®ENEPAJIBHOE TOCYOAPCTBEHHOE BIOIXXETHOE
OBPA3OBATEJIbHOE YYPEXOEHWE
_BbICLLE'O OBPA30OBAHUNA .
«AOHCKOU TOCYOAPCTBEHHbIUN TEXHUYECKUU
YHUBEPCUTET»
(AarTy)

kadegpa "Xumnyeckue TexHornornm HedprerasoBoro
Komnriekca"

KOHCNEKT NEKLWIA
no AucuMnInHe

"Pusnyeckasa xumumsa"

(YacTtb 2)

ans obyyarowwmxca 6akanaepuarta 3aodHou hopMbl 06yYeHnd
18.03.01 Xumunyeckasn TexHonoruns

r. PoctoB-Ha-[loHy
2018



OIMMABJIEHUE

2 XUMWNYECKAA KMHETWUKA
2.1 CKOPOCTb XMMWYECKOW PEAKLIN

2.1.1 KuHeTnyeckoe ypaBHEHNE XMMNYECKOW peakLnn

2.1.2 Peakuuun HyneBoro nopsaaka

2.1.3 Peakuuu nepBoro nopsgaka

2.1.4 Peakuuu BTOpOro nopsgaka

2.1.5 MonekyngapHOCTb 9NeMEHTaPHbIX peakLuin

2.1.6 CrnioxHble peakuuu

2.1.7 Knaccundukaumsa cnoxXHbiX peakumnm

2.1.8 BnugaHue TemnepaTtypbl Ha CKOPOCTb peakLmnm

2.1.9 ¥YpaBHeHue AppeHunyca

2.1.10 KunHeTuka oBYyCTOPOHHUX (0OpaTUMBbIX) peakLuun

2.1.11 KuHeTuka reteporeHHbIX XMMUYeCKUX peakLin
2.2. DPOTOXMMNYECKME PEAKUNA
2.3. KATAJIMTUYECKUE MPOLIECCHI

2.3.1 ['oMoreHHbIV KaTanms.

2.3.2 ABTOKaTanus

2.3.3 eTeporeHHbIN KaTanus

2.3.4 depmeHTaTUBHbLIV KaTanus

N O O O W W

11
13
14
17
18
18
20
22
23
23
25



2 XUMUNYECKAA KWHETUKA

3aKOHbl XMMUYECKOW TepMOAMHaAMMKM MO3BOMAT ONpefennTb HanpasfeHue U
npeaen npoTekaHnss BO3MOXHOIO NP AaHHbIX YCNOBUSX XMMUYECKOro npouecca, a Takke
ero aHepreTnyecknn acpdekt. OgHako TepMoANHAMMKA HE MOXKET OTBETUTb Ha BOMPOCHI O
TOM, KaK OCYyLleCTBNAeTCs OaHHbIA MpoLUecC U C KakoM CKOPOCTbIo. OTW BOMPOCHbI —
MEXaHU3M M CKOPOCTb XMMMUYECKOW peakumm — u SABASKTCA NpeaMeToM XUMWUYEeCKOW

KUHETUKN.
2.1 CKOPOCTb XUMWUYECKOW PEAKLINA

HJagum onpegeneHne OCHOBHOMY MOHSATUIO XMMWUYECKOM KUHETUMKU - CKOPOCTU
XMMUYECKOW peaKLmm:

CKopocmb  XUMUYECKOU peaKkuyuu ecmb YUC/I0 3/1EMEHMAapHbIX aKmos

XumuyeckoUl peaKkyuu, rpoucxoosiuux e eOuHUUy e8pemMeHU 8 eOuHuue

obbema (0511 20MO2€HHbIX peaKkyul) unu Ha eOuHuuye rnosepxHocmu (0ns

2emepoeeHHbIX peakyud).

CKkopocmb  XUMUYECKOU peakyuu ecmb U3MEHeHUe KOHUeHmpayuu

peaaupyrouiux eewecms 8 eUHULLY 8PeMeHLU.

lMepBoe onpegeneHve saBnseTca Havbornee CTPOrMM; W3 HEro cregyeT, u4To
CKOPOCTb XMMWYECKOM peakuum MOXHO TakKkKe BblpaXaTb Kak M3MEHEeHMe BO BpPEMEHU
noboro napameTpa COCTOSIHUSI CUCTEMbI, 3aBUCALLEro OT 4YuMcna 4YacTul Kakoro-rnmbo
pearmpyroLlero BeLlecTBa, OTHECEHHOE K efuHuue obbema WM MOBEPXHOCTU -
9NEeKTPONPOBOAHOCTUN, ONTUYECKOW MAOTHOCTUN, OUINEKTPUYECKON NPOHULAEMOCTU U T.4. U
T.n. OgHako Hambonee 4acTo B XMMWUW paccMaTpuBaeTCA 3aBUCMMOCTb KOHLIEHTpauun
peareHToB OT BpeMeHU. B cnyyae 0AgHOCTOPOHHMX (HEODpaTUMbIX) XMMUYECKNX pPeaKkLnit
(3mecb M panee paccmaTpuBalOTCsl TOMBbKO OOHOCTOPOHHUE peakumMu) OYEBUOHO, YTO
KOHLEHTpaLMM UCXOOHbIX BELLECTB BO BPEMEHU MOCTOAHHO yYMeHbLliaTcs (AC, < 0), a
KOHUEeHTpaumMn npoaykToB peakumn ysenuumarloTcs (ACppoy > 0). CkopocTb peakuuu
CUMTAETCS MOSOXUTENBbHOW, MO3TOMY MaTeMaTUYeCKN OonpenernieHne cpenHen CKoOpoCTU

peakummn B MHTepBarne BpemMeHu At 3anvcbiBaeTcsi criegyowmm o6pasom:

AC
Vep =2 & (I1.1)

B pasnuuHbiXx WHTepBanax BPEMEHW CPeAHsIS CKOPOCTb XMMUYECKOW peakumu

MMeEeEeT pa3Hble 3Ha4YeHuna; NCTUHHaA (MFHOBeHHaFI) CKOPOCTb peaKuunn ornpenendeTca Kak



npon3BogHadaA OT KOHUEHTpaunn no BpEMEHN:

v, =+9C (11.2)
dt
"padhunyeckoe nsobpaxkeHne 3aBUCMMOCTU KOHLIEHTpaLMKM peareHToOB OT BPEMEHMU
eCTb knHeTndeckasa kpmaga (puc. 2.1). ICTUHHYIO CKOpPOCTb peakuum MOXHO onpenenntb
rpacdpuyeckn, NpoBeas KacaTenbHyr K KUHEeTUYeckonm KpmBonm (puc. 2.2); WUCTUHHasA
CKOPOCTb peakumn B AaHHbI MOMEHT BPEMEHM paBHa No abCoNTHON BENUYMHE TaHTEHCY

yrra HakroHa KacaTenbHOWN:

dC
VV.CT=J_ra =ttga (11.3)
A
c A c

B
A

o

t - t
Puc. 2.1 KnHeTnyeckne kpusble ons Puc. 2.2 pacnyeckoe onpeneneHne Vc:.

NCXoaHbIX BewecTs (A) U NpOAYKTOB

peakuuu (B).

HeobxoaMmo OTMETUTb, 4TO B TOM Cryyae, €cnuM  CTEeXMOMETpUYeckme
kKO3 PMUNEHTBI B YpaBHEHUN XUMWYECKOW peakumn HeoAMHAaKOBbl, BEMMYMHA CKOPOCTM
peakumm OygeT 3aBUCETb OT TOrO, W3MEHEHMEe KOHLUEHTpauuuM Kakoro peareHTa

onpeaensnocb. O4eBMOHO, YTO B peakuum
2H, + O, » 2H,0
KOHLEHTpauMn BOAOpOAa, KUCIoOpoAa M BoAbl U3MEHSIOTCA B PasfIMYHOM CTENeHu, U
AC(Hz) = AC(H20) = 2 AC(Oy).
CKOpOCTb XMMWYECKOM peakumMum 3aBUCUT OT MHOXecTBa (QaKkToOpoB: Npupoabl

pearvpyloLmx BELLEeCTB, X KOHLUEHTpauum, TeMnepaTypbl, NpUpoabl pacTBoOpUTens 1 T.4.



2.1.1 KnHeTn4yeckoe ypaBHeHME XMMU4YECKOU peakuuun. Nopaagok peakuuu.

OpaHon 13 3agay, CToAWMX Nepen XMMUYECKON KMHETUKOW, SIBNSIETCA onpeaeneHme
COCTaBa peakUMOHHOW cmecu (T.e. KOHLUEHTpauunm BCex peareHToB) B N0O6ON MOMEHT
BPEMEHW, AOnsi 4Yero HeobxoaMmMo 3HaTb 3aBUCMMOCTb CKOPOCTU  peakuum oT
KOHUeHTpauun. B obwem cnyyae, yem 6Gonblue KOHUEHTpauuM pearvpyrowmx BeLecTs,
Tem Oonblle CKOPOCTb XMMUYECKON peakunn. B ocHOBE XMMNYECKON KUHETUKM NEXUT T. H.

OCHOBHOU rocmyrnam XuUMu4eckol KUHEMUKU:

Ckopocmb xumu4eckol peaKkyuu rpsiMo rporopuuoHarnbHa npou3eedeHuUro

KOHUeHmpauul pea2upyrouux eeu,ecms, 835imbixX 8 HEKOMOPbIX CMereHsiX.
T. e. ana peakummn
aA+bB+dD+...> eE+ ..
MOXXHO 3anucarTb:
V = kCA*CgYCp°... (11.4)

KoathpumumneHT nponopumnoHanbHOCTU K eCTb KOHCmaHma ckopocmu Xumu4deckou
peakyuu. KOHCTaHTa CKOPOCTM YMUCNEHHO paBHA CKOPOCTWU peakuuu npu KOHUEHTpaumsx
BCEX pearnpyroLmnx BeLecTs, paBHbiX 1 MOnb/n.

