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€IMHULYY MEHBILE, YeM OXUAACMBIH B COOTBETCTRUU C MEXaHU3MOM
peaKLMH.

XoTs GOBIUMHCTBO PeaKLIHI MOXHO OITUCATh KWHETHYECKHM yPaB-
HEHVIeM BUIa

w=k[lCr,

HM3BECTHBI pEaKIMHU, KHHCTUYCCKUE yPaBHEHUS KOTOPLIX TOpasio CJIOXK-
Hee.
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7.2.1. PeakilMu nepBOro mopajxa

TpuMepsl peakiTuil [IepBOTO MOPSIKA:
TEPMUUECKOE PAITOKEHME ALETOHA

CH;COCH; 5 C,H, + Hy + CO

MHBEPCHsI TPOCTHHKOBOTO CAaXapa B IPUCYTCTBUM KNCJIOTHI

-
C;pH»04y + HyO = 2CH|,O¢
PeaxIMst PATHOaKTUBHOINO pacrana
Ra - u+ FRn

[MomyyuM ypaBHEHNE 3aBUCUMOCTH KOHUCHTPALIMH UCXOIHOTO BE-
LIECTBA OT BPEeMCHHU I [IPOCTHIX W (HOPMANBHO MPOCTHIX peakunil
MEPBOTO MOPSIAKA: TOMOTEHHEIX, OXHOCTOPOHHHUX, IPOTEKAIOUIHX B
3aKPBITBIX CUCTEMaX MPU TIOCTOAHHOM TeMnepaType.

IInst 31eMeHTapHOM HeOOPaTUMON peakuny (Wi CTaauK) TIEPBOTO
nopsaka

A—>P

B COOTBETCTBUM C OCHOBHBIM IIOCTYJIATOM XMMHUYECKO#H KuHeTHkH (7.6)
KMHETHYeCKOE YpaBHEHHUE UMEECT BUI

w=k;Cy. 7.7y
CKOpPOCTb Peakluy COUIACHO olpenenenyio (7.2) pasna

w=~dCA ) (7.8)
dr

Toncrasnsist (7.8) B (7.7) moayynuM (MHIEKC A He yKas3aH):

_9C e (7.9
dr
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CootHolueHue (7.9) npeacrarister coboii mudbdepeHnnanphyio dop-
My KMHETHYECKOTO YpaBHEHWsI HEOOpaTHMOM peaKLiM nepBoro rnopsix-
Ka, OMUCHIBAIOLUET0 U3MEHEHUE KOHUECHTPALMHU PEarcHTa A BO BpEMEHH.

IMyrem nHTErpupoBadus (7.9) mo BpeMeHHW B mpemnesnax ot 0 go f v
o KoHUeHTpauuu ot Cy (KOHLEeHTpauus peareHta A nipu £ = 0) o C
(KOHLIEHTPALMsI peareHTa A B MOMEHT BPEMEHM {) MOTYyIUM HHTEr-
PaIbHYIO (POPMY KUHETUUECKOTO YPaBHEHUS 3JIEMEHTApPHOl peakn
NepBOro TOpAAKa:

1] C
k,dr:-d—c—, k,jd::-jig,
(5 0 C
OTKyIa
kit=1nCy - InC,
Wwin
1, C
k==In=2. 7.10
=2 (7.10)

HurerpanbHyio ¢dopMy KNHETHYECKOTO YPABHEHUS PEAKUMH Iep-
BOTO TIOPAIKA UCMOJB3YIOT MUIS1 06PabOTKH IKCTIEPUMEHTAIbHBIX AaH~
HBIX, HAMPUMEP A5l OTPeneTeHUsT KOHCTAHTH CKOPOCTH PEAaKLNH K.

Eciy HauaIbHYIO KOHIIEHTpaUMio peareHTa C; HEBO3MOXHO OMpe-~
NENATh, TO KOHCTAHTY CKOPOCTH PEaKUWH MepBOTO MOPAAKA MOXKHO
paccyuTarh 10 U3BECTHBIM KOHOCHTPALIWAM peareHTa Cl H Cz B MO-
MEHTLI BPEMEHH # U 15

Ha puc. 7.2 npencrasieHa KUHETH-
yeckast KpUBAs PEaKI[MK MEPBOTO TO-
pAKA B NOJNYIOrapuPMUMECKUX KOOP-
muHatax InC = f(¢). TaHnreHc yria Ha- InC
KJIOHA TIPAMOY OMpeendeT KOHCTAaHTY ¢,
CKOPOCTH peaklMy MEPBOTO MOpsiIKa:
tgg = —ky. ¢
PasMepHOCTb KOHCTAHTBI CKOPOCTH pe-
aKLWH TIepBoro nopsaka — ¢4, Mo, a7,
3Ha4YCHHE KOHCTAHTBI CKOPOCTH pe-
AKIUM 3aBUCUT OT €AMHUI, B KOTOPBIX
BbIpaXeHO BpeMs. Tax, 3HauUCHHUe k), BHI-
paxeHHoe B ¢!, B 60 pa3 MeHblLe, YeM
k,, BolpaXeHHoe B MHH™', n B 3600 pas Puc. 7.2. 3asncnmocts InC or

MCHBIIE, YeM K|, BbIPAXEHHOEe B 4!, BPEMEHH UL pEaKllM¥ nepBo-
U T.O. TO nopsiaka

!
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[Mockoneky B ypasHeHHe (7.10) KOHUEHTPallUH BXOJAT B BHIE OT-
HOLUEHUS, JUTS ONPeAe/ICHIUsI KOHCTAHTB CKOPOCTH MOXHO MCIIO/IB30-
BaTb HE TOJIBKO KOHIEHTPAIUY, HO U JTIOOBIC MPOIOPIMOHATBHbIE UM
BeJIMUMHBI, HAIIpUMEDP LaBJIEHHE, ONTUYECKYIO TIOTHOCTh, YO Bpa-
1EHUSA TUVIO0CKOCTH TOSIPU3ALIMU CBETA U T. ..

