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A. ll. CIJ1enyxo8iltl It B. H. Bal5aflH 

0630P nOCB5IIl\CH neperpymmpoBKaM amm.%HblX paJ]:HKJJIOB, npOHcxo,n5l­

Il\IIM B P33,1I1QHbIX r0~o¢a3I1hn npoueccax. PaccMOTpeHbJ DII\'TpHMoneKyJl5lpHble 
f130Mep1l3 311II1l, np'lTCK31OIl\1ll' .: MHrp0U!-c'i'r 3TOM~1 llO;r,C[lO;l:1 C oGp;uOB3Hlle\1 

Tpex-, qeTblpex-, n5lTH- H meCTlJq,1CHHbIX uepexo,nHbIX COCT05llmH, 06cYlK,naeTcH 
B03MO)!(HOCTb H30MepH33U!1H Ma,1blX aJlKI1.HbHbIX paJl1lKanOB (3TH.'], npOnHJlb­

Hble pa,nHKa,nbl) H nepexon: BOn:OpOn:a K cOCen:HeMY aTOMV Vfilepo,na B i\mUlHO­

uerrOqeqHbJX pa,nHK1nax, PaCCMOTpeH MexaHH3M rrjlOUCCC3, 
DH6mlOrpatj)H5I -- 82 11811MCllOBaHlUL 

OL1ABJIEHI-IE 

1010I. BBen:cHlle 
1011II. J,2-MlIl'paUH5I aTOM a BOJ]:OPOIl<l 
HilSIII. J,3-Mllrp aUH5I Bon:opo,na

IV, MnrpaUlU! 8TOMa Bo;ropon:a K 60Jlce oT}la,'1ClllIo~ly 'ITO\I)' "r:JepO,B, HCCYlll0MY 
1(\2(1

cflo6on:HYIO B 3nellTHOCTb 
1(\23V, Nl.exaIll13M MllrpaUHII BOn:OPO}1.3 B amm,lbIlJ,lX pa;UiluM1X 

1. BBEUEIHIE 

Cpe.zUI pa3JII1'-lHbIX peaJ(U11H CB060,UHbIX pa,U11KaJ10B OC06bI~1 11HTepeC 

npe,UCTaBJI5l10T peaKl~1111 BHYTp11MOJIeKYJI5lpIiOH 1130MepH3aUH11 pa.u11KaJIOB, 

npHBO;;511Ul1e )( nepe1llcw:eHHIO CB060,UIIOH Ba.rTCHTHOCTI1 B,UWlb yrJIepO}l,HOrO 

CKeJIeTa 'IaCTlIllbI OT O,LLHOrO aTOMa YrJIepo,Ua K 'upyroMy. 13JIaro,Uap5l 1130­

MCpI-!3aIJJIH CTpOeIIHe np0,UYKTOB B npoueccax, npOTeKalOruHX npH y'IaCTHH 

CB060JUlbIX pa.zUIKaJIOB, Mo}KeT 3Ha'IHTeJIblIO OTJIl1'IaTbC5l OT CTpOeHH51 

BeW:CCTB, 06pa30BaHIIe KOTOPbIX MOiKIIO 6bWO 6bI OIKHll,aTb npH OTCYTCTBHH 

paJJ.FlI{aJ1bHbIX nepcrpynmlpOBOK. B p5l,Ue uenHbIX npOueCCOB H30Mep113aUH51 

nepBOHa'IaJlbHO 06pa3YIOW:IIXC5l pa,U11KaJIOB MO}KeT npHBO,IIHTb K 3aMeHe Me­

Bee aKTI1BHbIX npOMeIKYTO'IHblX ueHTpOB 60.'lee aKTHBHbIMI1. B nOJIl1MepH3a­

UHOHIIblX npoueccax TaKHe ncperpynnFlpoBKFl npHBo.u5lT K pa3BeTB.1JeIII1IO H 

CIllFlBaHHIO nOJIHMepHbIX uenei'r. 

TIpe,UcTaBJIeHHe 06 H30MepH3aUJIH paJu!)(aJIOB B03HHKJIO 11 CTaJIO pa3BH­

BaTbC5l cpaKTH'ICCKH cpa3y IKC nOCJIe YCTaHoB.1JeHH5l cpaKTa cyruecTBOBaHH51 

CB060,LLHbIX pa,UI1KaJIOB 11 BbIHCHeHl15l pOJI11, KOTOPYIO OHH MoryT HrpaTb npH 

pa3.JI11'IHbIX XHMWleCKHX npcBparueHH5lx. Y}Ke B 40-x - 50-x ro,Uax 1130MepH­

3aUI151 pa.ullK3.1JOB rrpIIB.JIeKa.TJaCb ,UJI5l 06b5lCHeHFl5l OrrbITHbIX ,IIaHHblX no Tep­

MH'ICCTWMY pacna,IIy 1,2, H30i1lCpl13aUHH 3, OKI1CJleHHIO 4,6,6 11 'upyr11M peaK­

UI1HM 7, 8 opraHH'ICC)(HX COeITlmeHI1H, ocyw:eCTBJI5lIODJ,FlMHC51 npII Y'IaCTHI1 CBO­

60,IIHbIX pa.uHKalIOB. O,IIHaKO C.JIe,UyeT OTMeT11Tb, 'ITO B 3TO BpeM5l ,IIOKa3a· 

TeJIbCTB peaJIbHOCT11 npoueCCOB TaKoro po,Ua cpa)(T11'IeCKH He 6bIJIO. 

3TOT He,IIoCTaTOK B 3Ha'IHTC.1JbHOH CTerremI YCTpaHeH B 60-x ro,Uax, KOr}l,a 

HCCJIe,UOBaHH5l B 06JIaCTII pa,II11Ka.JIbHOH H30MepH3aUHII 6bIJIH HanpaBJIelIb1 

Ha H.ueIITHcpHKaUHIO pa.u11KaJIbHbIX ueHTpOB. K HaCT051rueMY BpeMeH11 no.JIy­

'IeHbI 11 nepBble KOJIII'IeCTBeHHble ,UaHHble no K11HeTHllCCKHM Xapa)(TepHCTH­

KaM 1130MepII3aUHOHHbIX npoueccoB. TIPH TepM11'IeCKOM HJIH cpOTO.1JHTHQeCKOM 
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BlIYTpHMOJleKYJIHjlHble lIeperpYllTIl1pOBKH "Tc1C'BO).(OPO).(HbIX paJl,HK3JlOB ill11 

pa3J1o)KeHHHX pa3.111'1HbIX OpraHI1'1CCKI1X COe,lI.I1HeHI1H ,lI.Ba I1JUI 60.rree H30­

MepHbIX pa,lI.l!K3J1a 06pa3YlOTCH C nOYTI1 O,lI.I1HaJ<OBO Bep05ITHbIMI1 He3aBHCH­

MbIM!I nYT5IMH, H ,lI.alKe HneHTHqJl1KaUH5I pa,lI.I1KaJIOB H npHMeHeIIHe Me'1eHbIX 

aTOl\JJB IIC BCer,lI.a MOlKCT O,lI.H03Ha'1HO YKa3aTb Ha HaJII1'1l1e B (HCTeMe pa,lI.H­

KaJIbHoi'i neperpymmpOBKII. nOBOJIbHO '1aCTO oopa30BaHHe B CHCTeMe CTPYK­

TypHO 1I3CI!CPHbIX paiU1KaJ10B HJIH np0,lI.YKTOB MOlKHO 06 cb51CHHTb nOCJIe,lI.o­

naTeJIbHOCTblO 6HMOJleKYJI5IpHbIX pa,lI.HKaJIbHbIX peaKUHH 3aMeIll.eHH5I, npl1­

COC,lI.HHeHH5I II pacna,lI.a, He np1l6era51 K npe,lI.CTaBJleHI1IO 0 pa,lI.I1KaJlbHOH 1130­

MepI13aUHH. TI03TOMY B JIHTepaType, nOCB5IIll.eHHOH CB060,lI.HO-pa,lI.HKaJlbHbIM 

npoueccaM B ra30BOH <pa3e, HaKOnHJIOCb MHOlKeCTBO npOTHBOpe'lHBbIX ,lI.aH­

llbIX II BGIBO,lI.OB OTHOCHTeJlbHO B03MOlKHOCTH H30Mepl13aUHH aJIKHJIbHbIX pa-. 

,lJ,I1Ka:iOJ3 nOCpe,lI.CTBOM :\lHrpaUHH aTOMa BO,lI.OpO,lI.a. 

HaCTCJ5IIll.HH 0630p TIOC1351lll.eH rreperpymmpoBKaM aJiKIUlbHbI:, pa,lI.HKamlB 

B ra30130i': <pa3e. 0606lll.aI0lll.a5I JI!fTepaTypa no 3TOMY 13onpocy lV!aJlO'1HC­

.'leHHa. MbI MOlKeM YKa3aTb JIHillb O,lI.Hy 0630PHYlO CTaTbIO Ha '1eIllCKOM 5I3bI­

Keg H KpaTKoe H3JIOlKeHHe HeKOTophlX BonpOCOB neperpynnHpoBKH pa,lI.H­

KallOB B ra30BOH cpa3e B MOIlOrpacpH5'IX CeMeHOBa 10, TIpaHepa 11 H Mara­

plwa 12, <PpeH,lI.JI!!Hoi'! H COTp. 13. gJI51 KJIaCCHcpHKaUHII neperpynrrHp0130K B 

0630pC lIplHl51T pa3BHTbIH crpYKTypHO-XI1l\I1FIeCKHH rrpHHUHn 1,2; 1,3; 1,4; 

1,5; ... :\ll!rpaUHH aTOMa 130)1,0P O,lI.a. UHCPP013bIC BeJIH'lHHbI rrOJ(a3bIBa1OT B3aU:\I­

Hoe paCnOJlo)KeHHe ,lI.ByX ueflTpOB neperpymll1pOBKI1. O/l,HaKO TaM, rne 31'0 

yn06Ho, ',Ivl nOJlb3yeMC51 nO,il,XO,lI.OM Pa611IIOBH'1a 14, 0603HalJa5I llepeMelll.eHH51 

aTOMa BO,lI.OpO,lI.a )(al( rrpouecc Nab, f.D,e N - KOJlH'leCTBO 3BeHbeB Ko.1Jbua 

IJ,I1KlIHlJ.CCKOrO nepeXO,lI.HOrO COCT05IHI151, paBHoe 3, 4, 5, ... , a = p, S HJIH t­
OTHOCHTCH K lIepBl1lJHbIM, BTOPlllJHbBI HJIH TpeTHlJHbIM pa3pbIBalOlll.I1MC51 CB51­

3HM C H H b=p, S rum t - OTHOCI1TCH K 06pa3YIOlll.I1MC5I C-H-CBH351M. 

TaEII:vr oopa30M, H30:\rCpI13aUHH 

C1-I3-C1-I2-C1-I2-CI12---(":1-I-C1-I3 -> CH2-C1-I2~C1-I2-CIIl- -Cll z· C1-I!j 

6YileT 0603HalJaTbC5I KaK peaKUH51 6ps, lJTO COOTBeTcTByeT no nep130H KJIaC­

C1lcpHKaUHH 1,5-MicJfp aUHH BO,lI.OpO,lI.a. 0603HaQeHHH P a6I1HOBl1lJa HMelOT TO 

IlpeHMYlll.eCTBO, lJTO B HI1X OTpa:tKeHbI .rr,Ba BalKHbIX cpaKTopa, 06YCJIaBJIHBa­

lOmE:\: HaCTYlweHI1e neperpynnHpOBKH: pa3:\rep KOJIbua nepeXO;J.Horo COCT051­

IlH51 II Tep~IOXHMI151 npouecca, T. e. npeBpalll.eHHe MeHee CTa611.'IbHOrO pa,il,l1­

KaJIa B 60Jlee cTa611J1bHbl}I (IIepBHlJHOrO BO BTOPHQHbIH lUIll TpeTHlJHbIH) HJ111 

Haooopm. 

BHYTpHMOJleKYJI51pHhle neperpynnHpoBKH pa,lI.I1KaJIOB 06hllJHO paCCMaT­

pllBaIDT KaK peaKUHH pa.rr,HKaJla C caMHM C060H. B COOTBeTCTBI1H C 3Tl1M B 

ilaHHOM 0630pe paCCMaTpHBalOTC51 peaKUHH BHyTpl1MOJIeKyJI51pHOrO 3aMe­

meHl151 aJIKII.TIbHbIX pa,lI.HKaJIOB, KOTopble CXeMaTHQeCKI1 MoryT ObITb rrpe.rr,­

CTaBJleHbl B BH,lI.e 

H II 

R-CII- (CH2)nJ=1-I-R' - .. RCH-(CH2),,--CH-R', 

file RR' - .TUl60 aTOM BO,lI.OpO,lI.a, JIH60 yrJIeBO,lI.OpOll,HbIH pa.rr,I1Ka.1. 

