MOJY.JIb 2.
KUHETUKA ®EPMEHTATHUBHBIX PEAKLIUIA

Bausinme KoHHeHTpauMu cy0cTpata HAa KHHETHKY peakuuu.Biusinue pa3imyHbIX
(pakTopoB Ha ¢epMeHTATUBHYIO aKTHBHOCTb. Biausauume pH wu Ttemmeparypsl Ha
NMPOoXo:KaeHne GepMEeHTATUBHBIX PeaKIuil

OnHrM W3 XapaKTEpHBIX MPOSIBICHUN KU3HU SBISCTCS YIUBUTEIbHAs CIIOCOOHOCTH KHUBBIX
OPTaHW3MOB KWHETHUYECKH PETYJIMPOBATh XMUMHYCCKHE PEAKIIUHU, ITOAABIISAS CTPEMIICHUE K
JOCTIDKEHUIO TEPMOJIMHAMHYECKOTO paBHOBecusi. (DepMEHTATHBHAS KUHETHKA 3aHHMACTCSI
UCCJICIOBAaHNEM 3aKOHOMEPHOCTCH BIIHMSHHSI XUMHYECKOW TMPUPOIBI PEarnpyroINX BEIIECTB
(¢epmenTOB, cyOCTpaToB) M YCIOBUUM UX B3auMOJEHCTBUS (KoHUeHTpauwms, pH cpensl,
TEMIEPATYPhI, MPUCYTCTBUEC AKTHBATOPOB WJIM HHTUOMTOPOB) HA CKOPOCTH (hepMEHTATHBHOMN
peakiwy. [ TTaBHOM TENBIO0 N3YYCHUSI KWHETHKH ()EPMEHTATUBHBIX PEAKIIHIA SBIISETCS IMOJTyYCHUE
WHPOpPMAITUU, KOTOPasi MOXET CIIOCOOCTBOBATh BBISICHCHHIO MOJICKYJIIPHOTO MEXaHW3Ma
IercTBUA hepMEHTA.

OO0mue NpUHIWMB KUHETUKA XUMUYECKHX PEAKIHMA NPUMEHHMBI U K (EepMEHTATUBHBIM
peakuusM. M3BecTHO, uTO mr00as XUMHUYECKas peaKIMs XapaKTePU3yeTcsl KOHCTAHTOM
TEPMOJIMHAMHYECKOTO paBHOBecus. OHa BBIpaKaeT COCTOSIHUE XHMHYECKOTO PaBHOBECHS,
JOCTUTaeMOro CUCTEMOM, 1 ob6o3Hadaetcs K. Tak, 1 peakuuu:

AT (- CJ
X [A]-[B]

KOHCTaHTa DPAaBHOBECHsS paBHA NPOU3BEICHUIO KOHIICHTPAIMH OOpa3yoIIMUXCsl BEIIECTB,
JICJICHHOMY Ha TPOM3BEJCHUE KOHIIEHTPAIMM MCXOAHBIX BEIIECTB. 3HAUYEHHWE KOHCTAHTbI
paBHOBECHS OOBIYHO HAXOMST U3 COOTHOILIEHHUS KOHCTAHT ckopocTeil mpsimoit (ki) m oOpaTHOi
(k-1 ) peakuutii, T.e. K, = k+1/k ;. B cocTosiHuM paBHOBECHUS CKOPOCTh NMPSIMON PEAKLUU: V41 =K +
i A1+ [ B ] paBna ckopoctu obpatHoit peakuuu: v.; =k - [C ][ D], T e vy =vy
cootBeTcTBeHHO K 1[A]*[B] =k |[C]*[D], nim

k_1__.[C]-EDI_ oTCI01a k"--.*(
koy [A)[B] "k

P
i
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Teopernuecknii rpaduk 3aBUCHMOCTH CKOPOCTH (pepMEHTATHBHOW pEaKUMH OT KOHLCHTPAIMK CyOcTpaTta mIpH
MTOCTOSTHHOM KOHILICHTpAIK hepMEHTa.

a - peakiys nepsoro nopsaka (npu [ S | < K, CkopocTh peakiiny npornoprroHaibHa KOHIEHTpauK cyocrpara); 6 -
peaKIys CMELUIAHHOTO MOPAKA; B - pEaKHs HyJIeBOTO MOPsIKa, KOTAA V = V., CKOPOCTh PEAKLIUU HE 3aBHCUT OT

KOHIIEHTpaIu cyOcTpaTa.

Takum 00pa3oM, KOHCTaHTa PaBHOBECHS paBHA OTHOLICHHIO KOHCTaHT CKOPOCTEH MpSIMON U
oOpatHO#l peakiii. BenmuuuHy, O0OpaTHyr0 KOHCTaHTE pABHOBECHs, MPHUHATO HA3bIBATh
cyOCcTpaTHOI KOHCTaHTOH, WK, B ciy4yae (PepMEHTAaTUBHOM pPeaKINy, KOHCTAaHTOW JMCCOLMAIINN
dbepmMeHT—CyOCcTpaTHOrO KOMIUIEKCa, M 0003HauaTh cuMBOJIOM Kg. Tak, B peakiuu

Kss E1-[S]1 &
E+S o £5, K =100 K

k ST Ry

1

T.e. KgspaBHa OTHOLICHMIO TIPOM3BEJCHMS KOHIIEHTpauuu ¢epMeHTa u cyoOcTpara K
KOHIICHTpAIMK (HEepMEHT-CyOCTPaTHOTO KOMIUIEKCAa WM OTHONICHHIO KOHCTAHT CKOPOCTEH
oOpatHOW U mpsiMoi peakuuid. Crenyer OTMETUTh, YTO KOHCTaHTa Kg3aBUCHUT OT XUMHUYECKOU
npupoas! cyOcTpaTa U hepMeHTa U omlpeessieT CTeneHb uxX cpojacTBa. Yem Hivke 3HaueHne Ks,
TEM BBIIIIE CPOJICTBO (hepMeHTa K cyOcTpaTy.

[lpy w3y4eHWW KHHETHKU (DEPMEHTATHBHBIX PEAKIHH CIEAYyeT YYHTHIBATH OIHY BaXKHYIO
0COOEHHOCTh ATHX PeaKIHii (He CBOMCTBEHHYIO OOBIYHBIM XUMHUYECKHM PEAKLHUSAM), CBSI3aHHYIO
C sBIIEHWEM HachlleHus: ¢depMeHTa cyocrtparoMm. [lpw HHM3KOW KOHIIGHTpallMd CyOcTpara
3aBUCHUMOCTh CKOPOCTH DEAKIMH OT KOHIIEHTpaluu cyOcrpara (PHUCYHOK KPUBOW) SIBISETCS
NOYTH JIMHEWHOW W TOAYMHSICTCS KHHETHKE TMEPBOTO TOpPsAKA. DTO O3HAYaeT, YTO CKOPOCTh
peakuuu S —> P mpsiMo mpomnopiimoHanbHa KOHIIEHTpaluu cyOcTpara S u B 1000 MOMEHT
BPEMEHHU t OTPEACTSACTCS CICAYIONIMM KHHETHUECKUM YPABHEHUCM

_d[s]
D= = = Kk'[S],

rae [S] — momsipHast koHmeHTpamwms cyocrpara S; —d[S]/dt — ckopocth yObuM cyOcerparta; k' —
KOHCTAaHTa CKOPOCTH pEaKIMU, KOTOpas B JIaHHOM CJy4ae HMMEET Pa3MEepPHOCThb, OOpaTHYIO
C/IMHULE BPeMeHH (MHH | WA C ).
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[Ipn BBICOKOIl KOHIIEHTpalMK cyOcCTpaTa CKOpPOCTb pEaKIHMU MaKCHUMaJlbHA, CTaHOBUTCS
IIOCTOSIHHOW M He 3aBUCSIIENH OT KOHIeHTpauuu cyOctpata [ S ] . B 3TOM ciydae peakuus
NOJUMHSETCS KHHETHUKE HyJIeBOro mopsinka v = k" (mpw MOJHOM HaChIIEHWH (epMeHTa
cyOCTpaToM) M LIEJIMKOM OIpenenseTcss KOHLeHTpaime ¢epmenra. Pasznuyaror, kpome TOro,
peakuuMyd BTOPOrO  MOPsIKa, CKOPOCTh  KOTOPBIX  IPOMOPLHMOHAIbHA  IPOU3BENEHUIO
KOHIICHTpAallMi JABYX pPEarupyloLIMX BELIECTB. B ompeneneHHBIX YCIOBUAX INPU HapylICHHUU
IPONOPLIHUOHAIILHOCTH TOBOPAT NHOTJA O PEAKIMAX CMEIIAHHOTO MOPSAKa.

W3yuas sBrnenue Haceimenus, JI. Muxasmuc m M. MeHTeH paspaboTtaiu OONIyI0 TEOPHUIO
depmeHTaTUBHON KHHETUKH. OHU HMCXONWIM U3 TPEANONOKEHHs, 4YTO (HepMEHTATHBHBII
MPOLECC MPOTEKAET B BUJE CICAYIONIEH XUMUYECKON PEAKIINU:

k

E+S 2 ES - E4+P.

