MEXAHHM3M JIEWCTBUA ®PEPMEHTOB
(k camocTOsITE/ILHOI padoTe)

Crpykrypa u GpyHKIIMH HEPMEHTOB, a TAKXKE MEXaHU3M UX JACUCTBUS IMOYTH €KETOIHO MOJIPOOHO
00CY>/1al0TCsl HA MHOTHX MEKIYHapOIHbIX CUMIIO3MyMax U KOHrpeccax. BaxkHoe mecTo
OTBOJIUTCS] PACCMOTPEHHIO CTPYKTYpHI BCEil MOJIEKYJIbI (pepMEHTa U €€ aKTUBHBIX IICHTPOB,
MOJIEKYJIIPHOMY MEXaHHU3MY AEUCTBUS pa3IMUHbIX TUIIOB (EPMEHTOB, O0IEH TEOpUr
HH3UMATHYECKOI0 KaTtanu3a. TeM He MeHee 10 CUX MOpP HET MOJIHOU SICHOCTHU 0 IBYM
KapMHAJIbHBIM IPO0IeMaM SH3UMOJIOTHHU: YEM BbI3BAHbI CHEIM(PUUHOCTD IEHCTBUS U BBICOKAS
KaranuTuyeckas 3p(HeKTUBHOCTh HEpPMEHTOB?

Jlo ycTaHOBJIEHUSI XUMUYECKOM MPUPo/ibl (hepMEHTOB TMITOTE3bI O MEXaHU3ME UX JeHCTBUSA
ONMPAINCh HA UCCIIEJOBAHNUS KUHETUKH U MOJIETIbHBIE ONBITHl XUMHUUECKOT'O TOMOTE€HHOTO
kaTanuza. [IoBbIIIEHNE CKOPOCTU XUMHUECKUX PEAKIU 1o IeiicTBUEeM (epMEHTOB OOBSICHSIN
CIICTYIOIIMM: ) aKTUBUPOBAHUEM CyOCTpara B pe3yJibTaTe 00pa3oBaHus aJcOpPOIIMOHHBIX HITH
MOJIEKYJISIPHBIX, 00paTUMO JUCCOLMUPYIOLUINX (EePMEHT-CyOCTPAaTHBIX KOMIUIEKCOB; 0) LIEITHBIM
MEXaHU3MOM PEaKIUi C y4acTUEM PaaUKaJIOB UM BO30YXKAEHHBIX MoJieKkya. OKa3anock, 4To
LIETHbIE MEXaHNU3Mbl PEAKIIMU HE UTPAIOT CYIIECTBEHHOM PO B OMOJIOrMYECKOM KaTalu3e.
[Tocne ycraHoBiIeHHUs: XUMUYECKON OIPUPO/IbI PEPMEHTOB MOATBEPAMIOCH PECTABIICHNUE,
BbIIBUHYTOE Oonee 80 net Hazaa B. Anpu, JI. Muxasnucom u M. MeHTeH, 0 TOM, 4TO MpU
SH3UMATHYEeCKOM Katanu3e dpepMeHT E coenunsercs (B MpUHIIUIIE 0OPaTUMO) CO CBOUM
cyOctparoM S, 00pa3yst HECTOMKHI TPOMEKYTOUHBIN (hepMeHT-cyOcTpaTHbIN KoMIuieke ES,
KOTOPBII B KOHIIE PEAKIIMU PACIaaeTCs ¢ 0CBOOOXKIeHHEM (hepMEHTa 1 TTPOTyKTOB peakuuu P.
bnaronapst BBICOKOMY CpOJICTBY CBsI3bIBaHMA U 00pazoBaHMio ES-koMiiekca pe3sko Bo3pacTaeT
YHCJIO MOJIEKYJI CyOCTpara, BCTYNAIOUX B PEaKIUU. DTH NPEACTABIEHUS JIETJIU B OCHOBY
TEOPUH «KJII0Ya-3aMKa» J. duiepa, KOTOPYIO MHOI'Ia Ha3bIBAIOT TEOPUEH «KECTKOW MaTPULIBD.
Takum o0pa3om, xKecTKasi CTPyKTypa akTUBHOTO LIEHTPa OKa3bIBAETCS KOMILIEMEHTAPHOU
MOJIEKYJISIPHOM CTPYKType cyOcTpaTa, o0ecreunBasi TEM CaMbIM BBICOKYIO clieM(UYHOCTh

[l!e[!MeHTa.

