TpU BUIA peak-
LIA: MOHOMOJIEKYJISIpHBIE, OMMOJIEKYJISIDHBIE, TPUMOJIEKY/ISIpDHBIE, B3a~
AMoJIecTBHE GoNee YeM Tpex MOJNeKYy/l OTHOBPEMEHHO IIPAKTUYECKU
HEBO3MOXHO. [IpMepBl cxeM IMPOCTHIX peaKIIyit:

A-—B
A+B—C
A—B+C

Peaxiun, npeacrapnsiioniye coboii COBOKYITHOCTH HECKOJIBKHUX ITpo-~
CTBIX peaK1i{, HA3BIBAIOTCS cA0MCHbMU. K CIIOXHBIM peakifsiM OTHO-
cATCS: O0paTUMBIE, LUKIMYECKHE, MapajlelbHble, MOCIen0OBaTe/b-
HBIE€, KACKAIHbIE, CMellaHHBbIE.

Ecnn xuMuyeckas peakius Mporekaer Kak oT cyOCTpaToB K IIpo-
JIIYKTaM, TaKk ¥ OT TIPOIYKTOB K cyOcTparaM, TO OHa HA3BIBAETCS 00pa-
muMmoli IPYA YCJIIOBUH, UTO TIPOTEKAHNE PeaKUMH B 00€ CTOPOHHI ITPO-
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XOIUT Yepe3 OTHU M Te XK€ BEILLECTBa, HO B 0OpaTHOM IOPSIIKE; LUKAU-
yecKoll TIPY YCJIIOBHAM, YTO peakumsl IIPOTEKAeT B 00e CTOPOHBI Yyepe3
pa3HBIe BELIECTBA MIIM Yepe3 Te Xe BelIeCTBa, HO B MOPSIKE, OTINY-
HOM OT 00paTHOTro.

Peakiinu, ripotexaioniye OGHOBPEMEHHO C Y4aCTHEM HE MEHee UeM
OIIHOTO 00111ero cybcTpaTa, Ha3bIBAIOTCS HapaiteabHoimu. XMMAYECKHE
peaxiny, TPOIYKT OJHON U3 KOTOPHIX ABISAETCS CYOCTpaToM cliedy-
JoLLEN peakuny, Ha3bIBAIOTCS Hocaedosamenvibimu. B ocnenoBaTenn-
HEIX peakuMsiX ITOMHMO cyOcTpaTa M MPOAYKTOB IPUHSTO BBIIEISTH
unmepmeduams! (TIPOMEXYTOUHBIE ITPOAYKTHI), NPEACTABISIOUINE CO-
00l BelrecTBa, oOpasyloiyecs: M paclagaroumecs: B MpoLecce XHMH-
YeCKOM peakiun.

OCcHOBHO} 3amayel XMMHUUYECKONH KMHETUKH SIBJISETCS U3YydeHUeE
MEXAHN3MOB MPOTEKAHUS XUMHYeCKuX peakimii. [Ipu stom HamGosee
TIPOCTOM SIBJIAETCS 33[1a4a OIIPeJIeICHUAS] KOMIMUYECTBEHHBIX 3aKOHOMEP-
HOCTel XUMHYECKHX MpeBpallicHnit. bosee cmoxHas 3amava — ornpeje-
JIeHHEe BCeX MPOMEXYTOUHBIX MPOAYKTOB peakilnd. IloaHOCTRIO HM3Y-
YUTh MEXaHNU3M XMMMYECKOHN peaklMM — 3HAYUT OINpEeHeIuTh, U3 Ka-
KHX 3JIeMEHTAPHBIX AKTOB COCTOUT peakiivisl, B KaKOU MoCaegoBaTelb-
HOCTH TIPOTEKAIOT 3JIEMEHTAPHBIE AKTH M KaK OHU COOTHOCATCS MEX-
1y coboit. JIyist TOro 4ToOBI BBISICHUTh MEXAHHM3M JTIO00H XUMHYeCKOMi
peaKkiluy, MpOBOAAT KUHETUYECKUIA 3KCIIEpUMEHT, KOTOPBIA 3aKITI0-
yaeTcsd B U3MEPEHNU KOHLEHTPALMM UCCIEAYEeMOTO BEIIECTBA B 3aBH-
CHMOCTH OT BPEMEHHU U psiia N3ydyaeMbIX IapaMeTpoB. Beibop nccieny-
€MOro BelIeCTBA 3aBUCUT OT MU3BECTHBIX WIM ITPEAIIONAraeMbIX MeXa-
HM3MOB PEAKINY U BO3MOXHOCTH 3KCIIEPUMEHTATBHBIX METOIOB.

Br160p KOHKDPETHOTO BELIECTBA 3aBUCHUT OT LEJed U 3amad uccie-
JIOBaHMSI, METOJIOB, KOTOPBIMH BJIANEET SKCIIEPUMEHTATOP U KOTOPhIE
B HACTOSLLIMIT MOMEHT SIBJISTIOTCS JOCTYTTHBIMH. Llenbio KUHEeTHYecKoro
OKCIEPUMEHTA MOXET SIBIATHCS: MASHTU(DUKALNS MeXaHU3Ma peak-
LIMH; ONITUMM3ALIMA YCIIOBUHA MPOBEAEHUS peakilNi, T.e. HAXOXICHUE
YCIIOBUIA, MO3BOJISTIOLINX [IPOBECTH PEAKIUIO C MAKCHMAaJIbHBIM BBIXO-
JIOM 32 MUHHMAaJIBHOE BpeMsI.

Ipu npoBeleHUM KHHETUYECKOTO SKCITEPUMEHTA HEOBXOIMMO CTpe-
MUTBCS K KOJIMYECTBEHHOM OLIEHKEe MUHAMHUKU U3MEHEHHS] KOHIIEHT-
panmm Beex KOMITOHEHTOB cHCTeMBI. OqHAKO B peaIbHBIX MCCIeI0BA-
HHAX 3TO IIPAKTUIECKH HEBO3MOXHO. 1103TOMY 3KCITEPUMEHTATOD BBI-
HYXXIIeH OrPaHUYHUTBCS U3MEPEHUEM JUIUb HEKOTOPBIX, KaK IPaBHIIO,
Hanbosree MHOOPMATUBHBIX ITepeMeHHBIX. Ecyin niesb uccineoBaHnsg —
U3yyeHWe Mpoiecca 00pa30BaHUsI KOHEYHOTO TTPONYKTAa XUMHUYECKO
peakuuu, TO0 Pa3yMHBIM METOMIOM SIBJISIETCS M3MEPEHHE KOHIEHTpa-
UMY pOoAyKTOB peakinu. M3MepeHne KOHUEHTpaAUuU CYyOCTPATOB pe-
aKUWM 1T JaHHOH 3aaul TaKXKe MpueMieMo. B akcIiepuMeHTe cieny-
€T U3y4yaTh KMHETUKY IIPEBPAICHUS TOTO COCOUHEHMS, KOHIEHTPA-
LS KOTOpOTO MOXET OBITh U3MepeHa HanboJiee MIPOCTHIM CIIOCOOOM
WY HambGostee TOUHO. ECNIM HeNnb McClenoBaHmsa — ONpeAesieHue K-
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HETUYECKUX XapAKTePHCTUK ITPOMEXKYTOUHBIX COCAUHEHU, CIEAyeT
OMpEAEASITh KOHIIEHTpallUI0 HHTepMeaAnaToB. IToCKONBKY BpeMs npe-
BpaIlleHUS TIPOMEXYTOUHBIX COSOMHEHHWI HEBEJMKO (MHTEPMEIUAThI
SABJISIIOTCSI, KAK IIPaBUJIO, HECTAOMIbHBIMUA COESIMHEHUSIMU), JIJIST OII-
penesICHUS NX KOHLIEHTPALMH ClleAyeT HCITOIb30BaTh MAJIOMHEPITAOH -
HbI€, BEICOKOUYBCTBHUTEIBLHBIE METOIHI.

KuneTuka npocTbix peakinii. MHOroYHC/IeHHEIE UCCIETOBAHMS KH-
HETHKHN XUMHMYecKuX peakumii mokasamu (A. Bant-T'odpd, 1884 r.), yto
CKOpOCTB IIpocTeilel XMMUIeckoif peakuu A — B anHeitHo 3aBu-
CUT OT KOHUEHTPALNHN PEAarpyOLIX BELIECTB:

v=—£=kX, v=£:
ar
rae X — KOHueHTpalus cyoeTpara A; Y — KoHueHTpauus npoaykra B;
t — BpeMsl; k — Ko3(GPUIMEHT TIPOITOPLUHOHATIBHOCTH.

Cropocmb xumuteckol peaxiyuy OTIpeIeNIIeTCs KaK KOJIMYeCTBO Be-
1ecTBa, obpasymomerocs (pacrnagalouerocss) B eMMHULY BPEMEHH B
Mpolecce XMMAYECKOM peakiny. Pa3MepHOCTh CKOPOCTH XMMUYECKON
peakuun — MoJib/(J1-c), MOab/(J1- MAH) U T.N. CKOpOCTH XUMHYE-
CKOW peaxkilni B HAYAJIbHBIA MOMEHT BpEMEHH, KOTJa CYIIECTBEHHBIE
MU3MEHEeHUS] KOHLEHTPALMIT pearupyIolMX BELIECTB He YCIIeny POu30ii-
TH, Ha3BIBAETCH HAHAALHOU CKOPOCMbIO peakyuu W ODO3HAYACTCS 1.
CKOpOCTh XMMHUECKON peakHMH B JIIOOOH gpyroil MOMEHT BpeMeHHN
Ha3BIBaeTCsl mekyuweli ckopocmouio v (puc. 4.1).

Peaxiuu, cKopocTh KOTOPHIX TMHEHHO 3aBUCHUT OT KOHIEHTPani
B3aMMOIEICTBYIOLIMX BELIECTB, HA3BIBAIOTCS peaKyusaml nepéozo no-
padia. OGBIYHO peakllMy NePBOro MopsiKa M300paxkaioT B BUIE CXEMBI
A — B. Peakiinm miepBoro mopsiika — camble paclpoCTpaHEHHBIE B
npupoje. [TpocTeie peakiny nepBoro Mopsiika sBISIOTCS MOHOMOJIEKY-
JIApHBIMU (T. €. B 5JIEMEHTAPHOM aKTe YYacTBYeT OJHA MOJIEKYIa cyOCcTpa-
Ta). KuHeTnka peakivii repBoro mopsiaka OMMCHBAETCS YPaBHEHHEM

V= “K = kl X .
dt

B 6o0s¢ce CIOXHBIX CIy4asix CKO-
pPOCTBh pPEAKLMH HEJIMHEHHBIM 0Opa-
30M 3aBMCHUT OT KOHLIEHTpaIlnil pea-
tep=v THPYIOLIMX BELIECTB:

JUISL peaxyuu 6mopozo (ncesidoemo-
poeo) nopsoka A + B — C:

kY,

X tgp=0

tgo =1y
X
t v:_——df =k2X2;
Puc. 4.1. OnpeneneHue Tekywe v
U HAYaJIBHOU v, CKOPOCTH XMMM- IS peakyuu mpemve2o (ncesdo-
4ECKOW peakuun mpembezo) nopAoKa:
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V= —‘di = k3X3.
dt

HpOCTBIe PEaKUIMHM BTOPOTO IOpAnKa ABJISAIOTCA 6HMOHCKyHHpHBI—
MH, OHM NPOTCKAIOT C YYAaCTUEM JBYX MOJICKYIIL. HpOCTBIC p€akumnn
TPETBCIO IMOpsIKa ABJIAIOTCA TPUMOJICKYJIIIDHBIMA, OHU OCYLIECTBIIA-
10TCA IIpH B3aUMONCUCTBUH TPEX MOJICKYII. (PeaKL[I/II/I TPETHCTO MOPSAI-
Ka BCTPEYAIOTCA KpaﬁHe peJIKO.)

ITomumo peaKI_[I/Iﬁ TMEPBOro, BTOPOro M TPETHEro IOpsijiIKka U3BECT-
HBl PEaKUMHM HYJICBOTO ITOPsAIKa, CKOPOCTb KOTOPBIX HEC 3aBUCHUT OT
KOHLUCHTpAUMUH BCUICCTBA, BCTYIAKOUICTO B PCAKIINAIO:

V= —ﬂ = const
dt )

B ob1ieM ciryyae
v= ~—ﬂ =kX™,
dt
rne X — KoHueHTpauus cyocTpara; kK — Koa(GOHULMEHT IIpoTopLmno-
HAJIBHOCTH (KOHCTAHTA CKOPOCTU PEAKLINN); M — IOKA3aTeNb CTEIIEHI
(nopsimok peakumnu). [Topsinok peakiuu m =0, 1, 2, 3 oTBevyaeT peak-
M (TICEBOO)HYNEBOro, (TICEBIO)IIEepBOTO, (IICEBIO)BTOPOrO HJIH
(TICeBIO)TPETHETO MOPsIKA. 3aMETUM, YTO 71 IIPUHUMAET JPOOHBIE 3Ha-
YeHHS TOJBKO IS CIIOKHBIX PEaKIUi.
Ecnm B peakuyrio BCTYITAlOT HECKOJBKO BELIECTB, KOHIEHTPALIMS

KOTOPHX paBHa X|, X5, ..., X,, TO (POPMAJIBLHO CKOpPOCTh pPeakuHH 3a-
BUCHT OT MX KOHLIEHTpAallNil ClIeIyIomnM 00pa3oMm:
v = kXMX{2. X, 4.1)

Tae X; — KOHLIEHTpalMs i-T0 KOMIIOHEeHTa; kK — Ko3(pduumeHT Ipo-
MOPUNOHANTBHOCTH; M; — ITOPSIOK PEAKINHN 110 i-My KOMIIOHEHTY.
KoaddunmenT nporopunoHaIbHOCTH k B ypaBHeHnH (4.1) HasbIBa-~
I0T KOHCMAHMOU CKOpocmy XAMHYecKoi peakiuyn. YeM 6GoJbIIe KOH-
CTAHTa CKOPOCTHU pEeaklIMH, TeM ObICTpee NMPOTEKAeT XUMUYECKAsT peak-
sl KOHCTaHTa CKOPOCTH He MEHSIETCSI IPH OJHHMX U TeX XKe YCIOBUSIX
OKCIIEPUMEHTA M He 3aBUCHUT OT KOHHEHTpAlMi BellecTB, BCTYITAI0-
UMX B peakunio. KoHcTaHTa cKOPOCTH MOXET 3aBHCETh OT YCIOBHH
IIPOBEIEH NS peakKIlny (TeMIlepaTyphl, JaBjieHus, okazaresst pH). Kon-
CTaHTa CKOPOCTH PeaKIIMK OTPAXaAeT YNCJIO aKTUBHEIX COYIapeHnit MO-
JIEKyJT BellecTB, BCTYNAIONINX B XUMUUECKYIO PEAKLIMIO, IIPUBOASIINX
K 00pa30BaHMIO TIPOAYKTOB peakiuun. Eciau cyocTpaTtoM peakumn (Ha-
NIpUMep, peaKLMH pacliana) sIBJISIeTCS TOJIBKO OHO BELIECTBO, TO KOH-
CTaHTa CKOPOCTH OTPaXKaeT BEpOSITHOCTh XMMUYECKOI TpaHchopMarimu
MoJieKyn ucXoaHoro BeuecTBa. I103TOMYy KOHCT4HTA CKOPOCTH peak-
LUHH SIBISAETCS OMHOM M3 BaXHEHIINX KMHETHYECKUX XapaKTEepUCTHK.
PasMepHOCTH KOHCTAHTBI CKOPOCTH PEAKLUHU 3aBUCHUT OT ITOPSII-
Ka peaknuun. PasMepHOCTh KOHCTAHTHl CKOPOCTH XMMHUYECKOM peak-
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1M TTEPBOTO NOpsaaKa — ¢~', MuH !, PasMepHOCTh KOHCTAHTBI CKO-
pOCTH BTOPOTO mopsiaka — J/(Mojb-c), J/(MOJb- MAH) U T.II.

ITokasartenu creneHu B ypaBHeHunu (4.1) my, m,, ..., m, Ha3BIBAIOT
MTOPSIZIKOM peakiuu Mo Bernecrsy X), X;, ..., X, cooTBeTcTBeHHO. UX
CYMMY Ha3bIBalOT (CYMMAapHBIM) nopadkom peakyuu. ITopsoox peakiluu
ABJISIETCS OMHOM M3 BAXKHEUIINX XapaKTEPUCTHK MEXaHM3Ma XUMHUe-
CKOW peakuuu. 3HAUCHHS M MOTYT OBITh 1IEJIOUNCIEHHBIE U IPOOHBIE;
KPOME TOTO, 3HaUeHHUE M MOXET OBIThH paBHO HyM0. ISl IPOCTHIX pe-
akumi (peakumi, MpOTEKAIOUINX 0e3 TIPOMEXYTOUHBIX COCIUHEHUIN)
3HAYeHHNE M He MPEeBBILIAET TpeX.

CrnenyeT 0cob0 OTMETHTD, YTO TOPSIOK PEAKILIMH M XapakTepusyeT
MEXaHU3M XMMHYECKOM PEaKLINY B OTVIMUHME OT CTEXMOMETPHYECKUX KO-
3(hdUIIMEHTOB, OTPAXKAIOUX TIPOIIOPIIUNA MEXIY PearnpyIOIMHA Be-
urectBaMu. [1o3TOMy MOPSAMOK peakium, Kak MPaBuwiIo, He paBeH CyMMe
CTeXMOMETPHYECKIX KO3(MOHULIMEHTOB BEIIECTB, BCTYIIAIONIMX B peakiHio.

TTopsimok aneMeHTapHOI peakiy BCEeTaa HETOUNCIIEHHBIH; NIops-
IOK CJIOXKHON peakumy (IpoTekaroineif ¢ oOpa3oBaHHEM IMPOMEXY-
TOYHBIX COETMHEHMI) MOXET OBITh IeJIBIM U IpoOHBIM. Takum obpa-
30M, €clu MOPSNOK peakuuu ApOOHBINM, TO 3Ta peakuwsl CIOXHasd;
€CJIM TOPSJIOK PEaKLWHM LEJIOUNCIEHHBIN, TO coeiark OJHO3HAuYHbIA
BBIBOJI O CJIOXHOCTHM MEXaHM3Ma XUMHYECKON PeaKI[MU HEJIb3S.

Ornpenenenne MOPSAIKA peaKUUA U KOHCTAHTHI CKOPOCTH peaKiuy
HA OCHOBAaHWH Pe3yJbTaTOB KMHETHUYECKHX SKCIIEPUMEHTOB — OJIHA
W3 BAXHEUWIINX 33124 XMMUYECKOH KUHETHUKU.

YHHUBepcaATbHBIN MeTOoy OTpeaeNieHnst ITOPSIKa U KOHCTAHTHI CKO-
pOCTH XMMHYECKOW peakimy 3aKiIoyaercs B ciaenymoolieM. JIis peak-
LIMHU TIOPSIIKA M KOHCTAHTY CKOPOCTH PEaKI[MHA MOXHO HailTH, jlora-
pudMHpysd KMHETHYECKOe ypaBHEHHe v = kKX™:

logv = logk + mlogX. (4.2)

TaHreHc yIma HaKJIoHa Tpaduka 3aBUCUMOCTH (4.2) paBeH IOpsil-
KY peakuuu IO BeulecTBy X; OTPe30K, OTceKaeMblii rpadmkoM Ha
OCH OpAWHAT, PaBeH Jorapudmy
KOHCTaHTBl CKOPOCTH peaKLUU
logv
(puc. 4.2).

KoHCTaHTy CKOpOCTH peakiinH
MOXHO pacCcyMTaTh, UCIOJIB3YS
g hepeHIHATBHOE YPaBHEHUE

v= _AX kXxm.
logk dt
Aro nndpdepeHINAIIBHOE YpaB-
logX  Henme sBIAgeTCS ypaBHEHHEM C
Puc. 4.2. OnpeneneHue KOHCTaHTH  PasAe/IAOLIMMHUCS NEPEMEHHBIMH.
CKOpOCTH k u mopsaka m xumude- Ilociae mpeoOpa3oBaHMil MONY-
CKOH peakuuu yaeM

tgp=m
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ax

—— = kdt.
Xm
W3 teopun auddepeHINaNbHBIX YPABHEHWIA W3BECTHO, YTO
ﬂ ) lln X, m=1,
X7 2 ml.
Xm—l
B kayecTBe MpuMepa pacCMOTPUM PEaKLIUIO MePBOro MOpsIKa
X t
=—ﬂ=kx, ﬂ=—kalt, éﬁY—z—J‘kdt, InX -InX, = —kt.
dt X % X 5
CiegoBaTeabHO,
X X
—kt=In=, kt=In=2. 4.3
X, X (4.3)

TakuM o0OpasoM, rpaduK KMHETHYeCKO 3aBHCMMOCTH (4.3) s
peakuuu (TICEBIO)TIEPBOro MOPSANKA «CNPAMISIETCS» B TIOMYJIOTapugp-
Mudeckux KoopamHatax (In(Xy/ X), t), 1 TaHreHC yIiia HaKJIOHA Ipa-
(h¥ika paBeH KOHCTAHTE CKOPOCTH DeaKi{Hu.

Jna peakuuit mepBOro IopsiiKa XapaKTEpHO Cielylolliee BaXKHOE
CBOJCTBO: 6pems noaynpeepauiens T, (BpeMs, 3a KOTOPO€ KOHIIEHT-
pauus cyberpaTta cocraBur Xp/2) B peakiuM IEpPBOTrO IOpsiAKa He
3aBUCHUT OT HaYaTbHON KOHIEHTpau cybcTpata X,. JleiicTBUTEIBHO,
U3 ypaBHeHUs (4.3) MOXHO monyuuTh In(Xo/X) = In2 = kt,,; Torma
TI/Z = O,693/k

Kunerrka clIOXKHbIX peakumuil. Peakitvs Ha3bpIBaCTCS C10M#CHOU, €CITU
XHUMHUYECKOE IIPEBPAIIeHUE UCXOAHBIX BEMIECTB B TIPOIYKTHI IPOUCXO-
IUT OoJjiee YeM 32 OOUH 3JeMEHTAPHBIN aKT.

Kunemuxa nocaedosamenvubix peaxyuii. IIpocreiiinyio nociaenoBa-
TENABHYIO PEaKIIMIO MOXHO 3alncarh CACAYyIOLINM 00pa3oM:

k
AKL gl ¢

Kuneryka Takoii peakiiuy OMuCHIBAaeTCS CUCTEMOM YpaBHEHM I

A

7

9B A kB,
7

gg = '—kzc.

7

3necy A, B, C — TeKyllasi KOHIIEHTpauMs KoMmroHeHTa A, B, C coot-
BETCTBeHHO. MOXHO MOKa3aTh, YTO
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ki Ay

B=
ky — K,

lexp(-kit) - exp(-k1)],

Ao

C =
Ky — K,

(ki — ky + kyexp(=kit) - kiexp(=k»t)],

A=Ay-B-C,

rae Ay — HadaJbHasg KOHUEHTpaUus KOMITOHEHTa A.

B xone nocrenoBaTtensHOM peakiiny MPOUCXOMUT NMOCTENEHHOE pac-
XOomoBaHWe BellecTBa A u HakorwieHHe Beiecrsa C. BemectBo B B
TpoLECcCe TTOCAEA0BATENLHOM peakiiiy BHaYajle HaKaryinBaeTc, a 3a-
TEM PACXOMyeTCs.

B kayectBe WtocTpanmy Ha puc. 4.3 mpuBeeHB JAHHBIE TIO OKHUC-
JIEHHIO cMecH MeTaHa U Bosnyxa (1:2) B mpucyrcteum 1 % NO mipu
temmneparype 610 °C. Kak cneayer u3 aHHBIX puc. 4.3, B 3THX YCJIOBHSIX
MeTaH He cpa3y OKUCISeTCs A0 KOHeYHoro npoaykra CO — s mpotiec-
Ce OKHCJIEHUsT 00pa3yeTcsi MPOMEXYTOUHOE COeNMHEHNE — (HOpMallb-
nerun. Takum oOpa3oM, cxeMy TaHHOU peakuiMy MOXHO TIPEACTABUTh
CIEeYIOIUM 00pa3oM:

CH4 + 02 — CH20 + Hzo
CH,0 + 0, — CO + H,0

Kunemuxa napannenvuvix peaxyuii. Ipocreiiias napaienbHas pe-
aKIUs UMeET BU[

ki )
A—B, A—C
Kunernka 3108l peakuiu ONMUCHIBAETCS CUCTEMOM ypaBHEHUI

(dA

— =k +k)A,
ar (ki 2)
dB

X, MMOJIB/n —d—t— =k 4,
E = sz
dt

Puc. 4.3. U3MeHeHre KOHUEHTpauuu X
MetaHa (1), ¢popMmanbaeruaa (2), MOHO-
okcupaa yruepona (3) Bo BpeMeHM IIpu
OKMCJICHUM METaHa KUCJIOPOAOM BO3IyXa
B npucyTcTBun 1 % NO rpu teMriepary-

0 0,05 0,10 0,5 1¢c pe 610°C
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Puc. 4.4. U3MeHeHMe BO BpEMEHU KOH-

Al —
penTpayy sewectB A (1), B (2), C (3), 0
y4acTBYIOLUHX B APa/UIEIbHOM peakiuu E 1
SR\ -
3 2
20 X oo
M 3
3aKOH COXpaHEHHUs BellecTBa
Ap=A+ B+ C103BOJISIET COKPATHUTD
JMAHHYIO cUCcTeMy avpdepeHunaib- Bpewmst
HBIX YpaBHEHUH Ha OJHO ypaBHEHUE
@‘ = klAO - le - k]C,
dt
e
— = kyAy - kr B — k,C,
P 240 — K2 2
Toraa
B =R (1 expl-(ky + ko),
k] + k2
C =M 1 _ expl— + k),
k] + kz
A = Ao - B - C

XapakTepHbie H3MEHEHWUs] KOHIEHTPALKi BEIIeCTB B XO[e Napan-
JISTBHOM peakluy MpUBeNeHbI Ha prc. 4.4. BumHo, 4To KOHLEHTPaLIMs
BewecTsa A yOBIBaeT A0 Tex ITOp, ITOKa He CTaHeT paBHOIl Hymo, a
KoHiteHTpawuu BemecTB B u C BospacTalor, MOKa He JOCTUTHYT Ipe-
JNEJIbHBIX 3HAYECHUH:

kA k,A
sz 1410 , CN___ 2410 .
k]+k2 kx+k2

Banguue pazinunbix GakropoB HA CKOPOCTh XHMAIECKOH pEeaKuMH.
CxopocTs 110605 XUMHYECKOH peakIIMH 3aBUCHUT OT YCIOBUIf €€ Mpo-
BeleHNd: COCTaBa PEaKUMOHHOUN CMECHU, TEMIIepaTyphl, JaBICHU,
riokazarens pH v r.1. U3MeHeHne yCIOBUU peakinu 00yCAOBIUBAET
U3MeHEHe KOHCTAHTBI CKOPOCTH PEAKLIMK WJIM €€ MEXaHU3Ma.

Bausanue memnepamyput na cxopocms xumuuecko peakyuy. 3aBUCH-
MOCTb KOHCTAHTHl CKOPOCTH peakKUWy OT TeMITepaTyphl OTIpeleIAeTCs
YpaBHeHHEM AppeHHnyca:

k= kyexpl-E,/(RT)]. 4.4)

I'padmk 3aBUCEMOCTH HATypaJbHOTO JIorapudMa KOHCTAaHTBI CKOPO-
CTH peakLMY OT OOpaTHOM TeMIlepaTyphl MTPEACTaBsIeT cOO0M MpsMYIO
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Ink C TAHT€HCOM yrvia HakioHa —E,/ R, Ko-

TOpasg OTCEKAET Ha OCH OpPIUHAT OTpe-
Ink, \ 30K In &, (puc. 4.5).

— Kak nokazbiBalor MHOITOUYHMCJIEHHBIE

YT ycenenosanust, CKOPOCTb OGBIYHBIX pe-

aKIMii M3MEHsgeTCss B 2— 3 pa3a npu

yBeNMdIeHnH TeMmnepaTypsl Ha 10°C.

3DTO COOTHOILUEHUE JIETKO IMOMYYHUTh,

Puc. 4.5. Onpenenenue 3uepruu  MOACTAB/IASA U3BECTHBIE 3KCIIEPUMEH-

aKTUBaUMK IO TEMIIEPATYPHOH  TajbHbIC 3HAYEHUS TPEAIKCIIOHEHIIN-

3aBUCHMMOCTH KOHCTEHTBI CKOPO- 41 pbHOTO MHOXHUTES kO Yl DHEPIUU aK-

CTH peakuHH THBALMH B ypaBHeHne AppeHuyca (4.4).

Teopus abcoaromuwvix ckopocmell pe-

akyul. Teopusa aGCOMOTHBIX CKOPOCTEH peakjuil 0CHOBaHA Ha CAEY-

01LeM NTPEATIONOXEHUH: TSI TOTO YTOOBI MPOU30IIIIa XMMUYecKast pe-

aKkuusi, HeOOXOIUMO HEeNOCPEACTBEHHOE B3aUMOACHCTBIE MOJIEKYT pe-

arupyoumx BeIeCTB MeXAy co0oii.

CormracHO TeopHHd aGCOMIOTHBIX CKOPOCTEH peakijuil IpeBparieHue
MOJIEKYJT Pearupylolux BEWECTB B MPOAYKTH PEaKkIU OCYIIEeCTBIs -
eTCs 4epe3 NPOMEKYTOYHOE COCTOSHHE, KOTOPOE HA3BIBACTCS aKmu-
8UPOBaHHBIM KoMHAeKcOM. UIMEHHO 00pa3oBaHUe aKTHBHPOBAHHOIO KOM-
MJIeKca TMMUTUPYET CKOPOCTD JTIOOOH XMMUYECKOM peakiini.

O6pa3oBaHUe U pacal aKTMBUPOBAHHOI'O KOMIUIEKCA YEOOHO ONM-
CBIBAaTh, WCHOMb3Ys MOTEHLUAILHYIO 3HEPTHIO Sep pearupyrommx
MOJNEKYII.

PaccMOTpUM IIPOCTEHIIYIO CUCTEMY, COCTOSIIYIO 13 atoMOB A, B, C,
B KOTOpoii nmporekaeT peakuusd A + BC — AB + C. I1pu aToM npearo-
jraraeM, 4to aroMel A, B, C pacnosyioxeHsr Ha oqHO#i npsaMoit. M3omm-
HUM (T.e. IMHUM, OTBEYAIOIIHE OMMHAKOBBIM 3HAYeHHMAM) MOTCHIIU-
AJBHOM 3HEPIMH 3TOM cUCTEMBI TIpeACTaBJIEHE Ha puc. 4.6, a. [Ipouecc
U3MEHEHUS PACCTOSHHUS Fyg MEXIY aToMaMU A u B oTpaxaeT nmpoTeka-
HKe XUMHYECKON peakiiny. DTOT mpouecc o603HadeH Ha puc. 4.6, a
MYHKTUPHOH! NUHWEH, Ha3bIBAEMON KOOPIUHATOW PEAKIINU.

KoopauHara peaklinyd HAYUHAETCS B «10JIMHE PEAarCHTOB», TIe pac-
CTOSTHUE Fyg MEXKIY aTOMAaMH pearupyronx BelecTs 6ECKOHEYHO 00b-
moe. B «10MHe peareHTOB» MOTEHIIANIBHAS SHEPTHS CUCTEMBI aTOMOB
OTHOCHTEJIBHO HEBEJIUKa. 3aTeM KOOpAMWHATA peaKi[UH IPOXOIUT Ye-
pe3 06J1acTh ¢ NOBLILIEHHON 3HEPIruei, Ha3bIBaeMoil NMOTeHLIMATBHBIM
faprepoM. MUHUMATIbHOE 3HAYCHYE SHEPIVY B 00/IaCTH MOTEHIMATLHOTO
Gappepa oTBeyaeT ce1oBOH Touke N. Haxoxaenue atomos A, B, CB
obnacTu MOTeHIHaJIbHOTO faphepa 03HAYaeT 00pPa3oBaHNe AKTUBUPO-
BAHHOTO KoMImiekca. Beien 3a MoTeHIMaJIbHBEIM 6aphepOM KOOpAHHA-
Ta peakLy BHOBB ITOITANAaeT B 001aCTh C OTHOCUTEILHO HU3KUMH 3HA~
YEHUSIMU NTOTeHIMAJLHON SHEepTun («IOJUHY NPOITYKTOB»).

Yacro 1g oNrcaHUd XUMHYECKOM peakIiMy UCITONB3YIOT CeUEHUE
MOBEPXHOCTH MOTEHUMATBHOM 3HEPrUU IO KOOPAMHATE peaKkiui
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Puc. 4.6. U3MeHeHuUe MOTEeH HIUATbHOM 3HEPIrUM CUCTEMBI B XOAe XUMUYECKOI
peaKkLUu:
a — w3onuHnu (11— 5) noteHuManvHOi 3Heprum (N — celUloBasl TOYKaA; MyHKTHpHas
JINHAA — KOOpOMHATa peaKuuu); 6, 6 — CCYCHME BIOJIb KOOPAMHATHI peakKUUn COOT-
BETCTBEHHO I 3K30TCPMHUUYECCKOr0 ¥ 3HAOTEPMHUUYCCKOro mnpoiecca

(puc. 4.6, 6, 6). HauanbHbIE TOUKHM 3TOTO CEYEHHsI OTBEYAIOT OTHOCHU -
TEJIbHO MAalbIM 3HAYCHUSIM TIOTeHIHaIbHOM 3Heprui. OHM COOTBET-
CTBYIOT «IOJIMHE peareHTOB». 3aTeM YHEPIHs B CUCTEME SIEp pearupy-
IOLIUX BEIHECTB BO3PACTaeT. DTO COOTBETCTBYET MPOXOKACHHIO KOOP-
JUHATHl peakilMy 4Yepe3 MOTeHUHaNIbHBIH Gaprep. CorlacHO TEOpHHU
AppeHnyca NpeoaoNeHne 3TOro fapbepa BOZMOXHO TOJBKO B TOM CITy-
Yae, €CJIM BHEPTHUS PearnPYIoX MOJEKYJI H0JIbITe MTOTEHI{HATLHOTO
fapbepa, WM, Ha SI3bIKE TEOPUM AppeHuyca, OOJbIe IHEPTHU aKTH-
Banuu. Beren 3a MOTeHUMAIBHBIM 0aphepOM HEPTHS CHCTEMBI Siaep
BHOBb YMeHBIITaeTCs. DTO COOTBETCTBYET «IOJTMHE TIPOIYKTOB».
Cnenyer OTMETHTBL, YTO BpeMs, 32 KOTOpPOE€ NPOTEKAET SJIeMEH-
TapHOe XUMWYeCKOE NMPeBpallicHUE, YPE3BEIYAHO MAJIO M COCTABIAET
10-13— 107 ¢. 3a 370 BpeMs pearupyIOLIME YaCTUIIBI HE YCIIEBAIOT MO-
JIyYUTh SHEPIHUIO U3BHE WIM OTHATh €€ CBOEMY OKpyXeHuI0. [ToaTomMy
NOJTHAg SHEPIUsl CUCTEMBI peareHTOB, MIPETEPIeBAIOIINX XUMHUIECKOE
rpeBpameHne, He U3MEHSETCS B TCUCHUE BJIEMEHTApHOIO aKTa.
OueBHIHO, YTO CHCTEMA peareHTOB He MOXET OKa3arhcsd B 0Oa-
CTU ITOTEHIIMAJIBHOTO 6aphepa, eciih ee SHeprus Mana. TakuM oGpa-
30M, €C/IM SHeprusl peareHTOB Majla, TO XUMUYecKas peakiUs He
IpousoitneT. B TO Xe BpeMsl HEKOTOPBIE peareHThl MOTYT HMETh SHEP-
TUIO, CYIIECTBEHHO IMPEBBIIIAIOHIYIO SHEPTHIO MOTEeHIIMATLHOro 6a-
prepa. Ho, Kak cieayeT U3 TepMOIWHAMMKM, YyeM OOJIbIlle 3HEPrus
TaKUX MOJEKYJI, TeM 4MCIO MX MeHbie. ClenoBaTeNIbHO, GOJIBIINH-
CTBO MOJIEKYJI pE€areHTOB, BCTYTIAOIIMX B XUMUYECKYIO peaKInio, Oy-
YT UMeTh 3HEPTUIO, OJIM3KYI0 K 3HEPIU¥ MOTEHIMANBHOIO Gaphepa.
ITosromy TpakTH4ecku Bce peareHThl, BCTYMMBLIME B XMMUYECKYIO
peaknuio, NpoiayT 4yepe3 CemIOBYI0 TOYKY MOTCHUMAIBLHOM MOBEPX-
HoOCTH (uv BOM3M Hee). COCTOsSIHME CHCTEMBI aTOMOB BOJIM3U Ce/IJIO-
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BOH TOUYKHW TOJNYYWSIO HA3BaAHUE HepexodH020 cocmoanus (aKmueupo-
8AHHO20 KOMNACKCA).

Baxuenmm nonoxeHneM Teopuy aOCOIOTHBIX CKOPOCTER peakuit
(TeOpHH TIEPeXOIHOTO COCTOSTHMUS, TEOPHH aKTHBUPOBAHHOTO KOMILTEK-
ca) ABJISAETCS TO, UTO aKTUBUPOBAHHBIM KOMIUIEKC HAXOAUTCH B KBa-
3UPABHOBECHUM C UCXOTHBIMU BEIIECTBAMU. DTO MO3BOJISIET [IPUMEHATD
MpeAcTaBiIeHUss TEPMOEMHAMUKY JUTSI ONIUCAHUS KUHETUKU PEeaKIui.

Tepmoounamuteckue napamempst nepexo0no2o cocmosnus. OIHUM U3
HanboJee BaXHBIX CIeACTBH I TeOpUM abCOJIIOTHBIX CKOPOCTEH XUMM-
YEeCKUX PEaKUWi ABJIAeTCs OnpeneaeHue KOHCTAaHTBl CKOPOCTH XUMU-
YeCKOW peaKkiIny:

ksT AG* kgT AS* AH?
k = x—=2— - = -, 4.5
X p exp RT K p exp R eXp T 4.5

Ie K — TPAHCMMCCHUOHHBIA KO3MPUIIMEHT (BO BCEX CIydyasXx KpoMe
CITelIMaIbHO OTOBOPEHHBIX K = 1); AG* — cTaHmapTHasi cBOOOMHAsI
SHeprusl akTWBalWn; AS* — SHTpONUS peakiWy akTHBauuu; AH* —
SHTAJBIIUSA peaklUM aKTHBALIMH, Ky — MNOCTOsSSHHas bonbiMaHa
(1,38- 102 JIx/K); h — nocrosunas ITnanka (6,625 107 IIx - ¢);
R — yHuBepcanbHasi razoBasi nocrostHHas (8,31 JIx/(mons - K); T —
abcoloTHas TeMneparypa, K.

M3 ypaBHeHus (4.5) cienyer, 4TO KOHCTAaHTa CKOPOCTH XUMHYE-
CKOM peakiiny ONpelesieTcss U3MEHeHNEM 3HEPTUH CHUCTEMBI TIPH e~
pexojie B aKTUBUPOBAaHHOEe cocTogHue. CienoBaTeibHo, 000N (ak-
TOp, CHUXAIOHIWH CBOOOMHYIO JHEPrHI aKTUBALMU, OYXET Crocob-
CTBOBAaTh YCKOPEHUIO XUMUYECKOU peaKkIInH.

MOXHO MMOKa3aTh, YTO SHTAJIBIUS UM 3HEPIUS aKTUBALIMKM XVMH-
YeCKOM peakiuy CBSA3aHB YpaBHEHUEM

AH? = E, - RT. (4.6)

DHeprust aKTUBALIMK U SHTAJIbLIUA aKTHBALIMU OTIMYAIOTCS Ha Be-
qmynny RT, xotopast pu temniepatype 300 K coctasasier npuMepHO
2,5 kIx/Mob.

4.2. CranuonapHas KHHeTHKA ()epMEHTATHUBHBIX PeaKiuii.
KuneTtnueckue cxeMbl H MEXAHH3MbI

TepMHUHOM «MEXaHU3M» YaCTO OIpPEAETSIOT COBEPIIEHHO pPa3HBIE
MoHsTUs. Ha MOJIeKyJIIpHOM ypOBHE MO MEXaHU3MOM ITOHUMAIOT CO-
OBITHS, TIPUBOIAIIME K IIPEBPATEHNIO OIHUX MOJIEKYI B npyrue. OObrd-
HO 3T TMNOTETHYECKUE WM pealbHBble COOBITHSA BBICTPAWBAalOT BO
BpEMEHH, BOCCO3[aBasg TeM CaMbiM HETAIBHYIO KapTHHY NpeBpaiie-
Huii. HampuMep, onHUM U3 (DyHAAMEHTANBHBIX [IPEJICTABICHUH O Me-
XaHu3Me HepMeHTaTUBHOM peaKU X ABJISETCA IpeacTaBieHue o dhep-
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MEHT-CYOCTPAaTHOM KOMIUIEKCE, OOpasylolieMcs Npu MpeBpalleHuu
cybcTpara B MPONYKT MoA AeifcTBrueM depmenTa. CUMTaeTcs, 4To Me-
xaHU3M HepMEeHTATUBHOU peaklMy 3aKJII0YaeTCs B CIEAYIOIEM: cy0-
cTpaTt 00pasyeT KOMIUIEKC C aKTHBHLIM LEHTPOM (epMeHTa, B KOMIT-
JIEKCE MPOUCXOAAT (HEPMEHT-CYOCTpaTHBIE W3MEHEHMs, 0b6pa3yloTcs
NPOLYKTHI PEaKIUY, KOTOPble yXOIST M3 aKTUBHOIO [IEHTPA, OCBO-
6OXAast €ro IJisi B3aMMOJEHCTBUSI ¢ HOBOM MOJIEKYJION cyOcTpara.

YTo k€ MOCIYKIIO OCHOBOU [UIs 3THX mpesicTaBieHui? Yto noka-
3BIBAET CYLIECTBOBaHMNE (PEPMEHT-CYOCTPATHOIO KOMILIEKCA U UMEH-
HO Takoi MexaHu3M peakimu? J10Ka3aTebCTBOM SIBMISTIOTCH Pe3yIbTa-
TH U3YYEHUs1 KMHETHUKA PEaKINil, KaTAIN3NPYyeMbIX depMEHTAMM.

B HacrosmeM pasneiie OyneT pacCMOTpeHa KHMHETHMKAa peakUUi B
(pepMEHTATUBHBIX CHCTEMAX, HAXOMSAIUMXCS B CTAIIMOHAPHOM IO KOH-
LIEHTPAUHA MTPOMEXYTOUYHBIX COEMMHEHUNH COCTOSHUM, TPH U30BITKE
cybcTpara. B naHHOM ciiydae noj cmayuorapHbsim TOHUMAETCS COCTOSA~
HHUE CHCTEMBI, OTBEYAOIIEe HEN3MEHHOU (ITOCTOSHHOM) BO BpeMeHHU
KOHILIEHTPAIIUH MPOMEXYTOUYHBIX COeTMHEHWA.

PaccMoTpuM KilacCHYECKYIO 33/1a4y, HMEIOLLYI0 UCTOPHYECKOE 3HA -
yeHHe. BMOKMHETHKA cTala pa3BMBATLCS B Havayne XX B., KOTJa He-
CKOJIbKMMU MCCIIeNOBaTeIIMM OblJIa M3yyeHa 3aBUCUMOCTb CKOPOCTU
(bepMEeHTATUBHOM peakLMy OT KOHIeHTpauuu cyocrpara. Uccnenosa-
Jlach peakmusl THAPOJM3a Caxapo3bl, KaTalu3upyemas IpOX KeBOM
MHBEPTa30#. DKCIepUMEHTHI OBUTH IIOCTABJIEHBI B YCIOBHSIX CYIHECTBEH -
HOTO M30bITKa cybcTpara Mo cpaBHEHUIO ¢ (pepMeHTOM. OKaszanoch,
YTO 3aBUCUMOCTEL HAYaTbHON CKOPOCTH PEAKLIVH vy OT HAYAJILHON KOH-
LeHTpanuu cybcrpara S, onuceiBaeTcs runepoonnyecKod GpyHKmei
(puc. 4.7):

VmSO
Vo = T—_’
u +So

rae V,, (MakcuMaibHas cKOpocTh) U K, (KoHCTaHTa Muxasiauca) —
oInpenensieMble U3 3KCIIEPUMEHTATb~
HBIX NAaHHBIX MapaMeTphl. [Ipu atom
napamerp V,, TUHEHO yBeIMYMNBaET-
Cs C pOCTOM KOHIIEHTpauuM pepMeH- Vylr——————————c=eu-
T4, BBOAMMOIO B PEAKIIUIO:

Vm = kxa‘rEOs (4 8)

rae Fy, — HavyanbHasg KOHUEHTPALU
dhepmeHTa.

DKcnepuMeHTaIbHO Habiionae-
MBl€e 3aBHCUMOCTH MOXHO OOBSIC- So
HUTb, OCHOBBIBAsICh, IO KpallHEH Pyc. 4.7, TunuuHast 3aBUCUMOCTD
Mepe, Ha IBYX MEXaHU3MaX, NAIONX  HayanbHOI CKOPOCTH (hepMeHTa-
PasNMYHYI0 HUNUECKYIO KAPTUHY SIB- TUBHOI peakMM OT HAYAIBHOI
JIEHU. KOHLIEHTpaLuKu cyberparta

4.7)

Yy
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CornacHo mepBOMy MexaHU3My (cXema Mmuxasnuca) B Ipoliecce
KaTaJIMTUYECKOro AEUCTBHS aKTWBHBIM LieHTp ¢depmeHTa E m cyo-
cTpar S 06pa3yloT NPOMeXYTOUHBIN (hepMeHT-CyOCTPaTHBIA KOMIUIEKC
X, BHYTPHMOJIEKY/ISIPHOE TIpeBpalieHre KOTOPOro MPUBOIUT K 06pa-
30BaHUIO NIPOAYKTOB P ¢ pereHepanueil akTMBHOIO 1IEHTPA:

ky
E+S 47— X
. - 4.9
X—=~E+P
rne k;, k., — KOHCTaHTa CKOPOCTH COOTBETCTBEHHO OOpa30BaHUA U

Iuccoumanuy pepMeHT-CyOCTPaTHOTO KOMILIEKCa, k; -~ KOHCTaHTAa
CKOPOCTH MOHOMOJIEKYJISIPHOTO IPeBPAIEHUST KOMITJIEKCA.

CornacHo BTopoMy MexaHu3My (cxeMa AHpH) KOMILIEKC hepMeHT—
cybcTpaT ofpasyeTcs, OJHAKO OH HepeaKIIMOHHOCIOCcoOeH, a dep-
MEHTAaTUBHas peakUHs MpoTeKaeT OMMONEKYISpHO IPU B3auMOnEH-
CTBHUHM CyOCTpaTa ¢ aKTUBHBIM LIEHTPOM (hepMeHTa:

k
E+S<——X

ky

. 4.10)
E+S—P

rae k, — KOHCTaHTa CKOPOCTH PEaKIMK BTOPOTO MOPsiaKa B3auMOAe-
CTBUS aKTUBHOTO LIEHTPA (pepMeHTa C CyOCTpaToM.

O0e cxeMBbI ONMUCHIBAIOT 3KCHEPUMEHTANIEHO HAOMIOqaeMyio 3aBH-
CHUMOCTb HauajJbHOM CKOPOCTHU CTAIMOHAPHOM peaklWy OT KOHIIEHT-
pauuu cybcrpaTa v (hepMeHTA.

Cxema Muxasmuca (4.9) npu u3bbeITKe cyGeTpara NPUBOIUT K Clie-
JYIOHIEeU cucTeMe ypaBHCHUIA:

'd;X= klESO _(k“l +k2)X,
dt
dpP
=" =X 4.11
Vg dr 24, ( )
EO = E+X.

B yCnOBHSX CTAllMOHAPHOCTH KOHIIEHTPAITMN ITPOMEXYTOUHOIO CO-
enquHeHus (dX/dt = 0) ypaBHeHue JUIs HAaYaJIbHOW CKOpPOCTH MMEET

BHUI

_ kEySo

= 4.12
KM +S0’ ( )

Yo

rne Ky =w.
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CxeMa AHPH TIPUBOIMT K CHCTEME YpaBHEHMIA

X ES -k X,
di
AP
_ 9P L ES,, 4.13
Yo 1 0 ( )
E() = E+ X.

CormacHo cxeMe AHpH TTpH CTaliMOHAPHOM KOHIICHTpalMK X ypaB-
HEHHE UIsi HA4YaTbHON CKOPOCTH UMEET BUJ

_ ke K4EoSo

= , 4.14
v KA +S0 ( )

roe K, = ﬁ
ki

TakuM 06pa3oM, HCIONB3ysl 3KCIIEPUMEHTANbHbIE KUHETHYECKUE
JAHHBIE, MOJYYEHHBIE B CTAIIMOHAPHBIX MO X YCIOBUSX, HEAb3s OIl-
pedeNuTh, MO0 KaKOMY MeXaHU3My NPOTeKaeT (hepMEHTaTHBHAs peak-
ums. (HedicreurenbHo, ypasHeHus (4.12) u (4.14) npakru4eckum co-
sragaior.) OQHAKO MOCKONBKY CHCTeMBbI ypaBHeHw# (4.11) u (4.13),
OMUCHIBAIOIMX KVUHETUKY (PEPMEHTATHBHON peakIlnu, JJid IBYX 00-
CYyXIAaeMbIX MEXaHM3MOB Pa3jMYHBI, CIENOBATEIbHO, NOIDKHBI OT/IH-
JaThbCsl U YPaBHEHUs, SBILIOIMECS PelIeHNEM 3THX cucTeM. B caMoM
nene, JUIg cxeMbl Muxaannca ¢ peakifHOHHOCITOCOOHBIM MPOMEXY-
TOYHBEIM KOMITJIEKCOM pellieH¥e CUCTEMBI ypaBHeHMit (4.11) mMo3BOsIs-
€T MOJIYIUTh CIENYIOlIee BhIpaXeHue JUIST KOHIEHTPAIUH MPOMEXY-
TOYHOTO COETMHEHUS B HECTAIMOHAPHBIX YCIOBUSIX:

— EOSO
KM + SO

U KOHLEHTpauuy NpOAYKTa:

{1 -exp[-(kiSo +k_; + ky)t]},

_ kZEOSO t
KM +S()

{expl-k (K +Sp)ti-1}.  (4.15)

+

N ky EpSo
(Ky +So) (ki So + k_y +ky)
J1st cxeMbl AHPH C PeaKIIMOHHOHECITOCOOHBIM MTPOMEXYTOYHBIM

KOMILJIEKCOM COOTBETCTBYIOHIME KOHIIEHTpAllUM B HECTAITMOHAPHBIX
YCJI0BUAX ONMUCHIBAIOTCH YPAaBHEHUAMMU

EySo
KA + S()

X = {1-exp[-k (S + K )]}, (4.16)
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K 4k, E,S, k,E,S?
P =A% 000 , Ta7070 —k(Sy + K)f]-1).  (4.17
K, %5 (KA+SO)kI{exp[ 1(So + Kt -1} (4.17)

CornocrapneHune ypaHeHuit (4.15) u (4.17) mokasbIBaeT, YTO Ha
Ha4YaJbHOM 3Tale KMHeTHKa peakuuii mo cxeMe Muxaanuca U cxeme
AHpH cylIecTBEeHHO paznuyaercsi. O6pa3oBaHUE peaKIIMOHHOCIIOCO0-
HOTO TIPOMEXYTOUYHOTO COeJMHEHUS B COOTBETCTBUH CO CxeMOH Mu-
xassnuca (4.9) IOMKHO NMPUBOOUTE K MOSIBJIEHUIO Y4acTKa Ha KUHETH-
yeckoil kpuBoit P(7) (puc. 4.8, xpusasa [), orsevaronlero Nnepuosy
MHIYKIUU:

= [k(So + Ki)]™".

B To BpeMst KaK 00pa3oBaHue peakIIMOHHOHECIIOCOOGHOTO KOMILTEK~
ca cortacHo cxeMe AHpu (4.10) NODKHO NMPUBOAWTE K YMEHBLICHUIO
ckopocty nporecca (puc. 4.8, kpupas 2). OTpe30K, OTceKaeMblil Ha
ocu abcuuce acCUMIITOTMYECKOM MpIMOil, COOTBETCTBYIONIUI CTariio-~
HapHOM CKOpPOCTH Mpoiecca, paBeH

’_ SO
kK (K4 +So)'

Takum oO6pa3oM, 3T MeXaHU3MbI MOTYT OBITh JUCKPUMUHUPOBa-
HBI [IpU U3yYECHUU KMHETHKU DEaKIIUH B PEXUME, MTPEALIeCTBYIOHIEM
YCTAHOBJIEHUIO CTAI{MOHAPHOIO COCTOSHHUS.

PaccMoTpeHHBIE MEXaHHU3MBI UMEIOT JIMIIb MCTOPUYECKOE 3HAYE-
Hue. B Hacrosinee BpeMsi HEU3BECTHBI (ePMEHTHI, KOTOpBIE AeCTBO~
BaIK Onl mo npocroit cxeme (4.9) wm (4.10). PeansHble MEXaHN3Mbl
BKJIIOYAIOT, KaK MMPaBUIO, OONBIIOE YHCIO IIPOMEXYTOUHBIX COCIUHE-
HU# depMeHTa ¢ cyOCTpaTOM; WX WACHTHOMKAIMS, UCCICIOBAHUE

CTPYKTYPHI, CKOpOCTeil oOpa3oBa-
P HUsA TIPOAYKTOB M paCXOJOBaHUS
pPEarcHTOB ¥ COCTABJSIIOT IIpeaMeT
A3YIeHNST MEXaHU3MOB (hepMEHTa~
THBHBIX PEAKIIUIA.
1 HecMoTpst Ha TO 4YTO cxema U
ypaBHeHHe Muxasnuca He COOT-
BETCTBYIOT Ha MOJIEKYJISIPHOM YpOB-
He HY OJHOMY MEXaHU3MYy peak-
LIV, OHU ITMPOKO UCIOJIb3YIOTCS.
YpaBHeHne Muxasnuca — OJHO
13 PyHIaMEHTAJIBHEIX YpaBHEHU I
(bepMeHTaTUBHOM KMHETUKH, OHO
Puc. 4.8. Kuneriyeckue Kpusbie 06- (PEHOMEHONOTHYECKH OMMCHIBAET
pa30BaHUA NPOAYKTA peakiuu, npo- MPAKTHIECCKHA BCE (bepMeHTaTHB-
TexKawiuen no cxeme Muxasnuca (/) HbIE PCAaKIWH, a HaboaaeMble OT-
u cxeMe AHpH (2) KJIOHEHUS CB43aHbl, KaK IMpaBUIo,

T
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¢ YCJIOKHEHHEeM TpocTeiiineil cxeMsl. [le1o B TOM, YTo ypaBHeHHe Mu-
xaIuca oTpaxaeT (pyHIaMEHTAIBHYIO OCOOEHHOCTh (hepPMEHTATHBHBIX
peaklit — y4yacTue B IIPoueccaXx JabMIbHBIX TPOMEXYTOYHBIX COEIU -
HeHMI1 cyGcTpaTa M akTUBHOTO LeHTpa dhepMeHTa. Bece kuHeTudeckne
CXEMBI, BKJIIOUAIOIIMe CTAMMd OOpa30oBaHUSI U PACXOXOBAHUS IIPOME-
KYTOYHBIX COEIMTHEHMH, TIPMBOIAT K 3aBUCUMOCTAM CKOPOCTH OT KOH-
LeHTpaluu cybeTpara THIa ypaBHeHUd Muxasnuca. BosHuKaeT Bomn-
poc: dBsgeTca U cxeMa Muxaonmca €nMHCTBEHHOM; MOXET OBITh,
CYLLECTBYIOT M JPYTrHMe KUHETUYECKHE CXeMBI, NIPUBOIAIIME K TaKOMH
K€ 3aBUCHMOCTH CKOPOCTH PeaKUMM OT KOHLIEHTpaluMM cybcTpara.
Yucyio KHHETUYECKUX CXeM, MPUBOASIIMX K AHATOTHYHOM 3aBUCHMMO-
CTH, HEOTPAaHMYEHHO BeIMKO. B Tabu. 4.1 mpeacTaBaeHbl JTHLIb HEKOTO-
pbie TMPOCTeHIINe KHHETUIECKHE CXEMBI, TPUBOAALIME K YPAaBHEHUIO
JUIS HAYAIBHOM cKOpocTH, QOpMaIbHO 3KBUBAJIEHTHOMY YPABHEHUIO
Muxasnuca (4.12).

HecMoTpst Ha KaXyLIYIOCA CIOXHOCTD peakiMM, HE3aBUCHMO OT
yycaa U IpUpoIsl MHTEPMEANATOB, IPUHUMAIOLINX YIacTUEe B peaK-
[IMY, CTallMOHApHAs KMHETHKA Tpoliecca OyIeT ONUCHBATHCS YpaBHE-
HueM Muxasmica. st XxapakTepucTUKHA (PEPMEHTATUBHBIX peaklui
O0OBIYHO OIpeesaioT o6a mapaMerpa, BXogdIUMX B ypaBHeHHe Muxa-
aMMca; MAKCUMAJTBHYIO CKOPOCTh V, M KoHcTanTy Muxasnuca Ky, BaxHo
OTMETUTh, YTO 6e3 AeTATBHOTO 3HAHMS MEXaHU3Ma PEaKIIMU UHTEep-
nperaums Ky, M Ky KaK KOHCTAHTBI CKOPOCTH IpoIiecca CBI3bIBAHMA
(depMeHTa cyOCTPaTOM M KOHCTaHTBI CKOpPOCTH MpeBpalleHus ¢ep-
MEHT-CYBCTpPaTHOTO KOMIUIEKCA COOTBETCTBEHHO HeMNpaBWiIbHA, IO-
CKOJIBKY JUISl pa3HbIX KMHETHUECKHUX cXeM KOHCTAHTHI Ky, U Ky MOTYT
XapaKkTepU30BaTh COBEPUICHHO pasindyHble polecchl (cM. Tabm. 4.1).
TeM He MeHee 2TU XapaKTEPUCTHKH JIETKO OIPeJeTNTh SKCIepUMEH-
TaJIbHO, ¥ OHM B psifie CIYYAeB HECYT BEChbMa BaXKHYI MHGPOPMALHIO O
CBOICTBAX KaTATUTUYECKOU CUCTEMBI.

Ta6nuua 4.1

Hexkoropsie KHHETHYECKHE CXEMbI, MPHBOAAIIME K YPABHEHHIO JUIsl HAYANbHOM
CTaNMOHAPHOM CKOPOCTH, KBHBANEHTHOMY ypaBHeHHI0 Muxasnuca

Cxema [TapameTpnl
ky ky
E+S—>X—>E+P kKaTsz’ KM:kZ/kl
K,
E+S<_;>XLE+P kKaT:k2a KMZKS
K
E+S<—;>X, E+SLE+P kear =k, K4, Ky =Ky
Ks k, ks
E+S=—=X,——X,—E+P L = koks _ _Ksks
Mtk Ykt ks

E+S—mX 4P, Xt Si—2mE+ P, | ke =kalSoks Kir = kol Salo/ki
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B kauecTBe WLTIOCTpAaLIMK MOJIOXKEHUS O CYIIIECTBOBAHUM MHOXeE-
CTBa KMHETHYECKUX CXeM, MPUBOASLIMX K ypaBHeHMIO Muxasnwuca,
pPaccMOTPUM CTAIMOHAPHYI0 KMHETHKY (hepMeHT-cyOCTpaTHOIO Mpe-
BpaleHud B 6ojiee obleM cay4dae — ISl CUCTEMBI ¢ YYacTHEM IIPOU3-
BOJIBHOTO YWCJTA A MPOMEXYTOUHBIX COeIMHEeHMI:

K
E+S_S’Xlﬁ>xzﬁ>---i>xi ---LX,,—]fi'i‘—»E+ P (4.18)

B ctaimoHapHOM COCTOSTHMU 10 KOHIEHTPALMAM ITPOMEXYTOUHBIX
coemuHenuit (dX;/dt = 0; i = 2, ..., n) Ipn n30sITKe cyderpara (S >> L)
KMHeTHKa MPoIecca ONMUCHIBAETCS CUCTEMOM ypaBHeHUI

Uo=(£1£ — kX =koXy, Ey=E+3 X,
a1 Je f=1 (4.19)

Xi=Xi—1'L€L=Xl ks i=2, .., n X =-="2

, . .
ki+l ki+l KS
Hna peakuuu (4.18) 3aBUCMMOCTD HAaYJTLHOM CTAlIMOHAPHOM CKO-
pOCTH Mpouecca OT KOHUEHTpauy cyocTpaTta OyneT UMeTh BUI ypaB-
HeHusa Muxaanmuca:

sy = K FoSo (4.20)

KM+S0’

rae nmapamMeTpsl Ky U ky,r MMEOT 3 ¢heKTUBHBIN XxapakTep ¥ 3alaHbl

YpaBHCHUSAMHU
n+l -1 K n+l 1 -1
kKaT = 7 s Ky = =5 7 .

i=2 i=2
MeToapl onpeaesicHAs napameTpoB V, u K,,. D11 mapaMeTpbl MOTYT
OBITh OIpee/IeHbl M3 SKCIIEPUMEHTANBHBIX JaHHBIX. Kak mpapuio, u3
JAHHBIX 110 CTAIMOHAPHOM KMHeTHKe napaMeTpsl V, (ky..) 1 Ky omnpe-
JeNSIOT Ha OCHOBE JIMHeapu3allMy ypaBHeHUs Muxasiauca B paMKax
OIHOU M3 ero MoauduKauui:
1) Merom ABOMHBIX OOpaTHBIX KoopauHat (puc. 4.9, a):

1_1 Kul, @20
14 Vm Vm SO
2) merox Ckaryapaa (Mau— Xodcern) (puc. 4.9, 6):
oLy 1, (4.22)

=7 'm
So  Ku Ky
Onpe)le.ﬂelme KOHICHTpalMn AKTHBHBIX LEHTPOB. MaxkcuMaibHaga
CKOPOCTh peakKuu Vm paBHa

Vm = kKaTEO! (423)
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1/v v0/So

tge =—1/Ky

1/Ky 1/5 Vm U
a 6

Puc. 4.9. OnpeneneHue napamerpoB V, u Ky:
a — METOJOM ABOMHBIX 0OpaTHBIX KoopauHat; 6 — MeTonoM CKaTyapaa

rae k., — 9P dexTrRHAS KaTaTUTHYeCKast KOHCTAHTa CKOPOCTH JIMMU-
TUPYIOIEH CTaAUM, XapaKTepU3YIouas YUCIO KAaTUTUTHUIECKIX UK~
JIOB, COBEPLIAEMBIX AaKTHBHBIM LIEHTPOM B eIMHUUY BpeMmeHu; Ey, —
KOHIIEHTPaUMsd aKTUBHBIX LHEHTPOB (hepMEHTA.

s onpeneneHMs KOHLEHTPAMM aKTUBHBIX LEHTPOB (epMeHTa
WCTIONIB3YVIOTCH CEIYIOLAE METOIHI.

Onpedenenue no codepxcaruro beaxa. ECiv n3BecTHO, 4To (pepMeHT
CONEPXXUT OAVH aKTUBHBIN LIEHTP Ha MOJNEKyNny Gellka M B pacTBOpe
MPUCYTCTBYET TOJBKO OJMH O€IOK, MOJIEKYJISpHas Macca KoTOporo
WU3BECTHA, KOHIEHTPAIIMIO aKTUBHBIX LIEHTPOB MOXHO OIpeNeTUTh
UCXOIS U3 colepxaHus 6eIKa B paCTBOpE:

Ey=p/m, (4.24)

[Je p — KOHIIEHTpallus Oelika; m — MOJIeKyJsapHas Macca OeJka.

Onpedenenue no npocmemuueckoli epynne. JINs HEKOTOPHIX pepMeH-
TOB METKOIf aKTHMBHOTO LEHTpa SBJISETCS MPOCTeTHUECKas TpyIra.
Hampumep, mna depMeHTOB, 06pasyrommx MpoyHbIi KOMIUIEKC C Te-
MOM, olpeaesieHe KOHUEeHTpAllMA aKTMBHBIX HEHTPOB CBOIMICSA K
ONpeNesIeHUIO B PaCTBOpE TeMMHA MM €TI0 IPOM3BOIAHBIX.

Onpedenenue memodom neobpamumozo uneubuposarnus. Ecim s ¢ep-
MeHTa M3BeCTeH MHTHOUTOP, HEOOpaTUMO OIMOKUPYIOMIMN aKTUBHBIN
LIEHTp, TO MOXKHO MCIIOIb30BaTh METOJ, OCHOBAHHBIA Ha M3MepeHMU
OCTaTOYHOM aKTUBHOCTH (PepMeHTa Mocie MHKYGAUH eTo ¢ MHIUOK -
TOPOM NpM BapbUPOBAHUM KOHUEHTpAUMHU [, OCIeIHero:

v = k(Ey — Ly); (4.25)

npu [, = E; umeeM 1 = 0.
Kaxk npasuio, crposart rpadguk (puc. 4.10) 3aBucuMocT Habmoaa-
€MO# cCKOpOCTH peakiy OT KOHLIEHTpauuu MHruouropa. Touka mepe-
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B 4
Puc. 4.10. OnpeneneHue kOHLEHTpA-
LIMM AKTUBHBIX LEHTPOB (hbepMEHTa

cedeHHUs rpadrKa ¢ 0chblo abcuuce
JaeT KOHHEHTPAIUIO aKTUBHBIX
LIEHTPOB.

Hcnonvsosanue cybcmpamos,
cmexuomempuvecku o0pa3youux
ManopeaxyuoOHHOCHOCOOHbILL UHmep-
meduam. Eciy peakuys hepMeHTa
¢ cyBCTpaToM CBSI3aHA CO CTEXMO-
METPUUECKUM 0oOpa3oBaHUEM Ma-
JIOPeaKIIMOHHOCIIOCOOHOTO IIPOME-
XKYTOYHOTO COEIMHEHHUS W BblIE-
JIeHVeM TepBOro MpoayKTa, KOH-
LEHTPALHMs AKTUBHBIX IIEHTPOB MO-

KeT OBITh OIpeesieHa 0 KOHLIEH-
Tpauyy 3Toro (IepBoro) MpoayK-
ta. Tak, TuaApOIN3 H-HUTPOEHU -
JIOBBIX 9(hbUPOB M UMUAA30NIbHBIX IPOU3BOAHBIX ATM(PaTHIECKMX U apo-
MATUYECKUX KUCIOT MO JeHCTBHEM CEPUHOBBIX MPOTEA3 COMPSKEH C
obpa3zoBaHueM anuwihepMeHTa M CTEXMOMETPUYIECKUM 0Opa3OBaHMEM
n-HUTpo(heHOIa WM UMUIA30JIa:

METOJIOM HeOOpaTUMOIro MHIUGUpO-
BaHUs

0O
It [
R—C—X+E—E—C—R+X

HanpHeH1uui ruapoan3 anwidepMeHTa poTeKaeT OTHOCUTEIBHO
MemieHHo. OrnpeneTuB KOHUEHTpauuoo X, Harmpumep cHeKrpodoTo-
METpUYECKM, MOXHO OIpeNeanTh KOHLeHTpauuo k.

Jlumutupyromme ctamuu. BoJIbUIMHCTBO 3KCIIepUMEHTANIBHBIX KMHE-
TUYECKUX MCCIEeIOBaHUM (epMEHTOB BBIIIOJIHEHO B peXUME CTAIllNO-
HApHOM KMHETUKHU B YCIOBMSIX, KOIJa CKOPOCTb U3MEHEHUS KOHIICH-
TpaMi JJAGMIBHBIX MHTEPMEAMATOR CYIIECTBEHHO HUXE CKOPOCTEH
00pa3oBaHMs MPOAYKTOB WM pacxona cybcrparo. Kak nmpaswio, 1mmo-
CTaHOBKA 3KCIEPUMEHTOB B CTAIMOHAPHOM KHHETHYECKOM pEeXUME
He BBI3BIBAET CI0XHOCTel. [Ipy aToM 13 JaHHBIX CTAlMOHAPHON KHUHEe-
THKH MOJIY9aI0T NPUHIMITMAIBHO BAXKHYIO MHPOPMAIIMIO O CKOPOCTAX
JIMMUATUPYIOLLMX CTAANH (DepPMEHTATUBHBIX peaKilMii.

MaxkcuManbHasi CKOpocTh (pepMeHTaTUBHOM peaklMy XxapaKTepu-
3yeT CaMblil MeIJIEHHBI KMHETWYECKUH Mpoliece (WM IPYIILY CaMbIX
MEJUIEHHBIX NPOLIECCOR), MPOTEKAWMNIA B AKTUBHOM LIEHTPE KaTaly-
3aTopa. JIecTBUTENBbHO, U3 PACCMOTPEHHOM BbIIIIC KUHETUYECKOH CXe-
MBI PEaKIIUM C yJ4aCTUEM IPOU3BOJIBHOTO YHC/IA A TAOWIBHBIX MHTEP-
MEIMATOB CIEYET, UTO eC/IM CYILECTBYET KaKasi-Tbo peaklusi, Xapak-
TepusyeMasi HAMMEHBIINM 3HaueHUeM KOHCTAHTBl CKOPOCTH k; (CM. cXe-
My (4.18) u ypaBHeHue (4.20)), To 3Ta KOHCTaHTa OyleT ONpeneaaTh
MaKCUMAJIbHYIO CKOPOCTh peakuuy. Eenu k; < k;; j=2, ..., n; j# i, TO
kear = ki TIOCKOJIBKY JIMMUTHPYIOLLME TTPOLIECCHI TIPEACTABISAIOT HAU-
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GONBUIMHA MHTEpEC, UHGPOPMALIMIO, HOJYYAEMYI0O METOJAaMM CTalyo-
HapHOH KMHETUKM, TPYAHO IEPEOLIEHUTh.

B To Xe BpeMs CYLIECTBYIOT OOJIbLIINE CIOXHOCTU B UHTEPIpeTa-
MU CTALIHOHAPHO-KMHETHYECKUX JaHHBIX. VneHTnduKanms tuMuTi-
pYIOILMX CTafui peakuyy — OfHa U3 HauboJIee CIOXKHBIX 3a1a4 B MC-
ceIOBaHMM MEeXaHU3MOB JeHCTBUS (hepMeHTOB. PaccMOTpUM HEKOTO-
pble TIOAXOAbI K ONPEIETEHNIO TUMUTUAPYIOIEH CTaIuM peakuy.

Hcnoavzosanue cybempamos ¢ pasauvHod cmpykmypou u pasHou pe-
arkyuonHoi cnocobuocmoio. ECiii 3aMEeTHO pasivyaommecs: cyocTpaThl
XapaKTepU3YyITCS OXHUM U TeM XKe 3HaueHHeM K,., C BBICOKOHN CTe-
MEHBIO JIOCTOBEPHOCTH MOXHO YTBEPXKIAThb, YTO PeaklUMsl BKIKOYaeT
o6pa3oBaHUE TPOMEXYTOUYHOTO COEIUMHEHHMS, CTPYKTYpa KOTOPOTO
sBJIsdeTCsl OOLEeH IS BCEX UCCIEMOBaHHBIX CyOCTpaToOB, M MpeBpaie-
HME ITOTO HMHTepMeaMaTa JUMUTUPYET CKOPOCTh KaTaIUTHYECKOTO
npouecca. HanpuMmep, usydeHue ruaponmsa NpoTeoTuTHIECKIMU hep-
MEHTAMM pasIYHbIX 3(pUpOB 0011IeN HPOPMYIIBI

[
R—CHX—C—-OR’

roe crpykrypa R Ovlsia moctossHHOM, a yxondias rpymmna R’ sapsupo-
Bajlach, MOKa3alo, 4YTO ONpeae/isseMoe U3 JaHHBIX CTAllMOHAPHOH KM-
HEeTUKM 3HadeHue V,, (Kp) TIPAKTUIYECKH HE 3aBUCHUT OT CTPYKTYPHI
R’, B TO BpeMs KaK peakUMOHHAasA CHOCOOHOCTH 3(PUPOB B peaKinu
LIETOYHOTO THAPOIU3A pa3iMdaeTcsl 0odeHb CHJIbHO. BT0 MO3BOJIHIIO
MPENoI0XUTh, YTO B PEAKIIMM THAPOJIM3a O-XUMOTPUIICUHOM U Ma-
MavuHOM CJOXHO3(UPHBIX CYOCTPAaTOB 00paszyeTcs MPOMEXYTOUHOE
anun@epMeHTHOE COeUHEHNEe, U THAPOIN3 3TOT0 UHTepMeaUarTa sB-
JigeTca JUMUTUPYIOUIEN CTagnei.

B nmanpHelieM 3To MpearnoiokeHue ObUIO MPOBEPEHO HE3aBUCU-
MBIMM 3KCIIepUMEHTaMu: 1) uccieroBaiach KUHETUKA peakiuy B Mpu-
CYTCTBUM JOMONHUTEIbHHX HU3KOMOJIEKYJISIPHBIX PeareHToB, YCKOpSI-
IOIMX TUAPOJN3 ammiepMeHTa; 2) HeKoTopbie aluwigepMeHTHbIE
MIPOMEXYTOUHBIE COCTUHEHHS, OTHOCUTEIbHO CTaOWIbHBIE IIPU HU3-
Kix 3HaYeHusAX pH, ObUTM BBLIETEHB B MHAVBUAYATLHOM BUIE M UICH-
TUhUILIMpOBaHBIL; 3) O6blia McciaeJoBaHa NpeacTaloHapHas KMHETHKA
PeakIMy 1 AeTaIbHO M3ydeHa KMHEeTWYecKasi cxema Mpoiiecca ObICT-
POKMHETHIECKMMH METOLAMH, MO3BOJISTIOLIMMH ONPENeNIsaTh CKOPOCTh
0bpasoBaHMsI M pacxona anyidepMeHTa.

Henonvszosanue memodoé HecmayUoHApHOU KuHemuk. DTOT TTOAXOL
ABNAETCA OOLMM TSI MISHTH(UKALIMY MEXaHM3Ma Peakiiy 1 oIpeae-
JIEHVA TUMUATHPYIOLIEH CTamny rpoiecca (oapobHo cM. rogpasa. 4.3).

3aBMCHMOCTH HAYAIBbHOI CKOPOCTH PEAKUHH OT KOHUEHTPAUAH Cy0-
CTpaTa, He MOAYMHSIOIIHECS YPAaBHEHHI0 MuXas3mcea. DKCIePUMEHTA b~
HO HaGmoparoTesT 3aBUCUMOCTY CKOPOCTH peaKU UM 0T KOHUEHTPALIMHA
CyOcTpara ¢ skcTpeMyMoM (puc. 4.11, TuHuUM a, 6) W1 ¢ YCKOPEHU-
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) /vy

S 6 1/8

% 1z

. s . 1/8

Puc. 4.11. 3aBUCHUMOCTH CKOPOCTH GPepPMEHTATHBHOM PEaKLMK OT KOHLIEHTPA-
LMK CYOCTpaTa, He MOAYMHSIONIMecs] ypaBHEHMIO Muxasnuca:

a, 6 — MHrMOMPOBaHHE U3OBLITKOM CyOCTpaTa; ¢, ¢ — aKTUBALMs U3OBITKOM cyOcTparta

€M Ha HavJaJIbHOM 3Tarne (IMHUM 6, ¢). DTH BKCIIePUMEHTAIbHEBIC JaH-
HbI€ HeJb3s OIMHUCATh ypaBHeHMeM Miuxassiuca, 9YTo CBA3aHO C U3Me-
HEHUeM MexaHu3Ma peakinid. 3BeCTHO HECKOJIBKO MEXaHU3MOB, TIPH-
BOMSIIIMX K HEMMXa3JIMCOBHIM 3aBUCHMOCTAM. Bce 3TM MEXaHM3MEL
BKJTIOYAIOT B3aMMOIEeHCTBME HECKOJIBKUX MOJIEKYI cyOcTpaTa ¢ dep-
MeHToM. OTKIIOHEHH OT YpaBHeHUs Muxasiuca MOTyT ObITh BBI3Ba-
Hbl MHTUOMPOBAHUEM WM aKTUBAaLMEN peaKiMKd U30OBITKOM CyOCcTpa-
T4, @ TAKXKe AJJTOCTepUYeCKUMU 3¢pdeKTaMu.

Hueubupoeanue u axmusayus uzbvimiom cybempama. Unrubupora-
HHe cy0CcTpaTOM MIPUBOIUT K 9KCTPEMATLHON 3aBUCMMOCTH CKOPOCTH
OT KOHIeHTpalunu cyocTpara (cM. puc. 4.11, a, 6). AKTuBanus cyocTpa-
TOM 3aKJIIOYACTCSd B YBEJIMUYEHUM CKOpPOCTU PEAKUWM IPHA BBICOKUX
KOHIEHTpauMsax cyocrpara (cMm. puc. 4.11, g, ¢). Oba 3rux spdexra
OOBIYHO OOBACHAIOT 0Opa3OBaHMEM TPOMHOTO KOMIUIEKCa (DepMEHT —
cyOcTpar —cyO0CcTpar, OTJIMYAIOLIETOCs MO PeaKLMOHHOM CIIoCOOHO-
CTH OT (pepMeHT-cyOCTPaTHOTO KOMILIEKCA:

K
E+S—=EShe, g, p
KS,N (4.26)
ES, e, £g 4 p
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C y4eTOM JIOTIOJTHUTEIIbHOTO PABHOBECUSA, XapaKTEPU3YEMOTO KOH-
CcTAHTON JUCCOLUAIINU:
[ES][S]

K5 =2t

[ES,]
ypaBHEHHeE U1 Ha4albHOM CKOPOCTH OYIET MMETh BHA

[kkar + akaSO )EOSO
K
Yy =

3 (4.27)

S2
KM + SO + =0
Ky
Ecnu o > 1, ypaBHeHue (4.27) o0bAcHseT 3O QPEKT aKTUBALIMH CY0-
CTpaToM, e€cli o < 1 — a(pderT MHruOupoBaHUsl CyOCTPATOM.
Ecnu TpoitHoit KoMiuteke ES, HepeakimoHHocnocobeH (a = 0),
HavyaJbHast CKOPOCTb Oy/IeT OIMMCHIBATHCS YPaBHEHUEM

Koar £0So Y 4.28)
K Sol 1+20
M T I+ X

Si

Uy =

D10 ciTy4aii TOpMOXEeHMA peakLuy U30bITKOM cybeTpara. Takoro tTimna
YpaBHEHMS 4ACTO BCTPEYAIOTCS B CTAIIMOHAPHOW KUHETUKE (pepMeH-
TAaTUBHOTO KaTajn3a. [loMrIMo TOpMOXeHHS cyOCTPaTOM TpeXmapamer-
pUUYeCKOe ypaBHEHHUE OIMCHIBAET 3aBHCHUMOCTH CKOPOCTH (pepMEHTA-
TUBHBIX peakuuii or pH, akrupaunio m MHIrMOMpPOBaHME HOHAMU Me-
TAUIOB ¥ HeKOTOphIe Apyrue 3agauy. [1pu onpeneneHUM napaMeTpos,
ecnmn Ky/Kg £ 0,1, ¢ gocTaroyHoll CTeneHbid TOYUHOCTA MOXHO HC-
MOJIL30BATh ACUMITOTHYECKHE MpUOIkeHus. [Ipy oTHOCUTENEHO HI3-
KHX KOHHeHTparusx cyocrpara (§; «< Ky;) ypasHeHue (4.27) mpeol-
pasyercs K BUILY

U = kKaTEOSO
g =
KM + SO ’
T.€. npeacTapjidgcT coboit YPaBHCHUE MHX&SHHC&, H3 KOTOPOro OIIpe-

Aensror mapamerpsl V, u K. TIpH BEICOKMX KOHIIEHTpalMsIX cydcTpara
(Sp > Kjy) cKopoCTh peaKLMM OIMCHIBAETCS YpaBHEHMEM

Koo Ey
= _xar=0 4.29
TS, /Ky (4-29)
Y3 aroro ypasHeHMA NMpy MCTIONb30BAHUM MPeoBpazoBaHus
t_ 1, 1 g (4.30)

=—+
vy Vi VaKs
MOXHo Halitu napaMerpsl V,, U K.
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Ansocmepuueckue sgpgpexmer. Ypasnenue Xuana. B cBoe BpeMst 60J1b-
IO€ BHUMAaHWE HCCHAenoBaTeseil pUBIeKajd 4acTo HabaomaeMbie
OTKJIOHEHUS OT ypaBHeHHA Muxasnuca, IpUBoIsdiLue K S-obpa3Hoii
3aBUCUMOCTH CKOPOCTHU peakumM (cTeleHy HAChIIEHMs) OT KOHIIEH-
Tpauuu cyberpara. Briepsrie Momensb, MprUBoasALIas K S-o6pa3Hoil Kpu-
BOI1, OblTa paccMmoTtpera B 1909 r. P. XwtoM npu MHTepIipeTallUy 3a-
BUCUMOCTH CTEIEHM HaChIEHMS reMonToOuHa KUCIOPOJOM OT Iap-
UMAIBHOTIO JaBlIeHUS KUciaopoma. Ha puc. 4.12 npuBenaeHa TUIIAYHAs
3KCIEepUMeHTaIbHAS 3aBUCUMOCTD. [To husnuecKolt CyTH CTENEHD Ha-
CBIIIIEHMS FeMOITIO6MHA KHCIOPOLOM U CTENeHb HaChIeHMs (epMeH-
Ta CyGCTpaTOM 9KBUBAJIEHTHBI M MOTYT pPacCMAaTpHUBAThLCS B paMKax Ofl-
Horo noxxona. st oObSICHEHHMS 3KCIIepUMEHTAIBHO HAOIIOnaeMoi
3aBUCUMOCTHU OBbLIO IPEAIONOXEeHO, YTO B MOJEKyJe TeMOIIOOMHA
CYLIECTBYIOT # HEHTPOR CBI3BIBAHMSA, M Mpoliecc 0Opa3oBaHUSI KOMII-
JIEKCa npeacTapisieT CoO0H KoomeparuBHOE B3aMMOJEUCTBAE HECKOIb-
KX YaCTHI;

P+ nO, == P(Oz),,,

rne P — monekyna 6enka.
JlaHHBIA Mporiecc MOXeT ObITh ONUCAH CUCTEMOM YpaBHEHUMA

_[P02),]
[Pl[O,]" 4.31)
[P]() = [P] + [P (02 ),, ];

rae [P], — obuias KoHileHTpaius GeJka.

“ lg[o/(1-0)]
1,0+ 2
1
0
0,51
-1
-2
1 1 L 1 1
0 5 10 -1 0 1 2
Ds MM DT. CT. lgp
a 6

Puc. 4.12. 3aBUCHMOCTB CTelleHU HACBIILIEHUS oL FTeMoro61Ha KucopoaoM (a)
OT NMapUUABHOIO JABJICHUSI KUCIOPOAa p U NpPeACTaBIeHHe 3THUX JAHHBIX B
KoopavHaTtax Xwiia (6)
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Ecnu BBECTH O€3pa3MepHBIit MapaMeTp — CTeNEeHb HACHIILEHUS

[P(02),]
o = Feen A
[P],
To U3 BhHIpaxeHUit (4.31) cienyer ypaBHeHue XWLia:

- Ka [OZ]n
1+ K, [0,]

IMp1 oueHb HU3KMX KOHUEHTpauMsx (MapuHaJbHBIX IaBIeHUSX)
guciopona (K,[0,]" << 1) cTeneHp HACHIIEHUS] AODKHA ONMCHIBATHCS
crereHHol GpyHKIMer KoHueHTpauuy kuciaopona a= K,[0,]". B coor-
BETCTBUM ¢ ypaBHeHHeM XWmwia (4.32) sKCIepUMeHTAbHbBIE JaHHEIE
NOJDKHBI JIMHEapu30BaThes B KoopauHarax {Ig [o/(1 — )], Ig[O,]}, npu
9TOM TaHTEHC YIVIa HAaKJIOHA TpachHKa paBeH YMCIy MOJIEKYJI JIMTaHaa,
CBSI3AHHBIX € OEIKOM:

(4.32)

lg——=lg K, +nlg[0,]. (4.33)
1-«

TurarenbHas IpoBepKa ypaBHEeHMSI XWITa MPH UCIIOIBb30BAHUM YpaB-
HeHus (4.33) mokasana, 4yTo MOIenb XWIa He TO3BOJIeT aneKBaTHO
onucarb 3KCIepUMEHTAbHBIe JaHHBIe. Bo-mepBBIX, Gonpllas 4acTh
JAHHBIX He JTMHeapu3yeTcs B KoopayHaTax ypaBHeHuUs (4.33). Bo-Bro-
PHIX, TAHTEHC YIJIa HaKJIOHA KPUBEIX B KOOPOMHATaX ypaBHeHUs (4.33)
He TIpeBhILaeT 2,8; B TO BpeMs KaK dKCIePUMEHTAIbHBIE JaHHBIE 110-
Ka3pIBAIOT, YTO OJHA MOJIEKYJIa TeMOTIOGHMHA CBSA3BIBAET YETHIpE MO-
JieKynsl Kucnopoaa. Takum obpasoM, Momeib XWilla TpedyeT HajibHel -
Hielt geTanu3aiyy ¥ yCoBEepIIeHCTBOBaHMS. TeM He MeHee TaHHBIM IoJI-
XOJl HallleJI IpUMeHeH e NP UHTepTIpeTalli S-06pa3sHbIX 3aBUCHMO-
CTel CKOPOCTH peakiuy OT KOHLUEHTpaluy cyocTpara (Mogeas MoHo —
Yaiimena — [amxe).

MpuorocyocTpaTHbie peakuun. PepMeHTH KaTaIU3UPYIOT, KaK Mpa-
BIJIO, peaKIlMH ¢ YIacTHEM JBYX cyocTpaTtoB. OqHOCYOCTpaTHBIE peak-
11U B GOJIBLIMHCTRE CIy4aeB SBISIOTCA YaCTHBIM CTydaeM ABYXCy6CT-
PaTHBIX, MPOTEKAIOIINX B PEXUME OOJBLIOTO M30BITKA OHOIO U3 KOM-
MOHeHTOB peakuuy. HampuMep, ruapoMTudecKue peakiiy mpoTeKa-
0T IIpK MOCTOSTHHOM M30BITKE BOJBI, M B CHJIY 3TOTO peaKIIMM MMEIOT
Kaxymuiica omHocyGCcTpaTHBIN xapakrep. M3BecTHB! ciiydaH, Korja
MEXaHU3M KaTaJIUTUIECKOTO NEeHCTBUS BKIIIOYAET B3aUMHBIE peaKU
Bonbuioro uncna cyGerparos. Tak, neppas peakuus o6pasoBaHys MPo-
CTarmaHauHoOB Mo JedcTBMeM IpocrarjaHauH-H-cuHTasel (1uKio-
OKCHUreHasbl) M3 HEHACHIIIEHHBIX TETPACHOBBIX KMCIIOT NPEACTABISIET
Coboit 1BOIIHOE OKMCIEHNE ¢ BHEAPEHMEM JBYX MOJIEKYNT KMCIOPOa,
ConpoBoxmalomeecs MOCIEOYIOLIAM BOCCTAHOBICHUEM IMEPEKUCHOMN
I'Pynner B 15-M HOJOXKEHUM:
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AA
@)
. I — COOH
0] DH D
HOO

PGG,
0
. l — COOH
5 /
HO
PGH,

rae AA — apaxupoHoBas KHclnora; D — poHop anekrpoHoB; DH —
BOCCTaHOBJeHHas ¢popma noHopa; PGH, — npocrarnauaud H, (po-
IykT peakuun); PGG, — mpoMexXyTouHBIi npocTarfiadguH G,.

[TepBBIM OTHOCHUTENBHO CTAOWIBHEIM MPOIYKTOM peaKlHM, oOHa-
pYXHUBaeMBbIM B pacTBope, aBisiercs PGG,. Onaako peakius HUKIO0-
OKCHUTeHUPOBAHUS HEHACHIIIEHHBIX KUCIIOT He TIPOTEKAET B OTCYTCTBUE
YEeTBEPTOM MOJIEKYJIbl cybcTpara D — JioHOpa 3JIEKTPOHOB, KOTOPBIi
NPUHUMAET YYaCTHE B BOCCTAHOBJIEHUH TIepeKUCHOU Ipymibl B 15-M
TIOJNIOXEHUH.

Ilpu aHaMKU3e MeXaHU3MOB MHOTOCYGCTpaTHBIX peaKIIAi MOJIe3HYI0
HHGOPMALIMIO JaeT McclieJoBaHHe 3aBUCUMOCTE CKOpOCTER peaKkiiui
OT KOHIIEHTpAIIUX BceX CyGCTpaToB. DT 3aBUCHMOCTH MO3BOJISIOT OIl-
PEeAeIUTh MeXaHU3MBI 1 TIOTYYHTD ONpeaesIeHHYI0 MH(POpMAIIUIO O BO3-
MOXHOH MOCNIeq0BaTeIbHOCTH CTa M.

B peakuym ¢ AByMd cyGeTpaTaMy YYacTBYIOT: aKTMBHBIHN HeHTp E,
cyberpar S u cybeTpat S;. Bo3MOXHBL ABa MPMHIUIUAIBHO Pa3HbIX
MeXaHM3Ma PeaKIuu.

1. AKTUBHBIH HEHTp (hepMeHTA MOCIeNoBaTeNbHO 06pa3yeT KOMII-
JIEKCHl C TEePBHIM M BTOPBIM CYOCTpaToM; JTHUMUTHUPYIOUIEH cTanuent
ABJIFAETCSl peaKlysl, MPOTeKalouasi B TPOMHOM KOMIUIEKCE:

5 S, k

K K,

2. Cramuu B3aUMOIEMCTBHA CYOCTPAaTOB ¢ aKTUBHBIM LIEHTPOM (hep-
MeHTa pasfeNeHbl KaKUM-JIH00 HeoOpaTUMBIM XHUMUYECKUM IpeBpa-
UIeHUEeM ([THHT-TTOHT-MeXaHU3M):

S S
E == ES, > X—=XS, 2»E+P  (4.35)
K, K,
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1/1)0 1/110

o
— ==

1/S810 1/8%
a 6

Puc. 4.13. 3aBUCHMOCTE CKOPOCTH CepHH (hepPMEHTATUBHEBIX PEAKIIHI OT KOH-
LIEHTpaIKy HepBoro (a) U Broporo (6) cydcrpara Ui NMUHT-IIOHT-MEXaHU3Ma

Vv 1/9,
/
/
//
4
=7 7.

1/8% 1/510
a 6

Puc. 4.14. 3aBUCUMOCTb CKOPOCTH cepUH (HePMEHTATUBHBIX PEaKIIHi OT KOH-
LEHTpaiuu nepsoro (a) u Broporo (6) cydcrpara Ui MexaHu3Ma ¢ 00paso-
BaHMEM TPOKHOIo KOMILIEKCA

Hpoucxomur o6pazoBaHne KOMIUIEKCA aKTUBHOTO IIeHTpa C IEPBBEIM
cybctpaToM S|, 3a 3TUM CIEAyeT €r0 XUMHYECKOE IpeBpallleHue C
o0pasopanueM uHTepMenuaTa X. Bropoit cyberpar S, pearupyeT HE0G-
paTUMoO ¢ (pepMeHT-CYOCTPaTHBIM KOMILIEKCOM.

N3 skcrrepuMeHTa MOXKHO OIpEIeIMTh MEXaHU3M peakiuu. J{is a1o-
To UCCIIEAYIOT 3aBUCHMOCTE CKOPOCTH peaKIIMU OT KOHIIEHTpalM O~
Horo cyOcTpara npH MOCTOSHHON KOHUEHTPAUMM APYroro cyocTparta,
BapbUpys OT CEPHUU K CEPUM KCIIEPMMEHTOB KOHIIEHTPAIMIO ITOCIIE -
Hero.

Hnst peakuuu ¢ oGpa3oBaHueM TpoifHoro kKoMmiekca ES;S, 3aBu-
CUMOCTh HaYaJIbHOM CKOPOCTH OT KOHIEHTpalUMH 000MX cyOcTpaToB
ONMCHIBAETCS YPaBHEHUEM

kE,
1+ﬁ+ Si080
K, KK,

(4.36)

Vg =
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1A peakinuu, HpOTeKa}OIL[eﬁ ITO NUHT-IIOHI-MEXaHU3MY, — YpPaBHC-
HHUEM

k E,

= ) 4.37

K DL ) -
S kb S

JIst TUHT-TIOHT-MeXaHU3Ma rpaduKu 3aBUCHMOCTH CKOPOCTH pe-
aKIUKA OT KOHIEHTPAIIUU B IBOMHBIX OOPATHBIX KOOpAUHATAX OyAyT
MpENCTaBICHbI cepueit MapaieNbHBIX NpaMbIxX (puc. 4.13). s mexa-
HU3Ma ¢ 00pa3oBaHWEM TPOWHOTO KOMIUIEKCA SKCIIEPUMEHTANbHbIE
JMIAaHHBIE JTOKHBI JIMHEAPU30BAThCSI B OOpPATHBIX KOOpPAMHATAX, B pe-
3y/bTaTe OYAET TIOydeHa cepusl MepeceKaroIUXCsi IPSIMBIX (puc. 4.14).

4.3. HecranuoHapHasi KHHeTHKA (pePMEHTATHBHbLIX PeaKuui

OnuH u3 Hauboee TUI0MOTBOPHBIX MOIXO0A0B K UCCICIOBAHUIO ME-
XaHU3MOB TIOCJIEIOBATEIbHBIX PEAKIIUIl OCHOBAH HA U3YYEHUM HeCTa-
UMOHAPHBIX MpolieccoB. Kak npaBuio, HeCTAITMOHApHAs KHHETHKA ITo-
3BOJISIET JETATBHO ITPOAHATM3UPOBATh CTAIUITHOCTD TIponecca. ITpexne
YeM BBITH Ha CTAIIMOHAPHBIN PEXKM, PEAKUUS IPOTEKAeT B Tiepe-
XonmHoi a3ze. ITepexoaHblil HECTAIIMOHAPHBIN PEXXHUM pPEeaKUIUU, TIPeL-
IIECTBYIOIIUI CTAIMOHAPHOMY, ITOJIYYUIT Ha3BAaHUE IpencralloHap-
Horo. B HecTanroOHapHOM pEKHUME CKOPOCTbh U3MEHEHUST KOHIIEHTpa-
OUA MTpOMEXYTOUYHBIX COCMMHEHUN HE paBHA HYJIIO U IBIISIETCA rIEpe-
MEHHOI B xo1¢ peakuyy. C BO3MOXHOCTSIMH CTaIIMOHAPHOTO NTOIXona
1 TUCKPUMMHAIIMM MEXAaHU3MOB PeaKiMM Mbl YK€ TTO3HAKOMWINCH
IIpY OOCYXICHUM KMHETHYECKMX cxeM Muxasnuca u AHpH.

Hcronp3oBaHue MeToAA NPEACTAIIMOHAPHON KMHETHKHM TIO3BOIHIIO
HCCIENOBATh MEXAHU3M JCHCTBHUS IIPOTEOTUTHYECKUX (hepMeHTOB. TIpn

It
U3YYCHUM TUAPOIM3a 3¢pupHbIX cybcTpaToB R—C—OR’ nox aeiicTeu-
€M O-XUMOTPUTICMHA ObUIY 0OHAPYXEeHB! CIECAYIOUINE HHTEPECHbIE 0CO-
OEHHOCTH KMHETHKM pPeaKkIIuy.

1. HaiineHo, 4To 111 HEKOTOPBIX CYOCTPATOB, OTAMYAIOLINXCS TIpH-
ponoit rpynmbl R’ M cOOTBETCTBEHHO 37€KTPOHHBIMM CBOMICTBAMM pe-
aKIMOHHOTO aToMa YIJIepoa, 3KCIEPUMEHTANBHO OINpEAeIsiEMbIe Ka-
TAIUTHYECKHME KOHCTAHThI TPAKTHYCCKH MHBAPHAHTHBI, HECMOTpSI Hd
TO 4YTO PEAKIIMOHHEIE CTIOCOOHOCTH COSIMHEHMI B MOIENBHON peak-
LIMH, HATIPUMED B PEAKLIMH 1IEIOYHOr0 THAPOJIM3A, pa3TUIaloTcs oueHb
CWIBHO. DTO CBUAETEILCTBYET B TIOJIB3Y CYIIECTBOBAHMSA CTaAMM, 00-
111e#1 71T BCeX M3yYEHHBIX cyOCTpaToB.

2. TIpu uccieqoBaHUM KMHETHKU THAPOIM3a H-HUTPODHEHUIOBOIO
3(upa YKCYCHOM KUCIOTHI OBUIO 0GHAPYXKEHO, YTO PeaKIIMs TIPOTEeKa-
€T B IBe cTtaguu. BHavasne Habmonaercst GbICTPBIA «BbIGPOC» n-HUTpOdE-
HOJa B NPpUOIM3UTENILHO CTEXHOMETPHUYECKOH KOHIEHTPALMH 110 OTHO-
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[IEHUIO K JHO0aBICHHOMY (DEPMEHTY, P-105, moms/n
3aTeM CJIEIyeT cralMOHapHas, Gonee 3
MEUICHHAS CTaIMs NAJIbHEHIIIETO T~
ponu3a cyberpara (puc. 4.15).

3. ]It 210 X€ peakumy ObLUIO I10- 2
Ka3aHo, Yto Npu 3HadyeHmu pH ~ 4
n-HUTpOEHWIALETAT AUCTUINDPYET
AKTUBHBIH LHEHTP hepMeHTa. ALETHUI- =
XUMOTPHUIICUH MOXHO BBUIEIUTL M3
PEAKLIMOHHOM CMECH ITpU HU3KHUX 3Ha-
yeHusIX pH B BuIe MHAMBUIYaIBHOTO
COCAMHEHMS. L L

DY HaOTIONEHNS TTO3BOMIIY TIpes- 0 4 § 4 wm
TIOJIOXKUTD, YTO MPU KATAIU3C C-XH-  Pyc. 4.15. KUHETMYCCKUE KPHBbIE
MOTPHUIICMHOM NPOUCXOJHUT ITOCIEN0-  obpasoBaHus n-HUTpodeHo A B
BATE€JIbHOC pPACUICIVICHHE CJIOXHO-  peakuuu ruipoiun3a n-HUTpode-
5(HpHOI CBA3HU C ITEPEHOCOM allWIb-  HWIANETAaTa MO AEHCTBHEM OL-XH-
HOUl TPYIINB HA aKTHUBHBI UEHTP MOTPHICHH2 (KOHLEHTpamus dbep-
¢epMeHTa, «BRIOPOCOM» CIHUPTOBOTO MCHTA, COOTBETCTIBYIOLIAsA KDH-
HpoNyKTa ¥ obpa3zoBaHueM anwigep- BOH 2, B 2 pasa Bbllle, YEM KpH-
MEHTHOTO IIPOMEXYTOYHOTO COETUHE- Boii 1)

HMSL.

JlokasaTenbcTBa aMA(GEPMEHTHOM IIPUPOILI KaTaru3a ObUIM ITO-
JIYIEHBI TIPH MCCIETOBAHUM PEAKIMM, KaTaATM3UPYEMBIX ITPOTEOJIM-
TUYECKUMH (epMEHTAMM, METOIOM «OCTAHOBJIEHHON CTPYM» B IIPEI-
CTALIMIOHAapHOM pexuMe. JleTanbHo ObUIa HcCcaeAoBaHA KMHETHKA T -
poNIu3a n-HUTPOEHWIAUETATA IO NEHCTBUEM O-XUMOTpPHIICHMHA. B mep-
BYIO OYepeIb BOZHHUKAET BOMPOC: ABISETCS M AUWIXMMOTPHIICHH MC-
TUHHBIM MPOMEXYTOUYHBIM COCIMHEHUEM B MexaHHM3Me Karanu3a
O-XUMOTPHIICHHOM. YTOGHI OTBETHTH HA 3TOT BOIPOC, HEOOXOMUMO
PaccMOTPETH M COITOCTABMTH JIBE KMHETUUECKHUE CXEMBL.

IepBas xkuHeTHYECKAs cXeMa, BKIIOYAIIIAg 00pa3oBaHKE TIpOMeE-
XyTouHoro auungepMeHTa EA, umeeT BUI

E+S—“wFA+P,
(4.38)

ks
EA——E+P
H,0 2
Heppaa cTanusa peakuuu npeacTapiseT coboil aMIMPOBAHME C «BbI-
Opocom» B pacTBOp crIUpTOBOIA ((PEHOIBHOI) KOMITOHEHTHI CybCTpaTa
W nepeHOCOM alWILHOM IPYIIbl B AKTUBHBIA LEHTP (epMEHTA.
Bropasg xuHeTHUYECKas cXxeMa MOXET OBITh ITpeAcTaBIEHA CIIEAYIOIINM

0Gpasom:
k
E+S -2~ EA+P,
k/ (4.39)
E+S—E+ P] + P2
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IlepBast cTanust peakuMH IIPEACTABISET COOON anmwIMpOBaHUE AKTHB-
HOTO LIEHTPA, NpUBoOaALIee K 00pAa30BaHUIO CTAOMJILHOIO M pEaKi-
OHHOHECTIOCOGHOTO A EPMEHTA, TTPYU 3TOM alWIbHAS TPyTIna «6Jo-
KUpYeT» aKTUBHBIN 11eHTP. DepMEeHTATUBHAS pEeaKIIUs TIPOTEKAET IIPU
B3aUMONEHCTBUH (hepMeHTa ¢ cybCcTparoM (BTOpasl cTagus).

O mexauuama (4.38) aumngepMeHT SBISIETCS MPOMEXYTOYHBIM
COeMMHEHWEM; B ciydae cxeMbl (4.39) mpoucxomuT crnenuduyeckoe
HHTHOMPYIONIEE auMIMPOBAHME AKTUBHOTO IIEHTPA. AHAIM3 MTOKA3bI-
BAET, YTO 3TH KUHETUUECKHUE CXEMBI MOTYT OBITh TUCKPUMHUHUPOBAHLI
HA OCHOBE 3KCHEPUMEHTAIBHBIX JAaHHBIX. [IJIg 9THX meneil IonyyuM
KUHETUYECKOE YpaBHEHHUE IS 00erX KHHETHYECKUX CXEM U TIPOBENEM
UX CpaBHEHHME.

Kuneruky peakuuu (4.38) nipu Sy > E, onuceiBaeT cucTeMa ypas-
HEHUH

dp,
—= =k, ES,,
df a 0
% - &, ESy - ky[EA], (4.40)

E, = E +[EAl.

IIpu pasHBIX HAYaJBHBIX YCJIOBMSX 3aBUCHMOCTb KOHIIEHTPALIUM
awIhepMeHTa 0T BpeMEHH OIMMCHIBACTCS Pa3IMYHBIMU (DYHKUMAMU.
Eciu B HaYaNbHEIA MOMEHT BpEMEHU Bce aKTUBHEIE LIEHTPhI (pepMeH-
Ta HaxomsTcsA B cBoGomHoM cocrossHuH (f = 0: [EA] = 0), KoHIeHTpa-
nus anwidepMenTa 6yaeT 3agaHa GyHKUMCH

k. EySo
kaSO + k3
OnHaxko ecy B HaYadbHbIA MOMEHT BCE€ AKTUBHbBIC IEHTPHI AlIMIH-
poBankl (¢ = 0; [EA] = E;), 3aBucuMocTtb [EA] oT BpeMeHU uMeeT BUI
Ey
k,So + k3
COOTBETCTBEHHO /I KOHIICHTPAUM [TEPBOTO MPOAYKTA peakLUu,
BBIYMCIIEHHOM ITpU TONCTAHOBKE ypaBHeHMit (4.41) u (4.42) B (4.40)
C YYETOM YpaBHeHUs MarepuaibHOro OanaHca, OymyT ModydeHB! clie-

TYIOIHHE 3aBUCUMOCTH:
MpY HayalnbHBIX yeaoBuax ¢ = 0, [EA] = 0:

_kekiEoSy | KS3Es
kaSO + k3 (kaSO + k3)

Ipx HaYaTbHBIX yeaoBuax ¢ = 0, [EA] = Ey:

104

[EA] = {1 - exp[—(k, Sy + k3)11}. (4.41)

[EA] = {kaSo + kyexp[-(k,So + k3 )t} (4.42)

P, ~{1 - exp[~(k,So + k3)1};  (4.43)




kaks E0So k2SZE,
P, =4 t _ kaS kO -1 ‘
St ko + Voso+ k) {exp[~(k,So + k)11 -1} (4.44)

Ha puc. 4.16, a npusenensl dyHkuuu (4.43) u (4.44). B nepeom
cy4yae HaGmogaeTcs ObICTphI pOCT KOHUEHTPAUUHU EPBOTO MPOIYK-
Ta peakiMu, BO BTOPOM Ciy4yae — ITepuon UHIYKUMH. EcTecTBEHHO,
YTO CTAMOHAPHASI CKOPOCTh PEAKIIMU HE 3aBUCHUT OT HAYAIbHBIX YC-
JIOBHIA U 11t 000UX HayaJbHBIX YCIOBHI UMEET BUI

Do = kak3E0S0
Tk Sy ks

Jnst cxembl (4.39) KUHeTHKA peakLiMM OMUCHIBAETCS CUCTEMOI ypaB-
HEHUH

dP
*Jt—l = (ko + k) ESo,

d|EA
ig;—] = k,ES,, (4.45)

E, = E +[EA].

Peiienue 3TOi CUCTEMBI IPY HAYaIBHBIX yeiioBusx =0, [EA} =0
MTPUBOIMT K 3aBUCUMOCTSIIM

[EA] = Ey [1 - exp(—k,Sot)], (4.46)
P, =E, (1 + %’—J[l - exp(—kSot)]. 4.47)
Pl Pl
1
1
2
2
0

0 t t

Puc. 4.16. MsmeHenue Bo BpeMEHH KOHLCHTPALIMH IIPOIYKTA PEAKLIUH, I1pO-
Tekaouieit o cxeme (4.38) (a) u (4.39) (6) npu paznuUHBIX HAYAIBHBIX
YCIIOBUSIX:

1—1=0,[EAl=0; 2— =0, [EA] = E,
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Puc. 4.17. Kuneruueckue KpuBbie 06pa-

30BaHMs n-HUTPOdEHONa B peaKlUU

TMAPOJIN3a n-HUTPOdeHUIa1IeTaTa 110
JEHCTBHEM O.-XMMOTPUIICHHA!

i ] — peaxuMsi MHUUMHAPOBAJIAch OLICTPBIM
cMelIMBaHueM hepMEeHTa ¢ CyGCTpaToM ITpH
pH 8,2; 2 — peakuus MHUNMUPOBATACDH
6nicTpbiM u3meHeHueM pH or 4,8 no 8,2
(koHLeHTpauus depmenTa 4,4 - 10~ monb/m,
cy6etpara 2 - 107 Momnb/n)

=4
o0

OntHyeckast IWIOTHOCTD
= 2
R [=2)
T T
\
\
\

=
&)
N

' L Ipu HaYaTHHBIX YCIIOBUSX ¢ =0,
0 5 10 15 t, ¢ [EA]= E, bepMeHT 6JIOKHPOBaH U
peaxius He poTeKaer.

Ha puc. 4.16, 6 npencrapieHbl 3aBUCUMOCTH Py(t) 11 KMHETHYE-
CKOI1 cxembl (4.39).

Ha puc. 4.17 npuBeneHbl SKCIIEpUMEHTANBHBIE JaHHBIE, KOTOPbIE
ONHO3HAYHO CBUIETENBCTBYIOT B II0JIB3Y KMHETHYECKON CXEMBbl, TIe
auwIhepMEHT BBICTYITAeT B KaUECTBE ITPOMEXYTOUHOTO COEIMHEHMS.
Kpusas I cooTBEeTCTBYET HadabHOMY ycioBuio = 0, [EA] = 0 (B peak-
UMOHHYIO STYe#iKy BBOIAT cBOOOmHbIN dhepMmenT). KpuBast 2 Habmona-
ercsa ripu yenosuu ¢ =0, [EA] = £, (B peakunoHHyI0 cpeny ripu pH 8,2
BBOMWIN anwidepMeHT, ITONYyIeHHbIH ITpH HU3KUX 3HadyeHusx pH).

B nanpHefiineM anuagepMeHTHbI MEXaHM3M ObUI ITOKA3aH IS pe-
aKUWY TUIPOIN3a n-HATPOMEHWIOBBIX 3(PHPOB C yUACTHEM DACTHUTEIb-
HBIX (PEepMEHTOB — IaItapHa, PuuMHA, a TAKKe MPOTEOTUTUIECKUX
(hepMEHTOB XUBOTHOTO TIPOMCXOXICHUSI — TPUTICHHA U TUIa3MHUHOB.

Cxema (4.38) smisiercs IpocTeimieil cxeMoi ¢ ydacTueM aiuil-
dhepMeHTa. JeTanbHOE SKCITEPUMEHTAILHOE MCCIEN0BAHNE KUHETUKH
peaxkIMy MoKa3aio, 4YTO MEXaHM3M peakIMM 0osee CIIOXKEH M BKITIOYa-
€T, Mo KpaitHel Mepe, ONHY CTaguIo, NpelllecTBYIoUIylo obpa3osa-
HUIO apwidepMeHTa.

4.4. Bausnue temneparypsl u nokasarens pH
HA CKOPOCTHh (hepMEeHTATHBHLIX PeaKnui

BnustHue teMneparypst 1 mokasartesst pH Ha ckopocts depMeHTa-
TUBHBIX DEAKUIMI HMMEET pSn OCOOCHHOCTEN, CBSI3AHHBIX B IIEPBYIO
ouepeb ¢ MHOTOCTATMITHOCTHIO (hepMEHTATUBHBIX NIPEBpALICHMIA. YpaB-
HeHue BanT-Todda, onuceiBarliee TeMIepaTypHylo 3aBHCUMOCTD KOH-
CTaHTHI PABHOBECHS (PEPMEHTATUBHOM PeaKIMH, TaK XK€ KaK U JI00BIX
APYTUX XUMHUYECCKUX PECAKIIUM, UMEET BUI,

dinkK  AH dink  AH
- - AT 4.48
ar Rt M Gun T TR (448
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Takum 06pa3oM, TAHTEHC YVIJIA HAKIO-  Ink
Ha rpacduka 3asucuMocTtu InK=f(1/T)
pased —AH/R (puc. 4.18). Cnenosarenb-

HO, SKCIIepUMEHTANbHbIE NAHHBIE IO
TEMIIEPATYPHOI 38BUCUMOCTH KOHCTaH-

THI paBHOBECUSI (hePMEHTATUBHOI peak- tgo = AH/R
MK MOXHO 00pabaThiBaTh TaK Xe, Kak
U JUTSI OOBIYHBIX XUMUYECKMX PEAKIIWIA.

TeMmmeparypHasi 3aBUCUMOCTb KOH-

CTaHTHI CKOPOCTH (HEPMEHTATUBHOMN pe- yr
aKIMH OTIMCHIBAETCS YPABHEHUEM ADDe-  Pyc. 4.18. TemmeparypHasi 3a-
Huyca (4.4). [lapaMeTpst IpoLiecca aKTH-  BUTUMOCTb KOHCTAHTHI PaB-
Bauun E;, AS*, AH* MOXHO NOJYyYUTh HoBecHS GEPMEHTATHUBHOI
U3 TEMIIEPAaTYpHOI 3aBUCHMMOCTH, KC- peakuuu
TMoab3yst ypaBHeHue AppeHnyca (4.4)
WK ypasHeHus (4.5), (4.6), TonydeHHbIe Ha OCHOBE TEOPUM AKTUBHU-
poOBaHHOTO KoMiutekca., CIenyeT UMETh B BHIY, YTO OONBIIMHCTBO OI1-
penessieMbIX B (DepMECHTATUBHON KMHETUKE KOHCTAHT MMeIoT 3ddex-
TUBHBIA XapakTep. [1o3ToMy maxe B Tex ciaydasx, KOrma u3ydaemast
(depMeHTaTHBHASA peaKUMsI AeHCTBUTENBHO MPOTEKAET B PABHOBECHBIX
YCITOBHSIX, PABHOBECHAsI KOHCTAaHTA K, BXoAsuiast B BhIpaxeHue (4.48),
MOXET HOCHUTb 3(PPEKTUBHBINA XapakTep M 3aBUCEThb, HAIpUMEpP, OT
pH cpenpt (cM. nanee).

Jlist ckopocreil (hepMEHTATUBHBIX peakLMil XapaKTepHO HaJIHYHE
HHTEPBAJIAa TEMIIEPATYPHI, B KOTOPOM CKOPOCTh MAKCUMAIbHAS. YMEHD-
IIeHUE TEMIIEPATYphl MPUBOAMT K CHIKEHUIO CKOPOCTH XMMUYECKOM
pPEeaKLMHM 33 cYET YMEHBUIEHUS YMCIa MOJIEKYJ (hepMeHTa u cyGeTpaTa
C BBICOKO#M 3HEpruei, YTo COOTBETCTBYET OOBLIYHON XMMHYECKON KU-
HetuKke. TTocKonbKy (DEpMEHTHI ABIAIOTCA OEIKOBBIMM MOJIEKYIAMU,
YBEJIWYEHUE TEMIIEPATYPHI IIPHBOIMUT K UX «IUIABJIEHHUIO», 4 3aTEM U K
IeHaTypauuu. [105TOMY TTOBHIIIEHHE TEMIIEPATYPHI BbIIIE ONpeneiIeH-
HBIX 3HaYeHHUI OOBIYHO BBI3BIBAET YMEHbIICHHE CKOPOCTH (epMEHTA-
TUBHOU PEaKIMH.

Bnusnue koHGopMANHOHHBIX H3MEHEHHI AKTHBHBIX 1EeHTpoB (hepMmen-
T0B. M3yueHue KOH(HOPMAMOHHBIX M3MEHEHHI (DEPMEHTOB MOXHO TTpO-
BOIIUTh Ha OCHOBaHMM ypaBHeHMS Bant-T'odda w1 KoHCTaHTH paBHO-
BECHS WIM YpaBHEHMST AppeHIryca It KOHCTaHTHI CKopocTH. PaccMor-
PUM MHAKTUBALIMIO O.-XUMOTPHUIICHHA TION JeACTBUEM YIBTPa3BYKa:

Ex—F
ki |
IIpoayxTs! UHAKTUBAUUH depMeHTa

3necy E, E’ — ¢epMeHT U ero KOH(pOpPMEp COOTBETCTBEHHO. BbuIO
NIOKa3aHo, YTO KOHCTAHTHI CKOPOCTEH &, k, IpaKTHYECKU HE 3aBUCST
OT TeMriepaTyphl B KCCJIENLYEMOM TEMIIEPATYPHOM HMHTEpPBAJIE.
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CyMMapHasi CKOpPOCTb pPeaKIIMU MHAKTUBAIIUM OIIPENEIIETCSI Cle-
oyronmMm obpasom: v = k E + kE’.
Hcnonp3ys ypaBHeHHe martepuaibHoro 6anadca Ey = E' + E, 1mo-
JydaeM
o= ko E P k + kK
B50 Tod 1+K
IpopuddepeHuupyeM roaydeHHOE BBIpAXEHHE T10 TeMIIEpaType
T, nipennonarast KOHCTAHTBI CKOPOCTEH [MOCTOSTHHBIMY (TaK KaK KOH-
dopMarioHHbIE U3MEHEHUS ITPOUCXOIST B y3KOM TEMITEPATYPHOM M-
anasoHe), ¥ IMOIy4YuM
dk.q _k -k dK

dT (1 +KQ dT~

Ilpu Temieparype, COOTBETCTBYIOHIEH KOH(POPMAIIMOHHOMY ITepeEXo-
ny, K= 1, 4TO COOTBETCTBYET TOUKE Meperuda B KoopauHatax (Kuy, 1),
TOTmA

dkyg _k -k dK

dar 4 dT°
IIpeobpasyem ypaBHeHHe Baut-Todda
RT? dK
K dr’

AH =
MOTYYUM

ky—k dT |~

T=T,
rne T, — TeMrnepaTypa KOH(GOPMALMOHHOTO MEPEXO/a.
W3 maHHbBIX, MpUBENEHHBIX HA pHc. 4.19, cnenyer: T,=27°C, AH =
= 405 kJIx/MO71b.
Baussaue mokazarens pH Ha ckopoctb GepMeHTATHBHBIX DPeaKIHid.
Bce usBecTHbIe hepMEHTHI cOMepXaT MOHOTeHHbIE Tpynrbl. loHOreH-

kag

k
8

15 20 25 T.30 35 T,°C

Puc. 4.19. TemmeparypHast 3aBUCUMOCTD 3((HEKTHBHOM KOHCTAHTHI Koy
CKOPOCTH MHAKTUBALMU C-XMMOTPUIICHHA TOJ] ACHCTBUEM YNbTPA3ByKa
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HBIE TPYIIIBI BXOIAT B COCTAB AKTUBHBIX LIEHTPOB (hepMEHTOB. AHAIN3
3aBUCUMOCTE CKOpOCTeM (PEPMEHTATUBHBIX PEAKLIMIL OT ITOKA3aTeNs
pH mo3Bonser monyuuth MHGOPMAIMIO O YUCIE M CBOMCTBAX MOHO-
TEHHBIX TPYIIT, KOHTPOIUPYIOLINUX (DepMEeHTaTUBHYIO aKTUBHOCTD. Pac-
CMOTpUM crienpdudyeckue 11 HEPMEHTATUBHOM KHMHETUKH METOIBI
aHaIN3a TaKUX 3aBUCUMOCTE.

3aBHCUMOCTD CKOPOCTH (DEPMEHTATUBHON peakIiu, ITPOTeKaloleit
ITO CXEME

EH, + S == EH.,S

n K, ‘ T l K;kZ

EH+S == EHS—EH + P

e Qs

E+S === ES

oT nmokKaszatengs pH MOXHO omnucaTh CICIYIOINM 00pa3oM:

— kKaTEOSO
K;; + SO ’
k
kKaT = %s
1+ [H ]+ K;
K, [H7]
‘. (4.49)
L
K* =K Ka [H+]
L HTL K
K; [H']
W3 ypasuenuii (4.49) momydum
ky
k Ky
LELIE = 4.50
Ki 1+—[H ]+ K, @0
K, [H]

TakuM 006pa3oM, ISl TOTO YTOGH! OIPENeTUThL KOHCTAHTH MOHU3a~
LMY KATAIMTUYECKH AKTUBHBIX TPYIITI B CBOOOIHOM (epMeHTe, HYX-
HO MCCIENOBAaTh 3aBUCUMOCTh OT pH mapamerpa k.,./K,; (ypaBHeHue
(4.50)). Yto6b1 HaviTi KOHCTaHTH K, K; HOHM3ALMHU TPYITT (HhEpMEHT-
CyOCTPaTHOTO KOMILIEKCA, HEOOXOIUMO TIPOAHATHM3UPOBATh 3aBUMCH-
MOCTh rapamerpa k. or pH (vpaBHeHue (4.49)).

Ha puc. 4.20, a npuBeneHa 3aBUCUMOCTb k., /Ky or pH mns peak-
UMK ¢ yIaCTHEM MPOTCOTUTHYECKOTO hepMeHTa ManaunHa. st namau-

109



lg(kl(a'r/KItl) lg kl(a‘r

——— e —

1
3 pK, 6 pK;, 9 pH

Puc. 4.20. OnpenencHue KOHCTAHT MOHMU3AIMM KAaTATUTHYECKH AKTHUBHBIX
TpyTin cBOOOMHOTO (pepMeHTa ManauHa (a) 1 ero pepMeHT-CyoCTpaTHOTO KOM-
mnekca (6)

Ha 3HayeHus pK, u pK, pasusl 4,9 u 8,1; mna pepMeHT-cybCTpaTHOrO
koMruiekca (puc. 4.20, 6) — 5 1 8,2 cOOTBETCTREHHO.

TakuM 06pa3oM, B TaHHOM cliydyae B3aMMONENCTBHE (DEPMEHTa C
cyOCTpaTOM MPaKTUYECKU HE BIUSIET HA CIIOCOOHOCTD KATATHTHIECKHUX
FPyNIl B3aUMOAEMCTBOBATh C MOHAMM BOTOPOIA.

4.5. KuHeTHKa cONpPSKeHHBIX (pePMEHTATHBHBIX PEAKIHIA.
ITonudepMeHTHBIE CHCTEMBI

Peaxnuu B monudepMEHTHBIX CUCTEMaX ¢ KHHETUYECKOM TOUKH 3pe-
HYA MOXHO pacCMaTpHBaTh Kak ITOCIETOBATCIIBHBIC ITPOLIECCHI, CIICIIM-
(brrgeckoit 0cOBEHHOCTHIO KOTOPBIX SIBISIETCS KATAIN3 HEPMEHTAMU KAXK-
IO M3 CTaguiii peaklMK. B CHIIy CIIOXHOCTH MpOLIECCOB B rromdep-
MCHTHBIX CUCTEMAX JJIs1 aHaJIN3a KMHCTUKU peaKum?l OITpaBaaHoO MC-
ITOJIb30BAHME HEKOTOPBIX YIPOUIAIOIIUX TpHOIKeHuit. PaccMoTpum
Haubos1ee BaXKHBIC 3aKOHOMCPHOCTH peaKL[I/Iﬁ B TAKOro pona CUCTCMAX.

Hpoc*reﬁmasl KHHETHYCCKAs CXEMa, BKIKOYaouas O6pa3OBaHI/IC
AKTUBHOI'O NPOMEXKYTOUYHOTO MeTa6OJII/ITa,

E, E,
Sl Vlm’ KIM 2 Vst K2M

Tae S; — McXomHbIit cyGeTpar; S; — NPOMEXYTOUHBIH MeTabomut; P —
nponykr peakuus; E;, E, — dbepMenThr, yyacTByolme Ha nepBoi ¥
BTOPOI CTamuM COOTBETCTBEHHO; Vi, Vaom: Ky, Koy — Maxcumanb-
HbI€ CKOPOCTM M KOHCTaHTBhI Muxasiuca IepBOi M BTOPOM CTaIuH
COOTBETCTBeHHO. IIpenrosnaraercs, YTo CKOpOCTH (hepMEHTATUBHEIX pe-
aKIMil Ha IIEPBOM ¥ BTOPOI1 CTAIMSIX OMUCHIBAIOTCS YpaBHEHHEM Mu-
Xasnmca.

Tpu nocrogHCcTBE KOHUEHTPALMM UCXOIHOTO cybeTpara (S = §; =
= const) wIK npyd HeOOJIBUION CTENEHM NpeBpalleHUsT cyOcTpara Ku-
HETHKA PECAKIIMU OIMMCHIBACTCSI CUCTEMOM YpaBHEHMIA
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ds, _ VS
it APV L ot B
dt KZM + S2 ’
dP 1,5, (4.51)
dt K2M + S2 ’
3mech vy — CKOPOCTh PEAKIIMU Ha MEPBOH CTAIMH — TTOCTOSHHAS, He
3aBHCAILNAS OT BPEMEHU BEJTMYMHA:
vy = VlmSO
KIM + S()
YpasHenue (4.51) npencrasnsget coboit mubdepeHIUATbHOE YpaB-
HEHHE MEePBOTO MOPSAKA ¢ Pa3NeSIOIIUMUCS TTepEMEHHBIMA H MOXET
OBITH ITPOMHTETPUPOBAHO :

T K+ $)dS
o voKoy +82(vg +Vom)

M

—[Sz—M—lr{l+i I—L/Zﬂ J+S2 = (vg — Vo t. (4.52)
1- %0 Koum Vo

Im

Ypasuenue (4.52) UMeeT CMBICK ITPH YCIIOBHH
S |2
1+—=2|1-22m|>0,
Kom Yo
YTO MPUBOAUT K HEPABEHCTBY
- Koy
Vam / v —1
TaxuMm obpa3oM, KOHLEHTpALMS TPOMEXYTOUHOIO cybcTpara or-
paHMYeHa, U 9TO OIpaHHYCHUE OTIpeJesseTcsl KOHCTaHTOiH Muxasiu-
ca BTOporo (pepMeHTa U OTHOLIEHHMEM MaKCHUMAaJILHOM CKOPOCTH BTO-
pOM peaklUHUy K CKOPOCTH NMEPBOM.
PaccmorpuM Hambollee BaXXKHBIM YaCTHBIA cy4ail, KOrIa MaKCH-

MaJIbHast CKOPOCTEh BTOPOH CTalUH CYIIECTBEHHO MPEBBILIAET CKOPOCTH
niepBoit (V;,, > 1y). B 3THX ycnoBusix ypagHeHue (4.52) NIpMHUMaeT BUL

ln[l— 52 @}f S __Vom (4.53)
Koy v Koy Kom

Mpu V,,, > v, uMeeM S,/Kyy << 1, ¥ B 9THX YCIOBHUSX CIHPABELTHBO

HepaBeHCTBO
In ‘:1 - i KZﬂ} > _S_Z

Koy vy Ko

35

111



S 7
2k
2
1F
3
I L
0 2 4 t

Puc. 4.21. U3MeHeHHne BO
BPEMEHH KOHUEHTpauuu
MMPOMEXYTOYHOTO cybcTpara

C y4eTOM 3TOr0 HEpaBeHCTBAa YpaBHEHHUE
(4.53) npuBomuT K chenyiolled 3aBUCH-
MOCTU KOHLEHTPAallMH ITPOMEXYTOYHOIO
cyberpara oT BpeMEHHU:

Kom

- —exp| = 2m
= v, vo{l exp[ X tﬂ 4.54)

Pucysok 4.21 WUTIOCTpUpYET 3aBUCUMOCTh
S5,(¢) TIpY pa3IMYHBIX COOTHOLIEHHUSIX Ta-
paMeTpoB Vi, /K.

3aBHUCUMOCTL KOHIIEHTpAllUHU NPONYK-
T4 OT BpEMEHHW MOXHO HalfTH, ITONCTABUB

A}

B OudepMEeHTHOM cHcTeEME
nput Vo /Koy = 1 (1), 2 (2),
4(3)

ypasHeHue (4.54) B (4.51) u npounHrer-
PHPOBAB MoydeHHOe T depeHIIMaIBHOe
YpaBHEHHE C YIETOM TOro, YTO B YKas3aH-
HBIX YCJIOBHSIX Sy << Ky

2m

2]

2M
Ha puc. 4.22 npuseneHsl KUHeTHYECKHE KPHBBIE 0Opa3oBaHuUs Mpo-
IyKra B oudepMenTHo cucteme. Ha xpuBoit P(f) MOXHO BHIENUTH
MEpUOA MHAYKIIMM; KpHUBasl aCHMIITOTHMECKH NMpUOIMXKaerca K Mpsi-
MOH ¢ TaHT€HCOM YyIjla HaKJIOHA, PaBHHIM CTallMOHAPHOW CKOPOCTH
npouecca. Ilepron MHAYKIMH T onpeAessgeTcss KHHETHYECKUMU Xapak-
TEPUCTHUKAMH BTOpOTO (hepMeHTa

T= KZM/ V2m

v9 Koy

P=uyt+ (4.55)

2m

(4.56)

Puc. 4.22. laMeHeHue BO BpEMEHH KOHUEHTPALMH MTPOAYKTa, 00pa3yloIlero-
csi B OuepMEHTHON CUCTEME:

a — npu Yy, /Ky = const, vy =1 (1), 2 (2), 3 (3), 4 (4); 6 — nipu vy = const;
Vim/ Kag = 1 (1), 2(2), 3 (3), 4 (4)
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B o6weM ciryyae, Koraa KOHUeHTpauus S, cousmepuMa ¢ K,,, (310
SKBHBAJIEHTHO YTBEPXKIEHUIO, YTO V,, CON3MEpPUMA C 1), TIEPUOX HH-
AYKIIMH CBSI3aH ¢ KWHETHYECKMMH ImapaMeTpaMy peakunu 6onee ciaox-
HBIMH COOTHOHIEHUAMHU. OHAKO HATHMUKe MTepHOoJa MHIYKIIUN Ha KPH-
BoIf P(?) yKa3bplBaeT Ha y4acTHe B peaKlUU, Mo KpailHeil Mepe, OHO-
TO MPOMEXYTOUHOro MeTabosuTa.

BaxHOW 0c00€HHOCTBIO 00CYXIaeMo peaKIInH SIBISIETCS BO3MOX-
HOCTb YCTAHOBJICHHUS CTALUHUOHAPHOIO COCTOSIHUS, NIPH KOTOPOM KOH-
LIEHTPALIHS IPOMEXYTOUYHOIO MeTaboInTa MOCTOSIHHA U NMPaKTHYECKH
He MEHSIETCS BO BpeMeHHU. B cTallHoHapHOM COCTOSTHUH d.5,/dt = 0,

VlmSOKZM .
Vo (Kipe +80) = VimSo

M3 3T0TO ypaBHEHUS BHITEKAET YCIOBHE BO3ZMOXHOCTH YCTAHOBJIE-
HUS CTAalIMOHAPHOTO cOCTOSSHUS. TIOCKONMBKY Sy > 0, TO TOTXKHO BBI-
MTOJTHSTBECS HEPABEHCTBO Vo, > V1, So/(Kiy + Sp) wu Vs, > 1. Cranuo-
HapHOE COCTOSIHHE BO3MOXHO, €CJIM MaKCHUMAaJIbHAasA CKOPOCTh BTOPOM
CTaIuH peakiuu OoJplie CKOPOCTU TMEepBON.

CornpstkeHHbIe (hepMEHTATHBHEIE PEAKLUH YaCTO UCIIOIb3YIOT sl
KOJIMYECTBEHHOTO ONpeAe/IeHHsT KOHIEHTpAUHii MHOTHX OHMOOpTaHH-
YeCKHX COeMMHEHUN. B KadecTse rpuMepa MOXHO TPUBECTA METOIMKHA
onpenenenus AT® B cucreMe reKCoOKMHa3a — III0K030-6-tbocdarme-
ruaporerasa, AT® B cucreMe MUpyBaTKMHA3a — JIAKTaTAETHIPOreHAa -
3a, onpeneeHUs TJIMKOIeHa ¢ IIOMOIIbIO CUCTEMBI aMIJIOTTTIOKO3H/Ia-
3a— IJIIOKO3KIa3a, onpeaeieHrue fobaMUHa U n-alleTWIIopaMuHa, He-
opraHmyeckoro nupodocdara, JeUTHHA, KPEaTUHUHA, KpeatuHa U
ryaHosusaugocdara (cM. 1. 14).

PaccMOTpUM KWHETUKY peakliiM B CUCTEME MeKCOKHHAa3a — [III0KO-
30-6-¢docdarnerunporenasa:

S2c~r =

I'moko30-6-gocgar-

lexcoxuHaza JEeruaporeHasa
AT® + I'moxko3za ———— [moko30-6-docdar >

HAII®G®  HAII®H
— 6-DocdormoKoHoBasT KUCIO0Ta

Ha puc. 4.23 npencrasieHa KWHeTHYECKass KpuBasi o0pa3oBaHUsA
BOCCTAHOBJIEHHOI (DOpMBI HUKOTHHaAMHUIaAeHUHAUHYKIeoTuadocda-
Tta (HAJI®H), obpa3syioiierocss B pe3yabTare OKHUCIEHHUST MPOMEXY-
TOYHOTO TJTI0K030-6-(hocdara. KuHeruka obpa3zoBaHus MPOLYKTa J10-
CTATOYHO CTPOTO OIMUCKHIBAETCA YpaBHeHHeM (4.55). ITapametp V3,./ Kow,
HaliIeHHBIH 110 KpHBoii puc. 4.23, pasen 1,38 Mun~'. BaXXHO OTMETHTH,
4TO 0 KMHETUYECKON KPHBOMW, NMpUBeNeHHOH Ha puc. 4.23, MOXHO
ONpeNe/INTh M CTALIHOHAPHYIO KOHILIEHTPALIMIO MPOMEXYTOUYHOTO IO~
Ko30-6-ocdara. M3 ypaBHenus (4.55) ciemyer, 4To 1pH OONBHIMX
BpeMeHax peakuu (f >> T) KOHUEHTpauus MPoAYyKTa CTAHOBUTCA JIM-
HelHol GYHKLNMEN BpeMEeHH (f — oo):
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P =yt - 1), (4.57)

roe vy — CTallOHapHAash CKOPOCTh Peak-
LIMH; T — MEPUOI UHIAYKIIMH, 331aBaeMBIi
ypasHeHreM (4.56). C y4etoM TOro, 4ro
Syer = 4T, OTPE30K, OTCEKaeMbIi aCHMII-
TOTHUYECKOH mpsaMoit P(¢) Ha ocH opau-
0,04| HaT, MO aGCOMIOTHON BeNIUYMHE PaBeH
CTALMOHAPHOM KOHLIEHTPALIMH TIPOMEXY~
toyHoro cyoerparta. M3 manubix puc. 4.23
A 4 7 CJIEAYET, YTO CTalMOHAPHAS KOHIEHTpa-
LMA DII0K030-6-docdara B cUcTeMe paB-
Ha 3,5 107 Mosb/1. TTOCKOMBKY CTaluo-
Puc. 4.23. Mamenenue BO  papyag cKOpOCTb peaKiMH 3aBHCHT OT
BPEMEHM KOHUCHTPAUNM  yoyupeyTpanuy nepporo cyocrpara (B 1aH-
gﬁiﬁ’;ﬂ%ﬁg‘é‘f 6r- e(’ggg: HoM cirydae AT®D), ¢ TOMOLIBI0 KHHETH-
YeCKHX JAHHBIX, TOJYIEHHBIX B YCIOBHUSIX
¢aTmermnporeHasa

[AT®], < Ky, u KammOpOBOYHOTO TIpa-
(buKka MOXHO ONpENe/UTh HEU3BECTHYIO

KoHneHTpauuoo AT® B UccaenryeMoM oGpastie.

DBonbHIMHCTBO peakiuii ¢ y4acTHEM MOCIEA0BaTeIbHO paboTarommx
(pepMeHTOB KOHTPOIUPYETCS MEPBEIM epMeHTOM Lienmu. Kak npasu-
710, 3T0T (pepMEHT 00/1aaeT CaMbIMH HU3KUMH KHHETUIECKUMU XapaK-
TEPUCTUKAMH M KaTaJIM3UpyeT HeoOpaTUMyIo, Hauboee TEPMOIHUHA-
MMYECKH BHITOIHYIO peakiuio. Yacro 1ot hepMeHT ABJISIETCS perys-
TOPHBIM, T.€. €0 aKTUBHOCTH PETYIUPYETCs B3aMMOAEHCTBHSIMU aJUIO-
CTEPUUYECKOTO XapaKrepa ¢ HEKOTOPHIMU ITOCIEAYIONIMMUA KOMTOHEH-
Tamy nenu. KrxHetnueckoe nopeieHUe TAKOIO polia CUCTEM HOJTHOCTBIO
ONpenensieTcss KUHETUYECKUMH XapaKTepHUCTUKaMHU 3TOTo (pepMeHTa.
Cremyromas cxema XOpOLIO OMUCHIBAET MOBeleHUe TAKUX PeaKLUi:

E
s, 2 (s ——») p (4.58)

£ BbicTpO

0,12}

0,08

Onruyeckas IJIOTHOCTD

(=

roe S; — HeKOTOpHIM NMpoMeXyTo4YHBI MerabonmuT, E, — depment,
KaTAUIM3UPYIOIMUY NMpeBpalleHue 3Toro MetabonuTa.

PaccMoTpuM noBeieHue peakiMH B IBYX CIyJasix.

1. TlepBas cTagus ABIAeTCS TUMUTHDPYIOLIEN, €€ KHHETHUECKUE Xa-
PaKTEPUCTHKH CYIIECTBEHHO 0osiee HU3KHe. DOopMaNbHO 3TC SKBHBa-
JIEHTHO YCJIOBHUSIM, B KOTOPHIX KOHIIEHTpaiMs MCXOQHOro cybcrpara
NONIEPXKUBAETCS MOCTOSHHON. MaTeprajsHbIH OanaHe Mo cyOcTpaty
YYHTBIBAET TOJIBKO KOHLEHTpalIMIo nmepBoro Metabonura. Ilociae Hexo-
TOPOI'0 MEPUOAA PEAKIIUS ITePEXONUT B CTALMOHAPHHIN PEXUM, B KO-
TOPOM KOHUEHTPALUST HNPOMEXYTOYHOIO MeTabouTa OMUCHLIBACTCS
ypaBHEHUEM

VlmSO KIM
Vin (Kipg +80) =VimSy

Szcr =
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rae Vim» Vim — MaKCHMaJbHAasi CKOPOCTb PEAaKUMHM Ha TEpBOM M i-ii
CTagWM COOTBETCTBEHHO; Ky, Ky — COOTBETCTBYIOLUHE KOHCTAHTHI
Muxasnuca.

YcrnoBuEM YCTAaHOBJIEHHMS CTAIIMOHAPHOIO COCTOSTHUSA SIBSIETCS BBI-
MOJIHEHHE HEpaBeHCTB V,, > vy, i = 2, ..., n, rae V),, — MaKCUMaJIbHast
CKOPOCTD PEAKIIMHU Ha i-i1 CTalNH; 1y — CKOPOCTh IepBoif cranuu. Cra-
LMOHAapHas CKOPOCTh HAKOIUIEHUS ITPOYKTa, KOTOPBIM o0pasyercs Ha
MocenHeil n-i craguu, onpenensiercsa paboroil nepBoro ¢pepMeHTa

gg _ VlmSO
dt or KIM + SO )

2. KMHeTHYecKue XapaKTepUCTUKH IBYX CTaIMii COM3MEPHMEL. B 3TO0M
cIy4ae HeoOXonQMMO B YpaBHEHHM MaTepHalIbHOro 6ananca yYUThIBaTh
KOHIeHTpalMio i-ro Merabonuta. KonueHrpauus 3Toro Meraboaura
OIMCHIBAETCS YpaBHEHUEM

Ky +Om k., Ky +Om K\,
Vlm Vlm SOKIM
2S,er = S + Sp 4t | 42080 (4 59)
1- Klﬂ 1~ Nim Vlm -1
I/1”1 I/lm I/II"

W3 aHanm3a 3THX YpaBHEHUNH MOXHO cIeslaTh BeChMa MHTEPECHBIIM
BBIBOJ: €CJIU CKOPOCTb IMEPBOH CTAAUU PEAKIIUU ABJSIETCH JIUMUTHUDY-
IOILEN, T.€. CIIPaBeUIMBE HEPAaBEeHCTRA vy << V,,, (i V,, << V,,),
CTallMOHApHAsT KOHLIEHTpalUs MPpOMEXYTOUHOro MeTabonnuTa cyllie-
CTBEHHO MEHblIe KOHCTaHTH Muxasnuca B peakiiuu IpeBpalleHUs
5TOT0 MeTabOoNNUTa, COOTBETCTBEHHO BCe (DEPMEHTHI LIEMHU, 32 UCKITIO-
YeHHEM NePBOro, paboTaloT B CTpOro GMMOJIEKY/ISIPHOM PEXUME, a HE
B peXXHMe MaKCHUMAaJIbHOM CKOPOCTH WM B CMEHIaHHOM pexuMe. Hei-
CTBHTEJIBHO, €ctH Vy,, << V,,, To u3 ypasHeHus (4.59) cienyer

SO VlmKlM

Vlm - Vlm
+ VlmKlM + VlmKlM ’

Vlm - V]m
HpI/I 5TOM MAaKCHUMAJIbHO BO3MOXHass KOHUEHTpauusg MCTaGO.TII/ITa,
peanudyeMasi MpH <«HaCbIIIEHNH» CHUCTEMbI HMCXOZHBIM CY6CTpaTOM,
paBHa

SICT =

So

MaKC _ KIM

Vo Vin -V

T.e. S «< K, 1ipu 1y, < V.

B Gonee obuieM ciyyae ¢ y4eTOM BCeX TTPOMEXYTOYHbBIX MeTa00Iu-
TOB, KOTIa BCe CTaayy monudepMEHTHOro mpoliecca, BKIKYas nep-
BYIO CTamuIo (Clydad JUHEWHON CUCTeMBbl YpPaBHCHU), MIPOTEKAT B
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OGUMOJIEKY/IIPHOM pPEXHMe, CTALMOHAPHYIO KMHETHKY peakLMi OIu-
CHIBAIOT YpaBHEHUS

S
S R— 4.60
1+ Vo 5 K o
KnM i=1 Vim
P _ S (4.61)
dt i iM
i=1 I/lm

AHanu3 ypagHeHHUs (4.61) NPUBOIUT K BHIBOAY: HauOOMbilee BIUA-
HHE Ha 00ILYIO CKOPOCTh IMPOIECCa OKA3BIBAIOT PePMEHTHI, UMEIOIIINE
HauMeHbHIMI napametp V,, /K,y B npenene, ecimu cymectsyer dep-
MEHT, i1 KOTOporo oTHoulerue K,/ V;,, MHOro 6oJbllie IO CpaBHe-
HHIO C IpYTUMH hepMeHTaMU, YpaBHEHHE CKOPOCTH IIPAOOpeTaeT BUL

ap Vim
[E‘L“FSO

BosurukaeT BONpoc 0 KpUTEPHUX, KOTOphIe MO3BOJIWIM Obl ONpele-
JIUTH, KaKasl CTaud CJIOXHOIO Mpoiecca SBIseTcs TUMUTUPYIOIIEH.
YpasHeHus (4.60) u (4.61) MO3BOJSAIOT ONKMO3HAYHO ONPENEAUTD JIH-
MUTHPYOLIYIO cTanuio. CKopocTs rpotecca TUHEWHO 3aBUCUT OT KOH-
HeHTpauuu GepMeHTa, ornpeaesIonero CKopocTb peakiuu, U npaxk-
THYECKH He 3aBHCUT OT KOHLEHTPALMH OCTATLHBIX (PepMEeHTOB.

IIpu yBeauyeHUU CKOpPOCTH Haubosee MeJIEHHOW CTaguM WIH,
HaoOOpOT, MPU YMEHBUIEHUH CKOPOCTH OLICTPOI CTamuu MOXET Mpo-
HCXOOMTh CMEHa JUMHUTHUpYIOLEN cTanui. Eciu B obiyio CKOpoCTh
peakuny HauOOJIBIIHII BKIAJ BHOCIT [Ba HaMMeHee aKTHBHEIX (ep-
MEHTA, YPaBHEHWE CTAIMOHAPHON CKOPOCTH MMEET BUI

SOVImij
KiMij + KjpVim '

B yenousax V,, Ky << V;,, Kipy CKOpOCTb MpoLiecca Onpenensiercs i-i
cragued peakuuu. B 51oif o6nacTtH JOIXHA HAOMIOAAThCS JIMHEHHAA
3aBUCHMOCTb CKOPOCTH IIPOECCa OT KOHIEHTPAIUK j-TO (hpepMeHTa.
B obnactu consmepuMbix 3HadeHut V,, Ky u V;, Ky, oba depmenra
BHOCAT BKJIaJl B CKOPOCTH Ipollecca X HabmogaeTcsl OTKIIOHEHHE OT
JMWHEWHOU 3aBUCUMOCTH IIpoliecca ro i-My depmenTty. HakoHen, npu
COOTHOIMIEHUH V, Kipg >> V), Kipy CKOPOCTD pEAKITMHU HE 3aBUCHUT OT KOH-
HeHrpanun epMerra E; H TUMHTHPYIOIIEH CTAaHOBUTCS j-51 CTalUsl
NpeBpaieHus cyocrpara. PrucyHok 4.24 WUTIOCTPUPYET 3aBUCUMOCTD
CTAaIFIOHAPHOM CKOPOCTH peakUHH OT KOHUEHTpauuu GepMeHTa, Ju-
MUTHPYIOIIETO CKOPOCTD Mpoliecca Ha HavasibHoM aTane. Ha puc. 4.25
NPUBENEHBI SKCIEPUMEHTAJILHBIE JAHHBIE 1T0 3aBUCHMOCTH CKOPOCTH
peaxKiMu OT COAepXaHWs AHOKcodeHHIaTaHUH-AeKapOoKCcHIassl
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Ugf————————— o=
181
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6F
tgo=So/Kin
1 1
Vp=kEy 0 0,25 0,50
E-103 wmn
Puic. 4.24. 3aBHCHUMOCTb CKOPOCTH pe- Puc. 4.25. 3aBUCHMOCTB CKOPOCTH pe~
aKLMH OT KOHUECHTpauHHu pepMeH- akuud B cucteMe JTODPA-gexap6o-
Ta, JTUMHTUPYIOLIETO CKOPOCTh Ha Kcunasza— karexon-O-MerwirpaHede-
HayaJIbHOM 3Tamne npouecca (pe3ynb-  pasa ot cojepxkanus JJODA-gekap-
TATBI pacyeTa 1o ypapHeHuio (4.62)) 6okcuaspl

(IOPA-npekapboxcwiassl) B cucteMe JODA-gekapbokcuiiaza —Kare-
xon-O-merwnrpancdepasa. ITpy nobasieHMH B cucteMy MeHee S - 107 M
JODMA-gexapbokcunassl 10T PepMeHT OmpeneiseT CKOPOCTh peak-
iy, rpu BBegeHuH S5- 107 M1 (u Bbie) JJOMA-nexapOokcuiashl
JTAMUTHPYIOIIEN cTamueil CTaHOBUTCS MEPEHOC METHILHOM TpYTIITH ¢
MOMOIIBIO Katexoi-O-MeTuiTpaHchepassl.

Hpyras rpymnia KpUTEPUEB, MO3BOJISIOINX BHISABUTH JTUMUTUDPY-
IOLIYIO CTAIUIO MIPoLECcca, CBI3aHa C aHAIM30M OTHOCUTEIBHEBIX KOH-
LEHTpaLMif cybcTpara U MpOMeXyTOUYHbBIX MeTabonuros. CyGeTpar Tu-
MUTHDPYIOLIEN CTATUH B CTALIMOHAPHOM COCTOSIHMH OYIeT UMETh OTHO-
CHTENIbHO OOJBIIYIO KOHLIEHTpaMIO. B To e BpeMs eciu obcyxnaeMas
CTaOHsl peakuuM sBAseTcsa OBICTpOil M HEIUMUTUpPYIOUEH, cybcTpar
3To# cTaguH OyaeT MpUCYTCTBOBATh B CPABHUTEIBHO HU3KOM KOHLIEH-
Tpauuu. IIpu 3TOM ecnu MaKCUMAaJbHAsA CKOPOCTh PEaKIUMH Ha 3TOM
CTaIuU CYIIECTBEHHO MeHbIIe MaKCUMAJIBHOW CKOPOCTU JIUMHUTHDPY-
IOLEH CTaAMH, KOHLEHTPALH MPOMEXYTOYHOro Merabonnurta Oymer
CYLLeCTBEHHO MEHBIIe KOHCTAaHTh Muxasnuca GsicTpo paboratoiiero
dbepmenTa.

VYkaszaHHbIe KpUTEPUU MOTYT OBITH BeCcbMa MOJIE3HB IIPU WHTEP-
fipeTalyy KHUHETHYECKHMX JaHHBIX Pa3IMYHBIX COMPSIXeHHBIX (hepMeH-
TAaTUBHBIX PEAKLIUA.

4.6. NurnbupoBanue pepMEeHTATHBHBIX PeaxiHii

BemectBa, noaasisgoIIMe KaTaTUTHYECKYI0 aKTUBHOCTE (bepMeH-
TOB, Ha3BIBAIOTCSl UHeubumopsl. BaaumMoneicTBysl ¢ aKTUBHbBIM LIEHT-
poM pepMeHTa, HHTUOUTOPHL MO TOMY WIM HHOMY MEXaHU3MY Ipephl-
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BAaKOT KaTaJIATUYECKUH LMK M, TAKMM OOpa3oM, YMEHBUIAIOT CKO-
poCTh (hepMEHTATUBHOI peakinu. PazaiuyaloT ABa OCHOBHBIX KJlacca
UHTHOUTOPOB — OOparuMeie U HeoOpaTtuMble. Heobparnmele MHTHOH-
TOPBI MHOIAa HAa3bIBAXOT MHAKTHUBaropaMHu. Yacto MHTUOUTOPEL dep-
MEHTOB — CWIBbHBIE Bl MU JeKapcTBeHHEBIe TTpernapaTtel. HeoOpaTu-
MBIMU MHTUOUTOpaMH ABJISIIOTCS pochOpoOpraHHIECKHe COeTUHEHN,
HCIIO/Ib3yeMble B KAUECTBE MCCTULIMIOB MU O0E€BBIX OTPABIIAIOIINX Be-
mecTB (3apuH, 30MaH, BU-Ta3). Pochopunpyst aKTHBHBLI LEHTD aLe-
TUJIXOJIMHACTEPA3bl, COSAMHEHHUS 3TOro Kjiacca 00pa3yioT NpOYHbIe XHU-
MHYECKH MHCPTHBIE COENMHEHHUS, OJOKUPYS LIEHTPAIbHYIO HEPBHYIO
CHCTEMY YeJIOBEeKa, XXMBOTHOIO WJIM HaceKoMoro. KilaccuyecKuM Ipu-
MepoM oOpaTUMOro HHTHOUTOpA SABJIsieTCS MAHUA-UOH WX MOHOOK-
CHJ yIJIeposa, B3aUMOJEICTBYIOILNE ¢ TeM-CoAepXaluMu GepMeH-
TaMU WIK MEePEeHOCYUKaMU Kucjaopona. Obpa3yss KOMIVIEKCHI C reM-
GeIKaMU, 5TH COeIUHEHHUS OOPaTUMO BBIBOISAT X U3 OMOXUMHUUYECKUX
MPOLECCOB.

OCHOBHOI BONMpoc, KOTOpHI TpebyeT pelleHUs NMpPH U3YYEeHUH
MofaBieHUs GepMEHTATUBHON aKTUBHOCTH: 0OpaTHM WX HeobpaTtuM
athdexr unrnbupopanus. s 31oro HeoOXOIUMO BEIBECTH U3 CUCTE-
MBI MHTHOUTOP, HAllpUMep, IHANM3OM WIH reib-Guibrpanueii. Ecau
epMeHT BOCCTaHABIMBAET KaTaJUTHYECKYIO aKTHUBHOCTbH, 3HAYUT
HMEEM JIEJIO ¢ 00paTUMBIM MHTHUOUTOPOM; €CJIM aKTUBHOCTD (DEPMEHTA
HE BOCCTAaHABJIMBAETCS — MHTHOUPOBaHUE HEOOPATUMO.

PaccMorpuM KrHeTHYECKHE 3aKOHOMEPHOCTH HEoOpaTuMoro u
obpaTtuMoro HHTMOUpoBaHus. B KauecTBe wutocTpauny 6yneM UCIoNb-
30BaTh JaHHBIE [T0 MHTHOMPOBaHMIO TpocTartanaui-H-cunrasel (PGH-
CUHTA3bl) U3BECTHBIMH JIEKAPCTBEHHBIMHU CPEICTBAMMU.

Heobparumoe nnrudupopanye (MHakraBannsa). KuHernueckyio cxemy
HeoOpaTUMOro MHrMOUpPOBaHNUS MOXHO TTPEACTABUTh B BUIE

E+1%EI (4.63)

ITpn HeoOpaTUMOM HMHTHOMPOBAHWUM HMMEET MECTO PeaKilusl BTOPOro
MOpsIIKa aKTUBHOTO 1HeHTpa E depMmeHTa m unruburopa I ¢ obpasosa-
HHEM HEaKTUBHOTO (hepMEHTATUBHOTO NpousBogHoro El.

Ilpu nobarnenuu K pacrsopy PGH-cuHTa3p! aneruicaliuuuioBoi
KUCJIOTHI HAa0II0NaeTCs MeUIeHHAs ToTeps aKTUBHOCTH A (HaGimonae-
MOU CKOpOCTHU peakuuu) GhepMeHTa B peakilMU OKHUCIECHUSl apaxuao-
Hoo¥ kucnotsl B PGH,. Ckopocts MHaKTUBaUK PepMeHTa YBEIMIN -
BAeTCsl C POCTOM KOHIIEHTpAallMU acimuprHa. THITHYHbIE HabMozaemMble
3aBUCHMOCTH U3MeHeHHUs akTuBHocTd PGH-cHUHTa361 Bo BpeMeHU IS
thepMeHTa MUKPOCOMHOI (DpaKIMH Be3HKYIAPHBIX XKejle3 OapaHa rmpe/-
CTaBJIeHBI Ha puc. 4.26, a. AHAJTOTHYHBIE 3aBUCUMOCTH HaOMIOal0TCs
sl depMeHTa U3 TPOMOOHUTOB YesnoBeKa. [Ipoiiecc MHAKTHBALIUK
(pepmerTa HeobpatuM. CylllecTBEHHOE YMEHbIIEHHEe KOHUEHTPalUU
MHIUOHUTOpA MyTeM pa30aBieHHs peaKIMOHHON CMECH HE IPUBOIUT K
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Puc. 4.26. Kunetuka usMeHenust aktusHoctd PGH-cuHTasnl npu MHKy6a-
UK hepMeHTa B pacTBOPE aCMHUPHHA:
a — 3aBUCUMOCTb A/Ay = f(f) NMpU KOHUEHTpaluK pacTBopa acrniupuHa [ = 0,81 (7),
2,35 (2), 4,36 (3) MMonb/t (4y — cKOpPOCTh (DEPMEHTATUBHOR PEAKINU B OTCYTCTBUE
HHrHOUTOpa); 6 — HaHHbIe puc. 4.26, @ NIPeACTABICHBL B TMONYAOTapH(PMUIECKUX KO-
OpAMHATAX; ¢ — 3aBUCUMOCTb 3(H(MEeKTUBHON KOHCTAHTBHI CKOPOCTH WHAKTMBALUU OT
KOHIIEHTPAIMY PACTBOpA acluprHa

MOSIBIEHUIO aKTUBHOCTH (pepMmeHTa. MHaKTHBAaLMIO bepMeHTa Helb3sl
OOBSICHUTD €I0 JeHaTypalMel, MOCKOJIbKY B KOHTPOJLHOM OITBITE B
OTCYTCTBHE aCMUpPUHA (PEPMEHT MOTHOCTHI COXpaHsSET CBOIO aKTHB-
HOCTb. [TpocTeiilinit MexaHU3M MOTEPU aKTUBHOCTH OIUCHIBAET YpaB-
HeHue (4.63).

B ycnopusix n36biTka HHrHOUTOPA 1O CpaBHEHUIO ¢ KOHIIEHTPALIH -
eif aKTUBHBIX LIEHTPOB (hepMeHTa KMHETHKY M3MEHEHUS] KOHIIEHTpa-
LIMY aKTUBHBIX IIEHTPOB (pepMeHTa BO BpeMeHHU OYIyT OIHCBIBATH Clle-

IYIOLINE YPABHEHUS:

E = E+[En, -4E_dElN
dt dt
dE dinE

_—= —k[()E 781050 = "k[o
dt ’ dt ’

rae £y — HavdajlbHAasE KOHUEHTpalUsl aKTHBHBIX LEHTPOB; [y — Havyallb-
Hasl (IOCTOSIHHASI) KOHLUEHTpauus HHruburopa (I > F)). Peurenne
5TOro YpaBHEHHS NTpU HAYyaJIbHBIX yenosusax ¢ = 0, £ = E, uMeer BUI

E = Eyexp (-klyt). (4.64)

ITockoabKy u3Mepsiemast Ha ornbite akTUBHOCTs PGH-cunTassl 1u-
HeifHO 3aBUCHUT OT KOHLIEHTpauHu (epMeHTa, TI0 STOMY XK€ 3aKOHY
JTOJDKHA H3MEHATHCSA M aKTUBHOCTH KaTaJIM3aTopa.

DKCIepUMeHTAIbHBIE JaHHBE pHC. 4.26, a MOKa3BIBAIOT, YTO 3Ta
3aBUCHMOCTE IIPH HHTUOUPOBAHUH ACITPHUHOM JEMUCTBUTEJILHO UMEET
MecTo. KuHeTH4ecKre KpUBEIE ONICHIBAIOTCS YDABHEHUEM TIEPBOTIO 10-
psizika, TIpy STOM MOKAa3aTesib SKCIOHEHTH JIMHEIHO 3aBUCHT OT KOH-
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LEHTpALIMU UHTHOUTOpa (puc. 4.26, 6). TaHTreHc yria HAKJIOHA Tpa-
(brKa 5TOi 3aBUCHUMOCTH MO3BOJISIET ONPEAETUTh KOHCTAHTY CKOPOCTH
(puc. 4.26, ¢) HeoOpaTMOroC B3aUMOJIECHCTBUS aCITUPUHA C AKTUBHBIM
eHTpoM (pepMenTta. BugHo, yro HeobparnMas nHaktuanys PGH-cuH-
Ta3bl ACTUPUHOM — CPaBHHUTEILHO MEIJIEHHBIH Mpoiiecc. ACTUPHH He-
obparumo pearupyer ¢ PGH-cuHTa3o0l ¢ riepeHOCOM aluaIbLHOM TPYITEL
Ha 0eJIOK, aLeTUIUMpYs TMIPOKCHIBHYIO Ipynity cepuHa-530, pacrio-
JIOXKEHHYI0 Ha ydacTKe aJCcOpOLIMH apaxMIOHOBOM KHCIOTEL.
Obparnmoe unruouposanue. Mnkybauus PGH-cunTasel ¢ uHIo-
METAMHOM, KaK H B cllyyae ¢ acClIMPUHOM, ITPUBOIUT K norepe dep-
MEHTOM €TI0 aKTHBHOCTH. DTOT IPOLIECC TAKXKE Pa3BUBAETCS BO BpeMe-
HU (puc. 4.27). [IpuHUMITHAIBLHOE OTINYHE MEXaHU3Ma IeUCTBUS 3TOIO
JIEKapCTBEHHOIO IpellapaTa 3aKjIovaercsl B TOM, YTO MHAOMETAlVH
npenacrapiser coboil obparumelit unruburop PGH-cunTtasel. DroT
BBIBOJI, CII€/IaH Ha OCHOBaHUM cledyomuX ¢pakTtoB. OOpaTHMOCTD B3ak-
MoIecTBUS MHaoMeranuHa ¢ PGH-cHHTa30i MoarBepXaaeTcs TeM,
YTO IOCJIe OTHE/NIeHUsT HHTHOUTOpa oT (hepMeHTa aKTHBHOCTE PGH-
CHHTA3bl BOCCTaHaBIMBaercsa. KnHeTnyecKue H3MepeHus IMoKa3aiu, 4Yro
PGH-cuHTa3a B3aUMOENCTBYET ¢ HHIOMETALMHOM 0 YPaBHEHHUIO

k,
E+1==El (4.65)

Ha puc. 4.27 npuseneHB KUHETHYECKIE KPUBbIE H3MEHEHUS aKTUB-
Hoctd PGH-cunTassl B nponecce HHKyOauuu epMeHTa ¢ MHAOMETA-
HoM. IIpu 6ecKOHeYHOM BpeMeHHM KUHEeTHUYECKVe KPHBBIE BBIXOIST
Ha npelieIbHOE 3HaYeHHe, OUIMYHOE OT Hy/IeBoro. KnHeTn4eckue JaH-
HBIe pUC. 4.27 CBUIETEILCTBYIOT, UTO HHIOMETAIINH [TPEICTABIISET CO-

A/ 4
1,0

0,6

0,2

Puc 4.27. Kunetuka uaMeHenus: aktusHocTH PGH-cunrasel npn uHky6a-
uuu hepMeHTa B pacTBOpPE MHAOMETALMHA!
a — 33aBUCUMOCTb A/A, = f() ipu KOHUECHTPAIIMK pacTBopa uHaoMeTauuHa I = 1,4 (1),
2,2(2), 3,8 (3), 5,4 (4) MKMOJIb/TT, 6 — 3aBUCHUMOCTD TPEACALHOM aKTUBHOCTH dep-
MEHT4 OT KOHLIEHTPAlMM PACTBOpa MHAOMETAIMHA
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Puc. 4.28. Kunetuka nameHeHus1 aktuBHocTH PGH-cuHTa3sl mpu MHKyOa-
MU bepMeHTa B pacTBOpE BOJIbTapeHa

a — 3aBUCUMOCTb A /A, = f(¢) Ipu KOHLEHTPAalUK pacTBopa BonbrapeHa I = 0,86 (1),

1,54 (2), 2,81 (3), 4,25 (4) mxMmonb/n, 6 — paHHbie puc 4 28, a NpencTaBieHbl B

noayaorapudMuUYecKux KOOpAMHATAX, ¢ — 3aBUCHUMOCTh 3 (eXTUBHON KOHCTAHTLI

CKOpOCTH MHAKTHBALMM TEPBOTO MOPAAKA OT KOHLEHTpAl|MH PACTBOpPA BOJbTADEHA

6011 MemneHHbIT oOpaTuMblit uHIrIOUTOp PGH-cuuTassl. B coorBer-
CTBHM CO cXeMOH (4.65) naMeHeHMe KOHLIEHTPalK KOMILIeKca dep-
MeHT— uHTHOMTOP EI BO BpeMeH# MoXeT OBITh OIIMCAHO YpaBHEHUEM

ki Ey I,
Ell=—-20% f1- —(k Ly + k), .
[EI] k110+k-1{ exp[~(k Iy 1)]} (4.66)
2 OTHOCUTENBHOE U3MEHEHUE aKTUBHOCTH — YPABHEHUEM
A k1
e e B J —(kly + k_t]}. .
4 k110+k—1{ exp[—(ki 1y + 1)]} (4.67)

DddexTBHAST KOHCTAHTA CKOPOCTY MWHIUOMPOBAHUS, XapaKTepH-
3yrollasi JMHAMUKY TIpoLecca, paBHa Ky, = kil + k.

Bonbrapen sener cebst B peakiiuy nHrnouposanuss PGH-cunrTassl
aHanornyHo mHIoMerauuHy. Ha puc. 4.28, a npuBegeHb KMHETHYE-
CKYIe KpUBBIE M3MEHEHYSE aKTUBHOCTY (pepMeHTA MPH pa3IMYHBIX KOH-
LIEHTpaLMsIX PACTBOpPA BOJbTApPEHA. Pe3ymbTaThl IMHeapu3ayy KuHe-
THYEeCKUX JAHHBIX B KOOpAMHATAX ypaBHeHUS (4.67) npencraBlie B Ha
puc. 4.28, 6. Ha puc. 4.28, ¢ mokazaHa 3aBUCHMOCTh 3 peKkTBHOMI
KOHCTAHTBI CKOPOCTY MHAKTHBALMKM OT KOHLEHTpAUUy¥ MHrHOuTOpa,
M3 KOTOPOM MOIYT OBITh HaWEHBl KOHCTAHTBHI CKOpOCTEH MpSMON U
00paTHOM peakIIvii BOJbTapeHa ¢ aKTUBHBIM LIEHTPOM (bepMeHTa.

Kitaccryeckass KMHETHYECKAsg cxeMa o0paTHMOro MHIHOHpOBAHMS
OIIHOCYOCTPAaTHBIX peakiii UMeeT BUI

K.
E+S=> ES —y E4p
NK NaK (4.68)
Ks Bhiar

El == ESI —E+P
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PaBHoBecHbIe pouecch o6paszosanud ES, EI u ESI onpenensiior-
cst TpeMst KoHcTanutamu K, K; ¥ o. DTo cieayeT U3 MPOCTLIX TePMOIM -~
HaMuueckux coobpaxenuil. Ilponecc nepexona or E x ESI B paBHOBeC-
HOM pexXuMe He 3aBHCHUT OT IyTH nepexona. Takum o6pazoM, Ksa K; =
= K; K5, win K§ = oK.

HauansHas cTaumoHapHast CKOpOCTb IpolLiecca OyIeT ONChHBaThCS
ypaBHEeHHEM

oK; +B1
T ak; + 1

K +1 .

s oK; +1

B 3aBucHMOCTH OT 3HAYEHMI o ¥ 3 BO3MOXXHBI HECKOJIBKO BapyaH-
TOB UHTMOMPOBAHUS.

Kouxypenmnoe uneubupoeanue. Ilpu oo — oo TpoitHO# KoMIuteKe dak-
THUECKH He oOpa3syercs. CxeMa peakKuyH CyLIeCTBEHHO YIIPOIIAeTCs:

K.
E+S—>ESLE.p

E,S, ,
(4.69)

Uy =

So

K
E+1 === EI
CKOopocTh peakiuy paBHa
v = kKaTEOSO

K1+ 1/K))+S8,
BunHo, yro uHruGuTOp BIAMSLET HAa KOHCTAHTY MUXasnuca ¥ He BIusi-
er Ha V,, wiu k,,,. B 1BOMHBIX 06paTHEIX KOOpAWHATAX CEPUsT SKCIIEpU-
MEHTAaJIbHBIX KPUBHIX, MOJNYUYEHHHIX NPU PATMYHBIX KOHICHTPALUAX
cyGcTpaTa ¥ MHTUOUTOpa, OyIeT NpeAcTaBieHa MYYKOM MPSIMBIX, I1e-
pecekarouxcs B Touke 1/V,, (puc. 4.29, a).

Hexouxypenmuoe uneubuposanue. Ilpu o = 1, f = 0 uHruGUTOp CBSI-
3pIBaeTCA ¢ (epMEHT-CYOCTPAaTHEIM KOMIUIEKCOM Tak ke 3¢h(eKTUB-

1/1)0 1/1)0 1/1)0
I

V) s US . US

Puc. 4.29. InckpuMmnHalums MeXaHM3MOB WHTMOMPOBaHUST dhepMEeHTAaTHBHBIX
peaxkunit ro rpadudecKuM JaHHBIM B JBOHHEIX OOpAaTHEIX KOOPAWHATAX (CTpel-
KOI1 1I0Ka3aHO HampaBJeHue pocTa KOHUEHTPpau U UWHIMOUTOpA):

@ — KOHKYPEHTHOe MHrubupoBaHue; 6 — HEKOHKYPEHTHOE MHIMOGMPOBAHHUE;
6 — GecKOHKYpeHTHOe MHIHOMpPOBaHuUE
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HO, KaKk ¥ €O CBOOOIIHBIM aKTUBHBLIM HEHTPOM, HO KOMH.TIeKCOO6p830-
BaHMe TIPUBOLUT K MOTEPE peaKIIMOHHOM CIOCOBHOCTH
Kyax
— e EoSo
o = 1+1/K;
p = ——————
KM + S()

HWHrubuTop BIUSET HA MAKCUMAIBHYIO CKOPOCTb V,, peakiumy, HO He
BJIMSIET Ha KOHCTaHTY Muxasnuca. B IBOMHBIX 06paTHLIX KOOPANHA-
Tax OymeM MMEThL CEepHIO MpSMLIX, IlepeceKalolixcs B Touke 1/,
(puc. 4.29, 6).

becrkonrxypenmnoe uneubuposanue. Ilpy =0, o < 1, B < 1 Makcu-
MaJibHasi CKOPOCTh ¥ KOHcTaHTa Muxasnyca Npu yBeIMYeHMU KOH-
LICHTPALMY HHTUOUTOpA YMEHBIIAIOTCS B PaBHOW CTEITCHU

ko Kt g

oo = ok + 1
ﬂ.{.S
Mok, +1 °°

B ABOMHBIX 0OpaTHBIX KOOPAMHATAX SKCIEPUMEHTANbHEIE JaHHLIE
OynyT MpecTapiIeHbl cepueil mapasuieIbHBIX HellepeceKaloUMXCs Mpsi-
MbIX (puc. 4.29, 8).

HccnenoBaHne psiaa HeCTEPOUIHBIX IIPOTHBOBOCIIANUTEIbHLIX ITpe-
naparoB (6pycdeHa, HalpokceHa, OyTaauOHa, aHAJIbTHHA) TTOKa3alo,
YTO OHY SBISIOTCS OBICTPONESHCTBYIOIIMMY OOPaTUMBIMY MHTMOUTO-
pamut PGH-cunTa3ssl. [1pu nobapiaeHuy ux K pacTBopy dpepMeHTa MOX-

1/vg, (MKMOJIb/)/(MHH - MT) 1/v5, (MKMOIMb/71)/(MWH - Mr)

[ ]
5 .. (] 3
oozl m/
9 A 2
3 /Ir((u/ﬂ)/l
0,001} 2 0,00 ‘OD)/(Q)/

1 e
1 1 1 1 1 1 1 ! i 1
-8 4 0 4 8 12 16 -8 -4 0 4 8 12 16
1/S, 1/MMoJb 1/8, n/mMmonn

a 6

Puc. 4.30. 3aBucMMOCTD CKOpPOCTH peakumu, Kataansnpyemoit PGH-cnuTa-
30i, OT KOHUEHTpAIMK apaxugoHOBOH KMUCJIOTH (@) M aipeHainHa (6) B
0oDpaTHRIX KOOpIMHATAX MPU KOHIIEHTPaUMH pacTBopa OpydeHa:
a—I=0(1),3,7(2),15(3), 25 (4), 35 (5), 50 (6) Mxmonb/x; 6 — [=0 (1), 25 (2),
50 (3), 126 (4) MKMoOJb/n
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Ho HabonaTh GeICTpOe 0GpaTHMOE NTOJABJICHE aKTMBHOCTY KaTalu3a-
topa. Kak u3BecTtHO, B peakumu, Karaamsupyemoin PGH-cuHTasoi,
MPUHUMAIOT ydacTie Takue cyGCTparThl, KaK apaXuIoHOBask KUCIOTA,
KHUCJIOPOJI ¥ BOCCTAHOBUTENb — HOHOP 3nekTpoHoB. Ha puc. 4.30 npu-
BEJICHBI 3aBUCHMOCTH CKOPOCTH PEAKIIMK OT KOHLIEHTPALIVY apaxXuio-
HOBO¥ KMCJIOTHI ¥ afpeHaATWHA TIPY PAa3IMYHBIX KOHLUEHTPALMIX pac-
TBOpa OpydeHa. AHAJIOTMYHBIE 3aBUCUMOCTYT HaONMIONaloTCs i Ha-
npoxceHa. Maydenune GyTanguoHa ¥ aHalnbIMHA ITOKA3aJ10, YTO OHY TaK-
Ke SBISIOTCS 00paTuMbIMu MHTHOUTOpaMu PGH-cMHTA3pI, OOHAKO
3(hdekTUBHOCTS MHTUGPOBAHHUS VIS OyTaayioHa ¥ aHAJIbTMHA HECKOMb-
KO HUXe, yeM st OpydeHa u HanpokceHa. C hopMarbHO-KUHETHYE-
CKOM TOUKH 3peHHsT YKasaHHBIe MHTHOMUTODH! (OpydeH, HalpOKCeH,
OyTagMoH, aHaJbIMH) BHICTYNAIOT B Ka4€CTBE KOHKYPEHTHBLIX WHIM-
61TOPOB MO OTHOILIEHUIO K apaxWJIOHOBOK KHMCJIOTE ¥ OECKOHKYPEHT-
HBIX — I10 OTHOLLUEHUIO K JIOHOPY 3JEKTPOHOB.

* k%

AOI‘HK& — 3TO XHUMHS MbICAUMOTI'O MHpa.

B.Coaosbés

Tepnets ne mory aoruku. Ona Bcerga 6anarbHa M HepeaKo
OueHb ybeauTeabHa.

O.Ydiiavz

IToxBemeM HEKOTOPBIE UTOTH ¥ paCCMOTPUM JIOFMKY KHHETYECKO-
ro ucciaeaoBaHus.

KiHeTuKy XMMHMYECKOro Wi¥ OHOJIOTMYECKOTO nporecca 0OBIYHO
W3y4aloT C JBYMS LIETSIMMU.

1. C uennio npenckasaTh, YTO MPOU30NIET ¢ CUCTEMOM B GyaYLIEM.
Ecnv n3BecTHBI KWHETWYECKMI 3aKOH Pa3BUTHS CUCTEMBI (KaK IpaBH-
J10, opMasTbHO U3BECTHO U depeHIHATLHOE YpaBHEHYE, ONMMCHIBA-
Io1Iee JMHAMUKY TIpOLECca) ¥ HayaJbHbIe YCIOBUSL (T.€. COCTOSIHUE
CHCTEMBl B HayaJbHBIA MOMEHT BpeMEHH), MOXHO MpEACKa3aTh, YTO
Oyner ¢ cucTeMoil B KaXAbIi MOMEHT BpeMeHM B OynyiueM. K sroMy
KJIaccy 3aja4 OTHOCSITCH TaKKe ONTHMU3ALMOHHbBIC 3a0a4H, T. €. 3a1a-
YUY, pellleHWe KOTOpBIX MO3BOJSET MEepedTH M3 OIHOI0 COCTOSIHUS B
Ipyroe 3a MaKCUMaJIbHO Manbiil (yuty 60JbIIONA) ITPOMEXYTOK BpeMe-
HY, JOCTUYHL MaKCUMATLHOTO BBIXOAA MPOAYKTA ¥ T.1I.

2. C yenplo MOHATh MEXaHM3M TIpoliecca, T. €. IPEICTABUTH OTACIIb-
HbIE 3JIEMEHTH YU CTaguy, obeclieynBalolie UMEHHO TaKoe MpoTe-
KaHue npouecca Bo BpeMeHu. JIio6oe mpencrapieHue 0 MEXaHU3ME
npouecca sBiasgeTcss MoaeabHbIM. OCHOBHOM 3agayeil XUMUYECKOH U
BHOXMMMYECKON KWHETUKM SBISIETCS M3YUeHME MEXaHW3MOB peak-
uui. ITonm MexaHU3MOM peakly B paMKax XMMHKO-KMHETHYECKOTO
OaX01a OGLIYHO MOHMMAIOT NMOCIEI0BATEIEHOCT MOJIEKYASPHBIX ITpe-
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BPalUIEHWH UCXOIHBIX BELIECTB B KOHEUHbIE TPOAYKTH. Kak NpaBuio,
MEXaHHM3MBI XUMWUYECKUX U OUOXUMMYECKMX pEaKLUN CIOXHBIE U
BKJ0OUaioT B ce6s1 o6pa3oBaHue JaGMIBHBIX U BBICOKOPEAKLIMOHHO-
CTIOCOOHBIX TPOMEXYTOUHBIX COeIMHCHUN. Y CTAHOBIEHE HAJTMYUS,
W3YYEHNE CTPOEHUS M CBOMCTB DTHX IIPOMEXYTOUYHBIX COCIUHEHUH,
O0HapyXeHNE KOPPEIALVM MEXIOy WX CTPOCHMEM U peakIMOHHOMU
CIIOCOOHOCTBIO COCTABISIOT CYIIHOCTh MCCIEAOBAHUS MEXaHW3Ma
npoiiecca.

3HayeHUEe KMHETUUYECKOTO MOIX0o[a IJIsE M3YyYeHMS] MeXaHM3MOB
XVMWYECKHUX 1 OMOXUMHUUYECKHX PEAKIIMN TPYIHO MepeoieHuTh. YacTo
NpocTeilliee KUHETUYECKOEe HaOMIOAEHUE OTKPBIBACT LENyI0 SMOXY B
HCCIIea0BaTeNbCKOI paboTe.

Kuneruueckoe uccienoBaHe HaYMHAETCs, KAK NPaBMTIO, ¢ 3KC-
nepuMeHTa. [lpy n3ydeHnn ¥3MeHEHUS KOHLEHTPALYl IIPOAYKTOB pe-
aKLIY, VICXOAHBIX PEAreHTOB WM KAKMX-THMOO MPOMEXYTOYHBIX CO-
SAWHEHMIT BO BPEMEHU MCIIONB3YIOT CaMble Pa3HOOOPAa3HBIE XUMUYE-
CKMe ¥ DU3NYECCKHE METOIBI OINpeACNICHNAST KOHILIEHTpauMii BeulecTs.
DKCIMEepUMEHTATOP IJISL YIIPOLIEHUS MHTEPIIPEeTalii pe3yIbTaToB 10-
XKEH CTPEMUTLCA TONIEepXUBaTh PAN MTapaMeTPOB CUCTEMBI ITOCTOSH-
HbIMH. OOBIYHO OMOXMMMYECKHE SKCIIEPUMEHTHI IIPOBOIAT B U30TEP-
MWYECKHX YCJIIOBUSX, IIPH NTOCTOSSHHBIX 3HauyeHUsAX pH, MoHHON criln
pacrsopa. Ilpy aT10M OUKCHPYIOT KOHIIEHTPALMH KAaKUX-T00 peareH-
TOB, cO3faBast OOJIBIION WX M3OBITOK IO CPABHEHUIO ¢ KOMIIOHEHTA-
MM, KOHLIEHTpAL KOTOPBIX U3MEHSIOTCS BO BpeMeHH. B pesynnrare
9KCINEPUMEHTAJIBHOTO WCCIIEJOBAHUSA YCTAHABIMBAIOT 3aBUCHUMOCTH
KOHIIEHTpaUi BEUIECTB OT BPEMEHU IIPU Pa3IMYHBIX BHELIHUX (HUK-
CHPOBAaHHBIX MMapaMmeTpax. Eciy peakuust NpoTeKaeT mpy HeOObILIOH
CTENEHM TpeBpalleHns cybcTpara, yIoOHa MepeMeHHasi, onpeaesie-
Masi ¥3 MCXOIHBIX SKCIIEPUMEHTANbHBIX JAaHHBIX, — HavYaJlbHasA CKO-
POCTh pEAKLIVH vy, JJISE KWHETMYECKOTO aHaIu3a MOXHO MCIIOIb30BaTh
U ApyrHe NepeMEeHHBbIE, HallpyuMep, TAaKME KaK TEKyIllass KOHILIEHTpa-
LU MCXOQHOro cybcrpara, NMpoayKTa, NPOMEXYTOYHOrO BELICCTBA,
BpeMs XU3HU KaKoro-i1mdo MHTepMenara.

151 OOBSICHEHUS TONYYECHHBIX 3KCIEPUMEHTANbHBIX JTaHHBIX Ha
OCHOBE 3aKOHOB XMMHUECKOIl KHUHETUKY CO3[al0T KHHETUYECKHAE MO-
Jeny, cOMIAaCHO KOTOPBIM JJIEMEHTApHBIC CTaAWy INpEeBpalllcHUAST MO-
JIEKYJT B CJIOKHOM MEXaHM3ME peakKUuM IPENCTABASAIOT OO0 MOHO-
MOJIEKYISIPHBIE, OMMOJIEKYIISIDHBIE WY B OUEHB PEIKUX CIyIasX TpU-
MOJIeKYIpHEIE Mpoecchl. MeTomoNoTHYEeCKY ONpaBIaHHBLIM Tpe-
CTapNseTCS MIOCTPOEHUE MPOCTEUIINX MOJeNiel, BKIIOYAIOMIUX Hau-
MeHpllIee YUCIIO CTaAu; B JaJbHEHIIIEM BO3MOXHO YCJIIOXHEHWE MO-
Ieneil o Mepe CPaBHEHUS MX ¢ SKCIIEPUMEHTOM MPY HECOOTBETCTBUM
BEIBOZIOB, CJIECIYEMBIX M3 MOIEIH, SKCIIEPUMEHTAIBHBIM PE3yJIbTaTaM.

Ilpy mocrpoeHU KMHETMYECKOW MOJIEM MCIIONb3YIOT JAHHBIE O
CTEXHOMETPHM pEeakUU U O NMPUPOJE MPOMEXYTOYHBIX YaCTHL, IIPU-
HUMalolMX yJacTve B peakuuu. I1py XMMMKO-KUHETMYECKOM HCCIe-
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IOBaHUY HauGOMbINAs HEOMPENETCHHOCTh — YMCIO BO3MOXHBIX Ba-
PHMAHTOB — CBsi3aHa ¢ MOCTPOCHUEM KMHETHYECKON cXeMbl Mporecca.
Ha aroit ctamuu mcciaenoBadust GOBIIYIO pOJIb UTPAET UHTYULIUS UC-
cNeioBarens.

TTocne nocrpoeHUs Moneneil MoCIeayoUIUe ONEpaii ¥ BLIBOILI B
3HaYUTENBHOI CTENIEHH JeTepPMUHYpPOBaHLL. IIpennaraeMas KMHETHYE-
CKasg cxeMa 3aIuchiBaeTcs JIMGOo B BUIE MOCIEI0BATEILHOCTY CTanuil
peakuuu, 100 B BUJIE CXEMBI pEaKLIMU, XapaKTEpPU3IVIOUIEH B3anM-
HbIH Ilepexo KOMITOHEHTOB Mpoiecca. KuHeTnueckast cxeMa peakiuy
NP UCTIONH30BAHNY 3aKOHOB XUMUYECKOM KMHETHKYM OIMHO3HAYHO TIpH-
BOIUT K cucteMe nuddepeHIMaNbHIX U (WIN) anredpanyeckKux ypas-
HeHu#. Kak npaBuio, Nojay4yeHHas cucTeMa YpaBHEHMH NpeacTapiseT
coboit cucteMy augdepeHIIMATBHBIX YPaBHEHMI IEPBOTO MOPSIKA €
MOCTOSAHHBIMY KoadhduuuenTaMy. I1pu U3BeCTHRIX HAYaTbHBIX WX Ipa-
HUYHBIX (IJIs1 MAKPOKWHETHYECKMX 3a/1a4) YCIOBHUAX CHCTEMA YpaBHE-
HUI MOXeT OBITh pellieHa, ¥ 3TO pellieHue GyneT equHCTBeHHBIM. [To-
JiydeHMe Y aHaTU3 pellleHus TpeGyoT yMenus paborath ¢ nuddepeH-
LMANGHBIMY YPAaBHEHUSIMU, KOTOPOE MOXHO MpHOOpPECT IMpY M3yde-
HUY Kypca MaTeMaTUYECKOro aHaiIu3a.

Hccnenoarenu 00BIMHO CTpEeMATCS MaKCUMATLHO YIPOCTUTh Ma-
TEMaTUYECKOE OMMUCAHKME CUCTEMBI 1 IMoucK pelneHust. C 3TOH 1eIbio
9KCIIEpUMEHTATHHO CO3AI0TCH YCI0BYSA, B KOTOPBIX cucteMa audde-
peHUMANBLHBIX YPAaBHEHUH MMeeT INHeHHbIN xapakTep. Hanpumep, co-
3aercs 6oMbIIoA M3GHLITOK OMHOrO K3 KOMIIOHEHTOB PeakiUy, KOH-
LICHTPALU KOTOPOro He M3MEHSETCS BO BPEMEHHU ¥ MOXET BXOJUThH B
nuddepeHIMANbHOE YpaBHEeHME B BUAe KOHCTaHTLL Ilpu 3ToM cKO-
pPOCTH OUMOJIEKYNIIPHBIX PEAKIIMH C yJacTHeM 3TOTO KOMITOHEHTA CTa-
HOBUTCS JIMHEHHO 3aBUCUMO# JIMILbL OT OXHOM NMEpEeMEHHOM, ¥ ypaB-
HEHWE CKOPOCTY CTAHOBUTCS JIMHEWHEBIM. BTO CYILIECTBEHHO YIIPOIIaeT
peuieHue cucreMsl auddepeHIMaTBHBIX YpaBHEHMH, ITOCKOIBKY JIH-
HEHbIE YpaBHEHVS UMEIOT 0OlIIee pellleHe, KOTOPOE JETATLHO OMMU-
CaHo B JUTEpaType.

Ilpw uccnenoBaHuy pepMEHTATUBHBIX peaKIUIl YaCTO UCIIONb3YET-
¢Sl METOJI CTallMOHApHBIX MpUOmKenuit. Mcnons3oBanne ycloByif cTa-
LMOHAPHOCTY KOHLICHTpAlMH MPOMeXYTOUHBIX COCTUHEHMIT NIEpeBO-
IUT cucTeMy mviddepeHInanbHbIX YpaBHEHUH B CUCTEMY anrebpau-
yecKUX ypaBHeHUI. B psame ciayuaes pellieHUe cucTeMBbl 1 depeHIy-
QILHLIX YPABHEHHIT HE MOXET OBITh IIOJIYYEHO B aHATTUTHIECKOH (hop-
Me, ¥ TOTAA MCIONB3YIOT NMPUOIMKEHHbIe YACTIEHHbBIE METONbI. DTOT
MOJXO[l B IOCJIEAHUE OBl IUMPOKO PAa3BUBACTCS B CBA3HU C MOSIBIICHU-
€M U aKTUBHBLIM NPUMEHEHMEM B XUMUUECKON KuHeTuke 9BM, Koro-
pble TIO3BOJISIIOT MUCCIIeAoBaTeNIsIM pellaTh 3a1auy, paHee Hepaspely-
MbI€ BBUJIY MaTeMaTUUYeCKUX cIoxHocTeil. OTHaKo B METOHOIOTHYE-
CKOM IUIaHE XUMMKO-KMHETHUECKOE VICCIENOBAHME COXpPAHSIET CBOXO
JIOTHKY ¥ IIpY ucnoib3oBaHuy HBM. Otnnune 3aKaovaeTcs JHIIL B
TOM, 4TO B ciyyae DBM penteHue nojyyaercs He B BUIE YpaBHEHUS,
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a B Buze GyHKUMH, 3amaHHOM Tabnuuei unn rpadpukoM. Ilpu uccie-
JIOBaHUK pellleHUH BechMa yA0OHO UCIIONMb30BaTh PA3IMUHLIC aCHMIT-
TOTUYECKUE TIPUGIDKEHHS, TO3BOJAIOIINE ITPOAHANM3UPOBATh ITOBE~
JEHME CUCTEMBI TIPH 3KCTPEMATBHO BRICOKHMX ¥ HU3KMX 3HAYEHUSIX KU-
HETUYEeCKIX MMapaMeTPOB WIIM KOHIIEHTpaUuiA.

