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BBEJAEHHUE

[lens HacToOfAIEr0 MOCOOUS COCTOUT B TOM, YTOOBI J1aTh JIOC-
TYITHOE TPEACTaBICHUE O BaKHEHIIEeH 00JaCTU COBPEMEHHON HAyKH:
(bU3NYECKON XUMUU TOMOJIUTHYECKHUX (CBOOOHO-PAIUKATIBHBIX) IIPO-
LIECCOB.

XuMuM CBOOOJIHBIX pajguKalioB yxe Oonee cra jer. B 1900 r.
M. T'omOepr cuHTE3UpOBaJ MEPBBIM CTAOWIBHBIA TPUGEHUIMETHIIb-
HBIA paaukai. 3a OPOIIEAIINA NEPHUOJI ATO HANpPaBJICHUE PAa3BUIOCH
U TIPEBPATUIIOCH B CAMOCTOSITEIbHYIO HAYUHYIO JUCIUIUIMHY. BaxkHoe
MECTO B HEl 3aHUMAIOT pPa3HOOOpa3HbIEC IEMHBIE PaJAUKAIbHBIE PEaK-
[[M{, UTPAIOIINE BAKHYIO POJIb B TAKUX TEXHOJIOTMYECKUX MpOIleccax,
KaK TOJIyYeHHE MOJIMMEPOB, KPEKUHT, OKHUCICHHE U XJIOPUPOBAHUE
yIJIeBOI0POI0B. OKHUCIUTENBHBIE MPOIECCHl MPUBOAIT K CTapEHUIO
nosimmepoB. CBOOOAHBIE paUKaIbl YYaCTBYIOT BO MHOTUX OMOXHUMHU-
YECKUX MPOLECCax B KUBBIX CUCTEMAX.

[loguepkHeM, 4TO OOJNBIION M Ba)KHBIA BKJIAJ B Pa3BUTUE 00-
JaCTU CBOOOJHO-PAJUKAIBHBIX PEAKIMI BHECIU U MPOJOJLKAIOT BHO-
cuTh coBerckue u poccuiickue ydenole: H H. Cemenos, I'. A. Pa-
3yBaeB, B. H. KongparseB, B. B. Boeroackui, B. 4. lllTepn,
H. M. Omanyans, H. C. Enukononos, A.JI. bywauenko, HU. b. bepe-
3uH, C. C. Measenes, X. C. barnacapssn, M. b. Heliman, P. B. Kyuep
Y MHOTHE JpYyTHE.

N3yuenne pu3nueckoil XUMHUHM U XUMUYECKOW (PU3UKU CBOOO/I-
HBIX PAJIMKAJIOB 3aTparuBaeT MHOTHE BOMPOCH OPraHUYECKON XUMHH,
OMOJIOTMHY U MEAUIIMHBI, HAXOJAUTCS HAa CTHIKE TAKUX HAayK, KaK TOKCH-
KOJIOTHS, paanoOnoorus, Onoxumus, onodusruka. MexaHusMm MpoTe-
KaHUS paIUKaIbHBIX MPOLIECCOB 3a4aCTyl0 OUYEHb CI0KEH, B HEM pea-
JU3YIOTCSL pa3HOOOpa3Hble OOpaTHBIE CBSI3U, U €T0 MOHUMAHUE HEBO3-
MOXHO 0€3 M3y4YeHHUs] KHHETUYECKUX 3aKOHOMEPHOCTEN peakiuil pas-
HOOOpa3HBIX PaJUKAIbHBIX YACTHLI.

Kuneruka roMoJIMTHYECKUX KUAKOPAZHBIX peakuuil — 3TO
pasziesl XUMHYECKONW KUHETHUKH, TOCBAIICHHBIA 3aKOHOMEPHOCTSAM
POTEKAaHUs BO BPEMEHU IPOIIECCOB C YUYaCTHUEM CBOOOJHBIX pajvKa-
710B. OCHOBHBIMHU TPOLIECCAMHU, U3YyYa€MbIMH B 3TOM pa3ielie, SBIIs-
IOTCSl LIEMHBIE XUJAKO(a3HbIE PEAKIMH OKHCICHUS, XJIOPUPOBaHMS,
NOJIMMEPU3ALMU U T..; Pa3HOOOpa3HbIE XHMHUYECKHUE IPOLIECCHI



C y4acTHeM CBOOOJHBIX PaJMKaJIOB, HAUYUHAS OT MPOCTEUIIUX pEak-
Ui B J1a0OPATOPHBIX YCIOBUSIX U KOHYAS CIOKHEUIIMMHU U3 HUX —
peaKUMsAMHU, MPOTEKAOIIMMHU B )KUBBIX OPTaHU3MAaX.

MoxHO Tak cpopMyIUpOBaTh OCHOBHBIE 3aJ]a4l 3TOTO Ba’KHO-
ro pa3zesa XUMUYECKOW KNHETUKHU:

* U3yYEHNE 3aKOHOMEPHOCTEN MPOTEKAHUS PAAUKAIBHBIX PEaK-
M1 BO BDEMEHU;

* YCTAHOBJICHUE SMIMPUYECKON CBSI3M MEXKIY CKOPOCTBIO pa-
JIVKAJIbHOW PEAKLIMU U YCIOBUSIMH €€ MPOBEICHUS;

* BBISIBJICHUE MEXAaHU3MOB PAJUKAIBbHBIX W  paguKaIbHO-
LETHBIX MPOLIECCOB;

* U3y4YeHHUE DJIEMEHTapHBIX peakiuii, oOpa3oBaHUsS U MpPEBpa-
HICHHS aTOMOB, PAJIUKaJIOB, MIOHOB, HOH-PAJIUKAJIOB U T. [I.;

* U3yYEHHUE CBSI3U MEXKIAY CTPOCHUEM COCIMHEHUU U UX PEaK-
IUOHHOM CIIOCOOHOCTBHIO B PaJIMKAIbHBIX PEAKUUSIX OTPhIBA U MpPH-
COCIUHCHMUS;

* BBIYMCJIEHHE KOHCTAaHT CKOPOCTEH, SHEPrui aKTHBALUM, TIpe-
JTPKCIIOHEHIIMATbHBIX MHOXKHUTEIEH XUMHYECKUX PEaKIUl U pacuer
MIOTEHIIMATbHBIX TOBEPXHOCTEM.

[Ipennonaraercs, 4ro CTYACHTBHI IPOCIYLIAIA KYypC JIEKLUHMN
110 XMMUYECKOW KUHETHKE (MM COOTBETCTBYIOIIMHN pas3fen Kypca
«Duznueckass XUMHS» ).

ba3oii HacTosIIEero mMocoouss MOCIy U KypChl JICKIIUMA, Yu-
TaeMble aBTOpaMHU Ha XUMHUUYECKOM (akysbTeTre MOCKOBCKOTO rocy-
napctBeHHoro ynusepcurera uM. M. B. JlomonocoBa (E. T. JlenucoB)
U (haKyIbTETE OMOJOTUU U SKOJOTUH SPOCIaBCKOTO roCy1apCTBEHHO-
ro yausepcuteta um. I1. I'. Jemugosa (E. M. Ilnucc).

Haneemcsi, 4To mocodue He TOJBbKO OyJEeT MOJE3HO ISl CTY/ICH-
TOB, HO W BBI30BET MHTEPEC y aCIUPaHTOB, HAYUHBIX PAOOTHUKOB,
CHENUATTM3UPYIONINXCS B 00J1aCTIX (PU3NUECKON XUMUH, Y IIKOJIbHBIX
npenojaBaTeneii XuMUHU U OUOJIOTUH.



1. CBOBOJIHBIE PAJIUKAJIBI

1.1. OmKpovimue c60000HbIX PAOUKAI08

B 1900 r. M. I'ombGepr mpoBea OMBITHI MO CHHTE3Y, KaK OH
npejamnosarai, rekcaeHuITaHa o npernogaracMoil peakiuu:

2Ph,CCl+2Ag — Ph,CCPh, +2AgCl,

OJTHAKO XUMHUYECKHE CBOWCTBA IMOJIYYECHHOTO BEIIECTBA PE3KO OTIIH-
JaJIUCh OT OXumaeMbix. OHO OBICTPO pearnupoBai0 C KHUCIOPOIOM,
o0pa3ys MepoKCH, OBICTPO BCTYIAJO B PEAKIUIO C MOJEKYJISPHBIM
fionoMm u 1. 1. ['oMOepr mpeanonoKuI, 4To MOJIyYeHHOE UM BEIIECTBO
COJICPKUT TPEXBAJICHTHBIM YTIEPOHd, T. €. SIBISETCS CBOOOIHBIM TPH-
(GennnmeTruIsHBIM paankanoM PhyC®. Tlpeamnonaraiocs paBHOBECHE:

Ph,CCPh, < 2Ph,C’,

oOycnoBiaeHHOe HU3KOU MpoYHOCThI0O C—C-cBsizu. TpudeHummMeTnib-
HBIE paJUKalbl OBICTPO pearupyroT ¢ O,, 4TO OOBSICHSIO 00pa3oBaHUE
HNEepOKCHUA:

Ph,C* +0, - Ph,05; Ph,C"+Ph,CO; — Ph,COOCPAh,.

OHu OBICTPO pearupyeTr ¢ HOJIO0M, M 3TO OOBSICHSIO OOpa3zoBaHUE
TpU(EHWIMETUINOANIA:

Ph,C"+1, - Ph,CI+1I".

OtkpeiTie ['omMOepra BCTPETHUIIO CKENTHYECKOE OTHOIICHHUE
XUMHMKOB-OpraHuKoB. OHAKO B JaIbHEHIIIEM HOBBIE (DaKThI JOKA3aJIH
CYIIECTBOBAHUE CBOOOJHBIX PaJUKaIOB KaK aKTUBHBIX MPOMEKYTOU-
HBIX IPOAYKTOB MHOTUX XUMUYECKUX PEAKIUAM.

VY3ke MHOTO JIET CIyCTsl aHaju3 T. H. rekcaeHuIdTaHa METO-
noMm SIMP mokasai, 4To 3TOT JUMEpP UMEET COBCEM HMHYIO, 8 UMEHHO
XAHOUJIHYIO CTPYKTYpPY:

Ph3;C CgHs

/

——~C

N

H CeHs
YOenurenbHOE [10KA3aTENbCTBO CYIIECTBOBAHMUS CBOOOIHBIX
ANKAJIBbHBIX (METUIIbHBIX) paauKaioB Obulo mosydyeHo @.Ilanerom

5



u B. Xodpaumem (1929 r.) B onbITax 1Mo TepMOJIM3y TETPaMETHUIICBUH-
a. OHM IpoIyCKadu 1Mo TpyOKe TOK ra3za a3oTa, HAChIIIEHHOTO mapa-
MU TETpaMETWICBUHIIA. B TOM mecTe, rae TpyOka HarpeBaiach ropei-
KO, Ha0JII0AaI0Cch 00pa30oBaHUE METAINIMYECKOTO CBUHIIOBOTO 3€pKa-
Ja, a Ha BBIXO/JIE B MOTOKE a30Ta ObUT 00Hapy>keH 3TaH. Korga ropenka
nepeBUragach BJ0JIb TPYOKH HaBCTpEUy TOKY ra3a, B HOBOM MECTE
HarpeBa MOSIBJISIIOCh HOBOE 3€pKajio, a CTapoe MOCTENEHHO HCYE3aJIo.
Bce 3ty sBiaeHust oObsICHIIUCH TepMoiin3oM Me,Pb u oOpasoBanuemM
CBOOOJIHBIX METUJIbHBIX PAIUKAIIOB:

Pb(CH,), = Pb(CH,), + CH;
ut. 1. 10 PbCH, - Pb+ CH;

Pearnpyﬂ CO CBCKCOCAKIACHHBIM CBHHIOM, MCTWJIIBHBIC paJUKaJbl
«CMBIBAKOT» €I0.

CH; +Pb — PbCH,
CH: +CH; - C,H,

Knaura «Anudarudeckue cBOOOHBIC paguKaiIbly IIOJBENA MEp-
BbIC MTOTH HAOJIOJACHUSM HaJl CBOOOAHBIMU paJHMKajJaMH B PaHHUX
paboTax Ha 3Ty TEMY.

1.2. Ilpocmpancmeennas cmpykmypa paouxkanos

C60000HbIII paduxkan (MOHOPAOUKAN) MOXKHO OMNPEACIUTh Kak
HEUTpaIbHYIO YaCTHUILy C HEUETHBIM YHCJIOM AJICKTPOHOB Ha BHEIITHEH

3JIeKTPOoHHO# 06os0uke. [Tpumepsr: C'H;, N*H,, HO®, RO? .

EI/IpaI[I/IKaJ'I HMCCT B CBOCM COCTABC ABAd HCCIIAPCHHBIX JJICKTPO-

Ha, HAIpUMep:
H H

N N

/ N

0 0
Eciu B paaukaiie HECIIApEHHBIM JJIEKTPOH JIOKAJIW30BAaH Ipe-
UMYIIECTBEHHO HA 2p- WIH T-OpOUTAIH, TO 3TO T-paduxan. Ilpumepst:
6



srunbHeli  CH;C'H,,  Oemswisubii C¢HsC'H,,  amumuibHbII
CH,=CHC'H,. Eciu B pagukaiie HECIAPCHHBINA 3JIEKTPOH JIOKAIN30-
BaH HAa G-OpOUTAIA U COXPAHSET JIEKTPOHHYIO KOH(MUTYypauuio HC-
XOHOM MOJIEKYIIBI, TO 3TO G-padukai. [Ipumepsr: dernnbubiii C¢Hs®,
suamIbHEI CH,=CH’®, dpopmunsusii HC'=O.

IIpeBpaleHue MoIeKyJbl, riae atoM C HMeeT sp-rHOPHIH3aLHIO
opOuTajei u TeTpadapuieckoe crpoeHue, Hapumep CHy, B m-paaukan
¢ sp’-runpunmsanueii y aroma C, nanpumep "CHi, compoBoskaercs
U3MEHEHUEM MMPOCTPAHCTBEHHOIO PACIIOJIOKEHUS ATOMOB:

- METaH HMMEET TeTpa’apuyeckoe crpoenue ¢ yriom HCH
B 109°;

- METWJIBHBIN pajuKal UMEET Iiockoe cTpoenue ¢ yrmom HCH
B 120°;

- TPETUYHBIA OYTWIbHBIM paJuKal HUMEET MNUPAMUIAIBHYIO
CTPYKTYpy (popmy HU3KOM nupamuasl). Takyro ke GopMy UMEET cH-
JIAJIBHBIN PaJIUKAI.

JlaHHBIE O CTPYKTyp€ PaavKalOB MAKOT CIEAYIOIIHE METOJIbI:
criekTpsl Y@ u UK, KBaHTOBO-XMMHUYECKUH PACUET.

1.3. Dnepzuu ouccouyuayuu ceazeil u IHMATbRUU
00pazoeanus paouKkanoe

B nByxaToMHON MoJiekyne snepeus ouccoyuayuu ceasu (34C)
onpenenaeTcs aToMaMu, KOTOopble ee 00pa3yroT. Huke mnpuBeneHbl
BennuuHbl DJIC (kx/M0Ib) 11l psiia MOJIEKYJ, TJ€ aTOMbI CBSI3aHbI
OpPAVHAPHOU G-CBA3bIO:

H-H F-F Cl-Cl Br—Br I-1 H-F
436 159 243 193 151 570
H-Cl H-Br H-I Br—Cl Cl-I
432 366 298 217 211

Ms1 BuaumM, uto DJIC MeHSETCS OT MOJIEKYJBI K MOJICKYJIe B IIHPO-
KoM auana3zone ot 151 go 570 x/[/mMob.
Eme npouHee cBs3M B MOJIEKYJIaX C KPAaTHBIMU CBSI3SIMU:

N=N 0=0 C=0 N=0 S=0
945 498 1076 630 522



B MHOroaToMHbBIX MOJEKYJaXx CJEAyeT OTIMYATh CPEeOHIOH)
aHepeuto cea3u om unousudyanvrou I/C. Hanpumep, B MeTaHe cpeo-
Hasa ouepeus ouccoyuayuu C—H cBsa3u cocrasiser 200 k[x/Modb,
a OJ1C H;C—H-cBs3u D(Me-H) = 440 x/{x/Mo0mb.

DHeprus AUCCOLMAIS CBA3M B MHOTOATOMHOW MOJIEKYJIE, €C-
TECTBEHHO, 3aBUCUT OT AaTOMOB, €€ OOpa3ylluX. ITO BHUIHO
U3 CIEAYIOLIETO psaa:

HO-H H,N-H CH;-H HS-H H,Si-H
498 449 440 381 378

CyliecTBeHHOE BJIMSIHUE OKa3bIBAlOT M 3aMECTUTENM y aToma, oOpa-
3YIOIIETO ATy CBS3b, HAIPUMED

H;C-H MeH,C-H Me,HC-H Me;C-H PhH,C-H
440 422 412 400 375

OueHb Ba)XXHOE 3HAYCHHE HMMEET CTENEeHb TMOpUIM3AlUM ATOMHBIX
opOuraneit y atoma C, 00pa3yroniero cBsi3b. ITO BUJIHO U3 CIEAYIO-
IIETO psifia COCAUHEHUN:

Me,CH-H CH,=CH-H C¢Hs—H HC=C-H
sp’ sp’ sp’ sp’
D =412
KT/ MO 464 474 548

CBoboaubiii pamukan R° obOpasyercs B pesyiabTare paspbiBa CBA3U
R—X, u moaTOMy srmanvnuto e2o 0bpazosanus MOKHO OIICHUTH Yepe3

SHTAJBIIUI0 TOMOJUTHYECKOTO pacuieruieHuss R—X-cBsa3u, a mocuen-
Hss1 paBHa ee DJC:

R-X—>R"+X°
AH(RX)+ D(R-X)=AHR")+AH(X")
B cBoro ouepens, AH(X') = 0,5D(X-X)
u AH(R") = AHRX) — 0,5D(X-X) + D(R-X).
13 cpaBuenus AH(R") ¢ AH(RH) BuaHO, 9TO SHTAIBIHS 0Opa-
30BaHUSl pajiKajla HAMHOTO TMPEBBIIIAECT AHTAJBIINIO O0pa30BaHUs

MAaTEPUHCKUX MOJIEKYJ. DTO O3HAYAET, YTO paJIuKal HECEeT B ceOe BbI-
COKMI 3amac XUMHUYECKOM SHEPTUM B BUJI€ HECITAPEHHOTO AJICKTPOHA.



Paznuuune B suTponusax AS oo6pazoBanus moiekyisl (RH) u pa-
oukana (R"), Ha000POT, HEBEIMKO, YTO BUAHO M3 CIIEAYIOLIETO pPsaa
CpaBHEHUS:

CH;* C,H; CH;0° HO®
AS(R®) = 193 kJ[x/(momb-K) 250 230 184
AS(RH) = 186 xJIx/(Mo1b-K) 229 219 189

JIst MHOTHX paJUKajIoB WX DHTAJIBIIMKA OOpa30BaHUS OIpeJie-
JICHBI KCIIEPUMEHTAIBHO.

Ouenuts AH i pagukana MOXKHO IO aJJUTUBHOU CXEME,
paspaborannoit C. bencoHom. Adoumuenasn cxema pacuema AH Mo-
JEKyJl W paJuKalioB OCHOBaHA Ha MPEIOJOKEHUH, YTO SHTAJIbIIUS
o0pa3oBaHUs KaK MOJIEKYJIbl, TAK U PaJIUKada MOXET ObITh MPECTaB-
JeHa B BHUJE CYMMbl MHKPEMEHTOB, KaXKIbIi M3 KOTOPBIX OTHECEH
K KOHKPETHOM TpyIIIe aTOMOB B MOJIEKYJIE WM paaukane. Hanpumep,
pamukan 3,3-gumernnoytun (CH;3);CCH,C'H, cocrour m3 Tpex Mme-
tribHBIX rpynnn —CHj, rpynmsr C, rpynmet CH, u rpynmsr —C*H,. Ero
SHTAJIBIINS 00pa30BaHUS PaBHA!

AH(Me,CCH,CH,) =3-AH [C-(C)(H), ]+ AH [C(C), ]+
+AH [C-(C),(H),]+ AH| C* (O)(H), | =3-(-42,2)+ 2,1+
+(—20,7)+160,7 =155 xJI>x/MOb.

1.4. Maznummnwie ceoiicmea c60000HbIX PAOUKAI08

1.4.1. Metoa DIIP

CBOOOIHBIN paTuKaa UMEET HECIapEeHHbIN AJIEKTPOH Ha BHEII-
HEW 3JIEKTPOHHOW O0O0JIOYKE M, COOTBETCTBEHHO, cUH S = 1/2. D10
CBOMCTBO CBOOOJHBIX PAJUKAJIOB M aTOMOB JIEKUT B OCHOBE 9/1€K-
MPOHHO20 NAPAMACHUMHO20 PE30HAHCA KaK Memooa OOHapyKEHUs
Y U3YUYCHHs] CBOOOIHBIX PaJUKaIOB. B OTCYTCTBHE MAarHUTHOIO MOJIS
CIIMHBI HECTIAPEHHBIX AJIEKTPOHOB OPUEHTUPOBAHBI XaO0TU4YHO. B mar-
HUTHOM I10JI€ CIIMHBI DJICKTPOHOB B3aMMOJICHCTBYIOT C IMOJEM U OPH-
CHTUPYIOTCS MapaJyIeIbHO WIM aHTUNAPaJUICbHO CHUJIOBBIM JIMHUSM
MAarHMTHOTO TOJISl. DHEPrusl 3TOro B3auMoJeucTBUsA AE mpsMo Mpo-
NOPLMOHAIbHA HATPSXKEHHOCTU MArHUTHOTO NOJIs H:



AE =-gu H , (1.4.1)

rie g — T. H. g-¢pakmop, unu daxrop Jlanae, A1 CBOOOTHOTO AJIEK-
TpoHa g = 2,002319, ug — maruetron bopa, paBHBbI:

== 2927410 JxeT,

4ntm c

I1e e U m, — 3aps] U Macca JJIeKTpoHa, /i — mocrosiHHas [lnanka,
¢ — CKOpOCTb CBETa. B MarHUTHOM M0Jie TPOUCXOAUT pacrpeesieHue
YaCTHUII TI0 SHEPTHSIM UX B3aUMOJICUCTBUS C MATHUTHBIM TOJIEM B COOT-
BETCTBUU C OPHEHTALIMECW CIUHA: MapajuieabHo (ms=—1/2) wiu aHTH-
napajuiesibHO (mg = +1/2) HampsHKEHHOCTH TOJIA. DHEPrusi TaKoro
B3aMMO/JICHCTBUA JISKUT B MUKPOBOJIHOBOM JHMANa30HE (IJMHA BOJHBI
ot 1 mm 110 100 cm). CooTHOIIEHHE MEXKTy STUMH JBYMSI YHEpreTHYe-
CKUMHU COCTOSIHUSIMU TTOUUHSIETCSI 3aKOHY pacnpeieseHus bonbimana:
n(AE) _ —gugHd

[Ipu ob6syyenuu Takoi cucteMsl (0Opasia, rjie UMEIOTCS CBOOOTHBIC
AJIEKTPOHBI) MHUKPOBOJHOBBIM HM3JyYCHHEM IPOHUCXOIUT €T0 TOTJIO-
IICHUE Ha YaCTOTe V , KOTOpas yAOBIETBOPSIET PABEHCTBY:

hv = gu H . (1.4.3)

[lormomast 3HEprur0, YaCTULA C HECIIAPEHHBIM JIEKTPOHOM MEPEXOIUT
C HWDKHETO Ha BEPXHUU YpPOBEHb. BOJBIIMAHOBCKOE PAaBHOBECHE IIOJI-
JIEP>KUBACTCS 32 CUET OOPATHOTrO OE3bI3TYUaTEIbHOTO PEIaKCAIMOHHO-
ro MePEeX0/Ia YaCTHUI[ C BEPXHETO IHEPTETUUECKOT0 YPOBHS HA HUYKHHUIA.

CoBpeMEeHHBIN pauOCIIEKTPOMETP padOTaeT HA JIJIMHE BOJIHBI
3cm (v=9500 I'm) B oOmacTd HANPSHKEHHOCTH MAarHUTHOIO IIOJIS
okos10 3500 raycc. DIIP cnekTpoMeTp BKIIIOYAET B ceOe CIlIeIyIoNIue
OCHOBHBIE Y3JIbl: UICTOYHUK MHKPOBOJIHOBOTO M3ITy4YEeHUS (KJIUCTPOH),
SAYEUKY, B KOTOPOM HaXoauTcs oOpasel] co CBOOOJHBIMU paJuKaIaMH,
MOTJIONIAIONINM W3Ty4eHue, OOJIBIIOW MAarHuT, CO3AAIONIUi B IIPO-
CTPaHCTBE, KyJlla MOMEIIEHA S4YeiKa, MOCTOSHHOE MAarHUTHOE IOJIe,
JNETEKTOP, TJI€ U3MEPSAETCS IMOTJIOMIEHUS YHEPIUs, U CUCTEMBI yIIPaB-
JeHus, peructpauuu u 3anucu. [lonpodHoe onucanue padoter DIIP
criekTpomerpa cm. B [1; 2].
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g-@akmop. 10T hakTop sBIseTcs GU3NIECKON XapaKTePUCTH-
KOM KaXXI0OM MHAUBUIYAIBHOW YACTUIBI U MOXKET CYIIECTBEHHO Me-
HATHCSI OT OJAHOM 4YacTHIlbl K Ipyroi. Benuunna g-ghakmopa 3aBUCHUT
KaK OT CIIMHA 3JIEKTPOHA, TaK U OT €ro OPOUTAIIBHOTO MOMEHTA. DTOT
(dakTop HeceT MH(OpPMALMIO 00 3NEKTPOHHOM CTPYKTYpE YaCTHIIbI
U CHMMETPUM €€ DJIEKTPOHHOM 000J0YKu. g-DaKTOp BBIYUCISAETCSA
o ¢popmyiie (1.4.3) npu u3BeCTHBIX (MI3MEPEHHBIX) V U H.

Ceepxmonxoe pacwennenue. Ecnum B cOCTaB 4YacTUL BXOJUT
OJIVH WJIM HECKOJIBKO aTOMOB, UMEIOLINX AIEPHBIN CIIMH, B TAKOM Yac-
TULIE BO3HUKAET B3aUMOJICMCTBUE MEXKIy CIHHOM 3JICKTPOHA
U AJIEPHBIM CIIMHOM. B MarHUTHOM MOJI€ AI€PHbIE CIIMHBI TAKXKE OpHU-
CHTUPYIOTCA MapauieIbHO WM AHTUIAPAIIICTBHO HAIPSKEHHOCTH
MarHMuTHOTO TOJsl. B cuily 3TOro HecmapeHHbBIM 3JEKTPOH paauKalia
HaXOJUTCS B IOJIE, CO3JAHHOM MAarHMTOM M CIIMHOM aTOMa, HaXOJsd-
HIEr0Cs IO COCENICTBY.

B 3aBucHMMOCTH OT siiepHOro crnuHa [, KOTOpBIM IPHOOpETaeT
B MarHUTHOM T10Jie psifg (2/ + 1) TUCKPETHBIX OpUEHTAIIUH, JIMHUS MOTJI0-
HICHUS] HECTIAPEHHOT'O 3JIEKTpOHa pacuieruisiercst Ha 2/ + 1 nuauto. Anpo
npotoHa uMmeet cruH 1/2. IToaromy B DIIP-ciekTpe aroMapHOro BOJI0po-
na HabroaeTcst TyTwieT (IBe JJMHUU TOTJIoeH s ). B MeTuinpHOM panu-
KaJIE HECTIAPEHHBIA AJIEKTPOH B3aUMOACUCTBYET CO CLIMHAMU TPEX KBU-
BaJICHTHBIX aTOMOB BOJIOpOJia, M ModTOMY B criekTpe OIIP HabmomaeTcs
KBapTET JIMHUM, U3 KOTOPBIX 2 OoJiee MHTEHCUBHBIE (puc. 1.1).

22
_i_,_,_'“

1v7 | 3

L= | it
67 | ~
L1

Puc. 1.1. Cxema npoCTOTO CIEKTPOMETPA IIEKTPOHHOI'O MapaMarHUTHOTO
pe3oHaHca: 1| — KOHTPOJIb MOITHOCTH KJIUCTPOHA; 2 — KJIUCTPOH;
3 — pe3oHaTop; 4 — DIIEKTPOMArHUT; 5 — TE€HEPATOP MOAYJISIHIUOHHOTO
TOKa; 6 — nerexkTop; 7 — (azoBpamiaTenb; 8§ — yCUIUTEb
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KonnyecTBeHHOE U3MEPEHUE BEIIMYUHBI CBEPXTOHKOIO pacuie-
IJICHUS JaeT TMOJPOOHBIE CBEACHUS O MOJICKYJSIpHOM oOpoOuTe,
Ha KOTOPOU JIOKAJIM30BaH HECHApeHHbIN 3JIEKTPOH. [Io MHTEeHCHBHO-
ctu nuHui DIIP-criekTpa CBEpXTOHKOrO pacUICIUICHUS T-PaguKaioB
MOHO CYJIUTh 00 3JICKTPOHHOM MJIOTHOCTH Ha TOM aToMe yTrJepoja,
C KOTOPBIM CBSI3aH aTOM BOJIOPO/IA.

Hlupuna aunuu noznowenusn 3IIIP-cnekmpa. Ha mmpuny
munuun JIIP-criekTpa paavkana BIUAIOT CIEAYIOIIUE TpU PakTopa.

1. CouH-pemeToyHoe B3auMOICUCTBUE, TP KOTOPOM CIIMHBI TIe-
penaroT M30BITOK CBOCH SHEPIUH OKPYKAIOIIMM YacTHIIaM 3a Bpems 7.

2. IunoyibHOE CIIMH-CIIMHOBOE B3aUMOJICMCTBUE MEXK]y CIIMHA-
MH JIBYX PAAWKaJOB; BPEMs TAaKOTO B3auMojeuctBusa 1,. Uem Beiiie
KOHIICHTpAIUsl paJuKajlioB B o0Opasiie, TeM 4alle OHU B3aUMOJICUCT-
BYIOT U TEM MEHbIIE 715.

3. OOMeHHO€E B3aMMO/ICICTBHE.

Hlupuna nunuu A®, ecan ee ONpeneNsioT NepBbie /1Ba B3au-
MOJICMCTBUS, 3aBUCHUT OT 17 U T5:

Ao=T"+T, (1.4.4)

Bvicoma naunuu nocnowenus IIIP-cnexkmpa. 1lnomans
oA kpuBo mnornowmenus OIIP-cnekrpa mpsMO mponopUHMOHATbHA
KOHIIEHTPALlMK CBOOOJHBIX paaukaioB B oOpasue. I[lockombky
OITP-criekTpoMeTp 0OBIMHO 3aIMCHIBAET MPOU3BOJIHYIO OT KPUBOM TO-
TJIONIEHUS, TO HEOOXOJUMO TIPOBECTH JBOMHOE WHTETPUPOBAHUE
OT UHTEHCHUBHOCTH IOIVIOLIEHUS 10 HANIPSKEHHOCTY MATHUTHOTO TTOJIA:

H, H,

[R*]= j j[CHCKTp]dZH (1.4.5)

Hy H,

s oneHKH K03 (UIIMEHTAa TPONOPUUOHATBHOCTA UCIIOJB3Y-
I0T CTaHAAPTHBIA 00pa3el] ¢ U3BECTHBIM YHCIOM CIUHOB. ECu HYKHO
OLIEHUTh TOJBKO OTHOCUTEIIBHYK) KOHILIEHTPAlWIO PaJHUKaJIOB,
TO MOYKHO HCIIOJIb30BaTh BBICOTY JIMHHUM IOTJIOIIEHUS, COXPaHss He-
U3MEHHBIMU  YCJIOBUS TMPOBEICHUSA OKCIEPUMEHTAa B  sAUYCHKe
OIIP-cniekTpomeTpa.

Ywupenue nunuu nocnowenua 3IIIP-cnekmpa, 6vizeanmnoe
Hacvluienuem. lloronenrne MUKPOBOJIHOBOTO W3JIyYE€HHUs COHPOBO-
KJIAETCS MEPEXOAO0M PAIUKAJIOB C HU3IIETO HAa BBICIINM yPOBEHb. UeM
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WHTCHCUBHEE M3JIyUYeHHE, TeM OBICTpee MPOHMCXOIUT 3aCEIEHUE BbIC-
Iero 3eeMaHOBCKOro ypoBHA. [loka mpolecc penakcanuu mpoTeKaeT
OBICTpO (MHOTO OBICTpEE, YEM MEPEXO] C HUBIIETO Ha BBICIIMI ypoO-
BEHb MOJ JACHCTBUEM M3JIy4YE€HHS), COOTHOIIEHUE MEXAY KOHLIEHTpa-
UMY PaJUKaJIOB C MapaJyIeIbHBIMU U aHTUIAPAIIEbHBIMU OPHEH-
TalUsIMU CIIMHOB TOAYMHSAETCS 3aKoHy bonbiMana, T.e. paBHO
exp(—hv/kT). OnHako npu OYEHb MHTEHCUBHOM HAKauyKe BEPXHETO

YPOBHS 3TO COOTHOIIEHHE HapyIIaeTCsl; CKOPOCTh pellakCallui CTaHO-
BUTCSI COU3BMEPUMON CO CKOPOCTHIO BO30YKI€HUS CIIUHOB. [1pu Takux
YCJHOBUSIX OOJYYEHHS] MPOUCXOJUT YIIMPEHHUE MOJIOCHI MOTJIOLIECHUS
OIIP-cniexkTpa M Hapymaercs MpONOPUUOHAIBHOCTh MEXK]Yy BBICOTOM
OIIP-curHaia 1 KOHIIEHTpaIUeil CBOOOHBIX paJIMKAJIOB B 00paslie.
Cnunosasn nosywka. Muorue pamukansl (HO®°, RO°, *CHs)
u atrombl (H®, D%) o4eHb aKTHBHBI M OBICTPO PEATHPYIOT C PACTBOPH-
TeneM. UToObl MpeoaosieTh TPYAHOCTH, CBSI3aHHBIC C JETEKTUPOBAHU-
€M TaKUX PaJUKaJIOB, Pa3BUT METOJ CIIMHOBBIX JIOBYIIEK. CriHOBAas
JIOBYIIIKa — COEAMHEHUE (IMaMarHUTHAs MOJEKyJa), ObICTPO pearu-
pyromiee co CBOOOJHBIM aTOMOM HJIM pauKaioM C 00pa3oBaHUEM
CTAOMJILHOTO JIOJITO JKUBYIIETO pajukajia. B kauecTBe CIIMHOBBIX JIO-
BYIIEK WCIOJB3YIOT JIBE TPYMIbl COSAUHEHUN: HUTPOHBI U HUTPO30-
coeaunHenns. OHM BCTYIAIOT ¢ paaukagamu R® B peakimu:

R’ +R'R’C=N(O)R’ - RR'R’CN(O")R’
R*+R'NO - RR'NO’
YacTto B KadecTBE CIHMHOBOM JIOBYLIKM HCHOJIB3YETCS 2-METHII-2-

HUTpo3omnponaH. HUTpOHBI MNOMyJSpHBI B CHIy HX CTaOWIBHOCTH
U CTaOMJIILHOCTH 00pa3yIONIUXCSl HUTPOKCUIIbHBIX PAIUKAJIOB.

H H
| 0] | O
C\N/ | AN C\N/
| |
(CH3)3 5 /N > (CH3)3
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CHj o)

HsC | -
’ CH, HsC H,C L/O Cals
\ TT0——CyHs
N
N—
/ N—/—O
HaC s /

MeTo/ CHUHOBBIX JIOBYIIEK UMEET CIICAYIOIIUE TPEeUMYIIIECTBA.

1. OH 1mo3BOJsIET U3MEPATH CKOPOCTh T€HEPUPOBAHUS pPaAJINKa-
JIOB B CaMbIX Pa3HOOOPa3HbIX yCIOBUSIX.

2. [lenaeT BO3MOKHBIM JE€TEKTUPOBATh B BOJHOM PACTBOPE pa-

aukanel O, HO), RO®, RO}, RS’, KOTOpbIC HE ynaeTcs NETEKTH-

POBATh HEIOCPEICTBEHHO.

3. Meron CHHMHOBBIX JIOBYLIEK — HWHTETpalibHBIM MeToA. Ilo-
CKOJIbKY BpeMs >KU3HHM CIIMHOBOTO aJTyKTa MHOTO OOJIbllIe BPEMEHU
XKU3HUA JETEKTUPYEMOIrO pajiuKaja, 3TOT METOJ IO3BOJSET HAKAIUIM-
BaTh aJyKT B BBICOKOW KOHIICHTPAIUH.

4. CrivHOBBIA aJJyKT HECET B CBOEM CHEKTpe HH(OOpPMAINIO
O TOM, KaKOW paJMKald K HeMy MpHUCOeAuHsAeTCsI. DTa uHpopmaius
3aKJIFOYEHA B CIIEKTPE CBEPXTOHKOIO PACUICIUICHUS CIIUH-AITYKTa.

1.4.2. MaruuTHast BOCHPUMMYHUBOCTH

CBoOOJHBIE paguKalibl 00JIAAIOT HECHAPEHHBIM 3JIEKTPOHOM,
KOTOPBIM MPUAAET BCEHM YACTULIE MOCTOSHHBIA MAarHUTHBIA MOMEHT.
Korgma oOpasen, comepxkaniuii cBOOOJHBIC paguKaibl, IOMEIIACTCS
B HEOJTHOPOJIHOE MAarHUTHOE MOJie, MarHUTHbIE MOMEHTHI PaJuKaJIOB
B3aUMOJICHCTBYIOT C MarHUTHBIM T0JIEM, B PE3yJIbTaTe Yero BO3HUKA-
€T CHJIa, BTATUBaroNIas oOpasel B 00J1acTh CUIBHOIO MAarHUTHOTO MO-
ns1. Ecnin oOpasen He COAEP>KUT YacTHUIl C HECTIAPEHHBIM 3JIEKTPOHOM,
a €ro MOJIEKYJIbl JUAMarHWTHbBI, TO BO3HHKAET OOpaTHBIN 3> (DEKT:
MAarHMTHOE TMOJI€ BBITAJKUBAET JMAMArHUTHBIN oOpasen. BolTanku-
BaroIIee JeHCTBUE MAarHUTHOTO TOJIS €CTh Pe3yJIbTaT B3auMOJICUCTBUS
MAarHUTHOI'O MOJIE C MarHUTHbIMH MOMEHTAMH, HAaBEJAEHHBIMU STUM
noJieM B JIMaMarHUTHBIX MoOJeKyjax. Takum oOpas3om, mapamarte-
THU3M SIBIISIETCSI DKCIEPUMEHTAIBHBIM JI0KA3aT€IbCTBOM TOIO, YTO
B 00pa3lie CYyIIECTBYIOT YacTHUIbI (CBOOOAHBIE paJuKalbl), 00Jaaaro-
IIU€ MarHUTHHIM MOMEHTOM, a CJIEJ0BATEIbHO, U HECTIAPEHHBIM DJIEK-
TpoHOM. HcKiroueHrne cocTaBiasieT HEOOJBbIIOE YHCIO MOJIEKY,
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UMEIOIIUX MArHUTHBIA MOMEHT MpPH YETHOM 4YHCJIE DJICKTPOHOB
B 3JIEKTPOHHOM 000J104Ke (Hampumep, MoJiekyia kuciaopoaa O,).

MarHuTHy0 BOCHPUMMYHUBOCTH 00pa3lia MOKHO HU3MEPUTh
Ha Becax ['tou (puc. 1.2).

Puc. 1.2. Becrwl ['toun

OOpa3zell, TPUKPEIJIEHHBIN K OJHOMY KOHILy KOPOMBICJIA BECOB,
MOMEMIAIOT MEXIY MOJIFOCAMUA MarHuTa U yPaBHOBELIUBAIOT TUPSMH.
3aTeM BKJIIOYAIOT 3JIEKTPOMATHUT U HAOMIOAAI0T, YTO MapaMarHUTHBINA
oOpazeln BTATMBAECTCS BHYTPh MarHUTHOro mnojsi. Cuily BO3JEUCTBUSA
MAarHMTHOTO TIOJIi ypaBHOBEHMIMBAIOT TupsMmu. Cuia BO3ACHCTBUS
MAarHMTHOTO TOJIsi Ha o0pasel] NpsiMO MPOIMOPIMOHATIFHA KOJIMYECTBY
CIIMHOB B 00pa3lie M KBaJpaTy HANPsSHKEHHOCTH MAarHUTHOTO MOJIA.
KonuyecTBO CMHOB B 00pa3lie ONpeAesisaioT, NpOBeasl rpaayHupOBKY
BECOB C ATAJOHOM, COJIEpKAlIUM HM3BECTHOE YMCIIO CIIMHOB. MeTtoa
IPUMEHHM, €CTECTBEHHO, TOJBKO K oOpaslaM, COAEpKalllhuM CTa-
OWIbHBIE CBOOOIHBIE paIUKAJIBI.

1.5. Maccnexkmpomempusn c60000HbIX PAOUKAIO8

MaccnekTpoMeTp — aHAIUTHYECKUNA MPUOOp, MO3BOJISIONINI
UJECHTU(PUITMPOBATh BEIIECTBO IO MAacce W 3apsiy HOHOB, KOTOpPHIC
o0pa3yloTcs B pe3yJbTaTe HOHU3auu MoJieKyl RX:

RX+e >R " +X +¢
NJIn

RX+e—>R"+ X" +2¢

MoneKkyJibl HOHU3UPYIOTCS B MOHU3ALUMOHHOM KaMepe, B MAarHUTHOM
I10JI€ IPOUCXOAUT PA3JAEIICHUE UOHOB B COOTBETCTBUHM C MX MACCOU
Y 3apsAIOM.
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JleTekTupoBaHUE CBOOOHBIX PAIUKATIOB B UX CMECH C MOJIEKY-
JTaMH BO3MOJKHO ITOTOMY, YTO MOTEHIIMAN paankaiga R Bcerma MeHb-
mre, ¥eM MoJieKyJisl RX, Tak uTo moHm3arus pagukaia R* B mporecce
CTOJIKHOBEHUS C DJIEKTPOHOM

R*+e > R"+2¢
HpOI/ICXOI[I/IT HpI/I 3HepTI/II/I :-)JICKTpOHa, 3aMCETHO MCHBI]_ICI\/JI, ycM

B CTOJIKHOBEHUU € MOJIeKyJIoh RX. DT0 pasnuuue B moTeHIMazax nuo-
Huzauuu (/P, 5B) BUIHO U3 CIIEIYIONIUX TaHHBIX:

CH; C,H;  Me,C'H MeC"  4-CH;,  PhCH]
IP(R") 9,9 8,7 7,9 7,4 7,7 7,8
IP(RH) 12,6 11,5 9,7 10,6 9,8 8,8

JlanHass pasHuna B /P MOJIEKYJ W paJuKalia HCIOJb3YETCS
B MAacCCIIEKTPOMETPUH JIJIsl NETEKTUPOBAHUS pajukaioB. J[Jisi noHHu3a-
AU TIOCJIEAHUX HCHOJIB3YIOTCSA DJIEKTPOHBI C SHEPrUel HECKOIbKO
BBIIIIC, YEM NOTEHLMAJ MOHHU3AIMU paJUKaia, HO MEHbIIE, YEM I10-
TEHITMaJ MOHU3ALMM COOTBETCTBYIOIIEH MOEKyJbl. 110 moTeHmmamy
MOSIBJICHUST HOHU3AIIMOHHOI'O TOKA M CYJSAT O HaJU4YUU B CUCTEME pa-
nvkajoB. [1o pa3Huile sHEPrUM JEKTPOHOB, HEOOXOIUMOM 1T HOHH-
saruu Montekynsl RX (A(R")) u pagukama R® (IP), MOKHO OLIEHHUTh
npo4yHOCTh cBsizu D(R—X):

DR —H)= AR")-IP(R")

Ilpumep 1.1. Botuucnenue snmanvnuu
00pazoeanusa paouxkaios

BBIMUCIUTS DHTAJIBIINK OOpa30BaHUS CICAYIOMINX pPaJIUKaIOB
(B cranmapTHeIX ycrmoBusx 298 K, atm): Me®, Et", Me,C'H, Me;C®,
PhC'H, u H,C=C'H, eciiu D(CH,) = —74,8 xJ]>x/M011b,

D(C,Hg) =—84,7 xIx/Moib,

D(CHgCHzCH3) = —103,8 KI[)K/MOJ'H),

D(Me;CH) =—134,5 kJI>x/Mob,

Dy(PhCHj;) = 50,0 xJI>x/moub,

DH(CH2:CH2) = 52,3 KI[)K/MOJH),

D(H-H) = 436,0 x/[>x/monb, a D(R—H) cm. B pazaene 1.
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Pewenue

AH(R")=D(R —H)- D(H-H)-0,5-436 xJ[>/M0b

R’ Me®  Et*  MeC'H MeC® PhC'H, H,C=C'H
D(RR-H) -748 —847 —1038 —1345  +50,0 +52,3
D(H-H) 440 422 412 400 375 464
AH(R®) 1472 1193 902 475 2070 2983

Ipumep 1.2. Oyenka snmanvnuu 06pazoeanus paouKaio8
no a0OumueHoU cxeme

OueHUuTh MO AJJUTUBHOU CXEME SHTAIBIINIO O0OpPa30BAHUS KaXk-
IOro W3  Tpex OeHTWwIbHBIX  pamukaioB: CH;(CH,);C'H,,
(CH;),CHC*HCHj; u (CH;),C*CH,CHs.

OHranbnuu  o0pazoBanus rpynn (B kJDK/MoJb)  paBHBI

AH(C-(C)(H)3) = -42,2 x/lx/monb, AH(C-(C),H),) =-20,7 xJI)x/M0mb,
AH(C-(C);(H)) = -7,9 xJIxx/monb, AH(C*-(C)(H),) = 160,7 xJI>/M0IIb,
AH(C*-(C),(H)) = 171,5 xJIx/moas, AH(C*-(C);3) = 171,5 kJI/MOb.

Pewenue

AH(CHy(CH,);C'H;) = AH(C-(C)H))) + 3-AH(C-(C)y(H),) +
AH(C'~(C)(H),) = -42,2 + 3-(-20,7) + 160,7 = 56,4 kJI/MOb.
AH((CH3),CHC'HCH3) = 3-AH(C-(C)(H);) + AH(C-(C);(H)) +
AH(C*~(C)y(H)) = 3-(-42,2) + (-7,9) + 171,5 = 37,0 JIx/M0b.
AH((CH3),C°’CH,CH3) = 3-AH(C-(C)(H);) + AH(C-(C)(H)) +
AH(C'~(C)s) = 3(-42,2) + (-20,7) + 171,5 = 24,2 k]I /MOIb.
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2.TEHEPUPOBAHUE
CBOBO/IHbBIX PAJIUKAJIOB

2.1. Hnuyuamopvt c60000H0-PAOUKATBHBIX PeaAKUULL

Nuunmatopbl cBOOOJHO-paIUKANIBHBIX pPEaKIHil — coeauHe-
HUA, JOBOJIBHO OBICTPO pacmajarolieecsi Ha paguKalibl B YCIIOBHSX
IKCIEPUMEHTA WM TEXHOJIOTHYECKOro Tpoiiecca. MHuunmaropamu
SIBJISIIOTCSI COCIMHEHUS, UMEIOIIUE B CBOEH CTPYKType ciadbie CBS3H,
takue Kak N-N, N-C, O-O, N-O u 1. a. JlocTaTOYHO IIUPOKO pacHpo-
CTpPaHEHbI KaK MTHUIIUATOPBI COCTMHEHUS CIEAYIOIINX KJIaCCOB.

1. Ilepokcuodvbl, umeroiue B cBoeM coctaBe O—O-CBs3b.

JManKuianepoKCuIbl, HafnpuMmep (CH;);COOC(CH;);
(au-mpem.-Oy TUIANEPOKCUT WM mepokcun, 1, l-numermnatui), pac-
nagatomuiics mo O—O-cBsi3u ¢ 00pa3oBaHUEM JBYX aJTKOKCHUJIbHBIX
paJvKaioB:

MC3COOCMC3 —> 2M€3CO..
JInanuimnepoKCHuIbl, Harpumep TUOEH30UIITIEPOKCH]T
CsHsC(O)OOC(O)C4Hs.  Ilepadupnl, Hampumep mpem.-OyTHII-
ocuzommmepabup (CH;);COOC(O)Ph. I'maponepokcuipl, Hampumep
kymuiruaponepokcua PhMe,COOH.

2. A3ocoeounenus cmpykmypsr R—-N=N—-R. Hanpumep, azouszo-
oytuporuTpui Me,(CN)CN=NC(CN)Me,:
Me,(CN)CN=NC(CN)M, — 2Me,(CN)C".
3. lHonugpenunsmanwvi, Hanpumep 2,2,3,3-terpadeHunOyTaH:
thMeCCMCPhZ —> thMeC..
4. Humpumul, HaripuMep STUITHUTPUT:
EtONO — EtO® + NO°.
5. ucynbguodvl, HaipuMep TUKYMWIIUCYJIb(UI:

PhMe,CSSCMe,Ph — 2PhMe,CS".
2.2. Mexanu3zmul pacnada uHUUUAMOPOB

I/IHI/IHI/IaTOpBI pacmagaroTCss Ha paAHuKaAJIIbl MOHOMOJEKYIAPHO.
OI[HaKO 9TOT pacinajg MporucxoauT, B 3aBUCUMOCTH OT CTPOCHUA MHU-
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I[MaTopa, 1Mo pa3HbIM MexaHu3MaMm. /[ pacmaga mepokcHIoB Ha pa-
JTUKAJIbl YCTAaHOBJICHBI CIEAYIONINE TPH MEXaHU3MA.

1. Pacnao c paspwvieom 00Hol, Haubonee ciabou cesa3u

VY mepokcunoB 310 O—O-cBsi3b, U pacnaj MPOUCXOOUT B pe-
3yJIbTaTe TOMOJUTHYECKOTO Pa3pbiBa TOIBKO 3TOW CBSI3H, HATIPUMED:

PhMe,COOCMe,Ph — PhMe,CO* + PhMe,CO".
[Ipu pazpsiBe O—O-CBA3U AHALMINIEPOKCUIA 00Pa3ylOTCsl HECTAOWIIb-
Hble KapOOKCUIIbHBIE paaukansl RCO;, KOTOphIe Takxke OBICTPO pac-

najgarTcs. B Takom ciaydae MMeeT MECTO KacKaJHBIM pacraa: 3a 00-
pa30BaHUEM PATUKAIOB CIEAYIOT PEAKIIMU UX pacnaja, HampuMep:

CH,C(0)00C(O)CH, —» 2CH,C(0)O*
2CH,C(0)0" — C'H, + CO,

Hecummerpuunbie aszocoenunenuss RiN;R, Takxke pacnamarorcs
1o ogHoM C—N-cBsi3u, ecnu ogHa u3 C—N-CBA3€l CylIECTBEHHO Clla-
Oce apyroi, Hampumep:

Ph,CN=CNPh — Ph,C" + N*=NPh
PhN=N* — Ph* +N,

2. Coenacosannslii pacnao no 08ym Cesa35M

MHuorue nepadupsl pacnagatoTcsi ¢ OJHOBPEMEHHBIM Pa3pbIBOM
nByx cszeil: O—O u C-0O. B pe3ynbTaTe Takoro pacnaja cpasy oopa-
3ytorcs aBa pagukana u CO,:

PhCH,C(O)OOCMe, — PhC'H, +CO, + Me,CO".
A30CcOoeIMHEeHU TaKXKe, KaK MPaBUIo, pacnagaloTcs ¢ pa3pbiBOM JBYX
C—N-cBs3eit 1 00pa3oBaHUEM MOJICKYJIBI a30Ta, HAIIPUMED:

Me, (CN)C-N=N-C(CN)Me, — 2Me, (CN)C" + N, .

B cinyyae nepa¢upoB m3-3a HEycTOMUMBOCTH paaukana RCOS u ero

obicTporo pacmaaa Ha R* u CO, BO3HHKAIOT TPYIHOCTH B UACHTU(U-
KallMM 3TUX JIByX MEXaHHM3MOB: HECOTJIaCOBAaHHOTO pacraja (CHaudaja
peercsa O—O-cBasep, 3arem B paaukane RCO; cBasp C-O) u pacnaza c
COTJIACOBAHHBIM pacmnajgoM cpady AByx cszeil (O-O u C- C) y ne-

padupa. JleTanpbHOe UCCIEAOBAaHUE ATOTO BOIPOCA BBISBUIIO CIIEAYIO-
1Iue pa3anyusl.
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CormnacoBaHHbIN pa3pbiB

Pa3peiB ogHoMt O—O-cBsi3n 00 u C—C-cBsi3cii

1. | B rakux peakuusix o0beM aKTUBHU- ITpu cornacoBaHHOM pacnazie 00beM
POBAaHHOT'O KOMIUIEKCa 60JIbllIe 00b- | aKTUBUPOBAHHOI'O KOMILIEKCAa MEHb-
€Ma UCXOJHOM MOoJIeKyJIbl. 1loaToMy | mie, yeM UCXOAHOW MOJIEKYJIBL, U I10-

YBEJIMYCHUE JaBICHUS 3aMeJIAET ATOMY YBEJIMUEHUE JaBJICHUS YCKOPSI-
pacnaj. €T pacnas.

2. | N3-3a yacTHYHOW pEeKOMOMHAIINH [Ipu cornacoBaHHOM pacnaje
pasuKalioB B KJIETKE C 00pa3oBaHU- | B KJIETKE B pe3yJbTaTe peKOMOUHA-
€M UCXOJHON MOJIEKYJIbI pacnaj MU cpazy o0pa3yloTcs yxke Apyrue
ONTUYECKU aKTUBHOTO MHUIIMATOPA | MPOJYKTHI:

CONPOBOXKIAETCS €r0 YaCTUYHOU *
p Aact RCO,R, =
paueMu3anuen: .’
* . R® + +R
RCO,R" —RCO’, + >R +C0O, +R,
. Hanpumep RRy, Tak uro pauemuzanus
+ R, > RCO,R, HCXOJIHOTO MHUIIMATOPa B KJIETKE
HEBO3MOXKHA.

3. | Ilpu pacnane meueHHoro uzorornoM | Ilo onucanHOM npuyuHE TAKOTO Te-
180 110 KapGoOHMIBHOI rpyIIIe JMa- pexona '*O n3 kapGOHMIBHOI rPYIIIIBI
HUJIIEPOKCUAA TPOUCXOIUT Yac- B IIEPOKCUJIHYIO HE MPOUCXOIUT.

TUYHBIN MIEPEXO]] €T0 B MIEPOKCHUI-
HYIO I'pYIIILY M3-3a PAaBHOBECHS

(B KIIETKE)

RC(**0)00("*0)CR — 2RC("*0)0°
— RC(0)"*00("*0)CR

4. | DHeprus akTUBAIMM pacnaja nepo- | ODHEPrus aKTUBALMH IIPU COrIaco-
Kerja OJM3Ka K DQHEPTHH TUCCOIMa- | BaHHOM paclajie IByX CBs3ei cyiie-
uuu O-0O-cBsizu: E = D(O-0). CTBEHHO MEHBIIIE DJHEPTUM PA3PhIBA

onno# (O—0) cBsi3u (cM. Tabu. 2.1).

5. | IlpenskcroHeHIMaabHbIA MHOXH- [IpensKcrioHEeHIIMaIbHBIA MHOKHUTENb
TeJIb THITHUEH JUI MOHOMOJICKYJIAP- | CyIIeCTBEHHO MeHbure, yem 10 ¢!
HBIX PEaKLNil 1 MEHSETCA B IMaria- (10'°-10" ¢ u3-3a TOrO, YTO BepO-
3ome 10°-10'° ¢!, SITHOCTb COIVIACOBAHHOI'O COCPENOTO-

YEHUS SHEPTUM HA JIBYX CBA3SX CYIIE-
CTBEHHO MEHBIIIC, YeM Ha OJHOM.

6. | Ilepexomnoe coctosinue HEMoOJsipHO, | [lepexo/HOe cCOCTOsHME MOJSPU30Ba-
Y MOATOMY TOJISIPHBIN pacTBOPUTENb | HO U3-3a IEpepacipeicieHus dJIeK-
c1abo BIMSET Ha KOHCTAHTY CKOPO- TpOHHOU MoTHOCTU Mexay R, CO,
CTU pacnaja. u R,. [loatomy yem nossipuen pac-
TBOPUTEJb, TEM OBICTpPEE UAET COorJIa-
COBAHHBIN pacnasi.

N3BecTeH nmpumep ¢ COrinacoOBaHHBIM Pa3pbIBOM TPEX CBA3EH:
Me,COOCMe,C(O)OCMe, —
— Me,CO® + MeCOMe +CO, +Me,CO°
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Tabauna 2.1

DHEepruv akTuBalvu £ v sHTAIbINU peakunu AH
JUIs1 pacraaa mpem.-0y TUInepoKkcudhUpoB

R B RCO;C(CH3); E, xJIx/mo1b AH, x]J[>x/M07b
PBetcs omra O—0O-CBA3b
CH; 154 148
CsHsCH(CH3)CH, 147 148
CH;(CH,),CH, 147 148
CeHs 140 148
CH;(CHb) 146 148
C¢H,1C(CH;),CH, 147 148
CsHsCH,CH, 146 148
CsHsC(CH;),CH, 144 148
CsHsOCH,CH, 142 148
CsHsO(CH»); 138 148
CH;0CH(CH;)CH, 138 148
PBytcs ase cszu (O—O u C-C)

CH;0CH, 104 80
C,HsOCH, 102 80
(CH;),CHOCH, 99 80
CsHs;CH,OCH, 101 88
CsHsOCH, 113 80
p-CH;0C4H4,OCH, 104 80
C,Hs0CO 112 49
CsHsCH,OCO 111 49
p-CH;0C4H4,CH,OCO 109 48
CH;CH=CHCH, 108 28
CsHsCH=CHCH, 98 18
CsHsCH, 117 34
CH;C=CCH, 124 72
CH;C=CCH(CH,) 117 61
CsHs;CH=CH(CH,) 96 -35,5
(C¢Hs),CH 104 -11,7
(CH3);C 125 64
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CHj;(CH,),C(CH3), 105 64
(CH;CH,);C 103 64
CsHsC(CHj;), 109 12,5
CH;0C(CHy;), 87 1,2
C¢H;C=CCH, 121 72
CsHsC=CCH(CH3) 111 8,7

3. Pacnao c xumepuueckum 63aumooetcmeuem

K cornmacoBanHomy pacnagy OJIM30K T. H. XUMEPUYECKHI pac-
najJ ¢ OJHOBPEMEHHBIM Pa3pbIBOM OJIHOW W OOpa30BaHUEM APYIroi
cBsi3u. OpTo-3amelieHHble 3GUpbl HAAOCH30MHON KHUCIOTHI pacriajia-
IOTCSl OYEHb OBICTPO, €CJIM 3aMECTUTEIh — aToM Hojaa, paaukail RS
WJIA 3aMECTHUTEIIb C JBOWHOM CBS3bI0. Y CKOPSIOIIECE JIEMCTBUE TaKUX
OpTO-3aMecTUTENeH 00BsCHsAETCS TeM, 4To pa3psiB O—O cBs3u B Iie-
PEXOHOM COCTOSIHUM OTYACTHU KOMIIEHCHUPYETCS 0OOpa30BAHUEM CBSI3U
O---X, Hanpumep:

0 0
OR
o/
— O 4RO
S——Ph s——pnh
H

BooO1iie roBopsi, BEIIECTBO MOXKET pacIajaThCs MapaiieIbHO
10 IBYM U 0oJjiee MEXaHU3MaM 4epe3 pa3HbIe NMePEXOIHBIE COCTOSIHUSA.
Tak, HampuMep, nepokcu OCH30MIa PaclagacTCd B OCHOBHOM C pa3-
pbiBoM ogHOoM O—O cBs3u. OgHAKO, KaK MOKa3al METOJl XUMUYECKOU
MOJIAPU3AIMHA SAEP, YACTUYHO HJIET U €r0 COrIaCOBaHHBIA pacriaja

C,H,COO0COC H, —» C,H,COO* +C,H,COO"*
C,H,CO00COC,H, — C,H,CO0" +CH} +CO,,

B pe3yJIbTaTe KOTOPOTO MOCJIEe BHYTPUKJICTOUHON peKOMOMHAIINN 00pa-
3yercs GpeHmioen3oaT. COOTHOLIEHUE MEXK/Ty HAIIPABICHUSIMU paciaia
OyJeT MEHSTHCSI B 3aBUCHMOCTH OT YCJIOBUM: TeMIepaTyphl, OJISIPHO-
CTH PAaCTBOPUTEIS, €T0 BA3KOCTH, JaBieHHs. Hamuune mapasuieiabHbIX
myTel pacmaaa, BUIAUMO, SBISCTCS TJABHBIM HCTOYHHUKOM TOTO, YTO
pasHbIe aBTOPBI MPUXOJIAT MOAYAC K MPOTUBOPEUMBBIM BBHIBOJIAM OTHO-
CUTEITFHO MEXaHW3Ma paciajia TOro WA WHOTO WHUITUATOPA.
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2.3. Bauanue oasnenusn na pacnao monexyn

[Ipu pacniage MOJEKyJbl HA paguKalibl PBYyIIAsiCA CBS3b PacTs-
TUBAETCA, U B IEPEXOAHOM COCTOSIHUM MOJIEKYJIAa 3aHMMAET HECKOJIb-
Ko Gompmmii ob6vem: AV'= V-V, o6sdHO AV’ BEIpaxaroT
B cM/Monb. Benuunna AV Belumcnsercs M3 pe3ysbTaTOB OIBITOB
0 pacnajay BellecTBa MPU Pa3HbIX JaBJICHUSX, JaBJIeHUE OOBIYHO Ba-
psupyercst o 10° 1o 10* atm. Tlo Teopuu nepexoHOro COCTOSHHS

dink 1 dAG" AV

_ 2.1)
dp RT dp RT

[TockonbKy pacmaj HPOUCXOAMT B KUJKOH (¢aze, TO HEO0OXOIUMO
UMETh B BUIY KJIETOYHBIN d(DPeKT:

A-B #) A’ + B’ —% 5 npyrue npoxyKThI

—1

W3mepsieMasi Ha OIBITE KOHCTaHTAa CKOPOCTH pacliajia paBHa
1
ki(1 + k. /ky)". TloaTOMy BBIYMCIICHHAs W3 DKCHEPUMEHTAIBHBIX JIaH-

# . :
HbIX AV B 9TOM cilydyae npeacTaBiseT co00l cymMmy:

1+k Ik,

AVE =AV*+RTd In
dp

(2.2)
B cBoto ouepens, AV* = AV + AV, tne AV — u3MeHeHne oobema
BCJICICTBUEC PACTSDKCHHUS CBA3H, A AVS# — U3MECHCHUE 06LeMa, CBi-

3aHHO€ C HM3MEHEHUEM COJIbBATALIMOHHON OO0OJIOUYKH B IMEPEXOJHOM
coctosinnu. Cinaraemoe AVS# BHOCHUT BayKHBIN BKJIag B AV” mpu pac-

naJie MePEeKUCHBIX COETMHEHUI C Pa3pbIBOM JBYX CBSI3€i, Korjaa oopa-
3y€eTCs MOJISIPHOE NIEPEXOTHOE COCTOSIHUE:

+ O -
u

R (Hj ..OR
O

OTO BBI3BIBAET YIUIOTHEHUE COJbBATHOMU 000JIOUKH, AeJIaeT AVS# <0
U CYIIECTBEHHO CHIKAeT A", Tak uto mHorma AV* <(0. C mpyroii
CTOPOHBI, pacnaj] NEPOKCUAHBIX COCIUHEHHUM C Pa3pbIBOM JIBYX CBS-
3€H MPOUCXOJUT Y€PE3 KOMIIAKTHO MMOCTPOCHHOE MEPEXOTHOE COCTOS-
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HUE, T. K. pacTsikeHue aByx cBsizei: C—C u O-0O, oT4acTu CKOMIICH-
CHUPOBAHO COKpalleHreM apyroiu cBsa3u C-O BenencTBue o0pa3oBaHus
JIBOMHOM CBSI3U.

Tabmuma 2.2
M3menenne o0beMa AV* npu MOHOMOJIEKYISPHOM PACIaie MOJIEKYII

AV =—-RTAInK / Ap

Nuaunnuarop PactBopurenp T, K CM3A/IZ(’)HB
PBercs ogna cBs3b (0O—0)

[(CH3);CO], CeHs 393 12,6
[(CH3);CO], CCly 393 13,3
[(CH;3);CO], y-CsHio 393 6,7
[(CH3);CO], CgHsCH; 393 5,4
[(CH;);CO], H-C;H 398 13,4
[(CH3);CO], H-C;Hg 428 9,8
(CsHsCOO), CCly 333 9,6
(CsHsCOO), CCly 343 8,6
(CcHsCOO), C¢HsCH=CH, 303 10

(CsHsCOO), CH;COOCH,CH=CH, | 353 4,7
(CsHsCOO), CsHs;COCH; 353 4,8
CsHsCOOOC(CHs); CsHsCH(CHs;), 353 10,2
CsHsCOOOC(CHj;); CsH;Cl 353 12,7
CsHs;COOOC(CHs;); CsHsCH(CH,), 373 68

CsHsCOOOC(CHs;); CeHsCH(CHs;), 373 9,0
(CsHs);CCH(CgHs), CsHsCH; 343 13,1

PeyTtcs nBe cBsa3u (O—O u C-C)

[(CH3),CHCOO], (CH;3);CCH,CH(CHj;), | 323 -5,1
CsHsCH,COOOC(CHj3)3 CsHsCH(CHs), 353 1,0
CsHsCH,COOOC(CHj;); CsHsCH(CHs;), 353 0,4
CsHsCH,COOOC(CHj;);3 CeHsCl 353 1,5
XC¢H;,CH,COOOC(CH;); CsHsCH(CHs), — —
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X = m-Cl CoHsCH(CH), 353.6] 1.6
p-Cl C¢HsCH(CHjs), 353 1,r2
p-CH, CH;CH(CH;), 353 | 02
p-OCH, CoHsCH(CH), 333 02

[CH;0CO(CH,),CH,COO], C¢Hg 343 0,0

[CH;0CO(CH,),CH,COO], C¢HsCH, 343 0,0

(CH;),CHCO,0OC(CHs)s CoH;CH(CH), 403 | 1,602)

(CH;),CHCO,0C(CHs), CH;CH(CH;), 338 [0,3-1,93)

(CH;),CHCO,0C(CHs)s CoHsCH(CH), 338 |1,6-3.2(4)

4-CcH,;,COOOC(CHs)s CHsCH(CHs), 353 | 3.9

2.4. Bauanue cpeodvt Ha MOHOMONEKYIAAPHBLI PACNAO

B >xunkoit daze Kkak UCXOoJHAsi MOJIEKYJia, TaK U aKTUBUPOBaH-
HBII KOMIUIEKC HaXOJSATCS B MOJIE MOJEKYJSIPHBIX CHJI OKPY>KAIOIIUX
MOJIEKYJ, KOTOpPBIE OKa3bIBAIOT HA KaXAYH YacTULy JaBJICHUE
B (1-5)-10° ar™M. D10 6Hympennee daenenue B KUIKOCTH OKA3BIBAET
BIMSHHUE Ha pacmnaj MOJEKYJbl. [Ipy roMoNIUTHYECKOM pa3pbiBE OJI-
HOM CBS3M 00BEM aKTHMBHUPOBAHHOI'O KOMIUIEKCA HECKOJBKO OOJIbIIIE
o0beMa MCXOIHOM MOJIEKYJIb, U TO3TOMY IpU TEpexojie OT raza
K JKHJIKOCTH BHYTPEHHEE IAaBJICHUE B JKHIKOCTH JOJKHO HECKOJBKO
3aMEJJINTh TOMOJIMTUYECKUM pacriajl ¢ pa3pbiBOM OOHOM CBs3U. Kpo-
M€ TOTO, B CHJIy KJIETOYHOro 3(p¢eKTa 4acTh paJuKaldbHBIX Map pe-
KOMOHMHHUpPYET B KJIETKE C OOpa3oBaHMEM HUCXOIHBIX Moiiekyn. Ha-
npuMep, IpH pacrnajie IUALETIINEPOKCUAa, KaK MOKa3alo HCCIe0-
BaHHE C M30TONOM 'O, NPUMEPHO OIHA TPETh PAJUKAIBHBIX Iap
B Cpelie YKCYCHOM KHUCJIOThI peKOMOMHUPYET ¢ 00pa3oBaHUEM IMEPOK-
cuga. Takum 00pa3oM, MOXKHO OXHAAaTh, YTO B XKUJKOW (ha3e KOH-
CTaHThl CKOPOCTH pacrnaja BEIIEeCTB C Pa3pbIBOM OJHOI CBA3U OyAyT
B 2-3 paza MeHbllle, yeM B ra3oBou (aze. CpaBHEHHE SKCICPUMCH-
TaJbHBIX JIAHHBIX MOKA3bIBAET, YTO KOHCTAHTHI CKOPOCTH U DHEPTUU
aKTUBAllMM pachaja TaKuX MOJEKYJ JIeUCTBUTEIBLHO  OJU3KHU
(Tads. 2.3). OObBIYHO KMHETUYECKHE M3MEPEHHs B Ta30BOM (haze mpo-
BOJSITCA MpH OOJiee BHICOKOW TeMIepaType, 4YeM B PacTBOPE, U IKCT-
panoisiuus Mo TeMIepaType CIYKUT JOMOJIHUTEIbHbIM MCTOYHUKOM
PACXOXKICHUS JaHHBIX.
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Tabnuua 2.3
CpaBHEHUE KUHETUYECKHUX [MAPaMETPOB MOHOMOJIEKYJISIPHOTO pacnaja
B ra30BOM U KUJIKOM (azax

BemiectBo Cpena T,K| kc' |xDx/voms| g4

C,H;00C,H; 'a3. . 393 12,5107 | 156 16,1

C,H;00C,H; CeHg 393 11,9107 147 14,8
(CH;),CHOOCH(CHs), as. ¢. 393 16,3-10°| 155 15,4
(CH;),CHOOCH(CHs), C¢Hg 393 |3,6:10°| 156 15,3
(CH;);COOC(CHs); T'a3. . 393 16,3-10°| 156 15,6
(CH;3);COOC(CH3); | C¢HsCH=CH, | 393 | 1,1-107°| 157 15,9
CH;COOOCOCH; T'a3. . 353 [ 1,0-107*] 123 14,2
CH;COOOCOCH; C¢Hg 353 18,0-107°| 135 15,9
C,HsCOOOCOC,Hs; Ta3. . 353 |7,0.107°| 125 14,3
C,H;COO0COC,H; C¢HsC,Hs | 353 |1,2:107*] 126 14,8
[CH;CH,CH,COO], T'a3. ¢. 353 | 1,0-10° 124 14,3
[CH;CH,CH,COO], | C¢HsCH=CH, | 353 | 1,2-10* 123 14,3
(CH;);CN=NC(CHjs); T'a3. . 473 12,0107 | 180 17,2
(CH;);CN=NC(CH,); H-CiooHa0o | 473 |1,6-107°| 183 17,5

Ecau pByTCS COTIIacOBaHHO ABE CBA3M, TO AV" <0 u BHyTpeH-
HEE [aBJICHUE >KUJIKOCTH B 3TOM CJydae JMHOJDKHO CiIabo0 BIUATH
Ha pacnaj. DKCIEPUMEHTAIbHbIEC JAaHHBIC IO pacnagy TAKUX BEIIECTB
B ra3oBoil (aze OTCYTCTBYIOT. PacTBopUTENb OKa3bIBA€T CHIBHOE
BJIMSIHUE HA COTJIACOBAHHBIA pacmall, YTO JOKA3aHO Ha MpUMEPE pac-
najga AUU300yTUPWINEPOKCUAA, KOHCTAHTa CKOPOCTH pacmaga KOTo-
poro mMenstercs ot 3,10 ¢ B u3ookrane 10 58,107 ¢! B HUTpOGEH-
3o0j1e (313 K). 17151 MOJSpHBIX paCTBOPUTEIICH BBITIOJIHASTCS JTUHEHHAS
3aBUCUMOCTb MeXy Algk u Al(e — 1)/(2¢ + 1)], rne € — audnexTpu-

yeckasi MPOHUIIAEMOCTb, a JJIsl HeMOJISPHBIX — MEXAy 1g k u monspu-
3yEMOCTBIO PaCTBOPUTENA. BiMsiHUE pacTBOPUTEIISI HA CKOPOCTh pac-
I1a/1a CBA3aHO C MOJISIPHOM CTPYKTYPOU MEPEXOTHOTO COCTOSHUA:



[ToaTBepxkaEHUE ATOMY 3aKIIFOYaeTCs B TOM, YTO HaOJ01aeTCs
JUHENHAs KOppeNslus MEXIy H3MEHEHHEeM JorapupMOB KOHCTaHT
CKOpOCTH pacnaga ky W peakuuu MUPUIUHA C mpem.-0yTui-
nep>hUpoM MypaBbMHON KUCIOTHI k: Algk, ~ Algk . Jlna nocnennei

pCaKkiuu IpecaiiaracTcsa HOJISIpHBIﬁ HGpCXOI[HBIﬁ KOMIIJICKC.

2.5. Kunemuka pacnada unuyuamopoe

Nuunmaroper (I), xkak mpaBmio, pacnajaroTcss Ha paguKaibl
II0 PEaKUMU IIEPBOro mopsaka. B 3ToM ciaydae CKOpPOCTh pacrana
WHHILMATOpa

———==k,[1], (2.3)

rne kg — KOHCTaHTa CKOPOCTH pacmaja umHuiaropa. Kunernmueckas
KpHBas €ro PacXxo0BaHUS OIMCHIBACTCS SKCIIOHEHIIMATIbHON (DYHKITHEH

[I]=[1], exp(—k,?), (2.4)
a B MOJyaorapu(pMUIECKUX KOOpIUHATAX:
[1]

nﬁ = kdf . (25)

KoHCcTaHTBI CKOpOCTH pacrajia psija HHULIUATOPOB CM. B Ta01. 2.4.

[Ipu pacnane nHULIMATOpPA B PACTBOPE WIIM TBEPAOH (pa3e ToJb-
KO 4acTh OOpa30BaBIIMXCA PAJMKAJIOB B CHIYy KIETOYHOro 3¢ dexra
BBIXOJIUT B 00BEM U MHULHUHUPYET Ty WU HUHYIO PAJUKAIbHYIO pEaK-
uuto (cM. pazgen 3). [loatomy ckopocTh MHHUIIMUpPOBaHUS W; pacna-
JAIOIIMMCS Ha PaJvKaibl THUIIMATOPOM paBHA

W, = 2ek,[1]= k1], 2.6)

I7le ¢ — BEPOSATHOCTH BBIXOJIA MAPhl PATUKAIIOB U3 KICTKH B 00BEM,
a k; = 2eky — KOHCTaHTa CKOPOCTHM MHULIMMPOBaHUS. Eciu 3a Bpems
OMbITa WHUIMATOP pacxoayercsa He3HauutedabHo (Ha 1-3 %),
TO [I] = [I]p 1 CKOPOCTH MHULIUUPOBAHHUS

W, = 2ek,[1], (2.7)
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B npoTtuBHOM ciyuae
W. =2ek,[1], exp(—kt) (2.8)

Tabmauna 2.4
KoHCTaHTBI CKOPOCTH pacriajia HEKOTOPhIX UHUIIUATOPOB
B YIJIEBOJIOPOJHBIX pacTBOpax

L P I
(Me;C),N, 183,7 17,16 5,5-10™"
(PhCH,),N, 145,8 14,45 4,9-10°
(Ph,CH),N, 111,3 13,78 1,5-107
(PhMe,C),N, 122,6 15,41 1,3-107
(Me,CN),N, 139,7 16,84 9,8-107
EtOOEt 147,3 14,18 1,6-10°
Me,CHOOCHMe, 156,1 15,26 9,2:10”
PhMe,COOCMe,Ph 142,9 14,45 1,3-107
Me;COOCMe;, 146,4 14,50 4,5-10°
Me;COOSiMe; 172,4 15,04 2,0-10™"
Me;SiOO0SiMe; 172.,4 15,04 2,0-10™"
MeC(0)OOC(0)Me 134,7 15,82 52-107
MeC(0)OOCMe; 1335 14,10 3,0-107
PhC(0)OOC(0O)Ph 137,0 16,00 3,6-107

PhCH,C(0)OOC(O)CH,Ph 92,0 12,96 0,17

PhCH,C(0)OOCMe; 118,0 13,33 52-10°
[y-CsH,,0C(0)0], 102,5 13,21 8,2-107

KuneTtuka pacmnajga MUHUITMATOPOB U3y4aeTCs:

1) mo pacxogoBaHMIO HCXOAHOTO BeIIeCTBA (KOHIIEHTPALIUIO
NEPOKCH]IA, HAIIPUMED, ONPEAEIISIOT HOAOMETPUUECKN);

2) mo oOpa3oBaHUIO MPOAYKTa pacmana (o pacnaae nepadupa,
HaIpuMep, CyAsT 1o KonndecTBy Boiaenusiierocs CO,);

3) Mo pacxoI0BaHUIO aKIIENTOPa CBOOOIHBIX PaJIMKAJIOB.
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BeposaTHOCTh BbIXOJIa paIuKajIoB B OObEM € BBIYMCIISICTCS ITy-
TEM CpaBHEHUSI KOHCTAHT CKOPOCTH k4 U ki: e = ki/2ky. B 0OBIYHBIX
HU3KOBSI3KUX OpraHudeckux pactpopurensax e = 0,3—-0,8.

CKOpOCTh MHUIMUPOBAHUS H3MEPSIOT, UCIOJIb3YysS METO] aK-
HENTOPOB CBOOOAHBIX paaukaioB. OH 3aKIHOYAETCS B TOM, YTO B CHC-
TEeMy, TJie T€HEePUPYIOTCS CBOOOJIHBIE paJMKaJibl, BBOAST BEIIECTBO,
OBICTPO pearupyrollee co CBOOOAHBIMU pagukaiaMu. Eciu Bo3HUKA-
10T AJIKWIbHBIE PAIUKAIIbL, TO 11 UX aKUENTUPOBAHUS UCHOJB3YIOT I,
KOTOPBIN BCTYIAET B PEAKLINU

R*+I, > RI+T
I'+R* > RI
3a pacxoJOBaHMUEM I, JIETKO CIEINUTh CIIEKTPO(POTOMETPUUECKHU.
YacTo ucnonb3yrTCs CTA0WIBHBIE PAJUKaNIbl, TAKUE KaK

O\N/O 0
HsC CH
: * ARG oe C(CH)3
N/ N—N
AN
R CHs Ph
N/O
H CH3
Ll C(CH3)3

3a pacxoJOoBaHUEM CTAOWJIBHBIX PATUKAIOB CIEIAT METOJIOM
OIIP mnu crnekTpoOTOMETPUYECKH, €CIU STOT paJuKal UMeeT OKpa-
CKy. [l akuenTupoBaHus aJKOKCWIBHBIX U EPOKCUIIBHBIX PAIUKATIOB
UCIOJIb3YIOT (DEHOJIBI M apOMATUYECKUE aMUHBL. 3a UX PacX0JI0BaHUEM
MOYKHO CJIE€AUTHh METOJAAMU YyBCTBUTEIBHOIO XUMUYECKOI'0 aHAJIN3A.

2.6. I]ennoit pacnao unuyuamopos

Kak MbI yOeuiInch, THUIIMATOPOM MOKET OBITh TOJIBKO MOJIEKY-
Ja co cyaboit cBs3bro. OgHAKO MO 3TOM K€ MPUYMHE UHULIUATOP CTAHO-
BUTCS YSI3BUM, T. €. OBICTPO BCTYIIA€T B PEAKIUI0 U CO CBOOOTHBIMHU
pagukanamu. [loaToMy napaienbHO MOTYT HPOTEKATh JBa MpoLecca:
MOHOMOJIEKYJISIPHBIM pacnaj UHULMATOPA U €ro LEenHON (WiIu UHAYIIH-
POBaHHBIN) pacmaj Mo PeaKuu O CBOOOHBIMU pajukaiamu. Tak, Ha-
npumep, AUOCH30WINEPOKCHU, UHULUUPYS MOJIUMEPU3ALNI0 CTHUPOJIA,
aTaKyeTCs MAKpOpaAUKAIAMU TOJIIPU3YIOLIEr0Cs CTUPOIIa
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CH,C*"HPh + PhC(O)OOC(O)Ph —

— CH,C(HPh)OC(O)Ph + PhCO* ,
YTO BBI3BIBAET JOMOJIHUTEIBHOE €r0 PacxOJIOBAHUE U CHUXKAET 3(-
(eKTUBHOCTh MHULIMMPOBaHUS. Ele ObIcTpee MpoTeKaeT LienHast pe-

aKIMs pacraja Mepokcuia, HampuMmep AUOCH30MITIEPOKCHIA B CPEIe
criupta: PrCH,OH. O6pa3yromuecs u3 cupTa 1o peakiuu

PhCO;, + PrCH,0H — PhCOOH + PrC*'HOH

o-I'uipokcOyTUIIbHBIE pauKallbl — CUJIbHBIE BOCCTAHOBUTE-
J1 ¥ OBICTPO aTaKyIOT UCXOHBI HHULIUATOP MO PEAKIIUHN:

PhC(O)OOC(O)Ph + PrC"HOH — PhC(O)OH + PrCH(O) + PhCO; .

CKOpOCTh TaKOM LIEMHOW PeaKlyd TEM BBIIIIE, YEM BbIIIEC KOHIEHTpAIUs
MHUIIHATOpa. 3aBUCUMOCTh Ha4yaJIbHOM OpYyTTO-CKOPOCTH pacrajia MHH-
IIMaTopa OT €r0 KOHIICHTPAITUU UMEET (YacTo) CISIYIOIINIA BU/I:

W.=k,I], + const-[I]g/2 : (2.9)

Okcrpanonsauus ortHomenus W, /[1], x [IJo— 0 nossonser

OLIEHUTH 3HaUeHUE ky.

2.7. Bumonexkyaapuvie peakyuu 2eHepupo8anus paouKanios

Hapsigy ¢ MOHOMOJIEKYJISIpHBIM PaciajoM MOJIEKYJ CYILECTBY-
10T U OUMONEKYIAPHbIE PeaKyuu 2eHepUpo8anusi paouxkaios; HeKOTo-
pbl€ M3 HUX NPOTEKAIOT OBICTPO U SIBJISIIOTCS TJIaBHBIM MCTOYHUKOM
CBOOOJIHBIX PAJUKAJIOB B CIEHHAIBHO CO3JaHHBIX JKCIIEPUMEHTAIb-
HBIX WJIM TEXHOJIOTUYECKUX YCIOBUSX.

Od4eHb aKTUBHBIM OKHUCIHUTENEM SsBIsSIETCS 030H. OH BCTymaeT
C OPraHWYECKUMHU COEAMHEHUSIMH B Ppa3HOOOpa3HbIE PpEaKIUU.
C C-H-cBs3pro opranmyeckoro coeaunenuss RH on pearupyer kak
JOCTATOYHO SHEPTUYHBINA aKIENTOP aToMa BOAOPOAA:

RH+0O,; - R*+HO;.
Pagukan HO; OBICTPO pacmazaercs ¢ 00pa30BaHMEM OYEHb AKTUBHO-

ro TMAPpOKCUIIBHOI'O paJvKalia:
HO; - 0, + HO'
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MeHee aKTUBEH, HO JOCTaTOYHO OBICTPO  pearupyer
¢ C—H-cBs13b10 yrieBonoponoB NO,:

RH+°*NO, - R*+HONO

[Ipu xmopupoBaHUM YTJIEBOAOPOJAOB B OTCYTCTBHE APYTHX
WHULAMPYIOIINX HCTOYHUKOB aTOMBI XJI0pa 00pa3yloTcs B pe3yJIbTaTe
nuccoruanuu Cl, Ha aTtombl, a Takxke mo peakiuu Cl, ¢ Hambomee
cnaboit C—H-cBs3b10 yriieBogopoa:

RH+Cl, »>R*+HCI+CI’

B artoii peakiuu 3atpatsl sHepruu Ha paspbiB C—H-cBsizu u Cl-Cl-
CBSI3M KOMIICHCUPYIOTCSI B 3HAUUTEILHON CTENEeHU dHEprueut odpaso-
BaHus npouHoi Cl-H-cBs3u (438 k/[»/Moiib).

['nbenb anKWIbHBIX PAJHUKATIOB MPOUCXOAMUT IMPU HX BCTpEUE
U peakusiM peKOMOUWHAIMYU U AucnponopuuonupoBanusd. [locnenuss
peakius MpoTeKaeT Kak oOTpbIB aromMa H ogHuM paaukamom
ot C—H-cBs3u JIpyroro ajikWibHOrO pajuKkaia. AHAJIOTHYHBIM 00pa-
30M MPOTEKAEeT OOpaTHas peaklus PEeTPOAUCIPONOPIIMOHUPOBAHUS
Mexay RH u onedunom, Hanmpumep CTUPOIOM:

PhCH=CH, + RH — PhC'HCH, +R"’

B aton peakunu paspeiB C—H-cBsizu n n—C—C-cBsi3u KOMIIECH-
cupyercs  (gactuuHo) oOpasoBanueM IipouHor cBsizsm  C—-H
B O-(DEHWIDTIILHOM pajivKaJe.

Y wmonekynsl ¢ropa F-F-cBsa3p cnabas (154 x/Ix/mounb),
a cBsi3b C—F — npounas (Dc.r = 464 xJ[x/Monb). [ToaToMy ¢ ydacTu-
eM F, BO3BMOKHBI 3K30TEPMUYECKHUE PEAKIIUN TUIIA:

F, + CCL,=CCl, — FCLLCC'CL, +F* (+330 Jlx/moub)

BbrIcTpO BO3HUMKAIOT pagukaiibl U 1o peakuusiMm RLi ¢ R-ranoun,
HAIpuMep:

RLi+RClI—-> R*+LiCI+R°
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Tabnuua 2.5
DHEPIruu aKTUBALMU U KOHCTAHTBI CKOPOCTHU
peakuy perpoauctponopuronuposanus psaaa RH co ctupomom

RH E, x]J[>x/Monb lgA k, n/(mons c); 300 K
135,0 8,53 6,0-10™
D, D
O‘O 139,2 8,56 2,810
D D
114,1 6,56 4,2-10"
O
117,1 7,52 2,1-107
|
|
112,9 7,19 2,310
|
CHg
Q‘O 117,5 5,62 2,5-107
O“ 84,0 6,01 5,0-10°

B peakiusix aBTOOKHUCIEHHUS YTIJIEBOJOPOJOB MPOTEKAIOT pa3-
HOOOpa3Hble OMMOJEKYJSIPHBIE PEAKIMU T€HEPUPOBAHUS PAJUKAIIOB
c yuactueM O, W THAPONEPOKCHUIOB. Pamukanbl oOpa3yroTcsi Takke
10 TPUMOJICKYJISIPHOW PEaKIMKM JBYX MOJIEKYJ YTIJIEBOAOpOJa C KH-
CJIOPOAOM.
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2.8. OKuciumenvHo-60CmanosumesibHovle peaKyuu

WM cTOYHMKOM pauKagoB MOTYT CIYXKHUTh TakKXe pazHOooOpas-
HBIE OKUCUMENbHO-80CCMAHO8UmMebHble peakyuu. 1lepenoc 0aHOTo
DJIEKTPOHA C MOJEKYJIbl Ha HWOH-OKHCIWTEIhF WIX C HWOHA-BOC-
CTAHOBHUTEJIS Ha MOJICKYJTy HEM30€KHO COIPOBOXKIAETCS 00pa30BaHHU-
eM paaukana. Eciu 3ToT paaukai BBIXOJHWT B 00bEM W3 JIMTaHIHOMN
chepbl MOHA U SABJISETCS AOCTATOYHO akTWBHBIM (R°, RO°, ROJ,

HO® ), Takas peakius gBisieTcs 3PPEKTUBHBIM MPOIIECCOM, HHUILIMU-

PYIOIIUM PaUKaIBHYIO PEAKIIHIO.

[IpuMepsl OKHUCIUTEIHHO-BOCCTAHOBUTEIIBHBIX pPEaKIUil WHH-
IIUUPOBAHUS.

1. Pacnag mepokcuma BoJIOpo/ia Ha paJuKajibl, KaTAIM3UPOBAH-
HBbIN MOHaMU xkefe3a (Mexanu3M ["abepa — Beiicca):

Fe** + HOOH — Fe’* + HO™ + HO®
Fe’* + HOOH — Fe** + H" + HO;,

B TakoW HUKIAYECKOW PEAKIUU HOHBI Fe’" u Fe3+00yHIGCTBJI}IIOT
10 CYIIECTBY KATAIMTUYECKUM PACIa] ABYX MOJIEKYJ IEPOKCUIA BO-
JIOpOJIa HA paauKajibl B COOTBETCTBUU CO CTEXMOMETPUYECKUM YypPaB-
HEHHUEM TAaKOT'O JBYXCTAJIMHHOTO [IUKIAYECKOIO MpoIecca:

2HOOH —» HO® + H,0 + HO;,

[Tonnas cxema mpeBpallleHU BKIIOUAET B CCOs IEIIbIN PsIT IOTIOTHHU-
TEJIbHBIX CTaJWH, B KOTOPHIX yYaCTBYIOT OOpa3yIOIIUECS B CHUCTEME
paaUKAaIIbL.

2. Pacnag ruaponepoKCUIOB MO JEUCTBUEM COJIEM METAJLIOB
IIEPEMEHHOMN BAJICHTHOCTH, HAIIPUMED:

PhMe,COOH + Co** — PhMe,CO* + HO™ +Co™*

Takoro Tuma peaxkiuu MPOTEKAIT B Ipolleccax KaTaTUTHYECKOTO
OKHUCJIEHUS YTJIEBOJIOPOJIOB.

3. B 3Tux *e mpoleccax NpOTEeKAT U MHULUUPYIOT MPOLECC
peaKkuuMyu HOHOB MEPEMEHHOW BaJEHTHOCTH C CyOCTpaToM (OKHCIsie-
MBIM COEJAMHEHHEM), HalpUMEp MPU OKUCICHUU aJbJETHIOB B MpPHU-
CYTCTBHUU MOHOB KOOAJIbTa MPOTEKAET PEAKIIUS:

MeC(O)H + Co’" — Co*" + H" + MeC’ (0)
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4. MoHbl TUTaHA TEHEPUPYIOT pajvKaabl U3 THAPOKCUIAMHUHA
10 PEAKIUU

Ti** + H,NOH — Ti** + OH™ + N°H,

5. B peakuusx OKHUCJIEHUS NpPHU HUCIOJIb30BAaHUU KOOAIbT-
OpOMHIHOTO KaTajau3aTopa OJHAa U3 MHULIMUPYIOMINX CTAIUA peakuus

Co’ +Br — Co* +Br’

Takue peakiuu MUPOKO UCTOJB3YIOTCS IS MHUIIMHUPOBAHMS JKHIKO-
($ha3HOT0 OKHCIICHUS U SMYJIbCHOHHOMN TTOJTUMEpPU3alIHH.

2.9. /Ipyzue cnocoowvt unuyuupoeanus paoukaios

2.9.1. ®oToXxMMHYECKHE PEAKIMH HHUIUHPOBAHUSA

JIns1 reHepupoOBaHUs PAJUKAIIOB MO JEUCTBUEM KBAHTOB CBETa
HEO0OXO0AUMO:

1) 4yTOOBI SHEpPrus MOIJIONMIEHHOTO KBaHTa ObLIa J1OCTaTOYHA
IJ1s1 TCHEPUPOBAHUS PAJIMKAJIOB, T. €. SHEPrys KBAaHTA CBETA JIOJKHA
IpEBBIIaTh MPOYHOCTh Harbosee c1aboil CBA3H;

2) 4TOOBI CBET C HY>KHOW JJIMHOW BOJIHBI MHTEHCHUBHO MOTJIO-
11aJIC CUCTEMOM.

C 2TO# 11eBI0 UCTIONB3YIOT (DOTOMHULIUATOPHI U (POTOCEHCUOU-
au3atopel. Pomounuyuamop, TMOTIOIAas KBAHT CBETA, PACLICIUIACTCS
Ha pagukanbl. Hanmpumep, a30M300yTHPOHUTPUII, MOIJIONIAS KBAHTHI
ceera ¢ A = 3450 A, pacnanaercs Ha paguMKaIbL:

Me, (CN)CN,C(CN)Me, + hv — 2Me, (CN)C® + N,

YacTto MCHONB3YIOTCS B KauecTBE (POTOMHUIIMATOPOB KETOHHBI,
KOTOpPBIE XOPOIIO MOTJIONIAIOT CBET B YJIbTPa(HuOoIETOBON 00JIaCTH H,
B0O30Yy>kasch, pacnagaroTcs mo C—C-cBs3u:

MeCOR + v > MeC°'O+R*

2.9.2. PainaniuOHHO-XMMHUYECKOE HHULIUMPOBaHHE

[Ipy BO3MEHCTBMHM Ha BELIECTBO pagudaliii (PEHTTEHOBCKHUE
U Y-JIy4H, 3JEKTPOHBbI, TPOTOHBI, HEUTPOHBI, OL-YACTUIIbI) TPOUCXOIUT
CJIOKHBIN Kackaj pusnueckux npeppaiieHuid. @OTOH BBICOKOU dHEP-
MY WA YacTULA, CTAIKUBAsICh C MOJIEKYJIOHM, BBI3BIBAET €€ MOHM3a-

muro. Hanpumep: RH+e™ — RH™ +2¢e™.
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[TonoxxutenbHO 3apsKeHHass MoJieKyJia (MOH), peKOMOUHUPYS C DJIEK-
TPOHOM, 00pa3yeT IECKTPOHHO-BO30YKICHHYIO MOJICKYJTY:

RH"+e > RH’,
KOTOpasi U pacrajaeTcsi ¢ 00pa3oBaHMEM CBOOOJIHBIX pajuKaioB. Ts-
JKeJIbIe YaCTHUIIhI (HapUMep, O-4acTUIla) U OBICTPHIE AJIEKTPOHBI HOHU-
3UPYIOT MOJIEKYJIbI KUJKOCTH BAOJb TpeKa CBOETO JIBIXKEHHs. B aTOoM
Cllyya€ BO3HHUKAET MUKPOHEOJHOPOAHOE pacCIpeleseHUe CBOOOIHBIX
paaukaioB B oOpasle (MOHbI KOHUEHTPUPYIOTCA BIOJb TpeKa JBUXKeE-

Hus gacTuil). O0IydeHue y-TydaMy IMO3BOJISET MOYyIUTh PABHOMEPHOE
pacrpeieiicHIue TeHepalliK padKaioB 1Mo 00beMy 00pasiia.

2.9.3. I'enepupoBaHue aTOMOB U PAAMKAJIOB 3JIEKTPOPA3PHAAOM

[Ipy mpomyCkaHuM 3JIEKTPUUYECKOTO TOKA Yepe3 ra3 BOZHUKAET
MOTOK OBICTPBIX AJEKTPOHOB. [Ipu coymapeHuu 371€KTpoHA C MOJIEKY-
JIOM WJIM BO3HHUKAET BO30Y’KJICHHAS] MOJIEKYJA, WM MOJEKYJa JUCCO-
IUUAPYET HAa aTOMbl, MOHBI, paJuKaibl. VICTOUHUKOM A3THUX peaKUuil
SBJISIETCS. KMHETUYECKAsl SHEPrUsl AJIEKTPOHA, KOTOpas MPHU CTOJIKHO-
BEHUU IMPEBPAIIACTCS BO BHYTPEHHIOK YHEPIUI0 MOJICKYJbL. DJEK-
Tpopa3psa UCHOJIb3YETCS i1 TEHEPUPOBAHUS aTOMOB M3 JBYXaTOM-
HBIX MOJIEKYJI, HAIlPUMED:

H,+e >H +H +e".
O30H CUHTE3UPYETCS B YCIOBUSAX TUXOTO paspsiia B 030HATOpE
B pE3yJIbTaTE PEAKLIUN:
O,+¢e >0+0+e,
0,+0->0,.

CB0OOIHBIE pauKaIbl MOKHO TaK)KE€ T'€HEPUPOBATH AJIEKTPO-
XUMHYECKH, OKHCIISIE aHUOH Ha KaToJAe, U MEXaHOXUMUUYECKH — IIy-
TeM HCTHUPaHUS TBEPJOrO BEIIECTBA, HAIIPUMEP IOJIMMEpa, B CIICIIH-
aJIbHOM yCTPOMCTBE (MEJIBHMUIIL).

Ilpumep 2.1. Onpedenenue KOoHcmanmol CKOPOCHIU PEAKUUU

[To maHHBIM KWOAOMETPUUYECKOTIO AHAJIM3a, KOHILICHTPALHUS IU-
oenzomnepokcuaa B 0enzone npu 100 °C MeHsieTcst BO BpEMEHHU Clie-
TYIOIIUM 00pa3oM:
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{, MUH 0 3 5 10 20 35 60

2
[(CHsCORIIO% 5 199 164 136 093 049 0,19
MOJIB/ 1

OrnpeaenuTh KOHCTAaHTY CKOPOCTH PEAKIIUH.

Pewenue

k=" In([1]o/[1]])

¢ 0 180 300 600 1200 2100 3600
[1]o/[1] 1 L12 122 147 2,15 408 10,53
In([T]o/[1]) 0 0,113 0198 0385 0,765 1406 2735
k10 ¢! ~ 628 660 642 638 669 653

k= (6,48 +0,14)-10" ¢!

Ilpumep 2.2. Onpedenenue od0vema npodykma pacnaoa
UHUYUamopa

3a pacxo/IoBaHHWEM pacmnaia a3ou300yTUPOHUTPUIIA CIEIAT BO-
JIOMOMETPHUYECKH TIO BBIJEIEHUIO ra3000pa3Horo azora N,. Kakomy
KMHETUYECKOMY 3aKOHY IMOJYUHAETCS KUHETHKA BbIJEICHUSA a30Ta?
Kak nonro cnenyer Bectu s3xcnepumedt ipu 100 °C o nosHOro pac-
naga otoro wuHunuaropa? KakoB o00bem N, (mpu 298K

u £ =1arm), koropsii Beygemurcs u3 [RN>R]o=0,05 moms/n

3
npu o0beMe pacTBopa, rae uaeT pacnam, 10 cm™?
PexomeHanuys: BEIBECTH 3aKOH KHHETHUKH BBIJCJICHUS a30Ta.

Pewenue

B nauane onbita npu ¢ = 0 A[N;] = 0 u [I] = [I]o. K momeHnTy ¢
pacnanoch naunuaropa A[l], = [I]o — [I]; u Beimenunock A[N;]; a3zora.
K konmy omsita t — oo, [I] — 0) [N]p — [N»]. Iy 3anucu kuHEeTHYE-
ckoro ypaBHeHusi Bbipazum [I] B Bume [I];= A[N;] — A[N;],. Jannoe
ypaBHeHHe nu(depeHIrpyeM U UHTETpUpyeM B ipeaenax ot 0 1o .

[Tomyunm:

AIN;] = A[N][1 — exp(—kq?)]
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IIpu pacnage 0,05 moib/i1 a30coeAMHEHUS B 00bEME pacTBOpa
10 cM’ BeIENHTCS (TIPU HOPMANBHBIX YCIOBHSAX)
0,05 (momb/m)-0,01 1224 n/moms = 1,12:.10% 1 = 11,2 e Ny,
rae 22,4 1 — ob6beM 1 Mok raza npu HOpMaJIbHBIX YCIOBHUSX.
[TonHBIM MOXHO cuuTaTh pacnajg uHunuaropa Ha 99,5 %. Ilo-
naras otHomeHue A[N,]/A[N;] = 0,995, nonydaem:

tz_im[l_ [N,] j: 530
kd [N2]oc kd

Ilpumep 2.3. Pacuem snmanvnuu peaxkyui

KakoBa stamenus peakuuu PhCH; + X, — PhC'H, + HX + X*
JUISL PA3JIMYHBIX MOJIEKYJT Tajlou1I0B?

B wmetwnpHO#l rpynme Tonyona D(C-H) =375 x/x/Moib,
D(X-X)=158,7 xJlx/monp nnsa F,, 242,6 xJ/bx/monp gaa Cl,
u 192,8 xJ[>x/MOJIb JUTS Br,, D(F-H) = 570,3 x/I[>x/Mo07b,
D(CI-H) = 431,6 x{x/mMoas u D(Br—H) = 366,6 xJ[x/M01b.

Pewenue
DHTANBIUS TaKUX PEAKIIUM CKJIAbIBACTCS U3 TPEX CIaracMbIX:
D(H)= D(PhCH-H) + D(X-X) — D(X-H).

Torna:

nns F, D(H) =375+ 158,7 — 570,3 = -36,6 xJ[>x/M01b;
s Cl, D(H) =375 +242,6 — 431,6 = 186,0 x/[>x/MoJ1b;
nns Br, D(H) =375+ 192,8 — 366,3 = 201,5 k/I>x/M071b.
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3. CHEHU®UKA KUIKODPA3ZHBIX
PAJUKAJIBHBIX PEAKIIUI.
KJIETOYHBIU DODPEKT

3.1. Ocobennocmu 3HcuOK020 COCMOAHUS 6eULeCMEa

Kupakoe coCTOsHME BEILIECTBA SIBISIETCA MPOMEKYTOUYHBIM MeE-
Ky TBEPJIBIM U razoo0pa3HbpiM. OTIM4asch OT TBEPJOIo Teja U rasa,
KUJIKOCTh MMEET YEpPThl CXOACTBA C KAXKABIM M3 3THUX COCTOSHHUM.
KunkocTs, Kak U ra3, npuHUMaeT GopMy cocyaa, B KOTOPOM OHa Ha-
xoauTca. MoOJeKysbl KUJIKOCTH U ra3a COBEPIIAIOT XaOTHYECKUE IIe-
pEMENIEHHUs], CTAIKUBASACH IpYyT ¢ ApyroM. Hapsay ¢ 3TuM MOXKHO OT-
METUThH CJICAYIONINE CYIIECTBEHHBIE Pa3Inuus MEXAY raz000pa3HbIM

H XKUJKHUM COCTOSAHUEM BCIICCTBA.

l"azoBas da3za

Kunkas daza

1. Paccrosinue Mex 1y MoJieKyJiamu /
OOBIYHO (7151 HEBBICOKUX JTaBJICHUH)
MHOTO OOJIbIIIE pauyca MOJIEKYJIIbI 7
[ >> r; IpaKTHUYECKH BeCh 00beM V,
3aHSATBIN Ta30M, €CTh CBOOOIHBIN 00b-
em: V=V

B xuakoit daze, Haobopor, / < r, 6011b-

11asi 49acTh 00beMa 3aHATa MOJICKYJIAMH,
TaK 4YTO CBOOOIHBIN 00BEM B KUIKOCTH
Ve<<V.

2. CpenHsisi KHHETHYECKasi SHEPT U
qacTull, paBHas 3/2kT, 6onpIlie TOTEeH-
HUAAIBHOU 3HEPTUHU U UX MEKMOJIEKY-
JIIPHOTO B3aUMOJICCTBUS.

[ToreHmanpHas SHEPTUS B3aUMOJICUCT-
BUSI MOJIEKYJT OOJIBIIIE CPEeIHEN KUHETH-
YECKOM DHEPTUU UX JIBUKCHUA:

U > 3/2kT.

3. YacTHIlbl CTAJIKUBAIOTCS MPU UX
MOCTYIATEIbHOM JBW)KCHHUH, (DaKTOP
YaCTOTHI CTOJIKHOBEHUN 3aBUCUT

OT MAaccChl YaCTHII, UX Pa3MEPOB U TEM-
nepaTypebl.

Kaxnas yactuia cosepiaer konebda-
TEIhHOE JBUKCHHE B KJIIETKE, KOTOPYIO
CO3/IaI0T OKPYIKAOIINE €€ MOJICKYJIBI.
AmmuuTyna konebaHusi a 3aBUCUT

oT cBOGOIHOTO 00BeMa, a ~ (Vy/L)'".

4. Inddy3us yacTHIl TPOUCXOIUT

B Pe3yJbTaTe UX MOCTYMATEILHOTO
IBIOKEHUS, KOdhduueHT auddys3un
D ~0,1-1 cm*/c (~ 10° [1a) u 3aBHCHT
OT JaByieHus ra3a (D oOpatHo nponpo-
IMOHAIBHO JTABJICHHIO ).

Huggy3us IPOUCXOANT B pe3yIbTaTe
MEPECKOKA YaCTULbI U3 OJTHOM KJIETKH
B IPYT'yIO C DHEPTUEH aKTUBaLUU £,

D= eXP('ED /RT) ; B HEBA3KUX XKUIKO-
cosix D = 0,3-3 em?/cyT.

5. HacTtuia cBoOOIHO BpalaeTcs, yac-
TOTa BPAILlCHUS V, OIIPENEIIAETCS TOJIb-
KO MOMEHTaMH UHEPLUUH YaCTULbI U
TEMIIEPATyPOU, 4aCTOTA BPAILIECHUHN V,
nponopuronansHa 2.

Bparienue 3aToOpM0OKEHO CTEHKaMHU
KJIETKH, TTIOBOPOT YaCTHIIBI COITPOBOXKIA-
eTcs MPEOI0JIEHNEM MTOTEHIIUATBHOTO
Oapbepa E;, KOTOPBI 3aBUCUT OT CHII
MEXMOJIEKYIISIPHOTO B3aMMOJICHCTHUBS, V,

MPONOPLUOHAIBHO exp(_Er /R T) .
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C npyroi CTOPOHBI, )KHAKOS COCTOSHUE TI0 PSIIY BaXKHBIX ITOKa-
3aresiei OJU3KO0 K TBEPIOMY.

Bo-miepBBIX, MEKMOJEKYJSIPHBIE PACCTOSHUS B JKHIKOCTH
OJIM3KHM K TAaKOBBIM B TBEPAOM TeJ€, T. K. IIPH IUIABIICHUH MTOCICTHETO
00beM BeIIEeCTBA M3MEHSAETCS HE3HAYUTENHHO (OOBIYHO OH YBEITHYH-
BaeTcs He O6ojee yeM Ha 10 %).

Bo-BTOpBIX, 3Hepeus MeNCMONEKYIAPHOSO B3AUMOOEUCMBUSL
B KUJIKOCTH U B TBEPJOM TeJIe OTIMYACTCS HE3HAYNUTEIbHO, MTOCKOJIb-
Ky TEIUIOTa IJIaBJICHWS MHOTO MEHBIIE TEIUIOTHl ucnapenus. Hampu-
Mep, ais Boasl AH,, = 6 xJlx/Monb, a AH ., = 45 x/[x/Moinb; nj1s OeH-
3oma AH,,= 11 xJI»x/monw, a AH ., = 48 kJI>x/M0b.

B-TpeThbHX, TEIIOEMKOCTh BEIIECTBA MPHU IJIaBJICHUH MEHSICTCS
OYCHb c1abo, T. €. OHA OJM3Ka i1 000MX 3THUX cocTtosHMi. OTCrona
CIIEAyeT, UTO XapaKTep JBM)KCHHUS YaCTHI] B KMJIKOCTH OJHM30K K Ta-
KOBOMY B TBEPJIOM TeJIe.

B-ueTBepThIX, KHUIKOCTh, KaK M TBEPAOE TEJIO, BBIICPKHBACT
0e3 paspbpiBa OOJBIIHE pacTATHBAIOMKME ycuius. Pasmuune Mexmy
KUJIKOCTBIO M TBEPABIM TEJIOM 3aKIIOYACTCS B TEKYUYECTH: TBEPHOC
TEJI0 COXpaHSIeT CBOIO (OpMy, KHUIKOCTh Ja)ke IOJ BIUSHHEM He-
OOJIBIIIOTO YCHIIHS JIETKO €€ MEHSET.

OTH CBOMCTBA BBITEKAIOT U3 TAaKUX OCOOEHHOCTEW CTPOCHHS
KUJKOCTH, KaK CHJIBHOE MEKMOJICKYIIPHOE B3aUMOJICHCTBHE, OJIMXK-
HUM TOPSAOK B PACIIOJIOKEHUHM MOJIEKYJT M CHOCOOHOCTh MOJIEKYII
CPaBHUTEIIBHO OBICTPO MEHSTh CBOE IOJOXKEeHHE. IIpu HarpeBaHuH
KUJIKOCTH OT TEMIIEpaTyphl 3aMep3aHus 10 TeMIEPATypPhbl KUIICHUS €€
CBOMCTBA IJIABHO MEHSIOTCS, C HarpeBaHUEM IIOCTEIIEHHO YCHJIMBa-
IOTCSI YePTHI CXOJICTBA C Ta30M.

3.2. Kunemuueckaa meopus scuoxocmu

B pazpaborannoit . 1. ®peHkeneM xunemuueckou meopuu
HCUOKOCMU KUAKOCTh pacCMaTPUBAETCS KaK JTUHAMHUYECKas CUCTeMa
YaCTUILl, HAIlOMUHAIOWIAA OTYACTH KPHUCTAJUIMYECKOE COCTOSIHUE.
[Ipu Temneparypax, OMU3KUX K TeMIIepaType IUIABJIICHUS, TEIUIOBOE
JIBUKEHUE B KUJIKOCTH CBOJUTCS B OCHOBHOM K FapMOHUYECKHUM KO-
Je0aHusAM YacTHUIl OKOJIO HEKOTOPBIX CPEIHHUX IOJIOKEHH paBHOBE-
cusg. B ommune OT KPUCTAUIMYECKOTO COCTOSHHUS OTU IOJ0KEHUS
PAaBHOBECHS MOJIEKYJI B JKUIAKOCTM UMEIOT JUIS KaXIOW MOJIEKYJIbI
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BpeMeHHbBIM XapakTtep. [lokonedaBIIuCh OKOJO OJHOIO TMOJIOXKEHUS
PaBHOBECHS B TEUEHHUE HEKOTOPOr'0 BPEMEHU T, MOJIEKYJIA IIEPECKAKHU-
BACT B HOBOE IIOJIOKEHHUE, M0 COCEACTBY. TaKOW MEPECKOK MPOUCXO-
AT C 3aTpaToil 3Hepruu U, OITOMY BpEMs «OCEIION KU3HU» T 3a-
BUCHUT OT TEMIIEPATyphl CleayromuM obpasom: t=1,exp(U/RT),

r7ie Tp — NEepPUOoJ OJHOTO KOJeOaHUsT OKOJO IMOJOKEHHUS PaBHOBECHUS.
JIas BOJBI IIpU KOMHATHO# Temmepatype T~ 107%, 19=1,4-10" c,
T. €. OJIHa MOJIEKYJIa, cOBepIIUB 0K0Jio 100 konebaHuii, mepeckakupa-
€T B HOBOE MOJIOXKEHHE, TI€ MPOI0JIKAET COBEPIIATH KOJIEOAHUSI.

N3 naHHBIX IO PACCEMBAHUIO PEHTIE€HOBCKUX JIY4€H U HEUTPO-
HOB MOKHO BBIYMCIUTH (YHKIIMIO TUIOTHOCTU PACHpeIesICHUs YaCTHII
P B 3aBUCHMOCTH OT PACCTOSIHUSA 7 OT OJHOM YaCTHIlbl, BHIOpaHHOMN
3a neHTp. [Ipu HanMuMKM ganbHEro NopsA/iKa B KPUCTAIUIMYECKOM TBEP-
oM Tene GyHKuusa p(r) UMEET pAll YETKMX MAaKCUMYMOB U MHUHUMY-
MOB (puc. 3.1). B XuAKOCTH H3-32 BHICOKOM IMOJBH)XHOCTH YacCTHII
COXpaHSIETCS TOIbKO OJIMKHUNA MOPSAIOK. DTO YETKO CIEAYET U3 PEHT-
reHOrpaMM >KUAKOCTeH: QyHKIUS p(7) sl KUJKOCTH UMEET YETKUU
NEePBbI MAKCUMYM, Pa3MbIThII BTOPO U 3aTeM p(r) = const.

[InaBneHre KUHETUYECKAs: TEOPUs ONMUCHIBACT CJICAYIOIIUM 0O0-
pazoM. B kpucTanmnmnueckoil pemeTke TBEpJAOro Tejaa BCeraa CyulecT-
BYIOT B HEOOJIBIIIOM KOJIMYECTBE BaKaHCUHU («ObIpKU»), MEIJICHHO
OJIy)Jaroline mo Kkpucrtamury. Uem Onrke TeMmreparypa K Temnepary-
pe IUIaBJICHUS, TEM BBIIIE KOHIEHTPAIUS «JIBIPOK» U TeM ObICTpee
OHH TIepeMeIIaroTcs 1Mo o0pasiy. B Touke miaBieHus mnpoiecc oopa-
30BaHUSl <JIBIPOK» MNPHOOpETaeT JAaBUHOOOPAa3HbIM KOOIEpPaTUBHBIN
XapakTep, CUCTEMA YacCTHUIl CTAHOBUTCS AUHAMUYHOM, UCUE3aeT Jajlb-
HUM TOPAIOK, NOSBIAETCS TEKy4eCTh. BaKHEWIee OTIMYUE JKUIAKO-
CTH OT TBEPJIOTO KPUCTAIUIMYECKOrO Teja 3aKII0YaeTcss B TOM, UTO
B )KUJIKOCTH CYIIIECTBYET CBOOOJHBIA O0BEM, 3HAUUTENIbHAs YacTb
KOTOpPOro uMeeT BUA (UIyYKTyarui («IbIpOK»), OJy>KIaHHE KOTOPBIX
10 >KUAKOCTU W MPHUAAET €d TAaKOE XapaKTepHOE ISl Hee KadecTBO,
KaK TeKy4ecTb. UUCIO TaKUX «JBIPOK», UX OOBEM W MOJBUKHOCTH
3aBUCAT OT TeMreparypsl. [Ipu HU3KON Temneparype KUAKOCTh, €ClIU
OHa HE MPEBPATWIACH B KPUCTAJUIMYECKOE TEJIO, CTAHOBUTCS aMop(-
HBIM TBEPJIbIM TEJIOM C OYEHb HU3KOW TEKYYECThIO U3-32 YMEHBIIICHUS
o0beMa U MOJBWKHOCTU «IBIPOK». Hapsiay ¢ KuHeTHuuecKkoil Teopuei
B IOCJIEAHUE ACCATUIIETUS YCIEUIHO pPa3BUBAETCA CTATUCTHYECKas
TEOPUS KUIKOCTH.
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riry

r/rg

Puc. 3.1. ®ynkuus mwiotHocTd W pactpeaeneHus 4acTull
B 3aBUCUMOCTHU OT PACCTOSIHUSA 7/7:
a — B Ta3e; 0 — B XKUJKOCTH (79 — PailyC YaCTHIIbI)

3.3. Knemounbwtit 3¢hghexm

IKcnepumenmavHvle NPOAGIEHUA KI1eMOYHO20 I hexkma

[Ipu romommuTHYECKOM pacmage MOJEKYJIbl 00pa30BaBIIAsICS
napa paaukanoB Hekotopoe Bpems (10'°—10 ¢) HaxomuTcs B oHOI
KJIETKE, B pe3yJIbTaTe€ YEer0 BO3HHUKAET TaK HA3bIBAEMBIN KIemOuHbllL
aghgpexm. ITUM OOCTOSATEIILCTBOM pacIiaj B KOHASHCUPOBaHHOM (asze
OTJIMYACTCS OT pacnajia B razoBoit (aze. Knerounsrit ekt mpu pac-
najie MOJIEKyJ Ha paIuKajbl MPOSBIAETCS CIEAYIOIIMM 00pa3oM.

1. B razoBoii (aze xeanmosuviti 6bix00 (HOTOIUCCOLMAIIAN MO-
JIEKYJIbl Ha paaydKabl MM aTOMBI paBeH enquHMIE. B sxuakoit ¢gase oH
CYIIECTBEHHO MEHBIIE EAMHUIILI, T.K. 00pa30BaBIIMECS PpaJUKaIbI
YaCTUYHO PEKOMOMHUPYIOT B KieTke. Hampumep, mpu dortoaucco-
nuaruu Woga B CCly mpu 25 °C kBantOoBBIM Bhixom @ =0,14,
115t OpoMa B Tex ke yciousix @ = (0,22,

2. Ilo To¥ ke mpuYrMHE IPU TEPMHUUECKOM pacmajie HHUIAATOPA
KOHCTaHTa CKOPOCTH T€HEPUPOBAHUS PaAUKaloB k;=2ky B ra30BOHU
daze, a B XuAKOM W TBepaoin dazax k;=2eky, rae kg — KOHCTaHTa
CKOPOCTH pacmajia, 86eposimHOCMb 8biX00d paouxkanios 8 ooveme < 1.

3. B kietke o0Opa3yroTcsi MpOAyKThl BHYTPUKIECTOYHOU PEKOM-
OuHanMu paaukanoB. Tak, HampuMep, NpU pacriaje a3oMeTaHa B U30-
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OoKTaHe oOpasyercsa 65 % »TaHa MPU BHYTPUKIETOUYHON pEeKOMOMHA-
MM METWJIbHBIX PaJUKaJIOB, B TO BpeMs Kak B ra3oBoi (asze cpenu
IPOAYKTOB pacnaaa oopasyercs Bcero 3 % sTaHa.

4. Ilpu cOBMECTHOM pacmnaje JByX WHHUIIMATOPOB, T€HEPUPYIO-
mux pagukansl R' u R?, B ra3oBoit pase o6pasyrorcs Monexymsl R'R',
R'R® u R°R* B coorHomenuu 1:2:1 (IIpM OIMHAKOBBIX KOHCTAHTAX
CKOpPOCTH pekoMmOuHanuu). B xxunkoil gaze u3-3a BHYTPHUKIECTOUHOU
peKoMOUHAIMY NPeo0IagatoT R'R' u R°R%.

5. IIpu oOpa3oBaHUU MOJEKYISPHBIX NPOIYKTOB U3 CBOOOIHBIX
panukanoB meroaom SAMP HaGmromaeTcss TMHAMHUYECKAs OIS pU3aIys
sanep.

6. C kieTouHbIM 3(pheKTOM CBSI3aHO BJIMSHUE BS3KOCTU Ha pac-
naj MoJiekyJl. Eciim mHUIMATOp pacmajaeTcss Ha pajuKalibl TOJBKO
C pa3pbIBOM OJHOU CBSI3U, TO PAJHUKAIbl B KJIETKE PEKOMOWHHUPYIOT
¢ o0pa3oBaHMEM UCXOAHOTO BEIECTBA, HAITPUMED

ROOR < RO*, RO®* - RO +RO’

C yBenWyYeHHUEM BSI3KOCTH PACTBOPUTEISI BO3PACTAET BEPOST-
HOCTh IIPOTEKaHUsI OOpaTHOM peaklry, U IKCIEPUMEHTAIBHO HAOIIO-
NAETCS CHIKEHUE Ku;. C ApPYroil CTOPOHBI, YBEIWYEHUE BSI3KOCTH
MPUBOJIUT K YMEHBIIICHHUIO e.