B xayecTBe KOMMYECTBEHHOM XapaKTCPUCTHKH CKOPOCTH PeaKunn
MIEPBOTO MOPsIKa BMECTO KOHCTAHTBI CKOPOCTH MOXKHO HCIIO/b30BaTh
BpeMsi (TIepHOT) TOMYITPEBPAIIEHUS WIH NPUMEHHUTEILHO K Peaklin-
sIM pacliafa — repuoa momypaciaga. Oco6eHHO YacTo 3TY BEIHMIMHY
UCTIONB3YIOT IIPHMEHUTENBHO K PeakidaM paJloakTHRHOTO pacTiaja,
KOTOphBIe TIPOTEKAIOT 110 KMHETUYECKOMY YPaBHEHUIO DEAKIUH TTEPBO-
TO mopsKa. BpeMs nomynpespatueHus (MIH [TOIypacana) ¢, paBHO
BpeMeHY, B TeUEHHe KOTOPOTO PEarMpyeT MONOBMHA MCXOTHOTO KO-
nudectsa Bewectsa. M3 (7.10) npu € = 0,5C) moRy9IaeM Jis BpeMeHK
[IOJTYTIPEBPAILECHUA 11, PEaklMK MEPBOro nopsiaxa

In2 0,693
(o 102,089, 0.1

W3 (7.11) cneayer, 4To 475 peaKLIMM [IEPBOTO IIOPANIKA BPEMH I10-
JIYTIPEBPALLEHHUS HE 3ABUCHT OT HaYANbHOW KOHIEHTPAIMH (WIH KO-
JIMYECTBA) UCXOMHOTO BELIECTBA; B TO € BPEMsl 7/, 06PATHO TPOMOp-
LMOHATBHO KOHCTAHTE CKOPOCTH PeaKUH.

7.2.2. Peakuus BTOPOr0 NOPAIKA

TIpuMepEI peakumnii BTOpOro nopsigka:
pa3noxeHue UOAKUIA BOZOPOIa

2HI = H2 + 12
OMBUICHHWE 3TUMANICTAaTA B LIEJOYHON cpele
CH;COOC,H; + NaOH = CH;COONa + C,H;0H

B ob1tieM Brne peakIiil BTOPOTo MOPSAKA MOXHO MPEICTABUTE CJIe-
YIOLIMM 06paszoMm:
A+B-o P
2A-> P,
aA + 6B > Py
PaccMoTpum nepBeTit cirydait, Korna aBa seiecTsa A 1 B Berymaor

B PEAKLHIO ¢ OBZMHAKOBOW HavyalbHOW KoHUeHTpamued Cg.
3amnunem KHHETHYeCKOoe ypaBHeHHe B IuddepeHimansHoit hopme

- = k,C2. (7.12)
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Paznenum nepemenHbie ypaBHeHUS (7.12), IPOMHTEIPUPYEM NIEBYIO
yacTb ypaBHeHust B Tipenenax ot Gy 1o C, NpaByIo YacTh B Mpeaenax ot
0 mo t:

1 1

CdC t
[ kfdr, kt==-——.
C{CZ ('; C G

TTony4rM HHTErpaabHy10 HGOPMY KMHETHUYECKOTO YPABHEHMSL:

111
k=L 1 7.13
) t[c Co} .13
WU
k2=C0~C,
GCt

rae Cy — KOHIEHTpaLus pearcHToB A U B B MoMenT Bpemenu 1= 0; C—
KOHIIEHTpalusA peareHToB A 1 B B MOMEHT BpeMeHH {.
VYpasuenue (7.13) MoxHO HpeoGpazoBaTb CIEOYIOIMM 0Opa3oM:

C
c=—2
1+ kotCo

Mcnonb3yst MONYYEHHOE YPaBHEHWME, MOXHO PaccuMTarh KOHLIEHTpa-
M0 pearnpyromux sewiects A U B B 1060it MOMEHT BpeMeHH £, €Clu
W3BECTHBI 3HAYEHHsI KOHCTAHTHI CKOPDOCTH PEaKIIMY M UCXOJHBIX KOH-
LEHTpaLUid peareHToB.

Ipaduyeckas 3aBucumocts 1/C = f(¢) U1 paccMaTPHBaEMOro THIa
peakunM NpeacrapicHa Ha puc. 7.3.

Pa3sMepHOCTh KOHCTAHTEI CKOPOCTH PEAKLHU BTOPOIO MOpsuiKa —
(Momb/M*) - ¢!, (Momb/m)™! My ¥ T.TL

3HaueHNe KOHCTaHTH CKOPOCTH PEaKIIMM BTOPOTO HOPAIKA 3aBM-
CUT OT BBIOOPA eAMHUL BpeMeHHY U KOHIIeHTpaunH. FosTtoMy npu onpe-
JIeJICHAN CKOPOCTH PEAaKLIMU BTOPOTO TO-
psiiKa KOHLICHTPALMIO HENb3sl 3aMEHATh |
Ha TIPOTIOPIIOHANBHBIE €/ BEAMYUHBL. €

BpeMsT IOTyTIpeBpallicHHs] TIOIYYUM
u3 (7.13) mpu C=0,5Cy:

1 1
Coky [+

b=

TakumM o6pa3omM, BpeMd NONYIIPEBpa-
[IEHMSE PEAKLMH BTOPOTO MOpsiKa o6paT- t
HO NPOTOPLUOHATbHO KOHCTAHTE CKO-  Puc. 7.3. 3aBucumocts 1/C ot
POCTH H HAYIPHO} KOHLIEHTPALIMU PE-  BpeMeHM /15 PEAKLMH BTOPO-
AreHTa. ro ropsgaxa
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7.4.1. TIpasuao Baur-Todda

CKOpOCTh GOMBIIMHCTRA XUMITICCKIX Peaklnil, KaK NPaBuwio, YBCIU-
YMBAETCH C TIOBBIICHNEM TEMIIEPaTyphl. FIMEHHO IO3TOMY HaTrpeBa-
HHE TIPENCTaBIseT OO0 NPUEM, PacpPOCTPAHEHHBIH B XUMNYECKON
npakTHKe. (IIoHnkeHNe CKOPOCTH peakUMH C YBeAdueHHEM TeMIIepa-
Typhl, KaK HallpuMep, i peakuuu okucaedns NO 8 NO,, ssistercd
CYMMAapHBIM PE3Y/IbTATOM CIOXHOU peakuuy U HalJIIonaeTcss KpaiHe
PEIKo.)