B XMMUKO-KMHETHUECCKOM HMCCICIOBAHUM OYEeHDb BAXXHBLIM MOMEH-
TOM SIBJISIETCSt COITOCTABJICHME BBIBOMOB, CACNAHHBLIX Ha OCHOBAHUU
KMHETMYECKON MOZIENH, C 9KCIEPUMEHTATBHBIMY pe3yibraramMut. Eciu
ypaBHEHUE KWHETMUYECKOW MOIEIM ONUCBLIBAET SKCIEPUMEHTATBHLIE
JaHHbIe, TOBOPAT, YTO MPEIIOXEHHAs CXeMa Peaklii COOTBETCTBYET
SKCIIEPUMEHTAIBHBIM peayiabraTtaM. [lpy HecoOTBeTCTBUM PE3YIIBTATOB
pacyeTa SKCIEPUMEHTAIBHBIM AAaHHBIM U3 JaJbHEHIIETO paccMoTpe-
HUS MCKIIIOYaeTcs KaKou-a100 MeXaHW3M WJIM TpyIila MEeXaHW3MOB.
PaccmorpeHue GONBIIOro Yyucia KMHETUYECKMX MOIENEH IO3BONSET
10 TEM WJIM MHBIM NPUYMHAM, NPUBOISUIMM K PACXOXICHUIO BBIBO-
JIOB SKCIEPUMEHTAIBHBIX PE3YIhbTaTOB, OTBEPTHYTH HEKOTOPLIE MeXa-
HU3MBl VI BBIOpaTh MeXaHM3M (WIM TpynIy MEXaHW3MOB), COOTBET-
CTBYIOIIMIT ONBITHBIM HaHHBIM. COOTBETCTBUE CIIENCTBUI KUHETHYE-
CKOM MOIEIH SKCIIEPUMEHTATbHBIM JAHHBIM HE MOXET CIYXUTDL Ofl-
HO3HAaYHBIM JI0KA3aTeILCTBOM CIIPABETMBOCTH IIPENIaTaEMOTO Mexa-
HU3Ma peakuuu, MOCKOJAbKY HUOTKyJa He CIeayeT, 4To ApYras Mo-
JIe]Ib VIV CXeMa Ipollecca He MPUBENET K TEM Ke YpaBHEHUAM.

OxHako BaXXHO! 4epTOH KMHETHMYECKOTO MOAXO0Ha SBISETCS BO3-
MOXHOCTb IEMOHCTPALIMY, YTO TOT WIX WHOI MEXaHM3M HE COOTBET-
CTBYET 3KCNEPUMEHTATBHBIM JaHHBIM ¥ MTO3TOMY MOXET OBbITh UCKITIO-
yeH. Mccnenoparenb, MPOBOAS KMHETHUCCKUI aHaNU3, JOKEH pac-
CMOTPETD IPYIIITY BO3MOXHBIX MEXaHM3MOB, UIEHTH(DULINPOBATD CXE-
MBI ¥ BBLIOpaTh Te KMHETHYECKHE MOJIEIH, KOTOPLIC YIOBIETBOPAIOT
SKCMEPUMEHTANBHEIM JaHHBEIM. Hacro Uist OJIydeHusT YIOBIETBOPH -
TEJILHOTO PE3YJIbTaTa HEOOXOMUMO YCIIOXHUTH NMEPBUYHYIO NPOCTEH-
wyio Mogenb. Kak mpaBwio, pasnuyHbe KUHETHYECKHE CXEMBI IIPUBO-
ISIT K pasHbIM CHCTEMaM YpaBHEHUMI W pa3IdyaiomMCs peUICHUAM.
IToaroMy KMHETHUECKHME CXEMbl MOXKHO PasIMYMTh WM, KaK HHOTIA
TOBOPSAT, AUCKPUMUHYPOBaTh. OIHAKO KHHETHYECKUE MOIEIN MOTYT
NIPUBOAUTE B CHIIY UCIIOMB3YEMBIX YIIPOIIEHUH K YpaBHEHUSM, HE OT-
JIMYAIOUIUMCS 110 3aBMCUMOCTH OT BPEMEHY WJIM OT M3BECTHBLIX KOH-
LIEHTpaUMil BAphUPYEMBIX KOMIIOHEHTOB CUCTEMEL. B 3TOM cliydae He-
00X0MMO MPOBOIUTE CIICLMANBHBIA TEOPETYECKUI ¥ 3KCIIepUMEH~
TaJALHBIM aHAJIM3, HallpaBJIeHHBIA Ha pasrpaHuyeHUe U JaNbHEHIIyio
JTUCKPHMUHALIMIO MEXaHM3MOB.

Ecnu npennoxernHast cxeMa (KUHETHYECKAsT MOJIENTb) COOTBETCTBYET
SKCHEePUMEHTAILHLEIM JAaHHBIM, BaXXHO ONpPEACIUTh YACICHHOE 3Haye-
HUE MMapaMeTpoB, BXOISIIMX B YpaBHEHME, ONKCHIBAIONIee N3MEHEHME
KOHIIeHTpal¥ KOMIIOHEHTa (pelieHue odpaTHOH 3agayu). U3 skcne-
PUMeHTANILHBIX JAHHBIX C TTIOMOUIBIO MpeoOpa3oBaHUi, MPUBOASIINX
K NTMHEHHBIM 3aBUCHMOCTSM, WIM YMCIEHHOTro moxbopa nHa DBM
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OIPEACIIAIOT KOHCTAHTBI CKOPOCTH MIIY paBHOBECHS 2JIEMEHTAPHBIX CTa-
vt nporecca. MHOrma, 0coGeHHO A1t CIIOXKHBIX MEXaHU3MOB, OIpe/e-
JIVTH SJIEMEHTAPHBIE KOHCTAHTHI MPAKTHUECKU HEBO3MOXHO, U U3 3KC-
MepUMEHTATbHBIX JAHHBIX ONPEAEIIAIOT HEKOTOPEIE (DYHKIMY SIEMeH-
TapHBIX KOHCTAaHT — 3(deKTUBHBIE KOHCTAHTEI. B manbHelineM, yic-
TIOJIB3YS PA3JINUHBIE 3aBUCUMOCTY 3 (EKTUBHBIX KOHCTAHT, IOJyvya-
10T HGOPMALIUIO O KOHCTAHTAX CKOPOCTH SJIEMEHTAPHBIX ITPOLIECCOB.

KuHeTnueckoe ucciegoBaHye 3aBeplliaeTcs ITOCTPOSHUEM MOJIEKY-
JisipHOM Mopenut. Mcronb3ys He3aBUCHUMBIE JAHHBIE O CTPYKTYpE MC-
XOJHBIX, KOHEYHBIX, IPOMEXYTOUHBIX COCAMHEHUN, MOXHO MpeacTa-
BUTHh KapTHHY IMPOIECCOB, MPOXOISUIMX HA MOJIEKYJISPHOM YPOBHE.
3ayYacTyio MOCTPOCHUE TAKOTO POJAa MOJEKYISAPHLIX MOeIei Compsi-
XEHO C U3BECTHOM CTEMEeHbIO PUCKA, W YACTO MOJIEKYISPHbIE MOJIEIH
MMEIOT runoreTudeckuit xapakrep. OnHaKO CO3aHUE MPEACTaBICHUI
0 MOJIEKYJIAPHBIX U3MEHEHUAX B IIPOLIECCE peaKLU B BRICILIEH cTerne-
HY CTUMYJIYPYET Pa3BUTHE UCCIICNOBAHUS Mpoilecca M NpeacTaBiaseT-
Cst HEOOXOAMMBIM Ha TOM WY MHOM 3Talle padoThl.



I'maBa 5
HNHAKTHUBAIIUS ®PEPMEHTOB

Kunertnka kak Hayka o 3akoHax 1 MEXaHM3Max PasBUTHsA pas-
AMYHBIX IIPOLIECCOB B IIPHPO/IE HAXOAUT B 06AACTH GHOAOTHE IOYTH
HeorpaHUueHHble NePCIIeKTHBDI AAS TEOPETUHECKHX MCCAe Z0BaRMI
H MIPaKTHYECKUX MIPYMEHEHUH.

H.M. manysav

5.1. CxeMbl HHAKTHBAIHH (PEPMEHTOB

BbyomoaMepHble MOJIEKYNBI SIBISIOTCS TEPMOIMHAMUYECKH Heyc-
TOWYMBBIMY U, KaK IPaBWIO, C TCYCHHEM BPEMEHHM M3MECHSIOT CBOIO
MPOCTPAaHCTBEHHYIO CTPYKTYpY ¥ cBoiicTBa. Ecnu 310 oTpaxkaercst Ha
(DYHKLMOHAJBHBIX XapaKTepHUCTHKAX MOJIEKYIBI, N3ydeHNe U3MEHEHIS
BO BpPEMEHM (PYHKIMOHATLHOW aKTMBHOCTH JOJLKHO JaTh WH(OpMa-
MO O COCTOSIHUY GHOIONMMEPHOI MoneKkyibl. Haubosee oT4eTIMBO
9TO MPOSBISETCS NPY U3ydeHUY (pepMeHTOB. KatanuTuueckast akTHB-
HOCTh SIBJISIETCS MepOol COCTOSIHMSL aKTMBHOIO ILieHTpa depMeHTa M
COOTBETCTBEHHO OEJIKOBOI MOJIEKYJIBI B LIeJIOM. B O0bIIMHCTBRE city4a-
€B IpOolIecC MOTePH aKTHUBHOCTH (pepMEHTOM (MHAKTUBALIMS) MOXET
OBITh ONMMCAH KaK MEePexXoj MEXIY IBYMS COCTOSIHUSIMY Oelka — ak-
TUBHBIM E, 1 HeakTuBHbIM E,:

ki
E,=<<=E,
21

Kax mpaBwiio, 9TH MPOLECChl HEOOPAaTUMBIE, XOTSI B HEKOTOPBIX CITY-
Yasgx MOXHO HaGiogaTe 06paTuMyIo MHaKTuBaLuIo depMeHTOB. C TOY-
KY 3peHus XMMUYEeCKOH KMHETUKY 3Ta peakiiys IpeacTanisier coboi
00paTMYI0O MOHOMOJIEKYJISIPHYIO PEAKLINIO

dE

9 = —k,E, +kyE,
dt 12 21
E,=E,+E,

rae E,, E, — TeKylllasg KOHUEHTPAlMs COOTBETCTBEHHO aKTMBHOTO E,

1 HeakTusHoro E, 6enka; £, — HayamnbHasi KOHIIEHTpalws Genka.
Kuneruka mpoilecca xapakrepu3yeTcss OMHUM XapaKTepucTHye-

CKuM BpeMeHeM t~! = kj, + ky. B KuHeTHKe peakiuuy IpOSBISETCS
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Haubosee GuICTpIit poriece. Tak, ecnu k;, >> ky|, U3MEHEHUE BO Bpe-
MEHU KOHIIEHTpAIMY AKTUBHOTO COCTOSHUST (pepMEHTa OIMUCHLIBAET
YDaBHEHUE

Ea= Eoexp("‘klzt). (5.1)

TakuM 06pa3oM, KOHCTAHTA CKOPOCTY MHAKTUBALIVA k, = k|, SIBIIS-
eTCH XapaKTepUCTUKOHN cocrosiHusa OuononuMepa. Ecim mpoucxogst
Kakue-mmb0 CTPYKTYpPHBIE M3MEHEHUS MOJIUMepa, TO OHU MOTYT IO-
BJIUATH HAa KOHCTAHTY CKOpPOCTH Iepexoga F, B E,.

IIpoueccel, NpuBoAAIIMe K MHAKTUBALIMY (pepMeHTa, MOTYT UMETh
pa3nuuHyio GU3NKO-XUMHUYECKYIO npupony. Moekyisl Oelka B pac-
TBOpPE CYIIECTBYIOT B BUIEC KOH(pOPMEpPOB, 00PaTUMO IEpEXOoasIinX
Ipyr B 1pyra. KoHpopMarmoHHbIE NepeXoabl ONPEACNSIOTCA B OCHOB-
HOM JIBYMs MapaMeTpaMy — mokasareneM pH u temneparypoii. Ilpu
TIOBBIILIEHUH TEMITEPATYPHI IIPOUCXOIUT «IUIaBJIEHE» HEKOTOPHIX y4a-
CTKOB O€KOBOIT MOJIeKy/Abl. EcIy Takoro poaa mpolecchl IpoTeKaloT
IJIyGOKO, MOTYT TIPONCXOAUTE HEOOpaTMble M3MEHEHUS CTPYKTYDPHL,
B GOJIBILIMHCTBE CIyJaeB MPUBOASIINME K IoTepe QYHKLIMOHANBHON aK-
TUBHOCTH. DTOT IIPOLIECC HA3BIBAIOT TEIIOBOH AeHaTypauyiet. Temno-
Bas JIEHATYypalust OeJIKa MIPUBOINT K CYIECTBEHHOMH MepecTpoiKe MaK-
DPOMOJIEKYJIBl, MI3MEHECHUIO TPETUYHOM ¥ YACTUUHO BTOPUYHOM CTPYK-
Typhul. Ilpy kaxnom 3Hayenuy pH 6Genok xapakTepudyeTcsl COOTBET-
CTBYIOLLIMM pacnpeaeeHieM 3apsioB, cO3JaBaEMbIM HOHOTCHHLIMU
rpynnamu. Ilpn odeHb HU3KMX WIM BRICOKMX 3HAYeHUsIx pH pacnipene-
JICHUE 3apsiIOB MOXKET CYIIECTBEHHO IMOJIAPM30BATh MOJIEKYIY Genka,
NPUBOAUTS K IOSBICHUIO KOHPOPMEPOB, CIOCOOHBIX HEOOPATUMO U3-
MEHSITLCS C pa3pyllieHeM CTPYKTYPhl aKTUBHOIO LIEHTpA.

IMpu u3ydeHny TaKOTro pona IpoleccoB BaxkHaA nuHGOpMaLys Mo-
JIydeHa peJlakcalyoOHHBIMU MerogaMu. Kak mpaBwmio, KoHGOpMaiy-
OHHBIC U3MEHEHUS CONMPOBOXIAIOTCS M3MEHEHUEM OKDYXEHUS apo-
MaTHYECKUX AaMUHOKHUCIIOT — TUPO3VHA U TPUITTO(haHA. DTO IPOSBIISI-
€TCS B U3MEHEHUY CIIEKTPOB IOTJIOIIEeHS ¥ dhIyopeceHuy B o6ia-
¢t ~290 HM ¥ MMO3BOJNSET CAEOUTD 32 U3MEHEHUSIMUI CTPYKTYPHI OeJIKa
ObpatuMbie KOHGOPMALTOHHBIE U3MEHEH NS, MHAYLIMPYeMbIe U3MEHE-
HUEM TeMIlepaTypsl WiK rokasartens pH, nporexaror B TedeHue 10—
107! ¢, HeoBpaTMBle AeHATYpaLMOHHLIE U3MEHEHUS B 3aBUCHMOCTH
OT ycloBHii — B TeueHue 1 — 10° MuH.

IToMuMoO neHaTypallMOHHBLIX BO3jaeiicTBuii Temmeparypul ¥ pH,
MHAKTHBALIMSA (DEPMEHTOB MOXET ObITH BBI3BAHA MPUMEHECHUEM JICHA-
TYPUPYIOIIUX areHTOB, pa3pylIalolAX BTOPUYHYIO CTPYKTYpY Oenka,
TaKUX KaK MOYEBMHA VUIM TyaHuAvHxJopua WMHOrma, ocoGeHHO npH
WHAaKTUBALMY (hepMEHTOB, aKTUBHBIC IIEHTPBI KOTOPBIX COMEPKaT TH-
OJIBHBIC TPYIIILI, CYIIECTBEHHYIO POJb UTPaloT OKKWCIUTEIbHBIC MPO-
LIECCHI C YYaCTHEM KHUCJIOpOAa

Ecnu o6patuMbie KOH(MOPMAaLIMOHHbBIC U3MEHEHIST IIPOTEKAIOT OT-
HOCUTENBLHO OBICTPO M B KaXObIii MOMEHT BpeMeHM KOoH(OpMaLIMOH-
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HBIE PaBHOBECHUS YCTIEBAIOT YCTAHABJIMBATHCS, KMHETHMKA MHAKTUBA-
MY OyIEeT OIMUCHIBATHCS OJHOSKCIOHEHIIMATBHBIM YPABHEHUEM, Ofi-
HAaKO B KOHCTaHTY CKOPOCTM MHAKTUBAIUU OYAYT BXOAUTH KOHCTAHTHI
paBHOBECHUS KOH(MOPMAIIMOHHBIX U3MEHEHMIA.

PaccMOTpUM TIPOCTEHIUYI0 KMHETUYECKYIO CXEMY MHAKTUBAIMU C
y4eTOM paBHOBecusi KoH¢popmepoB E;, E,, E, Genka, mpu 310M KOH-
dopmep E, He obagaeT GyHKITMOHAIBHON! aKTHBHOCTBIO:

K

E, = E,—~E,

JaHHasa KMHETHYeCKasd CXeMa OIMCHIBAETC s CIEMYIOIeil CHCTEMOI ypaB-
HEHUWU:

d_ﬂ :kE2,

dt

K= E]/EZ’

ED = E] +E2 +E,

toe E,, E,, E, — Ttexyuiass koHueHTpaiusi KoHdpopmepa E;, E,, E,
COOTBETCTBEHHO.
W3 ypaBHeHUst MaTepUaIbHOTO GajlaHca ClleayeT

dE, dE
% i k) o,
g 1B+
_dE, _ K

dt 1+K *©

KuHeTHKa TIporiecca ONMMCHIBAETCS OMHUM XapaKTepUCTUYECKUM

BpeMEHEM
-l k
kl =1 =, E2 = EO eXp(—k,t),
I+K

rne k, — s dexTrBHas (HabMogaeMasi) KOHCTaAHTa CKOPOCTH MHAKTH-
BaLNU.

B 3aBucuMocT OT TepMOTUHAMHWUYECKHX XapaKTEPUCTHK MpoLecca
3¢ deKTUBHAST KOHCTAHTa CKOPOCTH MHAKTUBAIUMM BKJIOYACT WIM HE
BKJTIOYAeT KOHCTAHTY paBHOBECUS TIPEAIIECTBYIOLIEN JUMUTUPYIOLIEH

CTalUN.

1. Ecmu nepexon E; === E, sABAsieTCST TEpMOAMHAMUYECKU BBITOJI-
HeIM, TO K << 1, k, = k.

2. Ecau obpasosaHue KoHpopMepa E, TepMoIUHAMUYECKN HEBBI-
rogHo, o K> 1, k, = k/K.

TepMoaUHaAMUUYECKHM HEBHITOAHAS OBICTPasi paBHOBECHAsi CTAlUs
CYIIECTBEHHO CHUXAET CKOPOCTh ACHATYPaIMM OejIKa.
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B ciyuae eciim mHakTMBaUMy MogBepXeHHB 064 KOHGOpMepa:

E,=—=E,
lkl lkz
E;, E,,

TO 3¢ deKTUBHAsS KOHCTAHTa CKOPOCTM WHAaKTHUBALIMU OIMCEIBAETCA
ypaBHEHHEM

k; + Kk
k =1'=-"1-—2
1+K
B ob1ieM BuIE It CUCTEMBI C yYACTUEM 1 KOH(OPMEDOB:
K K _ Ko k
E, E, | S En_>E1
3¢ dekTUBHAS KOHCTAHTa CKOPOCTH MHAKTUBALMK OyAEeT paBHA
1 k

k ==

TTH K+ Kol + .+ K0+ KDY

Ecnu xoHpOopManvoHHbIE N3MEHEHUS TePMOIUHAMUYECKUA HEBEI-
TOAHH, 3(¢eKTUBHAs KOHCTAHTa CKOPOCTU WHAKTUBAIIMM OTpaXaeT
MHOXECTBO KOH(HOPMALIMOHHEIX UBMEHEHIH OeJika

HNMeHHO TakxyM 06pa30oM IIPOTEKAET TEILIOBAst AeHATYpalust O6eJIKOB.
DddexkTBHAS KOHCTAHTA CKOPOCTH SBISETCS Mepoil KoHgpopma-
LIMOHHBLIX U3MEHEHWM, M M3 UCCICIOBaHUS MHAKTUBAIIMOHHBIX IIPO-
LIECCOB MOXHO TTONYYUTE NHGOPMALIHIO O KOHGOPMAITUOHHBIX COCTO-
STHUSIX MOJIEKYJIB Gesika. B To Xe BpeMst oueBUIHO, YTO 3 beKThl, TpH-
BOZSIIME K U3MEHEHUIO CKOPOCTH MHAKTUBALUM, HallpuMep 3G deKTh
CTaOMAM3ALIMY WIN AeCcTabun3anum Oejika, MOTYT MpPOSIBISATHCS KakK
Ha JUMUTUPYIONIEH CTaIuM, TaK U Ha CTAIVK PAaBHOBECHBIX KOH(OD-
MallMOHHBIX U3MEHEHUIT, OKa3pIBast BAMSHUE HA KOHCTAHThI paBHOBE-
cust. [Tpupona MHAKTUBUPYIOIIETO BO3ACHCTBUS MOXET OBITh pa3iuy-
HOW: BEICOKME TEMITEPATYPHL, YIBTPa3BYK, PAJMOAKTUBHOE M3TTYUEHME.
HHTepecHble 9KCTIEPUMEHTAILHLIE PE3YILTATHI TTOTYYeHBI IPH U3y -
YeHUHU KOHMOPMAIIMOHHBIX U3MeHEHNH OeJiKa, OOYC/IOBIEHHBIX U3ME-
HenueM pH u mepepacnpeneieHueM 3apsifoB Ha O€JKOBOU riobyJe.
Kak npaswio, mHakTuBauus ¢GepMeHTOB CYIIeCTBEHHO BO3pacTaeT WK
3aMeISIETCA B CHUIBHOKHCIIBIX WIM LIEJJOYHBIX pacTBopax. B kauecrse
MIpUMEpPA PaCCMOTPUM MHAKTHUBALIMIO O.-XHMOTPHUIICMHA MO AeHCTBUEM
YABTPa3ByKa. B nuanasoHe koHueHTpalwmi pepmenta 107 — 107 Mmonn/n
KMHETUKA MHAKTMBAllMM CTPOTO ONMChIBaeTcs ypaBHenueM (5.1)
(puc. 5.1). UccnenoBaHne KMHETUKKM MHAKTUBAIMYA O.-XMMOTPUIICUHA
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Al 4y lg(4o/A)

[e]
1,0 2k
[o)

0,5F 1+ 9

1 1 1

0 70 140 0 150 300
t, MUH t, MUH
a 7]
Puc. 5.1. KuHeTnka MHaKTMBAUMM O.-XUMOTPUIICMHA N0 AeHCTBUEM YIbTpa-
3ByKa:

a — W3MECHEHHE aKTUBHOCTH (hepMeHTa BO BpEeMEHM; § — JaHHbIe puc. 5.1, a npen-
CTaBJICHBI B ITOJYJOrapuOMUUCCKUX KOOPAMHATAX

MoJI IeHCTBUEM YALTpAa3ByKa I1OKA3aJi0, YTO CKOPOCTh UHAKTUBAIMU
pesko manaeT nmpu pH <3 u pH > 9. Ha puc. 5.2 npuseaeHa 3aBUcH-
MOCTh KOHCTAHTBI CKOPOCTH MHAKTUBALIUM (pepMeHTa TI01 fedCTBUEM
yapTpasByka ot pH pacrtsopa.

ITpocreitiiast cxeMa, ONMUCHIBAIOIIAS WHAKTUBAUMIO GepMeHTa,

UMEET BU
Kl KZ
EH, <= EH <= E

L A L
HMHaxkTuBUpoBaHHbBIE HOPMBL

3necy E, EH, EH, — ocHOBHOE, HeliTpalbHOE M KHCJIOE COCTOSIHUE
MOJIEKYJIBl OelKa COOTBETCTBEHHO; K,, K., k. — COOTBETCTBYIOIIME
KOHCTaHThI CKOPOCTH MHAKTUBALIUM;
K;, K, — paBHOBECHBIE KOHCTAHTHI
MPOIECCOB IIPOTOHUPOBAHUS — JIE-
NIPOTOHUPOBAHMUSI. 3.0
HaHHasi KMHeTUYeCKas cxema
ONMCHIBAETCSI CUCTEMOM ypaBHEHUIA

k, 102, munl

1,5+
Ly (BH, )+ K BH] + K[,
E, =|EH, ]+ [EH] +|E] + E,, 0
K, = [EH][H] K, = [E][H+].
[EH,] ’ [EH] Puc. 5.2. 3aBUCMMOCTH KOHCTaHTH

CKOPOCTH HMHAKTHBAallUKM O-XHMO-
DdhexTUBHAST KOHCTAHTA CKOPO-  TPUICKHA MO AEHCTBHEM YIIBTPa3By-
CTH nHaKTUBalvu k, 6yneT paBHa Ka oT nokasarens pH
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[ Ll P
k K
' H], K,

1+ +—=
K, [H]

K,
[H']

kK[H+]+ koK2
p= _k_l — kHKl kH[H+] . (52)
o, HT, K
T

K, [H7]
IIpu pH < 3 uwau pH > 9, xorza cucreMa IOJMHOCTBIO MepeXOmUT B
cocrosinve EH, wim E cooTBeTCTBEeHHO, MHAKTUBAIIUSA CYIIECTBEHHO
3aMeIsgeTcd. DTo 03HadaeT, uTo k, > k, u k, > k,. Torna ypaBHeHue
(5.2) MOXeT 6bITh 3allMCAHO B BHIE

1

H'] K,
AT

p:

PaccMoTpuM Tpu caydast:

1) ecu [H'] < K, [H'] << K;, 10 k, = k,JH']/K;, T.€. KOHCTaHTa
CKOPOCTU MHAKTUBAIIMK JUHEIHO PacTeT ¢ YBeAUYeHUEM KOHIICHTPa-
LMY MOHOB BOopoxa (Mpasas yacTh KPUBOM Ha puc. 5.2);

2) ecmu [H'] >» K;, [H'] << K|, T0 k, = k,, T.€. KOHCTaHTa CKOpPO-
CTH WHAKTWBalKAM He 3aBUCUT oT pH (1iaTo Ha puc. 5.2);

3) ecu [H'] > K;, [H'] > K;, 10 k, = k,K;/[H"], T.e. KOHCTaHTa
CKOPOCTY MHAKTUBALMK IafaeT ¢ poctoM pH (JeBas yacTh KpUBO Ha
puc. 5.2).

N3 sxcnepMMeHTaIBHBIX JAHHBIX, IIpeICTaBJIeHHBIX B JoTapu(pMu-
YeCKMX KOOPAMHATAaX, B COOTBETCTBUM C M3BECTHBIMM METONAMU MO-
I'yT ObITh HailleHbl pK MOHOT€HHBIX IPYII, KOHTPOAUPYIOUIMX HHAK-
TuBalMIO ¢epMeHTa. B cirydae o-XMMOTPUIICMHA TAKUMH MOHOTeHHBI -
MU I'pyOIaMy SBSIIOTCS KapOOKCUAbHAas TPYIITIa OCTaTKa aclaparuHo-
BOI KUCAOTHI- 194 1 oi-aMUHOTIPYIINa ocTaTKa u3oaeiuHa-16 (pK atux
rpynn 3,3 u 8,3 COOTBETCTBEHHO), 0Opa3yIOLINe BOJOPOIHYIO CBSI3b,
o0ecleuynBalIyI0 KOHMOpMAIUMI0O aKTUBHOTO LIeHTpa O~XMMOTPMII-
cuHa. M3BecTHO, uTo paspylleHHe 3TO# CBSI3M 3a CUET IIPOTOHUPOBA-
HUSA KapOOKCW/IBHOU TpyINbl WIM 34 CUET ASIPOTOHUPOBAHUS aMHU-
HOTPYMITBl BeNET K CYLIECTBEHHOMY M3MEHEHMIO KOH(pOpMalluM aK-
TUBHOTO LigHTpa (epMeHTa, MPUBOASLIIEMY K HapyLIeHUIO KaTalUTH-
yeckoit ¢yHxkimu. OMHAKO K WHAKTUBALIMM YILTPA3BYKOM 5TH KOH-
(bopmaiy aKTUBHOTO 1eHTpa ycToHYuBEL, [loka3aHo, YTO MHAKTHMBA-
LI O.-XMMOTPHIICUHA TI01 AeHCTBUEM yIbTPa3ByKa IPOUCXOJUT 3a CUeT
pa3pyiueHust TpunTohana-215, BXoasero B akTMBHBIA LEHTP O.-XH-
MoTpuricuHa. [1o-BUaMOMY, B pa3BepHYTOM HEaKTUBHOM COCTOSTHUH
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KaTaJIMTHYECKOIO 1IeHTpa TpUIlTodaH-215 cTaHOBUTCST MeHee TOCTYII-
HBIM UIS CBOOGOIHBIX PaIUKAJIOB, KOTOPbIE BO3HUKAIOT IO AEICTBU~
€M YJIBTpa3ByKa M IIPUBOAST K MHAKTUBaUM hepMmeHTa.

5.2. NnaxruBanus (epMEHTOB B NMPOLECCE PEaAKLMH

H3BecTHRI epMeHTAaTUBHBIE PEAKIIMU, B XOIE€ KOTOPHIX NMPOUCXO-
JIMT TI0Teps aKTUBHOCTH (pepMeHTOM (MHakTuBaius). McciaenoBanue
3aKOHOMEPHOCTEN MHAKTUBAIMK (epMeHTa MpeACTaBIAeT 0COOBIH UH-
Tepec, MOCKONBbKY MHAKTUBALIMS MOXET SBJISTHCS OTHUM M3 MEXaHM3-
MOB Peryasiiyu pepMeHTaTUBHOM aKTUBHOCTH. MexaHU3M (epMeHTa-
TMBHOH peakiuM TpeBpallieHust cybcTpaTa S B NMPpOAYKT P BKIOYaeT
06pa3oBaHue TPOMEXYTOUHBIX CoeAMHEHMI X (hepMeHTa ¢ CyGCTPAaTOM:

K
E+S o X b, pop

B o6iuemM ciaydae B cucTeMe HaXomsITCs yeTbipe KoMmoneHTa E, S,
X, P, KOHIIeHTpalM¥ KOTOPBIX U3MEHSIIOTCS BO BpEMEHM U B3aMMO-
JeCTBUA MeXAYy KOTOPBIMU MOTYT TpUBOIUTH K MHAKTUBauu#u ¢ep-
MeHTa. BoO3MOXHBI HECKOBKO MEXaHM3MOB, IO KOTOPHIM TTPOUCXOIUT
WHaKTHUBaUsg hepMeHTa B MpoIecce peaKkivu.

1. DaeMeHTapHas cTagyst MTHAKTUBALUM MIPEICTABASET CO60IT MOHO-
MOJIEKYJISIpHBIN MpoIIeCC, MPOTEKAUUN ¢ MOCTOSHHOM YacTOTOU
(MHTEHCUBHOCTBIO) OTKA30B K,, HallpUMep TIPOIIECC TEIUIOBOM AeHa-

Typauuu pepMeHTa
k
E ——E, (5.3)

2. MHakTuBalysi MOXET IPOMCXOIUTE Uepe3 IPOMeXyTouHoe (ep-
MeHT-CyOCTpaTHOE COEqUHEHME

X fm g, (5.4)

B yC/IOBUSIX, Korna cBoboznHast popma depmenta E cyiecTBeHHO cTa-
OGuiibHEe TTPOMEXYTOYHOTO COEAMHEHUSL.

3. MHakTuBanus ¢pepMeHTa MPOUCXOAMT MPU B3aUMOAEICTBUM C
cyberpaToM

E+S—2~F, (5.5)

ITpoTtekarouas napaaieasbHo ¢ (pepMeHTATUBHBIM IIPOIECCOM OMMO-
JleKymsipHas peakumst pepMeHTa ¢ CyOCTpaToM IPUBOOUT K HAKOILIe-
HMIO B CHMCTEME HeaKTUBHOI (opMbl pepmenTa E,.

4. K vHakTBaImu epMeHTa MOXeT [IPUBOAUTH IIapaJUIE/IBHAS peaK-
LU ¢ IPOIYKTOM KaTAIMTUYECKOrO MpeBpalleHns. B mpocreitiiem ciry-
4ae 3Ta peakiyusi MOXeT MpeACTaB/IsiTh cO00M OMMOJIEKYISIPHEIH IpolIece

E+P—sE (5.6)
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OueBUIHO, YTO OJI Pa3IMYHBIX MEXaHU3MOB MHAKTUBALIUU JIHHA-
MUKa U3MEHEHUsI KOHIEHTpalluil KOMIIOHEHTOB B CUCTEME OYIET pa3-
JUYHa. DKCNEepUMeHTAIbHOE UCCIEOBAHNE KHHETUKH peakLuil 1oJ-
XHO JaTh UHGOPMAIIMIO O MEXaHU3ME WHAKTUBAITUM.

PaccMoOTpuM HEeTalLHO ABa BaXHBIX CIyyasi: MOHOMOJEKYJISIDHYIO
WHAKTUBANMIO cBOOOAHON (dopMel ¢epMeHTa (5.3) 1 MOHOMOJIEKY-
JISPHYIO MHAKTUBALIMIO (PepMEHT-CYOCTPaTHOIO KOMILIeKca (5.4), mpo-
UCXOASILIIUX B MpoIecce TIpeBpalieHus cybcTpara.

MoHoMoeKy 19pHasg WHAKTHBANHMA cBoOonnoii ¢opmel depMenra.
PaccMoTpyUM KUHETHKY (pepMeHTaTUBHOI peakiyu (5.3), B KOTopoi
MHAKTUBalUUs (GepMeHTa TPOTeKaeT 4yepe3 ero cBoOOgHYIo dopMy.
KunHetnka mpoiecca B yCIOBUSIX CTallMOHAPHOCTHA KOHUEHTPAIUMU
bepMeHT-CY6CTPaTHOrO KOMILIEKCA TIPU M3OLITKE cyOcTpaTa Sy >> K
OIMUCHIBACTCSI CUCTEMON YpaBHEHUI
ds

—— = K X,
dt
iEj_:kiEa
dt
EO =E+X+ l;ia
ES
KM 27.

M3 3THX ypaBHEHMIA CIemyer, YTo
E = Eyexp (k). (5.7)
Hurterpuposanue auddepeHIMANTFHOIO YpaBHEHUS € paslie/isio-
HIMMHUCS ITepeMEHHBIMI IIPU HaYaibHBIX ycaoBusX ¢ = O, P= 0 nmpuso-

OUT K HesIBHOH (YHKIIMM, OTpaxamoleid M3MeHEeHUE KOHLIEHTPaiuu
MPOJYKTa B 3aBUCHMOCTH OT BPEMEHM U NMapaMeTPOB peakilUu:

So _ kyar Eo [1- exp(~k;1)]. (5.8)

Ky ln————
So— P k,

Ione3HbM IipencTaBisieTCs BBeieHUe Oe3pa3MepHOM TepeMeHHON —

CTEIEHU KOHBEpPCUU CybcTparTa:

o= So -8
So
C y4yeToM 3TOro COOTHOLIEHUS ypaBHeHMe (5.8) GyAeT UMETh BUI
Ky ke Eo
o-—1In(l-o)= =] - —k;i1)]. 5.9
5, n(l - ) ks, [1 - exp(-k;1)] (5.9)

IIpu ¢ — oo cTeleHh KOHBEpCUM CyGCcTpaTa BRIXOOUT Ha MpedepbHBII
YPOBEHD O, < 1, KOTOPBIM CBS3aH ¢ HAYAIBLHBIMU KOHIIEHTPALASIMU
dbepmenra F;, cyberpata Sy U KMHETHYECKMMU XapaKTepHUCTUKaMU
[Ipolecca ypaBHEHUEM
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KM Vm
- In(l -oy) = -
So kiSo
rae ¥V, — MakcumalipHas CKOPOCTh (PepMEHTATUBHOM peaxiluu Ipu
JJAHHOU KOHIICHTpAIUU (PEepMEHTA.

PaccMmoTpuM HanGosiee BAXKHBIC YACTHBIE CIYYaH.

Cayuair 1. Tlpu cTenieHH KOHBEPCHH CyOCTpaTa o << | pasioXeHue
JjorapudMudecKoil GYHKIIMU ypaBEEeHUst (5.9) B psii OTHOCHUTEBHO
U TipeHe6peXeHre YieHaMU BHICLIETO MOPSIKa MallOCTH TIPUBOIAT K
ypaBHEHUIO

= Olim» (5.10)

ke Fy
=X - ~k;t
* ki(S0+KM)[ Xl )]
WIN
40
=—1] - —k;t 5.
o k,-So[ exp(-kit)), (5.11)

IJe vy — HavajbHasg cTauMoHapHasl CKopocTh peakumu. Ha puc. 5.3, a
TIPUBEAECHEI 3aBUCUMOCTH CTENIEHN KOHBEPCUH OT 6e3pa3MepHOro Bpe-
MEHM T = k;f TIpU pa3TUYHBIX HAYQJIBHBIX KOHIIEHTpAMsIX epMeHTa.
B xoxe peakiium cTeneHb KOHBEPCHUM CybCTpaTa HE JOCTUTAET eIVHM -
LBl U TIPU { — oo BLIXOAUT Ha TIpENEJbHOE 3HAUYECHUE, OIpeHeisieMoe
HayaJlbHOM CKOPOCTHIO PEaKIIMM M KOHCTAHTOU CKOPOCTU MHAKTHBa-
M hepMeHTa:
Ui = kKaT EO _ Vo
im — - .
ki(So + Ky)  kiSy

B 3THX yCIIOBUSIX TIpeaeabpHast CTelleHb KOHBEpCUM cyOcTparta (Miu Tpe-
JeTbHBIA BEIXOA TIPOAYKTA) JIUHEMHO 3aBUCUT OT KOHIIEHTPalMH BBO-

In(1-o/agm)

0
0,10

0,05

Puc. 5.3. Kunetuka uHakTHBaLuu (epMeHTa 1o MexaHu3My (5.3), paccyM-
TaHHag no ypasHeHuo (5.11):

@ — u3MeHeHMe CTerneH KOHBEPCHM cyOCTpaTa BO BPEMEHH ITPU HAYAbHONW KOHLEH-
Tpauuu epmenta Ey/6 (1), B/5 (2), Eo/4 (3), Ey/3 (4), E/2 (5), E (6); 6 —
ZNaHHpIe pUC. 5.3, g NpeacTaBaeHbl B NOAyAorapuMUUECKUX KOOpANHATAX
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IUMOTO B peakmmio pepMeHTa KuHeTWdeckue KpUBBIE HAaKOIUIEHUst
MIpOMYKTa WIM CTelleHH KOHBEPCUHU CyOCTpaTa, IMOJydeHHBIe NPH pas-
JIMYHBIX KOHIEHTpalUsaX (pepMeHTa, HOJDKHBI «CIIPSIMISITBCSE» B T1OJIY-
Jjorapu(pMUYECKIUX KOOpAUHATaxX (pyc. 5.3, 6), TIpH 3TOM TaHTEeHC yIja
HAaKJIOHA TIPSMOI paBeH KOHCTaHTe CKOPOCTH MHAKTUBaNMM (hepMeHTa.
KuHetnyeckre gaHHble, MOMTYYEHHBIE TTPU PA3INYHBIX KOHIIEHTPAIUsAX
¢epMeHTa, MOTYT OBITH NPEACTABICHBI B BUAE OAHON MPSIMOIA JIUHUM.

Cayuau 2. Tlpu cTenieHn KOHBEpCHM cybCcTpaTta o = 1 jorapudmu-
YeCKUH yjieH ypaBHeHMs (5.9) mOMKeH 3HAYUTEIBLHO MPEBHILLIATh CTe-
TIeHb KOHBEPCHUU CyOCTpaTa

o< —%)M—ln(l -a)

_ So
(1 (x)exp(KM (x] « 1. (5.12)

C yuetoM (5.12) 3aBUCUMOCTH CTENEHU KOHBEPCHM OT BPEMEHU O~
CHIBAETCS YpaBHEHHEM

a=1-exp {EK—"“—EQ [exp(-k, 1) ~ l]}

k Ky
17800
~In(l - &) = oy [1 - exp(=k,1)],
e
k Ky

CoOTBETCTBEHHO KMHETHYECKUE KPUBBIE JIMHEAPU3YIOTCS B ITOTY/IOTa-
puGMHUIECKHUX KOOpIMHATAX

ln[l + 1‘51—“9‘—)] =kt

Clym

IIpH BCeX UCITOIL30BAaHHBIX KOHIICHTPALUAX (hepMeHTA.
penenpuas CTereHb KOHBEPCUHM cyOcTpaTa sBasieTcs (yHKIMel
KOHIEHTpanuu pepMeHTa:

kKaTEO
Oy = 1 - exp| - 20
kl KM

TaxuM oGpa3oM, Npy yBeJIMYEHUM KOHLIEHTpaMu (hepMeHTa Ipe-
IelbHas CTeNeHb KOHBEPCUU CYOCTpaTa CTPEMMTCS K eAUHMUIIE.

Cayuaii 3. Tlpu © = kt < 1 (Wnu k. Fy > k,.S;) pasnoxeHue 3KCIo-
HEHUMATBHOI GQYyHKIIMM ypaBHeHUs (5.9) B psii OTHOCUTEILHO T ITpY-
BOAMT K YpaBHEHHIO
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K v,
- M in( - o) = 221, 5.13
o 5, n(l-o) 5, (5.13)

KOTOPOE TIPEACTaBIsIeT OO0l KitaccuIecKoe ypaBHeEHUEe Muxasmica B
uHTerpanpHoi dopMe. Tlpu T <« 1 uHakTUBanMeid ¢pepMeHTa MOXHO
npeHe6peus. Ha ocHOBe ypaBHEHMS

[0 KM(X KM

[ToJTy4eHHOro Ipeo6pazoBaHueM (5.13), omnpeledsioT KUHETHUYECKHE
mapaMeTprl V,, u Ky, neiicTBusa dGepMeHTa.

MouxoMoeKyiapHas HHAKTHRALHA (pePMEHT-CYOCTPATHOrO KOMILIEK-
ca. PaccMoTpuM KMHETHYECKME 3aKOHOMEPHOCTH (hepMEHTAaTUBHOM pe-
aKIIMY TIPU YCIOBUM, YTO MHAKTHBALMS MIPOTEKAET MOHOMOJEKYSIp-
HO Yepe3 pepMeHT-cyOCTpaTHBI KoMIUTeke (peakuust (5.4)). B yeio-
BMSIX CTAIIMOHAPHOCTH KOHIEHTpauy hepMeHT-CyOCTpaTHOrO KOMII-
JIekca pu M36BITKe cybeTpara Sy >> Fy KHHETHKA IPOLECCa OTTUCHIBa-
eTcsl cucTeMoit nuddepe HIMATBHBIX U alrebpandyecKuX ypaBHEHUH

ds

“zwkl(a-r kth

7 (ke + k)

dF

_’=le’

dt

EE=E+X+E,
ES

KM:——)Z—.

W3 3TuxX ypaBHEHUH CllellyeT, YTO KOHLIEHTpAIUsi MHAKTHBUPOBAHHON
dopmnr E, pepMeHTa CBsizaHa C KOHIIEHTpauMed cybcTpaTa COOTHO-
HIeHUEM

k
E =———(S, - 9).
kKaT + kl
KoHnuenTpanmio gpepMeHT-Cy6CTpaTHOrO KOMITIEKCA MOXHO BBIYMC-
JIUTH 10 YPaBHEHUIO

ko
Kear + K,
Ky

1 oM
s

IIpu repexose K CTeNeHHA KOHBEPCUH O CyOCTpaTa IOJIy4YUM

Llnl"aa_lln(l_a)=wt, (5.14)
l-a 1-a a So

Ey - (So - )

X =
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riue
k,S, Ky
= L ek S 5 b = e—_.
“ =+ ko) o So

PaccMorpuM HamGosee BaXKHBIe YaCTHRIE CIyYaH.

Cayuaii 1. CkopocTh MHAKTUBALUM (pepMeHTa CYLLECTBEHHO Ipe-
BBHIIIAET MaKCHMAIBHYIO CKOPOCTh (DepMEHTATUBHON peakunu k,Sy >>
>> (kxar + kz)ED:

(kl + kKaT)EO kl
SO SA LI < Wjncl N - . 5.15
= TTRS, { exp( T+ Ku /S H (.13)

B xone peakuuu creneHs KOHBEPCUM CyOCTpaTa BBIXOEUT Ha ITpelellhb-
HOE 3HaYeHME

l - (kl +kKaT)E0 <« 1

Opym =
a k, SO

DKCIIEPUMEHTATLHBIM TOJTBEPXKIEHNEM BBHITOIHEHMS! 3TOTO IIPH-
OIMXEHWs SIBIAETCS TIPEAEIbHBINM BHIXOM MpoayKTa (0, << 1). B atnx
YCIOBUSIX ITyTeM JIMHEapU3allAM SKCIIEpUMEHTANBHBIX JAHHBIX B ITOJIY-
sorapuMUYECKUX KOOPIMHATAX Ha OCHOBE ypaBHeHUd (5.15) MoxeT
ObITh HallzeHa 3P GeKTUBHAsE KOHCTAHTa CKOPOCTH Ky, MUHAKTUBALIUU
(bepmenTa (puc. 5.4):

k

ko, = ——
P 1+KM/S0

IIpu 3TOM HoMXeH HabmonaThess a(pdeKT cTabuau3anuu, T.€. YMEHb-
LIEHWE CKOPOCTH MHAKTUBAIMM, (hepMeHTa ITpyY YMEHBIUIEHUU KOHIIEH -

a In(1-o/opm)
0,15f 1
2
0,101
3
0,05
1 ] | i 1
0 4 8 12 16 = 16 =

Puc. 5 4. KuHernka nHakTUBalluM ¢epMeHTa 1o MexaHusmy (5 4), paccuu-
TaHHasg no ypaBHeHUO (5.15):

a — U3MeHEeHHE CTeTIEHM KOHBEPCHHU CyGCTpaTa BO BPEMEHM IIPHU HAYanbHOH KOH-
ueHTpauun cyberpara Sp/5 (1), So/3 (2), $/2 (3), 35/2 (4), & (5), 6 — naHHbe
puc 54, a npencTaBieHsl B M0yIorapuMUIecKUX KoOpaiHaTax
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Tpaumu cyocTpata. I1pu HacelieHun epmeHTa cyocTpaTtoM (S >> Kyy)
s dexTUBHAs KOHCTAHTA CKOPOCTH WHAKTUBALIUU BBIXOAMT Ha Iipe-
JEJIbHBIA YPOBEHB, OMpeae/IsieMblii KOHCTAHTONH CKOPOCTH MHAKTUBA-
MU QepMEHT-CYOCTPATHOTO KOMILIEKCA.

Cayuaii 2. Tlpu BBICOKMX KOHLEHTpauusix ¢pepMeHTa, Korma o = 1,
CIIpaBeTUBO COOTHOLLIEHUE Kk, Fy >> k,.S,. [IpH 3TOM ypaBHeHue (5.14)
ripeoGpasyercs B ypaBHeHue (5.13), U3 KOTOPOro MOXHO HaiiTh 3Ha-
yenust V,, u Ky, hepMeHTaTUBHON peakuuu. B 3THX yCITOBUSIX HHAKTH-
Banusl GepMeHTa He OKA3bIBAET BAUSHUS HA KUHETUKY PeaKIIMH.

Cayuaii 3. CkopocTh GepMEHTATUBHO peaKIIMY MaKCUMAJIbHA [IpaK-
THYECKM BO BCEM AMAMNAa30HE KOHLEHTpauuu cydcrpara (b = Ky /S <<
<< 1). B 3Tux ycioBusiX He3aBUCUMO OT CTEIIEHU KOHBEPCUU CyGCTpaTa
KUHETHUKA Mpoliecca OMUCHIBAETCST YpaBHEHUEM

o= M[l - exp(-k,1)],
k. So

COTJIACHO KOTOPOMY BCe KWHETUYECKHUE KPUBBIE, IOTyYeHHBIE NIPU pa3-
JIMYHBIX KOHLEHTpalusix ¢gepMeHTa u cy0cTpara, B IToayIorapumu-
YeCKHUX KOOPIUHATAX 3TOT0 ypaBHEHUs JOJDKHBI YKITANBIBAThCS HA OTHY
MpsIMYI0, TAHTEHC YIJIa HAKJIOHA KOTOPOUW paBeH KOHCTAHTE CKOPOCTH
WHAaKTUBALWU k,.

Cayuaii 4. OepMeHTATUBHAS peakiUs NMpoTeKaeT B OUMOJIEKYIISp-
HoM pexume (b = Ky,/S, >> 1). JIuHAMUKY U3MEHEHHUS CTeNIeHU KOH-
BEPCHUM CyOCTpaTa OIMUCHIBAET ypaBHEHUE

expliKL';—(l—a)jlt—l

o= - .
exp[ﬁ(l —a)]t—a

B aTuX yCIOBUSIX IIpU  —> o U @ < | TTOAYYIUM Qg = 1; IPU f = o U
a > 1 umeeM
_ 1 _ (kl +kKaT)E0
Uy = — = ————.
kISO
KuHetnueckyie KpuBble, NOJIYYEHHBIE NPU Oy < 1, JODKHBI IMHEA-
PU30BaThCS B KOOpAMHATAX YpaBHEHUsI

=% _ Vo g
-« KM
(xak ripaBuo, k, << ky,;), Ha OCHOBAHUU KOTOPOTO MOXET OBITh Haii-
AeH mmapametp V,,/Ky.
Bausnue cydcTpaTa Ha MHakTHBANHMIO hepMenTa. B 3aBucumocTH ot
COOTHOIIEHUS] KOHCTAHT MHAKTUBALIMU CBOOOTHONH GOpPMBI (hepMeH-
Ta E u depMeHT-cyGCTpaTHOTO KOMIUIEKca X CyOCTparT, MpUCYTCTBY-
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IOUIMI B PEaKIMOHHOM cpefie, MOXEeT BBICTYIIATh B KAYECTBE KaK CTa:-
OWIM3HPYIOLIETO, TaK U AecTabMIU3NpyIolIero dakTopa.
PaccMOTpUM KHHETHYECKYIO CXEMY C YI€TOM BO3MOXHOCTU MOHO-
MOJIEKY/ISIPHOM MHAKTUBALMU KaK (bepMeHTa (KOHCTAHTA CKOPOCTH K;),
TakK ¥ (PepMeHT-CyGCTpaTHOTO KOoMIleKca (KOHCTAHTA CKOPOCTH K,5):

K
E+S e X 5o gy p

k,\,\E e

Ilpu yciaoBum, 4Tto peakuuio MnpoBOAST Mpu U3GHITKE cybcTparta
(S; > Ey) npu HU3KO# CTErneHN KOHBEpCHH (o << 1) (mMpeanonaraet-
Csl, UTO 3a BpeMs MHAKTUBALUUA (epMeHTa ero KOHLEHTPalus npak-
TUYECKH He MEHSETCH), KHHeTHKA Ipoliecca Mo pa3UuYHBIM KOMIIO-
HEHTAM OIMHCHIBACTCSA YPABHEHUSIMHU

__EyS exp ki + kinSo/ Ky ¢

Ky + S 1+8,/Kye )
E= So ex ki +ki2So /Ky t,
1+S0/KM 1+S0/KM
ki + kinSo /Ky
E[ = E 1— Xp| ——— . ! ’
0{ P T T Sy K
t
kin EySo ki + kinSo/ Ky
P=ky| Xdt = ——"—"—|1-exp| ~———~"""t
2'(]). Kukiy + k1 Sy 1+ 8 /Ky

BuaHo, 4TO H3MEHEHUS BO BpeMEHUM KOHLUEHTPAMI BCEX KOMITO-
HEHTOB PEAKIINHU OMUCHIBAIOTCS OMHON U TOH Xe IKCITOHEHIIMANBHOM
(byHKHIMe ¥ KUHeTHYeCKHe 3aBUCUMOCTH OTIMYAIOTCS IUIIB MPesK-
CMIOHEHIIMATTBHBIMM MHOXUTEJISIMA M TTOCTOSTHHBIMU. D{deKTuBHas
(HabmofaeMast) KOHCTaHTa CKOPOCTH MHAKTHBAlMM K.y, CBA3aHHas
C XapaKTepYCTUYECKUM BpeMeHeM peaKLWM, PaBHA

b = ) = ki + kinSo/Kn
! 1+ /Ku

AHau3 3TOro ypaBHEHMS MOKa3bIBaeT, YT0 B 3aBUCUMOCTH OT COOT-
HOIIIEHUsI KOHCTAHT Ky, k,1, Ky ¥ KOHLIEHTpALWH S cyOCTpaT MOXeET
KaK YCKOPATh, TaK 1 TOPMO3UTh HHAKTUBALIUIO (hepMEHTA.

1. Eciu mHaKTUBALIMM IOBEpraeTcs MpenuMYyIeCTBEHHO CBOOOHAS
dopma depmenTa k;y >> k;y (k2 = 0), 10 T = kiy /(1+.S5/ Ky ). B oToM
cilyyae yBeJUYEHUE KOHIICHTpalMU CyOCTpaTa YMeHBLIaeT CKOpOCTh
uHakTuBauuu gepMenTa. Ilpu S, >> K, cyGeTpar npernsircTByeT HHaK-
TUBALUU (CIyYail «3alIUThI> QepMeHTa).

2. Ecnu nHAKTHBALUH ITOABepraeTcst JUIIb NPOMEXYTOUYHOE COeaH -
HeHUe k; >> k,; (k; = 0), T0 17" = kpSo/(Ky +S5;). Hpu Sy < Ky
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KOHCTA4HTAa CKOPOCTY WHAKTUBALMKM (GepMEHTa TUHEHHO 3aBUCUT OT
KOHLEHTpauuu cydcTpaTa; rmpu Sy >> Kj CKOPOCTh UHAKTUBALIMU HE
3ABUCHUT OT ) M OIpPEENsieTCs] KOHCTAHTON CKOPOCTH k5.

3. Ec/iM MHAKTUBALWU [TOABEpraTcs CBOOONHBIN (GepPMEHT U TIpo-
MEXYTOUHOE COeqUHEHUE C OMUHAKOBOH dactoroi (k,, = k;;), To v =
= k;; + kj», cnenoBaTeNbHO, CyOCTPAT He BIUSET HAa MHAKTUBALHAIO
¢epMeHTa.

KuHeTnvyeckue ypaBHEHUS IUIsT Pa3IMYHbBIX MEXaHWU3MOB MHAKTH-
Baguu (5.3)—(5.6) B psime ciayyaeB MMEIOT DA3HBIA BW, YTO AAeT
BO3MOXHOCTD, CONOCTABJISISI SKCIIEPUMEHTAIBHBIE TAHHEIE C TEOPETH-
YeCKIMY YpaBHEHUSIMU, YCTAHOBUTh MEXaHU3M MHAKTUBALINHN (hpepMEHTA.

I1osie3HBIMHU SIBJISIIOTCS CJIEAYIONIME CIOCOORI YCTAHOBJICHUS MeXa-
HW3Ma MHAKTUBAUMU (PEPMEHTA.

1. Ecnm B npouiecce peaknuy BEIXO MTPOAYKTA (CTEIIeHb KOHBEPCUH
cyberpaTa) 3aBUCUT OT KOHLICHTpanuM (epMEHTa, 3HAUMT pPeakIvs
COMNpoBOXAaeTcs MHaKTUBanueid pepmeHTa. IIpu 3TOM HYXHO GBITH
YBEPEHHBIM, YTO peakiiusi MPOBOIUTCS B YCIAOBUAX S) >> Ey M CHIXe-
HHUE CKOPOCTH PEaKIIMM He CBSI3aHO C 00paTUMBIM MHTHOUpOBaHUEM
MpOo1IECCa IMPOIXYKTOM peakvu. ITocaeqHee 00CTOSTENIECTBO MOXKET ObITh
YCTAHOBJIEHO C TTIOMOIIBI0 OOBIYHBIX TECTOB HAa OOPaTUMOCTb.

2. Inst peakiuid, COMPOBOXIAIONIUXCS WHAKTUBauMe# (GpepMeHTa,
CTereHb KOHBEPCUHM cyOcTpara o = K, /(k; Ky ) CBsSI3aHA CO CTENEHBIO
MHAKTUBHPOBaHHOCTH depMeHTa § = F;/E; (Tabmn. 5.1).

Ha puc. 5.5 npuBeneHbl pacyeTHBIe KpuBBle B(0) Wi pasTudHbIX
MeXaHU3MOB MHAKTUBAIIMKU. BUIHO, UTO NpH 3a0aHHBIX KHHETHYECKUX
rapaMmeTpax 3HAUYeHUs Oy,,,, HabmogaeMble ipu = 1, U3MEHSIOTCS B

pALY: Ojim2 = Mm3 > Aim -

Ta6nuna 5.1

Caa3b cTeNeHH HHAKTHBHPOBRHHOCTH (pepMeHTA 3 CO CTEMEHbIO
KOHBEPCHH CcyOCTpaTa o IS PA3NHYHBIX MEXAHH3MOB HHAKTHBALHH

Ne MexaHn3Mm CooTHolUeHHE
k kS K
1 E —E, =0 M (o -1
BI kKaTEO SO ( )
k, k.S,
2 — - -0
X El BZ (kl(a‘r + kI)EO *
k k !
3 E+S—E, =51(]1 KT\ F,
+ Bs 0[( +k1KM) 0:'0‘
4 E+PLE, B4=—§i——o—t—lil+ln(l—a—ﬂocﬂ
Eya+1 a
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B

0,8

T
o

0,6

0,4

0,21

1 1

0 02 04 06 08 o

Puc. 5.5. 3aBucUMOCTbL CTemeHU
MHAKTUBUPOBAHHOCTH hepMeHTa 3
OT CcTeneHu KOHBEpPCUH cybeTpara o
It nepsoro (1), Broporo (2), Tpe-
Thero (3) u uerBeproro (4) mexa-
HU3MOB MHakTuBamuu (taba. 5.1)

3. YcTaHOBUTb MEXaHU3M UHAKTH-
BalMU (epMeHTa MOXHO, MpOBOIs
peaKIUIO MPH HU3KUX CTENEHSIX KOH-
Bepcuu cybeTpara 1 HU3KUX KOHIIEH-
Tpauusix depmenTa. Ilpu oy, << 1
(o4 < 0,2) XMHeTHKa 00pa3oBaHus
npoaykra (KoHBepcuu cybcTparta)
I Beex MexaHusMoB (5.3)— (5.6)
OIMUCHIBAETCS MPOCTBIMU 3KCITOHEH-
LUATBHBIMU ypaBHeHHSIMU. [10 3Kc-
repyuMeHTAbHBIM JaHHBIM, MHpela-
CTaBJICHHBIMU MoOJjylorapudmude-
CKMUMHM KOOPIMHATAMU, MOTYT OBITH
HaliIeHB! 3HAYEHUS [1ApaMeTpa K,y ,
XapakTepU3yIOIIET0 WHAKTUBAIIMIO
depmeHTa BO BpeMeHH. B Tadn. 5.2
NpUBEAEHBl MapaMeTphl ky,, U O
KaK (QYHKIMY KMHETUYECKUX XapaK-
TEPUCTUK OTOEABHBIX CTAOUM U Ha-
YanbHBIX KOHUEHTpauii cydbcTpara
n depMeHTa. B cllyyae mHaKTUBALMU

¢epMeHTa NPOAYKTOM 3KCIEPHUMEHTAIBHBIE NaHHbIE HE MOTFYT OBITH
JIMHEAapU30BaHBbl B [IOIYyJ10rapuMUYECKUX KOOPINHATAX.
YCTaHOBHTh MEXaHU3M HHAKTHUBAIIUU MOXHO, aHIU3UDPYS 3aBU-
CUMOCTH Ky, U Oy, OT HAYAJIBHBIX KOHIEHTpAnui pepMeHTa u cyb-
cTpara. 3Ha4eHus! oy, Wist 1-1o, 2-10 u 3-ro (cM. Tabm. 5.2) MexaHu3-
MOB JUHEIHO 3aBUCSIT OT KOHIEHTpAllMK pepMeHTa, B TO BpeMst KaK
st 4-T0 MexaHu3Ma (MHAKTHBALUs MpU B3aUMOIECHCTBUU C MpPOAYK-
TOM) Oy, 3aBUCHT oT E/2. TToKazaTenb SKCIIOHEHTHI, OMMCHIBAIOIIEH

Tabnuira 5.2

DKcnepUMeHTANBHO ONMpeaeNsieMble NAPaMETPhl Peakuuii,
NPOTEKAIOUHX ¢ HHAKTHBALMEH depMeHTa NPH Oy, << 1

Ne Mexannsm [TapameTpst

1 Ef.g kg =Ky Oty =ﬁ&]

2 X X, kw,:%—kf}]{—;, onhm:ll:i;;E

3 E+S—2-E, kaq,,:%’l—%, m,m%ﬁ{]drk’%

4 E+P->E, kg, = VS Kukow By \/E
S0 + Ky k50K
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BpeMeHHY1I0 GYHKLUMIO UHAKTUBALMU 1151 4-TO MeXaHM3Ma, TakkKe 3a-
BUCHUT OT KOHLEHTpalunu ¢pepMeHTa, TIPU 3TOM i 1-ro, 2-ro u 3-T10
MexaHu3MoB 3G QdeKTHBHAsT KOHCTAHTA CKOPOCTH HE 3aBUCHUT OT Ha-
YATBHOM KOHLEHTpaunu ¢depMeHTa. TakuM obpazoM, 4-if MexaHU3M
MOXeT OBITh HAaJeXKHO UACHTUPHIIMPOBAH.

Ecnu skcriepuMeHTaIBHO OOHAPYXEHO, YTO K¢, 3aBUCUT OT KOH-
LeHTpalunnu cyberpara, T0 1-i1 MeXaHU3M MOXHO MCKITIOYUTh M3 pac-
cMoTpeHUsi. B To xXe BpeMsT eCliM 9KCIIEpUMEHTAIBHO ITOKA3aHO, YTO
k,q,, HE 3aBUCUT OT S, 5TO HE [I0KA3bIBAET CNIPaBEeTUBOCTD 1-TO Mexa-
HU3Ma, ITOCKOJIBKY TaKast 3aBUCUMOCTh MOXET BBITIOTHATHCS VIS 2-TO
n 3-T0 MEXaHM3MOB IpH OONBLILIOM U3OBITKE CyOCTpaTa 1o CpaBHEHHIO
¢ KOHCTaHToi Muxasnuca. B 3THX yCITOBUSIX MIPUHIIUITUATBHO BAXKHBIM
ABJISIETCS OlpeesicHue nmapamMeTpoB V, u Ky,.

4. IIpoueccoM MHAKTUBALMK (hePMEHTA MOXHO TIpeHeOpeus, ecliu
KoHIeHTpaumst pepMeHTa B 30 — 100 pa3 npeBbllliaeT KOHIIEHTPALHIO
cybCcTpara, ITpy 3TOM CTerneHb KOHBepCcUHU cyOcTpaTa GIu3Ka K eTUuHU-
ue. Y13 uHTerpabHOM (popMbI ypaBHEHUsT Muxasjuca, KOTOpOe OIMH-
CHIBAa€T JUHAMUKY MpOILECCa B 3TUX YCAOBUSIX, MOTYT OBITH HallieHbI
rapamMeTpsl V,, u Ky Mcrionb3oBanue HallieHHBIX 3HaueHut V,, u Ky,
IIPH COMNOCTAaBJIEHUU 3aBUCUMOCTHU Ky, (Sy) C 3KCHEPUMEHTATILHBIMU
JAHHBIMU 1T03BOJIsIeT HAeHTUDULIMPOBATh 1-i MexaHu3M: npu Sy = Ky
KOHCTAHTA K4, IU1S 1-TO MEXaHU3MA He IOJDKHA 3aBUCETh OT KOHLEH-
Tpauun cybcrpata. HauGomblie CioXHOCTHA OPeaCTaBIsieT UICHTH -
tukauus 2-ro U 3-ro MexaHU3MOB. KuHeTHYeCKUE NaHHBIE, TOIyJYeH-
HBIE B 06CYXIAeMBIX BBIIE TTPUOIIKEHUSIX, He MO3BOJSIIOT pa3TudaTh
3TH MEXaHMU3MBL, IUISI 9TOT0 HEOOXOAUMO MOPOBEACHHME KAueCTBEHHO
JIPYTHX 3KCITEPUMEHTOB.

5. IIpenpapurtenbHast HHKyOayst GepMeHTa C pa3TUYHBIMUA KOMITIO-
HEHTAaMM CUCTEMEI [TO3BOJISIET HANEXKHO UICHTUDUIUPOBATh MEXAHU3-
MBI HHAKTUBALWU. JleCTBUTEIEHO, HAYaJTbHASI CTALIMOHAPHAST CKOPOCTh
peakuuu SIBjsieTCs TUHEHHON QYHKIMEH KOHIEHTpaluu GepMeHTa U
MOXET CIYKHUTh MepOif U3MEHEHUST KOHIIEHTpauuu (epMeHTa B IpO-
uecce ero uHaktupapguu. O4UeBUAHO, YTO (EepMEHT, MHAKTUBUPYIO-
uicsd o 1-mMy MexaHu3My, B OTCYTCTBHE CyOCTpAaTa JOIXKEH U3Me-
HSITh CBOIO aKTUBHOCTB SKCIIOHEHLIUATBHO, TIpU STOM KOHCTAHTA Ky,
JIOJDKHA OBITh paBHa k,. J171s1 61cyOCcTpaTHBIX peakivii MHKYOaI o MOXKHO
MPOBECTH OTAEJBHO C KaXIbIM U3 CyOCTpaToB.

6. AHann3, NpOBeIeHHBIN YKA3aHHBIMU BEILIE CITOCO0aMU, MO3BO-
JITeT UAEHTHDULMPOBATE MEXaHU3M MHAKTUBALIMU U OIIPEIeIsATh KU-
HETUYECKUE XAPAaKTePUCTUKU cUCTeMBI V,,, Ky, k,. JlOMOTHUTEABHBIM
roaTBepKAeHUEM CeTaHHBIX BEIBOIOB MOXET OBITh IMHEAPU3AIIUST JKC-
[IEpUMEHTAJILHBIX TaHHBIX 0(f) B KOOpAMHATAX, MOJYYEHHBIX U3 UH-
TErpaNbHBIX ypaBHEHHIA, OMUCHIBAIOIIUX TUHAMUKY Oporieccos. B ciry-
Yae 4-To MexaHM3Ma SKCIepUMEHTIbHbIE JAHHBIE, MOAYYEHHBIE MpU
HEBBICOKHX CTENEHSIX KOHBEPCUY CYOCTpaTa, JOJKHBI TMHEApU30BaThCS
B COOTBETCTBUM C UHTEIPATIBHBIM YPaBHEHUEM
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1 -0/t So+ Ky

In 1+ a/allm _ VZkISOKMkKaTEO ‘.

Muakrusanusa npocrarianaui-H-canrasel — aumMuTapyiomero gep-
MEHTA CHHTe3a npocrarjanauuon. ITonrdepMeHTHBIA KOMITJIEKC CHH-
Te3a MPOCTAINIAHAUHOB OCYUIECTBASIET MpeBpalleHUe apaxuIOHOBOM
KUCIoTh! (AA) B nipoctarnavmunsl (PGE,, PGF,,) 1 BKIto4aer, I1o
KpaifHeil Mepe, n1Ba (repMeHTa — npocrartaHauu-H-cunrtazy (PGH-
CHHTA3y) U OpocTariaHAuHU3oMepaldy. Haubojiee CIOXHBIM U Mel-
JIEHHBIM MPOLIECCOM, OTPEACSTIONINM CKOPOCTh 06pa30BaHUsl MPOCTa-
JIAHIMHOB, SBJISIETCSI PEaKIIvs, KaTaJu3upyeMasl epBbIM (PepMEHTOM
uenu. CBUIETENBCTBOM 3TOMY ABIs€TCS TOT (DaKT, UTO CTALIMOHAPHAS
KOHUEHTpanus npoaykra nepsoro ¢pepmeHta PGH, rnpy nposeneHuu
peakuu B OUEepMEHTHON cUcTeMe O,1M3Ka K HYJTIO U B PEAKIIMOHHOM
cMecu PGH, npakrudecku He oOHapyXuBaercst (CM. mompasn. 4.5).

B GonbuioMm yncne pabot no usydeHuro Guocrneuduyeckoro CUH-
Te3a MPOCTarJaHAUHOB OTMevaeTcsl (hakT MHAKTUBALMU GepMEHTa B
MpOIIECCE peaKIuu. BEUTH UCCIIeI0BAHB KWHETHIECKUE 3aKOHOMEPHO-
ctu nefictsust PGH-cuHTA3b1 HA TUHAMUKY pacxogoBaHUst KHCIOPO/a.
Ha puc. 5.6, a npuBeneHbl TUIIMYHbIE KPUBblE U3MEHEHUST CTEIIEHU
KOHBEPCUHM KHCJIOPOJA O BO BPEMEHHU [IPH PaIMYHBIX KOHIICHTPALUUIX
PGH,;-cunrassl IpenenpHast cTerieHb KOHBEPCUM CYOCTpATa 3aBUCUT
OT KOHLICHTpAlIMK BBOAUMOTO B peakiiuio hepMeHTa. B OTIeIbHBIX K-
CriepyUMeHTax ObUIO MOKA3aHo, YTO B JAHHOM CIy4yae YMEHBIICHUE CKO-
pOCTHM peakIiMM JO HyJs CBS3aHO ¢ MHaKTupBauueid depMeHTa. Tak,
[1pU BBEICHUU HOBOH MOpLUH (PepMEHTA B IPOpearupoBaBILYIO peak-
LIMOHHYIO CMeCh, CKOPOCTh PeaKIUM KOTOPOH paBHA HYTIO (04, < 1),
peakiusi BO30OHOBJISIETCSI C UCXOMHOYW HAYATLHON CKOPOCTBIO.

a Oym
1,0 1,0
0,8 08
0,6 0,6
0,4 0,4 |
0,2 0,2 -
10 0,04 0,12 0,20 0,28 0,36
ta MHWH Eg, MF/MJ'[
a 6

Puc. 5.6. Junamuka pacxopopanus kucaopona B PGH-cunTasHol peakumu:

a4 — UW3MCHEHHE CTEMEHM KOHBEPCHM KHCIOPOJA BO BPEMEHHM MPH KOHLIEHTPALMH
depmenra Ey (1), Eyp (2), Ey (3) (Ey < Ey < Ey); 6 — 3aBUCHMOCTD NPEAESIbHOM
CTEMEHH KOHBEPCHM KUCIOPOAAa OT KOHLIEHTpalnu dbepMeHTa
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3aBUCHMOCTD TIPEIENLHOM CTEITeHU KOHBEPCHH cyOcTpaTa (Tipefesns-
HOT'O BBIXOJA MPOJIYKTA) OT KOHLEHTpaIMu hepMeHTa UMEET BUI KPU-
BOI ¢ HachlleHueM (puc. 5.6, 6). Heo6xoquMo BBISICHUTD, IO KAKOMY
MeXaHU3My TpoTeKaeT MHAKTUBaLMs GepMeHTa. JIj1s 3T0r0 GBIIH Ipo-
BEIECHBI SKCIIEPUMEHTBI MO0 MCCAEJOBAHUI0O KUHETHKHU pPEaKIUU IpU
MaJTBIX CTEINEHSIX KOHBEPCUM KHUCJIOPOAA UM OIBITHI T10 TpeaBapUTeNb-
HOI MHKyOarnuu epMeHTa C KOMIIOHEHTAMH PEaKLIMOHHOM CMECH.

H3meHeHMe cTeleHU KOHBEpCHUU KUCAOpoAa (BBIXOAA MPOIYKTa)
(riput oy, < 0,2) BO BpeMeHHU TSI BCEX PACCMOTPEHHBIX CJIYYaeB OIMU-
CBIBAETCSI MPOCTHIMY SKCIIOHEHUHAJIbHBIMU YpaBHEHUSsIMU. 3HadYeHHE
O,y MOXKHO HAZIEXKHO ONPEAEIIUTD KaK TTpefies] U3MEeHEHHUS KOHIIEHTpa-
LMY OponyKTa wim cyocrpata. [1peacTapisisa 3KcriepuMeHTATIbHbIE [aH-
HBIE B HOJYJI0TapH(PMUUYECKHUX KOOPIUHATAX, MOXHO HAalTH mapaMeTp
kg, XapaKTepU3YIOUIMIA MHAKTUBALMIO (hepMEHTa BO BPEMEHM.

WNneHTudukanus MexaHu3Ma HHAKTUBALINY BO3MOXHA NpU U3yde-
HUM 3aBUCUMOCTEM Koy, U Oy OT HAYAITBHBIX KOHUEHTPALMK (pepMeHTa
u cy6erpara. B To BpeMst Kak crerneHb KOHBEPCUU Oy, IS 1-T0, 2-T0 U
3-r0 MEXaHU3MOB JIUHEHHO 3aBUCUT OT KOHLICHTpaLuu (hepMeHTa, 1Sl
4-TO MEXaHW3Ma rapaMeTp oy, JHHeHo 3aBucuT or Fy’2. Tlokasa-
TeJlb 9KCIIOHEHT, OINMMCHIBAIOIIMX MHAKTUBAIIMIO BO BpEMEHU st 4-T0
MEXaHU3Ma, TAKXKe 3aBUCUT OT KOHLICHTpaUUu ¢epMEeHTa; MPU 3TOM
st 1-ro, 2-ro u 3-ro MexaHusMoB 3PPeKTUBHASS KOHCTAHTA CKOpO-
CTH He siBJIsieTcsl QYHKIIMEH HAaYATBHOM KOHLIeHTpauuu ¢pepmeHTa. Ta-
KUM 006pa3oM, Ha OCHOBAHHH 3TUX KPUTEPHUEB MOXET OBITH UIEHTH-
¢uULMpoBaH 4-i MeXaHU3M.

PesynbTaThl MCCiefOBaHHUS] KUHETUKM OKHCJICHUS apaxuIoHOBOM
KHCJIOTHL TIPH Oy, << | OpuBeneHkbl HA pUc. 5.7, a. CTerieHb KOHBEPCUU

/Oty In(1-o/otym)
1,0k ob203
0,8}
0,61 a7
0,4} a §
[e]
0,2Hg *4
1 1 1 1 1 IA
0 1 2 3 0 0,5 1,0 1,5
f, MHUH !, MMH
a 6

Puc. 5.7. Jlunamuxa pacXogoBaHHs KMCJI0POIa HA HAYaIbHOM tane PGH-cun-
TA3HOM peaKLUuU:
a4 — U3MEHEHMUE BO BPEMCHHM CTEIECHH KOHBEPCHHM KHCIOpOaa (TO‘{KH 1— 4 oTBevarnT

PasnuuHbIM 3HaueHusIM FEy); 6 — AaHHbIe pHc. 5.7, @ NPEACTaBJIeHbl B TIOJYJIOTapHd-
MHUUYECKHUX KOOpAMHATAX
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E (mr/mm) w(1)/w (1=0)

p o]
0 0:2 0,4 1,0 =
0,15 081
. 0,6} a g
& 0,101 o 2
094 e [
* 3
0,05F o2l .
1 I 1 1 1
0,04 0,08 0 0,5 1,0 1,5
Ey, Mr/mn , MMH
Puc. 5.8. 3aBucuMocTsb NMpeaebHoOi Puc. 5.9. KuHerMka MHaKTUBalUU
CTeNeHU KOHBEPCUU KMCJIOpOAa B PGH-cuHTassl B yCJIOBUSIX IpeaBapU-
PGH-cuHTa3HO# peakuuu (mpu teabHoi uHKyGauuu ¢ 0,035 M pac-
0<< 1) OT KOHUEHTpauuu hepMeH- TBOpOM reMuna (7), 0,001 M pactso-
1a Ey (I) u EY* (2) pa anpexanuna (2), 0,0001 M pactso-

POM apaxMIOHOBOM KHUCJIOTHI (3)

KHUCHIOPO/IA MPEICTABIAET COB0M 3KCITOHEHLIMATIBHYIO QYHKIIMIO BpEMe-
HH; OpU 9TOM KOHCTaHTa K4, ONpefieIeHHas: KaK TAHTEHC YIi1a HakJlo-
Ha npsAMoii puc. 5.7, 6, paBHa 1,6 + 0,2 MuH™! 1 He 3aBUCHUT OT KOH-
ueHTpauum pepmenra. [penenbHas creneHb KOHBEPCUH JIMHEHHO YBe-
JIMYUBAETCS C POCTOM HavaIbHOU KOHIeHTpauuu depMenTa (puc. 5.8).
Jist cpaBHEHWMsI Ha pic. 5.8 TpyBeeHa TAKKe 3aBHCHMOCTB oy, = f(Eg/?).

H3ydyenue nnHkyGanuu depMeHTa ¢ pasTUYHBIMU KOMITOHEHTaMU
CHCTEMBI [TO3BOJIUT CIEJaTh BHIOOP B MTONB3Y OTHOTO U3 TPEX MEXaH M3~
MoB: 1-ro, 2-T0 Wiau 3-ro. PepMeHT, HHAKTUBUPYIOIIMICS MO 1-My
MEXaHU3My, B OTCYTCTBHe CyOCTpaTa JOKeH U3MEHSATh CBOIO aKTUB-
HOCTb 3KCITOHEHUUATBHO, IPU 3TOM Ky, JOJDKHA OBITH paBHa k,. Jlst
OUCYOCTPATHBIX peakuuii MHKYOaluio MOXHO MPOBECTU OTAEIBHO C
KaXIbIM M3 CyGCTPaTOB. DTO MO3BOJUT UACHTH(MUUUPOBATD 2-i U 3-#
MEXAHU3MBI.

AnodepMeHT B OTCYTCTBUE TeMa MHKYOHPOBAIM C OAHUM M3 CyO-
CTpaToB (KUCIOPOIOM, apaxUAOHOBOU KUCIOTON MM TOHOPOM 3JIEK-
TPOHA), IMOCJie YeT0 BBOAWJIM OCTANbHBIE KOMIIOHEHTBI U M3MEDPSIIU
HavyaJbHYIO CTAIlMOHAPHYIO CKOPOCTH MOIJIOUIEHUs Kucaopoaa. JaH-
HblE MO KUHETUKE U3MEHEHUS aKTUBHOCTH (pepMeHTa Npy MHKYOalnu
C Pa3JTMYHBIMU KOMITOHEHTAMM CUCTEMBI ITPUBENEHBI Ha puc. 5.9. Pep-
MEHT He UHAKTHBUPYETCSI B OTCYTCTBUE CYGCTPaTOB U KOGMAKTOPOB (3TO
MO3BOJISIET UCKITIOYUTDh U3 pacCMOTPEeHUsT |- MexaHHU3M), a TaKkke B
MPUCYTCTBUH KHUCJIOPOJA U ApaXUJIOHOBOM KUcHoTsl. BunHo, 4To dep-
MEHT WHAaKTUBUPYETCS B CUCTEMeE, colepKalieil TeMUH U Kucaopona. KoH-
CTaHTa CKOPOCTU MHAKTHUBALWM, Hali[leHHAas! U3 JaHHBIX I10 IIpeIBapy-
TEJIBHON MHKYOauuu depmenTa (cM. puc. 5.9), paBHa 1,51 0,3 Mun™' 1
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B IEPBOM NMPUOJMXKEHUHU YIOBJIETBOPUTEIBLHO COTJIACYETCSI CO 3HAYe-
HUeM, HalJeHHbIM B He3aBUCUMOU CEpUM IKCIEPUMEHTOB MO U3yUe-
HUIO KUHETHUKHU TIOTIOUIEHUSI KUCOPOAa NIPU HU3KUX CTEHEHSIX KOH-
Bepcum cy6erpara (cM. puc. 5.7, 6).

PerynsaTopnas poir HHAKTUBaIUH (pepMEHTA B MPONECCE PEAKUMH.
O4YeBUIHO, YTO MHAKTHBALUS (WM aKTUBALUs) JUMHUTHUPYIOILIETO
(bepMeHTa MOXET UrpaTh KIIOYEBYIO POJIb C TOYKU 3PEHUS PETYIISIIUN
CUCTEMBI B 11eJIOM. B HEKOTOpPBIX c/Tydasix HHAKTUBALIMOHHBIN mporece
UMeeT IPKO BBIpaXXeHHBIM peryasiTOpHBIA Xapakrep.

IlpencraBisieT UHTEpEC NPOAHANTU3UPOBATh, KAKOBO BIUSTHUE [1PO-
necca nHaktuBanun PGH-cuHTa3bsl Ha AMHAMUKY 00pa30oBaHUs U pac-
XO/IOBaHUsI IIPOCTAITIAaHANHOB. PaccMOTPUM KMHETHYECKYIO MOZIENB TIpO-
necca

AA L pGH, B PGE, £~ R

3neck AA — apaxumgoHoBas Kucaora (MCXomaHblit cy6etpat); PGH, —
rpoMeXyTouHbIi npocrarnadHmui Hy; PGE, — npocrarnannun E, (tipo-
IOYKT CHHTe3a NPOCTAlIaHANHOB); R — ¢pusuonorudecku HeaKTUBHBIH
nponykr xoHsepcuu PGE,; E; — PGH-cunTasza (MuMuTupyrommi
tdepMmenT peakuun); E, — PGH-koHBepTasa.

IIpearoloXuM, 4YTO, yYacTBYSI B PETYISITOPHOM IIpOIECCe, IMpo-
CTATAHAMHBI PACXOAYIOTCS, TIPU 3TOM CKOPOCTb PACXOAOBAHUSI I1PO-
MOPLUMOHANBEHA MX KOHLIEHTpauuu B cucreMe. [1pu ycnosuu, 4ro cko-
pOCTh OpolLiecca CTPOro JTUMHUTHPYETCS epBbiM pepmeHTOM E| nernu,
xoHueHTpanuss PGH, MHOTO MeHbIlIe KOHCTaHTBl Muxasnuca u3ome-
pasHo# peakuyu (cM. mogpasa. 4.5). Koncranra Muxasnuca utst apaxu-
JIOHOBOM KHMCJIOTBI BeCbMa MAJTa, HO3TOMY HEPBHIH (PepMEHT Lienu npak-
THYECKH BO BCEM IHAMa30He BpeMeHU paboTaeT B PeXKUME MaKCHU-
MaJIbHOI CKOpOCTU. B 3THX yCIOBUSIX CKOPOCTh U3MEHEHUSI KOHIICHT-
paguii KOMITOHEHTOB B CHCTeMe OMUCHIBAETCS CUCTEMON YpaBHEHUU

J[PGHS] Vo
— - kE®-—PGH

d 1 l( ) KZM [ 2]5
dIPGE;] _ Van |pGH,] - K{PGE,],
E\(¢) = Eqexp[-k, ()],

Ine k, — KaTaJuTU4YecKasi KOHCTAHTa 11epBoro ¢gepMenTa; Vs, Koy —
COOTBETCTBEHHO MaKCUMAJIbHAsI CKOPOCTh M KOHCTaHTa Muxasmmca Bro-
poro (pepMeHTa; kK — KOHCTAaHTa CKOPOCTH M€PBOTO MOPsiiKa JabHeN -
mero npespatieHust PGE,; £, — KOHCTaHTa CKOPOCTU WUHAKTUBAIIUU
PGH-cunrassr; Ey, E; — cOOTBETCTBEeHHO HaYaJIbHasl ¥ TEKyIlast KOH-
LleHTpanus nepsBoro gepMeHTa.
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I[I/IHaMI/IKy U3MEHCHUS KOHHCHTpaHI/Iﬁ IMpocTarjlaHIUHOB OHHCBI-
BalOT ypaBHECHUS

kE -V,
[PGH ]=—1—0—[ex —— |—ex (—k,t)}, (5.16)
Vel Ko | K )T
[PGEQ] — VZm VZm {eXp(“klf) _ exp(- Vth/K2M) +
KZM kl _I/Zm/KZM kl -k VZm/KZM -k
1 1
~ ~kt)}. 5.17
J{VM/KZM &k —k}e"p( )} 47

U3 sTux ypaBHeHM# cieayeT, YTO MpOLECC MHAKTUBAIUM TIEPBOTO
depMeHTa LIEMU TTPUBOAUT K UMMYJIBCHOMY XapaKTepy ACUCTBUS CHUC-
tembl. KoHuenrpamuu npocrarnananiHoB PGH, u PGE, Bo3pacraror
rocjle MHALUMAIMK peaKIMY, MPOXOIT Yepe3 MaKCUMYM U YMEHbIIa-
IOTCS IO HY/IEBOTO ypoBHSL. DdheKThl UMIYIBCHOTO XapakTepa U3Me-
HEHUsI KOHLEHTPAMI MpOCTarJIaHAUHOB HaGMoJal0TCs 3KCIIepUMEH -
TayibHO. Ha puc. 5.10 npuBegeHb 3KCTIEPUMEHTATBHBIE TaHHBIE, OMU-
CHIBAIOIMe TMHAMUKY U3MeHeHust KoHueHTpanuu PGE, B kynpType
KOCTHOM TKaH¥ T10CJIE CTPECCOBOTO MexaHHYecKoro Bozaeiictsus. Ha-
GioRaeMasi KHHETHYeCcKask KpHBasi XOpOILIO OMUCHIBAETCST ypaBHEHUEM
(5.17) (qtunus 1); mpUBeNEHBI TaKKe PE3YNBTATH pacieTa o ypaBHe-
HUIO (5.16) usMeHeHus B cucreMe KoHueHtpauuu PGH, (unus 2)
C HCHONB30BAHUEM I1apaMETPOB, HAWIECHHBIX MPU MAaTeMaTUYECKOM
MoIeMpoBaHNK KpuBon oOpa3opanusa PGE,. TakuM o6pa3oM, UCTTONb-
30BaHMWE KHHETUYECKOTO MTOAXO0na ITO3BOSIET MpeaCKa3blBATh JUHAMU -
Ky 00pa30BaHUS U pacXOMOBAaHUS SKCIIEPUMEHTATBHO TPYIHO OIIpeae-
JISIEMOTO TIPOMEXYTOYHOTO COEAUHEHUI Ha OCHOBE MCCIEIOBAHUS KU~
HETHKHM 00pa30BaHUsI NPOAYKTa peakiuH.

Ha puc. 5.11 nmokaszaHo BIUsSIHUE TIpOLieCCa HHAKTUBALIMYU [TEPBOTO
(bepMeHTa Ha TUHAMHUKY oGpa3osanus u pacxogosanue PGE,. ITpuse-
JIEHA TeopeTHYeCKasi KpHBas ISl IIPOLIECCOB B OTCYTCTBUE MHAKTUBA-

uuu (k, = 0) U cepust KPUBBIX C M0OCJIE-

[PGX,] - 107, r/Mr JIOBaTeJIbHO YBEJIMYUBAIOIIUMUCS KOH-

3 2\
[\

/ \ Puc. 5.10. MU3amenenure Bo BpEMEHU KOH-

2 \ neHtpauuu PGE, (1) u PGH, (2) B xocT-

| 1 HOI TKaHM MOCJIe CTPECCOBOrO MeXaHU4e-

{ CKOro BO3eMCTBUSA (TOYKU — IKCIIEPUMEH -

1H AN TaIbHBlE JaHHbIE, JUHUU [, 2 — pe3yiibTa-

EI \\ THl pacyeTa mo (5.17) u (5.16) coorseT-

. | 1 cTBeHHO npu V), = 6,65 - 1071 r/(Mr - MmuH),

0 20 40 60 Vom/ Ko = 0,059 mun!, k = 0,076 muu',

¢, MHH k,=0,091 Mmua™)
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CTaHTaMM CKOPOCTM UHaKTUBaUUK Gep-  [PGE,]- 107, r/mr
MeHTa. BUgHO, 4TO OTCYTCTBHE MHAKTU-
BaLIMK IPUBOIUT K UCKIIIOUUTETEHO BEI- 8
COKOU KOHIIEHTpalWH CHIBHOJEUCTBY-
O11ero PU3NOJIOTHYECKU AKTHBHOTO CO- 6+ 2
eNWHEHUsI, Ip¥ 3TOM B paMKax Ipearo-
ChUIOK MCTIONB3YEeMOU MOJENH €ro KOH- 4| 3
LeHTpaLrs JOCTUraeT CTalUOHAPHOTO
3HQYEHUSI K He MeHSIeTCS BO BPEMEHM. ) 4
OyYeBHIHO, YTO 3TO MOXET BBI3BATh BECh-
Ma IIybokue HeOnaronpusiTHuIEe QU3HO- : .
Jorudeckue 3¢ deKTh. MOXHO IIpenro- 0 20 40 60100
JIOXUTDb, YTO IUISL PEryJSiMu 3THUX 3¢- I, MuH
GexTOB cucrema obecrieymna celsl 3a-  Ppyc. 5.11. PesynbTaThl pacyeTa
WUTHBIM MEXaHU3MOM, CBA3aHHBIM C 10 (517) M3MEHEHMS! BO Bpe-
MHaKTUBaiei II€pBOTo (I)epMCHTa CHUH- MEHU KOHUEHTPALUU PC}E2 Tipu
Te3a NpOCTarjaHIWHOB. k=0 (1), 0,01 (2), 0,03 (3),
B otkpuiTOil cucteMe, Korna npouc- 0,04 (4), 0,05 (5) (nmapamer-
XOIWUT BBOI JOIOJHUTEJIBHOTO KOJUYe- Pbl 4Jist pacyeTta T¢ XKe, YTO Ha
cTBa (bepMeHTa, HAIIPUMED 3a cUeT OHO- puc. 5.10)
CHHTE3a, UHAKTHBaLKs pepMeHTa B IIPO-
1ecce peakupy IBIsSIeTcs MeXaHHM3MOM CTa0WIn3au KOHLIEHTpaIXK
MPOAYKTa peakli Ha MOCTOSSHHOM YPOBHE.

W

L 1

5.3. MnaktuBanust (pepMEHTHBIX CHCTEM

®epMeHTH! B TOJK(MEPMEHTHEIX CHCTEMaXx B oGLIeM ciTydae obaga-
10T pasINYHOM YCTOMYMBOCTBHIO K MHAKTHBHUPYIONTHM dakTopaM. Hacto
3KCIEepUMEHTATOP UMeET HeI0 CO CAOXHBIMU (hepMEHTHBIMM CHCTe-
MaMU, U3MEHSIOLMMHI CBOW XapaKTepPUCTHUKHM TP XpaHEeHUH ¥ MHKY-
Gaunn. [Tpu 3ToM HEOGXOaMMO 3HATh: B KAKOM BPEMEHHOM HHTepBasie
MOXHO He oItacaThbCs 3aMETHBIX M3BMEHEHMII KaTaTUTHYECKUX XapaKTe-
PHUCTHK CHCTeMBI, KaKasl CTaaus UCCIeIYeMOil peakiut ABIsIeTCs -
MUTHPYIOLEH, KaKoH ygacToK NOJIU(pepMEeHTHOMN LieTId HHAKTUBUPYET-
cs ¢ HauOosIbIIelt CKOpOCThIO. LIS TOTO YTOOB! OTBETUTH Ha ITH BO-
MIPOCHI, HEOOXOIUMO HCCIEeNOBATh KUHETHKY MHAKTUBAIMKA CHCTEMBL.

Paccmorpum 6rdepmeHTHYIO cricteMy. CTaiFOHapHYIO CKOPOCTDb OH-
(hepMeHTHON peakiy B YCJIOBUSIX, KOTOA MEPBLIA epMeHT He sIBIIsI-
eTcsl TUMUTHPYIOLTUM, MOXHO TIpeICTaBUTE B BUIe (cM. ronpasn. 4.5):

-1
K K
=S 1M+ 2M
r ‘{Vlm Vom |

tne Ky, Ko, Vims Vam — COOTBETCTBEHHO KOHCTaHTH Muxasnuca u
MakCHUMaJIbHEBIE CKOPOCTH Ha NepBOH W BTOpoi craguu. Ilpemnoso-
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KUM, YTO CKOPOCTM MHAKTHBALMH (DEPMEHTOB OITUCHIBAIOTCS IKCMO-
HEHUMAIBHONW 3aBUCHMOCTBHIO C KOHCTAHTAMM CKOPOCTE!l MHAKTHBA-
MK k; 1 k; cOOTBETCTBEHHO. B 3TOM CiTyyae MakcUMallbHBIE CKOPOCTH
Ha KaXI0H cTaAuu SIBJISIOTCA GYHKIIUSIMI BpeMeH!

Vim = kwar1 EroeXxp (k1) = A exp (=ki7),
Vom = kKaT?.E?.O EXp (—th) = A,exp (—kyt).

Nsmepsiemas KaramnTryeckast aKTHBHOCTE CUCTEMBI C TeUeHeM Bpe-
MeHU OYIET M3MEHSATHCA, U C YYETOM ITHUX YpaBHEHUH CKOPOCTb peak-
14 OyneT paBHa

o= SoA A, expl~(k + ky )1 .
Ky Az exp(=kyt) + Ky Ay exp(=ki2)

OTHOCHTeNbHOE H3MeHeHHe CKOPOCTH v/y; PacCUMTBHIBAETCS ITO

ypaBHEHUIO
(1 + j'/#)exp(-klt)
LA 2/ Ko . (5.19)

v A/ Kin
0 1+ ﬁ eXp[—-(kl + k2 )t]
o/ Kam
BuaHo, 410 3aBHCHMOCTb, KOTOPYIO MOXHO W3YyYWUTh DKCIEpHMEH-
TaJIbHO, ONPENENsIeTCS OTHOLIEHUEM, XapaKTepU3YIOIIM aKTHBHOCTH
bepMeHTOB B NOTHU(DepMEHTHON LETIH:

_A/Kiy _ Vin/Kin
Ay Koy Vam/ Koy

¥ pa3HOCTBIO KOHCTAHT CKOpPOCTE MHAKTUBalMK 00oux hepMeHTOB.

AHaTM3UPYS] KUHETUKY WHAKTUBALUM, MOXHO TOIYYHUTh UHGOD-
MaiUo 0 3HAYCHUSIX 3THUX MTapaMeTpOB M PELIMTh BOIIPOC, KaKas cTa-
U IBASIETCS TIUMUATHPYIOLIEH 1 KaKoi hepMeHT LeTIH ABIIIeTcs Har-
MeHee YCTOMYHUBBHIM C TOYKHU 3pEHUST MHAKTUBHUPYIOLIETO BO3NeHCTBUS.

PaccMOTprM HeCcKOJIBKO YaCTHBIX CITy4aes.

Cayuaii 1. DepMeHT, B UICXOIHOM COCTOSTHUM OTIPENEISIONINIA CKO-
pOCTh NonudepMeHTHOH peakIliy, SIBISIeTCI HalMeHee YCTOMIHUBEBIM.
Ecnu nmepsbiit depmeHT nenmu JUMUTHPYET CKOPOCTb Ipoiecca, T.e
Vi/Kiyr << Vou/ Koy 1 k| > ko, 1O ypaBHeHue (5.18) mpeoGpasyercs
K BULY v/v, = exp (—k;7). KuHeTHKa MHaKTUBALIKM OMUCHIBACTCS IKC-
[MOHEHUWANBHON (DYHKIIMEH, TIpH 3TOM XapaKTepUCTHYeCKOe BpeMsi
WHAKTUBALMHU ONIpeNesisieTCsT KOHCTAaHTOM CKOPOCTH WHAKTHBALIKY 3TOTO
nabunbHoTO hepmenTa.

Cutyauusi aHaTor4Hasi, eCId BTOPOM (hepMEHT SBISACTCA JTUMU-
TUPYIOLIUM U UHAKTUBUpPYETCS HaMHOTO 6bicTpee V),./ Ky > Vor/Kou
U ky >> k;. O01ice u3MeHeHHe CKOPOCTH B 9TOM cliydae Takke OymeT
OIMUCHIBATLCS SKCIIOHEHTOM, ITOKa3aTe/Ib KOTOPOU BKITIOYAET KOHCTAHTY
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CKOPOCTM MHaKTHBalLlMK (PEePMEHTA, IUMUTUPYIOLIETO MpoLece v/vy, =
= exp (=kyt).

Cayyai 2. ©epMeHT, ONIPEAENSIOIIUI CKOPOCTh peakKuWi, SBIseTCs
CTabUIIbHBIM, 8 BTOPOM (hepMEHT LelK CPABHUTEBbHO OBICTPO MHAKTU-
pupyercsl. ITOHITHO, YTO IO TOrO MOMEHTa, TIOKA CKOPOCTh HEHCTBHA
HEJIMMUATHPYIOLIETO (DepMeHTa CYLLECTBEHHO MpPeBHIIIAET CKOPOCTh JIN-
MUTHUPYIOLLETO, HHAKTUBAIMS [IEpBOro He JNOJIKHA [MOBIUITHL Ha 00-
LIYIO CKOpOCTh rpouecca. OmHako Mpy OONBIIOH CTeNneHH MHAKTUBALIM A
YYaCTHUKOM JIMMHUTUPYIOIIEH CTaaud MOXET CTaTh JaOWiIbHBIA (ep-
MEHT, T €. MOXET [IPOU30MTH cCMeHa IMMUTUDPYIONIEH CTaguy Ipouecca.

Hanpumep, eciii cKOpOCTb peakiiiy OTpeaessieTcs NedCTBIeM Tep-
Boro depmeHTa uenu, T.e. Vi, /Ky << Va/ Koy, @ CKOPOCTD UHAKTH-
BaLMK BbIlLie YV BTOpOro k; >> k|, U3MEHEHHME aKTUBHOCTH CHUCTEMBI
OIUCHIBAETCS ypaBHeHHEM

Vam/Kam
i M —kst
_v__ — Vlm/KlM exp( 2 )
LU P Vam! Ko exp(—k,t)
Vlm/KlM

KuneTnyeckass KpuBass UHaKTUBaUMU OTIMYaeTCA OT TrpaduKa Ipo-
CTO 3KCTIOHEeHIMAIbHON (DYHKUMY: Ha Hell HabmoaaeTcs epruos HH-
nykuuu (puc. 5.12). CpenHee BpeMsT MHAKTUBALUKY COCTABIISIET

) Vom /K
= [Zdt = k! |n 2222
'([vo ? Vim! Kim

Ecnu BpeMs, B paMKaX KOTOpPOTO HCCIENyeTCsa cTaOWIBLHOCTL CU-
CTeMBbl, CYILIECTBeHHO MEHBIIE T,
XapaKTepUCTHKNA CUCTeMBbl MOXHO
CUMTATh MMPAKTUUECKHN HEU3MEHHBI-
MU ¥ MHAKTHBALIMOHHBIMH IPOLEC-
caMM MOXHO TIpeHEeOpeYb.

Baxuyro nHpopmauuio naet
¢dopma KuMHeTHYeCKOW KpHUBOH
WHaKTHBaLK. Eciu MHaKTuBaims
[IPOTEKAET IO MIPOCTOMY 3KCIIOHEH-
LMAJTBHOMY 3aKOHY, MOXHO YTBep-
X1aTh, YTo Haubojee NabUIbHBIM
SABIeTcsl PEPMEHT, ONIpeNEASIOLIUN
CKOpOCThb MONMMGEPMEHTHON peak-
unn. Ecim xuHeTnvecKast KpUBasd  py. s 12 Kunerska MHAKTHBALAM
VHAKTMBALMHK MMEET S-00DasHYIO  envenTrOM CHCTEMBI, COMPOBOX-
hopmy 1 xapaKTepusyeTCst EPHO-  jaomeiicst cMeHOIR JUMUTHPYIOLIEH
JIOM MHIYKLIK (CM. pUC. 5 12), MOX-  cragmu, npu a= 1 (1), 5 (2), 10 (3),
HO ¢ yBEpeHHOCTHIO YTBEPXKIATh, 100 (4)

0 2 4 6 8§ 1
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A-10%, Monb/(it - MMH) lgd+6

0,81
4+ 0,6
2F 0,4r
! 1 1 ! ! 1 1 | 1 1

Puc. 5.13. Kunetuka uameHenus ¢o-

TOCUHTETHYECKON AKTUBHOCTH XJIO-

POILIACTOB (IO pe3yjbTaTaM 3KCIIepu-

MEHTaNbHOTro U3yyeHus: GoToobpaso-
BaHMs1 KUCJIOpOJa):

a — WCXOJHbIE JaHHBIC; 0, 8 — NAHHbIE

puc. 5.13, a IpeaCTaBIEHBI B TOFrAPpUPMH-
YECKHUX KoopauHarax

41O Hanbosee JaOMIBHBIM SBIeTCS (hepMeHT, HE OIpe/IeISIIOIIUA CKO-
POCTBb TIPOHECCa B LIEJIOM.

Ilpu pemeHun psna 3amgady OPUHIIMITHAJIBHBIM SIBISIETCST BOITPOC,
Kakoi MMeHHO ¢depMeHT (Wiu Ipymmna ¢gepMeHTOB) MoaudepMeHT-
HOWM 1eny gBiseTcd Hanbosee Ja0WIbHbIM. YTOOB! OTBETUTH HAa 3TOT
BOIIPOC, UCCIERyIOT clienudryecKrie aKkTUBHOCTH KaXKIoro (epMeHTa
e 1 CPaBHUBAIOT KOHCTAHTHI MHAKTUBALMH.

TMTonudepMeHTHBIE eI MOXKHO ITYHTHPOBATh — BKJIIOUNTS B (hep-
MEHTAaTUBHBIA IIpoLecC ONpeneJIeHHBI y4acTOK Leld. DTOT MeTon
MOXHO UCIOIb30BaTh LISl U3ydeHUs OJ(dEepMEeHTHON CUCTEMBI U €€
crabmin3aniiy yTeM LIYHTHPOBaHMS camoro ciaboro 3peHa uenu. Pac-
CMOTpHUM 310 OoJlee TOAPOOHO Ha TIpMMepe MCCIeNOBaHUS CHUCTeMBI
(pOTOOKUCIEHUS BOIBI B MeXaHU3Me (POTOCHUHTE3A.

MHaxkTiBammus 3J1eKTPOHHO-TPAHCIIOPTHOM 1enr hOTOCUHTE3a MIPO-
TEKaeT B ABE CTaAWK U OMMCHLIBACTCSI CYMMOM JABYX 3KCIIOHEHUWAIb-
HBIX WieHOB (pHc. 5.13): A = Ajexp (-1/1)) + Asexp(-1/1y), THe A —
n3MepsieMasi OBITHLIM TIyTEM aKTUBHOCTb 1LIeTIX B peakinn hoTopas-
JIOXXEeHUs1 BOOBl 1 POTOBOCCTAHOBICHUS (heppOLHaAHNIA KAJIHS.

Mpocreliliag KuHeTHYecKass cXeMa, OMKChIBAKOINAs 3TY 3aBHCH-
MOCTb, BKJIIOYAET JBa COCTOSHMS 3JEKTPOHHO-TPAHCIOPTHOMN nemnu,
KOTOpEIE OTIMYAIOTC IO CTaOWILHOCTH 1 aKTUBHOCTH:

k
X]'—'I—>X2

o e

HeakTusHbie
3JIEKTPOHHO-TPAHCIIOPTHBIE LEMH
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3nech X, Xy — CTPYKTYpHO U (YHKIHOHAIBLHO OTJIMYAOLIHECS CO-
CTOSIHUSI XJIOPOTUIACTOB 3JEKTPOHHO-TPAHCIIOPTHOU 1eNu, KOTOpbIE
XapaKTepU3YIOTCS MapLUATBHBIMU aKTHBHOCTSIMU (), Oy COOTBETCTBEH -
HO; k; — KOHCTaHTa CKOpPOCTH TpaHchopMaiuy coctossHus X, B Xj;
k41, k47 — KOHCTaHTa CKOPOCTH HeoOpaTMOM HHAKTUBAUKU COOTBET-
CTBYIOLIETO COCTOSTHUSI.

AHanmu3 3TOH cXeMbl IPUBOIUT K clleayiolled 3aBUCUMOCTH (HOTO-
CHHTETUYECKOU aKTUBHOCTH XJIOPOIUIACTOR OT BPEMEHU IpY Havyallb-
HBIX yenoBusax t =0, X, = X, X; =0:

ok Xo
ki + kg1 = ka2

Otzk]XO

_— =k 0).
ks + kegy — kg exp(—kz,t)

A= {OﬁlXo - }CXP[“(kl + kg )]+

I'lpu conocTaBaeHUM 3TOTO YpaBHEHMS C SKCIepUMEHTATbHBIMU JaH~
HBIMU TIONy4YeHO: Ty = 1,42 4, 1, = 3,3 4, 4YTO COOTBETCTBYET k| + kyj =
= 0,7 ‘{-l, de = 0,4 g1,

Kaxk crenyer u3 naHHBIX, IpUBEIEHHBIX Ha puc. 5.13, a, B ipouec-
ce CTapeHHs XJIOpOIUIACTOB IO OMpelieJeHHOTO MOMEHTA MIPOKCXOIUT
HEKOTOpOe yBeJYeHHe aKTUBHOCTY CYCIIEH3UH U30JUPOBAaHHBIX XJIO-
POTILIACTOB. BTO TOBOPUT O TOM, YTO aKTUBHOCTb 3JEKTPOHHO-TPaHC-
TIOPTHOM HLEMH XJIOPOIJIACTOB B COCTOSHUM X, B peakKuuH QOTOOKKC-
JIeHUsT BOJBI BHIIE €€ aKTUBHOCTH B COCTOIHUHM X (¢t > o). MoxHO
MIpeAnoI0XHUTh, YTO, TI0 KpaifHeil Mepe, ABa MeXaHU3Ma MPHUBOIAT K
YBEIMUECHUIO aKTUBHOCTH XJIOPOIUTACTOB. I1epBBIil MEXaHU3M 3aKJII0-
YyaeTcsl B TOM, YTO B IpoliecCe CTApeHUsT YBeIUYMBAETCS TIPOHUIae-
MOCTb (DOTOCUHTETHUYECKMX MeMOpaH XJIOpOILIacTOB Uil cybcTpara,
T.¢. B MeMOpaHe obpasyeTcs KaHal WX cepusl KAHAJIOB, OTKpbIBA-
IOLIMX JIOCTYII K (POTOXUMHUYECKUM PEaKIIOHHBIM LieHTpaM. B 3ToM city-
yae MpolieCC, XapaKTepru3yeMblid KOHCTAHTOM Ky, — 3TO CTPYKTYpHO-
KOH(MOpMauHOHHOE N3MeHEeHHe BO BpeMeH! (POTOCHHTETUYECKHUX MeM-
OpaH XJIOPOILIACTOB, MIPUBOSIIEE K YBEIHMISHUIO CKOpocTH nuddy-
3nu cybcTpara K peakiOHHBIM LieHTpaM. BTopoil MexaHU3M CBSI3aH ¢
WHaKTUBaLMel mpogecca o0pa3oBaHusg Ha GOTOCUHTETHUECKOH MeM-
OpaHe TpaHCMeMOpPaHHOTO 3JeKTPOXMMUYECKOrO MOTEHHAA HOHOB
BOAOpOJa M CBSI3aHHOTO ¢ HUM Tpouecca ¢orodocdopuiupoBaHus.
HeficTBUTeNEHO, TpaHCMEMOPAHHBIM 3IeKTPOXUMUYECKUN TIOTEHIM-
aJ1, OCHOBHOM BKJIaJl B KOTOPBIH B Ciiy4yae XJIOpOIJIaCTOB BHOCUT TpaHC-
MeMOpaHHbIl rpaguieHT pH, B 3HauNTeIbHOI Mepe OlpenesseT CKO-
POCTh 3JIeKTPOHHO-TPAHCIOPTHLIX Mpo1eccoB 1 poTodochoprinpo-
BaHus1. [ToHmkenvie rpaguenTta pH IpUBOIUT K CTUMYISIUUAM JIEKT-
POHHOTO TpaHCHOpTAa.

Takum 06pa3omM, aKTHBALIMA XJIOPOIUIACTOB B IIpoOilecce CTapeHUs
MOXeT ObITh 00YCIOBJIeHa MOHIKEHUEM TPaHCMEMOPaHHOTO Tpaau-
eHTa pH B pesyiabTaTe MHaKTHBaLUU.

151 TOro 4To6hl ONpeneauTh, KAKOH 13 IBYX MEXaHU3MOB aKTHBa-
WK UMeeT MecTo, ObLT MOoCTaBlIeH psin KcreprMeHToB. Mccnenona-
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HIte BIMSHUSA KOHIEHTpaLK cy0-
cTpara Ha akTHBHOCTb XJIOpOMJIa-
CTOB Y Ha KHMHETUKY WX WHAKTHU-
BallM} [T0KA3aJlo, YTO aKTUBHOCTh
XJIOpOIUIACTOB M MU3MEHEHHE aKTHB-
HOCTH B IIpouecce MX MHAKTHBa-
LMK He 3aBUCST OT KOHIIEHTpauK
1 L 0 cyberpara B [Uamna3oHe ero KOH-
7 4 6 8 1 peHTpauuu 0,2—0,7 MMoub/I.
BTO MO3BOJSIET CHENaTh BBHIBOI,
Puc. 5.14. M3meHeHue BO BPEMEHM YTO IPOLECC aKTHUBALMMU He CBS-
(boToCMHTETHYECKON aKTUBHOCTH (1)  3aH ¢ nubdY3HOHHBIMEU 3 deK-
XJIOPOIIACTOB M OTHOCHUTCIBHOIO Tamu. C HeJIBI0 TPOBEPKU BTOPOTO
TpaHcMeMOparHoro rpaimenta pH (2)  yexanusma akTiBaLuy GbUTO IPO-
BEJIEHO cpaBHEHHe KUHETHKH 10~
TepH aKTUBHOCTH XJIOPOIUIACTAMHM B IIPOLECCE CTAPEHMS ¢ KUHETHKOM
yMeHblIIeHUS TpaHcMeMOpanHoro rpaavieHTa pH Ha ¢dotocrHTeTHYE-
ckoif Mmem0Opate (puc. 5.14). Kunetnka niaMeHeHUsT TpaHCMeMOPaHHOTO
rpagvieHTa pH B mpouecce MHAKTUBALMK XJIOPOTLIACTOB NEACTBUATEb-
HO KOppETHPYeT ¢ MPOLECCOM, XapaKTePU3YEeMBIM Ti: Tappn; = 0,50 *
+ 0,17 4, 7, = 0,72 + 0,08 u npn Temmeparype 30 °C.

Takum 06pa3oM, MOXHO caelaTh BBIBOI, YTO aKTWBAuUd XJIOPO-
TUTACTOB B TIPOLIECCE CTAPEHUS CBA3aHa C oTepei POTOCHHTETHYECKOU
MeMOpaHOoIt XJIOpOIUIaCTOB CIIOCOOHOCTH K 06pazoBaHuio rpagueHTa pH
U, ClIefoBaTeNbHO, C ToTepeit ochopunupyoweit aktTuBHOCTH. ITo-
CKOJIBKY Tapony M Ty = 1/(ky + kyy) vmetoT 61u3kue (B npenesiax oumo-
KUY 2KCTIepMMEHTA) 3HaYeHHS, MOXHO CIENaTh BBIBOM, YTO KOHCTAHTA
k; cyulecTBeHHO IpeBblIIaeT KOHCTAHTy k,, B CWJIy 4ero HeobpaTu-
Mas HHAKTUBALWS XJIOPOILIACTOB MIPOXOIUT Yepe3 COCTOsIHME X, DIIEK-
TPOHHO-TPAHCTIOPTHOM HelK ¥ CBs3aHa B MEPBYIO oYepenhb ¢ MpoLec-
COM, XapaKTepH3yeMbIM KOHCTaHTOH k5. DTOT MpoOLIeCC U MPUBOIUT K
TOJTHON MOTepe XJIOpOIUIacTaMKd WX aKTUBHOCTU IO OTHOLUEHUIO K
peakiusIM eKTPOHHOIO TPaHCIOopTa.

Cepueil He3aBUCHMBIX 9KCTIEPUMEHTOB OBIJIO TOKa3aHO, YTO B IIPO-
Liecce HeOOpPaTUMON MHAKTHUBALIMK XJIOPOIUIACTOB IIPOUCXOIUT B Iep-
BYIO OYepellb MHaKTUBAI[MS MapraHe1conep Xaleit CcTeMbl pa3jioxe-
HUST BOJBIL.

UccrnenoBaHue KUHETUKY ¥ MeXaHU3Ma MHAKTUBALMK 3JIEKTPOH-
HO-TPaHCIIOPTHOM 1eMNu XJIOPOIJIAaCTOB B MIpoHecce CTapeHHM IT0Ka3a-
JI0, YTO TIEPEXOH MCXOAHOIO COCTOSHUS X; 3JIEKTPOHHO-TPAHCIIOPT-
HOM LIeTIX B IIPOMEXYTOYHOe X, CBSI3aH ¢ MHAKTUBALMEH cIOCOOHO-
¢t HOTOCHHTETHYECKON MeMOpaHEl K 06pa30BaHUI0 TpaHCMEMOpaH-
HOro rpaareHTa pH, a mpoijecc HeoOpaTHMON MHAKTUBALMU COCTOS-
Hud X, — ¢ MHaKTUBaLUEH CUCTEMBI pa3/ioXeHus Boabi. [To3uTBHOU
0CODEHHOCTBIO PACCMOTPEHHOM KNHETHYECKOH MOJIEIH SIBJIAETCS BO3~
MOXHOCTb BBIIETUTDH B CIOXHOM ITPOLECCE MHAKTUBALMUA SJIEKTPOH-
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HO—TpaHCHOpTHOfI HEeH XJIOpOoIIaCTOB OTIACIIBHBIC CTaAUM K UCCIIE-
J0BaTh BJIMAHUC pa3IMYHBIX (l)aKTOpOB HENOCPEACTBEHHO HAa MHOUBU-
OyaJIbHbIC CTaAUU.

* k%

CkoAb 651 cAO24HOM HU KazaAach Ipo6AeMa Ha MepBblil B3rAsz,
OHa, ECAM MPAaBUABHO K HEH [IOJOHTH, OKaKeTCs ellje 6oAee CAOXK-
HOM.

I1. Angepcon

DBenku BHe KJIeTKU ¥ BHe OpraHn3Ma (a 3a4acTylo U B OpTaHU3Me) —
KOPOTKOXHUBYIIIHE MOJIeKyIbl. MHakTMBauus (pepMeHTOB, 00YCIOBIEH-
Has HapyllleHHeM CTPYKTYpbl aKTHBHOTO HeHTpa IOI NeCTBHEM Tell-
JIOBOTO IBUXKEHUS, 3KCTpeMaIbHBIX 3HaYeHUi pH, KOHLEHTpHpOBaH-
HBIX pacTBOPOB CoJieii, panuanuy, — ollee CBOMCTBO BCeX Onokara-
JIU3aTOpOB 1 OMOKaTAIUTHYECKUX cucTeM. Kak IpaBmio, KMHeTHYe-~
CKHe 3aKOHOMEPHOCTH, OIUCHIBAIOIINE WMHAKTUBAaLMOHHEIE TIPOLeC-
CHI, JOBOJILHO MIPOCTHL. B GONBIIMHCTBe cTyyaeB HHAKTHBAUMS NTpOTe -
KAaeT 10 MOHOMOJIEKY/ISIPHOMY MEXaHU3MY M JUHAMUKY MOTEpH KaTa-
JINTHYECKON aKTHBHOCTH OIMKCHIBACT SKCIIOHEHUHAIbHAS (PYHKIIMS. Y C-
JIOXKHEHUe KHHETHKY pPeakLi MOXeT ObITh CBSI3aHO C YYacTHEM IIpO-
MEXYTOUYHBIX opM Geslka, OCTaTOYHOM KaTaIMTHYeCKONH aKTHBHOC-
TBIO WIX HAJTMYKEM YeTBEpTUUHON CTPYKTYpHI Oe/iKa, pa3pylleHUe KO-
TOpOA SRMISIETCS IPOMEXYTOUHOM cTaaveil nHakTrBauw. MHorga nHak-
TUBALIMS [POTEKAeT HACTOJBLKO OBICTPO, YTO ee IposBiIeHne HalIIo-
JlaeTcs HEMIOCPENCTBEHHO B ITPOLIECCE U3MEPEHMS KaTATUTHIECKO aK-
TABHOCTHU. B HEKOTOPHIX ciy4asix caM cyOcTpar ABisdeTcs GhakTopoM,
KOTOPBIN MHALWHUPYET WHAKTUBaHuo (gepmenTta. [Ipn wHaKTHBanu
depMeHTa B rpouecce peakLy OJHOBpEMEHHO IPOTEKAIOT 1Ba KUHE-
THYECKH COM3MEPHMEIX TIpolecca — (epMeHTaTUBHOE TpeBpalieHue
cybcTpara U noTepst epMEHTOM KaTaTUTHUYECKOW aKTMBHOCTU. OTH
DUHAMMYECKUE TIPOLIECCHI OTPAXAIOTCA Ha KIHETHUKE peakluK, MOTYT
OBITE NIEHTU(MULIIUPOBAHBI ¥ MHTEPIIPETHPOBAHEl HA OCHOBE 3KCIIEpH-
MEHTAJIbHEIX JaHHBIX,

KuHetnyeckast HecTaOWIbHOCTE (PEPMEHTOB IPUBOIUT K KUHETH-
YeCcKOUl HecTaGMJIBHOCTH (DepMEHTHBIX cucTeM. ECIn HeyCTOMYMBBIM
SJIEMEHTOM CHUCTEMBI SIBISAETCA (GEePMEHT, JUMHUTHUPYIOIIUIA CKOPOCTh
peakyuy B OMMPEpMEHTHON cucTeMe, NHAKTHUBALIMS 3TOro (epMeH-
Ta gBiseTcd I[NIaBHBIM (DaKTOPOM MOTEPH AKTUBHOCTH CUCTEMEI B L€~
oM. MHakTuBamg HeTUMUTHPYIOLUIETro ¢epMeHTa BHaYajle OKa3blBaeT
BIIUSIHYS Ha KMHETUKY rporecca. Ha KMHeTHYeCKUX KPUBBIX MOXHO
HabmomaTh MepHON MHIYKIIMK, CMEHSEMBbIH OBICTPON moTepel KaTa-
MUTUYIECKOU (PYHKIIMM CUCTEMOM B LIEJIOM.

J1st XuMuKa, HCCIeAYIOLIEro CTabWIBHOCTE (PePMEHTOB U (hepMEHT-
HbIX cucTeM, M3YYeHUE 3aKOHOMEpHOCTEeH WHaKTHBAaLMM maeT Oora-
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TY!0 MHMOpMauIo O CBOMCTBAaX M XapaKTepe IOBelleHUs] OETKOBBIX
MOJIEKY] B T€X WIK UHBIX YCJIOBHAX. AHATM3UPYS KMHETHKY HHAKTUBA-
LUY, MOXHO MOJYYUTH CBEIEHMSA O KOH(pOPMauHOHHOM COCTOSIHUM
Oeska, XapaKTepUCTHKAX ero 4eTBepTHYHOUN CTPYKTYpHI, NAHHBIE O
KOHCTaHTaX HOHMU3aMK QYHKIUOHAIBHBIX IPYITH, KOHTPOJIMPYIOIINX
CTabWITBHOCTE 6eNKOBOM MOJIeKynbt. C NpakTHYECKON TOUKYU 3peHHs
M3yyeHHe MHAKTUBAIUK 00ecIieurBaeT palOHANBHBINA MyTh K pellle-
HUIO 331a4yu ctabuwnnszanuy pepMeHTa. DTO Ype3BhIYAiiHO BAXKHO ITpH
MPaKTUYECKOM HCITOIb30BaHuM (hepMeEHTATHBHOTO KaTamu3a (cM. 1. 14).

B nenocTHBIX GHOOTHYECKUX CHCTEMAaX TaKXKe MOXHO HalIonaTh
Ooblle CKOPOCTH MHAKTUBALINK (hepMEHTOB. B HEKOTOPBIX CHCTEMax
(epMeHTH OOMEHHBAIOTCS 32 HECKOJBLKO NECATKOB MUHYT WK 9aCOB.
HeobxomuMoe craiiiOHapHOE COCTOSHME 06eCIeYrBaeTCI MOIIHBIMA
MpoLeccaMy pecuHTe3a 0eJIKOB, peryJupyeMbIMU MIpoLeccaMy DKCII-
peccuy TEHOB. D10 obecrieYdBaeT BHICOKYIO JUHAMMYECKYIO CTa0MIb-
HOCTb OMOCUCTEM Ha MOJIEKYJISIPHOM YpOBHE.



I'masa 6

BUOBJIEKTPOKATAJIN3. DJIEKTPOHHBIN
TPAHCIIOPT B BEJIKOBbIX CUCTEMAX

Camoe nipekpacHoe ¥ ray6okoe TepesuBanue, BbiflaJaloljee Ha
ZIOAIO YeACBeKa, — 3TO oluylgeHue TauHcTsenHocTH. OHO AeskuT B
OCHOBE BceX HanBoAee FAyOOKHX TEHAEHLIMH B MCKYCCTBE U HayKe.
Tor, KTo He HCTIBITBIBAA STOrC OILYILEHHS, KaKeTCs MHE CACTIBIM.

A. Jitnwmeiin

6.1. MepMenTH KAK KATAJIH3ATOPBI
3JeKTPOXHMHYECKUX PeaKuuid

IMpr uccnenoBaHuy ToBeneHUs GepMeHTOB Ha TpaHULE pasiesa
a3 371eKTPOHHBINA TPOBOIHUK — HOHHBIA MIPOBOIHUK (3JIEKTPOI — pac-
TBOP 3JIEKTPOJNUTA) ObUIO OOHApYXeHO HeoXXunaHHoe sABleHue. Buito
MOKa3aHo, YTO MOXeT UMETh MeCTO NPSIMOi TIepeHOC 3JeKTPOHOB U3
MaTpHuubl IPOBOIHMKA Ha aKTUBHBIN LEHTp ¢epmeHTa (1u B 0Opart-
HOM HampasieHur ). OKa3ansoch, YTO HEKOTOPBIE OKHUCIUTENIBHO-BOC-
CTAaHOBHUTEJIbHBIE (DepMEHTH CIOCOOHH 3HAYMTENHHO YBEINYUBATH
CKOPOCTb 3JIEKTPOXMMMUYECKUX peakuuil rocie agcopduuy (Wi Xe-
MOCOpOU M) UX Ha IIOBEPXHOCTH IIPOBOIHMKA. DTO SIBIeHHe, Ha3BaH-
HOE OHO3JIEKTPOKATAIM30M, OCHOBAHO Ha CBOMCTBE (epMEeHTOB YCKO-
PSATH MEKTPOXUMMNYECKHME peakiiiy MpU BOZHUKHOBEHUU <«3JIEKTPH-
4eckOTO KOHTaKTa» MeXIy MPOBOTHUKOM U aKTUBHBIM LIEHTPOM dep-
MeHTa. «DIeKTPUIECKUH KOHTAaKT» 3TOTO poJa MpeaIonaraeT OpraH-
3auuio ObICTPOTO M 3(hdeKTUBHOTO TpaHCIOPTAa INIEKTPOHOB MEXIY
TIPOBOJHUKOM M aKTHBHBIM LIEHTPOM.

SIBneHve GMOBIEKTPOKATAIN3A ITO3BOIIIO UCIIONb30BATh SKCIIEPH-
MEHTaTbHBIE ¥ TEOPeTHYECKHE METONBl COBPEMEHHON 3IEKTPOXUMUN
[IpY KCCIeJOBaHUM (PepMEHTATUBHBIX pEaKIHiA.

PaccMoTpiM 0oco0eHHOCTY KUHETHKH (DepMEHTATUBHLIX peakiiii B
SNEKTPOXBMUYECKHX peKIMaX.

KaraaaTudyeckne BO3MOKHOCTH (DEPMEHTOB B 3JIEKTPOXHMHYECKHX
peakiuax. Kak m3BecTHO, 3aBUCHUMOCTb HayalbHOM CKOPOCTH peak-
UMM OT KOHIEHTpauuy cy0CcTpaTa B CTaALIMOHAPHOM I10 KOHUEHTpay
bepmeHT-CyOCTPaTHOrO KOMILIEKCA PeXUMeE T OOJBILIMHCTBA U3Y-
YeHHBIX QepMEHTATUBHBIX IIPOLIECCOB OMUCHIBAETCS YpaBHEHUEM 1) =
= kour £0.50/(Kyy + 8p). D10 ypaBHEHHE OTpaXkaeT yJacTue B MeXaHU3Me
(bepMeHTaTUBHBIX IpeBpaleHuMit Ta0MILHBIX TPOMEXKYTOSHBIX COEMIH -
HeHUii hepMeHTa ¢ CyOCTpaTOM.
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PaccMOTpuUM CHUCTEMY, B KOTOpOif depMEHT paBHOMEPHO paclipe-
IIEJIEH TIO TIOBEPXHOCTH 3JeKTpojia. OG03HAYUM MTOBEPXHOCTHYIO KOH-
ueHTtpauuio depmenTa E, (Monb/cm?). TIpumem, YTO JTUMUTHPYIOLIEH
cTanuel mpouecca sipaseTcs GhepMeHTATHBHAS PEAKIIUS

Ky kecar BricTpo
S+E== ES—?E(ne):’E+ ne

P

rne ES — ¢epmenT-cybcTparHsiit koMiuiekc; E(ne) — depmeHt, mo-
JY4YUBLIMHA (WK TepelaBllnil) SIeKTPOHHI.

C y4eTOM CylleCTBOBaHUS Ha TpaHuie pasfena $has TBepraoe Tejao —
JIBIDKYLIASICA XKHIKOCTD AV DY3NOHHOTO CJI0A TONIMHOM § (cM. 1. 12)
peuieHre ypaBHeHUs TUddy3uu B CTAIIHOHAPHOM PEXUME TIPUBOIUT
K CJIenyiouiei 3aBUCMOCTH YIeJbHOTO TOKA:

i=- LU . (1)

- 55/1(,”2—(1%))+ [SE/KMZ—(ne)T o S/Kn

rne F — uyucno Dapanest; # — 4YHUCIO NEPeHOCHUMBIX 3JIeKTPOHOB Ha
MOJIEKYNly cyOcTparta; S5 — KOHUeHTpauusa cydoctpara B o0neme; 6§ —
Oe3pasMepHbIit napamerp; D — xoaddummenrt nuddy3un cydbcrpara.

[TapaMeTp 6 pacCUUTHIBAIOT IO YPaBHeHHIO O = k. £,8/( Ky D). Ila-
pametp 6 u oTHoueHHe S5/ Ky, perynmupyior, B Kakoil obnactd — Ku-
HeTHudeckoi (0 << 1) win nuddysumonnoit (0 > 1, S5/Ky = 1) —
(byHKUHOHUPYET CHCTEMA.

Ha ocHoBaHuu ypasHeHus (6.1) MOXHO cenats HEKOTOpbIE OLeH-
ku. Katamurryeckuil Tok, KOTOpBIN TOMKeH HalmoaaTees Nph § << 1,
olpenesieTcsl MOBEPXHOCTHOM KoHeHTpauueld 1 3¢ ¢GeKTHBHOCTHIO
KaTaTUTUIeCcKOro aeicTBust ¢epmeHTa. [Ipy MOHOCIOMHOM 3amiONHe-
HUM [TOBEPXHOCTHU 3J1eKTpoaa OeJIKOM CpeHMX pa3MepoB IOBEPXHOCT-
Hasl KOHLIEHTpALKs er0 COCTABIIAeT NpubausuteabHo 1 1071 mons/cm?
Ecnu KoHcTaHTa CKOPOCTH JTUMUTHPYIOLIEH cTalnu (hepMEHTATHBHO-
ro mpespauieHus 6muska Kk 10° ¢!, karanuruyeckuii Tox Oymer paBeH
10 A Ha 1 cM? miagkoit noBepXHocTH. EC/i yCJIOBHO NPUHSATH IIPOHH-
naemMocts aucdysuonnoro ciog P= D/8 = 1073 cm/c nna depmeH-
TOB, UMEIOLINX KHHETUYECKHE IapaMeTphl B MPOMeXyTOUHOH obna-
ctit 10° < ki /Ky < 106 1/(MOTB - €), B 3aBUCHMOCTH OT YCJIOBUIA peak-
LU MOXET NIpOTEKATh Kak B TH(PHY3MOHHOM, TaK U B KHHETHUECKOM
pexume. OO0BIYHO UMMOOUTH3aLKS (hepMEHTOB Ha pa3TNYHbIX HOCHTE-
JISIX TIO3BOJISIET TIOTYYUTH 00pasunl ¢ cogepkanueM beyka 10— 100 mr
Ha | T HOCHUTENS, YTO COOTBETCTBYET TIpH «CpeIHEH» MOISIPHON Mac-
ce 6enka 3-10% r/Moib ComepXaHMIO aKTUBHBIX LEHTpoB ~3- 107 —
3.107° mosnp/r Tlpu co3gaHum U3 Takoro obpaslia 3eKTpoaa, padbora-
IOLIETO B KHHETUYECKOM PEXUME CO «CpelHeil» KOHCTAaHTOM CKOPOCTH
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10% ¢”!, IoTHOCTH TOKA TOMKHA UMETh 3HavYeHue 3 — 30 A/r. K 6mms-
KUM 3HAYEHUSIM [IPHUBOAAT OLIEHKY Ha OCHOBE TaHHBIX O [TOBEPXHOCTH
JOCTYITHBIX 3JIEKTPOIPOBOASINNX HocHuTeNel. [1pu HCroab30BaHUN HO-
CUTENS € yaeJbHOM moBepXHOCTHIO 10— 50 Mr/r u 11pH cpeHeM KaTa-
auTHYeckoM Toke 1074 A/cM? MOXKHO OXUAATh IIPH paboTe MEKTPOaa
B KHHETHYECKOM peXHMe TUIOTHOCTH Toka 10—50 A/r.

IIpuBegeHHBIE OLIEHKU WUTIOCTPUPYIOT BBHICOKHE KATATUTHYECKHE
BO3MOXHOCTH (PEPMEHTOB B IMEKTPOXHMHUYECKUX CHUCTEMaX.

(DepMeHTATHBHOE 3JIEKTPOXHMHYECKOE BOCCTAHOB/ICHHE KHCJIOPO/IA.
B Ki1accH4yecKoi 951eKTPOXUMHHE IeKTPOBOCCTAHOBJIEHHE KUCIOpoJa —
OIHa M3 Haubosee CIOXHEBIX IpoGiemM. M3BecTHO, 4TO paBHOBECHBIN
MMOTEHIINAJ OKHCIAeHNsI — BoccTtaHoBAeHUs tapsl O,/H,O, paBHBIN
1,23 B, ycraHapnuBaeTcsi IMINb HA CIIEUUATBHO 00paboTaHHOM IUla-
THHE U B 0cO00 YHCTHIX pacTBopax. Toku obMeHa Kuciaopoaa Ha Iiaa-
THHe BechMa Mastbl ¥ cocTaastior 10711 A/cm?. B 10 Xe BpeMst U3BECTHHI
dhepMeHThI, KOTOPBIe AKTUBHO BOCCTAHABIUBAIOT KHCIOPOJ MO YETH -
pPEXITEKTPOHHOMY MEXaHHU3MY JIO BOJHI 63 MPpOMeXyTOTHOro 00pa3o-
BaHMS B paCTBOpE MEPOKCHAA Bogopoaa (CM. I11. 8).

Jlakkasza siBastercsl MeZbCcopepXaluM (epMEHTOM, OCYIUeCTBIISI-
FOLLMM YeTHIPEX3JIEKTPOHHOE BOCCTAHOBICHUE KUCIOPOAA MPU UCTIO/b-
30BaHUN B Ka4eCTBE JOHOpPA Pa3THYHBIX ApPOMATHYECKHUX AMWUHOB U
(eHOsI0B. B aKTUBHEIIM LIEHTP (pepMeHTa BXOOSAT YeThIpe KATHOHA MEIH,
OCYILECTBISIOLHE KOOPAMHHUPOBAHHOE BOCCTAHOBJIECHHE KUCIOPOAA.
Jlaxka3za sBisteTCSI TUITHYHBIM (DepMEHTOM B TUIaHE KATATUTHYECKOMN
3QPEKTUBHOCTH U UMeET Ky, = 200 ¢! m K, = 107 Mo/

H3BecTHO, YTO 2AEKTPOBOCCTAHOBACHHE KHCIOPOAA B HEUTPAIh-
HBIX WIK C1abOKKUCIIBIX paCTBOPAX Ha YTOJIBHBIX MAaTepHAJIaX MPOTEKAET
CO 3HAUYUTENBHBIM TiepeHarpskeHueM. [1pu BBeIeHUH B CUCTEMY JIaK-
Kaspl B He3HAYHTEIBHEIX KonnuectBax (107 Moib/1) GUIO 3aMedeHO
CYILECTBEHHOE CMeILeHHE CTAIlMOHAPHOrO TIOTEHITHAIA B 00IaCTh 110~
JIOXWTEIBPHBIX 3HAYeHUN U YCKOpeHHe 2JIeKTPOBOCCTAHOBAEHHS KHC-
nopoaa (puc. 6.1). Habmogaemele 3¢ deKThl He 3aBUCST OT IIPUPOIBI
97eKTpoaa. DAEKTPOXUMHYECKHE U3MEPEHUS IPOBOAMIN HA SJIEKTPO-
Jlax M3 caxu, nuporpaduTa, CTeKIoymiepoaa wiu 3omora. UmMoOuwnu-
3ALHIO JIAKKA3bI OCYILECTBISUIN aICOPOIIMOHHBIM CIOCOO0M Herocpen-
CTBEHHO Ha JIeKTPoA. B IIPUCYTCTBHH KMCIOPOAA U JIAKKa3Hl HabIoma-
JIOCh yBeJIMYeHKe MOTeHIMAJa I BCEX MCCIAEHyEeMbIX JMEKTPOHOB.
MaxkcumanpHoe 3HadeHue moreHunata +1,207 B, 6auskoe K paBHO-
BECHOMY IMOTEHITHATY KUCJIOPOZHOTO MMEKTPOAA, YCTAHABINBAIOCE Ha
MEeKTPOJax U3 yriepona, KOTopble MpeaBapuTelIbHO OBUTH BBIOEPXa-
HBl B 10~ MoJNb/N1 pacTBOpe NAKKa3hl B TEYEHUE CYTOK. AICOPOLIMS
(dbepMeHTa Ha 3J1eKTpoJax U3 CaXH MpakTHYeCKH HeoOparuMa. ITocie
MMMOOUAM3ALNH 3JIeKTPOJ COXpaHsieT KATAINTUYeCKUe CBOMCTBA B OT-
CYTCTBHE JIaKKa3bl B pacTBope. PepMeHTATHBHAS IPUPOAA JIEKTPOKA-
Tanusa GpUIa JOKa3aHa CrieqH(pHYSCKUM HHIHOUPOBAHUMEM 3TeKTPO-
Karanusa QTopun- u askiI-uoHaMu (cM. puc. 6.1), nHakTHBanveil dep-
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1, MKA MEHTOB HarpeBaHHEM, COITOCTaB-
L 1 JIEHHEM 3aBHCUMOCTH 3JIEKTPOKA-

TATHTUYeCKHUX 2¢GEeKTOB U KaTa-
JINTHYECKOM aKTUBHOCTH OT ITOKa-
3ateiist pH B peakiyi OKUCASHUS

504 deppuiMaHua-HOHA KUCIOPOIOM.
JeranpHoe n3ydyeHHe MeXaHU3-

3 Ma Karajan3a JIaKKasbl TeopeTHue-

o . 2 CKHMH M 3KCIEPUMEHTUTbHBIMU
1,2 1,0 0,8 - 0,6 o, B METOJIJAMM COBPEMEHHOM JIEKTPO-

XHMHM TIOKa3ado, YTo JaKkaza
Puc. 6.1. Tosgpu3aiOHHbIE KPUBEIE, KATANMU3NPYET TIPOLECC HIEKTPO-
TIONy4eHHbIE B ATMOCHEPE KMCMOPO- 3 iy iyveckoro BOCCTAHOBIEHHS
fia Ha SNCKTPOAC M3 YINEPOMA C UM~y opopnosa o MeXaHM3MY IPSIMO-
MOOMIM30BaHHOIN nakkasou (1), B
orcyrcrBue depMeHTa (2) U ¢ UM- o 0BMeHa 37EKTPOHOB MeXIy
MOOUIM3OBAHHEIM (EPMEHTOM B QJIEKTPOJOM U aKTUBHBIM LIEHTPOM
npucyrersuu 1 mxmosst NaN; (3) bepmeHTa. DKCrIepUMEHTAIBHO
OblIa U3yYeHa 3aBUCHMOCTh CHJIBI
TOKAa OT MOTEHIIHAJIA B [IOTEHIIHO-
CTATUYECKOM peXHMe MPU PasIHyHBIX KOHLEHTPALUSIX UOHOB BOIO-
poja M MapUHIBHBIX JAaBICHUSIX KUCIOpOga M OOHAPYXEHBl Clelry-
OIIHe 3aKOHOMEPHOCTH.

1. CKopocTH 1 TOKHU 31eKTPOXUMHYECKOTO BOCCTAHOBIEHHST KUCTIO-
poja B orpeAeIeHHOM AMAaria3oHe KOHIeHTpauil (hoepMeEHTA U MTOTEH-
IMAJIOB 3aBUCAT OT KOHIIeHTparuu hepMeHTa, BBOJIMMOIO B PacTBOpP
npyu uMMobunuzanu. IIpu MabiX cTerneHsiX 3aIl0OTHeHUsI TTOBEPXHO-
CTH 3Ta 3aBUCUMOCTE UMEET JIMHEHHBIN XapakTep. B 31HX yciaoBusx ¢ep-
MEHT [PAaKTUYECKU HEOOpaTUMO aCOPOUPYETCS HA OBEPXHOCTH 3JIeK-
TpOZa U3 CaXHU U MOBEPXHOCTHAsT KOHIeHTpaus ¢hepMeHTa JMHEHHO
CBsi3aHa C KOHLEHTpalueif BBOOUMOro B pactsop (depmMerra. JIuHeii-
Hasl CBA3b MEXIY CKOPOCTBIO PeaKLMH U MOBEPXHOCTHOM KOHIIEHTpPa-
el hepMeHTa HaGMOgaeTCs B quarnasode Harnpsxkenus 0,6—1,2 B,
OTIPENEIEHHOTO 10 BOZOPOIHOMY IEKTPOIY B TOM Xe pacTBope. B atoit
obyacTH JIUMUTUDPYIOLIEH sBAsgeTcsd (epMeHTAaTHBHas peakuus. [Ipu
foJiee OTPUILIATENBHBIX 3HAYCHHUSX MOTEHIIHAJA [IPOUCXONNUT CMeHa JTH -
MUTHUpYIOIEH cTaguy, AUHEeHHass 3aBUCHMOCTH CWJIBI TOKa OT KOH-
LHeHTpaluu ancopOUpOBaHHOTO (epMeHTa HE BBITOMHAETCS. MOXHO
TrosaraTb, YTO peakius MepeXOauT B CMEIIaHHYI0 001acTh i TIpoTeKa-
eT B 1M GHy3UOHHO-KOHTPOAUPYeMOM pexuMe. B manpHeiinem GyneM
paccMaTpuUBaThk 00J1ACTh MTOTEHIIHAIOB, OTBEYAIOIYIO JIMHEHHOI 3aBH-
CHMOCTH CKOPOCTH PEaKIIMU OT KOHIEHTpaluu dhepMeHTA.

2. 3aBUCHMOCTH CHJIBI TOKA OT MOTeHIuana (puc. 6.2) mis 3JeKTpo-
JOB M3 CaXy C UMMOOWMIN30BAHHOM J1aKKAa30#, MOJTyYeHHBIE B OHOM
CEepUM IKCITIEPUMEHTOB, UMEIOT IKCIIOHEHIIHMATBHBIN XapakTep. JlaH-
Hble puc. 6.2, a B nojyaorapupMUYecKUX KOOpAUHATAX MPUBeAeHBI HA
puc. 6.2, 6. DTH HaHHbIe MOKA3BIBAIOT, YTO PEAKIMS TEKTPOXUMHYE-
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Igi

Puc. 6.2. [Tongapu3allMOHHbIE KPUBEIE, ITONYYEHHbIE HA IEKTPOJIE U3 YIIIEPO-
Ja ¢ UMMOOWIN30BAHHOH JIAKKA30M:

a — 3aBHCHMOCTb CWJIBI TOKA OT nmoteHuuana npu pH 3,08 (1), 4,0 (2), 4,5 (3), 5,0 (4),
6,05 (5); 6 — maHHble pUC. 6.2, @ MPEACTABICHHl B MONYJIOTApUDMHYECKHX KOOp-

JMHarax

CKOTO BOCCTAHOBJGHMSI KHMCIOpOJa C TIOMOIIBIO JaKKAa3bl UMeeT Xa-
paxTep OOBIYHOTO JEKTPOXUMHYECKOTO TIpoLIecca, KOTOPhIA YCKOpsi-

€TCSI C POCTOM IOTEHIIHAJIA.

3. HabmogaeTcst 3aBUCMMOCTD CTALTMOHAPHOM CKOPOCTH peakKiuu (cra-

moHapHoro Toka) ot pH (puc. 6.2, 6.3). Tuana-
30H HCClIegOBaHHBIX 3HaYeHmit pH orpepenser-
CSI BO3MOXHOCTBIO YCTAHOBJICHUSI B YCJIOBUSIX
IKCIIEPUMEHTA COCTOSTHHS, XapaKTepu3yeMoro
CTalMOHAPHBIM rToTeHIaioM. M3 puc. 6.2, 6 Bua-
HO, 4TO 0@ /dIg i mpaKkTuyecku He 3aBUCUT OT pH.
3HayeHUe 0@ /dlgi, HalineHHOe NPU CTATUCTH-
YecKol 00paboTKe IKCIIepUMEHTAIBHBIX Pe3yib-
TaToB, cocTapiisieT 26 + 3 MB (TIpuBeieHHBIE 31€Ch
U ganee OLIMOKHU SIBISIIOTCS CpeJHeKBagpaTUd-
HBIMU OTKJIOHEHUSIMH OT CPEIHUX 3HAYeHUHt).

[MoteHnman ripyu GUKCUPOBAHHOM 3HAYECHUH [
JIMHeiiHO 3aBuCHT OT TTokazarens pH: do /o(pH) =
=60 + 7 MB.

Pesynprarel, ripuBeseHHBle Ha puc. 6.2, 6;
6.3, yKa3pIBAIOT HA HATHYKE 3aBUCHMOCTU CKO-
poctu peakumu ot pH, M UX MOXHO TIpeCTABUTE
B Byme OGHIYHOIO KMHETHUYECKOIO YpaBHEHMS.

I 1 1 1

3 4 5 6 pH
Puc. 6.3. 3aBUcHMOCTD
CHJIBI TOKA OT ITOKa3a-
tena pH mpu ¢=0,9 B
(1o maHHBIM puc 6.2, a)
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3aBHCUMOCTE CKOPOCTH peakiiuu ot pH B iorapudmuueckux KOopuu-
HartaX IIpuBeJeHa Ha puc. 6.3, BUJIHO, 4To peakiys B yCIOBHSIX IKCIIE-
pUMEHTA UMeEET BTOPO# MOPSLIOK IO KOHIIEHTPALMU MOHOB BOZOPOIA
(TaHreHC yIia HaKIoHa rpaguka 3asucumoct lgi = f(pH) paBeH 2).

4. TTpu MOCTOSHHOM CUJle TOKA U3YyYeHa 3aBUCHMOCTD CTallMOHAp-
HOTO ITOTEHIIHAIA OT [TaPIIUAIBHOIO NaBIeHUs p Kucioponaa. Pesynbra-
THl 9KCIIEPHUMEHTOB IPUBOAST K 3HaYeHUIO 0¢ /dlgp = 25 + 3 MB. Ta-
KUM 00pa3oM, KHHETHYECKHE PE3YIBTATH MOXKHO TIPEICTABUTE B BHIE
ypaBHEHUI

00/dlgi = d¢/dlgp = 0,500 /d1g(pH)
wim
i = E[0,][H")2exp(¢/a), (6.2)

rae a = 26 + 3 MB.

MexaHu3M 3JEKTPOXHMHYECKOI0 BOCCTAHOBJICHHS KHUCJA0POAAa MOX
JIelCTBYEM JIAKKA3bl. M3yuenre MeXaHH3Ma peakiiy BKIIOYaeT B cebst
TIOMCK CXEMBI TIpoliecca, KMHEeTUYeCcKoe OIMMCcaHWe KOTOpPO#l MpuBoO-
IIUT K KHHETUYEeCKOMY YpaBHeHMIO (6.2). TIpu 3TOM METONONOTHYECKH
NpaBUWJIBHBIM TIPEICTABISETCS BHIOOP IPOCTEHIINX CXeM, YIOBIETBO-
PSIOLIMX IKCIIEPUMEHTABHEIM TaHHBIM, U MX MOCIegoBaTeabHOE yC-
JIOXXHEHHUE B CJIy4ae HeCOOTBETCTBUS ITOIYYaEMBIX BBIBOJOB 3KCIIEpU-
MEHTAJIbHBIM JaHHBIM.

IMpu aHanm3e MexaHW3Ma KaTaIUTHYECKOTO HEMCTBUS JIAKKAa3bl B
MPOIIECCE BOCCTAHOBJICHUSI KHCAOpOma OBUIM WCITOAB30BAHKBL CIIEdy-
IOlIMe OCHOBHEIE TTOJOXEHUS.

1. AKTUBHBIN IIeHTp PepMeHTa 06pa3yeT KOMIUIEKC WIW XHMHYe-
CKOe COeNHHEHHe C MOJeKyJaoi Kucimopona. Ha 3To ykaspiBaer TOT
(akrt, 4TO B pacTBOpe HEe OGHAPYXEHDI ITOIYBOCCTAHOBIEHHBIE (Op-
MBI KUcaopoga (CBoGOIHBIE palUKaIEI, IIEPEKHCH BOLOPOIA).

2. Peakuuy NpUCOENUHEHMS TIPOTOHA IIPOTEKAIOT B PABHOBECHOM
pexXuMe U MOTYT ObITh OXapaKTepU30BaHbEl KOHCTAHTAaMH PaBHOBECHS.
3T0 TIpenIonoxeHe OCHOBAHO HA MHOTOUHCIEHHBIX JaHHBIX HCCie-
JOBaHUS KHHETHKH peaKIIWii repeHoca IpotoHa. Peaknuu rpucoey-
HeHHus IpoTtoHa K C-, O-, N-KHCI0TAM H OCHOBAaHHSIM MPOTEKAIOT B
I PY3NOHHO-KOHTPOTHPYEMOM PEXHME.

3. Peakuuu repeHoca 3J1eKTPOHOB ¢ 3JIEKTPOJa Ha aKTUBHBIN IIEHTP
thepMeHTa — 3TO OGBIUHEBIE TEKTPOXMMHYECKHE ITPOLECCHI, CKOPOCTh
KOTOPBIX ONPEIENsieTCs] CTPOSHUEM JBOMHOIO 3JIeKTPUYECKOIO CIOS U
IIOTEHIIMAJIOM 3JIeKTpoa.

Ilpu monsipusanuu 3JeKTpoma NpU IOTEeHUMAIaX, OTIWYHBIX OT
PaBHOBECHOTO, ITpeobaagaeT KaTOIHBINM WM aHOJIHBIH Ipollecc, 3aBU-
CHMOCTb CWJIbI TOKA OT MOTEHIHAJA ISt KaTOHOTO TMpollecca OMMUCHI-
BaeTCSI ypaBHEHNEM

iy = ky = ko exp[—%’% ], (6.3)
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rae k, — KOHCTaHTa CKOPOCTH 2JIEKTPOIHOTO MPOILIECca MepeHoca 3JeK-
TPOHOB; (¢ — MOTEHIINAI, OTCUNTHIBAEMBII OT ITOTEHIIUAIA CTAHIAPT-
HOro JIEKTpofa (HalpuMep, BOJOPOIHOI0); 3 — mapaMerp, [IpUHH-
MaeMBbIif OGBIYHO paBHBIM 0,5. .

Ecnu aeKTpomHEI mpouece A + ne —— A" mportekaer GpICT-
po, obpaTiMoO U MOXeT OBITh OTTMCaH ypaBHeHUeM Heprcra, 1O

Q=@+ RT In [A]
=@y +—— Ly

nF  [A™]
KoncraHTa paBHOBecust K, OKHMCIEHHOW M BOCCTAHOBJIEHHO# ¢GopM
PACCYMTHIBACTCS TIO0 ypaBHEHUIO

% =K, = K, exp(—%ﬁ%(pj. (6.5)

JI751 o0CcyXKneHHST MeXaHU3MOB LieJIecooGpa3Ho ITPOBECTH UX KJlac-
cudpukanuio. PaccMorpuM Kinaccudukanuio pepMeHTaTUBHBIX peak-
WM, YYUTHIBAIOLIYIO TIOCNEIOBATEIBHOCTh CTAIUM TIpolecca. BaxkHo
TO OOCTOSITEJILCTBO, UTO B CTAIIMOHAPHOM COCTOSIHMM B YpaBHeHUE
CKOPOCTH PEaKIIMH BXOIST JHIIB TIAapaMeTPhl JMMUTHAPYIOIINX CTAZUI
¥ CTafWi, TIPeAIIECTBYIONIMX JUMUTHPYIOIIeit. BRICTpEIe (HenuMuTH-
pyollMe) CTaguM Iiporecca, Cieaylolre 3a HaubGolee MeIJIeHHOI,
He OKa3BIBAIOT BIMSHINS HA CKOPOCTh PEaKIMU.

DKCMepUMEHTATBFHO HAaWJeHHOe ypaBHeHHE CKOPOCTH peaKIlHH
3MEKTPOXUMUYECKOIO BOCCTAHOBJIEHHSI KHCIOPOIA C IMOMOIIBIO JIaK-
Ka3bl (ypaBHeHMe (6.2)) IOKA3BIBAET, YTO CKOPOCTh MPOIECCA MMEET
BTOPOU TIOPSIOK IT0 KOHIEHTPAIIMM HOHOB BOXOPOHA. DTO YKA3BIBAET
Ha TO, YTO JUMMTHpYIOLIEH CTaIuu MpealleCTBYIOT ABe CTaJUU TIPH-
coequHeHUS TIpoToHa. I1pocTeiilnast cxeMa, KOTOpast COIACYETCS C ITH-
MU paKTaMU, BKITIOYAET CTAAWY MIPUCOeHHEHNS KICI0poIa, ABYX I1po-
TOHOB M KUHETHYECKYIO CTAIMIO BOCCTAHOBJIEHUSI AKTUBHOTO IIEHTPA;

(6.4)

Ks
E + O, === EO,

K
EO, + H" —= EO,H"
+ + Kz, 2+ (66)
EOzH +H <— E02H2

2+ kl‘p +
EOH; + e — E02H2

CormacHo BRIGpaHHONK HaMu Kiaccudukaiuy cxeMa (6.6) oGo3Ha-
Yaercs O,ppe (KUCIOPOL— MPOTOH — IMPOTOH — 3JeKTpoH). [lepeunc-
IUM KOHCTAHTEHI, OTIpeNesolue KUHETUKY peakiny: K¢ — KOHCTaH-
Ta qucconuaumy ¢GpepMeHT-KHCIOPOTHOTo KoMruiekca; K, K, — KoH-
CTaHTHl MPOTOJMTHYECKUX PABHOBECHH; Kk, — KOHCTAHTa CKOPOCTU
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9JIEKTPOIHOTO Tpolecca (ypapHeHue (6.3)); K, — KOHCTaHTa paBHO-
BecHs 3JIeKTPOJHOTO Tiporiecca (ypapHeHue (6.5)).
Jlnst cxemsl (6.6) ypaBHeHHE I HAYAIBHONW CKOPOCTH MMEET BUJ

o, [H1 ]
K K 0,5
1+@(1+[—H——]J
. K K,
0 =
0]+ —— 5
1+[~Ii—] 1+E—]
K, K,
COOTBETCTBEHHO
o, L]
K, K
ke (07) = ko, = T l 2+ s
(0y) = ko [, ]
K, K,
Ks
Ky (0)=Kg, = .
M( 2) 0O 1+[—I_-I.+_] 1+Ej.—]-
Kl K2

N3 sxcriepMeHTAIRHBIX JaHHBIX CIIEAYET, 94T0 PeaKius UMeeT Iiep-
BHIi TOPSIOK I10 KUCIOpoAy. DTO 03HayaerT, 4To [O,] « Ko, u, cie-
JOBATENBHO, CKOPOCTh PeaKIIMK ONUCHIBACTCS ypaBHEHUEM

ka kl +
= E[0,]=——2 _[H'PE,[O-].
Yo Koz 0[0,] KleKs[ IF EolO,]

C yuyerom ypaBHeHUst (6.3) monydyum

i~ E)|O,][H'P exp[-gﬂ ) 6.7)
RT
VpaBHeHUe (6.7) ONMMCHIBAET IKCIEPUMEHTAIBHO HaGIIOgaeMylo 3a-
BUCHUMOCTb CKOPOCTH PeakKIluK OT KOHIIEHTpaluu (pepMeHTa, KUCIO-
pona, HoHOB Boxopona. JlorapudmuposaHue ypaBHeHuUs (6.7) 110380~
JISIET BBIYUCINTD NTapaMeTphl peaKInu:

Jdo  2,3BnF a0 ) 2,3pnF 00  2,3pnF
dlgi RT ° 9(pH) RT °  01g[0,] RT °
I1pu 3TOM BBIMOIHSAETCS BaXHOE COOTHOMIIEHHE (6.2), TIOCKONBKY pe-
aKIWsT MMeEeT BTOPOi TIOPSIIOK MO MOHAM BOIOpOJA.
BapeupoBaHue 10CNeqoBaTeNBHOCTH CTAgUi 10 JMMUTHpYIOWEN

CTaIuU NPUBOAUT GOPMATHLHO K pa3sHBIM MeXaHH3MaM, KOTOphle, OlI-
HAaKO, He MOTYT ObITh MACHTU(MUIIMPOBAHEI HA OCHOBAHWMK JKCIIepH-
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MEHTAJIBHBIX JaHHBIX. TeM He MeHee cxema (6.6) BeCbMa MaJIOBEPOSIT-
Ha, ITOCKOJBKY M3 Hee CIeRyeT, YTO JeMEHTapHast CTaIlusl 9MEKTpO-
XUMHUYECKOTO BOCCTAHOBJIECHHST aKTUBHOIO LIEHTpa (pepMeHTa SIBIseT-
csT YyeThipexaneKTpoHHOU. [Ipu f§ < 1 u3 ypaBHeHust (6.7) rpu corro-
CTaBIeHUH C IKCIIePUMEHTATBHBIMU TaHHBIMU (00 /dlgi ~ 26 £ 3 MB)
caenyer, 4yTo 1 > 2. [lepeHOC Tpex WIH YeThIpeX 3JEKTPOHOB B OXHOM
3JIEMEHTAPHOM aKTe — B BBICILICH CTETIEHH MaJIOBEPOATHBIN IPOLECC,
1 B 9JIEKTPOXHUMHUH HEU3BECTHBI PeaKIMH, KOTOPBIE MPOTEKAIOT TAKHM
o6pa3oM. D10 3aCTaBIsIET BHECTU HEKOTOPHIEe YCIOXHEHUS B 06CYXKIa-
eMBIif MeXaHU3M peakllMu. MOXHO Ioiarath, YTo KHUHETHYeCKOM CcTa-
JHM TlepeHoca 9JIeKTpOHA IPeAlIeCTBYIOT ObICTPEIE PABHOBECHEIE CTa-
IWH, TAK 9YTO Ha JUMUTUAPYIOUIeH CTAIUU YMCIO [TePeHOCHMEIX JJEK-
TPOHOB CYIIECTBEHHO MEHBIIIE eAMHUIIBI. BTO TIpeaTiooXeHHe ITPUBO-
IMT K TPYIITe MeXaHM3MOB, COMNTACYIOIIMXCS C 9KCIEepUMEHTAIIBHEIMU
JAHHBIMH.

Paccmotpum KuHeTHYeCKy1o cxeMy O,ppejie™, B paMKaX KOTOpOH
AKTUBHBIM [IEHTpP [OCJIeA0BaTeIbHO MIPUCOCIUHSIET B PABHOBECHOM pe-
XHMMe KHCJIOPOJ, 3aTeM — JBa IIPOTOHA, janee GBICTPO M PaBHOBEC-
HO M; 9JIeKTPOHOB M HAa MENJIEHHOW, JIMMUTHUPYIOLIEH CTaguu — H,
3JIEKTPOHOB.

JI7st 9TOH CXeMBI CKOPOCTDb PEaKIIMU OIUCHIBAeTCH ypaBHEHUEM

F F
ko exp[— ﬁl’;zT (p]](o exp[—%‘f

KsKi K,

roe ky, Ky — MpemIdKCIIOHeHIIMAIbHbIE MHOXHTEAU (CM. ypaBHEHUS
(6.3), (6.9)); K, K, — KOHCTaHTH paBHOBeCHS MPOLIECCOB MepeHoca
MPOTOHA.

MpuHUMITMATBPHO BaXHYI0 WHQOPMAIMIO TaeT aHAIW3 3HaYeHUst
0@ /01gi, MOCKONBKY TIO3BOJISIET OIPEAEANTh YHUCIO JIEKTPOHOB, Me-
PEHOCHUMBIX Ha KAXIOM U3 CTamMid.

U3 ypasHeHus (6.8) ciuenyer

. F
lgi ~1g[O,] + g Ey ~ 2[pH] - S3RT (m +Bm)o 6.9)

) [H'PE[O.],  (6.8)

[~

WTH
dp  dp 200 _ 2,3RT
dlgi  9lglO,] OlpHI ~ F(m +Bm)

U3 comoctaeiaenus (6.10) ¢ aKCIepuMeHTATBHEIMU JAHHBIMH T10-
yyaem

(6.10)

n + an = 2, n, + 2”1 =4, (6.11)

ITockoneky ny, n, — Iledble MOJOXUTeNBHEIe YHCIa, YPAaBHEHUE
(6.11) maer HepaBeHcTBa M, < 2, ny < 4, TIPM ITOM eIUHCTBEHHBIM
TIONIOXUTENBHBIM peliieHreM ypaBHeHus (6.11) spisiercst ny = 1, ny = 2.
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B coorBercTBHM ¢ 3THM MeXaHn3M O,e,,ppe’ OyneT UMETb BHI
Ks
E + O, === EO,
K B
E02 T+ € -———o E02

K
EO; + H' == EO,H (6.12)
K;
EO,H + H' === EO,H;

k, -
EOzH; + 28_‘0" EO + Hzo

Hanee crenyior GBICTpbIe HEIUMUTHPYIOLIHE cTagui. HeoObRYHBIM
SIBJISIETCS. ABYXJIEKTPOHHBINA MePeHOC JIEKTPOHOB C JIEKTPOIa Ha aK-
THUBHBIH IIeHTp (pepMeHTa Ha TUMUTHPYIOLIEH cramuu nporiecca, OOpiy-
HO 3JeKTPOXMMUYECKUE peaKIIMM UMeIOT OIHO3JIEKTPOHHBIM Xapak-
tep. OQHAKO HaJIMYKe ABYXSJIEKTPOHHOM CTaIiMHM B MeXaHH3Me Heii-
CTBMSI JIaKKAa3bl COTJIACYCTCS CO CTPYKTYPHBIMM HCCIENOBAHUAMU, CO-
[JIACHO KOTOPBIM aKTUBHBIM LEHTP (hepMEHTA CONEPXKUT IBYXIIEKT-
POHHBIN aK[ernTop, 0bpa3yeMbiii ABYMSI HOHAMHA MEIH.

Takum 06pa3oM, IMEKTPOXUMHUYECKHE N3MePeHUsT T0-HOBOMY OC-
BelAIOT MEXaHU3M JISHCTBUS MeIbcoaepxkalilieil OKCHIa3HkL.

ITonyyeHHBIE SKCIlepUMEHTATBHbIE KUHETHYeCKHE JaHHbIE M MX
UHTEPIIpETAlNS JIETJIM B OCHOBY MOJIEKYJISIDHOM MOJENN IeHCTBUS
(pepMEeHTOB 3TOTO THUTIA (CM. 1. 8).

6.2. KnneTHka 31€KTPOHHO-TPAHCHOPTHHIX NPOIECCOB

PyHgaMeHTabHAsT 0COOEHHOCTh GUOTOIMYECKHX CUCTEM — OCY-
IECTBACHNUE OKUCIUTEABHO-BOCCTAHOBUTEIBLHBIX peaKIuil ¢ y4acTH-
eM (pepMEHTOB M OeJIKOBBIX MepeHOCYUKOB MeKTpoHa. OpraHusanus
KJIETOYHBIX CTPYKTyp oDecrieynBaeT HATIPaBJIeHHHBIH MepPeHOC BIeKT-
POHOB OT OJHUX KOMITOHEHTOB K APYTHM, CO3/IaBasi CBOe0Opa3HbIe MUK-
poTtoxku. Kommieke rmpoGiieM, CBA3aHHBIX C H3y4eHUEM peakKIui me-
peHoca 3JIEKTPOHOB B OHONOTHYeCKMX CHUCTeMax, 110 CBOeH MpHUpOe
630K K npobiemMaM 3aekTpoXuMui. OcobeHHOCTh GM03IEKTPOXUMU-
yeckux 3QPeKTOB onpeeseTcs OSIKOBBIM XapaKTepoM MOJIEKY, OCY-
HIECTBISIIOIIMX TPAHCIIOPT IEKTPOHOB, a TAKKe MeMOPaHHBIM XapakK-
TEPOM CTPYKTYP, B KOTOPBIX IIPOTEKAIOT 3TH IIPOIIECCHI.

Haubonee nosyHo u3yyeHa B HACTOSIIIEE BpeMsl 9JIEKTPOHHO-TPAHC-
MOpTHas Lenb a3pobHOro apixaHus. Komrnekc 6enkoB-¢epMEHTOB U
IIEPEHOCYHUKOB JTEKTPOHOB, JIOKATU3OBAHHEI B MUTOXOHIPUSIX, OCY-
LIECTBISIET PEaKIIHIO OKUCIEHHUS KUCIOPOIOM BOCCTAHOBIEHHBIX Opra-
HUYECKHNX CyOCTpaToB, MpeX/ie BCEr0 BOCCTAHOBIEHHOW (hopMoit Hit-
koTMHamuaaneauaykieornaa (HAJAH). Bror nponecc conpoBoxia-
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etcst hochopmwmpoBanneM AID u obecrieynBaer obpazosanue ATD
B KierkaX. CxeMa TiepeHOCA 3JIEKTPOHOB B JIBIXaTeIbHOM LIEITH MUTO-
XOHIpUUA UMEET BUMI:

HAOH — ®I1 — YX — Luroxpom b — Ilutoxpom ¢, —

— IIutoxpom ¢ — Luroxpom a — IIutoxpom a; — O,

3meck PIT — dnaBonporenH; YX — yOUXHHOH.

JIOHOPOM 3JIEKTPOHOB B JIEKTPOHHO-TPAaHCHOPTHOIM LIeIH SIBJISAET-
cst HAJIH, akuenrropoM — Kuciaopoz. B mponecce aspobHOro geixaHus
MOTOK 3neKTpoHoB o1 HAJIH uepes s5eKTpoHHO-TPAHCIIOPTHYIO LIETTh
repeHocUTCs Ha Kuciopon. Ilpoliecc OKMCNIEHUSE IIPOTEKAET C yYaCTH-
€M OKOJIO JecATKa GEJIKOBBIX IIepEHOCUHKOB JIEKTPOHA.

ITponecchl hoTOCHHTE3a M IBIXaHUSI CKIIAABIBAIOTCS U3 T10CIEN0BA-
TEJIBHOCTH 3JIEeMEHTAPHBIX ONHONIEKTPOHHBIX CTAIMH TlepeHoca J/IeK-
TPOHA. YYaCTHUKAMH 3THX CTAAWNI SBASIOTCS O€1KH, CIIOCOGHBIE 00pa-
THMO U OBICTPO aKIENTHPOBATh U JOHUPOBATH JIEKTPOHBI. BelkoBbIe
MEPeHOCYMKY IEKTPOHOB MUMEIOT Pa3sNuyHylo Tipupoay. Kak rpasu-
JIO, OHU COOEPXKAT aKTUBHBIE MPOCTETUYECKHE TPYIIIBI, Ha KOTOPHIX
JIOKAJIU3YIOTCS BJIEKTPOHEI B IIPOIIECCE OKUCANTEIBLHO-BOCCTAHOBUTE b~
HEBIX peakiuit. HanbGosee MHOTOYHCIEHHYIO H XOPOILIO U3YYeHHYIO IPYIT-
Ty OEJIKOBBIX IePeHOCYMKOB JEKTPOHOB COCTABJSIOT IMTOXPOMBL —
OenKH, comepKalme B Ka4yeCTBe MPOCTeTUIeCKOM IpyIIrisl TeMUH. CBOI-
CTBa IIPOCTETHYECKO# TpYIIILl CYILECTBEHHO 3aBUCST OT OeJIKOBOM
MATPHIIB, B KOTOPOM HaXOOWTCS 3Ta IPyIIia. Pa3anyHele ITHTOXPOMBI
HMMeIOT pa3HEIe CHEKTPHI MIOMIOLIEHUS. B mpoliecce OKHUCAEHUSI — BOC-
CTaHOBJIEHHMSI [TPOCTETHYECKAsE TPYIITIA HUTOXPOMOB TIpeTepIieBaeT Cy-
1IeCTBEHHBIe H3MEHEHHS, UTO OTPAXKAETCSI B CITEKTpaX IOIJIOIIEHMS B
BUANMON 00aacTu. D10 obeclieynBaeT HaleXHBINA criocod orpenene-
HUST COCTOSIHMSI 3THX COeOUHEHUI B IIpoIecce JIEKTPOHHOIO TpaHC-
ropra.

bonbuioi xnacc nepeHOCYUKOB 3JIEKTPOHOB COCTABIISIOT Xee30-
conepxanue GeJIKH, BKITIOYAIOLIHEe CYIb(MrUIpwIbHEBIE TPYIIIEL B 3THX
COoeJMHEeHUSIX IPOCTETHYECKAs TPYIIIIA IPeACTaBIseT COOO KOMILIEKC
VIOHOB XeJe3a ¢ cepoif M CyNbPTUIPWIBHEIMH TPYIIIIAMH, OPTaHU30-
BaHHBIMH B CIIELIMATBHYIO CTPYKTYPY — TaK Ha3bIBA€MBIii XKeje30-cep-
HBIl Kinactep. Hekoropele MepeHOCUHUKH JIeKTPOHOB CIIOCOOHHI aK-
LENTUPOBATh K OTHABATH J1Ba 3IeKTPpoHA. Takoro poja repeHoCYMKaMH
SABNAIOTCS (PNABONPOTENHBI — OENKH, cojepXalye B KauyeCTBe I1po-
CTeTHuyeCKOM Tpyririel QaaBuHageHUHAuHYyKIeoTun (PAJl). Hanbonee
TMONBMXXHEIA TTepeHOCYUK — YOMXUHOH (KO9H3UM Q) — TaKXe TIpen-
CTaBisieT cOOOM IBYX2JIEKTPOHHBIM MepeHOCYUK. MHorue Genku, y
aCTBYIOLUME B 3JIeKTPOHHO-TPAHCTIOPTHHIX UEIIIX, cojlepXat B aKTH-
BHBIX LIEHTpaX MOHHI TlepeMeHHoit BaneHTHocTH (Cu™, Mn™ n Ip.),
NpeTtepricBalonye B IIpoLecce JEKTPOHHOTO TpaHCIIopTa o6paTnuMple
Peaknmu OKUCIeHHSI — BOCCTAHOBJIEHUS.
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DaKTUYECKH CTPYKTYPHAS OpPraHu3alus 3JeKTPOHHO-TPaHCIIOPT-
HBIX Ilerieil o0ecreynBaeT HATIPABIEHHBIH ITOTOK 3JIEKTPOHOB C CO3Ja-
HHeM HeOOXORMMBIX MHKPOTPAZHEHTOB TI0JIE M TPASHEHTOB 2JEKTPO-
XUMHWYECKOTO TIOTeHIHAIA, DIIEKTPOHBI, YUACTBYIOILHE B 9AeKTPOHHO-
TPAHCIIOPTHEIX IporeccaX, He o0OOILEHD!, KaK 3TO HMEET MecTO B
Metasax. Ilo cylilecTByY, IpoLEecCH TlepeHoca 9JeKTPOHOB IIPU TEM-
neparype npuMepHo 20 °C mpeacTtapiasioT coboif oObYHBIE XHMHYe-
CKH€ peaKIMH. DTH peaklMH YCKOPSIOTCSI C POCTOM TeMIIepaTyphl B
COOTBETCTBHHU C ypaBHEHHEM AppeHWYCa M XapaKTepH3VIOTCS TI0J0-
KUATETBHBIMU 3HAUYCHHUSIMH 9HePrun akTuBaluu. [Ipyu cyliecTBeHHOM
MOHIXEHUH TeMIIepaTyphl B TAKOTO pofa CUCTEMAaX CKOPOCTh peaKIun
[IepecTaeT 3aBHCETh OT TEMIIEPATYPH 1 OIIPENeaAseTCs B OCHOBHOM TYH-
HeJbHBIM 3¢ (eKTOM riepeHoca 3MeKTPOHOB.

Takum 006pa3om, B peaJIbHbIX YCIOBHSIX (DYHKIIHOHUPOBAaHUS dJIEK-
TPOHHO-TPAHCIIOPTHHIX IIeNel B GHOJOTMYECKHX CHMCTEMAaX MepeHOC
3JIEKTPOHOB CBSA3aH C IIPEOJOJIeHUEeM 3JeKTPOHAMU SHEPreTHYeCKo-
ro 6apeepa. HacToTa nepeHoca 37eKTPOHOB MEXIY GeJIKOBBIMU Tiepe-
HOCYMKaMu oTBeyaeT guariazoy 102— 107 ¢!, TToatoMy B BhICLIEH CTe~
TIEHH MHTePECHBIM IIPeNCTABIAeTCA aHAIN3 KHHETHKH TAKOTO pO#a
CHCTEM.

Mouaenn 31eKTPOHHO-TPAHCIOPTHLIX npoueccos. [Ipu aHaM3e KU-
HETUKHU CIOXKHEIX SBJICHUI BeCbMa BaXKHO MpaBHILHO BHIOpaTh MOETh
npoliecca. Monenb, ¢ OQHONW CTOPOHBI, JOJDKHA OTPAXaTh OCHOBHEIE
CBOMCTBA CHUCTEMBI; C IIPYroil CTOpOHBI, NOKHA OBITh MaKCHMaJIBHO
MIPOCTOM U TONYCKAaTh aHAUTUTHYECKOE PaCCMOTPEHME. AHATIN3 IIPOLIEC-
COB IIepeHoca 3JIEKTPOHOB B OMOJOTMYECKUX CHCTEMAaX ITOKAa3bIBaeT,
YTO KUHETHKA peaKlnii MOXeT OBITh OITHCaHa, II0 KpaitHeH Mepe, IByMsI
MOOEIIMU, OTIHYAIOIIUMUCS 110 QU3HYECKOMY CMBICITY.

MOXHO IpencTaBuTh ce0e, UYTO MpOLIECe EKTPOHHOTO TPAHCIIOP-
Ta MIPOMCXOJUT B CUCTEME C TOMOT€HHBIM pachpeaesieHUeM TiepeHOoC
YHUKOB. B 351eMeHTapHOM 00heMe CUCTEMBI HAaXOOUTCA MOTHEINA Habop
MePEeHOCYHKOB IEKTPOHOB, B3aUMOIEICTBIE MEXIY KOTOPBIMH TIpH-~
BOJIMT K OKUCIECHMIO HCXOQHOTO cy0CcTpaTa U BOCCTAHOBJIEHUIO KOHEY~
HOTO aKUETITOpa Yepe3 TIPOMEXYTOYHOE OKNCIEHHE — BOCCTAHOBIECHME
MEPEHOCYHKOB 3JICKTPOHOB. DTa MOJEJb TIPEAIIONaraeT BHICOKYIO T10/1~
BIDKHOCTD MOJIEKY MepeHOCUHKOB. [lepeHOC 371eKTPOHOB UIET M0 MYTH,
3aJaHHOMY TEPMOJWHAMHUKON M KHMHETHKOM B3aHMOJEUCTBUA MEXIY
MEPEHOCYUKAMHM IJEKTPOHA. DJIEKTPOH TIEPEXOIMT OT MepeHOCYHKa C
0onee OTPUIIATENBHBIM 3JIEKTPOXHUMHMYECKHM IMOTEHIIMANIOM K TMepe-
HOCYHKY ¢ GOJiee TIONOXKUTENbHEIM. KHeTHKa TIporecca Takosa, YTo
K3 BCeX BO3MOXHBIX aKLENTOPOB 3JIEKTPOHOB C JAHHBIM MIEPEHOCYM~
KOM B3aUMOJAEUCTBYET JHUIIb TOT, CKOPOCTh PeaKU WU ¢ KOTOPBIM CY~
LIECTBEHHO NPEBHIIAET CKOPOCTH PeaKIIMU C OCTATEHBIMUA KOMIIOHEH-
TamH cucTeMbl. B Takoro pona cucteMax pealbHbIi GU3MIeCKUi CMBICT
HWMEET KOHLEHTPALIMS TOTO WIH HHOTO IepeHocyrKa. CKOpocTy B3au-~
MOIEHACTBUS MeXOY TMEPEeHOCYUKAMI OIIPEIeASIOTCA KOHIICHTpaLMs~
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MM KOMITOHEHTOB, ¥ B ITPOCTENLIEM Cllydyae CTaJuM MEpPeHOCa 3JIEKT-
pPOHOB UMEIOT OMMOJIEKYNApHBIA Xapakrep. DTa MoAeidb UMeEeT, Io-
BUANMOMY, OTPAHUYEHHBIN XapakTep ¥ IMPUMEHMMA TOJILKO K CUCTe-
MaM C BBICOKOI1 MTOJBUKHOCTBIO NIEPEHOCYNKOB 3JIEKTPOHOB, ITpHYEM
HeobXoIMOoe YCIIOBUE — OTCYTCTBHME CITEHU(PUUYECKMX KOMILIEKCOB
MEXIY OCTKOBBIMU MEPEHOCUMKAMH.

Hpyras Momenb MCXOAUT M3 TPEAINIOIOXKCHUS, UYTO MePeHOCYHKU
00pasyloT cieluduIecKe CTPYKTYPbl — KOMIUIEKCH], B KOTOPBIX CTPO-
0 3aJIaHa IMOCJIeA0BATEILHOCTD CTANMIT ITepeHOoCca 3JIEKTPOHOB. BJIeKT-
POHHBIIf TPAaHCIIOPT OCYIIECTBISIETCS TyTeM ITEPeHOCa 3JIEKTPOHOB
BIOJIb LIETIU CBSI3AHHBIX TTIEPEHOCUMKOB ITYTEM 3JIEKTPOHHOIO 0OMeHa
Mexay HuMu. KuHeTnyeckoe ormMcaHue peaklyii B TAKOTo poaa CHe-
TeMax MPUHIUITUAIBHO OTJIMYAETCS OT MepBOIo CJIy4yasl, ITOCKOJBKY B
KUHETUYECKUX YPABHEHUSIX HEBO3MOXHO UCITOJIb30BaHUE KOHIIEHTpa-
LM OKHMCIIEHHOM WU BOCCTAHOBIEHHON! (DOPMbI TOTO MJIM HHOTIO TIe-
peHOCYHUKa. B 3TOM ciiyyae CKOpOCThb 3JIEMEHTApPHOIO aKTa IepeHoca
3JIECKTpPOHA HE 3aBUCUT OT OOBEMHON KOHIIEHTPALIMY BOCCTAHOBJICH-
HOTO WJIM OKHUCJEHHOIO TepeHOCUYUKA, a OIpPEHeIseTCs] CKOPOCThIO
BHYTPUKOMITJIEKCHOTO TTepeHOCa 3JIeKTPOHA.

Omnucanue KMHETUYECKUX 3aKOHOMEPHOCTEH TIPOLECCOB B LIEMAX
repeHoca 3JIeKTPOHOB MOTPeOOBANIO PA3BUTUS HOBHIX (DOPMATBHBIX
rmoaxonos. [loaroMy paccMOTpUM BTOPYIO MOaEsIb OoJiee TIogpPOOHO.

IlepeHoc 371€KTPOHOB B HENAX CTPYKTYPHOCBA3AHHBIX MePEHOCYH-
KOB. buoXrMMHUUYeCcKUil M CTPYKTYPHBIN aHAJIU3 3JIeKTPOHHO-TPAHCITOPT-
HOM MWTOXOHApPUATBHOMN IBIXaTeJIbHOM LIeMU IMOKAa3bIBaeT, YTo Tepe-
HOCYUKM 3JIEKTPOHOB B LIETIH JeHCTBYIOT He U30JMPOBAHHO, a 00be-
IUHEHBl B crienu(uuecKkue KOMIUIEKCHI CTpPOTOTO COCTABa U OIpene-
JIEHHOU CTPYKTYpsl. BHyTpeHHSs MHUTOXOHIpHANTbHAS MeMOpaHa Co-
JIEPXUT aHCaMOJIU MepeHOCUMKOB (OKCHCOMBI), MEHCTBYIOIIME He3a-
BUCHUMO JpyT OT Apyra. [ToaToMy KUHeTHYeCcKasT MOJeNb, OCHOBAHHAS
Ha OUMOJIEKYJISIPHOM B3aUMOIEUCTBUM FOMOI€HHO pacIpene/leHHbIX
MIEPEHOCYUKOB, IO CBOEMY (DU3UUYECKOMY CMBICIIY HE OTpaXaeT pe-
aJIbHOW CUTYalUMH, B KOTOPOU MPOUCXOAUT TPAHCIOPT 3JIEKTPOHOB.
OuyeBMITHO, UTO alleKBATHAS KUHETHYECKAs MOJIENb TOJIKHA YYUTHIBATD
KOMIUIEKCHBIN XapaKTep OpraHU3alvH MepeHOCYHKOB B MeMOpaHe.

DNeKmPOoHHbIT MPAHCROPM 6 HECMAUUOHAPHOM pexcume. PaccMoTpum
NPOCTEeHIIYIO 3JIEKTPOHHO-TPAHCIIOPTHYIO 1Ierb, COCTOSIIYIO M3 IBYX
NEPEHOCYHKOB, CBSI3aHHBIX MeXIy coboit B KoMIuieke X, X,. B xone pe-
aKIUH 3JIEKTPOH MOXET OBITH JIOKAIM30BaH HA aKTUBHOM IIeHTpe JII0-
00ro M3 nepeHOCYMKOB 11eMH. TaKUM 00pasoM, B peak1iMM y4aCTBYIOT
YeTulpe pasHble YaCTHUIIbI, COOTBETCTBYIOIIIWE PA3JIUYHBLIM COCTOSTHH-
M 3JIeKTpOoHHO-TpaHcmopTHoM nemu: X X9, XX}, X1XY, XIXL. Dru
YaCTHUIIBI, OTIMYAIOLIWECs APYT OT Apyra JIOKaJU3alueil 3J1eKTpoHa,
MOTyT UMeTh pa3IMyHbIE CBOMCTBA.

CxeMy IepeHOCa 3JIEKTPOHA B CUCTEME C YYACTHEM IBYX CTPYKTYp-
HOCBSI3aHHBIX ITePEHOCYUKOB MOXHO ITPeACTaBUTH B BUIE
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k
D + XXy — XIXJ + P, (6.13)

D + X0XL ~2 XIX} + P, (6.14)

XIX9 % XX} (6.15)
A+ XIX} 24 x0x9 4 P, (6.16)
A+ XIX) 5 XIX9 4 P, (6.17)

rae D 1 A — coOoTBETCTBEHHO JOHOP M AKIEINTOP JIEKTPOHOB 3JIeKT-
POHHO-TpaHcIopTHOM wemnu; P, P, — NMpoayKTel MpesBpallieHus A0~
HOpPA ¥ aKIeNTopa COOTBETCTBEHHO. [IJIT IPOCTOTHI MpeanoaraeTcs,
YTO BCE CTamUU MPAKTUYECKU HEOOPATHUMEL.

Cramuu (6.13) u (6.14) npexcTaBisioT coboit cTamuyl JOHUPOBA-
HUSI 3JIEKTPOHOB B 3JIEKTPOHHO-TPAHCIOPTHYIO 1tenb. Q4eBUIHO, YTO
B 00llleM cilydae CKOpPOCTL TMEepeHOCa 3JIEKTPOHA OymeT 3aBUCETh OT
TOTO, COAEPXKUT 3JEKTPOHHO-TPAHCIIOPTHAS 1€l BOCCTAHOBIECHHBIIM
nepeHocuuK X, Uiu Het (k # k,). Cragust (6.15) npeacrapisier coboi
CTaiUIO IepeHoca IMEKTPOHOB B 3JIEKTPOHHO-TPAHCIIOPTHON LN .
ITockonbky nepeHocunku X; u X, o0ObeIWHEHBI B KOMILUIEKC, 3TOT
Ipollecc npeacTrapiisier coboil BHYTPUKOMIUIEKCHBIN ITEPEHOC 3JIEKT-
POHA M XapaKTEpHU3yeTcsl YACTOTOM IMepeHoca k; — KOHCTAHTOM CKO-
POCTH TIEpBOro MOPSIKA. DTO CyLIeCTBeHHAs 0COGEHHOCTh MOIENH ITe-
peHoca 3JIEKTPOHOB B IIEMH CTPYKTYPHOCBSI3AHHBIX MEPEHOCYHUKOB,
KOTOpast OTJIMYAET €€ OT MOJACJIM C TOMOTeHHBIM PACIIpeNe/ieHNeM ITe-
peHocurKoB. [TepeHOC 3JIeKTPOHOB Ha aKIENTop MPOUCXOIUT HA CTa-
qusx (6.16) v (6.17). Kak v ipy TOHUPOBAHUM 3NIeKTPOHOB, peaKIIH-
oHHast crocobHocTh yacTul X{X) u X]X) B 10l peakumy moxer
OBITb pa3JIMYHOM (KOHCTAHTA k, B OOIIEM ClTydae He paBHa Ks).

TaxuMm o6pazoM, B MEXaHH3Me IMepeHoca 3JIEKTPOHOB YYACTBYIOT
YeTelpe pamIHble yacTuibl. KuneTuky mpotecca rmpu yenosusix [D] >>
> [Xly, [Aly >> [X], onuckIBaeT cucreMa ypaBHEHUH

[X]o = [X?XS] + [XiX3] + [XIX5] + [XIX],
d[X1X3]/dt = k[D]o [XPXY] - &s[Alo [XiX1l,
d[XYX/dt = & [XIX9] - {k;[Dl + & [Alo}[XTXA],
dIXiX3)/dr = ki [Dly [X{XG] - &5 XX + &s[Alo [XIX],

rae [X]y — oblas KOHLEeHTpalus MePeHOCYNKOB.

Cuctema ypasHeHUi (6.18) npeacrasnser coboit cucteMy JuHeH-
HBIX AUddepeHIMAIBHBIX YPaBHEHUH C TTOCTOSTHHBIMU K03¢h GUIIMEH-
tamu. [Ipy MCKIIIOUEHNH OHOI TEPEMEHHOM C UCITOL30BAHNEM YpaB-
HEHUSI MaTepuabHOTO 6anaHca cucteMa (6.18) npeoGpasyercs K BUAY

(6.18)
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dX9X9)/dt = —{k [D]o [XY XY + ke[Ale} [XTX1],
d[XiX3l/dt = {k[D], - ks[Alo} [X? XY -
— {ks[Alo + &} [XIXY] — ks[ALo XX - ks[Alo [X]o,
d[X{X3]/dt = k[XIX3] - {k[Dlo + ky[Alo} [XTX.

XapaKTepI/ICTI/I‘{CCKOC YPaBHCHUE CUCTEMBI SABIIACTCS YPaBHCHHEM
TPETBET'O TTOPAIKA:

(6.19)

-k [D]p -2 0 ka[Alo
ki[Dlo - ks[Aly —(ks[A]y +k3) — A —ks[Aly =0 (6.20)
0 ks —(ky[D]o + k[Aly) -2
W
~(k;[Dl]o + k3) — A ~ki[Dly (ki [D]o — k4[Ap)
k; ~(ky[D)y + ks[Aly) — A 0 =0 (6.21)
0 ky[D]p —ks[Aly - A

KuHeTHKa mporiecca OMMCHIBAETCA CYMMOM TpeX 3KCITOHEHIUATbHBIX
YJIEHOB, ITOKa3aTe N KCITOHEHT — KOPHU XapaKTepUCTUUECKOrO YpaB-
HeHus. BuaHo, uto B 0o0lleM ciiyyae IroKa3arejiv S3KCIIOHEHT WM Ha-
Omr0JaeMble B OMBITE XapAKTEPUCTUUECKHUE BpeMeHa peakiiyuM B IIPo-
Hecce 3JIEKTPOHHOIO TPAHCIIOPTA T, Ty U T3 BJISIOTCS CIOXHBIMU (HYH-
KIMSIMM KOHCTAHT CKOPOCTEH 3JIEMEHTAPHBIX CTaaWii U KOHLEHTpa-
U KOMITOHEHTOB:

1 1.1
A T

J1s1 sKcriepuMeHTAIbHOIO U3y4YeHUs] cucTeMbl Haubojiee yaoOHLI
JBa CJICAYIOIIMX YACTHBIX CJIy4Yas, CYIIECTBEHHO YIIPOLIAIONUX KUHE-
TUKY PEeaKIyy.

1. PaccMoTpuM KHHETHKY IIpoLiecca B YCJIOBHSIX, KOTIa KOHLIEHT-
panust akuernTopa 3JIeKTPOHOB B CHCTeMe paBHA HYIO. Peakuug uuu-
LUUpyeTcs OLICTPBIM BBEICHHUEM TOHOPA 3JIEKTPOHOB, ITPH 3TOM Ipo-
HCXOAUT MOCJIeA0BaTENbHOE BOCCTAHOBIEHHUE TIePEHOCYHKOB 3JIEKTPOH -
HO-TpaHcnopTHOIt nenu. B atux ycnoeusix ([A]y = 0) onpenenurens
(6.20) guaroHann3yeTCs:

(6.22)

T ="

~k[Dly -2 0 0
k1 [D]O "k3 - }\. O = O (623)
0 ks —ky[D]y -2

1 pelreHue 31TOTrO YPAaBHECHHUSA JACT TpU KOpPHSI:
)\.1 = —kl [D](), )\.2 = —k3, }\.3 = "kz [D]O (624)
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TakuM 06pa3oM, U3 KUHETHYECKHUX JaHHBIX ITpH [A)g = 0 MOTYT OBITE
olpeaeieHbl KOHCTAHThI CKOPOCTU JOHUPOBAHUS 3JIEKTPOHOB B 3JIEK-
TPOHHO-TPAHCITOPTHYIO HeIb k;, ky ¥ KOHCTAHTHI CKOPOCTH 3JIEKTPOH -
HOTo 0OMeHa MexXIy GeJIKOBLIMU nepeHocunkamu. Eciu k| = k,, kuHe-
THUKY TIpoLecca ONUCHIBAET CYMMa ABYX 3KCIIOHEHIIMANBHBIX YIEHOB.