7. Pacnag ONTUYECKHA aKTUBHOT'O BELIECTBA C Pa3pbIBOM OJHOMU
CBSI3U COMPOBOXKJIAETCS palleMu3alMeld 4acTu HepacHaBIIerocs Bellle-
CTBa M3-3a YACTUYHOW PEKOMOMHAIIMU PATUKAJIOB B KJIETKE ¢ 00pa3o-
BaHHEM UCXOJHOTO ONTHYECKU HEAKTUBHOIO BEIIECTBA.

8.Ilpm pacnmame auWIbHBIX TEPOKCHIOB, MEYEHHBIX B0
110 KapOOHMIIBHOM TpyIIIe, HAOM0IaeTCs mepexon O U3 KapOOHUIb-
HOM B TNEPOKCUIHYIO TPYIIy BCIEICTBUE OOpAaTHOW pEeKOMOMHAIU
AlMIIOKCUPAIUKAIIOB 110 3aKOHY CITyYasl.

Teopemuueckue mooenu Kiemounozo Ipghexma

Kunetnyeckas cxeMa KI€TOYHOTO 3P (HeKTa yUYUTHIBAET MOCTY-
nareybHyro 1uddysuto.

1. Pacmiag mMoJieKysbl IPOUCXOIUT KaK COTJIACOBAHHBIA Pa3phbiB
JBYX CBSI3€H, MPOAYKThl BHYTPUKICTOYHON PEKOMOMHAIIMU paJIhKa-
JIOB OTJIMYAIOTCSL OT UCXOJHOTO BEIIECTRA!

R-X-R—> R, X, R’
R, X,R°"— > RR+X

42



R, X,R"—f 5 R*+R"+X
e=ky /(k,+k) nm1/e=1+k/k, (3.1)

2. Monekyna pacmnagaeTcs ¢ pa3pblBOM OJIHOM CBSI3H, 00paso-
BaBIIIMECS PaJIMKAJIbl BHIXOJSIT B 00BEM WM PEKOMOMHHUPYIOT ¢ 00pa-
30BaHUEM UCXOIHON MOJIEKYJIbl I UHBIX MPOTYKTOB:

kl
R-R—/—R", R’

k_y

R°,R*—~ 5> RR'
R, R"—2 3R +R"+X
1/e=1+k"k, (3.2)

9KCHepI/IMCHTaJ'H)HO HU3MCPpsICMada KOHCTAHTAa CKOPOCTH pacliaaa

L1, K,

— = 1+— 3.3
ky+k G-3)

k k

3KCIT t

[Ipu paccMoTpeHHH KiIeTO4HOTO 3 @PekTa B paMKax MPOCTOU
KMHETHUYECKOW CXEMbl HE yYMTBHIBACTCS IOBTOpPHAS BCTpeda pajuKa-
JIOB, BBIIIEIINX U3 KJIETKHU, BEPOSTHOCTh KOTOPOU JIOCTATOYHO BHICO-
kKa. OTo npeaycmatpuBaeTcsa IU(P(Py3HMOHHBIMU MOJEISIMH KJIETOUYHO-
ro 3¢dekra.

Oonomephnas nocmynamenvnas oug@ysusa 6 uzomponnoii cpeoe

[Ipu pacnajse MOJEKyJbl HA paguKalibl 00pa3yeTcs mnapa pajgu-
KaJIOB Ha paccTosiHuu /. [ycTh B KUIKOCTH HaXOAMUTCS akKLENTop pa-
nukanoB  InH, pearupyrommii ¢ pagukaiaMu CO  CKOPOCTBIO
ku[InH][R®]. ITapa paaMkaioB MCYe€3aeT, €CIM OIUH M3 PaIUKAIIOB
pearupyer ¢ akIenTopoM, WK Mapa pajuKalioB cOJUXKaeTcs Ha pac-
CTOsIHUE 27 (r — paguyc paauKalia) U pearupyer ¢ KOHCTAHTOW CKO-
poctu k. Cpena paccmaTpuBaeTcs Kak KOHTUHYYM C BSI3KOCTBIO T,
a paJvKaabl — KaK IMIApUKU C paguycoM 7, TUPyHIUPYIOIIUE C KO-
s uruentom muddysuu D. PacnpeneneHue nap pajaukaioB B KOH-
nentpanuu Cr onuchiBaeTcss AU Py3nOHHBIM ypaBHEHUEM (X — pac-
CTOSTHUE MEXK]Ty LIEHTpaMu PaguKaioB)
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D d*(xCy)
2

~ 2k, .CoC,.. =0, (3.4)

x dx

C

MOJTHMMOM B JKMJKOCTH, TIPUBOJMUT K cieaywomeid dopmye
JUTSL HAXOXKICHUA €.

1 1 1 8RT . &
=—+ -10
l1-e 2R 2R 3k (3.5)

pEUIEHUE KOTOPOro MpHU YCIOBUU Zr\/Zk / D << 1, Bceraa BbI-

InH >~ InH

Jupy3suonno-kunemuueckan cxema

OueHb 4acTo mapa paguKaioB B KIETKE UMEET 3 BO3MOKHOCTH:
PEKOMOMHUPOBATh C KOHCTAHTOM CKOPOCTU k (BBIXOJ MPOJYKTOB pe-
KOMOMHAITMK 0003HAYUM Yepe3 V'), PA3OUTUCH C KOHCTAHTOW CKOPOCTH
kp v IpeBpaTUTHCS B HOBYIO Mapy paJMKajIoB ¢ KOHCTaHTOH k,. B Ta-
KOM CJIy4ae JJIsl BbIX0/1a MPOyKTa BHYTPUKJIETOUHON peKOMOMHAIIMN
y AIMEET MECTO COOTHOLLIEHUE

1 k, k
——1="24+1 (3.6)
y k k
2D 1
t (r-1I)
T€ K€, UTO U B NpEebIAYyIIeH Mosiend. Bpems ¢, 3a koTopoe mapa paau-
KAJIOB YCIIeeT BBIMTH U3 KJIETKH, 3aBUCHUT OT k U ky : ' =k + ky, mo-
TOMY 3aBUCUMOCTH ¥ OT 1] UMEET BHU]T

Jnst kp cripaBeInBO PaBEHCTBO k= ,rne rul

LI 2D%+k—d (3.7)
y r—1 k

NnJIn
1 _const K (3.8)
y Jno ok

Takass 3aBUCMMOCTH IIO3BOJIICT pa3nuyaTh ciaydau k;, = 0 u k; #0
10 3aBUCUMOCTH ) OT 1).
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Mooenw, yuumoiearouian epawieHue 4acmuy

YacTuipl B KJIETKE BpamaroTcs, KJIETKa pacCMaTpUBAETCA Kak
HEeKasi U30TPOITHAs BsI3Kasi cpejia, OKpyk arolas yacTulbl. s peak-
I YacTHUI] HeOOXO0MMa UX OJIarompusiTHAs JJId PEaKIUU B3auMHast
OpUEHTAIlUs, KOTOpas 3aBUCUT OT YacTOThl BpAIlCHHUS YacTHUI[ V.
C BEpOATHOCTHIO 0L YACTUI[BI 00PA3yIOTCS B KJIETKE B OJaronpusTHOM
JUIS PeaKklMy OpHEHTAllMd U TOT4aC PEeKOMOMHUPYIOT. C BEpoOsITHO-
cThi0 1 — o yacTuubl o0Opa3yloTCsi B KIETKE B HEOIAronpusTHOU
JUISl peaklMM OPUEHTAllMM M TOJBKO IIOCJE TOBOPOTa MEPEXOJST
B cocrosiare [R°, R*]", u3 koToporo pexoMOUHHPYIOT. YaCTHIIB! BbI-
XOIAT U3 KJIETKH B 00bEM 3a cUeT mocTynaTeabHou nuddy3uu:

() R-R - [R*, R°]’ ¥ 5 mon. IPOAYKTHI
(1-a)R-R > [R",R°] —2» R*+R°
[R°,R’] < [R°,R°] ¥ 5 won. IPOIYKTHI

[Ipu pacname MCXOAHOW MOJEKYJbl PATUKAIBI TOTYy4arOTCs
C BEPOSITHOCTBHIO OL B COCTOSTHUM, KOIJIa OHU MOTYT pearupoBarh JAPYyT
¢ napyroMm (R, R)* mnu e moryT (R, R). 3a cuet BpaiieHus mapa 4acTHIl
NEPEXOAUT U3 OPUEHTUPOBAHHOIO JJI PEAKIUU COCTOSIHUS B JI€3-
OPUEHTUPOBAHHOE. BepoATHOCTh peakiuu B OPUEHTUPOBAHHOM CO-
CTOSSHUM BBICOKa, W Ju(Py3ueil H3 BTOro COCTOSAHUS MOXKHO
npeHeOpeyb.

[Tockonbky crepuueckuit gpaktop P ecTh BEPOSITHOCTh OpPHUEH-
TallUM 4YacTUI] OJArONMpUATHBIM JJIS peakiuu 00pa3oMm, TO, C OJHOM
croponsy, k/k' = P, ¢ npyroif — P paBHO OTHOIICHUIO YaCTOT IIOBOPO-
Ta YacTUILl Vi U V B OJAronpusTHYIO Uil PEaKUUU OPHEHTALHUIO
¥ Ha000pOT. 3aBUCUMOCTD € OT V U kp B TAKOW MOJIENIA UMEET BUJL

. 1+ P+k(l-a)p™ v +k v

= 3.9
1+ P+ kP +kk + kv G2

3.4. Bausanue oaeénenun

OO6pazoBaHue MEPEXOAHOTO COCTOSHUSI W3 MCXOIHBIX BEIIECTB
OYE€Hb YAaCTO COIMPOBOXKJIAECTCS H3MEHEHHMEM O00ObeMa, 3aHMMaeMOTO
pearupyrmmuMi 4YacTULIAMHU. B JKUJIKOCTH 3a CUET CHJI MEXKMOJIEKY-
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JSIPHOTO B3aMMOJICUCTBUS CYIIECTBYET GHYMpEHHee OAGIeHUE Py |
KOTOpPOE 3aBUCUT OT DHEPIUU MEKMOJICKYJISIPHOTO B3aUMOJCUCTBUS £
U MOJIbHOTO oObema V: py, = E/V. ]I OOABIIMHCTBA MOJIEKYJ Ppy ME-
HsieTcs B naTepBaie 2-10'—-5-10° TTa. JIns Toro 4To6HI B 3HAYNTENBHOMN
CTEIEHU MEPEKPHITh 3TO JABJICHUE, CO3AAETCS BHEITHEE JABJICHUE I0-
psiaka 10°-10° ITa. TIpoBeneHne peaxiyii MOX BHICOKUM JAaBICHHEM
(10°~10° ITa) mo3BomsteT MOJIyYUTh LIECHHBIE CBEIAEHUS O IEPEXOTHOM
COCTOSIHUM U OIIPEAEINTE 00bemublil dppexm axmueayuu NV = V"V,
rae V° u ¥V — 00beM MePEXOAHOr0 COCTOSHUS M MCXOTHBIX BEILECTB.
Bennunny AV HaxoasaT 10 3aBUCUMOCTH k OT p:

dink )\ __AV | ppry=BY (3.10)
dp ) RT RT

rae An” — U3MeHeHHe YKclia MOJIEH TIpH 00pa30BaHUK MEPEXOIHOTO
-1

cocrostaust; Y =V, (dV /dP); — momnpaBka Ha CXHMaeMOCTb pac-

TBOPUTEIIS O] JaBJIEHHEM, o0bluHO RTy >> 1-4 cM’/Moib. 3aBucH-

MOCTb Ink OT p HOCUT HENMHENHBIN XapakTep U B 001Iel dpopme Mo-
KeT OBbITh BBIPAKEHA B BUJIE

I
1nk=1nko—EjA Vdp 3.11)
YacTo 3Ty 3aBUCUMOCTbH OMUCHIBAIOT IMIIUPUUECKON hopMyIToit
A"V
Ink=Ink,— P :h=9,2-10" IIa™ (3.12)
RT 1+bp ;

a A"V 3aBHUCHUT OT JABJICHUS:

+0p

Mmuoxurens (1 +bp)” yuuteiBaer Ty momo obkema dddexTa
npu p = 0, KOTOpas COXpaHIETCs MPHU JaBICHUH p.
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4. INODPY3INOHHO-KOHTPOJUPYEMBIE PEAKIIUN

4.1. Teopusa cmoaKHOGEHUIL 8 HCUOKOCHU

B xuakoctu ase yactuibl A U B nuddyHaupyror, nomnanamT
~9 1-10
B OJIHY KJIETKY, II€ B T€YEHUE HEKOTOPOro BpeMeHu T~ 10 —10 " ¢
OHM CTAJIKUBAIOTCS IPYT C APYTOM, 3aTEM PACXOIATCA:

A+B<[A,B].

[Ipu paBHOMepHOM pactipeneaeHnu A u B mo o6bemy pacTtBopa
3a BpeMs IOpsJIKa T YyCTaHABJIMBAETCS paBHOBecue Mexay A, B
u [A, B]:[A, B] = Kag[A][B]. Ecnu mexny A u B cymecTByrOT TOJb-
KO JMCIIEPCUOHHBIE CUJIBI B3AMMO/ICMCTBUSA, TO KOHCTAHTA PABHOBECUS
KAp 3aBUCHT OT 00beMa yacTull A, B 1 Mosekys pactBoputens S: Kap
=41 107 Lrpg Or, TIIE 'Ap — CPEIIHEE PACCTOSHUE MEXKIY YaCTHUIIAMHU
A u B B kierke; 0r — cpenHss TOJIIMHA KIIETKHU, paBHAs 7 + rg
unu rg + rs. Ecaum npuHATE rpag = Or = 5:10" M, To Kxpg ~ 1 11/mMoIH
(1,610 cv’/monekyina).

buMonekysnspHas peakius B KUIKOCTH MPOTEKAET, TAKUM 00-
pa3oM, IBYXCTaJIMHHO B COOTBETCTBUU CO CXEMOW:

A +B < [A,B] - npoaykrs .

Ecan xumMudeckass peakiys HpOTEKaeT MEIJICHHO IO CpaBHE-

. 9 -1
Huto ¢ aubdysueit (k<<vp=10" ¢ '), To KOHUEeHTpausa nap A, B
MPaKTHYECKH HE HApyIIaeT XUMHUYECKON PEaKIluu, CKOPOCTh KOTOPOU

W = k[A,B] = kK, ,[A][B]. (4.1)

DJIEMEHTApHBINA aKT B KJIETKE MPOUCXOIUT IIPU TAKOM CTOJIKHO-
BEHHUM YaCTHIl, KOTJIa OHU JOJKHBIM 00pa3oM COPHUEHTHUPOBAHBI (Be-
POSITHOCTh OPUEHTAIIMU YYHUTHIBACTCA CTEpPUYECKUM (akTopoM P)
1 00JIaJIatOT MPU CTOJKHOBEHUM SHEPrUeH, paBHOM SHEPIUM aKTHBA-
MU E wiay npeBhIIAKONIEN €€, TaK YTO J0JI1 aKTUBHBIX CTOJIKHOBEHUHN
paBHa exp(—FE/RT); NONOJHUTEIBHBIA 110 CPABHEHUIO CO CTOJIKHO-

BEHHUAMH B razoBoi (aze uneH ( £/ RT ) nosBiseTcss u3-3a Koiseda-
TEJIBHOTO XapaKTepa ABMKEHHS 4acTull B kieTke. [loaTomy, cornacHo
TEOPHUH CTOJIKHOBEHUH, B )KHIKOCTH JIJIs1 OMMOJIEKYIISIPHON peaKIuu

47



6v E
_ V_P—E/RT ol

k T e
n RT

, (4.2)

rJle V — 4acToTa KoJeOaHUsl MOJIEKYJIbl B KIETKE; 7 — YUCIIO coceaei
MOJIEKYJl B KjeTke. YacTtoTa kosiebaHUs V MOXKET ObITh OnpejerneHa
10 OJTHOM U3 ABYX (popMy:

3 RT 3-10"
v=—o/10"— I/Iv=—2n, (4.3)

2a M J 20
IlI€ @ — CpeHsAs aMIUIUTyAa KojeOaHus, MPUOIU3UTEIBHO paBHas

1/3 .
V,". CBOOOHBIN 00BEM V, MOXHO OHpPEICIHTH Yepe3 TeILIOTy HC-

MapeHUs XKUIKOCTH Oyer:

3
2RT | v
Vi=|—| — (4.4)
QI/ICH L ’
10 KO3(hPUIUEHTY TEMIIEPATYPHOTO PACIIUPEHUS O.;:
2
v} = gaerBT (4.5)

U 4epe3 CKOPOCTh 3ByKa B JKHUIKOCTH Uy

RTC 1/3
Vi = ! / p(ﬁj (4.6)
‘ u, N cvM \V ) -

CpaBHenue k. u ky JUIi MEUICHHBIX OMMOJICKYJISIPHBIX PEAKIIUMA,
(cMm’/c)

SRT( 1 1) _per
e

k =nav: +
AB
' T \M M,

4.7)

OtHomenue v/vy , MOXHO BBIYMCIIHTEL IO TEIJIOTE HUCIAPSHUS Qe
M TI0 CKOPOCTH 3BYKa Uy O0brHO (v/v,)"* ~3-8. Ilpu (v/v,)"* =5

u E/RT =20 oTHOILlLEHUE

k

2 ~10. 4.8
: 43)
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4.2. Teopusa nepexoonozo cocmoanus

B skunkoil ¢aze, COriiacHO TEOPUH MEPEXOJHOTO COCTOSIHUS,
KOHCTAHTa CKOPOCTH MEAJICHHOW OMMOJIEKYJIIPHON peaKinu

RT A”S ~A"H
k. =K, .,k=—K,,ex ex —
SKCIT AB Lh AB p [ R ) p [ )

RT 4.9)
KT [ ATSHAS ) AH A A
I RT

MO3KHO Tak)Ke BBIPa3HTh KOHCTAHTY CKOpPOCTH k uepe3 A”S, u AH,,
OTHOCSIIIIMECS K AKTUBUPOBAHHOMY KOMIJIEKCY B ra30BOi (a3e:

een ™ A’S, exp —AH, exp —AHA — Ay , (4.10)
R RT RT

rne AHy, AHg, AHxg — Temiotsl ucnapenus A, B u akTuBUpOBaHHO-
ro KOMIIJIEKCa U3 pacTBOpA.

CpaBHEHHE C appeHHYCOBCKOM (PopMoOM k TPUBOIUT K Clie-
JTYIOIIAM COOTHOIICHUSIM:

ki w = A-exp(— =2 j, (4.11)
RT
dinV
E,=A"H+2U,, +RT : (4.12)
’ ABS dInT
A=exp A'S exp(danJi, (4.13)
RT dInT )[S]

Uaps — MoJIsipHasi Teriotra oopa3oBanus napsl AB B pacTBope;
N — YHUCJIO COCelel B KJIETKE (KOOPAMHALMOHHOE YHUCIO B JKHMJKO-
CTH); [S] — KOHILIEHTpaL1sl MOJIEKYJI pACTBOPUTEIIS.

CpaBHeHue k; U k; 1711 OUMOJIEKYISPHBIX PEaKITU:

i KT Xp[A Sr]exp[_A Hrj, (4.14)

—¢€
Lh R RT

[§
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k, =—ex = lexp| — =k (4.15)
““ o PR )T\ R
rae
# # V
AS, —A"S, =RIn— (4.16)
v,
A"H, —A"H, =RT; k_V1 (4.17)
. Ve

4.3. Tughipy3uonno-xonmponupyemoie peaxuuu

bumosiekyisipHON peakiuy MPeIIIecTByeT BCTpeda JABYX yac-
THUL, KOTOpasi MPOUCXOIUT B pe3ysbTaTe UX AUPPYy3UOHHOTrO mepe-
MEIeHUs. BONBIIMHCTBO XUMUYECKUX PEAKIIUN MPOTEKAaeT C 3aMeT-
HOU SHEpruer aKTUBAILMU, U MIO3TOMY OCYIIECTBICHUIO 3JI€MEHTAPHO-
ro Ipoliecca MPeaIIecTByeT OTPOMHOE YUCIIO BCTped. Takue peakuuu
B JKUJKOCTH Ha3bIBAIOT MEIJICHHBIMH, UX MPOTEKAHUE OIpeesieTcs
BCEIIEJIO  CNEeIU(UKON XUMUYECKOTO  B3aMMOJICHCTBHUS  YaCTHII
Y HE 3aBUCUT OT KOHCTaHThI cKopocTu aud¢y3uoHHbIX BcTped. Ha-
npuMep, AJisi OMMOJIEKYJISIPHOW peaKkluu, MPOTEKaroIed ¢ KOHCTaH-
Toif ckopoctn k=10 exp(-57000/RT) 1n/(MOIb-C), OTHOIICHHE
k/kp = 107" pn koMHaTHO# TemmepaType 1 kp = 10” 1/(MoTIB-C).

BceTpeuaroTcsi, ojHaKo, peakiuu, MPOTEKaIolue MPaKTUYECKU
0e3 sHepruu akTuBauu. K HUM OTHOCSTCS pEKOMOMHAIIMS HOHOB,
aTOMOB U CBOOOJIHBIX PaJMKaIOB. Takue peakiuu MpPOTEKAlOT OYEHb
OBICTPO, CO CKOPOCTBIO, OIM3KOM K CKOPOCTH JU(PPY3UOHHBIX BCTpeU
B KUJKOCTH, HX Ha3bIBAIOT OBICTPHIMHU, WIH Ougdy3uorHo-
KOHMPOJUPYEMBIMU peaKyusimu, CKOPOCTb KOTOPBIX 3aBUCUT YKe
oT ¢u3HUYeCcKOoro Mnporecca TupPy3un YaCTUII-PEareHTOB.

KoHcTanTy ckopoctu mnocrymnareibHod Aud@dy3uu BBIPAKAIOT
yepe3 kodhduimentsl qud@ysun peareHToB Da U Dg clieIyomum

06pa3oM (» BeIpakeHa B cM, D — B M’ ¢ ):
k,=4n(r,+r,)/cm’c’ = 4.18)
=4.10"nL(r, +7,)(D, + D,)/ 1(M0Jb - C)
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JInst HeBS3KUX JKHAKOCTei kp mexur B guamaszone 10'°-10°
a/(moinb ¢) mpu 300400 K 1 3aBHCUT OT Macchl, pa3MepOB U CTPYK-
Typbl MOJIEKYJl pacTBOpUTENss U peareHTOB. Yacto kordduuuent D
BbIpaxxarot 1o popmyne Crokca — DUHIITEIHA Yepe3 BA3KOCTh:

_10°RT

D — s
6mLm

(4.19)

OJIHAKO Takasi (popMyJjia 4acTO €T HEYJOBICTBOPUTEIIbHBIE PE3YJIib-

Tatbl. [loaTOMy 1151 OOJlee KOPPEKTHOTO BBIYHMCICHUS HUCIIOIb3YIOT
*

BMECTO 1) CKOPPEKTUPOBAHHYIO BA3KOCTH M :

n=n 0,16+0,4r1 : (4.20)
S

I7ie s — PajuycC MOJICKYJIbl PACTBOPUTEINS; ¥ — paauyc qudpyHam-
PYIOIIEH YaCTHUIIBI.
B obOmem cnydae auddy3noHHO-KOHTPOJIUPYEMBIE pPEaKIUU

paccMaTpHUBaIOT B paMKax OOIIel cXeMbl OMMOJIEKYJIIPHBIX PEaKIIHii
B KUJIKOCTH:

A+B < A,B - npoaykrsi .

CKOpOCTh pCakIuud B KBa3UCTAlMOHAPHOM COCTOSHHH, KOTJIa
d[A, B]/dt = 0, paBHa

k.,

k+kg

W =k[A,B]= [A][B], 4.21)

a  DKCIEpUMEHTAJIbHO  oOmpejenseMas  KOHCTAaHTa  CKOPOCTH
Foxen=kp(1 + kp/k)™'. Ecmu k>kp, TO howen = kp; ecmu k<<,
TO kyyen ® k. KBa3ucCTalImOHApHOE COCTOSIHUE YCTAHABIMBAETCS BO Bpe-
MEHHU, MaTeMaTHIeCKOe BBIPAKECHHE I V MOXKHO TOJIYYUTh, pernas
muddy3nonHoe ypaBHeHuWe. [Ipu  BBIIOJIHEHMM  HEPAaBEHCTBA!
k/kp>> (ra + rB)(ZDABt)_l/2 3aBUCUMOCTb HaOJII01aeMON  CKOPOCTH
OMMOJIEKYJIIPHOU PEaKIINK OMTUCHIBAIOT YPaBHCHUEM

k

D

k. =—2—|1+ Tan
U gk k| (k[ k)JRD,
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rae rag =7a + ¥p; Dap = Da+ Dg. Eciu A u B UMEIOT 2JIeKTpUYECKU
3apsi/l U MCHBITHIBAIOT NPUTSHKEHUE WIIM OTTAJKMBAHHUE, TO Fap 3aMe-
HAIOT HA Fygp, KOTOPOE CBA3AHO C MOTEHUMAIOM U B3aUMOACHCTBUA A
u B popmynoit

1 U \dr
—=lexp| — |—. 4.23
- Jexp| = | (4.23)

BceTpeuaroTcst peakuun, TpoTeKarue ¢ KOHCTAHTOW CKOPOCTH
k << kp, HO k 3aBUCHUT OT BSI3KOCTH PacCTBOPUTENS. DTO MPOUCXOIUT,
KOrja Mo KpailHeil Mepe OJHa W3 YaCTUI-PEareHTOB UMEET OOJBIION
0o0beM, a pearupyeT CBOMM HEOOJIBIIIUM YYACTKOM («PEaKIIMOHHBIM
MATHOMY») C HEBBICOKOM PHEpruel akTUBalluM. B 3TOM ciyyae sKcrie-
PUMEHTAJIbHBIE PE3YJbTAThl TPAKTYIOT B PaMKaX MOJEIH OMMOJIEKY-
JSIPHOM peakIuu KakK B3auMOJICUCTBUSL JABYX chep C peakIMOHHBIM
MATHOM, TJI€ CKOPOCTh pEaKIMyh 3aBUCUT OT IUIOMIaAN [IATHA,
T. €. OT BEPOATHOCTH HEOOXOAMMOM JUIsl pEeaklMy OpPUEHTAIIMU dYac-
TUL, U UX KO3(Q(UIMEHTOB MOCTYyNaTEIbHON W BpalllaTelIbHOU Iu-
by3un. DKCIEPUMEHTAIBLHO HAOI01al0T 3aBUCUMOCTbD k OT 1| TUIIA

1
—=a+bn, 4.24
P n (4.24)

X0TH k << kp.

4.4. Pexomounauusn u OucnponopuyuoHuposanue paouKkaios

PexomOuHalusi aTOMOB MPUHUIUIHAIBHO PA3IUYacTCs B ra3o-
BOM M KOHACHCHpOBaHHOM (pazax. B raze atrombl peKOMOMHHUPYIOT
IIPU CTOJIKHOBEHUU JBYX aTOMOB C TPEThEU YaCTULIEH, KOTOPOH mepe-
JAeTCSd 4YacThb DJHEPryH, BBIJCIUBIICHCS B aKTe€ PEKOMOHMHAIMU.
B sxuakocty o0pa3oBaBIIascs B aKT€ PEKOMOMHAIIMU BO30YKJICHHAs
MOJIEKyJa TOTYaC OTHAET M30BITOUHYIO PHEPIUI0 B CTOJKHOBEHMSIX
C OKPY’KAIOIIMMHU €€ MOJIeKyJaMu pacTtBoputeis. [loatomy pekomOu-
HallUsl aTOMOB B JKMJIKOCTH, KaK M B TBEPJOM TeJie, MPOTEeKaeT Oumo-
JEKYJISIPHO C KOHCTAHTOM CKOPOCTH AU (PY3NOHHBIX BCTpPEU.
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AnkuinvHble paouxkaisl

PexomMOuHanus aqKWIbHBIX PAJMKaIOB, KAK U aTOMOB, MPOTeE-
KaeT 0e3 PHepruu akTuBalMu. B ra3oBoi (ha3ze METUIIbLHbBIE paJIUKaJIbI
IIPU JIOCTATOYHO BHICOKOM JABJICHUM PEKOMOUHHUPYIOT OUMOJIEKYJISP-
HO C KOHCTaHTOM CKOPOCTH, OJM3KON K 4acToTe OMMOJEKYJSPHBIX
BCTpey. Teoperuyeckas OLEHKAa MpPU JUaMeTpe CTOJKHOBEHUU
3,510""M cormacyercs ¢ OKCIEPHMEHTAIbHBIM  3HAUCHHEM:
2k:=2-10" n/(momb ¢) (300 K). C »Toii BenmuuHON k cormacyercs
1 OIICHKA I10 TEOPHUH aO0CONIOTHBIX CKOPOCTEHM peakIuil MpH IMPeJIIno-
JOKEHUHU, YTO B TMEPEXOJIHOM COCTOSIHUM COXpaHseTCS CBOOOIHOE
BpalIEHUE METWIbHBIX TPYIIIL.

B KUIKOCTU METUIIbHBIE PauKallbl PEKOMOMHUPYIOT OMMOJIe-
KYJISIPHO C KOHCTaHTOU ckopocTH nuddy3uoHHBIX BcTpeu. Hanpumep,
B Boze 2k=3,2-10" 1/momb ¢ (298 K). DTUiIbHBIE pafyKaibl peart-
PYIOT IPYT C APYTOM ABYMS CIIOCOOaMU: pEKOMOUHUPYIOT (2k.)

C,H:+C,H; —*->C,H,,
U JTUCTIPOTIOPUHOHUPYIOT (24 )
C,H:+C,H; —*>C,H, +C,H,.

JIucrnponopliMOHUPOBAHUE MIPOUCXOJIUT B PE3yJIbTaTe aTaKu CBOOO-
HOM BaJICHTHOCTH OJHOrO paaukana Ha C—H-cBs3b apyroro paaukana
c obOpazoBaHueM JBYyX Mosiekyd. CyMmmapHasi KOHCTaHTa CKOPOCTU
2(k, + k) =2,2-10" n/(momb-c) B H,O mpu 298 K. OrtHomeHue
k/k,. = 0,13 B TrazoBoit ¢aze u 0,18 B m3ookrtane. C MOBBIIICHUEM
BA3KOCTH PACTBOPUTEINISI 3TO OTHOUIEHUE PACTET: B ITUJICHIIIUKOJIE
oHO paBHO 0,27. DTO OOBSICHSAIOT TEM, YTO NMEPEXOJHBIE COCTOSHUSA
JUISl peakuuid peKOMOMHALMYA U JTUCHPONOPIUOHUPOBAHUS PA3TUYHBI
U JUCIPONOPUUOHUPOBAHUE MPOUCXOIUT 4epe3 0o0Jjiee KOMIAKTHOE
nepexoiHoe cocTosHue. Pa3Huila oObeMOB MEPEXOJIHBIX COCTOSHUN
Ve —Vi=2,6 cm’/moms (273 K), a otHOmeHue ky/k,. 3aBHCHT MOITO-
My OT BHYTPEHHETO JaBJICHUS KUAKOCTH Pg:

lg%:—1,08+15-10_5 P, (4.25)

td

OT TeMmIepaTrypsl kw/k, 3aBucut ciabo: kyg/k,. = 0,087-exp(1,55/RT).
CooTHOIIEHUE MEXTy PEKOMOMHALIUEN U TUCTPOIOPIUOHUPOBAHUEM,
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€CTECTBEHHO, 3aBUCUT OT CTPOCHHUS AJIKHIIBHOTO paJMiKalia, 4YTO BUIHO
U3 HUKECIEeIYIONUX JaHHbIX (nexanud, 303 K):

Paukan  C,H; CH,CH,CH; (CH;),C'H (CH;);C"  CsHs(CH;),C”
kake 0,12 0,13 1,2 7,2 0,05

N3 cpaBHeHUsT mpem.-OyTUIBHOTO U KYMWIBHOTO PaJIUKaJIOB
BUJIHO, YTO JICJIOKAIM3ALNS HECTIAPEHHOTO 3JIEKTPOHA PE3KO CHUKAET
BEPOSITHOCTh JuclponopuuoHupoBanus. C Apyroil CTOPOHBI, OTHO-
IeHUE k/k,. 1151 aIKUIIBHBIX PAJIMKAJIOB HAPaCTaeT B MOCIIEA0BATEIb-
HOCTU: neps. < eémop. < mpem. CTPOrol KOHUEMNIMHU, ONHUCHIBAIOIIEH
KOJIMYECTBEHHO 3Ty KOHKYPEHIIUIO, HET.

MenneHHo B CpaBHEHHH C METUJIBHBIMU PEKOMOWHUPYIOT TPH-
XJIOPMETHIIBHBIC PAJUKANBL, I KOTOPBIX 2k = 10° 1/(Moib-c). Dto,
BUJIUMO, CBSI3aHO C IPEOJIOJICHUEM HUIOJIb-AUNOIBHOTO OTTAJIKHBA-
aust pagukanoB CL3,C* npu ux pekomOuHarmu. PTOp3aMerieHHbIe Me-
tunbHble pagukaisl, Takue kak C'F,H u C°F,Cl, pekoMOMHHPYIOT
U JUCIIPOTIOPLHUOHUPYIOT ¢ 00pazoBanurem CF,:

C'F,H+C'F,H — CE,H, +CF,

AMunuibHble pAOUKATBL

AnudaTtnyeckue aMUHWIBHBIE paJUKalbl, KaK U aJIKUJIbHBIE,
BCTYIMAIOT B PEAKLHUHU JUCIPONOPLHOHUPOBAHUS U PEKOMOWHAIINH.
HanpaBnenne peakuuu 3aBUCUT OT CTpoeHUs panukaina. Hampumep,
METUJIAMUHWIBHBIE PAJUKaAIbl MPEUMYIIECTBEHHO PEKOMOMHUPYIOT,
a IUU30NPONWIAMUHWIBHBIE PAAUKAIIBI TPEUMYILIECTBEHHO BCTYIAIOT
B PEAKLMIO JUCIPONOPLUHOHUPOBAHUS:

2[(CH,),CH], N* - [(CH,),CH], NH +(CH,),CHN=C(CH,),

PC&KHI/IH MCXKAY ABYMA aMUHUJIbHBIMU paJuKaJIaMH HEC BCCrAa JIMMU-

TUPYCTCA ,HH(l)(i)YSHCﬁ, 9TO BHJHO M3 HHWXKXCCICAYIOIIHNX JaHHBIX
(C6H6, 300 K)

Pajmkan (C,Hs),N* (CH;);CN'H [(CH3),CH],N*
2k,, 1/(MoTIb-C) 1-10° 210’ 4,5-10°

OObeMHBbIN mpem.-OyTUIIbHBIA 3aMECTUTENb MPU PEKOMONHALIH
AMUHWIBHBIX PAJNKAJIOB TOPMO3UT CBOOOJIHOE BpaIllEeHUE METHUIIBLHBIX
rpynm. OTO NPUBOIUT K MOTEPE IHTPOIUU MPU 0Opa30BaHUM MEPEXO/I-
HOT'O COCTOSIHMSI U CHHKEHHUIO KOHCTAaHThI CKOPOCTH. [[Be M3omponuib-
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HBI€ TPYIIILI B COOTBETCTBYIOIIEM aMUHWIBHOM PaJiuKalie CTEPUUECKU
NPENSTCTBYIOT peKOMOWHAIIUY, U TTO3TOMY MPOTEKAET AUCHPONOPIIHO-
HupoBaHue. [lepexoHOe COCTOSHME B 3TOM CIIy4yae JOCTATOYHO KOM-
MAKTHO, U €r0 00pa30BaHUE TAKXKE COMPOBOXKAAECTCA SHTPOMUINHON TO-
TEpeil, MO3TOMY U HAOJII0IAETCsl TAKOE HU3KOE 3HAUCHUE 2K,

JludeHmnaMuHUIbHBIE paUKaIbl PEKOMOMHUPYIOT TpEMSI pa3-
JUYHBIMHU CLIOCOOAMMU:

(CsHs)oN*® + "N(C4Hs), — (C¢Hs),N — N(C¢Hs), (1)

(CeHs), N* + *N(CgHs), — opmo-(CsHs)N — HCsH4=NCgHs (2)

(CeHs)aN* + *N(CeHs), —> napa-(CeHs)N — HCH,NCH; — (3)
COOTHOLIECHUE MEXKTY HUMH CIIEIYIOLIEE

1,01(1):0,15(2):0,03(3), T.e. mnpeobiamaeT oOpa3oBaHHE aHMEpa
¢ N-N-cBs3pt0. CymmapHasi KOHCTaHTa CKOPOCTH pPEKOMOWHAIUU
2k, =2,7-10" 1/(monb-¢) (Toyor, 298 K). DIeKTpOoHOIOI0KHTEIbHbIE
3aMECTHUTENIM B Mapa-MOJOKEHUH 3aMEeISIIOT PEKOMOMHAIUIO, DJICK-
TPOHOOTPULIATENIbHBIE €€ YCKOopsAT. Mexny Ighk. u Qynkuueit
o-I'amMMeTa BBINIOJIHAETCSA JIMHEMHOE COOTHOIIEHUE:

lgk, =7,24+1,50-c (4.26)

BunHo, 4To pekoMOMHAIMs apOMAaTUYECKUX aMUHWIBHBIX PaJUKAJIOB
He numuTHpyeTcs nud@ysuen, a onpenensercss Ux cTpoeHueM. Pe-
KOMOMHAIMsI COMPOBOXKIAETCS MOTEPEN IHTPOINHH U3-3a IOTEPHU CBO-
00JTHOTO BpalieHUs! PEHUIBHBIX KOJIEI] U IPOTEKAET C SIHEPTUEH aKTH-
Banuu. Hampumep, mis pexkOoMOWHAIMM  Knapa-MeTOKCUIU(eHMI-
aMUHWIBEHOrO paaukana E = 12 xJx/Monb, AS” =97 Jix/(Monb-K).

AnKoKcuibHble paouKkal

TpeTrnuHble ATKOKCUIBHBIC paJKaIbl PEKOMOUHHUPYIOT ¢ 00pa-
30BaHUEM TTEPOKCH/IA

(CH3)3CO. + (CH3)3CO. —> (CH3)3COOC(CH3)3

¢ KOHCTaHTOi ckopoctu 2k, =2-10° n/(Monb-¢c) (295 K). ITepBuunbie
Y BTOPUYHBIE AJTKOKCHUPAAUKAIBI U PEKOMOUHHUPYIOT, U ITHUCHPOIOP-
HUOHUPYIOT, HAIIPUMED:

CH30. + CHgo. —> CH3OOCH3
CH30. + CHgo. —> CHgoH + CHzO
B razoBoii aze 2k, = 2-10° n/(monb-c), 2kg = 10" 1/(Mob-C).

55



Ilepoxcunvnoie paouxanl

JIuctiponopurOHUPOBAaHUE MEPOKCUIBHBIX PaguKajoB AOCTa-
TOYHO MOJPOOHO U3YyUYEHO, T. K. IO ITON peakuu OOPHIBAIOTCA IEIH
B PEAKIUAX KUAKO(DA3ZHOTO OKUCICHUS OPTaHUYECKUX COCIMHEHUM.

M3mepenHble DKCIIEPUMEHTAIbHO KOHCTAHTEI CKOPOCTH rubenu RO)

MEHSIOTCS B IIMPOKOM JIHMAIla30HE B 3aBUCHUMOCTH OT CTPOCHHS pa-
nukana (300 K):

Pajukan RCH,00°  R,CHOO® R,COO’ RCOOO*
2k, 1/(MOJIB-C) 2-4.10° 1-10-10° 1-50-10° 3-20-10’

MexaHu3M JUCIIpONOPIIMOHUPOBAHUS IEPOKCUIIBHBIX PAIUKAJIOB
JOCTaTOYHO CJIOKEH M BKIIOYAET B ce0s psan ctaauid. TpeTuuHble mie-
POKCHWIJIbHBIE PAAUKAIbI PEarupyOT B pACTBOPE CIETYIOIINM 00pa3oM:

RO; +RO; :<:> ROOOOR
ROOOOR —%[RO* +0, +RO"]
[RO* +RO*]—~ > ROOR
[RO* + RO’ ]—2—> 2RO’

Huwxe mnpuBeneHbl BeIWYMHBI KOHCTAHThI paBHOBecUs K.
(303 K), a Taxxe AH u AS 17151 iepBoii CTaIuu.

RO} K., n/monme  —AH, xJlxx/Monb  —AS, JIx/(Moib-K)
(CH;);COO* 12,2 37 142
C,H;(CH;),CO0* 8,5 31 121
CsHs5(CHj3),COO* 2,2 38 134

Jns mpem.-OyTUITIEPOKCUIIBHOTO pajidKajia HMMEIOTCS  Clie-
JTYIOIIHAE OIIEHKA KOHCTAHT CKOPOCTH OTAECIbHBIX cTaauil nmpu 303 K:
k.=3-10" exp(-8/RT)=10" n/(monb-c), k. = 4-10"exp(-44/RT) =
= 910" ¢, ks=10"exp(-67/RT)=3-10> ¢, f =110 ¢,
kp=6-10" ¢, TTockombky kq<<k. , TO n3MepsieMass PKCIEPHMEH-
TaJIbHBIM TIyTeM 2k, = 2kgkp (k. + kD)'l.

Jlist IEpBUYHBIX M BTOPHYHBIX RO; I'. Paccemt mpeamomoxu

COIJIaCOBAaHHBIN pacraj TETPOKCHAA ¢ 00pa30BaHUEM CIIMPTA U KETOHA:
R;R,CHOOOOCHRR; = R;R,C=0 + R;R,CHOH + O..
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Opnako Takoil pacnaj He oObsicHsAET cienyromux ¢aktoB. [Ipu auc-
IPOMOPLUOHUPOBAHUM IIEPBUYHBIX U BTOPUYHBIX RO BO3HHMKAET Xe-

MUJIFOMUHECLICHIIMSI,  MCTOYHUKOM  KOTOPOM  SIBJISIETCSI  KETOH
(WK anbaerua) B TPUILIETHOM COCTOSIHUM. A COIJIaCHO 3aKOHY COXpa-
HEHUS CIIMHA MPU COTJIACOBAaHHOM pacIiajie MOKET 00pa30BaThCsl KETOH
(asibzieTU) TOJNBKO B OCHOBHOM CHHIJIETHOM cocTosiHnd. Cpenu mpo-
ayktoB guctponopimonupoBanus CH3(CgHs)CHOO®  obHapyskeH
H,0,, yTo Takke He OOBSCHSET COINIACOBaHHBIN pacmaj TETPOKCHA.
Becbma BepOsITHO, YTO MPOUCXOIUT MOCIEA0BATENbHAs (hparMeHTaLIHs
TETPOKCH/IA C BHYTPUKICTOYHBIMH MPEBPALLICHUSIMU PATUKAIIOB:

R;R,CHOOOOCHR R, —> [R;R, CHOOO" + *OCHR,R;]
[R,R,CHOOO" + "OCHR,R,] = R;R,C=0 + O, + HOCHR,R,
[R,;R,CHOOO" + *OCHR;R,] - R;R,CHOOOH + OCRR,
R,R,CHOOOH — | R,R,CHO" + HO |

| R R,CHO" +HO; | > R,R,C=0+H,0,
| RR,CHO" +HO} | > R R,CHOH +O,

Ota cxemMa O0OBbACHSET o0O0pa3oBaHME M TPUIUIETHOTO KETOHA
u3 R;R,CHOOQO?®, u H,O, u3 nabunsaoro rugporpuokcuga. CormacHo
CXEM€ KE€TOH U CITUPT MOTYT 00pa3oBaThCs MPH JUCHPOIIOPIIMOHUPO-
BaHUM B HEDKBHUBAJIEHTHOM COOTHOIIECHUH, YTO TaK)Ke HaOJIromaeTrcs
Ha onbITe. He UCKIIOYEHO, YTO COTIaCOBAHHBIM M HECOTJ1aCOBAHHBIN
pacnaji TeTPOKCHUAA MPOTEKAKT NapaieabHO.

DenokcunvbHbvle paouKaivl

[lepBoe nccienoBaHne KUHETUKHU TUCIIPONIOPIIMOHUPOBAHUS de-
HOKCHJIHbHBIX pajiKaioB OBLIIO BBITIOJTHEHO JIx. Kykom
u P. Hokpoccom B 1956 1., u B Teuenue nocnenyromux 30 JeT B 3TOU
00JIaCTH HAaKOIUIEH OOraThlil 3KCHEpUMEHTAIbHBIN Marepuail. Mexa-
HU3M pEaKIMU MEXAYy IBYMS (DEHOKCWIbHBIMU paJHKajiaMd 3aBHCHUT
oT ux crtpoeHus. TpuzamemieHHsie (2,4,6-3aMmelieHHbIC) (HEHOKCHUIIbI
JTUMEPU3YIOTCS, U B OOJIBIIIMHCTBE CIy4YaeB UX JIMMEpHU3alns oopaTuma.

OO6pazoBaHue AuMEpa COIMPOBOXKIAETCS HAPYIICHUEM apoma-
TUYECKUX CBA3€M B OAHOM u3 kousen. IloatoMy mpodHOCTH
C—O-cBs3zeit B Takux aumepax HeBenuku (—AH = 50-120 xJIx/Moib).
PexomOuHanust peHOKCHIIOB, B 3aBUCUMOCTH OT UX CTPYKTYpBbI, JIH-
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MUTHPYETCSl WIIM IIOCTYIAaTEeIbHON WIJIM BpalatelbHou auddy3uei
paUKajioB U B 000MX CIy4asiX 3aBHUCHUT OT BSI3KOCTH PacTBOPUTEIIS.
Hwxe npusenennl k., kg, K=ks/ky m AH numepuzanuum psja
4-3aMenIeHHbIX-2,6-Tu(eHIIPEHOKCHUIBHBIX pagukanoB (293 K):

4-3aMecTHUTEIb CH;0- C,HsO-  C;;H;35COO0- CeHs—
K, 1/Mob 4.10’ 7-10° 1-10’ 3.10°
AH, x]J1x/MO7b 51,5 71 80
ke, 1/(MO1IB-C) 32-10° 2,2:10° 2,0-10° 5,4-10°
ky, ¢! 80 315 200 1600

JIByXCTaquiHO TPOTEKAeT PEKOMOUHAIIUS MOHO- U JU3aMe-
HIEHHBIX apOKCHJIBbHBIX pagukanoB. CHavasia oOpasyercsi 1UMep, Co-
nepxamuii C—0O- nin C—C-cBsa3u. OH HEYCTOMYMB, T. K. €70 IOIy4e-
HUE CONPSKEHO C HAPYUIEHUEM apOMAaTUUYECKHUX T-CBSI3€M B KOJIbIAX.
OtoT nuMmep OBICTPO eHoim3yeTcss B Ouc-peHon. B 3aBucumocTu
OT TOr0, KyJa CMEIIEHO pPaBHOBECHE, DPEKOMOMHAIUS TPOTEKAET
10 MEPBOMY WJIM BTOpOMY TMOpSAKY. DEHOKCUIIbHBIE pPaJIUKaJIbI
C¢Hs0® pexomOuuHnpyroT ¢ audQy3HOHHON KOHCTAHTOM CKOPOCTH
1,3-10° n/(momb-c) (H,0, 398 K). KBaHTOBO-XHMUUECKHil pacyeT Imo-
Ka3ajl, 4To JUMEP UMEET COHJBHYEBYIO CTPYKTYDPY.

4.5. Hmnyavcnole memooOvl uzyueHus 0bicmpuvlx peakyui

PekoMOuWHalMs aTOMOB U PaJAUKaAIOB MPOTEKAET OYE€Hb OBICTPO.
JI71st X u3ydeHusl, U3MEPEHUsI KOHCTAHT CKOPOCTH TaKUX PEAKIIMM CO3-
JIaH Psifi CTICUATBLHBIX METOOB MCCIIeIoBaHus. B mocienneii ueTsepTu
XX B. IIMPOKOE PaACHPOCTPAHCHHUE MOTYUMUIN HMITYJbCHBIE METO/IbI
UCCJIEIOBAHUSA, & UMEHHO METO]I MMITYJIbCHOTO (JOTONM3a, METOJ Ja-
3€pHOr0 UMITYJIbCHOTO (POTOJIN3a U METO]T UMITYJIBCHOTO PAJAHOIN3a.

Hmnynvcuotit pomonus (haew-gpomonu3s)

B peaknmoHHOM cMeCH MOIHOM BCIBIIIKOW CBETA 32 KOPOTKUM
IIPOMEKYTOK BPEMEHU T€HEPUPYIOT aTOMBI WM pajuKaibl. Merogamu
CKOPOCTHOM CIEKTpOOTOMETPUH CIACAAT 3a KUHETUKOM WX MpeBpartie-
HUA. BCHBIIKy cBeTa TeHEpUpyeT ra3opaspsjiHas JamIia, Ha KOTOPYIO
pa3psKaroT KOHACHCATOPhl eMKOCThIO 4—10 Mukpodapas, 3apsyKeHHbIE
10 4-20 xB. JIIUTeIbHOCTh BCIBIIIKM COCTABIISIET BCETO0 HECKOIBKO
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MUKpPOCEKYH/I. PeakimoHHbI COCY]l TPENICTaBIsET CO00I KBapIEBYIO
TpyOky muHou 10-20 cM u nuamerpom 2—4 cM. DTUM METOJOM H3Y-
YaloTCs PEAKIMU KaK B ra30BOM, TaK U B XKUAKON (aze. OH MO3BOIISIET
HAOIIONATh 33 PEaKIMSIMU CO BPEMEHEM Ionynpespamienus 1o 107 c.
MongHast BCIIBIIIKA MTO3BOJISET MOJYYUTh BBICOKYIO KOHLIEHTPALUIO pa-
JTUKAJIOB. 3a PaCX0JIOBAHUEM PAIUKAJIOB CIEASIT METOJAAMHU CKOPOCTHOM
CHEKTPO(POTOMETPUH MO MOIVIOUIEHUIO CBETA HA JJUHE BOJIHBI, COOT-
BETCTBYIOLIEH MaKCUMYMY IOIJIOLICHHS CBETA PEareHTa Wiv NpoayKTa
peakiuu — 00beKTa HaOMoAeHUs. J[J1 MmomydeHus: TOCTOBEPHBIX pe-
3yJbTaTOB HEOOXOANMO COOJIO/IATh CIEAYIOLIUE YCIOBUS:

- BpeMsl KU3HU HAOJII0aeMOM YacTHUIIbl JOJDKHO OBITh MHOTO
OO0JIbIIIe JUTUTEILHOCTH BCIIBIIIIKYA CBETA;

- pacTBOpUTENb JOJDKEH OBITH Mpo3padeH B OO0JacTH JJIMH
BOJIH, TJI€ MOTJIONIAET HAOII0JaeMas YacTUIIA;

- IOJb>KHA OBITh M3BECTHA CXEMa PEaKIUi, B KOTOPbIE BCTYMHAEeT
YaCTHIIA B YCIOBUIX dKCIIEPUMEHTA.

Kunetnka OUMOJNEKYJIAPHON peakiuu peKOMOMHAIIUU paJIuKa-
JIOB OIKCHIBAETCS] YPABHEHHUEM:

1/[R*] = l/[R"], — 2kt,

HO T. K. CIIEIST HE 3a KOHLEHTpALMEN paguKalioB HENOCPEICTBEHHO,
a 3a TOIJIOIIEHUEM CBETa, TO HEOOXOAUMO 3HATh KaK MOXHO TOYHEE
KOA(PIUIIUEHT SKCTUHKIIUU pajuKala €.

Hmnynvcuutit 1azepustii pomonus

B sToM MeToie MMIyYJIbC CBETa CO3JAaeTCsl BCIBIIIKOM Jiazepa,
YTO OTKPBUIO HOBBIE IIMPOKHWE BO3MOXHOCTH B HU3YYEHUU OBICTPO
NpOoTEeKAIMMUX (U3NYECKUX M XUMUYECKUX mporeccoB. [lo cpaBHe-
HUIO ¢ OOBIYHBIMU UCTOYHUKAMH CBETA JIa3ephbl UMEIO Psifl CEPbE3HBIX
IPEUMYIIECTB B 3KCIIEPUMEHTE, 3 HMEHHO:

- UX MUKOBAas MOIIIHOCTb MOXET OBITh OTPOMHOI;

- U3JIy4aeMblii J1a3epOM CBET KOT€PEHTEH, MOHOXPOMAaTHYEH,
Y €ro MOXKHO C(DOKYCHpPOBATh HA HEOOJIBILIOM yYACTKE;

- UMITYJIbC CBETAa CHMMETPUYEH HAa OCH BPEMEHU U HE COIMPOBO-
AKIAETCA IJIMHHBIM XBOCTOM U MOCJIECBEYEHUEM.

JlazepHbIil (hOTOINU3 OTKPHUT BO3MOKHOCTH U3y4YaTh KMHETHKY
IpEeBpalleHUs] HE TOJIBKO PAaJUKAIOB, HO U KOPOTKOXHUBYIIHX BO3-
OY>KJI€HHBIX COCTOSHUN (HAaHOCEKYHJHAs M TMHKOCEKYHJHAas CIICK-
TPOCKOTMUA).
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Hmnynvcuotii paduonus

B 3TOM MeTo/1e BhICOKasi KOHLIEHTpAlMsl aKTUBHBIX YaCTHI] CO3-
JaeTCsl MOIIHBIM M KPAaTKUM 10 BPEMEHH UMIYJICOM PEHTTEHOBCKUX
Jy4Yed WU BJIEKTPOHOB. DTOT UMITYJIbC MMEET SHEPIrUi0 HE MEHEE
100 Ix u poutcs He 6omee 50 Mkc. /s ero co3maHuss UCIONB3YIOT
JMHEUHBIN YCKOPHUTENb JJIEKTPOHOB. 3a KHUHETUKOM PACXOI0OBaHUS
pPaJUKAaJIOB CIENST, KAK U B METOJI€ UMITYJIbCHOTO ()OTOJIN3a, METOJOM
CKOPOCTHOU crnekTpodoToMETpUuU. MeToa HUMIYJbCHOIO paauoiIn3a
HIMPOKO MCIOJIBb3YETCS I U3YUYEHUs] KWHETUKHU PEAKIMil aTOMOB BO-
JI0PO/1a, TUAPOKCUIIBHBIX PAJIMKAIOB U COJIBBATUPOBAHHOTO 3JIEKTPO-
Ha B BOJHBIX paCTBOpax.
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S. MOHOMOVJIEKYJIAPHBIE PEAKIIUA
CBOBO/IHbBIX PAJIUKAJIOB

5.1. H30omepuzayuas,
CONPOBOIHCOAEMA OMPLIBOM AMOMA 6000P00A

CBoOOJHBIE paguKalbl CKIOHHBI K OTPBIBY aToMa BOJOpOAa
ot C—H-cBs3eil. Takoro Tuma peakuuv B PsJE CIy4aeB MPOTEKAIOT
BHYTPUMOJIEKYJISIPHO, YTO MEHSET PACIOJIOKEHHWE CBOOOJHON Ba-
JIEHTHOCTH B pagukaie. C 3aMETHOM CKOPOCTBIO TaKUE PEAKIUHU IIPO-
TEKAalOT B CTPYKTypax, II€é BO3MOXKHO OOpa3oBaHUE MSATU-, IIECTH-
WJIA CEMUYIEHHOTO NIEPEXOIHOTO cocTosIHUA. Harnpumep:

C'H,(CH,) CH,COOCH, —» CH,(CH,) C'HCOOCH, .

Peaknus n3oMepuszanuu ObUla WASHTH(GUIIMPOBAHA CICAYIOIIUM 00-
pazoM. McxomHblii pagukanl reHepupoBajcs (POTOXUMHUYECKH U3 MO-
JIEKYJIbl COOTBETCTBYIOIEr0o Opomuaa, a oOpa30BaBLIMKCS paUKal
(dbuKCcUpOBaJICSl HUTPO30COEAMHEHUEM B KauyeCTBE JIOBYILIKH CBOOO/I-
HBIX paJIiKajoB.

RBr+Ahv— R*+Br’, R*+R;N=0 - RR;NO’

[To OIIP-cnekTpy 00pa30BaBIIErocsi CTAOMIBHOIO HUTPOKCHIBHOIO
pajiikajga yCTaHaBJIMBAJIOCh MECTOIOJIOKEHUE CBOOOTHON BaJIEeHTHO-
ctu. KOoHCTaHTa CKOPOCTH, €CTECTBEHHO, 3aBUCUT OT CTPYKTYpPhI pa-

nyKana. B 3aBUCHMOCTH OT 4MClIa METHJICHOBBIX TPYII 7 OHA paBHA
(6enzom, 313 K):

n 2 3 4
k,c! 7,8:10° 1,3-10° 1,810

C MakcHUManbHOW CKOPOCTBIO M30MEpHU3aIusl IPOTEKAET TOT/a,
Korja peanusyercs Haubojee ONaronpusTHbBIA TeOMETPUUYECKH,
a IMEHHO IIECTUWICHHBIA IUKII MEPEXOJHOT0 cocTtosHus. U3 momo-
XKeHus | B MoJjoKeHne 2 Takas U30MepHU3alus He MPOUCXOIUT, BUU-
MO, U3-3a 0OJIBIIKX JiepopMaliuii YTioB CBSA3EH B TPEXUWICHHOM ITUKIIC
MIEPEXOTHOTO COCTOSTHUS.

AHanornyHasi M30MepU3aIisl YCTAaHOBJICHA W JUISl ATKOKCHIIb-
HBIX PAJUKAJIOB, HAIPUMED:
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CH3CH2(CH2)2M62C—0. —> CH3C. H(CHz)zMCzC—OH

O mpoTekaHUW ATON peakIMu CYIUIu MO 00pPa30BaHUIO COOTBETCT-
BYIOIIIETO XJIOpHUA MPH pacrajie uCXOAHOTO TUIOXJIOPUTA.

CH3C. H(CHz)zMCzC—OH + ROCI —»
—> CH3CCIH(CH2)2M€2C—OH + RO’

Tak kak mpem.-aIKOKCWIbHBIA pajuKajl OJJHOBPEMEHHO pacragaeTcs
c oOpa3oBaHMEM alleTOHA, TO 10 OTHOIICHUIO [Xiopu]/[ameToH] o1e-
HUBAJIM OTHOIIEHUE KOHCTAaHT CKOPOCTH M30MEpPH3allMd U pacnaja.
Takum myTem ObUT U3y4eH cocTaB MpoaykToB pacmaga psga ROCI,
B kKoTOpbIX R = CH;3(CH,),C(CHj3),, n =2, 3, 4. Ilpu n =2 atakyercs
MeTUJIbHAs Tpynna, npu #n =3 u 4 — metuieHoBas. KoHnctanTel cko-
poctu, paccuntanssie i 273 K npu kg = 5,1-10% ¢, paBhsr:

n 2 3 4
k, ¢’ 2,1-10* 3.2:10° 1,9-10*
E, xJ[>x/Momb 38 32 39

Bunno, yto HanOosee OBICTPO MPOTEKAET HIOMEPU3ALMS
npu n =3, T. €. KOTJla pean3yeTcs MECTUWICHHBIN UK NePEXO0IHO-
IO COCTOSIHHMSI.

BrayTtpumornekyispHas ataka cBo00HOM BasieHTHOCTU Ha C—H-
CBSI3b HAOJIIOAACTCS U I MEPOKCUIIBHBIX pauKaaoB. Tak, Ipu OKHC-
JIEHUU PA3BETBICHHBIX NaparHOB MPOUCXOAUT U30MEPU3ALIUSL:

(CH;),C(O0%)(CH,),CH(CHj;), — (CH;),C(OOH)(CH,),C*(CH3),,
B pe3yJIbTaTe Yero oopa3zyercs JBYyXaTOMHBIN THIPONEPOKCHU/L:

(CH;),C(OOH)(CH,),C*(CH3), + O, -
(CH;),C(OOH)(CH,),C(0O0")(CHs),

(CH;),C(OOH)(CH,),C(O0%)(CHs), + RH —
(CH;),C(OOH)(CH,),C(OOH)(CHs),

CKOpOCTh BHYTPUMOJIEKYJISIPHON aTaky 3aBUCUT OT YMCJIa Pa3felisiio-
X PEAKIMOHHBIE HEHTPhl METUIEHOBBIX IPYMI:

n 0 1 2 3
k¢! <02 18 8 <1
E, xJI>)x/Momb >94 73 71 >79
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Uucny CH,-rpynmm =1 COOTBETCTBYET IICCTUUICHHBIN ITUKII
MIEPEXOTHOTO COCTOSIHUS, TIPU KOTOPOM OOECIIEYMBAETCSI MAKCUMAJTbHAS
CKOPOCTb M30MEPU3ALUK. JHEPIHs aKTUBALMK H30Mepu3aiuu RO cy-

IIIECTBEHHO BhIie, 4eM RO°, uTo 00ycaoBieHo pasnudnem B AH.

5.2. H3omepuzayus c nepemeuienuem cpynnol

Xopoiio u3BecTHa Murpanus (EHWIbHOW TIpyMNNbl B ajlKWUJIa-
PUWIBHBIX PaJIUKajax, KaK Halpumep:

(C¢H;),CC'H, — (CH;),CH,C(H;

AKuiabHBIE pagukaibl  ObicTpo oTpeiBatoT H ot R;SnH.
[Ipu B3aumopeiicteumn (C¢Hs);CCH,Cl ¢ (C¢Hs);SnH cpenu mponyk-
TOB 0OHapy»KeHbI MPOIYKThl peakuu R;SnH ¢ oboumu pagukanamu,
a MMCHHO (C6H5)3CCH3 n (C6H5)2CHCH2C6H5. MCTOI[OM KOHKYPH-
PYIOIIUX peakuuid OblUIa OIlEHEHAa KOHCTAaHTa CKOPOCTH H30MEpH3a-
nuu, oHa paBHa 5-107 ¢ (373 K). 3aMecTHTeNM BIHSIOT HA TAaKYIO
WU30MEPHU3ALHI0. ITO BUJIHO MO BBIXOAY MPOIYKTa U30MEPU3ALINU

XCH,(CH,),CCH; — Me,C°*CH,C H, X —"—
—~—>Me,CHCH,C H, X
B 3aBUcUMOCTH OT 3aMmecTtutenia X (RH-rerpamun, 403 K):

napa-X OCH; CH; H Br NO,
% Me,CHCH,C4H,X 19 35 44 60 96

AHAJOTMYHOW M30MEPHU3ALMKU TIOJIBEPraloTC apUIaIKOKCHIIb-
HbIE paJvKajbl, HAIPUMeEp:

(C,H,),CO* - (CH,),C"OC,H,

. 6 -1
KoHncranTa ckopocTu 3Toit peakiuu oosbire 10° ¢ (300 K).

N3omepusanusi, B pe3yabTaTe KOTOPOH nepemeniaeTcs: PeHub-
HOE KOJIBIIO,

C,H.C(CH,),CH;, — (CH,),C°CH,C,H.,

o 4 -1
poTeKaeT ¢ KoHCTaHTou ckopoctu k= 2-10" ¢ (393 K, aTtunbenson).
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AHaJIoruyHas U30MepU3alMs MPOUCXOJIUT B pajuKaiax C yda-
CTUEM IeTepoaTOMOB, KaK, HAIPUMEpP, B paJUKaiax C y4acTHEM alle-
TOKCU-TPYTIIBI:

HsC .CH, H3C\
—> C——C——CCHj,
H
HsC CCHs H3C/ 2
I ©
aToMa CepHI:
CH
3 H3C\
Ph——C——CH, — /C.—C—CCH3
|
| HsC
Ph——S 0
U aTOMa KPEMHHSL:
0 OSi(CHs)3
(H3C)3C Si(CHgz)3 (H3C)3C
_>
C(CH3)s C(CH3)3

5.3. H3omepuzayua c yukauzauueil u packpvlmuem yukia

AJIKWIBHBIE PAIUKAIbI, UMEIOIINE B CBOEM COCTABE JIBOMHYIO
CBSI3b, CKJIOHHBI K OOpa30BaHUIO IIUKJIOB, €CJIM ATO IMO3BOJISIET I'€0-
METpHs YIJIEPOIHOTO CKeJleTa pajrKaja, HalpruMep:

_>
.CH,

5 -1
Peakius npotekaet qoctatrodHo owicTpo, k= 10" ¢ (300 K).

Panukanel ¢ UUKIMYECKOM CTPYKTYpOW, HA00OpOT, U30MEpH-
3YIOTCS C pa3MbIKAHHEM KOJIbLIa, HAIIPUMED:
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‘ >——CH,  —  CH,=CHCH, CH,

@) OCH
~. 3 ) OCHj3
% 'CH,
>

BONBIIMHCTBO TaKMX PEaKIMil TOKa3aHbl MO0 CTPOCHUIO 00pa3yroNUX-
Csl PEareHTOoB.

5.4. H3omepuzayusn nenpeoenbHvlX COCOUHEHUT

Luc-mpanc-n3oMepusaiyisi BAHWIOBBIX COCIMHEHUN TIPOTEKACT
yepes3 MPOMEKYTOYHOE PAIMKAITBHOE COCTOSIHUE, HATTPUMED:

CZHS I CQH5 C2H5
/ N/

c—-=cC \c:'c —_— c—¢

—
/ AN / N\ /

H CsHy H CsH- H

CsHy

Kakoe-To Bpemsi pajuKan COXpaHseT mpaHC-KOHPUTYypaLUIO UCXO/I-

HOUM MOJIEKYJIbI, IEPEXO0]I €r0 B yuUC-KOH(PUTYypalrIO CBSI3aH C MPEOJI0-

JIEHUEM aKTUBAIMOHHOTO Oapbepa npuMepHo B 60 kJ[/MOb.
ANUIBHYIO MEPErpynnupoOBKY TUIA

CH,=CH-CHYR — YCH,—CH=CHR
TaKXKe MHHUIMUPYIOT CBOOOJHBIC aTOMBI M PaJUKaJIbl, KaK 3TO BHIHO
U3 CJICAYIOIINX MPUMEPOB:
Br* + CH,=CHCHBrCH; < BrCH,C* HCHBrCH; <
= BI'CH2CH:CHCH3 + Br’

C6Hss. + CHZZCHCHRSC6H5 —> SC6H5CH2C.HCHRSC6H5
C¢HsSCH,C*"HCHRSC¢H; — CsH;SCH,CH=CHRSC4H; + C4H;S"
TeopeTrnueckas OIleHKa JaeT JJIsl Mpoliecca H30MEepHU3aIui aJNIMIbHO-

ro pagukana Bexuunny k= 3-10" exp(=70/RT) ¢
[To pagukambHOMY MEXaHU3MY MPOTEKACT W MEPErpyImupoBKa
Kaitzena. J{is ee ocymecTBiaeHUS Hy)KHA WK BBICOKas TeMIepaTypa

(6omee 700 K) unu BBeneHHE MHHUIIMATOpPA MPH YMEPEHHON TeMIlepa-
Type. Ee Mmexanusm:
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C6H5(R10)C:CH2 +R'—> C6H5(R10)C.CH2R —>
—> C6H5C(O)CH2R + Rl. .

5.5. Pacnao ce0000nbIx paoukanos

K ObicTpoMy pacnagy CKJIOHHBI pauKaibl TaKOMl CTPYKTYpHI,
KOTOpasi MO3BOJIAET SHEPreTUYECKU CKOMIIEHCUPOBATh pa3pbiB OJHOU
CBSI3M BO3HUKHOBEHUEM JIPYroil. ITO MMEET MECTO IJId PaauKaIoB

tina R-CH,-CH;, rae paspbiB R—C-cBsA3u 0TYaCTH KOMIIEHCHPYETCS

obpasoBanuem T-C-C-cBsi3H, a Takke pamukajioB tuma RiR,R;C-Y",
rae paspbiB R;—C-CBsI3u KOMIIEHCHUPYETCSI BOSHUKHOBEHHUEM JBOMHOM
cBsa3u C=Y.

OTWIBHBIA pagukan pacnajgaercs ¢ paspbiBoM C—H-cBsizu
Ha 3TUJICH U aTOM BOJOPOJA:

CH,CH, - CH,=CH, +H".
OHeprus aKTUBAlMM PEAKUUHU pacrana OJn3Ka K 3HAOTEPMHYHOCTHU
peakiuy, a KOHCTAaHTa CKOpPOCTH pacmaja B ra3oBoil ¢asze paBHa
k=3-10"exp(-170/RT) c¢'. TlpommmbHblii paguKan paclagaeTcs
10 ABYM IApajuIEbHBIM HAIIPABJICHUAM, a HMEHHO C pPa3pbIBOM
C-H- u C-C-cBs3u:
CH,CH,CH’ - CH,CH=CH, +H’
k=6,3-10"exp(-159/RT) ¢,
CH,CH,CH] - CH,=CH, + CH;
k=4,0-10"exp(-138/RT) ¢
N300y TUIBHBIN paguKal pacnagaeTcs TaKkKe MO JABYM Halpas-
JIEHUSIM, a UMEHHO ¢ pa3pbiBoM C—-C- u C-H-cBs3eii:

(CH,),CHCH: — CH,=CHCH, + CH;
k=1,6-10"exp(-137/RT) ¢!,
(CH,),CHCH; — CH,=C(CH,), +H"
k=15-10"exp(—153/RT) ¢ .

Pacnaz[ AJIKWIBHBIX PaIUKAJIOB 3aHUMACT BAXKHOC MCCTO B LCII-
HBIX MCXAdHU3MaAX KPCKHUHIA YITICBOJOPOIOB.
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Peakuuu pacmaga KUCIOPOACOJEPN AUIUX PaTUKAJIOB, B 4YaCT-
HOCTHU aJIKOKCWJIBHBIX, TOX0XKU Ha pacmaj] aJKUIbHBIX PaJIUKaJIOB.

CH,CH,0® — CH; + CH,=0
k=2,5-10"exp(=73/RT) ¢ (ras. paza)
CH,CH,0* — CH; + CH,CH=0
k=6-10"exp(=72/RT) ¢’ (ra3. dhaza)
(CH,),CO* — CH; +(CH,),C=0
k=1,6-10"exp(—66/RT)c" (ra3. pasa)
C,H,(CH,),CO* — CH; + C.H,C(O)CH,
k=2,5-10"exp(-46/RT) ¢’ (8 CCL,).

Pactiag o-ramona3zamMeneHHblX IKWIBHBIX pPaJyuKalioB HAIo-
MUHAET paciaj AIKWJIbHBIX C BBLIOPOCOM aToMa Trajiou/ia:

‘CH,CH,X — CH=CH, + X'
X'=Cl' k=4-10"exp(-93/RT) ¢ (ras. da3a)
X'=Br k=8-10"exp(—46/RT) ¢ ' (ra3. daza)
BBICTpO pacnaaatoTces aliIoOKCHPaTUKAIIbI:
CH,CO; - CH; +CO,
k=1,6-10" ¢ (333 K)
(CH,),CCO; - (CH,),C" +CO,
k= 6-10"exp(=32/RT) ¢!

C oTwernIeHueM aJKWIbHOIO pajJiuKaia OBICTPO MPOTEKaeT
pacnan GpocPopaHUIIBHBIX PATUKATIOB.

(RO);P*OC(CH;); — (RO);PO + (CH;),C"*

R=CH; k=23-10"xp(-33/RT) ¢ B )HUIKOM IpOIaHE
R=GCHs k= 2-10106Xp(—3 1/RT) ¢ B KUIKOM MpOIIaHe
R =(CH;),CH k=6,3-10"exp(—32/RT) ¢! B xuaxom mponase
R =(CH;);C k=2-10"exp(-33/RT) ¢”' B ®uIKOM HpOIAHE.

5.6. Memoo KouKypupynouwux peaxuui

B 3TOM MeToze nonOupaeTcs Takas CUCTEMa, B KOTOPOil TeHEepH-
pyembie TeM WIA UHBIM CIOCOOOM paJuKalibl BCTYHAIOT B JIBE Mapall-
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JIENbHBIE PEAKIIMH, U3 KOTOPBIX OHA UMEET yKE U3BECTHYIO, U3MEPEH-
HYIO paHEE€ KOHCTAaHTy CKOPOCTH PeaklMH. B KOHIIE ONbITa U3MEPSIOT
KOHIEHTPALIMK MPOAYKTOB 3THX JBYX peaKuil (IPOAYKTbI 3TH, €CTECT-
BEHHO, JIOJDKHBI OTJIMYAThCS IPYT OT Apyra) U MO COOTHOIIEHHUIO IMPO-
JQYKTOB BBIYKCIIIFOT OTHOLIEHWE KOHCTAHT CKOPOCTH 3THX JBYX PEaK-
. Tak Kak o/lHa U3 JBYX PEAKIUM YK€ OXapaKTepU30BaHA KOHCTAH-
TOM CKOPOCTH, TO YE€PE3 OTHOUIEHWE KOHCTAHT HAXOAAT KOHCTAHTY
CKOPOCTH U3y4aeMOU peakiuu. Bo3MOKHBI pa3HbIE BAPUAHTHI.

1. KonkypeHuuss MOHOMOJEKYJISIPHON U OMMOJIEKYJISIPHOU pe-
akuuu. HampuMmep, KOHKYpEHIIHMST U30MEepHU3alliid paguKaia (ero Iuk-
au3aiuu) ¢ OMMOJIEKYJISIPHOM peakiiued OTpblBa aToMa BOJAOPOJA
ot coeaqunenus YH , nanpumep R;SnH:

IN=Nr > 1"+ N, +r°
r* + BrCH,(CH,);CH=CH, — rBr + CH,=CH(CH,);C"H,
CH,=CH(CH,);C* H, — yuxno-[(CH,),CH(CH,)]
CH,=CH(CH,);C" H, + R;SnH — CH,=CH(CH,);CH; + R;Sn’
yukno-[(CH,),CH(C® H,)] + R3SnH —
— yuxno-[(CH,),CH(CH;)] + R;Sn’

[lo cooTHolIeHHIO 00pPa30BaBIIMXCS METUJIIUKIONECHTaHA W TeKce-
Ha-| BBIUUCIAIOT OTHOIIEHUE KOHCTAHT CKOPOCTH 3TUX ABYX PEaKIUU.

2. KonkypeHuuss IByX OHMMOJIEKYJApHBIX peakuuil. O6pa3zo-
BaBIIIMIICSA B CUCTEME PAIMKAJ pearupyeT napajuie]bHO C ABYMS pea-
reHTaMH, HalpuMmep OTPhIBAET aToM Bojioposa oT YH u atom O6poma
oT OpoModopma:

R*+ BrCCl; —» RBr + CI;C*
R°+YH—>RH+Y’

[lo cootHomennto oOpazoBaBmnxcsa RBr u RH Beruucistor otHome-
HUE KOHCTAHT CKOPOCTH 3TUX JIBYX PEAKIIHM.

3. OOpa3zoBaBIIKecs paguKaibl PeKOMOMHUPYIOT U Mapaiieib-
HO otpeiBatoT atoM H ot YH. Ilo cooTHOmEHH0 MpOAYKTOB 3THUX
JBYX PEaKUWN ONPENEIISIIOT OTHOIIEHUE KOHCTAHT CKOPOCTH.

Hpumep 5.1. Bviuucnenue KOoHcmanmol CKopocmu peaxkuuu

Tepmonu3 auxkymunnepokcuaa (ROOR) npoBoawnu npu Tem-
nepatype 413 K B cepuu pearentoB (R;H) u ananusupoBanu konuye-
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cTBa 00pa3oBaBIIMXCs areTopeHoHa u MetwideHmwikapounona. Ilo-
JTy4YEeHBI CIIETYIOIINE Pe3yIbTaThI:

RH PhCH;  PhCH,Me PhCHMe,  Ph,CH, Terpamun
[ROH]/[MeCOPh] 0,681 0,816 0,695 0,550 5,35

BBIYUCIUTE KOHCTaHTHI CKOPOCTU PEAKIUN KyMHJIOKCHJIBHOTO
panukana ¢ Haunbosnee aktuBHo C—H-cBsizpto RiH, ecnu pacman xy-
MUJIOKCWJIBHOTO paJuKajia Ha aueTo(eHOH M METWIIbHBIA pajuKal
IIPOTEKaeT ¢ KOHCTAaHTo# ckopocTH 2,5-10'%exp(—46000/RT) ¢

Pewenue
B mpouecce pacmama gukymuinepokcuna B RH mporekaror
CJICAYIOIIUE PEAKLIUHN:
PhMe,COOCMe,Ph — PhMe,CO* + PhMe,CO*

kg 3
PhMe,CO* PhCOMe + CH;"

ki
PhMe,CO*+ R,H 5 PhMe,COH + R;".
Otnoirenue xkonndyects PhMe,COH n PhCOMe B Takoi cuc-
TeME PaBHO OTHOIICHHIO CKOPOCTEH oOpa30oBaHMS KaXJOTO M3 HHX,
a UIMEHHO:
[PhMe,COH]/[PhCOMe] = k;[R;H][PhMe,CO"]/ks[PhMe,CO"],
COOTBETCTBEHHO, OTHOIIICHHE KOHCTAHT CKOPOCTH PaBHO:
ki/kq = [PhMe,COH]/[ PhCOMe][R;H].

KoncraHra ckopoct kg = 2,5-10"%exp(—46000/RT) ¢ ' = 3,80-10° ¢
npu 413 K. KoHueHTpaiuu peareHTOB BBIYMCIAEM 4YE€pPe3 MX IIOT-
HOCTb (p) U MOJIEKYJISIPHBIN BEC.

RH PhCH; PhCH,Me PhCHMe, Ph,CH, Terpamun
p, Kr/M® 871,6 866,9 861,8 1005,6 969,3
[R;H], MomB/1 9,46 8,16 7,17 5,98 7,33
[ROH]/[MeCOPh] 0,681 0,816 0,695 0,550 5,35
ki/kg, n/MomB 0,072 0,10 0,097 0,092 0,73
ki-107°, 1/(MoiB-C) 2,74 3,80 3,69 3,50 27,7

nen 3 2 1 2 4

ki/ne 107 0,91 1,90 3,69 1,75 6,92
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Ilpumep 5.2. Onpeodenenue KOHCMAHMbL CKOPOCMU PEaKUUU

[Ipu ¢dortonuze aneroHa B ra3zoBod (pasze MmapaiesbHO MPOTe-
KAlOT CJIEAYIONIUE PEAKIMK C YYACTHUEM METHIIBHBIX PAJUKAIIOB

CH3COCH3 + hy — CH3C.O + C.Hg
C°H; + CH;COCH; —*—» CH, + CH;COC'H,

C'H; + C'H; —2 5 C,Hq

Kak onpenennTs KOHCTAaHTY CKOPOCTH PEaKIIMU METHIBHBIX pa-
JTUKAJIOB C alleTOHOM, €CJIM 3KCIIEPUMEHTAIBHO M3MEPEHBI KOJUYECT-
Ba METaHa W dTaHa, 00Pa30BaBIIMXCS B pe3yibTare (PoToam3a arero-
Ha, ¥ U3BECTHA KOHCTAaHTa CKOPOCTH PEKOMOWHAIIMM METUILHBIX pa-
nuKanoB (2k;)?

Pewenue

CornacHO TakOoW KMHETUYECKOW CXEMe CKOPOCTH 00pa3oBaHUs
metana W(CH,) u stana W(C,Hg) B cucteme, COOTBETCTBEHHO, PaBHBI:

W(CH,) = kK[CH;COCH;][C H3]
W(C,He) = 2k[C"H;]*
N3 nocnennero ypaBHEHHUS HAXOUM:
[C*Hs] = {W(C,He)/2k} "7,

OTKYJa ITOCJIC IMOACTAHOBKH ITIOJIYyYaCM BBIPAKCHUC IJII CKOPOCTHU 00-
pa30BaHUA MCTaHa:

W(CH,) = k\[CH;COCH;]{ W(C,H¢)/2k,} '
H, COOTBCTCTBCHHO, JIsA KOJIMYECTB O6paSOBaBIHI/IXC}I MCTAHA U OTaHa.
[CH.] = W(CH4)t = k[CH;COCHs;]- {[C,H¢]/ 2k} 2,

OTKyJa HaXOJUM:
k = (2k)"*[CH4][CH;COCH;] '[C,H,] ¢ "2,
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6. PEAKIIUU PA/IUKAJIBHOI'O OTPBIBA
N 3AMEHIEHUSA

6.1. Peakuuu paoukaibHo20 ompwvlea

ATOMBI U paJiuKalbl aKTUBHO pearupyroT ¢ MoJiekyJsiamu. [upo-
KO pacIpOCTPaHEHbl PEaKLUHA OTPhIBA PAIUKATIOM aTOMa OT MOJIEKYJIbI.
Hanpumep, atom xnopa pearupyet ¢ C—H-cBsi3bto yrieBomoposaa ¢ 00-
pazoBaHKEM alKWIBLHOTO pajaukaina u Mojekyiasl HCI. Peakius

ClI' +CH, - HCI+C'H,

xapakrepuzyercsi 3HTanbnuen 8,4 kJk/Moiib, SHEpruer akTUBALIUU
16 k/I>x/M0Ib ¥ IPEIIKCHOHEHIIMATBHBIM (PaKTOpOoM A B appEeHUYCOB-
CKOM  BBIPQXXCHHM KOHCTAHTBhI ~ CKOPOCTH [k = Aexp(—E/ RT)]

A=6-10" 1/(Mmonb-c). Hmke npHBencHbl XapaKTEPHCTHKH PEaKIHil
XJIOpa U IpyTuX aTOMOB C METAHOM B Ira30Boi (paze.

ATtoM F* CI’ Br’ I’
AH, xJIxx/mons  —130,3 8,4 73,6 142,0
E, xJ[)x/monb 5 16 77 146
lgA 10,5 9,8 10,5 12,0

Cnenyer oOpaTuTh BHHUMAaHHE HAa JOCTATOYHO BBICOKOE 3HAYe-
HHE MpeIdKCIOHeHImanpHoro Muoxutens A~ 10"  1/(monb-c)
(mmst OMMONEKYJISIPHBIX peakuuid B Tra3oBod (ase). PeakunoHHbIN
LUEHTP MEPEXOAHOr0 COCTOSIHUSA MMEET JIMHEHMHYI0 KOH(UTYpaIuIo:
X--H---C, 1. €. atombl X, H 1 C B nepexoITHOM COCTOSHUY HAXOJISITCA
HA MPSIMOM JIMHWMU. TakoW JUHEWHOM CTPYKTYpE PEAKIIMOHHOIO IICH-
Tpa COOTBETCTBYET MUHHMMAaJIbHAsi SHEPTUsl MEPEXOIHOTO COCTOSHUS
(1aHHBIE KBAHTOBO-XMMHUYECKOTO pacyera).

DK30TEPMHUUYECKUE PEAKIIUN PATUKATIOB C MOJICKYJIaMH MPOTEKAIOT
JOBOJIBHO OBICTpO. ATake moABepraercs HauOosee cinadasi CBA3b
B MoJiekyJie. Harmpumep, B Mosiekysie aTanosna orpbiBaetcsi o—C—H-cBsi3b:

C'H, + CH,CH,OH — CH, + CH,C'"HOH

Peaknuss mportekaer ¢ sHrampnueid AH =-40 xJx/monb, E=40,6
kJlx/Monb 1 A = 4-10° n/(Monb-c) (B ra3oBoii ¢ase). I B Takux peax-
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IIUAX PEAKIIMOHHBIN EHTP MEePEX0HOT0 COCTOSIHUS UMEET JTMHEHHYIO
koHurypauuto: C---H---C. Iloteps sHTponuu npu oOpa3zoBaHHUM Iie-
PEXOHOTO COCTOSIHUA B PEAKLHUSIX THINA «paguKall + MOJEKyJa» Cy-
IIECTBEHHO OOJIbIIE, YEM B PEAKIUAX aTOMa C MOJIEKYJIOU, U TIOATOMY
A(panukan + Monekyna) << 4(atom + moJiiekyina). [ OoJbIIMHCTBA
peaKIuii paJuKaioB ¢ MOJIEKYJaMU MHOXUTEIb A MEHSIETCS B IMaria-
3one 10’—10° 1/(Monb-c) (ra3oBas dasa). B pacTBOpe 3TOT MHOKHTEIb
yBeJInuuBaeTcs B 4-8 pa3 u3-3a 0oJiee BHICOKOW YaCTOThI CTOJIKHOBE-
HUM YaCTHUI] B )KUJIKOCTH.

Kunemuueckuit uzomonnutii 3¢hghexm

Ces3p C-D 6osiee mpounas, yeM C—H-cBsI3b, 1 IOATOMY OTPBIB
atroma D tem xe pagukanom oT C—D-cBsi3u NpoOUCXOIUT MEIJICHHEE
u ¢ OoJiee BHICOKOM IHEpruen aktuBaiuu. Huke npuBeieHbl BETUYH-
bl AE = E(C-D) — E(C-H) (x/I>x/mMo1b) njis peakiuii OTphiBa aToMa
D meTtunpHbIM pagukanoM oT C—D-CBs3u psiia COEAMHEHUN:

CD3CH3 MGzCDz MG3CD MGCDzOH D2CO CD3OH
8,0 8,5 6,7 7,1 7,1 8,0
Mpe1 Buaum, uto AE(D/H) = 7,5 £ 0,6 kJ[>/MOJb.

B nonsipaom pactBopurene cBa3u O—H u N—H oOpa3zyror Bogo-
POJHYIO CBA3b C OJIIPHBIMU MOJIEKYJIaMU PAaCTBOPUTEIIS Y, HAIIPUMED:

ArOH+O=CR R, < ArOH---O=CR R,

BonoponHast cBA3b 3aTpylHsSeT aTaky Joboro paaukana Ha O-H-
CBA3b (peHoJs1a (B JAHHOM CiIydae), TaK 4TO aTaKylTCd TOJbKO MOJIe-
KYJIbl, HE CBSI3aHHBIC BOJAOPOJAHON CBS3BIO, U B TAKUX PACTBOPHUTEISAX
HAO0JII0aeTCsl CHUXKEHHUE BEJIMYUHBI K.

6.2. Peakuyuu paoukaibHo20 3ameuieHus

Peakniuu 3amenieHust (U BHITECHEHUS ) TUIIA
R*+R'MR'—->RMR'+R"
XapakTepHbl IS METAUIOPTaHUYECKUX COCIUHEHUN U COEIUHEHMUIA,
umeronux cBsizu O—0O, S-S, Sn—Sn u T. n. Takue peakuumn noapassie-
JISIIOTCSL HA JIBE TPYNIBI: CHHXPOHHBIC PEaKIMK 3aMeIeHUs, MPOUCX0-
JSIIMe B OJMH aKT, U CTYNEHYAThle PEaKIMu 3aMelleHus, TPOTeKaro-
[IUE B JIBE€ CTA/INH, HAIIPUMED:
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(CH,),CO" + P(CH, ), — (CH,),P"OC(CH,), —>
—» C°H, +(CH,),POC(CH,),

B nactosimieM paszmene OyAeT BKpaTLE PacCMOTPEH MaTepuai
0 CHHXPOHHBIM peaKUUAM 3amelnieHusd. B Tex ciaydasx, koraa mpo-
MEXKYTOUHBIA paguKal B CTYyHNEHYaTOM 3aMELICHHH pPaclagaeTcs
OUY€Hb OBICTPO, UJICHTU(HUKAIUS MEXaHU3MA TIPEJICTABIISAET CEPhE3HBIC
TPYAHOCTH.

Peakuuu 3amernienus ¢ ydactueM RO NPOTEKAIOT P OKHUCJIE-

HUU MAarHUMOPTraHUYECKUX COCIUHEHUM:

RO, + RMgBr — ROOMgBr+R" .
ATaka AJIKOKCHUpPaJuKaJla Ha MCTAJNIOPIraHUYCCKOC COCAMHCHUC
(CH,),CO" +MR, — (CH,),COMR_, +R"

peanmn3yercs Kak CTaiaus IIEIHOTo Ipoliecca B3auMOJICHCTBUS ITEPOKCH-
pagvkanoB ¢ TakuMu coenuHeHusmMu, kak (C,Hs), Zn, (CH;),Cd, R3B,
(CH;)3Al, (C,H5):Ga, (C,Hs);Bi u ap. O6pa3oBaHue aIKUIbHBIX pPajidKa-
JIOB B TAaKUX cHcTeMax Jioka3zaHo metonoMm OIIP. KonnduecTtBenHnle naH-
HbIE TOJTYUYEHBI JIJI pEaKlMi NePOKCUIBHBIX PaJUKAIOB ¢ OOpopraHuye-
ckumu coenuHeHusMH (K. MHrompa). DT peakuyy MmpoTeKaroT ropasiao
ObICTpee, YeM peakIuu OoTpbiBa H OT yrieBomopodoB, Kak 3TO BHIHO
u3 cnenyromux qaHHbIX (303 K); k£ uMeeT pa3MepHOCTB J1/(MOJIb-C).

RO, +BR, - ROOBR, +R"

R’ BR, R,BOBR, R,BOOR  R,BOC,H;
CH,CH,CH,CH, k=2-10° 3-10° 3-10" 5-10°
CH;CH,C'HCH; 8-10* 7-10* 1,5-10* 2-10°

3aMeTHO, YTO TPUAIKWIOOp OoJiee aKTUBEH, YEM COCIMHEHUS,
uMeronme B cBoeM coctaBe B—O-cBsi3b. BTopuuHble alKuiOOpuisl
MEHEE aKTHUBHBI, YEM MEPBUYHBIC, BO3MOKHO M3-3a JOMOIHUTEIbHBIX
CTEPUUYECKUX TMPEHSTCTBUU. AJIKOKCHUpaJauKaiabl pearupyror ¢ R;B
eme OsicTpee (k =~ 107 n/(monb-¢) musa peaxmuu (CH;);CO° ¢ (C4Hy);B
npu 303 K).

Panukanel TpuankuiaonoBa ObICTpo pearupyroT ¢ O—O-CBS3bI0
nepokcuioB (k B 1/(moinb-c) npu 283 K B CgHg):
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(C,H,),Sn" + ROOR — (C,H,),SnOR + RO’

R C,H; CcHsCO CH;CO (CH;)5C
k, n/(monb-c)  2,5-10° 2-10* 710" 50
bricTpo mpoTekaer W peakius 3aMelieHUsS C AUCyibdumaaMu
(ukIIOoreKcas, k, n/(momnb-c), 303 K):

(C,H,),Sn* + RSSR —> (C,H,),SnSR +RS"

R (CH;);C C¢HsCH, CHs CH;(CH,);
k, 11/(Mo1IB-C) 4.10* 3,5-10° 4,5-10° 5,5-10°
B peaKHI/II/I 3aMCIICHU A BCTYHaIOT n aMHMHHUIIBHBIC pa,HI/IKaJ'H)I,
Harpumep:
(CH3)2N. + B(C4H9)3 —> (CH3)2NB(C4H9)2 + C4H9.
(CH3)2N. + RMgBI' - (CHg)zNMgBI' +R°*

KonnuecTBeHHO M3ydeHa peaklusi CYKUUHUMUIWIBHOTO pajiu-
KaJia ¢ psAIoM 0JIOBOOpraHuueckux coeauHenuii R4Sn (308 K):

R CH3 C2H5 CH3CH2CH2 H-C4H9 CZHSCHCH3
k, n/(monbc) 1,4-10° 4-10* 4-10° 4.10° 8-10°
W B peakuuu 3TOro TUNa k yMEHBIIAETCS B PAJIE COCTUHECHHI:
METHII > DTHUJ > H-AJIKWI > BT-AJIKWI. JTa peaKkuys BXOAUT KaK CTaaus
B IIEMMHOM IMPOLECC B3aMMOJIEMCTBUS R4Sn ¢ ranouIcyKuMHUMUIOM.
AJIKWIBHBIC paJUKaibl Tak)KEe BCTYNAIOT B PEaKIUU 3aMEIICHUs,

HO PearupyroT C TPHAIKWIOOPOM HE CTOJIb SHEPru4yHo, kKak RO’
1 RO; . Peakuus

C'H, + B(C,H,), » CH,B(C,H,), + CH,CH,

npotekaer ¢ k= 3,5-10"-exp(—22/RT) = 6-10° 1/(mo1b ¢) (300 K). Peak-
Us AJKWIBHOTO Makpopaankana ¢ O—O-CBs3bI0 MEPOKCUIA MPOTEKACT
IIPY PaJvKaIbHOM MTOJIMMEPHU3aL MOHOMEPOB; 3TO PEAKIMS IepeIaun
LEMH, MPEeKpalmam@as pocT MaKpOMOJIEKYJbl, HO COXPaHSIOMIAs aK-
TUBHBIW LICHTP JJIS JAJIBHEUIIIEH LIETTHOM PEAKIINU TTOJTUMEPU3ALIAH.

R* +C,H,CO00COC,H, — ROCOC H, +C,H,CO,
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Hwxe npuBeneHbl KOHCTAHTBI CKOPOCTU TPEX MaKpPOPAJAUKAIOB C JU-
OEH30MJITIEPOKCHUJIOM B cpesie MoHOoMepa ipu 333 K.

MOHOMCp C6H5CH=CH2 CH2=C(CH3)OCOCH3 CH2=CHOCOCH3
k, 1/(Monb-C) 39 14 210

Takoro »e TuUna peakuuyd NPOTEKAIOT MPHU LEMHOM Pa3I0KECHHUU Iie-
POKCHJIOB.

6.3. Peakuuu oupaouxkanos

bupagukanbsl MOKHO pa3eNINTh HA ABE TPYIIIbl: YACTHUIIbI, HE-
CyIIre CBOOOIHYIO BaJIGHTHOCTh Ha JABYX Pa3HbIX aTOMaX, U YaCTHIIbI,
uMeronue JIeUIMT ABYX DSJIGKTPOHOB Ha BHEIIHEW JJIEKTPOHHOM
o0onouke onHoro aroma. [IpencraBuTenemM MEepBOro THUIIA SIBISETCA,
Hanpumep, paaukai ClIeayrmend CTPYKTYPBbI:

HsC CH4

H5;C

HsC

DNEeKTPOHHBIE CIIEKTPhI TAKUX PATUKAIOB UMEIOT CIOXKHYIO CTPYKTY-
py U3-3a COUH-CIIMHOBOTO B3auMoaAeicTBUs. Takue Oupagukaibl BCTY-
NAalOT B XMMHYECKHE PEAKIUH, XapaKTepHbIC IS MOHOPAJUKAIIOB
AHAJIOTUYHOU CTPYKTYPHI.

Cpenu OupaauKagioB BTOPOrO THUIA XOPOIIO M3YUYEHbl KapOeHbI
(metunensl). [Ipocteimmii kapobeH-metuiieH :CH, cyiecTByeT B IBYX
dbopmax: cuHriaeTHol u TpurietHod. Y cunriaetHoro :CH,(S) yron
HCH pasen 103°, n(C—H) = 0,112 am, AH =393 xJIx/Monb. Y Tpu-
miaetHoro :CH,(T) Bce Tpu aTroMa HaxoAsATCs Ha OJHOW JIMHUU,
r(C-H) = 0,103 am.

KapOenbl 00pa3yroTcs cleayomuMy My TSIMU.

1. ITpu doToaM3e HEKOTOPHIX COCANHCHUM:

R,C=N, + hv — R,C: + N,
CH,=C=0 + hv — CH,=C=0(S) —> :CHy(S) + CO
CH,=C=0 + hv — CH,=C=0(S) —> :CHy(T) + CO
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Brixon TpumieTHoro MeTWiieHa U3 KeTeHa cocTtaBiser 15 %
npu A =280 um u 40 % npu A = 366 HM.
2. ITpn BO3AE€MCTBIMY CHIIBHOTO OCHOBaHMS B Ha TpuranonaMeTaH:

CHCL; + B — :CCl, + HB + CI’
3. Ilpu TepMuUuecKOM pacmane HEKOTOPBIX COCUHEHHMN:
CH,N,; »> N, +:CH,; CCl5Si1Cl; — :CCl, + SiCly
4. ITpu B3aumoneiicteuu CCl, ¢ MeTamamu:
CCly + Mg —» MgCl, + :CCl,

KapOeHbl 04eHb aKTUBHBI U BCTYIAIOT B Pa3HOOOpPA3HBIE peak-
1un. CuHrieTHoli kapOeH ObicTpo BHeApsieTcs no C—H-cps3u :

RH + :CH, — RCHj3,

MpUYEM CKOPOCTh BHEAPEHUSI HE 3aBUCHUT OT NpoyHocTu C—H-cBsizu:
no nepBuYHbIM U BTOpuuHbIM C—H-cBsizsim :CH, BHeapsieTcss npu-
MEPHO C OAHOM M TOU K€ NMapLUaJIbHON KOHCTAaHTHOU CKOpPOCTH. BHe-
JpEHUE METHIICHA 110 Pa3HBIM CBS3SIM H30IEHTaHa (KUJIKOCTD) MPOUC-
XOAUT C OTHOCHUTENbHBIMU cKopocTamu 1,0 (neps.); 1,2 (emop.);
1,5 (mpem.). CToJIb %€ Majo pa3IMYaroTCs MO OTHOIICHUIO K METHIIE-
Hy BuHWIoBas W amwtuwibHas C—H-cBszu. Hampumep, B mponuieHe
ckopoctu BHenpenus :CH, no BunwioBou u amuiabHOM C-H-CBA3AM
oTHOcsATCs Kak 1:1,4 (rasoBas ¢asza).

KapOenbl oueHb OBICTPO MPUCOCAUHSIOTCS MO JBOMHOM CBS3U
¢ o0pa3oBaHMEM LUKJIOMPONAHOBOIO IUKJIA!

CH,
I o — O\
R

CHR

[IpucoeguHeHne TPOUCXOAUT ropa3fgo ObICTpee, YeM BHeJpe-
Hue no C—H-cBs3u. Hanpumep, B cirydyae 3TUIIEHA CKOPOCTH MIPUCOE-
nuHenus U BHeApeHus :CH, otHocsTcs kak 1:0,044 (razoBas (aza).
Tpunnernsiii :CH, otpeiBaeTr H ot C—H-cBs3u:

RH + :CHy(T) - R* + CH;’
CuHrnetHele KapOEHbl MPUCOECAUHSIOTCS MO IBOWHOWM CBSI3U
crepeocnenuduuHo, TpurieTHple — HeT. CTpoeHue ojneduHa, ecre-
CTBEHHO, BIIMSET Ha CKOpPOCTh MpucoeauHeHus. Hike mpuBoasTcs

OTHOCUTEJNIbHBIE ckopocTu mpucoeanHenus :CCl, B TUMETOKCHUITaHe
pu 353 K 10 OTHOLIEHUIO K HUKIIOTEKCEHY
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(CH3)2C=C(CH3)C2H5 CH3 CH=C(C2H5)2 CH2=C(C2H5)CH2CH2CH3

23,2 3,13 2,30
_ mpaHc- _
uuC-C2H5CH CHC3H7 C2H5CH:CHC3H7 CH2 CH(CH2)4CH3
0’85 0,54 0,22

6.4. /Tuneiinvie Koppeaauuu 6 paouKaibHOU XUMUU

Jluneitnoe coomuoutenue c60000HbIX IHEPIUTL

B ¢usnueckoid opraHM4ecKOd XHMHH IIUPOKO HCIOJIB3YIOTCS
pa3HOOOpa3Hble JIMHEWHBbIE COOTHOIIEHUS, B YAaCTHOCTH JIMHEHHOE
COOTHOIIEHHUE CBOOOJHBIX SHEPTUi B ABYX MApPaJIEIbHBIX PEaKIIMOH-
HbIX cepusix. CBoOoHy0 3Hepruto ['m606ca 0Opa3zoBaHUsS MOJIEKYJIBI
RX M0XHO NMpeICTaBUTh KaK CyMMY:

G(RX) =Gy + Gy + Giys (6.1)

rae Ggr u Gx — cBOOOAHBIE 3HEprun PparMeHToB (paaukainoB) R u X,
a Grx — CcBOOOJIHAs HEPrusi B3aUMOJECHUCTBUS 3TUX JBYX (PparMeH-
TOB MOJIEKYJIbL. Ecnu xapakrtep B3aumonencteus R u X B Mmoliekylie

RX TakoB, uro G, = G, + Gy, TO I PEaKUHil IByX pEarcHToB Y

1 Y, ¢ psaoM Mosekyd R;X cripaBeyivBel CleayOIMe COOTHOIIEHHUS:
AAG, = a - AAG,
AAG! =a - AAG, (6.2)
AAG] =a-AAG;

IIpn nepexone k KOHCTaHTaM paBHOBecus Ki; U K, W KOHCTaHTaM
CKOPOCTH PEaKIMH ky; ¥ kp; OHHM MPHOOPETAIOT CIICIYIOIIUI BU;

Alg(K, /1 K,y)=a-Alg(K, /K,))
Alg(ky /hy )= -Alg(ky | k) (6.3)
Alg(ky /kyy ) =0 -Alg(K; /Ky )

Ecnu B paccmMarpuBaemMol peaKIIMOHHOW CEpUU MPEIIKCIOHCHIIHATb-
Hble MHOXUTENN onuHakoBel, To AAG = AAH u AAG= AE,
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TaK 9TO MOXHO HCIIOJIB30BATb B Ka4CCTBC IIapaMCTPOB CPABHCHUA
9HCPIrUI0 aKTUBALIMU U TCIUIOTY pCaKIHU.

Coomnowmenue Ilonanu — Cemenosa

M. DOBanc u M. llonsiHu nepBbIMUA CPaBHUJIM SHEPTUIO AKTHUBA-
MK 1 Ternory peakiun RX + Na — R* + NaX wu mokasanu, 4ro
JUI 3TUX PEAKLUM BBITIOJIHAETCS JJUHEMHOE COOTHOLICHHUE:

AE =—algq, (6.4)

riae £ 1 g, COOTBETCTBEHHO, — YHEPrus aKTHUBAllMM W TEIJIOTa peak-
nun. H. H. CemenoB npoanaau3upoBai pasHOOOpa3HbIe peakIuu pa-
JTAKAIBHOTO 3aMENICHUSI U BBIBEJ YCPEAHECHHOE MO MHOTUM JaHHBIM
COOTHOIIIEHHUE:

E/x]Jx/monb = 48 — 0,25-(g/x {/MoI1b) (6.5)

[lo3nHee ObUIO MOKAa3aHO, YTO Ka)Jash peakiMOHHasi Cepus xa-
paKTepU3yeTCs CBOMMHU MapamMeTpaMu B U 0. B YpaBHEHUH:

E=B+a-AH (6.6)

Hwxe npuBeneHsl KO3(PPUUUEHTH o0 U B ISl peakuuid pa3HbIX
aToMOB U paaukanoB ¢ C—H-cBsa3aMu ankaHoOB.

Pagukan H* Br’ HO® C.Hg CH30. C.Fg, C.Clg
o 0,38 0,86 0,25 0,52 0,59 0,66 094
B, xIx/mons 116 298 93 165 207 234 310

Juneiinvie koppenayuu no I'ammemy u Tagpmy

B ¢usndeckoit opraHnuecKol XUMUU MTUPOKO PACTIPOCTPaAHEHBI
JUHEWHbBIE KOPPEJSIIUU KOHCTAHT CKOPOCTU PEaKLMKH apOMaTUYECKUX
coenuHeHuid ¢ (yHkuuend ['amMera U anmudaTUdyecKux COEAUHEHUMN
c pyukuuen Tadra. Oyukius ['ammera npencraBisieT coOoil jora-
pu(dM OTHOIIEHUSI KOHCTAHT Kx MHUCCOLUMALNYU 3aMENIEHHBIX OEH30M-
HBIX KUCJIOT B BOJIE IIpU KOMHATHOM Temrieparype (298 K).

XCsHsCOOH + H,0 < C¢HsCO, + H;0"

Kx =Ky pu X=H, T.e. 1y He3aMeIlIEHHOW OE€H30MHON KHUCIIOTHI.
Oynkums 6 = 1g(Kx/Kp). KoppensunonHnas 3aBUCUMOCTb UMEET BUJL;
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Ig Ky =po (6.7)
ky

[Tockonbky —RTInKy = AGx, 10 InKy =-AGx/RT, 1gKx =—0,434AGx/RT
u o =—(0,23/RT)(AGx — AGy) = —(0,434/RT)AAGx, T. €. G €CTh BEJINYU-
Ha, MPOMOPIIMOHATIbHAS U3MEHEHUIO dHepruu ['nbbca KUCIOTHOM AKrCcCo-
AU OCH30MHOM KUCIIOTHI IIPH Tepexo/ie 0T 3aMelieHHoM (X) K He3a-
MeIICHHOM O€H30MHOM KucioTe. BemmumHe o =1 COOTBETCTBYeET

(mpu 298 K) AAG =-5,7 xk]J[K/MOJTb.
Pyuxyus Tagpma 6 npencrasiaseT coboil pasHOCTS Jorapud-
MOB OTHOIIECHHUS KOHCTAaHT CKOPOCTH IEJOYHOTO (kg) U KHUCIOTHOIO
(ka) Tumponn3a 3¢pupoB 3amenieHHbIX YKCycHbIX kucior XCH,COOR:

o = 1 Ig £ ~1lg ko (6.8)
2,48 Tk, “k,,

JIuneiinas xoppenauus no TapTy umeer BuUa:

k * *
le—X=po 6.9
gko p (6.9)

bosiee neranbHOE BIMSHUE 3aMECTUTENICH HA PEAKIMOHHYIO CIOCO0-
HOCTb PEAre€HTOB OTPAKAETCA MHOTOIIAPAMETPOBBIM JINHEWHBIM YpaB-
HeHueM Tadra:

k
X _ 0
lg—=p,0, +p0; +PE;, (6.10)
k,
rae o,, G% U Eg OTpaxkarOT UHAYKTUBHBIN, PE30OHAHCHBIN U CTEpUUE-

CKH 3 (hEeKThI 3aMECTUTEINIE COOTBETCTBEHHO.

Ilpumep 6.1. Pacuem 3nmanvnuil peakyuii
u coomuouwenue Ionanu — Cemenosa

BTopudHbIe EPOKCUIBHBIC pagyKaibl pearupyrT CO CTepHYe-
CKH-3aTpyJIHeHHbIMU (enonamu 2,6-CMes-4-X-CsH,OH (ArOH)
M0 PEAKIIUH:

RO; + HOAr — ROOH + ArO°
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[Ipounocts O—H-cBsi3u B deHOIE U KOHCTaHTa CKOPOCTH, B 3aBUCH-
MOCTH OT napa-3amectutens X npu 333 K B yrieBogopoIHOM pac-
TBOpE, COOTBETCTBEHHO, PaBHBL:

X H NO, Me;C Me Me;CO MeO
D, x/[)x/mons  346,4 358.,0 339,7 339,0 331,3 327,0
k107, 1,1 0,16 3,3 3,7 12,0 23,0
71/(MOJIB- C)
Pewenue

OHTaNbIUS PEAKIUU Ro; + HOAr paBHa Pa3sHOCTH JSHEPrUi

nuccoruanuu peymeiicas O—H-cBsa3u penona u odpasyromeiicas O—H-
CBSI3M THPOIICPOKCHIA:

AH = D(ArO-H) — 365,5 xJ[:x/M01b.

Pa3HOCTh HEpruil aKTUBALIMU PEAKIUAN Ro; ¢ X-3aMelIeHHbIM

u H-3amenieHHbIM (B napa-TIOJI0KEHUH) CTEPUUECKHU 3aTPYIHEHHBIM
(eHOJI0M paBHa:

E:RTlné U AE, :RTln@.
k k(X)
Koaddumuent a umem B Bune: a = AEx/AH(X) — AH(H) = AEx/AAHX.

X H NO, Me;C Me Me;CO MeO
—AH 19,1 7,5 25,8 26,5 34,2 38,5
AAHX 0,0 11,6 —6,7 -7,4 —15,1 -194
AFEx 0,0 5,3 -3,0 -3.4 —6,6 —-8.,4

a — 0,46 0,45 0,46 0,44 0,43

Cpennee 3nauenue a = 0,45 = 0,01.
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7. MAPABOJINYECKASI MOJEJIb
BUMOJIEKYJISIPHOU PAJIUKAJIBHON PEAKIINU

7.1. Mooenwv nepecekarouwuxcsa napaoon

PeaKHI/IH pPaaAuKaJIbHOI'O OTPbIBA TUIIA

RH+ X" —> R+ XH

paccMaTpHBaeTCs B MapabOJIMYECKON MOJIEIHN KaK MEePEeCKOK aToMa BO-
nopoaa u3 ucxoanoro (RH) B koneunoe (XH) nonoxkenuie B pe3ysbTaTe
NepeceueHrsl ABYX MOTEHIMAIbHBIX KpuBbIX (puc. 7.1). 3 Hux omna
OIMKCHIBAET MOTEHIIUAIBHYIO SHEPTUIO BAJIEHTHOIO KojiebaHust aroma H
B UcxoAHou Mmotekyne Ui(r), a apyras — B npoaykre peakuuu (ULr)),
rne U — noTeHIualibHast YHEPTus, a ¥, — aMIUIUTya KojieOaHus aTo-
MoB. Banentubie konmebanus aroma H B RH u XH paccmarpuBarotcs
KaK TapMOHUYECKHE U OINUCHIBAIOTCSA MMapaOOJUYECKUM 3aKOHOM:
U(r)""* = br. B MoMeHT AJIEMEHTAPHOr0 aKTA UCXOJHOE U KOHEYHOE CO-
CTOSIHHS aTakyemoro atoma H pazneneHsl pacCTOSHUEM 7.

U C,H.-H

r
Puc. 7.1. JluarpaMmma nepexoJHOTO COCTOSIHUSI PEAKIIUU OTPhIBA
aToMa BOJIOpPO/ia B KOOPAWHATAX aMIUIMTY/Ibl BaJIEHTHOTO KOJICOAHUS aTOMOB
PEaKIUOHHOTO LEHTpa (7)) ¥ MOTECHIIUATIBHOM YHEPTUHU
BaJIeHTHOTO KoJieOaHus (U) B paMkax mapadoIrdecKoil Moaesu

B Takoi MOIenu 3JeMEHTAPHBIM aKT OTphiBa aroMa H OT MoiieKyJibl
paguKaJIoM WM aTOMOM XapaKTEpHU3YIOT cleAyrolue (u3nuecKkue
IapaMeTPBl.
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1. DOHTanbnus peakuuu AH,, BKIIIOYaroas B ce0si pa3HUILy Hy-
JIEBBIX PHEPTUN PBYIEICSA U 00pa3yIOIICHUCS CBSI3U:

AH_ =D.—D, +0,5hL(v. - v,), (7.1)

rie D;u Dy — 3Heprus pByleics u oO0pa3yromeics cBsi3ei, v; U vy —
YacTOThl BaJCHTHBIX KojaeOaHUN 3THX CBs3ei, # m L — IIOCTOSTHHAS
[Inanka u ynucio ABoraiapo.

2. DHeprus aktuBaluu E,, KOTOpasi CBI3aHa C appPEHUYCOBCKOU
(ompenensieMoO SKCIEPUMEHTAIbLHO) JHEpPrued akTuBamuu £ cie-
JTYIOIIAM IPOCTHIM COOTHOIIICHUEM:

E, = E+0,5(hLv, — RT) (7.2)

3. Koaddunuentsl b; u by, KOTOpbIE OMUCHIBAIOT 3aBUCUMOCTD
NOTEHIMAbHOW SHEPTUH KOJIEOAHUSI aTOMOB BJOJIb BAJICHTHOW CBSI3U
st ucxogHot (R—H) m xoneunoit (X—H) cBsizu. IloTeHunanbHas
HEPIHs U aMIUIUTyJa KoJeOaHus CBs3aHbl MapabOoIuYecKol 3aBUCH-
MocTeio: Ui = b u Us = bfz(re — r)z. Bemnunna 2b° ecTh CUIoBas 1o-
CTOSIHHASI COOTBETCTBYIOMIEH cBsi3u, b = ntv(2p)"?, L — HpuBeneHHAs
Macca aTOMOB, 00Pa3yIOIIUX CBS3b.

4. PaccTosiHue 7., XapaKTEpHU3yIOIIEe CMEIIEHHE OTPHIBAEMOIO
aToma B JIEMEHTApHOM aKTe MPHU TAKOM PACCMOTPEHUMU.

B mnapabonuueckoil mMoaenu 3TH HapaMeTpbl CBA3aHbI APYT

C APYroM clIeIyomuM PpyHIaMeHTaIbHBIM COOTHOIIICHUEM:

br, =0 JE, —AH, +JE. , (7.3)

rne b = b;, T. €. OTHOCUTCS K aTaKyeMOU CBsI3U B MOJIEKyJe, a kKoapdu-
nueHT o = by/by. KoadduimeHt o npeacrapiser co00il KOpEeHb KBajl-
paTHBIE W3  OTHOIICHHWS CHWJIOBBIX  IOCTOSIHHBIX  pa3pbhIBacMOM
u oOpasyroreiics cBszeil. TepmoneiTpanbHas peakmus (AH, = 0)
npu br, = const MPOTEKAET C dHEPrueu axkTuBalmu E, KOTOpas orpe-
JIEJISIETCSl BCEro IBYMsI MapaMeTpaMu, & UMEHHO O U br, (WU 7, b; 1 by):

2 2
P L I LS (7.4)
1+a b. +b,

[TosTomy ypaBHeHUe (7.4) MOXKHO IPEICTaBUTH B CICAYIOIIEM BHJC,
UCKJIIOUMB TTapaMmeTp br.:
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(1+a)JE,, =a\JE, —AH, +[E, (7.5)

N3 ypaBuenus (7.5) BujieH (pU3NYECKUl (KUHETUYECKHI1) CMBICT Ma-
pameTtpa br.: OH IPsIMO MPONMOPLIMOHAIEH SHEPTUHU aKTUBALIMHU TEPMO-
HEWTpaJbHOM peakiuu B cTeneHu 1/2 npu r. = const. Ilepexonnoe
COCTOSIHHE B MapabOIMYECKON MOJIETU XapaKTEePU3yeTCsl PacCTOsHU-
eM ¥, KOTOPO€ CBS3aHO C APYTUMH IIaPaMETPAMH COOTHOLIEHHEM:

r_JE 1 (7.6)

r, br, 1+a(l-AH,/E))
IIpu AH, =0, T. e. I TEPMOHEUTPAILHON peakuuu, ¥ OyJeT Haxo-
JIUTHCSL CTPOTrO MOCPEAUHE 7 TOJBKO MpU O = 1, T. €. KOrga CHJIOBbIE
IIOCTOSIHHBIE UCXOAHOW U KOHEYHOU CBSA3€EU paBHBI.

[Tapabonnueckass MOJAENb SIBISETCS, MO CYIIECTBY, MOJEIbIO
SMIIUPUYECKOM, T. K. MapaMETP O BBIYUCISAETCS MO CHEKTPOCKOMAYE-
CKMM JaHHBIM (V; U V¢) U JIaHHBIM aTOMHOMN (Qu3uku (W; U Lif); Tapa-
MeTp br. (wm Ey) Bbruucisercs (ypaBHEHHE 7.3) MO 3KCIEPUMEH-
TaJIbHBIM 3HAYEHUSM DHEPrUY aKTUBALHUM WM YEpPEe3 KOHCTAHTY CKO-
poctu o popmyne Appenuyca (E =—RTIn(k/A)), tTne A — TUNUYHBIHI
JUI TAKUX PEAKLIUN MPEIIKCIIOHCHIIMAIbHBIA MHOYKHTENb, a DHTAJIb-
MUSI BBIUUCISIETCS 10 SKCIEPUMEHTAJIbHO HAWJCHHBIM 3HAYEHUSIM
SHEPTUU TUCCOIUAILINY CBA3CH.

Kak mnokazanum pacuerel, mnapamerp br.=const TOIJIBKO
JUISl CTPYKTYPHO TOAOOHBIX peakiui. Hampumep, nns peakuuu me-
POKCUIBHBIX pagukanoB ¢ C—H-cBA3AMHU ankuinapoMaTUYECKUX yIJIe-
BOZOPOOB (27 peakumuit) mapamerp br. = 14,74 + 0,21 (x [x/moms)"?
unn E = 66,32 + 0,94 x/[>x/Monb, T. €. IpU HAIMYUK MacCUBa JaH-
HBIX MMapaMmeTp br. OLIEHUBAETCS C IOCTATOYHO MAJIOW MOTPEIIHOCTHIO.