T.. ¢epment E Bcrymaer BO B3ammopelcTBHE ¢ cyOctparom S ¢ o0Opa3oBaHHEM
IpOMEeXyTouHoro komiuiekca ES, xoTopselii nanee pacmamaercss Ha CBOOOAHBIM (epMeHT u
npoaykT peakimu P. Maremarndeckast 00pab0oTka Ha OCHOBE 3aKOHA JICHCTBYIOIIMX Macc Jlana
BO3MOJKHOCTh BBIBECTH ypaBHEHHE, Ha3BaHHOE B YECTh aBTOPOB ypaBHEHHEM Mmuxasmmca—
MeHTeH, BbIpaXkarolee KOJIMYECTBEHHOE COOTHOIICHHWE MEXIy KOHIIGHTpaluer cyOcrpara u
CKOPOCTBIO (DePMEHTATUBHOMN PEaAKIINHU:

Vinas ' [S]
K,+[S]’

rie v — HaOmoJaeMasi CKOPOCTh pEakiluu IMpH JaHHOM KoHIeHTpamuu cyoOctpara [S]; Ks—
KOHCTAHTa JIUCCONMANUU (DepMEHT-CyOCTPATHOTO KOMILIEKCA, MOJB/M; Vima— MaKCHMallbHAs
CKOPOCTh PEaKIIUU MIPH MOJTHOM HaChIeHnH hepMeHTa cyocTpaTom.

U3 ypaBHeHuss Muxasnuca—MeHTEH CJlelyeT, YTO MPU BHICOKON KOHIIEHTpaluu cyOcTpara u
HU3KOM 3HaueHUU KgCKOPOCTh peakumu SIBISETCS MaKCUMaIbHOM, T.e. V = Vp(peakius
HYJIEBOTO TMopsaka, cM. puc. 4.12). Ilpu HU3KO0# KOHIIEHTpaluu cybcTpara, HalIpoOTUB, CKOPOCTh
PEaKIMU OKa3bIBACTCSI MPOMOPIMOHATBHON KOHIICHTPAIIMM CyOcTpaTa B KaXKIbIH JTaHHBIHA
MOMEHT (peaKius MepBOTo MOPsJIKA).

Crnenyet yka3atb, YTO ypaBHeHHE Muxasnuca—MeHTEH B €ro KIaCCUY€CKOM BUJIE HE YUUTHIBAET
BJIMSIHHE HA CKOPOCTh (PEPMEHTATUBHOTO TpOoIlecca MPOTyKTOB PEaKIUU, HAIPUMED B PEaKIIUU

K.4 k.,
E+S = ES = E+ P,
k_y k_j

U HOCUT HECKOJbKO OrpaHHMYeHHbIM xapaktep. [loaToMy OBUTM NpPEANPUHATH MOMBITKU
YCOBEPILIEHCTBOBATH €ro. Tak, ObLI0 npeioxkeHo ypaBuenue bpurrca-XomnaeitHa:

rae K, mnpexacraBnser coboil KoHcTaHTy Muxasnuca, SBISIOULYIOCS HKCIEPUMEHTAIbHO
orpenenseMoil BeTnuynHoi. OHa MOXKET ObITh MPEACTABICHA CIEAYIOINM YPaBHEHHEM:
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KpI/IBaH YpaBHCHUSA Muxasnu-ca-MeHTeH: FI/IHCP60HI/I‘JCCKHH 3aBUCHUMOCTDb HadaJIbHbIX CKOpOCTeﬁ KaTaanpyeMoﬁ
gl!el}MeHTOM PCAKIIMU OT KOHILICHTPpALUU Cy6CT[!aTa.

B uucnurene mnpencraBiieHbl KOHCTAaHTBI CKOpOocTed pacmaga komiuiekca ES B 1aByx
HaIpaBJIeHUAX (B CTOPOHY MCXOMHBIX E ¥ S 1 B CTOpOHY KOHEUYHBIX MPOaAYyKTOB peakimu E u P).
Otnomenue k ;/ kyjmpencraBnser co0oil KOHCTaHTY JucconManuu (GepMeHTCyOCTpaTHOTO
koMmIuiekca Kg, roraa:

|

OTcroia BBITEKAeT BaXHOE CJEICTBHE: KOHCTaHTa Mmuxasnuca Bcerja OoJblile KOHCTAHTHI
nucconanuu pepMeHT-cyocTpaTHOro Komiiekca KgHa Benmuuuny

kio/kyg.

st onpenenenust yucneHHOTo 3HaueHus K, oOBIYHO HAXOIAT Ty KOHIIGHTpAIMIO cyOcTpara,
pU KOTOPOH CKOPOCTh (DEpMEHTATUBHON PEAKIIUU V COCTABISET MOJOBHHY OT MaKCHMalbHOU
Viax, T.€. €CIIM V = 1/2 Vmax- [loacraBnsia 3HaueHue v B ypaBHeHHE bpurrca—Xouaeiina,
MOJIy4YaeMm:

2

ma=

2 K+IS1

pa3aenuB 00€ 4acTu ypaBHEHUS HA V max, TOITYYUM

1 [S]

—— i K + |85 = 2|8, orkyma K = [5].
2 K"._ } [SJ 11} I | | ] o | I

m

Takum oOpa3om, KOHCTaHTa Muxasjuca YUCIEHHO paBHA KOHIIEHTpaluu cyOcTpaTa (MOJb/M),
IpU  KOTOPOW CKOPOCTh JaHHOH (epMEHTATHMBHON pEAaKIMHM COCTABISET MOJOBHHY OT
MaKCUMaJIbHOM.
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Omnpenenenne Benn4yuHbl K, nMeeT BaxHOe 3HAUYEHHWE NPH BBISICHEHWH MEXaHHM3Ma JEHCTBUS
3P PeKTOpoB Ha aKTUBHOCTH (pepMeHTOB U T.n. KoHcTanTy Muxasnnuca MOXHO BBIYHCIUTH IO
rpapuxy. Ortpe3ok Ha aOcmmcce, COOTBETCTBYIOIIMII CKOPOCTH, paBHOH IIOJIOBHHE
MaKCHUMaJIbHOH, Oy IeT npencTaBisiTh cob6oit K.

[Tonp3oBaTbess rpaduKkoM, HMOCTPOCHHBIM B HPSIMBIX KOOPJAMHATaX 3aBUCHUMOCTH HAayaJIbHOM
CKOpPOCTH PpEaKkIMh Vo OT HavyaJbHON KOHIEHTparmu cyOctpara [Sp], HEyH0OHO, MOCKOIBKY
MaKCHUMAaJIbHAsl CKOPOCTb Vi SBIISIETCS B JAHHOM ClIyyae acHUMITOTHYECKOH BEIMYMHON MU
OIIpEIENAETCS HEJOCTATOYHO TOYHO.

1 ——

=)

I'paduk Jlaitnyusepa-bapka.

Jis  OGoslee ymoOHOTO TpadUUecKOro TMPEICTABICHHUS JKCICPUMEHTAIBHBIX JAaHHBIX .
JlaitnyuBep u JI. bBapk mpeoOpaszoBanu ypaBHenue bpurrca—Xomn-aeitHa Mo MeToay ABOWHBIX
00OpaTHBIX BEJIMYMH MCXOJ U3 TOTO MPHUHIIMUIA, YTO €CJIM CYIECTBYET PAaBEHCTBO MEXIY JBYMs
KaKUMU-JINO0 BEIMYMHAMH, TO U OOpaTHBIC BEITUUMHBI TaKke OyAyT paBHBL. B uacTHOoCTH, eciiu

V”_.": ' | SI 1 'ﬂ:’r.., + LSJ
- — 0 -
Krn t ESI 1 v".ﬂ"l—s-[
500058
1 Ken [S]
. g —
! v""ﬂ' : [S] max [S]

KOTOpOE MOJIy4YUJIO Ha3BaHue ypaBHeHus JlaitnyuBepa—bapka. 910 ypaBHEeHuUE NpsIMON JIUHUU: Y
= ax + b. Ecau Tenepb B COOTBETCTBUM C 3TUM YpPaBHEHHEM MOCTPOUTH TpaduK B KOOpIWHATAX
1/v (y) ot I/[S] (X), TO IOTyYuM MpsSMYIO JTUHUIO, TAHTCHC YTJIa HAKJIOHA KOTOPBIM OyJeT paBeH
BennunHe Ki/Vmax; OTPE30K, OTCEKaeMbIil MpSMOM OT OCH OpJAMHAT, MPEACTaBIseT COOOMU
1/Vmax(0OpaTHast Bemn4MHA MaKCHMAaJIbHON CKOPOCTH). ECIH MpOIOIKUTH MPSAMYIO JIMHHIO 32
OCh OpJIMHAT, TOTJa Ha abclucce OTCEeKAaeTCs OTPE30K, COOTBETCTBYIOIIMI OOpAaTHOW BETUYMHE
KoHCTaHTHl Muxasmuca — 1/K;,. Takum obpazom, BenmnanHy K;,, MOKHO BBIYHCIHTH U3 JTaHHBIX
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HAKJIOHA TIPSIMOW W JUTMHBI OTPE3Ka, OTCEKAaeMOro OT OCH OpIWHAT, WIM W3 JUIMHBI OTpE3Ka,
OTCEKaeMOro OT OCH a0CIHCcC B 00JIACTH OTPUIIATEIBHBIX 3HAUCHUH.