CoOrnacHoO OCHOBHOMY MOCTYNaTy XAMHYECKON KUHETUKH (7.6),
CKOpOCTD PeakLyy onpeacsieTcs NPou3BecHUeM:

w=kCACP.

TakuM o6Gpa3oM, TeMIepaTypa MOXET OKA3BIBAaTh BIUSHME HA CKO-
POCTb PEaKUMH, U3MEHSs KOHLEHTPALWH, TIOKA3ATeIN CTETIEHU 7y, 1y
1 KGHCTAHTY CKOpPOCTH k. Kax NOKA3bIBAET OMNBIT, OCHOBHOE B/IIUAHUEC
TEMIIEPaTypa OKasbiBaeT Ha KOHCTaHTY CKOpocTH. IToaToMy, paccmar-
PHBas BAMSHUC TEMIIEPATYpPhl Ha CKOPOCTH, MMEIOT B BUAY BiAMSHME
TEMIIEPaTYphl Ha KOHCTAHTY CKOPOCTH PeaKLlMy.

B,Ilﬂ TOMOTSHHBIX pCaKL{Plﬁ, NPOTEKAKUIWUX TP OOBIYHEIX TEMTIE-
parypax (1< 373 K), ¢ nosltueHueM Temneparypsl Ha 10 K ckopocts
peakUy yBeMyuBaeTcs B 2—4 pasa. 3Ta 3aKOHOMEPHOCTb M3BECTHA
Kak npasuno Banm-Togpa:

krao _yoo_a (7.15)

OTHoOIIeHHe KOHCTAHT CKOpOCTel, HallIEHHBIX /IS TaHHOHW peak-
1uny opu Temneparypax (7 + 10) u T Ha3wIBaIOT TeMMEPaTYPHBIM K02(-
GUIMEHTOM Y CKOPOCTH PEAKLIUU.

TTOCKONBKY TeMIlepaTypa MOXeT M3MEHATHCS He TOJbKo Ha 10 K,
MOXKHO 3aImicaTh OTHOLIEHUE KOHCTAHT CKOPOCTEH MpU JIIOGLIX ABYX
TEMIIEpPATYpaXx, BEIPA3KB €r0 Yepes TeMMeparypHuiil Ko3dduimeHT:
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krao _ oy BT

% ST

npyu 3TOM # MOXET OBITE KaK HneabliM, TakK U ﬂpOGHbIM YHCJIOM, T.€.
UHTEPBAT MEXIY TEMICPATYPAMU He 00S3aTENBHO JODKEH OBITh KpaT-
HBIM [JECHTH.

TMob3ysace 9TMM TPABWIOM, MOXHO OUEHUTH M3MEHEHHE CKOpO-
CTH PeaKiivy L JI060r0 HHTEpBaia U3MeHeHus TemMniepaTypt. B cpea-
HeM IS XMMUYECKUX peaklmil ¥ = 3. DTo 3HAuMT, 9TO IPH YBEIHYE-
HUU TeMmepatypsl oT 293 no 373 K nipu y = 3 cKOpOCTh peaxiiuu
BO3PACTET B Kyp3/kngy =17 ~ P/ = 38 = 6561 pas.

[IpaBwio Baur-T'odiba HocHT BecbMa IpUOIKeHHBIH xapakTep. OHo
OBUIO YCTAHOBNEHO Ul PEaKUMil B pacTBOpAX, MPOTEKAIOWIMK IIPU
CPaBHUTENRHO HU3IKHX TeMiepaTypax. [Ipy nossHUCHUY TeMITepaTypBl
K03 hUIMEHT Y YMEHBIIACTCS M CTPEMUTCS K EAUHMIIE.
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7.4.2. Ypasnense AppeHuyca

Bojiee TOYHO 3aBHCHMOCTH KOHCTAHTH CKOPOCTU PEAKIIMH OT TEM-
TepaTyphI OIUCHIBAETCA YpaBHEHHEM AppeHuyca (1899):

k= Aexp[-E/(RT)], (7.16)

rae k — KOHCTaHTa CKOPOCTH peakluy; T — abCcosIOTHas TeMItepaTy-
pa; R — yHUBepcanbHas ra3oBast IIOCTOsIHHAS; A — [IPEA3IKCIOHEHIIN -
ATLHBIA MHOXUTE/b; £ — SHEPrust aKTHBALlMH.

B ypaBHeHHH AppeHuyca A, £ — KMHETHYECKUE MApaMeTphl, He
3aBHUCALIVE OT TEMIIEPATYPBI.

KonwuecTBeHHAS 3aBUCHMOCTh KOHCTAHTEI CKOPOCTH PEAKIHH OT
TeMITepaTypsl Gbina Briepsuie nonyyeHa B 1884 rr. 51. Banr-Toddom,
KOTOPhIii, OCHOBHIBASICH HA H3MEHEHH Y KOHCTAHTEI PABHOBECHS C TEM-
HepaTypoi, yKasai, 4To NoRoGHOE COOTHOLISHHE JTOKHO COXPAHSATHCS
M U1 KOHCTAHTH CKOPOCTH PeakKInu.

