YyeHne 0 XMMHMYECKUX MPOILECCaX COCTOMT M3 JBYX YACTEH: YYEHHS O
COCTOSIHMSIX — XHMHUYECKas TEPMOJAMHAMUKA M YYEHHUA IMEepeXohax Hu3 OJHOrO
COCTOSIHHS B JIPYTO€ — XUMUYECKast KUHETUKA.

[TepBast oTBe4aeT Ha BONPOCHI O MPUHIUIINATBLHON BO3MOYKHOCTH MPOTEKAHUS
JAHHOW XMMHUYECKON pEaKklUyMh B JAHHBIX YCIOBUSX U O KOHEYHOM PaBHOBECHOM
COCTOSIHM CHUCTEMBI.

Bropas — Xxummuueckas KUHETHMKA — TIOCBSIIIEHA pEaJIU3aluyd  ATOMU
MPUHITUITUAIBHON BO3MOXHOCTH, T.€. COOCTBEHHO MPOTEKAHUIO Mpoliecca.

Kunernka no cmoco0y peanuszanuu mpoliecca JIeauTcs Ha JABa pasnaena. B
dpopmanbHoii KHHeTHKe CQOPMYIUPOBAHBI 3aKOHOMEPHOCTH, TO3BOJISIONINE
OTUCHIBATh XUMUYECKYIO JUINIIZ ) MaKpPOCKOIMYECKH Ha OCHOBE
AKCIIEPUMEHTANbHBIX JaHHBIX. MoJieKyJsipHAsE KHHEeTHMKA HM3y4yaeT IpeBpalllcHUE
Ha OCHOBE MOJIEKYJIAPHBIX JJAHHBIX O CBOMCTBAaX YaCTHII.

Ha mnepBoii cTaguu H3y4eHUs] PEAKIMU HAA0 TMPEXKJE BCEro OMNPENeIIiaTh
CKOPOCTb MPOTEKAaHMs M3ydyaeMou peakuuu. Jlanee M3ydyuTh 3aBUCUMOCTH CKOPOCTH
pEeaKIMu OT KOHUEHTPALUH PEarupyrouluX BEIECTB, TEMIEPATypPhl U JaBJICHUS.

BemecTBa, BcTynaromye B MpoUecc XMMUYECKOT0 MPEBPAIICHU A, Ha3bIBAIOTCS
HCXOIHBIMH BelIECTBAMHU WM PeareHTaMu.

BemectBa, obOpasyromuecss B Tpolecce XUMUYECKOTO MPEBpAIlCHUS U HE
IPETEPNEBAIOIINE B XOAE 3TOr0 MpoLecca NAJbHEUIINX XMMHYECKUX H3MEHEHUH,
Ha3bIBAIOTCS MPOAYKTAMH peaKkuH.

BemecTBa, oOpasyroommecs B OJHMX CTaausgX HpoOLEcca XUMUYECKOTO
NPEBpAICHUS W PAaCXOAYIOIIMECA B JPYrUX CTagusgx OJTOro K€ Ipolecca,
HAa3bIBAIOTCS  NMPOMEKYTOYHBIMHM  BeIIECTBAMM, a pPEaKUMuh C Y4YacTUEM
MMPOMEKYTOUYHBIX BEIIECTB HA3BIBAIOTCS MPOMEKYTOYHBIMHU BellleCTBAMHU.

XuMudeckas peakiusi, MpoTeKarolas B mpeaenax OJHON (a3bl, Ha3bIBAECTCS
TOMOTeHHOM XMMHWYECKOM peakuued. XUMHUYECKas peakuus, NpOTeKarlas Ha
rpaHuiie pasaena ¢as, Ha3pIBaeTCsA reTePOreHHON XUMUIECKON peaKITuei.

B rereporeHHpIX peakuMsAX poJib MNPOMEKYTOUHBIX MPOJYKTOB HWIPAIOT

MOJICKYJIbI, XUMHUYCCKHU aI[COp6I/IpOBaHHBIe Ha IIOBCPXHOCTH.



Ecnu peakums uper B OJHY CTaguio, TO €€ Ha3bIBAlOT MpPoCcTOil. Cil0xkKHBbIE
peakuM — 3T0 MHOTrOCTauiiHble pouecchl. Ctanusamu, B 00siee IMHUPOKOM CMBICIE,
MOTYT OBITh HE TOJIBKO XMMHUYECKHE, HO TaKxke mpoiecchl nuddy3uu, nepenadu
SHEPrUU MPHU CTOIKHOBEHUU MOJIEKYJI U JP.

Yame peakuuu OBIBAIOT CIOXHBIMH, U CHUMBOJIM3UPYIOIIME HX YpaBHEHUS
OTpakaroT JIMILb KOHEYHBIN UTOT XUMHUYECKUX MPEBPAICHH.

IlonsiTHE 0 CKOPOCTH XUMHUYECKOI0 MpoLecca

CKOpOoCTh ~ XMMHYECKOM  pEaKIUu  ONpenensieTcs  YHUCIOM  MOJIEKYJ,
pearupyroumx B €IMHUIY BpEMEHU B eIMHUIE 00beMa.

Tak kak 3TO YHUCIO OHKBUBAJICHTHO HM3MEHEHHMIO KOJMYECTBA BeIlEeCTBa
(MCXOIHOTO UM TIPOAYKTA), TO MOKHO 3aIHUCATh:

w =z 20
VAT

Opnaxko, ns peakuuu N2 + 3H,— 2NH3 yObu1s BoOpoaa npeBbIlaeT yobulb

a3oTa BTpPOE, MOATOMY TOYHEE CJIEAYyeT TOBOPUTHh HE O CKOPOCTH XHMHYECKOTO

Imponecca BOO6HIC, a 0 CKOpPpOCTHU IIPCBPAIICHHA KaKOI'O ar00 KOMIIOHEHTA WM O

CKOPOCTH IO HCKOTOPOMY KOMIIOHCHTY:

AN,
W=+—->~—
VAT
N3yueHne pa3nuyHbIX pEaKUUil MOKA3bIBAET, YTO CKOPOCTh MPEBPAILLICHUS
MOKET MEHATHCS B X0JI€ PEAKIUH, T.€. CKOPOCTh ABJIsACTCS () YHKIIUCH BPEMEHU

W = f(1). [Toatomy BMmecto cpemHedi BenuumHbl W TpUMEHSIOT Oojiee TOYHYIO

XapaKTePUCTUKY OBICTPOTHI XUMHUYECKOTO TMPEBPAIICHUS — HCTHHHYI CKOPOCTH

(Wucr.)

. Nn.,-n dn
W=Ilim—=2—-“t=+—
At—0 -
0 T,-T, dt
Takol MOAX0J K OINPENCTICHUIO CKOPOCTH CIIPABEJIUB KAaK JJIi TOMOTECHHBIX,
TaK U JIJIS1 TE€TEPOTCHHBIX peaknuii. OHaKO OBICTPOTY TOMOTEHHBIX MPEBPAIICHUN

ya00Hee XapaKTepu30BaTh BETMYMHOM:



W=+—,
dt

dc

rac d’[ — IIPOU3BOJHAA KOHLCHTpAllKU 110 BpCMCHHU. EI[I/IHI/IHBI HN3MEPCHUS CKOPOCTH

peakiuu (W) B CU 1Monw/(;1-c). B 6moxumudeckoit npaktuke mr/(100m-c).

B xumuyeckoi KHHETHKE IIMPOKO HCIOIb3YeTCs TpapuUecKuii MeTon
n3o0paxeHus (yHKIHOHAIBHBIX 3aBUCUMOCTE. KpuBas, oTpaxkaromiasi U3MEHECHHE
KaKoT0-JIM00 BEeIeCTBa BO BPEMEHU B XOJI¢ XUMHUUECKOTO MPEBPAIICHHS], Ha3bIBAETCS

KMHETH4YeCKOH KpUuBOi (pucyHok 1,2).