II. 1,2-MHrPAl.I,H5I ATOMA BO,ll.OPO,ll.A 

OTlIOCIlTeJIbHO B03MOlKHOCTH neperpynmlpoBoK aJIK![,lblIbIX pa,lI.I1KaJIOB, 

conpoBOlK,J.aeMbIX nepeXO,lI.OM aTOMa Bo.rr,opO,lI.a 01' yrJIepO,lI.HOrO aTOMa, CO­

ceilHero C aTO:\IOM, HeCYlll.HM HecnapeHHbIH 3JIeKTpOH, B JIHTepaType BbICKa­

3hlBalOTC51 npOTHBOpelJHBhle MHeHH51. gJl51 06b51CHeHHH npo.rr,yKTOB peaKUHH 

MHorHM aBTOpal\! npIIXO,lI.HTC51 06palll.aTbCH K rrpe.rr,cTaBJ1eHHIO 06 1,2-MHrpa­

http:HeCYlll.HM
http:nepeXO,lI.OM
http:nO,il,XO,lI.OM
http:TIOC1351lll.eH
http:HaCTCJ5IIll.HH
http:BGIBO,lI.OB


1612 A. n. CTenYXOBlI'1 II B. ~1. 6a6d5IH 

rum BOnOp0,.':\Horo aTOM a; O}lJIaKO HI1KOMY He ynaJl0Cb CTporo OOOCtlOBaTb rrc­

perpyrrrrl1poBKy TaKoro Tl1rra. 

fJIa3e6pYK 11 DHpcOH I HCCJlenOBaJII1 CPOTOJII13 nI1H30rrpOIIJIJIKeTOHa, YJIaB­

J1HBa51 06pa3YIOIll.l1eCH panHKaJIbI MeTaJIJIJ1lIeCKOH PTYTbIO. Dpl1 n06aBJIeHHH 

B CI1CTell!y HOnIIna pTyTH HeO)Kl1naHHO 6bIJI rrO,'IY1.[eH n-rrpOIIJlJIMepKypHO;J,l1n. 

3TO rrpl1BeJl0 aBTopOB K BbIBony, 'ITO 06pa3yIOIl\l1eC51 rrpl1 rrepBl11.[HOM CPOTO­

JII1Tl11.[eCKOM aKTe 1130rrpOrrl1JIbH~e panl1KaJI~ 1130Mepl13YIOTC51 rro peaKQl111 

3ps B n-lIpOrrlI.JIbHble pa;J,HKaJlbI, rrpH1.[eM 1130MepH3aQH51, rrO-BHlIHMOMY, npo­

HCXOlll1T B MOMeHT COenl1HeHI151 panI1Ka,'Ia C pTyTbIO, TaK KaK B 0 rCYTCTBl1e no· 

CJIenHen neperpynnHpoBKH He rrpOI1CXOllHT 

(1) 

TaKoe 3aK.'II01.[eHHe rrOllBeprJII1 COMHeHI1IO Kapam H COTp. 15, 16, KOTopble, 

I1ccm~lIy51 Tepl\!I11.[eCIWe pa3JIo)KeHHC rrepeKHceH l1-rrpOrrHJIa 11 i-rrporrH.'Ia B 

CC1 4, He 06HapY)KI1JII1 neperpynnl1poBOK oopa3YIOIl\HXC51 aJIKHlIbHbIX pallH­

KaJl0B 11 pacrrpOCTpaHI1JIH BbIBOll 06 OTCYTCTBI1H 1130MepH3aQHH Ha ra30cpa3­

Hble peaKQI1H. 

I13BecTHO, 'ITO pacnan aJIKH.'IbHbIX pallHKallOB npOHCXOlll1T no CB51311, Ha­

XOn51Il\eHC51 B~-nOJIO)KeIlIIH K CBo6ollHOH BalleHTHOCTI1 17 (~-rrpaBH.'IO). Dpl1 

HaJIl11.[l111 1130Mepl13aUl111 panHKaJIOB lIOJI)KHbI HaOJIIOlIaTbC51 Ka)KYIl\HeC51 OT­

I<::JIOHeHlIH OT 3Toro rrpaBI1JIa. TaK, rrpl1 pacrrane H30npOrrl1JIbHbIX panl1l(aJIOB 

nOJI)KHbI ObIJIH ObI oopa30BaTbC51 3TI1JIeH 11 MeTHJIbHbIH palll1KaJI, npl1 pac­

nane 11-0YTHJIbHbIX panHKaJIOB - MCTI1,l!bHbIH panm<aJI H npOrrl1,TleH H T. lI. 

OOHapY)KeHHe B CHCTeMe rrpOllYKTOB TaKoro «aHOMaJIbHoro» pacnalla MOrJIO 

ObI 5IBHTbCH cepbe3HbIM YKa3aHHeM HaJIH1.[H51 B CHCTCMe panl1KaJIbHbIX rrepe­

rpyrrrrHpOBOK. 

feJIJIep H fopnoH 18 H3Y1.[aJIH CPOTOJII13 }1,11li30rrpOnHJIKeTOHa-D2 npH TeM­

rrepaTypax 200-500° H naBJIeHHHX 14-16 MAt pT. CT. B BbICOKOTellIJ1epclTYP­

Hon 06JIaCTH 407-504° OHH 06HapY)!{HJIH 3THJIeH H MeTaH B COOTHomeHHH, 

6JIH3KOM K enHHHQC. ABTOPbI npellnOJIO)!{HJIH, 'ITO B 3THX YCJIOBH51X CYIll.eCT­

BeHHYIO pOJIb Ha1.[HHaeT HrpaTb peaKQI151 aHOMaJIbHOrO pacrralla H30rrpo­

nH,l!bHOrO pallfIKaJIa; 

(2) 

Ha npHCYTCTBI1C B CI1CTeMC pa;J,HKaJIa n-nponl1JIa YKa3bIBaeT TaK)Ke rro­

5lBJIeHI1e Ha xpOMaTorpacpe IIJIKa, COOTBeTCTBYIOIll.erO 2-MeTI1JIneHTaflY, 

KOTOpbIJi 5lBJI5IeTC51 rrpOnYKTOM COenl1HelII151 11- 11 1130npOnHJIbHbIX pallHKaiIOB, 

oopa30BaHHe n-npOrrHJIa npYfHMI1 nyT51MH, a I1MeHHO npHJIHnaHHeM H' K 

rrpOnl1JIeHY 11.T111 Me)!{MOJICKYJI51PHOH H30MepH3aQHen: 

CH~CDCH3 + CH3CH2CH3 -7 CH3CDHCHa +CHi:H2CHa 

H «aTOMapHbIH KpeKI1Hr» B 3TI1X yc,rrOBH51X He npOHCXOllIlJI. ECJIH peaKQI151 

(2) HneT 1.[epe3 nBC CTanHH: rrcperpyrrnl1poBKY 11 pacrran, TO, rro MHCHI1IO aB­

TOPOB, miMHTHpYIOIl\eH 51BJI51eTC51 H30MepH3aUH51. 

PeaKQH51 aHOMaJIbHOrO pacrrana 1130rrpOrr11JIbH~X panl1KaJIOB 

CHsCHCH3-+CHs+CH2=CH2, KaK C1.[l1TaIOT B paOOTe 18, OTBCTCTBeHHa 3a 

oopa30BaHHe 1.[aCTH 3THJIeHa, HBJI5IIOIl\erOC5I rrOOO1.[HbIM rrpOllYKTOM 11HpOmI3a 

H300YTaHa. HanneHHa51 lIJIH l"IHTepBaJIa TeMncpaTYP 440-54 P H lIaB.rremIl! 

50-150 MAt pT. CT. KOHCTaHTa CKOPOCTH 3Ton peaKQHH B H3BeCTHOH Mepe 

corJIacyeTC5I C pe3YJIbTaTaMI1 feJIJIepa 18 (TaOJI. 1). HeCKOJIbKO OTJIl11.[HOe 

3Ha1.[eHHe KOHCTaHT~ CKOPOCTI1 3TOH peaKQI1H lIJIH TeMrrepaTYP 417-493° rro­

JIYlJlIJII1 Kepp 11 TpoTMaH-nl1KeHcoH 20 rrpl1 cpOTomI3e 1130MaCJI51HOro aJIb­

,r.,erHlIa. 



BHYTpllMOJleKYJlHpHble rreperpyrrrrllpoBKll yrJleBO,LL0p0,LLHbIX pa,LLllKaJlOB 1610 

Do,Uo6HbIM 06pa30M~-npaBIIJIO HapYI1laeTC5I npII pacna,Ue 6YTIIJIbHbIX 

pa,UIIKaJIOB. HccJIe,UY51 CPOTOJIII3 n-BaJIepIIaHOBOrO aJIb,UerH,Ua npH 300-416°, 

Te :IKe aBTopbI 21 06HapY:IKHJIH 6bICTpbIll POCT KOJIHqeCTB MeTaHa H nponH­

JIeHa npH coxpaHeHHH OTHOI1leHH5I [MeTaH]/[npOnHJIeH];::::; 1. B KaqeCTBe 

npHqHHbI 6bIJIa Ha3BaHa peaKUH5I aHOMaJIbHOrO pacna,Ua, 3aKJIIOqaIOma5lC5I 

B 1 ,3-MHrpaUHH Bo,Uopo,Ua H pa3pbIBe C-C-CBSI3H: 

(3) 

TaK :IKe KaK H B pa60Te 18, OCTaeTC5I He5lCHbIM Bonpoc, npOHCXO,UHT JIH 

neperpynnHpoBKa paHbI1le pacna,Ua HJIH O,UHOBpeMeHHO C HHM. ABTOPbI, O,U­

HaKO, CqHTaIOT, qTO H30MepH3aUH5I npe,UIIleCTByeT pacna,Uy: nepBa51 CTa,UH5I 

peaKUHH 51BJI5IeTC5I 3K30TepMHqeCKOll H 06pa3YlomHllC5I 8TOp.-6YTHJIbHbIll pa­

AIIKa.TI 06JIa,UaeT 60JIbI1lIIM 3anaCOM 3HepfIIII, qeM Hy:IKHO ,UJI5I pacna,Ua. ECJIH 

TaKoll pa,UIIKaJI He ,Ue3aKTHBHpyeTc5I npII CTOJIKHOBeHIIH (Bep05lTHOCTb 3Toro 

npouecca npII He6oJIbI1lIIX ,UaBJIeHH5IX MaJIa), TO OH, KOHeqHO, pacna,UaeTC5I. 

PeaKUHIO, aHaJIOrIIqHYlo (3), eme paHee npIIBJIeKaJIII DIIyoTep II CTe­

CII 22 ,UJI5I 06b5lCHeHII5I npII6JIII3IITeJIbHOrO paBeHcTBa CKopocTell o6pa30Ba­

HII5I MeTaHa H npOnIIJIeHa npH cpOTopa3JIO:IKeHIIII n-6YTaHa (250-400~, 
200 MM pT. CT.), ceHCH6IIJIH3IIpOBaHHOll PTYTbIO. PeaKUII5I TaKoro TIIna ,UOJI:IK­

Ha cOnpOBO:IK,UaTbC5I 1,2- IIJIII 1,3-MIIrpaUI1ell Bo,Uopo,Ua. 

3aKJIIOlJ'eHIIe 06 II30MepH3aUIIII n-6yTI1JIbHOrO pa,UHKaJIa BO 8TOp.-6y­
TIIJIbHbill, C nOCJIe,UYlOmHM pacrra,UoM Ha MeTHJIbHbIll pa,UHKaJI, c,UeJIaJIH 

TaK:lKe JIHH H DeK 23 Ha OCHOBaHHH pe3YJIbTaTOB HCCJIe,UOBaHH5I KHHeTHKH 

BTOpHlJ'HOro 06pa30BaHH5I MeTaHa rrpH TepMHlJ'eCKOM pa3JIO:IKeHHH 3TaHa 

(550-726°, 10--;.-600 MM pT. CT.). DO-BII,UIIMOMY, peaKUH5I ,UellcTBHTeJIbHo 

RAeT B ,UBe cTa,UlIH, TaK KaK rrpH 60JIbI1llIX rrpoueIITax rrpeBpameHlISI HaJIHlJ'lIe 

B CHCTel\Ie /{uc- II TpaHc-6YTeHoB-2 MO:IKeT cBH,UeTeJIbCTBOBaTb 0 cymecTBo­

BaHIUI 8TOp.-6YTHJIbHbIX pa,UIIKaJIOB. 

H30Mep1I3aUHIO TpeT.-6YTlIJIbHbIX pa,UlIKaJIOB H3yqaJIU DHpeJIJI U TpOT­

MaH -,Ul1KeHCOH 24 npH CPOTOHHlIUlIHpOBaHHOM pa3JIO:IKeHHU TplIMeTlIJIaueT­

aJIb,Uen!Aa. DPH TeMnepaTypax BbII1le 470° OHU IIOJIyqHJIlI 3HalJ'lITeJIbHbW 

KO,'1HlJ'eCTBa rrpOnlIJIeHa H MeTaHa. ABTOPbl 06b5lCH5IIOT 3TO peaKUH5IMI1 1130­

MepH3aUHIi 11 3aTeM pacrra,Ua TpeT.-6YTI1JIa: 

(4) 

TmUll'.! 06pa30M BI1,UHO, qTO cymeCTByeT PH)], HCCJle,UOBaI-II111, pe3YJIbTaTbl 

KOTOPblX EaK 6Y,UTO CBI1,QeTeJIbCTBYIOT 0 B03MO)KHOCTH NiI1rpaUI1H BO,QOPO,Q3 

Qepe3 TpeXlJ'.TleHHOe UHKJII1QeCKOe rrepexo,QIIoe COCT05IHHe rrpH 06bIlJ'HbIX 3KC­

nepl1MeIITaJ1bHbIX YCJIOBI1HX KpeKI1I-lTa 11 CPOTOJIH3a. B Ta6JI. 1 rrpHBe,UeHbl 

KHHeTI1QeCKl1e rrapaMeTpbI TaKHX peaKUI111. 