3aBMCMMOCTb CKOPOCTM peakuun OT KOHUEHTpauun pearvpyrowmx BeLecTB
onpenenseTcs  9KCNEepUMMEHTanNbHO W Ha3blBAETCA  KUHEMUYECKUM  ypasHeHuUeMm
XMMuyeckon peakumm. O4eBMOHO, YTO AN TOro, 4TOObI 3anucatb KUHEeTU4eckoe
ypaBHeHne, HeobX0ANMO IKCNEPUMEHTANbHO ONpPeaenuTb BENNYMHY KOHCTaHTbl CKOPOCTU
M nokasatenen CTEeneHn npu KOHUEHTpauusax pearvpylowmx BeuwecTtB. [lokasatenb
CTEMEeHN npu KOHLEHTpauMM Kaxgoro M3 pearnpyrowmx BeELLECTB B KMHETUYECKOM
YpaBHEHUN XMMUYECKOM peakumn (B ypaBHeHuwn (11.4) cOOTBETCTBEHHO X, Y U Z) eCTb
yacmmHbll ropss0oK peakyuu No JaHHOMY KOMMOHeHTy. Cymma nokasaTenemn CTeneHu B
KMHETMYECKOM YpaBHEHUN XUMUYECKOW peakumn (X + y + z) npeacrasnset cobon obwuli
rnopsidok peakyuu. Cnenyet nogyepkHyTb, YTO NOPSAOK peakuun onpeaensieTcss TOSbKo
N3 SKCNepUMEHTarnbHbIX AaHHbBIX U HE CBSA3aH CO CTEXMOMETPUYECKMMN KO3 dPULMEHTaMM
npu peareHTax B YypaBHEeHUM peakumn. CTexnmomeTpuveckoe YypaBHEHWEe peakumm
npeacTaBndeT cobon ypaBHeHMe MatepuanbHOro 6anaHca n HUKoMM obpasom He MoXeT
onpenenaTb Xxapaktepa NpoTeKkaHWsi 3TOM peakL M BO BPEMEHN.

B XumMunyeckon KMHETUKE MPUHATO KrnaccuduuupoBaTb peakumm Mno BennyuHe

obLiero nopsigka peakuun. PaccMOTpyMM  3aBUMCUMMOCTb  KOHLIEHTPaLMKU  pearnpyoLmx
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BELLECTB OT BpeMeHU ANnst HeobGpaTMbIX (OAHOCTOPOHHMX) peakLMin HyneBoro, NePBOro u

BTOPOro NoOpsiaKoB.
2.1.2 Peakuun HyneBoOro nopsiaka
[nsa peakuni HyneBoro nopsiaka KMHETUYECKOE YpaBHEHNE NMEET CreayoLwmin BUA;:
V =ko (11.5)

CKOpOCTb peakLun HyneBoro nopsiaka NocTosiHHa BO BPEMEHU U He 3aBUCUT OT
KOHUEHTpaLMi pearmpyrolimx BeLLEeCTB; 3TO XapakTepHO AN MHOIMMX reTeporeHHbIX
(Maywmx Ha noBepxHOCTU pasgena das) peakuun B TOM crlyyae, korga CKOpOCTb

andysnm peareHTOB K NOBEPXHOCTM MEHbLLE CKOPOCTU UX XMMUYECKOro NpeBpaLLeHuns.
2.1.3 Peakuuu nepBoro nopsigka

PaccmoTpum 3aBUCMMOCTb OT BPEMEHW KOHLIEHTpaLmMu NCXOAHOro BelecTsa A ans
crnyyvasa peakuum neporo nopsigka A — B. Peakuum nepBoro nopsiika xapakrepusyrTca

KuHeTnyeckum ypasHeHnem suaa (11.6). Noacrasum B Hero BoipaxeHue (11.2):

V = k,Ca (11.6)

dC
V=kiCa=——_ 1.7
1Ca=— (11.7)

Mocne nHterpupoBaHus BolpaxeHus (11.7) nonyyaem:
InC=-kt+g (11.8)

KoHCTaHTy uHTerpuvpoBaHust g ornpefesiuMm u3 HadanbHbIX YCIOBUW: B MOMEHT
BpemeHu t = 0 koHueHTpauua C paBHa HayanbHOM KoHUeHTpauuu Co. OTcloga cnefyer,

yt0 g = In Co. MNonyvaem:

In C = In Co — kit (11.9)

A
InC
In Co

Puc. 2.3 3aBuncumocTb norapmdpma
KOHLiEHTpaLMM OT BpPeEMEHWN AOns

peaKu,Mﬁ nepBoOro nopAaaka.
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T.0., norapumM KOHUEHTpauuM Ona peakuun nepBoro rnopsigka nNMHEenHO 3aBUCUT
OT BpeMeHn (puc. 2.3) N KOHCTaAHTa CKOPOCTW YMUCIIEHHO paBHa TaHreHCy yrna HakfoHa

NPSAMOWN K OCU BPEMEHM.

ki=—tg a (11.10)

N3 ypaBHeHns (I1.9) nerko nonyynTb BbIpaxeHue O KOHCTAHTbl CKOPOCTU

O,D,HOCTOpOHHGVI peakunn nepBoro nopAaaka.

C
In—2 I1.11
C (I1.11)

k:l
t

Ewle oaHOM KMHETUYECKOM XapaKTEPUCTUKOW peakumm 4dBnsieTca  nepuod
rnonynpespawieHusi ti, - Bpemsi, 3a KOTOpOoe KOHUEHTpaumsa WCXOOHOro BellecTBa
YMEHbLUIAETCs BOBOE MO CPaBHEHUK C UCXOAHOW. Bbipasum ti, ons peakumm nepsoro

nopsagka, yuutbisas, 4to C = 72C,:
In (%2Co) = InCo — kit (1.12)
OTcropa

In2
tio= — .13
112 K, (11.13)

Kak BugHO w3 NoNy4YeHHOro BblpaXeHud, nepunoa nolynpespaleHnd peakunu

NepBoro Nnopsiika He 3aBUCUT OT Ha4anbHOW KOHLIEHTPAaLIMM UCXOQHOIo BELLIECTBA.

2.1.4 Peakuuun BTOpOro nopsaka

[nsa peakuni BTOpOro nopsifka KMHeTUYECKOe YpaBHEHME UMeeT creayloLwmnn Bua;
V = k,C a2 (1.14)

nmbo
V = k2CaCs (11.15)

PaccmoTpym npocTenwnin cnyyanm, Korga KMHETUYeckoe ypaBHEHME MMeEET BuA
(11.14) vnn, 4To TO Xe camoe, B ypaBHeHun Buaa (11.15) KOHUEHTpaLUMM NCXOOHbIX BELLECTB

oanHakoBbl; ypaBHeHue (11.14) B aToM crnydae MOXHO nepenucatb cnegyowmnm obpasom:

v=k2c2=-‘:|(t; (11.16)

Mocrne pasgeneHnst NepeMeHHbIX U UHTETPUPOBAHUS MoNyYaeM:



1
c “hattg (I1.17)

[MocTosiHHYO MHTerpupoBaHus g, Kak U B npegbigylieMm cnyyae, onpegenvm u3s
HayarbHbIX ycnosun. [Nonyymm:

1

c ket (11.18)

1
+
Co
T.0., ANA peakuuin BTOPOro Mopsigka, UMEKLMX KMHEeTUYECcKoe ypaBHEHWe Buaa

(11.14), xapakTtepHa nuMHenHasi 3aBUCMMOCTb OBpaTHOW KOHLEHTpauunm OT BpeMeHU (puc.

2.4) 1 KOHCTaHTa CKOPOCTW paBHA TAHIEHCY yria HaknoHa NpPsiMoOn K OCU BPEMEHMN:

k2= tg o (11.19)

(11

Puc. 2.4 3aBncumocTb 06paTHOM KOHLEHTpaLMKM OT

BPEMEHM AN peaKLmin BTOPOro nopsiaka.

Ecnn HavanbHble kKOHUEeHTpauumn pearnpyowmx sewects Coa n Co g pasnuyHbl, TO
KOHCTaHTY CKOPOCTU peakumm HaxXOoOdAT UHTerpupoBaHuemM ypaBHeHus (I11.21), B koTopom

Ca 1 Cg - KOHUEHTpauuu pearmpylowmx BellecTB B MOMEHT BpemMeHu t oT Havana
peakuuu:

dC
=— — =k,CaC 11.21
at 2CACs ( )

B aTOM cnyyae Anst KOHCTaHTbl CKOPOCTU MOSyYaeM BblpaXkeHue

ks =

1 CosC,

n (11.22)
t (CO,A _CO,B) cO,ACB

Mopsgok  XMMMYEcKOW peakuuMm ecTb  (PopMaribHO-KMHETUYECKoe MOHATUE,

PM3MYECKMA  CMbICIT  KOTOPOro AN 3arnemMeHTapHblx  (0QHOCTaguKMHbIX)  peakuun



3aKnovaeTcs B criedylowem: MnopsigoK  peakuMM  paBeH  Yucny  OQHOBPEMEHHO
N3MEHSIIOLLINXCS KOHLEHTpauuin. B cnyyae aneMeHTapHbiX peakuuii MopsigoK peakumm
MOXeT OblTb paBeH CyMMe KO3((PULMEHTOB B CTEXMOMETPUYECKOM YPaBHEHUN peakLuu;
ogHako B obuwem crnyyae NOPSAOK  peakumuM  onpedensieTtcs  TOnbko U3
3KCNepUMEHTarnbHbIX AaHHbIX M 3aBUCUT OT YCIOBMI NpoBeaeHus peakumn. Paccmotpum B
KayecTBe NpuMMepa I3MEMEHTAPHYK peakuuilo rmaponus3a 3TUMOBOro admpa YKCYCHOM
KMCNOTbI (3TUnaueTaTta), KMHETUKa KOTOPOWN M3yyaeTcsi B NTabopaToOpHOM MpakTUKyMe Mo

m3NYECKON XUMUK:
CH3COOC2Hs + H O — CH3COOH + CoHs0H

Ecnun npooanTb 3Ty peakumio npy GNM3KNX KOHLEHTpauusix aTunauetaTa u Boasl,
TO 06OLMIA NOPSOOK peakumMm paBeH ABYM M KMHETUYECKOe ypaBHEHME UMEET CreayoLmi