2. PaccMorpuM ciydaif, Korga B cUCTEME KOHLEHTpalus JOHOpa
3JIEKTPOHOB paBHa Hymo. Eciy mepeHocuuKY 3JIeKTPOHHO-TPAHCTIOPT-
HOU 1IeM1 BOCCTAHOBJIEHBI (3TO MOXeT OBbITh JOCTUTHYTO BBEICHUEM
HEOONBUIOr0 KOJIMYECTBA BOCCTAHOBUTEJIS), TO PEAKUUIO IepeHoca
3JIEKTPOHOB MOXHO WHUIIMHUPOBATH OBICTPHIM BBEIACHUEM B CHUCTEMY
akuerropa ajieKTpoHa. B yenosusx, korga [ D], = 0, onpenesresns ypas-
Henus (6.21) muaroHamusyercs:

~k3 = A 0 ki[Aly
ky  ~ki[A] - A 0 |[=0 (6.25)
0 ky —ks[Aly -2
n KOPHH 3TOro XapaKTepHUCTUYECKOTIO YPABHCHUA paBHBI
M=-ks, Ay =-kAly, A3=-ks[Al. (6.26)

CoOTBETCTBEHHO M3 3KCIIEPUMEHTATLHBIX JAHHBIX MOTYT OBITH OIpe-
JeJIEHbl KOHCTAHTHl CKOPOCTH k3, Ky, ks KaK BpeMsI ITOJIyTIpe BpallleHUsT
B PeakUHWH OKUCJICHUS OTAENIbHBIX TIepeHOCUHKOB.

Taxum ob6pa3oM, U3 IKCIIepUMEHTANTLHBIX TJAHHBIX 110 3JIEKTPOHHO-
MY TPaHCIIOPTY B HECTALIMOHAPHBIX pEeXUMax MOTYT ObITh HalneHBI
KOHCTAHTHI CKOPOCTEH BCEX 3JIEMEHTApHBIX CTaaU MepeHOoca 3JIeKT-
POHA. BTOT IMOAXO ITOCJIEN0BATEBHO U TUIOMOTBOPHO OBUI MPUMEHEH
AL UCCIIEIOBAHMUS TIpoliecca repeHoca 3JIeKTpOHa B MUTOXOHIPHAb-
HOU IbIXaTeJbHOU LelH.

DAeKMPOHHBILE MPAHCROPM 8 CIMAUUOHAPHOM pedcume. DKCTIePUMEH -
TaJIbHO PEaKLUU MePEHOCa 3JIEKTPOHA B OMOIOTHYECKHUX CHCTEMAX YI00-
HO MCCJIe0BATh B CTAl{MOHAPHOM pexume. [lanee neTajgbHO aHAJIU3U-
pyeTcs CTAallMOHAPHAS KMHETHKA TIpolecca B CUCTEME € yYaCTHEM ABYX
MEPEHOCYUKOB, CTPYKTYPHO CBSI3AHHBIX MEXAY COOOM.

B cTauMoHAapHOM COCTOSIHHU MPOM3BOAHbIE B cucTeme (6.18) pas-
HBI HYJIIO, M cucTeMa quddepeHIIMAIBHBIX YPaBHEHUU ITpeobpazyeTcs
B CHUCTeMY ajire0pandecKux ypaBHEeHHI

[X]o = [XIXA + [X?X3] + [X{X9] + [X{X3],
ky[DIo [XXA] - ks[A]o [X1X3] = 0,
ks [XIX3] - {k;[D]o + ky[Alo} [X?X3] = 0,
ki [DIo[X9X9] = ks[X{X9) + ks[Al[X{X]] = 0.

[Monydyennas cucreMa anrebpauyecKuX ypaBHEHHU SBJIsieTCA JIU-
HEHOU U MoXeT OBITh pelileHa AHATMTHYECKH U3BECTHBIMU CIIoco0a-
Mu. OTIpeneuTesb CUCTEMBI paBeH
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1 1 1 1

Al kDl 0 0 |_
0 —{k,[Dly + k4[Alo} k3 0
ks[Aly 0 —ks  Kk[D]

= ki[Dlok,[Dlok; + ki [Dloks[Alok; +
+ ki [Dloks[Alo{k2 [D]g + ks[Alo} + ks[Aloks[Aloks.  (6.28)

KoHueHTpanuy 1erneit mepeHoca 3jJIeKTpoHa B Pa3IMIHOM COCTOS-
HUH OINMMCBIBAIOTCS YPaBHEHUSIMU

[X}Xlz ]cr = A)(I)(l2 /A5
[X?Xlz ler = A)((l))(l2 /A’

6.29
[X{Xg]cr = AX}X(Z’ /A’ ( )
[XPX3 ke = Axoxy /A,
rae
Ayixy = ki [Dlok [Dloks[X]o,
Axoxy = ki[Dloks[Aloks [X]o, (6.30)

Ayixg = ki [Dloks[Alo{k2[Dlo + ks[Alo} [X]o,
Ayoxa = ksky[Aloks[Alo[X]o.

Hab6op ypaBHeHuit (6.28) — (6.30) 1u1st 3701t cUCTEMBI ABNsIETCS (DYH-
JAMEHTATbHBIM, ITIOCKOJIBKY IO3BOJISIET PACCYUTATH Haubojlee BaXXHbIE
XapPaKTepUCTUKU CHCTEMBl, TAKHE KaK CTEIIEHb BOCCTAHOBJICHUS pa3-
JINYHBIX TIEPEHOCYHKOB M CTAIIMOHAPHAS CKOPOCTH ITPOLIecca.

CranuoHapHas CKOPOCTh TepeHoca 3JIEKTPOHOB paBHA

Ver = (ks [XIXer + ka [ XX e} [A (6.31)

W3 ypasuenunit (6.28)— (6.30) cireqyer, 4To CrajgudoHapHas CKO-
pOCTh peaklUuH Kak (PYHKIUS KOHIEHTpAlUil JoHOpa M aKuenTopa
JJIEKTPOHA M KOHCTAHT CKOPOCTEH 3JIeMEHTAPHBIX CTAIMIA OTTUCHIBAET-
Cs1 ypaBHEHHEM

ver = {ke[Alo + k2[Dlo}[X]p x
-1
k[Dly . kDl kAl k4[A]0}
X1+ + + + . (6.32)
{ kslAlo ks ks k[Dl
[MpoBeneM aHaMM3 MOJYYEHHOTO YPaBHEHUS B TIPEAEIbHBIX YCIIO-
BUSIX.
1. IIpenmonoxum, YTo peakius MPOBOAMTCS IIPH OYEHb HU3KUX

KoHueHTpauusax goHopa ([ D]y — 0). B atux ycioBusx ckopocTh mpo-
Hecca paBHa v, = k[ D]y [X]o. CkopocTh peakiivu B 11€710M ONpeneisi-
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€TCS CKOPOCTBIO [IEpBOil CTamuM, He 3aBUCUT OT KOHUEHTpallMU aK-
LIeNTopa U JUHENHO 3aBUCUT OT KOHLIEHTPALUU JOHOPA 3JIEKTPOHOB.
M3 3Tux TaHHBIX MOXET OBITh HaliIeHa KOHCTAHTA K.

2. Peakiyist IpOBOIUTCS [IPU OYEHD BHICOKOH KOHIIGHTPAIMK JOHOPA
([D]y — ). YpaBuenue (6.32) npeobpasyercs K BULY v, = k3 ks [Aly [X]o X
x {ky + ks[A]g}~!. B 3TuX yCIOBUSIX CKOPOCTh PEAKIUU HE 3aBUCUT OT
KOHLIEHTPALIMH JOHOPA 3JIEKTPOHOB. 3aBUCUMOCTL CKOPOCTH OT KOH-
HeHTpaluy aKLenropa uMeeT Bl GyHKIMH ¢ HachineHueM. [Ipu Ha-
CHIILIEHHBIX KOHLEHTPALUSIX aKIEeNTopa CKOPOCTh Tpolecca ompene-
JISIeTCSI TOJIBKO KOHCTAHTOM CKOPOCTU BHYTPUKOMIUIEKCHOIO TIEPEHO-
ca ajiekTpoHa. M3 aKCrepUMEHTATbHEIX JAHHBIX, TTOTY4eHHBIX B OTHX
YCIIOBHSIX, MOTYT OBIThH OTIpeeSieHbl KOHCTAHTHI k3 U Ks.

3. Peaknus rnmpoBoguTcs TIpH OYEHb HU3KUX KOHIEHTPALIUSIX aKIIEeTI-
topa ([A]y — 0). CkopocTh peakiuy OIpeaessieTcsi CKOPOCTHIO Ilepe-
HOCA 3JIEKTPOHA K aKIEINTopy, He 3aBUCUT OT KOHIIEHTPALUU JOHOPA
Y JIMHEWHO 3aBUCUT OT KOHLIEHTPALIMH aKLEeNnTopa: v = ks [A]g[X]q- U3
3aBUCUMOCTHU CKOPOCTH peaKIMH OT KOHIEeHTpauuu [A];, MoXeT ObITh
olpe/ieJieHa KOHCTaHTa ks.

4. Mcnonib3oBaHue BBICOKUX KOHLIEHTpaLHil akuenTopa ([A]y — =)
MEPeBOAUT CUCTEMY B PEXUM, IPU KOTOPOM 3aBUCHUMOCTH CKOPOCTH
OT KOHLIEHTPALIUHU TOHOPA UMeeT BUI v, = k k3 [D]y [X]o/ (k3 + & [Dlo}-
B atuX yCiI0BUSIX CKOPOCTH IpOLECCa He 3aBUCUT OT KOHLEHTpAlMH
akuerropa. M3 JaHHBIX, MOJYYEHHBIX B 3TUX YCJIOBUSIX, MOTYT OBITH
HalIeHbl KOHCTAHTHI CKOPOCTH k| M Kkj.

TakuM oGpa3oM, IIpy U3Y4eHUU KHHETHKH 3JIEKTPOHHOIO TpaHC-
IOpTa B YCJIOBUSIX MAKCUMAJIbHO HU3KHUX WINM BEICOKUX KOHIICHTpALUi
IIOHOpa WIM aKIeNnTopa 9JIeKTPOHOB MOIYT OBITh OIpede/ieHbl KOH-
CTaHTH k|, k3, ks.

BaxHo mogyepkHYTh, YTO MTPU BBICOKUX HACHIIIAIOLIMX KOHIIEHT-
panusax goHopa ([D]; — ) u akuenropa ([A]; — ) ckopocTb 3y1eK-
TPOHHOTO TPAHCIIOPTA OTIPEENSIET CTAUS MepeHoca IIEKTPOHA MEX-
J1y GeJIKOBBIMH TIePEHOCUMKAMH: V., = k3{X]. B 9THX yCIIO0BHSIX CKOPOCTH
peaKiuMy He 3aBUCHUT HU OT KOHILEHTPALMK JOHOPA, HH OT KOHIEHT-
panyy aKienTopa.

[Ipencrapisier HHTepeC, KaKUM 00pa3oM HaTU4yue 3JIEKTPOHOB B
3JIEKTPOHHO-TPAHCIIOPTHOM 1IEITN MOIUPHUIMPYeT KHHETHYeCKIE CBOM-
CTBa MocyenHeil. B TepMHHax KOHCTAHT CKOpoCTeil 3ToT BoInpoc dop-
MYJIUPYETCSI CIEAYIOLIMM 00pa3oM: KaK M3MEHSIETCs] KOHCTAHTa CKO-
POCTH aKUENTUPOBAHUS WIM TOHUPOBAHUS 3JIEKTPOHOB B 3JIEKTPOH-
HO-TPAaHCITOPTHOM LIEMU B 3aBUCUMOCTU OT TOTO, OKMCJIEH UJIU BOC-
CTaHOBJIEH coceHUH (WIH coceqHue) mepeHOoCUUK, CrerneHb BIUSHU
MOXHO XapaKTepu30BaTh OTHOILIEHHEM COOTBETCTBYIOIMX KOHCTaHT
CKOpPOCTH.

Bo3MOXHEI ciieayolue CiayJau.

1. Boccranosiienue mnepeHocunka X, 3J€KTPOHHO-TPAHCIIOPTHOM
LIEMTN CYIIECTBEHHO YXYJUIAeT CIIOCOOHOCTH MEePEeHOCUMKAa X; aKuen-
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TUPOBATh 3JIEKTPOHBI. B 3TOM citydae &, << k;, pakTop 3/eKTPOHHOTO
BJIUSHUS B LIENU: o = k,/k| = 0. BoccTaHOBNeHME MTOCAEAYIOLIETO ITe-
pPEHOCUMKA LM OJIOKUPYET BXOA 3JMEKTPOHOB B LIEMb. DJIEKTPOHHO-
TPAHCITOPTHAsS 1IEMb PabOTaeT B peXHMe, KOIIa B CUCTEME JIOKATU-
3yeTcsl BCEro JIMUIb OMUH 3JIEKTPOH, ITOCJIEIOBATEBHO IEPEHOCH-
MBIt OT JOHOPA K aKLENTOpPY. YPaBHEHUE CKOPOCTH UTSI 3TOTO CIIydast
HUMeeT BUJ

1 1 1 |
Ver = — . .
= X o D €39
3aBuUcUMoOCTh v, oT [D], MuHeapu3syercs B 0OpaTHBIX KOOpAUHATAX.
2. B ciyyae ecyii NepeHOCYMKHU B 3JIEKTPOHHO-TPAHCITOPTHOM LIeTH
paboTAIOT HE3aBUCHMO JAPYT OT APYra, T.€. CBOMCTBA MEPEHOCUMKA B
LEIH He 3aBUCAT OT TOTO, OKHMCJIEH UJTM BOCCTAHOBJIEH COCEIHUI repe-
HOCYUK, (haKTOPBI 9JIEKTPOHHOTO BIIMSHUS PABHBI eAUHUIIE: O = Ky /k; =
=1, o= ks/ks = 1. YpaBHeHHe CKOPOCTU B 9TOM CJIydae MMeeT BHUI

Ver = {ks[Aly + K4 [Do}[X]o x

-1
1 1 1 1
x{l + k4[Aly E+mJ+kl[D]o(k—3+m]—oJ} . (6.3

3aBHCUMOCTb CKOPOCTH OT KOHIIEHTpAIMU JOHOpA He TMHeapu3yeTcs
B 00paTHBIX KoopauHaTtax. OQHAKO MaKCUMATIbHAsI CKOPOCTh, IMOJY-
YyeHHasl SKCTparnoysinueil KpMBOM K OpiaMHarTe, OJMHAKOBA U B 000OMX
cnyyasix (o= 0 u a = 1) onuceiBaeTcst BIpaXKeHUEM

Vi = kskq[Alo [X]o/{ks + ks [Alo}. (6.35)

Ecnu KuHeTHKa peakiMy U3y4yaeTcs Mo 3aBUCUMOCTH CKOPOCTH Ipo-
Lecca OT KOHIEHTPALUY JOHOpPa NP ABYX (PMKCUPOBAHHBIX KOHIIEH-
TpauusiX aKUernTopa, U3 JaHHBIX 0 MAaKCUMAJBHBIX CKOPOCTAX MOXHO
HaifTu mapameTpsl k3 U k.

3. MoxeT peanu3oBaThCs CiIydaii, korna paxkTop 3J1eKTPOHHOIO BJIH -
SIHUST CYIIECTBEHHO MPEBHILIAET SAMHULY: o >> 1. DTo 03Hayaer, uro
BOCCTaHOBJIEHUE TTEPEHOCUUKOB B LIEMN PE3KO YBEJIMYUBAET CKOPOCTh
JOHUpPOBaHUS 3JIeKTPOHOB. [Ipn o > 1 MoxeTr HabmoaaTLCs BeEChbMa
MHTepeCHBIN 3(p(QeKT 3aBUCUMOCTH CTAllMOHAPHOM CKOPOCTH ITPOIIEC-
€a OT KBaJpaTa KOHLEHTpalUHU JOoHopa. [efCTBUTENIbHO, U3 YpaBHE-
Hus (6.35) cieayer, 4TO eCiIu peaM3yIoTCs] HEPAaBEHCTRA k3 >> ky[Aly,
ky > kD], (ckopocTh mepeHoOCca 3JeKTPOHOB B LIETH 3HAYUTENLHO
MpeBhIlIaeT CKOPOCTh JOHHUPOBAHUS WJIM AKIIEIITUPOBAHUS 3JIEKTPO-
HOB U3 nemnu), ks[Aly > k;[Dly, ki [A]g > & [D]y, ypaBHeHue (6.34)
puoOpeTaeT BUI

v = Ky [D]o[Xlo + {kaks [X]o/ (ks [A]p)} [D]3. (6.36)
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I'paduk 3aBUCUMOCTH CKOPOCTH OT KOHLIEHTPALIMM TOHOPA UMEET BUI
KBagpaTHIHOIt rtapabonsr Eciu rponecc MpoBOAUTCS MPU HU3KUX KOH-
LIEHTPALUSIX JOHOPA U BHICOKON KOHIIEHTPALIUM aKIIENTOpa B YCJIOBU-
SIX, KOT/a JOIOJHUTEILHO BBIMTOIHAETCS HEPABEHCTBO

k4[Aly > Kk, [Dl]o, (6.37)

ypaBHEHHUE CKOPOCTU OITUCHIBAETCST KBAIpaTUYHON HYHKIIMEH OT KOH-
HEHTpaLUH TOHOpA:

ver = [Xlo{kika/ (ks [Alg)} [DI5. (6.38)

BaxHO mogyepKHYTh, UTO YUCTO KBAJIPATUYHAS 3aBUCMMOCTD HabJTIo-
JaeTcs TONILKO MPU BBITTOMHEHUH HepapeHcTBa (6.37). Ecnu cooTHo-
meHUe ckopocrteit obpaTtHoe: k,[D]y > k4[Aly, 3aBUCUMOCTHL CKOPO-
CTH PEaKkLMM OT KOHIIEHTpAaLMH JoHOpa TuHelHas. COOTBETCTBYIOLINE
HEPaBeHCTBA MOXHO 3alTMCATh B BHIE

ks[Aly > K, [D]y > k4[Aly > k; [D]o, (6.39)

T.€. 3aBUCHMOCTb CKOPOCTH OT KBaJIpaTa KOHIEHTPAIUU JOHOPA MO-
XeT HaGII0JaThCs TOJNILKO B YCIIOBUSIX, KOTIA k; >> ki, ks > k4, daxTo-
PBI JIEKTPOHHOTO BJIMSTHUA TIPEBBIIAIOT equHULY: o >> 1, f > 1.

TakuMm o6pa3zomM, BTOPOif TTOPSIIOK pPeakiMu 1Mo JOHOpYy Habioga-
€TCs1, eCJIM CKOPOCTh TEpeHOoCca 3JIEKTPOHOB BHYTPH LEMU 3HAYUTENb-
HO TIPEBBILIAET CKOPOCTh AKIIEITTHPOBAHUS WIM JOHUPOBAHUS 3JIEKT-
poHoB. HeoOXxoauMbIM yCIIOBHEM SIBJISTIOTCSI BHICOKAS. KOHIEHTPALIVS
aKIEeNTopa U BhICOKAsl CKOPOCTh aKIENTTHPOBAHUS JIEKTPOHOB U3 2JIEK-
TPOHHO-TpPaHCIIOPTHOM wenu. B atux yenoBusx (o > 1, B> 1) nepeHoc
OJIHOTrO 3JIEKTPOHA B LEIH BBI3bIBAET 3(p(PEKTUBHYIO aKTUBAIIHIO LIETIN.
Yacruma XX} paspskaercst Heckonbko 6bicTpee, YyeM yactuna X X5,
TIpY 3TOM aKueNnTupoBanMe 37ekTpoHoB yactuiei X?¢X . raxke mpo-
Tekaer ObIcTpee. YBeJlMueHHe KOHIIEHTPAllMU JOHOPA B 3TUX YCIOBHSIX
B 10 pa3 yBeJIMYUBAET CTAMOHAPHYIO KOHLIEHTPALUIO PEAKIIMOHHO-
crioco6HbIX yactui X X5 B 100 pas. Bropoii mopsnoK peakiuu 1o 10-
HOPY 03HAYaeT, YTO C OJHOM 3JICKTPOHHO-TPAHCIOPTHOHN LIENbIO Ha
JIMMUTHPYIOLLEN cTanu 3(pHeKTUBHO B3aUMOAEHCTBYIOT JIBE MOJIEKY -
JIbI TOHOpA. AKIIETITUPOBAHUE 3JIEKTPOHA IPUBOJUT K €ro OBICTPOMY
nmepeHocy Ha X,. [Ipu aroM ob6eryaroTcs akUENTUPOBAHUE BTOPOIO
3JIeKTPOHA M Mepefaya 3jIeKTPOHa aKLEeNnTopy.

AHaJIOTUYHO KBaAPATUYHYIO 3aBUCUMOCTh MOXHO HA0JIIOAATH M 110
aKLIEIITOpPY 3JIEKTPOHA. 3aI0JIr0 A0 HACKIIIEHUS CUCTEMBI 10 JOHOPY 1
aKIeTnTopy B YCIOBHUSX, KOTJA CIIpaBellyTMBbl HEPABEHCTBA

k3 >> ky[Dlg, ki [Dly > kg[Alo,
k3 >> ky[Alp, k2[Dly > ks[Alo,
CKOpOCTb peaKklMy 3aBUCUT OT KBaapara KOHIIEHTPAIIMK aKLenTopa
ver = ks[Alo[Xlo + {keks[X]o/ (k2[Do)} [ALG. (6 41)

(6.40)
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Eciu cripaBesinBo HepaBeHCTBO Ky [A]y >> k;[ D], 1 HepaBeHcTBa (6.40)
MOXHO 3armcaTh B o0lIeM BUIE:

kl [D]O >> k4 [A]O >> kZ[D]O >> k5 [A](), (642)

CKOPOCT PEAKI[MH OMUCHBAETCA yPAaBHEHHEM
ver = {[Xlokeks/ (k2 [D]o)} AL (6.43)

KBagparuyHasi 3aBUCUMOCTD I10 KOHIIEHTpalMH aKlenTopa Haubolee
YeTKO JOJDKHA TPOSBIIATHCS, KOTIA (DAKTOPBI 3JIEKTPOHHOTO BIUSHUS
CYLIECIBEHHO MeHBIIIe eAMHUUBL: k| >> ky, ky > ks.

MoxHo caenath 1 00paTHBIE BLIBOABI: €CJIM OITBLIT TOKA3BIBAET, YTO
CKOPOCTb peaKIIMy 3aBUCUT OT KBajpara KOHIIEHTpAIUU LOHOPA, TO
(bakTop 37IEKTPOHHOrO BIUSHUSA OOJIblle MU PAaBEH €IMHULE; €CH
CKOpOCTb PEaKIIMU 3aBUCUT OT KBajApaTa KOHIEHTPALIMU aKIEeINTopa,
(akTop MeHblle WU paBeH eauHUIE. TakuM o6pa3oM, 10 3aBUCUMO-
CTU CKOPOCTH Peakiyu OT KOHIEHTpALUU JOHOPAa WM aKuernropa
MOXHO OLIEHUTD CTETIEHb BIUSHUS OKUCIIEHNS — BOCCTAHOBIECHUS T1e-
pPEHOCUMKA Ha CBOMCTBA COCEIHETO MepeHocuyrKa neru. [1pu atom s
LeIT, cocTos1Iel U3 IBYX MTepeHOCYUKOB 3JIeKTPOHA, MOXHO Ha0mI0-
JaTh 3aBUCHMOCTY CKOPOCTH PEaKIIMK OT KBagpara KOHUEHTPAIUU JO-
Hopa wM akuenropa. [locieaHee cBOMCTBO 3JIeKTPOHHO-TPAHCIOPT-
HOM LIEIHY TO3BOJISIET OTJANYHUTD IIPOIIECC MIEPEHOCA 3JIEKTPOHOB B IIETTH
MepEeHOCYNKOB ¢ UX TOMOTEHHBIM pacripeie/IeHUEM OT IIpoliecca Iie-
peHoca B e CTPYKTYPHOCBSI3AHHBIX IIEPEHOCYMKOB. Bropoit mopsi-
JIOK peakiuy Mo JOHOPY WIN aKLENTOpY MOXeT HabaIoaaTeCs B clie-
M(PUIECKHX YCIIOBUSIX TOJIBKO JUISI TIEpeHOCa 3JIEKTPOHOB B LETIU CTPYK-
TYPHOCBSI3AHHEBIX ITEPEHOCUMKOB.

OxwucjleHe — BOCCTAHOBJIEHUE TEPEHOCYUKOB B OMONOTUYECKHX
3JIEKTPOHHO-TPAHCIIOPTHBIX LIENAX BHI3bIBAET, KaK IpaBUIO, CYIIe-
CTBEHHbIE M3MEHEHMS B CHEKTpPax IMOITOLIeHUs epeHocuruKoB. [1o-
3TOMY YPOBHM CTAlIMOHAPHBIX KOHIIEHTPAIIMHA MEPEHOCYMUKOB 3JIeKT-
POHHO-TPAHCIOPTHHIX IIETeil MOTYT OBITH OIMpeae/IeHbl SKCIIepUMEH-
tanbHO. Hanbosnee xopoulo pa3paboTaHa TEXHUKA U3YYEHUS CTAIIUO-
HAPHBIX COCTOSTHUE LuTOXpoMoB. [Ipu 3TOM perucrpupyercst obuias
CyMMapHasl KOHLIEHTpaLys ToH WM MHOU (pOpMbI IMTEpEHOCYMKA B LIETISIX
PasINYHOM CTEIIEHU BOCCTAHOBJIEHUS:

[X{]Z = [X%Xg] + [X}XH = (Ax}xg + Ax?xlz)/Aa
[XHE = [X(I)XIZ] + [X}Xﬂ = (Ax?xl2 + Ax{xlz)/A-
Hcrons3ys ypaBuenust (6.29), (6.30), MOXHO pacCyUTATh CTALUO-
HapHble 3HAYEHHUST CTEITEHN BOCCTAHOBJICHUS PA3IMYHBIX TTEPEHOCUH-
KOB 3JIEKTPOHHO-TPAHCIIOPTHON LieTTH.

CreneHb BOCCTAHOBIIEHHUS TIEPEHOCYMKA (IOJIST BOCCTAHOBJIEHHBIX
MOJIEKYJT IIEpEHOCYMKA), PACCYUTHIBAETCS CIIELYIOIUM 00pa3oM:
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_ ks[Aly
PX.2 = {1 + %Dl }x
{1 KAl kslAl | k[ALK[AL | kAl k[Al, }“
kDb k  kDbk  k[DbkDk] ’
_ ks[Aly | kslAloks[Alo
B {” k' klDhk }X

. {1+ kslAl |, k[Al | kslAbk[Al |, k[AlkAl }“‘_

kDl k  kDhk  kDlkDlk

OTHoOllIeHHE CTETIeHEN BOCCTAHOBIEHUS ITepCcHOCYHUKOB B CTallHO-
HAapHOM COCTOSTHUH paBHO

P [Py = (8xxg = Baxs )/ (g, + B ) =

_ {1 , kslAly ko[Dly + ki[Aly } {1 , kAL }“ ‘

k,[Dlo ks k21Dl

W3 3TOrO YpaBHEHHMS CJIEAYET, YTO TIPH YCIOBUH k,[D]y > k3 (nm
k4[Aly > k) umeem PX: > PX'z'

TakuM 06pa3oM, B YCIIOBUSAX KOIJa CKOPOCTh JOHUPOBAHUSI 3JIEKT-
POHOB B LeMNb WIM aKUENTHPOBAHUS 3JIeKTPOHOB U3 IIENU MpeBhILIdeT
CKOPOCTh 3JIEKTPOHHOTO TPAHCIIOPTa MEXIY MePEHOCUUKAMH, I10 CTe-
ITEHU BOCCTAHOBJICHUS [IEPEHOCUMKU PACITONArajoTCsl B COOTBETCTBUU
C [TOCJIEAOBATE/IBHOCTBIO MX ISICTBUS B 3JIEKTPOHHO-TPAHCIIOPTHOM LIENH.
HanGonee yeTko 3T0 (DUKCUPYETCs, KOLIa 3MeKTPOHHO-TPAHCITOPTHAS
uenb paboTaeT B HACBLIIEHUH I10 JOHOPY U aKIIENTOpY C MAKCUMAJb-
HOU ckopocThio. [Ipy BHICOKMX KOHIIEHTpPALMX JOHOPa U aKienTopa
3JIEKTPOHHO-TPAHCITOPTHAS 1eIb paboTaeT ¢ MaKCUMAaJIBHOU CKOpO-
CTbIO, KOTOpPAst OTIPEENSIETCST CKOPOCTBIO TTEPEHO0Ca MEXIY OEIKOBBIMU
MIEPEHOCYNKAMU 3TEKTPpOoHA. JIJI CTPYKTYPHOCBSI3AHHBIX [TEPEHOCUNKOB
3TOT MpPOLIECC TMPEACTABAAET co0O0M BHYTPUKOMIUIEKCHBIH IEpEeHOC
9JIeKTpoHa. B nporecce paGoThl 371eKTPOHHO-TPaHCIIOPTHOM 1€y [TpU
JOCTaTOYHO BBEICOKMX KOHIGHTPAIUSIX JOHOPA WM AKIEIITOpa CTeNIeHU
BOCCTAaHOBJICHUS TIEPEHOCYNKOB COOTBETCTBYIOT [10CII€A0BATESILHOCTH
JeHCTBUS TTEPEHOCUUKOB B 3JIEKTPOHHO-TPAHCITOPTHOM e, DTo BaX-
HOe CBOMCTBO 3/IEKTPOHHO-TPAHCIIOPTHOM 1IerH, KOTOPOE MO3BOJISIET
OTIPEIEANTD MMOCIEA0BATECILHOCTD CTaIMI ITepeHOCA SIEKTPOHA.

Takum 0bpa3oM, TIpu OIpeaeIEHHBIX YCIOBUSIX MOXHO HabJII0naTh
BBICOKUI MOPSIOK CKOPOCTH 37IEKTPOHHOIO TPAHCITOPTa 10 KOHIIEHT-
panuy cyocTpaToB U BBICOKYIO CYMMAPHYIO CTETIEHb BOCCTAHOBIEHUSE
MEepEeHOCYUKOB 3eKTpoHa. [Ipu 3TOM MaKkCHUMaNbHBIA MTOPSAOK CKO-
POCTH pEAKIIMU 10 KOHLCHTpAIMM JOHOPAa UM CTEIEHU BOCCTAHOB-
JIEHUSI IEPEHOCYMKA COOTBETCTBYET YMCITY ITEPEHOCUUKOB JIEKTPOHOB,
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00pasyIoNINX 3JIEKTPOHHO-TPAHCIIOPTHYIO HEMb. DTO OYeHb BAXHBII
BBIBOJl, KOTOPHIH [TO3BOJIET HA OCHOBE SKCIEPUMEHTAbHBIX JAHHEIX
OLIEHMTD YUCIIO MePEeHOCYHKOB JIEKTPOHHO-TPAHCIOPTHOM 1IeMH U OIT-
peneINTh MOPSIIOK JIEMEHTAPHEIX CTAIUI MepeHOoCca SJIEKTPOHA.

JIJ1s1 271eKTPOHHO-TPAHCIIOPTHOM 1IeNH, COCTOSILER U3 7 IepeHoc-
YHUKOB IJEKTPOHOB X, ..., X5 «.r; X, IKCTPAMOJSIHSA TONYIEHHBIX
pe3yJIBTATOB HPUBOJIUT K ypaBHEeHUIO v, = a[D]j, Kotopoe crpasex-
JINBO TIPH aKTUBAILIUY 1M MTEPEeHOCOM 3JIEKTPOHOB B YCJIOBUSIX, KOT-
JIa CKOPOCTh aKIIENTUPOBAHUS 2JIEKTPOHOB U3 LISMH CYIIECTBEHHO Mpe-
BEIILIIAET CKOPOCTh JOHUPOBAHUS UX B 11eMb. CTENEHL BOCCTAHOBIEHHUS
IepeHocyrKa X, paCCUMTBIBAETCS IO YPAaBHEHUIO: ng = q,[D)f"*'n

3aBUCUMOCTb CKOPOCTH PCAKIIUA OT CYMMapHOﬁ CTECIICHN BOCCTAHOB-
JICHHUSA OTOro nepeHoCYuKa OIMMUChIBACTCH YpaBHCHUEM

Ver = ap)g:“"-'“) /a,"/("“’”). (6.44)

Takum o6pa3omM, NpU JAHHOM YHCJIe NEPEHOCUUKOB DIIEKTPOHHO-
TPaHCIIOPTHOM TSN MOXHO MMOJTYYUTH OMPEACTEHHYIO TIOCIIEA0BATEIb-
HOCTB IIOKasarejieil crereHelH 3aBUCHUMOCTH CKOpPOCTH IIporiecca oT
CTelleHW BOCCTAHOBJIIEHHS TOr0 WIM MHOro nepeHocumka. B Tabi. 6.1
IIpUBeIeHHBl TEOpPETHUECKNE TOCIEN0BATEeIbHOCTY TI0Ka3aTelieil cTerne-
Hel U1K 5JIeKTPOHHO-TPAHCIOPTHLIX IEMEH ¢ Pa3INIHBIM YHUCIOM Te-
PEHOCYHMKOB.

IMpuBeneHHbIE JaHHBIE JEMOHCTPUPYIOT TOT (PAKT, YTO MAKCHUMAIb-
HO BO3MOXHBIH TIOPSIOK IO CTENEHU BOCCTAHOBJIEHUS IOCJEIHETO
MepEeHOCYNKA e COOTBETCTBYET YUCITY MePeHOCINKOB, 00Be TMHEH-
HBIX B II€Mb, a VIS MMOCHEHEro MepeHOCYHKa IEeNH JOJKHA Habo-
IaThCS JIMHEWHAs 3aBUCUMOCTBE CKOPOCTH MPOIecca OT CTEIeHU ero
BOCCTAHOBJICHUS.

Ta6nunga 6.1

TeoperHyecKHe MOCAEN0BATENLHOCTH HOPAAKOB PEAKIHH
MO CTENMEHSM BOCCTAHOBJEHHS NMEPEHOCUMKOB 3JIEKTPOHA JJIfE JJIEKTPOHHO-
TPAHCHOPTHBIX LENEH ¢ PAJHYHBIM YHCJIOM MEPEHOCUYHKOB

Yucno nepeHoc- [Topsinok peakiyu 1o CreneHsIM BOCCTAHOBICHUS
YUKOB B LIENHN COOTBETCTBYIOIINX NEPEHOCYHUKOB
2 2;1
3 3;1,5;1
4 4;2;1,33; 1
8 8;4;2,67,2;1,6;1,33; 1,14; 1
9 9:4,5; 3;2,25; 1,8; 1,5; 1,29; 1,25; 1
10 10; 5; 3,33; 2,5; 2,0; 1,67; 1,43; 1,25; 1,11; 1
11 11;5,5;3,66;2,75;2,2; 1,83; 1,57; 1,38; 1,22; 1
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InexmporHbIE MPAHCROPM 8 MUMOXOHOPUAALHOU JbiXxamenbHOU yenu
6 cmayuonaprom pexcume. TlpeacTaBiseT UHTEPEC COMOCTaBUTD ITOJIY-
YeHHble KHHETUYECKUE YPAaBHEHHS C PeaJIbHBIMU IIpolieccamy (PyHK-
IMOHUPOBAHUSA 1leMell mepeHoca 31eKTpoHa B OMOJIOTMYeCKIX CHUCTe-
Max. OIVMH U3 pe3yJILTaTOB MIPOBEJACHHOIO aHATH3a 3aKTI0YaETCs B TOM,
YTO B 9MEKTPOHHO-TPAHCITOPTHEIX LIEMIX CTPYKTYPHOCBSI3aHHEBIX [Tepe-
HOCYHMKOB B OIpeesIeHHBIX YCIOBHSIX MOXHO HaOMIO#aTh BbICOKHI
MOPSIOK PeaKIMU 10 KOHIIEHTPAIUSIM IOHOpA WIK aKienTopa. Tako-
YO pofa SIBJIEHUS NeHCTBUTEILHO UMEIOT MecTo. beut onncaH 3¢ exT
CYILIECTBEHHOTO YBEJIMYEHHS CTALIMOHAPHON CKOPOCTH Mporiecca MpH
He3HAYNTETbHOM YBEJIMYEHUN CTeIeHN BOCCTAHOBJIEHUS MEePEeHOCUYH-
KOB 2JIeKTPOHHO-TPAaHCIIOPTHOH 11enn MuToxoHaApuii. Ha ocHoBe onHu-
CaHHBIX BBIIIE [pefCTaBIEeHUM 3TO HAOIIONEHUE MMOMydaeT MOJIEKY-
JITIPHO-KUHETUYECKOE TOJIKOBAHUE.

Ha puc. 6.4, a npeacraBieHbl 3KCIepUMEHTATbHbBIE JAHHBIE TIO AC-
CIIEOBAHMIO CTAllMOHAPHOU CKOpPOCTH PeakilMM IepeHoca EeKTPo-
HoB or HAJIH X xmcimopony ¢ ydacTueM 3JeKTPOHHO-TPaHCIIOPTHOR
1eny cyOMUTOXOHAPUATBHBIX YaCTUI[. DKCMepUMeHTaIbHbIE JaHHbIE
MpeICTABIEHBI KaK 3aBUCHUMOCTL CTAIMOHAPHON CKOPOCTH Mpoliecca
OT CTelMeH! BOCCTAaHOBIEHHS PA3INYHEIX MIePpeHOCYHKOB LIENH. DTH JaH-
HBIE YAOBIETBOPUTEIBHO OMUCHIBAIOTCS CTEIIEHHBIMH (DYHKISIMUA BUIA

Ver, = aPy! (6.45)

(cpaBHHTE C ypaBHeHNEM (6.44)).
Ha puc. 6.4, 6 npuBeneHbl pe3y/IbTaThl JUHEAPU3ALNH 3KCIEPH-
MEHTaJIBHBIX JAHHBIX B JJOrapr(pMHIECKIX KOOpINHaTax. TaHTeHC yIiia

Ve 107, mr1- aup! Inv,

8_

1 )
0,4 Py, 1 2 3 4 InPy,

Puc. 6.4. Kunernka oxucienuss HAJH kucmopoaoM B 3aBUCUMOCTH OT CTene-
HM BOCCTAHOBJICHUS TIEPEHOCUUKOB 3JEKTPOHHO-TPAHCIOPTHOH LETIU MUTO-
XOHNIpUIL:

d — 3aBUCUMOCTb CTALIMOHAPHOM CKOPOCTH OKHUCJIEHHUS OT CTENEHH BOCCTAHOBJICHUS
uutoxpoMa as (1), a (2), ¢ (3), ¢, (4), b (5); 6 — naHHble pUC. 6 4, a NPEACTaBJICHb!
B JIOl'apPl(bMPl‘{CCKI/IX KOoOpauHarax
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Tadnuua 6.2

DKcnepHMeHTANbHBIE (m) U TeopeTHyeckue (1) 3HAYEHHS
NOPANKA PEAKIMH JJifi MHTOXOHAPHANBHOM JbIXaTeabHOM HenH

HutoxpoMm m n=11 n=10 n=9
a; 8,5%2,0 11,0 10,0 9,0

a 55%£1,5 5,5 5,0 4,5
3,5£0,7 3,66 3,3 3,0

¢ 2,6+0,3 2,75 2,5 2,25

b 2,0 £0,3 2,2 2,0 1,8

HAKJIOHA COOTBETCTBYET ITOKA3aTeI0 CTeNeHM m ypaBHeHHs (6.45).
IMapameTpsl m, NoaydyeHHble U3 JaHHBIX pUC. 6.4, 6 LI pa3INYHBIX
MepEeHOCYNKOB LIENH, TpUBENEHE! B Tab1. 6.2. BuiHo, 4To mokasaTenu
CTEIICHHBIX 3aBUCHMOCTEH CTPOrO COOTBETCTBYIOT IOCIEROBATEILHO-
CTH CTafMii epeHoca 3eKTPOHOB B 3JIEKTPOHHO-TPAHCIIOPTHOM 11eMH.
IMocirtegoBaTeIBHOCTL CTANUl ObiNa olpenseieHa Ha OCHOBAaHUM JaH-
HBIX IO CTE€NEHHM BOCCTAHOBJIEHUS MEPEHOCYUKOB B CTAMOHAPHOM
cOoCTOAHNN. B Ta6;1. 6.2 npuBeaeHbl TAKXKE TeOPETHIECKUE ITOCIe[0Ba-
TeJBbHOCTH MOKa3arejeil cTereHed i Hernei ¢ YUCIOM IIepeHOCUYU-
koB 9, 10, 11. BKkcnepuMeHTaNEHO HabMOIaeMas MMOCIAe10BaTeIbHOCTD
XOPOIIIO COIIACYeTCsT ¢ TEOPEeTHYECKH MpenckasaHHONW. DTH maHHBIE
MO3BOJSIIOT IPUOIMKEeHHO OIEHUTD 00l1liee YMCI0 YIACTHUKOB 3JIEKT-
POHHO-TPAHCIIOPTHOI 11eNH, KoTopoe cocrapisieT 8 — 12. Takum 06-
pa3oM, KHHeTHYeCcKask MOLENIb YEOBISTBOPUTENIHLHO OMMUCHIBAET CTALIM -
OHAPHYIO KUHETHKY 3JIEKTPOHHOI'O TPAHCIIOPTa B MUTOXOHIPUSIX.

Ha ocHOBaHUM M3JIOXKEeHHBIX BEHIIIIE Pe3yIbTaTOB MOXHO CHejiaTh
CJleyIolINe BBIBOILI O MeXaHN3Me JIECTBUS 2JIEKTPOHHO-TPAaHCITOPT-
HOM 11IeNM MUTOXOHAPHM.

1. TlepeHOCYMKHU 3JIEKTPOHOB B 1IENIM OOBEANHEHBI B CTPYKTYpHI,
dbynkuMoHMpyoliNe KaK MHANBUIYaJIbHEBIE 1LEMU MepeHoca 3JIeKTpo-
HOB. DTO clieAyeT M3 TOro (pakTa, yTo B CTAIIMOHAPHBIX YCIOBUSAX yaa-
eTcst HaOJIIofaTh BRICOKUM MOPSI0K PeaKIIMy TI0 CTENMEHN BOCCTAaHOBIIE-
HUS MTepeHOCYNKOB. YHCo nmepeHoCYNKOB B OHOU 1enu OKoIo 8§~ 12.
3TOT BBIBOJ COIJIacyeTcsl ¢ OOHIMMU IIpeACTaBJIeHUIMU O (DYHKIINO-
HUPOBAHUHU 3JEKTPOHHO-TPAHCIIOPTHOH 1IETTM MUTOXOHAPUM.

2. ®akTop 3JMEKTPOHHOTO BIUSHMSA B LIENH CYHIECTBEHHO MpeBbI~
maeT eIy, Kak ciregyeT M3 MpoBeAeHHOrO BhIIE aHANN3a, €CITN
YaCcTUYHO BOCCTAHOBJIEHHAs IIeNb aKLeNTHPYET 3JEeKTPOHBI OhICTpee,
4eM MCXORHAsA, MOXHO OXHIATh CTEEHHBIX 3aBUCUMOCTENH CKOPOCTH
peakuMy OT CTeNeHN BOCCTAHOBJIEHMS TEPEHOCYNKOB. DJIEKTPOHHO-
TpaHCMOPTHAsA IETb KaK Obl «aKTHBUPYETCSI» BOCCTAHOBJICHUEM Mepe-
HocyukoB e, KakoB pusnyeckmii Mexanusm aroro sddekra? Ka-
KUM o6pa3oM obOpasoBaHUE ITyjia 3JIEKTPOHOB B 3JIEKTPOHHO-TPAHC-

183



MOPTHOM 1€ MPUBOAUT K YBEJINYCHUIO KUHETHYECKUX JOHOPHO-AK-
IIENTOPHBIX CBOMCTB cucTeMBI? MOXHO IpeaCcTaBUTh CE6E HECKOIBKO
MEXAaHN3MOB 3TOrO siBJeHUs1. B 0011eM ciIyyae aKTUBaIUsI CBS3aHa, M0-
BUIUMOMY, C KOMIUIEKCOM CTPYKTYPHBIX M3MEHEHHH 3JIeKTPOHHO-
TPAHCIIOPTHOH 1M MPH BOCCTAHOBJIEHUM IepeHoCYUKoB. [losBie-
HUE B CHCTEME HEKOMIIEHCUPOBAHHBIX 3JIEKTPOHOB BHI3BIBACT CUJIb-
HYIO MTONSIpU3alNIo cpeabl. Ha 3TOM OCHOBaHBLI COBpeMeHHbIE pel-
CTaBJIEHUS 0 MEXaHU3ME peaKIUi MmepeHoca 3JIEKTPOHA B PacTBOpax.
B nonumMepHo# 6eKOBOM Cpefe 3TO MOXET BEI3BAThL cielUpUdecKue
TEPMOOUHAMUYECKHN HEBBITOAHBLIE KOH(MOPMAIIMOHHBIE U3MEHEHUS,
MPUBOJSAIINE K COCTOSTHUAM, KOTOpblie 001a7aI0T CpaBHUTEIBHO 00N b-
LIIMMH BpeMEeHAMH pejlakcallii B UCXOIHOe COCTOsIHNE. B aToi cHuTya-
IIMA MOTYT BO3HUKHYTE YCJIOBUS, 00eCednBaloliye epeHoC HECKOb-
KUX (MJIM 110TOKA) 3JEKTPOHOB, Mpexae YeM IeNb PeIaKCUpYeT B UC-
XOJZHOE COCTOSTHHUE 3a CYET TeIUIOBOTO ABMDKeHNsA. MOXHO HyMaTh, 4TO
aKTUBAUA 3JIeKTPOHHO-TPAHCIIOPTHON HEMH «3aCeICHUEM» €€ DJIEKT~-
pPOHaMM eCTh IIpOsBIIeHNe 0COOeHHOCTeH TIPOIIeCCOB MePeHOCa JIEKT-
POHOB B NOJHMEPHBIX Cpeiax.

L 3

ZJlas Toro 4T06bl ycoBeplIeHCTBOBATL YM, HaAO 6OADbLIE pPas-
MbIIIASITD, YeM 3aY4HBaTb.
Aexapm

He scakas cynocts noazaeTcs cBoeMy BbipaxeHHIO B CAOBE,
€CTb CYIIHOCTH, O KOTOPbIX PyrOMY HeAb3sl CAOBaMH JaTb HOHSI-
THE, €CAU OH He MMEA AHYHO B 9TOHM CYLIHOCTH OMbITA.

M. Hpuwsun

B 10 11aBe (pepMEHTHI paCCMOTPEHEBI KaK KaTalIN3aToPbl 2JI€KTPO-
xuMHuecknx peakiuid. [Ipm amcop6rum (MMMOGUIM3AIUN) HEKOTO-
PBIX OKMCIUTEIEHO-BOCCTAaHOBUTEILHEBIX (PEPMEHTOB Ha TPaHUIIE pa3-
Itena ¢a3 3JMEeKTPOHHBIN ITPOBOAHHK (3JIEKTPOT)/MOHHBIHA MPOBOIHHK
(pacTBOp 3NMEKTPOJINTA) MOXHO HabIIOHAThL MOIHLIE 23(PdEKTH YCKO-
penus (B 10'°— 105 pa3) anexrpoxumnyecknx peakumit. MepMeHT Ka-
TaJU3UpPYeT peakiNy MpeBpalleHNs CyOCTpaToB, X HEOOXOANMbIE [UTS
3TOM peaklNy 3JeKTPOHHI (I 3JeKTPOHHEBIe BAKAHCUHU) OH YepraeT
13 MaTPULBL 3JIEKTPOHHOI'O MPOBOJHUKA. «MepTBasi» (C TOYKH 3peHUS
BO3MOXKHOCTEHN MepeH0ca 3MEeKTPOHOB U3 MONEKYIILI BOJIOPOA HA ITPO-
BOJHUK) MOBEPXHOCTH YIJIepoJa MpH ancopOLUM HAa HEH MOJIEKYJIbI
(epMeHTa THUApPOTreHA3b! HAYMHAET aKTUBHO MPOBOIUTHL JIEKTPOHEI,
OCYILECTBIISIS KaK peakiMM MOHM3AIMM BOJOPOLA, TaK U 0OpaTHBIA
Ipoliecc — MOJyYeHHEe MOJIEKYJIB BOAOPOIA U3 IIPOTOHOB M 2JIEKTPO-
HOB. AHaJIOTUYHO MOJIeKy/Ia KHMCJIOpOaa TIoj AeCTBHeM NMMOOMIN30-
BaHHOM CHHeH Menbcomepxkalleil okcruaassl (JIJaKKa3bl) BOCCTAHABIIH-
BAeTCs IO BOMBI, UCIOJIb3Yst 3JIEKTPOHBL, KOTOPBIE MOCTYMAKOT U3 MaT-

184



PHIIB! IIPOBOAHMKA HA MOJIEKY/Y KHCIOPOJA Yepe3 aKTUBHEBIN 1IeHTp
depmenTa. [lpn 6MO3IEKTPOKATATNIE UMEET MECTO TIPSIMON 3JIEKTPH -
YeCKMiII KOHTAaKT MeXAy MPOBOTHUKOM M aKTUBHBIM LIEHTpOM (dep-
MeHTa. KakoBa ¢usndeckast CylrHoCTh 9Toro KoHtakra? Kak oH Mmoxer
OBITH peaIN30BaH C YYETOM TOTr0, YTO OEJIKOBAsT MOJIEKY/a AUINEKTPHK,
T. €. N30JIATOP, a AKTUBHBII LIEHTP JIOKAJIU30BaH BHYTPU GEJIKOBOM [V10-
6yae1? OtBeT Ha 2TOT Borpoc npoct. ConpsiXeHue (pepMEHTATHUBHON 1
3NEKTPOSHOMN cTamuii peakiuy OCYLIECTBISIETCS 3a CUET TYHHENBHOro
TPaHCIOPTa 3JIEKTPOHOB. TeopeTudecKre pacueThl H KCIIEPUMEHTb-
Hble JaHHBIE ITOKA3LIBAIOT, YTO Ha paccTosHUM o 1—1,5 HM cKko-
pOCTh TYHHEJILHOTO [TepeHOCa JIEKTPOHOB MIPEBHILIAET CKOPOCTh (hep-
MEHTAaTUBHOM peakIMy U B 3TUX YCIOBUAX MOXET HAOMIOAATLCS YCKO-
peHMe 3JIEKTPOSHOM peaKLMu hepMEHTOM.

denHoMeH GHOIEKTPOKATAIN3a WIITIOCTPUPYET BO3IMOXHOCTH XU~
MHMYECKOro Moaxona, KOTOPBIM MMO3BOJISIET BHIMTH 32 paMKU CBOMCTB
CHCTeMBI, OTIpee/IeHHbIX MpUPOIoil. JlefiCTBUTEIbHO, B IPUPOAE HET
3JIeKTPOHHBIX ITPOBOAHHUKOB ¢ UMMOOWIN30BaHHBIMI Ha HUX (hepMeH-
TaMH. XUMHUK CO3HaeT UCKYCCTBEHHBIE CUCTeMBI U HabMI0HaeT B 3THX
cHcTeMax HeOoObIYHBIE PeaklNi, KOTOPHIX HeT B npupone. PGeHoMeH
OHO3JIEKTPOKATAIN3a 00eCIeYrI HOBBIE BO3MOXHOCTH B TTOHUMaHUU
MeXaHH3MOB (bepMeHTATUBHBLIX peakiuil. Mcnons3oBanne ¢dopmans-
HBIX METOJIOB JTEKTPOXUMUYECKOI KMHETHKY MO3BOJIWJIO «[1OJICYNTATE
YHCJIO MePEeHOCHMBIX 3JIEKTPOHOB Ha JMMHUTHPYIOLIEH CTaauu IIpo-
11ecca, YTo MO3BOJIMIO MOCTPOUTE SKCIEPUMEHTANTBHO 0O0CHOBAHHYIO
Mozmenb AeificTsusg depMeHTa. BHO3JIEKTpOKATANIN3, TTO3BOJINBILINN CO-
eIMHUTH (PepMEHTATUBHEIE U JIEKTPOXUMUYECKHE ITPOIECCHI, CTA OC-
HOBOI pa3INMYHOTO POJa MHXEHEPHBIX PElLIEHUI, TAKNX KaK 3JIEKTPO-
XUMHYECKHE OGUOCEHCOPDI, 3JeKTPOXUMHUYECKHE reHepaTophl 3JEKT-
puyecTBa U Jp.

B nmpuponHbix 6M0JIOTHYeCKUX CUCTEMAaX IIIUPOKO MPEACTaBICH APY-
roil ¢heHOMeH, CBA3aHHEINA € IpoIEeccaMy TepeHoca 37IeKTPOHOB, —
TPaHCIOPT 3NEKTPOHOB MeXXIY OeTKOBBLIMU ITEPEHOCYNKAMU. BHO3HEDP-
reTH4ecKre MexaHu3Mbl (poTocHHTe3, a3poOHOe nbIxaHUe) obecrie-
YUBaTCA OelKaMu-TepeHOCINKAaMH 3JIEKTPOHOB, 00pa3yIoIMy LU
IepeHoca 3JIEKTPOHOB. DTO CBOETO poja MPOBOASIINE ICKTPOHBI Ya-
CTHLIBI, HO «paboTalolKe» Ha COBEPIIECHHO APYTUX MPUHIIUIAX, YEM
KJlacchdyecKHe 3JIeKTPOHHbBIE TTPOBOHUKU TUMa MeTaLioB. IlepeHoc
3JIEKTPOHOB TIpeacTaBisier co00U XMMHUYECKYIO PeaKIINIo, MpOTEKa0-
LIYIO ¢ OTHOCUTEILHO HeOOJILIION CKOPOCTBIO, TIPU 3TOM 3JIEKTPOH
JIOKAJIM3YeTCA Ha BIOJIHE OIPEACICHHON YacTUIle KaK JOHOpa 3JeKT-
poHa, Tak M akileriropa. MeToabl XMMUYECKOH KHHETUKHU TMO3BOJISIOT
alleKBaTHO OIMCATL MOBEJEHHE TAKOTO POJa BIEKTPUISCKUX MPOBOX-
HUKOB, JIOKATU30BAHHEBIX B OHMOJIOIMYECKNX MeMOpaHax.



I'maBa 7

CKOPOCTHU DJEMEHTAPHBIX CTAIUN
B ®EPMEHTATUBHOM KATAJIN3E

BCﬂKaﬂ 3KOHOMHS B KOHEYHOM UTOI'€ CBOJAUTCS K 3KOHOMHUH Bpe-
MEHH.

K. Mapxc

7.1. PagHoBecHble M KHHETHYECKHE CTaIuu
(epMEHTATHBHBIX peaKIUi

(DepMeHTaTHBHBIE PEaKIMH TIPEACTABISIIOT COOOH CIIOXHBIE 1IN
MepecTPOUKU UCXOIHBIX CYOCTPATOB B KOHEUHBIE MPORYKTHI C YUaCTH-
€M OOJIBLIOTO YHMCJIa OTHOCHTEIBLHO KOPOTKOXHUBYIIUX ITPOMEXYTOY-
HBIX coenquHeHni. KuHeTnyecKnit aHanm3 MexaHu3Ma TOH WM MHOU
peakiy MpUBOIUT K CXEME, COCTABJIEHHON M3 3JIEMEHTAPHBIX CTAINA.
SIcHO, YTO HeKOTOpBIe CTagMM (HepMEHTATUBHOTO MeXaHU3Ma IIpOTe-
KarT OBICTPO, HEKOTOPBIE — OTHOCHTEILHO MEIICHHO. PaccMOTpHUM
0COOCHHOCTH JIUMHUTHUPYIOIINX U HENUMUTHPYIOIINX CTaauil B dep-
MEHTaTUBHOM KaTaJln3e.

HexoTtoprle cragun hepMeHTATUBHBIX peakLMi MpOoTeKaloT TaK
OBICTPO, YTO 32 HECKOJIBKO MHUKPOCEKYHI YCTaHABIMBAETCSI PaBHOBE-
cHe MexXIy KOMIIOHEHTaMU Iporiecca. XapaKTepuCcTUYECKHEe BpeMeHa
JIMMUTHDPYIOIINX CTafhil cocTaBasgioT ~1073 ¢, mo3ToMy 6bIcTphie 06-
paTHUMBbIE CTaIUN MOXHO CYMTATh paBHOBECHBIMU. B paBHOBECHOM pe-
KHMe, KaK MpaBWIo, MPOTeKaeT KOMILIEKCOoOpa3oBaHUEe aKTHBHBIX
IIEHTPOB ¢ cy6cTpaTaMu (hepMeHTAaTHBHON peakini (cM. Hke). Pas-
HOBECHBIH peXXUM XapaKTepeH TakKxXe M peaklui mepeHoca MpoToHa.
Peaxunu mepeHoca nporoHa ¢ ydyactueM O-, S-, N-KHCJIOT U 0CHO-
BaHUH MpOTeKAIOT B TUDDY3MOHHO-KOHTPOINPYEMOM PeXUME ¢ KOH-
cranToit ckopocty ~10' j1/(MoJIb - ), MO9TOMY IpH aHaNIU3e CTALHO-
HapHOW KUHETUKH 3TH CTAAMU MOXHO OMHUCATh KOHCTAHTOU paBHOBe-
cusi. B paBHOBECHOM peXXHMe MOTYT IIPOTEeKaTh CTPYKTYpHBIE KOHDOP-
MAaIMOHHBIE U3MEHEHUS aKTHBHOTO LIeHTpa ¢epMeHTa.

OueBUIHO, YTO JUMUTHPYIOLLEH CTAIUN MOTYT IIpealIeCTBOBAThL paB-
HOBECHBIE MPOIECCH; 32 JUMUTHPYIOILEH CTagueil MOTYT CJemnoBaTh
OBICTpBIE pelaKCallHOHHbIE H3MeHEHHs. BakHLIM SBIISeTCS ClIenyroiiee
MOI0XKeHUe: TUMUATHPYIOLLAST CTAIus peaKIU1 «9yBCTBYET» PABHOBEC-
HbIE TMPOLIECCH], TIPEAIIECTBYIOLINE eif, U He 3aBUCHUT OT IOCIERYIO-
IIKX PaBHOBECHBIX cTanuil. [IpowuiocTprupyeM 3TO CBOHCTBO KMHETH -
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KH TOC/IEAOBATENbHBIX KAaTAUTUTHYECKNX peakivii, aHaJIU3Upys TpH
MPOCTENIIINE KUHETUYECKNE CXEMBI, OTJIMYAIOIIMECS TOCIEeNOBATEb-
HOCTbIO KHHETHYECKHUX U PABHOBECHBIX CTaIMIA.

Cxema 1. PaBHOBecHast cTaaus NpeIIecTBYeT JUMUTHpyIoLeit. Pac-
CMOTPHM CXEMY

KS K k
E+S<_——>X1<_—>X2_>E+P

rae K — KOHCTaHTa JUCCOLMAIN (pepMeHT-CyOCTpaTHOrO KOMITIEK~
ca; K — KoHCTaHTa paBHOBECHs] HEKOETo Iporecca M3MEHEHUs] UH-
TepMenmara X;; kK — KOHCTaHTAa CKOPOCTH JIMMUTHPYIOLLEH CTaIUU.
VpaBHeHMe A HaYaJLHOM CKOPOCTH IS 3TOH CXeMBI (DOpPMaJIbHO
9KBUBAJIEHTHO ypaBHeHUI0 Muxassnca

K ESo

_1+K )

KSK + SO

1+K
OnpenelisieMble U3 SKCIEPUMEHTA KOHCTAHTHI K, M K, BKIIOYAIOT
KOHCTaHTY paBHOBECHS Iporiecca TpaHchopManuu X,. XapakTep 3To-
ro mporecca (TepMOFMHAMUYECKH BBITOJHOTO MJINM HEBEITOZHOTO) Oy-
JIET OTpaXKaThCd HA SKCIEPUMEHTAILHO OIpeAeNnsieMOil KaTaJuTH4e-
CKOIl KOHCTaHTe JIN0O Ha KOHCTaHTe Muxasnuca.

Cayuai 1. Tpanchopmaius X; B X, TepPMOAMHAMHYECKM BBITOIHA.
Torma K = X,/X; < 1, X, > X u, 3HauuT, kg, = k, Ky = Ks/K.
Hannume tepMogMHaAMUYECKHM BBITOTHOIO IpeBpaiieHusi X; B X, He
BITHSIET Ha KaTATHTUYECKYIO KOHCTAHTY CKOPOCTH, a MPUBOANT K «YIIyd-
IeHNI0» 3(pDeKTUBHOU KOoHCTaHTE Muxasnuca.

Cayuaii 2. Tpancgopmanus X B X; TepMOJUHAMUYECKH HEBBITOIHA.
Torma K=X,/X, > 1, X| > X, n, 3HaunT, ki = k/K, Kyy= Ks. Hamnune
Takoi CTaguM He BIAMSAeT Ha KOHCTaHTYy MHxasnmuca, HO NMPUBOIUT K
YMEHBIIeHUIO HaOII0RaeEMON KATAIMTHUECKOI KOHCTAHTHI CKOPOCTH.

CxeMa 2. PaBHoBecHas cTagust MeXXIy IBYMSI KHHeTUYeCcKUMU. B sToM
Cily4yae DKCIEPUMEHTAIBHO OMpee/iseMble KOHCTAHTHI Ky, M Ky BKITIO-
YalOT KOHCTAHTy paBHOBECHS 3TOH cTajgnu. PaccMOTpuM cxeMy

KS k| keq k2
E+S<_—>Xl_>X2<-_——>X3_>E+P
~-eq
rae k;, k; — KOHCTAHTHI CKOPOCTH COM3MEPUMBIX KMHETUYECKHX ITPO-
11eCCOB; kg, k_,, — KOHCTAHTa CKOPOCTU COOTBETCTBEHHO MPAMOMU M
obpaTHOl peaklMM OBICTPOU PABHOBECHOM CTaIHHU.

Pellienne cuCTeMBI YpaBHEHHNH, OIMTUCHIBAIOIINX KHHETHYECKYIO CXe-

My, JaeT ypaBHeHMe THMa Muxasnuca, Tie

ke
k 3
1+ +K
+k2(_+)

Vo

Ks

ko = S} S
Kar kl

1+

e 1+ K)

KM:
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B 3aBUCUMOCTH OT TePMOOMHAMHYECKUX MMapaMeTpOB Iepexoja
X, == X; 3TOT NpoIleCC MOXET OKA3LIBaTh (MJIM HE OKa3blBaTh) BIM~
STHUE HAa KUHETHKY PeakiMU B CTAIIMOHAPHOM pEeXHUME.

Cayuaii 1. O6pasoBanne X; TepMOAMHAMUYEeCKN BHITOAHO. Tor-
na K = X,/X; < 1, Xy > X, u, 3HauuT, ko, = ki/(1 + ki/ky), Ky =
= Ks/(1 + ki /ky).

Takum ob6pa3om, paBHOBecHe X, =— X3 He OKa3blBaeT BIMSHUA
HAa KHHETHYECKHE [MapaMeTphl PeaKIINy.

Cayuai 2. O6pasoBaHne X; TepMOJUHAMAYeCKY HEBBITOAHO, Torna
K=Xy/X; > 1, X, > X, u, 3Haunr, k., = k,/(1 + &, K/ky), Ky =
= Ks/(1 + kiK/ky).

B 3TuX yCIOBHAX paBHOBECUE «yXYAIIAeT» KATATUTHYECKYIO KOH-
CTaHTY U «yJiyuilaer» 3(p¢peKTUBHYIO KOHCTaHTY Muxasnuca.

Cxema 3. PaBHOBecHast cTalust CiieayeT 3a NTUMUTHpYIoleid. Pac-
CMOTPHUM CXEMY

K k K,
E+S==X,— X, ==E+P

~eq

e K¢ — KOHCTaHTa JUcCOnManuy pepMeHT-cyOCcTpaTHOTO KOMILIEK~
ca; k — TMMUTHpYIOIAas KOHCTAHTAa CKOPOCTH; Ky, k_,, — KOHCTaHTa
CKOPOCTH COOTBETCTBEHHO ITPSIMOIT U 00paTHOI peakIuy OLICTPOI paB-
HOBECHOM CTaIuM.

Ecmn K¢ n K comaMepuMel, Impyu HeOOJIbIION CTENEeHHU ITpeBpallle-
HEsa (P < S, X; «< X;) ypaBHeHUE ISl CKOPOCTH UMeeT BUI

o = kEyS,
0 K s+ SO ’

T.€. Mocieaylomuil OBICTPBII paBHOBECHBIN MPOLIECC HE BIMSIET HA
KHHETHKY peakIMH. DTOT XKe BLIBOA KAYECTBEHHO CJIEAYeT U3 TEOPUU
nepexonHoro cocrosguusa. CrpoeHWe aKTHMBHPOBAHHOTO KOMILIEKca,
KOTOpOE OlpenesisieT ero SHeprulo, 3aBUCUT OT IIpeAbICTOpUY 00pa3o-
BaHMs KOMILUIEKCA U HE 3aBHCHUT OT CTPOEHUS YaCTHl], BO3HUKAIOIINX
TociIe repexoaa yepe3 caMblil BHICOKMI 3HepreTHYecKuii 6apbep.

Ecmu n3 skcneprMeHTaIbHBIX TJAHHBIX HafiieHbl KOHCTAHTBI CKOPO-~
CTH PSIMBIX M 0OpaTHBIX peakiUid, OpenesieHBl KOHCTAHTH! paBHOBECUS
OBICTPBIX OGPATHMEBIX CTAANIA, TO MOXHO BEIYMC/INTE CBOOOTHbBIE SHEPTHH
00pa3zoBaHMsT TPOMeXKYTOYHBIX COCIMHEHN U pacCYUTATh CBOOOIHBIE
3HEPry¥ aKTUBALIMK HA OTAEIBHBIX CTANUAX peakuu. [Ipu 3ToM HeoOxo-
JAMO HCITOIH30BaTh YPAaBHEHUS CBA3KM KOHCTAHTLI PABHOBECHUSI C U3Me-
HeHUeM CBOOOJHOM 9HEpPruHU Ipoliecca U ypaBHEHHE CBA3M KOHCTaH-
TBI CKOPOCTH peakiiM co CBOOOMHOM sHEpruei akTUBaUUM peakiiuy

AG =—RTInk, (7.1)

kyT AG
k=Xl expl — 25 7.
h exp[ RT] (72)

IMocnenHee ypaBHEHME NMOJIYIEHO U3 TEOPUH MIEPEXOLHOTO COCTOSTHUSA.
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Koopauuara peaxuyu
8

Puc. 7.1. Tlpodwm usmeHeHNs CBOGOIHOM 3HEPTUHM TI0 KOOPAMHATE (DEPMEHTa-

TUBHOM peakUMM C TPOMEXYTOYHBIMU PABHOBECHBIMH OBICTPLIMU CTAAMAMU:

Q@ — paBHOBeCHAasl CTaJMs TpeqlIECTBYET JUMUTUpYIOLIE; 6 — paBHOBECHAs CTalud

Mexny 1ByMsi KHHETHYeCKHMM; 6 — PABHOBECHAsl CTaaMsl ClienyeT 3a TUMUTUPYIOHEH

(nyHkTHpHas 1MHMS TOKA3BIBAET NMyTh PeaKLMH A CIyYasi, KOrja PaBHOBECHAs CTa-
J(UsT TEPMOAVIHAMHYECKN HEBBITONHA)
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Ha puc. 7.1 cxemaTUuHO IIpUBeneHb! MPodIN U3MEHEHNS CBOOOI-
HOM 3HEPruy 10 KOOpAMHATe peaKIMH It BCEX TPEX paCCMOTPEHHBIX
BBIIIIE CIy4YaeB, OTANYAIOLINXCA MOJIOXKEHNEM OBICTPON paBHOBECHOM
CTaINH B [TOCIENOBATELHOCTH CTAIMil MpeBpallieHU NCXOIHOTO Cy0-
CTpaTa B KOHEYHEIH IMpoayKT. ITyHKTHpOM ITOKa3aHbl CIIydyau, KOorna
OBICTpOe B3aMMHOE IpeBpalleHNe UHTEPMEINATOB TEPMOANHAMUYE-
CKH HEBBITOTHO.

M3 puc. 7.1, ¢ BugHO, 4To GBICTpast paBHOBECHas CTalHs [OCIIE
KMHETUYECKOU CTagui HUKAKUM 00pa3oM He BIIHSET Ha OOIIAHU dHeEpP-
TeTUYeCKNH Oapbep peaklivi.

Jns Toro 4toOBl paccYUTATh dHEpPreTHYeCKUil MpodWiIb peakiny,
HAaJlo 3HaTb KOHCTAHTHl paBHOBECHS M KOHCTAHTBI CKOPOCTEN MpsIMBIX
1 00paTHBIX CTaIN KaTaJUTHYeCKOTo Ipolecca.

HM3BecTHO, YTO MHOTHE KAaTAUTUTHYECKHE PeaKIIUN C YJacTHeM T'H-
pOINTHYECKUX (hEpPMEHTOB IIPOTEKAIOT € IIEPEHOCOM alMIIBHON TpYII-
ITbl Ha aKTUBHLIA LEHTP (DepMeHTa C IIPOMEXYTOUHBIM 00pa3oBaHUEM
anuihepMeHTa:

KS k2 k3
E+S<= ES ===FA <~ EP<—=E+P
ke, k.,

C ncnoib3oBaHUeM Pa3INYHBIX METOAOB U3 3KCIIePUMEHTAIBHBIX
JIAaHHBIX OBUTH OMpeieeHbl BCe KHMHETHYECKHE U TepMOINHAMUYECKIe
rapameTpsl cucreMbl — K, k,, k3, a TakKe BBIYMCIEHBI KOHCTAHTBI
CKOpOCTel 00paTHBIX peakuuii k_, 1 k_3. Ha ocHoBaHNUM 3TUX JaHHBIX
MOXHO PacCYHUTATh SHEPreTHYECKHUM Mpodmib peakuuu. st peak-
MY TUAPOJIN3a METUNOBOTO adupa N-deHnnanaHuHa 1ojx AeHCTBHEM
O-XUMOTPHIICHHA 3HAYCHUSA KHHETUYECKHX U TEPMOJMHAMUYESCKHUX T1a-
paMeTpoB MpUBEAEHSI B Ta0M. 7.1.

PaccunrtanHele TakuM 00pa3oM mpodwin cBoOOIHBIX 9HePTHH IpH-
BefeHHI Ha prc. 7.2. 3a TOYKY oTcYeTa IPUHITO COCTOTHHNE CBOOOTHO-
ro ¢epMeHTa U cyocrpata. Ilpn pacueTe B COOTBETCTBUM C YpaBHEHU-
amu (7.1) u (7.2) cnenyer npuusite, uro RT = 2,51 xlx, kT/h =
=6,2-107'% ¢! npn Temnepatype 25 °C.

Tabunuua 7.1

Pacuer npoduns cBoGO HOH SHEPTHH B PEAKIHHA THIPOJIH3A METHIOBOIO
s¢upa N-dennnananuna noa aeicTBHEM O-XHMOTPHIICHHA

ITapametp AG* (AG®), xIx/MOmb
K;=17,9.107 Monn/n -12,2
ky=165¢c! 58,3
k=540 ¢! 61,3
ky=1530 ¢! 61,3
ksy=167ct 58,3
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Puc. 7.2. llpoduns u3sMeHEHUs CBOOOIHON  AG, kllx/moib

sHepruu depMeHT-cyOCTpaTHOTO B3aUMO- 462 46,2

JNEeUCTBUS MO KOOPAMHATE PeakKLMK THAPO- 40

JIu3a METHIOBOro 3¢ upa N-auerTmidheHu-
anaHuHa

E+S E+P

or EP

S EA
=122 152 -12,2

MUHUMYMEBl Ha SHEPreTHYECKOM KOOPAMHATa peaKiiuy
npoduiae (cM. puc. 7.2) COOTBETCTBY-
10T coenuHeHusiM ES, EA, EP, MakcuMyMbl — TepeXOmIHBIM COCTOS-
HHUSAM COOTBETCTBYIOIIMX CTATHIMA.

DHepreTuieckue poduan — ymoOHBIN METO TIPENCTABIEHUS K-
CTICPUMEHTANBHBIX JAHHBIX, TTO3BOJISIIOLIMI OOBSICHHTL MHOTHE 3aK0-
HOMEPHOCTH, HAOJIOMacMble TIpH UCCICTOBAHMM (hepMEeHTATHBHBIX
peakuuii. B yacTHocTH, HepreTryeckue NMpodIIN UCTIOIb3YIOTCS HIPU
BBISICHEHMHU OPUPOILI CTIEUNPUIHOCTH PepMEHTOB (CM. TII. 9).

7.2. JIumMuTHpyOmHAe CTAAUH GepMEHTATHBHBIX
peakuui

ITocTrapaeMcst OTBETMThH Ha BOTIPOC: KAKMMHU KHHETUYECKHUMU T1apa-
METpaMH XapaKTEepU3YIOTCS THIIMYHBIE CTanuH (QEepMeHTATUBHHIX pe-
aKuui.

3aBUCHUMOCTb HAaYaAJTLHOM CKOPOCTU OONBIIMHCTBA U3YUYEHHHIX (ep-
MEHTATHUBHBIX TIPOIIECCOB B CTAIIMOHAPHOM 10 KOHIEHTPALIMH TIPOME-
JKYTOUHBIX COEIMHEHHUIT peXXMME OITMCBLIBaeTCs ypaBHEHUEM Muxasnu-
ca vy = V,5,/(Ky+ Sp). ITa 3aBUCUMOCTD OTPAXaeT yuyacTue B (hepMeH-
TaTUBHEIX TIPEBpAICHHUSIX JAOMIbHBIX TIPOMEXYTOYHBIX COeIMHEHHH
dbepmenTa ¢ cybetpaTtoM. Briiile paccMoTpeHa cTaliMoHapHast KHHETH-
Ka (pepMEHTATUBHOTO TIpolecca ¢ YYaCTUEM # TIPOMEXYTOUHBIX CO-
EOIMHCHMI:

K
E+S== X, 2> X, 2> Koy
JI7st TIPOCTOTHI TIPEATIONATAETCS, YTO TIEpBast CTaIMsl peakiMM UMEET
OOpaTUMBII XapakTep, TIOCICOYIOIIME CTaaTuM TIpakTHYeCKH Heobpa-
TAMEL.

Kak 6bUT0 TMOKazaHo paHee, HayalbHasl CTaMOHApHAas CKOPOCTh

peakumu paBHa

k,+ kn kn+
e e X, >FE 4+ P

o = ki EgSo/(Ky + o),
Te

n+l 1 -1
kKaT = i:z Fj} s (73)
1=2 Y

191



Kol -1
Ky =251y —1 . 7.4
- [22 k,} (7.4

ITapameTp k., 9aCTO HA3LIBAIOT YHUCIOM 060pPOTOB (PEpMEHTA, TO-
CKOJIBKY OH XapaKTepHM3YeT YMCJIO KATAJIMTUYECKUX LMKIIOB, COBEP-
HIAEMBIX OXHUM AaKTHBHBIM LIEHTPOM (bepMeHTa B €AUHMUILY BPEMEHMU.

Ecnn miepBast ctaausi peakKlMH TAKXe SIBJISIETCS [TPAKTUYECKH He-
oOpaTHUMOIL:

E+S — Xl XzLX,LXnM’E'f‘P

KOHCTaHTa K, ,;, paCCUMTHIBaeTCs 1o ypaBHeHMIO (7.3), a K, paBHa

n+l 1
Ky - [k,z . ]
i=2
Ypapuenust (7.3), (7.4) oTpaxalOT BaXHOE CBOHCTBO pEakUHHU C
y4acTHEM TIPOMEXYTOUYHEIX coequHeHnd. KuHeTHKy riponecca B CTa-
IMOHAPHOM PEXMME OIIpenessieT caMass MEJICHHasl CTalus fpoLecca.
JeCTBUTEILHO, €CJIM KaKasi-JIn0o 3JIeMEeHTapHasl CTaaus LNy TIpe-
BpallfeHUiT cyOcTpaTa B KOHEYHBIN TIPOJYKT SIBJSIETCS CaMOil MEIJICH-
HOU U xapaKTepmyeTCH HauMeHblIEl KOHCTAaHTOU CKOPOCTH k; << k;,
i=2, .., n i#j, ypasaueHus (7.3), (7.4) ripuoOpeTaOT BUT

ke = ki Ky = Kski/k,.

Takum o6pazoM, eciM HaMMEHBIIEH CKOPOCTLIO 00JanaeT BTOpas
CTaIMs peaKinM, IKCIIEPUMEHTAIBHO OTPeesieMble TTapaMeTPhl Bbl-
paxaloTcsi YpaBHEHUAMU: k.. = k,, Ky = K; ecnu muMUTHpYIOLIAst
TPETbS CTAIMA — Kr = k3, Ky = Ko(ks3/ky); ecnmu TUMUTHpPYOIIAS
yeTBepTas cTagus — K. = ki, Ky = Ks(ks/ky) m 1.1

Ecyi KOHCTaHTBI CKOPOCTEid IBYX TIPOLIECCOB COM3MEPHMEL K; ~ K;,
KUHETUYECKHE TIapaMeTPhl (pepMEHTATUBHON PEAKIIMM MOXHO Paccyl-
TaTh TI0 YPaBHEHHSIM

ki Ky ik
=T M —
KAt k,"i'kj’ k2 k+k
Harmpume , A T €XCTaIMMHOIO TIpoLecCa KHHETUUYECKUE TIapaMeET-
p
PBI PABHEI
k2k3 KM - KSkB
k2 + k3 ’ k2 + k3
OO6bIyHO i (pepMCHTaTI/IBHbIX peaKuI/Iﬁ C y4yaCcTUuEM XUMUYECKH
POIOCTBECHHBIX CY6CTpaTOB .HI/IMI/ITI/IPYIOIHeﬁ SABJIAETCH OJHA U Ta XKe CTa-
IOUS. Haan/IMep, IpH KaTajqnie o-XUMOTPUINICUHOM THIPOJIU3A CJIOXK-

HO3(DUPHHIX CYOCTPATOB TIPOM3BOIHBIX AMHUHOKVCIIOT TIPAKTHUYECKH IS
BCEX U3YYEHHBIX CYGCTPATOB JUMHUTHDYIOLIEH cTanueil siBjsieTcs CTa-

192

kxa'r =



0,4 0,4 0,4
0,2 0,2 0,2
1 1 1 A 0 1 ] 1 0 L I R
10! 10?2 10® 104 ¢! 108 107 10° 10° 10! 10-1 1073 10-3
JI/(MOb - C) Ky, monn/n
a 6 ¢

Puc. 7.3. IL1OTHOCTD pacpeaeneHus yncia GepMeHTOB 10 KMHETHYeCKUM I1a-
paMeTrpam:
@ — KOHCTaHThl CKOPOCTH PeaKUMH MEPBOI0 MOPARKA Kyar (1), K-y (2), kony (3); 6 —

KOHCTAaHTBl CKOPOCTH PeakLuy BTOporo nopsiika Ky (1), ky../Ky (2); 6 — xoHCTaHTa
Muxasiuca

WS TUIPOJIM3a TIPOMEXYTOUHOro auundepmenTa (k;), TIpU TUAPOJIH-
3¢ BCEX AMWUHOB ¥ aHWIMIOB — ero oOpasoBaHue (k).

WHTEpecHO TIPOaHaIM3UPOBATh YUCTICHHEIE 3HAUECHHS KaTaIuTHYE-
CKHX KOHCTAHT CKOPOCTH M KOHCTaHT Mmuxasniuca pas3iudyHbIX (ep-
MEHTOB C T€M, YTOOBI OLIEHUTH 3(PGEKTUBHOCTDL (hepPMEHTATUBHOTO Ka-
Tanu3za. B HacTosiiee BpeMsl UMEIOTCS MHOTOYUC/IEHHEIE JAaHHEIE O Ta-
pameTpax V,, Ky M 1pH U3BEeCTHON KOHUEHTpPaUUH (EpMEHTA — O
KOHCTAHTE K.

Ha puc. 7.3 mokazaHa INIOTHOCTB paclipeie/IEHUS 91ciia GepMEHTOB
10 mapaMeTpaM Ky, Kip, Kiar/Kpy. DTH KPUBBIE OTpaXkalOT paclipene-
neune GEpMEHTOB TIO IPYIIaM ¢ NIPUOIU3UTENBHO OJUHAKOBEIMHU T1a-
pameTpamu. Ilo ¢popMe nmoaydeHHbIE KpUBLIE OJIM3KH K HOPMATLHOMY
JTorapudMIUYECKOMY paciipeneneHuio. Ilo xatanutudeckoit a¢pbekTHs-
HOCTH (bepMEHTBHI MOTYT OTIMYaThest Gonee yeM B 10° pas. KoHcTaHThI
ko M3MeEHSTIOTCA B mranasode 1— 10° ¢!, ITpu 3ToM NMpakTH4eCKH OT-
CYTCTBYIOT (bepMEHTBI, UMEIOIME K, = 10* ¢! (1 Bole). Haubonee
IIUPOKOE PACHpOCTpaHEHHME TIONYUWIN (PEPMEHTHI, JTUMHUTHPYIOIIAS
CTanus PeakliMif C y9acTUEM KOTOpLIX MMeeT mopsnok 102 c. Anaino-
THYHEI BUI UIMEET paciipedesicHre (GepMEHTOB I10 KOHCTAHTE K, DTOT
napameTp usMeHsaeTcs B uaTeppane 10— 1072 monb/1. [TnotHOCTL pac-
TIpeie/IeHUst MMeeT MaKCUMyM Tipi K, ~ 10~* momn/71.

TlapameTtp k,;/ Ky IUTsl pasinyHBIX (GepMEHTOB MEHSIETCS B qUaria-
3oHe 10'— 10'° /(Mo - ¢). TIpu 3TOM HamnGosee pacTtipoCcTpaHeH ! (hep-
MEHTHI C Kyyp/ Ky, PaBHBIM 10° J1/(MOJB - C).

TaxuM 06pa3oM, «THIUYHEBI» GEPMEHT MUMEET K, = 10°— 103 ¢\
DU 3HAYEHUSA XAPAKTEPU3YIOT JMMHUTUPYIOILYIO CTAIWIO TIpollecca.
BuzHo, 4T0 3TM KOHCTaHTHI Wi (epPMEHTOB BechMa BeMku. Cyie-
CTBYIOIIMI 3HepreTHYecKuit 6apbep 42— 72 kIIX/Moyb 00YCIIOBJIEH,
MO-BUINMOMY, PSIOM (DU3UKO-XUMHUeCKUX 3(dexToB. OcTanbHbIe CTa-
IAU mpoliecca npeBpanieHusl cybcTpaTa Ha aKTMBHOM LIEHTpe ¢ep-
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MEHTa POTEKAIOT GhICTPeE, B GOBIUIMHCTBE CIy4aeB CKOPOCTH MOHO-
MOJIEKYASPHBIX CTaJMif MHOTOCTaAMMHLIX (hePMEHTATUBHBIX MPOLIEC-
coB npepbiuanT 102—103 ¢,

7.3. BumoueKyasipabie cTaauu (GepMEeHTATHBHBIX peaKuuil

Jnst GUMONEKYISIPHBIX CTanuiil hepMEHTATUBHOTO MpOoIIEcca Ha OC-
HOBE M3YYEHMS CTALlMOHAPHOW KMHETHUKH MOXHO OLEHUTL HUXHUE
NIpeeNbl KOHCTAHT cKopocTeil: &k 2 V,,/(EyKy) = kiar/ Ky 118 HEKO-
TOPBIX pEAKIIMI MUHMMAJIbLHOE 3HAUEHNE KOHCTAHTLI CKOPOCTH GMMO-
JIEKYJSAPHOM CTaauM, OLIEHEHHOE 110 JTaHHBLIM CTALIMOHAPHOM KUHETH-
KU, TPUOIUKAETCS K Mpeleay, NMPercKasaHHOMY TeopHeil I peak-
UMM, KOHTPOJIUPYEMBIX Ducdy3ueii pearcHToB.

Juddysuonno-kouTpoaupyembie cTaguy GepMEHTATHBHBIX PEAKIMIA.
B Teopum xuMuyeckux peakiMii, CKOPOCTh KOTOPHIX KOHTPOJIHUPYETCS
nuddysueit peareHTOB, B Ka4eCTBE MCXOIHON MOmeNy GLUIO TIpUHS-
TO, YTO PEaKIUs MPOTEKAET TIPU KaXKIOM CTOJKHOBEHHH IBYX CepHh-
YECKMX MOJIEKYI A U B, MMEIOIIUX COOTBETCTBEHHO paguyc Ry u K, 1
koabduumnent mnbdysnu D, u D,. B a3ToM ciiyyae yacToTa coymapeHmit
MOJIEKYJ OyneT ofnpeneisiTbCsa TUPGY3UOHHBIM ITOTOKOM, HATIPHUMED,
MoNeKyabl B K Monekyne A B chepudecKuil oO6beM, OIpaHMYEHHBIA
CYMMOM paanycoB MoneKyad. Eciu comepXaHue KOMIIOHEHTOB BhIpa-
XaTrb B MOJSIX, 00bEM — B JIMTpax, Koa(GUIUEHT U @y3un — B
KBaJpaTHHIX CAHTUMETpaxX Ha CEKYHIY, paiMyC — B CAaHTHMeETpax,
KOHCTaHTa CKOpocTU au¢Py3MOHHO-KOHTPOJIMPYEMOU peaKiumu Oy-
T UMETHL BUJI

Ky = 4n(Ry + Ry) (Dy + Dy) N/1000. (7.5)

Takum 0bpazoM, MCIIONB3Ys M3BeCTHHE KO3(MdULMEeHTH aubdy-
311 U PaguyChl MOJIEKY, MOKHO BBIUMC/IATL KOHCTAHTY CKOPOCTH Iud-
(Py3MOHHO-KOHTPOIMPYEMOI peakiiii. B rmiepBoM npnbGmmxkeHuH Koad-
dunmeHT TUdGY3rH MOXHO OLEHHUTL, UCITONB3YS ypaBHeHHe CToKCa:

kT kgT
= y Dy=——,

67m Rl 6m’] R2
e kg — KoHcTaHTa BonpiMana; T — aGCconoTHaAs TeMIepatypa; N —
BA3KOCTE pacTtBopa. [loacrasnas 311 ypaBHeHHS B (7.5), moayuum

T (3 )

(7.6)

1

Koy = 7
0 = 3000 < R, T R, @.7)

W3 ypaBueHus (7.7) ciemyer, 4TO IpU JAHHOM TeMIlEpaType KOH-
CTaHTa Kk, ONpPENEsIeTCS BSI3KOCTBIO PACTBOPUTEJSI M OTHOLIEHUEM
panrycoB pearupyroumx Mouekyn. I[Ipy usMeHeHUH PaguycoB MOJe-
KYyJI KOHCTAHTAa CKOPOCTH IN(DGY3NOHHO-KOHTPOJUPYEMOU peakiiu
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Oyaer OCTaBaThCsl MOCTOSHHOM MPH COXpPAHEHUH TOCTOSIHHLIM OTHO-
LIEHUS UX PAINyCOB.

3aBMCUMOCTb KOHCTAHTHI Ky, OT TEMIIEPATYPHI ONIPENEIISIETCS] B OC-
HOBHOM 3aBUCHMOCTBIO OT TEMIIEPATYPhl BA3KOCTH PACTBOPUTEIS, DTa
3aBUCHMOCTD TSI MHOTMX XUAKOCTEH uMeeT BUIL: M = Aexp[o/(RT)],
rme @ JJIs MHOTHX PacTBOpPUTEIEH U3MEHsieTCs B uHTepsaie 4,2 —
20 xJIx/Momnp. DTa BeJMYMHA MTOKA3BIBACT, YTO BSI3KOCTL M KOHCTAH-
Ta Ky, CPABHUTENBHO CJ1a00 3aBUCAT OT TEMITEPATYPBI. DHEPTHsl aK-
TUBALlMM TaKOro poja peakuuil OOBIYHO OTBEYAET AMAra3oHy 4—
20 xJI>x/MOE.

KoadbduumeHt nuddysun ssasetca GyHIaMEHTAILHOM XapaKTe-
PUCTUKOM BEIIECTBA M MEPOU TEIUIOBOU IMOABUXHOCTU €TI0 B TAHHOIT
cpene. B cooTBeTcTBUM ¢ ypaBHeHMeM CroKca MOMKHA COOMIONATHLCS
0o0paTHO TIPOTIOPUMOHAILHAS 3aBUCUMOCTh KO3GbPUIIMEHTOB 1 dy-
sun u V'3 (V— MondpHblii 06bem). B 061meM ciydae 910 He Tak. O6Ha-
PYKEHEBI OTKJIOHEHMSI OT YKA3aHHOUM 3aBHCUMOCTH. DTO, pa3yMeeTcsl,
CBSI3aHO C TEM, YTO T€OMETPHUS pEAIbHBIX MOJIEKYJI B pacTBOpE CVIIIE-
CTBEHHO OTJIMYAETCs OT chepryuecKoil.

CylIECTBYIOT SMITUPUYECKHAE KOPPEISIMOHHbIE YpPaBHEHHS, CBSI-
3pIBarOIME KoahGunueHT nudoy3un ¢ MoeKyIsipHoi Maccoit M wiu
MOJISIDHBIM 00BbeMOM V BelecTsa:

D=A/(MV?-B), D=a/(V' - B).

DU ypaBHEHMSI OBLUIM IIPOBEPEHBLI HA GOJBIIOM YHCIE TPHPOIHBIX
OPraHMYEeCKHX COSTUHEHMM: aMHHOKHUCIOTAaX, NMENTHIAX, YIJIEBOIaXx.
DMIUpUYECKIE YPaBHEHHMSI XOPOLIO ONMUCEIBAIOT 3KCIIEPUMEHTATBHEIE
JaHHble. C yIeTOM 3KCIEPUMEHTAIBHO HAMIEHHBIX IS BOIHEBIX pac-
TBOPOB TMapaMeTpoB A u B sMmmupudeckue ypaBHeHUs JIoHTrcBopTa
UMEIOT BUI

D=11,6-108/(M"* - 1,89), D=10,77-105/(V'/ - 1,45)

(pasmepHOCTEL D — KBaapaTHBIN CAHTUMETP Ha CEKYHIY).

Taxum o6pazoM, KoadhpuumeHTr Audpdy3un BELECTB MOTYT OLITh
OLIEHEHBI ¢ TOYHOCTBIO 10 5 %. [/l BElIeCTB MOJIEKYISIpHOI Maccoit
okosio 100 koahduumest nuddysun umeer nopsaaok 107° cm?/c. Ipu
panuyce peakuuu 0,5 HM B COOTBETCTBMM ¢ ypaBHeHMEM (7.7) KOH-
CTaHTa CKOpPOCTH IH(PPY3UMOHHO-KOHTPOJUPYEMOM peakUuuy paBHA
~10'° 1/(Monb - ¢).

ITockonpKy peakiMOHHOCIIOCOOHBIM Ha OeJKOBOM TIO0ye SIBJISI-
€Tcst HeOOJBIION YIacTOK, HA3bIBAEMBIM aKTUBHBIM LIEHTPOM, pac-
CMaTpuBanachk b dy3us cyocTpaTa B roiaycgepriecKuii 06ueM, Or-
penensieMbili «pamdycOM» akKTMBHOTO IIEHTpa M Pearupyroueii Mose-
Kynbl. KoHCTaHTa ckopocTy AU Gy3nOHHO-KOHTPOIHMPYEMOU peakIin
B 3TOM cJly4ae pacCUMTBLIBAETCS 10 YPaBHEHUIO

Ky = 2nN/[1000(Rs + R,;) (Ds + D)), (7.8)
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rae R, — paguyc akKTUBHOTO HeHTpa; Dy — KoshduimeHT nuddy3umn
6enka; Ry, Dg — COOTBETCTBEHHO pamuyc cybcTpara U ero Kosddu-
uMeHT guddys3un. OYEeBUIHO, YTO TTOCKONBKY cBoGomHas muddy3us
KOMIIOHEHTOB B aKTUBHBII IIEHTP CO CTOPOHEBI GEJIKOBO# ITO0YILI He-
BO3MOXHa, TIOTOK M dy3uu cybeTpaTa HarpapileH B Imoirycgepy, orpa-
HUYEHHYI0O CYMMOM paguycoB Rg U R, M COOTBETCTBEHHO CKOPOCTH
peakuMy YMeHbLIAeTCs B ABa pa3a.

s bepMEeHTATUBHOI peakLMy, IIpoTeKaroleil MeXny OeKoM 1
HU3KOMOJIEKYJIIPHBIM COeIUHEHUEM, KOHCTAHTA CKOPOCTHU OYAET OTIpe-
NETSATHCS B OCHOBHOM TUPGY3MOHHOM MOABUKHOCTBIO HU3KOMOJIE-
KYJISIPHOTO CyGCTpaTa, TOCKOJIBKY B YPaBHEHHE JUISI KOHCTAHTBI CKO-
POCTU BXOIMUT cyMMa Koad e HToB qud¢y3unu KOMIIOHEHTOB. [ py-
I'MMH CJIOBaMM, AKTHBHBIH LIEHTP TIPAKTUYECKHM HETIOABMKEH C TOYKHU
3peHUust TMGHY3NU CyOCTpaToB.

Ilpy pa3yMHBIX HpPEOITOJIOXKEHUSIX O pa3Mepax aKTHBHOTO ILIEHTpa
(bepMeHTa U IIPU HCHONB30BAHUH PEATLHBIX KO3 MUIIMEHTOB T dy-
3UY HU3KOMOJIEKYJISIPHBIX BEUIECTB B BOJHOM pPacTBOPE MOXHO OIle-
HUTH KOHCTAHTHI CKOPOCTH OUMOJIEKYJISIPHBIX CTamuil pepMeHTaTUB-
HBIX peakuuii. CTaguu, KOHCTAHTLI CKOPOCTH KOTOPLIX JieXaT B Auara-
zoHe 108—10' 1/(Monb - ), MOXHO cyUTaTh TUPHY3UOHHO-KOHTPO-
JIUPYEMBIMH.

B HacTosiee BpeMst TIpH HCIIOJIb30BAHHH METOIOB «OBICTPOM KMHE-
TUKU» OBUIM HETIOCPEACTBEHHO M3MEHEHBI KOHCTAHTHI CKOPOCTU Ou-
MOJIEKYJISIDHBIX TTPOIIECCOB 00pa30BaHUS TTPOMEXYTOUHBIX COCTUHE-
HUH 111 60IBHIOro YKcia GepMeHTATUBHBIX crcTeM. PYHKIMM TUIOT-
HOCTH pacipeeNeH s KOHCTAHT k; U k_; TIPUBENEHEI Ha puc. 7.3. AHa-
JIOTUYHO MO OGUMOJEKYJISIPHOMY MEXaHM3My IIPOTEKAIOT PEaKIUU T1e-
peHoca 3JEKTPOHA BO MHOTUX (b€ pMEHTATUBHEIX CHCTEMAX.

TakuMm o6pa3oM, Teopust aubdy3MOHHO-KOHTPOIUPYEMBIX peak-
LM B psIfie CJIyYaeB YIOBIETBOPUTENBHO OITUCHLIBACT KMHETHUKY HEKO-
TOPBIX OBICTPBIX CTAAUM (DepPMEHTATUBHEIX pEeaKIMi.

OddeKTHBHOCTH KOMILIEKCO00PA30BAHHS IPH FOPMOH-PENENTOPHOM
H (pepMeHT-CyOCTpaTHOM B3auMoaeiicTBHAX. B3anmoneiicTBus Gemox —
OpPTraHMYECKMU JUTaHL — BaXHBLIA MOMEHT IBYX OMOXUMMYECKHUX SB-
JeHUI — pepMEHTATMBHOIO KaTajJn3a H TOPMOH~PEIENTOPHOrO B3au-
moneitctBus. [IpencTaBnsieT UHTEpPEC CPAaBHMTL KOMMYECTBEHHEIE Xa-
PaKTEPUCTUKH STUX IPOLIECCOB.

B HacTosiee BpeMsi T MHOTMX TOPMOHOB U MX aHAJIOTOB H3Mepe-
HBl PaBHOBECHBIE KOHCTAHThl HMCCOLIMAIMM KOMIDIEKCOB CO CITEIM-

tnyeckumu peuentopaMu R + H === RH.

Jlnst aHanu3a o6ieit 3(dHEeKTUBHOCTH MPOLIECCOB BOCIIONL3YEMCS
NPOLETYpOi, HEOMHOKPATHO MCITONL3YEMOH HaMU, — IIOCTPOUM (QyHK-
IMIO TUIOTHOCTH pacripeneieHus KoHcTauT. C 3Toii Lebio pazodbeM
KOHCTAHTBI Ha TPYIIIBI ¢ MPUOJIU3UTENBHO OJUHAKOBHIM (B Mpeaenax
OIHOTO NOPSIIKA) 3HAYEHUEM KOHCTAHTHI, TIOACYUTAEM YHCIIO DJIEMEH-
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TOB B KaXIOI Ipyririe ¥ HOpMUPYEM fL
3TO YMCJIO K OBILEMY YUCTTY UCTIONb- 0,4
3yeMbIX 3HAYEHUI KOHCTAHT B LIEJION
puIOopke. ITonydeHHOE Yncio Oyner
XapaKTepU30BaTh BEPOATHOCTD 3HA-
YEHMU TOU MIM UHOU KOHCTAHTLI
JIUCCoUMaLuy KoMIuiekca. HaiineH-
Hasl IVIOTHOCTh PACTIpeneICHUs KOH-
CTaHT JUCCOLIMALIMM KOMIUIEKCOB pe- l
LENTOPOB C TOPMOHAMH M MX aHajo- 0 1072 106 10710
raMu NpMBeneHa Ha puc. 7.4. BunHo, k, Mo/

4yTO Haubosiee BEPOATHLI 3HAYCHHS  Ppyc. 7.4. [LIoTHOCTS pacrpeenerms
KOHCTaHT OMCCOLMALNM, UMCIOIINE  nhapHoBECHBIX KOHCTAHT AUCCOLMA-
nopsagok 107'°—10"° moms/n. s umu (/) KOMILIEKCOB TOPMOH — pe-
XapaKTepUCTHKHM KOMITIEKCO00pa3o- LIeNTOp U KOHCTaHT Muxasiuca (2)
BaHUSl TIPU B3aMMOJCUCTBUU CYO-

cTpaTa ¢ GEpMEHTOM MOXHO BOCIIO/IB30BATLCSI 3HAYEHUSIMU KOHCTAHT
Muxasnuca, onpeaeIeHHbIMU U3 3aBUCUMOCTH CKOPOCTH PeaKIIMH OT
KOHIIEHTpaluM cyocTparta. /st cpaBHEHUS Ha puc. 7.4 TIpUBeaeHa IIoT-
HOCTb pacripene/ieHus1 KOHCTaHT Muxasiuca B (pepMEeHTATHUBHOM KaTa-
mm3se. Cpennee 3HadeHue Ky, pasuo 10~ momn/n. BuaHo, 4yTo B3anMo-
JEUCTBUE TOPMOH — PELIENTTOP HAaMHOTO 3¢ pexTHBHEE. PU3NOTOTHYE-
CKHE OTBETEHI, BEI3BAaHHbLIE 00pa30oBaHHEM KOMIUIEKCA TOPMOH — peLElT-
TOp, HAOMIOAAIOTCS IPH KOHIEHTPAIUSIX TOPMOHA, COM3MEPHMBIX C KOH-
CTAHTOM AUCCOLHAIMHU KOMIUIEKCA, T.€. TIPU KOHILEeHTparmsax 10-10—
10-° monb/n. depMeHTAaTUBHBIE PEAKLIUHU in vivo W N vitro UOYT C 3a-
METHBIMM CKOPOCTSIMHU TIpHM KOHIEHTPAIMSIX CYyOCTpaToB (MeTaboOH-
TOB), COM3MEPUMEIX ¢ K)y, T.€. IPU KOHLEHTpAMSX HA 5—6 Topsin-
KOB BBHIIIIE.

TakuM 06pa3oM, TOPMOH-PELIENTOPHLIE B3aUMOAECHCTBHUS 110 CPaB-
HEHUIO ¢ PepMEHT-CYOCTPATHLIMU SHEPTETUYECCKHY 3HAUMTENLHO CHITh-
Hee. B cpenHeM KoMiuleKcooGpa3oBaHUe TOPMOHA C PEIIENITOPOM Xa-
paKkTepu3yeTcs U3MEHEHHEM CBOOONHOI a3Heprun 58 k/X/MOIb, B TO
BpeMsl Kak 00pa3oBaHMe KOMIUIEKCOB aKTMBHOTO 1IEHTpa (hepMEHTa C
CyOCTpaTOM TIPOTEKAET C U3MEHEHMEM CBOGOIHOU SHEPIUU MEHEE UEM
25 xJIx/MOJb.

Kunetnyeckue 6apoepbl KOMILIEKC000pa30Banus B (DePMEHTATHBHBIX
peaknuax. BuMosieKysipHEIe cTanuy (bePMEHTATUBHEBIX PEAKIIUA, KOH-
CTaHTHl CKOPOCTHM KOTOPBIX JIeXaT B nuanaszone 108— 100 n/(Monb - ¢),
NonagaloT B paspsill peakluii, KOHTPOJUPYEMBIX THDGY3UeiH peareH-
TOB B pacTBope. Kak BUIHO U3 puc. 7.3, B OONBIIMHCTBE CIyJaeB KOH-
CTaHTEI CKOPOCTH 00pa3oBaHUsI GepMEHT-CYOCTPaTHHIX KOMILIEKCOB
CYHIECTBEHHO HUXE 3TOro fpenena. B psue ciydaeB HaGMIOmAeTCsl BbI-
COKasi YyBCTBUTEIILHOCTDL 3TOI KOHCTAHTHI CKOPOCTH K CTPYKTYpE opra-
HUyeckoro yjmMraHga. Tak, BBEJA€HUE B aclaparuHOBYIO KUCIOTY Me-
TUIbHOM rpynibl mouTd B 10* pas yMeHbIIaeT KOHCTAHTY CKOPOCTH
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KOMIUIEKCOOOPa30RaHMS 3TOro cybcTpaTa ¢ aKTUBHBIM LIEHTPOM ac-
rmapTaramiHoTpaHcdepasbl. I1pu mepexose oT nmpodaBUHA K pOIaMU-
Hy 6G Tpollecc KOMILTEKCOOOPA30BaHUs JIMTaHAa C aKTUBHBIM LIEHT-
POM O-XHMOTPHMIICHHA 3aMeJIAeTcs MouTH B 10°, B TO BpeMs Kak KOH-
CTaHTAa PAaBHOBECUHA M3MEHSIETCS JULIb B 2—4 pa3a. B CBdA3M C 3TUM
UHTEPECHO OTMETHUTD, UTO aHAJOTHYHOE PE3K0oe U3MEHEHUE KOHCTaH-
ThI CKOPOCTU 0Opa30BaHUsI MOJIEKYJISPHBIX KOMIUIEKCOB NMPU U3MeE-
HEHUM CTPYKTYpHI JUTaHAa ObUIO HAWAEHO IMPU MCCASIOBAHUM MO-
JIETBHOM CUCTEMEI B3aMMOICICTBHSI HEKOTOPBIX a30KpacuTelNel ¢ 1IMK-
JopekcTpaHaMu. [Ipy 3amelieHUM BOIOPONA B TPETHEM IMOJIOKEHUU B
4-okcudeHwiazo-1-HadpTannH-4-cynbhoHe Ha STUILHYIO IPYIITY KOH-
CTaHTa CKOPOCTH KOMIUIEKCOOOpa30BaHMs YMEHbIIaeTCs 00Jiee YEM B
103 pa3 npu coxpaHeHMM HEM3MEHHOH KOHCTAHTHI paBHOBECHS IPO-
necca. Takoro poxa coeIMHEHMS TIPEACTABISIOT CODOM MOJIEKYIAPHBIE
KOMIUTIEKCHI BKJTIOUEHMSI.

Db eKThI CYIECTBEHHOIO YMEHBLIEHNS KOHCTAHTE CKOPOCTH 06pa-
30BaHMS (PepMEHT-CYyOCTPATHOTO MOJIEKYISIPHOrO KOMIIJIEKCa TI0 CpaB-
HEHUIO ¢ IU(PDY3UOHHO-KOHTPOIHUPYEMBIM TIPENEIbHBIM 3HAYCHUEM
Y YYBCTBUTENBHOCTH KOHCTAHTHI CKOPOCTH KOMIUIEKCOOOpa30BaHUsI K
CTPYKTYpE JIMTaHAd HaOMIONAlOTCs Uit MHOTHX (DEPMEHTATHUBHAIX pe-
aknui. s oObpIcHeHMST 3TUX 3¢ (MEKTOB NPEIIOXKEHO IBA IIPHHIIUITH-
ATHHO pa3TUYaAOIIMXCST MEXaAHU3MA.

IlepBuiif MexaHU3M TIpeATIoNiaracT HaIMUYME XECTKO KoHbopMa-
JIMHM CBSI3BIBAIOIIETO IEHTPA, HAXOMSIIErocs Ha IMOBEPXHOCTU GEJIKO-
BOI DIOGYNsl. B aToM ciaydae Majoe 3HaueHME KOHCTAHThI CKOPOCTU
CenyeT OOBSICHUTE CTEPUYECKUMH 3aTPYIHEHUSAMH ITpU 06pa30BaHMU
KOMITIEKCA CO CIIOXKHOOPTaHM30BaHHOM CTPYKTYPOI aKTMBHOTO 1IEHT-
pa. HeoOxommMocTh OpMeHTallMK JMTaHAa TIPH 00pa30BaHMM KOMII-
JIEKCa TOJIXKHA IIPUBOIUTE K MAIIOMY 3HAYEHMIO TIPEAIKCITIOHEHIINATD-
HOI'0 MHOXMWTEJS B BBIDAXEHUU JJI1 KOHCTAHTBI CKOPOCTH TIpOliecca.
YTo KacaeTcsi 3HepTUU aKTUBALIMH, TO €€ 3HAYEHUE JO/LKHO OLITh MaJIO,
KaK M i BCEX NPOLUECCOB, KOHTPOJIUPYEMBIX TU(DPY3UEH.

AJIFTEDHAaTUBHBIA MEXaHU3M KOMIUIEKCOO6Gpa3oBaHus Gonee ciio-
keH. OH MCXOOUT M3 MOJCNU aKTMBHOIO LIEHTPA, PACIIONIOXKEHHOIO
BHYTpH 0eK0oBOM r100yabl. Bo3MOXHOCTL JOCTIDKEHHS CyOCTpaTOM HITH
addexTOpOM TIeHTPa KOMILIEKCOOGpa3oBaTels CBsi3aHa ¢ KoHpopMa-
LMOHHBIMU U3MEHCHUSAMHU aKTUBHOIO IIEHTPA B TIEPEXOTHOM COCTOSI-
HUM KoMIulekcooOpa3oBaHusd. O6pa3oBaBHIMICA KOMIUIEKC ITPEICTaB-
JIAET Co00 hakTHUECKH coeqMHEHNE BKITIOUeHHS. FI3BeCTHO, UTO KOH-
(opManmoHHBIE M3MEHEHMS B GeJIKaX XapaKTepu3yIoTcs, KaK NMpaBy-
JI0, 3HAUUTEIBHBIMH U3MEHEHUSAMU SHTAIBINHU. [T03ToMYy cilemyeT oXu-
IIaTh, YTO TAKOMY MEXaHU3MY KOMIUIEKCOOOPa30BaHMs IIPUCYIIN BLI-
COKHE 3HAYEHUS 9HepTrui aKTUBALUM.

BriGop Mexny anbpTepHAaTUBHLIMHA MEXaHM3MaMU MOXET ObITh CIe-
JIJaH Ha OCHOBE M3YUYECHMSI TeMIMEPaTypHOU 3aBUCUMOCTH KMHETUKHU
KOMITIIeKCco00pa3oBaHuss W3BECTHBI NIpHUMEPDI, ITOKA3bIBAIOIIUE, YTO
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MEXaHU3M KOMILIEKCO00pa3oBaHus, OOIaNalONIMil XapaKTepHBIMU Yep-
TaMH¥ MEXaHM3Ma BIUTIOUEHUS, MOXET UMETh MeCTO. Tak, SHEPrus aK-
TUBALMH KOMILIEKCOOOpa30BaHusd pomxaMuHa 6G ¢ aKTUBHBIM LICHT-
POM XMMOTPHUIICHHA paBHa 71 + 4 KIIX/MONb, B TO BpeMs KaK SHeprus
aKTMBALMU IPOLIECCOB, KOHTPOAMPYEMBIX nUddy3ueil, onpeaensercs
B OCHOBHOM TEMIIEPATyPHOU 3aBUCHUMOCTBIO KO3(D(GUIMEHTOB JuD-
(¢y3uu 1 He npeBbiaeT 8§ — 12 KJIX/Mosb. JTO SIBIIETCS CBULETENb-
CTBOM B I10JIb3Yy MEXaHM3Ma, CBSI3bIBAIOLIErO SHEPreTHYECKUil Haphep
KOMIUIEKCOOOPa30BaHus ¢ TEPMOIMHAMMYECKM HEBBITOHOI KOH(pOpP-
MaIlMOHHOM NepECTPOMKOM aKTUBHOTO HEHTPA B TIEPEXOIHOM COCTOS-
HUM 00pa30oBaHMsl KOMIUIEKCA.

7.4. KondopmanuoHnsie n3MEHEHHS
B (DePMEHTATHBHBIX PeAKIHAX

Kaxk u3BecTHO, GETKOBbIE MOJIEKYIIBI MOTYT 00/1anaTh HAG0pOM KOH-
opmanmoHHBIX cocTossHUM. Eciu KOoHGOpMaMoHHbIe M3MEHEHUS
3aTPAruBalOT aKTUBHBIA LEHTP (PEePMEHTA, 3TO MOXET ITOBIUSITL Ha
KMHETUKY (PEpMEHTATUBHOI peakuyu. Bo MHOrMX ciiyyasix CBsi3bIBa-
Hue depMeHTa ¢ CyOCTpaTOM WIM MHTUOMTOPOM TIPOTEKAET IO JBYX-
CTAIUNHOMY MEXAHU3MY:

E+S== X, =X, (7.9)

ITockonbKy 1pyu 00pa3oBaHMK (GE€PMEHT-CYOCTpaTHBIX UM (EepMeHT-
MHTUOUTOPHBLIX KOMIUIEKCOB He ITPOUCXONUT 06pa3oBaHMsT KOBAIEHT-
HOM CBSI3U, BTOpAst CTaAMsl peakiMU TIPEACTABISICT COO0H HEKOTOpOE
KOH(pOPMALIMOHHOE U3MEHEHHE MEPBUYHO OOPa30BABIIErOCsS KOMII-
JeKca. JToT PAKT NMPENCTABIISIET CO00M, ITO-BUIUMOMY, OTHO M3 HaM-
Oojiee CTPOrMX JOKA3aTENbCTB CYILIECTBOBAHUS KOH(OPMAIIMOHHEIX
W3MEHEHUH aKTMBHOTO LIEHTpPa (pepMEeHTa, CONMpPOBOXIAIOIIMX dep-
MEHTATUBHBIA KATaJIH3.

KondopManmoHHsle M3MEHEHUS BO MHOIMX CIy4asX ITPOTEKAIoT
nocTaToyHo 6picTpo (1074— 1073 ¢), ObicTpee 4eM TUMUTHPYIOLIAS CTa-
Ius kataau3a. OJHaKO B HEKOTOPBIX CIYYasiX 3TO JOBOJLHO MEIEH-
HbIe Iponiecchl. MOXHO TmoaraTh (M Ha 3TOM OCHOBAaHa OJHA M3 CYlle-
CTBYIOLIUX TeOpUi (hepMEHTATHUBHOrO KaTajiu3a), YTO KOH(pOopMaiH-
OHHEIE U3MEHEHMS B HEKOTOPBIX CIIYYasiX MOTYT SIBIATECH JTUMUTHPY-
Iouei cTanneil pepMEHTAaTUBHOTO NpeBpalieHus (cM. puc. 7.3, a).

Kondopmanuonnslie uiMeneHus Npd o0pazoBaHuHd KOMILIEKCOB Oe-
JIOK — opraHM4ecKuii Jurana. JJuHaMuKa KOHGOPMaIMOHHBIX M3MeHe-
HUI, COTIPOBOXIAIOIIMX KOMITIIEKCO0Opa3oBaHue GeIKOB C JUTaHAA-
MU, cyGcTpaTaMHd, MHTUOUTOpaMH, PEryiIsiTOpaMHy, B psiie ClIydaeB
IETaILHO MCCIIeoBaHA METOLOM TEMIIEpAaTypHOro ckauyka. PaccMot-
PUM KMHETHYECKOE MOBEACHHE CHCTEMBI, OTTMCLIBaeMoi cxeMoii (7.9)
B ycioBUsIX, OJIM3KUX K PABHOBECHUIO.
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B ofbuieM ciaydae cxeMy NpoLiecca MOXHO IIPEJACTaBUTE B BUJIE

k;
L+Q :4—’>_ LQ == LY (7.10)
-1 -2

KuHeTHuecKu IBYXCTaOUIHOCTE MPOSIBISIETCS B TOM, YTO U3MEHECHUSA
KOHIIEHTpALIMH KOMIIOHEHTOB OIMUCHIBAIOTCS ABYXOKCIIOHEHIIMANLHO!
dyuxkuueit. Iepexon LQ === LQ’ He cBsI3aH ¢ 00pa30BaHUEM KaKMX-
J0GO0 KOBAJIEHTHEIX CBSA3EH U IpeICcTaBiIsieT cO00it KOHGOPMAIIMOHHOE
U3MeHeHne KoMiuiekca LQ.

Kuneruka nponecca, npenacrapieHHoro cxemoii (7.10), onucoiBa-
€TCSl CUCTEMOM YpaBHEHMI

9 Lo +kiLQ,

%Q—] = K LQ - (ky + ky)[LQ] + k5 [LQ], o
0, = 0 +[LQ] +[LQ], '
I, = L+[LQ])+[LQ].

M3 ypaBHeHuii MarepuaiJbHOro bajgaHca ciemyer, yto AL = AQ,
A[LQ’] = -AQ — A[LQ]. Eciu mepeitTi K HOBBIM NepeMeHHBIM AQ U
A[LQ)], cucTeMma ypaBHeHHMIT TIpeobpa3yeTca K BUAY

d—Ag = aHAQ + ale[LQ] + Cl’
) (ﬁ (7.12)
_A[d_tg =0y AQ + anA[LQ] + (.

3nmecs
apn = _kl(Qp + Lp), a, = k.,

ay = ki(Qy + L) — ko, apn=—(k; + ky+ k),

Q,, L, — paBHOBECHLIC 3HAYCHMSI KOHLEHTPALMM CBOOOMHBIX LEHT-
POB KOMILIEKCcoobpa3oBaread 1 auranga coorsercteeHHo; €y, C, —
KOHCTAHTBL.

Nuueapuzanmsi cUCTeMEI ypaBHeHMi (7.12) okazanach BO3MOXHOM,
TIOCKOJIbKY CMELIEHHE OT COCTOSIHUS paBHOBeCHUs HeBEMKO (AQ <« O,
AL «< L, A[LQ]U << [LQ],, A[LQ] < [LQ’],). HUHTerpupoBaHue cuc-
TEMbI YpaBHEHUM NMPUBOIUT K CICOYIOIIEMY Pe3ysbTary:

AQ = Chexp( 1) + Cexp(Ayf) + CY, (7.14)
A[LQ] = Gyexp(Mt) + Chexp(hyt) + Gy, (7.19)

e Cyy, G, Gy, Gy, Cf, Cf — TNOCTOSHHEIE; Ay, A, — KOPHHU Xapak-
TEPUCTHIYECKOTO YPaBHEHUS:
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=k | o (7.16)

ay ay —A

KopHu kBaapaTHOTO ypaBHeHUs (7.16) maHbl UpPaMOHAIBHON (HyHK-
e

2
a +a ay —a
Mg =Bty ( - 22) (e tanay). (117

W3 skCiepMMEHTAIbHBIX JaHHBIX MOXHO HalTH ABa BpeMeHU peJiak-
Call¥ T; W T,, KOTOpbIE CBA3aHBI C KOPHAMH XapaKTEPUCTUYECKOTO
ypaBHEHHS COOTHOIIIEHUEM
T = L T I

157 T =——.
A Ay

Kunetnyeckue 3aBUCUMOCTH, OITMCHIBaEMbIE CYMMOIA IBYX 3KCITO-
HeHUHMAJbHbIX WICHOB BUa

X =Cexp . +C; exp L , (7.18)

T T2
Ha MpaKTUKe BCTPeYaloTCs JOCTaTOYHO yacto. [loatomy nenecoobpas-
HO OCTaHOBUTBCS Ha TOM, KaK MCXOIS M3 3aBUCHMMOCTH X(¢) ollpene-
JIUTB TIapaMeTphI Ty, T3, €|, C,. OOBIYHO IOCTYIIAIOT CIEAYIOIUM 06pa-
3oM. Ecnm mokasatenu 3KCHOHeHT B ypaBHeHUsx (7.14), (7.15) otnu-
yaloTcs Gonee yeM B 10 pa3, KaXkmyio 3KCIIOHEHTY MOXHO PacCMOT-
peTh He3aBUCHMO U OTpedefuTh 3HaYeHue T; U T,. ECIu Xe T, U 1,
COM3MEpUMBI, YIOOHO NPUMEHUTE MpubImxeHHbIA MeTom. C 3Toi 1e-
JIbIO 3aBUCUMOCTB X(#) CTpoST B HOMyJorapuMUYeCKUX KOOpIAWHa-
Tax. VI3 TuHEHON YacTh KPHBOIl IIpH HOCTaTOYHO OOJBIIUX BpeMe-
Hax, Korma IepBbIM (6oyiee «OBICTPHIM») KCIIOHEHIIMANBHBIM 4JIe-
HOM MOXHO IpeHeOpeyb, IT0 TaHIeHCY YIJIa HakJIOHa OIpenessieTCs
BpeMsi T,, 110 OTPE3Ky, 0TCeKaeMOMY Ha OCH OPIWHAT, — KOHCTaHTa
C,. Tlokasarenb BTOpOil SKCHOHEHTH HaXOOAT IO TaHTEHCY yIvIa Ha-
KJIoHa rpaduka 3asucumMoctu In| X — C,exp (-#/1,)| OT ¢ B COOTBETCTBUU
¢ ypaBHenneM (puc. 7.5):

In|X -GCyexp L =lnCl~i. (7.19)
T T2
AHanormyHO MOXHO TIPOBECTH aHANIM3 3aBUCUMOCTEN BMJIa
Y= Ciexp(-t/1)) + Gexp(-t/ty) + C,

VYUTBIBasg, YTO IpU f — o uMeeM C' = Y.

BepreMcs x aHanusy cucteMbl (7.12). M3 cootHomenuit (7.13)
BUJTHO, YTO XOTS BpeMeHa pelaKCalldil U ONpeleysioTCs 3MeMeHTap-
HBIMH KOHCTaHTaMM, OMHAaKO B CHUIy MPPallUOHATBLHOCTH (DYHKLIMH
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1,0
0,8
0,61
0,4}
0,2+
1 1 1 B
0 1 2 4
t-10%, ¢
a
InAD In|AD — Gyexp(-t/1))|
3 &
2
1 .
i 1 1 1 —l
0 1 2 3 0 5 10
$-102 ¢ £103 ¢

6 8

Puc. 7.5. Kuneruka ¢boToXpoOMHOro ripeBpaileHUs 2-(2',4'-nMHUuTpoOeH3 W) -
MMMPUIUHA B TIPUCYTCTBUU O-XUMOTpPUIICHHA:

a — W3MEeHeHHe BO BpeMEHM ONTHYECKON IUTOTHOCTH; 6, 8 — JOaHHble pUc. 7.5, a
NpeACcTaBICHbl B NOMYA0rapuhMUUeCKUX KOOPIUHATAX

(7.17) HemocpenCTBEHHOE BBIYMCIIEHHE 3JIEMEHTAPHBIX KOHCTAHT IO
BPEMEHM pejlakcalui 3aTpyaHeHo. MckinodyeHne CoCTaBIgIoT HEKOTO-
pble YacTHble CIy4yau, KOTa BpeMeHa pejlakCcalliH CYILECTBEHHO pas-
nuqatorcst (cM. Huke), Ipu 06paboTKe 3KCIepUMEHTATBHBIX PE3YIIbTa-
TOB, ONMMCHIBAEMBIX CYMMOI1 ABYX 3KCIIOHEHT U ypasHeHusamu (7.14),
(7.15), ymobHO BOCHONB30BaThCS TEM, YTO KOPHH KBaJPaTHOro ypaB-
HEHUS A| U A, CBSI3aHH COOTHOLUEHUSIMH

M+ A =—(ay + ap) = k(Q, + L) + (ky + ky + k), (7.20)
Aihy = ayay + apay = (kik, + kik_y) (Qp + Lp) + k ko (7.21)

BKCNepUMEHTATIbHOE U3YYEHHE CUCTEMBI O.-XHMMOTPUIICHH — IPO-
(b1aBUH METOIOM TEMIIEPaTypHOTO CKayka IOoKa3azo, YTo KMHETHKA
MpoLIECcCa ONUCHIBACTCSA ABYMSI COM3MEPUMBIMY SKCIIOHEHI[MAIBHBIMH
YIeHaMU, T. €. IByMs BpeMeHaMu pesakcauuii. Ha puc. 7.6 npuseneHa
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(7t + 131073, ¢t 1t tgt 1075, ¢?

Y L]
201 80
10+ 40+
1 ] 1 1
0 10 20 0 10 20
(Ly+Gp)10°, monb/n (Lp+Q,)°10°, momb/n
a 7]

Puc. 7.6. 3aBucuMocTh BpeMeHHU petakcaunu (17 + 13!) (@) u 17'13! (6) ot
CYMMBI PABHOBECHBIX KOHIIEHTPALMi 0.-XMMOTPUIICHHA U IPOdIaBUHA B pe-
aKuMM 00pa30BAHMS KOMILIEKCA

3aBUCUMOCTh QYHKIMHK (77! + 15') OT CyMMBI PaBHOBECHBIX KOHLIEHT-
pauuit pepMeHTa M KpacuTess. Ilo TaHreHCy yIila HakJioHa rpauka
3TOHM 3aBUCUMOCTH OIIpeAeisieTCs KOHCTaHTa CKOpPOCTH k;; OTPE30K,
OTCeKaeMBI Ha OCH OpIuHaT, HaeT CYMMY KOHCTaHT (k_; + &k, + k).
COOTBETCTBEHHO U3 3aBUCHMMOCTH (YHKLMHU Ti'13' OT CYMMBI paBHO-
BECHBIX KOHIIEHTpallnii pepMeHTa U KpacHTeNIs OIpele/aioTcsa napa-
MeTpHI kik» + kik_, (ITo TaHTeHCY yIiia HaKJIoHa) U k_j k_, (110 OTpe3Ky,
oTceKaeMOMY Ha oCH opauHaT). TakuM o6pa3oM, 13 3KCIIEpUMEeHTaNb-
HBIX JaHHBIX pUC. 7.6 ToyyeHa CUCTeMa YeThIpeX YpaBHeHMIT (Mapa-
METPHBI IIPSMBIX) C YEThIPbMSI HEH3BECTHBIMHM (KOHCTAHTBI CKOpPOCTH
ki, k_y, ko, k;). PelleHue 3T0i CHCTEMBI YpaBHEHU IIPUBOANT K 3Ha-
yeHuaM: k; = (0,63 + 0,13)- 10 ii/(mMons - ¢), k_; = 1200 + 600 ¢!, k, =
= 520 + 350 ¢!, k, = 7040 + 350 ¢'. Takum oGpa3om, KoHGPOpMa-
UMOHHOE M3MeHEeHUE MepBUYHOr0 KOMILIEKCa IIPOTeKaeT TOCTaTOYHO
6ricTpo (~107* ¢) M ABNAETCA TEPMOMMHAMHUYECKH HEBHLITOXHBIM (K =
= k_z/kz = 14)

BosHukaeT Bolpoc: Kakosa TJTyOWHa HabMomaeMbIXx KoHGopMaLu-
OHHBIX M3MEHEHHM, 3aTparuBaloT Ji OHH BCIO MOJIEKYTy Oenka i
HeOOJBII0i YJacTOK B paiioHe aKTHMBHOTO HeHTpa? UToObl OTBETUTH
Ha 3TH BOIPOCHI, HYXKHO MCCIIeIOBaTh U3MEHEHUST OOBbEMOB CUCTEMBI
B mpolecce 00pa3oBaHus KOMILIEKCA.

W3 Teopuu NepeXogHOro COCTOSTHUS CIeqyeT, UTO KOHCTaHTa CKO-
pPoOCTH Kakoro-iambo mporecca CBsA3aHa C U3MEHEeHUEM AaBJICHHS B
CUCTeMe CJIEOYIOIIUM COOTHOIIEHHEM;

dlnk  AV*
p RT’
Tme AV* — usMeHeHHe 0OBbeMa IMpH IEpeXo[e MCXOAHBIX BeleCTB B
AKTHBUPOBAHHOE COCTOsIHHE. 3HaYeHHe A V'* MoxXeT OBITh HalleHO U3
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3aBUCHMOCTH KOHCTaHTBI CKOPOCTH peaKIMu OT AaBieHust. i1 3Toro
HeOoOXOOHUMO 3HATh KOHCTAaHTY CKOPOCTH peaki(uu, o KpaliHeil Mepe,
IIpY OBYX 3HAYeHHIX NaBIeHHA. [ 3THX 3KCIIEPMMEHTOB OblIa UC-
MOJIb30BaHa METOJMKa TeMIePaTypHOro CKayka, MO3BOJIONas Mpo-
BOJUTHh KHHETUYECKHE UCCIeHOBAHUA MPHU PA3TUYHBIX BHEIIHUX JaB-
JIeHUsIX, M MCCJIeNOBaHa KWHETHKA KOMILIEKCOOOpa30oBaHUsI XPOMO-
(opHOIT MeTKU 6poMpeHOTOBOr0 CUHETO C B-NTaKTorI00yTMHOM, KO-
TOPBINA TIpelcTaBisgeT co0oil IMIPOTEMH MOJIOKa MOJIEKYJISIPHOI Mac-
coii 17 750. BpoMmdeHomoBbIN cunnii aBIseTCd XpOMO(OPHOI METKOMA
B-maxkTornmobyavuHa, OH CBA3BIBaeTCS ¢ GeJKOM B cTexuoMeTpuu 1: 1,
IIpU 5TOM HabIIONAI0TCA CYIeCTBEHHBIe N3MEHEHUS B CIIEKTpax Kpa-
cutenst. KiHeTHKa KOMIUIEKCOO0pa3OBaHMs XapaKTepH3YeTCs IBYMA Bpe-
MeHaMH pejakcaluu. [lepBrulit GBICTPHINA IIPOLIECC 3aKaHUYMBAeTC 3a
HECKOJIBKO MUJUTHCEKYH]I, BTOPO# — 3a COTHY MUJLUTUCEKYHI. DTO Cy-
LIECTBEHHO YMpOoIlaeT KUHETUYeCKUH aHalu3, MOCKONIBKY IIpH UH-
TepIpeTaluy OBICTPOro IMporecca HET HeOOXOMUMOCTH YYUTBIBATh BTO-
poii — Gojiee MeAJIEHHHBIH Ipollece, a Py aHaInu3e MeJJIEHHOTO Mpo-
riecca «ObICTpas» peakius 3aKaHYMBaeTCsi, JOXOIUT IO PaBHOBECUS U
MOXeT OBITh OXapaKTepu30BaHa KOHCTaHTO! paBHOoBecHs. EciM peak-
LHIO NMPOBOAAT B OOJIBIIOM M30BITKe Oesika (J, >> L, KUHETHKY MpO-
1iecca OMmUCHBalOT cxeMoi (7.10), u3 KoTopo# ClenyloT ypaBHEHUA
JUIST «OBICTPOM» peslakcalii

I/Tl = k—l + kl Qa (723)
n i «MCIUICHHOI‘/)I» pejakcaumuu
1/t =k, + kKo Qu/(1 + K,y Q) (7.24)

roe K, = [LQ]/[L][Q] — xoHCTaHTa acCoUMAMK IEPBUYHOTO KOMII-
JieKca, UMeEIoINas pa3MepHOCTh 06paTHOM KOHIIEHTPaIUH.

OO6miasi KOHCTAaHTa CBS3BIBaHMsI, OIpenefseMas U3 SKCIIEpUMEH-
TOB, NPOBEACHHBIX B PaBHOBECHBIX YCIOBMSAX, PACCUMTHIBAETCSA IO
ypasHennto K, = K, (1 + K,).

Ha puc. 7.7 npuBeneHb 3aBUCUMOCTH BpeMeHHU «OBICTpOil» penak-
CalMy OT KOHIIEHTpaluu Geska Ipu IBYX 3HaYeHusiXx gaBieHus. M3
9TUX JaHHBIX B COOTBETCTBHM C ypaBHeHHeM (7.23) ObLTH HallaeHH
KOHCTaHTH k; u k_;. KoHcTaHTH k; 1 k_, ObUTH OIIpeneNieHbl U3 3aBUCH-
Moctu 1/1, ot K,;Q,/(1 + K,;Q,) (cM. ypaBHeHue (7.24) u puc. 7.8)).

B Ta6:1. 7.2 npuBeneHH HalileHHbIE 3HAYEHUS 3JIeMEeHTapHBIX KOH-
CTAHT CKOPOCTH M paBHOBecus miporrecca (7.10), BeIurcieHHblE C yue-
ToM cooTHoueHui (7.23), (7.24) v 3KCTpanmoJMpOBaHHbIC K HYJIEBO-
My HABJIEHUIO, a TaKXe 3HauyeHHs OOBeMOB akTuBanMu. Ha ocHOBE
Hal{TeHHBIX 3HaYeHWI KOHCTAHT MOXHO BHYMCITUTh N3MEHEHUS CBO-
OONHOY dHepruu 1 N3MEHEHNUs 00BEMOB ITpK 06pa3oBaHuU KOMIUIEK-
ca 6eToKk — Kpacurelb (puc. 7.9).

U3 1rmoydeHHBIX 3KCIEPUMEHTAILHBIX JaHHBIX ClIeqyeT, YTO KOH-
dopManmoHHBIe u3MeHeHHs Ha ctaaud LQ === LQ’ umeloT JoKaib-
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T, mc1

1,2

0,8

0’4 1 1 1

0,104, monb/n

Puc. 7.7. 3aBUCUMOCTb BpeMEHU «ObI-

CTPOli» pejakcaiuu OT KOHUEHTpA-

MU B-TakTormoOyniuHa B peakuuu

KOMILIEKCO0Opa3oBaHus ¢ OpoMde-

HOJIOBBIM TOJIyOBIM NpU AABJIEHUU
p =12 (1), 300 (2) atm

0 1 2 3 4
K1Q,/(1 + K1 Q)

Puc. 7.8. 3aBucuMoCTb BpeMeHU

«MEIJIEHHOM» PETAaKCALUU OT KOH-

LIEHTpaLuu OeJika B peakiluy KOM-

I1eKCo00Pa30BaHus B-1aKTOrIO-

OynuHa ¢ O5poMGbEHOTOBBIM TOJTY-

O0pIM mpu gaBieHuu p = 18 (J),
210 (2) am

HBI# XapakKTep M He BBI3BIBAIOT OOJIBIIION peopraHM3allMu OeIKOBOM
MoneKynabl. Kak Ha CTamuu akTUBAllMM, TaK M B paBHOBECHOM COCTOSI~
HUU U3MeHeHHe ob6beMa cucTeMbl B 103 pas MeHblile MOJISIPHOTO 06be-
Ma 6enka. KoHdopMallnoHHbBIe U3MeHEHHUS NIPUBOAST K YBETHYEHHUIO
o6BbeMa, U NpHU 3TOM KOMIUIEKC CTAaHOBUTCS Oolee MpouHBIM (K, > 1).

Kondopmaiinonnble M3MEHEHHSA, HHAYIMPOBAHHBbIE CTPYKTYPHBIMH
oco0enHocTaMH Juranaa. OnHa u3 Hauboslee MPUBIeKaTeIbHBIX THIIO-
Te3, OOBICHAIOIINX CIeM(HIHOCTD JeCTBHS OHMOIIOTMMEPHBIX KaTa-
JIM3aTOPOB, CBA3aHa ¢ KOH(POPMALIMOHHBIMUY U3MEHEHNsIMU Beka. BTo
THIIOTE3a MHAYIIMPOBAHHOIO COOTBEeTCTBHU (CM. Il 9). Cnetundnde-

Tabnuga 7.2

KnneTHyecKue M TEPMOJHHAMHYECKHE MAPAMETPHI Hpouecca
KOMILIEKC000pa3oBaHusa OpoM(peHOI0BOro CHHEro ¢ B-1aKToro0y IHHOM

IMTapameTp AV*(AV®), e /monb
k,=76-102c! 26
k; = 6,4-10° n/(monb - €) 34
K, = 8,4-10% 1/momb
k,=22c!
ky = 39,0 ¢! 12
K,=177
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AG, x[x/Monb

40

20

-20 LQ

Koopnunara peaxuuu
a

30

20

10

KoopayHara peaxuuy
0

Puc. 7.9. UsmeneHue cBoGoaHOlM sHepruu (@) u MousipHoro obsema (6) cu-
CTEMB! B X0I€ peakiud 00pa3oBaHUs KOMILIEKca OpOMGEHOIOBOIO rojayooro
C PB-IaKTODIOOYIMHOM

CKHMI cybCcTpaT, CBA3BIBAsICh ¢ aKTHMBHBIM LIEHTPOM, BBI3HIBA€T KOH-
(opMaIMOHHBIe U3MEHEeHH, (GPOPMUPYIOLINE aKTUBHEI LIEHTP U obec-
MeynBaIIie GyHKIMOHUPOBaHUE CIOXHOOPTaHU30BAHHOIO aKTHB-
Horo ueHTtpa. Hecnemmduyeckuii cyOeTpar, TuIIeHHbI He0OX0MUMbIX
«pBbIYaroB» BO3ZEHCTBUS Ha OelIKOBYIO MOJIEKYITY, He CIOCODeH oCy-
LUECTBUTh HEOOXOMMMYIO KOH(pOPMALIMOHHYIO MEpecTpoiiKy, U peak-
LU C €ro ydyacTueM NpOTeKaeT CYIIECTBEHHO MEAJICHHEe, eClIu T1po-
TeKaeT BOOOlIIe.

ITonyyeHbl BKCNEPUMEHTAJIbHEIC JaHHBIE, MOKa3biBaIOLIKE, YTO B
HEKOTOpHIX Cily4yasgx KOH(popMaloHHbE H3MeHeHs B OejrKe, BO3HU-
Kalolllue Ipu CBA3BIBAHUU OPraHW4YeCKMX JIMraHIoB (cydcTpaToB, KO-
(haKTOpOB, UHIMOUTOPOB), 3aBUCAT OT CTPYKTYpHL uranaa. B xauecTse
NpuMepa paCCMOTPUM JAMHaMUKY CBSI3bIBaHMg € annodepMeHTOM (hIIa-
BOAOKCHMHA M3 a30TobakTepa — Kodakropa (jlaBHHMOHOHYKIJICOTHIA
(®MH) (cM. . 8).
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D1aBUHMOHOHYKJIEOTU 00pa3yeT KOMIUIEKC C anodepMeHTOM 00-
paruMo 6e3 obpasoBaHUs KOBaJeHTHOI cBsi3u. Kodakrop MoxHO Xu-
MUYECKU MOIUQPHUITUPOBATH MU ITOMYYHTh €ro aHanoru. PaccMoTpum,
KaK M3MeHeHHUs B CTPYKType KodakKTopa BIHAIOT Ha ero B3aUMOIECii-
cTBHe ¢ anodepMeHToM. MccienoBaHus B paBHOBECHBIX YCIOBUSAX I10-
Kasaau, 4To Hajmure S-¢ocaTHON rpymiibl B KOGaKTOPe CYILECTBEHHO
yBeIMUHBaeT accolmanno Kodakropa ¢ anmodepmerntom. Uccrenona-
HUS OBUTH TIPOBENEHBI C UCITOIB30BAHUEM METOIOB CIIEKTPOPOTOMET-
puH, CrieKTpo¢hIyopuMeTpUH, KpyroBoro guxpousMa. [TomyyeHnbie pe-
3YABTATHl YKa3bIBAIOT Ha TO, YTo ocdarHas rpynna ®MH uHaym-
pyeT B OeJIKe peopraHu3anulo, Kotopasi obiieryaeT Mpolece CBA3bIBa-
Hus KodakTopa. KuHeTnveckoe MoOBeIeHUE CUCTEM, COIEpXKAIUMX U
He comepXalux ¢ocdaTHyO IpyIily, OTIHYaeTCsl KApAUHAIBHBIM 06-
pasoM. AHanoru @MH (pubodraBuH ¥ ero MpoOU3BOIHbIE), OTIHYAIO-
muecst o DMH orcyrcrBueM ¢ochaTHOM Tpyrmsl, 00pa3yioT KOMII-
JIeKC ¢ armogepMeHTOM 10 OTHOCTAIMHHOMY MexaHu3My. KuHeruka
Mpoliecca XxapaKTepu3yeTCs OMHUM BpeMeHeM pejlakcalliH, aHaIu3 3a-~
BUCHMMOCTH KOTOPOTO OT PaBHOBECHBIX KOHIIEHTpaIlMil KOMIIOHEHTOB
MO3BOJISIeT HAaliTH KOHCTaHTH k; U k_;. Kuneruka cBs3bBanus @MH
MIpencTaBisieT coboil Goyee CIOXHBIA IpOIeCC U XapaKTepu3yeTcs
IIBYMsI BpeMeHaMH penakcaruu. [Ipomecc ormucerBaetcst cxemoii (7.10),
Ile BTOpasi CTamMs IpeAcTaBasieT co0oil KOHPOpMallMOHHOe M3MEHe-
HUe IepBUYHOro KoMiuiekca. M3 maHHbIX 110 3asucuMoctu (17! +13') u
77115! OT CYMMBI paBHOBECHBIX KOHILIEHTpauuii Geika M KodakTopa
HaiIeHbl KOHCTaHTBl CKOPOCTH BCEX 3JIeMeHTapHbIX peakinii. [1o ana-
JIOTHYHOMY JIBYXCTaIHHHOMY MeXaHH3MY IIpOTeKaeT CBI3bIBAHME C aK-
THBHBIM 1IeHTPOM 5-mea3o(aBUHMOHOHYKIEOTHAA, CONepXallero
dochaTHyIO rpynny u ommmyarwmerocs o ®MH 3aMelieHueM a3ora
Ha ymiepof o MSITOMY MOM0oXeHu10. TakuMm o6pa3oM, IIpoBeneHHBIE
KUHeTHYeCKHe IKCIepHMEHTH IIPSIMO IOKa3bIBalOT, YTo (ochaTHas
rpynmna 38 @®MH unnynupyeT KoHpOpMallMOHHOEe M3MEHEHHEe B aK-
TUBHOM IIeHTpe (pepMeHTa, CONPOBOXNAIONIEeCS YIIPOUHEHUEM CBI3U
6e10K — Ko akTop.

Pob KOR(POPMAIMOHHBIX H3MeHeHHi B KaTanu3e depmentamu. [Ipax-
TUYECKH JIJISI BCEX XOPOIIO M3Y4YeHHBIX (hepMEHTOB XapakTepHa JIBYX-
CTaAUUHOCTD NP CBA3BIBAHKH CYOCTpaTa ¢ aKTHBHBIM IIEHTPOM ep-
MeHTa.

Ha puc. 7.10 nmpuBeneHa KuHeTHYeCKas cxeMa JAeHCTBHSA pUOOHYK-
Jleasbl A, HCCleqOBaHHAsi METONOM «OCTaHOBJIEHHAas CTpys— TeMIle-
paTypHBI CKayoK». Peakuus, Kataau3upyeMasi 3TUM (hepMeHTOM,
BKITIOYaeT NMepedtepudukanuio 3’,5-IMHyKIeoTHAa ¢ 06pa3oBaHUEM
muknnyeckoro 2',3’-pukiodgocdara, mocie 4yero ciaeayer T'MAPOIN3
umknyeckoro ocdara ¢ 06pasopaHueM 3'-HyKileoTuna. s kaxmo-
o knacca cyberparos (37,5 -munykieotun, 2',3’-uukinodocdar, 3’-Hyk-
JleoTHa) peakLusl BKIIOYaeT OMMOJIEKY/SIpDHYIO CTanulo 06pa3oBaHuUsA
NEpBUYHOTO KOoMITIeKca (ctamun I, I, 1”), 3a KOTOpOIii ciieqyeT cra-
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E2’p  [OUs €ro U3oMepu3alyu (CTafguu 2,

E'3's'P E'2'3'P

2’, 27). Kpome Toro, uccnenoBaHue
2 2 2" cBobOmHOro (pepMeHTa IMOKA3aNIo,
o ot ' 4yT0 OEJIOK CYLIECTBYET B ABYX KOH-

E3SP E23P E3P dopmanmax (craaus 3).
] 7 7" JertanpHOE HCCeaOBaHNEe KUHE-
THKHU NeHCTBHUS acrrapTaTaMUHO-
E+3'5'P E+23'P E+3'P  TpaHcdepashl IOKa3ano, YTo KUHE-
TUYEeCKasl CXeMa peaklMHu BKJIIOYa-
3 3 3 ercrammo KOH(OPMAaLITHOHHOTO M3-
E E E MeHeHus (epMeHT-CyObCTpaTHOTO

KOMILIeKca, CJIeqyIoIlero 3a copo-
uuel cybcTpara.

Ilpu kaTtamu3se O-XUMOTPHIICH-
cramun 1, I, I — xommiekcooGpaso- HOM TIPH KOMILTEKCc00Opa3oBaH UM
BaHMe Cy6CTpaTa c aKTUBHbIM LeHTpoy; CYOCTPAaTOB C aKTHBHBIM LIEHTPOM
2, 2', 27 — KoHOpPMaMOHHbBIE U3Me- cbepMeHTa HabMomarTcs 3aMeTHRIE
HEHUsSL (ePMEHT-CYGCTPaTHOTO KOMN-  H3MEHEHMs B CIIEKTpaXx IIpH JJTMHAxX
Jekea; 3 — KOH(I)?pMaHI/IOHHBIe M3ME-  BOJIH, OTBEYAIOIIUX ITOTJIOUIEHUIO
HeHU cBOOOLKON GOPMEI BEPMEHTA  Ganys  AnaioruyHEIE H3MEHEHMS pe-

TUCTPUPYIOTCS TIpH 00Pa30BaHUU He-
KOTOPBIX aliipepMeHTOB. B MexaHM3Me THApon3a aMHAIoB CTaIust obpa-
30BaHUA anuI(epMeHTOB SBJIsieTCa JUMUTHpYIomeh (k; << k3). C uc-
MoNb30BaHEM KOMOHHUPOBAHHOIO METoNa «OCTaHOBJEHHAS CTPYSI —
TeMITepaTypHBIN CKaYOK» MMOKa3aHo, YTO B peakKI[M{ THAPONM3a aMuna
N-¢dypounakpunonn-L-rpunrocdana o6pa3oBaHue peaKIIMOHHOCIIOCO6-
HOTro (hepMEHT-CyOCTpaTHOro KOMIUIEKCA ITPOTeKAaeT Yepe3 CTaIUIo Me-
TaCcTabWIBHOr0O MPOMEXYTOYHOTIO COeqUHEHUS:

Puc. 7.10. Kuneruueckast cxeMa aeii-
CTBUS pUOOHYKIEa3bl A:

KS k:)_
E+S<—=ES =—=ES—E+P
k ko

3meck Kg=6-107 n/(Monb-c); ky = 10* ¢! k= 1,5 ¢! k= 10% ¢l

Kon¢popMallmoHHOe HM3MeHEHME SIBJISETCS HECKOJBKO TEPMOIH-
HaMu4ecku HesbirogHbIM (K, = [ES’]/[ES] ~ 0,05). B HacTosiitiee Bpe-
M MIPOBEJEHO MHOTr0 M3MepeHHI KOHCTAHT CKOpOCTei KoHGpOpMa-
IIMOHHBIX M3MEHEeHHIl 0eJIKOB, COIPOBOXIAIOMIMUX KaTaAIMTHIECKUE
npeBpameHUs. Ha ocHOBe 3THX HaHHBIX MOXHO CHEJATh CTATHCTHYE-
CKUH aHAIN3 C LIeJbIO BHIABIEHUS THIIMYHBIX XapaKTepUCTHK IIPOLIeC-
ca. Ha puc. 7.3 npuBeneHa KpuBas IUIOTHOCTH paclpelelleHUs KOH-
CTaHT CKOPOCTH KOH(MOPMALMOHHBIX M3MEHEHHH Kyoyp. MaKCHMYM
IUIOTHOCTH pacripeseaeHus oreedaet 10° ¢!, BumHo, 4To KpuBas rioT-
HOCTH paclpefie/ieHus1 BeCbMa OJIM3Ka K KpHUBOI pacripele/ieHus] KOH-
CTaHT CKOPOCTel JTMMUTUPYIOLINX cTaguil. MoXHo MojaraTs, 4t0 B
HEKOTOPBIX CIy4asX CKOPOCTh KOH(GOPMAallHOHHBIX U3MEHEHHI OIIpe-
JEJISIET CKOPOCTH (hepMEeHTAaTUBHEIX PeaKIuil.
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OnHako B 6ONBIIMHCTBE CIYYaEB  AG
KOH(GOpMalMOHHbIE U3MEHEHUS \
TIpOTeKaloT OBICTPEE U TIPEIIECTBY- \
10T TUMHTHpPYIOLIel ctamun. Kave-
CTBEHHO pPOJIb KOH(POPMALIMOHHBIX \
U3MeHEeHHU B KaTtanuse dhepMeHTa- Co. AGi,B
MH oyeBuaHa. PepMeHTaTUBHBIE pe- 12 Crongn
aK1[UH TIPOTEKAIOT 10 CIOXKHBIM Me- \
XaHU3MaM C Tepepaclipene/ieHueM AGiong \ 5 //
GONBIIOr0 YMCIa cBA3eil. Takoro ~
poza MpoLeccs He MOTYT NPOTeKaTh Koopnuuara peakiu
B OHHY cTagMio. MexaHU3MBI Aeii-
cTBUS (pepMEHTOB BKIIOYAIOT 00pa-
30BaHMe M pacxon OOJBIIOro YucCiaa
MeTacTaOMIBHBIX MHTEpMEIHUaToB. HpOBOXIAIONEECH KOHDOPMALLH-
DepMeHT 00ecrieyuBaeT NyTh peak- ..o\ [IpEBpAIICHUEM, 1O KOOp-
UMM C HAMMEHBIMMU JHEpreTHYe- [MHATE PEAKIIUM
CKUMH Y SHTPOIMITHBIMU 3aTparta-

Mu. MexaHu3M aeiicTeus depMeHTa

MOXHO CpaBHUTh C pabOTOH CTaHKa ¢ MPOrpPaMMHLBIM yIIPaBIeHHEM,
JEUCTBYIOIMM Ha MOJEKY/ISIPHOM YpOBHE, IIPH 3TOM KOH(MOpMalMOH-
Hble U3MEeHEeHUs 00eCcNeunBaloT BHIIOTHEHHE 3TOi TporpaMMEL. B Tep-
MUHaX XMMHUYECKOI KMHETHKH 3TO 03HayaeT, YTo 3a cueT KoHgopMa-
LIMOHHBIX M3MeHEeHU M B HCXOMHOM COCTOSTHUM 00eCIIeYuBaeTCs CTPYK-
Typa, O1Iu3Kas K NepexoqHoMy coctossHuo. KoHdopManuoHHble n3-
MEHEHMS «IIPOIBUTAIOT> peareHTHI o myTy peakuuu. Ha puc. 7.11 npu-
BeIeHBI 3HepreTHYeckue NpoQuiIn rnepexoaa CUCTEMBL U3 MOJIEKYJIAp-
HOTO cocTogHMA A (IIOTeHUMAIbHAsl 3HEPrus MOJIEKYJBl ITOKa3aHa
CIUTOLIHOM NTUHHUE) B MOJEKYISIpHOe cocTosiHue B (MoTeHImanbHast
SHeprus AaHa IyHKTHUPHOU JuHuell). ObpazoBaHue KoHGopMepa, 1o
CTPYKType OJHU3KOIo K IepexoIHOMY COCTOSTHUIO MIIU HPOAYKTY peak-
LMK, CITOCOOHO 3aMETHO YMEHBIIMTh NMOTeHIIHAIbHBIN Oaprep peak-
uu. Ipu 3T0M MOHMXeHUe 6apbepa TeM CyLIeCTBEHHee, YeM Omixe
CTPYKTypa KoH(popMepa K IEPeXOIHOMY COCTOAHHIO WIH IPOAYKTY
peakiuu.

Craauu nepeHoca nporona. XapakTepHast oCOOeHHOCTh (hepMeHTa-
TUBHBIX pEaKlMii — y4aCTHe CHJIbHBLIX KUCIOT U OCHOBaHUH B Kaye-
CTBe KaTaJlMTUYECKW aKTUBHBIX IPYIII MHOTHX (hepMeHTOB. 3aKOHO-
MEPHOCTH KHCIIOTHO-OCHOBHOTO KaTalu3a B (pepMeHTaxX pacCMOTPEHbB
B 1J1. 8. [ToCKONBKY KHCIIOTHO-OCHOBHOM KaTalau3 CBA3aH C 3JIEMEHTap-
HBIMU CTamWSIMHU MEpeHOCa IIPOTOHA, 3TH PEaKLVH WMIPaloT GOJBIIYIO
poib B (pepMEeHTAaTUBHOM KaTaJlu3e.

Biaromaps xiaccuyeckuM paboram M. EifreHa MeXaHU3M peakIiInii
IIPOTOHOB C OCHOBaHUSIMH M MOHOB TMIPOKCHJIA C KHUCJIOTaMU B Ha-
CTostillee BpeMs XOpolIo u3ydeH. OCHOBHOM BBIBOI 3aKJIIOYAETCH B TOM,
YTO JyIst OOBIYHBIX KUCIIOT M OCHOBAaHU M, BKITIOYAIOUIMX aTOMBI KHCITO-
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Puc. 7.11. U3meHeHUe cBOGOIHOM
JHEPTUY MEPEXOJa MOJIEKYJIB U3
cOCTOSHUSI A B cocTosiHue B, co-



pogsia, cepsl, a30Ta, peakiuy IIPOTOHOB C OCHOBAHUSIMU U MOHOB TH/I-
poKcuia ¢ KUCIOTaMU He 3aBUCST OT OCHOBHOCTU WU KHCIOTHOCTH
peareHTOB U MPeACTaBISIOT COGOI MPOLIeCCH, KOHTPOIUpyeMble Tud-
dbysueit (k= 10" 1/(Monb - ¢)). COOTBETCTBEHHO KOHCTAHTH CKOPOCTH
00paTHBIX peakIl{if MOTYT ObITh PACCUUTAHBI 1O U3BECTHBIM KOHCTaH-
TaM paBHOBecHs. B psize ciydaeB cTaauu repeHoca MPOTOHOB MOTYT
OBITE JIUMUTHUPYIOITUMU CTAIUSIMU IpolLiecca.

ITockoMbKY KaTaTUTHYECKU aKTUBHAS I'PYIINA B Mpollecce peakiuu
IOJDKHa TIOABEPraTbcsl Kak IIPOTOHUPOBAHUIO, TaK U JIeTIPOTOHUPOBA-
HUIO, PeakiMH MepeHoca MPOTOHOB B OIpe/IeIEHHON Mepe OTPaHuY -
BaoT 3(p(HEeKTHBHOCTh KUCIIOTHO-OCHOBHOrO Katanu3a. [leificTBUTeNb-
HO, MPOLIECCH, KOTOpble UMEIOT MeCTO, MOXHO 3allicaTh B BUIE

BH' == B+ H' (7.25)
B+ H,0 == BH' + OH" (7.26)

rame B — KOMMOHEHT aKTUBHOTO LieHTpa (pepMeHTa, YYaCTBYIOLIUHA B
repeHOCe IIPOTOHOB.

ObpaTHBle CTamMU 3TUX PeaKUMil KOHTpoJupylorcs Tuddysuein
peareHToB, MO3TOMY KOHCTAHTBI CKOPOCTEH MPAMBIX peakIIMii MOXHO
npencrasuth B suge 10'°K, ¢! u 10'°(K,/K,) n/(Monsb-c), rae K, —
KOHCTaHTa KUCIOTHOM auccoumanuu BH', K, = 10 — koHcranTa
HOHM3alMH Boabl. KOHCTaHTa CKOPOCTH Npoliecca HMeeT MaKCHMAalTb-
Hoe 3HayeHue ~103 ¢! npu K, = 1077 Monb/n1. JIeliCTBUTETBHO, €CIU
K, < 1077 Monb/1, KOHCTaHTa CKOPOCTH JUCCOLMAMU KucaoTel BHY
(peakuus (7.25)) cranoBurcs Menblie 10° ¢7!; ecm K, > 1077 Monb/7,
KOHCTaHTa CKOPOCTH THIpoiiu3a ocHoBaHUs (peakuus (7.26)) craHo-
Butca MeHblre 10° ¢!, TakuM 06pa3oM, MaKCHMaJIbHOE 3HaYeHHe KOH-
CTaHTBhI CKOPOCTH KHCJIOTHO-OCHOBHOTO KaTalMl3a C Y4aCTHEM BOIBI
cocranisieT 10° ¢!, DToT BHIBOI MOXET GBITh HCHIONB30BAH ISl OOBSICHE-
HUA MaKCUMAaIBHBIX CKOPOCTeN (hepMeHTaTHBHOIO KaTaIn3a. SHaYeHue
103 ¢! aBnsieTcs XapaKTepHBIM JUIS KATATUTHYECKMX KOHCTAHT MHOTHX
dbepMenToB (cM. puc. 7.3). Kpome toro, ontuManabHoe 3HadyeHue pk,
paBHOE ~7, Heobxogumoe st 9¢HEeKTUBHOTO KaTadu3a, COOTBETCTBYET
pK, MHMIa30JIbHOM TpyNIbI ocTaTKa ructuauHa. (Kak uasecTHo, ruc-
TUIWH HaifieH B aKTMBHBIX LIeHTpax MHOTUX ¢epMeHTOB.) PaccMor-
PeHHBIA npuMep WITIOCTpupYeT 3 (heKTUBHOCTh (hepMEeHTaTUBHOIO
KaTanu3a, OMHaKo MoKa3bIBaeT I'PaHMIIBI €0 BO3MOXHOCTEMH.

* % ok
TO, YTO 5 [TIOHAA, — MPEKPACHO, U3 3TOrO {1 3aKAKOYal, YTO
M OCTAaAbHOE€, Y€ro sl HE MOHAA, — TO2Ke€ [IPEKpPacHOo.

Coxpam

BsanmMoneiictBue cybGcTpaTta ¢ aKTUBHBIM LIEHTPOM (epMeHTa U
Hnocieayollee o06pazoBaHue MPOAYKTA — CIOXKHBIM MHOTOCTagUIAHBIA
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XUMHUUECKUI ITpouecc. AHaTU3 KUHETUKU (DEpMEHTATUBHBIX peaKlInit
[I0KA3bIBAET, YTO KATATUTHUESCKUH IIMKIJT COCTOUT M3 OTAENBHBIX CTa-
Iuii, mepBasi B3 KOTOPBIX OHMOJIEKYNIsIpHAs peakuus cybcTpara ¢ ak-
THBHBIM 1LIEHTPOM. AHAJIOTMYHEIH IpollecC KOMIUIEKCOOOpa3oBaHus
MMeEET MECTO ITpH 00pa3oBaHHK KOMITIEKCOB (hepMEHT — HHTHOUTOP,
JuraHg — penentop. C TOUKY 3peHUs XMMHYECKOM KUHETHKH OMMO-
JIEKYNIsIpHAsl CTAEUS B3aMMOACICTBHA CyOCTpaTra ¢ aKTHMBHBIM IIE€HT-
pOM JOJIXKHA OBITh CBSI3aHA C YaCTOTOI coymapeHmit cyocTpara ¢ Mu-
IIeHbI0 — aKTUBHBIM neHTpoM. Eciu OBl Kaxaoe coymapeHue puBo-
JIAITO K 06pa3oBaHUI0 KOMIUIEKCA, IIPOLIECC JODKEeH OBLT OBl XapaKTe-
pu30BaThcsi KOHCTaHTOM cKopocTtu ~10 n/(Monb - ¢). D10 3HaYeHuUe
xapakTepHo L5l Iu(hy3HOHHO-KOHTPOJIMPYEMBIX peaklivii, KaxIoe
CTOJIKHOBEHHE PEAareHTOB B KOTOPBIX MPUBOAUT K 00pa30BaHHUIO MPoO-
nykra. Tak, HanpuMep, pearripyeT NpoTOH ¢ HOHOM TMIPOKCHIA, KKC-
JIOTHI C OCHOBaHUSIMMU.

HsMmepeHne KOHCTaHTH CKOPOCTH GHMOJIEKYISIPHBIX CTagWii B pe-
aJIBHBIX (DePMEHT-CYOCTPAaTHBIX U (hepPMEHT-MHTMOUTOPHBIX peaKIUsaX
II0Ka3aJIo, YTO 3T IIPOIIECCH XapaKTepU3YIOTCS CYIIECTBEHHO Golee
HU3KMMH KOHCTAHTaMH1 cKOopocTH. OGBIYHO KOHCTAaHTHI CKOPOCTH pe-
aKI[MK Ha CTaJuu KOMIUIeKcooGpaszosauys B 103 — 104 pas nuxe aud-
(hy3roHHO-KOHTpOIHpyeMOoro npenena. CylecTBEHHOE YMEHbIIIEHUE
KOHCTAaHTBI CKOPOCTH OUMONEKYISIPHOTO B3aUMOJIEUCTBUS MOXET OBITh
O0YCIOBIEHO HECKOJBKHMM NMpuunHamMu. Bo3MoxHO, obpasoBaHue
KOoMITIeKca TpeOyeT ocoboii OpHMeHTaIUU CybcTpaTa OTHOCHUTENIBHO
COpPOIHOHHBIX IPYIII aKTHBHOTO 1IeHTpa. B pe3ysnbTaTe HE BCE CTOMKHO-
BEHMsI CyOCTpaTa ¢ aKTMBHBIM 1IEHTPOM OyayT NPpUBOAUTE K 00pa3oBa-
HUIO KOMIUIEKCa, a JIKIIL HEKOTOphle U3 HUX. pyruMu cioBamu, B
3TOM cityyae OyaeM UMeTh oYeHb MaJIblil cTepuueckuii hakTop, cylle-
CTBEHHO YMEHBIIAIOIIMI KOHCTAHTY CKOPOCTH PEaKIINH.

AHaJi3 ITOKa3bIBaeT, YTO CHIDKEHHE CKOPOCTH obpasoBaHusi (ep-
MEHT-CYOCTPAaTHOTO KOMILIEKCA MOXET OBITh BBI3BaHO (haKTOpOM, HMe-
OIUM JIPYTYI0 (PU3NKO-XUMHUYECKYI0 NMPHPOTY. AKTUBHBIE 1IE€HTDPBHI
(hepMeHTOB PACITOJIOXEHBI, KaK NTPaBUJIO, BHYTPH O€JIKOBOI TIOGYIHL.
[TosTOMY NIpOHUKHOBeHUE cyGCTpaTa B AKTUBHBIN LIEHTP CTAaHET BO3-
MOXHBIM TOJIBKO IPH YCIIOBUM HEKOTOPOU CTPYKTYPHOU NEpeCcTpONKHU
YyacTu GeJKOBOH TI00YIE. JTa CTPYKTYPHAs TIepecTpoiiKa Ha3blBaeTCs
KoH(bOpMAaIIMOHHBIM H3MeHEHHEM OeIKOBOI MOJIEKYbl. PaznBikeHne
MOAMNEeNTURHON 1IeH, obeclieunBalolee JOCTYI cybCcTpaTa K LEHTpyY
KOMITIEKCOOOpa30BaHus, CBSI3aHO C Pa3pylIeHUEM HEKOTOPBIX HEKO-
BaJIeHTHEIX CBsi3eil B O6eJKe ¥ TEM CaMBIM C IPEOI0JIEHHEM HEKOTOPO-
TO 3HepreTYecKoro 6aprepa. Ha 5710 yKa3plBaloT TaAKUE IKCIIEPUMEH -
TanbHBle XaHHBIE, KAK BEICOKUE BHEPIruM aKTWBAIIMK CTaXuu o6paso-
BaHMs1 KOMILJIEKCOB O€JIKOB ¢ OpPTaHWYECKMMU JHTaHIaMy THIa cyo-
CTPaTOB WK UHIUOMTOPOB.

HMeroTcs npsiMble KHHETUYECKHE SKCIIEPHMEHTAIBHBIE CBUIETEN -
CTBa, YTO KOMITJIEKCOOOpa3oBaHMe BKJ1I0YaeT IIPEeIBAPUTEIbHYIO CTa-
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JHI0 KOHGOPMAIIMOHHBIX M3MEHEHUH 4YacTH OeNKOBOl CTPYKTYDHI.
MeTtomaMy penaxcalMoOHHON KHHETUKH ITOKa3aHo, YTo 0Opa3oBaHUI0
KoMILIeKca hepMeHT — cyoeTpaT Wik pepMEeHT — UHTUOUTOD 1Ipelle-
CTBYeT CTamus KOH(MOPMAIMOHHBIX u3MeHeHmil Geynka. ToHkas KOH-
¢opMalImOHHAad NepecTpoifka AKTHBHOTIO LIEHTPa B Ipoilecce KaTalu-
THYECKOTO IIHKJIA — OTIWYNATENbHAsl YepTa (epMEeHTATUBHOIO KaTa-
nu3a. AHaJKu3 3HaYeH U KOHCTAHT CKOPOCTell TAKOro pojJa MpoleccoB
IIOKa3BIBAET, YTO KOHGOPMALIMOHHBIE H3MEHEHUsI He SIBMSIIOTCS ObIC-
TpbIMH. B psife ciydaeB KOHCTAHTBI CKOPOCTEH 3THX MPOLIECCOB IPU-
OMKAIOTCA K 3HAYEHUSIM, XapaKTePHBIM LTSI AUMHTUPYIOLUKX CTaTuH
KaTaJIUTHYECKOTO IHMKJIA. M3BECTHB 3KCIIEPUMEHTANIbHBIE ITaHHBIE,
CBUACTENBCTBYIOIIME, YTO CKOPOCTH M paBHOBecHs KOHGOOpMAaIlHOH-
HBIX M3MEHEHKI 3aBUCAT OT CTPYKTYPHBIX OCOGEHHOCTEH Turasaa (cyo-
cTpaTta WM MHTHUOUTOpA).

JIumuTupyiompe CTaauy KaTaTATHYECKOTO 1IIHKIIA XapaKTepu3yIoT-
¢Sl KOHCTAHTOH CKOPOCTH IIEPBOTO ITOPSIKA U JIETKO ONPENESIOTCS U3
3KCIEPUMEHTATLHEIX JaHHBIX. KoHcTaHTa K, ,,, HallleHHAs U3 JaHHBIX
10 CTAIMOHAPHOM KHHETHKe peaKiluy 1o 3HaYeHuio V,, Xxapakrtepu-
3yeT JTUMUTHPYIOIIYIO CTAIHIO KaTATUTHYECKOTo UKIa. Bece ocTaib-
Hble BO3MOXHBIE MOHOMOJIEKYJISIpPHBlE CTagUK TpaHchopMmanmu cyo-
cTpaTa NpOTEKaioT ObICTpee, YeM IIPOLIECC, XapaKTEepU3YeMBId k..
KakoBbsl peanbHble 3HaueHUs K,,,, HAGMIOAAEMble B IKCIIEpUMEHTE?
AHanmu3 3HauyeHui Kk,,, MOKa3BIBAET, YTO OTO OHU JIeXAaT B OTHOCH-
TEJBHO Y3KOM AMana3oHe BOKpyr 3HayeHus 102 ¢!, D1o o3Hayaer, 4TO
KaXIBIi aKTUBHBI 1IeHTp ¢epMeHTa B cpenHeM 3a 1072 ¢ cosepluaer
MOJIHBIM LIMKJI, HAYKMHAas ¢ copOLuKM cyOcTpaTa, 3aKaH4YMBasi iecopb-
[MEH MPOAYKTA, MPYA ITOM Psi CTaOuil MPOTEKAIOT GBICTPO, HEKOTO-
phle cTaguu UAYT B paBHOBecHOM pexxuMe. OmHaKo CYIIECTBYET, KaK
MpaBWIO, OJHA CTamMs, ONpPeaessionlass CKOPOCTh BCEro KaTaluTh-
YECKOro 1MKJIa, ¥ 3Ta JUMUTUPYIOLIAs CTagusl XapaKTepu3yeTcsl KOH-
cranToit ckopoct 10— 103 ¢!, HeusBecTHB (hepMEHTHI, UMEIOIIKE
3HaueHus k,, nopaaxka 10° ¢! u Boime.

OTMETUM HECKONbKO (H3MUYECKUX ITPOIIECCOB, KOTOPbIE MOXHO
paccMaTpuBaTh KakK IpOIECCHl, ONpeIesIoue CKOpOCTh KaTaIuTH -
yecKoro 1ukia. OnuH U3 3THX ITPOIIeCCOB OOCYXKIANCs BbILIE — KOH-
¢opMallMOHHEBIE M3MEHEHUs] aKTHBHOI'O IIEHTpd, COIPOBOXIAIOLIME
KaTtamu3. B paMKax KatajmTHiecKoro ukia KoHdopMalmoHHbIE U3Me-
HeHus GeNKa, CBSA3aHHBIE C paspyHIeHUEM WIK O0OPAa30BAHUEM OJHON
WU HECKOJTBKMUX BOJOPOAHBIX, HOHHBIX WIH I'MApo(oGHBIX CBs3eH,
MOTYT CO31aTh KMHETHYECKHiT Gapbep A peakiiuu B 1eoM. Jlaxe B
TOM Cllydae, eCly Ha KakKo#-nubo craguu 3T KoHGOPMAITMOHHBIC
M3MEHEHUs] TepMOAMHAMMYECKU BBIFOIHBI, HEOOXOOMMOCTh BO3Bpa-
LUEHUs] aKTUBHOTO IIEHTpa B MCXOMHOE COCTOSIHUE IS CJEAYIOLIEro
KaTaJIUTUYECKOrO aKTa MOXeT O0YCJIOBIMBATh BO3HUKHOBEHUE KUHE-
THYecKoro 6apbepa. Ecnu o6paTuThCst K CTATUCTHMKE KOHCTAHT CKOPO-
CTEH, TO MOXHO HAOMIOAATh, YTO (GYHKIIMU TUIOTHOCTH pacrpeaene-
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HMsl KOHCTaHT CKOPOCTEH KOH(MOPMAIMOHHBIX M3MEHEHUH (Kyong) U
KOHCTaHT CKOPOCTEH JTMMHTHUPYIOIUMX CTaguil (k) 3aMETHO Iepe-
kpbiBaoTcs. [Ipyrum ¢$akTopoM, onpeaesiioiiuM CKOPOCTh KATATUTH-
YECKOTO 1[HKIA, MOXET OBITh ItepeHOoC TpoToHa. PepMEHTHI KCITONb3Y-
0T KHCIIOTHO-OCHOBHOM KaTalu3 B KAYECTBE INIABHOTO XUMMYECKOTO
MEXaHU3Ma YCKOPEeHUsI peakiinii (CM. M. 8). BTOT MexaHU3M aKTUBAIIUK
[peAIoJaraeT yJyacTie B peakiluM KUCIOT ¥ OCHOBAaHWUI, MCIIOIb3Y-
IOLMX CTaJMHU TepeHoca IpoToHa. IIpocThle KMHETHYECKUE OIIEHKH
ITOKa3bIBAIOT, UTO 3TH CTAUH, €CIM OHH IMPOTEKAIOT B IUKINYECKOM
peXuMe, TUMUTUPOBAaHBI KOHCTaHTaMu cKopocty 10° ¢!, Do 3Have-
HHE coriacyercs ¢ HauboJiee YacTo HAGII01aeMBIMK 3HAYEHUAMH KOH-
CTaHT K,,,. OXHAKO B OOJBIIMHCTBE CIYYaeB IUMHTHPYIOIIAS CTaIAsT —
HauboJlee CIoXHas XUMHYECKasi peakivs, IpoTeKaollast ¢ y4acTHEM
COPOILIMOHHBIX M KaTAJIMTUYECKUX TPYIN aKTUBHOTO LeHTpa. Craguu
KOH(OPMAIIMOHHBIX U3MEHEHHI 1 NepeHoca IIpoTOHOB obeciieyrBa-
0T HEeoOXoaMMBble CTPYKTYPHBIE M SHEpreTWYecKue ycioBus, Giaro-
IPUATCTBYIONIME ITOHIDKEHHIO CBOOOJHOM 3HEPruy aKTUBALIMHE Ha 3TOH
HauboJIee CIIOXKHON XMMHYECKOU CTaguH.

YT0 Xe SBISAETCA ABAXYIIEH CWIOW KaTaluTHYECKOro Ipoiecca?
3a cyeT yero IMpOUCXOaAUT OTOOP CyOCTpaTa olpeaeieHHON CTPYKTYPHI
M3 BO3MOXHbLIX aHayioros? B cireyrolux riaBax Yuratesib HaliIeT oTBe-
Thl Ha 3TH BOITPOCHI.



I'maBa 8

XUMHUSA KATAJUTUYECKOI'O
JTEACTBUA ®EPMEHTOB

CaMblM HEMOHATHDLIM B HallleM MHpe SIBASETCS TO, YTO OH BCE-

TaKH NOHSATEH.
A. Siinwmeiin

Bce zoAxHO 6bITH N0 BO3MOKHOCTH IIPOCTBIM, HO He GoAbILE.
A. Ftinwmeiin

8.1. XuMnyeckue peakuuu, KaTaju3upyembie (pepMEeHTaAMH.
Knaccndukanus ¢epmenton

(DepMeHTATUBHBIN KAaTaaiu3 OTIHYAeTCs OT KaTajam3a TpagHIIHOH-
HBIMKA XUMUYECKUMU KATaIH34TOPAMHU.

®epmedTh — 0deHb 3¢ HeKTUBHBIE KaTanu3aTopsl. I1o cpaBHeHHIO
CO CBOGOJHO ITPOTEKAIOIIMMHU PeaKIUAMUA WIKM peaKIusiMU C y4acTH-
€M TIPOCTHIX XUMHYECKHX KATATU3aTOPOB, TAKMX KaK, HarpuMmep, Kuc-
JIOTHI, CKOPOCTH IPOLECCOB MO AelicTBrEM (DEPMEHTOR yBeTHYMBaeT-
cst mpuMmepHo B 10'2 pa3 (1a6n. 8.1). Ecnu (epMeHTaTMBHAS PEaKIIHsS
MPOTEKAET B TeueHWe 1 ¢, TO Ha AHANOTMYHBIA IPOLIECC ¢ yYacTHEM
npotoHoB norpedyercss B 10'2 pa3 Gonbliue BpemeHH, T.e. 30 000 ner.
Hpyrumu cnosamu, 107! M pacTBop (hepMeHTa SKBUBAIEHTEH 110 pe-
aKIuoHHOoM crioco6Hoctr 10 M pactBopy KHUCIOTBL. O4YeBHIHO, YTO
(bepMeHTH! ONPeseSIIOT pealbHble BpEMEHHBIE XapaKTEPUCTHKHI OHO-
XUMHUYECKUX IIPOIIECCOB.

Bosnbiiioe pazHoo6pasme hepMEHTOB 1 MHOTOOGpA3ue peakiuii, Ka-
TaTU3NPYEMBIX (hepMeHTaMu, MOTPeOOBAIO NMPOBEASHMUs KiaccubrKa-

Taoauua 8.1

3HayeHHs KOHCTAHTBI CKOPOCTH BTOPOro NOPAJIKA PeaKIHH
THAPOJIM3a MOYEBHHBI H afeHo3unTpHdochaTa (ATD), KaTaau3upyemoii
TPaIMBHOHHBIM KaTaausaTopom H;0' v depmentamu

Pearenr Karanusarop Temnepatypa, "C k,, Monb/(1-c)
Mouepuna H,0* 62 741077
MouesuHa Vpeasa 21 5,0-106

ATD H,0* 40 4,710
ATO Muo3un* 25 8,2-10°

* Benok, OTBEYAIOIIMI 32 MBIILIEYHOE COKpAMICHUE.
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1k pepMeHTOB. B HacTodilee BpeMs n3BecTHO Gonee 3700 depmenToB,
pasaMYalollMXCsi IO peaklusiM, KOTOpble OHU KaTaTu3upyioT. B 1961 r.
MexnyHapOaHbBIH OMOXUMHYECKHMI COK03 NIPUHAN KTacCUPHKAIIUIO ¥
HOMEHKNATypy ¢GHEPMEHTOB, KOTOPHIE SIBJSIOTCS OOLICITPUHSITEIMU B
HacTosAlLlIee BpeMsl.

B xauectse mpu3Haka Kiraccudukaum GepMeHTOB IPUHAT TUIT Ka-
TAIM3UPYEMOI XUMUUECKOH peakiiui. GepMeHTHI ObLIIH pa3gesieHbl 10
3TOMY IIPHM3HAKY Ha KJTACCHI U Jajiee Ha MTOAKIACCH B 3aBUCHMOCTH OT
npupoabl GYHKIIMOHAIBHBIX TPYIII CyOCTpaTa, y4acTBYIOLIETO B Ipe-
BpalieHnu. B cBoio ouepenb MOAKIACCHL JESITCH Ha IMONMNOAKIACCH B
3aBUCUMOCTH OT Npupoabl hepMeHTa.

Bce usBecTHBlE (hepMEHTH OBUIM KIACCHGDULMPOBAHBI Ha 11IECTh
KJIaccoB: 1 — oKcumopenykrassl, 2 — TpaHcdepasbl, 3 — I'Maposassl,
4 — nuasbl, 5 — mu3oMepasbl, 6 — nurassl (WM cuHTeTasbl). Hassanue
KJ1acca B OOJIBIIKHCTBE CAYYaeB YKa3bIBAa€T Ha TUII peakilii, B KOTO-
poii y4acTByeT TOT WM UHON (DepMEHT.

Hanpumep, Mna3sl — 370 HepMEHTHI, KOTOphle KaTaTU3UPYIOT OT-
LIerjieHue OT cybcTpaTta TOM WM WHOU TPYIIB HETUIPOIUTHYEC-
KHUM NyTeM ¢ o6pa3oBaHHeM ABOMHBIX cBsA3eil. B ob6paTHOM nporecce
JIMa3bl KaTaJIM3UPYIOT IIPUCOEIMHEHHE 11O ABONHBIM CBsi3sIM. DepMmet-
THI KJIACCa JIMTa3bl (MM CUHTETa3bl) KaTAIU3UPYIOT NPUCOECTHHEHHUE
JIBYX MOJIEKYJT ApYT K APYTY, CONMPSDKEHHOE C PACIICINIEHUEM HYKJIIEO-
sunrpudocdaToB.

Homenxiatypa ¢epMeHTa CKIIagblBacTCS M3 HyMepaluu Kiacca,
riogkjacca, noamoakiacca. Takum o6pa3oM, nepBoe YHUCIO IOKA3bI-
BaeT, K KAKOMY KJIacCy M3 1LIECTH MEePEUUCICHHBIX BbILIE OTHOCUTCS
JlaHHBIH (hepMeHT. BTopoe YucCio XapakTepu3yeT Npupoay (PyHKIMO-
HaJbHBIX TpYIIII cyGeTpara. HarpuMep, B oKCHIOpeayKTa3ax 3T0 Ipyil-
Ma, ITOABEpralpouiascs OKUCIEHMIO; TpaHcdepazaXx — MNepeHOCUMas
TpyIIIa; THAPOJIa3ax — CBsI3b, MOABEPTAIOLIASACS TMAPOIU3Y; Tua3ax —
CBSI3b, ITOABEPralolnasics peaKLni; H3oMepa3ax — THUIl peakiluH H30-
MepH3alluy; JIUra3ax — CBA3b, 00pa3yroLascsl B pe3yabTaTe peakiliH.
JononHuTeabHy10 nHGOpMALIKIO 0 XMMHYECKOH PeaKili, B KOTOPOM
yyacrByeT (EpPMEHT, HAET TPEThE M YETBEPTOE YNCJIIO.

Janee npuBeneHa knaccubukaims HepMEHTOB.

Knacc 1. Okcnnopeaykrassl.
1.1. TeitctBytor Ha CH—OH-rpynny noHopoB.

1.1.1. AKIIENTOpOM CIYXXUT HUKOTHHAMUIAIEeHUHANHYKIIEOTH
(HA*") wix HuKOoTHHAMHUAAOeHUHAMHYKAReoTHODOoCPaT
(HAIDY).

1.1.2. AKIIenTopoM CILYXHUT LIUTOXPOM.
1.1.3. AknenropoM ciayxut O;.

1.1.99. Mcrione3yoT apyrue akienTopsl.

1.2. JIeficTBYIOT Ha JIBJACTHAHYIO WK KETOHHYIO I'PYIIITY JOHOPOB.
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1.2.1. AxnrerrropoM ciyxut HAIY win HAJIO*.
1.2.2. AKIIENITOPOM CIIYKUT LIUTOXPOM.
1.2.3. AxuenropoM cinyxnt O,.

1.2.99. Ucmonb3yioT apyrie akuenTOpHL.

1.3. HeirctByror Ha CH—CH-rpynimy noHopoB.

1.3.1. AkuerrropoMm cnyxut HALY wiim HAO D,
1.3.2. AKLIENTOPOM CIIYKHT LIMTOXPOM.
1.3.3. AknienrropoM ciykut O,.

1.3.99. Mcrionp3yioT ApYrHe aKeNTOPHI.

1.4. Jeiicteyror Ha CH—NH,-rpymnmy noHopos.

1.4.1. Akuentopom ciyxuT HAJLY wmu HALD.
1.4.2. AKENTOpPOM CIIYKHUT LIMTOXPOM.
1.4.3. AxiienrropoM cirykut O,.

1.4.99. Mcrionb3yioT ApyTHe aKIEeNTOPHI.

1.5. JeiictByror Ha C—NH-rpymmy noHopoB.

1.6.

L.7.

1.5.1. AxuenropoM cnyxut HAIL mwnu HAILD".

1.5.2. AKIIENTOPOM CIIYKUT LIMTOXPOM.

1.5.3. AkuenropoM cinyxur O,.

Ucnonssyior B kavectBe qoHopa HAL - H, wiu HAILD - H,.

1.6.1. AxiierrropoMm cinyxut HALY wim HAILD*.

1.6.2. AKIIETITOPOM CIYXUT LIUTOXPOM.

1.6.3. AkuernropoM ciyXut O,.

1.6.4. AKIIENTTOPOM CAYXUT AUCYIbOUIHOE COeIUHEHNUE.

1.6.5. AX1IeENTOPOM CIYXUT XWHOH WJIM POACTBEHHOE COEIUHE-
HHUE.

1.6.9. Mcnionb3yioT Apyrue akienTopHl.

Hcrnonp3yioT B Ka4ecTBe JOHOPOB IPYrHe a30TUCTHE COeqUHE-

HUSL.

1.7.99. Mcrionp3yioT ApyTrHe aKIeNTOPHI.

1.8. JleiicTBYIOT Ha cepacouepXalliye IpyIIbl JOHOPOB.

1.8.1. Akuentopom ciyxutr HAI* win HAOD".

1.8.2. AKIIEIITOPOM CILYKUT IIUTOXPOM.

1.8.3. AxirenropoM ciryxutT O,

1.8.4. AK11enTopoM CITyXKUT TUCYTbOUIHOE COSTUHEHHE.

1.8.5. AKIIEnTOpoM CIYXHAT XWHOH WM POJACTBEHHOE COEIH-
HEHHE.

1.8.6. AKLIENTOPOM CITYKHT a30THCTAs TPYIIIA.

1.9. JIe#cTBYIOT Ha I'PYIIITHI reMa JOHOPOB.



1.9.3. AxnentopoM ciyxur O,.

1.9.6. AKIIENTOPOM CJIYXKMT a30THCTast TPYIIIIA.
1.10. Mcrmonb3yioT B Ka4ecTBe JOHOPOB AMMDEHOIBI ¥ POACTBEHHEIE
AM COEIHEHUS.

.98. OepMeHTHI, UCITONB3YIOLIHE B KAYeCTBe BoccTaHOBUTENA H,.
.99. ITpoune hpepMeHTHI, KCTIONB3YIONIME B KauecTBe oKucauTens O,.
1.99.1. I'ugpokcumiassl.
1.99.2. OkcureHassbl.

1
1

Knacce 2. Tpancdepassl.
2.1. ITepe”ocaT oqHOYTIEPOAHBIE TPYITITHL.
2.1.1. Metunrpaucdepasbl.
2.1.2. TpaHncdepa3sl OKCHMETHIBHBIX, (DOPMHUIBHBIX U POA-
CTBEHHbIX UM TPYIIII.
2.1.3. Kapbokcun- 1 KapbamMowiTpaHcdepassl.
2.2. [TepeHocsT anbgerugHbIE UK KETOHHBIE OCTATKH.
2.3. AueruntpaHcdepassbl.

2.4. I'mukosunrpaHchepasbl.
2.4.1. FekcoswrrpaHcdepasbl.
2.4.2. [1enToswrrpancdepassl.
2.5. Hepenocsr ankunbHbe WIX POJCTBEHHBIC HM TPYIIIIHL.
2.6. ITepeHOCAT a30TKCTBIE TPYIIITHL.
2.6.1. AMuHoTpaHchepasbl.
2.6.2. AMuguHoTpaHchepasbl.
2.6.3. OxcumuHoTpaHchepassl.
2.7. IlepexocsT rpymimsl, cogepxatiue docdop.
2.7.1. ®ocdorpancdepassl CO CIEPTOBOU IPYHIION B POJIH aK-
1enropa.
2.7.2. @ochorpaHcdepasbl ¢ KApOGOKCHIIBHOM TPYIINON B pOax
aKIenTopa.
2.7.3. ®ocpoTrpaHcdhepasbl ¢ a30TUCTON IPYIIIoM B pOaU ak-
LIeNTopa.
2.7.4. ®ocdorparcdepassl ¢ hocdatHOit rpynnoi B poiau ak-
1enTopa.
2.7.5. @ocdoTpaHchepasbl, KATAUTH3UPYOIINE PEAKIIUN KaXy-
[HErocsl BHYTPHMOJIEKYJISIPHOTO TIepeHoca.,
2.7.6. IMupodocharrpaHcdepassl.
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2.8.

Kaa
3.1

3.2.

3.3.

3.4.

3.5.

3.6.

W W

3.9.

2.7.7. HykneotummirpaHcdepassl.

2.7.8. TlepeHocsar apyrue 3amelneHHble gocgarHble IPYIITLL.
IlepeHoCAT IpyNIIbl, CoAepXallie Cepy.

2.8.1. Cynphunrpancdepassl.

2.8.2. CynbdoTtpaHcdepasbl.

2.8.3. KoA-TpaHcdepassl.

¢ 3. 'uapona3sel.

ﬁCTBymT Ha CIOXHO3(UPHBIE CBSA3U.

. Tuaponaswl 3¢upoB KapOGOHOBBIX KUCIIOT.

. Tugponassl THONOBBIX 3¢UPOB.

. Tugponassl hochoMoH03bUPOB.

. Tunponassl dochoauzdupos.

. IT'maponassbl TprdochoMoHo3bupPoB.

6 I'naponassl cynbho3¢HUpoB.

I[e CTBYIOT HA INTHKO3WIbHBIE COeTUHECHUS.
3.2.1. Tugponaspl NIMKO3ULOB.

3.2.2. Tugponassl N-DIHKO3WIBHBIX COERUHEHWH.
3.2.3. Tugponassl S-NIUKO3WIBHBIX COSTUHEHWN.
JeiicTBY1OT Ha 3(pUpHBIE CBS3M.

3.3.1. T'ugponassl THORGHUPOB.

Lll-lkwl\.)r—i

Jle#cTBYIOT Ha NENTUAHBIE CBSA3U (MEINTH/I-THIPOJIA3EI).
3.4.1. o-AMMHOITENTHI~aMEHOAIUIOTHIPOJIA3EL.

3.4.2. o-KapboKcurenTua-aMIHOAIMIOTUIPOSIA3hI.
3.4.3. IunenTUArAPOIa3kl.

3.4 4. ITenTux-NEeNTUIOTUAPOIAZHI.

HettctByioT Ha C—N-cBs31, OTJIMYHEIE OT MENTHIHBIX CBSI3EH.
3.5.1. B nuHeitHbIX aMuiax.

3.5.2. B nuxiim4ecKyx aMuaax.

3.5.99. B apyrux coeguHeHUAX.

JIe¥CTBYIOT HAa KUCITOTHOAHTHAPUAHEIE CBSI3H.

3.6.1. B docdopuncosepxaiiux aHriapuIax.

. Hedicteytor Ha C—C-cBsi3u.
. J1eficTBYIOT Ha CBSI3M C YYACTHEM TaJIOTEHOB.
3.8.1. B coegquHeHNsIX CO CBSI3BIO YINIEPO,] — raJIOreH.

3.8.2. B coenuHeHHsX co ¢BsA3BI0 (hochop — rajioreH.
HetictByror Ha P—N-cBsizu.

Knacc 4. JIna3sl.

4.1.
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Yriepong— yrnepog-iuasH.
4.1.1. KapGoKcH-Tiassbl.
4.1.2. Abaerua-nuasbl.
4.1.3. JIna3bl KETOKHCIIOT.



4.2. Yraepoa — KUCIOPOA-THA3HL.
4.2.1. Tuaponuassrl.
4.2.99. Ipoune yriepos— KMCIOPOX-THa3kI.
4.3. Yrepona -~ a30T~-JTHa3kI.
4.3.1. AMMHBaK-IHa3skl.
4.3.2. AMUIVH-THA3HL.
4.4. Yrnepon — cepa-1iassbl,
4.5. Yriepoa— rajaoreq-avassl.