O,QHaKo cymeCTBYIOT He MeHee y6e,UI1TeJIbHbIC CBI1,UCTeJIbCTBa TOMY, QTU 

pacrra,U yr.1eBo,Uop0,UHbIX pa,UI1KaJIOB rrpOI1CXO,UI1T Bcer,Ua rro ~-rrpaBHJIy. TaK, 

,U)KeKCOH 11 MaK-Hec611 28 H3YlJ'aJII1 TepMHlJ'eCKOe pa3JIO:IKeHHe 1,1, 1-rrporra­

Ha-D3 rrpl1 472-553° 11 ,UaBJIeHlIli ",,50 MM pT. CT. B 3TlIX YCJIOB1I5IX n-rrpo­

nl1JIbHbIll pa,UlIKaJI 6bICTPO pacrra,UaJIC5I Ha 3THJIeH H MeTHJI, a ,UJI5I H30rrpo­

nl1JIa npe,UrrOJIaraJIliCb QeTblpe B03MO)KHbIX nyTlI pacna,Ua: 

COi:HCHa -> [C02CHOCHal C02~COH -+ CHa (5)-7 

COi:HCHa -7 [COaCHlHzl ~ C03+ C2H4 (6) 

CU3CHCHa -7 b -+ CO2=CH-CHa (7) 

COa<':HCHa -7 H + C03-CH=CH2 (8/ 
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KI1HeTH'leCKl1e napaMeTpbl 3110MaJlbflOfO pacna)),a aJlKI1JIbHblX pa)U1K<tJlOB 

I E. CChlJIKH Ha 
PeaKl.\Hll 	 T, OK ig A. CeK.-1 KKa.'l/Jw.1.h- 1 .owrepal'YPY 

\ 

686-777 15,OS 3:2,5±:2,O I,; 

i-CsH7 -7 C2H4 + CHs 	 690--770 10,G 29,5 20 

713-814 12,O.±O,2 34,5±O,5 19 
6g0-814 11,2S±lJ,68 31,88±:2,30 25 

n-C4HO -7 CsHe + CHs 	 523-650 11,0 23 22. 26. 27 

CHa<::DCHs.-cCH:2CHD+ CHs 

571--689 12,1 27,1 21, 26, 27 

n-C4Hg -c 8rOp.-C·4H g -> CH3+CSHS 913-933 14,7'1 41.U 23 

Tper.-C4H9 -' ClIs + ClIs 742-797 16,0 M,,3 24. 27 
8,5 18,5 2G 

ABTOPbI o6HapYiKlIJUl 3% C2B3D, KOTOPbIH:, no EX MHeHIiIO, OOpa3(JBaJI­

C51 no peaKUHI1 (5). OTHollleHHe BbIXO,lJ,a 3THJIeHa, o6pa3YIOIlI,erOC5i :lCl C1J.e r 

1130Mep113aUI1H, K npOrrl1JIeHY cOOTBeTCTByeT OTHOllleHl1IO (ks + kc) / (k7 + !?s) 
11 OTHOIlIeHl1IO !?g/k lO , r,lJ,e 

(9) 

(10) 

,l1.JUI YKa3aHHoro HHTepBaJIa TeMnepaTYP 3Ha1J.eHHe ~noro OTHOIlIeHI15! B 

Cpe,lJ,HCM paBHo 0,88. IlocJIe,lJ,H5l51 Beml1J.I1Ha B 06Il1,CM pacTeT C YBemI1J.CHHe'VI 

TeMncpaTypbl, XOT51 aBTopbI 18. ,29 OTi\lC1J.aIOT 06paTHoe. TaKIIM 06pa30l\J, He­

OIOTp5! Ha TO, lITO 3Ta pa60Ta He OTpIIuaeT B npl1HUIIrre B03MOiKHOCTII 3ps­
H30i\ICPII33L1,I"1lI HCOOJIblllOrO pa;1,IIKaJla, rrpII 06LI1J.HbIX YCJIOBH5iX I<peKIIHra 

3TOT npouecc, nO-BII,lJ,D.MOMY, HMeCT He6oJIblllOe pacrrpOCTpaHeHIle II Bp5l,lJ, JIH 

I\IOiKeT KOHKypIlpOBaTb C ,lJ,pyn:lMII peaKUI151MII II30npOnIIJIbHOrO pa,lJ,IIKaJIa. 

B pa60TC 30 IICCJIe,lJ,OBaH <pOTOJIII3 ,lJ,HII30npOnIIJIPTyTII B cTpye rrplI 150-·­

3000 H ,lJ,aBJIeHHII ---- 4 .M.M pT. CT. TIOJIY1J.CH e,lJ,IIHCTBeHHbIH: C6 -yrJIeBO,lJ,0p0,lJ,­

2,3-,lJ,IIMeTIlJI6YTaH, KOTOPbIH: o6pa3yeTC5! rrpII peKOM6IIHaUHII II30npOI1HJIb­

HbIX pa,lJ,HKaJIOB. 113oMepII3aUIII1 i-C3B7 B n-C3I-l. 7 He npOI1CXO,lJ,IIT. O,lJ,HaKO 

Hav'lII1J.l1e B npO,lJ,yKTax peaKUl111 TaKiKe H306YTaHa H 3THJIeHa npe,lJ,nOJIaraeT 

npOTCKaHl1e peaKUI1I1: 

1J.TO BnOJIHe corJIacyeTc51 C ,lJ,aHHbIMH pa60TbI 18. Pe3y.TIbTaTbI I1CCJIe,lJ,OBaHI151 30 

HaBO,lJ,511' Ha MbICJIb, 1J.TO CTa,lJ,HI1 pacna,lJ,a II 1130Mepl13aUl1l1 npOTeKaIOT O,lJ,HO­

BpeMeHHo. 06 31'01\1 rOBopHT OTCYTCTBl1e B CHCTeMC ,lJ,pyrHx 1130MepHbIX reK­

caHOB npl1 ,lJ,06aBJIeIIHn nep<pTopUHKJIOreKcaHa. TIOCKOJIbKY ,lJ,aiKe C ,lJ,06aB' 

JWH ,lJ,aBJleHlIe B CI1CTeMe lIe npeBbIIllaJIO ----4,5 .MAt pT. CT., ,lJ,e33KTHBaUI15l 3a 

C1J.eT nep<pTopum:JIOreKCaHa MaJIOBep051THa. 

MaK·Hec6n 1I COTp. 31 H3Y1J.a,Tll! nHpOJIl13 aueTOHa B npl1cYTcTBI1H 2,2; 3,3· 
n-6Y1'aHa-D4 rrpE 365-506° H 32 .MAt pT. CT. DpenrrOJIaraJIOCb ,lJ,Ba cnoco6a 

pacna,lJ,a KaiKIlorc H3 6YTHJILHbIX pa,lJ,I1I<aJIOn: 
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· r/D", I 
CH2CD2CDl~H3 --p ~H~-CDCD2CI-Ld ---J>.- CH 2DC[)=-=CD; -{- C:H3 ! i Jl 

bllCDl~D,CH3 ----- CH 2=CD2 ~ CDcCH, 

(13) 

(14) 

I1cCJIe,I:lOBaHHe MaCC-CneKTpOB 3THJIeHOBOH (B OCHOBHOM CH2 =CD2 ) !I 

npO[]]lJIeHOBOH CppaKll.Hll npHBO,I:lHT K BbIBO,I:lY, ljTO npOHCXOJJ.51T rJIaBHbl1I 06­

pa30M peaKll.1111 (12) 11 (14). PeaKll.HH (11),- 1,2 - :l1l1rp a ll.H 51 ,I:leiiTepH51, - He 

oc06eHHO CYlll.eCTBeHHa, TaK KaK KOJIHqeCTBO npOIUIJIeI-la-D4 COCTaBJIHeT He 

60JIee 1% K OCHOBIIOMY npO,I:lYKTY - npOnHJIeHy-D3. 3THJIeHa-D I 06pa3yeTO'r 

OqeHb MaJIO, JIH60 COBceM He 06pa3yeTCH. TaKHM 06pa30M, H30MepH3all.I1H 

TI1TIOB 3sp H 3ps B TaKHX 3KcnepiDleIlTaJIbHbIX YCJIOBlUIX H,I:lYT B He3HaqII­

TeJlbHOll CTeneHH. 

TeM He MeHee, 06pa30BaHHe B OCHOBHOM np0II1IJIeHa-D3 BOBce He 03Ha­

qaeT MaJIYlO CTeneHb H30Mep1I3all.IUI 6YTHJIbl-lbIX pa,I:lHKaJIOB 21, 24. 06pa30Ba­

Hl1e TaKoro npOnHJIeHa MOLKeT 6bITb 06'bHCHeHO TaKLKe 1,3-Ml1rpall.HeH JIeH­

TepH51 C nOCJIe,I:lYlOlll.I1M paCna,I:lOM no pl~aKll.HI1, aIlaJIOrHlIHO(I (3): 

CH2CD2CD2CHa -'7 CH2DCDi:DCH3 ~ CHaCD=CD2+ CH 2D 

HCCJIe,I:lY51 H30TonHbIH COCTaB MeTaHOBO~I cppaKll.HI1, rOp,nOH 11 MaK-Hec­

6n 32 He 06HapY)101JlH B HeH ,nH,neHTepOMeTaHa, KOTOPbIH ,I:lOJI2KeH 6bIJI 6bl 

06pa30BaTbCH, TaK KaK MeTHJIbHble pa,nHKaJIbl B 3THX YCJIOBH51X (400-450°) 

OTlll,enJI51lOT ,neiiTepHH 60JIee qeM B,nBoe JIerqe Bo,nopO,I:la. O,I:lHHaKOBbIe Bbl­

XOnbl MCTaHa H npOnHJIeHa B pa60Te 21 MoryT 6bITb 06'bHCHeIlbI OTPbIBOM 

CB060,nHbIMH panHKaJIaMH 3KBHBaJIeHTHbIX aTOMOB Bo,nopo,na n-BaJlepHaHO­

BOl'O aJIb,nerH,na Y ~- H y-yrJIepO,I:lOB C IlOCJIe,nYIOllLHM paCna,I:lOM npOTHLKeH­

HblX pa,nHKaJIOB: 

R+ CHaCH2CH2CH2CHO -7- RH + CHaCHCH2CH 2CHO -- CH 3CHCH2 + CH2CHO 

R+ CHaCH2CI-I2CH2CHO - RH + CH3CH~CHCH2CHO -7 CHa + CH2CHCH2Cf-IO 

<DpeH H X3II11 33, HCCJIe,I:lY51 pa3JIOLKeHHe ,I:lH-n- H ,nH-BTOp.-6YTHJIPTYTH npH 

490° H 1-5 .111M pT. CT., TaKLKe HalliJIH, l.JTO pacna,n n- H BTOp.-6YTHJIbHbIX 

pa)J.HKaJIOB npOHCXO,nHT B COOTBeTCTBHH c~-npaBHJIOM, a H30MepH3all.IHI 

n-C4 I-I g:¢BTop,-C.jHg C 1I0CJIe,nYlOlll.Hi\I paCna,I:lOM B 3THX YCJIOBHHX, eCTm H 

rrpOIIcxo,nHT, TO B OqeHb MaJIOH CTerreHH ('" 0, 1 %). DblJIO TaKLKe rrOKa3a­

HO 34, qTO rrpH MaJIblX ,naBJIeHHHX H rrpH 350-525° n-6YTHJIbHbIH pa,nHKaJI 

pacna,naeTC51 TOJIbKO Ha 3THJIeH H 3THJIblIblH pa,nHK3JI, 3 BTOp. -6YTHJIbHbIH -­

10JIbKO Ha rrpOnHJIeH H MeTHJIbHblH P3,nHK3JI. 4TO KaCaeTC51 paCna,I:lOB nep­

Bl1lJHOrO H TpeT.-H306YTHJIbHbIX pa,I:lHKaJIOB, TO 11 OHH rrpOHcxo,n51T no 0-rrpa­

BI1JIY· 

H30MepH3all.HlO H306YTHJIbHbIX pa,nHKaJIOB H3yqaJIH T3KLKe MaK-Hec6H 

II JJ.LKeKcoH npH TepMHqeCKOM pa3JIOLKeHHH H306YTaHa-2-D npH 45-56 .111M 

pT. CT. 35. TIPH 540° CKOPOCTb peaKll.HH H30MepH3all.HH: 

(CHa)2 CDCH2 -. (CHa)2 CCf-I2D 

COCTaBJIHeT TOJIbKO O,I:lHY COTYlO OT CKOPOCTH rrpHMOrO paCna,I:la 

http:H30MepH3all.HH
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1616 A. Jl. CTenyxoBIl'l H B. VI. 5a6aHH 

TmmM 06pa30M, H3 rrpHBeJl,CHHbIX Jl,aHHbIX BHJl,HO, liTO 06bIlIHa51 TeXHH­

Ka H MCTOJl,HKa 3KcrrepHMeHTOB He rr03BOn51IDT peWHTb Borrpoc 0 B03MO~­

HOCTH 1,2- IWI1 1,3-~lI1rpaUI1I1 BOJl,OpOJl,a B amUUlbHblX paJl,HKanax H YKa3bI­

BaIDT nl1Wb lIa OLJellb ~IaJlyID ponb 3THX rrpoueCCOB llpl1 KpeKI1Hre 11 CPOTO­

nH3e MHorHX OpraIIl1l leCKI1X COeJl,I1HeHI1I1. B lIaCTIIOC1'I1, '~-rrpalmno Jl,n51 pac­

rraJl,a anKI1,1bHbIX p aJl,II!<aJl0B BbIIIOnH51eTC51 C OllCHb 60nblllOH TOllHOCTbID. 