C C
2
X
1
Tl 2
E T
Pucynox 1 Pucynoxk 2
Kunernueckas kpuBas 11l IpOIYyKTOB Kunernueckast KpuBasi AJist
peakiuu peareHTa

[Tony4nB KWHETUYECKYIO KPUBYIO IS KaKOro-IMOO KOMIIOHEHTa, MOKHO
JIETKO OMNPENENUTh CKOPOCTh €r0 HAKOIUICHHS WM PAacXOJOBaHHs TpadUyecKuM
muddepeHpoBaHNEeM KHHETUYECKON KPUBOH.

Hanpumep, cpeHIOI0 CKOPOCTh HAKOIUIEHUS] MTPOAYKTAa B MHTEPBAJIE BPEMEHHU

71 u Ty MOXHO BBIPA3UTH KAK:

_C,-C,_AC
T,-T, At

W




UtoObl BBIpaXEHUE JUIsI CKOPOCTH OBUIO BCErAa MOJOXKHUTEIbHBIM MPHU
yOBbIBaIOIIEH KOHLEHTPALMM peareHTa, HeoOXOJIMMO IMpaByI0 4YacTh YpaBHEHUS

3aIIMChIBATh C OTPHULATCIIBHBIM 3HAKOM:

Ac
W=-—
AT
BGHI/I‘II/IHa CKOpOCTI/I B Ka)I(I[BIﬁ MOMCHT BpeMeHI/I OHpCI[eHSIeTCH KakK:.
dc _
—=tga
dt

CkopocTh XMMUYECKOU PEAKIIUK 3aBUCUT OT IEJIOT0 psifia (aKTOPOB: MPHUPOIbI
pearupymommx BEIIECTB, HUX (a30BOr0 COCTOSIHUS, TEKYIIUX KOHIEHTPAIIUMA
UCXOJHBIX W KOHEYHBIX BEIIECTB, TemnepaTtypsl u Ap. IlocienoBaTenbHOCTH
nepevrcieHus: (HPaKTOPOB COOTBETCTBYET CTEIICHH MX BaXKHOCTH.

OCHOBHOI 3aKOH XMMHUY€CKOM KNHETUKH

KonndecTBeHHO CBSI3b MEXKAY CKOPOCTBIO pEAKIMU M KOHIIEHTPALUSIMH
pEarupyroImx BELIIECTB ONPEAECIIAETCS 3aKOHOM JEHUCTBYIOLINX MAcCC:

IIpu mocTosIHHOM TemIlepaType, 1aBJIeHUH, PEaKIIMOHHON cpeJe CKOPOCTh
XHUMHYECKON peakuuyd NPAMO MNPONOPUHMOHAIBbHA [eHCTBYIOIUIMM MaccaM —
MOJIIPHBIM KOHUEHTpPalMAM pearupyroumux BellecTB, B3fiTbIM B CTeNeHU
COOTBETCTBYKIIHMX CTEXHOMETPUYECKUX KOI(PPHUUMEHTOB.

OTOT OCHOBHOW TOCTYJAaT XMMUYECKOW KUHETHKU BBITEKAeT W3 (U3HUECKH
OYEBUJHOIO IMPEANOJOKEHUS O TOM, YTO PEarupyroT TE MOJIEKYJbl, KOTOPBIE
CTaJIKUBAIOTCs. YHCIIO CTOIKHOBEHUM 3aBUCHUT OT KOHLEHTPALIMU MOJEKYJ, IIO3TOMY
U CKOPOCTh XWMHUYECKOW pEaKIMu JOJDKHA OMpeieNsITcs TeMu ke (axTtopamu
JlpumeHeHnne 3TOro NPHUHIMIA TPUBOIUT K OOIIEMY BBIPAKEHUIO MJII CKOPOCTH
pEeaKnn, IPOTEKAOUIEN M0 YPABHEHHIO.

aA + BB — npoaykrsl.
— a b
W_k * CA ° C ,rﬂe
K — KOHCTaHTa CKOpPOCTH, OHA 3aBUCHUT OT NPUPOJLI PEArHPYIOIIMX BEIISCTB H

TEMIIEPATYPHI.



Pa3MEpHOCT, KOHCTaHTBHI CKOPOCTH 3aBUCUT OT HOPSAIKA PEAKUUUd U
1B/ )
BBIPXKACTCA B CICIAYIOUMX  CIMHMIAX: [06LLKOHIL | P, B-obmmii  moOpsmoK;

P.cex™.

JIXMOJIB
[lokazarenu CTENEHN a U B HA3bIBAIOT NOPSIIKOM PEAKIIMM 110 BEIIECTBY A U B.
CymMa TMOpsiAKOB a+B  Ha3bplBalOT OOIMIMM TOPSAJKOM pEaKIHH. ITO

CTEXMOMETPUYECKUN MOPSAAOK. KpoMe cTeXmoMeTpuyecKoro mopsjika UMEEeT MECTO

KMHETUYECKAN TOPSIOK, KOTOPBIA ONPENENAETCS TOJBKO 3KCIEPUMEHTAIIBHO.
[ToaTOMY 17151 BBILLIE IPUBEICHHOW PEAKLMH CIIEIYET 3alUCaTh:
W=k.Cj -Ci. (K} <[Bpems] - [KOHI_I.]l_(P+q)

Jlist  OONBIIMHCTBA pPEAKIUi KUHETUYECKHE TMOPSAKM HE COBIAIAI0T CO
CTEXHOMETPUYECCKUMHU.

[lopsaok peakiuu MOXKET OBITh JIIOOBIM YHCJIOM: II€JBIM, JIPOOHBIM,
MOJIOKUTEIBHBIM U OTPULATENILHBIM. BO3MOXHBI peakiMu M HYJEBOTO MOpPsJKa,
KOI'Jla CKOPOCTh PEaKIMU HE 3aBUCHUT OT KOHLEHTpauuu. [lopsanok peakuuu 3aBUCUT
OT MEXaHW3Ma PEaKIUHU, MOITOMY (AKTOPHI, BIMSIONIME HA MEXaHU3M Ipolecca
(KOHIIEHTpalus, TeMIepaTrypa), MOTYT BIHSATh Ha BEJIUYUHY TMOPSAJIKA PpPEaKIIHH.
MexaHu3M peakIuM — JIETAIbHOE €€ OINKMCAaHUE C YYETOM BCEX MPOMEKYTOUHBIX
CTaAuil W MPOMEKYTOUHBIX BEIIECTB, MPUPOJBI B3aUMOJECUCTBUSA PEArHPYIOIINX
YacTUll, XapakKTepa pa3pbiBa CBA3€il, N3MEHEHUSI SYHEPTUM XUMHYECKON CUCTEMBbI Ha
BCEM MYTHU €€ MEePeXoa U3 UCXOAHOTO B KOHEYHOE COCTOSIHHE.

BaxHoll XapaKTEepUCTHKOM pPEAaKUUU SBJSAECTCS €€ MOJEKYJIApHOCTh. [l
MIPOCTOM PEAKUHU MOJIEKYJSAPHOCTh — 3TO YHCJI0 YaCTHL, KOTOpPbIe COIJIACHO
YCTAHOBJICHHOMY MeXaHHM3MYy( 2 He 0 HANIMCAHHOMY YPABHEHHUI0) YYaCTBYIOT B

OJHOM JJCMCHTAPHOM aKTE€. 3J’I€M€HT3DHBIM XUMHYCCKHUM AaKTOM Ha3bIBACTCA

G,HHHPILIHBII)'I aKT BBaHMOHeﬁCTBHH WKW OpEBpaAICHUA YaCTHIL (MOJ'ICKYJ'I, paaruKalioB,

HOHOB, aTOMOB W  JAp.), B  Pe3yJabTaTe KOTOPOro  00pa3yrTcs HOBBIS

HaCTHUIIbI ITPOAYKTOB PCAKIIMH MJIM IPOMCIKYTOYHBIX COGHHHGHHﬁ.