Knacc 5. N3oMepa3ssl.
5.1. Paniema3sl u armuMepassl.
5.1.1. JIe#AcTBY1OT HAa AMUHOKHC/IOTH K KX IPOU3BOIHEIE.
5.1.2. [1eficTBYIOT Ha OKCUKUCIOTHI ¥ X IIPOM3BOJHEBIE.
5.2. Huc-mpanc-u3oMepasbl.
5.3. BHYTpUMOJEKYISIpHBIE OKCUIOPEIYKTA3hI.
5.3.1. Karanu3upyoT B3auMOIIPEBPALLIEHHS aJIbI03 H KETO3.
5.3.2. KaTamvsupyioT B3auMONPEBPAILIEHVSI KETOHHBIX U €HOJTb-
HBIX TPYIII.
5.3.3. Ilepemernaior C=C-cBs3n.
5.4. BHyTpuMoneKyasipHbIe TpaHchepassl.
5.4.1. TlepeHoCST al{unbHBIE TPYIITHL.
5.4.99. I1epeHocAT gpyrHe TPYIIIHL.
5.5. BHYTpuUMONEKyISIpHbIE TAA3HL.

Knacc 6. JIurassl.
6.1. O6pasyior C—O-cBsi3u.
6.1.1. JIurassl, oGpasyroouue amuHoawi-TPHK.
6.2. O6pasyior C—S-cBs3u.
6.2.1. KMCIIOTHO-THOJIOBEIE JIUTA3HI.
6.3. O6pasyor C—N-cBsi3u.
6.3.1. KucnoTHo-aMMuauHble TUrasel (aMUACHHTETA3H).
6.3.2. KHcioTHO-aMUHOKUCIOTHEIE JITa3Hl (TIENTHACHHTETA3EI).
6.3.3. IIukio-1urassl.
6.3.4. ITpounie C—N-yurassl.
6.3.5. C—N-nurassl ¢ rmyraMuHoM B poiu N-goHopa.
6.4. O6pasyror C—C-cpsasu.

B paMkax npumMeHsieMoil HOMEHKJIAaTyphl KaxX bl hepMeHT Imoxy4a-
€T Ha3BaHME, COCTOSIIEEe U3 Ha3BaHUs CyGCTpaTa, TUIIA KaTaau3upye-
MOi1 peakiuu, OKAHYKBAIOIIETOCH Ha «a3a». Kpome Toro, ynmoTpebis-
I0TCsi ¥ TpUBHAJIbHBIE HAa3BaHUs, CTaBIIKME OOLIEIIPHHITHIMHU.
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Jlamee B KauecTBe IMpuMepa NpUBEIeHbl Ha3BaHU U KiacCuPHKa-
IIMOHHBIE HOMEpa HEKOTOpPHIX (pepMEHTOB.

1.1.1.1 — ankoronb: HAJl*-oKcunopeaykrasa, ajJkorojbIeruipo-
reHasa;

1.1.1.27 — L-nakrat: HAI*-okcunopeayKrasa, JaKTaTaeruapore-

3.4 — B-D-rmoko3a: O,-oKCHAOpEeIyKTas3a, IMII0KO30KCHAA3a;
3.6 — xonecrepon: O,-0KCHIOPERYKTa3a, X0JIECTEPOIOKCHA3A,;
1 1.6 — H,0,: H,0,-oxcunopeaykrasa, Katanasa,
.11.1.7 — ponop: H,0,-oxkcugopenykKrada, NepoKCUaasa;
8.1.1 — H,: deppenokcuH-oKCUAOPEIYKTa34a, TH/IpOreHasa,
2.6.1.12 — L-ananuy: 2-oKCOKKCI0Ta aMuHOTpaHchepasa, L-ana-
HUH-KETOKMCIIOTAa aMUHOTpaHchepasa;
3.1.1.1 — ruaponasa 3¢pupoB KApOGOHOBBIX KUCIOT, KapOOKCUIIC-
Tepasa;

3.2.1.1 — oa-1,4-rmoKkaH-4-TaI0KaHOTHIPOoJa3a;

3.2.1.4 — B-1,4-rmoxa3sl-4-TIIOKOHOTUIPOIIA3a, 1eJUII01a3a;
3.2.1.23 — B-D-ranakro3ua-ranakToruaposasa, -raiakro3sniasa,
3.4.4.1 — menTuA-NeNTHATHIPONA3a, TENCHH;

3.4.4.4 — nmenTH-TIeNTUATAIPONA3a, TPUIICHH;

3.4.4.5 — mentua-nenTUATNAPOIa3a, XUMOTPUIICHH;

4.2.1.1 — xapboHaT-ruApoOaMa3a, KapOoaHTHAPA3a;

5.3.1.1 — D-raunepansaerun-3-docdaT-KeTon-u3oMepasa, TpUO-
3o¢ochaTrzoMepasa,

6.1.1.1 — L-tuposun-TPHK-nuraza (AM®), Tuposnn-TPHK -cuH-
TeTasa.

8.2. AKTuBHbBIE HEHTDH (GePMEHTOB

B ocHoBe kaTanusa JIEXUT MpPEACTABICHHE O TOM, YTO KaTaJIUTH-
YECKHU 1IUKJI OCYLLECTBISIETCS COBOKYITHOCTBE) aTOMOB, KOTOPBIE CO-
CTaBJSIOT TaK Ha3blBaeMBIM aKTUBHBIA 11eHTp. s hepmeHTOB nox ak-
THBHBIM IIEHTPOM ITOHNMAIOT COBOKYIIHOCTH (PparMEeHTOB aMHUHOKHC-
JIOT, OCYIIECTBIAAIOILMX CBsi3bIBaHue (copOIuIo) cyOcTpara, €ro xu-
MUYECKYIO aKTHBAIHIO U IMpeBpalieHue. AKTUBHBIA 1IeHTp GenkoBoit
MOJIEKYJIBI (PEPMEHTA UMEET CJIOXHYI0 KOHOMUIYpalluio; OH BKIIoYacT
KaK NoJjisipHble (TUAPOQUIbHEIE), TAK ¥ HENONSpHbIe (TApodOGHEIE)
T'PYIIITHL.

IIpencrapnenue 06 aKTUBHOM LIEHTPe C(HOPMUPOBATIOCH B PE3YJlb-
Tare aHajaM3a AAHHBIX 110 MHTMOMPOBAHWIO pEaKIMi ¥ XMMHYECKOM
MonuduKany 6enKosoit Mosekyabl. HeoGpaTtumble HHTHOUTOPHI 6JI0-
KHUDYIOT KaTAIMTUYECKYIO aKTHBHOCTb (PEPMEHTA, OCYLLECTBIsS XU-
MUWYECKYI0 MOAU(DUKAIIUIO OJHOM M3 I'PYIIN, YYACTBYIOLIUX B KaTaIu-
TUYECKOM IpeBpaleHnn cyoerpaTa. O6paTUMBble MHTHOUTOPHI, 00pa-
3ysi KOMIUTEKC ¢ (DYHKIIMOHATBHOM Tpynnoit Gejika, BBI3BIBAIOT JUOO
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CYILIECTBEHHOE M3MEHEHUE CBOMCTB 3TON TPYNINBI (HEKOHKYPEHTHEIE
WHTUOUTOPE), TUO0 KOHKYPEHTHO OJIOKUPYIOT COpPOLMIO (KOMILIEK-
coobpa3oBaHHe) cybcTpaTta B 00/1acTH KaTaIUTUUECKOTO 1IEHTpA.

B xauecTBe mpuMepa paCCMOTPUM IPOTEONUTHYECKNN PepMeHT —
O-XUMOTPHUIICUH, TUIPOJIU3YIOIINNA OeIKH, MENTHIbI, CUHTETHYECKHE
s(UpHBIe N aMUIHBIE CyOCcTpaThl. TpexcTanuitHas KWUHeTUKa JeCTBUS
sroro ¢epMmeHTa 06cyKnaeTcs Bollte. [IpeacTaBieHue o CTPYKType ak-
THBHOTO LEHTpa C.-XUMOTpPHUIICUHa c(hOPMUPOBAJIOCH HA OCHOBE CJie-
JIyo1ux (pakTos.

1. @enunMmeraHcyishalHua ¢ropuy 1 AunsonpormuigpTopdochar
ABNSIOTCS HEOOPATUMBIMH UHTUOHTOPAMU O.~-XUMOTPHUIICUHA, MOAHN-
(hULIMPYIOIMMH THAPOKCHIBHYIO TPYMITy cepuHa- 195 (cM. onpasn, 2.4).

2. ITpOTOHBI SBISAIOTCS] HEKOHKYPEHTHLIMU UHTHOUTOPaMHU O-XHMO-
TPUIICHHA, OMIOKUPYIOUIUMU KaTaJJUTHYECKYID aKTUBHOCTh (DYHKIIHO-
HaJILHOM TPYTIIBLI, peakiingd IMPOTOHUPOBaHUSL KOTOPOI XapakTepu3sy-
eTCsT KOHCTaHTOMN paBHoOBecHs pK, ~ 7, YTO TUIIMYHO ISl IPOTOHUPO-
BaHUSI UMHI230JIbHOM TPYIIEI TUCTUANHA. BBUT CUHTE3UPOBaH CIIELIN-
¢HyecKUii MHIMOUTOp (pepMeHTa — aHajlor cyOCcTpara, CeIeKTUBHO
ATKWIMPYIOIIAA UMUIA30T6HYIO MPYIIY TUCTUIMHA-S7 (CM. TIofApas, 2.4).

3. ApoMaTHuecKHe CIUPTBI, apOMaTUYeCKUE COSAMHEHUS SIBIS-
I0TCSl 0OpaTUMBIMU MHTHOUTOpaMHU O.-XUMOTpPHUIICHHa. OKa3a1och, YTO
3(p¢heKTUBHOCTE UHTUOUPOBAHUS 1 OTIPEACIEHHBIX CTPYKTYp CTpO-
TO KOppenupyer ¢ TMAPOoGOOHOCTBI0 MOJIEKY/IBl. OTH TaHHBIE CBHIE-
TeJILCTBYIOT O TOM, UTO aKTUBHBIA LEHTP CONEPXKUT THAPO(hOOHYIO
00J1aCTh, OCYHIECTBIISIIOLLYIO «3KCTPaKLIMIO» THAPOGOOHBIX YacTteit MO-
JleKyiel cybcTpaTa U, TI0-BUAUMOMY, OPUEHTALINIO TTOCIEIHErO OT-
HOCHUTENBHO KaTAJIUTHUYECKU akTUBHBIX Tpynn (cepuH-195, rucrtu-
IvH-57).

Taxum 00pa3oM, OUEBUIHO, YTO aKTUBHEIN LIEHTP O(-XUMOTPUIICU-
Ha MpeACTaBNsieT cO00 MUKPOTETEPOTEHHYIO CUCTEMY, BKIIIOYAIOIIYIO
Kax rupodmwibHble, Tak B THIPO¢OOHBIE rpyNITEl aMUHOKUCIIOT. JTO
XapakTepHO U JUIst ApyTHUX (DEPMEHTOB.

AKTHBHBII 1[eHTp (hepMEHTA OCYHIECTBJISIET ABe (DYHKIHUU: cOpO-
LIMIO cybCcTpaTa (KOMILTeKCOOOpa3oBaHUe cybeTpara ¢ (GepMEHTOM) U
XAMHUYeCKOe MpeBpalleHue cybctparta. DT QYHKUUU PeaTU3yIOTCS
Pa3IMYHBIMYA TpyIaMy (y4acTKaMH) aKTUBHOTO LIEHTpa. YC/IOBHO B
3KTUBHOM LIEHTPE MOXHO BBIIEUTh COPOIIMOHHBIN U KaTaTUTHYeCKUHA
nomueHTpH (yyacTki). Ha 5TO yKasbIBaloT CieAyIOlINe HE3aBUCUMEIE
JaHHEbIE.

1. Kunernyeckne 3akoHoMepHoctH uHrubupoBanus. ITonrsepxkie-
HueM cymniecTBOBaHUsI COpOIIMOHHOTO U KaTaJIUTUYECKOTO Y4acTKOB
AKTUBHOTO LIEHTP2 MOXET CIYXUTb KUHETUYECKasl TEOPUST IBYXKOM-
TIOHeHTHOTO HHrHOUpoBaHUs. MOXHO NpeacTaBUThL cede JBa Mpeneib-
HBIX ciry4qast:

1) uurn6urops 1; 1 I, KOHKYpUPYIOT APYT C APYTOM, IIPU 3TOM He
Mpoucxoaut o6pasoBanus TpoitHoro Komiutekca EI 1,:
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El, == EI,S

N

E == ES =>E+P (8.1)

I

El, == EI,S

2) MHrUOMTOPHI B3aUMOJEHCTBYIOT C Pa3IMYHBEIMU y4yacTKaMH ak-
TUBHOTO LIEHTPa, HE KOHKYPUPYs ADPYI C APYroM; 3TO IPHUBOINT K
ob6pasoBaHuio TpoiftHoro komiuiekca EII,:

El, = ELS

2R

E, E == ES ™ =E4+P (8.2)

N

El, === EIS

AHajm3 nmokaseBaeT, YTo KHeTHueckue cxemnl (8.1) u (8.2) Mo-
FYT OBITH TUCKPUMUHUPOBaHEI Ha OCHOBE U3yYeHUs 3aBUCUMOCTH CKO-
pOCTH peakIUK OT KOHIEHTPaLU NHTHONTOpOB. 715 ciiydast B3aUMo-
3aBUCUMBIX KOHKYPUPYIOIIUX WHruOMTOpoB (cxema (8.1)) rpacduxu
3aBMCHUMOCTH CKOPOCTH peaKIIUM OT KOHLIEHTPaluu HHTUOUTOpa Npes-
crasyieHsl Ha puc. 8.1. Iy ciaydas B3aiMOHE3aBUCUMOTO HEKOHKYPEH -
THOTO MHrubupoBaHus (cxeMa (8.2)) TUMMUHBIe 33aBUCHMOCTH CKOpO-
CTH OT KOHIIEHTpallMi HHTUOUTOPOR MTPUBEIEHHI Ha pHc. 8.2. AHajo-
TUYHBIA anTOpUTM TUCKPUMHUHAINK MOJesel ObUT OMMMCaH BBILUE IS
JBYXCYOCTpaTHBIX (hepMEHTATUBHEIX PEaKIUi (HUCKPUMMUHATIIUS ITHHT-
TIOHT-MEXaHN3Ma U MeXaHH3Ma 00pa30BaHUs TPOITHOro KOMIUIEKCaA).

1/w 1/v
L
4
//‘ 1
rd Cd
1/1 1/1;
2 /h p /h

Puc. 8.1. IByXKOMIIOHEHTHOE UHTMOMPOBaHUE (ePMEHTATUBHBIX peaKIH,
cay4aid B3aMMO33aBUCHUMBIX KOHKYPHUPYIOILINX UHTUOUTOPOB:

a — I, = const; 6 — I = const
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1/n /v
b

f

Z
z o

Py
1/5 6 /4

a

Puc. 8.2. JIByXKOMIIOHEHTHOE MHIUOMpoBaHMe (EePMEHTATUBHBIX PEaKiIuii,
cayyaii B3aMMOHE3aBUCUMBIX HEKOHKYPHUPYIOUIUX MHTUOHUTOPOB:

a — Iy = const; 6 — I, = const

Jna o-XUMOTPUIICHHA OBIJIO MPOBENEHO HUCCICIOBAaHUE IBYXKOM-
TIOHEHTHOTO WHTHUOMPOBaHUSA C WUCIOIB30BaHUEM OOPHONM KHCIOTHI
(2neKTpoUITLHBI KOMITOHEHT, 00pa3yoNnii KOMIUIEKC ¢ UMHIA30/b-
HOU TpYIITON aKTUBHOTO LICHTPa) U apOMaTUYeCKUX CIIUPTOB (THIPO-
(hoGHBIN KOMITOHEHT, 00pa3yioluil KoMIUIeKe ¢ THapo¢obHOM 0611a-
CTBIO — <«THIpO(OOHBEIM KapMaHOM» — aKTUBHOTO LieHTpa). OKkasa-
JI0Ch, YTO OopHast KUCIIOTa U apOMaTHYECKHE CTIUPThHl — B3aMOHe3a-
BUCHUMBIC HEKOHKYPUPYIOIINE HHTUOUTOPE (hepMeHTa. DTO TOBOPUT O
TOM, UTO COpOLMsA CyOCTpaTa M €ro KaTaINTUYECKOE TIpeBpallleHue
MPOTEKAIOT Pa300HICHHO W OCYIEeCTRISIIOTCS PA3TUYHBIMUA TTOZIEHT~
paMy aKTUBHOIO LIEHTpA.

2. Caiir-cnenndunyeckuii Myrareses. Hosble BO3MOXHOCTH HIIEH-
TUQUKAIIMY TPYII, BXOASLUIUX B aKTUBHBIE LIEHTPHI (hepMEHTOB, I10-
SIBWJIACh C pasBHTHEM TeXHUKH CalT-CIlelndHUIecKoro MyrareHesa
(cm. 1. 10). 11 ¢pepMeHTOB, SKCIIPECCHIO TeHOB KOTOPBIX MOXHO OpTra-
HU30BaThb C UCITOIL30BAHHEM e HHO-UHXECHEPHEIX KOHCTPYKIIMH TUTIa
IUIa3M#JI, OKa3aJIach BO3MOXHOM 3aMeHa OTIEIbHBIX aMUHOKUCIOT Ha
yposue JJHK ¢ mocnenyroieit akcrpeccueif 1 U3ydeHUEM KaTaTUTH-
YECKMX CBOMCTB MoNydaeMbIX 6esIKoB (cM. 171, 10). OTo ro3sosset noiy-
YUTh BaXHYIO HHGOpMaIINio 06 YIaCTHH TOM WU MHON aMHUHOKUCIOTHI
JaHHOTO ()parMeHTa MOJUIIETITHIHON LEMN B KaTATUTUYECKOM aKTe.
OnHaxo B 3ToM cilydae IpU MHTEPIIPETALIMU pe3yIbTaTOB HEOOXOIMMa
U3BeCTHAS OCTOPOKHOCTh, TIOCKOJIBKY B OeJIKax uMeeTcsl GONbLIOe YHCIO
AMUHOKHCIIOT, (POPMHUPYIOLLUX CTPYKTYPY aKTUBHOTO IIEHTPa, HO He TIpH-
HHMMaiouIUX HEITOCPEICTBEHHOTO YYaCTHsL B aKTe Katajiu3a (CM. Jajee).

3. Ctpykrypa depMEHTOB Ha aTOMapHOM ypoBHe. OKOHUaTe/lbHas
HHbopMalusg 0 CTPYKTYype aKTUBHOrO LIEHTPa MOXeT OBITh ITONy4eHa
METOMIOM PEHTre HOCTPYKTYPHOTO aHAIK3a (MCCIIENOBaHNE KPUCTAILIIOB)
U CIeKTpOCKOINH SIAEpHOr0 MarHUTHOTO PE30HAHCa BHICOKOTO paspe-
lleHug (MccnemoBaHue pacTBopoB). st uneHTRhUKAIMN TPYTI, [IPU-
HUMajoniux y4acTHe B KaTajiu3e, OOBIYHO HUCITONB3YIOT KOMILIEKCO-
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| Glu-193

Oc Qo

Puc. 8.3. ®parMeHT CTPYKTYPHI ¢i-XUMOTPUNICUHA

o0OpasoBaHre (DEpPMEHTOB C MHTHUOUTOpaMHU HMJIM MaJIopeaKIMOHHOC-
IMOCOOHBIMUI aHaJIoraMi CyOCTpaToB.

Ha puc. 8.3 oka3aHo cTpoeHHMe aKTUBHOIO IIEHTpa (-XUMOTPHII-
CHHA. DTO MaJIOpeaKIIMOHHOCTIOCOOHBIM alMIpepMeHT, THIPOKCUITh-
Has rpymna Ser-195 KoToporo anuinpoBaHa WHIOIMIAKPUIOMITBEHBIM
OCTaTKOM. Xopolllo naeHTu@uumpyorcs: Ser-195, His-57, Asp-102,
CBSI3aHHBIE B KOMILIeKCE BojopogHod cBa3bio ¢ His-57. Muapodood-
HyI0 obnacts ¢hepMeHTa 0GPa3yIOT aMUHOKUCIOTHBIE OCTATKU BOKPYT
Thr-213 u Ser-214. BuaHo, 4TO aKTHBHBIN LEHTP (GOPMHUpPYETCS M3
ocTtatkoB amuHokuciot (His-57, Asp-102, Ser-195), pacnpenpeneH-
HBIX TI0 BCEH TOJUIENITHIHON LIEMH; 3TO SBJISETCS OOIINM IPaBHIOM.

8.3. Crpykrypa aKTHBHBIX HEHTPOB (PEPMEHTOB.
buoundopmarnka

[MocnenoBaTeTbBHOCTH AMUHOKMCIIOT OIPENEsieT CTPYKTYPY U CBOM-
cTBa Kaxnoro 0enka. B Hactosiiiee BpeMsl CTAHOBUTCS] OYEBUIHBIM, YTO
IIpH OOJNBLIOH (MpakTUYeCKN OecKOHEUHOM) BapuabeIbHOCTH GeslkoB
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HEKOTOPBIE 3JIEMEHTHI CTPYKTYPHI SIBJISIIOTCSL KOHCEPBAaTUBHBIMH, U 3TH
3JIEMEHTHI B 3HAUNTEBHOM! CTENIEHU ONpene/sioT (PYHKINIO OeJIKOBOM
MOJIEKY/IBI. DTO OCOOEHHO XapaKTepHO IJisl O€JKOB, BBIMONHSIOUINX
KATAIUTHYECKYIO GYHKIINIO. HallpuMep, UTS THAPOJIa3, COCTaBISLIONINX
OKOJIO TpeTN BCEX U3BECTHHIX (pepMeHTOB (Ipubausutensuo 1100 u3
3700), THTIOB CTPYKTYp KaTaTUTHUYECKUX LEHTPOB BCETO YeTHIpe (CM.
manee).

CTpykTypa aKTHBHOTO IIEHTpa (pepMeHTa CKAAJBIBAETCS M3 ABYX
COCTaBJISTIOTIUX:

1) copOLIMOHHBIN TOALIEHTP, OTBETCTBEHHBIN 32 CBA3BIBaHUE, HUK-
Calliio ¥ OPUEHTAIINIO CYyDCTPATOB; CBOMCTBa 3TOTO IEHTPa ONpeaeiia-
JOT CIlelIUPUYHOCTD AeHCTBUSA (hepMeHTa (CM. TIL. 9);

2) KaTaINTAYECKHN TONLIEHTP, OCYIUECTBISIOIIMNE XUMUYECKOE
NpeBpaleHue MOJIEKYJ CyOCTpaTa M MCIIOJNB3YIOMIMI U 3TUX Liesei,
Kak MpaBWIO, OOIINIM KHUCIOTHO-OCHOBHOM KAaTajIN3.

UToOBI OTBETUTH Ha BOIPOCHI: KaKHWe XUMUYECKUE CTPYKTYPHL 00-
pasyioT KaTaINTHYECKUHN 1IEHTP, KAKUM 00pa3oM aMUHOKUCIIOTHI, pac-
ITOJIOXXEHHBIE Ha PasHBIX, 3a4aCTVIO YIAIEHHBIX APYT OT APYTa y4acT-
Kax TOMUTIENTHIHON 1LIeNMn, HaxoUdT Apyr Apyra U (popMUpPYIOT YHH-
KJIbHYIO CTPYKTYPY — MCIIONb3YIOT MEeTOAbl OMOUH(OPMATHUKH.

MOXHO 0XHIaTh, UTO B paMKax OJHOrO CylepceMeificTBa copOLu-
OHHBIHA MOAIIEHTP, OTBeYarollUi 3a CIelH(pUUHOCTL (hepMEHTa, MO-
KeT OBbITh IpenCcTaBieH MHOTMMU BapuaHTaMU CTPYKTYpPH Gejka, co-
OTBETCTBYIOIIUMHU BapHaHTaM CTPYKTYp cybcTpaToB. B To Xe BpeMs Ka-
TAJINTHYECKUE TTOAUEHTPRI, YUCIO TUIIOB KOTOPHIX BEChMa OrpaHUye-
HO, NPEJCTaBISIOTCS KOHCEPBAaTUBHBIMH (HE3aMEHUMBIMU) 3JIEMEH-
TaMH CTPYKTYphL. J1J1si ToaTBe pXXIeHUS 3TOro TOIOXEHNS ObUT UCITONb-
30BaH 6MOMHGOPMAIIMOHHEIN ITOAX0N, OCHOBaHHBII Ha CPaBHEHUM TIO-
ClleOBaTENbHOCTEM aMUHOKHUCIOT B OelkaX, 0ObeJUHEHHBIX B OJHO
KpYITHOE CeMeliCTBO.

brUT 1IpoBeIeH aHAIM3 Pe3yIBTaTOB BRIpaBHUBAHUS TTOC/IEIOBATEN -
HOCTell aMUHOKMCJIOT HECKOJBKUX OOJBLIMX ceMellcTB (epMeHTOB,
NpeACTaBleHHBLIX B 6a3e qaHHbIXx HSSP (http://www.sander.embl-hei-
delberg.de/hssp/). Bei6op cemeiicTs ¢epmMeHTOB OB C€NaH Ha OCHO-
BaHUM CJIEAYIOLINX KPUTEPUEB:

1) unciio aHATKU3UPYEMBIX NTPEACTaBUTENIEH ceMeicTBa MOJDKHO OBITh
Oonee 100; 370 HOKHO OOECIIEYUTL CTATUCTUYECKYIO JOCTOBEPHOCTD
pe3ynLTaTos;

2) g aHamu3a ClaelyeT BHIOMpaTh cemelcTsa hepMEHTOB pasiny-
HBIX KJ1accoB (OKCHIOPEOYKTa3bl, TUAPOa3bl, H30Mepasbl U T.J1.);

3) Mo BO3MOXHOCTH CleAyeT BHIOMpath (DEPpMEHTHI, JUTS KOTOPBIX
YCTaHOBJIEHa CTPYKTYpa aKTHBHBHIX LIEHTPOB U C BLICOKOU CTEMEHBIO
AOCTOBEpHOCTH U3YYEH MEXaHU3M KaTajin3a.

OGBIYHO pe3yJIBTaThl BRIPaBHUBAHHUS MTPENCTABISIIOT B BUIE TabIHIL
TIPU HaJTOXEeHUH TOCIeI0BaTeJJbHOCTH aMHUHOKUCIOT OeJIKOB Ha I1o-
ClemoBaTenbHOCTH, B3SITYIO B KadecTBe 6a30B0it. KoHcepBaTHBHBIE 211e-
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MEHTB! NOCJIeI0BATEIPHOCTH BRISABISIOT cpaBHeHNeM. OueBUIHO, YTO
9TOT METOI CTaHOBUTCHA MaJIOMH(OPMATHUBHBIM U B BBICIUEN CTETIEHH
HeYIOBJIETBOPUTEIBHBIM 1pU CpaBHeHUH Goee yeM 3 — 5 Genkos. Ero
MOXKHO aBTOMAaTH3MpPOBaTh, XapakTepH3ysi KOJIMYECTBEHHO KOHCEpBa-
TUBHOCTH TIOJIOKEeHUsT aMHHOKUCJIOT B TocieaoBareibHOCTH. OqHUM
W3 KOJIMYeCTBEHHBIX KpUTEPHUEB KOHCEPBAaTUBHOCTH ITONOXEHUS KaX-
JOM aMUHOKHCJIOTHI B T1OCI€N0BaTEIbHOCTH aMUHOKHUCIIOT BeslKa MOo-
KET CTy>KUTh 3HTponust [leHHoHa (cMm. 1. 3).

B Teopun nndopmanmm sutponus LllenHoHa siBasieTcs OnHON U3
Haubosiee BaxXHBIX ¢yHKUNN. DTa QyHKIUA ObUIa BBeJcHa KaK Mepa
CTENIeHU HeollpeJeIeHHOCTH, XapaKTepHU3ylolliasi TO WIX UHOe COObI-
THE, UMeolIiee ONpelle/IeHHYIO BeposiTHOCTb. T1pn 3ToM HHGOpMauHio
MOXHO pacCMaTpUBaTh KaK MEpY KOJIMYeCTBa HeOTIpeACEHHOCTH, KO-
TOpast YTOYHSIETCS TIOCHIe TToMy4deHus coobuieHus. PopMaibHO KoMuye-
CTBO MH(OPMAIINH OIIpelessieTCss KaK pa3HOCTh 3HaYeHM MHdopMa-
IUOHHOM 3HTPOTINH JO W TIOCJE COBepLIEHUS OIbITa (TTOJIYYeHUs CO~
obenns). Mcnonas3oBaHue HHGOPMalMOHHOM 3HTPOIUN (3HTPOITANA
IlleHHOHA) MO3BOJISIET CPAaBHUBATh POACTBEHHBIE OEJIKU C Pa3NIMUHOMN
MOCJIEN0BaTeTLHOCTBIO aMUHOKUCIOT. [Ipolienypa BpIpaBHUBaHHUsI 110~
CJeJ0BaTeNbHOCTEN aMUHOKHUCIIOT OTHOCUTETLHO KaKoTo-JIN00 pernep-
HOro Oefika TIpeACTaBiseT coboif HaloXeHWe ITOCIefoBaTeIbHOCTEN
JIpYT Ha Apyra U B pe3y/IbTaTe BHISBJICHME TOMOJOTHYHEBIX YYACTKOB U
BCTaBOK WM aejennii (cMm. . 3). Ilpn cpaBHeHMH OONBLIOTO YHUCIa
0EJIKOB MOXHO C BEICOKON TOYHOCTBIO PaCCYMUTATh BEPOSTHOCTL HAXO0X-
JIEeHUd TOI WM MHOIT aMUHOKUCIIOTHL B KAXIOM IMO3UIIUH TTOCIEN0Ba~
TENBHOCTH. BTa BEPOATHOCTD OIpeesieTCss KaK OTHOCUTENBHAs 4acTo-
Ta TOABJIEHUSI aMUHOKHUCITOTHI j B TTIO3ULIUH J. JJIs1 KaXoW MTO3WLMHU B
MOCJIe0BaTeIbHOCT aMUHOKHUCIIOT Gesika ISt BceX 20 aMUHOKUCIIOT

MOXeT OBITh BeIUMCIeHa sHTponus [lleHHona: H; = —Z (pji log, pji)-

1

BaxH0it 0cO6EHHOCTBIO 3TOU (HYHKUUM SBJISETCS TO, YTO OHa Oin3Ka
K HYJIO VIt COOBITHH ¢ BHICOKOIM BEPOATHOCTRIO (p;; = 1), Tak Xe Kak
JUTst COOBITHIA ¢ HU3KOU BEpPOATHOCTBIO (p,; = 0). TToaToMy B pesynprate
BBIYKCIIeHUsT sHTponun LleHHOHa MOTYT 6BITH OOHAPYXEHBI TO3HITUU
B IIOCIIeN0BaTeIbHOCT aMUHOKUCIOT Oefika, KOTOpHIE SIBISIIOTCH 00-
WMMHU (abCOMIOTHO KOHCEPBAaTUBHBIMM) JUIST JaHHOH j-H aMHUHOKUC-
JIOTHI 11 BCETO OOMBLIOTO ceMeNHCTBa OETKOB. DTO MO3UIINH, BEPOSIT-
HOCTB NOSIBJIEHUS B KOTOPBIX JaHHOM aMHHOKHUCIOTH OJIU3Ka K eni-
HWUIIE, B TO BpeMsT KaK BEpOSATHOCTE ITOSIBIEHUS BCEX OCTAJILHBIX aMHU-
HOKHUCJIOT O6113Ka K Hymo. Beicokue 3HaueHust 3HTponun IlleHHoHa
XapaKTepHBI JJIsT TO3UIINI C BRICOKOHN BapHaGenbHOCThIO AMUHOKHUC-
JIOT, HU3KUe — 11 aMUHOKUCIIOT, TTO3ULIUH KOTOPHIX B IOCIEN0Ba-
TeIbHOCTH KOHCepBaTUBHEL. B nipenesie mpu p;; = 1 (abconroTHast KOH-
CepBaTUBHOCTh) umeeM H; > (.

C ucnonp3oBaHueM sHTponnu llleHHOHA OBUTH MPOaHATH3UPOBA-
HBI cyniepceMeicTBa O6eIKoB, 6a30BBIMU IUISI KOTOPHIX SBJISAIOTCA CJIE-
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ayomme GepMeHThI: TPUIICUH, XUMOTPUIICHH, CYOTUIM3UH, TUIasa,
HUTOXPOM-C-OKCHAa3a, TerCUH, NEerCcUHOreH, eHoja3a, JIaKTaTle-
ruaporenasa, JIHKasa, amnnoannn-tPHK-cuHTeTa3a, nusounm. Ce-
MelicTBa OOBENMHAIOT OeJIKN pasINnYHON CTPYKTYPHl U TIPOUCXOXKIe-
Hug. HarnpuMep, aHamu3npyeMoe ceMeWCTBO TPUTICHHA COCTOUT U3
6onee yeM 500 O6enKoB, BKIIOYAIOMIMX Takue (HEPMEHTHI, KaK XUMO-
TPUIICUH, KaUIMKPEWH, IUIa3MUH, TMIOCTaTUH, HeliporicuH, dax-
TOpBL Koaryasauuu xposu IX u X, NpoTea3a arperauuii TpoM6OIIH-
TOB, aKTUBaTOp pOCTa TelaTolMUTOB, 3jacra3a, TpaHCMeMOpaHHas
TpumTasa, TPOMOMH U MHOTHE APYTHE.

B xauectse mpumepa Ha puc. 8.4 — 8.6 MpHUBeIeHH JaHHBIE 110 SH-
tponun llleHHOHa 1T MHOXXeCTBEHHOTO BHIPABHUBAHUS GEIKOB Ce-
MEUCTB TPUIICUHA, CYOTUNH3NWHa U JINTA3bl.

BunHo, 4TO 60JBIIMHCTBO MO3UIIUIT aMUHOKMCIOT B ITOJMUIIENITHI-
HOH 1IeTIM XapaKTepU3yI0TCsl BHICOKUM YPOBHEM BapHabeIbHOCTH (3H-
tponus LlleHHOHa Gosnplile eTUHULBI). DTO O3HAYaeT, UTo M (HYHK-
LIMOHUPOBaHUs (pepMEHTa He BAXXHO, KaKasi aMHHOKHCIIOTa 3aHUMA€ET
JaHHYIO TIO3ULIMI0. B To Xe BpeMs UMEIOTCS MTO3UIINH aMHUHOKHCIIOT,
KOTOPBIE XapaKTepHU3YIOTCst abCOMOTHRIM MUHUMYMOM 3HTporuu [leH-
HoHa (H < 0,1). BepossTHOCTb HaXOXIeHUS ONpeneleHHOM aMUHOKIC-
JIOTHI B 3TUX MO3ULINAX TIPAaKTHYECKH PaBHA eIUHULIE, T.€. JUISL BCETO
ceMelicTBa OENKOB TaHHYIO NO3UIUAI0 3aHUMAET OJHa U Ta K& aMUHO-
KucoTa. Takux rno3uimii OoTHOCUTEIBHO HeMHOTO. Tak, AJ1sl ceMeicTBa
TpUricuHa (cM. puc. 8.4) Takux To3unuil Bcero auitb 13 (5,6 %) us
oonee uem 230, mia cemeiictsa cyotwinsnia — 8 (3 %) us 270, mng
cemeiictsa smmasel — 20 (6 %) u3 330, s cemeiicTBa nmerncuHa — 15
(4,5%) n3 330. OT” MO3UIMK U OTBeYaIOIMe UM aMHHOKHUCIOTHI
Ha30BeM KOHCcepgamugHbsiMu. SICHO, 4TO OHHU HUIpaloT 0coOyIO POJb B
byHKIHOHUpOBaHUM Oenka. YTo ke 3TO 32 aMUHOKHUCIOTHI U KaKOBa
VX poJib?

AHaNIN3 TO3BOJISIET BHISIBUTH CIEAYIONINE 3aKOHOMEPHOCTH.

1. AMMHOKUCIOTHBI, 06pa3yionide KaTAIUTUUECKN aKTUBHEIN TIEHTP,
BCeTa SBJIAI0TCS KOHCEPBAaTUBHBIMY ITPH CPaBHEHHUH TIOC/IE10BATE b~
HocTell aMMHOKUCIIOT B (pepMeHTax. M3BeCTHO, YTO KaTaTUTHUECKUIA
LEHTp KUCIBIX IIPOTea3 THIa ITelICHa BKIIIOYaeT B cebs aBe Kapbo-
KCHWJIbHBIE TPYIINbl aclapariHoBoOM KUCIOTH Asp-32 u Asp-215. Bt
acTiaparnHOBBIE KHUCIIOThI SBJISIOTCS KOHCEePBaTUBHBIMU TIPU CpaBHe-
HUU TIoCJIeoBaTeJIbHOCTEH aMUHOKHUCAOT GeJIKOB ceMelcTBa TMETICH-
Ha, 1 X MO3ULINHU XapaKTepHU3YIOTCA MUHUMAJTLHBIM 3HaUeHUEM 3HT-
ponuu IllenHOHa.

IMpuBeneHHEIe Ha puc. 8.4 — 8.6 ceMelicTBa TPUIICUHA, CYOTHIN3N-
Ha p IUmasel coaepkaT B Ka4eCTBe KaTIMTUYECKHU aKTUBHOMN TPy~
POBKM Tpuamy aMUHOKUCHOT Ser— His— Asp, ocylllecTBISIONIYIO Te-
PeHoc mpoToHa (charge relay system) ¥ KaTaIMTUYECKYIO aKTUBAI[HIO
BOnpI IO HYKJIeO(DWIBHOMY MeXaHU3My. B rocienoBaTenbHOCTAX, IpEI-
CTaBleHHbIX Ha puc. 8.4—8.6, 370 aMuHOKHUCIOTH Ser-177, His-40,
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Asp-84 (cemeiicTBo TpurncuHa); Ser-214, His-63, Asp-32 (ceMeiicTBo
CYOTWIN3UHA).

2. InuuuH 1 acrapariHOBasi KHCJIOTa HauboJIee YacTo BCTPEYAOTCH
KaK a0COIOTHO KOHCEPBATHBHBIE aMUHOKUCIOTHL ITPU CPaBHEHUH TT0-
CJ1eJOBaTENBHOCTEM aMIHOKHUCIOT B (hepMeHTaX. JJIST CTAaTUCTHYECKOTO
aHaIM3a ObUIA UCITONIB30BaHAa OONbILAs BEIOOPKA CEMENCTB, MIpeICcTaB-
nAouX GepMeHThl pasIMIHbIX Kinaccos. Mcciaenyemas BeiGopka ce-
MeHCTB (PEPMEHTOB (TPUIICHUH, CYOTWIN3UH, JINIAa3a, aTKOTOIbIeTrHI-
pOTeHasa, JIaKTaTICTHAPOreHa3a, IUTOXPOM-C-OKCHIa3a, TIeTICHH,/TIeT-
CHHOTEH, €HoJa3a, JIM3OUMM, IlueliouHas ¢ocdarasa, aMHHOALWI-
tPHK-cunrerasa, [JJHKaza) Bkmoyana B ceds 2281 Genok u mpen-
cTaBJeHHBIE B 749 252 mO3UIUAX aMIHOKHCOTEL. MOXHO ITOJIaraTh, 4YTO
TMoJIydeHHble pe3yJIbTaThl B OTIPENEIEHHOM CTeeHI XapaKTepU3yIoT dbep-
MEHTATHBHBIMA KaTalIu3 B 1ejloM. HeoXUmaHHBIM pe3yJIbTaTOM aHaIu3a
SIBJIETCS TO, YTO YACTO BCTpEYAIOMENCs, Haubosee KOHCepBaTHBHOM
AMUHOKHCJIOTOM TIPH CpaBHEHUU ITOCIETOBATEIBHOCTEH aMUHOKHCIIOT
B (hepMeHTaX ABIAETCH TTUMH. Ha BTOpOit MO3UIIMU CTOMT acIiaparu-
HOBast KUCJIoTa, IPU 3TOM B CYMMeE IJIMIUIMH U acITapariHoBast KHCJIoTa
cocrasigior mpuMepHo 50 % BCeX KOHCEpBATUBHBIX aMUHOKICIIOT.

BT TIpOBeeH peNTUHI AaMUHOKUCIIOT MO ITPOSBIEHUIO KOHCEep-
BATUBHOCTU B M3YYeHHBIX ceMeiicTBax. C 3TOil LENBIO IS KaxXmoii
aMUHOKHUCIOTH ObUTa OMpeneNieHa 4acToTa €€ IOSBIEHHS KaK KOHCEpP-
BAaTUBHOIO dneMeHTa (H; = 0) ¢ HOpMUPOBKOH Ha 0o011ee YUCI0 KOH-
CEPBATUBHBIX MO3ULIMIA IJI1 BCeX aMUHOKHCIIOT B UCCIIEMOBAHHBIX Ce-
MelicTBax. PeTHHT KOHCEepBAaTUBHOCTH aMUHOKMCIOT IIPEACTARNIEH Ha
puc. 8.7, a. JIng cpasHeHUS HA pUC. 8.7, 6 MpUBeIeHa YacToTa IMOsBIe-
HMsi aMUHOKHCIIOT B Iipupone. BUIHO, UTO 3TO AB€ COBEPLUEHHO pa3-
Hble ¢pyHkuud. HanbGosee 4aCTHIM KOMITOHEHTOM B O€JKaxX SIBISIETCS
neiiuprH. HanGosee YacThIM KOHCEPBATHBHBIM 3JIEMEHTOM CTPYKTYDHI
(hepMeHTOB ABNSIETCS TMUUWH. BUnHO, YTO TJIUIMH, acraparnHoBas
KHCJIOTa, UACTEWH, MPOJHUH U TUCTUAUH SIBISIOTCA HauboJee 4acTo
BCTpeYaIOIUMHCSI KOHCEPBATUBHBIMU aMHHOKHUCIIOTAMU B CTPYKTYpe
(hepMeHTOB. DT AMIHOKMCIIOTBI COCTABIISIIOT IpuMepHO 70 % Bcex KOH-
CepBaTUBHBIX 3JIEMEHTOB. MeTHOHUH U U30JeHIIMH MTpaKTHYeCKU HI-
KOrzma He OBIBalOT KOHCEPBATUBHBIMM.

HauGonee KoHCepBaTHBHBIE aMUHOKHCIIOTHL MOXHO Pa3ieuTh Ha
ABe TIPUHIIUITHAIBHO pPasHbIe TPYTIITBL:

1) aMUHOKMCIIOTEI, YYACTBYIONINE B 3JIEMEHTApHBIX aKTaX aKTHBa-
LMK MOJIEKYN cyHCTpaTa B KQ4eCTBe KHUCIIOT U OCHOBAaHUM (acraparu-
HOBast KUCJIOTA U TUCTUAVH);

2) aMUHOKMCIOTH, (GOPMHUPYIOIINE T€OMETPHIO aKTUBHOTO IIEHT-
Pa (IIMUMH, LHUCTEHH, TIPOJIUH).

TakyuM 00pa3oM, CTAaTUCTUYECKUN aHANM3 IMOKa3bIBacT, YTO Kara-
JUTHYECKYIO (DYHKINIO HepMeHTa U apXUTEKTYypy aKTHBHOIO LEHTpa
bopMupyeT HeGobLIAS, HO ONpENEIeHHAs YACTh AaMUHOKHUCIIOT CTPO-
TO (hUKCHPOBAHHBIX MOIMIIMIA ETTH. OTH aMUHOKHCIIOTHl MOXHO BbI-
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Puc. 8.7. HacToTa f nosiBiieHHsI aMMHOKHMCIIOT KAK KOHCEPBATHBHBIX 3J1eMEH -
TOB B CTpyKType depMeHTOB (a) U B ipupose (6)

SIBUTh IIpU CPAaBHEHWU OJHOTUITHEIX IO CTPYKType (hepMEeHTOB, BBI-
MOJIHAIOUIMX OMHY U TY Xe (YHKINI. XapakTepHble IJIsT ZaHHOIo Ce-
MeNCTBa (hepMEHTOB KOHCEPBATUBHBIE AMIUHOKICIIOTH SABISTIOTCS TUO0
KMCJIOTAMY WM OCHOBAHUAMH, (POPMHUPYIOIIMMU KaTaiUTHYeCKHMA
LIEHTP, JUOO0 BaXXHBIMU CTPYKTYPOOOPa3yIOIIMMH aMUHOKUCIOTAMH,
bopMUPYIOIIIMU CTPYKTYPY GelIKa B 1IEJIOM.
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8.4. Knucjiorel n 0OCHOBaHHSA B (hepMEHTATHBHOM KaTaJIM3e

PaccMOTpUM poJIb KOHCEPBAaTUBHBLIX aMUHOKHCIIOT B KaTaJlH3e.

AcnapariHoBasl KHCJIOTa M THCTHAWH — HauboJjiee 4acTto UCITONb-
3yeMBIe areHTHI B MPOlleccax aKTUBAIUY MOJIEKYN B (DEPMEHTATUBHOM
KaTAUTHYECKOM 1MKJIe. O4eBMIHO, YTO KAaTAIMTUYeCKas (hYHKIUS
acImapariHOBOM KUCJIOThl U TUCTUAMHA B aKTUBHBIX 1leHTpaX hepMeH-
TOB CBSI3aHA C UX KUCJIOTHO-OCHOBHBIMU CBOMCTBaMU. B katamuruye-
CKOW XMMMH pOJIb KUCIIOT U OCHOBAHUM YIOOHO O0CYX/IATh ¢ UCITOJb-
30BaHUEM CNIENVIOUIENR TEPMIHONIOTHM.

Cneyuchuneckuii Kucromuuili Kamaau3 — Katajius, TMPOTEKAIOLINI ¢
y4yacTHeM HOHOB BOJOPOIA.

Creyuchuneckuil 0CHO6HOU Kamaau3 — KaTaJU3, TIPOTEKAOMUNA ¢
y4yacTHEM MOHOB I'MIpPOKCHIIA.

Obuwuii Kucaomuulll Kamaauz — TIPOLIECC, B KOTOPOM KaTaJIUTHYe-
CKO€ TIpeBpaleHHe O0eCTIeunBaeTCs KUCIOTON, ABJISIOMIEHCS DIeKT-
pOMUIBHBIM areHTOM.

Obuuti ocHosHOU Kamaau3 — TIPOLECC, B KOTOPOM KaTaJiUTUIECKOE
MpeBpanieHue 00eCITeYMBAETCSI OCHOBAHUEM KaK HYKJIEO(DIIbHBIM areH-
TOM.

Kap6okcunpHast rpynma acrmapardHOBOW KHCJIOTHI B ITPOTOHUPO-
BaHHOH (popMe MOXET BBICTYIIATh KaK KUCJIOTa — JOHOP MPOTOHA. D10
SIPKO BBIpaXX€HHBINA 3JIeKTpOGUIBbHEIN areHT. B genporonmposanHoii
thopMe KapOOKCHIIBHASA TPYIITIA SIBJISIETCS CHJIBHBIM OCHOBAHUEM — aK-
LEeITTOPOM TIPOTOHOB WM CUJIBHBEIM HYKJIE€O(MWIBHHM areHToM — IO-
HOpOM 3J1eKTpoHOB. UMHIa30/IbHAS rpyTIa THCTHAWHA — HYKJIEO(MHIb-
HBII{ areHT, CITOCOOHBIA BOBJIEKaTh B ITPOLIECC KATAAM3a HEMOAeNIeH-
HYIO 3JIEKTPOHHYIO ITapy aToMa a3oTa.

IlpencrapneHus 0 polIU KUCJIOT M OCHOBAHUIA B OPTaHNMYECKOM Ka-
TaJu3e SIBISIOTCS CHENCTBUEM psia HaONIONEHUH, TTOKa3BIBAIOHINX,
YTO TIPU ITOCTOSTHHOI KoHleHTpawuy wonos H' 1 OH™ (creumduye-
CKHX KUCJIOT U OCHOBAHMIA) CKOPOCTh peakilUU 3aBHCUT OT KOHIIEHT-
pallMi KOMITOHEHTOB Oydepa, SBISIOHIMXCS OOIUMM KUCIOTAMHA W
OocHOBaHUAMU. OIHUM U3 MEPBBIX HA 3TO SABJIEHNE 00paTI BHUMaHUE
W.Bpencrten (1924 r.). B obuieM ciiydae HaGIIOnAEMYIO KOHCTAHTY CKO-
POCTH K5, TIPOLIECCA MOXHO TIPEICTABUTD B BHJE

kHaﬁn = kpaCT + kH*[HJr] + kOH_[OH_] + kBH*[BH+] + kB[B], (83)

Tlle KOHCTaHTa Ky, XapaKTEPU3YeT CKOPOCTb IPOIECcca C Y4acTHEM
pactBopa; ky+, Koy~ — KOHCTaHTa CKOPOCTH Ipollecca Mo e ACTBUEM
CrielupUIECKOro KHUCJIOTHOIO U OCHOBHOTO KaTalTU3aTopa COOTBET-
CTBEHHO; kpy*, kg — KOHCTAHTa CKOPOCTHU IIpoliecca Mo JeHCTBHEM
OOIIEKHUCIOTHOTO U O0IIEOCHOBHOTO KATAIM3aTOpa COOTBETCTBEHHO.
. BpeHcren oGHApYXKUT, YTO KOHCTAHTHI Kyt U K SIBISTIOTCS (hYHK-
UASIMH KUCJIOTHOCTH WIM OCHOBHOCTH KaTalM3aropa, KOTOpBIE Xa-
PaKTepH3yIOTCSI ITOKAa3aTeasIMU p K, KUCIOTH WJIM OCHOBAHUA. TUIy~
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Hasl 3aBUCUMOCTD BpeHcrena mis peakudy TMAPOIM3a TIpUBeeHa Ha
puc. 8.8. 3aBMcUMOCTH TAKOI'O TUITA OIKMCHIBAIOTCS ypaBHEeHHEM bpeH-
cTena:

lgkp = 1gkos + B(PK,), lgkpa = lgkoa + a(pK,). (8.4)

Koah¢uimenTs! o ¥  HaspIBaoTCsa ko3¢ duiuentamu bpeHcrena,
oHu uaMeHsores or 0 1o 1. B nmepsoM npuGmmkeHnu Ko3bGUIIMEHTE
oL U 3 paccMaTpUBAIOTCA KaK CTENEHb TIEPEHOCA MPOTOHA B MEPEXOd-
HOM COCTOSTHUH pEaKlUH.

3aBUCHMOCTH bpeHcTena MOKa3bIBAIOT, YTO TEPMOIMHAMMWYECKHE Xa-
PaKTEpPUCTUKHU peaklini (B gaHHOM ciydae pK,) BIMSIIOT Ha KUHETH-
YeCKHe XapaKTepUCTUKH TIpollecca (B JAHHOM CJIy4ae Ha KOHCTAHTY K5,
BTo XapaKTepHO IJISI MHOTHX IpolleccoB. OOBICHEHME TAKOTO pojia Ha-
QIIOnEeHMSIM MOXET OBITh IIPEICTABIEHO CIIeAYIOIMM obpa3oM (puc. 8.9).
XuMHUeckasi peakIys IpeacTaBisgeT coOO0M mepexom MOJIEKYI U3 SHep-
TeTUMECKOTO COCTOSIHUS, XapaKTepU3yeMOoro JIMHWeH I, B COCTOSHME,
omnucbiBaeMoe nuHue# 2 (wm 3). BunHo, uyro ais 6oinee TepMOIUHA-
MUYECKH BBIFOJHOrO ITPOIIECCA, OTBEYAIOUIETO TMEePEeXOAy CUCTEMBI B
cocrosure 3 (AG’ < 0), sHeprust akTusaluy HIKe (AGT,; < AGT.,,).

B karanuze (pepMeHTaMM KHMCJIOTBI U OCHOBAHMS, BXOHSIHE B aK-
TUBHBIE LIEHTPBI, UTPAIOT IIPUHIUAITHAIBHO BAXHYIO POJIb, aKTUBUPYSI
cyGcTpathl. Ilpr 3TOM B cllyyae peaklMH ¢ YIaCTHEM JIBYX CYOCTPaTOB
BO3MOXHA aKTHBALIMA pEeaKIIMOHHBIX LIEHTPOB 060MX CyOCTpaTOB.

MoXHO TTpeaCcTaBUTh HECKOJIBKO CXeM aKTHUBAIIMH.

lgk AG

1 1 Il —L

ot
-2 0 2 4 6 7 pKa Koopauuara peakuuu

Puc. 8.8. 3aBucumocts bpedcrena wist kou-  Puc. 8.9. DHepreTuueckas aua-
CTAHTBl CKOPOCTHM PeaKLMU TUAPOJM3a  PaMMa CUCTEMBI, OOBSICHAIOAsA
STHAMXIIOpALETATa, KAaTAJIU3UPYEMOH  CBSI3b TEPMOAMHAMMYECKHMX H
MypaBbuHOU (1), yKCycHOI (2), THTap-  KMHETHUYECKUX NApaMeTpOR pe-
Hoii (3), dochopHoit (4) KUCIOTOl, aHK- aKLMU

JIMHOM (35), nupuaMHOM (6), Y~METHIIIHU -

punuvHoM (7), umugasosioM (&), H,0 (9)
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1. UMunpasonpHas rpyrina BEICTYIIAeT KaK HYKJIeO(MHUIBHBINA areHT:

@EH + HOR — dH (8.5)
N 5

5
N--H---OR

Ha peakiinoHHOM IIeHTPpe WHIYLUMPYETCS OTPUIIATENBHBIN 3apsm §—.
2. KapOoxcunbHag TPyIiiia BEICTYHAET KaK HYKIeOMWIBHBLA areHT;

P pe
—C" +HOR — —C" (8.6)
o O--H-—-OR

Wous Metawios (Zn>, Co®*, Ni**, Mg, Mn*), Haxomsmmecs B
aKTHBHBIX LIeHTpaX (hePMEHTOB B BUIE KOMIUIEKCOB ¢ KapOOKCHIBHEI-
MU TPYIIITAMH aCTTapariHOBOM WIM IyTAMUHOBO} KHCJIOT, MOTYT y4a-
CTBOBATb B KATAINTHYECKOM IIMKIIE KaK OOMIMe KUCIOTHL

3. DreKTpoWIbHAS aKTHBALIMS BOIB HOHOM MeTayuia M myTem
3aMeleHIs IPOTOHA B MOJIEKYJIe BOIBl M 06pa3oBaHUS pPeaKIMOHHO-
CTIOCOGHOTO U TTOIBIKHOTO MOHA THIPOKCHIA:

OH
M2+ M2+
-] ~COO0™ + H,0 — 7| ~COO +H" 8.7
COO~ CO0~

4. BnexrpodriIbHAT aKTUBALIUA PEAKIIHOHHOTO I[EHTPA MOXET IPO-
XOOUTh Kak Tof JeicTBUeM KapOOKCHJIBHOM IPYIIIbl — JOHOpA IIpo-
TOHA, TaK U I0J AeHCTBUEM HOHA MeTajUIa:

0
—COOH + ¢ COO™H" 0=k 8.8
A N (8.8)
2+ O 2+ C\
VRO S ' AU
| >CO0™ +—C —= | ~COO0 (8.9)
CO0"~ ! COO~

OTa peakuys MPUBOINUT K JAEDULIUTY JIeKTPOHHOMN TUVIOTHOCTH Ha pe-
AKIIMOHHOM lIEHTpE.

IIpuBelieHHBIE CXEMBI aKTUBALMU MOJEKYJ ¢ TTOMOIBIO KUCIOT U
OCHOBaHMI 00eCIIEYNBAIOT GONMBIIYIO JOMIO MEXAHU3MOB, ITPOTEKAIOLINX
B KaraJJUTHYECKOM ITOMIEHTPE aKTUBHBIX HEHTPOB. 3a4acTyI0 BMECTO
BOIBI BEICTYTIAIOT IPYTHE PEaKIIMOHHBIE YacTHibl. OMHaKO B OONBIIIH-
CTBe ciy4aeB KaTaJIUTUYECKUN aKT BKIIOYAET ITPOLIECC HYKIeOMUIb-
Ho-51ekTpodbUIBHON aKTUBALIMKM MOJIEKY.
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[IpencrapneHHbIe BBIIE MEXAHU3MBI aKTUBALIMM PEareHTOB OCHO-
BaHBI Ha KJIACCUYECKHUX TTOJIOXEHUSIX OPTAHHYECKOH XUMHUH, BOCXOIA-
uiux K npencrasieHusM U. Bpencrena. B mepexomHOM COCTOSIHMM Ha
PEaKLIMOHHBIX [eHTpaxX HHAYIUPYETCS U30BITOUHBIN MTONMOXATEIbHBIN
O+ Unu orpuuareabHbIil &— 3apsan. CTermeHb CMELUEHUS JIeKTPOHHOMA
TUIOTHOCTH, UHIYHUPYEMON HYKIIEOMUIBbHBIM WIM 3J1eKTPO(QIIBHBIM
areHTOM, 3aBHUCHUT OT CHJIbI KUCJIOTHI WX ocHOBaHUA. CTeleHs mepe-
HOCA 3apsIa B NeEPBOM MPUOIMKEHUN MOXeET OBITh OXapaKTepHu30BaHa
koap¢uimenToM bpencrena. IIpu o= 1 (B = 1) 3apsaa MOIHOCTEIO
TTepEeHOCUTCS Ha aKTUBUPYIOUIYIO YACTULY U CYLIECTBEHHBIM 00pazoM
VBEIMYUBAETCS peaKIIMOHHAs CITOCOOHOCTh aKTUBHOIO 1LIeHTpa (ep-
MeHTa.

JI5ist THOPOMUTUYECKUX PEaKLMI CTATUN aKTUBALMU BOILL TTPU HYK-
JIeo(UITBHOM KaTaJIU3€e B IIpelesIbHOM Cllyyae MOI'YT OBITh ITpeIcTaBie-

HBI B BHIE
NH NH
2 ) + HOH —= C)) +OH"
N N
H

—COO™ + HOH —= —COOH + OH "~

(8.10)

PeakunoHHas cmocoGHOCTh BOABI IIPH ee AHccolMaliuy ¢ obpaso-
BaHMEM THIPOKCHIBHBIX MOHOB Bo3pacrtaeT B 107 pa3s. Ecnu mpencra-
BUTH cebe, 4TO MEeKTpOMIIIEHAS aKTUBALUS peaKIIMOHHOTO IIEHTPa,
npoTeKaouas mo MexaHusmam (8.8), (8.9), taxke B 10— 107 pa3 yge-
JIMYMBAET PEAKIUOHHYIO CIIOCOOHOCTh AKTUBHOIO LIEHTpA, B IIEPBOM
TIPUOJIKEHUH MOKXHO OOBSICHUTE BBICOKYIO 3¢(h{peKTUBHOCTD (DepMeH-
TATUBHOTO KaTajln3a 1 ero crocobHocTsb B 102— 10" pas yBenuuusath
CKOPOCTB peakuuu (cM. Tabi. §8.1).

Bonpoc o cremeHU IepeHoca 3apsaia B IEPEXOTHOM COCTOSHUU
bepMenTaTHBHEIX peakuHil 10 KOoHI1Ia He u3y4eH. He scHo, mHoynupy-
eTCS I B MOJIEKyJle BOINb! MOIIHBIA TUIOJIBHBIA MOMEHT WIH B Ka-
KOM-TO COCTOSIHUM peaKIIMOHHOCIIOCOOHAS YacTHULla MpeAcTaBIeHa
COJIBBAaTUPOBAHHEIM M OTHOCHUTEJIBHO CTaOWJIM3UPOBAaHHBIM THIPO-
KCWJIBHBIM MOHOM. OTHAKO OYEBHJIHO, UTO aKTUBALIUS ITPOUCXOIUT B
PEaKIIMOHHBIX IIEHTpaX OTpene e HHBIM 00pa3oM OPUEHTHPOBAHHBIX K
(bUKCHpPOBAaHHBIX IPYT OTHOCHUTEJIBHO IpyTra MOJEKYI. BTO obecredyn-
BaeT BBICOKUE 3¢ (EKTh YCKOPEeHHUs! peakiInii.

TaxuM 06pa3oM, KUCJIOTEI U OCHOBAHMS, BXOINAIIWE B aKTUBHBIC
HEHTPBI (hepMEeHTOB, — TIJIaBHasA OBWXKYLIas cuia, obecredynBaloniast
3(pheKTUBHYIO aKTUBAIIIIO CYOCTPATOB M BBICOKHE CKOPOCTH peaKIuil.
Kak ciemyer U3 M3/I0KEeHHOrO BBIIIle, HAMGoJee YacTo B (pepMeHTAX B
Ka4yecTBe TAKUX aKTHBATOPOB BBICTYIAIOT KapOOKCWIbHASA I'PyHITA ac-
MaparvHOBOM WJIM IJIYTAMUHOBOM KHCIIOTHI M UMHIA30JbHAs TPYTIIA
TUCTUIUHA.
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MoXHO JaTh HECKOJIBKO COBETOB MCCJIEIOBATENIO, U3YYAIOIIEMY Me-
XaHU3M JeMCTBUSA KATaJIUTHUYECKOIOo LIEHTpa TOTO MJIH HHOTO (ep-
MeHTa. B repByio ouepeb HeOOXOIUMO HIEHTU(DULIMPOBATh KUCIOTH! 1
OCHOBaHMSA (3NIEKTPOMUIbHBIE U HYKJIeO(MWIbHBIE areHThl), COCTaB-
ASIONHe KaTATUTUYECKUI 1ieHTp. KoMOUHAUMS MEXaHU3MOB aKTHBa-
UMy, npeacrasiedHas cxeMaMu (8.5) — (8.10), mo3BosnsgeT OOBLACHUTD
3¢ HeXTUBHOCTD OOJIBIIMHCTBA (€C/IM HE BCEX) U3BECTHHIX (hepMeHTa-
THBHBIX peaklHi. Bolllle MpencrapieH OquH U3 alTOPUTMOB UIEHTH(DK -
KallMH KaTATUTHYeCKH aKTUBHBIX TPYTIT aKTUBHOTO 1IeHTpa. Eciy usse-
CTHA TTOCTIENOBATENIBHOCTE AMUHOKHUCIIOT B GeJIKe, MeTonaMu OHMOWH-
(GOpPMaTUKKM MOXHO HAUTHU IPyTrIy 0enkoB ((hepMEHTOB), TOMOJIOTHAY -
HBIX JaHHOMY Oenky. IlpoBeneHHast mpolieaypa CpaBHEHUS U pacyer
suTpormuu I1leHHOHA ITO3BOJISTIOT OOHAPYXKUTh ITO3UIIMH AMUHOKMCIIOT
C BBICOKOI CTEMEHbI0 KOHCEPBATUBHOCTH (CM. Bhille). KoHcepBaTHB-
Hble aMHHOKHUCJIOTBI MPEICTABISIOT CO00M (pparMeHTHI, o0ecITeunBa-
IolIe aKTUBAIUIO CYOCTpPaTOB U TEM CAMBIM OIIpENesIIoniue Mexa-
HU3M KaTATUTUYECKOro JeHCTBUSI.

8.5. KarainTuueckue IEHTPBI MHIpoJIa3.
MouneKynsipuble MEXaHHU3MbI J1EHCTBHS

Hcronp3yemsbrit 61MOMHGOPMALIMOHHBIA TTOAX0J BBISIBUI OCOOVIO
pOJIb acTapariHOBOM KUCJIOTH M TMCTHIMHA B (PYHKUHOHHPOBAHUH
aKTUBHBIX 1IEHTPOB (hepMEeHTOB. PaccMOTpUM 3TY poJib Gosee moxpos-
HO, aHAJIM3UPYS MEXaHU3MBI TeHCTBUS rHapona3. Bei6op ruaponas ooy-
CJIOBIMBAETCS TE€M, UTO, C OOHOM CTOPOHBI, THMIPOJIA3bl MIPEICTABISIIOT
co0oi HauboJiee MHOTOYMCIIEHHBIN Kjacc (hepMEHTOB (OKOJIO TpeTH
BCeX U3BECTHBIX (PEPMEHTOB); C APYTON CTOPOHBI, MOJIEKYJISIPHBIE Me€-
XaHU3MBI KaTajIM3a TUaposazaMu Haubonee u3ydyeHsbl. 1T OONbIINH-
CTBa TUIPOJIa3 MACHTU(GUIIMPOBAHBI TPYIIIBI, COCTABRISIONE KATaJI-
TUYeCKHM aKTUBHBIE IIEHTPHI, ¥ CO3IaHBl 00OCHOBAHHEIE MpPECTABIIE-
HUSA O B3aUMOJENCTBHUU STUX TPYIIT B MEXaHU3ME KaTaJIMTHYECKOTO
QUK.

Ilo cTpyKType akKTUBHBIX HEHTPOB U MeXaHU3MY IeCTBUSI THAPO-
JIa3pl YCIOBHO MOXHO pa3fe/iiTh Ha YETBIPE OCHOBHBIX THUIIA.

1. I'mpponassl, comepamiie B aKTUBHOM 1IEHTPE acIlapalHHOBYIO
WM TJIYyTAMUHOBYIO KUCJIOTY (JIM30LUUM-TIEITCHHOBBINA THIT).

2. I'maponasel, conepXaniie B aKTUBHOM IIEHTPE MMAPOKCUIBHYIO
TPYTITY CepyHA, TPEOHWHA WIH LIMCTEMHA U UEeIb MepeHoca MpoTo-
HOB, aKTHUBUDPYIOILYIO 3Ty TpyITy (TUIT XUMOTPUIICHHA); TUIPOJIas3kl,
HCTIONB3YIOUINE UMHIA30IbHYIO TPYIIITY HEMOCPEICTBEHHO IS aKTHU-
BalliK BOJBI (TUII MTAHKpEeaTHIeCKOW pUOOHYKIIea3bl).

3. T'maponassl, UCITOIB3YIONUE KOMITIEKCHI Zn® wm Co™* IS aK-
TUBAUIUU BOJABLI U cyOcTpara (TUIT HieJIOUHOH hocdarassl, KapOOKCH-
NenTugassl A WM opraHogocharrugpoiashl).
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4. Tunponassl, MCTONB3yoLwe oHsl Mg” v Mn”* wist akTiBa-
MU BOIKB! U cybcTpara (Tum rmupodocdarasbr).

AHaNU3 MeXaHU3MOB KaTaji3a oOHapyKWBaeT, YTO B OOJIBUIMH-
CTBE THUIIOB KATAJIUTUYECKUX LIEHTPOB aclapalriHOBas KHUCJIOTa U THC-
TUIWH UTPAIOT MPUHUMITHAIBLHO BaXKHYIO poib. [IpowsumocTpupyem
MEXaHM3MBbI KaTajJu3a FUApoJia3aMU Ha PSIIE CXEM.

I'uaponaspl JM300HAM-NENcHHOBOrO Tuma. Karamuruuyeckuit LIEHTP
(bepMeHTOB 3TOrO THIA COHEPKUT ABE MU HECKOJNBKO KapOOKCHIIb-
HBIX IpyTII. B 31y rpyminy BXonsT (hepMeHTHI, pacHeIUITIONE KaK CII0XK-
Hble 3(pUpbI, AMUIBI, TAK U TTPOCThIE 3(PUPHBIE (INIMKO3UIHBIE) CBA3U.
OOBIYHO CKOPOCTh PEAKLUH ¢ yYacTeM (pepMEHTOB 3TOM IPYTIIBL IMEeT
ONTUMATBHOE 3HAUYEHUE ITPU OTHOCUTEIbHO HU3KMX 3HadyeHusx pH. Tu-
NMUYHBIMU ITPEICTABUTENISIMU 3TOU IPYTITIBI SABJSIOTCS MENCUH U JIU30-
uuM. ITpoToHHpoBaHHasA KapOOKCHIIBEHAS FPYIIA HPUHUMAET yJacTue
B aKTUBALIMK cyOCTpaTa B Ka4YeCTBE KHUCJIOTHI, NETPOTOHUPOBAHHASA —
B Kau€eCTBE OCHOBAHMS ITpH aKTHBALMH BOABl. B jaHHOM ciyyae uMeeT
MEeCTO MEXaHH3M COINIACOBAHHOTO IeHCTBUSA IBYX KapOOKCHIBHBIX
TPy, BBICTYHAIONUX B KavyecTBe HyKJIeoduIa (AKTHBATOPa BOIBI) U
anekTpoduia (aKTUBaTOpa cy0ocTpara). B nusoiirMe xapOoxcHabHas
rpynma Glu-35 B MpOTOHHPOBAaHHOM (hOpME aKTUBHPYET peakllMOH-
HBI LIEHTD, IyTeM JOHUPOBAHUS ITPOTOHA HHAYUMPYET NeMUIUT SJIEK-
TpoHHOH ToTHOCTH. KapGokcuibHas rpyrima Asp-52 B JeMpOTOHUPO-
BaHHOU (popMe aKTUBUPYET BONY ITO MEXaHW3MYy OOIIEr0 OCHOBHOIO
KaTajin3a, MpUOIMKas peaKIMOHHYIO CITOCOOHOCTh BOIBI K peakiy-
OHHOM CITOCOOHOCTU TMIPOKCUJIBHOTO MOHA:

o)
Asp-52 cf
0 RiR:
~N \ A
/O HC\ >C Glu-35 —»
H 0 HO
R;
C/O
AN R, R
OH \/ 0
— HQ HC >c
R;
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Puc. 8.10. AKTUBHBII LIEHTP NMEICHHA

Peak1iny 3T10T0 KJ1acca OCYLIECTRISIOTCS TIPU COIVIACOBAHHOM ek~
CTBMM JIBYX KapGOKCUIIBLHBIX I'PYTIH, OJHA U3 KOTOPEIX B NENPOTOHUPO-
BaHHOH (popMe BBICTYIIAeT B Ka4eCTBE HYKJIEOMIBHOIO aKTHBATOpa
BOJIBI, IpYrasi B IPOTOHHPOBAHHOH ¢hopMe paboTaeT KaK 3JMeKTPOPHIIb-
HBIH aKTHBaTOp CyOCTpara. B acmapTHiTbHBIX TTpoTeasax, THITMYHBIM ITpe]-
CTaBUTEJIEM KOTOPBIX ABJSETCS MEINCHH, MTPOLECChl, IPOUCXONSIIUE B
aKTUBHOM LieHTpe (puc. 8.10), MOXHO NpeiacTaBUTh B BHIE CXEMBI:

0 0
Vi Vi
Asp-32 y—CZ, c<
0 1}2 OH I}z
NH NH
H_ TN,
0 C—R, — HO C*R
H 4
OH OH
yd pe
Asp-215 )—C{_ cl
~o 0

Cuaponassl XMMOTPHIICHHOBOTO THIIA. TUITMYHBIM INPEICTaBUTENIEM
3TOro TUITa (HPEPMEHTOB SABIAECTCS XUMOTPUIICUH, TPUIICUH (CEpHUHO-
Bble mporeassl) M MamavH (LIMCTEHHOBAs MpoTea3a). MexaHU3M Kara-
/33 3TUMH QepMeHTaMU BKIIIOYAET MTPOMEXYTOUHOE allWIMpOBaHUE
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Ser-195

Puc. §.11. AKTHBHBIIT LIEHTP O-XUMOTPUIICHHA

TUIPOKCWJIBHOM WIM HUCTEHHOBOW TPYNITBI aKTUBHOIO LIEHTpa ¢ 00-
pazoBaHHeM anWIpepMeHTHBIX HHTepMeIUATOB. B runponasax xumMo-
TPUIICUHOBOTO THUIIA UACHTUMUIUPYETCS Lelb IIepeHoca MPOTOHA ¢
y4acTUeM KapOOKCHJIBHOM IPYIIbI, MIPUHUMAIOIIEH YYaCTHE B aKTH-
BallM{ BOIBI, WIM TMAPOKCHWIBHOM I'PYIINBI CEpHHA HA CTAIWH AllWIH-
poBaHUSI.

st a-xuMoTpuIicuna (puc. 8.11) akTuBas Bogbl OCYILIECTBIISET-
ca umunasonom His-57, ¢Ba3aHHBEIM BOOOPOIHON ¢BA3BIO ¢ Asp-102:

R
!
Ser-195 CH,—O IC=O---HII\I
.
: R
e
18~ —_—
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AKTHBAIIMS MMIPOKCWILHOM TPYIIEI CepUHa M BOIBI IIPHUBOIUT K
IIporieccaM IePeHoca MPOTOHA € yYacTHeM MMKIA301a ¥ KapOOKCHIIE-
HoM rpymmbl. CreayeT OTMETUTD, UTO [UISI aKTUBHBIX IIEHTPOR hepMeH -
TOB BeChbMa XapaKTepHO H30MOpdHOE 3aMenieHHe KAaTUTUTHYECKHX
TPYIINT Ha POACTBEHHEIE UM II0 CTPYKType. TaK, cepuH MHOIIA MOXeT
ObIThL 3aMellleH HA TPEOHUH 6e3 CYIeCTBEHHOIO M3MEHEeHUS B MeXa-
HH3Me KaTamu3a.

Mexanu3M Karanusa ITaHKpeaTHyecKoil puboHyKiIeasoil (puc. 8.12)
obecreynBaeTcsl COTJIACOBAHHBIM B3aWMOIEHCTBHEM MMMAA30JBHEIX
TPyTIIT IBYX MMCTAIUHOB:
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His-119

—» His-119

— His-119

—» His-119 "HO

\NH
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Puc. 8.12. AKTUBHBIIT HeHTp PUOOHYKJIIEa3Hl

Wmupazonenast rpynmna His-12 akTuBHApPYET MTMIPOKCHIBHYIO IPYII-
Iy YTJIeBoJa IyTeM MepeHoca MPOTOHA Ha CTafvuy 0Opa3oBaHus Mpo-
MexXyToyHoro rukiodocdara. UMunazonsHast rpynna His-119 yuacreyer
B aKTWBAILIMX BOIHI HA CTaIWy I'Maponusa mukiodocdara.

I'naponassl THIA meaouHoi GocdaTasbl waH opranodocdarruapona-
3bl. AKTHBHBIE UEHTPHI (hepMeHTOB 3TOi IPYNMEBI COMEPXKAT HOHBI Me-
Tawios (Zn™, Co”" wm Ni*"), 06pasyioliye KOMILIEKCH! C GeKOM BechMa

Puc 8 13 AxTuBHBII HEHTP OpraHodochaTruaposasbl
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YHUDUUHUPOBAHHOM CTPYKTYphI. B KauecTBe TUraHI0B BEHICTYIIal0T UMH-
JA30NpHAs TPYIINA TMCTUIMHA U KapGOKCIUIBHBIE TPYIITIBI aCTiapariHo-
BOM WJIM IITyTAMUHOBOM KHMCJIOTHI. THITHYHBIMY ITPEACTABUTEISIMH 3TOM
rpytirel HepMEHTOB SBISIOTCS KapOOKcHIIenTHaA3a A ¥ TEPMOTU3HNH.

Kak u3BecTHO, MOHBI METAJUIOB B aKTHUBHBIX IIeHTPax (HepMEHTOB
MOTYT OCYHIECTBASTH HYHKUHUIO 3IEKTPOPWILHOIO areHTa, akTHBUPY-
IOLLIEr0 PEAKIIMOHHBIN ILIEHTP, a TaKKe (PYHKUHIO BNEKTPODHILHOTO
aKTUBATOPA BOABI — TEHEPATOPA THUAPOKCWIBLHEIX HOHOB (CM. BBILIE).
IIpuMepoM MoxeT cykuTh opranodocdarruaponaza (puc. 8.13) —
dhepMenT, Kararusupyouuil ruaponus GochopopraHuyecKux MecT-
LMIOB, a TakkKe 00EBHIX OTPABJIAIONIMX BENIECTB TUNA 3apHH, 30MaH U
Bu-ra3. I'maponus nox geiictBueM (epMEHTOB 3TOTO THUIIA MPOTEKAET
CONIACOBAHHO C YYacTHeM [BYX KOMIUIeKcoB Zn ' wiu Co’' o cxeMe

~_Asp-301
His-55
N
0
His-57/\£7 o ¢ NH
LN
_CoT
_NH=CZ o- OH —
Lys-169 HZO“:\CC')---N \
N L/>/\ His-230
DR
N H,0 H
His-201 ASp—301

it _N=
_O;(;o"
L -~ \
His-169 \ p\éoR2
W OR,
H,0.. OH
.--Co---N
N\> LM His-230
\ Y N
N H,0O H
His-201
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I'uaponassl THNA mEpodochaTassl (Mg2+-, Mn**-3aBHcHMbIe rHIpo-
na3bi). KoMiuiekc MeTamia B aKTHBHOM LIEHTPE MAPOJIa3 IeHCTBYeT
Kax CHJIBHBIN 311eKTpOohWIbHEIA areHT, akTHBUPYIOIMHA cybeTpar mmy-
TeM WHIYIHPOBAaHHUS HA PEaKUHOHHOM IIEHTPE HeduIUTa MEKTPOH-
HOI1 rotHOCTH. KpoMe Toro, KOMITIEKC MeTaia MOXeT y4acTBOBAaTh
B 2MeKTPOQWILHON aKTUBALUK BOAEL. Takas GYHKIMA KaTHOHOB Me-
TAIOB OGHAPYXEeHAa MPH aHATM3e MexaHM3Ma Karammsa Mg’ (Mn”)-
3aBUCHMEBIX (ePMEHTOR, B YACTHOCTH HEOpraHuieckKoi rupodocda-
tassl (puc. 8.14). Cyberpar dhuxcupyeTcs B aKTHBHOM LIEHTPe dhepMeH-
Ta MHOXECTBOM MOHHBIX CBSI3€l C yIaCTHEM TONOXUTENBHO 3apsiXeH-
HbIX rpymn G6enxa Lys-103, Arg-78, Lys-56. OcHOBHBIE KaTaaIuTHye-
CKHe TIPOLIECCHl MTPOUCXOIAT, TIO-BUINMOMY, C YIaCTHEM JIBYX IPYTHX
1oHOB MeTauia — Mg’ i Mn”", JIurannamu BeICoKoadpUHHOTO LEHT-
pa KOMIUJIEKCOOOPA30BaAHUs Mg2+ (unu Mn2+) SIBJISIIOTCS KApPOOKCUITB-
Hble rpymmH Asp-65, Asp-70 u Asp-102, a Takke TpU MOJIEKYJIBl BOJIHL.
HuskoadduHHEI LIEHTp VIS MeTaJU1a 00pa3yeTcsi MOJNIEKY/IaMU BOIBI ¥
KkapbokcunbHoi rpymmon Glu-20. KoMmieke dopManbHo SBISIETCS T10-
JIOKUTENBHO 3apsKeHHBIM. OnpaBIaHHBIM TPEICTARNISETCS TIPEIIT0N0-
XeHK€e, YTO BRICOKOA(G(UHHEBIN LEHTP BBIMOIHAET (GDYHKIIMUA DJIEKTPO-
(GUIBHOrO aKTHBaropa BOAH (reHeparopa I'MIPOKCUNBHBEIX MOHOB), a
HU3K0AhPUHHEBINA — 3IEKTPOGWIBHOIO areHTa, aKTUBaTopa cybcrpara:

Asp-65 —COO;.

~ + H
Asp-70 —COO™--"Mg"--0 o

Asp-102 —COO0
0

P
Mg" O0=P—0—P=0
¢)H2 0] 0]
Glu-20
Asp-65 —COO;._
- \~ 2+ -~

Asp-70 —COO=---*Mg~--OH

Asp-102 ——co()Ho_

o
— . | |
Mgz. -'_/__O\—;lr_o_ll)=o
¢H2 O O
Glu-48
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Puc. 8.14. AKTUBHBIN LIEHTP NMHPodochaTasbl

IIpuBeneHHBIE MPUMEDPHI IEMOHCTPUPYIOT OIIPeHeleHHYIO POJIb ac-
1MaparyHOBO# KUCIOTH M THUCTUIWHA B MeXaHHU3Me IeMCTBUS (ep-
MeHTOB. OCHOBHBIM IIPUHIUIIOM GOYHKIIMOHMPOBAHHS aKTHBHBIX 1[€H -
TPOB (EPMEHTOB SBJISIETCS COLTACOBAHHOE NeHCTBHE HYKIEO( M-
HBIX U 3J1eKTPOQUIBHBIX KOMITOHEHTOB aKTHBHOIO IIEHTPA, MTO3BO-
NFI01ee YCKOPUTh peakliio BoO MHOTO pa3. QYeBHIHO, YTO acnapa-
IMHOBAst KMUCIIOTA UTPAET IPUHIUNTHAIBHO BAXHYIO POJIE B OTHX MMPO-
neccax. MoHn3upoBaHHasT KapOOKCHWIIBHAS TPyINa acraparuHOBOH
KUCJIOTHI WJTH, peXe, FTyTaMUHOBOM KMCIIOTHI SIBJISIETCS MOIIIHBIM HYK-
Je0OQUIBHBIM PEareHTOM W UIPaeT BaXHYIO POJIb B aKTUBAlLUK MOJIe-
KYJI BOABI ¥ TIPOIeccax MepeHoca MpoToHa. AcnaparuHoBas KUCioTa
TaKxKe urpaet ocobyio ponb B GOPMUPOBAHUH KOMITIEKCOB METALIOB,
0o0pa3ylolux akTUBHBHA LIEHTp depMeHTOB. B mpoTonuposanHoii ¢pop-
Me KapOOKCHWIIbHAS rpyma acaparyHOBOMW KHCIOTHI SBISETCS TOHO-
POM IIPOTOHOB, BBHIMOJNHSS, TAKMM 00pa3oM, ponb 31eKTpOdOHIEHOIO
areHra.
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8.6. I'nnumH, HUCTEHH M NMPOJIHH
KaK CTPYKTYpooOpa3yiomue aMHHOKHCJIOTBI

Pons rmuiuna B GopMUpoBaHUY ¥ OYHKIIMOHUPOBAHNY aKTHBHEIX
LIEHTPOB HeE CTONb OYEBUIHA, KAaK POJIb ACIAparunHOBOil KMCIOTEL. [y~
LIMH B CHIIy OCOOEHHOCTEH €ro CTpOEHUS HE YYACTBYET B XHMHUYECKHUX
aKkTax aKTHBAllH MOJIEKYJ B KaTAIMTHYECKOM nuKie. He obnamas 3a-
MeCTUTENIeM V (-aTOMAa YIJIEpOAa, IITULIWH JIMIIEH BHIpAXeHHOU Xu-
Muyeckoil ¢pyHkuuu. TeM He MeHee HalWYUE INIMUKUHA B CTPYKType
Oenka BecbMa BaxHo. Tak, caT-crenmudpuyeckas 3aMeHa NIHIYHA B
KOHCEepPBAaTUBHBIX MO3ULMAX Ha JIOOYI0 M3 AMUHOKHUCIOT NMPHUBOJIUT,
KaK TIpaBWJIO, K TONHON Torepe (WM CYIECTBEHHOMY CHUXEHMUIO)
aKTHMBHOCTU ¢depMeEHTA.

ITo-BUIMMOMY, IJIMIIMH B KOHCEPBATHUBHBIX ITO3UIIMSX TIPUHIUIT~
AJTEHO BAXEH MO CIEAYIOLIMM MPUYKHAM.

1. SIBnsgsch YHUKAIBHONH aMWHOKMCIIOTOM ¢ Haubojee sHepreTHye-
CcKH o0Nler4eHHBIM BpameHueM BOXpyr cBsizeit C—N u C—C nonu-
MeNTUIHON IIenH, IMUIMH MOXET UrpaTh polib Y3JIOBOH Touku, obec-
TeyuBaIel BO3MOXHOCTE USMEHEHHUSI HaNPABICHUS TOTUIENTH -
HOMH 1IETH TTpU «COOpKE» AMUHOKMCIIOTHEIX OCTATKOB B AKTUBHBIM LIEHTP.
TakuM 00pa3oM, HAIMYME KOHCEPBATHUBHHIX ITIMIIMHOB ITO3BOJISIET
OOBSICHUTD CTPYKTYPHBIR TapanokKc pepMeHTaTUBHOIO KaTaiy3a, Korma
OIMHAKOBBIC AKTUBHBIC LIEHTPEI «COOMPAIOTCS» M3 aOCOMIOTHO pasHEIX
HnonunenTUAHBIX neneil. OOmuM I 3TUX Lieneil gBIgI0TCS HaTHYue
ITALIMHA B KOHCEPBATUBHEIX [TO3UIIMAX Y BO3MOXHOCTE CTA0OMNIU3aI I
«cODpaHHOI» CTPYKTYPHI, HAIIPUMED, 34 CYET TUCYIbGOUIHBIX CBS3ei
(LpcTeNH TaKsKe MPOSBISIET BEICOKYIO CTENEHb KOHCEPBAaTHBHOCTH, 33~
HHMMas TPETHIO MO3UIINIO B PENTHHIe KOHCEPBATUBHOCTH).

HMHTrepecHO OTMETHUTh, YTO (PparMeHTH IIMIIMHA B KOHCEPBATHUB-
HBIX MO3ULMAX B ¢pepMeHTax, KaK MPAaBUWIIO, CUIILHO «BLIBEPHYTHI> 110
yrny v (Bpamenue no cesizu C—C B amuHokucnore). Ha puc. 8.15
npuBeneHa Kapra PaMagaHapaHa, rjie TOYKaMy TTOKa3aHbl 3HAYEHUS @
U\ 19 KOHCePBAaTUBHLIX IITAIIMHOB IS OOJBIIONH TpyIel (hepMeH-
TOB. BunHo, 4to 3HayeHUst yrioB s cBA3d C—N 1ipousBoNbHEIE U
Bappupylotcs ot —~180° mo +180°, B To BpeMs KakK 3HAYeHHUs! YINIOB IS
ces3eit C—C rpyImmuMpyroTCcsl BOKPYT 3HAUEHUH, OTBEYAIOIMX TTIPEAENb-
HO «BBIBEPHYTBEIM» YTJIaM.

2. I'MAuMH B KOHCEPBAaTUBHAIX TTO3UIUSAX MOXET UrpaTh PoJib KOH-
($opMaMOHHBIX «LIAPHUPOB», 00eCTIeyrBasi BO3MOXHOCTE «COOPKH» aK-
TUBHOI'O LIEHTPA ¥ U3BECTHYIO KOH(HOPMALIMOHHYIO MOABHXHOCTD. [Tof-
TBEpXKIeHUEM STOMY CIIYKUT TO, YTO BO MHOTHX CIIy4yastx BOJIM3K KaTa-
JUTHYECKH aKTHUBHEIX TPYIITT MOXXHO OOHApYXXWUTh IMTMILIMH B KOHCEPBa-
TUBHBIX Ho3ulusax. HampuMep, mis TMapo;1a3 pa3TiYHBIX CeMENCTB KOH-
CepBaTUBHEIMMU ABJISIOTCS CIIeAyIomyie MOTUBEL: Asp-215—X —Gly-217
(nenicun); Asp-170 —X—X—Gly-173 (tepmonusuH); Asp-32—X—
—Gly-34, His-63—Gly-64, Gly-219—X—Ser-221 (cyOTHIU3UH);
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¢, Tpag

Puc. 8.15. Kapra Pamayanipana asist KOHCEPBATHBHBIX IIMLTHOB HEKOTOPBIX (ep-
MEHTOB (Q-XHUMOTPHUIICHHA, TETCHHa, CYOTWIM3HHA, TepMOJU3NHA, JIMIA3BbI,
JHK-nonumMepassl, 1UTOXPOM-C-OKCHIA3bl, JAKTATACTUMAPOreHasbl) ¢ U3BECT-
HOI1 CTPYKTYPOIt aKTHUBHOFO LigHTpa. ITyHKTUPHBIE IMHUM OTBEYAIOT MUHUMATTb-
HOMY 3HAYEHUIO SHEPruy; CIVIOUIHBIE IMHUU — CPEeIHEMY 3HAYEHUIO S3HEPTUU

-180

Gly-173—X—Ser-177 (rpuncun); His-76—Gly-77, Ser-153—X—
— Gly-155, Gly-175—X— Asp-177 (munassl). 3meck X -— TPOU3BOJIb-
Hasl aMUHOKMCI0oTa. AMUHOKUCIOTH Asp, Ser, His B yKasaHHBIX ¢ep-
MEHTAaX BXOIAT B CTPYKTYPY aKTHBHBIX LIEHTPOB.

HNHTepecHO OTMETUTD, YTO JUISE HEKOTOPHIX aKTUBHEIX IEHTPOB 3HA-
YEeHUs YIJIOB Q U ¥ U1 aMMHOKMCIIOT, BXOASIIMX B KaTaTUTHIECKUH
AKTUBHBIN IIEHTP, BBIXOMSAT 32 PAMKH HEPTETUYECKH «PETaKCHPOBaH-
HBIX». DTO, HAaNIpUMep, CliedyeT U3 MOCTpoeHus KapTel PaMavannpaHa
JUTST aMUHOKUCJIOT, COCTABNSAIOMMX AKTUBHBIM IIEHTP XWMOTPUIICHHA
(His-58, Asp-102, Ser-195). AKTHBHBIH LIEHTP 3TOro pepMeHTa KOH-
¢opMallIOHHO HanpsDKeH (3HAYEHUS ¢ U Y OTBEYAIOT SHEPreTHYECKHU
HEBBII'OAHOH 001acTH).

Ipespaniernre HCXOQHOTO CYOCTpaTa B KOHEYHEIE IIPOAYKTHI B (hep-
MEHTaTUBHOM KAaTalK3¢ COMPSKEHO C y4acTheM OOJBIIOro Yucia WH-
TEPMENUATOB C OTJIMYHOM OT MCXOIHOro cybcTpara cTpykrypoi. I'mn-
LIHBI aKTUBHOTO IIEHTPa MOTYT UIPaTh POJIb «PEIAKCUPYIOLIUX» JJIe-
MEHTOB, KOHOOPMAIIMOHHO NMOACTpauBas aKTUBHBIN LIEHTD JUIS ClIe-
JIYIOIero 3JIeMEeHTapHOro akTa.

CyuiecTBeHHYIO POJIb B HOPMHPOBAHUM APXUTEKTYPBI AKTUBHOIO
LIEHTPA UIPAIOT IIUCTEUH U NMPOJIKH (COOTBETCTBEHHO YeTBEepTast U 1151~
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Tasg IMTO3ULUS B PEHTHHIE KOHCEPBAaTUBHOCTH aMUHOKHUCHOT). [TponuH,
KaK WU3BeCTHO, SIBJISIETCS YHUKAJIILHOIT aMUHOKUCIIOTOM, pa3BopaynBa-
FOIIEH ITONUITEIITUIHYIO HENL. PONML HUCTEWHA 3aKITIOYAETCS, [T0-BUIU~
MOMY, B TOM, YTO HeobxomuMasi KOH(MUTypalysd aKTHBHOTO LIEHTPA,
CKJIAJBIBAIOIASACS M3 Pa3IMYHbBIX, YaCTO OYE€Hb YHXAJIEHHBIX APYT OT
Jpyra Y4acTKOB MOMUITENTHIHON Lenyu, HUKCUPYETCS XUMHYECKOMN
CBA3BI0 B BUJIE AUCYIbGUIHOrO0 Moctuka. JUiss MHOTHX GepPMEHTOB 3TO
3aBepiiaeT (GPOpMUPOBAHUE APXUTEKTYPHl aKTUBHOTO LIEHTpPA.

8.7. Okcuaopeaykra3sbl

KUCI0TE ¥ OCHOBAHUSI, IPeXIIe BCETro aclaparuHoBasi, IIyTaMUHO-
Basi KHCJIOTHI ¥ TUCTUIMH, UTPAIOT OCHOBOIONATaIoIYIO POJIb B AKTHUBA-
LUMH MOJIEKYT BCeX KJIAcCOB ¢epMeHTOB. KMCIOTH ¥ OCHOBAHUS KaK
HYKJI€OGhUIBHBIE ¥ 5JIEKTPOMILHBIE areHTHI CYIIECTBEHHBIM 00pa3om
YBEJIMYHBAIOT PEAKIIMOHHYIO CITOCOOHOCTD TEX WIH WHBIX IPYTIITUPOBOK
¥ CITOCOOCTBYIOT Iepepacpene/eHUI0 SEKTPOHHON MIIOTHOCTH B MO-
JIeKyJlax pearupyromux pemecTs. PaccMOTprM 0CODEHHOCTH KAaTalnuTH -
4eCKOro JIeHCTBUS (PEPMEHTOR JUIS KIAcCOB, OTIIMYHBIX OT TUAPONA3.

HAJI-3aBncumble Jerupporenasbl. JIakraTaernaporenasa. BaxHo
OTMETUTH, YTO CTPYKTYPHEIE 3JIEMEHTHI, COCTABISIIOLIME KAaTalUTHYe-
CKue IIeHTPH TMIpOoJa3, OOHAPYKMBAIOTCS B AKTUBHBIX LIEHTPaX Ipy-
T'MX KJIAcCoB (pepMeHTOB. HanpumMep, 04eHb HacTo 1eMb [epeHoca 3a-
psiia, BKIIIOYAIOIIYIO MMapy MMMAA3071— KapOOKCWILHAS IpyIma, 00-
HApyXWBAIOT B aKTUBHEIX LIEHTpaX okcupopenykras. Ha npumepe nak-
TATIErMAPOreHas3kl PACCMOTPHUM, KaK OCYIHECTBISIETCS 3NEKTPOHMIL-
HO-HYKJIEO(UIBHBIA KaTanu3 AJisi PEPMEHTOB € YYaCTHEM B KAUeCcTBe
Ko(haKTopa HUKOTMHaMunaneHuHIunykieotuaa (HAL'):

- CONH,
>t |
0——ct:
O=P-OHKH H
H H
0 OH OH NH,
l N EN
y N
O=P—OH < | )
(l)—————CH NN
2.0
H H
H H
OH OH
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U HMKOTMHaMMIaZeHMHIMHYKIeotuabocdara (HALD'):

% CONH,
]
(I)—CH2 o
O=P—OH H H
T OH OH
O=P—OH
b cn f J
20
OH (I)
O=1l’—OH
OH

JerunporeHassl, ucronbaytomue HAJI™ B xagecTBe KohakTopa, ocy-
LIECTBIIFIOT 0OpaTHMOe OKUCIIeHe — BOCCTAHOBIIEHHE OPraHu4eCKUX
MOJIEKYJI, TPX 3TOM B KauecTBe JOHOpa (AKUENTOPa) T'MAPMO-HOHA
BBICTYTIaeT KodakTop. B ciryyae makraTaeruporeHassl peakiyio MOX-
HO MPEeNCTaBUTEL B BUJIE

H,NOC

H

| VR
CH3—(|3—COOH + H N—R ==

OH .
MonoyHas KUCI0Ta

H,NOC
H —

== CH;~C—COOH + o N—R

o)

IupoBUHOrpasHast KUCIOTA

Monoynasa kucnora (Lac) nmpespanraercss B MUPOBHHOTPALHYIO
(Pyr), npu 5TOM TIPOMCXOIUT TePeXol OKUCIeHHOUN (hOPMEI HAJII B
BoccraHorneHHyio HAJIH. Penokc-KoMIIOHEHTOM KOaKTopa sIBJseT-
¢S MUPUAVHOBAS TPYIINA aMUA32 HUKOTUHOBOM KMCIOTHL. Peakiust 1po-
TeKaeT uyepe3 o6pasoBaHMe TpoitHOro Komruiekca Lac- HAJ - E wiu B
oOpatHoM HanpasieHud — Pyr- HAJIH - E. /lanHble Mo BBIpaBHUBA-
HUo OenKoB, o0NMamalolinX JaKTATAEerHIpOoreHasHoi aKTHUBHOCTLIO,
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npeacTaBieHb! Ha puc. 8.16. B kauecTBe 6a30B0it MOCIEH0BATEILHOCTH
BbIOpaHa JIAKTATASTMAPOTeHa3a MBI KaTaTuTiuecky akTUBHLIE TPYII-
nel depMeHTa TnpencrasicHsl Asp-165, His-194, Arg-105. Bee a1
AMMHOKUCIIOTHI SIBJISIIOTCSI KOHCEPBATUBHBIMU (H = () B IepBAYHBIX
[IOCTIENOBATEILHOCTSIX AMUHOKUCIIOT B JIAKTATAETUIporeHase. Moioy-
Has WIK MTAPOBHUHOIPagHash KUCIOTHL (PUKCUPYIOTCS B aKTUBHOM LIEH-
Tpe ¢ IOMOILBIO MOJIOXKUTETLHOTO 3apsina apriHiuHa-168. YuactHuka-
MU KaTUTUTUYECKOTO IIPOLIECCA SIBJISIIOTCS IIPOTOH-TPAHCIIOPTHAS LIEIh
His-195— Asp-165 u anextpodunbHast rpynupoBka Arg-105. Mox-
HO IIPENCTaBUThH ce6e HECKOMBKO CXeM aKTHUBAIIUU MOJIEKYJIBI MOJIOY-
HOU KUCIOTHL 1104 ACHCTBUEM 3TUX HYKJICODUIIBHBIX 1 SIEKTPODUITEL-
HEBIX areHToB. OJIMH U3 HauboJee BEPOSITHBRIX MEXaHU3MOB IIPEICTABII -
€T CIIeayIoIas cxema:

Arg-105
His-194
CH,; H2N\ .

Y\&» = | NH,

N HToTeH /N

H COOH H N-R
CO0" Bl

\ H,NOC

Asp-165

Tlepenoc MpoToHA M0 BOIOPOIHOM CBA3H MEXIY UMHIA30ILHOM IPyII-
moit His-194 v rugpoKCUILHOM IrpyIIiol MOJOYHOM KUCIOTBEI MHIY-
LMPYET Ha PeaKIIMOHHOM LIEHTPE OTPULATEILHBIM 3apsiT, YTO CII0CO0-
CTBYET IIEPEHOCY THIPUI-NoHa Ha Monekyny HAJT'. DneKTpohnabHEIM
TIOCPETHUKOM B 3TOM IIEPEHOCE SBJISIETCS IMIOJIOKUTEILHO 3apsDKeHHasT
TYaHHIUHOBas rpyImnupoBKa Arg-105. AKTABaLST MOJNEKYEl TUPOBU-
HOTpagHOU KUCIOTH (00paTHAasl peakuus) IMPOMCXOIUT IO CXEME:

Arg-105
His-194
CH3 HZN —\ .
Y\ N NH;
L NTH-0=C Ml
N C00" N—R
Qoo H,NOC
Asp-165

B s1oM cygae mMunason His-194 BEICTYIIaeT Kak JOHOp IPOTOHA (31eK-
TPOMWIBHBIN areHT), UHAYLMPYS Ha peakIIMOHHOM LICHTPE I1OJIOXU-
TENBHBIN 3apsig, YTO OOECIIEYNBAET MEPEHOC HAa aTOM YIJIepoaa OTpH-
LareJIbHO 3apsokeHHoro ruapun-vioHa ot HAJIH. Karamumuyeckuii Tpanc-
TIOPT TUAPHA-HOHA, KaK U B CJIy4ae OKUCICHUS] MOJIOYHON KUCJIOTHI,
o0ecIieyuBaeT IOJIOXKMTENBHO 3apsiKeHHas TpynnupoBka Arg-105.
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JlaxTaTnerumporeHasa SIBISIETCSI OOHUM U3 TIPENCTABUTENEH OOJb-
woit rpynmsl HAI'-3aBucumerx (wmu HAJID -3aBUCHMEBIX) OEeTUIpPO-
reHas. B oty rpymnmy BXonsar 0oJiee ABYXCOT (PepMEHTOB, oOecIIeyBa-
JOLLMX TIPOTEKAHUE OOJBLIOTO YUCA OKUCTUTEIBHO-BOCCTAHOBUTE -
HBIX peakiiuii B opranusme. Hanbonee u3BeCcTHEI Takue QepMEHTHI 3TOH
IDYIEBI, KaK TKOTOJBACIUIPOreHasa, alleTalbIeruaIeruaporeHasa,
dopMMaTIAeTHAPOreHasa U Jp.

PIaBHH3ABUCHMBIC OKCHIOPENYKTa3bl. OKUCIUTEIEHO-BOCCTAHOBH -
TEJbHBIMU KOMIIOHEHTAMM MHOTUX (DEPMEHTOB SABILIOTCA (DIaBUHBI:
dnaBuHMoHOoHYKIeoTHI (PMH) unu dbraBUHATEHUHINHYKICOTH]
(PA]T). Penoxc-npoLiecCcH ¢ yYacTUEM 3TUX KOG AKTOPOB IPUBOLAT K
OKHCJICHUIO — BOCCTAHOBJICHUIO (hIaBUHOBOMH IPYITIIUPOBKU:

O II{ 0
= NH 2 2H* l NH
j@[ x /J\
H,C N” N" 7o H,C N” °NT 0
R R H

(drnaBUH3aBUCUMEBIE (EPMEHTHI, Tak Xe Kak 1 HAJT -, HAJI® -3a-
BUCUMBIe (DePMEHTEI, KaTATU3UPYIOT OOJBIIYIO IPYIIY OKUCIUTEh-
HO-BOCCTAHOBUTEIBHEIX peaKiiuil. Haubonee U3BECTHEIMU (epMeH-
TaMU 3TOTO KJIacca SIBASIOTCA OKCHUIA3bl, HAIIPUMEDP IIIOKO30KCHAA3a.
B aT0i1 peakiy ITTI0KO3a SABISETCA JOHOPOM JIBYX aTOMOB BOIODPOIA,
aKIIeNITOPOM — KUCJIOPOI;

I'mioko3a + O, — I'mokononakron + H,0,

IIponyktaMu peaklMy SBIAIOTCS TTIOKOHOJAKTOH U IIEPOKCU, BO-
nopona. I MIoKOHOMAaKTOH He(ePMEHTATUBHO OBICTPO TUIPOIU3YETCS C
00pa30BaHUEM INIOKOHOBOM KUCNIOTBEL. BoccTaHoBneHMe KodakTopa
(hITaBUHOBEIX (DEPMEHTOB IIPOUCXOIUT 110 CXEME
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YyacTHMKaMU Ipoliecca Co CTOPOHBI OEIKOBOU ITIOOYIbI ABISIOTCA
ocHoBaHue B u kucnotet AH. OcHoBanue B aktuBHpyeT ToHOp BOIO-
pona, nepefasas 3JeKTPOHHYIO IDIOTHOCTh Ha PEaKIIMOHHOCIIOCOOHBIH
aTOM cyOCcTpaTa. DTO YBETUIUBAET PEAKIIMOHHYIO CIIOCOOHOCTH 1 00eC-
MeYUBaET MepeHoC Bojopoaa. JBe kucnotHeie rpyrmuposku AH sBng-
I0TCS BAEKTPOGUIBHEIMY aKTUBaTOpaMU KodakTopa. JleifcTBys cormna-
COBAaHHO, KHCJIOTHI TOJSIPU3YIOT CUCTEMY COIIPSDKEHHBIX CBSi3eil KO-
¢axTopa, co3maBas U30BITOMHBIN MTOOXUTEILHBIN 3apsia Ha aToMe a30-
Ta U KUCJIOpOAa, YTO OOeCIIeurBAET IepepaciipenesicHue CBI3eil BO
(p1aBMHOBOM I'PYIITUPOBKE.

Iepokcunasel. Ilpocrarnanaus-H-cuanrasza. [epoxcumasel npencras-
Ng0T coO0U GOMNbIIYIO0 T'PYIIY OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX
(pepMEHTOB, UCIIONB3YIOLIUX B KAUeCTBE CyOCcTpaTa IepoKCUHI BOJOPO-
na. [epokcunassel Xxopomo IMpeAcTaBICHBl B PACTEHUAX, OakTepUaX,
rpubax, B KieTKax MieKomuraomx. [IpuHIMIHaIEHYIO pOlh Iepo-
KCHAA3bl UTPAIOT B PAa3BUTUU HeCTIEIIM(PUIECKOT0 HMMYHHOTO OTBETA,
TreHepupys B Makpodarax U HeliTpodunax CWIbHBIE peaKIIMOHHOCIIO-
COOHEIC OKMCIIUTENNU, YHUYTOXAKOLIYE 4YYXEpPOnHBIe Ui OPraHU3Ma
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areHThl. Hanbomnee M3BeCcTHA U XOPOILO U3yYeHA TIEpOKCHOA3a, BhIIe-
JnsieMasl U3 KOpHEH XpeHa.

Kunetnyeckasa cxeMa nedCTBUS IIepOKCHIA3 BKIII0YaeT oOpa3oBa-
HHE HECKOJIBKUX PeaKIIMOHHOCIIOCOOHBIX MHTEPMEINATOB:

E+H202—’X17YX27YE
DH D° DH DY

rie E — cBoGomgHas dopma depmenTa (dbeppuiiepokcunasa), X; —
coenuHeHue I (A, = 410, 655 am); X, — coemunenue 11 (A, = 420,
527, 554 am); DH — cybecrpaT — 10OHOP 2/71€KTPOHOB WM THIOPHA-
HMOHOB,

B KauyecTBe MpOCTaTUYECKHUX TPYNIT B IIEPOKCUIA3aX BLICTYIIAECT T'e-
MuH-Xkene3o(111)-nmporonopdupunHoBwIii KOMIUTEKC. BeTKOBBIM JTUTaH -
JoM Xese3a B (hepMEHT-TeMHHOBOM KOMILIEKCE BBHICTYIIA€T MMUJIA-
30;1bHag rpymnma ructuaviHa. Koudurypanvv komiuiekcos xene3sa(111)
¢ IIPOTONOPMUPHHOM [Jisl pa3TUYHbIX COCTOSHUN aKTUBHOIO LIEHTpa
IIEPOKCHIA3EI UMEIOT BUI

NHIS 1}I}-hs NH]S
I I
HcxoaHelit KOMITIEKC COC}_IPIHCHPIC 1 COC}.IPIHCHPIC II

Ha puc. 8.17 mokasaHo CTpOeHME AKTUBHBIX IIEHTPOB TPEX Ie-
POKCHAA3, BLIIEASEMbIX N3 PA3IUIHBEIX HCTOUHUKOB: IIUTOXPOM-C-TIe-
POKCHIA3bl U3 KJICTOK XUBOTHBIX (@), MepoKcuaassl U3 apaxuca (6),
rpubGHOM IepOKCUAa3bl, OKUcasiomed muraud (8). BumHo, uTto atH
AKTUBHBIE LIEHTPHI UMEIOT MHOTO 0611ero. [1pu 3TOM, Kak U B ciydyae
TUAPOTUTUMECKHX peakIvil, HyKIeO(UILHBIE U 3NICKTPODIIBHBIE KOM-
MOHEHTHI AKTUBHOTO LIEHTPA UTPAIOT IIPUHLIMITMATIBHO BaKHYIO POJIb B
CTPYKTYpPE KaTaJIATUMECKOro IIEHTPa U, KaK CJIeACTBUE, 0COOYIO POIh
B KaTajuse.

JvranaoM voHa Fe™' gBngercs MmmuaasonbHas rpynma TucTUHA
(cM. His-175, puc. 8.17, a; His-184, puc. 8.17, 6; His-176, puc. 8.17, 8).
MonoxurensHo 3apsxeHHslil non xenesa(I1l), npeacrasngommit co-
00if MOIHEBIN DIEKTPODUIBHBIA areHT, B3aMMOIEUCTBYET C HEMOMIE-
JIEHHOU 3J1eKTPOHHOM Mapol a30Ta MMUAA30JILHON IpyIiibl, 00pa3ys
NPOYHYIO KOOPANHAIIMOHHYIO CBsA3b. UMMIa30NbHAs TpyIina o0pa3yeT
TaK>Ke BOAOPOIHYIO CBS3b C KAPOOKCWILHOM IpyIIION acllapariHOBON
Kucnotsl (cM. Asp-235, puc. 8.17, a; Asp-246, puc. 8.17, 6; Asp-238,
puc. 8.17, ). IIpu aToM UMHUIA30T ABILETCH, KAK U B CIyJae TUAPO-
JIA3, MMOCPEeIHUKOM TIPU MepeHoce 3JIeKTPOHHOMN TNIOTHOCTH OT OTpU-
laTenpHO 3apsSXeHHON KapOOKCHWIBLHOM IPYIIBI K MOHY METaLIA.
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Arg-52

His-184

Asn-64

Phe-46
His-47
Arg-43

His-176

Phe-193
Puc. 8.17. AKTHBHBI LIEHTp:
Asp-238 a — LUUTOXPOM-C-TIEPOKCHUIA3Bl; 6§ — Hepo-
P KCHUAA3bl, BHIACICHHON U3 apaxuca; @ — JIUI-
8 HHUHIICPOKCHIA3bl

Kak B ciryyae Tpyansl CepUHOBEBIX IIPOTEA3 M IEMHAPOreHas (CM. BBILIE),
B aKTMBHOM LIEHTpe MepoKCHUIa3 ACHCTBYET MOIUHBIN HYKICODUIb-
HBIH areHT — CTPYKTYPHO OpPraHM30BaHHAas Mapa UMMIA30/bHAs rpyIl-
T1a TUCTUIVHA — KapOOKCHIIbHAS TPYIIa aCMaparHOBOM KMCIOThI. DTOT
HYKJICOTUIHBIN areHT IOJAET JIEKTPOHHYIO IUTOTHOCTh K peakiIMoH-
HOMY aToMy Xelle3a, oOeCleynBalolleMy KaTaJuTAYecKoe AeicTBHE
(bepMeHnTa.
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BaxXHBIM YYaCTHUKOM KATAJIUTUYECKOTO IIUKJA SIBJIAETCI UMU-
Ia30JibHAsl rpynmna ructuauda (cMm. His-52, puc. 8.17, a; His-56,
puc. 8.17, 6; His~-47, puc. 8.17, 8). Bo3aM0oxHO, 3Ta rpymnia urpaer poib
aKLenropa MpoTOHA HAa CTAAUU aKTWUBALIUM IIEPOKCHAA, TEM CaMbIM
CYILIECTBECHHBIM O0pAa30M YBEIUYMUBAECT OKUCIUTEIBLHYIO CITOCOOHOCTD
nepokcuaassl. Kpome Toro, IMuIasosbHast Ipymia MOXET UTpaTh POib
JIOHOpa IIPOTOHA HA CTaauM 0Opa3oBaHUS MOJIEKYJIbI BOIHL.

ITepokcumaspl B KA4eCTBE KOMITOHEHTAa aKTUBHOTIO LIEHTPA UMEIOT
IYaHUIUHOBYIO TPYIIIUPOBKY apruHuHa (cMm. Arg-48, puc. 8.17, a;
Arg-52, puc. 8.17, 6; Arg-43, puc. 8.17, ). Kak usBecTHoO, ryaHuay-
HOBasl TpyIllla aprUHUHA MMEET BEChMa OPUTWMHATIBHYIO SJIEKTPOH-

HYIO CTPYKTYpY:
,NH,
7
—NH—C=NH + H" — —NH—C¢_
\ e

NH2 NH2

B nporonupoBanHoil (popme 006a aroMa a3oTa SKBUBAJIEHTHHI, U,
TaKuM 06Gpa3oM, B ClIyyae TyaHUIMHOBOU TPYINIIBI apTMHUHA UMEeM
3(GHEeKTUBHBIA 371eKTPOMUIBHBII areHT ¢ ACJTOKANIN30BAaHHBIM IT0JI0-
KUTEJBHBIM 3apsiioM. DTa TPYIIa MOXET UTPaTh BaXHYIO pojb IIpU
IepeHoCce 3MeKTPOHOB WU TWIPHUA-UOHOB OT cyOcTpata — IOHOpa
3jexTpoHa — K uoHy Xenesa(Ill) B mpoliecce BOCCTAaHOBIEHUS CO-
enunenuii [ u I1. BaxxHo otMeTuTh, YTO ryaHUANMHOBAsS I'PYIIIA UTPACT
TaKyIO XX€ pOJIb B MEXaHU3ME IeHCTBUA MEPOKCHUIAa3, KaK M B CIydae
JeruaporeHas (CM. BBILLE).

K nepokcumazam 61m3KU epMeHThI, CIIOCOOHBIE MCIIOIL30BAaTh B
KavecTBe CcyOCcTpara opraHuMecKue IepeKucu. bonblioe 3HaYeHUE B
MOJIEKY/ISIPHOM (DHU3MOJIOTUM XXUBOTHBIX M YeJIOBEKa UMEIOT 3HAOTIE-
POKCHAIIpOCTArMAaHAUHCHHTA3bl. JIpyrue yrnoTpebnsgeMple Ha3BaAHUSA
aroro ¢epMerTa — mpocrarimaHauH-H-cunTaza (PGH-cunTtasa) wim
LUKJIOOKCUTeHA3a. AKTUBHHIY LHEHTP (pepMeHTa OCYIIECTBISET OUEHD
CIOXKHYIO ITOC/IeIOBATEIBHOCTD peaKLMi IPEeBPaIeHUS TTOJTUHEHACHI-
LIEHHOU XUPHOH apaXWIOHOBOW KHMCJOTHI B ITPOMEXYTOUHBIM IpPO-
crammanaud H,:

ApaxuI0oHOBas KHCI0Ta
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OH

KaranmuTnueckmii 1IUKJ OCYIIECTBISIETCS C YYACTUEM YEThIpeX Cy6-
CTPAaTOB: apaxUJOHOBOM KHUCHIOTHI, IBYX MOJIEKYJ KMCJOpOAa U BOC-
CTAHOBUTENSI — AOHOpA IEKTPOHOB. XMMUYECKOE MTPEBPALLIEHNE BKIIIO-
4yaeT NMPUCOENMHEHUE MOJIEKY/Ibl KMCIOPOIa, U30MEPHU3ALIMIO YITIEBO-
JIOpOIHOM LieTH ¢ 00pa3oBaHUEM MSTUWICHHOTO 1IMKIIA, 00pa30oBaHUe
runponepekucu (PGG,) ¥ BOCCTAHOBIEHUE THAPOIIEPEKMCHON TPYTI-
MUPOBKH JI0 OKCUIPYIIILI ¢ oOpaszoBanueM PGH,. ®usznonornyecku
(bepMeHT upe3BrIYaiino BaxeH. M3BecTHO, UTO GOMBIIAS YaCTh UCIIONb-
3yeMbIX B MEAMIMHCKOM MPaKTUKE MPOTUBOBOCIIAIUTEILHBIX IIpena-
paToB, TaKWUX KaK aclUpPHUH, aHAJbIHH, WHIOMETAUHH, UOyIIpodeH 1
Ip., IPEACTABIISIOT COO0H 3(pheKTHBHbIE MHTHMOUTOPHI 3TOTO (pepMEHTa
(cM. mozpasn. 4.6). PopMaTbHO-KMHETHIECKOE UCCIIEIOBAHNE 3aBUCMO-
CTH CTAlMOHAPHOU CKOPOCTH peakKIIMU OT KOHUEHTPALIMH BCEX YEThI-
pex cyOCTpaToOB MPUBEIO K KUHETUYECKOU cxeMe:

2
S I
X X,

X7 k (DH)
NN X . S XS’//Q (0,)

Ipouecc gBnseTcs YeTHIPEXCYOCTPATHLIM (apaxMIOHOBAsI KHUCIIOTA, JABE
MOJIEKYJIBl KUCIOPOAa, JOHOP 3JIEKTPOHOB). CxeMa BKIIIOUYAET YeThIpe
CTalM BBOJA CyOCTPaTOB B KATATMTUYECKOM LUKIIe. M3 KHHEeTHYeCKHX
JIAHHBIX CIENYET, YTO CTAAHY BBOIA B peaKHHIO apaXMIOHOBOI KUCIIO-
ThI ¥ KUCJIOPOAA, KUCIOPOIa U JOHOpa 3JIEKTPOHOB, IOHOPA 2JIeKTPO-
HOB ¥ apaxUIOHOBOM KUCIIOTH! pa3aeiieHbl HeoOpaTUMBIMU CTaTUSIMHU.

HmMerolpecs B TUTEPAType CBEACHUS O CTPYKTYPHBIX U3MEHEHUSX,
COMPOBOX/IAIOIIMUX ITEPEXO] APAXUIOHOBONW KHMCIOTHI B IpOCTarjiaH-
IuH H,, pu cONOCTaBIEHNMH HMX ¢ KUHETUYECKUMH pe3yibTaTaMu
IIO3BOJISIIOT TIPEJCTABUTL MONEKY/SIpHYIO MOAeNb neiictBug PGH-cuu-
Tasbl. [1epBeiM 11aroM B aKTMBALMY ADaXUAOHOBOM KUCIOTH SBISAETCSA
KOMIUTEKCOO0pa30BaHUe MOJIEKYJIbI CyOCTpaTa ¢ aKTUBHBIM LIEHTPOM
(depMeHTa. BaxkHy10 poJib B 3TOM MpoLeCcCe UTPaIoT ruapodoOHbIE B3a-
UMOAEUCTBUS M HATUYME KapOGOKCHUIILHOM TPYIIIEI HeHACKIIIIEHHO KIC-
JIOTHL. ApaxXWAI0HOBAsE KUCJIOTA 3JIeKTPOCTATHYECKH B3aUMOIEHCTBYET €
ITOJIOKMTENBHO 3apAXeHHO) TyaHUAMHOBOM Trpymmoii Arg-120 akTns-
HOTO IIeHTpa pepMeHTAa.

UntepecHag uudbopMaung 0 MeXaHU3Me OKUCJIEHMS apaxumOHO-
BOW KUCJIOTH MOAYYeHa MpH UCTIONB30BAHUM H30TOITHO-3aMeE e HHBIX
NPOM3BOIHBIX CYOCTpaTta. Briia Mcionbp30BaHa, B YaCTHOCTH, KHACJO-
Ta, aroM H y 13-ro aroma yriepoma KOoTopol 3aMellleH Ha TpUTHIH.
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Crepeocnenupuieckuil B L-kondbopmaninu atoM Bogopona mpu 13-m
arome C oTILEMIAETCS 10 CTaAuM BBOAA KWCIOpOAa ¢ oGpa3oBaHUEM
crabunbHoro panukana C(13). I1pu 3ToM HaGMIOmaeTCs CylMIECTBEH-
HblIf u30TOMHBIN 2(dekT. BO3MOXHO, 4TO TIPOLIECC MepeHoca aTOMa
BOIOpona sIBJIsieTCS TUMUTHUpYIOUIeH cranded BCell peakiuu, M MaK-
CUMaIbHAsI CKOPOCTh, HabMIofaeMas IIpH «HACHIIIEHU» (pepMEHTA BCe-
MU CyOcTpaTaMy, OYAET XapaKTepu30BaTh JIEMEHTAPHBIN aKT IIepeHO-
ca atroma Bozropoza ot aroMa C(13), cBsI3aHHOTO C (hepMEeHTOM apaxu-
JIOHOBO# KUCTOTHL. JanbHelilivie peakIMH PEaCTaBAAIOT COO0I aTaky
U IIPHCOEIMHEHUE MOJIEKYJIB Kucaopoa 1o 11-My nonoxeHuio, mpu-
COEIMHEHWE BTOPON MOJIEKYNHBI Kuciaopona K aromy C(15), usomepu-
3allUI0 JBOIHOM CBSI3K B 13-M monoxeHuu, obpasoBanue ¢z C—C
mexay C(8) m C(12) ¥ BHYTpUMOJNEKYISIPHYIO aTAKy KUCIOPOIHBEIM
panukajoM 1o C(9). D1u ObicTphle pagVUKATBHEIE TTPOLIECCH MOTYT UATH
CaMOIIPOM3BOJILHO 063 YIaCTHg MOJEKYIBI OenKa.

HanGonee BeposATHYIO IOCIEAOBATEIBHOCTE IIPEBPAILIEHUH apaxyuIo-
HOBOW KWCNIOTHI B AKTUBHOM LICHTpe (DEPMEHTA UIUTIOCTPUPYET CXeMa

Cragusa, XapakTepuayeMmasgd KOHCTAHTOW k,, TpenCTaBisgeT COOOH
ynajieHde aToMa BOZOPOAA OT apaXWIOHOBOH KUCIOTHl SHIOTEHHBIM
axK1IeNTopoM. DTa CTanus HHUIMUPYET AATHHEHIIYIO IepecTpoiKy MO-
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JIEKYJIBI ApAXUTOHOBOM KHUCIOTEL. BaXXHO MOIYEpKHYTh, UTO U3 KUHE-
TAYECKHUX JAHHBIX CJIEMYeT, YTO MPUCOEAMHEHUE MOJIEKYJ KUCIOpOoa
TIPOUCXOLUT YIIOPSIAOUEHHO: MEXIY IepBOil PABHOBECHON cTagueil u
BTOPOI OMMOJIEKYJISpHON cTaniyed MOryT TIPOUCXOAUTh EPEHOC IIPO-
TOHOB, KOH(OPMAaIITMOHHBIE N3MEHEHUST AKTHBHOTO LIEHTPA, HO HE MO-
I'YT IIPOTEKATh TAKUE HEOOpPATHMBbIC peaKLd, KaK U30MEepHU3alus yr-
JIEBOJIOPOJHOTO cKelieTa, 06paszoBaHue HOBLIX C—C-cBsizeid.

Ha npuBeneHHOI cxeMe NpeBpalieHus, CAenyIollue 3a CTaausMu
TIPUCOEOMHEHUS KUCIOPOIa, 0XapaKTepU30BAHHbIE KOHCTAHTaAMU CKO-
poctH ks, k&, ks”, k¢, nipencTaBagioT coGoll BHYTPUMOJIEKY/ISIpHBIE
[IeperpyNIIMpPOBKU, KOTOPHIE, ITI0-BUIUMOMY, IIPOTEKAKT OTHOCUTEIb-
HO OBICTpO. B ypaBHEHUE CKOPOCTH 3TH KOHCTAHTHI OYIyT BXOAWUTH B
BUIIE CYMMBI OOpAaTHBIX KOHCTAHT, U HA KMHETHUKY MOXET OKa3blBaTh
BJIMSIHUE JIMLIL OJMH HauOoNee MelJICHHBINA IIpoliecc.

KoHeYHBIM MpOAYKTOM IlIenmy IpeBpallleHHuH SBASETCS KOMIUIEKC
IIpOMEXYTOUHOTO TNpocTamiaHauHa G, ¢ aKTHBHBIM LIEHTPOM (hepMeHTA.
DTOT KOMIUIEKC MOXET AMCCOLMUPOBATh, U B OTCYTCTBHE B CHUCTEME
IoHopa snekTpoHoB DH naGmionaloT mosIBIEHHE 3TOTO TUIpOIIEpe-
KHMCHOTO TTPOM3BOJHOIO B PACTBOPE. DTO COSIUHEHNE YIATOCH BBIIE-
JIMTh M 0XapaKTepHU30BaTh. B NPHCYTCTBUI JOHOPOB 3JIEKTPOHOB IIPO-
UCXOIUT OBICTPOE BOCCTAHOBIIEHUE THAPOIIEPEKMCHON IpyIIIbI C 00pa-
30BaHHEM KOHEYHOTO ITPOJAYKTa — NpocTaHrTanuua H,.

IIpuHIUIATLHBEIM B BHIACHEHUH MexaHu3Ma aeiicteus PGH-cuH-
Ta3bl SIBJISIETCSA BOIIPOC: YTO XKE CIYXKUT IIePBUYHBIM aKIEIITOPOM aTo-
Ma BOJIOpo[Jia IIPU atoMe yIjepoaa B 13-M MOJOXEHUH, HHULIMUPYIO-
IIMM TIOCIEAYIOIIYIO CHOXKHYIO Iellb paIyKalbHBIX peakluii u mnepe-
CTPOYKY YTJIEBOJOPOIHOTO CKeJieTa MOJIEKY/Ibl. OTBeT Ha 3TOT BOIIPOC
nmaet cpaBHeHue PGH-cUHTA3 ¢ NMepoKcHUIa3aMy.

Hpocrarmanmun-H-cunTaza obmagaer ApKO BBIPAXEHHOM Iepo-
KCHIA3HON aKTUBHOCTBIO. B IpHCYTCTBUH NTEpeKUCH BOJOPOIa MOXHO
HaOJIOAATh KATATMTUYECKOE OKUCIICHHE BCEX CYOCTPATOB — JOHOPOB JEK-
TPOHOB MM aTOMAa BOZOPO/A, XapaKTEPHAIX I TEPOKCUIA3 (CM. BBIIIIE).

KaTtanutnuecku akTUBHBIE TPYIITIBI, OCYIIECTBASIOIINE 3TOT CIOXK-
HBIY LMK TIpeBpalicHUH, npencTaBieHsl Ha puc. 8.18, 8.19. Kak 6bu10
OTMEYEHO BBILIE, apaxWIOHOBas KUCIOTa DUKCUPYETCST B aKTUBHOM
LIEHTPE IYTeM 3JIEKTPOCTATUYECKOTO B3aUMOAEHCTBHS C MOJIOKUTEIIb-
HO 3apsKeHHOW TyYaHUAWHOBOI rpyrmoi Arg-120. CTpykTypa rema U
ero okpyxenus B ciydyae PGH-cuHTa3bl gBASeTCS TUITUYHOU 1T T1e-
pokcuaas. IIpuHIMIHATBHOE OTAMYME 3aKJIIOYAETCSl B TOM, YTO B
cnygyae PGH-cuHTa3bI JOHOPOM aTOMa BOJOpPOAa, HEOOXOZUMOIo LIS
BOCCTAHOBJIEHUS T'eMa B KaTAUTUTUMECKOM IIMKIIE, SIBJIsSETCS BHYTpH-
MOJIEKYJISIPHBIN BHYTPUGEIKOBHI ToHOop — Tyr-385. O6pazoBaBiumii-
Cs 3a CYET OTPhIBA aTOMa BOAOpOAa (MJIM 3JEKTPOHA C IOCIEAYIOLLNM
OTIUEIVIEHMEM IIPOTOHA) AKTUBHBIA TUPO3MIBHBIN paguKal CIIOCO-
O€H KOMIIEHCHPOBATh CBOIO HEHACHIIIEHHYIO BAJIEHTHOCTh IIyTeM OT-
IIEIUTEHUs aTOMa BOAOPOAA OT aToMa yriepoia B 13-M monoxeHUH

260



Puc. 8.18. benkoBasi CTpYKTypa U aKTMBHBIM IIEHTP IIPOCTArJIAHANH -
H-cunrasnt

His-388

His-446

Ser-530

His-207

Puc. 8.19. ®yHKUMOHANLHEIE TPYIIILI, BXOASLUINE B AKTUBHLINA LEHTP
npocrariaiguH-H-cuHrasst

apaxuIOHOBOM KUCIIOTHL. Jlanee 1ocaenoBaTe/IbHO MPOTEKAIOT BCe CTa-
Iuu mpeBpallleHHsT TTOJMHEHACHILICHHONW KUCJIOTHL B NPOCTArIAHIVH
PGG,, npencrabnennbie Boie. M3BECTHO, 4TO TIPOMEXYTOUHBIH Me-
TacTabuUIbHBIN npocTargaHguu G, CIocoOeH MOKWHYTh aKTHBHBIH

261



LICHTp (EePMEHTa U MOXKET OBITh BBIIC/HCH KaK XUMUYECKOE COCAUHE-
nue. Ero panbHeitias tpancdopmanus 8 PGH, ocymectsusercs re-
MHHOBBIM LIEHTPOM I10 KJIACCHYECKOM nepokcuaasHou peakiyu. I1pu
3TOM IOHOPOM BOIOPOAa IBJISIeTCSI HE3aBUCUMBII BocctaHoBUTes b DH.
Ecnu ero He mo6asisiTh B PEAKIIMOHHYIO CMECh, PEAKIIUSI OCTaAHABIIM-
BaeTCs Ha TMAPOITepeKUcHOM Npocrariadauie PGH,. B ciaydae mpose-
nmeHus peakuui ¢ H,O, 1 1OHOpOM BOIOPOIA TOT XK€ aKTUBHBIHA LIEHTP
OCYLLECTBIISIET KJIACCUYECKYIO TIEPOKCUIA3HYIO PEAKIIMIO.

W3 cpasuenus puc. 8.17 u 8.19 BunHO, YTO KaTAUTUTHYECKHUH LIEHTP
PGH-cuHTa3bl MaJiO0 OTJIRYAETCSI OT KAaTAIUTHUYECKOIO LEHTpa Tepo-
kcunasel. UMunazonbHast rpymnmna His-388, mo-sumuMoMy, aknenTu-
PYET MPOTOH OT THMAPOINEPEKHCH, VBEIMYMBAsE TEM CaMbIM OKMCIU-
TEIBHYIO PEAKLIMOHHYIO CIIOCOOHOCTh ruaponepeKucH. OCHOBHOE OT-
JIMYHeE 3aKIovyaeTcsi B TOM, 4TO BMECTO apruHuHa B ciyyae PGH-
CHUHTa3bl UMeeM PYHKIMOHAIBHYIO TPYITY UMHIa305a-386. Bosmox-
HO, 4YTO MUMUIA30J B IIPOTOHUPOBAHHON (OpMe MOXET UTpaTh pPOJb
271eXTpoHWILHOTO BHYTPUMOJIEKYIIPHOTO MeIMaTopa repeHoca aIeK-
TpOHA OT TOHOpPa K MOHY XeJesa.

8.8. N3omepa3snl. TpuozodochaTnzomepasa

Nzomepusanuio MoJeKysT, KOTOPYIO OCYHIECTBILTIOT (pepPMEHTHI KIlac-
ca U30MEpa3s, TaK Xe KaK U BO BCEX PACCMOTPEHHBIX BBILIE CJIyUasX,
WHULMHPYIOT KHCJIOTEI U OCHOBAHMUS, BXOMISUIME B KaTaJIUTUUECKMI
LEeHTp depmeHTa. KiraccHuecKuM puUMepOM SIBIISICTCS MEXaHM3M ICH-
cTBUs Tpro3odochaTuzoMepassl. PepMEHTDI 3TOIO TUIIA YIACTBYIOT B
MpOLECCe IIMKON3a M MPEACTaBIAIOT coD0M BechbMa 2 eKTHBHbIE
KaTalu3aTophl M30MepU3allMi, XapakTepu3youmecs kg, = 10° ¢! u
BHilIe. KatamuTuyecKu BaXHbIC TPYNIMPOBKY aKTUBHOTO [ieHTpa dep-
MEHTa TIpencTapiaeHnl ocraTkaMu Glu-165 u His-95.

MexaHu3M aKTHBalLMK BKIIIOYAET COIlacoBaHHoe neiicreue His-95
Kak ocHoBaHus M Glu-165 kak xucnorsl. Ilporecc M3omepH3anuu
MOXHO TIPEICTaBUTh CIEAYIOIUM 00pa3oM:

5 //——NH H\ //O
CH;—OH CH,—0H~N ¢
(|:=O ——->5+(lj=0...H...O; 0 His-95 _—-H(Ij—OH
CH,—OPO}  CH,—OPO} S\ (s CH,—OPOY

Kucnors! 1 ocHOBaHUS AEHCTBYIOT IO MEXaHU3MY «TSTHU — TOJIKA».
UmunazonpHast rpymna JOHUPYET 3JIEKTPOHHYIO TIOTHOCTh, UMHIYIIN-
pysl Ha OMHOM aToMe YIJIEpOAa OTPUULATEJBHBIN 3apsl 8—; B TO XE
BpeMsI KUCJIOTA JOHUPYET MPOTOH MO NyTH 06pa3oBaHKs BOXOPOTHOM
CBSIZU, UHAYLIUPYS Ha BTOPOM aTOMEC yIVIEpOIa TOJIOXUTEIBHBIN 33~
psn 8+. D10 0becneurBaeT OYeHb BHICOKUE CKOPOCTH KaTalu3a.
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8.9. Tpancdepasm. JHK-noanmepasa

JHK-monumepassl — kimoueBbie GepMeHTH perimkaumnd JHK,
OCYILECTBJISIIOLIME CUHTE3 NOUYEpHE 1IeTIM HYKJIICHHOBOM KHCJIOTHI,
KOMIUIEMEHTapHOU ucxoaHoi. B xummnueckom cmeice JHK-monume-
pasbl MEPEHOCIT IE30KCUPUOOHYKICOTUA-S -TpudocdarTsl Ha OKCH-
rpyITy 3’-KOHIIEBOH pUb03bl pacTytiei MONUHYKIeoTHaAHOM ey, Cyo-
ctparaMd (epMEHTa SIBJIAIOTCS MaTpuuHast omHouernodeynas JHK,
npaiMep, KOMIUIEMEHTAPHO COpOMPOBAHHBIA Ha MaTpHile U TIPeno-
CTaBJISTIOLLMA JUTSL peakUuu 3’ -ruIpOKCUIIBHYIO TPYITITY, Habop HYKJIeOo-
suarpudocdaroB. CxemMy peakiiy MOXHO TpeICTaBUTh B BUIE

...pdX,dX,,;—OH + pppX,,,— OH —
— ...pdX,dX,,,dX,,,— OH + P,07

e ..pdX,dX,,;—OH — pacrymwas uenb HYKIEHHOBOIl KHCJIOTHI;
pppX,,>— OH — nykneosuntpudocdar.

CornacHo kinaccudukanun ¢pepmerTo JHK-momuMepasp! sBisi-
rores TpaHchepaszamu. CyTh IPpOTEKAOIIUX B aKTUBHOM nieHTpe JJTHK-
MOIMMEPA3BI TIPOLIECCOB MO3BOISIET TOHATh CXEMa!

©

O O
/P
(O Marpuna
OCHOBaHMe
OCHOBaHMe
OcHobaiive
OcHoBaHUue
Je30KCUHYKEO-
tuarpudocdar
HpanMep
g /O
\@
O

) 0
o O:'C‘O ".,,,,O,-lPlO

\ Aps S0 0

v .e" . ) C
Asp-705
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ITokazaHa MONUHYKJIEOTUIHAS LENh HCXOMHONH OMHOLETIOYEYHOM
JHK (marpuna). Ipaiimep oGpasyeT BRICOKOCTIEHUGDUYHBIA KOMIUTEKC
C MarpuicH 3a CYET KOMIUIEMEHTAPHBIX B3aUMOAEUCTBHUI MeXIy MU~
PUMMIMH-ITYPHHOBBIMH OCcHOBaHUSAMHU. [IpaiimMep, KaK mpaBuio, Mpea-
CTaBNsIET COOOM NOBOJIBHO [JUIMHHYIO IMMOJTMHYKJICOTHAHYIO 1EIb, BKITIO-
YAy 1ecATh (M BBIILE) OCHOBAHUM, YTO HENACT KOMIUIEKC MEXIY
MaTpHLei 1 NpaliMepoM BRICOKOCTIELIM(PUYHBIM ¥ TpoYHbIM. (Ha cxe-
Me U300paxeH Nulllh ociaenHuii pparMeHT npaimepa, mpenocTaBisi-
IOLIMI IS peaklvy 3'-TUAPOKCHIBHYIO TPYITY Ae30KCHpH0O03bl.) Hyk-
Jeosuarpudocdar ceaeKTUpPYETCs] B OPUEHTHPYETCS 3a CHET KOMILIe-
MeHTAapHOI0 B3aUMOACHCTBUS MeXIY OCHOBaHUSIMHU MaTpUILIBI U HYK-
JIEOTUIOM.

XuMrueCcKui ripouecc 3aKkioyaercs B (pochopuiupoBaHuH 3’'-THI -
POKCHJIBHOM IpyNIIHI MpaitMepa o~pocharom HyKieosuaTpugocdara
(noxazanbl aToMBl docdopa o, f, ).

KiroueBbIMH KOMIIOHEHTAMU aKTUBHOTO JieHTpa AHK-nonume-
pa3 SIBISIIOTCST KOMIUICKCH HOHOB MeTallioB A”°, B™ (Mg™ win Mn™)
¢ KapOOKCUJILHBIMH TPYIITAMH acrapardHOBOM KHUCIIOTHI Asp-705 u
Asp-882.

Won metamma A aKTMBUpYeT peakKUMOHHBIM LeHTp {a-docdar)
0 3NEKTPOPUABHOMY MEXaHU3MY, MHAYLIMPYS Ha PEAKLIMOHHOM [EH-
Tpe U3OBITOUHBIA MMOJOXUTEIbHBI 3apsin. Bropoit nmon metawia B
aKTUBUDPYET FMAPOKCUNBHYIO TPYITY HE30KCUPHUOO3bI, B KOHIIE KOH-
LIOB 3aMellasi HOH BOIOPO/Ia HA HOH MeTalia. OO0pa3oBaBIUMICS HYK-
Jeo¢un arakyer aToMm docdopa, OCyIIeCTBIISII HYKIICOQUIBHOE 3aMe-
nienue. B pesynbrare obpasyercs dochonuapupHas csizb U OTLIETUIS -
ercst mupodocdar-uoH.

Ecny unTarens BHUMATENBHO MPOYET pasiesl 3TOH I7IaBbl, ITOCBSI-
LEHHBIA THAPONa3aM, OH ¢ HEKOTOPBIM YAMBICHUEM OOHAPYXUJI, UTO
QHAJIOTMYHBIYM MeEXaHU3M TIPUBEICH BhILIE IIpH OOCYXIEHUN MeXaHU3-
Ma feiicTBus ruaposnas nupodocdaTHOro THMa. AHAIOTHIHO paboTa-
0T TUAPOJA3p!, OCYLIECTBISIIOMIME THAPOJN3 HYKICHHOBHIX KHCJIOT
(1HKa3zm).

AXTuBHBIH neHTp (epmeHTa, cunresupytomiero JHK, — IHK-
MOJUMepasbl — B BLICOKOW CTEMEHH TOMOJIOTHUEH aKTHBHOMY LIEHTPY
Hykiea3bsl — depMeHTa, rigpomu3yioniero JJHK. CtpykTypHO akTHB-
HBIE IIEHTPHl (PEPMEHTOB OYeHb OJIM3KH.

B AHK-nosuMepase MpOUCXOMUT aKTUBAIIUS PeaKIIMOHHOTO LIEHT-
pa HykieodpuiIa TeMHU Xe (PYHKUUOHANBHBIMU IPyNIaMHU, YTO U B
nupodocdaraze U 3K30HyKiease. OqHAKO BMECTO aKTUBAUHU BOAB!
nyTeM 3amelleHus nporToHa B JJHK-monrmepase akTHBUpyeTCST TUA-
POKCWIBbHAA TpyTiNa caxapa. HykiieoprisHas aTaka 1Mo peakiioHHO-
My LEHTpY ¢ochaTHON rpynmel o0eCcHednBacT IMPOIOIXKeHUE LEMX
JHK.

Karanutndeckuif eHTp OIHOM U3 9K30HYKICa3, MHAPOIU3YIOLINX
OHK, npencrapisieT coboi KOMIJIEKC MOHOB Maruus, chopMupo-
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BaHHBIN C ydyacTueM KapOOKCUJIbHBIX IPYIIN acllapariHOBOM M TJIyTa-
MHWHOBOH KHCJIOT:

R,

o
Asp-355
R,
R, N
0
, \
5 o\ H
3O A , -0
/I' 8+\ ‘~O\H— —'\O

Asp-355

Takum 06pa3oM, B 3TOM Cliydae UMEeM IIpUMEpP BecbhbMa IPOCTOTO
liepexopa oT (pepMEHTOB, THAPOIU3YIOIUX OTIAC/IBHBIE CBA3H, K (dep-
MeHTaM, 06pa3yloluM 314 CBA3H. CTPYKTYPHOTO 3aMeIlleHUsT BOIbI Ha
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Jpyroit BO3MOXHBIM HYKIIEOMUI JOCTATOUHO JJIsi CO3AaHUS aKTHBHO-
ro HeHTpa, CIIOCOOHOTO MPOBECTH CUHTETHUECKYIO PEaKILUIO.

OTMeTHM, UYTO MHOTHE THAPONA3H SIBJISTIOTCST CHHTETa3aMU IIPH BBE-
IEHUU B peaKLMIO IOIOJIHUTENHHOrO HYKIeO(WIbHOTO peareHra. Tax,
MENTHAA3B! YacTO MCITOJB3YIOTCS TSI CHHTE3a HEIITUIHON CBSI3H, TJIU-
KO3MOa3sl — Ul CHHTE3a ruko3unoB. [lepexon or nyxieas K JHK-
MOJIMMEpPa3aM SBIISETCS TPUMEPOM 3TOTO CBOMCTBA (pepMEHTATUBHOIO
Karanu3za.

8.10. MHOro3/1eKTpoHHbIE NPOUECCh
B AKTHBHBIX LIEHTpaX ¢epMeHTOB

Kucnotel 1 OCHOBaHHS, COCTABJISIIONIME aKTUBHBIE LEHTPHI dep-
MEHTOB, SBJIAIOTCA TJIABHBIMHU ar¢HTaMH, OOECIeUMBAIOLIUMH aKTHU-
BalIUIO TEX WM UHBIX CBSI3eH B MOJIEKYJISIPHBIX cyOCcTpaTax pepMmeHTa-
TUBHOH peakiny. OMHAKO U3BECTHBI U IpYTHE CTPYKTYPHBIE 0Opa3zoBa-
HUS, GOPMUPYIOIIME aKTUBHBIC LIEHTPH (PepMEHTOB U 00ECIICYHUBa-
IOLME BBICOKYIO 2(PHEeKTUBHOCTE PepMEeHTATUBHOTO KaTainu3a. B psme
CIIydaeB JISI NIpOTeKaHHUs peaKIHii ¢ BRICOKOH CKOpOCThIO (DEpMEHTHI
JMOJDKHBI KaTaTu3UpOBaTh HEOOBIYHLIE XMMHUYECKUE TMpeBpalieHUs, B
pe3yabTaTe KOTOPLIX MpenoTBpauaeTcs 00pa3oBaHUE IHEPTeTUUECKHU
HEBBITOIHBIX HHTCPMCIUATOB.

Knaccuueckumu npumMepaMu B 3TOM 06IACTH TIPEACTABIAIOTCS HUT-
pOreHasbl U CHHME MEIbCOAEPXKALIHE OKCH/IA3HI.

Hurporenaza. buojornyeckoe BOCCTAaHOBJIEHHE a30Ta OCYLIECTBIIS-
€TCSI CJIOXKHBIM OCJTKOBBIM KOMIUIEKCOM, BKIIOYAIOIIUM KaK OCJIKU —
MEPCHOCYNKY BJIEKTPOHOB, TaK U O€NKU — KaTalnu3aTOPhl THUAPOJIU-
3a ATO.

ITpoiiecc BOCCTAaHOBJICHUS a30Ta CONPOBOXAaeTcst ruapoiinzom ATP
¥ 00pa30BaHUEM MOJICKYJISIPHOTO BOIOPOIA:

HurporeHasa

N, + 8H" + 8¢ + 16AT®
—= 2NH, + H, +16AId + 6P,02

OcrasJisisi B CTOPOHE CJIOXHBIN BOIPOC 0 pojin rugponusa ATO B
3TOM TIPOLIECCE, paCCMOTPUM OCOOEHHOCTH OKHUCIUTEIBHO-BOCCTaHO-
BUTEILHBIX TIPOLIECCOB.

I1st TOro uTOOBl BOCCTAHOBHTH MOJIEKYJTY a30Ta O JABYX MOJIEKY
aMMHaka, HeoOXOMMO BBECTH B MOJIEKYJY a30Ta 6 3JIeKTPOHOB U
6 mpotoHOB. OUEBUIHO, YTO 3TO NIPEATIOJIATaeT HEKOTOPYIO MOCIE10Ba-
TEJNBHOCTh CTaIui M 00pa30BaHUE BO3MOXKHBIX IPOMEXYTOYHBIX TTOJTY-
BOCCTaHOBJICHHBIX (opM. PacyeThl MOKa3bIBaIOT, YTO OOpa30BaHUE HE-
KOTOPBIX UHTCPMEIMATOB TEPMOAWHAMHUYECKH HEBBITOTHO, U HEOIA-
TONPpUATHAST SHEPTETUKA UX 00Pa30BaHUI HE MOXKET ObITH KOMIIEHCH -
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pOBaHA B3aUMOJIEHCTBUEM C KOMIIOHEH-
TaMH aKTUBHOTO LeHTpa. BhIcOKuit Tep-
MOJWHAMMYECKHI 6apbep 00pa30oBaHUST
MHTEpMEIMATOB B 3TOM Clly4yae JOJIKEeH
MPUBOIUTE K HU3KHUM CKOPOCTSIM pe-
akuuu (puc. 8.20).

OueBUIHO, AJISI TOTO YTOOBI H36e-
KaTh OAHOIIEKTPOHHOTO BOCCTAHOBIIE-
HUS ¥ 06pa30BaHUST TEPMOTUHAMUYEC -
KU HeOarONpUSITHBIX HUHTEPMEIHATOB,
(bepMeHTaTUBHBIN KaTaIU3 TOKEH HC-
ITOJIB30BaTh aTOMBI, UMCIOILHE TaKYIO
KOH(MUTYpallo, KoTopass obecreuuT
BO3MOXHOCTh MHOTO3JICKTPOHHOTO BOC-  Puc. 8.20. TepmonuHamuka obpa-
CTAHOBJICHUSI. 30BaHUA MNPOMEXYTOYHBIX CO-

HuTtporenasnast pepMeHTHAsI CHCTe-  €IMHEHMH B peakLMsX BOCCTa-
Ma COCTOUT U3 ABYX 0A30BBIX OCJIKOB, HOBJICHHA MOJIEKY/SIDHOIO a30Ta
oonpioro Mo-Fe-6enka (MonubmeH-
deppenoxcuna) u manoro Fe-6enka (azodeppenokcuna). B nmpupone
HMEIOTCSI TAKKE HUTPOICHA3bl, comepKauie BaHaguit. Mo-Fe-6emok
COIEPXKUT JBa TUIa pENOKC-LIEHTPOB, Fe-Mo-kodakTop u xesne3o-cep-
HBI Knactep. Fe-Mo-kKodakrop comepXXHUT oauH atoM Mo u 6 — 8 aTo-
MOB Xkefie3a, 8 — 10 aTomoB cephl. B cocraB Fe-Mo-KodakTopa BXOIHUT
OIIMH OCTATOK TOMOJIMMOHHOW KMCJIOThL. Bropoii koMmonent Mo-Fe-
6enka mpencrasisieT codoit knacrep 4Fe :4S. Crpykrypa Fe-Mo-Ko-
(dakTopa 1 Xejie30-CEPHOT0 KiIacTepa HUTPOTEHA3hl IPEACTaBIeHa Ha
puc. 8.21. Ha puc. 8.21, a mpuseneHa Taxxe npeamnoaraeMast CTpyKTypa
KOMIDIEKCA Ko(akTopa ¢ MOJEKYJION azoTa.

B03MOXHBI HECKOJIBKO MEXaHH3MOB BOCCTAaHOBJIEHMS a30Ta aK-
TUBHBIM LCHTPOM HUTpOTeHa3bl. HambGosiee BEpOsSITHO, YTO BOCCTA-
HOBJIeHHBIIT Mo-Fe-0e10K MepeHOCHT 3JIEKTPOH Ha JTHA30TUIHEIE CBS-
3U a3ora, ¢BsI3aHHoro ¢ Fe-Mo-kodakropom. [HonusaneHTHEIE CO-
crosgHug Fe-Mo-kodakropa CIOCOOHB aKKyMYJIHPOBAThH HECKOJIBKO
3JICKTPOHOB, 00ECIeUYNB, B KOHEUHOM HTOrEe, LIECTUIJIEKTPOHHOE
BOCCTAHOBJICHHE MOJIEKYJIBI a30Ta. B cOOTBETCTBMM ¢ Mpeamoarae-
MOH CXeMOM 3JIEKTPOHBI MOCJEIOBATEIHLHO MEPEHOCITCS Ha KOMIT-
Jekc azora N=N ¢ Fe-Mo-kopakropoM, IIpu 3TOM CTaGHIH3HPY-
IOLUM (HaKTOPOM Ha KaXIO! CTaguM SIBJSICTCS TPUCOSIUHEHHE TTPO-
TOHa:

0 2 4 6
Yucio 31eXTpoHOB

N, e, H e, H
(Fe, Mo) —> (Fe, Mo)-(N=N) —— (Fe, Mo)—N=NH ——

+

e, H e, H
—= (Fe, Mo)=N—NH, —— (Fe, Mo)—NH—NH; ——

2e, 2H'

—~ (Fe, Mo)--NH,—NH, (Fe, Mo) + 2NH,
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(His) (Gln) 0,CCH,
S B}
SGre IR0 —C—CHiCHCO;
(Cys) s—F<~s\j1=e < N=N Fe(/s—/Mo\—‘02c
R YT DFe Hi
S e\s/ € S (His)

(Cys)
S
O
S Fe Fe S
(Cys) SN N\ N |
(Ser) O__,‘——Fe ; S : Fe—S (Cys)
:a\\\FC'\" """ S\\ S'\’ -=- ‘Fél\l\n\. T S (Cys)
(Cys) S S——-——Fe\s/Fe———S
(Cys)
7]

Puc. 8.21. Ctpykrypa Fe-Mo-kodaxkropa (@) u Xejne30-CepHOro kiacrepa (6),
BXOISLUUX B aKTUBHBIMA LICHTP HUTPOTCHA3BI

Ilpenmonaraercsi, YTo Ha MOCJIETHEN CTaqUA BO3MOXHO JBYX3JIEK-
TPOHHOE BOCCTAHOBJIEHUE TUAPA3UHA B aMMUAaK. DTO TIO3BOJISIET U36¢-
KaTh 00pa30BaHUS HauboJIee TEPMOAUHAMUYECKH HEBBITOIHOIO WH-
TepMeanara.

BosmoxeH TakKe MeXaHM3M BOCCTAHOBJIEHMS a30Ta JO0 aMMMaxa,
COCTOSILIMI M3 TPeX IBYX2JCKTPOHHBIX cTanuii. B 3ToM ciydae bepmeHT
MOT OBl BBIOpaTh MyTh peaklMy Yepe3 HauboJiee TEPMONUHAMUYECKHU
BBITOZHBIE TPOMEXYTOYHBIE COCTUHEHUS:

2e, 2H"

(Fe, Mo) &» (Fe, Mo)---(N=N)

Je, 2H" 2e, 2H'
— (Fe, Mo)=N—NH, (Fe, Mo)--N—NH,

—» (Fe, Mo) + NH;4

PeanbHblil MEXaHM3M BOCCTAHOBJIEHMS a30Ta JIO CHX ITOp HE yCTa-
HOBjIeH. OIHAKO 00€ CXeMBI PEAKIIMH C BEICOKOM CTEIIEHbIO BEPOSITHO-
CTH TIPEAITONATAIOT HAIMYME CTAaIUH JBYX2JIEKTPOHHOTO MepeH0ca 3J1eK-
TPOHOB.

CucTeMBl GHOTOTMYECKOTO BOCCTAHOBIEHIA 430Ta He SIRNISTIOTCS €IUH-
CTBEHHBIMU CHCTEMAaMH, B KOTOPBIX BOZMOXHBI JJBYX3JIEKTPOHHBIE CTa-
JIMU BOCCTAHOBIIEHUS MOJIEKYIBI. IMetoTcst 9KCIepUMEeHTAIbHbIE JaH-
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Hble, MOKA3BIBAIONIHE, UTO BOCCTAHOBJICHHE KUCJIOPOJA B PexxUME 6E3-
PAIUKAJIBHBIX ITPOLIECCOB TAKXKE MPOTEKAET C Y4aCTHEM JIBYX3IIEKTPOHHBIX
cranuit. PaccMoTpuM ¢epMEHTHI 2TOT0 THIIA 60Jiee MOAPOGHO.

@epMenTH peakuMil BOCCTAHOBJIEHHA KHCJIOPOAA IO BOAM (J1aKKa3a,
ACKOPOATOKCHAA32, HUTOXPOM-c-0KeHaa3a). B HacTosiniee BpeMs u3Be-
CTHO MHOTO (DEpPMEHTOB, aKTUBMPYIOLIMX MOJEKYISIPHBIA KUCIOPOL.
OTINYNTEILHON YepTOH 3THX (PepMEHTOB SIBJISETCS YYaCTUE B MeXa-
HU3Me KaTajin3a HOHOB M€, BXOIALUIMX B aKTHUBHBIC LEHTPHI (ep-
MeHTOB. Hekotopbie PepMeHTHI CITIOCOOHB! YeTHIPEXAJIEKTPOHHO BOC-
CTaHaBIUBaTh KUCIOPOM 10 BOABl 6e3 MPOMEXKYTOUYHOTO 00Pa30BaHUS
NepeKUCH Bofopona. B KauecTse mpuMepa MOXHO MPUBECTH LIUTOXPOM-
C-OKCHJ1a3y, JIaKKa3bl, aCKOpOATOKCHIA3y, LEePPYIOIUIa3sMUH; 3TO TaK
HaspIBaeMbIC CUHME METbCOoNepXKale pepMeHThI.

BaxHoli yepToil MexaHHU3Ma HCHCTBUS CTHUX MENBCOMEPKAIIUX OK-
CUIa3 SBJISIETCS. BO3MOXHOCTh U HEOOXOMUMOCTb CUHXPOHHOTO Iepe-
HOCa HECKOJIbKHUX 3JIEKTPOHOB B OHOM 3JIEMEHTAPHOM aKTe KaTaIN3a.
B1oT heHoMeH MPencTaBasieTcs BeChMa HHTEPECHBIM U TpeOyeT Tiia-
TEJIBHOTO IKCIIEPUMEHTANBHOTO U TEOPETHYECKOTO aHAM3a.

Haubonee netanbHO B HacToslee BpeMs UCCNENOBaHBl MENLCONED-
Kaiye OKCHUIasbl, TMOJYYMBLIME Ha3BaHME JIAKKa3bl. BTO 0000611a-
I0llee TPHBHANIBHOE Ha3BaHUE BBUICISIEMBIX M3 PA3IHYHBIX HCTOYHH-
KOB (pepMEHTOB, OKUCISIIOUMX (DEHONBI U apOMaTHYECKUE TUAMUHBI
MOJIEKYJISIpHBIM KUCJI0poaoM. KpoMe apoMaTUyeCKUX CIUPTOB U aMU-
HOB CyOGCTpaTaMH JIaKKa3 MOI'YT OBITh TAKXKe HeOPraHUYeCKNe HOHBIL.

Menpconepxanias oKCHIa3a — IIMTOXPOM-C-OKCUIa3a — MIpaeT
KJTIOUEBYIO POJIb B MEXaHM3ME AbIXaHUSI M OMOIHEPTETUKE )KUBOTHBIX U
YyeJIoBeKa. DTO TepMUHAJIBHBIA (DEPMEHT ABIXaTEIbHON 3€KTPOHHO-
TPAHCIIOPTHOM HEMU MUTOXOHIPHH, OCYLIECTBIISIIOLINI BOCCTaHOBIIE-
HUE KHMCJIOpOna IO BOIBIL.

MHoroneTHUEe OMOXHUMUUYECKUE HUCCIEIOBAaHUS JJaKKa3 U3 pasiny-
HBbIX HCTOYHHMKOB IOKa3aJIM, YTO aKTUBHHBIN [EeHTp (epMeHTa comep-
KUT yeTblipe MoHA Memu(Il), cylieCTBEHHO pa3IMyYaroIUecs Mo CBOM-
CTBaM M POJIM B MEXaHU3ME JeUCTBUS hepMEHTA.

Crexrpsl nmoriouieHusT nona Meau(Il) mepBOro THIA XapakTepu-
3YI0TCST HAIMYMEM MHTCHCHBHBIX Ioj1o¢ B 06mactu 600 — 700 HM, yTo
OOBSICHSIET CHHIOIO OKpacKy 6enka. B Ta6s1. 8.2 npuBeneHH CIIeKTpaib-
Hble xapakrepucTukd uoHa menu(ll) mepBoro THUma Jj1akka3, BBIAE-
JIEHHBIX M3 pa3HBIX OpraHu3MoB. MHTepecHO OTMETHUTB, YTO MHTEH-
CUBHOCTD ITOJIOC IIOTJIOIEHHUS B CIIeKTpax «cHHero» noHa memu(Il) s
Jlakkaszax B o0nactd 600 HM CYIIIECTBEHHO BBIILIE, YeM B CIIEKTPaX O0bIY-
HBIX HU3KOMOJIEKYJIIPHBIX KoMITIeKcOB Menu(I1).

HMonbl Meau MepBOTo TUNA B JIAKKA3¢ U APYTUX MEAbCOAEPKALIUX
OKCHIa3aX MOTYT OBITh OGHAPYKEHBI C TOMOILLBIO CIIEKTPOCKOITUH 3JIeK-
TPOHHOTO MapamMarHuTHOTO pe3oHaHca (BI1P). HeobpuHbie Mapamer-
Pol ciextpa BITP «cHHero» HOHA MeNU O0YCIIOBIEHBI, BEPOSITHO, TEM,
YTO KOOpIWHALIMOHHBII MOJIU3Ip NOHA Cu2+ B JIAKKa3aX UMEET TeTpa-
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Tatnuua 8.2

Cl'leKTpaJleble XAPAKTEPHCTHKH HOHA ME€JM NMEepBOro THNA JIaKKa3,
BbIJACJICHHbIX H3 PAa3HBIX OPraHU3MORB

K bl
®epueHT Z[mfmz; fdonnu, oad)Q)uS(I)djfl::_Tl ?é(hiflidﬂmnn
Jlakkaza (Polyporos versicolor) 300 30000
440 800
610 4600
720 2000
Jlaxkaza (Rhus vernicifera) 320, 450 2600
614 5200
788 900
Jlakkasa (Rhus sussedena) 325, 455 3200
610 4500
770 1200

3IPUYECKOE CTPOEHHE, @ HE KBaIPaTHO-ILTOCKOCTHOE. Takoe Tpearo-
JIOXKEHUE OOBSICHIET HEOOBIYHOCTh criexTpos DIIP, onruyeckyro ak-
TUBHOCTb, BHICOKUM OKHCIKTEIBHO-BOCCTAHOBUTEIBHBIN MOTEHIIMAN
CHCTEMBI.

B criekTpax HOHOB MeIHM BTOPOro THIa B obmactu 600 HM Takke
uMeeTcs noioca ¢ KoapduimerToM sketuHkumy 300 — 400 moms™!-em7!,
YTO CYLIECTBEHHO HUXE KO3 PUUMEHTOB 3KCTUHKIIUM COOTBETCTBY-
IOLIMX TT0JIOC B CTIEKTPaX MOTJOLICHMS «CUHEro» HoHa. MIOHEBI BToporo
THUMNA, TaK XK€ KaK ¥ IEpBOT0, MOTYT OBIThE 0OHAPYXeHbI MeToaom DITP.
Ilpu atom napameTpb! criekTpoB DIIP aHaTIOTMYHEL MAapaMeTpaM HH3-
KomostekynapHbix KoMriekcoB Meau(Il). Monsl Menu Broporo tuma,
TaK € KaK M HWOHBI TEPBOro TUMA, HEOOXOMUMBI I IMpOSIBICHUSA
KaTAJIUTUYECKON aKTUBHOCTH (pepmeHTa. BaXHO MOAYEpPKHYTH, 4TO
KJIaCCUYeCKHEe MHTUOMTOPH JlakKa3 (MOoHBI (pTopa, a3ui- U IUaHUA-
HOHBI) 00pa3yioT KOMIUTEKCH ¢ MOHAMH MEAM BTOPOTO THUIIA M TEM
CaMbIM GJIOKHMPYIOT GEepMEHTATHBHYIO aKTHBHOCTD.

[MTomumo nonos Meau(Il) mepBoro u Broporo THa JIakkasa couep-
KWT IBa MOHA MENIM, KOTOPBIe B criekTpaxX STIP He nposeisorcs. 310
TaK Ha3blBaEMble HOHBI TPEThETO THTIA. [IpHYHHBI OTCYTCTBUS B CIIEK-
tpax BIIP curHana, o6yclOBIEHHOTO HOHAMHU TPETHLETO THUIIA, MOTYT
OBITh pa3nMuYHbIMU. HanbGosee BepoSITHOM MPUYUHON ABNAETCA CHIb-
HOE B3aUMOIEHCTBUE MEXIY ABYMSI HOHAMH Ccu™, MpUBoAdAIee K cria-
PHUBAHUIO CITMHOB 3JIEKTPOHOB. BbII0 MpOBEIeHO HCCEIOBAHUE OKHUC-
JIEHHOH (bOpMBI J1akKaswl P. versicolor B OTCYTCTBUE KUCAOPO/A U [TOKA-
3aHO, YTQ IMAaMATHUTHas (GopMa MeIM HaxoauTcs B GejIKe B BUne oi-
Mepa Cu”*—Cu™ o criapeHHBIMHU CHIMHAMY 3MeKTPOHOB. OfbeIMHE-
HUE OBYX MOHOB MEJHW B OUSINEPHBIN KOMIUIEKC MO3BOJIAET (PyHKIIMO-
HUPOBATh €MY KaK JIBYX3JIEKTPOHHOMY JOHOP-aKUEITOPY NEKTPOHOB:
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HNonwl meau(Il) B naxkkaze MUKPOGHOIO NMPOMUCXOXIECHUS UMEIOT
HECOOBIYHO BBICOKHE 3HAYEHUS OKUCIIUTEBHO-BOCCTAHOBUTENBHOIO
noteHumana (£y). [pu pH 5,5 okucnurensHO-BOCCTAHOBUTENLHEL T10-
tennman noHoB Cu’’ nepBoro Tuna paseH +0,785 B, HOHOB TPETHETO
tuna paseH +0,782 B. IIpu 9T0M OKHUCINTEILHO-BOCCTAHOBUTETLHBIM
TIOTEHIIM AT MOHOB MEIV TPETHErO TUTIA 3ABUCUT OT OKPYXKEHMSI MIOHOB
Mer BTOporo Tuma. Ilpucoeannenme Gropug-uoHa K Cu™ cMelaer
OKMUCIUTENILHO-BOCCTAHOBUTENBHBIA noTeHMan Ha 0,21 B. Dr1o yka-
3bIBAET HA HAIUYHME CTPYKTYPHOU M (PYHKUMOHAIBLHOM CBSI3M MEXIY
HOHAMU MeIM BTOPOIO U TpeThero TUma. CylLIeCTBYET 3KCHEpHMMEH-
TAILHOE CBUIETEILCTBO B IOJB3Y TOTO, YTO MOHEI BTOPOTO THUIA y4a-
CTBYIOT B CBA3BIBAHUM KUCITOpona. CTPYKTypa OZHOMN U3 CHHUX Melb-
comepXaillX OKCHIa3 — acKopGaTOKCUIA3bl — MIpuBeaeHa Ha puc. 8.22.
Ha puc. 8.23 moka3aH aKTUBHEBIN LIEHTP JakKa3bl. OCHOBHBIMU JIMTaH-
TaMM MOHOB MEIW B AKTUBHEIX ILIEHTpaX CHHUX OKCUAA3 SBISIOTCH
MMUa30JIbHBIE TPYTIIE TUCTUAMHA (M. pHC. 8.23). AKTUBHBIN LIEHTD
51X GEPMEHTOB HACKIIEH STUMH apOMAaTHIECKUMHU OCHOBAHHSIMU.

HeranpHoe uccienoBaHue criektpoB DITP akkasel ToKasano, 4ro
OHUM U3 JIMTaHAO0B UOHOB MeIH BTOPOTO THTIA SBJISIETCS BOJA, KOTO-
past MOXeT ObITh 3aMelleHa NOHOM (dTOpa, YTO BeleT K MHIMOMpPOBa-
HUIO KATUTUTAYECKON aKTUBHOCTU.

IlocnenoBaTeMbHOCTE M XapaKTep 2JIEKTPOHHBIX MEPEX0A0B B MIPo-
LIECCe BOCCTAHOBJIEHUS KUCIOPOAA JIaKKa30ol — TPUHIUNUATBHLIA
BOTIPOC MOJIEKYJISIPHOrO MexaHu3Ma felfctBua ¢epmenTa. BoccraHoB-
JIEHUE KUCJIOpOoa 0 IBYX MOJIEKYJ BOALl TPeOYeT MepeHoca YeThIpex
271eKTpOHOB. Jlakkaza colepXHUT YeThipe HOHA MEAU, CIIOCOOHBIX W3-

Puc. 8.22. BenkoBas CTPYKTYpa ¥ aKTHBHBIH LEHTP CHHEH MeabcolepKaliei
ackopbaTOKCHIA3bI
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His-138

His-508

His-431

Puc. 8.23. AKTUBHHI HEHTD JIAKKA3bI

MEHSTH CBOKO BJIEHTHOCTb, ¥ OBIIO OB JIOTUYHO NMPEAITONIOXUATh, YTO
BOCCTAHOBJICHHEIE MOHBI MEIH, OObeMHEHHBIE B KOMIUTEKCHI B aK-
TUBHOM LEHTpe (PepMeHTa, COCOOHBI CHHXPOHHO WJIM TIOCTEeI0Ba-
TEJILHO BOCCTAHABJIMBATH MOJIEKYJly KUCIOPOJA.

IlepRoHAYaIbHAS TMIIOTE3a OCHOBAHA HA TIPEICTABJIEHUNA 00 9KBU-
BAJIEHTHOCTA UOHOB MEIU U CHHXPOHHOM BOCCTAHOBJIEHUHU KHCIIOPO-
na. JleTajnbHOe UCCIIeOBaHUE, TTPOBEIEHHOE B JTA00paTOpUH rpodec-
copa b. ManemcTpema, 1oKasajio, YTo MOHbI MeIM He SKBUBAJIEHTHH!
U CYIIECTBEHHO OTIHUYAIOTCA B CTPYKTYPHO-(PYHKUHOHAILHOM OTHO-
meHnd. [Ipu o6cyKneHHH MeXaHU3MOB peakUuif TTOJIE3HO OOPAaTUTHCH
K TEPMOJIMHAMUYECKUM JAHHBIM, XapaKTepU3YIOIUM 00pa3oBaHue BO3-
MOXKHBIX TIPOMEXYTOUHBIX COeAMHEHHIA. AHAJIU3 ITOKa3bIBaeT, 4ro obpa-
30BaHUE HEKOTOPBIX MHTEPMEIUATOB TEPMOAMHAMUYECKU HEBBINOIHO,
YTO [eJIaeT MaJOBEPOATHBIM HX Y4acTHe B MEXaHU3Me KaTaJiuTHye-
CKMX nipeBpatenuii. 3 repMonyHaMyKy peakiiuit ciegyeT, 4To OfAHO-
3JIEKTPOHHOE BOCCTAHOBJIEHME KUCIOPOIa ¢ 0O6pa3oBaHUEM CyIepOK-
cun-panukana (Fy(pH 7) =-0,45 B)) nipakTdecKyl HEBO3MOXKHO MPH
VICTIOJTb30BAHUM TaKUX KJIACCHYECKUX CyOCTPAToB JIakKKasel, Kak (dep-
punmarua-uoH (E; = +0,36 B) wu runpoxunoH (£ = +0,69 B). Ilo-
5TOMY OBUIO TIPEATONIOXKEHO, YTO MEXaHU3M KaTallh3a JIAKKa30# BKITIO-
Yaer JBa 1oCie0BaTebHBIX 2JIEMEHTAPHBIX aKTa IlepeHoca IByX 3JIeK-
TPOHOB. [IpH U3y4eHUH KUHETHKH PeaKITUid, KaTAIM3UPyeMbIX JaKKa-
300, METOAOM OCTAHOBJIEHHOM CTPYH CleJIaHbl BAXHBIE HAOMIOAEHUA,
UMelolue HObIHOE 3HAYEHUe IPY aHATN3e MEXaHU3Ma BOCCTAHORMNE-
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Hud kuciopona. O6HapyXeHO MPOMEXYTOUYHOE COeIMHEHNE aKTHBHO-
r'0 UEHTPA JAKKa3bl C KUCIOPOAOM, KOTOPOE TIPEACTABIIAET COBOM OJHO
M3 TIOJIyBOCCTAHOBJIEHHBIX COCTOSTHUI Kucimopona. [Ipy cMelnmBaHuU
JIAKKA3BI, comepXailleil MOJIHOCThIO BOCCTAHOBJICHHbBIE MOHBI MEAHU, C
KHCITOPOJIOM CPABHUTENBHO BBICTPO OCYLIECTBIISETCS TIEPEHOC HA KHC-
JIOpOA TpeX DIEKTPOHOB € yYacTHEM MOHOB MEIU TIEPBOTO U TPETHEro
THUIIA, TIPY 9TOM HOH MEeIU BTOPOTO TUIA OCTAETCS B BOCCTAHOBJIEH-
HOM COCTOAHMH. AHanu3 cniekTpos DITP 06pazoBapLIerocs poMexy-
TOYHOI'O COENUHEHUS KUCIIOPOaa ¢ AKTUBHBIM IIEHTPOM TTOKA3LIBaET,
9YTO WHTEPMENUAT — BTO He 4TO MHOe, KaK yactuua EQO , npouno
CBSI3aHHAS C aKTUBHBIM LIEHTPOM (epMeHTa. DTOT HaKT TIPOTHBOpE-
YUT TUMOTE3€e JBYX MOCIENOBATENLHBIX 3J€MEHTAPHBIX aKTOB HBYX-
3JIEKTPOHHBIX TIEPEXOIOB.

CylecTBeHHBIN BKJIAJ B BRISICHEHHE MEXaHU3Ma AEHCTBUS MEIbCO-
JEPXKAIIUX OKCUAA3 BHECIU UCCIIENOBAHUS JIEKTPOXUMUYECKONH KU-
HETUKU IeICTBUS JTJAKKa3bl. OCHOBEI METOIA U PE3YIIBTATHI UCCIIeIOBA-
HUS JIEKTPOXUMUUYECKON KMHETUKM AEHCTBHUS JIAaKKa3bl MPUBEACHDBI B
. 6. Oxasanoch, yTo HOHBI Meau(Il) aKTHBHOro Li€HTpa JIAKKa3hl B
KOMIUIEKCE C MOJIEKYIION KHCIIOpoaa CTIOCOOHBI OBICTPO U 3 deKTUR-
HO 0OMEHUBATLCS IJIEKTPOHAMHU C 3JIEKTPOAOM. BTO MO3BOJIUIIO TIPO-
BECTH JETAIbHOE 3JIEKTPOXUMUYECKOE UCCIEAOBAaHUE U ONPEICITUTDH
YUCITO TIEPEHOCUMEBIX 2JIEKTPOHOB Ha PA3JIMYHBIX CTATUAX ITpoLecca U
MIPEIUIOKUTh SKCIIEPUMEHTATEHO OO0CHOBAHHYIO KUHETUUYECKYIO CXE-
MY JeMCTBUA KaTau3aTopa. B COOTBETCTBUY C TAHHBIMHU 110 KUHETUKE
necTBUA (pepMeHTa B PACTBOPE BOCCTAHOBICHHUE MOJIEKYJISIPHOTO KUC-
JIopozia 10 BoAkI 6€3 TTPOMEXYTOYHOro 00pa3oBaHHUs NEPEKUCH BOJO-
POMa TIPOHUCXOIUT TI0 CXEMeE:

E + O, == EO,

bricTpo

EO, + e

EO;

~ , PK55 -
EO, + H" <—= EO,H

-17t + pk’5,5 S & Uad
EOzH +H —= EOzHZ
EO;H}" + 2¢ — EO™ + H,0

_ pK5,5 S
EO + H —= EO'H

“1rt + pK 5,5 - 172+
EOH'+ H =— EO'H,

EO H? — (EO H3"

bricTpo

(EOHY) + e

E + H,O
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ITomyueHHbIe pe3yNbTaThl MPU CONOCTABIEHHH C JAHHBIMU MO CO-
CTaBy U CTPYKTYpE aKTUBHOTO LIEHTpa JIaKKa3bl NO3BOASIOT Npeaio- '
KUTb MOJIEKYJISIPHBII MEXaHU3M BOCCTAHOBIIEHHS KUACIOPONa C TIOMO-
1IBIO (bepMEHTA.

N3BeCTHO, YTO aKTUBHBLIN LEHTP JIAKKA3BI BKIIOYAET YeThipe HOHA
MenM TpeX TUTIOB (cM. puc. 8.23). IIpu aToM nBa HOHA MeT OOBEAUHE-
Hbl U MOTYT OPEJCTABIATL COOOH ABYX2NEKTPOHHBIN JOHOP-AKIIETOP.
B MexaHu3Me KaTajau3a YYaCTBYIOT JBE HOHOIEHHEIE TPYIIbI ¢ OIU3-
KUMH 3HAYEHUAMH pK,, = 5,5. I3 CTPYKTYPHBIX JaHHBIX SICHO, YTO 3TH-
MU MOHHBIMM I'PYTIIIAMHU SBJISIOTCS MMUIA30JbHBIE TpyniTel (Im) ruc-
tuavHa His-60 u His-448 (cM. puc. 8.23). CTpyKTypy aKTHBHOIO 1IEHTpA
MOXHO TIPEICTAaBUTH B BUIE

Im

2 cu®* 2
Cu™ 2 | Cu™”
Cu
Im
Bo3MOXHast cxeMa MOJIEKYJISPHBIX TIPeBpallleHHi, TIPOUCXOISILIX
B AKTUBHOM LIEHTpE JIAKKA3BI B IIPOIIECCe KATATUTUIECKOTO aKTa BOC-
CTaHOBJIEHUS KMCJIOPOAA, COOTBETCTBYIOLIAS KUHETHUYECKOH CXeMe,
UMeeTt BUI

ImC 2+ 0 Im C 2+
c* Y| 2 cu¥*o0—0T", | cu¥ 5
m Y : m <V !
Im Cut - ImH+C 2
— Cu'0-0 ”2+} Cu** === Cu* 0—0 ”2+} cu™ %
Im Cu 1, Iv ImH* Cu v
ImHJ'C . ImC - -~
— Cu*0—-0 " | cu® ~> w0 ”J Cu* —=—
+Cu Cu VI, VII
ImH H,0 Im
ImH‘”C 2 ImH* o
= Cu" O uﬂ} Cu* — Cu* 00 Qu®* u2+ £
ImH"* Cu vit ImH* Cu™ ]
IITIH+ . Im 24
— 0 Cu+ ~ cu® Cu2+ Cu*
. Cu Cu
ImH H,0 Im

Cragus 11 (on1HO271eKTPOHHOE BOCCTAHOBIIEHUE AKTUBHOTO LIEHTPd
dbepmeHTa) HeoOXOMUMa, BEPOSATHO, [T TOrO, YTOOBI CaeIaTh GOJIEC
TIPOYHBIM KOMILTEKC KMCIOPOAA ¢ aKTUBHBIM neHTpoM. Cramuu 111, IV
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n VI, VII — 5710 cTaauu npoTOHMPOBAHUS OCHOBAHUM, BXOAAILMX B
AKTUBHBIN LIEHTP (hepMeHTa. [[Ba OMMHAKOBBIX, CUMMETPHUYHEBIX X CHUH-
XPOHHO PaboTAIOIMX MMHAA30Jla B MeXaHU3Me KaTajau3a oKCHUIA30M
WUIPAIOT TIPUHLIMITUATIBHO BaXKHYIO poiib. C OHOM CTOPOHBI, OHU B IIPO-
TOHUPOBaHHOU ¢opme 00JIeryalT NMepeHOC 3JEKTPOHOB ¢ JOHOpaA
(371eKTpona) Ha ABYX3JIEKTPOHHBIN aKIENTOp, C APYrol — ycKopAaioT
97eKTPOHHBIN TPAHCTIOPT U SIBASIIOTCA JNOHOPAMHM OBYX IIPOTOHOB HA
cTaguy oOpa3oBaHUS BOMBI.

M3 KuHeTHYEeCKUX JAHHBIX CIIeIyeT, YTO MEXaHU3M KATalIN3a BKIIIO-
yaeT o6pazoBaHUE NMPOMEXYTOYHOI vactuubl turia EQ™ (ctamus V).
HaHHag yacTHia ObLTa 3aperucTPUPOBAHA B HE3ABHCHMLIX SKCIIEpH-
MeHTaxX NnpH aHamu3e crekTpoB DITP ¢epMeHTa (CM. BhILLE).

Cragusa VIII orBeyaer HeKOTOPOMY CTPYKTYPHOMY H3MEHEHHIO
AKTUBHOIO 1ieHTpa ¢epMeHTa. BO3MOXHO, 3Ta CTAIud TIPEACTABIISIET
co00i KOH(MOPMALUOHHOE U3MEHEHUE, COMPOBOXAAEMOE CTEPEOXU-
MUYeCKOW 3aMeHOH JABYX2JIEKTPOHHOIO aKIIenTopa Ha OJHO2JIEKTPOH-
HEBII B HEMOCPEACTBEHHOM OJIM30CTH OT aKTUBUPOBAHHOTIO aTOMa KHUC-
Jjopoja.

CornocraBjieHHe KMHETUYECKHUX NMAHHBIX CO CTPYKTYPHBIMH ITO3BO-
JISeT IS KaXpoi u3 (GpopM aKTHBHOIO LIEHTPA, TIPEJACTABIIEHHLIX HA
cxeMe, NIPEUIOXUTb CBOIO COOCTBEHHYIO MOJIEKYIISIDHYIO CTPYKTYPY.

Hau6omee BaXXHBIMU B CTPYKTYpe aKTUBHOTO LIEHTPA SBIIOTCS JBa
HOHAa Meiu, O0beIMHEHHBIE B OJTHY 3JMIEKTPOHHYIO CHCTEMY, CITOCOO-
HYI0 IPH BOCCTAHOBJIEHUM TIPUHSTH Ba 3JIEKTPOHA W MEPeIaTh HUX
MOJIEKYJIe KUCJIOPOAA ¢ OBICTPEIM NTPOTOHUPOBAHUEM, TIPUBOAAILUM K
06pa3oBaHMIO MOJIEKYIBl BOAL. B maHHOM MexaHu3Me He y4acTByeT
CYNEPOKCUN-PATUKAT KAaK TEPMOIVHAMHYECKH KpaliHe HEBBITOIHBIN
uHTepMenuar. Taxke o4eHb BaXXHO, YTO BOCCTAHORIEHHUE KUCJIOpoIa
UpeT g0 BoAbl 6e3 00pa3zoBaHUs NMepOKCUHa KUCIOPOaa.

Takum o6paszoM, crieuupUIecKre CTPYKTYPHI, c(DOpMHUPOBABLIHECS
B IpOLIECCe 2BOMIONMH (DEPMEHTOB, CIIOCOOHBIE OCYILECTBHTE IBYX2IEK-
TPOHHBIE TIPOLIECCHI OKHUCIIEHUS — BOCCTAHOBIIEHHUA, TT03BOJISIOT H30e-
Xarp 00pa3zoBaHUS TEPMOIMHAMWYECKHA HEBBITOIHLIX MHTEPMEINATOR.

L I 3

Ho Bce-Taku, uto 2xe 6bir0 garbume-To 8 Mockse nocae Toro,
KaK B Cy660THHI Bevep Ha 3aKkaTe BoaaHz nokHHYA cToAuLy, Hc-
yeaHyB BMecTe co cBoeii cauToit ¢ Bopo6besbix rop?

M. Ey/zzaicos

Yuraresn, U3y4UB AAHHYIO [VIABY, HOJDKEH TOJYYUTH TIPEICTaBIIE-
HHUe 0 ToM, Kak paboraioT GepMeHTH U Ha YeM OCHOBaHa UX (eHOMe-
HajllpHas KaTATUTHYECKAs aKTHBHOCTL, Kak Bcerma 6uIBaeT, OUeHb CIIOX-
HOe, Ha mepBbIN B3ITISA, SIBJICHUE OCHOBAHO HA IPOCTHIX B3aUMOAEH-
CTBUIX.
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XUMHUYECKHE COOBITUS, IPUBOAALIME K TUTAHTCKUM YCKOpDEHHUAM
XUMHWYECKUX peaKIMi, TIPOUCXOIAT Ha HEOOBIIOM yJacTKe 6elKOBO
MOJIEKYJIBI, OIpeAeNisieMOM KaK aKTHBHEIM 11eHTp depMeHTa. DTO OT-
HOCHUTENIFHO HEOOMBLIOE YUCIO (QYHKIIMOHAIBHBIX TPYIIIT aMHHOKHC-
JIOT, COOpaHHBIX B aHCaAMOJTb. B noumienTHRHOM 1IeNH 3TH aMUHOKHC-
JIOTHI YFaJIeHbl APYT OT Apyra. AHcaMOJIb aMUHOKHUCIIOT NPEACTABIISET
coboit crenmdudeckuM 06pa3oM coOpaHHbIe B TIPOCTPAHCTBE QYHK-
LMOHAJILHEIE TPYTIITH, CIIOCOOHBIE OCYILIECTBUTH AKTUBAIINIO MOJIEKY-
JIBL ¥ OpraHu30BaTh 3¢ GeKTUBHOE 00pa3oBaHMe MPOLYKTOB U3 UCXO[ -
HBIX BELIECTB.

Yo MpencTaBIsSIOT cO60it 5TU KaTATMTUYECKU aKTUBHBIE IPYIIILI U
KaKHUM 06pa3oM 3TH TPYTIITEL, OTBEYAIOiIMe PA3TUIHBIM YUacTKaM Oell-
KOBOM MOJIEKYJIBI, COGUPAIOTCS B AKTUBHBIM 1ieHTp?

NudopManuio o cTpyKType aKTUBHEIX HIEHTPOB MOJIYYAIOT pas3iivy-
HBIMA MeTopaMu. OpHako HauboJiee ITOJHLIE CBEAEHHS MOTYT ObITh
TIOJIYYEHBI METOJAMHU PEHTICHOCTPYKTYPHOTO aHAJIM3a U CIIEKTPOCKO-
TUH SIIEPHOr0 MATHUTHOIO Pe30HaHCA. OTU METOHBI MO3BONISAIOT U3Y-
YUTH CTPYKTYPY GeTKOB Ha aTOMApHOM YPOBHE.

Bo3uukaer Borpoc, Kak, UMesl TPEXMEPHYIO CTPYKTYpy Oeska,
00pa30BaHHOIO HECATKAMHU ThICSY ATOMORB, BBISIBUTh AKTUBHBIHN 1IEHTD.
B psane cnyyaeB npupoaa caMa JaeT HaM BEJTUKOJEIHYIO [OJICKA3KY.
MHorue ¢hepMeHTHl comepXaT B KayecTBE NMPOCTETUYECKON PYITIEI
WK KodaxTopa XOpoulo UaeHTUGHIHPYEeMble MOJIEKYIISIpHBIE 00pa-
30BaHUS WIH XapaKTepHble MOHBI MeTautoB. Hanpumep, MHOTUE pe-
JIoKC-QepMeHTHI colepXaT reMUH. OYHKIIMOHATLHBIE IPYIIILI, OKPY-
Xalol¥e reMHH, MOXHO pacCMaTpuBaTh Kak TPYIIBI, OCYNIECTBIIS-
IOILIME 3JIeMeHTapHEBIE aKTHI Kataiu3sa. B ciyuae ecim takux crienudu-
YecKHX Ko(}axkTopoB MJIM HOHOB MeTajja B OelKe HET, Ha MTOMOIUb
TIPUXOMSIT METOIBI XMMHUYeCKON Mogudukagun. OcodbeHHO 3¢ deKTUB-
HBI METOJ(BI XMMUYEeCKOH MOAUGUKAIIUK C PeareHTaMH, TTO3BONSIOUIN-
MH HallpaBUTh pearcHT-MOaU(UKaTOp B aKTHBHEIN 11IeHTDP. [T 3TOrO0
MOTUGUKATOP HYKHO BKIIOYUTL B crieiUPUIECKUA HHIUOUTOD WU
aHaJIor cyocrpara (cM. moapasz. 2.3).

[Tonesnass uudopMauMs O IPyHITax, COCTABISIONIMX AKTUBHBIH
LICHTP, MOXET ObITh MOJTYYeHA U3 JAHHBLIX PEHTICHOCTPYKTYPHOIO aHa-
JIU3a WK crieKTpockonuy SIMP nipu nzyde HMM KOMIUIEKCOB (epMeH-
TOB U CrieLiMpUYeCKUX HHIMOUTOPOB MITH aHAJIOroB cyOCTpara.

AKTUBHBIN LEHTP (epMEHTA — 3TO, KAK MBI 3HAeM, TIO KpaitHei
Mepe aea (PYHKIMOHATHLHO padjInYHBIX YYacTKa. B aKTUBHOM 1IEHTPE
VIMEIOTCS [PYNIIbI, OTBEYAIOIINE 32 COPTHPOBKY UM KOMIUIeKcoobpa-
30BaHHME CyOCTpaTa, a TaKXKe IPYIIbI, OTBETCTBEHHbIE 32 3JIeMeHTap-
Hbl€ CTAIMU aKTUBAIUM OTHEIBHBIX CBA3EH U KaTAIM3.

M Bce-taku, KakuM 00pPa3oM MOXHO BBISIBUTH KaTATUTUYECKU aK-
TUBHBIC IPYIITTEI?

PexoMenayeMblii HAMHU MOIXOJ OCHOBAH Ha TIPUMEHECHUN METOJ0B
6uonHdopmaTuku. CpaBHEHUE U «BLIPABHUBAHME» T10CIEIOBATEIHHO-
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CTelf aMMHOKMCIIOT B GOJBILMX MACCHBAX POACTBEHHBIX (hepMEHTOR
06GHApYXMBAIOT PAL MO3ULIMH aMUHOKKCIIOT, KOTOPbIE BOCIIPOU3BO-
ISITCSL AJIS1 BCex MpencTaBuTelieil aroro ceMelictBa. Hanbonee yro6HO
2TO CpaBHEHHE OEJIKOB MPOBECTU C UCITOIB30BAHUEM CTATUCTUYeCKOM
UHGOPMAMOHHON XapaKTepUCTUKH — SHTpONHUU IlleHHOHa. Ecnu
auTponug [lleHHOHa 11 JaHHON AMWHOKVCIIOTHL B JAHHOM T03UITUU
paBHa HYMIO (MM NpUOGIMXKAETCS K HYJIO), 9TO TOBOPUT O TOM, 4YTO
JaHHasg AMUHOKUCIIOTA B JAHHOM MO3ULIMM UTPAET OCOGYIO POJib B PYHK-
IMOHUPOBAHUU OEJIKOB 3TOr0 CeMeicTRa.

Oka3anoch, 4To GOJBIIYIO YacTh aMHUHOKHUCIOT B HOCIEN0BATEIb-
HOCTU MOXHO 3aMEHHUTh APYTUMHM AMUHOKUCIOTAMH, M 3TO He CKa-
JKeTCS Ha CBOMCTBaAX OeKa KakK Karajau3aTopa JAaHHOM peakuuu. Dto
MO3UIIMM aMMHOKUCJIOT ¢ BBICOKOM dHTponuell HleHHona (H > 0,5).
ITo3uuuu aMUHOKUCIIOT C BBICOKON SHTPONMUEH — 3TO CTaTUCTUYe-
CKUH 1IyM, B paMKax KOTOpPOIO MPaKTUYECCKU HE BaXXHO, Kakas aMu-
HOKHCJIOTA 3aHUMAET HaHHoe MecTo. OMHAKO CYHIECTBYIOT NMO3UITMUA
(X OTHOCHUTEJILHO HEMHOI0), KOTOPEIM OTBEYAET CTPOro OIpeselieH-
Hass AaMUHOKHMCITOTA. DTa NO3ULMA XapakTepusyerca sHTponueit lllenH-
HoHa (H = 0).