CrenyeT moI4EPKHYTh, YTO 3HAYCHHS Vmax, KaK U BenuuuHy K, 60see TouHo, 4em 1o rpaduky,
MOCTPOCHHOMY B MPSMBIX KOOPAMHATAX, MOKHO OIPEACTUTHh MO TpaduKy, MOCTPOSHHOMY TIO
METO/Y JIBOMHBIX 0OpaTHBIX BeMMurH. [103TOMY MaHHBIA METOJ Hallle MPOKOe MPUMECHECHHE B
COBPEMEHHOW HH3UMOJIOTHH. [Ipe/UIoKeHbl Takke aHaJIOTUYHBbIE TpapuUecKhe CIOCOObI
onpeaeneHust Ky 1 VB KOOpauHaTax 3aBUCUMOCTH vV 0T V/[S] u [S]/v ot [S].

Crenyer OTMETUTh HEKOTOPBIE OTpaHUYEHMs MPUMEHEHHs ypaBHEHMs Muxasnuca—MeHTeH,
00yCJIOBJICHHbIE MHO)XECTBEHHBIMH (opMamMHu (EPMEHTOB U aJUIOCTEPUYECKON MPHPOJIOU
depmenta. B stom ciayuyae rpaduK 3aBUCUMOCTM HA4ajJbHOW CKOPOCTH DEAKIMH OT
KOHIICHTpAIUH cyOcTpaTta (KMHETHYECKast

VA

Y
>

[s]

CI/IFMOI/IHHB.}I KMHCTHYCCKAasA KpHUBas HACBIIICHUS Cy6CT[zaTOM.

KpHBas) UMEET HE TUNEpOOIMYecKylo (HOpMy, a CUTMOMIHBIN XapaKTep HamojoOue KpHUBOU
HACBIIIICHU S I‘GMOFHO6I/IHa KHUCJIOPOJIOM. 3T0 O3Ha4acT, 4YTO CBA3bIBAHHC OI[HOI>'I MOHCKYJ’IBI
cyOcTpara B OJHOM KaTaJIUTHUYECKOM IIEHTPE TOBBINIACT CBS3bIBaHHE CyOcTpara ¢ JApyrum
[EHTPOM, T.€. UMEET MECTO KOOTIEPATUBHOE B3aMMOJICUCTBUE, KaK U B CIy4yae MPUCOCIUHEHUS
KHCIIOpona K 4 cyObenuHHMIIAaM reMorjioowna. J[jis OIEHKM KOHIIEHTpalMM cyoOcTparta, Npu
KOTOpOﬁ CKOpPOCTHh pPCaKIIMU COCTABJIACT HOJIOBI/IHy MaKCHMaHBHOﬁ, B yCJIOBI/DIX CUT'MOHUIHOI'O
XapaKkTepa KHHETUYCCKON KPUBOI OOBIYHO MPUMEHSIOT MPEOOpa30BaHHOE YpaBHEHUE XUILIa:

log : =n log[S] —log XK',
n

it b

rae K' — KoHCcTaHTa accolManum; n — YUCiao CyOCTPaTCBI3bIBAIOIIMX IIEHTPOB.

Paznuuarom  cmayuonapuyl, npeoCMAUUOHAPHYI0 U  PENAKCAUUOHHYI0O  KUHEMUK)
depmenmamuenvix peakyuil.

CranuoHapHasi KHHeTHKA. B cTaiiioHapHOM COCTOSIHUHM 1O MPOMEXYTOUYHBIM coea. (dXi/dt =
0, 1 =1, .., n) mw mpu m30bITKEe cyOcTpaTa [S]H}EE]H, rae [S]o u [E]o - HauambHbIE
KOHILICHTPAIIMK COOTB. cyOcTpara u (epMeHTa, KHHETHKAa IIpoIecca XapaKTeph3yeTcs
NIOCTOSIHHBIM, HEU3MEHHBIM BO BpPEMEHH YpPOBHEM KOHIICHTPAIlMi MPOMEXYT. CO€d., a
BBIPAKEHHUE JJIS1 CKOPOCTH TpOIEcca Vo, Ha3. HAYaIbHOW CTAallMOHAPHOW CKOPOCTBIO, UMEET BUJ
(yp-Hue Muxasnuca- MeHTeR):
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k:ar[u]ulslﬂ
Ma="— —+ -4
’ Ky +[S]p (1)

rae 3HaueHus Kiyr U Ky - (-IIMM KOHCTAHT CKOPOCTH 3J€MEHTAapHBIX CTaauil M 3aJaHbl yp-
HEHUSAMU:

n+l I.

Kear = l‘(z, I

1

-l

Ky 1
Ky= E'i (u:g‘_:,;ij

Benmuuuny ki,; Ha3. 3ppekTuBHON KaTaIMTHY. KOHCTAHTON CKOPOCTHU Tporiecca, napametp Ky, -
KOHCTaHTOU Muxasnuca. 3HaueHue Ky, onpenenseTcs BennunHaMu K; HanO. MeAJIEHHBIX CTauil
KaTaJIMTAY. P-IIMA M WHOTZIa Ha3. YUCJIOM 00opoToB (depMmeHTa (pepMeHTHON cHuCTeMbl); Kyar
XapaKTepU3yeT YMCIIO KAaTATUTHY. IHKJIOB, COBEpIIAEMbIX (PEPMEHTHONW CHUCTEMOW B CIUHUILY
BpeMenu. Hamb. pacmpoctpaHeHbl (GEpMEHTBI, WMEIONTUE 3HAYCHHUE Kiup. M1 crienudud.
cyOcTpaToB B Amama3oHe 10%-10° ¢'. Tunuussle 3HaueHus KoHCTAHTHI MUXadinca JEKAT B
WHTEpBase 10°- 10 M.

Ilpu GoNBIIMX KOHIEHTpAIMAX cyOcrpara, KOFI[aISIU} Ky vk, [Elh= Viaxerr, e,
CKOpOCTb pP-IIMM HE 3aBUCUT OT KOHIIEHTPALMU cyOcTpaTa U JOCTUraeT MOCTOSHHON BEJIMYMHBL,
Ha3. Makc. CKopocThio. I'paduueckn yp-Hue Muxasmuca - MeEHTEH MNpeacTaBiseT coOon
runepOoiy. Ero MoXHO MHeapu30BaTh, UCHOIb3Ys METO/] ABOMHBIX OOPATHBIX BEIUYHH (METOA
Jlaiinyu-Bepa - bepka), T. e. cTpos 3aBucuMocth 1/v ot 1/[S]op, umu np. meronsl. JluneitHas
dbopma yp-uus (1) umeer Bua:

Ky |

Tt ; =
IIHaI{:E‘S ]U Vigaxe

o=
2)

OHa 1o3BoJIsIeT onpeaeauTh rpaduuecku 3HaueHust Ky 1 Vyagc.
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1 1

1/[S]M!

I'padux nuneiinoi Tpanchopmanum yp-aHusi Muxajdiauca - MeHTeH B IBOMHBIX 00PATHBIX
BeauuuHax (mo Jlaiitnyusepy - bepky).

Beanunna KM YUCJIICHHO paBHa KOHICHTPAIUU CV6CTDaTa, npu K—pOﬁ CKOpPOCTh pP-IHUU

VY
paBHa /3 Vyaxo , moatoMy K,, 9acTo ciy>kuT mMepoi cpojacTtBa cyOcTpara U (epMeHTa, OJTHaKO

K_.l.,f" Kg

9TO CIIPABCJINBO JIUIIb, €CJIN

Bemnuunbr K, u vy, HM3MEHAIOTCS B 3aBUCMMOCTH OT 3HaueHuil pH. DTo cBszaHO coO
CHOCOOHOCTBIO YYACTBYIOIMX B KaTalu3e TPYII MOJIEKYJdbl (epMeHTa H3MEHATh CBOE
COCTOSIHME MOHH3AIMH U, TEM CaMbIM, CBOIO KaTaduTH4. 3pPEeKTUBHOCTH. B mpocTeiimem ciaydae
u3MeHeHue pH nmpuBoAUT K IPOTOHUPOBAHUIO UJIH JIEIPOTOHHPOBAHMUIO, IO KpaiHel Mepe, IByX
MOHU3UPYIONIMXCS Tpynn (epMeHTa, yJacTBYIOMKX B Karanusze. Eciu mpu 3TOM TONBKO OfHA
dopma ¢depmenT-cydcTpaTHOro kommiekca (Hamp., ESH) u3 tpex Bo3moxsbix (ES, ESH u
ESH,) cmocoOHa mpeBpamarscsi B NPOMYKT pP-LIMH, TO 3aBHCHMOCTb CKopocTH oT pH
OTHCHIBACTCS (-JI0H:

i {kn'r",fﬂ:ln‘:][l Slo
Ky fif'+1Sly

rme f=1+[H K, +Kp/[H]uf'=1+[H]/K,+K'y/[H] -T. Ha3. pH--1mm Muxasnmca, a K,,
Ky u K'y, K'p- KOHCTaHTHI MOHHM3alMHM Tpymnm a U b coorB. cBoO. depmeHTa u (epMmeHT-
cyoctpatHoro KomIuiekca. B koopaunatax Ig ki, - pH 3Ta 3aBUCHMMOCTB TIpe/icTaBIeHa Ha PHC.
2, mpUYeM TaHIEHCBl YIJOB HAaKJIOHA KacaTelIbHBIX K BOCXOAsIIEH, He3aBucuMmou ot pH, u
HUCXOJIAIIEH BETBSAM KPUBOW JOJKHBI OBITh paBHBI cooTBeTcTBeHHO +1, 0 m -1. M3 Takoro
rpaduka MOXHO OTpeAeUTh 3HadeHHsI pK, TPyIIT, y4acTBYIOIIUX B KaTaJIn3e.
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3aBHCHMOCTBH KATAJINTHY. KOHCTAHTHI OT pH B JlorapugMuy. KoopauHaTax.