Peakiiuu ObIBaIoT:

— MOHOMOJIEKYJISIPHBIMH Jo—J-+J-


https://www.chem21.info/info/24171
https://www.chem21.info/info/593318
https://www.chem21.info/info/1493562
https://www.chem21.info/info/1499802
https://www.chem21.info/info/1499802
https://www.chem21.info/info/9325
https://www.chem21.info/info/17106

— OUMOJIEKYJISIPHBIMU CHs3Br +KOH—CH3;0H + KBr
— TPUMOJICKYJISIPHBIMH 2NO + 0,—2NO;

VYyactue B 3J€MEHTapHOM akTe 0ojiee TpeX YacTHIl KpalHe MajoBEPOSTHO.
Kunerndeckuii mOpSIAOK JJIEMEHTAPHOM PEAKIMU pPaBEH €€ MOJEKYJISIPHOCTH.
[ToaToMy mpenocTaBlieHHbIE B KaueCTBE MpUMEpa PEakIMu COOTBETCTBEHHO OyayT
peakuusAMU IEPBOrO0, BTOPOrO M TPETHEr0 mopsiaka. s CIOXKHBIX pPEaKLHH,
MPOTEKAIOMIUX B HECKOJBKO CTaJWH, HET CMBICIIA TOBOPUTh O MOJIEKYJISIPHOCTH B
L[EJIOM, T. K. 3TO IIOHATHUE TPUMEHUMO TOJBKO K OTAECIbHBIM CTAAUSAM.

KuHeTn4ueckue ypaBHeHUS peakuuil

PaccmMoTpuM  KMHETHYECKME 3aKOHOMEPHOCTH  HEOOPATHUMBIX  PEaKIIUM.
Peakuust xapakTtepu3yeTcs KUHETHYECKHM YPaBHEHHEM, KOTOPOE IO3BOJSET
paccuuTaTh KOHCTAHTY CKOPOCTH B JIF00OH MOMEHT BPEMEHHM OT €€ Hadayia U Mepuoj
MOJIYIIPEBPAILICHUS.

Peaknuu HyjaeBoro mopsiaka. Peakimuii HyJIEBOro MoOpsigka OYE€Hb MAJIO,
OoJplllasi WX YacTh SBISETCS TETEPOTCHHBIMH peakiusaMu. HymeBoil mopsaok
peaKIMy YKa3blBAET HA HE3aBUCUMOCTb CKOPOCTH PEAKIMU OT KOHUEHTpPalUHUu
pEareHTOoB.

Peakuuu nepsoro nopsiaika

B peakuuu mnepBoro mopsiika CKOPOCTh NPOMNOPIMOHAIBHA KOHUECHTPAIUH
OJHOTO peareHTa. [{ns Takol peakuuu, Kak A — NPOAYKTHI BbIPAKEHUE CKOPOCTHU
KaK (DYHKITUU KOHIICHTPAIIMU UMEET BHI:

~dc,
dt

:kl . CA

Peakuuu BTOPOro nopsiaka

Onu OBIBAIOT ABYX THIOB: B OJIHOM CIIy4ae pearvupyioT IPYyr ¢ APYrOM B

MOJIEKYJIBI OJHOT'O U TOT'O K€ BELIECTBA, B IPYTOM - IB€ MOJICKYJIbI Pa3HbIX BEILIECTB.
JInst TakoM peakuuu Kak 2A— NMPOAYKThI BBIPAKEHUE CKOPOCTH UMEET BUI:

~dc,

dt

:k2 . CZ

MeTOZlLI onpeac/JIicHusd nmopaAaka peakiumu



I'paguueckuri  memoo 3akiao4yaeTcss B IMOCTPOCHUU TIpaduka 3aBUCUMOCTHU
KOHIICHTpPAIlMM peareHTa OT BPEMEHHU B PA3NUYHBIX KOoOpAauHaTaX. J(Js pa3mudHbIX

YJaCTHBIX MOPAAKOB 3TH 3aBUCUMOCTH UMCIOT CJ'IGI[YIOHII/Iﬁ BHUA:

[Topsi 10K peakuuu 3aBHCHMOCTb KOHIIEHTPAIIMU OT BPEMEHH
1 12C = aC_ —kT
7 1 =kt+ l
C C.
3 1 1
F =kt+ —

Ecnmu moctpouTh rpaduKd 3THX 3aBHCHMOCTEH Ha OCHOBAHHMH OIBITHBIX
JAHHBIX, TO JIMIIb OJHA W3 HUX OYICT SBIATHCA NpsAMor nuHuei. Eciu,
HampuMmep, TpaduK, TOCTPOCHHBIM IO  ONBITHBIM  JIAHHBIM, OKa3ajcs
npssMoMHeHHbIM K KoopauHaTtax INC = f(t), To wyacTHBIM MOPSIOK peakiuu IO
JTAHHOMY BEIICCTBY PaBEH €IUHUIIC.

Memoo noobopa Kunemuueckoeo ypasHeus 3aKII0YaeTCs B TOACTaHOBKE
OKCIIEPUMEHTAIBHBIX JaHHBIX M3YYCHHUS 3aBHCHMOCTH KOHIICHTPAILlMU BEIIECTBA
OT BPEMEHHM B KHHETHYECKUE YpaBHEHHS pa3iM4HbIX MopsakoB. [lojcraBisis B
NpUBeICHHBIC B TaONMIle YpPaBHEHWS 3HAYCHUS KOHIICHTPAIIMM pEarcHTa B
pa3Hble MOMEHTBHI BPEMEHH, BBIYUCISAIOT 3HAYCHUS KOHCTAHTBI CKOPOCTH.
YacTHBIN MOPSIOK pEaKUM [0 JaHHOMY BEIIECTBY paBEH IOPSAKY TOro
KHHETUYECKOTO ypaBHEHHUsS, /I KOTOPOTO BEJIWYMHA KOHCTAHTBI CKOPOCTH

OCTAETCSI TOCTOSIHHOW BO BPEMEHHU.

[Topsimok peakiuu BeIpaxkeHue 111 KOHCTaHTbl CKOPOCTH
1 k=m0
T C
2 M 1y_1c.-¢
tlCc, C) T C.C

3 1¢.7-c?

k=——"=5
T2C C

Memoo  onpedenenus  8pemeHU  NOJyNpespaujeHus 3aKIIYaeTcs B
ompeAeneHun typ IS HECKOJIBKMX HayallbHbIX KOHLEHTpauui. Kak BUOHO W3

MPUBEIEHHBIX B TaOJMIE YpaBHEHWM, JJIsI pPeaklMU MEPBOro MOpsAJIKa BpeMms



noJtynpeBpaiieHus He 3aBUCUT OT Co, ISl peakiuyi BTOPOro Mopsiika — oOpaTHO

nponopuuoHaibHo Co, W JUISI  peakuuu TPEeThero mopsjaka — oOpaTHO

IIPONOPLUMOHAIBHO KBAJAPATy HAYaJIbHOW KOHIIEHTPALUU.

ITopsok peakiuu Bripaxxenue miia nepuona
IIOJIYTIPEBPALLECHUSA

1 in2

T = "R

2 11
T = k C,

3 1 3

T = kK 2 CDE

Ilo xapakrepy 3aBucumMoctu ti2 oT Co HETPYAHO CI€naTh BBIBOA O

MMOopAAKEC pPCAKIUU IO AAHHOMY BCUICCTBY. I[aHHBIﬁ METOA, B OTJIHNYHC OT

OIIMCAHHBIX BBIIIC, IPUMCHUM U OJIA OIIPCACICHUSA leO6HBIX MMOPAIKOB.

