MOAYJIb 3
KUHETUKA MUXADJIMCA-MEHTEH
Hcrtopus pa3Butust GepMeHTATUBHOM KHHETHKH.

Bnepsrie ynmomunanmne o (epMeHtax BcTpeuaercs B pabore Iletiena u Ilepcoma (1830),
KOTOPBIC Ha6moz[am/1 PACHICIUICHUC KpaxMalia IoA HeﬁCTBHCM BCIICCTBA, BBIACJICHHOI'O H3
kaprodens, Ha3BaHHOTO UMM nuacta3oi. B 1835 rogy bepuennyc BrepBbie MpeanoioKui, YTo
peaKIy >KMBOTO OpPraHM3Ma OCYULIECTBISIIOTCA Ojaronaps HOBOHM cHile, KOTOPYIO OH Ha3Bal
‘KaTanmuTHYecKor . bepriennyc chopMyaupoBal TPHHIMI KaTanaw3a, BKIIOYHWB B  YHCIO
KaTaJIUTHYECKUX areHTOB W JHacTasly, KOTopas THAPOJIM30Baja Kpaxmas ObICTpee, YeM CepHas
kuciora. CHauana Bce pepMeHThl Ha3biBasin nuactazamu. B 1878 rony Kyne Ha3Ban BeuiecTso,
oOrnanaroniee KaTaTUTUYECKOW CHIION B )KMBOM OrpaHH3Me, (DepMEHTOM, TeM CaMbIM OTpakas
CBSI3b C IpolieccaMu (pepMEeHTaIUH.

[TpenBapuTenpHble SKCIEPUMEHTHl MO HM3YyYEHHIO KMHETUKH (PEPMEHTATHBHBIX PEAKIUN
MOKa3aJik, 4TO CKOpOCcTh peakiuu E + S ---> E + P, Bonpeku Te€OpEeTHUECKUM OXUIAAHUSM, HE
3aBUCUT OT KOHLIEHTpalMu (hepMeHTa 1 cyOcTpaTa Tak, Kak B Cilydae OOBIYHOM peakIi BTOPOro
nopsiaka. Camasi paHHSS TONBITKA MaTeMaTHYECKH ONMUCaTh (DEPMEHTATHBHBIC pPEeakiuu ObLia
npennpunsta rokmo B 1898 r. bpayn (1902) u nezaBucumo ot Hero AnHpu (1903) Bmepsbie
BBIJIBUHYJIM THITOTE3Yy 00 00pa30BaHUH B X0/1€ PeakInu PepMEeHT-CyOCTPATHOTO KOMIUIEKCa. ITO
IPEIONI0KEHUE OCHOBBIBAJIOCH HAa TPEX 3KCIIEPUMEHTANBHBIX (paKkTax:

1. mamawmH oOpa30BbIBaI HEpacTBOpUMOe coenunenue ¢ pudprunom (Broprir, 1880);

2. cyOcTpar MHBEpTa3bl - caxapo3a MOrJia 3aluiaTh (epMeHT OT TEIUIOBOW JeHATypaIiH
(O’ CammuBan u Tomricon, 1890);

3. ObUIO TOKa3aHO, 4YTO (PEPMEHTHI SBISIOTCA CTEPEOXMMUYECKH cHenupuyecKuMu
karanuzatopamu (Pumrep, 1898-1899).

B 1913 rogy Muxasmuc u MeHTeH omyOIMKOBalu CBOIO TEOPHUIO OOIIEr0 MeXaHu3Ma
(GepMeHTaTUBHBIX peakuuil. VX ypaBHeHHe cTano (yHIAMEHTAIBHBIM MPUHIMIIOM BCEX
KMHETUYECKUX MCCIEeA0BaHNN ()EPMEHTOB BOT YK€ TIOUTH LIEJIBIN BEK.

Ypasuenne Muxaziauca-MeHTeH.