Okasajyock, YTO TPYNTIBI, COCTABJSIONNE KATUIMTUYECKY aKTHUB-
HBIA IIEHTpP, BCErga TPUHAMLICKaT aMUHOKUCIOTAM MOJUMETITUIHOM
IIeMH, KOTOPBIe XapakTepusyiorcs H =~ 0. AKTUBHOMY LIEHTpY OTBeYa-
JOT CTPOrO ONpeneieHHble aMUHOKHUCIIOTBI, PACTIONIOXEHHBIE B CTPOTO
oTIpesie;IeHHBIX MO3UUHIX. DTH aMUHOKHUCIIOTEI U OTIPeAEIISIIOT IPUPO-
Iy naHHoro ¢pepMeHTa. ECIIM MX 3aMEeHUThL Ha KaKyi0-JIM60 APYTYIO aMU-
HOKUCIIOTY, (DYHKIIMOHUPYIOIINI aKTUBHBIA LIEHTP MOJYYUTH He yaa-
CTCSI, @ BO3MOXHO, 5T aMMHOKHCIIOTEI HE YHACTCST JaXxe cobparth B
ENVHYIO CTPYKTYDPY. «I10AMUCEhIO» WIIH «OTIIEYaTKOM TMaJIbLIEB» NAHHO-
ro ceMeiictBa (PepMEHTOB SBJIAETCS JIMHEITHAS 3aNUCh NMO3ULIUN KOH-
CepBATUBHBIX AMUHOKUCIIOT.

AHanu3 GpepMeHTOB BCeX KJIAacCOB MOKasajl, YTo Haubosiee 4acTo
KOHCEpBAaTUBHOU aMHUHOKUCJIOTOM SIBIAETCS DIMUKH. [10 peUTHHTY KOH-
CEepBATMBHOCTH AMUHOKWCJIOTH! PACNONaraloTcs B CIEAYIOIIEM DSAY:
DIMLMH — acTiaparuHoBast KMCJIOTa — HUCTEHH — MTPOJIMH — TMCTHIUH —
APrUHUH — IYTAMMHOBAS KUCIOTA. DTO Haubojiee BaXXHBIE aMUHO-
KUCJIOTHI B (hepMEHTATUBHOM Katajuse. O4eBHIHO, YTO GYHKIIUOHATb-
HO 3HaYMMble AMUHOKHUCIOTHI MOXHO Pa3Ae/UTh Ha IBE MOATPYIIILL:
1) KucaoTHl M OCHOBaHUA (acriapardHOBast KUCIIOTA, TMCTUAUH, ap-
TMHUH, DIYTAMHUHOBAsl KMCIIOTA); 2) CTPYKTypooOpasyoimme aMUHO-
KUCIOTE (IJTULIMH, LIUCTEHH, TIPOJTUH).

TakuM 06pa3oM, aKTUBHBIE LIEHTPBI PePMEHTOB (GOPMUPYIOTCA U3
KUCITOT ¥ 0OCHOBaHUM (371eKTPODMIBHBLIX H HYKJIEO(DWIHHBIX ar€éHTOB),
4 IUIg Toro 4to0bl aKTUBHBLIMA 1IEHTP ObUI 00pa30BaH aMHUHOKMCIIOTA-
MU, pacONIOXEHHBIMM HAa pa3HBIX yJacTKaX TOTUTIENITUIHON 1eny,
HeoOXoaMMO Hajnuue B onpefeleHHBIX TO3ULMAX CTPYKTYpodopMu-
DYlomyx aMMHOKHCIOT — [JIMIMHA W TIPOJHHA, 00eCreYrBAIOIINAX
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BO3MOXHOCTb TIOBOPOTA HEenH, M LUKUCTeMHa, HeoOpatumo (GUKCHUpY-
IOIEro HeOOXOAMMYIO KOHGMOPMALIUIO 1IETIH. !

Bo BCcex TUITaX aKTUBHBIX [IEHTPOB KUCJIOTH ¥ OCHOBAHMY KaK HYK-
JIeOWIBHBIE U 2JTEKTPOMIUTLHEIE are HThI UTPAIOT OTIPENEISIONIYIO POJIb.
CyTb 571eMEHTapHBIX KATATUTHYECKUX CTAAMIA, OCYIIECTBIIAEMBIX 9TH -
MM areHTaMH, 3aKJII04Yaercsl B MOJNIPU3alluM CBSI3eid U MHAYIIMPOBa-
HHUHU HA peaKIIMOHHBIX LIeHTPaX U30BITOUYHBIX MOJIOXKUTENBHBIX HIIH OT-
PHULIATENBHBIX 3apsI0B. 3a4acTyIO aKTHBALIMS MIET TI0 BOJOPOHON CBA3U
C YaCTWYHBIM HMJIM TIOJIHBIM TTePEeHOCOM MPOTOHA. Pe3yIbTaTOM TaKOIo
JIOKQJIbHOIO TIEpPEeHOCa MPOTOHA SBIAETCH U3MEHEHMe PCaKIIMOHHOMN
CTIOCOGHOCTH aKTUBHOIO 1eHTpa. KitaccuyecKUM IPUMeEPOM SIBIIAETCS
CpaBHEHME PEAKIIMOHHON CITOCOGHOCTH BOIBI M THAPOKCHUILHOIO HOHA,
CIUpPTA U ATKOKCHUJIBHOIO MOHA. PeakiiMoHHAasT CITOCOGHOCTE MIPH TIe-
pexoje K AEMPOTOHUPOBAHHOM cucTeMe Bo3dpacTaeT B 107 pas. Ecnmu mmo
JIAHHOMY MEXaHU3MY ITPOUCXOAWT aKTHUBALIMS KaK pearcHTa, Tak U pe-
AKIIMOHHOTO LIEHTPA, MOXHO OXXHAATh YBETHUYEHUS PEaKITUOHHON CIIO-
co6HocTH B 10'2—10'3 pa3 (cM. Hayano gaHHOM ITaBhL).

ITpupona chopmMupoBaia aKTHBHBIE LIEHTPbI (DEPMEHTOB U3 Orpa-
HUYEHHOrO YHCJia KOMIOHeHTOB. Kak BUIUM, GOMbIIAS YACTh AKTUB-
HBIX LIEHTPOB (PepMEHTOB BCeX KiTaccoB c(hOpMHUpPOBAHA U3 acIlaparu-
HOBOM U IJTYTAMUHOBBLIX KUCJIOT, H3 TUCTUIMHA U apTUHWHA, U3 HOHOB
HECKONBKHMX MeTaJUToB. Kak ciiecTBUe, YUCTIO THIIOB KATATUTUIECKUX
LIEHTPOB HEBEJIUKO. Hanpumep, mis rUAPOIIa3, COCTABISIONUX OKOIO
TPETH BCEX U3BECTHBIX (DEPMEHTOB, MOXHO UACHTU(DUILIMPOBATE BCETO
YeThlpe OCHOBHBIE TUIIA CTPYKTYpPHL. [103TOMY HailtneHHbIe 2hdeKTNB-
Hble KOMOWHAUMU KaTATUTHYECKUX TPYITI, XapaKTepHBIC IS OXHUX
peakuuii, npupoaa aKTUBHO UCITONBL3YET ISl OPraHU3aLU Y KaTaTuTH -
YECKMX LEHTPOB IPYIMX TUITOB peakiuil. BecbMa rnokasarteneH nepexosl
OT THAPOIUTHYECKUX K CHUHTETUYECKUM pEaKIUsIM (CM. BBILIE).

IMonunenTuaHas uenb o0eclieYUBAET OPraHU3AlIdIO KaTaJUTHye-
CKHUX IPYIIl B aKTUBHBIE 1IEHTPhl. KaK M3BECTHO, B paCTBOpE MPaKTH-
YecKM HCKIIIOYEHBl TPEXMOJIEKYJISIDHBIE PEaKiUu M peaknuu 6onee
BBICOKHX TTOPSIAKOB. ECIM IpoaHAIM3UpOBaTh MeXaHHU3M J1000I (ep-
MEHTAaTUBHOM peakiiMu (CM. BhIlle), TO OKAXETCA, YTO B PEAKIUY yda-
CTBYIOT YeThIpe (WM MHSTh) OCTATKOB PA3IMYHBIX AMHHOKHICIIOT, Opra-
HU30BAHHBIX B MOJMITENTUAHYIO Nelb. PepMeHTATUBHBIN KaTaIu3 HE
HCTIONb3yeT CUIIbHBIX XUMUAYECKUX ar¢éHTOB; KOMITOHEHTEl, COCTaBIIS-
IOllIMe aKTUBHBIE LICHTPBI, ~— 3TO OTHOCHUTEJBHO CIabble KMCIOTh U
ocHoBaHUsI. OHAKO OHM XOPOLUIO OPTaHU30BAHBI B NPOCTPAHCTBE W,
KaK CJIeACTBUE, BeCbMa (PG eKTUBHEI.

®eHoMeH (epMEHTATUBHOIO KaTaju3a — IHPEKPACHBIA IpUMED
TOTO, KaK NMpaBWIbHAS OPraHM3AIMs BECBMA OIPAHUYEHHOro 110 CBOM-~
CTBaM MaTepuayia obecreduBaeT MpaKTUIeCKH HeOorpaHUYeHHEIE BO3~
MOXXHOCTH.



I'maBa 9
CHELIU®UYHOCTH JEVCTBUA ®EPMEHTOB

OTO NPHUBEAO HAc K THIIOTESe, YTO IAS OCYILECTBACHHs peak-
LHMH Mexsly dpepMeHTaMH H cy6cTpaTaMH JJOAKHO CYIIeCTBOBATDb
CXOZICTBO MX MOAEKYASIPHBIX KOHQHrypauuit. UTtobn! caerarn sty
MBICAD SICHEe, 5l HCIIOAb30BaA KapTHHY 3aMKA H KAKOYa,

3. Duwuep

9.1. Cnenuduynoctb Kak ocoboe CBOHCTBO (hepMEHTOB

®epMeHTHl KaK KATaIU3aTOPhl XUMUYECKUX peakuuil obiazaior
VHUKAJIBHBIM CBOMCTBOM — CHIOCOOHOCTBIO AECHCTBOBATH TOJIBKO Ha
MOJIEKYJTBI OTIpENEIEHHOM CTPYKTYPHl WIM Ha O4eHb HEOOJIbHIOE YMC-
JIO OMUHAKOBBIX 10 CTPOSHHUIO MOJIEKYIT. DTO CBOMCTBO ()epMEHTOB OT1pe-
JEJIA0T KakK crellupUIHOCTh UX nelcTBUd. Creyuguunocms neiicTBUS
(bepMeHTOB — 3TO, TIO CYTH, CIIOCOOHOCTL (PEPMEHTA OCYHIECTBIISITD
BBEIOOp CcyOCcTpaTa JaHHOM CTPYKTYPhI U3 OONBUIOI COBOKYITHOCTH OJIM3-
KHX IO CTPOSHHIO BerecTB. OUeBUAHO, YTO 3TOT BLIOOD OIpenenseTcs
pPAIOM B3aUMOIeCTBUU cyOCTpaTa ¢ rpynrnaMy aKTUBHOIO lIEHTpa
Oenka ¥ OOYCIIOBJIEH ONpeneIeHHBIMU (QDU3UKO-XUMHUYECKUMHU TIPO-~
neccamu. ITo crienupUIHOCTH — CIIOCOGHOCTH «BBIOHpATH» CyOCTpaT
MOAXOASIIENA CTPYKTYPbl — (DEPMEHThI 3HAYUTEILHO OTIUYAIOTCS OT
OOBIYHBIX XUMMHUECKUX KATAJTU3aTOPOB. DTa CMIOCOOHOCTh (PEPMEHTOR
ABIISIETCSA aOCOIOTHO HEOOXOIUMOIL, TIOCKOJBKY ITO3BOJISIET YITOPSIIO-
YUTh MeTabONM3M KIIETKH M H30exXaTh 0OpasOBaHHUsI HEHYXHBIX T10-
OOYHBIX IIPOAYKTOB. TakuM 00pa3oM, crielUPUIHOCTL GEPMEHTOB SB-
JIAeTCSl OCHOBOM OpraHMU3allMi MHOIOCTAAUNHBIX XUMHYECKHUX peak-
1IYiA B XKMBBIX cUcTeMax. MHopmaiusa, 3a1oXeHHas B CTPYKType y3Ha-
foniero cybcrpar akTUBHOTO 1eHTpa pepMeHTa, sBisgeTcs (GaKkTopoM,
OMNpeaeNIAIOMMM CrIeMMUIHOCTE AeUCTBHS (hepMeHTOB. CrIOCOOHOCTD
bepMEHTOB OCYLIECTBIIATL XUMHUYECKUE PEAKIIMU C CYOCTPATOM OTIpe-
IesIeHHON CTPYKTYPHI SIBISIETCS HEOLECHMMOI ST XUMUH TIPH UCTIOIb-
30BaHUH (pepMEHTOB B NMPAKTUIECKHUX LIEISIX.

Crioco6HOCTh (DEPMEHTOB «BBIOHPaTh» CYOCTPATHI ONpEAcIeHHON
CTpyKTypHI TIopasurebHas. CpaBHUM OTHOCHUTENIBHBIE CKOPOCTH OKUC-
JeHus pasnudHblX D-ambaorekcos KUCiaopogoM Mof, AeMCTBUEM IIII0-
Kozookcunasel U3 Penicillium (3a eqMHULY TIPUHSATA CKOPOCTH OKUCIE-
Hug npupogHoro cybcrpata — f-D-rmoko3e). OTHOCUTENBHAST CKO-
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POCTh peakuuy okuciaeHna D-maHHO3b 9,8 - 1073, o-D-ITI0KO3bI
6,4-107, D-anbrpossl 1,6 1073, D-ranakroswr 1,4- 1073, D-dbpykrosa
He OKHUCIISIeTCS.

Taxum 06pa3oM, H3OMEPHEIE YITIEBOABI OKUCIHSIOTCS KUCIOPOAOM
O/ IEACTBIEM IJIIOKO300KCHIA3bI (€CIU BOOBILE OKUCISIOTCS) B 102 —
10° pa3 MeieHHee, YyeMm B-D-mmoko3a.

Bosuukaer Bompoc, Kakue (HpU3NKO-XUMHUYECKHE HapaMeTphl clie-
JlyeT CPaBHUBATL NPY aHAIU3E CIIEM(PUIHOCTH e HCTBUST (PEPMEHTORB,
Haub6onee npocreiM NMpenCcTaBIseTCS CPaBHEHME CKOPOCTEN peakiinii
[IPU 3aJaHHBIX KOHIICHTpausax pepMeHTa U cy6eTpara. Hegoctatkom
TAKOro TOAX0AA SBJSIETCS TO, YTO HabnomaeMas CKOPOCTh PeaKiIvu
MOXET OMNPEACNSATHCS Pa3IUYHBIMU JUMUTUPYIOIIUMH CTAAUSIMHU JJ1d
pasHbIX Cy6CcTpaToB (CM. DI 4), a 93TO MOXET MPUBOJUTD K OLIHOKAM B
HHTEPTIPETALIMY pe3ynbTaToB. KpoMe TOro, pasjiMyHas peakiyoHHas
CNOCOOHOCTDL CYOCTPATOB MOXET TIPOABIISATHCS KAK HA CTAIUM MAKCH-
MaJIBHOM CKOPOCTH (PasiiiYHbie 3HAYEHHUS K, ,;), TaK U Ha CTaIUH 06pa-
30BaHMs (hepMEHT-CyOCTPATHOIO KOMITIeKca (pasHule 3HaYeHUS Kjj).
IToaromMy Gomee npaBHILHEIM H HauboJIee YacTO UCTOIB3YEMEBIM TIPU
CPaBHEHUHU PeaKIIMOHHON CITOCOOGHOCTH pa3IUYHEIX CYOCTPATOB SIBJISI -
€TCSI IIPUMEHECHUE apaAMETPORB K ,; U Ky WM UX OTHOLUCHUSA kyyr/K),.

B ToM ciyyae, eciTy KHHETHYECKHUIA MEXaHU3M HeiicTBUS depMeHTA
U3BeCcTeH M uUMeeTcs MHpopManusa 06 3JeMeHTAPHBIX CTAIHsX, HC-
MMOJIL30BAaHUE JUISI CPABHEHUSI PEAKIIUOHHOM CIOCOOHOCTH KOHCTAHT
CKOpOCTEMN 3JIEMEHTAPHBIX CTAaIUU NPUBOIUT K JOCTOBEPHBLIM M 6e3-
OLUUOOYHBIM BBIBOHAM.

ITpu 06CYXIEHUH peaKIIMOHHOM CITOCOOHOCTH CYyOCTpaTOB pasyiud-
HOW CTPYKTYPHI TIPEACTABISETCS LIETeCO0OPa3HbIM BLIIEISITE IBE IPYITITHI
a¢ddexToB.

1. 3aMecTTeNb, HEITOCPEACTBEHHO CBA3AHHBIN C peaxiMOHHBIM
IICHTPOM, MOXET OKa3blBaTh BIMSHUE Ha 2JIEKTPOHHLIE CBOMCTBA DPe-
AKIIMOHHOIO 1IEHTPA U TEM CAMBIM Ha PEAKIIMOHHYIO CITOCOGHOCTD Cy0-
crpata. DTy 3 GEKTH MOTYT ObITh HHTEPIPETHPOBAHLI B pAMKaXx KJlac-
CUYECKUX TIPECTABIICHUIA OpraHUYeCKOM XMMHH (CM. Hajiee).

2. Crioco6HOCTD (hepMeEHTA «BBIOUPATL» HYKHBII eMy CyOCTpaT orpe-
JeNIeTCsl «y3HaBaHUEM» CTPYKTYPHBIX parMeHTOB cybcTpara, Helo-
CPEICTBEHHO HE CBSI3AHHBIX ¢ PEaKIIMOHHBIM NEHTPOM. PeakiimoHHad
CTIOCOBHOCTL CYy6CTPATOB MOXET pasnnyaThes B 10°— 106 pas. Dra yu-
BUTEJIbHAST CIIOCOGHOCTE (PepMEHTORB, ompeaesisieMasl KakK crieuduy-
HOCTb, U ABJIAETCS MPEIMETOM aHAIM3a XUMHYECKOI 2H3UMOJIOTHU.

9.2. DIEKTPOHHOE BIHMsSIHHE 3aMeCTHTEIei
HA PEAKHHOHHLIM HEHTP

PeakumonHag crnocoGHOCTL cybeTpaTa B 3HAUMTENLHON crerneHH
3aBUCHUT OT CTPYKTYPHI M 3JIEKTPOHHBIX CBOUCTB 3amMecTuTeNeil, oKpY~

280



KAIOIMX PEaKIIMOHHBIA EHTP. PaccMOTPUM 3TH 3¢heKTh Ha NMpume-
pe peakiyii runposnusa TpushUpos HocHOPHON KUCIOTH MO Neji-
CTBUEM OpraHoochaTruapoa3sl. XUMHUECKUMIT MEXaHU3M KaTajysg
3THX (hePMEHTOB 00CYXaaics B IN1. 8. B KavecTBe cyOGcTpaToB UCITONL3g-
BJTHCh COCJUHEHMS

C,H;0.___.0 CH:0-___.0
CH,07 Y0—X  GH, 0~ s—X
DocaTsl Tuodocdarn

I'nmponu3s uget o csisu P—OX unn P—SX. BapbrpoBaHUe CTpyKTy-
pbl 3aMecTUTeNEN X CYLIECTBEHHO CKA3bIBAETCS Ha peaKLIMOHHOM crio-
cobHocTH cybcTpaToB. PYHKIMOHATILHBIE MPYIIIBL JOIKHBI ONPEneeH-
HbIM 00pa3oM BJIMSATH Ha paclipenesieHUe 3IeKTPOHHOM MIOTHOCTH B
MOJIeKyie cyocTpaTa. DneKTpodWIbHbIE 3aMECTUTEN OTTATUBAIOT HA
ceOst 21EKTPOHHYIO TIOTHOCTD, WHIYIMPYS Ha PeaKIIMOHHOM [IEHTpe
M30BITOUHBII ITOIOXUTETbHBLA 3apsin. DeKTPOHOROHOPHBIE 3aMeCTH~
TeJI AeCTBYIOT ITPOTHBOIIOIOKHBIM 00pPa30M.

Bapbupys npuposy yXOmsiiieii rpyIibl, MOXHO ONpeaeIeHHbIM 00pa-
30M MOBJIMATh HA PEAKIIMOHHYIO CITOCOOHOCTh cyberpara. OcobeHHo
3TO XapaKTepHO IS IIEJIOYHOro Tuapoausa (puc. 9.1, a). BugHo, uro
4eM 0OoJsiee CUITBHOM KUCIOTOM SIBsieTcsl yXOMSLAs TPYIia, TeM 00b-
(e peaKIMOHHOM CrIOCOOHOCTBIO 06anaeT cyberpar. Pucyrok 9.1, a
TOKA3bIBAET, YTO 3Ta 3aKOHOMEPHOCThb B JIOTAPU(MHUIECKUX KOODIH -
HaTax MOXKeT ObITh OMUcaHa JUHeiTHO! dhyHKIueH. DneKTpodHIbHbIE
3aMECTHTEIM YBEJTMUYUBAIOT PEAKIIMOHHYIO CITOCOBHOCTD CYOCTpaTa MpH
HYKJIEO(WIBHOM aTtake BOMOI ITyTeM WHAYLMPOBaHUA Ha atome doc-
bopa n30BITOYHOTO MOTOKUTENBHOTO 3apsina. B ciydae hepMeHTATUB-

Igk 1gVn

2F 61

i a4 o

0 2+ 2

“1F or

2F 2F

3 4

-4 1 L I t -6 I { L L
3 5 7 9 pK, 3 5 7 9 pK,

a 6

. 9.1. 3aBUCHMOCTb PEaKLIMOHHOM criocobHoCcTH docdaros (1) U THODOC-
daros (2) or pK, yxomsaueil TpyIIIbL:

ENOYHONH TMAPoNN3; 6 — (QEePMEHTATUBHBIM MMAPOAM3 C y4yacTHEM OpraHodgoc-
darruaponasnbl
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HOTO THAPOSIU3a KapThHa cloxHee. MMeercsa obiacts 3HaueHUil pk,
4 —8 yxonsuieil rpymrinl, Ije peakKLHOHHag CHOCOOHOCTh CyOCTpaTa
HE 3aBUCHT OT IIPUPOILI 3aMeCcTUTeNsI. BMecTe ¢ TeM cyliecTBYIOT cy0-
ctpathl (pK, 8—11), m1g KOTOpPHIX MOXHO HabNIOAaTh CTPOTYIO JIM-
HEHHYIO KOPPe/SILINIo MexXay pK, yXomsauieil Ipynrbl U peakKilMOHHON
CMOCOOHOCTBIO cybcTpaTta. C TOYKM 3peHHsT MeXaHU3Ma peakllvU B CI1y-
Yae UCCACIOBAHHBIX PEaKITMOHHBIX CUCTEM ITPOUCXOANT CMEHA JIMMU-
TUpytomeil cranuul. sl cybeTparoB, yxonsmasl TPyIa KOTOPhIX Xa-
pakrepusyeTcsa pK, 4—8, umeercd o0miasg JUMHUTUPYIOIAsl CTaIusI,
OTVIMYHAS OT NMPSIMOI aTakKK HyKiIeo(rsIa Ha peakMOHHBIN 11eHTp. BMmecTe
C TeM U1 CyOCTpaTOB, yXOnsiiasl Ipyira KoTopbix uMmeeT pK, 8 — 11,
peakLMOHHAas CTOCOOHOCTD OMIPEAENSIETCS DJICKTPOHHBIMU XapaKTepU-
CTUKAMH yXOnsimed TpyIIbl.

Ilpy HanMYUM TUHEWHON KOPPESIMHI MEXIY PeaKiIMOHHOM cIto-
COOHOCTBIO U KMCJIOTHOCTBIO YXONSUIeil rPYIITbl 5KCHePUMEHTAbHEIE
JaHHBIE MOT'YT OBITH OIMMCAHbI ypaBHeHUeM ['aMmeTa

lgk =1gk, +po,

Tie K — KOHCTaHTa CKOPOCTH peakIuu; kg, p — MOCTOSTHHBIE KHHETH-
YeCKUe 1napamMeTpsl peakiluy, XapaKTepHbIe ISl JAHHOW CEPUU CTPYK-
Typ. PeakniMoHHas crocoOHOCTD 3aMeCTUTEN IS MOXeT ObITh OXapakTe-
pu30BaHa KOHCTaHTOM ['aMMeTa ¢, KOTOopash BRIYUC/ISIETCS 110 YPaBHe-
HUIO o = pKy — pK. 3mecy Ky — KOHCTaHTa KHUCIOTHON MOHU3ALMK
KHCJIOTHI, BBIOpaHHOM B KayeCTBe CTaHZApTHOM; K — KOHCTaHTa KUC-
JIOTHOM MOHHM3AIIMU KUCJIOTHI C 3aMeCTUTEIIEM.

¥YpapHenue bBpeHcrena, ypaBHeHue 'amMmeTa (M pOOCTBEHHBIE YpaB-
HeHUs Tura ypasHeHus Tacdra) TMHEHHO CBA3LIBAIOT CBOOOIHYIO 3HED-
TUIO aKTUBAllUM, XapaKTepu3yeMyIO JIOTapu(PMOM KOHCTAaHTBbI CKOPO-
CTH, C PaBHOBECHBIMU TePMOAMHAMMYCCKHMU IMapaMeTpaMM 3aMe-
CTUTENISI, B JAHHOM CJIy4ae KOHCTAaHTAMU IMCCOIIAAIINA COOTBETCTBY-
IOIIMX KUCJIOT. 3Has 3HaueHMe p B ypaBHeHUM ['aMMeTa, MOXHO IIpef-
CKa3aTh, KaK U3MeHSIEeTCs peaklMOHHas criocobHocTh cybeTpaTa B 3a-
BUCHMOCTH OT CTPYKTYPBI 3aMECTUTEIS.

TakuMm 00pa3zoM, eciM 3aMeCTUTENb HEMOCPENCTBEHHO CBSI3aH C
PEAKIIMOHHBIM HIEHTPOM cyOcTpata, ero BIUSTHHE MOXET OLITh OIHca-
HO B paMKax KJIaCCUYECKUX MPEACTABICHUI OpraHUYeCKod XUMMH.
OpHako B GONBIIMHCTBE C/Iy4aeB BLIOOD CyOCTpaTa Mo PeaKIMOHHOM
CITOCOOHOCTH OCYIIECTBASETCS 34 CUET «y3HABAHUSI» (hePMEHTOM (DYHK-
LIMOHANIBHBIX (hparMeHTOB CyOCTpaTa, YOAUIEHHBIX OT PeaKI[MOHHOIO
LieHTpA.

MoxHO NMPUBECTH MHOTO NMPUMEPOB, KOTAa PEaKIMOHHYIO CHO-
cobHocTh cyOcTpaTa onpeaesnseT (hparMeHT MOJIEKYIIB], YaATeHHBIH OT
peakIIMOHHOTro LieHTpa. Hartpumep, pepMeHT 2-KeTo-3-1e30KcH-6-hoc-
(ormokoHoaNbA0Ma3a KATATU3UPYET peakluio ¢ docdoprmpoBat-
HbM cy6erpatom (I) B 10* pas spdexTuBHee, Yem ¢ ero HegochopHh-
JIUPOBaHHBIM aHanoroM (II):
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D10 0COOEHHO OYEBHAHO IPH WCCIACHOBAHUU CEpUU CYOCTpATOB,
OTVIMYAIONINXCA JUTMTHOM anugaTYeCKOro YIIEBOAOPOIHOTO (hparMeHTa.
HarmpuMep, Ha puc. 9.2 npuBeaeHbl JaHHBIE O peaKIIMOHHOI Crioco0-
HocTH aMuadbl U Oyrupuin-CoA-~cuHTeTa3bl. CKOPOCTh Peakiiy Bhl-
paxkeHa OTHOCHUTEJIbHO CKOPOCTH, ITOJIYYEHHOH C HAWIYYIIUM CcYy0-
crparoM. BumHo, YTo npu omnpeneleHHOH IIWHE YIIIeBOLOPOIHOTO
(bparmeHTa cyOCTpAaThI POSIBIISIIOT HUYTOXKHO MAJIYIO aKTUBHOCTD. [Tpu
JOCTUXKEHUM HEKOTOpPOro KPUTHMUYECKOTO pa3Mepa YIJIEBOLOPOZHOIO
(bparmeHTa peakiiMOHHasl CTIOCOOHOCTH CyOCTPATOB PE3KO YBETHYNBA -
eTCsl U MIPOXOJUT Yepe3 MaKCUMYM.

AHAJIOTUYHYIO 3aBUCHMOCTb MOXHO HaOMIOLATh JUIA O.-XAMOTPHII~
cuHa. Ha puc. 9.3 npuBeneHs! JaHHBIE 10 peaKIIMOHHOM CIIOCOOHOCTH
PasIMYHBIX aleTWIXUMOTPUIICKUHOB B peaklM¥ TMAPOJIU3a ITPOoMeEXY-
TOYHOTrO anwidepMeHTa (KOHCTaHTa CKOPOCTH K3). ANMI(epMeHTHI
ObUTH IMTOJYYEHB! alliIupoBaHueM Ser-195 rpou3BoIHBIMU anudaru-
4eCKMX KapOOHOBBIX KMCIOT. Ha ocK opauHaT OoTJIOXKeHa He ITpocTo
IUIMHA YTJIEBOIOPOHOTO (pparMeHTa MOJIEKYITBI, @ ero THApodOGHOCTS,
XapakTepmaywouiascs KoHcraHroi I'aHia 7 (cM. 1. 3). BunHo, uro no
OIpeeIEeHHOIO YPOBHS THAPO(MOOHOCTH allMIbHOTO (hparMeHTa pe-
aKITMOHHas CIIOCOOHOCTD CybCcTpara He 3aBUCHUT OT CTPYKTYPHI YIJIEBO-

v v
1,0+ L0
lllll IIIIII-I-- ! |I 1 !
0 5 10 15 20 N 0 5 10 15 20 N
a 6

Puc. 9.2, OtHocurensHas CKOPOCTb v pEaKUMH, KaTATU3UPyeMON aMuIason (a)
4 Oyrupun-CoA-crunTasoit (6), 1is cy6CTpaTos, OTAMYAOMUXCH YHUCAoM N
AaTOMOB YIjlepoAa B YIIeBOOOPOIHOM ¢hparMeHTe
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Puc. 9.3. 3aBUCUMOCTb peakIIMOHHOM CrIOCOOHOCTH AUUIXUMOTPUIICUHOB
OT ruApOGOOHOCTH ALUILHON TPYIIILL

IOpOIHOro (hparMeHTa; najee HaGIogaeTCsl JIMHEMHBIM pOCT ¢ MOSIB-
JieHueM Kaxnoit CH,-rpyrimnsl, pu 3ToM rpacyK MPOXOIUT Yepe3 MakK-
cUMyM. B 3TOM cilydyae mpOCTHIMU 3JIEKTPOHHBIMU MHAYKUIMOHHBIMU
3pdexTaMu 3aMeCTHTENISI U3MEHEHUE PeaKIIMOHHOU CITOCOOHOCTH
OOBSICHUTD HeJb3s. B ocHOBe neificTBUS pepMEHTOB JIeKaT APyTUe Me-
XaHU3MBI YBEJIUYEHUs (WINM YMEHbIIEHUS) pEaKIIMOHHONA CIIOCOBHO-
CTU cyOcTpara.

B Hacrosimiee BpeMs cyIeCTBYIOT HeCKOJBLKO KAQUECTBEHHBIX M KO-
JIMYECTBEHHBIX KOHIIeNUHI, OOBICHAIOIINX ClieIMPUIHOCTb hepMeH-~
ToB. KOHUEN MK SBIAI0TCS B 3HAYUTETHLHOM CTeTIEHH KOMIUIEMEHTap-
HBIMM U B3aUMOAOIOTHAIUMHY. Kaxaass U3 HUX HaXOJUT 3KCIIEpH-
MEHTAJIBHOE TTOJATBE PXKICHHE.

9.3. Kounenuusi cTepu4ecKoro COOTBETCTBHS
«KJI10Y — 3aMOK»

AKTHBHBIE HEHTPBI (GEPMEHTOB UMEIOT CJIOKHYIO KOH(PUIYpaIHIO.
IIpy B3aumozmeiiCTBUM cybCTpaTa ¢ aKTUBHBIM LIEHTPOM (epMeHTa
HEeOOXOOUMO, YTOOB OHM CTPYKTYPHO APYT APYIY COOTBETCTBOBATIH.
D. Puiep nepBsIii OTMETUI COOTBETCTBHE CTPYKTYPHI CyOCTpaTa U aK-
THBHOTO LIEHTPa (hepPMEHTA, ITPOBOASI aHANOTHIO C 3aMKOM U KJTIOUOM.
AXTUBHBIA 1IeHTp (hepMeHTa UMeeT CTPYKTYpY Oosee UK MeHee XeCT-
KOU MaTpu1iibl. DTa MaTPHULIA CONEPKUT TPYITITBI, PACITOTOXEeHHBIE OITpe-
JIEJIEHHBIM 00pa3oM M CIIOCOOHBIE B3aUMOIEHCTBOBAThL C CyHCTpaToOM.
IIpu 5TOM HEOGXOAMMO OMNpeae/ieHHOe COOTBETCTBHE MEXIY CTPYKTY~
paMu aKTMBHOTO [IeHTPa 1 cyOcTpaTa. PaccMOTpUM rposiBieHue 31010
COOTBETCTBUS Ha TIpUMEpE mpaHc-CrieliMPUIHOCTY aKTUBHOTO LIeHTP
0.-XUMOTPHITCHHA.

PeakuoHHast CriocOGHOCTD aLWI(hepPMEHTHBIX NMPOM3BOIHBIX -XH~
MOTPUIICHHA B peakilMy TMApPOJu3a (CTanusl OealliIMpOBaHUs) 3aBU”
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CUT OT CTPYKTYPHI allUJILHOTO (pparMeHTa cyocrpara. B 3aBUCHMOCTH OT
CTPOEHHUS allWIBHOTO (hparMeHTa CKOPOCTb THAPOIM3a artmiIdepMeH -
TOB paznuyaerca 6oyee yem B 10% pas, B To Bpems Kax B peakiu
LIEJI0YHOTO TUAPOJIN3a 3TH pa3Inyus HeBeuKU. CTpyKTypa aKTUBHO-
ro 1eHTpa hepMeHTa 3amaeT He0OGXOTUMBIE IIPOCTPAHCTBEHHBIE COOT-
HOUIEHHS, ONpeNeAIONNe PEaKIIMOHHYIO CITIOCOOHOCTD alfiihepMeHTA.
Haunbonee spko s10 npossasgercs B apdexTe mpanc-crieniuIHOCTH
a-xuMotpurcuHa. McenenoBanach peakilMOHHAas CIIOCOGHOCTD yuc- U
mpanc-TIPOU3BOIHBIX 3-apMIaKPUIOBBIX KHCJIOT B PEaKIIMU THAPOIN3a
NoJ IEACTBUEM O-XUMOTPHUIICHHA. bblio 00HapyXXeHOo, 4TO B TO BpeMs
KaK anuiIpepMeHTHOe IIPOMEXYTOYHOE COoelMHeHUe, obpaszyemoe
MpaHc-CTEPEOU30MEPOM KU CIIOTHL, THAPOINU3YeTCS B TeueHUe | MUH,
anwidepMeHT B yuc-cTepeodopMe NpefcTaBasieT coboil MpakTUIecku
CTaOWIBHBIHA, KaTATUTUYECKN HEeaKTUBHBIA TpoayKT. [Tpu obnyyeHun
KaTAIUTUYECKY HEAKTHUBHOTO IPOWU3BONHOIO O.-XUMOTPUIICHHA YIIbT-
padhroIETOBEIM CBETOM MOXHO TIOJJHOCTBIO BOCCTAHOBUTD UCXOTHYIO
aKTHUBHOCTD KaTtanu3aropa (puc. 9.4). Ilpouecc rpoTekaer o cxeme

Il
E—OH + yuc-S — yuc- | E—0—C—R
KaranuTuyecku HeakTHBEH,
CTabuIeH B yCIOBUSX OIBITA

o)
{ i } m [ !
yuc-| E—C—R | === mpanc-| E—C—R

_k
(H,0)
?
— E—OH + mpanc-| R—C—OH

3necs E—OH — kaTanutuyecky akTHBHAs (GopMa 0.-XHMOTPHIICUHA.

A A
1,0 1,0 -
0,5 0,5+
1 | ] 1 1 ]
0 30 60 90 ¢t mux 0 1 2 t, MUH
a 6

Puc. 9.4, Mismenenue oTHOCHTENbHOMN KATAIMTHUECKON AKTUBHOCTH O-XUMO-

TPuncuna B npouecce MHKYy6auuu (a@) ero ¢ A-HUTPOGEHMIOBEIM 3DUPOM

Yuc-4-HUTPOKOPUYIHONM KUCIOTH M BOCCTAHOBAEHWE aKTHUBHOCTH dep-
MeHTa (6) TIpU OOJY4eHUH ero yabTpaUOIeTOM
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Lluc- v mpanc-uzoMepbl aLHIPEPMEHTOB KOPHIHON U HUTPOKOPUY -
HOW KUCJOT OBbUIM BbIOEJIEHB B MHAMBUAYAILHOM BHIE, U3YYEHBI UX
CIIeKTPaJIbHBIE XapaKTePUCTUKU, KCCIeI0BaH IpoLece yuc-mpanc-do-
TOU3OMEPHU3AITNY IIUHHAMOWILHBIX TPYTIIT B aKTUBHOM IIEHTPE O(-XU-
MOTPUIICHHA, UCC/ie0BaHa KUHETHKA THAPOJIM3a ¢ 00pa30BaHUEM aK-
TUBHOTO KaTanu3aropa. B 1abs. 9.1 npuBeaeHb KUHETUYECKUE XapaK-~
TEPUCTUKH YUC~ U mMPaHC-U3OMEPOB CYOCTPAaTOB B peakUUH ariIuv-
poBauus (ky/K,) U feauwupoBaHMsl o0pa3ylommuxcs auuidhepMeH-
TOB. BuaHO, 4T0 mpanc-crepeonsomepsl B 10— 10* pas 6osee peak-
LIMOHHOCIOCOOHLI, YeM COOTBETCTBYIOIINE yuc-hopmbl. Habmomae-
MOE€ pa3jinue B peaKIIMOHHOM CIIOCOOHOCTHU cIelyeT OTHECTH 3a CUET
crenuUIecKoi opraHu3allui aKTUBHOTO LIeHTpa ¢epMeHTa. KoHCTaH-
Thl CKOPOCTH IEJOYHOTO TUAPOJIM3a STUIOBHIX 3(PUPOB CTEPEOU3O0-~
MepHBIX (OpPM KOPHMUYHOU KHUCIOTH OTIMYAKOTCA HE3HAYUTEIBHO
(Krpanc/kyue = 1,5—2). TlokaszaHo, 4TO €ciim HATUBHYIO CTPYKTYpY aK-
THUBHOTO LIEHTPA O(-XMMOTPUIICHA HAPYLIUThH, TTOMECTHB anuidep-
MEHT B 8§ M pacTBOp MOUEBMHBI, KOHCTAHTHl CKOPOCTH JIeallMJIMpOBa-
HUS yuc- v mpanc-Hopm attwihepMeHTOB CTAHYT ITpaKTUIECKN ONTU-
HAKOBBIMH.

Tpanc-crienU(UIHOCTh O-XHUMOTPUIICMHA OOBICHSIETCSI CTepuye-
ckumu s¢pdexramut. B yuc-xondopmanuu anuwihepMeHTa B HaTUBHOM
COCTOSIHMU Oe/IKa KaTaIUTUIeCKH aKTHUBHBIA UMHIA30J1 THCTHANHA-ST
HaXONUTCSI B HEMOCPEACTBEHHO OJIM30CTH OT yt/c-XpoMODOPHOIT METKH.
D10 CclefyeT U3 aHANM3a 3aBUCUMOCTU CIIEKTPA MOIVIOICHUS yuc-4-
HUTPOLMHHAMOWI-0,-XMMOTPUIICHHA OT Imokasaress pH. Criekrp ro-
IJI01IeHU S Ylc-4-HUTPOIIMHHAMOWIBHO TPYIIITBI U3MEHSETCS B 3aBU-
cumocty oT pH. Drta rpynna xapakrepusyercsa pK,, COBMNaNAIOMUM C
pK, IMIIa30JTbHOM IPYTITBI AKTUBHOTO 11eHTpa. B 3TOM cityuae 4-HUTPO-
[IMHHOAMOWJIbHASL TpYIIIia BLICTYITAET KakK XpoMmModopHas MeTkKa ak-
TUBHOTO II€HTPA O,-XUMOTPHUTICUHA. JlaHHBIE peHTTeHOCTPYKTYPHOTO

Ta6nuua 91

CrepeocnennuaHOCTL O~XHMOTPHIICHHA B peaxumsiX
€ pa3an4HbIMH CYOCTpPaTaMH

TlapameTtp l Lluc-uzomep I Tpanc-nzomep
L HHAMOMAUMKMIA305
ks, ¢! | 6,010 | 9,010
n-HutpodeHunoblil 3¢up 4-HUTPOKOPUYHON KUCITOTHI
k,/K,, n/(MOJBb - C) 1,2-10? 6,0-10°
ks, ¢! 1,7 107 0,42
n-HurpodeHunosIit aup UHAOTMIAKPUIOBON KUCIOTHE
ko/ Ky 1/(mOn - ) ] 0,61 650 |
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Iuc-uzoMep TpaHc-uzoMep
Puc. 9.5. Huc-mpanc-u3oMepU3aLUsi UUHHAMOW-0-XMMOTPUTICHHA

aHANIM3a MPAHC-THAOIMIAKPHIOU -0~ XUMOTPHUTICHHA TTOATBEPXKIAIOT
CTEPUYECKUN XapakTep mpaHc-CriellinpUIHOCTH oi-XUMOTpHIicuHa. Ha
puc. 9.5 u3obpakeH (pparMeHT aKTHBHOTO [EHTPa O-XHUMOTPHUIICHHA,
nokazaHa KoHpopManus MUHHAMOMJIBHON METKU B yuc-KOHdopMa-
unu. BunHo, yT0 6eH30J15HOE KONbII0 OKA3BIBAETCS B HENIOCPENCTBEH -
HOI1 OJIM30CTH OT UMHIA30JLHOrO KOmbila rMcTuauHa-S7. [lnHaaMo-
WIBHAs I'pYTiIa B yuc-KoH(hopMepe MOXET HPEIISITCTBOBATDL YIYACTHIO B
PEaKIMH KaTATUTUYECKH BAXXHON UMMIA30JbHOM TPYIITEl MU pa3py-
maTe HeoOXomguMoe TS KaTajiu3a MpOCTPaHCTBeHHOE COOTBETCTBHE
MeXIy UMHMIa30JI0M TUCTUAWHA-57 ¥ KapOOKCHIILHOI IPpyIToi acra-
parnHoBoil KUCITOTHI- 102. TakuM o6pasoM, mparc-crieIMUYHOCTS Ieii-
CTBUSL O-XUMOTDPUIICHHA OOBSICHSIETCSI TEM, UYTO B yuc-aiuipepMeHTe
KaTaJIMTHYECKAs peakiysl [IPOCTPaHCTBEHHO 3aTpyaHeHa OOKOBOMH TpyiI-
Ioit cydcrpara.

9.4. Konuennusi MHIYRHPOBAHHOTO
COOTBETCTBHS

Kaxk n3BecTHO, CTPYKTYpHI 0€/1K4 U aKTHUBHBIX [IEHTPOB HE SBJIAIOT-
Cq abCOJTIOTHO XECTKMMU; NOIYCKAIOTCS ONMpene/IeHHBIE CTPYKTYPHEIE
M3MeHEHUsI, KOTOpBIE€ OIMpeaesIioTCd Kak KOH(POpMarjMOHHbIE U3ME-
HEHUs OeJIKa WIM aKTHBHBIX IeHTpoB. KoHdopMailMoBHAas ITOgBUX-
HOCTH aKTUBHOTO 1IEHTPa MO3BOJISIET OOBICHUTD MPUPOTY crielipud-
Hoctu ¢hepMenTOB. Briepsbie 5Ta rurore3a Ovl1a BeickazaHa K. Jlefin-
J€pOM TTpu MCCeTOBAHUM 3aBUCUMOCTH CKOPOCTH (hepMEHTATUBHOMN
Peaxiuu ot mapieHus. B 3akoHYeHHOIT 1 U3BECTHOM (hopMe KOHIIEIT-
Mg uHayuuposaHHoro coorBeTcTBU (induced fit) Gbuta chopMyIn-
Poana [I. Konwrangom (1959 r.).

CornacHo KOHueNMU UHAYLUUPOBAHHOTO COOTBETCTBUS B MCXOMI-
HOM cocTosIHMM aKTUBHBIN LIEHTP (hepMeHTa, COCTOSIHIMM U3 OCTATKOB
HECKONMbKMX aMUHOKHUCIIOT, HAXOIUTCS B «pa300paHHOM» BUe. B3au-
Moneiicteie u KOMIUIEKCOOOpa30BaHUE C cyOCTpaTOM IPUBOIMUT K
Y3MeHeHUI0 B3aMMHOII OPUEHTALMH KOMIOHEHTOB AKTMBHOTO IIEHT-
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pa, B pe3ysbTaTe aKTUBHBIN LEHT) MPHOOPETAET PeaKIIMOHHOCTIOC00-
HYIO KOH(pUTypannto. JABMXKyIei cunoii, obecneunparomei KoHpop-
MAaLMOHHbIE U3MEHEHUS, IBJISETCS SHEeprus KOMILIEKCOODpa3oBaHUS
bepmenTa ¢ cydocrpaToM. ITpu sToM crietinuYeCKUii BBICOKOPEAKIIM -
OHHOCITOCOOHBIN CyOCcTpaT criocobcTByeT (hOPpMUPOBAHUIO PEAKIIOH-
HOCITOCOOHOU KOH(MHUIYPALT aTOMOB AKTUBHOTO HEHTpa. MeHee clte-
uudUIecKUil cybeTpaT He criocobeH WHAYLIHMPOBAaTh B epMeHTe He-
00XOUMBble CTPYKTYPHbIE W3MEHEHUS.

DTa OYeHb KpaCHBas KOHLEINLNUI HAXOAUT KaK KHHETUIECKIE, TaK
U CTPYKTYPHBIE 3KCHePUMEHTaNIbHbIE MoaTBepkaeHus. KoHdbopmanu-
OHHbIE U3MEHEHUS OelKa MOXHO PEerucCTpUpOBaTh MPSIMBIMU (hU3H-
yeckKuMU MeTogaMu. Haubosee yacTo mid STUX 1efiel NCIoIb3yeTcs
CHEKTPOCKOIMUS SIIEPHOTO MATHUTHOIO pE30HAHCA WU CIIEKTPOCKO-
MU KPYroBoro auxpousma. Tak, u3ydeHne KpeOTHUHKHWHA3Bl MMOKa3a-
JI0, 4TO CTPYKTypa akTUBHOTO IICHTpa U3MEHSIeTCS MpU B3aUMOIEi-~
cTBUM (pepMeHTa cO crielinuIecKuM cyocTpaToMm. Ilpu n3ydyeHuu B3a-
umMoneicTeus ¢ocdornoKoMyTassl co crienuPuyecKUMU cybcTpara-
MU, TAKUMH KaK DIIOK030-1-hocdar, mmoxoszo-6-docdar, Habmoga-
I0TCS CTPYKTYPHBIC M3MEHEHHSI aKTUBHOTO 11eHTpa. B TO e BpeMs «He-
crierurIecKue» CoeqMHEeHUs, TaKue Kak HeopraHWdeckdil docdat
wnu mmnepodocdat, CyiecTBeHHbIX U3MeHEHU T He BBI3bIBAOT. PeHT-
[eHOCTPYKTYPHBIE MCCIICOBaHHMS TakKe OOHApYXHBAIOT 32METHbLIE
CTPYKTYpHbIE U3MEHEHUS OeJiKa NMPU KOMILIEKCOOOPa30BAHUU €T0 ¢
cyOcrparaMu. Tak, rpHu U3ydeHHH KapOoKcHmelTiaassl A ObIIO TT0-
KA43aHO, YTO OCTaTKM ABYX AMMHOKHCJIOT — THUPO3WIa U TIIyTAMIHO-
BO# KUCJIOTHl — MPHU CBI3BIBAHMM CyOCTpaTa rnepeMenaoTed Ha 1,5 u
0,2 HM COOTBETCTBEHHO.

Kunetndeckre Mccaeq0BaHUST TAKXKE MOATBEPXKIAIOT KOHIIEITLIHIO
MHIYLIMPOBAHHOTO COOTBeTCTBUA. COOpKa crietH(uYecKoro cyocTpara
V3 He3aBUCHUMBIX (DPArMEeHTOB BBLI3BIBAECT B Psific CJIYYaeB CYLIECTBEH-
HOE yBeJMYEHUE ero peakKIMOHHOMN CITOCOOHOCTH.

PaccMoTpuM CTPYKTYPY crielMhIUeCKUX CyOCTPaTOB O-XHMOTPHUIICH-
Ha ¥ TPUIICHHA. BBICOKOIi peaKIOHHOM CITOCOOHOCTBIO (Kypr ~ 190 ¢')
o0nanaer, HampuMep, sTHIOBBIH 3pup N-aneTwn-L-Tupo3uHa:

rossTeosoaes 1 )
{HO CHZ—(IZH—%—-OQHS
b a ITIH

co

CH,

Ui TpUTicMHA HauOOJBIIYIO PEAKLIMOHHYIO CIIOCOGHOCTD MpOosBIsAeT
npou3sogHoe L-i1u3uHa:
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®parMeHT 31HX Cy6CTPaTOB — N-aueTwi-L-rvnuH (OTMedeH cIuionI-
HOM pamKoif) — ABJIAETCA C1abOPeaKIIMOHHOCIIOCOOHBIM CyOCTpaTOM
KaK O-XHMOTPUIICUHA, TaK U TpuriciHa. OgHaKo eClIi B CMeCh, B KO-
TOPOH HUIET peakLMs THAPOoan3a 3THUIoBoro 3dupa N-aneTwn-L-rmu-
LIMHA IO JIeUCTBHEM O-XMMOTPHIICUHA JO0ABUTH (PparMeHT creny-
¢duuHoro cydcrpara, HarpuMep (eHon (OTMeUYeH ITyHKTHPHOM paM-
KoMi), peaKIIMOHHas CTIOCOOHOCTS HeceMUIeCKOro cybcTpara Bo3-
pACTaeT B HECKOIBKO pa3. QeHo U apyrue rTuapodOOGHBIE MOJIEKYIBI,
TaKue KaK agudaTuyeckKue CIUpPThL, SBISIIOTCI aKTUBAaTOpaMu THAPO-
nn3a HecrienMduyeckoro cybcrpara.

AHaJoruyHasi KapTiHa MMeeT MeCTO B clydae NeWCTBHUSI Ha 3TOT
cybcrpar TpuricuHa. J[o06aBieHre B peaKiMOHHYIO Cpeny STHJIaMHHA
(oTMe4eH MyHKTUPHOM paMKOii) YBEIWMYMBAET CKOPOCTb TMAPOIU3A
cyocrpata nouty B 10 pas.

Habmopaempbie a(h(hekTht HaXxouAT 0OBSICHEHUE B paMKax ClIeAyIoie
KUHETUYECKON CXEMBI:

K
E =— ES 4 g.p

e

AE == AES D5 B pia

Copbuust cybcrpara Ha aKTUBHOM HEHTpe (epMeHTa (KOMILIEKC
ES) norryckaer o6pasoBaHMe KOMILIEKCa C MOJIEKYJION aKTUBaTOpa
(AES). TTpu 5TOM peakiIMOHHAsI CITOCOOHOCTh KOH(PUTYPALUU aTOMOB
B TPOITHOM KOMITIEKCEe (aHalOre CrienudruIeckoro cyocTpaTa) cylie-~
CTBeHHO BhIIIE (§ >> 1), 4eM B HCXOOHOM KoMimieKce ES (koMruiekce
¢ HecrrenydudeckuM cydcrparoM). BzaumonelicTBue ¢ HEIOCTAIOUINM
(bparmeHTOM CrierMUIECKOro Cy6CTpaTa BhI3BIBAET KOH(POPMALOH-
Hble U3MeHEHU S, PUBOISINNE K TOBBIIIEHUIO peaKIIMOHHOM CI1oco0-
Hoctu. KoH(popMaiimoHHble U3MEHEHUS OeJiKa, WHAYLIIPOBAHHbIE CBSI-
3bIBaHIEM C CYOCTpaTOM, 3aMKCHUPOBAHBI ITPSIMBIMI KHHETUYECKU-
MU Metomamu (cM. roapasz. 7.4).

9.5. Konnennus Hanpsoxkennii u aedopManmii

BsaumopeiicTeue depmenTa ¢ cybeTpaTom cONMpoBOXaaeTcs 00pa-
30BaHMeM OOJBLIOrO YMCIA CBSI3EH JaXe B TOM CJIydae, eCld aKTHB-
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HbBli IEHTP (bepMeHTa JOBOJBHO XKECTKUM, a TeOMeTpHUs cybCcTpara He
BIMOJIHE COOTBETCTBYET T€OMETPHUU aKTUBHOTO eHTpa. Copbius cyo-
CTpaTa B 3TOM CJIYYae MOXET BLI3BIBAT UCKAXXEHUS CTPYKTYPHI MOJle-
KyJbl cybcrpara (M3MEeHEHUe IJIMH CBSI3El, YIIOB OT Haubojee K Me-
Hee TepMOAMHAMMYeCKU BBITOJHBIM) U TEM CaMbIM CO37aBaTh Halips-
XeHue B Mojiekyne. C TepMOAMHAMHYECKOH TOYKK 3PeHUS SHEPTUs
CcOpOLIMH (KOMITIEKCO00pa30BaHUS) PACXOAYETCS HETTOCPEACTBEHHO Ha
co3gaHue B MoJieKyie cyocTpaTa nedopMmanmit. Eciau stu medopmaumy
HIPUOIVIKAIOT CTPYKTYPY MOJIEKYJIBI CyOCTpaTa K CTPYKTYpPE Iepexon-
HOTO COCTOSIHUSI, BOZHHUKIIIeE HAMPSDKeHWE WK AedopMairiis TOAXKHb]
TIPUBOINTH K YCKOPEHUIO peaxkiyi.

®epMeHT B3aUMOIENCTBYET ¢ CyOCTpaTOM ¢ 06pa30BAHUEM KOMII-
nekca ES, mepexonsiero B HanpsskeHHHH KoMruteke ES’:

S+E<—=ES — E+P

o s

S+P=—=ES—>E+P
OygeBunHO, YTO HanpspkeHHas gedopmupoBaHHasa ¢opma cybcTpaTa
MOXET HaxomuTbcsd B CBOOONHOM cocTosiHUM (dopma S’) B pacTBope,
OIHAKO TEPMOJUHAMMYECKH 3TO OYeHb HeBBLITOXHO. HarpsskeHHbI
(depMeHT-CyOCTPaTHBIN KOMITIEKC 001a1aeT MOBLIIIIEHHO! peaKiMoH-
HOMH cITocoBHOCTHIO (KOHCTaHTa CKOPOCTH k). IIponece peopmanuu
cy0OcTpara TepMOomMHaMuueckd HeBbironeH K, = [ES]/[ES’] > 1.

Ha puc. 9.6 npuseneHa sHepreTuueckas mMarpaMMa CHUCTEMBI, B
KOTOpPOW MpOTeKaeT peakiius, CompoBoxaaemas gedopmariueil Mone-
Kynbl cyocTpaTa. [Toka3aHbel YPOBHM CBODOXHON 3HEPTUH WUCXOIHOU

CUCTEMBI, (DEPMEHT-CYOCTPATHBIX KOM-
wiekcoB ES u ES’ ¥ akTMBHMpOBaHHO-

G ro cocrositiusd ES*. CBobonHbIe 5HED-
Tﬁ’i- TMH 00pa30BAHUSA KOMIDIEKCOB paBHBI

E+S | AGy, AG,. OTH 3HepTU MOTYT OBITH
AGE! PACCYMTAHBI U3 KOHCTAHT PABHOBECHS

, i a6t Kiv K,. CBOGOIHBIE SHEPIUM aKTHBA-

AG| - ES__¥ uun AG¥, AG3 MOryT OBITH paccuuTa-
_EGZ HbI B COOTBETCTBUH C TeOpHeil Iepe-
________________ XOTHOTO COCTOSTHUS M3 KMHETHUECKIX
ES KOHCTaHT k; U k, (cM. rrompasn. 4.1). Bui-

HO, 4TO Iepexon cyocTpara B Hanps-

Koopmunara peaxiun XEHHYI0 KOHPUTYPALINIO TepMOINHA-

Puc. 9.6 DHeprerudeckas gua- MHUYECKM HEBBLITOIEH ¥ COMPOBOXAA-
rpaMMa CHUCTeMBI, ydacTByoweir €TCHd MOBBIILIEHUEM CBOOOIHOM 3HCP~
B (bpepMEHTATUBHON peakuMu, Ko- THHU Ha AG,. B npeamonoxenwu, 470
TOpad COMpoBoXIaeTcs nedopma-  Nepexon hepMeHT-CyOCTpaTHOro KOM-

uMen MOJIEKYIbl CybcTpaTa riekca U3 cocTosgHust ES B cocTod”
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gue ES’ npubamkaeT CTPYKTYPY CHUCTEMBI K TIEPEXOIHOMY COCTOSI-
HUI0, aKTUBAIMOHHBIN 0apbep MoHMXKaeTcsd Ha AGS = (AGT ~ AG,) —
cBOOOIHYIO HEPIHIO, 3aTPAYECHHYIO Ha CO3JaHUC HANpsKEHUH U Je-
¢opmaimit. JInsi cepum CybCTpaToB ¢ POACTBEHHOMW CTPYKTYPOW 3TO
JOJDKHO TTPUBOAUTE K 3aKOHOMEPHOCTHU «XYAILEE CBS3bIBAHUE — JIYY-
WU KaTanu3». V3BeCTHBI 9KCHEPUMEHTANIBHBIE JaHHBIE, MOATBEPXK-
faoLlie KOHIENIMIO HanpskeHWi 1 Jedpopmanmit. MHorma aty koH-
[eTIHUI0 HAa3bIBAIOT KOHLCTIIIUEH «IbIOBI».

IIpuMepoM, TeMOHCTPUPYIOIIMM, YTO OEJIKH MCMOJIB3YIOT 3TOT Me-
XaHM3M YCKOPEHHS XMMHUUECKOH peaKIMy 3a CYET COpOLMH, SIBIsSETCs
HAJIMY¥e KaTaIUTHIECKONH aKTUBHOCTH Y aHTHATeN. KaTanuTrdecku ak-
THBHBIE aHTUTENa — ab3UMBl — SBJISI0TCS UICATBHON WITIOCTpauueit
KOHLICITIUY HANPsKeHUHA 1 fepopManyii ¥ pencTaBisioT coboil po-
AYKT MHTEJUIEKTYAJIBHOTO BMEIIIaTeNbCTBA B KOHCTPYHPOBaHue G10s10-
TMYECKHMX CUCTEM.

Hnest co3maHus aHTUTEN, 001a0alolnX KaTaIMTHYECKON aKTUBHO-
crlo, npuHamrexauias JI. Iloaunry, 6si1a pazeura B. JIxxuHKCOM U ero
nocyienoBaTensMu. CyTh NOIX0Ma 3aKJIIOYaeTCs B cnenyiouieM. JIns He-
KOTOPBIX peakiiuii (rpaBaa, X Yrcjo BeCbMa OTPaHUYEHO) MOKHO MMETh
CcTaOMJIbHBIE BellleCTBa, NMPUOIMXKAIOIINAECS] MO CTPYKTYpe K MeEpPexXo-
HOMY cocTostH10. Ecny nojyynTh aHTUTENa (MMMYHOKOMIIETEHTHBIE
0enKY, OTBETCTBEHHEIC 3a crienudHUYecKUil UMMYHUTET) K aHAJIOraM
MEPEXOIHOTO COCTOSIHUS, MOXHO OXHIaTh, UYTO, CBSI3bIBasd VICXOMHEIE
cyOCTparthl ¥ MpUOIITKasA UX MO CTPYKTYPE K IEPEXOTHOMY COCTOSIHUIO,
anTurtesa 6ynyT obnafaTh KaTaIuTUYECKONH aKTUBHOCTBIO M YCKOPSITD
BBIOpaHHYIO XMMHUYECKYIO peakuuio. Mmest bnecTsie moarBe pamiach.

Kak n3BeCTHO, B THAPOIUTHYECKUX PEaKIUAX C YYaCTHEM KapOo-
HUWJIBHOTO aToMa yIjiepoJa NMEPEXOIHOE COCTOSIHIE MMEET TeOMETPHIO
TeTpasapa:

o
N |
—

C__.__
—0 -~ '\
IepexoaHoe cocTOAHUE

AHaJIOroM TepexoZHOro COCTOSHUSA MOXKHO CYMTATh (GOCOHATHL

0,20
e
o~ >
Briny yecnenoBanst peaKIuy TUIPOJIA3a A-HUTPOGhEeHWIOBBIX 3(hMPOB
AuKapGOHOBEIX KUCOT:

C\/\/\
O,N o C—OH
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AHAJIOTOM NEPEXOXHOIO COCTOSTHMS ObUIM BHIOPAHBI aHaJIOTUYHbIE
thochonarer:

_0

Pl _~
O,N o~ C—OH

0
IT

buutn nonydeHb! anTuTeRa Iis coequuerus I1. Crmocob noaydyeHus
aHTUTEN 3aKII0YaeTCsd B UMMYHHM3AIHU XKMUBOTHBIX C TIOCIAEAYIOIINM
0TOOpPOM KIIOHOB. YJAX0OCh TOYYNUTh aHTUTENA, 001aatolIye 3aMeT-
HOW KaTaJIMTMYECKON aKTUBHOCTBIO B peaKLM TMAPOAN3a COeaUHe-
HusA 1.

TakuM 00pa3oM, TONBKO 3a CYeT COPOILMOHHBIX B3auMOAeCTBHIL C
cyOCTpPaToM Y CO3MaHUsl €ro HANIPSIKEHHBIX ¥ 1e(OpMUPOBaHHEBIX KOH-
burypannii 6eKoBast MoJieKyIa MOXeT 00eCIIeYnTh YCKOPEHUE XMMM-
YECKOM peaklMu.

9.6. /IsyxuenTpoBast Monejb. KommiekcoodpasoBanue
AKTHBHOTO LEHTPA C HepeaKUHOHHBIMH ¢parMeHTaMH
cyOcTpara Kak ¢GakTop yCKOpeHHs peakuuH

Kaxk cneayer u3 paccMOTpeHHOTO BBILIE, BeIKOBas MOJEKYJIa MO-
KET peain30BaTh HECKOJIBKO MEXaHU3MOB BEIOOpa CTPYKTYPH cybcTpata
1 obecreyuts crenmuduyeckoMy cybcTpaTy BBICOKYIO PEaKIIMOHHYIO
crrocobHOCTh. [TpoaHaIM3MPOBaHHEIE BHIIIE KOHIENIIMY (CTEPUUECKO-
r0 ¥ MHAYIIMPOBAHHOTO COOTBETCTBUS, HANpPsIXeHU U AedopManmit
MOJIEKY/IBl cyOcTpaTa) IaloT MpeNcTaBlieHUe O Pa3IMYHbIX MEXaHH3-
Max peanvzanny cnenuduUHoCTH JeACTBUS (PePMEHTOB.

PaccMoTpuM KONMMYECTBEHHBIE aCMeKThl CHEMUMUIHOCTA M MPH-
poabl ycKopeHUs (pepMEHTaMM XMMHWYECKUX peaKIyii.

AKTUBHBIE UEHTPB! (PEPMEHTOB TIPEACTABISIOT COOOH CTPYKTYPHO
HEOMHOPOIHBIE 00pa3oBaHus, OCYIIECTBISIONINE ABa MOCIEA0BATENb-
HBIX TIpoLecca;

1) copbumio, pukcanuio cyocTpaTa, OpUeHTALIMIO €T0 OTHOCUTEIIb-
HO KaTaIUTHYECKHUX TPYII;

2) akT XMMHYeCKOTO NpeBpauIeHus] cyOcTpaTa Mok JeicTBUEM eK-
TPODIBHEBIX U HYKIE€OMWILHEIX AaTEHTOB.

AHaJIM3 MOKA3BIBAET, YTO 3TU JBa MpPOIecCa OCYLUECTBISIOTCS IBY-
Ms CTPYKTYPHO M (hYHKIHMOHAJIBHO Pa3MIuYHBIMU KOMITOHEHTAMHU aK-
TUBHOTO [IEHTPa, KOTOPHIE YCIOBHO MOTYT OBITH TpeAcTaBieHB! KakK
COpPOIMOHHEIN (KOMIUIEKCOOOPa3YIOLINi) 1 KaTATUTUIEeCKUH moaueHT~
PBl aKTMBHOTO LIEHTPa. DTOT BBIBOJ CJEAYyeT M3 aHain3a CTPYKTYph!
CyOCTpaToB, IUISI KOTOPBIX BO MHOTUX CJIy4asX LEHTP «y3HaBaHWA?
(hepMEHTOM U peakIIMOHHBIN LIEHTP, Ha KOTOPOM IIPOMCXOTNAT XUMH~
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feckoe npespalleHre cyocTpara, ynajieHb Apyr ot apyra. Kpome toro,
KMHETUYECKME TaHHbIE [TOKA3bIBAKOT, YTO Ul (PePMEHTOB MOTYT GLITH
n0100paHbl B3aMOHE3aBUCUMBIE UHTUOUTOPEI, GJIOKMPYIOLINE KaTa-
JUTHYECKYIO aKTMBHOCTD T1yTEM B3aMMOIEHCTBYSA C Pa3IMIHBIMY yya-
CTKaMH aKTUBHOTO LieHTpa. [Ipy 3170M 062 MHrMGUTOpPA CHIOCOGHET pa3-
MECTUTHCA 0€3 KOHKYPEHIMM Ha (GYHKUMOHANBHBIX Y4aCTKAX aKTHUB-
HOro IEHTpa (CM. moapasn. 4.6).

[pencrasnenre O ABYXUEHTPOBOWH NPUPONE aKTUBHBIX LIEHTPOB
(hepPMEHTOB JIETTIO B OCHOBY TEOPUH, OOBSACHSIOLIEN CFIOCOOHOCTB (hep-
MEHTOB «BBIOMpATh» MOJIEKYIEI Oosiee peaKUMOHHOCHOCOOHBIX Cy6-
CTpPaToB.

Kak mn3BecTHO, KOMIUIEKCOOOpa3oBaHue (hepMeHTa ¢ cyGCcTpaToM
IIPOMCXOMUT 32 CUET OTHOCHUTENBHO C1abblX, HO KMHETUYECKH OBICTPO
IPOSABJISIOMXCST ¢l (CUIT THMAPOMOOHOTO U 3JEKTPOCTATHYECKOTO
B3aMMONIEUCTBUSA, BONOPOIHEIX CBA3€EH (CM. noapasa. 3.1)). 3tu B3au-
MOIEHCTBHUS OCYLUECTBIISIOTCS OTHOCUTENBHO OBICTPO, TakK YTO B 60/1b-
[MHCTBE CJIydyaeB KOMIUIEKCOOOPa30BaHME MOXHO pacCMaTpHUBaTh KaK
paBHOBECHBIH MpoIiecc.

ITycte akTuBHBIA LIeHTp A—C hepMeHTa COCTOMT U3 NBYX (BYHKIIAO-
HAJTBHO PA3JTUYHBIX YYaCTKOB: KaTAIUTHUeCKOro C 1 COpOLUMOHHOTO A.
B cTpyxType cybcTpara MOXHO BbIACUTE ABA YYACTKa: peaKLMOHHBIT X,
TIpeTepHEBAIOIIMI XMMUYECKOE ApEeBpaiieHNe, U XUMHYECKN WHEpPT-
HEL R, cmiocoOHBI 00pa3oBaTh KOMIUIEKC C COPOLMOHHBIM Y4YacT-
KoM aKTuBHOTrO 1eHTpa. Crienmduuecknii cydcTpat MOXeT OBITE Mpes-
cTaByieH Kak X—R,, Hecnenunduueckuit — X—R,,. Pazanume cTpykry-
pol yaactkoB R 1 R, cocTouT B ToM, uTO yyactok R, criocobeH a¢-
(GEeKTHBHO B3aUMOIEHCTBOBATh ¢ COPOLIMOHHBIM LEHTPOM A (hepMeH-
T4, B TO BpeMsl KaK CTPYKTypHBIE OCOOEHHOCTH y4acTka R,, He m03BO-
JHIOT 9TO CHEJIATh.

PaccMotpuM peakuuio tepmeHTa co crienududeckuM X—R, u He-
cnepudueckum X—R,, cybctpataMu B paMKaX TeOpyuu aOCOJTIOTHEIX
CKOpOCTEN peaxiuid.

Hns cnenuduyeckoro cydctpata hepMeEHT-CYOCTPaTHBIN KOMITIEKC
1 [lepexoqHOe COCTOSIHME MOXHO NpPEeICTABUTE B BUIE

C X aG, C X aG [CX T
I +1 === | 1 =] | | — Ipooykrsl
A R AR AR

KOMI'UICKCOO6pa30BaHVIe KaK paBHOBECHBIN MPOLIECC OMUACKIBAETCS KOH-
CTanToit paBHOBecUs K ¥ CBOGOIHOMN 9HEepTHel KOMITUIEKCO0Opa3oBa-
HUS AG < 0. XuMuuecKas peakius MpOTEKAeT yepes NepeXoaHoe Co-
‘(‘:\TOHHHC, KOTOPOMY TIPEMIIECTBYET PABHOBECHOE 0OpPAa30BaHUE CBSI3H
-

s HecnieruduuecKoro cybcTpaTa aKTMBALMOHHBINA MPOLECC MO-
XET 6BITH TIpeACTaBlIeH cxeMo# 6e3 B3auMoaelicTBus R, ¢ copOumoH-
HbiM enTpoM:
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|C +IX AG; ?...¥ + H
- — OIYKTBI
R, A R, poy

Eciu npuHATH, YTO B3aMMOAEHCTBHE KAaTAIMTUUECKOIO yyactka C
C peakMOHHBIM y4acTKoOM X cyOcTpaTa mIst 000UX CliydyaeB MPOUCXO-
JUT OIMHAKOBO, TO 0COOEHHOCTb CTPYKTYPHI NMEPEXOAHOTO COCTOSHUS
B IEPBOM cJIyuyae 3akiiouaeTcs B 00pa3oBaHUM JOMOJIHUTENBLHOM CBsI-
3u A+ R, OTO HOIKHO ApUBOAUTE K CTAOMIM3ALNU YKa3aHHOTO Mepe-
XOJTHOTO COCTOSTHUS M, ECTECTBEHHO, K YMEHBUIEHUIO CBOOOIHOIT 3HEp-
UM aKTMBAaLMY KaTaTUTAYECKOTO Mpolecca. DHEpreTudecKrue ypoBHY
COCTOSIHUM CUCTEMBEI JUUISI IBYX pacCMaTpHBaeMBIX CIIy4aeB MPUBEIEHE
Ha puc. 9.7. [Ipeanonaraercst, YTO CTPYKTYpa CBSI3U B IIEPEXOTHOM CO-
crostHun C---X 1nmg obonx myTei peakimmy onuHakosa. COOTBETCTBEH-
HO 00pa3oBaHWE aKTUBMPOBAHHOTO KOMILJeKca B 00OuX ciaydasx xa-
paKTepu3yeTCs] OMMHAKOBOM CBOOOMHOM sHeprueil akTuBaumu AGy,
AXTHBAUMOHHBIN Gapbkep peakUyy HpU MEPEXOJE OT UCXOXHOIO Cyo-
CTpAaTa K aKTUBMPOBAaHHOMY KOMIJIEKCY HE 3aBUCHUT OT MYTH peaKiIvu.

Torma nns cnemmduyeckoro cybcrpaTa MOJyYrUM

= _ #
AG; = AGy - AGy,
IUIs1 HecnenmuUYecKoro cyocrpara
# #
AG}; = AGy.
YMeHpllIeHWE CBOGONHOM BHEPTHM aKTUBAIMY B ciydae crieuuduye-
CKOT'0 cyOCTpaTa Mo CpaBHEHUIO C HecrenmbUYecKUM paBHO
r_ £ £
AG = AG; - AG; =—AGy,
T.€. aKTUBALMOHHHIN Oaphep peakiyu A crieundudeckoro cyberpa-

Ta HMXE Ha BEJIMYUHY CBOOOIHOI 3Hepruu COpOLIMM HEpEaKIIMOHHOK
yacty cyocTpara B (pepMeHT-CyOCTPaTHOM KOMILIEKCE.

AG c-X1
| |
i
= . Pres #
AGR AGR" -—-AGX (|: )l( AGI
A"'R:
C - -
I+ I+
AGY
C
AGp, [ )I(
A...I{‘Y

Koopaunara peaxuuu

Puc. 9.7. BHepreTuyeckasa IMarpaMma CUCTEMBI, y4acTByoweit B pepMeHTd”
THBHONM peakuuy co crierPUYecKUM U HecrieudpudecKuM cyberpaTaMi
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TakuM 00pa3oM, ITPOCTOe KHHETHKO-TEPMOIMHAMUYECKOE PACCMOT-
FpeHme (hepMEHTaTUBHON peakUWM B PAMKAaX IBYXLUEHTPOBOI MOIEIN
[IPEICKA3BIBAET, YTO JODKHA CYILECTBOBATH KOPPESIUS MEXIY CITO-
FOOHOCTEIO cyOCTpara 00pa30BbIBaTh BHYTPUMONEKYIISIPHEIN KOMITIIEKC
¢ COPOIIMOHHBIM MOALIEHTPOM aKTHMBHOIO UEHTPA M €ro peakiMOHHON
CIMOCOOHOCTBIO. DTO MpeICcKa3aHue OBUIO MPOBePeHO Ui psina dep-
MEHTOB M Ojectsiiie noarsepauiocs. Hambonee monnas xapruHa ro-
aAydeHa Juis o-XxuMoTpuricuHa. s atoro drepMeHTa 6pila ncciienosa-
Ha PeaKIMOHHast CITIOCOOHOCTL CYOCTPATOB Pa3IMYHON CTPYKTYPHI KaK
HA CTaauu oOpa3oBaHUs alWI(pepMeHTa, TaK M Ha CTaIuy AcanfUin-
poBaHus (CM. aHAJIM3 KMHETUYECKOH CXeMBI AEHCTBUSI CEPUIHBIX IIPO-
Teas B IIL. 4).

JI1s1 0-X¥IMOTpUIICHHA, KaK Y JIJISI MHOTUX IPYTUX (DEPMEHTOB, M3-
BECTHO OOJNBLIOE KOJWYECTBO MOJENBHBIX cybcTpaToB. B wactHOCTH,
fccienoBaHa KMHETHKa THAposm3a a¢gpupoB N-aumnupoBaHHex L-amMu-
HOKUCJIOT:

20
Ri—CH—C_
[ OR’
Il\IH
R,

e R; — OokoBas rpyrina aMMHOKUCIOTEL;, R, — N-aumnpHeri 3ame-
ctutenk; R’ — 3amecturens yxonsieil rpymrsl. Beibop cyberpara dhep-
MEHTOM OCYILIECTBJISIETCSI 3a CYET B3aMMOIEICTBUIT GOKOBOI IPYIIIILI
R, amuHokucnoTel 1 N-amwisHOTro 3aMectuTens R, ¢ rpyrmnamu copo-
[IMOHHOTO MOAIEHTPa aKTUBHOIO LeHTPa. PaccMoTpum dusnuecKyro
KapTvHYy BBEIOOpa DoJjiee 11oapOoGHO.

Bansaue npuponsr amunoxkucaotel (pparmenta R,). TuapododHas
IKcTpakuua pparmenta cyocrpara. B 1adn. 9.2 npuBeneHl KUHETHYE -
CKH€ 3KCHEPUMEHTAIbHBIE JaHHBIE MO (hepMeHTATUBHOMY (Ky.r/ Kyy)
W HIEJTOYHOMY Koy THAPOIN3Y CYGCTPATOB, OTIMYAIOIIMXCA CTPYKTY-

Ta6nuua 9.2

Kunernyeckue mapaMerpsl peakiuu THAPOJIH3A METHIOBBIX 3¢upoB
N-anerni-L-aMuHOKHCIOT

AmMHOKMCIIOTA Kar/ Ky, 1/(MOINB - C) kow, N1/(Monb - €)
Dnynun 0,126 2,48
Ananun 1,78 1,31
%-AMunomacnsaHas 21,1 0,71
Hopsamn 355 0,58
Hopneiuun 3000 0,51
Denmnanamun 104 000 1,94
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poil panukana R,. BuaHo, 4To B TO BpeMs KakK CKOPOCTHU PEeaKiyif
LIEJOYHOTO TUAPOIN3a CyOCTPAaTOB B ITPEICTABJIEHHOM PSIY M3MEHS -
10TCS HE3HAYUTEILHO M HECUCTEMATHYECKH, CKOPOCTE peaklnu dep-
MEHTATUBHOTO THAPONU3a 3(UPOB IIPU FEpexoie OT DIUIMHA K heH -
anaHuHy Bo3pactaeT B 10° pas. IIpu aTOM HabmogaeTcs cucTeMaTuye-
CKMi1 pOCT KOHCTAHTHI K,,./K), C yBeIMUeHMeM JUTMHEI paavkana R, Ha
onHy rpyry CH, 1 cOOTBETCTBEHHO ¢ YBeIMUEHNEM T'HIpohoOHOCTH
3aMecTuTeNs1. Bo3HuK1a ruIioTe3a, YTo 3T0 CUCTEMATUUECKOEe U3MEHE-
HYE peakKLMOHHON CHOCOOHOCTH CBSI3aHO C TMAPOGOOHOCTBIO PAU-
KaJia Ry, T.€. ¢ ero BO3MOXHOCTBIO OBITh «9KCTParupoOBaHHBIM» B THII-
podobHYI0 MUKpodady akTUBHOTO IIeHTpa. [lelicTBUTENBHO, €CIH TI0-
CcTpouTh Tpacduk 3aBucuMoctu Ig(k./Ky) OT KOHCTaHTBI THUIPO-
tdobHoctu n Tania (cM. . 3), Gyder moayyeHa cTporas JUHeEWHas
koppensiuus. TaHreHc yrira HakJIoHa rpahuka paBeH 2.

B cooTBeTCTBUY C ABYXUEHTPOBOW MOJIE/IBIO B YKA3aHHOM DSITY CY6-
CTPAaTOB (--XMMOTPUIICHHA TIPOUMCXOAUT COpOIMS peakKIIMOHHOHECHO-
coOHOTO (pparMeHTa cydCTparTa «y3HaIoLUUM» YIaCTKOM aKTUBHOTO IIeH-
TPa 3a cueT runpoQOOHEBIX B3aMMOAEHCTBUI U B pe3ybTaTe CHIKEHUS
aKTUBAaLIMOHHOIO Oapbepa peakuyd. HarOMHUM, YTO KUHETHUYECKUH
MeXaHU3M (bepMEHTATUBHON peakiMy BKJIIOYaeT PABHOBECHYIO CTa-
nvio obpazoBaHus Kommiekca (Ks), craguu auuaupoBanus Ser-195
(k,) n tuaponusa aunigpepMenTa (k;):

K
E+S=—=ES2+EAPrE+P

Wsyuenue BamsHus ruapodobHocTH pagukaia R, Ha peaknyoH-

HYIO CIIOCOOHOCTH cybcTpara mid

Beex crammit peakumu (puc. 9.8)
20 MTOKA3aJI0, YTO C POCTOM THMIpO-
¢GoOHOCTH 3aMecTUTENS YBEIUYH-
BaeTca copbuust cydcTpara, pac-
TYT €ro alwiupymowas crocob-
HOCTh (k;) M peakIMOHHas CIIo-

—
3%

Puc. 9.8. ameHeHMe cBOOONHOIM SHEpP-
M obpazoBaHud depMeHT-cyOCcTpaT-
Horo xoMmiuiexca AGs (1), auur-dep-
MeHTa AG, (2), cBobonHOM 3HEprit
AKTUBALMHK KATATUTUYECKUX CTafuH
apunupoBanus AG3 (3) u gealuid-
posaHus AG3 (4) Ha pa3TyHBIX CT4”
IUSAX peakudH C y4acTHeM oi-XMMO~
TPUIICUHA B 3aBUCHMOCTM OT ryapo”
dbobdHocTH pamuxkanos R; pasmuyHbpX
coefluHeHUi anudaTuiecKoi u apo”
~AGp, xJIX/Monb MaTUYECKOU MPUPOIEL

| LN
.
AGs, AG,, xIx/Monb

AG3, AG3, XIAX/Monb

-12
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AG, x]Ix/monp

30F

Koopaunara peakxnuu

mic. 9.9. MameHeHue cBOOOJHOMN 3HEPIUU CUCTEMBI IO KOOPIMHATE peakiuu

XMMOTPUNTHYECKOTO TMAPOIM3a METHI0BOTO 3¢upa N-aueTuideHnaIaHuHA

(crUIoIHAs JMHUA) U MeTWIOBOro sdupa N-aueTMarivuuHa (NMyHKTHpHast
JIUHUA)

coOHOCTB auuIdepMeHTa B peakuuu aeanuaupoBanus (k;). TaHreHCH
JIIOB HAKJIOHA IPEICTaBJCHHBIX 3aBUCUMOCTE OJM3KY K eIuHHIIE.
HarmomMumM, uyto norapudmsel napaMetpoB K, k,, k3 TMHEHHO cBd3a-
HbI CO CBOOOIHBIMM 3HEPTUSIMU 00pa30BaHUsl (hepMEHT-CYOCTPaTHOIO
KOMILTIEKCA FUIM CO CBOOOJHBIMHU YHEPTHSIMU aKTHBAIIMH XUMHYECKUX
CTaguil ripolecca.

TakuM 00pa3oM, B ciiyyae C-XMMOTPHUIICHHA UMEEeM UJeaJbHBIN
TIPYMEp UCII0JIH30BaHu s TMApodoOHOM copOumu (hparMeHTa cyocTpa-
Ta JUISl CHIDKEHHSI aKTUBAIIMOHHOIO 0aphepa XMMUYECKOU CTanuu fMpo-
liecca.

3Hast KOHCTAHTHI CKOPOCTEM U pABHOBECUIA, MOXKHO HOCTPOUTS IIPO-
Guny m3MeHeHMsT CBOOOIHBLIX HEPTHMM TS (PePMEHTATUBHOIO IIpe-
BpaleHusT cyOCcTpaTa Mo KoopauHaTe peakiuii. [t ruaponn3a MeTu-
JoBeIX 3¢pupoB N-aueTuiadeHunanannHa 1 N-aleTHIrTMurHa Takoro
Poza sHeprerTuyeckas AuarpaMMa IpeacTaBieHa Ha puc. 9.9. YcinoBHo
NPHHATO, YTO I7151 0OOUX CYOCTPATOB MCXOMHBIE COCTOSIHUS OAMHAKO-
Brle. Pagnuumie B cBOGOMHON 9HEPTHM AKTUBAIIMY HA XUMUYECKHUX CTa-
AU aIUIMpOBaHMS M JEalMIMPOBAHMS TS IBYX Pa3HBIX CyOCTpAaTOB
Iocruraet 30,2 KJIX/MOJB, 4YTO COOTBETCTBYET PA3NMUMIO B pEaKiy-
OHHoI criocobHocTH B 10° pas.

Bausnue N-aumeruinbnoii rpymisl cy6erpata (dparmenta NHR;).
Dukcanus (dhparmenTa BoAOpoaHO#H M IUAPODOOHBIMH CBA3AMH. [py-
YOl BaxHbINi hparMeHT B MoJieKyJse CrELMpUUECKOro cybeTpara —

-anerwibHad rpyrmna. OHa HaXoAuTcsl B HEMOCPEACTBEHHON BIH30-
CTU oT peakiMoHHOTO LeHTpa. Ilo3ToMy ukcanust N-alueTHIbHOTO
ParMeHTa q0JKHA NMPUBOINATH K OPHEHTAUNU U «3aMOpPaXMBaHUIO»
peampyxomeﬁ KapOGOHMJIBHON TpynilBl OTHOCHUTENIBHO HyKileoduia
€r-195. N-aueTWibHbIA (pparMeHT BHOCHT 3aMeTHBIN BKJIaJ B YBeIH -
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YEHHE PEaKIMOHHON cNOCOOHOCTH cybcTpaTa. beulo MpoOBENEHO CpaB-
HEHME pEaKIIMOHHOW CIMOCOOHOCTH ABYX HAOOPOB CyOCTPAToOB, COIEP-
XKallux U He copepxaux N-aleTHIbHBIN (PparMeHT:

NHCOCH;
R,—CH,—COOCH;

IIpu 3ToM cTpoenne dparMenTa R, Bapeuposanock. Ha cragun mearm-
JIUPOBAHUS UMEEM JIETIO ¢ aneTwihepMeHTaMu CIEAYIOLIEN CTPYKTYDhL:

R~CH-C~0—E K, Ri~CH—COOH

ITIH o)
H;C—C=0

H,0

NHCOCH;

1l
R/—CH,—C—0~E =%~ R,CH,COOH
2

Oxazanioch, yTo /IS BCeX M3y4YeHHHIX cybcrTpatoB BKiam N-aie-
TWIBHOMH TPYTINEI B pEAKIMOHHYIO CITOCOGHOCTh OMUHAKOB, DTO TOBO-
pUT O ToM, 4yto N-alleTWIsHas TPYIlla BHOCUT HOCTOSHHBIN BKJIan
(10,9 x/Ix/MOIB) B CTaBWIM3ALMIO TIEPEXONHOTO COCTOSHMSA, DTO faeT
ycKopeHue peakiyy it N-aleTWIBHBIX POM3BOIHEIX IPHGITU3UTENb-

lg(kar/ Kng)
3r a-C,H,;0
® 9BCHN
B-CsH,N
(o]
2 -

bl C5H4N

(o]
n-NH,CsH,
(b CLCH o (CH,),CHCH,
CH, & C,H;SCH,
C,H; (CH;),CH
i 1
0 1 2 n

Puc. 9.10. Bausuue runpodobHOCTH

N-auunpHO! rpynilbl Ha pEaKLMOH-

HYIO CrIOCOOHOCTL CyOCTPaTOB Ol-XM-
MOTpHITCHHA
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Ho B 100 pa3s. Uro obecrieynBaeTr
TAKOE CHIDKEHHE aKTUBAILMOHHO-
ro 6apeepa? AHaIN3 CTPYKTYPH
anuIdepMEeHTOB MOKA3EIBaET, YTO
dukcanusg NHR,-dbparmenTa cyd-
CTpaTta MPOUCXOIUT 3a cYeT obpa-
30BaHWs] BOMOPOMHEBIX CBs3eH C
Ser-214 akTtuBHOTO 1IEHTpa. OKa-
3710Ch, UT0 THApodobHOCT: N-ale-
TUNBHOTO (hparmMeHTa Takxe oKa-
3bIBAET BIWSHUE Ha €ro peakuw-
OHHYI0 crioco6HocTh (puc. 9.10).
ITo-Bumumomy, ¢ukcauus 3TOr0
dparMeHTa B aKTUBHOM LEHTPC
(bepMeHTa UMEET CIOXHYIO NMPH~
poiy U NMPOMCXOAMT Kak 3a cYeT
00pa3oBaHUsI BOLOPOAHBIX CBsA3EH,
TakK M 3a c4yeT THapodobHoOro B3~
MMOIEHACTBUS. DTOT BRIBOJ HAX0~
JTUT TIOATBEPXAeHUE TIPH paccMOT”
PEHUY TPEXMEPHOM CTPYKTYphI 3K
TUBHOTO LIEHTPA.



BaXHEIM pe3yJIbTaTOM U3JIOXEHHBIX BBIlE PabOT SABISIETCA BO3MOX-
HOCTB MpPeICKa3aHysl PEaKIIMOHHOHN CIIOCOOHOCTY CYOCTpATOB PA3JIMUY -
HOM CTPYKTYpBl Ha OCHOBE IaHHbBIX MO runpododHoct R M omeHKH
priana N-aluJIbHONW TPYIIIIbL.

BTN MpeUIOXEHBI TPOCTHIE KOPPEISLIMOHHLIE YpaBHEHMU S, KOTO-
pble CBA3BIBAIOT PEAKIIMOHHYIO CIIOCOOHOCTH CcybcTpara ¢ ruapodo6-
HOCTBIO €Tr0 (hparMeHTOB:

CTamus CBI3bIBAHUS CyOCTparta

lgKs = (1,040, D)y, + (1,3£0,2)mg, — (1,15£0,05);
cragvd aunuJIMpoBaHUA
lgky = (1,24 0,1)mg, — (0,740,1)mg, + (0,1+0,05);
craaysd aeauyimpOBaHUA
Ig ks = (1,1+0,05)mg, - (0,85+0,05);
CTamMs alIMpOBaHUs cBOOogHOTO hepMeHTa
lg(ko/Ks) = (2,240, 1)mg, +(0,6 £0,1)mg, — (1,1£0,1),

TIE Tg,, Mg, — MOKa3aTeab ruapopobHocTH pparmenta R, u R, coot-
BETCTBEHHO.

TakuM 06pa3oM, 3Hast THIPoGOOHOCTE (hparMeHTOB CyOCTpaTa, MOX-
HO ITPeACcKa3aTh peaKIMOHHYIO CITOCOOHOCTD CyOCTPAaTOB Ha BCEX CTaau-
X rporecca. BEUTO MOKa3aHo, YTO TEOPETHYECKUE OLIEHKH M IKCIIEPH-
MEHTaJIbHBIE 3HAYeHUs ky, k3 1 K YIOBIETBOPUTEIHHO COTIACYIOTCS.
Cnengyer OTMETUTD, YTO HA CTAIUH AVUTIPOBaHMS (KOHCTaHTA k,) THI-
pochobHOCTE hparMeHTa R, UrpaeT oTpHL@TENbHYIO POJIb (CM. KOppEs-
LIMOHHBIE YPABHEHUS ). DTO OOBACHAETCS, [10-BUTUMOMY, TEM, UTO I'MI-
poobHOE cBA3BIBaHUE parMeHTa R, B (hepMeHT-cyOCcTpaTHOM KOM-
NeKce HepOAYKTUBHO, T.€. THApO(OOHEIE B3anMoaeiicTBusa HE CO-
XPaHSIOTCS IPU IepeXoie CUCTEMEI B aKTUBMpOBaHHBIN KoMruteKe. (Tlox
NPOAYKTUBHBIM CBS3BIBAHNEM TTIOHUMAIOT CIIOCO0 (hMKCcayu cyocTpaTa
B AKTUBHOM LIEHTpe hepPMEHTa, KOTOPBIM CoXpaHseTCs B MepeXOqHOM
COCTOgHMM peaKkLU Ha TOH MM WHOM cTamuM mporecca.) B 1o xe
Bpems ruppodobHOe B3auMoaecTBre hparmMeHTa R, yiipouHsieT ¢ep-
MEHT-CcyOCTpaTHEIN KOMIUIEKC (KOHCTaHTa K) M MpaKTHU4eCKU He BJIU-
€T Ha CKOPOCTh peaklIMy NMpoLecca NeauiMpoBaHust (KOHCTAHTa k).

IIpoBeneHHbI aHAM3 MOKA3BIBAET, YTO MEPEXO] CUCTEMBI B aKTH-
BUpOBaHHBIN KOMILIEKC CONpsAXeH ¢ KOH(QOPMAIMOHHON peopraHu-
3aliMeif akTMBHOTO 1eHTpa. [1py 3T0M Ha KaXI0H XUMHUYECKON cTalnmn
Iporiecca ¢pparMeHTHl CTPYKTYPHI CYGCTpaTa B3aMMOACUCTBYIOT C «y3-
HaloIUMU» y4aCTKAMU aKTMBHOI'O LIEHTPA pa3IMYHBIM 00pa3oM. DToT
BbIBon mopTBEpXIaeTCsA NMpy aHAIM3E TPUPOB! CIIENUDUIHOCTH IpY-
TOro BaKHOro MPOTEOTUTUYECKOTO (PEPMEHTA — TPUIICHHA.

Tpuncun: posb 371eKTpocTaTHYECKHX B3auMmojeicTsuii. Crienmdu-
Y€CKUMY cyGCTpaTaMy TPUIICHHA SIBJISIOTCS MPOM3BOLHBIE JTM3MHA U
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apryuHuHa, HECYUIHe TIOMOXUTEALHbIN 3apal, YIaJeHHBIA OT peakiy-
OHHOTO LIEHTpa Ha IIeCTh aTOMOB yriiepona. Hanmpumep, Hanbobliel
PEaKIMOHHOHN CIMOCOOHOCTEHIO 00/1aTal0T CUHTETHUYECKHUE CYOCTPATHL:
3TWIOBBIHA a¢up N-GeH3ouaapruHuHa ¥ 3TIWIoBEIH 3dup N-6eH30m1-
Jm3uHa. [Inst atunoBoro 3¢gupa N-6eH30MIapruHUHA:

0
l
NH,~C—NH—(CH,),—CH—C—0CH;
*NH, NH
C=0

TIOJTy4eHB! Crieayowme napamerpsl: Kg=2,2- 1073 Monn/m; ky =2+ 10%c!;
k3 = 23,5 C_l.

B 1o xe Bpemsa depMeHT TpuricuH 3(p¢heKTUBHO THAPOIN3YET U 00Jh-
IUMHCTBO rMAPO(OOHEIX CyOCTPATOB (-XUMOTpUINicMHa. HanpuMep, nna
aTUN0BOro 3dupa N-OeH30MIAMUHOMACISIHON KHUCAOThHI HapaMeTphl
npouecca ruapoiusa pasHbl K = 2,3 - 1073 Mons/1, &k, = 0,45 ¢!, ky =
= 1,3 ¢!, ITokazaHo, yTO 06paszoBaHue PePMEHT-CYOCTPATHOIO KOMII-
JleKca MOJTHOCTBIO oTIpeensieTes TuApohOoOHBIMU B3aMMOACHCTBU M.
Cramun geaunmpoBaHus anwihepMeHTOB, 00pa3yeMbIX He3apsKeH-
HBIMU CyOCTpaTaMy, TIPOTEKAIOT ¢ NPUOIM3UTENbHO ONWHAKOBBIMU
ckopocTsiMy. Beeaenue B cyOCTpar pparmMeHTa, CoAepXKaiiero mnojo-
XUTeIbHBIN 3apsf, B 10>— 10° pa3 yBenmuuBaeT cKopocTh CTaquu 00-
pasoBauus auwidepMenTa (k).

Ha puc. 9.11 nokasaHo u3aMeHeHue CBOBOIHOM SHEPTUH TTO KOOP-
IVHaTe peakiuyy THAPONN3a 3TuI0Boro a¢upa N-6eHnsown-L-apruHa
M €T0 aHaJIOora, HE COJAEPXKAlIero TOJOXHUTENBHO 3apsikeHHOTo (hpar-
MeHTa cyOcTpara, — 3Tua0Boro 3cupa N-OGeH30mI-L-aMuHOMACA-
HOW KHCIIOTHIL:

0O
I
CH;—CH,— (’IH— C—0GC,H;
Il\IH
C=0

00a coenuuennsa o6pa3yiOT KOMIUIEKC € CYOCTpaToM NpHOIU3H”
TeJILHO OIMHAKOBOI! ycToiunBocty. OfHAKO crieuduyecKuit cy6eTpal
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AG, kIIx/Monb

o}
30 AG*
or EZIs
-30f

KoopnuHara peakuuu

Puc. 9.11. UsMeHeHMEe CBOOOTHON SHEPTUM CUCTEMBI 110 KOOPAMHATE peakiu

TPUATUYECKOro rHApoIn3a 3TmoBoro a¢upa N-6eH3omi-L-aprunmHa (cruiom-

Hag JMHUA) U 3Twiosoro 3¢upa N-O6eH30UI-L-aMMHOMACASHON KHUCIOTHI
(TTyHKTHpHAs JMHUA)

alMANPYET aKTUBHBIN LIEHTP TPUIICHHA C 3AMETHO MEHBIIEN! IHEPTH-
el aktupaumun AG” = 17,6 xJIX/MOnb. DTO 3HAYEHHE COOTBETCTBYET
SHEPTUHU 3JIEKTPOCTATHYeCKOTO B3auMoaeicTBuA. M3gecTHO, 4TO B aK-
TUBHOM LIEHTpE TPUIICHHa MMEETCS OTPHUATEIBHO 3apspKeHHas Kap-
OoKcHIBHAs TpYIINa acnapariHoOBO#M KMCAOTH. CTanuu AealliiipoBa-
HUS [UIsE 000KX CYOCTPaTOB NMPOTEKAIOT Yepe3 MPUMepPHO ONMTHAKOBBIC
snepreTiyeckue Gapbephl. Ilpu aToM criepududeckuil cybcTpart ne-
AHIWIMPYIOT U3 (oJiee IITyOOKOH IHEPTETHYECKOM SIMBI. DTO TOBOPHT O
TOM, YTO 3JEKTPOCTATUYECKOE B3aUMOJACIHCTBHE B MCXOJHOM COCTOSI-
HUM anundepMeHTa i criequduyeckKoro cybcTpata coXpaHseTcst.

Kak moxaspIBaloT KMHETHYECKHE JaHHEIE, 3JIEKTPOCTATHYECKOE
B3aUMOAECTBHE 3apsKEHHOro (hparMeHTa ¢ aHHOHHBIM IIEHTPOM B
(bepMeHT-CcyOCTPaTHOM KOMILIEKCe He peanu3opaHo. Ha cTamum anu-
JMpoBaHusg HabJMogaeTcs CTabMIIM3aIUs TIEPEXOHOTO COCTOSTHUS 3a
CUET 2JIEKTPOCTATHYECKUX B3aUMOJACHUCTBHIA. DTO FOBOPUT O TOM, YTO
JaHHHBII IIepexol COTpsKeH ¢ KOHDOPMaIMOHHBIM U3MEHEeHUEM, T. €.
€ HEKOTODHIM HEPABHOBECHEBIM CTPYKTYPHBIM M3MeHeHHeM (GepMeHT-
Cy6cTpaTHOTO KOMIUIEKCA € AMCIOKAapueil 3apsokeHHOro ¢hparMeHTa
CyGeTpaTta ¥ o6pasosaHBEM HOHHOMU Naphl ¢ aHUOHHBIM LIEHTPOM ¢ep-
MeHTa.

Takum o6pazoM, B GHepMeHT-CyOCTPaTHOM KOMIUIEKCE cybcTpaT
CBsI3aH HenpOAYKTUBHO, ¥ ITPOAYKTHBHOE CBSI3BIBAHUE CyOCTpaTa pe-
UTU3yeTCs B [IPOLIECCE TIepeX0ia B aKTUBUPOBAHHBIA KOMILIEKC. MoX-~
Ho yrepxpmaTh, 4TO crienu@UIecKoe «y3HaBaHUE» (HepPMEHTOM CYO-
CTpara oObBscCHSAETCS BECHMA IPOCTHIME (PU3NKO-XMMHUYECKUMH TIPH-
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YHHAMH — OpHUEHTHPOBaHHON (yKcauuei dhparMeHToB cybcTparta na
COpPOLIMOHHOM TIOALIEHTPE aKTHBHOTO LeHTpa. B 3TOM npouecce yya-
CTBYIOT Pa3HOOOpa3Hple CHIIBI, XapaKTEPHLIE Ui OETKOBBIX MOJIEKYI:
BOJIOPOAHLIE CBS3H, 3NEKTPOCTATHYECKUE B3aUMOXEWCTBUS MOHHBIX
mmap, ruapodobHAsT IKCTPAKIIUA — <«BBHITECHEHUE» BOAON HETIONSAPHBIX
TUAPOGOOHBIX MOJIEKYJI APYT K APYTY. DTO Cliabble, HO OBLICTPO MPOTE-
Kaloume B3auMOACCTBHS. DTH B3aUMOAeUCTBHS HOPMUPYIOT KOHDU-
[YPaHMIO aTOMOB, OJTU3KYIO TTO CTPYKTYPE K IIEPEXOJTHOMY COCTOSHUIO
BMmecte ¢ TeM 0COGEHHOCTBIO OEJIKOBBIX MOJIEKY/ KaK KaTaIU3aToOpoB
XUMUYECKUX peaKuuil sSIBASETCS yyacTHe B MEeXaHM3Me CTPYKTYPHBIX
TepecTpoeK KOHMOPMAMOHHLIX U3MEHEHHH (pepMeHT-CyOCTpaTHBIX
KOMITJIEKCOB MJIM UHTEpMEAMaToB. JIeHICTBUTENIbHO, BCe PACCMOTPEH-
HbIe BBHINIEe KOHUEIHUM, OOBICHsSIOIME crieguUUHOCTL PepMEHTOB
(KOHLISTIIIMA HANPSKeHUI U AeopManmii, KOHLEIIMS CTEPUYECKOTO
¥ UHAYIHMPOBAHHOTO COOTBETCTBHS, OPHEHTHpYIOIEH COpOLUH), B TOi
U WHOW Mepe WCITONb3yIOT IpeACTaBiieHHe O CTPYKTYpHOI Iepe-
CTPOHKE Pearupymiyx YacTHI[ B IIpOIecCce KaTAJIUTAYECKOTO LUKIIA.
Heo0xoqMOocCTh TaKoTo poia u3MeHeHuil KoH(popMaLuy cy0oCcTpaTa,
bepMeHT-cyOCTpaTHOTO KOMIDIEKCA MITH ITPOMEKYTOIHLIX COSTHHEHH I
BBITEKAET U3 TTPOCTHIX GU3NUECKHX mpeacTaBlieHH. PepMEHTATUBHAs
peaKisg — 3TO CIOXHBIN MPOLIECC C YYACTUEM OOJIBIIIOTO YHUCA ATOM-
HBIX snep. Takoro poaa ImpoueccH He MOryT POU30MTH B PAMKAX Of-
HOTO 3NeMeHTapHOro akTa. [1oaToMy depMEHTH BHIHYXICHHO OpraHu-
3YIOT IPOLECC C YYACTHEM TTOCIIEAOBATENBHOCTH METaCTAGMILHEIX ITPO-
MEXYTOYHBIX COEXMHEHMH, XUBYIIUX B MHTepBajie BpeMeHu 1077 —
107 ¢. Kaxnoe mpoMeXyTOUHOE COETUHEHUE — 3TO U3MEHEHHOE CTPYK-
TypHOE 00pa3zoBaHue, Tpebylolee aneKBaTHOTO B3aUMOICHCTBHS C O¢J1-
KOBOI1 I7100y/10i1. bekoBast MONleKyia BRIHYKICHA ITOJICTPaXBaThCS 11O
U3MEHEHUs CTPYKTYPH! PEarcHTOB, Peau3ysi CTPYKTYPHBIE TIepexolt-
Hble MM KOHPOpMAIMOHHBIE H3MeHEeHMsI. YacTo 3TH KOH(popManu-
OHHBIC M3MECHEHHUs HaIIpaBJieHB! Ha 00ieryeHle IIPOTEKAHUS CIIEMYIO-
€A MU TUMUTUPYIOLIEH KaTaTUTHYECKON CTaluM.

9.7. CrepeocneunduyHoctb pepMeHTOB

IMpuHIMnUanbHO BaXHBIA (eHOMeH, ornpeaenseMbiii yHIamMeH-
TanbHBIMU CBOICTBAMM (DEPMEHTOB, CBS3aH C SBJICHUEM CTEPEOCIE-
nudnydoctu. Hanuune B MoJiekynax cydcTpaToB aCHMMETPHYECKIX aTo-
MOB yIJIepona, UMEIOLLMX YeThIPE Pa3/IMUHbIX 3aMECTUTENSI, NpUBOANT
K TIOSBJIEHMIO cTepeon3omepon. Haubosee 9acto Gnoxumust UMeeT ae/i0
CO CTEPEOU3OMEPaMU AMHUHOKHUCIIOT. [IJ1s1 TOTO YTOOH ONpeNenTh KOH-
dburypanuio cTepeou3oMepoB, HYXHO DPACITONOXUTh aMUHOKUCIOTY
TaKUM 00pa3oM, 4ToOB KapOOKCHUILHAS IPYIA 0Ka3ajach BBEPXY, 4
panukan R — BHU3y. B cOOTBETCTBIM C TIpaBUIaM U, TIPEIOXKe HHIMM -
D. DuiepoM, aMHHOKHCIIOTA UMeeT L-KOH(pHUTrypanuio, eI aMUHO"
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rpyInIa paclonoXeHa clIeBa, a aToM BogopoJa — clipaBa. D-kxoudury-
paLus aMHHOKMCIIOTBI XapaKTePU3yeTCsl MPOTHUBOIOIOXHBIM PacIio-
JIOKEHHEM TPYIII

COOH COOH
H,N-C—H H-C—NH,
R R
L-aMHHOKHCJ'IOTa D-aMV[HOKHCJ’[OTa

J1J1s1 OTIMCAHMS CTEPEOU3OMEPOB UCIIONB3YIOT TEPMUHBL: «aCUMMETPH -
YeCKUN UEHTP», «XUPAIBHBIUA LEHTP», «XUPAIBHOCTE» (XHPAIBHOCTD
03HAa4aeT IPHHAIUICXKHOCTD [IPABOMY WIH JIEBOMY).

Camu GenKky IOCTPOEHBI U3 ONTHYECKH AKTUBHBIX L-u3oMepos
aMuHOKHUCTOT. PepMeHTHI, paboraonye ¢ aMHHOKUCIOTAMY, BECHMA
st dexTuBHO oTMYalOT D- U L-cTepeon3oMepsl aMHHOKHCHIOT ¥, KaK
MPAaBIJIO, OCYLIECTBIISIOT peakiuy ¢ OMHUM U3 cTepeou3oMepos. ITpu-
pony cTepeocnenUyecKoro AeHcTBUS HEePMEHTOB PACCMOTPUM Ha
[IPUMepE TTPOTEONUTUIECKUX (HEPMEHTOB OL-XUMOTPHIICHHA ¥ TPHUIICH-
Ha. Kaxk 6bUI0 OTMEUYEHO BHIILIE, CTPYKTYPHI 3THX (EPMEHTOB coepKaT
IBa TIpMHIUITHAIBHO BAXHBIX (hparMeHTa — pamgukan R;, onpeneins-
IOIUI IPUPOTY AMUHOKUCHOTHI, ¥ N-auUiabHBI 3aMecTuTeNb. Kaue-
CTBEHHOE OOBSICHEHME cTepeocneuuIHOCTH HepMEHTOB OCHOBAHO
Ha TOM, YTO CBS3BIBAHHUE 3TUX (PparMeHTOB C COPOIIMOHHLIMM YYaCT-
KaM# aKTHBHOTO nieHTpa g L~ u D-kKoHdurypatuu aMUHOKUC/IOTHI
JOIDKHO NPUBOIUTE K PAa3TMIHOMY PACTIONOXKEHHUIO PEaKIIMOHHOTO [IEH-
Tpa (KapOOKCUIBLHOIO aTOMa YIJIepoJa) OTHOCUTENBLHO HYKIEO(DUIb-
HOTO peareHTa — THIPOKCWIBHOM I'PYNIIBI CepUHa:

AKIEINTOp BONOPOIHON CBA3U AKUENTOp BOAOPOIHON CBA3M
0 0
NC(O)R, NC(O)R,
H? X(O)C>l
Hykreodun unpocdo6- Hyxnmeodun I'uapogob-
AKTUBHOIO HBIA aKTHBHOIO HBIi
LEeHTpa y4acToK LEHTpa y4yacrok
L-crepeousomMep D-cTepeousomMep

Ouikcauus panukana R, B «ruapoboGHOM KapMaHe» o~XHMOTPHII-
CMHa y N-auuabHOM MPYIIIE 32 CYET BOZOPONHOM CBSA3H M THIPO(Ho6-
HBIX B3auMOeiCTBMII IIPUBOIUT K TOMY, YTO KapOOKCHIIBHAS TPyIIa
B Cliyyae L-cTepeousoMepa HAXOOUTCH B 30He AEHCTBUS aTAKYIOLIETO
Hykineopuna. s D-crepeonsoMepa peakMOHHBIA LEHTp cybCTpaTa
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ylaneH or HykiaeodwrnpHoro areHrta. Ilo-BuaMoMy, Ui TMAPOIH3a
D-cTepeon3oMepHbIX TPOU3BOIAHBIX AMHHOKHWCIOT HEOOXOaUMa Tie-
peopueHTanus ¢pparmMenta R, u N-auunpHoro ¢pparMeHra, npu 3ToM
N-auunbHasg Tpyrma JO/DKHA B3aMMOIEHCTBOBATEL C «THAPOGMOOHEIM
KapMaHOM» COpPOIHMOHHOIO HEHTpA.

KonnyecTBeHHas oLieHKA peaKMOHHOM crmocobHoCcTH L- 1 D-cTe-
pevsomMepa IojyyeHa Ay MEeTHiIoBoro a¢upa N-aleTWIHOPBAIUHA:

0
Y
CH,—CH,~ CH;~CH- cZocH,

H3meneHne cBoGOZHON 3HEPIUM 110 KOOPAMHATE peakKuuy Wi D- i
L-usomepos mpuseneHo Ha puc. 9.12. Buano, yto D-crepeousomep
cybcTpaTa (ITyHKTHMpPHAS JIMHUS) CBSI3BIBACTCS C (DepMEeHTOM HECKONBKO
rmpouHee, yeM L-uzoMep. OnHaKo Ha cTaguy anwiupoBaHus (k,) pe-
AKLIIMOHHAsT CTIOCOOHOCTL pasnuyaetrcst B 7400 pa3, a Ha craguy je-
auumupoBanus (k;) B 100 pa3. AHaIM3 MPUPOABI CTEPEOCTIELIMDUIHO-
CTH TIPUBOJUT K BHIBOIY O BO3MOXHOCTH HEITPOAYKTUBHOTIO CBSI3bIBa-
HHS cyOcTpaTa B aKTUBHOM LEHTpPE. B ciiydae HEIPOAYKTUBHOTO CBS-
3bIBaHMs cybCTpaT 00pasyeT HepeaKIIHOHHOCITOCOOHBII KOMIIEKC C
«Y3HAIONUMU» TTOALEHTPAMH -aKTHBHOTO IIEHTPA, TEM CAMBIM PE3KO
YMEHBIIAET PeaKIIMOHHYIO CITOCOOHOCTD TOC/IE JHETO.

AG, kIIX/MOJb

T »n

30F

20

—
e
e st i
Tt vn v

]
!
I
|
!
|
!
I
|
'l
10 I
!
]
/

EA+P
Koopnunara peakiiuu

Puc. 9.12. U3MeHeHne cBOGOIHOM 3HEPTUH CHCTEMBI ITO KOOPIMHATE peaxuus
XUMOTPHITHYECKOTO MMAPONH3a Uit L-crepeonsomepa (crutomHast auHus) ¥
D-crepeonsomepa (IyHKTUpPHAA JUHUA) N-alCTWIHOPBAIMHA
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Puc. 9.13. 3aBUCHMOCTb KOHCTAHTH gk, + 3
CKOPOCTU alMJUPOBAHUA OL-XUMO-
TpUIcuHa ot ruapodobHoctn N-awe-
tan (1), N-Hukotuaun (2), N-u3o-
HUKOTUHUNI (3), N-6eHzoun (4), 1,0+
N-rerparuapodypun (5), N-tnode-
Hun (6), N-o-amunob6ensoun (7)
MpOM3BOAHBIX D-alaHnHa

0,51
PaccMoTpeHHas MoJeib I0-
E{BOHHCT CHENATh 3aKJIOYeHUe,
TO yBenudeHUe runpodobHOCTH o

‘N-agunsHoOMH Yactu cybcTpata U
TEM CaMbIM YBEJIHYEHHUE €€ CIIO- L !
COOHOCTH K B3aUMOJECUCTBHUIO C 1 2 T
rugpodoOHON 067aCThIO, OTBET-

CTBEHHOH 3a MIPOLYKTUBHOE CBA3BIBAHUE, TODKHO TIPUBOIUTE K POCTY
PEAKUMOHHOM CrIocO6HOCTH D-M30MepoB cyGeTpaTa. BTOT BHIBOJ ITOA-
TBEPXIACH sKCIeprMeHTabHO. Ha puc. 9.13 npuBeaeHa 3aBucuMocCTb
KOHCTAHTBl CKOPOCTH alIMNPOBAHUSA O-XMMOTpUIICHHA N-auunupo-
BaHHBIMU ITPOM3BOAHBIMU D-anaHuHa oT ruapodobHocTH N-anuib-
HOTO 3aMecTuTess. BunHo, 4to cobionaercs crporast TMHEHasi Kop-
pensiuyst. JIaHHBIA 9KCITEPUMEHT SBIISIETCS TIOATBEPKIEHHEM PACCMOT-
PeHHOU BBIIIE KOHIENUMHM, OOBACHAIONEH cTepeocnenudUIHOCTD
dbepMeHTOB.

9.8. Cnenuduynocts pepmMeHTOB:
MOJIEKYJISpHOE MpUOJImKenne

IIpencraBneHHBIE BhIlLIe MEXaHM3MBI BBIOOpa hepMeHTOM cy6eTpa-
TOB HAXOHAT TIPSIMOE ITOATBEPXKICHHE JIPH PACCMOTPEHHH TpEXMep-
HBIX MOJIesieil O€JIKOB ¥ MX aKTUBHBIX LeHTpOB. [IpoaHanusnpyeM He-
KOTOpBIE XOPOILIO U3yYeHHBIe epMEHTHBIE CUCTEMEL.

Cepunonsie nporeasnl. OepMeHTHI, cofepxallivie B Ka4ecTBe HYK-
TeoHuNBHOTO peareHTa T'MAPOKCIWIBHYIO TPYIITY CepuHa, GOpMUpY-
I0HIyI0 B Ipolecce KaTaau3a JaOMAbHBIM MHTEpMEIUAT B BUIAEC AL(UI-
bepMmeHTa, 06pa3yIoT GOJIBILIOE CEMENCTBO, UMEIOLee OOLIME TEHETH -
YecKue KOpHH. DTO CJeayeT M3 aHajlK3a NepBUIHOI IOCeNoBaTe h-
HOCTM aMUHOKMCJIOT NMOJUNENTUIHONU Heny. Bo-nepBuiX, 3TH OenKH
UMeIOT BBICOKYIO cTerneHb roMonoruu (30 % u Bhllle), T.€. 3HAYUTENb-
HOE 4ycro 1mo3uumii aMHHOKUC/IOT COBMamgaeT (cM. 1. 3). Bo-BTophIX,
I7g 31X GeNKOB MOXET OBITh ITOCTPOEHO QUIOreHETUIECKOE AePERO,
T.e. 6eKy MOIYT OBITH OOBEIMHEHBI B OTPEIeIEHHbBIE KIIACTEPHBIE TPYIT-
NBL, 1 nocneaHue MOTYT OBITH PACIIONOXEHBI B IIOCHEA0BATENEHOCTH
0 npuHIMITY MUHUMAJIBHEIX 3aMEH.
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Kak m3BecTHO, cepuHOBBIE NPOTEA3bl XapaKTepU3YIOTCS Pa3nuy-
HOHN CTelIM(PUYHOCTDIO, YTO MO3BOMAET Pa3NeUTh WX Ha TPYIIIB! B
xnaccuduxkanuu hepMeHTOB (CM. BHILIE). XHMOTPUIICHH THIPOIH-
3YeT MENTHIHBIC CBI3U TPEUMYLIECTBEHHO TUAPO(MOOHBIX apOMATH-
YeCKHX M anudaTHIecKuX AMIHOKHUCIIOT. TpHIICHH CITOCOOEH Pacler-
JIATh TIOJIMIIENTAAHYIO LENb 110 MOJOXUTENFHO 3apsKEHHLIM aMUHO-
KUCJIOTaM JIM3UHY U apTUHUHY, 5JlacTaza — M0 JieHIIMHY, BaJUHY,
aJTaHUHY.

Jns ananmsa u3 6a3el gaHHBIX SWISSPROT 6nutH BEIOpaHBI IIPO-
T€a3bl XMMOTPUIICUHOBOH, TPUIICHMHOBON M 3JacTa3HOM crenudud-
HOCTHU, OXapaKTepU30BaHHBIE TI0 TOCHEJOBATEILHOCTH aMHHOKHCIIOT
U TPEeTHYIHOU cTpyKType. Beero B rpymme okasaiock 25 6enkon. Dep-
MEHTBI, BBIACICHHBIE U3 PA3TUYHBIX GHOJIOTHYECKUX UCTOYHUKOB (Op-
TaHOB YE€JIOBEKA, MBIIIM, KPBICH, CBUHBH, ITULBI), UMEIOT Pasiny-
HBIE TOC/IEXOBATEIBHOCTH AMUHOKHCIOT B TTOJIUITENITUIHON 1eTH, HO
BCE TTOC/IeOBATEILHOCTH OKa3aJIUCh POACTBEHHLIMM. Bee 6enku obpa-
3y10T dunoreHeTdeckoe Aepeso (puc. 9.14). KoHup! BeTseil (rutore-
HETUYECKOTO JepeBa — 3TO aHAIU3HpYeMBle Oenku. IlepeceyeHus ot-
OENBHBIX BETBE — TMIIOTETMYECKHE O€TKOBBIE CTPYKTYPBI, MyTartiu
KOTOPBIX 00€CTIeYnBAIOT N1EPeX0]] OT OMHOTo OenKa K ApyroMy. BumHo,
YTO, BO-NIEPBHIX, BCE OENKU MMEIOT THUITOTETUYECKOTO OBLIETO TIpe-
IIECTBEHHUKA (LeHTpaibHas ToYKa). Bo-BTOpBIX, Bce OeNKM pacraja-
I0TCS Ha TPH IJIaBHBIE BETBU B COOTBETCTBHU C UX CHEIU(PUYHOCTHIO.

20
2 21

Puc. 9.14. @uroreHeTiueckoe 4epeBO CEPUHOBBIX IPOTEA3:

1 — B-xumoTpurcHH uenoBeka; 2 — xuMorpuncuu-2 Canfa; 3 — P-XMMOTPHUIICHH
6biKa; 4 — B-XHMMOTDPHUIICHH KPHICH; 5 — Qt-XMMOTPHUIICUH 6bIKa; 6 — 0-XHMMOTpPUIICHH
Gadmo; 7 — XAMOTpUIICHH-L deioBeka; § — TpuncuH-2 6nika; 9 — TpurncuHd-2 Canfa;
10 — tpurncuH-1 venosexa; I/ — TpuncuH-1 KpHchl; 12 — TPUICHH-2 Kpbichl; 13 —
tpunicud-1 Canfa; 14 — Tpuncus-1 6vika; 15 — tpurcuH-P ceunbu; 16 — TpuncuH-Z
Xenla; 17 — tpunicun-1 Xenla; 18 — tpuncun-1 xypuust; 19 — TpUncuH-2 KypuLbl
20 — B-anacrasa-3 yenoseka; 2/ — o-37acTa3za-3 4yenoseka; 22 — snacrasa-2 MbILK;
23 — anacra3a-2 KpeiChl; 24 — 3nacTaza-2 CBHHBM; 25 — ¢-o/1acTasa-2 4eloBeKa
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[Tepsylo BeTBL 00Pa3yIOT XUMOTPUIICUHBI, BTOPYIO — TPHUIICHUHEL, Tpe-
1bI0 — 3JIACTa3bI.

LlenTp «y3HaBaHus» CyOCTpaTa (M1¥ COPOUMOHHBIA LIEHTP) Mpe-
CTaBJIsIeT COOOH «KapMaH» WIH YIyOJIeHHe Ha 6enkoBoil riobyse. Ka-
TAJIUTHYECKHU aKTUBHBIE Ipynnuposku Ser-195, His-57 u Asp-102 (uy-
Mepanusi aMMHOKHCIOT JaHA M0 Q-XVMOTPUIICUHY) HAaXOASTCS B 1ICH-
Tpe 6enKoBoit MosieKysibl. COPOLMOHHBIN HEeHTp 06pa3oBaH y4yacT-
Kamu Oenkosoit rmodynsl Ser-179—Ser-190— Cis-191 —Met-192,
Val-213— Ser-214—Tip-215— Gly-216, Thr-224 — Pro-225— Gly-226 —
Val-227 —Tyr-228 (Hymepauus faHa 1Mo o-XUMOTPUIICHHY).

OKa3ajioch, YTO UEHTPHI COPOLIMHU CYOCTpaTa JOBOJILHO KOHCEPBA-
THUBHBI X OTHOCUTENBHO HEOONBIIOE YUCIO MYTAMM B COPOLIMOHHOM
LHEHTpe obecneyrBacT U3MeHeHHE CIEM(MUIHOCTH M nepexon 6eKa
OT OjIHoTO (hepMEeHTATUBHOIO THMA K mpyroMy. Ha puc. 9.15 npusene-
HBI Bce 25 OeJIKOB, 00pasyIoIUX (PHIOTEHETUYECKOe NEPEBO, IPEX-
cTaBJicHHOE Ha puc. 9.14. BunHO, 4T0 COPOLIMOHHBIN [{eHTP 00pa3yoT
HeOONBIIKE TTONUIENITUAHBIE 1{ETTOYKY, aMHHOKHMCIIOTEl KOTOPLIX 3a-
HUMAIOT KOHCEPBaTHUBHEIE TO3ULMHU 189 — 193, 213—216 u 224 —228.

189 193 213 216 224 228

/ ASGVSSCMGDSGGPLVCQKD-GAWTLVGIVSWGS--GTCSTSTPGVYARVTKLIPWVQQILQAN~
2 ASGVSSCMGDSGGPLVCQKD~-GAWTLVGIVSWGS-—DTCSTSSPGVYARVTKLIPWVQKILAAN-
3 ASGVSSCMGDSGGPLVCQOKN-GAWTLAGIVSWGS-~STCSTSTPAVYARVTALMPWVQETLAAN-
4 ASGVSSCMGDSGGPLVCQKD-GVWTLAGIVSWGS--GVCSTSTPAVYSRVTALMPWVQQILEAN—
5 ASGVSSCMGDSGGPLVCKKN-GAWTLVGIVSWGS~~STCSTSTPGVYARVTALVNWVQQTLAAN-
6 AAGASSCMGDSGGPLVCQKA-GSWTLVGIVSWGS--GTCTPTMPGVYARVTELRAWVDQTIAAN-
7 GAGASSCQGDSGGPLVCQKG-NTWVLIGIVSWGT-~KNCNVRAPAVYTRVSKFSTWINQVIAYN~
8 EGGKDSCQGDSGGPVACNG————— QLOGIVSWGY~~GSAQKGKPGVYTKVCNYVDWIQETIAANS
9 EGGKDSCQGDSGGPVVCNG————— ELQGIVSWGY--GSAQKNKPGVYTKVCNFVDWIQETIAANS
10 EGGKDSCQGDSGGPVVCNG--—-— QLOGVVSWGD—-GSAQKNKPGVYTKVYNYVKWIKNTIAANS
1l EGGKDSCQGDSGGPVVCNG-—-~- QLOGIVSWGY-—-GSALPDNPGVYTKVCNFVGWIQDTIAAN-
12 EGGKDSCQGDSGGPVVCNG-——--- ELQGIVSWGY--GSALPDNPGVYTKVCNYVDWIQDTIAAN~
/3  EGGKDSCQGDSGGPVVCNG—---- ELQGVVSWGA--GSAQKGKPGVSPKVCKYVSWIQQTIAAN~
14 EGGKDSCQGDSGGPVVCSG--~—- KLOGIVSWGS--GSAQKNKPGVYTKVCNYVSWIKQTIASN-
I5 EGGKDSCQGDSGGPVVCNG--=~- QLOGIVSWGY-—GSAQKNKPGVYTKVCNYVNWIQQTIAAN~
16 AGGKDSCQGDSGGPVVCNG-~—-=- QLOGVVSHWGY --GSAQRNYPGVYTKVCNFVIWIQSTISSN~
17 EGGKDSCQGDSGGPVVCNG——~~~ QLQOGVVSWGY--GSAMRNYPGVYTKVCNYNAWIQNTIAAN~
18 NGGKDSCQGDSGGPVVCNG~~——- QLOGIVSWGI~-GSAQKGYPGVYTKVCNYVSWIKTTMSSN-
19 NGGKDSCQGDSGGPVVCNG—~~——- QLOGFVSWGI~-GSAQKGYPGVYTKVCNYVSWIKTTMSSN~

20 D~IRSGCNGDSGGPLNCPTEDGGWQVHGVTSFVSAFGCNTRRKPTVFTRVSAFIDWIEETIASH-
21 Y-IRSGCNGDSGGPLNCPTEDGGWQVHGVTSFVSGFGCNFIWKPTVFTRVSAFIDWIEETIASH-
22 DGVTSSCNGDSGGPLNCRASNGQWQVHGIVSFGSSLGCNYPRKPSVFTRVSNYIDWINSVMARN~
23 DGVTSSCNGDSGGPLNCQASNGQWQVHGIVSFGSTLGCNYPRKPSVFTRVSNY IDWINSVIAKN~
24 DGIISSCNGDSGGPLNCQGANGOWQVHGIVSFGSSLGCNYYHKPSVFTRVSNY IDWINSVIANN-
25 DGVISSCNGDSGGPLNCQASDGRWQVHGIVSFGSSLGCNYYHKPSVFTRVSNY IDWINSVIANN—

Puc. 9.15. «BblpaBHUBaHME» CEPHHOBBIX MPOTEA3 (XMMOTPHUIICHHA, TPUIICHHA,
dnacTaspl) B 061aCTH «y3HawoLIero» cyocrpardoro ueHrpa. MHnekcanus dep-
MeHTOB npoBeaeHa B COOTBETCTBUU ¢ Gazoil manHblx SWISSPROT. AMuno-
KUCAOTHI, COCTABISIIONIME COPOIMOHHBIN LIEHTP, BbLACICHBI XXUPHBIM LIpUG-
ToM, MUctouHuku dbepMeHTOB /— 25 NprBeAEHBI B OANMCH K puc. 9.14
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Ha puc. 9.15 5T¥ y9aCTKM MOJXUITCTITUAHON IIETIH BBIAECICHBI XKUPHBIM
uipudTom. HanmoMHuM, 9T0 cyGCeTpaThi ISt 00CYKIaeMbIX (DEPMEHTOB
HMEIOT CJIEAYIOILYIO CTPYKTYPY:

Rl—CH—CZ%R3
i
¢=0
R,

Kak uzsectHo, N-aMbHBIA PparMeHT cybeTpaTa (GUKCUPYETCS B
AKTHBHOM LIEHTpE 3a cUeT o6pa3oBaHus BOAOPONHOM cBsidu ¢ Ser-214,
a TaKxke 3a cyeT ruapodoOHBIX B3auMoxelcTeuit pagukaiza R,. s
BCeX CyOCTPAaTOB CEPUHOBHIX ITPOTEA3 KaK IMPUPOAHLIX, TAK ¥ CUHTETHU-
YECKHX Ha OCHOBE AMHUHOKHCJIOT 5TOT (PparMeHT cyOCcTpaTa OfMHAKOB,
Kaxk creacTsue, Iisg ceMeiicTBa CEpHHOBBIX MTPOTea3 3TOT yYacToK Io-
JIMMETTTHAHON 1enyu mpeebHO KOHCepBAaTUBEH. i BCEX XUMOTPHII-
CUHOB M TPHIICMHOB 3TO yyactoK VSWG. [lng amactaz 1mpOMCXOTUT
u3oMopdHoe 3aMeleHre TpuiTodana Ha (peHuIaIaHuH, U Yy 9acTH
anacras Gly-216 3aMeriex Ha Val, Val-213 3ameiwen Ha Thr. JleiicTBu-
TeNAbHO, neHTp hukcaumu N-amwibHOTo (parMeHTa M pagukana R,
cyOcTpaTa npeacTasieH rugpodoOHON 001aCThIO, COAepKaLLEH TaKKe
Ser-214, crmocoOGHBIN 00pa30BHIBATE BOXOPOXHEIE CBS3H.

«Y3HaBaHue» U BEIOODP CyOCTPaTOB 0OCYKIaeMBIMHU [POTEA3aMH T1PO-
WCXOMHT 3a cUeT B3auMogeiicTus ¢ benkoM pagukana R,. Ilepexon ot
creU(pUYHOCTH O--XUMOTPHIICHHA K TPUTICUHY OCYILIECTBIISIETCS 34 CYET
BBEICHUS B «y3HAWOUIHUI» [[EHTP AHHOHHOTO (pparMeHTa MyTeM 3aMe-
HB! Ser-189 Ha Asp-189. D10 ritaBHast MyTauus, obecreyMBalonas u3-
MeHeHue crenuduaHocTy, Ilepexox oT TpUIICHHA K 3/acTa3aMm obec-
reyrBaeTcs oOpaTHO! 3aMeHO¥ acraparnHOBOU KUCIOTHI HA CEPHH.
ITo 3TOMY LIeHTPY CBA3BIBAHUSA TPUIICUHBI OTINYAIOTCSA OT XUMOTpPHII-
CUHOB 3aMeleHeM Met-192 Ha rIyTaMuH; B 3JacTasax 3Ta aMHHO-
KHUCJIOTa 3aMEHEHA HA acrnaparuHOBYIO.

I'maBHEI «rHApOOOHEIN KapMaH», B KOTOPOM GHKCHpyeTcs ¢par-
MeHT R, nisi XuMOTpUIICHHA U psia cyOCTpaToOB TPUIICKMHA M J1acTa-
31, 06pasyer, Mo-BUAMMOMY, YUaCTOK Lenu 225 —228. [Ins Bcex dep-
MEHTOB 3TO MOTHUB Pro-225— Gly-226 — Val-227 — Tyr-228 ¢ uzomopd-
Hoii 3aMeno# Tyr Ha Phe mng snactas. s anacras Takke XapakTepHO
OrpaHUyeHUe «THAPO(POOHOrO KapMaHa» BBEACHUEM TIOJIOXUTEIBHO-
ro 3apsima Lys B mosunuio 224,

CrnemyeT OTMETUTB Be 0COBGeHHOCTH (HOPMHUpOBAHUS COPOLUOH-
HOTO IIEHTpa 00CYXIaeMBIX (PepMEHTOB.

1. CopbumoHHBIE TOALIEHTPHI TPYNIIMPYIOTCS BOKPYT aMHHOKHC-
JIOT, (GOPMHPYIOLUUX CTPYKTYPY OeNKa W SBISIOIIUXCSH KOHCepBaTUB-
HBIMJ JUIS BCETO ceMeiicTBa. B qaHHOM ciyvae sto Gly-193, Gly-216 1
Pro-225.
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2. KoncepBaTUBHbIC MOTHBBI MOJHUMENTHAHOM LENH, 06pa3yrollie
COpOLMOHHBIE MONUEHTPSI, conepxkat ruuuH (Gly-193, Gly-216). Kax
WU3BECTHO, IITHLMH 00eceYnBaeT NOABUKHOCTD OTHOCHTENIBHO cpa3eil
C—N u C—C nmonunentuaHoi uenu (CM. BbluIe), a 3HAYUT, KoHGOP-
MAIMOHHYIO TOIBMXHOCTh aKTMBHOTO LIEHTPA M BO3MOXHOCTE €I'0
CTPYKTYPHOH ajanTauuy K pa3JiMuHbIM cyOCTpaTaM M MHTEPMequaTaM
B TIpOLiecce KaTanusa.

®ocdotpuactepasnl (opranodocharruaponassr). MHTepec x stoMy
Kiaccy (GepMEHTOB, MMAPOIM3YIOWUX TPUIGUPHL (WIM WX aHai0TH)
bocdhopHO KUCTOTHI, B TOCTIEAHEE IECATUIECTHE CYIUECTBEHHBIM 06pa-
30M BO3POC M3-3a UX CIIOCOOHOCTH T'MAPOIU30BATE OOEBRIE OTpaBISIO-
HI¥e BeinecTsa (3apuH, 30MaH, BU-Ta3) U ¢ochopopranuyeckue mne-
CTULIUBL.

Haubonee monHo usyd4eH GEpPMEHT U3 IMOYBEHHHIX bGakrepwii
Pseudomonas. Ons sToro epMeHTa U3BECTHA NEPBUYHAS, BTOPUYHAS
M TIPOCTPAHCTBEHHAS CTPYKTYpa. [IOMCK B TeHOMHEBIX 0a3aX JaHHBIX
rOMOJIOTOB 3TOro (hepMEHTa MO3BOMWI MOJYUYUTE CEPHUIO TTOCIeN0Ba-
TeJIBHOCTEH aMHHOKHCIOT, 00agalomux BEICOKOH ToMotorueil. du-
JIOTEHETHYECKOE ACPEBO, TIOCTPOCHHOE IO TIpoueaype, OMUCAHHOMN
BBIIIIE JUISI CEPUHOBBIX NPOTea3, n300paxeHo Ha puc. 9.16. INpouenypa
MOUCKA FOMOJIOTOB OBLIIA MPOBENEHA 1TO BCEH COBOKYITHOCTH paciuud-
POBaHHBIX TIOC/IEAOBATEIBHOCTEH 1 TeHOMOB. BuaHo, uro gaHHbBIH dep-
MEHT MMeeT OOJIBIIOE YHCIO POJACTBEHHUKOB B OMOJIOTHYECKOM MUPE

M ero TOMOJIOTH NpeacTaBieHBl B T€HOMaX OGakTepuil, XWUBOTHBIX U

Agrobacterium tumefaciens
Chryseobacterium
Flavobacterium
Flavobacterium
Mycobacterium tuberculosis
Sulfolobus solfataricus
Deinococcus radiodurans
Salmonella typhimurium
Tropheryme whipplei
Rbizobium loti
Agrobacterium tumefaciens
Human

Escherichia coli Shigella flexneri

Escherichia coli

Streptomyces coelicolor

Micoplasmapulmonis
Human

Mouse
Mouse

Rattus norvegicus
Bacillus nalodurans

Listeria monocytogenes

Listeria innocula

Listeria monocytogenes

Puc. 9.16. dusnorenernueckoe gepeBo 6eKOB, POICTBCHHBIX OpraHodocdat-
ruaposase, O6GHAPYXKEHHBIX B TEHOMAX Pa3IdYHbIX OPIraHM3MOB
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yenoreka. bOnpiias yacts 06HAPYXEHHBIX MMOCIENOBATEIBHOCTEH 1Tpes -
crasneHa B dopMe BUPTYAIBHOIO TPAHCAATOPA, T. €. JIUIIb B BUAE 110-
CHENOBATENHHOCTE HYKICOTHAOB B TeHOMAax, ¥ He ONucaHa Kak Qu-
3UYeCKH BblIeNIeHHbIE ¥ MAeHTUDUIHUPOBAHHBIE OeTIKU. JINIb U1 TpeX
baxtepuii (Pseudomonas, Flavibacterium, Micobacterium tuberalosis) 3Kc-
TIEPUMEHTAIBHO TTOKA3aHO, YTO Oenku obnamaloT ¢docdoTpuscrepas-
HOH aKkTHBHOCTBIO. KaTamuTuyeckuit neHTp pepMeHTa 00pasyoT UOHBI
Zn™ wm C02+, OOBENMHEHHEIE B OMgAepHBIM KOMILIeKe. «COOpKy»
OMSIEPHOTO KOMILIEKCca ocyluecTristeT Lys-169 (Hymepauus maHa 1o
hocorpuacrepase u3 6axkTepun Pseudomonas). Hamuaue atoro ocrar-
Ka SIBJISeTCS HEOOXOAUMBIM JUIsl GOPMHUPOBAHUS KATATUTUYECKOTO HEH~
Tpa, OCYILUECTBASIOIETO 3MeKTPODUIBHYID aKTHBALIMIO cyOCcTpaTa
aneKTpOhIIBbHYI0 aKTUBALHMIO BOL! (cM. IJ1. 8). Ha puc. 9.16 Toukamu
0003HaUEHHI 6€JIKH, MMEIOLHE COOTBETCTBYIONINE JIM3UHOBBIE OCTATKH
B HYXXHOM II0JIOKeHUH. BOnplas yacts 6enkos, comepxaimx Lys-169,
HE orycaHa Kak ¢pepMeHThI, obnanaomue GochoTpUsCTEpasHOi aKk-
TUBHOCTBIO, OTHAKO C BBICOKOH CTEIIEHBIO HANeXKHOCTH MOXHO NIPO-
THO3HMPOBATh €€ HAJIMIME.

Hentpnl cesspiBanua Metamia (His-55, His-57, Lys-169, His-201,
His-230) B BRICIUIEH CTeTIEHW KOHCEPBATUBHBL. Takxke abCONIOTHO He-
0OXOMUMBIM ABNSETCS HAIMUME B 56-M IONOXEHHU KapOOKCHIICOAED-
Xaueil aMMHOKUCHOTBI (monycKaeTcss u3oMopdHasg 3aMeHa IIyTaMu-
HOBOI KMCJIOTHI Ha aClIapariHOBYIO). BaXXHO OTMETUTh HAJTMYUE KOH-
cepsatusHoro Gly-229, moMoraroniero KaTaJuTHYeCKY BaXXHOMY OCTaT-
Ky ructunuHa His-230.

«I'mapodhobHBIi KapMaH», GUKCUPYIONIUi THAPOhOOHBIE (hparMeH-
THI cyOCTpaTa, mokKasaH Ha puc. 9.17. DTa 061acTh TakkKe KOHCEPBATHB-
Hasi, ee obpasyior Leu-271, Leu-272, Trp-302, Leu-303, Phe-306,
Met-317. BugHo, 4TO 1IeCTh aMuGaTHYECKUX ¥ apOMATHUYECKUX aMH-
HOKMCJIOT 00pa3yioT ruapo¢obHy0 MEKpoda3y, KOTopas MOXET (-
bexTHBHO 3KCTparupoBaTh ¥ GUKCHPOBATh anrdaTnyeckue hparMeH-
TBI CyOCTpAaTOB.

Amunoaunn-tPHK-cuuTeTa3b1. «Y3HaBaHNEe» aMUHOKUCIOT BaXHO
KaK Ha CTaJIVH NECTPYKILHUU — TUAPONN3a OENKOB, TAK M Ha CTAIUN KX
cunTe3a. KioueBsIMU (pepMeHTaMM B CHHTe3e OENKOB, 0becreurBa-
IOIIMMY COOTBETCTBHE MEXILY aMUHOKHCIIOTOM M COOTBETCTBYIOLIMM €H
KOIOHOM, sBysitorcs aMuHoauni-TPHK-cuHTeTass. 9T hepMeHTH
OTHOCSTCA K KJIACCY CMHTeTa3 (6-if knacc B knaccudukauuu hepMeH-
TOB) M KaTAJIM3UPYIOT PEAKLMIO NPUCOCTUHEHNUST aMHUHOKHCIOTH K
TPHK ¢ coorBercTByrounM konouoM. Ilpucoeaaesye uaer no 3'-0K-
curpynne TPHK u conpsixeno c¢ runponuzom ATOD:

TPHK—OH + NH;—CHR—COO + AT® —
— TPHK~o—c":—CH2—R—NH3+ + AMO® + P,07
0
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§ His-254

Puc. 9.17. «'uapodoOHBIT KapMaH» aKTUBHOTO LIEHTPA
opraHogochaTTUIpOaa3sl

15 Kaxnmot aMUHOKMCIOTH cyltecTByeT Habop TPHK ¢ cooTBeTt-
CTBYIOIUMMM KOJZOHaMHM. DTO KITI0UeBas peaklys B OMocHHTe3e OeiKa,
TTOCKOJMIBKY OHa SABJISAeTCS €AUHCTBEHHO B MeXaHM3Me OMOCUHTE3a,
OIIpeNeNAIONEeil COOTBETCTBHE CTPYKTYPhl aMUHOKKMCIOTHL U KOAOHA.
CrnempuaHocts aMuHoauwI-TPHK -cuHTETa3bl JOCTATOYHO BHICOKAS
Y OIIpeesieTCS TEMHU K& KUHETUKO-TepMOIMHAMUYECKIMU 3aKOHO-

( -+ Glu-428
G1u-278m @]‘"yr—ﬁo

KM | Glu-240

Puc. 9.18. Llentp cBsisbiBanug L-musuna B L-musun-TPHK-cunTeTase, Buiie-
JieHHOM u3 Gakrepuu F. coli
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MEPHOCTAMM N HabOpoM B3auMOLeHCTBUH, YTO N B caydyae depmeH-
TOB THPON3a OETKOB.

PaccMoTpuM, Kak aMmuHoain-TPHK -cunTerasa, crieumguuHas mo
JM3uHy U cootBercTBylonieit TPHK, «y3HaeT» aMUHOKUCIIOTY JIU3UH.
Crpykrypa koMmruiekca L-musuna ¢ amuHoauun-TPHK-cunaTeTasoit
rpeacTasieHa Ha pyuc. 9.18. BuaHo, uyTo e-aMUHOrpyIia aMMHOKHCIIO-
TH B3aUMOIENCTBYET ¢ KapOOoKcuibHOI rpyrmon Glu-428, obpasys
MPOYHYIO UOHHYIO Napy. BaanMmoneiicTsie IMTpoMCcXoqHUT B riApodooHOM
cpene, oGpasyeMoil apoMaTUYecKUMU KoabuaMu Phe-473 u Tyr-280.
o~-AMUHOrpymIa cydcTpara Takxke CBA3aHa ¢ KapOOKCWJIBHOU rpyil-
noit Glu-278 3a cyeT 3MeKTPOCTATUYECKUX CHII. DTOT ¢hparMeHT cyo-
cTpara ABJsieTCs OOuUM I BCeX aMUHOKUCIOT. [ToaTomy wis moboii
amuaoauun-TPHK-cuHTeTa3sl BOJM3HM 3apsKeHHOH aMUHOTDYITIB
MOXHO OOHapyXHUTb 3apsSKeHHY10 KapOOKCWIBHYIO TpYIIIly, OCYLIe-
CTBJISIIONIYIO 3JIEKTPOCTATUYECKOe CBI3BIBAHME (DparMeHTa cydcrpara.

Takum 06pa3oM, ABYyXTOUYEeYHast (PUKCALMSA aMUHOKUCIOTHL JMTEKT-
POCTAaTHYECKAMU B3aUMOICHUCTBHSAMM 00ecreYuBaeT pacHnoAOXKeHue
PeaKIIMOHHOCTIOCOOHOK KapOOKCHIILHON IPYINTEI B HYXXHOM 00acTi
aKTUBHOYO I[EHTpA.

* ok Xk

Bauem e Thi, 6poasra, Ha 6asape cMylllaA HapoOJX, paccKasbl-
Bas MO HCTHHY, O KOTOPOH THI He HMeeHIb TIPeCTABACHHA?

M. Byawaxos

Crienilu(pMIHOCTh JeUCTBHS ABIAETCA IPUHLUMUAIBHO BaXXHBLIM
CBOMCTBOM (bepMEHTOB, 00eCTIEUMBAIOIIAM BO3MOXHOCTD [IPOBEAECHUA
XUMUYECKUX PeakUUii B OMOJOTHMYECKHX CUCTeMaX ¢ HauMeHBLIMMH
noTepaMu. st 00bsICHEHUS CTTOCOOHOCTH BEIOMPATh MOJIEKYJTBI OITpe-
JeJIEHHOU CTPYKTYPHI OBUTIO CO30aHO HECKOJIBKO MOJEILHBIX ITpencTaB-
JIEHUH, KaXI0e M3 KOTOPHIX HalIO 3KCHEPUMEHTANIBHOE MTOATBEPX-~
neHve. KonmuuecTBeHHOE IMOATBEPXICHUE ITOJIYyYWIa IBYXIIEHTPOBAs
MOJIeNb, CBA3BIBAIOILAsT BEIOOP CybCTpaTa co crienuduyeckon Gpukea-
Vel ero COpOLIMOHHBIM LEeHTpoM ¢epMeHTa. [To-BUagMoMy, mexa-
HU3MBI BHIOOpa cyOcTpaTa MHOTOOOPA3HbBI M KAXIBIH BHOCUT OMNpene-
JIEHHBIH BKJIaJA B crielU(PUUHOCTD AeiCTBUS (hepMeHTa.

I'maBuBIi BBIBOZ U3 M3MOXKEHHOTO 3aKJIIOYaercs B TOM, yTo MIA
obecrieyeHus CrieM(PUIHOCTY (EPMEHTHI UCTIONB3YIOT Bech HabOP
«CJIabbIX», HO «OBICTPBIX» B3aUMOAEHCTBUlT (0Opa3oBaHUE BOLOPOA-
HBIX, TUAPODOOHBIX CBA3el, HOHHBIX Iap) Wi ¢pHUKcauuu ¢pparmeH-
TOB cyOCTpaTa M OPUEHTALIMM €r0 OTHOCHTEIHHO KATAJIMTHYeCKH aK-
TUBHBIX [PYII, MPUOIIKas CTPYKTYpy cyOocTpara K CTPYKType I1epe-
xoxHoro coctostus. Cinaboro B3auMoneitcTsus (8 — 25 kJx/MoJb) A0~
CTAaTOYHO ISl TOro, 4ToObl (hepMEHT BBHIGpAT OmMH U3 CyGCTpaTOBs
obGecrieynB eMy B 10°— 10" pa3 6671b11yI0 peakIIMOHHYIO CIOCOOHOCTD:
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BaxxHo OTMETUTB, YTO OTHOCUTENIBHO HEeOOJIbLUHE U3MEHEHHUS CTPYK-
TYpbl COPOLIMOHHOTO LIEHTPa MOTYT BBI3BATh CYIECTBEHHBIE M3MEHE-
HUA crienuduyHocT pepmenTa. Tak, Bcero JUilb OgHa MyTauus —
3aMeHa cepyHa B 189-11 mo3unuy Ha aciapariHOBYIO KMC/IOTY — Obec-
TIeyuBaeT MePeBO MPOTENHA3Hl U3 XUMOTPUIICUHOBOTO LA B TPUIICU-
HOBBIH.

CrneunuyHOCTD NeUCTBUSA (epMEHTOB BaXHA KaK B FMIPOJIHTH-
YECKHX, TaK U B CHHTETUYECKUX peakuusix. OCOBEHHO OHa CyLIecTBEH-
Ha, Korda (epMEeHThl YYacCTBYIOT B PEAKUHIX MOIUGUKAIIUA T€HETU-
yeckoro Matepmaia. Ha cienuuyHOCTH e ACTBHA (hepMEHTOB OCHO-
BaHa OJHA U3 CaMbIX MHTEPECHBIX 00JIacTelf COBpeMEeHHON HayKH U
TEXHOJIOTMHN — reHeTHYecKas HHXEHEPHs.



I'maBa 10
TEHETHYECKAY MHXEHEPUA ®EPMEHTOB

MBI He MOTAM HE 0CO3HABATD, YTO CHELU(HYECKOE ClapHBAHME
OCHOBaHHH, [IOCTYAHPOBAHHOE HAMH, NI0/pasyMeBaeT HAAHUYHE Ka-
KOTO-TO MEXaHH3Ma KOITHPOBAHHA FeHeTHYECKOTO MaTepHaa.

Ecan nzBecren Touubl mopaaok ocHoBaHui B oxHOH U3 LeneH,
TO MOKHO 3aIHCATb H NOPAJOK OCHOBaHHH B APYTOH, MOCKOABKY
CllapHBaHHe OCHOBAHHH ClELHpHYHO. | aKHM 06pasoM, ofHa Lemnk
SIBAAIETCS. KOMIIAEMEHTOM JPYTOH; HMEHHO 3TO CBOHCTBO HABOIKT
Ha Mpicab, uto JJHK mozxer yasausats camy ce6s.

Aaxc. Yomeon, D. Kpux

10.1. Boizenenue u ammmupukanusa resa. bubinoreka renon

K ceMuaecsTBIM rogaM MpoOLIOTO CTOJIETUS B OCHOBHOM C(hOpMU-
POBATVICH ITPEACTABICHUS O MEXaHH3MaX 3aIilCH U MOJIEKY/ISIPHOTO CY-
THIBAHUS reHeTUYeCKOi HHpopMauund. MHOroyucaeHHble UCCIe108a-
HHS MOKA3JIM, YTO MH(pOpMaIMa 0 CTPYKTYpe Oejika 3aKOIHpOBaHa B
JByxuernodeyHbx Mosiekyaax JHK. PasmMHoxeHre (KOMUpoBaHUE) 9TON
HH(pOPMAUMM CBI3aHO C ITPOLECCAMHU penauKayiiy — Trepexona IByXie-
noveuyroit JJHK B mBe omHouenoyeuyHble cyObeIUHULIBI U JOCTpanBa-
HUS BTOPBIX LETIEl Ha MaTpuue ItepBbix. [Tpoliecc cuHTe3a Oenka BKITIO-
qyaeT CTaIuI0 MPAHCKpUnyuu — CUHTe3a MOJeKysbsl MarpuuHoii PHK
(MPHK), kommuiemenTaproii Monexkyine JJHK. Cunres Genka ocyile-
CTBIISIETCS CHELUANM3UPOBAHHOM MOJIEKY/ISIPHOM MalInHON — puboco-
MO, TIDY 3TOM TOCJIENOBATEILHOCTh aMHHOKHUCIIOT ITOJHIIEIITHIHON
LIETTH 3aaeTCs ITOCIe0BaTeIbHOCThIO HYKJIeOTHNOB MaTpuyHoit PHK.
DTOT Mpolece NMOAYUUSI HasBaHWue mpaucaayuu. B reHeTHaeckoM KoOZIe
KaXIoif aMMHOKHCIIOTE COOTBETCTBYET KOJOH — TPUTUIET (VI TPYIa
TPHUIVIETOB) HYKIEOTHAOB (CM. L 2). COOTBETCTBIE MEXIY AaMUHOKHC-
JIOTOW M KOJOHOM 00eCrIeynBaeTCs TPYIIION BBICOKOCTIEN(PUUECKIX
thepmenToB — amunoamwi-TPHK -cunTeTazamu. @epMeHTHI 3TOTO THITA
CITOCOOCTBYIOT XMMUYECKOMY B3aHMOJIEHCTBUIO MEXIY TPaHCITOPTHOM
PHK (tPHK) u amMuHOKMCII0TOl ¢ 06pa3oBanneM aMmuHoamw-TPHK.
Ha puGocome TTpoHCXOIUT KOMIUIEMEHTAPHOE IIPUCOeTHHEHHE aMUHO-
auT-TPHK k MPHK Ha ocHoBe HYK/I€OTHI-HYKJICOTHIHOTO y3HaBa-
HMS ¥ 06pa3oBaHue MENTUIHOIM cBsi3y. ITpouecc cuHTe3a MenTUAHOM
CBSI3U MIET C PaCXOIOM 06ILero 3HepreTIecKoro mocpeaHuka — AT®-
CHHTe3UpOBaHHAs ITOUITENTUIHAA LENb YAAIIETCA C pUOOCOMBI, 00pa-
3y BTOPUUYHYIO, TPETUYHYIO CTPYKTYPY, T. €. POPMUPYs CTPYKTypy OesIKa.
OrpaHuyeHMe MOTUMENTUAHON ey oT Havana (N-koHua) 1o C-KOH~
11a OCYIIECTBJSAETCS C IMOoMOoILbIo cTorn-kKonoHoB (UAA, UAG, UGA)-
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Beg 3Ta, Ha mepBBIA B3MJIAA, JOBOJIBHO CIIOXKHAs, HO CTpOMHas
CUCTeMa TIPOLIeCCOB PUBOIUT K 3KCnpeccuu TeHeTUYEeCKOH nHpopMa-
IIVA TIO MIPUHLMITY OJUH TeH — OAUH OeJIoK.

ITocnemoBaTeILHOCTH FeHOB OPTaHM30BaHEL B 2eHoMbl. BO3HUMKAIOT
B BBICUIEH CTEMEHU UHTPUTYIOIINE BOMPOCHI: BO3MOXEH JIM MEPEHOC
reHa Wiv TPyHAIbl TEHOB U3 OpraHrM3Ma OQHOr0 BHAA B OPTaHU3M ApY-
roro BUa; BO3MOXHA JIM SKCIPECCHUA 3TUX IEHOB U K KaKUM Pe3y/IbTa-
TaM 3TO mpuseleT. OTBETHl Ha 3TH BOIPOCHI U COCTABJIAIOT OCHOBY
HOBOM 00IACTH 3HAHUA, MOJNYIUBIICH Ha3BAHUE ceHeMUMeCKoll UHICe-
Hepuu. JIOBOJIBHO GLICTPO OBUTH pa3paboTaHbl METOJIbI CIELIMpUIECKON
nneHTUGUKAIMKA TeHa, METONbl «pa3pe3aHysi» u «CKienBanus» JJHK
¢ TIOMOLUBIO (epMEHTOB (rosyyeHus: pekoMObuHaHTHBIX [THK), co-
3J1aHBl TEHETHMYECKME KOHMUIYpALMH, OOecleuynBalonIie BBeqcHUE
HOBOI1 reHeTHYeCKOi MH(MOPMALMH B KJIETKH U BBICOKYIO 3¢(b(heKTUB-
HOCTb 9KCIIPECCHUY HOBBIX T€HOB. 11 XMMHYECKOH H3UMOJIOTUH Cy-
LIeCTBEHHBIM OBUIO CO37aHMe METONOB CAWT-CIEIMUIECKOro MyTa-
reHesa, T.€. CO3TaHMe BO3MOXHOCTU 3aMEHBI OJHOM aMMHOKHUCJIOTHI
Ha ApPYIyI0 B ITOJUNENTHIHOU 1enu. Pa3paboTaHHbBIE METOIBI CTAJIU
WCITOIB30BATLCS B IIEPBYIO OU€peab A/ MOJYYEHUS M UCCIENOBaHUA
(bepmeHTOB. Pazpurye reHeTHIeCKOM MHKEHEePUHX (VUTH TEXHOJIOTHH pe-
koMOuHaHTHBIX JJHK) npHuBeso K ToMy, YTO reHeTUYecKass MHXeHe-
pysI cTaja PSIIOBBIM METOIOM XUMHYECKOM 3H3MMOJIOTHH.

HcrounukoM JHK i reHHO-UHXeHEPHBIX OTIEPaIHii SBJITIOTCA
T€HOMBI Pa3NMYHBIX OPTraHU3MOB. [ eHOM MOXeT OBITh IpeBpaiteH B 6u6-
auomexy cenog yteM (bepmenTaTusHoro runpoamsa JHK wm PHK u
BKJIIOUEHUSI ITOJTYYEHHBIX (PparMEHTOB B COOTBETCTBYIOIIIE 8eKmopbl. Pas-
JUYAIOT ABE OCHOBHBIE PAa3HOBUAHOCTH OUOIMOTEK reHOB: T€HOMHEIE
oubmoreky n oubmoreku k/IHK. I'enoMHBIe OMOTHOTEKN ITOMYYAlOT
myTeM paciuervieHus reHomHok JHK ¢ moMoipio runpoias pecTprk-
Ta3HOro TUIMAa (CM. Jajiee) ¢ MOCAEMYIOIIUM BKITIOUEHUEM MTOTyIeHHBIX
(parMeHTOB B UUKJIMYECKIE reHEeTHUECKHEe KOH(UTYpAauHH TUITA TUTA3-
MU, (paroBLIX BEKTOPOB U ap. (CM. Hioke). ITomyaeHue 6ubnuotek K IHK
TIpeIIToaaracT MPOMEXYTOUHYIO CTaINI0 00paTHOM TpaHC(HOPMAIIMH Te-
HeTnyeckoit nHopManun, 3amucanHoi Ha MPHK, B dopmy JHK ¢
NoMo1LBI0 (hepMeHTa — 0GpaTHOM TpaHckpuirrasbl. bubmorexu kKIIHK
BKJTIOYAlOT He BeCh FeHOM, a TOJIbKO aKTUBHUPOBAaHHBIE TeHBI, KOTOpPHIE
XOpOouIo 3KCIIPECCUPYIOTCS M JalOT OTHOCHUTENLHO BBICOKHI YPOBEHD
MPHK. B aToM citydae u3 kiuetku BouaensmioT ppakumio MPHK, ¢ mo-
Monipio hepMeHTa «oGparHada TpaHCKpHITTasa» Ha matpuue MPHK cun-
Te3upyoT dpparmMenTsl JJHK, cTporo cooTseTcTBYIOIIHE CTPYKTYpe
OenkoB, ¥ BKITIOYAIOT ITOJTyYeHHBIE TeHbl B TUIa3MIIHbIE WX (paroBbie
Bektopel. bubmoreka reHos B popMe kJIHK siBseTCs npeneasHo ynoo-
HOM, 1TOCKOJIBKY MCKITIOUYAET BCE BO3MOXHBIE OATACTHRIE CTPYKTYPHI,
OpencrapneHHbE B TeHOME, HAIMPHUMepP MHTPOHEI. €0 B TOM, 4TO B
pouecce tparckpunuuu (cunre3a MPHK ¢ marpuier JJHK) mpowmc-
XOnUT MCKITI0YEHHE MHTPOHOB, U IeH I0JIy4aeTca B YHCTOM BUIE.
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ITonydyeHHbIt HAGOp BEKTOPOB C BKJIIOUEHHBIM B HUX HCKOMBIM
TEHOM BBOZUTCS B KJIETKU, U OTOOP HYXHOM KJIETKM, 3KCIIPECCUpy-
IOIENA TOT WIM MHOU TreH, MPOBOJIUTCA B ITPOLECCE KIIOHUPOBAHUS.

B toM ciiyuae, ecnu MeeTcsa uHbopMaliist 0 IEPBUYHON CTPYKTYpe
HUCKOMOTO Gesika (WM ero GJM3KOTO roMojiora), NMPUMEHSIOT Oonee
a3hdexTUBHBIN MeTON, OCHOBAaHHBIN Ha amuiudukayuyu 2eHa ¢ oMo~
meto JHK-monumepaspl. CyiiecTBeHHBIM IIporpecc B 3Toi obaacTu
OBUT TOCTUTHYT IIPU OTKPHITHH M uccaenosanuu JJHK-noaumepas us
TepMODWIBHBIX MAKpoopraHuaMos. O61a1as BBICOKOH TepMOCTaOWIb-
HocTblo, IHK-nmonnMepasa TepMoGMIOB 1OITyCKaeT HarpeBaHUe o6-
pa3ua ¢pepMenTa go TeMrepatypsl 80— 90 °C. B 3THX ycIOBUSX IBYXIIE-
noyeynsie pparmedtsl JHK «mmaBsTcs» B nepexomsT B OQHOULEMO-
yeyHyto dopmy. Pepment IHK -nonmMmepasza oCyIlIeCTBIAET CHHTES BTO-
poii nenu JJHK Ha Marpuie neppoil. TakuM o6pa3oM, B paMKax OFHO-
YO IMKJIa HarpeBaHUe — OXJIAXIeHUE — CUHTE3 IPOMCXOTUT MOIyYEHNE
u3 opHoit MosteKynsl JIHK aByx xonmii. ITpu MOBTOpHOM IIUKJIE YHUCIIO
KONHUii N pacTeT B reoMeTpuueckoit iporpeccun: N = 2", rie n — 4HCIIo
LIMKJIOB. Peakimsa 1monyuymia HasBaHHUE HOAUMEPA3HOU YenHOoU peakyuu.
OcoOeHHOCTD 3TOM PeakIUH 3aKTIOYAETCA B TOM, YTO B Pe3yJIbTaTe pe-
aKI[MH yIaeTCsI YBEJTUYHUTh YHCIO KOIIMI NCKOMOTO TeHa B IECATKH ThI-
CSY pa3 U TEM CaMbIM HCIOJIb30BaTh JUTS JATbHEHINX TeHHO-HHKEHep-
HBIX OTIepalInii 3HauuTeIbHOe KoauuecTso JJHK. BTo ocobeHHO BaXHO,
KOIZIa B UICXOJHOM 00pasie reHeTUYeCKOTro Mareprasa oueHb MaJlo.

JAHK-nonuMepasa He criocoGHA paboTaTh ¢ «4UCTOTO JcTas. OHa
TOJIBKO ITPOAOJIKAET IBOMHYIO 1eNb, eif HeobxonHMMa KOMIUIEMEeHTap-
Hasl «3aTpaBKa», T.€. HaJu4He ABOMHOM Lenu Ha ¢pparMeHTe aMIUIN-
dumpyemoii JTHK (cum. pasn. 8.9). DTo naeT BO3BMOXHOCTh U3 TUTAHT-
CKOU CMecH I'eHOB, IpeACTaBICHHBIX BO (hparMEHTUPOBAHHOM I'€HOME,
BBIOpATh Hy:XHBIH. Eciu mMeeTcst MH(GOpMaIys o Moc/Ien0BaTeIbHOCTH
AMUHOKUCJIOT B UCKOMOM OesIKe UM COOTBETCTBEHHO HH(MOpMALIUA O
MOCE0BaTEIPHOCTH HYKJIEOTHIOB B I'eHe, BEIOOP HY>XHOro OejIKa ocy-
LIECTRIISAIOT C UCITOJb30BAHHEM npaiiMepoé — ONHOLEIIOYeYHbIX (par-
MeHTOB JIHK, cOOTBETCTBYIOIIMX Hayaay M KOHILY TMOJUITETITHIHOM!
uenu. J1o0asasag B peakUHOHHYIO cpely npaiiMephl, cO3ai0T YCa0BUA
11 KOMIUIEKCOOGpa3oBaHus MpaiiMepos ¢ uckomoii ppaxuueit JHK,
310 ofecneynBaeT TOYKY Hayaja M okoH4aHus paborsl I HK-momime-
pa3sbl. TeXHOJIOrMYeCKUM MpHueM, OCHOBAHHBIN HA HCIIOJIb30BAHHUH TEP-
MocTtabunbHoi JJHK-moauMepassl, peBOMIOIHOHN3UPOBAN METOAD!
BBIICJICHUS TEHOB M MOJIEKYJIApPHO-Te HeTHUECKHUI aHaJIU3.

[pumeHeHUe TepmocTabwipHoi JIHK-mommepasbl ns Tepmoduib-
HbIX OakTepuii Thermus aquaticus T03BOJSAET IIPOBECTH MHOTO III/IKJIOB
aMITTHPUKALIN IPH OJHOKPATHOM BBeIeHHU (bepMmeHTa. CMech JIH
JI€30KCUPUOOHYKIIeO3UATpUGOchaToB, N3OBITKA IpaiMepOB U JTHK
ImoyuMepa3sl HarpeBaloT 10 TeMrteparypsl iasieHus JHK u 0613330‘
BAHUA OJHOLEIIOYEYHBIX (POPM. 3aTEM CMECH OXJIAXKIAIOT, JOCTUras KOM~
IUIEKCOO0Pa30BaHMUs IPAatMEPOB, TaK Ha3bIBAEMOIo <«OTXura», ¢ OA
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HouemnoveuHsIMH hopmamu JTHK. [anee TeMrieparypy mnogHUMarT Ui
OIITUMAJIBHOTO CHHTE3a BTOPOiA LenH. LIMKI MOBTOPAIOT MHOTOKPATHO
B TEUEHUE HECKOJIbKUX yacOoB. TakuMm o0pa3oM MojyyaroTcs MHUKpPO-
rPaMMOBBIE KOJIAYECTBA KOMUH JHK 13 emuHCTBEHHOH MOJIEKYIBI.

10.2. ®epmeHTH — MHCTPYMEHTHI
FeHeTHYECKOH MHXKEHepUuu

Yenexul reHeTHYECKO MHXKEHEPHUH CTaI BO3MOXHBI G1arofapst M3yde-
HUIO (DEPMEHTOB, MO3BOJISTIOILNX ITPOBOJUTH XMMUYECKHE Oriepaiy C
reHeTMYECKUM MaTepHaJioM. B reHeTHYecKoi HHXXEHePUH UCOJIb3yeTCs
GoJiblLas rpytia GepMeHTOB, CIOCOOHBIX THAPOINU30BATh, «pa3pe3aTh»
monexynsl JJTHK n PHK no crneunduyeckuM neHrpam, «curvparb»
(hparMeHThl HYKJIEMHOBBIX KUCJIOT ¢ 06pa3oBaHueM (hochoauspupHbIX
CBA3€H, IPOBOMUTD MOTUMEPH3ALUIO HYKJICOTUI0B Ha MAaTPHIIE OIHO-
nenovyeydoit JIHK wn PHK. CoBOKyImHOCTB 3THX CBOUCTB (hepMEHTOB
MO3BOJISIET MaHUIY;IUpoBaTh JJTHK, nposoauTts ee MogudpuKanuio.

PecrpukTnpylomue 3HI0HYK/I€a3nsl (PeCTPUKTA3bI). DTO MMIPONa3bl,
CIIOCcOGHEBIe crielTUbUYecKH COPOUPOBATHCA Ha OIpenelIeHHbIX ociIe-
JOBaTEIBHOCTSIX AByXLiernoueyHbIX Monekyn [JHK u runpomizoBats orpe-
neJeHHble cBa3u. MepMeHTHI «y3HAlOT» KOPOTKHE HYKJIEOTHIHEIE I10-
cremoBarenpHOCTH JTHK ¥ rugposinsyioT pochoauspupHeie CBA3H B
00JTaCTH 3TUX TTOC/Ae0BaTeIbHOCTEN. (DU3NKO-XMMUYECKHI TPUHIIAIT
«y3HaBaHMST» MOJIEKYJ OEKAMHU U3JTOXEH B T71. 9.

B Hacrosiee Bpemsa uszBecTHO okojo 400 depMeHTOB THMa pect-
prKTa3 (Tabm. 10.1), crmoco6HbIX pacuerwisath Monekyay JHK npumep-
HO B 90 pa3IMyHbIX LIEHTPAX Y3HABAHUSI.

MepMeHTH! BBIICTSIOT M3 Pa3THYHBIX OaKTEpHiA, YTO OTPAXKEHO B
ux HaspaHuax. PepmeHt FcoRI nonyuen us E. coli K12; Haell,
Haelll — w3 Haemophilus aegyptius, BamH — u3 Bacillus amylolique-
faciens (utamm H) u 1.1

KiraceuyeckuM TipUMepoM pecTpUKTa3 ABAAETCS SHIOHYKIEa3a
EcoRI. Brot pepmenT rumpoiusyer JHK B Tex MecTax, riae BCTpeva-
€TCs mocsiegoBaTeabHOCTL 5'—GAATTC—3'. Dra nocnenoBaTeNbHOCTh
ABNACTCS HAAUHOPOMHOU, T.€. B ODEUX ILEIAX TOYHO HAMPOTUB IPYT
Apyra HaxomsTCS OMUHAKOBBIE MOCIIEIOBATENBHOCTH, YATAEMBIE B Pa3-
HBIX HanpaBIeHUSIX:

*C980 | Gty D)

3'(__pCpTpIpApAp () E (G O+

Huccouuanms l T Peacconuarus
5'—pGon_» + S'PApApTpTpCp—3
3'—pCpTpTpApAp>’ y—noGp—5'

317



Ta6auma 10.1

O003HaYEeHHA PECTPHKTA3HBIX UEHTPOB HEKOTOPLIX
HanGoJiee HCNONb3YeMBIX (PEPMEHTOR

Pectpuxrupyiowas O6o3naucHKe PecTpukTHpyiolas O6o3nayeHne
JHAOHYKIIEA3a 3HIAOoHYKJ/I€a3a
Alul Al Kpnl K B
Aval A Mbol M1
BamHI B Mspl M
Bcll Be Pst1 P
Bel11 B2 Prul Pu
Clal C Sacl Sc
EcoRI E Sau3A S3
EcoRII E2 Smal Sm
EcoRV E5 Sphl Sp
Haell He Tagl T
Haelll Ha Xbal X
HindlIl H Xmalll Xm
Hpal HI

Paspezanue monexynst JJTHK mpoucxoquT B aBa 3Tana. BHavane run-
pONM3yeTCA ONHA LENb, NOTOM — apyras. Kak BunHO, IPOIyKTaMH pe-
aKUUHU SIBISIOTCS ABa IBYXLEIIOYeYHBIX (pparMeHTa ¢ KOMILUIEMEHTAp-
HBIMH OJHOLIETTOYEYHLIMH KOHAMU 5 —AATT—3". OgHolenoyeyHbe
KOHLIBI TAKOTO THUITA HA3bIBAIOT «IMIMKUMU». OparMeHThl, TI0TyYeHHbIE
B pesynbrate geiictBus EcoRI u3 gpyx passHeix JHK, moryr coenn-
HUTBCS BOJOPOIHBIMU CBSI3SAMHU H B JajJbHEIH1IEM MOTYT 00pa3oBaTh
XUMMYECKYIO CBA3b IO AECTBUEM JTHUTa3bl. DHIOHyKIea3a EcoRI mpen-
CTaBJISAET AUMED, KOTOPLIK MMeeT MOJIEKYISIpHYio Maccy 31 000. benok
obpasyer Komruieke ¢ 1enTpoM JJHK mpoTsKeHHOCTBIO OKOJIO AeciaTH
nap, BHYTPH 3TOif IOCJIENOBATEIbHOCTH HAXOOUTCA CIieUbHYecKUH
LIeHTp y3HaBaHUd. KaramuTndeckuit ueHTp (hepMeHTa 00pa30BaH KOM-
TIJIEKCOM MOHOB Mg2+ ¢ KapOOKCWIBHBIMY TPYIITIaAMH acliaparuHOBOM
KUCIOTHL. THIT aKTUBHOTO LIEHTPa (pepMEHTOB 3TOTO Kjlacca olvcaH B
1. 8. LeHTp cop6uuM B aKTUBHOM LEeHTpe depMerTa GopmupyeTcs
APrHHUHOM U TJIYTAMUHOBOU KHCIOTOH, 00pa3yIoNIMMHA BOIOPOIHEIC
CBSI3U C OCHOBAHHUAMM B CiefU(PNYECKOM LIEHTPE PECTPUKLIVK.

Bonbinoit HaGop pecTpuKTa3 06ecIeYnBacT BO3MOXHOCTh BRIOOPE
TIpH GOPMUPOBAHUY PA3TUYHBIX «IMITKHX» KOHLIOB. B 1abs. 10.2 mped-
CTaBJI€Ha IpyNIa peCTPUKTA3, Pa3pe3aloiinuX MaTHHIPOMHbIE ITOCIC”
JOBaTEILHOCTY C 00pa30BaHUEM «TUITKMX» KOHLIOB. PesynpraToM JaeH-
CTBHMS SHAOHYKJIEA3 ABIAETCA 5'-KOHLEBOI (pochoMonoadup u 3'-KOH"
1LeBOW THIPOKCHUIL.
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Tabauua 10.2

HexkoTopuie pecTPUKTHPYIOLIME 3HA0MYKAEa3bl, paspe3awiiue
HAJHHAPOMHBIE MOCIEXOBATEIBHOCTH C 00PA30OBAHMEM «JIMIKHX» KOMIOB
(UeHTpH pa3pe3aHHs MOKA3AHBI CTPEJIKAMM)

Dep- IlenTp y3HaBaHUs Dep- LenTp y3HABAHHA
MEHT " pa3pcianunsd MCHT ¥ paspe3aHuns
BamH1 5'—G?_§}_,§_T_CC— Hpall 5'—CY_Q_GG—
—CCTAGyG—5' —~GGCyC—-5
Bl | 5—TIGATCA— Mbol | 5—1GATC—
—ACTAG | T—% au —CTAGy —5'
B/l |5 GCCNNNNINGGC— || Msp] s—clcGG—
—CGGNyNNNNCCG—5' —GGC{C—5'
Clal 5—ATICGAT— Norl | 5—GC!GGCCGC—
—~TAGCTA—5' —CGCCGG{CG—5'
EcoR1 5—G ' AATTC— Pst1 5’—CT_C§_CA!G——
—CTTAA{G—5' —G{ACGTC~5'
Haell $—RGCGCHY— Tagl s—T1icGa—
—Yi{CGCGR—5' —AGCyT—5'
Hindlll| 5 AV AGCYT— Xmal 5—c!CcCGGG—
—TYCGAJA—5' —GGGCCyC—5
Hinf 1 5—G! ANTC—
—CTNA{G—5'

B reHernueckolt MHXKEHEPHH TaKKe TIPUMEHSIOTCS PecTPHUKTa3bl,
paspesatorue Ghochon3(UPHYIO CBA3b B CEPeNUHE «y3HABAEMOI» I10-
cregoBaTeNbHOCTH. B pesynbrare Bo3HMKalOT pparMeHTH JHK € «Ty-
TIBIMU» JBYXIEMTOYeYHBIMU KOHUAaMu (Tabi. 10.3).

IIpuMmeHeHHne >HAOHYKIEAa3 Pa3TUYHON creuM(UYHOCTA obecre-
YMBaeT BO3MOXHOCTD paspesaHus MoneKynsl JIHK Ha ¢pparmMeHTHI pa3-
TuyHoi utuHe. Tlonyyennbie pparMeHTH MOTYT OBIT pa3ieieHbl Me-
TomoM 2iekTpodopesa, BEIACAEHBI ¥ Ha CIEAYIOIIEM 3Tane BKIIOYEHbI
B pasnuynble pekomOuHaHTHBIE JHK -koHCTpYKINY. CIIHUBKY pas3ind-
Heix ¢parmeHToB JHK ocyectsnsior (pepMeHTHI, OMyYMBIIME Ha-
SBaHue JUras.

JHK-anrasel. O6beanHeHne pasnuyHbIX dparmedToB IHK in vitro
OCyruecTBAAIOT € IMOMoMIbIo aura3. B ciayuae ecau ¢parmentsl JJTHK
UMeIoT WIMITKUE» KOHIIbI, ABA OJHOLIEITOYEUHBIX YUaCcTKa MOTYT o0pa-
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Taonuoa 10.3

HekoTtopbie pecTpUKTHpPYIOIME SHAOHYKI€a3bl, pa3pesaouye
NAJIMHAPOMHBIE NTOCEN0BATENLHOCTH ¢ 06pa3oBaHHeM «TynbIX» KOHIOB
(IERTPBI pa3pe3anusi NOKA3AHBI CTPEIKAMH)

dep- UenTp y3naBaHus Pep- LenTp y3HaBaHus
MEHT M pa3pel3aHus MEHT W paspe3aHus
Alul 5—AG' CT— Hpal 5—GTT'AAC—
—TCyGA—-5 —CAATTG—Y
Haelll 5—GG' cc— Smal 5—CCC'GGG—
—CCGG-¥ ~GGG, CCC—¥

30BBIBATh KOMITIEKC 3a CUET KOMIUIEMEHTAPHBIX B3aUMOJEHCTBUN
TIOMOIIBIO BOJOPOIHBIX CBA3ei. KOMIUIEKC MOXET OBITh TpaHCHOPMH-
pOBaH B ITPOYHYI0 XUMUUYECKYIO CBA3b oy nekictsueMm JHK-nurassr.
MepMeHT KaTanusupyer oopasosaHue Gochonn3bUPHBIX CBA3EH MEXTY
COeIMHEHHBIMY HyKJIeoTHaaMu. [TocKONbKy Iporece aBiIseTcst 00paT-
HBIM THAPOSM3Y M B BOTHOU cpejne TEPMOAMHAMHYECKHM HEBBITOIEH,
peakist naet ¢ pacxoxoM AT® (uxorza HATY). Cxema mporecca npu-
BeieHa Hipke. KaTtanuTudecku BaxHO! rpymnmoit apnsiercst E—NH,-
rpyina gusuHa. Ha mepBoif ctanmy npouecca IPOUCXOAUT aleHHIH-
pOBaHUE aKTHBHOTO LIEHTpA:

0
Il I Il
E—NH, + Ad—Rib—0—P—0—P—0—P—0" ==
O O O
9
== E-NH—P—0—Rib—Ad
o

3neck Rib — ocTaTok prubossr; Ad — ameHUH.

Ha BTopoit craguu (pepMeHT IIPOBOAUT MpaHC-aNCHWINPOBAHHE ©
TepeHOCOM HYKIeoTHIa Ha ocdaTHyro TpymIy ¥ 00pazoBaHUEM MaK-
pO3pruyeckoit cBsa3u gudocdara:

0
E—NH—P—O0—Rib—Ad + "~ ==
o \/\OHO O~
./
- /P\ B
o o
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R
VA
Ad—Rib—0O O
Ha tpetpeit cTanun nmporcxonuT odpasoBaHue dochoamadupHoit
pBSI3U M XMMHUYecKoe cuiuBaHue ¢parmentos JJTHK:

\/\/\/\/\/\/2
O

o O/P\O_
\\P/
7/ \

Ad—Rib—O O

- I NG N\ [ .

-— \/\/O\P/O\/\+ O—II):—O—Rlb—Ad
7\ O
O O

Takum o6pa3zoM, Ha (GOpPMHPOBAHNE KAXKIOU CBA3H 3aTpaYyMBaETCs
3HEePrusl ruapojIn3a OqHOM MoneKkyiasl AT®D,

CylIecTBYIOT JIMra3bl, CIIOCOOHBIE ITPOBECTH CHIMBKY ABYX (par-
MeHTOoB JIHK ¢ «ryneiMu» xoH1tamMu. Hanbostee U3BeCTHA B 9TOM IUIa-
He JIHK-mmrasa ¢ara T4, coendHSIOINAS «TYIIbIe» KOHLBI IBYLIEO-
yeynoit JIHK:

31

o % T4-nurasza
.

51

B kaxnoit u3 nemeit o0pa3yetcs HoBasl hochogruapupHast CBI3b.

JHK-nomumepasbl. DT QEPMEHTHI OCYLIECTBIIAIOT CUHTE3 BTOPOM
Monexynst IHK Ha mMatpuile nepsoit. Heo6XoguMbIM YCIOBUEM peak-
U1K gBgeTca HamIUyWe IpaiiMepa, KOMIUIEMEHTAPHOro 3’-KOHILY I10-
MepHoii nemny. GepMEHT JOCTPAaUBAET BTOPYIO LEMb, UMES AYIUIEKC
B KayecTBe «3aTpaBKU» PEAKLMH.

Mo xumuyeckoit prpoae MPOLECCH, TPOXOSLIME B aKTHBHOM LIE€H-
™pe JHK-roniMepas, MpeacTasisioT coGoil peakiny, OGpaTHBIE TH-
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ponuzy. Karanutuueckue ueHTpH (PepMEHTOB 110 XUMHUYECKOI 1pupo-
Ile ¥ CTPYKTYPe OPraHu3allu¥ aHATOTUYHBI COOTBETCTBYIOIMM Mg '
Mn’*-3aBHCHMBIM rugpona3aM (cM. L. 8). Aktusaiys ¢pocdaTHOTO neH-
Tpa OCYILIECTBISIETCS IO 3JEKTPO(UIBHOMY MEXaHU3MY, AHATOTUYHO
aKTUBHMPYETCS U 3'-THIPOKCHIIbHAS I'pyTiiTa caxapa. (B ciay4ae ruaponas
[0 5TOMY K€ MEXaHU3MY IPOMCXOAUT aKTHUBalUAg MOJIEKYJIBl BOJHI.)
Kpowme Toro, AHK-nomuMepassi nposapistiorT (3’ — 5)- u (5" — 3)-run-
ponasHbie (9K30HyKieasHbie) aktuBHocTH. JJ1a JHK-nmonumepasm,
BbiaeNeHHOI u3 Gakrepun Escherichia coli (JHK-nommMepasa 1), no-
Ka3aHO, YTO MOJMMepa3Hyio U (3" — 5')-3K30HYyKJIea3Hyl0 aKTUBHOCTE
obecrieynBaeT OOJbIIAA CyObeaquHHIA pepMeHTa, (5 — 37)-9K30HYK-
JIea3HyIO aKTUBHOCTh — MaJjas.

PHK-3apucumbie THK-nosumepassl (oOpaTHbie TPaHCKPUNITA3bi).
Briiire obcyxnanock, yTo nonygeHue 6ubianoreku KIHK (mepeson
nHopManuu ¢ MarpuyHbelXx PHK Ha MonexyisspHble CTPYKTYPH
JHK) ocyiiecTBisercs ¢ IOMOIIbIO (hepMEHTOB — OOpPATHBIX TPaHC-
kpunras. OTH ¢pepMeHThl 6bH BeIgeNeHb! 13 PHK-comepxainux su-
pycoB. PepMeHTHl CHHTE3UPYIOT KoMIieMeHTapHyioo uenb JJHK Ha
Marpuue PHK. Tak xe, xax u B ciyyae JIHK-moauMepas, HeobXonvm
npaiMep, o6eceYnBaroNiil Haaugue 3’-TUIPOKCUIBHOW TPYIIIHI,
¢ KoTopoil obpa3syercst pochomuscdupHast cBsi3b. OObIYHO HA KOHLAX
MPHK sykapnoTHyecKnx opraHu3MOB HaXOOUTCS Y4aCTOK MOJINPUDo-
AIEHUJIOBOM KUCIIOTHI. DTO MO3BOJISET UCIIOIB30BaTh B KAYECTBE 0000-
LIEHHOTO TIpaiiMepa KOPOTKYIO IEMOYKY MOJIuAe30KCHPUOOTUMUNH-
HOBOI KUCJIOTHI.

10.3. BekTopn

Hnst Toro urobwl 3anucanHasg B JHK uHgpopMaius Hammma cBOE
MOJIEKYJIAPHOE BBIPAXKEHNE M 9KCITPECCUPOBATIACh B BUIE OeKa, ObUTi
CO37aHbl CIENMATbHBIE T€HETHYECKHUE KOHCTPYKIMM, MMOJYy4YUBUIHE
Ha3BaHUE BEKTOPOB.

Hawnb6ojtee pa3Bura reHeruyeckas MHXEHepHUs OaKTepHit, Ipy 5TOM
Oakrepud E. coli aBsieTcs aOCOMIOTHBIM PEKOPACMEHOM 10 TIOITYNSP-
HOCTH B TeHeTHYeCKOil WHxXeHepuu. sl reHeTHYeCKOl MHKeHepUH
0aKTepUM UCIONB3YIOT P BEKTOPOB.

Inasmuast. Do nukinyeckue JHK, nmepenapaeMble kieTKkaMu ApYT
JIPYTYy B paMKax KOHBIOralldHOHHOrO Ipoliecca. bakrepuanbHpie 171a3-
MUIBI OBLTH OTKPBITHI, KOTHA OBIJI0O 0OHAPYKEHO, YTO KIETKH criocob-
HBI IlepenaBaTh APYr APYry GakTop YCTOMYMBOCTH K aHTUOHOTHUKAM:
B0 110Ka3aHO, YTO YCTOMYMBBIE K aHTHOHOTHKAM KIeTKH conepXaT
TeHETHYECKHUE MEMEHTHI, He CBA3aHHbIe ¢ xpoMocoMHoit JTHK. 94
SJEMEHTBI CMIOCOGHBI PETLTMLIAPOBATLCA (Pa3MHOXATHCA) B KIETKS:
YBEJIMYMBAST YHCJIO CBOMX KoIuit. YHCIO KON MOXeT JOCTUTaTh 10—
100 mrasmMua Ha Kierky. Ilporeccsl TpaHCKPUTIIIMY (CUHTE3 mPHK
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Ta6numa 104

FeHbl yCTOWYMBOCTH K AaMTHOMOTHKAM

AHTHOHOTHKU* Konupyemsrii ¢bepmeHT Peaxuus monudpukanuu
AMITHIWUTIH B-JTaktamaza Tvaponus cesazu C—N
(amp) B B-JIAKTAMHOM KOJIBLIE
CTpenTOMULINH CrpentomunimHbocdo- Dochopwinporanue (ane-
(str) TpaHcepasa (cTpenitoMu- |HuiIMposanue) OH-rpynisl

IIMHaJleHWIATCUHTETa3a) | CTPENTOMUIIMHA
Xopambennkon | XnopambeHUKONALMI- AUeTUIMpoBaHKE XJIOp-
(cam) TpaHcdepasza aM({eHUKOHA ¢ y4acTHeM
aeti-CoA
KanamuiyH (kar) | KaHamMugunauetuiarpaHe- | N-auetunuposaHue
dbepaza
HeomuniuH (neo) |AmuHornukosuadocho- | O-dochopunmposanme
TpaHcdepasza

* B ckobkax naHo obluenpuHsToe 0003HAYEHUE.

TpaHCHALMKA (CUHTe3 Oejika ¢ MaTpuitel MPHK) s romasmun mpoxo-
IAT HE3aBHCHMO OT TIpOIIeccoB ¢ XxpoMocoMHoit JTHK.

YCTOMYMBOCTh K aHTUOMOTHKAM CBA3aHAa C HATUYHUEM B TLTA3MMUIIE
reHa ¢epMeHTa, pa3pyllaroliero TOT WIM WHOHW aHTUOWOTHK. ['eHBI
YCTOMYMBOCTHU K aHTUOMOTHUKAM BO3HUKIIH, IIO-BHAUMOMY, B TIPOILEC-
ce SBOJNIOLUMH W O0ECIIEYMBAIOT KJIETKAM, HECYLIUM 3TOT T€H, BO3-
MOXHOCTDb pacTH Ha Cpenax, COAepXalluX TOT WA MHON aHTUOHMOTHUK
WIK UX KOMIIO3UIUio. B Tabn. 10.4 npuBeeHs! reHp!l yCTOMYUBOCTH K
AHTUOHMOTHUKAM M XUMHUYECKHE peaKiy MomgudHUKauMh aHTHOMOTH-
KOB, YHUYTOXAIOLIUE UX aHTUMUKPOOHYIO aKTUBHOCTB. [IpupogHbIe
I1a3sMUABl COAEPXKAT OT OQHOTO OO HECKOJBKHUX FE¢HOB YCTOMYHBOCTH
K a"ntubuorukam (puc. 10.1).

ITnasMuppl, M3HAYaIbHO HalIeHHBIE B IPUPOJE U BbIZEIEHHEIE 13
Knerox GakTepuii, ObLIM MOTUPUIIMPOBAHBI, YKOPOYEHBI, PEKOHCT-
PYypoBaHbI U IPUCIIOCOOIEHBI TS PEIUTMKAIMU 3P PeKTUBHOM SKCIT-
Peccum yyxepogHoro reHa.

