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1. OCHOBHbIE@ NOHATUA XMMUNYECKOUN KUHETUKU

Jnd XUMHAYECKON KUHETUKUA XaPAKTEPHbI KOJIMYECTBEHHBIN IOI-
XO0Jl K XUMHUYECKOMY ITPOLIECCY; UCIIOJIb30BAHME MATEMATUYECKUX MeE-
TOZOB; pa3HOOOpa3ue KMHETUUYECKUX IPHUEMOB M METOJUK; TECHBIM
KOHTAKT C TAKUMU JUCIHUILUIMHAMU, KaK XUMHAYECKasi TEPMOJIUHAMUKA,
CTPOEHHE BEIIECTBA, MOJICKYJIsIpHas Gu3nka, GuU3nka Macco- U TEIIo-
IIEPEHOCA, CHHTETUYECKAS U AHAUTUTUYECKAS XUMMUS.

1.1. [lpedMem xumMu4eckol KUHemuKu

[Ipenmer uccienoBaHUS XMUMHUYECKOW KUHETHUKH — XUMHUYECKHUE
peakuuu. XAMUYECKasi KHHETHKAa PAacCMATpPUBACT MPEBPAILCHUE OJ-
HUX BEIIECTB B JPYIHME KAK MPOLECC, MMPOTEKAIIAN BO BPEMEHH I10
ONpeNIeICHHOMY MeXaHu3My. MoxHO c(hOpMYyJIHpPOBATH CIEAYIOIIUE
OCHOBHBIE€ 33]a41 3TOM HAYYHOU JUCLUTUINHBL.

1. XuMuyeckass KHUHETUKA W3y4YaeT 3aKOHOMEPHOCTH ITPOTECKAHUS
XMMHUYECKOM PEAKLMU BO BPEMEHU; YCTAHABJIMBACT SMIIUPUYECKYIO
CBSI3b MEX/Iy CKOPOCTBHIO XUMUUYECKOW PEAKIIUU U YCIOBUSIMU €€ MPO-
BeJIcHUs (KOHIICHTpaIued peareHToB, TeMmmepaTypoi, (a3oBbIM CO-
CTOSTHUEM, JABJICHUEM W T. [I.); BBIABISECT (PAKTOPHI, BIUAIONIUME Ha
CKOpOCTb Mpoliecca (HEUTpalibHbIE MOHBI, HHUIIMATOPHI, HHTUOUTOPBI
U T. 1.). KOHEeUHbI pe3yNbTaT TaKUX UCCIEAOBAHUN — KOJMYECTBEH-
HBIC AMIIMPUYECKUE 3aBUCUMOCTH MEXIY CKOPOCTHIO XUMHYECKOTO
MPOIIECCa U YCIOBUAMHU €TO MPOBEICHUSA U KOJIMYECTBEHHOE MaTeMa-
THUYECKOE ONMMCAHUE XUMUYECKOW PEAKIMU KAK IMPOIECCa, MPOTEKAIO-
nero Bo BpeMeHu. [Ipu pemiennn 3ToM 3a1auuM KUHETHUKA OMUPACTCS
Ha COBPEMEHHBIC METOJIbl AaHAJIN3a COCIMHEHUN — XUMHUYECKHUE U (Hu-
3UKO-XUMUUYeCKHE. [lonmydeHHbIe pe3ysIbTaThl CIyXaT, B YaCTHOCTH,
OCHOBOM JIJII XUMUUYECKON TEXHOJIOTUU TIPU pa3pabOTKe ONTUMAIbHO-
ro pexxuma mpouecca.

2. XAMUYECKasi KHHETUKA CTPEMUTCS PACKPBITh MEXaHU3M XUMH-
YECKOI0 MmpoIrecca, T. €. BbISICHUTh, U3 KaKUX IMPOCTHIX XMMHUYECKHX
peaKkuril COCTOUT CIIOKHBIM XUMHUYECKUM NPOLECC, KAK ATU CTAAUU
CBSI3aHbI APYT C IPYyroM, KakKUe IMPOMEKYTOUHBIE MPOAYKThI IMPUHU-
MAarOT Y4aCTHE B COBOKYITHOM XMMHYECKOM Iporecce. BaxkHyto poib
B MEXAHU3ME MHOTHX CJIOXKHBIX XUMHYECKHUX PEAKIHUU UTrparoT Jia-
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OWJIbHBIE KOPOTKOXKUBYIIIME MPOMEKYTOUHBIE MPOIYKTHI, TaKue, KaK
aTOMBbI, CBOOOIHbIC paJUKaibl, HOHBI, JAOWJIbHbIC KOMIUIEKCHI U T. .
Kunetuka, 3aHUMaronascs U3y4eHUEM XUMUUYECKUX pEaKIui, Mo Cy-
IIECTBY, €CTh XUMUS JAOUIBHBIX MPOMEXKYTOUYHBIX YacThIl. B pe3yib-
TaT€ MCCIEIOBAaHMUS COCTaBJISIOT CXEMYy MEXaHM3Ma XHUMHYECKOTO
mpoliecca, BKIIOYAIOIIYIO MpeArojaraeéMbele CTaaIud U MPOMEXKYTOU-
HBIC NPOAYKTBI. DTy CXEMY COIOCTABJISIIOT CO BCEMH HMEIOIUMMUCS
(dhakTamMu, IPOBEPSIOT, JOMOJHIIOT, U3MEHSIOT C IMOSBICHUEM HOBBIX
JQHHBIX U, 10 MEPE HAKOIUICHUS AKCIIEPUMEHTAIbHBIX JI0Ka3aTEJIbCTB,
U3 TUMOTETUYECKON MpEBpalialoT B 0OOCHOBAHHYIO CXeMy (MOJENb)
peaIbHOI0 XUMHUYECKOro mpoiecca. Baxknyro nHboOpMaluo mpu Mc-
CICIOBAaHUM JAOT Pa3HOOOpa3HbIE MIPHUEMBbI BO3JECHCTBUS Ha CUCTEMY
U MaTeMaTUYECKUN aHaJIU3 CXEMbI IIPU €€ COMOCTABJICHUU C DKCIIEPU-
MCEHTAJILHBIMU JaHHBIMH.

3. ITocKOJIbKY BO MHOTHX CJOXHBIX PEaKIHAX MPUHUMAIOT yda-
CTHE pa3HOOOpa3HbIC RJIEMEHTApPHBIC PEaKIMU O0O0pa3oBaHUS U Ipe-
BpAIlICHUS] aKTUBHBIX YACTHUIl — paJuKajIoB, HOHOB, HOH-PAJIUKAJIOB U
T. JI., B&XHOW 3aJ1a4€ll XMMHUYECKON KHUHETHUKU CTAHOBUTCS W3YUYCHUE
TaKUX 3JEMEHTApPHBIX Peakiui. ITU peaklru OYeHb YacTO MpOTEKa-
IOT C BBICOKOM CKOPOCTBIO, U TIOATOMY ISl UX HCCIIEOBaHUS pa3pa-
Oo0TaHBI CIieMaIbHbIC METOIBI U ammaparypa. [loiydeHHsie 31ech pe-
3yJbTaThl BaXKHBI, BO-TIEPBBIX, /ISl IPOBEPKU CXEM CIIOKHBIX XUMHUYE-
CKHX MPOIIECCOB, BO-BTOPHIX, IS PEIICHUS psifa TEXHUUECKUX 3ajiad,
B-TPEThUX, KAK OCHOBA JJIs1 aHAJIM3a BOIPOCAa O CTPOCHUHU COCIMHECHUN
U UX PEaKIMOHHON CITIOCOOHOCTH.

4. Vcnonb3ysl pe3yiabTaThl KHHETHYECKOIO MCCIIEIOBAaHUS M CO-
BPEMEHHBIE 3HAHUSA O CTPOCHUHU MOJIEKYJI, HOHOB M CBOOOJIHBIX paju-
KaJIOB, XUMHUYECKasi KUHETUKA M3Y4aeT CBSI3b MEXKIY CTPOCHHEM CO-
CIMHEHUM M UX PEaKIMOHHOM cmocoOHOCThI0. OHA yCTaHABIMBACT
SMIIUPUUYECKUE U TOTYIMIMPUUYECKHUE 3aBUCUMOCTH MEXKY KHUHETHU-
YECKUMU XapaKTEPUCTUKAMM BEIIECTB (KOHCTAHTAMU CKOPOCTH XH-
MHUYECKUX PEaKlnil) U HUX (PU3NUYECKUMHU, TEPMOXUMHYECKUMH U
CTPYKTYPHBIMU XapaKTEPUCTUKAMHU.

5. Teoperuueckas XMMUUYECKasi KUHETHKA 3aHUMAETCS BBIYMCIIC-
HHUEM KOHCTAHT CKOPOCTH XHUMHUUYECKHX PEAKIIMN UCXOJ U3 CTPOCHUS
Y CBOMCTB MCXOJIHBIX YaCTHII, ONHUPASICh HA METOAbl KBAHTOBOW XU-
MUM U CTaTUCTUYECKOM (u3uku. Ee koHeuHas 1eiab — MaTeMaTh4e-
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CKOE€ omnucaHue (MpeacKa3zaHue) PeakIMOHHOW COCOOHOCTH BEILIECTB
B 3aBHCUMOCTH OT UX CTPYKTYPHI U YCJIOBUW MPOBEJACHUSA PEAKIIUH,
T. €. pacueT KOHCTAaHT CKOPOCTH SJIEMEHTAPHBIX PEAKIUNA U KOJIUYECT-
BEHHOE OMUCAHNE KMHETUKHU CJI0KHBIX XUMUYECKUX PEAKIIUH.

1.2. OCHOBHbIe NOHSAMUS XUMU4YeCKOoU KUHemuKu

Asmokamanu3z — B y3KOM CMBICJIE CJIOBa — YCKOPEHHUE PEaAKIINH,
00yCJIOBJIEHHOE 00pa3oBaHUEM IPOAYKTa — KaTajiu3aTopa; B IIUPO-
KOM CMBICIIE — CAMOYCKOPEHUE XHMHUYECKOTO MPOILECCA, BBI3BAHHOE
U3MEHEHUEM CUCTEMBI BCIEJCTBUE NMpoTekaHus peakiuid. [IpuarnHamu
aBTOYCKOPEHHOTI'O MPOTEKAaHUs PeaKlMu MOT'YT ObITh: 1) oOpazoBaHue
MPOAYKTa (KOHEYHOT'O WJIH MPOMEKYTOYHOT0), 00JIaJal0IIEero KaTaiu-
TUYECKUM JEUCTBUEM; 2) CAaMOCONPSIKEHUE PEaKIUi, KOTia UHIYKTO-
pOM SBJISIETCS KOHEUHBIM MPOJYKT; 3) pacXoJl0BaHUE MHTUOUTOpA B
IETTHOW WJIM KaTaJIUTHYECKOM peakiiuu; 4) HaKOIJIEHUE aTOMOB U pa-
JMKAJIOB B IIEMHON pPa3BETBICHHON pEakIuu MPU HECTAlMOHAPHOM
peKUME €€ MPOTEeKaHus; 5) 00pa30BaHUE MPOMEKYTOUHBIX MPOIYK-
TOB, MHULUHUPYIOIIUX LEMU, MPU ABTOOKHUCIECHUN OPTraHUYECKUX CO-
€IMHEHMI; 6) BO3pacTaHUE BSI3KOCTU CPEIbl U 3aMEJIJICHUE PEKOMOU-
HallMM MaKpOpaJUKaJIOB MPU TMOJUMEPU3AIUU; 7) yBEIUYCHHUE TIO-
BEPXHOCTH pazzena ¢a3, Ha KOTOPOM U NPOUCXOAUT pPEaKIHUs B
TBep0(da3HBIX peakIusix; §) caMOpa3orpeB CUCTEMBI, KOT/a TEIIo-
BBIJICJICHHE HE CKOMIIEHCHPOBAHO TEIUIOOTBOJIOM; 9) pa3MHOKEHUE
YKVBBIX OPTaHU3MOB.

Bpems peaxyuu xapaxmepucmuueckoe, T— OTPE30K BPEMEHH, 3a
KOTOPBI KOHUEHTPAIUsI JAHHOTO peareHTa YMEHBIIAECTCS B e pa3
BCJIC/ICTBME MPOTEKAHHUSI XUMHUYECKOW PEAKIIHNH; 3aBUCUT OT XapakKTe-
pa XMMHUYECKOT0 MPEeBPAIIEHUS U YCIOBUM €ro MPOTEKAHUS.

Bpems (nepuoo) nonynpespawenus t,, — BpeMsl, 3a KOTOpOE JdaH-
HOE BemecTBo npopearupyeT Ha 50 %; Ty, 3aBUCUT OT XMMHYECKOU
pEAaKIMU U YCIIOBUN €€ MPOTEKaHUs; ISl peaKUUi pacraja Ha3blBaecT-
Csl nepuoooM NOAYPaAcnaoq.

Bpemsa penaxcayuu T — BpeMsl 00paTUMOM XMMUUYECKON PEaKIINH,
HE JIOCTUTIIICW COCTOSIHUSI PABHOBECHUSI, KOTJ]a CHCTEMA TPUOJIMKAETCS
K COCTOSIHUIO PaBHOBECHUS B e pa3, T. €. BpeMs, 3a KOTOPOE B e pa3
yMEHbBIIUTCA pasuuiia konnentpanut C — C,, unu C, — C (C,, — paB-
HOBECHAs KOHIICHTpAIIUs pearcHTa).
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Jlupgyzuonnsiii pexcum — TaKue yCIOBHUS MPOBEIACHUS PEAKIUU,
KOTJIJa CKOPOCTh XUMHUYECKOW PEAKIMU OMPEACISETCS WA 3aBUCUT OT
cCKkopocTH auddy3un peareHToB: camooughghysuu, €ClIn PpPeareHTH
pacrmpeiesieHbl paBHOMEPHO 0 00BEMY peakTopa M CKOPOCTh peak-
UM OTMPEACIACTCS CKOPOCTHIO BCTPEUM YACTHUIl PEareHToB, U ougagy-
3uu, €CIIA CYILIECTBYET T'PAJAMEHT KOHIIEHTPALUK W MPOUCXOJUT B3a-
uMHas 1uddy3us peareHToB.

Kunemuueckuti pesicum — pexxuMm NPOTEKAHUSI MPOIEcca, KOora
€ro CKOPOCTh BCELENO OIMPEAENSIETCI CKOPOCThIO XMMUYECKON peak-
IIHH.

Hneubumop — BEMIECTBO, TOPMO3SIIEE MPOTEKAHWE XUMHUYECKOU
peakiuu. B mporiecce peakuuu HHTMOUTOP HE PacXOAYETCs WIHM pac-
XOJIy€TCsl CO CKOPOCTbIO, MEHBIIIEH CKOPOCTH HE3aTOPMOKEHHOTO XH-
MU4YecKoro mnpouecca. KoHieHTpaiyss HHTMOMTOpa OOBIYHO MHOTO
MEHBIIIC KOHIICHTPAIIMU peareHToB. IHruOMTOpHI M3BECTHHI JIJIs KaTa-
JUTUYECKHUX M IEIHBIX PEAKIIUN; I MPOCTHIX PEAKIIUi HHTHOUTOPOB
HE CYIIECTBYET.

Kamanuz — yckopeHre XMMUYECKON peakiuu BEIIeCTBOM — Kara-
au3zaTopoM. Kartanuzatop MHOTOKpPaTHO BCTYMAEeT B MPOMEKYTOUHBIC
XUMHUYECKHE PEAKIIMHU, HO PEr€HEepUpPyeTcs K MOMEHTY 0Opa3oBaHUs
KOHEYHBIX MPOYKTOB.

Kunemuueckasa cxema xumuueckou peaxyuu — COBOKYITHOCTb
AJIEMEHTAPHBIX CTAJUN, U3 KOTOPBIX, MO MPEANOI0KEHUIO, COCTOUT
CJIOKHBIM XMMUYECKUN MPOIECC.

Knemounwiit 3ghgpexm — pe3ynbTaT peakiivii, MPOTEKAIOIIUX B
KJIETKE PACTBOPHUTENA BCIEC] 3 XUMHAYECKON peakiuen. B KUAKOCTH U
TBEPJIOM TeJie KaKaash MOJICKyJia U MPOIYKThI €€ MPEBPAIlCHUS OKPY-
YKEHbI MOJIEKYJIaMH PACTBOPUTENSI U HEKOTOPOE BpeMsi (BpeMsl KU3HU
KJIETKH) HaXOAATCS PSAJOM; €CJIM ATO aKTUBHBIC YACTHUIIHI (aATOMBI, pa-
JTUKaJIbl, HOH-PAJNKAJIBI), TO OHU BCTYMHAIOT B KJIETKE BO B3aUMOJICH-
CTBUE.