BUA;
V = k [CH3COOC,Hs] [H20] (11.23)

Mpn npoBedeHUN 3TON e peakuuMn B YCNoBUSIX GONbLIOro M30biTka OOHOro M3
peareHToB (BOAbl UK 3TUNaLeTaTa) KOHLEHTpaUMs BellecTBa, HaxoasLlerocs B U3bbiTke,
NPakTUYECKN He WU3MEHSIETCS U MOXET ObiTb BKMOYEHA B KOHCTAHTY CKOPOCTY;
KMHETMYECKOe YpaBHEHMe AN ABYX BO3MOXHbIX Cry4aeB NpUHUMaeT cneayowmnn Bua;

1) N36bITOK BOADI:

V = k' [CH3COOC,Hs] (11.24)
k' = k [H20] (11.25)

2) N3bbiTOK aTMNaueTarta:

V = k" [H,0] (11.26)
k" = k [CH3COOC,Hs] (11.27)

B atux cnyyasix mMbl MMeeM Oeno C T.H. peakuumen rcesdoriepgoeo nopsiaka.
MpoBeaeHve peakumnm npu  6GonbWOM U3ObLITKE OOHOMO W3 UCXOOHbIX BELLECTB

ncnonb3yeTcs Ans onpeaeneHns YacTHbIX MOPSAKOB peakuunu.
2.1.5 MoneKynapHOCTb 3fIeMeHTapHbIX peakumn

AnemeHmapHbIMu (NPOCTbIMK) Ha3bIBAOT peakumn, uaywme B ogHy craguto. Ux
MNPUHATO KnaccuduumpoBaTb N0 MOJSIEKY/ISPHOCMU — YUCAY YacTul, KOTOpble, COrnacHo
9KCNEePUMEHTarnbHO YCTaHOBIIEHHOMY MEXaHWU3My peakuun, y4acTBYIOT B 3fIEMEHTapHOM

aKTe XMMUNUYECKOro B3aMMoaencTeums.
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MOHOMOﬂeKyﬂFIprIe - peakuumn, B KOTOPbIX NPONCXOOUT XMMNUYECKOE MNMpeBpaLleHne

OAHOW MOneKyrnbl (M3oMepusaums, guccoynaums U T. g.):
o - le+1e

BbumorneKynsipHble - peakuun, 3NeMeHTapHbIA akT KOTOPbIX OCYLLECTBISIETCA Mpu

CTONKHOBEHWM ABYX 4acTuL, (OONHAKOBbLIX UMW Pa3fnNYHbIX):
CH3Br + KOH — CH3OH + KBr

TpumorneKynsipHble - peakumu, 3aNeMeHTapHbIA akT KOTOPbIX OCYLLIECTBIISIETCS MNpu

CTONKHOBEHWUM TPex YacTuL;:
02+ NO +NO — 2NO.

Peakunm ¢ MonekynsapHOCTblo Gonee Tpex HEN3BECTHbI.

Ona  anemMeHTapHbIX peakuui, NpoBOAMMbIX NPU ONU3KMX KOHLIEHTPaLMUSX
NCXOOHbIX BELLECTB, BEMUYNHBI MOMNEKYNSIPHOCTU U NOpSiAKa peakumy coBnagatot. Tem He
MeHee, HUKaKoW YeTKO onpeerieHHOM B3aUMOCBA3N MexXay MOHATUSIMA MOSEKYNSIpHOCTY
M NopsiAka peakuuyM He CylecTBYeT, MOCKOMbKYy MOpsSiAOK peakuun XapaktepusyeT

KMHETUYECKOE YpaBHEHME peakLunmn, a MOSEKYNAPHOCTb - MEXaHU3M peakLuu.
2.1.6 CnoxHble peakuuu

CrOXHbIMU Ha3blBaOT XMMUYECKNe peakunn, npoTtekawLwjne bonee uyem B oaHy
cTaaunio. PaCCMOTpMM B Ka4dectBe npumepa OAHY W3 CIOXHbIX peaKLl,I/IIZ, KUHETUKa "

MEeXaHN3M KOTOPOM XOPOLLO MU3YYeHb!:
2HIl + H,O, — |, + 2H,0

[aHHaa peakums saBnNseTcs peakumenm BTOPOro mnopsagka; eé KMHeTudeckoe

ypaBHEHVE UMEET crieayHLLmin Bua;
V = k [H20,][HI] (11.28)

M3yyeHne mexaHM3Ma peakuuu nokasano, YTO OHa SABMSeTCca [OBYXCTaaAWWHOMN

(npoTekaeT B ABe CcTaauu):

1) HI+HO, - HIO + H,O
2) HIO+HI -» I2+H0

CkopocTb nepBon ctagmm V4 MHOro 6orbLle ckopocTn BTopon ctagum Vo n obuias
CKOPOCTb peakuun onpegensieTcsl CKopocTbio Honee MeaneHHOW cTaguu, Ha3biBaeMoWn

NO3TOMY CKOpPOCTbONpeaenAoLwen unm NUMNUTUPYIOLLIEN.
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Coenatb BbIBOA O TOM, SIBAISIETCSA peakumsi aneMeHTapHOM UK CrIOXKHOM, MOXKHO Ha
OCHOBaHUWN pe3ynbTaToB M3YYEeHUA e€ KMHEeTUKU. Peakumsi siBNSIETCA CrOXHOW, eCnu
9KCNEepPUMEHTanNbLHO OnpedeneHHble 4YacTHble MOpPsSiAKM  peakuum He coBnagakwT C
KO3 ULUMEHTAMM NPUN UCXOOHbIX BELLLECTBAX B CTEXMOMETPUYECKOM YPaBHEHUN peakunu;
YacTHble MOPSLKU CMOXHOW peakuun MoryT 6biTb ApOGHbIMM NMBO OTpuULATENbHBIMK, B
KWHETUYECKOE YypaBHEHME CIOXHOM peakumMm MOryT BXOAUTb KOHLEHTpauun He TOJSbKO

MCXOOHbIX BELLECTB, HO U NPOAYKTOB peakuuu.
2.1.7 Knaccudumkaumsa CnoxHbIX peakummn

lNocnedosamerbHblie peakyuu.

MocnepoBaTenbHbIMM  Ha3bIBAOTCS CrIOXKHbIE peakuun, npoTekalwme Takum
obpasom, 4TO BewecTBa, obpasywwmeca B pesdynbtate OgHoOW ctagum (T.e. NPOAYKThI
9TON CTagum), SBMNSATCA UCXOOHBbIMW BeLlecTBaMu Ans Apyron cragmu. CxemaTudecku

nocrneaoBaTeNnbHY peakLmio MOXHO M306pasunTb CrieayoWwmm 0b6pasom:
A->B->C->D-> ..

Uncno cragun n BeLecTB, NPUHMMAKLLNX yYacTue B KaXgow U3 CTagun, MOXeT

ObITb Pa3IMYHbIM.

Hapanneanble peakyuu.
I'Iapanneanblmm Ha3blBalOT XUMUYECKNE peaKunn, B KOTOPbIX OOHU U TE XKe
ncxogHbole BewectBa OAOHOBPEMEHHO MOryT 06pa3OBbIBaTb pasnnyHble MNpPOAYKThI

peakuun, Hanpuvep, Asa unu Gonee n3omepa:
/ C

B
\ D

A+

ConpsixeHHble peakyuu.

COI'IpFI)KeHHbIMI/I NPUHATO Ha3blBaTb CIOXHbl€ peakunun, npoTekawiwine cnegyoumm

obpasowm:
1) A+B ->C
2) A+D > E,

npyvyemM OAHa U3 peakumin MOXeT NpoTeKkaTb CaMOCTOATENBHO, @ BTOpas BO3MOXHA TONbKO
npy Hanuuun nepson. BewectBo A, obwee ana obenx peakunmn, HOCUT Ha3BaHWE akmop,
BewecTtBo B — uHdykmop, Bewectso D, B3aMmogencTsytowee ¢ A TOMbKO NpU Hanmnymm

nepBoi peakuun — akuenmop. Hanpumep, 6eH30n B BOOAHOM pacTBOpe He OKUCNSAEeTCs
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nepokcMaom Bogopoaa, Ho npu gobasnenun conen Fe(ll) nponcxoant npespalleHme ero
B dpeHon n andpeHun. MexaHnsam peakuuun cregyrowmi. Ha nepson ctagumn obpasyrotcs
cBOOOAHbIE paguKansbl:
Fe** + H,0, — Fe®*" + OH™ + OH+
KOTOpble pearmpyoT ¢ noHamu Fe?* u Gexzonom:
Fe** + OHs — Fe®* + OH"
CsHs + OHe — CgHs + H,0O
MpoucxoouT Takke pekoMbrnHauusa paamkanos:
CgHs* + OHe — CgHsOH
CsHs* + CgHs* — CgHs— CgHs
T.o., 06e peakuun npoTekalT C ydyacTmem obLiero NpoMexyToyHoro csobogHoro

paankana OHe.

LlenHble peakyuu.