Hcnone3ys cootHomenue (7.14), ypapHeHne uszobapbl Bant-T'od-
¢a 118 sMeMeHTapHON CTaAMM MOXHO NPEACTaBUTL B BUIE

dinK _ AH, _dlnk dlnk,
dT ~ RT? 4T d7r
A. Banr-Todd (1884) mpearionoxut, 4To TeIIoBoi adibekT peax-
uvu AH, = E| - E,, rue sHeprus E; XapaktepusyeT npsamyio, a E, — ob6-
paTHYIO peakiuio. Toraa, ucroms3ys ypaBterue (7.17), MOXHO 3anvcarb
dlnk; E dlnk, F,

= B = B
ar R Tar CRETY

(7.17)

rue B = const.
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C. Appenuyc nokasai, 410 B =0 u nosromy

dink  F
ar "R 718
CoorHowenne (7.18) — ypaBHeHue Appenuyca B auddepeHu-
ATBHOM opme.
EaBMCpHOCTb sHeprun E — JIx/Mob.
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JI71st IPOCTRIX peaKuUM U SIEMEHTaPHBIX CTAAUMN CIIOXHBIX peakIMin
CI)PI3PI‘[6CKHI7I CMBICN 3HEPIrUN aKTWBALIMH COCTOWUT B TOM, UTO CKO-
POCTb pECAKUHU OIPCAECNAIOT MONCKYABI, IHEPIrUs KOTOPBIX DoJbIIIe
HEKOTOPOTO OIPEACIICHHOTO 3HA4YCHHU. YacTUIBI, SHEPTUS KOTOPBIX
Gonblle WM paBHa E, Ha3bIBAIOT dkmugnsimu, a iapamerp E B cBA3H
C STUM HAa3BIBAIOT JHepeuell axmugayuy. DHEPrHs aKTUBALINA — 310
U30BITOK IHEPTUM, KOTOPBIM JOJIKHBI O0IaaTh pearupyiolliue YacTu-
1bI, YTOOBI BCTYIMTL B XAMUYECKYIO PEAKLIMIO (IIPEOA0NIETh IHEPreTH-
qeckuit 6apbep). PU3HMIECKIT CMBICT JHEPIMH aKTHUBALMNA MOXHO I1PO-
WUIOCTPUPOBATh CXEMOW, TIPEACTaBIeHHO Ha pHc. 7.4,

Ha puc. 7.4 no BepTHKANBHOM OCH OTIOXEHA SHEPTHS PacCMaTpu-
BaeMoit CHUCTEMBI, IO FOpMSOHTaJ'IbHOﬁ — IIYTb pEaKUNH. XHUMHUecKas
peakius MPEACTABIACTCA KaK MePeX0A CUCTEMB H3 SHEPTreTHICCKOTO
cocrositius | (peareHThI) Yepe3 sHepreTuyeckuit 6apoep II1 B cocTosi -
uue II (mpomykrer). Ecnu mpamas peaxuus (1epeXon M3 COCTOSAHUS | B
cocrosiivie 1) aBnsercs 3K30TEPMUUECKON (MPOUCXOAMUT ¢ BHIACAC-
HUEM TEIUIOTHI), TO OOLLMI 3anac IHEPIrUY NMPOAYKTOB PEaKIIMN MEHb-
111e, YeM UCXOMHBIX BEILECTB, T.€. CUCTEMA B PE3YJIBTATE 3TOH Peakluu
[epexoAuT Ha 0oJiee HU3KMIA SHEpreTUyeckuit ypoBeHb. YposeHs 111
onpenesiseT TOT HAMMEHDbLUUH 3al1ac 3HEPIruu, KOTOPhIM AOJLKHL! 001a-
JaTh MOJEKYB, YTOOH MX CTOJKHOBEHUS MOTIH NPHUBECTH K XUMM-
JecKoMy B3anMoneiicTerio. PazHocts Mexmy yposHeM 111 11 ypoBHem 1
COOTBETCTBYET SHEPIMM aKTUBALMM NpPSIMOM peakuuu E|, a pasHOCTh
Mexay ypopasamy 111 u 11 — sHepruu akrrpauny obpaTHO#N peakiivu E,
(mepexon u3 cocrostaus 11 B coctostnue 1), TakuM o6pasoM, Ha ITyTH
U3 MCXORHOTO coctossHusl | B xoHeuHoe 11 (M HaoBopor) cucrema

111

DHepras
5

H Puc. 7.4. DHepreTuyeckast cxema XUMH-
TIyTh peakumnu YECKOH peakuuu
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JIOJKHA [TPEOONIETh IHEPreTHIeCKui 6apeep. Ha 310 criocobHbI TOJIBKO
AKTUBHBIE MOJICKYIIBI, 06Tamaionine HeOGXOMRMbIM U30bITKOM SHEPTHH.
Kak cnenyer u3 puc. 7.4, Ternosoit 3¢ddekT npolecca paBeH PasHOCTH
SHTAABMUN MPOAYKTOB peakLMU ¥ UCXONHbIX Beluects AH, = Hy — Hy,
OTCUMTBIBAEMBIX OT 3HAYCHWA, IPHHATOTO 3a Hynesoe (H = 0), u pa-
BeH PasHOCTU SHEPTUH aKTHBAIUH TIPsiMoit 11 oBpaTHoit peakuil AH, =
=E - E,.

DHeprus akKTHBAIIMH — XapakKTePUCTHKa KaxXIoH peakuuu. Peak-
1St MOXeT MPOU3OITH TONIBKO B TOM CJIy4ae, €ClM SHEeprus MONEKy
peareHTOB JOCTHTHET SHEPIMM aKTUBALUH. B COOTBETCTBHY C ypaBHe-
HUeM AppeHuyca (7.16) 4eM MeHBbllle 3HepIUd aKTUBALMHU (T.€. 9eM
HIXKE TIOTCHIMATBHEIR Gapbep), TeM 60bllie KOHCTAHTa CKOPOCTH U
COOTBETCTBEHHO CKOPOCTb XUMWYeCKON peakuuu. B To xe Bpema yem
BBIIE 3HEpPrus aKTUBALKUH, TeM B GONblLUCi CTETIEHN KOHCTaHTa CKO-
POCTU U COOTBETCTBEHHO CKOPOCTD PEAKLIUH 3aBUCAT OT TEMIIEPATYPHI.