Ckopocth (epMeHTaTHBHON p-IIMM HEe Bcerna mnomuuHsiercs yp-umio (1). OmuH U3 9acto
BCTpEUAIOLIUXCA CIIy4aeB - ydacThe B p-IUU auiocTepud. (epMeHTOB (cMm. PeryasTopsl
depMEeHTOB), IS K-pbIX 3aBUCHMOCTh CTEMEHW HachllieHUs ¢depmerTta ot [S]p umeer
HerunepOonud. xapaktep (puc. 3). D10 siBIeHHe 00YCIOBICHO KOOTIEPATUBHOCTHIO CBA3BIBAHUS
cyOcTpara, T.e. KOrza CBs3bIBaHHE CYOCTpaTa Ha OJJHOM U3 Y4aCTKOB MaKpOMOJIEKYJIbI )epMeHTa
YBEITUYMBACT (TOJOKHUT. KOOMEPATHBHOCTH) WJW YMEHbBIIAeT (OTPUIIAT. KOOTEPATHBHOCTH)

CPOJICTBO K CYOCTpary JAp. ydacTka.

[ES]

[Ely
I

[S]y

3aBHCHMOCTH CTeNeHH HacbilmeHusi epMeHTa CYOCTPATOM OT KOHUEHTPALUM CcyOcTpara
npu nojoxuteJbHoii (I) m orpunarensbnoit (II) koomepaTuBHOCTHM, a Takxke B ee
orcyrcrBum (III).

IIpencrannonapuas kuHetuka. [Ipu ObicTpoMm cMerieHuu p-poB depMmeHTa U cybcTpara B
- -1

uHTepBajie BpemeH 10 6.10" ¢ MoxHO HaGmIOKATH MEPEXOAHBIE MPOLIECCHI, MPEAIIECTBYIOIINE

00pa30oBaHUI0 YCTOWYHBOTO CTAlIMOHAPHOTO COCTOSHUS. B 3TOM mpencTanroHapHOM peKUMe

NpU UCTIOJIB30BAaHUM OOJNBIIOTO M30BITKA CyOcCTpaTa ([Slo=>[E]y) cucrema auddepeHi. yp-
HUH, ONMCHIBAIONIAs KHHETHKY IPOLECCOB, JIMHEHHA. PelleHne NaHHOro TUNA CUCTEMBI
JUHEHHBIX MU depeHt. yp-Hull 1aeTcsi CyMMON SKCIIOHEHIIMAIbHBIX WIEHOB. Tak, 1 KHHeTHY.
CXEMBI, IPEACTABICHHON BbIIIEC, KHHETUKA HAKOIUICHUS ITPOAYKTa UMEET BU:
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rae Aij-, b, a, - G- dJIEMEHTApHBIX KOHCTAaHT CKOPOCTH; J“t -KOPHH COOTBETCTBYIOIIETO
XapaKTEePUCTHY. yP-HHUSL.

.
Bemmunna, oGpatHas ', Ha3. XapaKTepHCTHY. BpeMEHEM MpoIiecca:

T = —If.l.‘-

st p-uuy, IpOTEKarolEen ¢ y4acTUEM N IIPOMEXKYT. COE., MOYKHO IOJIyYUTh N XapaKTepUCTUY.
BpPEMEH.

HccnenoBanre KMHETUKU (EPMEHTATUBHOM p-LIMM B MPEACTALMOHAPHOM PEXHUME IO3BOJISET
MOJIYYUTh NIPEJICTABIICHUE O ACTAIbHOM MEXaHW3ME KaTaJuTUY. LIUKJIA U ONPEACIUTh KOHCTAHTbI
CKOPOCTH 3JIEMEHTApHBIX CTaIUi MpoIiecca.

DKCIIepUMEHTATbHO KHHETUKY (EpPMEHTATUBHOW p-IIMA B TPEACTAIMOHAPHOM PEKHME
UCCIIEAYIOT € MOMOIIbIO METOAAa OCTaHOBJIEHHOW cTpyu (CTpyeBble KMHETHYECKHE METOJbI),
MO3BOJIAIOILErO CMEIIMBATH KOMIIOHEHTHI P-IIUHU B TeYeHHUE 1 McC.

PenakcanuonHasi KuHeTHKa. [Ipy OBICTpOM BO3MyIIAlOIIEM BO3JACHCTBUUM Ha CHCTEMY
(M3MEHEHHME T-pbl, [ABJICHHUS, OJCKTPUY. TOJs) BpeMs, K-poe HEOOXOJMMO CHUCTEME s
JOCTUKEHHUSI HOBOT'O DPABHOBECHUS WM CTAllMOHAPHOIO COCTOSIHUSA, 3aBUCUT OT CKOpPOCTHU
MPOIIECCOB, OMPECIAIOMINX KaTaIUTHY. (DePMEHTATUBHBIN ITHKII.

Cucrema yp-HUM, OMUCKHIBAIONIAs KHHETUKY MpOIecca, JTUHEHHA, eCIIU CMEIIEHUE OT TOJIOKEHUS
paBHOBECHS HEBENUKO. PelleHne CUCTEeMbl NPUBOJUT K 3aBUCHMOCTSIM KOHIIEHTPAIIHMA
KOMIIOHCHTOB pasn. cmzmﬁ HpOHCCC& B BUC CYMMI)I SKCIIOHCHIMAJIbHBIX YJICHOB, ITOKAa3aTCJIN
9KCIIOHEHT K-PBhIX UMEIOT XapaKTep BPeMEH penakcaiuii. Pe3ynbTaToM uccieqoBaHusl SBISETCS
CIIEKTp BPEMEH pEeJaKCallMy, COOTBETCTBYIOUIMN YHCIY IPOMEXKYT. COEH., Y4aCTBYIOIIMX B
nporecce. BenmuuuHbI BpeMeH pelakcalii 3aBUCAT OT KOHCTAaHT CKOPOCTH 3JIEMEHTApHBIX
CTaJIMii MPOLIECCOB.

PenakcanmoHHble METOAbI KNHETUKU MO3BOJIIOT ONPEIEIUTh KOHCTAHTBI CKOPOCTH OTAEIBHBIX
3JIEMEHTAPHBIX CTaAMi TpaHcopMalmy UHTEpMEaUaToB. MeToabl U3yueHHs perlaKcaluOHHOM
KHHETHKH MMEIOT Pasil. pa3pelaioniyio CoCOOHOCTh: MOrIomenne yuprpassyka - 10°-1070 ¢,
TEMIIEpaTyPHBIN CKAYOK - 107-10° ¢, meron 3JIEKTPUY. UMITYJIbCA - 107-10° ¢, ckavox nanenus
- 107 c. TIpy HCCENOBAHNN KMHETHKH (DEPMEHTATHBHBIX P-LMH HAHO, MPUMEHEHHE HALIE
METOJI TEMIIEPATYPHOTO CKAuKa.

MakpokuHeTHKa  (epMEeHTATHBHBLIX  MpoueccoB. Pa3Burhe  METOIOB  MOJYYEHHS
TCTCPOTCHHLIX KATAaJIM3aTOPOB IIYTCM I/IMMOGI/IHI/BaUI/II/I d)CDMCHTOB Ha pa3jl. HOCUTCJIAX (CM.
NMmMoOunn3oBaHHble HhEpMEHTHI)00yCIOBHIIO HEOOXOAMMOCTh aHAIM3a KUHETHKH TPOIECCOB C
y4eToM MaccomepeHoca cybcrpara. TeopeTHdeckn ¥ JKCHEPUMEHTAIBHO HCCIEIOBaHbBI
3aKOHOMEPHOCTH KHMHETHKU p-IUK ¢ yueToMm 3¢ dexToB nudy3noHHOTO CIOS U AJI CUCTEM C
BHYTpUAN(PPY3UOHHBIMU 3aTPYJHEHUSIMU [IPU pacupeieeHny GepMeHTa BHYTPU HOCUTEIIS.