[Tapametrp br. MO3BONSET BBIUHUCIUTH SHEPTUI0 AKTUBALIMU
[0 BEJIMYMHE SHTAIBIUU PEAKUUU IS JT0O0W peakluuu, MpuHaiie-
Kalleh K TpyNIe peakuuii ¢ TaHHOU br.. DHEpPrusi akTUBAlUU BbIYKC-
asercs 1mo hopMmyie:

\/E7e2 brez 1-a l_l_az e
l-a (br,)

c

2

(7.7)

KOTOpasi Ipu oL = | NpUHUMAET MPOCTOU BU/I;
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JE. =br, + 22 (7.8)
2br,

7.2. Tpunnemnoe ommaiKkueanue

B nepexoIHOM COCTOSIHUM PEaKLMU PaIruKaIbHOIO OTPhIBA TUIIA
R*+HY > RH+Y"®

oOpasyercs nceBI0oCBs3b R-Y, BI0Ib KOTOPOM U MIPOUCXOIUT IMEPEHOC
aroma Bomopoja. IlockoibKy, cornmacHo nmpuHuuny [laymm, Tpu 3iek-
TPOHAa HE MOTYT Pa3MECTUTHCSI Ha OAHOW OpOMTAIIM, TO OJUH U3 TPEX
AJIEKTPOHOB, NMPUHUMAIOLINUX YYaCTUE B IEPECTPOMKE CBI3EU B Iepe-
XOJTHOM cocTosiHuu Y-+H:R, 3aHMMaeT HeCBS3bIBAIOLIYI0 OpOUTANb
R-Y. DHeprust akTuBanuy 3aBUCUT OT YHEPTUM 3TOW HECBS3BIBAOLIECH
opoutasii. B cBOIO ouepenb, SHEPrUsl HECBS3bIBAIOIICH OpOUTAIIN TEM
BBIIIIE, YeM IIpouHee CBA3b R—Y. [loaTomy 3HEprust akruBauuu T€pMo-
HelTpanbHO peakumu R + HY Tem Bbine, yem mpounee R—Y-CBsA3b.
Takas cutyanust B (pOpMHUPOBAHUU NEPEXOTHOIO COCTOSHUSA MOITYUYUIIA
Ha3BaHUE TPUILUIETHOTO OTTAJKUBAHUA. JTO BUJIHO U3 CPABHEHHS JIBYX
paJMKaIbHBIX PEAKLUHUA C CUMMETPUYHOM CTPYKTYPOU PEAKLIMOHHOIO
LIEHTPa, HO C Pa3HBIMU SHEPTUSMHU CBSI3U R—Y':

R*+R,H—RH+R’

R 0} +ROOH —> R ,O0H + RO

DHeprus aKTUBALMU 3TUX JBYX TEPMOHEUTPAJIbHBIX pPEaKIuid
CYIIECTBEHHO paznuyaercs: FEq =68 KJ/[K/MOIb I peakiuu

R*+ RH u 43 x/[)x/Moas — [ peakiuu R,0; +ROOH. DHeprus

cesizu C—C B stane (R u Rj-metun) D, =382 k/[x/moinb, a aHeprus
O—-O-cBs3u B Terpaokcuae ROOOOR wmana m cocTaBiseT BCEro
88 kJI>x/Momb. Pazuuity 3Hauenuit E.), a UMEHHO

AET =63 —43 =25 xJI>)x/mMoub,
CIeIyeT OTHECTH 3a CYET BBICOKOTO TPUIUIETHOTO OTTAJIKHWBAHMS
B IEPEXOAHOM COCTOSAHUH R---H---R ¥ HA3KOro TpUILIETHOrO OTTAJIKU-
BaHUs B nepexoaHom coctossau ROO---H---OOR.
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Taboauna 7.1
[TapaMeTphl, XapaKTEPU3YIOIIKE TPUILUICTHOS OTTAIKUBAHUE

R+ RH D«(Ri—R) bir.(onbIT)|  bire E AEt
CH;"+ RH 382,1 17,06 17,06 72,8 32,5
C,H:"+ RH 357,1 16,05 15,74 64,4 21,6
C;H-"+ RH 353,1 16,26 15,56 66,1 20,2
H,N*+ CH, 330,5 14,54 14,68 61,4 15,5

CH;0* + RH 284.5 13,33 13,53 54,8 6,8
RO; + ROOH 87,8 12,73 12,68 40,5 0,005

7.3. Cpoocmeo K I1eKmpoHy amomoe peaKyuoHHo20 ueHmpa

Eme onuH BaxkHbI (PakToOp, OT KOTOPOTO 3aBHCUT DHEPrUs aK-
TUBAILUM, — DJIEKTPOOTPHUIIATEIILHOCTh aTOMOB, (POPMUPYIOIINX pe-
AKIMOHHBIA LIEHTP MEPEXOAHOTO COCTOSIHUS. JTO HATJSAIHO BHUIHO
IpU CpPaBHEHHM MapamMeTpoB bire IJIsI peaKIUid aTOMOB BOJIOPOJIA
C TAJIOTEHOBOJIOPOJAMH. DTOT MapaMeTp 3aBUCUT HE TOIBKO OT SHEp-
TAU TPUIUIETHOTO OTTAIKUBAHUSA, MPONOPUUOHAIBHOU JHEPTUU IUC-
conpanuu H-X-cBsizu D.(H—X), HO U OT pa3HOCTH 3JIEKTPOOTPHIIA-
tenbHOCTEM atomMoB H m X. Ecnm ee xapakTepus3oBaTh pPa3HOCTHIO
Dga = D(HX) — 0,5[D.(H;) + D(X;)], TO s r. CHpaBeJIuBO Clle-
Ayrollee sMIupudeckoe ypasaenue a1 peakiuii H* ¢ HC1, HBr u HI:

72107 = 9,72\/§+9,67-103DT ~7,14-107° Dy, » (7.9)
Th

rAe rx U ry — paauycsl atomoB X U H; Dt — 3Heprus HecBsA3bIBAKO-
mei opoutanmu H—X-cBs3u. IlepBblii 4jieH 3TOro 3MIUPUYECKOTO
YPaBHEHUS OTPAXKAET BIMSIHUE HA DHEPIUIO aKTHUBALIMU paauyca aTo-
Ma X U DHEPruu OTTAIKUBAaHUSA AER BHENIHUX 3JEKTPOHHBIX 000JI0-
YeK, BTOPOM YJIEH YUUTHIBAET BKJIAJ TPUILUIETHOTO OTTAJIIKMBaHUs AET,
a TOCJEIHUM — BKJAJ 3JeKTpooTpuuareapbHoctd atoMoB H u X
AFEg,. Huke npuBefeHbl BKIAAbI KQXI0TO M3 3THX (PAKTOPOB B dHEP-
rut0  aktuBau  Ey (kJ[>K/MOJIb) TepMOHEHTpalbHOW peakiuu
Y'+HX > YH + X"

HX H, HF HCI HBr HI
Eq 58,2 54,3 39,6 494 57,5
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AE, 447 70,6 648 614 574
AE; 13,5 180 25 1,8 1,2
AE., 00 -343 -138 -138 -1,

Kak BHAHO, 3JEKTPOOTPHUIIATEILHOCTh ATOMOB BHOCHUT JIOCTAaTOYHO
OOJIBIIION BKJIAJ B DHEPIUI0 aKTHUBAIMHU (CHIIKACT €€) B ClIydae peakx-
un H* + HI u H® ¢ HC1 u 3ameTnsIii Bkiiag B peakuuo H® ¢ HBr.

7.4. Bausanue coceonux m-ceaszeil

Hanuuue m-cBsizeil B O-MOJIOKEHUM OCIa0JIseT COOTBETCTBYIO-
uryto C—X-cBsa3p B coeaqudHenun tuna RCH=CH-X B cuiy Toro, 4to
B pagukanie RCH=C'H npoucxoauT B3aMMOIEHCTBHEC HECIIAPCHHOIO
AJIEKTPOHA C T-3JIEKTPOHAMU JBOMHOW CBSA3W M TakKas CTaOWUIM3aIus
CBOOOJHOW BaJIEGHTHOCTU CHUKAET YHEPTHI0 T'OMOJUTHYECKOrO pas-
pbiBa C—H-cBs3u. CpaBHEHUE DHEPrui aKTUBALMUA TEPMOHEUTPAIb-
HBIX pEaklHil OTphIBa aToOMa BOJOPOJAA OT anudaTUYEeCKUX U Hempe-
JEIbHBIX COCIMHEHUN MOKA3bIBAET, UTO T-3JIEKTPOHBI MO COCEICTBY
C PEaKIIMOHHBIM LIEHTPOM, HA000OPOT, HE YMEHBIIIAIOT, & YBEIIMUYUBAIOT
DHEPIrUI0 aKTUBALMU NpU SHTAIBNUUA AH, = 0. DTO BUIHO U3 CpaBHE-
Hus Eqy (kx/Moib) peakiuii oTpbiBa atoma Bojgopoja ot C—H-cBs3u
Pa3IMYHBIMU PAIUKAJIAMU:

Pagukan H* C'H, (CH,),CO* RO;
YIJIEBOJIOPO/T 57,9 74,0 55,2 58,1
onehuH 67,0 88,9 64,1 71,5
aNKUIApPOMATHICCKUN 64.9 $2.0 61.9 65.1
YTIIEBO0OPOT

W3 npuBeAEHHBIX JaHHBIX BUIHO, YTO JJISI BCEX PAJIUKATIOB aTaka
Ha C—H-cBsi3p B O-TIOJIOKEHUM K JBOMHOM CBSI3M U apOMATUYECKOMY
KOJIBILy MTPOUCXOJUT C 00JIee BBICOKUM TEPMOHEUTPAIbHBIM aKTHBAIIH-
OHHBIM OapbepoM, ueM Ha anuparnyeckyto C—H-cBs3b. OOBSCHUTD ATY
3aKOHOMEPHOCTh MOXKHO clieyromum oopazom. [Ipu paspeise o—C—H-
CBSI3U B OJIE(PUHE MPOUCXOIUT CMEIIEHUE AICKTPOHHOU IIOTHOCTHU TT-
CBSI3U K aTOMY YTJIEpOa, KOTOPBIM IMoABepraercs arake. boiee BbICO-
Kas (1o cpaBHeHHIO ¢ HaOmrojaemoi B anmudatuueckoir C—H-cBsizm)
AJIEKTPOHHAs IUIOTHOCTH Ha 3TOM aroMe C NOpUBOAMT K JOMOJIHHU-
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TEIHLHOMY OTTAJIKUBAHUIO, YBEJIMUEHUIO PACCTOSHUS 7 Y TIOBBIIICHUIO
aKTUBALIMOHHOTO Oapbepa. M3 cpaBHeHuss FE anudarnyeckux
Y 0J1e()MHOBBIX COEMHEHUN CIEAYET, YTO BKJIAJ TT-3JIEKTPOHOB B aKTH-
BallMOHHBIN Oapbep coctasisier 11,6 +2,6 x/lxx/mMonb. B ciyuae anku-
JApOMaTUYECKUX COEJIMHEHUHA OH HECKOJbKO MEHbBIIEe, a HMEHHO
7,2 £ 0,5 KIX/MOJIb.

7.5. Cmepuueckuii haxmop

B peakiusx paauKaabHOIO OTPBIBA C YYACTHEM Pa3HBIX aTOMOB
CYIIIECTBEHHOE 3HAUECHHE MMEET, KaK OKa3aJoCh, paauyc atoMa. B pe-
akiun tima H' + X, — HX + X® paccrosinue 7., Ha KOTOPOE MIPOUCXO-
IUT CMEIIECHHE aTOMa, 3aBHCHT OT paanyca atoMa. Huke mpuBeaeHbI
COOTBETCTBYIOIINE JaHHBIE:

X H, Cl, Br,

E;, xJ[»x/Monb 58,2 9,1 11,9
Eo, x]I/MOTB 58,2 66,7 65,7
reir 101, M 3,69 4,65 5,28
re 10 M 3,67 9,91 11,38

Kak BugHO, yeM OoJjbllie paadyc atomMa X, TeM OoJibIlle pac-
CTOSIHHE 7., HA KOTOPOE MPOUCXOJUT CMEIICHUE aTOMa X B MEPEXO/I-
HOM COCTOSIHMH. B3aumocBs3b 7 u rx 1t peakiuu H' ¢ H,, Cl, u Br,
OIIUCBHIBAETCS IMIIMPUUECKUM YPABHEHUEM:

2,6

7. =3,6941+0,0065| X —1| 110" (7.10)

Ty

Eciu peakiMoHHBIM LEHTP SKPAaHUPOBAH IPyIIaMH, MELIAr0-
IIUMU COJIDKEHUIO aTOMOB, OOpasyIoIMX NEPEXOJHOE COCTOSHHUE,
nosiBisgeTcs crepudeckuit 23gpdext. OH, eCTECTBEHHO, OBBIIIACT YHEP-
TUI0 aKTUBallUM peakiuu. BiMsHHEe CTepUYECKUX MNPEnsSATCTBUN
Ha SHEPTrUl0 aKTUBAIMU PEAKIMU OTPhIBA MOXHO IMPOCIEAUTH, CPaB-
HUBas by, U PACCUUTAHHBIE HA €r0 OCHOBE FEgy JJISI peaKlMil OTpbIBA
aroma Bojopoja ot merana pagukanamu NH,, “NHCH; u (CH;),N".
Jleno B TOM, 4YTO aMHUHBI UMEIOT MUPAMUIAIBHYIO CTPYKTYpY, U TO-
ATOMY 3aM€Ha BOJOPOJAa Ha aJKUJIbHYIO TPYINIy JAOJKHA CO3/1aBaTh
JOTIOJIHUTEJIbHOE OTTaJIKUBAHUE, T. €. YBEJIMUYUBATH MapaMeTp bjr..
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Tabauna 7.2

Bkiazg crepudeckoro (paktopa B 3HEPTUr0 akTuBaunu (K>k/M0IIb)
peaKIuu aMUHWIbHBIX PAJUKAJIOB C METAHOM

R E AH.; bire E AE,
*NH, 59,3 4,5 14,62 | 60,9 0,0
CH;N°H 89,4 17,4 | 16,87 | 81,0 20,1
(CH;),N* 113,3 | 53,0 | 17,43 | 85,5 25,6

7.6. Ilonapuutit hakmop

B peakuusx moisipHbIX YacTUIl IPOSIBISETCS ele oauH dPheKT
— B3aUMO/ICUCTBUE MOJSPHBIX TPYIIT B IEPEXOAHOM COCTOSHUU. ITO
B3aUMOJICHCTBUE BKIIIOYAET UHIYKTUBHBIN 3 (EKT, KOTOPHIN nepeaa-
€TCS MO0 G-CBS3SIM, MeE30MepHbId 3(Q(EeKT, KOTOpbIM mepeaaeTcs
o T-CBA3sIM, M dPGEKT MoJis, KOrjaa MOJspHbIE TPYIIbl B3aUMOICH-
CTBYIOT 4epe3 mpocTpaHcTBo. llapabonuueckass mMoneib TO3BOJISET
OLICHUTH BKJIAJ] MOJSPHOTO B3aUMOJICUCTBUS B SHEPIUI0 aKTUBAIUU
NyTEM CPAaBHEHUS HPHEPIUM AKTUBALWU, PACCUUTAHHOM ISl pEaKLHH
paJvKaia Uiu aToMa ¢ HENOJAPHBIM COCIMHEHUEM, C SHEPIUEil aKTu-
BaIlMM TaKOM e PeaKkiMK C Y4aCTUEM MOJIAPHBIX YaCTHII.

VYpaBuenue (7.3) MO3BOJSET BBIUUCIMTL DHEPIHI0 aKTUBAIIUM
peakiuu aroma xJjopa uiau 6poma ¢ C—H- cBs3pio yrieBogopona
C TAKOW € DHEPrueu NUCCOUUALNH, YTO U B MOJSAPHOM COEIUHEHHH.
CornocraBiienre pacyeTHOU (0e3 yuera nojasspHoro 3g¢hexra) u sKcre-
PUMEHTAIBHON SHEPruil aKTUBALUM IO3BOJISIET OLIEHUTH BKJIAM IO-
JSIPHOTO B3aMMOJICVCTBUS B SHEPTUIO aKTUBAIMU. Pe3ynbTaThl Takoro
COTIOCTABJICHHUS NMPUBEICHBI B Ta0JI. 7.3.

Tabnuua 7.3
Bkiag nonsspaoro dakropa (AE,, k/I>x/MOJIb) B DQHEPIUIO aKTUBALUH
Peaxuus E(pacuer) | E.(omeIT) | AE,
CI’ + HCF; —> HCl1 + °CF; 37,3 50,8 | +13,5
CI’+ HCCl;— HCI + *CCl; 17,8 299 | +12.2
Br* + HCF;—HBr + °CF; 101,4 109,0 | +7,6
Br* + CH;OH — HBr + *CH,OH 58,5 47,1 —-11,4

88



MB&I BUUM, 4TO TIEpBBIE TPU PEAKIIUU MPOTEKAOT ¢ O0Jee BbI-
COKOM DHEpPruey axKTHUBAlMM, YeM C YTJIEBOAOPOJAMU C TaKOM XKe
npoyHOCThI0 C—H-cBsizn. JlOMONMHUTENBHOE OTTAIKWUBAHUE YaCTHIL
B [IEPEXOJTHOM COCTOSIHMM BbI3BAHO, OYEBHMJIHO, WHIAYKTHUBHBIM 3(-
dextom mossipabix cBsizet C—F u C-Cl. B cnydae peakunu Opoma
C METaHOJIOM Halto1aeTcst 00paTHBINA YPDHEKT: TUIPOKCUIIbHAS TPYTI-
na B CHJIy MHIYKTUBHOTO U Me30MEPHOro 3¢ (exra CHUKAET aKTHBa-
IIUOHHBIN Oapbep.

7.7. Mynomuounonivnoe e3aumooeiicmeue

Eme oauH 3¢exT, KOTOpbIld MOTyYUsd HAa3BAHUE MYIbMUOU-
HOJIbHO20 83AUMOO0elCmEUs, TPOSIBISIETCS B pEAKIUAX MOJUPYHK-
IAOHAJIBHBIX COCAWHEHUH. 3aKIIF0YaeTCsl OH B TOM, YTO MOJSPHBINA
dbparMeHT pearupyeT ¢ MOJSPHBIM paJuKajioM MO-pa3HOMY B 3aBHU-
CUMOCTH OT TOTO, €CTh B MOJIEKYJIC€ NApPYrue€ TMOJSPHBIC TPYIIIbI
W1 uX HeT. Hampumep, NEPOKCWIBHBIN paauKal IeKcajJeKaHa pea-
rupyer co cuptoBor rpynmnord CH,OH B omHoatromMHOM cnupre
c k=32 n/(monb-c) (403 K), a ¢ Takoii ke rpynIoi B TUITUIICHTIIU-
Kosie ¢ k=15 n/(Monb-c), T. €. B 2 pa3a MeIJICHHEE, U B TPEXaTOM-
Hom crupte CH;CH,C(CH,0OH); £ =180 n/(Monb ¢), T. €. B 6 pa3
oosibiie. KyMUmepoKCUIbHBIN pagukal pearupyeTr ¢ oaHuM ¢par-
MeHTOM cioxHoro 3¢dupa (CH;),,C(CH,OCOCH,CH;), (404 K,
0-IUXJIOPOEH30I1) MO-Pa3HOMY — B 3aBUCHMOCTHU OT YHCJIA N CIOXK-
HOA3(PUPHBIX TPYII B MOJIEKYJIE:

n 1 2 3 4
kg, 71/(MOJIB C) 5 1,5 2,1 3.5
AAG”, x]JIk/MOIIb 0 +4.0 +2,9 +1,2

B mocnenHeit ctpouke uepe3 OTHOUICHME k,/k; BbIUMCIIEHA Ta JIOJs
sHeprun aktuBauuu 1'ub6ca AAG” = —RTIn(k,/k,), koTopas 00yCIIOB-
JICHA HAJTMYUEM HECKOJIBKUX JUTOJIEW B PEarupyroIIe MOJIEKYJIE.
MynbTununosnbHbii 3G@GEKT CBA3aH €O CICAYIOMUM O00CTOS-
TEIbCTBOM. B monudyHKIMOHAIBHON MOJEKYJE€ TOJSPHBIC TPYIIIHI,
HACKOJIBKO MO3BOJISIET CTPYKTYpa, OPUEHTUPOBAHBI TaK, 4YTOOBI 0OecTe-
YMBaJIaCh MUHUMAJIbHASL SHEPIUs UX B3aUMOIEHUCTBHS KaK COBOKYITHO-
ctu aunoiiei. Ilpy atake Ha Takyr MOJIEKYJy IOJIIPHOIO pajauKaia
BO3HHMKAET HOBBIM JUIIONIb B BUJAE MOJSIPHOIO PEAKIIMOHHOTO LIEHTPA,
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KOTOPBII M B3aUMOJICMCTBYET C JAPYTMMH T'PYIIIAMU-IUATIONSIMH.
Kak mpaBuino, 3TO MEHSAET JHEPIUI0 CUCTEMbI, W B3aAUMOJICHCTBUE
TPYIIIIBI JUIIOJIEM BHOCUT MOJIOKUTEIIBHBIN I OTPULATEIbHBIA BKJIA]T
B DHEPrui0 akTuBaluu ['md0ca. ITOT BKJIAJ COCTOUT U3 TEMIIEPATypPHO
HE3aBHCUMOM M 3aBUCHUMOM JacTel, MEHsS Kak F, Tak U A.

Ilpumep 7.1. Botuucnenue napamempa br,

Boruuciaute napamerp br. U1 CEpur peakiui
Me;CO* + RH — Me;COH + R°,

rie RH — ankunapomaruueckuii yrieBogopon. HeoOxoaumeie
JUISL pacdeTa mapaMmeTpbl UMEIOT CIASAYIONME 3HAUCHUS:
o =0,796, 0,5hn,L = 17,4 xJIx/M0Nb,
0,5hnl = 21,7 xJI>x/M07ab,
NpeIdKCIIOHEHIMANBHBIH hakTop Acy = 1-10° n/(Monb-c),
Doy =439,7 xJ>x/MOIb.
Benuuuna Dy v k (333 K) uMeroT clieayronme 3HaueHus:

RH PhCH; PhCH,Me PhCHMe, Ph,CH, Terpamun
Dron, 375.,0 364,1 354.7 356,8 345,6
kJ[>x/MOTB
5
k107, 8,3 36,0 19,0 30,0 150
71/(MOJIb-C)
Pewenue

DHTaNIBINIO 3TOH peakiuu AH, Beraucisem 1o dopmyie (7.1):

AHC = DR-H — DO-H + (O,Sthl — O,Sthf) =
= Dry—439,7+ (17,4 —21,7) = Dp.yy — 444 xJI>x/MO1b,

SHEPTHI0 aKTUBaLUMK £, — 1o GpopmyIe:
E.=RTIn(nc.yAd/k) + 17,4 —0,5RT = 0,333RIn(ncnAd/k) + 16,0,
a mapamertp br, BerUucIisieM 1o Gopmyiie:
br.=0,796(E, — AH,)"* + E,'”.

Huxe npuseneHsl pe3ysibTaThl pacyeTa.
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RH PhCH; PhCH,Me PhCHMe, Ph,CH, Terpamun

—AH, 69,0 79,9 89,3 87,2 98,4

ne 3 2 1 2 4
E., kJ[>x/MOIb 32,3 27,1 27,0 27,6 25,1
bre, (xx/Monb)> 13,69 13,44 13,78 13,78 13,86

Cpennee 3nauenne br.= 13,71 0,15 (x[x/monb)"?, SHEprus aKTH-
Banuu Eq = (13,71/1,796)* = 58,3 + 1,2 kJ[>/MOIIb.

Ilpumep 7.2. Boruucnenue snepecuu axmueayuu

BeruuciuTh 3HEpruM akTUBAIMM PEAKIUU RO; + RH —

ROOH + R; (RO — BTOpPMYHBIA aNKWINEPOKCUIbHBIA DPaavKa)

JUIS aJIKWJIapOMaTUUYECKUX YTIeBoAOpoAoB u3 3amaun 7.1. Ilapamer-
pbl, HEOOXOAUMBIE JI pacyeTa, paBHBIL:

o= 0,814, br. = 14,74 (xlx/Mos)"?, 0,5hL(v; — v¢) =
= —3,8 xJI:x/monb, D(ROO-H) = 365,5 x/[>x/M07b.

Pewenue

Onranenus  peakunu AH, = Dpy — Droon+ 0,54L(vi —vg) =
= Drg—365,5-3,8 = Dr g —369,3. DHepruro aktuBanuu E, BBIYUC-

JseM 1o dbopmye (7.7), a E HaXOUM Kak
E.—17,4+0,5RT=E.— 16,0 xJIx/monb (333 K).
RH PhCHj; PhCH,Me PhCHMe, Ph,CH, Terpanun
Dr.y, 375,0 364,1 354,7 356,8 345,6
kJI>kK/MOJIb
~AH,, 5,7 ) 14,6 12,5 23,7
kJ[>x/MOJTB
E, xJI>x/Momb 49,7 44,6 41,9 41,6 41,2

91



8. PEAKIIMUA PA/IMKAJIBHOT' O ITPUCOEAUHEHUSA

8.1. Iumanvnusa u IHMponu
Peaxkyuii paouKaibHo20 RPUCOCOUHEHUA

Peakuuu npucoenMHEHUsT pauKalioB K HENPEAEIbHbIM COEIU-
HEHUSIM JIe)KaT B OCHOBE COBPEMEHHOW TEXHOJIOTHUH IMOJIYyYEHHS IO-
JUMEPOB, COMOJIMMEPOB W OJIMTOMEPOB. OTH PEaKIMU NPOTEKAIOT
IIPU KPEKUHTE YTJIEBOJIOPOIOB, TAJIOMIUPOBAHUN OJIEPUHOB, OKHUCIIE-
HUW HEMpPeACNbHBIX coeUHeHUN. OHU MTUPOKO UCTIOIB3YIOTCS B CHH-
T€3€ JICKAPCTBEHHBIX MpenapaToB. Peaknuu MpucOEAUHEHUS aTOMOB
BOJIOPOJIa U TUAPOKCUIIBHBIX COEIMHEHHUN K HEIpeaelbHbIM U apoMa-
TUYECKUM COCIMHEHUSIM COMPOBOXKIAIOT (DPOTONU3 M PaaUONIN3 Opra-
HUYECKUX MaTePHUaIoB U OUOJIOTUYECKUX OOBEKTOB.

B peakiuu pagukaibHOTO NPUCOCIUHEHUS TUTIA

X* + CH=CHY — XCH,C'HY

pBercs aBoiiHas C=C-cBs3b u obOpasyercs cBsi3zb C—X. Kak npasuiio,
oOpa3yromascs o-CBs3b npouyHee pByieics n—C—C-cBS3U, U MO3TO-
My peakius TPUCOCAUHEHUS SK30TEPMUYHA. IDTO YETKO BHJIHO

13 CPaBHEHUS DHTAJIbNUU peakuuu AH v mpoYHOCTH oOpa3yrolieics
cBs3u D(Et—X) B Ta6u. 8.1.

Tabmuna 8.1
OHTanbnus, 3HTponus 1 3Heprusa ['n6oca
HPUCOCANHEHHS aTOMOB U PaguKanoB X K dTHICHY

X* —AH, xJx/moms | —AS, JIxx/(Moab-K) | —AGog, K[K/MOJIB
H* 150 84 125
CI’ 82 88 56
C*H, 100 122 64
Me,C'H 92 134 52
PhC’H, 63 122 27
N°H, 81 109 49
HO® 122 100 93
CH;0° 82 118 46
HO, 63 134 23
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Jlpyroit BakHbI (paKTOp, BIUAIONIUNA HA DHTAIBIUIO PEAKIIUU,
— aHeprus crabuimsanuu obpasyromerocs paaukaia XCH,C'H,Y:
yeM OOJIbIIe 3Ta SHEPrusi, TeM OOJIblle TEeIIOTa MPUCOETUHEHUS pa-
aukana X' K ojeduHy. DHEPIru0 CTaOMIN3AMA MOKHO OXapaKTepH-
30BaTh, HAIIPUMED, pasHulel mpoyHocTH cBsizeld C—H B coennHeHus X
Pr-H u EtYHC-H. Hwxke npuBeneHbl JaHHBIE, XapaKTEpU3YIOIIHE
BKJIan dHepruu cradbmnusanuu paaukana CH;CH,C'H,Y, xotopsrii
oOpa3zyetrcsi B pe3ysbTaTe MNPUCOCAUHEHUS METWUJIIBHOIO pajuKalia
k moHOMepy CH,=CHY, B 3HTanbnuto 3TOM peakuum.

Y H C(O)OMe (I CN Ph
Dy, — Dgivac®-n, 0,0 23,2 24,1 33,6 579
kJ[>k/MOJIb

—AH, xJ{>x/M0J1b 95,8 102,0 104,3 129,7 1430

Buano, 4dro, yem Oojbllie SHEpPrus CcTaOWIM3aluy pajaudkania, TeM
MEHBIIIE YHTAIBIHS PEAKIIUH.

Bce peakuuu npucoeuHEHHs] NIPOTEKAIOT C YMEHBIIIEHUEM SH-
TPONUHU, T.K. NPOUCXOAUT COECAUMHEHHE [JBYX YACTUI B OJHY
(cm. Tabu. 8.1). B cumy 3TOro mjis peakuuii mpuCcOeAUMHEHUSI SHEPTUs
['u66ca |AG| < |AH|, n Tipu 1OCTATOYHO BBICOKOM TeMIIepaType IK30-
TepMUUYECKasi peakiusi TMPUCOCIUHECHUS SBIISIETCS  OOpaTUMOM,
T. K. AG = AH — TAS.

8.2. Imnupuueckue KoppeaauuoHHvle ypasHeHus

Ouepausa akmusayuu u menioma peakyuu. Jlunennas 3aeucu-
MOCmMb MEXAY U3MEHEHUEM JHEpPruM akTUBaUuu AE peakuuu MpHu-
COCMHEHUS MOHOMEpa K MaKpOpaJHKadly W H3MEHEHHEM TEIUIOThI

peakunu Ag Tuna
AE =—-0'Ag (8.1)

Obl1a mocTyiaupoBaHa M. DIBaHCOM M Halllla SKCIEPUMEHTAIBHOE
noareepxkaeHue. Iloznnee H. H. CemeHOB monarBepaua 3Ty 3aBUCH-
MOCTbB JIJIg O0Jiee MUPOKOTro Kpyra peakiuil npucoeauHenus. OqHako
Jaxke 151 y3KOM CEpUu peakiui, HalpuMep NPUCOCAUHEHHUS METUIIb-
Horo panukana k CH,=CHY, 3To Bcero Jniib TeHACHIHUS.
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Q-e-cxema Angpes u Ilpaiica. B 31011 cxeme ydTeHbI JiBa (aK-
TOpa, @ UMEHHO SHEPrusl CTaOMIM3alNKU O0pa3yIolIerocss B peakinu
paauKaga ¥ B3aMMOJICMCTBUE MOJSIPHBIX TPYIN pajgukaia U MOHOMeE-
pa. OHa ObUIa co37aHa HA OCHOBE aHAJIN3a SMIUPUYECKUX KOHCTAHT
CKOPOCTH PEAKIUN COMOJMMEPU3ALMNKN U HCHOJb30BaHA ISl UX CHC-
TeMmartu3anu. KoHCTaHTa CKOPOCTH peakiu pajaukaia A ¢ MOHOMe-
poM B B 3T0Ol cxeme OblIa MOCTYJIMPOBaHa B CJICAYIOIIEM BUJIE:

kyg = P\Oy exp(—e,e;) , (8.2)
re MHOXUTENN Pa U (O OTPaXKAIOT PEAKIIMOHHYIO CIIOCOOHOCTH pa-
JMKaia 1 MOHOMEpa, COOTBETCTBEHHO, & €5 U eg — 3apsiibl HA paau-
kaie A u monekyne B. Ilapamerper Qx, Op, €s U ep BBIUUCISINCH
U3 COOTBETCTBYIOIIUX KOHCTAHT CKOPOCTH comnojiuMmepuszanuu. Cre-
OYIOIAE TPHU MPEIOIO0KEHHUS, MOJ0KEHHBIE B OCHOBY 3TOM CXEMBI,
BBI3BIBAJIM KPUTHKY, @ UMEHHO:

a) MPEIOJIOKEHUE O PABEHCTBE 3apsiIOB Ha MOJIEKYJIE U PaJUKAIIE;

0) MPEeNOoNI0KEHHE O TOCTOSHCTBE 3apsA/ioB (HE YUYHUTHIBAIOCH
SIBJICHUE TIOJISIPU3ALIUU B TIEPEXOTHOM COCTOSTHUN);

B) HE3aBUCUMOCTh KOHCTAaHT CKOPOCTH  COIOJIMMEPHU3ALNU
OT IURJIEKTPUUECKON MTPOHUIIAEMOCTH CPEBI.

OTa cxema IMO3BOJIWIA CHCTEMATU3UPOBAaTh OOJIBIION SKCIIEPH-
MEHTaJIbHBI MaTepuai Mo paJuKaIbHON COMOJUMEPHU3AIUUA Pa3JINy-
HBIX MOHOMEPOB U JIaTh MPUOJIMKEHHBIM TPOTHO3 KOHCTAHT CKOPOCTH
COMOJIMMEPU3ALIUA MOHOMEPOB.

o—f-cxema Bamghopoa u /ocenkunca. B 3TON cxeme peakiiu-
OHHas CIOCOOHOCTh pajukaia (1) u MoHoMepa (2) xapakTepuszyeTcs
TpeMs MapaMeTpaMH, a UMEHHO KOHCTaHTOW CKOPOCTH MaKpopaJuKa-

na (R, ) ¢ toxyonom (kr)
R® + PhCH, —> R H+PhCH:,

npou3BeneHUEM Kod(ppuuueHTa o, Ha KOHCTaHTy o [‘ammera, 4To
OTpa)kaeT PoJib MOJISPHOTO B3aUMOAECHCTBHS, U KOIPPULHUEHTOM [,
KOTOPBII OTpa)KaeT pa3indre B pEaKIMOHHOW CLIOCOOHOCTH pajuKaia

R, 1o oTHOWIEHHMIO K MOHOMEPY M, 1 Tosyosy. Koncranra ckopoctu

k11 peakuuu nNprucoeIMHEeHUS R; K MOHOMEPY M, B 3TON CXE€ME UMEET
(1 (5310% 01100715 8:7% 01 &
Ink,=Ink. +a,0,+p, (8.3)
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Koaddurmentsl 6; u 31 onpeaenasaiuch SMIOUPUUYSCKH 10 3aBUCHMO-
ctu In(ky1/kt) OT G, KOHCTaHTa CKOPOCTU At OMpeesaach IKCIECpHU-
MeHTtanbHO 1ipu 333 K. [Tapamerpsr Q u e cxembl Andpes u Ilpaiica,
C OJIHOW CTOPOHBI, U MapaMeTPhl O U 3, C APYroil, COOTHOCATCS IPYT
C APYTOM CIICIYIOIIUM 00pa3oM:

—e (¢ —¢)=0,(0, —0,)
InQ -InQ, =, -B,
K—P napamempor Hmo — Mayyovl. DHeprusi akTUBAaLlUU pEaK-
MU TPUCOCIMHEHHUS B 3TOM CXEME pacCMAaTPUBAETCS COCTOSLIEH
U3 JIBYX claraeMbix: u3 E;, nponopiuoHaibHOM 3Hepruu ['u66ca 06-
patumoro mnpucoeanHenus TumibHOro pagukana XCsHsS® k MoHOMe-
py (E, ~1gK, rne K — koncranra paBaoBecus: PhS®+ CH,=CHY <
PhSCH,CHY), u E,, oTpaxaroieii BKJIaj HOJISIPHOTO B3aUMOICHCT-
BUSI paJIMKaja 1 MOHOMEpA B MEPEXOAHOM COCTOSIHMU. Bkiaa sHnepruu

['n60ca B »HEPruI0 aKTUBALUMU OMNpenenseTcs Ko3Pp(QUINEeHTOM Ox B
JUHEWHOW 3aBHCUMOCTH KOHCTAHTBI CKOPOCTH ky HPUCOEAUHEHUS
XCe¢H,4S® k monomepy CH,=CHY:

Algk =a,AlgK (8.5)

(8.4)

Koaddunuent oy 3aBucut ot 3amecturesisi Y B MOHOMEpPE, U dTa 3a-
BUCHMOCTh ObllIa MCTOJIb30BaHA JIJIsI XapaKTEPUCTUKU BKJIAJa MOJSp-
HOTO B3aMMO/JICVCTBUSA B SHEPTUI0 aKTHUBALIUH, KOTOPBIN XapaKTepHU30-
BAJICS UHKPEMEHTOM P:

P=a,+2(0, —a (8.6)

CTHPOI )

[Tapamertpsl K u P cBsa3anbl ¢ mapamerpamu Q u e Andpes u I[lpaiica
MPOCTHIMUA COOTHOILICHUSIMH:

lg0=0,49K -0,93; e¢=0,91P+0,95 (8.7)

Bce detbipe yNOMSIHYThIE CXEMBI MPEICTaBISAIOT cOOOM, MO Cy-
IIECTBY, pa3HbIC BapUAHThl AMIIMPUYECKUX JIMHEUHBIX KOPPEISAIHUOH-
HBIX YPaBHEHUM, B KOTOPBIX KOHCTAHTBI CKOPOCTH MPOJOKEHHUS LIETIH
B PaJUKAJIbHOW MOJMMEPHU3ALUN COMOCTABISIOTCS C TEPMOJUHAMUYE-
cKol (Teruiora, (yHKUUA G, dHEprus ['moOca paBHOBECHOI PEAKIIVH)
1 KMHETHYECKOMN (JTorapudM KOHCTAaHThI CKOPOCTH PEIEepPHOM M pac-
CMaTpUBAEMON PEaKIM1) XapaKTePUCTUKAMU PEAKIIUU TTPUCOETUHEHUS.
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8.3. Keaumoeo-xumuuecxuepacuembl JHéepcuu akmuesauuu

Peakuuyu npuUCOEIMHEHUS WHTEHCHUBHO HW3Y4YalOTCSl KBAHTOBO-
XUMHAYECKUMU MeToAamu. Pe3ynbTaThel pacuera (Ipexae BCEro Hep-
IUsl aKTUBAILMK) CWJIBHO 3aBUCAT OT BBIOpAHHON Mporpammel. XOpo-
IIee COrIache ¢ 3KCIEPUMEHTOM IOIYUY€HO B paboTe, Tae il pacueTa
peakIuy MPUCOSTUHEHUS] METUJIBLHOTO pajiuKajia K dTUJIEHY aBTOPHI
BbIOpasn porpammy QCISD(T).

[Ipu cOnmxeHnn aTOMOB U 00pa30BaHUU MEPEXOIHOIO COCTOS-
HUA CYIIECTBEHHO M3MEHSIOTCS BAJICHTHBIEC YIJIbl CBA3ed y aTtoma C,
K KOTOPOMY TPOMCXOAUT NPUCOEAMHEHHWE aToMa WM paJuKaia.
Ha puc. 8.1 noka3zana xoH(urypamusi aToMOB MEPEXOJAHOTO COCTOSI-
HUS B PEaKIUU MPUCOSANUHEHUS 3aMEIICHHOTO METUIILHOTO pajuKalia
YC’'H, k 3amemennomy stuneny CH,=CHX.

,-H
HC-C) ' H
)3_ §
oo

Puc. 8.1. Kondurypaiusi aToMOB MEPEXOTHOT'O COCTOSIHUS

['eomeTpusi TEPEXOHOTO COCTOSIHUSI XapaKTepu3yeTcs pac-
crossuueM r(C—C) oOpazyromeiica C—C-cBi3u, yIJIOM aTaku
@Qa = @(CCC) 1 nupamMupanbHbeIM yriioM @,y = @(HCC). Ilocnennuii
npeacTaBiasier coboi  yron oTkioHeHuss C—H-cBsizet sTuieHa
OT TUIOCKOCTH, B KOTOPOW OHU HAaXOJWUJIUCh B HCXOJHOM MOJIEKYJIe
(B aTuseHe Bce yeThipe aromMa H u aBa aroma C HaxoAsTCsA B OJHOU
miockoctu). Huke mpuBeneHbl 3HA4YEHUsS BCEX TpPEX IMapaMeTpoB
JJIs TIEPEXOJIHOTO COCTOSIHUSI PEAKLMM TPUCOCIUHEHUS METUIHHOTO
pamukana u pagukanos C"H,OH u C'H,CN « stuseny.

Y H OH CN
HC—C), A 2,246 2,226 2,173
O 109,9 ° 108,2 ° 109,3 °
Pour 25,0° 25,9° 28,0 °
E, xJI%/MOMb 39,8 35,0 42,3
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DHepreTuyeckuil mpopuiab peakiuy MNPUCOCIUHEHUS BBIYUCIISETCS
10 KBAHTOBO-XUMHUYECKUM MpPOrpaMMaM Kak pe3yJbTaT CyNepHoO3Hu-
UM YETBIPEX PAa3HbIX OAJIEKTPOHHBIX KOH(PUTYypaluid pearcHToB,
a UMEHHO:

DA[YCH,"(+) CH;=CHX(-)],
D’A"[YCH,"(+) CH,=CHX(-)],
DA™ [YCH,(+) CH,=CHX(-)],
D A" [YCH,(-) CH,=CHX(+)].
HOJIY‘IGHHBIC PE3YJIbTAaThI (BHCPFI/II/I aKTI/IBaI_II/II/I) 3aTCM pac-

CMAaTPUBAIOTCS B paMKaX BIMSHHUS ABYX (DaKTOPOB: SHTAJIBIIUU PEak-
IIUH 1 TIOJISIPHOTO (haKTOpa.

8.4. Ilapaobonuueckan mooenv peakyuu
PAOUKANbHO20 NPUCOCOUHECHUA

Peakuus nprucoenuHeHUs
X*+ CH,=CHY — XCH,C'HY

paccMmaTpuBaeTcs B mapaboIMyecKoil MOJENN KaK pe3ybTaT mepece-
YCHHSI IBYX IMOTSHITMAILHBIX KPUBBIX, KaX/1asi H3 KOTOPBIX OIUCHIBACT
MOTEHIMATBHYIO SHEPTUIO BAJICHTHOTO KOJIeOaHUs aTOMOB Kak Iapa-
OonyecKkyro (yHKIMIO aMIUTATYbI KoJieOaHHUsl aTOMOB pBYyIencs (1)
u obpasyromeiics (f) cBs3u. PagukanbHas peakiys XapakTepu3yeTcs
CIIETYIOIIUMHU TTapaMeTPaMH.

1. Ouwmanvnueu peaxyuu AH., koTopas BKJIIOYaeT B ce0s pas-
HUITYy HYJIEBBIX SHEPTHHA PEarnpyIonuX CBA3CH:

, :
=AH +0,5hL(v, — ;)
rae D; u Dy — 3Heprusi AUCCOIUAIINM, A V; U Vi — YaCTOTHI BaJICHTHO-
ro kojiebanus i1- U f-cBI3eM COOTBETCTBEHHO, /1 M1 L — IIOCTOSTHHAS
[Limanka m yncino ABoraupo.
2. DOnepeueti akmusayuu E., KOTOpas BKIIOYAET SHEPTUIO HYJIEBO-

ro Kojebanus atakyemoit cBsizu 0,54Lv; 1 cBsA3aHA C HIKCIIEPUMEHTAIILHO
ONPEAEIACMON SHEPTUEN AKTUBAIIUH £ IPOCTHIM COOTHOIICHUEM:

E, = E+0,5(hLv. - RT) (8.9)
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3. Paccmosinuem r., paBHBIM CyMMe aMIUIMTY]I KOJIeOaHUsS pea-
TUPYIOIINX CBSI3EH B IEPEXOTHOM COCTOSTHUM.

4. Ilapamempamu b; n by, KOTOpBIC SABIAIOTCS JUHAMUYECKUMHU
XapaKTepUCTHKaMH  (2b° — cuioBast  IIOCTOSIHHAs)  pBYyIIeics
(b; = vi(2)'"?) u obpasyromeiics casizeit (br= nvi(2u)'Y), THE Wi B Ly
— IPHUBEJACHHBIC MAaCChl aTOMOB, 00Pa3YIOIIUX 3TH CBSI3H.

[lepeunciieHHble TSATH IMApaMETPOB CBS3aHBI JAPYT C APYTroM
CIICAYIOIINM COOTHOIIeHUEeM (o = b;/bg, b = b;):

br.=a(E,—AH,)+E, (8.10)

[Tapametp br. MO3BOJISIET BBIYMCIUTH TaKyI0 XapaKTEPHUCTUKY BCEM
IpyIIbl peakuui ¢ br, = const, KaKk YHEPrusl aKTUBALUHU TEPMOHE-

TpaJbHOU peakuuu Ee npu AH, = 0:
br

E, =—F 8.11
el 1+(1 ( )

#
H ITOJIOKCHHUC IICPEXOJHOI'O COCTOAHUSA » HA OTPC3KCE 7e:
= (8.12)

Kak mpaBuiio, ajisi BCEX peakUuM OJHOW TPYIIbI XapaKTEPEH
MOCTOSIHHBIM MPEAIKCIOHEHIIMAIbHBI MHOXUTENIb A (B pacuere
Ha OJIMH pearupyrouyi peakimOHHbIN [IEHTP), YTO MO3BOJISET BHIYHMC-
JUTh DHEPrUI0 aKTUBALMM YE€pPe3 BEJIMYMHY KOHCTAHTBhI CKOPOCTH Kk
o hopMmysie AppeHuyca:

E:RTln% (8.13)

[TockoJbKY I BCEX AJEMEHTApHBIX peaknuid E >0, orcrona
CIEIYET, YTO COOTHOWIECHUE (3) BhINONHACTCA MIAAH, > AH

anpu AH_ <AH

anyeckou monenu AH. i, cBsI3aHa ¢ br. 1 0L COOTHOIIICHUEM:

emin

 E=0,5RT, T. e. ouenp mana. CoriaacHo mapabo-

cmin

W?AH_ . =—(br,)* +2br.\/0,5hLv, +0,5hLv.(0* —1) (8.14)
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BenuuuHbpl  COOTBETCTBYIOMMX  (U3UYECKUX  IapaMeTpoB
10 15 kimaccoB  peakuuid NPUCOSAWHEHUS aTOMOB M PaJMKAJIOB
1o kpaTHbIM C—C- u C—O-cBs3sM npUBEIEHBI B Ta01. 8.2.

Tabmumna 8.2
du3znyecKre, TEPMOJIUHAMUYECKHNE U KHUHETHYECKHUE TTapaMETPhI
Pa3HBIX KJIACCOB pEeaKIMii MMPUCOCIUHEHUS] aTOMOB U PaJIUKaIOB

10 KPaTHBIM CBS3SIM

Peaiuus o b-lO‘“,m | 0,5hLv, AAH,, le
(xJIx/Monp) "M | KJK/Monb | kJ[K/ MO
H®+ CH,=CHR | 1,440 5,389 9,9 ~7,5 10
H®+CH=CR | 1,847 6,912 12,7 —4,7 40
H®+O=CR'R*> | 1,600 5,991 10,3 ~11,4 10
D*+ CH,=CHR | 1,461 5,389 9,9 2.7 10
CI'+ CH=CHR | 1,591 5,389 9,9 4,8 9
Br" + CH,=CHR | 1,844 5,389 9,9 5,8 5
R®+ CH,=CHR | 1,202 5,389 9,9 1,7 0,1
R*+CH=CR | 1,542 6,912 12,7 3.8 0,1
R°+ O=CR'R* 1,570 5,991 10,3 3,7 0,05
N°H,+ CH,=CHR | 1,410 5,389 9,9 3,1 0,008
RO® + CH,=CHR | 1,413 5,389 9,9 3,3 0,05
RO; + CHy=CHR | 1,737 5,389 9,9 4,6 0,1
R,Si*+ CH,=CHR 2,012 5,389 9,9 4,1 0,1
R;Si*+ O=CR'R® 2,518 5,991 10,3 7,0 0,08
PhS* + CH,=CHR | 2,282 5,389 9,9 6,3 0,07

[TapaGosnnyeckass MOJIEIb TMO3BOJIIET CO37aTh AMIMPUUYECKYIO
HMEPApPXUI0 PEAKIMK NPUCOCAWHEHUSA. BCEe M3BECTHBIC PEAKIIUU ITPHU-
COEOUHEHUS a priori NENATCS Ha KIACChl COOTBETCTBEHHO aTOMApPHO-
My CTPOCHMIO PEAKIIMOHHOI'O LIEHTPA MEPEXOMHOTO cOCTOsiHUA. Kaxk-
JBIMA KJIACC XapaKTEPU3yeTCs NapOd CUIOBBIX NOCTOSAHHBIX PBYILEHCA
(1) u obpazyromiericst (f) cBs3u wim napamerpamu b=b; u o = b;/bs
(cM. BhIIIE) U IeNUTCS HA ToakiIacchl. Kaxk bl moakiace xapakTepu-
3yeTcsl mapaMeTpoM 7= const WA br. = const. AHanu3 OOJBIIOTO
MacCUBa JKCIIEPUMEHTAIIBHBIX JAHHBIX MMOKa3al, YTO JJIs BCEX PEak-
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1WA OJHOTO KiIacca mapameTp br, = const. Ilogkinacc peakiuii MOKHO
JOIOJIHUTEIIBHO 0XapaKTEpU30BaTh DJHEPrUE€U TEPMOHEUTPAIBLHOU
peakuun FEy (ypaBHeHue 8.14) u moporoBeiM 3HaueHUEM AH. i,
npu kotopom u MeHblie £ = 0,5RT (ypaBHenue 8.13).

8.5. Bknao snmanvnuu peakuyuu npucoeoOuHeHu
8 ee IHepIUI0 aKmueayuu

[TapaGonnueckass MOJieidb BBOJIUT HEJIWHEUHYIO CBSI3b MEXKIY
SHEpPrueH aKTHUBAIlUM M SHTAIbIHEH peakuuu (cMm. Gopmyny 8.13).
Bxiaa SHTaJIbIIMA B DHEPrUI0 aKTHUBAIIMM MOXKHO OLICHUTH KakK pas-
HOCTb AEy = E. — E. [locne npeodpazoBanus Gopmyisl (8.10) moiry-
yuM BbIpaxkeHue 11 AEy kak pyHKuuu ot AH.:

(az—l)AEH:2a(bre)2{( Al ))2_1) _1}+a2AHe (8.15)

(br,(o® -1

[Ipu HeOonbIIOM MHUanazoHe u3mMeHenus AH, 3Ta 3aBUCUMOCTh OJIM3Ka
K JuHerHou (AE,~ AH.). BblYUCIEHHBIE MO 3KCIEPUMEHTAIbHBIM
napameTpam br, 3HaueHUS E.y TO3BOJISIIOT KOPPEKTHO OLICHUTH BKJIA]
DHTAJIBIIUU PEAKIIAU NMPUCOCINHEHHUS B €€ DHEPTUIO aKkTuBauu. Huxe
IIPUBEJICHBI PE3YIbTAThl TAKOTO COMOCTABJICHUS ISl ABYX TPYII pe-
aKIN1 MPUCOCTUHECHHUS.
Peakuus H+ CH,=CRY
R, Y H,H H,Me Me,Me H,Cl H,Ph Ph,Ph
~AH, xJIx/Mons  162,1 1653 173,3 179,5 204,1 2133
E., xJ[>x/M01b 22,5 21,0 18,0 19,8 19,2 19,0
—AEy, xIx/mMons 79,1 80,6 83,6 81,8 93,0 98,7

Peakuus: CH;+ CH,=CRY

R, Y H,H H,Me Me,Me H,Cl H,Ph Ph,Ph
—AH, xJ{>x/Mo1b 98,5 96,1 98,3 1043 1433 154,0
E., x/Ix/mMoib 39,0 36,9 35,7 33,6 26,6 245

—AEy, xJI>x/M0onb 43,6 45,7 46,9 490 634 693
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N3 npuBeeHHBIX MPUMEPOB BUIHO, YTO PEAKIIUU MPUCOECTUHE-
HUSI OY€Hb PK30TEPMUYHBI, a BKJIAJ SHTAIBIIMUA B SHEPTUIO aKTUBALIMU
noctatouHo Benuk (0T —44 1o —99 x/[>k/Mob B NPUBEICHHBIX BBIIIE
npuMepax), cocraiisis Benuuuny ot 40 1o 50 % ot AH.

8.6. Tpunnemnoe ommankuganue 6 peakyuu NPUCOeOUHEeHU

B peakuusax paavikaabHOrO OTphIBA HA SHEPIHIO AKTHUBALIMU
BIIMSCT T. H. TPUIUIETHOE OTTAJIKMBAHWE B IMEPEXOJHOM COCTOSHUU
(cm. pazaen 7). IIposBisieTcst 3TO B TOM, YTO DHEPIUs aKTUBAIMH Tep-
MoHeiTpansHOl peakiu X' + RH Tem BbIe, ueMm npodnee cBsi3b X—R,
BJIOJIb KOTOPOM MEPEMEIIAETCA aTOM BOAOPOAA. TpHUIIETHOE OTTAIIKU-
BaHHE OOYCJIOBJIEHO TE€M, YTO 3 3JIEKTPOHA HE MOTYT Pa3MECTUThCS Ha
cBsi3bIBaroleld opoutanu X—C U MO3TOMY OAMH 3JIEKTPOH 3aHUMAeT
HecBs3bIBaronnyo X—C-opoutans. Yem mpounee cBsazb X—C, TeM 00b-
I1I€ SHEPTHUsl HECBSA3BIBAIOIEH OPOUTAIN U BBIIIIEC YHEPTUSI aKTUBAIUH.

15
5_ rE"“:' .M-1
4_
o,o"
- o o1
m
2_
1_
1 | 1 | 5|{||:|
100 5pg 300 40p
De , xOxMmone

Puc. 8.2. CpaBHeHue napaMeTpoB Eqy U 7,
C BHepruen aucconuanuu odpasyronieics cBa3u Dq(X—C)

Kak 00cTouT J1e710 B peakuusax paguKalbHOTO MPUCOETUHEHHUS?
ComocraBnenne Eo U 7. ¢ dHEprueil auccolyamnuu oOpa3yromeics
cBs3u D, (X—C) mokazajno, 4TO Takoe BIMSHHE, HECOMHEHHO, €CTb.
Ha puc. 8.2 npoBeneHo cpaBHEHHE mapaMeTpoB FEy U 7. C JHEPTUEN
nyccoruanuu odpasyromieics cBsizu De(X—C).
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Jlimst  peaknuii OJHOTO W TOTO K€ KJlacca, a HWMEHHO
R*+ CH,=CHY, HaOJro1aeTCs JIMHEWHAs KOPPEJALHS:
Eo= const[D{X—-C)]>, const=75,95-10"" mons/xJx. s peaxiuit
BCEX 13 pacCMOTPEHHBIX KJIACCOB BBIMIOJHSIETCS OJIHA KOPPEIALUOH-
Hasl 3aBUCUMOCTb THUIIA:

r,=a-D (X-C), (8.16)

rae a = (1,01 £0,03)- 107" m/(xJ[-MOIb) I peakiuil IpUCOeIHHe-
HUs aToMoB H a = (0,98 £0,02)-10™"° mns peakuuii npucoeIUHEHUS
paauKaioB. JTy 3aBUCUMOCTb, CJIEAYyET paccMaTpUBaTh Kak IMIUPH-
YECKOE J0Ka3aTeJIbCTBO TOrO, YTO B (DOPMUPOBAHUM SHEPIUU AKTHBA-
UM PEeaKIUy MPUCOEAUHEHUS JIEUCTBUTEIBHO MPUHUMAET Yy4yacTue
HECBs3bIBAIONIAsl OpOUTaNb oOpasyrouiencs cBs3u. Yem mpodHee 3Ta
CBA3b, TEM BBIIIE PHEPTUs HECBSA3BIBAIOIICH OpOUTANM M TEM BbILIE
SHEPIHs aKTUBAIUU. DMIUPUUECKYIO 3aBUCUMOCTH (8.16) MOXKHO HC-
MOJIb30BaTh JJIsl MPUOIMKEHHOTO BBIYMCIICHUS SHEPIHil aKTUBAIUU
Pa3HOOOPa3HBIX PEAKIIUI MPUCOCTUHEHUSI.

8.7. Bauanue coceOHux m-ceAa3eil Ha IHEPIUI0 AKmUsauuu
PAOUKATIBHO20 NPUCOCOUHEHUA

B peakuuysx paaukaaibHOro OTphIBa AUl TEX TPYMI PEAKLINN, B KO-
TOPBIX YYaCTBYIOT MOJIEKYJIbI C T-CBSI3IMU IO COCEACTBY C PEaKIUOH-
HBIM IICHTPOM, HaOJIro1aeTcs 0ojiee BRICOKHE 3HaUeHUs Ey. BhI3BaHO 3TO
TaKXe€ TPUIUICTHBIM OTTAJIKMBaHWEeM. B Takux peakuusx 3 3JeKTpoHa
PEAKIIMOHHOTO IIEHTPa B3aMMOJICHCTBYIOT C COCEHUMHU T-3JIEKTPOHAMU,
YTO YBEJIUYMBAET DHEPIHUIO HECBS3BIBAIOIICH OpOUTAIM B MEPEXOTHOM
COCTOSIHUM U, COOTBETCTBEHHO, SHEPTUIO aKTUBALMU. A BIMSIOT JIU CO-
CeIHUE T-CBSI3U Ha FE, pEaKkUu paJuKaAIbHOTO MPUCOCTUHEHUS?
B Tab:. 8.3 conocraBneHsl napameTpsl bre U Eqy A1 peakuil npucoeau-
wenns H', C'H;, RO" u RO; x monomepam CH,=CHY u MoHOMepam

C IBOMHBIMH CBSI3SIMU B OL-TIOJIOKCHHUH K aTaKyE€MOM JIBOMHOM CBSI3H.
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Ta0mura 8.3

Bnusaaue n—C—C-cBs3U O COCEICTBY C PEAKIIMOHHBIM [IEHTPOM
HA SHEPrYI0 aKTUBALIMU PEAKININ MPUCOEAUHEHUS] aTOMOB
U paJINKaJoB K ojeduHam

Peaknus bre, 12 Ee, AEy, AD(m),
(xI>x/mMoutb) |k 1 x/Momb |k JIK/MOs | K J5K/MOJTE

H*+ CH,=CHR 24,59 101,6 0 0

H* + CH,=CHPh 25,85 112,2 10,6 24,1

H* + CH,=CPh, 26,47 117,7 16,1 36,0

H* + 1,3—yuxno—Cg¢Hg 26,47 117,7 16,1 36,0

H* + CH,=CHCN 25,45 108,8 7,2 16,4
C°H; + CH=CHR 20,01 82,6 0 0

C°H; + CH,=CHPh 20,82 89,4 6,8 15,5

C°H; + CH,=CMePh 20,67 88,7 6,1 12,6

C°H; + CH,=CPh, 21,33 94,4 11,8 25,2

C°H; + CH,=CHCH=CH, 20,88 89,9 7,3 16,6

C*H; + MeCH=CHCH=CHMe 21,15 92,2 9,6 21,8

C°’H; + CH,=CMeCMe=CH, 21,03 91,2 8,6 19,5

C'H; + 1,3—yuxno—CgHg 22,27 102,3 19,7 43,2

C'H; + 1,4—yuxno—CgHg 22,23 101,9 19,3 42,5
N°H, + CH,=CHR 18,82 61,0 0 0

N°H, + (E)-CH,=CHCH=CH, 20,52 72,5 10,4 23,7
RO* + CH,=CHR 19,49 61,8 0 0

RO* + CH,=CHPh 21,09 76,4 14,6 30,6
RO; + CH=CHR 26,04 90,5 0 0

RO; + CH=CHPh 27,23 99,0 8,5 22,8

RO; + CH,=CPh, 28,04 105,0 14,5 38,3
R;Si* + CH,=CHR 26,46 76,6 0 0

R;Si* + CH,=CHPh 28,52 89,0 12,4 27,9
R;S" + O=CR'R? 37,62 114,5 0 0

R;Si* + O=CMePh 39,74 127,6 13,1 22,5

R;Si* + O=CPh, 40,02 129,3 14,8 25,5
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Bo Bcex 0€3 HCKIIOUEHHs CIIyyasxX apoOMAaTHYECKOE KOJIbIO
WJIA IBOMHAA CBSA3b B COL-TIOJIOKEHUU K JIBOMHOM CBS3U yBEJIUYMBACT
DHEPIUI0 AKTUBALMUA TEPMOHEUTPAIBHOM PEaKLUH, a Ba apoMaTUye-
CKHMX KOJbIIa B O-TIOJIOKEHUU YBEIUYUBAIOT E.) OOJbIIE, YeM OJHO.
[To pasnuiie mexay Eq () u E. (CH,=CHY) M0XHO OLIECHUTH BKJIaj
TaKOTO BIUSHUS Ha aKTUBAIMOHHBIN Oaphep:

AE(m) = AE,,(t) - AE,,(CH,=CHY) (8.17)

Od4eBUIHO, 3/1€Ch TAKXKE IMPOSBISET CEOSl TPUILIICTHOE OTTAIKHU-
BaHMe. B Takux  peakuusax — (Hampumep, B peaKIuu
R*+ CH,=CHCH=CH,) B mepexoaHOM COCTOSHHH BO3HHUKACT MHOIO-
IIEHTPOBass ~ MHOTORJIEKpOHHAs  CBs3b (B J@HHOM  CiIyyae
X:+-C+++C-++C-+-C), 4TO MOBBIIAET €€ MPOYHOCTb, & CJIECIOBATENBHO, TPU-
IJIETHOE OTTAJIKUBAHUE M €r0 BKJIAJl B SHEPTUI0 akTUBalMu. Kak BUJIHO
13 TaHHBIX Ta0JI. 8.3, 3TOT BKJIaJ MOXKET gocturath 20 kJ[k/MOb.

8.8. Ponwv paouyca amoma,
Hecyuiezo c60000HYI0 6ATIEHMHOCHb

Kak mokaszanm aHanu3 peakiuil paJuKalbHOTO OTpbIBA, YEM
OO0JIbIIIE pauyC aTOMa, HECYIIEr0 CBOOOJHYIO BAJIEGHTHOCTh, TEM BBIILIE
Ey. Bnuger nu pagdyc aroma, araKkyroUEro JABOMHYIO CBs3b,
Y Ha peakuuio npucoeauHeHnus? OTBET Ha 3TOT BOIPOC IOJYYEH
B pe3yJIbTaTe aHajin3a SKCIEPUMEHTAIBHBIX JAaHHBIX MO MPUCOEIUHE-
HUIO TPUATWICHIWIIBHOTO U (DEHUITUIIIBHOTO PAJMKAIIOB K ojie(huHaM.

[TockonbKy TIPOYHOCTH 0Opa3yrorieiics cBsa3u C—X BIUsET Ha Ta-
paMeTp 7, (7e ~ Do(X—C), cM. pazaen 8), To ciaeayeT CpaBHUBATh UMEHHO
OTHOILLEHUE 7o/D, NSl peakuyii NpUCOSTUHEHUS PAIUYHBIX PATUKATIOB
K onleprHaM. Pe3ybTaThl TAKOTrO CpaBHEHHS IIPUBEICHBI Ha puC. 8.3.

MpbI BUAMM, YTO ISl pEAKUUN MPUCOCANHEHUS TaKUX paJIMKa-
noB, kak C'H;, N°H, u RO®* o C=C-cBsi3u u C'H; nmo C=0O-cBs3n,
B KOTOPBIX JUIMHBI 00pa3ytomuxcs cBa3en (#(C—X)) 01u3ku, OTHOIIE-
aue r./D.= const. Oquako mus npucoeaunenust PhS® u R;Si° mo C=C-
CBsI3U OTHoIIeHue 7./D(C—X) CylIecTBEHHO BBIIIE, U HAOII0IaeTCs
auHerHas koppemsiuus mexay (r/D.) n r(C—X). KoppensunonHas
3aBUCHUMOCTh UMEET CICAYIOIINI BU/I:
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p =112 [ _ D (8,81+0,03).
b

€

(8.18)
10*[ H(C-X)-0,42-107" |

12 F

" é o

F=J>

— é 0,8 | )

Q g /s

> v

N 04 Z I l
= 0,4 1,2 2.0

#(X—C)-10", m

Puc. 8.3. CpaBHenue BenuuuH ro/D, r.u r(X—C)
JUTSI peaKIui IPUCOSTUHEHUS PAIUKAIIOB K oJiehnHAM

Takum oOpa3oM, paanyc aToMa, HECYIETO CBOOOHYIO BaJICHT-
HOCTb, OKa3bIBaE€T CaM IO ce0€ CYILECTBEHHOE BO3/ICUCTBUE HA aKTH-
BaIlMOHHBIA Oapbep peakluuu MPUCOCAUHEHUS: 4YeM OOJIbIlIe paauyc
ATOTO aToOMa, TeM BBIIIE PHEPrusi akTupanuu. Bugumo, 3ToT r3hdext
€CTh pEe3yJbTaT OTTAJKUBAHUA B TEPEXOJHOM COCTOSHUH MEXIY
AJIEKTPOHHBIMU 000JIOUKAMU aTaKyeMOU JABOMHOM CBSA3U U JICKTPOH-
HbIMU 000JIOUKaMH aTaKYIOLIETO aToMa U OJIMKalIlIiX K HEMY CBSI3€H.

8.9. Bzaumooeiicmeue noaapHuix Zpynn

[TomsspHOE B3aMMOJAECHCTBUE B PEAKLUUAX PAAUKAIBHOIO IPU-
COEIMHEHUs MHOTOKPATHO OOCY>XJaJIoCh B Hay4YHOU nuTepatype. [la-
pabosiueckas MOJIeJIb OTKPBIBAET B OlLIEHKE MOJIsipHOrO 3¢ dexra Ho-
BbI€ BO3MOXXHOCTH. OHa MO3BOJIAET KOPPEKTHO OIIEHMUBATh BKJIAJ I10O-
JIAPHOTO B3aUMOJICMCTBUS B SHEPTUIO aKTHUBALIMMU 34 BBIYETOM TEILIO-
Thl PEAKLIMU B IIPEJESIaX OAHOrO MOJKIIACCA PEAKIIUM, KOTAa JJIsl BCEX
peakuumii br.= const. ]I olleHKH BKJIaJa MOJISIPHOTO B3aUMOJEUCTBUS
B DHEPTHIO aKTHBALMH AL BBIOMPAETCS PEaKIIMs CPABHEHUS C TAKUM

€ PEaKLMOHHBIM LEHTPOM, TJ€ OJIUH WM 00a peareHTa HEMoJSPHBI,
U peaklus XapaKTepuszyercs nmapaMeTpom br., B TO BpeMs KaK peak-
IUs C ABYMS TOJISIPHBIMH PEareHTaMHu XapaKTEepU3yeTcs mapameTpoM
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(br.),. IHKpeMEHT DHEPruM aKTHBALUH, OOYCIOBICHHBII MOJSPHBIM
B3aUMOJICHCTBUEM, AEu BBIYHCIIICTCS 110 (popmyTie:

_(br), —(br)’
Y (14 w)’

(8.19)

B Tabn. 8.4 mpencraBieHbl pe3ysibTaThl TAKOIO pacyera s
6 MOJISIPHBIX PAJUKAJIOB C PSAOM MOJSIPHBIX MOHOMEPOB. M3 Tabnuiibl
BUJIHO, YTO IMOJIIPHOE B3aUMOJICUCTBHE B IEPEXOJHOM COCTOSHUU
B OJHHX CIIy4asX CHIDKAaeT 9Hepruio aktuaiuu (AE <0), a B apyrux

ciydasix ee yBennuusaer (AE > 0). AGconrOTHOE 3HAUCHHUE AE, MeHsI-

ercs ot 0 1o 23 k/[>k/MOJIb, T. €. MOXKET OBITH BEChbMa 3HAYNTEIILHBIM.

Tabmaumna 8.4
Bxknana nossipHOro B3aumMoaerCcTBus AEM, kJI>x/MOIIB,

B DHEPIUIO aKTUBALIUU ITPUCOECANHEHNUS TIOJSPHBIX PAIUKAIIOB
K noJisipasiM MoHOMepam CH,=CXY, paccunTaHHbII MO TaHHBIM

Pamukan
Y Me,(HO)C® | Mey(CN)C" %;g%f 6??;2" mﬁg"z' HO,
H, EtO -1,9 —4.9 13,2 _ — _
Me, MeO —6,5 —9.4 10,1 - — —
H, AcO ~15,1 ~11,2 17,5 9,5 73 11,5
Me, AcO ~16,4 —4,3 19,5 - - _
Me, Cl -8,2 —4.4 10,8 _ _ _
Cl, Cl -10,2 -3,8 13,4 _ — _
H, C(O)OMe -20,1 ~1,4 13,1 -03 | 2,0 | -
Me, C(O)OMe - 3,4 - 52 | —64 |-4,7
H, CN -23.2 —0,9 13,8 9,0 | 10,8 [-7,9

MynbTUANIONBHOE B3aMMOJICHCTBHE B OMMOJICKYJISIPHON pe-
aKIIUM BO3HUKAEeT TOT/Aa, KOrja OAWH WM o0a peareHTa HMEIOT
B CBOEM COCTAaBE€ HECKOJBKO MOJAPHBIX rpyni. [Ipossisercs Myiib-

106



TUJIUTIOJILHOE B3aUMOJICHCTBUE B TOM, YTO KOHCTaHTa CKOPOCTH TIO-
IM(PYHKIIMOHATIBHOTO COENMHEHHS (B pacueTe Ha OJUH PEaKUHUOH-
HBI LEHTP) OTJIMYAETCA OT TAKOBOW MJIsI MOHO(QYHKIHOHAIHHOIO
coequHeHusA. DPQPEKT MyJbTUIUIOIBHOTO B3aUMOACUCTBUS OBLI
OTKPBIT Ha IPUMEPE PEaKUUil paJuKaIbHOrO OTPbIBA aTOMa BOAOPO-
Jla TIEPOKCUJIbHBIMHU paJUKaIaMU OT CJIOXKHBIX MOJU(PYHKIIMOHAIb-
HbIX 3(upoB. [loznHee oH OBUT MOKA3aH W I PEaKIUid MPUCOEIH-
HEHUS MEPOKCHIBHBIX PAJAUKAIOB MO JBOWHOMN CBSI3U MOJIMATOMHBIX
HenpeaenbHbX 3(upoB. Bkiag MyJIbTUIUNOIBHOTO B3aUMOIEUCT-
BHSI B DHEPIrUIO0 aKTUBAllUM B 3TUX PEAKIUAX HEBEJIUK U BAPbUPYET
ot 0,8 mo 2,3 x/Ix/Monb. DPDEKT MyTbTHAUIIOIBHOTO B3aUMO/ICH-
CTBUSI MPOSIBIACT ce0sl U B peaKIUsAX MPUCOCIUHECHUS aToMa XJiopa
K xjoposiehunaM. MacmTad Takoro BIUSHUS Ha SHEPTHIO0 aKTHBa-
U B 3TUX PEAKUUSIX WLIIOCTPUPYIOT CIAEAYIONINE JaHHBIE.

OHC(bI/IH CHZZCHCI (Z)—CHCIZCHCI CH2=CC12CHC1=C CIQCC12=CC12

br, 21,23 20,43 19,64 20,5 19,46
AE,,
KT/ MO 17,0 11,4 6,6 11,8 5,6
AAEy, 0,0 5,6 -10,4 -5,2 -11,4
k/J[>x/MoJTb

MBI BUAUM, 4YTO B3aUMOACUCTBUE MOJIIPHOIO PEAKLIMOHHOIO
1eHTpa ¢ ogHoi nossipor rpymnmnoid C—Cl yBeauumBaeT sHEPIUIO ak-
TuBaluu Ha 17 x/[»/MoJb, a B3auMOJEHCTBHE C HECKOIBKUMU MOJISIP-
HeiMu Tpynmnamu C—Cl npuBoguT, HA0OOPOT, K CHUKEHUIO IHEPTUH
akTuBaunu. HECOMHEHHO, B peakuusX MNOJIUMEPHU3ALUUA TOJSPHBIX
MOHOMEPOB B aKT€ NPOJOJLKEHHUS LENU TAKKE UMEET MECTO MYJIbTH-
JUIIOBHOE B3aMMOJICHCTBUE MOJIU(PYHKIIMOHATIBHOTO MaKpOpauKaia
C IOJIAPHBIM MOHOMEPOM.

IHpumep 8.1. Ypasnenue Ieanca — Cemenosa
HpI/ICOC,HI/IHeHI/Ie aToMa BOJOpOda K HCIPCACIbHbIM COCIHNHC-

HusiM CH,=CHX xapakrtepusyercsi CIeIyHOIIUMU 3HAYCHUSIMU SH-
TaJIbIIUW U SHEPTUU aKTUBaIuu (K [/ MOJb):
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CH,=CHX CH,=CH, CH,=CHMe CH,=CMe, **'°° CH,=CHCI

CSHS
~AH 154.6 157,8 1614 1508  172,0
E 13,9 11,6 9,3 16,5 11,1
AE 0,0 23 —4.6 2,6 2.8
AAH 0,0 32 -6,8 3,8 ~17,4

Onpenenuts ko3¢ dunreHT o' B ypaBHeHun IBaHca — Ceme-
HOBA IS 9TOU I'PYIIIbI COEAUHEHUM.

Pewenue

Koapdumnment o' HaxoguMm kak otHomieHue o' = AE/AH, B3sB
3a CTaHJApPT PEaKIUI0 MPUCOCIUHEHUS] aTOMa BOJAOPOJA K ITHIICHY

(AH u E nipuBeneHbl B KJ[/MOb):

CH,=CHX CH,=CH, CH,=CHMe CH,=CMe, ”g’:lf_’l‘; CH,=CHCl
_AH 154,6 157,8 161,4 150,8 172,0
E 13,9 11,6 9,3 16,5 11,1
AE 0,0 2.3 46 2,6 28
AAH 0,0 32 6,8 3,8 17,4
o 0,72 0,68 0,68 0,16

MpsI BuguM, 4TO JUIsl TPEX peakuuil Ko3pUIHeHTh o' OJIU3KH,
a Il peakluyy aToMa BOJI0pOJia ¢ BUHWIXJIOPUIOM O MHOTO MEHbIIIE.

Ipumep 8.2. Boiuucnenue br. u E¢) peakyuu npucoeounenus

ATOM BOJOpOJia MPUCOEOUHSAETCS K ATUJIEHY C KOHCTAHTOW
ckopoct 3,85-10° 1/(Moib-c) B TazoBoii (asze npu 298 K. Onpenennts
napaMeTpsl br. u Ey nis sTor peakiuu. Heobxoaumele ajisi pacuera
rapaMeTphl MPUBEICHBI B Ta01. 8.2. DHTANBIINS peaKIMu paBHA

—154,6 xJI>x/MOTb.
Pewenue
OHranbnus 3Toi peakuuu (popmyna 8.8) paBHa:

AH,=-154,6 — 7,5 =—162,1 xJ[>x/MOJb.
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DHeprus aktuBaiuu E. (popmyna 8.9) paBHa:
E.=RTIn(4/k) +9,9 — 0,5RT.

Muosxutens A4 = 1,0-10" 1/(Monb-c) oTHOCHTCS K IpHCOeIHHE-
a0 H® k omuoii rpynme CH,, HO B 3THWjIeHE IBE DKBHUBAJICHTHBIC
rpymmsl, 1 mo3toMy A = 2,0-10"" 1/(Monb-c). OTciona uncIeHHOE 3Ha-
yeHue E, paBHO:

E.=2,478:In(200/3,85) + 9,9 — 1,2 = 18,5 kJ[x/MOJIb.
[Tapametp br. Haxoaum 1o ¢opmye 8.10:

br.=a(E.—AH)"? + E, "= 1,44-(24,2 + 162,1)"* + 21,48"* =
= 23,7 (xJIx/Momb) ',

a Benuuuny E.— no gopmyre 8.11:

E.=(23,7/2,44)* = 94,3 kJ[>/MOIb.
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9. OKUCJIMTEJIBbHO-BOCCTAHOBUTEJIBHBIE
PEAKIIUU C OBPA3SOBAHHUEM U YYACTUEM
CBOBO/IHbBIX PAJIUKAJIOB

9.1. Teopemuueckue mooenu peakyuit nepeHoca I1eKmpoHa

OKUCIUTEIbHO-BOCCTAHOBUTEBHBIE PEAKIIMM YaCTO IPOTEKa-
10T IIyTEM TYHHEJIBHOIO IEpEHOCca JIEKTpoHa. [IpencraBnenue o TyH-
HEJTLHOM MEXaHU3ME IMEepPEeHOCa YaCTUIlbl ObLIIO BIEPBBIC MOCTYJIHUPO-
BaHO I'. 'amoBbIM (1928 r.) Mojaenb OKHUCIUTEILHO-BOCCTAHOBUTEb-
HOM peakiuy MEXJIy MOHAMU KaK pe3yJbTaT TyHHEJIUPOBAHUS DJIEK-
TpoHa Obuia cdopmynupoBana b. 3ponunckum, P. A. Mapkycom
u I'. Diipunrom B 1955 r. Ha OCHOBE TEOPUHU AOCOIIOTHBIX CKOPOCTEH.
[IpencraBnenus ['. 'amoBa 0 TyHHETUPOBAHWU OBUIA WCIIOJIB30BAHBI
JI. BelicoM mnpu aHaimu3e mporecca IepeHoca DJIEKTPOHA OT HOHA
kK noHy (1954 r.) P. A. Mapkyc (1956 r.) paccMoTpen peakiuio ooMe-
Ha DJICKTPOHOM JIJIsI Clydasi, KOT/Ia MEePEeKPhIBAHUE 3JIEKTPOHHBIX Op-
OuTaneil JByX peareHTOB B aKTUBUPOBAHHOM KOMILIEKCE OYEHb MaJo.
CoBpeMeHHasi KBAHTOBAasi XUMUSL PEAKLHM MEPEHOCA BJIEKTPOHA pa3-
Buta B pabotax P.P. Joronamze, A. M. Ky3HenoBa; otnenbHble ac-
MEKThI ATOW MpoOJIeMbl pacCMOTpPeHbI B paboTax A. A. OBUMHHHMKOBA,
B. A. benaepckoro, B. JI. 'ompaanckoro, K. 1. 3amapaesa,
P. A. Mapkyca, B. M. bepanukosa.

[lepeHOC »lEKTpOHA OT YaCTHUIBI K YAaCTUIE COMPOBOKIACTCS
U3MEHEHUEM NOJISPU3ALUMUA OKPY KAKOIIMX YaCTHUL, YTO OTPAXKAECTCS
Ha KuHeTuKe peakuuu. [lonspuzanus cpenpl xapakrepusyercs (QIiiyk-
Tyallued TUANEKTPUUYECKOM MPOHUIIAEMOCTH KaK (PYHKIMH YaCTOTHI
KOJIeOaHUs AIEKTPUUYECKOro 1oJisi. BricOko4acTOTHAs! COCTaBIISIONIAS,
XapaKTepu3yroas 3JeKTPOHHYIO MOJISPU3ALAI0 CPEIbl, BBIIIE Xapak-
TEPUCTUYECKON YaCTOTHI MEPEHOCA DJIEKTPOHA. IJTa YaCTh MOJISIPU3aA-
U1 aBTOMATUYECKH CIEAYET 3a MEPEHOCOM JIIEKTpoHa. OcraiibHas
4YacTh IOJHOW NOJISIPU3ALMU CPEAbl, TaK Ha3blBacMas WHEPLHOHHAs
NoJsipu3alus, HE YCIEBAeT CJIe0BaTh 3a CMEIICHUEM 3JIEKTPOHA
Y CO3/Ia€T BHEIIHEE MOJIe I NepeMeniaronerocs ekrpona. Nuep-
IIUOHHOCTh TOJISIPU3AlMK OOYCJIOBJICHA CPABHUTEIBHO MEIJICHHBIM
JBU>KEHHUEM SIJIEp aTOMOB PEATHPYIOLIMX MOHOB M MOJIEKYJ COJIbBAT-
HOU 000JI0YKH, T. €. co37aeT (PPAaHKKOHJOHOBCKUI Oapbep Mpu nepe-
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HOCE 3JIEKTpOHA. B COBpEMEHHOW KBAHTOBOW XWMHUM PA3BUTHI JIBA ME-
TOJA JJISl OMMCAHMS PEAKLIUN MEPEHOCA BJIEKTPOHA: CTOXACTUYECKUU
MeTo U MeToa 3P(HEKTUBHOTO TaMUIIbTOHHUAHA.

CTroxXacTU4eCKMd METOJ pPacCMaTpUBACT JIBUKEHHE YACTHULIBI
KaK MCIIBITBIBAIOLIECH TPEHUE CO CTOPOHBI OKPYKAKOUIMX €€ YACTHILI.
Jl1st onucaHus ABWYKEHUSI YaCTHUIIBI UCTIONBb3yeTCsl ypaBHeHUE nudady-
3un. PaccmaTtpuBas kKoseOaHue YacTULbl KaK TapMOHUYECKOE C YacTo-

TOU (DO, sl BEPOATHOCTH TICPCHOCA J3JICKTPOHA IMOJYyHaroT ITPOCTOC

BBIpa)KEHUE:

W =

©,0 mD exp U()-U(x) ’ ©.1)
2kT kT

IIIE Xo U O, — IIOJIOKEHUE U YACTOTA KOJEOAaHUA YaCTHULIBI C MAcCOM

m B UCXOOJHOM COCTOSHHH, x;& u (Di — TO JXC B IICPCXOJHOM COCTO-

aun; U(xo) 1 U(x™ ) — moTeHnuanbHple SHEPIUU YaCTHLBL B 3TUX CO-
CTOSIHUSIX.

CroxacTuyueckuil MeToj HauOoJiee OINpaBlaH [Js ONMUCAHUS
aanabdaTUYECKUX PEAKIUA C MEPEHOCOM D3JIEKTPOHA 4Yepe3 LIUPOKUE
riiajikue 0apbepsl MpU OOJIBIION BEJIMYUHE PE30HAHCHOTO pacIierie-
HUS MOBEPXHOCTENW MOTEHIHUATBHON dHEpPruu. OQHAKO OH IO3BOJISIET
onucaTh U HeaanabaTUYECKUE PeaKlnK MEPEeHOca AIEKTPOHA.

BaxxHoil XapaKTEpUCTUKOW HeaguadaTUYEeCKOro mepeHoca
DJIEKTPOHA SBJISIETCS DJIEKTPOHHBIM MAaTPUYHBIN 3JIEMEHT V, KOTOPBIU
BBIUMCIIAETCS METOJaMH KBAaHTOBOM XHWMHHU. JHEpPreThKa mpolecca
nepeHoca JIEKTPOHA XapaKTepusyeTcs: u3MeHeHueM sHepruu [ 'mooca
AG u sHepruei peopranuzaiuu cpenbl £, BeposTHocTh HeaanadbaTu-
YECKOTO MEPEHO0CA IIEKTPOHA, KOT/1a BEJIMYMHA } Maja, COCTaBIISIET:

2 AG+E,Y
W= _(AGHE) 9.2)
JARE KT AE kT
Anunabatnueckui nepeHoc npu AG < E, onucsiBaeTcs GopmMynoi
1 (E,-AGY (AG+E,) 9.3)

Y YAE \nE kT AE kT
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CKOpOCTh TaKoOro MEepeHoca 3aBUCUT OT BPEMEHM pejlakcallud HUHEp-

. €
IMOHHOH MONAPH3alMK PACTBOPUTENS =7 —%T, TOC 1 — nedaes-
€

CT
CKOE€ BpeMsl pelaKCallu; € U €y — CTATUYECKAS U ONTUYECKAS JIU-
AJIEKTPUUYECKHUE TTPOHUIIAEMOCTH CPEJIbI.
MexaHu3M TMepeHoca 3JEKTpOHAa 3aBUCHUT, TaKUM 00pa3om,
OT COOTHOIICHUSI BEJUYHMH 3JIEKTPOHHOTO MATPUYHOIO 3JieMeHTa V
Y BPEMEHM peJakcaluu T: HeaaunabaTU4eCKUil MePEeHOC MPOUCXOIUT,
koraa npu |[AG| < E, BBIONHSIETCS COOTHOIICHUE:

(AG-E,)

T

4V E. << 94)

Paznuunie Mexy annabaTuuecKuM U HeaaunabaTUYeCKUM Iepe-
HOCOM 3JIEKTPOHA 3aKJIF0YAETCS B MPEAIKCIOHEHIUAIBHOM MHOMXHUTE-
ae. [Ipu aguabaTudyecko peakiuy MpeadKCIOHEHIINATIbHBIN MHOXH-
TeJIb OOpaTHO MPOMOPIIMOHAIEH BPEMEHU pEIaKcaluu T, a B Clydae
HeaanadaTUYeCKON peaklud OH He 3aBUCUT OT T. CUTyalus yClIoXKHs-
€TCsl, KOorja siiepHasl MOJCUCTEMA XapaKTepHU3yeTcs HabOpOM BpEMEH
penaKkcaiuu.

Crporuii pacyer 3JE€KTPOHHOTO MATPUYHOrO 3JIEMEHTA Mpe.-
CTaBIIIET COOOM JOCTATOYHO TPYJOEMKYI0 KBAHTOBO-XHMHUYECKYIO
3a/1a4y, OCOOEHHO B CIy4ae MHOTOAQTOMHBIX MHOTO3JIEKTPOHHBIX CHC-
TeM. 1103TOMy OCTaTOYHO YacTO MCIOJB3YIOT MPOCTHIE MOJEIH. 3a-
BHUCUMOCTb DJIEKTPOHHOI'O MATPUYHOTO JIEMEHTA OT PACCTOSHUS 7, HA
KOTOpPOE€ MPOUCXOJUT MEPEHOC IJIEKTPOHA, OYEHD YACTO ANPOKCUMHU-
PYIOT SKCIIOHEHIIUAIbHON (DYHKITECH:

V(r)=V,exp(—Ar), (9.5)

rae A — ¢akTop 3aTyXaHHs.

Huxe npuBeeHbl pe3yabTaThl KBAHTOBO-XUMUYECKUX pacye-
TOB V Ay mepeHoca 3JIEKTPOHA MEXIY ABYMS MOHAMHU B BOJHOM
pacTBOpe, KOrga CONPUKOCHOBEHUE OKTA3APUYECKUX KOMILIEKCOB
MPOUCXOAUT MO TUITY A—A (BepIIMHA K BEPIINHE) U EPEKPHIBAIOTCS
G-opOuTanu:
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Paccrostnue

Kommiexce V., J1K/MOIb
MG)KI[y I_ICHTpaJ'IBHLIMI/I HOHaMH, HM
Fe(H,0)s" " 0,73 1,24
c?§H§o§22+/3+ 0,70 2,15
Co(NH;)s* " 0,70 2,34
MnO,*"" 0,60 1,56

9.2. OKuCJzumerbuo-eoccmanoeumeﬂbublepeakuuu UOHO6
C mojiexKyiamu

OxucneHrne MoOJIEKyJl HEOPraHWYECKHUMH OKHUCIUTEISIMH, TaKH-
MU KakK IepMaHTaHaT Kajus, XpOMOBas KHCJIOTa W JUOKCHJ] CEJICHa,
JABHO W ITUPOKO UCIOJIB3YIOTCS B OPraHUYIECKOM CHHTE3€ KaK CITOCO-
OBl CEJIEKTUBHOTO OKHCIIEHUS KHUCJIOPOJCOACPKAIINX COSTUHEHUM.
OKHCITUTETLHO-BOCCTAHOBUTEIBHBIC PEAKIIMA HWOHOB TIEPEMEHHOM
BaJICHTHOCTH C Pa3HOOOPAa3HBIMH KHUCIOPOACOISPKAMUMHA COSTUHE-
HUSMH KaK MPOMEKYTOYHBIE CTaJNH Pa3HOOOPA3HBIX KaTATUTHICCKUX
MPOLECCOB OKUCIICHUSI UHTEHCUBHO M3ydaHCh B 1950—-1960-x rr.

Oxkucnenue Kuciopoocooepacawmux coeounenuu. OKUCICHUE
CIIUPTOB MOHAMHU METAJVIOB B BOJHBIX PACTBOPAX M3Y4YEHO TOCTATOY-
HO moApoOHO. CIHpPT BXOAUT BO BHYTPEHHIOI KOOPAMHAIIMOHHYIO
chepy HMOHA OKHCIWTENSA, TAC W MPOWCXOIAUT IEPEHOC SJIEKTpOHA
CO CITUPTa Ha MOH:

HROH + Co®™ &= HROH.--Co® —* H"+ ROH--Co**
B CUI1y KUCJIOTHO-OCHOBHOI'O PaBHOBCCHA
Co;: <> CoOH* +H"

-1
B OKMCJICHHM MPUHUMAIOT ydacTHe obe dopmsr: Me"" u MeOH" ",
a 3¢ (exTrBHAs KOHCTAHTa CKOPOCTU 3aBUCHUT OT KOHIIEHTPALUU BO-
JIOPOJIHBIX HOHOB I10 THUITY:

b

k=a+ .
[H']

(9.6)

[IgaTMBaneHTHBI BaHaIWil B BOJHOM pPacTBOpPE CYLIECTBYET B JABYX
dbopmax:

VO +H,0" < V(OH);",
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U TOATOMY U3MepsieMasi Ha ONbITe KOHCTAHTa CKOPOCTH B 3aBUCHUMO-
ctu ot pH otHocuTes wim k VO, (popma 1), mmm k. V(OH):* (dop-
Ma 2), ¥ B 001IeM BUAE kyen = K1k + Kok, Ky [H30']. Huske mpusese-

Hbl  kyen  (1/(MOJIB-C))  OKHCIIEHHS psiga CIUPTOB B BOJIE
npu [HCIO4] = 1 mons/n u 323 K ([Ix. dxonc, B. Yotepc, 1962 r.):

n-CsH,0H (CH,),CHOH C”ﬁ’“gH CH,—~CHCH,0OH HOCH,CH,CH,0H
61111
2,3-107 7,610 24107 7,0-10% 1,0-10°

CymectBeHHO 6bIcTpee okucaser crmptel Co' {H,0, 288 K,
[HCIO4] = 1,57 moaxw/n, k B 1/(Monb-¢) (. Xoap, B. Yorepc, 1964 r.):

YUKo-
C¢H;;OH

0,12 0,28 0,37 0,11 0,05 0,03

CH;0H C,H,OH (CH;),CHOH C,H;CH(CH,)OH (CH,);COH

s u3omponaHona Ky, = l,O-lozzexp(—124/RT) 71/(MOJIB-C)
(ycimoBust Te *e). B HEBOJHBIX pacTBOpax OKHUCJIEHUE, €CTECTBEHHO,
poTeKkaeT MeayeHHee. Hampumep, aneTnianeToHaT KoOaiabTa B pac-
TBOpE XJIOPOCH30J1a OKUCIISIET CIUPTHI 10 OMMOJICKYISAPHON peaKIiuu
co ciaeayromumu kKoHctantamu (393 K, 1966 r., k B n/(monb-c), E
B kJlx/Monb: E. T. Jlenucos, B. M. Consaaukos, B. C. MapTeMbsHOB):

(CH3)2CHOH H-C4H90H L!MKJZO-C6H1 1OH C6H50H
k=6.8107 27107 4810 1,5-107
E =130 165 130 138

AKTHBHO OKHUCJISIFOT CIUPTHI MOHBI Liepusi. CKOPOCTh OKUCIICHUS
W=kK(1+K[ROH])'[ROH][Ce]" B CHIBHOKHCIBIX  pacTBOpAXx.
ITpu HeBbICOKOH KoHLeHTpauu H;O' npossiseT cebs Kak OKUCIUTENb
v von CeOH’". Hike nmpuBe/ieHb! 3HaUeHN & B 11/(MOJIb-c) 1 K B JI/MOJIb
st okucaenust cnuproB B H,O mpu 293 K u HCIO, =1 momnw/n
(C. Myxamman, K. Pao, 1963 1.):

CH;0H C,HsOH yurno-CgH;;OH CH,;CH(OH)CH(OH)CHj
k=4410" 6,7-107 2,210 3,010
K=23 43 2,9 24

MBI BUAWM, YTO KOHCTAHTa aCCOIMALMH CYIICCTBCHHO BBLIIIC
AJIsL ABYXAaTOMHOI'O CIIMPTA, KOTOpBIﬁ MOKET O6p330BBIBaTB XCIIAaTHBIC
KOMIIJICKCHI.
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OxkwucneHre KapOOHWIBHBIX COCTMHEHUN HAIIOMUHAET 110 CBOUM
3aKOHOMEPHOCTSIM OKHCJICHHE CHUpTOB. Hampumep, IUATHIKETOH
oxucistercst Co> 1o peaKIUKU BTOPOTO MOPsAJIKAa C KOHCTAaHTON CKOpO-
ctu, 3aBucsmei ot pH: kyen = 3-107%(1 + 13,8[H;0'])" n/(Monb-c)
pu 293 K. 3aBUCUMOCTD Koy, OT [H;0'] o6bsacHseTCS pPaBHOBECHEM

Co’'(H,0)s =2 Co™'(H,0)sOH + H'

M BBICOKOM akTUBHOCTBIO Mona CoOH”" kak okucauTess. ITpenmnomna-
raercsi, 4To AJIEKTPOH C T-CBSI3M KapOOHWJIBHOM TPYIIbI MEPEXOIUT
Ha Co’'; 06pa30BaBLINIiCSA KATHOH-PAJUKAN QUCCOLUHUPYET HA ITHIb-
Helif pagukan u katuon C,HsC(O)’, xoTopslit o peakuuu ¢ H,O npe-
BpaIllaeTCsl B IPOMUOHOBYIO KUCIIOTY.

Peaxyuu uonoe nepemennoii eaneHmuocmu ¢ nepoKCUOAMU.
OKHCINTENTPHO-BOCCTAHOBUTEIIBHBIE PEAKIIMA HOHOB TSIKEIIBIX MeE-
TAJUIOB C MEPOKCUAAMH U THUIPONEPOKCUAAMH, B KOTOPBIX T€HEPUPY-
IOTCSI CBOOOJIHBIC PaJIMKAJIbI, IITUPOKO HUCHOJIB3YIOT ISl HHUIIUHPOBA-
HUS LENHBIX PpEaKIuid MNoJduMepu3allud W okucieHus. Cucrema
H,0O, + FeZ+, W3BECTHAS TOJT HA3BAHUEM «peakTUB PDEHTOHA», JABHO
MCTO0JIb30BAJIACH ISl TUPOKCHUIIUPOBAHUS M OKHUCIUTEILHON JUMEPH-
3allMM OPTaHUYECKUX COCAUHEHUN. JTU PEaKUUHU MPOTEKAIOT MPH Ka-
TAIUTUYECKOM pacIiajic IEPOKCUIOB U B CIOXHBIX MPOIECcax Kara-
JUTUYECKOTO OKUCIICHUS.

Ilepokcua BoOaOpoAa MOYKET BBICTYNUTh U KaK OKHUCJIUTEb,
npuHuMas 3aekTpon: H,O, + ¢ — HO® + HO', — u kax BOCCTaHOBH-
Tellb, OTAaBas dyekTpon: H,O,— ¢ — HO; + H'. TTostomy H,0, pea-

TUPYET U C HOHAMHU-OKUCIUTEISAMHU, U C HOHAMU-BOCCTAHOBUTEISIMH.
OKUCIUTEIbHO-BOCCTAHOBUTEILHOW PEAKIIMU TPEIIIECTBYET BXOXK-
neuve H,O, BO BHYTPEHHIOIO KOOPJMHAIIMOHHYIO cdepy HOHa,
rJie IPOUCXOAUT mepeckok anektpona. Hampumep, H,O, pearupyer
¢ Fe*" cnenyromum o6paszom :

H,0, + Fe’" < FeOOH*' + H'
K=2-10" (298 K),
FeOOH”" — Fe’' + HO:
k=3,2-10""exp(-92/RT) ¢’".
AHaAJTOrMYHO MPOUCXOAUT U BoccTaHoBieHne H,O; :
H,0, + Fe*' & Fe*'---H,0, —» FeOH*" + HO".
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KOHCTaHTa  CKOPOCTH  kyeon = kK = 1,5-107exp(=30,5/RT) =
= 68 n/(moib-c) (298 K, H,0O). Huxke npuBeeHbl KOHCTAHTBI CKOPO-

ctu k (n/(Monb-c)) misl psiia MOHOB-OKHCIUTEIEH W HOHOB-BOCCTa-
nosuteneit (H,O, 298 K):

Ti* Mn’" Cu’ Ce* Cr,02" MnO;
5,0-10>  672-10°  73-10° 8,6:10° 1,9-10°  3,0-10°

AHaJIOTUYHBIM 00pa30M MPOUCXOJIUT BOCCTAHOBJIIECHUE TUIPOTIEPOK-
CHUJIOB, HAIpUMEp:

Fe’" + ROOH < Fe*"---HOOR — FeOH*" + RO".

B Bognom pactBope 1151 (CH3);COOH
Foxen = kKK = 2-10%xp(—41/RT) = 13 1n/(moib-c) (298 K).

OT cTpoeHMs YIJIEBOJOPOJHOIO OCTAaTKa KOHCTAHTa CKOPOCTHU
c1ab0 3aBUCHUT: HampuMmep, Il KyMUWJITHIAPONEPOKCHIA OHA paBHa
16,6 1/(Momab-¢) (298 K).

CxoaHbsiM 00pa3oM MPOUCXOIUT BOCCTAHOBIICHHE aIlUJITIEPOK-
CUJIOB, HaIIpUMEP:

PhC(0)OO(O)CPh + Fe*" — PhCO; + Fe’" + PhCO;.

KoHcTaHTa CKOPOCTU Kyyery = 2,2-10“exp(—59,4/RT) =12 n/(Mob-C)
(300 K, C,HsOH). Boccranosienne (CH;);COOH wuonamu Co**
B YKCYCHOHN KHCJIOT€ HMPOMCXOJUT C y4acTHEM KaK MOHOSJIECPHOTO,
Tak H OWAJEpHOro KoOaJbTOBOT'O KOMILJIEKCA, TaK 4YTO
kyeen = (7,3-10° + 6,1-10°[Co*"])  n/(momb-c) mpu 308K
B CH3;COOH:H,0 = 1:1. Pacnax ROOH B OusiaepHoM KOMILIEKCE
MPOUCXOJIUT, KAK U B MOHOSJIEPHOM, TOMOJMTUYECKHU, O YEM CBH-
JIEeTeIbCTBYET 00pa3oBaHUE alleTOHAa — MPOJYKTa pacraja mpem.-
OyTOKCUIIBHOTO pajuKaa.

9.3. OKuCJmmerbuo-eoccmauosumeﬂbublepeakuuu
UOHO6 Cc amomamu upa()ul«mamu

OTH peakluu NPOTEKAIOT B Pa3sHOOOPA3HBIX KATATIUTUYECKUX
Y LEMHBIX MPOLECCaX C YYaCTHUEM HOHOB MEPEMEHHOW BAJIEHTHOCTH,
TaKuX, HallpUMep, KaK KaTaTUTUYECKUI pacrajl IEPOKCUI0B, OKUCIIE-
HUE YTJIEBOJOPOJOB, paJvKaibHas MOJUMEPHU3ALNS BUHUIOBBIX CO-
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equHeHui. CBOOOAHBIN pagukan o0JiaJaeT HECIapEHHBIM JJICKTPO-
HOM Y MOXET OKUCIISITh HOH-BOCCTAHOBUTEIb, HAIPUMED:

HO® + Fe** - HO +Fe*",

WJIM BOCCTAHABJIMBATH NOH-OKHUCIUTEND, HAIIPUMED:
R*+Cu” ->R"+Cu".

MexaHu3MbI TaKUX peakiii pazHooOpa3Hbl. B o1HOM cityyae paaukai
Y MOH COJMKAIOTCS U MMPOUCXOUT MEPECKOK IEKTPOHA OT OKUCITUTEIS
K BOCCTaHOBUTENO. B Apyrom ciywae pagukan 3ameniacT JIMTaH.
BO BHYTPEHHEN KOOPJIMHAIMOHHOW cpepe KOMILIEKCa, TJI€ U MPOUCXO-
JUT TIEPEHOC JIEKTPOHA. B TpeTheM citydae paaukan pearupyer C Jiu-
TaHJOM C TTOCIEAYIOIEH MEPECTPOUKOM IIEKTPOHHOM CTPYKTYPhI KOM-
wiekca. KOHCTaHThI CKOPOCTH TaKHUX PEakiMii, B 3aBUCUMOCTH OT pea-
TFEeHTOB M YCJIOBHIA, H3MeHstoTcs B uHTepBane 10'°—1 11/(Moib-c).

Amom 8000opoda kak eoccmanogumens. B peakuusx ¢ HOHaMu-
OKHCJIUTENSIMA aTOMApHbIA BOJOPOJ BBICTYNAET KaK aKTHUBHBIA BOC-
CTaHOBUTENb. BOCCTaHOBIEHHE MPOTEKAET WM YEpPE3 MEPEHOC DIICK-

I
TpPOHA, Kak B ciay4dae ¢ Co :

H* + Co(NH,))" — H" + Co(NH,)>"

WM 4Yepe3 MPUCOCAUHEHUE K JIMTAHIy C TOCIEIYIOIUM MEePEHOCOM
2+
AJIEKTpOHA Ha MeTall, Kak B ciaydae ¢ Fe(OH)™:

H* +(H,0),Fe(OH)*" — (H,0),Fe*

+1
KOHCTaHTa CKOpOCTI/I peaKHI/II/I aToMa Boz[opoz{a C NOHOM Mn
HpaKTI/I‘IeCKI/I HEC 3aBHCHUT OT OKHCIUTCIBbHO-BOCCTAHOBUTCIBHO IIO-

TeHuana nona E, (H,0, 298 K):

Hon Cu®* Fe(CN)> Fej. Aqj,
Ey, xJ>x/Monb 17 35 74 77
k, 1/(Momb-C) 5,9-10 4,0-10° 2,2-10 1,0-10"

JluranaHOE OKpYKEHHE CKAa3bIBA€TCs Ha MEXaHM3ME IEepeHOca
AJIEKTPOHA U 3aMETHO BIIUSIET HA KOHCTAHTY CKOPOCTH PEAKIIUKM aTOMa
Bojopona ¢ kommiekcamu Fe' n Co''(H,0, 298 K, MeToq KOHKypH-
PYIOIIHUX PEAKIIHil):
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Von Fe*' FeOH>" FeCI*" FeCL"  Fe(CN)»

Aq

k, n/(Momb ¢) 9,510 7,6-10° 4,5-10° 8,9-10° 4,0-10°
H* + Co(NH,),L’" — H" + Co(NH,),L**

L NH; H,O OH- F- Cl- Br—
k, n/(moms ¢) 1,9-10° 4,5-10° 3,1-10° 1,1-10° 72-10°7 4,6-10°

C aHMOHaAMH-OKHUCIUTEIISIMA aTOM BOJAOPO/Ia, BUIUMO, BCTYIIA€T
CHAYajla B PEAKLUIO MPUCOECAUHEHHUS C IOCIEAYIOIIEN IEPECTPONKON

AJIEKTPOHHON KOH(UTYpalu M AUCCOIUAIMEd 00pa30BaBIICUCS KH-
ciotsl, Hanpumep (H,O, 298 K, MmeTo1 KOHKYpUPYIOIIHMX PeaKIuil):

H® + MnO; — MnO,0H" — HMnO, < MnO; +H*

AHnoH NO, NO; BrO; MnO,  Cr,0F 10;
k, n/(moms c)  1,3-10° 2,4-10"  2-10’ 2:10"°  2.10" 6-10’

Amom 600opoda kax oxuciumens. B peakuusx ¢ HMOHAMH-

BOCCTAaHOBUTEJIIMU aTOM BOJOPOJA PearupyeT Kak OKHCIuTedb. OH

_ 2 o
oxucisiet, Harpumep, I 1o I°, Fe*" no Fe’'. Jlns nocnenueii peakimu
IPEAIoKEH CIEAYIOMNI MEXaHU3M:

2
Fe’"+ H® — FeH”"
2
FeH” + H" — Fe’ + H,

Ha6iro1aemMast Ha OmbiTe kyp = 2-107 a/(monb-c) (HO; pH = 2;
298 K; MeToa KOHKYpHUPYIOIIMX peakiuii). s peakiuy OKuCICHUS
WOJIUI-MOHA TIPEAJIOKEH MHOM MEXaHW3M, B KOTOPOM Ba)KHYIO pOJib

UrpaeT HoH-pagukan HJ :
L] =+ +
H +H, < H,
Hi+1 —S S H, +T
2I' > 1,
KoucTanTa ckopocti ki ~ 10° 1/(moib-¢) (H,0, 298 K).
Oxucnenue aiKuibHbIX pPAOUKAN08. AJKUIBHBIE paJaUKaibl
OKHUCJISIIOTCS MOHAMHU-OKHCIHUTENSIMA 70 OJICPUHOB U CIUPTOB

WJIU CJIOXKHBIX 3(hupoB. Bo MHOTMX Cilydasix B KAYECTBE MPOMEXKYTOU-
HBIX YacTull 00pa3yloTcs KapOOKAaTHOHBI, YTO JIOKA3bIBAET COCTaB
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IPOAYKTOB OKMcHEHUA. OKUCIEHNE HEONEHTUIIBHOIO pajuKaia are-
TaTOM M€Y B YKCYCHOW KHCIIOTE€ MPUBOAUT K 00pa30BaHUIO U30MEP-
HbIX 2-METWJIOYTEHOB U mpem.-aMUJIalleTaTa, YTo COrJIacyeTcs C pe-
aKIHUSMU, B KOTOPBIX YYaCTBYIOT IPOMEKYTOUHbIE KAPOOKATUOHBI:

(CH,),CC"H, +Cu*" — (CH,),CCH}, + Cu’
(CH,),CCH; + CH,COOH — (CH,),CCH,0COCH, + H"
(CH,),CCH; — (CH,),C"CH,CH,
(CH,),C"CH,CH, — CH,=C(CH,)CH,CH, + H"
(CH,),C"CH,CH, — (CH,),C=CHCH, + H"

[Ipu OKHMCIEHUU pa3IUYHBIX AIKUIBHBIX PaAUKAIOB HOHAMHU
MEJIM B BOJHBIX pacTBOPAaX OTHOIIEHUE CIHPTA K 0J1€()UHY TEM BHIIIIE,
4yeM cTabuiibHee 00pa3yIolniicss KapOOKAaTHOH:

R® C,H: emop.-C,H; mpem.-C,H, CH,=CHCH;,
[Crupt]/[OneduH] 0,81 3,4 9,1 TonbKko ciupT
KOHCTaHTBI CKOPOCTH PEaKIHH aIKHIBHEIX paaukanoB ¢ Cu”

B CMCCH alICTOHHUTPHIIA U YKCYCHOﬁ KUCJIOTHI OBLIH HN3MCPCHBLI MCTO-

J0M  KOHKypupyroomux  peakmuid. Ilpp 330K B cmecnu
CH;CN:CH;COOH = 1:1,5 oHu paBHBI:

R CH;CH,C'H,  (CH;),C'H (CH;);C'H,  PhCH,C'H,
k, 11/(Mo11B ©) 3,1-10° 5,0-10° 4,510° 1,6-10°

B nenowm psne cinydaes, kak nokaszan J[x. Koun, cooTHomeHue
MEXy 0J1e(UHOM U CIUPTOM (CJIOKHBIM 3UPOM), 00pa3yOIUMUCS
u3 R®, 3aBUCUT OT IMraHIHOrO OKPYKeHUs Meau. IlodToMy mpemoa-
racTcsa B TaKuX clydasx oOpa3oBaHHE IMPOMEXKYTOUYHOW YaCTHUIIBI
(KoMILIeKca), KOTOpas ¥ MOoABEpraeTcs JaTbHECHIITUM MIPeBPaICHUSIM:

R® +Cu"(OAc), — RCu' (OAc),
RCu" (OAc), — Onedun + Cu'OAc + AcOH
RCu"(OAc), —[R"Cu'(OAc),]— ROAc+CuOAc

C raJIOrCHIIPOU3BOAHBIMHU MCIN AJIKHJIBHBIC paJHKaJIbl BCTYIIA-
IOT IPCUMYIICCTBCHHO B PCAKIIUIO OTPbIBA:

R*+ CuX; > RX + CuX.
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Peaknust mporekaeT o4eHb ObICTpo. Hampumep, mUKIOMpONUI-
meTupaukan pearupyer ¢ CuCl, ¢ k= 1,1-10° 1/(mounb-c), a ¢ CuBr,
¢ k=4,3-10° 1/(momb-c) (298 K, pacrBopurens CH;CN). Oxnaxo na-
pajuieIbHO B HEOOJIBIIOW CTENEHU MPOTEKAET U peakius NepeHoca
3JIEKTPOHA ¢ oOpa3oBaHueM kapOokaTruoHa. OO 3TOM CBUJIETEIIHCTBY-
10T MPOYKTHI OKUCIEHUS HUKIONpOonuIMeTHIbHOTO paaukaia CuCls:

[Tpoaykt CH,=CHCH,CH,Cl yuxno-C4H,Cl  yuxno-CsHsCH,Cl
Brixon, % 9 2 89

IlepBble 1Ba MPOIYKTA 00Pa3yIOTCS B PE3yIbTATE PEAKIIHA
° I o
R*—% > R" — n3omepnniit R, —2 R X +CuX".

Takum 00pa3oM, OKUCIIEHHE AJKUJIBHOTO paguKaia MOHOM Me-
Tajyla MPOUCXOJIUT WU KaK BHEIIHEC(HEPHBIN MEPEHOC IEKTPOHA C 00-
pasoBanueM cBobogHoro R', um kak BHyTpHchepHbIii nepenoc ¢ oopa-
30BaHMeM R° B nurangHoM cepe Meau ¢ ero MOCIeIyIOIUM IpeBpa-
IIeHHeM, WM Kak peakius R® ¢ nurangaom (OTphIB MIM IPUCOCIUHE-
Hue). B psje cinyyaeB HaOM0aeTCS KOHKYPEHIIUS STUX MEXaHU3MOB.

Boccmanoenenue ankunvuvix paduxanos. AIKWIbHBIE paguKa-
JIbl BOCCTAHABJIMBAOTCS TAKMMM HOHAMM, KaK Fez+, Ti3+, Cr2+, 0 yT-
JE€BOJOPOJOB B IPOTOHOJOHOPHBIX PACTBOPUTEIISIX:

- 1 — _
R*+M" >R +M"; R +H,0—>RH+OH.
OO6pa3oBaHue KapOaHHMOHA B CBOOOJHOM MJIM CBS3aHHOM C METaJIJIOM
BUJIC JTIOKA3bIBAIOT OIBITHI 10 BOCCTAHOBJICHUIO METHJIBHBIX pajvKa-

3+ 2+ 2+ o
noB nonamu Ti", V7', Cr”". B mspkenoii Boae (D,O) MmeTunbHbIe paau-
kaybl BocctanaBinuBatorcs 10 CH;D no peakuusim:

CH; +M"— CH; +M""; CH; +D,0 — CH;D + OH".
N3mepennoe Ha onbiTe oTHOIIeHHe [CH;D]/[CH,] Tem Gombie,
uyeM cuibHee BoccraHoBurenb (CH, oOpasyercs no peakuuu CH;

¢ RH, £y — OKMCIUTEIbHO-BOCCTAHOBUTEILHBIA MOTEHITHA ):

Uon Cr*’ Al Ti*" Fe**
Ey, xJ[>x/M00b -39,3 —24.6 - 74,3
[CH;D}/[CH,] 0,22 0,09 0,031 48107
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[Ipy BOCCTAHOBJIEHUM AIKWIBHOTO paJvKaia XpOMOM IPEIIO-
JJara€tcsia BXOXICHUC pam/IKaﬂa BO BHYTpeHHIOIO KOOpI[I/IHaHI/IOHHYIO
chepy :

R*+ Cr*" —» RCr*", RCr*" + H,O —» RH + Cr’" + HO".

Peakuust nmpotekaer oyeHb ObicTpo. Hampumep, st o-rekce-
HIIBHOTO pajukana k = 4-107 1/(moms-c) (298 K, H,0). B pe3ynbrate
BOCCTAHOBJICHUSI OOpPBIBAIOTCS LENU PAJAUKAIBLHOM MOJIUMEPHU3ALNH
Ha HOHAX-BOCCTAaHOBHUTESAX. Hibke mpuBeneHsl K 1y oOpbIBa LEIei
Ha HMOHAax MpU MOJIMMEpHU3AIMU aKpuwiamMuaa B BOJHBIX PacTBOpax
(298 K):

Von Ti* % Cr’’ Eu”’ TI*"
lgk, 1/(Momb C) 2,76 5,04 5,45 4,92 1,53

Yacto paaukalibl HE BOCCTaHABIMBAIOTCS MOHAMU, HO 00pa3yroT
C HUMHU KOMIUIEKCHI, YTO M3MEHSET COCTaB IMPOJIYKTOB MpPEBpaICHUS
paaukainoB. Tak, HanmpuMep, B IPUCYTCTBUU UOHOB YBEJIMUMBACTCS BbI-
X0/l 9JTaHa, KOTOpBIM 0Opa3yeTcs TMpu pacraae mpem.-0yTui-
TUJIPOTIEPOKCHIA B pe3yJIbTaTe PEKOMOWHAIIMN METHIIbHBIX PaIUKAJIOB.

Boccmanoenenue nepoxkcunvhvix paouxanos. llepokcuiibHbIE

paduKajibl JOCTATOYHO 6I)ICTpO OKHCJIAOT MOHBI-BOCCTAHOBUTCIIN KaK
B ITOJIAPHBIX CpE€aax, TaAK U B YITICBOJOPOIHBIX :

RO; + M"— RO, +M"", RO; + HX — ROOH + X"

C xenaTHBIMU KOMIUIEKCAMU PEaKIUs MPOTEKAET, BUANUMO, KaK
BHEIIHECHEPHBII EPEHOC AIEKTPOHA.

Panukan HO, MOXET BBICTYNaTh KaK OKMCIHMTENb B PEAKIUAX

C MOHOM-BOCCTaHOBHUTEJIEM:
HO, + M"— HO, +M""
1 KaK BOCCTAHOBUTEJb B PEAKIIMU C HOHAMHU-OKUCIUTEIIEM:
HO, + M""' > H + 0, + M""",
Hmwxe mpuBenaeHbl KOHCTAHTBI CKOPOCTH [JI/(MOJIb-C)| M peakiui

0o0OMX THIOB B BOJHBIX pacTBopax 298 K, uamepeHHbie METOJ0M HM-
MyJBCHOTO PaarOJIN3a:

Won Fe** Cu’ Br, Br; CNS~
k n/(mombc)  7,2:10° 4,3-10° 3,8-10" 1-10% 1,6-10°
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Hon Fe’* Cu*™* MnO, Br,
k, /(Mo ¢) 3,3-10° 1,5-107 8-10° 1,5-10°

13 npuBeAEHHBIX JaHHBIX BHJIHO, 4TO paaukaibl HO, O4YeHb

aKTHUBHBI U KaK OKHMCJIMTEIN U KaK BOCCTAHOBUTEIMU. TakoM ke JBOU-
CTBEHHOM PEaKIMOHHON CHOCOOHOCTHIO 00JaJal0T MEePOKCHIbHBIC
paauKajbl, o0pa3yrolecss Mpu OKUCISHWH CHUPTOB M aludaThye-
CKHUX aMHHOB, UTO JIS)KUT B OCHOBE KaTAJIMTHYECKOI'0 MEXaHHM3Ma 00-
pbIBa LIENEN B LEMHBIX PEAKIUSIX OKUCJIEHHS STUX COCAUHCHUMN.

9.4. Peakyuu aHUOH-PAOUKA108

AHMOH-paaguKkan oOpa3yeTcss B pe3yJibTaTe IPUCOCIUHEHUS
AJIEKTpOHA K MoJjekyne. OH JIOCTaTOYHO YCTOMYHMB, €CIIM MOJICKYyJia
00JIaIaeT MOJ0XKUTEIBHBIM CPOJICTBOM K 3JIEKTpOHY E,. Takumu co-
CAMHCHUSAMH SIBIISIFOTCSI  APOMATHYECKUE YIJIEBOAOPOIbI, KETOHBI
U aJIbJETUIbL:

ArH Hadranun @enantpen AwuTpaieH [Mupen Crunsben
E, x]Ix/Monb 14,7 29,7 55,3 55,9 128
ArH Anerodpernon  benszampnernn  1-Hadrampmerun 2-Hadrambmernn
E\, x]J[>x/M0ITb 32,2 40,5 59,8 71,9

AHHMOH-paguKanbl TEHEPUPYIOTCS METOJIOM DJIEKTPOIM3a, IIy-
TEM IMPUCOCINHEHUS] COJIbBATUPOBAHHOIO JJIEKTPOHA K MOJEKYIIE,
[0 PeaKMd aHMOHA C MOJIEKYJIOW, HATPUMED :

ArH ™+ AtH > ArH "+ ArH™
U 110 peaKI_II/II/I MOJICKYJIBI C HOHOM IICJI0YHOI'O METaJljia, HaHpI/IMepZ
Na’ + PhCH=CHPh — Na' + PhCH=CHPh*

AHMOH-pauKal apOMaTUYECKUX COEAUHEHUN JOCTATOYHO YC-
TOWYMB H3-3a ACITOKAIM3AllAM 3apsija M0 CUCTeME T-CBA3eM. Pacmpe-
JIeJICHUE CIIMHOBOM IUIOTHOCTH B aHMOH-PaJMKaliaXx U3y4YeHO METOJIa-
mu OIIP u AMP. Peakuus Mexy METOYHBIM METAJNIOM U apOMaTH-
YECKUM YTJIEBOJOPOJIOM OOpaTuMa, MEPEHOC JIEKTPOHA C aToMa Me-
TaJljla Ha MOJIEKYJIy COIPOBOXKAAETCS BblIeNIeHuEM Teria. Hampumep,
peaxkuus

Na' + C6H5—C6H5 &S Na+ + C6H5—C6H5_.
xapakrepusyertcs napamerpamu AH = —46,8 kJ[>x/mMolb,
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AS =-167 JIx/(monb-K) u AG =-2,8 xJI>x/monp mipu 263 K. 3aBucur
TaKO€ PaBHOBECHE W OT PACTBOPHUTENISI, KaK 3TO BHUIHO U3 MPUBEJICH-
HBIX HUXKE JTAaHHBIX:

C,Hs0C,H, CH;0(CH,); CH30C,H,
PactBopurens OC,H; y-OCH,(CH,),CH, OCH, OC,H;
K (293 K) 0,07 0,36 0,49 0,75

[TockoJIbKy aHMOH-paJUKaIbl 00JIAAI0T U 3apsioM, U Hecha-
PEHHBIM 3JIEKTPOHOM, TO OHU BCTYNAIOT B PEAKIMU, XapaKTEPHbIC KaK
JUISl aHUOHOB, TaK W JUIsi CBOOOJHBIX paaukaioB. Kpome Toro, oHu
MPOSABJISIIOT BBICOKYIO AKTUBHOCTH KaK BOCCTAHOBUTEIM W MOTYT
HE TOJIbKO OTAaBaTh 3JIEKTPOH, HO M MPUHUMATh ero. [lepeHoc nporto-
Ha MO0 peaKIuu

ROH + C12H1() —> RO + CIZHTI

B 3aBUCHMOCTHU OT CIIUPTa IMPOUCXOJUT C KOHCTAHTOM CKOPOCTHU (Cpe-
na — coupt, 298 K):

ROH CH;0H C,H;OH n-CsH,OH  (CH;),CHOH
k, 11/(Mob ©) 6,9-10* 2,6-10* 3,2:10" 5,5-10°

Kak u panukainel, aHHOH-pAAUKAIBI MOTYT OTPbIBaTh aTOM BO-
nopoxna. Hampumep, peakuus

O "+ H, > OH + H*

IIpoTeKaeT ¢ KOHCTaHTOH ckopocTd 8-107 /(momb-¢) (H,O; pH = 13;
298 K). AHuUOH-paguKaiabl CKJIOHHBI IMPUCOCIUHATHCS IO JABONMHOMU
CBSI3U, YTO JICKUT B OCHOBE aHMOHHOW MOJUMEpPU3AIUU N0 JEeUCTBHU-
eM noH-pagukaioB. Kak u pagukaibpl, aHHOH-paguKaabl PEKOMOMHH-
pPYIOT ¢ 00pa3oBaHUEM JHUMEPOB:

2 PhCH=CHPh* Na" — Na'"PhCHCH(Ph)CH(Ph)CHPh Na".

OmHako B OTJIIMYKME OT PEKOMOMHAIIMU aJKWIBHBIX PaUuKaoB, KOTO-
pas mporekaer ¢ aupPy3rOHHOM KOHCTAHTON CKOpPOCTH, aHHOH-
paguKaibl PEKOMOMHUPYIOT MEJJICHHEE W3-3a MX OTTAJIKUBAHUS TIPHU
commxenn. CKOpPOCTh PEKOMOMHAIIMK 3aBUCHUT OT MPOTUBOMOHA
(trerparugpodypas, 273 K):

[IpoTuBOHOH Li’ Na" K" Cs"
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k, n/(Monb C) 33 7.4 13 5,0
E, xJ[>x/Monb 63,7 77,3 60,2 59,4

JInsi aHUOH-paJANKaAIOB crelpUYHA peaKiusl Mepeadu dJIeK-
TpOHa Ha MOJIEKYJTy-akienTop (Hanpumep, C o Hg-HadTanun) :

CioHs K™+ CyoHg — CyoHg + CjoHg 'K
KoHcranTa ckopocTu mepeHoca 3JIeKTpoHa B TeTparuapodypa-
e 1ipu 296 K pasna 6-107 1/(Moub-c).