VpaBHenue (7.18) MOXHO NMPOHMHTETPUPOBATh, MPUHUMAsA, YTO
JHePrys aKTyBaluyu E He 3aBUCHT OT TeMIiepaTypbl. B pesynbrarte Heo-
1peqeIeHHOr0 HHTETPUPOBAHUS MTOTYYNM

E
Ink RT+lnA, (7.19)
roe InA4 — KOHCTaHTa HHTETPUPOBAHUSA, HE 3aBUCSLLIAsT OT TEMIEPaTy-
pbl. OUEBHIHO, YTO HHTETPATbHYIO (HOPMY YpaBHEHUS APPEHUYCa MOX-
HO TIOTYYMTb, Jorapudmupys ypasHenue (7.16).

VYpaBHeHUe AppeHUyca MOATBEPXKAACTCS OOJIBIIMM JUCIA JIKCTIe-
PUMEHTATBHBIX AAHHBIX, OTHOCSIIUXCS K Pa3INYHBIM PEaKLIuAM KakK B
razoBoi (ase, TaK U B pacTBOpax. 3aBUCHMOCTb KOHCTAHTbI CKOPOCTH
OT TEMIIEPATYPHl MOXET BBHIIONHATHECS U B Clydae MHOTOCTaZUHHBIX
CJIOXHBIX IIPOLIECCOB, KOIIA KOHCTAHTY CKOPOCTH PEAKLUH MOXHO
BBIPA3NTE Yepe3 KOHCTAHTLI CKOPOCTEH OTIENbHBIX CTaaM il B BUIE IIPO-
W3BeAEHUS WM OTHOWIEHHUS. B Takux ciiydasix napamerp E'B ypaBHeHUM
AppEHHYyCa HE HMEET MPOCTOTO (PU3UIECKOTO CMBICIA U ABJISAETCA He-
KOTOpO# (yHKUMEH SHepTHil aKTHBALMH OTIENbHbIX 31€MEHTAPHBIX
craguit. TeM He MEHee W B 3THX cllydasiX napameTp £ MpUHATO Ha3bl-
BaTh SHEPTUEN AKTUBAINK, XOTA [IPABUJILHEE Ha3bIBATh €TO hdeKTHB-
HOW WJIH OMBITHOH (3MNUPHYECKONA) DHEPTHEH aKTUBALIMH. VI3BECTHBL
peakiliu, IUIST KOTOPEIX YpaBHEHUE AppeHUyca He BBIOHAETCS.
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7.1. OcHOBHBIE MOHATHA

Xumuveckas Kunemuka N3ydaeT 3aKOHOMEPHOCTY MTPOTEKAHUA PeaK-
I BO BPEMEHU. DTO HAyKa O CKOPOCTAX U MEXaHU3MAaX XUMUYECKUX
npespawesuit. OcHOBHAS 3al1ada XUMUYECCKON KMHETHKH 3AKII0YAET-
Csl B YCTAHOBJIEHUH CBSI3M MEXIY CKOPOCTBIO XUMUUECKOM PEaKLIUK K
YCIIOBHSIMH €€ TIPOBENEHUs. TeM caMbIM XMMHYECKasi KWHETHKA OTIpe-
JIeNISIeT YCIIOBMST OCYINECTBIEHUsA PA3MUYHBIX XMUMWYECKUX DEaKLIMii,
MPWHIMITUATBHAS. BO3MOXHOCTH KOTOPBIX YCTAHOBJIEHA TEPMOAUHAMU-~
4ecKH. XUMUYEeCKasi KUHETHKA CTPEMHUTCS PACKPBITh MEXaHU3M XUMU-
4eCKUX PEakIIMii, T.¢. BRIICHUTD, U3 KaKWUX 3JEMEHTapHbIX CTAINi co-
CTOMUT XMMHYECKUIH TIpoliece, KaK 3TH CTAaJHM CBS3aHBI MEXTY COOOH,
Kak#e MPpOMEXKYTOUHBIC YaCTUTIBI MPUHUMAKOT YUaCTHE B pCaKllMH.

PaccMOTpUM OCHOBHBIE MOHATHSA, UCMOAb3yeMbIE B XHUMUYECKOH
KHUHETUKE.

Daemenmapnwil axm (3AeMeHmApHAn cmaous) XUMHUIECKOH peak-
UMK — TIpEBPALICHVE OMHOM MM HECKOIBKMX HaXONSILIMXCS B KOH-
TAKTE YacTHIl (MOJIEKYN, PAIHKAJIOB, MOHOB) B APYrHe YacTHULBl 32
Bpemst mopsinika 10713 c.

Mexanusm XMMUMECKON PeakUMH ~- COBOKYTTHOCTD J€MEHTAPHBIX
CTAaIWii, U3 KOTOPBIX CKJIANBIBACTCH MPOLECC IIPEBPALICHUS MCXOMHBIX
BEIIECTB (PEAareHTOB) B KOHEUHBIC BEIIECTBA (IIPOXYKTHI).

Kunemuueckan cxema XWUMAYECKOM PEAKLIMM — COBOKYITHOCTB NIpe-
MojIaracMBIX 3JIeMEHTAPHBIX CTAAHi, U3 KOTOPBIX CKJIANbIBAETCS CyM-
MapHBI XMMWYECKHUH TpoLece.

Ilpocmas peaxuus -— OOHOCTAIWAHBINA, ODHOCTOPOHHUI XMMUYE-
CKMH mpolecc; B MPOCTOM PEaKIMK OCYLIECTBIACTCA SIEMEHTapHBIN
aKT B3aMMOIEMCTBUSA MEXIYy MOJEKYIaMH C NPEONOJIEHUEM OXHOTO
3HepreTuyeckoro Gaprepa. flpocras peaklinsi COCTOUT U3 OAHUX U TeX
KE NEMEHTapHBIX aKTOB.