LlenHbiMM Ha3sbiBalOT peakuuu, COCTOSLME M3 psga B3aMMOCBA3aHHbLIX CTagum,
koroa Jactuubl, oOOpasywwmeca B pes3ynbTarte Kaxaouw CcTaguun, TreHepupyroT
nocnegywowme cragun. Kak npaBuno, LUenHble peakuyuMm npoTekawT C  ydacTuem
cBOOOAHbIX pagukanoB. [na Bcex UEMHbIX peakuun xapakTepHbl TPU TUMWYHbIE CTaauu,
KOTOpblE Mbl pPacCMOTPUM Ha npuMepe GOTOXMMUYECKON peakuum obpasoBaHus
XIlopoBOAoOpoaa.

1. SapoxdeHue uenu (UHUYUayus):

Clo+hv —» 2Cle

2. Pazsumue yenu:

Hp+ Cle — HCI+ He
He + Cl; - HCI + Cle

Ctagusa pasBuUTUS LENU XapakTepusyeTcsl YUCNOM MOMeKysn NpoayKTa peakuumu,
NPUXOASALLUMXCA HA OAHY aKTUBHYHO YacTuuy - ONTMHOW Lienu.

3. Obpebis yenu (pekombuHayusi):

He + He - H,
Cle+ Cle - Cl
He + Cle - HCI

O6prB uenn BO3MOXEH TaKXe Tpu B3aMMOLENCTBUN aKTMBHbIX YacTul, C
mMaTepumarnioMm CTeEHKM cocyada, B KOTOPOM NpoBOAUTCA peaKunda, NO3TOMY CKOPOCTb LEMNHbIX

peakuuii MOXeT 3aBMUCeTb OT Matepuana u aaxe oT (PopMbl peakLMOHHOro cocyaa.
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Peakums obGpasoBaHWsi XOpOBOOOPOAA SIBMNSIETCS NPUMEPOM Hepas3BeTBEHHOM
LieNHOM peakuun - peakummn, B KOTOPON Ha OAHY NMpopearnpoBaBLUYH) aKTUBHYHO YacTuuy
npuxoauTtcst He 6onee ogHOM BHOBb BO3HUKaKLLEN. Pa3BeTBNEHHbIMU HA3bIBaAOT LiEenHbIe
peakumn, B KOTOPbIX Ha Kaxayl MNpopearMpoBaBLUY aKTUBHYK YacTuly MNpUXoauTcs
Gornee opOHOM BHOBb BO3HMKAMOLWEN, T.€. YMCIO aKTUBHbIX YacTul B XO4e peakuuu
NOCTOSIHHO Bo3pacTaeT. [1pyMepom pasBeTBNEHHOW LIEMHOW peakuumn SIBRSIeTCS peakuus
B3aVMOAENCTBMSA BOAOPOAA C KUCMOPOAOM:

1. Mruyuayus:

H, + 02 —» HO + Oe
2. Pazsumue uenu:

O+ +Hy; —» He+ OH-

He + O, — O+ + OH:
OHe + H, » HO + He

2.1.8 BnusiHme TemnepaTtypbl Ha CKOPOCTb peakuumn

KoHCTaHTa CcKOpOCTM peakumm ecTb (YHKUMS OT TemnepaTypbl; MOBbILIEHNE
TemnepaTypbl, Kak NPaBUIo, yBENMYMBAET KOHCTAHTY CKopocTu. NepBas nonbiTka y4yecTb
BNusHMe TemnepaTypbl bbina caenana BaHTt-lNoddom, cchopmynmpoBasLumMmM cnegytouiee

aAMnNnpum4eckoe rnpasuio:

lpu nosbiweHuUu memnepamypbl Ha KaxObie 10 epadycoe KOHCcmaHma
CKopocmu areMeHmapHoU XumMu4Yeckou peaKkuyuu yeenudusaemcsi 8 2 — 4

pasa.

BenunuuHa, nokasbiBatowlasi, BO CKOSIbKO pa3 yBENUYMBAETCS KOHCTaHTa CKOpPOCTU
npwv NoBbIWEHUN TemnepaTtypbl Ha 10 rpagycoB, eCTb memmnepamypHbIl KO3ghpuyueHm
KOHCmaHmsbl cKkopocmu peakyuu 7Yy. MaTtemaTtudeckn npasuno BaHT-Todda MoxHO

3anucaTtb creayrouwmm obpasom:

kT 10
= STH0 11.29
Y K, (11.29)
T,-T,
kr, =k Y 10 (11.30)

OpHako npaBuno BaHTt-lfodda npMMEHMMO nuWb B Yy3KOM TemnepaTypHOM

MHTepBarne, NOCKONbKY TeMMNepaTypHbIA KOI(MMULMEHT CKOPOCTM peakLmn Y cam SBNSIeTCS
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byHKUMENn OT TemnepaTypbl; MPU OYEHb BBLICOKMX W OYEHb HU3KUX Temnepartypax Yy

CTaHOBUTCA paBHbIM eguHuLue (T.e. CKOPOCTb XUMUNYECKOM peakunn nepecrtaeTt 3aBUCETb

OT TemnepaTypbl).
2.1.9 YpaBHeHue AppeHuyca

OuyeBMaHO, YTO B3aUMOAENCTBME HYaCTUL, OCYLLECTBIIAETCS NPU UX CTONKHOBEHUSAX;
O[lHaKO YUCIIO CTONKHOBEHUN MOMEKYN OYeHb BENUKO U, ecnn Bbl Kaxgoe CTONKHOBEHWE
NPMBOAMMNO K XUMUYECKOMY B3avMOJEWCTBUIO YacTul, BCe peakuun npoTekanu Obl
NpaKkTU4eckn MrHOBEHHO. AppeHuyC MoCcTynuMpoBar, YTO CTOSIKHOBEHUS Monekyn oyayT
appekTuBHbl (T.e. OyayT MpUBOAWUTbL K peakuum) TONMbKO B TOM Cryvae, ecnu
cTankuMsamoLwmecs Mornekynbl obnagarlT HEKOTOpPbIM 3anacoM 3Heprun - 3JHepruen

aKTnBauun.

OHepausi akmueauuu ecmb MUHUMasbHas 3Hepausi, Komopol OOMKHbI
obrnalamb  MOMEKyrbl, 4YmMObbl UX CMOJIKHOBEHUE MO2/10 pusecmu K

XUMu4eckKkomy 83aumooelicmeauro.
PaccmoTpum nyTb HEKOTOPOW 3fIEMEHTAPHOM peakumm
A+B - C

MocKONbKY XMMUYECKOe B3aUMOAENCTBME 4YacTul CBSI3aHO C paspbiBOM CTapbIX
XMMUYECKMX CBSA3eii U 0OpasoBaHWEM HOBbIX, CYMTAETCH, YTO BCAKasaA anemeHTapHas
peakuusi npoxoauT 4epe3 obpasoBaHMe HEKOTOPOro HeyCTOMYMBOrO MPOMEXYTOYHOrO

coeaunHeHnAa, Ha3blBaeMoro aktTmuBmMpoBaHHbIM KOMIMJIEKCOM:

A > K5 B

E A

E# Eucx - CpeaHNas aHeprmna Yactumy
NCXOOHbIX BELLECTB.

Enpon - CPEOHAS 9HEprusa yacTtu
NPOOYKTOB peakLuumu.

EI/ICX

Enpop,
Puc. 2.5 OHepreTtunyeckas

KoopanHaTta peakumn anarpamMmma XMMuU4ecKou peakuunu.
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O6pas3oBaHne akTMBMPOBAHHOIO KOMMIieKca Bcerga TpebyeT 3aTpaTbl HEKOTOPOro
KONM4yecTBa 3HEPruKn, YTO BbI3BAHO, BO-NEPBbLIX, OTTANKMBaHMEM 3NEKTPOHHbIX 060Mn04ek
M aTOMHbIX ag4ep Npy CONMXEeHUN YacTul U, BO-BTOPbIX, HEOBXOOMMOCTbLIO MOCTPOEHUS
onpeaeneHHon NPOCTPaHCTBEHHON KOHMUIypaLumMm aTOMOB B aKkTUBMPOBAHHOM KOMMIEKCce
N nepepacnpeneneHns afeKTPoOHHON NIIOTHOCTK. Taknm o6pa3om, NO NyTU U3 Ha4anbHOro
COCTOSIHMSI B KOHEYHOE cucTeMa AOofhkKHa NpeodorieTb CBOEro popa sHepzemuyeckuu
bapbep. OHeprus akTuBauuMuM peakumm nNPUOBAMKEHHO paBHa MPEBLILEHUIO CpeaHen
9HEPrMn akTUBMPOBAHHOIO KOMMMEKCa Hag CpeaHUM YPOBHEM SHEPrUM peareHTOoB.
OueBMgHO, 4YTO ecnu npsiMas peakuus SBMASETCS 3K30TEPMUYECKOW, TO SHeprus
aKkTMBauum obpaTHoM peakumn E's Bbllle, HEXENU SHEeprys aktmBauum npsmMon peakuum
Ea. OHeprum aktMBaumm npsMon M obpaTHOM peakumm cBA3aHbl ApYyr C OPYroM 4vepes
M3MEHEHNE BHYTPEHHEW 3HeprMm B XO4e peakumn. BbllueckazaHHOe  MOXHO
NPOUNSIIOCTPUPOBaTbL C MOMOLLBIO 3HEPreTUYEeCKON AuarpaMmmbl XMMUYECKOW peakumm
(puc. 2.5).