2.1 3asucumocms ckopocmu peaKyuu om KONNEHMPAUU  Peazupyiouiux
geljecms

L‘K{]p{}CTh PeakLHH OMNpeIeAaeTCH HCIOM IEMEHTAPHBIX dKTOB
BIAMMOJIEHCTEHA MEXKAY 4YaCcTHLAMHM (MOJEKYIaMH) peardpylioliMX BelecTB B
eHHHIE 00BEMA B €ITHHHLLY BPEMEHH.

I'Ipamuqecnu, CKopocmbio XHMUYHECKOH PeEaRuK HASBIBAKT HIMEHEHHE
KEOQHOEHTPALHH PEArvpyOlero BEecTea 3a eIHHHLY BpeMEHH B EIHHHLE
PEAKIHOHHOIO NPOCTPaHCTBA.

B zomozennoll cucmeme PEAKIHMOHHBIM TIPOCTPAHCTBOM  CIIYHHT 00BEM
COCYIa, B KOTOPOM IMpOTEKAET E.?.EHM{],EI.EHCTBHE.

B xumudeckoil KHHETHEKE paIIH4YanT CPEdHIOKY H  HCTHHHYH) I[HHH
MIHOBEHHYIO) CKOPOCTh peakuu. CpeqHss CKOPOCTb PaBHAETCH OTHOLICHHIO
HIMEHEHHA KOIH4YeCTBa BellecTea B eJHHHDE UﬁLEME, T.€. HIMCHCHHA
KOHOSHTPAUHH, K NPOMEXKYTKY BPEMEHH, B TEHCHHE KOTOPOTD OHO MPOH30LLII0,

l}:i%-L;ﬂ:.ﬁC;leiE_ (1)
AT WV At

Heruunan CKOPOCTE peakllHH B ,[lEiI-II-II:Iﬁ MOMEHT BBIPAKACTCH HIMEHEHHEM
KOHOEHTpAUHH, OTHECEHHBIM K OeCKOHEYHO MANoMy NpOMERYTKY BPEMEHH, T.€.
NPOHIBOIHON KOHLEHTPALIMH 10 BPEeMeHH:

dC

lJ:iF . (2)



[lockoneky HIMEHEHHE KOHLEHTPAUMH MOMeT OBITE H NOJOKHTENBHOI
BEIHYHHON (A% NPOAYKTOB peakuuu), M OTPHLATENLHOH (A  HCXOAHBIX
BEIIECTE), 4 CKOPOCTE pPeaklMH [0/LKHA OLITh BENHYHHON NONOKHTEIBHOH, B
BeipaxkeHuax (1) u (2) crasar nepen ApodBID IHAK «+» HIH «—».

CrkopocTe peakuMH 3aBHCHT OT NPHPOALI PeardHpyloldX BeLecTs, HX
KOHLIEHTPALIHK, cpelbl, B KOTOPOil MpoTekaeT peakiud, TEeMIEepPaTyphl, HAIHYHA
KaTalln3aTopa.

3aBHCHMOCTE CKOPOCTH PEakLMH OT KOHUEHTPALHH ONpeleldeTCd 3aKOHOM
Oelicmeyomux Mace:

HPU ROCMOARHON MEMNEPAMYPE CKOPOCHb XUMUYECKON PeaKuuu npamo
NPONOPUUOHATILHA NPOUIEEOCHII0 KOHWEHMPAWUT pPeazupyrouiux seuiecms,
GIAMBIX 6 CHENeHAX, PAGHBIX CHIEXUOMEMPUYECKUM Kodpuienmam &
VpasHeruu peaKuiu.

B obumem ciyyae s peakuu aA + 8B =cC +dD
v=k[A'[B] (3)

rae k - kKoHcTaHTa CcKOpocTH (yAenbHas ckopocTs) peakumu. OnHa paBHa
CKOPOCTH PeaKiHi MpH YCIOBHH, YTO KOHUEHTPALHH Peardpyioninx BellecTs HIH
HX [IPOH3BEJeHHEe PABHAIOTCH eluHHLe. KOHCTAHTa CKOPOCTH PeakLHH 3aBHCHT OT
BeeX (hakTopoB, BIAMAIOWMX HA CKOPOCTE  PeakuMH, 33 HCKIIOYeHHeM
KOHLIEHTPALHH pearHpyroilux semects. [looToMy KOHCTaHTa CKOPOCTH OCTAaeTCA
HEHIMEHHOIl B TeYeHHe peakluy, ABaseTcd ee (yHIaMeHTANLHBIM KHHeTHYECKHM
napaMeTpoM.

B zemepozennoit cucmeme Peaxkyua OCYWECTBIASTCA Ha MNOBEPXHOCTH
pazaena gas. TosepxHocTs pazaena (a3 ABIAECTCH B 3TOM Cly4ae peakllHOHHBIM
npoctpancTsoM. IlodToMy KOHLEHTpalus ra’oo0pasHbBIX W IKHIKHX BELIEecTs,
YYACTBYIOIMX BO B3auMoJelicTBHH, H3MEpAETCH KOMHYECTBOM ITHX BellecTs,
NPUXOAALIMXCE  HAa eQHHMLY pPeakUMOHHON MOBEPXHOCTH, W  HA3LIBAETCH
NOBEPXHOCTHOH koHueHTpauuei C,.

- AC d(s
CropOCTE reTeporeHHo peakiu - cpeaHss 1u=i~Eﬁ H/IH HCTHHHAA U=1E

- H3MEepAeTCH H3IMEHEHHEM MOBEPXHOCTHOH KOHUEHTpalUHH OJHONO W3 BELIECTB
(raa WIH SKMIKOCTH), VYYACTBYIOUWMX B peakiHH, 33 eIHHHIY BpeMeHH.
KoHuenTpauus KOMINOHEHTa, HaxoJAulerocs B Teepaod daze, NOCTOAHHA.
3HauenHe TOI MOCTOAHHON BKIKUaeTcs B BenuuuHy k. 3aBHCHMOCTBE CKOpPOCTH
reTeporeHHol  peakuMu  OT  MOBEPXHOCTHOH  KOHLEHTPAlHWH  pPeareHTOR
onpejaenserca 3akoHOM JelicTByromux Macc. Tak, Hanpumep, 3aBHCHMOCTB

CKOPOCTH TpoLecca
20 TOs¢) = Z0O0yy

NpH  NOCTOAHHOH TemuepaTtype OT MNOBEPXHOCTHOH koHueHTpauuu O,
umeer B L=kG(Dy), rae k = k"8 (S — nnomans noBepxHOCTH LIMHKA).

B Tex chnyuasx, KOrja H3MepeHHe MOBEPXHOCTHOH KOHLIEHTPALMK 3a-
TPYIHEHO, CKOPOCTh TeTEePOreHHOro MPOLEecca BBIMHCIAIOT, HCHONB3YA BMECTO
NOBEPXHOCTHOH KOHUEHTpaunH 00bEMHYI0 KOHLEHTpauuw. HanpuMep, ckopocTs
peakimu Zny,, + Oy, = Zn0y,,, paccHHTHIBAKT N0 ypasHeHHo v =k[0;]



2.2 3aeucumocme CKOPOCHU Peakyuu om memnepamypnl

C noBBILIEHHEM TEMIEPATYPLl CKOPOCTh PEAKIHH PE3K0 YBEIHYHBACTCH.
3aBHCHMOCTE CKOPOCTH PEaKLHH OT TEMIEPaTyphl NMPHOIHKEHHO ONHCHIBAETCH
IMIHpHYecKHM npagwitom Banm-Ioghda:

HpU NOSLIMENUN meMnepamypsl Ha Kaxcosie 10 ckopocms peaxkyuu
yeeauuueaemean & 2-4 paza.

BemnuuHa, KoTOpas MNOKA3LIBAET, BO CKONLKO Pa3 BO3PACTAET CKOPOCTh
peakuuy NpH NOBBILIEHHH TemnepaTypel Ha 10°, Ha3siBaeTCA memnepamypHsim
Ko3hghunuenmom ckopocmu peaxyuu y .