[Tpomeswcymounsie yacmuyst — 4JacTUUBI, oOpasylollUecs B OTHUX
CTANMAX XUMUYECKOT0 Mpoliecca K pacxonyiouuecd B apyrux. [Tpome-
KYTOUHBIMM HACTULIAMH MOTYT ObITh YCTOHUMBBIE MOMEKY/IB U HOHBI,
HEeYCTOMYMBbIE CBOGONHEIEC PaMKAAbl M HOH-DaIMKAIbL.

B 3aBHCHMMOCTH OT (1)3301301‘0 COCTOSHUA UCXOAHBbIX BEUIECTB U [IPO-
/YKTOB PEaKU¥H Pa3luyaioT FOMOIeHHbIE U reTePOTeHHbIE PeaKUHH.
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Tomoeennas xuMIdecKas peakuusi 1IpOTeKaeT B OIHOU dase: B cMe-
CH Ta30B, B XMIKOM pacTBOpPE WIH B TBEPAOH dase. Temepocennas xu-
MUYecKas peaklnsl MpoTeKaeT Ha TpaHHlie pa3fena ¢a3s: IByX TBep-
ABIX, TBEPAOM M XKHUIAKON, TBepAoit M razoobpasHOil, ABYX XUIKHX,
XKUAKOM U ra3o00pasHoii. [omoeenno-zemepoeeHnas XUMU4ECKAast PeaK-
¥ — CJIOXHAS XMMUYeCKasl peaklius, B KOTOPOW OIHU CTaa{H SBJIS-
I0TCSl TOMOTEHHBIMH, a JIPYTHe — IeTePOTeHHBIMU.

Kpome Toro, B XUMHUYECKOH KMHETHKE PEAKIMH KNACCH(UIIUPYIOT
IO TAKOMY KMHETUMECKOMY TapaMeTpy, Kak MOJIEKYJSIPHOCTh.

MMelcy/mpanmb peakuun — YUCJI0 YacTHll, NPUHUMAKIUNX yJac-
THUE B SJICMCHTAPHOM aKTC XUMHUYECKOH PpEakuiu. MOHUMOﬂeK?y/I}ZpHa}l
peakuusa — TIPOCTas Peaklysi, B 91€MEHTapHOM aKT€ KOTOPOH yda-
cTBYeT TOMBKO OfHA YacTuna. HammpuMep, 3TO peakiifisi pasjioXeHUS
aretona C;HgO — C,H,y + Hy + CO. Bumonexyaspras peakuusi — mpo-
CTasl PEAKLIMsl, B AIEMEHTAPHOM aKTe KOTOPOI TIPUHMMAIOT YJacTHE [IBe
vactuusl, Hanipumep 2HI — H, + 1. Tpumonexyaspraa peakivst — 1po-
crad peakuus, B 3]EMEHTAapHOM aKTe¢ KOTOPOH IMPUHUMAKT yyacTue
TPH YacTulpl, Harpumep 2NO + O, - 2NO,. YuacTue 60JIbIIEro YUC-
Jla YaCTHII B OHOM 3JIEMEHTAPHOM aKTe MAaJIOBEPOSITHO.

Cropocmp XAIMUUECKOH peakI[MM — U3MeHeHUe KOJNMYECTBa Belle-
CTB4, BCTYTAIOLIETO B PEaKIlMio WIH O0pa3yIHerocs B pe3yabTate
pe€akLMd B €AUHULY BPEMEHH B €AMHWULIE obpeMa:

eyl dn (7.1)

s

TAC #; — YHCJIO MOJei (WIH MOJNeKy/1) KOMIIOHEHTa / B obbemMe V.

VpaBHeHue (7.1) UCHOMB3YIOT €O 3HAKOM IUIIOC, €CJIM CKOPOCTh
ONpPENENsAIoT 10 TPOAYKTY PEaKlHH, U CO 3HaKOM MHIHYC, €CIH CKO-
POCTB OMPEJENSIIOT MO peareHTy (MCXOTHOMY BEILECTRY). YpaBHeHMe
(7.1) ABNsIETCS CTPOrMM ONpPENENEHUEM CKOPOCTH DEaklWM Io oTpe-
e/ ICHHOMY KOMIIOHEHTY, NPUIOAHLIM B OOLUEM CITy4ae U A1 CHCTe-
MBI IEpEMEHHOTO ofbeMa.

INpu nocrosHHOM 06BeMe OTHOWEHHE 1,/ V= C; — MOIIpHas KOH-
IEHTpaLUsl KOMIOHeHTa /. TakuM 06pa3oM, CKOpOCTh FOMOTEHHOH
XUMHYECKOH peakuuu, nporekalomeﬁ B SHKPBITOﬁ CHCTEME MPHU T10-
CTOSHHOM OGESMC, N0 ONPENCIIEHHOMY KOMITOHEHTY MOXET OBITE pac-
CYUTAHA KAK [IPOM3BOIHAS OT KOHLEHTPALUHY 3TOM0 KOMIIOHEHTA M0
BPEMEHH:

1(n dG;
w=+—| L2 (7.2)
dr
CKOpOCTb PeaKliny B LIEJOM W ¥ CKOPOCTb W; 10 OTAETEHOMY KOM-
MOHEHTY | B CJIy4ae, KOTJIa peakliust MOXET ObiTh OITMCAHA OAHUM CTe-
XUOMETPUUECKIM YPaBHEHHEM, CBSI3AHBI CSNYIOLIMM 00pasoM:
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w=w/vi, (7.3)

TIE Vv; — CTEXHOMETpUYeCKUi KoadpULIMEHT KOMIIOHEHTA i B ypaBHe-
HUU XMMUYECKON PeaKIliH.
Hanpumep, cKOpOCTb peaklK1

aA +bB - cC+dD (7.4)

MOXeT OBITb BHIPAXKEHA Yepe3 KOHUEHTPALMM COOTBETCTBYIOLIMX Be-
LLECTB:
e 1dC,  1dCy  1dC:. _1dGy
a dr b dt ¢ dt d dt’