[MockonbKky TemnepaTypa ecTb Mepa CcpefHel KUHETUYECKOW 3HEeprnm 4Yactuu,
NnoBbILIEHME TemnepaTypbl NPUBOAUT K YBENUYEHUIO OOMWN 4YacTul, SHEPrnsa KOTOPbIX
paBHa unu Oonblle 3HEepPrMnm akTMBauuKn, YTO NPUBOANT K YBEMUYEHWUIO KOHCTaHThI

CKOpOCTU peakuuu (puc.2.6):

A

Ne
N

ne/N - gonsa yactuy, obnagatowmnx aHepruen E.

Ei - cpeaHasa aHeprmna yactuy npu temnepatype Ti.

T1<T2<T3

\j

Puc. 2.6 PacnpefgeneHue 4acTtuu No aHeprum

PaccMoTpum  TepMoOMHAMWYECKUA  BbIBOA  BbIPaXXEHMsS,  OMUCbIBAOLLErO
3aBMCUMOCTb KOHCTaHTbl CKOPOCTU peakuuMuM OT TemnepaTypbl WU BefWYMHbI 3HEprm

aKkTuBaumm - ypaBsHeHnsa AppeHuyca. CornacHo ypasHeHuto nsobapbl BaHT-odda,
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dinK _ AH°
dT RT’

(11.31)

nOCKOﬂbe KOHCTaHTa paBHOBECUA €CTb OTHOLUEHNE KOHCTAHT CKOpOCTeI7I I'IpFIMOVI n

obpaTtHon peakuumn, MOXHO nepenucaTb BoipaxeHue (11.31) cnegytowmm obpasom:

dinK _dink, dink, AH°

11.32
dT dT dT RT? ( )

MpencTaBvB U3MEHEHWe aHTanbNUKM peakumm AH B BuAEe pasHOCTM ABYX BEMWYMH

E+ n E,, nonyyaem:

dL"Tk1 - RET12 +C (1.33)
dL"Tkz _ ;Tzz +C (11.34)

3aecb C — HekoTOopas KoHcTaHTa. [Noctynuposas, 4to C = 0, nony4yaem ypaBHeHue

AppeHuyca, rae Ea - sHeprus aktueaumm:

dink E,
dT  RT,

(11.35)

[Mocne HeonpeaeneHHOro NHTerpupoBaHusa BolpaxeHus (11.35) nonyymm ypaBHeHue

AppeHunyca B UHTerpanbHoun oopme:

Ink=InA— CA (11.36)
RT
k=Aexp |EA (11.37)
PIRT '
A
In k EA

(1.38)

Puc.2.7 3aBncumocTb norapudpma

KOHCTaHTbl CKOPOCTU XUMUYECKOMN peakunmn

oT oGpaTHoW TemnepaTypbl.
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3peckb A - noctosiHHas uHterpyposaHus. M3 ypasHeHus (11.37) HeTpyaHO nokasaTtb
PM3MYECKMIA CMbICIT NPESSKCNOHEHUManbHOro MHOXUTENA A, KOTOPbIA paBeH KOHCTaHTe
CKOpPOCTM peakuuu npu Temnepartype, cTpemswencs Kk 6eckoHevHocTn. Kak BMAHO 13
BbolpaxkeHus (11.36), norapudm KOHCTaHTbl CKOPOCTW JIMHENHO 3aBUCUT OT obpaTHom
TemnepaTypbl (puc.2.7); BenuYMHy SHeprum aktmBauunm Ea u  norapudpm npea-
9KCMOHEHUManbHOro MHoxuTena A MOXHO onpefenutb rpadudeckn (TaHreHc yrna
HaKNoHa NpPsIMOM K ocu abcumcc 1 OTPe30K, OTCeKaeMbl MPSIMON HaA OCK OpauMHaT).

3Haa JHepruio akTMBauMM peakuun W KOHCTaHTY CKOPOCTU Mpu  Kakon-nnbo
Temnepatype T¢, NO ypaBHeHWO AppeHuyca MOXHO paccyuTaTb BENUYUHY KOHCTaHTbI
ckopocTu npu nobon Temnepatype To:

inkz _Eaf1_1 (11.39)
k, RI\T, T,

2.1.10 KnHeTuka ABYCTOPOHHUX (OOpaTUMbIX) peakunmn

Xumuyeckne peakumm 4acto SBNSATCA ABYCTOPOHHUMK (0BpaTuMbIMK), T.€. MOryT
npoTekaTb NPV AaHHbIX YCNOBUSIX B ABYX MPOTUBOMOMOXHbLIX HanpaBreHusX (MoHsTue
obpatumasi peakuusi criegyeT oTnMyaTb OT TEPMOAUHAMMUYECKOrO MOHSTUS 0GpaTuMMbIii
npoLecc; OBYCTOPOHHSS peakuusi obpaTuma B TEPMOAMHAMUYECKOM CMbICMe NUlb B
COCTOSIHUM XMMMW4YEeCKOro paBHOBecus). PaccMoTpum anemeHTapHyk [OBYCTOPOHHHOH

peakuuio
A+B —»> D+E

CKOpOCTb YMEHbLIEHNA KOHUEHTPpauun BeullecTBa A npn npoTekaHnn I'IpFIMOI71

peakuuun onpeaensietcs ypasHeHunem (11.40):

V1= —ddCtA = k1CACB (“40)

a CKOpPOCTb BO3pacTaHWUs KOHLEHTpauun BelecTsa A B pe3ynbTaTe npoTekaHust obpaTHom

peakuuu - ypasHeHuem (11.41):

dc,
dt

V2 = = kZCDCE (”41)

O6waa ckopoCTb [OBYCTOPOHHEW peakumm B NOOOM MOMEHT BpPEMEHW paBHa

Pa3HOCTM CKOPOCTEN NPAMOM 1 0O6paTHON peakumu:

V= V1 - V2 = k1CACB - kchCE (”42)
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Mo Mepe npoTekaHUs OBYCTOPOHHEW peakuMM CKOPOCTb MNPAMOM peakuuun
YMEHbLUIAEeTCs, CKOPOCTb OOpaTHOM peakumn - yBerM4MBaeTCs; B HEKOTOPbIA MOMEHT
BPEMEHW CKOPOCTU NPAMON U 0BpaTHON peakuum CTaHOBATCHA paBHbIMU U KOHLEHTpaLmm
peareHTOB MNepecTalT W3MEHSATbCA. Takmm obpa3oMm, B pesynbTate npoTeKkaHus B
3aKpbITON CcUCTEME OBYCTOPOHHEW peakumm cuctema A0CTUraeT COCTOSAHUA XMMUYECKOro
paBHOBECUS; MPU 3TOM KOHCTaHTa paBHOBecusi OyaeT paBHA OTHOLUEHWUO KOHCTaHT
CKOpOCTEN NPSAMON 1N 0BpaTHOM peakunn:
k1

Ke= 1
C k2

(11.43)

2.1.11 KnHeTuKa reTeporeHHbIX XMMUYE€CKNX peakuuun

Korga peakuusi cosepllaeTca Mexay BellecTBamu, HaxoAaWMMWUCA B pPasHbIX
¢rasax rereporeHHoOM CUCTEMbl, OCHOBHOW MOCTYNaT XMMWYECKON KUHETUKM CTaHOBUTCHA
HenpMMeHNMbIM. B reTeporeHHbIX peakuusax pofb NPOMEXYTOYHbIX MPOAYKTOB OObIYHO
UrpatoT MOMEKysbl, CBA3aHHbIE XMMWYECKMMW CUlaMn C MOBEPXHOCTbK pasgena ¢as
(xnmun4yeckn apgcopbupoBaHHble Ha NOBEPXHOCTN). BO BCAKOM reTeporeHHOM XUMUYECKOM
npoLecce MOXHO BblAeNUTb crneayrLine cTaguu:

1. Juebpy3uss peazeHMo8 K peakyUOHHOU 30He, Haxodswelcss Ha nosepxHocmu

pasodena ¢as.

2. AkmusuposaHHas adcopbuyusi 4acTul, peareHToB Ha NOBEPXHOCTM.

3. Xumu4eckoe npespawieHue adcopbuposaHHbIX Yacmuy,.

4. [ecopbuyus obpasosaswuxcs npodyKmoes peakyuu.

5. [ucbcby3us npoayKTOB peakunmn U3 peakLuMoHHOWN 30HbI.

Ctagum 1 n 5 HasbiBaoTca ANPAY3MOHHBIMKU, cTagun 2, 3 N 4 - KNHETUYECKUMM.
YHuBepcanbHOro BbIpaXeHUst A5 CKOPOCTU TeTEePOreHHbIX XUMUYECKUX peakumn He
CywlecTByeT, MOCKOMbKY Kaxgasa U3 BblAENEHHbIX CTagui  MOXET  SBNATbCA
nmmuTupyrowen. Kak npaeBuno, Npyv HU3KMX TemnepaTypax CKOPOCTb reTeporeHHom
peakumu onpeaensoT KUHeTu4eckne ctagum (T.H. KUHemuyYeckasi obriacme reTeporeHHoro
npouecca; CKOpPOCTb peakuunm B ITOM Crydae CWMbHO 3aBUCUT OT TemnepaTypbl U
BEMNMYMHbI NNoLWaan NOBEPXHOCTU pa3gena ¢as; Nopsaaok peakumm npym 3ToMm MoXeT bbITb
nobbim). [lpn  BBICOKMX TemnepaTtypax CKOpPOCTb npouecca OygeT onpenensatbca
ckopocTbto  gudbdysun  (Ougppy3uoHHas ~ obracmb  TETEPOreHHOW  peakuuu,
XapakTepuayLascs, Kak npasumno, nepebiM NOPAAKOM peakuumn u criabor 3aBUMCUMOCTbIO

CKOPOCTM npoLecca oT TemrnepaTtypbl U NoLLaaM NOBEPXHOCTY pasaena daa).
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2.2 ®OTOXUMHUNYECKUE PEAKLIUU

Mepemaya aHeprm Ons akTMBaumMyM BCTyNawLMX BO B3aMMOOENCTBUE MOSEKYN
MOXeT OCyLeCcTBNATLCA NMnbo B hopmMe TennoThl (T. H. TEMHOBbIE peakuun), nMbo B BUae
KBAHTOB OJIEKTPOMArHUTHOIrO M3nyveHusi. Peakumu, B KOTOPbIX aKTMBaUMs 4YacTul,
ABNSAETCA pe3ynbTaToM MX B3aMMOLENCTBUSA C KBAHTaMM 3NIEKTPOMArHUTHOrO M3nyyYeHns
BMOMMOW oOOnactM cnekTpa, HasbiBaloT doToxmummudeckummn peakumsmn. [pyn  Bcex

hoTOXMMMYECKNX NpoLIeccax BhINOMHSETCA 3akoH [poTryca:

Xumuyeckoe npespaweHue eewecmea MOXem 8bl38amb MOJIbKO MO

ugariydeHue, Komopoe rioeriowaemcsd amum eew,ecmeom.