Muxasmic uw MEHTeH TpPEAnoioXKuiId, YTO MeXaHu3M (EePMEHTATUBHBIX pEaKIUi
OTMCHIBAETCS] MOJIEJIBIO:

E+3« 5B E+P (o)

B KOTOPOI CKOPOCTh PEAKIIMU OIpeIeIIeTCs pacnagoM (pepMeHT-CyOCTpaTHOrO KOMITIeKca

Vo = kz(ES) (22)

Mogenp mpeamnonaraer, 4To paBHOBECHE MEXIy CBOOOAHBIMH (pepMeHTOM, cyOcTpatoM H
(bepMeHT-CyOCTpaTHBIM KOMILJIEKCOM YCTaHABIMBAETCS OBICTPO IO CPABHEHHUIO CO CKOPOCTHIO

peakuuu (OBICTPO ycTaHaBNmuBaromieecss paBHoBecue, k<< kj, k). B sTtom ciydae BTOpas
CTaausl pEaKkIUi TPAKTHUYECKH HE BIHUSICT HA TEPBYIO, W IS BBIPOKEHHS KOHIECHTPAIUU

depmeHTa MO>KHO BOCIIOJIb30BaThCSI KOHCTaHTOMH JICCOIIMAITUH.
: Ells . K [ES
K, =B8] o Ssl20
[E5] 5] (2.3)

OOmast KOHLEHTpanus (¢epMeHTa B PpEaKIUOHHOW CMECH BBIPAXKAETCs YypaBHEHHEM
MaTepuaIbHOro 6ananca

[ET=[E]+[ES]=[ES](Ks/[S]+1)2.4)



Torna koHeHTpaius GepMeHT-CyOCTpaTHOTO KOMILJIEKCa paBHA:
: El IS
[ES] = [_]_[__]
A +[5] (25)
OTO0 ypaBHEHHE COOTBETCTBYET M30TEepMe aacopOumu JIeHrMiopa, mokasbiBasi, 4To (hepMeHT

JIEHCTBYET KaK TE€TEpOTCHHBIM Karaau3aTop. Peakuus ROCTUraeT MakCHMMAJIBHOW CKOPOCTH,
KOTJja BeCh ()epMEHT HAXOAUTCS B KOMIUIEKCE C CyOCTpaToM

Vmax= kZ[ ES ] max— kZ[ E ] 0(26)
OTO yCIOBHE BBINOJHAETCS, €CIM peaklus MPOTEKaeT MPH HM30BITOUYHOM KOHIIEHTpAIUH
cybcrpara: [ S ] o>> [ E ] . U3 ypaBHenwuii (2.2), (2.5) u (2.6) nonxy4dunm:
I .||u1-: I IIL.:I
II-.| - - p— :
Lk:+1512.7)
OTO W €eCTh KIJIACCHYECKOe ypaBHEHHE Muxasnuca-MeHTeH, KOTOPbIM U CETrOJHSA
MOJIE3YIOTCS JJIs1 OMMCAHUS KUHETUKH (PEpMEHTATHBHBIX MPOIIECCOB.

Orpanuvenusi kuHeTuku Muxasziauca-MeHTeH

Muxasnmic u MeHTeH BBIBEIM YpPaBHEHHE C Y4YETOM JBYX NPEANOIOKEeHUU (OBICTPO
yCTaHaBIIMBAIOIleeCs paBHOBecMe M M30BITOK cyoOcTpata). Ilo3aHee ObLIO MOKa3zaHO, YTO
YpPaBHEHUE CHPaBEIJIMBO, TO €CTh XOPOLIO OINHCHIBAET PEAKLIHIO, MPH BBIMOJHEHUH BCEX
CIENYIOLIUX YCIOBUM.