Eciay B 3aKpHITO# CHCTeME TIPH IIOCTOSHHOM O0BEME MPOTEKAcT
FOMOTEHHAS] PEaKLIMs, OTIUCHIBACMAst OTHUM CTEXUOMETPUIECKHM yPaB-
HEHKEM, TO TS OIHO3HAYHOTO ONPENENIeHHs €€ CKOPOCTH JOCTaTOYHO
CneauTh 32 U3BMEHEHHEM KOHUEHTPALKA KaKoTo-Tnb0 OMHOTO KOMITO-
HeHTa. MI3MEHEHUs KOHLIEHTpaHil IPYTUX YYaCTHUKOB PEAKIIMU MOX-
HO HAWTH MO COOTHOMICHISIM CTEXHOMETPHIECCKHX KO3PPHIINEHTOR.
Tak, cKOpOCTb PacCMATPHBACMOI PEAKITAHN MO KOMIIOHEHTY A:

ac,
dr
CBA3aHa CO CKOPOCTMU TI0 APYTHM KOMITOHEHTAM COOTHOLUCHUEM

Wa =

_dCy adCy _adCc _adCp

"ATTTH TR ar e dr d dr

TakuM 05pa3oM, 3a CKOPOCTBIO PeaKIINH MOXHO CJIENUTD I10 JII000MY
BELIECTBY W BHIOOP OGYCITIOBIEH yNoGCTBOM M3MepeHusi. B xone peak-
UMM M3MEPHIOT KOHLEHTPALMM WIH CBOWCTBA BElIECTB YYACTHHKOB
peaknuun, NnponopuuoOHAIBHBIE UX KOHICHTPAIAM, B OTIpENEeNEHHBIE
MOMEHTBI BpeMeHU. MOXHO TIPHMEHATh XHMUYeCKne N pu3ndecKne
meTonpl. TIpH HCIIOMB30BAHNH XHMIYECKIX METOOB ONPEHEIICHUS KOH-
UEHTpauyy (HaTpUMep, TUTPOBAHMS) PEAKLIUS JOJLKHA GBITH OCTAHOB-
neHa. Pusudeckne MeToas! (U3MepeHUe 31eKTPHIECKoil MPOBOINMOCTH,
yria BpALUEHUS TUIOCKOCTH MOJSIpU3aliil U T.X.) aeastotca Goree
NpPeANOYTUTEIBHEIMM, TAK KaK He TPeOYIOT OCTAHOBKU PEAKLIMM.

B mpotiecce onpeeneHUsT KOHLIEHTPAMKH KOMIOHCHTA B pasind-
HBIE MOMEHTRI BpeMEHH moay4aioT 3aBucuMoctb C = f(r). I'paduk 3a-
BUCHMOCTH KOHUeHTpauun C peareHta WIH I[IPOXYKTa OT BpeMeHH
HA3BIBAIOT KuHemuueckod Kpugod. KIMHETUYECKYI0 KPUBYIO 0OBITHO CTPO-
AT B KOOPAUHATAX KOHLIEHTpaIusi — BpeMst C = f(¢f) nnv pyHKuMs KoH-
uenTpauuu —Bpems InC = f(1), 1/C = f(1).

JKCIEPUMEHTAJIBHBIE 3aBICUMOCTH KOHUEHTPALIMA OT BPEMEHU
MOTYT OHITh TIPEACTABJIECHB] U B BHAC AHAIUTHYCCKOTO YPABHEHUS —
ypaBHEHHUsI KMHETUYECKOH KPUBOMA.
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CKOpoCTh peaklLMH 110 ZaHHOMY KOMITIOHEHTY B JaHHBIii MOMEHT
BpeMeHN (I depeHLNaTbHYI0, HCTUHHYIO CKOPOCTb) OTIPeNessiioT
audepeHtuposadueM 3apucuMoctn = f(r).

Ecnu 3asucumMocts C = f(f) npenctasieHa rpaduyecku, TO UCTHH-
Had CKOPOCTB PeaKlIMM TI0 OIpeNcNeHHOMY KOMIIOHEHTY paBHa TaH-
TEHCY YIJ1a HAKJIOHA KacaTeTbHOW K KHHETUUECKOH KPUBOI 3TOTO KOM-
TIOHEHTA B TOYKE, OTBEYaIOLleil BHIOpAHHOMY MOMEHTY BPEMEHH.

Ha puc. 7.1 npeacrapneHbl KUHETUMECKME KPUBBIE peakund A — B.
KoHueHTpams nexoaHoro BelecTsBa A (KpuBasi [) yOBIBaeT BO Bpe-
MEHM, KOHIEHTpaIMs mpoaykra B (kpusast 2) pacTeT 10 HEKOTOPOTO
npedenpHoro sHadeHus. (Ecnw peliectBo B MprcyTCTBYET B peakilMoOH-
HOIt CMECH B HAYATBHBEIH MOMEHT BPEMEHH, TO KMHETHYECKAs! KPUBast
HAuUWHAETCs CO 3HauYeHMs, OTBEYAIOILErO HaYa/lbHON KOHLIEHTPAIllny
komnonenTa B.) CornacHo ypasHenuto (7.2):

dCy dCy
Wa = — =1g0, Wwg = =1gB.
A &t g B dar 8B
CpenHsst cKopocTh W, HalpuMep, IO PeareHTy A 3a HHTepBaJl Bpe-
MeHH (f, — f;) paBHa

G-C  AC
W= et =
-t At

rne C,, C, — KOHHEHTpAllUA pearcHTa A B MOMEHT BPEMEHH %, U 1,
COOTBETCTBEHHO.

OnpenesuB CKOPOCTh PEAKUMU N0 KAKOMY-1M00 KOMIIOHEHTY, IO
COOTHOLWWEHUIO (7.3) BBIMUCILIIOT CKOPOCTH PEAKUNU B HETOM.