Kpumuueckoe signenue — pe3kuil nmepexo OT MEIJCHHOTO K OblI-
CTPOMY MPOTEKAHUIO XMMHUYECKON PEeaKINH MPU HEOOBIIOM U3MEHE-
HUM Kakoro-anbo mapaMmeTpa, HalpuMep, KOHIICHTpAIlMd pearcHra,
WHTHOWTOpa WM KaTalu3aTropa, TeMIepaTypbl, JaBJICHUSI, pa3MEpOB
peakTopa U T. 1. BcTpedaeTcss B KHHETHKE IEMMHBIX M aBTOKATAIUTH-
YECKUX peaKilvi, a TakKe MpU aanadaTUYeCKOM PEeKUME SK30TCPMHU-

6



yeckux peakiui. Hepenko MeasieHHOE NpOoTEeKaHue peakiiuu He OOHa-
PYKUMO SKCIIEPUMEHTAIIBHO, a OBICTPOE MPOTEKAHUE COMPOBOXKIAET-
Cs1 B3pBIBOM.

Mexanuszm crnoxcnou xumuveckou peakyuu — COBOKYIMHOCTb CBS-
3aHHBIX APYT C APYrOM AJIEMEHTAPHBIX PEAKIUN, U3 KOTOPBIX COCTOUT
CHOXHasl peakuusi. MexaHn3M CJI0KHOW PEaKUUU NPEICTABIAET CO-
OOl KMHETHYECKYIO0 CXEMY, B KOTOPOM JOKa3aHa Kaxijas 3JeMeHTap-
Hasl CTaJusl U €€ CBA3b C JIPYTUMU CTAIUSIMA COBOKYITHOTO ITpOIIecca.

Mexanuzm npocmotui xumuueckou peakyuu — Criocod B3aUMO/ICH-
CTBUS U MepepacipeiesieHus aTOMOB M CBsi3€l B peareHTax, IpeBpa-
HIAIOIINXCST B MPOAYKTHI peakiuu. Ero omucaHue aercs B pamkax
TOW WJIM UHOU TEOPUU BJIEMEHTAPHOTO AKTA.

Monexkynapnocms xumudeckou peakyuu — YUCIO 4YaCTHI] (MoOJie-
KyJI, HOHOB, CBOOOJIHBIX PAJIMKAJIOB), IMOJBEPralONIUXCs IMpeBpallie-
HUIO B OJJHOM 3JIEMEHTAPHOM aKTE MPOCTON XMMUUYECKON PEAKIIUHU.

Ilepuoo unHoykyuu Ty, — OTPE30K BPEMEHHU, B TEYEHUE KOTOPOTO
peakius MPOTEKAET CTOJb MEJIJIEHHO, UTO €€ MPOTEKaHUE (M3MEHEHHE
KOHIICHTPAIIMI PeareHToB U MPOAYKTOB) SKCIIEPUMEHTAIBLHO HE OOHA-
PY>KMBAETCs; XapaKTepeH JUIsi aBTOKATAIMTUUYECKUX, LEMHBIX, pas-
BETBJICHHBIX, MHTUOUPOBAHHBIX U HEU30TCPMUUYECKUX PEAKIIUH.

llpsamas 3a0aua B XUMHYECKOM KHUHETHUKE — PAcyeT KUHETHUKHU
pacxo/JI0BaHUsI pearecHTOB U OOpa3oBaHUsI MPOJYKTOB Ha OCHOBAHUM
KUHETUYECKON CXEMBbI PEAKIIMU, U3MEPEHHBIX IKCIIEPUMEHTAIBLHO WIIH
OLIEHEHHBIX TEOPETUYECKA KOHCTAHT CKOPOCTHU AJIEMEHTAPHBIX CTaIUN
Y MCXOJHBIX YCJIOBHUI MTPOBEICHUS XUMUUECKOTO MPEBPAICHUSI.

Obpamnas 3a0aua 6 XUMUYECKON KUHETHUKE — pacuyeT KOHCTaHT
CKOpPOCTEH BCEX WJIM HECKOJIBKMX 3JIEMEHTAPHBIX CTAJUN HA OCHOBA-
HUU TOJYYEHHBIX SKCIEPUMEHTAIBHO JAaHHBIX MO0 KUHETUKE MPOTEKa-
HUSI CJIOKHOW peakiuu (KUHETUUYECKUE KPUBBIC PEAreéHTOB U MPOJIYK-
TOB, CKOPOCTH MPOILIECCA B 3aBUCUMOCTH OT HCXOAHBIX YCIOBHI U
T. A.). B Oonee mMpoKOM CMbICIIE — NIOCTPOEHUE KUHETUYECKOM CXe-
Mbl U OOOCHOBAaHME MEXaHU3Ma CJIOKHOW pPEakiui Ha OCHOBAHUHU
AKCIIEPUMEHTAILHON KUHETUUECKON HH(POPMAIIUH.

Pasnosecue xumuueckoe — IpoTeKaHWE XMMHUYECKON peaklnU B
IPSIMOM U 0OpaTHOM HaIpaBJCHUU; MPU 3TOM YCTAHABJIMBAETCS TAKOE
COCTOSIHME, KOTJ]Ja CKOPOCTH MpPSIMOM M OOpaTHOM peakiu paBHbI, a
KOHIICHTPALIUM PEareHTOB M MPOJYKTOB MOCTOSIHHBI (CTAllMOHAPHBI).
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OHO xapakTepusyeTcsi KOHCTAaHTOW paBHOBecus K, a CKOpPOCTh €ro
JOCTHKCHUST — BpEMEHEM peslaKkcariuu T*.

Peaxyuonnas cnocobnocms (OTHOCHUTENBHAS) — CHOCOOHOCTH
JAHHOTO peareHTa B PsAy APYTHX BCTyNaTh B PEAKIMIO BHIOPAHHOTO
TUIA; XapaKTEPU3YyeTCsl JTUOO OTHOIIEHHEM KOHCTAHT (K03 duiiuen-
TOB) CKOPOCTH, JTUOO OTHOIIEHUEM CKOPOCTEH peakiuii mpu OJANHAKO-
BBIX YCJIOBHUSIX IMPOBEICHUS MPOIEcCa, OOBIYHO OJIMH U3 PEarcHTOB
BBIOMPAIOT 32 3TAJIOH CPABHEHUS.

Peakyus xumuyeckas — npeBpallleHle UCXOJHBIX BEIIECTB B JApPY-
THe BEIIECTBA, B TMPOIECCE KOTOPOrO0 HM3MEHSETCS MX XHUMHYECKOE
ctpoenne. K XxumMudeckum peakiusM He OTHOCAT U3MEHEHUS arperar-
HOTO COCTOSIHMS BEIIECTBA U U3MEHEHUS YHEPTETUUECKOTO COCTOSHUS
YACTHII, €CJIM OHU HE COMPOBOXKIAIOTCS MU3MEHEHHUEM CTPOEHUS Yac-
Tull. BelecTsa, BCTymnaroiiye B peakinio, Ha3bIBAIOT peazeHmamu, a
oOpasyromuecss — npodykmamu. PeareHThl BCTYyHalOT B PEAKIUIO B
OTpEICTICHHBIX COOTHOIICHUSAX, HAITPUMED

I’ZAA + I’ZBB — I’lyY + l’lzz.

Takoe ypaBHEHHME, yCTAaHABJIMBAIOWIEE KOJIUYECTBEHHOE COOTHO-
IEHUE MEXK]Y PEareHTaMU U MPOAYKTAMH, HA3bIBAKOT CMeEXuomempu-
yecKuM, a BXOJSIIIME B HETO YNUCHA N, Hg U T. . — cmexuomempuuye-
ckumu Kodpguyuenmamuy. B TPOCTHIX XUMHUYECKUX PEAKIUSIX CTe-
XUOMETPUYECKUE KOI(PPUUIUEHTHI — 1eJIble YKCIa, B CJIOXKHBIX
pEaKIMiIX OHU MOTYT OBITh JAPOOHBIMU. 3HAYEHHUS M, ONPEIACITSIIOTCS
CTPOCHHEM PEAr€HTOB U MTPOAYKTOB.

LIpomesicymounulti npodykm — BELIECTBO, KOTOpOE oOpa3yeTrcs B
OJTHOM W3 PEAKIMHU MOCIEAOBATEIbHBIX XUMUYECKUX MPEBPAIICHUN U
IOJIBEPracTCs NalbHEUIIEMY MPEBPAlICHUIO. Ecin TakoM NpPOIYKT
OUCHb AKTUBEH, €r0 HAa3bIBAIOT .1aOuibHuiM (AKTUBHBIM) HPOMEHC)-
MOYHLIM NPOOYKMOM. ITOT MPOAYKT MPUCYTCTBYET B CHCTEME, TJiE
MPOTEKAET PEaAKIUs], B KBa3UPABHOBECHOU (KBa3UCTAIIMOHAPHOW) KOH-
LEHTpalWU, IPU YCIOBUU, YTO CKOPOCTU €ro 0Opa3oBaHus U MpeBpa-
IIEHUSI CKOMIIEHCUPOBAHBI.

3amxHymas cucmema (B KHHETUKE) — CUCTEMa, B KOTOPOM MpoTe-
KaeT XMMHUYECKas Peakiusi U HET 0OMEeHa peareHTaMu U MPOJIyKTaMu
C OKpYJKarolleu cpesioi, Ho coxpaHsiercs: TemioooMeH. (B Tepmou-
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HAMHUKE 3aMKHYyTas cUCTeMa He OOMEHMBAETCS C OKpY’Kalolieu cpe-
JIOM HYM BEIIIECTBOM, HU YHEPIHUEH. )

Omxkpvimas cucmema (B KUHETUKE) — CUCTEMA, B KOTOPOU XUMH-
YECKUH MPOLECC MPOXOAUT IIPU BBEICHUU B PEAKTOP PEATCHTOB U BbI-
BEJICHUN M3 HEE MPOAYKTOB M PEAreHTOB, T. €. B YCJIOBUAX MaTEpH-
aTbHOT0 OOMEHA C BHEITHEH Cpeoi.

Cmaous, onpeoensaowas CKOPpOCMb peakyuu CYMMAPHO20 Npo-
yecca. Eciim B cucrteme MpPOTEKAET Pl MOCIEAOBATENbHBIX MPEBPa-
IEHUM, a 00pa30BaHHWE KOHEYHOI'O MPOJYKTa IEIMKOM OIPEICIICHO
CKOpPOCTBIO MEPBOM CTAJIMU, TO JAHHAS CTAJHsl HA3BIBACTCA CTAJUEH,
OIPEACISIOIIEH CKOPOCTh peakuuu. Hampumep, auanuimnepoKcu
pacimajaceTcs Ha JiBa alMIOKCHpaInKaja, B pe3yJbTaTe OBICTPBIX I1O0-
CIEAYIOIIUX TPEBPAIICHUN KOTOPBIX OOpa3yroTCsl METaH, 3TaH, VK-
CyCHas kucuora, Metuianerar. CKOpOCTh BCETO MPOIIECCa OMPEIEIISIET
IepBas CTaaus pacrnaja nepoKCua.

Cmaous aumumupyrowas. Eciv B cucteMe IpoTeKaeT HECKOIbKO
MIOCJIeIOBaTENIbHBIX 00PATUMBIX pEeaKIUi

K K .
A+Bc— 2 C+D—2.. = Xe—= Y —L5...

M PAaBHOBECHE HA BCEX CTAAUAX, NPEIAIICCTBYIONIUX CTaJWHU j, yCTa-
HaBJIMBAETCS OBICTPO, & CTaJus j MPOTEKAeT MEJEHHO, TO CKOPOCTh
XUMHUYECKOTO MPEBPAILCHUSA 3aBUCUT OT CKOPOCTH 3TOW CTaJAuH, KO-
TOPYIO HAa3bIBAIOT Jumumupyroujeu. B BbIpaxxeHue IS CKOPOCTH
CYMMAapHOI'0 Ipolecca BXOAAT, KpOME K;, JIHIIb KOHIIEHTPAlMH pea-
TEHTOB U KOHCTaHThI paBHOBecUs K, K, u T. 1. Ecinu onpeaensromas
CKOPOCTb CTaJusl BCETHa SIBIISIETCS JIMMUTUPYIOIIECH, TO JIUMUTHUPYIO-
mias CTaaus JajJeKo HE BCErJa OMpeaessieT CKOPOCTh BCEro IMpoliecca,
a TOJILKO B TOM CJIy4ae, KOrjla OHa — MEPBas CTAAUS.

Xumuyeckas uHOYKYUs, CONPSHKEHUE XUMHUYECKUX PEaKIIUM — siB-
JIEHWE, KOrjla OJIHa XMMHYECKas peakius BBI3bIBACT WM YCKOPSET
(MHOYIUpPYET) MPOTEKAHUE JPYTOM peakiluu, KOTOpas B 3TUX YCIOBU-
X HE MPOUCXOJUT WJIU UJET C OUYeHb HU3KOM CKOpocThio. O0e peak-
UM Ha3bIBAIOT CONPSDKCHHBIMU. SIBJICHHE XUMHUYECKOW WHAYKIIUU
0OyCJIOBJICHO TEM, YTO B OJIHOM peakiuu 00pa3yroTcsi akTUBHbBIE TTPO-
MEXXYTOUYHBIE TPOAYKTHI, BBI3bIBAIOIIME IMPOTEKAHUE BTOpOU (MHAY-
IUPOBAHHOWN ) XMUMHYECKOUN PEAKIIUH.
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Inemenmapuvii Xumuyeckui akm. TPEBPAILICHUE OJHON WU He-
CKOJIBKMX HaXOJSAIIMXCS B KOHTAKTE YACTUII-PEAreHTOB B YaCTHUIIbI-
MPOAYKTHI MPOUCXOAUT 32 KOPOTKUM OTPE30K BPEMEHU TMOPAIKA 107"
C IUTS aINa0aTUYECKUX U 10 ¢ JUTSL HeainabaTHIECKUX pEeaKIIuii.

1.3. KuHemu4eckas knaccugukayusi
XUMUYeCKUX peaKkuyuu

BceneacTeue orpoMHOro pazHooOpasus XUMHUYECKUX PEAKIIUN €1-
Ba JIM BO3MOXKHA WX €uHas kKiaccudukamus. [leneHue peakiuii Ha
IPYHITBI BO3MOYKHO C PA3JIMYHBIX TOYEK 3PCHUS.

1. IlpocTbie U CIIOXKHBIE XUMHUYECKUE PEAKIIUH.

IIpocmasa (dnemeHTapHasl) peaxkyus COCTOUT W3 OJHOTUITHBIX
AJIEMEHTAPHBIX AKTOB, HAIIPUMED:

(C¢Hs),CH-CH(C4Hs), — 2(C¢Hs),CH®
OH + CHgBI' — CH3OH + Br
Cl. + CH4 — HCI + CH3..

B mpocTtoil XMMHYECKOM pEeakiMU pPEareHTbl HENOCPEACTBEHHO
peBpamiarTcs B MPOAYKTHI 0€3 00pa3oBaHus MPOMEKYTOUHBIX. [Ipo-
CTasi peakius NpoTeKkaeT 0e3 y4acTusl KaTaau3aropa U He TOPMO3UTCS
uHruouTopamMu. s mpocToil peakluu, Kak IPaBUiIO, CYIIECTBYET
JIMILIB OJTHO NIEPEXOLHOE COCTOSHUE.

Cnoorcnasi (MHOTOCTAIUNHAS) peakyusi COCTOUT U3 HECKOJIbKUX
(uHOTIA OOJIBIIIOrO0 YMCJIA) MPOCTHIX PEAKIMil — 3JIEMEHTAPHBIX CTa-
JIAW, CBSI3aHHBIX APYT C APYTOM Y€pe3 peareHThl WK NPOAYKTHI. Hac-
TO MPOIYKT OJHOW CTaAUU CIY>KUT PEAreHTOM Uil APYTUX CTaJuW,
SIBJISIACH MIPOMEXKYTOYHBIM IMPOAYKTOM. ECIM IMPOMEXYTOUYHBIN IPO-
IYKT OY€Hb OBICTPO MOABEPTacTCs MOCIEAYIONUM MPEBPAIICHUSIM, TO
OH SBJISIETCSl JIAOWJIBHBIM TPOMEXKYTOYHBIM MPOAYKTOM MU OOBIYHO
IIPUCYTCTBYET B CUCTEME B BECbMa HU3KOM KBAa3UPABHOBECHOM KOH-
LIEHTPALUH.
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2. C TOYKM 3pEHHUs YHCIIa YACTHIl, BCTYMAIOIINX U 00pa3yIomuxcs
B pEaKIMu, MPOCThIC PEAKIINU JICNATCS HA MOHO-, OU- U TPUMOJIEKY-
JISIPHBIE PEAKIIUU.

Monomonexkynaprnasa peakyus—IpocTas peaklus, B dJIEMEHTap-
HOM aKT€ KOTOPOW MpeBpallaeTcss 0gHa yacTuua (MOJEKyJa, paaukall,
MOH). Peaknuio Tuma «OAUH pPEareHT —OJHWH MNPOIYKT» Ha3bIBAIOT
usomepuzayuet, HarpuMep:

1uc—HCIC=CHCI — tpanc-HCIC=CHCI
(CH;),CHCH," — (CH;);C".

N3oMepuzanuss MOJEKYJ MOXKET MPOUCXOJIUTh KaK CIOXKHasA pe-
aKIMs C y4aCTHEM KaTajau3aTopa, 4epe3 MPOMEKYTOUHBIE paguKaib-
HBIC WJIM UOHHBIC CTaJIVH.