WpeanbHblit TUIa3MUOHBIIA BEKTOD [UTA BBEAECHUS 4yKEPOIHOIO reHa
1 NOCIenyIoIero KIOHHPOBAHUA (CM. HMXeE) JOJDKEH OBITh IOCTPOEH
M3 MuHuManpHO Heobxogumoro xosmyecrBa JHK ¥ DomKeH perin-
MpoBaThCst 1O MPUHLIAITY OCIa6IEHHOro KOHTpos. OciabiIeHH bl KoH-
TPOJB mpermoNTaraeT, YTo IIA3MUIbL B KJIETKE-XO3AMHE JOKHBI HMETh
B03MoxHOCTh pa3MHOXATBCA ITyTeM perutMKayy. Yucao Komuii rias-
Mg B xopoiieM BeKTOpe MOXET HOCTHraTh HECKOIbKHMX THICAY, B TO
BDeMs kak cTpormit KOHTPOJb 3a peIUTMKanyeil TIa3MUI TPUBOIUT K
Yaumyyio B kieTke Beero 1 — 5 Komuit.
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PeTUTUKALUK

Puc. 10.1. CxemaTuyeckoe u3obpaxeHHe TIa3MUIbl. YKa3aHbl FeHbl YCTOM-
YUBOCTH K aHTHOMOTHKaM (cM. Tabi. 10.4; fet — reH ycToiluMBOCTH K TeTpa-
LUKIMHY)

WpgeanbHpril THIa3MUOHBIA BEKTOP COAEPXMT ONWH, a JIy4lle aBa
CeJIEKTUPYIOIMNX MapKepa. CeleKTHPYIOUIUMH MapKepaMu SIBIISTIOTCSH
FeHbl YCTOMYMBOCTH K aHTHOMOTHKAM. Hannuyure ceekTUpyiouero Map-
Kepa [MO3BOJISIET OTOOPATh KJICTKH (KJIOHBI), IIPOLIEAIINE CTAIUIO TPaHC-
dexuMy, T.e. KIETKH, comepXKallie TUIa3MHUIY, HECYIIYI0 BBOIUMBIN
YYXEepPOAHBII TeH U reH yCTOMYMBOCTH K aHTUOMOTHKY. Tocie BBene-
HUS TUTa3MUJ B KJIETKU MX pa3sMHOXEHUE BEAYT B [IPUCYTCTBUU aHTH-
OHMOTHKA, YTO ITO3BOJIAET BBISIBUTH TPAaHCHOPMHUPOBAHHBIE BEKTOPOM
KJIETKH.

W peanpHbIi I1a3MKUIA-BeKTOP JOJDKEH COAEPXKATh JIAIIB OMUH LEHTP
PECTPHKLIMHM TO WM MHOI CIIELMPUIECKON PECTPUKTA30i (CM. BBILIE).
DTO NO3BOJISIET pa3pe3aTh KonbleByo JHK mmasmuas! o stomy LEH-
TPY C MOCAEAYIOIIMM BBEACHUEM YYyXKEPOAHOIO reHa U JIMTUPOBAaHUEM.
PectpukrazaMu pasnuyHoit crienuduyHoctd Monekyna JHK moxeT
OBITh pa3pe3aHa Ha OTHEIbHBIE (PparMeHThl, KOTOPHIE MOXHO pa3ic-
JIUTh MO pasMepaM ¢ MMOMOIIBIO Teb-21eKTpodopesa.

Taxum o6pasom, mpoitecch paspesanust JHK mpoBogsr ¢ oMo~
II[bI0 THAPOJATUYECKUX (PEPMEHTOB PECTPUKTA3, IOCHERytolee ClIh-
BaHHUE Pa3IMYHBIX y4acTKoB pekoMbuHaHTHOM JIHK ocymecTBasiOT
svrasbl. LIeHTphl PeCTPUKIIMM MAapKHUPYIOT, 0603HaYasd pPecTpuKTasbl-
Ha puc. 10.2 cxeMaTH4eCKH TTIOKa3aHbl TPUPOIHBIE ITa3MUIbI pNB1 #
pNB2, BeIIeIIeHHBIE U3 TePMOMHIIBHBIX MUKPOOPraHu3MoB, [TnasmiuAd
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EcoRI

grc. 10.2. Thrasmunst pNB1 (a) u pNB2 (6), BrineneHHbIE U3 TePMOPHILHBIX
MUKPOOPTAHU3MOB

pNB2 aBisieTcs yMeHblLIeHHOH noyepHel yacteio pNBI1. BugHo, uro
pNBI1 comepxuT 0OJIbILIOE YUACIO IIEHTPOB PECTPUKIIUH.

CyIIeCTBEHHYIO POJIb B paboTe IIasMu UTPaIOT IIPOIIECCHl PETYIIsi-
I TpaHcKpumu#. CoBpeMeHHbIE BEKTOPH Ha OCHOBE MJIa3MUJ CO-
Iepxar odyacTb mpoMoTopa. [lpomomop — 3TO HYKJIECOTHLHAS 1TOCHE-
IOBaTEILHOCTD, ¢ KOTOPOI cBa3biBacTcd PHK-nonuMepasa B nmponecce
TpaHCKpUMIHY. D PeKTUBHAS FKCIPECCHA Yy KEPOTHOrO reHa Mmpes-
nojaraet 3¢G@PeKTUBHBIA TIPOIECC TPAHCKPUIILIMN, KOTOPBIH HaYWHAa-
eTcst IpH cBsi3piBaHUM PHK -nmonMepa3ssl ¢ o61acThio ImpoMoTtopa. Pe-
TYASILIAS SKCIIPECCUU TaKXKe BKIIOYAET CTAOUI0 WHAYLIIMPOBAHMS CUH-
Te3a. B aTOM crnyyae mpoMoTopHas 06JacTh 0HOKMPYETCS GeIKOM-pe-
npeccopoM. Perpeccop MpoOYHO CBSI3BIBAETCSA ¢ 001aCThI0 MHHLIIALIMHT
TPAaHCKPHUITIIUH, KOHKYpeHTHO BbITecHAsT PHK-nosmuMepasy. JIng uH-
IYKIHAKW SKCIPECCHH B CUCTEMY BBOMAT HU3KOMOJIEKYIAPHBIE MHIYK-~
TOpBL. PacripocTpaHeHHBIMU SBITIOTCS /ac-penpeccopbl. MHIyKTOp Mpoy-
HO CBSI3BIBAETCS C PEIIPECCOPOM, BBHITECHSSA €ro U3 00JIACTH CBSI3HIBA-
Husg PHK -mrosmnMepassl.

[Ipu ucnob30BaHUM B CTPYKTYPE TIIa3MHUIBI ABYX CEJIEKTHPYIOLIIX
MapkepoB (ABYX reHOB — (bepMEHTOB, pPa3pylIalOUMX AHTHOUOTUKH)
YYXE€pOAHBINA reH OOBIYHO BCTABJISIOT B 00MACTh OAHOTO U3 CEIEKTHPY-
IOUIMX MapKepoB. DTO MO3BOJAET «OThUIbTPOBATH 3¢HPEKTUBHO TPaHC-
bopmupoBaHHBIE KIIETKHN OT KIIETOK, OTYYHBLINX TTA3MIIbI 063 BCTaB-
K, 1 OT Ki1eToK, He MOJTyYMBIIKX ILIA3MUAY BOOOILE.

HeificTBUTENIbHO, TTOCHE TEHETUYECKOH MOIU(HUKALINN C TTOMOIIBIO
Pecrpukuuu, BBeneHusa B JIHK uyxepogHOro reHa ¥ JUrMpOBaHUS B
CHcTeEMe MMeEIOTCS KaK MOAU(HIIMPOBAaHHBIE TUTA3MHIbI, 0OeCIeyrnBa-
Oume ycroitunBocTh K OTHOMY U3 AHTHOMOTHKOB, TaK U HEMOIMDH-
UMpOBaHHBIE MTa3MHMABI, OGECIIEYMBAIOIIE YCTOMYMBOCTE K 06OUM
AHTHOMOTKaM. [IpH BBIPALMBAHUM KIETOK Ha CPENaX C OTHUM H IBY-
M aHTHGHOTHKAMHM MOXHO BBINENUTb KIETKH, MOMYYMBLIME UyXe-
PoxHyI0 BeTaBKy.
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Tat6nuua 105

Hekortopble HanOosee ynorpebisembie BexTopsi aias moauduxaunn E. coli

Wudp Konrpons | Yucno map CenekTupyolue MapKepbl 1 YHUKAbHbIE
BEKTOpa { PEILTUKALUK | HYKTCOTHIOB LEHTPbI PECTPHKLMUN*
pSCI101| Crporuit 8700 YCTOMYUBOCTE K TETPALMKIUHY
(Hind 111, Baml, Sall)**, EcoRl
pUC7 Ocna6- 2700 Ammuuwinud (EcoRl1, BamHI, Hincll,
JICHHBIH Pst])
pMB9 Ocirab- 5500 Terpauuknud (Hind 111, Bam HI, Sall);
JIEHHBIiA komuuuH (EcoR1, Hpal, Smal)
pBR322| Ocnab- 4362 Terpauukinun (Hind 111, BamHl, Sall);
JIEHHBIA amnuuuiuinH (Pst 1, Poul), EcoRI,
Aval, Pvull, Clal ]

* LIeHTpBI pecTpUKIIMY 0603HAYEHBI 110 CrieNuHYHOCTH pecTpHKTa3 (cm. Taba. 10.1),
** B ckoOKax yKa3aHbl LEHTPH PeCTPHKUMH, HAXORSUIMECS] BHYTPU CEJIEKTUDY-
IOUIETr0 MapKepa.

B 1a61. 10.5 npuBeAeHb HEKOTOpbIE TUIa3MUIHBIE BEKTOPHI, HAN00-
Jiee 4acTo yIoTpebisieMble TIPA TeHHO-UHXEHEPHBIX MOIU(pUKALIMAX
bakTtepun E. coli.
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Ha puc. 10.3 mpeacrasneHa CTpyKTypa IVTasMUHOro Bektopa pBR322.
[Toka3aHbl LEHTPBl PECTPUKIMH (CM. Tabu. 10.1), KaXablit U3 KOTOPBIX
BCTpEYaeTcs TOJILKO ONUH pa3. BcraBKa MOXET OBITh OCYIIeCTBIEHA KaK
g 00J1aCTh YYBCTBUTENBHOCTH K TETPALUMKINHY (LEHTPHI B, Sp, S, Xm),
1aK ¥ B 0071aCTh YyBCTBUTEJIBHOCTH K aMIIMLMIIUHY (LeHTPEl P, Pu).

@daroBbie BEKTOpPbl. 3HAYUTEJBHOE PA3BUTHE MOJIYYMIA BEKTOPHI
Ha OCHOBe BUPYCOB 6aKkrepuit — 6akrepuodaros (¢daros). Paru npen-
crasisioT coboit Monekynbl JJHK, yriakoBaHHbie B 6eJIK0BYIO 000101 -
Ky, HECYILIME T€HBI CTPYKTYPHBIX BUPYCHBIX GEJIKOB (KarncuaHble 6e-
k), depMeHTOB, yyacTByolux B perumkanuu JHK, u aurnyeckux
(epMEHTOB, 00eCIeYMBaIOLINX pa3pylieHne (JIM3KC) UHOUUHUPOBAH-
HpIX KI€TOK. B reHoMe ¢haroB cylecTBYIOT HEOOA3aTENbHBIE YaCTULIHL,
KOTOpbIe MOTYT OBITh yHajJeHbl M 3aMEHEHBI Ha YYXEPOAHbIE T'€HbI.
[IperMyIIIECTBOM BEKTOPOB Ha OCHOBE OaKrepro(aroB ABISETCS BbI-
cokast 3¢deKTUBHOCTh mHepeHoca pekoMOuHaHTHRIX JJHK B xnerku
X03sMHa, a TaKkKe BhICOKast 5Q(EeKTHUBHOCTh Pa3MHOXEHHA (haroBbIX
JIHK (6omburoe yucto Konuii). Hanbosbiiee paclipocTpaHEHUE MOy~
yWIA BEKTOPH Ha OCHoBe ¢aroB A U MI13. BexTopH nojy4yeHs! Ha
0CHOBe MoaM¢HKaNHit reHOMOB anKoro Tytia. Ha puc. 10.4 nprBeneHs!

l Cerment
lac-onepona E. coli ~ K Teny 4

ITomnuukep

C 0

RN

E B S P 5 B E

Pue, 10.4. Tenom ¢para M13 (@) ¥ TUIIMYHBIIA BeKTOP (6), CKOHCTPYUPOBaH-
HBII Ha €ro OCHOBE
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reHoM ¢ara M13 (@) ¥ TUITUYHBIA BEKTOD (6), CKOHCTPYMPOBAHH b}
Ha ero ocHoge. [TucpaMu oTMedeHbl pa3nuyHbIe reHbl. [€HBI 2, 5 oTRe-
4aloT 3a PeIUIMKALIMIO; OCTATIbHBIE OMpPENeAIOT 00pa3oBaHue, COOpKky
Kancuga. B reHoM BeKTopa BCTpoeH CETMEHT JUTMHOI 42 ITapsl HYKIeo-
THIOB, TaK Ha3bIBAEMBIiA noAuUHKED, WIN MYNBTUKJIIOHUPYIOIUH Caifr,
1A BmodeHus pparmenToB JIHK ¢ COOTBETCTBYIOLIUMU <«JTATIKMMU»
KOHUAaMH. [TOMHIMHKEp COOEPKUT HECKOJbKO LIEHTPOB Y3HABAHUSA AJ1g
YHUKAJIBHBIX PECTPUKTHPYIOIMX SHIOHYKIEA3.

YHHUKaIbHON 0COOEHHOCTBIO BEKTOPOB Ha ocHoBe ¢ara M13 aBng-
€TCSI BO3MOXHOCTD ITOJYYEHHS OTHOIIETIOYeYHbIX UKnyeckux JHK
JByxuernovyeynrsre pekomouHantasie J{HK npu dopmuposaHuu 3pe-
JIBIX (harOBBIX YACTHII MIPEBPALIAIOTCS B OXHOLEIIOYEYHBIE. DTO CBOI-
CTBO BEKTOPOB JaHHOTO THUIIA OBLUIO UCIIOIB30BAHO TIPU CO3HAHUU Me-
TOMOJIOTAM CaiiT-HalpaBjJeHHOro MyrareHe3a — crHeluHUIECKOi 3a-
ME€HE OJHON AMHHOKHCJIOTHI B IIOMUIIENITUIHON 1IeH (CM. fajiee).

ITockonbKy KaXKIblii 13 BEKTOPOB IUIa3MUTHOTO WIH (paroBoro Tuma
HMEET IPEUMYIIECTBA U HEHOCTATKM, ObUIM CKOHCTPYMPOBAHBI I'MG-
pUIHBIE BEKTOPHI, 00Nagamuye MPEeUMYUIECTBAMU TOTO U JPYLOro
BekTOpa. Kocmude: — BEKTOPBI, UCIOJIb3YIONMe 3(h(DEKTUBHBIN 1a3-
MUIHBIA TUIT PEITUKAIUNA U CIIOCOOHBIE YIAKOBBIBATLCA N vifro B
000JIOYKH yacTul (para A. 3To 00eCIeYHBAECT UM BBICOKYIO CTEIIeHb
TpaHChOpMaIiu KieToK. Paemudsr — rUOpUIBI MEXIYy IU1a3MUION U
darom, copepxkalre reHpl, HEOOXOIUMBIE TSI IMTHYeCKON MHpeK-
W, U JIMHEApU30BaHHYIO IUTa3Muay. ParMUIbl 4acTO COAEPXKAT IeH
TEMIIEPATYPOUYBCTBUTEJILHOrO peripeccopa — 0ejka, WHaKTUBUPY-
IOLLEroCsI TIPH MMOBBIILIEHHOM TeMITeparype. B aToM ciydae armuma pen-
JIMITUPYETCS KaK IUTa3MKEIa TIPY HU3KOH TeMmIepaType U Kak (ar npy
BBICOKOIA.

TaxkuM 00pa3oM, B apceHasie UcciepoBareieii, paGoTtaouux B 06-
JIACTH FeHETUYECKOM MIDKeHePHH, UMeIoTcs Ooblioil Habop ¢epMeH-
TOB, crrenu¢uyecku Moguduumpyommx JJHK, 1 ocobeie MeTomsl BBE-
JEHUS YyXKepPOIHOro reHa B KJIETKY, obecreynBamolne ero 3¢pdex-
TUBHYIO KCIIPECCHIO.

10.4. KuseTnka peniMkanuy niasMmz,

Inasmupa, mmonagaowas B KIETKY-X03IMH U rIpuaaiomas eif Ho-
BBIE CBOMCTBA, ABJAETCA HECTAOMIBHBIM 06pa3oBaHreM. BoamosxHa ¢
AECTPYKLUA 1101 AeHCTBUEM Pa3IvuyuHbIX HyKIeas. KpoMe Toro, Ha €T4”
GMJIBHOCTh TE€HA OKAa3blBaeT BUSHME DMHAMHMKA POCTa M 3BOTIOLAA
Bceil KIIeToYHOM Nonmyassliy, Hecylel ninasMuasl. Bee stu npoueca’I
pa3BUBAIOTCSA BO BpeMeHHU. PacCMOTpUM KMHETHYECKHE 3aKOHOMEPHO
CTH NEPEXOIHBIX NPOIIECCOB PEIUTMKALMHA TUIa3MUJ TIPH ITeproanic”
CKOM KYJIbTUBAPOBAHUM KJIETOK MHUKPOOPraHMW3MOB U IIOTEPU a3
MM B IIPOLIECCE POCTA KJIETOYHON IMTOMYJISAIINH.
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IlepexoaHbie MPOLECCH MPH NEPUHORNYECKOM Ky JIbTHBUPOBAHMH. Pac-
CMOTPHUM TUIa3MUBI PACTYIIUX MOMYIsuMit E. coli AByX TUNOB, OTJIM-
YaOLIHMECs KHHETUIECKUM MTOBeeHUEM. B pacTyIux nonyasuusix 6ak-
TEPUIi, COmepXKalUKX NMPUPOAHbIE WIM UCKYCCTBEHHO CKOHCTPYMpPO-
paHHBIE TDIA3MUABL, HaOmonaTes cCuenuduieckne [uHaMuyeckue 3¢-
¢dexThl. B 3aBUCHMMOCTH OT (pa3bl pOCTa KJIETKU-XO34MHA U OT CKOPOCTH
ec JENIeHUA MOXHO HaOMI0AaTh CYIIECTBEHHbIE U3MEHEHUS YUCIa KO-
nuit TmasMun. TIpy 3ToOM BO3HUKAIOT CIIeIyION[He BOITPOCHE: KAK U3ME-
HSIETCSl YA CIIO KOIMIA IUIa3MU/ B IIPOLIECCE POCTA KIIETOYHOM IIOIMYJIA-
U 1 KaKOro pofa peryIATOPHBIE IPOIIECCHI ITPOSBISIIOTCS IIPU ITOM.
KayecTBeHHbIE OTBETBI Ha 3TH BOIIPOCH! MOXHO HAWUTHU B JUTEPATypE.
[TonmpoOyeM OTBETUTb Ha 3TH BOIIPOCHI KOJIUYECTBEHHO, HCITONb3Ys
KUHETUYECKUIN TOAXOM.

OrnpeneeHye Yrucia KOIuii mrasMu B pacTyIMX MOTYJIAINSX pa3-
JUYHBIX WITaMMOB E. coli oKa3ano, 4To CYLIEeCTBEHHOI 0COOEHHO-
CTBIO MIOBEIEHUS TAKUX CUCTEM SIBJIAETCS CIEAYIONIEe: YUCHO TUIA3MUT
'HA KJIETKY HE ABJAETCA ITOCTOAHHBIM, a 3aKOHOMEPHO U3MEHSETCS B
npoliecce pocra norysaiuu. [Ipu 5ToM Bece HabmonaeMele CIIy4an Mo-
ryT OBITh pa3[e/IEHBI Ha B TUMA — MOHO(ba3HbIe U ABYX(pa3HbIE [TpO-
pecchl. B mepBoM ciyyae KJIeTKH BPEMEHHO TEPSIIOT HEKOTOPOe KOJIH-
yeCTBO IUTasMud. Bropoil ciryqait Oosiee cloxXeH: yMeHbLIEHHE YUCHA
KOIMMI IUTasMUAbl HA HavyaJdbHOM 3Talle IpoIecca B IOCHEAYIOUIEM
COMPOBOXIAETCS €€ TUIEPIIPORYKIei (depe3 4—6 4 1ociae MHOKY-
JAIAM KOHIEHTpAIMS TUIa3MUI CYIIECTBEHHO IIPEBBIIAET MCXOLHOE
CTAUMOHAPHOE 3HAYECHME).

Bo3nukaer BOMpOC: YTO ONpenesseT THI MOBEAEHUS CUCTEMBI —
npupona TUIa3MHUA WIK IPUPOAA KIETOK-X035AeB. 751 OTBeTa Ha 3TOT
BOMpoC OBUTH NMPOBEACHBI CHEAYIOINE 3KCIIepUMEHTHI. TlmasMumer ¢
pasnMyHbIM perukoHoM (pMM24 u pUCI12, pACYC177 u pGEM?2)
0L BBemEHB! B OOUMH M TOT X€ OakrepUanbHblil mwtamm E. coli
iM109:

pMM24 — E. coli jM109 « pUC12
pACYC177 — E. coli jM109 « pGEM2

Brino raxske mccnenoBaHo KMHeTHYECKOE TTOBEEHNE OMHMX U TEX XKe
WIa3sMuz, BBENEHHBIX B pa3IUYHble GaKkrepraabHble WTaMMBI (E. coli
IM109 u E. coli pR13, E. coli C600 u E. coli iM109):

E. coli jM109 < pMM24 — E. coli pR13
E. coli C600 « pACYC177 — E. coli jM109

loBegenne pasmMYHBIX IUIA3MUI HEOXMHAKOBO. OJHAKO TIIA3MM-
I8, pMeromme ommuakoBniit perkon ColE1l (pMM24, pUCI2,
DGEMZ), KUHETUYECKA UAEHTUYHBI. TakuM oOpa3oM, He IIpHpona
€TKM-x0351HAa, 4 CTPYKTYpPa PeIUTMKOHA TUIa3MUIB! OTIPENeSSIET THIT
UHeTdecKOro MOBEICHUA. DTOT BbIBOL MOATBEPXIAETCS 3KCIIEPH-
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6 6
Puc. 10.5. M3meHeHWe BO BpeMeHH Puc. 10.6. UameHenue BO BpeMeHN
Yucia KOonuil pasMMyHBIX I[UIa3sMui, YUCIa KOMMI pasmHyHbIX TUTA3MMA,
BBeneHHLIX B E. coli (rramm jM109): BBENEHHBIX B F. coli:
a — pMM24 (1), pUCI12 (2); a — wramMm jM109: pMM24 (1),
6 — pGEM2 (3), pACYCI177 (4) mramMMm pR13: pMM?24 (2); 6 — wramm

jM109: pACYC177 (3), wramm C600;
PACYC177 (4)

MEHTAMU 10 KMHETUKE U3MECHEHHUS YMCJIA KOIMMHK ONHOM M TOH Ke
TJIa3MUIBL B Pa3JIMYHBIX MITAMMAaXx.

Ha puc. 10.5 noxa3zaHo n3mMeHeHNe BO BpEMEHH YHCIIa KOITHiA T11a3-~
MU/ C PA3JIUYHBIM PETUIMKOHOM, BBEICHHBIX B OAKTe pHANIbHBIM 1ITAMM
E. colijM109. Jauxsie Ha puc. 10.6 ronydeHs! Ipy BBEAEHU M TLIa3MHUIL
C Pa3JIMYMHBIM PEIUIMKOHOM B pasHble mitaMMel E. coli.

Takum ob6pa3oM, B TIpoLiecce PeIUTUKALIMK TUTa3MUI IIPU pOCTE 10~
nysaian E. coli HaGnroparoTes, 1o KpaifHeil Mepe, fABa TUITa KMHETH-
YECKOTOo ITOBENEHU TUIa3MMI, IIPU 3TOM KMHETHKA PEryIMpyeTcs Npy-
pomoit perviikona. [lmasmuabl, comepxainue perutnkod Col/El, xa-
PaKTEPU3YIOTCS KHHETUYECKHMM ITOBEIEHUEM IEpBOro Tuia. B To BpeMA
KaK IUIa3MUABI, COMEePXKalMe PeTUIMKOH PlS5SA, obGHapyxuBaloT BTO
POl THIT KHHETHYECKOTO MMOBEIEHMSI, KOTOPhIl XapakTepu3yeTcst BPC~
MeHHBIM OOEIHEHMEM KIETOK IUTa3MHUIAMHU C Iocieayouein nx -
MEePHPOIYKIUEIH.

Kunemuueckoe onucanue penauxauui naazmud nepgozo mund. Kax
BUIHO M3 MPHBEIEHHBIX BHIILE 9KCIEPHMMEHTATBHBIX JAaHHBIX, CYI®
CTBYET KaTEropust IJIa3MH/I, XapaKTePU3YIOIIMXCH HATHINEM MUHEMY,
Ma Ha KpUBOil U3MEHEHHUs YHCITa KOMMIT B TIporecce pocTa KieTo4Ho
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monyisauuu. [Tpearonox)um, 4T0 HabMoaaeMoe TIOBEACHUE 06 pscH -
€TCS Pa3TMYHBIMHI 3HAYCHUSIMU KMHETHYECKUX NTAPAMETPOB, XapakTe-
PU3YIOILUX POCT KJIETKH U IJIa3MUabl. JeACTBUTENBHO, €CITU yenpHASA
CKOPOCTB PETUTMKAITMHY TUIA3MHUJ MEHBIIE CKOPOCTH POCTA KileTok TIH
yAEIbHAS CKOPOCTh UHAKTUBALMM POCTA JUTA TUIA3MUIBL Bplirre, yeM
COOTBETCTBYIOILMI TTApaMeTpP Ul KJIETOK, MOXHO OXHMAAThL oGegHE-
HUS KJIETOK TUTa3MUIAMU B MPOLIECCE POCTA KJIETOYHOH MOnynsiuy.
s KuHEeTHYecKOro OMMCAHMS Mporecca BOCTIONb3yeMcy cieny-
o1tuM nopxomoM. CKOpPOCTb pOCTa YUCTIA KIIETOK N MOXET OpITh BHIPA-
XKeHa YpaBHEHUEM :

dN
—— = u(H)N.
” u(z)

YenbHYI0 CKOPOCTh POCTA MOXKHO TPEACTABUTL B BUIE

u(t) = po A1),
[Ae g — HavalbHas yaeldbHas CKOpOcTh pocTta; f(f) — ylpasnsonas
GbyHKIMA.

CorioctaBineHHe 3TOTO YPaBHEHUS ¢ SKCTICPUMEHTATBHLIMH AaH-
HBIMU TTOKA3bIBaeT, YTO B OOJBIIMHCTBE CIyYyaeB YIIPaBASIONIYIO PyH-
KLU0 MOXHO TIPE/ICTAaBUTh B BUIe f(f) = exp(—Af), roe A uMeeT pas-
MEPHOCTb KOHCTAHTBI CKOPOCTH TIEPBOTO MOpAAKa U (PaKTHUECKH SB-
JIsieTCsl YIeIbHOM CKOPOCTBIO MHAKTHBALMK KiieToK. HavanpHas ynesnb-
HAsT CKOPOCTb pocTa W, saBiasieTcsd (GyHKuuell HavyajabHBIX YCIOBHil, B
YaCTHOCTH HAYAJIBHOU KOHIIEHTpanuu cyocTparta. O6cyXmaeMblii o -
XOI TIPUBOAUT K CIEAYIOIIUM YPAaBHEHUSIM:

N u
In— = >[I - exp(-A1)],
No 2 (10.1)

N = Nyexp {% [1- exp(—?»t)]},

Fe N, — HayajlbHAs KOHLIEHTPALUS KJIETOK.

KadecTBeHHOE M KONTHUECTBEHHOE conocTaBlieHue ypaBHeHui (10.1)
C 3KCIIEPUMEHTOM [TOKA3BIBAET, YTO 3TH YPABHEHUS YIOBIETBOPUTENBHO
OIUCBIBAIOT 3KCTIEPUMEHTANbBHBIE JAHHBIE MO0 KMHETHKe pOCTa Kie-
TOYHBIX TTONYIAMiA. JleHCTBUTENBHO, Kak cueqyer u3 puc. 10.7, 10.8,
HAKOTIEHHE KJIETOK MOXET GHITh NMpEACTAaBIeHO B Moxyrorapudmm-
YECKUX KOOPAMHATAX BO3PACTAIOIIEN SKCIIOHEHLMATbHOM DYHKIMEH
¢ HacwliienueM (ypasHeHue (10.1)).

JUnst KuHeTUYecKoro oMMcaHus BocronbsyeMcs ypasHeHueM (10.1) u
IpennonoXuM, 4To0 KHHETHYECKUe TTapaMeTphl POCTa yucia KJIETOK 1
PeIUIHKa K IWIa3MUI MOTYT OTIIMYATECS. [T Oy ISALIMK KJIETOK KMeeM

dinN
dt
e 1, — HayanbHAs yaenbHass CKOPOCTh POCTA YUCHIA KJIETOK.

= U exp(-Af),
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Puc. 10.7. Usmenenue o BpeMenn  Puc. 10.8. M3MeHeHHE BO BPEMEHU
YUcaa KAeTok (@) M 4ucaa Komui ypcia Kierok (a) U YHUCIa KON
mnasmuasl pUCI2 (6) B mpouecce  rmrasmunst pACYC177 (6) B mpo-

pocta E. coli (iutamm jM109) necce pocra E. coli (utamm C600)

MoxHo OpearnoJOXUTh, UYTO KMHETUKA DPEIUIMKAIUK TIOMYyJIAINU
IIa3MHUI OITMCBIBACTCA aHATOTMYHBIM YPABHEHUEM

dInG
dr

rae G — KOHIIEHTpallMs IJIa3MKI B MOIIYJIALMM; L, — YAEJIbHAs CKO-
POCTh PETUIMKALMY TUIa3MMIL; O, — yAeJbHas CKOPOCTh MHAKTUBALMK
perUTMKaUU TUTa3MUI.

Torma

= “‘p exp(_apt)a

N = Nyexp {% [1- exp(—kt)]}, (102)

G = Gyexp {2—2 [1- exp(—apt)]} ,

rne N, G, — HayaJbHasA KOHLIEHTPALMs KJIETOK M TUIa3MM COOTBET”
CTBEHHO.

[To OmpenejeHNIo YMCIO KOMU TUIasMuabl paBHo n = G/N, 410
TIPUBOOUT K YPaBHEHHUIO
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n= —}qviexp gf[l - exp(-a,7) | - %[l —exp(-AH)]t.  (10.3)

0

IMapamerp G,/N, = ny nipeacTaBasgeT co0OM YUCIO KOMMM IIa3sMu-
p (YRAD) 0

mbl B HAYAJIBHBII MOMEHT BpeMeHU. [Ipu 6eckoHeuHO GOJIBILIOM Bpe-
PIEHU [Tpoliecca UMeeM

I
n. = npexp| -2 - B |,
a, A
TIpu MHOTOKPAaTHOM IiepeceBe KYJIBTYPHl CHCTEMA HAXOMUT YCTOM-
YUBBI PEXHUM, IIPU KOTOPOM HAYAJIBHOEC M KOHEYHOE YMCIO KOIMM
MIa3Mu/Ibl COBNANAIOT: 7, = My. DTO COOTBETCTBYET YCIOBHIO [,/0l, =
= le/A, KOTOPOE MPUBOAUT K YPABHEHUIO

% = exp {% [exp(—?»t) - exp(—ocpt)]}. (10.4)

Ha npakTtiike, Kak IpaBMIo, peaqusyeTcs ciaydail, XapaKTepusye-
MBI 3TUM ypaBHeHHeM. OTO BHIHO, HampumMep, U3 puc. 10.5—10.8,
T.€. HAaYaJbHOE YU CIIO KONUH TIJIa3MUJL M YUCIIO KOITNH ITpU OECKOHEY -
HO OOJBIIIOM BPEMEHU NMPAKTUYECKH COBIARAIOT.

[IpoaHanm3upyeM TOBeJeHIE CUCTEM, KUHETHKA KOTOPBIX OIMUCH-
BaeTcd ypaBHenueM tuna (10.4). Ha puc. 10.9 npencrasieHbr paccyu-
TaHHBIe 1O (10.4) XpUBBEle IPU BAPBUPOBAHWM TTAPAMETPOB A, [i, U 0l
Kax BunHo u3 puc. 10.9, a, cooTHollleHe MapaMeTPOB A U 0, OTipese-
Jster, OymeT Jii Ha KpUBOM n/ny = f(f) HaOmMOOaTbCA MAKCUMYM WIK
MuHuUMYM. TIpy o, = A YUCI0 KONIMIA IUIa3MUIBl BO BDEMEHH HE MEHS-
ercq (cMm. puc. 10.9, a, munna 4). Ilpu o, < A Ha KpUBOH NOIXeH
HAabmonaTbca MUHUMYM (JIMHUKM 5— &); TIPU @i, > A MOXHO OXHIATh
NPOXOXIeHUS KPUBOU yepe3 MakcuMyM (TuHuu 1—3).

Takum 06pa3oM, COOTHOIIEHHUE ITAPAMETPOB O, M A OINpexesser
OTHOUIEeHUE YeJbHBIX CKOPOCTEH POCTa KJIETOK M ITasMuI. MUHUMYM
Ha KMHeTH4EeCKUX KPUBBIX OynmeT HaOmogatbca, €clu o,/A < 1 win
H, < U, T.€. ec/IM yaeJdbHash CKOPOCTh PeTUIMKALIMK TUIA3MUJl MEHBIIE
VIENBHOM CKOPOCTH POCTA KJIETOK. B 2TOM citydae Ha Ha4aibHOM 3Talle
PasBuTHA Iporiecca CKOPOCTh POCTa KJICTOK ITPEBBIIIAECT CKOPOCTD pell-
JTUKaguH rasMu v IPU 3TOM [TPOUCXOIUT YMEHBIIEHHE YUCIa I1as-
MUL B kIeTKax. B manpHe#ieM 3ot rpouece KOMIIEHCHPYETCS OTHO-
CurenbHO GoJiee MEMTICHHBIM MIPOLIECCOM MHAKTHMBALMU POCTA [11a3-
MHnL (o, < A), 4TO Ha Gosee MO3JHEH CTAOUM Pa3BUTUS KYJIBTYDHI
BRIBOAUT 4McIO KOMUI HA UCXOMHBIN YPOBEHb.

B3anMooTHOLIIEHHA KIT€TKA-XO35MH — IUTa3MUJa B KMHETHYECKOM
Tnape XapaKTepu3yeTcs HEKOTOPHIM 3aKOHOM: [0, = M, A = const. OT-
HOcUTEIBHO HU3KHME YIeTbHBIE CKOPOCTH PeIUIMKALIMK TUIA3MU KOM-
MeHCHpYIOTC OTHOCHTENPHO HU3KMMH VACHBHBIMH CKOPOCTSIMH HX
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nfny

Puc. 10.9. PesynbraTh pacyera o ypasHeHu1o (10.4) U3MeHEHUsI BO BpEMEH!
yyciaa KONMUM TulasMum;

a—u.=Laul, a,=04ut,1=02(1), 03 (2),0,35(3), 0,4 (4, 0,6 (5), 0,8 (6),

LO(7), LA(8) w6 —p. =149 A=1,0u, a,=0,2 (1), 0,3(2), 0,4 (3), 0,5

(4), 0,6 (5), 0,7 (6), 1,0 (M) u'; 6 —A=14y", a, =04y, u.=0(1), 08 (2),
L1 (3), 1,5 (4), 2,5 (5) v

MHAKTHUBALMK. DTO OOECeYHBAET PABEHCTBO HAYaJIbHOTO M KOHEYHOIO
3Ha4YeHM yHcIIa KOTHUI IIa3MuIBl FIpU [TIEPUOAMYECKOM KYJIBTUBHPO-
BaHUU KJIETOK-XO035eB C UyKepOAHBIM e HETUUeCKUM MaTepuanoM. 13
puc. 10.9, 6, ¢ BUAHO, YTO YeM MeHblile 3HaYeHHe YOeJTbHOM CKOPOCTA
MHAKTHBAIIUY TUIasMUL U 4eM OoJblile yIenrbHAsT CKOPOCTh pocTa Kile-
TOK NpU MPOYUX PABHBIX TapaMeTpax, TeM INIy0Xe MUHMMYM Ha KHU-
HETUYeCKUX KPUBBIX H/n, = f(f) pocra KIeTOYHO! MOMYNSLIUU.

TaxuM o0pa3oM, KaueCTBEHHOE CPABHEHHE TEOPETHYECKUX KpHU-
BBIX (cM. puc. 10.9) ¢ arcrepuMeHTATBHBIMY (cM. puc. 10.5— 10.8) mo-
Ka3bIBA€T, YTO MPEMTOXKEHHAS BBIILIEe KHMHETHYECKass MOJENb aleKBar-
HO OITMCBIBAET ITOBEJCHUE TUIA3MUI TIEPBOTO THITA B PacTyLIeH KIE-
TOYHOI TIOITYASLIVH.

Kunemuuecxoe onucanue penauxayuu naasmud emopoco muna. Knne-
THKa PEIUVIMKALIMHM TIa3MUI BTOPOTO THITA CYHI{ECTBEHHO CJIOXHEE.
KuHeTnueckie KpUBBIE B 3TOM CIIy4ae XapakTepHU3yIOTCS AByMs 9KCT-
pemyMmamu (cM. puc. 10.5, 10.6, 10.8). JUig KuHeTHYeCKOro onucaH#d
TaKOro pona MpoLeccOB MOXHO BOCIOB30BATHCS TpencTaBieHeM 0
ABYXCTAIMITHOM XapaKTepe perUIMKaiiy MiasMus B Kierkax. CrenyeT
3aMETHUTh, YTO MOJOOHbIE MPEACTABICHHS, MOCTYIUPYIOILe qBYXCTA”
AMAHOCTD TIPOLECCa, YacTO MCHOJMB3YIOTCS IPU KMHEeTHYeckoM ori”
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CAHHUM pOCTa KJIETOYHBIX IONYASILWNA, HATIPUMED MPU HATUYUH SIPKO
BBIPAXEHHOTO Mepruoaa MHAYKUWU. ANICKBATHOU aNnIpoKciuMaLueii rno-
JOOHBIX MPOLIECCOB SBJAETCA ABYXIKCIIOHEHIMANbHAS QYHKUNS, MO-
JeTUPYIOIIAs YAENbHYIO CKOPOCTE POCTa KJICTOYHOU MOMYIALIUH.

TaxuMm 0Opa3oM, eCiM NPEACTaBHUTh, YTO TMPOLECC DelIHKATUU
MJIAa3MUJL COMPSKEH ¢ HAKOIIEHHMEM HEKOTOPOTO BaXXHOro MeTabos M-
Ta WIX KOMIIOHEHTA PEIUVIMKALIMOHHOIO KOMIUIeKca, To nubdepeH-
LUAJBHOE YpaBHEHHWE I KOHUEHTpanuM rasMug G MOXHO MOIU-
bLIMPOBATh CIIenyIOIINM O6Pa3OM:

dInG
dr

= u, exp(-a,0)[1 - exp(-B1)], (10.5)

e wied [l - exp(—Br)] xapaKTepu3syeT KUHETHKY 06pa3s0BaHUA aKTHB-

HOT'O PEIUIMKALIMOHHOTO KOMIIIEKCA.

B paMkax maHHOTO NpuOJIVDKeHUS TapaMeTp § UMeeT CMBICT KOH-
CTAHTBl CKOPOCTH TIEPBOTO TOPSiAKA, XapaKTepu3ylolleil KUHETHKY
aKTUBUPYIOLLETO cucteMy mpouecca. [To pusnyeckoMy cMBICTY aKTH-
BUPYIOILIMI TTPOLIECC MOXHO pACCMATPUBAThL KAK afallTALUI0 CUCTEMEBL
K HOBBIM YCJIOBHUAM cpefbl (CHHTE3 (pepMeHTa nin GhepMEeHTATUBHOMU
CHUCTEMBI) MJIM 3JTUMHHHpOBaHUE (BO BpeMEHH) U3 CHCTEMBI peripec-
copa periuKaluH.

W3 ypasHeHus (10.5) cienyeT, yTo yIpasiasiomyro GYHKIIMIO MOXHO
MPEACTAaBUTE B BUIE

f(t) = exp(-o,t) ~ exp(-y?),
e Y= - a,.

ITo (pusmieckomMy CMBICIY ITPOIECC alalfTallu¥ CUCTEMBI, XapaKTe-
pu3yeMBbIii mapaMeTpoM B, IPoTeKaeT OBICTPEeE Mponecca MHAKTHBA-
UMM pocTa, Tak 4ro f > o, ¥ > 0. TakuM o6pasoM, B OTIMYHE OT
CHUCTEM, KMHETHKA KOTOPEIX ONMUCHIBAECTCA SKCIIOHEHIIMATLHON (DYHK-
Iuei, HabmonaeMasa yhaelbHasgd CKOpOCTb PeIUIMKALIMU TIa3MUA Kak
(byHKUMS BpeMeHHU BeneT ceOsl [o-ApYroMy: CHayala BO3pacTaer, g0-
CTUraeT MaKCMMyMa | 3aTeM [afaeTt A0 HyJIa. Bpemst qOCTIxXeHUsT MaK-
CHMyMa sl HaOmogaeMo#i YAEHbHOM CKOPOCTH PeIUIMKALIMKU PaBHO

T, = ln—y—(y— o).
Op
’ WHnrterpuposanue ypasHeHus (10.5) gaet 3aBUCHMOCTE clieyiolie-
B Buna:

In EG; = {%‘i exp(-y?) - 1} + gf [1-exp(-e,0) |-

TakuM o0pa3oM, 3aBUCUMOCTh YUCJIA IUIA3MUI B TOIYASUHMU OT
Bbemenu orpaxaer GyHKIuA

335



G = Gyexp {[Ey’i exp(-vyt) - 1} + gﬁ’-[l - exp(—oc,,t)]}, (10.6)
14

TOorma

n = nyexp {“—" [exp(-yr) - 1]+ Z—"[l - eXp(—ocpt)] +
Y I

+ H’f [exp(-Af) - 1]},

(10.7)

In % = “7" [exp(~y) - 1]+ i—‘;[l —exp(-a,) ]+ %i[exp(—xt) ~1]. (10.8)

U3 SKCIICPUMCHTANTBHBIX NAHHBIX CIICAYET, YTO YHUCIIO Konu# mnas-
MU B HaYaJIbHBIA 1 KOHEYHBIIT MOMEHT BpEMCHU COBIIQMACT. 970 Ha-
JIAaTacT 2KECTKOC YCIOBUE HAa COOTHOLICHUE ITapaMETPOB!:

o W

Y

K (10.9)
&p

Ha puc. 10.10 npencraBieHBl 3KCIIEpUMEHTAIbHEIE HAHHBIE MO

U3MEHEHHUI0 BO BpeMeHH yucna Komuit mrasMuasl pACYC177 mrramMm
E. coli jM109 u TeopeTnuecKkas KpuBasi, PACCYUTAHHAS IO YPaBHEHMIO
(10.7). Kak BumHO, pe3yabTaThl pacyeTa U IKCIepUMEHTa YAOBIETBO-

PHUTECIABHO COITACYIOTCH.

Takum 06pa30M, KaA4Y€CTBCHHBIC OTIIMYHMA B MOBECACHUH TUIA3MHUI

In{n/ny)

-2 1 1 t
0 5 10 15

]
20 t, 4

Puc. 10.10. ComnocTapieHue 3KCrnepu-

MEHTAJIbHBIX JaHHBIX (/) U pe3ynbTa-

TOB pacyeTa (2) no ypasHeHU10 (10.7)

HM3MEHEHUS BO BDEMEHH YHCIIa KOMUIH

riasmun pACYC177 B E. coli (mitamm

jM109) mpu A= 0,5 47!, o, = 0,5 47,
y=0,3 4!
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MepPBOTO U BTOPOrO TUIIOB 00y-
CJIOBJIEHBI Pa3IMYHBIMU KHHETUYE-
CKHMM 3aKOHAMM pEeIIUKALIUH:
KMHETHKA MPONECCOB C y4acTueM
TJIa3Mu BTOPOrO THUIIA XapakKTe-
pU3YeTCsl HUITMYMEM ITepHoaa UH-
JYKIUH.

IToTepsa nnasmMuI KJeTKAMH-XO0-
3M€BAMH B Ipouecce pocra Kierol-
Hoit nonyasnuu. BaxHoil ocobeH-
HOCTBIO KHUHETHUYECKOIO IiOBeIE-
HUS MUKDPOOHBIX KyJBTYp, HeECY-
1IWX TUTAa3MUIBL, SBJISETCS moTeps
TTOCJIETHUX KIeTKaMU-X03sieBaMH #
COOTBETCTBEHHO TIOTeps 3aKOAUPO-
BaHHOI B HUX nH(pOpMaunu, B TOM
qHCiIe O YyXKepOqHHEIX reHax. D1oT
TIpoliece UMeeT BaKHOe 3HaueHHUE
KAaK ¢ TOYKU 3peHUs MOHUMAaHWA
¢pVHAAMEHTAJTbHBIX OCHOB 3KC-



MPECCHM TeHa, TaK U C TOYKH 3PEHHUS NMPAKTUYECKOrO MCIOIB30BAHUS
TreHHO-MHXeHEPHBIX MPOoayLUeHTOB. IToTeps MUKpOOHOH momyrsunei
3aJAHHOTO i YyXepOJHOIO IreHa B psie CIy4aeB OTpaHUYMBaeT OHO-
TEXHOJIOTMYECKOE MCITOJIB30BAHME 3THX MHUKPOOPTAHU3MOB U 3aCTaB-
JIS€T UCKATh IYTH, UCKII0YAIONINeE 3TOT Iporece.

CpaBHEHHE CKOpPOCTEH pocTa IUiasMuacoaepXammux (p+) H IUIas-
MHIHecoAepXaluuX (p—) KJIETOK MMOKA3BIBAET, YTO B YCIOBUAX OTCYT-
CTBHS CEJIEKTUPYIOIINX (PaKTOPOB (HANlpUMeEpP, aHTUOMOTUKOB, IT0J]aB~
JIMIOIIUX POCT (P—)-KJIETOK) (p+)-KIETKH PACTyT 3aMeTHO MeyIeHHEE.
Hanpumep, cpaBHeHHe yaedbHEIX cKopocreit pocta E. coli W3101 B
(p+)- 1 (p-)-mTaMMax oOHapYXUBAeT, YTO (p—)-KJIETKU PACTYT ¢ YAEIb-
HOit ckopocThio 1,65 u™!; kierku, comepxamme ruasmMuny pBR328,
pacTyT C yaeapHOM cKopocteio 1,51 u™l, kireTku, comepxalue ras-
muay pBR325, — co ckopocthio 1,42 yi,

YMeHblIeHIe CKOPOCTH POCTa KJICTOUHOMN MOMYASIIUK TP BBENE-
HUH TUIa3MHI 0OYCIIOBJIEHO, MMO-BUAUMOMY, CIEIYIOIIUMH IPUYMHA-
mu. IlepBasg npuyMHA 3aKITI0YAETCS B TOM, YTO BRIHYKIEHHAS HEO6XO0-
JUMOCTh CHHTE3UpOBaTh OEJIKM, He YIAaCTBYIOIIUE B €€ COOCTBEHHOM
MeTaboIM3Me, SIBJISIETCS TOTIOJAHUTEABHOM Harpy3KOH AIsl KJIeTKY, BbI-
3BIBalOIIEH 3aMemeHe pocta. Bropas ¢yHraMeHTaIbHAS TIPUYMHA,
NpPUBOASILAS K YMEHBIUCHUIO CKOPOCTU pocra (p+)-KIeTOK, — 3TO
KOHKYpeHIMs XpoMocoMHol u rutasMuaHoi JJHK 3a KoMmoHeHTHI,
HEOOXOMMMEIE JUIS TIPOTEKAHUA HX MPOLIECCOB pelUTnKanun. JehcTBu-
TETbHO, HMEIOTCS SKCIIEPUMEHTAIBHEIE JaHHBIE, KOTOPBIE MOKA3BIBA-
10T, 4TO YeM OOoJbllIe B KIJIETKE TUIA3MUI, TEM MEHBIIE yaeJlbHas CKO-
pPOCTE pOCTa TMOMMYJAAUMH. PaccMOTPUM TpOCTEHIIYI0O KMHETUYECKYIO
MOe/ib, U3 KOTOPOH CIEeayeT, YTO KOHKYPEHUMS MEXIY XPOMOCOM-
HBIMM TeHAMM W IUTa3MUIaMHU 3a (DaKTOPBI PETUTMKALIMU TOJXKHA [IPU-
BOAWTH K 3aMeMICHIIO pocTa (p+)-KieToK. KHHeTHYECKYIO cXeMy Ta-
KOT'O TIporiecca MOXHO IPEACTABUTh B CIACAYIOIIEM BUIE:

K k
P+A == PA 2P

K, k
C+A == CA—2C (10.10)

rme A — dakrop, YYACTBYIOIIMA B PeIUIMKAUMHN IUIA3MUIHOH U Xpo-
MocomHo# [JHK; P, C — crnieundnyecknii ieHTp KOMIUIEKCOOOPa30-
BaHUA (pakTopa A ¢ IUIa3MMIOM U XPOMOCOMOM COOTBETCTBEHHO; PA,
CA — cootserctByIolMe KOMILIEKCH; Kp, Ko — COOTBETCTBYIOILIUE
KOHCTAHTH! CBI3bIBAHUA; Kp, ke — 3P heKTHBHASI KOHCTAHTAa CKOPOCTH
PEIUTMKALMK [IA3MHABI M XPOMOCOMBI COOTBETCTBEHHO.

B pexume, mpu koTopoM akTop A ABIFETCA JTUMUTUDPYIOIIAM,
YPaBHeHMe )1 CKOPOCTH POCTa KJIeTOK OyneT uMeTh BUJI

-1
O:% 1+&+ﬂ . (10.11)
Kc Kp Kc
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BHIHO, YTO CKOPOCTH POCTA KJIETOK B COOTBETCTBUU C YPaBHEHHEM
(10.11) momxwa namaTh C yBeJIMYeHUEM KOHUCHTPAIIMU TUIA3MUIHBIX
[IEHTPOB, CBA3LIBAIOINMX (PAKTOD A, T.€. YMEHBIIATLCH C POCTOM YHC-
Jia TH1Ia3MHUI B KJIIETKE.

Menplirasg cKOpocTb pocTa (p+)-KJIETOK IO CPAaBHEHUIO ¢ (p—)-KJIeT-
KaMu OyJeT NpUBOOUTH K BEITECHEHUIO M3 HOMYJISILIUU KJIETOK, HECY-
[MX TUTA3MHUAHBIE TeHBl. DTO OOWH 13 Haubojee MOILHBLIX (PAKTOPOB,
OTpeNeNSIOIIMX HecTAOMIBHOCTD THIa3MUAHOTO TeHa. Jlpyroi cyiue-
CTBEHHBIN (AaKTOp CBA3aH C MpoliecCaMM MYTAIIMOHHOIO XapakTepa,
TTPUBOISIIMMU K YIAJIEHWIO MUIA3MU/T B CHJTY CITeIMQUIECKON WU He-
crierupuyeckoit necTpykuuu. IlpoBegeM KMHeTUYECKN aHATA3 TTPO-
[IECCOB, IPUBOISIIHMX K TTOTepe TIA3MHUIHOIO TeHa, C LeIbI0 BBISICHE-
HUS MPUYUHBL gBNeHud. KuHeTuueckas cxeMa UMeeT B

e 2N,
P~ N,,-ﬁ»2N,, (10.12)
rae N, — KIeTKH, Hecynuue IUIa3MUAHBIA red; N, — KIeTKH, noTepsis-
IIMe TIa3MUAY; U, UL, — YIeJIbHas CKOpocTb PocTa (p+)- U (p~)-Kie-
TOK COOTBETCTBeHHO. [Ipouecc Mytaumu (p+)-KIeTOK B (p—)-KJIETKU
XapakTepu3yeTcss KOHCTAHTOH CKOPOCTH IEPBOro nopsigka k.
CucreMa guddepeHUMATLHBIX YpaBHEHII, OMUCHIBAIOINAS KITHE-
THKY mipoiteccon (10.12), uMeer BuUx

dN
_dt_p =upN, —kN,,
N, _ u,N, +kN,.
dt
PemienneM cucteMbr SBIIIOTCS QYHKLIMH
N, = Nyoexpl(y, - k)11, (10.13)
kN
Ny =|Ny+ 20
W K=y (10.14)

kKN
»0
XeXp| Uyt — ————— lexp[(u, — k)1}.
Mp + k- MHp
OKcnepuMeHTAIBHEIE HaHHbIE ITPEACTaBISIOT, KaK IIpaBuio, B
(dbopme 10K KIETOK, HECYIMX (WIM He HecyliMX) TUIasMuiabl, B 00-
el nonynsuuu Kierok. Io onpeneneHnio 31a oA COCTABIAET

— NP
M = N,+N,’

N, (10.15)
"IN AN,
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IMoncraHoBka ¢yHkumit (10.13), (10.14) B ypaBHeHus (10.15) mpu-
BOJIUT K CJIEAYIOLLEMY BEIPaXEHUIO:

n, = NpO eXD[(Hp - k)t]
" (Nao +B)exp (uat = B)exp[ (i, k)] + Ny exp[ (u, - k)t |’
(Nuo +B)exp (uat —B)exp[ (w, — k)]

(10.16)

VT (Nao + BYexp (1ot — B)exp [ (1, — k)1 ]+ Ny exp[ (1, ~ K]
_ kN 5
e B— My +k'—.up .

PaccMmoTtpuMm 6ojee ToapoOHO 3aBUCHMOCTB OT BPEeMEHU NOJIU
(p+)-knerok. ITepBoe ypaBHeHue (10.16) MOXHO IpeoGpa3oBaTh K BUILY

1

+ Auk+ k Jexp [(An + k)r]

. (10.17)

'r] =
’ -k [ Nuo
A}L +k NpO
roe Au=u,

YpaBHCHI/IH ( 10.16), (10.17) onUCEIBaIOT TaKXKe 3aBUCUMOCTD A0JIH
(p+)- u (p-)-kierok ot ykcaa reHepauuii. Ha puc. 10.11 npuseneHs!
KpHBBIe, paccuuTaHHbBE MO ypaBHeHuio (10.17) mpu BapbupoBaHHH
rmapaMeTpoB Au u k. Kak cienyer U3 3TUX JaHHBIX, BUI (GYHKLUWU OII-
penenseTcsl COOTHOLEHUEM STHX MapaMeTpoB. Ilpu Ay > k Ha KpUBBIX
HabogaeTcsT MHAYKIIMOHHEBIN neprof. [Ipu Al < kK KpuBbIe BEIPOXIA-

Ty My

100 200 300 ¢
a 0

-~
<

1 1
0 100 200 300

Puc. 10.11. PesynpTatsl pacyera 1o ypasHeHHo (10.17) u3MeHeHHUs BO BpeMe-
HM I0JH (P+)-KIETOK:
Eﬂ— k = 0,003, Ny/Ng =0,001, Ap=0,1 (1), 0,6 (2), 0,03 (3), 0,05 (4); 6 — Au=
= 0,02, N,o/Ny=0,001, k=02 (1), 0, 08 (2), 0,05 (3), 0,015 (4), 0,01 (5), 0,005 (6),
0,002 (7), 0,0005 (&)
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N

Puc. 10.12. OxcniepyMeHTAIBHAS 32BU-
CUMOCTb JOJH (P+)-KJIETOK OT unucna N
TeHepaluil MonyJIsiiiy s IUTa3MHAbl
pBOE106 pacryweit monynsumu E. coli
(mtammM MC100) npu temmeparype
27 (1), 30(2),32(3),33(4),34(5)°C

Np

0,04 -

0,03 -

0,02+

0,01+

) L
0 50 100 150 N

Puc. 10.13. DxcnepUMeHTATRHAS 33~
BUCUMOCTb JOJHU (p—)-KJIETOK OT
yucaa N reHepauuil monysasiuvu
s maasMmuasl pMC169 pacryiueit
nonynsiuuu E. coli (wramm B377)

10TCS B 3aBUCUMOCTb, OJIU3KYIO K 3KCIIOHEHIUANABHOM, TIPU 3TOM KH-
HETHKa Ipoliecca onpeneseTcsd KOHCTAHTOH kK U CTAHOBUTCS HEYYB-
CTBUTEIIBHON K M3MCHECHHUAM IapaMeTpa Ap.

Pucytok 10.11, 6 wunocTpupyeT 3aBUCUMOCTB 1), TP PAITUYHBIX
3HadyeHusx k. TIpy OOABIIMX 3HAYEHUSIX KOHCTAHTHI CKOPOCTH CITOH-

Mp

1
0 20 40 60 N

Puc. 10.14. SkcrepuMeHTTBHAS 3a-
BHUCHMOCTb JIOH {P+)-KJIETOK OT YHC-
Ja N reHepauuit monmyasuMM g
wiasMuasl BOE 147 pactyweit momy-
gsauuu E. coli (wrramm MC1000)
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TAaHHOTO MYTALIMOHHOTO Ipoliecca
a0Js (p+)-KJIeTOK 3KCTIOHEHIIUAJIb-
Ho nagaet. OTHOWEHHE N)yo/ N,y Ol
pelieNifaeT 3HaYeHue 1, B HayaIbHBIH
MOMEHT BPEMEHU W BU KHMHETHYe-
ckoit xpusoii. Ilpu N,o/N,, < 1
UMeeM M, = 1. 3aMeTHOE OTKJIOHE-
HHE 1,; OT €OVHHLBI TIOKa3bIBacT,
YTO B IIOMYJISILIMA MUKPOOPTAaHU3MOB
CYIIECTBEHHYIO JOJIO COCTAaBMIOT
(p—)-KJIeTKH.

ConocrapJicHHe pe3yJbTaToB pac-
yeTa o ypasHeHusM (10.16), (10.17)
C IKCHEePUMEHTATBHBIMU JAHHBIMH
npuseaeHo Ha puc. 10.12—10.14.
BuaHo, 4TO TeopeTnyecKre KpUBHEC
W NAHHbIE 2KCIIepUMEHTA YIoBJIeT-
BOPUTENBHO COTJIACYIOTCH. )

[TpoBeneHHBINH KUHETUYECKUH
AHATU3 MO3BOJSET OaTh ClIeayIoLHe



PEKOMEHIAUWU ISl MOBBILUEHUS! YCTOMYMBOCTU TUTA3MUIHOTO yXe-
POIHOTIO TeHa.

1. PexoMeHayeTCS UCTIONB30BATh IIPHEMBI CEIEKTUBHOTO TIOAABJIE-
Hus pocta (p—)-KIeToK. Takoil noaxoa siBjasieTcst KIacCUYecKuM, 1M~
POKO NMPUMEHSIETCA NPU CEJIEKIIMM MUKPOOPIaHU3MOB M CBs3aH, KaK
MpaBWIO, ¢ BBEJEHHEM B IUIa3MUAy (aKTopa yCTOWYMBOCTU K Cpee
(yCTOMYMBOCTH K aHTUOMOTHKY, YTHIM3ALMM KIIOYEBOTO MeTaboIUTa
u ap.). HewicturessHo, u3 ypaBHeHus (10.16) cieayer, uyto npu ce-
JIEKTMBHOM TOJABJEHUH PocTa (P-)-KIETOK uMeeM , = 0, n, = 1 Bo
BCEM BPEeMEeHHOM UHTEpBAJIE.

2. Crabunu3anmsi reHa MOXET ObITh ObecrieyeHa 3a CUeT perynu-
pPOBaHUSA TEMIIEPATYpPHOIO pexuma pocra nonyasauuu. Kak sunno us
puc. 10.12, 3HaueHHEe Ay 3aKOHOMEPHO YMEHBLIAETCS C MOHUXEHUEM
TeMIteparypsl pocra. TakuM o6pa3oM, U1 cTabWIN3alMK POCTa HOMY-
JISILIUY C TUTa3MUIaMU KYJTBTUBUPOBaHUE CIEAYET ITPOBOIUTE MIPU BO3-
MOXHO HU3KHUX TEMIIepaTypax, o0ecrneuynBaioliuX TeM He MeHee XKU3-
HeCoCOOHOCTD KJIEeTOYHOM MOMYIsIUM.

3. KayecTBeHHO U3MEHUTH KUHETHYECKOE MOBEJAEHUE TIa3MUIIOHE -
Cyllei MUKpOOHOU MOIYIAIMMA MOXET METOL MMMOOWIN3AINU Kile-
ToK. ITpyr *MMOOMIIN3a1IK KJIETOK, Kak ITPaBUIIO, 3aMeJIIeTCsl MX POCT,
YTO MOXET MPUBOIUTH K CUTYyallMsM, TIpU KOTopbIX Au = (. Bpems
paboTH! MIa3MUIHOTO TeHA B STUX YCIIOBUAX YBETUYUBAETCS.

10.5. Tpancdopmanus, Tpancexuus.
Knonnl u KjonupoBanune

ITpolecc BBeAeHUs: BEKTOPA B KJIETKY HA3KIBAIOT mpancgexyuell. JIns
3TUX e HEOOXOAUMO TIPUMEHUTE OTMH U3 METOJO0B, ITO3BOISIIONINX
IOBOJIBHO GOJTBIIOI MosteKyie tnKiudeckoit [IHK mpoHUKHYTE B KJIeT-
Ky. O6BIYHO TpaHCchEKINIO OCYLLECTRIISIIOT, MPeIBapPUTEIBHO 00pabo-
TaB KJIETKM KOHIEHTPUPOBAHHBIM PacTBOPOM XJIOpULA KIbLMS WIH
Xjopuaa pyGunms. B aTHx ycroBusIX HapylaeTcs 11€JI0CTHOCTD KJIETOU-
HOiT MeMOpaHpl, YTO YBEJIMUWBAET BepOSTHOCTH BBEIEHUS] BEKTOpa B
KileTky. st 5THX ueeil Takke MPUMEHSIOT IeKTPOTIOPAIMIO — TIPO-
HUKHOBEHME IUIa3MU]L B KJIETKY CKBO3b MEMOpaHY MOJ IeHCTBUEM DJIEK-
Tpudeckoro noJist. st 60IbIUIMX KJIETOK, HAIIpUMEP OOLIUTOB, BBEAE-
Hie JIHK MoxeT 6BITh OCYILECTBICHO MEXaHUYECKH C TIOMOLIBIO UIJIBL.
Kierku, monyumBime HOBEIA TeH, Ha3BIBAIOTCS TPAaHC(HOPMMPOBAH-
HbiMu. B psime ciiyuaeB, 0oCOOEHHO TIPH UCIMONB30BAHUM BEKTOPOB Ha
OCHOBe (haros, UYyKepOJHBIN TeH MOXeT OBITH BCTPOEH B LEHTPAIBHBLI
Te€HOM OpraHM3Ma U HacJe0BaTBCA IPU KaXIOM JeJeHUMN KIETKH.

OnHako BepoOATHOCTh TpaHCHOPMAUMH KIETKH C TTOMOIIBIO TOTO
WK MHOro BEKTOPa HAMHOTO MEHBIIIEe eIMHUIEL. B cMecu nocne mpo-
Bellenusa onepauy TpaHCEKIIMM UMeETCS OONBILIOE YUCIO HEeTpaHC-

OPMHMPOBAHHBIX KileToK. HeobXoammo oTae/IuTh KIIETKH, Hecyllue HO-
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BEIY T€H, OT Macchl MCXOAHBIX KJIETOK. DTOT OTGOP OCYLIECCTBIAIOT ¢
MMOMOILBIO MIPOUERAYPHI KAOHUPOGanus. Kion — 3TO MONYISALUA KIIETOK
(BMpPYCcOB, OPraHMU3MOB), MpPOHW3OUIENlIasd U3 OXHOIO PENPOaYHUPY-
IoIIero (pa3MHOXAIOIIErocs) opraHu3ma. Bee WieHBl KIIOHA SBJISIOTCS
MOTOMKaMH OJHOM KJIETKH U, MO CYILIECTBY, €€ TOYHBIMUA KOIMUSIMMU.

B uensix BeIEIeHsE KIOHOB GaKTepUaIbHBIX KIIETOK, HECYIIIMX HYX-
HBI KCcliegoBaTeio TeH, MPOBOAAT Pa3peXeHHHBIM I0CeB KIIETOK Ta-
KM 00pa3oM, 4To OHM 00pasyioT oTHaesibHble KOJAOHMHK (OJISILIKH,
MIPOCBETHI), KOTOpHIE XOpOLIO BUAHBL. [T OTaeneHus KIETOK, Mpo-
HeAUnX TpaHCHOPMAalHIo, OT HETpaHC(HOPMUPOBAHHBIX KYJIETUBUPO-
BaHMe BeIyT Ha Cpefax, coaepXalmx aHTUOHOTUKH (CM. Belle). B ToM
cJiydae, €ClIM BEKTOP COAEPXWT NapalieJIbHBIU TeH YCTOWYHUBOCTH K
aHTUOMOTHKY, KJIOHBI Jai0T TOJBKO TPaHC(HOPMUPOBAHHBIE KIIETKH.

IlonyueHHBINM KIOH mMepeHOCAT B cpeabl, NpeaHa3HayeHHBIE JIst
3¢ (deKTUBHOrO pasMHOXEHUS KIETOK, U MOJIyYaioT UX OOJBUIYIO 1O
MyJSIUMIO.

TakuMm o6pasoM, U3 OgHOM MM HECKOJBKHUX TpaHC(HOPMUPOBaH-
HBIX KJIETOK YAAeTcsA MOJIyYUTh MONYIALMY, BKIodamomme 10°—10°
KJIETOK B 1 MJT CpejHl.

10.6. OnTHMH3auHsA SKCHPECCHH H BbIeNEHHE
reHHO-HHXXEHEePHbIX 0eKOB

TloxGop BekTOpa, OBecnevyUBaIOIIeT0 BHCOKO3(M(EKTUBHYIO pe-
TUIMKALUIO TeHeTHYECKOM MHGOpMAIIUK, COOTBETCTBYIOIIETO IPOMO-
TOpa, 06ecneYMBAIONIEre MHTEHCUBHBIM TIPOIIECC TPAaHCKPUIILIHUM C
cuHTE30M cooTBeTcTBYOmEe MPHK, U KiIeTKn-x035MHa ¢ pa3BUTHIM
pUOGOCOMAJIBHEIM allapaToM JAeT BO3MOXHOCTD TTONMYYUTh UCKITIOUH-
TETHHO BBICOKUE KOHLIEHTpaLMK HCKOoMoro Oe1ka uiu ¢pepmeHTa. Tak,
B psne ciaydaeb ynaercst 10 10— 15 % Bcero Genka KJI€TKM UMETH B
dopMe TeHHO-UHXEHEePHOTO OeJKa.

TpymHOCTH, KOTOpHIE B psije clydyaeB MPeACTOUT IIPEOIOJeBaTh
KUCCIEeA0BATEMIO, 3aKII0HAIOTCS B TOM, UTO OMOCHHTE3 LEJeBOIo OenKa
HMIEeT TaK OBICTPO U KOHIEHTpauHUM TOJy4aeMoro Oejika HaCTOJBKO
BBICOKH, YTO O€/JIOK HE yCrneBaeT MPOUTHU cTaauio o6pa3oBaHUs BTO-
PUYHOHN U TPETUHYHON CTPYKTYPH ((POJAMHTA) M MOXET arperuposarh,
00pa3ysl HECTPYKTYPUPOBAHHBIE KOMILIEKCH MEXIY ITOJIMITEITHIHb
MU UeTsAMH. DTH arperaTsl 00pas3yloT co6CTBEHHYIO (ha3zy u Ha3bIBaloT-
Csl measyamu 6Ka04erts. B Tenbuax BKIIOYeHUS OeJIKM He UMEIoT chop-
MUPOBAHHOHN CTPYKTYPHI U HO3TOMY He 00J1afaioT (HU3NOIOTHIECKOH
aKTMBHOCTBIO, a (pepMEHTHI He 06pa3yloT aKTUBHBIe LEHTPH! i He 00-
nanaoT GepMEeHTATUBHOM aKTUBHOCTHIO. Pa3paboTaHo HECKOIBKO TTOR”
XOJIOB, TIO3BOJISIIONIUX YIIPaBJISTh MPOLIECCOM. )

Pegpondune. MoxxHO ocyLlecTBUTS ripouecc pedonmunra 6exa. C aTo!
LIEJTBIO OEJIKU Tejlell BKIIOYEHUST TTOMeIaloT B pacTBOPHI, paspyliad”
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oLIMe HeclelIMUUECKHE KOMIUTCKCHI IMOMUIIENITHAHBIX [ieneit, mpexmie
BCETO pa3pyHIaloIIne BOZOPOAHBIE N TMAPOPOOHEIE cBA3U. DTO MOTYT
ObBITh JOOABKY OPraHUYECKUX PACTBOPUTEIIEH, MOUYEBUHEI UJIH XJIOPU-
Ja TyaHUnuHa. 3aTeM MATKUM YIAIEHMEM JeHATYPUPYIOIIEro areHTa
po6uBaiorcst pedoIMHTA MOJIEKYJIBL, T.€. 00pa30BaHUA HEOOXOIUMOM
BTOPHYHOM M TPETUYHOU CTPYKTYPHI.

Henonvsoearnue waneponos. B Kinetkax Xo3sguHa UMEIOTCS CIIeLHAIb-
Hble GENKM — IIalepoHbl, OTBETCTBEHHBIE 32 UCMpaBleHHe OIINGOK
CBOPaYMBAHUS TIOJUNENTUAHOM Hermn. 7o Oonbliine Gekossle obpa-
30BaHUsA, CITOCOOHBIE 34 CYET BOAOPOIHBIX, THAPOMOOHEIX U MOHHBIX
CBSI3EN pPaspyIUKTh KOMIUIEKCH NOMUMENTUIHBIX UETeN U, IPOITYCTHB
X CKBO3b cebs, co30aTh HEOOXOAUMYIO BTOPUUHYIO CTPYKTYDY.

ITonyyeHHBle TEHHO-WHXEHEPHBIE O€71KU BBIAETSIOT U3 KIIETKU Tpa-
JUIIMOHHBIMY JUIST OMOXUMHN M OMOTEXHOJIOTMY MeTOoaMu (ocaxie-
HUe, xpoMartorpadus, anekrpodopes, ahpunHas xpomartorpadus).
MeToJ0JIOTHST TEHETUYECKOH WHXXEeHepUU BHeCHa CBOW BKIag U B 3Ty
obnacts. B mocnegHee BpeMs ctall pacipoCcTpaHeHHBIM MeTO, BKITIOYE-
HMS B TeH LieJIeBoro 0ejika y4acTka, MO3BOJISIOLEro mposecty abhduH-
Hy10 xpoMarorpaduio. Harmpumep, npucoeauHenue k N- uinu C-KoH-
1y 6eJika TOTUTHCTUAMHOBOIO YYacTKa MO3BOJISIET TPOBECTH BHICOKO-
93¢ GEeKTHBHYIO OUMCTKY OeNKa B OfHY CTAIUIO C UCTIONb30BAHUEM HO-
cUTeJISI Ha OCHOBE UOHOB HUKEJIS.

10.7. CaiiT-HanpaB/jieHHbIi MyTareHe3s

Oco0yio ponb B XUMUU (DEpMEHTOB UTpaeT MeTo caT-crenndu-
yeckoro (caiiT-HampaB/ieHHOT0) MyTareHe3a. MeTos Mo3BoNsAeT 3aMe-
HUTH OIHY AMUHOKHKC/IOTY B MOJHUIIEIITUAHOM LIeny Ha o0y IPYTVIo
13 20 IPUPOAHBIX AMUHOKUCIIOT. DTUM METOAOM TOJIyYeHa HCKITIOYU-
TENIBHO BaXXHast THQOPMaIUs 0 POJTU TON WIM MHON aMUHOKUCIIOTHL B
Karanuse.

CylIiecTBYIOT HECKOJIBKO TIOAX0A0B, ITO3BOJISIOIIUX IIPOBECTH caiiT-
HaIlpaslieHHYIO 3aMeHY aMUHoKUcnoThl. Haubosbiliee pacripocTpaHe-
HUe TOJIYYUJT METOJI, OCHOBaHHBIN Ha 3aMeHe aMUHOKUCJIOTH! B IIpaii-
Mmepe 1yt JTHK-niommepasel. CxeMa MeTona npeacrasieHa Ha puc. 10.15.
B kayecTBe OCHOBBI BEKTOPa UCIIONB3YIOT AByXiernoueynyio dopmy JTHK
(bara M13 (cM. Beile). B naHHOM cllydae UCOJIB3yeTCst CIOCOOHOCTD
IByXuernodyeuHslx pekoM6uHanTHeIx JIHK Ha ocHoBe dara M13 mpe-
Bpamarecs B ogHouenroueyHsle JIHK B ¢paroBeIx yacTuuax.

Puc. 10.15. CxeMa caliT-HaNpaBIcHHOTO MyTareHe3a
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O6pazoBaHue 3pebiX YacTHll (para MPUBOIUT K BOZHUKHOBEHUIO
oIHoUEoYeyHBIX KoJibeBoix Mosekyn JTHK (ruttoc-1tens) (cramus I).
Ha cragnu 11 npoucXoauT cMHTE3 MUHYC-IIENMU C U3BMEHEHHOM OHOI
aMUHOKUCIIOTON, KOJOH KOTOPOW BBONUTCS B BUIE MpailMepa, cogep-
JKaIlleTo KOMOH 3aMellicHHoM amuHokucnotsl. Ha cramum 111 o6pa3syer-
cd 3aMKHyTasl peIUTUKaTUBHas HopMa, comepxkalias 3alUIlaHUPOBAaH-
HYI0 MyTauuio. Ilocienyrolee BBeaeHYE MTOJTYYEHHOTO BEKTOPa B 6aK-
TEPUAIBHYIO KJIETKY MO3BOISET TTONYYuTh KompleBylo JIHK, necyyio
MYTalMIO Ha BEIOpaHHOM ydacTKe reHa (ctaausi IV).

3pesble yacTULB (hara comepXaTr OZHOIETIOUEUHYIO KOJBIEBYIO
HUTb, KOTOPYIO MOXHO JOCTPOUTH JO ABYXIENIOYCUHOMH, UCTIONB3YS B
kayecTtBe mpaiiMepa JTHK-monuMepassl NOMMHYKIIEOTHA C 3aMEHOM
KOJOHA OJHOU aMWHOKUCJIOTH Ha KONOH JpYroi aMUHOKUCIIOTEHI.

IlepBast cramus npouecca — MoOJydeHUE OXHOLENOYeYHOU (HOPMBI
JHK ¢ara M13. IHK monyuaercst B dopme rumoc-1enu. C moMolbio
JHK-nomuMepassl MHHYC-1LIEITh MOXET OBITH JOCTPOEHA 10 KOJbIIe-
BOI Monexynnl. Eciu B kadecTBe mpaiiMepa (CTagHsl «OTXKUTa») Oyaer
WCTIOJIB30BAH TIOTUHYKIIEOTH] C 3aMEHOI OZHOTO KOJOHA Ha JPYToi,
MPOAYKTOM peakuuu noaumepunsaiuu 6ymger koiasnuenast JJHK co crre-
muuyecKoit 3aMeHol 1es1eBolt aMUHOKMCTOTHL. JIByxtiertoueunyio JTHK
BBOJAT B OaKTepUAIbHBIE KIIETKU, KOTOPBIE IPOU3BOISAT TUTIOC-1IENb C
3aIUIaHUPOBAHHON MyTauueit. OKcnpeccus ToNydeHHoro ¢aroBoro
BEKTOpa MPUBOIUT K NOSBICHUIO OejlKka ¢ JIOKATBHONW (HaIpaBJieH-
HOM, crnemuduueckoit) 3aMeHol OfHOH aMUHOKHUCIOTH Ha APYTYIO.

B nocnegHee BpeMs IIHMpoKOe pacrpocTpaHeHHe TTONYUUI METOL
CaifT-HalpaBJIeHHOTO MyTareHe3a ¢ UCITOJB30BaHUEM NOJTUMEpa3HOH
uenHoit peakiuu. CyTh MeTOa 3aKIIOYAETCS B TOM, UTO Uil TIOJTUME-
pasHoOM peakllUy UCTIONB3YIOTCS MpaiiMeprl, CoaepXaliue OJHY WU
HECKONBKO HYKJIEOTUIHBIX 3aMEH, NMPUBOISAIIMX K 3aMEHe COOTBET-
CTBYIOIIIETO KOJOHA B reHe. [1poaykToM aMIugUKanMm ¢ UCIIONB30-
BaHUEM TaKux IpaiiMepoB sipiisiercs (parMeHT TeHa, comepKalruit
3aMeHy KOJO0Ha (aMUHOKHUCIOTHYIO 3aMeHY B GeJIKe) B CTporo ompe-
JIeJIEHHOM rojioXeHuHd. [ToHopasMepHEI reH co0upaeTcst METOZAMU
JIUTUPOBAHMUSI.

* ok %k

He uy:xno 6biTh 6ecriouBeHHbIM ONTUMHCTOM, 4TOGDI BepHTD,
4TO Yepes [BITbAECAT AeT «OGHOAOTHYECKHH KOZ» — XMMH4YeCKas
3alM@pPOBKA HaCAeCTBEHHbIX CBOMCTB — Oyzer pacuingpoBaH H
npountat. C aToro MomeHTa 4eAOBEK CTAaHET MOAHbIM BAACTEAH-
HOM :KHBOH MaTepHH.

B. A.3wmeaveapam (1957)

I'eHeTnyeckast HXeHepUsT — ITO 1LAr BIEPEN B PasBUTUM XUMH-
YECKOM 93H3UMOIOTUH. MeToabl TeHeTHYeCKOM HHXXEHEPUU caeiain {0~
CTYMTHBIMU JUISL YYEHBIX OOJIBIIMHCTBO O€IKOB U (PepMEHTOB, KOTOPHIC
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paHeE BbIAEIAIN U3 OpTaHOB U TKaHel yesioBeka. [lomyyeHHsie MeTo-
JaMU TeHeTUYeCKO MHXEHEPHH U CaliT-HanpaBlIeHHOTO MyTareHesa,
OeJIKH SABJISTIOTCS HOBBIMM MCKYCCTBEHHBIMY 00pa30BaHUAMU, HE UMe-
JOLIMMU aHAJIOTOB B TIPUPOZE. ITO TTO3BONSIET TIONYYaTh OEJIKU € HO-
BHIMU cBolcTBaMu. CaliT-HallpaBJIEHHBIA MyTareHe3 qaeT BO3MOXHOCTh
ONIPENEIUTh POJIb KAXIOMH aMMHOKUCIOTH B KaTAIUTUYECKOM aKTe.
JIaHHBIN NOAXO[, MO3BOJIAET UBMEHUTD CTPYKTYPY aKTMBHOIO LIEHTPA,
ONTUMU3UPOBATE KUHETUYECKME MAapaMeTPBl peakiMu [0 TOMy WU
MHOMY cyOcTpary, TeM CaMBIM HallpaBJIeHHO U3MEHUTH crelupud-
HOCTBb (DepMEHTa, €ro CTabMUIBHOCTH, YCTOMYMBOCTh K J€HATYPUPY-
JOIIIUM areHTaM. Bce 9To obecnieurBaeT ycnoBUs I CO3LAHUS Kade-
CTBEHHO HOBBIX OMOKATAIN3aTOPOB U OMOKATAUTUTUYECKUX CUCTEM.



I'nasa 11

TETEPOTEHHBIE KATAJIM3ATOPBI HA OCHOBE
NMMOBWIN30BAHHBIX ®EPMEHTOB U KJIETOK

Boabmire pasmeps! cBUHIOBBIX Kamep, B KOTOPbIX FOTOBUTCS
60 % cepHas KHCAOTA, pacXofys MPH BTOM a30THYIO KHCAOTY, H
Heo6X0MMOCTb JaAbHefimtero ee crylenus go coaepsanns 97 %
H,SO, ne Toabko ycAoxkHSIOT, HO M yAOPOKAIOT ee NPOH3BOACTEO,
a nostomy uccaegobanusa Duaunnca (1831), Beaepa (1852), Bun-
kaepa (1875) wu ap. nag obpasosanuem ceproro anruapuza (us
SO, u kucaopoza) NpH coaeRCTBHH KOHTAKTA € [LAATHHOIO, OKHCSMH
#eAes3a, XPOMa H JIp. IOCAYKHAH HCXOZOM JAS PA3BHTHS KOHTAKT-
HOTO coco6a NPOH3BOACTBA CEPHOH KHCAOTDI, HTO YBEHYAAOCh TIOA-
HbIM yclexoMm ToAbKo B camom koHue XX seka...

A.H.Mengences
11.1. Metoant ummoouan3amuu. Hocurean

ITpouecc co3naHus reTeporeHHBIX KaTAIM3aTOPOB IIyTEM CBSI3BIBA-
HUA (DepMEeHTOB C HOCHUTEISAMU Pa3TUYHON XUMHUYECKOH MPUPOILI
TIOJTyYMIT Ha3BaHUe ummobuiuzayus. TIpu UMMOOUIN3aIMH BOZOPACTBO-
pUMBIH (DepMEHT MepexoUT B HEpacTBOPUMYIO (popMy, IIpeBpalasach
TakuM 00pa3soM U3 rOMOTeHHOTO KaTajau3aTopa B reTeporeHHEIN. B pe-
3yJIbTATE TAaKOIO NpeBpallleHus Katajlusarop npuobperaer NMpUHLIM-
ITHAJILHO HOBBIE CBOMCTBA.

NMMoOUNU30BaHHEIE (hepPMEHTHI, KAK U BCE IeTEPOreHHBbIE KaTa-
JIU3ATODPHI, MOXHO JIETKO OTAEJIUTH OT MPOAYKTa PeakUMH, YTO SBJIs-
€TCsl CYLIECTBEHHBIM [IAarOM K TEXHOJNIOTH3AIUH KaTaTUTHYECKOro Mpo-
uecca. JTo Mo3BOJISIET IPOBOAUTE PEAKIIMH B CIIEUMATBHBIX TEXHOO-
TMYECKUX YCTPOICTBaX — XMMHUYECKUX peakTopax. I1pu sToM pepMeHT
UCIOJIB3YETCSI MHOTOKPATHO, YTO BECHMa BaXXHO, OCOOEHHO KOT/ia pedb
uaet o OEeKOBBIX KaTaIU3aTopax.

UmmMobunnzanusa dhepMeHTOB IPUBORUT, KAK IIPABUIIO, K POCTY UX
YCTOMYUBOCTH IPOTUB TEIJIOBOM AEHATYpALUH. DTO He MeHee BaXHOC
CBOICTBO, KOTOpoe NIpuobperaloT MHOrHe (dhepMeHTHI nmocjie UMMOOH-
JIU3aLUH.

O6bpazoBaHue JOMOJHUTENBHBIX CBA3e GEJIOK — HOCUTENH ITO3BO-
JIIeT HalpaBJIeHHO BIUATHD Ha XUMUUYECKOE OKpYXeHue OeJIKOBOIT MO-
JIEKY/aBl M B U3BECTHBIX ITpEAEsiax U3MEHITh KUHEeTHYeCKHe XapaKkTepH-
cTUKH pepMeHTaTUBHOI peaklu. B pesynprate nmMmobwiusanyu dep-
MEHTHI CTAHOBATCS GoJiee 3alUIIeHHBIMU, YTO MO3BOJISIET TIPOBOANTD
XUMUYECKUE peakiMi ¢ ydyactueM (epMeHTOB B opraHMYecKux pa-
CTBOPUTENAX.

HacKonbsKo u3BecTHO, NepBOH lieJieHanpaBIicHHOM paGoToi 1o €0~
3JaHUIO CHCTEMBI HOCUTENb— XUMUYECKM CBA3AHHBIN (pepMeHT ObUIA
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pabora J[. Kammbenna no KoBajieHTHOW MMMOOUIM3aIMU (hepMEHTOB
pa uesnonosy (1951 r.). C 3toro MOMeHTa oTMeuaeTcs JaBUHoo0Opas-
HBIM pocT yucia paboT B 3TOH 00J1aCcTH, M B HACTOSIIIEE BPEMS U3Be-
CTHBI TBICSTMM CUCTEM, B KOTODBIX pasiW4yHbIe (pepMeHTH npeBpallia-
J0TCS B TETEPOT€HHBIE KATAJIU3aTOPH B Pe3y/IbTaTe XUMUYECKHUX peaK-
puil ¢ pa3HBIMU HOCHUTEJISIMU.

PaccMOTpUM OCHOBHBIE METOIBI MONYISHUS TeTEPOreHHBIX KaTaTU-
3aTOPOB Ha OCHOBE (PEPMEHTOB U MPOAHAUIM3UPYEM, KaK TPH STOM U3-
MeHSIIOTCS CBOMCTBA (DEPMEHTOB U KMHETUKA PEAKIUI C X YUACTHEM.

Jnst Toro 4toOBl TBEPHOE TENO CAYXKUIO WICANBHBLIM HOCHUTEIEM
1711 UMMobIIU3auny GEpMEHTOB, OHO IOKHO OTBEYATh CIIEAYIOIUM
TpeOOBaHUSAM.

Hocurens gomkeH 66Tk aOCOIOTHO HepacTBOPUMBIM, XUMUYECKU
CTOMKUM B BOZE ¥ HE IOIBEPKEHHBIM OHOJIOTMYECKOMY Pa3pyILLEHUIO.
Hocurens JOMKEH UMETh BBICOKYIO EMKOCTE 1o hepMeHTY, T.e. 0bJa-
JaTh BBHICOKOW BHYTpEHHEN NOBEPXHOCTHIO W MPOHULIAEMOCTBIO IS
(bepMeHTa B npoliecce UMMoOWIH3auu. Hocure s 1oMXeH 6bITh BbI-
COKOMPOHUIIAeMBIM TSI cybcTpara ¥ POAYKTOB peakuMH, T.€. JA0J-
X€eH CO34aBaTh MUHUMaJIbHBIE 1D HY3UOHHEIE 3aTPYIHEHUS ST KO-
CTHXKEHMST cyOCTpaTOM akTUBHOTO LeHTpa depMeHTa. Hocurens noi-
XeH OBITh MEXaHWYEeCKM MPOUYHBIM B YCIOBUSAX THAPOAMHAMUIECKMX
MOTOKOB, 00ECTIEYHBAIOIIMX TPAHCIIOPT CYyOCTpaTOB U nposykToB. Ho-
CUTENTH JOJDKEH 00ecreurBaTh BO3MOXKHOCTE ITPOTEKAHUsI pacTBopa cyo-
cTparta yepes cJioi KaTanm3aTopa. B 60JbIIMHCTBE clydaeB 310 O3HaYa-
€T, UTO HOCUTE/Ib MOXET OBITH OTHOCUTEJIBHO JIETKO IIpeBpallieH B rpa-
HYJIBl WIM OPYTU€ YacTUIlBl, XeNaTteJIbHO OAUMHAKOBBE 1o dopMme U
pasmepy. [IpUMHUMIIUATBHO BaXXHO TO, YTO HOCHUTEJIb JOKEH UMEThH
XUMHYECKH aKTUBHBIE I'PYINObl, 00eCNEYUBAIOIINE XUMUYECKOE CBSI-
3pIBaHUE (XEMOCOPOHMIO) (hepMEHTa C MOBEPXHOCTBIO HOCHUTES.

BugHo, 4T0 K HI€aATbHOMY HOCHUTENIO TIPEIBABIAETCS MHOTO Tpe-
GoBaHHI1, ¥ YACTO 3TH TpeGoBaHUSA ITPOTUBOPeYaT ApyT ApyTy. OnHako
B HacTosl1Iee BpEMs MOTYT OBITh MTOJYYEHBl HOCUTEU U CO3AaHBl Me-
Tons UMMOOWIU3aly ¢epMeHTa, 0DecIeYHBaloIIie YCIeHHOe pe-
leH¥e OO/BIIMHCTBA IPAKTHYECKMNX 3a1ay.

715t XUMUYECKOTO CBA3BIBAHUS OeKa ¢ HOCUTENIIMHU HCITOJIb3yeT-
Cs1 GOJIBILION apceHal METOJ0B, HEKOTOPBIE U3 HUX OITHUCAHH B TNI. 2.

ITpumMeHsIEMBIE HOCUTENN MOXHO Pa3fe/uTh Ha 1Ba GONBILINX KJlac-
Ca — mpuUpOIHble U CUHTETHYECKHE.

B kauectBe npupoonsix Hocuresneil Haubojiee 4acTo MCHONB3YIOT

Nojucaxapyuabt:

TIPOW3BOAHEBIE LIEJUTIONO3B — TToK-1,4-B-D-rmokonupanosun-D-
DIIOKoNKMpaHo3bl;

TIPOU3BOAHBIE JeKCTpaHa — moju-1,6-o-D-Tmokomupanosun-D-
UIIOKOMMpaHo3HI;

IIPOU3BOAHBIE arapo3sl — MOJU-B-TATAKTONMUPa30HUI-3,6-aHTU -
PO-q-L-ranakTonmupaHo3kL.
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TMApOKCWIIBHEBIE TPYIHIBI MOJTHCaXapUIOB TIO3BOJISIIOT HPOBECTU
XUMMYECKYI0O MOTUGUKALIMNIO, BBECTH pa3IUYHBIE (DYHKIIMOHATIBHBIE
IPYIIIBL U ¢BA3aTh 6eyioK Mubo MmyreM peakuMnd C (PYHKUMOHAUTBHON
rpymnnoit 6enka, 1460 ¢ nMoMolublo OUGYHKUMOHAIBHOTO peareHTa
(cM. 1. 2).

IMonucaxapunsl UMelOT pasnuuHble Mopudukauuu. Llemmonosa
MOXET TIPUMEHSTBCS B (hopMe TIOpOIIKOB, TEKCTIWIBHON TKaHU, OY-
Maru ¥ Ap. JeKkcTpaHsl ¥ arapo3bl MOTYT OBITE OOpaboOTaHB! SNMUXIOP-
THAPUHOM WU JUSTIOKCHIaMM ¢ 0Opa3oBaHUeM MaKpOIOPUCTHIX Yac-
tyll, ClUinThle JeKCTPaHBl BBITYCKAIOTCS MOA Ha3BaHUEM cedaleKCHhl,
CUIMTBIE arapo3sl — MoJ Ha3BaHMeM cedapo3ssl.

XUMUS aKTUBalMM MOJUCAXapUaoB BecbMa pasHoobpasHa. Okuc-
JIEHWEM Ha NMOBEPXHOCTH [IOJMCAXaPUIHOIO HOCUTENSL MOXHO MHIY-
UpOBaTh 06pa3oBaHue ANbAeTHIHBIX TPYIII, 00pa3ylowux ¢ 6eJIKoM
Ha niocnenyoueil craguu ocHoBanus ludda:

OH OH
—0—CH, CH,
0 0/ 0
- OH
OH OH ﬁ:H H("3
OH

TpamuUMOHHBIM METONOM ABJISETCS IPUBUBKA Ha MOJMMEP aMUHO-
TPYIITBI, HATIPUMED peakiidell ¢ XJIOpaHTHAPHIAME apOMATHIECKUX KC-
JIOT, COmEpXAIlMX HUTPOTPYNIB, C MOCIeAYIOIIUM BOCCTAHOBJIEHHUEM
HUTPOTPYIII:

0

I
A—OH — A—0-C NO; —

i1

Ca#13b ¢ GeNIKOM OCYLIECTBIISIETCA Yepe3 ANa30TUPOBaHNe aMUHOT-
PVIIIBI ¢ TOCTENYIOIIMM a30COUYETaHNEM MO0 MyTEM UCIIOIB30BaHA
CLIMBAIOIMX AreHTOB TUMA JUAIBAeTHAOB (cM. 1. 2). Ha ne/umono3HblC
HocuTenu, ceagekcsl u cehapossl OBIIO BBEAEHO OONBIIOE KOIHYC”
CTBO MOHOOBMEHHBIX IPyNT, TaKux kak —S03, —CO0~, —NH(C,Hs)»
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,_PO32' U Jp., 00eCeYUBaAOINX BO3SMOXHOCTH MOHOOOMEHHOM Xpo-
maTtorpa@uM 6eJIKOB U UX UMMOOMITM3AIIMHY 3a cUeT 00pa3oBaHMsA MOH-
HBIX M KOBUICHTHBIX CBSI3EH MEXIY OETKOM M HOCHUTEJIEM.

B xaudecTBe IPUPOIHBIX HOCHUTENEH MOTYT OBITh UCTIONB30BAHE! GeJI-
KW, HalpuMmep Tejii XeJJATUHB! WU KOJUIareH.

bonbuioe pasHoOOpasue HocUTeNel, NPUOIMXKAIOIUXCS 10 CBOM-
¢TBaM K WICIBbHBIM, OOECIIeUUBAIOT CUHMemu4ecKue TOJIUMEPHBIE
matepuabl. C MOMOIIBI0 CHHTETUIECKUX NTOJTUMEPOB (PePMEHTHI MOTYT
BBITh UMMOOMIU30BAHbI ITyTEM:

copbiuun ¢ oOpa3zoBaHMeM HOHHBIX, BOJOPOINHBIX, THUAPOPOGHBIX
cBsI3eit;

00pa3oBaHUs KOBAJICHTHBIX CBsI3eit (pepMEHT — HOCUTEND;

BKJIIOYEHUS B BOZOINPOHHUIIAEMBIE reJii (THAPOTEITH);

BKITIOUEHUSI B MUKpOKancyTsl — cdhepHyecKUe NOJBIE YaCTUIIBI
MUKPOHHOTO pa3Mepa.

TpaZuIIMOHHBIE CUHTETUYECKME MOHOOOMEHHBIE CMOJIBI, TIpUMe-
HAEMBIE JUII MOHOOGMEHHOM XpoMarorpaduu, Hampumep Dowex wimu
Amberlit, MoryT OBITE 3)(EKTUBHO UCIIONB30BAHBI KAK HOCUTEIN ISl
UMMOOMIM30BAaHHBIX (hepMeHTOB. OCHOBOU GOJBIIUHCTBA ITIOJTUMEPOB
3TOr0 KJjlacca SIBJISIOTCS CONOJIMMEPHL CTHPOJIA C TUBUHWIOEH30JIOM,
KOTOpBIE MOTYT OBITE MOAU(MUUHUPOBAHEI TTIYTEM BBEJEHUS 3apsiXeH-
HBIX TPYII, TaKUX KakKk aMHHOIpPYINa, YeTBepTUYHBIE AMMOHUEBBIE
OCHOBaHMUSA, cynbdorpyrma, octatok pocdopHoit kucmoTsl. [Tockons-
Ky epMEHT yIepXKUBaeTCsl Ha OBEPXHOCTU HOCUTENSI MIOHHBIMHU CBSI-
3IMM, TIPUMEHEHHE TaKoTro pola MMMOOMNIM30BaHHBIX (epMEHTOB
HEBO3MOXHO B Cpejax ¢ BEICOKOH MOHHOM cuiolt (cM. 1. 3).

[MpakTHYeCcKM Bce NOJUMEPHBIE MaTepHalIBl MOTYT OBITH XUMHYE-
CKU MOAUMDULIMPOBAHH BBeAeHUEM QYHKUMOHANBHOM TPYNIEI, ¢ yya-
CTHEM KOTOPOiIl yAOOHO CBSA3BIBATH (PepMEHT C HOCUTENEM ¢ oOpas3o-
BaHUEeM NPOYHOH, YCTOHUYUBOI B IOOBIX cpefaXx KOBAJIEHTHOM CBA3H.

B kauecTBe npuMepa paccMOTpUM HMMOOWIH3AIMIO (DEPMEHTOB Ha
MOTAaMUIHBIX BOJTOKHAX TUIIA HeloHa. YacTHUHBIN THAPOIU3 COJIsl-
HOW KMCJIOTOM MPHUBOAUT K BO3ZHUKHOBEHUIO HA MOBEPXHOCTH MaTe-
PHasta cBoOOIHBIX aMUHOTPYII:

0

O6paboTka HOCUTENA TIyTapOBBIM TUATBAEIMAOM KaK GUDYHKIM-
OHaJILHBIM CUIMBAIOLIMM areHTOM [O3BOJISIET BBECTH HAa MTOBEPXHOCTH
HOCHTE 1A aBOErMIHYIO IPYIINY, C KOTOPOH 3 )EKTHBHO CBI3BIBAIOT-
1 aMUHOrpYNIIEl UMMOGIIM3YeMOTO epMeHTa ¢ 06pa3oBaHUEM LU D-

OBBIX OCHOBaHU (CM. TII. 2). «3aKkperieHue» CBA3H OCYLUECTBISIETCS
yTem BoCCTAHOBIIEHHUST A30METHHOBOI CBS3M BOCCTAHOBUTENAMM THIIA

Opruppunga Hatpust. HeilioH B Takoro poma npoieccax MoXeT OBITH
“Clionpszopan B BUZE TKAHW, IpaHys, CeTOK, TPYOOK | T.I.

—CO0™ + NH,—
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B xavecTBe n1pyroro mpyMepa pacCMOTPUM MMMOOWIN3AIUIO (ep-
MEHTOB Ha MOMUCTUPOJLHBIX HocuTensax. IToaroroBka MaTpulbl LI
UMMOOUIM3aMU (hePMEHTOB MOXET OBITH OCYLUECTBJICHA MO clieny-
IOIIe N cXeMe:

HNO N,S,0 HNO
—CH,~CH— —* —CH,~CH— —~* —CH,~CH— —*

NO, NH,

N,Cl~

BeenenHas B momuMep azorpyra MOXET BCTYIATh B peaklMK as3o-
COUYETAHUs C apOMaTHYECKUMHU aMUHOKUCIIOTaMHU, HeoOpaTuMo huK-
CUpY# GEJIOK Ha MOBEPXHOCTU HOCHUTENS.

Ouenb yno6eH MeTog UMMOOWIN3ALMY (DEpMEHTOB TIyTeM BKJIIOUE-
HUs OejlKa B MaTpULbl MOJIMMEPHBIX BOJOTIPOHUIIAEMBIX resteil. Hau-
Oonblllee paclpoCTpaHEeHUE TIOMYUYMIH TeJId HA OCHOBE MOJMAaKpUII-
aMua;

nCH,= CH— (":_NHz - [ CHz"— CI:H—

C
/\
H,N O /=«

[TonumMeps! mosTy4aioT pAIUMKILHOM NoTUMEPU3aLMeli B IPUCYTCTBUU
cimBawouiero areura — N,N’-MeTuneH-buc-akpunamuaa, obecrieun-
BAIOIIIETO 0OPa3oBaHMe CBA3EN MEXNY MOJTUMEPHEIMU LersiMu. B 3aBu-
CUMOCTH OT KOHIIEHTpalMy aKkpuiaMuIa ¥ JOJIM BBeAEHHOTO CLINBA-
IOIIIeTo areHTa IOJIYYaloT Tely pasiInyHol wioTHocTH. DepMeHT MPH
3TOM OKAa3bIBACTCS BKIIOYEHHBIM B MaTPHUILy IOJIUMEpA, NMOTEPAB CII0-
COOHOCTD K AU PY3NOHHON TTOABMXXHOCTH.

g xumuueckoit dukcauuu hepMeHTa B ITONTUMeEpPe MOXeT ObITh
UCTIOJIB30BaHa peakIus MOAU@HUKAIMA aMUHOIPYII ¢ BBeJEHUEM B
6€/10K HeHAcHIIEHHBIX CBA3EH, CIIOCOOHBIX yYacTBOBaTh B MPOLIECCE
OJIUMEPHU3ALIVH.

HanpuMep, aMUHOTPYIIIBl 6€JIKA MOTYT 6BITE MogudurmpoBaHb!
rajJoreHaHTUIPUIAMH HEHACBIIIIEHHBIX KUCIIOT:
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P—NH, + CH2=CH—CfCI — P—NH—C—CH=CH,

AKpunaMup sBASETCS JIMILB OSHUM M3 NIPENCTaBUTE N TPON3BOI~
HBIX aKPWIOBOI KHCJIOTHI, HAXOSAIIMX IPUMEHEHNE TIPY MMMOOWIN -
3alMK (PEPMEHTOB IyTEM BIJIIOYEHMS] MX B rumporenu. IlepcrieKTUB-
HbIM HOCHTEJIEM JJII UMMOOIIM30BaHHBIX (DEPMEHTOB SIBISIETCS ITOU -
N-u3omponwiakpuwiaMu (cM. nogpasm. 11.4).

®epMeHTB MOTYT OBITh NEPEBEACHBI B T€TEPOTEHHOE COCTOSIHUE
MYTEM BKJIIOUEHUS UX B MUKPOKAIICYJIBI, 0Opa3yeMble MOIyIIPOHMIIAE-
MBIMH TIOJIUMEPHBIMM 0600uKamMu. O060j10YKa HENpOHWIIAEMa IS
(hepMeHTa, HAXOAAILUETOCST BHYTPH ITOJIOH CEPBI, HO IPOHUIIAEMA IS
pacTBOPOB CYOCTpaTa U NPOLYKTOB.

PaspaboTaHbl JBa OCHOBHBIX criocoba MoJIy4YeHUsT MUKPOKAIICY C
MMMOOWIN30BaHHBIM (hEPMEHTOM.

1. Mexcgpasnan noaumepusayus. B 37oM ciydae noamMepHas IuieHKa
obpasyercs [yTeM NOJTUMEPHU3AIIMH MOHOMEPOB Ha TPaHUILE paslea
¢as. IIpy 5TOM roToBSIT TOHKOOUCTIEPCHBIE 3MYTBCUN BOAHOTO PacTBOpa
(depMeHTa, comepXKalliie BOMOpacTBOPUMBIIl MOHOMED B OpraHUUYeCKOMN
¢aze. BBegeHue B cuCTEMY OpraHOPacTBOPHMOro BTOPOro MOHOMeEpPaA
WHUIIUMPYET MIporecc 00pa3oBaHus TOJINMEPHOI TUIEHKH Ha IpaHulLe
pasmena ¢a3. TakuM o0pazoM MOMy4aoT, HaNPUMEDP, MHKPOKAIICYIIH,
HOKPBITHIE OJMAMUIHBIMH TIOYITPOHUIIAEMBIMU 00O0JTOYKAMH.

2. Mexchasuas koayepsayus. B 3ToM citydae rosryrpoHuniaeMasi o60-
Joyka mosslX cdep obpasyercs 3a CUET OCaXKAEHUSI OPTaHOPaCTBOPH -
MOTO IoJIMMepa Ha rpaHuile pasdmgena a3 Boma— OpraHM4YecKuid pac-
TBOpUTEND. [IpUMEPOM TaKOro poga MUKPOKATICYJI SIBJISIIOTCS cephl,
HOTy4aeMble ITyTeM OCaXIeHUS KOJUIOUTHOM CHCTEMBI Ha JacTHUIAX
SMYMTbCUM BOOBI B OPraHWUECKUX PACTBOPUTENSIX.

AHa710roM MUKPOKANCYIUPOBAHUS SIBISIETCS BKIIOUeHNEe DepMeH-
TOB B JIMITOCOMEL JIMMOCOMBI — 3TO cucTeMa KOHIEHTpHYECKUX Ou-
CJNOMHBIX 3aMKHYTHIX TUIIMIHBIX MeMOpaH. [Iponecc nHKancynupoBa-
HUsT PepMEHTOB B JIMITIOCOMEI 3aKJTIOYAETCsl B TUCIIEPTUPOBAHUU U~
HMIHOM TUIEHKX B IPUCYTCTBUM pactBopa depMeHTa. [1pu 310M npo-
WUCXOAMUT 3aXBaT MOJEKYTHl (pepMeHTa B c(HepUUECKHE TIOTBIC YACTH-
UbI, caMONpOU3BONIBHO OOpa3yroniuecs IIpy QUCHeprupoBaHum Ou-
CJIOMHOM MUNIIHON MeMOpaHEbI.

s nMMoOmiu3anmu HepMEHTOB MCIIONB3YIOT HEOpraHUYECKue
Marepuanpl: KBapll, CTeKJIO, CUINKAre/v, OKCHI aTIOMHHUSI, KaOJAUH,
OKCHZIBI METALTOB ¥ Op. JI/15 co3maHust 3/IeKTPOHOIIPOBOIAIIMX CUCTEM
€ ucrionp3oBaHHEM (hepMEHTOB IPUMEHSIIOT YIJIEPOL U €r0 MHOTOYMC-
JTeHHBIe IMPOM3BOIHBIE (rpadur, caxy, CTEKIOYIIepold, rpapurupo-
BaHHbIe TKaHM ¥ 1p.). UMMOOGWIM3AIIMIO IPOBOIST 3a CYET aNCOpOIMM
WK myTeM XeMOCOPOIMHK € YYacTHEM (GYHKLMOHATIBHBIX TPYIIIL, TIpH-~
BHBaeMbIX Ha MOBEPXHOCTH HOCUTE/IEN.
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HanpwuMmep, st BBeoeHUS aMMHOIPYIIIT B HOCHTEIUW Ha OCHOBe
KpeMHe3eMa (CTEKIIO, TIOPUCTOE CTEKIIO, CHIIOXPOMBI U JIp.) MCIIOJb-
3YIOT Y-aMAHOTIPOITMITPUITOKCUCHIAH

OC;H;
CzHSO— S1— (CI:H2)3_NH2
OC,H;

PeareHT BCTpauBaeTcs B KpUCTAUINYECKYIO PEIIETKY KpeMHE3eMa, CBO-
0oqHAast aMUHOTPYIIIA OCTaeTcs Ha rMmoBepXxHocTH. C rioMonpio 0udyH-
KIIMOHAJIBHBIX ar€HTOB 3Ta IpyIna obeceuynBaeT XeMoCcopOoLuio Oe-
Ka (CM. I'L. 2).

11.2. UmmoOuAN30BaHHBIE KJIETKH MHKPOODPraHM3MOB

Jnst MHOTHMX OMOKATaIMTUYECKIX ITPOLIECCOB BeCbMa YIOOHBIM OKa-
3aJI0Ch UCIIOJIB30BAHUE B KAUECTBE KaTajau3aTopa KJIeToK MHKpoopra-
Hu3MOB. B 3TOM ciyvae, Kak u B ciydae (epMEHTOB, UMEETCS DsLI
IPEUMYLIECTB [IPU NEPeX0ae OT pacTyIiel CYCIIEH3UM KIETOK K reTe-
POreHHBIM KaTAIN3aTOPaM Ha OCHOBE MMMOOMIN30BAHHEIX KJIETOK.

Ecan cpaBHUBAaTh (hepMEHTH U KIIETKH, comepXalilue 3Tu (hepMeH-
ThI, TO C TEXHOJIOTHYECKONH TOYKHM 3pEHUSI UMMOOMIN30BaHHEIE KIIET-
KU B psiie CIy4YaeB NnpeanouturenpHee. [pexae Bcero, oTCyTCTBYET TPY-
JIOEMKasl 1 MOPOTOCTOSIIIAs CTanus BhiaeneHus pepMeHTOB. MeTtomamu
reHHOU nHxeHepHu (cM. 1. 10) MOXHO NoNy4aTh KIETKHU ¢ UCKITIOYH-
TEJILHO BBICOKUM COIEpXKaHueM HeoOxomuMoro depMmeHra. B kierkax
¢epMeHTH YacTo, HO He Bcerja, ropasgo crabuibHee, YeM B pacTBO-
pe UM Jaxe Ha MaTpuIle Iocie nx nMMoouusanmu. B psge ciayyaes,
KOTZa B MMMOOMJIM30BaHHOM COCTOSTHMM COXPaHSIOTCS MeTabOoIu3M U
OuocuHTe3 0esKa, UMMOOWIN30BaHHBIE KIIETKM CIIOCOOHBI pereHepu-
poBarh PEPMEHTHI U TEM CaAMBIM TIOANEPKMUBATh BHICOKUI YPOBEHB aK-
TUBHOCTU B TEYEHNE NPOIOIKNTEIHLHOTO BPEMEHH.

U, HakoHeLl, Ip¥ UMMOOMIN3ALUYN KIETKH COXPAHSIOT OCHOBHON
Ha0op OMOXMMHUYECKUX CUCTEM, B YACTHOCTH CHCTEMBI pereHepalliy
Ko(aKTopoB, YTO 00eCneynBacT BOSMOXHOCTD ITPOBEIEHUSI MHOTOCTY-
TIEHYaTBIX (PEPMEHTHBIX NIPOIIECCOB. DTO MO3BOJSIET PEAJIN30BaAThH CI0X~
Hble MHOTOCTAAMIHEBIE CHMHTE3BI C y4acTueM OGosblloro upcena ¢ep-
MeHTOB. JlaHHble TpenMylliecTBa 00YCIOBUWIH OONBILION MHTEpeC K UM~
MOOMIM3AIMHK KIIETOK U CO3MaHNIO Ha 3TOM OCHOBE MeTepOreHHBIX Ka-
TaJN3aTOpPOB.

Pa3paboTaHO HECKOJIBKO METOLOB MMMOOWIN3AIMK KIIeTOK MUK-
POOpPraHu3MoB.

YC10BHO 3TH METOOBI MOXHO Pa3feJuTh Ha TPU KaTETOPHH:

1) nMMobunusanus 3a cyer Pu3nIecKOi COPOIMM Ha MOBEpXHO™
CTU HOCUTEJIS;
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2) xuMuuyeckas UMMoOOWIN3alMs 3a c4eT oOpa3oBaHMUsI KOBaJIEHT-
HBIX CBSI3€# MEXIIy HOCUTEJIEM W KOMIIOHEHTaMU KJIETKH;

3) BKIIOYEHUE B NIPUPOMHBIE M CUHTETUYECKUE TMIPOren.

B nepsoM ciaydae KIETKU COpOUPYIOTCS Ha IOBEPXHOCTh TBEPIOTO
Marepuaia ¢ 06pa30BaHUEM Pa3IMYHOTO POJa HEKOBAJIEHTHBIX CBSI3EM.
Meron oTanyaeTcs NCKITIOYNTETLHOM TIPOCTOTOM, ONHAKO HE M03BO-
JISET TOJTYYaTh OOJBLIYI0 TUIOTHOCThL 3aCENEHUS TOBEPXHOCTH U TEM
CaMbIM BeleT K OTHOCUTEIIBHO HEBBICOKMM KATATUTHYECKUM aKTHUB-
HOCTSIM.

XuMnueckass *MMOOMIU3AIIKS KJIETOK MPEeaIiosiaraeT ucrojib3oBa-
HME Pa3INYHBIX XUMUYECKUX OMOYHKIIMOHAIBHBIX areHTOB. DTO maeT
BO3MOXHOCTH MOJIYUATH CUCTEMBI C BEICOKOM KaTATUTHYECKOM aKTHB-
gocThlo. OTHAaKO UCTIOBE3YEMBIE PEAreHThl OOBIMHO TOKCHYHBI IS KJIET-
KM, 9YTO BEIET K IOTepH KJIETKaMM MEXaHU3MOB OMocuHTE3a Oeka U
pereHepaumu kodakropos. B yacTHocTH, A1 UMMOOKMIN3AIMH KJIETOK
IIMPOKO MCHOJB3YETCS NpPOLIECC BKIIOYEHHS] UX B ITOJIMaKpWIaMMUI -
gule renu. OgHAaKO NMPOLIECC PAANKATHLHON MOTUMEPU3alnK, IPOTeKa-
LMK TIpy 00pa3oBaHuK MOJUMEPHOTO Tefsl, UAeT C YYaCTUEM CBO-
GOMHBIX PAIVKAJIOB, YTO NMPUBOOUT K TMOETH KIETOK, IIpU 3TOM CO-
XpaHAETCs 3HAYNTENAbHAST oJsT (hepPMEHTaTUBHOM aKTMBHOCTH, UTO JIJIST
SKCIIEPUMEHTATOPA B PAIE CYYACB SIBJISIETCS 1IEBI0 UMMOOMITN3a WM.
OngHaKko 0XUIaTh OT KJIETKW B 3TOM COCTOSTHHM CIIOCOOHOCTH IIPOBO-
IWTh MHOTOCTAIUMHBIE CUHTE3BI HE TIPUXOIUTCS.

DddexTUBHBIE METOIDI TTOMYIEHUS «KUBBIX» HMMOOWIN30BaHHBIX
KJIETOK CBSI3aHBI C TIPOIIECCAMM BKIIOUEHHSI WX B IIPUPOIHBIE U CHHTE-
TUYECKUE T'ejlu ITyTEM MEPEBOIA PACTBOpa MOJIUMEPOB B TBepaylo (azy
3a cyeT (a3oBoro nepexona. PactBopsl MHOIMX IPUPOAHBIX H HEKOTO-
PBIX CHHTETMYECKUX ITOJIMMEPOB IPU OXIaXICHUH 00pa3yloT yCTol-
YMBbIE BOOONpOHUIAEMEIE Teid. [Ipu 3TOM KJIEeTKH, KOTOpBIE Mpem-
CTaBysIIoT coboit yacTuiIbl pasMepoM 1 MKM ¥ BHIIHE, OKa3BIBAlOTCS
«apecToBaHHBIMM» B Marpuiie res. ['enn, kak npaBuiio, obecrieynBa-
10T BLICOKUI ypoBeHb muhdy3un cybeTpaToB ¥ NPOIYKTOB M MOJTHYIO
HeBO3MOXHOCTB JUTSI KJIETOK MTOKMHYTH MaTpully reias. [Iporiecc mMMo-
Ounuzanuy MPOMCXOIUT B MSATKMX YCIOBMSIX, M KJIETKM COXPAHSIOT
OCHOBHBIE (hM3UOJIOTHYECKHE (PYHKIIMK, TAKKE KaK BO3ZMOXHOCTD JbI-
XaHus (A1 a9poOHBIX OpraHu3MoB) u cuHTe3a AT®, cnocobHOCTh K
Onocuuresy Geska u pereHepary GEpMEHTOB, CITOCOBHOCTD K pere-
Hepanum KopakTopoB M OCYLIECTBJICHIHIO MHOTOCTYIIEHUATBIX CUHTE-
THYeCKNX TTPOLIECCOB.

B kayecTBe mpupoIHBIX reJieoOpa3oBareseil NCIONB3YIOT ITOJIncaxa-
Punel, takme Kak arap, KapareHHaH, xXeaatuHa. CHHTETMYECKUM IIO-
TUMEpPHBIM MaTepuajoM, 00/IaNAOLMM aHAJOTHYHBIMU CBOMCTBaMMU,
ABJIgeTcst MOMMBHHWIOBBIN CIIMPT ONpeNeIeHHON MOTEKYJISIPHOM MacCHl.

OJINBUHWJIOBBIA criupT 00pa3yeT Tak Ha3bIBAEMbIE KPUOTEIH, BO3-
HUKaomme Npy OXJIaXAEHUN PacTBOpa MOJTMMEpPa 3a CUET MPOLIECCOB
KpuoctpykrypupoBaHus.
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ITpoliecc MMMOOWIM3aLNM KIETKM B XpHOTeJM BeCbMa MPOCT y
MPOXOOUT 6e3 yyacTusl Kakux-11ub0 TOKCUYHBIX XUMUYECKHUX ar€HTOR,
Ha nepsoM aTane rosyyaroT CycneH3HIO KJIETOK B PACTBOPE MOJMNMe-
pa, Ha BTOPOM 3TaIe IyTeM MOHMXEHMST TeMITepaTyphl OCYIUECTBISIOT
MPOIIECC KPUOCTPYKTYPUPOBaHUSI ¢ 00pa3oBaHMEM IeIeBON CTPYKTy-
pul. Bo3nukaionuine BogOMpoHUIIaeMbIe TEIN XapaKTePH3YIOTCS YCTOl -
ynBOCTHIO 10 Temneparypbl 70 — 80 °C, BricOKOM eMkocTbio (mo 10 %
Ma@&gl B KPUOFESIX MOXET COCTaB/ISITh Macca KJIETOK), BBICOKOH T1po-
HMIIAeMOCTBIO IUTsl cyOCTpaToB 1 MPOAYKTOB peakuyu. B Mpoiiecce 3a-
MOpPaXUBaHUA redlsl BOSHUKAOT MUKPOKPUCTAILIBL JIBAA, KOTOPBIE MTpy
OTTauBaHUU (HOPMUPYIOT CTPYKTYPY IOP.

ITonyyeHHBIE TakKuM 00Opa3oM reTepOreHHbIe KaTaau3aTophl 00ia-
JaoT GEHOMEHATLHOU cTabMNBHOCTBIO U CTIOCOOHBI COXPAHATh KaTa-
JUTHYECKYIO AKTUBHOCTh B TEYEHWE HECKOJBbKHUX JIET. DTO CBS3aHO,
[TO-BUOHUMOMY, C BO3MOXHOCTSIMHM OMOCHUHTE3A M PEreHepauuM cep-
MEHTOB.

11.3. UmMmoOumu3oBannbie epmMeHTBI:
HOBbIE CBOICTBA

B pe3ynpraTte mMMOOMIM3aIMM Ha HocHTel e (DepMEHT OKa3bIBaeTcs
NIPOYHO PUKCUPOBAHHBIM B HOBOM I HEr0 XWMHYECKOH cpelie. DT1a
cpena MOXET CYUIECTBEHHO OTIMYATHCS OT NPUPOIHOM Cpembl, OKpY-
XKauiel GepMeHT B KIETKE. 3a4acTyIo 3TO 0TpaxaeTcs Ha apaMeTpax
(pepMeHTaTUBHON peaKuMH: TON BAMSHUEM HOCHTENS M3MEHSIOTCH
JIOKJILHBIE KOHIIEHTpaluuyu cyocTpara, HOHOB BOZOPOad, a TAKXKE KO-
akTopoB.

Hocurens, o61agast oIMUHBIMHA OT BOAB (PH3UKO-XUMHIECKUMH
CBOMCTBaMM, MOXET KOHIIEHTpHUpOBaTh Bo3Nle (epPMEHTOB WM, Ha-
000poT, OTTAIKMUBATL OT HUX KOMIIOHEHTH (hepMEHTATMBHOIO Ipo-
1ecca, BAnSIA Ha paBHOBECHOE pachpe/ieIcHHE BELIECTB MEXIY pac-
TBOPOM M MaTpulleil. OCOOEHHO SIpKO 3TO IMPOSBISETCA B Cllydyae HOHOB
BOZOpOJa NMpU UMMOOUnM3auy GepMEHTOB Ha Marpuilax, HeCylux
3JEKTPOCTATUYECKHE 3aPSIIBI.

Kak n3BecTHO, /UTST BceX (epMEHTOB CKOPOCTH PeaKlHit B TOW WIH
MHOM CTeNEHM 3aBUCST OT KOHLIEHTPALKKM MOHOB Bomopona (M. roapasi:
4.4). 3apscKeHHBIE HOCHTETN MOTYT 3JIeKTPOCTATUIECKH BIMSTH Ha KOH-
LIEHTPAIMIO TIPOTOHOB B 00JIacTH aKTUBHOTO LIEHTPa (hepMEHTa U TeM
CaMbIM U3MEHSITh CKOPOCTD PEAKIINM.

Eciu HocuTeNb 3apsiKeH MOJOXUTEIBHO, TO OH OyIeT oTraakusarp
MIPOTOHBI, YMEHbIAs KOHIIEHTPAIINI0O MOHOB BOIOPO/ia B obnacTy ak”
THBHOTO 11eHTpa. Hao6opoT, oTpuiaTeibHO 3apsKeHHast MaTtpuua KOH”
LIEHTPUPYET MOHBI BOTOPOIa. DTO HE MOXET HE CKa3arhCs Ha ckopocTh
(bepMeHTaTUBHOM peaKLK, U3MEHSIST HabIoJaeMyI0 3aBUCHMOCTD CKO”
pocTH peaklmMu OT ITokazarenas pH.
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PaccMoTpuM KOTMUECTBEHHEIE XapaKTEPUCTUKH 3TOTO BIUSHuUS. Ko-
3QOUIIMEHT pacnpeJeJeHUsI HOHOB Bomopoaa Py+ MEXIY pacTBOPOM
H OKpyXeHHeM (hepMeHTa MOXET ObITb IIPEICTABJICH B BHUIIE

ML [ ey
By = TN exp[ kBT}’ (11.1)

rae [H'],, — KOHIEHTpalusl HOHOB BOIOPOAA HA HOCHTENIE B 06acTu
akTHBHOTO 1eHTpa; [H']; — KOHIIEHTpalus MOHOB BOJZOPOIA B pac-
TBOpE; € — 3apsiI MEKTPOHA; | — SBJIEKTPOCTATHUECKUI TTOTeHLMAI
3apsna Ha HOCUTeNe; kK — KoHcTaHTa bombiiMaHa; 7' — abcomoTHas
TEMIIEPATYpa.

PasHocTs 3HaueHnt pH B 06;1acTM aKTUBHOIO 1IEHTPa U B pacTBoOpe
paBHa

A(pH) = (pH),, — (pH)p = 0,43 "L kBT

pie (pH),, — 3Hauenne pH B obmacT aktuBHOrO IlieHTpa; (pH)e —
nokasarenb pH pactBopa.

KoHcraHTa guccolyvanyy MOHOTEHHOI Tpym depMenrTa, onpeme-
pstrouasi ero akTuBHocTh: BH == B + H” npencrapieHa ypaBHeHrEM

_IBIH],
" [BHT]
B cimyyae *MMOOUIM30BaHHOTO (hepMEHTa
K, - BIH D
[BH']
B coorBerctum ¢ (11.1) nMeeMm
(B] ey
K, = H"
[BH ][ loexp| - T
Wi

kT
T.¢. HabMoxaeMoe 3HaYeHHE KOHCTAHTBI OTUCCOIMALIMM HOHOTEHHOM
TPynmel OymeT OTIMYaThCS OT UCTHHHOTO 3HAUCHUsI KOHCTAHTHI NP

N e
TeHcteuu (hepMeHTa B pacTBOpe Ha MHOXHUTENH €Xp —% , OTTUCBI-

K,=K, exp(——)

BAIONINI 3IEKTPOCTATHIECKOE B3aMMOIEHiCTBIE MOHOB BOIOPOMA C HO-
Chrenem.

Ec/in HocuTe b 3apsDKEH TTOOXHUTENBHO > 0, TO B COOTBETCTBUH
¢ (11.1) moyunm

(H'], = [H*keXP( k;)
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Takum o6paszoM, [H'],, < [Hly, T.€. KOHIEHTPAIMA MOHOB BOIO-
poJia Ha HOCUTENIE HHXE, YEM B pacTBope. DTO O3HayaeT, YTO cpela
dyHRUIMOHMPOBaHMS PepMeHTa Goslee ocHOBHas. Hocuteab oTTaNKy-
BAaeT MPOTOHBI OT aKTUBHOTO LieHTpa dhepMeHTa. COOTBETCTBEHHO €CNY
HOCHTE/b 3apsDKeH OTpMUATeasHO y < 0, To [H'],, > [H']y, a 3Hauwur,
KOHIIEHTpAaLMsi MOHOB BOJZOpPONA B 30He NEHCTBUSI aKTUBHOTO LIEHTpa
Bmme,ﬁ&g B pacTBope, T.€. cpena (PyHKIMOHMpPOBaHUSA aKTUBHOIQ
neHTpa bojiee Kucias.

IIpenmonaraercst, YTO UCTUHHBIE 3HAUEHHUS KOHCTAHT JUCCOIMA-
MY MOHOTEeHHOM IPYINIBI (epMEHTA B pacTBOPe U B UMMOOMIIH30BaH-
HOM COCTOSIHMM OIMHAaKOBHI. DKCIIEPUMEHTATOp U3MEPSICT KOHIIEHT-
palnic MOHOB BOJOPOIA B pacTBOPE ¥ HA OCHOBaHWHK 3TOI'O PACCUUTHI-
BaeT KOHCTAHTY AUccOonMalMn K q,.

BunHo, uTo eciiu HocuTe b 3apsiKeH ITOMIOKUTENBHO W > (), To UMeeM
K51 < Ky, pKi6: > pKp. B coIydae nonoxureabHo 3apsKeHHON MaTpu-
LB JJI1 UMMOOMIN30BaHHOTO hepMeHTa HabnogaeMoe 3HaueHue pk
cMmenaercsl B 001acTh Gosiee Hu3kux 3HaueHUH. COOTBETCTBEHHO ECU
v < 0 (MaTpuiia 3apsDKeHa OTPULATEABHO), TO K6, > Ko, PKuaen < PKG;
PK. a6, VTSI TMMOOMIN30BAaHHOTO (DEpMEHTA YBEIMIUBAETCSI.

CrenauHble BBIBOABI TTOATBEPKIAOTCS OONBHIMM YMCIIOM SKCIIe-
PHUMEHTANBHBIX TaHHEBIX. Tak, W1 0-XUMOTPUIICHHA B ciTydac HaTHUB-
Horo (hepMeHTa B pactBope pK, MMHIA30JbHOM TPYIIIE T'MCTUAWHA
cocTapnsieT 6,7 £0,2. [Ipy uMMOOMIM3alK HA TOTMAHMOHHOM HOCH-
tene pK, pasHo 7,82 £0,05, 1.e. bepMeHT paboraeT B 601€€ 1IETOUHBIX
ycnoBusix. Ilpyr uMMOGHIN3aLUY O-XHMOTPUIICHHA Ha TOJTMKATHOH-
HOM HocwuTelle HabmonaeMoe 3HayeHue pK, cocrasmser 6,10 + 0,05.

Ucnons3oBaHne MaTpuir, HECYIUX 3JIEKTPOCTATUYECKHE 3apsiisl,
ITO3BOJISIET PETYIUPOBATh CKOPOCTH (PEPMEHTATUBHBIX PeaKlnii, Bapb-
upyst pH, n npoBonuTs bepMeHTaTHBHHIE Mpoueccsl B obmacrax pH,
He XapaKTePHBIX U1 HATHBHBIX hepMeHTOB. pH-0onTUMyMBI cCKOpOCTER
(hepMEHTaTUBHBIX peakKIIni COOTBETCTBYIOT MOHM3ALMK WOHOTEHHBIX
TPYIII, YYaCTBYIOIIUX B KHUCIOTHO-OCHOBHBIX KaTAIMTUYECKHUX IIPO-
Heccax B akTMBHBIX 11eHTpax (pepMenToB. KostokonoobpasHsie rpadu-
KU 3aBHCUMOCTH CKOPOCTH peakuuy oT pH yka3plBaioT Ha To, 4TO
aKTHBHBIA IIEHTDP y4acTBYET B IIporecce, Mo KpaifHell Mepe, B TPEX
dbopmax:

. K L
EH == E == E

OJIHa U3 KOTOPBIX (HelTpanbHast E) sBisieTcs KaTATATHYECKH aKTHB-
HOH (cM. 171. 4).

3apsoKeHHBbIE MaTPUIIBI TIO3BOJISIOT CMELLATE (e pMeHTaTHBHYIO PE”
AKIIMIO B KMCITYIO WM LIET0YHYIO obacts. Ha puc. 11.1 npencrapieH!
3aBUCUMOCTH CKOpocTH ¢epMeHTAaTHBHON peaKiup ¢ ydyactueM Ha~
THBHOTO ¥ UMMOOWJIM30BaHHOTO (i-XMMOTPHUIICHHA OT rnokasaresns P
BumHO, 4TO HATUBHHIT (epMeHT KaTamuTHYecKy Haubonee akTiBeH B
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obnacty pH 7—9, UMMOBUIU30-  o/E,, ¢!
BAaHHbBIA HAa aHWOHHBIX MOJIMMeEpax
(conoMMepe MUIEHHOBOTO aHTHI- 240 -
pyUia v 3TWIEHA, MOJNUTITyTaMUHO-
BOIf Kuciore) — B obmact pH 8§ — 200 ol
10,5. UMMo0OMIM3a1IMs Ha MTOI0XHU~ °2
TENBHO 3apsSDKEHHOM MoaMMepe (I1o- 160~ =3
JHOPHUTUHE) TIO3BOJISIET UCIIONB30- 1ok a4
BaTh ¢epMeHT nipu pH < 5,0.

BaxHO OTMETUTH, YTO BIMSIHUE gl
MaTpHIBl MOXET OBITH CYLIECTBEH-
HbIM M TIO3BOJIUT CMELUATh Habmo- 40}
nmaeMoe 3HayeHne pH Ha 2—2,5 equn-

- 0 1 1 ! 1

HHULEBI, YTO COOTBETCTBYET YMEHbILIE 2 6 8 10 12 oh

HHIO JIOKaJbHOW KOHIICHTPpAalInKN

MOHOB BOJOpOJa Ha JBa MOpsOKa.
OnHaKo B CWIY 3/IEKTPOCTATUIECKOMH
rpuponsl 3pdEKTOB 3TO MPOSIBIS-

Puc. 11.1. 3aBUCUMOCTb CKOPOCTH
PEaKLIMM C yYaCTHEM Cl-XMMOTDPUII-
cuHa, cBoboaHoro (/) u uMMoOHU-

JIM30BAHHOTO B TIOJUJICKTPOJIUT-
HOM MaTpule M3 MOJHOPHUTHUHA
(2), comommMMepa MaIEMTHOBOTO aH-
ruapuaa M 3TwieHa (3), monmriy-
TAMUHOBOM KUCIOTHI (4)

eTCsl NUIIb TIPU HU3KOW MOHHOMN
CUJIE pacTBopa.

OnucaHHble BhILIE 3DDEKTh] U3-
MeHeHns1 pH-1nipodumeii ckopocTteit
()EpPMEHTATUBHBEIX peaKlUi UMEIOT
PaBHOBECHYIO IpUpoay u o0ycIoB-
JeHBl PAaBHOBECHBIM BJIMSIHMEM MAaTpUIBl Ha pachnpene/ieHue MOHOB
BOIOPOJa B CUCTEME PacTBOp — o01acTh akTUBHOTO LeHTpa. Habmona-
emple pH-nipoduin ckopocTeif Takke MOIYT CMELUATHCA 33 CYET KU-
HeTnueckux 3¢dekToB. B ciiydae ecim NpooyKToM peakiuy SBASETCS
CWIbHasl KUC/IOTa WIM OCHOBAaHUWE U PEakKLMs Ha MOBEPXHOCTH HOCH-
TENST IPOTEKAET MOBOJBHO OBICTPO, MOXET PEaTU30BaThCS CATYALIMSI,
Korga cKopocTh qudPy3un KUCIOTs WIM OCHOBaHMA OyneT MEHbIIE
cKopocTh (pepMeHTaTHBHOM peakumu. B aToMm ciryyae B obnacTu akTHB-
Horo neHTpa B 1udy3noOHHOM CJIOE MOT'YT BO3HMKATh CTALIMOHApHbIE
KOHIIEHTpalM¥W KUCIOT WIK OCHOBAaHUH, CYIIECTBEHHO OTINYAIOIIMNE-
Cq OT uX 3HAYEHMH B pacTBope. PU3NKO-XMMUYECKAS IIPUPOJIA TAKOTO
pona acgexToB paccMoTpeHa B 1. 12,

11.4. PeryiupoBaHue aKTHBHOCTH MMMOOMJIN30BaHHOTO
depMenTa (pa3oBbIM Mepexoa0M HOCHTEsA

Becrma HeoOBHIYHBIE (DEHOMEHH Peryasiuu KaraTuTUYecKO ak-
TMBHOCTM (hepMEHTOB HabMIODAIOTCS IPU MMMOOWIM3AIMKY GEpMEH-
TOB Ha HocuTe M, IpeTeprieBaoIme Ga3oBblil mepexomn (KoJUianc) npu
M3MeHeHunu TeMIrepaTypsl. M3BeCTHO, YTO CKOPOCTH (hepMEHTaTUBHBIX
Peakymit, Kak ¥ CKOPOCTY OOBIYHBIX XUMUYECKUX PEAKIIMii, YBEIUYH -
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BalOTCS C POCTOM TeMIeparypbl, U 3aBUCUMOCTb CKOPOCTU pPEaKIIMK
OT TEMITIEpaTypsl OOBIYHO OINMMCHIBAETCS YpaBHEHUEM AppeHuyca (cMm.
. 4).

OjgHako npu WHHH33HHH (bepMeHTOB Ha HEKOTOpBIE IO~
MepHbIe HOCHUTEJIH MOXHO HabIomaTh 3aBUCUMOCTU CKOPOCTH PEak-
MU OT TEMIIEPATYPhi COBEPILIEHHO IPYTOTo XapakTepa: B ONpEneNeH-
HOM MHTEPBAJIe TEMIIEPATYPhl CKOPOCTh (DEPMEHTATUBHON PEaKIIMH MO~
KeT YMEHBIIATHCST ¢ POCTOM TEMIIEPATYPHI.

KiraccuueckuM NpUMEpOM HocuTenel, oOHapyKUBaOIIMX TaKue
HeOOBIYHBIE CBOMCTBA, SIBISIOTCS MaTpuilbl Ha ocHOBE N-H30MIPONTMI-
akpuiaaMuia. U3BecTHO, YTO IOJUMEPSI Ha OCHOBE aKpHUaMu/a BECh-
Ma YacTo TMPUMEHSIIOTCA Ipu uMMobwimsannu depmeHToB. N-H30-
MPOTMIAKPIIIAMMI OTIINYAETCS OT «KJIACCHUECKOTO» aKpUIAMULA TEM,
YTO B aMWAHYIO TPYIIIUPOBKY BBEIECH M30MPOTIUABHBINA 3aMECTUTENS;

] IMonuMepu3anms
CH,=CH—C—NH—CH(CHj;), (—CHz—c]:H— ),
C=0
/
(H;C),HCHN
D10 3aMenIeHHe KOpeHHBIM 00pa3oM M3MEHSIET CBOICTBA fIOTMMeEpa |
MMMOOWIM30BaHHOTO Ha HEM (hepMeHTa.
Ha puc. 11.2 npuBeneHa 3aBUCMMOCTb KaTATUTAYECKOM aKTUBHOCTU
O-XMMOTPHIICHHA OT TeMIIEpaTyphl B cBOOOIHOM (KpuBad 1) ¥ UMMO-

T71.10% K!

A 105, Momb/(11-c) 3,0 3,1 32 33 34

1,6 : . ;
10
gl -12,0

1

6 -

-12,4
al 2
2F -12,8
0 1 ! | | 1
10 20 30 40 50 60T, °C In4
Puc. 11.2. TemmnepatypHas 3aBUCHMOCTE Puc. 11.3. TemneparypHas 3aBUCH~
KaTaTUTUIECKON aKTUBHOCTHU O-XM- MOCTB B apPEHMYCOBCKMX KOOpAMHA~
MOTPMIICHHA 1Jisi ¢cBoGogHOTO (ep- Tax KaTaJUTHYECKOH akTHBHOCTH
MeHTa (/) u depMeHTa, UMMOBUIM- Ol- XUMOTPUTICUHA, UIMMOOMTH30BaH"
30BaHHOIO B IeJlb 10K~ N-M30TPOITIII- HOTO B I'eJIb COCTAaBa MeTHIEH-0UC”

akpuwiamuaa (2) akpuwiamusl : N-u3onpomnuiakpil”

amua 1:7500 (D), 1:750 (2), 1:75 ()
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ounm3oBaHHOM dhopMe (KpuBad 2). BunHo, 4To, B TO BpeMsl KaK aKTHB-
HOCTB CBODOIHOTO (PepMeHTa SKCTIOHEHIIMATBHO YBETMUNBAETCSA BO BCEM
JuarnasoHe ucciaenoBaHHbIX TeMiiepatyp (18— 60 °C), akTMBHOCTD M-
MOOWIM30BaHHOTO (PepMeEHTa pacTeT JIUILL 10 TeMneparypsl 30 — 35 °C,
3aTeM HauMHAaeT HKCIOHEHIMANBHO NTafaTh. Ha kpuBoit 3aBucumMoctn
CKOPOCTH PEaKIMU OT TeMIlepaTyphl Habnwopaercsa naioM. OcobeHHO
3TO XOPOILIO BUIHO NPU MPEICTARIIEHUN SKCIIEPUMEHTATBHBIX TAHHBIX
B KoopauHarax AppeHnyca (puc. 11.3). Oxazanocs, yro reMneparypa,
OTBEYalolas U3JI0My, 3aBUCUT OT XXECTKOCTH TeJis, KOJIMYECTBA BHYT-
PUMOJIEKYJISIPHBIX CHIMBOK, KOPPEIUPYIOLIMX C CONEPXKAHUEM CILNBa-
rowero areHra N, N’-MeTwieH-6uc-akpunamuaa (cM. puc. 11.3).

HccnemoBanue 3toro eHOMEHa MTOKA3I0, YTO PEryIsAnus aKTHUB-
HocTu (dhepMeHTa cBsi3aHa ¢ (Pa30BbIM IIEPEXOIOM MOJTMMEPHOTO Tes.
ITpu Temneparypax 30— 35 °C rep npereprieBaeT CTpyKTYPHYIO Iiepe-
CTPO#KY, B pe3y/IbTaTe pPe3KO YMEHBIUAETCS €r0 CTeNeHb MMIpaTalliy
(xomnaric). BerrecHeHue BOBI M CyLECTBEHHAs! rmnpodobu3alivs cpe-
OBl TIPM BBHICOKHUX TeMIIepaTypax OTPaXaeTrcsl Ha KaTaIUTUYECKON aK-
TuBHOCTH (epMeHTa. DDdeKTs peryasiuumu TOJHOCTHIO OOPaTUMHI.
VMeHbHIEHHE TEMIIEPATYPHI BOCCTAHABIHUBAET KATAIUTHYECKYIO aKTUB-
HOCTBb (PEPMEHTA.

AnanornuHele 3dexkTsl HabmoaTCs A1 MHOTMX (DEPMEHTOB.
TeMItepaTypHBIN KoJUIanc rmoyu- N-u30MponwiakpuwiaMiuaa Bieder 3a
coboit cHUXEHHE aKTUBHOCTH WMMOOMIN3OBAHHEIX B T'ellb (hepMeH-
TOB, CBSI3aHHOE C YMEHBIIEHUEM KaTalUuTUIECKOH KOHCTAHTHI CKOPO-
ctu. ITockonbKy HabmopaeMble 3(EeKTH KOPPETUPYIOT CO CTETIEHBIO TH-
paTanuy NOJUMEPHOTO Ielid, T. €. C U3BMEHEHUeM ruapooOHOCTH cpe-
IbI, MOXHO TI0JIaraTh, YTO JIOKAIbHAA ruapodobu3arus cpeabl Binusd-
€T Ha CTPYKTYpY OelIKa ¥ YMEHBIIACT €r0 KaTATUTUYECKYIO aKTUBHOCTD.

11.5. Cradnau3amms (pepMeHTOB NMPH UMMOOHIM3ALNH

IMpr nuMMobunu3anmy yacto HabmonaoT 3M¢eKTs cTabnIn3amu
(bepMEHTOB [TPOTUB TEIUTOBOM meHatypanmu. OOBsICHUTD 3TOT (hakT MOX-
HO cnenyommM obpaszoM. MHakTuBanmsi GEpMEHTOB oI JAeHCTBUEM
TEMIa WIK JeHATYPUPYIOIIMX areHTOB, TaKUX Kak MOUYEBUHA WJIU Tya-
HUIWIXJIOPHL, CBSI3aHa C pa3pylieHHUEM B Oejlke MHOTHMX BHYTPHMO-
JEKYISIpHBIX CBsI3eif. DT0 MPUBOIUT K pa3BOpauyMBaHUIO OEIKOBBIX MO-
JeKy1 n yBeIMYEHHMIO nX 00bema. OUueBUIHO, YTO OEAKU MOXHO CTa-
OuM3upoBaTh, €CIM XKECTKO 3aKPENUTh HATUBHYIO CTPYKTYDPY JOMOJ-
HUTEILHBIMU BHYTPUMOJNEKYIIPHBIMU CBSI3SIMU WM CBA3IMM O€Ka ¢
Hocutenem.

Taxkoif ¢crioco6 4acTo IPUBOIUT K MOJOXUTETbHBIM PE3YIbTaTaM.
B xagecrne IpUMepa pacCMOTPUM CTaOWIM3ALMIO O.-XUMOTPHUIICHHA,
HUMMOOWJIN30BAHHOTO B TOJWAKpUIAMUIHBIN T€Ib MyTEM COIIOJIHMME-
Prsanuu ¢ pepmeHTOM, MOTUGUIIMPOBAaHHBIM aKpUIIOWIXIOpUIoM. Ile-
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Ink, 100 80 60 T, °C Puc. 11.4. TemnieparypHas 3aBUCH-
ok MOCTb KOHCTAHTBI CKOPOCTH TEPMO-
MHaKTUBaUMU ¢BoGOIHOrO (I) y
UMMobOwiIn3oBaHHOTO (2) O-XK-
MOTPMIICHHZ B appPEHUYCOBCKUX
KOOpIMHaTax

2,7 3,0 T-1.10% K1

pen mMMobunu3anmeit depMeHT 00pabarpIBaM aKpUIOWIXIIOPHIOM,
obeclteynBas BBeIeHNE B OEJIKOBYIO MOJIEKYNTY HEmpenesbHOM CBsI3y,
CITOCOGHOM yJacTBOBaTh B peakllMK paguKaIbHOM rmomMepu3aiun. Ja-
Jlee KCCEIOBaI KHHETUKY MHAKTUBALIMK CBOOOIHOTO U UMMOOUIII-
30BaHHOTO (hepPMEHTa ITPK pa3IMYHBIX TeMIlepaTypax.

KnHeruka WHaKTHBALMK OITHCHIBACTCSI YpaBHEHWEM [IEPBOIO I10-
psiaka (cM. . 4):

A(t) = Agexpl~k(T)1). (11.2)

KoHcraHTa CKOpOCTH MHAKTHBaLuM k; PepMeHTa 3aBUCUT OT TEM-
mepaTypel. 9Ta 3aBHCUMOCTE B KOOpAWHATax AppeHUyca IpUBEIEHa Ha
puc. 11.4. JanHsie 118 cBoOOIHOro (pepMEHTA IIPENCTARIECHEI IMHUEH
a U1 UMMoOWIn30BaHHOro — JinHuel 2. I1pu temneparype 60 °C cBo-
OoxubIil bepMEHT MHAKTUBUPYETCH HACTOIBKO OBICTPO, YTO 3KCIIEPH-
MEHTAJIBHOE U3yyeHNE KMHETUKM TIpoliecca 3aTpygHeHo. UMMobuiu-
30BaHHBIN hepMeHT IpH 3ToM cTtabuieH. KoHCTaHTBl CKOPOCTH MHAK-
TUBAU UM CBOOOIHOTO ¥ UMMOOWIK30BaHHOTO (hepMEHTa NpH TeMIle-
parype 60 °C pasnmu4arorcs Ha TpH NOpsiIKa. YBeIMUEHUE TeMIIEpaTyphl
ISt UMMOOIWIM30BaHHOTO ¢epMEHTA YBETHIMBAECT CKOPOCTD €0 MHAK-
tuBauuu (cM. puc. 11.4, muHus 2). OgHaKO JUUIb [pu TeMIieparype
110°C ckopocTh MHAKTUBAlIMM MMMOOWIM30BaHHOTO (hepMeHTa CTa-
HOBUTCS COM3MEPUMOIi CO CKOPOCThIO MHAKTUBALMK CBOOOHOTO (ep-
MeHTa nipu 60 °C.

MmMmobwin3anust ¢GepMeHTOB He SIBIsSETCS IPUEMOM, BCera IpU-
BOISIIMM K cTabunm3apu epMeHTa. Ha ctabriisHOCTh TOTO WK MHOTO
dbepmeHTa BIMAIOT MHOTO GaKTOPOB, U METONBLI €0 CTAOMIU3alllH,
KaK MPaBWIO, CBSI3aHHI C ITOUCKOM YCJIOBHI M MpoBeOeHHeM BosplI0-
ro yucna 3kcrnepuMeHToB. Tak, Ha puc. 11.5 npuseneHbl gaHHBHIC 110
WHAKTUBALMK CBOOOTHON ¥ MMMOGHIIN30BAHHON NMEpOKCHIA3bL. Kn-
HeTHKa Ipolecca ONMuchiBaeTcd ypasHeHueM (11.2), maHHBIE TIpUBE-
JeHBl B MOyJorapudMU4eckix KoopauHarax. BugHo, yro ¢pepMeHT
HecrabwieH (npamas ). IIpocrast nmmobunnzanmst Ha Br—CN-axkTh-
BHpOBaHHOIT cedhapose (Mpsamas 2) He IPUBOIUT K cTabwinsanuu Pep-
MeHTa. Bosee Toro, uMMoOWIn3alms AectabunusupyeT depmeHT (TaH"
TeHC yIia HakKJIOHa IpsaMoil 2 npubanu3uTeabHO B 2 paza Oonablie, yeM
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Puc. 11.5. KuHeTHka TepMOMHAKTUBAUMU  lg(A/A,)

[ICPOKCUIA3bl B NOTYI0Tapu(OMHUYECKHUX

goopauHatax nipu pH 7,0 u temnepaty-

pe 56 °C:

1 — HaTuBHast, 2 — UMMOOWIM30BAaHHAS Ha 1

Br--CN-akTHBUpPOBaHHOI cedapose; 3 —

MMMOOMIM30BaHHAsE Ha anbbyMHUH-cedapo-

3e; 4 — ONMIOMEpHl MepoKcuiasa—anbby-

MHUH, UMMOOUIM30BaHHble Ha Br—CN-ak- 0
TUBUPOBAHHOH cedapose 0 500

1
1000 ¢ muu

npsmoit 7). Crabunuzaumst pepMeHTa oTpeboBaia JOIMOIHUTENBHBIX
yernuii. K cedapose KOBUIEHTHO MPUCOETUHUIN &IBOYMUH, a 3aTEM
Ha anbOyMHHCedapo3e TIIyTapoOBBIM THATBIETHIOM MMMOOHIU30BAIU
nepokcuaasy (npsmas 3). Haunbonee cymecTseHHBIN addexT cTabunu-
3aiMM OBUT JOCTUTHYT, KOTIA HAa NIPEOBAPUTEIBHON CTaAUN MOMyJaIn
OJIMTOMEpHI MEPOKCHAA3hl C aJIbOYMWHOM, KOTOpPBIE 3aTeEM MMMOOH-
nu3oBai Ha Br—CN-akTuBrupoBaHHoil cedapose (rmpsamast 4).

* & %

Bceeraa naftayTest sckumochl, kOTOpbIe BbIpAGOTAIOT AAS KUTeE-
aeit Konro pexomenzarmu, kax BecTU cebs NpU caMOil CTpaIIHON
xape.

C.E. Aey

JTo6oit XMMUK 3HAET, YTO TETEPOTeHHBIM KATaJIKU3aTop JIydllle To-
MOTEHHOT'0, TaK KaK B MTEPBOM CIyJaec JIETKO OTHEJMTh MPORYKTHL pe-
aKUWM OT KaTaym3aTopa. JaHHoe He O4€Hb CYHIECTBEHHOE, Ha MEPBBIIA
B3I, CBOMCTBO T€TEPOTCHHO-KATAIMTUYECKONA CUCTEMBI IPUNAET eil
KOJIOCCAJIBHBIE TTPEMMYLLECTBA: 3TO IEAeT KaTATUTHYECKUN MPOIIECC
TEXHONOTMYHBIM.

B cnyyae ¢hepMeHTOB XMMHUYECKas YH3UMOJIOTHUST yMEET JIETKO Ipe-
BpauaTh BOZOPACTBOPUMBIE O€JIKM B TeTEPOTCHHBIC KaTaJIWU3aTOPHL.
XuMug 6eMKOBOM MOJEKY/BI, XMMHSI MPUPOIHBIX M HEPUPOIHBIX
Hocureneit obecriedysiv 3Ty 00JIaCTh COTHAMHU Y TBICAYaMU BO3MOXK-
Hocreit. [TonyyeHne IMMOOUIN30BAHHOTO (DEPMEHTA — B HACTOSHIEE
BpeMs JOCTaTOYHO TpUBHAIbHAS omnepanus. OQHAaKo KTO-TO KOTIAa-To
Clenian mepBBIil Iar, ¥ 9TOT INar ObuT HeTpUBUANBHBIM. [lepBEIM HcC-
CliegoparesnsiM He OBITO OYEBUIHBIM, YTO COBMEUIEHUE «KUBOTO» Ka-
Tam3atopa ¢ «MEpPTBOIl» IMOUIOXKKON MOXET NMPHMBECTH K KaKUM-TO
PesynpraTaM. Pe3ybTaThl XK€ OKa3aJuCh B BBICIIEH CTENEHM MTOJOXKU-
TenpHpIMKM. KpoMe monydeHusI IperMYyIecTB TeTepOTEHHOTO KaTalu-
3aTopa (hepMeHTHI IpHOOpeIH HOBBIE CBOMCTBA. OKa3al0Ch, YTO MOX-
HO MOBNKMATH HA 3aBUCUMOCTB CKOPOCTH (hepMeHTaTUBHOH OT IToKa3a-
Tens pH, yBeJIMYMTH CTaOUIBHOCTh KaTAIM3aTOPa M 3aLIUTUTh €TI0 OT
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WHaKTUBUPYIOLLETO BIMSHUS TEIUIA WM JEHATYPUPYIOIIETO areHTa. DTo
00€ECIeynIO aKTUBHOE PA3BUTHE OOJACTH M CO3JaHUE OCHOBHI ITOJTY-
YEHHUST UMMOOITM30BaHHAIX (DEPMEHTOB M UX HCIIOJB30BAHUS BO MHO-~
THX PEAKIIMSIX.

OnHako 3a HOBBIE KaYeCcTBa HY:XKHO IUIaTUTh. B JaHHOM Cllydae Iia-
TOM SIBJISETCH 3aBUCMMOCTh KMHETMKM PEaKIIMi OT MPOIECCOB MacCo-
nepeHoca ¥ 1ndb@ysnoHHOro TopMoxeHus. ITpoieccsl MacconepeHo-
ca 1 IuPOYy3HM B XKUIKOCTAX NMPOTEKAIOT OTHOCUTEILHO MENIEHHO,
OHH NpOoSIBISIOTCS Ha Tpa”uiie pas3nena (a3 XUIKOCTb — TBEPLOE Teno
(BHewrHsa nuddy3us) ¥ Ipy MepeHoce BELECTBA B IPpaHyJlle KaTaln-
3aropa (BHyTpeHHss nuddysust). Oka3anock, YTO 3TH MPOUECCH MOX-
HO KOJIMYECTBEHHO ONMMCATh M MPEACKA3aTh X BIAMSHHE Ha CKOPOCTH
peaxkiuii.

PesynbpraToM aToro srama paGoTh! cTajla BO3MOXHOCTE allpHOPHOI
OLIEHKH KaTaJIMTHYECKOM 3P (PEKTUBHOCTY CUCTEMEL, T. €. CTEMIEHU UC-
MTOJIb30BAHMSA KATAUTUTHYECKUX BO3MOXHOCTel (epMeHTa B TOI My
MHOM cucTeMe. TeopeTHYECKUe pacyeThl ¥ IPOCThIE IKCIEPUMEHTH
TIO3BOJISIIOT BBISIBUTD, B KaKOl — KMHETUYECKOM (B KOTOPOIl JINMWTH-
pyeT depMEHTaTHBHasI peakuys) win nuddy3uoHHOU (B KOTOPOH
JTMMHUTUPYET MacCOIIEpEeHOC) o0nacTu paboTaeT KaTanusaTop. Bo Muo-
I'UX CIyYasax MOJIOXNTETbHEM CBOMCTBOM CHUCTEMBI SIBJSIETCS BO3MOX-
HOCTb MUCIIOJIB30BAHMS KaTAIM3aTopa B CTPOoro MM GYy3MOHHOM PEeXU-
Me, 00ecIeyMBalOIIEM IMPEIEIbHO JOMYCTUMBIE CKOPOCTH PEaKIiIUM.
O4YeBUIHO, YTO BCE BTO MO3BOJIAET NMPEMIOKNTE OOOCHOBAHHEIE PEKO-
MEHJALMM JUIT KOHCTPYHPOBAHUS XOPOLIETO KaTaau3aropa Jjisl KOHK-
pEeTHOM peakumu (cM. arurpad).

BoraTeiii HabOp METONOB XMMUYECKOM MoaudHUKalu GhepMeHTOB
¥ UX UMMOOWJTM3ALUHN, IIIUPOKHUHA BEIOOP HOCHUTENEH, YCIOBUN U XU-
MMYECKMX areHTOB IpY MMMOOWIN3aUY (GEpMEHTOB B OONBLIMHCTEE
CJIy4aesp ITO3BOJISIOT HOJYYaTk (DEPMEHTHI, TOCTATOYHO CTaOUJIBHBIE C
MpaKTUIECKON TOYKHU 3peHUS.

Takum obpa3omM, XMMAYECKas SH3UMOJIOTHS CO3/ajia LB apce-
HaJI METOJIOB, ITO3BOJISIOLINX IIEPEBECTH (PePMEHT M3 pacTBOpA Ha HO-
CHUTEJb, 9YTO 00ECTIEYHIIO IIMPOKHME BO3MOXHOCTH MPAKTUIECKOrO MC-
IT0JIL30BaHUs (DEpMEHTOB.



Fmasa 12

MAKPOKUHETUKA PEAKIIUI
C UMMOBUJIN30BAHHBIMH ®EPMEHTAMMU

Ma’rema'mka — 3TO HCKYCCTBO Ha3blBaTb pasHble BeIUH O/~
HHUM U TEM iK€ UMEHEM.

A. [Tyanxape

12.1. Buemnenuddysnonnsie 3¢pdexTsi

IIpyuHIUNIVaTEHON OCOOEHHOCTBIO CUCTEM, B KOTOPBIX paboTaloT
(bepMEHTH B UMMOOWIH30BAHHOM COCTOSTHUM, SIBJISIETCSI MX TETEPO-
reHHBIA XapakTep. B TakMx cucTeMax Ha KWHETUKY MIPOIIECCa Opeae-
JIEHHOE BJIMSTHHE OKa3bIBAET MACCONEPEHOC (B TOM YUCJIE 3a CYET AU(D-
(by3uu) cyocTpaToB ¥ IpoIYKTOB peakiu. Eciau ckopoctu dpepmeH-
TATUBHBIX peakiyil BEICOKKE, a TUPDYy3us 3aTpynHeHa, CKOPOCThb pe-
aKiIMM B TIEJIOM OYHIET 3aBMCETh OT CKOPOCTH AU(PPY3uM peareHToB.

MaccooOMeH urpaeT BaXXHYIO POJIb B TETEPOTEHHO-KATUTUTUYECKHUX
peakIusgX, B 3JEKTPOXMMHUUYECKMX MpoIeccax, Mo3ToMy npobiemam
MaccoIlepeHoca B XMMUYECKUX CHCTEMaX B T€YEHNE MHOTHUX JIET yae-
JISUT0Ch OoMBblIoe BHMMaHKe. BriepBEE KONMYECTBEHHBIN aHATU3 sIBJIe-
HUI MaccolepeHoca B XMMMYECKUX peakuusax Obut cmesnaH B.Hepn-
croM, E. Twe u 4. 3enpnorueM. B (hepMEHTATUBHOM KaTajlu3€ Mpo-
bnemer nrdbdy3MOHHOTO MacCONepeHOca Hayaly MpUBJIEKATh BHUMA-
HYe MUCcCIenoBareNeil B CBI3M C U3yYeHUEM KMHETHUKHU neHCTBUS dep-
MEHTOB, UMMOOMJIM30BAaHHAIX Ha TBEPIBIX MaTPHILAX.

HawnGonee pacmpocTpaHeHHBI MeTon MMMOOUIM3auu pepmeH-
TOB 3aKJIIOYAETCSI B 00Pa30BaHUM MPOYHOH XMMMYECKON CBA3U MEXNIY
MOJIEKy/0i1 GenKa M KakoH-1u60 (pYyHKIMOHAIBHOM TPYIIOH, JloKa-
JN30BaHHOW Ha [TOBEPXHOCTH TBepaoro Hocurens. [Tpu nMMoOUIIK3a-
Uun GpepMEHTOB Ha TBEPABIX HOCUTEIISIX BO3HUKAET reTEPOr€HHast CU-
CreMa, MHOTHE CBOMCTBa KOTOPOW OMpEeHeISIOTCS MPOLECCaMM Mac-
conepeHoca cybcrpatos. Ecnu ¢gepMeHT I0KaM30BaH Ha IIOBEPXHO-
CTM HOCHTENS M caM HOCHTEb HEMPOHUIIAeM IJjisi cyOCTpaTa, Moryr
BO3HHKHYTB YCJIOBHS, B KOTOPBIX CKOPOCTh KaTATUTUYECKOTO IIPEBpa-
WeHng 6ymeT 3aBHCETh OT MAcCOIEPEHOCa BEIIECTBA M3 XKUIKOCTH K
NoBepxHOCTH yacTHibl. Takue CUCTEMBI OOBIYHO HA3bIBAIOT CUCTEMA-
Mu ¢ puenrHeit nnddysneil peareHToB, B OTIIMYME OT CUCTEM, B KOTO-
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PBIX HEOOXOAMMO YUYHUTHIBATh Npouecc Auddy3ur KOMITOHEHTOB BHYT-
pY TBEpAOTO HOCHUTENS.

BdexThl, CBA3aHHBIE C BIUAHUEM BHemHenudpdysnoHHOro ne-
peHoca cybcTpara Ha CKOPOCTH peakumil, KaTaTu3UpyeMBIX UMMOOHK-
JIN30BAHHBIMY (hepMeHTaMM, HabIonaoTCsl B O0JIBIIOM YUCIIE 3KCITe-
PUMEHTANBHBIX paboT. Tak, B psgae MCCIEeNOBaHUM peakiMi ¢ NMMO-
OMIM30BaHHBEIMHU (EPMEHTAMU B PEAKTOPAxX KOJOHHOTO THUIAa 0OHapy-
JKEHO, YTO CKOPOCTh PEaKI{MM YBEITMUMBACTCSI C POCTOM CKOPOCTH IO~
TOKa. BBUIO TakXe MOKAa3aHO, YTO CKOPOCTh PEAKIMU 3aBUCHUT OT dh-
(bEKTUBHOCTU NepeEMELIMBAHUS PACTBOPA JUTSI MHOTUX peakuui B pe-
aKTopax C IepeMelrnBaHmeM. BiugHne BHelTHennpOy3HOHHOTO 1ie-
pEHOCA Ha CKOPOCTh (pepMEHTATMBHONR peakiuy 0OHApyXEHO IIPH 1C-
CJIeIOBAaHUY KMHETHUKH JEUCTBUS PepMeHTa, MMMOOMIM30BAHHOIO Ha
BHYTPEHHE I ITOBEPXHOCTU HEUTIOHOBBIX TPYOOK, YEPE3 KOTOPHIE MIPO-
KayuBaJICsl pacTBOp cyOCTpara.

B nacTogmeit rmase paccMaTprBarTCs CIEAYIOLIME BOITPOCH: KaKo-
BBl KOJIMYECTBEHHEBIE 3aKOHOMEPHOCTH, HA0M0gaeMble B TAKOTO pola
CHUCTEMAX; YEM PETYIMPYETCS ITEpexo] M3 KMHETMYECKOH oOnactu B
Iuh@y3NoHHYI0; KaKie KOJIMYECTBEHHBIE ITapaMETPEl PEAKIIUY MOXK-
HO ONEHUTD U3 DKCIICpUMEHTANBHBIX JAHHBIX.

IIpubanxkeHuas OHEHKAa rPaHHUbl KHHETHYECKOH H RudQy3uCHHOH
obnacreii B HENMOABIXKHOMH XKHUAKOCTH. OOBIYHO peaklMM, KaTIU3Upy-
eMble *MMOOHIN30BaHHBIMY (PepMEHTAMMU, IIPOBOAST INPH HU3KUX CKO-~
POCTAX pacTBOpoB cybcTparoB. Hanmpumep, NMpy KCCEOBAHUHU peak-
M ¢ UMMOOUIM30BAaHHBIM QUIIMHOM IPOIIECC U3YYAIU B PEAKTOPE
KOJIOHHOTI'O THITa JUaMeTpoM | ¢cM C MaKCHMaJIbHOW CKOPOCTBIO BBE-
JeHus pactsopa cybcrpara 200 Mi1/4, 3TO COOTBETCTBYET NPHUMEPHO
7-107% cM3/c. B ruapoaiHaMHU4IECKOM CMEBICIIE B 3THX YCIOBUSX PAaCTBOP
cyOcTpata Imo cBOMCTBAM OJIM30K K MPpaKTUYE€CKU HEMOIBVIKHOM XM~
kocty. IIpy HU3KMX CKOPOCTIX pacTBoOpa cyocTpara B IEpBOM IIpUbIU-
KEHUU MaccollepeHOC CyOCTpaTa K MOBEPXHOCTH HOCHUTENS C MMMO-
OMITM30BaHHEIM (HEPMEHTOM MOXHO paccMaTpuBaTh Kak qud@y3noH-
HBI MEPEHOC B HEMOABMXKHON XMAKOCTU. B 3THX YCIOBHUIX MOXHO
MPpUOJVXEHHO OLICHUTh MM PY3MOHHEIN ITOTOK cyOcTpaTa K IOBEPX-
HOCTH ¢ UMMOOWIN30BAaHHEIM (epMeHTOM. B TOM ciydae, korga aKC-
MEpHMEHTAILHO HAbI0gaeMasi CKOpOCTh peaKu Uy, epecuuTaHHad Ha
E€IUHULY ITOTOKA, OJIM3Ka K MPEeACIEHOMY TEOPETHYECKOMY 3HaYEHUIO
UG GYIHOHHOTO MOTOKA, MOXHO YTBEPXKIATh, YTO PEaKIus KOHTPO-
nuapyetcd puddysueit. Ecau skenepuMeHTaIbHOE 3HAYEHE ITOTOKA CY~
MECTBEHHO HUXE TEOPETUYECKOTO, PeakUusl IMPOTEKAaeT B KUHETHYC-
CKoM obnmacTu.

PaccMoTpymM moTok cybcTpara K rpaHyiiaM HOCHTENS, Ha MoBepX-
HOCTU KOTOpOTro MMMOOIWIN30BaH ¢epMeHT. IIpenronaraercs, yro rpa-
HYJIBI UMEIOT cepryeckyto ¢hopmy paguycoM R. Eciu ¢popma rpaHy bt
OTJIMYAETCS OT CHEePUYECKOi, B MEPBOM IMPUOIMKEHUY MOXHO BBEC™
TH TIOHATHE 3(hQPEKTMBHOTO Pafuyca, KOTOpHIA paBeH paamycy cde-
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pBI, TOBEPXHOCTb KOTOPOW SKBUBAICHTHA MOBEPXHOCTH JAAHHOM Yac-
tuubl. IToToK cyGecTpaTa K ITOBEPXHOCTU CHEPHUECKOI YacTHIIBI PaBeH

jmaxc = 4nRDS()>

rae R — panuyc chepuueckoii rpanynsl; D — koaddbunueHT nuddy-
3UH I'PaHYIBl; Sy — HavyalbHAs KOHIEHTpamus cyocTpara. OToT HOTOK
GYIET COOTBETCTBOBATH [TOTOKY CYOCTpaTa K ogHOM cepruecKoii yac-
THLE TPU YCIIOBUM, YTO CYOCTpaT Ha ITOBEPXHOCTH PACXOLYETCs ITOJN-
pocTeio. Yucno N cepuyueckux yactuir B 1 J1 pactBopa O6yaeT paBHO
N = 3D/(4n R%p), 1€ p — IUIOTHOCTH HOCHMTENS.

Taxum 006pa3oM, OOLLYIO MAKCUMATBHYIO JH(PY3MOHHYIO CKOPOCTD
npolecca B eMHuUIIE 00beMa MOXHO PacCyMTaTh IO YPaBHEHHUIO

vhake = Juaxe V = 3nDSy/(1000pR%),

[A€ # — KOHIEHTpaIiKsl HOCUTES, /1. 3TO MaKCMMaNbHasd CKOPOCTh,
KOTOpasi MOXET OBITh PEAUTH30BAHA B CUCTEME U KOTOpasi OIPEIeIsieT-
ca nuddyaueit cyberpaTta. BTa CKOPOCTD MPSIMO ITPOHOPLHOHATEHA KOH-
LIeHTpaLuu cydcTpara, ero KoadduimeHTy nuddysuu 1 odpaTHo Mpo-
[OPIMOHAIBHA KBaIpaTy pajyyca 4yacTHI ¢ IMMOOWIN30BaHHEIM Qep-
MeHTOM. OYEBUIHO, YTO YEM BBIIiE TUCIIEPCHOCTh CHCTEMBI, TEM 60-
Jiee BBICOKME CKOPOCTH MOIYT OBITh peUTH30BaHB B THPGOY3IHOHHOM
pexuMe.

MaKCcHMAaJIbHYI0 TEOPETUYECKYIO CKOPOCTh v4%. MOXHO CPaBHHTh C
SKCITEPUMEHTATEHO U3MEPSIEMOii CKOPOCTBIO peaKIIi, KOTopasl papHa

VS,
IKCIT Kﬁl-{—SO‘

3neck u ganee wTpux npu Ky, v V;, BBEeIeH 1S TOTo 4ToGhl 0603HA-
YUTh MapaMeTPHl hepMEHTa B UMMOOMIM30BAHHOM COCTOSIHUM, KOTO-
pHle B OOWIEM Clyyae MOIYT OTJIMYATBCH OT ITapaMETPOB CBOOOIHOIO
pepmeHTa B pacTsope.

BeeneMm Oe3pazMepHoe OTHOIIIEHUE

_ Vgen __1000pR?V,
w88 (Kjy +S0)3nD’

I9TO OTHOLUECHHME SIBISETCS KPMTEPUEM, KOTOPBIN IMO3BOJIMT ONpPENE-
JUTB, B KAKOM — KUHETHYECKOU Wi nu¢p¢y3noHHON — obaacTul pa-
Botaer cucrema. Eciu x << 1, cucTemMa paboTaeT B KMHETHYECKOM
bexume; ecnu = 1 — B muddysuonHoM. IIpu aTom dyem BelLe V),
TEM BBIIIIE BEPOSITHOCTh TOT'O, YTO PEaKIMS KOHTpOIMpYyeTCs AudPy-
3ueii cyberpara.

PaccMmoTprM HEKOTOpBIE 3KCIIEPHMMEHTAIBHBIE JaHHBIE. B Tabn. 12.1
puBeseHB! DKCIIEPUMEHTAILHO HalileHHBIE 3HauyeHus Vy, u K, mia
TPex cucteM ¢ MMMOOMIM30BaHHBIMK (epMeHTaMU. COIJIaCHO pEKO-
Menmaisam MexXIyHapoIHOM KOMMCCHM IO HOMEHKJIAType MMMOOH-
M308aHHBIX (PEPMEHTOB 3HAYEHHs V), IPUHATO BHIPAXATh B MUKDO-

365

(12.1)



Tabnuua 12}

KuHeTnyeckue nmapamMerpnl HEKOTOPHIX PeakiMii ¢ YIaCTHEM
BMMOOuAM30BaHHLIX depMeHTOB

Ne Cuerema MKMOJIb}/(';HH - MI) MMO.’;II;)/J]

1 | AMunormoko3unasa — I EAE-yennonosa* 0,05 1,4

2 | XuMOTpUIICH H — KapOOKCUMETH/ILIEIIJTION03a 0,5 5

3 [ Xumorpuncun — AEAE-uenmonosa 12 5

* NEAE-nemmono3a — IHATHIAMUHOSTIIILENNION03A,

MOJISIX CyOCTpaTa, KOHBEPTUPYEMOIO B TE€UYEHHE OJHONW MUHYTHI Of-
HUM MWUIMTPAMMOM MMMOOWTH30BaHHOIO (hepMeHTa.

Ha puc. 12.1 mpuseneHsl pacCyMTaHHble MO ypaBHeHHIO (12.1)
3HAYEHMST KpUTepHs ¥ KaK PYHKIMM KOHLEHTpauuu CyOocTpara g
KUHETUYECKUX NApaMETPOB, NIPUBENEHHBIX B Tada. 12.1, nns Bcex
TpeX CHCTeM IIpH P = 1 1/cM3, KoabduuneHTe quddysun cyocTpaTos
8106 cM?/c, sKBUBIEHTHOM paauyce yacTur HocuTenst 20 Mkm. Ha
puc. 12.1 zamTpuxoBaHa obnacte 0,1 <y < 10, B KOoTopoif peakuus
npotekaeT B 1UpGy3roHHOM pexume. IToCKoNbKy mapaMeTpht, BXOId-
wye B ypaBHeHue (12.1), B3STH NPOK3BONBHO, 3Ta 00JIACTh JOBOJBHO
wupokasi. I3 faHHBIX, IPUBEIEHHBIX HA puc. 12.1, BUAHO, YTO I
TPETBEH CUCTEMBI C BEICOKUM 3Haue-
HueM V,, BIUIOTh BO KOHIIEHTpAalW{
1k cybcrpata 0,1 MOJIB/I1 peakiiust 1po-
TeKaeT B TMPPY3MOHHOM DEXUME.
st BTOpOil CUCTEMBI ITEPEXOH U3
nnbGy3MoOHHON 00acTy B KUHETH-
YEeCKYIO MPOKCXOOUT MpH KOHLEHT-
pauuu cyocrpata 0,01 Mo/ Iep-
Basl CUCTEMa, KOTopas MMeeT HH3-
Koe 3HayeHue V), mpu Bcex KOHLEH-
Tpanusix cybcrpara pabortaer B KH-
HETHUYECKOM peXUME. )

JaHHBIN aHaM3, He TpebyoLni
CJIOXHBIX BBIYMCIIEHMH, BecbMa T10-

Iex,

1
0 g8

Puc. 12.1. 3aBUCHMMOCTL KpuTepHsI )
OT KOHUEHTpaUuuu cydcrpara Uist
peakuuu, KaTaIM3upyeMOl UMMO-
OUIM30BaHHBIMH (hEPMEHTAMM:
1 — aMMHOIMIIOKO3KAa30H Ha JHITHII-
HEJUTHOIO03E, 2 — XHMOTPHIICHHOM Ha
KapboKCUMeTHILIE/UION03e; 3 — XH-
MOTPHUIICHHOM Ha NU3TUJIAMUHO3TUII-
He110103¢
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CYMTATD HETIONBIKHBIM OTHOCHTER”



{0 TTOBEPXHOCTHU TBepAoOro Tena. B atux yc- 8
JOBUAX (QYHIAMEHTAILHYIO DOJIb MIPAIOT !
CBOWCTBA XUAKOCTU Ha TPaHMLE TBEPHOE
1710 — IBYDKYILMECS pacTBOpHTENb. Mccne-
J0BAaHUE PA3IMYHBIX CBOHCTB TAKOIO pona
rpaHULIbl pas3zena (a3 CoCTaBIseT NPeIMET
(HUBUKO-XMMUYECKOU TMAPOAMHAMUKY. [la-

je€ M3JOXEHBI OCHOBHBIE NIPEACTABIEHUS S
0 CBOMCTBAX MOrpaHMYHOTr0 THGQY3HOHHO-

1o CIO4.

KayecTBeHHBIE MPENCTABIEHUS O 33KO-  Pyc. 12.2. Tipodmib pacripe-
HOMEPHOCTSX TETEPOT€HHBIX PEAKUMH B  jejeHUS KOHLEHTPALMU
yCJIOBMAX BHElLIHe 11 Py3UOHHOTO Tepe- cybCcTpaTta B reTeporeHHoi
HOCa BEUIECTBAa ObBLTM COOPMYNUPOBAHBI peakuuu no HepHcTy
B. HepHcTOoM. PaccMOTpUM paBHOZOCTYIT-  (CIUIONIHASL JIMHUSA) M pe-
HYIO TIOBEPXHOCTb, HAXOASILIYIOCS B KOH-  3Y/IbTaThl TOYHOrO rHAPOIH-
TaKTE C IBMXYUICHCS XUIKOCTbIO. PaBHO- HAMUYECKOro pacyera (MyH-
JOCTYITHOM CUMTAETCS TTOBEPXHOCTD, TPAHC- KTUPHasl JIMHUS)
MOpPT BEIIECTBA K KOTOPOIl 3KBUBaJCHTEH
BO BCEX TOYKAX IMOBepXHOCTHU. [Ipu 3TOM, eCTeCTBEHHO, Oe3pasaInyHoO,
nepeMerLaeTcs JIM XXUJKOCTb OTHOCUTENIBHO HEMMOIBIXKHOM ITOBEPXHO-
CTH TBEPHOTO Tejla WJIK, HAaoOOpOT, IBUXKETCS TBEPIOE TEJIO OTHOCHU-
TeIbHO XuaKocTh. ComracHo npenacraBieHusM B. HepHcTa O3y no-
BEPXHOCTH TBEPIOTO Tella, HAXOISUIETOCsI B IOTOKE XXUIKOCTH, CYILE-
CTBYET HENEPEMEIIMBAEMBIil CJIOI, BHYTPU KOTOPOTO XMAKOCThH CYM-
TaeTCS HEMOABIIKHOI Y NEPEHOC BEIIECTBA K MOBEPXHOCTH TBEPJOTO
Tea OCYIIECTBIISIETCS TOJBKO 3a CUET MONEKYsipHo#t nuddysunu. Ile-
peMelIMBaHUE XUIKOCTH MPUBOIUT K TOMY, UTO KOHIICHTPALMS Be-
IECTBA 3a npelenaMy HellepeMeLIMBAEMOTro CJIOSI TOCTOsSTHHAs!. Eciu
Ha MMOBEPXHOCTH BEIIECTBO S PACXOAYETCH 3a CYET KaKoi-nmmbo rere-
POTEHHON peakuMH, TO €ro KOHLEHTpauMs BOJIM3HM MOBEPXHOCTH Oy-
IET OT/IMYHA OT KOHUEHTpauUM B 00beMe. CxeMaTnyHo mpoduib pac-
NpeesieHUs] KOHIIEHTPAUMM BelecTsa S B pamMKax moneny HepHcra
NoKasaH Ha puc. 12.2.

Martematnyecku Moienb HepHcera st ogHOMEpHOTO citydast ¢op-
Mupyercs caenyowmM obpasoM. B npeaenax nud@y3roHHOroO Clog
TOMIMHOM [y I1epE€HOC BEIIECTBA K MOBEPXHOCTH TBEPIOTO TEJA OIK-
ChiBaeTcsl ypaBHeHMEeM OTU(MOY3UK pH CAEOYIONIMX TPAHUYHBIX YCIIO-
BUax: mpm x > [y umeeM S'= S); ipu x =0 — S=.5,. ['panueHT BemEeCTBa
Ipu IMHEHOM pachpeefieHUH ero MO TOJILKMHE CIOSI PAaBEH

ds/dx = (S, - Sp)/In.

CoO0TBETCTBEHHO MOTOK BEIIECTBA K ITOBEPXHOCTH TBEPAOrO TeJa
OluchiBaeTcs ypaBHEHHUEM

{
|
|
|
!
|
!
!
!

0 X

j=-D(dS/dx) = DS =50 (12.2)

Iy
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YpaBHeHue (12.2) yacTo MCNONB3YETCS ISl MHTEPHIPETALIMU 3KC-
NepUMEHTaNBHBIX pe3ynbTaToB. Hanpumep, ypaBHEHUE ONUCHIBACT
KOHIIEHTPALIMOHHYIO MOJITPU3ATINIO UIEATBHEIX SJIEKTPOOB B 3JIEKT-
POXMMUYECKUX cHCTeMax. TOoNIMHA HellepeMEIHUBAEMOTO CJIOS, BbI-
YUCJIEHHAs 1o ypaBHeHMIO (12.2), B OOBYHBIX YCIOBUAX MEPEMELLINBA-
nud cocrasnster 10-°— 1072 cm. [Inddysnonnas monens HepHera npu-
OmkeHHas. g OjfHOTo YacTHOTO Ciyvasl — CHCTEMBI, BKITIOYAIOHIEH
BpPaNAIOUIMIACS B XKUIKOCTH JUCK, AaHAJIN3 TUAPOANHAMUYECKHUX Ypas-
HEHUI IOIMYCKAET TOYHOE aHAIMTHYecKoe peleHne. Juddysus K pas-
HOJOCTYITHOU ITOBEPXHOCTHM IMCKA, BPAIAIOIIETOC B XXUIKOCTH, OMHU-
CBIBaeTCsl ypaBHeHHMeM, aHalornyHemM (12.2), roe ly = [; — Tommuua
nubdy3snoHHOTO Citosg — 3GGEKTUBHLINA MMapaMeTp, UMEIOIIMIA pas-
MEPHOCTh JUIMHBI, BBEIECHHBIH NIPY TOYHOM aHAIMTHYECKOM pELIEHUN
TUOPOAMHAMMYECKOM 3a0a4H.

st koHBexkTHBHOH nHdpGy3nd K paBHOXOCTYITHOU IIOBEPXHOCTH
BPAIAIOIIETOCS JUCKa MOXET OBITh MPOBEAEH TOYHBIN KOJMMYECTBEH-
HBII pacyeT MpodWI KOHLEHTpaLnit audGyHaMpyowero KOMITOHEHTa,
Ecnu BBecTH 6e3pasMepHYIO IIEPEMEHHYIO

C= 5-5
SI - SO ’
TO B MOjean HepHCTa rpaHUYHEIE YCIOBUS OYRYT (hOPMYIUPOBATHCS
cnenyrommnM obpasom: npu x > Iy uveeM C=0; mpu x=0 — C= 1.
TlockonpKy IUIsl BpAILIAIOIIETOCT JUCKA MOXHO IPUHATH [y = Iz, TIOSIB-
JITETCS] BO3MOXHOCTD COIMOCTABUTh TOYHBI PO b KOHIIEHTpAIINH,
MONMYYEHHBIN NpY peilieHUH THAPOIMHAMUYECKOM 3agadu, ¢ Mpubin-
>XEHHBIM NpoduIeM, pacCYUTaHHBIM coriacHo Hepuery. Ha puc. 12.2
TIPUBENCHBI JaHHBIE O pacupeneleHHH KOHIeHTpaly cybcrpaTa BOIH-
31 MOBEPXHOCTH C TH(PYy3nOHHEIM cjioeM. CIUIOHIHASI JIMHUSA COOT-
BeTCTBYeT Mojeay HepucTa, myHKTHpHasg — 0ofiee TOUHOMY pAacyery
npodusis KOHueHTpanuii. BugHo, yTo paznmnuus MeXny npruOIHKeH-
HBIM ¥ TOYHBIM PEIICHHUEM CYIIECTBYIOT, HO OHU HE CYUIECTBEHHBI.

KuHeTHKa peakumii ¢ y4acTHeM MMMOOHJIM3OBAHHLIX (epMEHTOB C
yuyeToM 3dpdexTos aaddy3sHonHoro ciaoa. PaccMoTpuM oCOOEHHOCTH
CUCTEMB! C (epMEHTOM, MMMOOMIN3OBAHHEIM HA MTOBEPXHOCTH HO-
CUTeNs, B IBUXyUIeHcs xugkocTu. IIpepnonaraercs, 4yTo noBepx-
HOCTb SIBJIIETCS OMHOPOIHOI U paBHOXOCTYIIHOM. B 3TOM cityuae moToK
cyOcTpara K ITOBEPXHOCTH MOXET OBITh ONMCAaH YpaBHEHUEM (12.2),
rae ly= I, — agpdbextuHag ronmmHa guddysuoHHoro ciog. [Tocko/b-
KY pasMmep Mojiekyn (PepMEHTOB CYIIECTBEHHO MEHbIIE /;, HEOMHO~
PONHOCTSIMHU, KOTOPHIE BO3HUKAIOT HAa MTOBEPXHOCTH TP MMMOOWIA~
3aumy (pepMEHTOB, MPAKTUIECKH MOXHO ITPEHEOPEYb.

B cranmoHapHOM COCTOSTHUM IIOTOK Cy6CTpaTa K ITOBEPXHOCTH Ka~
TanM3aTopa paBeH ero MOTOKY Ha MoBepxHocTH. Eciu KoHumeHTpalhs
depMeHTa BhIpaXeHa B MOJNSX HA KBAaAPATHBIA CaHTHMeTp, GamaHC
IIOTOKOB OMMCHIBACTCS YpPaBHEHHUEM
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D(S, - Sp)/ly = J(E;, Sp), (12.3)

roe E; — noBepXHOCTHAs KOHIIEHTpanusa PepMeHTa; Sy — KOHLIEHTpa-
umsg cybcTpaTa y IOBEPXHOCTH.

B npeanonoxeHuu, 4To KHHETUKA (bepMEHTATUBHON peakiiny O -
chIBaeTCsd ypaBHeHMeM Mmxasnuca, ypasHeHue (12.3) moxer OBIThH
NpejacTaBieHo B (opme

D(S; = So)/ 1z = kiar EsSo/ (K + Sp), (12.4)

roe Kyars Kiy — COOTBETCTBEHHO (P (DeKTUBHAS KaTATUTHYECKAd KOH-
cTaHTa ¥ 3¢pheKTUBHAS KOHCTAHTa MUXal’inuca peakuuu I MMMO-
OMIM30BaHHOIO (hepMEHTA.

YpasHeHue (12.4) mo3BOSAET BEIUUCIUTE KOHIIEHTPALMIO CyOCTpa-
Ta Yy MOBEPXHOCTH KaK (DYHKIIMIO KOHIEHTpAMX CyOCcTpara B 00neMe,
TIOBEPXHOCTHO!M KOHIIEHTpaUA dbepMeHTa, KUHETUYECKMX MapaMeT-
poB (depMeHTa 1 UG PY3NOHHEBIX XapaKTEPUCTUK cUcTeME D u [, Pe-
IeHWE KBagpaTHOro ypaBHeHUs (12.4) OTHOCUTENBHO .Sy IPUBOIUT K
pPaBEHCTBY

S, = ks Edly /D - Ky
2

(SI _kliaTEsld/D — KI,VI
2

Br16op 3HaKa KOpHsI ypaBHEHU CleaH Ha OCHOBE CJIEAYIOUIETO Hepa-
BeHcTBa: 5> Sy > 0.

IIpencrasngeT AHTEPEC NMPOAHATU3NPOBATL 3aBUCUMOCTD Sy/.S; OT
KUHETHYECKUX U HUGPY3MOHHBIX XapaKTepUCTHMK CUCTEMBI. 3aBUCH-
MOCTb OTHOCUTENBHOUM KOHIEHTPAlMM CyOCTpaTa B IOBEPXHOCTHOM
CJIoe ONpenenseTcs aByMs 6e3pa3MepHbIMU MapaMmerpamu S/ Ky, v 6:

SO =
(12.5)

2
) +K1/wS[.

2

1—5M~(1+e) 1—KM(1+9) ,
S ¥ S +KM‘

So/Si = 2 2 S

BeeneHnHbIit Ge3pasMepHblil mapaMeTp 0 paBeH
0 = ki la E;/(Ky D). (12.6)

AHanM3 T0Ka3bIBacT, 4YTO 3HAYeHME IapaMeTpa O ONpenensieT, B
Kakoil obnmacth — IUdpOYy3HOHHON WIM KMHETHYECKOH — paboTaeT
CUCTeMa.

1. Ecan 6 «< 1, T.€. eci¥ OTHOCUTENIBHO MaJl KWUHETHUECKUH napa-
MeTp ki../K}s, WK Majla TOBEPXHOCTHAsI KOHILIeHTpauus pepmenTa £,
WM Maia TonmuHa 1uddy3noHHOTo cnos Iy, cripasemnuBo Sy/5, = 1.
B 511X ycmoBUsIX BHE 3aBUCHMOCTH OT KOHIIEHTpAIMy CyoCTpaTa B 00be-
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M€ €ro KOHUEHTpAIMs Ha NMOBEPXHOCTH HOCHUTENSI paBHA OOBEMHOI
KOHUEHTpauuu. Jduddy3uoHubie 3 ¢heKThl He BIUSIOT Ha KUHETUKY
npolecca, CUCTeMa paboTaeT B KMHETUYECKOM PEXUME.

2. Ecm 6 > 1, monyumm

I_vaMe 1"%—9 K;
R p— |y K
0/S) 3 + 3 + 5,

B 3aBucumMocTy ot 3HaYeHus Kj,/.S; orHoweHne Sy/.S; MOXeT OBITh PaBHO
WM HaMHOTO MeHblile enuHnnbl. [Ipu Kj, = S, uMeeM S/ 8, = 1/60 «< 1.
Opnako ecnmu Kj,/S) << 1, tak uro (K3/S)0 <« 1, torna S,/S, — 1.

TakyM obGpa3oM, HEOOXOZMMBIM M JOCTATOYHBIM YCJIOBHEM TOTO,
uyto (hepMeHT OyaeT paboTaTh B cTporo M OY3NOHHOM pEXUME, IB-
JISETCSI BBIITOJIHEHME COOTHOLICHUS

6= KanBsly 1.
S;D

Ha puc. 12.3 npuseneHa 3aBUCUMOCTD Sy/S) oT Kj,/.S) ipu pasnud-
HbIX GUKCUPOBAHHBIX 3HAYEHMSIX ITapamerpa 0. BuaHo, 4To ¢ yBeamye-
HueM Kj,/S; (py yMeHbLUEHH S;) OTHOLUEHHE S;/:S; BBIXOAUT HA Tpe-
JIENBHEI YPOBEHB:

; Sy 1
8;—-0 S] 1+0 )

Takum obpazom, napametp 8 u oTHoueHUe Kj,/.S; perynmupyioT K-
HETHYECKOE MOBEJAEHME CUCTEMBI. B 3aBHCHMMOCTH OT 2THX flapaMeT-
poB (epMEHTATHBHASI PEAKLMS MOXET NPOTEKaTh KaK B KUHETHYE-
ckoM (8y/8; = 1), Tak u B guddysnoHHOM (5y/S; << 1) pexume.