XapakTepHa Il aHUOH-PAJUKAIOB M PEAKIUSA TUCTPOTOPIINO-
HUPOBAHMS TUIIA

2ATH*M" <& MTArHM' + ArH.

Ilpumep 9.1. Keazucmayuonapnas KoHueHmpauyus amomos
8 UEenHOU peakyuu

B peakuroHHOM cocylie, COAEpKalleM SKBUMOJSPHYK) CMECH
Bosoposa ¢ xyopom (H,:Cl, =1:1), poroxumuyecku reHepupyroTcs
aTOMBI XJ10pa co ckopocThio 107 Monb/(11-¢) mpn 298 K 1 p =1 arwm.
OOpbIB 1IENIEl MPOUCXOAUT B 00BEME B pPE3yibTaTe€ PEKOMHUHALUU
aTOMOB XJIOpAa B TPOMHBIX CTOJKHOBEHHUSX C KOHCTAHTOM CKOPOCTH
2k, = 3-10"°[CI'T*[M].

KakoBa kBa3ucTallMOHApHAs KOHLEHTpalus aTOMOB XJOpa
v Bogopona B 3toi cucteme? C Kakod CKOPOCTBIO IPOTEKAeT 3Ta
uenHas peakuus? Yemy paBHa JUIMHA LEMH dTOW PEAKIIUN?

Pewenue

B KBa3ucTallMOHApPHOM pPEXHME CKOPOCTH T'€HEPUPOBAHUS

Y THOEIM aTOMOB XJIOpA PABHBbI:
W = 2k[C1"]’[M],

tak uto [CI] = (W; /2kt[M])l/2. IIpu 273 K u p =1 atm oauH Mok ra-
3a 3aHUMaeT 00beM 22,4 11, cooTBEeTCTBEHHO npH 298 K 006bem 1 Mo
ra3a paseH 22,4-(298/273) = 24,45 11, Tak YTO KOHUEHTPALIUSI MOJIEKYI
B peakTope pasHa [M] = 1/24,25 = 4,09-10” Monb/11, a KOHI[CHTPALUS
(KkBa3WCTalMOHApHAas) aTOMOB XJIOpa

[C1'] = (W/2k[M]D"* = (10"°/3-10"°-4,09-10%)"* = 2,85-10™"° moub/x1.
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KoHnuenTpanust (KBazuctaliioHapHasi) aTOMOB BOJOpPOJa BbI-
YUCIIAETCS U3 PAaBEHCTBA (CM. TEKCT):

Jeot [C1°1[H,] = koo [H*N[CLy] 1 [H'] = (k1 /) [C17].

KoHCTaHTBI CKOPOCTH pPaBHBI:

ky1 = 1,45-10"exp(—2200/T) = 9,0-10° (11/Mo7B-C)

u ky = 8,9-10"exp(-590/T) = 1,2-10"’ (1/momb-c).
Crenosarensro, [H'] = (9-10%1,2-10')[CI1'] = 2,14-10™" mounb/m.

CKOpOCTh LEMHOMN peakiuu
W =k, [CI'][Hy] = 9-10°-2,85-107'°-2,05-107 = 5,26-10° (;/mMomb-C),
a JiHa et v = W/W;= 5,26- 10°/107"°= 5,26-10'5 3BE€HLEB.

Ilpumep 9.2. Boipasicenue onsa ckopocmu peaxkuyuu Bry + H,

[ennas peakuus OpOMHUPOBAHUS BOJOPOJA BKIIOYAET B CEOs
CJIEIyIOLUE CTaIUHU:

Br,+M — Br' + Br' + M (1)
Br'+ H, - HBr + H' (1)
H® + Br, -» HBr + Br’ (2)
H®+ HBr —» H, + Br’ 3)
Br*+ Br'+M — Br, + M (t)

Kako# Bug MMeeT CKOPOCTh 3TOHM LIEMHOM peakiuu Kak PyHK-
1A OT KOHIEHTpALW peareHToB?

Pewenue

Ckopocth peaknuu W Kak CKOpocTh HakomieHus HBr
IIPU JJIMHHBIX LEISIX PaBHA:

W = I [Ho][Br’] + ko[ Bro][H'] —&3[HBr][H'].

B KBasuCTalMOHAPHOM pEKUME KOHIEHTpanuio Br’ HaxomuMm u3 pa-
BEHCTBA.!

2k[Br,][M] = 2k[M][Br'T’,

Tak uto [Br'] = (k[Br,)/k)"*. Ilpy IIMHHBIX LEMSX UMEET MECTO pa-
BEHCTBO:

ki[Ha][Br’] = (k2[Br] + ks[HBr])[H],

U3 KOTOPOT'0, ITOCIIE MOACTaHOBKH, Haxoaum [H']:
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(H'] = k[H,\k[Br,]/k,

k,[Br, ]+ k,[HBr]

{1 , k[Br,]- lg[HBr]} _ 2k, [Br,][H,]
k

k,[Br, |+ k,[HBr]

126

,[Br, |+ k,[HBr

ki[Br, ]
IV K



10. HEIMTHBIE HEPA3BETBJIEHHBIE PEAKLIUH

10.1. Cpasnenue MONECKYIAAPHBIX U PAOUKATIbHBIX PEAKUUL

Bce MHOroobpasme XMMHUYECKMX PEaKIMid MOXHO Ppa3lIeuTh
Ha peaklMy MPOCThie (IPEBpAIICHUE MPOUCXOAUT B OJMH JIEMEHTap-
HBIM aKT) U CIOXKHbIE (MHOTOCTaJAMMHbBIC). MOJIEKYJIbI-pEareHThl MOTYT
B OJIMH aKT IIPEBPALLATHCS B MOJIEKYJISIPHBIE IPOLYKThI, HAIIPUMED:

(CH,),CHCI — CH,=CHCH, + HCI

OpnHako ropa3zo yalle NpeBpallleHHe MOJEKYJSIPHBIX peareH-
TOB IIPOTEKAET B HECKOJBKO CTaJUi 4yepe3 0Opa3oBaHKE U MpeBpalie-
HUE JJAOWJIBHBIX MPOMEKYTOUYHBIX MPOAYKTOB. Cpeqin CIOKHBIX peak-
IUHA IIUPOKO PACHPOCTPAHECHBI PEAKIIMHM C YYaCTHUEM CBOOOJHBIX pa-
nuKanoB. Bormpoc o KOHKYypEeHIIMU peaklril MOJEKYJSIPHbIX U pajau-
KAIbHBIX OBUT OOCTOSTENBHO MpOaHAIU3UPOBAH B MOHOrpaduu
H. H. CemenoBa (1956r1.). 3a ucTeKmMid MNEepHUOJ CYUIECTBEHHBIN
BKJIaJl B HCCIIEIOBAHHE 3TOM MPOOJEMbl BHECIA KBAHTOBAs XUMHUAL.
[TorTOMY MBI MO3BOJIMM CE0E BKPATIIE pACCMOTPETH 3TOT BOIPOC.

CpaBHUM MOHOMOJICKYJISIPHBIM pacraj MOJEKYJbl U aHaJoTUY-
HOT'O TI0 CTPOEHUIO CBOOOIHOTO pajiviKajia: MpolaHa U H-MPONUIbHOTO
paaukana:

CH,CH,CH, —» C'H, + C'H,CH,
C'H,+C'H,CH, —» CH, + CH,=CH,

IlepBass peakuust TPOTEKAET C€  KOHCTAHTOM  CKOPOCTH
k=410"exp(-343/RT)=6-10" ¢' mpu 500K, a Bropas —
¢ k=5-10"exp(-106/RT)=4 ¢"'. Takoe OrpoMHOE pa3IMdYUe B KOH-
cTaHTax ckopocTH (19 mopsakoB) 00yCIOBIEHO TEM, UYTO MPHU paCIajIe
H-TIPOMUJILHOTO pajukana pa3pbiB C—C-cBA3u KOMIEHCUpYyeTcs oOpa-
3oBaHMeM T—C—C-cBs3u  (mpodHocTh cBsizM 240  kJ[x/Mounb),
a IIpy pacnajie IMpoIlaHa TaKOM KOMIICHCAalMu HET. B CBOKO odepenp,
obpazoBanue n—C—C-cBsi3u MpeaonpeiesieH0 HATMYUEM Y IIPOIMMIbHO-
ro pajgvKaia HECIAapEHHOTO 3JIEKTPOHA, KOTOPBhIM M MPUHHUMAET yda-
CTHE B 00pa30BaHUU ABOWHOW CBs3M IpH paspbiBa C—C-cBs3u. AHalo-

IrMYHas CUTyalMsl HaONIOAAeTcs, €CIM CpPaBHUBATh paclaj CroupTa
Y AJIKOKCWJIBHOTO PaJvKalIa, ajdbJAETUIa U allWJIbHOTO PAJUKAIA U T. [I.
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CpaBHUM peakuuu OTpbiBa aToMa H aToMapHbBIM U MOJEKYJISIp-
HBIM KUCJIOPOJOM:

O +yuxno-C H,, —» HO" + yuxno-C H,,

O, +yuxno-C H,, = HO, +yuxno-C H;,

k, n/(momb-c) (300 K) lg A E, xJI»/mMomnb AH
O 5,6-10 10,12 13,6 -22
0, 5,7-107" 12,90 169 167

N B 3TOM Ipumepe Mbl BUAUM OTPOMHOE pPa3jIM4ue B aKTUBHOCTHU
aToMa U MOJIEKyJibl. CpaBHUM TEPMOJUHAMUYECKHE XaPAKTEPUCTUKHU
ATUX JBYX YaCTHII:

AG (300 K) AH, x[[xx/mons  AS, xJ[x/(Monb-K)
0O, —61,5 0 205
O 200,7 249 161

Bunno, utro O u O, paznuuarorca 1o BeanuuHe AG, a 3TO paziuyue
MPOUCTEKAET U3 PA3HUIIBI B IHTAIBIIUAX O00pa30BaHUS YaCTHUIl. ATOM
KHCJIOpO/Ia HeceT B ceOe OOJIbIION 3arac XMMUYECKOW IHEPTUU, YTO
U TIPOSIBJISIETCS. B pEeaKUUU OTpbIBa: B ciydae O, 3Ta peakuus 3HJIO-
TepMUYHA, a B ciaydyae O — sk3oTepMuyHa. OTCr0Ja Takoe OOJbIIoe
pa3Inure B SHEPTUAX aKTUBALUHU U KOHCTAHTAaX CKOPOCTH.

BBICOKYI0 aKTUBHOCTb aTOMBI U PAJIUKAIIbI MIPOSBIIAIOT U B PEaK-
usIx npucoeauHenus. Hiske mpuBeneHbl KOHCTaHThI CKOPOCTU PEAKITHIA
NPUCOSAVHEHHSI K CTUPOJY aToMa BOJOpOJA, mpem.-0yTOKCUIBLHOTO
pajvKana, MEPOKCHUILHOTO PajivKaia, 00pa3yrolerocsi Ipu OKHCIECHUU
CTUPOJIA, U AIKWJILHOTO MAKpOpaAruKalla CTUPOJIA, TOTUMEPHU3YIOIIETOC
B pacTtBOpe. 11 cpaBHEHUs IPUBEJACHA KOHCTAHTa CKOPOCTH IMPHUCOE-
nuHeHus: O, K MOJIEKyJIe CTHpoJia. Bee peakiuy npoTekaroT B pacTBOPE,
KOHCTaHTBhI CKOPOCTH BCEX PEAKLIMN, KPOME PEAKIIMU C aTOMOM BOJOPO-
na, npuBeneHsl pu 313 K u B3SThI U3 ClIpaBOYHUKA.

Yacruna X° H* Me;CO* R’ RO’ O,

k, n/(momnb-c) (313 K)  5-10° 10° 89 68 5,6:10"°
E, xJI>x/Monb ~0 ~0 30 35 125
AH, x]JI>/Momb —156 -104 -84 —-60 125
D(X-H), kJlx/Mons 396 344 324 300 115
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ATOM BOJIOpO/Ia pearupyeT 04eHb OBICTPO, JOCTATOYHO OBICTPO
MPUCOEAUHSIOTCS CBOOOHBIE PAUKAIIbI, OYEHb MEJICHHO TPUCOEIH-
HSIETCSI MOJIEKYJIAPHBINA KUCIOPO. [’ TaBHAs MpUYKMHA — SK30TEPMUY-
HOCTh PEaKLMil paJUKaIbHOTO MPUCOEAUHEHUs, 00YCIOBICHHAS BbI-
COKOM MPOYHOCTHIO OOpasyroleiicss HoBoM cBsi3u. JJisi BceX mpuBe-
JEHHBIX PAJUKAJIOB AHEPrusi 0oOpa3yrolencs CBS3U BBIIIE DHEPTUU
paspsoiBatonerics 1—C—C-cBa3u, paBHoil 240 k/[>x/monb. MHas cutya-
1y B peakiuu npucoequHenuss O, mo ABOMHON CBSI3U. DHEprusi 00-
pasytomieiica cBs3u (115 k/>x/monb) Menblie, yem takoBas n—C—C-
CBS3H, MTIOATOMY PEAKIUS IHIAOTEPMUYHA, €€ DHEPTUs aKTUBAIUU BbI-
COKa, a KOHCTaHTa CKOPOCTU O4eHb Maja. CpaBHEHHUE PHTAIBIUN 00-
pa3oBaHUs MOJIEKYJ U COOTBETCTBYIOIIUX pafukaioB R® mokassiBaer,
yTo oOpasyrouuiics u3 RH panukan oOGnamaer OoJiee BBICOKOM HH-
TAIBIIUEN U ABIISIETCS HOCUTEIIEM XUMUYECKON DHEPTUH:

RH H2 CH4 CH3OH HZO Me3COOH
AH. 0,0 74,8 201 2418 267
AH., 218 146,3 13 39 81

AH . —AHy, 218 221,1 214 280,83 186

CrienoBaTenbHO, BBICOKAs XUMHUYECKass aKTUBHOCTh PaJIMKAIIOB
oOyCJIOBJIEHA TEM, YTO OHU SIBJIAIOTCS YACTUIIAMH, B KOTOPHIX B BUJIE
HEHACBHIIIIEHHOW CBOOOJHON BAJEHTHOCTH 3allaceHa XHUMHYECKas
DHEPrus.

OTHUM, OJIHAKO, HE MCUEPIBIBAIOTCA MPUYHHBI 00Jee ObICTPOro
MPOTEKAHUSI pEAKIIMI C y4YaCTUEM aTOMOB U PAJIMKAJIOB [0 CPABHEHUIO
C MOJIEKYJISIPHBIMH peakuusiMA. Bo MHOrMX ciydasix 3K30Te€pMHUYE-
CKH€ MOJICKYJIIPHbIE pEakiuu TpeOyIoT [Jii CBOEro MPOTEKaHUs
OYEHb BBICOKOM JHEPrMM AaKTUBAUMHA W I[O3TOMY MPAKTUYECKHU
HE ocyulecTBIsA0TCA. Hanpumep, peakius

H, +Cl, — 2HCI

NpPOTEKAaeT C BBICOKMM  BBIJICJICHUEM TeIUla, €€ DHTaJbIIUs
AH =—181 x/Ix/Mo0nb, T. €. BeCbMa 3K30TEPMUYHA, HO €€ YHEPTHUsl aK-
TUBalM (0  KBAaHTOBO-XMMHUYECKOMY  pacyeTy) IpPEBBIIIAET
150 x/I>x/mMonb. B TO e BpeMsi TepMOHENTpalIbHAS peaKIIHs

ClI'+H, > HCI+H’
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MPOTEKAET C PHEpruei akTuBanuu B 23 kJ[K/MOJIb 1 KOHCTAHTOM CKO-
6

poctu k= 8-10° n/(momab-c) (300 K). He ocyuiecTBisitoTCA Takue Tep-

MOXHMHWYECKH BBITOJHBIC PEAKIIUH, KAK

H, + O,— H,0,, AH=-136 xJ[)x/M0b,
CO + Cl,>» COCl,, AH=-110 x/l>x/Mo0mb.

DTO BBI3BAHO TEM, YTO MPU aTIUa0ATUIECCKOM MPOTEKAHUM KaXK-
JOM peakiuu 00s3aTeNIbHO JIOJKEH COONI0OJIAThCS MPUHYUN COXPAHe-
Husi opoumanvrol cummempuu. COriacHO dTOMY IMPHUHIMITY PEaKIus
paspelieHa npy yCJIOBUU COBMNAJICHHUS KBAHTOBBIX YHCEN, XapaKTepH-
3YIOIIUX AJEKTPOHHBIE OpOMTAIM PEareHTOB U MPOAYKTOB, T. €. CUM-
METPHUH KBAaHTOBBIX XapaKTEPUCTHUK PBYIIUXCS U 00pa3yIOMMUXCs CBSI-
3eil. Eciin Takasg cumMMeTpusi HapylleHa, TO B 00pa30BaHUU MEPEXO-
HOT'O COCTOSIHUA JIOJDKHBI MPUHUMATh y4acTHE HE3aHSIThIE BBICOKO-
AHEPreTUYECKUE OPOUTAIIM PEAreHTOB, @ ATO BEJIET K OYEHb BHICOKOMU
sHeprum aktuBanuu. Peaknus H, + O, > H,O, 3ampeinena, Hampu-
Mep, TOTOMY, YTO B HEH KHCJIOPOJ HAXOJUTCS B TPUIUICTHOM COCTOSI-
HUH, a oopasyromuiics H,O, B CHHTIIETHOM, T. €. HapYIIIEeH 3aKOH CO-
XpaHEeHMsl criMHA. Takas peakiys MOXET HUIATH TOJIbKO C y4acTHEM
CUHIJIETHOTO KHCJIOpOJa, JJIsi 4ero Heooxoaumo Bo3OyxiaeHue O.
Peaxknusa

H,+J, > 2H]

TaK)Xe MPOTEKAET C HAPYIICHHEM CUMMETPUH OpOUTAICH.

B nepexogHOM COCTOSSHUM MOPOUCXOAUT KOH(PUTYpalOHHOE
CMEIIEHHUE 3TUX opOuTanel (a; b,), IpuBOIsIIEe K BRICOKOU 3HEPruu
aKTHBAllMA TaKOW peakluH. AHAJIOTMYHAs CHUTyalusi HaOJrogaeTcs
s peakuuit Hy + Cl, u Mmuorux npyrux. B ciydae peakiuii aToMOB
U CBOOOJHBIX PaJIMKAJIOB C MOJIEKYyJaMU MPUHIIUII COXPAHEHUS CUM-
METpUr OpOUTaIel OOBIYHO BBIMIONHSETCA, T. K. Y paguKajia BCernaa
€CTh OJIHA HE3alOJIHEHHAsl CBA3BIBAIOIIAS OPOUTANb, YTO U 0OecHedu-
BAET HEMEpeceueHue opouTaneil nmpu oOpa3zoBaHUU MPOAYKTOB. ITO,
B CBOKO OYe€pelb, NPUBOJUT K HEBBICOKAM JSHEPIUSM aKTUBALUU
s peakiuid ¢ AH < 0.

Takum Opa3oM, CBOOOJIHBIE aTOMBI M PaJUKaJIbl KaK peareHThI
MMEIOT JIBa BAKHBIX PEUMYIIECTBA NIEPE] MOJIEKYJIAMMU.

Bo-niepBbiX, OHH 00JaAal0T BBICOKHM 3allacOM XHUMHYECKOUN
DHEPIUM, U MOITOMY MHOI'ME PEAKIMU C UX Y4YaCTUEM IIPOTEKAIOT
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¢ AH’<0, B TO BpeMs KaK aHAJOTHYHbIC PEAKI[MH C Y4aCTHEM TOIBKO
MOJIEKYJI YaCTO K30TEPMUYHBI.

Bo-BTOpbIX, Haluuue CBOOOJHON HE3aMOJHEHHOW CBSI3bIBalO-
med opOUTAIM CHUMAET C PAJUKAIbHBIX PEAKIUi BBITEKAIOIINE
U3 MPUHIIMIA COXPAHEHUSI CHUMMETPUM MOJICKYJISIPHBIX OpOuTaiet
KBAHTOBO-XWMHUYECKHUE 3aMPEThI, CHIPABEAIUBBIEC IJI1 MHOTUX MOJIEKY-
JApHBIX peakuuil. [1o3TOMYy dK30TEpMUYECKUE UM TEPMOHEUTPAIIb-
HBIC PAJUKAJIbHBIE PEAKLUN IIPOTEKAIOT C HEBBICOKON DHEPIUEU aKTHU-
Bauuu. [IpaBma, B COOTBETCTBHUM C 3TUMH JBYMSI OCOOEHHOCTSIMHU
O4eHb ObICTPO (0€3 PHEePruM aKTUBAIMH) MPOTEKAET PEKOMOUHAIINA,
a TaKKe JUCIPONOPIIMOHUPOBAHUE CBOOOJHBIX pagukayioB. Kak Mbl
YBUJIUM T03/IHEE, OBICTPOE MPOTEKAHUE TAKWUX PEAKIMNA HAKJIAAbIBACT
CYLIECTBEHHBIE OTPAHUYCHUS HA PEATU3ALUIO LIETTHBIX PEAKIIUH.

10.2. Ycnosus peanuzayuu yenHoii peakuuu

Cpenu pazHOOOpa3HBIX paJUuKaJIbHBIX peaKlMid 0c000€ MECTO
3aHUMAIOT IEMHbIE MPOLECCHl KaK KJIacC CMEeHU(PUYECKUX XUMUYE-
CKHUX IpeBpamieHuil. boJblIoi OMBIT UX U3y4YEeHUS MO3BOJIUI cop-
MYJIMPOBATH YCIIOBUS, IIPU BBIIOJTHEHUU KOTOPBIX pPeau3yeTcs Ier-
HOM paJuKaJIbHBIA MpoLecC. DTH YCIOBUS BBITEKAIOT W3 OOIIMX
CBOMCTB paJUKAIbHBIX MPEBPAIICHUM, U3 CTPOCHUS pearupyrommx
BELIECTB, U3 YCIOBUM MPOBEACHUA peakiuu. Bkparie octaHOBUMCS
Ha 3TUX YCIIOBUSIX.

IIpunyun neynuumodsrcumocmu c80000Hou eanenmuocmu. CBo-
OOJIHBI aTOM WM paaukal (MOHOpPAAHMKAI) UMEET HEUETHOE YHUCIO
AEKTPOHOB. VICKIIIOUEHHE COCTaBIISIOT aTOMBI OJaropoJHBIX Ta30B.
BajieHTHOHACHKIIIEHHBIE MOJIEKYJIbI, KaK MPAaBUJI0, UMEIOT YETHOE YHC-
J10 3JIEKTPOHOB. [103TOMY B peakiusax paavkaia Uik aToMa C MOJIEKY-
71011 HEM30€KHO 00pa3yeTCcsl aTOM WM paIUKajl, HapuUMep:

CI' +CH, - HCl1+C'H,
C'H, + C.H,SSC,H, — CH,SC H, + C.H,S"
C'Cl, + CH,=CH, — CCI,CH,C'H,

Coxpansiercs cBOOOIHAsI BAJIGHTHOCTh U B MOHOMOJIEKYJISIPHBIX
peakMaX MOHOPAJMKAIOB, TAKMX KaK pacmaj WIM HU30MEpu3anusl,
HarpuMmep:
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C,H, >CH,+H
CH,CH, (CH, ),CH,O" —> CH,C"H(CH, ),CH,0H

Takum 00pa3oMm, BO BCEX peakIMsX, B KaKIOH M3 KOTOPBIX
OPUHUMAET Y4YacTHE OJWH aTOM WM pPaJuKall, CBOOOJHAs BaJICHT-
HOCTb HE HCYe3aeT, a coxpaHsercs. [Ipunyun HeyHUUmModcumocmu
Cc60000HOU 8aleHMHOCMU B PEAKIUAX, T aTOM WJIA MOHOpaJIUKal
IpeBpaliaeTcss MOHOMOJICKYJISIPHO WM pearupyer ¢ BaJCHTHOHACHIB-
IMICHHBIMA (MMEIOIMMH Y€THOE YHCIIO AJICKTPOHOB) MOJICKYJIaMH, SIB-
JSIETCS. €CTECTBEHHBIM CIIEACTBHEM COXPAHEHUS YHWCIIA DJIEKTPOHOB
IPU TIPEBPAIICHUHA PEAreHTOB B MPOIYKTHI. JTO yCIOBUE HE BHITION-
HSIETCSA, €CJM pearupyromas ¢ paJuKkajioM YacTHIla UMEET HEUETHOE
YHCJIO AJIEKTPOHOB, HATIPUMED:

C,H. + NO — C,H.NO

Hpunyun yuxnuunocmu paouxanvhuvlx cmaouu. 113 paccmotpe-
HUSI Pa3HOOOpPa3HBIX pPaJUKAIbHBIX PEAKIHMH CIEAYET, YTO JalCKO
HE Bcerja Mpu BO3ZHUKHOBEHUM CBOOOIHBIX PaguKajOB peaau3yeTcs
nenHas peakuus. Hampumep, npu pacnanae mpem.-OyTUINEPOKCH 1A
B yrieBogopoae RH nporekarot cieayromme peakuuu:

(CH,),COOC(CH,), — 2(CH,),CO’
(CH,),CO* +RH — (CH,),COH+R"
(CH,),CO* - C'H, + CH,COCH,
C'H,+R"—>CH,R
R*+R*—>R-R
R*+R* — R —H+Onedpun

B pesynbrare pacmnaga nepokcuaa oOpasyercst psii MpPOIyKTOB
B3aumoeiictus paaukanos (CH;);CO®, C°*H; u R®, a nenHoit nporecc
B TAKOM cucTeEME He Bo3HMKaeT. Ho ecnu B cucremy nepokcui-RH BBe-
CTH €IlI€ U KUCIOPOM, TO BOZHUKAET LEITHAS PEAKIUS OKUCIICHHUS

R +0, - RO,
RO, +RH — ROOH +R"

B yem pasznuuue mexay cucreMamu naunuatop—RH u nannma-
Top—RH-0,? B TOM, 4TO B IEpBOM Cilydyae HE MOXKET OCYIIECTBUTHCS
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IIUKJI TPEBpaIICHU ¢ BO3POXKICHUEM paaukaioB R°, a Bo BTopom
Cly4yae BO3HUKAET IOCJIEAOBATEIBHOCTh 3JIEMEHTApHBIX IIpEBpalle-
HUIi ¢ pereHepanueii ncxomHoro paankaia R°. AHann3 aHaJOTHYHBIX
CHUCTEM MPUBOIUT K CIEAYIOLIEMY BBIBOAY. [[ennasa peakyus BO3HU-
KaeT TOJIbKO B TAKOM CUCTEME, T'JI€ PAJIUKAIIBI BCTYAIOT B IMOCJIEN0BA-
TeJbHbIE TIPEBpAIICHUsI C COXPAaHEHUEM CBOOOIHON BaJICHTHOCTH, 00-
pa3ys UukiI. MHOTOKpAaTHOE MOBTOPEHUE TAKOTO LIMKIIA B pEarupyro-
el CHUCTeMe MPEeACTaBIsIeT CcOo0O0H IemHyr peakiuio. Hampumep,
pacnaj aueTaibJeTHIAa BKIKOYAET CICAYIOIIUN LUK TPEBPALLCHUN:

CH;C’O —» C*H; + CO
C'H; + CH;CHO —CH, + CH;C*(0O)
XJIOPHPOBAHUE METAHA:
CI° + CH; — HCI + C*H;
C'H; + Cl,—» CH;Cl1 + CI°
cynb(hOXIOpHpOBaHHe yriaesogopona RH:
ClI'+RH — HCI +R°®
R*+ SO,— RSO’

RSO; + Cl,— RSO,CI + CI'

[TocnemoBaTenbHOCTh 3JIEMEHTAPHBIX CTAJIMN PAIUKAIBLHON pe-
aKIINK, MPUBOJIAILIAS K PEreHEpaIliu UCXOJHON POopMBbI pajiuKaia, Ha-
3bIBAETCS 3BE€HOM LIEMH, & KaXJas U3 3TUX CTaAUNd — aKTOM ITPOAOJI-
YKECHUS LETH.

Vcnosue npuopumemnocmu peaxyuu npooondcenus yenu. Ko-
r7la CPeu peareHTOB BO3HHMKAIOT CBOOOJHBIE PaJUKAIIbI, HEU30EKHO
MPOTEKAIOT JIBA MPUHUMIMAIBHO Pa3HBIX THUIA PEAKLMI: peakiuu
C COXpaHEHHEM CBOOOJIHOM BaJCHTHOCTH M PEAKIIMU PaJUKAIIOB (aTo-
MOB) JPYT C IPYyTOM, B KOTOPBIX TPOUCXOJIUT THOEIb YaCTHUIl CO CBO-
00JIHOM BaJIeHTHOCTHIO. Hampumep, BO3HHKAIONIME B Mapax aleTallb-
Jeruja aluibHbIe PaJuKalbl MO0 pacnagatoTcs, BbI3bIBas IIUKII IIpe-
BpallleHUM, ONMHUCAHHBIN BhINIE, JTMOO PEKOMOMHUPYIOT, 00paszys au-
auetui. LlermHoM pacnaj aneranbAeruja BOSHUKAET B TAKUX YCIIOBU-
X, Korja ObIcTpee MPOTeKaeT MOCAeA0BaATLHOCTh PEaKIIHi:

C.Hg, + CH3CHO —> CH4 + CH3C.O
CH;C°0 — CH; + CO,
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4eM pPeKOMOMHAIIMS alleTWIbHBIX paauKanoB. J[jis 3Toro Heooxoauma
NpEeXAEe BCEro IOCTaTOYHO BBICOKAsl TEMIlEparypa, T. K. pacmaj are-
TUJIBHOTO pajJlKajia — 3HAOTepMHUYecKui npouecc. CiaeaoBaTenbHO,
JUISl LIETHOTO Mpoliecca HE0OXOIMMO CO3JaHuEe TaKUX YCIOBUM, KOrAa
oOpasyroniuecs B CUCTEME PaAuKalibl MPEUMYIIECTBEHHO BCTYHAIOT
B PEaKIIMU C COXPAaHEHUEM CBOOOHOM BaJI€HTHOCTH.

I'enepuposanue c60600ubIx padukanos. HakoHen, CyliecTByeT
€lle OJHO Ba)XHOE YCIIOBHE pealiu3allud LenHoro mnpoinecca. [lepsbie
TPU YCJIOBUS ONPENEIAIOT OCYIIECTBIECHUE Mpoliecca MO LETHOMY
MEXaHHU3MY, KOTJIa B CUCTEME YK€ MOSBWINCH CBOOOHBIE PAJUKAIIbI.
PeanuzoBaThcst TakOW MPOIECC MOKET JIUIIb NMPU HEMPEPHIBHOM 00pa-
30BaHUU paJIMKaIoB B cucteMe. Tak, Hanmpumep, BUHWIOBbIE MOHOME-
pbl CH,=CHX HaunHaOT MOJIMMEPHU30BATHCA TOJIBKO MMOCII€ BBEACHUS
WHULIMATOPA — TEPMUYECKH HECTOMKOTO COCTMHEHUS U O0ITyYEHHUS
cBeTOM. /[0CTaTOYHO MHTEHCUBHOE WHUIIMMPOBAHUE YACTO JOCTHUIa-
€TCsl MOBBIIEHUEM TEMIIEpPaTypbl, YTO MPUBOJIUT K 0OpPa30BaHUIO pa-
JTMKAJIOB U3 PEarcHTOB.

Takum 00pa3oMm, IEMHbIE paAUKaIbHbIC PEAKIIUN PEaTU3yIOTCs
B CHJIy MPUHLNIA HEYHUYTOXKHUMOCTH CBOOOJITHON BAJICHTHOCTH B pe-
aKIUSAX PAJUKAIOB C MOJIEKYJIAMHU MPU TaKOM MOAOOpPE pEeareHTOB,
KOrJa B CHUCTEME CTAHOBSTCA BO3MOXKHBIMHU LHUKIWYECKUE PEAKLIHU
C pereHepainueil CXoaHOM paaukaisHON GopMbl. Peanusyrorcs ter-
HbIE pEaKIMy MPU HETPEPHIBHOM T€HEPUPOBAHUU PAJIUKATIOB U TaKUX
YCJIOBUSIX, KOT/Ia UK PaJAUKaIbHBIX PEAKIUA C COXpaHEHUEM CBO-
0O0JTHOM BaJICHTHOCTH IIPOTEKACT OBICTPEE, YeM PEaKIuy THOeIn Jac-
TUI] — HOCUTEJIEH CBOOOHON BAJICHTHOCTH.

10.3. Cmaouu yennoii HepazeemeneHHOU peaKyuu

[lernHast peakuusi COCTOMUT, KaKk MPaBWIO, W3 OOJBLIOrO 4ucia
3JEMEHTApPHBIX CTAaauid. DTH CTaAUM B 3aBUCUMOCTH OT HX POJIHU
¥ MECTa B COBOKYITHOM IIETTHOM MpOolLIecce ACNSIT Ha CTaJlUU 3apodicoe-
HUsl, npooodxceHus u oopviea yeneti. OCTAHOBUMCS BKpaTIE Ha Kax-
JIOW U3 3TUX CTaJIUM.

3apooicoenue yenu. Kaxk yxxe oTMeqanoch, sl OCYIIECTBICHHUS
LEMHOI0 Mpolecca HEOOXOAUMO HEMPEPHIBHOE TEHEPUPOBAHUE B CHC-
T€M€ CBOOOIHBIX PAJAUKAIOB. DJIEMEHTAPHBIE PEAKIUHU WU (U3nye-
CKHE MPOLECChl 00pa30BaHUsl CBOOOIHBIX PaJUKaIOB M3 MOJIEKYJ Ha-
3bIBAIOTCSA CTAIUAMM 3apoXKJeHus ueneil. McToOYHuKOM pajukalioB
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MOTYT OBITh UCXOJIHBbIE peareHThl. Hanpumep, KpeKUuHr OyTaHa Ha4M-
HAETCs C paclajia ero MOJIEKYJI Ha CBOOOHBIE paJIuKabl

CH3 CHZCHZCH3 —> 2CH3C.H2

Tak kak C—C-CB43b NpOYHAsi, TO TAKOW pacnajl UuJIeT OYCHb MEIJICHHO.
Ecnmn B MCXOOHBIX peareHTax paauKajibl BO3HHUKAIOT MEJJIEHHO,
TO BBOJSAT MHUIIMATOPHI — MOJIEKYJIbI, CPABHUTEIBHO OBICTPO pacha-
JAIOIIKECs] Ha CBOOOIHbIE pajiuKaibl. Takoro THMa peakinuu paccMOoT-
PEHBI BO BTOPOM pas3JIelie.

Cnenyer uMeTh B BUJY, YTO JJIsI HHULIUMPOBAHUS LIETTHOM pe-
aKIIMU HEOOXOJAMMO T€HEPUPOBATh B CUCTEME TaKUE PaJUKaibl, KOTO-
pbIE 3aT€M BCTYMAIOT B PEAKILIMIO C PEAr€HTOM M HaUYMHAIOT LIMKJI CTa-
TUA TIPOAOJDKEHUs lLenu (cMm. nanee). Eciaum 3Toro He IMpOMCXOaMT,
TO LEMHAsl peakuus He BO3HUKaeT. Hampumep, TMHUTpUI azon3omac-
JISTHOW KHUCIIOThl MHULMUPYET MOJUMEPU3ALUIO BUHUIOBBIX MOHOME-
POB, T. K. BO3HUKAIOIIUE U3 HETO PAUKaJIbl OBICTPO MIPUCOCAUHSIOTCS
10 JBOMHOM CBSI3W HEMpPEACNbHBIX COeAWHEHUU. OJHAKO ATOT WHU-
UAaTOpP HE MHULUUUPYET CYJIb(OOKHCICHUE AJIKAHOB, T. K. IUAHU30-
NpONWIbHBIE paguKalibl HE pearupyrotT ¢ SO,, a oOpa3yrouuiics B Ta-
KOW peakiuu Cyiab(haHWIbHBIA paauKkal He ycTonuuB. [loaTomy rexe-
PUPOBAHUE LIUAHU3OMPONMWIBHBIX pagukaioB B cucteme RH-SO,-0O,
He BBI3BIBACT IMOSIBICHHS paaukanoB R° u, ciemoBaTeapHO, HE 3allyc-
KaeT UK UEMHBIX MPEeBPAIICHUN :

R* —2 RSO; —2— RSO, — >R’
[{ranuzonponuibHbIE paauKaibl 0 peakuuu ¢ O, mpeBpaiia-
I0OTCSI B IEPOKCHUIIBHBIE, KOTOPBIE 3aTEM AUCIPONOPLUUOHUPYIOT.
IIpooonicenue yenu. Kak yxe oTMedanaoch, ICIHAS PEAKIIMS
MOXET BO3HHMKHYTh B TaKUX peareHrax, IJi€ CBOOOIHBIN paauKal
WJIA ATOM BBI3BIBACT LIMKJI MPEBPALLEHUN C pEereHepanued UCXOAHOU

panukagbHOM Gopmbl. Hampumep, B cMecu xjtopa ¢ STUJICHOM pealu-
3yETCA MOCIEA0BATEIIbHOCTh PEAKIUNA:

CI' + CH,=CH, — CICH,CH;,
CICH,CH;, + Cl, — CICH,CH,Cl + CT",

B pe3yJbTaTe KOTOPOM XJOp M ITUJICH MPEBPAIIAOTCA B JTUXJIOPITAH
C pereHepanrerd aToMa xXJjiopa, HaYMHAKOIIETO MEMHOM Tporecc. [{uki
palUKaJIbHBIX PEaKIMii, B KOTOPBIX COXPaHSIETCS CBOOOIHAS BAJICHT-

135



HOCTb, @ PEarceHThl MPEBPAIIAIOTCS B MPOAYKTHI U PErCHEPUPYETCS
UCXOJHBIA pajguKan (aToM), HAUMHAIOIIUKM 3TOT MPOUECC, U SIBISETCS
36eHOM YenHou peakyuu. B 3BEHO LEMHOr0 mpouecca MOTYT BXOJUTh
pa3HoOOpa3Hble paAUKAIbHBIE PEAKIUU pacnaod, HpucoeouHeHus,
ompulea, 3amewerus, n3oMepu3anuu. Penko, HO BCTpedaroTcs B LEI-
HBIX Mpolieccax PeaKinu ABYX PaJUKaIOB ¢ COXPAaHEHUEM CBOOOIHOM
BAJICHTHOCTH, KaK, HAIPUMED:

2(CH;);CO0°" — (CH;);CO*+ O, + (CH;);CO*

[Iponomkenue 1eneit MOKET IMPOTEKaTh C Y4acTHEM aJcoOpOMpPOBaH-
HbIX HOcutenen nener. [lo xapakrepy 3JIEMEHTApPHOM PEAKIAM U €€
pOJIA B LEMHOM MPOLECCE FeTEPOr€HHOE MPOAOJLKEHNUE LIETIEH MPUH-
LUNUAIBHO OTIMYAETCS OT F€TEPOr€HHOI0 3apOKIACHHUS.

Obpuis yenet. Peakuust (MM COBOKYIHOCTh PEAKIMil), B pe-
3yJIbTaT€ KOTOPOM MOrudar0T BEAYIIHUE IEMHYI0 PEaKIUI0 PaJIUKaIbl,
Ha3bIBaeTCs cTaaueit oOpwiBa 1emneit. Ctaguu oOpbIBa 1emnel gocTa-
TOYHO Pa3HOOOpa3Hbl. DTO TMpPEeXkKJe BCEro pPeKOMOMHAIIUS aTOMOB
Y PaJIMKAJIOB, HAIIPUMED:

CI'+ CI'+ M — Cl, + M (B ra3oBoii ¢ase)
C'H; + C'H; — C,Hg
C'H; + C*H; + M — C,Hy + M(ra3zoBoii dase),
XeMOCOPOIIMST aTOMOB U PAJMKajIOB HAa CTEHKE C MOCIEIYIOMEH HX
peKoMOUHaIEen, HalpuMep:
H+S —>H—S

H+H—S—>H,+S

WU
H—S+H—S—>H,+S

Jlnuna yenu v. OT COOTHOIIEHUSI CKOPOCTHU PEAKLIHN MPOIOJI-
JKeHHsSI U oOpbIBa IIeTIeH 3aBUCHUT TaKasl BaXKHasl XapaKTEPHUCTHKA 1IeT-
HOT'O Mpoliecca, Kak JJuHa meny. J{nuHa nenu npeacTtaBiseT coOoi
CpeIHEee YUCIIO 3BEHBEB, MPUXOAIINXCS Ha KAXKbIA pagukai (aToM),
VHULUUPYIOLINK LEMHY0 peakuuto. [[rHa nenu mokas3pBaeT, CKOJIb-
KO pa3 (B CpeaHEM) YCIEBACT PEreHEepUpOBaATHCS JAaHHBIA aTOM
WM pajdKajl ¢ MOMEHTa 3apoKAcHHUs Ienu a0 oOpeiBa. KoHeuHo,
JJIMHA PA3JIMYHBIX KOHKPETHO B3ATHIX Ieneil pasznuyHa. [loaTomy
JJIMHA LENH, XapaKTePHU3YIolash TaHHbIA LEIMMHOW IMPOLECcCC B 3ajJaH-
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HBIX YCJIOBMSIX, SIBISICTCSI CTATUCTUYECKOM BEIMYMHOM, TaK K€ Kak
U IpyTu€ KUHETHUYECKUE XAPAKTEPUCTHKH XUMHYECKUX ITPOLIECCOB.
Ecnu maHHBIM TUI HOCUTENEU TOCIE 3apPOXKICHUS LIENHA YCIEBAET V
pa3 pereHepupoBaThCs, MPEXAE YeM MOTHUOHET, TO 3HAYUT CKOPOCTh
MPOJOJDKEHUS LIETH B V pa3 00JIbIIIE CKOPOCTHU OOPHIBA:

y=—>L (10.1)

Hocutens 1nienu B HEpa3BETBICHHOM IIEITHOM IPOIIECCE MOXKET BCTY-
MUTH JIMOO B PEAKIUIO MIPOJIOJKEHUS 1IETH, JTU00 B PEaKIIUI0 00pbhIBa.
[ToaTOMYy OUYEBHIHO, UTO OTHOIIICHHE:

/4
o=—2> (10.2)
MIPEICTaBIISIET COO0M BEPOSATHOCTH MPOJAOKEHHUSI 1I€TICH, a OTHOIICHUE:
/4
p=—"— (10.3)

ABIISIETCS. BEPOSITHOCTHIO OOpbIBa mened. [loaToMy UIMHY UENHU MBI
MOJKEM IPEICTABUTH B BUJE:

v=0/B.

B ycTaHoBuBIIEMCS, CTAaHAAPTHOM PEKUME HEPA3BETBICHHO-LIEITHOTO
MPOLIECCA YUCIIO €KECEKYHIHO 3apOAUBIINXCA HOCUTEIIEN LIETIEN paB-
HO YHUCIy MOTUOIIMNX, T. €. CKOPOCTH 3apOKIEHUS U OOpbIBA PABHBI.
[Tostomy (10.1) MOXKHO 3anucaTh B BUAE
/4
C
v, = — (10.4)
/4

tc

TJI€ UHJIEKC «C» YKa3bIBACT HA CTALIMOHAPHOCTH PEKUMA IIpoILIEcca.

B kaxnoM mukie nenu pacxoayercs UCXOIHBIM PEareHT, Io-
3TOMY CKOPOCTbH MPOJOJLDKEHUS LIENHN TPH JUIMHHBIX LEIMIX paBHA CKO-
pOCTH LEMHOTO mpolecca. M3 mocimenHero BhIpaXEHUST BUIHO, YTO
CKOPOCTh HEPA3BETBIICHHO-IICTTHOT'O MPOIECCa PABHA!

W.=W =W v. (10.5)
N3 Beipakenuit (10.4) u (10.5) BUIHO, YTO €CJIM YBEIUYUTH

CKOpPOCTb OOpbIBa II€NEH, TO ITO MPUBEAET K COKPAIIEHUIO JJIUHBI 11e-
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1 U 3aMEUICHUIO LIEMTHOTO Mmporuecca B 1enoM. Hampumep, B peakiu-
onHoii cucteme Cl, + H, monekyna O, BCTylaet B peakiuio

H'+0,+M — HO; + M

1 o0pasyromuiics pagukan HO. NPUBOIAMT K YHUYTOXKEHUIO CBOOO-
HOW BaJICHTHOCTH Ha TTOBEPXHOCTH PEAKTOpa WIH B 00bEME

HO; + HO;, — H,O, + O,.

N3 3TUX ypaBHEHUM BUJIHO, UYTO B PE3yJbTAaTe yBEJIWYCHHS OOpHIBA
emneii, ooycnosinerroro peakuueii H' ¢ O,, cokpaiaercst IIiMHa eI
Y YMEHBIIAETCSI CKOPOCTh MPOLIECCA B LIEJIOM.

Jlumumupyrowas cmaous npooosdicerus yenu. B Tex ciaydasx,
KorJa MPOJIOJDKEHUE 1IN COCTOUT U3 JIBYX WK OoJjiee CTaauil, Beay-
II[UE 1IEeTh aKTUBHBIC [IEHTPhI OOBIYHO PA3INYAIOTCS 1O CBOEU aKTHBHO-
ctu. Hanpumep, nenmHyro peakiyio BOJOPOJia C XJOPOM BEAYyT aTOMBbI
H* u CI°. AToM Bomopo/ia pearupyer ¢ MOJIEKYJION XJI0pa ¢ KOHCTaHTOM
ckopoctd k= 1,8-10"exp(-8,4/RT) = 6,2:10° n/(monb-c) (300 K),
a aToM xJiopa pearupyer C MOJIEKYJION BOAOpOAA
¢ ky = 4,8-10'"%exp(-22/RT) = 7,1-10° n/(momb-c) (300 K). ITpy AnuHHBIX
HEMAX CKOPOCTU HATUX JBYX PEAKUUA TPAKTAYECKH OJUMHAKOBBI:
ki[CL][H®] = ky[H,][CI%] u npu [H,]=[Cl,] OTHOIIICHHE
[H'V[CI'] = ko/ky = 10”. TlockoabKy B OTCYTCTBHE WHIHMOMPYIOIIMX
npuMecelt memu ruOHYT 1o peakmmsm: H'+H'+M, H'+CI'+M
uClI'+CI°+M, — TO CKOPOCTH OTHX pEaKiMii OTHOCATCS Kak
1:10°:5-10°, 1 0GPBIB LEMell MPAKTHYECKU IPOUCXOIUT 110 PEAKIIHH Pe-
KoMOuHarmu aroMoB xyopa. Ciemosaresnsno, cragus Cl° + H, u aumu-
TUPYET MPOJOJDKEHHE 1ienu. Eciu yBeIu4uTh KOHILEHTPALMIO XJIOpa,
TO 3TO YBEJIIMUHUT YACIbHYIO CKOPOCTb MPEBpAIEHUs] aTOMOB BOIOPO/IA,
OJIHAKO HE YCKOPHUT MPOTEKAHUE LIEMHOW PEaKIMK B 11€JIOM (TPU yCIIO-
BUM: CKOPOCTh WHHMIIMMPOBAHUS = const). YBeIWUYeHHUE KOHIICHTpaIlUu
BOJIOPO/JIa, HA00OPOT, YCKOPUT IIEMTHOM MPOIIECC B II€JIOM, YBEUHB YHC-
JI0 IIUKJIOB MPOJOKEHUS e, TakuM o0pa3oM, JTUMUTUPYIOLIEH sB-
JSI€TCA TaKas CTausl MIPOJIOHKEHUS 1IeTIH, B KOTOPOM y4acTBYET aKTHUB-
HBIM IIEHTP, OTBETCTBEHHBIN 3a ruOenb 1eneid. OOBIYHO ATO LEHTP,
HAMMEHEE AKTUBHBIM B MPOJIOJKCHUH LIENH. B CHITy HEBBICOKOW aKTHB-
HOCTH OH NIPHCYTCTBYET B HanOoJiee BHICOKON KOHIICHTpPAIUM, U TI0-
ATOMY OOpBIB 1IETIEH IPOUCXOAUT UMEHO ¢ ero ydactueM. C u3MEHEHHU-
€M COOTHOIIEHHUSI KOHIIEHTpAlUid PEareHTOB MEHSIETCSI COOTHOIICHUE
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MEXIy KOHIEHTPALUSIMH aKTHUBHBIX IIEHTPOB, & 3TO MOXKET MPUBECTU
K CMEHE JUMUTHUPYIOIIEH CTaAuH. 3aBUCUT JIMMUTHUPYIOWIAs CTaaus
U OT Temneparypsl. Hanpumep, mpy OTHOCUTENTHFHO HEBBICOKOM TeMIIe-
paType JMMUTUPYIOMICH CTaAuell KpEeKUHra aleTalbJIerua SBISIeTCS
pacnaj aleTWIbHOTO paaukana. B 3Tux ycnoBusx oOpbIB LIeNeil mpouc-
XOJIUT MPU PEKOMOWHAIIMY JABYX alleTWJIbHBIX paaukaiioB. [ToBbIieHne
TEMIIEpaTypbl MPUBOJIUT K CMEHE JIMMUTHPYIOLIEH CTaIUU: IPOJOJIAKE-
HUE LIETMU MPU BBICOKOUN TEMIIEPATYpPE TUMUTHPYET PEAKIUS METUIILHO-
ro pagukana ¢ CH;CHO, a uenu oOpbIBatoTCs 1Mo peakiuud peKoMOnHa-
MY METUIIbHBIX PaJUKAJIOB.

10.4. Kunemuueckue 3aKOHOMePHOCHMU
UENHOU Hepa36eme1eHHOU PeaKyuu

VYyacTByroIMe B IIEMHOM Peakiuu CBOOOHBIE aTOMBI U pajiuKa-
JIbl OYE€Hb AKTUBHBI U OBICTPO PEArUPYIOT KaK C peareHTaMu, Tak U Jpyr
c apyrom. Iloaromy B 1emHOM mpouecce 3a KOPOTKHUH MPOMEXYTOK
BPEMEHU YCTAaHABIMBAETCS TUHAMHUYECKOE PAaBHOBECHE MEXIY CKOpO-
CTSIMU O0Opa30BaHMsI W TMOENIM aKTUBHBIX LEHTPOB M, KAaK PE3yJbTaT
TAKOrO PABHOBECHS, KBa3UCTAllMOHApHAsI KOHIICHTpALUS BEAYLIUX
HEMHYI0 PEaKklii0 aKTUBHBIX LIEHTpPOB. B HacTosiiem pasnene OyayT
PacCMOTPEHBI TaKue OOIIUE BOMPOCHI LEMHON TEOPUH, KaK KUHETHKA
LEMHOM peakluy B KBa3UCTAIMOHAPHOM M HECTAIMOHAPHOM pPEKUMAX,
3aBHCHUMOCTb CKOPOCTH PEAKIMU OT XapaKTepa oOpbIBa LIETEl, B3aUMO-
CBSI3b MEXKIY KHUHETHKOM IIETTHOrO MpOoIecca M €ro JUMUTHPYIOIeH
CTaauel, KUHeTHUYeCKU W Iu(Qy3noHHBIA PEKUMBI OOpbIBa IiETeH
Ha CTEHKE. DTHU BOIPOCHI IEJIECO00pPa3HO PACCMOTPETh Ha IpHUMEpE
OJIHOW THUIIOTETUYECKOU 1ienHOM peakuuu. [lycTs pearentst A u B nern-
HBIM IyTE€M NPEBpPalIAIOTCA B MPOAYKT Z C YY4aCTUEM AKTUBHBIX IPO-
MEKYTOUYHBIX YacTHI[ (ATOMOB MM paankaioB) X u Y. O6mas cxema
TaKOW PEaKIMU BKIIOUAET CJICTYIONINE JIEMEHTAPHBIC CTAINN:

[—5 5r
rr+A->X’
X' +B—257+Y"
Y +A— 574X
X* + X" —f 5 mpomykTsl
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X' +Y* —Y 5 rpomyKThI
Y +Y* —& 5 mpomykThl
) QLN POJTYKThI

Y* —& 5 nmpoyKTHI

B Takoun cxeMe HCTOYHUKOM PATUKAIIOB SIBIISIETCA MHULIAATOP 1,
BO3HHKAIOIIHE W3 HETO PaMKaJbl I M0 PEaKIUH ¢ A MpeBpaIiarTCs
B paauKaibl X , MPOJAODKEHHUE IS OCYIIECTBIACTCS B IUKJIE peak-
it X" ¢ Bu Y' ¢ A, 0OpBIB Lienel IpoTeKaeT Kak THHEHHO (HAIpH-
Mep, Ha CTEHKE PEaKIIMOHHOIO COCYJa), TaK M KBaJPaTU4YHO, LEMH
IUIMHHBIE (Vv >> 1).

Keazucmayuonapnvlii pesxcum, 63aumoceszb Meicoy cKopocmuio
peaxkyuu u aumumupylowei cmaoueu. B KBa3uCTalMOHAPHOM PEKAME
CKOPOCTH 00pa3oBaHUs U THOEIU paauKaioB paBHbL. [IycTs 0OphIB 1ie-
el IPOXUCXOIUT JTMHEHHO M TOJIBKO C y4acTHEM YacTHIl X . DTO O3Ha-
YaeT, 4TO JHMMHUTHPYET NPOAO/DKeHHe Iiermu cramus X + B. Torma
W, =k[l]=ky[X"], Ipu IIMHHBIX LEIX kx[BI[X 1=k [AIY"],
Y CKOPOCTh LIEMHOM PEaKIMU, U3MEPEHHAs MO0 CKOPOCTH O00pa30BaHUs
Z, paBHa 0€3 ydyera CKOPOCTH UHUIIMUPOBaHUS W.

W, =2k ([B][X"]= Zl;LX[B]Wi (10.6)

tX
Eciu 0OpBIB IieTeli MPOUCXOAUT TOJIBKO C ydacTHeM Y  CO CKOPOCTBIO

k. [Y"], B oTOoM cryqae

k
W, = 2k [ANY"] = 2= AW, (10.7)
tY
N3 cpaBHEHUS 3TUX JBYX BBIPOKEHHUH BHIHO, YTO CKOPOCTH
LEMHOM peakIMy NpsIMO MPONOPIHMOHATIbHA KOHLIEHTPAMu TOro pea-
T€HTa, KOTOPbII y4acTBYET B JUMUTHUPYIOLIECH CTAAUN MPOAOJIKEHUS
uenu. Ecimu B 00pbiBe y4yacTBYIOT 00a LEHTpa, TakK 4YTO

W, =k [X"]+ky,[Y"], B 9TOM ciy4ae
_ 2kyk, [AIBI,
© kyky[Bl4k kg [A]

(10.8)
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T. €. CKOPOCTh ILIEMHOr0 Mpoliecca 3aBUCUT OT KOHIIEHTpaIMil 000uX
peareHToB. M3 3TOro BBIpaX€HUS HETPYIHO MOJYYUTh KPUTEPUM JIH-

MUTUpYIOIIeH craaun. Eciu kakLX[A] >> kpth'Y[B] , TO JUMHUTHPYET
nponomkenne uenu cramus X' +B. Eemu  k ky[A]<<k ko[BI,

TO IUMUTHPYET cTagus Y + A. U3 3TUX HEpaBEHCTB BHUIHO, YTO pea-
JIA3alMs TOM WM UHOU JIMMUTUPYIOIIEH CTAIUU 3aBUCHUT, BO-IIEPBBIX,
oT akTuBHOCTH X H Y B MPOJODKECHHHM MEmd (OT OTHOIICHHS
kyy ! ky ), BO-BTOPBIX, OT yIEIbHOW CKOPOCTH OOpBIBA LCTeH C y4a-

crueM X u Y' (oT oTHOWeHHA k /k, ) U, B-TPETbHX, OT COOTHOIIE-

HUM KoHLeHTpauuii [A]/[B].

Ksazucmayuonaphulii  pexcum, 63auMocesasb MenHcoy CKopo-
cmbio peakyuu u xapakmepom obpwiea yeneu. Eciu 1ienu oOpbIBaIOT-
Csl IMHEWHO, TO, KaK Mbl YOCIMINCh, CKOPOCTh IEMTHONW peaKIuu Mpsi-
MO IIPOMOPIHOHAIBHA CKOPOCTH MHHMIMUpoBanus W;. Eciu nenu 00-
PBIBAIOTCS 10 OMMOJIEKYJIsIpHON peakiuu, Hanpumep X + X°, B 3TOM
cliydae

W, =2y [ X T
(10.9)
X)= [
2k

tX

w.

W, =2k [BI[X"]= 2k ,[B] f (10.10)

12
T. €. CKOPOCTb PEAKILIUU MPSIMO IponopHuoHanbHa Wi '~. Eciu nennyro
peakuuioo JUMUTHPYET TiepBas CTaaus, a Ienu OOpBIBAIOTCS
0 PEakIUsIM paJnuKagoB X IEPBOTO W BTOPOrO MOPSAKOB, B 3TOM

ciydae

'

W=k

1 t

IXC1+ 2k, [XT (10.11)

Y CKOPOCTb peakiuu W; oka3pIBa€TCA CBI3aHHOU C W COOTHOIIEHUEM
(W, =v-W,).

[B] _ ks , k& W, (10.12)
v 2k 2k [B]
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Ecnu onepupoBaTh MOHSITHEM «IOPSAOK LIEMHOW PEaKIMU 10 WHHU-
UATOPY» U OMPEIECIIUTD 3TOT MOPSIAO0K KaK

_dlnW, dnW,

" = _ : (10.13)
" dIn[l] dInW,

TO 3TOT MOPAIOK #; = 1 TIpu 0OpbIBE LIENE MO PEeaKLUUU MEepBOro mMo-
psanka, n;=0,5 mpu oOpbIBE IleNeld MO peakuuu BTOPOTO MOpsIKa
1 <n;<0,5 mpu oOphIBE IIENIEH OAHOBPEMEHHO MO PEAKIUSIM IIePBO-
roO ¥ BTOPOro MOpsJKa. XapaKTEpHO TakXKe TO, YTO JJIMHA LEMH
v = Wz W, He 3aBucHT OT W; Ipu JIMHEHHOM 00pBIBe Lienelt u v ~ W,

pU KBaAPATUIHOM OOPBIBE IIETICH.

B nenHpix razodazHbIX peakiusx BaXKHYIO pOJIb UTPAcT CTEHKA
PEaKIMOHHOrO cocyia. B yacTHOCTH, HAa CTEHKE YacTO UAET UHTEHCUB-
HBI1 OOpBIB LieTiel. BO3MOXXHBI JIBa TPUHIMIHAIBHO PA3HBIX PEKUMA
oOpbIBa LIETIEW HA CTEHKE: Kunemuueckuu U ouggysuonnsii. 1lpu xu-
HETUYECKOM pPEXUME CBOOOJHBIN pajuKal WIA aTOM MHOTOKPATHO
CTAJIKUBAETCSI CO CTEHKOM, MPEXKJI€ YeM TaKOE CTOJKHOBEHUE MPUBEIET
K ero rubenu. B 3ToM ciyydae KMHETUYECKHE 3aKOHOMEPHOCTH IICTTHOM
pEaKIMu, B YaCTHOCTHU 3aBUCUMOCThL W oT W, Takue ke, Kak U B CJIy4dae
oOpnIBa 11enel B oobeMe. B quddy3nonHom pexkume, Ha000poT, 00phIB
LEenel Ha CTEHKE COCy/a 3aBUCUT OT JABJICHHS rasa, pa3mMepoB u (op-
MBI PEAKIIMOHHOTO COCYZa, OT COCTOSIHUSI CTEHKH PEaKTOopa.

Yemanoenenue keazucmayuonapHou KoHyeHmpayuu c80000-
HbIX paouxanos. llenHast peakiys HE cpa3y, a B TEUEHHE HEKOTOPOIo
BPEMEHM BBIXOJUT HA KBAa3UCTALIMOHAPHBIN pexxuM. B TeueHue 3toro
HayaJIbHOTO MEPHOJIa OHA MPOTEKaeT HectalmoHapHo. Ecnu mpouecc
mumuTHpyeTcst craauneit X'+ B (ermu oOphIBAIOTCS MO peakivu mep-
BOT'O TIOPsIIKA), TO B HECTAI[MOHAPHOM PEXHUME C MOMEHTa BpPEMEHU
t = 0 m3menenne [X'] BO BpeMEHH ONUCHIBACTCS YPABHEHUSMH:

Xy ki
at (10.14)
[X']= 2 (1-¢")
i

U 3a Bpemsi, paBHOE 3/kix, KoHIeHTpamus [X® | mocTuraer 3HaYeHUs
0,95(Wi/k).
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Ecnu akTHBHBIE IIEHTPHI X MOTHOAIOT 110 OMMOJIEKYIAPHOU pe-
aKIMH, B 9TOM CJIy4ae:

d[X"] - . W e 1
=W, =2k[X"]; X' = [—
a kX = (10.15)
a=22Wk

KBasucranuonapHass KOHIEHTpalus X JIOCTUTAeTCs 3a Bpe-
M 1,5-QWilkx)"?. Ectt W; = 10" momns/(11-c), TO 9TO Bpems co-
ctasut 0,1 c.

OuyeHb 4acTO CKOPOCTh MHUIIMUPOBAHUS HE COXPAHSETCS MOCTO-
SIHHOW, a W, MeHsieTCsl B X0/i€ ombITa. ECiin nHUIIMMpOoBaHUE 00ecTIieuH-
BAECT MHUIMATOP, TO OH PACXOYyETCS BO BPEMEHU U CKOPOCTh MHUIUHU-
pOBaHUs YyMEHbIACTCS. BO3HUKAET BOMIPOC, MOXKHO JIM B TAKUX CIIydYa-
AX LEMHOW MPOLIECC pacCMaTpUBaTh KaK KBAa3WCTALMOHApHBIM. Hu-
IIMAaTOP pacrajgaeTcs ¢ KOHCTAHTOM CKOPOCTH kg, M €r0 BpEMS JKH3HU
paBHO k;'. KBasucranuoHapHas KOHICHTPALHMS PaMKAIOB yCTaHABIIH-

BaeTCs 3a BpeMs 3 k,, HpH JMHEHOM oOpbiBe uemneii u 1,5-(2 Wilks) "

npu kBaapaTudHoM. ClieIoBaTeNbHO, LEMHYI0 PEAKIMI0 MOYKHO pac-
CMaTpHMBaTh KaK KBa3WCTAIlMOHAPHBINA IPOIECC, €CIIM BPEMs, 3a KOTO-
poe W, usmensercs B e pa3, MHoro (B 100 u Oosee pa3) Oosblie,
YeM BpeMs YCTAaHOBJICHUS KBa3UCTAIIMOHAPHON KOHIICHTPAITUH PaIfKa-
70B. B ToMm ciyuae, xorza Bce oOpa3oBaBIIMECs paJuKaibl IPUHAMAIOT
y4acTHe B MHUITUUPOBAHUH, CKOPOCTh MHUIIUUPOBAHUS

W, =2k [1]=2k,[1],e ™" . (10.16)

Eciu memHyro peakiuio JUMUTHPYeT ctamus X + B, a memnu
OOpBIBAIOTCSL JIMHEMHO, TO CKOPOCTh LIEMHOM PEAKIHUHU OMHUCHIBAETCS
ypaBHeHueM (10.9), uHTerpupysi KOTOpoe MoJy4yaeM CJICAYIOIIEe BbI-
pakeHue NIl KHHETUKU 00pa3oBaHus Z:

[Z]=[Z], - AlZ], (1-e™™)

k (10.17)
AlZ], = 4kp—.[B][1]o

tX
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B cnyyae OMMOIEKYISIpHOr0 OOphIBaA IEME CKOPOCTh IEITHOU
peakuuu onuchiBaeTcs BeipaxkeHueM (10.9), a kunetuka oOpazoBaHus
7 — BBIPAXKEHUEM:

(Z]=[Z],-A[Z],(1-e ™)
oy (10.18)
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11. PAIUKAJIBHAS NOJIUMEPU3ALIUA

11.1. Mexanu3zm u Kunemuka paouKkaibHOU NOJAUMEPUIAUUU

PanukanpHas  moiumepu3amnusi ~ BUHWIOBBIX ~ MOHOMEpOB
CH,=CHX neXuT B OCHOBE TEXHOJOT'HMH ITPOM3BOJICTBA Pa3HOOOpa3-
HBIX MOJUMEPHBIX MaTepuagoB. MexaHW3M U KMHETUYECKUE 3aKOHO-
MEpPHOCTH TOJIMMEPU3ALMM HMHTEHCUBHO u3ydamucb B 1950-x
u 1960-x rT.; mo 3TOoMy BOMpOCy OMYOJWMKOBAH psiA MOHOTpadwii.
OT gpyrux UENHBIX PEAKIUN MOJIUMEPU3ALUIO OTIWYAIOT CIEAYIOLINE
nBe O0COOCHHOCTU. Bo-mepBbIX, B pe3yibTaTe IEMHOrO Ipolecca IMo-
CJI€0OBATEIBLHOIO MPUCOCINHEHUS MOJIEKYJ MOHOMEpA K pacTylleMy
MAaKpOpAIUKYJTy MPOUCXOJUT MATEPHAIM3ALMS MHOTOKPATHO MOBTO-
PAIOIIMXCSL AKTOB MPOJIOHKEHUS LU B BUJIE KOHEYHOTO MPOYKTa —
MAaKpOMOJIEKYJIbl. BO-BTOpBIX, BEJET LEMHYI PEAKIMI0 BCErO0 OJWH
TUIl aKTUBHBIX LIEHTPOB, & IMEHHO MaKpoOpaJuKaja cO CBOOOJHOW Ba-
JEHTHOCThIO Ha yriepoje. llpucoenumnenne monomepa CH,=CHX
K pagukany R® mpoucxomut, kak mpaswmio, no CH,-rpymme, Tak 9to
obpasyercs pagukan RCH,C*HX, mocieayromiee NpucoeIHHEHNE UAET
10 THUITY «TOJIOBA K XBOCTY», JHEPr€TUYECKU HAaUOO0JIeE€ BHITOTHOMY::

RCH;C*HX + CH,=CHX — RCH,CHXCH,C*HX

[Ipucoenunenue Apyroro Tuma («rojioBa K TOJOBE» U T. [.)
POTEKaeT JIMIb B HE3HAUMUTENbHOU cTeneHu. Hampumep, mipu mosiu-
Mepuzanmu BuHminanerara (300400 K) mpucoenvHeHue Mo TUITY
«rOJIOBA K TOJIOBE» MPOUCXOUT HE Ooiiee ueM B 2 % ciiyyaes.

MOHOMep CHZZCHZ CHZZCHOCOCH3 CH2=CHCOOCH3 CH2:CHC6H5

—AH,

103,2 89,0 78,2 69,4
kJ>x/MOJIB

NunnurpoBaHHas NOJIUMEPU3ALNS HENPEICIBHOTO COEIUHE-
HUSI BKJIFOYAET B €05 CIIEIYIONIUE CTaINU:

[—4 5, r']——2r°
r' +CH,=CHX —2rCH,C"HX(R")

R +M—2 R}
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R'+M—25R"
R®°+R’ —f= 3R —R
R’ +R! —% >R H+R, _ (CH=CHX)

[Ipu BBIBOJIE KWUHETUYECKUX COOTHOIICHUI OOBIYHO JIETAl0TCS
ciaeayronye 4 T0myIeHus:

1. PaccmaTtpuBaeTcst ciay4ail, KOraa nmojJuMepu3anus MpoTeKaeT
C JUIMHHBIMU LEMSIMU, T. €. CKOPOCTh IToJuMepusauuu W>> Ww,.

2. Jlomyckaercs, 4To k, ¥ ki HE 3aBUCST OT JJIMHBI pearupyroue-
r0 MakpopaauKana, T. €. ky1 = kpyy = ... kpn, B TO XK€ A ki U kyy. Takoe
MPEANOJIONKEHNUE TPEICTABIISIETCS Pa3yMHBIM, OCOOCHHO JJII BBICOKO-
MOJIEKYJISIPHBIX PAUKaJIOB, T. K. pEaKIIMOHHAsI CTIOCOOHOCTh pajuKa-
Ja OmMpeNeNsIeTCsl €ro MOJICKYJISIPHOM CTPYKTYpOMl BOJIM3U CBOOOIHOM
BAJICHTHOCTH, 4 IIPU TOMOIIOJIMMEPHU3AIMA CTPOEHHE BCEX MaKpopa-
JIUKAJI0B OJIMHAKOBO, U PA3JIMYAOTCS OHU TOJIBKO CBOEH JJIMHOU.

3. IIpenmosnaraercsi NMpOTEKAaHUE PEAKUUM B KBa3WCTAllMOHAp-
HOM pEXUME. DTO CHPABEJIMBO ISl SKCIIEPUMEHTOB ¢ W, = const

M JUTMTEIBHOCTBIO ¢ >> T ., TOe T,. = Qk/ W)™,

Ipu W; = 10°-10"° monb/(;1-¢) u 2k, = 10°~10° 11/(Mob-C) Bpems
KM3HH MakpopaaukaioB R mensercs B quamazone 0,1-10 ¢, uto 3Ha-
JUTEJILHO KOpoUe nepuoaa nporpesa peakropa (50-200 c).

4. OObIYHO MpeHeOperalT OOPHIBOM C YYaCTHEM IMEPBUYHBIX
paauKanoB, o0pa3yroIuxcs u3 HMHUIMaTopa (3Toi peakmuu r° + R’
HET B CXeMe), T. K. B OONBIIMHCTBE CIIy4acB MPAKTHYECKH BCE I pea-
THPYIOT ¢ MOHOMEPOM, a JIOJIA I”, PearupyoNnux ¢ MaKpopaanKataMu,
mana, T. K. [r'] <<[R"]. IIpy Takux HOPENOIOKEHUAX ISl CKOPOCTH
noJimMepu3anu W v 1WAl KHHETUYIECKOH 1IENH V TIOTy9aroTCs Clie-
TYIOIINE BBIPAKCHUS:

(11.1)

(11.2)
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B kauecTtBe MHUIIMATOpPA MOJMMEPHU3AIMKU HCIIOJIB3YIOTCS Pa3-
HOOOpa3HbIe EPOKCUJIHBIE COCTMHEHUS], a30COCTMHEHUS, TOTUAPUII-
TaHbl, IUCYIbPuabl. MexaHu3M pachaja WHULHATOpPAa PACCMOTPEH
B paszene 2.

[Ipu pacnage uHHIIMATOPAa B KOHJAEHCHUPOBAHHOW (paze oOpasy-
I0OTCS JIBa pajJuKalia, OKPY>KCHHbIC MOJICKYyJaMU PaCTBOPUTEIIS
WM MOHOMEpa (MpU MOoJIUMEpHU3aluu B Macce). YacTh Takux nap mo-
rudaeT B KJIETKE (BCTyIMaeT B peaklMy PEKOMOWHAIMU WIH JUCIIPO-
NOPLIMOHUPOBAHUS), @ YaCTh BBIXOJAUT B 00beM. Eciu ¢ MmoHOMEpOM
pearupyroT BCE BBIIIEAIINE B 00BEM pauKabl, TO CKOPOCTh UHUIIUU-
pOBaHMsI paBHA CKOPOCTU TE€HEPUPOBAHUS paaukaioB: W;=2eky[I].
Ecau yacth paaukanioB MHUIIMATOPA, BBILIEAIINX B 00bEM, pearupyer
C Makpopaaukaiamu, To W, pacteT ¢ poctoM [M], moka He JOCTUTAET
3HadyeHus 2eky[l]. B nurTeparype ommcaHbl Takoro poja MPUMEPHI.
Ha BbIX04 pagukalioB B 00bEM KOHIIEHTpPAILMs MOHOMEpPA MpaKTU4e-
CKH HE BJIUSET, T. K. pPEKOMOUHAILIMS paJUKaIbHBIX Nap B KJIETKE MPO-
TEeKaeT HEM3MEPUMO OBICTpEE, YEM PEaKIMs paJuKaia C MOHOMEPOM.

OOBIYHO MHULIMATOP pacHagaeTCs MEIJICHHO, TaK 4YTO B Teye-
Hue onbita W= const. OIHAKO BCTpEHAlOTCA CIy4au, KOrja 3a Bpems
OMbITa paclajaceTcsl 3HA4YMWTelbHAasi €ro 4Yactb. B 3ToM ciyuae
IpU KBa3UCTAIMOHAPHOM PEKHUME PEAKIUUA KUHETHUKA PACXOJOBAHUS
MOHOMEpA OMUCKHIBACTCS YPAaBHEHUEM:

L ﬂ(l_e—wn) (11.3)
[M], "N 2k,k,

Peakmust npoiomKeHnus e OnpeeseT Kak CKOPOCTh TOJIH-
Mepu3aluy, Tak U CTpoeHue oOpasyromierocs nojuMepa. Bununossie
MOHOMEPBI MOJUMEPHUIYIOTCSA MO THIY «T0J0Ba K XBOCTY» (CM. BBI-
me). KoHcTaHTa CKOpPOCTH MPONOJDKEHHA LENH K, OIPEACIACTCS aK-
THUBHOCTHIO MOHOMEpA M BEIYIIEro LEMHYI0 PEaKIuio MaKpopaJauKa-
na. Huke npuBeeHbl KOHCTAHTBI CKOPOCTH k,, JUISL Psiia MOHOMEPOB.

Crupour: k, = 2,4- 10%exp(—37,6/RT), 1/(MOnb-C);
Merunmerakpunar: k, = 2,5-10%xp(-22,6/RT), 1/(Mo1b-C);
Bununauerar: k, = 2,0-10%xp(—19,6/RT), n/(MONIb-C);
Metunakpunar: k, = 1,1-10%xp(—17,6/RT), n/(Monb-C);
Bununxnopus: k, = 3,3-10%xp(—36,4/RT), 1/(Mob-C);
AXpUIOHUTPUIL: k, = 2,3-10°exp(~16,2/RT), n/(Moib-C).
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[Ipucoeaunenue, eCTeCTBEHHO, MMPOTEKAET C YMEHBIIICHUEM JH-
Tpomuy, npemkcroHenTe 10° 11/(MOJbB-C) COOTBETCTBYET SHTPOIHS
aktuBanuu A”S =52 JIx/(monn-K). Monomeps: CH,=CHX, conep-
Kallye MOJIIPHYIO Tpymiy (CI0XKHO3(UPHYIO, HUTPWIbHYIO U T. II.),
00pa3yroT KOMILIEKCHI ¢ HOHaAMU MeTauioB. Hanpumep, MeTuiiMeTak-
punat obpasyeT KOMIUIEKCH cocTaBa 1:1 ¢ comsiMu MetamnoB Li',
Mn*", Fe**, Co*", Zn**, akpmmonutpmn — ¢ comsimu Meramio Li”,
Mg, Fe’", Mn*, Co*", Ni*". Takue KOMIUIEKCHI YacCTO BCTYIAIOT
B PEAKIMI0 C MakKpopaaukanamu ObicTpee. Hampumep, mMeTuUiIMeTak-
pHIIAT pearupyer c k, = 2,5-10° n/(Momb-c), a ero Kommiekc ¢ ZnCl, —
c ky= 6,1-10° 1n/(Momb-c). XIOPUCTBIA IIMHK yCKOPSAET MOIMMEpH3a-
IIUI0 METUJIMETaKpUIIaTa.

C NOBBILIEHHUEM TEeMIEPATypbl 3aMETHYIO POJIb HAYMHAET WrI-
paTh peakuus JENOoIUMEpU3alud, T. €. paclaja MaKpopaaukaia
Ha MOHOMEP U paJrKal

k
R:—® >R’ +M.
[TockonpKy peaknus pocta MAKpOpaAUKalia 3K30TEPMUYHA, TO PEaAK-
oys ACMOJIUMMEpPHU3alMi SHAOTEPMHUYHA W PA3HOCTh £ —Ep =AH".

C MOBBIIICHHEM TEMIIEPATYPHI JOCTHTACTCS TAKOE COCTOSHHUE, YTO
CKOPOCTH pOCTa IENM M IEMOJMMEPU3AlNd CTAHOBATCS PaBHBIMU:
k,[R*][M] = ky[R"] — m ckopocTh moOIMMepH3alMy paBHA HYJIIO.
DTOMY COCTOSIHHIO COOTBETCTBYET MaKCHMallbHas TeMIlepaTypa II0-
JTMMEPHU3alliN, PaBHAS:

T = k, - £y — AR
" A™S —AS,+RIn[M] AS°+RIn[M]

(11.4)

JIns yucroro MoHOMepa (MpU TOJUMEPHU3ALHMH B Macce)
Thmax=583 K (ctupomn), Thax=493 K (MeTuIMEeTaKpuiar),
Tmax = 334 K (o-meTHiICcTHpOI).

OOpbIB 11eNe, KaK 3TO BUJIHO U3 CXEMBI, IPOUCXOJIUT B PE3YJIb-
TaTe PEAKIUU MEXAY MaKpopaauKajamu. ITU paJUKaIbl BCTYIMAIOT
MEXKy cOOOHM B peakiuu ABYX THIOB, @ HUMEHHO PEKOMOMHALIUH

2 ~CH,—C'XY —fr_y CH,~CXY-CXY—CH,~~
U I[I/ICHpOHOpHI/IOHI/IpOBaHI/ISIZ
2 ~~CH—C*XY —M4_y <CH,” CHXY + ~~CH=CXY
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OT COOTHOIIEHUS MEXIY KOHCTAaHTaAMH CKOPOCTH 3THX JIBYX peakiui

3aBUCHUT CpCAHAA CTCIICHD ITOJIMMCPHU3allUN P , paBHas:

— P k
P =k [M] 2ktc + Zktd 1 — sz _ p (1 15)
’ VVI 2ktd + ktc [M] ktr + ktd

DTO COOTHOIIIEHHWE BIMSAET U HAa MOJEKYJISIPHO-MAacCOBOE pacIpe/iesie-
aue: My/M,,= 1,5 npu pexomOunammu R* u M,/M,= 2 npu ux Auc-
MPONOPIIMOHUPOBAHUMU.

Koncrantsl ckopoctu k, =k, + k., B 3aBUCHMOCTH OT CTPOCHHS

MOHOMepa MeHstoTcs B auamasone 10°—10° 1/(monb-c). Mexny KoH-
CTaHTOM CKOPOCTH OOpbIBA LIETNEN U BA3KOCTHIO PACTBOPUTENS CYLIECT-
BYET aHTHOATHAs 3aBUCUMOCTh. DTO CBUJIETEIIBCTBYET O TOM, UTO peaK-
1Usl MEXAY JBYMSI MaKpopaauKajiaMy JUMUTHPYeETCS TU(PhY3nOHHBIMU
npoueccaMu. Psin (akToB CBUIETENBCTBYET O TOM, UTO HOCTyHaTeIbHAS
mubdy3usi MaKpOpaJUKaIoB B paCTBOpPE HE SIBISICTCS JIMMUTHPYIOIICH
cTaauel oOpbIBa LEnerd npu noaumepusauuu. Jljig MakpopaIvKaioB
¢ nojsipHoit rpynmnoi X Ha koHIie (~~CH,CHX) umeer Mecto oueBuU/I-
Hass CUMOATHOCTH (€CJIM HE COBIIaJICHHE) MEXIY k; M 4acCTOTOM Tmepe-
opueHTtanuu rpynnsl-aumnosns (300 K).

X Cl Br C6H4C1
w,c! 2-10° 3-10’ 3.10’
2k, 1/(MOJIBC) 5-10° 2,5-10° 7,7-10

[To-BunumMoMy, B OOJIBIIMHCTBE CIy4aeB MMEHHO CETMEHTaJIb-
Hasi TOABWKHOCTh JUMHUTHPYET CKOPOCTh U ONpEACseT BEIUYUHY
KOHCTaHTBI CKOPOCTH THOEIIM MaKpOpaIUKajoB.

11.2. Ilepeoaua yenu

MonekynsapHas Macca 0Opa3yroIIerocs IIOJIMMEpa 3aBHCHUT
HE TOJBKO OT CKOpPOCTH M cmocoba TuOend MaKpopaJIuKajioB,
HO M OT PeaKIuy Tepeaadn IeMH, KOrjJa pOoCT MaKpopaaukaia Ipe-
KpalaeTcs, a IeMHas peakmus IMOJIUMEpH3allui MPOJA0KaeTCs, Ha-
npuMep:
v~ CHz—C.X(CHg) + CHZZCX(CH3) -
—> ~~ CHzCHX(CH3) + CHQZCXC.Hz
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CHzZCXC.Hz + CHzZCXCHg -
—> CHzZCXCH2CH2C.XCH3 UT. O

Takas nmepenava 1eny Ha MOHOMEP XapaKTepU3yeTCs KOHCTaH-
tou nepenaun nenu C,, = k,/k,. OHa He BIUAECT HA CKOPOCTh LEIHON
noJuMepu3alvu (€civ Bce 00pa3oBaBIIMECS B ATOM peakIMy paauKa-
JIbl pEarupyroT ¢ MOHOMEPOM), HO, €CTECTBEHHO, OTPa’KaeTCsl Ha CTe-
MICHH TIOJIMMEPU3alINH:

Ik, +k )W, _ kg kv 11.6
== +Cy = 2 2 Cu (11.6)
P 2k, +2k k[M] k,IM]

KoHcTaHTa mepenauu 1enu 4epe3 MOHOMEP OIpEesieTcsl OT-
HOIIIEHHEM PEaKIMOHHOM CMOCOOHOCTH HauOojIee aKTUBHOM €ro
C—H-cBs3u (ecnm arakyercss umeHHO C—H-cBSI3b) U JBOMHOM CBSI3H;
BennurHa C,, onpeaesseTcs cTpoeHrneM MoHoMmepa. Hike nmpuBeieHbl
BenmnuuHbl C,, 1715 psjia MOHOMEPOB.

CH,=CHOCOCH; CH,=CHCI CH,=CHC¢Hs; CH,CHCOOCH;

323 K 323 K 333K 333K

C,=2,0-10" 4,510 6,0-107 2,0-107
B mnepeHoce 1enum MOXET y4YacTBOBAaTh TakKKe€ WMHHUIIAATOP.

C muOeH30MIIEPOKCHIOM Makpopaankaia R°, Hampumep, BCTymaer
B PEaKIIMIO 3aMEILEHUS:

R* + C¢H;sC(0)00C(0)C4Hs — ROC(0)CeHs + CHsCOO0,*
B TaKHX CJ'Iy‘IaHX Ha6J'IIOI[aeTCH OTKJIIOHCHHUC OT HI/IHCI\/’IHOCTI/I B 34BHU-

= ) B
cumoctd P~ or v[M]? u mns cpenHe#l CTENEHM IONMMEPU3ALHH
UMEET MECTO CIIEIYIOIIAsl 3aBUCUMOCTb:

2(ktd + ktc )V2
ke [MT

1 Ghthr o
P KM]

(11.7)

HakannuBaromuics npy NOJMMEPU3ALUU TIOJIUMEP TAKXKE MO-
YKET y4aCTBOBATh B pEAKIMU MIE€PEIaUU LEIHU:

R*+ ~~ CH,CHX ~~ — RH + ~~ CH,C*X ~~

B pe3ysbrare BO3HUKAIOT pa3BETBICHHBIE MAKPOMOJIEKY JIBIL.
B mepenade nenu MOXKET NPUHUMATh YYAaCTUE PACTBOPHUTEND
S wiu cnenuanbHbii areHt (Hanpumep, CCly), BcTynaromui ¢ Mak-
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pOpAaAUKAIIOM B PEAKIUIO0 OTPbIBA, 3aMEIICHUS WM NPUCOETUHE-
HUSI, HATPUMEDP:

R* + CC14 — RCI + C.Cl3.

CreneHp MoJMMEPHU3aAlINKU, €CTECTBEHHO, YMEHBIIAETCS C pOCTOM [S]
U CBsi3aHa C HEMl COOTHOIIICHUEM:

l_ 2ky Is1

S\ S Je) (11.8)
P KIMJ [M]

11.3. Kunemuka unzudoupo8anHoil noaumepuzayuu

NHrubutopamMu pagukaibHOW MOJUMEpPU3AIUU SIBISIOTCS CO-
€AUHEHHUs, KOTOpPhIE PearupyroT ¢ MakpopaaukKaliaMu, o0pa3ys Mpo-
IYKThI, HE CIIOCOOHBIE MPOAOKAThH LElb. B KauecTBe TaKMX UHTUOU-
TOPOB BBICTYIIAIOT MOJIEKYJIbI, KOTOPBIE NPUCOCIUHSAIOTCS O KOHLIE-
BOH rpyIie ¢ 00pa3oBaHUEM pajJiMKaia, HE Y4acTBYIOUIErO B IIPOJI0J-
YKEHUHU LENH, COJIM METAJUIOB MEPEMEHHON BAJIEHTHOCTH, MEHSIOIIUE
CBOIO BAaJICHTHOCTh B peakimu ¢ R® ¢ oOpa3zoBaHreM MOJIEKYJISIPHBIX
npoaykToB. KOHKpEeTHbIE MEXaHW3Mbl MHTHOMPOBAHUS IOJIUMEpHU3a-
uuu OyayT paccMOTpeHbl Huxke. OO01as cxema pagukalbHOW MOJUMe-
pU3aluy, BKIIOYAIOIIAs BCE PEAKIUU C ydyacTHEM HUHruoutopa Z,
UMeEET CIEAYIOLIUN BUA:

5" '] —>2r° "+ M—2 5R°
R*+M—2>R’ '+ Z—2 7
R +Z—2 7 7' +M—25R°

R*+R*—% >R -R R*+7 —fz 3R -H

'+7 —27-7

OTa cxeMma BKIIOYAET PEAKIMI0 HMHTHUOUTOpa C paguKaliaMu
uHHIMaropa (r° +7Z), KoTopas CHMKAeT CKOPOCTh WHUIIUMPOBAHUS,
T. €. CKOpocTh peakuuu (r° + M), peakimro Z ¢ R® , koTopast ocraHas-
JMBAaeT POCT IeMd, THuOelb paankajgoB HHrHOuTOpa (Z°'+Z°
nZ' +R"), a Takke ydacTue pajuKajia WHTHOUTOPA B IPOJOKEHHH
tenu (Z° + M). CrexuoMeTpuueckuii KO3 GHUIMEHT f 3aBUCHUT OT Clie-
OYIOIUX OOCTOSTENLCTB. EcCiM pagukanm MHrHOWTOpa HE pearupyer
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¢ MoHOMepoM (k,[M][Z*] << W}), TO f 3aBUCUT TOJBKO OT COOTHOIIE-
HUsE ckopocTtei peakiwii Z° + Z° u Z° + R°. Eciu paaukans! Z° ruOHyT
TOJBKO IO PEAKIUH APYT ¢ Apyrom, To /= 1, eciu mo peakiwu ¢ R°,
TO f= 2, eclii MpOTEeKaroT 00e peakuuu, To 1 < f<2. Yuactue paau-
KaJioB Z' B IPOIOKEHHH IIEIHM IPUBOIUT K YMEHBIIEHHIO f , TaK 4TO |
MOkeT ObITh MeHble 1. IlenecooOpa3zHo paccMOTpeTh pa3IudHbIC
BapHaHTHI 3TOM 00IIEei CXEMBI.

l. Unueubumop wne peacupyem c paouxaramu uHUyuamopa,
He yuacmeyem 6 NpoOOJHCEeHUU yenu, u 6ce yenu o00OpvIBAOMCcs
HAa MOJEKY1ax uHeubumopa, T. €. BHIIOIHSAIOTCS HEPABEHCTBA!

kM1 >> kil Z), k27 << k[R'], k2 Z] >> 2k[R’].

B 5TOM cilydae B KBa3UCTAlIMOHAPHOM PEXKHUME
W; = 2kqe[l] = fkz[Z][R"] 1 ckOpOCTH paguKaIbHOMN IOIUMEPHU3ALINN

W= 2kde[1][1 4 HlM] ] (11.9)
S, [Z])

a cTerneHb NOJIUMEPU3ALUH
k,[M]
Sk, [Z] -

[Tonumepuzanus mpoTekaer ¢ nNepuoaoM UHAYKuuu t = f [Z]o/W,. Ec-
71 UHruOuTOop d(PhHEeKTUBEH, TO HayaJbHAasl CKOPOCTh MOJIMMEPH3aIIUH
. k,[IM]7, 14

<W,=k[M L, (11.11)
o =5[M] 2k,

P=1+ (11.10)

zZ

rae Wy — CKoOpoCTh MOJUMEpPHU3alUU B OTCYTCTBUE UHruoOuropa. Cre-
NIEHb MHTUOMpPOBaHUS, ONpeAeieHHas Kak oTHouueHue W,/W, paBHa
k[ Z)(2kW;) "%, oHa 3aBHCHT He TONBKO OT AKTHBHOCTH MHTHOHTOpA
1 €ro KOHIICHTpAIIMH, HO TaK)Ke OT MOHOMepa (k;) ¥ yCIOBUM TOJTHMME-
puzanuu (W;). UHrubutop pacxomyercs co CKOPOCTbIO MHUIIUMUPOBA-
HUA, a KMHETUKA €ro pacxXxoJOBaHUA NPHUOIMKEHHO (MPU YCIOBHH
fk;[Z] >> 2k[R"]) onmcriBaeTcs BeIpaskenueM: [Z]=[Z], — Wit. Bripa-
KEHHE ULl CKOpOCTH monuMepusauuu W = k,[M|W/fk;[Z] npnobpe-
TaeT MOCJe MOJACTAHOBKHU (POPMYJIBI 1151 [Z] clie Ty omuii BU:

1 _ Sl Z), SRyt (11.12)
dinM]/dt kW, k

p
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C aToii hopMyJI0i1 COraIacyroTcs IKCIEPUMEHTAIbHbIC JaHHbBIC
0 MOJIMMEpH3alluM BUHUJIAIIETaTa, MHTMOUPOBAHHON AYPOXHWHOHOM.
[TockOJIbKY 1 MOHOMEP M MHTUOUTOP PACXOYIOTCS MO PEaKLUU C OJ1-
HUMH M TEMH K€ paavkaiaMu R°, TO MeXIy TeKyIIMMH KOHIICHTpa-
muAIMA M 1 Z BBITIOJHSIETCS COOTHOIIIEHUE

dIMVd[Z = (k[M]/fkz[Z]) + 1
U MIPY LETHOM PEXUME MoauMepu3anuu (v >> 1) umeetr MecTo 3aBu-
CUMOCTb:

n 2] _ Tk, -In M] (11.13)
[Z], k&, [M],

p

[TockobKY MHTHOUTOP PAcCXOIyeTCs CO CKOPOCTHIO WHHUIIMHPOBAHUS
(a Tounee, ckopoctbto Wy/f), TO CKOPOCTb BO BpEMEHHU OyJeT Hapac-
TaTh B COOTBETCTBUM C ypaBHEeHHEM (31ech W= W, ipu t = 0):

1_1 fy, (11.14)
wow, k

p

a KMHETUKA pacxoJ0BaHUsS MOHOMEpA, ITOKa B CUCTEME €CTh MHTHOU-
TOP, OIIUCHIBAETCS (POPMYJIION:

=, | 1 Lo, | Ko (11.15)
k,[M], ) Jk,

2. Uneubumop ne yuacmeyem 8 npoooJidiceHUU yenu, u ece yenu
obpvleaomces Ha uHeudbumope, Ho Z peazupyem ¢ paouxkaiamu UHu-
yuamopa. B 3TOM ciydae CKOpOCTh HHULIUUPOBAHUS

W= k[M][r’] < Wi= 2kqe[1].
OOpa3yromuyecs: U3 UHUIMATOPA pavKaibl PEarupyroT KaKk ¢ MOHO-
MEpOM, TaK U C UHTUOUTOPOM, TaK YTO CKOPOCTh UHUITUUPOBAHUS

- k MW, _ 2ek k. [1][M] (11.16)
l k[M]+k, k[M]+k,[Z]
Y CKOPOCTh MOJIMMEPU3ALINHU (TIPU JIMHHBIX LIETSAX) paBHA
- 2ekyk,[1I[M] 4, [M]
kr[M] + er[Z] ka[Z]

WJIU TIOCJIe TPeoOpa30BaHMUS:

W, [M]_ fky £1+er[Z]J (11.18)

(11.17)

WIZ] k| kIM]
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Ecau unruburop Z B3auMOAEHCTBYET TOJIBKO C pajuKajiaMHi WHUIIHA-
TOpa I’ M HE pearupyer ¢ Makpopamukaiamu R°, B 3ToM ciydae BBe-
JleHue Z CHUXKAET TOJIBKO CKOPOCTh MHULIMUPOBAHUA Wi, HO HE CKa3bl-
BACTCS HA CKOPOCTU MOJIMMEPU3ALIAU, TAK YTO

_ /2k ell] k[M]
W=k, i‘—kt[M] \/kr[M]+ 7 (11.19)
NnJin
W . k,[Z]
TERAN A (11.20

3. Obpuis yeneti Ha uHeubUMoOpe HedOCMamouHo 3¢ghghexmusen,
maxk umo yacme yenet oOpvleaemcs nNo OUMONEKYIAPHOU pearyuu
medncoy Makpopaouxkaiamu, yenu OiuHHvle. B 3TOM ciydae B KBa3H-
cranronapHoM pexume W= fl[Z][R'] + 2k[R°T*. ocne moxcranoB-
ki [R] = Wik,[M] u Wy= k,"[M]*Wi/2k, momy4aem COOTHOIIEHHE

Wil _2 | _ SRl Z] (11.21)
7 wg | M

[Ipu ycnoBuu W << W, 310 ypaBHEHHUE NEPEXOAUT B YPABHEHUE
(11.9) mpu W>>1. Ilo Mepe pacxo0BaHHUsI MUHTHOUTOPA CKOPOCTH
nonuMepusanuu Bo3pacrtaer. [lockonbky Ha HHTHOUTOpPE OOpBIBaETCA
TOJIBKO YacThb LEINEH, TO OH PACXOAYETCS CO CKOPOCTbrO W< W,
U, KaK MOKa3bIBAET pacueT, B MOMEHT T = f[Z]y/W; ckopocTh mojiume-
puzanuu coctaBut 0,648W, (Wy= W npu [Z] = 0). U3meHeHue ckopo-
CTU WHTMOMPOBAHHOM MOJIMMEpHU3AIMU BO BpeMeHU npu Wi=const
OMMUCHIBAECTCSA YPABHEHHUEM:

1 1+1n(1_°°0 1+wJ_szWo (11.22)

w, o |l+o, —o| kM]’

rne o= W/Wy, B MOMEHT t, a W=®y, B MoMmMeHT (=0, Wy=W
npu [Z] = 0. DKcnepuMeHTalIbHBIE TaHHBIE COTJIACYIOTCS C 3TOH (Pop-
MYJIOH.

4. Paoukan uneubumopa npunumaem yyacmue 8 npoooadCeHul
yenu. B sTtom ciyyae rHOENh pajMKaIOB B CHUCTEME IPOUCXOIUT
o peakuusim Z° + Z°, Z° + R u R + R°. Bo3MokHBI pa3Hble BapHAHTHI.

Eciau uHrubutop OGBICTPO BCTyHaeT B peaknuio ¢ R°, Tak uro
B cucteme [R*] <<[Z’], To rubens paguKaiaoB MPOHUCXOMMT IO pEaK-
IIUM JBYX pagukaioB Z°. B kBa3ucTalimoHapHOM pEKHME:
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Wk [MIF 2 (2k,)
k,1Z]

CKOpOCTI) MMOJIMMCPU3ALHUH ITPHU JJIMHHBIX OCIIAX paBHA:

_ kM1 | W
W—kpZ[M][H kpZ[Z]J T (11.23)

w(Z]=W" k)"

Ecu 00pbIB 1emneit mporucxoauT 1o peakimu R+ Z° | 1o

k '1/2
Wzkp\/[M][Z] pZ i (11.24)
katZR
[M]=[M],(1-aW_,[M],0)"%; a _%{’;Z 1] (11.25)
P

[TonHas cxema MHrHOMPOBAHUS MOJMMEPU3AINKU C YUYETOM TH-
Oenu pagukanos mo peakuusm Z' +Z°, Z°+R* u R* +R® Obuta pac-
cmotpeHa Jxk. Kakicom. 3aBUCHMOCTh OTHOCHUTEIIBHOM CKOPOCTH II0-
aamepuzatuun - o = W/W,, W=W, nupu [Z]=0 or [Z], [M]
ue= ktZR(ktktZ)'” % UMeeT CJIEIY IO BUI:

0[Z]? 1+ /1 - ]
2())2
¢ , (11.26)

l-®
_ 2kW - 1_20322 N kpzkt[M]
kpkz S ktZRkZ

Kak noka3zan 3KcnepuMeHT, BO MHOTHUX CIydasiX KO3((UIHEHT ¢ Ha-
CTOJIbKO BEJIMK, YTO 3Ta 3aBUCHUMOCThH IIPUOOpETaeT JOCTATOUYHO IMPO-
CTOU BUII:

W [Z)_ kW, kpzKIM] (11.27)
—? Kok, kg

11.4. Hneuboumoput paoukaivHou noaumepu3ayuu
XHWHOHBI KaK MHTHOUTOPHI MOJTUMEpHU3aIMU U3yUYeHbl Hanboee

noApoOHo. BBejeHue n-0€H30XMHOHA BBI3BIBACT TMEPUOJ WHIYKIIHH,
JUTUTEIBHOCTh KOTOPOTO MPSIMO MPOMOPIUOHATBHAS KOHIIEHTPAIUU
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uHruouTopa. Topmo3zsinee JAEHCTBHE XUHOHOB OOYCIIOBJICHO Clie-
OYIOIAMH PEAKIUSAMMU:

R* + OC6H4O —> ROC6H40.
R* + .OC6H4OR —> ROC6H4OR

OOprbIBas 11eMb, XWHOH JICWCTBUTEIILHO BXOJIUT B COCTaB Mak-
pomodiekyasl? [lpu TopMOkeHHH TIOTUMEPHU3allid METHIIMETaKpHIaTa
1-GEH30XMHOHOM, MEUEHHBIM PaJHOyIIeposoM C, GbUIO IOKa3aHo,
YTO B COCTAB MaKpOMOJIEKYJIbI 00pa30BaBIIETOCS MOJIUMEpPa JEHCTBU-
TEIHHO BXOJHUT MOJIEKYJIa 7-0eH30XMHOHA. OHAKO MPU MOJUMEpHU3a-
IIUM TIOJMCTUPOJIa B MPUCYTCTBUU MEUYEHOTO 71-O€H30XMHOHA OBLIO
O0OHapYy’>KEHO, YTO HECKOJIBKO MOJIEKYJI XHHOHA BXOJHUT B OJIHY MOJIe-
Kyny nonumepa. CrenoBaTesnbHO, 00pa3oBaBIIMECs M3 XWHOHA (e-
HOKCHJIbHBIC PaIUKANBl JOCTATOYHO aKTUBHBI U PEarupyroT CO CTHUPO-
JIOM, TIPOJIOJIKAS 1IETIb:

ROC6H40. + CHZZCHC6H5 —> ROC6H4OCH2C.HC6H5.
KoncranTe! CKOpPOCTH peaKHI/Iﬁ IMOJTUMCPHBIX pPaJHUKaJIOB ¢ XHMHOHOM

k; MenstoTes B auamnasoue 10°—10° 1/(Moub-c).

HutpocoenuHeHNsS TOPMO3IT MOJIUMEPHU3ALNIO TAKUX MOHOME-
POB, KaK CTHUPOJI U BHHHWJIAIETAT, HO CJ1a00 BIWSAIOT Ha MOJUMEpH3a-
IIUI0 TAKUX MOHOMEPOB, KaK METHJIIMETAKpHUJIAT M MeTHUIaKkpuiaat. Me-
XaHU3M TOPMOXKEHHUS ITOJIUMEPHU3AIMd HUTPOCOCIUMHCHUSIMU B HEKO-
TOPBIX CBOMX MOMEHTaX OCTAeTCs HESICHBIM. [IepBUYHBIN aKT 3aKIIO-
Y4aeTCs B MPUCOCTUHECHUH HUTPOTPYTIIIBI K MAaKPOPaTuKaIIY:

R* + N02C6H5—) (RO)(C6H5)N0.

Jlnst oOpa3oBaBIIeTOCA pajauKaja MPe/roiaraeTcss YeThlpe ajibTepHa-
TUBHBIX PEAKIIUHU IIPEBPAIICHUS:

(RO)(C¢Hs5)NO® — CsHsN=0+RO"
R® + (RO)(C¢Hs)NO® — ROR + C4HsN=0
R® + (RO)(C4Hs5)NO® — C¢HsN(OR),
R® + (RO)(C¢Hs)NO® — RON(OH)C¢H;s + RH

Hutpo300eH301, B CBOIO OYEpE/lb, TAKIKE SIBIAETCS UHTHOUTO-
POM U pearupyer ¢ MaKpopaguKalaMu:

CeHsN=0 —2 5 C¢HsN' OR —2— C¢HsN(R)(OR)
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Hwxe mpuBeneHbl KOHCTAaHTBhl CKOPOCTH PEAKIIUU MaKpopau-
KQJIOB TOJIMMEPU3YIOIIEroCs BHUHMWIIALIETaTa C HUTPOCOCIMHEHUSMHU
pu 323 K.

Hutpoco-

eIIMHEHUE CeHsNO,  3-NO,CHsNO,  4-NO,CcHyNO, 1,3,5-(NO);CeH,y
o 1,68-10" 9,9-10" 1,02-10° 1,06-10°

1/(MOJb-C)

MHorosiepHble apOMaTUYECKHUE YTIIIEBOJOPObl TAKKE UHTHU-
OMpYIOT paJuKaldbHYyI MojuMepusanuio. Haubosee BeposTHBIN
MEXaHU3M OOphIBa IIENel — MPUCOEIMHEHHUE apOMaTUYECKOTO yTI-
aeBogopona ArH k Makpopaaukany ¢ MOCIEAYIOIIUM JUCHPOIOP-
IIHOHUPOBAHUEM:

R*+ ArH — RAr'H
R*+ RAr'H - RH + RAr
Hwxe npuBecHbI 3HaYeHUA kz/k, 1 pana ArH.
MoHnomep Crupon MeTtunakpunar Bununauerar
AHTpaneH 2,0 (317 K) 0,098 (323 K) 36,5 (328 K)
3,4-ben3nupeH 14,0 (317 K) — 30,6 (323 K)
Terpauen — — 862 (323 K)

O EeKTUBHBIMU UHTHOUTOPAMHU SIBJIIIOTCSI TAK)KE COJIM METall-
JIOB TIEPEMEHHOM BaJICHTHOCTU. B HEBOJHBIX CHUCTEMax XOPOIIO H3Y-
yeH kak uHruoutop FeCl;. [lpu mHruOGupoBaHHON NOJIUMEpPHU3ALUU
AKPUJIOHUTPHUIIA IIENTH OOPBIBAIOTCS IO PEAKIIUU

~~CH, C*HCN + FeCl; » ~~CH, CHCICN + FeCl,

Jluxnopu sxesne3a He BCTynaeT B KaKUe-JIM0O peaKIvu, TaK 4To
o HakoruieHHnto FeCl, MOXXHO M3MepsITh CKOPOCTh MHHITMUPOBAHUS.
Hwxe npuBeneHs! BEINYUHEI kz/k, 1711 MOHOMEPOB, PaJuKaIbl KOTO-

peix pearupytor ¢ FeCl; u CuCl,, pactBoputens — Qopmamua
(333 K).
Monomep Crupon Metunmerakpunar MeTakpUIOHUTPUIT
FeCl; 536 5,0-10° 3,1
CuCl, 1,0-10* 1,0-10° 4,5-10°

BecbpMa 3¢)(hekTHBHO OOpBIBAIOT LIETH CTAOWUJIbHBIE PaIUKAIIbI,
Cpeau KOTOPBIX HauboJiee MoJpOOHO M3ydeH NUPEHUITUKPUITHIPA-
sl (JPIIT). OH uMeeT BBICOKUN KOI(PGUIMEHT dKCTUHKIUU B BU-
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TUMOM 00J1acTH CIEKTpa, TaK YTO 332 HUM yJAOOHO CJIEAUTh CHEKTPO-
dboTomerpuuecku. [Ipu nmoaumMepuszanum METHIMETaKpUiIaTa ¢ UCUYE3-
HoBeHueM JIDIII" 3axkaHuMBaeTCs NMEpUOA MHAYKLIUU U BOCCTAHABIIU-
BAE€TCSl CKOPOCTb HEUMHTHMOMPOBAHHOW monauMepuszanuu. OpgHako
B IPYTUX CUCTEMAaX BO3HHUKAIOT OCJOkHEHUs. [Ipu mHruOupoBaHHOU
JDII momuMmepuszanuy CTHPOJa M BHHWJIALECTATA IMOJUMEPHU3ALU
TOpMO3UTCA U 10 u3pacxogoBanuu JPIII. D10 0OBACHAIOT UHTUOU-
PYIOIIUM AEHUCTBUEM HUTPOTPYIMIl, COXPAHSIOMIMNXCS B IPOAYKTE TIPU-
coequHenus DI k makpopaaukanaMm. B nomumepusyromemcs me-
TiiMeTakpunare kz/k,= 2000 (317K), T.e. B 500 pa3 Oousiue,
4yeM Uil n-O€H30XMHOHA. AKTHBHO OOpBIBAIOT IEMHU PaJuKaIbHOM
MOJIMMEPU3AINN CTAOMIbHBIE HUTPOKCUJIBHBIE PauKalibl, HA OJHOM
paauKaie oOpbIBaeTCs OJHA IIEIb B COOTBETCTBUU C CTEXUOMETPHUEH:

R®* + *ON< — RON<

[IpogykToM peakuuu HHAHU3OMPOINMIBHOTO pajuKania C HUT-
POKCUIBHBIM (2,2,6,6-TeTpamMeTiii-4-0KCONMUNEPUINH- | -OKCHUIT) SIBIIS-
eTcsi mpocToi 3dup rumpokcunamuHa. Huxe npuBegeHbl KOHCTAHTBI
CKOPOCTH PEAKIMU MaKpOPaJIMKAJIOB IOJIMMEPU3YIOLIETOCS CTUPOJA
C PSAJIOM HUTPOKCHUIIbHBIX paaukanoB (323 K).

Hutpokcun k., 1/(MOmB-C)
(n-CH;0C¢H,),NO* 2,1-10*
[2,4-(CH;0),C¢H;],NO* 3,2-1 0*
yuxn0-C(CH;),(CH,);C(CH;),NO* 2,1-10°

Topmo3aT monuMepusanuio, oopeiBas Iienu, 1,3,5-tpudeHun-
BepAa3wiIbHbIe paauKaibl. OIHAKO ATH paJuKaabl MOTYT y4acTBOBAaTh
¥ B MHULIMMPOBAHUH, pearupysi ¢ JBOMHOM CBSI3bI0O MOHOMEpaA (aKkpHu-
gonutpuaa). Kpome Toro, oHu B3aUMOJEUCTBYIOT C NEPOKCHUIAMH.
Haneko He Bcerma mo pacxomoBanuro J®PIIT MOXKHO OLEHUTH CKO-
pPOCTh T€HEPUPOBAHUS PAIUKAIOB B CUCTEMAX, TJI€ UJET MOJIUMEpHU3a-
11l BUHWJIAIIETATA.

B mocnennee BpeMs oOHapy»)eHO 3((PEKTUBHOE TOPMO3SIIEE
JIeUcTBUEe OMHAPHBIX CMECEM COeAMHEHHUI, KOTOPOE CBSA3BIBAIOT C 00-
pPa30BaHUEM M BBICOKOW aKTMBHOCTHIO KOMIUIEKCOB C MEPEHOCOM 3a-
psana (KII3). Xnopanun ciabo TOPMO3HUT MOJIMMEPU3ALMIO METUIME-
TaKpujaTa ¥ METUJIAKpuiaTa, HO B IMPUCYTCTBUU (peHTHA3UHA, KOTO-
pbIli HE SBISAETCS MHTHOMTOPOM, TOPMO3SINCE ICHCTBHUE XJIOpaHHIIA

158



ycunuBaetcs. Koncranra ckopoctu kz = 120 11/(Moib-C) s Xjopa-
HUJA B MOJUMEPHU3YIOUIEMCS  METUIMETAKpWIaTe BO3pacCTaeT
110 9-10° 7/(Moub-c) s cMecu xiopaHmna ¢ ¢enruasuoM (333 K,
COOTHOIIeHUE [xyiopanwi]:[penTruasun] > 2). Ilpeanonaraercs, 4To
Makpopaaukan obpaszyer KII3 ¢ xmopanHuiaom, ¢ KOTOPbIM OBICTPO
pearupyet dentuasu. IlpaBma, Bo3MokHO obpazoBanue KII3 mexmay
XJIOPAaHWJIOM U (PEHTHA3MHOM C TOCJIEIYIONIEeH OBICTPOM peakiueit
MOJIMMEPHOTO PaJNKala C ITUM KOMILIEKCOM.

Kak yxxe oTMeuanoch, B paAUKAJIbHOW MOJIMMEPHU3ALMH CyLIe-
CTBEHHO BaKHA peaklMs Mepeayu Lenu: YeM MHTEHCUBHEN OHa Mpo-
TEKaeT, TEM MEHbIIE MOJIEKYJIsipHas Macca nojqumepa. [lepenarunka-
MU LEMH SIBJISIOTCS Pa3HOOOpa3HbIE PEareHThl, KOTOPhIC, pearupys
C MakpopaJaukaiamu, pacxoayrorca. Katanutuyeckas nepegava uenu
ObLJIa OTKPBITA HA MOP(PUPHUHOBBIX KOMIUIEKCAX KOOANbTa. DTH KOM-
IJIEKChl OYEHb OBICTPO pEArupyroT C MakpopaguKalaMu MOJIHUMEpPH-
3YIOIIErocsd METWIMETaKpuiaTta (KOHCTaHTa Mepefayd ey COCTaB-
mstet (0,3-3,6)-10° 11 mophUPHHOBBIX KOMILIEKCOB PAa3sHOLO CTPOE-
aus pu 333 K), muorokpatao (10°-10° pa3), yuactBys B mepemaue
uenu. [Ipeanonaraercs caeayromuil (TMAPUIHBIN) MEXaHU3M KaTaJlu-
3a nopdupunom Co (II):

~~CH,C*(CH3)X+Co (IT) = ~~CH,XC=CH,+HCo (II)
~~CH,=C(CH;)X+HCo (II) = ~~(CH;),C" X+Co (II)

[lepenada 1enu yepe3 nopPupuH KoOAIbTa COPOBOXKIACTCS UHIUOHU-
poBaHHEM MojuMepusaruu. [Ipeamnonaraercs, 4To oOphIB 1ienei mpo-
HUCXOJIUT TI0 peakuuu Makpopaaukaia ¢ ruapuaom Coll

R* + HCo(Il) — RH + Co(II)

OOpsIB uenemn MPOUCXOUT MHOrokpatHo: =70
npu [CH,=C(CH;)CO,—CH3] = 0,5 Moap/n u f=23 npu KOHIIEHTpa-
1 MmoHomepa 7 moaw/ (333 K, 6enzon, nauiuatop AUBH, rnyouna
noauMepuszanuu — 10 %).

Ha mnpumepe mnonaumepuzalvu psiia aKpuiIaTOB OOHAPYKEHO
T. H. oOpaTuMoe uHruoupoBanue. Ero xapakTrepucTuka — MOCTIIONH-
Mepu3alys ocJie MpeKpaleHns HHUITMUPOBaHUS ((OTOXUMHUYECKOTO
WU PaJIMAlIMOHHOrO0). DTO SBJIICHHE U3YyYEHO HA MpUMEpEe MOJIUMEPH-
3anuu Oytunakpuiarta. [Ipeamnonaraercs, 4To 0OpaTuMoe UHTUOUPO-
BaHHE, TOYHEE MOBTOPHOE MHUIIMUPOBAHUE MOJIUMEPU3ALNHU TPOIYK-
TaMH MPEBPAIICHUS UHTUOUTOPA, 00YCIOBIEHO PaciagoM J0CTaTOYHO
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Ja0UIIBHOTO aJIyKTa, 00pa3yroIIerocs Mpyu B3aUMOACHCTBUU MaKpo-
panukana ¢ Coll:

R* + Co(II) - RCo(II)
RCo(II) —» R* + Co(II)

DneMeHTapHbIe CTaJuU MHOTOKPATHOTO OOpbIBa IIemnei u oopa-
TUMOTO MHTHOUPOBAHUS SBIISFOTCS TTOKA THIIOTETUICCKAMM.

11.5. Huzuoupoeanue noiumepuzayuu Ha 2ayo0o0Kux cmaousix

[Ipu nomumepuszanui MHOTUX MOHOMEPOB HAOJIONIACTCS 2ejib-
aghexm: yCKOpPEHHE MOJIUMEPHU3AIMU C yBEIUYCHUEM BS3KOCTU pac-
TBOpa. [ env-a¢hghexm NPOSBIAECTCS B TOM, YTO HAYMHASL C HEKOTOPOM
IyOHUHBI TPOUCXOIUT YCKOPEHUE U YBEJIMYECHUE CTENEHU MOJIMMEPH-
3aiuu. BhI3BaHO 3TO T€M, YTO YBEJIUYEHHE BA3KOCTH CPEAbl 3aTPyA-
HsET OOpBIB ILENEH MO peakluu MEXAY JIBYMs MaKpopaauKalaMH.
CHIKEHUE KOHCTAaHThI CKOPOCTH OOpbIBA IENe MPUBOJIUT K YBEJIH-
YEHUIO KOHILIEHTPALIMY MAaKpOPaAuKaJIoB U 0osee ObICTPOM MOTUMEPH-
3anuu. [Ipu 3TOM, €CTECTBEHHO, BO3PAcTaET CTENEHb MOJIUMEPHU3ALIHH.
['enb-3gdekT 3aBUCUT OT MOHOMEpA, CKOPOCTH HHHUIIMUPOBAHUSA
(ueM oHa MEHbIIIEe, TEM CUJIbHEE MPOSIBISETCS Telib-3PdEKT) U TeMIIe-
paTypsl (C TIOBBIIMIEHUEM TeMIepaTtyphl reiab-3¢dext ocnadberaer).
TeopeTnyeckunii aHaan3, BBIIIOJHEHHBIA Pa3HBIMU ABTOPAMU, JAET OT-
BET O npupojie 3toro 3¢gdexra. OOpbIB 1eNei B OTCYTCTBUE MHTUOU-
TOpa MPOUCXOAUT MO PEAKINHU MEXAY IByMs Makpopaaukaiamu. Ka-
KJIBIA TaKOW paJuKall MPEACTaBIsACT COO0OH MaKpOMOJIEKYIY-KITyOOK
CO CBOOOJHOUN BaJICHTHOCTHIO Ha KOHIE. BcTpeua Takux KIyOKOB
B PAacTBOpPE MPOUCXOJUT JOCTATOYHO OBICTPO (KOHCTAaHTa CKOPOCTH
nubdy3nonnoit Berpeun coctasiser (1-5)-10' n/(monb-c)). JInmuTu-
PYET peakinio CKOPOCTh CerMeHTanbHON quddy3un KiryOka B KIIyOOK,
NPUBOSLIENH K BCTpEUYE JBYX CETMEHTOB, HECYIIHUX CBOOOJHYIO Ba-
JEHTHOCTh. JTa Aud@dy3usi u3-3a BBICOKOW BA3KOCTH PacTBOpa, CO-
JIEP>KaIIeTO0 MAaKPOMOJIEKYJIbI, U BEBICOKOW MOJIEKYJIIPHOM MacChl MPO-
TEeKaeT MEJJICHHO W JIMMUTUPYET OOPBIB IeNel Mpu B3aUMOACHCTBUU
NBYX MakpopaaukaioB. [Ipenigoxken psia GuU3MUECKUX MOJENEH, Omnu-
CBHIBAIOIIMX 3TOT IPOILIECC.

B TexHoJIOrMY MOTy4YeHUs! MOJMMEPHBIX W3/IEJIHI YaCcTO BO3HU-
KAaeT 3a/laya peryJrpoBaTh MOJIUMEPU3ALMNIO0 HA TIYOOKHX CTaaMsX.
Pa3paboTan psii KHHETUYECKUX MPUEMOB, MO3BOJISIONIUX CTaOUIIU3H-
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pOBaTh CKOPOCTH MOJIMMEPHU3AINM Ha T1yOoKux cranusx. Huke gaHo
UX KPaTKOE U3JI0KECHUE.

1. Meton cinaboro MHrMOMpPOBAHMS 3aKJIIOYACTCS B CIEIYIO-
meM. B cucremy BBOAUTCS Manod((PEKTUBHBIA HUHTHOUTOP
(k; = 1010 1/(MoIb-C)) B TaKOH KOHIEHTPAINH, TIPH KOTOPOH OH
OYEeHb C1a00 TOPMO3UT MoauMmepusanuio. [logOuparoTcs Takue yc-
JNOBHS, 4YTO B  HauanpHeli  mepuox  2k[R°]*> kz[Z][R']
unu (2kW)"* > k;[Z]. Tlo Mepe HpoTeKaHHs MOIMMEPU3ALHUHU k, Ha-
YUHAET YMEHBIIAThCS C YBEJIMYEHUEM BSI3KOCTH, M3-32 KJIETOYHOIO
s dekTa yMEeHbIIAETCS U CKOPOCTh MHUITMUPOBAHUS. DTO MPUBOIUT
K TOMY, YTO COOTHOIIECHHE MEXJTy OOpPBIBOM II€TNeH MO peakiusiM
R*+R"* u R*+ Z wu3meHsercs u IIaBHBIM KaHAJIOM OOpbIBa IEmei
CTAHOBUTCS PEaKUUsI MAKPOPAJUKATIOB C HHTUOUTOPOM (BBIMOJIHSIET-
C4 HEPaBEHCTBO (ZkiWi)l/2< kz[Z]). B xauectBe Manodp(PeKTUBHBIX
UHTHOUTOPOB MOKHO HCIIOJIB30BaTh HUTPOCOEAUHEHHUS U apOMaTH-
YECKHUE YIIIEBOIOPOIBI.