TaK~e He3HaLJI1TenbI-IOfi HBn51eTC51 3 sp 1130i\Iep113aU115I n-C3H7 B i-C3H7. 

B y~e pacCIlIOTpellHoH pa60Te 30 eJl,I1HCTBeHlIbIM reKcallOM IIpH cpOTOnl13e 

Jl,H-n-rrpOI1IWpTYTI1 rrpl1 380~460° 5lBl1nC51 n-reKcaH. AIIa.10[]JlIHO rrpl1 CPOTO­

nH3e Jl,H-n-IIpoIHI,lKcToHa (55~357°, 8~115· ~H;1t 1)1'. CT.) 98% cppaKUI1H c', 
COCTaBlUI n-reKcaH 36. JIocCIIIIr 34 TaK~e IIOKa3an, liTO rrp0Jl,YKTaMI1 pacnaJl,a 

/2-rrpOIIIlJ1bHbIX paJl,HKanOB HB.1HIDTC51 3TI1,1eH H MeTHnbHble paJl,I1KanbI. 

HaH60nee TOllHble pe3ynbTaTbI, rro KOTOPbIM MO~HO CYJl,HTb 06 1,2-Ml1r­

paUl111 BOJl,OpOJl,a B paJl,I1KanaX I<aK B ra30BOD:, TaK 11 B ~HJl,KOD: cpa3e, no­

.1YlleHbI rrpH pa60Te C MelleHbIMI1 aTOMa~I!1 H30TorraMH BOJl,OpOlLa H yrne­

pOJl,a. 5paYH 11 P accen 37 CPOTOXlli\I!1l1CCKI1 xnOpl1pOBanl1 2-MeTJ1nrrpOnaH -2- D 

npl1 ~ 150. TI p0Jl,YKTaMI1 peaKI(1111 5IBI1,1HCb TpeT.-6YTHnXnOpl1Jl" H306YTH.1­

X.10PHJl" xnopHCTbID: BOJl,OPOJl, H Jl,eHTepOBoJl,OPOJl,. 3TO YKa3bIBaeT lIa rrpoTe­

KaIme Jl,ByX peaKUHD:: 

(CH3):2 CDCH3 -I- C1 2 ---> (CH3h CDC:I-l:l;- HCI 
(1\) 

(CI-l~l):l CDCI-I 3 -I- C1:l -/ (CI-ui:ClJ 3 + DCI 
(5) 

o HanHlIHII rrcperpy"rrIIpoBoK paJl,HKanoB (A) H (5) aBTopbI cYJl,l1nl1 no 

COOTBeTCTB!lIO oTHollleHHii DCI/HCl 11 TpeT.-6YTl1m:..10pIl.lhi306YTHnxnOpl1Jl,. 

TI peKpacHoe COOTBeTCTBl1e 3THX oTHollleHHH 5lCHO YKa3bIBaeT lIa OTCYTCTBI1C 

CKO.1bKO-HI16YJl,b 3HallI1TenblIOi'! H30McpH3aUHl1 C rrepeXOJl,OM BO,J,opOJl,a IIO 

CXe1\Ia:l1: 

5IBnHIDLUeHC51 rro CyTH Jl,ena I\ICfKMoJ1cKymlpliOD: H30MepH3aU)IeiL 

C Jl,pyroH CTOPOHbT, 5xapgBei1 H JII1 ~J8, 113Ylla51 H30MepH3aumo 3TI1n-1­

14C-HOJl,HJl,a 13 3TIW-2-14C-HOgl1Jl, rroJl, Bnl151HHCI\I '\'-o6nYl lellllH, o6HapY~l1nl1, 
liTO IIpl1 KOi\IH aTHOl! Te\I1IepaType B 2 %-H01\1 BOJl,HO~1 pacTBope 3THn _l_14C­

HOJl,I1Jl,a Ha K3fKJl,ble 100 98 rrornOLUeHHOH 3JIepfI!I1, He3al3lICHMO 01' Jl,03bI 

06nYlleHI1H, 06pa3ycTC5I 0,28 l\lOneKyn 3TIw-2-14C-110.lIlJl,a *. Ho Jl,06aBneHHe 

1% HOJl,a IIepcJl, 06J1YLleHIleM CHH~aeT CTerrellb rreperpyrrrrllpoBKI1 Jl,0 Hyn51. 

Hal160nee 13CP051TllbIM MeXaHI13MOM rrpouecca aBTopbI CllllTaIDT 1,2-l\IHrpa­

IJ.HI1 BOJl,OPOJl,3 

(15) 

,UeHCTBl1e HOJl,a 06'b51CH51eTCH 66,1blllCH CKOPOCTbIO rrpHCOeJl,I1HeHI151 ero 

K 3TI1ny IIO cpaBHeHHID co CKOPOCTbID pcaKUHH (15). 06pa30BaHI1e 3THn-2­

14C-110Jl,HJl,a Jl,pyfHM rryTeM, a HMCIIHO pC3KUHeH Me~Jl,y OCHOBHbIMI1 rrpOJl,yK­

* 4HCc10 MOJIeKYJI, neperpYlHlIlpOBaBUlllXCR npH nOfJIOlIl,eHHIl 100 38 3HeprHII, 0603Ha­

'1aeTCH 6YKIlOll G. 
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BHYTpH~IOJleKyJlllpHble neperpyrlTIHpOBKH YfJIeBOAOpoAHbIX paAHKaJlOB 1617 

TaMH - 3THJIeHOM H HOJUICTbIM BO,lIOPO,lIOM: 

CHc=14CH2 +HI --c> CH2I _14CH3 

B npHHUHrre B03MOJKHO, HO TOr,lIa OCTaeTC51 He51CHbIM 5lpKO BblpaJKeHHOe HH­

rH6HpYIOmee ,lIei1cTBHe HO,lIa. AHaJIOrJ1lIHO, rrpH 06JIYlJeHHH ji-JIYlJal\1I1 2 % 
BO;J,Horo pacTBopa 3TaHo,la-1-14C oopa3yeTC51 3TaHOJI-2- 14C C G::::::; 0,04 39, lJTO 

iaJOl\e CBH,lIeTe.lbcTByeT 0 ~lI1rpaUHH BO,lIOpO,lIa. 130JIbillee 3HalJeHHe G B 38 

C6b5ICH5IerC51 JIerKOCTbIO 06pa30BaHH5I 3THJIbHOrO pa,lIHKaJIa H3 3THJIHO,lIH,lIa 
no cpaBHeHHIO C 3TaHOJIOM. 

CymecTByeT p5I,lI 3KcrrepHMeHTaJIbHbIX ,lIaHHbIX TaKJKe 11 HHoro xapaKTe­

pa, CBH,lIeTeJIbCTBYIOmHX 0 B03MOJKHOCTll nepeMemeHll5! aTOM a BO,lIOpO,lIa K 

COCe,lIHeMY aTOMY yrJIepO,lIa, HecymeMY CB060,lIHYIO BaJIeHTHOCTb. TaK, raJI­
.~ep H RBeTaHOBllK 40, H3ytIa51 PTYTHocj:JOToceHCH6llJIH3HpOBaHHoe pa3JIOJKe­

Hlle C 2H 4, C 2D 4 H l{uc-C 2D2H2 TIpH KOMHaTHOH TeMnepaType H 16-750 MM 

pT. CT., HallWH, lJTO B 3TOM rrpouecce OCHOBHbIe rrpO,lIYKTbI (BO,lI0P0)J, H aue­
THJIeH) rrOJIYlJaIOTC51 He no pa,lIHKaJIbHOMY MexaHH3MY, a BCJIe)J,CTBHe rOMO­

reHHLIX BHYTpHMOJIeKY,l51pHblX rrpoueCCOB. TI pH cj:JOTOJIH3e l{uc-C 2D2H2 llSO­
TOTIHbIii COCTaB 06pa3YIOmerOC51 BO,lIOpO,lIa HaXO,'l,HTC51 B OTHOIIIeHHH H 2 : 

:HD : D2=2 : 5,7: 1. O,lIHHM Il3 06'b51CHeHHH 3Toro cj:JaKTa 5IBJI5!eTC51 npn­

3HaHHe B03MOJKHOCTH rrepeMemeHH51 BO,lIOpO,lIa B B030YJK,lIeHHbIX lJaCTHuax. 

HMeIOmHeC5I ,lIaHHbIe He n03BOJI5IIOT TOlJHO 060CHOBaTb MeXaHH3~[ rrpouec­

ca, HO 3a nepeXO,lI EO,lIOpO,lIa MC)K,lIY yrJIepO,'l,HbIMli aTOMaMli rOBopHT H30Me­

pH3all,1I5I /.fuc-C2H2D2 B aHTu-cj:JOPMY, KOTOpa51 npOHCXO,lIliT ,lIaJKe B CJIYlJae 

:i\apHOH ,lIe3aKTHBaUHH BOSOYJK,lIeHHbIX lJaCTHU (OOJIbIIIa5! ,lIOOaBKa CO2), 

CnpyroH CTOPOHbI, eCJIH aTOMbI BO,lIOpO,lIa B 3THJIeHe B B036YJK,lIeHHOM co­

T05!HHH 06MeHHBaIOTC51 MeJK}J,y C060H, TO H30TorrHbIH COCTaB no BO,lI0P0,lIY 

~OJDKeH 6bITb O,'I.HHaKOB BHe 3aBHCHMOCTH OT TOro, /.fUC- HJIH aHTu-C 2H2D2 
n01l,BepraIOTC5! pa3JIOJKeHHIO, ceHCHOHJIH3HpOBaHHOMY PTYTbIO. TIPH pa3.l0­

) 
elII1H aHTu-C 2H2D2 H30TorrHbIH COCTaB BO,lIOpO,lIa H 2 : HD : D 2= 1,8 : 4,6 : 

141. 3TO ,lIOKa3bIBaeT, lJTO B 3THJIeHe, Bos6YJK,lIeHHOM Hg(3PJ), rrpoHcxo­e 
'HT BHYTpm.w.rIeKy.TJ51pHbIII oOMeH BO,lIOpO,lIa. O,lIHaKO, rro MHeHHIO aBTO­o 
OB 42, 3TOT rrpouecc Ma,10Bep05!TeH rrpH np5!MOM cj:JOTO.TJlISe B BaKYYMe B 

<I>-oO.rraCTH (1849-1236 A) . 
CKaJIa H AycJIOC 43, HCCJIe,lIY51 cj:JOTOJIHS (CH3) 2CDCH2CH3 H 

CH3hCHCH2CH3 CBeTO~I 1048-1470 A npH ,lIaB.leHHH HeCKOJIbKO 

J! pT. CT., rrpHIII.lH K BbIBO,lIy 0 rreperpynrrHpoBKax B npOIIlI.lH,lIeHOBblX 

H3'CCH3-+CH3CH = CH2 H 3THJIH,lIeHOBbIX CHCD3-+CHD = CD 2 6Hpa­

HKa.lax. AHaJIOrHlJHO Hccle,rr,oBaHH51 cj:JOTo.lH3a 3TaHa (1048-1067 A) no­l­
a3bIBaIOT 44-52, lJTO rrpH 3TIlX 3HeprI!5IX BaJKHeHIIIHM rrpoueCCOM 5IBJI51eTC5I

fl, 
mer1JIeHHe MOJIeKYJI51pHOrO BO,lIOpO,lIa, H OHO npOHCXO,lIHT nOlJTH nOJIHOCTbIO 

bI O,lIHOrO aTOMa yrJIepo,lIa. 06paSYIOmHHC51 KOJIe6aTe.rrbHO B036YJK,lIeHHbIll 

Ie 
nnH,lIeH 

M 
npH ,rr,e3aKTHBaUHH neperpyrrnHpoBhlBaeTC51 B 3THJIeH 

H. CH3*-+CH 2 =CH2. TIO,lIOOHble neperpynnHpoBKH C 1,2-rrepeMemeHHeM 
a­ Jlopo,rr,a HJIH ,lIelITepH51 Ha6.rrIO,lIaIOTC5I rrpH cj:JOTo.lHse ,lIpyrHx COe,lIHHeHHH. 

llfpaUH51 BO,lIOpO}l.a 3sp B 6Hpa,'l,HKaJIe TpHMeTH.rreHa rrpOHCXO,lIHT rrpH H30­

5) ~pJ1saurm UHKiIOnporraHa B rrpoIIlweH (CM. 0630p 9). RaK HaH,lIeHO 53, 3Hep­

fl aKTIlBaUIlIl TaKoro nepeXO,lIa 

ro 

2­
CH2CH/:H2 --7 CH 2=CHCH3 

K­ CTaBJI51eT Bcero JIIIIIIb 9,5 KKaAjMoAb. 
I1MeeTC51 p51,ll 3KcnepHMeHTaJIbHbIX ,lIaHHbIX, KOTopble YKa3b1BaJoT Ha 

MJqlie neperpynIIYIpOBOK yrJIeBO,llOpO,lIHbIX pa,lIIlKaJIOB Ii B TBep,lIOH cj:Ja3e. 