Peaknuro, B KOTOpOM O/IHA YACTHUIIA MMPEBPAILACTCA B JBE WM HE-
CKOJIBbKO, Ha3bIBAIOT peakyuel pacnada, HalpuMep:

RN=NR — R*+N, +R"
CH3C02. — CH3. + C02

Pacnan ¢ pa3pbIBOM OJHOM CBSI3M HA3BIBAIOT ouccoyuayuell, Ha-
MpUMEP, AUCCOMANNS Nepokcuaa no cesizu O—-0:

ROOR — RO*® + RO".

Pacnan Mosnekybl Ha HeCKOJIbKO YacTuIl (3 miau 6osiee) 4acTo Ha-
3bIBAIOT (hpacmenmayueti, HaIpuMep:

C6H5CH2COOOR — C6H5CH2. + C02 + ROz..

Ecnu MHOroaroMHass MoJeKyJjia pacmnajaeTcsa ¢ o0pa3oBaHHUEM
JIBYX MOJIEKYJ, TO TaKOW pacrajg B OPraHUYECKOW XMMHUHU Ha3bIBAIOT
peaxkyueu daumuHuposanus (omuenienus). Hanpumep:
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CH3CH2C1 — CH2:CH2+HC1

ecTh peakuus umuHupoBanus HCI oT xjiopuctoro stuia. DnuMu-
HHUPOBAHUE MOXKET TaK)Ke MPOTEKATh MO CIOKHOMY MEXaHM3MY C yda-
CTHEM KHCJIOT, OCHOBAHUM, MOJICKYJ pPaCTBOPUTEIIS.

bumonexynapuas peaxkyus — mpocTasi peakius, B KOTOPOH Mpe-
BpAIllalOTCS JIBE YaCTHIbI (MOJIEKYJIbl, paJuKalibl, HOHBI). Peakiutio
tuna A + B — C Ha3bIBalOT peakiuen npucoeounenus (accoyuayuu),
eciu 00a peareHTa WiH, 1o KpaiHel Mepe, OJIMH U3 HUX — MOJIEKyIa,
HaIpuMep:

Hc/CHz R HC/CHZ\CH/R
H(|3\ ' (|,1H HC|2| c|:H
\CH2 2 \CHZ/ 2

CI° + CH2:CH2 — ClCHzCHz.
(CH;),C=CH, + C"(CHs); — (CH;),C"CH,C(CHy)s.

Eciun A u B — atombl, cBOOOAHBIC paJMKaIbl UM UOHBI, TO peak-
IIMI0 UX COCIMHEHUS HA3BIBAIOT pexombOuHayueti (accolualyei) aTto-
MOB, PaJMKaJIOB UM HOHOB, HAIIPUMED:

CH3. + CHg. — C2H6
(:2H5+ +Br — C2H5Br.

Peakuuto coenvHeHUsI ABYX OJMHAKOBBIX MOJIEKYJ Ha3bIBAIOT
oumepuzayueu, HaIpuUMep:

H->C
C—=CH>
2H,C—C—/CHp; ———> | |
C—CH
/ 2
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Coenunenuve OOJBIIOTO  YHMCIAa  MOJIGKYJd B OJIHY
MAaKpOMOJIEKYILY — 3TO HOIUMEPUAYUAL.

bumonexynsapuyro peakiuto tuna A + BC — AB + C Ha3biBaroT:

® peakiuen ompuiga, eciu B — aToM WIM OJHOATOMHBIM MOH, Ha-
pUMeED:

CH;® + RCl — CH;Cl + R®
NH; + CH;COOH — NH," + CH;COO",

® pEaKkUnen 3amewenus, eciiu A — MOJIEKyJia, PaIuKaJl UIA HOH, a
B — MHOroaTOMHBIN pagvKall WA UOH, HAIIPUMED:

C2H50_ + R—Br — C2H5OR + Br
CF3. + (CH3)4SI — CF3SI(CH3)3 + CH3.,

® peakuuen oucnponopyuoHuposarus, ecim oda peareHTa — CBO-
OOJIHBIE paIUKAJIbl UM UOHBI, HAIIPUMED:

CHg. + CH3CH2. — CH4 + CH2:CH2.

Conbgoau3om HA3BIBAIOT PEAKUMM 3aMELICHUS, OTLICIUIEHUS H
(dparMeHTaluyl MOJIEKYJI MO/ 1EHCTBUEM MOJEKYJ PACTBOPUTEIIS.

Tpumonexynapnaa peaxyusi NPOTEKAET C Y4aCTUEM TPEX YACTHIL
IpU UX OJHOBPEMEHHOM CTOJIKHOBEHHMH. MHOrma OumMoOnekynsipHOe
IIpEBpAIllCHUE POUCXOIUT C yYaCTUEM TpeTbeu yacTulbl. Hanpumep,
pEeKOMOMHAIMS aTOMOB B ra3e BCErja MPOTEKAET B TPOMHBIX CTOJIKHO-
BEHMSX, TaK KaK TOJbKO B 3TOM CJIy4dae JOCTUTAETCs CTAOMIU3ALMS
IBYXaTOMHOM MOJEKYJbl MyT€M MEpelauyd 3HEPrud peKOMOWHALUU
TPEThEN YACTULIE:

H+H +M—H, +M.

3. B 3aBUCUMOCTH OT TOTO, KaK IIPOUCXOJUT NEpEpaCIIpeeICHUE
JIEKTPOHOB U XUMUYECKUX CBA3EH B XUMUYECKUX PEAKIUAX, UX MOXK-
HO pa3lieJUuTh Ha OKHCIIUTEIbHO-BOCCTAHOBUTEIbHBIE, TOMOIUTHYE-
CKHE, T€TEPOJIUTUUECKUE U CUHXPOHHBIE.
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OKucaumenvbHO-80CCMAHOBUMENILHASL PeaKyusi — Peakuus, B KO-
TOPON OJIMH pEareHT (8occmanosumesib) TEPSET, a IPYyrou (oxuciu-
meib) MpUOOpeTaeT OJMH WJIN ABa dJIEKTPOHA, HAIPUMED:

Cr*" + Co(NH3)¢ " — Cr’" + Co(NH;)s™"
Fe’" + HO® — Fe*" + HO'".

['omonumuueckumu Ha3bIBAIOT PEAKIMU, B KOTOPBIX pPa3pbiB XH-
MUYECKOMN CBS3U COMPOBOXKIACTCS Pa3beIUHECHUEM TIaphl AJIEKTPOHOB,
ee o0pa3ylolnx, a BOSHUKHOBEHHE HOBOM CBSA3M MPOTEKAET KaK CO-
eAMHEHUE IBYX (parMeHTOB, KaXKIbIi U3 KOTOPBIX SIBJISICTCS HOCHUTE-
JIEM OJHOTO HECHapeHHOI0 AJIEKTPOHA. B TOMOIUTUYECKUX PEaAKIIUIX
BCET/la YYaCTBYIOT WJIM 0Opa3ylOTCs YacCTHUIIbl C HECHAPEHHBIM 3JIEK-
TPOHOM: CBOOOJHBIC paJMKaibl, HOH-PATUKAJIBI, COJbBATUPOBAHHBIN
AJIEKTPOH.

Tunbl FOMOJNIUTUYECKUX peaKuun

Tomonumuueckuti pacnao (comoaumudeckas OUCCOYUayUsl, 20Mo-
JIU3) — pEeAKIUs TUTIA

CH3—CH3 — 2CH3.; CH3O. — CH20 + H*
R-N=N-R — R*+ N, +R".

[Ipy roMOTUTUYECKOM pacmnaje MOJIEKYJ 00pa3yroTcsi CBOOOHbIE
paauKaibl (4eTHOE 4YHCIIO); MpH pachaje CBOOOJHOTO paaukaia —
aTOM WUIM paJidKal ILTIOC OJTHA MM HECKOJIBKO MOJICKY!L.

l'omonumuueckasn accoyuayusi (pekomoOuHayus) 4acTull ¢ Hecrna-
PEHHBIM 3JICKTPOHOM — PeaKIys, 00paTHas AUCCOIHMAIIUN: B HEH IpO-
HCXOJIUT TOMOJINTHYECKOE OOpa30BaHHE HOBOM CBS3M 3a CUYET O0Be-
JTUHEHUS] HECTIAPEHHBIX JICKTPOHOB PEareHTOB, HAIIPUMED:

H. + CH3. — CH4

T'omonumuueckoe 3amewjeHue I OMpoule — PEAKLUS, B PE3YJib-
TaTe KOTOPOM YacTUIa, UMEIOIIasi HECIAPEHHBIN JIEKTPOH, pearupyer
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C MOJICKYJION ¢ 00pa3oBaHMEM HOBOW MOJICKYJIbI M paJMKalia, HalpH-
Mep:

CF;"+RH — CF;H + R’
C6H5. + RSSR — C6H5SR + RS.

T'omonumuuecxoe npucoec)uHeHue CBO6OI[HOFO paauKkaia HWIn
aToOMa K MOJICKYIJIC I10 THUITY

R. + CHzZCHz — RCH2CH2.9

riae pagukaid R mpucoequHseTcss TOMOMMTHYECKN K IBOMHOM CBS3H C
00pa3zoBaHKEM HOBOT'O pajvKaa.

['emeponumuyeckumu Ha3bIBAIOT PEAKIIMH, B KOTOPBIX Pa3phiB
CYIIECTBYIOIIUX U 00pa30BaHUE HOBBIX CBSI3EH MPOUCXOAUT C COXpa-
HEHHUEM 2JICKTPOHHOM IMapbl (reTePOJIUTHUYECKH).

l'emeponu3z (reTepoONUTUYECKUN pacrajl MOJEKYJ) MPOUCXOIUT
M0 PEeaKiuy TUIa

X-Y > X +Y wmA-H—- A +H".
I'emeponumuyeckasn accoyuayus (Koopounayus)— peaxuus, o0-
paTHas TeTepoJIn3y, B KOTOPOM COCIUHSIOTCS ABE YaCTHIIBI C 00pa3o-

BAHUEM XHMHUYECKOM CBSI3M 3@ CYET BJIEKTPOHHOW IMapbl OJHOTO M3
IIAPTHEPOB, HAIIPUMED:

(CH;);C" + OH — (CH;),COH
F5B + :NH;— F;B:NH;.
FCTCpOJII/ITI/I‘lCCKOC 3aMCIICHUC — PCAKIIUU THIIA
A"+BC—>AB+C nm B "+ AC - AB+C".

B Takux peaknusx oJMH U3 peareHTOB 00JIaaeT Mapou IJIEKTPO-
HOB, 3a CYET KOTOpOW oOpa3yercd HOBasi CBS3b (OCHOBaHUE, HYKJIEO-
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buit), uau cBoOOTHON OpPOUTAIBIO, HA KOTOPOM MOXKET Pa3MECTUTHCS
AJIEKTPOHHAs napa (KHUCJIoTa, JIEKTpodu).

[I'emeponumuyeckoe npucoeouHenue — MPUCOCTUHEHUE TETEPO-
JUTHUYECKOTO peareHTa (4acTUIIbI C TapOr JICKTPOHOB WU HE3aHITOU
3JIEKTPOHAMU OPOUTANIBIO) K MOJIEKYJIE C KPAaTHBIMHU CBSI3SIMU C 00pa-
30BaHMEM HOBOUM YaCTHIIbI, HATIPUMED:

CN + R,C=0 — R,C(CN)O~
H;0" + R,C=CR, — H,0 + R,CHC'R,.

['eTeponuTuyeckre peakuuHu HOENATCS Ha KHUCJIOTHO-OCHOBHBIE,
HYKJIE€O(PUIbHBIE U IEKTPOPUIbHBIE.

Cunxponnvle (camocoznacoéanuvlie) peakyuu MOJEKYJI NPOTEKa-
I0T C OJJHOBPEMEHHBIM Pa3pblBOM OJHUX U BO3HHMKHOBEHHEM IPYTHX
CBA3el 0€3 MPOMEXYTOUHOTO OO0pa30BaHMs PaJAUKAIbHBIX WM WOH-
HBIX COCTOSIHUM M OCYLIECTBIIAIOTCA OOBIUHO YEPE3 LUKIMYECKOE Tie-
PEXOIHOE COCTOSIHUE, HATIPUMED:

_CH; R CHa_ R CH R
HC|:/ Hc|:|/ HC|:I/ 2 \C|:H/ Hﬂ/ Z\TH/
+ —_— : —_—
HC :
AN CHy HC _-CH HC CH
CH Yeny SeHy

4. XMUMHYECKHUE PEAKIIMH YaCTO OCYIICCTBIISIFOTCS MPU BO3ICUCT-
BHH TOTO WJIM MHOTO (DU3WYECKOTO areHTa Ha XUMHUUYECKYIO CUCTEMY.

Tepmuueckasn peaxyus TPOUCXOIUT MPU BO3ACUCTBUM TEILIA, KO-
rJa peareHThl aKTUBUPYIOTCS TOJIBKO 3a CUET TEMJIOBOTO JBHKCHUSA
MOJIEKYJI. Peakuust mpoTeKaeT uzomepmuiecku, €Clu B TCUECHUE BCETO
onbiTa 1 = const, U HeuzomepmuyecKuy, €Cii TeMIIepaTrypa MEHSETCS B
XO0JIe Tpoliecca; MpU OTCYTCTBHHM TEIUIOOTBOAA PEaKLMs UACT adua-
bamuyecku.

Domoxumuyeckue peaxkyuu TMPOTEKAIOT MPU BO3JICUCTBUU CBETA
HAa XUMHUYECKYI0 cucteMy. CBET MOKET BbI3BaTh JIMCCOLIMAIIUIO MOJIE-
KyJI Ha paJuKayibl (TOMOJMTUYECKUE PEAKIIMH), HOHU3AIUI0 MOJIEKYJI
C MOCJICAYIOIINM MPEBPAIICHUEM HOHOB, HOH-PAIUKAIOB U aTOMOB C
MOJIEKYJIAMH U JPYT C JIPYTOM.
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Inexmpoxumuieckue peakyuu TPOUCXOAIT B oObeMe U Ha TO-
BEPXHOCTH AJICKTPOJOB IPH IMPOIMYCKAaHWU 4Yepe3 CUCTEeMYy (PacTBOP
WM TBEpAYIO (azy) AIEKTPUUYECKOro TOKaA.

Mexanoxumuueckue peaxkyuu BOZHUKAIOT B TBEPJIOM TeJ€ TIPU €0
MEXaHUYECKOM Pa3pylICHUH, BKIIOYAIOT paciaj MOJIEKYJ Ha CBOOO -
HBIC paJIuKaIbl U HOHU3AIUIO MOJICKYJI.

5. XuMH4YecKre peakiiuyi pa3andaroTcs 1Mo (pa3zoBOMy COCTOSIHHUIO
pearupyromeu CUCTEMBI.

l'omogpasnas peaxyus nmpotexkaeT B ogHOM (aze, romodasHbie pe-
aKIUu JeJSITCA Ha eazoghasnvie (B TazoBou (asze), ocuokogaszmnvie (B
KUJKOU (aze) u meepooghaszmnvie (B TBepJOH (aze, HO HE COMPOBOK-
Tar0TCsa 00pa3oBaHUEeM HOBOM (pa3bl).

l'emepogpasnas peaxyusi BO3HUKAET Ha TPaHUIE pazjeia JABYX
da3 (raz — KUJAKOCTb, KHUJKOCTb — >KHUJKOCTb, a3 — TBEPIOE TEJIO,
AKUJIKOCTh — TBEPJIOE TEJNO, TBEPAOE TEJO — TBeploe Teio). ['erepo-
(ha3HBIMU SBIISIOTCS PEAKIMK MTPEBPAIEHUS TBEPBIX TEJ, COMPOBOXK-
naromuecss oopazoBanreM HOBOM (ha3bl. Jlaneko He Bcerya B rerepo-
dazHoM cucTteme peakius MpoTekaeT rerepodasHo (Ha rpaHule pas-
nena (az). Hampumep, eciiv B cucTeME ra3 — KHUJIKOCTh Ta3000pa3HbIi
peareHT pearupyer B pacCTBOPE U PACTBOPSIETCS MHOTO OBICTpEE, YeM
BCTYIIAET B PEAKIMIO, TO Mbl UMEEM JEJI0 C TOMOT€HHOW PEAKIUEN B
pacTBOpe, XOTsl MCXOAHas cucrema rerepodasnas. Takum oOpazom,
XapakTep peakinu B rerepoda3Hoil CUCTEME YacTO 3aBUCUT OT COOT-
HOIIIEHUSI cKopocTed nuddy3un peareHToB U X XMMUYECKOTO B3au-
MOJECHUCTBHUSL.

6. B 3aBuCUMOCTH OT TOro, Kakue peareHThl BCTYHAIOT B Peak-
I[MHU, POCTHIC PEAKIIUU NETAT HA MOJeKyaipHble (YUaCTBYIOT TOJIBKO
MOJIEKYJIbI), padukanvhvle (1O KpailHEH Mepe, OJIUH U3 PEarcHTOB —
aToM, CBOOOJIHBIA paJWKall, WIM WUOH-pPaJuKan), uoHHbvle (OJUH WU
0oJiee MOHOB), peaxkyuu 8030yxncoeHHbIX MoaeKY (B HOTOXUMHUUECKUX
npoleccax), peakyuu COoab8amupo8aHHO20 IJIeKMPOHA, PEeaKyuu ¢
yuacmuem KOMNJIEKCO8.