2. Meton (OTOMHTMOMPOBAHUS TIPEAYCMATPUBAET BO3JCHCTBUE
cBeTa Ha MaIOd(PEKTUBHBIN UHTHOUTOP MOJIMMEPHU3ALNK Z, TIPEeBpa-
IaKolee ero B BbICOKO3(GEKTUBHBIN UHTHOUTOP. B OTCyTCTBUE CBe-
Ta TaKOM MHTHOUTOP MPAKTUYECKH HE Y4YacTBYET B OOpBIBE LIETICH.
[lormomiass kBaHT cBeTa, MaOA()(PEKTUBHBIN WHTUOUTOP MEPEXOIUT
B TPUILIETHO-BO30YKAEHHOE COCTOSIHUE U B TAKOM COCTOSIHUU OBICTPO
pearupyer ¢ MaKpOpaanuKaIoM:

Z "7, R+Z 5>RH+°'ZH; R'+°ZH->RH+Z
CHIXEeHUE CKOPOCTH MOJIUMEPHU3AIMU Ha ITyOOKUX CTaAusX JOCTUTa-
€TCsS BKJIIOYEHHEM CBETa, KOTOPBIA MOIJIONIAETCA HWHTUOUTOPOM,
B pe3yJIbTaTe€ Yero yCWJIMBAETCsA OOpBHIB Ienel Ha uHruourtope. B ka-
yecTBe (DOTOMHTMOMTOPOB MOXKHO MCIIOJIb30BaTh MHOTOSIZIEPHBIE apo-
MaTUYECKHE yTIIEBOIOPOIbI, AIKUITHUTPUTHI, CEPY.

3. CononumMepu3zaiys B IpUCYTCTBUUA Mano3((PEeKTUBHOTO HUHTHU-
outopa. K MmoHoMepy M, 100aBiisieTcsi HEOOJIbIIOE KOTUYECTBO MaJio-

aKTUBHOro MoHOMepa Mg. B cucteMy BBOOUTCS Takoil MHTHOUTOp Z,
KOTOPBI OYEHb MEJIEHHO PEArupyer ¢ MaKpOpPaIUKaIoOM, UMEOIIUM

Ha KoHUEe M, (R} ), HO JOCTAaTO4MHO OBICTPO € pafMKanoM R}, UMErO-

MM Ha KOHIE Mp. B HU3KOBSI3KOW Cpelie BCE ONMPENEIAET PEAKIIUOH-
Hasi CIIOCOOHOCTHL MOHOMEPOB, U nodToMy [ R% ] >>[R}], Tak 4ro HMH-

THOUTOP TOPMO3UT O4YEHb ci1abo0. Ha riryOokux cragusix oOpbIB Heneil
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(peakuust R+ R*) u nmpopomkeHne 1enu TUMUATHPYIOTCS audy3uei.
B cuiy sToro comepxanue R}, BO3pACTAET, T. K. COOTHOIIEHHE MEXKITY

[R5 ]u [R},] onpenensercss He peaklMOHHOM CIOCOOHOCTEIO My 1 M,
a CckopocThlo uX 1uddy3un, HUT.K. Dy~ Dpg, TO OTHOIICHUE
[R5 I:[Rg]~ [Ma]:[Mg]. VBenuuenue KOHIEHTPALUK PAMKaIOB R

UHTEHCU(PHUITUPYET OOPBIB LTI HA HHTHOUTOPE, UYTO PETyIHpYyeT I10-
JUMEPU3AIUIO Ha TTTyOOKON CTa/IUH.

4. BBeaeHue KUCI0pOaa B CUCTEMY, COJICPKAIIYIO aKIETOPHI
MEePOKCUAHBIX paduKaioB. Takue coeIUHEHMSs, KaK (PEHOJIbl U apo-
MaTHYE€CKHE aMHUHBI, OUYCHb MEIJICHHO PEardpyroT ¢ MaKpopaauKa-
JaMHU Y TPaKTUYECKH HE TOPMO3AT mojiuMmepusaiuio. OIHaKo ¢ re-
pOKCUpaauKalaMHi 3TH COEIUHEHHUS pearupyroT ObIcTpo (cM. pas-
nen 14). Iloatomy nonuMmepu3anuio Ha TITyOOKHX CTAAUSX MOXHO
TOPMO3UTh, BBEJS CHayaja B MOHOMEp TAaKOro TUMa aKLENTop Iie-
pokcupaaukainoB InH, a Ha rimyOoKoi cTaauu, Ti€ HEOOXOAMMO CHU-
3UTh CKOPOCTH IOJUMEpU3aIuU, BBECTH KHCI0poa. MHTEeHCHBHOE
TOPMOXEHHE 00YCIIOBIMBAIOT PEAKIIUHU:

R* + 02 —> RO; .
RO; +InH — ROOH + In®,
In*+ RO; — InOOR,

In® + In*— MoJeKyIApHBIC IPOIYKTHI.

Ilpumep 11.1. Ckopocmb u o1una
yenu paouKanbHoU NOaAUMEPUIAUUU

Crupon nonumepusyetrcs B Macce ([PhCH=CH,] = 8,7 Momb/)
B MPUCYTCTBUU MHUIIMATOPA, KOTOPBI CO3/1a€T CKOPOCTh UHUIUUPO-
BaHus, paBHyIo 10 1/(Monb-c). KOHCTaHTBI CKOPOCTH MPOIOIKEHHS
1 00OpbIBa LIETIH PABHBI:
ky = 2,4-10%xp(—37,6/RT) 1/(Momb-C)
2k, = 7,0-10%exp(—6,3/RT) 1n/(MO1B-C)
C kakol CKOPOCTBbIO MPOUCXOJHUT MOJUMEPHU3ALMS CTUpOIA
npu 80 °C? UYemy mpu 3TOM paBHA KMHETHYCCKAs JJIMHA IEHH V
IIPH CKOPOCTH MHULMUpoBaHus W; = 5-10° 1/(Monb-c)?

162



Pewenue

CxopocTh HEeTHOMN MOJIMMEPU3ALINT CTHpOJIa
-1/2 1/2
W= ky(2k) "[PhCH=CH,]W; . Ilocie NOACTAaHOBKU appPEHUYCOB-
CKMX BBIPQKCHUN KOHCTAHT CKOPOCTH U KOHIICHTpAILlMU CTHUPOJA I0-
Jy4aeM BBIpAKECHUE:

W=17,9-10"exp(—34,4/RT)-W;">.

Pesynbrate: W= 6,4-10° Moms/(11-C),
JuTiHa er v = W/W; = ky(2k) " *[PhCH=CH,] W;"* = 2 860.

IHpumep 11.2. Hneuouposanue yennoi noaumepusayuu

Ctupon MOJIMMEPHU3YETCS B Macce pu 323 K
1 W;=10° mons/(11-c). BBeneHue MapabeH30XUHOHA B KOHLICHTPAINH
0,1 Momb/m CHWXaeT CKOPOCTh €ro mojuMmepusanuu B 3,55 pa3sa.
C kakoil KOHCTaHTOM CKOPOCTH OE€H30XWHOH OOpBIBAET LIENH B MOJIU-
MEpHU3YIOIIEMCs CTUPOJIE?
Pewenue

KoHcTtanTta CKOpOCTM OPOAOJDKEHHS] 1E€NU B CTUPOJIE
ky = 2,4-10° exp(=37600/RT). CKOpOCTh pamUKAIBLHOH ITONMMEpH3a-
uu W 3aBUCUT OT KOHIEHTpaluu UHruouTopa [Q] U KOHIUEHTpaIuu
MoHOoMepa [M] cienyromnmM o6pa3om:

;M [Q1

s’y ;
/4 k, [M]

rne Wo=W npu [Q]=0, af— crexuoMerpuyueckuii kod3pduiuent
oOpbiBa 1iemel, nas OeHzoxuHOHa f= 2. KoHIEHTpaIuio CTHpoJa

B MacC€ HAXOJHUM 4Yepe3 OTHOIICHHE IUIOTHOCTH K MOJICKYJISPHOM
Macce, paBHoe 906/104,15 = 8,7 moaw/n. OTHOLLIEHUE

fholk, = [(Wo/ W)’ — 1] [MV[Q] = (3,55% — 1)(8,7/0,1) = 1009.

KoncranTa ckopoctu kg = 1009k,/f.
Koncranra ckopoctu k, = 2,4-10%exp(-37600/RT) = 2,4-10° = 199,3
(323 K). CnegoBarensHo, ko = 1009-199,3-0,5 = 1,0-10° 7/(MOJB-C).
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12. OKUCJIEHHUE
OPI'AHUYECKUX COEJJMUHEHUH KUCJIOPOJIOM

12.1. Inemenmapnsvie paouxkaibrHbvle CMAOUU OKUC/ICHUA

Okucnenne opranmyeckoro coeaunenuss RH mounekynsspHbM
kuciaopogoM no C—H-cBA3u mporekaer mo JIBYM NPUHLMIIMAIBHO
pa3HbBIM MEXaHM3MaM: KaK [EeMHas HEpPa3BETBICHHAS peaKusd
Y KaK LEHOM BBIPOXKICHHO-PA3BETBICHHBIN mpouecc. B pexume
LIEMTHOM HEPA3BETBIICHHOW PEAKLIMU OKUCIICHUE NMPOTEKAET B MPUCYT-
CTBUM MHHULMAaTOpa (cM. paszaen 2). Bo3Hukaromue u3 MHULIHMATOPA
paauKagbl WIK aTakyroT OKuciswoulee Bemectso RH, wim cHavana
pearupyroT ¢ O, u atakyroT RH yxke B BUAE NMEpOKCUIBHBIX paguKa-
J0B (TaK MPOUCXOIUT HHUIIMUPOBAHKE MPH pacnale a30COCIUHEHUN).
ITpu 5ToM 13 RH BO3HUKAIOT aJKHIbHBIE pagukaibsl R’

Peakuus mprucoeIMHEHUs KUCIOPO/Ia K aJIKWJIbHOMY PaJUKaIy:

R*+0, > RO; (1)

IIPOTEKAET C BBIACICHUE Tema. MI3MeHeHne dHTAIbIIMU B 3TOM peak-
LIUH PABHO:

AH, = AH ooy — AHyy — ADy 4, (x/Ix/MOIIB) (12.1)

ITOCKOJIBKY BBITIOJIHSAETCSI JIMHEMHOE COOTHOIICHUE MEXITY
AHgroon 1 AHgy, TO IpuOIMKeHHO BeInunHy AH| MOXHO OIIEHUBATh
o hopmyie:

AH, =274 - ADy ,, (x1x/Mo01b), (12.2)

T. €. uem cinabee C—H-cBs3b, TEM MEHbINE TEIIoTa peaknuu. Huke
NpUBEACHb 3HaueHWs AH; i psaa paaukagoB, pacCUUMTAaHHbBIC
1o BeanuuHaM AHroon, AHryg, ADr_g :

R’ C,H; (CH;),CH® (CH3):C* yurio-CH;, CHsC'Me;

AH,, xIx/mons —157,3 —125,6 -115,1 —125,2 —47,3

B pactBOpe 3Ta peakius mpoTeKaeT OYeHb OBICTPO, a UMEHHO
¢ muddy3uoHHON  KOHCTaHTOH  ckopocTH:  (2—5-10° 1/(Moib-C)).
Korga cBs3p C—O B MEepOKCUIBHOM pajiukajie ciadasi, TO IPUCOSIU-
HEHHUE HOCHUT OOPATUMBIN XapaKTep.
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(CeHs);C" + O, & (CHs);COO
3-3a ouenn cnaboit C—O-cBa3u B TakoM RO] paBHOBECHE CIBMHYTO

BJIEBO. B psze ciaydaeB KUCIOPOA MOXET Kak MPUCOEAUHATHCA K pa-
aukany R°, Tak u orpeiBaTh OT Hero arom H ¢ o6pasoBanuem oneduna
1 paaukaina HOJ .

[lepokcuiibHBIC paJMKaibl BCTYNMAIOT B pasHOOOpa3HbIE peak-
AU OTPHIBAIOT aTOM BOPOJa, U30MEPU3UPYIOTCS, MPUCOCIUHSIIOTCS
10 IBOMHOM CBsA3U. OKUCIEHNE HACBIIIECHHBIX COEAUHEHUM MMPOTEKAET
10 UEMTHOMY MEXaHU3MY C MPOJAOJKEHUEM LEMH 10 peakuusm 1 u 2:

RO +RH — ROOH +R" 2)

M3MeHEHNE SHTAIBIIMKA B 3TOM PEAKLIMU ONPEAEIACTCS IPOYHO-
CTSAMH pByIIeics u oOpasyromeiicsa cBsazeii: AH = Dr.y— Droo-n-
Oneprus aucconmaunu  O-H-cBsi3m  rugponepokcuga  3aBUCUT
OT CTPYKTYphl R u, cooTBercTBeHHO, paBHa 358,6 k/[>x/Moyb y Tpe-
TUYHBIX AJIKUITUAponepekucer, 365,5 — y BTOpUYHBIX, 369,0 —
y H,0, 1 406,1 xJ{x/mMons — y CcHsC(O)OOH. CBsizb dHEPrUM aKTH-
BAI[UU C SHTAIBIHUEN PEAKIIMU PAJUKAIBLHOIO OTPbIBA XOPOIIIO OMKCHI-
BaeT MapaboIMvecKasi MOJEIb MEPEXOAHOTO COCTOSHHUS.

Ilpu AH. = 0 E. = E, XapakTepusyeT TEPMOHEUTPaIbHYI0 RO)
¢ RH. D10 no3Bosiser OueHUTh BKJIAJ YHTAJIBIIMU B SHEPTUIO aKTHBA-
uuu kak pasauny AEy =FE.— Ey. Hwke npuBeneHsl 3HaueHUus AEy
JJIs peakUuii TpeTU4HOro RO; ¢ psAmoM yriaeBomopoios (E. u AEy

npuBeACHBI B KJ[XK/MOJIB).

RH RH CH, C,Hs CHg  (CH;),CH
AH, 0 77 57 41 30
E. 58 107 95 83 75
AEy 0 49 37 25 17

DHeprus akTuBanuu E.y, B CBOIO O4YE€peab, 3aBUCUT OT dHEPTUHU
TPUIIETHOTO OTTAJKHUBAHUS, KOTOPOE B MEPEXOJHOM COCTOSIHUM CO-
cTaByisieT 27,6 kJ[>k/MoJb, pa3HOTO CPOJICTBA K AJIEKTPOHY Y aToMOB C
u O, a Takke OT PHEPTUM OTTAJIKHWBAHUS DJEKTPOHHBIX OpOUTaIeh
atoMoB C u O. Kaknoe n3 3TUX B3aUMOJEHUCTBUII BHOCUT CBOM BKJIAJ
B DHEPrUI0 aKTUBAIlUM, KOTOPBIM MOXKHO OXapaKTUPU30BaTh MHKpE-
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MeHTaMu AET, AEg, n AER. Hrke npuBeaeHBI BEIMYMHBI 3TUX Mapa-
METPOB IS KaKJOM IPYIIIbI YIIIEBOAOPOAOB COOTBETCTBEHHO.

RH [Tapadunb AJIKUIapoOMaTUYECKUE Onedunbl
Ee 58,1 65,1 71,5
AEr 50,2 57,2 63,6
AFEgp -22,3 -22,3 -22,3
AER 30,2 30,2 30,2

3aMETHO, YTO Pa3jIMyYU€ B DJICKTPOOTPUIIATEILHOCTH aTOMOB C
1 O CHMKAET SHEPrUI0 aKTUBAIMU U BCE TPU B3aUMOJICUCTBUSI BHOCSIT
BAKHBIA BKJIAJl B DHEPTUIO aKTUBAIMUA ATOU peakuuu. Eciau cpaBHU-
BaTh PEaKUUM B TEPMOHEHTPAJbHBLIX YCIOBHAX, TO paguKaiabl RO}

10 CBOEH akTHBHOCTH Onu3ku K paamkanaMm RO® u HO®, uro BumHO
W3 BEIUYHH F:

Peaxkius HO® + RH RO®+RH RO; +RH

Ey, xJI>k/MOIIB 56,7 54,8 58,1

Kak nmokaszanu KBaHTOBO-XMMUUYECKUE PACUETHI, IEPOKCUIbHBIN
paauKal MojasipeH U 00J1aJaeT BHICOKUM AUNOJIbHBIM MOMEHTOM:

Panukan HO! (CH;);CO0° C4HsCH(OH)O0O® C4HsC(0)00"

u, nedai 1,95 2,33 2,45 3,87
ITosTOMYy B IIEPEXOHOM COCTOSHMU MEXAY RO; M MOJEKYJIOH
RuH, coxepxamel noispHYrO IPyIIy, MOXKET BO3HUKATh B3aUMO-
NEeNUCTBUE, BIUSIONICE HA BEJIMUYMHY aKTUBAIMOHHOTO Oaphepa. Benu-
JUHY 3TOTO Oapbepa MOXXHO OIIEHHTh, CPaBHHMBAs BEIUYHHY b7,
ais peakuun ROS + RuH ¢ (br)ur peakuun RO} ¢ HENMOIAPHBIM Y-

nesogoponoM RH, umeromuMm Takyr K€ IPOYHOCTh ATaKyeMOWU
R—H-cBsa3u, uto u coennnenne RuH. Bxnan nonsspHOro B3ammoneu-
CTBHS B dHepruro aktupaiuu AE 1 onieHuBaeTcs 1mo gpopmyie:

br).  —(br)
“_( e)EHw()2 i (12.3)

Hwxke mnpuBeneHnl pe3ysbTaThl TaKOro pacueTa B BHUJE
AE, (xJI>x/Monb) peakuuii pasuuHbIX 110 CTPOEHHI0 RO €O crupra-

MH, KCTOHaAMHU U aJIbACTHUAAMU.
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RO,  C(OH)0O® RC(0)OO° C¢HsC(0)00°

ROH 2,2 -6,9 — —-13,6

C¢HsCH(OH)R -2.8 —12,7 - —14,2
RCHO 2.7 - ~15,8 -~
RCH,C(O)R’ ~13,0 - -~ —

BusHo, 4TO MONAPHOE B3aMMOJEHCTBHE MeX1Ty RO M mousp-

HoM rpynnod RuH cHwxaer sHepruro aktuBaumu. s peakmuin
C Y4aCTHUEM aJIbJACTUAOB U KETOHOB TAaKOE CHUKEHUE BEChbMa 3HAUU-
tenbHO (10 16 x/[k/Monb). Uem Oonbllie cymMMa JTUIOJIBHBIX MOMEH-
TOB peareHToB, TeM Oomnbme AE,. O4eBUIHO, MMEHHO KYJOHOBCKOE
B3aMMOJICICTBUE MEXAY NOJSIPHBIMU TPYIIIAMUA PEAreHTOB BHOCHUT
peLIaloi BKJIAJl B CHUKEHHUE DHEPTUM aKTHBaLMU. B peakuusx me-
POKCHJIBHOTO pajJuKajia ¢ MOJIU(GYHKIIMOHAIBHBIMU COEIUHEHUSIMU
nposiBisiercs dPGeKT MyJIbTUIUNOIBHOTO B3aUMOJICUCTBUS, KOTOPBIN
CYILECTBEHHO MEHSET PEAKLMOHHYIO CIOCOOHOCTh aTakyemoro RO

(dparmeHTa, KOra B MOJIEKYJIE UMEETCSI HECKOIBKO MOJSPHBIX TPYIIIL.
[TonspHBIA XapakTep NEPOKCUPAJAUKATIOB MPOSBIISETCS TaKKe B TOM,
YTO OHU OOpPa3yrT BOJOPOIHBIE CBSI3U C THAPOKCUIICOAEPKAIIUMHU
COCIMHEHUSAMH U TOJABEPTaOTCA B UCXOJTHOM U MEPEXOJHOM COCTOSI-
HUW COJbBAaTallMU: OTHOCAIIMICS K 3TOMY MaTepual pPAacCMOTPEH
B MOHOTpadusx (CM. CIIMCOK JIUTEPATYPHI).

[lepokcunbHbIE pauKaibl YII€BOJAOPOJI0B OTphIBatoT atoM H
HE TOJBKO OT APYrux mMojekyna, Ho u oT C—H-cBs3el camoro paau-
Kaja. OTO TPUBOAUT K OOpa30BaHUIO JIUTHAPONEPOKCHUIOB,
YTO BOEPBbIE ObLIO OOHapykeHO M. PacToM Ha mpuMepe OKUCIECHUS
2,4-muMeTHIITICHTaHa.

(CH;),C(O0")CH, CH(CH;), — (CH;),C(OOH)CH,C*(CH;),
(CH;),C(OOH)CH,C*(CH;), + O, —
(CH;),C(OOH)CH,(COO")(CHj3),
(CH,),C(OOH)CH,C(00*)(CH;), + RH —>
(CH;),C(OOH)CH,C(OOH)(CH;), + R’

CKOpOCTh TakOW BHYTPHUMOJIEKYJSIPHOW HM30MEpU3ALUU 3aBU-
CUT OT pa3MepOB IIMKJAa U OBICTpPEE BCEr0 MPOUCXOAUT B CIydae 00-
pa3oBaHUs IIECTUUWICHHOTO IEPEXOJHOr0 COCTOSIHUA, T. €. TOraa,
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korga tperuuHass C—H-cBsA3bp HaxoauTcsi B [-TOJIOKEHUU IO OTHO-
IIEHUI0 K MEpOKCUAHOW Tpymne. BHyTpumonekyiaspHas araka
Ha TpeTnuHyl0 C—H-CBs3p XapakTepusyeTcs CIECAYIOIIUMUA KUHETHU-
YECKUMMU IIapaMeTpaMu:

[Tonoxxenne C—H-cBsi3u o B Y d
ki, ¢ (373 K) 0,2 18 8 1

lgA4 12,5 11,5 11,0 11,0
E, xJI>x/Momb 94 73 71 80

Takas >ke n3oMepu3anus UMEET MECTO U B CIydyae H-aJIKaHOB,
HO MPOTEKaeT ropa3no MemieHHee. Tak, mis 2,4-nUMeETUIIIICHTaHA
kis/k, =40 monw/n (373 K), a B cinydae u-neHtaHna ki/k, = 1,4 moinb/n
(373 K). IlpaBna, nis w-napaduuoB ¢ OonbmmM unciom CH,-rpymnm
3TO OTHOIIEHUE MpUOMIKaeTcs K BenuuuHe 4,2 Moib/l1. OcobeHHo-
CTBIO OKHCJICHHUS H-TapaUHOB SBISETCS OOpa3oBaHUE CPEAH IIep-
BUYHBIX TIPOIYKTOB OKHCJICHHS JTOCTATOYHO OONBIIOTO KOJIMYECTBA

-KeToruaponepoKCUIOB, YTO MOKHO OOBSICHUTH CIAEAYIOLIIUMH pPeakK-
UMY npeBpanieHust ROS :

~CH(OO")CH,CH(H) CH; — —~CH(OOH)CH,C"H CH; + O,
~CH(OOH )CH,C* HCH; + 0, - —~CH(OOH )CH,CH(OO")

—CH(OOH)CH,CH(OO") CH, + RH —
— —C(OOH)CCH,C(OOH)H CH; + R’

—CH(OOH)CH,CH(OO" )CH, — —C(O)CH,CH(OOH)CH, + HO®

IIpoBenennsbiii B. [IpUIKOBBIM aHAIU3 JUTEPATYPHBIX JaHHBIX
MOKa3bIBaE€T, UTO MpHU OKuciIeHuHu H-napaduuoB (373—413 K) uzome-
puzanus RO, MPOTEKACT MNPUMEPHO C TaKOW K€ CKOPOCTEIO,
KaK 1 MEXMOJIEKYJISIpHAs Iepeaayda Lelu.

C HemnpenenbHbIMU  COEAVMHEHUSIMU TEPOKCHUIHBIE  PaAUKAIbI
BCTYIAIOT B pa3HOOOpa3HbIe peakiuu. B Tex cirydasix, Korga yrieBoio-
poa umeer C—H-CBsI3b B O-ITOJIOKEHUU K JBOWMHOW CBS3M, MHTEHCUBHO
npoTekaer peakuus orpbiBa. Hanmpumep, ¢ C—H-CBA3b10 1UKIIOreKcana
RO, pearupyer ¢ KOHCTaHTOM CKOPOCTH k= 1,3-10°  1/(momb-c)

(303 K), a ¢ C—H-cBsa3pro 1ukiorekcena ¢ k= 0,66, 1. e. B 500 pa3
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owsicTpee. Takoe pasznuume OOYCIOBICHO Pa3HOM MPOYHOCTHIO ATHUX
C—H-cs3zeit (409 u 342 x/[>k/M0Ib COOTBETCTBEHHO).
ITo-uHOMY mpoTekaeT peakuuss RO; ¢ BMHUIOBBIMH MOHOME-

pamu CH,=CHX. [lepokcHuiibHBIN paguKaa MPUCOCAUHSIETCS MO JBOM-
HOU CBSI3M TaKUX COeIUHEHUU. [Ipu OKUCIEHUM MHOTMX HEnpenesb-
HBIX YTJIEBOJOPOJIOB 00€ pEaKIHH — OTPHIB U MPUCOCIUHEHUE —
IPOTEKAIOT MapajliesIbHO, B pe3yJIbTaTe Yero o0pa3yeTcsi CMeCh T'Uj-
POIEPOKCUAOB U TUAJKUINEPOKCUIOB. HrxKe nmpuBOAUTCS 10JIA TPO-

JyKTOB PEAKIMU NPUCOEAMHEHUsT RO; K T-CBA3M OJI€(DUHOB!

Onedun Otunen Ilponunen I'exkcen-1 byren-1 [ukiorekcen
T, K 383 383 363 343 333
% npucoenunenus 100 50 33 26 4.4

Koncranra ckopocT npucoeauHenns RO, K T-CBA3HM 3aBUCHUT

OT CTPOCHUS HEMPEISTLHOTO COSAWHEHHMS M MEHSETCS B IIHPOKOM
nuanazone (303 K):

Bunwnn- Metun- MeTtui- o-Metun-
Monowmep Crupon
arerar aKkpuiaT MeTakpuiaT CTUPOJI
k 0,002 0,02 0,08 1,3 2,9
71/(MOJIb-C)

[Ipucoequnenne uaeT Tem ObICTpee, 4YeM cTaOuibHee oOpa-
3YIOIIUNCA B PE3YJIbTATE MPUCOCAVHEHUS ANKWIbHBIM panukai. Ha-
OJirofaeTcss aHTUOATHAs 3aBUCUMOCTh MEXIy KOHCTAHTON CKOPOCTHU
npucoeuHenus RO) 1O IBOWHOMN CBA3M M NMOTEHLIMAIOM MOHU3ALMN

HENPEAEIBHOTO coeauHeHus. [1o-BuaumMoMy, NpucoeIMHEHUE MEPOK-
CWJIBHOTO COEIMHCHUS I10 JBOWHOW CBSI3W MPOUCXOOUT Yepe3 mnepe-
XOJHOE€ COCTOSIHUE, B KOTOPOM MMEET MECTO 3HAYUTEIIbHBIN MEPEHOC
AJIEKTPOHHOM TUIOTHOCTH C ABOWHOM CBA3U HA KHUCJIOPOJ MEPOKCHUIIb-
HOT'O paJIuKaa.

o sToi e npuunHe obnaaaromre 00Jaee BHICOKUM CPOJACTBOM
K DJICKTPOHY allWINEPOKCUIIBHBIE PAJAUKAIbl PEATUPYIOT C JBOMHOU
CBA3bIO Ha 2—3 mopsika ObICTpee, YeM alKWInepoKkcuiibHbie. Onpee-
JICHHOE BIIUSIHUE OKa3bIBAaeT W CTepUUECKUi (pakTop, Korma B O-TO-
JIOKEHUM K JIBOMHOM CBSI3U UMeeTCsl 00beMHBIN 3amecTuTenb. Cyiile-
CTBEHHOE€ BJIMSHUE OKa3bIBACT BJICKTPOCTATUYECKOE B3aUMOICHCTBUE

RO} ¥ monspHeIX rpynm. B peakuusax RO] ¢ nomu@yHKIMOHATIBHBI-
MU HempeaeabHbIMU dpupamMu nposBiseTcs d3QPeKT MyIbTHAUTIONb-
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HOT'O B3aUMOJICHCTBHS: MTOJIUATOMHBIE dYPUPHI pearupyoT MeaJICHHEe,
YeM MOHOATOMHBIN 3(pup.

OOpa3oBaBiIvecs B pPe3yJbTaTe MPUCOCIUHEHUS TMEPOKCHUAII-
KWIbHBIE PAJIMKAJIbl MOTYT MOABEPraThCs IECTPYKTUBHON M30MEpU3a-
1M1 ¢ 00pa30BaHUEM SIIOKCHUIOB:

ROOCH,C®* HX — RO" + yurxno-CH,OCHX
ROOCH,C* HX + O, - ROOCH,CHXO0OO*

Takas nzoMepuzanus NpoTEKAET TOCTATOYHO OBICTPO:

Monomep Crupon  a-Metuinctupon 2-byren  TpuMeTUIOTUIIEH
T, K 323 323 363 333
ki, ¢! 7,6:10° 6,8:10° 9,1-10° 6,7-10°

[Ipy OKHUCIIEHMH HEKOTOPBIX HENpPEACIbHBIX COCIUHEHUIN
B IIPOJIOJDKCHHUH IICTIM YYacTBYIOT HE TOJbKO RO, HO 1 HO] panu-

KaJIbl, KaK, HAI[PUMED, IPU OKUCIICHUH |,2-3aMEIIEeHHBIX dTUIICHA!
HO: + R,CH=CHR, —*« R ,CH(OOH)-C"HR,
R ,CH(OOH) + 0, —2 3R C(OOH)=C'R, + HO;,

B PE3yJIbTaTe KOTOPOro 00pa3zyeTcss HEMpeASIbHBIA THAPOIEPOKCH/T
u H,O, B konuuectBe, paBHoM 0,5W¢t. He HCKIIIOUEHO allbTEpHATUB-

Hoe oOpas3oBanne HO; B pesymbrare npucoenunenus O, k R® ¢ mo-

CIeIyIoNMM pacnagoM ROS

R;CH(OOH)- C°HR; + O, — R;CH(OOH)— CH(OO")R,
R,CH(OOH)- CH(OO")R, = R;C(OOH)=CHR; + HO;.
B »TOM OTHOIIEHMH K OKHCJICHHIO ITMKJIOTreKCcaaueHOB U 1,2-3ame-

IIIEHHBIX ATUJICHA IMPUMBIKAET OKHCJICHHUE MEPBUYHBIX W BTOPUUYHBIX
CIIUPTOB, T/ie 00pa3ytoluecs MePOKCUIHbIC paIUKabl MOIBEPTratOTCs

pacmany:
R1R2C(OH)OO. —> R1R2C(O) + HO; .

Hwxe mpuBeneHbl KOHCTAaHTBHI CKOPOCTH pacliajia TakKux pa-
JTAKAJIOB:

RO; CH;CH(OH)0O"® (CH,),C(OD)OO°  (CH;),C(OH)O0"
k, ¢ (295 K) 52 190 665
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Hamuune nzoromuoro addexra (ky/kp = 3,5) CBUIETEIBCTBYET
00 otpeiBe H (cooTBercTBeHHO D) 0T O—H- (O-D)-CBSI3U B nepexo/i-
HOM COCTOSIHMM. Pacrmazx mpoTekaeT ¢ 10CTaTOYHO BBICOKOW DHEPTUEH
aktTuBauu 56,4 x/[x/Monb, OJM3KOM K TaKOBOW ISl peakiuu
RO;+RH (mma peakumu RO, ¢ RH, RH-mukiorekcanod,

E =50 xJI)/Monp). [loaToMy C MOBBIILIEHUEM TeMIEpaTyphbl OKHUCIIE-
HUSI COUPTOB JOJDKHA yBenudyuBaThes noias H,O, cpeau mepBUUHBIX
MPOAYKTOB OKMUCJICHHS. AHAJOTMYHBIM OOpa3oM, BUIAUMO, OOCTOUT
JIEJI0 C TIEPOKCUIHBIMU paJiuKajiaMy, BO3HUKAIOUUMHU TIPU OKUCICHUH
annupaTUIeCKuX aMUHOB.

OOpbIB 1IENel MPU OKHUCICHHH YTJIEBOJOPOIOB, KaK MPaBUIIO,
MPOUCXOAUT MO PEAKIHUH MEXY JIBYMS MEPOKCHUIHBIMU paguKaiaMu
o MHOrocraauitHomy mexanusMy. IlepBas cTagusi BkiIrodaetr oOpa-
TUMOE€ 00pa30BaHUE HEYCTOMUHUBOTO TETPOKCUIA!

2RO}, <> ROOOOR

DTO paBHOBECHE HMMEET CIEAYIOIINE TEPMOJUHAMUYECKUE Xa-
PAKTEPUCTHUKH:

R (CH;);C  (GH;s)(CH;)C CeHs(CH3),C
K, n/monb (303K) 0,083 0,12 0,45
AH, xJI>)x/Momb -37 -31 -39
AS, JIx/(Mmoab-K) —-141 -121 —-134

Korma R — TpeTuuHbIN aqKuiIbHBIN PaIuKall, TETPOKCU paciagaeTcs
¢ obpazoBanueM 1160 RO; (cM. Bbime), 60 RO u O,:

ROOOOR —> (RO® + O, + RO")
(RO’, RO") —~ 5 ROOR
(RO",RO") —2— 2RO’

OOGpEIB LIENER MPOUCXOAUT TOJBKO Ipu pekoMmOuHaimu RO® B KieTke
pactBoputest. O0bunHo k. < kp, Harpumep 11t (CH3);CO° oTHOIIEHKE
k/kp= 10 (C¢Hg, 318 K). B ciiyuae nepBUYHBIX ¥ BTOPUYHBIX paJavKa-
noB R® Terpokcum, cormacHo Mexanm3Mmy Paccema, pacmamaercst
10 COTJIACOBAHHOMY MEXaHU3MY C 00pa3oBaHUEM cMpTa, KeToHa u O:

R1R2CHOOOOCHR1R2 —> R1R2C(O) + 02 + R1R2CHOH
Takoe npeBpalleHue BeChMa 3K30TEPMUYHO (HAIIPUMEp, B CIy4ae IUK-
aorekcuntetpokcuaa AH =—-405 k/[/Mo0/b) U MPOTEKAET OYE€Hb OBICT-
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po. Bummumo, mostomy ke=10°-10° 1/(Monb-c) IS BTOPHUHBIX
1 neperunbix ROS (300 K) n 10°~10° 11/(MOJIB-C) JUIS TPETUUHBIX RO; .
Bricokasi 5K30T€pMUYHOCTh TaKOTO Ipoliecca SIBISIETCS] IPUUMHON Xe-
MUJTIOMUHECIICHIIUY, BO3HUKAIOIIEH B OKUCIISIONMIUXCS YTIIEBOAOPOIaX.
HcTouHMKOM CBeTa SIBIICTCS KapOOHWIBHOE COCIWHEHHE, 00pa3ylo-
ieecs B TPUILIETHO-BO30YKI€HHOM COCTOSIHUM. [IpeioskeH MexaHu3m
NOCTAIMAHOTO pacrnaja TETPOKCHUIA Yepe3 MPOMEXYyTOUYHOEe 00pa3oBa-
HUE HEYCTOMYMBOrO OMpaauKaia.

HROOOORH — (HRO® + O'O0ORH) - HROH + O°OOR*
R*000°" - R=0 + O,

[Ipyn u3ydyeHur NpPOAYKTOB AHCHPONOPUUOHUPOBAHUSA NEPOKCHUIHBIX
paauKaioB 3TWJIOEH30JIa U TOJIyoJda ObLIO YCTAHOBJIEHO 0Opa30BaHUE
MEPOKCH]Ia BOJIOPOJIa B COOTBETCTBUU CO CTEXMOMETPUE:

2HRO; - 2R=0+H,0,.
[IpenyioxkeH corinacoBaHHbIM pacmag Terpokcuaa Ha H,0,
U JIBE MOJIEKYJIbl K€TOHA, OJJHAKO CJIOKHAsl MEPECTPOUKA CTPYKTYpPbI
ROOOOR ¢ oHOBpeMEHHBIM Pa3pbIBOM YETHIpEX M 00Opa3oBaHHUEM
HOBBIX YETBIPEX CBA3EM MPEACTABIAECTCS MAJIOBEPOATHOU. bosee pea-

JUCTUYHBIM IMPEJCTABISICTCS MEXaHU3M I10CIIeI0BaTeIbHON (hparMeH-
TaINu:

HROOOORH — (HRO" + O"OORH) —» R=0 + HOOORH
HOOORHO —> (HRO® + HO?) — R=0 + H,0,
B oCJIOM IJIdA HepBHqHBIX, BTOpI/I‘IHI)IX 41 TpeTI/I‘IHBIX HepOKCI/II[-

HBIX PAJUKAIOB MOXXHO CKOMIIOHOBATH CIEAYIOIIYI0 CXEMY IpEBpa-
IICHUH, OMKUCHIBAIOIIYIO SKCIIEPUMEHTAIBHBINA MaTEpUAIL.

RO; + RO < ROOOOR <
<> (RO*+°0O00R) — (RO’ + O, + "OR)
(RO*+ 0, +°OR) - (RO*, RO*) + O, > ROOR + O,
(RO*,RO’) —» 2RO’
Bropuynbie u nepBuuHble HRO, [IOMOIHHWTENBHO IIOABEPTarOTCs

MpEBpalICHUAM, KOTOPHBIC OBLIN OIIMCAHEI BHIIIIE.
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C anKuwiIbHBIMHU paJuKajlaMUd MEPOKCUIHBIC PAJUKaAJIbI TUCTIPO-
HOPLIMOHUPYIOT CO CKOPOCThIO TU(DPY3HOHHON BCTPEUU C KOHCTAHTOM
ckopocti k = 2—6-10° 1/(moxb-¢) (293 K, B cpene RH).

12.2. Kunemuka uenno20 uHuUUyUUpoBanHHo20 oxkucienus RH
HGHHOG OKHUCJICHUC OPraHru4CcCKoOro COCIAUMHCHHUA, B KOTOPOM

C—H-cBs13b mozBepraercs aTake, BKIIOYAET B ce0s1 CIIEAYIOIINE CTaIUN:
k « RH

[ ——>r > R’ (1)
R’ +0, > RO; (1)
RO, +RH — ROOH +R° (2)
ROOH — RO’ + HO® (3)
R'+R"— RR 4)
R*+ RO; - ROOR (5)

RO; + RO; - ROOR + O, umu ROH+R =0+ O, (6)

Tak kak peakius (1) mpoTekaeT ¢ BHICOKON KOHCTAHTOM CKOPO-
cti (10’-10° n/(Morb-C)), TO B MPUCYTCTBUM PACTBOPEHHOTO KHCIIO-
po/ia B KOHIIEHTpAINH, TpeBbImaromeii 10~ MoJb/JI, alKuIbHBIE pa-
JUKaJIbl OY€Hb OBICTPO TMPEBPAIIAOTCA B MEpOKCHIIbHBIC. [loaTOMy
[R'] <<[RO:] 1 0OpbIB Lemeli IPOMCXOAUT TONBKO MO peakuuu (6),
a IPOJIOJKEHUE LEeNu JUMUTUpYyeTca peakuued (2). B npucyrcTBuun
WHULIMATOpA, KaK IMPaBWIIO, paclajl THJIPONEPOKCHIA HE UIpaeT 3a-
MeTHOM posH, Tak uto W, = ki[I] + kis[ROOH] = k; [1]. B xBa3ucTanmo-
HapHOM  pexume  W.=k, [ROE]2 U [Opu  JJIUMHHBIX  HCMAX

(k,[RH][ RO ] >> W;) cKOpOCTb LEMHOTro OKUcneHust W =a[RHW,"?,

-1/2
a=k,k,'~. Dra ¢opMmyna moATBepikIeHa OOJBLINM 3KCIHEPUMCH-

TaJbHbIM MaTepuanoM. OTKIOHEHHE OT JIMHEHHON 3aBUCUMOCTU MEX-
ny W u [RH] mabmtomaercs B Tex ciaydasx, korda uiad RH, uim pac-
TBOPUTEb UMEIOT MOJISIPHBIC TPYIIHI, YTO CKa3bIBACTCS Ha COJIbBaTa-
IIUY MIEPEXOTHOTO COCTOSIHUS U BeJIMUMHAX ky U k. B TOM cityuae, ko-
r71a IPOJOJKEHUE LIENU OCYIIECTBISICTCS MO PEAKIUSAIM MEXKMOJIEKY-
JSIpHOM mepenadu uenu (KOHCTaHTa CKOPOCTH k) U BHYTPUMOJIEKY-
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NIApHOM M30MepHu3anuu RO] (KOHCTaHTa CKOPOCTH ki), ypaBHEHHE

JUISl CKOPOCTH OKHCIICHUSI MPUOOPETAET BU/L:

(12.4)

[Ipy KOpOTKMX HEenaX 3aMETHBIA BKJIAJ, B CYMMapHYI CKO-
POCTb OKHCIUTEIBHOIO MPOLECCAa MOKET BHOCUTh HHULIMUPOBAHUE,
Tak dYTO B ob0meM ciuydae W =W, +q[RHW,>. [niuHa unemu

v = kr[RH][RO; [/W; = a[RH] w2 ¢ YBEJIMYEHUEM CKOPOCTH HWHH-

IUUPOBAHUA JJIMHA LENU V YMEHBIIACTCS, U NP BBITOJIHEHUHN YCJIO0-
Bust W;> a’[RH]® okuclieHHEe HpOTeKaeT KaK HEIEMHOH paauKaib-
HBIN TIpOIeCC, CPpelU MPOIYKTOB KOTOPOTO MPeolsafarT COeauHe-
HUsI, oOpa3oBaBIIMecs B akTax oOpbiBa 1enu. C MOHUKEHUEM TEM-
neparypel napamMeTp a ymenbmaercsa. [loatomy mns xaxmoro RH
CYLLECTBYET Takas TeMHneparypa Iin, HUKE KOTOpOU npu W; = const
OKHUCJICHHE MPOTEKAET HeUenHbM nyTteMmM. Huke mnpuBeneHbsl Ti,
U psija  yriaeBOAOPOJOB, PACCUMTAHHBIE IO BEJIWYHHAM
npu W; =107 monb/(1-c): umknorekcan (364 K), »TmnGenzon
(283 K), Terpanun (247 K), xymon (226 K). KasucrarmoHapHsbIi
pexnM 1enHoro okuciaeHus RH ycranaBmmBaeTcss 3a HEKOTOPOE

BpeMs T YCTaHOBJIEHHE KBA3UCTALIMOHAPHOM KOHIIEHTPAILUU

RO
RO’ ONHUCHIBACTCS ypaBHECHUSIMH:

d RO' 2at
%: W~k [RO; ] ; [RO] =S

JI1s BpeMeHHU KU3HU TTePOKCUIBHOIO pajivKala, T. €. BpEMEHH,
3a koropoe 1-—[RO:J[RO:]; MeHnsercs B e pas, IOIy4aeM

T= 0,74(Wik6)_1/ 2, [Ipy  nuanmazone wu3MeHeHuss W, ot 10°°
10 107 Momb/(71-c) 1 BapsupoBanuuH ks oT 10* 10 10° 1/(MomB-C) Bpe-
Ms T MeHsaeTcsd B quana3one ot 0,1 go 100 c.

Ecau 3a Bpems ombiTa KOHIEHTpAIUS WHUIIMATOPA MpaKTHYe-
CKM HE MEHseTcs, TO W; = const u OKUCJIEHHUE MPOTEKAET C MOCTOSH-
HOU CKOpocThrO. Ha camom paesie MHHUIMATOp pPacXOAyeTcs B XOIe
OKHCIIEHHUSI U CKOPOCTh MHULMUPOBAaHUS yMeHbluaeTca. Eciu uHH-
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IIUaTOp — €IMHCTBEHHBIH MCTOYHUK PAJUKAIIOB B CUCTEME, TO KHUHE-
THUKa OKUCJICHUS OMUCHIBAETCSl ypaBHEHUAMU (k; = 2eky):

A[O,]1=A[0, ], (1—e ")

(12.6)
Ao - 2a[RH13, [k.[1],

max

[Ipy mpoKOM BapbUPOBAHUHU MAPIUAIBHOTO JABJICHUS KHUCIIO-
pojJia peaiu3yroTCsl TaKUe YCIOBHUSI, KOTJa 3aMETHBIN BKJIaJ B OOpHIB
neneit BHocAT peakiuu (5) u (4) — cm. cxemy. B 3ToM ciyyae Ha-
OJIr0/1aeTCs 3aBUCUMOCTh CKOPOCTH OKHMCJICHHUS OT MaplIHaIbHOTO JaB-
JeHus kuciopoaa. [Ipu oueHb HU3KON KOHIICHTPALMH PACTBOPEHHOTO
KHMCJI0pOJia IPOAOKEHHUE 1IENU TUMUTUPYET peakuus (1), a uenu o0-
PBIBAIOTCS MO peakuud (4), TaK YTO CKOPOCTh LIEMHOM peaKkuu

W = k[0, JIR']=—=[0, ¥, (12.7)

7

B mmpokom auamnazone uzmeHeHus [O,] CKOPOCTh OKUCICHUS
cesizdana ¢ [O] w [RH] cuneayromuM  COOTHOIIEHUEM

(W, = k,k;"*[RH1 W, ).

M[K{_l): ks | Kok, [RH) (12.8)
R\ W )" kk, Kk [O;)

DTa I0CTaTOYHO CJIOKHAsI 3aBUCUMOCTh MOKET OBITh alIpoK-
CUMHpOBaHa 0osiee MpocToit HopMyJIoi:

A (12.9)

“1+B/[0,]
B =[0O,], mpu xkotopoit W= 0,5W,,
12.3. 3aporcoenue yeneii 6 okucaarwuwuxca RH
B uCXOHOM HE OKHCJIEHHOM W HE COAEPKAIIEM HHUIMUPYIO-

IUX TpUMEceil OpraHMYeCKOM COCIWHEHUU CBOOOJHBIC PpaJUKaIIbI
00pa3yloTCsl MO €ro peakiuu ¢ KUciaopoaoM. CBOOOIAHBIE paauKaIbl
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reHepupytorcs B cucreMax RH + O, u CH,=CHX + O, no cnenyto-
UM PEAKLHSIM:

1. ITo bumonexynsipHoi peakiuu Hanbosee cinadboit C—H-cBsizu
C KHCIIOPOJIOM:

RH+0, < (R'+ HO}) — R"+ HO; (01)
OHa 3HA0TEPMUYHA, T. K. Dy > DH-o; , 1 IIPOTEKACT MEIJICHHO,
C PHEPTUEH aKTUBAIMU, OJIM3KOM K TEIJIOTE PEaKIUu:
Ey = Dryg — 221 xJI>x/Monb (12.10)
lghkr 11 (404 K) = 7,78 — ADgp.yy + 368, (12.11)

rae kc_y otHocUTCs K oaHOM C—H-CBsA3U, peakiusi mpoTEeKaeT B HEMO-
JIIPHOU YTJIEBOJOPOIHOM CpEE.

C omnoii C—H-cBsi3pt0 LUMKIIOTNE€KCaHa KHUCIOPOX pEearupyer
¢ ke =1,5-10"" (403 K), ¢ C—H-cBsi3pt0 kymona ¢ key=2,5-10"
¢ C—H-cBs3p10 HUKIIOTEKCEHA (OL-TTOJIOKEHUE K JBOMHOMN CBSI3U ) —
¢ kcy=1,3-107 n/(monb-c). Tak Kak IEpeXOmHOE COCTOSHUE STOH
peakuuu TOJSIpHO (ero KoH(urypauusi Onu3ka K KOH(Uryparuu
R*+ HO;), To B MONSPHBIX Cpefax Peakius MpoTeKaeT ObICTpee, Me-

xay lgky, m mapamerpom (€ — 1)/(2e — 1) nabGaromaeTcs TUHEHHAs 3a-
BUCUMOCTh. B peakiusx ClI0KHBIX MHOTOATOMHBIX 3(UPOB C KHUCIIO-
poaoMm HabmomaeTcss 3PHEKT MyJIbTUAUIOIBHOTO B3aUMOACHCTBHUS:
yeM OOJIbIIEe CI0KHOI(UPHBIX TPYIIIT B MOJIEKYJIE, TEM HHXKE PEaKiu-
OHHasi CHOCOOHOCTh KaXJOW Tpynmbl B PEAKIUU C KHUCIOPOJIOM
U3-3a JUMOJIb-IUIIOILHOTO B3aUMOJICUCTBUS MOJSPHOTO PEAKIMOHHO-
'O LIEHTPA C MOJISPHBIMU CJII0KHOA(UPHBIMU TPYIIIIaMHU.
2. ITo TpUMONEKYJISIPHON peaKInu:

2RH + O, —» (2R* + H,0,) - R* + R* + H,0, (02)
(2R* + H,0,) - RR + H,0, (02)
Ota peakuust 5SHAOTCPMHUYHA, DHCPICTUYCCKHN OHA CTAHOBHUTCH
oosee BBIT'OJHOW, qeM OMMOJIeKyJIsIpHast peaknuys,

npu Dry <370 xJIx/Moab. M3-3a CyIIECTBEHHOTO YMEHBIIICHHUS JH-
TpONMU TpU  OOpa30BaHUM MEPEXOJHOTO COCTOSHUS ko> ko
He npu Dr_y 370, a mpu Dy.y < 330 x/[>x/MoJ1b.

3. [Ins 3aposkJIeHHsI LeTel B 3THIIOEH30JI€ YCTaHOBJIEHA TPUMO-
JCKYJSIpHAS] PEaAKIIHS:
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C6H5CH2CH3 + 202 —> C6H5CH:CH2 +2 HO; , (03)

IIPOTEKAIOIIAS C KOHCTAHTOU CKOPOCTH
kos = 6,0-10° exp (~108/RT) 1*/(Monb-c”).

4. BUHUJIOBBIE MOHOMEPBI PEAruPyIOT C KHUCIOPOJOM CBOEH
JIBOMHOM CBSI3bIO TT0 OMMOJICKYJISIPHON PEaKIINU:

XCH=CH, + 0, — XC*"HCH,00°0, — XCH(O0")CH,00* (04)

Hanpumep, ctupon pearupyer ¢ O, ¢ ko =3,5-10" exp(—=125/RT)
7/(MOJIb-C). DHEPTHUS aKTUBAIIUHM ITOM peakiuu OJM3Ka K €€ JHJO-
TePMUYHOCTH. B 3TOM peakium Takke HabOmomaeTcs d3PhexT MyJib-
TUAUIIOIBHOTO B3aWUMOAECUCTBUS: KHUCIOPOJ pEearupyer MHOIO Me.-
JIEHHEE C JIBOMHOMN CBSI3bI0 MHOTOATOMHOTO aKpHJIOBOTO 3(upa, yem
OJTHOATOMHOTO.

Bce peakuuu 3apokAeHUA Lener SHAOTEPMUYHBI U IPOTEKAIOT
C IOCTAaTOYHO BBICOKOM dHEprueu akrtuanuu. [Ipy KOHTaKTe ¢ BO3/IYy-
XOM KOHIEHTpAILUsI PACTBOPEHHOTO KHCIOPOJAa B OPraHUYECKUX CO-
eIMHEHHAX JocTaToyHo Mana {(1-3)-107 Momb/n}, TaK YTO CKOPOCTH
3apOXKJCHUSL ILENel TMpU  YMEPEHHBIX TeMIlepaTypax HU3KHU
(10"°-10" wmons/(11-c) mpu 400 K). Jlpyrue BO3MOXKHBIE PEaKIHH,
takue Kak pacman mo C—C-cBs3u u peaknus tuna 2RH — 2R* + H,,
U3-32 BBICOKOM SHJIOTEPMUYHOCTH IPU YMEPEHHBIX TEMIIEpaTypax
(amxe 500 K) npakTuyecku HE UAYT.

12.4. Pacnao cuoponepokcuoos Ha paouxkaisl

OOpa3yromumecs Mpyu OKUCICHUH THAPOIIEPOKCUABI UMEIOT Clia-
oyro O—O-cBs3b (Do.o = 165 kJI)x/M07b), 1 B ra30Boi (a3e OHHU T'CHE-
PUPYIOT pauKalbl, pacmaaasich MOHOMOJICKYJISIpHO 110 O—O-cBs3u

ROOH — RO’ + HO' (3a)

B xunkoit ¢aze ux pacmag Ha pagudKaiabl IPOUCXOJUT OBICTpee
U C MCHBIIICH »dHepruerd axTtuBauuu. Hamnpumep, mpem.-OyTui-
THAPOTIEPOKCH]T B Ta30BOM (ha3e pacmanaercss ¢ KOHCTAHTOM CKOPOCTH
k=15,0-10"exp(-158/RT) = 5,0-10° ¢, a B pactBope xJ0pOeH30Ia
¢ k=4,0-10"exp(—138/RT) = 1,8-10° ¢! (393 K). MexaHu3MsbI pacra-
Jla TUIPOTIEPOKCHUIOB B OPTAaHUYECKUX COCTUHEHUSIX MHOTOOOpa3HBI.

1. B HacChIIIEHHBIX W aJKWUJIAPOMATUYECKUX YTIEBOAOPOAAX
rugpornepokcuibl pearupyror ¢ C—H-cBsazsamu:
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ROOH+RH — RO +H,0+R"° (30)

UYem cimabee C—H-cBs3b, TEM BbIllIE KOHCTaHTa cCKOpocTU. C KyMOI0M
TUAPONEPOKCHT KyMHUJIA pPEarupyer C KOHCTAHTOM CKOpPOCTH
kss=5,0-10"exp(—109/RT) 1/(Moib-C).

2. I'maponepoKcui pearupyer ¢ m-CBA3bIO HEMPENEIbHBIX CO-
€IUHEHUH, peaKks CONpPOBOKAAETCA pa3pbiBoM O—O-CBs3u:

ROOH + CH,=CHX — RO" + HOCH,C'HX (3B)

BeposaTHO, peakiuu mnpeanecTByeT oOpa3oBaHUE JOHOPHO-
aKIETITOPHOI'O0 KOMIUIEKCA, a DJIEMEHTAPHBIM aKT MPEACTaBIAET CO00M
MIEPEHOC AJIEKTPOHA € T-CBsi3M Ha O—O-rpynny C MOCICAYIOINM €€
TOMOJIM30M:

ROOH + CH,=CHX < ROOH:-CH,=CHX —
— (ROOH™*, CH,C*"HX)
(ROOH*, CH,C'H'X) — RO* + HOCH,C HX
Tpem.-OyTUNTUAPONIEPOKCU]T ~ pearupyeT Cco  CTUPOJIOM
¢ k3= 1,2-10%exp(—=72/RT) 1/(Monb-c). O MOIIPHOH CTPYKType mepe-
XOJIHOTO COCTOSIHUSI CBUACTEIHCTBYET TOT (DAKT, YTO B PEAKIIUSIX MHO-
roaTOMHBIX HemnpeaenabHbix 3gupoB ¢ ROOH Habntonaercs sipko BbI-
paxeHHbIN 3(PPEKT MYyJIbTUIUIOIBHOTO B3aUMOJICUCTBUA: C IBOMHOM
CBsI3b0 MHOTOATOMHOTO 3(pripa ROOH pearupyet meieHHEe.
3. I'maponepokcuapl pacnafgatoTcs Ha paJuKalibl 4epe3 NpeaBa-
puTEIBLHOE 00pa30BaHUE accolMaTa yepe3 BOJAOPOIHYIO CBA3b:

2ROOH &=——=ROO(H)---HOOR —RO" + H,0 + RO; (3r)

[Ipu HeBbicOkHMX KOoHUEHTpanusix ROOH, korma nons accouumpoBaH-
HBIX MOJIeKy1 Mama, W=2ekK[ROOH]’, a B pactBopax ROOH,
1€ aCCOLIMMPOBAHbBI MPAKTUUECKU Bce MOJeKyJbl, W= 0,5ke[ROOH].
[lepexon peakiiu MHULMUPOBAHUS OT BTOPOTO K MEPBOMY HOPSIIKY
c poctrom [ROOH] neiicTBUTEIbHO HAOMIOJAETCST HaA  OIbBITE,
st mpem.-oytunruaponepoxcuna 0,5ek = 5,8-107 exp(—96/RT) ¢

4. AHanoruyHeIM 00pa3oM, BUAMMO, PEarupyroT THAPONEPOK-
CHUJIBI CO CITUPTAMH:

ROOH +R'OH &2 ROO(H)---HOR' - RO* + H,0+ R'O’ (3m)
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Ckopocts oOpaszoBanus paaukanoB W;=k[ROOH][R'OH]
s [R'OH] < 1 monb/n, npu 6osiee BHICOKMX KOHIEHTpauusx W, noc-
TUTaeT MaKCUMyMa, a 3aTeM yMeHbIaeTcs ¢ yenuuenuem [R'OH].

5. YcKopsroT pacnaj ruJiponepoKCUoB U KapOOHWIbHBIE CO-
€AUHEHHUs, YTO BBI3BAHO OOpPA30BaHHEM JIAOWJIBHBIX MEPOKCUIHBIX
COCJIMHEHU I

R R,C=0+ROOH =R R,C(OOR)OH ——>
—£ 3R ,R,C(OH)O"+RO’

3e)

B3aumopeiictBue mpem.-0yTUATHAPONIEPOKCUIA C ITUKIOTEKCAHOHOM
B cpenie XJIopOeH301a XapaKTepu3yeTcs KOHCTaHTaMHU:
K =7-10""exp(46/RT) 1/monb u 2ek = 3,6-10°exp(-109/RT) ¢

6. YCKOpsIIOT pacnaja THAPONEPOKCHIa Ha paguKalibl KapOOHO-
BbIE KHCJIOTHI, CKOPOCTh oOpa3zoBaHus paauKaioB
W;=k[ROOH][R'COOH]. Ilpenmonaraercsi peakiiys, aHajloTHYHAs
peakun ROOH co cniuprom:

ROOH + R'COOH <> ROO(H)--- HOCOR' —

(3x)
— RO’ +H,0+R'COO"

Takum 00pa3oM, B OKUCIISIIONIEMCS YTIEBOJ0OPO/IE, IIe 00pa3o-
BaJIMCh U MPUCYTCTBYIOT Pa3HOOOPA3HbIE MPOIYKThI OKUCIECHUS, pac-
1aJl TUAPONEPOKCHUIOB MPOUCXOIUT MAPAIIIETBHO IO PSAY PEaKLU.
Bomnpoc o0 ToM, kKakas peakius IpeBAINPYET, U3YUEH B UCCIECIOBAHUN
TaKUX MPOLECC, KAK OKUCIICHUE UKJIOT€KCaHa U U30MEHTaHA.

12.5. Kunemukxka aemookucieHus

Kak yxe oTmeyanoch, CKOPOCTh 3apOXAcHusA uenen W
B OKUCJISIIOUIMXCS OpraHnyeckux coeauHeHusx RH wmama, tak 4rto
o Mepe HakorieHns: ROOH ckopocTh MHUIIMMPOBAHUS BO3PACTAET,
a ripu Joctato4yHo BbICOKOM ROOH riaBHbIM HCTOYHMKOM pAJMKAIOB
CTaHOBUTCA pacmaj rujaporepokcuaa Ha pagukansl. Ecin ROOH pac-
najgaeTcs Ha paaukaisl, pearupys ¢ RH, xkoHmeHTpauuss KOTOporo
Ha HAYQJIBHBIX CTAAUSAX MOCTOSIHHA, TO MOXHO paccMaTpuBaTh I'EHE-
pupoBanue paaukaioB n3 ROOH kak mnceBIoMOHOMOJEKYJISIPHBIN
mpoiiecc co ckopocThio W; = k3 [ROOH],

rac k3 = k3a + k36[RH] + k3B[CH2:CHX].
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12
[TockonbKy CKOpOCTH LiemHOro okuciaeHuss W= a[RH]|W; ",
a W;= Wiy + k] ROOH], To ckopoCcTh aBTOOKHUCJICHUSI:

W = a[RH]/W,, + k,[ROOH] (12.12)

B toM ciyuae, korma Bech MOTMIONMIEHHBIM KHUCIOPOJ MPEBPAIIETCS
B TMJPONEPOKCUIAHBIE Tpynbl, a A0t pacnasmuxcas ROOH Hesenu-
Ka, KHHETHKA MTOTJIOIIEHUS KUCI0PO/1a ONKUCHIBAETCS YPABHEHHUEM:

AlO, ]
t

= a[RH]W,, +b’t, (12.13)

rae a =kk,"*, b’ =0,25a’k;. [Ipu ouens Manom 3nauenun o[ RHW.?

(ouenn Mana W,y) 310 ypaBHEHHE MpHoOpeTaeT 0oJiee MpOCTOM BU/;
A[O,] = b*F (12.14)

C 3TUM ypaBHEHHEM corjiacyeTcs: OOJIbIION IKCIICPUMEHTAIbLHBINA Ma-
TEPUAJI 110 OKUCJIEHUIO UHIWBUAYAIbHBIX OPTaHUYECKUX COCIMHEHUN
U CMeceu yriaeBoAoponoB. IIpy cpaBHUTEIBHO BBICOKOW KOHIIEHTpA-
MY THUAPONEPOKCH]IA OH C 3aMETHOM CKOPOCTBIO pacrajaercs no ou-
MOJICKYIISIPHON peakIuy (CM. BbIIIE) cO CKOpocThio W; = k3, [ROOH]’,
u toaroMy Mexay W u [ROOH] nabnronaercst 3aBUCHMOCTb:

W2

oo~ [RHT’k, + ¢’ [RHJF[ROOH k,, (12.15)

Bce paccMoTpeHHBbIE 3aBUCUMOCTH TIOJTYUYEHBI MPU MPEANOI0XKe-
HUH, YTO B CHCTEME OYCHb OBICTPO (32 BpEeMs IIPOrpeBa peakTopa) yc-

TaHABIIMBAETCS KBa3HCTalMOHApHas KOHUEHTpauus [ RO; ]. 910 cmpa-

BEJIMBO TOJIBKO IMPU JOCTATOYHO BBICOKOW Wiy, MpU KOTOPOU Bpems
YCTAHOBJICHUSI KBa3ucCTalMoHapa T, = 0,74(ks Wio)'l/ % MeHbIIIE BPEMEHU
rporpeBa. I[I0CKONBKY CKOPOCTH 3apOKACHUS LENEH NP aBTOOKHUCIIE-
Hun RH dacro mambl, TO T, MOXET OBITH JIOCTaTOYHO 3aMETHOM
BEJIMYMHOM.

Hanpumep, npu Wiy =10"" n/(mMons-c) u ks=10" 1/(Monb-c)
T:= 750 c, a Bpemsi mporpeBa He mpeBbimaeT 00buHO 150 ¢. B atux
ciayyasx popmyna (12.15) npuoOpeTaeT HECKOIBKO UHOM BH/I:

A[O,]"* =b(t—1) (12.16)
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Takas ke 3aBUCUMOCTh HaOJII0/1aeTCs U ISl HHTHOMPOBAHHOTO
aBTOOKHCIIeHHs (B 3TOM cityyae T = f[InH]o/ W)).

I'maponepokcuapl B okucisromeMess RH pacnagarorcs mo cie-
OYIOIIUM TPEM HalpaBlieHUsM. Bo-nepBbix, oHu pearupyror ¢ RH
U TIPOJYKTaAMHU €r0 OKHCJICHHUS TOMOJIMTUYECKH C O0pa3oBaHUEM CBO-
O00HBIX paaukaioB. B ycioBusix nenHoro okucienuss RH Takoit pac-
naji He TpuBOAUT K yMeHblleHnI0 ROOH. Bo-BTOphIX, rTHApONIEPOKCH-
JIbl ATAKYIOTCS Pa3HOOOPA3HBIMU paJlKaiamMu, 0Opa3yolUMUCS B CUC-
TeMe, TakuMu kKak RO , RO u R’, BcTymas ¢ HUMM B peakuuy TUIa:

R*+HOOR — ROH + RO’
RO. + H—C(OOH)R1R2 — ROH + HO. + R1R2C:O
RO; +H-C(OOH)R,R;, —> ROOH + HO' + R R,C=0

O10 npuBoAuT K pacxogoanuto ROOH no nenHoMy Mexanusmy.

Haxonen, rugponepokcuabl MPEBPAIIAIOTCS B MOJIEKYJIAPHbBIC
MPOAYKTHI [0 TETEPOJUTUYECKUM PEAKLIUAM C NPOAYKTAMH OKHCJIIE-
HUs (HampuMep, MOJI JEMCTBUEM KHUCJIOT), MyTEM IE€TePOTUTAYECKOTO
pacnaza Ha CTEHKE peaKkTopa, MoJ I€MCTBUEM CIICIIMAIbHO BBEICHHO-
ro WM CIy4YallHO MOMAaBILIETrO B CUCTEMY KaTaau3aTopa IeTepOIUTH-
yeckoro pacrnana ROOH, mpu peakiuu B KJIETKE 0Opa30BaBIIMXCS
U3 THIPOINEPOKCHIA PAIUKATIOB.

Paccmotpum kuHetuky okuciieHuss RH Ha rimyOokux cragusx
B nocieaneM ciaydae, korma ROOH pacnagaercss B OKUCHSIOIIEMCS
RH MonekynspHO 1o peakuuu MepBOro mnopsaka ¢ KOHCTAHTOM CKO-
poctH ky,. B aTom cnydae (ipu k, >> k3) makcumym no [ROOH] noc-
turaercs npu yciosun W = a[RH] (ks[ROOH])"* = k,,[ROOH], OTKY-
na [ROOH]pa = a’ks k.’ [RH]>, u xuneruxka oGpasoBanms ROOH

v pacxonoBanue RH onuceiBaeTcs ypaBHEHUAMU:
[ROOH] = [ROOH]na(1 — e7*m")?, (12.17)
[RH]"' = [RH];' + ksd k[t + 2k (e7m” - 1)], (12.18)

a IPH IOCTATOYHO BBICOKUX ! (¢ >> 2 k') kuHeTHka pacxonoBanus RH

0JM3Ka K OMMOJICKYJIIPHOMY 3aKOHY:

[RH]' = [RH],' + & ksk ' (t—2k"). (12.19)
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Ha riy0okux cTagusix OKHUCJICHHUS YTJIEBOJOPOJOB 4YaCTO Ha-
OJIFOAaeTC CaMOTOPMOXKEHUE MPOIIECCA, BBI3BAHHOE CJEAYIONIUMU
MPUYUHAMH.

1. Cpenu npoyKTOB OKMCIICHUS 00pa3yrOTCs U HaKaIIMBaIOTCS
TaKue, KaK KUCJIOTbI, OKCUKUCIIOTHI, KETOCIIUPTHI, KOTOPHIE BHI3BIBAIOT
reTePOJUTUYECKUN pacmnaj] TUAPONEPOKCUIOB. DTOMY CIOCOOCTBYET
POCT MOJSIPHOCTH CPEAbl M3-3a HAKOIUICHHS] BOABI M KOHIIEHTPALIUU
MOJISIPHBIX KUCIOPOACOJAEpXKAIIMX MPoAyKToB. [loaTOMy B npuBeneH-
HbIX ypaBHeHMX (12.17) — (12.19) KOHCTaHTy CKOPOCTH kA, ClienyeT
paccMaTpHuBaTh KaK MEPEMEHHYIO BETUUUHY ki, (7).

2. Hakomnenue pa3HOOOpa3HbIX MPOMEKYTOUHBIX MPOAYKTOB
NPUBOIUT K TOMY, 4TO B pesyibTare okucieHus RH mosBrsioTcs
U pyrue pajauKaiabl, B YaCTHOCTU TNEPOKCHUIHBIE pa3sHOOOpa3HOU
CTpYKTypbl. OHM pa3ziuyaroTcsi Mo CBOEH akTUBHOCTU. [losiBneHue
B CUCTEME PaJUKajOB, MEHEE aKTHBHBIX, YEM HCXOAHbIE RO}, BBI3bI-

BaeT 00IIee CHMKEHHE AaKTHMBHOCTH CMECH PaJUKAlIOB, TaK 4TO (-
exTHBHOE 3HaUYCHHE MapaMeTpa a = k,k, "> yMeHbIIAeTCL.

3. K ymeHbIIIeHHI0 aKTUBHOCTH BCEX MEPOKCHIHBIX PaIUKaJIOB
MPUBOAUT U HAKOILICHHUE THJIPOKCUIICOACPIKAIIUX MPOAYKTOB OKHCIIE-
HUS: THAPONEPOKCHUIOB, CIMPTOB, KHUCIOT, BoAbl. OHH 00pa3yioT
¢ RO} BOZOPOAHBIE CBSA3H, YTO, ECTECTBEHHO, CHIKAET UX AKTUBHOCTD.

IIpu okucieHUH apOMATUYECKUX COCAMHEHUU HAKAIUIUBAKOTCS
(beHOIbHBIE COCTMHEHUS, KOTOPHIE SIBISIOTCS MHTMOUTOPAMU OKUCIIC-
Huda. Mx oOpazoBaHue 00YyCJIOBIIEHO HAKOIJIEHUEM KHUCIOT U TeTepo-
autudeckum pacragom ROOH, nanpumep:

H + H0
C.H,C(CH,),00H ——=CH,C(CH,),00H, 42>,
—%° 5C.H.,OH+H,0+(CH,),CO+H"
a Takxe romoiuTuyeckuM pacnagom ROOH c mocnemyrommm mnpu-

COCIMHEHUEM THUAPOKCUIBLHOTO pajuKalia K apOMaTU4e€CKOMY KOJIbITY
RH c oOpa3zoBanuem (penomna

CH.C,H, + HO" — yuxno-CH(OH)CHCHC'H(C,H;)(CH), —
— HOCH,C,H, + ROOH
Ouenb 4acto 31U (PAKTOPHI JCUCTBYIOT OJHOBPEMEHHO, YTO

IMPUBOJUT K CaMOTOPMOYKCHHIO aBTOOKHUCJICHUS TIPU TIyOHMHAX Ipe-
BpatieHus B 40-50 %.
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12.6. Kamanu3 okucienus y2neeo000pooos

KunkodazHoe OKUCIEHUE YTIEBOJOPOJIOB YCKOPSIOT COEUHE-
HUSI METAJVIOB NEPEMEHHON BaJEHTHOCTH. Y CKOpPEHHE OOYCIIOBIICHO
TE€M, YTO 3TH COCAWHEHUS KATATUTUYECKH pPa3pyllalOT THIPONEPOK-
CHUJIbI, B pE3YJIbTaTE€ YEr0 BO3HUKAIOT CBOOOHBIC paIUKAIIbl, MHUIIUU-
pyloiue okucieHnue. Karamus BbI3BaH T€M, YTO MOHBI METAJIOB Iie-
PEMEHHOM BaJEHTHOCTH BCTYIMAIOT C THAPOIEPOKCHUIIOM B OKHUCIIH-
TEJIbHO-BOCCTAHOBUTENbHBIE peakiuu (nuki ['abepa — Beiica)

ROOH + Me*" —» RO*+Me'" + OH™
ROOH +Me*" - RO; +Me'" + H'

Takum oOpa3zom, cpaBHUTENBHO MeieHHbIe peakuuu ROOH
¢ C-H- u n—C-C-cBs13iMH YTJI€BOJIOPOJOB 3aMEHSIOTCS O0siee ObICTPBI-
MU OKUCJIUTEIbHO-BOCCTAHOBUTEIBHBIMY peakusIMu. Peakumu ruapo-
NEPOKCUa C METAIJIOM IPEIIIECTBYET KOMILIEKCOOOPa30BaHUE:!

mROOH + nMe"" ﬁ mROOH---nMe"" —*—
— (m — 1)ROOH + RO* + OH + Me""" + (n — 1)Me""

Yamie Bcero o0Opa3yroTcsi KOMILUIEKCHI cocTaBa 1:1, Tak uTo pe-
aKIMsi ~ TpPOTeKaeT Kak  OWUMOJIEKyJsipHAas  CO  CKOPOCTBIO
W,=k[ROOH]"". IIpu BbIcOKO#i KoHueHTparmu ROOH, xorma Bce
KaTUOHBI KaTaJau3aTopa CBA3aHbl B KOMIUIEKCE C THAPOINEPOKCHUIOM,
peakius HMEET IEPBbIM IOPANOK II0 KaTaau3aTropy W HYJIEBOU
1O TUJIPONIEPOKCUTY, a B 0OlleM ciaydae ckopocTh pacnaga ROOH
Wroon = 2k[ROOH][Me"](1 + K[ROOH])"'. B nurepaType ormeue-
HBI CIy4au, korga m =2, n = 1 u, HaobopoT, m =1, n = 2.

Cxema I'abepa — Belica cnipaBejinBa, CTpOro roBopsi, JUIsl CUC-
teM: Karamuzatop — ROOH — unepTHBIi pactBOpuTens. B okwmc-
JSFOIIMXCS YTIIEBOAOPOAAX B LIUKJI OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIX
peaKuuil BKIIFOYAKOTCA MPOAYKThI OKUCIICHHS: CIIUPTHI, KETOHBI, aable-
TUJIbI, KUCJIOTHI, KOTOPBIE PEArpyIoT C BBICIIEH OKUCICHHOU (popmoi
Katam3aTopa. Takoro Tumna peakuymyd XOpoIlo U3y4YeHbl B BOJHBIX pac-
TBOpaxX, @ B YIJIEBOJOPOJHOM PACTBOPE OHM M3YYEHBI ISl PEAKIUU
OKHUCJICHMSI IUKJIOT€KCaHa, KaTaJM3UPOBAHHOM cTeapaToM KoOajbTa.
B TpexBaJIeCHTHOM COCTOSIHUM KOOAJIbT pearupyer ¢ UUKIOT€KCAHOJIOM
Y TUKJIOTEKCAHOHOM 110 CJIEIYIOIIEMY MEXAHU3MY:
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St,CoOH + R'He—=St,CoOH ---R'H
St,CoOH + RH—St,Co+H,0--R’

[{uknorekcanon [luknorekcanoH
K, 1/Moib 1,4-10* exp(—24/RT) —
k,c 32-10" exp(-82/RT)  5,0-10° exp(-92/RT)

Cam cteapar Co'' B IUKIIOTEKCAaHe PACIALACTCS 110 PEaKIH:
St,CoOH — StCoOH + St

¢ KOHCTaHTOit ckopoctu k = 8,0-10%exp(-82/RT) ¢ .

CoenuHenus Takux MeTamuioB, kak Co, Mn, Ce, BBI3BIBAIOT I'0O-
MOJIMTUYECKHI pacraji THIPONEePOKCUAOB C BBIXOJOM Ha pacIaBIlIHii-
cst ROOH, 6mau3kum k 100 %. OgHako coeAMHEHUs JPYTUX METAIIIOB
IIEpeMEHHON BasieHTHOCTH, Hanpumep Cr, V, Mo, pazpymaror ROOH
C OYEHb HU3KHM BBIXOJOM paJvKanoB. Tak, THAPONEPOKCU LIUKJIIO-
rexkcuiia pacrnaaaercs B nukiorexkcane npu 403 K ¢ Bexogom cBo00-
HBIX pagukanoB 4—12 % moxa AeiicTBUEM aleTuialeToHaTa Moauo ie-
Husa. O4eBUIHO, 3TU Katanu3aTtopsl BeayT pacnag ROOH mo nsym
HaIPaBJICHUSIM: TETEPOJIUTUYECKOMY (OCHOBHOW) U TOMOJIUTUYECKOMY
(mobounslit). B psange ciyuaeB pacnag ROOH nHa paaukanel 1 MOJEKy-
JSIPHBIE MPOTYKTHI MPOUCXOAUT IO Pa3HbIM KMHETUYECKUM 3aKOHO-
MepHOCTAM. Hanpumep, Katam3upoOBaHHBIN CTEAPATOM XpOMa pacriajl
KYMWITUAPONICPOKCHIA HAa MOJEKYISIPHbIE MPOAYKThI MPOUCXOIUT
co CKOpocThI0  Wroon = K([ROOH][CrSts]"%, k= 2,7-10%exp(—42/RT),
a paivkKaabl B O3TOM JKE€ CHUCTeME OOpa3ylTcid CO CKOPOCTBIO
W; = k[ROOH]"[CrSt;], &k =4,0-10"exp(-126/RT)  1"*mons *c’.
OO6mias cxema pacrajia THAPONEPOKCUIOB O/ AEHCTBUEM METaJJIOB
IIEPEMEHHOM BaJIEHTHOCTHU UMEET CIEAYIOIINA BUI:

Me"" + ROOH —’“—)[MeOH+ , RO'] —>»MeOH" +RO"

Me"" + ROOH —f2— MeOH"" + MoneKynspHbIe MPOTYKTHI

COOTHOIIIEHUE MEXKTy TOMOJIUTUYECKUM U T€TEPOTUTUUYECKUM
HaMpaBJICHUSIMU 3aBUCUT OT METalla U JIMTAHJHOTO OKPY>KCHUS.
Ecnu npeobnanaer pacnag ROOH Ha MonekynspHble MPOIYKTHI
(km >> k;), TO Takue coequHEHUs OyAyT HE YCKOPSATb, a TOPMO3UTH
aBTOOKHCJICHHUE.
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B okucmstomemces yrineogopoae ROOH He eauHCTBEHHBIN
OKHUCJIUTENb, B HEM 00pa3yloTcs TaKWe aKTUBHBIE OKUCIIUTEIM, KaK I1e-
pOKcHIHBIE panuKaibl. OHU TaKKe BCTYIAIOT B PEAKLUIO C COEAUHE-
HUSIMA METAJJIOB B COCTOSIHMM HU3LIEH BaJleHTHOCTH. Hampumep, Ky-
MHJITIEPOKCHPAINKAIBl PEarupyloT ¢ anermianeToHarom Co' ¢ KOH-
cTaHTol ckopoctu k=2,9-10%exp(—32,6/RT) =4-10* n/(Momnb-c) xi10p-
oensosie npu 350 K. 910 mpuUBOIUT K TOMY, YTO B KaTaIUTHYECKOM
OKHUCJIEHMH YTIIEBOJOPOIOB TOJILKO YacTh RO IpeBpamaercs B Tuj-

ponepokcus, a 9acTh RO; O PEaKIyy ¢ KaTalau3aTopoM IPEBpallaeT-

Csi B CIHUPT WM KETOH. DTO MMEET MECTO B ILMKJIOT€KCaHE NpPH €ro
OKHCJIEHUH C COJISIMHU psifa MeTauioB. J[pyroe ciencrBue OBICTPOM pe-
akupy RO) ¢ KaTaau3aTopoM — COJBIO METallla EPEMEHHOM BaIeHT-

HOCTH clenyromiee. IIpu okucineHuun mapauHOBBIX YIJIEBOJIOPOJIOB
B 3HAQUMTEIILHOM CTEIICHU MPOTEKAET H30Mepu3alys RO, Tuma:

0
—CH(OO")CH,CH(H)- —-» -CH(OOH)CH,C'H- ——
0
——2— —CH(OOH)CH,CH(OO")-,
YTO MPUBOJIUT K OOpPa30BAHUIO MOJU(YHKIIMOHATBHBIX COCTUHEHHIA,
B YACTHOCTU OKCH- U KeTOKucHoT. I[lpu okucienun mnapadrHOB
B )KUPHBIE KHCIOTHI TaKUE€ COCIUHEHUS HexenaTtesnbHbl. Comau map-
raHIa YCKOPSIIOT OKUCJICHUE U MOBBIMIAIOT CEJIEKTUBHOCTh OKUCIICHUS
napauHOB B XKUpPHbIE KUCHOTHL [locneaHee oOyciaoBiI€HO OBICTPOIA
~ o II
peaknueir RO, ¢ Mn" ( uiu ApyruM METAJIJIOM), YTO CHHXKAET CKO-

POCTb BHYTPUMOJIEKYJIIPHON M30MepU3alliy, a ClIeI0BaTeIbHO, U 00-
pazoBaHue OM(YHKIMOHATBHBIX COSIUHEHHUI.
° +
IIponomxenue uenu 1o peakuuun RO; ¢ Mn" 3anuMaer neH-

TpaJbHOE MECTO B KOOANbT-OpPOMUIHOM KaTalu3e OKUCIIEHUS aJKHh-
JIapOMaTHYeCKUX coequHenuil. B npucyrcteun Co”" m Br' mepok-
CHJIHBIE pajguKanbl pearHpyloT C yIJIeBOJOpoxoM, HoHamm Co'
u CoBr , a OpoMua-uoHsl 00ECNEUUBAIOT UUKIUYECKUU TMEPEXO]l
Co"™ B Co" ¢ oOpazoBaHMeM aTOMOB OGpoMa, TaKKe y4YacTBYIOIIHX
B MPOJOJDKESHHUH TICTIH:

R.+02—)R.+ RO;
RO; + RH — ROOH +R*
ROOH + Co*" — RO* + CoOH*"
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ROOH + Co*" — RCHO + H,0 + Co**
RO’ +RH — ROH +R°
RO; + Co”" — ROO™ + CoOH>"

Co>" +Br — Co*' +Br’
Br'+ RH - BrH + R’
RO + RO, — ROH +R=0+ 0,

Peakuust nmpoBoautcs B ykcycHou kuciote, pacrag ROOH uner
HACTOJIBKO OBICTPO, YTO €€ KBAa3UCTAllMOHAPHAS KOHILICHTPALIUS OYEHb
HU3Ka, HAKAIUIMBAIOIIUICS 110 3TOM PeaKMy allbJIETU]l MOJIBEPTraeTCs
JajgbHEUIIeMy OKHMCICHHIO 0 KUCIOThl. KoOanbT-OpoMHIHBIA KaTa-
JIU3 JIEKUT B OCHOBE TE€XHOJOTHM TMOIYYEHHUS ABYX- U MOJUATOMHBIX
apOMATUYECKUX KHUCJIOT OKHCIIEHMEM COOTBETCTBYIOLIMX METHIIAPO-
MAaTHU4YECKUX YTIIE€BOIOPOAOB.

CnocoOHOCTh COEIMHEHHI IEPEXOIHBIX METAJIOB OBICTPO pea-
rupoBaTh Kak ¢ RO;, Tak 1 ¢ ROOH npuBoIuT K MX JBOMCTBECHHOM

(GyHKIIMU OpH OKHUCICHUM yriieBoaopoaoB. Korga conp mertamna rme-
pemenHoi BasieHTHOCTH (Co, Mn, Ce, Cu, Fe) BBoguTCs B yriieBojo-
poA, TIE€ YK€ €CTh THIPONEPOKCHUI, TO HAOIIOJAaeTCs yCKOPEHHOE
MPOTEKAHWE PEaKIuU, T. €. KaTajau3, OOyCIOBJICHHBI TOMOJIUTHYE-
CKMM pa3pylI€HUEM THAPONEPOKCHIa U UHUIIUUPYIOIINM JEUCTBUEM
CUCTEMBI: KaTajau3aTop — THAPOINEpOKcHI. Ecin coneBor Karaimn3a-
TOpP BBOAUTCS B yrieBogopon, He coaepxkamuid ROOH, Tto B psane
CJIy4yaeB HAOJIOJAeTCAd HE YCKOPSIOIlee, a TOPMO3sIIee JACCTBUE Ta-
KOT0 COEJMHEHMS. DTO OOBSICHSIETCS TE€M, YTO BO3HHMKAIOIIUE B CHC-
TEeM€ MEePOKCUWIbHBIC PaUKAIIbl OTUOAIOT, pearupys ¢ METALIOM Tie-
PEMEHHOM BaJICHTHOCTH, U TaKOW OOpPBIB LIETICH CIAEPKUBAET IEMHOM
MPOLIECC OKUCIICHHMS], TTIOKa HE 00pa3zyeTcsl THAPONEPOKCU]T B KOIUYE-
CTB€, IOCTATOYHOM JJIsI UYHULIMMPOBAHUS OKUCIICHUS.

Ilpumep 12.1. Kunemuka okucienusn
6 Keazucmayuonapruom pexcume no ROOH

B mpoiiecce aBTOOKHUCIEHUS YTIEBOJ0POa CKOPOCTh €r0 OKHUC-
JISHUS BO3pacTaeT, a JyIMHa 1enu yMeHbIinaetcs. Eciau obpa3zytronuiics
ROOH pacnanaercst ToJIbKO Ha CBOOOAHBIE paJUKaibl, TO HACTYIAET
Takou pexxuM, koraa jmHa nenu v = 1, a [ROOH] = [ROOH ] ax.

186



Haiitu 3aBucumocts [ROOH],,. 0T [RH].

Boruucnurs BenmunHy [ROOH] .« I OKUCIEHHUSI TETpaaivuHa
npu [RH]p=0,2; 0,5; 1,0 mons/(J1-c). Temneparypa okucienus 400 K,
k, = 6:10°exp(-34700/RT), 2k = 8,7-10°exp(~18000/RT) mob/(11-C),
k;=1-10"exp(~12000/RT) ¢

Pewenue

Konnentpanuss ROOH pocturaer cBoero Makcumyma, KoOraa
BBIIIOJIHAETCSA PaBEHCTBO cKopocteit: k[RH][ RO} | = 2k[ RO} ]2,

um k,[RH] = 2k(k[ROOH |a/2k;) "2,

otkyna (k,[RH])* = 2k[ROOH oy

2 2
1 [ROOH] :M, r.e. [ROOH]  ~[RH]

2kck,

1

npu 400 K &, = 180 11/(Monb-c), 2k, = 4-107, k;=2-10" ¢, oTHOWIEHNE
kp2/2ktki = 0,4. Ilonaras, B nepsoM npudbmmwkenuu, [RH] = [RH],, mo-
aydaeM (B MOJIb/):

[RH] 0,2 0,5 1,0
[ROOH ] max 1,6:107 10,0 40,0
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13. OKUCJIEHUE ITIOJIUMEPOB

13.1. Cneyuguka npomexkanusa paoukaibHovlX peaKyuii
6 noaumepe

Cpasnenue OUMONEKYIAPHBIX Peakyull 8 HCUOKOCU U NOaUMe-
pe. buMonekynsipHas peakuusi B KOHJICHCUPOBAHHOU (haze (KUIKOCTH
U TBEpPIOM Tejie) MpoTekaeT B JBe cTaauu. CHayajga YacTHUIIbI-
peareHThl BCTpevaroTcs 3a cueT aud@ys3uu, T. €. momaaaroT B OJHY
KJIETKY, a 3aT€M BCTYMNAlOT B PEAKIMIO WJIM PACXOISATCS B COOTBETCT-
BHUU CO CXEMOM:

A+B k<:>d(A,B) —% 5 IpoayKTEI

Bo3MoxHBI Ba KpallHuUX ciyyas. Peakuust nmportekaer B aud-
(Gy3HMOHHOM peXUME, €CJIM XMMUYECKasi peakius MpoTeKaeT ObicTpee,
yeM nuddysus gactul u3 kietku (k. > vp). B psne ciaydaes, Korja
peakius IPOTEeKaeT ¢ OYeHb HU3KUM CTEPUUYECKUM (DAKTOPOM U MpaK-
TUYECKU 0€3 PHEPIrUM aKTHBALUH, €€ OCYIIECTBICHUE JTUMHUTUPYETCS
NOBOPOTOM 4YacTull (BpamiarenbHoil muddysueit). B takom ciyuae
k. << vp, HO BM€CTE C Te€M k. 3aBUCUT OT BSI3KOCTU Cpelbl (3TO Tak
Ha3biBaeMble nceBaoanudy3nonHbsie peakuuun). [Ipyroi ciyuaii pea-
JU3YeTCs TOTJIa, KOTJlJa XUMHUECKOE B3aUMO/ICHCTBUE MTPOTEKAET MHO-
ro MeJJICHHee, yeM TmocTynarenbHas (k. << vp) WIM BpalaTejibHas
nuddy3ust yacTUIl-peareHToB. B 3ToM cityyae CKOpOCTh XUMUUYECKOM
peaKkuuu He TUMUTUpYeTCcs Tuddy3neil u MpoTeKaeT B KHHETUUYECKOM
pexunMe. OOBIYHO TaKHE PEaKLMK MPOTEKAOT C SHEPTHEN aKTUBAIUU.
Kazanoce Obl, Takue peakuuu JOJKHBI MPOTEKATh Kak B KHUJIKOCTH,
TaK U B MOJIUMEPE C OJJMHAKOBOM KOHCTAHTOW CKOpOoCcTU. OgHAKO, KaK
MOKa3aJo CreluaibHOe UCCIeIOBaHUE, ITO HE TaK.

B Ta6:. 13.1 KOHCTaHTBI CKOPOCTH k COTIOCTaBJICHBI C kp U Yac-
TOTOW OpHUEHTAIluu V., = V.P, rne crepuueckuii daktop P = A/zy,
a (haKTOp YaCTOThl OMMOJIEKYJISIPHBIX CTOJKHOBEHUM B YKUJIKOCTH Zoyx
npuHAT paBHeM 107 ¢
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Tabnuua 13.1
CornocTaBlieHHE KOHCTAHT CKOPOCTU OMMOJEKYJISIPHBIX PEaKIUi
C IOCTYMATEIbHOWM U BpalaresbHo nuddy3neil peareHToB
B PaCTBOPE U MOJIUMEPE

Cpena k, 1/(Monb-c) | kp, 1/(MOJB-C) P v, C Vors €
POOH + C,,H;NHC¢H,NHC,,H,, 300 K
CeH;sCl 6,7-107 3.10° 6-107 7.10° 4.10*
11 6,2:107 3-10° 6107 1,5-10 90
PhO® + HOOP, 295 K
CeHg 0,12-10 3.10° 6-107° 6-10° 4.10*
IIIT + 8% PhCl | 3,8-1072 8107 6-107 3-10® 2:10°
I + 2% PhCl | 1,4-1072 210’ 6-107° 8-107 500
11 3,5-107° 2-10° 6107 8-10° 50
13 5,6-107° 9-10° 6107 410" 240
>NO"* + PhOH, 303 K
C¢Hg 7,2-107* 3.10° 1.3-107° 7-10° 9
11 6,3-107 3-10° 1.3-107° 1.4-107 0,02

BunHo, 4To BO BCceX M3YUEHHBIX Ciaydasx k Ha 8—13 mopsakoB
MeHbIIE kp U Ha 4—8 TOPSAJIKOB MEHbIIIE V.. CienoBaTesibHO, HU Yac-
TOTa BCTPEY, HU CKOPOCTh OPUEHTAIUM HE JIUMUTUPYET ATU XUMHUYE-
CKUE peaknuu. B To ke BpeMsi MOJIEKYJIsIpHAsl MOJIBUKHOCTh B TTOJIU-
MEpe 3aMETHO CKa3bIBAETCS HA CKOPOCTH 3JIEMEHTApHOI'O aKTa, MpPo-
TEKaIoIIEro B MOJIUMEPHON MaTpHIle. 3aBUCUMOCTD k OT V; HOCHUT ClIe-
OYIOIIMN XapakTep: k ~ Vv, IpU MaNBIX V; U k; — k, Tpu v, TpuOIH-
YKAIOIMXCS K TAKOBBIM B JKHJKOCTH, T. €. II0 MEPE YBEIUUYCHUA V, 3a-
BUCHUMOCTD K, o, V; CTAHOBUTCS Bce 0oJiee ci1aboM.

Mooenv sicecmkoti Kiemku noaumepHou mampuysl. Mopaenb
KECTKOW KJIETKH OOBSCHSET IEPEUYUCICHHBIC BBIIIE OCOOCHHOCTH.
B kuakocTH KJIETKy 00pa3yroT MOJIEKYJIbl HEOOJBIIOro pasmepa, Ko-
TOpBIE CO3AAI0T KJIETKY, aJcKBAaTHYIO pa3MepaM U popme J1r000it vac-
TUILIBI (WJIM TIapbl yacTull). YacTuia Bpaniaercsi B TaKOW KIIETKE JIETKO.
B nmonumepe kieTKy 00pa3yroT CErMEHThl MakpoMoJjekyJs. Okpyxas
YaCcTUIly WJIM MTapy YaCTHIl, 3TH CETMEHTHI B CHIIy CBOETO yIJIEPOJHOTO
Kapkaca M IPaKTUYECKM  HEU3MEHHBIX  BAJICGHTHBIX  YTJIOB
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C—C-cBs3eit 00pa3yroT MOJOCTh OIPEASTICHHON (OPMBI, COCTOSIIYIO
U3 BBICTYINIOB M BnaauH. [Ipu BpameHun yactuile NPUXOAUTCS Ipe-
OJI0JIEBATh ATU BBICTYIIbI, U3-3a YETO B MOJUMEPE YACTUIIA BPAILIAECTCS
MEJJIEHHEEe, YeM B KUIKOCTH, a JJIA BpallleHHs HeoOXoauMma JocTa-
TOYHO BBICOKAsl SJHEPTUs AKTUBALIUH.

Koraa nmapa yactun pearnpyer B TaKOW KIIETKE, 3TO OTPaKaAETCs
Ha DJIEMEHTAPHOM aKT€ B3aMMOJECHUCTBUSA CIEAYIOIIMM 00pa3oM.
J71st 00pa3oBaHMs IEPEXOAHOTO COCTOSIHUS JIBE YACTHUIIbI IOJKHBI MTPU-
HATH ONPENECICHHYIO B3aMMHYI0 OpHMEHTalUHi0. B mommMepHON KieTke
13-32 B3aMMOCBSI3aHHOCTH CETMEHTOB CYILECTBYIOT YHEPT€TUYECKHU BbI-
TOJIHBIE W HEBBITOJHBIE B3aUMHBIE OPUEHTAIMA TaKUX YaCTHIIL.
Ecnu opuenTanust yactui, HeoOxoaumast JJis peakiuu, siBISETCS SHEP-
reTUYECKU HEOJIAroNpUsATHON Ui OKPYKAIOIIUX CErMEHTOB, TO HE0O-
XOIMMa PEOpraHu3alus Cpelpl, CBA3aHHas C 3arparo sHepruu. llo-
sTOMYy B nonumepe £, > Exu k; < k, 1lockoJIbKy 1 B3auMHasi OpUEHTa-
IYsl PEarnpyrollnX YacTUL, U BpalICHUE OJHOM YACTHIbI CBSI3aHbI
C MPEOI0JICHUEM PHEPreTUUEeCKOro Oaphepa, CO371aBaeMOr0 CErMEeHTa-
MU, 00pa3yIOIIUMHU KJIETKY, OTCIOJIa BHITEKAeT CUMOATHOCTh B U3MEHE-
HUU k; ¥ V. 4eM KecTue MOJMMEpPHAas MaTpula, TEM TPYJHEE B HEM
BpaliatbCcsl OAHOW YacTuile W OOJbllle HAJA0 3aTpaTUTh SHEPTUU
JUISl B3AMMHOTO OPMEHTHPOBAHMS Mapbl YyacTull. Ecim peakuus mpore-
KAaeT ¢ JOCTATOYHO BBICOKOW SHEPTUEN aKTUBALIMU, TO OPUEHTALIUS Yac-
TUI[ HE JUMHUTUPYET UX B3auMoAeHCTBUS. IMEHHO Tak OOCTOUT JEJIO
C pPaCCMOTPEHHBIMHU peaKIusIMHu (CpaBHHUTE k, 1 v, B Tabi. 13.1). Cneno-
BATEJIbHO, JUJISl OTUX PEAKLMK B3aUMHAsi OPUEHTALUS YaCTUL] B TIOJIMME-
p€ — KBa3UPABHOBECHBIN MPOIIECC, KOTOPBI O0YCIIOBIMBAET OMpe/e-
JIEHHYO BEPOATHOCTH TOTO, YTO YACTHUILIBI MOTYT IIPOPEATUPOBATH, U 3TA
BEPOSITHOCTh 3aBUCHUT OT CPEJBI, OT JKECTKOCTH MOJUMEPHOU KIIETKHU.

B Mozenu KeCTKOM KJIETKM YacTHIla pPacCMATPUBAECTCS Kak
KJIQCCUYECKUU BOJIYOK C MOMEHTOM BpallleHus J, Bpallaroluncs
B IJIOCKOCTHU BOKPYT (PMKCUPOBAHHOM OcH (TJIOCKAsk MOJIEb YaCTHIIbI
B KJeTke). CerMeHThl MaKpOMOJIEKYJIbl, 00pa3yIollre KIETKy, co3/1a-
IOT BOKPYT YaCTHUIIbI IOTEHIMAI MOJS CHJI MEXMOJEKYJISIPHOTO B3au-
MOJICUCTBUS, KOTOPOE MOJAECIUPYETCS MEPUOJIUUYECKUM H-KPATHBIM
HETPEPHIBHBIM KOCHHYCOUAATbHBIM MOTCHIIUAIOM:

(I —cosnB)

V(0)=V, (13.1)
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rjae Vy — moTeHIHAIBHBIN Oapbep, pa3Ac/iaionInil 1Ba YHEPreTUUECKU
BBITOJIHBIX MOJIOKEHUSI YaCTHIbL, nO — YUCIO TaKUX MOJIOKEHHI
IpU IOBOPOTE YaCTHULIBI HA yroia ot 0 10 7.

Bpaiienrie 4acTuilpl B KJIETKE paccMaTpUBaeTCs Kak Bpalia-
TEeJIbHOE OpPOYHOBCKOE JBIKEHHE KJIACCMYECKOIO BOJIYKA BOKPYT
(bUKCHpOBaHHOW OCH B TMOTeHIMaiabHOM Moje V(D). YacTora Bpailie-
HUS YaCTHIBI V; (B ¢'') KaK psifia OCIEI0BaTEIbHbIX IIEPECKOKOB 2110
B OJTHOM HaIlpaBJICHUH MPONOPIIMOHATIbHA

v
-1 0

exp| —2 |, 13.2
C pRT (13.2)

rae { — ko3 PUIMEHT BpalaTeaIbHOIO TPEHUS.

Jlns paccMOTpeHUs Haphl YaCTHIl M UX B3aUMHOM OPUCHTAITUU
UCTIONIB3YIOT PAaBHOBECHOE pacHpelelicHue OpUEHTAIlMid BOJUKA
W(0)dO (omHOM M3 YyacTHI):

W(0) dO mpomopimoHaILHO C_l exp Yo : (13.3)
RT

JIo1st mpoTeKaHusl peakIMi HEOOXOIuMa OPHECHTAIMS YaCTHIIBI
A 110 OTHOIIIEHHIO K YacTuile B moa mputienbHbIM yriioM 0, + 0,5A04.
BepositHOCTh Takol opueHTaruu B noimumepe W (0,) paBHa:

(1-cosnb,)
5 :

W.(0,) ="V, (13.4)

B xwuakoctu V, u V, paBHbl Hymo, Tak 4TOo W,(04)=
=0, = 0,5A0,, a crepndecknii paxTop P= AO,\ABg/4T".

B nomumepe P, = A0 W,(0,)21 = C(41°) ' AOAAOexp(—Vo/RT),
C' = I,(Voy/2RT)exp(—Vo/2RT).

PaccmaTtpuBas peakuuio B paMKax T€OPHUM CTOJKHOBEHHUH, CO-
[JIACHO KOTOPOU JJisl OMMOJIEKYJISIPHON PEaKIuu

k = zoK agPexp(—E/RT) n/(Momb-C),
rjie zo — (aKTOp YaCTOThI CTOJIKHOBEHHI, a Ky — KOHCTaHTa PaBHO-
BecHUsl MeXy peareHTaMu A U B B oObeMe U B KJIETKE, MOITydaeM:
ky = kxCexp(—Vo/RT), ecniu cunutath zoKa g B XHIAKOCTH U IOJIUMEPE
oavHaKOBbIMU. [loTeHIIMan B3aMMHOM OpPUEHTAIMM 4YacTull V.~ Vj,
U I KOHKpeTHOW peaknuu (yron 0, dukcupoBan) V, =ml),
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rae m = 0,5(1 — cosnB,). [loTeHuuanbupiii 0apbep V, MOXXHO BbIpa-
3UTh B pAMKaX MPUHATONW MOJENH Yepe3 YACTOTY BPAILECHUS YaCTHUIIBI
A. Ilockonmbky B kuakoct Vy=0, TO MOXHO IOJOXUTb YaCTOTY
BpallleHUs] YacTULBl B mojuMmepe v,= v,exp(—Vy/RT) u onpenenutsb
Vo= RTIn(v,/vy). KomOunupys Bbsipaxenus k; = k;Cexp(—Vy/RT),
Vor =mVy u Vo= RT In(v,/v;), monydaem yHUBEpcadbHYIO (OopMyIy,
CBSI3BIBAIONIYI0 KOHCTAHTY CKOPOCTH PEAKIIMH B MOJUMEPE C MOJEKY-
JSIPHOU MOJBUKHOCTBIO pEAareHTa B MOJIUMEpE:

1| X Y 70,510 2 | | =mlg| 2x | (13.5)
k v v

II II II II

Ota GopmMmysia XOpOIIO COTIACyeTCsl ¢ IKCIEPUMEHTATbHBIMUA JIAHHbBI-
MU JIJISL PeaKIMii HUTPOKCWIBHOTO pajukaiia ¢ peHosamu u GeHOKCH-
na ¢ POOH, uzyuennsix B I1I1, I3 u [1C npu pa3Hbeix TeMnepaTypax.

Husenuposka peaxkyuouHot cnocodHocmu peazenmos 6 Nou-
mepe. Elle olHa BakHAasi OCOOEHHOCTh OMMOJIEKYJISIPHBIX PEaKIUH,
IPOTEKAIIINX B MOJUMEPE, — CY>KEHUE JTharna3oHa U3MEHEHUS Peak-
IUOHHOM CIOCOOHOCTH 4acTull (paauKalioB, MOJeKyd). Takas HuBe-
JUPOBKA PEAKIMOHHOM CIIOCOOHOCTH HAOMIOJaeTCsl HE TOJBKO
1151 AP y3nOHHO-KOHTPOJIUPYEMBIX pPeaKkIiuii (B 3TOM ciaydae 00b-
SICHEHUE TPUBHAIBHO), HO U ISl MEJIJICHHBIX PEaKIUH, TPOTEKAIOIIUX
C DHEpPIruel aKTUBalMU. OTO SBJICHHE BIEPBBIE OBUIO OTMEYEHO
JUIS1 peaklMK NePOKCUIBHBIX PAJUKAIIOB C PAIOM (DEHOJIOB.

B tBepnom IIC mpum 343 K 3TO OTHOLIEHWE U3MEHAETCSA
B 17 pa3, B TO BpeMs Kak B KUJKOU (paze KOHCTAHTAa CKOPOCTH peak-

uun PO) +InH B ATIJIOEH30JI€ IS TE€X K€ COCOUHEHUN MEHSIETCS

ot 0,3 10 48-10" 1/(Mo1Ib C), T. €. B 160 pa3. V3MepeHHbIe 10 KHHETH-
K€ MHUIMUPOBAHHOTO OokucieHus [111 KoHCTaHTBI CKOPOCTH PeaKIuu
PO; ¢ panom denonos usmensroTes B 2 pasa (388 K), B To Bpems Kak
B kymouJte nipu 333 K 151 Tex ke ¢peHnosnioB onu usMenstores B 20 pas.
AHanornyHasi 3aKOHOMEPHOCTh HaOtomaeTcs JIsd pPeaKIuu
PO; ¢ 2,6-nu-mpem.-OytundenonamMu, UMEIOIMMU Pa3IMYHbIE 3a-

Mecturenu B mapa-nonoxkenuu B [T (mpu 353 K B monumepe k& 3toit
peakimu Mensiercs ot 0,6 mo 8:10° 1n/(Monb ¢), B TO BpeMms Kak
B sTribesone ot 2,8 10 200-10° 1/(Mois ¢)).
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HuBennpoBka peaklMOHHONW CHOCOOHOCTH JIOTUYHO BBITEKAET
U3 MOJIEJIN KECTKOM KJIETKHU, €CIU JOMOJHUTEIIBHO MPUHATh BO BHU-
MaHHe CIelu(pUKy pacIpOCTPAHEHUS TEIUIOBBIX (PIIYKTyaluid B KOH-
NEeHCUpPOBaHHOU (haze. B cOOTBETCTBUM CO CKa3aHHBIM B MOJHMMEPE
IUISl OCYLIECTBIICHHUS] OMMOJIEKYJISIPHOTO 3JIEMEHTAPHOIO aKTa Hy)KHa
aKTUBAIlMSI HE TOJBKO pearupyronux ydactull (Kak B >KUIKOH ¢asze),
HO U OKPY’KaroIIUX UX CETMEHTOB. [loaTOMYy B moimumepe sHeprus ak-

tuBanuu ['mb6ca AG? = AG] + AG.,, rie AG] — DHEPIus aKTHBAalUK

cr?

I'nb0ca 11 9TOM Ke peakyH, IPOTEKAIOIIEH B KUIKOCTH, & AG,, —

SHEPIrus PeopraHu3alluy KECTKON KJIETKH, Heo0Xoaumas sl 00pa3o-
BaHUS MEPEXOJHOr0 COCTOsSIHMA. B monumepe akTUBaLUs MOJIEKYJIbI
COITPOBOXKIAETCS aKTHBALIMEH OKPYKAIOIIUX €€ CErMEHTOB, T. K. TEII-
joBas (pIyKTyalus B IOJMMEPE OXBAThIBACT COBOKYITHOCTH (TPYIIY)
coceHux cermMeHToB. O pa3Mmepax Takux (IyKTyaluid MOKHO CYJIUTh
no (QuIykTyauusiM IUIOTHOCTHM B TOJIMMEpPE, KOTOpPbI€ OXBATHIBAIOT
BONMM3M Touku ctekioBaHusa 10-100 cermenTtoB. Iloatomy, korma

Ha PEAKLIMOHHOM LIEHTPE COCPENOTOYMBAETCS dHEPTU AG] , TO HEU3-

0€XHO aKTUBUPYIOTCA M OKPYKAIOIIUE PEarupyronlyro mapy CerMeH-
Thl. CJIeZI0BaTENIbHO, SHEPTHIO aKTUBAIIUK KIICTKU AG,, MOYHO pasjie-

¢ll
cr

JNTh Ha JBa Claraemeix: AG’ :AG:; +A A3 KOTOPBIX IIEPBOE

cjaracMoe, AG;', MOSABJISICTCS aBTOMATHYECKH C AGf , 4 BTOpOE,

AGY, npeicTaBiseT coOOi Ty SHEPruI0, KOTOpas HeoOXOoAuMa Jo-

MOJIHUTENIBHO JJIsl aKTUBAIIMU KJIETKH, YTOOBI 00pa3oBaiach KOHGUTY-
pamus TEPEXOJHOTO COCTOsIHUS. ECTECTBEHHO MPEANONOXUThH,

uro, ueMm Bbime AG] , teMm Gonbuie u AG . Ecin npussTte camyro
IIPOCTYI0, @ UMEHHO JIMHEWHYIO CBA3b AGCf =BAG, , TO >HEprus ax-
tuBauun [u66ca B momumepe AG” = AG] (1-B)+AG,. © IS KOH-
CTAHT CKOPOCTH PEAKIIMH B MOJUMEPE k,; U )KUIAKOCTH k,, OyJET MPOKC-
XOJUTh HUBEIMPOBKA, KOTOPas MPH JOCTATOYHO BBICOKOM AG; > A”

npuBeet K ycnosuwsiM: C,=AG /B, AGfr" =0,
AG* = AG?, (13.6)

Toraa k; = kx U JOJDKHO BBIMIOJHSATHCS COOTHOIIEHHUE, OTPa’Karollee
HUBEJIUPOBKY.
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3anaszovieanue nepecubpuouzayuu 6 peaxkyusx ¢ yuyacmuem
MAKPOMONIEKYN U MAaKkpopaouxanos. B sleMeHTapHOM akTe OTpbIBa
atroma H ot C—H-cBsi3u npouCXOAUT OJTHOBPEMEHHO TMeperudpuin3a-
U opouTaneii: sp -rudpuamsamus opouTaneii aroma C IepexoauT
B sp°-ruOpuan3amio. Takoi Imepexoj COMPOBOXKIACTCS N3MEHEHHEM
BaJIeHTHBIX yTII0B C—C-cBsizeld ot 109 mo 120°. B peakuusix HU3KOMO-
JIEKYJISIPHBIX COEAMHEHHUI U B PEAKIHIX MTOJIMMEPOB B pACTBOPE TaKas
NEepEeCTPOKa MPOUCXOJUT YK€ B MEPEXOJTHOM COCTOSSHUM OJHOBpE-
MEHHO C OTPBIBOM aroma Bojopoza. B TBepaom moismMepe npu OTpbl-
Be aroMa H ot C—H-cBs3u noimmMepHO# 11enu BO3MOKHO 3amna3/IbiBa-
HUE Takoil ruOpuausanuu. CBsI3aHO 3TO C U3MEHEHHEM BaJIEHTHOIO
yria C—C-cBsi3u, KOTOPOE 3aTOPMOKEHO B MOJIUMEPHOU LIENU BCIEH-
CTBHE CUJIBHOTO BaH-JIEP-BaajbCOBOTO B3aWMMOJECHUCTBUS MEXKAY CO-
CEJHUMU CETMEHTaMH MAaKpPOMOJIEKYJIbl U BBITEKAIOLIEH OTCHOJIa HU3-
KO CEerMEeHTaJbHOI MOABMKHOCTBIO. Ponib meperuOpuzaiuu opouTta-
Jed B PEAKUMUAX OTpPhIBA YETKO MPOSBISAECTCS B IOJIMMEPAX
nop Harpy3koil: C—H-cBA3u MakpoMoOJIeKyJ, KOTOpPBIE HaXOISTCA
B PACTSIHyTOM COCTOSIHUM U UMEIOT yIriibl Mexay C—C-cBa3aMu, Ipe-
BeImaroniue 109°, GpicTpee pearupyoT ¢ 030HOM.

13.2. Muzpayusa c60000n01l 6areHmuocmu 6 noaumepe

Jugpghyzus ceemenmos mMakpomonexkyn, Hecyuux c60000HYI0 8a-
nieHmuocmy. MakpoMOJeKyiIbl Taxke B paciuiaBe noiumepa auddyH-
IMPYIOT oueHb MemieHHo. Hampumep, B pacmuiase IIC ¢ M, = 8-10°*
D =10"" cm*/c npu 410 K, MakpomoreKkyia nonuusonpena ¢ M, ~ 10*
mubdyHIMpyeT B HaTypalbHOM Kayuyke ¢ D=10"* cm/em
npu 293 K. B tBepabix mosnoneduHax BbIIIE TeMIEPaTypbl CTEKIIO-
BaHMs 11 Makpomonekys D < 10% cm?/c, uto HaMHOTO HIKe Y hex-
TUBHBIX KO3 PuimenToB auddy3uu s MUrpaiuu cBoOOJHOHN Ba-
aeHTHOCTU. Ho aJist BCTpeun cBOOOJHBIX MakKpOpaJuKalioB HET HEOO-
XOAUMOCTH B TU(Py3Ur MaKpOMOJIEKYJIbI Kak 1esioro. Berpeua aByx
dbparMeHTOB MaKpOMOJIEKYJIbI, HECYIIMX CBOOOJHYIO BaJICHTHOCTb,
MOXET MPOU3OUTH U 3a cYeT NUPGy3Ur COOTBETCTBYIOUIUX CETMEH-
TOB MaKpPOMOJIEKYJIBI.

Kak mokaszan meToa paccesiHus HEHTPOHOB, aTOMBI BOJOPOJA
CH,-rpynn I19 B amopdHO#i (ha3e coBepIIalOT XaOTUYECKHUE JIBHKE-
Hus ¢ gactotoit 5-10° ¢! (333 K) u ammmurynoii oxono 2,5-107° m.
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KpynHoMaciirabHbie CMEIeHHs] CETMEHTOB, OY€BUIHO, COBEPILICHCT-
BYIOTCSL Oonee MmeieHHO. [IpsMble uM3MepeHuss aMIUTUTYAbl TaKUX
CMEIIEHUN OTCYTCTBYIOT, OJHAKO O HUX MOXHO CYAHUTh MO KO3(pu-
nueHTaMm audQy3un MoJIeKys B nmoauMepe. MoseKyibl ¢ MOJIEKYIsSp-
Holl Maccor 50-150 nudpdyunupyror B amopdHoil daze nonunonaedu-
HOB TMPU KOMHATHOW TemmepaType ¢ kKodddunuenramu auddysuu
D~ 107-10"" cm*/c. CMermenuio MoeKyisl Ha paccrosuue 5-107"m
COOTBETCTBYET Takoe k€ cmeuienne rpynnsl B 10-30 cermeHTOB
3a Bpems nopsnka 10°—107 ¢. CienoBaTebHO, 3a 6oliee JIMTEIbHbIC
otpeskn BpeMeHH 10°—100 ¢ cerMeHThl MaKpPOMOJEKYJ MOTYT CMe-
IAaThesl HAa paccTosHue mopsiaka (20-80)-10™° m.

Dcmaghemuviii mexanusm nepemewjenus c600600HOU 8ANIEHMHO-
cmu. B atMocdepe Kuciopoia MakpopaauKaibl B oJIMMeEpe, oruodas,
BOBJICKAIOT B PEAKIMIO0 KUCIOPOJ. UHCIO BOBJICYEHHBIX B PEAKIUIO
MOJIEKYJI KHCIO0opoJa Bapbupyer oT 2 g0 10. DT0 CBUAETEIBCTBYET
O TOM, YTO MPEIUIECTBYIOIIAs THOEIH paJNKajIOB MHUIPaLUs CBOOO-
HOM BaJIGHTHOCTU COIPOBOXKIAETCS MPOTEKAHUEM IIETTHOM PEeaKIIUHU:

P*+0, - PO;, PO;+PH —POOH +P".

bbUTO yCTaHOBIEHO, YTO, YEM HUKE MCXOAHAs KOHLECHTpalus
pagukanoB, TeM Ooisblie Moiekyal O, MOrJIom@aercs B pacyeTe
Ha OJVH PaAuKal. JTO MOHATHO, T. K., UM HM)KE KOHIIEHTpALUs pa-
JIUKaJIOB, TeM OOJbIIe BpeMs HUX KU3HU M T€M OOJbLIEe YUCIO pa3
AJKUJIBbHBIM MaKpopaJavKaj IMpeBpaliaeTcs B MEPOKCWIbHBINA. TakK, Ha-
npumep, B 11D npu 160 K u MCXOIHOW KOHLEHTpaUWH PaJIuKaJIOB

. -2
[PO;Jo= 10" monb/Kr B pesynpTaTe MX ruOenu HakamimBaeTcs 12

KapOOHWJIBHBIX Tpymi U 5 ruapokcwibHbIX rpyni; B [T opu 140 K
u[PO] o= 8-10™ MOIB/KI HakaruuBaeTcs 3,4 KapOOHMIBHBIX TPYII-

nbl. Beipaxkenue 1t 93¢ HEKTUBHOM KOHCTAHTHI CKOPOCTH OMMOJIEKY-
JSIPHBIX BCTpeY MpH 3CTaheTHOM MEXaHU3ME MUTPAIUU CBOOOIHOM
BAJICHTHOCTH MOYKHO TMOJYYUTh UCXOAA U3 CICAYIOIIEH MPOCTOU MO-
nenu. byem paccmaTpuBath Takyr0 MUTPALUIO KAaK CIy4ailHOE OJIyXk-
JTaHHE C IIaroM /, Tak 4To

D = %lzk[PH] : (13.7)

rae kK[PH] — uvactora mara, eciu sctadera «maraet» 3a CUeT peak-
MU OTPbIBA.
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Koncranta ckopoct rubenu cBOOOJHON  BaJE€HTHOCTH
(31/(MonB-C)) paBHa:

k =§n-10‘3 . N, [I*rk[PH], (13.8)

rae 7 — 3¢ GEeKTUBHBIA paguyC BCTPEUH JABYX PaJAUKAIOB. JTOT paju-
yC, OYEBUIHO, MEHBIIIE /, HO OOJIbIIE PACCTOSHHS MEXKIY PEKOMOMHU-
pytomumu pagukanamu (3-107° m). TTo cBoeMy (pU3NUECKOMY CMBICITY
rI* paBHO 00BbeMy I, YMHOXEHHOMY HA BEPOSTHOCTH PEAKIIHU MEXKLY
paavKaiamMu, KOT/la OHU B ATOT 00beM monaiu. B OoapIIMHCTBE ClTy-
yaeB dCcTa(eTHBIN MEXaHW3M MUTpAIlMU CBOOOJHOM BaJE€HTHOCTU 0O-
nee 3¢ PeKTUBEeH, 4eM MEXaHU3M cerMeHTalbHON Auddy3un.

Jugpghyzusn nuzxomonexkynapHvix paouxanos. B OKUCISIOMMNXCS
nonumepax AUG@ y3uOHHBIN MEXaHU3M THOEIU HU3KOMOJEKYJIISPHBIX
pagnKaIoOB UMEET MECTO B MPUCYTCTBUU HU3KOMOJEKYISIPHOTO THI-
poniepokcua. [lepokcuiibHbIE paguKalibl OBICTPO BCTYIAIOT C THAPO-
MEPOKCHUIOM B TEPMOHEUTPATILHYIO PEAKIIUIO:

PO; + HOOR — POOH +RO; .

Ob6pasosaBmmecs RO, Obictpo auddynaupyroT u, mocturas POS,

pearupyioT ¢ HuM. [loaTOoMy BBejeHUE TUIPONEPOKCUIA KyMmuia
B I1T1 Topmo3uT ero okucienue (6-10 MOIB/KT THIPOIEPOKCHIA YC-
kopsiet B [1IT oOpeIB eneit B 3 paza npu 362 K), a BBeaenue ero B [19
TOPMO3UT OKHCJICHHE, NEUCTBYS MOJAOOHO BBEACHUIO HMHTUOUTOpA.
VBennuenue ckopoctu pekomOunauuu PO B IIII npu BBEAEHUM KY-

MUJITHIPONICPOKCUAA U mpem.-OyTUITHAPONICPOKCUIA YCTAaHOBJICHO
metosioMm OIIP: mpu 300 K BBegenue 0,12 MOJB/KI KyMHJITHIPOIIES-
POKCHJIa YBEIMYUBAET k; TTOYTH HA MOPSAOK, aHAJOTUYHO JEHCTBYET
mpem.-Oy TUIITUIPOIIEPOKCHI.

13.3. Kunemuka okucnenus noaumepoes
Huuyuuposannoe oxucienue noaumepos. B monmmepe, HE CO-

JepKalieM HHTUOUTOP, B YCIOBUSX LIETHOTO PEKUMa OKUCIICHUS BCe-
r7a HaOJIIOAAeTCsl 3aBUCUMOCTD THIIA!

W =a W, (13.9)
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KaKk ¥ MPU OKUCJIEHUM >KUIAKUX YTIE€BOJOPOAOB. DTO O3HAYAET, YTO
B OKHCJISIFOLIMXCA MOJIMMEPAax Lenu OOphIBAIOTCS B pE3yJIbTaTe BCTpPe-
YU ¥ B3aUMOJEHCTBHUS IBYX CBOOOAHBIX PAAUKAIIOB.

IIpy  1OCTaTOYHO  BBICOKOM  KOHILIEHTPALMU  KHUCIOPOAA,
T. €. IPY KUHETUYECKOM pexxuMe okuciienuss PH u nocratoyHo Bwico-

KoM £, , Koraa [P*] << [PO]], W= aW'il/z, e a ka[PH](zkt)‘”z,
YBeIMYECHUE CKOPOCTU OKHUCIECHUs W ¢ pocTtoM P02 JacTO CBSI3aHO

C IEPEXOJIOM pekuMa U3 Iu(PPy3UOHHOTO B KMHETUYECKHI, YTO Oy-
JeT OAPOOHO PaCCMOTPEHO HUXKE.