B ycnoBusx, xorma Ha KHHETHKY mporecca BiusieT aud@dy3HOHHBI TNepeHoc cyOcTpara,
KaTaIuTH4Y. A(PQPEKTUBHOCTh CHCTEMBbl yMeHblIaercs. dDakrop 3hdexkTuBHOCTH 1~lpa15».eH
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OTHOIIEHHUIO TJIOTHOCTH TIOTOKA TPOAYKTA B YCIOBUSIX MPOTEKAaHUsS (hepPMEHTATUBHON P-IIUH C
nup(y3MOHHO TOHIKEHHOHM KOHIleHTpanmue# cyOcTpata K TIOTOKY, K-pblif MOr OBl
peanus3oBaThcsl B OTCyTcTBUE AU((DyY3MOHHBIX orpaHnueHuit. B uncto nuddys3uonHoit obnactu,
KOTJ]a CKOPOCTh IPOLiecca ONpeeNseTcss MaccorepeHocoM cyoerpara, Gpaktop 3(GHEeKTHBHOCTH
AN cUCTeM ¢ BHemHeIu(pdY3H-OHHBIM  TOPMOKEHHEM  OOpaTHO  HPOMOPIHUOHAJEH
nuddysznornomy Moayio H:

I kliﬂ'llill!l
n=— @g=—220——4
0 KuD

rae lg - rommmaa quddysznonnoro ciost, D - koad. muddysun cyberpaTta.

st cucrem ¢ BHyTpuan((Hy3HOHHBIM TOPMOKEHUEM B P-LIUSX MIEPBOTO MOPSIKA

lh' q}ﬂf ll-:.r.,-'.r ]ﬂ.[
— —: —— ]r —
rl fI'm m !}.ﬁ.”-

rae @, - 6e3pazmepHbIit MOAYIH (MOIyh THITe).

[Ipu aHanM3e KUHETHY. 3aKOHOMEPHOCTEH B (PePMEHTATUBHBIX PEAKTOpPaX MIUPOKOE TEOPETHY. H
9KCHEPUM. Pa3BUTHE MOIYUYUIH "HIealbHble" MOJENN PeakTOpOB, IPOTOUYHbIN Oe3rpajiueHTHbIN
peakTop (NMPOTOYHBIA pEaKkTOp UACAJBbHOTO MEpPEMEIIMBaHUsA), MPOTOYHBIM peakTop C
U/IeaIbHBIM BBHITECHEHHEM, MEMOPaHHBIN peakTop.

Kuneruka mosudgepmMeHTHBIX mpoueccoB. B opranusme (kierke) GepMeHTHI AEHCTBYIOT HE
U30JIMPOBAaHHO, a KaTAJU3UPYIOT Lenu TpaHcopManuu MoJsiekys. P-nimu B monmpepMeHTHBIX
cUCTeMaxX C KHHETHY. TOYKH 3PEHHUS MOXHO pacCMaTpuBaTh Kak TMOCIEIOBAT. MPOIIECCHI,
cnennud. 0cOOEHHOCTBIO K-PhIX SIBIISETCS KaTaan3 (epMEHTaMU KaKJJOW U3 CTAIIHIA:

E, E, E E
] 1_\ — 3 L] .1 a ¥
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S

rae vi, Kij - cooTB. Makc, CKOpPOCTh TpoIllecca W KOHCTaHTa Mwuxalnmmca i-H CTaaud p-IAU
COOTBETCTBEHHO.

Baxxnas 0coOeHHOCTH mnponecca - BO3MOXHOCTb 06pa30BaH1/151 YCTOIZQHBOFO CTallUOHApPHOT' O
COCTOSIHUS. Y CIIOBHEM-ET0 BO3HHKHOBEHHS MOXKET CIIY’KUTb HEPABCHCTBO V; > Vo, I'I€ Vo -
CKOpPOCTb J'II/IMI/ITI/Ipy}OH_Ieﬁ cTaJguu, XapaKTepHSYCMOﬁ HanMMEHbIIIEH KOHCTAHTON CKOPOCTH U TEM
CaMbIM OHpCI[CJ'ISHOHIGfI CKOpPOCTH BCETO ITOCJICAOBAT. IpoLecca. B CTallMOHApHOM COCTOSHHU
KOHIICHTpAalnu METAa00JUTOB IIOCIIE JII/IMI/ITI/IPYIOH_Ieﬁ CTaJuy MEHbLIIIE KOHCTaHThI Mmuxasianuca
COOTBETCTBYIOIICTO [he[)MeHTa.

Crneuucduy. rpymnmy MOTHUPEPMEHTHBIX CHCTEM COCTABISIOT CHCTEMBI, OCYIIECTBIISIOIINE
OKHCJTUT.-BOCCTAHOBHT. P-IIUU C Y4acTHEM OEJTKOBBIX NIEPEHOCUYMKOB JICKTPOHOB. [lepenocunku
00pa3yroT cnenugud. CTPYKTYpbl, KOMIUIEKCH C JETEPMUHUPOBAHHON MOCIEIOBATEIBHOCTHIO
nepeHoca 3JeKkTpoHa. KWHeTHWY. ommcaHWe TaKOTrO pojia CHCTEM pacCMaTpuBaeT B KadyeCTBE
HE3aBHCUMOM MEPEMEHHOMN COCTOSIHUA LIENIEN € Pa3Jl. CTEIICHBIO 3aCEICHHOCTH JJICKTPOHAMH.
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@DepMEHTAaTUBHBIX PEAKIMNA KMHETHKY IIMPOKO HCIOJIB3YIOT B HCCIENOBATEIBCKOM INPAKTHKE
JUI U3Y4YCHHUsS MEXaHM3MOB JIeHCTBHs (epMEeHTOB M (epMeHTHbIX cucTeM. IIpakruyecku
3HaynMas 00JacTh Haykd o (epMeHTax - MHKCHEpPHas SH3UMOJIOTHS, OTEPHPYET MOHATHIMH
(epMEHTATUBHBIX PEAKIMH KMHETHKH JUIsI ONTUMHU3AINH OMOTEXHOJI. TPOLECCOB.

Temnepamypa u ckopocms peakyuu

[Tpu puxcupoBaHHOI TeMIepaType peakiys BO3MOXKHA, €CITU B3aUMO/IEHCTBYIOIINE MOJIEKYJIbI
00J1aJat0T OMpeACTICHHBIM 3a11aCOM YHEPTUU. APPEHHUYC 3Ty N30BITOYHYIO SHEPTUIO Ha3Bal
IHepuell akmueayuu, 3 CAM1 MOJIEKYJIbl AKTHBHPOBAHHBIMH.

ur.{.fc
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w = 1197 Ml
U, = d78mic

[ CTon ][ ChApoc ] Au=200mic

Pacnpenenenne Maxkcaeinna

[To AppeHuycy KOHCTaHTa CKOpOCTH K 1 9Heprust akTuBanuu E, CBSI3aHBI COOTHOIICHHEM,
NOJYYHBILUM Ha3BaHUE YpaBHEHUsI AppeHuyca:

zl'l:
k=fde &

ksk

3neck A — IpeIPKCIOHEHINAIbHBIA MHOKUTEND, R — yHUBepcanbHasl ra3oBasi HOCTOSIHHASL, | —
a0CoJIIOTHAs TeMIeparypa.

Taxum 00pa3oM, IpU MOCTOSTHHOM TeMIIEpaType CKOPOCTh peakuuu onpeneser E,. Uem Oonbie
Ea, TeM MeHbIlIe 4HCII0 aKTUBHBIX MOJIEKYJ U TeM MeAJICHHee poTekaeT peakuus. [Ipu
yMeHbIleHnu E; ckopocTh Bo3pacraer, a npu E; = 0 peakius npoTexkaeT MTHOBEHHO.

Bennuuna E; xapaktepusyeTr npupoy pearupyomux BeIECTB U ONPEIEIseTCs
sKcniepuMeHTaabHo u3 3aBucuMoctu K = f (T). 3amucas ypaBuenue (¥*) B jorapuMuuecKoM
BUJIE U pelllas €ro JJis1 KOHCTAHT IIPH JIByX TEMIIEPATypax, HaxoauM Ea:

hkz -7y D

& H‘I'Tl
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Ecnu E; = 50-100 x/[>x-Monb , TO U3 ypaBHEHUsI AppeHuyca cleayeT, YTo IPU U3MEHEHUU
TeMIIepaTypbl peakiuy Ha 10 rpaxycoB ee CKOPOCTh U3MEHUTCS B 2—4 pa3a. ITO MPaBUIIO OBLIO
IMIUPHUECKH ycTaHOBIeHHO BanT-I'oddom:

E,£10
T="% = & (2-4)
f
b, a-grw k 4y
E_f . h;—Tht

Y — TeMIepaTypHbIi KO3PGUIIMEHT CKOPOCTH XUMHIeckor peakmuu. [Ipasmio Bant-I'odda

UMEET OTPaHUYCHHOE IPUMEHEHHUE, TOCKOJIbKY BEJIMYMHA Y 3aBUCHUT OT TEMIIEPATYPhI, a BHE
-1

obmactu E; = 50—-100 x>k - MOJIb = TO MPaBUIIO BOOOIIIE HE BBHITTOTHSIETCSI.

Ha puc. 5.4 BunHO, uTO 3aTpaunBacMasl Ha IEPEBOJ] HAYAIBbHBIX IPOYKTOB B aKTUBHOE
coctosiHue (A* — akTUBHPOBAHHBIN KOMILIEKC) SHEPTHsl 3aTEM MOJHOCTHIO WIIM YaCTUYHO BHOBb
BBIJIETISIETCS IIPU IIEPEXO0/IE K KOHEUHBIM NPOIyKTaM. Pa3HOCTh SHEPruil HauaNbHBIX U KOHEYHBIX
npoAyKToB onpezenseT AH peakuuu, KoTopasi OT YHEPIUH aKTUBAIMH HE 3aBUCHUT.