Ui+10
T—-—
woc (4)

[Mockonbky NpH KOHUEHTPALHSX peardupyloliHx BemlecTe [ MOIb/J CKO-
POCTE XHMHYECKOH peakiiHH YHCIEHHO paBHa KoHcTaHTe ckopoctH k, To

IIE:HH:I

e ®)

I

Onpenenue 7y, MOKHO NPUONHAKEHHO PACCUHMTATE CKOPOCTE (KOHCTAHTY
CKOPOCTH) peaklui npH moboil TeMneparype:

L1 L
v, =v Y 1 6w ke =k v 10 (g

[Mpaguno Baur-I'odda npumensercs Ais OPHEHTHPOBOMHBIX PACHETOR.
bonee TOYHO 3ABHCHMOCTE CKOPOCTH (KOHCTAHTEL CKOPOCTH) peakuud oT
TeMIEPaTyPhl OMUCLIBACTCA ypasHenuem Appenuyca:

Y
k=A-eRT (8)
rae E, — oHeprus akTHBanuu peakumu; R — yHHBepcaibHas ralobas
NOCTOAHHAA, R=8,314 dx/mone K; T - Temneparypa, K; A -
NPedKCIOHEHIHANBHBIH MHOKHTEN (KOAPPHUHEHT AppeHuryca).
Inepzun QAKMuUBaANNIL - Imo MUHUMLTbHAA IHEPIUA

EIAUMOICHCMEYIOIUX HACHUY, VpoeeHb KOomopoi odocmamouen 011 mozo,
YMOObl 6Ce HACMUWL GCMYRIIN 6 XUMUMECKYI0 PeaKyuio. JHePrua aKTHBALIHH
peakiMH XapakTepuiyeT OSHepreTHdYeckuii Oapeep, nNpeojiolieHHE KOTOPOro
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pearHpyiomHMH YacTHIAMH NPHBOAMT K 00pa’loBaHHI0 KOHEYHBIX BeLIECTB.
DHeprus akTHBALMH [poLecca 3aBHCHT TONBKO OT MOPHPOALl Peardpylomux
BellecTB. 3HA4YeHHs OSHEPrud aKTHBALMM I8 XUMHYECKMX peaxuuii moryr
cocTaBnaTs 0T 40 1o 200 k/lx/Mons.

[peadkcnoHeHUMANLHBIH — MHOMUTENL A paBeH  [POH3BEICHHIO
cTepudeckoro (axropa P Ha obuee yncno coyaapenuii Monekyn Z pearHpyomix
BELIECTB B eIHHHLIE 00bEMa 32 eJHHHLY BPEMEHH.

A=P-Z

Crepuyecknii  (akTop VUHTEIBAET 4YHCIO OIAaronpHATHEIX  CHOCODOB
OPHEHTALIHH MOJIEKYJI 0 OTHOWIEHHID K OOLIEMY YHCITY Cnoco00B HX BO3MOIKHOM
BIaMMHON opHeHTaliK. 3HadeHud P oOBIYHO NekaT B npejenax or 107 mo 1.

H3 ypapuenns (8) cneayer, yro npu E;=0 k=A_ llpenskcnoHeHumansHbIi
MHOKHTENE MOMKHO PACCMATPUBATE KAK IKCTPANOIALHOHHOS IHAYEHHE KOHCTAHTEL
CKOPOCTH peaki#y, KOorja Bce MOJEKY/IBl pPeaklHOHHOCNOCOOHBI, T.e. BCE HX
coyaapeHus >QdexTHBHbl. B peansHmx ycnosuax, korga E, = 0, we Bce
coyaapenus sBnsoTca d(exTHBHbIMU. Bonee Toro, ux jona or ofiero wucna
coylapenuii, kak npasuio, HesHauuTenbHa. [ons dexTHBHBIX coyaapeHuii

E,

a

OnpelendeTcs IKCNOHEHIHATEHEIM MHOMKHTEIEM ¢ AT

DHeprus aKTHBALMH JIETKO PACCYMTBIBAETCA [0 YpaBHEHHIO AppeHuyca,
€C/IA 3BECTHLI 3HAYEHHA KOHCTAHT CKOpOCTeil NpH pasHbIX Temnepatypax k; u k.

W

k,=A-e
k=Ae™

L
ki LI

k, E T,-T
In—=—"2.——
k R LT,
]nk1+R+Z'"_-T|
E, =%
’ I,-1,
Ecmn AT=10K, T0
E =In}r-R-TZ-?‘|
“ 10
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2.3 3neucumocms CKOPOCMU PEAKIUL OM KAMLTHUIAM 0P

CrkopocTe XHMHYeCKO#l peakuMH MOMKET pPe3Ko H3IMEHAThCH B
NPUCYTCTBHH Kamaauzamopa. Kamaiuzamopamu Ha3ul8alomca selecmada,
Komopble pe3ko Yeeludueawm CKOPpOCMb Peakyuu Wil 8bI3bl8aom
PEAKWUI0, ec/lu OHA He npomexaem, HO RNPUHHUANHAILHO OCYH{eCmEUMT
(AGpeaen. < ).

B xome katanuTH4deckoii peakiMH KaTalH3aTOP OCTAETCHA XUMHYECKH
HEH3IMEHHBIM, d ero KOIH4YeCTBO - NOCTOAHHBIM.

YekopeHHe  peakuMii B 20MOZEHHOM  Kamaiuie (pearupylouiue
BelleCTBA M KATAIH3aTOp HaxoAaTcs B OJHOI daze) o0bacHsAeTcs
oOpazoBaHHeM NPOMEKYTOYHBIX coeduHeHHil. Ecan peakuns A + B = AB
TpeOyeT sHeprun aktupauuu E, u Oez karanusatopa HAET MEINEHHO, TO
BBEJEHHEM KaTalH3aTOpa MOMKHO MOBECTH MPOLECC Yepe3 NPOMEeKYTOUYHOE
COeJHHEHHE: B JBe CTAJHH, 0NPOTEKAlOLNIHE ¢ MEHBUIHMH JHEPTrHAMH
akTHBaluuK (puc.2.1).

l-a cragua: A + K= AK:
2-a cramn: AK+B=AB+K
K-karamuzarop; AK- npoMexyTouHOE CoeTHHEHHE.

ME
1
o
2
|t e 7
AK Eaz
A+B
Ean
| afem AR
5 o Hees 2 Hnpos
; >
MMyTe npouecca

PucyHok 2.1 = DHepreTHyeckas JuarpamMma K30 TepMHYECKOH peakiuu:
| - HekaTanuIMpyemas peakuus; 2 - karanuiupyemas peakums; E, - sHeprus
aKTHBalWH HekaTanuinpyemoil peakunu; E;; u E 5 - sneprun akrusauun 1-it u 2-i
CTa/JIMH KaTAIHIHPYEMOil peakiuu

B zemepozennom kamaiuze (KaTaauiaTop HAXOIWTCH B CHCTEME B BHIE
cAMOCTOATENBHOH  (pasel) mnpoueccsl  OTAHYAKTCA  MHOTMOCTAAHHHOCTBID.
Hanpumep, peakuuio

CO + H,0«5% 5 O, + H,,

NPOTEKAKILYI HA #eNe30-0KCHIHOM KAaTANH3ATOPe, MOMKHO Pa3/Ie/iHTh Ha,
cleAyHLIHe CTaIHN:
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- muddy3us monexyn CO u H,O k noeepxHOCTH KaTanu3aTopa;

- aacopbuusa monexkyn CO u HzO Ha noBepXHOCTH KaTaau3aTopa;

- XuMmH4Yeckoe Biaumojeiicteue monekyn CO u H;O, agcopOupoBaHHeIX Ha
NOBEPXHOCTH KATAIHIATOpA,

- audpysus monexyn CO, u H, o1 noBepXHOCTH KaTanu3aTopa.