Bsanmogencteme cBeTa C BEWECTBOM MOXET uMATUM MO TpPEM BO3MOXHbIM

HanpaBliEHUAM:

1. Bo3byxdeHue Yacmuy, (nepexon 3NEeKTPOHOB Ha BbllUenexaiume opburtann):
A+hv > A
2. MloHu3ayus 4Yacmuy 3a CHET OTPbiBa ANIEKTPOHOB:
A+hv - A +e

3. Huccouyuayus monekyn ¢ obpasoBaHMeM CBOGOAHbLIX pagukanoB (rOMONUTU-

yeckas) nMbo NOHOB (reTeponuTuyeckas):

AB+hv — Ae++Be
AB+hvy —» A"+B

Mexagy KonmyecTBOM Iy4UCTOW 3HEPrun, MormnoweHHONn MorekynamMmu selecTsa, U
KONUYEeCTBOM (POTOXMMUYECKM NPOpearMpoBaBLUMX MOMEKYST CyLLeCTBYeT COOTHOLLEHME,

BblpaXkaeMoe 3aKOHOM (DOTOXMMMUYECKOM 3KBMBanNeHTHocTu LLTapka-3nHwTenHa:

Yucrio  monekyn,  no0eepauwuxcsi  Mep8uyHoMy  homoxumMu4ecKomy
npespalwieHuro, pPasHo YUuC/ly [02/IOUWEHHbIX B8eWecmeoM  K8aHMoe

aJ1eKmpomacHUIMmMHoeo U3J1yYeHUs.

nOCKOJ'Ibe d)OTOXVIMI/I‘-IeCKaFI peaKkuuna, Kak npaBuno, BKIHOYaEeT B ceba n T.H.
BTOpPpUYHbIE NpPOLIEeCCbI (Hanpmmep, B Cllydae uernHoro MexaHmsma), ana  onncaHumA

peakLmn BBOOUTCS NOHATUE KBAHTOBLIN BbIX0 (POTOXUMUYECKOWN peaKkLnK:
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KeaHmosnili 8b1x00 ¢homoxumMuyeckol peakyuu y ecmb OMHOWeEHUe Yucra

yacmuu, npemepreswiux rpespauieHue, K 4ucsy rnoaioueHHbIX 8eliecmsom

KeaHmoes ceema.

KBaHTOBbIN BbIXO peakunn MOXET BapbMpOBaTbCA B OYEHb LUMPOKUX Npeaenax: ot
107 (choToxmMmmyeckoe pasnoxeHne meTunGpommnaa) 4o 10° (LenHas peakuust Bogopoaa
C XNnopom); B obLem cnydae, yem bGonee OONTOXMBYLLEN SIBMISIETCA aKTMBHAsA 4yactuua,
TeM C 60bLLIMM KBAHTOBbBIM BbIXOAOM NpoTeKaeT POoTOXMMMYECKasa peakLms.

BaxHenwmmMn (POTOXMMUYECKUMU peakUNaMUN SBRAIOTCA peakunn (oTOoCUHTEsa,
npoTekawwmne B pacTeHuax C Yydactuem xnopodumnna. [lpouecc oOTOCUHTE3a
COCTaBMAT ABE CTaguu: CBETOBas, CBA3aHHasA C nornoiieHnem oTOHOB, U 3HAYUTENBHO
bonee mMegneHHas TeMHOBas, NpeAcTaBnsAwLas cobon psa XMMUYECKUX npeBpaLleHui,
ocyLlecTBNAeMbIX B oTcyTcTBME cBeTa. CyMMapHbIn npouecc hoTOCUHTE3a 3akniovaeTcd

B OKMCIneHnn BoAbl A0 KMCnopoda 1M BOCCTaHOBIIEHMN ANOKCUOa yrnepoda A0 yrnesoaoB:
CO, + H,0 +hv — (CH,0) + Oy, AG® = 477.0 kDx/mMonb

[MpoTekaHne JaHHOrO OKUCNNTENBHO-BOCCTAHOBUTENBHOIO Npouecca (CBA3aHHOIo C
MEepeHOCOM 3NEKTPOHOB) BO3MOXHO 6rarogaps Hanmvuuio B PeakumMoOHHOM  LeHTpe
xnopodmnna Chl goHopa D wu akuentopa A 9NEKTPOHOB; MEPEHOC 3NEKTPOHOB

npoucxoauT B pesynbtaTte oToBO3OYKAEHMS MOSEKynbl Xropodunna:
DChIA + hv — DChI'A — DChI'A” - D'ChIA

BosHukaowme B AaHHOM npouecce 3apsbkeHHble ydactuubl DY n A npuHumarot
yyacTue B AanbHENLINX OKUCIUTENbHO-BOCCTAHOBUTESNbHBIX PEAKUMAX TEMHOBOW CTaguu

doTOCHHTESA.
2.3 KATAIIMTUYMECKUE NMPOLIECCHI

CKOpOCTb XMMWYECKOW peakuuM Mpuv OaHHOW TemnepaType onpeaensieTcs
CKOpOCTbl0 00Opa3oBaHWsi aKTMBMPOBAHHOIO KOMMEKca, KoTopasi, B CBOKW O4Yepefpb,
3aBUCUT OT BENUYMHbI 3HEPTUUN aKTUBaLUUN. BO MHOMMX XMMUYECKUX peaKUuUsiX B CTPYKTYpY
aKTUBMPOBAHHOTO KOMMMEKca MOryT BXOAUTb BELIECTBa, CTEXWOMETPUYECKUM He
SBMSAOWMECS peareHTaMmu; OYEBWAHO, YTO B ITOM Crlydae M3MEHSIETCA M BenuyMHa
SHEepruM akTMeBaummu npouecca. B cnyyae HanmMumsi HECKONbKMX MEPEXOAHbLIX COCTOSHUIA

peaKkuuna 6y,u,eT naTmn B OCHOBHOM MMO NyTU C HAUMEHbBLLUNM aKTUBaLMOHHbIM 6apbep0M.
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Kamanus - seneHue U3SMEHEeHUSsI CKOpOCmuU XUMUYECKOU peakuuu 8
rpucymcmeuu 8ewecms, COCMOSIHUE U KO/IUYecmeo KOomopbiX [rocre

peakyuu ocmaromecs HeuaMeHHbIMU.

PasnuyaloT MNONOXWTENbHbIM U OTpMUATENbHbIN  KaTanm3 (COOTBETCTBEHHO
yBenuyeHne U yMeHblUeHWe CKOPOCTU peakumm), XOTH 4acTo nog TepMuHoM "kaTtanus"
nogpasymeBaloT TOSIbKO MOMOXUTENbHbLIM KaTanua; oTpuuaTtenbHbld KaTanu3 HasbiBatoT
NHIMBMpPOBaHMEM.

BewecTtBo, Bxogdulee B  CTPYKTYpy akTMBMPOBAHHOIO  KOMMMeEKca, HO
CTEXMOMETPUYECKUN HE ABNAIOLLEECH peareHTOM, Ha3blBaeTcs Kamasusamopom. [Ana scex
Katanu3aTopoB XapakTepHbl TakMe obuwue CBOWCTBA, Kak cneumpuyHOCTb W
CENeKTUBHOCTb AeNCTBUS.

CreyuguyHocmpb kaTanusaTopa 3akni4aeTcsa B ero CocoBHOCTU YCKOPATb TOMBbKO
OfHY peakuuvio unum rpynny OOHOTUMHbLIX pPeakunin U He BIIMSATb Ha CKOPOCTb OpYyrnx
peakuun. Tak, Hanpumep, MHOrMe nepexogHble MeTannbl (NfaTtvHa, MeOb, HUKENb,
Xeneso u T.4.) SABMAAKOTCHA KaTtanusatopamn ANA NpoueccoB rMapupoBaHus; OKcuAa
antoMUHNA KaTanuanpyeT peakuuu rugpaTtauum u T.4.

CenekmusHocmb KaTanuaartopa - CoCOBHOCTb YCKOPSATb OA4HY U3 BO3MOXHbIX Npu
OaHHbIX YCNOBUAX napannenbHblX peakuun. bnarogapss 9TOMy MOXHO, MpPUMEHsS
pasnuyHble KatanusaTopbl, N3 OOHUX N TeX Xe UCXOAHbIX BelecTB nony4yatb pasfnnyHble

NPOAYKTbI:

[CU]Z CO+H, —» CHsOH [A|203]Z CoHsOH — CoH4 + H,O
[Ni]: CO+H, —» CH4+HO [CU]I CoHsOH — CH3CHO + Hs

MpuynHOM yBENWYEHMS CKOPOCTU peakumMm npu  MONOXUTENbHOM KaTanuse
ABNAETCA YMEHbLUeHMEe 3JHeprun axktmBauuMmM npu  nNpoTekaHuuM peakumm 4Yepes
aKTMBMPOBAHHbLIM KOMMIIEKC C y4acTuem katanusartopa (puc. 2.8).