Takum oOpa3om, MO MyTH U3 UCXOIHOTO COCTOSIHUSI B KOHEYHOE CUCTEMA JOJIKHA MPEOI0JIETh
sHepreTudeckuii 6apbep. ToIbKO aKTUBHBIE MOJIEKYJIbI, 00J1a/1al01I1e B MOMEHT CTOJKHOBEHUS
HEOOXOIMMBIM M30BITKOM YHEPTUH, paBHBIM E,, MOTYT mpeoionieTs 3ToT 6aphep M BCTYIHTH B
XUMH4YecKoe B3aumozeictere. C pocTOM TeMIIEpaTyphbl YBEINIUBACTCS 10JI1 AKTHUBHBIX
MOJIEKYJI B pEaKIIMOHHHOM CpeJe.

E

Foopounata peaxiun
= DKioTEpMEME CKAA
— FHIOTERMHYECK ad

PeaknmoHHBIN Iy Th SK30TEPMUYECKON U HHAOTEPMUYECKON
peaknuu A + B — D; A* — nepexoHOe COCTOSIHHE,



AKTUBUPOBAHHBIA KOMIUIEKC

IperdkcnoHeHIMAIbHBII MHOKUTEBb A XapakTepusyeT odliee Yucio coynapenuit. s
peaxiuii ¢ IpocThIMU MoJIeKyJaMH A OIM30K K TEOPETUYECKOH BEIMYMHE CTOJIKHOBEHUH Z, T. €.
A= Z, paccuuTbIBa€MON U3 KUHETUYECKOM Teopuu ra3oB. [l c10xkHBIX MOJeKys1 A # Z,
MO3TOMY HEOOXOAMMO BBOJIUTH cTeprudeckuii pakrop P:

A=Z-P

Crepudeckuii (pakTOp YUUTHIBAET TO OOCTOSTEIBCTBO, YTO JJISI B3AUMOACHCTBUS CIOKHBIX
AKTUBHBIX MOJIEKYJ HE00X0/1MMa onpesiesieHHasl B3auMHasi OpUEHTAIHs: TEYEHUIO IIPOIIECCOB
CIOCOOCTBYET CTOIKHOBEHHE MOJICKYJI B TIOJIOKEHUSX, KOTIa B CONMPUKOCHOBEHUE IPUXOIAT UX
PEaKMOHHOCTIOCOOHBIE CBS3U WJIM HETIO/IeTICHHBIE TTaphl 3JIEKTPOHOB.

Takum oOpa3om, ypaBHEHHE AppeHuyca UMEET BUJL

k=2 P o5 00T

3nech Z— 4ucio Beex coyaapeHuid, P — nosst coynapenmuii, 6JaronpusTHbIX B
10-9 '-!n. I8

MMPOCTPAHCTBECHHOM OTHOIICHUHA (HpI/IHI/IMaeT 3HadeHus ot 0 a0 ), — J0JIs1 aKTUBHBIX,
T. €. 6HaFOHpI/I$ITHBIX B DHCPICTUYCCKOM OTHOIICHUHA coy;[apeHI/Iﬁ.

P Aa3MEPHOCTb KOHCTAHTBI CKOPOCTH IOJIYUaCTCA U3 COOTHOIICHU

(¥
2l

Y, KaK BUJTHO U3 ypaBHEHUS AppeHnyca, pa3MEPHOCTb MPEAIKCIIOHEHTHI Ta JKeE.

Ikl =

Jlst T=300 K 1 KOHI[EHTpALHii, BBIPAXXCHHBIX B MO |, Z HMEET CIICyOLIIE
HpI/IGHHSHTeHBHBIG 3HAYCHHA B pCAKIUAX pa3anH0171 MOJICKYJIIPHOCTH:

10°-10"" ¢ 100 —10 “ m'monp ¢ 10°-10"" a-momnp "¢

Ananuzupys BelpakeHue (**), IpUXOAUM K BBIBOAY, UTO CYLIECTBYIOT JIBE PUHIMITHAIbHBIE
BO3MO>KHOCTH YCKOPEHHUS PEaKuu:

a) yBEJIIMYEHUE TEMIIEPATYPHI,

0) CHUKEHHE PHEPTUU aKTUBALUH.

K dbepmeHTamM nprMEeHUMBI TPU OCHOBHBIX KPUTEPHUS, XapAKTEPHBIX U JIUIsI HEOPTaHUYECKUX
KaTajau3aTopoB. B yacTHOCTH, OHU OCTAIOTCS HEM3MEHEHHBIMHU I1OCIIE PEAKIIHH, T.€.
0CBOOO0XK/1a5ICh, MOTYT BHOBb PEarupoBaTh C HOBBIMU MOJIEKYJIaMU cyOcTparta (XOTs Hellb3s
UCKITIOUUTH MOOOYHBIX BIMSHUH yCIOBHIA Cpebl HA aKTUBHOCTD epMenTa). DepMeHThI
CHOCOOHBI OKa3bIBaTh JICHCTBUE B HUYTOXHO MaJIbIX KOHIIEHTpaUAX (HalmpuMmep, OAHa
MoJIeKyJia pepMeHTa PEHHHHA, COJEPIKAIErocs B CIM3UCTON 000I0UKE JKeTyIKa TEICHKA,
CTBOPaXXMBAET OKOJIO 10° MOJIEKYJI Ka3eMHOreHa Mojoka 3a 10 muH npu remuneparype 37°C).
Hanuuwne nu6o orcytcTBue hepMenTa miu r000ro APyroro KaTaanu3aropa He OKa3bIBaeT
BJIMSIHUS Ha BEJIMYMHY KOHCTAHTHI paBHOBecUs M cBOOOAHOM sHeprun (AG). Karanusatopsl
JIMILB MOBBIIAIOT CKOPOCTh, C KOTOPOW CUCTEMA NMPUOINKAETCA K TEPMOIMHAMUYECKOMY
PaBHOBECHIO, HE C/IBUTasi TOUKU paBHOBeCHs. XMMUYECKHE PEAKIIUU C BHICOKOI KOHCTaHTOU
pPaBHOBECHS U OTpULIATENbHON BeMMUMHOW AG MPUHSTO Ha3bIBaTh K3€proOHMYECKUMHU. Peakiiuu
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C HU3KOM KOHCTaHTOW paBHOBECHS U COOTBETCTBEHHO MOJIOKUTEIbHON BeTuunHON AG (oHH
0OBIYHO HE MPOTEKAIOT CIIOHTAHHO) Ha3bIBAIOTCS SHAEProOHNYecCKUMH. [t Havana u
3aBEpILEHUS STUX PEaKINH HEOOXOIMM MPUTOK SHEPTHH U3BHE. B J)KMBBIX cucTemMax
9K3€pPrOHMYECKHE MPOLECCH] OOBIYHO CONMPSKEHBI C SHACPIrOHUYECKUMH PEaKIUsIMH,
obecrieunBast OCIeAHNE HEOOXOUMBIM KOJIMUYECTBOM SHEPTHUH.

0 5 100°C

3aBHCUMOCTh CKOpPOCTH KaTaJ'II/I3I/IpyeMOI71 d)eDMeHTOM PC€aKIM OT TCMIICPATYPHI.

a - TIOBBIIIICHNE CKOPOCTH PEAKIUH KaK (PYHKIUS TEMIIEPATYPBI; O - CHIKEHHUE CKOPOCTH
peakiy Kak QyHKIus JeHaTypaiuu 6enka-(pepMeHTa; CTpeiKka yKa3blBaeT ONTUMYM

TEMIICPATYPEIL.

(DG[QMCHTBI, SABJIAACH GCJIKaMI/I, 06Ha£[aIOT PAAOM XAPAKTCPHBIX IJISA 3TOr'0 KJIaCCa OPraHUYCCKUX
COCJIMHEHHU I CBOﬁCTB, OTIIMYaIOIIUXCA OT CBOMCTB HCOPTraHNYCCKUX KaTAJIN3AaTOPOB.