7 OCHOBHBIX IIOCTYJIATOB /JIs1 BBINOJIHEHUS ypaBHeHuss Muxadiauca-MeHTeH.

1. B xome peakuuu oOpa3yercss KHHETHUYECKH YCTOMUYMBBIA (hepMeHT-CyOCTpaTHBIN
KOMILJIEKC.

2. OmpenensiemMas C TOMOIIBIO ypaBHEHUS KoHCTaHTa Ks sBIsieTCsS KOHCTAHTOM
JTUCCONUAIIN (PEPMEHT-CYOCTPaTHOTO KOMILIEKCA: 3TO CHPaBEUIHBO, TOJHKO €CIH
ko<<kj, k..

3. KoHuenrpanus cyOcTpara He MEHSIETCS B XOJI€ peakiuu, To ectb [ S | =[S ]o.

4. IlponykT peaknuu OBICTPO OTIIEIUISIETCS OT (epMEHTa, TO €CTh PeaKIHs
JIBYXCTaJIUIHAS.

5. Bropas ctamusa peakiuu HeoOpatuma. Tak Kak 3TO MPAKTUYECKU HE BBIMOJIHUMO, MBI

IMpUHUMACM BO BHUMAHUC TOJILKO HAa4YaJIbHBIC CKOPOCTH.

6. C KaXIpIM aKTUBHBIM IICHTPOM (EpMEHTa CBSI3BIBACTCS TOJBKO OJHA MOIEKYyJa
cybcrpara.

7. JInst Bcex pearupyrolluxX BEIIECTB BMECTO AKTHBHOCTEH MOXKHO HCIIOJIB30BaTh HMX
KOHIICHTPAIUH.

B TeueHHe HECKOIBKHUX JaJIbHEHIINX JIEKIMM MBI IIPOAHAIU3UPYEM BCE OIPAHUYEHHUS OHO
3a IpYyrMM M PacCMOTPUM BO3MOXKHOCTb HCIIOJIb30BaHUS ypaBHEHHs Muxasnuca-MeHTeH B
CIIy4asix, KOTrJ1a HEKOTOPHIE U3 3TUX OIPAHUYECHHUN HE BBIITOJHEHBI.

OOpa3oBaHue KHHETHYECKH YCTOHYUBOIo (hepMeHT-CyOCTPATHOI0 KOMILIEKCA.

K HacrosmeMy BpeMeHH HMMEIOTCS COTHH SKCHEPHMEHTAIBHO INPOBEPEHHBIX IPUMEPOB,
JNEMOHCTPUPYIOIMX  00pa3oBaHHWE  KHHETHYECKH  YCTOWYMBBIX  (hepMEHT-CyOCTpaTHBIX
KOMIUIEKCOB B X0J¢ ()EpPMCHTATHBHBIX peakUui. XOTS BBIIBHTAINCH TAaKXKE TEOPHUH, HE
BKJIIOYarole o0pa3oBaHME B peakuuu (epMeHT-cyOcTpaTHOro kommiekca. OfHa U3 HUX
IpeIoNaraeT, 9To (epMEeHT yBEIMIUBACT YHEPTUIO MOJIEKYJIBI CyOCTpaTa ¢ MOMOIIBIO KaKUX-
a00  TEJICKMHETHYECKUX  B3aUMOJCUCTBHU  (DJIEKTPOCTATHYECKOE  IMPUTSHDKEHHE WU
OTTAJIKUBAHUE, HIICKTPOMAarHUTHOE M3JIyuyeHHEe W T. 1.). Ecim Monekyna cyOcrpata gOCTHUTAeT
SHEPTUH BBIIIE OINPE/CICHHOIO YPOBHS, OHA MOXKET BCTYNATh B PEAKIMIO WM pa3pylaTbes ¢