JI. Muxasnuc He TOJIKO MOCTYJIUPOBATl 00pa30BaHKe MPOMEKYTOYHOTO (hepMEHT-CyOCTPaTHOTO
ES-xommiekca, HO U paccunTal BAMSHHE KOHLIEHTpalUU cyOcTpara Ha CKOPOCTh peakiuu. B
MPOIECCE PEAKIUU PA3TUYAIOT HECKOJIBKO CTaIUN: IPUCOSAMHEHNE MOJIEKYJIbI CyOCcTpara K
dbepMeHTy, npeodbpazoBaHue IEPBUIHOTO MPOMEKYTOYHOTO COSAUMHEHHS B OJIMH HITH HECKOJIbKO
MOCIIEIOBATENBHBIX (IIEPEXOTHBIX) KOMIUIEKCOB U MPOTEKAIOIIEee B OAHY WJIM HECKOJIBKO CTaIHiA
OTJICJICHHE KOHEYHBIX MTPOIYKTOB PEAKIIUU OT epMEHTa. ITO MOKHO CXEMaTHICCKH
MPOWJLTIOCTPUPOBATH CICAYIOIUMHU IPUMEpPaMHU:

E+Sa2ES—.. 'E+F.

B peakuusax anabonuszma, Hanpumep A + B —> AB, depMeHT MOXeT COeTMHATHCS KaK C OIHUM,
TaK U C IPYyTUM cyOCTpaToM WM 000UMHU CyOCTpaTaMu:

EA
E >EAEI-—-E -AB
EB

B peakuusax xarabonusma, Hanpumep AB —> A + B:
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a) AB + E —> ABE
6) ABE —= A + BE (a+6+B)AB+E >A+B+E
B) BE->B+E

Ha puc. mpencraBnena cxema o0pa3oBaHusI TPOMEKYTOYHOTO (pepMEeHT-CyOCTpaTHOTO
komruiekca. Eciiu pepMEeHT B aKTUBHOM IICHTPE COJAEPKHUT KODEPMEHT, TO TPEAINOIaraeTcs
o0OpasoBaHue TPOMHOTO KoMIUIeKca (puc. 4.8).

®DepMeHT BCTyITaeT BO B3aUMOJICHCTBUE C CYOCTPATOM HA OYEHB KOPOTKUH MEPHOI, TIOITOMY
JONITOE BpeMsl HE y1aBalioch MOKa3aTh 00pa3oBaHUe Takoro koMiuiekca. [Ipsmbie
JOKa3aTeJIbCTBA CYIIECTBOBAHUS (PePMEHT-CyOCTPAaTHOTO KOMILIEKCA OBLITH ITOJTYYCHBI B
naboparopusx /. Keiinuna u b. Uanca. B Hacrosiiee Bpems SKCIIEpUMEHTAIbHbIE U
MaTeMaTUYECKUE METO/Ibl KHHETUKH, TEPMOJANHAMHUKHY U CTATUYECKOW MEXAHUKH XUMUYECKUX
PEaKIUH TIO3BOJISIOT

DapMeHT AKTUBHBLIF depmeHTt
KOMNNEekc

K< <
o S,

CyGoTpar NponykThl
prEakLMKA

O0pa3oBaHre HECTOWKOTO (hepMEHT-CyOCTPaTHOTO KOMILIEKCa CoraacHo Teopuu J. Durepa
«KITFOY-3aMOK.

CyGoTpar AnopepMedt  KodepMmeHT

/
A t
\/ AKTHBHHH
4

Oyuknus kopepmenTta (o A. Kanraposy u b. lllemapTiy).
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OO0pa3oBaHue He-KOBAJIEHTHBIX CBsA3eH MeXay HepMEHTOM U cyOcTpaToM (cxema).

OMPCACIINTD AJIA pAaa (1)CpMeHTaTI/IBHI)IX [geaK!!I/II\/JI KHMHCTHYCCKHUEC U TCPMOANHAMUNYCCKIUC
IMMOKa34aTejiv, B YaCTHOCTHU KOHCTAHTBI AUCCONUAINU ITPOMECIKYTOYHBIX (bepMeHT—CY6CTpaTHBIX
KOMIIJICKCOB, KOHCTAHTBI CKOPOCTH B PABHOBECHSA UX 06pa30BaH1/151.