TepmosaduiabHOCTH epMeHTOB. CKOPOCTh XUMHUECKUX PEAKIINI 3aBUCHUT OT TEMIEPATYPHI,
MO3TOMY KaTalu3upyemble (hepMEeHTaMU PEAKIIUU TAK)Ke UyBCTBUTEIbHbI K H3MEHEHHSIM
TEMIOEPATypbl. Y CTAHOBIIEHO, YTO CKOPOCTH OOJIBIIMHCTBA OMOXUMUYECKUX PEaKIIui
HOBBIIIAETCS B 2 pa3a MpH MoBbIIIeHnH TeMuepaTtypbl Ha 10°C 1, Ha060poT, CHUXKaeTcs B 2 pasza
MpHU NOHWKEeHUH TeMiepatypsl Ha 10°C. DTOT moka3aresns MoJIydis Ha3BaHUE TEMITEPATypPHOTO
k03 Puumenta. OnHako BeaencTBUE OSIKOBOM IPpUPO/Ibl hepMEHTa TEIIOBast JeHATypalys py
MIOBBIIICHUH TEMIEPaTyphl OyIeT CHUXaTh 2PPEKTUBHYIO KOHIIEHTpAIHIO (pepMeHTa ¢
COOTBETCTBYIOIIUM CHUKEHHUEM CKOPOCTH peakuuu. Tak, mpu TeMneparype, He MpeBbIIIaone
45-50°C, cKOpOCTb PEAKIIMH YBEIUUHUBAETCS COTJIACHO TEOPUH XUMUYECKOW KuHETUkH. [Tpu
Temneparype Boiie S0°C Ha CKOPOCTh peakluu OO0JIBIIOE BIUSHIE HAUUHACT OKa3bIBATh
TETUTOBAsI IeHaTypaIys Oenka-(hepMeHTa, IPUBOAAIIAS K TOJTHOMY MPEKPAIICHUIO
(bepMEeHTAaTUBHOTO MpoIIecca.

Takum 00pa3om, TepMOIaOUIBHOCTh, HIIM YYBCTBUTEIHHOCTh K MOBBIIICHUIO TEMIIEPATYPhI,
SIBIISIETCSI OJTHUM M3 XapaKTEPHBIX CBOHCTB DEPMEHTOB, PE3KO OTIMYAIOIINX UX OT
HEOPraHMYECKUX KaTallM3aToOpoB. B mpHUCYyTCTBUM MOCIETHUX CKOPOCTh PEAKIIMH BO3PACTACT
HKCIIOHEHIIUATILHO TIPH MOBBIIICHUU TEMIEPATYpPhI (CM. KpUBYIO «a» Ha puc). [Ipu remneparype
100°C noutu Bce PepMEHTHI yTpauynBalOT CBOIO AKTUBHOCTH (MCKITFOYCHHE COCTABIISECT,
OUYEBUJTHO, TOJIHKO OJUH ()EPMEHT MBIIICYHON TKAHU — MUOKHHA3a, KOTOPAsI BHIICPKUBACT
Harpeanue 10 100°C). OnTumanbHOU 715 ASUCTBUS OOJBITUHCTBA (DEPMEHTOB TETNTIOKPOBHBIX
JKUBOTHBIX siBJisieTcst Temneparypa 40°C; B 3TUX YCITOBUSAX CKOPOCTh PEAKIIMK OKA3bIBAETCS
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MaKCHMaJbHOW BCJIEICTBUE YBEINUYEHUS] KWHETHUECKON S3HEPIUU pearupyromux Moueky. [lpu
Hu3KuX Temneparypax (0°C u Huxe) hepMeHTHI, Kak MPaBUIIo, HE pa3pyIIaloTCs, XOTs
AKTUBHOCTb MX MaJaeT NOYTH 10 Hyss. Bo Becex ciyyasix UMeeT 3HaueHHe BpeMsi BO3JEHCTBUS
COOTBETCTBYIOILIEH TeMIepaTypel. B HacTosiiee Bpemst 11 IENICHHA, TPUIICUHA U PSAAA JPYTHX
(epMEHTOB 10Ka3aHO CYLECTBOBAaHHUE MPSIMOIl 3aBUCHMOCTH

3aBUCHUMOCTbH CKOPOCTH KaTalnu3upyeMoil hepmenToM peakuuu oT pH (cTpeska ykas3pBaeT
ontumyM pH).

MEXy CKOPOCTHIO MHAKTHBALIMHU (JepMEHTa M CTENICHbIO JeHaTyparyu oenka. Cremayer
OTMETHTb, YTO Ha TEPMOIAOMIIBHOCTh ()EPMEHTOB OIPECIIEHHOE BIUSIHUE OKA3bIBAET
KOHIIEHTpaIus cyocrpara, pH cpenst u apyrue hakropsl. 3aBUCHMOCTh AKTHBHOCTH
depmenToB ot pH cpeabl. DepMeHTH 00bIYHO HaKOOJIee AKTUBHBI B IIPEJiesiaX y3KOH 30HbI
KOHIICHTPAIIMU BOJIOPOJAHBIX HOHOB, COOTBETCTBYIOIIEH Il ’KUBOTHBIX TKaHEH B OCHOBHOM
BbIpaOOTaHHBIM B IpOLiecce 3BOMOLMU (U3HoIornueckumM 3HaueHusM pH cpenst 6,0-8,0. [Tpu
rpaduIecKkoM H300pakKeHUHN Ha KPHBOH KOJIOKOJIO00pa3HO# (opMbI nMeeTcs onpeneeHHas
TOYKa, B KOTOPOH (DEPMEHT MPOsBIsIET MAaKCUMAJIbHYO0 aKTUBHOCTD; 3Ty TOUKY Ha3bIBAIOT
onrtumyMoM pH cpensr aiist neficTBust nanHoro pepmenta. [Ipu onpeneneHnn 3aBUCIMOCTH
AKTUBHOCTH (pepMEHTa OT KOHLEHTPAIMK BOJOPOIHBIX HOHOB PEAKLIUIO TIPOBOJAT MIPH Pa3HBIX
3HaueHusX pH cpespl, 00BIYHO MPH ONTUMAIBHON TEMIIEpaTyPe U HAJIUUUU JOCTATOYHO
BBICOKHUX (HACBILIAIOIINX ) KOHIIEHTpalmii cyOcTpaTa. B Tabm. 4.3 npuBosaTCs onTUMAalIbHBIE

3HaueHust pH cpenpl 11s psina GepMeHTOB.

Tatnuua 4.3, Onrumansisie 3navenus pH ana wekoropsix depmentos

MepyenT pH MepmenT pH
[Mencun 1,5-2.5 KaTtanasa 6.8-7.0
Katencun B 4.5-5,0 Vpeasa 7.0-7.2
AMHIaza H3 coaoia 4,9-5,2 NMumnaza 7.0-8.5

NaHKpeaTHYecKas
Caxapasa KMmevHas 5.8-6,2 Tpuncun 7.5-85
AMMIIA3a CTIOHH 6.8-7.0 ApruHasa 9.5-10,0

W3 manabIX Ta61. 4.3 BUAHO, 9TO pH-OoNTHUMYM NEeHCTBUST DEPMEHTOB JISKUT B TpECiiax
dbuznonornueckux 3HaueHui. Mckiarouenne coctapisioT nencut, pH-ontumym koroporo 2,0
(mpu pH 6,0 oH He akTUBEH U HE cTaOmiIeH). OOBSICHACTCS 3TO, BO-TIEPBHIX, CTPYKTYPHOH
OopraHu3aleil MoieKkysbl GepMeHTa U, BO-BTOPBIX, TEM, YTO MENCUH SIBISIETCS KOMIIOHEHTOM
KEIIyJA0YHOIO COKa, COAEPIKAILEro CBOOOAHYIO COJIIHYIO KUCIOTY, KOTOpasi CO3AaeT
ONTUMAJIBHYIO KUCIYIO Cpeny JUisl eicTBus 3Toro depmenta. C apyroit croponsl, pH-ontumMym
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apruHa3bl JISKUT B CUIIbHOIIET0UYHOM 30HE (oko0ii0 10,0); Takoii cpepl HET B KJIETKaX IEUYCHH,
CleIoBaTeNbHO, in Vivo apruHasa (QyHKIMOHHUPYET, TO-BUIUMOMY, HE B CBOSH ONTUMAaTbHON
3oHe pH cpenpbl.

CornacHo COBpeMEHHBIM INPEICTaBICHUAM, BIUsIHUE U3MeHeHN pH cpeibl Ha MOJeKyTy
(dbepMeHTa 3aKIII04aeTcsl B BO3JACHCTBUN HA COCTOSIHAE M CTEIIEHb MOHU3ALUHN KHCIOTHBIX U
ocHOBHBIX Tpynil (B yactHocTH, COOH-rpyne! aukap-00HOBBIX aMUHOKHCIOT, SH-rpymsl
LUCTENHA, UMUA30IbHOT0 a30Ta rUCTU-AUHA, NH,-rpynms! qusuna u ap.). Ilpu pe3kux cnsurax
ot ontumyMa pH cpeznbl pepMEeHTBI MOTYT MOJBEPraThcss KOHPOPMALMOHHBIM U3MEHEHHSM,
IPUBOJSALIMM K [TOT€pPEe aKTUBHOCTH BCJIEICTBUE JIeHATYyPAllMU UM U3MEHEHMs 3apsiia
MoJieKkyJbl hepmenTa. [lpu pasHbix 3HaueHusX pH cpebl akTHBHBIN IEHTP MOXKET HaXOJUThCS B
YaCTUYHO MOHU3MPOBAHHOM MIIM HEMOHU3UPOBAHHOM (popMe, UTO CKa3bIBAETCs HA TPETUYHOM
CTPYKTYpe Oelika 1 COOTBETCTBEHHO Ha (POPMUPOBAHUH aKTUBHOTO (DEPMEHT-CyOCTPaTHOTO
KomIuiekca. Vimeer 3HaueHue, KpoMe TOro, COCTOSIHUE HOHU3ALUU CYyOCTPaToB U KOGaKTOPOB.