Oxucnenne amopdHo-Kpuctaummaeckux momumepor (ITI1, TID
U JIp.) IPOTEKAET TOJBKO B aMOP(MHBIX 001acTsIX, Ky/ia JIETKO MIPOHUKA-
€T HMHHUIMATOP M KHUCIOPOA. DTO HEOJHOKPATHO MOATBEPKIAIOCH
Ha IPUMEpPE AaBTOOKHUCIICHHS TMOJMMEPOB M CIPABEIJIUBO TaKXKe
JUTSl ”HULIIMUPOBAHHOTO OKucieHus. [lockonbky B amopdHO-KpUcTal-
JUYECKOM ITIOJIMMEPE OKHUCIISETCS TOJIbKO amopdHas ¢dasza, CKOpPOCTh
OKHCIeHHS W mapamerp a= W/W,"> uenecoobpa3sHO OTHOCHTBH
Kk amopdroii dase, T. e. gemuts Ha (1 — o), TIe oL — CTemeHb KpH-
CTALTMYHOCTH MOJIUMEPA.

Kak u B yrieBomopoaax, caMblil BaXHbIN (hakTOp, OMpPEaAEIIsto-
U OKUCISAEMOCTh IIOJIMMEpa, — IIPOYHOCTh Haubojee ciaadoi
C—H-cBs3u. beicTpee Bcero OKUCHSAIOTCS NOJIUMEPHI C TBOMHBIMU CBSI-
35IMU (CUHTETUYECKUU KaydyK, NOJUOyTaAuEH), MEJICHHEE OKHCIIS-
erca I, y koroporo atakytorcs Tperuudbie C—H-cBsi3u, u eme men-
nenHee — [19, uMeromuMi TONBKO METUJIEHOBBIE rpynnbl. Eciu 1mo-
CTPOUTH 3aBUCUMOCTb Jiorapu(Ma OKUCISIEMOCTH MOJIMMEpPA B pacue-
Te Ha oJHy atakyeMyr C—H-cBsizb or mpounoctu C—H-cBsizu Dc .y,
TO HAOJIIOJJaeTCs TMHEWHAs 3aBUCUMOCTD THUIIA:

lg(a/[C-H]) = 20,3 — 6,4:10 "Dc_y, (13.10)
rae ko3huuent a uzmeper npu 350 K;

[C—H] — konuentparus ysa3Bumbix C—H-cBsi3elt, MOJIb/KT;
npoyHocTh C—H-cBsi3u Dy = 397 xJlx/Monb ms III (kak B 1300y-
Tane), 335 x/[>k/MoJb 1JIs1 CHHTETHYECKOr0O KaydyKa.

OTOT € (PaKTOp — YUCIO YSI3BUMBIX CBSI3€i B MOJIMMEPE —
OTpa)KaeTcsi Ha OKUCJIEHUU COIMOJIMMEPOB ATUJICHA C MPOMHICHOM.
UeMm BbIIIE COAEpKAHHE MPOIMUIICHA B COMOJIUMEPE, TEM Jierde OH
okucinsgercs. Mexay NpUpOCTOM a U COJEpPKaHUEM TPETUUHBIX
C—H-cBs3eii B cononumepe HaOI0JaeTcs TMHEHAs CBA3b:
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a=1410"+5,9-10"a,"”?, (13.11)

rae a uamepeHo npu 389 K; o, — 1015 npornuiieHa B COIoIuMepe.

Ataktnueckuil u nzoraktuuecku III1 pasnuuarorcs nmo oxwuc-
JSIEMOCTH: TEPBBIA OKHUCIISIETCS TPUMEPHO B 4 pa3a ObicTpee. AHAJO-
TMYHBIA PEe3yIbTaT MOJYUEH ISl COMOJIMMEPOB dTUJIEHA C OyTeHOM-1:
pa3BeTBieHHbIA [ID okucisercs ObicTpee, 4eM JUHEWHBIN, U, 4eM
OO0JIbIIIEe PAa3BETBICHUM, TEM BBIIIE CKOPOCTb OKUCIICHUS.

Hzomepuzayus nepoxcunbhvix makpopaoukanog. Ilpu oxucne-
Hud [ KOIM4YeCcTBO MOTJIOMIEHHOTO KUCIOPOJa YacTO 3aMETHO Ipe-
BBIIIAET KOJMYECTBO OOPA30BaBIIMXCS TUIPONEPOKCUAHBIX rpyril. Ta-
KO€ PacXOKJICHHE MOXHO OTYACTU OOBSICHUTH MPOTEKAIOIIUM B XOJIE
OMbITa pacnajoM THMAPONEPOKCUIIHBIX Tpymi. OJHAKO 3KCTPANIONISAIUS
otHoueHust [POOH]/A[O,] k HavanbHbIM ycioBusiM (A[O,] — 0) noka-
3piBaeT, uro [POOH]/A[O;] <1 u B HayajabHbII MOMEHT OKHCJICHUSI.
Paznuna 1 — ([POOH]/A[O;]) npeBbitnaet 1/W, T. e. €€ Henb3st 00BsIC-
HUTH oOpa3zoBanueM oTiMuHbIX 0T POOH npoaykToB B akTax oOphiBa
nenu. CrieoBaTeNIbHO, TH MPOAYKTHI 00pa3yloTCs B aKTaxX MPOJI0JIKe-
HUA 1enud. TakuMu IPOAYyKTaMH SIBJISIOTCS THAPOKCHUIIbHBIE U KapOo-
HUJIbHBIE TPyIIbl. YeTKoe J0Ka3aTeIbCTBO OOpPa30BAHUS ATUX TPYIIII
B PEAKIUSIX MPOJOJLKEHUS LENMU MOTYYEHO MTPU M3YUYECHUHU PaJuallOH-
HO-XUMHYECKOTO BBIXOJIa 3TUX MPOAYKTOB G B 3aBUCUMOCTH OT UHTEH-
CUBHOCTH 00JTydeHUs! [, KOTOpasi UMEET BUI:

G=oa+pl", (13.12)

r7e o ¥ 3 — XapakTepUCTHUKU 00pa30BaHUs MPOJAYKTOB B aKTax UHHU-

IUAPOBaHUs U 0OphIBa (0) U IPOIOJKEHUS 11enH ([3) COOTBETCTBEHHO.
ITpu 318 K:

[IponyxT A[O;] POOH POH >C=0
o 9 0 6 4,6
B 3 660 2900 360 210

W3 npuBeNEHHBIX aHHBIX CJEAYET, YTO THAPOKCUIIbHBIE U KapOo-
HUJIBHBIE TPYIIbI 00Pa3yroTCsl MPEMMYLIECTBEHHO B aKTax IPOJI0J-
»keHus 1enu, kak 1 POOH.

OOpazoBaHue TUAPOKCUIBHBIX Tpymn Tpu okuciaeHuu [II1
MOXHO OOBSCHUTH BHYTPHUMOJICKYJISPHOW H30MEpHU3allue alKWib-
HbIX paaukanos. s I, kak MBI BUAEIH, XapakTepHa UHTEHCUBHAS
BHYTPUMOJIEKYJIApHas nepenada nenu. [loatoMy cpenu ankuibHBIX
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paJuKaJIOB MHOTO TaKUX, Y KOTOPBIX B [B-TOJIO)KEHHH K CBOOOHOM
BAJICHTHOCTY HAXOJUTCS T'MAPONEPOKCUIHAS TPYIIIA U KOTOPBIE IO~
BEPraroTCsA U30MEPU3ALINU:

~CMe(00")CH,CMeH~ —%&—5 ~CMe(OOH)CH,C"Me~

~CMe(OOH)CH,C*"Me~ + 0, —2 5 ~CMe(OOH)CH,C(OO*)Me~

~CMe(OOH)CH,C(OO*)Me~ + PH —

— ~CMe(OOH)CH,C(OOH)Me~ + P*
Takas wn3oMepHu3almMsa JOKa3aHa M B JKHAKO(PA3HOM OKHCICHUH
Ha IIpuMepe 2,4-TUMETUINCHTaHa, TIe CPEIH IPOIYKTOB OKUCICHUS,
KpOME THJIPOIIEPOKCUI0B, 0OHapykeH okcua (uinu auon). [lpm 373 K
OTHOIICHHE KOHCTAHT CKOPOCTH k; / ky = 8-10” mob/11.

C usomepuzaiieli KOHKypupyer peakuust P° ¢ O,. ITostomy nn-
TEHCHUBHOE OOpPa30BaHME THAPOKCWIBbHBIX rpynn npu okucieHuu [1I1
CBHUJIETEJILCTBYET O 00JIe€ MEJICHHOM, YeM B JKUJIKOH (haze, MpOTeKaHUU
NepBOM peaknmu. Kak U cieaoBajo 0KHWaTh, CO CHKCHUEM R, OTHO-

menue A[O,]/[POOH] ymensbIaercsa. IKCepUMEHTaIbHbIC JaHHBIE T10-
3BOJNSIOT OUEHMTh OTHowenne ki /k, B oxucmsmomemes [IIL

HpI/I HOCITHOM OKHCJICHNU B KHHCTUYCCKOM PCIKUME CKOPOCTb OKUCJICHUA

Wzkoz[Oz][P°]+kiS[P']=WPOOH+WPOH (13.13)
[Ipu u3meHeHuu P02 ot 100 mo 26 klla orHOmenune A[O,]/[POOH]

npu okucieHuu II1 namensierca or 1 go 0,85; 3ToMy COOTBETCTBYET
3
COOTHOIIIEHHE KOHCTAHT k. /k, Y= 5,3-10".
2

Hpunumass W=3-10" moms/(xr Ila), momyuaem kg ko, = 1,610

(365 K).

Aemookucnenue noaumepos. ABTOOKHUCIECHHE IOJUMEPOB,
KaK U YIJIEBOJOPOJIOB, MPOTEKAET C YCKOPEHHWEM M3-3a HapacTaHUs
CKOPOCTH MHULIMUPOBAHMUS, 00YCIOBJICHHOIO HAKOIUICHUEM THJIPOIIe-
POKCUIHBIX TpyIil. {7 KMHETUKHA aBTOOKHCICHHUS MOXHO HCIIOJIb30-
BaTh CJEIYIOIINE COOTHOIIICHUS:

[POOH] 4, [O,]

o = S (13.14)
A[O,] ko [0,]+k,

199



3neck oo — nona PO, npespamaronuxcs B POOH. O6pr4n0

W,y << k[POOH] (13.15)

u cootHouieHue (13.15) BeIMoONHSAETCS yXK€ MPU JTOCTATOYHO MAJIbIX
[POOH] (10~* MOJIB/KT 1 BBIIIE), TAK YTO CKOPOCTh ABTOOKUCIICHUS:

W = a(k;[POOH])">. (13.16)

Takasi 3aBUCUMOCTh HAOJIFOJAETCSI HA OIBITE, OHA TO3BOJISIET MPU U3-
BECTHOM KO3 (DUIIMEHTE a ONPEETUTH K;.
Ha pannux cragusx okucienus, koraa pacrnag POOH mpore-

KaeT oueHb MemneHHo (k,[POOH]<<aak’?), xomudectBo 0Opa3so-

BABILIMUXCS THIPONEPOKCUAHBIX Tpynn paBHO o A[O,] U 11 KUHETHU-
KM TOTJIOLIEHUSI KUCIIOPO/Ia BBIMOIHAETCS MPOCTasi mapadonnyeckas
3aBUCUMOCTb:

A[O,] = aWiy"*t + ab’f wmun A[O,]"* = a'"bt . (13.17)

Kunetuka aBrookucnenus [II1 3aBucuT oT mapuuajibHOroO JaB-
JICHUST KMCJIOPO/Ia: Y€M BBIIIE P, , TeM OBICTpEE pa3BUBACTCS OKHCIIE-
2

aue. Jlns oxucnenns III1 (403 K) ornomenne W/[POOH]'* B 3aBu-
CUMOCTH OT P, MEHSETCS CIIEMYIOUM 00pa3oM:

P -10% Ila 5,2 7,9 8,4

W/[POOH]"*-10™, moms"*/(xkr"*-¢™! 4,7 6,4 7.1

[TocKOJbKY CKOPOCTh HMHHUIIMHPOBAHHOTO OKHCIICHHS HE 3aBHCHT
B OTUX YCJOBUAX OT MapIHaIbHOTO JABJICHHUS KHCIOpPOa, OTCIO/IA
CJIeyeT, YTO UMEHHO CKOPOCTh BBIPOKICHHOTO Pa3BETBIICHHS IICTICH
B OKHCIISIONIEMCS TOJHUMEpPE 3aBHCHT OT KOHIICHTPAIIMH PAacTBOPCH-
HOTO B HEM Kuciiopoja. [Ipu okuciieHnn yrieBoopoaa aHaIOTHIHOTO
SBJICHUS HE HaOromaeTes (cM. pasaen 12).

13.4. /lughgpy3uonnwtit pesicum oxucienus noaumepos

OkucjeHue MojauMepa — IIEMHas pPEaKIus, 3aBUCHMOCTh €€
CKOPOCTH OT KOHIIEHTPAIlUd PACTBOPEHHOTO KHUCJIOPOJa HOCUT HEJU-
HeWHBIN xapakTep. CxeMa WHHUIMUPOBAHHOTO OKHMCJICHUS IpUBECHA
Bbillie (cM. pasnaen 13.3). Korma xoHieHTpaluss pacTBOPEHHOTO KH-
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CJIOpPO/ia MaJia, TaK YTO OOpPBIB MICT TJIABHBIM 00pa3oM IO peakiuu
P* + P°, CKOpPOCTh IICTHOM pEaKIMy MPSMO MPOMOPIHUOHATbHA KOH-
IICHTPAIIMK PACTBOPEHHOTO KHCIOPO/Ia:

w

W =ko,[0,1[P"]= ko, [0, ], |57+ o

Korga konuentpauus O, TakoBa, 4TO OOpBIB HMJAET IO pEaKUUU
PO’ + PO,

W= k,[PH][ PO;] = k,(2k) " *[PHIW " = aW;"? (13.18)

U OT MApUHUAIBHOTO AABJICHUS KUCIOPOAa HE 3aBUCUT. TakuM 00pa3oMm,
JUISl OTIMCAHUS TIPOLIECCA LEMHOr0 OKUCIICHUS MOJMMEPOB (KaK U yriie-
BOJIOPOJIOB) 3aBHCUMOCTb BHza W ~ [O,]" HempuromHa, T. K. ¢ YBEJIH-
yeHueM [O,] nopsnok peakunu mensercs ot 1 go 0. 3aBucumocts W
ot [O,] ¢ yueTom Bcex Tpex peakuuil oOpbiBa LETeld UMEET BU/L:

_am (13.19)

T 1+d[0,]’

CCJIM IIPCAINIOJIO0XKHNUTDL, YTO

k=2 [k (13.20)
kt

Kucnopon pacrBopsiercs B mojaumepe (TUICHKE WX TTOPOIIKE)
C yIeNnbHOMN cKopocThio k (¢™'), KOTOpas 3aBHCHT OT D, yAEIbHOI 1o-
BepxHOoCTH S/V 1 pazmepoB (TiyOuHBI) oOpasna /. B pe3ynbTaTe okuc-
JICHUS KUCJIOPO]I TIOTJIONIAEeTCsl B 00pasiie MojiMMepa CO CKOPOCTHIO V,
B KBa3UCTAllHOHAPHOM PEKHUME B MOJTUMEPE KUCIOPO MPUCYTCTBYET
B KOHIIeHTpauuu [O,] <y R, ,THe Yy — ko3¢ durment I'enpu as pac-
TBOPEHHUS KHUCIOpoaa B amopdHoil (aze momumepa. CkopocTh pac-
TBOPEHUSI KUCJIOpOJa B IOJIMMeEpe paBHa k(Y R, - [O;]) 1 ckoMmeHCH-

pOBaHa CKOPOCTBIO ero noromenus W. Ilociae moacTaHOBKU 3TOTO
BbIpakeHus B popmyJty (13.20) u mpeoOpazoBaHus MOTydaeM:

fo,_d4 1 1 (13.21)
W WaW? =W yhR,
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[IpumenurensHO K oTooKucieHuto 119 paccmarpuBaics oopa-
3el] MOJIUMEpPA B BUJIE€ IUIACTHUHKU ToNuMHON 2/. Kucnopona nuddyn-
TUPYET B MOJIUMEP U MOIJIONIAETCS TaM 3a CYET IIEMHOTO OKHUCIICHUS,
CKOpOCTh AU(PPy3un KUCIOpOJia B KaXKIbIA CIIOW TOJIIUHBI dX ypaB-
HOBEILMBAETCSA CKOPOCTBHIO €r0 MOMIOLICHHS (CTAlMOHAPHBIA PEXKUM
no nuddy3un kuciaopoaa). B 0e3pazmepubix nepemeHHbIX y = [O,]/d,
z = x/l nnpdy3noHHOE YpaBHEHHE TPUOOPETAET BUI:

2
ay_2p (13.22)
dz>  1+y

re f= al’(Wy/2dD)"?. D10 ypaBHEHHe peluanoch Py Pa3HbIX 3HAYC-
HUAX TapameTrpa f U pa3iuuHbIX Vo, opu z=0, y=y,, a npu z=1
dy/dz = 0. Ha ocHOBaHMHU aHaNIM3a PE3yJbTaTOB TAKOTO pacyeTa IOoJIy-
YeHa MHTEPNOSUHOHHAS (opMmyna, onuchiBaromas AUpdy3noHHOE
OKHCJICHHE MOJTMMepa B BUJC IUICHKU B 3aBUCHMOCTH OT R, , [, D,y

N KHHCTUYCCKUX IIApaMCTpPOB a U VVI

P 4P
oo __1 %o (13.23)

Wf 6Dy Sal’w'?

Ota (Qopmyna omnuceiBaeT AUPEPY3MOHHOE OKHCICHHE MOJUMEpa
1/242
IIpH BapbUPOBAHUH HapameTpa al; *I//2Dy P, ot 1 no 4 3a cuer a,
2

Wi, lu Duor 1 no 40 npu ero BappbupOBaHKH 34 CYET P, .
2

13.5. Okucaumenvnas oecmpykuus noaumepos

OxkucieHue MoanoJe(PUHOB COMPOBOXKIACTCS YMEHBIICHHEM
MOJIEKYJISIPHOM MACChI MOJIMMEPA, YTO SIBISIETCS PE3YJBTATOM JECT-
pykuuu Makpomodiekyn. Tak, Hampumep, npu okucieHun 119
B XJIOPOEH30JIe C UHUITMATOPOM JI0 COAEPKaHUSI TUIPONEPOKCHUTHBIX
rpynm 0,12 mons/kr (378 K, 1 yac) ero mosexkysipHas Macca YMEHb-
maercss ¢ 35000 go 11000, 1. e. B 3 pa3a, a Opu OKHUCICHUU
1o [POOH] = 0,20 monw/kr M, ymensinaercs g0 4 000, T. €. B 6 pas.
[1o cnocOOHOCTH K OKUCIEHUIO U OKUCIUTEIBHON AECTPYKIUU TOJIH-
MEpbI Pa3IMYAOTCS OYEHb CUJIBHO, HO C MOBBIIIEHUEM TEMIIEPATYypPhbl
CKOPOCTH OKUCIUTEIbHOW NEeCTPYKIMHU CcOMmKaroTcs (HabirogaeTcs
HUBEJIUPOBKA).
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OMBITHI MO OKUCEHUIO TOJUMEPOB C MHUIIMATOPOM YETKO J10-
Ka3bIBAIOT, YTO JECTPYKIMHU MOABEPrarOTCS UMEHHO CBOOOJHBIE pa-
nukanbl. OKUCIeHUE MOJIU0IE()UHOB COMPOBOXKAAETCS 00pa3oBaHUEM
ANKAJIbHBIX, AJIKOKCWIIBHBIX W TEPOKCWIBHBIX pajaukaioB. Kakue
MMEHHO paJuKalibl oABEpraiTcs aectpykuun? Kunernueckue 3ako-
HOMEPHOCTH JACCTPYKIUU MPU OKUCICHUH MOJUMEpPa C MHUIIMATOPOM
MO3BOJIAIOT Pa300PaThCs B 3TOM BOIPOCE.

[Homumepst T1IT u [19 okucnsuivch B XJ0pOEH30JI€ C MHUINATO-
POM, U3MEPSUTUCHh CKOPOCTh OKHCIEHUs W, CKOpoCTb JecTpyKuuu W,
(BUCKO3UMETPUYECKHN) U CKOPOCTh OOpa30BaHMs JBOMHBIX CBsize W
(Mo peakuuu 030Ha ¢ OOPA3YIONIUMUCS HEMPEACIbHBIMU COCTMHECHMUS -
MH). DKCIEPUMEHTAIBHO OBUIO MOKAa3aHO, YTO JECTPYKIUS M 00pa3o-
BaHWE JBOMHBIX CBA3CH WAYT NapauieNbHO C OkuciaeHuem, (W~ W
u Wy ~ W), CKOPOCTH BCEX TPEX MPOIECCOB MPSIMO MPOMOPLIMOHATIBHBI
Wi”z U HE 3aBHUCAT OT P02 ,MBIID Wy=W, as Il Wy=1,610,2 W,

Takum 00pazoM, CKOPOCTH AECTPYKUMU U 00pa30BaHUSA JBOMHBIX CBS-
3eil OJTM3KH, a KHHETUYECKHE 3aKOHOMEPHOCTHU 3TUX MPOLIECCOB OANHA-
KOBBI, UTO COTJIACYETCS CO CIEIYIOIIMM MEXaHU3MOM JAECTPYKIUU:

~CMe(OO*)CH,CHMe~ — ~CMe(O) + HO® + CH=CMe~
B pa3BuBILIEMCS] OKHCJIEHUHU 32 CUET MHTEHCUBHOIO 00pa3oBa-

HUSA AJIKOCUPAIMKAJIOB JOMOJHUTEIBHO pa3BUBACTCS JECTPYKLHUS
B pe3yJsbTaTe UX pacnaja.

13.6. Cneuughuxa oeiicmeus aHmuoKcuoaHmoes

AKIENTOPhI aJTKUIBHBIX PAJAUKAIOB, TAKUE KaK XMHOHBI, HUTPO-
KCWJIbHBIE paJNKajbl, HUTPOCOCIUHEHUS, C1a00 TOPMO3AT >KuUaKkodas-
HOE OKHUCJICHUE YTJIEBOAOPOAOB, T. K. OHM KOHKYPUPYIOT B PEAKIMAX
C AJIKIWJIbHBIMU paJKajiaMy C KUCJIOPOJIOM, & OH PEarupyeT ¢ alKuilb-
HBIMH paJiKajiaMi O4€Hb OBICTPO. OHAKO OKUCIECHUE TBEPJBIX MOJIH-
MEpPOB TaKH€ COEAMHEHUS TOPMO3ST H1O0CTATOUHO 3(PPEKTUBHO.
Hanpumep, n-0€H30XMHOH B HECKOJIBKO Pa3 CHMXXAET CKOPOCTh MHU-
nuupoBanHoro okucienus ITIT B konuentparuu (1-3)-10° monb/kr,
TOTJIa KaK OKHCIICHHE HW300KTaHa OH TOPMO3UT B KOHILIEHTPALUSX,
npebImaomux 3-10° Moib/1. 3aBHCHMOCT CKOPOCTH OKHCIICHHS
noiauMepa W oT Takux mapameTpoB, kak Wi, [Q] u R, omnmuchiBaeTCs

CJIeAYIONIEH SMIUPUYECKON (HOPMYIIOIA:
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Wi W) _ 4l (13.24)

w\ Wwy) R

Takast k€ 3aBUCUMOCTb BBITIOJHSIETCS U B TOM CiIydae, KOrja OKUCIe-
HHE TOJUMEpPa TOPMO3UT CTAOMIBHBIN HUTPOKCHIBHBIN pajuKall. DTo
COIJIaCyeTCsl CO CIEOYIOMIEH KHHETHYECKOM CXEMOW TOPMO3SIIETO
JIEVCTBUS AKIENITOPOB ATKWIBHBIX PAJUKAJIOB:

(LN N (i)
P*'+ 0, - PO; (1)
PO; + RH — POOH + R’ (2)
PO; + PO, — POOP + O, (6)
P*+>NO* — >NOP, (7)

COTJIaCHO KOTOpoil koapbunment 4 = k7/k;.

HutpokcuiibHbIe paguKalibl OOpPBIBAIOT 1€MW MO PEAKIUU C all-
KWIBbHBIMU pajuKajiamMu. Bmecte ¢ TeEM OHHU MPOSABIAIOT €LIE OAHY
OCOOCHHOCTb: OJIMH HUTPOKCWJIbHBIA paaukai B okucistomiemcs [1I1
oOpbIBaeT HECKoJIbKO 1eneil. [IposBisieTcss 3TO B TOM, YTO HUTPO-
KCHJIbHBIC paankaisl >NO® 00phIBaIOT BCE IIEIH, & CKOPOCTh MX pac-
xonoBanus npu okucieHuu 11 npumepno B 10 pa3 MeHwle CKOpo-
CTU UHULMUPOBaHUs W, KOTOpasi B MHEPTHOW aTMoc(epe paBHA CKO-
poctu pacxomoBarus >NO® B nHepTHOH atmMochepe.

[Ipupomy MHOTOKpAaTHOrO OOphIBa IENed PACKPBUIM CIEIYIO-
mue onbiTel. B T[T BBOAMICA MHUIMATOP U HUTPOKCHUII, U 32 HEKOTO-
poe Bpems, pasroe >[NO°], W', HATPOKCHUII IOJHOCTBIO PaCX0J0Bal-

cs B uHeptHou atMmocdepe. Ilocne aToro armocdepa azora 3ameHs-
Jach Ha aTMoc(epy KUCIOpOJa, YTO BBI3BIBAIO 0Opa30BaHHE HUTPO-
KCWIbHBIX pajgukanoB. TakuMm oOpa3oM, B OKUCISIOUIEMCS TOJIUMEPE
HUTPOKCUJIbHBIE PAJAUKAIIbl KaK PACXOAYIOTCS (110 peaklUu C aJKWIb-
HbIMU MakKpopaJuKalamu), TaK U CHOBa 00Opa3yloTCs U3 MPOIYKTOB,
T. €. UMEET MECTO MHOTOKpaTHbII 0OpbIB 1eneld. beul mpennoxex
CIEAYIOINM MEXAHU3M PEreHepalui HUTPOKCWIBHBIX PagUuKaIoB
B OKHUCJISIIOLIEMCS TTOJIUMEpE.

P* + *ON< — PON<
POO*® + ~~CH,C(Me)ON< — POOH + ~~CH=CMe~ + *ON<
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M3BecTHO, YTO ¢ XMHOHAMHU MOTYT pearupoBaTh INECPOKCHUIbHBIC
paguKaibl, 00JIaJlafoIMe BOCCTAHOBHUTEIBHOM CIOCOOHOCTBIO, Ha-
IpuUMep THUIPONEPOKCUIBHBIE M  OKCHUIIEPOKCHUJIbHBIE PaJIMKAJIbI
(cMm. paznen 14):

HO] +Q —» O, + HQ®
PO’ + HQ"— POOH + Q.

B cuiny 3TOro MMEHHO NOSIBJIICHUE PAAUKAIOB TAaKOTO THIIA MO-
eT ObITh MPUYMHON pereHepanu MHruOUTopoB. CrienuanbHbIE OIbI-
ThI TIO pacraay TUAPONEPOKCUIHBIX rpynn B okuciaeHHoM [III ¢ ana-
JM30M Ha IMEPOKCHUJ BOAOPOJa MOKA3AIU, YTO, JACUCTBUTEIBHO,
npu pacmage POOH obpasyercs H,0,. Uctrounukom H,0O, sBrstorcs
OJiouHBIe THApOIEepoKcuaHble rpynmbl. Beeaenue H,O, B xiopOeH-
3071, Tie okucisiercs [1I1, mpuBoaUT K MHOTOKpaTHOMY OOPBIBY IIeTei
Ha XMHOHax. Takum 00pa3oM, NPUUMHON pereHepalii UHrHOUTOPOB
B okuciieHHOM [IIl sBnsieTcs mepokcua BOAOPOJA U BO3HUKAIOIIME

U3 Hero paaukainel HO? .

IHpumep 13.1. Okucirumenvhaa OecmpyKyua noaumepa

N30TakTUYECKNI TOJUMPOINUAIEH OKUCISAETCS, €r0 OKUCIICHUE
COIMPOBOXKIAETCSA NECTPYKIMEW B PE3YyIbTATE MOHOMOJIEKYJISIPHOTO

pacnaga pagukanoB PO . OxucneHne MpOMCXOAUT B KHHETHYECKOM

00JIaCTH U MPOTEKAET KaK aBTOOKUCIICHHUE.
Crenenp nonmmepusanuu noaumepa 10 000.
IMapametp a = k,(PH)/(2k)"* = 3-10°exp(-57 000/RT) xr*moms"-¢%;
pacnag POOH Ha pagukanbl MPOHMCXOJIUT C KOHCTAHTOH CKOPOCTH
k;=1,6-10"exp(—87 000/RT) ¢’',
o = [POOH])/A[O,] = 0,6, a otHOIIEHUE ki/k,[PH] = 1,6-107.

3a Kakoe BpeMs noaBepruerca aectpykuuu S0 % makpomose-
KyJ1 nonunponwieHa npu 7'= 370, 390, 410 u 430 K?

Pewenue

Cpenneii crenenn nmomumepmsarmn 10* cOOTBETCTBYET MONEKy-
JSIpHBIN Bec 4,2- 10° r/MoOITB, CIIEMOBATEIBHO, B OIHOM KT MOJIMMEpPa Co-
nepxutest 1/420 =2,38-10~° MakpOMOJIEKyJI 1 32 BpeMsl aBTOOKHCIICHHS
t noykHO Tponsoiitu A[S] = 1,19-10 pa3peiBoB Ha 1 Kr moimMepa.
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ITockoneky A[SV/A[W] = ks/k,[PH] = 1,6-107% TO KOIHYECTBO
MONJIOIEHHOTO Kuciopoaa A[O,] = 1,19-10_3/ 1,6-10'2 = 0,074 Monb/Kr.
[Tornomenue O, mpu aBTOOKHUCICHUH MOJUMEpPa MOTINHIETCS ypaB-
HEHUIO:

A[Oz]l/z = 20k ¢,

oTKyAa BpeMms f, 3a kotopoe norioturcs 0,074 mons/kr O, u mpo-
m3odizer 1,19-10™ MOJB/KT aKTOB ICTPYKIHI PaBHO:

t = A[O,]"*/a(ak)"* = (0,074)"%/3-10%xp(-57 000/RT)-
1(0,6)"-(16-10% "2 exp(—43 500/RT) = 2,93-10"'exp(100 500/RT) c.

T 370 390 410 430
107, ¢ 4,51 0,84 0,19 0,05
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14. MEXAHW3M JEACTBUSI AHTUOKCHUJAHTOB

14.1. Kunemuueckan Knaccugpuxauyus aHmuoKCuOaHmoes

[lenmHOM mpoLECC OKWUCIEHUS BEAYT, YEPEAYACH, AJKUIIbHBIC
U TIEPOKCUJIbHBIEC pafguKaiibl. [103TOMYy OKHCIIEHHE MOTYT TOPMO3UTH
aKIENTOPbl U AIKUIBHBIX, U IEPOKCUIBHBIX PaIUKaIOB. ABTOOKHCIIE-
HUE Pa3BUBAETCS KaK IEMHAs peaKkUus, aBTOMHUI[MMPOBaHHas oOpa-
sytomuMcsi ROOH. IloatomMy aBTOOKHCIEHHME MOXKHO 3aTOPMO3UTh,
paspy1uias TUIponepokcu] 0e3 ero pacrnaja Ha paaukaibsl. B cooTBeT-
CTBUU CO CIIOKHBIM MEXAHU3MOM OKHUCIJICHHS MHTUOUTOPHI IO MeXa-
HU3MY UX JIEUCTBUS MOXHO PA3JEIUTh Ha CIEAYIOIIUE IIECTh TPYIIIL.

1. Uneubumopwi, obpvisarowjue yenu no peakyuu ¢ nepoKCuib-
HolMU paouxkanamu. TakKuMU HWHTHOUTOpaMU SBISIIOTCS apoMaThye-
CKHE COeIMHEHHUs co cpaBHUTENbHO cnadbbiMmu O—H- u N-H-cBs3smu
(dbenombl, HabTOIBI, ApOMATUUECKHE aMHUHBI, aMUHOMDEHOJIBI, THaMH-
Hbl). Takoro Tuma coeIvHEHHUs O00JaJal0T BOCCTAHOBUTEIbHBIMU
CBOMCTBaMU U OBICTPO PEATUPYIOT C MEPOKCHIbHBIMU PATUKATIAMHU.

2. Uneubumopwi, obpvisaroujue yenu no peakyuu ¢ aiKuibHbLMU
paouxanamu. K HUIM OTHOCATCS CO€IMHEHUS, OBICTPO pearnpyrolme
C QIKWJIbHBIMU pPaJUKaJIaMH: XUHOHbI, UMUHOXUHOHBI, METHJIEHXHHO-
HbI, CTaOWJIbHBIE HUTPOKCWIbHBIC PaJUKaJIbl, MOJIEKYJISIPHBIA HOJI.
ATNKWIbHBIE paguKalibl ObICTPO pearupyror ¢ kuciaopoaom. [lortomy
TaKOro THMa WHIHOUTOPHI A(DPEKTUBHBI B YCIOBUAX, KOT/Ia KOHIICH-
Tpauus pacCTBOPEHHOI0 KUCIOPOa B OKUCIIEMOM BEUIECTBE HU3KASI.

3. Uneubumopwi, paszpywarowue euoponepoxcuovt. K Taxoro
TUIMA COCIUHEHUSIM OTHOCATCSI BEIECTBA, OBICTPO pearupyrolme
C THAPOINEPOKCHIaMu  0e3 00pa3oBaHUs CBOOOJHBIX PagUKaIOB:
cynbhuapl, GocPUThI, apCEHUTHI U T. 1., a Takxke THohochaThl U Kap-
O0amaThl METAJJIOB, Pa3HOOOPAa3HbIE KOMILJIEKCHl METAIOB. Peakuus
C TUIPONIEPOKCUIOM MOKET MPOTEKATh CTEXUOMETPUUYECKH (Cynb(u-
161, GOCPUTHI) U KaTATUTHYECKHU (KOMIUIEKCHI METAJIIOB).

4. Uneubumopwr — Oezaxmueamopsvl memanog. CoelMHEHUS
METAJIJIOB MEPEMEHHON BAJICHTHOCTH pPa3pylIalOT TUIPOTIEPOKCHUIBI
c oOpa3oBaHUEM CBOOOJHBIX PAJUKAIOB, YTO YCKOPSET OKHUCIICHHE.
Takoe KaTanM3UPOBAHHOE OKHUCJICHUE YAAETCS 3aMEJINTh, BBOJS
KOMIIOHEHT, KOTOPbIA 00pa3yeT ¢ METaLIOM KOMIUIEKC, HEAKTUBHBIN

207



110 OTHOIIIEHUIO K THAPONEpOKcUay. B kauecTBe Takoro Tvra HHruou-
TOPOB HCHOJIB3YIOTCSI JTMAMHUHBI, TUAPOKCUKUCIOTHI W Apyrue Ou-
(YHKIIMOHAIBHBIE COCTUHEHMUSI.

5. Uneubumopor mnocokpamuozo oeticmeus. Ilpu oxucieHuu
HEKOTOPBIX KJIACCOB BEIIECTB (CIHUPTHI, ATHU(PATUYECKUE AMUHBI) 00-
Pa3yIOTCs MEPOKCUIIbHBIC PAJUKaAJIbI, 00JIa1arolue KaK OKUCIUTEb-
HBIM, TAK U BOCCTAHOBUTEIBHBIM JIEMCTBUEM. B Takux cucremax He-
KOTOPbIE UHTHOUTOPBI, OOpBIBask LIEMH, CHOBA PErEHEPUPYIOTCA B aK-
Tax oOpbIBa LIETH: IPOUCXOAUT KaTAIUTUYECKUN 00OphIB Lieneit. Yucio
OOpBIBOB LIETICI 3aBUCUT OT COOTHOILIEHHSI CKOPOCTEN peakluil pere-
HEepallid UHTUOUTOpa U €ro 00paTUMoro pacxojoBaHus. MHOrokpar-
HBII 0OpBIB 1enel HaOIIogaeTCs B psjie clydaeB U B nmojiuMepax. Mn-
rHOUTOpaMy MHOTOKPATHOTO OOphIBa IIETNEl SBIISIOTCS apoMaThye-
CKME aMUHBI, HUITPOKCHWIIbHBIE PAJIUKAJIbl, COCANHEHUS METAIUIOB IIe-
PEMEHHOW BAJIEHTHOCTH.

6. Uneubumopvr kombunuposannozo oevicmaus. HekoTopsie co-
€AUHEHUSI TOPMO3AT OKUCICHUE, OJTHOBPEMEHHO BCTYyMasi B HECKOJIBKO
peakuunii. Hampumep, oHM pearpyroT U C QIKWIbHBIMU, U C TEPOK-
CWIbHBIMU paJuKaiamMu (aHTpalleH, METUIEHXUHOH), pa3pylIatoT TU-
POIEPOKCHALI U OOPBIBAIOT LENU MO peakiuu ¢ RO; (kapOamarsl

u Tnoocdarsl MetasioB). Takue coeMHEHUs SBISIOTCSI UHTHOUTOpA-
MU KOMOWHUPOBAHHOIO JeWCTBUA. B mapasienbHble peakiuuu MOKET
BCTyNaTh OJHA U Ta K€ Irpynna. Hampumep, ¢ IBOMHON CBSA3bIO METHU-
nenxuHoHa pearupyeT U R* m RO: . Yacto B MoseKyse UMEIOTCS JBe

(GyHKIMOHAIBHBIE TPYIIBI WK HECKOJBKO, KaXKIasi U3 KOTOPHIX BCTY-
IaeT B COOTBETCTBYIOIIYIO peakimio. Hanmpumep, denoncynbdum pea-
TUPYET C TUAPOIEPOKCUIOM CBOEH CyIb(OUIHOM rpynnoi u ¢ RO, —

cBoeil (peHonbHOM rpynmnoi. HakoHel, B pa3HOTO TUIA PEAKIIUHA MOTYT
BCTyNaTh UCXOAHBIA MHTHOUTOP U MPOIYKTHI €ro mnpeBparieHus. Kom-
OMHUPOBAHHBIM JIEHCTBHUEM YacTO 00JIa/lal0T cMecyu MHruouTopoB. Ha-
npuMep, NpH BBEACHHUH B OKHUCISIOMIMAKWCA YIIeBOAOpPOoI (eHona
¥ Cylb(uIa NepBbI TOPMO3MUT, OOpBIBAas LENM IO peakuuu ¢ RO;,

a BTOPOM CHMKAET CKOPOCTh BBIPOXKJIECHHOIO PAa3BETBICHUS LIETIEH, Pa3-
pyiuiasi ruapornepokcua. Eciau aBa MHrHOUTOpa YCUIIMBAIOT TOPMO3S-
niee ACMCTBUE APYT APYra, TO Mbl HMEEM JENO C cuHepeusmom. Ecnm nux
TOPMO3SIIEe ACUCTBHE MPOCTO CYMMHUpPYETCs (HampuMmep, Mepuoji UH-
OYyKIUU TIPU JIEUCTBUM CMECH PAaBEH CyMME II€PHUOJIOB WHIYKIHH
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IIPH JISHCTBUN KaXKI0r0 M3 HHTHOMTOPOB IIOPO3HB), TO MBI ©UMEEM JICTI0
C UX a00UmMuHbIM mopmosawum oercmeuem. Eciu TopMmo3ssiiiee Iei-
CTBHE CMECH MEHBIIIC CYMMBI TOPMO3SIINX BO3AECHCTBUN KaXKIOTO
U3 UHTUOUTOPOB, TO MBI UMEEM JIETIO C AHMA2OHU3MOM UHTUOUTOPOB.

14.2. Mexanu3zm unzuouposannozo oxkucienus RH

Cxema oxkwuciieHHs B npucyTcTBuM uHruoburopa InH, pearu-
PYIOILIET0 C MEPOKCUIILHBIMU pajuKajiaMu, U UHruomutopa Q — ak-
LENTOpa ATKWIbHBIX PaJUKalIOB BKIIOYACT psiji PEAKIUi, B KOTOPBIX
y4acTBYIOT oOpasyromecs u3 uHruouropa paaumkanbl (In® + In’,
In"+ RO;) u peaknuum npojo/pkeHus nenu thma In®+ RH,

In*+ROOH. SBasssck BOCCTAHOBUTEIIEM, HHTHOUTOP OKHCIISETCS
HE TOJIbKO MEPOKCWIbHBIM PAJUKAIOM (3Ta peakiius MPUBOJIUT K 00-
PBIBY 1I€TH), HO U KHUCIOPOJOM M THUAPONEPOKCHIOM, YTO MPUBOIAUT
K pacxo/JI0BaHUIO0 MHrMOUTOpa 6e3 00pbiBa 1enu. Huxe npuseaeH ne-
peUcHb PeaKInii, MPOTEKAONIUX C YIaCTHEM HHTHOUTOpa; peakiuu R’
1 RO; , B KOTOPBIX UHTMOUTOP HE YYaCTBYET, PACCMOTPEHBI B pa3/Ieie

13 (R'OOR' — unuIMATOP):

R'OOR' — 2R'O’ (d)
R'O*+RH — R'OH + R’ (1)
R'O*+InH — R'OH + In® (1)

R*+ 0, > RO; (1)
RO; +RH — ROOH + R )

RO} +InH — ROOH + In® 7)
In* + ROOH — InH + RO 7)
R*+Q — RQ" (7)

RO; +In" = ROOIn (8)
RO; + In" — InH + npogyKTsI (8')
In® + In" — mpoayKThI 9)
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In"+RH — InH + R’ (10)

InH + ROOH — In" + H,0 + RO" (11)
InH + O, —» In" + HO; (12)

ROOIn — RO® + InO° (13)
In"—>Q+r’ (14)

RO; + HOC,H,0" — ROOH + OC4H,0 (15)

Xunonuaueiii nepokcua ROOIn oOpasyeTcst Mo peakiuu mnpu-
coequHeHuss RO; K 2,4,6-TpUanKui(pEeHOKCUIBHOMY —DPajMKaly.

B peakuuto pacnaaa ¢ o6pa3zoBaHreEM aIKWIBHOTO pajiiKaia U XMHOHA
BCTyMaeT (PEHOKCHUJ, HWMEIOUIUN aJIKOKCU3aMECTUTENb B napa-
WU Opmo-TIOJNIOKEHUU. B 3aBUCMMOCTH OT CTPOEHHSI WHTHOUTOpA
Y YCIIOBUI OKUCIIEHUS MEXAHU3MBbI JE€HCTBHUSI MHTUOMTOpPA MOTYT OBITh
pazHbiMH. [l0 KMHETMYECKHM [IaHHBIM MOXHO HACHTU(UIIHPOBATH
MEXaHU3M, T. €. BBIICHUTD KIIFOUEBBIE PEAKIIMU, KOTOPBIE ONPEAECIIAIOT
MEXaHU3M UHTUOUPOBAHHOTO OKHUCIICHHUSI.

14.3. Huzuoupoeanue oxkucienus
KaK UenHolil 6blP0}HCOCHHO-PA36EME/ICHHOI PeaKuuu

Ecnu okucnenue mpoBoguTcsi 0€3 MHUIMATOPA, T. €. B PEKUME
aBTOOKHWCJIEHHS, TO OHO NPOTEKAET C aBTOYCKOPEHHEM H3-32 Hapac-
TalIIEeH B XOJI€ pEeakIMu CKOPOCTH HHUIMHUpOBaHUA. O4eHb Ba)XHO,
YTO TEMII YCKOPEHHsSI 3aBHCHUT OT CKOPOCTH IIEMHOTO OKHCIIEHUS,
T. €. CYIIECTBYET MOJIOKUTENIbHAs 00paTHasi CBA3b MEXIY MPOIIECCAMU
ABTOMHUIIMAPOBAHUS U LIEMHOro okuciieHuss RH. Ota cBsA3b npossiser-
Csl U B MHTUOMPOBAHHOM OKHCJICHUN OPraHUYECKUX COSTUHEHUM.

Ecin B nenHoW MHUIMUPOBAHHOM peakuuu, korga W;= const,
NEPUOJ] MHIAYKIIUU HE 3aBUCUT OT 3(P(HEKTUBHOCTU TOPMO3BSIIETO ACH-
CTBUSI HHTUOUTOpPA, a OMPEJEISIETCS] €ro KOHIIEHTPallUel, TO NPy aBTO-
OKHUCJIeHUH, 4eM 3 EeKTUBHEE MHTUOUTOpP OOpBIBAET IIEMU, TEM OH
MEIJICHHEE pacxolayercsi, T. K. MemjieHHee HakarmmBaerca ROOH
Y YBEJIMYMUBAETCA TIEPUOJ TOPMOKEHHUS. Jlanee THUIIMUPOBAHHOE OKHC-
JICHUE YTJIEBOJIOPOJOB TOPMO3ST COCAUHEHUS, OOPBIBAOIINE 1IeTH. AB-
TOOKHUCJIEHUE TOPMO3AT M TaKUE COEIUHEHHUS, KOTOPBIE pa3pylIaroT
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TUJIPOTIEPOKCU B, Takol pacmaji, eciiu OH HE COITPOBOXKIAAETCsI 00pa3o-
BaHWEM CBOOOJHBIX PAJUKAIOB, CHI)KAET KOHUEHTPALMIO HAKaIUIM-
BAIOIIETOCS] TUIPOIIEPOKCUIA, & CIEAOBATEILHO, U CKOPOCTh aBTOMHU-
uuupoBanus. Pacnan ruiponepoKCHIOB BbI3bIBAIOT COEAMHEHHUSI CEPBI,
docdopa, a Takxke pazHOOOPa3HbIE KOMILIEKCHl METAIOB, HAapHUMEp
TrodocdaThl, THOKaApOAMAaThI IIMHKA, HUKEJS U IPYTUX METAJUIOB.

JInsi MHTrUOMPOBAHHOTO ABTOOKHUCIICHUSI YacTO XapaKTEPHbI
Kpumuyeckue sejeHus, IPUINHON KOTOPBIX SIBISETCS aBTOKATAIUTH-
YECKUI XapakTep peaklUH U YIOMSHYTas Bblllle oOpaTHas cBs3b. [lo-
CKOJIbKY THAPOIEPOKCU]T B XOA€ OKHUCIICHUS paclalaeTcsi, BOSHUKAIOT
JIBa pa3HBIX peKMMa HHTUHOMPOBAHHOTO OKHUCJICHUS: HECTAIMOHAPHBIM
Y KBa3UCTAIMOHAPHBIN MO TUAPONEPOKCHUY.

Hecmayuonapuuwiti pesxcum. Ilpu HecTallMOHApHOM PEXKHUME
OKHUCIICHUS TUAPOINEPOKCH]T YCTOWYUB U 32 BpeMs MEPUOJa UHAYKIUU
T NPaKTHUYECKU HE pacmnajaercsi. ITO UMEET MECTO, KOIr/la KOHCTaHTa
CKOPOCTH pacmana kq < T"'. OueBHIHO, TAKOH PEXKHUM CBSI3aH C yCIIO-
BUSIMU WHTMOWPOBAHHOTO OKHCJIEHUS, pPaBHO KaK U CO CTPOEHUEM
u peakronHou crmocooHoctbto RH, ROOH u unruduropa. Ilockosb-
Ky okuciienne RH u pacxogoBanue WHruOMTOpa B3aMMOCBSI3aHbI, TO-
[JIOLIEHUE KHUCJIOPOJa MOXKHO KOJMYECTBEHHO CBA3aTh C pacxoj0Ba-
HUEM BBEJCEHHOIO HMHTHOWUTOpA, UCIHOJIBb3YS CIEAYIOIIUE YpaBHEHUS
(Wi — ckopocTb pacxoaoBanus InH):

Wi= Wi+ k,[ROOH]; Wi = Wif (14.1)
W = l[RH][ RO, ] + k7[InH][ RO, ] (14.2)

JI71s1 KaKJI0T0 MEXaHU3Ma MHTUOUPOBAHHOTO OKUCJICHUS MOKHO
ca3ath [ RO} ] ¢ [InH] u [ROOH], pemus cucremy u3 aByx aubde-
PEHLHAIBHBIX YPABHEHUH, OMMCHIBAIOIINX TMOTJIOIIEHUE KHUCIOpoAa
U pacxoJl UHTUOUTOPa, U BBIPA3UB KOJIMYECTBO MOTJIOMIEHHOTO KUCIIO-
pojaa 4yepe3 KOJUYECTBO M3PACX0/I0BaHHOTO MHruourTopa. Hampumep,
B Cllyyae ME€XaHu3Ma, KOorja KIIOYEBbIMHU SIBISIOTCA peakuuu (2), (7),
(=7), (8) (cm. cxemy B pazzaene 14.2), moaydum:

[ROOH] = 2ks[RH](fk_+/kskrks) " *([InH]o"* — [InH]"?).  (14.3)

s Kaxa0ro MeXaHu3Ma Takas CBA3b OyJeT MMETh CBOM Xa-
PaKTEPHBIN BUL.
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[Tockonbky Wiy = Wi/f, a B xone okucienus W, yBennduBaet-
Csl, KHHETUKA PacXOJIOBaHUS MHTMOUTOPA HOCUT HEJIMHEWHBIA XapakK-
Tep. B HauanbHbINA niepuoa okucieHuss Wiy = Wiy/f, a o mepe Hakor-
JIEHUs1 TUAporepokcuaa Wyy yBEIMYMBAETCS UM CTAHOBUTCS MAaKCH-
MaJILHOW K KOHIY MEPUOJa NHAYKIIUU.

Keazucmayuonapnoiti pesrcum. 1Ipu 10CTaTOYHO BBICOKOW TEM-
neparype win B npucytctBuM pazpymaromero ROOH karanuzaropa
TUAPOINEPOKCHU] OBICTPO paclalaceTcss U B CUCTEME YCTaHABIMBAETCS
KBA3UCTALMOHAPHBIN PEXUM OKHUCJIEHHS IO THIPOINEPOKCHUIY, KOTrJa
CKOPOCTh €ro pacliaja CTaHOBUTCA PABHON CKOPOCTH OOpa3OBaHUS.
[Ipr 5TOM KOHUEHTpalys TUIPONEPOKCHUAA B IMPOLECCE OKUCICHUS
yBEJIMYMBACTCS, T. K. IO MEpPEe pacxoJ0BaHUs UHTMOUTOpPA TOPMOXKE-
HUE ocllabeBaeT U ckopocTh oOpazoBanuss ROOH napactaer. Heo0-
XOJAUMBIM YCJIOBHEM KBa3UCTAI[MOHAPHOTO PEKMMa MHTHOMPOBAHHO-
r0O OKHUCJEHHUS SBISETCS CIHEAYIOUIEE HEPaBEHCTBO: kyT >> 1,
rae ky — cyMMapHbIi K03 duuneHT ckopoctu pacxonoanuss ROOH
10 BCEM HAIPABJICHUSIM: Paclaj Ha paJuKaibl, pacnaj Ha MOJEKY-
JSpHBIE TIPOJYKTHI, pacraj Moj JeWCTBUEM CBOOOJHBIX paJIUKaJIOB.
[lepexon OT HECTAIMOHAPHOTO K KBa3UCTALIMOHAPHOMY PEXUMY CBSI-
3aH ¢ IEPUOJOM MHAYKIHUH T, KOTOPBIM 3aBUCUT OT UHTHOUTOpA U €T0
KOHIIEHTpALUU. DTOT NEPEXO]] UHOTIA HOCUT XaPAKTEP PE3KOU CMEHBI
PEKUMOB aBTOOKHCIICHUS, YTO OTPAXKAETCSA B BOSHUKHOBEHUU KPUMU-
YecKux s6J1eHUl.

Kputnueckoe siBieHHe B UHTUOMPOBAHHOM aBTOOKHCIICHUU YT-
JIEBOJAOPOJIOB BBIPAYKAETCS B TOM, YTO MPU HEKOTOPOM KOHIIEHTPAIIUN
MHIUOUTOpa, KOTOpas HasbiBaeTcs kpurudeckon [InH],, mpoucxoaur
pE3KOE H3MEHECHUE 3aBUCHUMOCTH Iiepuona WHAYKOuU oT [InH],
T. . npousBogHas dt/d[InH] nmpm [InH] > [InH]y, mMHOro Oo0mbILE,
yeM 1ipu [InH] < [InH],.

PaccmoTpuM MexaHU3M MHTHUOUPOBAHHOTO OKHUCJIECHUS C KIIIO-
yeBbiMH peakiusamu (2) u (7). Korma In® He ydacTByeT B mpojoinKe-
HUU 1IETIHM, LIeNU OOPBIBAIOTCS JUHEWHO U JJIMHA 1IN V HE 3aBUCHUT
oT W, . B 3TOM city4dae qivHa Uernu v

LV _ k[RH]
"W, fk,[InH]

(14.4)
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PaccMmotpum ciaydait qnumHHbBIX neneu (v >> 1). [lpu moctuxke-
HUW KBa3UCTALIMOHAPHOIO PEXHUMA IO THUAPOIEPOKCUAY YCTaHABIU-
BAETCSl PAaBHOBECHE MEXKIY CKOPOCTAMHM OOpa30BaHHUs M pacraja
ROOH ([ROOH]; — cTanuonapHasi KOHIIEHTpaLHs ):

W =w,+k[ROOH].  (14.5)

W =k, [ROOH]; v:Wi, f

ITocne noacTaHoOBKM M IpeoOpa3oBanus moaydaeM (B =k, / k, ):

[ROOH], = M .
ky(1-Bv)

N3 stoii popMymbl clieyeT, 4To KBa3UCTAIlMOHAPHBIN PEXHUM yCTa-

HABJIMBAETCA TOJILKO Torjaa, korga v <1 wu, ciegoBaTeibHO,
[InH] > [InH],,:

(14.6)

[InH],, = Pk, [RH] (14.7)

7
IIpu [InH] < [InH],, nmpouecc pa3BuBaeTcss HECTALIMOHAPHO B IPUCYT-
cTBUM MHTHOUTOpa. Ilepron MHAYKIMU T UHTHOMPOBAHHOTO OKHCIIE-

Hus RH npu [InH] > [InH],, MOXHO onpenenuTts Kak Bpems, 3a KOTO-
poe KOHLIEHTpanus HHruouropa ymensiaercs ot [InH]y no [InH],,.

14.4. Muozokpammuwtit 00poi6 ueneii
HA UHZUOUMOPAX OKUCTIEHUA

B HEKOTOpBIX cucTeMax OJHa MOJIEKyjJda HWHTHOHUTOpa MOXKET
oOpbIBaTh OOJIBbIIIOE YUCTIO Lienel (f>>2). D1o HabmaromaeTcs, Korjaa

1o peakuuu akTuBHOro neHtpa (R* mmm ROS) ¢ mpoaykTom mpeBpa-
menust uaruouropa (In®) cHOBa 00pasyeTcss MCXOMHBIA HHTHOHUTOD
WM UHTUOUTOD JNEHUCTBYET KaTAIMTUIECKH, IEPEBOS aKTUBHBIA RO}

B MaJIOAKTUBHBIN PaJIUKaJ.

1. B okucnstomumxcsi cnuprax (MEpBUYHBIX U BTOPUYHBIX) 00-
Pa3yroTCs THUAPOKCUIIEPOKCUIILHBIE PaIMKaIbl, 00J1a1atoIue BOCCTa-
HOBUTEIIbHBIM JI€MCTBUEM. B MpHCYyTCTBUUM HMHTHOUTOPOB (apoMaTH-
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yeckux aMuHOB AmH) BO3HHMKAOT HUKIMYECKHE DPEAKIMU OOphIBa
LENEN C YYaCTHEM aMUHWIbHBIX U HUTPOKCUJIBHBIX PAJIMKAJIOB:

>C(OH)O0" + HAm — >C(OH)OOH + Am’
>C(OH)O0O* + Am"— AmH + O, + >C=0
>C(OH)00' + Am"— >C(OH)O* + AmO*
>C(OH)O00* + AmO*—> AmOH + O, + O=C<
>C(OH)O00* + AmOH — >C(OH)OOH + AmO*
AHAJIOTUYHBIE PEAKUMU TMPOTEKAOT IPU BBEIACHUHA APOMATHUYECKHUX
AMHWHOB B OKHUCIIAKOLIINECCA aHI/I(i)aTI/I‘IeCKI/Ie dAMUHBI, IICPOKCUIIbHBIC pa-
JUKaJIbl KOTOPBIX TAKKC O6JIan[aIOT BOCCTAHOBHUTCJIIbHBIM I[CﬁCTBI/ICM.

2. X¥uHOHBI Q 1 UMMHOXHWHOHBI TOPMO3SIT OKHCIICHUE CIIUPTOB,
BCTyIas C MEPOKCUIBHBIMU PaJUKATIAMH B IIUKJINYECKUE PEAKIINU:

>C(OH)O0®*+ Q —»>C=0 + O, + "QH
>C(OH)OO0* + *QH — >C(OH)OOH + Q
MHorokpaTHbIM 0OpHIB Ha XHHOHAX HAOIIOAETCS M B OKUCIISFOIIIEMCS
TOJIMIPOIIMIICHE, TA¢ NIPH pacmajae OJO0YHBIX THAPOICPOKCHUILHBIX
rpynn obopasyercsa H,O,, u3 Hero 1mo oOMEeHHOM peakIuu 00pa3yroTcs
paaukansl HO;, KOTOpble M BOCCTaHABIMBAIOT XUHOH B CEMUXHHOH-
HBIM pajyKai. AHAJIOTHYHAS CUTyaIlus HaOII01aeTCs P OKHUCICHHH
LIMKJIOTEKCaJMEHa, KOTOPOE MPOTEKAET ¢ ydacTueM HO) paauKasos.

3. Conu MeTaioB NEPEMEHHOM BAJIEHTHOCTU MPU OKHUCIICHUU
COUPTOB U aMUHOB — THUIUYHBIE OTPUIIATENbHBIE KaTaIM3aTOPbI

(f = 0):
>C(YH)OO'+ M"" — >C(YH)0O + M""
>C(YH)OO'+ M""' 5> >C=Y + 0, + H" + M"".

4, CtabuiabHbIE HUTPOKCHIBbHBIE pafukanbl (>NO®) wMHoro-
KpaTHO OOpBIBAIOT II€MU NPH OKHUCJICHUU MOJMMEPOB, YTO JICKUT
B OCHOBE BBICOKOU 3(PPEKTUBHOCTU CTEPUUECKHU 3aTPYIHECHHBIX aMH-
HOB KaK CBETOCTaOMIM3aTOpoB. VM3BECTHBI TpU MEXaHU3Ma LUKINYE-
CKOIr'o OOphIBa IEMNel ¢ y4aCTUEM HUTPOKCHIBHBIX PAJUKAJIOB.
ITepBbIii:

>NO® + R*— >NOR
>NOR + RO; -ROOH +>NO* + Onedun
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Bropoi:
>NOR < (NO*+ R*) —» >NOH + Onedun
>NOH + RO; — >NO®+ ROH
Tperni:
R(OOH), — H,0, + Ilepokcun
H,O, + RO; — ROOH + HO;

>NO* + HO; -»>NOH + O,
>NOH + RO; — >NO® + ROOH

6. MHOTOKpaTHBIN OOpBHIB LIETIEH B OKHUCIISIIOUIUXCS YIJIEBOJIO-
poJlax ¢ yyacTHEM CTaOWUJIbHOTO HUTPOKCUIIBHOTO paaukaia obecrie-
YUBAET TPEXKOMIIOHEHTHAS CUCTEMA: HUTPOKCUJIbHBIA pajuKal + Ie-
pokcua Bogopoaa + kuciora (HA). BaxHyro poJib B 3TOM MEXaHU3ZME
BBITMIOJIHSIET KUcIoTa. MexanusMm neiictBud cieayromui (RH — yrie-
BOJIOPO/I):

>NO*+HA < >NOH™"+ A,

>NOH""+ RO; — ROOH +>NO"

>NO" + H,0, > >NOH + O,+ H"
>NOH + RO; — >NO"+ ROOH

B aTOM crcTeMe HUTPOKCUI U KUCJIOTA BBICTYIIAIOT KAK KaTajanu3aTo-
pb1, a HO, pacxonyeTcsi. AHAIOTUYHBIA TUKIMYECKUA MEXaHU3M 00-
pbIBa LIENIEN peATU3YyETCs IIPU BBEICHUU B OKUCIIAIOLIUICS YIIIE€BOAO-
PO CUCTEMBI: CHUPT + HATPOKCHII + KHCIIOTA, & TAaKXKE€ CUCTEMBI: II€-
POKCHUA BOAOPOaAA + XMHOHUMHUH + KHUCJIOTA.

14.5. Hneuoumoput oxucienus,
pazpyuiarougue 2uoponepoKcuosl

IIpy aBTOOKHUCIECHUU OPraHUYECKUX COCAUHEHUU IVIABHBIM HC-
TOYHUKOM CBOOOJIHBIX PAJUKAIIOB SIBIAIOTCS 0Opa3yroniuecs B peak-
Uy rugponepokcuasl. OTCoAa ClenayeT, YTO CKOPOCTh aBTOOKHUCIIE-
HUSI MOYKHO 3aMEIJIUTh, €CIM CHU3UTHh KOHLUEHTPALUIO THAPONIEPOK-
cua myteM ero paspyuenus. [Ipu stom cieayer uMers B BUIY,
YTO BO3MOJKHBI JIBa INPUHLMIIMAJIBHO PAa3HBIX HAMPABICHUs pacnaza
ROOH: romonmutnueckuii u rereponutrueckuil. [lepBeiii npuBOaUT
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K 00pa30BaHUIO0 CBOOOJHBIX PAJUKATIOB, U MOATOMY MHTEHCU(DUKAIIUS
TOMOJIMTUYECKOTO pacnaja TOJbKO YCKOpUT okucienue. Haobopor,
rereposutuueckoe npeppaiienne ROOH B MonekyasipHble TPOLYKTHI
(MOJIEKYJISIpHBIA pacrlaj) CHU3HUT KOHILIEHTPAIMIO THAPONEPOKCH]IA
Y COOTBETCTBEHHO CKOPOCTb €r0 pacmnaja Ha paJIuKabl.
Docghopopeanuueckue uneubumopst. Cpend pazHOOOpa3HBIX
dbochopopraHnuecKux COEAUHEHUN HAIIUM MPUMEHEHUE KaK MHTHOU-
TOpbl OKucleHHus apuwiocPurel. DocHUTHI AOCTATOUYHO OBICTPO
OKHUCIIAIOTCS TUAPOIIEPOKCHIaMU 10 (pocdaToB MO peaKkuu:

R'OOH + P(OR); — R'OH + O=P(OR);.

Peakuust mpotekaet co crexuomerpueit 1:1. JIumb uHorna cre-
XUOMETPUS HECKOJIBKO OTJIMYAETCS OT 3TOro. Tak, HarpuMep, KyMuUJl-
THAPOTNIEPOKCHU]T OKUCTsAECT TpUPeHUIPOCHUT B CTEXHOMETPUUECKOM
cootHomeHuu oT 1,02:1 mo 1,07:1 B 3aBHCHMOCTH OT COOTHOIICHHUS
peareHTOB. Peakiusi mporekaeT OMMOJIEKYJISIPHO, TPUATKII(POCHUTHI
pearupyior ¢ ROOH O6wicTpee, yeM ¢ apuwidochuTamu, SHEPUTHs aK-
TUBAIIMU 3aBUCUT OT CTPYKTYpbI PochuTa U U3MEHSETCS B UHTEPBAJIE
25-77 xJlx/monb. CtpoeHue ruaponepokcuya cinabo oTpaxaercs
Ha CKOPOCTH €ro peakuuu ¢ pochutom.

Cepocooeporcawue coedurenuss. Cepocoaepikaliiue CoeITuHESHUS
UCIIOJIb3YIOTCSl KaK COCTaBHasg 4YacTh AHTHOKHUCIUTEIBHBIX IMPHUCAIOK
K MMOJIMMEpPaM M CMa304YHbIM MaTepuaiamM. MexaHu3M UX TOPMO3SIIETO
JEUCTBUA MHTCHCUBHO M3y4aics B 1970-x rr. u okazancs JOCTAaTOYHO
CIIOXKHBIM. L[eHTpalbHOE MECTO B 3TOM MEXaHU3ME 3aHUMAET PeaKlys
TaKuX COEIMHEHMN C ruaponepokcuaamu. 1. Jlenucon B 1945 r. nep-
BBIM TOKa3aJjl, YTO JUAIKUCICYJIb(PUIBI OKUCISIOTCS TUIPOIIEPOKCUIA-
MU 10 CYJIb(OKCHUIOB, a MOCIEAHUE — JI0 CYJIb()OHOB:

RSR + ROOH — RS(O)R + ROH
RS(O)R + ROOH —> RSO,R + ROH,

a TUIPOIIEPOKCUJ BOCCTAHABIMBAECTCA OO cnupTa. B mpucyrctBum
CIOUPTOB M KUCJIOT PEAKIMs MPOTEKaeT OUMOJIEKYJIAPHO, Mperoiara-
€TCA KaTAUTUTUYECKOE YUYaCTHE KUCIIOTBHI.
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14.6. Cunepzuszm oeiicmeus uHZUOUMOPOB OKUC/IEHUS

MexaHu3Mbl BO3JEHCTBHS MHTMOUTOPOB HA OKHUCJIIEHUE Opra-
HUYECKUX COEAMHEHUN pazHooOpa3Hbl. MTHrHOMTOPHI OOPBIBAIOT LEMU

1o peakiusaM ¢ RO; umu ¢ R°. O6pasyrommecs U3 HUX paJuKaibl He-

aKTUBHBl WJIM YYacTBYIOT B MPOJOKEHHH I [0 PeaKIusIM
¢ ROOH u RH; B psaae ciaydaeB BO3HMKAIOT IUKIMYECKHE PEAKIINHU
oOpbIBa 1eneil. THrubutop MoXKeT BOCCTAaHABIUBATH THAPOIEPOKCH]T
UM KaTaJUTUYECKH ero paspyuarb. [loaTomMy npu BBEJEHUM B OKHC-
JsieMbIU YTI€BOAOpOA (MU IPYyroe COeIUHEHUE) NBYX WUiu Oosee UH-
THOMTOPOB BO3HUKAIOT CaMble pa3Hble MEXaHU3Mbl HMX B3aWMMHOIO
TOPMO3SAIIETO ACHUCTBHUS.

[To cBOEMy BO3JIEMCTBUIO HA OKUCIUTEIIBHBIN MIPOIIECC BCE CITY-
Yau TOPMOKEHUSI CMECSAMH HUHTHOUTOPOB MOKHO CBECTU K CJIEIYIO-
UM TPEM: a0oumueHoe oOeticmeue, KOrja TOPMO3sIee IeHCTBHE
CMECH PAaBHO CyMME TOPMO3SIINX BO3AECUCTBUU KAXKIOIO0 U3 KOMIIO-
HEHTOB, AHMA2OHU3M, KOTJJa UHTUOUTOPHI MEMIAIOT APYT IPYTY, U CU-
Hepeusm, KOTJla JEUCTBHUE CMeCH OOJIbIlle, YeM CyMMa TOPMO3SIIIUX
BO3/ICMCTBUN KOMIIOHEHTOB.

B nmaboparopHoii MpakTHKe JaBHO CIIOKUIICS CIIOCOO CpaBHEHUS
TOPMO3SIIEr0 JSUCTBUSA Pa3HbIX MHTHOUTOPOB M UX CMECEH Mo JJIH-
TEJIbHOCTU TOPMO3BSIIEr0 AEUCTBUS — MEPUOYy UHAYKIUU T, — KO-
TOPBIN paBeH OTPE3KY BPEMEHM OT HadaJsla OMbITa JI0 MOIJIOIIEHUS Ofl-
pPEeNEICHHOTO KOJUYECTBAa KHUCJIOPOAa WM JOCTHXKEHHS OIpe/eleH-
HOW, XOpOLIO H3MEPSIEMOM CKOpOCTHM  OKucieHus. [loatomy
TPU Pa3HbIX Cydas BO3ACHCTBUSI WHTHOMTOPOB Ha aBTOOKHCIICHHE
RH MOXHO BBIpa3uTh CICAYIOIIMMHU HEPABEHCTBAMH (Ty — MEPUO/T
WHJYKIIMW, BBI3BAHHBIA BBEJICHUEM HECKOJIbKMX MHTMOUTOPOB, a T; —
OJIHUM 1-M UHTUOUTOPOM):

Cuneprusm AJJIMTHBHOCTH AHTaroHus3Mm
T3> 2T Ty = 2T Ty = 2.1

Ecny npuHATH 32 OCHOBY XapakTep B3auMMOJCHCTBHUS WHTUOU-

TOPOB U OOpa3ymOIIMUXCS U3 HUX MPOAYKTOB, KOTOPBIM IPUBOIUT

K CUHEPTU3MY, TO HCCIEAOBAHHBIE CHUCTEMbl MOYKHO pa3Ie/IUTh Ha
CIEIYIOIIME TPU TPYIIIBI.
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1. OnuH UHTUOUTOP OOpBIBAET IIEMHU, BTOPONM CHHUKAET CKO-
pOCTh aBTOMHUIMUpOBaHUA, paspymas ROOH wunu ne3aktuBupys
KaTanusarop, necrpykrupyromniit ROOH Ha pagukainst.

2. JIBa UCXOJIHBIX BelleCcTBA (MHTMOUTOPA UJIM HE HHTUOUTOPA),
pearupys, o0pa3yroT 3Q(HEeKTUBHBIA HHTUOUTOP.

3. [IpoMexyTOUHBIE TPOIYKTHI MPEBPAIICHUS HUHTHOWUTOPOB,
B3aUMOJICHUCTBYS, YCUIIMBAIOT TOPMO3sIlEee JEUCTBUE APYT HA IpyTa.

CoBMeCTHOE BBEAEHUE WHTUOUTOpPA, OOPBIBAIOIIETOCS LIEMH,
Y BEILIECTBA, Pa3pyILIAIOIIET0 T'UIPONEPOKCHIbI, IIUPOKO UCIONIB3YIOT
st 6onee 3(pPEKTUBHOTO TOPMOKEHUSI OKUCIUTENbHBIX MPOLECCOB
B MojInoJieuHax, KayuyykaxX, CMa304YHbIX Macjax W JIPyTuxX maTepua-

nax. B kauectse akuenropa RO; NPUMEHSIOT pa3sHOOOpas3HbIE (PEHO-

Jbl, OMC(EHOBI, apOMATUUECKHE aMUHBbI, a s paspyuenuss ROOH
BBOJAT apriipocPuThl, 3PUPbl THOIPOINHUOHOBOW KUCIOTHI, THAIKUI-
JUTUONPONHOHAThI, THO(OC]ATHI IMHKA U HUKENS U JpyTrUe aHalo-
ru4Hble coequHeHus. OOBIYHO HM3MEPSAIOT MEPHOJ MHIYKIMU OKHUC-
JSOIIeTrocs cyOcTpara MpU BBEICHUM CMECed HMHTHOMTOPOB C pas-
JUYHBIM COOTHOIIEHUEM KOMIIOHEHTOB M HAaXOJAT TaKOE€ COOTHOIIIE-
HUE, KOTOPOE BhI3bIBAET HauOoJIee JIUTEIHHOE TOPMOKECHHE.
Beenenue B okucistomuiicss RH BemecTsa S, pazpymaromniero
ROOH, ecTrectBeHHO, CHMX)AET TEKYIyt0 KoHIIeHTpaio ROOH. Oto
HE OTPAXaeTcsi Ha CKOPOCTU OKHUCIICHUS, €CIM UCTOYHUK PaJIMKAIIOB
— WHUIMATOP, HE B3aUMOJCHCTBYIOIIMUA C S, CBET WIM HU3JIyYEHHUE,
HO BBI3BIBAIONIUN 3aMEJICHUE ABTOMHHUIIMMPOBAHUS MPOIIECCA OKHUC-
JIEHHUSI, KOT/1a TJIaBHBIM UCTOYHUK paguKajgoB — ruaponepokcuna. Ha-

YajbHas CTaJus aBTOOKHCIIEHHS B OTCYTCTBUE akienropa RO; omu-

ChIBACTCiA Hapa6OHquCKHM BPEMCHHBIM 3aKOHOM:
A[0,]"* = bt, the b= 0,5kk;"*ks *[RH]. (14.8)

Beenenue S MeHsieT cutyanuio: u3-3a pacrnaga ROOH c camo-
ro Hayajga BO3HUKAET PACXOXKJICHHUE MEXKAY IOIJIOIIEHHBIM KHUCJIO-
poaom u [ROOH]. Eciu S paspymaeT TuaponepoKcua TOIbKO MO-
JEKYJISIPHBIM IIyTeM II0 OMMOJICKYJISIPHOM PEeaKIMd CO CKOPOCTHIO
Wroon = kJROOH][S] u rubeap OmHOM MOJEKYJIBI S MPUBOJUT
k rudenu f; mosiekya ROOH, To B 3ToM ciiyyae CKOPOCTh HaKOILIE-
Husi ROOH

d[ROOH]/dt = a[RH](W;y + ks[ROOH])"*~ (ks + k[S])[ROOH] (14.9)
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[Ipn o4YeHbL MHTEHCHBHOM pa3pyLICHUH THIPOICPOKCHAA 3a BpeMs
t ~(k[S]o)" ycraHaBnuBaeTCs KBa3HCTAI[MOHAPHBIA PEXKUM OKHUCIIC-
HHUS C KBa3uCcTalMoHapHou koHneHrpanuet [ROOH];.

Ecnu mnruburopa BBeZieHO MHOTO, TO k[S]>> ky. IIpu BBene-
HUM MHTHOUTOpPA B KOHIIEHTpauu [S]y >> ks/ks momyunm:

T, ® [k [S]o*2a’ ko k 2 [RH]. (14.10)

[leproa TOpMOXKEHHUS B 3TOM ClIydae TeM OoJiblie, 4eM OoJIbIle A U f;,
1 T ~[S]y>. O4eBHUAHO, YTO 3aMEMICHHUE OKHUCICHHS IIPU BBEICHUH S
IPOSIBUTCS TIPH BBEACHUM JIOCTATOYHO BBICOKOM KOHIICHTPAIIUH
[Slo > kx/ks. Ecnm paspymenne ROOH wunrubutopom S wuaer Ha-
cTosbko ObicTpo, uto [ROOH] < Wjy/ky;, TO cam mepuoa UHIYKIIUU
Ts = fs[S]o/(VW)o). Takum 00pazoM, gaxke B 3TOM, HauboJjee OJ1aronpu-
SATHOM PEXKHME S pacxoayercs B V pa3 ObICTpee, YeM IeHEepUPYIOTCS
CBOOOJHBIC paaMKajbl. ISl cpaBHECHUS MOXXHO HAaIlOMHHTH, YTO BBI-

cokod(dexTuBHBIM akuenTop RO B aHAIOTMYHBIX YCIOBUAX Oyner

pPacxoJ0BaThCs co CKopocThio W,o/f 1 1o = f[InH]o/ W).

OTtcrona cieayer, 4To MHTMOUTOp S OyJIeT TOPMO3UTh OKHCIIEe-
HUE, €CJIM OHO MPOTEKAET IEMHBIM ITyTeM (Vv > 1) U TJIaBHBIM MHUIIAN-
PYIOIIUM  areHTOM SBJISIETCA  OOpa3ylOIIUNCS  TUIPOTEPOKCHUT
(kls[ROOH] > W,y). 3ameTHOE TOPMOKEHHE OKHCIICHUS Oy1eT HaOJIr0-
JaThCsl TPU BBEICHUM TAaKOTO KOJIWMYECTBAa HWHTHOUTOpA, KOraa
kS]lo> k>. EcTb emie oHO cylecTBeHHOE 00CTOsATENbCTBO. [IpakTH-
YecKM Bce Bemiecta, pearupyromue ¢ ROOH, paspymator ero
KaK F€TEPOJIUTUYECKH (KOHCTaHTa ks), TAK U TOMOJUTHUYECKH (KOH-
CTaHTa k). Topmo3siee, a He HHUIUUPYIOIee AeHCTBUE OyIeT Mpo-
SBJISITHCSL TOT /1A, KOTJIa

Bs:ksi/ks << k3/kZ: Ba (1411)

T. €. gossi romoin3za ROOH mo peakuuu ¢ S MHOTO MEHbIIIE €ro ca-
MOIPOU3BOJBLHOIO TOMOJIM3a B YCIOBUSX OKUCIICHHUS.

Cunepeusm, 00YCr08NIEHHbIU 83AUMOOCUCTNEUEM NPOMENHCYMOY-
HBIX NPOOYKmMo8 uneubumopos. CUHEpru3M HaOJIOJAeTCs MPU BBEJIE-
HUHU B yTJIEBOJIOPOT OMHAPHBIX CMECE HEKOTOPHIX (PEHOJIOB M apoMa-
THUYECKUX aMHUHOB. OH CBS3aH CO B3aUMOJICHCTBHEM HWHTHOUTOPOB
1 00pasymoIuXcsa W3 HHUX paaukaioB. [Ipy coBMeCTHOM BBeIEHUU
dbennn-N-B-napTunamuna u  2,6-gu-mpem.-OyTuiieHona B OKHC-
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JISIOIIMICS ATUIIOEH30J1 CHavaja pacxoayercs (eHo, U TOJIBKO MOCIe
€ro MCYE3HOBEHMs HAYMHAET PACXOA0BaThCA aMuH, X0Td RO’ ¢ amu-

HOM pearupyer OsicTpee (k; = 1,3-10° n/(Monb-c), 333 K), uem ¢ de-
HonoM (k7 =1,3-10* n/(monb-c), 333 K). OGyCIIOBICHO 3TO SBICHHE
OBICTPO yCTaHABIUBAIOIIUMCS PABHOBECHEM:

Am’ + HOAr < AmH + ArO°.

OHO cIBUHYTO BIpaBo, ecinu Dy.y > Do.y. Hanpumep, koHcTaHnTa pac-
HOBeCHsI peakuuu Au(EeHWIaMUHWIBHOTO panukana ¢ 2,4,6-tpu-
mpem.-6ytundenonom B CCl, npu 348 K pasna (5 + 1)-10°. B o6mem
cnydae —RTInK = AH = Doy — Dn.g. DTO paBHOBECHE MPU COBMECT-
HOM BBEJICHMM aMHUHA M (PEHOJIA CHMXKACT KOHIICHTPAIUI0 aMUHWIIb-
HBIX paAuKaioB, €clu Doy < Dyy. AMUHWIBHBIE pAAUKAIBI POJOJI-
*aroT nenb no peakiuu ¢ ROOH, a o6pasyromuecs: u3 geHona cre-
PUYECKU 3aTpyJAHEHHbIC (PEHOKCHIIBI HE YYaCTBYIOT B MPOJOHKEHUU
LENY U NOrudarT TOJIBKO IO peakuuu ¢ RO;, YTO U MPUBOIUT K CH-

HEPIru3My MpU aBTOOKHUCICHUH YTIEBOJ0POIA.

Cunepruszm oOHapY’KEH U MPU COBMECTHOM BBEJICHUU JIBYX (e-
HOJIOB, OJMH U3 KOTOPBIX 00s3aTeNbHO 2,6-au-mpem.-0yTuadeHo.
Tak, wmHHIUUpPOBAHHOE OKUcaeHHEe 9,10-guruapoanTpalieHa IOYTH
He TopMo3uT 2,4,6-Tpu-mpem.-6ytudenon (10* mons/n mpu 333 K),
HO napa-MeTOKCU(EHOI B TaKOW K€ KOHLUEHTPALMH TOPMO3UT OKHC-
nenue. Ilepuon MHAYKUMM yJBaWBAaeTCA, €CIM BBECTH 00a (eHona
B OJIMHAKOBOM KOHIIEHTPAIIMH, T. €. B OOpbIBE IENEl y4acTBYIOT 00a
dbeHona, ecii OHU BBEJEHBI BMECTE. JTO OOBICHSAETCS OBICTpON 00-
MEHHOU peaKIe:

Ar10° + HOArz = ArlOH + ArzO'.
14.7. Buoanmuokcuoarnmeol

HopMainbHbiii MeTab0au3M B KHUBOM OpPTraHU3ME MPOIYyLHUPYET
aKTUBHBIC CBOOOJHBIC paJUKalbl, TaKW€ KaK CYNEpPOKCUA-PaJIUKaI

O, , THAPONECPOKCUIIbHBIN pagukan HO), THIPOKCHIBHBIN paJauKall
HO®, a Tak:ke TakoW aKTHBHBIM OKUCIIMTENIb M UCTOYHHMK PaIHKAIIOB,
kak H,0,. DT yacTuipl reHEepUpyrOTCS TaKKE TaKUMH BHEIIHUMU

MCTOYHUKAMM, KaK CBET, paJvalus, CMOT U CUTapeTHbIM abiM. CBO-
OOJMHBIC paJUKalbl BBI3BIBAIOT OKHMCIICHHE JIMIUAOB B KIIETOUHBIX
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MeMOpaHax M JUMNONPOTEMHOB. OKHUCIUTEIBHOE TMOBPEKICHUE HU3-
KOMOJIEKYJISIPHBIX JUIIONPOTENHOB UIPAET BAXHYIO POJIb B PA3BUTUU
TaKUX IATOJIOTMYECKUX ITPOLECCOB, KAK aTEPOCKIEPO3, PAK U peBMa-
TOUJIHBIE APTPHUTBHL.

Pagukanel HO® 1 HO) BO3HHKAIOT M3 IIEPOKCHIA BOJOPOJA.
H,0, + Fe(Il) » HO® + Fe(Ill) + HO
HO®+H,0, > H,0+HO;

['uapokCWIbHBIE pauKalIbl OYEHb AKTHUBHBI U OBICTPO pearupyror
C pa3HOOOpa3HbIMU cyOcTpaTaMHU. B 4YacTHOCTH, OHU pearupyror
¢ JIHK u sBAst0TCS IIaBHBIMU areHTaMH, BbI3bIBAIOIIUMH €€ TOBPEXK-
nenve. OHU TakKe MHUIIMUPYIOT OKUCIICHHE JIMTUA0B, KOTOPOE 3aTeM
MPOTEKAeT KakK IEeMHas peakiius, MmoJo0Hasi OKUCICHHUIO YTJIEBOIOPO-
10B (cM. pazaen 11).

JI7 31U TBI OT BPEIHOTO AECUCTBUS areHTOB-OKUCIUTEICH Op-
TaHU3M CHUHTE3HpPYET OMOAHTHMOKCHJIAHTBI: MPOTEUHBI, UMEIOIIUE aH-
TUOKCUJAHTHBIE TPYIIbl, U HU3KOMOJIEKYJAPHbIE AHTHOKCUIAHTHI.
PeanuzyeTcs MHOroypoBHEBas 3alllUTa OpraHu3Ma OT areHTOB-
OKHCJIUTEIIEH.

Bo-niepBbiX, CymiecTBYIOT (HDepMEHTHI, KaTaJTUTUYECKH paspy-
maromue H,O,, Takue kak karajiasza, ackopOaT-nepoKkcuia u riryTaTu-
oH-penykraza. Karanaza ynanser H,O, oueHb 3(ppekTUBHO B COOT-
BETCTBUU CO CJICAYIONICH CTEXHOMETPUEH peaKIIun:

H,0,+H,0, —» 2H,0 + O,.
Bo-BTOpEIX, Cynepokcua-uoH ‘O, 3(Q(EeKTUBHO yaanseTcs Cy-

nepokcuaucmyTazoil (SOD), koTopas KaTanu3upyeT ITUCHPOIOPIUO-
HUpOBaHUE *O) IO PEAKIMSIM:

*0; + Cu(Il) - SOD — 0, + Cu(I) — SOD
*0; + Cu(I) - SOD — 0> + Cu(Il) - SOD
.O; +2 H3O+ —> H202 + 2H20

KomOunupoBannoe aeicreue Karanassl 1 SOD mpespamaer “O;

u H,O, B Boay U KUCIIOPO/, TIpeIoTBpaIiias, TakuM o0pa3om, MosiBIIe-
HUE TAKOM OYEHb AKTMBHOM M TOKCHUYECKOW 4YaCTHUIIbl, KaK THIPO-
KCUJIBHBIN PaIUKall.
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B-TpeTbux, B OpraHusMe MpPUCYTCTBYIOT HU3KOMOJIEKYJISPHBIC
BOJIOPACTBOPUMbBIE aHTUOKCHIIAHTBhl. K HUM OTHOCSTCA MOueBas KH-
CJI0Ta, acKOpOMHOBas Kuciaora U OwunpyouH. OHM coaep:KaTcs
B TIIa3Me KPOBH B KOHIEHTpausxX (B 107 -Momb/m):

MoueBas kuciora AckopOMHOBas KUCTIOTa bunnmupyoun
160450 30-150 5-20

B-4eTBepThIX, aHTHOKUCIUTEIBHBIN MPOIIECC B JTUMUAAX TOPMO-
39T JTUIUAO0-PACTBOPUMEBIC aHTHOKCHIAHTHI, 8 HMEHHO: O-TOKO(EpoI,
youxuHon-10, nukomneH, [-kKapoTHH H JOyTewH. VX KOHIEHTparwus
B ILIa3Me B JIMKOIPOTEUH-CBSI3aHHOM (hopMe pasHa (B 10 Moib/n):

a-Tokopepon Youxunon-10  Jlukonen B-Kapotun Jlyrenn
1540 0,4-1,0 0,5-1,0 0,3-0,6 0,1-0,3
B-nsThIX, B 1OMOJHEHUE K HU3KOMOJIEKYJISPHBIM aHTHOKCH1aH-
TaM aHTUPAJIUMKAILHOW aKTUBHOCTBHIO OOJaJal0T M O€JIKH, TaKue Kak
anb0yMUH, TpaHC(hEeppHuH, JaKTOPEeppHuH, HePyJIOIIa3MUH, TalTOIIIO-
OWH 1 TEMOIICKCHH.
MexaHu3M HHTHOMPYIOIIEro AeUCTBUS aKIEITOPOB CBOOOIHBIX
panukanos (InH) B okucistomuxca nununax (LH) nogo0en TakoBoMy

B OKHUCJISIIOIIMXCS YTIIEBOJOPOI0X M BKIIIOYAET CIEAYIOIINE PEaKIHU
(AH — ackopOuHOBasi KUCJIOTA):

LO; +InH — LOOH + In’

In*+ AH — InH + A®
AH+H,0 & A +H;0"
In*+A" >In +A°
In+H;0" & InH+ H,0
A*+ A" < mpoayKThI AMCIIPOIIOPIIHOHUPOBAHHS.

WuTerpanbHas eMKOCTh aHTHOKCHJIAHTOB KaK akIIeNTOPOB pa-
TUKaoB (f) M UX BKJIAJ B TOPMOXKCHHME OKHUCIICHHUS B TUTa3Me pacrpe-
NeJseTcs CIeIyonUM 00pa3oM:

a-Tokodepon AckopOuHOBas kucioTa Mouesas kuciora IIpoTenH-THOIBI

£=20 =17 =13 £=03
7% 14 % 58 % 21 %
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KoHCTaHTBhI CKOPOCTH peakuuil ¢ y4yacTHeM a-ToKogeposa, ero

(EHOKCUJIBHOTO paJHKajda U aCKOPOMHOBOW KHCIJIOTHI IPUBEICHBI
B Ta0xn. 14.1.

Tabnuua 14.1
KoHcTaHThI CKOpOCTH peakiuii ¢ yuactuem o-tokodepoia (InH),
ero (penokcupHoro panukaia (In*) m ackopouHOBO# Krca0TEI AH

Peakius PactBopurens | 7, K k, 1/(Monb-C)
RO; + InH — ROOH + In’ Drunbemson | 310 3,6:10°
RO; +InH — ROOH + In’ Crupon 303 3,2-10°
HO; + InH - H,0, + In° DraHon 298 2,0-10°
CH,0,+A — CH,0; +A° Boga 295 1,7-10°
In"+A > In +A° Bona 298 1,5-10°
In® + In® — mpomyKTHI benszon 323 2,0-10°

Ipumep 14.1. MemooO cenekmueHo20 UHCUOUPOBCAH U

Meron conpstkenHoro okucienus cnupra HR;OH ¢ yriesozno-
poaom RH B npucyrcTBum unruduropa Q, CEIEKTUBHO pearupyrouie-
ro ¢ nepokcuaHbME pagukaiamu R(OH)OO®, mo3BoseT BEIYMCIATE
10 U3MEPSIEMON IKCIEPUMEHTAILHO CKOPOCTH OKHUCIIEHHs W OTHOIIE-

HME KOHCTAHT ckopoctu peakuuii RO; ¢ HROH &, u RO; ¢ RH (k).

XuHOH Q BBOAMTCA B TaKOM KOHIIEHTpallMM, YTO OOpa3yroIIuecs
Y3 CIIUPTA MEPOKCHIBHBIEC PAIUKAIBI TOTYAC PEATUPYIOT C XHHOHOM.
Ouenuts k. nna conuproB HRH Ha ocHoOBaHuM oOmBITOB
no okucieHuto cmeceid RH(umuknorekcen) + HRH B mpucyrcrBumn
n-6ensoxunona ¢ uaunuaropoM [AUBH] = 3107 moms/x,
ki=1,2-10"¢ ' opu 333 K, Py = 10’ Ia, u [RH] = 8,55 mMois/11.

KoncTtanrta ckopoctu k, = 8,25 1/(MoJib-C).

CHI/IpT EtOH BuOH M62CHOH T/l-C6H1 1OH PhCHzOH
[HR;OH], monw/n 0,51 0,33 0,39 0,47 0,29
w10, moms/(rc) 129 3,02 1,53 1,02 0.81
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Pewenue
CKOpOCTh  OKHCIIEHHUS B TakOMl  CHCTEME  paBHa:
W= k;[RH][RO; ], 0OpbIB Lien€N TMMUTHPYETCSI CKOPOCTBIO PEAKLMU
RO; + HR;OH, T. k. oOpasyromuecs 1o 3TOM peakLuM paavKajbl

R;"OH oueHb OBICTPO MPUCOCAUHSIOT KHUCIOPOJ, a 00pa30BABIINECS
R;(OH)OO® ToTuac pearupyror ¢ XHHOHOM:
R,(OH)00°+Q —% 5 HQ*+ 0, +R;=0
RO; + HQ® - ROOH + Q

B cuny takoro mukna peakmui f = 2 U CKOPOCTb OKHCIICHUS W paBHa:

= k,[RH W, , OTCIOJA f = ko [RH W, :
2k [HR,OH] * " 2W[HR,0OH]
Huxe IMPUBCACHBI PE3YJIbTATHI paCUCTaA.

CHI/IpT EtOH BuOH M62CHOH Lf—C6H110H PhCHzOH
[HR;OH], monb/n 0,51 0,33 0,39 0,47 0,29
w-10%, mons/(n-c) 129 3,02 1,53 1,02 0,81

k,, 1/(Moub-C) 193 127 2,13 2,65 5,40
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15. HEITHBIE PASBETBJIEHHBIE PEAKIIUHU

15.1. Teopus yennoii pazeemeneHnoll peaKyuu

[lernHble pa3BETBICHHBIC PEAKIMU 00JIaIal0T PSIIOM CYIIECT-
BEHHBIX OTJIMYUM OT LIEMHBIX HEPA3BETBICHHBIX. MEXaHU3M 3TUX pe-
akuuii Obu1 oTKpeIT H. H. CemenoBbiM ¢ cotpyanukamu u C. XuH-
HIEJIBBYIOM C COTpyaHUKaMH B 1925-1928 r. r. M3yuas ycnoBus Boc-
miamenenuss napoB  Qocdopa, H. H. Cemenos, 0. b. Xapuron
u 3. @. BasibTa yCTaHOBUWJIM, YTO MEPEXOJ OT OTCYTCTBUS pPEaKIUU
K BCIBIIIKE MAPOB MPOUCXOAUT MPHU CTPOrO OMPEACICHHOM JaBJICHUU
KMCJIOpOJa, KOTOpPO€ 3aBUCHUT OT JAuaMerpa cocyma. B 1928 r.
H. H. CemenOB npeaoKui LENHOM Pa3BETBICHHBIM MEXaHU3M IPO-
1ecca C y4aCTUEM aTOMOB KUCJIOPO/IA.

C. XuHIEenpBy ] HM3y4all OKHUCICHHE BOJOpPOAA KHUCIOPOJIOM
B 1920-x rr. I npoTeKaHus 3TOM peakIM TakKe XapaKTEPHBI Ipe-
JIeJIbI TI0 TaBJICHUIO (HMDKHUHN UM BEPXHUI ), BHYTPHU KOTOPHIX U HAOJIO-
naercst BociuiameHenue cMecu. B 1928 r. C. XuHIensBy 1 Ipe Aokl
LEMHY0 Pa3BETBICHHYIO CXEMY ITpOLECCa, IJI€ PAa3BETBIEHUE OCYILE-
CTJISIFOT BO30Y’KJIEHHBIE MOJIEKYJbI BOABI W KuUciopoda. JleTanbHoe
U3YUYEHHE pEeaKUMU BOJOpOJa C KHUCJIOPOAOM B JIabOpaTOpHsIX
C. XunmensByaa u H. H. CemeHoBa npuBeio K MOCTPOSHUIO U 000C-
HOBAHHUIO MEXaHW3Ma ITOM LEMHOM Pa3BETBIIEHHOW PEAKUUU C yda-
CTHEM B HEW aTOMOB BOJIOPOJAA U KHCIOPOJA U PAAUKAIOB TUAPOKCHU-
ja. BaxHyr0 poip B CTAHOBJICHHM TEOPUU PA3BETBIICHHBIX LEIHBIX
peakuuii ceirpanu uccienoBanus B. H. KonapaTteeBa, KOTOpbIil 00OHa-
PYXKUI TUAPOKCUIIBHBIN paIUKall B TOPSIIIIEM BOJIOPOAEC U U3YUUII €r0
MOBEJICHUE U PEAKIIMOHHYIO CTIOCOOHOCT.

[lenHas panvkajibHas pEAKLMsS PEaTU3yeTCs, €CIM IpeBpallle-
HUE PEAreHTOB MTPOUCXOAUT Yepe3 AKTUBHBIE MPOMEKYTOUHBIE YACTHU-
bl — aTOMbl M PaJUKalbl, & PEAKUUHU C HX y4acCTUEM O00pazyloT
3aMKHYTBHIM LIUKJI IPEBPALICHUNA U MPOJOJDKEHHUE LENU OCYIIECTBIISA-
ercsi ObicTpee, 4yeM oOpbIB. llenmHasi peakuusi sBISIETCS Pa3BETBIICH-
HOW, €CJIM B HEU IMPOTEKACT TaKas CTaJUsA, B KOTOPOU OJUH PATUKAI
WJIM aTOM TE€HEpUPYEeT 00pa30BaHUE HECKOJIbKHUX aTOMOB M pajuKa-
J0B. B pesynbrare npu OnaronpusTHBIX YCIOBUAX B XOAE PEAKLIHH
HapacTaeT KOHUECHTPAIMs AKTHUBHBIX LEHTPOB U, COOTBETCTBEHHO,
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YBEJIMYMBAETCSI CKOPOCTh PEaKIMU. ITO YacTO MPUBOJIUT K BOCIUIA-
MEHEHHIO WJIH B3pbIBY. ECu pa3BeTBIEHNE MPOUCXOANUT B PE3YJIbTATE
B3aUMOJICHMCTBUS aTtoMa (paaukaia) ¢ MOJEKYJIOM, TO B CHUIy COXpa-
HEHHUSI HEYETHOTO YUCJia JIEKTPOHOB B PAJIMKAIBHBIX PEAKIUSAX B CHC-
TEME€ W3 OJHON BO3HUKAIOT 3 YacCTHUIbI C HECIIAPEHHBIM JJIEKTPOHOM
(B obmieM ciyyae 2n + 1). YBenuueHUe yuciia 4aCTHUI] MOXKET MPOHC-
XOJIUTh B OJIHY CTaJIMI0, HampuMep B LenHou peakuuu pacnaga NCl;
OHO UJIET IO CXEME:

.NCIZ + NC13 —> N2 + Clz + 3CI°.

OT1oT aKkT sk30TepmuueH (AH =—146 k/>k/MOJb), XOTS B HEM BMECTO
oxHoro pamukana ‘NCIl, obpasyiorcst 3 aroma xyopa. [Ipu ropeHun
BOJIOPOJIa PA3BETBICHHE MPOUCXOIUT B JBA MOCIEAOBATEIbHBIX aKTa
(cm. pazgen 15.2) B COOTBETCTBUU C OPYTTO-YPABHEHUEM:

H® + 02 +H, > 2HO*+ H".
Takast crexroMeTpuYecKasi peakiusi pa3BETICHUS dHAOTEPMHUYHA, €€
sHTanbnuss AH=+79 xllx/Monb. B nemHoit peakuum Boaopoja
co ¢TOpOM pa3BETBICHUE HAET B TPHU IMOCIEIOBATEIbHbIE CTaJAUU
(cMm. pasnen 16) mo OpyTTO-ypaBHEHUIO:
F*+2H, +F,=2H"+2 HF + F°

U compoBoxaaeTcs BbiaenaeHuem temna (AH =—-102 x/x/mons). Bee
W3BECTHBIC IIETTHbIC PA3BETBICHHbBIC PEAKIIMH YK30TEPMUYHBI.

CTexuoMeTpruueCcKoe YpaBHECHHUE AH, xJI>x/MOITb
2H, + 0,=2H,0 —484
2CO + 0,=2CO0, —566
P4+ 50,=P40 —1 067
H, + F,=2HF —537

BaxHoli KMHETHYECKONH OCOOCHHOCTHIO Pa3BETBICHHBIX IICII-
HBIX PEAKIMH, KOTOpas OTJIMYAET UX OT APYTUX PEAKINH, B TOM YHCJIIE
U LENHBIX, SBJISIOTCS KPUTUYECKUE, WM TNPEICIbHbIC, SBICHUS.
Jlns cucteM, KOTOpble MPEBpAIAIOTCS MO MEXaHU3MY LIEHHBIX pas-
BETBJICHHBIX PEAKIUM, XapaKTEePHO HAJIWYKE YCIOBUH, KOTJla PEAKIIUs
poTeKaeT OBICTPO, YaCTO CO B3pBHIBOM. Ilepexon oT oHOTO pexuma
K APYrOMY MOPOUCXOAUT MPU HE3HAYUTEITHbHOM W3MEHECHWHU YCIIOBUU
B 00J1aCTH KPUTHUYECKOTO UX 3HaueHus. Tak, Hampumep, mapsl ¢pocdo-
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pa npu GUKCUPOBAHHOM cooTHOIIeHUH [P4]:[O,] pearupyroT ¢ kucio-
pOAOM B 00JIACTH NABJIIEHUS p, KOTOPOE 3aKIIOUYEHO MEXKIY JBYMS
IIPENENbHBIMU JABICHUAMU p; U po: p1<p<p,. llpu p<p, u p>p,
napel gpocdopa He pearupyroT ¢ KucjiopojaoM. O0JacTh BOCILIaMEHe-
HUSI 3aBUCHUT U OT COCTaBa CMECH, TAK YTO KPUTUYECKOE YCIOBUE BOC-
IJIaMeHEHUs onucbkiBaeTcsa ypaBHeHUeM (C; 1 C; — KOHCTaHTHI):

Ci + Co[Oa]” + [02][P4] = 0. (15.1)

OO6nacTh pa3BUTHS IIEMTHOM Pa3BETBICHHOM PEaKIMM 3aBHCHUT
u oT Temnepatypsl. [Ipu GukcupoBaHHOM COCTaBe CMECH U p = const
CYIIECTBYET TEMIIEPATypa, BhIIIE KOTOPOl HaOmomaeTcs: ObICTpast pe-
aKLWs, a HUKE KOTOPOU peakuus He npoTekaer. B koopaunarax p — T
obracme gocniamenenus 08 YenHoU pa3eemeieHHol peakyuy umeem
6u0 noayocmpoga ¢ mvicom (Tyn), Tak uto npu 1 < Ty, peaxkuus
HE MIPOTEeKaeT MpHu J0O00OM JaBieHUU B cucteme. [IpenenbHbie sBie-
HUS 00BSICHAET 00I11ast TEOPHS IIEMHBIX Pa3BETBICHHBIX PEAKIIUH.

B nenHo HEpa3BETBICHHOM PEAKIIMNA KOHIIEHTPAMS aKTUBHBIX
IIEHTPOB 7 3aBUCUT TOJBKO OT CKOPOCTEW MHULIMUpOBaHUS W; U 00-
poiBa (W, = gn, rne g — yJlienbHasi CKOPOCTh OOpbIBA ENEN B IPUCYT-
ctBun unruouropa InH, g = k[ InH], B kBazuctaunonapuom pexume
n=Wilg).

B 1enHOM pa3BETBIEHHOW PEaKUWU CUTyalMsl NMPUHUIUIUAIBHO
uHas. AKTbI pa3BETBJIICHUSI 00ECIIEUUBAIOT BO3MOXKHOCTb ITPOTPECCHB-
HOIO YBEJIWYEHUS KOHIICHTPAIMA AKTUBHBIX LIEHTPOB BO BPEMEHHU.
[Ipu o0OpbiBE W pa3BETBICHHM LENEW MO peakuuu l-ro mopsaka
C YJIeJIbHBIMU CKOPOCTSIMU g U f COOTBETCTBEHHO CKOPOCTH HM3MEHE-
HUSI KOHUECHTPALUU aKTUBHBIX LIEHTPOB 71 ONUCHIBACTCA YPABHECHUEM:

P W—ng-f). (152)

dt

Bo03MOXHBI J1Ba IPUHLIUNHAIBHO Pa3IUYHBIX PEKUMa MPOTEKa-
HUA peakuuu. KBazucranmoHapHbslid, Korga g > f, T. €. 0OpbIB Mpeoo-
JajaeT Haj pa3BeTBieHUeM; Torna n = Wi/(g —f)= const, HaunHas
ct>(g—f)", u HecTanMOHAPHEIH, KOra f> g, T. €. IpeodnaaeT pas-
BETBJICHUE. B 3TOM cilyyae KOHIEHTpalls aKTUBHBIX LIEHTPOB HEMIpe-
PBIBHO HApacTaeT BO BPEMEHH, U €CJIU HE MPUHUMATh BO BHUMAaHHE
pacxoI0BaHusl peareHTOB U U3MEHEHUS BO BpeMeHu Wi, g u f, To

227



(f-g)t _
G D (15.3)

/-g

KpurnueckuM yclioBHEM Iepexofa CHCTEMbl U3 OAHOTO CO-
CTOSIHUS B JIpYToO€ SIBJISIETCS paBeHCTBO f = g. Takum oOpa3omM, 1enHas
peaKkius C pa3BETBICHUEM IMPOTEKAET KaK CaMOYCKOPSIOIIUICS Mpo-
[[ECC TOJIbKO TOTJa, KOTJla aKTUBHBIE IEHTPHI OBICTpEE BCTYMHAIOT
B aKThl PAa3BETBIICHUS, YEM B aKThl OOpHIBA.

IIpedenvt 6ocnnamenenus no oaenenuro. 1lpu HU3KOM TaBIEHUN
raza B peakTOpe aKTHUBHBIE LIEHTPHI OBICTPO JOCTUTalOT CTEHKH pEeak-
TOpa, aJICOPOUPYIOTCS HA HEM U PEKOMOMHUPYIOT: IPOUCXOIUT OOPHIB
nerneu Ha cteHke. Eciu BEposITHOCTh € peKOMOMHAIIMKM HAa CTEHKE Ma-
ga (€<<1), To OOpBIB IEHMU MPOUCXOIUT IIOCIEC MHOTOKPATHBIX
CTOJIKHOBEHHI aKTUBHOI'O IIEHTpPa C MOBEPXHOCTHIO U HE JIUMUTHUPY-
ercs ux auddysueit K MoBepXHOCTU. B 3TOM ciyyae KOHIEHTpauus
AKTUBHBIX LIEHTPOB OJIMHAKOBA B 0OOBEME BCETO PEAKTOpa, a CKOPOCTh
oOpbIBa LIETICH:

W= gn=250(5/V) U™, (15.4)

rae S U V — nmoBepxHOCTh U 00beM peaktopa; U — cpeaHsisi Terio-
Basi CKOPOCTbh JIBUKEHUS YACTHIL.

Pa3BeTBiieHHE 1IENIU MPOUCXOAUT OOBIYHO MO PEAKIUU AKTHB-
HOTO IIEHTPa C MOJIEKYJIOM CO CKOPOCThIO, paBHOM

Wy = ks[pearent]n = 10_3kf7p(RT)_ln, (15.5)

rJ€ Yp — napuvajibHOE JaBiieHUE peareHTa. Kputudeckuii mepexon
HaOJII0AAaeTCs NIPH BBIIIOJIHEHUHU paBeHCTBA = g uinu W,= W,, oTkyna
CIEyeT BBIPAXECHUE U1 HUKHETO KPUTHYECKOIO JaBIICHUS

1= 10°gRT/k;: (15.6)

DTOro J1aBl€HUSI MOXHO JOCTHYb KaK ITyTEM W3MEHEHHsI KOHLIEHTpa-
UM PEareHTOB, TAK W IIyTEM BBEJEHUSI MHEPTHOIO rasa, T. K. 3T0 00-
niee gaBieHue cMmecu. [loBbIieHue JaBlIeHUs] TPUBOAUT K TOMY, YTO
BCE 4Yallle MPOUCXOIUT THUOEIh AKTHUBHBIX IIEHTPOB MPHU TPOWHOM
CTOJIKHOBEHMM aKTUBHOTO IIEHTpa C JBYMS YacTUIIAMH, B pe3yJibTare
4Yero MpoUCXOAUT oOphIB 1ienu. Hanpumep, npu OKUCIEHUU BOJIOPO/Ia
OOpBIB LEMU MPOUCXOINT 1O peakiuu (M — TpeTbs yacTuiia)
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H+ O, +M—— HO; + M
HO;+H—)H2+02.

CxopocTh 00phIBa IIETNel B TAKOM CiTydae
» 2
W, =2-10"nyk, [E] . (15.7)

Kpurnyeckoe ycnosue W,;= W, NpUBOIAUT K BEPXHEMY IpeEACILy
I10 JIaBJICHUIO:

P> = 107kRT)2k,. (15.8)

3asucumocmo obnacmu B0CHIAMEHEHUST OM MeMNnepamypbol.
ITocKONBKY A 3aBUCHT OT TEMIIEPATYPHI 0 SKCIOHEHIMAIBLHOMY 3a-
KOHy ky= Aexp(-E/RT), a 4acToTa TpOHHBIX CTOJIKHOBEHUMI
z~u*~T,ToO

£ j (15.9)

X
P> pz P( RT

U YBEJIIMYMUBAETCA C POCTOM TeMmieparypsl. Haobopot, p; ¢ poctom
TEMIIEpATyphbl YMEHbIIAETCH, T. K. Bcerna £, < Ern

E,—FE
0 f g
= p, exp| —= |. 15.10
P =D p( RT j ( )

P,k
[/
g -
Py
4 |-

2_

0 | | | |
440 460 480 500 20 s6o°C

Puc. 15.1. ITonyocTpoB BOCIIIaMEHEHHUS CTEXHOMETPUUYECKOIN CMECH
BOJOpPOJA C KUCIOPOAOM
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BcneactBue Takoro aHTHOATHOTO TEMIIEPATYpHOrO Xojaa o0a
npejaena CXomsaTcs nmpu Temmeparype 7y («MbIC TTOJTyOCTpOBa BOCILIA-
MEHEHHSI»), KOIrjJa p;=p,. OTa TeMmreparypa OIpeaeiasieTcs
PaBEHCTBOM:

_ 2F r—E,
Rin(py/ pf)
IIpu T <Ty yenunasa pazeemenenHas peaxkyus HE PeaTU3yeTCH,
T. €. I\y— DTO KpUTHYECKas TeMIIeparypa, HUKE KOTOPOW LIETHOE
BOCILJIAMEHEHUE HeBO3MOXHO. [Ipu 7'< T oOpbIB 1lEenel Ha MOBEPX-
HOCTU U B 00bEME MPOUCXOAUT OBICTpEE, YEM pPA3BETBIECHUE, U IO-

ATOMY HEBO3MOXKHO ITPOTPECCUBHOE PA3BUTHE PEAKITUU.

Kpumuueckue pazmepwvl peakmopa. Ecnu oOpbIB 11eNU HA CTEH-
KE MPOTEKaeT A0CTaTouyHO 3P PeKkTUBHO (€ ~ 1), TO BOIM3U HUIKHETO
npezena Mo JaBJICHUIO OOpbIB LENel JUMUTUpYyeTcs nuddy3ueil ak-
TUBHBIX IIEHTPOB K MOBEPXHOCTH. KpuTHUeckoe yCIOBHE 3aBUCHUT
B TAKUX CJIy4YasgX OT KOHKYPEHIMU JIBYX MPOLECCOB: 3PPEKTUBHOIO
CTOJIKHOBEHHMSI aKTUBHOTO IIEHTPA C PEareHTOM C MOCIEAYIOIUM Pa3-
BETBJICHUEM II€MIM U CTOJIKHOBEHMSI aKTHBHOTO IIEHTPa CO CTEHKOM
c oOpbIBoM 11enu. [Ipu 3TOM BO3HUKAET IPaJMEHT KOHICHTPAIIMHU aK-
THUBHBIX IIEHTPOB MO CEUCHUIO PEaKTOpa: YeM OJIMKE K MOBEPXHOCTH,
TEM MEHbIIIE KOHUEHTpAlWsa aKTHUBHBIX LEHTPOB. CTpOroe pelieHue
ITOM 3aJlauyu MOXKHO TMOJIYUYUTh B paMKax AU Yy3MOHHOTO ypaBHEHUS.
Jlnst cimydasi HWJIMHIPUYECKOT0 PeakTopa pelieHne Takoro ypaBHEHUS
IIPHBOJNT K BRIpaXeHHUIo p, = 23Dd >, tne d — muamerp cocyna. ITo-
CKOJIbKY B rase Koadoumuent guddysun D = Dyp ', To KpUTHIECKOE
yCJIOBHUE g = f mIpruoOpeTaeT BUI:

Iy (15.11)

k D,RT
ﬂzz?,o—z, (15.12)
RT p,d
W 11 HUKHCTO IMPCACia 110 JaBJICHUIO ITOJIYYaCTCs BBIPAKCHUC!
RT
Py =—\23Dyrk, . (15.13)

N3 3T10i1 (hopMyJibl CIAEAYET, UYTO CYIIECTBYET €Ill€ U KPUTUUYECKUU
pasMmep (IuaMeTp) peakIMOHHOTO COCy/a: B OOJIBIIIOM peakTope Ha-
OJIroJIaeTCsl 1IEMHOE BOCIJIAMEHEHHE, B MaJE€HbKOM pEaKkTope — HeT.
Kak u B ciiyuae oOphIBa lienieil B KWHETUUECKOM PEXKHUME, UMEET Me-
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CTO 3aBUCHUMOCTh KPUTHYECKHX YCIOBHM OT QopMbl cocyja
(w1 wiockoro  cocyma  g=9,9-D-RT-d”°, mia  chepuyeckoro
2=39.5-D-RT-d").

Kunemuxa paseemenennou yennou peaxyuu.B craupmoHapHOM
pexXuMe, Korja g > f, KWHETUKa Pa3BETBICHHOM LETHOW peaKIuu Ha-
MMOMUHAET KHHETUKY HEPA3BETBICHHOM IIEMTHON PEaKIMU U

W=k [RH]n = ayn = [a,W/(g - N1 - M) = a,W/(g—f)  (15.14)
[To-nHOMY TIpOTEKaET LIeTHAsl Pa3BETBIICHHAS PEAKIUs B HECTA-
[IUOHAPHOM pexuMe. B 3ToM citydae f> g U KOHIEHTpaIlUs aKTUBHBIX

IIEHTPOB HEIPEPHIBHO HApPACTACT B XOJC PEaKIUU, aHAJIOTUYHO YBe-
JMYABACTCS U CKOPOCTH IIpoIiecca:

W=an=Wa,p)e” - 1)~ (Wa,lp)e”, (15.15)
14 14 14

rae ¢ =f-g.

B oOnactu HmxHero mpeaesia gaBiaeHus TUGPy3us 4aCTUIbI
K MOBEPXHOCTH cocyaa mmutes 107'—=107 ¢, T.e. g cocraBmser
10°~10* ¢'; COOTBETCTBEHHO, B HECTAIOHAPHOM pEXKHME MOKHO
NIPHHATH JMANa30H 3HaueHuil f= 10-10° ¢, cieqoBaTebHO pasBUTHE
npoiiecca BO BpEMEHH MPOUCXOAUT OUEHb OBICTPO.

[TockonbKy peakius MPOTEKAET C ABTOYCKOPEHUEM, a IKCIIEPH-
MEHTAJIBHO €€ MPOTEKaHUE yJIaeTCsl 3aMETUTh TOJIBKO MPU JOCTHXKE-
HUU HEKOM ckopocTh W= Wy, TO HAOII0AAETCS NEPUO UHIYKIUH T,
KOTOPBIM MOXHO OIPEACIUTh KaK BpeMs JNOCTWKEHUA W= W,
a T. k. W BbIpaxkaetcs ypasuerueM (15.15), o © = ¢ ' x-In(Wn/const),
rae const = a,/W,;,. Orcrona cnenyer, 4ro 1@ = const. C qpyroit cro-
POHBI, TIPEIEIbI IEMMHOTO BOCIUIAMEHEHUS p| U p, SBISIOTCS KOPHSIMHU
ypaBHeHHs ¢ = (0, 1 HO3TOMY () MOXHO BBIPA3UTh YEPE3 pi U P, B BUJIE
¢ = const(p — p1)(p2 — p). OTCI0/1a MOXXHO TIOJTYUYHUTh CBSA3b MEXKIY II€-
PUOAOM UHAYKUUU U P U P:

T, = const/[(p — p1)(p2—p)]- (15.16)

C 5TUMH COOTHOLIECHUSAMH, KaK Mbl YBUJIHAM, XOPOLIO COTJIACY-
FOTCSI SKCIIEPUMEHTAIIbHBIE TAHHBIE IO TOPEHHUIO BOJAOPOA.

N3 dopmyn (15.2) u (15.15), Ha nepBwIid B3I, CIEAYET, UTO
KOHIIEHTpAILUSI aKTUBHBIX LIEHTPOB U CKOPOCTh PEAKIMU JTOJAKHBI HE-
IIPEPBIBHO BO3pacTarh B xoA¢e peakuuu. Ha caMoMm neie 310 He Tak u3-
32 pacxoJOBaHUs UCXOAHBIX peareHTOB. [I0CKOIBKY U CKOPOCTH pa3-
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BETBJICHUSI, U CyMMapHas CKOpPOCTh IIEITHOTO TMpollecca 3aBUCAT
OT KOHIEHTPAILlMU PEAareHTOB, B XOJE€ PEAKUHH MEHSETCA COOTHOIIIE-
HUE MeExXay (QakTopaMd pa3BeTBICHUS U 00pbiBa. [lockonbKy
Y ~ [pearent] ~ (1 — 1), rae n — rayOuHa NpeBpallieHus], a g HE 3aBU-
CUT OT T, TO B XOJI€ pEaKIMd HACTylaeT TaKoil MOMEHT, KOTja
Y =7Yo(l — 1) cTaHOBUTCS paBHOW g, U TOrJa PEAKIUs MOCIIE U3PACXO-
JIOBaHUSI BCEX ILIEHTPOB MEPEXOJUT B KBA3UCTAIIMOHAPHBIA PEKUM.
Hanuuue kputndeckoil (mpenesbHO) MTyOUHbl OKUCIICHHS CTOJIb K€
XapakTepHO IS [IEMHOM Pa3BETBICHHOW peaKklMM, KaK U APyrue Kpu-
TUYECKHUE SIBJIECHUA. bojee KOHKPETHO 3TH BOIMPOCHI OyAYyT paccMoOT-
peHbl Ha npumepe peakuun H, + O,.

15.2. I'openue éo0opooa

['opeHue Bojgopoja — MOJEIbHAs pEakiius, Ha MpUMepe Ko-
TOpOM OBLT JE€TaIbHO M3YyYEH MEXAHHU3M IIEMHOr0 Pa3BETBICHHOTO
npouecca. CxeMa-MUHUMYM M 3HaueHUs 4 U E 1 3JIeMEHTapHBIX
peakiuii mpuBeeHsl B Ta0. 15.1. VI3 nmpuBeneHHBIX B Ta0IUIIE JaH-
HBIX CJIEAYET, YTO Pa3BETBICHUE IENEH MPOUCXOAUT MO pPEeaKIUsIM
(2) u (3), a numuTUpytomen saBasgeTcs ctaaus (2). OOpbIB 1emnei
MPOUCXOJIUT UM Ha CTEHKEe (YTO mpeoOiiaacT MpPU HU3KUX JIaBJie-
HUSIX), WK B 00BEME.

Tab6muma 15.1
KOHCTaHTBI CKOPOCTH 3JIEMEHTAPHBIX CTAIMH TOPEHUS BOAOPOIa

Ne Peakius 4, H/gMOHB_'zc)_lﬂ H E, x]JI>x/Momb
JT°MOJIb ¢

0 H,+ 0, — 32 HO* 2,5-10° 163

Y H,+HO —f s po+H 2,2:10" 22

2 H*+ OzL)HO'—FO 1,5-10" 70

3 H,+0 —& > HO'+ H" 2,5-10" 41

4 H* + crenka —2— 0,5H, - -

S| H'+ 0+ M—5 HO, + M 3,6:10° 0
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6 H'+H0—%>H,+HO 9,9-10'° 85
7 H'+ M —5 S H,+ M 3,610 0
8 2HO, ——>H,0,+ O, 1,0-10" 0
9 H0,+M—f 3200+ M 7,4-10" 196
101 2HO + M —* 5 H,0,+ M 1,1-10'° 3
M m+ 1,0, H,0 + HO® 4,2-10" 38

Hcnonb3ys MeTOT KBa3UCTAlMOHAPHBIX KOHIIEHTPALUM 1151 T10-
JTy4eHHS TPUOJIMKEHHOTO PEILICHHUS, TT0JIaraloT

d[HO")/dt = d[O]/dt = 0.

Kunernka n3MeHEHHs] KOHLEHTpAUWd aTOMOB BOJOPOJA B pe-
aKI[MU ONHCHIBACTCS YPABHECHUEM

d[H*)dt = W, + ¢ [H'], (15.17)

rac ¢ = 2k2[02] — k4 — k5 [02] [M]
KpI/ITI/IIIeCKOC YCJIOBHUEC, pasacIAromee CT aHI/IOHapHHﬁ PEXUM
u HCCTaHHOHapHBIﬁ, HUMECT BU/.