So/ St

1,0 — !
2

3
0,5 4

5
6

0 S L L 7

-1 0 1 1g(Ki/S)

Puc. 12.3. 3aBrcHMOCTb OTHOLUEHHS ITOBEPXHOCTHOM H 06BEMHON KOHIEHTPA"
Uit cyGeTpara oT 6e3pasMepHOit KOHCTaHTH Muxasiuca nipu 0 = 0,01 (1)
0,1 (2), 0,5 (3), 1 (4), 3(3), 5(6), 10 (7)
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ITpn m3BecTHBIX MapameTrpax 6 U K}, KOHHEHTpauua cybcTpaTa ¥
TIOBEPXHOCTH HOCHUTEJIS] MOXET OBITh PACCYNTAHA 110 YpaBHEHMIO

S
Sy _ Ky

(1+0) ——-(1+6)
ittt _____+ .
Ky 2 2 Ky

COOTBETCTBEHHO MOXET OBITh BBHIUMCIEH OTHOCHTENBHBIM MOTOK
MPOIYKTa (MM CKOPOCTb peaKilhm):
j_ kar B,
Ji , , 2
Haxe 1+ S,/KM—(1+6)+ S;/Ky —(1+6) N S,I
2 2 Ky

(12.7)

-1

Ha puc. 12.4 npezncraBneHa 3aBUCHMOCTH ITOTOKA ITPOIYKTa OT
00beMHON KOHIIEHTpAUM cyOcTpara B Oe3dpasMepHBIX KOOpAMHATAX
[IPY pa3sNNYHEBIX 3HAUYEHUSIX MapaMmerpa 6. MakCUMalbHBIH TIOTOK pa-
BEH jyace = Kyar Fs- B OTIMUME OT OOBIYHOM peakuyy, IPOTeKaoUell o
MeXaHu3My Mwuxasnuca, 3aBUCUMOCTSD j(.5;) He NMHeapusyeTcsd B 06-
PaTHEBIX KOOpAWHAaTax (cM. puc. 12.4):

S _ 1
jmaxc ’ ’ 2 s
| SiKy - v +\/[S,/KM —<1+e>] .S
2 2 Ky

W3 puc. 12.4 BugHO, YTO TIpU BHICOKUX 3HAUYeHMSIX S/ K}, peakuus
TIPOTEKAET B KUHETUUECKOM peXUMe Y TIOTOK TPOIAYKTa TIpUbIMXKaeT-
¢ K MakKCUMaJIbHOMY 3HAYEHUIO; TP HU3KNX KOHIEHTpAIUAX cyo-
cTparta peakuus rnepexoaut B mu( @ y3uoHHYIO 00IacTb.

Fvaxe

1,0

0,5

0

1t 1 ]
5

10 15 S/Ky

Puc. 12.4. 3aBucHMOCTD MOTOKA MPOAYKTa OT 0OBEMHON KOHILIGHTPAlIUU
cybcTpaTa B obparHbix xoopaunarax mpu 6= 0,1 (1), 1 (2), 5 (3), 10 (4)
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1 )] 1 M
10! 10° 10! 120
Puc. 12.5. YucnenHslit pacuer dakropa 3¢ (HeKTUBHOCTH 1) KaK GyHKIUU
napametpa 0 npu S;/Kj; = 0,1 (1), 0,2 (2), 0,5 (3), 1 (4), 10 (5)

OyeBUIHO, YTO B YCIOBUSIX, KOTAa KMHETUKA TIpO1ecca ONpenes-
erca nuddysueil cydbcTpaTa y MOBEPXHOCTH HOCHUTENSI, KATAIUTUYE-
ckast 3¢ deKTUBHOCTD CUCTEMBI yMeHbIaeTed. MnrepecHo ongHUTS (hak-
Top 3(pPEeXTUBHOCTH KaTAJIUTHYECKON CUCTEMEI ¢ BHelllHenuddy3u-
OHHBIMM orpaHnyeHussMHU. Pakrop 3¢GEKTUBHOCTH paBeH OTHOIIE-
HUIO TIOTOKOB TIPONYKTa B YCJOBUSIX TIPOTeKAHHS (PepMEeHTATMBHOMR
peakuuy ¢ cy0cTpaTOM KOHLEHTpauuy Sy K TOTOKY, KOTOPBIM MOT Obl
peanu3oBaThCA B OTCYTCTBUE THGM(MY3INOHHEBIX OrpaHUUEHUH:

_JGSo) _ So/Si+So/ Ky
J6Sy  1+8/Ky

Ha puc. 12.5 mpuBeneHBI pe3yabTaTH YUCIEHHOTO pacyera (pakropa
addexkTBHOCTH KaK HYHKUIMM MapaMmerpa 0 Mpy pasnuyHBIX 3Haye-
HUSIX oTHOLUeHUd S/ K}, BumHo, 4TO C yBennUeHeM O (yBeTHYEHUEM
KOHIIeHTpauu F;, yBeJIMYeHUEM TOMIIMHB nuddysnoHHoro ciod,
yMeHblIeHUeM KoahdunmenTta nuddysuu cyberpara) 3¢GHeKTUBHOCTD
JeicTBUSL cUCTEMBI yMeHbIaeTcs. OcoOeHHO »TO CKasbIBaeTcsl TIpH
HU3KUX 3HaYeHUAX 3/ K}, B atux ycnosusix dakrop a¢dekTuBHOCTA
obpaTHO TIpoNOpHWOHANEH TapaMeTpy 0: 1 = 1/6. OTMeTHM TaKXKe,
YTO MCITONIB30BAHHME BHICOKMX KOHIEHTpAIIWi cyGcTpaTa MOXeT mepe-
BECTU CHCTEMY B KMHETMYECKHI peXum, Tipu KotopoM (akrop >¢-
(hexTUBHOCTH OJM30K K €TUHUIIE.

OnpeneneHne KHHETHYECKHX MAPAMETPOB CHCTEMbI H3 3KCIepUMEH-
TAJLHBIX A2HHBIX. B 5KCNiepyMeEHTAIBHLIX paboTax 1o CTaluoHapHOM
KUHETUKEe PepMEeHTATUBHBIX peaKuMil oOBIYHO MCCenyeTcsl 3aBHCH-
MOCTB CKOpPOCTH TIpoilecca OT KOHHEHTpauuu cyocTpara. g rerepo-
TEHHOU CUCTEMBI ¢ BHEIIHETUGDPY3NOHHBIMU OrpaHNYEHUSIMU U3 UC-
CIIeIOBAHNS 3aBUCHMOCTH CKOPOCTH PeaKLIMM OT KOHHEHTpauu cyo-
CTpaTa NP BapbUPOBAHWM TIOCIETHEM B INMPOKUX TIpeaenax Takxke
MOIYT OBITH OTIpeAeNeHb KMHETUUECKUE XapaKTepHCTUKH TIpoLeccad
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Juaxe/J Juaxe/J

300

200

100

0 1 2 Kiy/S

Puc. 12.6. 3aBMCUMOCTD ITOTOKA MPOIYKTA OT KOHLIEHTPALIMK cyOCTpaTa
$ 06paTHBIX KoopauHaTtax mpu 6= 0,01 (7), 0,5 (2), 1 (3), 3 (4), 5 (5), 10 (6):
' a—0<Ky/S<30;,6—0<K;/S <3

V! (Juaxe), Ky 1 6. Ilpy 5TOM criemyeT MMETB B BUAY, YTO [TOBEPXHOCT-
Hast ¥ 00BbeMHAas1 KOHLIEHTpal¥K (hepMeHTa M COOTBETCTBEHHO TTOTOK j
U CKOPOCTb peaKLWM CBA3aHBI cCOOTHOWleHUIMU Fy = (A/V)E,
v=J(A/V), rme A — TUIOLIaAb TIOBEPXHOCTH HOCUTENS C DEPMEHTOM;
V — o0beM CUCTEMBI.

Ha puc. 12.6 npuBeneHsl TeOpeTHUECKUE 3aBUCHMOCTH j (.S)) B 06-
paTHBIX KoopauHarax. B KMHeTHyecKoi o0JacTy TIpU BLICOKHMX KOH-
LCHTpaLMsIX cyOcTpaTta MOryT OBITH OTIpeIe/IeHH KUHETHYEeCKHE T1apa-
MeTphl aeficTeuda GepmenTa V;, 1 K. B nubdysnonHoit o6nactu 3aBm-
cumocTs Mexay j ! u S;! nuHeltHad ¥ TIpPOXOAMT Yepes HayaJio Koop-
IVHAT:

v5l = (1 +0) Ky [V

[No Tanrency yria HakjioHa rpaduka 3Toil 3aBUCHMOCTH MOXET OBbITh
HaiineH mapameTp 6 TIpM U3BeCTHBIX 3HaYeHusTX V;, u K}, Takum obpa-
30M, 9KCHEPUMEHTAILHO MOTYT OBITh OTIpee/IeHBl BCe KMHETUYECKHUE
NlapaMeTpsl cucTeMsl V,, (unu ki) u .

B kauecTBe WITIOCTpalMi PACCMOTPUM 3KCIIEPUMEHTAJIBHBIE TaH-
Hbie pabOTHI, B KOTOPOM U3YyYeHO KMHETUYEeCKOe TTOBEIEHUM LIEN0Y-
Hoit docdaraspl, ”MMOOMIN3OBAHHOI Ha KOJUIOMAHONH MeMmOpaHe, B
YCIOBUSIX, KOrma Ha KMHETHKY TIpolecca OKa3biBaeT BIUSTHUE BHEII-
HennddysnoHHbi niepedHoc cybcTpata. Ha rioBepxHOCTH MeMOpaHEI
Obina copbrposana menoynas ocdarasza. Ha puc. 12.7 nipuseena 3a-
BUCHMOCTh CKOPOCTH peakiiM¥ OT KOHIIEHTpalluu cybcTpara B oOpar-
HBIX KOoOpAMHaTaX. 3HAYEHUST CKOPOCTU OTHECEHBI K MaKCUMAILHOMU
CKOpOCTH, IKCTIEPUMEHTAIBHO OTIpeIeJIEHHOM TP BEICOKUX HACKILIA-
Ouyx KoHueHTpaluax cyocTpara. HeobxoguMo OTMETHTh, 4TO JUIS
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Puc. 12.7. OnpeneneHyie KMHeTHYECKUX U AUGDDY3IMOHHBIX XapaKTePUCTUK
MMMOOMIM30BaHHOM 1ienouHoM docdarassl:
a — 33aBHCHUMOCTh OBGPaTHON OTHOCHUTENBHOH CKOPOCTH OT 0OparHOi KOHLEeHTpalyu
cydcrpaTta (JiuHMM ] — 3 OTIMYAKOTCS 3HaYeHHEM NTOBEPXHOCTHOI KOHLIEHTpauuu ¢ep-
MEHTa ¥ COOTBETCTBEHHO MAaKCHMAIBHBIMH CKOPOCTAMHU {cM. puc. 12.7, 6); 6 — 3aBu-
cumocts o V7,), paccuntanHas no ypasHenuio (12.9)

cucteM ¢ TudPy3noHHBIMY OrpaHUYeHUIMY 3HaueHus1 V,, onpenens-
10TCA, KaK TIpaBUJIO, CYIIECTBEHHO Ooiee TOUHO, YeM K}y, TIOCKOIBKY
Ha V;, He meiicTByioT nuddy3noHHBIe U Ipyrue ocloXHAwoume 3d-
(heKThl, HanpuUMep WHTMOUPOBAHUE TIPOIYKTOM.

Kak BumHo u3 puc. 12.7, sKcnepuMeHTaIbHEIE TaHHbBIE (TOYKY) HE
NIMHeapu3yioTca B oOpaTHBIX KoopnuHaTax. 11py HU3KMX KOHIIEHTPA-
LusIX cybcTpara acCUMITTOTUYECKHUE TIpSIMBbIE TIPOXOOST Yepe3 Hayalo
KOOPIUHAT, IIPY 5TOM TAHTE€HC YIJIa HAKJIOHA TIPSIMBIX CBSI3aH C KUHE-
TUYECKUMH U MU PY3NOHHBIMY TIapaMeTpaMM CHCTEMBL:

o = d(VT”I’J/d(S") ~ Ky (1+0).

Ecnu mrapamerp 0 >> 1, mommkHa HaGmiomaThCcs TWHEHAs] 3aBUCH-
MOCTb MeXIy TIapaMeTpOM ¢ U MaKCUMAJILHOH CKOPOCTBIO PEAKITUM:

a=(l,/D)V,. (12.9)

DKCnepUMEHTATbHO HabmonaeMasi 3aBUCUMOCTD, TTONydeHHas M3
TaHHBIX puc. 12.7, a, npuBeneHa Ha puc. 12.7, 6. [Ipn ussectHoM KO-
sbdurente nuddysun D MoXeT ObITh HalineHa TonmmuHa [, muddy-
3uoHHOTO cnos. Ecian npunaTe, uto KoaddunueHT tnddysum n-HUT-
podenwipocdara B ycIoBUsAX SKCIIepUMeHTa paseH 5 - 1076 em?/c, U3
TaHHbIX, IPUBENEHHRBIX Ha puc. 12.7, cinexyer, uyTto TonmuHa quddy-
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3UOHHOTO CJIOF paBHA 25 MKM. DTO COOTBETCTBYET He3aBUCHUMBIM 3KC-
MepUMEHTAIBHEIM JaHHBIM, TIONYYEHHBIM B aHAJIOTUYHBIX YCIIOBUSIX.
BaxHo TIOAYEPKHYTh, YTO TIPH OIPEHEICHUU [; HE MCIIONB30BAINCH
KOHCTAaHTHl Miuxasnuca, KOTophle, KaK IPaBUJIO, OIIpedesioTcsa C
GONBLIOH OIUNOKOM.

YacTo npw UCCIENOBAHUM peakiVii, KOTopble MMPOTEKAIOT B CMe-
IAHHOM peXMUMe, TOUHOCTb 3KCIIEPUMEHTA HE TO3BOJISIET [10CTIE[0Ba-
TEJILHO IIPOC/IEMUTh HeJIMHEHHOCTh 3aBrucuMocTd v~ (S!) npu nepe-
XOJIe U3 KMHETHYeCKOH B muddy3noHHYI0 00nacTh. BHeliHe KpUBbIe
v(.S) L1 xuHeTnYecKoro M Anddy3noHHOro cliydaeB moxoxu. Yacro
[IPU aHATN3e KMHETUYECKUX 3aBUCMMOCTEH B MEPEXONHON M Jaxe B
nuddy3nonHoi 001aCcTU UCTIONB3YIOT 00paTHble KoopauHaTel. Oye-
BHJHO, YTO TIpYU 3TOM oIIpenessieMble apaMeTpsl V;, n K}, He nMmeloT
(h13UYECKOTO CMEBICIA, TIOCKOJIBKY HAlIEHHOE TAKUM 00pa3oM 3Haue-
Hyue Kj o ABIAETCA QyHKHIMEH TapaMeTpoB MaccolepeHoca.

HcTuHHEBIE 3HaYeHUS KOHCTaHTH Muxasnuca MoryT OBITh olpefe-
JIEHBI JUIST CUCTEMBl ¢ HEeOONBIIMM 3HAUYEHUEM O TIPY TIOBBILLIEHHBIX
KOHIIEHTpausax cyocrpara. Ecny BepHYThCS K JAHHBIM puc. 12.7 ¥ Tipu-
HATB, YTO KoHCTaHTa K}, = 2,5+ 107 Monb/11, onpeneneHHas U3 Hayab-
HOTO ydYactka KpuBoil ] (BepxHuil mipemen Kj;), UMeeT OAMHAKOBOE
3HayeHWe [UIT BCEX TpeX KPUBBIX, BBIYNCIEHHBIE 10 ypaBHeHUIO (12.6)
3HAUEHWS TTapaMeTpa b ISl CUCTEM C Pa3INyHOM MOBEPXHOCTHOM KOH-
HeHTpaLueil pepMeHTa COOTBETCTBEHHO paBHEI 0; = 3,5, 6, = 15, 05 = 60.
Takum o0pa3om, IJis1 CUCTEM, OTBEYAIOIIUX JIUHUIM 2, 3 (cM. puc. 12.7,
a), Ipy KOHUeHTpauun cybctpata 10~ Monb/n (M MeHee) 1ieIoyHas
ocdaraza paboraer B crporo muddy3MoHHOM pexuMe. 3JHayeHUs (pak-
Topa 3¢ ¢eKTUBHOCTH pabOTHI KATATM3ATOPa B OTUX YCIOBUSIX Ype3BHI -
yajfiHo Masikl ¥ paBHBI cooTBeTcTBeHHO 0,067 1 0,017. [IpuBeneHHbIe
SKCITepUMEHTAIbHBIE JaHHBIE WITIOCTPHPYIOT TOT (aKT, YTo chcTeMa
MoOXeT paboraTh B cTporo mu(G@y3MoHHOM pexXuMe TIpHU KOHLEHTpa-
LMAX cyOcTpaTa, CYIIECTBEHHO TIPEBHILIAIOIIAX KOHCTaHTY Muxasnuca.

B psime cnydyaeB Tipu oneHKe paboThl KATAIUTUYECKOM CHUCTEMBI
NPUHUWTIHAIBHO BaXXHO WMETh OTBET HA BOTIPOC: B KaKod obmacty —
1 dy3nOHHON TN KUHETMYECKOM — paboTaeT maHHas cucTeMa. JTo
MOXHO cJIeNaTh, OCHOBBIBASICH HA CJIEMYIOUIUX KPUTEPUSIX.

1. I'padvik 3aBUCHMOCTH CKOPOCTH PEAKIINU OT KOHIIEHTpALIMK cyO-
CTpaTa B cjIydyae KUHETHKH C BHeIIHennp(y3NOHHBIM TOPMOXEHNEM
VIMeeT XxapaKTepHbIi B (cM. puc. 12.6). Takum 06pa3oM, eciii SKcTie-
PUMEHTANIBHO 3apeTUCTPUPOBAHbLI TAKOro BUAa KMHETUYECKHE 3aBU-
CUMOCTH, MOXHO CHAENIaTh BBIBOJ O TOM, YTO Ha KMHETHKY Peakiuu
OKaswbIBaeT BAUgHUE 1uddysud. Ilpu aHannze KUHETUYECKUX TaHHbIX
HeoOXxomUMMo MMETh B BHIY, YTO 00paboTKa 3KCIepUMEHTAIBHEBIX pe-
3YJIBTaTOB IIPOBOIUTCS C UCTIONB30BAHUEM YpaBHEHMUIA, KOTOpHIE CIipa-
BETMBBI TOJILKO [UIA paBHOIOCTYIIHBIX MoBepxHocTeld. IIpyu sToM He
VYUTBIBAETCS HATMYKE CIIOSI, KOTOPBIH 00pasyeT hepMEHT Ha TIOBEpPX-
HOCTH HOCWTENA, W TIPMHUMAETCs, YTO KUHeTUKa (PpepMeHTaTUBHOU
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pEaKIUH OITUCHIBACTCA TMPOCTENIINM %@BHSHI/ISM TUIIA YpaBHEHUS
Muxasnuca. ITpy n3yuyeHNY KOHKPETHBIX CUCTEM HEOOXOMMMO TIPOBe-
PATH, BBUTONHSIOTCA W TepedyucieHHble ycnoBus. IIpu HecooTBer-
CTBHUU XapaKTepUCTUK CHUCTEeMbI YKA3aHHLIM BhIlIe TpeOOBaHUSIM He-
06XOMMMO TIpOBENEeHME TTOJHOTO KMHETUYECKOTO aHAJIN3a.

2. B ycrioBusx, Korjma peakiivs TIpoBogUTCS B cTporo nudd@ysnon-
HOM peXUMe, 3KCTIEPUMEHTANILHO OTipenesisieMast CKOPOCThb TIpoLecca
B ONOpenejeHHOM IUATa30He He JOJDKHA 3aBHCETh OT KOHLICHTPAITUH
depMenTa ¥ HaKTOPOB, BIULIONIMX HA €r0 aKTUBHOCTH, TaKMX Kak
noxasaresis pH, Hamuyue nHruOUTOPOB U T.11. COrNMacHO YpaBHEHUIO
(12.7) ipu 6 >> 1 cKopocTs Tipoiiecca (TIOTOK IPOAYKTa) He 3aBUCHT OT
KOHIIEHTpaUny (pepMEHTA U OMIMCHIBACTCS YPaBHEHUEM Jj/j e = DS)/L,.
B sTux ycnoBuax yBejnuyeHHWe KOHIEHTpalMy (hepMeHTa He JOJIKHO
TIPUBOJIUTH K U3MEHEHMIO CKOPOCTH Tipoirecca. OMHAKO CYIIECTBEHHOE
VMEHbIIIeHNEe KOHIEHTPAUK aKTUBHOTO epMeEHTA, HATIpUMED 3a CHeT
WHTUOMpOBaHUSA, MOXET TIepeBecTU cucteMy u3 nudQy3MoHHONH 00-
JIaCTH B KMHETHYECKYIO.

3. B pexume, koHTponupyeMoM audpysueit, Ha CKOPOCTH TIPOIIeC-
€a IOJDKHB! OKA3bIBaTh BIMSHNE (PaKTOphI, UBMEHSIOIIVE TOMIIVHY U -
dy3roHHOrO €08, TaKWe KaK, HalpuMmep, CKOPOCTh pacTBopa cyo-
CTpaTa, CKOPOCTh BpalleHUsI MEIUATIKU. B HEKOTOPBIX CIIy4asiX MOXET
OBLITH TIPOBEJICH CTPOTHI{ TEOPETHIECKUM aHaTA3 BIUSHUS THAPOANHA-
MWYECKUX XapaKTepUCTUK CUCTEMBI HA TOMIUMHY /; (CM. Jalee aHAINU3

CHCTEMBI C BpallalolMMcs JUC-

Ko -10°, Moe/n KoM). B psne clyyaeB KayecTBEH-
HBIM KpUTEPUEM pabOTH CUCTEMBEL

L8 B 1u(h@Yy3NOHHOM peXuMe SBIIA-
€TCs 3aBUCUMOCTb CKOPOCTH peax-

1,4+ iy (WIN KOHCTAHTHI Mwuxasnu-

ca) ot ckopoctu cybcrpara. Ha-
TpuMep, Ha puc. 12.8 nipencrasie-

LoF Ha 3aBUCUMOCTb D(PQPEKTUBHOTO
3HayeHus Kjy,q OT CKOPOCTH pa-
0,6 CTBOpa cybcTpara B KOJIOHKE ¢ UM-

MOOMIIM30BaHHBIM (UIIHHOM IS
peaKIMy ruaponu3a OeH3omapru-
HWISTWIOBOTOo 3dupa. BugHo, 4TO
TP HU3KUX CKOPOCTSIX C YBEIHU-
YeHneM TONIWHB TU(hPy3nOHHO-
ro cios 3pdeKTuBHass KOHCTAHTA
Puc. 12.8. 3apucuMocTs sddexmuprolt  VIMXadMUCA PEAKIMHU pacter. YBE-
KoHCTatTEr Mixasmuca peakuy ryg-  JIMIEHHE CKOPOCTH pacTBopa cy0-

ponu3a GeH3OWTaprUHMNaTHIOBoro CTPaTa BBIBOAUT CHCTeMy Ha KH-
3(bMpa oT CKOPOCTH pacTBOpa B Ko- HETUYECKUH peXuM. Takum obpa-

JIOHKe ¢ MMMOGWJIM30BAHHBIM Ha 30M, 3aBHCHUMOCTb 3¢ddexTnBHON
KapOOKCHMMETIILE/UTIONO03e (GULMHOM ~ KOHCTAHTH Muxasnuca OT ruapo”
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JMHAMAYECKHMX XapaKTEPUCTUK Cpelbl TAKKE MOXET CIYKUTh KPUTe-
pyeM TOro, 4yro cucteMa pabotaeT B nMpPy3MoHHOM obracTy.

Ouenka nndrpy3nonnoro moxyns 0. JIrobas crucrema nipy M3MeHe-
HUM KOHUEHTpaiy cyocTpaTa B IIMPOKOM JUATIA30HE MOXET CyLie-
CTBOBATh B OMHOM U3 Tpex obnacreit:

1) B KMHeTHYeCcKOH 061acTi, KOTopasi pealu3yercd TpH BHICOKMX
KOHLIEHTpaLUsIX CyOCTpara;

2) B mepexomHoi obnacTy;

3) B tndysnonHoIt obnacTyu, rae CKOpOCTh Mpoirecca KOHTPOIU-
pYyeTCd MaccolepeHOCOM CyOCcTparta K MOBEPXHOCTH HOCUTENS C (pep-
MEHTOM.

JUtsl paBHOIOCTYITHOM TIOBEPXHOCTY KOHLIEHTPAIUS cybcTpara, mpu
KOTOpO# crcteMa Oynet paborarh B mubPy3snoHHOM pexuMe, oripeme-
JsieTCd 3HaYeHreM rapaMeTpa 6. IIpu BeICOKMX 3HadYeHusix 0 nuddysu-
OHHasl KMHETHKA MOXET pPeajlU30BaThCs M TIPU KOHLIEHTPALHUAX CyO-
CTpaTa, CylecTBeHHO TpeBbiaomux Ky, Hanpumep, pu 6 = 100 cu-
creMa paboTtaet ripakTiyecku B nuddysnonHoM pexume nipu S/ Kj, = 10.
IMosToMy KpaifHe BaXHBIM SBIAETCA OLEHKA 3HAYEHWU O, KOTOphIE
MOTYT peaIN30BaThCs B CUCTEMAX C MIMMOOWIN30BAaHHEIMU depMeHTa-
mu. Kak cnenyer u3 ypasHeHust (12.6), 1ist Toro yTo6bt OLIEHUTD ITapa-
MeTp 6, HeoOXOMMMO 3HATh KMHETUYECKUi TiapamMeTp (pepMeHTATHB-
HOM peakuuy k.../ K}, TOBEpPXHOCTHYIO KOHLIeHTpalmio hepmenTa E,,
koadounuent quddy3nn cydetpara D ¥ TOIUWHY IOrPAHUYHOrO Tud-
¢byznoHHoro cnos ;.

Ouenka napamerpa ki,,/ K3, B HacTOsinee BpeMs UMEIOTCA MHOIO-
YUCJIEHHBIE TAHHBIE O 3HAYEHUAX K1,/ K}y, TIOMYUYeHHEIX U3 pe3ysibTa-
TOB 3KCIIEPUMEHTOB TIO CTAIIMOHAPHON KWHETHKE (hepMEHTATUBHBIX
peakuumii. OTHollleHWE K,/ K}y N3MeHsIeTCs B IIUPOKUX TIpedeNax; KpoMe
TOro, 3HaA4eHUS K,/ K} 3aBHCAT OT YCIOBUN TIpoBeAcHUST SKCTIEPHU-
MeHTa (mokasarenss pH, MOHHO# cunbl pacTBOpa, TeMIIEPATYphI) U
CneM(pUIHOCTY UCTIONB3YEMOro cybcTpaTa. YCIOBHO BCe (PepMEHTHI
MOXHO pa3aeNnuTh Ha TPU OCHOBHBIE IPYIITIBL;

1) mamoakTuBHbie (ki./Kjy < 10* 1/(Mons-c));

2) akruBHbe (ki,/Kjy = 10°—107 1/(Monb-c));

3) BhICOKOAKTUBHBIE (ki,./K} > 107 1/(MoOMb - C)).

OneHka NMOBEPXHOCTHOH KOHIEHTPAUMH (hepMeHTa NMPH MOHOCNOM-
HoM 3anmoanenun. MIMMoOum3anysa ¢hepMEHTOB Ha TIOBEPXHOCTH HO-
CHUTENIST MOXET OBITH OCYIIECTBIIEHA pa3MUYHBIMY criocobamMu. OGbrYHO
MeTonbl XMMUYECKOH CIIMBKY ¢hepMEHTa C MOBEPXHOCTHIO HE TI03BO-
JSI0T MOMYYUTH KOHLIEHTPALMIO (PepMeHTa, TIPeBRIIIAIOLLYIO MOHOCIION ~
HOe 3amoyiHeHUe TIOBEPXHOCTH 6eKoM. To Xe caMoe OTHOCHUTCS U K
NoBepxHOCTHOM Hecnienudmueckoii copouun pepmenToB. [Ipemcras-
JseT MHTEpeC OLEHUTh TTOBEPXHOCTHYIO KOHUEHTpaLHio GepMeHTa B
NpeinosIoXXeHWH, YTO HA TIOBEPXHOCTH obpasyeTcss MoHOCToM. Oye-
BUIHO, YTO TIOBEPXHOCTHAS KOHIUEHTpAIWsS IIPM MOHOCIOMHOM 3a-
NojiHeHuy Gyaer 3aBUCETH OT pa3Mepa OelKoBo# rnodynsl. Ecnm 6enok
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3aHUMaeT Ha [OBEPXHOCTH TUIOLIANb 5X 5 HM, TO €r0 KOHLIEHTPALHs
cocTapnger 4-10'2 monekyn Ha 1 cm? wm 6,610 monb/cM?. Dto
3HayeHue 6YIET UCTIONb30BaThCA TIpH OLEHKE TTapaMeTpa 6 B CHCTEMe
C MOHOCJIOWHBIM 3aII0JTHEHWEM TToBepXHOCTH. OYEBHIHO, YTO PacCuu-
TaHO OHO TIPUOIM3UTENLHO U MOXET U3MEHATHCA B 3aBHCHMOCTH OT
pasMepoB OeJIKOBOM INOOYIEL.

OueHKa TOJIMHBL NOrpannyHoro auddysuonHoro cios. B HacTos-
IIee BpeMs TOUHBIH TEOPETHYECKUIA pacueT MaKPOKMHETHYECKUX Xa-
PaKTEPUCTHK CHCTEM C BHEIIHEAU(PPY3NOHHBIM TIEPEHOCOM CHeNaH
JIMLIB VI IMCKA, BPALIaioLIErocs B XXHIKOU cpene. B rugponuHaMu-
YeCKOM OTHOLIEHWH BpPAIHAIOUIMIACS JUCK — UCTUHHO PaBHONOCTYIIHAS
[IOBEPXHOCTh, HaMBOJIee TIPOCTAs CUCTEMA, A1 KOTOPOI CYILECTBYeT
CTpOroe aHATUTHYECKOE pellleHNe THAPOIMHAMUYECKON 3a0ayH.

TomuuHa A1 GY3MOHHOTO CJI0s A1 BpallAIOIIErocs: TUCKa paBHa

D316
Vo
rne D — xoaddunmeHT muddy3nu; v — BI3KOCTh XKUIKOCTH; O —

YIJIOBast CKOPOCTh BpaleHUs TUCKa. B 3THX yclIoBHAX yeIbHBIA TOTOK
OymeT paBeH

I, =1,61 (12.10)

. DBSJw

I = 1,61vY6 °
T. €. CKOpocTh ANDGHY3MOHHO~KOHTPOTUPYEMOI peaKiun JODKHA JTH-
HelfHO 3aBUCETh OT 0. YpasHenue (12.10) MOXHO Mepermicarh B BUIE

I = 1L61(D/"V)A (v/w) 2. (12.11)

IapaMmetp v/D, Koropwlii moay4yuy HasBamue yucna [Imuara (Sc),
SABJIACTCA XapaKTepUCTHUKOM Cpedbi, B KOTOPOU TIporcXoguT quddy-
3us peareHTa. 15 BOTHBIX pACTBOPOB, B KOTOPBIX IPOTEKAIOT peaKLHU
C UMMOOWIM30BAaHHBIMU ¢epMeHTaMU, KoabduumenTsl nuddy3nu
peareHToB UMEIOT MopAnoK 5 - 1075 cM2/c, KuHeMaTHyecKas BA3KOCTh
5-1072 cm/c. CoorBercTBeHHO yncao IImMuara paBHo MpuGIN3uTeNb-
Ho 10%. Torma cornacHo ypaBHenuio (12.11) mpu cKopoCTH BpaLIeHWs
micka o = 1, 10, 100, 1000 06/c Tomumua muddysMoHHoro cnos co-
craBuT I; = 150, 50, 15, 5 MKM COOTBETCTBEHHO.

OOpIyHbBIe YCIOBUSA TIpoBeaeHUS epMeHTAaTMBHOM peakimy B Ic-
peMellNBAEMOM pAcTBOPHUTENIe COOTBETCTBYIOT, TIO-BUAMMOMY, CKO-
pocti BpameHus aucka | —100 06/c. Oto maeT nuanasoH TOJUAHE!
mrddysnonHoro ciaog 15— 150 MkM (cM., HaTIpuMep, IpoBemeHHbIN
BBILLE aHTU3 DKCTIEPUMEHTATBHBIX JaHHBIX M0 KMHETHKe IeiicTBUA
MMMOOUIM30BaHHOM 1IenoYHo#i docdarass).

Eciv IpUHATB, YTO B yCIOBUAX 3KCIepuMeHTa /; = 50 MKM, TO
JUIst TpeX IpYII epMeHTOB, 001a1aoImX pa3Hoil peaKIMOHHOH €107
COOHOCThIO, MOXHO TIONYYUTH CIEAYIOL[Me 3HAYeHUs IapaMeTpa 0
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npY MOHOCJIOIHOM 3allOIHEHUH [TOBEPXHOCTH (epMeHTOM (IIpearto-
siaraercsi, 4to Koo@duuueHT 1uddysnn cydbcTpaTa paBeH TIPUMEPHO
5-107% cm?¥/c):

1) depMeHTBI TTepBOM TPYIIILI MIPU KOHHEHTPAIMSAX CyOCTPATOB,
COM3MEpUMBIX C KOHCTaHTOi Mmuxasnuca, paboTalor B cTporo aud-
by3uoHHOM pexuMe: ki,./Kj = 107 n/(Monb - c), © > 1; cylecTBeH-
HOE YMEHblIIeHWe KOHUEHTpauuy gepMeHTa (BIUIOTH 1O KOHIEHTpa-
1IMU, COOTBETCTBYIOLLEH 2%-My 3allONIHEHMIO TIOBEPXHOCTH) 3aMETHO
HE TIOBIIMAET Ha CKOPOCTH IIPOIIECCa;

2) depMeHTH BTOpOHl IpyMNIIBl, UMEOUINE KWHETUYEeCKHe Mapa-
METPHI B IPOMEXYTOYHOI obnactu: 10* < kf,./ K}, < 107 1/(Monb - c),
B 3aBUCUMOCTH OT YCJIOBUI 3KCTIEpUMEHTA MOTYT TIPOBOIMTD PEAKIINIO
KaK B TU(PY3NOHHOM, TaK M B KWHETHUUECKOM pEXKUME;

3) depMeHTHI TpeThel IpynTibl BCIASACTBHE HU3KOrO 3HAYEHUS

v/ Kiy < 10% 1/(Monb - ¢), 6 < 0,07 ripu M0G0 KOHIIEHTpaluu cy6-
cTpara paboTaloT B KMHETUYECKOM PEXMME; TIPM MOHOCIOHHOM 3a-
[TOJIHEHU U TIOBEPXHOCTH HEBO3MOXHO PEAJIN30BaTh YCIOBHS, B KOTO-
PBIX peaKiivs mpotekana Obl B qugdy3noHHOi 0bIacTH.

12.2. Buyrpuanddy3uounsie 3¢dexrsi

B mogpasn. 12.1 paccMoTpeHa KMHETHKA TeTePOreHHBIX peakuui,
KOI7Ia OCHOBHOE COTIPOTHBJIEHNE MaccoliepeHocy obecrieyuBaet nuddy-
3UOHHHIM CJI0#, BO3HUKAIONIMHA Ha TpaHWile pasfena ¢a3 TBepaoe
TeJIo — IBHKYLIAsicA XXUAKOCTh. B maHHOM pasmene OyneT rmpoaHaIn3y-
poBaHa KMHETHKA B YCIOBMSIX, KOTJIa CKOPOCTh PEAKLINHU OTIpeaesacT-
c5l MacCOTIEPEHOCOM BHYTPHU YACcTUIIH Kataiau3aropa. g mpoTeKaHus
peakuny HeoOXOMUMO, YTOOBI MCXOHBIE PEAreHTHl MOCTUIIIU TTIOBEpX-
HOCTH YaCTUILIBI KaTtajmaaropa, TiponudGyHIMPOBAId BHYTPh Hee, a
NPOMYKTHI PEAKIIMH OBUIN YOAJEHBI U3 TIOP WIN C TIOBEPXHOCTH KaTasu-
3atopa. Takoil 0OMeH OCyIECTBIsIETCS NMocpenacTBoM audgys3nu pea-
TEHTOB MEXIY KaTaJIN3aTOPOM M KOHTAaKTUPYIOUIUM C HIM PacTBOPOM.
B HexoTopbix ciyyasix HabI0naeMast CKOPOCTh PEAKIMHU OTIPEeSeTCa
ckopoctbio muddyzun. C yBenrdeHreM aKTUBHOCTH KaTanuzatopa 1 aud-
(GY3HMOHHOTO COTIPOTUBJIEHHS B YACTHIIE KAaTAIM3aTOPa pacTeT BIVSHUE
Ha ckopocTb niporiecca nuddysnonnbix dhaktopos. [Ipu 3ToM peansb-
Hasi CKOpOCTb peaKilNy CTAHOBUTCA MEHbIle TIOTEHIIUATbHO BO3MOX-
HOH, 1 A1 ONTUMM3AINY TIpoliecca HeOOXOMUMO YCTAHOBUTHL B3au-
MOCBSI3b MEXIY MacCOTIEPEHOCOM M UCTUHHOU KWHETUKOU peaklNu.

OnmuH 13 Haubomee PACTIPOCTPAHEHHBIX CTTOCOOOB UMMOOIN3aluH
(hepMeHTOB — BKITIOUEHHUE HX B TeJM PATHYHOMN TIOJIMMEPHOI TIPUPOIHI.
Tlpu karanuse GpepmeHTaMu, BKIIOYEHHBIMY B TaKKe TeJIM, COTIPOTHB-
TeHue MaccOOOMEHY MEXITY OKpYKalOLIMM pacTBOPOM U BHYTPEHHUMM
O6sacTsaMu rens obycaoBIeHo quddy3reil yepe3 HETIONBIKHYIO XUIT-
KocTp, sarmonHsoNIyo rophl rens. Ecniu depMeHT MMMOOHIN30BaH B
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YaCTHIIaX BHICOKOTIOPUCTOTO MaTeprania, Iudby3noHHbIH Maccorepe-
HOC cyOcTpaTa ¥ [IPOAYKTOB PeaKiluy IIPOUCXOAUT B [TOpax HOCHUTENS.

Kunnernueckue mapameTpbi pepMeHTATUBHBIX PeaKiIMii oTipenens-
10TCS OOBIYHO JIMHeapu3aliveil SKCTIEpUMEHTAIBLHBIX JAHHBIX B KOOp-
nuHarax JlaitHynBepa — bepka. DKCIIepUMEHTAIbHBIC TaHHBIE, TIORY-
YeHHBbIE 111 UMMOOWIN30BAaHHBIX (PepMEHTOB, 3a4aCTYIO HE IMHEAapH-
3yloTcsd B KoopauHaTax JlaiiHyusepa— bepka, maxe eciy MCTUHHAs
(pepMeHTATUBHasg KWHETHWKa MOOYMHSETCS ypaBHeHMI0 Muxasnuca.
Teopernyeckue nuccienoBaHMs TTOKA3BIBAIOT, YTO 3P (PeKTH Maccore-
peHoca MOTYT BLI3BaTh UCKPUBJIEHAE KPUBO, feNlad ee BRIITYKJION Wiy
BOTHYTOM IT0 OTHOIUEHWIO K ocu abcuucc. Takum obpaszoM, rpaduye-
ckaf npoienypa, oObIYHO TIpEMeEHSIeMast TIPY aHaATU3e KUHETUKY pac-
TBOPUMEBIX (PEPMEHTOB, MOXET IaTh OLIMOOYHBIE PE3YIBTaThl B TIPH-
JIOXXEHUU K UMMOOIIH30BAHHBIM (pepMeHTaM. [losToMY 115 TIpaBUiTh-
HOW MHTEepTIPeTaX IKCTIEPUMEHTAIbHBIX JTAHHBIX HEOOXOAMMO YU~
THIBaTh 3¢ deKTr, CBA3aHHBIE C TIpoLeccaMM MaccoriepeHoca. HecMoTps
Ha BEChMa CJIOXHBIM Xapakrep B3auMOneicTBUs Mexny nuddysueit u
peakuueii, HEKOTopble KOHKPETHBIE Cy4Yau TIOAJAIOTCS MaTeMaThde-
CKOMY aHJIU3Y, U MOTYT OBbITh TIONIYYEHH AaHAJIUTUYECKUE BHIPAXKEHHUS
JUTS1 CKOPOCTH peaklMu, B KOTOPHIE BXOIAT KUHeTHYeckue, nuddysu-
OHHBIE ¥ PABHOBECHBLIE TTapaMeTPhl ONMCHIBAEMOI CHCTEMEL.

N3 0611mx coobpaxeHnit IIs XUMUYECKO! peakKiiyl ¢ BHYTPUAND-
(hy3MOHHBIM TOPMOXEHHUEM, TAK XK€ KaK ¥ 1 CIydyasi ¢ BHEellIHe T nud-
(y3veit, MOXHO BBIIEIUTE CIAEAYIOIME 00IACTH TIPOTEKAHUS TIPOLECCa.

I. Kunetnyeckas obiacts. MicTMHHAS KMHETHKA Peakiluy OyIeT Tpo-
SIBJISITHCSI BCSIKMM pa3, KOrma cKOpOCTH XUMWYECKUX B3aUMOoIe CTBUI
OynyT HEBENUMKH, YTO TIPUBEAET K HEZHAUUTEIIbHOMY IPAJIUEHTY KOH-
LICHTpaLVi, ABIAIOIIEMYCS IBUXKYIIEH cuioit nudpdy3MOHHOTO TIOTO-
xa. [Ipodunp KoHIeHTpauy cybcTpaTa B YacTHLE KaTaJd3aropa B CTa-
HMOHAPHOM COCTOSIHUM TIpeAcTaBieH Ha puc. 12.9, a. CKayoK KOHLIEH-
Tpaliy Ha I'paHUile pa3fesia paCTBOp—YacTUlla KaraausaTopa odyc-
noeneH 3¢hdeKTOM pacTipeieJieHUs BeuecTBa Mexny dazaMu.

2. Buyrpunuddysuontas o6nacts. IIpy BEICOKOI aKTUBHOCTH (ep-
MeHTa cybcTpaT OyIeT pacxomoBaThbcd B TIPUTIOBEPXHOCTHEIX CIOSX
yacTUUBI KaTaju3atopa, a NyOMHHbIE ob1acT OymyT obemHeHbI Cy0-
cTpatoM. B cTauMOHAPHOM COCTOSHUY TIpOGHIIbL KOHIIEHTPALUK Cy0-
cTparta JIO/KEH BHIIVISANEeTh TPUMEPHO TaK, KaK MoKas3aHo Ha puc. 12.9, 0.
Bo BuyrpumnddysnonHoil obnactu ponas mudGy3noHHBIX 3¢ heKkToB
MOXHO XapakKTepu3oBaTb Kod(huineHToM 3(p(peKTUBHOCTH 1), KOTO-
DB tipecTaBisgeT COOOM OTHOIIEHMEe HAOII0maeMOil CKOPOCTH peak-
WU K ee 3HAYEHUIO, TOCTUTaeMOMY B TIPEIITOJIOXEHUHU O JOCTYITHO-
CTH JUIs1 PEareHTOB BCEX BHYTPEHHUX obyiacTeil KaTajamsaropa, KOrid
JIOKaJIbHBIE KOHIEHTpanuu cydbcTpata B NIYOMHHBIX 4acTSIX KaTajiu3a-
TOpa TaKue Xe, KaK U B TIPUTIOBEPXHOCTHBIX CIIOSX.

OueBUIHO, YTO B 3aBUCUMOCTH OT YCIIOBUI TIPOBEAEHUS HKCIIEPU-
MEHTA peaKMs MOXET IPOTEKATh KaK B KWHETUYECKOM, TaK 1 B g hy3u-
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uc. 12.9. Ipodbunu KoHueHTpaumu cyOcTpara B OMBIBAIOLIEH YacTHlly Kata-
u3aTopa Xunkocty Sy (/) ¥ KOHLeHTpauuu cydcTpaTta 1Mo TONIVIHE IIACTH-
Hbt S (2) 1)1 pasnuyHbiX obsacrel MPOTEKAHUsS peakuui:

a — KMHeTUYecKas 001acTh; 6 — BHYTpuAn(Gby3uOHHasA 001aCTh

OHHOM DeXUME; TPU 3TOM MeXIYy HUMU CYUIECTBYET MlepexoqHas 00-
J1aCTh. 3aJa49a KMHETHYECKOTO HCCIIeIOBaHMSI IIpoLlecca Ha OCHOBE aHa-
nu3a GYHIAMEHTATBHBIX YPaBHEHU N PU3NYECKON ¥ XUMHMYECKOH KIHE-
TUKHU CBOJUATCS K YCTAHOBIEHUIO COOTHOLIEHUH MEXAY CKOPOCTBIO XU~
MUYecKON peakli U MaKPOKMHETHICCKUMU MapaMeTpaMy CUCTEMBL.

Jlns onucaHus paboThl CHCTEMBI C UMMOOWIN30BAaHHBIM (PEPMEH-
TOM B reTepPOTeHHEIX YCIIOBUSX TPeOYETCsI COBMECTHOE PELIEHUE YPaB-
HEHUI MaTepuabHOro 6ajaHca JUISl CHCTEMBI B 1I€JIOM M YPaBHEHUIA,
OIMUACHIBAIOLIMX OJHOBpEMEHHOE TIPOTeKAHUE MacCOIlEpeHOoCa B Pe3yJib-
tare Juddy3un ¥ XuMUYeckoil peaku. Tak KaKk Hac UHTepeCyeT BIIH-
sIHWe BHYTpeHHel nuddys3uu, He OyieM yIUTHIBaTh BHelLTHeaIuhdy-
3WOHHBIIA MaccorlepeHoc (00 3TOM IIUIa pedb B MPebIIyIeM pa3jiene)
1 OyjeM JIMIIb UMETh B BUIY, YTO KOHIIEHTpalus cyOcTpaTa Ha BHYT-
pPeHHel MOBEPXHOCTH KaTalu3aTopa omnpeleJeHHBIM 00pa3oM U OHO-
3HAYHO CBsI3aHa C KOHIIEHTpalel cy0CcTpaTa B OMBIBAIOIICH YaCTUIIBI
KUIKOCTH, TEM B0Jiee YTO BO MHOTHUX PEAKIIMOHHBIX CUCTEMAaX UMEET-
Cs1 BO3MOXHOCTh YCTPaHUTh BJIMSHUE BHellTHeJUbOYy3HOHHOTO COIpo-
TUBJIEHWA IyTeM UHTeHCU(DUKALIMY TTepeMellMBaHus B peaktope. B mo-
CIIE{HEM CJIydae CBsI3b MeXIy KOHIIEHTpanueil cydbcTpara B OMBIBAIO-
1eM pacTBOpPE M KOHLEHTpalluel cybcTpaTta Ha BHYTPEHHER MOBEPX-
HOCTH KaTaJIU3aTOPa OIpeNessieTCss COOTHOEHUEM

Sy = PS,, (12.12)

Te S; — KOHIEHTpalusi cyOcTpaTa Ha BHYTPEHHEH MMOBEPXHOCTH Ka-
Taszaropa; P — KoahduiMeHT pacnpeneeHs CydocTpaTa MeXay ¢a-
3aMu.

s MaTeMaTHYeCcKOro OMUCAHUS reTepOoreHHO-KaTATUTHYECKOR
CUcTEMEBI HEOOXOMMO TIPUHATE CJIEAYIOUIHUE TOTYIUEHHSL.
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1. Iuddy3us cybcTpaTta BHYTPY MaTpUIlEI MOXET OBITh ONUCaHa
3akoHOM Duka ¢ 3phekTuBHEM KoahpuieHToM Hbdy3un D,y
(B nanpHelleM oH Gyner 0603HayaThea D), He 3aBUCSIUIMM OT KOH-
LIEHTpallUy U YCpeJIHEeHHBIM IO BCel yacTuile, Oe3 yyeTa TOTO, YTO B
YacCTHUIIE MOTYT OBITH IMOPBI U HEMpOHHIIaeMble YYACTKH.

2. OTcyTCTRYIOT clielU(prdecKe B3aUMOJIEHCTBUS MEXIY CyOCTpa-
TOM U TOPUCTBIM HOCHUTEJIEM.

3. CxopocTth pepMeHTATUBHON peaKiMU OITMCHIBAETCA YPaBHEHHEM
Muxasnuca

v=—~dS/dt= V,S/(Ky + S), (12.13)

Tle v — CKOPOCTh PEaKIUH; S — JoKaJIbHasi KOHIIEHTpalusA cydcTpa-
Ta B 4yacTUlle KaTtajusatopa; / — BpeMmd; V,, Kj — KUHETHYECKHe
KOHCTaHTHl MMMOOUIU30BAaHHOTC (hbepMEHTa, KOTOPHIE MpEeIoiara-
I0TCS TIOCTOSIHHBIMU 110 BCell JacTHile.

PaccMmatpuBathesi Gy/IET pellleHre CTALIMOHapHOM 3a5a4M, KOIJIa YBe-
NUYeHUe KOHIIEHTPaluy cyOcTpaTa B aieMeHTe 00beMa KaTalau3aTropa
3a cyeT nudy3un KOMIIEHCUPYETCS PAaCXOJIOM €ro B pe3yibTaTe (ep-
MEHTaTUBHOM peakuuu (puc. 12.10).

CxopocTh U3MEHEHUst KOHLIEHTpaluu cybcTpaTa 3a cdeT augdy-
3UH B 3JIeMeHTe c0beMa YacTHUILIbl KaTaJIu3aTopa Ha NIyOuHe dx BhIpa-
XaeTcs cienyroluM auddepeHnnaNbHEIM ypaBHeHNeM THGOY3UN B
HETIOABUXXHOU cpene (BTopoit 3akoH DuUKa):

dS/dt = DAS, (12.14)

rae A — omeparop Jlamnaca.

a 6

Puc. 12.10. Hpodmny KoHIEHTPALMY CyGCTpaTta B OMBIBAIOLIEH YaCTUILY KaTalh™

zaropa xunxoctv S, (1) 1 xoHneHTpauuu cyberpata S, (2— 7) B memOpaHe:

a—2—1=0,3— >0, 4 — CTALIMOHAPHOE COCTOSIHUE NPU HANUYMU (bepMeHTaTHBE"

HOM peakiuu, 5 — CTAIHOHAPHOE COCTOSIHME B OTCYTCTBHE (epMeHTaTUBHoIl peaK”

MK; 6 — 6 — obmui cryyait (rpaHuyHkle yenosus (12.28), (12.29)), 7 — nony0ec-
KOHEeYHHBIH cnyyalt (rpaHMyHbple yorosus (12.28)—(12.30))
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CKOpocTh U3MEHEHH KOHLEHTPAalMU cyOocTpaTa 3a cyeT (pepMeH-
TATUBHOM peaklUMy 3agaeTcst ypaBHeHneM (12.13).

B cTanmoHapHOM pexuMe TNpoliecca MpeBpalieHue cybeTpara B ya-
CTHUIlE KaTajuzaTopa OyleT XapaKTepu30BaTbCsl CIENYIOUIUM ypaBHe-
HHEM MaTepuanbHOoro fanaHca:

pas - g (12.15)

Ky+S

B pse yacTHBIX cyyaeB, a MMEHHO: IS IUTOCKOW MEMOpaHHI, cTep-
KHA U chepsl — ypaBHeHHe (12.15) yrpoinaercs U 3aiaya CTAHOBUT-
¢ ONHOMEPHOM:

2 ’
(ds i’-f‘-’—s-]— VS (12.16)

dx? " x dx K,’W+S= ’

roe n =0, 1, 2 mist MeMOpaHBI, CTEPXHS U cepbl COOTBETCTBEHHO,
X — KOOpIUHATa M0 TOMIIMHEe MeMOpaHbl WK pajinyca CTepXXKHA (WK
cdeprr). Takum 06pa3oM, B MATEMaTUYECKOM CMBICIIE 3a0a4a CBOAUT-
¢St K pelleHUI0 guddepeHnianbHoro ypasHeHust tTuna (12.15) u a”a-
JIN3Y MOJIYYEHHBIX pellleHHH.

Kunernka peakumii ¢ BHYTpHaug@yY3HOHHBIM TOPMOXKEHHEM IS 110C-
koii MmemOpanst. PaccMoTpum nopucTyio Matpuily B popMe MeMOpaHbl
TONILUUHOU / C paBHOMEPHO paclipeie/ieHHBIM B Hel ¢epMenToM. OnHa
MOBEPXHOCTL MEMOpaHbI HEMMPOHUIaeMa Uil CyOCTpaTa, Ha Ipyroi —
MOAEPXKUBAETCS ITOCTOSTHHASE KOHUeHTpanus S, (cM. puc. 12.10, 6).

O MeMOpaHbl gugdepeHMaibHOe YpaBHEHHE MaTepUallbHOTO
GanaHca UMEeT BUA

D ds _ V.S
dx> Ky +S
Jing perreHus 3ama4 HEOOXOOMMO HCIIOIb30BAaTh TPaHUYHEIE YC-
JOBUSL:

(12.17)

x=0: §=S5; (12.18)
x=1. dS/dx=0. (12.19)

Bropoe ycioBre MoXeT OBITh 60JIee «KECTKIM»:
x=10: §-0,(dS/dx— 0). (12.20)

[To ¢usnyeckoMy CMBICY 3TO TaK Ha3bIBAEMBIil ITOJYyOECKOHe -
MBI cryyail, Korja peakiyst IpoTekaeT GakTUIeCKH B Y3KOU MPUITO-
BepxHOCTHOM 06acTi MeMOpaHEL. B 3Toil 06/1aCTH KOHLIEHTpaLUsi Cy0-
CTpaTa yMeHbIIIaeTCSI IPaKTUYECKM JI¢ HyJIsI, © OCHOBHOH 0O6BheM MeM-
Opanpl kaTanuTHyecku HeakTuBeH. ['panuyHoe ycnosue (12.20) poin-
*HO BBIITONHATHCS IS JOBOJIBLHO TOJICTHIX MEMOpaH ¢ HU3KOH MPOHU-
NaeMOCTBIO U BHICOKOH aKTUBHOCTBIO (DepMeHTa, KOTJa CKOPOCTh pe-

T 383



aKiIMU BeJIMKa M0 CPaBHEHUIO CO CKOPOCTHIO MU dy3uu (MaTeMarnye-
CKH 3TO COOTBETCTBYET ITOJIYOECKOHEYHOH MO TOJNHIMHE MEMOPaHE).

VYpagHeHue (12.17) MOXHO pellaTth Kak OTHOCUTEIBHO KOHIEHT-
panuu S (B 3T0M ciydyae OyIeT MmojyyeH npoghuib KOHIEHTPalUii cyo-
cTpata B MeMOpaHe), TaKk W OTHOCHTEIBHO dS/dx st ompenencHus
CYMMapHOTO MTOTOKA IpOJyKTa. B CTaLIMOHAPHOM COCTOSTHAU MOTOK TPO-
JlyKTa paBeH ITOTOKY cyOcTpaTa B MeMOpaHy:

das

j=-ADZ | (12.21)
dx ..o

TJe j — IMOTOK cybcrpara; A — IvToinags MeEMOPaHH!.
Hac uHTepecyeT, Kak BiugeT AM@¢y3ust cydcTpaTa BHYTPU MaTpU-

1Bl Ha CKOPOCTh (hepMeHTAaTUBHOU peakiiuu. I1pu aToM yioOHO BBECTH
¢akTop 3¢ PEeKTUBHOCTH, KOTOPHIA paBeH

n = Jaabr (12.22)
Yy
I7Ie vy — CKOPOCTb PeaklUU B OTCYTCTBUE BHYTPpUIUGDGYIUOHHBIX OF-
paHU4YeHU, KOraa KOHLEHTpauus cybcTpaTa Mo BCe YacTHlle KaTa-
Ju3atopa paBHa S, (S(x) = §).
C yyetoMm (12.13) MOXHO 3aITHCaTh
V'S,
v =N—""—"".
Habn n K},” + Sl
s pemeHust 3agadu nepeifneM K be3pa3MepHbIM KOOpAWHATAM:

(12.23)

x S
== = 12.24
t=, on 3 ( )

YpaBHeHue (12.17) mpuMeT cieaylowuii BUI:

d*n v, n
cr_pIm " 0. 12.25
i~ DKy .S (12:25)

M

KoHcTanTs! yro0H0 0ObeIHHUTE B ClIEMyolINe Oe3pasMepHbIe KOM-

TUIEKCHI:
VI Kl
o= |2 =M 12.26)
\DK,> 'S (

rae @ — MOTUGUIIMPOBAHHBII KOHIIEHTPAIMOHHO-HE3aBUCH MBI -
dy3uoHHEIA Moaysk Tuile; y — 6e3pasMepHast KoHcTaHTa Muxaannca.

B 6e3pasmepHoM Buie ypasHeHue (12.25) 3amuiuercs cieqyolmvM
obpasom:

’n_go M _ (12.27)
dz? n+y
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£ TPaHMYHBIMH YCIOBUSAMMU:

z=0: n=1; (12.28)
z=1: dn/dz=0; (12.29)
z=1: n—- 0 (dn/dz - 0). (12.30)

YpasHenue (12.27) mpeactagiser codoil tuddepeHImanbHoe ypaB-
HEHHE BTOpOTO MOpsiaka. PeireHue 3TOro ypaBHEHUS C IpaHUYHBIMU
yenosusmu (12.28), (12.29) MOXHO MONYYUTH TOJIBKO ITyTeM YUCJIEH-
HOTO MHTETPUPOBAHUS. AHAJIUTHYECKUE PEIIEHUSI MOTYT ObITh ITOJTYYe-
HBI JUISI IBYX KpaWHUX ciydaeB: Kj << Su Ky > S.

1. PaccMoTpuM cityyaif, korga ¢epMeHTaTUBHasA PEakIUsS HMEET
HYJIEBOI TOPSIAOK OTHOCHUTEJNBHO cyberpata: Ky << S, (Mnu y << ).
Ilpu atux yciaoBusix ypaBHeHue (12.27) mpeoGpa3yeTcss K BUIY

d*n

HWuterpuposaHue ypasHeHUst (12.31) ¢ rpaHUYHBIMU YCIOBUSMU
(12.28), (12.29) B cooTBercTBUM C ypaBHeHUeM (12.21) naer cooTHO-
IeHUE

j=AD%®W. (12.32)

IMoTok OmpomykTa B OTCYTCTBUE BHYTPUAUG(DY3UOHHBIX OrpaHUYeHUI

OyeT paBeH
i S, AD S
MaKczAl = Al ,,’,—'—z_q)Z [ .

Jois cnyvas S>> Kj; monyuum

Jware = A '?‘ (DZSI .

Takum o6Gpa3oM, nmpu paboTe CHUCTEMBI B 3TOM pexXuMe dhakTop
9(dheKTUBHOCTH paBeH eqUHULE: 1= 1, T.e. TPU BHITOJIHEHUH ITO BCe
ToNmuuHe MeMOpaHHl ycioBus Kj, << §, acekTHBHOCTE padOTHL OyIeT
MakCHMaJILHOH.

2. PaccMoTpuM Ciyyail, Korua epMeHTATHBHAsI peakiluss UMeeT
NepBLIil MOPANOK Mo cybeTpaty: Kj, > S (i n << y). JubdepeHnu-
anbHOe yparHeHue (12.27) NMpu yClIoBUU MPUHUMAET CIEAYIOIIMA BUL:

C1 =0 (12.33)

Ypasuenue (12.33) npencrasnser coboil muHeHOe TuddepeHIu-
UTbHOe ypaBHEHME BTOPOTO IMOPSIKa C MOCTOSHHBIMU KO3 dHUITHEH-
Tamu; pellleHHe ero UMeeT BUL
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n = Ajexp(K,2) + Aexp(K;2), (12.34)

e K;, K; — KOpHU XapaKTepuCTHYECKOTO ypaBHeHUst K2 — @2 = (.
Kosdbdunuentsr A; 1 A; pacCYUTHIBAIOTCS U3 TPAHUYHBIX YCIOBHI}
(12.28), (12.29):

e—lb B elb
e®+e®’ TP P e’
TTocne noacranosku (12.35) B ypaBHenue (12.34) n puddpepeHnpo-
BaHHs MOJyYaeM

A= (12.35)

& e X
A Qz -~z
j=ApZ oSt _ 4pS piha,
[ e*-e® /

Takum obpasom, st ciyvas Kj, > S HaxoguM ¢akrop addexTus-
HocTH 1M = th(®)/® < 1.

IonyGeckoneunoe npudamxenne. ToUHOE aHATUTUYECKOE PELIIEHUE
ypaBHeHUs (12.27) Oe3 orpaHMYeHUil, HajaraeMbIXx Ha KOHLIEHTpa-
LMIO CYyOCTpaTa, BO3MOXHO € TpaHUUHBIMU yenosusiMu (12.28), (12.30),
T. €. B IOJYOECKOHEYHOM ITPUOIIDKEHU .

Hcnonb3yss mOACTaHOBKY p = dn/dz, TOHIDKaeM ITOPSINOK YpaBHe-
Hust (12.27) u 11 HOBBHIX ITEpEMEHHBIX p U A TIOJyYaeM Cleayiomee
ypaBHEHUE:

PP g2 M
dn n+y

WHTerpupoBaHue ¢ rpaHUyHBIMU yenoBusamu (12.28), (12.30) mpu-
BOJIUT K YPaBHEHHSIM
dn

112
G o Dady|leyin—2— |,
dZ z=0 { Yl: ! 1+'Y:”

S 1/2
j=AD2L o2y 1+ yIn—L-
/ T+y

K’
(= AJ2DV,| S + KjyIn——2 |,
/ ( e +S,J

BaxXHO MOOYEPKHYTh, YTO VIS MOIYOECKOHEYHOTo cilyyast Habmo-
JlaeMBblil TTOTOK MPOAYKTa He 3aBUCUT OT TONLIMHBI MeMGpaHbl. IT0
MOXeT CIYXWUTb 3KCIIEPUMEHTANbHBIM ITOATBEPXKIEHUEM cpapelan”
BOCTH MOJIyGecKOHedHoro mpubnmkenus. Paktop addekTupHOCTH
IUIS1 TOJTyOECKOHEYHOTO MPUGIHKEHNS BHIpaXaeTcs CleayommM 00”
pasom:
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fi = _‘/5((1; Y) [y‘l ~In(l+y? )]l/z : (12.36)

3HaK TWIbJA YKa3bIBaeT, YTO PellleHUe MOJYYeHO C UCIIOIb30BaHUEM
N07YOECKOHEYHOTO TIPUOMIKeHns (TpaHudHoro yenopust (12.30)).

ITonybeckoHeYHOE NpUOIIDKEHUE Pealu3yeTCsT JUTst CUCTEM € ep-
MEHTaMU, UMMOOUIN30BaHHBIMU B MeMOpPaHe JIOBOJIBHO GOJIBILIOH TOJI-
[MHEBL B 3TOM ciiyuae mpu npoBeJieHUM rporiecca GakTHYeCKU B CTPO-
ro 1udphy3IHOHHOM pexuMe ypaBHEHHE MOXET OHTh UCITONb30BaHO
JUISL OTIpeNieIeHNsT KMHETUYEeCKUX MapaMeTpOB UMMOOWIN30BaHHOTO
(depMeHTa.

Ha puc. 12.11 mpuBeneHa quarpaMMa, Ha KOTOPOH MMoKa3aHa 06-
7aCTh (3AIITPUXOBaHa), B KOTOPOM PACXOXICHHUE MEXIY IMONIYy0ecKo-
HEYHBIM pellleHHeM U Pe3ylbTaTaMU TOYHOTO YUCIEHHOTO pacyera C
HCTIONB30BaHUEM TpaHUYHBIX yciaoBui (12.28), (12.29) He mpeBbIia-
er 1%.

Crenyer yKa3aTh Ha aCUMIITOTAYECKOE MTOBeAeHHe (paKkTopa addek-
TUBHOCTHU 1. MOXHO HaliTH ero mpenenbHble 3HAYeHUS IPU OOTBILIMX
¥ MaJlbIX 3HAYEHHSIX TOBEPXHOCTHON KOHIIEHTpauu cybeTpaTa vyl
B cnywae eciu y7! < 1, monyyuMm =[l+2/(3y)]/d). B npenene xe
(mpu y! — 0) mosyyaeTcs aCUMNTOTHYECKOE BHIPAXEHHUE I (HaKTo-
pa 3G@EKTUBHOCTH [UISL peakiifii IepBOrce Imopsaka (C KOHCTaHTOH

CKOPOCTH TepBoro mopsiaka V,,/Kiy): im# =1/d.

y1-0
Mg ciayvas y! > 1 nonyyaercs
NpuOIMXeHHOE BBIpaxKeHUe s @ n
dbaxTopa apdexTuBHOCTH, cooTBeT- 100 1,0
CTBYIOLIEE pEaKLUU HYJIEBOTO II0-
paKa: f = /2y /®. 80 , o8

DT BEIPAKEHUS SIBIISIOTCS BECh-
Ma npUOMIEXEHHBIMU, II03TOMY TIPU
HEOBXOIMMOCTH TIOJb30BAThCH Mmo- 60 10.6
TyOeCKOHEUHBIM PELIEHUEM PEKO-
MEHIyeTCA MPOBOAUTh PacyeThl 110
YpaBHenwuio (12.36).

@®opma KPUBHIX B KOODIMHATAX
Jaitnyusepa — Bepka MOJIHOCTHIO 20 do2
OnipeensieTcst 3HaYeHUSIMU AU Py-
SUOHHOrO MOy U Oe3pa3MepHOit
KoHcranTel Muxasmuca. I1pu oTHO- 0
CMTENbHO HU3KUX KOHIEHTPALMSIX
Cybcrpata (60TbLIMX 3HAYEHHSAX Y)  Pyc. 12.11. 3asucumocts aiddysu-
XpuBas B koopnuHatax JIaiHyMBe-  ouporo monyns Tute @ (1) 1 dak-
Pa—Bepka acHMITOTUYECKH CTpe- topa a¢dexTusHOCTH N (2) OT OE3-
MUTCH K MpsIMOil TMHUM, HAKIOH pa3mepHO# KOHCTaHTH Y Muxas-
Kotopoit, ogHako, HAMHOTO Kpyue, mca

40 1 7 014

0% 10° 107 10ty
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v~1, (MMH - MT)/MKMOJTB

5_

0 2 4 6 8 10 12
851, n/mMmonb

Puc. 12.12. KvHeTHuecKue KpuBbie B KoopavHarax Jlafinymsepa — bepka mng

pEAKUMM € yYacTeM MMMOOWIM30BaHHOM (-rajakro3unassbl IS CIOA e

tomumHoi 120 (1), 420 (2), 1030 (3) Mxm npu D = (3,7 + 0,3)- 1078 cm?/c;
P=0,89+0,01

yeM ObLI OBl B OTCYTCTBUE TUGPOYSHOHHBIX TopMoxeHuit. C yBennye-
HHMEM KOHIIEHTpAIUU CyOCTpaTa KpUBast U3rubaercst, CTAaHOBUTCS BOT-
HYTOH K ocH abcuuce, IpudeM TakoM XapakTep KpUBoil OymeT Mmposs-
JIATbCA TEM B OONbIEM UHTEpBalie, yeM Oolblle Momynb Tuie .
Ha puc. 12.12, 12.13 npencraBiieHBl KUHETHYECKHUE KPUBBIE, MO~
JIydeHHBIe MTPU U3YYeHUM KaTalH3a UMMOOWIN30BaHHOU [3-rajiakTo-

v7L, (MMH - MT)/MKMONB

0,5F
0,4
0,3

0,2

0,1 t 1 L
0 4 8 12 16
85!, n/Mmonn

Puc. 12.13. KviHeTnyeckvie KpuBble B XoopauHatax JlaliHyusepa — bepkd

IUISL PEAKIMU ¢ YYACTUEM MMMOOWIM3OBAHHOM B-ramakro3uaassl mis C/0A

refst TonmyHoM 110 MKM 1pu KoHueHTpauuu depmenta 0,50 (7), 0,17 (2)s

0,10 (3) mMr/ma; D= (3,7 +0,3)- 10" cm/c; P= 0,89 + 0,01 (cTpenxa moXa~
3bIBAET HAIpaBIeHUe yBeauueHus P)
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sunazoii. M3 puc. 12.12 BUIHO, YTO ¢ yBEIWYEHUEM TOMUHE MeMG-
ﬁ)aHm (c poctom Monmynst Tuiie) KpUBKU3HA JTIMHVH 3aMETHO YBEJIUYM-
Baercst. IIpu BEICOKMX KOHUEHTPAIMSIX CyOCTpaTa KPUBEIE B KOODIHUHA-
tax JlaitHynBepa — bepka MEHSIOT CBOI XapakTep: Iociie TOYKH Tepe-
ri6a KpUBEIE CTAHOBATCS BEITYKJIBIMU K OCH abcuuce (cM. puc. 12.13);
daktop 3hdeKTUBHOCTH B 3TOM OOJIAaCTU CTPEMHUTCHA K €IWHUILE, U
KpUBast aCUMIITOTUYECKH PUOIUXKAETCA K IPSAMOi1, KOTOPast COOT-

" BETCTBYET KHHETHYECKOH 0OJIACTH PabOTHl UMMOOMIU30BAaHHOTO (ep-
MeHTa. MHTepBan KOHIeHTpaluil, B KOTOPOM HAaXOIUTCS BBITYKJIBINA
y4yacTok Kpusoil JlaiiHyuBepa— bepka, TeM yxe, 4eM OoOJIblIE MO-
JVIE ®.

HccnenoBanue 6e3pa3MepHBIX KOMITIEKCOB 3HAYUTENLHO YIIPOLIa-
eT aHaJIM3 KUHEeTUYeCKUX MaHHBIX; OHM 33a49acTYIO CJIYXKaT XOpOoIlei
XapakKTEePUCTUKOU 00JIaCTH MPOTEKAHUS IIpOIecCa.

B 1939 r. E. Tusne u . 3enbaoBud He3aBUCUMO JIPYT OT APYTa OMyO-
JIUKOB&JIM TIePBLIE pabOTHl, B KOTOPHIX hakTop 3 HEeKTUBHOCTH NpeJ-
CTaBJISUICA KaK (yHKLMST 6e3pasMepHOro MOAyIIsi, KOTOPEIH 0oObeau-
HSUT TaKue BaXHBIE MapaMeTpPhl CHUCTEMBI, KaK KOHCTaHTa CKOPOCTH,
K03phULIMeHT nuddy3un, pasMep JacTULl KaTaIM3aTopa.

Monyne Twie B nepBoHAYAJILHOM BUjIe ObUI IPEUTOXEH IS peak-
UM nepsBoro nopsaka. s peakuuil 1o00oro mopsaka Mojayiab Tume
MOXHO PacCyMTaTh Mo ¢GopMylie

r-1
o' =] k—Sb——, (12.37)
rae ¥ — TOPSNOK peakiuy; K — KOHCTaHTa CKOPOCTH peakuuu; [ —
TeOMETPUYECKas XapaKTepUCTUKa YaCTHLILl KaTaau3aTopa.

Mouyns Tune — HeobxoUMast XxapakTepucTUKa cucteMbl. Hapsany
¢ Oe3pasMepHOi KoHcTaHTOH Muxasnauca Monyiab Tue Mmo3Bonser
OIpeJeNTh, B KAKOM PeXHME — KHHETUYeCKOM Wi AUdPy3UOoH-
HOM — IIpOoTeKaeT JaHHas peakius. YeM BeIIe MOIyIb Tuie, Tem
CUJibHEe BIUSHUE Ha CKOPOCTh peakuuy quddy3HoHHOTO Maccorepe-
Hoca. PakTop 3(hHeKTUBHOCTY KATATUTHYECKOM CUCTEMBI ITIPU KCIIONb-
30BaHUU JIOOOT0 U3 paccMaTpUBAEMBbIX MPUOIIDKEHUNR 00paTHO TMpo-
nopuyoHaneH Monyio Tuse (cM. Buitte). Monynn Tusle ro3BosiieT ote-
HUTH (pakTop 3¢GEeKTUBHOCTU CUCTEMEI (puc. 12.14).

OCHOBHBIM HEIOCTATKOM MOMYJIell @ U @ SIBjIsieTcs: TO, 4TO GopMy-
JIBL JUTS MX pacyeTa CoHepXKaT UCTUHHBIE KOHCTAHTHI CKOpocTH V;,/K},,
3HayeHHUS KOTOPHBIX, KaK IIpaBUiio, Heus3BeCTHHL. IloaTOMY Ha MpakTu-
Ke jy1s aHaJIM3a 3KCIepUMEHTAIBHBIX TAHHBIX [T0JIb3YI0TCA Oe3pa3Mep-
HbIMU mIapaMeTpaMi, B KOTOPbIE He BXOISIT KWHETUYECKNE KOHCTAHTHI.
O6umit Bug anddy3MoHHOTO MOLY/IS TIPU 3TOM COXPAHSETCS aHaJo-
TMYHEIM Moyl Tuie:

o=1]-2". (12.38)
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Puc. 12.14. 3aBucuMocTh hakropa 3hHeKTUBHOCTH PeaklMy € yyactueM dep-
MEHTa, TOMOTe€HHO paclpeae/ieHHOro B Marpuiie, or Moayast Twie:

I1—r=1 (cdepa); 2— r=0 (chepa); 3 — r=2 (chepa); 4 — r=1 (Iw1ockass MeMOpaHa)

Bce BenmuuuneL, BXonsinue B popmyity (12.38), MOryT OBITh MOTYUYEHB
U3 3KCIepuMeHTa. Mexny MonyiIsaMu ¢ M @ B 3aBHCUMOCTH OT KHUHe-
TUKH PEaKIIMd MMeeTCs oIlpeAe/ieHHass B3aUMOCBS3b, aHaJIU3UPys
KOTOPYIO MOXHO OTIpeJeNIsiTh HeoOXoAMMBble TTapaMeTphl ((hakTop 3dh-
(heKTUBHOCTU PabOTHI KaTaU3aTopa, KUHETHYEeCKUe KOHCTAHTH UM-
MOOHJIN30BaHHOTO (pepMEHTA).

ITonsitie dakTopa 3¢ GeKTUBHOCTH OYeHb MOJIE3HO ISt OTTUCAHHS
BIIUSTHUS BHYTpeHHel nuddy3nn. Ha nmpakTrke 4acTo BOSHUKAET He-
00XOAUMOCTD ompeneneHusI 3GMEeKTUBHOCTH pabOTHl YACTHIBE KaTa-
NA3aTOpa IPH HEW3BECTHBIX KUHETUYECKUX IapaMeTpax (epMeHTa.
Ipocreitiunii MeTon omnpeeneHus pakropa 3¢hHeKTHBHOCTH — U3MeE-
peHHUE CKOPOCTH PeakLUM Ha YacTULIAX Pa3HBIX pasMepoB. [IpuznakoM
TOro, 4T0 (akTop 3PHEeKTUBHOCTU CTPEMUTCS K €IUHUIIE, SIBIAETCS
He3aBHUCUMOCTh CKOPOCTH PeakiMM, OTHECEHHOM K equHuIle 00beMa
KaTanu3aTopa, oT pa3Mepa YyacTUll. DTOT METO HajgexXeH, HO He MPpH-
MEHUM B CllyyasX, KOrda HEBO3MOXHO CHJIBHO YMEHBIIHUTh pa3Mephl
YacTUIl U JocTHYb PakTopa 3¢hHeKTUBHOCTH, PAaBHOTO EAMHUIIE.

* ok ok

EcTb aBa ocHoBomoAararoIgux mearoruyeckux 3akoHa: OAHH
obuwmii, apyroit yactubiit. CoraacHo obiiieMy Kazs/Ablil CTYZEHT, ECAH
T0CTapaeTcsl, ZOCTHIHET Toro, Yero xodeT. CoraacHo e 1acTHOMY
KaAblH CTYZEHT B OTZEABHOCTH ABASETCS HCKAIOUEHHEM H3 3aK0~
Ha of11ero.

Iapaw O'Tar

OnTuMu3aius CBONCTB TeTEPOTeHHOrO KaTajau3aTopa Ha OCHOBC
UMMOOUWIU30BaHHOTO (hepMeHTa IIPEANOoiaraeT yIeT IIpoileccoB Mac”
corepeHoca cybcTparta B 30HY JieiicTBrs pepMenTa. PepMeHTaTUBHDIC

390



peaklMy TIPOTEKAl0T B BA3KOH cpelie, B KOTOPOi mpouecchl nguddy-
3UU CYOCTPATOB M IIPOJYKTOB CHIBHO 3aTpYAHEHBL. B atoM ciryyae puc-
(y3MOHHbIE NPOLIECCHl MaccorlepeHoca MOTYT ObITh (hakTopoM, orpe-
JENAIOIIMM PEeAIbHYIO CKOPOCTD IIpouecca. B ciiyyae UMMOOMIN30BaH -
HBIX (hepMEeHTOB MOXHO BBIIETIUTD IBA OCHOBHBIX TUIIA e TEPOre HHBIX
KaTaIu3aTopos: 1) depMeHT MMMOOHIN3OBAaH Ha MOBEPXHOCTU TBEP-
Joro Tena; 2) (hepMeHT BKIIOYEH B BOJOTIPOHUIIAEMBIH [€Ib WA BhI-
COKOIIOPHUCTYIO YacTuly.

B ntepBOM cllyyae MaccomepeHoc cybcTparta CBs3aH ¢ NPOHUKHOBE-
HUeM ero qudGy3nOHHBIM IYTeM Yepes CJIOH HemepeMelusaroleiics
KHMIKOCTH Ha FpaHuIe pas3zena (a3 TBepaoe TeJ10 — gBIIKYILASCS KU~
E(OCTB. OTO cUCTEeMBI C TaK Ha3biBaeMOM BHEIIHEH guddy3ueit.

Bo BropoM ciiyyae uMeeT MeCcTo paciipeneseHue epMeHTa 1o 4a-
ETHIIE KaTajiM3aTopa M MaccollepeHOC OCYIIECTBISIETCS II0 O0BeMy
YACTHIIBL KATAIM3ATOPa. JTO CUCTEMBI C BHYTpeHHEH quddysueil.

Kak B mepBoM, TaK ¥ BO BTOPOM CJIy4yae IpUMEHEHHE METONOB
KHHETUYECKOTO OIMCAHMUSA C y4eToM CcTaaui nuddy3sroHHOro mepe-
HOCa [jaeT YIOBJIETBOPUTENLHOE COMIACHE C IKCTIIEPUMEHTATbHBIMU
JaHHpIMU. Creayer YYUTHIBaTh, YTO 3TO MaTeMaTH4ecKoe OIIMCcaHue
yuMeer pUOIMXKeHHBIN Xapakrep. OgHaKoO B OONLIIMHCTBE CIyYaeB U
He Tpebyercst Oojiee TOYHOTO OIIMCAHUS C YYETOM MHOTI00Opa3HbIX
YCIIOXHSIIOIUX PEaKIMIO IIPOIIECCOB.

3ayacTyio IJIaBHBIM SBISIETCS BOIIPOC: B KaKOM 00JIaCTH — KUHETH-
yecKoi (B 5TOM Cilydae JUMUTHDYIOLIECH sBiseTcs depMeHTaTUBHAS
peakung) Wid aud@y3noHHOM (B 9TOM caydae JUMHUTUPYIOIIUM STB-
JIIETCST MacCOITEPEHOC) — TIPOTEKAeT peaklUs ¢ y4YacTHeM HMMOOU-
nu3oBaHHoOro ¢epmenTa. OTBET Ha 3TOT BONIPOC MOXKET JATh OLEHOY~
HBIH TEOPETUYECKUH pacyeT WK IIpOBEeHUE TOIIOJIHUTEILHOIO IKC~
nepuMeHTa. Kak mist BHemHenuddy3MoHHOro npouecca, Tak 4 st
Ipoliecca ¢ BHyTpeHHel nuddysueir MoxeT ObITh MpOBEAeHA OLICHKA
COOTBETCTBYIONIETO HU(DDY3HOHHOrO Momys (6 — st BHeIIHe qud-
dy3uu, ¢ — mnsa BHyTpeHHe). Ecniu 3nadeHne Moy MHOTO MeHb~
e equHHNBI, JUMUTUPYIOLIeH cTtagued siBasieTcss (hepMeHTaTuBHaAg
peakuusi, eCIM CYIIECTBEHHO OONbllle efuHUIbI — AuMOY3HOHHBIN
MacconepeHoc. ITpocThIM 9KCIIEpHMEHTATBEHBIM KPATEPHEM MOXET CIIy~
XHATh 3aBUCUMOCTh HAOMIOMaeMOi CKOPOCTH PeakIMU OT KOHLEHTpa-
um ¢epmedTa. B 10000 cucteMe JMHEUHBIA Y4acTOK 3aBUCUMOCTH
XapakTepeH s (hepMEHTIMMUTHPYEMOIT 001acTH. YBeandeHne KOH-
LeHTpaunu (pepMeHTa MOXET IIEPeBECTU CUCTEMY B PeXUM, IIPU KO-
TOPOM pOCT KOHILIEHTPALIMH (DepMEHTA HE BBI3bIBACT YBEIMYEHUS CKO-~
pocTH peakuyu. D10 00JaCTh KOHUEHTPAMHA (bepMeHTa, B KOTOPOH
CKOPOCTh peaxi M KOHTpOIUpyercs HUGOY3HMOHHBIM MacCONepeHo-
COM. B 3THX yCIOBUSIX HE UMEET CMBICIIA YBEIMYMUBATh KOHLEHTPAILIMIO
bepmenTa ¥ 19 YCKOPEHMS peakuuu CJeayeT TIPUMEHSTh MeTOLbl,
OKaspIBarolMe BIUIHUE Ha U (y3MOHHBIN MacconepeHoc.



masa 13

PEAKTOPbI C UMMOBWJIN30BAHHBIMU
PEPMEHTAMH

Camble yzaunbie ONBITHI OKaxKyTCs GECTIOAE3HBIMH, €CAH JKc-
TIepUMEHTATOPY He YAACTCA HaAAexanium obpasom obpaborary
MOAYYeHHbIe JlaHHBIE.

3. T'yzzeneciin

13.1. OcoGennocTH KHHETHKH (DEPMEHTATHBHBIX PeAKIIMiA
B OTKPBITBIX CACTEMAX

DKCIepUMEHTAIBHOE HM3YYeHUEe U TPaKTHYECKOe KCIIONb30BaHUE
MMMOOMIM30BAHHLIX (DEPMEHTOB CBSI3aHO ¢ IIPUMEHEHHEM Pa3IMYHO-
TO POJa OMBITHBIX U IIPOMBINJIEHHBIX peakTopoB. ONTUMH3aLUs peak-
TOPOB U UX ONHUCaHWE I onpeneeHUs KUHETHYECKHUX ITapaMeTpoB
(bepMEHTOB COCTABJISIOT OCHOBY COBPEMEHHBIX 3HAHMI TI0 KUHETHKE
JeUCTBHS (PEPMEHTOB B OTKPHITHIX CHCTEMaX.

Peaknny MMMOGHIN30BaHHEIX (PePMEHTOB IIPOBOIST, KakK ITpaBu-
JIO, B BOAHBIX PAacTBOpaX C TeINI0eMKOCThI0. OOBIYHO peaKunu ¢ yJyac-
THEM (DEPMEHTOB HE COIPOBOXIAIOTCS 3HAYUTEIBHBIMU TETUIOBLIMU
adhdexramy. IToaroMy npu aHaN3e KHHETHYECKUX 3aKOHOMEPHOCTEH
B (hepMEHTATHBHBIX PeaKTOpax HCITONb3YIOTCH, KaK MPaBuiIo, MONEIH
«MJICANBHBIX» PEAKTOPOB. B MOEIIAX «MACAUTBHEBIX» PEaKTOPOB He YUn-
THIBAIOTCSA OCJIOXKHSIOIME PaKTOpHl, TaKKe KakK, HamlpuMmep, TeIio-
BbIIEJIeHWE, TPaJHEHThl KOHIIEHTpAaMKU Ha TIOBEPXHOCTH Yactull Ka-
TATU3aTOpa U IP.

Ha nccnenoBaHusa KMHETUKHW NeificTBUSA (PepMEHTOB B OTKPHITHIX
cucteMax OObIYHO TPUMEHSIOTCS CASHYIONINE MOJIEIN pPeaKTopoB.

1. ITpoTOYHBI! Ge3rpamvMeHTHBIH peakTop (MPOTOYHbIA peakTop
UJIea]bHOTO IepeMelllMBaHus) MpeacTaBiIsieTr coboi 3aMKHYTHIU
obneM, comepxaiuit pepMeHT, Kyga ¢ TIOCTOSHHON CKOpPOCTBIO IO~
Jaercsd pacTBop cybGCTpaTa M OTKyZA OTBOAMTCA PacTBOp IpomyKTa ¥
HellpopearupoBapuiero cydocrpara. CylecTBeHHas 0co0eHHOCTb P
aKTOpa — MeabHOe repeMellliBaHue KOMIIOHEHTOB peaKLuu, 00eC”
MeYMBalOLEee OTCYTCTBUE TPAIMEHTOB KOHIEHTpAaUUi BeluecTs BHYT
PH peakMOHHOro 00nema. s 310i 1eau peakTophl ¢ IMMOOIN30”
BaHHBIMU (PEPMEHTAMHU OOLIYHO CHAOXAIOTCS MeXaHUYecKoM mellal”
KOM, OCYIUECTBISIOLIEH NepeMelInBadue pepMeHTa u cyocrpaTa 1no
BCEMY 00beMY peaKTopa.
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2. IIpOTOYHBI peakToOp UIeaIbHOTO BHITECHEHUST — OGBEM, paBHO-
MEpHO 3aTOTHEHHBIH (bepMeHTOM, B KOTOPBIN C MOCTOSTHHOIA CKOpO-
¢TBIO TTOaeTCs pacTBop cybcrpara. ITpu 3ToM B cTanmoHapHoM cocto-
gHUM YCTAHABIIMBACTCS TTOCTOSIHHBINM IPAIMEHT KOHILEHTpAlUM Cyo-
cTpaTa U MPOAYKTa peaKUnH, KOTOPbIH ONPENENAETCS CKOPOCTRIO TTO-
ja4yyM pacTBopa cyberpara.

3. MeMOpaHHBIi peakTop — 3aMKHYThIH 00beM ¢ hepMEeHTOM, Mac-
coliepeHoc cybcTpaTa B KOTODBIN OCYIUECTBIIAETCA ITyTeM nuddy3un
yepe3 MOJIYITPOHULIAEMYIO MEMOPaHy IIOCTOSTHHOMN TOJLUMHBL.

JUis IpoBeneHUs peakury ¢ UMMOOUIM30BAaHHBIMU (PepMeHTaMK
UCTIOIB3YIOT TaKXKe PEeakTOphl APYTUX THIMOB, HallpUMep TPyOYyaTble
peaKTopbl, B KOTOPBHIX (hepMEHTH MMMOOMIM30BAaHBI Ha BHYTpeHHeH
[TOBEPXHOCTH T10JIOr0 Kalwuisipa.

PaccMOTPUM HEKOTOPBLIH 3JIeMEHTapHBIA 00beM, B KOTOPOM [IpO-
TeKaeT Katausupyemad (pepMeHTOM XuMUyecKkas peakuus. Ecnm cy6-
cTpat (hepMEHTATUBHOIO IIPEBPAlEHUS MOMUMO XHMUYECKOM peak-
umA crnocodbeH Mo KakKoMy-Tubo 3aKoHY OOMEHHMBATBCST BEILECTBOM C
OKpyXalolei cpefoil, CKOpOCTh U3MEHEHHUS ero KOHLEHTPaLUK OfTH-
cuiBaeTcs guddepeHIMATLHBIM YPaBHEHHEM

as __(dS) _(dS) (13.1)
at \dr ), \dr g,

tne (dS/dt)y — cxopoctb pepMeHTaTUBHON peakuuiyt; (dS/dl)qsy
CKOpOCTh 0OMeHa BelIeCTBOM. DTO ypaBHEHME ABJIAETCS CIefCTBUEM
ypaBHeHUs MaTepruaibHOro 6amaHca. Kak ckopocts depmeHTaTUBHOM
peaKkiuu, TaKk ¥ CKOpOCTb OOMEHa BEIECTBOM SIBIISIOTCS (QYHKLIMAMHU
KOHILIEHTpaLK cybcTpaTa B JaHHOM 3JIeMeHTapHOM obnheMe.

Yyactre B MexaHu3Max (pepMEeHTATHBHBIX peakuil IIPOMEXKYTOU-
HBIX coeAMHeHNH I OONbUIMHCTBA GePMEHTOB B PACTBOPE IIPUBOIUT
K crenylomeil 3aBUCHMOCTH CTallMOHAPHOM CKOPOCTH peakUydU OT
KOHUeHTpanuK cyocTpara (ypaBHeHHe Muxasmuca):

a5) oy, =k, 205 (132)
ar Ky +S

Hapamerpsl k,,, 1 Ky uMeoT 3¢deKTHBHBIN XapaKTep, OCKOIBKY
BKJTIOYaoT KOHCTAHTHl CKOPOCTEHN 3MeMeHTapHBIX XMMHUYECKHUX aKTOB
MHOrocTamuitHoro (pepMeHTaTMBHOrO npouecca (cM. 1. 4). s dep-
MEHTOB B reTeporeHHBIX CHCTEMAaX, €CIU IIPOLECC IPOTEKAaeT B KMHEe~
THYECKOM pexXUMe, 3aBUCHMOCTh CKOPOCTH peakLMH OT KOHIIEHTpa-
Uny cy6erpara 6yaer uMerhb TOT Xe BiA. OQHaKo B reTepOre HHbBIX CHC-
TeMax pacyeT nmapameTpoB Ky, U Kj; B GOJBIIMHCTBE CIy4aeB OCIOXK-
HEH KuHeTHYeCKMMM WIM PABHOBECHBIMU 3(h(heKTaMu BIUSHUSA MaT-
PHIIBI Ha MUKPOOKPYXKEeHHE aKTUBHBIX HEHTPOB (PEpPMEHTOB, HATIPHU-
Mep apextamu, 0OYCIOBIEHHBIMU paciipeeieHueM cybeTpara MexX-
Ay pactBopoM M MaTpMuel win usMeHeHueMm pH.
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Kaxk nokasaHo BbilIte, TIpH BIMSHUK HAa KUHETHKY Tpoliecca gud-
(hy3noHHOrO MaccornepeHoca cyocrpaTa 3aBUCUMOCTh CKOPOCTH Peak-
LM OT KOHUEHTPaluM cy0CcTpara B pacTBOpe uMeeT Oosee CIOXHBIM
xapakrep. B nipenensHbIX ciydasx, korga depMeHT paboTaeT B CTPOro
IMMOY3MOHHOM pexXnMe, CKOPOCTb peakly IJISI CUCTEM C BHEIHe-
InbhY3MOHHBIM IIEPEHOCOM pPaBHA

v=BS), (13.3)

rae B — xoadduireHT MacconepeHoca; I CUCTeM ¢ BHYTpuIuGdy-
3MOHHBIM MaccoINepeHOCOM B NONyOecKOHEYHOM ITPUOIKEHU U

. _ A2DE K
v

S + Ky In——— |,
0 MnKl;,["P‘SO

(13.4)

rae A — wionanb MOBEPXHOCTH YACTHIH, V — obGbeM.
B ctporo nuddy3snoHHOM pexume 3aBUCHMOCTS (13.4) MoXeT OBITh
annpoKCUMMHMPOBaHAa JTHHENHON QyHKIIMEH

v= AN2DE f_} (13.5)

TakuM obpa3zoM, B ctporo audby3noOHHOM peXHuMe IS aHaiu3a
KVHETHKY peakKUi MOXHO MCOIb30BaTh YpaBHeHm (13.3)— (13.5).
B niepexonHoii 061aCTH 3aBUCHMOCTH CKOPOCTH PEAKIIMY OT KOHIEHT-
palu cyGcTpaTta MMeEIoT 00jiee CIIOXHBIM xapakrep, M IUIS aHaIW3a
KUHETHKH peakii B ob1leM cirydyae HeobXOgMo UCITOIL30BaTh O BM.

B maHHOI r1aBe KMHETHKA (hepMEHTATUBHBIX PEaKIUM B OTKPBITHIX
cUCTeMAax aHaJIM3nupyeTcs ISl Haubollee BAXHOro ciay4vas, Korna dep-
MEHTATUBHAS PeaKlys MPOTeKaeT B KHHETUUECKOM pexuMme. I1pu sTom
B KayecTBe YPaBHEHHUS CKOPOCTH (eC/Ii OTCYTCTBYIOT OCITIOXHSIIOLIME
KUHETUKY 3 heKThl BIUAHN CyOCTpaTa WK IIPOAYKTa) UCIIONb30Ba-
HO ypaBHeHwue (13.2), rne 3HayeHus ky,, 1 Kj — KMHeTH4YecKue mapa-
MeTpHl (hepMEHTATUBHON peaKUU B FeTePOreHHOMN cUCTEME.

Ckopocth 00MeHa cybcTparta ¢ OKpyXalolel cpegoil, BXoasilas B
ypasHeHue (13.1), B o611ieM cayyae MOXeT OBbITh IPOM3BONBHOMN (PyH-
KUKel KoHHeHTpaluu cyocrpara. PaccMOTpUM CHCTEMBI, B KOTOPHIE
cyOcTpaT BBOAUTCS € TMTOCTOSHHON 0O0HeMHOM CKOPOCTBIO:

av
=, (13.6)
dt
HpI/I 3TOM HAMWODO0JIee BAXKHBIMU IBIISIOTCS JBa YaCcTHBIX cydasd.
1. BBegenue cyberpata MpOMCXOIUT 32 CYET BHITECHEHUS DKBUBA~

JIEHTHOIO 3JIeMEHTapHOTro 00beMa U3 peaKLMOHHOM 30HBI, IIpH 9TOM
YCIIOBUHY TTOIYYAM

a5\ _UdS (13.7)
dt g AV
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JuddepeHaTPHOE YPaBHEHNE, ONUCHIBAIOIIEe KMHETUKY IIPOLIECCa
B cootBetcTBUM ¢ (13.6), (13.2), (13.7), nmpuHuMaeT Buj

as _ V,S N uds
dt Kiy+S dv '

D10 ypaBHEHHE ITPOTOYHOTIO PeaKTOpa UACATBHOIO BLITECHEHMS.
2. Ecniu koHneHTpanus cyberpata §) 1o BceMy 06beMy ¥ oCTosTH-
Ha M BBejeHUE CyOCTpaTa B PEaKIMOHHYIO 30HY OCYIIECTBISETCS C

[IOCTOSTHHOM 00BeMHON CKOpocThio U, CKOpOCTh 00MeHa cyberpara ¢
OKpYyXarwllel cpeioit OMUCHIBAaeTCsa ypaBHEHNEM

[ds) Vs, -9, (13.9)
obm V

(13.8)

dt
I1pu 3TOM YCJIOBHM OTCYTCTBYIOT I'PaIMeHTHI KOHLIEHTPAlUK CybCcTpa-
Ta BHYTpH o0beMa V. D10 MOXeT OBbITh JOCTUTHYTO JUOO IyTeM 3¢-
(beKTHBHOTO KOHBEKTHBHOTO TIepeMelinBaHus, IGO0 (B Ciryyae MHUK-
popeakTopoB) myteM 3ddexTuBHOTO THhPY3HOHHOTO MEpeMeIIBa-
HUS (TaK Ha3bIBaeMBIM ciydyail OeCKOHEYHBIX K03 UUIMEeHTOB quh-
dby3um). B coorsercrBunm ¢ (13.1) u (13.9) nuddepeHnmanbHOe ypas-
HeHHe TIPOTOYHOI0 peakTopa HIeAIbHOTO NepeMeIIMBaHKsT UMEET B
as VS U
— =+ (5 - 9). (13.10)
dt Ky+S V
AHAJIOTHYHOE YpaBHEHHE OIMCHIBAET MHUKpPOPeakTophl ¢ quddy-
3UOHHBIM IIEPEHOCOM Yepe3 MOTYITPOHULIAeMYI0 MeMGpaHy

ds _ Vs
d Ky+S8
rae A — oAb OBEPXHOCTH MeMOpaHbl; V' — 00heM MeMOpaHHOro

peaktopa; D — ko3pduumeHT puddy3nu cydecrpaTa B MeMOpane; [ —
TOJILMHA MeMOpaHBbI.

DA
— (S - .
+ lV( 0o =), (13.11)

13.2. IIpoToynblii peakToOp MIEaJLHOTO BHITECHEHHS

Cranuonapnas KHHeTHKAa. PeakTophl ¢ BBITECHEHHEM KOJIOHHOTO
TUIIa HIMPOKO HCIIONB3YIOTCS IIPY IIPOBENEHUM W MCCIENOBaHUM pe-
aKuuid ¢ ”MMOOUITH30BaHHBIMH (hepMEHTaMH. B 3TUX yCIOBHUAX OBUIO
U3YYeHO NOBeleHne aMUIa3bl, MercrHa, pubOHyKiIea3bl U KapOoKCcu-
MenTiaaskl, JIaKTaTaeruaporeHasnsl, §-rajakTo3uaassl, 0.-aMUHOOKCH-
Jas3pl, TIIOKOaMWIasbl, GUIIMHA, aMUHOAIIWIA3bl, aMWIITTIOKO3UAa3hbl
Y MHOTUX IpYruX (hepMeHTOB.

g aHanm3a M3MeHeHHsT BO BpeMeHU KOHUEHTpaluuu cydctpaTa B
peakTope WACATLHOIO BHITECHEHUS HEOOXOIUMO pellnTh nugdepeH-
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unaisHoe ypaBHeHHe (13.8) ¢ COOTBETCTBYIOIIMMH HaYaIbHBIMU M
TPAHUYHBIMU YCIOBUAMH.

PaccmoTpyM cranMoHapHBIM ciIy4ail, COOTBETCTBYIOUINN YCJIOBH-
sIM, B KOTODBIX KOHIIEHTpAalls cyOCTpaTa B JaHHOM 3JIEMEHTAPHOM
o0beMe He usMeHseTcs Bo BpeMeHu (dS/dr = 0). I1pu aTOM cripasemiu-
BO PaBEHCTBO

4

as _ TS (13.12)

dav Ky +S
B mpouecce paboThl peaKTopa ycTaHaBIMBaeTCs MMOCTOSTHHEBIN I'paau-
eHT KOHIIEHTpaLKH cybcTpara o o0beMy peakTopa. B kadyecTse wimio-
CTpallM¥ PacCMOTPUM CHUCTEMY, MpeACTaBIAIOIIYI0 co0oi 00beM Mo-
CTOSTHHOTO cedeHust A mmuHoi /. TIpuMepoM MOXeT CIYXUTh KOJIOHKA
NMOCTOSTHHOTO IMaMeTpa, paBHOMEPHO 3alI0JTHEHHAsT HOCATENIEM C UM-
MOOWIN30BaHHBIM hepMeHTOM. B 310M Cityuae ypaBHeHue (13.12) Mo-
XKeT OBITh NpeJICTABICHO B BUIE

c9S ___VuS _

dx Ky +S8’
e C= U/A — nmuHeitHas CKOpoCTh pacTBOpa cyocTpara B KOJIOHKE; X —
KOOpIMHATA 110 JUIMHe KOJOHKY. YpasHeHue (13.13) MoxeT OBITh ITpo-
WHTeTPUPOBAHO M HAMIEHO pacrpeneeHue cTalMOHapHOMA KOHIEHT-
pauuH 1o IUTHHE KOJOHKY (MpOoPIIb KOHUeHTpauuH). [1ockonbKy npu
WHTETPUPOBaHWK 3aBUCHMOCTD S(x) OyJer 3amaHa B HEesIBHOM BHJIE,
PacCMOTPHM JIBa YAaCTHBIX CITydasi:

1) nycts S > K}, B 3TOM cllydyae KOHIEHTpanus cyocTpara Jiu-

HETHO YMEHBIIIAeTCs 110 JJIMHE KOJOHKM 10 3aKOHY

VX
C 3
2) nyctb § <« K}, B 3TOM cjlydae CTauMOHapHas KOHIEHTpaLWs

cyOcTpaTa yMeHBIIIaeTCA 110 [UIMHE KOJOHKHU 10 3KCIIOHEHIMATBHOMY
3aKOHY

(13.13)

S =58 - (13.14)

4
S = Spexp| - Vo x| (13.15)
KyC

B obmeM ciydae npodh b KOHIEHTpAUK cyGcTpara CKIaasIBacT-
S U3 JIMHEHHOTO, EPEXORHOrO M 3KCIIOHEHMAIbHOro yyactkos. Ha
prc. 13.1 npuBeeHB! pacyeTHbIE JAHHBIE MO UCCICIOBAHMIO PeaKHU
TUAPONN3a #-HUTPOAHWIHAA N-riayTapui-o-(eHuIaladiHa B KOJIOH-
K€ ¢ UMMOOH/IM30BAHHBIM ((-XHMOTPUIICHHOM IIPU DPa3IUYHBIX JU-
HEMHBIX CKOPOCTSX PacTBOpa B KOJIOHKE.

Ecnu cranmoHapHOe COCTOSIHHE C MOCTOSIHHBIM BO BpeMeHH I'pa-
OVEHTOM S yCTaHaBIMBAaeTCsl BO BCeM o0BbeMe peaKropa, ypaBHEHUC
(13.12) ¢ pasgensionuMucs nepeMeHHBIMH MOXET OBITh IPOMHTE!"
PUPOBAHO MO BCEMY 00BEMY:
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F -107, mons/n

1,00
P .10%, moms/cM’
-4 100
5
ﬂﬂ 180
60
%SO
40
120
0,25 1 2 /3, 45 7
(o]
1 Il I
-20 -1,5 -1,0 -05 ©

!
]
0 I x In(1 -a)

Puc. 13.1. ITpoduiu KoHLEHTpauKK

cyOcTpaTa 1o [JIMHE KOJIOHKH UlIe-

aJIbHOTO BBHITECHEHHUS MPU CKOPO-

CTH pacTBopa cybcrpara 100 (1),

200 (2), 300 (3), 400 (4), 500 (5),
600 (6) cM3/u

Puc. 13.2. 3aBUCUMOCTD BbIXOIA IPO-
IyKTa P B KOJIOHHOM pEaKTOpe OT
mapaMerpa In(l - o) B peakuuu
TUIPOJIU3a n-HUTPOAHWIMAA N-Tiry-
tapui-L-denunananuna rmpu cko-
poCTH pactBopa cybctpara 50 (1),

70 (2), 90 (3), 110 (4), 130 (5),
150 (6), 180 (7) cM?/u

SKy+S 1%

- ds=—\dVv. 13.16
[~y =51 (13.16)
, 0
Penrenue 3TOr0 ypaBHeHUsT IMEET BUIT
S V,
Sy -85S -Kyln—=-"2, 13.17
0 wlne=7 ( )

Ilpu ananuse KMHeTUKY HEACTBHS (PePMEHTOB B OTKPHITHIX CHCTEMAX
YI06HO BBECTH HOBYIO IEPEMEHHYIO

o= M, (13.18)
So
KoTopast IpeICTaBiIsieT co00il cTeneHb KOHBepcHH cyberpara. C yueToM
(13.18) ypasnenue (13.17) mpuobpetaeT BUI

S 1744%
20 n(l-q) = 2
X, (-a KU

B cootBerctBum ¢ ypaBHeHueM (13.19) noyxkHa HaGnromatbes MM~
Weiinag 3aBrucuMocts Mexay o 1 In(1 — o). Ilpu 310M TaHreHc yria
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aSo-10%, Mons/n  PHC. 13.3. KuHeTHKa peakuuy THAPOJIU3g

sTunoBoro a3dupa N-GeH3oua-L-aprunu-

HA T0f JeHCTBUEM HMMMOOWIM30BAHHOIO

$HUMHA B KOJIOHHOM pPeaKTope MpH CKo-

pocTH pactBopa cyberpara 20 (1), 30 (2),

40 (3), 60 (4), 80 (5), 100 (6), 120 (7),
140 (&) cm*/u

HAaKJIOHA rpaduKa 37O 3aBUCHUMOCTH

paet 3HaueHue Kj/S;; OTpe3ok, oTce-

KaeMBbIl Ha ocu opauHar, — V,,V.S5,U.

W3 3tux paHHBIX MOXHO ONpPEeIeIHTh

3Hayeuus V,, u Kj;. B OONbUIMHCTBE

-0,7 -0,5 -0,3 -0,1 CJIy4aeB TaKOI'o Polia 3aBUCUMOCTH JIeii-
In(1 - a) CTBUTEJILHO MMEIOT MECTO.

Ha puc. 13.2 npuBeneHB 3KcCrie-
pPUMEHTATIbHblE JaHHbie N8 DPeaklUWH THMAPOIN3a n-HUTPOaHWINIA
N-rnyrapun-L-deHnnananuya nox geictBueM o.-XMMOTPHUIICHHA TIPU
pas3iMYHBIX CKOPOCTAX BBOIA CyGCTpaTa B KOJIOHKY. B ycloBusix akcre-
pHUMeHTa onpenesnseMbie 3HadeHus V;, u K}, cpaBHUTENIbHO c1abo 3a-
BUCST OT IMHEHHON CKOPOCTH TI0TOKA. B psime ciyyaeB 3TH 3aBUCUMO-
CTH BBIpaxeHHl Oojiee SBHO.

Ha puc. 13.3 npencrasiieHbl pe3yIbTaThl 3KCIIEPUMEHTATLHOTO HC-
CJIeJOBAHUS TUIPOIN3a STUIOBOTO 3upa N-OeH30MI-L-aprHuHa non
JneicTBrueM (pUIMHA, UMMOOMIM30BAHHOIO Ha KapOOKCUMETHIILIEILTIO-
J03e, B KOJIOHHOM peaktope. HaGmonaemast 3aBucumMoctb K}, OT CKO-
POCTH pacTBOPA MHTEPIIPETUPYETCH KaK NposBNeHme 1udhPy3noHHOro
COIPOTHUBJICHUS, XapaKTepHOTO I KaTrajik3a UMMOOWIN30BaHHBIMU
dbepmenTamu.

BaxxHO yMeTh pacCUMTHIBATH CTeNIeHh KOHBEPCHH (L CYOCTpaTa B pe-
aKTope IPH M3BECTHBIX KMHETUYeCKUX apameTpax K, V;, u Makpo-
KMHETHYECKHX XapaKTepHCTHKax — OOBEeMHOM cKopocty roroka U H
obrveme cucteMbl V. IToCKONIBKY cTeTieHb KOHBEPCHH CBA3aHa ¢ STUMHU
rapaMeTpamMu B BUIe HesgBHOU (yHkumu (13.19), sto ompepeneHue
MOXeT OBITH CAeNIaHo JUIIb YuciaeHHo. IIpu 3ToM Hole3HbIM Npel-
CTaBJISICTCSI BBECTH Oe3pa3MepHBIN MOIYITh X

I
KU (13.20)
Ve V
KOTOPBIA MO (PU3MIECKOMY CMBICY B HEPBOM NpHOMDKeHUN Nped”
CTaBJIsIeT cOOOU OTHOIIEHUE BPEMEHU NMPOTEKAHUA pepMeHTaTHBHOHN

peakumu K BpeMeHM KOHTaKTa cybcrpara ¢ pepmenToM. Ha puc. 13.4, 4
IIPUBEIEHA 3aBUCUMOCTb CTeTIEHM KOHBEPCUHM OT MOJAYJS ) nipy pa3”
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Puc. 13.4. 3aBUCUMOCTB CTETIEHH KOH-
BEpCHUM CyOcTpara OT MOOYJS ) IUIS
IPOTOYHOTO peakTopa HUACAIBHOIO
[IepeMEIIMBAHUSA (CIUIOLIHbIE JINHUU)
1 HPOTOYHOTO pEeaKTopa HMIACAHLHOTO
BBHITECHEHUS (IIYHKTHUPHBIC JIUHHH):
a — npu §/Kjy = 0,1 (1), 2 (2), 10 (3);
6 — nIpH UHTUOUPOBAHUH CYOCTPATOM NPH
So/ Ky = 2, Ky/K, =0 (1), 1 (2), 5(3),
10 (4); 8 — mMpH UHIMOMPOBAHMM IPO-
ayxtom ripu Kj/Kp=0 (1), 1 (2), 10 (3)

JIMYHBIX OTHOLIeHUSIX Sy/ Ky,. BUAHO, UTO [IpU YBETUYEHNH X CTElIeHb
KOHBEPCHU CcyOcTpaTa YMeHbUIAeTCs; MTPU OOMBIINX 3HAYeHUIX Sy/ Ky
3TO YMeHBbIIeHWEe CTAaHOBUTCS 3aMeTHee. [Iid Ioy4eHUsI BBICOKHMX CTe-
MeHel KOHBEPCHM HEeOOXOAMMO UCTIONb30BaTh HU3KHe KOHIIEHTpauu
cybeTpaTa M IIPOBOAMTH PeaKIIMIo IIPU HU3KUX 3HAYEHMSIX MOAYIIS ¥,
(x < 0,1).
, B psine cnyyaeB KnHeTHKa GepMEHTATUBHEIX PEaKUMH OCTIOXHSIETCH
MHrHONpoBaHHEM peaKIMu U3OBITKOM cyOcTpara Wik HpOAYKTa.
Huru6uposanue cyocrparom. Ciyyait MHTMOMpPOBaHUS HM30BITKOM
EyOcTpara OMUCHIBaCT KMHETHYeCKas CXeMa:

KM kkar
E+S<—=ES-—-E+P

K (13.21)
ES + S == ES,

3aBHCHMOCTb CKOPOCTH peaklMy OT KOHIEHTpALMY Cy0CTpara B 3TOM
Clrlyyae OITUCHIBAEeTCS YpaBHCHUEM
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dt K , S
s K

i

(dsj eV (13.22)
1+

rae K; — KOHCTaHTa MHTHOMpOBaHHS CyOCTPaTOM.
IMopcraHoBka 3TOr0 YpaBHeHus B ypaBHeHue (13.8) 1 uHTETPUpPO-
BaHue Mpu dS/dt = 0 IpUBOAUT K BEIPAXKEHHUIO

So So ) Ky n_ ViV
— 2 = . 13.23
X, 2(1(,”) x, Bem )=y (1323)
MNurnbuposanne nmpoaykroM. Kunernyeckass cxema peaxuuy Ipu
KOHKYPEHTHOM MHTUOMPOBAaHHWM ITPOAYKTOM UMeEET BUJL
Ky Kar
E+S==ES—E+P ‘
Ky (13.24)
E+P <= EP

B cooTrBeTCTBHM C 3TOM ¢XeMOIl CKOPOCTh PeaKkIy OIUCHIBAETCS
ypaBHeHneM

P _ VS

dt P ’
Kiyll+—+S8
1)

rae Kp — KOHCTaHTa MHTMOMPOBAHUS ITPOIYKTOM.
UnTterpuposBaHne ypaBHEHUS ¢ y4eTOM CoOTHolleHusa (13.25) u
ypaBHEHUS MaTepHaJIbHOrO OajlaHca NPUBOAMT K CIEAYIOLIEMY BhIpa-

XKEHMIO:
So So VK 2404
1 -1 In(l- o) = =2 —.
( + 2 X, )KM ( + ) (l-a)= (13.26)

(13.25)

Ky | Kp Ky U

3aBUCHMOCTH CTeNIeHH KOHBEPCHH CYOCTpaTa OT MOLY/IS ¥ [UIs TIpO-
TOYHOTO PeaKTOpa MAeaIbHOTO BHITECHEHUA ITPH MHIMOHPOBAaHUH Cy0-
CTPATOM WIM IIPOIYKTOM IpHUBeIEHBI Ha puc. 13.4, 0, 6.

13.3. IIpoTouHblii PEAKTOpP HAEAIBHOIO IE€PeMelINBAHNS

Peaktops! 310T0 THIA UIMPOKO IIPUMEHSIIOTCA TIPU MpOBeneHUU
peaknui ¢ yyactTueM MUMMOOWIN30BaHHBIX (DepMEHTOB 1 B HEKOTOPBIX
CIly4asix UMEIOT IIPEeUMYLLECTBO Tiepell peakTopaMK KOJIOHHOro TUla.
Tak, 3KcIUTyaTaiuss KOJIOHHOTO peakTopa TpeOyeT IMOBBIUICHUS JaB-
JIeHMS BBOOUMOTO pactBopa cyberpara. Kpome Toro, KonoHHbie peak-
TOPBI MAJIO IIPUTOHEI U IIPOBeASHUS peakluil ¢ obpazoBaHueM CHJIb”
HBIX KHCJIOT WM OCHOBaHWA. DTH peakuuM MOTYT COIIPOBOXAATHCA
HeXenaTeJIbHbIMU TpagueHTaMu foKasarens pH nmo minHe komoHHB!-
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CraunoHapHBbIe COCTOSIHHMSI peakTopa GbUIM MCCHENOBaHEI B peak-
UMY (PEPMEHTATUBHOIO Pa3oXeHUs MOUeBMHEL. PeakTop npeanpHoro
repeMeIllMBaHUs MCHOb30BAIU IS MPOBCACHHUSA PEAKIIMH ¢ MMMO-
OGWIN30BAaHHOY aMUHOITIOKO3UIA30M, ITIIOKOAMUIA30M ¥ MHOIMMU Japy-
rumut pepMeHTaMu. LLIMpokoe pacripocTpaHeHHe MONYYMIY TakxKe pe-
aKTOpHI C yAbTpadUIbTpOBaHUEM (MEMOpaHHbIE peakTophl). [Tocnea-
HUE MOXHO pacCcMaTpMBaTh KaK HEKOTOPYIO MONMMUKALUIO POTOY-
HOTO PeaKkTopa MACANBHOTO MEePEMEIMBAHUS, B KOTOPOM IEpeHOC cy6-
cTpaTta B PEaKTOpP OCYLICCTBIISCTCS Yepe3 MOMYIIpOHUIIAEMYIO MeMbpa-
Hy. PeakTopsl ¢ yabTpaduIbTpOBaHHEM OBUIH UCITOJIb30BAHEI ISt He-
MPEPBIBHOIO TMIPOJM3a CaXapo3bl NMOX NEHCTBMEM WHBEPTA3bl, s
IUIpONIN3a UEJUIIOIO3b! B ITIIOKO3Y IOJ AE€HCTBUEM LEJUTIONA3bl U p.

Ecnu B peakIMOHHBIA cOCYy)] ITOCTOSTHHOro o6beMa V ¢ 00beMHOI
ckopocThio U mojgaeTcsi peareHT KOHLIGHTpaluei A,, ToO U3MeHEeHMe
gHcia MOJIEH KOMITOHCHTA A B peakTope B YCIOBHMSIX MIEANBHOIO Ie-
peMEIIMBaHUS B COOTBETCTBUM ¢ ypaBHeHUeM (13.1) omuchiBaercs
CIICAYIOLIMM AU (D DEPEeHITUATBHEIM YPaBHEHHEM

dA U

7t=7(A0—A)+v06p~vp, (13.27)
TIE Uysp — CKOPOCTE O6pa3oBaHMs BEIECTBA A B peakTope; v, — CKO-
pOCTh pacXO0OBaHMsI BEIleCTBA A B PE3YJIbTaTe peaKIIMH.

DT0 ypaBHEHUE — OCHOBHOE b depeHIManbHoe YpaBHEHHE, OITH-
CBIBalOllleC U3MEHEHHE KOHIEHTPAMM PEArUPYIOIEro BelecTBa B pe-
aKTope UACAUIBHOrO MepeMertuBaiHus. OHO YUMTHIBAET He TOJBKO CKO-
POCTH XMMMWYECKHX MPEBpAICHUH KOMIIOHEHTa A, HO M OOMEH Bellle-
CTBOM C OKpYXalolle# cpenod. Bus BEIpaXeHUN WIS vyg, U U, BXOIA-
umx B ypaBHeHue (13.27), onpenensercs MEXaHU3MOM peakLVi B co-
OTBETCTBMH C 3aKOHaMM XMMHYECKOM KMHETHKHU. [To MexaHusMy Mu-
Xa3jIuca ypaBHEHMS, ONMCHIBAIOIIME U3MEHEHHUS KOHIEHTpaIlui cy6-
CTpaTa U TIPOAYKTA B peakTope, UMEIOT CISIYIOLINN BUI:

das U VaS

2SS, - 8) - ]

a "y s (13.28)
dP Ve U
tul S —— .
d Ky+S V (13.29)

HuddepenumansHoe ypasheHue (13.28) MOXHO pelMTh YHUCIEHHO
WK aHAJIUTHYECKU OTHOCHTeNbHO MyHKIMU S(7). [ToacTaHoBKa 3TOM
byukimK B ypaBHeHue (13.29) ¥ MHTErpUpOBaHUE MOJIYYEHHOTO Iub-
bepeHIMAaNBbHOro YpaBHEHUS MTO3BOJISIOT HAWTH 3aBUCMMOCTD KOHIICH-
Tpaluy NMpoOIyKTa OT BpEMEHU.

IMpu aHanmu3e KMHETHYECKHUX 3aKOHOMEPHOCTEH B peaKTopax
UllealbHOro IepeMellIMBaHusl HeoOX0IMMO JOCTaTOYHO TOYHO 3HATh
YIeNIBEHYI0 O6BEMHYIO CKOPOCTh BBEICHHUSA peareHToB (mapametp U/ V).
DTy BeJMUMHY MOXHO BHIYMCIMTH M3 OOGBEMHOM CKOPOCTH BBEICHUS
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peareHTOB M 06beMa peakTopa. OfHAKO B pslie CIy4yaeB uenec/oo6pa3-
HO ONpeIe/NTh 3HaYeHue U/V 13 He3aBUCUMOro KHHETHYECKOTO 3KC-
nepuMmeHTa. Haubosee mpocTo 3T0 MOXHO CIEiaTh, €C/IM B HaYalb-
HBIf MOMEHT BpeMeHHM BBECTH B PeakTop Kakoe-THOo BellecTBO, KO-
TOpPOE B YCJOBMSIX OIBITa HE ITOABEPracTcsl XUMUYECKOMY TIpeBpale-
HUI0. KMHeTHKa pacXonoBaHMs 3TOro BEleCTBa B peakTope OyneT onu-
CHIBAThCSl YPABHEHUEM

dA_ U

=24, 13.30
dt Vv ( )

MHTerpHpoOBaHue KOTOPOTO MPHBOINT K COOTHOIICHUIO
A=Aoexp[—%t). (13.31)

Ipencraraeune ypaBHenus (13.31) B mosynorapudMuYecKux Koop-
IMHaTax TMO3BOJSET OTMPENeNUTh YISIBHYIO CKOPOCTh ITOAAYM HCXOJ-
HBIX BCIIECTRB B CUCTEMY.

Crannonapnas kunernka. [Ipy HenmpepbIBHOM BBEIEHHH B PEAKTOD
cybcTpaTa yepe3 HEKOTOpOoe BpeMs B peakTope yCTaHaBIWBaeTCs CTa-
IIMOHApHAas KOHIIEHTPAIIUS BCeX KOMIOHEHTOB peakuuu. [Ipu ¢ — oo
IIpY HAaChILIAIOIHEH KOHIICHTPALMM CyOCTpaTa KOHIEHTPALMH ITPOLYyKTa
U cybcTpaTa CTpeMsSITCS K CTallMOHApHBIM 3HAYCHMSIM:

S = ), (13.32)
V/

Py = 13.33
UV ( )

B npyrom yactHoM citydae (IIpy HM3KUX KOHUEHTpaUHsIX cybcTpa-
T2) CTallMOHApHEIe KOHIICHTpaLMy Cy6CTpaTa U TIPOIYKTAa paBHBI

! Ki

Sc,_so[n oy } , (13.34)
uv T

P, = 50[1+V”;/KM} . (13.35)

Vcnosue craumoHapHocty (dS/dt = 0) 1mMO3BOJSAET CBECTH HCXOI-
Hoe nuddepeHIMaTbHOE YpaBHEHHE K alre6pandecKoMy BHpaXEHUIO

VV;! SCT

U
—(8p - S, ) = . 3.36
V( 0 ) KM +Sc‘r (I )

B pesynerare pemenus ypasHeHus (13.36) oTHOCUTENBHO S, MMEEM

v, / Vi
-K

upy ., ( M gy

2 4

So - Ky ~

Scr— ] +S0K;”, (1337)
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TaKMX YaCTHHIX CJIyyaeB, KaK Hachl- Z(SO -8
watorme (S, > Ky + V,,/(U/V)) n
nuskue (Sy << Kj) KOHLEHTpaluu
cybcrpara MPUBOIUT K YPAaBHEHUSIM
(13.32) u (13.34) cOOTBETCTBEHHO.

Tlpy MpOMEXYTOUHBIX 3HAYCHH- /}

AHanu3 ypaBHeHus (13.37) nnsa [ "
)]
Vv

( ,
1 tge=—*2

;
v "

m

sIX g, KOr/la HayaslbHasi KOHILICHTpa- -
uMst cybcTpaTa cousMepuma ¢ Kjy, -
CTallMOHApHasl KOHLICHTpaLMs Ccy0- st
cTpaTa B peakTope SIBJISICTCS CJIOX-
HO (YHKIIMEH KHHETUYECKUX ITapa-
’MeTpOB (pepMeHTvaTI/IBHOM peakuuu, Lo CTALMOHAPHOMY COCTOA-
a TAKXe yIenbHOH 06beMHON CKOpo- | o [POTOMHOTO PEAKTOPA HEATb-

cri oroka U/ V (ypaBrenwe (13.37)). 1o NepemelMBaKms (110 ypas-
Tem He MeHee MCKOMBIE BeJIUYMHBI Henuio (13.38))

Vi, n Ky MOTYT OBITH OINpene/cHBI

ITPY UCCICAOBAHUH 3aBHCHMOCTH CTAIlHOHAPHOI KOHIICHTPALMK Cy6-
CTpaTa B peakTope KaK OT CKOPOCTH BBEICHMS pearcHra, Tak WU OT
HayaJbHOM KOHILIEHTpaluH cybcTpaTa (puc. 13.5):

Puc. 13.5. Onpenencnue napamer-
poB V,, 1 K}, Ha OCHOBaHUU NaH-

U 1 Ky 1

—(S, = S, =— 42— 13.38

[V( 0 CT)} V,,/, anx Scr ( )

BrIpaxeHue WIS CTAlIMOHAPHOM KOHIIEHTPAIIUH ITPOIYKTa BHITEKA-

eT u3 ypaBHenus (13.29), eciau yuects, uto S = S — P, ¥ NIpenro-
JIOXHTb, 4TO dP/dt = (:

_] ’ 4
[Un] - LK.
V Vm SO_R:T

Kak BumHo u3 (13.39), uckomele 3HaueHus V,, u Kj, MoryT OBITH
HaIeHBI TYTEM HCCICAOBaHMS 3aBUCHMOCTH CTAI[MOHAPHON KOHLICH-
Tpanuu npoxykra ot U/Vu §,.

B ycoBHAX cTallMOHApHOCTH CTENICHb KOHBEPCUH cyGeTpata He 3a-
BHCUT OT BpeMeHH. YpaBHenue (13.36) MOXHO MpencTaBUTh B BUIE

’
a0, ¢ _VuU_1 (13.40)
Ky l+a KyV

Ha puc. 13.4, a B cootBercTBUM ¢ ypaBHeHHeM (13.39) mpuseneHa
3aBHCUMOCTE CTEIICHHY KOHBEPCHH O, OT MOIYJIst X ITpH 3aJaHHBIX 3HaUe-
HUsX cooTHOlIeHUs Sy/ Ky MoOyne ) uMeeT To Xe 3HaueHUe, 4To U
ISl peakTopa MIeaabHoro BeiTecHeHus (ypasHeHue (13.20)). BunHo,
YTO cTereHb KOHBEPCUM CYOCTpaTa CylleCTBEHHO YMEHBIIAETCS C YBe-
JIMYeHUeM CKOPOCTH ToJa4H pacTBOpa Mpy JaHHOM 3HaueHuu S,/Ky,,
a TakKe ¢ yBeJUYeHUeM oTHolueHus Sy/K}, MpH 3a7aHHON CKOpOCTH
pacTBopa cyfcTpara.

(13.39)
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HNurn6uponanue cydocrparom. [I7s1 cayvast MHTHOMpPOBaHUS cybcTpa-
ToM (cxeMa (13.21)) cTallMoHapHOE COCTOSIHUE pPeakTopa OMMCHIBACT-
csl ypaBHEHHEM

2
S, @ (S K g oy-Tnl (1341
aKz'u+1—Ot+(Kz'uJKfu(a a)_K,’wV' (13.41)

Ha puc. 13.4, 6 nokasaHa 3aBUCUMOCTE CTEIIEHH KOHBEpPCHHU OT CKOpO-
CTH pacTBOpa MpH pasHbIX COOTHOIICHWSIX KOHCTAHTHI MHTHOMpOBa-
HUS U KOHCTaHTH Muxasnuca. BugHo, 4TO cTerieHb KOHBEpCHH CY0-
CTpaTa OBICTPO YMEHBIIIaeTCs ¢ YBeJIHMIeHUeM oTHolreHus Kj,/K,.

IMokazaHo (CM. HUDKe), YTO TIPH MHIHOUPOBAHUM CYOCTPATOM B Tpo-
TOYHOM pEeaKTOpe MICATBHOro IepeMelInBaHHsI BO3MOXHO GoJiee YeM
OJTHO CTAllMOHApHOE COCTOstHUE (T. €. 6osiee YeM OfMH Habop nmapaMmer-
POB, TIpH KOTOpHIX dS/dt = 0). HeycToiiunBble cTallHOHAPHBIE COCTOSI-
HUSI OTHOCSITCS IIPEUMYILECTBEHHO K HU3KUM 3HAYECHHAM OTHOIIICHHS
K34/ Sy m Habmopatotes B obmacty o = 50— 100 %.

Hurn6upopanne npoaykroM. CTauHOHApHOE COCTOSTHUE peakTopa
TPV UHTUOHPOBaHUHU IPOIYKTOM OITMCHIBACT YpaBHCHUE

So o Sy Ky o v, V
o + + = —
Ky 1-0 Ky Kpl-o Ky U

BrrunciieHHasi B COOTBETCTBUH C 3TUM yPaBHEHHEM 3aBUCHMOCTb CTe-
TICHU KOHBEpCHHU OT CKOPOCTH pacTBOpa MokKasaHa Ha puc. 13.4, 6. Kak
U IpU UHTHOHPOBAHUM CYOGCTpaTOM, HaGMIOHaeTCs CYIIECTBEHHOE
YMEHBIIICHUE CTCTICHH KOHBEPCHM CYOCTpaTa ¢ YBeJIHUCHHUEM CKOPO-
CTH pacTBopa M oTHOlUeHust Kj,/Kp.

. (13.42)

13.4. Cpasaenne 3¢¢eKTHBHOCTH NPOTOYHBIX PEAKTOPOB

VYpasHeHMs1, OIMCHIBaIOIe KUHETUKY (epMEHTATHBHEIX peaKLMi
B IBYX «MIeJIBHBIX» PEaKTOpax (IIPOTOYHOM PeaKkTope UIeaTbHOTO CMe-
IIeHHSI U MIPOTOYHOM pEaKTOPE HICATBHOTO BRITECHEHMS), TIPHUBEIE-
HH B Taba. 13.1. [Iyig cpaBHeHU 31eCch TaKXe JaHbl ypaBHEHHS, OITH-
CHIBAIOILIIE KMHETUKY peaklMil B MepHOIWIECKOM HEIIPOTOUHOM pe-
aKTOpe UALANBHOIO TIepeMelllBaHus. FIHTepeCcHO OTMETUTD, YTO YpaB-
HEHUS U IPOTOYHOTO peakTopa MACATbHOTO BHITECHEHWS aHAJIOTHY -
HBl YpaBHEHHAM JUIS TIEPHOIHYECKOTO peakTopa, B KOTOPBIX MeEpe-
MCHHAas f 3aMeHeHa Ha mapameTp V/ U (addekTuBHOE BpeMsi KOHTaK-
ta). Kak cienyeT U3 jaHHEBIX, IpeACTaBICHHBIX B Taba. 13.1, KuHeTHKa
peakiuii B IpOTOYHBIX peakTopax olpeneseTcs MomyieM ¥ (TpaBbie
YacTH BCEeX KUHeTUYECKMX YPaBHeHMH paBHHEI 1/%).

Ha puc. 13.4 cpaBHMBaeTCsI 3aBUCUMOCTD CTEMIEHM KOHBEPCHH CYO-
CTpaTa OT CKOpPOCTH pacTBOpa CyOoCTpara B OTCYTCTBHE HHIMOUpoBaHHA
(a), Ipu MHIMOMPOBaHMHU Cyb6cTpaTOM (6) M MIPOAYKTOM (8) Iisl ABYX
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TIPOTOYHBIX PEaKTOPOB: UIEATTBHOTO MEpeMeIMBaHMsI (CIUTOLUHbBIE JIN -
HUY) U UOCATBLHOIO BBITeCHeHMST (ITYHKTUpHBIe JuHUK). Kak crnenyet
u3 puc. 13.4, a, s gaHHOR CKOPOCTU pacTBOpa CTEIeHb KOHBEPCUH
cybCcTpara B peakTope BBITECHEHHS BCETHa BEIIIe, YeM B peakTope Ie-
peMenmBanusa. OgHaKo YeM BHIIIE OTHolueHue S,/K},, TeM MeHbllle
PasTUYMs MEXIY NBYMS TUTIaMHU pPeaKTOPOB. AHAIOIMYHAs 3aBUCUMOCTh
HaGogaeTcss M NP WHTHOMpPOBaHMM MPOAYKTOM (cM. puc. 13.4, ¢).
[Ipy MHrHOMpOBaHMM peaKuMM cybeTpatoM (cM. puc. 13.4, 6) tipu
HHU3KHX CKOPOCTSIX pacTBOpa peakToOp BEITECHEHMS HaeT GONBILIYIO
CTeNeHb KOHBepCHH. B 0b61eM ciiygae MoxXeTr OBITh ITOKa3aHo, 4TO
MpH Sy < Syare (Syae — KOHIEHTpAIUSI cyGeTpaTta, IpH KOTOPOil Ha-
G026 TCST MaKCUMaJIbHasi CKOPOCTh V), peakiinu) peakTop BHITECHE-
HUS BCeria MpUBOIUT K GOJIBLICH cTEreHU KOHBepCHH. TIpH §) > Sypee
PEaKTOp NMepeMelIMBaHUsI MOXET JaBaTh CTEIICHb KOHBepCHY GOJIbLIIE,
4eM peakTop BBITCCHEHUS (CM. puc. 13.4, 6).

Takum 006pa3oM, HCIIOJIB3Ys YpaBHEHMS, IPUBEACHHEBIE B Tab. 13.1,
ITpY U3BECTHBIX KUHETHYECKHUX ITapaMeTpax V,, u K} 1 MaKpOKUHEeTH -
YECKHUX XapakKTepUcTUKax UM V' MOXHO YHCIEHHEIM ITyTEM paccuMTaTh
CTeleHb KOHBEPCHUH cyOcTpaTa. B psime ciyyaes BaxXHa npUOIMKeHHAs
oueHKa MonyJs y. Kak cienyer U3 TaHHBIX, ITPUBEICHHBIX Ha puc. 13.4,
CTEereHb KOHBEPCUY YMEHBILIACTCS C YBETHYCHUEM Y. JIJ1s1 OlleHKU MOX-
HO MCIIOJIb30BaTh TO 06CTOATEABCTBO, 4TO IpH ¥ < 0,05 cTereHb KOH-
BEPCUH JUISI BCEX THITOB PEaKTOPOB OJIM3KA K eHHHLIE.

[IpoBeneHHHBI BhIllie KWNHETUUECKWI aHaIu3 aefcTBUS HepMeHTOB
B OTKPBITBIX CHCTEMaX OCHOBaH Ha pgne¢ TMPEAIOCEIIOK, ITaBHOU K3
KOTOPBIX SIBJISIETCS] NMPEANOJIOKEHHUE O MTPOTEKaHUH GepMECHTAaTUBHOIM
peakiud B KHHETHYECKOM pexXuMe. Kak M3BecTHO, Wi peakluii ¢
HMMOGHIIM30BAaHHBIMHU (DepMEHTAMM 3TO HE BCETNa UMeeT MeCTO (CM.
BhiIe). DddeKTs MaccorepeHoca cyGeTpaTa B HaubO bl cTereH!
JIOJKHBI TIPOSIBJISITBCS JUIST PeaKTOPOB MIACaJBbHOIO BHITECHEHUS, 0CO-

GCHHO ITPH HMU3KMX CKOPOCTAX IMTOTOKA.

o Tak, Mpu MCClIeNOBaHNM PEAKIUHA C
yYacTUEM HMMMOOMIN30BAaHHON aMu-
JIOTTIOKO3Uaa3bl OBIJIO MpPOBEIECHO
CpaBHEHME PEaKTOPOB pAa3NHUYHOTO
Tuma. OKas3anaock, YTO B OTIMYHE OT Te-
OPETHYECKOTO MPECKA3aHUsT peaKTop

1,0

0,8

3

0,6

0,4 Puc. 13.6. 3aBUCUMOCTb CTENEHH KOHBEP-
CUU MaJbTO3bl B TJIIOKO3y OT CKOpPOCTH
0,2F pactBopa cyGCTpaTa B peakTope uuaeaib-

HOro nepeMemnsanusa (/) m peakrope
L ! . | WIeATBHOTO BEITecHeHMs (2, 3). Jlunnn 1,
0 20 40 60 80 2 — 3KCIEpUMEHTANbHbIE JaHHble; I —

U, mn/MuH pe3yNbTaThl pacyera no ypasHexuto (13. 19)
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WACTBHOTrO BHITECHEHHS XapaKTepH3yeTcsi MeHbllei 3¢ deKTuBHOC-
thi0. Ha puc. 13.6 npuBeneHa 3KCIepUMEHTAIbHAS 3aBUCHMOCTD CTE-
MMeHU KOHBEPCHUM MaJIBTO3Hl B INIIOKO3Y OT CKOPOCTM pacTBopa CyO-
CTpata, MOJIy4YeHHas U PeakTOpOB JIBYX THITOB. [l cpasHeHUs 1o~
Ka3aHa KpuBas 3, paccuuTaHHas mmo ypaBHennwo (13.19) mig peaxro-
Pa UAEANBHOTO BBITECHCHMS ITPU UCITOJIb30BAHUM HE3ABUCHMEIM CITO-
cOBOM oTipene/ieHHBIX mapaMmeTpoB V;, 1 Kj. Bo BceM nmnanasone Hc-
CJIEAOBaHHBIX CKOPOCTEH B peaKTOpe UICAIIBHOIO IepeEMELLMBAHMS 06ec-
neyuBaeTcs 6OMbIIas CTENeHb KOHBEPCHH. DTO OOCTOSTENBLCTBO HOJIK-
HO YYMTHIBATECSI NP paboTe ¢ KOHKPETHBIMU MMMOOWIM30BAaHHBIMH
¢epMEHTaMU.

13.5. MHOXeCTBEHHOCTh CTALHOHAPHBIX COCTOSHHI
OTKPBITBIX CHCTEM

OTKpBITEIE CHUCTEMBI ¢ GepMEHTAMH HMEIOT PSJI OCOGEHHOCTEH,
CBA3aHHBIX CO CHEU(DUISCCKUMHI PETYISTOPHEIMU BO3ZMOXHOCTIMY Ha
MaKpOKHWHETHUYCCKOM ypoBHE. MIHTepec K 3ajayaM TakKoro xapakTepa
00yCTIOBIIEH ITPOGJIEMaMHU peryJIHpOBaHMs B GMONIOTMUECKUX CHCTEMaX.
OnuH M3 MoAXo40B K OOBSCHEHHIO psifa PEryAsSSTOPHBIX MPOLIECCOB,
XapaKTEPHBIX UIS1 OHOIOrMIecKNX CHCTeM, CBSI3aH C BO3MOXHOCTBIO
peaM3alUK B CUCTeMaX HeCKOJBKHAX TUCKPETHBIX CTallMOHAPHBIX CO-
CTOSTHUIA.

[IpowmocTpupyeM 3TO Ha IMpUMepe Haubojee MOJHO MCCACHO-
BaHHOU B TEOPETHYECKOM IUIaHE CHUCTEMBI C (PEPMEHTATMBHOMN peak-
LMeH, HHruoupyeMoil U30BITKOM cybcTpaTa. B COOTBETCTBUM CO cXe-
Moii (13.21) B cTaMOHApHOM COCTOSTHUM IS psina OTKPBITBIX CUCTEM
CIIpaBEeIJTHBO PABEHCTBO

, -1
B(Sy ) = V2| 14 Kie | Ser ) (13.43)
Scr Ki
rae f — mapaMetp U/ V mist peakropa ¢ IepeMelllMBaHeEM, WK Mapa-
Merp DA/(VI) nns MeMOpaHHOTO MMKpOpEakTopa, WM MapaMeTp
D/! nna cuctemsl ¢ BHeITHeAMGOY3MOHHBIM TOPMOXEHHEM. YpaBHe-
Hue (13.43) KyGHYecKO€ OTHOCHTENIBFHO CTAallHOHApHOM KOHIIEHTpa-
1My cyberpata. [lpu pellieHUM 5TOro ypaBHEHHUSI MOTYT OBITH ITOJIyYe-
HBI TpY KOPHSI, COOTBETCTBYIOLUME PA3TUYHBIM CTAllMOHAPDHBIM KOH-
HEeHTpalMIM cybcTpaTa. DTO O3HAYaeT, YTO NMpH HaHHBIX 3HAYEHUSX
KUHEeTHYECKUX IapaMeTpoB cucTeMHl V,,, Kj, K; MOTYT MUMETh MECTO
TPH pas3TUYHBIX CTallMOHAPHBIX COCTOSTHMSI, XapaKTEePU3YIOIINXCS pas-
HBIMHM 3HAYEHHIMU .
DTOT HETPUBHATBHEIN 3 deKkT, uMeIomuil onpenesieHHoe 6MoI0-
IMYyecKoe 3HaYeHue, IOABEprcs B IUTEpaType TIIATEIBHOMY 00CYXIe-
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o Puc. 13.7. CreneHb KOHBEPCHU CYOCTpaTa Kak
dyukuus napamerpa U/V,, peakuuu ¢ MH-
rubupoBaHueM U30bITKOM cyOcTpaTa:

1— 8 = Kj; = K, = 0,1 monb/nn (c1aboe MHruGHUpo- ;
BaHue); 2 — Kjy = K = 0,1 monn/n, Sy=1 mons/n
(yMepeHHOe nHrHbuposanune); 3 — Ky = K, =0,01
MONL/N, Sy =1 Monb/n (CuNbHOE UHTUOUPOBAHUE)

HUI0. BOo3MOXHOCTE 06pa3oBaHUsl MHOXECTREHHBIX CTALIMOHAPHBIX CO-
CTOSTHWH B (PEpMEHTATUBHHEIX CHCTEMAaX B PEAKTOPE MICAJIBHOIO Mepe-
MeIUWBaHUS MPOWUTIOCTPHUPYEM Ha CIIEAYIOLIEM IIPUMEDE.

Ha puc. 13.7 npuBeneHa 3aBUCUMOCTE CTETIEHH KOHBEPCHHU cybcTpaTa
oT mapametpa U/V;, ipu pa3nuyuHbIX 3HaueHusX K, Kj,. Jas cucreMul
K; = 0,1 monp/n (iuauun I, 2) BO3MOXHO JIMIIB OJHO CTAIHOHAPHOE
coctostHue. B ciywae K; = 0,01 mons/n (nunust 3) npu U/V), = 2,
HAIpyMeEp, MOTYT OBITH peaTM30BaHEl TPH CTALIIOHAPHBIX COCTOSTHUS,
XapaKTepU3YIOIIUXCST Pa3THIHBIMU 3HAUCHHUSIMH CTETICHH KOHBEPCHM.
AHanN3 ycToMUMBOCTH CTal[MOHAPHBIX COCTOSTHUI ITOKAa3aJI, YTO YCTOM-
YUBHI JBa KPAWHUX COCTOSIHUS, a CpeJHEe COCTOSTHUE HEYCTOHIMBO.

HauGonee nHTepecHBIMU NIPENCTABISAIOTCS PETYIISITOPHEIE OCOOCH-
HOCTHU Tako# cucTeMsl. CHcTeMa CITOCOOHA NMPH HE3HAYMTEIIEHOM HM3-
MeHeHuu napametpa U/ V;, (M3MeHeHue CKOPOCTH BBOJA CyGCcTpaTa Wik
aKTUBHOCTH QepMeHTa) CYLIECTBEHHO U3MEHUTh CTALIMOHAPHYIO KOH-
LIeHTpanuio cyocrpara. Tak, mwist kpuBoit 3 Ha puc. 13.7 npu U/V;,=3,0
cucTeMa (GYHKIIMOHUPYET cO CTeleHbo KouBepcun 0,99, npu sTtoM
HU3MeHEeHMe CKOPOCTH BBOHa cyOcTpara (HaIlpuMep, 3a cueT audady-
3uM) Ha 15 % BBI3BIBaCT YMeHBIIEHHE cTelleHH KoHBepcuu mo 0,01.
O4eBUIHO, YTO 3TO OAUH M3 BO3MOXHEIX MEXaHW3MOB peryJIMpoBa-
HMSI MeTaboJIM3Ma MO NMPHHUMIY <«BCe WU HHYETO», «OTKDHIT-—3a-
KPHIT». B TO Ke BpeMsi B 9To cHcTeMe MOTYT pealTH30BaThCs YCIOBHS, B
KOTOPBIX CHCTEMa CITOCOOHA NOANEePXUBATh IMPAKTUUECKH ITOCTOSTHHYIO
KOHLEHTpalLMIO cyOcTpaTa Mpy M3MEHEHHWH CKOPOCTH BBOZAA CybCcTpaTa
WM aKTUBHOCTH (pepMeHTa B LIIMPOKOM JAuara3oHe. Tak, B YCIIOBUSIX,
COOTBETCTBYIOIIUX KPHUBOI 2, peakTop 06eCIIeYBaeT CTeNeHb KOHBEP-
cuu 0,9 — 1,0 npu Bapuaru nmapamerpa U/ V), B aanasone ot 0 go 3,7.

MHOXeCTBEeHHOCTb CTallMOHAPHBIX COCTOSHUM CHCTEMBI OOBSICHSIET
psiZl TUCTEPE3UCHBIX SIBJICHMIA, HabIIOMaeMBbIX TIpY KaTaau3e peakLui
MMMOOWIN30BaHHBIMU GepMEHTaMH B CHUCTEMaX, OTKPHITHIX B TUQ-
(hy3MOHHOM OTHOIIEHHUHN. JIOCTHKEHHE TOr0 MIHM HHOTO CTallHOHAPHO-
'O COCTOSIHUSI OTIpENeNsAeTCs Harlpar/icHUEeM ITepeXoa CUCTEMBI (YMEHbB-
LIEHUEM MTapaMeTpa WIM ero ypeanieHueM). PucyHok 13.8 witrocTpa-
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Puc. 13.8. aMeHeHne BHyTpUMEMO-
paHHOTO nmokaszaressi pH B 3aBUCUMO-
cti oT pH cucreMnl B xoae peakuuu
TMApOIn3a 3TIIoBOTO 3hupa N-GeH-
30WIapruHUHA, KaTUTM3UPyeMoit na-
ManHOM, UMMOOUIM3OBAHHBIM B MEM-
6pane Ha pH-4yBCTBUTEILHOM 3/I€K-
Tpoze:
1 — yBenuyenue pH cucreMsl; 2 — yMEHb-
weHue pH cucTeMsl

BuyrpumemOpaHHbiil pH

1 L 1
11,0 10,5 10,0
pH cuctemnt

pyer ructepe3ucHbfl 3ddeKkT, HablonaeMbli B peakuuyu ruapoiuia
3TUJI0BOTO 3upa OeH30MJIaApriHMHA NarlaiHOM, UMMOGHIN30BaHHbIM
B MeMOpaHe Ha MMoBepXHOCTH pH-4yBCTBUTENEHOTO CTEKIISTHHOTO BJIeK-
Tpona. CrallmoHapHoe 3HaueHue pH Ha MOBEpXHOCTH 3JEKTpoOja 3a-
BUCHUT OT HallpaBJeHUs M3MeHeHHUs1 BHeltHero pH (/ — yBeauueHue,
2 — yMeHbIIIeHMe). TakuM 00pa3oM B YKa3aHHOIO poja crhcTeMax pea-
JIM3yeTCs BJIEMEHTapHas ueiika «I1aMsITh».

* ok ok

[Toka MaTemaTHueckuil 3aKOH OTpax<aeT pearbHyIO AeHCTBH-
TEABHOCTb, OH He TOYEH; KAK TOABKO MaTeMaTHYeCKMH 3aKOH To-
e, OH He OTPaxKaeT PEAAbHYIO JeHCTBUTEABHOCTD.

A. JiiHwmeiin

CosmaHue peakTopoB ¢ UMMOOMAM30BaHHEIMH (hepMEeHTaMH — He-
OOXOIUMBIH HIar K TEXHOJIOIH3alMK OMOKATATMTHYECKOro Impollecca.
DKOHOMMYECKUE IMPEUMYILECTBA, 00eCIIeYMBacMbIe peakKTOpaMu pas-
JIMYHBIX THIIOB, OCHOBAHEI HA BO3MOXHOCTH MHOI'OKPATHOI'O UCIOIb-
30BaHUS GepMeHTa Y CYIHECTBEHHOTO YIIPOILEHHS CTAIUH BHIICICHIS
MIpOJIyKTa, ITOCKOJIBKY OTIHeieHHe NMpoayKra oT (hepMeHTa IPOUCXOIUT
3a cyeT yaepXUBaHMsS (pepMeHTa B peakrope. IJ1aBHOM 5KOHOMHYE-
CKOIf XapaKTepHCTHKOU peakTopa SIBJISEeTCS €ro nmpou3BOIUTEILHOCTh
Ha eIMHMIY 0oObeMa B EJUHUILY BPEMEHH.

XuMmudeckasi 3H3UMOJIOTHS o6ecrieyeHa pa3HOOoOpasHBIMM PeakTo-
PaMM pa3NMMYHEIX TUMOB. Hanbosblilee mpMeHeHMe HAXoOsT 6e3rpa-
JUEHTHBIC PeakTOphl MEPHOIUYECCKOTO THIIA, ITPOTOYHBIE KOJIOHHEIE
PeaKTophl BHITECHEHHSI, IIPOTOYHBIC Ge3TPaIUEHTHEIE PEaKTOPEl, MEM-
OpaHHEIe peaKTOPEI, ITOJIbIe BOJOKHA C HMMOOWIH30BAaHHBIMU Ha CTeH-
Kax ¢hepMEHTaMMU.
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KonuvecTBeHHO Hanbojee MpOCTEIMM COOTHOLICHUSIMU OITACHIBA-
I0TCSI TTPOTOYHBIE peaKTOPhl UHeaIbHOIO BBITECHCHHUSI M IMPOTOYHLIE
Ge3rpanveHTHEIC peakTophl. TeopHsl peakTOpOB IMO3BOJISIET CBIA3aTh Ta-
KO BaXXHBIHM ITapaMeTp, KaK CTeIeHb KOHBEpPCHM cybcTpata ¢ KUHe-
TUYECKUMH XapaKTePUCTUKAMU (pepMEHTA M CKOPOCTHIO MOJAYX B pe-
aKTop cyobcTpara.

IIpu 3amaHHEBIX MapaMerpax [poluecca TeOPETHUECKH PeaKTop Hhie-
&JTLHOTO BBITECHECHHS (KOJOHKA) ITO CTEIICHU KOHBEpCHU cybcrpara
HMeeT ITPeUMYIIECTBA Mepel PeaKTOPOM HACAJIBHOI0 [IepeMeEIIBaHuUS.
OpHako Ha IpakTHKe 3T0 HabionaeTcsl He Beerma. Hanuwuue addek-
TOB MHTMOMPOBAHHA TPOJYKTOM WM CyOCTpaTOM, BO3HMKHOBEHHUE
HEKOHTPOJUPYEMBIX TpanueHToB pH MoryTt cylecTBeHHO M3MEHMTH
XapaKTepHCTHKHU Ipollecca. TeM He MEHee TEOpeTUYECKUE PacyeThl
SIBJISTIOTCS TI0JIE3HBIM MHCTPYMEHTOM JJISI XMMMKa, PeIlialollero 3ajga-
Yy TeXHOJOTU3alMK GepMEHTAaTUBHOTO ITpoliecca.



I'maBa 14
MHXEHEPHASA DH3UMOJIOTIUA

KOpeHb [1OTUOEAY [IOAUTHYECKH CTOAb CHUABHBIX KAacCUyeCKux
HapojOB Fpegmd 2l pHMa, 6e3 BcsKoOro COMHEHUs, AOA2KHO UCKATD
B TOM [IPE3PUTEADHOM OTHOIUEHHH, KOTOPOE OHU UMEAH K TIpOMBbI1Li-
ACHHOMY TPYAY. npu BCeX HeJOoCTaTKax KMTaHCKOTo CTPOs OH yC-~
NeA yUeAeTb MHOTHE TbICAYEAETHA 110 ToH NpHU4HHe, 9YTO B KHTae
TNPOMDIILIAEHHOCTDb 3aHHMaAa Bcer/ja INIOYETHOE MOAOKEHHE, TIPDUBAE -
kaAa k cebe, a He OTTAAKMBAAA.

J. H MGHACIIGGB

14.1. CoBpeMeHHble METOAb KOHCTPYHPOBAHHASA
(epMeHTOB ¢ HEOOXOINMBIMA CBOHCTBAMM

Bonbiroe pazHoobpasue peakiuil, KaTaTu3upyeMbIX hepMeHTamMu,
JOCTYIHOCTh UX KaK XUMHUUYECKMX OOBEKTOB, IIYOOKOE MOHUMAaHUE
MEXaHM3MOB JeHcTBUA (epMEHTOB ¥ BO3MOXHOCTH BapbUpPOBAHUA
YX CBOMCTB, OCHOBAaHHBIE HAa COBPEMEHHBIX METOIAX XHMUYECKO
SH3UMOJIOTUY, MOJEKYNSIpHONH OMONOrvM U FEHETUYECKON WHXeHe-
P, TTO3BOJISTIOT MCITOJIB30BATh (DEPMEHTHI IS peLIeHIST MHOTHX 33724
ITPOMBILIZIEHHOCTH, CEJbCKOT0 XO3SHCTBA, 3KOJOTUH, MEIUIIMHEI.

O0nacTh XUMUYECKON 3H3UMONOrUM, HallpaBleHHAass Ha pelleHue
MHOT000Pa3HBIX NMPaKTHIECKUX 3aJa4, ITONyYnsia Ha3BaHWEe UHJiceHep-
HOU 3H3UMOA0UU.

B paMkax x¥MU4eCcKON 3H3UMOJOIUY OBbLIM CO3JaHbl pa3HOO0Opa3-
Hble METOJBI, [TO3BOJSIIOLIE CYIIECTBEHHBIM 00pa30M U3MEHSATh CTPYK-
TYpY ¥ CBOiicTBa OEJTKOBBIX MONEKY. DTH METOABl OCHOBAaHHI KaK Ha
BO3MOXHOCTSX XUMUYECKOH Moaupukauyy OeyKa, Tak ¥ Ha JOCTHU-
XEHUSIX MOJIEKYJISIPHON OUOJIOrvy, TEHETUYECKON 1 OEJIKOBOI MHXe-
HepHH.

Xumuueckas Moaudukauns. benkosas Mojekyna Kak O0BeKT, 00-
JaJaoMIi OOJBIIMMHA XUMUYECKUMHI BO3MOXHOCTSIMY, MOXET OBITh
JIETKO XUMHYeCcKH MoIuduppoBaHa (cM. . 2). Kak ciaencTsue, B Ipak-
THKEe WHXeHEePHON 3H3MMOJIOIMY UCITOJIB3YIOT pa3HOOOpa3Hble METO-
ObI ¥ IPUEMBI, ITO3BOJISIOIIME M3MEHUTh XUMUYECKYIO TPHUPOAY TeX
WJIH WHBIX rpyrin OeIKa 1 NpuaaTh eMy HOBBIE CBOMCTBA. XUMHUIECKYIO
MomudUKaLUIo OejKa UCITOMb3YIOT A1 U3MEHEHUs 3apsaaa 0eIKOBOI
MOJIEKYJIBI, YTO ITO3BOJIIET BAPbUPOBATh 3IeKTPODOPETHIECKYIO TOI-
BIDKHOCTB 6€JIKa ¥ 9acTO €r0 YCTOMYMBOCTD K TEITJIOBOM JeHATYpaLIH.
Xumudeckass mogubukams 61uGYHKINOHATEHBIMA XHMUYECKUMHU CH-
CTeMaMU, HalTpuMep ANAIbIETIaMU, IIPUBOIUT K 00pa30BaHUIO BHYT-
PUMOJIEKYIIAPHBIX CBI3€H M MO3BONSIECT U3MEHUTh KapTUHY WHAKTHBA-
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uuy hepmenTa. Te xe 6ubYHKIIMOHANBHBIE PeareHThl MOTYT OBITh MC-
MOJB30BaHBI I MMMoOMIM3aumuy GepMeHTa Ha pa3TudHble HOCHUTE-
JIX ¥ TIPeBpPAleHUs ero B reTeporeHHBIi Kartanuszatop (cM. . 2, 7).
Hakouneu, xummueckasd MoguduKalys MO3BOJSAET U3MEHUTh OTHOLUE-
HMe GeNIKa K TeM WIN UHBIM pacTBopuTeasM. HampuMep, ruapocdodu-
3a1pst [03BOJIsET OesIKaM IPOHKMKATh CKBO3b JIUITMIHbIE MeMOpaHbl. Me-
TOJaMU XUMHYeCKO MogudrKanm MOXHO 00eCcIIeyTh BO3MOXHOCTD
BKJIIOYEHUS 6€JIKOB B MEMOPAHEHI 1 Jlaxe TPAHCIOKALY 4epe3 MEMO-
paHbl. Tak, BOmopacTBOPUMBIE (DEPMEHTHI TPUIICHH ¥ (-XUMOTPUIICHH
OBUTH MOIMMUUMPOBAHBI XJTOPAHTHAPUAOM CTEapPUHOBOWM KHUCIOTHI.
Peakuus Mogudukauuy rmpeacTapisgeT coO0H anuIpoBaHre cBOOO -
HBIX rpymt Genka. [Tpu a3ToM Mosekyiia 6esiKa cylecTBeHHO rapodo-
ousyercs u mpuodpeTaeT MeMOPaHOTPOITHBIE CBOMCTBA. DKCIIEPUMEH-
TAIEHO OBLIO [TOKA3aHO, YTO MOAUGUIIMPOBAHHEIE TAKUM 00pa3oM Oe-
K¥ CIOCOOHBI MTPOHMKATh B MEMOpPaHHBIE CUCTEMBI U ITPOXOIUTD YePe3
ouonorryeckre MeM6paHbl. JIaHHBIM Moaxo obeceyruBaeT BO3MOX-
HOCTh JOCTaBKM OeNKOBBIX ((DepMEHTHBIX) JEKApPCTBEHHBIX IIpernapa-
TOB B KJIETKH-MUILLIEHM.

KombuHaTOpHbIE METOIbI, FeHEeTHYECKAS H DeJIKOBAs HHKEHePHUs, Me-
TOABI HANPABJIEHHOH 3BOJIONMHA. TpagUMOHHBIM METOAOM Momudu-
KAy CTPYKTYpHl OejlKa Ha KJIETOYHOM YPOBHE SIBASETCS HECIELH-
¢uyeckuil MyTareHes ¢ TOCAeAVIOIINM OTOOPOM MYTAaHTOB ¢ HE00XO-
JTUMBIMU XapaKTepUCTUKAMH ST TOTO WM UHoro ¢gepMeHTa. B mocien-
HUE roJbl OSIBUJIACH 0OJIee HAMpaBJIeHHBIE METOMIEI.

JleTanibHOe 3HAHKME CTPYKTYPHI DEPMEHTOR, OTHOCHTETBHO ITPOCTHIE
MpOLEAYPHl BBIAENCHUS FeHa (epMeHTa, Pa3BUTHE METOJOB NeHETHU-
yeCcKOM MHXeHepru GenkoB (cM. r1. 10) obecreunm BO3MOXHOCTD CY-
LIECTBEHHOM MomuduKauuy GepMEeHTOB C IMOJydeHreM OeJIKOB ¢ HO-
BBIMU cBOMcTBaMU. Mcrionb3yeMble B 3TO 00J1aCTH METOABI YCIOBHO
MOXHO Pa3feuTh Ha JBE FPYIIILL:

1) MeTonbI, OCHOBaHHBIE Ha CTaTUCTUYECKON 3aMeHe aMUHOKUC-
JIOT ¢ MOCNEAYIOILIVM OTOOPOM MYTAHTOB (KOMOWHATOPHBIE METOJBI);

2) pauvOHaNbHBIE METOMB!, KCITONB3YIONINE CBeICHUS O TPEeTHY-
HOM CTpyKType epMeHTa U MTO3BOJISIIONINE HAIPaBIEHHO U3MEHATD T€
WIY VHBIE (QparMeHTHl OeIKOBOI MOJIEKYEIL.

Hcrnonb3osanme KOMOMHATOPHBIX METOIOB, OCHOBAHHBIX Ha cO314-
HUM OONBIIOIO MacCHBa BO3MOXHEIX BAPUAHTOB CTPYKTYDP, OCODEHHO
adexTrrHO B ciryyae MoauduKamy GepMeHTOB Ha yposHe reHa. CyTb
ITOAXOJOB, IMOJYYHBIIMX Ha3BaHWE HAIIPABJICHHON 3BOJIOIMWH, 3a-
KJIIOYAETCA B IPOBEIEHUH CIyYAHBIX 3aMEH Ha YPOBHE FEHOB C MOCTE-
IVIOIIUM OTOOPOM MYTAHTHBIX BapUAHTOB, OTBEYAIOMIMX LENHA YIyd-
LIEHHUS CBOMCTB hepMeHTa. METONbI MPOBEAEHMA CAYyIallHOU 3aMeHbl
pasHoobpa3Hel. OHU BKIIIOYAIOT «ITepeTacoBKy» (pparmMenTos JJHK, yko-
payvBaHue TeHa Mo OTHEAbHBIM (PparMeHTaM, HapaliBaHUe LEH CO
cayvaitHeIME olriOKamu. CyLIECTBEHHOE pa3BUTHE U MPUMEHEHME Ha-
v MeTombl reHepaunu oubnunoreku JJHK ¢ ucrmonpzoBaHueM mojiu-
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MepasHoii LenHoi peakiyu ¢ npuMmeHeHueM JIHK -nommMepas ¢ noHu-
JKEHHOI1 TOUHOCTBIO BbIOOpa Hykieotuarprdocdaros (em. mr. 10). B stom
clTy4yae KOIMMIO TeHa, IMOUIEXAIIEro CIydyalHBIM M3MeHEeHUs M, OepyT
B KAayecTBe OCHOBBI, UCIONB3YIOT CIy4alHBI HaOop MpaiiMepoB u
JHK-mmonuMepas ¢ MOHIDKEHHON TOYHOCTRIO. Pe3ylbTraToM roamuMe-
pa3HoOi LIEMHON peakuuu SABIAETCS OOJNBIION HAOOpP POACTBEHHBIX
monekyn JHK, comepXanipx 3HaYUTeTbHOE YUCIO MYTALUil.

TlonydyeHHbIe B pe3yabTaTe 3TUX npouelyp oubmuoreku JHK BBO-
ST B BEKTOpa, HallpuMep IJIa3MUAbI, ¥ TpaHCGhHOPMUPYIOT OubIuoTe-
KoM TutasMua KieTku. Ilocnenyroomuit CKpUHUHT KOJIOHUI 1O TOMY
WJIM UHOMY [MPU3HAKY ITO3BOJIIET OTOOPATh KIETKH, COIepKaiiue dep-
MEHTBI ¢ HY>KHBIM CBOMCTBOM.

B kauecTBe KpuTepus oT00pa HY>KHOTO KJIOHA MOTYT ObITh BEIOpaHbI
TepPMOCTAOUILHOCTh, U3MEHEHHE CIIEIHPUIHOCTH, T. €. CPOACTBA K JaH-
HOMY CcyOCTpary, U3MEHEHUE XapaKTepa 3aBUCHMOCTH CKOPOCTH peak-
LMK OT TToKa3arenst pH.

OTobpaHHBINA TeH U COOTBETCTBEHHO 0EJIOK MOTYT OBITh HOIBEPT-
HYTBI TIOBTOPHOMY payHAy MyTareHe3a ¥ CeJIEKIIUH, ¥ TEM CAMBIM MO-
XeT OBITh MPOBEAECHO AANIbHEHIIIEee YIYYIIEHUE XapaKTEePUCTUK dep-
MeHTa. Yucio ¢epMEeHTOB, MOIUMUIIUPOBAHHBIX METOJAMY HAIlpaB-
JIeHHOH 3BONIONINHM, HEMpephIBHO yBenuuuBaeTcsa. Haubonee uspect-
HBL paboThl, BRIMOTHEHHEIE B 3TOM HanpapleHuH rpymitoi ®. ApHOMB.

YacTo HanpaBleHHYIO 3BOJIIOLMIO MPUMEHSIOT IS YIIYIIIEHUS Tep-
MocTaOMIbHOCTY OeKoB. Tak, METogaMU MOJEKYISPHOHN 3BONIOLIIH C
TIOMOIIBIO CIYYaHHOTrO MyTareHe3a TepMOCTa0UNbHOCTh OaKTepualb-
HOIt IMpoTeasbl — CyOTHIM3KHA Oblla yBeanyeHa B 1200 pas. Dtumu xe
MeTOoAaMU yIaJioCh ITOJYYUTh GepMEHT, CIIOCOOHBIN MPOBOIUTD peaK-
LHIO B pacTBope, cofepxaileM 85 % aumerwndopmamuga. B taGoparo-
pun . ApHONTBE MeTOJOJIOTHS HampaBiAeHHON 3pomouny Ovula uc-
ITOTb30BaHA JUIS YAYYLICHUS 3KCITPECCUM CHHEN MenbcoaepxXanei oK-
CUAA3bl, TakKkasel Myceliophthora thermophilica B npoxxax. CBolicTBa
aToro pepMeHTa M MEXaHM3M KaTaau3a o0CyXAaloTcs B roapasn. 8.7,
YpoBeHb IKCIpecCH KaTATUTHUECKOM aKTUBHOCTH (hepMEHTA B APOX-
Xax yaanoch yBenuyuTth B 170 pas.

MeTtonaMu HalpapJIeHHOM 3BOIOLIHY YIAETCA BMEHIATLCA B y4acT-
KM aKTUBHOrO IEHTpa, ONpEeIeiAoIye creuuduIHOCTh QepMeHTa.
OnnHa n3 nmepBBIX paboT B 3TOH 06/MacT ObL1a BBITIOIHEHA B JabopaTo-
pun B.IIItemnepa (1997 r.). Kak u3BecTHO, (pepMEHTHI, TMAPOIN3Y-
IOHIVe TaIaKTO3UAbl, 00J1agaloT MoOoYHON (DYyKO3UIAa3HON aKTUBHO-
ctero. C ucrnonn3oBanmeM Metoxna Iepetacosky JIHK ynanochk cye-
CTBEHHO MOBIUATh Ha COOTHOLIEHME B-TalakTo3una3oi u P-hykosm-
a3sHOI aKTUBHOCTEIL.

MerogaMy CTaTUCTUYECKOrO MyTareHe3a ¥ HalpaBJIEHHON 3BOITIO-
LMY MOXHO U3MEHATh CTEPEOCEIEKTHBHOCTh (DePMEHTATUBHBIX peak-
upit. Haubosee yacTto s pa3geneHusl paleMimieckKux cMeceid UCIoNnb-
3YIOT npoTeassl WIK fUla3bl. B 4acTHOCTH, AN ueaeil pasiaeneHus
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paneMaToB XMPHBIX KUCIIOT GbUT TIpMMEHEH CTAaTUCTUYECKUI MyTare-
He3 nunassl U3 Pseudomonas aeroginosa. @epMeHT mTaHHOTO THTIA OCY-
LIECTBIsIET pacHIeIUIeHUEe #-HUTPOMEHWIOBBIX 3GUPOB 2-METUAIEKA-
HOAaTa ¢ CeJEKTHBHOCTBIO JIUIIL 2 % B 110NIB3Y S-KoHuUrypanuy. Bee-
JeHueM MyTtanuit ¢ ucnoyb3oBaiueMm JHK-nonmuMepassl ¢ ITOHHXEH-
HO# TOYHOCTBIO B T'eH (pepMEHTa yaalioch 3a 4 payHIa CEEKUNH yBe-
JIUYUTh 3HAHTHOCEJIEKTMBHOCTL (hepMenTa 10 80 %.

PammoHanbHbIE MOAXOABI OCHOBAHBI HA aHAJIU3E TPEXMEPHOH CTPYK-
TYDHI 0€JIKA ¢ BBISIBJIEHHUEM TIEPCIIEKTHBHEBIX 3aMEH, CITOCOOHBIX CYLIE-
CTBEHHBIM 00pa3oM IOBJIVATh HA CBONMCTBA aKTUBHOTO LIEHTpa (ep-
MEHTa uau 0eNKa B 1ejIoM. B KkagecTse rpuMepa MOXHO IIPUBECTH pa-
OOTHI, BHINOJNHEHHBIE B. THIIKOBBIM M0 M3MEHEHMIO CITELIMUIHOCTH
dopmuaraeruaporeHasbl. MepMEHT JAHHOIO 1ITAMMA KaTAIM3UPYET
peakuu0 OKMcieHus GpopMuara, MUCIONB3YS B KauecTBe KodakTopa
HAI, 1 IpOSIBIIAET JIMIIB CIEAOBYIO aKTUBHOCTD B IipucyTcTery HAJTY.
Bri6op 3aMeHBl OB olpenesieH HeoOXOAUMOCTBIO BBEACHUS TPy,
KOMITEHCUPYIOIIVX 3apsn ¢ocdara, ¥ co3daHUs MMPOCTPAHCTBA 1A
docdarHoit rpyrnel. [TpopeneHre Bcero NUIIL OJHOM 3aMEHBI ITO3BO-
JVJIO CYLIECTBEHHO YMEHBIUUTh PeaKIMOHHYI0 criocodHocTs HAIL u
YBEJIMYUTE PEAKIIMIOHHYIO cltocoOHocTh HALD*.

TakuM o6pa3oM, B HaCTOSHIEE BpeMST CO3JaHbl MHOTOOOpa3HbIE Me-
TOABI HAIPABIEHHOrO U3MEHEHUsI CBOMCTB OeNKOBOH MOJEKYIIBL, I10-
3BOJISIIONIHE CYLIECTBEHHO YIYYLIUTh €€ XapaKTePUCTHKM KAaK KaTaav-
3aTopa XMMMUYECKOM peaxiiit. OTH METONBI BKAKOYAIOT KaK XyMude-
CKYI0 MOIM(DUKALMIO MOJIEKYIBI, TaK ¥ HanpapjleHHYI Momuduka-
LIMIO €€ CTPYKTYPHI ¢ BBeJeHUEM M3MeHEHW B reH Genka. DT1o, 6e3yc-
JIOBHO, OTKPBbIBAE€T HOBBIC BO3MOXHOCTU IPUMEHEHUS (PEPMEHTOB U
ofecreYnBaeT pa3BuTHE MHXEHEPHOH 3H3UMOjI0ri. MOXHO OXHAATD,
4TO B OvKaifieM OyayHIeM ITOSBATCS METOIBI CO3JaHUs UCKYCCTBEH-
HBIX PEPMEHTOB, NPEeIHA3HAYEHHBIE I OCYLIECTBICHHS ONpEACACH-
HBIX peakuuif, 1axe TeX, KOTOPBIX [T0Ka HET B MPUPOJE.

14.2. ®epMenThl B HETPAIMIHOHHBIX Cpeaax.
MuueigpHas 3H3AMOJIOTASA

DepMEHTH B €CTECTBEHHBIX YCIOBUSX paboTaloT B BOTHOH cpele
WJTY Ha TpaHU1le pa3fgena a3 MeMOpaHa — BOJHas cpelia. Pazputue Me-
TONOB XUMUUYECKOH IH3UMOJOIMH MPUBEIO K TOMY, 4TO (hepMeHTaM
CTaJ¥ NOCTYITHBI JII00BIE CPEbl. XMMHKY «HaydYWIH» PepMeHTHI TIpO-
BOJUTH XMMUYECKUE PeaKUUK B OPraHNYEeCKUX PACTBOPUTENSIX, B MU-
[eNIax, B TBEpABIX (hazax, Ha rpaHuIe pa3aena (a3 MeTall— pacTBOP
anekrponurta. OcoObIif MHTEpeC IpelcTaBIsieT BO3MOXHOCTb OCYyLIe-
CTBJICHUSA PEPMEHTATUBHBIX PeaKLuii B OpraHNYeCKIX PaCTBOPUTEISAX.
DTo ¢BA3aHO C TeM, YTO MHOIWE BaXHbIE peaKLMy TepMOAUHaMUye-
CKHM BO3MOXHBI JIUIIb B CUCTEMaX C MaJIBIM COAEPXKAHWEM BOIBI WU
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BooO1IIe B 6e3BOAHBIX Cpefax. DTO OIpeIeNsIeTCsl PACTBOPUMOCTBIO KOM-
ITOHEHTOB PEAaKLMHU U TeM, UTO MHOTHE PeaKIM! CHHTe3a SIBJIAIOTCH,
Kak IMpaBWiIo, OOPAaTHBIMHU PEAKIIUAM THAPOJIN3A ¥ MOTYT IIPOTEKATh
JIMILB B CHCTEMAX C HE3HAYUTEBHBIM COAEPXaHUEM BOJIBI, TOCKOIBKY
B BOJI€ PaBHOBECHE CHBUHYTO B CTOPOHY MCXOIHBIX COCTMHEHUIA.

[IpssMoit mepexon OT BOAB K OpraHWYECKOMY PACTBOPUTENIO He-
BO3MOXEH. B cpene opraHM4ecKoro pacTBOPUTENS (EPMEHTHI OBICTPO
JEHaTYPUPYIOT. MOJIEKYIBl OPTaHIUECKOr0 pacTBOPUTENS BHEAPAIOTCH
B MOJIeKYJTy 6ejKa, Hapylias ruapodoOHbie B3auMOAECHCTBIS, cTabu-
JusUpylonme 6enkopyio mobyiny. Kak mpaBuio, 3To 3aKaHIMBaeTCs
JeHatypaipeit 0eixka ¥ MOJTHOM MoTepeil ero KaTAIMTUIECKON aKTUB-
Hocty. CTPYKTYpHBIE U3BMEHECHUS GeJIKa 3aUacTyIO CKa3bIBAIOTCS He TOJb-
KO Ha CTaOWIBHOCTH ¢epMeHTa, HO ¥ Ha ero CeIeKTUBHOCTH.

BruTo pa3BuTO HECKONBKO MOAXOAOB, 00eCIEYUBIINX BOZMOXHOCTE
IMPOBEAECHMS (PEPMEHTATUBHBIX PEAKLIVl B OPraHUYECKUX DACTBOPUTENSIX.

1. Peakuuu MOXHO IpOBECTH B Tpexda3HoH cUcTeMe BOIa— He-
CMEIIMBAIOIIMMCSI ¢ BOJOM OpraHMYEecKMWii pacCTBOPHUTEb— TBEPIbIi
HOCHUTENb B YCIOBUAX, Koraa (GepMEHT 3ai(HllieH OT OPraHUYECKOTo
pacTBopUTens TBepaoit ¢aszoil. s 3Toro MoryT OBITh HUCITONB30BaHbBI
UMMOOWIT30BaHHEIe (epMEeHThI. CxeMaTNYecKoe N300paXKeHe TaKo-
TO poa CHCTEMBI MpUBEIEHO Ha puc. 14.1. DepMeHT IOKaNM30BaH BHYTPU
I10p HOCUTES, HACKIIIEH BOMOIt, IIPK 3TOM OTCYTCTBYET HPSIMOI KOH-
TakT pepMeHTa ¢ opraHudecKoil ¢azoit.

2. B pane cayyaes mjist peakiyii B BOJHO-OpPraHMYEeCKMX CMECSAX MO-
I'yT OBITh UCITONTB30BAHBI CUCTEMBI 3alIUTHI (pepMEHTA OT PACTBOPHUTE -
JIL ¢ UCIIOJTb30BaHUEM ITOMMMEPHBIX MOKPBITHIA.

3. OpuruHanbHoe 1 3 GeKTHBHOE pellieHe TPoOIeMBbl CBI3aHO C
BKJTIIOYeHEM (epMeHTOB B oOpa-
UIEHHBIE MUIIEJUIBI, IPEIJIOKEHHOE
A.JlesamroBeiM 1 K. MapTuHeKOM.

CucTeMBI ¢ OpraHUI4YeCcKUMH pac-
TBOPUTENSIMHU, COAEpXKalme @ep-
MEHTHI, BKIIOYeHHBIE B 0OpalleH-
Hble MHLE/UTBI, UMEIOT MHOTO MH-
TepecHBbIX ocobeHHocTel. [ToaroMy
OCTaHOBUMCS Ha HUX Gojee I10-
IpoOHO.

MHorve nMoBepXHOCTHO-aKTUB-
Hbl€ BEHIECTBA 00pa3ylOT B Opra-
HUYECKUX PaCTBOPHUTENAX, COAEP-
JKal[WX olpeleseHHOe KONMIECTBO
BOJIbI, TAaK HasbIBaeMble OGpallleH- Puc. 14.1. TpexdaszHas cucrema:
Hbie MULIEUTBL. [ToJIIpHBIE FPYIIITBL
OBpAIIEHHEIX MULIEIT COMIOOMTM- L - TOP3 ¢ HMMOGHISOBAHHEIM dep-

MEHTOM, 3aIOJHEHHAs BOJO#; 2 — TBep-
3UPYIOT U CTaOMIU3UPYIOT MUKPO-  1ag ¢asa; 3 — OpraHUYecKuii pacTBOPH-
Karenbpky BOIB! 3a CYET B3auMMO- Tenb
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NeACTBUSL amoJsIPHBIX TUAPOGOOHBIX YacTeil

g JeTepreHTa ¢ OpPraHWYeCKUM DACTBOPUTETIEM.

% depMeHT MOXeT OBITh BKIIIOYEH B BOMHYIO

~ E (ﬁ dazy, consMepuMyIo ¢ MOJIEKYNOif OeNka, «3a-

()Q_ IIMHIASICh» OT OPFaHWYECKOro pPacCTBOPUTEINST

j> MOJIEKYJIaMU BOJBI ¥ aIlONSAPHBIMY TPYIIIAMU

,ﬁ) nerepredTta. CxeMaTu4ecku cucreMa ¢ obpa-

HIEHHBIMM MULEUIAMH M GeITKOM TIpe/icTaBie-

Ha Ha puc. 14.2. B KauecTBe MOBEPXHOCTHO-aK-

Puc. 14.2. ®epMeHT BOG-  TUBHBIX BEILIECTB MOIYT OBITH KCITONB30BAHBI

palllcHHON MuLeie  pasnuyHble OnduipHble feTepreHTH. Hanbomns-

LIee pacrpocTpaHeHue MOTyYT Au-(2-3Tui)-

FeKCUNIOBBII 2¢hUp HaTpueBoil cony cyab(OsIHTaApHOM KUCIOTHE (TpHU-
BUAJILHOE Ha3BaHue — a3po3ois OT).

Comobunuzanvio dhepMeHTa B obpaleHHbIe MULEIB MTPOBOIAT
NIPOCTHIM 100aBNieHHEM BOJIHOIO pacTBopa ¢epMeHTa B pacTBOp IeTep-
FeHTa B OPTAHUYECKOM PacTBOpUTENE. B pe3yisTaTe moJy4aroT OITH-
YyeCcKH ITPO3PAYHYIO CUCTEMY, B KOTOPOH (pepMeHT AUCIIEpripoBaH Ha
MOJNEKYASAPHOM YPOBHE B OpraHuIecKOM pacTtBopuTee. ITomyuyeHHbIH
MUKDPOFeTEPOreHHBIA pacTBop epMeHTa B OpraHuYeCKOM PacTBOpU-
TeJe MO3BOJACT MPOBOAUTD PA3HOOOPA3HEIE XUMMIECKUE PeaKIIni.

Co3pgaHHbBIE METONUKY JAIOT BO3MOXHOCTb COJIOOMIM3UPOBAThH B
OpraHM4YeCKOM PacTBOPUTEJe OTHOCUTENTLHO OOJbILIe KOMMYeCcTBa Oeyika

BIUIOTh OO KOHLEHTpauuy 1 Mr/mi,

lgv 4YTO NMPUOIN3UTETLHO COOTBETCTBYET
e KOHueHTpauun 107 Monb/1 aKTHB-
2 HBIX HEHTPOB. CONMOOWIM3UPOBAHHBIN

bepMeHT ob1agaeT caeRyomUMy To-

JIOXHUTEJIEHBIMHU CBOMCTBAMY.
DepMEHT MOJHOCTHIO COXpPaHSET
CBOIO aKTUBHOCTB ¥ CTIIeIH(HUIHOCTD.
BxuioyeHHBIA B MULIEINTY (QepMeHT
3alUIIEH OT pa3pylualoniero mei-
CTBUSL OpTraHUYEeCKOro PacTBOPUTENS
000JI0YKO# U3 MOBEPXHOCTHO-aKTUB-
1 HOro coeguHeHus. bojee Toro, B He-
61 KOTOPBIX Cly4asix HaGmromaeTcs mo-
BBIILIEHNE aKTMBHOCTH (epMeHTa B
. L 0 ! MUILIEJIJIaX 10 CPaBHEHUIO C aKTUBHO-
=5 -4 -3 -2 8% crelo ero pactBopa. Hampumep, Ha
Puc. 14.3. 3aBucumocts ckopoctu  PHC- 14.3 mpusenena 3aBUCUMOCTD
TepPOKCHAAZHOTO OKHMCieHus mu- CKOPOCTH INEPOKCHAA3HOM peaklnH
POTAJUIONA OT KOHUEHTpauuu cy6-  OT KOHUEHTpAIUK cybcTpaTa Iuist pe-
crpara B Boge (/) u B OkTaHe (2) aKUuy B Boje (Kpupas /) U B opra-
B cucTeMe oOpallleHHBX Mullesur HUYECKOM pPacTBOPUTEIE C obpareH-
asposojg OT HBIMU Mupeiamu (kpusas 2). Ha-
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oMrogaeMas MaKCUMaIbHAasl CKOPOCTh B CUCTEME C 0Opallle HHBIMU MU-
nestamu 6osee vyeM B 10 pa3 Bhillie. DTO CBSI3aHO, MO-BUIMMOMY, C
TEM, 4TO B cJIyyae OOpalIEHHBIX MULIENI HE MPOABIsAeTcs 3DdEeKT nH-
rubupoBanust U3OEITKOM cyocTpaTa (cM. puc. 14.3, kpusag 7).

KaranutuyecKyo aKTHBHOCTh (DEPMEHTA MOXHO PETYJIMPOBATh, Baph-
Upysa pasMep obpamieHHON muiieutsl. PasMep obpamieHHBIX MULET
3aBUCUT OT COAEPKAHYA BOJBI (COOTHOIIEHMSI BOJA : OpraHWYeCKUi pac-
TBOpUTEND). MccnenopaHre 3aBUCMOCTY a0COMIOTHOM KaTaIUTUIECKOM
aKTUBHOCTH (epMeHTOB (mapaMeTpa Ky,,) OT pa3Mepa MULIE/LI ITOKa-
3aJ710, YTO A KaXIoro depMeHTa XapakKTepeH ONTHMAJIBHBIN pasMep
Muneuisl. Ha puc. 14.4 npusejeHa 3aBUCUMOCTb KOHCTAHTH! K ,, OT
COIEPXaHUA BOABI B CHCTEME BOJA — OPFaHUYECKUI pacTBOpUTEL. Bu-
HO, 4TO 3Ta GYHKUUS UMeeT MaKCUMYM. MaKCHUMyM COOTBETCTBYET
ONTUMAJILHOMY 00BEMY, 3aHMMaeMoMy OeNKOBOH rnobymoit. I[Ipupo-
Ia 3cddekTa cBg3aHa ¢ TEM, YTO MULIENIA, [I0-BUINMOMY, CITIocOo0Ha
«CXaTb» OEJKOBYIO MOJEKYNY, OOECIIEYNB ONTUMAJIbHOE ITPOCTpaH-
CTBEHHOE COOTBETCTBUE MEXAY KaTAIMTUIECKUMH TpyriaMu dep-
MEHTA.

B ciygae dpepMeHTOB, 00Tafar0MX YeTBEPTHYHON CTPYKTYPO, MU-
LIEJUIBL CITOCOOHBI «pacTal{UTh» OEKOBBIE KOMIUIEKCH Ha OTAEILHBIE
CYOBEAMHUIIBI. DTO YaCTO MPOABIAETCSA NP HU3YYEHUM 3aBHCUMOCTH
AKTUBHOCTH CYOBEIUHUIHOTO (epPMEHTa OT COOTHOIIEHMS BOJA:Op-
FAaHMYECKU pacTBOPUTEND. [IpuMep TaKoro poja IoseaeHus OeaKka ¢
YeTBEPTUYHOU CTPYKTYpOii NpuBeeH Ha puc. 14.5. BugHo, 4To 3aBu-
CUMOCTh UMEET CIIOXHBIN XapaKTep ¥ MOXET ObITh MHTEPIPETPOBAHA

kxa'r; c! U/Eo, ¢!
30k
5 L
4 -
20 ¢
3 -
10 | 2r
1 .
1 ! ! 1 1 1 1
0 1 2 3 0 1 2 3 4

[H,0], mMons/n

Puc. 14.4. 3aBucUMOCTh KaTUIUTH-
YeCKOM KOHCTAHThI CKOPOCTH peaK-
OUM C ydyacTueM C-XUMOTPHUIICU-
Ha OT comepXaHusi BOABI B CUCTe-
M€ H-OKTaHOJ— BOJA B MPUCYTCT-
Bum 0,1 M pacrBopa nereprerra AOT

14 Bapdonomees

[H,0], Mony/n

Puc. 14.5. 3aBucuMocCTh KaTanuTu-
YeCKO aKTUBHOCTU CyOBEIUHUY-
Horo ¢epMeHTa dHopMUaTIETHIPO-
reHa3kl OT COAEPXAHUS BOIbI B CH~
cTeMe ODpAILEHHEIX MULIE
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Kak OTpaXeHWe BKJIaja B KAaTATWTAYECKYH0 aKTUBHOCTb OTHEIbHBIX
CYOBEIUHUILI.

DBonbiroe 4ucio 3KCHepuMeHTOB, BBIIIOJHEHHBIX C pasfiMYHBIMU
(hepMeHTaMM B pa3HBIX YCIOBHUSAX, ITOKA3aJI0, YTO cTabuimsanus Oen-
KOB IIPOTHB pa3pynialoilero JeHCTBUST OPraHWYECKOIr0 paCTBOPUTETIS,
COXpaHeHMe aKTMBHOCTU M CHIELMMUYHOCTH, KOJIOKOI000pa3HEIE 3a-
BUCHMOCTH KaTAIUTUYECKON aKTUBHOCTH OT COOTHOLUEHHUA BOJA : Op-
FaHUYECKWI pacTBOPUTEIb XapaKTepHBI TS OOMBIIMHCTBA (hepMEHTOB
B 0OpanIeHHBIX MULIEJIIaX. DTO HalIpaBIcHNe XUMUUECKONH 3H3UMOJIO-
TUY TIONYYWIO Ha3BaHUE MULEIUISApPHAs SH3UMOIIOTUS.

14.3. ®epMeHTHI B OPraHUYeCKOM CHHTE3e

Bricokue CKOpPOCTH peakiuii ¥ YHUKaIbHas crienu@maHocTs dep-
MEHTOB O0YCJIOBIHBAIOT MHTEPEC K CO3MaHUIO IMPOLIECCOB OpraHuye-
CKOTO CHHTE3a Ha OCHOBE HCIIONb30BaHUS OMOKaTain3a. Bo3aMoxHo-
CTH CHHTETWYECKON XMMHUM Ha OCHOBe (DEPMEHTOB OIPENEIAOTCA B
TIEPBYIO OYepellb peakisaMy, 00eclIeYHBAIOHIMMU META0OMM3M KIET-
KH. DTO GONBIION HaboP peakLyii 1 COOTBETCTBYIOIMX UM (hepMEHTOB.
CoBpeMeHHbBIE METOOB pPaboThl ¢ OENKOBBIMM KaTaJM3aTOpaMH TO-
3BOJISIIOT U3MEHUTDH CrielMPUIHOCTh (HepMEeHTa, YBEIMYUTb €ro Tep-
MOCTaOMJIBHOCTD M ITPOBECTU PEAKIUH B Cpele, OTIMIHOH OT BOAHOM
(cM. BBILIE). DTO 3HAYUTEIBHO PACIINPAET CHHTETIYECKIE BO3MOXHO-
cTH HepMeHTATUBHOTO KaTajin3a.

BMecTe ¢ TeM CYHIECTBYIOT OFpaHWYEHUS B UCIONB30BaHUM dep-
MEHTOB [T 1eJIe CHHTETHYECKOH XuMMYL. DTH OFpaHUUYEHYS CBA3aHbI
TpeX/e BCEro ¢ TePMOAMHAMUKON peakiuu. MPepMeHTH KaK TAMKY-
HbIE KaTaIi3aTophl MOXKHO MCIIOJIL30BaTh IUIUb B CAy4Yasx, KOrma 00-
pa3oBaHue XelaeMbIX IPOLYKTOB TePMOIMHAMIYECKH BEIFOIHO. B 1po-
THBHOM CJIyyae CleIyeT IOAyMaTh O BO3MOXHOCTSIX CIBUTA paBHOBE-
CHA B HYXHYIO CTOPOHY. THITHUHBIM ITPIMEPOM TaKOTO POJa CHTyallny
SIBJIIETCSL UCMOJIb30BAHNAE THUAPOIUTAYECKUX (HEPMEHTOB ISt CUHTE-
TUYECKOM peakuuu. [ aponassl IpeJcTaBIgioT co00i caMbiii GOBLIOHA
Kiacc hepMeHTOB. PaGoTH 110 MCIIONB30BAHUIO THAPOJIA3 B CHHTETH-
YECKMX LIEJSX IIPUBENY K ITOJIOXUTEIbHBIM pe3yibraTaM. OmHaKo I1aB-
Hasl TPYAHOCTb, ¢ KOTOPOI CTONKHYIHCH HMCCIEIOBATENN, — 3TO HE-
OJlaronpusITHasE TePMOAMHAMUKA Tipolecca. [JeMcTBUTENbHO, CHHTES
aMyuIHON, 3dUPHON WM aHrMIPHUAHON CBSI3UM (B Cclyyae, HaIllpuMeED,
AT®) B BOZHOI cpefe cONpHXKEH ¢ 00pa30BaHUEM BOMBL:

K
A+B == AB+H,0

KoHcranTa paBHOBecus
_ [AB}{H,0]
[A][B]

418



BKJIIOYAET B ceOsI KOHIIEHTPAUUIO BOJBI, KOTOPAas B BOZHOM pacTBOpeE
HCKJIIOYUTETBHO BHICOKA — 55,5 Monb/n. CeacTBUEM 3TOr0 SBJISIOTCA
BBICOKOE 3HaYEHUME KOHCTAHTHI PABHOBECHS U B OOJBIUINHCTBE CIIYYAEB
ITOJIOXKUTENBHBIE 3HaUYeHWs CBOOONHOM 3HEPruU PEaKIMU CUHTE3A.