[MockonbKy, cornacHo ypaBHeHU0 AppeHuyca, KOHCTaHTa CKOPOCTU XMMWUYECKOM
peakumMm HaxoguTCca B  IKCMOHEHUManbHOW 3aBUCMMOCTU OT BENUYMHbI  SHEPruu
aKTMBauuu, yMeHblUeHWe MNoCrefHen BbI3bIBAET 3HAYUTESTbHOE YBEerMYeHWEe KOHCTaHTbI
ckopocTu. [lencTBUTENbHO, €Cnu  MNPeanosioXuUTb, YTO  MNPeadKCrnoHeHunarbHble
MHOXWUTENU B ypaBHeHun Appenuyca (I1.32) ons katanutuyeckon u HekaTanuTU4ecKowm

peaKLu/u7| OnNun3kuK, To AN OTHOLLEHUSI KOHCTaHT CKOPOCTN MOXHO 3arnuncaTtb:

—Eax —AE,
e | R eX 11.44
RT J p( RT ) ( )
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Ecnn AEA = -50 k[)X/MOnb, TO OTHOLUIEHME KOHCTaHT CKOPOCTEN COCTaBUT 27+10°
pa3s (AenCcTBMTENbHO, Ha NPaKTMKe Takoe yMeHbLUeHne Ea yBenuunBaeT CKOpOCTb peakumm
npubnuantensHo B 10° pas).

HeobxoguMo OTMETUTb, YTO Hanuuue kKatanusaTopa He BIUMSeT Ha BeNUYuHY
M3MEHEeHNa  TepMOoAMHAMMYECKOro MoTeHuuana B  pesynbTaTe npouecca W,
cnepoBaTenlbHO,  HUMKAKOW  KatanuMsatop He  MOXeT  caenatb  BO3MOXHbIM
CaMOMpoOn3BOSIbHOE  MNpPOTEeKaHWe  TepMOAMHAMMYECKM  HEBO3MOXHOro  npolecca
(npouecca, AG (AF) kotoporo 6onblwe Hynd). Katanusatop He U3MEHSIeT BerMYuHYy
KOHCTaHTbl paBHOBECUA N5l 0bpaTUMbIX peakLuui; BMsiHME KaTanu3aTopa B 3TOM criyyae
3aKnN4YaeTCcHa TONbKO B YCKOPEHUN OOCTMKEHUS PABHOBECHOIO COCTOSIHUS.

B 3aBncumMocCTM OT (pasoBOro COCTOSIHMS peareHTOB W KaTanmsatopa pasnuyalroT

FOMOTFEHHbIN N reTEPOreHHbIN KaTanums.

A
E
AB#
E#
1) A+B==AB*——>C
2) A+B+K== ABK—>C
E,
EI/ICX
Enpop,

KoopavHaTa peakunm

Puc. 2.8 OJOHepreTnyeckass gnarpaMmma XMMMUYECKOW peakuun 6es

katanusartopa (1) 1 B npucyTcTBMmM Katanuaartopa (2).

2.3.1 ToMOreHHbIW KaTanus.

[OMOreHHbI KaTanuM3 — KaTanuTU4eckue peakuun, B KOTOPbIX peareHTbl U
KaTtanusaTop Haxoadatcsa B ogHou dpase. B crnyvyae romMmoreHHo-kaTanmTn4ecknx npoueccos
KatanusaTtop obpasyeT C peareHTamMmu NPOMEXYTOYHbIE PEAKLNOHHOCMOCOOHbIE NPOAYKTHI.

PaccMOTp1M HEKOTOPYHO peakuuio
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A+B - C

B npucytctBUM KaTanu3aTtopa OCYLIEeCTBAATCA [fABe ObiICTpO npoTekarowme
cTagun, B pesynbTaTe KOTOpbIX 06pa3yoTca YacTuLbl NPOMEXYTOYHOro coeanHeHns AK n
3aTeM (4epe3 aKTUBUPOBaHHbLIN Komnnekc ABK#) KOHEeYHbI nNpoayKT peakumm C

pereHepauuen katanmsaTopa:

A+K —» AK
AK+B —» C+K

MpumepoM  Takoro npouecca MOXeT CHyXuUTb  peakumsi  pasnoXeHus

aueTtanbgeruaa, aHeprus aktmsaumm kotopon Ex = 190 kx/monb:
CH;CHO —» CHs+ CO
B npucyTcTBMM napoB oda 3TOT nNpouecc npoTekaeT B ABe CTaauu:

CH3CHO + 1, — CHsl +HI+CO
CHzl+HI - CHs+ 1

YMEHbLUEHNE 3HEPrMM akTMBaLMM ITOM peakumMm B MPUCYTCTBUWM KaTanu3aTopa
coctaBnsaetr 54 k[k/Monb; KOHCTaHTa CKOPOCTU peakumMM npu 3TOM YyBEenMyYnBaeTCs
npubnuamtensHo B 10° pa3. Havnbonee pacnpocTpaHeHHbIM TUMOM FOMOrEHHOrO KaTanmaa
SIBNSAETCA KUCIMOTHbIA KaTanu3, NpyM KOTOPOM B PONM KaTanu3aTopa BbICTynakT WOHbI

Bogopoaa H'.
2.3.2 ABTOKaTanus.

ABTOKaTanu3 — NPoLecc KaTannTUYeCcKoro YCKOPEHUs XMMUYECKON peakumn OgHUM
M3 eé npoayktoB. B kayecTBe npvMepa MOXHO MPUBECTM KaTanuMsvmpyemyto MOHaMu
BOOOPOAA peakumo rmaponusa criokHblX 3adupo. Obpasyrowlasics npu ruaponuse
KucrnoTa auccoummpyet ¢ obpasoBaHMEM TMPOTOHOB, KOTOPbIE YCKOPSIOT peakumto
rmgponunsa. OcobGeHHOCTb aBTOKaTanMTUYECKON peakumyM COCTOMT B TOM, YTO JAaHHas
peakums NpoTekaeT C NOCTOSIHHLIM BO3pacTaHWeM KOHUEHTpauum katanusaTtopa. Moatomy
B HayanbHbI Nepuoa peakuun CKOPOCTb €€ BO3pacTaeT, a Ha MocreayrLlmMx cTagusix B
pesynbTaTe YyObiMM KOHLUEHTPauuu peareHToB CKOPOCTb Ha4YMHaeT YMeHblUaTbCs;
KMHeTMYecKkasl KpuBasi MpoaykTa aBTOKaTanMTUYECKOM peakumv WMEET XapakTepHbIN

S-o6pasHbin BMA (puc. 2.9).
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Puc. 2.9 KuHeTnyeckas kpuBasa npogykra

aBToKaTanMTU4ECKOM peakuunmn

\J

2.3.3 leTeporeHHbIN KaTanus.

FeTeporeHHb||7| Katanm3d — Katanmtunyeckume peakuunn, mnayuine Ha MnoBEepPXHOCTU

pasgena das, obpasyemblx KaTanvM3aTopoM W pearvpyroLliumin BellectBaMmu. MexaHnsm

rereporeHHo-kKatasimMTu4eCknx npoueccoB 3Ha4YunTesibHO bonee cnoxeH, 4Yem B cny4vae

rOMOreHHOro Katanmsa. B KaXgom reTeporeHHo-KaTanMTUY4eCKOW peakuum MOXHO

BblAENINTb KK MUHUMYM LLECTb cragun:

1.
2.

Anddysns ncxogHbIX BELLECTB K NOBEPXHOCTU KaTanusartopa.
Apncopbumsi NCXOAHbIX BELLECTB Ha MOBEPXHOCTU C OOpa3oBaHMEM HEKOTOPOro
NMPOMEXYTOYHOr0 COEeANHEHUS:
A+B+K —» ABK
AKTMBauma agcopbmpoBaHHOro COCTOAHNA (Heobxoammas Onst 3TOro 3Heprust ectb
NCTUHHAaA 3Heprnsa akTMBauumn npowecca):
ABK — ABK*
Pacnag akTMBMpPOBAHHONO KoMmmnekca ¢ obpasoBaHMeEM aacopbupoBaHHbIX
NpPOAYKTOB peakuuu:
ABK* — CDK
Hecopbumnsa NpoayKkTOB peakumm ¢ MOBEPXHOCTM KaTanuaaTopa.
CDK —» C+D+K

Andodysns NpoayKToB peakumm OT NMOBEPXHOCTU KaTannsaTopa.

Cneuudmyeckon OCOBGEHHOCTBIO reTepoKaTanuMTUYEeCKMX MpPOLECcCoB SABNSAETCS

CNocOBHOCTb KaTanmn3aTtopa K npoMoTUpoOBaHNIO U OTPaBJ1IEHUIO.

HpomomupoeaHue - YBE€JIn4eHne aKTMBHOCTU KaTannm3atopa B MNPUCYTCTBUU

BewecTtB, KOTOpble CaMh He 4ABNAKTCA KaTtanm3atopamMun OaHHOro npouecca

(mnpomoTopoB). Hanpumep, Ana katanusavpyeMon MeTanfimyeckum HUKenem peaxkuum
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CO+Hy;, » CH4+H)O

BBEAEHME B HUKENEBbIN KaTtanusatop HeGONbLLION NMpUMECK Lepusa NPUBOAUT K PE3KOMY
BO3pacTaHMI0 aKTUBHOCTU KaTanusaTtopa.