MareMaTuyecKOe COOTHOLICHHE, BHIPAXAIOIICE 3aBUCUMOCTD CKO-
POCTH XMMHYECKOH Peakiiiy OT KOHIECHTPAIUY PEArcHTOB, HA3BBAIOT
KUHemu4eckum ypasHeruem XMMuueckoi peakuuu: w=f(C,, G, ..., C,).
B 3aBUCHMOCTH OT peakIiny (PyHKLUS f MOXKET ObITE GoJlee WIN MeHee
CIOXHOIA. JIIst 31eMeHTapHBIX PEeaKLUMi TEOPETUYECKUM COOTHOLLEHH -
€M, BBIPAXAIOLINUM 3aBUCHMOCTD CKOPOCTH PEaKLNU OT COCTAaBA Peak-
LIMOHHOM cMecH, SIBIsieTcsl KUHCTUYECKOS YPABHEHUE, HA3bIBAeMOe
3aKOHOM OelicmByiouux macc.

C

Puc. 7.1. 3aBUCHMOCTH KOHIIEHTPALIMH
1 HCXOIHOTO BelllecTsa () U MpomyKTa
P peakmuu (2) OT BpeMeHH
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Ilna sneMeHTapHO#M peakiuy (7.4) 5TOT 3aKOH 3aluCHIBAIOT B BUAE
w=kCiCh, (7.5)

re k — KOHCMAaHma ckopocmu peakyuu; a, b — CTeXHOMETpHYECKNE
K03GOULMCHTHE (LIEBIE TIOJIOXKUTEIBHBIE YNCAA).

TakuM 06pa3oM, CKOPOCTh ITEMEHTAPHOW XUMUUYECKOMA peakunuy B
KaXJIbIil MOMEHT BpEMEHHN MPONOPLHAOHATIbHA NPON3BEICHUIO TEKYIIIHMX
KOHIIEHTPAIIMI pearnpylouivX BEIECTB, BO3BENEHHBIX B CTEIICHH, PaB-
Hble COOTBETCTBYIOUIUM CTEXHOMETPHUYECKUM KO3hdHUIIMEHTaM.

PaccMOTpUM CROXHYIO XHMHYECKYIO PEAKTINI0, COCTOSHIYIO U3 He-
CKOMBKUX 3TEMEHTAPHBIX CTAMNI, KOTOpAs B psifie CIyuaeB MOXeT ObITh
OIKCaHa OOHUM CTEXHOMETPHUECKUM ypaBHeHHeM Buia (7.4). KuuHe-
THYECKOE YPABHEHHE TAKOM CIOXHOM peakliy B OTPEIeICHHOM Axara-
30HE YCIOBHI C TOCTATOYHOMN CTEMEHBIO TOYHOCTH MOXET GHITH 3alU-
CaHO B BUJIE 3aKOH4 AeicTByommx Mace (7.5). OmHako B GONBIIMHCTBE
CyqaeB 3KCHMEPUMEHTANIBbHO HaGIIOMaeMyI0 3aBHCHMOCTh CKOPOCTH
pPeakLidy OT KOHIIEHTPAIUH PeaTeHTOR TTPEACTABISIOT B BIAE SMITUPH-
YeCKOTo YpaBHEHHUSI, aHATTOTMYHOTO 3aKOHY AeicTByomux Macc. Tak,
U1 CIOXHOW peakimu (7.4) KUHETUYECKOe YpaBHEHHE 3alMChIBAIOT
B BUTIE

W= kCICE, (7.6)

[IE Hy, A, — YACTHRIA OPSIOK PeakIMK 110 KOMNOHEHTY A 1 B coor-
BETCTBEHHO. CYyMMY YaCTHBIX MOPSIAKOB PeakUUM 110 KOMIIOHEHTaM A
u B (# =, + n,) Ha3BIBAIOT OBLLIM TTOPSIAKOM WM HOPAOKOM PeaKuuy.

Kunetnueckoe ypasHerue (7.6) Ha3BIBAIOT OCHOBHBIM ROCIYAGMOM
XUMUYECKOU KUHEMUK.

W3 ypasHenuii (7.5), (7.6) crexyeT, 4TO KOHCTAHTa CKOPOCTH peak-
1MW paBHA CKOPOCTH XHMUYECKOM peakIiny MpH KOHUEHTPauMaX pea-
TeHTOB, PABHBIX €HUHMWIIE, TTO3TOMY €€ WHOTAA HAa3HIBAIOT YOeabHOU
CKOPOCMbIO peaKyuiy.

JAs MHOTHMX CJIOKHBIX MHOTOCTaIWfHBIX PeakKIUi KUHETHYeCKOe
YpaBHEHHME MOXET OhITh ONPEAENCHO TOIBKO H3 SKCIEPHMEHTAIBHBIX
AHHEBIX W €F0 HEeJib3sl TIOJIYYUTEL U3 CTCXHOMETPIUYECKOTO YpaBHEHUA
peakumu.

TMoxazarenu cTeneHy (MacTHBIE TIOPAIKK) B ypaBHeHnw (7.6) omnpe-
JCISI0OT U3 OIIBITHBIX JaHHBIX. Ouu MOTYT NNIPUHUMATh LCIbIC, ﬂp06-
Hbie, HyJeBble 3HaYEHUS.

B TipoCTHIX (371eMEHTAPHEBIX) PeaKLHsIX, IPOTCKAIOIINX B ONHY CTa-
JII0, TIOPSZIOK PEAKUMH U MOJNEKYJSIPHOCTD COBIAJaOT ¥ UMEIOT 1ie-
J10€ TONOXUTE/IbHOe 3HaYeHye. s GOJIBIIMHCTBA PEaKIIMN TTOPAAOK
peakUuy MeHbIIE MOJICKYIAPHOCTH. [10pAIOK peakumy 3aBUCUT OT yC-
JIOBHH (KOHLICHTPAIMH, TaBIeHIsI) TIPOTeKaHus npoueccd. Tak, npu
H30BITKE OJTHOTO M3 PEareHTOB ero KOHLEHTPALIHS B TCYEHUE PEAKIIMI
OCTAaeTCs TIPAKTUYIECKH MOCTOSHHOW W NOPSAOK peakuuu GyneT Ha