7. CHOXHBIE peaklMu Mo Ccroco0y, KOTOPbIM MPOCThIE PeaAKIUU
COUJICHSIOTCS B CJIOKHBIM XUMHUUYECKHUH IPOIECC, MOKHO Pa3CIIHTh
Ha: oOpamumvle (PAaBHOBECHBIC), napasienvHvle (BKIHOYAS KOHKYPU-
pyiowue), nociedosameibhvie, HOC1e008AMENbHO-NAPANLIENbHbLE, NO-
cnedogamenibHvle ¢ 0OpamuMbiMU CIMAOUSMU, CONPANHCEHHbIE U CAMO-
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conpsidcernvle peakuuu. [lo TMHUK KaTanu3zaTopa CI0KHBIC PEAKIUU
MOYKHO pa3JIeNINTh Ha Hekamaniumuyeckue, kamaiumuyeckue (KaTajau-
3aTOP y4acCTBYET B IPOIECCE C CAMOT0 Hayajla €ro MPOBEJICHUA) U a6-
mokamanumuyeckue (Karaim3aTop o0pa3yeTcsl B KaueCTBE KOHEYHOTO
WA TTPOMEKYTOUYHOTO MpoayKTa). Ocoboe MeCTO cpeliu CI0KHBIX pe-
aKIM 3aHUMAIOT yenHvle peaxyuu, TPOXOAAIINE C YYaCTUEM aKTHUB-
HBIX MPOMEXKYTOYHBIX YacTHUIl (aATOMOB, CBOOOJHBIX PaJAMKAJIOB, BO3-
OY>XJCHHBIX MOJIEKYJ, HECTAOMUJIbHBIX MOHOB) B ITUKINYECKHU MOBTO-
PAIONTUXCS CTaAUAX, HarpumMep, nenHas peakmaus Cl, ¢ H,

ClI’'+H, - HCI+H*; H*+Cl, - HCI+Cl’u . 1.

C TOYKH 3peHHUs YUaCTHsI MHTHOUTOpA CI0KHBIE pEaKIIuU JCIAT
Ha HeuH2ubuposauHvle, UHeUOUPOBaHHble (MHTUOUTOP MPUCYTCTBYET
B MCXOJIHON CMECH), asmouneubuposartvie (AHTHOUTOP 0Opa3yercs
B XOJI€ PEaKIINH).

8. Bo3aMoxHO neneHue peakuuil (IPOCThIX U CIOXKHBIX) MO CKO-
POCTU MX MPOTEKAHUSA Ha MedreHHble U Obicmpbie. CKOPOCTh OBICT-
PBIX (Oupdy3uorHO-KOHMPOIUPYEeMbIX) PEAKIIUIN 3aBUCUT OT CKOPO-
CTH BCTpeY yacTHIl-peareHToB. K TakuMm peakiusM OTHOCSITCS MPO-
CThIE€ pEaKIIMH, MPOTEKAIOIIMe MPU HEBBICOKOW Temmeparype 0e3
sHepruu aktuBauu (Tounee ¢ £ < RT wiu E = Ep, rae Ep — sHep-
rusi aktuBanuu auddysun). MeaneHHble peakiuu JTUMUATUPYIOTCS
XUMHYECKUM B3aUMOJCHCTBUEM YACTHII, KOTOPOE MPOTEKAET 3HAUYU-
TEJIbHO MeJJICHHEee CKOpocTU N y3un (BCTpEUr) peareHToB.

C mo3unuii UCMOJb3yeMBbIX JI U3YYEHHS PEaKIUi KUHETHYe-
CKMX METOJIOB PEaKIHUH YCIOBHO JEJAT Ha MEMJIEHHbIE (CKOPOCTH
U3MeEpAEeTCd OOBIYHBIMU METOJIaMU) U OBICTpbIE (CKOPOCTh U3MEpPSi-
€TCS OJTHUM M3 METOJOB M3yYECHHUS OBICTPBIX PEAKIINI); XapaKTepH-
cThueckoe BpeMs nepBbix—ooubiiie 100 ¢, Bropbix — MeHbIme 10 c.

9. B opranmyeckoil XUMHUHM PEAareHThl YCIOBHO JEIAT Ha CYO-
cmpamsl U azeHmyl, a PeaklMy pa3anyaroT M0 TOMY, Kakas rpymnmna
(u1m aToM) BBOAUTCS (aMUHUPOBAHUE — BBEJICHUE aMHHOTPYIIIIHI,
ATKWJIMPOBAHKE — BBEJCHHUE AJKWILHOW TPYIIBI U T. JI.) UK OTIIE-
msieTcss oT cybcTpaTta (AeruapupoBaHue — OTIICINICHUE BOJOPOJA,
nexkapoonunupoBanue — ormemienue CO u 1. 1.). Hanpumep, B pe-
akiiun RCH=CH, + Br, — RCHBrCH,Br onedun cuurtaercs cy0-
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CTpaToM, MoJIeKyJa Opoma — areHToM. B kauecTBe cybcTpaTa vaiie
BCETO BBICTYNAET MOJICKYJIA OPTaHUYECKOTO COCAWHEHUS WU KOM-
MJIEKC, areHTOM MOJXET OBITh KHCJI0Ta, OCHOBAaHUE, OKHUCJIUTEIb,
HYKJICO(PUIbHBIN areHT, 3JIeKTPOPUIBHBIA areHT, KaTaln3aTop.

1.4. KuHemud4eckasi Kpueasi

KuHeTnueckuii SKCHEPUMEHT 3aKJIKOYAETCS B TOM, 4YTO MNPHU
IIPOBEJACHUN PEAKIUU I10 €€ X0y aHAJIU3UPYIOT TEM WM UHBIM Me-
TOJIOM KOHIIEHTPALlMK HMCXOAHBIX BEIIECTB U IMPOAYKTOB PEAKLIUMU.
Pe3ynbTaT TakOro SKCIEPUMEHTA BBIPAXKAIOT B BUAEC KMHETHYECKUX
KPHUBBIX 00pa30oBaHUsl WJIM PacXOJIOBaHUSI COOTBETCTBYIOIIUX IPO-
IYKTOB.

Kunemuueckasn kpusas — rpaduk 3aBUCUMOCTH KOHILIEHTpALIUU
peare’Ta Win NpoAyKTa peakuuu oT BpeMeHH. OObBIYHO OHA CTPOUT-
Cs B KOOpAMHATAaX: KOHIEHTpalUsg—BpeMsl WiIH (YHKIHUS KOHIEH-
Tpauuu (Hanmpumep, Jorapudm KOHIEHTPAIMU) — BPEMS.

Ypasnenue xunemuyeckou xpugou — MaTeMaTHYECKOE BBIpaKe-
HHE, ONHUCHIBAIOLIECE M3MEHEHUE KOHILICHTPAllMU BEIIECTBA BO BpE-
MeHH, Hanpumep, (s peakuuu 1-ro nopsaka) 1lgC = 1gCy — 0,434t
NHpIMU clioBaMH, YpaBHEHUE KUHETUYECKOW KPUBOW MPEACTABISAET
CO00M KHHETHUYECKYI0 KPHUBYIO, BBIPAKCHHYIO B aHAJIUTHYECKOU
dbopme. YpaBHEHHE KMHETUYECKOW KPUBOM HE HAJIO MyTaTh C KUHE-
THYECKUM YPAaBHECHUEM.
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2. 3aKOH geucTBUA Macc

2.1. Ckopocmb xumMu4ecKkou peakyuu

CkopocTh MpOCTOM TOMOT€HHOM XUMHWYECKOW peakuuu W paBHa
YUCITy 3JIEMEHTApPHBIX XMMHUYECKHUX AKTOB, MPOTEKAIOMINX B €IUHUIIEC
o0beMa 3a €UHUILY BPEMEHH.

B 3aMkHyTO# cucTeMe MpU MOCTOSHHOM 00BbeMe U PaBHOMEPHOM
pacIpeeieHuu pEeareHToB Mo BCeMy 00bEMY PEaKTOpa CKOPOCTh XHU-
MHYECKOM pPEAKUMH TMPSIMO IMPONOPHHUOHAIbHA U3MEHEHUIO KOHIICH-
TpallKl pPearceHToB BO BpeMeHH. CleayeT pa3inudyaTbh CKOPOCTh Pacxo-
JIOBaHUSI peareHTa Wik o0pa30BaHUs MPOAYKTAa U CKOPOCTh XUMHUYE-
CKOM peakuuu. Ecnm B cuCTeME NMPOTEKAET PEAKIUs B COOTBETCTBUU
CO CTEXMOMETPUYECKUM YPAaBHEHHEM

VAA + vgB — wWY +v;Z,
TO CKOPOCTB 3TOM PEAKIMU paBHA

y__1dCy__1dCy __1dC,__1dc
v, dt vg dt vy dt v, dt’

T. €. OHa HE 3aBUCHUT OT TOr0, IO KakoMy BemiecTBY (A, B, Y, Z) skc-
MEPUMEHTATOP CJIEANUT 3a IMporeccoM. TOJMBKO MpHU CTEXHOMETpUYe-
ckoM ko3 duimente v,, paBHoM eaunuie, W= W,. Ctexuomerpuye-
ckre KOA((PUIMEHTH TOJKHBI COXPAHATHCA MOCTOSHHBIMM B XOJE
BCEro MpoIecca, B MPOTUBHOM cCllydae HEOOXOJIUMO MPHHUMATh BO
BHUMaHUE MX W3MEHEHHWE BO BPEMEHHU, UYTO MOXKET UMETh MECTO B
CJy4yae CJOXHbBIX peakuui. [[JIs1 CIIOKHBIX PEaKIUW CIEIYyET pasiiu-
4aTh CKOPOCTH IIpoIlecCa B IIEJIOM M CKOPOCTH OTACJIBHBIX COCTaB-
JSIOIIUX €T0 CTaNM; CKOPOCTh DJIEMEHTaApHOM CTaJuu MOXKET ObITh U
OOJIbIIIE U MEHBIIE CKOPOCTH COBOKYMHOTO XMMHUYECKOTO IpeBpalie-
HUsA. CKOpOCTh XMMHUYECKON PEAKIIMUA BBIpAKACTCS B MOJB/(J1-C) WU
MOJIB/(CM’-C), HO MOXET ObITh BBIPQXKEHA U B APYIUX CIHHHUIAX.
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Ecnu peareHTsl HepaBHOMEPHO pacupeiesieHbl 1Mo o0bemy V, To
pEAKIMS MOXKET MPOTEKATh B PA3HBIX TOUKAX PEAKTOpa C Pa3HOU CKO-
pocThio. B 3TUX ciaydasx HalO OTJIMYATh UCTUHHYIO CKOPOCTh pPEak-
MK B JaHHOM MUKpooObeme W(X,y, z) == dC(x, y, z)/dt oT cpenneit

rdc
CKopocTu W =V I—dV.
) dt

Ecnu cuctema 3amkHyTa, HO €€ 00beM M3MEHSIETCSl B XOJI€ peak-
MU (peakuuio MPOBOMAST MPHU MOCTOSHHOM AaBJICHWUHU), TO KOHIICH-
Tpauusi OyJIeT U3MEHATHCSA 32 CUET XMMUUYECKOW peakiMu U U3MEHe-
HUA 00beMa CUCTEeMbl. B 93TOM ciydae N1t HCXOQHOTO BEIIECTBA

B ClH0XHOM XMMHWYECKOM pPEaKUWH, TIE€ YYaCTBYIOT AaKTHUBHBIC
IIPOMEKYTOYHBIEC IPOAYKTBI, CKOPOCTh PEAaKLMU HEJb3s BBIYUCIIATH
KaK CKOPOCTb U3MEHEHU KOHIEHTPALIMU IIPOMEXYTOYHOTO IIPOAYKTA.

B OTKpBITOM cUCTEME KOHIIEHTpAlMs BEIIECTBA W3MEHSETCS U
BCJIC/ICTBUE XUMHUYECKOM pEaKIUU, U BCIECACTBHE MAacCOIEPEHOCA
(MOCTYIUIEHHsI B PEaKTOp HOBBIX KOJMYecTB BemiecTBa). [loaTomy
CKOPOCTb PEaKLHHU B PEAKTOPE UACAIBHOIO CMELICHUS, B CTallMOHAP-
HOM pEXHUME, KOrJa CPaBHIMCh CKOPOCTH MOJAYU BEIIECTBA U €T0
XUMHUUYECKOI0 IPEBPALLEHNs, pABHA

W=—-ulV"(Cy- ),

rae u — 00beMHasi CKOPOCTh Nojayu peareHTa; Cy — KOHUEHTpaluus Ha
BxoJie; C — KOHIEHTpaIs Ha BBIXOJE U3 PEaKTOopa.

B rerepodasnoii cucteme, rae peakuus NpoTeKaeT Ha MOBEPXHO-
CTH pazzena (a3, CKOpOCTb XMMUYECKOIO IPEBPALIEHUSI OTHOCAT HE K
eauHuile o0beMa, a K €IMHUIIE TOBEPXHOCTH, HA KOTOPOW MPOUCXO-
IUT XUMHYECKOE MpeBpalleHue. B 3ToM ciydae CKOpOCTh peakluu
MOKHO OXapaKTepU30BaTh KaK YHCIO XUMHUYECKHX MpEeBpalllCHUH,
IPOUCXOJAIIMX B €IMHUIY BPEMEHHU Ha eJUHUIE NMoBepxHOCTU. CKO-
pOCTh reTepo(asHOil PeaKUHH BHIPAKAIOT B CIUHMIEX MOIb/(M-C).
Jlns mepexosia OT 00bEMHOM CKOPOCTH, BBIPAXKEHHOM B MOJIB/(J1:C), K
CKOpPOCTH Ha IMOBEPXHOCTU HEOOXOAMMO 3HATh OTHOUIEHUE MEXIY
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o0beMoM V, Tre u3MepsieTCs KOHIIGHTpAIUsl peareHTa, U MOBEPXHO-
CTBIO S, HA KOTOPOU MPOUCXOUT MPEBPAIICHUE:

Vin
S{m*}

W {momns/ (M* - ¢)} = W {moms/(11- ) } -

B 3amMKkHyTO# cHCTeMe IpH MOCTOSIHHOM OObeMe CPEIHSs CKO-
POCTh PACXOJOBAaHUS HCXOAHOTO BELIECTBA 3a MHTEPBAJ BPEMEHU
t, —t; pasaa W= (C, — C)/(t, — t;). Uctuanyto ckopocts W= —dC/dt
B MOMEHT BPEMEHU { MOKHO HaWTH, TPOBE/IA KacaTEIbHYIO K KHHETH-
yeckoil kpuBoil C = f(¢) B Touke C| = f|(¢;). Eciiu kuHeTH4eckass Kpu-
Basi IOCTPOEHA 0 HEOOJIBIIIOMY YHCITY TOYEK, TO 3TOT METO]I HeJl0C-
TaTOYHO TOYEH. [To3TOMY, €Ci JIUIsI KUHETUYECKOW KPUBOM MOIYUYEHO
aHanuTudeckoe Beipaxenue C = f(f), TO UICTUHHYIO CKOPOCTh HAXOJAT
muddepennupoBanuem: W =dC/dt. Hanpumep, eciu C=Cy—
at + bt*, To W= —a + 2bt. HayanbHasi CKOPOCTb MOXET OBITh HaiifcHa
skcTpanossinuent: Wy =1lim Wnpu t — 0.

2.2. Dopmynupoeska 3aKoHa

Ecnu B 3jieMEHTapHOM aKTe€ MPOCTOM peakluM y4acTBYIOT JIBE
gacTullbl (A + B — MpoAyKTHI), TO YUCIIO dJIEMEHTAPHBIX aKTOB OYyIeT
IPSIMO MPOMOPIHUOHAIBHO YUCTY BCTped yacTull A u B, a 310 yucio B
equHUIle o0beMa 3a EIUHUILY BPEMEHU MPSMO MPOMOPIMOHAIBHO
npousBeneHnio C,Cy. CreoBatenbHO, JUisi OMMOJICKYJISIPHOM peak-
uuu A + B — nponykTel, W ~ CCs.