[la­ pa60Te 54 06HapY2KeHO 1J3MeHeHIIe CBepXTOHKOH CTPYKTYPbI CrreI{Tpa 3TIP 

ponIl.rrbHoro pa,lIHKa.la, OTpaJKaIOmee npeBpameHHe noc.rre,lIHerO B HSO­
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npOnIIJIbHbIH pa,nIIKaJI, II caMonpOII3BOJIbHbIH ncpexo,n cneKTpa 11306YTIIJIb­
Horo pa,nIIKaJIa B cneKTp TpeT;-6YTIIJIbHOrO pa,nI1KaJ1a. 3TII nepexo,nbI npo­

IICXO,nHT npl1 TeMnepaType )IUI,nKoro a30Ta. AHaJIOrnqIIYIo KapnlHy Ha6l1IO­
,naJII1 I1BacaKII 11 TOpJl5Ii'vIa 55 npl1 IICCJIe,nOBaHHH MeTo,nO~1 3IIP ¢OTOI1H,ny­

Il)-lpOBaIIIIoro pa,nHKaJ1bHoro npeBpalll,eHIIH II306ynIJl6po,\II1,na npII 77° K. 
y-06JIYQclme 3Toro coc,nI1HeHI1H npIIBO}.I}1T K o6pa30BaHHlo rrCpBIIqHbIX 1130­

6YTIIJIbHbIX pa,nIIKaJIOB, KOTopble 3a BpeMH xpaHeHIIH (---40 ,nHeH) B TeM­
HOTe npII 77° K caMonpOII3BOJIbHO rrepexo,nHT B TpeT.-6YTI1JIbHble pa,nI1KaJIbI. 

OCBemeHIIe rrOCJIe,nmlX YcI>-cBeToM npH TOH :tEe TeMnepaType B TeqeHIIe 

90 MIIHyT npIIBo,nIIT K II306YTI1JIbHbIl\I pa,nIIKaJIa:VI, T. e. 

CI-I2Br 
I y 

CHa~CH-CH3 ~~; 

AHaJIOmqHbIC rrepexo,nbI npoIIcxo,nHT npII y-06JlyqeHIII1 MHornx rrOJIIIMepOB 

rrpH 77° K. B cJIyqae nOJIHnpOrrl1JIeHa 56 npouecc rrpOHcxo,nlIT C~1e,nyIOmI1M 
06pa30M: 

CB2 CBa 
I J 

... CH2--CI-I -CH2 '" ~ ... CHz- ~-CH2 
hI! 

0606maH, MO:tKHO CKa3aTb, qTO no,n BJIIIHHHeM Y<I>-cBeTa rrpH TeMrrepaType 

:tKH,nKOrO a30Ta rrpOIICXO,nHT 3pt-ivlHrpaUHH BO,nOpO,na C 06pa30BaHHel\! 3Hep­

reTHqeCKH Mellee Bblro,nHOrO pa,nIIKaJIa. 06paTHbIH npOuecc, KaK H CJIe,no­

BaJIO O:tKII,naTb, rrpOIICXO,nHT CaMOnpOII3BOJIbHO. 
5IBJICHHe H30Mepl13aUHI1 pa,nHKaJIOB B ra30BOH ¢a3e C 1,2-MHrpaUIIeii 

Bo,nopo,na nOKa eme l\IaJIO H3yqeHO ,na:tKe B KaqeCTBeIIHOM OTHOIl.lClIHH. 

I1CXO,n51 H3 paCCMOTpeIIHbIX ,naHHbIX, CT]e,nyeT, nO-BH,nHI\IOMY, npH3HaTb, qTO 
3TOT rrpouecc npI1lIUHIIHa,T]bHO B03I\IO:tKen. Oll 6e3yc,1oBHO 33Tpy,nHeH rrpn 

06blqHbIX YCJIOBH5IX KpeKI1Hra yr,T]eBo,nopo,nOB (,no 600°), HO, Bep05lTIIO, IIMeer 

MeCTO B npeBpameHHHx «ropHqHx» qaCTHU, a TaK:tKe B cBo6o,nHo-pa,nI1KaJIb­

HbIX rrpoueccax, B KOTOPbIX rrocJIe,nYIOmIIe peaKUI1H pa,nHKaJIa 51BJI5IIOTC5I 

«Mc,n,1eHHbIMH». B03MO:tKIIO, BHYTpHMOJIeKY,'151pHble neperpynrrHpoBKH TIpO­

cTei'IIl.IIIX aJIKI1JIbHbIX pa,nI1KaJIOB y,naeTC5I o6HapY:tKI1Tb rrpH I1CCJIe,nOBaHHll 

rrpOneccoB, npoIIcxo,n5llll,HX npII 60,T]ee BblCOKIIX TeMnepaTypax (--- 1000­
1500°) H HH3KHX ,naB,T]eHIIHX. 

III. 1,3-MHrpAUH5I BO)l,OPO)l,A 

,UaHHblx 0 4 ab-MIIrpaUHH aTOMa Bo,nopo,na B ammJIbHbIX pa,nI1KaJIaX B 

ra30Boi'I ¢a3e nOJIyqeIIO eme MeHbll.le. I10MIIMO Bblll.leyrroM5II1YTbIX HCCJIe,no· 
BaHlIH TpOTMaHa-,UIIKeHCOIIa 21, 24, c,!Je,TJ.yeT YKa3aTb Ha pa60Ty Pa6HHOBHqa 

II COTp. 14, KOTopble, H3yqa51 BHyTpHl\lOoTJeKy,!J5!pHyIO H30Mepl13aUHIO MHomX 

Ko,T]e6aTeJlbHO-Bo36y:tK,nelIHbIX aJIKIIJIbHbIX pa,nHKaJIOB, rrpl111WII K BbIBO,ny, 

qTO rreperpyrrrrHpoBKH C N< 5 51BJIHIOTC5I He3HaqIITeJIbHbIMH H He MoryT npo­
IICXO,nIITb KaK npOCTa51 nepe,naqa aTOMa. 

o B03MO:tKHOCTII 1,3-MHrpaUHH Bo,nopo,na cBH,neTeJIbCTByeT pa60Ta Pey­
TOBa II lllaTKIIHoH'57. TIpIIMeHHB H30Ton 14C, OHH HaIl.lJIII, qTO cBo6o,nHbIH 

npOIHlJIbIIblH pa,nIIKaJI, o6pa3YIOmIIHoI rrpH TepMHqeCKOM pa3,1]O:tKeHIIH rre­

peKI1CI1 12-6YTHpIIJIa, MCqeHOH no a-rrO,10:tKeHHIO, B KIIrr5lIl.l,Cl\1 CCI 4 : 

(CHaCH214CH2COOh -~> 2CHaCH214CHz + 2 CO2 

H30MepII3yeTc5I C MHrpaUIIeH aTOMa H II3 ~-rrOJIO:tKeIIII5I: 

CH2CH314CH2 ::: CH2CH214CH3 (16) 

I 

F 

I 

J 
( 

r 

3 

( 
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Ha OCHOBaHHH al!aJIH3a np0,UYKTOB pacna,Ua ,UOKa3aHO, liTO B YKa3aHHbIX 

YCJIOBH5IX TaKa5I H30MepH3aUH51 npOHCXO,UHT Ha 4,0 ± 0,5 %. CTpeM5ICb no,U­

TBep,UHTb peaKUHIO (16) He3aIlHCHMbIM cnoc060M, PeYTOB H COTp.58 HCCJIe­

i\OBaJIll nHpOJIH3 a-D2-ncpeKHCH OYTllpHJIa B KIln5HueM CC1 4 . ITPH 3TO\I, Ha­

p5l,UY C HOpMa,TJbHbIM npO,UyKTOM, OLJJIO 06HapY)KeHO 06pa30BaIme (Il KOJIH­

qeCTBe 1,3±0,1 %) aHOMaJIbHOrO npO,UyKTa CD2HCI-bCH2Cl, [ITO TaK)Ke 

YKa3bIBaCT Ha npOTeKaHHe H30'vIepH3aUHlI (16). 3a'vIcHa CC1 4 Ha 6pmro­

¢OpM B Ka lJeCTBe pacTBOpnTe,TI5I npnBO,Il,I1T K CHll)KeHHIO BbIXO,Il,a neperpyn­

DYlpOBaHHoro npo,UyKTa (0,68±0,1 % npH 140°)59, liTO 00MICH5IeTC51 YMeHb­

weIlHeM BPCMCHH )KH3HH cB060,UIIoro pa,U}lKaJIa. ITOJ.:a33HO T3K)Ke, liTO 

CrpOeHI1e npO,UyKTa neperpynnHpoBKH HCJIb35I 06b5ICHHTb 06MeHHbIMH pe­

aKUH5IMH npH OCYlIJ.eCTBJIeHHH aH3JIH3a. 

O,Il,HHM, CJ<opee HHTCPCCHbIM, tIeM y6e,UHTe,TIbHbIM, ,Il,OKa3aTeJIbCTBO'v! B03­

MO)KHOCTH 1,3-MHrpaUHH BO,UOPO,U3 5IBMllOTC5I OnLITbI BoeBo,UcKoro 

C COTp. 60-63. Ha OCHOIlaHHH KHHCTHlleCKHX BblllHCJIeHlIM aBTopbI 60 ,UOKa3a­

B 	 Jill, liTO Ha6JIIO,UaeMYIO B pa3JIllllHbIX pa60Tax 60JIbIUyIO CKOPOCTb 06l'vleHa 

,1 	 BOJ]:opo,Ua Ha ,Ue:ihepHH B aJIKHJIbHbIX pa,UHKaJIaX npH KOMHaTHOH TeMnepa­

Type MO)KHO OOb5ICHHTb pCaKUH5II\]}J RH+D2-+RD+HD, RHD+D2-+RD2+ 

tHD H T. ,U., npHlJeM 06MeHHBaTbC5I MoryT TOllbKO aTO~IbI Bo,UopO,Il,a, CB5I­

3aIIHLle C Y['TIepO,UOM, HeCYlIJ.HM CBo6o,UHYIO B3,'!eHTHOCTb. O,UHaKO ,U3J1bHeH­

wne HCCJIe,UOBaHH5I 61-63 YKa3bIB3IOT, liTO 3TO orpaHHlIeHHe pacnpOCTpaH5ICT­

C5I TO,'!bKO Ha coce,UHHe aTOMbI yrJIepO,U3. ECJIH cB06o,UHa5I BaJIeHTHOCTb 
e MO)l(CT caMonpOH3BOJIbIlO nepeXO,UHTL H3 ,UpyrolI yrJIep0,UHbIH aTo:vr, TO Be­
) ­ p05ITeH ,UaJIbHeHIllHH 06'1IeH BO,UOPO,U3. B PE'3YJIbTaTe ,UO/])KeH 06p330naTbC5I 
) ­ pa;UIK3,rI C 66.'!bIllHM cO,Il,ep)KaHHCM ,UeHTepH5I, lJeM 6C3 H30MepH3aUHH. 

B CJlylIae H306YTH.TJbHbIX pa,UI1KaJIOB, 06pa3yIOlIJ.HXC51 no peaKUHH (CH3bC = 
fr =CH2+D-+(CHshCDCH2, nOKa3aHO 61, liTO cppaKUH5I yrJIeBO,Il,OpO,UOB C s, 
1. [J05IB,'!eHHe KOTOPOH CBH38HO C pCI':Ol'vl6HH8UHeH 3THX P8,UHK8JIOB, X8p8KTe­
'0 

pH3yeTC5I CTeneIlbIO 06l1[CH3 40-50%, B TO BPC'v[51 KaK OC3 YlJeT8 H30MepH­
III 

3aUHH I1r8KCHMaJIbIIa51 rJIy6I1IIa 06:v!eH8 ,UO,'l)KHa COCTaBHTb 30%. CJIe,UoB8­

TeJIbHO, npH KOMHaTHOH Te;;rnepaType B03MO)KHbl H30MepH3aUHfI 

C 1,3-I\IHrpaUHeH BO':l,Opo,Ua. BlI1eCTe C Te:l1, Ha npHMepe H30npOnHJIbHOrO 

paJ]:HKaJIa H pa,Il,HKaJIOB THna (CHshCDC (CH3)2 63 nOKa38Ha HeB031110)K­

HoeTb MHrp8UHI1 CB060,UHOH BallCHTHOCTH K coce,UHel\!y 3TOMY yr,'!cpo,Ua. 