OmpaerieHue - pes3Koe CHWXEeHWe akTMBHOCTM KaTanusaTopa B MpUCYTCTBUK
HEKOTOPbIX BewecTB (T. H. KaTanuTuyeckux a40B). Hanpumep, ans peakuum cuHTesa
amMmMmmnaka (katanusatop — rybyaTtoe xeneso), MNPUCYTCTBUME B pPEaKLMOHHOW CMecu
COeOVHEHUI KMUCNOpOoAa UNU cepbl Bbi3blBAET PE3KOe CHWKEHME aKTUBHOCTU XeNe3Horo
KaTanusaTtopa; B TO e BpeMs CrnoCOBHOCTb KaTanusatopa agcopbupoBaTb UCXOOHblE
BELLEeCTBa CHMXaAETCH OYeHb HE3HAYNTENbHO.

Ona obbscHeHMss 3TUX OCOBEHHOCTEN reTeporeHHo-KaTannMTUYEeCKMX MpoLeccoB
. Tannopom O6bINO BbICKa3aHO crieayroliee MNpeanosioXeHne: KaTanuTU4ecKn akTUBHOW
ABNAETCA He BCS MOBEPXHOCTb KaTanu3aTopa, a NUllb HEeKOTOopble €€ yyacTKm — T.H.
aKkmueHble UeHMmpPhbl, KOTOPbIMU MOTYT SBMATLCA pasfiMyHble AedeKTbl KpUCTanm4yeckomn
CTPYKTYpbl KaTanusatopa (Hanpumep, BbICTyNbl nMBO BRaaWHbl Ha MNOBEPXHOCTU
KatanusaTtopa). B HacTosllee BpeMsa HET eQUHON TEeOpUU reTeporeHHoro katanusa. Ans
MeTannmyeckux katanmsaTtopoB 6bina paspaboTaHa Teopust MyrnbTuUnnetToB. OCHOBHblE
NOMNOXEHNA MyNbTUNNETHOW TEOPUM COCTONAT B CReayoLeMm:

1. AKTMBHbIN UEHTp KaTanus3aTopa npeacraBnseTr CcoboM  COBOKYMHOCTb
OonpeneneHHoro 4mcrna aacopObLUMOHHBIX LIEHTPOB, PACMONOXEHHbIX Ha MOBEPXHOCTU
Katanu3atopa B eOMETPUYECKOM  COOTBETCTBMM CO  CTPOEHUEM  MOJSIEKYbI,
npeTepnesaroLLern npespaLleHue.

2. lMNpu agcopbunm pearnpyrolnMX MOMEKyST Ha aKkTUBHOM LeHTpe obpasyeTcs
MYNbTUNNETHBLIN KOMMNIIEKC, B pe3ynbTaTte Yero NpoucxoguT nepepacnpenerneHne ceasen,
npuBoasiLiee K o6pasoBaHMO NPOOYKTOB peaKkumu.

Teopnio MynbTUNNETOB Ha3blBAlOT MHOrga Teopuen reoMeTpuyeckoro nogobus
aKTMBHOIO UEeHTpa W pearupyrowmnx Monekyn. [Ona pasnuyHbiX peakumi  4Yucno
afCoOpOUMOHHBIX LEHTPOB (KaXabl U3 KOTOPbIX OTOXAECTBSAETCA C aTOMOM MeTanna) B
aKTUBHOM LeHTpe pasnuyHo — 2, 3, 4 n 1.4. NogobHble akTUBHbIE LEHTPbl Ha3bIBAKOTCS
COOTBETCTBEHHO AybneT, TpunneTt, kBagpynnet u 1.4. (B obwem crnydyae MynbTUMneT,
yemy n o0bsizaHa Teopmnsa CBOUM Ha3BaHNEM).

Hanpumep, cornacHo Teopuv MyNbTUNNETOB, AernapupoBaHue npeaesibHbIX
OAHOATOMHbIX CAMPTOB NPOUCXOAUT Ha AybneTte, a gerMapupoBaHue LMKNorekcaHa - Ha
cekcteTe (puc. 2.10 — 2.11); Teopus MynNbTUMNNETOB NO3BOSIUMA CBA3ATb KaTanUTUYECKYH

aKTUBHOCTb METanNsoB C BENIMYNHON UX aTOMHOIO pagunyca.
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H—C H—C

LY — |

H H
Puc. 2.10 derngpunpoBaHue cnmpToB Puc. 2.11 [derngpuposaHue
Ha oybnete. LIMKITOreKkcaHa Ha CekcTeTe.

2.3.4 ®epmMeHTaTUBHbLIN KaTanus.

depMeHTaTMBHbIVM KaTanua - KaTanuTuyeckne peakumm, npoTekarLwme ¢ ydacTmem
depMeHTOB — OMONOrMYeckux katanusatopoB ©OenkoBon npuponbl. PepMeHTaTUBHbIN
KaTtanua3 MMeeT [Be XapaKTepHble 0COOEHHOCTH:

1. BbicOKasi akKmueHOCMb, Ha HECKONbKO MOPSAKOB MNpeBbilalowas akTMBHOCTb
HEeopraHMYecknUX KaTanmsaTopoB, YTO OOBACHAETCA OYeHb 3HAYUTENbHbIM CHUXKEHUEM
9HEprun akTMeBaumm npouecca gepmMmeHTamu. Tak, KOHCTaHTa CKOpPOCTM peakuuu
pasnoXeHna nepekncu Bopopoda, KaTanusmpyemon noHamu Fe2+, cocTtaBnaetr 56 c‘1;
KOHCTaHTa CKOPOCTWU 3TOW Xe peakuuu, Katanusampyemon oepMeHTOM KaTanasoun, paBHa
3.5¢107, T.e. peakums B MPUCYTCTBMM hepMeHTa NpoTekaeT B MUMIMOH pa3 GbicTpee
(3Heprum axkTmBauumn nNPOLECCOB COCTABMSAKT COOTBETCTBEHHO 42 u 7.1 k[x/monb).
KoHCTaHTbl CKOpPOCTM rMaponmM3a MOYEBUHbI B MNPUCYTCTBUM KUCMOTbl W ypeasbl
pa3nMYaloTcs Ha TpUHaAuaTb nopsigkos, coctasnsist 7.4+107 u 5¢10° ¢’ (Bennumna
9Hepruun akTusaumm coctasnset cootBeTcTBeHHO 103 n 28 k[x/mornb).

2. Bebicokas cneyugpuyHocms. Hanpumep, amunasa katanusupyeT npouecc
pacllenneHnsa Kpaxmana, npeacrtaenswowero cobon uenb OAMHAKOBLIX HOKO3HbIX
3BEHbEB, HO HEe KaTtanuaupyeT rmaporiv3 caxaposbl, MOSieKyna KOTOPOW COCTaBfeHa u3
FMIOKO3HOro U OPYKTO3HOro oparMeHTOB.

CornacHo O6LWWeNpUHATBIM NpeacTaBfeHnaM O MexaHusme (pepMeHTaTMBHOIo
Katanuaa, cybctpat S mn depMeHT F HaxogaTtca B paBHOBECMM C OYeHb ObICTPO
obpasyowmmca  pepmeHT-cybcTpaTHbIM  KOMMANekcom FS, KOTOpbIN  CpaBHUTENBHO
MeLneHHO pacnagaeTcs Ha NPOAYKT peakumn P ¢ BbigeneHnem cBobogHoOro oepMeHTa;
T.0., CTagms pacnaga pepmeHT-cybCcTpaTHOro KOMMMeKca Ha NPOAYKThl peakuumn SBnaeTca

CKOPOCTbOMpeaensoLWen (MMMUTUPYIOLLEN).

F+S & FS —» F+P
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MccneoosaHve  3aBUCMMOCTM  CKOPOCTU  (pepMeHTaTMBHOW  peakumm  OT
KOHUEeHTpaumn cybctpata npu HEUM3MEHHOW KOHUeHTpauum dpepmeHTa nokasanu, 4YTo C
yBenMYeHneM KoHUeHTpauum cybcTpaTa CKOpPOCTb peakumMy cHavana yBenuyuMeaeTcs, a
3aTeM nepectaet uaMeHATbea (puc. 2.12) M 3aBMCUMOCTb CKOPOCTW peakuun oT

KOHLeHTpauuun cy6CTpaTa onucbiBaeTcAa crnegyrowmm ypaBHEHNEM!

-1
V = Vimax [1+K"‘] (11.45)
Cs

3pecb K — KOHCTaHTa Mwuxaanuca, YACNEHHO paBHas KOHUEeHTpauuu cybeTpaTa
npn V = ¥Vhax. KoHCTaHTa Muxaanuca cny>XuT Mepon CpoAcTBa Mexay cybctpatom u
depmeHTOM: YeM MeHble K, TeM Bonblie ux cnocobHOCTb K 0Bpa3oBaHUO PEPMEHT-
cybCcTpaTHOro KoMmnsekca.

XapaKkTepHONn OCODOEHHOCTbIO AENCTBUS (DEPMEHTOB SBMISIETCA TaKKe BbICOKas
YYBCTBUTENBHOCTb aKTUBHOCTU (PEpPMEHTOB K BHEWHUM YycrnoBusM - pH cpeabl u
TemnepaTtype. PepmeHTbl akTMBHbl NUWb B JOCTAaTOMHO Y3KOM WHTepBane pH u
Temnepatypbl, npuyeMm Ana EepMEeHTOB XapaKTepHO Hanudne B 3TOM UWHTepBane
MakCMMyMa aKTUBHOCTU MPU HEKOTOPOM OMTMMarnbHOM 3HaveHuu pH mnu TemnepaTypsl;

No o6e CTOPOHbI OT 3TOr0 3HAaYEHUSA aKTUBHOCTb (DEPMEHTOB ObICTPO CHMXAETCS.

Vo
Vmax 7777777777777777777777
Va2 [~
. ! Puc. 2.12 3aBncnMoCTb CKOPOCTU
l depMeHTaTUBHON  peakuun OT
| > KOHLIEHTpaLmm cybcTpaTa.
Km CS