OTMeueHo, YTO KATAIHTHYECKHE MPOLECCHl NPOTEKAKOT TONLKO Ha OT-
JeNbHEIX VYacTKaX MOBEPXHOCTH KaTanM3aTopa - AakTHBHREIX LeHTpax. Ha
AKTHBHEIX LEHTpax, Kak M B clIy4ae TOMOreHHOr0 Katanuia, o0pa3yiorcs
NPOMEKYTOUHEIE  (MOBEPXHOCTHEIE)  coeauHeHus.  [losromy  cocTosHue
NOBEPXHOCTH KATAIH3ATOPA HIPaeT BAKHYIO PoJib. AKTHBHOCTE KATANH3ATOPA TEM
BhIlIe, yeM Oonblle ero yaelbHad NOBEPXHOCTE H 4YeM Jonblle 4YHeno JedeKkTos
CTPOECHHA KPHCTAILIOB.

Kamanuz — aenenue uszmenenus ckopocmu Xumuueckol peakyuu 6 Npucymcmeuu
geujecms, COCMOsAHUE U KOJIUYECMBO KOMOPbLIX NOCINe peakyuu OCmarmcs
Heu3MeHHbIMU.

PaznuuaroT nonooicumenvubii 1 ompuyamenvbHoulli KaTaaus (COOTBETCTBEHHO
YBEJIMUEHUE M YMEHBIIEHHE CKOPOCTH pEaklUu), XOTd YacTo IMOJ TEPMHHOM
"kaTanu3" MOApa3yMEBAIOT TOJBKO IOJIOKUTEIBHBIA KaTajdu3; OTPULATEIbHbIN
KaTajan3 Ha3bIBAIOT UHCUOUPOBAHUEM.

BemectBo, BXoasfliee B CTPYKTYpPY AaKTUBUPOBAHHOTO  KOMIUIEKCA, HO
CTEXMOMETPUYECKH HE SIBIIAIOIIEECS PEareHTOM, Ha3bIBaeTcs KaTanuzatopom. Jlis
BCEX KaTaJlU3aTOPOB XapaKTEpHbI Takue oOIMe CBOMCTBA, KaK CHEIU(PUYHOCTD U
CEJIEKTUBHOCTD JE€UCTBUS.

Cneyughuurocms KaTaluzaTopa 3aKII0YAETCS B €70 CIOCOOHOCTU YCKOPSTH TOJBKO
OJIHY PEAKIHIO WK TPYIILY OJHOTUIIHBIX PEaKUUN U HE BIUATH Ha CKOPOCTh APYTHX
peakiuii. Tak, HanmpuMep, MHOTHE MEPEXOAHbIE METAIUIbI (IJIATUHA, MEJlb, HUKEIb,
KEJIe30 U T.J.) ABJIAIOTCS KaTaJIM3aTOpPaMH I MPOLECCOB TMAPUPOBAHUS; OKCHUJ
ATIOMHUHUS KaTAJIU3UPYET peak Uy ruapaTaluy 4 T.1.

CenexmusHocms KaTanu3aTopa — CHOCOOHOCTh YCKOPSITh OJJHY M3 BO3MOXKHBIX IPHU
JAHHBIX YCJOBHUSX MNapajlieNibHbIX peakuuil. bnarogapss sToMy MOXHO, NpUMEHSA
pa3IuYHbIE KaTaJIW3aTOpPbl, M3 OJHUX M TEX K€ HCXOAHBIX BEIIECTB IOJydYaTh
pa3IUYHbIE TPOTYKTHI.

[IpyunHON yBETWMYEHUS CKOPOCTH PEAKLUMU MpPU IOJOKUTEIBHOM KaTajau3e
ABJIAETCSI YMEHBUIEHUE DSHEPrMM aKTUBALMKW NpPH MPOTEKAHUU PEAKIMU Yepe3
aKTUBUPOBAHHBIM KOMITJICKC C ydacTHeM Kartaju3aTopa (puc. 1).

13



IlockonbKy, COrsacCHO ypaBHEHUIO AppEeHHYCa, KOHCTAaHTa CKOPOCTH XUMHUYECKOU
pEaKIMy HAaXOAWUTCS B OJKCIOHEHUIHMAIBHOW 3aBUCUMOCTH OT BEIWYUHBI DHEPTHUU
AKTHBAllMH, YMEHBUICHUE TIOCJIEIHEW BBI3BIBAET 3HAYUTEIBHOE YBEIMYECHUE
KOHCTAHTBI CKOPOCTH. JlelicTBUTENBHO, eciu MIPEANIOJIOKUTD, 4TO
MIPEAIKCIIOHEHIIMAIbHBIE MHOKUTENN B YPaBHEHUU AppeHHyca Uil KaTaJIuTUYECKOU
Y HEKaTaJIUTHYEeCKOM peakuuid ONM3KHU, TO ISl OTHOIICHHS KOHCTAHT CKOPOCTHU

MOJKHO 3aIIucaTh.

k‘H _AH E,u, _EAIH [—ﬂEp‘]
T—Te‘“"[T ORI TRT

Eciu AEa = —50 x/[k/MOJib, TO OTHOIIEHUE KOHCTAHT CKOPOCTEW COCTABUT
2,7-10° pa3 (neHcTBUTENBHO, HA NIPAKTUKE TaKOe yMeHblIeHHE Ea yBenuuupaet
CKOPOCTb peakIuy NpHOIU3UTENLHO B 10° pas).

Heo0xonumMo OoTMETUTH, YTO HAJIMYUE KaTalu3aTopa HE BIHMAET HA BEJIUYUHY
U3MEHEHHSI TEPMOJMHAMUYECKOTO TMOTEHIMada B pe3ylbTare IMpoiecca W,
CJIE0OBATEIBHO, HUKAKOU KAMAIU3amop He Modcem cOenams 603MOACHLIM
CaMONPOU380IbHOE npomexanue mepmMoOUHaAMUu4ecKu HeB8O3MOINCHO20
npoyecca (nporecca, AG (AF) kortoporo Oombmie Hyns). Karanuzarop He
U3MEHSET BEJIMUMHY KOHCTAHThl PABHOBECHS JUIsl OOpAaTUMBIX PEAKIIMii; BIUSHUE
KaTaJu3aropa B 3TOM Cllydae 3aKII04aeTcs TOJNBKO B YCKOPEHUM JOCTUIKECHUS
PaBHOBECHOI'O COCTOSIHHUSL.

B 3aBucumocTH 0T ()a30BOro COCTOSIHHSI pEareHTOB M KaTaJln3aTopa pa3inyaror
TOMOTE€HHBIN U T€TEPOreHHbIA KaTAJIN3.

E 4

£ ABY Puc. 1 Dueprernueckas
1) A+B==spE*—»C 5

aMarpaMMa XUMHYECKOM
2) A+B+K==apKf—=C

Ef#
peaknuu 0e3 KaTanam3aTopa

(1) u B mpucyTCTBUH

Epey |-- KaTanuzaTtopa (2).