3aKOH AEUCTBUS MaccC: CKOPOCTh MPOCTOM TOMOT€HHOM XHMUYe-
CKOM peakIuu MpsSMO MPOMOPIHOHATIbHA MTPOU3BEACHUIO KOHIEHTpA-
LU pearupyronmx BEIECTB.

s peakuyu npA + ngB — OpoyKThl KHHETHYECKOE YPABHEHUE
UMEET BUJ

W =kC\ACgB uma W =k[[C; ,

rae [[ — cumBoa npousBeneHus; C; — KOHLIEHTPALMS I-T0 PEarcHTa;
k — KOHCTaHTa CKOPOCTH peaKkIuu. 3aKOH JICHCTBUS MAacC BBINOJIHSCT-
Cs TIpU OTPEJICTICHHBIX YCIOBHUSIX:
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1) xumuyeckass peakiysi IPOTEKAET TOJIBKO 3a CUET PHEPTUU TeIl-
JIOBOTO JIBMKEHUSI MOJIEKYJ. ECiIu peakiuio BbI3BIBAIOT CBET, JJIEK-
TPUUYECKUN TOK WJIM MPOHUKAIOIIEE HU3IYyUYEHUE, TO 3aKOH JIEUCTBUS
Macc BUIOU3MEHSIETCS, CKOPOCTh MPEBPAILEHUS 3aBUCUT HE TOJIBKO OT
Ca, Cg M T. ., HO ¥ OT XapakTepa NOABOJIMMON SHEPTUU U €€ KOJINYe-
CTBA;

2) NIpOTEKaHUE PeaKklMM HE HapyIllaeT paBHOBECHOE (MaKCBEJI-
00JILIIMAaHOBCKOE) pacHpeeeHUe YHEPruyd IO CTENEHSM CBOOO/IbI
pearupyrommx 4acTull. ITO YCIOBHUE BBIINOIHAECTCS B TEX CIydasiX, KO-
r1a CKOPOCTh Mepefaur dHepruu (MOoCTynaTesbHOM, BpallaTebHOM,
KOJIe0aTeJIbHOM) OT YaCTHUIIbI K YaCTHUIIE MHOTO OOJbIIE CKOPOCTU XU-
MHYECKOIr0 TpeBpaiieHusi. HapylieHus 3Toro yciioBUsI OTpa)KaroTcs
Ha KMHETUKE peakiuu. Hampumep, MOHOMOJIEKYIsIpHAs peaKius mpo-
TEKaEeT MO 3aKOHY OMMOJIEKYJISIPHON peakiiu, €CJIM MPolecC TUMUTH-
pyeTcd nepeaaveil SHEpruu;

3) peareHTbl pABHOMEPHO pacIpeieieHbl 0 00bEMY peaKkTopa;

4) u3MEeHEHNE KOHICHTPAIIMN pearecHTOB HE MEHSIET CBOMCTB Cpe-
IbI U (PU3UYECKOTO COCTOSTHUA YaCTHI] PEareHTOB. DTO YCIOBHE YacTO
HapyImaeTcs 11l KUJIAKO(Pa3HbIX PEaKIuil ¢ y4acTHEM UOHOB U MOJISIp-
HBIX MOJIEKYJ. M3MeHeHue KOHIIEHTpalluM peareHTa, AUCCOLUUPYIO-
IIET0 Ha MOHBI, MOXKET U3MEHUTh UOHHYIO cuily u pH pactBopa, 4To
OTPA3UTCS HA CKOPOCTH PEaKIINH.

llopsodok peaxyuu 1O TAaHHOMY PEAreHTY (YaCTHBIA MOPSIOK)
paBEH IOKa3aTell0 CTENEHU, B KOTOPOW KOHIIEHTpalMsl pearcHTa
BXOJUT B KMHETUYECKOE ypaBHEHUE IS CKOPOCTH peakiuu. Ha-
IpUMED, B PEAKIMU, CKOPOCTh KOTOPOH W =kC)A, MOPAIOK peak-
MU 0 pearcHTy A paBeH n,. s mpocTon peakiuu MOpsaoK Mo
JAaHHOMY p€areHTy paBeH YMCIy YacTHUI] peareHTa, y4acTBYIOIIUX B
OJHOM DJIEMEHTApHOM aKTe€, U COBMAJACT C MOJICKYJISIPHOCTHIO pe-
akuuu. Tak, mis peakuuu 2NO + Cl, — 2NOCI nopsiiok peakuuu
no Cl, paBen 1, amo NO — 2.

Obwuti nopsa0ok peakyuu n paBeH CyMMeE IMOKa3aTeJiel cTere-
HEll KOHIIEHTPAIlMi BCEX PEAreHTOB, KOTOPhIE BXOASAT B KUHETUYE-

CKO€ ypaBHEHHE JUId CKOPOCTH peakuuu. Eciom W =k[[C, To

n = Xn;. JIus mpocToil peaknuu OOMUNA MOPSAO0K — 3TO YHUCJIO BCEX
YacTHIl, YYACTBYIOIIUX B OJHOM 3JI€MEHTaApHOM akte. s peakuunu
2NO + Cl, obmuii mopsa0K peakIuu paBeH 3.
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[Topsanok peaknuu MUMEET HECKOJBKO PA3JIMYHBIM CMBICI IS
IPOCTBIX U CJHOXKHBIX peakuuu. [lopsagok npocToil peakuuu paBeH
YUCJIy YacCTUll, YYACTBYIOUIMX B DIIEMEHTAPHOM AaKTE, OH BCETAa
IIOJIOKUTEIIEH U LIEJIOUUCIIEHEH. ECU CloXHas peakius IpeacTas-
JS€T COO0OM psiJi MOCJIEeA0BATEIbHBIX CTaJui, U3 KOTOPBIX MepBas
OIIPEAEIISIET CKOPOCTh BCETO MPOILIECCa, TO MOPSIAOK CYMMapHOM pe-
aKIIMUu OOBIYHO paBEH MOPSAAKY ITOU OMNpPEACSIONed CKOPOCTh
ctaauu. B obuiem ciayyae mopsiiok CI0KHOU PEaKIMU MOXKET ObITh
I[EJIOYUCIICHHBIM, APOOHBIM, IEPEMEHHBIM U JaXK€ OTPUIATECIbHBIM
(a7 aBTOKATAIMTUYECKUX U IEMHBIX aBTOMHUIMHUPOBAHHBIX MPO-
1eccoB). [{s nenmHoM peakuuuy pacmnajaa, IpoTeKarIlel o cxeme,

A—f_yoR®
R°'+A—2 yB4+R"

R*+R*"—% 5C,
WA :kchCA = kll/zkzk?)_l/zcz, race n = 3/2.

{1 peakiyu, NpOTEKAIOIIEH O ABYM MapaJUICIbHBIM HalpaBJie-

HUSM: A—L 5B 1 ZALB, Wax=kCy+ 2k2CA2, U B 3aBUCUMOCTH
ot Cx n MmensieTcs ot 1 o 2.

2.3. Peakyuu nepeo2o u eamopo2o rnopsioka

CKOpOCTh peakuuu NepBoro nopsjaka A — Z npsmo npornopuuo-
HaJIbHA KOHLICHTPAlMX pPearcHra:

4Gy _dC 4o
dt dt

Kunernueckue kpusbie namMmeHeHusi C, u C; onuchiBaroT Gopmy-
JaMH1

CA = CAoe_kt nJIn lg CA = lg CA() — O,43kf,

Cy=Cgo+ Cro(1 —e™),
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A€ Cp=Cag U Cz=Cyz npu t=0. CKOpOCTh pEaKIUX MOHOTOHHO
yOBIBACT B X0J1¢ peakiun: —Wx = Wy = Caoe ™', W= W, npu ¢ = 0. Ile-
puoA moaynpeBpamieHus 7, = In2/k = 0,69/k, T. e. He 3aBUCHUT OT HC-
XO/JTHOM KOHIICHTpAIlUU peareHra.

JIist OMMOJIEKYJISIPHOM  peaKIuu A+B—% 57 Bo3MOXHBI 1Ba
ciyyJas:

1. UcxonHble KOHIEHTpauuu pearcHTOB paBHbI, Cxg= Cpo. B
3TOM CJly4ae

dC,  dCy dC,

=kC> u C =CyL =kt
dt dt  dt AT TA L TAO

niin CA = CB = CA()(l + CAokt)_l, CZ = CZO + CA()Zkt(l + CAokf)_l, €CJIN
npu t=0, Co=Cpy Cg=Cgy u Cz=Cy,. CKOpPOCTb peakKiuu
WA = WB = WZ = kCA2 == kCA02(1 + 2CA0kt)_2. HepI/IOI[ IMOJIyIpeBpa-
meHus 71, = 1/2Caok, T. €. TeM MeHbIIIe, YeM 00abIIe Cay.

2. cxonHple  KOHIEHTpAllMM  peareHToB  pasHbie.  [IycThb
CBO > CA(), TOTrAa

_dCy __dCy _dCy 0
dt dt ~ dt

Cao(Cro—Caple™”

-7

CpCao Cpo —Caoe

>

Trac

CBO (CBO — CAO)

—er

T= (CB() — CA())kt uCy=
Cpo = Caoe

CkopocTh peakuu

kC oCgo(Cgy —Cay )2 e’

-7

Cpo —Cape
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[Tepuoa monynpeBpalieHus

kCBO(l - CAO /CBO) ,

Tinp =

T. €. 3aBUCUT KaK OT KOHLHCHTpaOuHu pCarcHTa B, TaK U1 OT OTHOIIICHUA

KOHIICHTpaluil peareHToB A u B.
HpI/I CA()/CB() <<1

kCpyt kChy

YTO HarOMHUHAET (POPMYJIbI JJIsl pEaKIIMU MEPBOro MOPsIKa.

2.4. MemoObI onpedesieHus1 Nopsioka peakyuu

[Topsimok peakuuu n, MO AAHHOMY peareHTy A MOXKHO OIpe[ie-
JIUTh, B35B OCTAJIbHBIC PEAreHTHl B TAKOM H30BITKE, YTO UX U3MEHEHU-
€M B XOJI€ OIbITa MOXHO MIpeHeOpeub. B aTom ciyuae

_ n _ n
W=k'CiA, k'=vkCB .

YToObl HAWTH OOIIUN MOPSAOK PEAKLMHU 1 = Na + np, LEIECO00-
pa3HO B3SITh PEareHThl B CTEXHMOMETPUYECKOM COOTHOIICHWHU. Ecim
CTEXMOMETPUUECKOE YPaBHEHUE PEAKIIUA UMEET BUJI

VAA + vgB — npoaykThl,
a KUHETUYECKOE ypaBHECHHUE —

naA + ngB — nponykrsl,

10 npu  Cao/Cgy = valvg Wy =kv,Ch(vg/vs)™ =k'Ck, TIC
k'=kvy (vg/va)™.

Onpenenenue n M0 KHHETHYECKONW KPUBOM PacXod0BaHUA HMC-
xoaHoro BemecTtBa (Meroa Ilaynna). B obmem ciyuae —dC,/dt =

K'Cy", tne k'=v,kCp? (TIpu HaXOXKICHUH YaCTHOTO MOPSKA MO A, KO-

26



' np
I7la OCTaJIbHbIE PEarcHThl B3SIThl B U30BITKE) WU k'=kv, (Vg/v,y)?,

KOT'JIa BCE PEareHThI B3ATHl B CTEXHOMETPHUUYECKOM COOTHOIICHUH, U
MBI XOTHUM OIpEACNIUTh OOUIMi MOpsAoK peakuuu. Bregem Ge3pas-
MepHble nepeMeHnbie: x = Ca/Cyrg, 7= k'Ciy't. Torga KuHeTHKa pac-

XOMOBaHHUS A mpuMeT BUI: —dx/dr = x".

Ecmmn=1,tolnx=-1,x=¢".

Ecmu n#1, 10 x=[1+@m- D] ", t= " V- 1)m-1),
(1 -mlgx==-g[1+ (1 —-n)1].

JIJ1st Hax 0K ACHUS TIOPSAJIKA PEaKIMy TOCTYIAIOT CJICIYIOMNUM 00-
paszoM. Ilo skcriepuMeHTabHBIM TaHHBIM HaXOJAT X = Cp/Cg, CTPOST
rpaduk x = f(Ig ) U conocTaBIAOT ITOT rpauK ¢ TEOPECTUUYESCKUMHU
kpuBbIMU X = f(lg 7), coBMellas HadaJIbHbIE Y4acTKU KpUBBIX. Takoe
COBMEIIEHHE BO3MOXXKHO HMMEHHO B KOOpAMHaTax x —lgt# Tak Kak
T=const u Ig T=const +1g ¢, rae const =1g k' + (n — 1)lg Cxo. Teope-
TUYEeCKash KpUBasi, HAWIIYYIINM 00pa3oM yIOBIICTBOPSIOIIAS IKCIIEPHU-
MEHTaJIbHBIM JJAHHBIM, JA€T MOPSIIOK PEAKIUU.

[IIupoko MCHONB3YIOT U TAaKOW MPHUEM: IO IKCIEPUMEHTAIbHBIM
JTAHHBIM CTPOST 3aBUCUMOCTh B KOOpJAWHATaX f(x) — ¢, Tae BUMI f(x) co-
OTBETCTBYET KOHKpeTHOMY n. Hampumep, 1 n =1 nomkHa BBINOJ-
HSATHCS JIMHEWHAS 3aBUCUMOCTh B KOOpJWHATax g x —¢, nusn =2 — B
KOOPIMHATAX X ' —¢ W T. . JII HAZeKHOTO OMNpPENCICHHS MOPSIKA
peaKIMu HEOOXOJAMMO BECTH PEAKIMI0 Ha JIOCTAaTOYHYIO TITyOHHY.
PaccmoTrpum miisi  mpumepa peakumn  l-ro w 2-TO  mopsaka
(Ax=1-x):

kit =—In(1 — Ax) 1 kxCot = Ax(1 — Ax) .

[Topsiiok peaknuu yCTaHABIMBAETCS OJHO3HAYHO, KOTJA JKCIIE-
pUMEHTAIbHbBIC JTAaHHBIC OMHUCHIBAIOTCS TOJIBKO OAHON W3 ABYX (op-
MyJ, a i 3Toro pasnuna mexay —In(1 — Ax) u Ax(1 — Ax)_1 JIOJKHA
CYIIIECTBEHHO TMPEBBIIIATh OLMIMOKY M3MEPEHHs O. DTOMY COOTBETCT-
BYET yCIOBHE Ax < V26

Ilo Bpemenn npespamenusi Ha 1/p yactb. Bpemsa npeBpamieHus
BEILECTBA Ha 1/p 4acTs ¢/, 0IHO3HAYHO cBA3aHO ¢ Cy U n:

ecin n =1, 1o t1,, = 2,3k 1g[p/(p — 1)];
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n—1
eciu n# 1, 1o ty, = (LJ —1|C" D n-1).
p —

Ecnu nmpoBectu ceputo onbIToB ¢ pazHbiMu Cj, TO TIOPSIIOK peak-
MW HaxOAsT u3 rpaduka (memoo Hotica u Ocmeanvoa)

l' '
1g}—/1’:(n—1)1gﬁ.

MoxHO ucCnonb30BaTh U OAHO 3HaueHUE Cjy, U3MEPUB CTEIICHU
IIPEBPALLICHUS [PU Pa3HBIX £

hy _[pAp=DI"" -1
ty  [g/g=-D1"" -1

I1o 3aBHCHUMOCTH HAYAJIBLHON CKOPOCTH PeaKIMH OT UCXOAHOM
KOHIleHTPanuu peareHTta. HavanpHas CKOpOCTh peakiyu MpSIMO
nponopuuoHaibHa Cy. [IpoBeas cepuio ONbITOB ¢ pa3HbIMH UCXOJ-
HBIMU KOHILEHTPALUSIMU pPEareHTa W MOCTPOUB JIOTAPUPMHUUYECKYIO
aHamopdo3sy

lgWy = const + n-1gCy,,

M0 HAKJIOHY MPSMOW HaXoJsAT mopsaok peakuuu n = AlgW/lgCy. dns
HAJICKHOTO OMpPEACIICHUS MOPSAKAa peaKuh HEOOX0AUMO MEHATh Cy
B JIOCTAaTOYHO IIMPOKOM auanazoHe. Hampumep, eciu npoBeneHbI 1Ba
OMbITa, B KOTOPBIX KOHIIEHTPALIMM PEAareHTa OTJINYaoTCA B JIBa pas3a, a
omrOKa B UBMEPEHUHN CKOPOCTH COCTaBIAET S5 %, TO CpeaHsia omunoKa
B OolpeAeieHnH h paBHa 22 %.

ITo 3aBMCUMOCTH M3MEHAKLIECHCA BO BPEMEHHU CKOPOCTH pe-
AKIUU OT KOHUEeHTpauuu peareHta (Meroa Bant-I'odda). B npo-
1[ECCE PEAKIMU PACXOYETCsl PEareHT U YMEHBIIIAETCS CKOPOCTh Peak-
MW, TPUYEM CKOPOCTh PEAKLIMHU B JAHHBIA MOMEHT BpeMmeHu W, on-
HO3HAYHO CBSA3aHA C KOHUEHTpanuen Beniecta C,

lgW, = const + n-1gC..
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JUIsi HaxOXKJIeHUS TOPSAKAa PEaKUUU OMPENESIOT B Pa3InyHbIC
MOMEHTHI BPEMEHHU CKOPOCTh peakiuu W; u KOHIICHTPAIMIO peareHTa
C, ¥, TOCTPOUB JIorapu(pMUUYECKyr0 aHaMOopd 03y, HAXOIAT 7.