CJIa6bJM l\ICCTOl\f 3TlIX 3KCnepH~[eHTOB 51BJI5IeTC5I MeTO,UHKa pa60TbI. ATO­

MapHbIH BO,UOPO,U BbIT5IfHBaJIC5I 113 p83p5l,UHOH Tpy6KH H no,UaB8JIC51 B pe8K­
B 

TOp B C".!CCI1 C yL'!eIlO,UOpo,Uo~! H ,UeHTepHeM no,U ,UaBJIeHHeM 0,2-0,4 .liM o· 
II CKOPOCTbIO ,Il,O 3 MiceK. XOT5I CneUHaJIbHbIMH OTIblTaMH nOK83aHO, LITO npo­

13 
HHKIIOBeHHe yrJleBo,UopO,Il,3 B 30Ily pa3p51,Ua B 3THX YCJIOBII51X np8KTHlJeCKH

IX 
He 11~]eJIO l\leCTa (KOHUCIITP8UII5I RH B 30HC p33p51,Ua ~0,25% 63), BCJIHlJlI ­Y. Ha ,UHCPCPY3HH ,UeHTepH5I MO)KeT 6bITb 60JIee BbICOKOH, H Tor,Ua HCCJIe,UOB8TC­0­
Jill I1MemI ,UeJIO He C MOJIeKYJI5IpHbIM, 8 C aTOMapHbIM ,UeHTepl1eM. B 3TOM 

wylJae BbICOK85I CTenCHb }I,eHTepHpOBaHH5I He MO)KeT 6bITb 06b5ICIICH8 nepe­y­
rpynnHpOBI<81\!H pa,UI1KaJ10B.Iii 

LICCHK 64, IiCCJIe,UY5I CPOTOJIH3 411c-6YTeHa-2 CBeTOM C ,Il,JIHHoii BOJIHbI e-
2026-2062 A npH KOMHaTHOH TeMnepaType H 540 .MM pT. CT., npHXO,UHT h 

3aKJIIOQeHHIO 06 1,3-MHrpaUHH BO,Il,OpO,Il,a B IIenpe,UeJIbHOM pa,UHKaJIC 

CH3CH=CH: 

6) 
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IV. M"fPAU."~ ATOMA BO.ll.OPO.ll.A K EOJIEE OT.ll.AJIEHHOMY ATOMY 

YfJIEPO.D.A, HECYW.EMY CBOE0.ll.HYIO BAJIEHTHOCTb 


BnepBble neperpynrmpoBKH TaKoro THIia npe.rr.JIO:>KIfJIH B 1943 r. P aiie 

If KOCHKOB 65. TIo IfX MHeHIfIO, a,'lKIfJIbHble pa.rr.IfKa.'IbI, COlLep:>KaIIJ;Ife nHTb 

IfJIIf 60.'lee nHTH aTOMOB yrJIepo.rr.a npIf 06bllIIlbIX YCJIOBH5IX KpeKIfHra MoryT 

If30MepH30BaTbC5I. 3IIeprHH aKTIfBaILIfIf TaKoii If30MepH3aILHH MO:>KeT 6blTb 

HaMHoro l\leIIbllIe 3HcpnIIl pacna.rr.a pa.rr.IfKaJIa. Bc.'Ie.rr.CTBIfe 3Toro Me:>K.rr.y 

.rr.ByI\JH 1130l\IepHbIMH cjWP:'IaMIf .rr.OJI:>KHO YCTallOBHTbC5I paBIIOBeCHe, HanpIf­

Mep, ;r,a5I H30MepH3aILHII nepBHqHOrO n-reKCIfJIbHorO pa}uma.'la 

KOHCTaHTa paBHOBeCHH paBHa '" 7 npH 600°. BBe.rr.eHHoe npe.rr.cTaBJIeHHe 

aBTopbI npHMeHHJIIf .rr.JIH BblqHCJIeHH5I npo.rr.YKTOB TepMIfqeCKOrO pacna.rr.a 

n-reKcaHa H HeKoTopbIX OKTaHOB. TIPH 3TOM OKa3aJIOCb, qTO paCqeT, npHHH­

MaIOmHii BO BHHMaHHe B03MO:>KHOCTb BHYTpHMOJIeKYJIHpHOrO nepeHoca BO.rr.O­

po;r,a, ropa3.rr.0 JIyqllIe cooTBeTCTByeT 3KcncpHMeHTY, qeM paCqeT, He yqHTbI­

naIOIIJ;Hil H30MepH3aILHlI. ,UJIH pa.rr.HKaJIOB C 60JIee .rr.mlHHoii ILcnbIO, nOJIyqae­

MbIX, HanpHMep, npH KpelO1Hre n-reKca.rr.eKaHa 66, CYIIJ;eCTByeT eIIJ;e 66JIbllIee 

qHCJIO B03l\W:>KHOCTeii H30\'repH3aILHH, H YJIyqllIeHHe COOTBCTCTBHH BbIxo.rr.a 

npo.rr.YKTOB peaI{ILHH paCqeTHOii BeJIHqHHe npH yqeTe 3TH X B03MO:>KHOCTeii 

CTaHOBIITC5I eIIJ;e 60JIee 3aMeTHbIM. 

HecKo.'lbKO n03:>Ke C3CPTOH H J1e Poii 67 II3yqaJIH no.'lIll\!epH3aILHIO 3THJIe­

Ha, HHIlILIlHpOBaHIIYIO 3Tll,lbHbIMH pa.rr.HKaJIal\lH, MeqeIIIIbIMH B MeTHJIbHOii 

rpynne 1I30TonOM 14C, npH 250--300°. B npoJ,YKTax peaKILHH 6bIJI 06Hapy­

:>KeH 2- ;I!CTlIJI6YTeH-1. ECJIH 6hI 3TOT npo.rr.yKT 06pa30BblBaJICH npl! npHco­

e.rr.HlICHI!IJ MeqeHOro 3THJIbHOrO pa.rr.HKa.'la K npOnHJIeHY C nOCJIe.rr.YIOIIJ;HM 
.rr.HcnponopILHoHHpoBaHHeM 2-MeTHJI6YTHJIbHOrO pa.rr.HKaJIa, TO ero MOJIHpHa5I 

aKTHBHOCTb .rr.OJI:>KHa 6bwa 6bl paBHHTbC5I e.rr.IfHIfILe. 3KcnepHMeHT )Ke .rr.a,'I 

TO.'lbKO nOJIOBHHY 3TOii BeJIHqHHbl. HecooTBeTcTBHe aBTopbl 06bHCHHIOT BHy­

TpHl\w.leKYJIHpHOii pa.rr.HKaJIbHOii H30l\lepH3aILHeii, BKJIIOqaIOIIJ;eii 1,4- H 1,5­

MHrpaIL!1ii Bo.rr.opo.rr.a. 
He ;\!eHee y6e.rr.HTeJIbHbI KaqeCTBeHHble pe3YJIbTaTbI OnblTOB MaK-Hec6H 

H fopnOHa 68, TaK:>Ke H3yqaBlllHX peaKILHIO MeTIfJIbHbIX pa.rr.HKa,TIOB C 3TH­

.TIeHOM B TeMnepaTypHOM HHTepBaJIe 300-500° H npH lLaBJIeHHHX 109­

360 M.M pT. CT. B 3THX YCJIOBHHX OCHOBHbIM npOlLYKTOl\! 5IB,TIHeTCH npOnHJIeH. 

ABTOPbl npClLJlaraIOT c.le;J.YIOumii MexaHH3M npOILecca: 

+CH.=CH, . 
CH3 + CH3=CH~ -7 CHaCHi:H2 ..,. CH3CH2CH2CH2CH2 

CII3CH2CH2CHi:H --> CH3CHCH2CH2CH3 --> CI I:,CH =CH2 + C2H5 

B peaKILHOHHOii CMeCH co.rr.ep:>KHTCH TaK:>Ke H 6YTeH-l, nOJIyqaIOIIJ;HHC5I B 

pe3YJIbTaTe 1,5-neperpynnHpoBI\lI renTHJIbHblX palLHKaJIOB: 

CH;l (CH2h CH2 +CH2=CH2 --> CH3 (CH2h CHz ..... CHaCHi:H (CH2h CHa --> 

~ CHaCH2CH=CH2 + CH2CH2CH 3 

CnpaBe.rr.JIHBOCTb npHBe.rr.eHHoro MexaHH3Ma 6bIJIa nOKa3aHa BBe.rr.eHHeM 

CD3 pa.rr.HKaJIOB. TIPH 300° npOnHJIeHOBaH cppaKILHH HMeJIa cJIe.rr.YloIIJ;Hii H30­

TOnHbI}! COCTaB: 30% C 3H 6, 20% C3H5D, 30% C 3H4D2 H 20% C3H3D3. 3TO 



BHYTpHMOJleKYJlllpHble neperpYIlnHpOBKH yrJleBOll,0p0ll,HbIX P3IHIl{3JlOB Ui2t 

YKa3bIBaeT Ha HaJIIIqIIe 06MeHHbIX npOu;eCCOB. O)l.IIH II3 B03MOMHbIX ~rexa­
HI13MOB, BKJIIOqaIOllI.IIH pH)I. 6bICTPbIX 06MeIIOB BO)l.OpO)l.a MeM)l.Y 1 H 4,1 I! 5 
aTOMal\1H BO)l.OpO)l.a, MOMeT 6bITb Bblpa)l{eH TaKHM 06pa30M: 

CDa (CH2h CH2 ~-? CDz (CII2h CH2D ~~ CD2H (CH2)aCHD -; H T. }1,. 

1,4~ 1,41 1,4~ 
COaCH (CHzlz CBa -; CD3CH=CH2 + C2HS CDzHCr I (CH2h CH2D -> CD2HCH~=CI 12-1C2H4D 

. 1 
CDzH (CHzh CHCH2D -7 C:2HaD2 = CH2=CHCDH2 

BHMHeH 69, npOBO)l.H <pOTOJIII3 2-renTaHa npH 60-200° 06HapYM!l.1 2-~Ie­
TI1JIrreHTaH Cpe)l.II npO)l.YKTOB peaKU;IIII. Eho coe)l.IIHeHHe B03HHKaeT I1plI co­

qeTaHlIH MeTHJIbHOrO H 6Top.-aMHJIbiiOrO paJJ,HEaJlOB. CJIC;10BaTE:JIbIlO. ])(:'31<­

0:115.1 C 1,4-rrepeI\Ielll.eHlleM BO)l.OpO)l.a CHdCH2)sCH3-+CH3 (CH2) /=r ICH3 
I1rpaeT 3HaqllTeJIbHYIO pOJIb He TOJIbKO npH 250°, KaK B 68, HO YMe nplI 150°. 

I1MeIOTcH TaKMe )l.OCTOBepHble JJ,aHHble 0 MHrpau;ml aTOMOB BO,\opO)l.a B 

paJI.HK3JIaX B MII)l.KOH <pa3e. TaK, HanpHMep, H3yqaH TeJIOMepH3aU;I1I03TH,Tle­

Ha YKCYCHOH KlICJIOTOH rrpH 140°, <I>peH'::VIHHa II COTp.70 OOH3PYMHJ1l1 P, npo­

i\YKTax H30KHC,TIOTbI: a-3THJ1l{arrpOHOBYIO H a-tl-OYTHJIKarrpOIIOBYIO. 06pa30­

BaHlie 3TIIX KlICJIOT JIerKO 06'bHCHHeTCH rreperpymm:pOBKOH CH2CH2CH2CH2 · 

·CH2COOH B CH3CH2CH2CH2CHCOOH. B TO Me BpCMH, OTCYTCTBHe B pe­

aKU;IlOHllOH CMeCH H30rCKcaHOBOH KHCJIOTbI rOBopiIT 0 HeB03l\1O:'IUlOCTH 

1,3-l\lHrpaU;IIH BOJI.OpO)l.a B palUIKaJIe C'H2CH2CI-bCOOH npli :nlIX YCIOBH5.lX. 

nOKa3aHO T3KMe 71, tITO nOBblweHHe TeMnepClTypbI, KClK H CJIeJI.yeT OJKiuaTb. 