B o0Opa3zoBanuu GpepMeHT-CyOCTpaTHBIX KOMITJIEKCOB YYaCTBYIOT BOJIOPOIHbIC CBSI3H,
JIEKTPOCTaTUYECKHE U TUAPO(OOHBIE B3aUMOIECHCTBHYS, & B PAJE CIIy4aeB TaKKe KOBAJICHTHBIE,
KOOpJMHAIMOHHbIE cBA3H. MHpopManus o mpupoje cBszel Mexay cyocTpaTom u
CBSI3bIBAIOIMM Y4aCTKOM aKTHBHOTO LIeHTpa (epMeHTa MOXKET ObITh MosyueHa Metogamu JI1P
u JAMP, a taxxe merogamu Y @- u UK-cnekrpockonumu.

Jis KaTamUTHYECKOW aKTUBHOCTH (pepMeHTa CyIIeCTBEHHOE 3HAUCHHE UMEET
IPOCTPAaHCTBEHHASI CTPYKTYPa, B KOTOPOH KECTKHE yUACTKHU O-CTIUPATICH YepeayroTcs C
rUOKHMMHU, 371aCTUYHBIMU JIMHEHHBIMHU OTPE3KaMHu, 00€CIIeUUBAIONMMH JUHAMUYECKHE
U3MEHEHHS OEIKOBOM MOJIEKYJIbl (hepMeHTa. DTUM U3Me-HEHSM MpHIaeTcsi 00JIbIIoe 3HAUYCHUE B
HEKOTOPBIX TeOpHUsiX (epMEHTATUBHOTO KaTanusa. Tak, B IPOTHBOMOJIOKHOCTh MOJEITH .
®dumepa «kimou-3amox» []. Konutenmom Op11a pa3paboTana TeOpus «MHAYIIMPOBAHHOTO
COOTBETCTBUS, IOIYCKAIOIast BEICOKYIO KOH()OPMAIIMOHHYIO JTa0MIIBHOCTh MOJIEKYJIbI OenKa-
¢depMeHTa 1 THOKOCTB M MOJBIKHOCTD aKTHBHOTO IIEHTpa. DTa TeopHs ObUIa OCHOBAaHA Ha
BechbMa yOeIUTEeNbHBIX YKCIIEPUMEHTaX, CBHJICTEIBCTBYIOLINX O TOM, YTO CYOCTpaT MHAYIHPYET
KOH(OPMAaIIMOHHBIE U3MEHEHUSI MOJICKYJIbI (hepMEHTa TAaKUM 00pa30M, YTO aKTUBHBIN IICHTP
NPUHUMAET HEOOXOAMMYIO IS CBS3BIBAHUS CyOCTpara MpOCTPaHCTBEHHYIO OPHEHTALIUIO.
WupiMu crioBamu, GEpMEHT TOIBKO B IPUCYTCTBUH (TOYHEE, B MOMEHT MIPUCOCTMHEHUS )
cyOcTpara OyaeT HaXOIUThCS B aKTUBHOM (HanpspkeHHOM) T-gopme B OTiIMYMe OT HEaKTUBHOM
R-tdopmel. Bunno 13 prucyHka, 4yTo npucoeanneHune cyocrpara S k depmenty E, Bbi3biBas
COOTBETCTBYIOIIHME N3MEHEHHS KOH()OpPMAIIUY aKTUBHOTO LIEHTPA, B OHUX CIyYasX MPUBOIUT K
00pa30BaHUIO AKTHBHOTO KOMIUIEKCA, B IPYTHX — HEAKTUBHOTO KOMIUIEKCA BCIICACTBUE
HapyLICHUs TPOCTPAHCTBEHHOT'O PacIoNOXKeHUs (PYHKIIMOHAIBHBIX IPYII AKTUBHOT'O [IEHTPA B
IPOMEKYTOYHOM KoMmIutekce. [1oirydeHsl SKCTIepIMEeHTAIbHBIC JOKa3aTebCTBA HOBOTO
TIOJIOXKEHHS O TOM, 4TO MocTyupoBanHoe J{. KonmeHaom «MHIyMpoBaHHOE COOTBETCTBHEY
cybOcTpara u hepMeHTa co3IaeTcd He 0013aTeIbHO U3MEHEHUAMU
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N3MmeHeHus cTpyKTypbl akTUBHOTO LIEHTpa )epMeHTa, BhI3BaHHBIE CYOCTPaTOM, COTIIACHO
MOJICNIA «UHAYIIMPOBAHHOTO cooTBeTCTBU» J[. Konutanma.