2a[04] = ks + kg[O,][M]. (15.18)

Huowcnuii  npeden  eéocnnamenenusn. Ilpu manom Oasnenuu
k4 >> ks[O,][M], kpuTHUeCKOE YCIIOBUE NMPUHUMAET BUJ: 2ky[O,] = &y

(0OpbIB 1eTell B KHHETHYECKOH oOmacth) u pi =ky/(2ky Y, ), TAC
Yo, = [O2)/p. Ilpu muddysnonnom pexnume oOpbiBa Lemeld KPUTHYIC-
CKO€ YCIIOBHUE JJISI HIXKHETO Tpeiesia UMEeeT CIIeAYIONIUN BU/T;

2k,[0,] = 23Dy/(d *p) (D = Dy iput p = py = 1),
U JUTSA TAJTUHAPUYECKOTO peakTopa

p1=(23Dy)"*(2kryo, ). (15.19)

Bepxnuii npeoen eocnnamenenus. Ilpu oocmamouno 601vuioM
oasnenuu ks[O,][M] >> k4, KpuTHUECKOE YCIIOBHE BBHIPAYKACTCSI PABEH-
CTBOM: 2/,[O,] = ks[O,][M] unu p, = 2k,/ks. HectanimonapHsIii pexxum
BO3MOJKCH, €CJIIM BBIIIOJIHUIMO HEPAaBECHCTBO B KMHETUYCCKOW O0JIACTH:
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ks < 2[00, ks[M] < 2k, womnt iy < 2kyy | p, ksp < 2ka; a B mapepysu-
OHHOM 00JIaCTH:
23Ddp™" < 2k5[0] > ks[0,][M], (15.20)

NnJiIn
23Dydp ™ <2ky Yo, p > ksYo, P (15.21)

[TockomnbKy k, CHIIBHO 3aBUCHUT OT Temrepatypsl (£, = 71 x/[x/Momb),
00J1acTh, B KOTOPOU peakiusi MPOTEKAET B HECTALMOHAPHOM PEXKUME,
B KOOpJIMHATaxX p — 1 mpeAcTaBisieT cOO0M «IOIyOCTPOB BOCILIaMe-
HeHus» (cM. puc. 15.1).

B pasBuBlIEHCS IENMHOM Pa3BETBICHHOM PEAKLIMH OKHUCIIEHHUS
BOJIOpOJia 00pa3yrOTCs B HEPABHOBECHBIX KOHIIEHTPAIUSAX aTOMBI BO-
nopoja u kucnopona, paauxanst HO"u HO; . [loromy BakHOe 3Haue-

HUE HMMEIU paboThl MO SKCIEPUMEHTAIBHOMY OOHApYKEHHUIO ITHUX
yactuil. OOpa3zoBaHuEe aTOMHOTO BOAOPOJA OBLIO JOKAa3aHO pa3orpe-
BOM MHUKPOTEpPMOIIApPhl, BBEACHHON B pEaKkTop, TIe HACT peakius
okucieHus: Bojopoaa. Korma xamwuisgsp TepMmomnapbl MOKPHIT COCTa-
BoM, HanpuMmep ZnO-Cr,O;, Ha TOBEPXHOCTA KOTOPOIO MPOUCXOIUT
ObICTpas peKOMOMHAIMA aTOMOB BOJIOPOJA, OH Pa3orpeBaeTcsl ropas-
0 CHJIbHEEe, YeM Kalwuidp, MOBEPXHOCTb KOTOPOTO JOCTATOYHO
WHEpPTHA K aTOMHOMY Bojopoxay. ['mapokcuin Obl1 0OHapy»KeH B Iuia-
MEHH BOJIOPOJIa METOJIOM JIMHEHWHOIO IMOIJIOLIECHUS], pa3paboTaHHBIM
B 1930-x rr. B. H. KongparseBbiM. C pa3zButuem metona IIIP rtum
METOA0M OBbUIO JOKa3aHO 00pa30BaHHE aTOMOB BOAOPOJAA, PAJUKAIIOB
TUIPOKCUIIA U pasukanoB HO, Ipu rOpEeHUH BOJOPOA.

B HecTanmoHapHOM peXHUME, T. €. BHyTPH «IOJIyOCTpOBa BOC-
IJIAMEHEHUS», PEAKIUsl MPOTEKAeT ¢ caMOycKopeHueM. BOmu3u Hux-
HEro Mpejielia BOCIUIAMEHEHHUS p| NIPU KUHETUYECKOM PEKUME 00pbhIBa
Lerei Ha CTEHKE U HEOOIbIION IITyOMHE KUHETUKA PEaKIMK B IEPBOM
NPUOJIM>KEHUU OMUCHIBAETCSl CUCTEMOW M3 JBYX AuddepeHnaibHbIX
YPaBHECHUU:

d[H")/dt = W, + 2I[0,][H"] — k[H'], (15.22)
—d[O,)/dt = W + k,[O,][H"]. (15.23)
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[Ipu 3TOM mpenmnosaraeTcssi KBa3UCTAIlMOHAPHBIM PEKUM OTHO-
cureapHo vactun O u HO®. Haunnast ¢ MoMeHTa # 3apOKIECHHEM Iie-
el MoxxHO npenedpeus (W; << k,[O,][H"]). Torma B pesynbraTe co-
BMECTHOI'O PEIICHUS 3THX YPAaBHEHUM MOJIy4aeTcs MPOCTOE COOTHO-
IICHUE MEXKAY KOJMYECTBOM IPOPEardupoBaBIIEIO  KHUCIOPOJa
A[O;] =[03]o — [O,] 1 koHIEHTpamuelr 00pa30BaBIIETOCS aTOMHOTO
BOJIOpOJIA

[H'] = 2A[0,] + (ku/k>)In(1 —A [0,1/[05]0). (15.24)

DTO BBIpAXXEHHE SIBIISETCS MPUOKEHHBIM U CIIPaBEJIMBO JIJIST MAJIbIX
[IyOUH peakiuu BOJHM3M HWXKHEro mnpezaena p;. llpu Oonee BBICOKHUX
JABJICHUSIX U TTTyOMHAX BBITOPaHUsI HEOOXOAUMO MPUHUMATh BO BHUMA-
HUE P TONOIHUTEIBHBIX peakiyid. Bo-nepBbIX, BbIIEICHUE BOIOPOAA
Ha CTEHKE cocyjaa B pe3yibrare peakuuud 4 (tabdn. 15.1). Bo-BTophix,
00psIB 1eneii ¢ yuactreM yactur O 1 HO® yacTo cTaHOBUTCS 3aMETHBIM
npu ymensinenun [H,] u, ciemosaremsno, [H'] mo xomy mpormecca.
B-TpeThuX, MpH JOCTATOYHO BBHICOKUX KOHIeHTparusx dactuil O u HO®
HAYMHAET IPOTEKATh C 3aMETHOM CKOPOCTHIO peakuus (—2)

HO'+ 0 —23H'+0,,

B KOTOPOW YMEHBIIAETCS YHUCJIO aKTHUBHBIX LIEHTPOB. JTO TaK Ha3bl-
BaeMoe ompuyamenvbHoe g3aumooeticmeaue yeneti. C yaeToM 3TOH pe-
aKIMM KMHETHKA HAKOIUICHHS aTOMOB BOJOpOJia IPHOOpETaeT HeJlu-
HEWHBIN BU:

d[H')/dt= W, + o[H'] - K[HT’, (15.25)
rae ¢ =2k — ks, a k = 2k2k k%" ([0,1/[H,])’-

DTO ypaBHEHHUE XOPOIIIO OMUCHIBACT MPOIECC OKUCIECHUS BOJIO-
poja npHu JIOOBIX CTEMEHSIX €ro BHITOPAHMUSL.

[lockonpKy HWXHUK mOpenen BocmiiameHeHuss cmecu H, + O,
CBSI3aH C OOpBIBOM LIETIE HA CTEHKE COCYJa, T€TePOr€HHOMY OOpBIBY
Henel U BIUSAHUIO CTEHKH COCyJia HA KUHETHKY 3TOW PEaKIMi HauhHas
¢ 1930-x r r. IOCBSIIEHO OIPOMHOE YMCIIO NMyOnukanuii. B kuneTnye-
CKOlM oOyacTu oOpbIBa 1eneu, korga ed/A <1, rae € — BEpPOSTHOCTH
riu0Oeu aKTUBHOTO IIEHTPA MPU CTOJKHOBEHMM CO CTEHKOM, KOHCTAHTa
CKOpocTH OOphIBa IleMedl MO  peaklud aToMOB  BOJAOPOJA
C TIOBEPXHOCTBIO ky = Peu/d, tne xoadduiment =1 aug umauHapa
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u 1,5 — mus cdepol. Beposithoets € peakiun H' ¢ moBepXHOCTHIO 3a-
BHUCUT OT MaTepuala, NOKPHIBAIOIIETO CTEHKY, U U3MEHAETCA B IIHPO-
KMX TIpeienax. B ciywae kBapra, mokpeitoro K,B,0,, e=107,
IS CTEKJIa oHa MeHsiercs ot 107 1o 10'2, st metainioB Al, T1 u N1 —
ot 0,1 mo 0,5, a nia matusbl € = 1. C MOBEpXHOCTHIO KBapiia aTOMBbI
BOZIOpOJa pearupyroT c sHepruer aktuBanuu £ = 0,5exp(—23,4/RT).
[TosTOMYy HMXKHUHM TpENENl 3aBUCUT OT XapakTepa MOBEPXHOCTH. Tak,
HarpuMmep, i crexuomerpuyeckon cmecu 2H, + O, npu 713 K B co-
cyae nuamerpom 6,5 cm p; =38,7 Ila, a B NPUCYTCTBUU KEIEC3HOTO
crepxHs (d =2 mMm), p; = 168 Ila, 1. e. B 4,3 pa3a BblllIe U3-3a UHTEH-
CUBHOT'O OOpbIBA LIETIEH HA TOBEPXHOCTH METalIa.

Panee eqMHCTBEHHOW T€TEPOTCHHOW PEAKIMEN HOCHUTENEU Iie-
nel cuuTaliach TMOeNb 3TUX YacTUll Ha noBepxHoctu. [lpu 3TOM an-
COpOLIMIO aTOMOB U PAJUKAIIOB OTOXAECCTBISIIN C OOPBIBOM U CUMTA-
7M1, 4TO 3(P(HEKTUBHOCTH 3TOr0 0OOphIBa HEM3MEHHA BO BPEMEHH, a Te-
TEPOTCHHBIA 0OPBIB — C peaKueld NepBOro KUHETUYECKOTO MOpsIKa
10 KOHIEHTpaluuu Hocutenen nene. B navane 1970-x rr., ogHako,
OBLJIO YCTAaHOBJICHO, YTO 3TH MCXOJHBIE MOJIOXKEHHUSI, BOOOIIE TOBOPA,
He BepHbl. OHU MO3BOJISIOT CKOJIbKO-HUOY/b XOPOIIO OIHUCHIBATH
JUIIb YCIIOBUSI BOCIUIAMEHEHHUS, HO HE KMHETHKY mpoiecca. Comnoc-
TaBJICHUE C SKCIEPUMEHTOM OOHAPYKUBAET KOJIUYECTBEHHOE PaCXo-
AKJIEHUE BO BCEX OCHOBHBIX 3aKOHOMEPHOCTSX. bblja BhIsIBJIEHA COBO-
KYIMHOCTh (paKTOPOB, OOYCJIOBIMBAIOIIMX HAOJIOJaEMBbIE pPaCXOXK]Ie-
HUs. OCHOBHBIMM U3 HUX OKa3aJUCh CIEAYIOUIUE:

1) yuactue wactu aacopOMpOBAHHBIX aTOMOB U PaJIUKaJIOB
B MPOJIOJIKEHUU U PA3BETBICHUH 1ICTICH;

2) oOpaTUMOE XUMHUYECKOE€ MOAU(PUIIMPOBAHUE TOBEPXHOCTHU
B X0JI€ TOPEHUSI;

3) OUMOJIEKYJISIPHBIC PEAKIIMU MEXIYy HOCUTEIISIMU Ienel gaxe
BOJIM3M NIEPBOTO Mpejiesia, ONpeeIsSIonine HETMHEHHOE Pa3BETBICHUE
Y JJUHEWHBIN 0OpHIB ICIIH.

Kaxnpii 3 3Ttux (PakTopoB OOHAPYKEH HKCIEPUMEHTAIBHO
C HCMOJIb30BAaHUEM COBPEMEHHBIX METOJIOB UCCIIECIOBAHUS. Y Ka3aHHbIC
TeTEePOr€HHBIE U TOMOTE€HHBIE PEAKIMKU O0YCIOBIMBAIOT HEJIMHEUHYIO
3aBHUCHUMOCTb CKOPOCTH IIEITHOTO IpoIllecca OT KOHIIEHTpAIUi HOCHUTE-
neit neneit. Hanpumep, no UK-cnektpam naeHTHGUIIMPOBAHBI T€ aTO-
MBI U @TOMHBIE TPYIIIbl HA TOBEPXHOCTH, KOTOPHIE MOSBIISIOTCS B X0J1€
IEMTHOTO TOPEHUSI M OTBETCTBEHHBI 32 BaKHbIC HAOIOJJa€MbIE 3aKOHO-
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MEpPHOCTH Tpoliecca B menoM. OnpeaeeHsl XapakTepHble BpeMeHa Te-
TEPOTCHHOI'0 Pa3BUTHUS LIETEH, OKa3aBIIMECS CPAaBHUMBIMU C BpEMEHa-
MU TOMOT€HHBIX CTaaui. B 4acTHOCTH, IIpU rOpPEHUHU BOJOPOA MIPOTE-
KaroT cieayromue peakiuu (Hy — agcopOupoBaHHBII aTOM BOJIOPO/IA):

H, + 0, —2— HO; +H
H+ HO, —"— 2HO'

HO; —hs 5 06pIB

B pe3ynbTaTe nepBhIX ABYX pEeakiuil aJcopOMpPOBAHHBIN aTOM BOJO-
poja BO3BpAIIaeTCs B Ta30ByI0 (pasy B Buae akTHBHOTO IeHTpa HO®,
Takum 00pazom, aIcopOMPOBAHHBIA ATOM MPOAOTIKAET PEAKIIUOHHYIO
LeNb B TEX ClIydasx, Korjga odpasyromuiics pagukan HO] BCTymaer

B peakunto ¢ H'. OueBugHo, 4T0 4yeM OOJBIIE aTOMHOIO BOAOPOIA
B 00beMe, TeM Ooubluas J0is pagukanoB HO) BCTYIMT B PEAKIMIO

¢ H*, a 310 3HauuT, 9T0 3((PEKTUBHOCTh TETEPOreHHOI0 OOpHIBA IIe-
1€ 3aBUCUT OT KOHLEHTPALUM aTOMHOI'0 BOJAOpoAa. J{eHCTBUTENBHO,
U3 3TOM PEaKUUOHHOW CXEMBI CJIEIyeT, YTO CyMMapHas KOHCTAaHTa
CKOpOCTH rudenii aroMoB H Ha MoBepXHOCTH paBHA

_ k103 (I_Bkw[H.]) (15.26)
Sk thsH] '

rae 3 — nouns aacopOMpOBaHHBIX U3 Ta30BOH (asel paaukanos HO; .
Bhe 001acTu BOCIZIaMEHEHHS U B MEPHUOJI€ MHIYKIIMH KOHIEH-
° v 0 )
tpanus H® xpaiine Huska u k =k, Dtolt BenuumHe ki COOTBETCTBY-

€T Ipelen BoCIUIaMEeHeHHs. B HayaBIeMcs TOPEeHUH KOHLECHTPALMs
aTOMOB BOZOpPOJa JOCTaTOYHO Benmka, Tak u4To ki3[H']>>kyy
u k_ =k, (1-B), T.e. ks CTAHOBUTCSI MEHbIE B OTCYTCTBUE T'OPCHUS

u Ha npenene. [loaToMy mpoliecc npoTekaeT ObICTpee, YEM 3TO CIEI0-
BaJI0 U3 TEOPHUH, IO KOTOPOH BEIMYHMHA Ay HEU3MEHHA B XOJE PEaK-
M. DTO U HAOMIOMACTCs B Psjie LEMHBIX MPOLIECCOB B MPUCYTCTBUU
pPa3IMYHBIX TMOBEPXHOCTEH. B Apyrux ciaydasx MNpPOUCXOAUT TaKoe
CUJIbHOE XUMHUYECKOe MOAUGUIIMPOBAHUE TTOBEPXHOCTU, YTO U3MEHS-
€TCs1 BEPOSITHOCTh aICOPOLIMU, ONpEEsis, HAPUMEpP, YBEIMUYCHHE K
B XOJI€ TOPEHUSA. DTO MPUBOJUT K TOPMOKEHHIO TOpeHHUs. ['eTreporen-
HbIMU (PaKTOpaMU YKa3aHHOTO TUIIa OOYCIOBJIEHBI TAKKE CIIETYIOIINE
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3aKOHOMEPHOCTH LIEMHOTO T'OPEHUS: M30TEPMHUYECKOE MHOTOKPATHOE
CaMOBOCILJIAMEHEHUE B 3aMKHYTOM OOBEME, HOBbIE KPUTHYECKHUE SIB-
JIEHUS BHYTPH OOJACTH BOCIUIAMEHEHUS B U30TEPMUUYECKOM PEKHME,
U30TEPMUYECKOE T€TEPOrCHHOE PACTIPOCTPAHEHUE IUIAMEHHU, TUCTEPE-
3UC KMHETHUKHU LIETTHOTO MPOLECCa, MHAYKIU OJHOW LIETHOM pPEeaKIu-
el Ipyroi peakiuu u3-3a y4acTus aJcopOUpOBAHHBIX HOCUTENEH Iie-
€W, TETEPOT€HHOE PA3BETBICHUE LETIEN, TPUBOIALIEE K JIOKATU3ALUN
MU30TEPMUYECKOIO TUIAMEHH Y TTOBEPXHOCTH JAXKE B YCIIOBHUSAX, KOIJa
OOpBIB LENEN MPOUCXOIUT B OCHOBHOM Ha MOBEPXHOCTH, BBIXOJ aTO-
MOB KPHUCTaJUIMYECKON PEHIETKH B ra3oBylo (pa3y moj BO3AEHCTBHEM
HocuTesel nemner u T. 1. OOHapyKeHHbIE 3aKOHOMEPHOCTH MPUCYIIU
BCEMY KJIACCY Pa3BETBJIEHHBIX MPOIIECCOB, T. €. UMEIOT OOLIUI Xapak-
Tep. OueBUAHO, UTO yKa3aHHbIC (PAKTOPHI JEUCTBYIOT U B HEU3OTEP-
MHUYECKHUX YCIOBHUSIX.

15.3. Huzuouposanue yennoii pazeemeneHHOll peakyuu

BaxxHoe MecTO B HCCIEIOBAaHUAX PEAKIMHM TOPEHUS BOJIOpOAa
3aHUMAIOT Pa0OTHI M0 UHTMOMPOBAHUIO 3TOM peakIUu J0OaBKaMu pas-
HOOOpa3HbIX BemlecTB. Cpenau aKTUBHBIX YaCTHUIl, OOpa3yrOIIUXCs
B TOU cucTeMe, O0JIbIlle BCEr0 aTOMHOTO BOJIOPOAa, KOTOPBIN U 0Oec-
MeYnBaeT pa3BeTBIEHUE lierer (cM. Taba. 15.1). ATomapHbIi BOIOPOT
OBICTPO BCTYMAeT B PEaKIMU C OTPLIBOM aroma Bojaopoja ot RH:

H*+RH —> H, + R’
u atoma ranorena (Cl, Br, I):

H'+RX >HX+R" u H'+HX —> H,+X",
a Tak)Ke OBICTPO MPUCOETUHSAETCS MO IBOMHOU CBSI3U:

H® + CH,=CH, —» CH3C.H2.
OOpa3yromuecs 0 TaKUM PEaKIUSIM IKUIbHBIE PAJAUKAIbl U aTOMBI
rajOre€HOB HE PA3BETBISIIOT U HE MPOJODKAOT LEMH, IOITOMY TaKOTO
TUIA PEAKIMU NPUBOAAT K OOpbIBY Ieneid. B HEKOTOpBIX ciydasx
BO3HUKAIOT LIMKJINYECKHE MEXAaHU3MbI OOpbIBa 1IENEH, KaK, HaIpuMep,
B ciydae ¢ HBr.

H*+ HBr — H, + Br’,
Br'+Br'+M — Br, + M,
H®+ Br, —» HBr + Br".
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IIpu BBenenuu B cuctemy H, + O, BemecTBa-unrudutopa InH,
OBICTPO pearupyroiiero ¢ aTOMOM BOJIOPOJia, OOPa3yIOLIUICS U3 HETO
panukan In® He yuacTByeT B IPOJOKEHNN M PA3BETBIIEHUH LIETIN

(] k [ ]
H*+InH —2—> H,+In

U U3MEHSET KPUTUUECKHUE YCIOBUS 1IEMTHOTO BOCIUIaMeHeHus. BOnmu3u
HIDKHETO Tpejiesia KPpUTUUECKOe yCI0BUE MPHOOpEeTaeT BU/IL:

2ky[O;] = k4 + kio[InH]. (15.27)
OTtcroaa cieayer, 4To CMEIIeHUE HIKHETO Tpejiena Ap; paBHO:

Api/p1 = kioymn/ (2k2y[ O] — kixy[InH]), (15.28)
rae (0] = R, , v[InH] = pian.

AHaJIOTUYHOE BBIPAKECHHE MOXXHO MOJYYUTh MPU CMEIICHUU
BEPXHETO MpeJiena Mo AaBIeHUIO (Ap, = pr — Pamn)

Ap>/p, = kioy[InH]/(2ky[O5]). (15.29)

Ecnu mHruOuTOp OUeHb aKTUBEH U BBEJIEH B JIOCTATOUYHOM KOH-
IIEHTPAIMH, TO BOCIVIAMEHEHHE BOOOIIE CTAHOBUTCS HEBO3MOKHBIM.

Hwxe npuBeeHpl JaHHbIE, WIITIOCTpUpYIOMmHue d3(PhHEeKTHBHOCTD
HEKOTOPBIX COSTMHEHUN KaK HHTMOMTOPOB ATOTO Ipoliecca.

Nurudurop k1>, 1/(MOJIB C) 2kyk1, (700 K) 2ky/k1, (800 K)
C,Hg 7,8-10"%exp(~38/RT) 1,6-1072 3,1-107
PhCH; 3,2:10"%xp(-25/RT) 4,2-10° 1,110
C,H, 4,0-10"exp(—27/RT) 4,510 5,6-10*
HCl 2,3-10"exp(~15/RT) 9,510 3,1-10°
HBr 6,2-10"%exp(-9/RT) 1,4-10* 52:10*

BunHo, 4To BBICOKOW 3(PPEKTUBHOCTHIO 00JIAIaI0T 3ITUIIEH
1 OPOMOBOJIOPO/I, C MOBBILIEHUEM TeMIIEpaTypbl dPPEKTUBHOCTH HH-
ruouTopoB cHuxkaercd. llocienHee oOCTOATENBLCTBO CBA3AHO C TEM,
yro E < Ez.
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16. HEITHBIE PEAKIIUN C DQHEPT'ETHYECKHUM
PA3BETBJIEHUEM LIENIEA

16.1. IIpumepwl peaxuuii
C IHepzemuuecKuM pazeemeieHuem ueneii

B peaknusax okuciaenus, Takux kak Hy + O,, P4+ O,, CS, + O,,
CO + O,, pa3BeTBICHHUE NENU MNPOUCXOJUT NPU B3AUMOJCHCTBUU
aTOMOB U PaJMKaJiOB ¢ MojekyiaamMu. Ha npumepe peakuuii propupo-
BaHUS OBLT OTKPBHIT HOBBIM KJIacC IEMHBIX PEaKInid: peakiuu ¢ dHEP-
TeTUYECKUM pa3BeTBICHUEM Ienei. OCOOCHHOCThIO 3TUX PEeaKIUi
SBJISIETCS. 00pa30BaHME B 3aMETHBIX KOJIMYECTBaX KoJjiebaTeabHO-
BO30YXKJICHHBIX MOJEKYJ, KOTOPBIE, pearupys, YBEIUUYUBAIOT YHUCIIO
aTOMOB WJIM PaJuKajioB B cucteMe. OOpa3yroTcs BO30YKICHHBIE MO-
JIEKYJIbl B CUJILHO DK30TEPMUUECKUX DJIEMEHTAPHBIX peakiusix. B pe-
aKkIusaX (TOpUPOBAHUA 3TO BbI3BAHO TeM, UTO CBsI3b F—F cpaBHUTEINB-
HO cnaba (15 x/Dx/monw), a cBsizu C-F (469 x/lx/moap B CH3F)
u H-F (565 xJ[»/moinb) mpounsl. [lockonbky peakims R*c F, sx30-
TepMHYHA, B HEM C BBICOKOH BEPOSTHOCTHIO 00pa3yeTcs BO3OYKJICH-
Hast Monekyna RF . Eciii B Takoi MOJIGKyJIe HMEETCsl CBSI3b, OIH3Kas
10 CBOEH MPOYHOCTU K IHEPTUH BO30YKIACHUS MOJIEKYJIbI, TO MIPOUC-
XOIST JUCCOLMAIMS M YBEJIMYECHHE YHCIa PAJUKaIOB B CUCTEME,
T. €. pa3BeTBieHue. Hampumep, npu (TOpUPOBAHUM METUINOAUAA
Pa3BETBIICHHE MPOTEKAET MO PEAKLIUSIM:

F*+ CHsl — HF + C'H,l
C'H,I + F,— CH,FI + F* (AH = —310 xJIx/MOub).
B o6pasyromeiicst Bo3Oysxkaentoit monexyite CH,FI cocpemnoroueHa
SHEprus, npesbimaromas npoyHocth cBszu C—I (234 x/[x/modib),
¥ TI0O3TOMY BCJIe]] 32 00pa30BaHHEM BO30YKICHHOW MOJICKYJIBI CIICIY-
€T ee pacha:
CH,FI' — C'H,F + T,

C'H,F + F, —» CH,F, + F*.
B xone peakumm HabmromaeTcs CBEUCHHE, KOHIIEHTPAIMS aTOMHOTO
rona nocturaet 10 % oT ucxogHOM KoOHIEHTpauu (ropa. JlumuTu-

pyeT pa3BEeTBICHHE MOHOMOJICKYJSIPHBIA pacmaj Kojie0aTeabHO-
BO30YXJIEHHON MOJIEKYJIbI.
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16.2. Peakyusa eooopooa c pmopom

JetanbHO uM3yudeHa peakius (ropupoBaHus Bojopoaa. OHa
MPOTEKAET C TUIIMYHBIM JJI1 Pa3BETBIICHHBIX LEMHBIX PEAKIUN CaMO-
BOCILUIAMEHEHUEM, KOTOPOE BO3ZHUKAET B ONPEACICHHOM (p << p < p,)
nuariazone nasiaeHu cmecu H, + F,, kak B citydae ropeHus Boiopoja.
B obmacTsax camMoBOCIZIaMEHEHMsS] KMHETHKA PEAKIMH OIHCHIBACTCS
3aKk0HOM e¥. MeXaHu3M peakiMu BKJIIOYAET CIEAYIOIHNE DJIEMEHTap-
HBIE CTaUu:

H'+F, >HF +F, F +H,—> HF +H",
HF +H, > HF+ H,, HF — HF+ hv,
H, +F, > H +HF+F, H,+M-oH,+M,
H, + crenka — H,.

IlepBbie nBe peakuuu 3x30TepMuunbl: AH =—-406 x/[x/Monb s pe-
akiuii H* + F, u AH = —130 x/Ix/mouns i peakiuu F° + H,. DHeprus
nuccornuanuu F, coctaBnser 159 x/[x/monb. Takum obpa3zom, B mep-
BOM pEaKIUU BBIACISAETCS SHEPrus, CYIIECTBEHHO MPEBBIIIAIONIAs
npo4HOCTh F—F-CBsI3u, 4TO SBIAETCSA OCHOBaHWUEM [JI1 Pa3BUTHUS
B OTUX YCIIOBHUSIX DHEPTETUUYECKOTO Pa3BETBJICHUA lLienen. Brimensito-
mrasicst B peakiuu F* ¢ H, sueprust Ha 60 % (240 xJI>x/M0I1b) cocpeo-
TO4YeHa B BUJE KonebarenbHoU sHeprun HF. 13-3a pesonanca mexay
konebaTenbHbiMu ypoBHAMH HF u H, npoucxonur OpicTpas nepenaya
Bo36yxkaenns or HF k H, B pesyibTare KacKaaHbIX MPOIECCOB (V —
KOJieOaTeIbHbIN YPOBEHb YPHEPTHUN):

HF (v=5)+H,(v=0)—>HF (v=4)+ H, (v=1),
HF (v=4)+H,(v=0)>HF (v=3)+ H, v=1)ur.

B To Bpems kak noiisipHbie MoJieKyJisl HF ObICTpO OTHatoT cBOIO
HEPrUI0 B BUJE W3IY4YEHUs, pejakcauus KojaedaTeabHO-BO3-
Oy IEHHBIX MOJIEKYJ BOJIOPOJa MPOUCXOAUT HAMHOIO (Ha 4 mopsJiKa)
MemieHHee. [103ToMy MMEHHO OHM BBICTYIIAKOT HOCUTEIISIMU SHEPTUU
u, pearupys ¢ F,, mpuBogsaT k paszBeTBieHuUI0 menei. ConocraBieHue
MEXaHW3MOB JBYX LemHbIx peakuuid (H, + O, u H, + F,) mo3Bomser
chopMyIUPOBATH PA3INYUE MEXK]TY LIETTHBIMU PA3BETBICHHBIMU U I1€TI-
HBIMH PEaKLUUAMH C SHEPreTUUECKUM pa3BeTBiIeHueM Lernei. O0e 1en-
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HBIE PEAKIINH SBJISIOTCS PA3BETBICHHBIMU B CHITy CBOEH BBICOKOM IK30-
tepmuyHoCTH (AH =—-484 x/x/™Mons mist Hy, + O, u —540 xJx/mMonb
st Hy + F,). UctounnkoM pa3BeTBIICHUS SIBISIETCS 3JIEMEHTAPHBIN aKT
aroma ¢ Mouekyiaoi: H'+O, m H'+F, coorBercrBenno. OmHako
B IIEITHOM Pa3BETBIICHHON PEAKIIMU PA3BETBICHUE MPOUCXOIUT KakK IO-
CJIEIOBATEIbHOCTh XMMUUECKUX aKTOB, YMHOKAIOIIINX YUCIIO aKTUBHBIX
nearpo (H* + O, > HO* + O; O + H, -» HO® + H), a npu suepreru-
YECKOM Pa3BETBJICHUH BAXKHYIO POJIb UTPAIOT MPOMEKYTOUHBIE CTaAUU
Tepeadn SHEPruy U peakiuu Bo3oyxmeHubx Monekyn (HF + H, —
HF + H); H, +F, —»> H"+HF +F"). HecomHeHHO, BO30Y)XICHHBIC

COCTOSIHUSI BOSHUKAIOT U B PA3BETBIICHHBIX, U B HEPA3BETBIICHHBIX LIEII-
HBIX peakuusax. OJHaKO BO3HUKHOBEHHE BO30YXKIIEHHBIX MOJIEKYJI
BO MHOTMX ClIy4asX HE IPUBOJUT K PA3BETBICHUIO LICIEH,
T. K. 17151 3TOr0 HEOOXOIUM PSJ] YCIOBHIA.

Peakuus ¢ropa ¢ neiitepueM IpoTEKaET MO MEXAHU3MY, aHaJIO-
ruyHomy peakuuu F, ¢ Hp, omHako HWKHUI Openen mo JaBJICHUIO
B cMecu F, + D, cymectBeHHo Beiie, yeM y F, + Hy. D10 cBUeTenb-
CTBYET O TOM, 4TO B cucreme F, + D, pa3BeTBieHne NpouCXoquT MeI-
JIEHHEE, MOCKOJIbKY 3HEprusi (KBaHT) KOJ€OATEIbHOTO BO30YKICHUS
D, Ha 13 k/Dx/Moib MeHblIe, veM y H., .

16.3. Xumuueckue nazepvt Ha 0OCHOBE UENHBIX PEaKUUL

Kak u3BecTHO, na3zep (ONTUYECKUN KBAHTOBBIA T'€HEPATOpP) re-
HEPUPYET KOTEPEHTHBIE SJEKTPOMAarHUTHBIE BOJIHBL. Ero neicTBue
OCHOBAaHO Ha BBIHYXJEHHOM HCITyCKaHUU (POTOHOB MOJI BIIUSTHUEM
BHEIITHETO 3JIEKTPOMArHuTHOro nojis. st aroro B pabouem tene (Ha-
npuMep, ra3e) MCTOYHHUKA H3IYUYEHHS CO3/aI0T TaKyl) HHBEPCHYIO
3aCEJICHHOCTh YacCTUIl B BO30YXIEHHOM COCTOSHUM C 3HEprueut E,,
YTOOBI YKCIIO BO30YXKJACHHBIX YACTHI] MPEBBIIIAIIO YUCIO HEBO30YX-
JIeHHBIX C sHepruen Ei. Toraa mmpu NpoXOXIEHUU Yepe3 Cpeay dJIeK-
TPOMAarHUTHOM BOJIHBI ¢ YacTOTOU ® = (£, — E)hL/2T UHTEHCUBHOCTD
ee OyleT HapacTaTh 3a CYET AKTOB WHIYyLUPOBAHHOI'O HUCITyCKaHUS
CBE€Ta BO30YXKJICHHBIMH YaCTUI[AMU. Y CHUJIEHHUE >JIEKTPOMATHUTHOU
BOJIHBI 32 CUET BBIHY>KJICHHOI'O UCITYCKaHUS TPUBOAUT K IKCIIOHEHIIU-
aIbHOMY POCTY €€ MUHTEHCUBHOCTH / 110 Mepe MPOXOKIAEHUS ITyTH Z:

1= Iyexp[(a — B)z], (16.1)
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rae [ =1, npu z = 0; o0 — K03 PUIIMEHT KBAHTOBOT'O YCUJICHUS; [3 —
k03(bdUIMEHT CyMMapHBIX moTepb. Kosdpdurment o~ (N —N),
U YCUJIEHUE BO3MOXHO TOJIBKO B TOM clly4ae, Korga o > 3, T. €. ycio-
BUE O = [ AIBJIAETCS KPUTUUECKUM.

['eneparusi cBeTa MPOUCXOAUT B PE30HATOPE, KOTOPBIM OOBIYHO
uMeeT (GopMy IWIMHApPA C 3€pKAJlaMH Ha Toplax. TeM Wi HHBIM
CrIoco0OM B paboueM Telle CO3/1aeTCsl MHBEPCHAs 3aCEJIEHHOCTh MOJie-
KyJ. @OTOHBI, UCITYIIEHHBIE B CPEAE, MIPOXOAsI MUMO BO30YXKIECHHBIX
MOJIEKYJ, BBI3bIBAIOT UCITyCKAHUE HOBBIX (POTOHOB U T. A. Te (hoTOHBI,
KOTOpPBIE CIIyYalHO UCHYIIEHBI BJOJb OCH PE30HATOPA, MHOIOKPATHO
OTPa)KarOTCA OT 3€pKajl U MOPOXKAAIOT B CPElE JaBUHY Takux (POTO-
HOB. Pa3smep pe3oHaTopa BbIOMpAETCS TaKWM, YTOOBI MO €r0 JIJIMHE
YKJIAIBIBAJIOCH LEJI0€ YHUCIIO BOJIH, TaK YTO IPU MHOTOKPATHOM OTpa-
*KEHUH (OTOHOB B PE30HATOPE BOZHUKAIOT CTOAYME BOJIHBI, UHTEH-
CUBHOCTbh KOTOPBIX YyCHUJIMBAETCS JIaBUHOOOpa3Ho. B nazepe renepu-
pyeTcsl KOTEPEHTHOE U3JTyUYEHUE, HAIPABIECHHOE BJOJIb OCH PE30OHATO-
pa. Jlsig Toro 4yToOBl U3Ty4YeHHUE BBIILIO U3 PE30HATOPA, OJHO U3 3ep-
KaJ JenaeTcs MOJyIpo3payHbIM WK C OTBepcTueM. MHBepcHas 3ace-
JIEHHOCTh pabodeil cpenbl B Jla3zepe JOCTUTAeTCS Pa3sHOOOpa3HBIMU
cnoco0aMu, HalpuMep OCBEUIEHHEM pabouel cpelbl ClelualibHbIMU
JaMIaMy; MPUMEHSAIOT TAKXKE Ta30BbIA pa3psl, MPONYCKAaHUE DJIEK-
TPOHHOI'O MyYKa, ra30JIMHAMUYEeCKHil crmoco0. B ogHOM U3 crioco0os,
XUMHYECKOM, UCITOIb3YETCS YaCTh YHEPTHH, BBIACISIEMON B PEAKIIUH.

K XxumMuueckou peakuuu, KOTopasi HCIOIb3yETCS B XEMOJIa3epe,
NpEeAbABISAETCS Psl TPEOOBAHUM.

1. Tak kak B cucTeMe JOJKHBI BO3HUKATh BO30Y K/ICHHbIE Yac-
THLBL, TO UX UCTOYHUKOM MOXKET CIIYKUTh TOJBKO 3K30TEPMUUYECKAs
peakuus. Beiensemas B Heit aHeprus (£ =—-AH) nomkHa nNpeBoCcXo-
JIUTh DHEPIUI0 BO30YXKIEHHUS YaCTHUIl, KOTOPhIE CIY>KaT MUCTOYHUKOM
m3nyuenus. Hanpumep, B peakumu H ¢ F, Beigensercsa sHeprud
B 408 x/[>x/M0Ib, 4TO HOCTaTOYHO, 4TOOBI BO30yauTh HF 10 komeba-
TEJIbHOTO YPOBHS C IJIaBHBIM KBAHTOBBIM 4UCIOM 10.

2. Bo30yx/eHHas 4acTUIA PEJIaKCUPYET, MO3TOMYy 0Opa3oBa-
HUE€ TaKUX YaCTHUIl JOJKHO MPOUCXOAUTH OBICTPO, MOCKOJIBKY TOJBKO
B 3TOM CJIy4ae YJIAE€TCA CO34aTh CUTYaLIMI0 C MHBEPCHO 3aCEJICHHBIMU
YACTHIIAMH B CHCTEME. BBICTPO MpoTeKaeT, Hampumep, peakmust F°
¢ H,. IIpu xoMHaTHOM TeMmeparype 3Ta peakuus IPOTEKAET B OJJHOM
U3 COPOKA OMMOJIEKYISIPHBIX CTOJIKHOBEHUH.
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3. lng paboThl nazepa HEOOXOAMMO, YTOOBI 3HAYWTEIIbHAs
4acTh ATOM JHEPIruM Mepenuia B Ty (GopMmy, KOTopas HCMOJb3yeTCs
JUJT CO3/TaHUA JJa3epHOro n3nydeHus. [loaToMy odeHb BakHO, KaK BbI-
JEJIMBIIASICS SHEPTUS PACHPENCISIETCS MEXIY Pa3JUYHBIMU BHUIAMU
SHEPruy 4YacTull (MOCTyNaTeIbHOM, BpalllaTeIbHOM, KOJeOaTeIbHOM,
AJIEKTPOHHOM).

Ha MomHOCTh W Jpyrue XapakTEpUCTHKU Jiazepa OOJIbIlIoe
BJIMSIHUE OKa3bIBAIOT Pa3HOOOpa3HbIE MPOIECChl Je3akTuBanuu. Hau-
0oJiee OaronpusiTHOE COYETaHUE BCE ATU (POPMBI TTOTYUHIIM BO (PTOP-
BOJOPOAHBIX Jiazepax. [loaTomy Ha JaHHOM CUCTEME OCTAHOBUMCH
0oJiee moAPOOHO.

Peakuus H® ¢ F, mporekaer ¢ BEICOKOI KOHCTAHTON CKOPOCTH

ky = 10"exp(-10/RT) = 1,8-10° n/(momb-¢) (298 K).

B pesynbrare 3TOM 3K30T€pMUYECKOM peakuuu npoaykr HF
noJiyyaeTcsi B KoJjie0aTeabHO-BO30YKJACHHOM COCTOSIHUU. Bepost-
HOCTh O6pasoBanmst HF Ha komebarensHoM yposHe P(v)=0,07
(v=3); 0,14 (v=4); 0,35 (v=5) u 0,44 (v=06). beicTpo mpoTeKaeT
u peakmus F* ¢ Hy:

k, =1,6-10"exp(=7/RT) = 9,4-10° 1/(momb-c) (298 K).
Bepostaocts P(v) =0,7 (v=1),0,55 (v=2)u 0,28 (v =13).

Kak y»xe oTMeualioch, O4€Hb Ba)KHBI IIPOLIECCHI MEpEeaaur dHEP-
ruu. B pesynberare nepenauu snepruu tuna V — T, R (nmepexona ko-
Je0aTebHOM B MOCTYINATENbHYIO WX BpAIlATEIbHYIO SHEPTUIO) TPO-
VCXOJIUT JI€3aKTUBALMSA YACTUIl, KOTOPBIE CIYKaT UCTOYHUKOM JIa3ep-
HOro m3nydeHusi. CKOpPOCTh JI€3aKTUBAIMM 3aBUCUT OT YaCTUII M,
¢ koTopoi cranikupaercs HF, u ot temnieparypsi.

[Ipu CTONTKHOBEHMHU ABYX MOJIEKYJ MPOUCXOAUT Mepeaaya KoJie-
OaTeIbHOM PHEPTUU OT OJHOM MOJIEKYJIbI K JIpyroi. B Takom mnepexojie
KoJie0aTeIbHOE KBAHTOBOE YMCIIO V MEHSETCA Ha eAuHuIly. Beposr-
HOCTh NIEPEX0JIa 3aBUCUT OT SHEPIUM Mepexoda B TOW U JIPyrord Moie-
KyJe. beicTpo nepexoa MpoucXoauT TOraa, KOraa 3TH SHEPTUU OJIM3KH.

CymectByet nBa turma HF-ma3epoB: onun paboTaeT Ha OCHOBE
HELIEMTHON PEaKINK, APYTUE NUCTIOIB3YIOT LEMHYIO PEAKIIUIO B CUCTEME
H, + F,. B nepBoM cityyae B CUCTEME TEM HWJIM HHBIM criocoOoM (¢o-
TOJIU30M, DJICKTPO3APSIOM, ITYUYKOM 3JIEKTPOHOB U T. [I.) TCHEPUPYIOT
u3 Qropcojaepkaliero coeauHeHus: atombl propa. OHU pearupyror
C MOJICKYJIaMH BOJIOpOJia ¢ OOpa3oBaHHEM KoJjeOaTeIbHO-BO3-
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Oy>xneHHbix Mosiekya HF, koTopbie U SBISIOTCS MCTOYHHKOM Jia3ep-
HOI0 u3ny4deHus. Huxe nmpuBeneH psj TakKuX CUCTEM.

JTMTETbHOCTH

Cucrema JlaBnenue, xlla HMITYITbCa, MKC Oneprus, Jx
NF; —CH, 1,3-5,0 1 0,025
SF¢—C;Hg 6 0,25 7,5

SF¢—H, 20 0,20 11
F,—H, 133 0,025 2500

KII/[ Takux J1a3epoB KaKk OTHOIIEHHWE SHEPTHM JIA3€PHOTO HU3IY-
YEHHUS K PHEPTUU MHUIIMUPOBAHHOTO AJIEKTpopaspsiaa cocrasisieT 4 %,
T. €. HeBeJUKO. [[y1g co3maHusl 1a3epoB BBICOKOM MOIIHOCTH LIETHAs
peaKkuusi UMEET OYEBHUIHOE NIPEUMYIIECTBO MEPE] HELIETHOM, MTOCKOIb-
Ky B TAKHX JIa3€pax OCHOBHBIM MCTOYHHKOM JHEPTUH SIBISETCA XUMH-
yeckas sHeprus (AH) nenHoro nporecca. Jlazep, HCONb3yOIIMN 1eT-
Hyto peakmuio H, + F,, paboraeT B uHTEpBasie JnaBleHU p; <p < p,,
TE€ p; U p, — HWKHUWA U BEPXHUM IIPEAEIbl BOCIUIaMeHeHus. VHepT-
HbIM ra3 — reiavMid. Tak Kak UEeNnHas peakuys BO3HUKAET CIIOHTaHHO,
JUTS YIIPaBJICHHSI €10 B CMECh JOOABIISIOT HHTUOUTOP — MOJIEKYJISIPHBIMA
KHUCIIOPOJI, a 111 MHULIUUPOBAHUS UCTIOJIB3YIOT BCIIBIIIKY CBeTa. HacThb
HEPruu BO30YKIIEHHBIX MOJIEKYJ pacXoayeTcs Ha pa3BerBiieHue. Ilo-
TOMY B CIEKTPE TAKOTO Jla3epa HAOJIOJAI0TCS JTUHUU, COOTBETCTBYIO-
e nepexogam HF(v) - HF(v — 1) nna v <4.

Bpewmst nmazepHOM BCHBIIIKK 3aBUCUAT OT COCTaBA CMECHU U U3ME-
HsAETCS B uHTEepBaie 3—12 Mkc. MakcumanbHass HHTEHCUBHOCTD W3JTY-
yeHusi, Hanpumep, i1 cmecu Hp:F,:He =1:2:40  nmocturaer
500 Br/cm®. Dnexrpruueckuii KITJI mpeoGpa3oBaHHsS SHEPITHH HM-
nyJabca B 3HEPruto jaszepa pocturaet 160 %, BbIXOIHAs SHEPTHS Jia-
3epa 10 2500 k. YnenbHasi sHeprus Jiazepa, UHUIUUPYEMOTO HUM-
nyJabCHbIM (poronu3zoM, nocturaetr 80 JDk/n. DTU XapaKTEpUCTUKH
npuommkaroT HF-nazep k umnynascabiM CO,- n CO-nazepam.
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17. OKCOEPUMEHTAJIBHBIE METO/IbI U3VUEHUS
PAJIUKAJBHBIX PEAKIIAI

17.1. HmnyascHuole memoowt

HUmnynvcuoiii  ¢pomonus. B peakMOHHONM CMECH MOIITHOM
BCIIBIIKOM CBETa FEHEPUPYIOT aTOMBI, PAIMKAJIbl WU BO30YKICHHBIC
(B TPUILUIETHOM COCTOSIHUM) MOJIEKYJIbI, 3a MPEBPAIIEHUEM KOTOPBIX
CJIEASIT METOJJaMH CKOPOCTHOM crnekpodoTomMeTpuu. Bemblliky rexe-
pUpyeT razopaspsaHas Jlamrna, Ha KOTOPYIO pa3psKaloT KOHJIEHCATO-
pbl eMKOCThIO 4—10 MKD, 3apsixennbie 10 420 kB. Benbimka qures
HECKOJIbKO MUKpPOCEKYH. KBapleBblii peakiMOHHBIN cOCy] OOBIYHO
umeeT ey 10-20 cMm u nuamerp 2—4 cm. MeTton NpUMEHUM Kak
K razaM, Tak M K XKUJKOCTSIM, OH IO3BOJISIET HAOII0JaTh pPEAKLHH
cO BpeMeHeM nouynpeBpamnieHus 10 10~ ¢. MoIHas BCIbIIIKA M03BO-
JS€T TMOJYYUTh BBICOKYHK) KOHIIEHTPALMI0 AKTUBHBIX YacCTHI, 3a HUX
IIPEBPAIIEHUEM CJHEIAT MO MOTJIOMIEHNUIO CBETA HA JUIMHE BOJIHBI, CO-
OTBETCTBYIOIIEH MAKCUMyMYy IMOIJIOIIEHUA. MeTon Mo3BOIsSeT HU3y-
YaTh PEKOMOUHAINIO aTOMOB U PAJAUKAJIOB, UX PEAKLIUU C MOJIEKYyJa-
MU, PEAKIIMU MOJIEKYJI B TPUILIETHOM COCTOSIHUHU.

J{ns1 yCcenmHoro UCIoib30BaHUs METO/IA TI0JKHBI BBITTOJHITHCS
CJIEAYIOIINE YCIOBHUS; BPEMS KU3HU MCCIETYEMOW YaCTULBI JTOJKHO
OBITb MHOT'O JOJbIIE, YEM JJIUTEIBHOCTh BCIBIIIKH, PACTBOPUTEIb
JIOJKEH OBITh IPO3pavyeH B 00JACTU IJIMH BOJIH, TJI€ MOTJIOMIAIOT U3Y-
YaeMbI€ YaCTHIIbI, JOJKHA ObITh M3BECTHA WJIM BBIICHEHA CXEMa pe-
aKLMH, B KOTOPBIE BCTYNIA€T U3y4YaeMbIl paJIuKal.

HUmnynvcuolii paduonus. ITOT METOJ SBISICTCS paaUaIlliOHHO-
XUMHYECKUM aHAJIOTOM UMITyJbcHOTO (oTonu3a. s naeHTuduka-
UK JIETEKTUPOBAHMS YACTHUIL] UCIIOIB3YIOT CKOPOCTHYIO CHEKTPOPO-
ToMeTputo. Kunernueckyro umH@opmanuio oOpadaThIBalOT C MOMO-
npt0 OBM. AKTHBHBIE YaCTULBI T€HEPUPYIOT MYTEM DJIEKTPOHHOTO
yJapa KOPOTKHUM HMIYJIbCOM BBICOKOIHEPIE€TUYECKUX 3JIEKTPOHOB,
KOTOpBIE BBI3BIBAIOT MOHU3AIUIO U DJIEKTPOHHOE BO30YKIEHHE MO-
JIEKyJI, a BO30YXKJEHHBIE MOJIEKYJIbl IUCCOIUUPYIOT C 00pa3oBaHUEM
paauKaaoB U aTOMOB.

JIns co3aHusl UMITyJIbCa DJIEKTPOHOB MCIIOIB3YIOT MUKPOBOJI-
HOBBII JIMHEWHBIA YCKOPUTEIb (3HEPTUs NMEKTPOHOB 2—12 M»1B, miu-
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TenbHOCT, uMmysbca 100—-1000 HC), yckoputenb Ban-ge-I'paada
(anexTpoHbl ¢ 3Hepruer 2—4 M»oB, nmurensHocTh 1-100 HC), debe-
TpoH (351eKTpoHbI ¢ 3Heprueit 0,62 M»sB, anurensnocts 10-50 HC).
PeakMOHHYI0 SYEHKY W3TOTABIMBAIOT M3 KBaplLa, KOTOPbIM AOCTa-
TOYHO YCTOWYHMB K PaJUallMOHHOMY OKpalunBaHUIO. [I0CKOJIBKY 3JieK-
TPOHBI OBICTPO TOPMO3STCS B KUJIKOCTH U TEPSIOT CBOIO CIIOCOOHOCTH
MOHU30BaTh MOJIEKYJIbI, TOJIIWHA SYEMKU HE JOJDKHA IPEBBINIATH
1-2 cM. DHeprusi 3J€KTPOHOB B Iy4YKE OOBIMHO COCTaBIISIET OT |
1o 30 M»sB. Uewm Bbllle 3Ta 3HEPrusi, TEM PABHOMEPHEE MO COCYAY
MIPOUCXOAUT UHUIIUMPOBAHHUE.

MeTtogoM UMITYJILCHOTO PAaJMOJK3a MOJPOOHO M3YUEHBI peak-
IIMM YaCTUIl, BOZHUKAIOIINX B BOJIE TIPU €€ OOJyUECHUU DJIECKTPOHAMH:
aTOMOB BOJOpOJA, paJaMKajaoB ruapokcuia u HO; . McKiounTensHo

[IEHHBIC JTAHHBIE TIOJYYEHBI O PEAKIMIX THAPATUPOBAHHOTO JIEKTPO-
Ha ¢ pa3HOoOOpa3HBIMU MOHAMHM, paJuKaIaMu U Mojiekyiaamu. [Ipu 3a-
XBaTe 3JIEKTPOHA apOMATHUECKOM MOJIEKYJION 0Opasyercs aHHOH-pa-
TUKAJ, PEaKIUA C WX y9aCTHEM TaKXKe M3yYeHBbl METOJIOM HMITYJIhC-
HOTO PaJINnONIH3a.

17.2. J/lazepuwtit maznummnwtii pezonanc (JIMP)

Meton mnpenHa3HAYeH ISl CIEKPOCKONMUYECKUX W KHUHETHYE-
CKMX HCCJIEJOBAHMM XHMHWYECKHM AaKTHUBHBIX aTOMOB, pPaJuKaloB
Y MOHOB B Ta30Boi (a3e. B XUMUYECKOW KWHETUKE OH MPUMEHSETCS
JUIL U3YYCHUs 3JIEMEHTAPHBIX W PA3BETBJICHHBIX LIEMHBIX PEAKIUU.
Meton JIMP sasnsercs ananorom metroaa JIIP, oqHako mMeeT 3HauM-
TEJIBbHO 00Ji€€ BBICOKYIO UYBCTBUTEIHHOCTh JCTEKTHUPOBAHUS JBYX-
aTOMHBIX PaJUKaJOB B rase.

B JIMP nHaOmroaaroT MOTIJIOIIEHUE JIA3€pHOT0 M3IyYECHHs Mapa-
MAarHuTHBIMMA YaCTULIAMH Ta3a, MOMEIICHHBIMU B MAarHUTHOE IIOJIE.
B cnydae paaukanoB MOTJIOMICHHUE JTA3EPHOTO U3ITYUYEHUsI 00YCIOBIEHO
AIEKTPUYECKUMU JTUMIOIBHBIMU MEPEXOAaMU MEXIY MarHUTHBIMHU TIO-
JTYypOBHSIMU JIBYX Pa3HbIX BpallaTesIbHbIX WIM KojiebaTeapHO-Bpallia-
TeNbHBIX ypoBHEW. [Ipy ATOM JMHUS TeHepaluu Jiazepa BhIOUpAETCs
TaK, 4TOObI C TOMOILBIO MAarHUTHOT'O TOJISI MOKHO OBLJIO CKOMIIEHCUPO-
BaTh PAa3HOCTh SHEPIrUil M3MydeHHUs Jiazepa (Avp) W BpaIIATEIBHOTO
WM KoJiebaTeIbHO-BpalaTeIbHoro epexoa (Avy) paaukania:

hVL_hVR:gIBBHI_gzﬁBHZ, (171)
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rae g u g, — (GakTophl BEPXHEro U HIKHETO BpalllaTelbHbIX (KOJIe-
OaTeNbHO-BPAILIATENIbHBIX) YPOBHEH; [ U I, MAarHUTHbBIE KBAaHTOBbBIE
yucia 3TUX ypoBHeW; 3 — marHetoHn bopa; B — WHIyKUHS MarHuT-
HOTO MOJISI. DJIEKTPUUYECKOE JHUIIOJBHOE TMOTJIOUICHHE HUMEET MECTO
npu Wy — pp = *1.

JIJ14 TIOBBIIIEHUST 9yBCTBUTEIBHOCTH MeTo1a JIMP kroBeTy ¢ wmc-
CIeIyeMbIMHA paJUKAIaMU TOMEMIAIOT B PE30HATOP Jia3epa, a PEeKuM
paboThI J1a3epa MOoAOUPAIOT TaKUM 00pa3oM, YTOOBI MOJYYUTh JOIOJ-
HUTEJIBbHBIN BBIMIPBIII 110 CPABHEHHUIO C YKCIIOM IPOXOJOB Jy4da B pe-
3oHaTope (00bruHO 10 mpoxoaoB). DddexTuBHas JUIMHA MYyTH TMOTJIO-
HICHHSI B 3TOM ciiy4dae Juisi BHyTpupe3oHaTtopHoro JIMP oka3biBaercs
He B 10, a B Teicauy pa3 Oojbliie reoMeTpuueckor. OTMETHM, 4YTO
B JIMP u BPJIC ncnons3yroTcsi pa3inudHbIe Ja3epbl U BBIUTPHIII BHYT-
PUPE3OHATOPHOTO MOTJIOMICHHS 00YCIIOBJICH Pa3HBIMU IPUYHUHAMMU.

17.3. Kunemuueckas pe3oHaHCHO-(1yopecyeHmHuasn
cnekpockonusa (P@C)

[Tpunmun metoaa POC 3akmrouaercs B cienyromeM. B uccie-
TyEeMOU cUcTeME (CMECHU ra30B) FTEHEPUPYIOTCS TEM WJIIM UHBIM CIOCO-
OOM aTOMBbI WS CBOOOJIHbIE pajauKaibl. CBETOM 30HIUPYIOIIETO HC-
TOYHMKA HUCCJEAYEMBbI€ YaCTHUIbI MEPEBOJATCS B BO30YXKIECHHOE CO-
CTOSIHHE. 3OHIUPYIOIIUNA UCTOYHUK HACTPOEH HA JJIMHY BOJIHBI, BbI-
3bIBAIONIYI0 BO30OyxaeHue. llepexon u3 BO3MYyX IEHHOTO COCTOSIHUS
B OCHOBHOE COINpPOBOXKIACTCS u3ydeHueMm (¢hiayopeciieHiuei), 4To
UCTIOJIb3YETCS 711 KOHTPOJIS 32 U3MEHEHWEM KOHLECHTPAIlMU TUX 4Ya-
CTHIl BO BpPEMEHHU. YCTAaHOBKA BKJIIOYAET PEAKTOP M COCIUHEHHBIE
¢ BakyyMHou cucrtemoii CBU-renepaTop ayisi reHEpUpOBaHUS ATOMOB
B pa3psae, UCTOYHUK 30HAUPYIOLIETO U3JIyYCHHS, TPUEMHUK BO3HU-
Karouien uryopecueHuuu, GuibTpbl U MOHOXpOMAaTOpkl. McTouHnKoM
30HIUPYIOIIETOCs U3JIyYEHUs MOTYT OBITh MEpeCcTpauBaeMbI€ JIa3ephl
U CTpyeBble pa3psaHble jamiibl. OHM OXBAaTHIBAIOT AWAINA30H JJIUH
BOJIH OT IiIyOOKOro ynibTpaduosieTa 10 KOPOTKOBOJIHOBOW HH(pa-
KpacHou o6nactu. Jyist peructpanuu QuryopecieHIInN UCTIOJIb3YOTCS
dboToymMHOXHUTENHN U cueTunku ['eiirepa. [[ns KuHETUUECKUX U3Mepe-
HUM pEe30HAHCHO-(IYyOPECIICHTHAS CIIEKPOCKOIMMS MOXKET OBITh MpH-
MEHMMa B TPEX Pa3JIMYHbIX BapuaHTaxX. Bo-mepBbIX, B CTaTUYECKUX
YCIIOBHUSIX, KOT/Ia aTOMbl M PAJAUKAIbl T€HEPUPYIOTCS PEAKIUOHHOU
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cMechro. B takom Bapuante POC-meron npeaHazHavyancs sl u3yde-
HUSA [EMHBIX Pa3BETBICHHBIX PEAKLN TOpeHus Bogopoaa u gocdopa.
Bo-BTopbix, POC-meTon 4acTo MCHOJIb3yeTCsl B CTPYEBBIX YCIOBUAX
B couetanuu ¢ CBY-pa3psagom. 910 MO3BOJIAET U3MEPUTh KOHLIEHTPA-
LU0 ATOMOB M PaJUKaJIOB U U3Y4aTh UX PEAKIUIO C PEar€HTOM-Ta30M
B 00beMe WIIM THOEJIb aTOMOB Ha IOBEPXHOCTH. DTUM K€ CIIOCOOOM
U3yYarOTCs MNPOAYKTHI TOM WA HHOM DJJIIEMEHTAPHOU pEaKIUH.
B-tpetbux, POC-meTon npUMeEHSAETCS B COYETAHUU C HMMITYJIbCHBIM
dboTonnzomM. MakcuMallbHOE 3HAYEHUE KOHCTAHThI CKOPOCTH OMMOJIE-
KYJSIDHOUM pEakLUy, HU3MEPSEMOM JTUM METOIOM, COCTaBIACT
10" 11/(Mosb-c). UyBCTBHTEIBHOCTD [0 KOHI[GHTPALUU PErHCTPUpYE-
MBIX YacTUI[ B KHHETHYECKUX YycraHoBKax P®C cocraBuser
10°-10* wactu/cm’. CriekTpanbHOE pa3pelieHie B ycTaHoBKax POC
10", a BpemMeHHOe pa3pelIeHHe MPH UCIIONb30BAHUM JIA3EPHOIO HC-
TOYHHKA cBeTa cocTaBisier 10~ ¢. POC-meTon WCTIOJIb3YETCA TSI Me-
TaCTAaOUJIbHBIX COCTOSIHUM, IJI1 U3YUYEHHUS MPOIYKTOB AJIEMEHTAPHBIX
peaKkiui, MIaMeH, HEMHbIX PA3BETBICHHBIX PEAKIUN.

17.4. Hnuyuupoeannas u aé6mouHuyUupoBaHHas
uennas peaKyus

N3ydyeHrne KMHETUKHU LEMHOW PEAKIMU MO3BOJISIET YCTAHOBUTH
JUMUTHPYIOLIYIO CTaAUI0 MPOAOJKEHHUS MU, XapakTep oOpbIBa Iie-
e U MOJYyYUTh KOJMYECTBEHHYI) KHHETHYECKYIO0 XAPAKTEPUCTUKY
LIETTHOTO MPOIECCa B BUJIE OTHOLIEHUS KOHCTAHT CKOPOCTH JIMMUTH-
pyroLux ctaauii. BaxHoe 3HaYeHHE MMEET U3YyUYEHUE CKOPOCTH LET-
HOI'0 ITPOILIECCa B 3aBUCUMOCTH OT CKOPOCTHA MHULIMUPOBAHUS.

Hnuyuuposanas yennas peaxyus. B cucreme, rie BO3MOXKHO
pa3BUTHE LENMHOM PEaKUUW, UHUIMUPOBAHUE C M3BECTHOW 3aJaHHOU
CKOPOCTBIO CO3JIA€TCS WM IyTEM BBEACHHS WHULIHMATOPA, KOTOPBIU
pacmagaeTcd Ha paauKaldbl C HM3BECTHOM KOHCTAaHTOM CKOPOCTH,
uiu (GOTOXUMHUYECKH, WM TOJ] IEUCTBUEM IPOHUKAIONIICH pagualiuu
(y-myum, B-nmyun). 3aBUCUMOCTb CKOPOCTH LEITHON PEaKIUU V OT CKO-
POCTH WHUIMUPOBaHUS W, MO3BONSET CYAUTh O XapaKTepe oOphiBa
ueneit. Ecnu W~ W,, To oOpbIB 1LIeTIel NEpBOTroO MOpsIAKA MO KOHIICH-
TpallMd AKTUBHBIX LIEHTPOB, eciu W ~ w2, To BTOPOI'0 MOPSIKA.
B xxunakoil ¢aze B OTCyTCTBUE MHTHOUTOpA LENHU OOpBIBAIOTCS OMMO-
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JIEKYJISIPHO, U CKOPOCTh LIEMTHOW PEaKIUU, HAPUMEDP MOJUMEPU3AIUN
MOHOMeEpa M, cocraBisieT

W= W; + k,(2k)™"*[M] ;' (17.2)

OMnupuyecKas 3aBUCUMOCTb W OT W;'"* mosBomnser OIPEIECIUTh
napameTp a = kp(2kt)_1/2, XapaKTEPU3YIOLIUN CKOPOCTh LEMHOrO MPO-
necca. 3Has 3TOT IapaMeTp, MOKHO HAWTH 3HaYCHHE K, €CIIU U3BECT-
Ha WM HE3aBHUCUMBIM METOJIOM H3MEpPEHa KOHCTaHTa CKOPOCTHU ki
WIN OTHOLIEHHE k,/2k; (cM. nanee). I1o mapaMeTpy a MOKHO U3MEPUTH
CKOPOCTh MHUIMUPOBAHUA I HEUCCIIEIOBAHHOTO MCTOYHHUKA Pajv-
kayioB. Ecnu Takoit UICTOYHUK — WHULIMATOP, TO W, = ki[1], u o cepuu
OTILITOB C pa3HOM HayaJbHOM KOHIICHTpAIlMeH MHHUITMATOpa HaXOAT k;
10 YPABHEHUIO

k, = W’ [M][1],. (17.3)
[TapameTp a MO3BOJIAET TAKKE OLECHUTh BEPXHUM mpeaen 1no W, koraa

MPOIECC MPOTEKAET IEMHBbIM MyTeM, T.e€. korma v > 1. Ilockonbky
JUTMHA 1eNr

v = WIW, = k,2k) "*[M] w; "7, (17.4)
TO V > | TIpu BBINIOJHEHUU yCIOBUS
W< k2 [M]'/2k (17.5)

[TockoIbKYy CKOPOCTh PEAKIIUM, U3MepsieMasi dKCIIEPUMEHTAIIb-
HO, W > Wi, (Tne Wi — HIDKHUN Tpeaei, OnpeacisieMblid B OIIBITE),
TO JOCTYMHBIM HM3Yy4YEHHUIO MHTEPBAJ CKOPOCTEW pEakiuyd B IICITHOM
peKUME ONpeIesieTCs] HEPABEHCTBOM

Wain< W< k> [MI'/2k,. (17.6)

Tak kak oTHoOIIEHUE kp2 / 2k, YMEHBIIIAETCS C YMEHBUICHUEM TEMIIEpa-

Typsl (Bcerna E, > E), TO cymecTBYET 7pin, HHXKE KOTOPOU PEAKIIMIO
B LICIHOM PEXUME BOCIIPOM3BECTH M HU3Yy4YUTh HE ypaercd. llpm wuc-
MOJIb30BAaHUM MHUIIMATOPA B TAKUX OMNbITaX BaXXHO, YTOOBI €r0 pacria,l
Ha paJMKaJbl MIPOTEKAI, C OJHOW CTOPOHBI, C JIOCTATOYHO BBICOKOU
CKOpPOCTBIO, a C IPyroil — HE OY€Hb OBICTPO, YTOOBI 32 BpEMs OIIbITA
BBITIOJIHSJIOCH YclioBUE Wi = const, T. €. kg << r! (rme t — BpeMs JKC-
MEPUMEHTA). DTO YCIOBUE BhIPAXKAETCS HEPABEHCTBOM

2k W2k [MP[I] < ks <<, (17.7)

in
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Jst Wi =107 momas/(i1-¢), [I]=0,1 moas u t=10" c. Ypasuenue
(17.7) npuobOpeTtaeT BUL

107'2k/(k2 [M]?) <107k << 1. (17.8)

Memoo cmewannozo unuyuuposanus. J10cTaTo4HO 4acTo BCTpe-
YalTCs CIy4Yau, KOrJga KOMIIOHEHTbl CHUCTEMBI YYacCTBYIOT Kak
B MHULIMMPOBAHUM, TAK U B NPOJOJLKEHUM Henu. Hanpumep, BBeaeHue
B OKUCJISIFOIIMKUCS YIVIEBOJAOPOA CHUPTAa U TUAPOINEPOKCHIA, BO-TIEP-
BbIX, BBI3BIBACT JIOMOJIHUTEILHOE WHULIMUPOBAHUE U, BO-BTOPBIX, W3-
MEHSIET OTHOIIICHUE kp(2kt)_”2 M3-3a ydacTus OOOMX KOMIIOHEHTOB
B IIPOJIOJIKEHUU LIENHU (TIEPOKCUIIbHBIE PAJANKAIbI YIJIEBOJOPOIA pearu-
pytoT ¢ ROH 1 ROOH, 4to n3MeHseT coCTaB U KOHLIEHTPALUIO paau-
KajoB). Mertop 3akiodaercs B cieAyomeM. B cuctemy, rue pa3BuBa-
€TCs LeNHasA peakuus, HarpumMmep okucisiercas RH u renepupyrores pa-
JIAKAJIBI C HEM3BECTHOW CKOPOCTBIO Wiy, BBOISAT MHMIIAATOP I, myist Ko-
TOPOTo U3BECTHA k;. [IpoBOJAT cepuio OMBITOB C pa3HBIMU KOHIICHTpA-
nusiMA [ 1 B KaXJIOM ONBITE U3MEPSIOT CKOPOCTh LIEMHOW peakuuu. Ec-
a1 oOpbIB LEened KBaApaTUYHBIA, TO CKOPOCTh ILIEMHOW pEaKIUU
(W >> W) cBd3aHa ¢ KOHLIEHTpaUEN HHUIIMATOPA COOTHOLLIEHUEM

WP = k2 2k [RHP (Wi + K[1]). (17.9)

[lo nuueitHoii 3aBucumocta W ot [I], KoTopas MMeeT BUJ
W = A + B[I], onpenenssior koadduimentsl A 1 B u ciemgyromue

BeJIMYUHBL Wi, = kKA/B, kﬁ 2k ' = B/k[RH]. Yciosus 0I0MPAIOT

TaKUMH, 4TOOBI, BO-TIEPBBIX, PEAKIMs MpOTEeKada IEMHBIM ITyTEM,
BO-BTOPBIX, 3a BpeMs onbiTa W, ~ const, B-TpeThbux, Wi, u ki[I] nomx-
HBI OBITh COM3MEPHUMBI, T. €. JOJDKHO OBITh CIPAaBEJIMBO HEPABEHCTBO
0,5W < k[1] < 5Wix. DTOT MeTO MIPUMEHUM M B TEX CIydasx, Koriaa
aKTUBHBIC IIEHTPHI MOTHOAIOT MO PEeaKIMH MepBOro mopsaka. B atom
ciydae 3aBUCUMOCTb W oT [I] HOCUT NTMHENHBIN XapaKTep:

W= ky(k)™ [RH](Wix + ki[1]). (17.10)

MGTOII MOXHO HCIIOJIB30BATh U B TOM CJIy4ac, KOraa ICIIn O6pBIBaIOT-
Cs OAHOBPCMCHHO 110 PCAKIUAM IICPBOT'O U BTOPOTIO ITOPAAKA, TOr' Ad

k[1] + Wi, = AW* + BW, (17.11)
raec A= 2kt(kp[RH])*2, B= kt(kp[RH])*l. Tpu ombITa ¢ pa3HBIMH KOH-
HEHTPaLUSIMU UHULIUATOPA TTO3BOJISIOT BEIUUCIUTE Wiy, A u B.
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Asmounuyuuposantulli pexcum yenHou peaxyu. IIpoTuBoMO-
JIO’KHAs CUTyalys HaOJI0JaeTCsl B PEaKIUsIX aBTOOKUCICHUS OpraHu-
YECKUX COEJMHEHUM, KOTJla CKOPOCTh T€HEPUPOBAHUS PAJIUKAJIOB Ha-
pacTaeT B XOJIe peakIMu 13-3a 00pa3oBaHus ruaponepokcuaoB. Eciu
ROOH pacnamaeTcss Ha paAuKaJIbl 0 PEAKIMH IIEPBOro MOpsiaKa, TO B
HavyaJIbHBIM MIEPHOJT OKUCIICHHS, KOTria CKOpocTh oOpa3oBanuss ROOH
MHOT0 00JIbIIIE CKOPOCTHU €r0 pacraja,

W= k,(2k) [RHIW;"?,  W;= W+ [ROOH], (17.12)
Y KUHETHKA HAKOIUICHUS THAPOIEPOKCH/IA ONMKUCKIBAETCS (DOPMYJIOH:
[ROOHV/t = 0,254°[RHkit + a[RH]W,, (17.13)

rae Wi, — CKopocTb TeHepupoBaHus paaukaioB 0e3 yyactuss ROOH;
_ 172
a = k,(2k) .
OueHb 4YacTO CKOPOCTh 3apOKAECHUS LIENEd HACTOJBKO Maja,
YTO MPHU JIOCTATOYHO OOJbIIKUX BpeMeHax uieHoM a[RH] W,y B (17.13)
MOKHO mpeHeOpeusb. Torna kuHetuka HakorieHuss ROOH omnmchiBa-
€TCS MPOCTHIM BBIPAKEHUEM

A[0,]"> = [ROOH]"*= 0,5a[RH] k"’ . (17.14)

Tak xak KO3(PPUUKEHT a JIETKO ONPEETUTh B AKCIEPUMEHTAX
10 WHUIIMUPOBAaHHOMY OKHcieHuto RH, To cripsmiieHre 3aBUCUMOCTH
no (17.14) no3BossieT onpenenuTh KOHCTAHTY CKOPOCTH k;. Cripsamiisis
AKCIIEpUMEHTaIbHbIC Pe3yiabTaThl 10 (17.13), MOXXHO OIIEHUTH CKO-
POCTB 3apOoKACHUS Henen Wi.

[Ipu nocrarouHo Bbicokor KoHueHTpanmu ROOH panukansl re-

HEPHUPYIOTCS 10 OMMOJIEKYJIIPHON PEaKIIUKU CO CKOPOCTHIO ki' [ROOHT,
TaK 4TO CyMMapHasi CKOPOCTh T€HEpHUPOBAHHUS PAJUKAIIOB
W, = Wy + K[ROOH] + k. [ROOH]". (17.15)

Kunetuka nakortenuss ROOH, korna ee pacnaa npoTekaeT He3HAYH-
TeNbHO, a W)y OUeHb Majia, ONUCHIBACTCS MPU JOCTATOYHO OOJBIINUX f
u [ROOH] Beipaxenuem

AIn[ROOH] = k,[RH](ki/2k)"*t + In(ki/4 k. ), (17.16)

12
KOTOPOE T03BOJIIET OLICHUTD k; IPU U3BECTHOM ky(2k) .
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17.5. @omoxumuueckue memoovl u3yueHus1
IIEMEHMAPHBIX CIAOUIL

M3yyeHne KUHETUKU LIENHBbIX PEAKLUHUU B CTALIMOHAPHOM PEXKU-
M€ TO3BOJISIET ONMPEACIUTh COYETAHUE KOHCTAHT CKOPOCTH kp(2kt)”2
npu OUMOIEKYJIIpHOM OOpbIBE Lenel u ky/k; nmpu oOpbiBe Lenei
10 peakIMyu mepBoro mopsaka. Js oneHkrn aOCOMIOTHBIX 3HAYCHUMN
KOHCTAaHT CKOPOCTH HEO0OXOJMMO HCIIOJb30BaTh HECTAI[MOHAPHBIC
KHUHETUYeCKre MeTonbl. [Ipu M3ydyeHHM MeXaHu3Ma peakuuid paau-
KJIBHOWM MOJUMEpHU3aIuy IIUPOKOE MPUMEHEHNE HAIUIM CEKTOPHBIM
METOJ U MeTO (POTOXUMHUUECKOTO MOCIEACTBUA.

CexmopHhwiii Memoo (Mmemoo npepvigucmozo oceewerus). Teo-
pus 3Toro Metoja Oblia paspadorana /JI. Usnimenom, @. bpuepom
u E. Yoarepcom B 1926 1., HO Tonpko B 1937 r. MeToa momy4us 3Kc-
NEPUMEHTAIBHOE BOIUIOIICHHE W ObUI MCIOJIB30BAH JISI U3YUYEHHUS
paauKaIbHON NOJUMEpPHU3AlUd BUHUIIOBBIX coenuHeHui (X. Men-
B, 1937 r.). Meton mpuMEHSIIOT IJIsI U3MEPEHUSI BPEMEHU KU3HU
AKTUBHBIX IIEHTPOB (aTOMOB M pPaJUKAJIOB) B IEMHBIX PEAKIUAX
C KBaJ[paTUYHBIM OOphIBOM Iiemnei. IIpuHumm meToda 3akiroyaeTcs
B TOM, YTO B CHUCTEME MEPUOJIUYECKU HHUIMUPYIOT CBETOM 00pa3oBa-
HUE aKTUBHBIX IIEHTPOB U OT OMNBITA K OMBITY U3MEHSIOT JIMTEIIb-
HOCTh CBETOBOTO M TEMHOBOTO MNEpUOAOB. UepeqoBaHHUE CBETOBBIX
Y TEMHOBBIX TEPUOJOB OCYIIECTBIISIOT C MOMOIIBIO BPAIIAIOIIETOCs
nucka ¢ mpope3siMu (cektopamu). Korga IiuMTeILHOCTh TEMHOBOIO
nepuojia MEHbIIIE BPEMEHH KU3HU aKTUBHOIO LIEHTpa (CEKTOp Bpalla-
eTcsi OBICTPO), peakuusi UJIET OBICTPO, KAK IMPU HEMPEPHIBHOM HHU-
UUPOBAHHUH €O cKopocThio Wi(l + 7)", Tme » — OTHOIIEHHE TeMHO-
BOTO IEPHOA K CBETOBOMY, a CKOpoCTb Wy~ W'*(1 +7)"2. Tlpu

OOJBIION JITUTEIBHOCTA TEMHOBOIO Iepuoaa (CEKTop BpalaeTcs
MEJIJICHHO) PEaKIIUs UAET TOJBKO B IMEPHOIBI OCBELICHUS U CPEIHSIS
ckopocTb Wy~ (1 +7)' w2,

ITepexom OT OJHOIO PEXHMa K APYTrOMY HMPOHMCXOAWUT MpPHU Ta-
KOM TEMHOBOM IIEPHOJE, IMTEIBHOCTE KOTOPOTO COH3MEpUMA
CO BPEMEHEM JKM3HH aKTHBHOTO LIEHTPA, BEAYIIETO HEMHYI0 PEAKIIHIO.
B ocHOBe MeToa JIEKHT 3aBHCHMOCTH JJIMHBI IEMH OT CKOPOCTH
MHUIMUPOBAHUSA NIPU KBaAPATUYHOM 00pbIBE 1eneid (W ~ W, ~'?).
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[Ipy HEmpephIBHOM OCBEIIEHUH CKOPOCTh IEMHOTO IMpEBpa-
menusa RH

Wy = k,(Wi/2k;)"*[RH]. (17.17)

[Ipu OblcTpOoM BpallleHUM [AHCKA, KOrJa TEMHOBOW MEpUOJ
<< (2ktWi)'1, KOHLEHTpaLMs PaJuKalioB COOTBETCTBYET CpEIHEHN
CKOpPOCTH VHULIMUPOBAHUSA wi(l+r)", rae r=t/te
u Ws= Wy(1+r)"?. Ilpn MeIIeHHOM BpaIlleHHN IUCKA PEAKIHs [IPO-
TEKaeT TOJIKO B MEPHUOJ OCBEIICHUS, U CPEIIHSSI CKOPOCTh 32 MHOIO
IIEPUOJIOB

Wy =Wy1+r) " (17.18)

Otnomenue We/W,, = (1 + r)l/ =2 npu r = 3. Ilepexosr OT OAHOTO pe-
’KMMa K IPyrOMY HPOMCXOMUT IpH t, = (2k ;) 2.

DKCMEPUMEHT MPOBOJAT clieayronuM oopazom (puc. 17.1). Pe-
aKIIMOHHYI0 CMECh IIOMEIIAIOT B TEPMOCTATHPOBAHHBIN cocyn 6
C IPO3PAYHBIMU TUIOCKONIApaJUIeTbHBIMU cTeHKamMu. Cocy/l OCBeIIaeT-
Csl CBETOM TaKOW JJIMHBI BOJHBI, KOTOpasi BBI3BIBAET F€HEPUPOBAHUE
panukanoB. Jluck 4 moMemarT B TOYKE, e (DOKYCHPYIOTCS JIy4d
CBETa, U MPUBOAAT €ro BO BpamieHue. OT OmbITa K OMNBITY U3MEPSIOT
TEM WM UHBIM CIIOCOOOM CKOPOCTh PEAKIUU U CTPOSIT dMIIUpHUYE-
CKYIO 3aBUCUMOCTH OTHOIIeHUs: W/W, ot Igt,, ¢, HAXOIAT U3 CKOPOCTHU
BpallleHUsT JUCKA W COOTHOIIEHUS MEXIYy pa3MepaMd TEMHOBOIO
Y CBETOBOTO CEKTOPOB (OOBIYHO 7 = 3). DTy 3MIOUPUYECKYIO 3aBHCH-
MOCTb CONOCTABJISIIOT C TEOPETHUYECKON U M3 COMOCTABICHUS HAXOIAT
2k W, oTkyna BeMUCIAIOT 2k;. CKOPOCTh MHULMUPOBAHUS U3MEPSIOT
OTJIEJIbHO METOJOM HHTHOUTOPOB (CM. BBINIE) WM 4Yepe3 CKOPOCTH
LEIHOW PEaKIUU U OTHOLICHUE k,/2k; .

7
@

Puc. 17.1. Cxema CEKTOPHOU YCTaHOBKH:
1 — ucTo4yHUK cBeTa; 2 — nuadparmel; 3 — JUH3BI;
4 — Bpamaromucs Tuck; 5 — QuiabTp; 6 — peakuoHHas SYehKa;
7 — (HOTOYMHOXUTEIB; 8 — TepMOCTaT
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CeKTOpHBI METOJ JaeT HaJIe’KHbIE PE3yJbTaThl MPU BBITIOJHE-
HUU TaKUX YCJIOBU, KAK PABHOMEPHOE MHUIIMMPOBAHUE IO BCEMY O0B-
€My peakTopa, MpsAMOYroJibHas (Uiau OJu3Kas K Hel) (popma CBETOBOTO
UMITYJIbCa (3TO IOCTUTAETCs CBEACHUEM CBETOBOTO Iy4YKa B TOUKY, 7€
CBETOBOW Iy4YOK NEPECEKAETCs] AUCKOM), JUIMHHBIE LEMU, KBaJpaTH4-
HBI XapakTep oOphIBa IeMnel, OTCYTCTBUE (MJIM HU3KAsi CKOPOCTh) TEM-
HOBOM peakiuu. CEeKTOPHBIN METOJT MOYKHO UCIOJIb30BaTh U B TEX CITY-
yasx, Korjga Uenu OOpBhIBAIOTCS M KBAJIPaTUYHO U JIMHEHHO. OmHaKo
B TAKUX CIIy4asX HEOOXOAUMO B CIEHUATBHBIX OMBITaX (MO 3aBUCUMO-

cTtu Wy oT W) BBISICHUTh COOTHOIIICHHUE MEXKTY kt' U 2k; 1 COIIOCTAaBUTH

WIW,c lgm nipu COOTBETCTBYIOIIIEM ITApaMETPe
0 -1/2
y:kt[(kt) +8ktWi} (17.19)

Ecnu ectb TeMHOBasl peakiiysi UHUIMUPOBAHUS, TO 3TO TaKXe HE0O0-
XOJAUMO YUMUTBIBaTh, T. K. OTHOLIeHUE W/W, 3aBUCUT B 3TOM cllyuyae
ot otHomeHnus Wy/Wi , rne Wi, — CKOpOCTh TEMHOBOT'O MHUIIUUPOBA-
HUsl. CEeKTOpHBIA METOJ HCIOJb3yeTCS MPU H3MEPEHHH KOHCTAHT
CKOPOCTH PEAKIIMHU PaJUuKaIOB, BEIYyIIUX MOJIUMEPU3ALINIO U OKHUCIIC-
aie. OH 103BOJIsAeT M3MepuTh 2k oT 10° 1/(MOJIB-C) U HMXe, TOrpel-
HOCTb cocTaBiisgieT oOblyHO 25 %. U3 Benmuuunbl A[R'H] u cTanmo-
HapHOU cKopocTH W nipu uzBecTHOM W; HaxomAt k.. Meton npuMeHum
TOJBKO K IEITHBIM PEaKIsIM, HHUIIMUPYEMbIM (oToXxumMuuecku. Jloc-
TaTOYHO HAJEKHOE M3MEPEHHE k, M k, BO3MOXKHO, KOTZA BpeMs pas-
BUTHA 1ienu OoJpiie 1 c.

Memoo omoxumuueckoco npeodoeiucmsusi U NoOciedetucmeaus.
[Ipy GHOTOXMMHUYECKOM HWHUIIMMPOBAHUM IIEMTHOM pEAKIMHU IOCIIe
BKJIIOUCHUSI CBETA MPOXOJUT HEKOTOPBIA OTPE30K BPEMEHHU, MOKA YC-
TAHOBSITCS CTallMOHApHas KOHILICHTPAIlUS PaJMKaJIOB M ITOCTOSHHAs
CKOPOCTh pPEaKIMU. DTO HUCIOJb3YEeTCS JJIsI U3MEPEHUS KOHCTAHTHI
CKOpocTH 0OphbIBa 1iernei. Eciu nenu oOpbIBatOTCs JTUHEHHO, TO TTOCTE
BKJIIOUCHUS CBETA

[R*] = Wi(k.)'(1 — exp(~k, 1)). (17.20)
[Ipu Hebomnbioi crenenu npepanienus [R'H] = [R'H], umeem

AIR'H] = ky( k)" Wi[R'H]o[t - (k) ']. (17.21)
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A[RH]

&

Puc. 17.2. Kunetnueckas KpuBasi IEMHON peakluu Ipu BbIKItOUEHHH (¢ = 0)
Y BKJIFOUCHUU CBETA (MOMEHT OTMEYEH CTPEIKOW) B METOJIE
(hOTOXUMHUYECKOTO TTOCIEACHUCTBUSA (TTPU OOJBIIUX £), YTO MO3BOJISIET HAUTH

k, , PKCTpAIONIUpPyst aCAMITOTHYECKYIO MPsiMyto HakoruieHus A[R'H] k 7= 0

Ecau nenu oOpbIBatoTCA KBaPaTUYHO, TO
d[R*Vdt = W, — 2k[R*u [R°] = (Wi/2k)"[(e" — D"+ 1)], (17.22)

rnet= 2(Wi2ktt)_l/2.

BrikiroueHne cBeTa NpUBOAUT HE K MTHOBEHHOW OCTAaHOBKE LECTHOU
peakiMM, a K MOCTEIICHHOMY €€ 3aTyXaHuo. Eciu nenu oOpbeIBaroTCs
JIMHEWHO M CBET BBIK/IIOYEH B MOMEHT ¢ = 0, TO

A[RH]=k, (k) W, [RH] =W /k (17.23)

rae W — crauuoHapHas CKOPOCTh LEITHOM PEaKLUHu.

[Ipu kBagpaTUUYHOM OOpBIBE IIENEe HEOOXOAUMO IIOCJE BBI-
KJIFOUYEHHSI CBETA COXPAHUTh HEKOTOPYIO HEOONBIIYI0 CKOPOCTh MHU-
uuupoBanua W' Torga mnocie BBIKIIOYEHHUS CBETa Mpopearupyer
3a CYET HECTAIlMOHAPHOM KOHIICHTPAIMU paJuKaioB B MOMEHT ¢ =0
KOJIMYECTBO BEILIECTBA

-1
H] = ' ' _ 17.24

A[RH]=k, (k) [RH] In[(1-£&)/2]: (17.24)
e & =W, /W, .

Hcnonb3oBaHue METOJAa OIPAHMYEHO TAaKUMHU CUCTEMaMHu,
I7I€ 32 BpEMSI KWU3HU aKTUBHOTO IIEHTPA T BCTYMAET B PEAKIUIO TAKOE

kosnuecTBO BemectBa A[R'H] = W1, koTOpoe TNpeBbIIAET YyBCTBU-
TEJIbHOCTh AHATMTUYECKOTO METO1a KOHTPOJIS.
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17.6. Xemunomunecuenmuoie Memoosl

KunkodazHoe OKHCICHHUE OPraHUYECKHX COECIUHEHHUI COMpPO-
BOXKJIa€TCsl CIa00N XEMUIIIOMUHECIICHIIMENH, KoTopasi Oblia oOHapy-
xeHa B 1959 r. P. ®. BacwisesiM, B. . Hlmanuaroxom u O. H. Kap-
NyXUHBIM. XEMUJIIOMUHECIIEHIIUS OOYCJIOBJIEHA TEM, YTO NpPH JIHC-
MPONOPIUOHUPOBAHUM BTOPUYHBIX MEPOKCHUIIBHBIX pauKalioB oOpa-
3yeTcsl TPUILUIETHO-BO30YKJICHHBIM KETOH. BbIxoa B030Y>KIESHHBIX
MOJIEKYJI KETOHA COCTABJISIET 10°-107 Ha oauu akT JTHACIIPOTIOPIIAO-
HUpoBaHUs. bosbiias yacte BO30YXIEHHBIX MOJIEKYJ TYIIUTCS; BbI-
XOJI MCITycKaHus cocTaBisieT 10°—10" KBaHTOB Ha OIHY BO30YKICH-
HYI0 MOJIEKYJTy. HU3Kui KBaHTOBBIN BBIXOJ CB€UEHHUS 00YCIOBIMBACT
HU3KYI0 UHTEHCUBHOCTH CBEUCHUHI.

JIns u3ydeHus: XEeMUIIOMHHECIEHIIMM CTEKJISTHHBIN TepMOCTa-
TUPOBAHHBIN PEAKTOpP MOMEIIAIOT B CBETOHENPOHUIAEMYIO Kamepy,
BBOJIAT YIJIEBOAOPOJ (Yalle BCEro 3TO XOPOIIO M3YUYEHHBIN 3THIOCH-
30J1), MCTOYHUK WHULMUPOBAHUS, (POTOCEHCHUOMIM3ATOP W BEAYT
OKHCJICHHE MPU HENPEPHIBHOM 0apOOTHpOBaHUU KHUCIopoaa. B kaue-
CTBE CEHCUOWIM3aTopa UCoib3ytoT 9,10-quépomMaHTpalieH Uiu Xeart
eBponusi (TPUCTEHOUATPUPTOPAIIETOHAT €BPOIHsI ¢ PEHAHTPOIUHOM).
Bo3Hukarolee B X0/Ie peakliui CBEYEHUE COOUPAIOT 3€pPKaJIbHBIM OT-
paxkateneM, YCHIHMBAIOT (DOTOYMHOXKHUTEIEM, IOJYyYECHHBIA CHUTHAI
3aMUCBHIBAIOT Ha caMmomnuciie. NHTEHCUBHOCTh CBEYEHUS, BO3HUKAIO-
HIEr0 MPHU OKUCICHUH, MPSMO MPONOPIUHUOHAIBHA CKOPOCTU JUCHPO-
nopuuonuposanus RO;, a B KBa3UCTALMOHAPHOM PEXKUME — CKOPO-

CTH MTHULIUHUPOBAHUA
1= 2kmu[RO; T = N, (17.25)

TJI€ TMx;— KBAHTOBBIM BBIXOJ XEMUJIIOMUHECIICHIINH.
Jns  omnpeneneHuss HEU3BECTHOM CKOPOCTHM HWHMIMUPOBAHMS

IMPOBOJAT B UACHTUYHBIX YCJIIOBHUAX OIIBITHI C U3BECTHOU VVi' Hn HEU3-

BECTHOM CKOPOCTBIO WHHUIMUPOBAHUS W;, HU3Mepssi WHTEHCUBHOCTH
XEeMIIIOMUHECIICHIIUN I;H U [ COOTBETCTBEHHO. CkopocTh HHULINU-

POBaHUsI HAXOJAT 1O HopMmyJie:

E=—- (17.26)
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XEMWIFOMUHECUIEHTHBIA ~ METOJ  IIMPOKO  MCIIOJIb30BAIHU
JUIS U3yYeHUss pacnaga UHUANUATOPOB. [lockonbky I, = N Wi,
W, = 2ekq4[1], To mo Mepe pacnaga naunuaTopa I, magaeT BO BpEMEHHU,
TaK 4YTO MO0 KUHETUKE XEMUJTIOMUHECIEHIIMN MOYKHO U3MEPUTH kg U e:
w.

I
In—4-=—kt nu e=—->—, (17.27)
2k ,[1],

0,x1

rae W; onpenenstot no gopmyiie (17.26).
XeMWIIOMUHECIEHIIUIO MOKHO HCIMOJIB30BaTh AJIsI KOHTPOJIS
3a[RO]] ¥ B HecTalMOHApHOM pexuMe. Eciau BecTH OKMCIIEHHE,

WHULTUUPYS PaUKaIbl CBETOM CO CKOPOCTBIO Wi, TO TaKOMYy PEXKUMY
. 12
cootBeTcTBYeT [RO}]= (Wi/2ki)"~ 1 MHTEHCHBHOCTH CBEUECHHUS Iy,

ITocye BBIKIIOYEHHS CBETA KOHIIEHTpanuss RO, yMEHBIIAETCS B COOT-

BCTCTBUU C YPABHCHUAMMU:
—d[RO: V/dt = 2k[ RO 1% [ROS 1/[ RO, 1— 1 =2k[ RO Jot. (17.28)

CrnaJi MHTEHCUBHOCTU CBEUEHUSI OMHUCHIBAETCS COOTBETCTBEHHO
dbopmynon
12 12
Loxo/D) " — 1= kW) "t (17.29)
[1o HakIOHY IPSAMOK B KOOPAUHATAX (IO,XH/IXH)” ® — t OTIpeNeNAIOT
. 172 .
Bpems Ku3HH RO : T = (2kW;) " u npu ussectnon W; naxonmar 2k;.

s HaxoxAeHus: k; JOCTATOYHO YacTO HMCIOJb30BAJIM METOJl KUCIIO-
poaHoro mnocienercTBuss. OH 3aKIIOYaeTCd B TOM, YTO CHUCTEMY
RO; + uHMIMATOP OBICTPO HACHILAIOT KMCIOPOAOM. JTO COIPOBOXK-

JaeTCsl U3MCHEHUEM HMHTCHCHBHOCTH CBEUCHHS BO BPEMEHH OT [jy
npu t=0 mo I, npu t—> ©; lyy, COOTBETCTBYET KOHIICHTPAIIHS
[RO: ]Jo = [R"]o B MomenT ¢ = 0, xorzna koHieHTpanus R* onpenenser-

csl UX pexoMOuHanueit B orcytrcreue O,:

[R*] = (W2 k)", (17.30)

rae k, — KOHCTaHTa CKOPOCTH rmOenu (PeKOMOHMHAIMU H JIHCIPO-

nopuuoHupoBanus) R°.
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N3menenne [, BO BpEMEHHU CBSI3aHO C YCTAHOBJICHHUEM KBa3U-
CTallMOHAPHOM KoHUeHTpauuu [ RO | = (Wi/2k).

AJIKUTIbHBIE paguKaidbl THOHYT ¢ AudPy3MOHHO-KOHTPO-
upyemoit ckopocTsio Uk~ 10° — 10" /(Monb-c), a RO; morubaror

ropasno  MemitenHee [k~ 10°—10"  n/(Monb-c)],  moITOMY
[RO; ].>> [RO; Jo ¥ HaOmOAaeTCA yCUIIEHUE CBEYEHUS BO BPEMEHHU.

KoncranTy ckopoctu 2k, Haxondat u3 rpaduka In(/y./L,) — ¢:

12 172 172
/4 1 +1;

1 00,XJI

2k

[Ipy uUCTONB30BAaHUM XEMUJIIOMUHECIIEHTHOTO METojaa HeoO-
XOJAUMO BBIOIHATH Psifi yCA0BUM. ONBITHI CAEAYET IPOBOAUTH B yT-
J€BOJIOPOAE, MNPU OKHUCIEHHH KOTOPOTrO BO3HUKAIOT BTOPHYHBIC
(WM MepBUYHBIE) MEPOKCUIIbHBIE paguKalbl. MeToa XOpoIIo OMNpo-
O0oBaH Ha ATWIOEH30Je. BaxkHO, 4TOOBI BCE pajuKaibl UHUIIAATOPA
pearupoBajiu C YrieBoJOpOJ0M, OOMEHHBAsICh B UTOT€ HA BTOPHUY-
HbIE MEPOKCUIIbHBIE pajuKaiabl. MHUIIMATOP HE NOJDKEH TYIIUTh Xe-
MUJIIOMUHECHICHITMIO. Tak Kak TylIalmuM JeMCTBHEM 00JaJaeT Ku-
CJIOPOJ, OMBITHI HY>KHO MPOBOJAUTH MPH TAKUX MapIUAIbHBIX JaBJje-
HusAx O,, KOTophle 00ecneunBaroT ObICTpoe npespaienue R* 8 RO:,

HO Tymamiee aedcteue O, mMuHMManIbHO. [y ycuieHus ciaaboro
CBeUYEeHHS BBOJAT (poToceHcubmnmuzaTrop. HeobxoaumMo, KpoMme TOro,
UMETh B BUJY, YTO XEMUJIIOMUHECLHECHIIUIO B OKUCIAIOUIUXCS CUCTE-
Max MOTYT BBI3bIBaTh U APYTHE MPOLIECCHI, B YACTHOCTU BHYTpPUKJIE-
TOYHasl peKOMOWHAIIUS PaUKaIIOB.

17.7. MemooOwl uzyuenua uHZUOUmMOPO8 YEenHovIX PeaKuyuil

MexaHu3M EeUCTBUS MHTHOUTOPOB MOAPOOHO M3ydaiau B IIET-
HBIX PEaKIUIX OKUCICHUS Pa3HOOOPA3HBIX COSTUHEHUH, TIPEKIC BCe-
ro yrieBoJopooB. JleTanbHo OH uccaeaoBaH s ¢heHosoB. Pa3pabdo-
TaHHBIC TTPUEMBI MOTYT HAWTH OOJiee IMHUPOKOE MMPUMEHEHUE, MBI pac-
CMOTPHUM UX Ha MPUMEPE PEAKIIUNA OKUCICHUSI.

Hauanvuas cxopocme uneubuposanHoeo oxucienus (noaume-
puzayuu). B Tex ciyuasx, Korjaa oOpasyromuiics u3 uaruoutopa InH
panukan In” He y4acTByeT B IMPOAOJDKCHHM LIEMH, OOPBIB IEIEH Mpo-
UCXOJIUT TI0 PEAKITNH
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RO; + InH —%— ROOH + In’

U CKOPOCTb IEMHON MHTrUOMpoBaHHOM peakiuu (k, OTHOCHUTCS K CTa-
JIUU TIPOJIOJKEHUS LIETN) COCTaBIISIET

W= W + (ko[RH]/fls[InH]) W' (17.32)

Ecin wm3MepuTh HavYaldbHYH) CKOPOCTh OKHCJEHHS, KOTIa
3a Bpems uaMmepenus [InH] = [InH]y, To MOXkHO onpenenuts OTHOIIE-
HHUE KOHCTaHT

k, w. [RH]

UL . (17.33)
k, W—W, f[InH],

B3sB cepuro MHMMOMTOPOB M 3Has Ui JaHHOM cucrteMbl RH-RO;

KOHCTAHTY CKOPOCTH ky, MOKHO OTNPENENUTh k7. Takum oOpazom ObLIO
U3MEPEHO MOJABJISIONIEE OOJNBIIMHCTBO KOHCTAHT CKOPOCTH PEaKILIHiA
NEPOKCHIIbHBIX pajaukanoB ¢ (eHonamu. Beipaxenus (17.32)
u (17.33) cnpaBeqyiuBbl B TOM clly4ae, KOrja BCE ILeMH OOpPBIBAIOTCS
Ha UHTUOUTOPE, T. €. BBITIOJIHIETCS YCIOBUE

fks[InH] >> (ks W), (17.34)
B o0mem ciydae, Korja 1eny oOphIBaroTCs 1o peakuuu kak RO; ¢ InH,

Tak ¥ RO’ ¢ ROJ, CIIpaBeUIMBO CIICTYOIIEE COOTHOIICHUE:

W, W, _ fk[InH]
W, W, (k)"

(17.35)

rae W,=W—- W, Wy= W npu [InH] =0, a qnuna uenu v>> 1, kg ot1-
HocHTCA K peakuuu RO; ¢ RO; . s 5QpdexTMBHOro MCnons30BaHus

ATOTO METOjla HEOOXOAMMO BBITIOJIHEHHUE CJICAYIOIINX YCIOBUH.

1. MTHrubupoBaHHOE OKHUCJIEHUE JIOHKHO MPOTEKATh B LIEMTHOM
pexuMe, uHade paszHuna W — W; Oyaer oueHb Maia U €e He yaacTcs
TOYHO U3MEPUTH. ECIIN MOJIIOKUTH Vi, = 4, TO

k,[RH]
[InH], < 2——. (17.36)
4 fle;

2. 3a BpeMsi U3MEPEHUsI HayaIbHON CKOPOCTH (BpeMs OIbITA f)

JIOJKHA U3PAcX0I0BAThCS TOJIbKO HEOOJIbIas YaCTh MHIMOUTOpa (Ha-
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npumep, 159%). DOTo o03Ha4aeT, 4YTO MHTHOUTOpP HAIO0 BBOJUTH
B JIOCTaTOYHO BBICOKON KOHIIEHTpaluu. [1ocKobKy MHTHOUTOp pac-
XOJIy€eTCsl CO CKOpOCThIO W/f, nMeeM HEepaBEeHCTBO:

[InH], >7 V]Vf | (17.37)

O‘-ICBI/II[HO, qTO MCTOA IMO3BOJIACT U3MCPATH TAKHUC k7, AJIs1 KOTOPBIX
BBIIIOJIHACTCA YCIIOBUC
K IRH]

<t (17.38)
k, 28Wt

CnenoBarenbHo, TpeOyetcs nogoop Takux nap RH—-InH u Ttemnepary-
pbl, UYTOOBI OTHOILIECHWE ky/k, momamano B 00JacTh, YJIOOHYIO
nns u3mepenus. Ecnu uHruburop pearupyer mo peakuuu ¢ RO; (7)

ucR® (7') (orOoT Choy4aii peamu3yercs B OKHUCISIOIIUXCS CIHPTaxX
Y TIOJIUMEPAX), TO ITOT METOJ IO3BOJISIET OMPEACIUT, 00€ KOHCTAHTHI
CKOPOCTH. JIJI1 3TOr0 MPOBOJIAT CEPHIO OMBITOB MPH Pa3HBIX MapIaib-
HBIX JIaBJICHHUSIX KUCJIOPOJa, MCHSS OT OIBITAa K OIBITY OTHOIICHUE KOH-

uentpauuii [R°]/[RO; ]. OTHOWIEHNE KOHCTAHT CKOPOCTH k7/ky W kqlk,

HAXOJAT U3 rpaduKa, KOTOPbI B AHATUTUYECKON (hOpME UMEET BUL

W (W3 _ folinH] | fk[InH)

w VVO2 k,[RH] k, YPo,

: (17.39)

rae Wy = Wnpu [InH], = 0, k; otHOCHTCS K peakiuu R* + O,;
¥ — ko3 unment ['eapu 115 O, B RH.

Ckopocmb  UHUOUPOBAHHO20 OKUCHEHUSI KAK QYHKYUs
épemenu. B xone 1enHoi peakuuu UHTHOUTOp pacxonyercs. Ecnu
BCE€ IIEMU OOPBHIBAIOTCSI HA MHTUOUTOPE, TO OH PACXOAYETCs C MOCTO-
SHHOW CKOPOCTBIO, paBHOU W)/f. IloaTOMy oOpaTHas CKOPOCTh UHIH-
OMPOBAHHOTO OKUCIICHHUS JINHEITHO YObIBAE€T BO BPEMEHMU:

Il _k/lnH], k& ¢ (17.40)
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Ilo rpaduxy (W—W;)'—t MoxHO ompenenutb Kak ki/k,,
Tak U W;. Merox HakJ1aapIBaeT MEHEE )KECTKUE OTPaHUYEHUS HA CHUC-
teMy RH-InH u mno3Bossier pacumputh nuamna3oH ks/k,, KOTOpPBIi
MOYHO U3MEPHUTb.

Kunemuka uneubuposannozo oxucnenus. OyeHKy OMHOULEHUS
k+/k, MOXHO MPOBECTH U MO KMHETHUKE OKHUCIICHUS, U3MEPsia BO Bpe-
MEHHM KOJUYECTBO IMOIJIOMIEHHOTO Kuciaopoaa. WHrerpupoBaHue
ypaBHenus (15.28) mpuBoauT K Beipaxkenuto (W >> W)):

A[Oz]:wln 1—L : (17.41)

k; STInH],

[Ipennoxen u apyroii, Oonee MPOCTOM MpHEM: KMHETHYECKAs
KpUBas CTPOUTCS B 06paTHBIX KoopauHatax: A[O,]" —¢'. TIpu stom
HAYAJIbHBIA YYAaCTOK KMHETUYECKON KPUBOM MPEBPAIACTCS B IPAMYIO
JUHUIO, 110 HAKJIOHY KOTOPOM M OIpEACsAeTCs OTHOIICHUE k-/k>:

A[O,T" _k, f[InH], 1
Ak, [RH] W,

(17.42)

DTOT NpHeM IO3BOJISET elle OONbIle PacCHIUPUTh JAHANa30H U3MEpsie-
MBIX k7/k, 1 U3ydaTh gaxe Takue CUCTeMbl, Tne npu £ =0, v = 1.
Memoo kouxypupyrowux peaxyui. B peakusx IpOI0DKEHUS
1 oOphIBa LIETeH MPUHUMAET y4acTHE OJHA U Ta )K€ YacCTHUIla — IMEePOK-
cIbHBIN paaukai. [Toatomy k cucreme RH—InH- RO; MOXHO IO10M-

TH KaK K CUCTEME KOHKypupyromux peakuuu, rae RH n InH xkonkypu-
PYIOT 32 OHY U Ty K€ YaCTULly — MEPOKCUIbHBIN paaukail. B pe3yib-
tare peakuuu RO; ¢ RH o6pasyercas ROOH unu noromaercs mMose-

kyma O,, a mo peakuuun RO; ¢ InH mocnemnmii pacxomyercs.

Ecnu B onibiTe 10 MHTMOMPOBAaHHOMY OKHCJICHHIO MPOCIEIUTH 3a pac-

XO0JIOBAHUEM MHTHOUTOPA U 32 00pa30BaHUEM THIPOTIEPOKCUIA, TO OKa-

3BIBAETCS, UYTO OHU CBSI3aHBI MKy COOOM MPOCTHIM COOTHOIIICHUEM:
k,[RH] . [InH],

[ROOH] - A[InH] = c In Tt (17.43)

IIpu nocrarouno anuHHbIX Hensx A[InH] mano mo cpaBHeHHIO
¢ [ROOH] u um moxHo nipeHeOpeys. [IpenmyiiecTBOM MeTO1a SIBJISA-
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€TCA TO, UTO OH MPUMEHUM Kak npu W, = const, Tak U TIPU MEPEMEH-
HON W, T. €. B YCIIOBHSIX aBTOMHUI[MMPOBAHHOI'O MHTMOMPOBAHHOIO
okucnenus. Eciy B xo7e MHTHOUPOBAHHOTO OKUCJIEHUS TUAPOINEPOK-
cujl OBICTPO pacmajaeTcs, HaJlexKHee UCIoiab30BaTh BMecTo [ROOH]
KOJIMYECTBO MOTIIONIEHHOro Kuciopoaa A[O,]. Meron npumMeHuM
Kak npu v > 1, Tak v ipu v = 1, a TakkKe B yCIOBUSIX, KOTJIa HA WUHIU-
OuTOpe 0OPHIBACTCS TOJIBKO YaCTh LIETICH.

Ouyenka k; no xunemuke pacxoooeanus uneubumopa. Korma
WHTUOUTOP BBEAEH B TAKOW KOHIIEHTPAIMU, YTO Ha HEM OOpPBIBAIOTCS
BCE IIEMH, CKOPOCTh €r0 PacXO0JOBaHUS HE 3aBUCHUT OT €ro KOHIICH-
Tpauuu 1 paBHa Wi/f. 310 ucnonb3yercs s ONpenesieHus] CKOPOCTH
vHunuupoBanusa. [Ipu pocrarouno manom koHueHtpauuu InH cko-
POCTb €T0 PACXOAOBAHMS 3aBUCHUT OT €r0 KOHUEHTPALMHU, YTO MOXKHO
UCIIOIb30BaTh JUIsl ONpPEAESICHUs] KOHCTAaHThl CKOPOCTH k7. Eciu koH-
ueHrpanus InH HacTonpko Maia, 4To B €ro NpUCYTCTBUU MEPOKCHIIb-
HbI€ paJiiKajibl NOTUOAIOT MO PEAKUUU JIPYT C APYrOM, TO CKOPOCTH
€ro pacxoJI0BaHUs

~d[InH)/dt = k;[InH][ RO ] = (k,k, "> )[InH] ;" (17.44)
Y UHTUOUTOP PACXOAyeTCs IO PEAKIMU MEPBOTO MOPSIKA:
[InH] = [InH]pe ™, k= k. k"> w;'"”. (17.45)

B Gonee oOmeM ciaydae NMepoOKCHIbHBIC paguKalibl MOTHOAIOT
o AByM peakuusaM: RO; + RO u RO; + InH, — Tak 4ro

I — k, e 1_k7[InH]

Jks ko,

Jlns ompeneneHus k; BHIOMpalOT TaKOM YTrieBOJOPOMd, JJIS TIie-
POKCHJIBHBIX PaJIMKaJIOB KOTOPOTO HM3BECTHA kg, BBOISAT MHUIIUATOP
U0 XOAYy OMNbITa CHEAST (Hampumep, CHEKTPO(HOTOMETPUUYECKH)
3a pacxojoBaHueM uHruounrtopa. M3 kaxmoro onsita no (15.44) onpe-
nenstoT k, a skctpanonupys k k [[nH], = 0, HaxoAsAT ¥ BBIUUCIAIOT k7.
[Ipu ucnonb30BaHUU 3TOrO CIOCO0a HY>KEH BBICOKOUYBCTBUTEIIBHBIN
METOI aHamM3a Ha MHrubutop kike'> W Takoil moadop yCIOBHil
(W, [RH]), kxoTopblii MO3BOJSET CICIAUTh OOBIYHBIMHM METOJAMU
3a UHTUOUTOpOM. Ecin MHHUManIbHas JIMTEILHOCTh ONBITA

(17.46)
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TO MOXKHO M3MEPATH k < ', a cnenoBaTenbHO, ky << kP WiV Jlua—
Ma30H U3MEPEeHUs k; MOXKHO PACIIUPHUTh, €CIW MPOBOIUTH CEPHIO
cpasueiMu  [InH], wu  omnpeaenuts  (AMIOUPUYECKH)  TaKYIHO
[InH], = 0,5[InH], nmpu koropour Wy = Wi/2f, 1. e. Wiyu= 12W.
B sTom ciydae numeem

kW
k, = . (17.47)
£-0,5-[InH]

VYBenuunTh Uana3oH U3MEpEeHus k; MOXKHO, TnoaOupas
RH (RO;) ¢ 0oiiee BEICOKMMU K.

Xemuntomunecyenmuvle memoowvl usmepenus k;. JIns xuako-
($ha3HOro OKMCJIEHHUSI, KOTJla IIENH BEAYT BTOPUYHBIC MEPOKCUILHBIC
paavKalbl, XapaKTepHAa XEMWIFOMUHECUECHIMUSA, KOTa B PE3yJIbTATE
peaKknu AUCTPONTOPLMOHUPOBAHUS IBYX BTOPUYHBIX MEPOKCUIBHBIX
paauKajoB 00pa3yeTcsl TPHUILICTHO-BO30YKICHHBIH KETOH, KOTOPBIM
Y SIBJISIETCS SMUTTEPOM JIFOMUHECIICHIIN U

2HR'O0O* — HR'OH + O, + R'=0.

92
NuaTtencuBHocTh xemuatomMuHecueHuuu [/ ~ [HR'OO |~ W; (B kBazu-
CTallMOHapHOM pexume). Ilpyu BBeJACHUM MHTHOMTOpPAa YMEHBIIACTCS
KOHUEHTpauuss RO, ¥ COOTBETCTBEHHO MaJa€T MHTEHCUBHOCTL XEMU-

JIOMUHECHCHIINY. VI3MeHeHne NHTEHCUBHOCTU C BBEJEHUEM WHTHOU-
Topa, HanpuMep ¢eHoia, cBsa3aHo ¢ [InH] coornHomenuem (I u I —
WHTEHCHUBHOCTh XEMUJIIOMHHECUEHIIMN B OkucistomeMmcss RH B ot-
CYTCTBUE U B PUCYTCTBUU UHTUOUTOPA):

LI ,1——2— (17.48)

1 «/ k, W
ITo 3aBucumoctu [ ot [InH] HaxoasaT k7 npu uzBectHoIX W, u k¢. B X0-
JIe ONbITa MHTHOUTOP PacXoyeTcs, MOATOMY HMHTEHCHBHOCTh XEMHU-
JIOMUHECUEHIINY Bo3pacTaeT. KuHeTnyeckas KpuBas XeMWJIIOMHHEC-
LHEHIIUN UMEET s-00pa3Hyro (opmy. MakcUMalbHBIA YIIIOBOU KO3(-
(ULIHUEHT KPUBOW XEMUIIFOMUHECLICHIINN PABEH

di /1) | _ o5k
dt Tk,

max

(17.49)
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BripaxkeHue crnpaBeqauBO B TE€X Clyyasx, KOrja NpOAYKTHI MpEBpa-
IIEHUs] UHTUOUTOpPA HE aKTHBHBI B KaUE€CTBE MHTMOUTOPOB WJIM MHU-
UaTopoB. B HEKOTOPHIX CHEMAIBHBIX CIIy4asiX BBEICHUE MHTUOUTO-
pa (aMuHA) B OKHCJISIIOIIEECS BEIIECTBO HE TYIIHUT, a YCUIIMBAET Xe-
MIJTFOMUHECLIEHIUIO.

ConpsioicenHoe oKucieHue ¢ celeKmusHvim uneudumopom. lle-
POKCHIIbHBIE PAJIUKaJIbl CIIUPTOB O0JAJAI0T CIOCOOHOCTHIO OKUCIISATH
U BOCCTaHaBiuBaTh. [l03TOMy OHM pearupyrOT Kak ¢ XHHOHAaMHU,
TaK U ¢ HUTPOCOEAUHEHUSIMH, YTO TPUBOJUT K TOPMOKEHHUIO LIETTHOTO
OKHCJIEHUS crupTa. [lepokcuibHbIE pauKalibl YIIIEBOAOPOIOB U APY-
I'MX COCIMHEHMM TaKOW CIIOCOOHOCTBIO He oOisamaroT. B cummy aToro
B YCIIOBHSX comnpsbkeHHoro okucienus cnupra HR'OH u yrinesopo-
pona RH XMHOH TOPMO3UT TONBKO TOT LEMHOW IPOLIECC OKUCIICHUS,
KOTOPBIA BEIYT TMAPOKCUIIEPOKCUIIBHBIE PAUKAIIbl CIUPTA. ITO 00-
CTOSITEILCTBO  MOJOXKeHO B  ocHoBy wmetoaa (E. T. lenucos,
P. JI. Bapaansn, 1972 r.). IIpoBoAsST COOKUCIEHHE CIIUPTA U YTJIEBO-
0poJia B TMPUCYTCTBUM HHUIIMATOPA U CEJIIEKTUBHOIO WHTUOUTOpA
(XMHOHA, HUTPOKCWJIBHOTO pajifiKajia, HUTpocoeauHeHus ). Maruourtop
BBOJIT B TAaKOW KOHIICHTPAI[MU, YTOOBI «IIEPEXBATUTH» BCE THUJIPO-
KCUIIEPOKCUJIbHBIE PAJUKalIbl 0 TOr0, KaK OHHU MPUMYT Yy4dacTHE
B NIPOJOJKEHNH 1end. Kak mokaszan onbIT, 11 CMECH «IMKIIOTEKCEH
— IUKJIOTeKCAaHOI» JOCTATOYHO BBeCTH 3-10 MOIB/T GEH30XHHOHA
(333 K). LlenmHas peakuusi B 3TUX YCIOBHSAX COCTOUT M3 CICAYIOIIUX
KJIFOUEBBIX cTaauii (rae Q — XHUHOH):

[>r—E SR @)
R*+0O,— RO, (1)
RO; + RH — ROOH + R, (2)
RO; + HR'OH — ROOH + R"OH, (2))
R"OH + 0, — O°OR'OH, (1)
Q + HOR'OO®* — O’H + O, + R'=0, (7)
RO; + O'H — ROOH + Q. (8)

OMOUPUYECKH MOJOUPAIOT TAKUE YCIIOBHS, 4TOOBI peakuus (7)
npoTeKaga ropa3ao ObICTpee peaklHil THAPOKCUIIEPOKCUIBHOTO pa-
mukana ¢ RH u HR'OH; peakius 1 — Obictpee peaknmu R* ¢ Q; pe-
aKIUsl OKHUCIICHHS B MPUCYTCTBUM (Q MpoTekana Obl HENHbIM MyTEM
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(v>>1); peakums (7) mua Obl TOpa3ao ObICTpee peaKIuu
RO; + RO; . Toraa ckopocTh LEMHON PEAKIMK COCTABUT

W = k,[RH]Wy/2 k, [HR'OH], (17.50)

YTO MO3BOJISIET MO 3HAYEHUSIM V U W, ONPENEINTh OTHOIIEHUE k'2 'k,

Y HAUTH ké 10 HM3BECTHOM k,, U HA0O0OpOT. MeToa HCHOJIb30BAIU

JUTSI OnIpenieNieHust k, peakiuii aTKUINEPOKCWIBHBIX PAAUKAIOB C PSIOM
anmudarnueckux cnupTtoB. OH MPUMEHUM JJII U3MEPEHUS KOHCTaHT
CKOPOCTH peakuuii RO ¢ anmu(aTH4eCKMMH aMUHAMH M HENPENEIIb-

HBIMU COCJIMHEHMSIMU (LIMKJIOTeKCaaueHbl, auruapoHadranut, 1,2-nu-
3aMELIEHHBIE DTUIICHBI), ITPU OKUCIEHUH KOTOPhIX 00pasyrorca HOS .

17.8. H3yuenue peakyuii paouxkanos,
o0pazyrouwuxca u3 uHzuoumopa

B MexaHu3me HMHTUOUPOBAHMS IETHOTO OKHUCIICHHUS BAXKHYIO
poOJb WUrpalOT HE TOJbKO peEakuu HMHruouTopa (Takue, Kak
RO; + InH), HO 1 peakuuu 00pa3yrOWErocs U3 MHTMOUTOpa paauKaa

In® . B wacTHOCTH, IIPH MHTMOUPOBAHUN OKHMCIIEHUS (PEHOIAMH M3 HUX
00pa3yroTcss (DEHOKCHIIBHBIC PaguKallbl, U3YUYCHUIO MX PEAKIIMOHHOMN
CIIOCOOHOCTH TOCBSIIIEHO MHOTO padoT. Hapsiiay ¢ TpaauliuOHHBIMU
METOJaMU U3YyUEHUS OBICTPBHIX PAJUKAIbHBIX PEAKIUI (MMITYJIbCHBIE,
CTPYEBBIE) CO3JaH PsJl METOAOB, I/I€ UCIOIB3YETCs crnelu(rKa HHTU-
OMPOBAHHOTO OKHUCJIEHUS YTIEBOJOPOJIOB. DTU METOAbI U PACCMOTpE-
HBI B HACTOSIIIEM pa3jielie.