oOpa3oBanueM TpPOAYKTOB. CKOpPOCTh peakiui TMPOIOPLUUOHATBHA KOJHYECTBY TaKUX
BBICOKOIHEPreTUYeCKUX MOoJseKysl. Cunuraercs, uTo epMEeHT NepeaaeT SHEPruto cyocTpary npu
YOPYTUX, a C TOYKH 3pEHUS JAPYTHX aBTOPOB, NPU HEYNPYIHX CTOJKHOBEHHSX. OTH
TENICKUHETHYECKHE TEOPHHM C HAayYHOH TOYKHM 3peHHs ObUIM YOEIUTENFHO ONpPOBEPTHYTHI
MHOTHMH HCCieoBaTessiMu. HecMOTpst Ha TO, 4TO OBUTH COCTaBIIEHBI KHHETHUECKUE YPaBHEHHUS
JUTSL peakiyii, Koraa GepMeHT OTIeNIeH OT CyOcTpaTa pacTBOPHUTENEM (T. €. MOKET NMPOUCXOAUTH
TEJIEKWHE3), TaKWe TEOPHH IIOCTPOEHHUS JO CHX IOp HE HalUId OSKCIEPHUMEHTAILHOTO
HOATBEPXKJEHUs. OTO O3Ha4yaeT, 4YTo 00pa30oBaHHWE YCTOWYMBOIO (hepMEHT-CyOCTpaTHOrO
KOMITIEKCa O00s3aTeTbHO TPOMCXOJUT BO BCEX W3BECTHBIX (DEPMEHTATHBHBIX pPEAKIHUAX.
[TosTomMy mepBoe ycioOBHE, ONpPEAEISIONIee CIPaBeUIMBOCTh KMHETHKH Muxasmuca-MeHTeH,
MOYKHO CYHMTaTh OOS3aTENbHBIM [UII BCEX HW3BECTHBIX Cly4daeB. MexaHU3Mbl 00pa3oBaHUs
(epMeHT-CyOCTpaTHBIX KOMILJIEKCOB OYyT pacCCMOTpPEHBI HAMH B Kypce ' DH3UMOJIOTHUS .

IIpupona xoncrantbl K B ypaBHeHnu Muxadiauca-MeHTeH

Bropoii moctynar ¢opmyaupyer, uyto KoHcTaHTa Ks B ypaBHenuu (2.7) sBisercs
KOHCTAHTOM JucCCOLUay (pepMEHT-CyOCTpaTHOIO KOMILJIEKCa.

bpurrc nu Xongeitn B 1925 r. nokaszanu, 4to MCXOAHOE ypaBHeHHEe Muxasnuca-MeHTeH
CIpaBeTMBO TOJIBKO mpH ky<< k_j, T. €. korma paBHOBecHe dneMeHTapHou ctaanu E + S <=> ES
YCTaHABIIMBAETCS OYEHb OBICTPO MO CPaBHEHHIO CO CKOPOCTHIO ciedyromiei craguu. [lostomy
TaKie KUHETHUECKHE MEXaHU3MBI (TTOUMHSIONINECS HaYaIbHOMY YCIIOBHI0 Muxasnnca-MeHTeH
Y MMEIOLIME OJIHY MEJICHHYIO JIEMEHTApHYIO0 CTaJUI0, OTHOCUTEIBHO KOTOPOM paBHOBECHS BO
BCEX  JPYrHMX  DJJIEMEHTApHBIX  CTQJAHWAX  YCTAHABIMBAIOTCA  OBICTPO)  HA3BIBAIOTCS
YAOBJIETBOPSIOLUIUMH MPEINON0KeHUI0 0 "OpicTpoM paBHOBecun". Ecnu, onHako, k, mo nmopsiky
BEJIMYMHBI cpaBHUMA C k|, M3MEHEHHE KOHIICHTpamuu (HepMEHT-CyOCTPaTHOrO KOMIUIEKCA BO
BPEMEHH MOYKHO BBIPA3HUTh CIEIYIONHM T HepeHIHaTLHBIM YPABHCHHEM

dESYct = ki(El[S] —KAES] - K[ES] (2.8)