A, B, C - pyHKIMOHAIbHBIE TPYIIIIEI AKTUBHOI'O IIEHTPA; | - aKTUBHBIN KOMILIEKC; 2 -
HEAKTHUBHBIM KOMILICKC.

[epexonHoe
COCTOAHKE

WcxonHoe
COCTORAHKE

CeofoaHan sHeprua —

KoHeYyHoe COCTORHME

XOn peakui ——— =

DHepreTUYecKuii MeXaHU3M (pepMEHTATUBHON M He()epMEHTATUBHOM XMMUYCCKHIX PEAKITUH.

S - ucxoauslit cyoerpar; P - npoaykT; AEne -3Heprus akruBauuu HehepMEeHTaTUBHOM peakiniy;
AEg - pHeprus akTuBauu GpepMeHTaTHBHON peakiuu; AG - cTaHIapTHOE U3MECHEHUE
CBOOOTHOM PHEPTUH.

KOH(pOopManuyu OeNKOBOM MOJIEKYJIbI, HO TAK)XE T€OMETPUUECKON U IJIEKTPOHHO-
TororpadguuecKor IepecTpORKOil MOJIEKYIIBI cyOcTpaTa.

B kaTanuTHueckoM Mpolecce CyUIECTBEHHOE 3HAaYEHUE NMEIOT TOUHOE COOTBETCTBUE MEX LY
dbepMeHTOM U cyOCTpaToM, a TaKKe TEPMOAMHAMUYECKUE U KaTAIUTUYECKHE PEUMYIIECTBA
moI0OHOTO COOTBETCTBHS. [ MMOTE3a «MHIYITUPOBAHHOTO COOTBETCTBUS» MPEIOIaraet
CYILIECTBOBaHHE MeXAy (hepMEHTOM U cyOCTpaTOM HE TOJIBKO MPOCTPAHCTBEHHOW MIIH
r€OMETPUUYECKOU KOMIUVIEMEHTAPHOCTH, HO U AJIEKTPOCTATUYECKOIO COOTBETCTBUS,
00yCIJIOBJICHHOTO CIIApUBAaHUEM MTPOTUBOMOJIOKHO 3apsHKEHHBIX TPYII CyOCTpara U akTUBHOTO
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nenTpa pepmenra. TouHoe cooTBeTCTBHE 0OecnieunBaeT odpasoBanue 3hHEeKTHBHOTO
KOMILJIEKCa MEX/1y cyOocTpaToM U epMEHTOM.

[Topo6HO Apyrum Karanuszaropam, pepMEHTHI, C TEPMOAUHAMHUYECKON TOUKHU 3PEHUS, YCKOPSIOT
XMMHUYECKHME PEAKIIMU 3a CUET CHI)KEHUSI DHEPIUM aKTUBAIMK . DHEPIUEl aKTUBallUU
Ha3bIBAETCs SHEPIHsl, HE00X0AUMas JUIsl IEPEBO/Ia BCEX MOJIEKYJ MOJIs BEIIECTBA B
AKTUBUPOBAHHOE COCTOSIHUE IIPU TaHHOM Temneparype. JpyruMu ciioBaMHu, 3TO dJHEPIus,
HeoOXxoauMast JUIsl 3allycka XUMUUYECKOW peakiinu, 0e3 KOTOpOil peakiys He HAYMHAETCs
HECMOTPsI Ha €€ TEPMOAMHAMUYECKYIO BEPOATHOCTb. DEPMEHT CHMKAET DHEPIUIO AKTUBALIUY
IIyTEM yBEJIIMUYEHUS YNCIA AKTUBUPOBAHHBIX MOJIEKYJI, KOTOPBIE CTAHOBATCSA
PEaKIMOHHOCTIOCOOHBIMU Ha 00Jiee HU3KOM SHEpreTH4eckoM ypoBHe. Ha pucynke BuaHO, 4TO
(epMeHTaTUBHAs peakiys UMeeT 0oJiee HU3KYIO JHEpruto akTuBauuu. Cieayer OTMETUTh, YTO
KaK Katanuzupyemasi epMEeHTOM, TaK M He KaTaJu3upyeMas UM peakiis He3aBUCUMO OT ee
IyTH UMEET OAMHAKOBYIO BEJIMUUHY CTAHJAPTHOIO U3MEHEHUs cBOOOJHOM 3Heprun (AG).
JleiicTBysI Ha CKOPOCTb peakiu, epMEHTHl He U3MEHSIOT PAaBHOBECHUS MEXKIY MPSMOU U
00paTHON peaklUsIMU, KaK U HE BIUSAIOT Ha BEJIMYMHY CBOOOAHOM SHEPIUH PEaKLUU; OHU JIUIIb
YCKOPSIIOT HACTYIUICHUE PABHOBECUS XMMUYECKON PEAKIIUU.