IIo 3aBucuMocTH TIyOMHBI peBpanieHus ot ¢ (Meroa Buiib-
KHHCOHA). O003HAaYUM OTHOCUTEIBHYIO INTyOMHY IIpEeBpallleHUs yepe3
y=1-C/C,. HMockonsky B obmem ciydae C = Co[l +(n— D" V]
(em. Bome), (1—y)" " '=1+ (n— 1)z, e ©=kCyt. Pasnaras cremeH-
HyI0 (QYHKIHIO B psan MakiopeHa W OrpaHUYMBAsICh WICHAMHU C ) B
IIEPBOM ¥ BTOPOM CTEIICHU, MMOJIy4aeM

y szg_lt—gkCg_l V.

-1
PasznenuB 00e yacTu paBeHcTBa Ha ykC,' , TOIydaeM

t 1 n
—=——+t.
y kG, 2

2.5. KoHcmaHma ckopocmu xumMu4eckou peakuuu

CormacHo 3aKOHY JIEMCTBUSI MAacC CKOPOCTh MPOCTOM peakuuu
paBHa

w=k[[C .

Koncmanma cxopocmu peaxyuu k — xo3hPuUIUEHT TPOHOPINO-

HAJBLHOCTU MEXIY CKOPOCThIO XUMHYECKON peaKIiy U MPOU3BEACHU-
(v n.

€M KOHLEHTpaUMWl pearupyrommx BemecTts: k=W /[[C;?. Koncranra

1

CKOpPOCTH YHCJICHHO paBHAa CKOPOCTH XMUMHUUYECKOW peakIuu, KOorja
KOHIICHTPAIIMM BCEX pEareHTOB paBHbI eauHune: W=k npu
Ca = Cg=1. Ecnu peakus A ¢ B no cBoemy MexaHusmy cjoxkHas (B
HEW y4acTBYIOT aKTHUBHBIE NMPOMEXYTOUHbBIC MPOAYKTHI, KaTaau3aTop

U T. J1.), DOJUUHSIETCS ypaBHEHHIO W =k[[C/", To k Ha3BIBAIOT O¢h-

1

gexmuenou koncmanmoui ckopocmu peaxyuu, ITUPAC pexomenayet
Ha3bIBaTh k B 3TOM ciiydae xoagguyuenmom ckopocmu peaxyuu. He-
PEIKO CKOPOCTh CJIOKHOM pEaklUu HE TOMUYMUHSICTCS CTEIIEHHOMY
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YPaBHEHHUIO, a BBIPAXKACTCI HWHOW 3aBUCHUMOCTBIO, HaIlpuMep
W=k CGC(l+ szz)_l. Torna k, u k, Ha3bIBaIOT KO3 Duyuenmamu 6
VpasHeHUuu 0Jisi CKOPOCMU Peaxkyul.

YacTo peakmuio IPOBOJAT B YCJIOBHSAX, KOTJa KOHIICHTPAIMH
BCEX pPEAarcHTOB, KPOME OJHOTO, B3SATHl B M30BITKE M B XOJIC OIIBITA
MPaKTUICCKU HE MEHAIOTCA. B 3TOM cirydae

W =kCACgB =k, 5,CiA,

HaOJ

a KodpUIMEHT k. =kCgB Ha3BIBAIOT o(hhexmuenon W Habio-

Odaemotl koHcmanmou ckopocmu peakyuu nipu Cg >> Cy. Jlns ciyyas
na =1 Takol Kod(PGUIMEHT YacTO HA3BIBAIOT KOIPHUIIMEHTOM CKO-
POCTH pEaKIUU MCEeBAONEPBOro nopsaka. Koncranra ckopocTu peak-
100701 OpsIIKa n uMeeT pa3MepHOCTb:
(Bpemst) -(komentpammst) . UHCICHHOE 3HAYCHHUE 3aBHCHT OT
€IMHUL, BEIOPAHHBIX JJIsI U3BMEPEHUSI BPDEMEHU U KOHIICHTPAIUH.

[Ipu BBIYMCIICHUN KOHCTAHTBI CKOPOCTH MPOCTOM peaKIuu HeoO-
XOJIUMO YYMTHIBaTh JIBa OOCTOSITEILCTBA: MOMHHTH, [0 KaKOMY pea-
TeHTY U3MEPSAETCS CKOPOCTh PEAKIIMU M YeMY PaBEH CTEXHOMETpUYe-
CKUM KO3 (UIIMEHT U MOPSAIOK PEAKIIUU 10 3TOMY peareHty. Hampu-
Mep, peakuus  2,4,6-Tpuankuia(QEHOKCHIBHOTO  paguKaia  C
TUAPONEPOKCUIOM ITPOTEKAET B JIBE MOCIEA0BATEIbHbIE CTAANU:

abn

PhO® + ROOH — PhOH + RO’
PhO*® + RO," — ROOPHO.

CTexXruoMETPUYECKOE YPABHEHHE —
2PhO* + ROOH = PhOH + ROOPhO, HO MOCKOJBKY IepBas CTaIusI
OIpeAeasicT CKOPOCTh  peakiuu, Wgroon = A[ROOH][PhO®] wu
Wpnhoe = 2k[ROOH][PhO®].

Takum o0Opas3oM, 3/1€Ch HE COBIAIat0T KOA(D(PUIIMEHThl B KUHETH-
YECKOM M CTEXHOMETPUYECKOM YpPaBHEHUSX ISl (DEHOKCUIIBHOTO pa-
AMKaga: mopsaaok peakiun mo PhO® paBen 1, a cTeXHOMETPHUYCCKHIA
k03 dunuent mis PhO® pasen 2.

30



MeTo/1bl BLIYHCIEHUS KOHCTAHTBI CKOPOCTH XUMMYECKOH pe-
akumm. [lo  xumemuueckou  kpusou. Ecom  n=1, 1O
k=¢"1In10-1g(Ca¢/Ca). Ecitn cyMMapHEIii OPSIOK PeaKiuy — 1, a I10-
PAJIOK pEeaKIMy IO JIaHHOMY KOMIIOHEHTY paBeH 1, U Bce peareHTHI,
KpoMme A, B3STHI B U30BITKE, TO

k=1n101g(Cyy/C,)/1[] Cso -
i=2

Jliist peakuyu A + B — npoAyKThl £ HAXOJAT U3 YPaBHEHUS

___Inio [1gCA—1g@j.
1(Cpp —Cpo) Cg Cpgo

[Ipu BBIYMCIECHUN KOHCTAaHTBhI CKOPOCTU 1O MHTETPATbHON KHUHE-
TUYECKON KPUBOU B OOIIIEM BHJI€ CTAaBUTCS 3aj1ada Mo OMpeIeeHUIO k
B ypaBHeHUH f(x) = —k't (x — OTHOCUTEIbHASI KOHILICHTPAIMs pearcHTa).

Jlnst peakuuu 1-ro nopsiaka f(x) =Inx, k' =k; nna peakuuu 2-ro
mopsimka fix) =x"' — 1, k'= Cok u T. 1. VI3 dKCIepHMeHTa IONydaeM
psa 3HaueHuit (¢, x,), (&, x»), ..., (¢,, x,). IIpsimasi, mpoBejieHHAas B KO-
opaMHaTax f(x)—t, DOJDKHA YIOBIETBOPATH YCIOBHMIO O; = f(x;) + kt;,
29, = 0. Otcrona caenyet, uTo k = Zf(x;)/Zt,.

[Ipu BBIYMCICHUHU & METOOM HAMMEHBIIINX KBaAPaTOB

MDY (CYOWIC)
nyf —(Xe)

Ilo nepuody nonynpespawenus. llepuona mojgynpeBpaiieHus O/1-
HO3HAYHO CBSI3aH C KOHCTAHTOW CKOPOCTH M MCXOAHOM KOHIIEHTpAIlY-
el peareHTa, 4To MO3BOJISIeT BBIYUCINUTD k. Tak, JJ1s peakiuu IepBOro
nopsiaka k= In 2/7y, mIsl peaknuu BTOPOTO TMOpsAKa k = C()_l‘L'l n M
T. [I.

llo nauanvnou ckopocmu peaxyuu. I10CKOIBbKY B Ha4aJbHBIA MO-
MEHT BPEMEHM PacX0J0BaHUE PEareHTOB HE3HAYUTEIIBHO,

W=k[[Cii w k=W/T[C}i.
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Ilo uzmenenuro ckopocmu peaxkyuu 8o épemenu. VI3MepUB KOH-
LEHTpAIIMU peareHToB B MoMmeHT Bpemenu ¢ u "' (C' u C"), MOXHO
BBIYMCIIUTH CPEIHIOI CKOPOCTh PEAKIIMU U HAWTH k, ipu v = | uMeem

c'-C"
"=t

W= : 5:%(c'+c"), k=W/C".

CneyuanvHvie Memoovl 060pabomKu KuHemuyeckux kpuswvlx. Ecim
KMHETUKA PEaKIMU PETUCTPUPYETCS MO U3MEHEHUIO KaKoro-inoo ¢u-
3MYECKOT0 CBOMCTBA CUCTEMBI D (ONTHYECKAas MJIOTHOCTbh, DJICKTpUYE-
CKasi TPOBOJAMMOCTb U T. J.), CBSI3aHHOI'O C KOHIIEHTpallUeil pearu-
pyromiero BemectBa C Ttak, uto npu C=Cy,, D=D,, a npu C=0,
D = D,, To kK MOXHO OIpPEACIUTh U3 KNUHETUUYECKOU KpUBOH Xx(f) cie-
JTYIOIUMHU METOJIaMMU:

Memoo ['yeeceneetima (A peakuui nepBoro nopsjka). Mzmepsi-
10T D; B MOMeHT #; u D;' B MomeHT ¢ +A u T1.1. U3 rpaduxka
lg (D; — D;') — t; naxonasT k:

Ig (D; — D) = 1g[(Dy — D,)(1 — & **)] - 0,43kt

Memoo Maneenvcoopgha (s peakuuii mepBoro nopsaka). Mame-
pEHUS TPOBOJAT Kak B MeToje I'yrrenreitma, HO rpad)uK CTPOSIT B KO-
opauHatax D, — D;:

D! =De™ +D,(1-e™),

o —k.
HAaKJIOH IIPAMOH PpPaBCH ¢ A, OTCCUCHHUC Ha OCH OpAHHAT PABHO

D(1 —e™).

Memoo Poszsepu (nnsa peakiuii BToporo mnopsaka). I[lapamerp D
U3MEPSIOT B MOMEHTBI BPEMEHH 1, 1), 13, pa3ACICHHBIC TMTOCTOSHHBIM
uHTEepBaJIoOM BpeMeHH A. KOHCTaHTy CKOPOCTH HaXOIAT U3 ypaBHeE-
HUSL:

_ Dy[(Dy = Dy) = (D3 = D,)]
2C)A(D; =Dy )(D; = Dy)=(Dy = Dy)
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3. YpaBHeHMe AppeHuyca. QHeprusa aktuBauum

[IpeBpariieHre UCXOIHBIX YaCTHUIl B MPOAYKTHI PEaKIuu, KakK Ipa-
BUJIO, CBSI3aHO C MPEOJIOJICHUEM MOTEHIMAILHOTO Oapbepa, KOTOPhIH
HA3BIBAIOT JHepeuell akmusayuy XumMudeckou peaknuu (E). Hamnuue
MOTEHITMAILHOTO Oapbepa OOYCIIOBJIEHO TEM, YTO KaKJas YacTHIlA
(Monekyna, paJuKall, HOH) — DHEPreTUYEeCKH 00Jjiee UM MEHEee yCTOM-
yuBOoe oOpazoBaHue. llepecTpoiika pearupyromnmx YacTul] TpeOyer
pa3pbiBa WM OCHA0JICHUS OTISIbHBIX XMMHUYECKHX CBSI3CH, Ha 4YTO
HEOOXO0MMO 3aTpaTUTh dHEpruro. J{ons gactur ¢ sHepruen oompie £
paBHa e “ ! (3akoH BonbiMana). B XMMHYECKOM MPEBPALICHAN yda-
CTBYIOT TOJIbKO TaKW€ YaCTHUIIBI, DHEPTHUS KOTOPBIX OoJibiie E, MO3TO-
My KOHCTaHTa CKOPOCTH PEAKLHH k ~ e PR BnepBbie 3aBUCUMOCTD k
ot T BbIBeJeHA APPEHUYCOM M3 IKCIEPHMEHTAIbHBIX AaHHBIX. OHa

NMEET BUJ

k=A-e ™ wn lgk :lgA—L-l.
23R T

B sty dopmyny BxoasT ABa mapameTpa: SHEpPrus akTuBanuu E u
MPEIPKCIOHEHIIMATBHBI MHOXUTEIb (MPEAdKCIIOHEHTa) A. DHeprus
aKTUBAIlMM €CTh TOT MHUHHUMAJbHBIM H30BITOK SHEPTHH, KOTOPHIM
JO0JDKHA 00J1a/iaTh YyacTHIla (MIJIM IMapa pearupyroimx YaCcTHIT), YTOOBI
BCTYIIUTh B XUMHUYECKYIO PEaKIUI0. DKCIIOHEHTA € IMpeJICTaBIISIET
cOOOM JTOJIFO aKTMBHBIX YaCTHII WJIM aKTUBHBIX CTOJIKHOBEHUH YaCTHIL,
MPUBOJAIMINX K peakiuu. [Ipedsxcnonenmy A MOXHO pacCMaTpUBATh
KaK KOHCTaHTY CKOPOCTH, C KOTOPOM pearupyrT aKTUBHbBIC YACTHUIIBI.
Kax nerpyano Bunetb, k=A npu E=0u k — A npu T — . 3aK0oH
AppeHnyca MOXHO BBIBECTH TCOPETHYECKH U3 TEPMOIWHAMHUKH XH-
MHMYECKOTO PAaBHOBECHUS IIPH CICAYIOIINX MPEANOI0KESHUIX:

1) mpeBpalieHnto MOJEKYyIbl A B MPOJYKTHI MPEAIIECTBYET €€ Iie-
pexoj B aKTUBHYIO MOJM(PUKAIMIO, UTO TpeOyeT 3aTpaThl SHEPTHUH E;

2) 3Ta aKTUBHas MoAuduKaIusa MOJeKya A, oOpa3yercs mo o0-
patuMmomy mporeccy A < Ar, Kaer = [Alae/[AlL

3) KOHIIEHTpAIMsl AaKTUBHOM MoAu(dUKAIUKU MOJEKYJl A OYCHb
MaJla, TaK 4YTO MX 0Opa3oBaHHE MPAKTUYECKH HE MEHSET KOHIICHTpa-
LU0 UCXOJHBIX MOJIEKYJI, MOITOMY A = Kar[Al;
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4) akTuBHas MoAM(UKaIMs MPEBPAIIAECTCS B KOHEUHBIH MPOIYKT
CO CKOpPOCTBIO, HE 3aBUCSIICH OT TeMIIEpaTyphl, T. €. KOHCTAaHTa CKO-
pPOCTH XHUMHYECKOW peakiuu k = const:[A].. = const-K,[A]; 1o-
CKOJIbKY, COIJIaCHO TepMOJIMHAMUKE, dIinK,../dT = E/RT",
dInk/dT = dInK,./dT = E/RT* wmu Ink= —(E/RT) + const. Ilomoxxun
const =Ind, rame A — MOCTOsSIHHAs, HE 3aBHUCAIIAs OT TEMIEpaTyphl,
nmeeM Ink = Ind — (E/RT), wu k = Ae 7,

N3 3T0r0 BHIBO/A SACHBI YCIOBUSI, IIPU KOTOPBIX MPOCTAs XUMUYE-
CKasl peaklusi CIeAyeT 3aKoHy AppeHuyca. Bo-mepBbiX, akTuUBaIus
MOJIEKYJI POUCXOJUT TOJBKO 3a CYET TeIuioBou sHepruu. Eciu moe-
KyJIbI BO30Y>XJAal0TCSl CBETOM, 3apsiKEHHBIMU YacCTUIIAMU U T. ., TO
3aKOH AppEeHUyca MOXKET HE BBINOJHITHCA. BO-BTOpBIX, MPOTEKaHUE
peakIMyu He JOJKHO HapylllaTh PAaBHOBECHOTO pacHpeIesiCHUs dHEp-
THHU MO0 CTEMEHSM CBOOO/IbI pearupyronux yactuil (ycaoBue 2).

3aBUCUMOCTb CKOPOCTH PEaKIMU OT TEMIIEPATYpPbl MHOTAA BbIpa-
KAIOT 4yepe3 TemnepaTypHblii koadduiuent. TemnepaTypHbiil K03¢-
¢uneHT o(7) moKa3bIBAET, BO CKOJBKO Pa3 YBEJIMYUBAETCS CKOPOCTH
XMMHWYECKOW PEAKLINU NIPU YBEIWYeHUU Temreparypsl Ha 10 K:

_W(T+10) . _ 10E E

o(T) _ =525————
2,3RT(T +10) (T +5)

E=1,91-10"(T+ 5)*1ga(T) (xJ>/MOJIB).

JUJIs1 HEKOTOPBIX JIEMEHTAPHBIX PEAKLNNA, TAKUX KaK peKOMOHUHA-
151 aTOMOB, PAJUKAJIOB U HOHOB, £ = 0.