6JIarOnpH5.lTCTByeT 06pa30BaHHIO neperpYIlnHpOBaHHoro npOJI.YKTa, B TO 

BpeMH KaK H3MeHeHHe KOHu;eHTpaU;IIII peareHTOB He OKa3bIBaeT CYlUeCTBeH­

Horo B,TIH5IHII5I Ha ero BbIXOJI.. 

f1eperpynnHpoBKII, aHaJIOrHQHble BbIIlIeYKa3aIIHOH, rrpOHCXOJI.HT T 3KM," 

npII TeJIOl\'1epH3aU;IIH 3THJIeHa MeTIIJIXJIOpau;eTaTOM 72, MeTHJIOBbIM cnIIp­

TOM 72, nponIIOHOBOH KHCJIOTOH 73, MeTIIJIrrpOrrHOHaTOM 73, au;eTOYIi:CYCHbIM 

34>HPOM 73 H T. )I.. TIO-BH)l.IIMOMY, eCJIlI rervmepaTypbI JJ,OCT3rOQHO BbJCOEH, a 

TeJIOreHbI cpaBHHTCJIbHO MaJI03<p<peETHBHbI, rrepcrpymIHpOBJ{a paJI.I1Ea,lOB C 
1,5-l\lI1rpaU;HeH BO;J,opoJJ,a 06ll1.ee HBJIeHHe 72 

O)l.HaKO CCJIII B paCTBopax Ma,10aKTHBIIbIX TeJIOreHOB II30MepH3aUHH pa­

i\HKaJIOB HrpaeT 3aMCTHYIO POJIb, TO npII TeJIOMepH3aUHH 3TIIJIeHa B paCTBO­

pe CC1 4 74-76 (140°) ee 3HatIeHIIC HeBeJIHKO. 11pH nepexo,a:e K ra30Boi'! cpa3e 

(AaB,TIeHIIe ~ 0,3 aTM) 70-80 % 06pa3YIOllI.HXC5I npollYKTOB 5lBJIHIOTC7I :130­

MepaMH HOpMaJlbIIbIX TeJIOMepoB. B 3TH X YCJIOBH5IX MOHO:\IOiJeKYJI5.lpJIUl' ne­

perpynnIIpoBEII ycneuIHo KOHKypHPYIOT C 6HMOJIeKYJI5.lpHblMH peaKUIl5Il\IH, 

narrpIIMep: 

(38')(j ) 

(....... 58%) H T. ;;: . 

.uO.rI51 rrO)l.06HbIX neperpyrrmrpoBoK OtIeIlb CHJIbIIO YMeHbWaeTC5.I C pOCTO~1 
i\aBJIeHIIH, YBeJIHQeHH5I KOHu;eHTpaU;IIII 3THJIeHa II CCI4. 

I1MeIOTc5.I TaKMe YKa3aHII5I 0 BHYTpIIMOJIeKYJI5IpIlbIX neperpynnHpoBKa'~ 
pa)l.IIKaJIOB B TBepJJ,OH <pa3e 77, 78, I13YtIelIHe CBepxTOHKOH CTPYKTYPbJ crreKT­

pOB 3TIP a,TJKHJIbHbIX paJJ,HKa,10B, 06pa3YIOllI.HXC51 H3 tl-reKca,a:eu;eHa -1, tL-lIe­

ueHa-l, n-oKTeHa-2, n-reKTeHa-2 II liP, npH 06JIY4eHHH 'V-JIytIaMII (77° K), no­

Ka3b1BaeT, tITO OHII caMonpOII3BOJIbHO nepeXOllHT B 3IIepreTIIQeCEH 60.1ee BU­

rOllHble pa,a:HKaJIbI aJI,TJIIJIbHOrO THna: 

http:06ll1.ee
http:rrpOHCXOJI.HT
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CH2-CH~ (CH2)n~CH=CH-CH2 ~ CH2-(CH2)n~CH-CH=CH-CH2
fly 

rTpII 3TOM 06l1l.a5I KOHlI.eHTpall.H5I cnHHOB OCTaeTC5I HeI13MeHHoM. 06paTHbIII 

nepeXO,Il, nplI TCl\mepaType IKII,Il,KOrO a30Ta ,Il,OCTlIraCTCrr ,Il,eI1CTBHeM Y<l>-cBe- J 
Ta (A~3400 ":\.). 

rToCJle,Il,H1Ie rO,QbI IIplllIeCJH1 lIepBble ]{OJIHqeCTBCHlIble )I.alIlIble 0 KOHCTaH­

Tax C]{OpOCTeI~i I13OC,Icp1l3all.III1 THna 5sp II 6sp. 3H/l,PClIJ1 Ii .TIe POlO 79 IIpH 

IICCJIe,QOBa1lHll C!JOTOJIlI3a CMeCII all.eTOHa C 3TlWCHO:\1 (165-230°, P ~ 
"" 104 MAt I)T. CT.) Y/l,alIOCb KOJIHqeCTBeHHO Oll.CHIHb COOTHOlileHIIe peaKlI.Hfl 

n-npOnHJlbllblX pa;1JII-:a,10B. Pa,Il,I]]{aJIbI nOJIyqaJIHCb B pe3YJlbTaTe npIICOe,Il,II ­

HeHH5I CH'3' I;: 3Tlwelly. HaJIIIql1e Cpe,Il,II npO,QYJ(TOB I130rC]{Calla aBTopLI CO­

qJII1 CBH,Il,eTCJIbCTBOI\I Toro, qTO qaCTb n-aMH,1LHbIX pa,Il,IIKaJ10B II30Mep113Y­

eTCH BO 6Top.-aMIIJIbHble pallH]{aJIbl. I\oHcTaHTa CKOPOCTII neperpyllnHpoBKII 

(17) 

JI;:a3a,laCb paBHOM 

kI7 = 107 ,146 exp (-10800/RT) ceK-I . 

YOTKIIIIC II OCTpeKO 80 IICCJIe,Il,OBa.1II CPOTOJIII3 CMeCII a306YTaHa H 3THilelEl. 

npII Tel\lIICpaTypax 79 1320 II ,Il,aBJIeHIIII ,..., 55 MM pT. CT. 0 HaJIHqIIII B CII­

CTe:\Ie 8Top.-rCJ(CIWbIIGIX pa,Il,HKaJIOB CBII,Il,eTe,'IbCTByeT IIPIlCYTCTBlie B npo­

,Il,YKTax 3-l\leTliJIrellTaHa. C HCIIOJIL30BaHHeM I\lCTO,QllJ\H IIPCllbI,Il,Y1ll.eiI pa60­

Tbl 7ll 6bIJI(l OlIpe,Il,eJIClla EOlICTaHTa C]{OPOCTli 1I30l\lepH3amlll: 

n-C6H13 -> 8rOp.-C6H i :1 (18) » 
k18 -.c 107•3 ± 1,0 exp (-8300± 1711U / RT) celc1• 

Pa6l1HOBlFI II COTp.14 I1CCJIe,Il,OBaJH! 1130MeplI3alUllO KOJle6aTeJIbHO-B03­

6YIKIl,eHHbIX aJIKI1JIbHbIX p 2Il,I1]{aJIOB renTlIJIa-3' (Hp3'), O]{TlU12 -4' (Oc 4'), 

OKTHiJa-2' (Oc 2'), 3-MeTlIJIneHTHJ12-2' (3MP2'), HOHIIJIa-2' (N2'), 3-l\IeTllJlreK­

CIIJI2-2 (3MH2) II 3,3-,Il,IIl\IeTlIJIre]{CIIJ1a-2' (33DMH2·). Bo BCCX cJIyqarrx 

pallII]{aJIbI XIIMIIqeC]{II a]{TIIBIIpOBaJIIICb 3a CqeT npIICOe,Il,IIHeHII5I aTOMa BO-

TAEJIffIl,A 2 

OTHOCHTeJlbHble CKOPOCTH H30MepH3all,HH pa)1,HKaJlOB 

I 

IlPOI\YKTbI H aOCOJIIOT' 
1l:15{ CKOPOCTb npou.ecca

Pal\HKaJI 55p I 
I ,s ss I G pp 6 sp 6 ps 655 7 ss pa3pblBa C-C-CB)13H, 

I 
I 

I 105 ceK.-1 

~ ~Hp3' 11(7,5)" - <1«7,5) - - IB l-f-n-Pr' 1,2 
~Oc4' - 1(2 , 1) -- - - - Hl+Et 0,14 

~ ~Oc2' - 1(8) - 75((iUO) '- Pd+P1' i,O 
~N2'o - 1(20) iUU(2000) 5(100) Pr1+H1' 0,09 

~ ~ ~Od' o «0,(15) (>300) - - - CzIl4+H1' 1,0 
~ ~3HP1'o «0,5) - C2H4 +SBu' 20,0 

~ ~ ~ ~ ~-3lvlH2· -
~ 

Tper.-B2+n-Pr· 4,0
3MHj' I(2,5) 

~ ~ 

~ ~ ~ ~(>100) - CZH4+P2' 10,0 
~ ~ ~ 


33DlviI-H' - «200) 
~ 

C2H4 +2MP2' 4,0 

33DJ\1H2'/ - (7,0) . - 2MB2-:-Il-Pr 2,3 

~ ~ ~ 

a L(Hq,PbI B KpyrJIbIX CKOOKax BblpalKaI01' OTHOIIIeHLle CKOPOCTH H30MepH3aL\HH K CKOPOCTlI pacnal\a, YKa­
3aHHoiI II no CoI'1eAHei% KOJIOHKe 


6 CE:OPOCTH pacrra.n;a ou.eHeHhI C 1'Ot{HOC1'hlO MHO}KH1'eJITI 2,. 
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)\opO,Il,a K cooTBeTcTBYIOmeMY aJIKeHY rrpll KOMHaTHoH TCMrrepaType. 110JIY­

qelIHbIe pe3YJIbTaTbI CBe,Il,eHbI B Ta6JI. 2. TaM )Ke rrpC,Il,CTaBJIeHbI KOHCTaHTbI 

CKOpOCTIr KOHKYPHPYIOmeH H30MCpIl3aIl,llll, Bblpa)KeHHbIe OTHOCHTeJIbHO rrpo­

uecca 555, CKOPOCTb KOToporo nOJlaraeTCH PClBHOH e,Il,HHIlIl,e. 

KaK !3H,Il,lIO 113 Ta6JI. 2, pCl;UIKaJIbI, 1l30MCp1l3aIl,HH KOTOPbIX 3IIepreTHqe­

CK]1 ,Il,OcTynHa (T. e. rrplI N ~"5), 1l3MeHHIOTC51 nOqTIl Il,eJIIlKOl\I II 13 60JIbIIIHH­

CTBe C.1Y1.IClC!3 E30MepI13aIl,mJ rIB,lrIeTCH Ca~IbIl\1 6LICTpbIM rrpOIl,eCCOl\l 113 rrpo­

HCXOi~51mI1X 13 paCCMClTpIlBael\1bIX CHCTel\lClX. 

113 paccMoTpeHHblx ,UaHHbIX l\IO)KHO 3aKJIIOqI1Tb, qTO I130MepH3aIl,I151 aJI­

KH.1blIbIX pa,Il,HKaJIOB C MHrpaIl,HeH BO,Il,OpO,Il,a, rrpoHcxO)l)'lmeH qepC3 rrHTH-, 

WeCTII- H cer,mqJICHHOe Il,HKJIHqeCKOe rrepexo,Il,Hoc COCT051HHe, B03MO)KHa. 

3TOT rrpoIl,ecc, 6e3YCJIOBHO, ne06xO,Il,HMO YlJIlTbIBaTb rrpH pacC'vwTpeIlHH KOH­

KpeTHblx CbOOo,UHo-pa,Il,HECl.lbHbIX peaKIl,HH. 

V. MEXAHH3M MHfPAUHH BO)1.0POJ.l.A B MIKHJ1hHbIX PA,l.l,HKAJ1AX 

PClCCMaTpHB351 .1HTepaTYPY 0 rreperpyrrmrpoBKax aJIKIWbHbIX pa)l,HKaJIOB, 

He,'lL35l 060lITH Borrpoc 0 l\IeXaHH3Me rrcpeMemeHl151 BO,Il,OpO,Il,a. K COfKa.1C­

!IHIO, ,IT,eTa,TIbHbIiI :\IeXaHH3~I neperpyrrrrHpoBoK If3YlJCII Ma,TIO If BblCKa3bIBa­

HI1R rro 3TOl\IY Dorrpocy BOCRT rIIIlOTeTHlJeCKIfH XCl paKTep. 