3aBUCUMOCTb MEX1y KOHCTAaHTOM paBHOBECHUS U U3MEHEHHEM CBOOOHOM 3HEPTUU
pearupyroyx BEeIecTB MaTeEMaTHUECKH MIPUHSTO Bblpaxarh ypaBHeHHEM AG = = —ReTeInK,
rae R — rasoBas nocrosnHas; T — abconmtoTHas Temnepatypa B Kenbunax; InK — HaTypanbHbIit
Jorapu¢m KOHCTaHTBI paBHOBecHs; AG — CTaHIapTHOE N3MEHEHNE CBOOOIHOM SHEPTHH,
Jlx/Moub. VI3 pesicTaBIeHHOTO YPaBHEHUS BBITEKAET, UTO MPH BHICOKOM 3HaueHuH K BennunHa
AG oxka3pIBaeTcst oTpunaTebHoi. [10100HbIe peakIiy COMPOBOKIAIOTCS YMEHBIIICHUEM
cBoOoHOM 3Heprun. [Ipu Huzkom 3HaueHnn K Bennunna AG oka3bIBaeTcs NOJOKHUTEIbHOM.
Ecnu koHCTaHTa paBHOBECHsI paBHA €IMHULIE, TO U3MEHEHUE CBOOOIHOM 3HEprun OyJeT paBHO
HYJIIO M PEaKIUs JeTKooOpaTHMa.

Jnis u3MepeHust KOHCTaHThl PABHOBECHSI U BEJIMYMHBI CBOOOIHOM SHEPruu Kakoi-m1oo
XMMHUYECKON peakIuy, HalpuMep peaklui B3auMOIPEBpaIleHHs III0K030-1-ocdara B
TITF0K030-6-QocdaT, kaTanuupyemon pepMeHToM HochorIroKoMyTa3ou, OpeaeIsiioT
KOJINYECTBO TIIIOK030-0- U TIII0K030-1-hocdara mpu 10CTHKEHUN XUMUYECKOT0 paBHOBecus. B
COCTOSIHMH PaBHOBECHSI COJIepKaHue TI0K030-6-(hocdara okassiBaeTcs B 19 pa3 Gosnbiire
KOJINYECTBA II1I0K030-1-(hocdara. Orcroga koHctanTa paBHoBecus K pasna 19. Iloacrasmss sty
unudpy B ypaBHeHHE, moinydaeM AG =—7329 JI>/Moib. DTO 03HAYAET, YTO MPHU MIpEeBpaIieHuu |
MoJis TITI0K030-1-(pocdara B 1 Moab rimoko30-6-pocdara npu remneparype 25°C npoucxoauT
yMeHbIlIeHne CBOOOIHOI 3Hepruu cuctemsl Ha 7329 JIxk.

Takum oOpa3om, B MexaHU3Me (EPMEHTATUBHOTO KaTajlu3a BEAYIYIO POJIb UTPAIOT
MIPOMEKYTOUHBIE (PepMEHT-CyOCTpaTHBIE KOMIUIEKCHI, 00pa30BaHUE KOTOPBIX OMPEACTSAETCS KaK
TOHKOM TPEXMEPHOU CTPYKTYpOU aKTUBHOI'O IIEHTPA, TaK U YHUKAIBHON CTPYKTYPHOMI
OpraHm3aIiyei Bceil MoJIeKybl (hepMeHTa, 00eCIeYHBAOIIIMMH BHICOKYIO KaTATMTUIECKYIO
AKTUBHOCTH U CHIEMUGUIHOCTD ACHCTBUS OMOKATaIN3aTopa.
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