Conennduunoctsb hepMeHTOB. DepMeHTHI 0071a/TaF0T BEICOKOM CIIEITUGBUIHOCTBIO JCHCTBHSI.
DTO CBOMCTBO YaCTO CYIIECTBEHHO OTIMYAET UX OT HEOPTaHUYECKUX KaTalu3aTopoB. Tak,
MEJIKOM3MEIIbUCHHBIE IUIATHHA W MAJIJANN MOTYT KaTaIU3UpPOBaTh BOCCTAHOBJICHHE (C
y4acTUEeM MOJIEKYJISPHOTO BOJIOPO/Ia) NECATKOB ThICAY XUMUYECKUX COCAMHEHUN Pa3IUuIHON
CTPYKTYpHI. Bricokas cnenmduaHocTh hepMEeHTOB 00yCIIOBIIEHA, KaK OBIJIO OTMEYEHO,
KOH(GOPMAIIMOHHOHN U 3JIEKTPOCTATHYECKON KOMILIEMEHTAPHOCTBIO MEX/Ty MOJIEKYJIaMu
cybcrpara u pepMeHTa U YHUKAITLHOU CTPYKTYPHOH OpraHn3anuell akTHBHOTO IICHTPA,
o0ecrneynBaroIMMU «y3HaBaHHE», BBICOKOE CPOJICTBO M U30UPATENbHOCTD MPOTEKAHUS OJHOMN
KaKON-TM0O0 PeaKINu U3 THICSYH IPYTUX XUMHUUYECKUX PEAKIINH, OCYIIECTBIISIONIUXCS
OJHOBPEMEHHO B KMBBIX KJIETKaX.

B 3aBucumocTtu oT MexaHu3Ma IeHCTBUS pa3nuyatoT GEPMEHTHI ¢ OTHOCUTENIBHON (UITH
TPYIIOBOI) 1 a0COMIOTHOM cienMbuIHOCThIO. Tak, It 1eWCTBHSI HEKOTOPBIX
TUAPOTUTHYECKUX (DePMEHTOB Hanboblllee 3HAaYCHHE UMEET TUIl XUMHYECKOH CBSI3U B
MoJlekyie cybcrpara. Hampumep, MeTcuH B OTMHAKOBOW CTENEHU paCIHICTUISET OCIKU
JKHBOTHOTO ¥ PACTUTEILHOTO MTPOMCXOKICHHS, HECMOTPS Ha TO YTO 3THU OCJIKHU CYIIECTBEHHO
OTJIMYAIOTCS IPYT OT JIpyTra Kak M0 XUMUYECKOMY CTPOCHHUIO M1 aMUHOKUCIOTHOMY COCTaBY, TaKk
U 110 PU3UKO-XUMHUYECKUM CBoMcTBaM. OHAKO NENCUH HE PACIISIIISAET HU YIIEBOIbI, HU KHUPHI.
OOBsICHSIETCS 9TO TEM, YTO TOUKOW MPHUIIOKEHHUS, MECTOM JCHCTBUS MEIICHHA SBISICTCS
nentuaHast —CO—NH-cBs3b. [{ns1 qeiicTBus aumnaspl, KaTaau3upyomend ruapoin3 KUPOoB Ha
LJIMLEPUH U XKUPHBIE KUCIIOTBI, TOJOOHBIM MECTOM SIBJISIETCSI CIIOKHOA(UPHAS CBSI3b.
AHaJIOTHYHOH TPYNTIOBON cIeMGUIHOCTHIO 001aJaI0T TPUIICHUH, XUMOTPHUIICUH, IENTH/Ia3bI,
(hEpPMEHTBI, THAPOIU-3YIOIIHE O-TJTUKO3UIHBIE CBS3U (HO HE B-TVIMKO3HUIHBIC CBSI3U, UMEIOIIIUECS
B LIEJUTIOJI03€) B MoJucaxapuaax, u ip. OObpI4HO 3TH (hepMEHTHI Y4aCTBYIOT B IIPOIIECCe
IUIIEBAPEHUS, M UX TPYIIOBAs CICIUPUUIHOCTD, BEPOSITHEE BCErO, HIMEET OMPEIeIICHHBIMA
Ouosornueckuii CMbIC. OTHOCUTEIBHON CIIENM(PUIHOCTHIO HA/IETICHBI TAKKE HEKOTOPHIE
BHYTPUKIIETOUHBIC (DEPMEHTHI, HAPUMEDP FEKCOKUHA3a, KaTATH3UpYIomiasi B mpucytcTBun ATD
dbochopurpoBaHUE TOYTH BCEX I'EKCO3, XOTS OJHOBPEMEHHO B KJICTKaX UMEIOTCS U
crienupUIecKue sl KaXKI0W reKCco3bl (PEePMEHTBI, BHIMOTHSIONINE TAKOE JKe
dbocdopunupoBanue.

AOcomoTHOM celMbUIHOCTBIO ACHCTBUS HAa3bIBAIOT CITIOCOOHOCTH (hepMEHTa KaTau3upOBaTh
MpeBpalleHre TOJIbKO eAMHCTBEHHOTO cyOcTpara. JIro0bie n3mMeHenus (Moaudukamm) B
CTPYKType cyOcTpara AeNaroT ero HeIOCTYITHBIM JUTsl IeHCcTBUs dhepmenTa. [IpuMepamu Takux
(hEpMEHTOB MOTYT CITY)KHTh apruHa3a, pacuieIUIsioNIas B €CTECTBCHHBIX YCIOBUSX (B
OpraHu3Me) apruHUH, Ypeas3a, KaTaIM3UPYIoIias paciaj MOYCBHHEI, U JP.
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HMeroTcst sKCIIepUMEHTAIIBHBIE JOKA3aTEIbCTBA CYIIECTBOBAHUS TaK HA3bIBAEMOM
CTEpEOXMMUYECKOH crien(UIHOCTH, 00YCIOBIEHHON CYIIIECTBOBAHUEM ONTHUECKH H30MEPHBIX
L- u D-opm mimm reomeTpudeckux (IMC-M TPAHC-) H30MEPOB XUMUYECKUX BemlecTB. Tak,
U3BECTHBI OKCUAa3bl L- 1 D-aMHUHOKHUCIIOT, XOTS B IPUPOIHBIX Oesikax 0OHapyKeHbI TOJbKO L-
aMU-HOKHCIOThI. Ka)kpli U3 BUJIOB OKCH1a3 IEHCTBYET TOJBKO Ha CBOM CHEIM(PUUECKUI

CTCPCOU3OMCED.

-1_'—‘":-.'0.-.'
- ——— a-Ketokncnota + NH, + H.O;
Okcupasa L-aMWHOKWCNOT

L-amMuHokncnoTa

+/,0,
D-amuHokncnoTa = ——» a-Ketokucnotra + NH, + H.O.
QOrkcupaza D-aMUHOEWMCNOT

HarnsaabiM mpuMepoM CTepeoXUMUIECKOM CIeMPUIHOCTH SBIISIETCS OaKTepralbHas
acrnapTraraekapOokcuiasa, katanuupytouias oruerienue CO, Tosibko oT L-acaparuHoBoit
KHCJIOTHI C TIpeBpaieHuemM ee B L-ananna. Cre-peocnennuaHOCTh MPOSBISIOT (PEPMEHTHI,
KaTaJM3UPYIOIINE U CHHTETUYECKUE peakuuu. Tak, 13 aMMHaka U 0-KeTorIyTapara Bo BcexX
KHUBBIX OpraHU3Max CHHTE3UpYyeTcsl L-u30Mep riIyTaMHHOBOW KHCIIOTHI, BXOJSIIEH B COCTaB
npUpOIHBIX OenkoB. Eciu kakoe-m1bo coelMHeHne CymecTByeT B (hopMe IHC-H TPaHC-
MU30MEPOB C Pa3IMYHBIM PACIOJIOKEHUEM TPYII aTOMOB BOKPYT JBOHHOU CBSI3H, TO, KaK
IPaBUJIO, TOJIBKO OJIMH U3 3TUX T€OMETPHUUECKHX M30MEPOB MOXKET CITY)KUTh B KA4eCTBE
cybcrpara s neiictBust pepmenta. Hanpumep, dymapasa katanu3upyer IpeBpaIieHue TOJIBKO
(byMapoBoii KHUCIOTHI (TpaHCHU30MEp), HO HE JIEHCTBYET Ha MAJICHHOBYIO KHCIIOTY (I[C-U30MEP):

?H—GDOH CH—COOH

I Il

|

COOH—CH CH—COQOH
OyMapoBas WACNoTA ManewHoeas eMcnoTa

Taxum o6pa3oM, O1aronapst BEICOKOM cnennUIHOCTH AeHCTBUS epMEHTHI 00eCTIeUnBaOT
HpOTEKaHHUE C OONIBIION CKOPOCTHIO JIHUIIH ONPEISICHHBIX XUMUYECKUX PEAKIIHHA U3 OTPOMHOTO
pa3Hoo0pa3usi BO3MOXKHBIX MPEBPALLICHUH B MUKPOTIPOCTPAHCTBE KJIETOK U IIETIOCTHOM
OpraHu3Me, peryJupys TeM caMbIM HHTCHCUBHOCTh OOMEHA BEIIECTB.
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