Kunemuxa uneubuposannozo okucnenus. Eciv pagukanbl UHIH-
OUTOpa HE Yy4acTBYIOT B MPOJOJIKEHUU 1IETMH, TO OOPBIB IeNeil JIMMHU-
TUPYET PEaKIUsl MEPOKCUIILHBIX PAIMKAIIOB C UHTUOUTOPOM U PEaAKITU-
OHHast crocoOHOCTh In® cebs HUKak He TpossisgeT. OJHAKO MOKHO
noadopom RH u InH co3xaTtek Takue ycinoBusi HHTUOMPOBAHHOIO OKHC-
JIEHHS, TIPH KOTOPBIX pafuKaibl In” aktuBHO pearupyror ¢ RH u Takum
00pa3oM y4acTBYIOT B ITPOJIOJIKEHUU e, JJ1s co31anusl TaKuX ycClio-
Buii JI. Maxonu ucnonb3oBan 9,10-quruapoanTpaneH, KOTOPbId UMEET
cimadbie C—H-cBsizu (Dc.y =297 kJIX/MOJB) U MOSTOMY JIOCTATOYHO
OBICTPO pearupyeT ¢ (PeHOKCHIbHBIMU paaunkaiamu. CKOpOCTh OKHUCIIE-
Hust, koraa In® mpomospkaer mens o peaknuu ¢ RH (10), uveer Bu:
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klOW;
Sl kg [InH ]
Ha omnbiTe u3MepsroT (WM 3KCTPANOIUPYIOT) HAYAIbHYI0 CKOPOCTH

okucienus npu pasubix [RH], [InH] u W, nposepsitor 3aBucCHUMOCTh
(15.49) u onpenensror otHomenue kio/ks (8 ects peakuus RO; +1In°,

W =2k,[RH]" (17.51)

€CJI U3BECTHHI ky, k7 U f). Ilpu u3BeCTHOM kg HAXOIAT k.

AHaJOTUYHBIM 00pa30M HM3YYAIOT PEAaKIUI0 PaguKajoB WHIU-
outopa ¢ runpornepokcuaoMm. IIpoBoasT ombIThl MO okuciaeHH0 RH
C UHUIIMATOPOM, UHTUOUTOPOM U THUIAPONEPOKCUAOM. M3MmepstoT Ha-
JaJIbHYI0 CKOPOCTb OKHCJICHHUS. Y CIIOBHUS MOAOMPAIOT TAKMMH, YTOOBI
paJuKajg MHTHOMTOpa JOCTATOYHO AHepruyHo pearupoBas ¢ ROOH.
Torna

k ,[ROOHW,
Sk kg [InH] |

[To 3aBucumoctu W ot W, [ROOH] u [InH] mposepstoT cnpa-
BEJIJIMBOCTh ATON 3aBUCUMOCTH M HAaXOAAT k; (XapakTepus3yeT peak-
muro In® ¢ ROOH) nipu u3BeCTHEIX k), k7, kg 11 f. B camom o61eM ciry-
vae, korga paaukaisl In’ pearupyror u ¢ RH, u ¢ ROOH u nenu 06-
pBIBatOTCS IO peakusaM (6), RO; + RO; (8) u In” + In’ (9), ckopocTs

(17.52)

W = k,[RH] \/

OKUCJICHUS 3aBUCHUT OT YCJIOBUM OIBITA CICIYIOIIUM 00pa3oM:
w—-w. l+a

= , (17.53)
[RH]\/WI. NJa+b+c
rac
2
a=[InH][ﬁ[InH]+k2k7[ROOH]} 2k 2he 2o
k, k.k,, k, k.k,, ki

O0paboTKa pe3yabTaTOB OIbITA HA KOMITBIOTEPE MO3BOJISIET BbI-
YUCIIUTh OTHOIICHUS KOHCTaHT 2kg/kykig n k_;/k)y ipu W3BECTHBIX
(B3SITBIX U3 OIBITA) OTHOMICHMSAX Ka(2ke) ™" 1 kyo(2ko) ™.

Kunemuxa obpazosanus paouxana uueubumopa. OO0pasyro-
muecs no peakuuu RO; ¢ InH paguxans! (HanpuMep, GEHOKCHIIbHEIE

u3 genosa) yacto HakarmmBatores B cucreme RH—-O,—InH-T) (I —
WHUILIMATOP) B TaKOM KOHIIEHTpAIMH, 32 KOTOPOH MOXKHO CJIEAUTh Me-
toaoM DIIP. 9To 00CTOSTENBCTBO UCMOIB3YETCS ISl U3MEPEHUs Ta-
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KOM BaXHOM KOHCTaHThl, KaK KOHCTAaHTAa CKOPOCTH PEaAKIUU
RO; +In". Ecim obpasyromuecs no peakuun RO; +InH (7) panuka-

bl In® ucuesaroT TonpKo mo peaknuu In° ¢ RO; (8), To MakcUMambHas

KOHIIEHTpaLus In’ OIPEeaEHACTCS IPOCTBIM COOTHOILIEHUEM:

[Toctymaror caenyromum odpa3zom. B 6eH3011 BBOAST MHHUIIHUA-
TOp (a30M300yTUPOHUTPUI) U (DEHOJT U B MPUCYTCTBUU KHUCIOpOAA
(6apbotax) cineast Mmerogom OIIP 3a koHIEHTpanyend (EeHOKCUIbHBIX
pamukanoB In’. ITo MakcMMaabHON KOHIEHTpAuu In” HAXOAAT OTHO-
menne ki/kg u  BeUMCIAOT kg,  Jnsa  2,6-mu-mpem.-OyTHIl-
rapa3aMeIieHHbIX (EHOKCUJIOB 3HaueHHMs kg JIe)KaT B HHTEpBaje
(2-10)-10® 1/(MomB-C), T. €. GIM3KM K KOHCTaHTe CKOpocTU auddy3u-
OHHO-KOHTpOJMpyeMon peakuuu. [Ipu mcnosb30BaHUM 3TOr0 METOAA
cienyeT o0paimarh BHUMaHUE Ha MOa00p MHUIIMaTopa. B yactHOCTH,
UCIIOJIb30BAaHUE TIEPOKCUIHBIX MHHUIIMATOPOB, U3 KOTOPHIX 00Pa3yroT-
Csl OYCHBb aKTUBHBIC AJTKOKCUIIBHBIC PAJUKAIBI, IPUBOAUT K TOMY, YTO
¢ InH u RH pearupyror nBa Buma paaukaioB: R'O’(m3 R'OOR)
1 RO, (u3 RH). B Takoi cucreme (RH-O,.InH-R'OOR') makcu-

MaibHast (KBa3HCTAIlMOHAPHAsA) KOHICHTpamus In® omuchiBaeTcst 00-
JIe€ CII0KHBIM BBIPAKEHUEM:

[In"]mex = 1725 + (b*/4 + )2, (17.55)

rae b u ¢ — sMmnupudeckre Ko3PpQUIHEeHTHI.

Koukypupyrowue peaxyuu ¢ yuacmuem paouxana unauoumopa.
OueHb YacTo pajuKaibl In” peKOMOMHHUPYIOT MIIH THOMPOIOPIIUOHH-
py1oT. MOXHO CO37aTh TaKW€ YCJIOBHS, KOTJa BO3HUKAET KOHKYPEH-
st Mexay peakipsayu In”+ In' (9) u In® + HX. Eciu 3HaueHue ko u3-
BECTHO, M3 JKCIEPUMEHTAIBHBIX JaHHBIX MOKHO BBIYHCIHUTH KOH-
cTaHTy ckopoctH peakiuu In”+ HX. Takue Metoapl Oblin pa3paboTa-
HbI HEJITABHO ISl U3YUYEHUS PEaKUuid, B KOTOpPbIE BCTyNaeT audeHuna-
MUHUJIBHBIN PaIUKAL.

JIns wu3ydeHus peakiuu JU(PEeHWIaMUHUIBHOTO paauKaia
¢ ROOH mnpoBomuncs pacnan 2,2'-6ucuzodytuponurpuia (R'N,R')
B XJIOpO€H30JIe B MPUCYTCTBUM Kymuiaruapornepokcunga ROOH
u pudpenmnamuna InH npu 6apbotaxe kucimopona. B Takoil cucrteme
MPOTEKAIOT CIEAYIOIINE PEAKIIUN:
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RN,R' - 2(R)+N,, (R)'+0,— RO

R'O; + InH — R'OOH + In® (7")
In*+ ROOH — InH + RO; 7

In* + RO, — InOOR — Q + ROH (8)
In® + In" — mpoayKThI 9)

[Togbupanu Takue yciaoBusi, IPU KOTOPBIX C COU3MEPUMOI CKOPOCTHIO
npotekaan peakiuu In"+ ROOH u In’+ In®. Benen 3a peaknueii In®
¢ ROOH OrbicTpo mpotekaet peakius (8), B pe3yJibTaTe HaKaIllJIUBaCT-
Ccsl IPKO OKpamieHHbI XuHOHUMUH Q. CnekTpooToMeTpruyecKku ciie-
IWIM 3a €r0 HAKOIUICHHWEM Ha JJIMHe BOJIHBI 454,5 HM. 3aBUCUMOCTH
CKOpPOCTH V 00pa3oBaHus (Q OT KOHIIEHTpAIMi PEareHTOB BhIpaXkKaeTcs
dbopmyoit (W;— cKopoCTh TeHEPUPOBAHUS PATUKAIIOB):

/4 [InH] k. k, N ke .

1/2
W,—2W [ROOH] 2kk, k,(2k)"" (17.56)
w.—-w 1

1

(W —2w)" [ROOH]

I1o 5T0if 3aBUCHMOCTH HAXOMHIIH OTHOIICHHUE k_7/(2ko)"? 1 BBIUHCIISITH

ks, dna nudeHunaMUHUIBHOTO pajaukana 2ko = 1,8-107 71/(MOJIbC).
Mo:xHO n36exaTh odpasoBanus pagukanoB R™ (u3 R'N,R"), eciau mc-
MOJIb30BaTh JJII T€HEPUPOBAHUS MHTEPECYIOUIUX SKCIIEPUMEHTATOpA
pamukanoB In" mumep Inln — Hampumep, TerTpad)eHHITHAPAZUH
KaK UCTOYHUK aMUHWIBHBIX paJuKajioB. [ns u3ydeHus peaxkiuu Ju-
dheHnnaMuHIBHBIX pagukaioB ¢ ROOH B xnopOeH301 BBOIWUIN TET-
padenmnruapasut, TMpEeHnIaMrud U KyMuiruaponepokcua. B cucre-
M€ MPOTEKAIIU CIAEAYIOLINE PEAKIINU:

RO, + InH — ROOH + In’ (7)

Inln — 2In®, In"+ ROOH — InH + RO 7
In’ + RO, — InOOR — Q + ROH (8)
In® + In" — mpoayKThI 9)
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Co3naBany TakUe yCJIOBHUA, KOT/Ia C COM3BMEPUMOIN CKOPOCTBIO ITPOTE-
katoT peakuuu (—7) u (9). I[lo xoay ombITa, Kak ¥ B MPEIbIYIIIEM Me-
TOJE, ClenuIn 3a oOpa3zoBaHueM XxuHOHMMHHA Q. CxopocTh 00pazo-
BaHus Q CBsA3aHA C YCJIOBUSIMH OMbBITA BEIPAKEHUEM

/4 [InH] _ k 5k n ks .
W.—2W [ROOH] 2kk, k,(2k,)" (17.57)
. W 1
(W,—2W)" [ROOH]

[To smnupuueckoit 3aBucumoctu W ot [ROOH] onpenenunu
OTHOIICHNE KOHCTAHT k_7/(2ko)"* 1 BBIAHCTHIH k_7.

AHaJIOrM4HBIM 00pa30M MOKHO, U3YyYHMB KHHETHUKY 0Opa3oBa-
HUSA XMHOHHMMHHA B CUCTEME «TeTpaeHUITHIpa3uH — YIJIEBOJAOPO]
— O,», U3MEPHUTh KOHCTAHTy cKopocTH peakimu In"c¢ RH. B Takoii
CUCTEME, KPOME OIMUCAHHBIX, TpoTeKaeT peakius (10):

In*+RH — InH +R* (10)

Pe3ynbTaThl U3BMEPEHUsI CKOPOCTH 00pa3zoBaHus (Q B 3aBUCUMO-
-1/2
ctu ot [RH] cpsamisitoT B koopaunatax W(W,— W) '“— [RH]:

w (W, —w)" =k, [RH]K (17.58)

U HaxXoJIsT klok;/ *. Merox nMeeT psja orpaHudeHui. s HaaeKHOTO

u3MepeHus kyy Hy>KHO, 4TOObI ckopocTH peakiui (9) u (10) 6putH co-
U3MEPUMBI, T. €. BBINOJHSIOCH HEpaBEeHCTBO kio[RH] < ( VVikg)l/z.
B 10 e Bpems Hago u30exarh YCIOBUM, KOrJa C 3aMETHOM CKOpO-
CTBIO IPOTEKAeT JAUCIponopuuoHuposanue RO; [peakuus (6)],

T. €. JOJDKHO BBIIIOJIHATBCA YCIIOBUC
kio[RH] << kg(Wi/2ks)"". (17.59)

Ecnu yyecTh emie M 4yBCTBUTEIBHOCTh AHATUTHUYECKOTO KOHTPOJIS
[ko3ddurment sxcrrakimn 1 Q € ~ 10° 1/(Monb-cM)], To HHTEpBAT
M3MEPSEMbIX STHM METOIOM kio coctaBisier 107—10” 11/(Moub-c).
Kamanumuuecxoe oeticmseue paouxana uneudbumopa. OOpa-
3YIOIIHECS U3 MHIHOUTOpa paguKajbl In® 4acTo 10CTaTOYHO aKTHBHBI
B PEAKIMAX OTPhIBA U MOTYT KaTaJIM3UPOBATh PEAKIIMM TAKOTO THIIA.

Katanu3 mapoit InH-In®, roe InH — nudenmnamut, ObUT HETaBHO
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YCTAHOBJICH Ha MPUMEPE PEaKIuh CTaOUIIBHOrO pajaukaia 2,4,6-Tpu-
mpem.-0yTHII(PEHOKCHIIa C TUAPONEPOKCUIOM. DEHOKCHII MEIJICHHO
pearupyet ¢ kKymuirgaponepokcuaom [k = 0,16 i/(momb-c) npu 290 K
B CCly]. BBenenne B cucremy audeHUIaMUHA YCKOPSIET PEAKIUIO,
IpUYeM aMUH B 3TOW CUCTEME MPU OIPEJEICHHBIX YCIOBUSAX HE pac-
xoxayetcsa. Karanus oOycioBieH nporekanuem peakmuit (7), (—7), (8),
(9). IIpu stom mox In" mogpasymeBaercs ArO°. B cucreme, xpome
OMMCAHHBIX, PEATU3YyETCsl U PAaBHOBECHE :

ArO’+ InH é ArOH + In’.
CKOpOCTh KaTaTUTUYECKON PEaKIIUU
War = k_7[In][ROOH] = k_,K[InH][ArO*][ArOH] '[ROOH].  (17.60)

Eciu n3BecTHa KOHCTaHTa paBHOBeCUA K, TO IIO OMIIMPUYECKOMN 3aBU-
cuMOCTU Wy, OT KOHUEHTPALMK PEAreHTOB MOXKHO BBIYHUCIHUTH K.7.
VYcnoBus 3kcniepuMeHTa MOAOMPAOTCS TaKUM 00pa3oM, 4TOObI KaTa-
JUTUYECKAs peakilus nNpoTeKana ObICTpee HEKAaTATUTHYECKOH,

W=k ,[ArO"][ROOH], (17.61)

a mobounble peakiuu (8) u (9) npoTekayin ObI B HE3HAYUTEIHHOM CTe-
neHdu. BrInoHeHne 3TUX YCIOBUM MPU KBA3UCTALIMOHAPHOM PEXUME
NPOTEKAaHUS PEAKIIUK MPUBOJIUT K HEPABEHCTBY:

kKl k', < [InH]/[ArOH] << k, /ksK. (17.62)

AHamornuHpIM 00pa3oM MOXHO M3y4ath peakimio In’ ¢ RH.
17.9. Memoo cmeuienus npeoeyios UenHozo 60CHAAMEHEHUA

JIng 1enHoOM pa3BETBIEHHOW PEAKLUHUM XapaKTEpPHO HaJIW4Ue
BEPXHETO p, U HWKHETO p; NMPEAECIIOB BOCIUIAMEHEHUS MO JABJIEHHUIO,
KOT/Ia CKOPOCTh pAa3BETBIICHUSI paBHA CKOPOCTHM OOpbIBa IeneH.
ITo cmelienuro npeaesna BOCIUIaMEHEHUsT OT BBEICHHUS BEILECTBA, pea-
TUPYIOLIET0 ¢ aKTUBHBIMHU LIEHTPAMH, MOXXHO ONPEAECIUTh KOHCTAHTY
CKOpoCcTM 3TOU peakuuu. lIpu ropeHun Boxopoaa IPOAOIKECHUE
Y PA3BETBIICHUE LIENIEN ITPOUCXOIUT MO PEAKLIUSIM:

HO® + Hz—)HzO"‘H. (1)
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H +0,->HO'+0 (2)
ITpu BBeneHunu BemecTBa RH qOMOJMHUTENEHO NPOTEKAKOT PEAKIINU:

H'+RH—> H, + R’ (7)
HO*+RH — H,0 +R® (8)
O+RH —» HO*+R”’, 9)

KOTOpbIE CHIYKAIOT KOHIICHTPALMIO aKTHBHBIX HEHTPOB (pamukan R’
HE MOXET pa3BeTBIATH Lemb, kKak H'). ITostomy BBenenne RH cumka-
€T BEpXHUU MpEeeIl p, U MOBBIIAET HKHUN Tipeaen p;. CMeleHue p,
U p; MOXHO UCIIOJIb30BaTh sl BBIYUCIEHUS k7. [Ipu cmenienun Bepx-
HETO npenena Ap, AMeeM:

[0, Ap, _ K, +[ k, +§][02]
2k, kK )[H,]

[RH] p, 2k,
[Ipu cmeneHnn HIKHETO Mpefesia B YCIOBUIX, Koraa peakiusaMu (8)
u (9) moxHo npeHeOpeub, Ap./p; = (k:/2ky)(pru/p1). 1lockonbky k,
u3BectHa (Igk, = 11,19 —70/0), u3 otHowmeHusa k;/(2k,) HaxodsT ky
(6 =2,3RT).

. (17.63)
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KoHTpoJbHbIE 3a1aHUS

A. Boipocsl

1. BbIBOJT OCHOBHOTO YpaBHEHUSI TEOPUHM aOCOIIOTHBIX CKOPO-
CTE€HN PEAKIIUN.

2. TloBepXHOCTH CBOOOIHOM IHEPTUM XUMHUUECKON PEAKIIUH.

3. IIpuMeHeHre ypaBHEHUN TEOPHUM IEPEXOJHOTO COCTOSIHUS
K peaKkiusM B XKUIKOM ¢asze.

4. ConpBaTanusi akTUBUPOBAHHOT'O KOMILIEKCA.

5. OuieHKa TEPMOAMHAMUYECKUX XAPAKTEPHUCTUK COJIbBATALIUU
AKTUBHPOBAHHOI'O KOMILUIEKCA MO AKCIIEPUMEHTAIBHBIM JAHHBIM.

6. [Iponiecc akTuBaMu B KUJIKOM (pa3e u mpeaBaputesbHas pe-
OopraHu3anus COJIbBAaTHOW 00OJIOYKH.

7. OCHOBBI TEOPUU METOJIA JIEKTPOHHOTO NAPaMarHUTHOIO pe-
30HaHCA.

8. ®opMma u mmpuHa JuHu cektpoB IIIP.

9. CBEepXTOHKOE B3aMMO/ICICTBHE.

10. MI30TponHOE CBEpXTOHKOE B3aUMOICHCTBHE.

11. AHU30TPONHOE CBEPXTOHKOE B3aUMO/ICHCTBHUE.

12. IlposBnenne nzorpornnoro CTB B cnexrpax OIIP.

13. IlposBnenne annsorponHoro CTB B criektpax JIIP.

14. CnuHOBas MIOTHOCTH B PaJIMKAIaX.

15. BiusiHue ctpoenus paaukanoB Ha g-pakrop v konctaHTel CTB.

16. KBaHTOBO-XMMHUYECKHE METOABl pacyeTa SJIEKTPOHHOU
IJIOTHOCTHA CTPYKTYPBI PAIMKAJIA U PACHPEICICHUS] CIMHOBOW IUIOT-
HOCTH.

17. Posib ”THULIMATOPOB B LEMHBIX PEAKIIUAX.

18. TunuyHble MEXaHU3MBI paciaja UHUIMATOPOB.

19. Kunetuka pacnana uauiatoposB. [lepuosa nonypacmnana.

20. Kputepun BbIOOpa MHULIMATOpPA JJIsl MPOBEIACHUS LIETTHOTO
npouecca B 3aIaHHBIX YCIOBUSIX.

21. MeTtoasbl OJTyYeHUs a30COECTUHEHNN.

22. CtpoeHure U CBOMCTBA a30COEAUHEHUM.

23. BousgHue CTpOECHUST HAa TEPMHUUYECKYIO YCTOMYMBOCTH a30-
COCJIMHCHUM.

24. IlepBUUHbBIE MOJICKYJISIPHBIE TPOAYKTHI OKUCIIEHUS.

25. JlokazaTenbCTBa UEMHOTO MEXaHU3Ma PEaKIui OKUCIIEHUS.
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26. llemHast cxemMa OKHMCJIEHHS YIJIEBOIOPOIOB.

2’7. 3aBUCUMOCTh CKOPOCTH OKHCJICHUSI OT KOHIIEHTPAIMU KH-
ciopoaa.

28. YCTaHOBIICHHE CTAalMOHAPHOW KOHUEHTPALMU PaJIUKAIIOB
B [IPOLIECCE OKUCIICHMUSI.

29. Tunbl peakToOpoB 715l MPOBEICHUS KUAKO(PA3HOTO OKUCIICHUSI.

30. Kunetnueckuit u 1up@y3MOHHBIN peKUMbI OKHCIICHHUS.

31. 'a3omeTpruyecKkrue METOIbI U3yUYEHUS PEAKLINI OKHUCICHUSI.

32. Metoasl uccneOBaHUsS KUHETUKU HAKOIUIEHUS MPOIYKTOB
OKHUCIICHHSI.

33. Kunetuyeckue METOAbl U3yYEHUS MaKPOCKOMUYECKOTO Me-
XaHW3Ma PEaKINil OKUCIICHUS.

34. 3ydyeHne KUHETUKU PEaKIUi OKHUCICHUS METOJOM XEMHU-
JIOMUHECUEHIINH.

35. MeToabl M3MEpEHHUs CKOpOCTed 0Opa3oBaHMsl CBOOOHBIX
PaUKaJIOB MPU KUJIKOPA3ZHOM OKUCICHUHU.

36. MeTtoibl UBMEPEHUS APAMETPOB OKHUCIISIEMOCTH OpraHuYe-
CKUX COCIMHCHUMU.

b. 3agaun

1. Peakuus nepBoro nopsiaka nporekaer Ha 27 % 3a 12 muH. 3a kakoe
BpEMSI 3Ta PEAKIIMS 3aBEPIIUTCS MTPAKTUIECKU TOJTHOCTHIO (Ha 99,9 %)?

2. I3BeCTHO, 4YTO HEKOTOpas peakuus HUMeeT JIpPOOHBIA MOPSAIOK
1o BeuecTBy A. IIpu onpenenennn KOHIEHTpAUUU BEIECTBA A B XO-
JIe peaKuu ObUIN MOJYYEHbI CIEAYIOIINE TaHHbIE:

t, MUH 0 5 10 20 30 40
[A], Moab/1 0,723 0,641 0,563 0,421 0,303 0,205

Onpenennure NOPANOK PEAKLHMH, HCHOJb3Ysl 3aBUCUMOCTh TEKyLIEH
CKOPOCTH PEAKLIMU OT KOHILIEHTPAllMX BEEeCTBa A.

3. 1o 3HaueHUsIM KOHCTAaHT CKOPOCTEM NPHU ABYX TEMIIEpaTypax OIl-
pENENIUTh SHEPTHUIO0 aKTUBALIMU, KOHCTAHTY CKOPOCTH IMPU TEMIIEpaTy-
pe 75 u TemnepaTypHbld KOd(PPUIIUEHT CKOPOCTU PEAKIIUU B ypaBHE-
Huu Bant — lNodda: 77 = 550 K; &y = 0,0159 n/(Mmonb-Mun);

T, =524 K; k, = 0,0026 n/(monb-MuHn); T35 = 568 K.

4. Konnencanus auerona (CH;),CO B BOIHOM pacTBOpe KaTaau3upyer-
Csl OCHOBaHUSIMH, KOTOpPbhIe 0OpaTHUMO pearupyroT ¢ HUM ¢ 00pa30BaHU-
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eM kapOannoHna C;HsO . KapbanuoH pearupyer ¢ MOJIEKYJION alleToHa
Y J1aeT NPOAYKT PEaKIUH. YIPOIIEHHBIA MEXaHU3M BBITISJIUT TaK:

AH+B —> A +BH' (k)
A +BH > AH+B (ky)
A"+ AH — npoayxkr (k3)

Hcnonp3ys METOA CTalMOHAPHBIX KOHLUEHTPALWM, HAWIUTE KOHIICH-
Tpaluio KapOaHMOHA W BBIBEIUTE YpaBHEHHE JUIsl CKOPOCTH 00pa3o-
BAHUS NPOAYKTA.

5. Briuncnure 3Ha4eHUE CTEPUUYECKOrO MHOMKHUTEISI B PEAKIIUK TUME-
puzanuu >tusieHa rpu 300 K, ecnu onbITHAst SHEprus akTUBALIMU PaB-
Ha 146,4 x/I>x/mMonb, 3¢ dekTuBHBINA AuamMeTp dTuiieHa paseH 0,49 HwM,
a ONBbITHasE KOHCTAHTAa CKOPOCTH NPU ITOM TeMIeparype paBHa

1,08-10"* em’/(moi1B-C).

6. HauanbHast CKOpOCTh OKHUCJIEHHUS CYKIMHATa HaTpusi B (ymapar
HaTpus MoJ JAeicTBUEM (DepMEHTa CYyKIIMHOKCHJa3bl OblIa U3MepeHa
TIS psifla KOHIIGHTpaIuid cyocTpara:

[S], Monb/1 0,01 0,002 0,001  0,0005 0,00033
W-10°, mons/(11-c) 1,17 0,99 0,79 0,62 0,50

Onpeaenute KOHCTaHTY Muxasiuca JaHHON peaKIiH.

7. Ilo naHHBIM MOAOMETPHUUYECKOTO aHaln3a, KOHIEHTpauus JuOeH30-
uinepokcuaa B 0enzone npu 100 °C meHseTcss BO BpEMEHH CJIeIyIO-
UM 00pasom:

{, MUH 0 3 5 10 20 35 60
[(C6H5C02)2]-102, moms/n 2 1,79 1,64 1,36 093 049 0,19

OrnpeaenuTh KOHCTAaHTY CKOPOCTH PEAKIIUH.

8. [Ins mpoBeneHus ombITa N0 MHUIUUPOBAHUIO PAAUKAIbHOW peak-
MM B pacTBOpe O€H3011a HEOOXOAUMO OOECIEeUUTh MOCTOSHHYIO CKO-
poctb ununmupoBanus npu 70 °C B teuenune 1 000 c. 3a 310 Bpems
CKOPOCTh MHUIIMUPOBAHUS MOXKET YMEHBIIUTLCA HE OoJjiee ueM
Ha 2 %. IlogxomuT oy [ 3TOM LENU AUATWINEPOKCH] (SHEPTUs aK-
TUBAaIlMM MOHOMOJEKYJIsipHOro pacnaga 147 kJx/Monb, Ipead’KcIo-
HEHIIMAJIbHBIM MHOKUTEIb 6,3~1014 c_l)‘? B kakou KOHIIEHTpaluu clie-
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IyeT B3SATh JAHHBIA WHHIIMATOP, YTOOBI OOCCIICUNTH CKOPOCTh HHU-
o 108
nuupoBanus paBHoi 10 Monb/(J1-¢) (e = 0,6)?

9. PaccuntaTh 2HTANBIINIO pEeaKIMU 030HA ¢ Hambojee ciaadoit C—H-
cBsA3bl0 ATUIOeH30Ma (Dcy = 364,1 xx/mons). Ilpounocts O—H-
cBsa3u B pagukane HO: Doy = 350,4 x/Ix/Moub.

10. Oxucnenne RH no papukanibHOMY ME€XaHW3MY CTAHOBUTCS LIET-
HBIM, Korzia peakuus RO; + RH mporekaer OwICTpee, ueM OOpHIB Iie-

meii no peaknmm  RO; + RO,. Jus  kymoma:  k,= 10"

.exp(—43200/RT) n/(momb-c), 2k = 1,6:10”-exp(-25100/RT)
1/(monb-c). [Ipu kakoil Temmneparype, €ciid €€ MOBbIIIATh, OyJIeT Ha-
0JIF0JIaThCSl TIEPEXO0J] OT HEIEIMHOMN K IEMHON peakiuu Npu CKOPOCTU
nHAnuupoBanus W; = 2-10"° mons/(11-c)?

11. B npouecce aBTOOKHUCICHUS YIJIEBOAOPOAA CKOPOCTh €r0 OKHUCIE-
HUSl BO3pAcTaeT, a JJIMHa IeMd YMeHbIaercs. Ecnu oOpasyromumiics
ROOH pacnagaercsi TOIbKO Ha CBOOOJHBIC pajMKajbl, TO HACTYyMaeT
Takol pexxum, korga aiauHa nenu v = 1, ] ROOH] = [ROOH],,.x. Uc-
cnenyte 3aBucuMocTh [ROOH],.x or [RH]. Beruucinure Bennuuny
[ROOH] 0 A1 okucienus: terpainuna npu [RH]y = 1,0 mons/n. Tem-
meparypa  okucnennms 400K, k, =  6-10%exp(-34700/RT),
2k = 8,7-10°-exp(~18000/RT) 1/(Mmonb-c), ki = 110 exp(~12000/RT) ¢

12. CTupos OKUCISAETCS MOJIEKYJISIpHBIM KuciioposioM (p(0,) = 1 atm)
npu 333 K c¢ ununmatopom (AUWBH). CkopocTh €ro oxkucieHus
Wo=1,22-10" MOJIb/(J1:C), CKOPOCTb WHHUIIUMpPOBaHUA W, = 3,0-10°°
MoJIb/(J1-c). B cTUpon BBOAUTCS MHTHOUTOP Mapa-MeTOKCHU(EHOI, 00-
PHIBAIOIIMM LEnmM 10 peakuud ¢ RO, B  KOHIUEHTpaluu

[InH] =2,5-10" Mmonb/1. CKOpPOCTh HHIMOMPOBAHHOTO OKUCIICHUS
1py 3ToM coctaBmia W = 3,84-10"" mMounb/(;1-c), a I3MEpPEHHBIH epUON
WHAYKIIUU OKa3aycs paBeH 21,7 MuH. BeIUuCINTh Ha OCHOBAHUU ITUX
JaHHBIX BEJIMYMHY KOHCTAHTBI CKOpOCTH k7 (RO; +InH) u crexmo-

MeTpuyeckoro koddduimenta naruoupoanus f. Koncranra ckopo-
ctu nponomkenus uenu npu 333 K k, = 147 n/(moinb-c).

13. Kymon RH okucnsiercst B pexkuMe aBTOOKHCIIEHUS, U B HETO BBO-
nurcs napa-kpe3osl InH, KOTOpeli TOPMO3HWT OKHUCIEHHE, pearupys

276



¢ RO;. 3apoxigenue wnenei npoucxomutr mno peakuuu RH ¢ O,

¢ kip=9,5-10%exp(—113000/RT) n/(mMonb-c), pacTBOpEMOCTs O, B K-
mone y = 3,0-10"° mounb/(;1-1a), mapuuanshoe qasiaenue O, COCTAaBISIET
10° TTa. KoncranTsl ckopoctr: k(RH + RO;) = 1,0-10"-exp(—41600/RT)

nw/(monb-c), k;(RO; +InH) = 3,2:10"-exp(—21700/RT)  1/(Moib-C)

u P =ki/ks=0,1. OnienuTs Nepuoa MHAYKIIMH T, BHI3BAHHBIN BBEJICHU-
eM napa-kpesona B xouuentpamuu [[nH] = 2-10 Mois/1 opu okwuc-
JaeHnu kymodia npu 373 K.

14. Ilpu pacnage azon3zo0yTupoHuTpuia B 6enzone mpu 333 K BeposT-
HOCTh BBIXOJIa PAIUKAJIOB B 00beM U3 KiIeTku coctaisieT 0,50. Bss-
KoCTb pacTBopuTens paBHa 0,39 cm. KakoBa OyaeT BEpOSTHOCTh BBIXO-
Jla paiiKaJioB B 00BEM W3 KIJIETKU MPHU pacmajie a30u300yTHPOHUTPHIIA
(333 K) B nu3Tr10BBIN 3(upe, BI3KOCTh KoToporo cocrasisier 0,17 cn?

15. [Ipu uccnenoBaHUM OKHCICHHS AU(PEHUIITUIICHA B CMECH pac-
TBOpPUTEJIEH TOJIyoJia U OEH30HUTPUJIa OBUIA TMOJTYUYEHBI CJICAYIOIIHNE
nannsbie (323 K):

MonbHnas gons tonyona 1,00 0,98 0,94 0,90 0,85 0,79 0,69 0,59 0,39 0,00

ke,k %107, (wmome-0)' 1,80 2,01 2,23 2,36 2,49 2,60 2,74 2,89 3,00 3,15

Cunras 3HaueHue ks 1 pagukana HO; IOCTOSHHBIM M PaBHBIM

1,0-10° 1/(MOJIB-C), YCTAHOBHUTD, KAKOil M3 BUJOB COIBBATAIIMH OIpE-
JIeNsIeT U3MEHEHNE BEJTUYMHBI KOHCTAHTHI CKOPOCTH ky. Jlunnexktpuye-
CKHE MPOHUIAEMOCTH pacTBopuTelie paBHbl 2,3 (Toiyon) u 25,2
(6eH30HUTpMII).

16. IIpu uccrienoBaHUM WHTUOMPOBAHHOTO MUPOKATEXWHOM OKHUCIIE-
Huda ctupoda (310 K) B npucyrctBun aumeruincynbpokcuaa (JIMCO)
ObLIO OOHAPYKEHO, UTO OMpeAesieMas SKCIIePUMEHTAIbHO KOHCTAHTa
CKOPOCTH B3aWMOJICUCTBUSI MEPOKCUPAAUKala C UHTUOUTOPOM K7 SIB-
asercs 3(hPEeKTUBHON BEIUYNHOM, 3aBUCSIIEH OT KOHIICHTPALMU BBE-
nenHnoro JIMCO:

[AMCO]-10°, mons/n 1,4 2,8 42 7,1 14,1
k107, 1/(Mosb-C) 8,03 7 6,1 5,49 3,6
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Ha ocHOBaHMM 5THUX JaHHBIX MOKAXKHUTE, YTO MPUUYUHOW yKa3aHHOTO
addekTa sBasgeTcs cnenuduyeckas cosbBaranusa. OeHUTe KOHCTaH-
Ty paBHOBECHs KOMILUIEKCooOpa3oBaHusi mnupokarexuHa c¢ JMCO
Y UCTUHHOE 3HAYEHUE KOHCTAHTBI CKOPOCTH K.

17. Kucnopop siBIsieTCSI HHTUOUTOPOM PaUKAIbHOM MOJTMMEpU3aIuu
ctuposia (M). C yBelMYe€HHEM KOHIIEHTPAlMU KHUCIOpOJa CKOPOCTH
MOJIMMEPHU3ALINK TAAET, [P ITOM C MOJUMEPHU3ALUEN KOHKYPHUPYET
nporecc okucieHus. JJaHHbIi MPoIecC MOXKET OBITh ONMKUCAH KUHETH-
YECKOU CXEMOM:

+M R -9
[ ——> R (0) Wi=1-10
R*+ 0, > RO; (1) k1 =9,5-10
RO, +M - R’ ) k> =99
R°+M—>R" 3) ks =190
R’ + R® — mOpomyKTHI (4) 2k, =1,6-10°
R+ RO} — mpomyKThI (5) ks=1-10
RO; + RO — NPOIyKTHI (6) 2ke=2,7-10

Ha ocHOBaHuM MOI€TMpOBaHUS TAHHON CXEMBL:

1. UccnenoBath 3aBUCUMOCTh CKOPOCTH TosimMepu3aiuu (W3) u cko-
poctu okucieHus (W,) oT KoHUEHTpauuu Kuciopona. I[IpuBectu
B OT4YeTe Tabnuily 3aBucuMoctu Wi u W, ot [O,], a TakKe COOTBETCT-
Bytomuil rpaduk (s [O,] ucnonb3yite orapuMUUECKyIO TIKAIY).
OLeHuTh KOHUEHTPAIMIO KUCIOPOAa, TP KOTOPOMl CKOPOCTH TOJIU-
MEpU3aLMHU U OKUCIICHUS PABHBI.

2. UccnenoBath 3aBUCUMOCTh CKOPOCTEN OOpbIBA LEMU MO Pa3HbIM ITy-
M (W,, Ws u W) oT KOHLIeHTpaluu kuciopoja. [IpuBectu B oTuere
Tabnuiyy 3aBucuMoctu Wy, Ws u Ws ot [O,], a Takke COOTBETCTBYIO-
il rpaduk (s [O,] ucnonb3yiite orapudmMuyeckyro mkaty). Omn-
penenuTh o0aacTy mpeodIagaHrs 0OpbIBa IETe Ka)0ro THIIA.

3. IIpoBepUTh NPUMEHUMOCTh KMHETUUYECKHUX YPABHEHUM B IpEeIib-
HBIX CIy4asx JUIi CKOpocTH monmmepwsarmn (Wi = ks/k,” [M]W)
U CKOPOCTH OKuciieHus (W, = kz/k60’5[M] Wio’s).

KonneHntpanus crupoia paBHa 8,7 mosb/n. [Ipu MmogenupoBaHuu uc-
M0JIb30BaTh cleayromue 3HaueHus [O,]: 0, 1-10°°,2:10°°, 5-10°°,
1-107, 2:107, 5-107, 1-10°%, 2-10%, 5-10°%, 1,5:107, 7,5:10° mons/n
(KOHIIEHTpAIIUIO KMCI0PO/Ia B OMBITE CUMTATh IOCTOSIHHOM ).
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Tembl pedeparoB

1. CriocoObl yueTa BAUSHUS CpeJibl B Teopuu ['ammerTa.

2. [IpuMeHeHrE TEOpUM AKTUBHBIX COYJIAPEHUM K PEAKLMAM
B PacTBODE.

3. IlpuMeHeHre TeOpUH aKTUBUPOBAHHOIO KOMILUIEKCA K peak-
LASIM B PacCTBOPE.

4. PacTBOpUTENh KaK CIOCOO YIpaBJICHHS CKOPOCThIO M Ha-
MPABJIICHUEM XUMHUYECKOTO MPEBPAICHUS.

5. DHEeKTpOCTaTUYECKUE MOJEI HOHHBIX PEAKIIUM.

6. [Ipupoaa BogOpoAHOM CBSI3H.

7. Meroapl ydeTa BIMSHHUS Cpelbl B KBAHTOBO-XUMHUYECKHUX
pacuerax.

8. TepMonnHaAMHKA U KUHETUKA COJIbBATAIUU.

9. MoHHbIe peakiuyi B HEBOJIHBIX PAaCTBOPAX.

10. IIpuMeHeHrEe CIMHOBBIX 30HAOB JJIsI UCCIEAOBAHUS CTPYK-
TYpPbI HOJIMMEPOB.

11. [IpuMeHeHnE CIUHOBBIX METOK B OMOJIOTHH.

12. CtabuiibHble HUTPOKCUJIBHBIE PAJUKAIBl KAK WHTHOUTOPHI
MOJIMMEpU3ALIH.

13. JudeHmmukpuaruapa3mwi Kak CIUHOBas JjoBymika. [lpu-
MEHEHUE JIJI1 aHAIU3a MEXaHW3Ma PaJIMKaJIbHBIX MPOLIECCOB.

14. [Ipumenenue aupEeHUWITUKPUITHAPA3UIA JUIsl aHaIu3a aH-
TUOKCUJAHTHON aKTUBHOCTU MHAWBUIYATbHBIX COCIMHEHUN U OHOJIO-
TMYECKUX CyOCTaHIIUM.

15. CtabwibHble paauKaidbl KakK KaTaau3aTOpbl TOMOJUTHYE-
CKHX MPOLIECCOB.

16. Uctopust OTKpBITUS CTAOUIIBHBIX PAIUKAJIOB.

17. IlpumeHenne raabBUHOKCWIIA JJISI ONPEACIEHUS MPOYHO-
CTeH CBsI3el B (peHOIIAX.

18. ITpumenenune cnekrpockonuu D1IP g aHanusa cTpyKTypbl
CTAOMJIBHBIX PAIUKAIIOB.

19. Ilpumenenue cnektpockonuu AMP nns aHanuza CTpykTy-
PBI CTAOWIIBHBIX PAUKAJIOB.

20. TexHONOTUSA MOTYYECHUS a30M300yTUPOHUTPUIIA.

21. [Ipumenenue a30u300yTUPOHUTPHUIIA B IPOMBILIIIIEHHOCTH.
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22. IlpumeHeHue KUpPO- U BOJOPACTBOPUMBIX a30MHUIIMATOPOB
JUISL KCCIIEIOBAHUS IPOLIECCOB OKUCIIEHHUS.

23. [lepokcua OeH3omna: METOAbI MOJTYYEHUS W MPUMEHEHHE
B IIPOMBIIIIJIEHHOCTH.

24. Ponp mepokcuaa BOAOpPOAA B IpoLEccax MNEPEKUCHOTO
OKHCJICHUS B )KUBBIX OpraHU3Max.

25. TexHosorus Moiay4eHus: THAPONEPOKCHUIA U30MPOINHIOECH-
30J1a.

26. Tpem.-Oy TUATUAPONIEPOKCUI: TIPOMBIIIIJIEHHBIE  CIIOCOOBI
MOJY4YEHUS U IPUMEHEHUE.

27. PeaktuB MeHTOHA U €r0 TPUMEHEHHUE.

28. KoMmiiekcbl rTuIponepoKCUI0B CO BTOPUUYHBIMU MPOAYKTa-
MU OKUCIICHUSI OPraHUYECKUX COCTUHECHUM.

29. [IpombInuieHHbIE CIOCOOBI MHULIMUPOBAHUSL PaJIUKaIbHON
MTOJIMMEPU3ALINH.

280



I'’JIOCCAPUM

Aooumuenas cxema pacuema AH. Pacuer sHTanbpnuu o0paso-
BaHUS MOJIEKYJ M PaJIUKaJIOB, B KOTOPOM MOJIEKyJia (paaukai) npea-
CTaBJIICTCSI B BUJI€ COBOKYIMHOCTH TPYIII, XapaKTepHU3yEMbIX CBOUMU
WHKPEMEHTaMH. OHTaJbllig OOpa30BaHUsl BBIYUCISETCS KaK CyMMa
SHTAJBIIUN TaKUX TPYIIIL.

Konyenmpayus c60600nbix paoukanosé — KOJIMYECTBO CBOOO/I-
HBIX PaJuKaJIOB B €IWHHUIIC 00beMa JJAaHHOTO BeIlecTBa (Ta3a, KHUIKO-
CTH, TBEPHOTO Tena). BepaxkaeTcs B IMHMLAX: YHCIO YACTHIL/CM,
MOJIB/JI, YMCJI0 CIIUHOB/T.

Maenumnas eocnpuumyuocms XapaKTEPU3YET CBS3b MEXIY
HaMarHM4eHHOCTHIO BEIIECTBA U HANIPSYKEHHOCTHIO MarHUTHOTO TTOJIA,
KyJla TIOMEIIEH oOpasel] 3TOro BemiecTBa. MarHuTHasi BOCIIPUMMYH-
BOCTh MapaMarHeTuka, COJICPIKaIEro YacTUIIBl C HECITApEHHBIM JJICK-
TPOHOM, TOJOXKUTeIbHA. OHa TEM BBIIIE, YeM OOJIBIIE CBOOOIHBIX
PaJIUKaJIOB COJEPKUTCS B 00pasIie.

Memoo IIIP — metron oOHapy>XKeHUs, JETEKTUPOBAHUS U U3Y-
YEHUS CTPYKTYpPbl CBOOOIHBIX PaJIMKaIOB, OCHOBAHHBI Ha pE30HAHC-
HOM TIOTJIOIICHUU 3JICKTPOMArHUTHOM SHEPTryUU BEIIECTBAMH, COJIEP-
KAIMMH YaCTHUILIbI C HECTTAPEHHBIM 3JIEKTPOHOM.

Ceepxmonkoe pacwennenue aunuu IIIP-cnekmpa — pacuen-
nenue aunui DIIP-criekTpa cBOOOAHOrO pajiuKaia, BEI3BAHHOE B3au-
MOJICHCTBEM MAarHMTHOTO MOMEHTA fJpa aToMa ¢ MAarHUTHBIM MO-
MEHTOM HECHapeHHOTr0 JIEKTPOHA B MArHUTHOM TIOJIE.

C60000HbIIL paduxanl (MOHOpaAOuKail) — MHOTOATOMHas HEi-
TpasibHAs (HEe MMEIOIIIasl 3apsijia) YacTuIla, 00Ia1arolasi HecrapeHHBIM
aekTpoHoM. CBOOOTHBIN pajWKal — TapaMarHuTHas dactuia. Kak
IPaBUIIO, CBOOOAHBIC PaTUKAIIBI OBICTPO BCTYIAIOT APYT C APYTOM B
peakuy peKOMOWHAIIUU U JTUCIIPOTIOPIIMOHUPOBaHUS. MHOTHE CBO-
OOJIHBIE paUKaJIbl 00JIaIal0T BHICOKOW PEAKIMOHHON CIIOCOOHOCTBIO
B PEAKIMSIX C MOJICKYJIAMH.

C60000mbill T-padukan. B m-panukane HeCAPEHHBIN 3JIEKTPOH
JOKAIN30BaH MPEUMYIIECTBEHHO Ha 2p- wiu m-opoOutanu. [Ipumepsr:
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srunbHeli CH3C'H,,  Oemswisubii C¢HsC'H,,  amumuibHbII
CH,=CHC'H, paauKaisi.

C60000mbill G-padukan. B c-pagukaiie HeCllapeHHbIN 3JIEKTPOH
JOKaJIM30BaH HAa G-OpOUTAIM U COXPAHSET EKPOHHYIO KOHPUTYpa-
M0 UCXOAHOM MoneKynbl. Ilpumepsl: ¢enunbnbii C H;, BUHUIb-

ueiii CH,=CH’, popmunsnsiii HC*=0 panukabl.

Cmabunvuolti c60000ub1L paduxan. CTaOWIbHBIE CBOOOIHBIC
paguKaIbl B CUITy CBOMX CTPYKTYPHBIX OCOOCHHOCTEH HE peKOMOUHM-
PYIOT WM PpeKOMOMHHUPYIOT OYEHb MeIJIeHHO. braromaps sTomy ux
KOHIICHTpAIUs B PACTBOPE MOXKET OBITh 3HAYMTECIHPHOW M COM3MEpH-
MOM C KOHUEHTalueil MoJiekysl. OqHaKo cTaOUIIbHBIA CBOOOIHBIN pa-
JIUKAJl MOKET OBICTPO pearupoBaTh C AKTUBHBIM PAJAUKAJIOM. JTO TO-
3BIISIET UCIOJIB30BATh UX KaK aKIENTOPbI CBOOOTHBIX PAJIUKAIOB MPU
U3YUYCHUU PATUKAIBHBIX PEAKITH.

Cnurnosas 108yuika — MoJieKyna, OBICTPO pearupyrolias co CBo-
OOJHBIM aTOMOM WJIM PAJUKaJIOM C 00pa30BaHHWEM CTAOMIIBHOTO CBO-
00HOrO paaukana. B kauecTBe CIMHOBBIX JIOBYIIEK KUCIIOJIb3YIOT HUT-
POHBI U HUTPO30COCAMHEHMS. METO]] CIMHOBBIX JIOBYIIEK IMO3BOJISET
JI0Ka3aTh 00pa30BaHKME CBOOOJIHBIX PAJNKAIOB B CHCTEME, YCTAaHOBUTH
uxX CTpyKTypy mo OIIP-criekTpy cTaOWibHOTO pajaukanga ¥ OIEHUTH
CKOPOCTb T€HEPUPOBAHUSI PAJUKATIOB B UCCIIEyEMOM IPOIIECCE.

HUlupuna aunuu nocnowenus IIIP-cnekmpa Aw® 3aBUCUT
OT CIEIYIOMUX (PAKTOPOB: CHUH-PEIICTOYHOTO B3aWMOJICHCTBUE,
IpU KOTOPOM CHUHBI NEPEAaroT U30BITOK CBOEW 3HEPTUU OKPYKaro-
MM YacTHUIaM 3a BpeMs 1, TUMOJbHOTO CIHUH-CIIMHOBOTO B3aWMO-
JNEUCTBUS MEXKYy CIMHAMH JIBYX PaJuKaIOB ( BpeMsl TaKOro0 B3aUMO-
nercTBus 1) 1 OOMEHHOTO B3aUMO/ICCTBUS.

g-@axmop, wiu dakrop Jlanzae, spuserca GU3NUECKON XapakTe-
PUCTUKOM KaXJO0W WHAWBHAYAJILHOW YACTHUIbI C HECTIAPEHHBIM 3JICK-
TPOHOM U MOYKET CYIIECTBEHHO MEHSTHCS OT OJIHOW YAaCTHUIIBI K IPYTOM.
Benmnunna g-aktopa 3aBHCHUT KaK OT CIIMHA 3JIGKPOHA, TaK U OT €ro
OpOUTaILHOTO MOMEHTA. DTOT (PaKkToOp HeceT MHPOPMAII0 00 IJICK-
TPOHHOM CTPYKTYPE YACTUIIBI 1 CHMMETPHH €€ JICKTPOHOH 00O0JIOUKH.
g-DakTop 19 CBOOOTHOTO JIEKTpOoHA paBeH g = 2,002319.
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Duepeus ouccoyuayuu cesa3u. IHEPrUsl JUCCOIMAIUN UHIUBY-
yalbHOUN CBA3U B MOJIEKYJIE — SHEPrusi, HeOOX0AuMasl JJisi TOMOJIH-
TUYECKOTO pa3pblBa JAaHHOW CBA3U. Hampumep, B mpomaHe dHEPrus
pa3pbiBa C—H-CcBsI3u B METUIIbHOM rpynne cocTaBisaeT 422 k/[x/Mob,
a B MetwieHoBou rpymnmne 412 k/[x/Monb. Cpeauss sHeprusi pa3pbiBa
BCEX OJIHOTUITHBIX CBSI3€H B MOJIEKYJIe paBHA cCpeaHeapupMeTUuIecKo-
MY BCEX DHEPIUMH AUCCOLMALNY UHAMBUIYAIbHBIX CBsA3eH. Hanpumep,
B MetaHe D/IC cBs3u CH;-H pasna 440 k/>x/Mob, a cpeiHee 3Haue-
Hue Bcex uerbipex C—H- cBs3eit paBHo Bcero 200 kJ[>x/mMoJib.

Oumanvnus obpazosanus ceoboonoz2o paouxaira AH(R®) ectsb
OHTANBIHSA €ro 00pa30BaHUS M3 JIEMEHTOB B CTAHIATHBIX YCIOBHUSIX
(298 K, 1 arm). Hampumep, AH(CH;") paBHa SHTaNbIIUK PEaKIMH
(CTEXMOMETPUUECKOE YPAaBHEHUE):

C(rpadur) + 1,5H, = ‘CH;,
a umeHHo 147 xJI>x/MOJIb.

Axkyenmop c60000HbIX padukanos — BEIIECTBO (MOJEKyJia
WU CTAOMJIBHBIN pajiikait), ObICTPO pearupyromiee ¢ JaHHbIM COPTOM
CBOOOTHBIX pamukasioB. [1o pacxomoBaHHIO aKIENTOpa CYIAT O CKO-
POCTH MHUIIMHPOBAHUS.

HHnuyuamop — BemecTBO, JOCTATOUYHO OBICTPO pacliajaroiiee-
Cs Ha CBOOOJHBIC paguKalibl (B MHTEPECYIOIIMX JKCIIEPUMEHTaTOpa
ycioBusix). Mcnonbs3yercst Jyisi reHepupoBaHUsS CBOOOJHBIX pajvKa-
JIOB 1 UHULIMMPOBAHUS LIEMTHBIX PEAKIUU.

Bumonexynapnas peakyus 2eHepuposanus paoukaios — peax-
1Ms IBYX (pasHbIX WM OJUHAKOBEIX) MOJIEKYII, COIPOBOXKIAEMAs TO-
MOJINTHYECKMM DPa3phIBOM CBS3€i M 00pa30BaHUEM paJUKAIIOB, Ha-
npumep: RH + Cl, —» R* + HCl1 + CI°.

Buympennee 0agnenue — 3T0 JnaBieHUE, KOTOPOE CYIIECTBYET
B JKMJIKOCTU M CO3JAETCSI CUJIAMU MEXMOJIEKYJIIPHOTO B3aUMOIEHCT-
BHSI MOJIEKYJI 3TOM XKUJKOCTH. BHYTpeHHE NaBieHUE B )KUAKOCTH CO-
craBisier Benmunny 10°—5-10° atm.

l'enepuposanue amomog u paouxanos 3neKmpopaspsioom —
oOpa3oBaHuE aTOMOB IIPU MPOITYCKAaHUHU AJIEKTpOpa3psaa Yepes ras.
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Hnuyuamopvr c60000HO-paouKaibHblX peakyuii — 3TO COCIH-
HEHHUsI, TOCTATOYHO OBICTPO pacmajarolieecs Ha paauKaibl B yCIOBH-
X DKCIIEpUMEHTA WM TEXHOJOTHYECKOTo Tmpoliecca. B kadecTBe
WHUIMATOPOB IIHPOKO HCIOJB3YIOTCS Pa3sHOOOpa3HbIE MEPOKCHIBI
¥ 230COCTMHCHUSI.

Monomonexynapuvlii pacnad — pacraj MHUIHATOPA HA Paju-
KaJIbl, TIPH KOTOPOM B 3JIEMEHTAPHOM aKTe paclaja IPUHHUMAET yda-
CTHE TOJBKO OJHA MOJIEKyJIa MHHIIMaTopa. Hampumep, MOHOMOJIEKY-
JISIPHBIM sIBIsieTCs pacan nepokcumaa: ROOR'— RO® + R'O°.

OKUCIUMENbHO-60CCMAHOBUMENbHAS  PeaKyus. —  PeaKys
C TIEPEHOCOM DJIEKTPOHA C MOHA HA MOJIEKYJy WIH Hao0OpOT, COIpO-
BOXKJaeMasg 0OpPa3’OBaHMEM PaJUKAJIOB WM MOH-PAJUKAJIOB, HAIlpH-
mep: Fe*" + ROOH — Fe’" + OH + RO".

Paouayuonno-xumuuecxoe unuyuupoganue — 00pa30BaHUE
CBOOOJIHBIX paJUKaJIOB B 0o0Opasiie MpH BO3AEHCTBUHM MPOHUKAIOIIETO
u3lyyeHus (y-mydei, 3JIeKTPOHOB, HYKJIOHOB). [IpoHukaromiee u3my-
YeHHE BbI3bIBAET MOHM3ALMIO MOJIEKYJI, a 00pa3yroluecs Ipu peKoM-
OMHAIMK UOHOB B30y KJICHHBIC MOJIEKYJIbI paciagatoTCs Ha paJIuKaJlbl.

Pacnao unuyuamopa c paszpvieom 00HOU c8:23u — MOHOMOJIE-
KYJSpHBIA pacrnaj HWHUIMATOpa HAa paauKalbl, KOrJa B MOJICKYJIC
pBETCA TOJBKO OJHA, HamOoyiee cjabas €ro CBs3b, HAIPUMEp:
PhCOOOCOPh — 2PhCOO".

Pacnao ¢ xumepuueckum 63aumoodericmeuem — TaKOW pacrnaj
OpTO-3aMEIICHHBIX OCH30MJINEPOKCUIIOB, TMPU KOTOPOM pa3phbiB
O—O-cBs3u COMPOBOXKJIAETCS OOpa3oBaHUEM APYroMl CBSI3M MEXIY
aTOMOM KHUCIJIOpOJia U opmo-3aMecTuTesieM (1o, BUHWIOBAs Tpymia,
THOAJKWIIbHAS TPYIINA).

Peaxyus pempooucnponopyuonupoganusi — OUMONEKYJIIpHas
peakius o0pa3oBaHUs paJUKaloB, B KOTOpor pBercs X—H-cBs3b 011-
HOW MOJIEKYJIbI, & aTOM BOJOPOJIA NMPUCOEAUHAETCS IO KPATHOU CBA3U
JIPYroil MOJIEKYJIbl. DTO peakius, 0OpaTHas IUCIPONOPIUOHUPOBA-
HUIO IBYX PagvKajoB, HAIIpUMeED:

CH,CH; + CH,CH; — CH;CH; + CH,=CH,

(IMCTIPONIOPITMOHUPOBAHUE),
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CH;CH; + CH,=CH, — CH,CH;, + CH,CH;
(peTpoAuCIpONnOPLUUOHUPOBAHHUE).

Coenacosanmubiii pacnao no 08ym cesa35M — TAaKOW pacnaj Mo-
JEKyJbl Ha paJHuKajbl, IPU KOTOPOM B MOJEKYJE (COIIACOBAHHO)
pByTCs aBe cBssy, Hanpumep: R;C(O)OOR — R: + CO, + R".

Domoxumuyeckas peakyud uHuyuuposarnusl — pPCaAKIUA 06pa-
30BaHUA PAJUKAIIOB H3 MOJICKYJI HJIIM MOHOB, BbI3BAHHAA KBAHTAMHU
CBCTA:. MOJICKYJIa + KBaHT CBETA —> CBO6OI[HI>I€ paaruKaJIbI.

Beposmnocmo evixooa padukanos 6 obvem u3 Kiemku, e, — Be-
POSITHOCTB TOT'O, YTO 00pa30BaBIIASICS MIPH pacliajie HHUITHATOpa mapa
pagruKaIoB HE IPOPEKOMOMHUPYET B KIIETKE PACTBOPHUTEIIS, a BBIMACT
B 00beM. BennunHa e paBHa OTHOIICHHWIO CKOPOCTH WHHUITMUPOBAHUS
K YIBOGHHOM CKOPOCTH €ro TOMOJUTHYeCKoro pacmaga. OOBIYHO
T HU3KOBSI3KUX PAcCTBOpUTENIEH e BapbupyeT B auanazone 0,3—0,8.

Jugpghysus — caMonpou3BOIBLHOE MEpPEMEIeHUE YacTull (Mo-
JIEKyJl, paJuKaJioB, HOHOB) B Tase, KUJKOCTH WU TBEPJIOM Telie, 00y-
CJIOBJICHHO€ MX XaOTUYHBIM TETUIOBBIM JIBUkKeHUEM. KonndecTBeHHOM
XapakTepucTukon nudy3un 4acTullbl B JaHHON cpejie SIBIISIETCS €€
kodpdunuent nudpdysuu D.

Hvipxa 6 owcuokocmu — BCHEICTBUE TEIUIOBOTO JIBHXKEHUS
U KoJIeOaHUsl YacCTHI] KUJIKOCTA B HEM HENPEPHIBHO BO3HUKAIOT, TIEpe-
MEIIAOTCS YW CXJIOMBIBAKOTCS ~ MHUKPOIIOJIOCTH,  IPEBBIIIAIOIINE
10 CBOEMY O0BEMY pa3MEpPbl MOJIEKYJIbl PACTBOPUTENS I PACTBOPEH-
HOTO BEIECTBA. Takne MUKPOIIOJIOCTH MOITYYHIIA HA3BaHUE JABIPOK.

Keanmosulii 6b1x00 — 1ipu 00JIy4eHHH CHCTEMBI CBETOM B HEM
IPOTEKAIOT (U3MUECKUE WU XUMHUYECKHE MpeBparieHus. KBaHTOBBII
BBIXOJI €CTh YHCJIO AJIEMEHTAPHBIX aKTOB IPEBpAICHUS, KOTPHIC BBI-
3BaHbI TOTJIOIICHUEM OJTHOTO KBaHTa CBeTa. KBaHTOBBIA BBIXOJ IPO-
CTOM (3JIEMEHTApHOW) PEaKIIUM BCET/Ia PaBEeH €IWHUIIC WU MEHBIIE
ee. KBaHTOBBI BBIXOJT MHOTO OOJIBINIC SAMHUITBI XapaKTepPeH IS TIeTI-
HBIX PEaKLIHM.

Knemounwvii 2¢pgpexm — tipu o0Opa3oBaHUU APl PATUKAIOB
B KUJKOCTH WJIU TBEPJOM TeJIe OHM OKPY)KCHBI MOJICKYJIAMH CPEJIbI,
KOTOPBIE TPETATCTBYIOT UX MTHOBEHHOMY YJAJCHHUIO IPYT OT Jpyra.
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HekoTopoe Bpemsi 00a pajukaia Wik aToMa HaXOsATCSA MO COCENICTBY
3a 3TO BpeMs 4acTh pPaJuKaIbHBIX Map PEKOMOWHUPYET, a YaCTh BbI-
XOJUT B 00BEM. ITO SIBJICHUE HA3bIBACTCS KJICTOUHBIM d((DEKTOM.

Obvemnblil 3¢hhekm akmusayuyu — Kaxkaas pearupyroias dac-
TMLA WIM I1apa YacTUI] IPOXOAUT dYepe3 IEPEXOJHOE COCTOSHUE
ITpu 06pa30BaHUKU MEPEXOJHOTO COCTOSHUS M3MEHIETCS 00BEM CHUC-
TeMbl: OH wiu Oonbine (A”V > 0) wiu menbine (A”V < 0) oobema uc-
XONHBIX 4YaCTHI. DBHelIHee [JaBIE€HHE YCKOPSAET  PEaKLHUIO,
ecin A"V <0, u 3amemnser ee, eciu A"V < 0. Tak mposBisier cebs
00beMHbIN YPGHEKT aKTUBAIUY.

Llucnponopyuonuposanue paouxkanog — OUMOJIEKYJIApHAs pe-
aKIMs JBYX PaJUKaJIOB WM aToMa U paJuKala, B pe3yJibTaTe KOTOpOou
00pa3yroTcs JIB€ MOJICKYJIbL. J[ucponopiimoHMpOBaHUE TIPEACTABIISET
coboil ataky ogHOTO paaukana uin atroma Ha C—H-cBs3p ( B oOmem
ciyyae C—X-cBsi3b) APYroro pajavkania, B pe3yJibTaTe 4ero oopa3yror-
Cs JBE€ MOJEKYJIbl, OJlHAa W3 KOTOPBIX COJEP>KUT KPaTHYIO CBS3b.
[Ipumepsr:

Cl’ + CH3.H2 — HCI + CH2:CH2
C.H3 + CC]gC.Clz —> CH3C1 + CC]zZCCIQ

Jugpghyzuonno-xonmponupyemasn peakyusi — OUMOJNCKYJIIpHASL
peakius JIByX 4YacTHIl, IPOTEKaloIasi CTOJIb OBICTPO, YTO OHA JIMMHU-
TUPYyeTCs B KOHACHCHUPOBAHHOM (pa3e YacTOTOM BCTpeY YaCTHII-
peareHtoB. Kak mpaBuio, Takue peaklUd OYE€Hb SK30TCPMHUYHBI
U poTeKaroT ¢ Hu3Kou (Menbiie 10 k/[/Moib) S3HEpPTUe aKTUBALIUHN:
3TO PeaKIUU PEKOMOMHAIIMU U AUCITPONOPLUHUOHUPOBAHUS CBOOOIHBIX
panukanoB. KoHCTaHTa CKOPOCTU TaKUX PEAKIMM ONpeesnseTcs CKo-
pOCThIO UX MU Py3un B BEIIECTBE U 3aBUCUT OT BSI3KOCTH CPEJIbI.

Pexombunayus amomoé — COeIUHEHUE IBYX aTOMOB B OJHY
JIBYXaTOMHYIO MOJIEKYy1y. B ra3oBoii (haze Takue peakuuu NpoTeKaroT
KaK TPUMOJICKYJISIPHBIC B pE3yJIbTaTe CTOJKHOBEHHUS IBYX aTOMOB
C TpeTheM yacTuiiel. B TakoM CTOJIKHOBEHMH YacTh dHEPTUU 00pa3o0-
BaBIIEHCs BO30YXKIECHHON MOJICKYJIb TEpeaaceTCcsl TPEeThel YacTHIle,
YTO 00€ECMeUYnBaET CTAOUIU3AIMI0 00pa30BaBUIErOCs MPOIYyKTa peak-
uuu. B pactBope (1 TBepaoi gaze) pekoMOMHALIUS ATOMOB MTPOTEKAET
KaK OMMOJEKYJsIpHAs peakuus U JIUMUTUPYETCS 4acToTod nuddysu-
OHHBIX BCTpEY.
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Pexombunayus paoukanos — peaxkuys COeAMHEHUS ABYX pajau-
KaQJIOB B OJIHY MOJIEKYJIy C 0Opa30BaHHEM CBSI3M MEXIy aTOMaMu, He-
CYIIMMH CBOOOJIHYIO BaJI€EHTHOCTh, HAIPUMED:

N°H, + CH;CH", » H,NCH,CHj;

H3omepuzayus paduxkaia — MOHOMOJIEKYJIIpHAs pEaKIus mpe-
BpallleHUs pajuKaia U3 OJHON CTPYKTYphl B Jpyryro. B pesynbrare
W30MEpHU3aLUHA [TPOUCXOUT NEPEHOC CBOOOJHON BAJIEHTHOCTH C OJ-
HOTO aToMa Ha JPyroW, MEPeHOC TPYNIbl U3 OJHOTO TMOJIOKEHUS
B JIPYyro€, 3aMbIKaHUE IIMKJIA, pa3MblKkaHuEe LHKIA. M3omepusanus pa-
JMKaja MEHSET €ro CTPYKTYpy, HO CBOOOJHAas BaJE€HTHOCTh BCErja
COXpaHseTCsl.

Koukypupyrowue peaxyuu — napasnieiabHble PEaKlUU, B KOTO-
PBIX YUacTBYET OJWH M TOT K€ peareHT (paaukan win atom). KoHky-
PUPYIOILINE PEAKLINU MUPOKO UCIIOIB3YIOTCSA B XUMUUYECKOW KUHETUKE
JUI. U3MEPEHUS OTHOLIEHUSI KOHCTAHT CKOPOCTH PEAKUUN OJHOTO pa-
JIMKaja ¢ pa3HbIMU MOJIEKYJIAMHU.

Pacnao paduxana — MoHOMOJIEKYJIsIpHAsl peakius, B KOTOPO
paguKai pacmaaaeTcs Ha MOJIEKYIY W paauKall Ui MOJIEKYJTy M aTOM.
B Takoil peakuuu OOBIYHO PBETCSI OJHA CBSA3b M 00paszyeTcs Japyras.
Hampumep, mpu pacmage 3THIBHOTO paguKalia Ha aToM BOJOpoOia
u otunen CH;C*H,—H'+CH, =CH, npoucxoauT 0JHOBPEMEHHO pa3-
peiB C—H-cBs3u 1 o6pazoBanue n-C—C-cBs3u.

Bupaouxan — vactuna, UMeroOIIas B CBOEM COCTaBE J[Ba aTOMa
¢ HecrapeHHbIM 311eKTpoHoM, Hanpumep Ph,C*'CyH,-CsH4C Phy.

Kapben — wvactuiia, uMeroIIasi Ha aToOMe yriiepoja ABa SJIEK-
TpOHAa, HE YYACTBYIOIIME B XHWMHYECKOM CBsi3U. B 3aBuUCHMOCTH
OT B3aUMHOM OpHUEHTAllUM CIIHMHOB 3THUX ABYX 3JEKTPOHOB KapOeH
MOET HaXOJIUThCSI B CUHIJIETHOM (CIUHBI OPHUEHTUPOBAHBI aHTHIA-
pajuIeNIbHO) U TPUILIETHOM (CIHHBI OPUEHTHPOBAHBI MAPATIIEIHHO)
coctosianu. [Tpumep: CH,, CCl..

Kunemuueckuii usmponnuwiii 2¢hghexm — U3MEHEHNE KOHCTaHThI
CKOPOCTH PEaKIUy MPHU 3aMEHE B pearupyrouieu rpyrmie aroMa Ha €ro
usorol, Hanpumep H Ha D.

Jlunetinasa xoppenayus no I ammemy — SMIUPUYECKas JIMHEW-
Has KOppeJsLus MEXAY Jorapu(mMoM OTHOLIEHHS] KOHCTAHT CKOPOCTH
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B paccMaTpyBaeMoOl peaKkIMOHHON cepuu peakiuid u ¢yHkimein ['am-
Meta G. 3asucumocms umeem 6uo: 1g(kx/ky) = po, rae korphunreHT
P XapaKTEepPU3YEeT aTaKyIOWMKA areHT (CBOOOJHBIN parKal) U yCIOBUS
POBEJECHUS peakluu (PacCTBOPUTENb, TEMIIEPATYPA), & pEareHThl pas-
JUYAIOTCA 3aMecTUuTeNIeM X U XapaKkTepu3yroTces ¢yHiuen ['ammera G.

Jlunetinas xoppensayus no Tagpmy — sMnupryeckas JIMHEWHAS
KOppEJSIUsl MEXIy JIorapu()MOM OTHOIIEHUS KOHCTAHT CKOPOCTH
B paccMaTpUBaEMOM PEaKIMOHHON cepuu peakuuil u Qynkuuen Tad-
Ta 6 . 3aBHcuMocTh umeet Bux 1g(kx/ko) = p G , T KOIDHUIMEHT P
XapakTepu3yeT aTakyroluid areHT (CBOOOJHBIN pajvKai) U YCIOBUS
MPOBEJICHUS pPeakinu (PacTBOPUTENb, TEMIIEPATypa), & peareHThl pas-
JIMYAI0TCS 3aMectuTeneM X u xapaktepusyiores bymimeii Tadra o .

Peaxyusa paouxanvrnozo 3amewenuss — OUMONICKYJIsIpHAsT paau-
KaJbHasl peakius, B KOTOPOM paJauKal WK aTOM OTPBIBAECT PaUKAJI,
T. €. IIeJIbIA (PparMeHT OT APYroi MOJIEKYJIbI, HAIPUMEP

C*H; + PhC(O)OOC(O)Ph — PhC(O)OCH; + PhC(0)O".

Peakuuy paaukanbHOTO 3aMEINICHUS XAPAKTEPHBI IS PAIUKAIBHBIX
MIPEBPAICHUN 3JIEMEHTOOPTAHUYECKUX COCIUHEHUH.

Peaxyusa paouxanvnoco ompwviea — OUMONEKYyJIsIpHAs paau-
KaJlbHasl PeaKivs, B KOTOPOW paauKall WIA aTOM OTPBIBAET aToOM
OT IPYTOi MOJICKYJIbI, HAIIPUMEP

C.H3 + CH3CH3 —> CH4 + Cch.Hz.

B nepexogHoOM COCTOSIHUM TaKOW PEAKLIUU PEATU3YETCS JIMHEU-
HBI PEaKUMOHHBIA LIEHTP, B JaHHOM mpuMmepe atombl C, H u C pac-
IIOJIAraroTCsl Ha OJHOW NPSIMOWM. DHEPTrUH AKTUBALMU K30TEPMUYE-
CKMX pE€aklud paJuKaJbHOIO OTpPbIBA BapbUPYIOT B JHAIIa30HE
5-40 x/[x/Monp, a NPEeIIKCIOHEHIMAIbHBIA MHOXUTEIb PpPEaKIUu
pajMKana ¢ MOJIEKYJION nMeet Beanuuny nopsaka 10—10° 1/(mMoinb-c).

Coomnowenue llonanu — CemeHnoea — TUHEWHOE SMIIUPHUYE-
CKOE€ COOTHOIIEHHUE MEXKAY DHEPrueil aKTUBALMU PAAUKAIBHOU peak-
mud E u osHTanenued peakuuu AH (Maum ee TEIJIOTOW) TuIia
AE = aAAH.

Mynbvmuounonvrnoe 63aumooeticmaue — B3aUMOJICHCTBHE CO-
BOKYITHOCTH (TpeX M 00Jiee) MOJSIPHBIX TPy B MOJU(YHKIIMOHAIb-
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HOW MOJIEKYJE, pajuKalie WIM MEPEXOAHOM COCTOSHMU. OCHOBHOM
BKJIaJl B TAKOE B3aMMO/ICVCTBUE BHOCHUT BJICKTPOCTATUYECKOE TUIIOIb-
JIUTIOJIbHOE B3aUMOJECUCTBUE TPYIIII-IUIIONEH.

llapabonuueckas mooeib OUMONEKYIAPHOU PAOUKATLHOU PeakK-
yuy — YTPOIICHHAS] MOJCITb OMMOJIEKYIIIPHONU PEaKIuu paguKaIbHO-
r0 OTPHIBA, B KOTOPOH MEPEXOTHOE COCTOSHUE PacCMATPHUBACTCS Kak
TOYKAa TMEPECEUCHHs ABYX MOTEHIIMATbHBIX KPUBBIX B KOOpJMWHATAX:
MOTEHIIMAIbHAS] YHEPTUS BAJICHTHOTO KOJIEOAHUS aTOMOB — aMILIHTY-
7a KoJieOaHUsI aTOMOB, 00Pa3yIOIINX COOTBETCTBYIOIIYIO CBs3b. OHa
MOTCHIMAIbHAS KpHUBas OMUCHIBAET BAJICHTHOE KOJIeOaHWE PBYIIEHCS,
a apyras — oOpa3ytouieiics cBa3u. Konebanus cBsizell paccMarpuBa-
I0TCSI KAaK TApPMOHHUYECKHE.

llonapnoe 63aumooelicmeue — B3aUMOJICUCTBUE MOJSPHBIX
IPYNII B MOJIEKYJIE WA PaJUKAIE€ WA B3aUMOJECHCTBUE MOJISIPHOU
IPYNIIBI PEareHTa ¢ MOJISIPHBIM PEAKIIMOHHBIM LEHTPOM IIEPEXOTHOTO
coctosinus. CocenHue TMOJSIPHBIE TPYIIBI B3aUMOJACHCTBYIOT 0 WH-
OTyKTUBHOMY WJIM ME30MEpHOMY MeXaHu3zMy. OTIajieHHbIC TPYIIIbI
B3aMMOJICVCBYIOT KAK JUIIOJIN WIM KBaAPYIIOIU 4€pPe3 MPOCTPAHCTBO
110 MEXAHU3MY JJIEKTPOCTATUUECKOTO B3AaUMOICHCTBUA.

Cpoocmeo K 271eKkmpoHy — CIOCOOHOCTh YaCTHUIIbI (MOJIEKYJIBI,
paaukaga Wik aTomMa) IPUCOSIUHATh K ce0e dJIeKTpoH. Mepol cpo-
CTBa K 3JICKTPOHY SBJISCTCS SHEPIHsl, KOTOpas BBIACIACTCS B pe3yJib-
TaTe TaKOTO IMPUCOCTUHCHUS.

Tpunnemnoe ommankueanue. Korga nporekaer peakuus pagu-
KaJIbHOTO OTpbhIBa (Wiau mpucoeauHenus) tamna X +HY — XH +Y",
B MIEPEXOJHOM COCTOSIHMM TMPOUCXOIUT IepeHoc atoMa H ot Y k X
BJIOJIb CBsI3M X—Y. Ha 3ToM CBsA3M B MOMEHT MEPEHOCA CKOHLIEHTPH-
poBaHbI TpH 3ekTpoHa. CornacHo npuHnuny llaynu, Ha ogHoM (CBS-
3bIBAIONIEH) OpOUTAIM MOTYT Pa3MECTUTHCS TOJBKO JIBa SJIEKTPOHA
CO CIIMHAMU, OPUEHTUPOBAHHBIMU aHTUNApauiesbHO. [loaTomy oauH
U3 TPEX BJIEKTPOHOB 3aHMMAET BEPXHIOIO HECBS3BIBAIOUIYIO0 OpOUTAIIb
X=Y-cBs3u. [loaToOMy 3HEprusi HECBA3BIBAIOIIEH X—Y-CBSI3U BXOJUT
B DHEPIUI0 aKTUBALIMKU PAIUKAIBHOU PEAKIIUU.

AKxkmueHble yenmpol YyenHou peaxkyuu — CBOOOHBIE PAJTUKAIIBI,
aTOMBI, BO30Y>K/ICHHBIE MOJIEKYJIbl, YYaCTBYIOIIME B [ICMTHOW PEAKIIUH.

289



Bzaumooeticmeue yeneii. 11010XKATEILHOE B3aNMOACHCTBHEC —
o0Opa3oBaHUE HECKOJBKUX (0OOJIbIIIE JBYX) AKTUBHBIX LIEHTPOB B PEaK-
UM MEXIY ABYMs aKTUBHBIMU LEHTpaMmH. OTpHUIIATEIbHOE B3aUMO-
nercTBUE — OOpPBIB LIEE B peaklMi MEKy JBYMsI aKTUBHBIMU 1I€H-
TpaMu (KBaJpaTUYHBIN OOPBIB LIENEN).

Bpems swcusnu akmusnoeo yenmpa (8pems pazeumus yenu) —
OTpPE30K BPEMEHH (CpPEIHMI1) OT MOMEHTA MOSIBJICHUS AaKTUBHOIO 1IEH-
Tpa B aKT€ MHUIIMUPOBAHMS JI0 MOMEHTA €ro TrMOeiIu B akTe oOphIBa
LETIH.

Jlnuna yenu v — CpEeIHEE YMUCIIO 3BEHBEB LIENHU, KOTOPHIE OCY-
LIECTBIIAIOTCS MPU MOSBJIECHUU B CUCTEME, IJI€ NPOTEKAET LIEMHAs pe-
aKIUs, OJHOTO aKTUBHOro IieHTpa. OObruHO Vv = W/W; unu v = W/W,
(W; m W, — cCKOpOCTH WHHUIIUMUPOBAHUS U OOpBIBA IIETIE€H, COOTBETCT-
BEHHO).

3apooicoenue yeneti (unuyuuposarue) — o0Opa3OBaHUE AKTHB-
HBIX IICHTPOB W3 MOJICKYJI, MOHOB HWJIM MaJIOAKTUBHBIX PaIUKAJIOB.
OHO MOXET NPOUCXOIUTH:
1) B XUMHUYECKOH peaKIIuu MEXJy MCXOAHBIMH BEIIECTBAMH, HAIIPH-
Mep MPU OKUCITICHUU:

RH + 0, - R+ HO};

2) B pe3yJIbTaTe pacrajia ”HUIMaTopa Ha paJuKalbl, HAIpUMED:
(CH;),(CN)CN=NC(CN)(CH3), = 2(CHj3),(CN)C* + N,
(CH3)2(CN)C. + CH2:CHX —> (CHg)z(CN)CCHQCHX.,

3) poroxumuyecku (moj AECHCTBUEM CBETA);

4) nox nelcTBHEM paaualdy (PEHTTEHOBCKUX JIy4eH, Y-Iyyeu, AJeK-
TPOHOB U T. 11.);

5) MeXaHUYECKHUM CIIOCOOO0M;

6) PIEKTPOXUMHUYECKH;

7) B 3IIEKTpOpa3psIae;

8) 1o NEWCTBUEM YJIBTPA3BYKA;

9) MEXaHOXMMHYECKH.

36erno yenu — TMOCIENOBATEIHHOCTD 3JIEMEHTAPHBIX aKTOB IIPO-
NOJDKEHUS 1IENH, 3aKAHYMBAIOIINUXCSI HA MCXOAHOM THUIIE AKTHUBHOIO
LIEHTpa, HAIIPUMED
Br'+ H, > HBr+ H*; H" + Br, - HBr + Br".
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O6pbi6 yenu — rudEIb AKTUBHOTO 1IEHTPA, KOTOPasi MPOUCXO/INT:
1) B peakiuu MeXAy NBYMS aKTHBHBIMU ILIEHTpaMu (KBaJApaTHUHBIMI
OoOpBbIB HIETEH );
2) B peaklMi aKTUBHOIO LIEHTPa C MOJEKYJIOM ¢ 00pa30BaHUEM HEaK-
TUBHOT'O paJiuKaja, KOTOPbI B JAHHBIX YCJIOBHUSX HE MOXKET MPOJI0J-
)KaTh 1eTb (JTUHEHHBIN TOMOTEHHBII 0OPHIB IICTICH );
3) B peakiuu aKTUBHOTO LEHTPA C MOBEPXHOCTHIO (T€TEPOTeHHBIN 00-
PBIB LIETIEN).

Ecau oOpeiB nieneit tumutupyercs nuddy3ueil akTUBHBIX 1€H-
TPOB K MOBEPXHOCTH, TO LIEMHAS peakuus MpoTekaeT B AU y3UOH-
HOM 001acTu; eciiv OOpBIB IeNel JUMUTHUPYETCS peaKkiued aKTUBHBIX
IIEHTPOB C TMOBEPXHOCTHIO, TO PEAKIMA MPOTEKAET B KUHETUUYECKOU
o0JacTu.

Ipunyun neynuumoscumocmu c80600HoU 6anenmuocmu. B pe-
aKIMM aToMa Wi CBOOOIHOrO pajuKaia ¢ MOJICKYJIONH HCXOJHbIE pea-
TeHThl MMEIOT HEYETHOE YHCJIO 3JIEKTPOHOB. B pesynbpTaTe peaxiuu
00pa3yroTCsl MPOAYKThI, KOTOPhIE HEM30EKHO 00J1a/Ial0T TaK)KEe HEUEeT-
HBIM YHCJIOM JJICKTPOHOB, W CPEAM HHUX 00s3aTE€IbHO MPUCYTCTBYET
yacTula (WM HEYETHOE YMCJIO YaCTHIl) C HECTIAPEHHBIM JIEKTPOHOM.

DTO BUIHO U3 CJICAYIOUIMX TPUMEPOB:

C'H; + CIR — CH;CI +R°®
C'H; + CH,=CHY — CH;CH,C'HY

IIpunyun coxpanenus opbumanvHou cummempuu. B Xxumude-
CKOW peakluu ojHa (OJHW) CBA3b PBETCS, Apyras (Ipyrue) oopasyer-
csa. Peakuus paspelieHa, T. €. HE UMEET KBAHTOBO-XUMHUUYECKOI'O 3a-
peTa, €ClIu CUMMETpHUs 00pa30BaBIIMXCS CBSI3€M COBMAJAET C CUM-
METPHUEU Pa30pPBAHHBIX CBs3€. Bece peakiuu paaukaioB ¢ MOJIEKYJIa-
MH, B KOTOPBIX COXPAHSETCS CIUH, PAa3PEIICHBI.

Ipunyun yukiuunocmu paoukaibHblX cmaoull 8 YenHou peax-
yuu. llenHass peakuus C y4acTHEM CBOOOJHBIX aTOMOB BO3MOXHA
TOJIBKO TOTJ1a, KOTJa B CUCTEME PEAIU3YETCS LUK PAIUKAIBHBIX IIpe-
BpAILICHUI C BO3POXKICHUEM UCXOAHOU YaCTHUIIbl, HAIIPUMED:

CI'+RH - HCI+R*, R+Cl,— RCl+CI".

Paszsemenenue yenu — >3IeMEHTapHBIA aKT OOpa30BaHUS He-
CKOJIBKUX aKTHUBHBIX IIEHTPOB (7Ba, TPU) U3 OJHOTO aKTUBHOTO LIEHTpa
B IIPOLIECCE PA3BUTHS LIETHOW PEAKIIUH.
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Peakyuu npooonscenus yenu — peaklMi aKTUBHBIX LIEHTPOB
C UCXOJIHBIMH BEIIECTBaMH C OOpa30BaHHEM MPOIYKTOB pEAKIUU
C COXPAaHUEM AaKTUBHBIX LICHTPOB. DJIEMEHTAPHBIE AKThl IPOJIOJIKECHUS
LEMA BO3MOXXHBI B CHIJIy MPUHLHWIIA HEYHHUYTOXKUMOCTH CBOOOIHOM
BAJICHTHOCTHA B PEAKUMSIX AKTUBHBIX LIEHTPOB C BaJICHTHOHACHIIICH-
HBIMU MOJICKYJIaMH.

[lennas peaxyus — paaukaibHas peakUus, B KOTOPOU MpeBpa-
IIEHUE UCXOJHBIX BEMIECTB B MIPOAYKTHI OCYLIECTBISAETCS IIyTEM MHO-
TOKPATHOTO LMUKIWYECKOTO YEPEAOBAHUS SJIEMEHTAPHBIX AKTOB C y4a-
CTHEM CBOOOHBIX PAJUKAIOB UJIK aTOMOB.

Duepausi cmadburuzayuy paouxaia — SHEPTUsl B3aUMOJIEHCTBHS
CBOOOJIHOM BaJIGHTHOCTU paJMKajla C COCEJHEW TPYMION CBA3BIO
WJIM aTOMOM B pajuKaie. ITo B3auMozencTBue cumxkaet AH panuka-
na. Benuuuna sHeprum cTabWIM3alUM OILICHUBAETCS U3 CPABHEHUS
OJIC IByX CXOIHBIX MO CTPOCHUIO PAJAUKAIOB, B OJJHOM M3 KOTOPBIX
TaKOr'0 B3aUMOJEUCTans HET.

Tenv-3¢hghexm — yckopeHHE MOJUMEPHU3AIMUA C YBEIUUCHUEM
BSI3KOCTH pacTBopa. ['enb-ahdekT nposBiaseTcs B TOM, YTO HadYMHAas
C HEKOTOPOM TIyOMHBI TIPOUCXOIUT YCKOPEHHE MOJUMEpU3aIlin
U yBEIIMYCHUE CTEICHH TMOoJIMMepu3anuu. Bei3BaH renb-3pdhekT Tem,
YTO YBEJIIMUCHHE BA3KOCTH CPEAbl 3aTPYIHSIECT OOPBIB IIETICH 0 peak-
I MEXJTy ABYMS MaKpOpaJuKaiaMu, a 3TO MPHUBOJINUT K YBEITUUCHHUIO
KOHIIEHTpAILIMHU PAJUKAIOB M YCKOPEHUIO MOJUMEPHU3AIINH.

llepeoaua yenu — Takas peaklusi MaKpopaaHvKaia C MOJIEKY-
JO¥, B pe3yibTaTe KOTOPOW MPEKpallaeTcsi POCT MaKpopajuKaia,
HO COXPAHSAETCS aKTUBHBINA IEHTP, MPOJOJKAIOIINI MOJIUMEPHU3AITUIO.
Paznuuaror mepemady menu yepe3 MOHOMEp, MOJIUMEp, UHUIUATOD,
pPacTBOPUTENb U MEPEaTUUK LIETIH.

Paouxanvnas nonumepuzayuss — 1enmHON MpoIECC MOCIIEI0Ba-
TEJIbHOTO MPUCOCIUHEHUS MOJIEKYJ] MOHOMEpa K MaKpOpaauKaly
c o0pa3oBaHMEM B KOHEYHOM PE3yJIbTaTe MAaKpPOMOJIEKYJIbI; BKIIOUAET
B ce0s CIeNyIOIINE CTaIUHA: UHUIMUPOBAHUE, POCT MAKPOMOJEKYJIbI
(Makpopaaukana), nepeaady 1uenu, OOpbIB LETH.

Pocm maxpomonexynvr — npucoeiMHEHHE MOHOMEpA K HECy-
IeMy CBOOOJIHYIO BaJI€HTHOCTh KOHIIEBOMY aTOMY MaKpPOMOJICKYJIbI.
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Cononumepuzayus (paouxaivHas) — 1eNHas paguKalibHas T0-
JUMEpU3alusl, B X0J€ KOTOPOM K MaKpOpaJAuKaly MPUCOCTUHSAETCS
TO OJWH, TO BTOPOW MOHOMEp, B pe3yjbTaTe 4ero o0pazyeTcsi COImo-
JUMEDP; B €r0 COCTaB BXOJAT 00a (MJIM HECKOJIbKO) MOHOMEPOB, KOTO-
pble IPUHUMAJIM yYaCcTUE B TOJTMMEpPU3ALINH.

Cmenenv noaumepuzayuu P, — 4uci0 MOHOMEPHBIX 3BEHBEB,
KOTOpBIE BXOASAT B COCTaB OJHOM MakpomouieKyibl. [lonmumepusamus
OOBIYHO XapaKTEPU3YIOT CPEHEN CTETICHBIO MOJIUMEPU3AIUH.

Aemounuyuupoganue 6 peakyuu OKUCIeHUsi — TEHEPUPOBAHUE
CBOOOJIHBIX PAAUKAJIOB U3 MPOAYKTOB, 0OPA3yIOIMIUXCA B LIETTHOW pe-
aKIMU OKUCJIEHUS OPraHMYECKOTro COeAMHEHHUs. TakuMu MpoayKTaMu
SBIIAIOTCS pa3sHOOOpa3Hble Mepokcuabl. HakorsieHue nepokcuIoB
IMPUBOJIUT K POCTY CKOPOCTH MHUIIMUPOBAHUS U YCKOPEHUIO IEITHOTO
okucienus. Eciau atu peakuuu UMEIOT MEPBBIN MOPSIOK MO MEPOKCH-
1y, a Ieny OOpBIBAIOTCS MO PEeaKIMu BTOPOTO Mopsijika (KBaJapaTuy-
HO), TO KMHETHUKAa HAa4yaJbHOI'O 3Tala OKUCJIEHUS OMKCHIBAETCS Mapa-
OO0JIMYECKUM 3aKOHOM: KOJINuecTBO okucieHHoro RH npsimo mponop-
IIMOHAJILHO KBaJAPaTy BPEMEHU OKUCIICHUS.

Aeémookucnenue op2aHuuecKo20 CcoeouHeHuss — CaMOIPOU3-
BOJIbHOE OKHUCJICHHUE OPraHUYECKOTO COCIUHEHUS MOJIEKYJISIPHBIM KH-
cinopooM. OHO NPOTEKAET, KAK MPABUIIO, IO LUEIMHOMY MEXAHU3MY.
[enu nannuupyrotea no peakuuu RH ¢ O,, mo Mepe HakoIIeHus 1e-
POKCHUI0OB OKUCIIEHUE YCKOPSIETCS.

3apooicoenue yeneui 6 oxucaaiowuxcsa cyocmpamax RH — re-
HEpUpPOBaHKE CBOOOJHBIX paaukaioB no peakiusMm RH c kucnopo-
JIOM, TAaKUX Kak

RH + 0, — R"+ HO;

RH+02+RH—)2R.+H202
O, + CH,=CHR — *OOCH,C"HR

Kamanuz memannamu nepemennou earenmuocmu 6 OKUCIEHUU
— YCKOPSIOIIEE BO3JCHCTBUE COJIEM W KOMIUJIEKCOB METAJUIOB IEepe-
MeHHo# BajeHTHOCTH (Fe, Mn, Co, Ce) Ha aBTOOKHCJICHUE YTJIEBOI0-
POJIOB U APYTUX OpraHuveckux coeauHeHuil. Kartamusz oOycioBiieH
TE€M, YTO MOHBI 3TUX METAJJIOB YCKOPSIOT aBTOMHUIIUMPOBAHUE, pa3-
pylIas ruIponepoKCHAbl Ha CBOOOIHBIC PagUuKaIbI IO PEAKITHUSIM:
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ROOH + Me™ — RO® + Me™!' + OH™
ROOH +Me""' — RO; +Me"" +H"

bpomuonwiti kamanuz — KaTAIUTHUYECKOE OKHUCIICHUE aJIKUIIapO-
MaTUYECKUX YTIEBOAOPOIOB (TOJIYOJI, KCUIIOJbI) B MPUCYTCTBUU COJIEH
KoOanbTa (WM MapraHia) 1 OpOMHUA-MOHOB B PACTBOPE YKCYCHOW KH-
cotel.  COBMECTHOE KaTanuTHdeckoe nelicteue moHoB Co'—Co'
1 Br —Br" mo3Bossier OBICTPO OKHCIATh METHIbHYIO Tpymmy PhCH;
710 KapOOKCHUIILHOM Tpymiibl. DPPEeKTUBHBINA KaTaanu3 oO0yCIOBIeH Obl-
ctppiM pacniaoMm ROOH Ha cBOOOMHBIE paaMKaibl MOJ JECHCTBHEM
Co'*~Co"-cucTeMsl, GBICTPBIM MPOTOIKEHHUEM IIETTH M0 PEaKIIHSIM:

RO; +Co’" — ROO™ + Co™*
RO; + Br - ROO™ + Br’
Br'+RH — HBr + R’
R+ 0, - RO;

BpoMuiHbIN KaTalnu3 UCIOIL3YETCsl B TEXHOJIOTHU MOJy4YeHUs (rae-
BBIX KHCJIOT U3 KCUJIOJIOB.

Kamaﬂu3 memauiamu nepemeHHoﬁ 6AJIEHMHOCMU. MeTaJIJIBI I1C-
peMeHHOﬁ BaJICHTHOCTHU HalOKO I/ICHOJIBSYIOTCSI B KQUCCTBC KaTaJIn3a-
TOPOB peaKIMM KUAKOPA3HOTO OKUCIICHUS YTIIeBO10po0B. OHU yCKO-
PSIIOT IIPOLIECC OKUCIICHMS, pa3pyllasi THAPONECPOKCUABI HA paJIuKalIbl
U TaKUM 00pa3oM YCKOPsIsS TEHEPUPOBAHUE PATTUKAIIOB TI0 PEAKIIUSIM:

ROOH + Me" — RO* + Me™™' + OH™

ROOH + Me""' — RO} +Me""' + H'

KpomMe TOro, moHbl METaIIOB PEArMPYIOT B COCTOSHWUM HU3IIECH Ba-
JIEHTHOCTH ¢ RO}, a B COCTOSIHUH BBICIIEH BaJCHTHOCTH — C KHMCJIO-
POJICOAEPKAIMUMHU MPOAYKTAMH OKHUCJICHUS. TakoW KaTaliu3 MCIOJIb-
3yETCSl B TEXHOJOTHMHU OKHCJICHUSI KyMOJa B THAPONEPOKCHUJI, ITHUKIIO-

I'CKCaHa B IHUKIIOI'CKCAHOJI N HNHUKIIOI'CKCAHOH, Hapaq)I/IHOB B JKHUPHBIC
KHUCJIOTBI, aJIbACTUAOB B COOTBCTCTBYIOIIINEC KHUCJIOTHI.

ConpsioicenHoe OKUC/IeHUe OpP2AHUYeCKUX COeOUHeHUU — CO-
BMECTHOE OKHcJeHHe Heckoyibkux oprannueckux (R;H...R,H) coenu-

294



HEHUM MOJIEKYJISIPHBIM KHUCJIOpOAOoM. Bkirouaer B ceOsi peakiuu me-
PEKPECTHOIO NPOAOJIKEHUS LIETU THUIIA!

RIO; + RJH —> RIOOH + R:
U pEaKIiy MePeKPeCTHOro 00phIBa MU THIIA:
R10; + RJO; —> IKIC)C)I{J + O,

Kaxk npaBujio, CKOPOCTb MHHUIHUHUPOBAHHOIO COIIPSAKCHHOI'O OKHUCIIC-
HHUA UMCCT HCJ'IPIHCIZH}GO 3aBUCHUMOCTDB OT COCTaBa CMCCH.

Llennoe okucnenue opeanuueckux coeounenuiu. llerHasi peak-
U] OKUCIICHUS OopraHudeckoro coeauueHuss RH monexyaspHbIM Ku-
cinoposioM O, B kUAKON (pa3ze BKIIIOYAET B CEOs CIEAYIOIINE DJIEMEH-
TapHbBIC CTAIUU:

R.+ 02 —> RO;
RO; + RH - ROOH + R’
RO; + RO; — MOIEKYyIAPHBIE IPOTYKTHI

[lepBUYHBIM MOJICKYJISIPHBIM TMPOAYKTOM SIBJISICTCS THAPOIEPOKCHU]
WM Tepokcunl (B Ciaydae OKHUCIICHUS HENpeelIbHbIX COCIUHECHUIN).
B oTcyTcTBHE ClIENUaTbHOTO WHULHMHPOBAHUS PAJMKAIbl T€HEPUPY-
10Tcs o peakuuu RH ¢ O, (3apokaeHue 1enu) U B pe3yJsibTaTe pac-
naja oopasyromierocsi ROOH (aBTomHULIMMPOBAHUE).

Lughghyzuonusiii pesxxcum oxucienus noaumepa — TaKUe yCIOBHS
OKHCIICHUSI TBEPJIOTO MOJUMEPA, KOT/Ia CKOPOCTh OKUCICHUS JTUMUTH-
pyeTcsi CKopocThio TU(Phy3un MOJEKYJISIPHOTO KHUCIOpojaa B olOpasell
nonumepa. J{nddy3noHHBINA PeKUM OKUCIICHUS HIMEET MECTO, KOT/a:

1) mano napuuansHoe nasieHue O,,

2) BeNUKHU pa3Mepsl (ToJMHA, paanyc) oOpasia, kKyjaa nupdyHaupy-
€T KUCIIOPO/I,

3) B monMMepe UAET OTHOCUTEIHHO OBICTPOE TEHEPUPOBAHUE PATUKAIIOB.

Kecmkas kiemxa — MOJENb KIETKHU, CO3JaHHOM CErMEHTaMu
MTOJIMMEPHOW MATPHUIIbI, OMUCHIBAIOIIAS BIUSHUE MOJIEKYJISIPHOU MOJI-
BIJKHOCTH CETMEHTOB Ha KOHCTAHTY CKOPOCTU MEIJICHHOW OMMOJIEKY-
JIAPHOU peakUUy B MOJIUMEPHOU MaTpule. Moaenb UCXOAUT U3 TOTO,
YTO B MOJIUMEPE CYUIECTBYIOT KIETKU pa3HOUl (POPMBI, KOTOpPbIE HEIK-
BUBAJICHTHBI DHEPIETUUECKU.
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Muepayus c60000HOU 8aneHmHoCmMU 8 noaumMepe — TepeMe-
HIEHUE CBOOOJHOW BAJICHTHOCTH B TOM WJIM MHOM BHJE MO 00pasiry
nonumepa. M3BecTHbI Tpu MEXaHU3Ma MUTPALIUH:

1) muddy3usa cerMmeHTa MaKpOMOJIEKYJIbl, HECYILIETO CBOOOJIHYIO Ba-
JIEHTHOCTB;

2) uepenoBanue aupPy3un cerMeHTa ¢ XUMUUISCKOM peakiueil, mepa-
JAoIIel CBOOOAHYIO BaJEHTHOCTh Ha JIPYTOM CErMeHT (3cTadeTHBIi
MEXaHU3M MUTPALIUHN);

3) peakuusi MakpopaJguKalia ¢ HU3KOMOJIEKYJISIPHOM MOJIEKYJION ¢ TO-
cienyroieit obicTpoit Anddy3uen «MaaeHbKOro» pajauKana.

OkucaumenvHas 0ecmpyKyus. noaumepa — yMEHbIIEHUE MOJie-
KYJISIPHOM Macchl IOJMMEpa B MPOIIECCE OKUCICHHUS B PE3yJibTaTe
pacnajza ajJKWIbHbBIX, aTKOKCUIBHBIX U MEPOKCUIIBHBIX MaKpOpaauKa-
710B ¢ pa3pbiBoM C—C-CBs3H.

Anmuoxcudanm — COEIMHEHNE, KOTOPOE MHTHOUPYET MPOIIECC
OKHCJIEHHS] OPraHUYECKOTO COCTMHEHUSI MOJIEKYJISIPHBIM KHCIOPOIOM.
Topmo3siiiee AeiicTBHE AHTUOKCHUIAHTOB 00YCIIOBIICHO:

a) aKLENTUPOBAHUEM IMEPOKCHIBHBIX PAAUKAIOB (TaK TOPMO3AT (e-
HOJIbI, aPOMATUYECKUE AMUHBI);

0) aKUEeNTUPOBAHUEM AJTKWIBHBIX PAJAUKAIOB (TaK TOPMO3SIT HUTPO-
KCWIbHBIE paJIUKaJIbl U XUHOHBI);

B) paspylieHueM rujponepokcusioB (docdartsl, cynbduabl, kapbama-
ThI, THOKapOamMaThl U THOPOCPAThl METAIIIOB).

Kpumuueckue senenus 6 uneubuposannuu aemoookucienus. Ko-
I7la OKUCJICHHE Pa3BUBACTCS aBTOYCKOPEHHO KaK aBTOWHHUIIMHUPOBAH-
HBI LEMHOW MpOoLEecC, TO €ro MHIMOMPOBAHUE AKIENTOPaMH IMEPOK-
CWIbHBIX  pAJUKaJOB 4YacTO HOCUT KPUTHUYECKUU  Xapakrtep:
IIPU HEKOTOPOM KPUTHUYECKON KOHIICHTPAllMM MHTMOUTOpa HAOJI01aeT-
cs1 pe3kuit nepexo ot dt/d[InH] = a x dt/d[InH] = b, mpuyem b >> a.

Cunepeusm u anmazonuzm oeticmsusi aumuoxkcuoanmos. Korma
COBMECTHOE TOPMO3SIIEEe JEUCTBUE JABYX HUHTHOUTOPOB T;, 3aMETHO
3¢ dexTuBHEE NEUCTBUS KAXKJIOTO U3 HUX (T1 U T2), T. €. (112> 11+ T2 ),
MBI UMEEM JIeJI0 ¢ CMHEPIH3MOM JCHCTBHS aHTHOKCHIAHTOB. Korma
(t12<T; + T2), MBI IME€EM JEJI0 C aHTarOHW3MOM JEUCTBUS aHTH-
OKCHJAHTOB.
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Luxnuueckuti mexanuzm oopwiea yenei. Korma ogna MoJieKynia
(WM paguKall) MHTMOMTOpPA BBI3BIBAET OOPBIB HECKOJBKUX (0OoJiee
NBYX) LENEd B LIEMHOM OKHCIEHHH, 3TO SIBJSECTCS PE3yJIbTaTOM IIHK-
JUYECKOr0 MeXaHu3Ma OOphIBa ILieNed ¢ pereHeparueid MCXOIHOU
dbopmbl uHrHOUTOpa. [lpriMep — OOpBIB LieTieil B OKHUCISAIOMIEMCS
CIIUPTE Ha MOJIEKYJIaX n-OC€H30XMHOHA!

R;R,C(OH)OO* + OC¢H,O — R;R,C=0 + HOC:H,0* + O,
R;R,C(OH)OO*+ HOC¢H,O" — R;R,C(OH)OOH + C4 H,O + O,

B Takom MexaHu3Me B pe3yJbTaTe MOCIEI0BATEILHOIO KacKaia
peaKkuuii pByTCs JIBE LIENMU M PEreHEepUpPYIOTCS McXoaHas (popma HH-
ruduropa.

Hecmayuonapuwiu pescum yennou paszeemeneHHol peakyuu —
3TO ABTOYCKOPEHHOE MPOTEKAHWE IICIMHOM Pa3BETBICHHOW PEAKIIMUU,
KOTJIa CKOPOCTh Pa3BETBIICHUS 1ieTiel Mpeo0iagaeT HaJ CKOPOCThIO UX
oOpbpiBa. KuHeTnka HayajapHOrO ATama pa3BUTHUS PEAKIUH CIASTyeT
SKCHOHEHIUATBHOMY 3aKOHY: CKOPOCTh PEAKLIUH ~ €',

Kpumuueckue senenus ¢ yennvix pazeemenentuvix peaxyusx. Ko-
I/1a LEMHAs PAa3BETBIEHHAs PEAKLMsI ITPOTEKAET B YCIOBUAX, PU KOTO-
PBIX CKOPOCTH Pa3BETBJICHUS W OOpbIBA LIETIEH OJM3KH, B TAKOM PEXKU-
Me CYIIIECTBYET OU€Hb CHJIbHAS (KPUTHYECKAs) 3aBUCUMOCTb CKOPOCTH
MIPOTEKAHUS PEAKIIMM OT YCJIOBUM €€ MPOBEJCHUS, TAKKX KaK TeMIepa-
Typa, JaBJIECHUE, pa3MEPbl PEAKLIMOHHOIO COCYJ1a, KOHLEHTpauus pea-
IEHTOB, KOJIMYECTBO XUMHUYECKA AKTUBHOW MPUMECH BEIllECTBA — HH-
ruOUTOpa ITOM EMHOW peakiuu. JlocTaTOuHO HE3HAYUTETLHOIO U3Me-
HEHUS OJTHOTO U3 NTapaMETPOB, YTOOBI MEPEUTH OT OBICTPOTO (B3PHIBHO-
r0) MPOTEKaHUS PEaKIUU K €€ MPAKTUYECKON OCTAaHOBKE U HAOOOPOT.
Takue rpaHUYHBIC YCIOBUS HA3bIBAIOTCS KPUTUUECKUMH.

Ilonyocmpos 6ocniamenenus YyenHou pa3eemeieHHoU peakyuu.
OOnacTe yCIOBHII B KOOpPAMHATaX «TeMIepaTypa — JIaBICHUE,
BHYTPU KOTOPOUW HaAOJIIOJAETCs BOCILUIAMEHEHUE CMECH, Pa3BUBAETCS
I[EMHAsl Pa3BETBIICHHAS PEaKIMs, a BHE dTOM 00JacTH peareHThl Mpak-
TUYECKU HE B3aUMOJEUCTBYIOT. [lorpaHnyHble JIMHUY, pa3aestolIe
3T JIBa PEKKMMa, HA3bIBAIOTCSI, COOTBETCTBEHHO, HUKHUM U BEPXHUM
IpeAeioM BOCIUIAMEHEHHUS, a TOYKA, UX COEAUHSIONIAsl, — MBICOM
MOJIYyOCTPOBa BOCILUIAMEHEHHS.
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Paseemenenue yenu — OJHA WA HECKOJBKO 3JIEMEHTAPHBIX
peaKkUnii, B pe3yJbTare MPOTEKAHHUS KOTOPBIX YBEIMYHMBACTCS YHCIIO
aKTUBHBIX ILIEHTPOB (ATOMOB, PaJMKAJIOB) B pearupyloiieii cucreme.
Hanpumep, npu OKHUCIEHUHA BOJOPOIA PA3BETBICHUE LENEN ITPOUCXO-
JAT 10 CIEAYIOIEMY MEXaHU3MY:

H'+0, >HO*+ O
O+H2—)HO.+H.,

T. €. IO OpyTTO-ypPaBHEHHUIO:
H* + O, +H, -» H"+2HO’

Cmayuonapuvil pexcum YenHou pazeemeieHHOU peaKyuu —
MPOTEKaHUE LIEMTHOM Pa3BETBJICHHON PEaKIMU B TAKUX YCJIOBUSX, KO-
raa oOphIB 1enel nmpeobiiagaeT Hall UX Pa3BETBICHUEM, TaK UTO pea-
JU3YETCS PEKUM KBa3UPABHOBECHS: CKOPOCTh T'C€HEPUPOBAHUS paJIH-
KaJIOB paBHa CKOPOCTH OOphIBa IIETIEH.

Tennosoil 63pvi6 — TaKOE MPOTEKAHUE IK30TEPMHUUECCKON peak-
1M, KOTJIa CKOPOCTh TEIIOBBIACICHUS OMEPEKaeT CKOPOCTh TEILIO-
OTBOJA, TEMIIEpaTypa CMECH HapacTaeT, B pe3yJabTaTe Yero yBeJIUdH-
BaeTCs U CKOPOCTh peakiuu. [Ipoiiecc ¢ BbIIeICHUEM TeIia MPOTeKa-
€T B YCIIOBUSIX, OJIM3KUX K aIna0aTHYECKUM.

[lennasa pazeemenennas peakyus — LUENHAS PEaKLUs, B KOTO-
poH, KpoMe peakiuii MHUIMUPOBAHUS, MPOJOJKEHHUSI U OOphIBa Iie-
€Y, NIPOTEKAT PEAaKLUU Pa3BETBICHUA Liener. B peakuuu pa3BeTs-
JICHUS OJIUH aKTUBHBIN LIEHTP T€HEPUPYET MOSBICHUE JIBYX UIU OoJiee
aKTHUBHBIX LEHTPOB (aToMOB, paaukainoB). [Ipumepsl HENmHbIX pa3-
BETBJICHHBIX PEAKIMii: TOPEHUE BOJIOPOAA, OKUCIEHUE OKUCH YIIIEPO-
na, roperue mapos ¢ocdopa, pacman NCls.

Llennoii 63pvie — OYeHb ObICTpas (B3pBIBHAS) peaH3alUs
LEMHON Pa3BETBICHHOW PEAKIMU B YCJIOBUAX HECTALIMOHAPHOIO pe-
KHUMa €€ TPOTEKaHWs, KOrja pa3BETBICHHUE IIeNed MNpeBaUpyeT
HaJ UX 0OPBIBOM.

Xumuueckui 1aszep Ha OCHO8e YENnHOU pa36emeeHHOU peaKyuu
— J1a3ep, UCHOJIb3YIOIIUN dHEPIUI0 dK30TEPMUYECKON LENHON peak-
MU C DHEPreTUYECKUM Pa3BETBJICHUEM liener. B xone pa3sBuTus Ta-
KOU peaKIUu CO37aeTCs CUCTEMA C BHICOKOM KOHIIEHTpaIue Bo30yxX-
JEHHBIX MOJIEKYJ. CBETOBOM «BBICTPEID» JIa3€pa BO3ZHUKAET B PE3YJib-
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TaT€ UHAYLUUPOBAHHOTO UCITYCKAHUS CBETA BO3HUKAIOIIMMHU B LIETTHOU
peakuuu BOo30yKAEHHbIMU yacThllaMu. [Iprumepsl XUMUYECKUX Ta30-
(a3HBIX CUCTEM, HA OCHOBE KOTOPBIX CO3JaHbI XEMOJIa3€Phl:

H, + F,, D, + F,, H, + SF¢, SF¢ + C3Hg, NF; + CH,.

Dnepeemuyeckoe pazsemeieHue yeneu — 00pa3oBaHUE KoJie-
0aTeNbHO- WU JIEKTPOHHO-BO30YkKJICHHBIX MOJIEKYJ B LIEMHOM 3K30-
TEPMUYECKON pPEaKIMU C MOCIEAYIOUMM UX PachajgoM HIH OuMoie-
KyJSIpHOM peakuueil ¢ BO3HUKHOBEHHEM JBYX WM 00Jie€ aTOMOB
WIIA paaukanoB. [IpuMepsl SJHEPTETUUECKOTO PA3BETBICHUS LIETICH:

F, +C°'H,I - F* +FICH,
FICH, —I" + C'H,F
H'+F, > F +HF
HF +H, - HF + H,
H,+F, >H +HF+H’

T'apmonuueckoe konebanue — Takoe KojaebaHue MaTepUAIbHOM
TOYKU OTHOCHUTEIIBHO OCH, IPU KOTOPOM CHJIA, BO3BpAIIAIOIIasi TOUKY
K IIEHTPY, MPSMO MPOMOPIIMOHAIbEHA aMIUTUTYJIE KoJieOaHusl, a MOTEH-
uanabHasl SHEPrusi KojaeOaHus MPSIMO MPOMOPLHUOHATBHA KBAAPATy
aMILTUTY bl KosieOanus. BajieHTHOE KojiebaHne aTOMOB, 00pa3yIOIMIKNX
CBsI3b, OJTM3KO K TAPMOHHYECKOMY KOJICOAHHIO MPU HEBBICOKOM HEP-
TUU KOJIeOaHUA.

Peaxyus paduxanvnoco npucoedunenus — peakUys aToMa
WJIM CBOOOJHOTO pajiuKaja ¢ MOJICKYJIONW, UMEIOIeN KpaTHyo (JBOM-
HYIO WIH TPOWHYIO) CBSI3b, B pe3yJIbTaTe KOTOPOH MPOUCXOIUT IIPH-
COCIMHEHHUE aTaKyIOIEeld YaCTUIIBI [0 KPaTHOM CBSI3U ¢ 00Opa3oBaHUEM
HOBOT'O paJuKaya, HalpuMep:
C’H; + CH,=CHX — CH;CH,C"HX

Jlumummupyrowas cmaousi npoooaxcenus yenu. B niemHomn pe-
aKIMU C YEPEAYIOINMUCS CTAIUSIMU MTPOJAOKEHUS LIENH OYEHb YaCcTO
OIUH paAuKal OBICTPO BCTYMAET B PEAKUUIO MPOAOJKEHHUS UEIH,
a npyroi MemienHo. Hampumep, npu nienmHoM okuciaeHud R* ObICTPO
pearupyert ¢ Q (k,; = 10°~10° 1/(Momb-c)), a obpasyrommiics RQ* mex-
neHHo pearupyet ¢ RH (k;, = 107-10> n/(mo1b ¢)). TTo3TOMY THMUTH-
pyeT NpoJI0HKEHNE LMK caMasi MEeIJICHHas cTaaus (B JAHHOM Cilydae
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RQ® + RH), u 0OpbIB Liemneii MPOUCXOANT B Pe3yIbTaTe THOEIN pain-
KaJja, y4aCTBYIOIIEr0 B 3TOU MEJICHHOW CTaJUH.

Ksasucmayuonapnas konyenmpayus c60000HbIX PAOUKALOS
8 paouxanvrou peaxyuu. OOBIYHO TIPH MPOBEIACHUH IISITHON peaKIuu
OUYCHb OBICTPO YCTAaHABIMBACTCS TAKOW PEXKHUM, IIPU KOTOPOM CKOPO-
CTH TEHEPUPOBAHUS U THOEIN CBOOOHBIX PaJUKAIOB paBHBL. B TakoM
peXHMe KOHIICHTpAIUs CBOOOIHBIX PaIUKAIOB KBa3UPABHOBECHO Me-
HSETCS BO BPEMEHM CUMOATHO M3MEHEHHUIO OTHOIICHHS CKOPOCTH Te-
HEpUPPOBaHUSA paaukaioB (W;) K yIeIbHOW CKOPOCTH HMX THOCIIH
(2):[R°] = Wi/g, a nmpu OumonexymspHoii rudbemu R ¢ koHcTaHTOMI
ckopocti 2k:[R°] = (Wi/2k)"”.

Kunemuueckuii pesxcum yennou peaxyuu, e OJAH U3 pearcH-
TOB — Ta3, — ATO TaKOW PEKUM, MPU KOTOPOM CKOpOCTh nuddy3uu
raza-peareHTa B pacTBOp WJIM TBEPAYIO a3y MHOTO OOJIbIIIE CKOPOCTH
€ro MOTJIOIICHUSI B KOHAEHCUPOBAHHOM (pa3e BCIIEICTBUE MPOTEKAHUS
peakuuu ¢ ero ydactueMm. [Ipumepsi: okucienue RH kucnopomaowm,
030HOM, JIBYOKHUCBIO a30Ta, XjiopupoBaHue RH.

Jugpghysuonunsiii pestcum yenuou peaxyuu, B KOTOPOW OJIUH
U3 pEareHTOB — ra3, — 9TO TAaKOW PEeXUM MPOTEKaHUS PEaAKIIUH,
npu KoTopoM aud@y3us raza B )KUAKOCTb WK TBEPAYIO a3y JIUMHU-
TUPYET MPOLIECC Y4YacTUs 3TOr0 peareHTa B peakuuu. lIpumepsi:
okucienue RH (yrneBomopoa wim moiauMep) KUCIOPOJOM, O30HOM,
JIBYOKHCBIO a30Ta, XxJopupoBanue RH.

Kesazucmayuonapmwiii pesicum npomexanusi yenHou peaxyuu —
9TO TaKHE€ YCIIOBUS MPOTEKAHUs PEaKIMH, KOrja KOHIEHTpalus yda-
CTBYIOIIMX B MPOJOJKEHUH LIENH PAJANKaIoOB (aATOMOB) KBa3UCTAINO-
HapHa, T. €. ONpPEIEIISIeTCs] COOTHOIIEHUEM CKOPOCTEW reHepUpPOBAHMUS
Y TUOENIH paJiuKaioB (aTOMOB), KOTOPbIE MPAKTUYECKHU PABHBI.

Hneubumop yennoti peaxkyuu — BEIIECTBO (MOJIEKYJa, paguKan),
KOTOpPOE OYEHb OBICTPO pearupyeT ¢ BEAYIIMMU LETb PaJIUKaIaMHU WK
aTOMaMH C OOpa3oBaHUEM IIPOJAYKTOB, HE YYaCTBYIOUIUX B MPO-
noJkeHuu 1eneil. UTHruoutop oOpbIBaeT Uenu B UEMHON peaKIIHH.

Ilepuoo unoyxkyuu yennou peaxyuu — TMEPUOJT BPEMEHH, B Te-
YEeHHE KOTOPOTO IIeMHas peakiys IPOTEeKaeT OYEHb MEIJICHHO;
110 UCTCUCHUHN IIepHOJila MHAYKIIMM HAYMHACTCS OBICTPBIM IICITHOMN
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nporecc. Ilepmoa WHAYKIMKU MOXKET OBITh PE3yJIbTATOM OJHOM
U3 CIEAYIOLINX MPUYMH.

1. O4eHp MeIIEHHOE TEHEPUPOBAHUE LIETIEN B LICTHOM PAa3BETB-
JICHHOM pEeaKLuu.

2. Hannune nHruOutopa, oOphIBAIOIIETO LEIH.

3. MensieHHOE YCTAHOBJICHHE CTALMOHAPHOW KOHLIEHTPALUU
paIuKaJIOB B LIEMHOM BBIPOXKJIECHHO-PA3BETBICHHOM PEaKUHUU C KBal-
paTUYHBIM OOpPBIBOM LIETIEH.

Llennas nepazeemenennas peaxkyus — UENHAs peakus, KOTO-
pas BKJIIOYAET peakIuy 3apoKACHUS, MPOJAOJIKEHUS U OOphIBa IIeTICH.
Hanpumep, nannupoBanHas ceetom peakuus H, + Cl,.

ChL+hv— CI"+CI° (MHUITUMPOBAHHE )
CI’ + H,—»> HCl1 +H* (MpOIOIKEHHUE TICTIH )
H*+ Cl,—» HCl1 + CI’ (IPOIOJKEHHUE TIETIH )
CI'+CI'+M - CLL,+M (0OpBIB 1ICTIH )

[Ipy NOCTOSAHHOW CKOPOCTH WHHUIMUPOBAHUS CKOPOCTH LEMHOMN
HEPA3BETBJICHHOW PEAKIMM B KBA3WCTALMOHAPHOM PEXKUME MOCTOSH-
Ha (IpY HE3HAYUTEIIBHOM PAacXOJO0BAHUU PEATEHTOB).
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