Enpo,u,

KoopaKHaTa peakLiiu
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I'omorennbIii KaTaIKU3
['omoreHHbIli KaTanu3 — KATAIMTUYECKUE PEAKIMH, B KOTOPBIX PEAreHThl U
KaTaJIu3aTOp HaxonsTcs B oAHOU ¢aze. B ciyyae roMOreHHO-KaTaIUTHUYECKUX
MpOLIECCOB  Karanu3aTop  oOpa3yeT ¢  peareHTaMu  [POMEXKYTOUYHBIE
PEaKIIMOHHOCTIOCOOHBIE MTPOAYKThL. PacCMOTpUM HEKOTOPYIO pEaKIIUIO
A+B—>C
B mpucyrcTtBuM  KkaTanu3aTopa — OCYHIECTBISIIOTCS  JBE  OBICTPO
NPOTEKAIIINEe CTaJAuu, B pe3yjbTaTe€ KOTOPBIX OOpa3yloTCs  YaCTHIIBI
npoMexxyTouHoro coenuHeHusi AK u 3arem (depe3 aKTUBHUPOBAHHBIN KOMILIEKC
ABK¥) koHeuHBII IPOYKT peakluy ¢ pereHepanyeil Kataan3aTopa:
A +K —> AK
AK + B —> C+K
I'ereporenHslii kKaTajus
l'emepocennviii  kamaniuz —  KAaTAIMTHYECKUE  pEaKUUW, UAyIIME  Ha
MOBEPXHOCTH pazfena ¢a3, oOpa3yeMbIX KaTalu3aToOpoM M pearupyoluumMu
BEIIECTBAMU. MEXaHU3M IreTepOreHHO-KaTAIUTUYECKUX MPOLECCOB 3HAUUTEIBHO
0oJiee CI0XKEeH, YUeM B ClTydyae TOMOT€HHOIO KaTalln3a.
Crnennduaeckoit 0COOEHHOCTHIO TETEPOKATATUTHYCCKUX MPOIIECCOB SBIISECTCS
CIIOCOOHOCTH KaTaM3aTopa K MPOMOTUPOBAHUIO U OTPABIICHHUIO.
[Ipomomuposeanue — yBeIMUYEHHE AKTHUBHOCTH KaTallW3aTOpa B IMPUCYTCTBHU
BEILECTB, KOTOPbIE CaMH HE SBIAIOTCA KaTajln3aTOpaMu JaHHOrO IMpolecca
(mpomotopoB). Hampumep, s KaTalnu3UpyeMOW METAIUIMYECKUM HUKEIEM
peakuuu
CO+H; — CH:+ H:0
BBEJICHNE B HUKEJIEBBIN KaTaIM3aTOp HEOOBIIONW MPUMECH IEPUs TPUBOJIUT K
PE3KOMY BO3PaCTAHUIO aKTUBHOCTH KaTaau3aTopa.
Ompaesnenue — pe3KOe CHUXKEHHWE aKTUBHOCTH KaTajau3aTopa B MPUCYTCTBUU
HEKOTOPBIX BEHIECTB (T. H. KaTaIUTUYECKHX si0B). Hampumep, mns peakuuu
CMHTE3a aMmMmuaka (KaTaliu3aTtop — TyOdaToe Keje30), TMPUCYTCTBHE B

peaKHHOHHOﬁ CMECHu COGI[I/IHGHI/Iﬁ KHUCIIOpOJa HWJIM CCPbI BBI3BIBACT PC3KOC
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CHI)KEHHE aKTHUBHOCTH JKE€JIE3HOTO KaTajlu3aTropa; B TO K€ BpPEeMs CIOCOOHOCTH
Kartanu3zatopa ajacopOMpoBaTh HMCXOAHBIE  BEIIECTBA CHMIKAETCAd  OYEHb
HE3HAYUTEBHO.

Jist  0ObSICHEHHS 3TUX  OCOOEHHOCTEM  IeTepOreHHO-KaTAIUTHUYECKHUX
nporeccoB ['. Triopom ObUIO  BBICKA3aHO CIEAYIOIIEE MPEANOIOKEHUE:
KaTAIUTUYECKA aKTUBHOM SIBIISIETCS HE BCSI MMOBEPXHOCTh KaTalu3aTopa, a JUIIh
HEKOTOpbIE €€ Y4aCTKH — T.H. aKmusHvle YyeHmpul, KOTOPBIMU MOTYT SIBIATHCS
pasznuuHble Je(eKThl KPUCTAUIMUECKOW CTPYKTYphbl KaTajau3aropa (Hampumep,
BBICTYIIBI JTWOO BMAaJMHBI Ha MOBEPXHOCTH KaTaiu3zaTtopa). B HacTosiee Bpems
HET €IMHOM TEOpUHM TEeTePOreHHoro Karanuza. [l  MeTalmm4yecKkux
KaTajau3aTopoB  Obuia  paspaboraHa meopus  mynbmunienos. (OCHOBHBIE
MOJIOXKEHUSI MYJBTUIUIETHOM TEOPUU COCTOSIT B CIIETYIOIIEM:

1. AKTUBHBIA LEHTp KaTalau3aTopa MPEACTABISIET COOOW COBOKYMHOCTH
ONPEJIETICHHOI0 4YHCclia aJCOPOLIMOHHBIX IEHTPOB, PACIOJIOKEHHBIX Ha
NOBEPXHOCTH KaTajlu3aTopa B F€OMETPUYECKOM COOTBETCTBUHM CO CTPOEHUEM
MOJIEKYJIbI, TPETEPIIEBAIOIIEH TPEBPAILICHNUE.

2. llpu anpcopOumMm pearupymomux MOJEKyJd Ha aKTUBHOM LEHTpe
oOpa3yeTcsi MYJIbTHUIUIETHBIA KOMIUIEKC, B PE3yJIbTaT€ YEro MPOUCXOAUT
nepepacripe/iefliecHie CBs3ei, TMpUBOAsAIIEe K O00pa30BaHUIO MPOAYKTOB
peaKkiuu.

Teopuro MyJIBTHIUIETOB HAa3bIBAIOT HHOTJA TEOPUEH T'€OMETPHUYECKOTO
o100 aKTUBHOTO IIEHTPA U PEarupyomuX MOJICKyI. st pa3nuuHbIX peakiuii
YUCJIO aJCOPOLMOHHBIX HEHTPOB (KaXAbli M3 KOTOPBIX OTOXKIECTBISIETCA C
aTOMOM MeETaJla) B aKTUBHOM IeHTpe pasznudyHo — 2, 3, 4 u 1.1. [logoOHbIe
AKTUBHBIE EHTPHI HA3bIBAIOTCSI COOTBETCTBEHHO AYOJET, TPUIUIET, KBAAPYILIET U
T.A. (B 00LIEM clTydyae MYJbTUILIET, YeMY U 00s13aHa TEOPHUsI CBOMM Ha3BaHUEM).

PepmMeHTaTUBHbIW KaTanus

Depmenmamuenvlil Kamanus — KaTAIUTUYECKUE pPEaKlHUH, MPOTEKAIOIINE C

ydqactueM (EepMEHTOB — OMOJOTHYECKUX KaTaau3aTopoB OENKOBOW MPUPOJBL.

depMEeHTAaTUBHBIN KaTalnu3 UMEET JBE XapaKTepHbIe OCOOCHHOCTH:
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1. Bvicokas akmuenocms, Ha HECKOJIBKO MOPSAIKOB MPEBBIIIAIONIAS AKTUBHOCTh
HEOPraHWYECKUX KaTajJu3aToOpoB, YTO OOBICHAETCS OYEHb 3HAYUTEIbHBIM
CHI)KEHHEM »JHEPruM aKTUBalUWU Mpolecca (epMeHTaMu. Tak, KOHCTAaHTa
CKOPOCTH pEeaKIMK Pa3joKEeHUs MEePEeKUCH BOAOPOJIA, KaTaIU3UPYyEMON HOHAMU
Fe?*, cocraBnseT 56 ¢l; KOHCTaHTa CKOPOCTH 3TOM K€ PEaKIUM, KaTaIu3UpyeMOi
(epMenTOM Karanmasoi, pasHa 3.5-107, T.e. peakuus B IPUCYTCTBUM (hepMEHTa
MPOTEKAET B MUJIJIMOH pa3 ObIcTpee (IHEPTrUM aKTUBALIMH MPOLIECCOB COCTABISIOT
cootBercTBeHHO 42 u 7.1 kJ[x/mMonb). KoOHCTaHTBI CKOpPOCTH THUIPOJU3A
MOYEBHMHBI B MPHUCYTCTBUM KHUCIOTHI M ypeas3bl paziMyaroTcs Ha TPUHAALATH
nopaakos, cocrabusis 7.4-107wm  5-10° ¢! (Benmuuna oSHeprum  axTMBALMU
cocTaBisieT coorBeTcTBeHHO 103 1 28 kJ[>x/MoJIb).