JIist cnoHBIX peakuuil E, kak npaBuio, — 3(pPeKTuBHAS BEIUUH-
Ha U MPEJCTaBISET cOO0M alre0pandecKyro CyMMYy SHEPTrHUil akTUBa-
IIUA OTHAEIBHBIX CTaAW{, BIMAIOIIMX HA CKOPOCTb CYMMAapHOIO Ipe-
BpauieHusa. B HeKOTOpbIX cityyasx £ MOXET ObITh IEPEMEHHOM.

34



4. KNHeTUKa CrnoXHbIX peakuum

CrnoxHasi peakiysi COCTOUT U3 HECKOJIbKUX (HEPEAKO U3 OOJIbIIO-
r0 YKCJa) 3JIEMEHTAPHBIX PEaKIi, CBSI3aHHBIX JIPYT C APYroM oIlpe-
JIEJICHHBIM 00pa30oM uepe3 UCXOJHbIC BEIIECTBA U MPOMEKYTOUHbIE
MPOAYKThI. MEXaHU3M CIIOKHOM PEAKIIMU MOKHO MPEICTABUTH B BUJIE
CXEMBI JIEMEHTAPHBIX MPOILECCOB. B OTHOILIEHNH CIOXKHBIX PEAKIIUU
B KUHETHKE BO3HUKAIOT JIBE 3aJ]a4UM: IIpsiMas U oOpaTHasl.

B Hacrosmen riiage pacCMOTPEHBI BCE THUIIbI CIOXKHBIX PEAKIIUH,
COCTOSAIMX M3 ABYX U TPEX CTaaui. MareMaTu4eCKud aHaln3 CIIOXK-
HBIX pEaKIil ¢ OOJBIINM YHUCIOM CTaaui OOBIYHO MPOBOJUTCS C UC-
MOJIb30BAHUEM KOMITBIOTEPOB.

4.1. O6pamumble (pasHOBeCHbLIE) peakyuu

OOpaTtumast peakiysi IpOTEKAET KaK B MPSIMOM, TaK U B 00OpaTHOM
HaIpaBJICHUU, HAIIPUMED:

H3C—C=—CH—COOC,H5 (A) === H3C—C—CH,—COOC,Hs (B)

OH O

Yepes HEKOTOPOE BpEMs B 3aMKHYTOM CUCTEME YCTaHABJIMBACTCS
pPaBHOBECHE MEXIy HMCXOJHBIMH BEIIECTBAMHM M MPOJYKTaMU peak-
IIMU. ITO PAaBHOBECUE HE 3aBUCUT OT TOTO, JTOCTUTACTCSI OHO «CBEPXY»
(Cpo =0) nmu «cHuzy» (Cgo = 0). Eciiu B cuctemMy, riae ycTaHOBUJIOCH
paBHOBECHE, BBECTH OJMH U3 PEAareHTOB, TO B HEH yCTaHABIMBACTCS
HOBOE€, JMHAMHUYECKOE paBHOBecHE: 00€ peaklnu, Npsmas U olpart-
Hasi, TPOTEKAIOT B COCTOSIHUU PABHOBECHS C PaBHOM CKOPOCTHIO.

XapakTepuCTUKH 0OpaTUMON peakIii: KWHETUYEeCKOE ypaBHEHHUE
U KOHCTaHThl CKOPOCTHU IpSMOM W 0OpaTHOM pEaKkIMH; HCXOJHbIC
KOHIIeHTpauuu peareHToB (Cy=ay, Cg=by U T. 1.); paBHOBECHBIC
KOHIICHTpalUK pearupytomux BemectB Cp = a,,, Cg = b, U T. 11.; KOH-
CTaHTa paBHOBecusi K, DSHTaIbNUA PaBHOBECHOTO IIpoilecca
AH = RT°dInK/dT, AH = E, — E_,; sneprust ['u66ca AG = —RTInK, -
Tpomust paBHOBecHs AS'; BpeMsi pelaKcalii T , 32 KOTOPOe CHCTeMa
NPUOINAKACTCS K COCTOSHUIO PAaBHOBECHS B € pa3, T. €. BpeMsl, 3a KO-
Topoe (Cy — C)/(C;— Cy) =e.
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s peakiun npA + ngB —= nxX + nyY coctosiHue paBHOBE-
cus gocturaercs, korma W, =W_n

nx .,y
k _ XS Ve

koy o alhblp

K

YacTHble cniyydyaun pa3yinidHbIX paBHOBECHbIX peaKum‘&

1. Akk:lZ,IZ(kl k)
-1

HpI/Itzo CA:ao, CZZO, Ay T Zop = Ay,
Wa=—kiCa+k1Cy, Wy = k1Cp — k_1Cy,
Ao — k_lao’f, Zop = klao’f,

Cy—a z —C
A T — ¢/1, In==2—Z=—¢/1,
a,—a z

(o) fe o]

In

Ca=ap+ (ag—ay)e ", Cz=z (1 —e ™).

HpI/I t= O, CA = Ay, CZ =20, Ao T Zo = Ay T Z, Ao = k_l(a() + Z())T,
Zoo = ki(ao + o),

| —t/T.

klao - k_IZO
CA = k_lT(Clo + Z()) — T(k_lZ() — klao)efm.

2 Ao X4 Y, 1= [k + k(v + v

k_y

TMpu £ =0, Cs = ay, Cx =0, Cy = 0.

Wa=—kCp+ k CxCy, Wx =Wy =k Ca — k_;CxCy,
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a, =i(w/1<2 +4a,K —K)?, X = Voo = %(JK2 +4a,K —K).

ln (CA — aw)(T_l + k—l‘xoo) — _l ln (xoo - CX)(T_I - k—lxoo) — _l )
=k (Cy—a)] T x U -k (x.-Cy)] T

1 —t/t

x. T e
Cy =x.— -1 —t/t >
T th i x. (e =1
CA =dg— Cx.

Hth:O) CA:(): CX:x0> CY:y()axO:yO:

1
a. =R(\/K2 +4Kxy —K)?, X0 = Voo = JKa., .

XX oo

Cy = {I+e ' [l—a(e™ =D},

a,+x,

k_xyx.(x, +2a,,)

= t, o= aooz/xoo(xoo + 2a,,).

a,(x,+a,)

Hth:O) CA:(): CX:x0> CY:y()axO'_'éyO:

1
Ao = X0 — Xeo s Xoo = E[\/(K+y0—x0)2 +4Kx, —(K+y0—x0)}

2 2
ln{am(xoyo_aoo) + a,

= ao{l(xoyo — awz)k_lt =7,
X0Vo(do =Ca)  Xo¥p

Calay,=1-¢"Tl —a (e’ — D/(xeyo — ax)]-
k _
3. 2a==2 X, 1= (4kan + k),

WA = —2k1 CA2 + Zk_l Cx, WX = k1 CA2 — k_l Cx.
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HpI/It:O, CA:CZ(), CX:O.

1
a, :E{‘”-'_SKCIO -1}, x, =%(a0 -a.),

[r + 2k (Cy —a..)](ay - aoo):_i
[r +2k(ag—a)(Cpy —a,) T

CA:a + (ao_aoo),c—le—t/’t =_£
T 42k (ag—a)(1-€e""T) 1

Hth:OCA:O, CXZXO-

W2k e =C) ¢

aoo,ce—t/t

T = 2ka, (1-e"'")

CAZCZOO—

4, A+BkkﬁlX+Y, T = [k(@m + bu) + k(X + 1))

-1

WA = —kchCB + k_ Cxcy, WX kchCB —k_ CXCY
HpI/I t= O CA aop, CB b(), dog = b(), CX = CY = 0.

= ag(1 + VK ), x0=apyK (1 + VK ),
|:T_1 — (k) —k_))(Cy —aoo)](ao —a.) ¢

In =—

[T-l — (ky —k_)(ag —aw)](ao -a,) T ,
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(ao_aoo)e—t/‘c

1+ (ag —a.)(k_ —k)we™ T =1)
HpI/It:O CA:CZ(), CB=b0,a07$b0, CX:CY:O.

Cy=a,+

20k — 1), = K (by —ay)* +4Kayh, — [K(bo— ao) + 2aq),

—t'
x_e

1+ (a.by —agx..)(2a.by + byx., — aoxw)(e_t' ~1) ’

f= k1(2awb0/xw + bo — aoo)t.

4.2. lNapannenbHbie peakyuu

B nmapamienbHBIX peakiusX HUCXOJHOE BEIIECTBO MpPEBpaIlaeTCs
OJTHOBPEMEHHO B HECKOJIBKO MPOTYKTOB:

ki, ny X ki, ny X
_ LR —
A ko, 15 . nwm A-+B ko, 115 Y
a 4]

[Ipu n30bITKE peareHTa B cxema 6 OyAeT MOTYUHSITHCS KHMHETH-
YECKUM YPAaBHEHHUSIM CXEMHI .

O6o03naueHus: Cpag=ag, Cx =x, Cy =y, xg =y = 0.

1. O0mwmit cyyait (n, # ny).

—(dx/dC )=k (k; +k,C2™™),

Ca dC,

o |

w 1+HE kO

2.1 =n,=n.
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W=kCh+k,Ch =(k; +k,)Cy .

—(ky+ky)t

[Ipun=1Cs=aqape

Jusin#1C' " —ag' "= (ki + kp)(n— ),
X/y = kl/kz, )C/CA = kl/(kl + kz)

3.n=0,n, =1, x=ki/(kyay), npsmas 3agaya.
—(dCpldt) = ki + kyCp = ky(Kag + Cp),

lnH—szzl"
Cyplay+x

(CA/a()) = (K + 1)€_k2t — K.

4.3. KoHkypupyrowue peakyuu

B KOHKYypHpYIOIIMX peaKUUsIX OJHO BEUIECTBO PEArupyeT mapai-
JEBHO C HECKOJIbKUMHM peareHTaMu, KOTOpbIe TAKUM 00pa30M KOHKY-
PUPYIOT JIpyT C Apyrom. Takue peakiuu MUPOKO UCIOIB3YIOTCS IS
VU3MEPEHUS OTHOIIEHUN KOHCTAHT CKOPOCTH PEAKIIHM.

l.A—b X A+B—2 Y.

HpI/Itzo CA:ao, CB:bo, CXO:CY():O.

Wl/Wz = dCx/dCY = kl/kz(b() — Cy),
kl/kz = Cx/[hl bo — ln(bo — Cy)]
3HaueHust k; U k, HaJeKHEE BCErO0 BBIUMCINTH II0 HAYaJIbHBIM
CKOPOCTSAM HAKOIUICHUSA X 51 Y. ITpu ay << by
CA = ao-eXp[—(k1 + kzbo)t] n k31<cn = Aln CA/At = kl + kzb(). Ecnu pacxo-
noBanneM B moxHO mpeHeOpeub, TO Cx/Cy=ki/khby m
kz/kl = Cy/be().

2. A+B—A X A+C—2 Y,

40



dCx _kCp _ k(b —Cx)

dCy - kyCo k(e _CY).

Ecmu bo >> Cx, Co=>> Cy, TO kl/k2 = C()Cx/b()CY.
B oOmem ciryuae

by :ﬁl 0 umn ky _ 1g[by /(b = Cx)]

In———— n .
by—Cx ky ¢y—Cy ky 1glcy /(cy—Cy)]

3. A+B—M S x4+ 4Py,

Ecnu A — nmaOWibHBIN MPOTYKT, KOTOPBIA 00pa3yeTcs ¢ MOCTOSTH-
HOU CKOPOCTBIO W, M BCTYIAET TOJBKO B peakuuu 1 u 2, TO B X0J1e
OTbITA €r0 KOHIECHTPAIUs KBa3uCTalMOHapHa, W = Wx + 2 Wy,

C, _kCy| |, 8Waky
4k, k*Cy

U IIpU Majio riayouHe npeBpaiieHus, korna Cg = Cgo = by,

Cy | Cy =lyby 1 2k,C = 21+ 8, W, /2By — 1)
Ecimu WX >> Wy, TO Cx/CY = k12b0/2k2WA.
HpPIt:OCA:Clo, CB:b(), CX:CY:O.

dCy 4C, 4(ay—Cyx —2Cy)’

K= 2k1/k2

ITpu K # 1

-K K
1 K b 1 b b, C
Cy=7 (ao_b0)+—(b0_Cx)—ao{l__o‘k(‘(—l) 1}(—()} L—O——Xj }
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4.4. NTocnedosamenbHbie peakKyuu

B nocnenoBarenpHbIX peakuusax NPOAYKT OJHOW PEAKLMHU BCTY-
MaeT B CIEAYIOLIYIO PEAKLIHIO U T. [I.

| LN S BN U

IIpsimast 3agayva (puc. 1).

Puc. 1. Kunemuueckue kpugvle npooykmoe
6 npocmoti nociedosamenvhou peakyuu A — X — Y

—dC,Jdt = kCy, Cp = age ™",

dCX/df = kch — k2CX:

Cy = ﬂ(e—kﬂ _ e—kzt) )
ky =k,

In(k, /k;)
p max kz—kl

Cxmax = @o(ky /Ky yethmh)

Cy =ap| 1-—2 gkt y J1_ ot |
key =y ky =y

OopaTHas 3agaya. Koncranra ckopocTu k; MOXKeT ObITh Haiije-
Ha U3 KHHETUYECKOW KPUBOM pacxoJoBaHus A, a OTHOIIEHUE K = ky/k;
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BBIYMCIICHO U3 BENUYUHBI Cynax IYTEM PELICHUS TPAHCUEHAEHTHOTO
ypaBHeHUs 1g(Cxmax/ao) = K-1g[x/(1 — ©)].
KoncTaHTy ckopocTH k, MOKHO HAWTH KaK OTHOILIEHUE

k2 = WXmax/ C’Xmax-

2. A xR sx B sy

Hauaneneie ycnosus: £ =0, Cp = ao, Cx, =Cx, =Cy =0.

Cr= aoe_klt» Cx, = agk, (ky —k1)_l(e_klt - e_kzt) )

e—klt e—kzt e—k3t
(ky —k))hs k) (ky—k)ky —k3) (ks — k) (ks —ky)
co—alio ke ™™ kke™ ke ™
U U -k —k) U=k —ky) (ki —ky) (ks — ky)
3. A5 X, —2 55X, LX, ey
HpI/Itzo CA:ao, CX1 :CX2 = ... ZCY =0,

i=j _p ., itj+l

CXj=aonj§e ’ / Hl (kjsa=k;).

4.5. [TocnedosamenbHO-NapasiesibHbIe peakyuu

. A yx_h

yZ; A—27.
HpI/It:OCA:ao, CX:CZ:O.
—dCA/df = (k1 + k3)CA, dCZ/dt = k3CA + szX,

Aok +k3)

(e—(k1+k3)t _ e—kzt)
kz - kl - k3 ’

Cx =
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dC, _ ks kG
dAC, ki +ky k+ky C,

Korna kZCX < kl CA, dCZ = k3 5 CX = & ’

dAC, Kk +ky ky + ks

__d¢, = ks n ky —ay=Cy,
dAC,  ki+hky  (k+ky)® Ca

npu ag — Ca << aq

C, _ ks 1 kk
ACy  ki+ky 2ay (k +ky)

SAC, =a+bAC,,

ky+ks’ 2a, (k +k3)2 '

rje a=

DTO COOTHOIIEHUE MOKHO MCIOJIb30BaTh U JIJIsi TOTO, YTOOBI pas-
JUYaTh CJIydau MOCJIE0BaTEILHOr0 (depe3 X) 1 MapajiesIbHOTO IMpe-
BpaiieHust A B Z: ecinu A mpeBpaliaercs nocjiaeoBaTeIbHo B X, a 3a-
TeM B Z, T0 a=0, b#0, npu npsimoM mnpespanieiun A B Z a # 0,
b=0, mpu mnocnegoBaTelbHO-MAPAILICIBHOM MpeBpamieHun a # 0,
b # 0. MOXXHO HCIOJB30BaTh U BPEMEHHYIO 3aBUCUMOCTh KHHETHYE-
CKOM KpuBOM HakorieHus Z: ipu k1 =0 Cy ~ t; ipu k3 =0 Cz ~ .

2. A+B— 55X, X, +B—25X,; X,+B— 57,

HauanbHble YHaCTKH KUHCTUYCCKHUX KPUBBIX OIIMCBIBAKOTCA YpaB-
HEHUAMMU:

dCy_ /di=k,CyCx, Cx, = %klkzaoboztz.

CooTHOIIEHHE MEXTy KOHIIEHTPALUSIMU — YPABHEHUSIMH:

dCXl _ kchCB _kZCBCXl _ KICA _CXl

44
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C 1/K1
K K
Cy =—1—C,+—1—| A a
Xl A O?

1/x 1/xx
CXI _ LSLY) (CA j ] n LN n LN [CA j - ,
ay  (I=1)(x; =D\ 4 (I-x)d-xx;)  (I=w)A=KK5) @

e K; = ki/ky; ko = ko/ks.
3.AM X AvX—2 57,
[Iput=0 Cx=ag, Cx=Cz=0.
—dCp/dt = k1Cp + bk, CpCx,
dCx/dt = k1Cp — khCpCx,
C—X+21n( —C—ija—o(p&].
K k) k| a
4. A+B—5X; B+X—2 57,
Tpu t =0 Cy = ay, Cg = by, Cx = C; = 0, k = k/k;.
Wa =—dCyxldt = ki CpCh,
Wg = —dCyldt = (k;Ca + krCx)Ch,
dCx/dt = kiCoCp — ky CgCx = 2W A — W,
Cx/Ca = (k= 1) '[1 = (Cala)" ]

k/(1 —x)

Cxmax = oK A K # 1,

-1
Cxmax = ao€  aagak=1.