B lIaCT051mee BpeMH oome'2 corJIaCl1e BCTpelJaeT rrpe,Il,TIOJIOfKeHHe Koc51­

KOBa II P ai'Ica 65 0 TOM, lJTO l\mrpaIl,HH BO,Il,OpO,Il,a 13 ,Il,JIHHIIOIl,CrrOlJC1.IHbIX pa­

AHEClJIaX rrpOllCXO,Il,HT qepe3 Il,HKJIHqeCKOe IIepeXO,Il,HOe COCT05.lHHe. OnHaKO 

B03~IO)KHOCTb pC3mI3aIl,1l1l TpeXqJIeHHOrO KOMrrJIeKCa rrpH rrepeXO,Il,e BO,Il,OpO­

)J,a OT C-aTOMa K coce,Il,HeMY C-aTOMY !3ce )Ke BbI3bIBaCT H3BeCTHbJe COl\lHe­

HHH 14. ,UeHCTBHTC,T[bHO, rrpH6.'IlI)EeHHble KBaHTOBO-l\IeXaJIIIqeCKHe pClClJeTbI 

nOKa3bIBClIOT, qTO TpeXlJ/JC'IIHOC nepeXO,Il,HOC COCT051HHe ,Il,OmKIIO xapaKTepH­

30BaTbCR OO<lbIIIOH 3HeprHcir ClKTHBClIl,HH, TaK KClK «aTaKa» CBR3H rrpOHCXO­

)1.111' rro,Il, \TJIOM, OTJIHqHbn; OT HaHBbIrO,Il,HeHIIIero, H BCJIe,Il,CT!3l!C 3Toro Il,HKJl 

HanpR)l(CII 10, 11. 11pH rreperpynnHpoBKe BemeCTBa (A) B BCmCCTBO (C) npo­

Me)[(YTOlJHbIM oopa30BarmeM 51BJI51eTCH KOHQmrypaIl,H51 (B): 

H H ........H"
I . i 
-c-c­ -T-'-'1- --- -c-c­

I I I I 
(AJ (B) (C) 

3HeprHH aKTHBaIl,HH rreperpyrrrrHpoBKH 6Y,Il,eT orrpe,Il,e.'IHTbCH pa3HOCTbIO 

3HeprHH coe,UHHeIIH5I (A) H rrpO~le)KyTOqHOrO KOMrrJIeKCa (B). TpexaToM­

HaH cTpyKTypa (B) HMeeT TpH Op6HTbI, O,Il,Ha H3 KOTOPbIX CBH3bIBaIOma5l, 

a ::LBC ,Il,pyrHx BLlpO)K,Il,eHHbIe, aHTHCB513bIBaIOmHe. B CJIyqae HOHa KapooHHH, 

TeH,Il,eIIIl,I1H KOToporo K nepcrpyrrmrpoBKaM XOPOlliO H3BeCTHCl, HII1elOTCH TOJIb­

KO ,Il,Ba 3JICETpOHa, H OHH ~IOryT 6bITb OTlICCCilbI Ha caMYIO HH3111YIO CB513bl­

BalOmYIO OPOIITY (pHC. a). C B060,Il,H bIll 3JICI<TPOH pa,Il,HKa,'lCl ,Uo.l)KeH H,Il,TH 

Ha O,Il,Hy 113 aHTHCB513bIBalOmIIX Op6HT (pHC. 6), qTO ,Il,eCTa6IIJI113HpyeT CH­

CTe:llY H YBeJIHqHBaeT ee 3HeprHIO. CTa6IlJIH3aIl,HH H CHH)KeHHe .:meprHH ne­

pexo,Il,HOrO COCT0511II151 (B) ,Il,OCTHraeTCH 3a ClJeT rrcpepacrrpe,Il,eJleHHH 3JIeKT­

POHIlOH rrJIOTHOCTH, KOTopoe rrpOHCXO,Il,HT BO BpeMH nepeMemeHHH MHfpHpy­

lOlll,ei'I rpynnbI, qTO, B CBOIO Oqepe,Il,b, orrpe,Il,eJIHeTCH ee rrpHpo'uoH (CM., H3­

npHMep, ,Il,aIIHble no MHrpaIl,HH apHJIbHOi1 rpynrrbI 81). B TO )l,e BpeMH ,Il,O­

BOJIbl-IO JIerK3H 1,2-MIIrpaIl,HrI aTOMOB raJIoreHOB 13 He MO)KeT 6bITb rrOHHTa 

Ha OCHOBaHHH BblIIIeCKa3alIHoro. MaHHIl, 82 06'b51CHHeT 31'0 rrpOTHBOpeqHe pa3­

JIHqlleM lJaCTOT H ¢OPM KOJIe6aHHH 3aMemeHHblX H He3aMemeHHbIX pa,Il,HKa­

nOB. 110 ero MIleHHlO, CKOPOCTb rrcperpyrrrrllpoBKH B OCHOBHOM orrpe,Il,eJIHeTC5I 

llepOHTHOCTbIO B03HHKHOBeHI1H HY)KHOH rrepeXO,Il,HOH KOH¢HrypaIl,HI1 6JIaro­

http:COfKa.1C
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,lI,apH BHYTpHMOJIeKYJIHpHbIM KOJIe6aHHHM. BepOHTHOCTb }Ke 06pa30BaHHH 

TaKOro nepeXO,lI,HOrO COCTOHHHH npH npO"'IHX paBlIbIX YCJIOBHHX YBeJIH"'IHBa­
eTCH C yMeHbllIe~lHeM "'IaCTOT KOJIe6aHHH. MO}KHO O}KH,n:aTb 72, "'ITO ,n:JIH pa­

,lI,IlKa,'IOB, CO,lI,ep}KaIll)IX B u-nOJIO}KeHHII K CBo6o,J,Hoil Ba,'ICHTHOCTlI elTO:>: 

raJIOreHa Hml apHJIbHY~ rpynny, 6y,n:eT lli\leTb MeCTO YMeHbllIeHHe LIaCTOT 

KOJIe6aHHH, OTBeTCTBeHHUX 
--1.. _ t _ _ 3a B03111lJ{HOBeHHe nepe­

_ 3HepfHH XO,J,HOH KOHqmrypalJ,HH, no 

cpaBHeHI1~ C He3aMeIlleH­li + I 

IIblMH pa,lI,I1KaJIaMH Kal{ B..u. 
CB5I311 C YBeJIlFleHlle:-r Mac­

Cbl 3aMeCTHTeJIH, Tar, Ii, ne­
,c, POHTHO, 6JIarO,lI,apH PIC'IIb­

\ 

\ 
\ 

\ WCH}lIO yr.l0BblX CH.l0DbIX 

I 
\ 

\ I \ 1<03cpqHllJ,l1ellTOB. TIo3rolvlY 
c-- ---c c-----c II 3aMcIlleHHblx pa,lI,[lKaJIaX 

a 6 cac,J,yeT O}KIULaTb YBe.'II1'Ie­

9HepreTwreCKlle YPOBHII lI,JIll TpexyrOJIhHoi'I Cl1CTe~lbl ElIH KOHCTaHTbI CKOPOCTll 
Tpex op6l!T 11 neperpynTIIlpOBKI1 (1,2­

Ml1rpalJ,IIH raJIOreHa II a Pi!' 

JIa) no cpaBHeHH~ C neperpyIIImpoBKO~1 He3aMeIlleHHoro pa,n:I1KaJIa (1,2­
MHrpalJ,IlH Bo,n:opO,lI,a). ECJII1 }Ke 3aMeCTIIreJIb - aJIKI1JIbHaH rpynna, TO, rIO 

MHeHl110 <PpeHJl.JlIIHOH 72, C 1,2-Ml1rpalJ,l1eH aJIKIIJIa MO}KeT KOHKypHpoBaTb 

1130Mepl13alJ,I1H C nepeMeIlleHIIeM 60JIee OT,lI,aJIeHHbIX OT pa,n:l1I(aJlbHOrO ueHT­

pa aTOMOB Bo,n:opO,lI,a npl1 60JIee BblrO,lI,HOM yrJIe aTaKH. 

C ,n:pyroH CTOPOHbI, eCJII1 1,2- 11 1,3-MHrpaIJ,III1 BO,lI,Opo,n:a 3arpY,lI,HeHb! 

sHeprerIIQeCKI1, CTepl1QeCKIIe cpaKTopu KOHCTaHT CKOPOCTH TaKHX np0lJ,eCCOB 

,lI,OJI)KHbl 6bITb ,n:OCTarOLIHO BbICOKI1. ,UeHcTBHTeJIbHO, B paMKax TeopIIH a6co­

JIIOTHblX CKopocTeH peaKIJ,HH npe,lI,3KCnOHeHIJ,HaJIbHbIH l\1HOiKIITeJIb ra30cpa3­

HbIX peaKlJ,l1H 
i\S+ 

kT ­
A = xe-e R 

h 

onpe,n:eJIHeTCH BemILIHHOH SHTponHH aKTIIBalJ,IIH ~S+, I<OTopaH paBHa pa3­

HOCTI1 311TponIIH 3l<THBIIpOBaIIHOro H IIcxo,n:Horo COCTOHHHH CIICTeMbI. B C,ly­

LIae peaKIJ,HH, H,lI,YllLIIX Qepe3 TpeX"'IJIeHHbIH IJ,HKJIII"'IeCKIIH aKTIIBHpOBaHHLlii 

KOMnJIeKC, 3HTpOnl111 KOMnJIeKCa 11 peareHTa OTJIHQaIOTC5I, rJIaBHblM 06pa30M, 

LIJIeHaMH, COOTBeTCTBYlOllLl1MI1 YTpaTe B03MO}KHOCTH O,lI,Horo 3aTopMOiKeH­

HOro BHYTpeHHcro BpallLeHI15I 11 II3MeHeHI11O "'IaCTOT B aKTHBl1pOBaHHOM KOMn­

JIeKce. 3Ta pa3HOCTb Bblpa}KaeTC5I BeJII1"'II1HOH nOp5I,n:Ka - 4 KaA/MoAb. B TO 

}Ke BpeM5I neperpynnIIpoBKII, npOTCKalOllLHe "'Iepe3 nHTII-, llIeCTII"'IJleIlHbIC 

11 T. ,n:. nepeXO,lI,Hble COcr05IHI15I, npI1Bo,n:5IT K nOTepe B KOMIIJleKCe B03l\IO}KHO­

cTeH ,n:JIH 4-x, 5-TI1 II 60JICe BHyTpeHIIIlx BpallLeHIIH. 3TO O'-lCHb CII.'IbHO no­

HIDKaeT A-cpaKTOPbl TaKHX neperpynnIIpoBoK. TaKI1M 06pa30M, MbI Ha6JI~­
,n:aeM cJIe,lI,Y1ollLYIO KapTI1Hy: npOlJ,eCCbI 1,2-Ml1rpaIJ,IIH BO,lI,OpO,lI,a xapclKTepH­
3YIOTC5I BbICOKOH 3Heprl1eH aKTIIBalJ,l111 11 60JIbllII1M npe,lI,3KCnOHeHIJ,IIaJIbHbIM 

MHO}KI1TeJIeM, KIIHeTI1"'IeCKl1e napaMeTpbI MHOrOlJ,elITpOBbIX npOlJ,eCCOB 60JIee 

HI13Kl1e. TI03TOMY B pH,n:y 1,2; 1,3, .. ; 1,6... -nepe~ICllLeHI1H Bo,n:opO,lI,a CJleIlyeI 

O}KIIIlaTb n05IBJIeHlIH HeKoToporo KOMnCHCalJ,HOHHOro 3cpcpeT\Ta. 

CJIe,n:yeT OTMeTHTb, '-ITO aHOMaJIbHO HI13KI1e 3Ha'-lCHIIH npe,lI,SKcnOHCHUll­

a,'IbHbIX MHO}KHTeJIeH pCaKUI1H (17) H (18) He M.oryT 6bITb 06'b5ICHeHbI B 

paMKax TeOpHI1 a6COJI~THbIX CKopOCTeii peaKIJ,IIH, 3TO npHBeJIO 3H,n:pemI II 

JIe POH K BbIBO,n:y 79, "'ITO peaKUH5I (17) I1MeeT KOscpcpl1Ul1eHT TpaHCi\lHCCI1II 

x~ 1. O,lI,HaKO onbITbI C ,lI,06aBKaMI1 IIHepTHblx ra30B 80 He ,lI,aJII1 H3MeHe­



BHYTpllMOJIeKYJIllpHbIe neperpyllllllpoBKlI yr ,1eI30,n;opo,n;HbIX pa.lUIKanOB 1625 

HHH H3MepHeMOH KOHCTaHTbI CKOPOCTH, lJTO CBH,neTeJIbCTByeT 06 a,nHa6aTHlJ­

HOCTH IIpouecca. .L1.JHI 06'bHCHeHHH lJpe3BbIlJaHHO MaJIOH 3HTPOIIHH aKTHBa­

UHH TaKHX peaKUHH aBTopbI 80 IIpe,nJIaralOT .l\1O,neJIb <OKeCTKoro» UHK,1]HlJe­

CKoro IIepexo,nHoro COCTOHHHH C OlJeHb CHJIblIbIMH KOHueBbIMH B3amw,neH­

CTBHHMH, lJTO 06YCJIOBJleHO IIpHHa,nJIe)!{HOCTblO aTmra Bo,nopo,na K 060HM 

«KOHuaM» pa,nlmaJIa. B 3TOM CJIYlJae CHJIOBble KOIICTaHTbI HII3KOlJaCTOTHbIX 

KOJIe6aHHH B KOMIIJIeKCe CI1J1bHO B03paCTalOT, lJTO BbI3blBaCT IIOHHlKeHHe 

3HTPOIIHH aKTIlBaUHH pcaKUHH ,nOIIOJIHHTeJIbHO K ee YMCIIbweHHlO 3a ClJeT 

YTpaTbI B03MO)KIIOCTeH HeKOTopbIX BH,nOB BHYTpeHHHX BpallJ,eIIHH. 
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