2. Bvicokas cneyuguunocms. Hampumep, ammiiaza KaTaJlM3UPYeT MPOIIECC
pacuierieHds Kpaxmala, [MpeACTaBIAIONIero Cco0OM 1enb  OJWHAKOBBIX
TJIFOKO3HBIX 3BEHbEB, HO HE KaTalIM3UpPYeT THAPOJIM3 Caxapo3bl, MOJIEKyja
KOTOPO#l cOoCTaBlieHa U3 ITIOKO3HOTO U (PPYKTO3HOTO (hparMeHTOB.

Ypasuenue Muxasiauca-MeHTeH

Nzyuas seinenue Haceimenus, JI. Muxasnuc u M. Menten pazpaboranu o0IIyro

Teoputo (epMeHTaTUBHOW KUHETHMKH. OHM HMCXOOWIM W3 MPEATNOJIOXKEHUS, YTO

(bepMEHTAaTUBHBIN MPOIIECC MPOTEKAET B BUAC CIICAYIOMIECH XUMUYSCKONW PEaKITUH .

k.1 k-.’
E+S = ES » E+P,

T.c. depmeHT E BcTymaeT BO B3amMOJAEUCTBHE € cyOcTparoM S ¢ oOpa3oBaHHEM
MpOMEXKYTOUHOTO  Komruiekca  ES,  KoTopelii  namee  pacnajgaercss — Ha

cBOOOIHBIN PepMEeHT U TPOIYKT peakimu P.  Marematudyeckas o00paboTka Ha

OCHOBE 3aKOHA JICWCTBYIOIIMX MAacCC Jaja BO3MOYKHOCTb BBIBECTH YypPaBHEHME,
HAa3BAHHOE B YECTh aBTOPOB YypaBHEHHMEM Muxasnuca—MeHTeH, BbIpa)xkarouiee

KOJIMYCCTBCHHOC COOTHOILICHHUC MCKAY KOHIICHTpalLuei CV6CTDaTaI/I CKOPOCTBIO

(hepMEHTAaTUBHON PEAKIIHH:

Vinax  [S]
K,+[S]’
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rac v — Ha6J'IIOI[a€MaH CKOPOCTH pPCaKnvu IIpuU

JTaHHOW KOHIICHTpanuu cyocrpara [S]; Ks— koHCTaHTa auccounanuu (pepMeHT-

CyOCTpPaTHOrO0 KOMILIEKCA, MOJb/; Vmax— MaKCHUMaJlbHasi CKOPOCTh pEaKIMK NpU

IOJIHOM HACBIIIEHUM (PepMeEHTa CYOCTPATOM.

N3 ypaBHEHU Muxasnuca—MeHnTeH CIIEIYET, 4TO pu
BBICOKOW KOHIIEHTpalluy cyocTpaTta u HU3KOM 3HAYEHUHU Ks CKOpOCTb
PEaKIUU SABIIACTCS MAaKCUMaJIbHOM, T.C. v = V max. ITpu
HU3KOW KOHIIGHTpallMy cyOcTpaTa,  HAImpOTUB, CKOPOCTb  pPEaKIIMH OKa3bIBAETCS

HpOHOpLII/IOHaJIBHOﬁ KOHIICHTpAIIunu CV6CTDaTa B Ka)KI[BIﬁ I[aHHBIﬁ MOMCHT

(peakiius epBOro MOPSIKA).

CHG}IYCT YKa3aTrb, YTO YpPAaBHCHHUC Muxasnuca—MeEHTEeH B €ro KJIacCHU4YEeCKOM

BHUJAC HC VYYUTBIBACT BJIMAHUC Ha CKOPOCTb q)epMeHTaTI/IBHOFO Imponecca

IMPOAYKTOB PCAKIINHU, HAIIPUMCP B PCAKIIUN
Eow: Koo

E+S 2 ES 2 E+P,
K. k_,
U HOCUT HECKOJIbKO OTpaHMYCHHBIM xapakrep. [loaTomMy OBUIM NpeINpUHSTHI

IMOIIBITKNU YCOBCPIICHCTBOBATL CI'O. TaK, OBLIO MMPpCAJIOKCHO YPABHCHUC BpI/IITC&-

XoJaenHa:
Vinex ' [S]
R 1S)
rue Km nipencrasisier coboli KoHCTaHTY Muxasiuca, SIBJIAIOLIYFOCSI

AKCTIICPUMEHTAIBHO ompeensseMoi BenmmuuHoW. OHa MOXXKeT OBITh IpeACTaBlICHA

CIEAYIOLIUM YPABHCHUEM:

; k .
Ky = =, wm K = f -
K., Koo  Kiq
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1

w—\J
7 Ymax

I
I
|
| i

K
~m

Puc. 2. KpuBas ypaBHenuss Muxasnuca-MeHTeH: runepOonuueckas 3aBUCUMOCTD

Ha4daJIbHBIX CKOpOCTCﬁ KaTaHHBpreMOﬁ d)CDMeHTOM PCAKIIMHN OT

KOHIIEHTpAIIUU cyOcTpara.

B 4ducnurene npencraBieHbl KOHCTAHTBI CKOPOCTEHN pacnana komiuiekca ES B

JABYX HampaBicHUsAX (B CTOPOHY HMCXOAHBIX E M S W B CTOPOHY KOHECUYHBIX
HPOTyKTOB peakiuu E 7 P). OTHoI1IeHHE k 1/k+1 Npe/CTaBISIeT

co00l KOHCTaHTY Jaucconuaiuu pepmeHTcyocTpaTHoro komruiekca Ks, Toraa:

K,=K, 4 =
L

OTCIO,ZIa BBITCKACT BaKHOC CJIICACTBHUC: KOHCTAHTA Muxanauca BCCrja

OOJIbIIIe KOHCTAHTHI AUCCoNuaImmn (bepMeHT-CY6CTpaTHOI“O KOMIIIICKCa Ksna

BeMIUHY Kio/K+1.

Jls ONPEJICIICHUS YHCJICHHOTO 3HA4YCHUSA Km 00b14HO HaXoJsIT

Ty KOHIIEHTPAIIUIO CyOCcTpaTa, Mpu KOTOPOW CKOPOCTh (DepMEHTATUBHOM PEAKIIUU V
COCTABIISIET HOJIOBHHY OT MAKCUMAIBHON Vmax, T.€. €CIH V = /5 V. Toxcrapmss

3HAa4YEHHUE V B ypaBHeHUE bpurrca—XonaenHa, nojiry4yaem:

max

2 K.+[Y'

V - Vn'ﬂl.lsl

paznenuB 00€ YaCTH ypaBHEHUS HA V max, TOTYUUM

1 [S]
wm K+ [S] = 2|8, orkyma K, = [S].
e L 181 = 2%, omkyma K, =[]
Takum oOpa3om, koHcTaHTa Muxasnuca YHCJIEHHO paBHa
KOHIICHTpAIMK cyocTpaTa (MOJIb/1), pu KOTOpOM CKOpOCTH JAHHOU

(dbepMEHTAaTUBHON PEAKIIMU COCTABIISIET MOJOBUHY OT MAKCUMAIIHLHOM.
1Y
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OHpCI{CHeHI/Ie BCJINYHHBI Km HMCCT Ba)XHOC 3HAYCHHWC IIPH BbBIACHCHHUHU

MEXaHU3Ma NEUCTBUA s dexTopoB Ha aKTUBHOCTD dbepMeHTOB U

T.1. KoHcranty Muxasnuca MOXHO BBIUHUCIUTH N0 Tpaduky (puc. 2). OTpe3ok Ha
adciucce, COOTBETCTBYIOIIUNM CKOPOCTH, PaBHOM MOJIOBUHE MaKCHUMalbHOU, OyaeT

MpeACTaBIsATh co00i K.
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