45



4.6. [NTocnedosamenbHbIe peaKyuu
C pasHOB8eCHbIMU cmaodusimu

kl k3
I. AkﬁB%Z.
2

[Iput=0 Cx=ay, Cg=Cz=0.
—dCp/dt = k1 Cp — k,Cp,
dCg/dt = k\Cp — (ky + k3)Cp,
dCy/dt = k5Cp,

Cp == (= k)e ™ = =hp)e™ |,
Hh—h

ank, . _ _
_ o™ nt it
Cg=——("-e?),
Hh—n

¥ z
_ _ 2 —nt 1 —nt
C,=aq, (1 el'+——e j,

h—h h—h
1 1 B [
T 1 :E(a—B); s :E(OHB); o=k +k,+ks; = o —dkk,.

MaxkcumarnbHass KOHUEHTpaus Mpoaykra B mocturaercs mpu

k 2

_ 1 2

tmax - 1I1 .
nh—n K

-1
Ecmu ky >> k,, TO nocratouHo ObICTpoO (3a Bpems f =<k, ) ycra-
HaABJIMBACTCS PABHOBECHE M PEAKIHs MPOTEKACT CO CKOPOCTHIO, OJIH3-

. k .
KOUu K W :k3k_1CA , T. €. TI0 3aKOHY IICEBJOMOHOMOJIEKYJIIPHOU pEaK-
2

1105078
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2 kl L
A X227
3

[Iput=0 Cx=ag, Cx=Cz=0.
IIpu t — 0 Cx — Cxy, Cz — Cyype.
—dC/dt = kiCh,
dCx/dt = kiCy + ksCy — k> Cx,
Cy=age ™,
Cx = Cxeu(bey + k3 = k) Hag (ky = k)™ =[kyC., = Cp (hiy = k)] 21,
C, =Cy. —(ky + by — k) MHagkye ™ —[kyCyo. — Cpo (hy — k)] 241

MaxkcumaibHass KOHUEHTpAUs IMPOAYKTa X JOCTUTAETCA IIPU

tmax = [ki* /0y + ks — k) ]-Inko/ (ky — k).

k
3. A+BE=2X; A+X—2Z.
2

Tpu =0, C = ay, C = by, Cx = C; = 0.
—dC,/dt = kyCpCy — krCx + k3CACx,
—dCyldt = kyCACs — krCx,
dCx/dt = k| CaCg — ksCx — k3CaCx.

Ecnu paBHOBecHe ycTaHaBIMUBAETCS OBICTPO, T. €. ky >> k3C,, TO
MOkHO cunTath Cx = KC,Cg, e K = ki/k,

dC
2—A =B = KC:Cy.
dt da > AP
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Haob6opot, ecnu k, < k3C,, TO peakiyio MOXHO paccMaTpUBATh
KaK MOCJIe0BATEIbHYIO.

Ecmu npu ¢ =0 Cx = x,, @ KOHIIEHTPAIlUX OCTAJbHBIX MPOYKTOB
PaBHBI HYJIIO U B XOJI€ PEaKIIMU OBICTPO YCTaHABIMBAETCS PaBHOBEC-
Has kKoH1eHTpaius A: Cp = khCx/(k1Cy + k5Cx), TO

dCy  2kkyCx SOk G
dt  kCp+kCx Wy 2k, 2kyky Cyx

ITocnenHsst 3aBUCUMOCTD IO3BOJISICT HAUTH k) U k.

k
4. A+BT;>X; A+X—B 57,
2

[IpenmnonoxuM, 4To B CUCTEME OBICTPO JOCTUTACTCS CTallMOHap-
Hasi KOHIIEHTpanus X:
Cx =k Cp\Cy /(ky +k4Cpy),

W =— C\Ch,
dt  ky+k,Cp ATD
C, A k, + k,Chp,
lim k, =k;, lim /ﬁ:ﬂcB.
Cp—0 Cp—0 ky

4.7. MemoO Kkea3ucmayuoHapHbIX KOHUeHmpauuu

HIupoko pacnpoCTpaHEHbl PEaKIMH, B KOTOPBIX 00pa3yroTcs U
pearupyroT aKTUBHBIE TPOMEXKYTOUHBIE YACTHULIBI: aTOMbI, CBOOOIHbIE
paauKainbl, JaOWUIbHBIE KOMILUIEKChl, XUMUYECKH AKTUBHBIE HOHBI U
VOHBI-pAJIUKAIIBI. JTH YACTUIIbI HACTOJHKO AKTHUBHO BCTYIAIOT B pe-
aKIMIO, YTO B CHUCTEME OYEHb OBICTPO YCTAHABJIMBAETCS JAMHAMUYeE-
CKoe paBHOBecue. HaumHasg ¢ HEKOTOpPOro BpEMEHHU — BPEMEHH yCTa-
HOBJICHHSI JIMHAMHUYECKOTO PABHOBECUSA — KOHLIEHTpAIUs TaKUX aK-
TUBHBIX YaCTHIl KBAa3WCTAallMOHApHA, T.€. OYEHb OJu3Ka K
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KOHIICHTPAIIUK, KOTOpasi OMPEACIISIETCS PAaBEHCTBOM CKOPOCTEH 00pa-
30BaHMS U PACXOJIOBAHMS ATUX YACTHII.

Cmayuonapuas konyeumpayus. [Ipu mpoTeKkaHuu B cucTeMe 00-
paTUMOM peakIuy, HaIpUMED, Akk:llz, KOHIICHTPAIlUM PEeareHTOB
CTPEMATCA K CBOMM PABHOBECHBIM 3HauCHUSIM: Cp — dy,, Cz — z,,, KO-
TOpBIE TIPU MOCTOSHHBIX YCIOBUSX COXPAHSIOTCS MOCTOSTHHBIMU (CTa-
nuoHapHbIMK). KOHIIEeHTpanuio A MOXHO paccMaTpuBaTh Kak CTa-
[IHOHAPHYIO M MPAKTHYCCKU PABHYIO do, €Clu (Cp — dy) < Od, THE
da,, — OTHOCHTEIbHAs TOrpemHocts B usMepeHuu C,. [1O0CKOIBKY
pasnuna Cp —a, yOBbIBaeT JKCIOHEHIUATIBHO BO BpeMeHH (Cp —
a)a,=e¢"", 10 Ca~a, upu t>-1 1nda,="7(k+k;) "y, ecau
da,, = 0,001. Takum oOpa3om, KOrga B CHCTEME IIPOTEKAIOT TOJIBKO
oOpaTuMbIe peakiluy, CTAllMOHApHAs KOHIIEHTpAIUsl peareHToB ycTa-
HABJIMBAECTCS 32 BPEMS MOPAJIKA 107 .

Keazucmayuonapnas xonyenmpayus. Ecium mOpoMexXyTOUHBIN
IpOAYKT X 00pa3yeTcst CO CKOpOoCThio W), a pacXxoayeTcsi ¢ KOHCTaH-
TOM CKOPOCTH Ky (3TO MOXKET OBITh U CyMMa yACIbHBIX CKOPOCTEMN €ro
pacxoJ0BaHMs), TO €ro KOHIEHTpaIus On3ka K KBa3MPaBHOBECHOM
C = Wylky nnsit >k, ' u nipu yenoun dCy/dt << dW,/dt.

Ipumepsbl.

1. A#X%Y, paBHOBECHE YCTAaHABIMBAETCA OBICTPO.
Ilyctb ki > ky > k3. Torna nmpuOauKeHHO MOYKHO CUMTATh KOHIICHTpa-
mro X TakoM ke, Kak B oOpaTUMOM peakiuun Ac——=X, T.E€.
Cy =kk;'C,, a Wy =k,Cyx =kk;'k3C,, . TIpeBpamenue A B Y B Takoi
CUCTEME IIOJ0OHO  peaKIuu A—*5Y, toe k= klkz_lkg, 51
Cy=(1- e_kt). ITorpemHocTs B BhiuuciaeHuu Cy IpU TaKOM IIPpUOJIU-
)KeHUM paBHa KoHuUeHTpamuu X. I[Ipu crporom pemeHuu 3agaydu
ACy /ay=kky'e™ wm npu t=t,= k'In 2 (mepmon momymnpespatie-
HUS A) OTHOCHTENBHAS MOTPEIIHOCTE ACy /ay =kiky' 25" =~ kks'. Tlpu
JOMYCTUMOM MorpentHocTy B 1 % KBa3zucTallMOHApHOE MPUOIHKESHHE
MOYHO HCIIOJIb30BaTh JJIsI Ciiy4aeB ¢ k, > 100k;.

k . .
2. Ak:WXk%Y, oOmmit ciyuait (ky >k, u ky > kj3).
2
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[TpuOaMKEeHHO CUMTaeM PaBHBIMU CKOPOCTH 0Opa30BaHUSA U pac-
XonoBaHHI X kiCx = (ky + k3) Cy, Cy =ki(ky + k3) ' Ch,
a Wy=-Wr=kCy =kikky+k)'Cx u Cy=ayl—e™), rme
k=ky(ky+k;)'. Tlorpemmocts B BormcieHmn Cy — paBHa
ACylay = ki(ky + k3) ' ™) ympu £ = 11, ACylay = ky(ky + k3) .

3.AA X R xR 7

KBazucrannonapHeie KOHIIEHTpauu X; U X, PaBHbI C‘Xl =kl 'Ch,

% _ g
Cx, =k Ca. B xBasucranmoHapHOM NPHUONDKEHUN PEaKIHs MpoTe-

KaeT MONOOHO peakiuu A—1 57, Cy = ay(1 — ¢™"). TlorpemHocTs B
BBIYHCIIEHUH Cy B KBa3UCTAlIMOHAPHOM MPUOTNKESHU N
AC,/Cy = kl(kz_1 + k3_1). [Ipu momyctumoit morpemHoctd B 1 % mpu-
OJKeHue MPUMEHUMO, KOT/1a (kz_1 + k3_1) < 0,01k ",

N3 paccMOTpEeHHBIX TPUMEPOB BUJIHO, UTO B KBA3UCTALIMIOHAPHOM
PEeKMME CKOPOCTH OOpa3oBaHMS M PACXOJOBAHHUS IMPOMEKYTOYHOIO
MPOAYKTa OYCHb OJM3KU (MOYTH PaBHBI), HO BO BPEMEHU COOTHOIIIE-
HUE ITUX CKOPOCTEW U3MEHSETCA. B 3TOM M3MEHEHUU U 3aKIH0YACTCS
OTJIMYHME CTAIMOHAPHOTO MPHUOIMKEHHS OT KBa3HCTAlIMOHAPHOTO:
konnentpanus C — C, # 0 (C, = const) ¥ KBa3uCTallMOHAPHA, €CIIU
npu t — o0 C — C, HO KBa3MPAaBHOBECHAs! KOHLEHTpanus C MEHSAETCS
BO BPEMEHHM, TaK KaK U3MEHSIOTCS YCIOBHUS JUHAMHYECKOTO PaBHOBE-
cusi. MeTo KBa3UCTAIMOHAPHBIX KOHIIEHTPAILMM IIMPOKO HCIOJIb3Y-
10T MPU aHAJIN3€ MEXAHU3MOB IIEMTHBIX, KATAIUTUYECKUX U YH3UMATH-
YECKUX PEaKLUM.

4.8. Conpsi>keHHbIe peakuyuu

XuMHYEeCKass UHAYKIHS — SIBIICHUE, KOTJa OJHA XUMHUYECKasl pe-
aKIUs BbI3bIBACT (MHAYLIMPYET) NPOTEKAHUE B CUCTEME JIPYTOM XUMH-
YECKOW peakiMu, HE OCYIIECTBUMOW B OTCYTCTBUE MEPBOM. JIBE peak-
AU, U3 KOTOPBIX OJHA WHIYLHUPYET MPOTEKAHUE NPYrOM, HA3BIBAKOT
CONpsiKECHHBIMU. [IpuMEpPOM CONPSIKEHHONW PEAKIIMU MOXKET CIIYKUTh
COBMECTHOE OKUCJICHHUE MOJEKYJSAPHBIM KHUCIOPOJIOM CYJIb(PUT- U ap-
ceHUT-UOHOB. Cynb(UT-UOH B BOJIHOM PACTBOPE OKUCIISIETCS KHUCIO-
POAOM; apCEHUT-UOH He okucisaeTcss. OQHAKO €clid B BOJHOM PAacTBO-
pe MPUCYTCTBYIOT U CYJIb(PUT- U apCEHUT-UOHBI, TO MPOUCXOJUT HX
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COBMECTHOE OKHCIJICHHE, T. €. OKUCJIEHUE CYyIb()UT-UOHA UHIYLIUPYET
OKHCJICHHE apCEHUT-NOHA.

BemectBo, KOTOpO€, pearupysi ¢ OAHUM M3 HUCXOJHBIX BEIIECTB,
WHIYIUPYET MpEeBpaIlieHrue Apyroro, Ha3eIBalOT uroykmopom (1); uc-
XOJIHOE BEIIECTBO, CAMOIIPOU3BOJIBLHO PEATHPYIOIIEE C HHIYKTOPOM, —
akmopom (A), a BEIeCTBO, BCTYNAOIIEE B PEAKIINIO C aKTOPOM TOJIb-
KO B PUCYTCTBUM UHAYKTOpA, — akyenmopom (C).

B mpuBeneHHOM TpuMepe 3TH POJIM PACHPEACISIOTCS CIEeAyIo-
UM 00pa3oMm:

O,(aktop) + 2SO5> (MHAyKTOP) — 2S04
O,(aktop) + 2As0;> (axternrop) — 2AsO,”

[IprurHa XMMUYECKOW MHAYKIIMU — BOSHUKHOBEHHUE B IPOILECCE
peakuuu akTUBHBIX 4dacTull (R), KOoTOpbie B3aMMOJEHCTBYIOT Kak C
MHIYKTOPOM, TaK M C aKLENTOPOM, BbI3bIBAsl pacxXxoAOBaHUE MOCIE-
Hero. TakuMM aKTUBHBIMM NPOMEKYTOUHBIMM HPOIYKTaMH MOTYT
ObITb CBOOOJHBIE PANMUKAIBI, TPOMEXKYTOUHBIE OKHCICHHBIE (DOPMBI
MOHOB, JIJAOWJIbHBIE KOMIUIEKCHI U T. J. B mpuBeleHHOM npumepe B
KAa4eCTBE TAaKOI'0 aKTUBHOI'O IPOMEXKYTOYHOI'O NMPOAYKTA BBICTYHAET
MOH-PAJIUKAT:

SO32_ + non-okucaureib — SOz ; SO; + O, — SO5-
SOs + S0;* — SO, + S0,7; SO, +S0;* — SO, +S0;

SOs + AsO;>” — SO, + AsO,>”

[Tocnenusis peakius U 00yCI0BIUBACT UHIYKITHUIO.

Peaknus 2CO + O, — 2CO, »uaeT TOJABKO MPH IOCTATOYHO BBICO-
KMX TeMmIeparypax. B cucreMe, Trae mpoTEeKaeT peaxkius
2H, + O, — 2H,0, oxucnsercs u CO. 3aeck O, — aktop; H, — uHayK-
top; CO — akuenrtop. MHaykuus oOycioBjIeHa oOpa3oBaHUEM paJiu-
Kaja TUAPOKCHUIA B IICMTHOW peakIMd OKUCICHUS BOJAOPOJa, KOTOPHIN
okucisiet CO:

HO®*+ CO — CO, + H*
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KonuuecTBeHHON Mepol XMMHUYECKOW WHIYKIIUU CIYXHUT (hak-
mop unoykyuu @, TPENCTaBISIONIMNA COO00M OTHOIIEHHUE CKOPOCTH
pacxoJOBaHMs akIenTopa K CKOPOCTH PacXOJOBaHUsS HHAYKTOpA:
D = WA/ W

ConpshKeHHbBIE PEAKIIMU UMEIOT OTPOMHOE 3HAYEHUE B OUOJIOTHH.
buocuHTe3 0€TKOB U HYKJIEMHOBBIX KHUCJIOT B KJIETKE UACT C yBeJIUYe-
HUEM M300apHOTO MOTEHIMaa MOTOMY, YTO COMPSIKEHHO C CUHTE30M
MPOUCXOAUT TUAPOIU3 OJAHOU M3 MUPOPOCHATHBIX CBA3EH MOJICKYJIbI
angeHo3uHTpudochopuoit kucinotel (ATD), KOTOPHIH COMPOBOKIACT-
csl, HA00OpOT, YMEHBIIEHHEM M300apHOro moTeHuuana. B cBoro oue-
penn, oopazoBanne ATD nmpuBoguT k pocty AG U HAET KaK COMpS-
YKEHHAsl peakys ¢ NpOoLECCaMH OKUCIICHHUS.
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