Tak KaK Mbl paccMaTpUBacM HadalbHYI CKOPOCTh PEaKIMH, T. €. MOMEHT, KOrJla oOpaTHas
peaknug cCIie HC IMPOUCXOAUT, a MPCACTAlUOHApPHAsA CTaAud YKC MHpollIda, TO BCICACTBUC
n30bITKa CyOCTpaTa KOJIMYECTBO 00pa3oBaBuIerocs (epMeHT-CyOCTpaTHOrO0 KOMILIEKCAa PaBHO
KOJIMYECTBY pacrnaBIierocs (IPUHILIMI CTAIIMOHAPHOCTH, UM KUHETHKa bpurrca u XonaeiiHa)

dlE=]/idt =0 (2.9)
C y4erom 3TOro 3 ypaBHeHus (2.8), BbIpa3uM KOHIICHTPAIMIO CBOOOIHOTO (hepMeHTa depes
(ES):
[E] = (ka+ k[ESIRIS] (2.10)
W3 ypaBHEeHHUsI MaTepHaIbLHOTO OaaHca MoIydnM:

k +k, by 4k, + 5[5
| RS =i e T
PTG [ PIES]

kLSE],  _ [A[ED,
B4k +EL] K, +L5]

Ef]

(E], = [E]+[ES] =[

[Ef] =
(2.11)
rne Ky=(k.+ k»)/ k; - koncranta Muxasmuca. IlogcraBuB ypaBaenue (2.11) B (2.2), ¢
ydeToM (2.6) moixy4yum:

A A A
Eu+ Ea+l4ah] (2.12)

1]

VYpaBuenue (2.12) anamormyHo ypaBHeHHIO (2.7), HO OHO pacmupseT 00J1acTh
NPUMEHUMOCTH MCXOIHOTO ypaBHeHUss Muxasnuca-MeHTeH. VIHbIMU ClIOBaMH, €CJTH B KAKOW-TO
PCaKu BLIMIOJHACTCA YCJIIOBHC 6I)ICTpO YCTaHaBJIMBAIOLICTOCA pPaBHOBECHUA, TO KOHCTAHTa K,
KoTopasi OyJeT HaiileHa TpHU HCCIENOBAaHUU 3aBUCUMOCTH V (S), sBISeTCS KOHCTaHTOU



JUcconuanuu pepMeHT-cyOoCcTpaTHOTO KoMIuiekea. [Ipu BBITIOJTHEHUH YCIIOBUS CTAITMOHAPHOCTH
(2.9), HaiineHHass TEM e CIIOCOOOM KOHCTaHTa OyJeT SIBJIAThCS KOHCTaHTOW Muxasnuca. B
HEKOTOPBIX peakiusax Haomomaercs k << k,. B aTom ciyyae koHCTaHTa Muxasmca paBHIETCS
ko/k; u Ha3pIBaeTcs, cornacHo Ban Cnaliky, KUHETHYEeCKOW KOHCTaHTOH KKk.

[Ipuposa KOMIIOHEHTOB peakUHMH HE ONpeaeiseT UEIUKOM CMbIcia KOHCTaHThl K B
ypaBHeHuU. [Ipy n3MeHeHuu ycioBuil peakuuu 3HadeHue K Takke MOXKET M3MEHsThcA. Tak,
HalpuMep, B Cilyyae NEpPOKCUAa3bl NPHU BBICOKOW KOHIIEHTPALMM JIOHOPAa TMPOTOHOB 3Ta
KOHCTaHTa ABJISIETCA KUHETH4YeCKOW KOHCTaHTOM Kk. IIpu yMeHbIIEHHH KOHLIEHTpAIMU JOHOpA
IIPOTOHOB KOHCTAaHTA MPEBPALLAETCS B KOHCTAaHTY Muxasnuca KM, a mpu 04eHb HU3KUX YPOBHAX
JIOHOPA MPOTOHOB MOJIy4aeM KOHCTaHTy aAuccormanmu Ks.
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