BBUTO pa3sBUTO HECKOJIBKO METOJORB, MO3BOJAIOUINX IOBAUATH Ha
paBHOBecUe ¥ 00eCeYnTh BRICOKMIT BBIXO 1IEME€BOTO MIPOAYKTA B N3-
Ha4YyaJIbHO HEOJATONPUATHBIX TEPMOIUMHAMIIECKIX YCIOBUIX.

1. Hzmenenue uonnoeo cocmosnus peazenmos. O6pa3oBaHiie HOHHBIX
¢opM peareHToR U COMbBATUPOBAHME HOHOB BOAONH MOXET CYILIECTBEHHO
MTOBJIVATD Ha OOIIYIO CBOOOIHYIO SHEPTHIO PEAKIUU. Y CIIOBHO U3MEHE-
HHe CBOOOAHOM IHEPTHM IPOIECCA MOXHO IIPEACTABUTHL KaK CYMMY
CBOOOMHBIX 3HEPIMi peakiyii HeMOHU3UPOBAHHBIX (OPM peareHTOB
AG® 1 cBOOOTHOI 3HeprUun MoHM3ALMH AG,o: AG=AG® + AG,,,. dns
HEKOTOPBIX peaKIUi ruaponu3a 3p1UpoB ¥ aMUAOB 3HAYEHUST CBODO -
HO!l 3HepruwW npuseneHH! B Tabn. 14.1. BunHo, 4To 3HavyeHust AG,,,
(pH 7) BecbMa BEMMKYM ¥ BO MHOIMX CJy4yasX OINPENENSIOT TEpMOIU-
HaMHYECKYIO BO3MOXHOCTE [TpoTeKaHud mpouecca. Hampumep, ceoboa-
HAast IHEPTUS MOHM3aUK OEH30WIIMUIHA cocTanisaeT —49,2 xJIxx/MoJb,
B TO BpeMS KaK CBOOOIHAS 3HEPrus TMAPOJN3a HEMOHH3NPOBAHHOM
(dopMsI pearerTa coctasaser 20,6 kIx/Monb. CymMMapHas cBobonHas

TaGnuua 14.1

3nauenus cBoboanoit 3uepran (K/K/Moap) peakumii ruapoansa
HEKOTOpHIX 3(HPOB H aMH/10B

CoenuHeH1e AG(PH )| AG® |AG, PH 7)

BTunaueTar -30,2 |-17,6 -12,6
Anetun-KoA -34,9 |-21,8 -13,1
Mertunosblii 3¢pup N-aneti-L-denunana- -25,2 — —
HUHA

L-I'nyramun -14,3 13,9 -28,2
L-Acnaprun -12,6 18,1 -30,7
Amup N-aueTHaHUTpoGe HUTATIAHHA -8,6 26,3 -34,9
Tunpokcumamuy N-aueTMATHPO3UHA -7,9 14,7 -22,6
Btunoselit 3¢pup N-auetundeHUATHPO3UHA -0,2 23,1 =233
Cnynprnunus -18,1 16,4 -34,5
Benszounraunun -286 | 20,6 -49,2
Bermsunnenuummnun 4,2 20,2 -16,0
Denpnate TWITTHIMH 2,0 26,1 -24.1
AueTtun-L-MeTHOHUH =32 31,3 -34,5
OenynaneTi-L-anauux 1,7 40,2 -38,5
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AG®, KJIxX/MONB Puc. 14.6. 3aBucrMocTb cBOGOIHOIT SHEP~

MM peakLMM THApoin3a pana $-i1akTam-

HBEIX aHTHOMOTHUKOB OT Tokasarens pH:

1 — 7-amuHone3aneToKcuuedanrocno-

PUHOBAs KHCIO0TA; 2 — GEH3WINCHUTIMI-

JuH; 3 — uedanoTuH, nedaJlopHUInH;
4 — aMIUUWUINH, nedareKCuH

3HEPTUSl peaxiiyy, OIPEeneAIoiast
BO3MOXHOCTB IPOTEKAHMS POIIeC-
ca ripu pH 7, oTpunarenrHas i co-
cTapnsieT —28,6 xJI/MOJb.

W3 naHHbIX Ta61. 14.1 BHAHO, YTO
CYLIECTBYET OOJNbIIAS Pa3HULIA B 3HAYEHUSAX CBOOOTHBIX 3HEPTHUI pe-
aKnui rmaponusa 3¢pupoB u amunoB. 3HaueHus AG® peakuuit ruapo-
JA3a 3UPOB BCeraa OTpULATeNbHBIE, B TO BpeMsS Kak AG’ peakuuit
FUIPONH3a AMUIOB — TIOJIOXUTEIbHEIE. JIMIb NOHU3ALMS PEareHTOB
JeJaeT Mporece rapoau3a aMuIoB TEPMOTUHAMUYECKY BO3MOXHBIM.
CoOTBETCTBEHHO B OOpPaTHOM IIpoLiecce — Ipoliecce CHHTE3a, KapTH-
Ha obpatHast. CUHTe3 aMMIHBIX CBSA3el CTAaHOBUTCS TepMOIHAMUYIE-
CKV BO3MOXHBIM, KOTJ]a PEareHThI YAAETCS IMEePEeBeCTH B HEHOHHYIO
dbopmy. Jlng sToro, HaripuMep, peakio MOXHO TTPOBOAUTD IIPY HU3-
KUX 3Ha4eHUusx pH, rnpu KoTophix KapOOKCHIIBHAS TPYIIIA POTOHKUPO-
BaHa. JleficTBUTENTEHO, 00pa3oBaHue pasiimIHbBIX aMHIHBIX CBA3ei, B TOM
qucie ¥ NENTUIHOM, YAaeTCs MPOBECTY TIPU HU3KKX 3HaYeHusx pH.
B xagectse npuMepa Ha puc. 14.6 nmpuBeIeHbI 3aBUCUMOCTH CBOOOIHOM
SHEPruy peakiuy FUApoNu3a psaa (-JaKTaMHBIX aHTUOUOTUKOB OT
nokasarenst pH. Bugno, uTo Bo Beex ciydasx npu pH < 8 ceoboanas
3HEPrust TUAPOIU3a TIONOXUTENbHAS, T.€. CBOOOTHAS SHEprusa obpar-
HOTO IIpoliecca — PeaKIVHd CUHTEe3a aMHIHOM CBSI3U SIpO — aliiib-
HBI# 3aMEeCTUTENb — OTpULIATEIbHASA U, CeJOBATENBHO, POLIECC TEP-
MOAMHAMWYECKHU OJAronpusiTeH. DTo 006€CIeqmio BO3MOXHOCTE MOJy-
YeHUsT OONMBLIOTO Habopa CHHTETUYECKUX [(-JTaKTaMHBIX aHTHOWOTH-
KOB C WCITONB30BaHUEM MeHUIWIIMHAMMAA3E — (QepMeHTa, FUIpO-
JIA3YIOLIETo NIPUPOIHBIN AHTUOMOTUK — OeH3WINEHUIHWLIVH.

2. Ileperoc npodyxma e opyeyro pazy. PaBHoBecHe MOXET OBITh CHBUHYTO
B HYXXHOM HaIpapJIeHUH, eCIM IPOAYKTHI PEaKIMK MaJlo PacTBOPHMBI
M BBIOEIAIOTCA B BuAe ocajpka. YacTo 3To OBIBaeT mpu IpoBejaeHH!
peakuyi KOHAEHCAUy, HallpUMEpP MpY CUHTE3€ MENTUIHON CBA3M:

R—COOH + NH,—R’ == RCONHR'{ + H,0

BrineneHue ocagka caIBHTraeT paBHOBECHE B HYXXHYIO CTOPOHY.

Ecnut mpoayKThl peakivy MpeacTaBIsioT coboil razoo6paszHoe Wi
HU3KOKUITAIEE COeJWHEHUE, CYIECTBYET BO3MOXHOCTL MepeHOC?
MPOIYyKTa B ra3opyio dasy. Harpumep, peakuyu ¢ yyactueM hopMi~
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aTHETUAPOreHa3bl MPAaKTHYECKH HeOOPaTUMBI, MOCKOJBKY HPOIYKT
peakuuu CO, yXOAuUT B ra3zoByio ¢asy.

3. Hcnoavzoeanue nocaedogamensvuuix peaxyuii. CIBUT paBHOBECHS
MOXeT OBbITh OCYIIIECTBJIEH 32 CYET UCITOAB30BaHMS ITOCIENOBATENbHBIX
peaklui, TepeBORSIINX OAWH K3 MPOAYKTOB B JIPYroe COEAUHEHUE,
TEPMOAMHAMHUYECKU 60Jiee TIpeaIIoyTUTeNbHOeE. JeiicTBuTenbHO, 1s pe-

K K,
akimn A+B == C+Ds cJIydae HOIOJHUTENBHOTO rportecca D —=F
CyMMapHasi CBOOOZHasl SHeprusl peaklMK OYAeT paBHa AGs = AG, + AG,,
a ob1ast KoHcTaHTa paBHOBecus coctaBUT Ky = K| K,. Ecnu peakiius

=— F Tepmonunammyeckn seirogHa (AG, < 0), To 310 obecreuur
CIABUT PABHOBECHSI CYMMapHO! peaxiifi B I1EJIOM.

B cuHTeTHMUeCcKOil (PepMEHTATHBHON XWMHH BTOT IMOAXOH HallleJ
IpUMEHEHHE TIPU UCIIOJIb30BAHNUY CHCTEM PereHepanny Kohakropos,
taknx kak HAI*, HAI®*, AT®. HanpuMmep, peakuud ¢ y4yacTHeM
HAI*-3aBMCUMBIX JerHApOTreHas 4acTo 0OpaTMMBI M TIPOTEKAIOT B paB-
HOBECHOM peXHMe

A + HAIH + H® === HAII* + AH,

CuBUTr paBHOBECHS B TY WJIM HHYIO CTOPOHY MOXeET OBITH OCYIIECTBJIEH
3a cyeT AOMONHHTENBHOW peaknn. HanpuMep, odeHb yr00HOM peak-
uueil BoccraHoBneHusa HAJlY siBisteTcst peakuus ¢ yyacTueM popMu-
aTIeruporeHassbl:

HCOO™ + HAIQ* — CO, + HAIH

CyMMapHBIif Tipoliecc BoccTaHoBleHHsI A 10 AH,, yacTo mporekaro-
Ui CTEPEOXUMHUIECKH, TTPAKTHIECKH HEoOpaTum:

A + HCOO_ + I'I+ — AH2 + C02

4. Ilposedenue peaxyuu 6 0OHOPAZHBIX B0OHO-OPLAHUMECKUX CucHe-
Mmax. Kak ObLJIO OTMeUYeHO BHIIlle, MHOTHE CUHTETUYECKHE PeaKIMK C
yyactreM ¢epMeHTOB MIPEACTaBISIOT cO00T IIpoliecchl, 0OpaTHBIE TH/-
ponu3y. ITponyKToM peakiiy B 3TOM ciryyae siBasiercst Boxa. [Tosromy
B BOJHBIX PACTBOpaX MPH CONepXXaHWH BOXBI 55,5 MOJb/ 11 TEpMOIVHA-
MHYeCKHUH Mpoliecc cuHTe3a 3aTpyaHeH. JlobaBneHne B cCTEMY opra-
HHUYECKOTO pacTBOPUTENST MOXeT CABUHYTh PaBHOBeCcHe B OJaromnpu-
ATHYIO CTOPOHY. JlefiCTBHE OPraHMYeCcKOro pacTBOPUTENS IPUBOIUT K
TOJIOXKUTETBHBIM pPe3yJibTaTaM 3a cueT ABYX 3ddheKTos:

1) opraHnyeckuii pacTBOPUTENbh YMEHBIIIAeT KOHIIEHTPAIIHIO BOJIBI
B CHCTeME U TEM CaMbIM CITOCOOCTBYeT CABUTY PAaBHOBECHS B CTOPOHY
CHMHTE33;

2) opraHnyecKkuii pacTBOPHUTENb CITOCOOCTBYET CMEIIEHHIO PABHO-
Becust [Uisi cyGCTparoB ¢ WOHOIEHHBIMH TPYIIIaMH B CTOPOHY HEIIO-
JSipHOY (HOpPMBI.

B xauvecTBe mpuMepa pacCMOTPHUM CHHTE3 INENTHUIHOH CBSI3M Npu
HelrpaneHbix 3Hauenusix pH. B cnyyae BzauMonmelcTBHsI KUCIOTH 1
aMHMHa UMEIOT MECTO CHEHYIONE PABHOBECHSI:
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K
R,COOH + NH;R, === R;CONHR,; + H,0

uz(a 1%

R,COO™ + NH;R;

C ydeToM MOHM3AIIMK KUCJIOTHI M aMHHa Ha0ronaeMast KOHCTAHTd PaBHO-
BeCHS KakK (PYHKIINS KOHIIeHTpall¥ HOHOB BOAOpOAA OyxeT UMETh BUL

K
K, +[H+]+_K__a_'
H'] K, K,

Ecyn B cucTeMy BBOIUTCSI OpraHUYeCKUH pacTBOPUTENb B BEICOKOM
KOHIIEHTPAIIUM, 5TO OTpaXKaeTcsl Ha 3HauyeHusx K, u K, cMelas pas-
HOBECHE B CTOPOHY He3apsoKeHHBIX GOpM KUCHOTH U aMuHa. Tak, ecam
peaKkLMIo CHHTE3a aMUIOB ITPOBONUTE B 85%-M pacTBope OyTaHAMOHA,
BBIXOJ TTPOAYKTOB yBenuuuBaercs B 80 pas.

OcHOBHasl TPYAIHOCTD TTOIX0A 3aKJIIOYAETCSI B TOM, YTO B Cpefiax
BBICOKHM COIEPXXaHWEM OPraHUYeCKOro pacTBOPHTEIISl, CMELIMBAEMOTO
C BOHOM, OeNKOBBIE MOJIEKYIBl, KaKk IpaBWIO, HeCTAOMNBHBI M JO-
BOJILHO OBICTPO TEPAIOT KATAJIUTHYECKYIO aKTHBHOCTD. [103TOMY Cie-
JIyeT NMPHHATh 0coOple MepHl IO crabunu3anuu ¢pepMenToB. Hekoro-
pble IMOAXOHBI, O0eCITeYHBAOIINE TTOJOXUATEIbHbIE pe3yabTaThl, OIK-
CaHBI B TToApasx. 14.2.

5. Hpogederue peaxyuu 6 08yxpasHbiX 60OHO-OP2AHUMECKUX CUCME-
Max. 3HaYUTENBHBIE BO3MOXHOCTH (hepMEHTATUBHOIO OPTaHHYECKOI0
CHHTe3a CBI3aHBI C KCITOJIb30BAaHHEM ABYX(da3HBIX CUCTEM BOJAa — He-
CMEIIMBAIOINMIICS C BOXOH OpraHMyecKuii pacrBopuresib. O4eBUIHO,
YTO B 3TOM CJjlydae paBHOBECHUE U BBIXOI MPOAYKTOB OyIyT 3aBUCETH OT
KO3((PUIMEHTOB paclpenesieHUsl peareHTOB MeXIly BOJOW U OpraHu-
YeCKMM DACTBOPHUTENEM, a TAKXKE OT COOTHOIIEeHHsS 00beMOB BOIHOM
W OpraHny4eckoil ¢as.

B npocreiiiieM cnyyae st peakiuu Thna A <= B nmeeMm

KHa6JI =
1+

K b= Boﬁl!.l
Aoﬁm

e Agsus Boswy — 0OUIast KOHIIEHTpalusl peareHToB B cucreMe. C yye-
TOM ypaBHEHWH MaTepHaJbHOTO GajlaHca

Aoﬁm( VBon + Vopr) = Ason Vson + Aopr Vopra
Boﬁm( Vson + Vopr) = Bson Vson + Bopr Vopr

3¢eKTHBHAs KOHCTaHTa paBHOBecusl K,y Kak QyHKumMs Koappuid®
EHTOB pacTIpeneNeHus BelecTB Py i Py MeXIy BOnO# 1 opraHn4eckod
(ba30il ¥ COOTHOIIEHUS! 00BEMOB o = V. / Vo, OyneT MMeTh BUI
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1+ob

Ky =Koy ——
S TR
VT

1+ 1/(0By)
P 1+1/(aPy)’

3nech Py = Aopr [ Ason> Ps = Bopr/Bron» Ksons Kopr — KOHCTaHTa paB-
HOBECHSI B BOJE W OPTaHWYECKOM PacTBOPHUTENE COOTBETCTBEHHO. Dd-
(peKTHBHass KOHCTaHTa PAaBHOBECHUS MOXET OBITh CYIIECTBEHHO HU3Me-
HEHA, eclIM BENIeCTBO B myyiiie pacTBOpsieTcs B OpraHHdYecKoil ¢ase,
YeM B BOJE, W €ClI¥ IIPU 3TOM COOTHOIIEHHEe 00BeMOB ABYX (pa3 Tako-
BO, YTO 00BbEM OpraHUYeckor ¢a3bl CYIIECTBEHHO IpeBbIIIAeT 00beM
BOIZHOM.

ITpakTiuecky BaXHBIM SIBJISIETCS CIy4Yail, Korxa NpoOAYKTOM peak-
MU SBJISIeTCH BOJa. OTO peakluy CMHTe3a 3(pNpoB, aMUIOB, MEITHI -
HBIX cBsA3eil U pochonuadbupHBIX CBS3Eil:

A+B <= C+H,0

K3¢,=K

B sToM ciydyae 3¢ dpekTUBHAS KOHCTaHTa PABHOBECHS 3aBHCHT OT KOH-
LEHTPALMK BOIBI

ch — AoﬁmBoﬁm .
Coﬁm [HZO]

C yyeToM Koa3hDUIIMEHTOB paclpeneNieHusI U COOTHOILEHUS 00beMOB
opraHn4YecKoi M BOTHOMU ¢a3sl BeIxoA npoxyKra C OyoeT onmpeaessiTh-
Csl ypaBHEHUEM

(d+af)1+w)

LA+ aP)(1+ab)’

rae C,,;, — KoHIeHTpauus rponykTa C B BogHo# dase; Pe = Cop/ Coope
PaccMOTpHM HECKOJIBKO THITHYHBIX ciydaeB (puc. 14.7). Ilpu pacye-
Teé KPUBBIX, MPUBEICHHBIX Ha puc. 14.7, mpunaro, yro K, = 10, T.e.
Iiporiecc CHMHTE3a B BOXHOM cpene TEPMOIMHAMUYECKN HEBBITONEH.
1. McxomHble BelllecTBa B BOXHOM M OpraHMYecKoit (pasax paclipene-
JoTCa oguHakoBo Py = Py = 1, a BemecTBo C IIpeanodyrnTaeT BOAHYIO
$asy Pc = Cyp/Coop = 0,1, TOTIA BEIXOX TIPOAYKTA PaBEH

C = Cpp L0
[+a

Hpu o — oo (mepexoxn k ruapodo6Hoii dase) monyyuM C = CyoPc =
=0,1C,,;. B 5TOM cniyyae yBenudyeHue o (OTHOCUTENBHOE YMEHBIIEHHE
00bemMa BOZHOM (pa3bl) AOJDKHO NMPUBOAWTH K YMEHBIIEHHIO BBIXOAA
lenesoro mpoxykTa (cM. puc. 14.7, nunus 1).

2. TIpoayxThl peakiiny paBHOMEPHO paclpenesieHBl B BOAHOH M opra-
Huyecxoit ¢pazax (P = 1), a KOMIIOHSHTH A 1 B CylleCTBEHHO pa3iu-
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Buixon, % Puc. 14.7. 3aBUCMMOCTb BbIXOJA IPOIYKTA

OT COOTHOUIEHUSI OOBEMOB OpraHuye-

CKOi1 ¥ BomHOU (a3 mist peakuuu ¢ 06-
pa3oBaHUEM BOJbL

I— Py=Py=1,Pc=0,1;2— Py =10, Py =

=0,001, Po=1; 3— Py, =Pg=1, Pc =50

80
60

40

yarorcst o riuapodobHocTH: Py =10
(66npmas mons BenlecTBa A pac-
TBOpeHa B OpraHMdeckoil ¢ase),
Py = 0,01 (mpakTyecku Bce Benle-
cTBO B pactBopeHo B Bozne). B aTrom
clydae 3aBUCHMMOCTH BRIXOHA LeNe-
Boro npoaykra C oT COOTHOIIEHMSI 00beMOB OPraHMYECKON 1 BOMHOMU
(a3 umeer cnoxHbIN xapakTep (cM. puc. 14.7, munus 2). B HeKoTopoM
nmaria3oHe 3HaYeHUH o MOXeT HaOMIOKaThCsI YMEHBLIEHHE BBIXOa MTPO-
IYKTa C YBeJWYEHHMEM OTHOCHTEILHOTO COAepXaHWsl OpPraHM4YecKOi
(asel, B ganpHedIIIeM MOXHO HAOMIOMATh CYIIIECTBEHHOE YBEJIMYEHHE
BBIXO/1A.

3. PearenThl A u B paBHOMEpHO paclipesieieHb B BOGHON U OPraHU-
Jeckol ¢azax (P, = Pg = 1), a MpoRyKT JIydille pacTBOPUM B OpraHu-
Jeckoi cpexe (P = 50) (cm. puc. 14.7). B 3ToM ciydae MOXHO OXKUIATh
CYLIECTBEHHOTO YBeJIWYeHHUs BBIXOHa MPOXYKTa B 1ByXxdasHoH cucre-
Me I10 CPaBHEHMIO C BBIXOJOM MPOXYKTa B Boxe. I1pu a — = uMeeM
C= Cyon P =50C,;.

TakuM 06pa3oM, CYIIECTBYIOT METOABI ITOBLIILEHMS BBIXOJA Iiefie-
BOTO MpOAYKTa (hepMeHTATHBHOIO CHMHTE3a JaXe B YCIOBHSX, KOTHa
TepMOIMHAMIYECKY PEAKIUS eTo He obecrieunBaer. Mcroms3yeMble Moj-
Xonabl 3aKJIOYAlOTCsl B IEPEBOE peareHTOB B Apyroe HOHHOE COCTOsI-
HUe, IepeHoce MpoxyKra B APYIyK a3y, MCIMONb30BAHUM IO-
CIeOBaTebHBIX PeaKLHil, TIPOBEXCHUH peaKlUMil B BOXHO-DPraHM-
YeCKWX OfHO- WM IBYX(asHbIX cucTeMax. Bee 310 obecreynBaeT MHO-
Too0pa3Hoe NpuMeHeHne GepMeEHTOB B OPraHWYEeCKOM CHHTE3e.

PaccMoTpuM HecKONBKO NMTPUMEPOB.

Cunmes s¢pupoe amunoxuciom. Kax u3BectHo, 3¢pupHast cBsI3b TEP-
MOIMHaMHUYECKHN HeycToilymBa B Boje. OnHako B AByX(a3HBIX cHUCTe-
Max ynacrTcsl peajiu30BaTh CUHTE3 3(HUPOB aMHUHOKHUCIIOT C BHICOKHM
BBIXOJIOM, MICITONB3YSl B KaUeCTBE KaTaJn3aTopoB (epMeHTHl, B HOP-
MaJIbHBIX YCIOBHUSIX THIPONU3YIOUINE 3TH 3(UPHL:

20

CH,~CH—COOH + C;H;0H
NH
COCH,

TZ
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CHz_ﬁ:H‘COCzHS + H20
NH
N [
H COCH;

KaranusaropoM siBJisieTcsl (i-XWMOTPUIICHH, BBIXox OKosio 100 %.

B aHasiormuHbIX YCIOBHUSX IIPOVICXOXUT CHHTES TEITTUIHOM CBA3HU C
o0pazoBaHUEM MENTHAOB.

TIpupoonsie amunoxucaomst. BONBIIYIO YacTb NPUPOIHBIX AMUHOKHC-
JIOT NOJIYYalOT THAPOIM3OM OEJIKOB C IMOCTETYIOUINM BBIIEJEHUEM aMM-
HOKHCTOT. OfHAKO HEKOTOPbIE aMHHOKHNCIOTH HPENCTABISIOT GONb-
iy ¢apMakoJIOrHYeCKYIO 1 MUILEBYIO LIEHHOCTb, W JUISl UX MONy4Ye-
H¥s ObIIM pa3paOOTaHbl CIEIAajbHbIE CUHTETUYECKHE METORD.

AcraparMHoBas KMCJIOTa SIBISETCHA BaXHBIM IMOJIYIIPOLYKTOM IIpU
TMOJYYEHNH IINUPOKO HMCIONB3YEMOr0o MENTHUAHOIO TMONCHACTUTENS —
acrapraMa (cM. HiDke ). LIS cHTe3a acriapariHOBOM KHCJIOTHI HCITONb-
3YIOT acIlapraraMMuakiauasdy. CuHTe3 BexyT U3 GyMapoBoOil KUCIOTHI 1
aMMpaKa:

HOOC—CH=CH—COOH + NH; === HOOC-—CHZ—(IZH—COOH
NH,

ITo ananornyHo# cxeMme MPOMBIIUIEHHO CUHTE3HUPYETCS TUPO3UH,
IHOKCU(EeHWITUPO3KH, TpuntodaH. UcxogHBIMU cyOCcTpaTaMi SBs-
10TCsL (DEHONBI U MMUPYBAT aMMOHMSL:

CH;—CO—COONH;, + OH =—
OH

== HO CH,—CH—COOH + H,0

NH,
HO

Peaknus xaranusupyercs TiposnHgenomnuasoi. ITporecc ocytre-
CTBJSIIOT KaK C MCIOJIb30BAHWEM YUCTHIX (DEPMEHTOB, TAaK 1 MIMMOOH-
JIM30BaHHBIX KJIETOK MUKPOOPTAHHW3MOB.

Cunmes acnapmama. AcnaptaM — MIHPOKO IPUMEHSIEMBIIT ITOICHA-
CTUTENb, TIPEACTABIgeT COO0M TUIENTHI aclaparHHOBOM KHCJIOThl U
dennnananuHa. [TpoMBIIIITICHHBIA CHHTE3 aclTapTaMa HauWHAIoT ¢ I10-
JIy4eHHsl aclmapariHOBOMA KHUCIOTHI MMyTeM (pepMEHTATHBHOTO aMUHH-
poBaHHg (HyMapoBOi KMCIOTH (cM. BbIIIe). JansHeiass Mmogudnka-
LA acITaparHHOBOM KMCJIOTBI BKIIIOYAET HECKOJIBKO CTaaui:
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a) 3aIMTa AMHUHOTPYIIITEL

HOOC—CH,—CH—COOH + @-(:Hz—o—coa —

NH,

— HOOC~CH,~CH—COOH
NH—O—CO—CH2©

0) depMeHTaTUBHOE 00pa30BaHWe HMENTUIHON CBA3M, OOBIMHO IUIS
3TOTO UCIOJIB3YIOT IPOTEONIUTHYECKUIT (PEpMEHT TepMOJTU3UH

HOOC~CH2—(IZH—COOH
NH—OCOCH2© +
+ Q‘CHZ—(EH‘—COOH TepMmonuauu

NH,

HOOC—CH,—CH~\CONH:————CH—COOH

— [ |

B) CHSITHE 3allIMTHOM IPyIIIB ¢ 0Opa3oBaHHEM CBOOOTHONU aMHHO-
TPYIITIBL acTTapaTMHOBOM KHCIIOTH

Hooc—CHz—cle—CONH—(I:H—CHZO v

NH, COOH

T) METWINPOBaHHe KapOOKCWIBHOMN I'PYNIEl THPO3HHA, KOHEYHBIM
MpONYKTOM CHHTE3a SIBJISICTCS aclapTaM

HOOC—CHZ—(IZH—CONH—(‘3H~CH2—-©

NH, COOCH,

Henpupodusie (nenpomeunozennvie) amurokucaomst. OaH U3 BapH-
aHTOB CHHTE3a ONITHYECKHN YUCTHIX HeIIPOTEeMHOTEHHBIX aMIHHOKHUCIIOT,
KOTODBIE HE MOTYT OBITh TTOJYYEHBI IIyTeM FHAPOIM3a OeIKoB, COCTO-
UT B WCIOJBb30BAHMU CTEPEOCTIENUbUYECKIX aMiIa3 U3 pasinyBbIX
UCTOYHHUKOB. CHHTE3 6a30BBIX CTPYKTYP MOXeT ObITh oCylecTBIeH ¢
nomoibio peakuuu Llrexepa n3 anbrernaa cooTBeTCTBYIONIEH CTPYXK”
TYPBl, LIMAHUCTOTO BOXOPONA M aMMUaKa;
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RCOH + HCN + NH; — R—CllH-*CN
NH,

[TpoayKToM peakuyy SBISIETCS. HUTPHJI COOTBETCTBYIOUIEH KHCJIOTHI,
KOTODHIH B KHCJIOH Cpelie MOXET ObITh THAPOIN30BaH C MOJYYEHUEM
CMECH aMHUIOB aMHUHOKHUCIOTHI:

H,0*
R—(IZH—CN = R—-(IZH—CONHZ
NH, NH,

Amunasa rupponusyer L-creperzoMep, MpakKTHYECKH He 3aTparmbast
D-dopmy:

NH, NH, NH,
NH, Avmzass OH + NH,
R R R
0 0 0

Paspenenne amMmuia M KUCJIOTBHI He MPeACTaBJIsSIeT OOJBIINX CJIOXHO-
creit. B mocnenyronieit cranuu D-gopma amuna Moxer OBITh TUIPOIN -
30BaHa JI0 COOTBETCTBYIONIEH aMUHOKMCIIOTHL.

Hoayuenue axpuramuda. KpymHOTOHHAXHBIN CUHTE3 MOHOMEpa aK-
pyJIaMKJIa OCYIIECTBISIIOT C TIOMOINBIO (hepMeHTa HUTPWITHAPOJIA3hI,
HMcxonHBIM coexrHEHHEM SIBJISIETCS XUMUYECKH IPOM3BOLMMBIN aK-
PWJIOHWTPUIIL:

H,0

HHTpPUII‘PIﬂpOJl asa

CH,=CH—-CN CH,=CH—CONH,

ITo cpaBHeHMIO ¢ TPagWIIMOHHBIM KHUCJIOTHBIM THUIPOJIHA30M (ep-
MeHTaTUBHBIA METOX aeT CYIIECTBEHHO O0Jiee BEICOKHM BHIXOH 1ie/ie-
BOTO NpoayKra B 0oJiee wucTod popMe.

Cunmes L-a6aounoi kucaomeo:. L-516104HYI0 KHACIOTY TTOMYYaloOT T -
ponn3oM (yMapoBOil KUCIOTBI MO XeicTBUEM (pyMapasbl:

HOOC—CH=CH—COOH + H,0 — HOOC—CHZ—(IZH—COOH
OH

Peakumio mpoBoasiT DO YCTAHOBIEHHMS B CHCTEME pPABHOBECHS, TNPH
KoTopoM okojio 80 % (hymMapoBoOil KMCNOTHI IpeBpalnaeTcsd B s07104-
HY1O.

Cunmes B-nraxmamubix anmubuomuxos. B-JlakraMable aHTHOMOTHKHA
NIpeACcTaBAsSIOT co00l OCHOBHOHM KilacCc aHTHOMOTHYECKHUX ITpernapa-
TOB, IIMPOKO IMPUMEHSEMBIX B HACTOsIIlee BpeMst B 00pb0e ¢ OaKkTepH-
UTbHBIMKM MHGexuusIMy. [TpuponHbId TeHUIWINHH — OeH3WNTIEHU -
UMIUIMH — MpOU3BORHOE (heHWIYKCYCHOU KUCIOTHI:
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: /S CH3
CH,—~CO—NH-CH—CH ™ “'CH,

(:) /£ N——CH—COOH

B-JlakramHoe TuHazonuaMHOBOE
KOJIbLIO KOJIb110

CoBpeMmeHHast XUMMS TEHULWUIMHOB BKITIOYaeT CTaAuI0 THUAPOIH3a
aMuIHOM cBs3M (IYHKTMpHAd JIMHMA) ¢ o6pa3oBaHUEM 6-aMUHOIIe-
HUIIWIIAHOBOW KMCHOTHL. THA30JMAMHOBOE KOMbBIIO JOCTATOYHO CTa-
OMIBHO, B TO BpeMSI KaK [3-JITakTaMHO€ KOJIbLIO (BHYTPEHHMIT JlaKTaM)
JIErKO MOXET OBITh rMapofn3oBaHo. ITonyyenue 6-aMUHOTIEHALIMIDIA-
HOBO# KHCHOTH TYTEM XWMHYECKOTO THAPOJN3a HEBO3MOXHO, IIO-
CKOJIbKY B IIEPBYIO OYepeab TMAPOAN3yeTcs BHYTpeHHMIA nakTaM. [Tpo-
LlECC OCYILHECTBISIOT C MOMONIbI MeHUWIIMINUHAMUAA3H, CIELUGU-
YecKH paclleIvIsoned aMmuaHyo cBsa3b. [olydeHHYIO TakMM 06pa3oM
6-aMUHONEHULIMJUTAHOBYIO KUCIIOTY HA CAeAYIOLIe cTaluy anuiInupy-
10T 3aMECTUTENSIMHU, OTIIMYHBIMHU OT QEHWIYKCYCHOH KHCIIOTHI, IOy~
yas pasjInyHble aHTHOMOTUKH C HOBBHIMH CBOMCTBaMH.

Yacto npuMeHsIeMbIMH B HACTOSILIEE BPEMSI SIBJISIIOTCH OKCAUMII-

JINH
0
7/ \ I S<__CH,
C—~NH
/1 ! fCH3
N A o /—‘—N

0~ “CH; COOH

U aMIIHIJIJINH

0
I S CH
CH—C—NH—“—T/ 3
NH L~N—;]fCH3
2 d/ COOH

ITo aHajOruYHOI cxeMe IMOJTYIAOT AHTUOMOTHKHU, SIIPOM KOTOPBIX
sIBIsSIETCSl 7-aMuHoOUearIocnopaHosasl KUCjaoTa: nedaieKCuH

JuruaparnazuHoBoe
KOJBLO
0 s
CH—C—NH—
U
2 O/ # CH,
COOH

B-JlakTaMHOE KONLUO
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1edarokcuM

o)
I S
NTC—C—NH——r
HN" s | CH,—0—C—CHj
OCH, COOH

Cunmes npocmaznanouros. ITpocTarnaHoMHEL TPEACTABISIOT COO0H
DeryJsTOpbl MHOTHX TIPOLIECCOB B OPTaHMW3MeE XHUBOTHBIX M 4eJIOBEKa.
XUMUYECKHI CHHTE3 MTPOCTArTaHIWHOB — BEChbMa CJIOXHAS CHHTETHU-
yeckas 3aga4da. B To Xe BpeMsl COeMHEHUSI 3TOTO KJIacca OTHOCUTENb-
HO JIETKO MOTYT OBITH MOJyd4eHbl (PepMEHTAaTUBHBIMH METOHAMU U3
TIONMHEHACBIIIEHHBIX XXUPHBIX KUCIIOT, HAlIpUMEP W3 apaxvOHOBOM.
Tlponecc cuHTe3a BKIIIOYAET NEUCTBHE NBYX (hepMEHTOB ITpOCTarjiaH-
quH-H-cunTassl v ipocrarnaHauH-H-KoHBepTasbl. JIMMUTHPYIOIIUM
(bepMeHTOM CUHTE3a sIBIIsieTcs IpocTariaHanH-H-cunrasa. Mexanuam
neficrBust aroro pepMeHTa MOogPOOHO paCCMOTPEH B It. 8. XuMHUUYECKas
CXxeMa Ipolecca BHTISIAT CHEAYIOIINM 00pa3oMm:

Apaxua0HOBas KHCAOTA
PGH-cunTasa

(0]

‘ — COOH

o #

OH
Mpocrarnannns H,
OH
HO
= COOH — COOH
(05 7 HO O A
OH OH
MNpocrarnanaus D, TpombGokcaH B,
O,
O\
— COOH — COOH
HO # Z
OH HO OH
Mpocrarnannny E, IMpocTaunKIHH
HO
———— COOH
HO ~
OH

Mpocrarnanans Fp
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[MpuBeneHHBIe MPUMEDPDI IEMOHCTPUPYIOT BO3MOXHOCTU GepMeH-
TOB VIS 1eJIell TOHKOTO OPraHUYeCKOro CHHTE3a.

14.4. MepmenTH B aHAIHTHIECKOH XUMHH

DepMeHTATUBHBIN KaTaln3 BHEC CYyIleCTBEeHHBIN BKJIan B pa3BUTHE
AHAMTUYECKON XUMUM CJIOXHBIX OpPTaHWYECKUX MOJIEKYI. Tpaguin-
OHHas aHAJIWTHYECKAas XUMUS OTpPaHNYMBAeTCs, KaK IpaBujo, cO3aa-
HWEM MeTOLOB OOHapyXeHMsS, UICHTH(UKANMM H KOJIUYECTBEHHOTO
OIlpenesieH!Us] OTHOCUTENBHO MPOCTHIX XMMHUYECKHMX coequHeHui. Hc-
10J1b30BaHKEe (PEpMEHTOB JUIs LeNIel aHANNTUYECKOM XUMHUHN KayecTBeH-
HO M3MEHWIO CHUTYaluIo. JJOCTYITHBMY TS MACHTH(UKAIINKA 1 KOJIU-
YeCTBEHHOTO OIpeAesieHUs CTalM CJIOXHbIC OPraHUYecKHUe MOJEKY-
JIbl, OeNKM, HYKJICMHOBBIE KUCIOTH. Bricokas cnermduyHocts dep-
MeHTOB (CM. I1. 9), UX CITOCOOHOCTH Y3HABATh HHIMBUIYaJIbHbIE MOJIE-
KYJIbI B CJIOKHBIX CMeCSIX 00eceqysIN aHATUTUYECKYIO0 XMMUIO HOBBI-
MU CEJIEKTHPYIOIIMMH areHraMi. BBICOKIE CKOPOCTH peakliyii, KaTa-
TMU3UPYEMBIX hepMeHTaMH, IO3BOJSIOT YCHINTh XUMHUECKHUN CUTHA
U CYILECTBEHHO IMOBBICUTh YYBCTBUTENBHOCTD aHANIN3A.

DepMeHTH B XMMHYECKOM aHaJIM3¢ HallUTH IIPOKOe IMpHUMeHEeHHe
JUTST pellIeHHs] pa3HooOpa3HEIX 3afay, BKITIOYasl aHaJIn3 HIU3KOMOJIEKY-
JISIPHBIX COCAMHEHHUH B CHOXHBIX OMOXMMHUYECKHX CMECSX, KOJNUYe-
CTBEHHBIIT aHajTu3 OeJIKOB B CJIOXKHBIX O€IKOBBIX KOMITO3UIIUAX, Kaye-
CTBEHHBIN ¥ KONMYECTBEHHBIN aHaJIN3 HYKIIEMHOBBIX KUCTOT. JIst mpo-
BeeHUs] aHAIMTUYECKOM mpouenypsl ObUIM pa3pabOTaHBl HECKOIBKO
¢dopmaToB, 00eceYMBaOLUMX BEICOKYIO YYBCTBUTEIBHOCTh M CTAHIAP-
TH3alMIo aHanu3a. Hanbomnee M3BeCTHHIMH M IIUPOKO IPUMEHSIeMBIMU
AHAIMTUYECKUMHU TIPOLIEAYPAMU SIBIISIIOTCST:

(hepMeHTaTUBHBIA aHATIN3 METaOONNTOB;

aHanu3 C UCIOJb30BaHHEM GHUOCEHCOPOB;

HUMMYHODEepPMEHTHBIA aHANIN3;

aHaJIN3 HYKJIEMHOBBIX KUCJIOT C MCIOJb30BaHMEM IMOJIMMEPa3HOM
HEeMMHON peaKUuW;

GUONIIOMUHECLIEHTHBIA aHaIN3.

PaccMoTpum 3T Toaxoxsl 60jiee TOAPOOHO.

@epMeHTATHBHBIH aHANH3 MeTa60auToB. OCHOBOM aHAIUTUIECKO-
ro IMoaxona sBJeTcs CIIOCOOHOCTH (DepPMEHTOB M30MpPATeNbHO B3aU-
MOEHCTBOBATh C ONHUM WJIM HECKOJIBKUMHM POACTBEHHBIMU COCIWHE-
HUSIMU Ha PoHe GOJBLIOTo yKcia pa3sHOOOpasHBIX BeleCTB. JT0T MOA~
XOJ UCHOJIB3YIOT NPH MIPOBEIEHUN KIMHUYECKOTO U OMOXHMHUYECKOT0
aHaJn3a, MPU OLEHKE KayecTBa OKpyXalouied cpeabl. IlpumeHeHHC
(hepMEHTOB IT03BOJISET CEJIEKTUBHO OIPEAEIATh B pa3HOOOpasHbIX 610~
JIOTUYECKHX XUAKOCTSIX M TKAHSX Majible KOJMUecTBa 0co60 BakXHDBIX
MeTab0NNTOB, HHTMOUTOPOB, JIEKAPCTBEHHBIX COETMHEHMIT, TAKUX KaK
aMUHOKMCJIOTHI, caxapa, CIIMPTHI, MOYEBMHA, MOYEBas KMUCIIOTa, X0~
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JIECTEPUH, HYKJIEOTUIBI, aHTUOMOTHKU. [Ipu 3TOM Mcmons3yior pas-
HOOOpa3Hble (PUIUKO-XVMHUUECKHE METONBI: CIEKTPOYOTOMETPHIO,
CIIEKTPOQIIOOPOMETPHIO, JIOMUHECLIEHTHBIN aHaIU3, 3NEKTPOXUMM-
YECKHE MEeTOIBI.

PazpabotaHo HeckonbkO GOPMATOB aHATH3A.

1. Kunemuyecxuii memod. 3aBUCUMOCTb CKOPOCTH v (hepMEHTATHB-
HOH peakiuu, B KOTOPOH HMCKOMOE COEIMHEHHE BBICTYIIAET B Kaye-
cTBe cybcTparta, OT €ro KOHUEHTpaluMH S B OONBLIMHCTBE CIYYaes M-
niepbonuueckas (cM. . 3):

kKaTEOS

Ky+S’
CoOTBETCTBEHHO KOHIIEHTPALMsI cydcTpaTta MOXeT OBITH OlpeneneHa
Mo cKOpOCcTH (HePMEHTATUBHOMN peaKLuM

S = I)KM _ I)KM
kKaTEO -v Vm -V

OueBuaHO, YTO HamboJee YIOOHOM I aHaTM3a ABASAETCS 00/1ACTh, B
KoTopoit v << V,, unu S <«< K. B 3TOM cyyae uMeeT MecTo JTUHEHHAs
3aBUCUMOCTDb KOHIEHTPALUK OTIPENEIIEMOro cydocTpaTa OT CKOpPOCTH
peaKIuu:

S = v-I—(—M— = aw.
Ve
ITapaMeTp MporIOpHHOHANBHOCTH O = Kj/V,, MOXeT OBITh HaiileH U3
KaIMOPOBOYHOU TIPSMON WM TIPU HUCIIOJB30BAHUM KAUTHOPOBOYHOM
KOHIEHTpaluu S;. HesaBucuMmoe M3MepeHWe CKOPOCTH vy TIPU KOH-
LIEHTpAnUHU Sy JaeT 3HaUeHUe o = Sy/vy.

Ha nuHeitHoM y4yacTke HakoIvieHUs TiponyKTa (P << §) KOHieH-
Tpauus Ipoaykra P MOXeT OBITH M3MepeHa TIpY (PUKCUPOBAHHOM Bpe-
MEHM peaklUWH, YTO CYHIECTBEHHO YIIpOILaeT Mpoueaypy aHanusa. Bep-
XHUH TIpenen obHapyXeHHWsl KOHIEHTpalluKu cyOCcTpaTa olpenensercs
KOHcTaHTOM Muxasnuca qaHHoro cyberpata il faHHOro (epMeHTa.
Beoiwie KoHcTaHTBI Muxasnuca CKOpOCTh peakiMK ¢1a00 3aBUCHT WU
B00O1iie He 3aBUCHUT OT KoHlieHTpanuu S. [1penes oOHapyXeHUs OTpe-
HensieTcsl TeEM, C KaKON YyBCTBUTEILHOCTBIO M3MEPSIETCSL CKOPOCTh pe-
akuuy. YeM Gonee akTHBeH (HEPMEHT (BHICOKHE Kyar) T YEM OONB-
HIy10 KOHHEHTpAIHnIo hepMeHTa MOXKHO MCIIONBL30BATh (BBICOKHE 3HA-
YeHus £y), TeM HuXe TIpenes oOHapyXeHWs KOHIEHTpaluuu cydcTpa-
Ta. JIsl TpaAMIMOHHOTO CIEKTPOPOTOMETPUYECKOTO METONA TIpenes
0bHapyxeHus coctapiser 10— 107> Monb/n1. DTOro BIIOAHE NOCTATOY-
HO 1711 ofipeneneHUs 6ONBIIMHCTBA MeTaboMUTOB. (JIJ1s1 cpaBHEHUS yKa-
XeM, YTO KOHIEHTPALMS [IOKO3bl B KPOBY U3MEHSETCA B IUATIA30HE
10-3— 102 Mmons/n.)

B cirygae ananusa o6patuMoro MHrMGUTOPa 0OBYHO U3MEDPSIOT CKO-
POCTE peakuMH B OTCYTCTBHE vy U B TIDMCYTCTBUM v; MHTHOUTOpA.
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Konuenrpauusg unruéuropa [ B 3TOM ciiydae OTpelensieTcs ypaBHe-

HHUEM
I=K|2%_
H vl b

1-k22,
14
rae Av — M3MEHEeHHe CKOPOCTH peakuuu; K, — KOHCTaHTa paBHOBE-
CHSl peakllud UHTMOHUpOBaHHUS.

B aHanuTH4eckoil OMOXMMHU YacTO HUCTIONB3YIOT CONpSIKEHHBIE
dbepMeHTAaTUBHBIE PeaKLIMU, B KOTOPHIX MTPOIYKT MepBON peakiMu AB-
JsieTcs cyocTpaToM cilenyionieil. B OONBHIMHCTBE cnyyaes 3TO IEJIaeT-
¢sl, 4YTOOBI TOBBICUTH TOYHOCTh aHAJIN32, HATIPUMED, 3a CYET TOTO, YTO
TIPOMYKT BTOPO# peakiiuy o0nagaeT NyYHIMMU ONTUYECKUMHU WIIN JII0-
MUWHECIIEHTHBIMYM XapaKTepUCTUKAMU MM o0JiafiaeT 0ojiee BBICOKOM
9JIEKTPOXUMUYECKON aKTUBHOCTHIO. Kak TipaBumo, BTOpoil pepMeHT
GepyT B GONBHIOM WM30BITKE, ¢ TeM YTOOBI BTOpas CTagusl He ObUIA
JUMUTHPYIOLLEH.

2. Memod mumposanus cybcmpama gpepmermom. B HEKOTOPBIX clTyya-
SIX aHAJIU3 MOXHO YIIPOCTHUTH, eCJIM GBICTPO TIEPEBECTH UCKOMBIH Cy0-
CTpaTr B MPOAYKT PEAKIMHU. YCIOBHEM MPOBEIEHUS aHAIN3A SABsETCA
UCTIONB30BaHUE U3OBITKA (DEPMEHTR, YTO TIO3BOJSIET OCYILECTBIIATH 3TOT
TIPOIIECC 32 pa3yMHOE BpeMsl.

Hicke npuseneHsl Haubosiee TIOMYJSIPHBIE PEakIMU, UCIIONbL3Yye-
MBle 111 (hepMEHTATUBHOIO aHAJIU3a MeTa0OJIMTOB.

I'noko3a. Haubojee vyacro g OMOXMMUYECKOTO OmpeneNeHHs
[JIIOKO3BI NCIIOJIB3YIOT TIOKO300KCHAAZY:

Wi

COOH
CH,OH a——oun
H O_H
0, HO——H
OH H I'mioxo3ookcuaasa H——OH * H202
OH OH
H OH H——O0OH
CH,OH
D-I'nmiokosa I'nmokoHOBasg KUcaoTa

IMponykraMyu peakiuu SBISIOTCS TJHOKOHOBAsl KHCIOTAa M TIEPOKCHI
Bomopona. ITepoKcua Bonopoxa MOXHO OIpPEnensiTh 3NeKTPOXUMHUYE-
cky. XUMHUYECKH TIEPOKCHI BOIOPONA OTpPENe/ISIOT ¢ IIOMOILIbIO ITe-
POKCHZIA3Hl TI0 OKUCIEHWIO XPOMOTEHHOTO cyOcTpara:

H,O, + o-Inanusunuu — Kpacurenb
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M oueBuHa. MHIMKaTOpHAas peaklys — FHAPOIN3 MOUYEBUHEL ITOL
IEUCTBUEM ypeasbl:
H,0
(NH,),CO —= 2NH, + CO,

TTpoayKTH peakLuy ONPENETSIIOT TOTEHIIMOMETPUYECKUM METOIOM C
TTOMOLUBIO 3JIEKTPOIOB, YYBCTBUTENBHBIX K aMMuaky uinu CO,.

MoueBass kucaoTa HMHIAKATOpHAS peakuMsl — OKUCICHUE
MOUYeBOi1 KHUCIOTHI TTON AeCTBHMEM yPHKA3BI:

-0
ITIH—C ITIHz
\ = =
/k >—O ypuxaw ? O C O + H,0,+ CO;,

NH— CH—NH
Mouesas KMcnoTa AJLTAHTOHH
(2,6,8-TpUrHAPOKCHUITYPHH) {5-ypeMHIOrMIaHTONH)

O06pazoBaBIUMIiCA TTEPOKCH BOLOPO/IA OTIPENEIITIOT SIeKTPOXUMMUYECKH
WIM C TIOMOII[BIO TIEPOKCHUIA3BI ¢ UCIIONB30BAHUEM XPOMOTEHHBIX CY0-
CTpaToB.

Il'MmokcaHTHUH (KcaHTHH). U onpeneieHUs NCTIONB3YIOT pe-
AKIIUM OKMCJIEHUS TUIIOKCAHTUHA TTON neﬁCTBHeM KcaHTHHOchmasm:

OH
NT SN °
I\ I N\ KcaHmH(:chmaaa /LJI \>—OH
N
H

I'unokcaHTuH Mouesas KHC10TaA
(6-TUAPOKCUTIYPHH)
MoueBy10 KHCIOTY OTIPeIEIsIOT ¢ MTOMOIIBIO YPUKA3Hl (CM. BBIIIIE).
L-AMHUHOKUCIOTEH. B kKauecTBe HHAMKATOPHOI MCIIOIB3YIOT pe-
aKIMIO OKUCIEHMS KUCIOPOLOM TTof JeficTBEM OKcuuassl L-aMuHo-
KMCJIOTOM.
Hdns dbeHunananuHa peakuus poTeKaeT CIASHYIOUIUM 00pa3oM:

(0]
CH,~CH—COOH — :
l KCUaa3a

NH, L-amunokuciior

—> CHZ—%_COOH + H202
0O

Kerokucnora
ITepokcun Bomopona AyYIle BCETO OIpeHesieTcsl ¢ MOMOILBIO TIepo-
KCHIa3bl ¥ XPOMOTEHHOT0 cybcTpara (CM. BBIIIE).

433



I'nyraMmuHoBas kucnorta. MHAMKaTOpHas peakuus — IE3-
AMUHHMPOBaHUE C MMOMOIIBIO TNyTAMATIETUIPOTEHA3BI:
HOOC—CHZ—CHZ-—$H—~COOH + HAII" =
NH,
= HOOC—CHZ—CHZ—(":—-COOH + HAIDH + NH,
O

TTpoLyKTHl pPeaklUMu MOXHO ompenendTs aubo nmo NHy ¢ momouibo
aMMOHMI-YyBCTBUTEILHOTO 3IEKTPOIA, THOO0 cIIeKTPOGOTOMETPUYECKH
o cnekrpaM napst HA/{*/HA/TH.

MonouHas xKwucaora. OlpeneieHUe MOXET OBITH OCYLIECTBIIE-
HO C TTOMOIIBIO JIAKTATIErMIPOTeHA3H:

CH3-—§H—COOH + HAI" = CH3-%Z—COOH + HAJJTH
OH 0]
MypaBbuHasT KHCAOTAa. AHAIOTMIHO ONpenessiioT GopMuar
O peakuyu ¢ GopMHUATIErAIPOTreHA30M:
HCOOH + HAJI* === CO, + HAJIH

I'nuxoren. [TonuMep IMOKO3H! IPENBAPUTEILHO paCIIEIUIIOT Ha
MOHOMEDHI C TIOMOIIBIO AMWJIOITIIOKO3UIAA3H! ¢ TIOCTEAYIOIIMM OTpe-
JeJeHUEM TIIOKO3H.

DPochaTtuaunxonud. Pochonunuasl 3TOro Kiacca Haubdosee
YAOGHO OTIpENeNATh C UCIIONB30BAHUEM CONPSKEHHBIX peaklMii ¢ yJa-
ctueM (ochonnnasel, XOTHHOKCHAA3HI H TEPOKCHUAA3HL;

CHZ—'COORl

| Qocdoannaza
R,CO0O— CI:H OH ‘—Ef—'

|
CHZ—O——IH)——OCHZCHZ—N*(CHg)Z

0O
DocdhaTuanaxosus
CH3—CIZOOR1
— R,CO0—CH 0 + HO(CH,),~N*(CH;),
CH,—~O—P—OH Xomit:

Docharnaiionsast KUCIOTA

+ 0 g
HO(CH,),—N(CH3), m (CH,),N—CH,COOCH + H,0,
XosnuH Bberann
Ilepokcupaza

H,0, + XpoMoreHHHI cybeTpar Kpacwurens

434



XonecTepuH. OnpeneneHue BenyT ¢ IIOMOIUBIO XOJIECTEPUHOK-
CHIA3BI:

CH; ?Hs
CH—(CH,),CH(CH
HC (CH,),CH(CH3),
Xonecmpnuoxcmag
0,
HO
CH; ?H3
CH—(CH,),CH(CH
HC (CH,),CH(CHj;),
— + H202
0]

ITepoxkcun Bomopona ONpenessioT ¢ MOMOINBIO OXHOTO M3 IIPUBENEH-
HBIX BBIIIE METOMNOB.

Buocencopsl. DT0 aHaTUTHYECKHE YCTPONCTBR, MCITONB3YIOLIME
OuoNornyecKue MaTepuvaabl sl «y3HaBaHUSI» OINPENEJICHHBIX MoJie-
KYJ ¥ BeAaoMe HQopMalnio 06 uX MPUCYTCTBUU U KOJIMUECTBE B
BUIIE JIEKTPpUYECKOro curHana. Vnes co3maHms Takoro pona ycrpoii-
cTBa Bo3HUKIA Oosiee 30 et Hazan. BriepBrle ee Bhickazanu JI. Kimapk u
C.JIuomc B 1967 r. Unes JI. Kimapka cocrosiia B MCTIONB30BaHUM dep-
MEHTHOI'O 3JIEKTPOMA, T.€. IEKTPOXUMUYECKOTO aTYMKa ¢ MMMODU-
JIU30BAaHHBIM HAa €0 MOBEPXHOCTH (GEepMEHTOM. 3a TIpOIIeHIIIe fecs-
TUJIETUS CO3IaHO MHOIO CUCTEM, HEKOTOpBIE MOJYYWIN LIMPOKOE pac-
MpoCTpaHeHHE.

BospHIMHCTBO GMOCEHCOPOB MpenHa3HaYeHb] II aHaIu3a OHOJIO0-
rUYecKux Xunakocteil. HanpuMep, B KpoBM HaxomsaTcs THICIYM pas-
JIMYHBIX coenuHeHWH. 3agaya 3aKmioyaeTcs B TOM, YTOOB OBICTPO M
3G dEKTUBHO ONpPENEAUTb KOHIIEHTPALHMIO HY>KHOTO COEIMHEHMSI, Ha-
MpuMep DIOKO3BL. s moneit, cTpagaolux 1uadeToM, 3TO XHAZHEH-
HO BaXHBIA KIMHUYECKUI aHAIN3. BHOCceHCOphl 00eCIIeYnBalOT TaKYIO
BO3MOXHOCTbD.

Ipunyunst Koncmpyupoeanus 6uocencopos. J1oboit dbuoceHcop co-
CTOUT U3 JBYX NPUHIUITMATEHO BaXXHBIX (GYHKUMOHAIBHBIX 3JIEMEH-
TOB: OMOCENEKTUBHOM MeMOpaHBI, UCIIOIBL3YIOUIEH pasauyHble Omo-
JIOTMYECKHNe CTPYKTYPHl, U (GU3MYECKOro Ipeodpa3osaTelss CUrHaja
(TpaHcopOCEpa), TPaHCHOPMHUPYIOLIETO KOHIIEHTPAIMOHHBIA CUTHAJ
B 9neKTpuyecKWi. sl cuuThIBaHMS M 3arMcy MHPOPMAaLMK MCIIONb-
3YIOT 9JIeKTPOHHEIE CUCTEMBI YCUJIEHHUST M pETHCTPallMK CUTHana. B ka-
YecTBe OUOCENEKTUBHOTO MaTepUala UCIIONB3YIOT BCe THUIIBL OHOIOTH -
YECKUX CTPYKTYp: MEPMEHTBI, aHTHTENa, PeleNTOPhl, HYKICUHOBLIE
KHCJIOTH] M IaXe XuBble KileTKH (puc. 14.8).
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ITVCh M TIpe-
Bewecrso, Buocenex- TpaHcapio- | DieKTpruecKuit 3a p
KOHUEHTpauu- [— TOp > cep CHTHAN obpa3opanue
OHHBIN CUTHan nHbOpMalIU
DepMeHTH AHTHTENA Hyxnentonsie PeuenTops Krerxu
KHCJIOTHL

Puc. 14.8. Cxema BroceHcopa

TpaHcoplocepaMy MOIYT OBITh 2JeKTpOXUMHUYECKHUE TIpeobpa3opa-
Teau (37EKTPOIBI), Pa3IMIHOro pPoAa ONTHYECKHE TIpeoOpa3oBaTeNu,
IrPaBUTAlMOHHBIE, KAIOPUMETPHUYECKUE, PE30HAHCHBIE CUCTEMBL. Bee
BUIIBl OUOCENEKTUBHBIX 2JIEMEHTOB MOXHO KOMOMHHMPOBATH C pa3imi-
HBIMU TpaHcHblocepaMu. BTo co3gaeTr Gonbiioe pa3HOOOpa3ue TUIIOB
6uoceHcopoB. Haubonpuiee pa3BuTHe MOXYYIUIM OMOCEHCOPHI HA OC-
HOBE (PEepMEHTOB H KIIETOK.

Buocencopbt na ocrose gpepmenmos. ConpsixeHue HepMEHTATUBHBIX
U IEKTPOXUMHUYECKUX PEAKIUNA, MIPOUCXOMSIIIMX Ha 3JIEKTPOIIPOBO-
OSIUIMX MaTepuanax, IorpyXXeHHBIX B PACTBOP 3JMEKTPOIUTA, TTO3BOIH -
JIo pa3paboTaTh MHOT0 GMOCEHCOPOB AJIS onpenesieHus [IIOKO3bl, aMH~
HOKHCJIOT, MOYEBOM KHCJIOTH, MOJIOYHOTO caxapa, IMpyBaTa, Mode-
BUHBI U IIPYTUX MeTaboMUTOB.

IepBas cucrema, npegroxeHHas JI. KilapkoM, MCITonb3yeT 3J1€KT-
poi, usMepsoluil B 1udy3MOHHO-KOHTPOIMPYEMOM pEXHUME KO-
JIMYECTBO TIOJIOIEHHOTO KUCI0pOoa. BEUTo IpuMeHEHO GOJEBIIIOE YICTIO
OKCHIA3, UCTIONb3YIONUNX KUCIOPOL IS CeJIEKTUBHOIO OKUCIEHUS YT-
JIEBONIOB, AMUHOKHUCJIOT, OPraHUYECKUX KHUCJIOT.

HauGonee ynobHo uaMmepsaTh CHIY TOK2 depe3 TMOBEPXHOCTE dep-
MEHTHOrO 3ekTpona. Cuia Toka KaK CKOPOCTh PEakIMH MOXET OBITh
OIHO3HAaYHO CBI3aHA ¢ KOHIIEHTpalUeH M3MEPSIEMOro KOMIIOHEHTA.

IIpocreitniast KOHCTPYKIMS GepMEHTHOIO GHOCEHCOpa peaTn30Ba-
Ha JUIsl cIydasi, Korma cyocTpar JMb0 NpoxykKT (pepMeHTAaTHBHO pe-
aKLMH 3MeKTPOXUMUYECKH AKTUBHEL, T.€. CITOCOOHBI OBICTPO U (KeJia-
TEJIBbHO) OOpaTUMO OKUCIATHCS WX BOCCTAHABIMBATHCS Ha JMEKTPO-
Iie TIpY HANOXEeHUH Ha HETO COOTRETCTBYIOLIEro MoTeHnuana. Hampu-
Mep, OMOCEHCOopP Ha INIIOKO03Y OCHOBAH Ha PEaKIMU OKHUCICHUS ¢ yda-
CTUEM [NIIOKO30KCHIa3bI

I'moko3a + O, — I'mokononakrton + H,0,
H,0 |
I'moxonHoBast KucioTa

¢ TIOCHeYIONIeH peruCcTpalMeil TOKa BOCCTAaHOBIEHUS KUCI0poJa WIN
niepekrcy Bopopoaa. O6a ciayyasd pealu3oBaHbI Ha IIPaKTHKe. B 271eKT-
POXMMHUYECKUX OHOCEHCOpax TMOTOK 3NEKTPOHOB Uepe3 IMOBEPXHOCTb
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Puc. 14.9. IlepeHOC 371EKTPOHOB MEX~
Iy aKTHBHBIM LEHTpPOM (depMeHTa U
3JIEKTPOIOM:

a — C y4acTMEM MeIHaropoB; 6 — Ipsi-
MOIi1 TiepeHoC

a 6

IaTYMKa JJUHEWHO CBSI3aH ¢ KOHLIEHTpalLMeil aHATM3UPYEMOTO Belle-
CTBa B pacTBOpE.

Ipu agcopbimu hepMeHTOB Ha TBEPABIX TIOBEPXHOCTIX (MeTaNNax,
KepaMmMKe, ITOJUMepPax) OHHM, KakK NMpaBWIO, COXPAHSIOT CBOIO CTPYK-
TYPY M KaTATUTHYECKYIO aKTUBHOCTE. (DEpMEHT B peXUME 3JIEKTPOXH-
MHUYECKOro OMOCEHCOPa MPOSIBISIET KATATUTHIECKYIO aKTUBHOCTB, T. €.
yCKOpsIeT Tpoliecc oOMeHa 2JIeKTpOHAMHU MeXIY CYOCTPaToOM U 3JIeK-
TPOIOM.

TpaHCIIOPT 3MEKTPOHOB MOXET OCYIECTBISATLCS Pa3IMIHLIM 06pa-
3oM (puc. 14.9).

1. TlepeHOC 2/MEKTPOHOB TIPOUCXOMUT ¢ y4acTueM IUbQDY3MOHHO-
MTOABHXHOTO TIPOMEXYTOUHOIO HU3KOMOJIEKYISIPHOIO TEPEHOCYUKA
9JIEKTPOHOB — MemuaTopa. CxeMa mpoliecca B 3TOM cJIyJdae UMEET BUJ

S+E0x_>P+ERed
Egea + Mox — Eox + Mgeq

DnexTpoa

M Red

rae Eoy, Ered — COOTBETCTBEHHO OKHCIEHHAS M BOCCTAHOBJIECHHAS
(opma akTUBHOTO UEeHTpa depMenTa; Mo, M.y — COOTBETCTBEHHO
OKHCJIEHHAsI U BOCCTAHOBNICHHAs1 (popma MenuaTopa.

Menuarop HODKeH OBITH crieluduIecKuM cyOocTpatoM depMmeHTa
U, KPOME TOTO, NEKTPOXMMUYECKH aKTUBHBIM Ha SJEKTpOJie U3 JMaH-
HOro Martepuaga. MenuaTopHBIM MeXaHWM3M TPAHCIIOpPTa DJIEKTPOHOB
HIMPOKO MCTIONB3YETCS IS TIPOBEHEHMS DJIEKTPOXMMUYecKX hepMeH-
TaTUBHBIX PEAKIIUH.

2. IlpsaMoii TiepeHOC 2JEKTPOHOB TIPOMCXOAUT MEXIY JIEKTPOIOM
U aKTUBHBIM 1IeHTpoM (depMeHTa. IIpsamMoii nepeHoc 3JeKTpOHOB 00-
HapyXeH ¥ UCCJIeNOBaH HJId JIAKKA3bl, TePOKCUNA3bl, THAPOTeHA3HI.

3. TlepeHoC SMEKTPOHOB MeXIy aKTUBHBIM IeHTpoM (depMmeHTa,
BKJIIOUEHHOIO B OPraHWYECKHE TOJMMEpPHbBIE ITOJYIIPOBOAHHUKH, U
IIOMEHaMH B TTOJTYIIPOBOTHHKE.

IIpy KOHCTPYMPOBAHUM OMOCEHCOPOB HAUOOJIBIIEE MPUMEHEHWE
HanleN Tpollecc IEKTPOBOCCTAHOBICHHS IIEPEKUCH BOIOpOAa ¢ Io-
MOLIBI0 UMMODHITM30BAaHHOM TMepoKcHIaskl. [1pUBeneM HECKOIBKO TIpH-
MEpPOB.

oxté
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OnpeneneHue KJIIOYEBLIX MeTaboJuTOB. MHOrue dep-
MEHTHI OCYHIECTBIISIIOT OKCUIOA3HYIO0 PEaKIIMIO C Pa3iuYHBIMHU Belle-
cTBaMU (DJIIOKO30H, aMMHOKHUCJIOTaMH) ¢ 00pa3oBaHMEM NEPEKUCH
Bonopopa (cM. BeiIIe). B 9TOM ciydae mepoKCHIA3HBIH 3JIEKTPO]L TTpe-
o0pa3yeT KOHIEHTPALIMOHHEIM CUTHAN B 2JieKTpudeckuii. Ilpu copme-
CTHOI MMMOGWIM3alMH IBYX (epMeHTOB — OKCHIA3b! M MTePOKCUIA-
36 — TIPOMCXOJAT CJIEAYIOLINE TIPOLECCHI:

Okcupasa

AH, + O,

A+ HzOz

Ilepokcupasza

H,0,

Hzo + 2e

B ycrioBusx, Korga JUMUTUpPYIOIEil sIBiseTcd TIepBas CTaaus, chia
TOKa JIUHEIHO CBsI3aHa ¢ KOHIIEHTpauueil Metabomura AH,.

OnpeneneHue CYNEepTOKCHUHOB U GOEBBEIX OTpaB-
JSI0WKUX BellecTB. bonbuiag rpymnmna ¢pochopopraHudecKuX co-
E€MWHEHUN SBISIETCS CHIBHBIMU SIIaMH, OHU OJIOKUPYIOT B LICHTPAJIb-
HOM HEPBHOM cHCcTeMe (hepMEHT alleTHIIXOJUHACcTepasy. [1o aHamormy-
HOMY MEXaHU3MY IeHCTBYIOT OONBHIMHCTBO MECTHITHIOB. BuUTH paspa-
00TaHBl OMOCEHCOPHI BLICOKOI YYBCTBUTEIBHOCTH JJIS OIPENC/ICHUS
KOHIIEHTPAIMH TaKOTO poJia COeIUHEHHI, OCHOBAHHBIE HA CJIEXYIONIMX
(pepMEHTATUBHBIX peaKLMIX:

AHCTI/IJIXOJIHH3CTCpa3a
AUeTHIXOJTUH » XOJUH + YKCyCcHas KHUCJIOTa
XonuHokcHaasa
XomuH + O, H,0, + OxkcuxonuH
INepokcupasza
H,0, H,0 + 2e

Nurnburop (3apuH, 30MaH, BU-Ta3) GJOKHPYET aKTUBHOCTH alle-
TUIXOJUHICTEPA3kl, B KOHEYHOM HUTOre yMEHBIIAasd TOK 3JIEKTPOHOB
Yyepe3 MOBEPXHOCTE 9NeKTpona. YyBCTBUTEIBHOCTb OUOCEHCOPa COCTaB-
aset 1072 Monb/n1 HeMPOTOKCHUHA.

Buocencopwr na ocroge kaemox. OHO U3 MOCTHKEHUI GUOTEXHOJO-
TMU ¥ OMOWHXEHEPUM CBSI32HO C PAa3BUTHEM METONOB BKIIOYEHUS
>KUBBIX KJIETOK B TIOIUMEPH U TBEPIBIE HOCUTEIN pa3TMIHON TIpUpPO-
bl U TIPUMEHEHUEM TaKOro polla MaTepwalloB ISl pellleHUs 3a1ay
MEIWIIMHEL, YIIpaBiseMoro OMocuHTe32, aHanu3a. C UCTIOIb30BAaHUEM
XUBBIX UMMOOMIM30BAHHBIX KJIETOK CO3MAHO MHOTO Pa3IM4HbIX OHO-
ceHcopoB. OTMETHM HECKOJBKO TIOJIE3HBIX CBONCTB UMMOOMIM30BAH-
HBIX KJIETOK.

1. Kierkut — moctyriHelit Ouoioruueckuit Matepuan. Mcnonmbsaytorcs
KJIETKM pacTeHuil, XKUBOTHBIX, YeJI0BEKa, HO Haubosblllee TIPUMEHE-
HHUE HAalUIA KJIETKM MHKPOOPraHW3MOB, KOTOpble KyJIBTUBHPYIOTCH,
JIETKO BOCTIPOM3BOAATCH M TTOMIEPKUBAIOTCS B YHCTOM KyIbType. B oT-
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Juure ot GbepMeHTOB TIPU UCTIONB30BaHUU KIIETOK HE TpebYIOTCs [10-
pOTOCTOSIINE CTAANU OUYMCTKH.

2. Mmeronmecss METOOB MMMOOWIHM3AIIMM T103BOJISIOT TOJYYHUTH
KJIETKH, coxpaHsionue npakrnuecku 100%-10 akTuBHOCTL (pepMeH-
TOB M CIIOCOOHBIE DYHKIIMOHUPOBATh [UTUTEIbHBIE TIPOMEXYTKH Bpe-
MeHU. KiteTku coXpaHsIoT Bce Haubdosiee BaXXHBIE CTPYKTYPHI U TIPOSIB-
JISTIOT GONTBUIYIO CTa0MIIBHOCTD. B HEKOTOPEIX CITyUasiX KJIETKU COXPaHs-
10T XXHU3HECTIOCOOHOCThL M aKTUBHOCTH (DEPMEHTHBIX CUCTEM B TeUEHUE
HECKOJIBKHX JIET.

3. KiteTkd coxXpaHSIOT, KaK [MPaBHJIO, BCE CHCTEMEI XHM3HeODeCTIe-
YeHUsI, BKIo4Yast GEepMEHTHEIE CTaIMH pereHepauy KoGakTopos. DTo
MTO3BOJISIET IPOBOAMTD CJIOXHBIE TTOCTEN0BATENbHBIE PEAKIIUH, OCYIIIE~
CTBJISISI MHOTOCTAIUMHBIE TIPOLIECCH.

4. JInsa MHOTHX THUTIOB KJIETOK, 0cOOeHHO MUKPOOHEIX, pa3paboTa-
HBI 3(P(PeKTUBHEIE METONBI TeHETHUECKHMX OTepalluii, TO3BOJISIONIIE
MOJIy4aTh MYTAHTHL ¢ BHICOKHM COIEpXaHUEM TOTO MM MHOro Oenka
Wi pepMeHTa, YTO HAeT BO3MOXHOCTBH OIEPUPOBATH ¢ BHICOKOI(]-
(bEeKTUBHBIMU KATATUTUIECKMMHU CUCTeMaMu (CM. 1. 6).

OcobeHHoCcTH MeTaboIM3Ma KIIETOK MTO3BOJIAIOT CO3MaBaTh GUOCEH-
COPHI KaK HAa MHAUBUIYATBHBIE MOJIEKYJIBI, TaK U Ha HIMPOKHUE KIACCH
COEIVHEHMI, HATIPUMED Ha BCIO COBOKYITHOCTE OMOJIOrMYeCKH TIOTJIO-
LaeMBIX BellecTB. U1 co3maHms KIeTOYHEIX OMOCEHCOPOB, TAK XK€ KaK
U 111 hepMEHTHBIX, UCIIONIB3YIOTCS PasIMUHbIE TPAHCHBIOCEPHI: DIIEK~
TPOXMMUYECKME, BKIIIOYAsl aMIIEPOMETPUYECKUE (IETEKTOPHI KHUCIO-
pona, mepokcuaa BOHOPONA, MEIUATOPHI), MOTEHIHOMETpUIECKue
(pH-uyBcTBUTEBHBIE ¥ HOHCENEKTUBHBIEC 2JIeKTponbl, pH-uyBcTBU-
TEJIbHBIC TIOJIEBBIC TPAH3MCTOPHI), KOHAYKTOMETPUUYECKHE, OITHYEC-
KH€, aKyCTUYECKUE, KATOPUMETPHYECKHE.

TIpuHIMIIMATLHBIM BOTIPOCOM TIPH CO3NAHUM KIETOYHBIX GHOCEH-
COPOB SIBJISIETCST METOIl UMMOOMIN3ALIMH KiIeToK. IlepBoHadyanbpHO i
MMMOOHWTU3AIIAM KJIETOK C COXpaHEHUEM MX aKTUBHOCTH MCIIOJIB30BAa-
JIM MaTepHalbl MPUPOIHOTO TPOUCXOXICHMS: XEJIaTHHY, arap, alb-
TMHAT KaJIbIIUs, KappareHaH. B rrocientue roubl pa3paboTaHbI METOIBI
BKJIIOYEHHS XMBBIX KJIETOK B CHHTETHUECKHE TTOJTUMepHEBIe Teir. Oco-
OcHHO MHTEpECHbIE W IEepCIIEKTUBHEIE pe3yIbTaThl MONYUYEHH C HC-
MOJB30BaHUEM TaK Ha3BIBAEMOI0 METOId KPMOUMMOOWIN3AIIMU KIie-
ToK. ITponenypa MMOOUIH3AIIMN BKITIOYAET TIOTyYeHHE CYCTIEH3UH KITe-
TOK B pacTBOpe TOJIMMepa, 3aMOpaXUBaHUE CYCIICH3HH C MTOJIyYEHHU~
€M KpHOCTPYKTYPUPOBAHHEIX Tejieil, pasMopaxkinBaHUe ¢ 0O6pa3oBaHu-
€M TIOPUCTOr0, MEXaHUYECKU TIPOYHOIro MaTepHana, YCTOMUYMBOTO 10
teMmriepatypsl 70 — 80 °C. Kierkn, BKIIOYeHHEIE B TAKOTO pOja TTOPH-
CTBII MaTepHall, COXPAHSIOT aKTUBHOCTh M CIIOCOOHBI (DYHKIIMOHMPO-
BaTh B TEUYEHHE HECKOJBKUX MECHIIEB.

BuoceHcopsl Ha OCHOBE KJIIETOK TIPUMEHSIOTCS IUISL CEeJIEKTUBHOIO
onpeneieHus GeHOJIOB, TIPOJMHA, [IyTaMuHa, TUPO3WHA, MOJIOYHOM
M 4CKOPOMHOBOM KUCNOT, NIOKO3b. OHM MO3BOJISIOT aHATU3UPOBATHL
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CyJb(haT-uOHbI, HOHLI AMMOHHS, MOHOMETUJICY/Tb(aTa. YHUKAILHBIE
BO3MOXHOCTH 00eCIIeYUBAIOT KJIETOUHBIE OMOCEHCOPH! ISl 9KCIIPECe-
aHanu3a KayecTBa BOJBI M CTOUHBIX Bon. PazpaGoraH MeTox onpeliese-
HUSI GHOJIOTMYECKOTO MOTPebeHns KUCAopoaa — CYMMapHOTO COnep-
JKaHMs OpPTaHUYEeCKUX COETUHEHUI, KOTOpble MOIyT OBITh MCIIOJIB30-
BaHbl MUKpOOpraHnuaMaMu. TpaguIiHOHHBIN MeToI TpeOyeT st 11oJy-
YeHUs TaHHBIX HECKOJILKHUX CYTOK. BHoceHCOp ¢ MMMOGHMIM30BaHHBI-
MM KJIETKAMH TI03BOJISET ITOJYIaTh 9T X€ Pe3yJIbTaThl B TEUCHUE He-
CKOJILKUX MUHYT.

BuoceHcopbl Kak HOBBIE AHATUTUYECKHE YCTPOHCTBA, IO3BOJISI-
0lIYe TOIYYaTh U epepadaThIBaTh IKCIpecc-UHPOPMAIIHIO O XUMH-
YECKOM COCTaBe TeX WM MHBIX OOBEKTOB, B HACTOsEE BpeMs UH-
TEHCHBHO Pa3BUBAIOTCS. DTH OHMO3NEKTPOHHEIE YCTPOMCTBA TTO3BOJIS-
IOT [TOBBICHTH KAaYECTBO MEIUIIMHCKMX aHAIM30B, KOHTPOMS TEXHOM0-
TUYECKUX IPOLIECCOB, OLIEHKM IMMIIEBLIX TIPOAYKTOB U OKpyXKalouiei
cpebl.

NmmynodiepMenTHylil anain3. DTOT METOX TTO3BOJSIET B PEXHUME TIpe-
IEJbHO BHICOKON YYBCTBUTEIBLHOCTH OTIPEACIIATh OENKOBBIE KOMITOHEH-
TH ¥ HU3KOMOJIEKYISIPHBIE COSTUHEHUS B CIOXHBIX OMOXUMUYECKHUX
o0BeKTax.

OcHOBOI1 MeTONA CIYKUT, C OXHOM CTOPOHEI, CITIOCOBGHOCTL AHTH-
TeN 00pa30BBIBATh MPOYHEIE ClieTMGUUYESCKUE KOMIUIEKCH C aHAIU3U-
pYEMBIM COETUHEHUEM, C IPYTOH CTOPOHH — CIIOCOOHOCTh (pepMeH-
TOB IIPOBOIHUTH OIIpENEICHHBIE XUMUYECKHE peaklnu. M3aMepseMbIM
IapaMeTPOM SIBJISIETCS aKTUBHOCTD (KOHIIEHTPALINS ) MapKepHOro gep-
MeHTa. PepMeHT IBIAETCS XUMUYECKUM YCHINTEIEM curHana. B pe-
3ynbpTaTe epMEHTAaTUBHOM peakiiMM B TEUCHHUE OIPEAEIEHHOIO Bpe-
MEHHU ¢ y4acTHEM OIHOTO aKTMBHOTO ILieHTpa o6pasyiorca 10°— 107
MOJIeKYJI IIPOAYKTA. DTO NO3BOJIAET YBEUYHUTH YYBCTBUTENHHOCTD aHAa -
nusa B 10°— 107 pa3 u B pe3ysibTaTe 06HAPYXUBATh YJILTPAHU3KHE KO-
nudecTBa BeulecTB. IMMyHodepMeHTHBIM aHaIU3 IIPUMEHSETCS TIPU
IMarHOCTUKE B MENUIIMHE, BeTEPHUHAPUHU, TIPH MOHHMTOpPUHIEe OOBEK-
TOB OKpYyXarwulei cpenbl ¥ T. .

CeneXTHBHBIMU AreHTAMM UMMYHO(DEpMEHTHOTO aHATN3a SIBISIOT-
cs aHTuTeNna (MMMYHOTJIO0YIMHBL). AHTHUTEIA CUHTE3UPYIOTC B Opra-
HU3ME BEICHINX XHMBOTHBIX B OTBET HA TTOSIBIeHHUE YYKCPOIHOTO Bellle-
CTBA — aHTUTeHA. AHTUTEJIA UMEIOT ONMHAKOBYIO OPraHU3alluio BTO-
PUYHOI, TPETHYHOU CTPYKTYpPH M pa3mu4yaloTCs CTPYKTYpPOH Bapua-
GenpHOTO yyactka Fab-dparmeHTa, OTBETCTBEHHOIO 32 KOMILIEKCO-
o0pa3oBaHHe ¢ aHTUreHOM. [loj aHTUTEHOM TTOHHUMAIOT HEKOTOPYIO
00001IEHHYIO CTPYKTYPY, IIPOTUB KOTOPOIl MOTYT OBITh TIONy4YeHbI aH-
TUTENA. B KauecTBe aHTUTEHOB MOT'YT BBICTYIIATh KJIETKH MHKpOOpra-
HU3MOB, BUPYCHI, OENIKHA ¥ Pl HU3KOMOJEKYISIDHBIX aTeHTOB.

AHTHTENA TPATULMOHHO TI0JIy4aioT UMMYHM3ALUeR XUBOTHBIX. 1St
3TOrO B KPOBb XMBOTHOTO BBOJIST AHTHUIEH B TEUEHUE OIIPENEACHHOTO
BPEMEHM, BBI3BIBAS AKTUBAIMIO JUMQPOIIUTOB U CHHTE3 COOTBETCTBY-
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JOILIETO UMMYHOIIIOOY/TMHA. B pesyibrare 1mosydatoT Habop OelKOBhIX
MOJIEKYJI, 0OJIAAIONHX CITOCOOHOCTRIO CBA3BIBATh AHTUTEH. DTO TaK
Ha3bIBaeMble MTOJUKIIOHATIbHBIE aHTUTeNa. CBA3BIBAHME XapaKTepHU3y-
eTcs OIIpeleIeHHBIM AMAIla30HOM KOHCTAaHT KOMIUIEKCOOOpPa3oBaHus.

Jls teneit MIMMYHO(EPMEHTHOTO aHaiM3a OOJIbIIOE pa3BUTHE T10-
JIY4MJIA METOJBI CUHTE3a MOHOKJIOHAJILHBIX aHTUTEN, OCHOBAHHbIE HA
UCIIONb30BaHUU TMOpunoM. [ubpunoma — 310 rubpua UMMYHOTIIOBY -
JIMHIIPOU3BOMSAIIMX KJIETOK — B-TMMGOLUTOB U ONyXONeBbIX, pako-
BBIX KJIETOK, MuesioMHBIX JuMbounutos (I'. Kerep, K. Munbiureiin,
1975 r.). B pesysbrarte peakiy THOpUAM3ALNY TTONYYATOTC aHTUTENO-
TIPOAYIIUPYIOLIME KIJIETOK, THOPHUIOMBI, CITOCOOHBIE Pa3MHOXAThCSl B
CHUCTEME in vitro. FuOpUIOMHas TexHoIorus o0eCIiednBaeT UMMYHO-
(hepMEHTHBIN aHAJIN3 HEOOXOAMMBIM KOJIMYECTBOM aHTHTEN, KOTOphIe
XapaKTepU3YIOTCS Y3KUM pacIipeie/ieHUeM 110 KOHCTAaHTaM KOMILIeK-
cooOpa3oBaHusI C AHTUTEHOM.

PU3UKO-XUMHUYECKOM OCHOBON MeTofa SBISIETCS MCCIIELOBAHWE
paBHOBeCHsT 06Pa30BaHMs KOMIUIEKca MeXAY aHTuTeJIoM Ab u anTu-
TeHOM Ag:

Ab + Ag === Ab-Ag

Ecii aHTHTEI0 «MeTUTCS» (hbepMEHTOM 3a cueT 06pa3oBaHUsI KOBa-
JIEHTHOU CBSI3W MeXHy OBYMs OejIKaMH, TO II0 YPOBHIO CBSI3AHHOIO
WY CBOOOJHOTO MEUYEeHOrO aHTHTeNa Wi aHTUTeHa MOXHO OIlpeje-
JIUTh KOHIIEHTpALHI0 aHTHreHa (KJIeTOK MHKPOOPraHM3Ma, BHUpycCa,
0eJiKa, HU3KOMOJIEKYJISIDHOTO COEIMHEHUS).

ITonyuyeHne KOHPBIOTaTOB MMMYHONIOOYJIMHA M (hepMeHTa MOXET
OBITh OCYLIECTBJICHO HAOOPOM XMMHYECKUX METOMOB, MHOTHE U3 KO-
TOPBIX 00CYXKOAI0TCA B [T, 2. AHATOTUYHBIMU CITOCOOAMH TTONTYJaroT KOHb-
oraTbl MeXXIy aHTUTEeHOM U (pepMeHTHOU MeTKOii.

B kadecTBe MeTKM 111 UMMYHOGMbEPMEHTHOTO aHATIM3a UCITOIb3YIOT
pasnmu4uHble epMeHThI. KpuTeprueM BEIGOpa ABJIsSeTCsT BHICOKAsI KaTa-
JINTHYECKAs] aKTUBHOCTh, CTAOMIILHOCTD, YAOOHBII MeTOI MOHUTOPHHIA
KaTaTUTUYECKOM aKTHBHOCTH, BBICOKUI YPOBEeHb COXpaHEHHS aKTHB-
HOCTU B PeaKIIMU KOHBIOTHPOBAHHUS C aHTUTeIOM. YyBCTBUTEILHOCTD
MMMYHO(DEPMEHTHOTO aHAIN3a OIpeeliseTcsd KOHCTAaHTOM quccouma-
LIMH KOMIUIEKCa aHTUTeH — aHTUTENO U KaueCTBOM DPEaKlLIMH OIIpeie-
JieH!s ¢pepMeHTaTUBHOI aKTUBHOCTH.

KoHCTaHTHl yCTOMYMBOCTH KOMIDIEKCOB aHTHUTEJ ¢ aHTHIeHaMH
usMeHstoTcs B auamnasone 107'2— 107% monb/n. CooTBeTCTBEHHO Ipe-
Ilenn o6HapyXeHUs ¢epMeHTa B XOpOLIO NMoxoopaHHoil ¢hepMeHT-cy0-
CTPAaTHON peakilyy Takke BBICOK. Tak, B peaklIMH T'MIAPOJIH3a 2-HHUT-
potdeHwn--D-rajakTonupaHo3uga Moa JeficTBHEM [3-TalaKTO3H1a3bl
npenen obHapyXeHus cocTapiseT 1,8- 10712 Monb/i1; pu rugponuse
4-nutpodenmndocdara moa AeHcTBUEM MIeJOUYHONH docdaTtasbl —
2. 107 Monb/m; TIpY OKMCIIEHUH JTIOMUHOJIA B IPUCYTCTBUM n-Hoade-
HoJa TIOf JeficTBUeM MepoKcuaassl — 2,5 - 10715 Monb/i1.
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Pa3paboTaHo HecKONbKO (hopMaToB UMMYyHOGMEPMEHTHOTO aHaJM-
3a, MO3BOJIAIOLIMX B pe3yiabTaTe HCCIIEIOBAHMS pABHOBECHUS OIIpede-
JIUTH KOHILIEHTPA1IMI0 UCKOMOTO aHTureHa. IllIupokoe mpuMeHEHHE Ha-
e MeTol TBepaodaszHoro mMMyHohepMeHTHoro aHanmusa (Enzyme
Linked Immunosorbent Assay (ELISA)). B aToM ciyyae anTuTesna uM-
MOOWIN3YIOTCS Ha TBepaoi (hase, a MeueHBI! U HeMedeHbI aHTure-
HBl KOHKYDHPYIOT 3a CBSI3bIBAHME C aHTUTenaMu. M3aMepeHHe akTHB-
HOCTH COPOMPOBAaHHOTO (hepMeHTa IMO3BOJISET ONPEAETUTh KOHIIEHT-
palyio aHTUTeHa.

Bo3MOXHBI BapHaHTEl TOMOTEHHOTO UMMYHO(hEpPMEHTHOIO aHAJ M-
3a, TIpM KOTOPOM aHTHUTENO 3aKpbIBAeT aKTHBHBINA LIEHTp (bepMeHTa.
KoHKypeHTHOe BBe/leHHe aHTHUTeHA B aHATN3UPYeMBIil 0Opasell BbI3bI-
BaeT JecOPOLMIO KOMITIeKca (hepMeHT —aHTUTeH W TTO3BOMSAET U3Me-
PHUTh KaTATUTHYECKYIO aKTHUBHOCTb, KOTOPasl ITPOIOPLIMOHAIbHA KOH-
LIEHTPALIMY aHATU3UPYEMOTO COETUHEHUS Ag:

E~Ab + Ag == E +Ag+—Ab
Karanurnye- AHanuzm- Karanutu-
CKH HEaKTMB- pyeMoe YECKH aK-
HbIf KOM-  BEILECTBO TUBHBI
IJIeKC ¢epMeHT

B Ta6n. 14.2 mpuBeleHB! HEKOTOpBHIE ITPHMEPHI MCIONb30OBAHUS
UMMYHO(MEPMEHTHOTO aHAJIN3a U TIpeIe/Ibl 0OOHapyXXeHUsT HCKOMBIX aH-
TUT€HOB.

ITlonumepasnas yennas peaxyus. icnonbsosanue J1HK-momuMepas,
CITOCOOHBIX IIPOBOIUTE TOCTPOIAKY BTOPOHA ITOJUHYKJIEOTHIHON LIETTH
Ha Martpule omHouernodeuHoit JIHK, obGecrmeumsio yHUKanbHBIA IO
YYBCTBHUTEJIBHOCTH U CEJIEKTUBHOCTH MeTOJ OOHapyXKeH s HYKJIEUHO-
BBIX KHCJIOT C OIlpeleIeHHOH IOC/ea0BaTeIbHOCThIO HYKJIEOTUIOB.
MexanusM meiicteusl ¢pepMeHTOB 3TOTO THUIa onmucad B Il 8. Kave-
CTBeHHBIH ckavyok B mpuMeHeHud JIHK-moimMepas cBg3aH ¢ UCIONb-
30BaHHUEM TepMocTabwibHbIX JJHK-mmomuMepas TepMopUIBHEIX MUK~
poopranu3moB. Kak uzsectHo, JJHK-nmonmuMepassl gocTpauBaior 1mo-

Tabnaunoa 14.2

Ilpenesni oOHapyxeHus HEKOTOPLIX BELIECTB METOAOM
HMMyHO()ePMEHTHOTO aHAJIH3A

AHTHTEH depmenT Mpenen Mog::/pny)l(eﬂm,
WncyauH pB-TanakTosnnasa 2,0-1012
XOpUOTrOHAZOTPOIHH ITepokcumasza 8,0.10°!
TupokcuH MarnartgeruaporeHasa 2,0-107
IporectepoH B-TanakTosunasa 1,6 -10710
Bupyc rematura B HepOKc‘n}wa 9,0-10°8
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JIMMEPHYIO 11eITh HyKJIEMHOBOH KHUCIOTHL. OTO 00eCIeYBaET CEJIeKTUB-
HOCTb METOJa, ITOCKOJBbKY MAEHTH(HUKALIMA UCKOMOTO ITOJMHYKIIEO-
THIA UIET C UCITOMBb30BaHHEM TTpafiMepa — OJIUTOHYKIEOTH/IA, CeleK-
THUBHO CBSA3BIBAIOLIETO HEGOIBIION YYACTOK ITOJIMMEPHOM LIEMH U TIpe-
BPALIAIOIIETO HA 3TOM y4yacTke ogHolernoueunyio JHK B aByxieno-
yeyHylo. Jlanee JIHK-monumepasa mocTpanBaeT MOTHUHYKIEOTHUAHYIO
LETIb 0 TTOJTHOU MOJIEKYJIbI (CM. 1. 4).

Hcnonessosanue tepMocTadbuabHoi JJHK monnMepaser nossoauio
IIPOBOIUTE peakilMio B IUKIWYECKOM DPeXUME, OCYIHECTBRISS «ILTaB-
JeHue» oOpasoBaBlieiica aByxuernoueuHoit JHK ¢ mocienyommm
TIPOLIECCOM JOCTPOMKH MOJIEKYNl Ha BHOBb OOpa3oBaBllieiics MaTpHIIE.
TakuM 06pa3oM, KaxKObIi UK YABAUBAET KOJUYECTBO UCKOMOM ITO-
sunykineotuaHol uernu. Ipoogs 10— 20 UMKIOB, MOXHO HAaKOIIUTh
konnuecTso JIHK, mocratounoe mia npsimoro Habmonenus 3a JHK
(HU3UKO-XUMHMIECKMMU METOHAMM.

MeTtonuka SIBJISIETCS YHUKAIBHOM M obeclieurBaeT BO3MOXHOCTH
OBHapyXeHHUsI MaJbIX KOJIMYECTB ITaTOTe HHBIX MUKPOOPraHNU3MOB, B1-
PYCOB, BBHISBJIEHUSI U HAEHTH(PUKALMU TeHETHYECKUX 3200 IeBaHUIA.

BuonomunecuenTHolil MuKpoananu3. Hanbonee 9yBCTBUTETBHBIMHI
B OMOXMMHUUYECKOM aHAJIM3e SIBJISIIOTCS MeTO/Ibl, OCHOBAaHHBIE Ha SIBJie-
HUU GHOMIOMUHECLIeHIIMU. M3BeCTHBI HEKOTOphIE peaKluy, IIPUBOIA-
IIMe K 00Pa30BaHHUIO 3JIEKTPOHHO-BO30OYXKIEHHBIX COCTOSHUI Mose-
KYJI, SMUTHPYIOUINX KBaHT cBeTa. HaubGosee MOMyIsIpHBIME SIBJISIOTCS
CJIeYIONVE PeaKI[AH:

1) okucieHUe JIOMUHOJA TIEPOKCHUIOM BOJOPOMA IOX jJeldcTBHEM
MePOKCHUAA3bI

[Mepokcunasa

AmuHodTanat + N, + Av (A= 425 um)

2) okHcieHne amupaTuYecKHX CIIIPTOB MonuGepa3oil CBeTIILuX-
csi 6akTepuil ¢ y9aCTHEM BOCCTaHOBIEHHOTO (hIaBUHMOHOHYKJIEOTH-
na (PMH)

Jiomunon + H,0,

®MH - H, + Jexananb + O, —
— OMH + Jlekanosas kuciora + hv (A = 490 um)

3) AT®-3aBucuMoOe OKMCIIeHWe MOLUGbEpHHa, KaTalu3upyeMoe
monndepasoil cBeTISAKOB

Jhouudepun + ATO + O, — OxcwmnoundepvH + AMOD +
+ Mupodocdar + CO, + Av (A = 560 HM)
MeTogamMy reHeTUYeCKON MHXEeHEPUH TTOJTY4eHbl MyTaHTHEIE (HOP-
MBI (pepMeHTa cO CMEUIEHHON MoIocoil B CIIEKTPE NIOMUHECLIEHIIMH
o 610 uMm. INocnennsaa peakuus obecrieyniBaeT BHICOKOUYBCTBUTEIb-

HBIA METOI MeTeKIIMH KHUBBIX KJIETOK MMKPOOPraHU3MOB. Bricokmil
yposeHb AT® gsisieTcst aTpuOyTOM aKTHBHO META00IM3UPYIOIIMX XU -
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BBIX KJIETOK. PaszpaboTanHas MeTonMkKa objiagaet UCKITIOYUTENbHON YyB-
CTBUTEJILHOCTBIO U TO3BOJIIET OOHApYXUBaTh B OOpaslle HECKOJIBKO
KJIETOK. MeTo/1 HaxoMuT MpuMeHeHue IIpH CAHUTAPHOM KOHTPOJIE, KOH-
TpOJIe KayecTBa ITUIIEBBIX MPOAYKTOB, B MeIMIMHCKOM AHAIU3E, B
He(TSHOR IMTPOMBILLITIEHHOCTH JIISI KOHTPOJIS 3a GHOKOPPO3UEH M MUK-
po6HOI MopuduKkaueil HeTeTPOTYKTOB.

14.5. ®epMeHTHI KaK JIeKAPCTBEHHBbIE MpeNapaThl

PepMeHTHI UTpatoT KITI0UEBYIO POJIb B COBPeMeHHOM hapManyy. 3Ha-
YUTeIbHAs 1O MPOU3BOAMMBIX B HACTOALUEE BPEMS JIeKaPCTBEHHBIX
TIpenaparoB MpeICTaBIseT COOOH PETrYISITOPHl aKTUBHOCTH TeX WIM MHBIX
(hepMeHTOB. J/I0CTaTOYHO HATIOMHUTE MHOTOKPAaTHO 00CY>K1aeMble B 3TOM
KHHIe HeCTepOUTHbIE IPOTUBOBOCIIATMUTEbHEIE ITPeITapaThl, TAKHUE KaK
acIIMpUH, aHaNbIUH, OpydeH, nHnoMeTauuH U ap. Bce 511 coenuHe-
HUS SBISIIOTCS WHTMOWTOpPAaMM TIpocTariaHAvH-H-cuHTa3ke (0 Mexa-
HU3ME AeHCTBHS 3TOrO (hepMeHTa CM. IJ1. §).

B HeKOTOpBIX BecbMa BXHBIX CITy4yasX (hepMeHThI KaK OeJIKOBBIE MO-
JIEKYJIbl MCTIONB3YIOTCS B KaUeCTBe JIEKAPCTBEHHBIX TIpernaparos. B Meau-
LIMHE VCTIONB3YIOTCA Cileaytouue (hepMeHTH.

1. Pepmernmui koppexyuu nuwiesapenus. JIuTasel, IpoTeassbl U3 pas-
JIMYHBIX MCTOYHUKOB HCITOJIL3YIOTCS KakK JOIOJHUTENbHBIE (hepMeH-
TBI, 00JIeryaolye pa3jaoXeHne XUPOB U OETKOB Ha COCTABHBIE YacTH
B TpOIIECCe ITUILEeBapEeHHSl.

2. Depmenmbr HapyHcHO20 npumererus. Ha ocHOBe MMMOOHITIH30BaH-
HBIX IPOTEa3 pa3TUYHOTO NPOUCXOXICHUSI CO3MaHBl NepeBI30YHEIE
MaTepuaibl, yaydlialone 3aXUBICHUE PaH.

3. Tpombosrumuueckue hepmenmot. CylleCTBEHHBIN ITPOTPECC B JiEYe-
HUWH CEepAECYHO-COCYTUCTHIX 3a00JIeBaHUN CBI3bIBAIOT C IPUMEHEHUEM
(hbepMeHTOB, pacTBOPAOIUX PUOPUHOBLIE TPOMOBI. DTO HallpaBjIieHUE
obGecrieurBaeTcsl DOMBIIUM HaOOPOM IMTPOTEONUTHYECKUX (epPMEHTOB.
AKTuBalMs TUTA3MUHOTeHa Ha (DUOPUHOBOM CTYCTKe OOeclieunBaeT
OCHOBHOMH ecTecTBeHHHBII! TIpoilece TpoMbonusuca. Co3maHbl XuMHUe-
CKU MOIU(PULIMPOBaHHBIE 10 AKTHBHOMY 1IEHTPY ITPOM3BOIHBIE TIIa3-
MMHOIeH4, TIPOJIOHIUPYIOLIHe AecTBUE (hepMeHTa U PelyIHpPYIole
npoiiecc TpoMbouzuca. st pactBopeHust GUOPUHOBEIX TPOMOOB HC-
TIOJIB3YIOTCS TIPOTEa3bl 6aKTe PUATHHOTO TTPOUCXOXIAEHUS — CTPENTO-
KHHa3a ¥ cradgmwioknHaza. Cozganue 3¢hdeKTUBHBIX TPOMOOIUTHYE-
CKHMX areHTOB CBSI3bIBAIOT C TKAHEBHIM aKTUBAaTOPOM IUTa3MHUHOIeHa U
MTPOTEONUTHIECKUM (hepMeHTOM — ypokuHa30i. ITomyyeHbl reHHO-UH-
>KeHEPHbIe BapWaHTHl YPOKHWHA3bI, M Ha 3TOM OCHOBE co3iaH ¢dapma-
KOJIOTMYECKHM TIpeltapar.

4. Pepmenmbr npomusoonyxonesol mepanuu. TopMOXeHMe pocTa OITy-
XoJIell B 3TOM cilyyae OCHOBAHO Ha CeJIeKTUBHOM (hepMeHTaTHMBHOM
MOJIUGUKALMUY PsIIa AMUHOKHUCIOT, UCIIOIb3YeMBIX PAKOBBIMM KJIET-
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KaMU [Tl ITposticpepalnyt pocta. TepaneBTHYECKH 3HAUUMMBIMH (ep-
MEeHTaM# 3TOr0 HalpaBjieHWsl SABJSIOTCA JU3UHOKCUIA3a, acraparm-
Hasa M Jp.

CraepxupalolmyM (PakTOpoOM ILIUPOKOIo NpUMeHeHHUs (hepMeHTOB
KaK MEIHIMHCKHX TIPernaparoB IBJIETCSI UX UMMYHOT€HHOCTh. MHO-
TOKPaTHOE BBeJeHHUE YYXKEPOIHOTO OeJIKa B CUCTEMY KPOBH YeJIOBEKA
MOXET BBI3BaTh CHHTE3 COOTBETCTBYIOIIMX AHTUTEI U Pa3BUTHE HUM-
MYHHOTO oTBeTa. MHXeHepHass SH3UMOJIOTHS HaXOOUT pellleHue 3TOU
MpOOJIEMBL B UCITOJIb30BAHWH PACTBOPHMBIX KOHBIOTAaTOB (DepMEHTOB C
CHHTETHYecKMMH TToJinMepamu. [TokazaHo, YTo BO MHOTUIX CITy4asix IpH
COOTBETCTBYIOIIEM IOI00pe TOJIMMepa UMMYHOTEHHOCTh OejlIka MO-
KeT OBITh CYLIECTBEHHO CHYKEHA.

14.6. BuokaTaJIuTHYECKHE METOJbI 3aLIHTDI
OKpYXammeil cpe/st

IIpo6iema coxpaHeHMsl OKpyXaomieil cpeibl pelraeTcsl IO IBYM
HaIpaBJIe HUSIM:

1) co3maHue HOBBIX TEXHOJIOTMYECKHX IIPOIECCOB ¢ MUHUMAIb-
HBIM YPOBHEM OTXOJOB KCEeHOGUOMUK08 — XUMWUYECKUX COeTUHEHHUH,
HapylLIaIOUINX PABHOBECHE ITPOLECCOB B IIPUPOJIE U BLI3HIBAIOIIUX TH-
OeJIb XXKUBBLIX OPraHMU3MOB;

2) pa3paboTKa BEICOKO3((eKTUBHBIX MPOLeCCOB JECTPYKUHAHN KCe-
HOBHOTHUKOB C OOpa3oBaHUEM ITPOAYKTOB, HETOKCHUYHBIX JJIS CPebl
obuTaHusl.

buokarannzatopbl B GONBIIMHCTBE CIY4aeB CIIOCOOHLI 06eceYuThb
ITOJIHYI0 KOHBEPCHIO KCeHOOHOTHKOB (IIECTULIMIOB, IIPEIapaToB Obl-
TOBOM XMMHH, OTXOAOB IMPOMBILLIEHHBIX TTPOU3BOJCTB U T.11.) B IIPO-
JYKTBI, COBMECTHMBIE C OKpYyXKarouei cpernoi.

JI1060#i TpoayKT, BHECEHHBI B OKPYXAIOIIYIO Cpely, HallpuMep B
ITOYBY, IIPETEPITEBAET AeCTPYKLHIO BO BpeMeHH. OIHAKO 3a4acTyIO 3TH
MPOLIECCH ITPOTEeKAalOT MAJOUHTEHCUBHO, IO CJIOXHBIM IWHaMWYe-
CKWUM 3aKoHaM. IToCKONBKY Ha KOHEYHOM 3Talle IPOLEeCChl TeCTPYK-
UMM MAYT 1o, aeiicrerieM (epMeHTOB, HX MOXHO Ha3BaTh 3K00UOKA-
manumuyeckumu. O4eBUIHO, YTO IVIABHOM 3anaveil 5KOOHOKaTaI13a sIB-
JigeTcsl UcclefoBaHe KMHETHKM peakUMil JecTPYKLIMH KCEHOOHOTH-
KOB ¢ y4acTveM MHMKPOOPIaHMU3MOB U (hepPMEHTOB C 11eJIbl0 UX UHTEH-
cHU(UKALIY.

OcobeHHOCThI0 OMOKATAIMTHYECKHUX ITPOLIECCOB B IIPUPOJIE SBJISI-
eTCs TO, YTO IeCTPYKIIMUS BelllecTB, B KOHEYHOM HUTOTE, IIPOUCXOIUT
JI0 MUHepanbHBIX KoMmoHeHTOB (CO,, NH;, H;PO,, H,S u 1p.). Ot
TIPOLIECCHI MOXHO Ha3BaTh OMOMHWHepanu3alueil BelecTsa, © UMEHHO
OHH TIPEACTABISIOT HauboIbINi WHTepec. [IpU 3TOM IIpoleccH je-
CTPYKLIMK MOTYT IPOXOAMTh KaK HEIOCPENCTBEHHO B OKPYXaIOIIeH
cpene (6BMOMUHEpATH3ALINS BEIOPOCOB HehTH M He(TeNpONyKTOB), TaK U
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B CIIELMATIbHBIX allapaTax, 00ecIlleYuBalolMX Mpere/IbHYI0 TIOITHOTY
Y WHTEHCHUBHOCTb IIpeBpallieHui (Halpumep, aHa3poOHasl IeCTPyK-
LMsT OTXOJOB CEJIbCKOXO3SIHCTBEHHOIO NMPOWU3BOACTBA WMJIM NMHIIEBON
[IPOMBIIIJIEHHOCTH).

Oco0eHHOCTH KHHETHKH OMOKATAJIMTHYECKHX HPOIECCOB. AHANMMU3
MHOTOYMCIIEHHBIX SKCIIEPUMEHTAJIBHBIX JaHHBIX IMTO3BOJISAET BBISIBUTH
HECKOJIbKO TUITHYHBIX 3aBUCHMOCTEU U3MEHEHHUS KOHIIEHTPAlluU KCe-
HOOMOTHKA BO BpeEMEHH. OTH 3aBUCHMOCTH CBA3aHBI C MEXaHU3MOM
3BOMIOLMY OMOKATATUTHIECKOH crcTeMbl. [ToHMManue MeXaHU3MOB I10-
3BOJISIET C(hOPMHPOBATh OIITUMANILHYIO CXeMy Ipoliecca. Haubonee Bax-
HBIMMY TIPeICTaBISIOTCS 1Ba MeXaHW3Ma KHHEeTHIECKOTo MTOBeaeHUs OHo-
CHCTEMHEI.

1. Ilpouece mecTpyKuMu KCeHOBMOTHKA OCYLIECTBRIIsIeTCS (hepMeHT-
HBIMM CHCTEMaMK MUKpoopranusMa. [pu 3ToM pasnoxeHnue KCeHOOHU-
OTHKA He CBSI3aHO C POCTOM IMOMYJIALIMY MHKPOoopranusMa. KoHIeHT-
pauusi OMoKaTaIM3aTopa B TeYeHWE OIpeIeIEHHOTO IIPOMEXYTKA Bpe-
MEHM OCTaeTcsl MPaKTUYECKU ITOCTOSIHHOW WJIM U3MEHseTCsl Hecyllle-
CTBEHHO. DTO MpocTeNIInii ciyyail mpespaleHus BelecTsa S B Mpo-

k "
IyXT P: § — P, KOTOpbIII MOXeT ObITh ONMMCAH KHHETHYECKHUM ypaB-
HEHUEM TIePBOro IMOpsIKa

_dS _dP s
dt  dr
S = Syexp(-ki), P= Sl — exp(~kt)].

Ha6imonaemas KOHCTaHTa CKOPOCTH k 3aBUCUT OT KOHLEHTpaLWHU
ouokatanuzaropa. Ha puc. 14.10 mpuBeneHa KuHeTHYeCKast KpuBasd pas-
JoXeHNs (ochopopraHmIecKoro 60eBOro OTPaBIISIONIETO BEllIECTBA
30MaHa IT0YBeHHBIMH MUKpoopranusMamu. HabmogaeMas KOHCTaHTa

cKopocTH peakuyuu paBHa 0,2 ul,
18(S/Sy) TTepyoJ PasioKeHHUS TTOJIOBUHEI Be-
mectsa paseH T = 0,69 (k = 3,45 4).

Takoro poma 3aBUCUMOCTH MO-
TYT HabmomaThecsl M B cIydae, KOr-
JIa TIPOLIECC XapaKTepHU3yeTCsl MaIOH
CKOPOCTBIO pOCTa MUKPOOpraHu3Ma
IIPY OTHOCHUTEJIBHO BBICOKOM CKO-
poctHu norpebieHus cyocrpara.

2. Ipoiiecc gecTpyKIMU KCEHO-
ouoTHKa SBIsIeTCS HEOOXONUMBIM
- : . : JUIS Pa3BUTHSL TIOIYJISILIMH MUKPO-

0 5 1015 20 4, q opraHmsMa (Harpumep, pasjloxe-
Puc. 14.10. Kunetnka gectpykiuy HHME KCEHOOHOTHKA HeobOXoIuMO
60CBOro OTpaBIsIOLIEro BellecTsa IS 00eCIIeYeHUS MUKPOOPTaHU3Ma
30MaH Noj IeCTBUEM ITOYBEHHLIX YIJIEPOIOM, a30TOM HWJIH docpo-

MUKPOOPTraHMU3MOB poM). B sToM ciryyae KiHeTHKa pas-
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JIOXEHUS BEIeCTBa ONpeesiIeTCs] KWHETHKOM poCTa MOMyISIIuy MUK-
poopraHu3Ma M OITUCHIBAaeTCsl ypaBHEHNEM

aM

dt

rae u=u,S/(Ks +S) — ypaBHeHrMe MoHO; M — KOIMYeCTBO MUKPO-
OpraHu3MoB (MUKPOGHO# OMOMACCH); U — Y/eNbHas CKOPOCTh POcTa
MHUKPOOpraHusmMa; § — KOHLEeHTpaiusl cyocTpara (KCeHOOMOTHKA);
W, — MakCUMaJibHasl yeJIbHasi CKOPOCTb POCTa MHKpoOpranusma; K —
KOHCTaHTa CPOJICTBA MUKPOOPTaHMU3Ma K TaHHOMY cybcTpary.
IlpeamosnaraeTcsi, 4YTO KOJUYECTBO MPOpearMpoBaBllero cybcrpara
¥ [IPUPOCT OAOMACCHI CBA3aHEI IMHEHBIM OTHOIeHHEM dM = -YsdS,
rae Ys — 3KoHOMHu4YecKMi KO3(MGHUILIMEHT, OTPaXaILMA AOTI0 Cy0-
cTpara, repelieaero B popmy 6uoMacchl. UHTerpupoBaHue 3THX ypas-
HEHHUH TIPH YCJIIOBHH, YTO KOMWUYeCTBO OMOMACCHI CYILIECTBEHHO IIpe-
BHIIIAeT KOHUEHTpAIWIo cybcTpara, IIPUBOIUAT K YpaBHEHUIO

b

K HmSo
InX-—=5_In(l-aX)=-—"="2 ¢
f S0+Ks n( “ ) S0+KS ’
Tae
yo MMy My
M, YsS M,

rne M, — HavyajbHOe KOJIUYECTBO 6MoMacchl; M,, — KOHeYHOe KOJiM-
YeCTBO OUOMACCHI.

Jlnst mepexoma OT KHHETHKH POCTa KJIETOK MUKPOOPraHM3Ma K KH-
HETHKE W3MEHEHUs] KOHLEHTPaLiM cybcTpaTa (KCEHOOHOTHKA) HEOO-
XOIVIMO HUCITOJIb30BaTh JIMHEHHOE COOTHOIIEHHE

M= YS(SO - S) + MO = YS(SO - S)

DKcrepuMeHTalbHble JaHHbIe MOTYT ObITh JINHEAPU30BAHEL B PaM-
KaxX OMHOTO W3 IIPUBEJEHHBIX YpaBHEHU T

nG) it~ i)
In(M/M,) _ t
(- M/, M- My,

In(l-M/M,) 1 p t
In(M/M,) ¢ ¢ In(M/M,)’
e
S K
p=_tm o 85
KS + SO KS + SO

Taxke 1 aHANIK3a SKCTIEPUMEHTATBHEIX JAHHBIX MOXET OBITh UC-

MOJIb30BaHa pasHOCTHAd (hopMa 3THX ypaBHeHuid. Eciv NpHu BpeMeHH
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I'=1 W t=1; KOHUEHTPALMH cybcTpara ¥ IIpOayKTa paBHBI COOTBET-
CTBEHHO S; U S, P, u P, KUHeTHYeCKHe yPaBHEHHUsI MOTYT OBITh IIPEJi-
CTaBJeHH B BHIE

lngo_‘? ln%
07 i
= + 14.1
T ¢t,—t,’ (14.1)
1n_}i 1HL6_
By tnP
L=t " t—-t

J
e P, — MakcUMaNbHast KOHLEHTpALUs 00pasoBaBIIerocs MpoAyKTa.
B xauectBe mpuMepa Ha puc. 14.11 nmpuBeneHbl KUHETUYECKHUE TaH-
HBbIe 0 nerpanaivy 2,4-nuxiuopdeHokcnykeycHol Kucnotsl. [TapameT-
Pl KMHeTH4ecKoro mpouecca Kg ¥ [, MOIYT GBITh HAAEHBI IIPH HC-
NOJb30BAHUH CJIEAYIOILUX COOTHOLUICHU:
Ks=—L 5, un=-t.
1-¢ 1-¢
JIng maHHBIX, IPUBEIEHHBIX Ha pHc. 14.11, monygeno K = 20 mr/T,
Wy =0,2 cyT.
Ilpu pasnoxeHWH BBICOKOTOKCHYHBIX BEIIECTB PACTYIIMMHA MHUK-
POGHBIMH TIONYJISILIVSIMU, KaK TIpaBuiio, Habmonaercsa 3P deKT NHIK-

In (%—j @ -1)!

¥ 100
<
? o
=
S
a 50 - 3
=
(5]
=
(5]
b=
@]
[ ]
1 1 1 1 I L 0’11
0 10 20 30 £, 4 -0,3 -0,2 ~0,1 0
So - §, _
In| 2224 (¢, - 1)
n[SO—S,](’ )
a 7]

Puc. 14.11. Kuneruka gectpykumu 2,4-1uxiopheHOKCUYKCYCHOM KMCIOThI:

a — VUCXOOHBIE JaHHHle; 6 — naHHBle puc. 14.11, a npencTasiaeHbl B KOOpIMHATAX
ypaBHeHus (14.1)
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6upoBaHHs U3GHITKOM cyOcTpara. B aToM ciiydae ymenbHass CKOPOCTb
pOCTa MUKPOOPraHM3Ma SBJIeTCs S3KCTPEMaIbHON QYHKIIHE! KOHLIEH-
TpaLUWH cybcTpaTa:

Y
w= Km0 s ’
KS+SO(1+.E-—)

i

rae K; — KoHCTaHTa CKOPOCTY MHrMOoupoBaHus cybetpatom. Ipu S, >> KV
MOXHO HaOMIOAaTh YMEHbIIEHUE CKOPOCTH POCTa MUKPOOPTaHHU3Ma U
YBEJIMYEHHE CKOPOCTU AECTPYKLIMU TOJUTIOTAHTAa ¢ POCTOM €ro KOH-
LIEHTpALIUK:
— “mKi
u= TS
0

JBa oTIMYaONIMXCS MO KUHETHUYECKUM 3aKOHOMEPHOCTSIM MeXa-
HU3Ma JeCTPYKIIMM TOKCUYHBIX BELUIECTB OMPEAeIISIOT MIPUHIUITAANb-
HO pa3Hble MeTOIBl MHTeHCHDuKauuu nporecca. Ha puc. 14.12 cxema-
TUYECKH TIPUBeNeHbl KMHETHYEeCKHe KPUBBIE JeCTPYKIIMH KCeHOOMO-
THUKA JUISl IBYX pACCMOTPEHHBIX BhIIlIe TpeeIbHbIX Ciydaes. OueBua-
HO, YTO €CIIM KWHETHKAa Da3JIOXKEeHUs CBSI3aHa C KMHETHKOH pocTa
ITOIYJSILIUM MUKpoopraHusMa (cMm. puc. 14.12, g, nuHusa 2), UHTEHCH-
(hukau4 mporecca MoXeT ObITh JOCTUTHYTA 3a CUET YBEJIMUEHUS CKO-
POCTH pocTa MUKpoOOpranusMa. B aToM ciydae (pakTOpHI, yCKOPSIOIIE
POCT MHKPOOPTraHU3MOB (BBeneHHe (ocdopa, azoTa, MUKPOIJIEMEH-
TOB M JIp.), ZOXHBI IIPUBOJUTH K YBEIMUeHHUIO CKOPOCTH IIPOLIECCA.

Ecny xuHeTHKa pas3inoXeHus] KCeHOOMOTHKA He CBSI3aHa C POCTOM
TOHYJISAIIMY MUKPOOPraHm3Ma (IIpoTeKaeT Mo 3KCIMOHEHIMATBHOMY

= =
: :
] 2 ]
=4 =4 |
0 N |
[ [
|
0 ° ]
! l
Bpems H t Bpemsa
a 6

Puc. 14.12. MexaHU3Mbl KHHETHKH ACCTPYKLUHH KCEHOOUOTHKOB:

a — ] — OuoKaTaJIMTHYECKasA IKCIIOHEHIMAIbHAA AeCTPpyKuus;, 2 — GUOLECTPYKUIMA,

CBI3aHHasAg C POCTOM MHMKPOOPTaHU3MOB; 6 — YCKOpeHHe OMOAeCTpYKIMH ITyTEM BBE-

JEHUSA JOMONHUTENbLHON MOPLMY MHMKpOOpraHusmMa (t¥, t§f — MOMEHTH BBOJAa MHKPO-
OpraHu3ma)

15 Bapgonomeen 449



Tabnuuma 14.3

CopepxaHue yriaesonopolioB B BOJE IPH OYHCTKe PEYHOMH M 03epHoi
NOBEPXHOCTH o1 HedTH HA OaHOM M3 MecTOpoXIeHHit Janagnoil Cubupu

OuwmcTKa peku OuyueTka 03epa
oo | o | e on | S
0* 440 0* 151
14* 32 10 78
28* 0,04 24* 6,56
— - 50 0,005

* Bpems BBemenusi Kyastyphi Rhodococcus.

3akoHY (cM. puc. 14.12, a, munus 1)), mporiecc MOXeT OBITh HHTEHCH-
(unUpoBaH BBENEHHEM JOIOJHUTEIBHON MOPLHMH MHKPOOPTaHU3Ma
(puc. 14.12, 6).

Hanpumep, KitHeTHKA JeCTPYKLUMH HePTAHBIX BHIOPOCOB ITOX JIeii-
CTBUeM KYNIbTyphl Rhodococcus ONTMCHIBAETCSl SKCIIOHEHIMANbHON 3a-
BUCUMOCTBIO. I103TOMY 11 JOCTHXKEHUs BBICOKOH CTEIeHH OYHMCTKHU
BOJHOMH ITOBEPXHOCTH MJIW BOMBI OT 3arpsiI3HEHUsI He(ThIO HeOOXOIU-
MO BBOZHUTH B TIpollgcC OMOKATANM3AaTOP HeCKOJIbKO pas (Tabm. 14.3).

BuaHo, YTo OBYMS-TpeMs IpOLEdypaMi BBEAEHUs OHMOKaTaIu3a-
TOPa MOXHO B TeueHHE Mecslla yMeHbIIUTh COAepKaHHUE YIIIeBOAOPO-
Jos B 10* paza.

Azanranys MEKPOOpPraRM3Ma K KCeHOOHOTHKY. I1pu TecTpyKIMH KCe-
HOOMOTHKOB MUKPOOPraHU3MaMH YacTo HabMonaeTcs peHOMeH aaar-
TalW¥ MUKPOOPTaHU3Ma K JaHHOMY BELLECTBY. JTO MIPOSBISETCS B TOM,
4YTO Ha TIEPBOM 3Talle Ha KMHeTHYeCKOW KpUBOR pocTa MHKpoOopra-
HU3Ma (W14 Ha KMHEeTHYeCKON KpHBOH JecTpYKIIMHM KCeHOOHMOTHKA)
HabnonaeTcs IMepyuoi HHAYKIWY (afarTaiui), WUHOTAA OYeHb IIPOIoJ-
xutenbyplil. [Tocneayrolmii aTam ocyluecTBIseTCI 04eHb OBICTPO (6e3
Iepuosa UHAYKIIMHU) yXe IOom AefCTBUEeM alanTHPOBAHHBIX KJIETOK.

KonnyecTBeHHast Teopus UCXOAUT U3 NPEACTaBIeHHUS O TOM, UTO B
TedeHue Nepuoaa MHIYKIIUK IPOUCKXOIUT CHHTE3 HeOOXOIUMBIX (hep-
MEHTHBIX CUCcTeM € (POPMUPOBAHMEM COOTBETCTBYIOLIETO COCTOSHUSA
KJIETKH, CITOCOOHOU aKTUBHO pacTH B pexXHMe NeCTPYKLIMH KCeHOOU-
oTHka. KuHeTryeckast cxema Ipolecca MOXeT OBITh Mpe/CTaBlIeHa B
BHJIE

k, H
N-%N,—2N,,
riae k, — KOHCTaHTa CKOPOCTH ITpoliecca aflaliTalMu; [ — yAelbHast
CKOPOCTB POCTa aflaliTUPOBAHHHIX KJIETOK.

3aBUCHMOCTD YHCIIa KJIETOK N B CHCTeMe OT BpeMEHH MOXET GBITh
peAcTaBiieHa (PYHKLMEH
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N, k W
In—-£=p+In{—2—1+-—exp(-k, +n)t |},
N " {k,, n u[ I, S
rae N, — HayanbHast KOHLEHTPAIHS KJIETOK.

ITpu Gonpilioi MPOACICKUTENEHOCTH IIpoliecca KpUBasi BRIPOXIa-
eTCsl B JIMHEHHYI0 PYHKUMIO OT BpeMEHH

ln—Ni— f+In—2
N, M

TaHreHc yI7la HaKJIoHa TpaduKa 3TON 3aBUCHMOCTH paBeH VAEIbHON
CKOpPOCTH POCTa KIIETOK; OTPe30K, OTCEKaeMBII IIpsSMOif Ha ocH Bpe-
MeHH, paBeH NepHONY MHIYKIIUH

rz—l—ln 1+£ .

w A

TaxuM obpazoM, aganTanus KIETOK B IIepBOM NPpUOIMXKEHUH IPO-
SIBJISIETCSI B CYLLIECTBEHHOM YMEHBIIEHUH NTeproAa MHAYKIMH. Kak cre-
IiyeT M3 NPWBENEHHOTO YPABHEHMS, 3TO MOXET OBITh HJOCTUTHYTO B
MEePBYIO OYEPERD YBEIUYECHUEM YIACIBHOU CKOPOCTU POCTa MHUKPOOP-
TaHM3Ma.

IIpyeM, KOTOpBI MCHOJB3YETCA I aialTalU¥ KJIeTOK, 3aKiio-
YyaeTcst B BIpAlIMBaHUM KJIETOK B IIPUCYTCTBMY KCEHOOMOTHKA Ha cpe-
nax ¢ 2(pdeKTHBHHIM TSI AAHHOTO MHUKPOOpTraHM3Ma cyGeTpaToM (KO-
cybcTparoM).

PaccMOTpyM 0COGEHHOCTH STOTO IOAXOJa Ha IIpUMepe CUOMUHE-
paM3aIK NPOAYKTOB XUMUYECKOM HEUTpaTM3allMi HIIPUTA U 4-aMi-
HOCATHIWIOBO KMCIOTHL. ONHUH U3 OAXOI0B K YHUYTOXEHHIO XUMHU-
YECKOI'0 OPYXKUS 3aKITI0YaeTCA B MCNIOAB30BAHMHU ABYXCTaMIHHOMN CXe-
MBI, KOTOpasl BKJIIOYAET HEUTpamM3anMio aKTUBHOTO areHTa XUMMYe-
CKMMH COEOUHEHUSIMU Y IIOCIEAYIOUIYIO OMOXETpafaluio NpoOLYKTOB
HelTpanu3anu 1 W30bITKA HeATpaIK3aTopa.

Heittpanuzanus UIpuTa 3TaHOJIAMHMHOM ITPOMCXOAUT IO CXEME

HOCH,CH,NH, H,0
S(CHzCHzCl)z S(CH2CH20H)2 —_—
Hnpur THOAUTUKOID
— HSCH,CH,OH + HOCH,CH,OH
MepKanroaTaHoI DTHIIEHTIHKONb

TakuM 00pa3oM, KOMIIOHEHTAMHY PEeakIIMOHHOM cpenbl MOCie XU-
MHMYECKON HeNTpanv3alUy UMPUTa SABISIOTCA STAHOJIAMHUH, STHICH-
TJIMKOJIb, MEPKAIITO3TAHOM ¥ THOAUTIINKO/L. Kaxnoe U3 3THX coenn-
HeHHUIT MoABepraeTcs OMOMHMHepanu3anyy oA AeHCTBMEM aHaspos-
HOTO KOHCOPIUYMa MUKPOOPTaHU3MOB (Ta6i. 14.4).

BuaHo, 4To HauOOJIBIIVE TPYOHOCTH NpH aHadpoOHONH OMOMHHe-
paM3alMH NPeCTaBIsgeT THOMNIIIMKONb. MHKyGaIus B TeueHune 6 Me-
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Tabauua 144

CrnocodHocTh K OHOIErpagauun KOMIIOHEHTOB PEAKUHOHHOMH Cpellbl
nocjie XHMHIECKOH HEHTPaaH3ANMH MIPHTA 3TAHOJIAMAHOM

B Hepnon Bpems CreneHb
CLHIECTBO

HHAYKUMH, cyT | HHKYyGauuu, cyr | gerpagauuiv, %
DTaHONaMUH 8 22 100
MepkanToaraHo 0 55 30
DTUJIEHIIIUKOIIb 2 6 100
Tuogurnukoib 52 185 42
THOOUIIIMKONAD + YKCYCHAs 0 32 100
M NPOIIMOHOBAS. KUCJIOTHI

CSIIEB IPUBOIUT K KOHBEPCUH Bcero 42 % BellecTBa, MpH 3TOM Mepu-
Ol MHIYKITHHA COCTaBJISIET MTOYTH ABa Mecsla.

Hpyroit onsIT o GUOAErpagalfii THOLUTINKOJS GBLT IMOCTABIIEH C
y4yacTHeM YKCYCHOM M IPONMMOHOBOIT KMCIOT KaK KOCyOCTpaTroB I1po-
meccoB pa3noxeHus. B Tabn. 14.4 npuseneHB JaHHBIC 10 OHOMUHEpa-
JIM3AIMA THOAMTIIMKOJNA B MpPUCYTCTBUM KocybcTparoB. BuaHo, 4to
MOJIHOE pa3/IOKEHVE BEIIECTBa JTOCTUTAETCA 3a MECHIl, IIPU 3TOM Iie-
PHOJ MHIYKUIUM OTCYTCTBYET.

Acconpanuu MHKDPOOPTaHH3MOB. Peanu3anus «HeBO3MOKHBIX» XH-
MHYeCKHX peakuuii. [IpypogHblie Nporecchl MUHEPATU3AMHU OpTaHM-
YeCKHUX COEAUHEHM, KaK MPaBUIIO, SIBJIAIOTCS PE3YJIBTATOM JeUCTBUSA
HE OJHOTO MUKPOOpPTaHU3Ma, a TPYIIIBI XHMUYECKH CTPYKTYPHUPOBaH-
HBIX B CHMOMOTHYECKYIO ACCOIHAIMI0 MUKPOOPTAHU3MOB.

HaunGosee mogpoGHO HccaeqoBaHbl CMMOHOTPOMHBIE aCCONHALIMN
MHKPOOPTaHM3MOB, B paMKax HeMCTBHS KOTOPBIX KOHEYHBIH MPOAYKT
METaboNM3Ma OTHOTO MHKPOOPTaHM3Ma SIBJISIETCS CyOCTpaTOM A Apy-
roro. OnvH U3 HauboJee IPKUX IPUMEPOB — MUKpOGHas aHa3pobHas
OuoMuHepanu3amuss 6MOMacch ¢ 00pa30oBaHUEM MeTaHa U YIJIEKHC-
Jioro rasa. IlocnegoBaTesIbHOE AeCTBHE MHKPOOPTAHM3MOB acCOITAA-
[N SIBJISIETCST HE IMPOCTO HEOOXOAMMBIM YCJIOBUEM IIOCJIEI0BATEND-
HOHM JNEeCTpYKUMH BEUIECTB, MPUBOASIIEH K MOJHONH MHUHEPATN3AIIAN
6uoMacchl. OGheqMHEHHBIE B acCOLHMANMI0 MUKpPOOPTaHM3MBI JAIOT
NPUHIMITHATIBHO HOBOE KAaYECTBEHHOE COCTOSTHME — B aCCOITMAITAM
NpOTEKAIOT XMMUYECKHE PEAKIINU, KOTOpHE MTPAaKTHYECKH HEBO3MOX-
HBl B OTHOCTaAMMHBINA Mporeccax. MUKpoGHast aHaspoGHast accoLua-
UMA METaHTEHEPHUPYIOLIMX GaKTepUil — 95TO SIpKUM NpUMEpP TaKOTo
ponaa IpoHeccoB.

Boda xax oxucaumens céssu yeaepod— yeaepod. OTBET Ha BOIPOC:
MOXET JIX BOJA UTPaTh POJIb OKUCIIMTEIISE CBA3M YIJIEPOX — YIJIE POl IIpH
HOPMAJIBHBIX YCJIOBHSIX B OTCYTCTBME PagvialiMOHHON aKTUBALAN —
OyIeT OTpHLIATETbHEBIM.
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OnHako nmpouecch

CH,CH,CH,COOH + 2H,0 — 2CH,COOH +2H,
CH3CH20H + H20 — CH3COOH + 2H2

IIpOTEKaloT BechMa 3(P(EKTHBHO B GMOKATAIUTUYECKUX CHUCTEMAax €
yJacTHEM accoluyalilii MUKpOOpranu3MoB. Mcerenopatue aHaspoGHOro
pa3IoKeHUS MaCITHON KUCIOTH accollAaniel MUKpoGoB IT0Ka3aio,
YTO Ha HadaJIBHBIX STalaxX peakilMy MaciisiHast KUCI0Ta NPaKTUYECKH
CTEXMOMETPUYECKH TIPEBPAIIAETCSt B IBE MOJIEKYJIBI YKCYCHOM KHCIIO-
thl. I1porniecc mporekaeT B CTPOro aHa3pOOHBIX YCIOBUAX U €AMTHCTBEH-
HBIM HCTOYHMKOM HEOOXOTMMOTO KOJMYECTBA ATOMOB KUCIOPOAA SIB-
Jigercst Boga. OKUCIUTENBHOE paciiervieHue cBsizn C—C B aHadpOGHBIX
YCIOBHUSIX CTAJIO BO3MOXHBIM Oraropmapst 3(OGEeKTUBHOMY CONPSIKEHHIO
JBYX OPMHIUITMAIBHO Pa3IMYHBIX CTAIUM IIpoLecca — TepMOANHAMY-
YeCKU HEBBITOJHOTO OKHMCJIEHHMS annaTUdecKoil KUCIOTHL BOLOH M
3(pheKTUBHOTO YAATEHUS 00pa3yIoerocst BOJOpoaa M YKCYCHOM KHC-
JIOTHI AEMCTBUEM METAaHOTEHHBIX MUKPOOPTaHN3MOB.

PaccMoTpuM TepMOIMHAMMKY IPOLECCOB KOHBEPCUH anvgaruye-
CKUMX KHMCJIOT ¢ YYeTOM CTaiuii o6pa3oBaHusi MeTaHa. CxeMy aHaspo6-
HOI KOHBEpCHH ANU(DATUYECKHX KUCIOT, COACPXKAIIMX /1 aTOMOB YyT-
Jiepoaa, B MeTaH MOXHO IIpeICTaBUTh B BULE

C,.H,,.,CO0™ + 2H,0 == C,_;H,,_sCOO™ + CH;COO +2H, + H',
AG® = 48,3 kJIX/MoJb;
C,_sH,,_sCO0™ + 2H,0 === C,_H,,_,CO0 + CH,COO + 2H, + H',
AG® = 48,3 xJIx/MOb;
C,H;CO0™ + 3H,0 === CH,CO0 ™ + 3H, + HCO; + H’,
AG® = 76,3 K]IX/MoJb;

CH,;COO™ + H,0 == CH, + HCO;, AG" =-31,0 x/[Ix/monb;
HCO; + SH' + 2H, == CH, + 3H,0, AG° =-135,6 kJIX/Mob;
HCO; + H" === CO, + H,0, AG® =-4,8 xJIx/MoJb.

CyMMapHoe ypaBHEHHE:
CH,,_ 10, + H + *=2/, H,0 == Gn-2/,CH, + 2+n/,CO,

Kaxk BuziHO, mp# JI060M YHCJIe aTOMOB YTIIepoia B aibaTHIecKom
KUCIOTE KOHBEPCHST KHCJIOTH B MeTaH SIBJIAETCS TepMOAMHAMUIECKH
BBITOAHBIM IIPOLIECCOM, ITpUYEM 10OaBIeHIE K KOHBEPTHPYEMOil au-
tarnyeckoii kucaore ogHoit CH,-Tpyminbl NPpHBOAKT K JOIIOTHUTENb-
HOMY BBIMIDBILIY B CBOGOIHOM 3Hepriuu ['m66ca okoio 2,65 xJIX/Mob.
Ecnu nanyele o AG° nepecyuTaTth Ha 1 Mosib 0Gpa3oBaBLIETOCS MeTa-
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Ha, TO MOJIyYMM 3HadeHHEe, He 3aBHUCAIlee OT KOJIMYECTBA aTOMOB YT-
Jepoaa B KUCIOTe, paBHOE 35,4 KJIXXK/MOJIb.

Takum 06pa3oM, 06bCHEHNE HeOOBIYHOMY JEUCTBMIO BOOBI KaK
areHTa, OCYHIECTBISIIOLIETO OKMCIUTEIbHOe paciueruieHue sz C—C,
CBSI3aHO C AEHCTBMEM MUKPOOpTraHu3Ma, 3 PeKTUBHO IMOTIOIIAOLIE-
T'0 MOJIEKYJISIPHBIM BOAOPOA. DTOT MPOLIECC XapaKTepr3yeTcsa Hanbob-
e oTprLaTeIbHONM CBOOGONHON 3HEprueil peakui.

Kunemuueckas modenb memanoeenesa. JInHaMuka rnpouecca ob6pa3o-
BaHMsI METaHa B pe3yJIbTaTe aHaPpOOHOM KOHBEPCUM METaHTEHEPUPY-
ouieit acconpanueii MMKpOOPTaHM3MOB JIETANTBHO MCCIIEIoBaHa BKC-
NEPUMEHTABHO U TeopeTHdecKU. MccnenoBaHye 3aKa04anoch B 3KC-
NEPUMEHTANIBHOM M3YUYEHWM KUHETUKH pa3lIoXeHUsI MCXOTHOTO cyb-
CcTpaTa 1 MHOTOYMCJIEHHBIX IIPOMEKYTOYHEIX BEIIECTB, & TAKXKe JHHA-
MHKH 00pa30BaHUsI KOHEYHBIX MPOAYKTOB — MeTaHa M JMOKCHIA yT-
Jepona. B xagecTse MCXOAHBIX COEAMHEHUN OBLIIM UCCIENOBaHbI BeIlle-
CTBa pa3HBIX KJIACCOB: YIVIEBOABI (LIEJITION03a, KCUJIaH, IIIIOKOMaHHaH,
TallaKTOMaHHaH, TII0K03a, TajaKTo3a, MaHHO3a, KCIWIOo3a, apabuHO-
3a); aMHHOKUCJIOTH ¥ O€JKU (anbOyMMH, JU3WH, aAJlaHWH, TIIyTaMUH,
acnaparvdH, IJTyTaMHMHOBast KMCJIOTa, aclaparvHoBast KMCJIOTa); au-
¢atvyecKre COUPTHl U KHUCIOTH (METAHOJM, 3TaHOJ, YKCYCHas, Mpo-
ITMOHOBAs, MacisiHasi, M30MacisTHasl, BaJepHaHoBasi, H30BaJIepHaHO-
Basl, KallpoOWJIOBast ¥ KAallpUJIOBast KUCIIOTHI); apoMaTudeckue ¢ochop-
OopraHuyeckue coeanHeHust (n-HuTpogeHo, GeHos, 6eH30iHHasT K1C-
JIOTa, UHAWTO, AUATWI(oc(OopHas KUCIOTa).

1 KaxXaoro coeiMHEHUST N3yYEHO U3MEHEHME BO BPEMEHHM KOH-
HEHTPaUMH BCEX HU3KOMOJIEKYIIPHBIX KOMIIOHEHTOB. THIIMYHBIE Ha-
OmonaeMble 3aBUCUMOCTH NIpUBeAeHB Ha puc. 14.13, 14.14.

CxeMa XMMHMYeCcKHX TPEBpAICHUI BelllecTB oA AeHCTBMEM acco-
HUanUit MUKpOGOB COCTaBJI€Ha MCXOHA U3 TIPENTIOIOXKEeHU, YTO MU-
HUMAJIbHOE KOJIMYECTBO MUKPOOPTaHU3MOB, BOBJIEYEHHBIX B IIPOIIECC,
paBHO yeThipeM. Hanpumep, ISt IIOKO3BI 6a30BEIMHA XUMUYECKAMU
PEAKLUSIMHU SBISTIOTCS

CeH,,04 + Hy0 = C,H,OH + C;H,COOH + CO, + H,
C,H,OH + H,0 -5 CH;COOH + 2H,
CH,COOH + 2H,0 ~3 2CH,COOH + 2H,
CH,COOH 2 CH, + CO,
4H, + CO, 2= CH, + 2H,0

rae X;— X, — COOTBETCTBYIONIHNE MUKPOOPTaHM3MBL. MUKpoopraHuzm
X) OCYILLECTBIISIET pacuielIeHMe TIII0OKO3bl ¢ 00pa3oBaHueM anubaTy-
YeCKHUX CIUPTOB U KHUCIOT, X, — P-OKUCIIEHWe KUCIOT ¥ CHMPTOB
Bonoi, Xs, X4 — o6Gpa3oBaHUe MeTaHa U3 YKCYCHOM KucioTe u CO,
COOTBETCTBEHHO.
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S, P, MMOnb/n S, P, MMoOJb/1

3

1 ] 1
0 100 200 300 400 f 4 0 100 200 300 400 ¢ 4
a 6
Puc. 14.13. Kuneruka aHa3poOHO KOHBEPCHH MacIsAHOM KucaoThl (I—3) u
06pa3oBaHus NPOLYKTa KOHBepCHU — MeTaHa (/”— 3’) npu HaYalbHOH KOH-
LeHTpauuy MaciasgHo# kucaorsl 10 (1, 1°), 22 (2, 2°), 47 (3, 3°) mMonnp/n:
a — 3KCIIEPUMEHTANbHBIC JAHHBIE, 6 — pe3yabTaTel pacyeTa

S, P, MMOJIb/N S, P, MMOJIb/N

157 2 15r

10 10

0 100 200 300 400 ru4 0 100 200 300 400 7 4
a 6

Puc. 14.14. KuHeTHKa aHaspobHOll KoHBepcuu mu3uHa (1) n 06pa3oBaHUA
IPOIYKTOB KOHBEPCHHM: aMMHaka (2), MeraHa (3), IMokcuaa yriaepona (4),
YKCYCHOM KMCJIOTHL (5), IIPONHOHOBON KUCAOTHL (6):

a — JKCIIEPUMEHTAJIbHLIE JAHHBIC, 6 — pe3yJabTaThl pacyera

B pesynbrare 9KCIepyMEHTATBHOTO ¥ TeOpeTHYECKOIO aHam3a yaa~
JI0Ch TTOCTPOUTH aAEKBAaTHYIO SKCIIEPUMEHTAIBHBIM JaHHBIM JUHAMU -
4ecKYIO MoJeJIb MeTaHOTeHe3a, a TAKKe MOJYYUTh YACIIEHHBIE XapaK-
TepHUCTUKM (KOHCTAHTHI) OTHENBHBIX cTanuit. [TocienHue yeThipe pe-
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S, P, Mmmonb/n S, P, MMonb/n

0 100 200 g 0 100 200 54

Puc. 14.15. Kunernka aHaspoGHON KOHBEPCHUH CMECH MAaclSHON KUCIOTH ¥
araHona (/) 1 obpa3oBaHus NPOAYKTOB KOHBEPCHUHU: MeraHa (2), IMOKCHUAA
yriepona (3), yYKCyCHOM KHUCIOTH (4), MPONMMOHOBOIM KUCITOTH (J5):

4 — 3KCNEPHUMEHTAJILHEBIC NAHHBIE, 6 — Pe3yJAbTaThHl pacuecTa

aKUUYU CXEMBl SIBISIIOTCSI OOIIMMM IS JIIOOBIX BEIIECTB, I1OABEpra-
IOLIMXCS MeTaHoreHe3y. Moziesib Mo3BoJisIeT NpeIcKa3arb JMHAMUKY pas-
JIOKEHMSI pa3INYHBIX BEIIECTB M UX cMecei (puc. 14.15), a Takxke au-
HaMMKY 00pa30BaHMs MPOMEXYTOUHBIX M1 KOHEYHBIX BEIIIECTB IIPY Ha-
OMoaeHMH 3a peakiyeil B Te4eHue HeGOJIBLIOTO MEPHoAa BPpEMEHH B
Hayvajie Ipolecca.

* % *k

O6pasoBanye — 3To To, YTO OCTAETCA TIOCAE TOTO, KOrja ye-
AOBeK 3a0blA BCe, YEMY ero YIHAH.

A. Siinwmeiin

I'nmy6okoe moHWMaHHe (HEepMEHTOB KaK XMMHUYECKHX OOBEKTOB,
LIHAPOKAS paclIpOCTPaHEHHOCTh GMOKATATM3aTOPOB ¥ CO3[JAHHUE COBpE-
MEHHBIX METOIOB KOHCTPYHPOBaHUA OETKOBOMH MOJEKyNbl obecredu-
JI1 MHOTOOOpa3Hble chepbl NpuMeHeHUs (epMeEHTOB. MeTonaMu Xu-
MHYECKOH MomuPUKauy (CM. TJI. 2), TeHeTHYecKoi ¥ GeJTKOBOI MH-
keHepuu (cM. 1. 10) co3narotcs GeKOBBIE KaTaIN3aTOPBI CAMBIX pa3-
HOOOPa3HBIX XUMUYECKUX pEAKUUM. MOXHO C YBEpEHHOCTBIO YTBEPXK-
JlaTh, 4TO B HEJAIEKOM OyIylleM BO3HUKHYT METOABl KOHCTPYHpPOBa-
HUA PEPMEHTOB T JTI000i XUMHUYECKOH peakluH.

3aMeTHBIM 3TanoM B pa3sBUTHM MHKEHEPHOMU SH3MMOJIOTUM CTAIO
CO3/1aHMe TeTepOTeHHBIX KaTATM3aTOPOB Ha OCHOBE MMMOOUITM30BaH-
HBIX (epMeHTOB (CM. T71. 11). He MeHee BaXXHBIM SIBISIETCSI OCBOEHUE
METOJIOB MCIIONB30BaHUSA HEPMEHTOB B HETPAAULIMOHHBIX CPEIAX, Ta-
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KHX KaK OpTaHUYeCKHC PACTBOPUTEIH. DTO CYLUIECTBEHHO pacCIIMpPUIIO
0071acTh MpUMeHeHus! (hepMEHTOB.

CerogHsa pepMeHTEI UCIIONB3YIOTCS IPA XUMHUYECKOM CUHTE3€E CIIOX-
HBIX OPTaHMYECKUX MOJIEKYJI, XMMHYECKOM aHalIM3e, B SJIEKTPOKATa-
nm3e, (apMaleBTHYECKON NHAYCTPUH, MMUIIEBON IIPOMBILTICHHOCTH,
OBITOBOH XHMMHH, CEJILCKOM XO3SMCTBE, MPYU PELICHUU IIPOGIEM co-
XpaHeHHs OKpyXalolei cpensl. Bknax (pepMeHTaTUBHOTO KAaTAIN3a B
TEXHOJIOMMYECKOe obecrieyeHre OOIECTBa B HACTOSAILEE BpeMsS COIMO-
CTaBMM C BKJIAIOM KJIacCHMYECKOTO XMMHMYEeCKOro KaTtanusa. Posip xu-
MHMUYECKOM Y UHXKEHEPHOH SH3MMOJIOTHH B OyIYIIEM OYIET BO3PACTATh.
Tak 4To yuTATESIM 3TOH KHUTH MPEICTOUT €LI€ MHOTOE C/IEIaTh.



CJIOBAPb TEPMHUHOB

A63uM — antHTeNo, obazalolee KaTATUTHYECKOW aKTUBHOCTBIO.

ABroumMMyHHBIe 3a00neBaHHs — 3a00JIeBaHUs, BBI3BaHHBIE peak-
IMeil ”MMYHHOM CHCTEMBI, IIpY KOTOPBIX IPOUCXOIUT CUHTE3 aHTH-
TeJT Ha COOCTBCHHBIE GeIKM (HamlpuMep, PEBMATOMIHBIA apTpHT).

ABTOKATaNM3 — MEXaHM3M «pa3MHOXeHHsI» KaTaniu3aTopa, B paM-
Kax KOTOoporo o0pa3oBaBLIMICSA KaTalu3aTop aKTUBUPYET KaTaluTH-
YeCKM HEaKTHUBHBIA NpealiecTBeHHMK (Halpumep, CUCTEMa TpUIICH-
HOTEH — TPUIICHH).

ABTOTPO(BI — MUKPOOPTaHU3MEI, KOTOPHIE JIUISE CBOETO POCTA HY X~
JIAI0TCS TOJBKO B HEOPTaHMUYECKHX BeIleCTBax.

Arapo3a — BBICOKOOYMIIIEHHOE IIPOM3BOMHOE arapa, UCMOJIb3ye-
MO€ B Ka4ecTBE HOCUTENS NpH 3eKTpodopese U XpoMaTorpahuu.

ArIIOTHHAUMSA — arperanys KJI€TOK, CyCTIeH3UPOBAHHBIX B JKUIKO-
CTH, TOA NeiicTBMEM KaKoro-JIMbo areHra.

AroHucT — coegyHeHue (JacTO TOPMOH WIH €T0 aHAJIOT), KOTOpOoe
CBSI3BIBAETCS C PELIENITOPOM M BBI3BIBAET AHANIOTMYHOE TOPMOHY NEM-
CTBHE.

AKTHBaTOp — BElIECTBO, YBEJIHIMBAIOIEe CKOPOCTh (hepMEHTATHB-
HOM peakiy.

AKTHBHBI TPaHCMOPT — 3HEPro3aBHUCHUMBIN TPAHCIIOPTHBIN MexXa-
HU3M, OCYHIECTBISIIOIUI TpaHCHOPT BELLECTB [IPOTUB IpaieHTa KOH-
LEHTpaLUH.

AKTHBHBIH HEHTP — 0671acTh GEIKOBOI MIOOYIBI, OCYHIECTBISIONIAs
CBsI3bIBaHHE (COPOILMOHHBIM MTOALCHTP) M XMMUUYECKYI0 TpaHchopMa-
UMIO (KaTaIMTUYECKUH MOAUEHTP) cyOcTpara.

AJIHKBOTa — TIpe/CTaBUTEIbHBIA 00pa3el pacTBopa (PMKCUPOBaH-
HOM OpOIOPIAN C OCHOBHBIM.

AlKanoMa — a3oTcoaepXaluif IpoIyKT pacTUTEJBHOTO MPOUCXOX-
IeHHs, OOBIMHO 00IamaoIyil (papMaKoJIOrH4ecKOM akTUBHOCTBIO (Ha-
npuMep, MopduH, HUKOTHH, CTPUXHUH).

Annocrepus, aNIoCTepuyecKas peryisuus — MoaudUKalys CBA-
3bIBaHMSI WIN KaTAUIUTUYECKUX CBOUCTB OeflKa 3a c4eT peryasropa Ha
LIEHTpe, OTIMYHOM OT LIEHTpa CBS3BIBaHWS JUTaHda WX cyOcTparta.

Ansda(o)-cnupalib — 3JIeMEHT BTOPHYHOR CTPYKTYpHl O€lKa,
MpaBo3aKpyYeHHast CIIUPAJIb MOTUIENTUIHON e, B KOTOpOH KaX-
JBIA aMHAOHBIA aTOM a30Ta 0Gpa3yeT BOJLOPOIHYIO CBSI3b ¢ KapOOHHIIb-
HOM TpyIIIoN 4eTBEpPTOl aMHUHOKUCIOTHI.
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Amnmudukanas — YBEIUYEHHUE KOJIMYECTBA KAaKOro-JIMOO GHoXM-
MHYEeCKOro aredra (Hanpumep, yBenudeHue koiaundectBa JJHK ¢ mo-
MOIILIO MOJIMMEPa3HO LEeHON peakiym).

AMdonuT — MoJeKyna, coiepXallast OfHOBPEMEHHO KMCIOTHYIO U
OCHOBHYIO I'DYTINIBI (HANIPUMED, MOJIEKY/Ia aMUHOKHUCIIOTBI).

AHnaGou3M — SHEProNOITIOMAKLINI MyTh MeTab0IN3Ma, MIPUBO-
JALIMA K CHHTE3Y MaKPOMOJEKYJT MM UX COCTABHBIX YacTel (Harpu-
Mep, ITIMKOHEOTEHE3MC, CUHTE3 XUPHBIX KHUCJIOT).

AHanuT — MaTepyal, TIOIBePTaEMBIif aHaTH3y.

AHTAroHHCT — COEIMHEHHE (4acTO aHaJor ropMoOHa), KOTopoe
CBSI3BIBAETCA C PELENITOPOM, HO HE BBI3BIBAET (DU3HMOJIOTUYECKOTO -
(bexTa (CcM. aTOHHUCT).

AHTHOHOTHK — TIpUPONHBIA, CHHTETUYECKHI MM IIOJyCHHTETH~
YeCKUil IIPONYKT, MHTUOUPYIOIUHA pOCT OaKTepuit.

AHTHTEH (MMMYHOr€H) — BEIIECTBO, BBI3BIBAIOLIEE CHMHTE3 aHTH-
TeJ, CBSA3BIBAIOLLNX AHTUTEH.

AHTHreHHAd JeTepMHHAHTa (3MUTOH) — YacTh aHTUIEHA, Ha KOTO-
PYIO HallpaBJIeHO NeCTBHe aHTUTENA.

AHTHKOJIOH — HOCJIEIOBATENIBHOCTh U3 TPEX HYKJIEOTHHOB B MOJe-
kyie TPHK, komruiemeHTtapaas tputinety MPHK (komony), omnpene-
JISIIonIas BBIGOP aMMHOKHUCIIOTHL B Ipolecce prbOCOMHOTIO CHMHTE3a
6enka.

AnrumetrabomT — MHTHOUTOpP KIKOYEBOTo (pepMeHTa MeTaboJHu3-
Ma.

AHTHOKCHAAHT — XMMHUYECKUH OMIOTHUTEND CBOGOIHBIX pafUuKalIOB
KHCIopoja (HalmpuMep, acKopOUHOBasI KUCNOTa, (-ToKogepos, Boc-
CTAHOBJICHHBIHN IJIYTaTHOH # Ap.).

AHTHTEJI0 — MOJIEKYJIa HMMYHOTJIOOYIMHA, 06pa3yrolas MpoYHbii
crienpuIecKuil KOMIUIEKC ¢ apyrofl (0OBYHO YyXepomHOW) MoJe-
KyJlOli, Ha3bIBa€MON AHTUTEHOM.

AnonTo3 — oxapaKTepPH30BaHHBIA 110 MOPQOJIOTMIECKUM MpU3Ha-
KaM Mpoliecc NporpaMMUpyeMoOil cMEPTH KIIETKH.

ANpOoTHHHH — TMaHKPeaTHIeCKUif MHIUOUTOP MpoTerHa3 OBIKa.

Antamep — TONHHYKJIEOTUAHBIN TUTaHJl, CEJICKTUPOBAHHBINA Ha CBsI-
3BIBAHME C HEJIEBBIM OeIKOM WJIHM APYTUM MOJIUMEPOM.

AT®aza — depMeHT, ruppomusyiomnit ATO.

Ad¢unnag xpomarorpadus — pasneIeHUEe pacTBOPUMBIX MaKpo-
MOJIEKYJI ¢ HMCIIONB30BaHMEM B KadyecTBe CTallHOHApHOU ¢a3bl cop-
OeHTa, cienu(PHYECKH CBS3bIBAIOUIETO BBLICISIEMYIO MOJIEKYIY.

AunpidepMeHT — IIPOMEXYTOYHOE coeqVHEHHe B (hepMeHTaTUBHOIM
peaKLI.

Bakrepnodar — Bupyc, vHGUUUpPYIOIWIKAA GaKkTepHH.

Besiok TemnoBoro moka — 0€JIOK, MPOAYLMPYEMBI HEKOTOPHIMU
KJIETKaMU KaK Pe3yJIbTaT BO3NeHiCTBUS TeMIEPaTyphI.

Bera(B)-crpykrypa (B-cknagka, B-TsK) — d3JIeMEHT BTOPHYHOM
CTPYKTYpH 6ejKa, B KOTOPOM aMMIHEIN aTOM a30Ta OJHOM 4acTH IIo-
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JIMTIeNTHAA 00pa3yeT BOAOPOIHYIO CBSI3b C ATOMOM KMCIOpoaa Kapbo-
HWIBHOM TPYNIIBE APYTOM YacTH IOJIUMENTHAA.

BuooMuAeCIEeHIMA — XeMIUTIOMUHECLIEHTHAsI 9MHICCHS CBETA XHU-
BBIMM OpTaHM3MaM# Ha OCHOBE MCITOJIb30BaHUS clienyddeckux dep-
MEHTOB.

Buopemeauanus — nporecc OYUCTKY OKPYKAIOIIEH cpeabl OT Kce-
HOOMOTHKOB, OCHOBAaHHBI/A Ha UCHOJB30BAHMHA MHKPOOPTaHMA3MOB.

Buocencop — 06M03JIEKTPOHHOE AHATUTHYECKOE YCTPOUCTBO, IIpe-
o0pa3yolee KOHHEHTPAUMOHHBINA CUTHAN B 3JIEKTPUYECKHA B pexXm-
Me peaJIbHOTO BpeMEHHU.

BaoTHHT — KOHTaKTHBIN IEpeHOC MakKpOMOJIEKYJ U3 ABYMEpHOH
cpenpl (HampuMep, M3 NOJMaKpWIAMHUIHOTO Telis) Ha MOBEPXHOCTH
6onee BbICOKOH apdMHHOCTH (HaNpHUMep, Ha HUTPOLEIUIIONO3Y HIH
HEIMJIOH).

B-kaerku (B-mambounts) — 1uMGOUNTHl, KOTOPEIE MOTYT GBITH
AKTUBMPOBAaHBI ¥ NIEPEBENEHBI Ha CTAAMIO pa3MHOXEeHHUs (TTponudepa-
IIMHU) ¥ KOTOpBbie CIIOCOOHBI CHHTE3MPOBATh U CEKPETUPOBATh UMMY-
HormoOynH G, CBA3BIBAIOILMI AHTUTEH.

Bropuunad crpykrypa 6einka — peryisipHble I1eMeHTHl CTPYKTYPHI
0eIKOBOU MOJIEKYJIBI, TaKHe KaK Q-CITHpaJH, -JHCTHL.

T'anTeH — HU3KOMOIEKVISIpHOE BelIECTBO, caMo IO cebe He obJa-
Jalee aHTUTEHHONW aKTMBHOCTBIO, KOTOpOE, OMHAKO, TIPU IIpHCoe-
IUHEHMH K MaKpOMOJIEKYJIe IIpHOOpeTaeT 3TO CBOMCTRO.

I'en cMepTH — TeH, 9KCIpecCHst KOTOPOTO acCOLMUPYETCs C allo-
nTo3oM, Harpumep reH Ca'-3aBrcHUMOIt SHIOHYKIIEa3hl, KOTOpas pac-
IIETUISIET SKCITOHMPOBaHHBIe 00JIaCTH XPOMATHHA, IIPOXYUMpPYS ¢par-
meHTHl JIHK.

I'erepoTpodbt — MHUKpOOPTaHM3MBI, KOTOpHIE I CBOETO pOCTa
HYXJAI0TCA B OPTaHUYECKUX BEIlECTBaX.

T'ubpugoma — KJ€TKa-MPORYUEHT MOHOK/IOHANBHBIX aHTUTEI, THO-
pUL KJIETOK MHEJIOMBI (PaKOBBIX KJIETOK) M JMMPOIUTOB; CIIOCOOHA
pa3MHOXaTbcs KaK KJIETKH MHEJIOMBI H CHHTE3HPOBATh aHTHUTeNIa KaK
JTUMQOITATHL.

I'mapodunbubiii pparMenT — GOKOBast rpymia aMHHOKUCIIOTHI, He-
cyuias 3apsi WiM coaepxariast NoJsspHyIo MpYyIITy.

I'mapodobHas ¢BA3b — accoUMANUs HEMOJISAPHBIX TPYIII, ABILKY-
et ciiioil obpa3zoBaHMs KOTOPOU SIBNsieTcsl HEOIAronpUsATHOE B3au-
MonefCTBYE MOJIEKYJI BOIBI C HEMONSAPHBIMHI TPYIIITAMHU.

T'ucToH — onuH U3 OSTH GeKOB, BXOHAIINX B XpOMATHH.

T IHKO3WIMPOBAHHE — TIOCTTPAHCIILIMOHHA MOIH(HUKaMs GelKa
IyTeM IIpUCOeTUHEHUS YTIIEBOAHBIX OCTATKOB,

I'1l0KOHeoTeHe3 — OHOCHHTES TIIIOKO3bl M3 MOJIEKYJI HEYTIIEBOJHOM
Npypoabl (HaMpUMeEpP, aMUHOKHMCIIOT, MOJIOYHOM KUCJIOTHI WM TJIH-
LIEpUHA).

Tomeocras — camoperynagnus opraHusMa, HPUBOAAIIAT K YCTa-
HOBJIEHHIO OTHOCHUTEIIBHO MOCTOSIHHOTO BHYTPEHHEIO CONEpXKaHMs.
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I'oMOAOrHYHOCTE — CXOJCTBO CTPYKTYP O€JIKOB IO MOCJIE0BATE b~
HOCTU aMHUHOKMCIIOT.

I'pamorpunareibnbie 6akrepum — OaKTepUM, UMEIOLIME IBe Kie-
TOYHBIE MeMOPaHHL.

I'pammosoxuTebHBIE 0aKTEpUHM — GAKTEePUH, UMEIOLINE OIHY KJle-
TOYHYIO MeMOpaHy.

JeKkcTpan — pa3BeTBIEHHBIN Mojrcaxapui MUKPOOHOIO TMPOHC-
XOXIEHUSI.

Jdenatypaups — JeCTPYKIMS HOPMAIBHO CTPYKTYPUPOBAHHOTO 61O~
noxuMepa (GeJika WIH HYKJIIeMHOBOUM KHCIOTHI) ¢ roTepeil ero GyHK-
LIMOHAJILHBIX CBOVCTB.

Hdengporpamma ((punoreneTnieckoe JepeBo, IBOJIOINMOHHOE Jepe-
BO) — PEKOHCTPYKIIUS 3BOJIOIMOHHOIO CPOACTBA PA3INYHBIX OOBEK-
TOB, ITOKAa3bIBAIONIAS ITPOUCXOXICHNE U3 OOLLIMX MpeaIlieCTBEHHUKOB,

Jecencern3anusa — 1oTeps PELENTTOPOM WIH (PepMEHTOM UyBCTBU-
TEJIBHOCTU K JIMTAHIY.

Jduanmm3 — TexXHuKa OTAe/IeHHs MaKpOMOJIEKYJ OT HU3KOMOJIEKY-
JIIPHBIX BellleCTB IyTeM audPy3un MocIeAHUX Yepe3 NoTyHposuIae-
MyI0 MeMOpaHy, HanpuMep LeurodaH.

Jdunaykcuss — poct 6akrepuil B IBe CTAAMU, UMEIOUIUNA MECTO, KOr-
Ja OakTepusl BBIPAIMBAETCS Ha cpelie C ABYMSI MCTOUYHWUKAMM YIJie-
pona.

Juadopaza — oKcuaopeayKTasa, riepeHocsas 37aeKTpoHsl or HAITH
K PeqoKC-KpacuTeio Wi (peppordaHuay Kalus.

JInokcurenaza — (QepMeHT, KOTOPBI BOCCTaHABIMBAET MOJIEKY-
JISPHBIA KUCJIOPOJ C BBEJICHNEM O00UX aTOMOB KUCIIOPOaa B CyOCTpaT
(B oTIMYMe OT MOHOOKCHUIE€HAa3bl) (HampuMmep, TPUITTODaHINOKCUTE-
Ha3sa).

JAnddysnu Kodpduument — Mepa MOJIEKY/ISIpHOMN ITOABHUKHOCTHU Be-
IMeCTBA B paCTBOPE WJIM Irefie 3a CYeT OPOYHOBCKOTO JIBVKEHHUSI.

JIOKMHI — KOMITBIOTEPHOE MOJEMPOBaHHE KOMILIEKCOOOpa3oBa-
HUS JIBYX MOJIEKYJL.

Jdomen — 0OMacTE ITIOOYNSIPHOTo Gejika, MMeolasi COOCTBEHHYIO
TPETUUYHYIO CTPYKTYDY.

AmMyHOrI00yAMH — OIUH M3 OeJKOB KPOBU, OTBETCTBEHHBLINA 3a
«y3HABaHHE» YYXKEPOTHOIO COEIUHEHMS.

HNurnbéutop — coequHeHune, OJIOKUpyOiiee (PepMeHTaTHBHYIO aK-
TUBHOCTD 32 CYET B3aUMOJIEHCTBUS ¢ aKTUBHBIM HJTH aJJIOCTEPUYECKIM
LeHTPOM OeJiKa.

HNutepdepon — GelloK, CUHTE3UPYEMBI U CEKPETUPYEMBIN KJIET-
KOH B OTBET Ha BUPYCHYIO MHODEKIIUIO.

HMutpon — BKIIOYeHHAs B I'eH ITOCIIEIOBATEIBHOCTD HYKIEOTHIOB,
He Hecylllas reHeTHYeCKoM nHdopMannm.

Kannann — xajnpnuiizaBUcMast KJIeTOYHas MPOTEUHA3a, aKTUBHAs
IpY HeATPAJIbHBIX 3HaueHusIx pH.

Kancug — 6eIoKk 0GOJIOYKH BUPYCa.
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Kackag — cepusa dbepMeHTaTUBHBIX peaKIWid, Ha KaXIO# ctamuu
KOTOPBIX IPOHNCXOJUT ITpeBpallleHe HeaKTUBHOTO hepMeHTa B aKTUB-
HBIH.

Kara6onmam — sHepronpoussogsiye MyTd MeTaboOJIM3Ma, NpU
KOTOPBIX MPOMCXOMIUT Jerpagaliisd MaKpOMOJIEKYJI WA JIPYyrux Co-
equHeHuit B CO,, H,0.

Karan — Mepa KaTtanuTuyecKoil aKTUBHOCTH, COOTBETCTBYIOLLAS
CKOpOCTH KOHBepcUM 1 Mo cyGeTpaTa B TedeHue 1 c.

Karanurnyeckas KOHCTAHTA CKOPOCTH — KOHCTaHTa CKOPOCTH pe-
aKIIMU MEPBOTO IOPSIIKA, KOTOPAs OIMUCHIBAET JIMMUTHPYIOLIYIO CTa-
JIMIO KaTaTUTUYeCKOTO IUKIIA; OTpeiesiieTcsl KaK OTHOlIeHUe MaKCH-
MaJIbHOW CKOPOCTH peaKINy K KOHIIeHTpallud aKTUBHBIX LIEHTPOB.

Karencun — sHponenTyaasa, 0GIYHO pabOTAOIAd NP HU3KUX
3HaueHusax pH.

kIHK — xomruremenrapHas JITHK; cuntesupyeTcst o6paTHO# TpaHC-
KpunTa3zoil Ha Matpuile MPHK u rosromMy He comep>XUT HHTPOHOB.

KnoH — KOJIOHUS KJIeTOK, MPOM3OLIENIINX U3 OJHOH POIMTENIb~
CKOIl ¥ MO3TOMY reHeTYeCKH WIeHTHUIHBIX.

Kolou — mocrneoBaTeIbHOCTD U3 TPeX HYKJIEOTHHIOB, KOAMPYIOIIas
OIHY aMHUHOKHCIIOTY.

Konon-repMHHaTOp — TMOJIMHYKJIEOTUIHBIA TPUTTIET, CUTHATU3M-
pywouuil 06 OKOHYaHUM cruHTe3a 6esika ¢ C-KOoHIa.

Komounaropuslit mpouecc — Ipouecc ONMUcaHus WM reHEPUPOBa-
HUSI POJACTBEHHBIX MOJIEKYJ (HampuMep, HYKJICHHOBBIX KHMCJOT, ITO-
JIMTENITUAOB, HU3KOMOJIEKYIIIPHBIX COeIUHEHU), KOTOPHIE MOT'YT OBITh
HCCNEIOBaHbBl Y OTOOpaHbl MO KaKOMY-JNOO XelaeMOMY CBOWCTBY;
KOJUIEKIMIO TAKMX MOJIEKYJT Ha3bIBAIOT KOMOMHATOPHOM OMOIMOTEKOM.

Konkypenrnoe MHrHOMpoBanne — MexaHU3M WHTHGUPOBAaHMSI, TTPH
KOTOPOM MHTMOMTOP KOHKYPHUPYET C CYOCTPATOM 3a IIEHTD CBSI3bIBa-
HHS Ha aKTUBHOM IIeHTpe (PepMeHTa.

Koncranra cnemmguunocty — HabogaeMass KOHCTaHTa CKOPOCTH
peaklM¥ BTOPOTo MopsifKa; ofpenesisieMass KaK OTHONIIEHUE KaTajlv-
TUYECKOM KOHCTAaHTHI CKOPOCTH K KOHCTaHTe Muxassuca.

KodepmMenr — KocyGCcTpaT B HEKOTOPBIX (PepMEHTATHBHBIX peak-
LUSIX, KOTOPEIM MPUCYTCTBYET B OIPaHMYEHHOM KOJMYECTBE in vivo U
KOTOPBIH TpeOyeT pereHepanuy 3a cdeT CONPSKeHHBIX peakiui (Ha-
npuMep, KosHsuM A, HAI*, ®AL).

KynbTypa KjleTKM — TexHUKa BBRIpAIlMBaHUS M vifro TeHeTHIeCKU
OIHOPOJHBIX KJIETOK XXUBOTHBIX MM PACTEHU, OOBIYHO Ha KOMIUIEK-
CHoI1 GoraToii cpefe.

JIak-omepon — CTPYKTYpHBIE M aCCOLMUPOBAHHEIE PETYJISITOPHEIE
reHbl, KOHTPOJIMPYIOIIME CIIOCOGHOCTE E. coli pacTH Ha JIaKTO3e.

JI/I5 — l03a TOKCMYHOTIO areHTa, BLI3BIBAIOLIEro cMepTh 50 % Kiie-
TOK WU XUBOTHBIX.

JInaza — xyacc depMeHTOB, 0OECIIEYNBAOIIMX ITPHCOeIMHEHME OJ1-
HOTO cybCcTpaTa K JIBOWHOM CBSI3U APYIoro.
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JInraza — kmacc ¢pepMeHTOB, 00eCIIeUMBAIOLINX TPUCOETNHEHHE
JIBYX CYOCTPaTOB C UCMOJNb30BAHMEM SHEProodecneyrnBapuieil peak-
uuy (0O6BIMHO peakiuu ruaponnsa ATP); depmeHT, ocylecTsIs-
IOLIUH JIeTUPOBaHWE — IpHcoequHeHWe 3'-KOHIIAa OJHOH TOJHIIen-
TUAHOH Nenu K 5'-KOHLY Ipyroii.

JIMrHMH — HeperyJsIpHbIN ITOTUMED APEBECHBIX pacTeHUH, 06pa3y-
eMBI OKMCJIeHHeM LIMKHMMOBOM KMCIOTHL ¢ obpasoBaHueM C—C u
C—O cBsseii.

JInzar — npoayxr nAmsuca.

JIm3anc — paspyllleHWe CTeHKH X MeMOpPaHbI KJIETKM, 3a KOTOPHIM
cIIeIyeT Mepexoj CONEepXKUMOro KJIeTKH B pacTBOp.

JInzocoma — xieTo4YHas BUSUKYJIA, COMEpXallas r’ApOINTUYECKIE
¢epMeHThI, aKTUBHpYeMBbIE TPy HU3KOM 3HaYeHUH pH.

JInmonporenH — KOMIUIEKC JIUIMMAOB ¢ OEIKOM, obecrnednBaomuii
TPAHCITOPT JIUTIUAOB B XPOBH.

JlumocomMa — CHHTETHYECKasd BU3UKYJA, oGpasyeMasi aucriepcueit
ITOJIIPHBIX JINTIUAOB B BOTHOU Cpejie.

JIok-ayr — XWBOTHBIE WM PACTEHUS, JIMILEHHble KAKOTO-JI0O0 CHe-
MPUIECKOro reHa; UCIONbL3VIOTCS JJIS1 BBIICHEHUS POJIU F'eHa B OHO-
XUMHH ¥ (DU3HOJOTHU OpraHu3Ma.

Makpodar — Bun GarolUTHPYIOINX KIeTOK MMMYHHOM cucTe-
MEL.

MakcumaibHas CKOpOCTb peakmMM — IpeaesibHas CKOpOcCTh dep-
MEHTATUBHOM peaklivy, HabmogaeMas Ipy HAChIIEHU GepMeHTa Cyo-
CTpaTOM.

MuroreH — coequHeHHe, MHAYIUPYIOLIee KIETOUHOe JelieHue.

MuTo3 — KJIETOYHOE JleJieHue, MPUBOoAsiliee K 00pa3soBaHUIO J10-
yepHeil KJIETKH C ITOJIHBIM HabopOM XpOMOCOM POIMTENILCKOM.

MuTtoxoHaApHA — OpraHeiula 3yKapHuOTHYECKHX KJIETOK, OTBETCTBEH-
Hasl 3a OKMCJIMTeNlbHOe GochopuipoBaHue, NUKI TPUKAPOOHOBEIX
KHUCJIOT, [3-OKHCJIeHHUE.

MOHOKJIOHAIbHbIE AHTHTENA — WMMYHOIJIOOYJIMHEI, ITpe/ICcTaBIdg-
10111e COG0H MOJHOCTBIO UIEHTUUYHBbIE MOJIEKYJIBl — TNPOOYKTHI CeK-
pellMU KJIETOK KJIOHOM, MMEIOIIUM OIHY KJIeTKY ITpelllieCTBEeHHUKA,
OOBIYHO TOAYYAIOT, UCIONIb3ys] THOPHAIOMEL.

MPHK — PHK, comepxainvie KoauposaHHyo uHbopMaumio 1is
CUHTe3a Oeska.

MyTareH — coeliHEHHWe, KOTOpOe BBI3BIBAET MYTALIMIO XHMHUYe-
ckoit Mogudukanmeii ocHopanus JHK.

HeiiporpancMHTTEp — BELLIECTBO, OCYIECTBRIAIONIEE TTlepeady CUr-
Hajla OT OJHOI HePBHOM KJIETKM K JAPYrol B CUHAlice (HampuMep,
alleTWIXONWH, NodaMuH, HOpaapeHAH).

Hykigeo3nn — mypHHOBOE WM MUPUMHUIMHOBOEC OCHOBAaHUE, CBS-
3aHHOE C OCTaTKOM puOO03bl WIH JIe30KCUPUOO3bL.

Hykneorua — Hykneo3ua, GochopwIMpoOBaHHBIA ONHOU, ABYMS
Wi tpeMs GochaTHLIMHU TpyNIIaMu 1o 3~ WK 5’'-TI0NOXEHUIO.
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Hykneopnn — coenqvHeHue Mau QYHKIMOHANBHAS TPYINMa, CITO-
COOHAs MPUTATUBATE K cebe MPOTOH, SAPO APYroro aroMa WM IT0JIO-
>KUTENBHO 3apsLKEHHYIO YacTHILY.

O6parnas Tpanckpunraza — JJHK-monvmepasa, vcrnons3yiomas
PHK B kxadecTre MaTpuLbI.

Oauromep — nojiuMepHasd MOJIEKYJIa C HEBBICOKOH CTeIleHbIO I10-
JIMMEePHU3aL1H.

OHx06e10K — MPOOYKT TPAHCIALNM OHKOTEHa,

OHKOoren — reH, NMPUCYTCTBYIOIIMH B HOPMAJIbHOM KJIETKE, aKTH-
BallMsl KOTOPOTO BefeT K TpaHcopManny KJIETKU B PaKOBYIO.

OkcHIopeayKTasbl — Ki1acc (DepMeHTOB, OCYIIECTBISION{UX peak-
LMIO OKUCJIEHHUS OJJHOrO CyOCTpara 3a CYeT BOCCTAHOBJIEHUS JIPYroro
(HarpuMep, meruaporeHasbl, IMEPOKCUIA3BI, OKCHJIA3HI).

Oneparop — ydyacrok JHK, KoHTpoqMpymomuii TpaHCKPUITLUIO
IyTeM CBSI3BIBAHMS C PEINPECCOPOM WIN aKTHBATOPOM.

Iamuuapon — cerMeHT QBOMHON UeNy MOJMHYKJIEOTHIA, B KOTO-
pOY MOPSIAOK OCHOBaHWH B OJHOM Iteny (4uTaeMoif oT 5’ K 3’) TOT Xe
CcaMBblil, YTO M B KOMIUIEMEHTAPHON aHTUITApaUIeNILHOMN Teny.

Ilentunasza — gepMeHT, pacIIeIUISIOIMH NeNTUIHbIE CBA3U B OeI-
Kax ¥ MeNTHaX.

IlepBu4Has CTPYKTYpa -— I10CTICIOBAaTeIBHOCTh aMUHOKHCJIIOT B Oei-
Ke.

IlepokcHaasza — reM-3aBUCHMBIH (epMeHT, OKUCSIONINA pa3iay-
Hble MOJEKY/Ibl, UCIIOJb3VIOIIMA B Ka4eCTBE OKUCIUTENS IepPOKCHIT
BOJIOpPOJA.

ITupuMBAMHLI — OJUH U3 JBYX KJIACCOB IeTEpOUMKINYECKMX Opra-
HUYeCKUX OCHOBAaHMH, BXOOSIIMX B HYKJIEMHOBBIE KMCJIOTHI (Ypaliwil
u nuto3uHd B PHK, ypauwr u Tumun B JIHK).

IInasma — xuakast daza HeJIbHOM KpOBH.

IInazmupa — caMOpa3sMHOXAIONIUIICA BHEXPOMOCOMHBIN ITUKIN-
YeCKUIl 3JIeMeHT HACHeACTBEHHOCTH; MCITOIb3YETCS B Ka4eCTBE BEKTO-
pa TIpU BBeJCHHUU HOBBIX TeHOB B OaKTEpUU.

Iomunuukep — xopotkuit yyactok JHK, comepxamuit HecKosb-
KO HEHTPOB PEeCTPHKIIMH; BBOOUTCS B BEKTOD JJIS ITOCAEHYIOIIETo 1c-
TI0JIb30BaHUS TIPY BKIIOUEeHUH HYXHBIX PparmenToB JTHK.

ITonmMepa3nas nennas peaknis — TeXHUKA aMIDTMUKALIN HYX-
HbIx yyactkoB JJTHK ¢ nomoipio JHK-nomuMepassl.

IIpaiimep — OJIMTOHYKJICOTH, TMOPMAM3YIOUIMICA C MaTpUUCH
JIHK B nonnMepa3HoO# peakiiiu.

IIpnon — GenKoBBIN MHGEKIIMOHHBIA areHT, BhI3BIBAIOIINMA Jere-
HepaTHUBHbIE HEWPOJIOTHUEeCKUe 3a00eBaHus TUIA 6oJe3Hu KpedTt-
denpga— Ixakoba.

IIpomorep — ¢dparmeHT nByxuenodeyHoit JTHK, perymupyroimii
cBsi3bIBaHUE M akTHBHOCTh PHK -rronumepassl.

IIpocraraanaun — NIPOU3BOIHOE apPaXUAOHOBOM KHCIIOTHI, COIEp-
Xalee IMKIONEHTaHOBOE KOJIbIO.

464



IIporennknnaza — depmeHT, Hcnonb3ywnii AT® mua pochopu-
JIMPOBAHUS GEJIKOB IO MMIPOKCUJIBHOM I'PYTINe CEPHUHA, TPEOHWHA WX
THPO3WHA.

IlporeomMa — (aHANMOrM4YHO T'eHOMY) OOOOLLEHHBIH TEPMUH, ONU-
CHIBAIOIMI GEeJIKOBOE COAEPXKAaHUE KIETKH.

Ilypuasl — oOVH U3 ABYX KJIACCOB reTepOLMKINYECKHX OpraHnde-
CKUX OCHOBaHW, BXOAAIINX B HYKJIEUHOBBIE KMCJIOTHI, GOJbIIEH Ya-
CTBIO aI€HWH ¥ ['YaHWH.

Panemuyeckas cmech — CMeCh SKBUMOJISIPHBIX KOJIMYECTB JIBYX SHAH -
THUOMEPOB.

PexomOunanust — TpUpPOAHOE WIM CHHTeTHUeCcKOe rtonydeHue JJTHK
H3 MOJMHYKIEOTHIOB OoJiee YeM OIHOTO OpraHu3Ma.

Penakcanms — M3MEHEHUE COCTOSHUSI CHUCTEMBI IIpU Iepexone K
HOBOMY COCTOSTHUIO ITpY OBICTPOM M3MEHEHUHM BHEIHUX YCIOBUIl (CKa-
4oK Temmeparypsl, pH, narBirenus).

Penatypanusa — Bo3BpauieHue Oejika B HaTUBHYIO CTPYKTYpY M3
JleHaTypUpPOBaHHOM.

Penun — acmaptaTtHast IpoTeNHA3a, CEKPETUPYEMas OYKAMU, OCY-
LIECTBISIONAs KOHBEPCUIO aHTMOTeH3WHOIeHa B aHTHOTeH3WH (He
MyTaTh C PEHHUHOM).

Pennun (XMMO3WH) — acrnapraTHasi NMPOTEeMHAa3a, CeKpeTupyemas
XKeJIYAKOM HOBOPOXINeHHBIX XXUBOTHEIX JUISI CBOpAaYMBaHUS MOJIOKA.

Penpeccop — GeJtoK peryJisiuMy TPaHCKPUIIIMU, CBSI3bIBAIOIIIUICS
C OIepaTOPOM M BBI3BIBAIOIIUN PEIPecCHIo.

PerpoBupyc — Bupyc ¢ renoMoM PHK.

Puo6o3nm — Monexyna PHK, o6magaronas KaTatuTHyecKoi aKTUB-
HOCTBIO.

Pubocoma — KkJeToyHasi opraHeuia, kKoMruieke monekyn PHK u
0eJIKOB, OCYHIECTBISIOIIUA CHHTe3 Geska Ha Matpuile MPHK.

pPHK — pu6ocomansHast PHK.

Caiir-nanpasjennnlii (caiiT-cnenudgmuyeckunit) MyTareHes — TexHU-
Ka M3MEHEeHHs T'eHa C XeJaeMOM TodedHON MyTralMei; OCHOBaHa Ha
3aMeHe OJHOTO KOJIOHA B MONMHYKJISOTHIHOU Leny Ha Jpyrou.

CepuHOBBIE NPOTEHHA3Bl — THIT NENTHAA3, COAEPXAIIUX B aKTHB-
HOM IIeHTPE THIPOKCWILHYIO I'PYNITy cepUHa (C-XMMOTPHUIICHH, CyO-
TWIH3WH U Jp.).

CnaajicMHr — TIponecc, B pe3yJIbTaTe KOTOPOro U3 ITOCTeI0BaTe b~
HOCTH TIOJIMHYKJIEOTHAA HCKITI0OYAETCS] MHTPOH.

CybcTpar — peareHT B GepMeHTaTUBHON pEaKIIvU.

Cy0obenuHnna — MoJseKysa 6eiKa, o6agamlias TPeTHIHOH CTPYK-
TYpOH.

Tpauckpunuus — cunre3 PHK ¢ marpuust JHK.

Tpaucasums — cuHTe3 Oenka Ha MaTpuiie MPHK.

Tpancdepasa — kiacc hepMeHTOB, OCYLUECTBIAIOUINX IEPEHOC XH-
MUYECKOM I'PYIIILI OT OMHOM MOJEKYJIBI K ApYroi (HarpuMmep, KHHa-
3a, pochopuiaza, TpaHcaMHHA3a).
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TpeTuunas CTPYKTypa — TpexMepHasl CTPYKTypa OeJka.

Tpunjier — KOTOH aMUHOKMCIIOTH, BKJTIOYAIOIIWHA TP HYKIEOoTH 1A
B TeHETUYECKOM KOJe.

TPHK — tpaHcrioptHeie PHK, yuactByromue B BHIOOpE aMUHO-
KHCJIOTBI IPH OMocHHTE3e Oenka, cyocrpar amuHoanun-TPHK-cuH-
TeTaskl.

®@ar-0akrepuodar — BUPYC, MOpAXKAIOIMH GaKTEepUH.

®@armuga — MHOroGhyHKIMOHAJIbHBIM BEKTOp, rMOPU IJIa3MH-
Il 1 GakTepuodara, MCITONB3YIOIMNNA MHOTWE ITOJe3Hble CBOMCTBA
oboux.

®axkTop pocra — GeJIOK, KOTOPHIA CBA3LIBAETCA C PelelropaMu Ha
KJIETKAaX U YCKOPSIET UX Pa3MHOXEHMeE.

®ocdoannux — NMPOIYKT KOBAJIEHTHOTO IpUcoeIrHeHus pochop-
HO# KHUCNOTH K Juruay (Harmpumep, pochoamyuimuepuH, ¢PuHro-
MMETUH).

®ororpod — opraHu3M, oGeCIIeYyBaIOIIMI ce6sT SHeprueii 3a cuer
CBeTa.

Xemorpoh — MUKPOOPraHU3M, KOTOPBII NOIyYaeT SHEPTUIO 33 CHET
XUMHUYECKOUN peakiMyu (OOBIYHO peakIMM OKHCJIEHWs 3HEProeMKOro
cybeTpaTa KMCHOPOIOM).

Xumepuble aHTHTeNRa (IYMaHMIMPOBAHHbIE AHTHTENA) —— THOPUI-
Hble UMMYHOIJIOOYJIMHBI, COCTOSIIINE U3 YaCTH aHTHUTENA YeJloBeKa U
YaCTH aHTHTeNIa JPYroro OpraHnu3ma.

XupaabnocTs — (PopMaltbHast OPUECHTALMS B IIPOCTPAHCTBE CTEPEO-
H30MEpPOB.

Xnopomiact — opraHeiia KJIETOK 3eJleHBIX pacTeHuil, IOmIoIa-
I01ast CBeT M ocylllecTrismonas cuares ATO.

Xpomatun — xoMruieke JJHK ¢ accoummpoBaHHBEIMM OelKaMU U
KJIETKAMM SYKapHOTOB.

Xpomadop — xuMudyeckas Tpyra B MoJieKyJie WIM IToJuMepe,
OTBETCTBEHHAs 3a ITOTJIOIEeHME BUANMOIO WIM YIbTpadroneToBoro
cBera.

Hucrpon — cerment JIHK, KOTOpHIA comepXUT BCIO uHGOPMa-
LMIO, HEOOXOMMMYIO Ui CHHTe3a ITOJMIeNTUAHON IeNd, BKIIOYaeT
KaK CTPYKTYPHYIO (KOXMPYIOUIYIO) MOCEIOBATEBHOCTD, TAK U Pery-
JIITOPHYIO TIOCTIEAOBATEIbHOCTb.

YerBepruuHas CTPYKTYpa — OpPTraHU3alMsI B IIPOCTPAHCTBE ITOJIM-
MENTUAHBIX CYOBEIUHUI] ITPU (POPMUPOBAHUU MHOTOCYOBETUHUYHBIX
0eJIKOB.

IITanepoH — MHOTOKOMITOHEHTHASE CHCTEMA, OOECTICUHBAIOIIIAS ITpa-
BWIbHOE CBOpaunBaHue (GOJIIVHT) ITOJIUIIENITUIHON e B GeJIKH.

' DiK03aHOMI — KJIACC COEIUHEHUH, BKIIOYAOIIMIA MPOCTAr/IaH-
JWHBI, TPOMOOKCAHBI, JIEMKOTPUEHBI; BCe COeJMHEHUS 3TOro Kiacca
IPOUCXOMST OT APaXUAOHOBOM KMCIIOTBI.

DK3onmenTHAa3a — NenTuaasa, KoTopas pacilellIseT 6elIoK rnocue-

JIOBaTeNbHO, HaunHas ¢ N-KOHIIEBOH MENTUIHOM CBA3MU.
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DKCNpecCHOHHBIA BEKTOP — TUIa3MMIa WIM OakTepuodar, UCTOIb-
3yeMBII KaK MEPeHOCUMK TeHeTHMYecKOH MHOMOPMallMu B KJIETKY, B
KOTOPOM CHHTE3NPYIOTCS KOAUPOBaHHbIE OENKH.

Drenpeccuss — NPOM3BOACTBO MpoaykTa reHa (6enka wiu PHK)
C IeHa.

Dnexkrpodopes — TeXHUKA pazfeieHUs 3apsKeHHBIX YaCTUL B CO-
OTBETCTBHM C UX MOABMKHOCTBIO B 3JIEKTPUUYECKOM HOJIE.

DHAOHYKIEea3a PECTPHKIMM — TTPeICTaBUTENb IPYIITH (hepMEHTOB,
paclIeIUIIIOIUNd BHYTpeHHUEe docdonurpupHbie CBIA3M 0O0UX Iie-
et JIHK B o6actu crienmuueckKrux HyKJI€OTHIHbBIX [IOCIEI0BATEb-
HOCTEN.

DuponenTHaaza — MelTAAA3a, PACILEIUIIONIas 6eJIOK 110 BHYTPEH-
Hel OeJIKOBOU CBSI3H.

DHIONUTO3 — TIPOLIECC TIOTJIOIEHUST KIETKOM 3KCTPAKJIETOYHOro
Marepuarna.
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