
C-C, KaK JIerKO nO)l,ct!l1TaTb, 0.npe,ll.eJI5IeTC5I BeJIH'lHHOH: ~c_c=O,980. CJIe,ll.o

BaTeJIbHD, eCJIH HCX,O,ll.HbIM pearHpYIOIIl.HM COe,ll.fIHeHHeM 5IBJI5Ie1'C5I CH4, 'I'D yr

JIepO,ll. B K'OHe'lHOH 'cpOpMe, T. e . . npHCOe,ll.HHeHHbIH yrJIepO,ll. KpHCTaJIJIH'leCKOH 
peUJeTKH ,lI.OJI)f{eH 06e,ll.m!TbCfi npH6mf3HTeJIbHO Ha 2 % H30TonOM CI3, 'lTO no 

nOp5I,lI.KY BeJIH'lHHbI CO'Bna,ll.aCT c Ha-6JIIO,lI.aeMbIMH H30TOnHbIMH 3cpcpeKTaMH 

Ha rpa,cpHTe. ECJIH ,lI.JI5l CJIYllaH c rpacpHTOM 31'0 MOrJI'O 6bI CJIY)f{HTb Y,lI.OBJIeT

BOpHTeJIbHblM 06'bHCHerfHeM, TO B03HHKaeT BonpOC, nO'leMY yrJIep6,l1. a,1IMa3a 

He TOJIb'KD He ·060raIIl.aJIC51 JIerKHM H30TOnOM, HO, HanpOTHB, CYIIl.eCTBeHHO 

D6e,ll.H5IJIC5I HM. 
COBepUJeHHD O'leBH,lI.HO, 'lTO paCCMOTpeHHe H30TonHoro cppaKUHOHHpOBa

HHH B ,lI.aHHOM CJIy'lae TOJIbKD KaK CJIe.n.CTBH5I He06paTHMoro 06pa30BaHHH 

C-C-CBH3eH B npouecce Hap aIIl.HBaHHH 0I{a3bIBae1'C5I Hea,ll.eKBaTHbIM. 

PaCCMOTpHM CJIe,ll.YIOIIl.yIO MO,ll.eJlb 

(pHC. 1). TIYCTb Ha nOBepxHocTH KpH

CTaJIJJa HMeeTC5I a,ll.COp6HpoBaHHbl}r CJlOH, 

'laCTb MOJIeKYJI KOToporo cJla60 CB5I3aHa 

C rroBepxHocTblO, 'lTO COOTBeTcTByeT MO- 7,030 
JJeKYJI5IpHOMY HJIH BaH-,lI.ep-BaaJIbCOBCKu-

t-" 

AnMa3 

My THrry a,ll.COp6UHH (CJlOH 8), ,lI.Pyra5l 
~UO --------------
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1,000~--~------~----~~ 
0.01 
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PHC. 1 PHC. 2 

PHC. 1. 06cYJK)laeMaH MO)leJ1b reTeporeHHoro <ppaKUHoHllp013aHHH H30TonOB 

PHC. 2. Pac4eTHaH KpHBaH 3aBHCIIMOCTH BeJ1H4HHbl reTeporeHHoro H30TonBoro 

3<p<peKTa OT K03<P<PIH\HeIlTa f )lJ1H npHHHToH MO)leJ1H. TIYHKTHPOM nOKa3aHbi J1H
HHH, OTBe4aJOlll.ne 3KcnepHMeHTaJ1bHO Ha6J1JO)laBlIIHMCl! H30TonHbiM 3<p<peKTaM 

npH CHHTe3e aJlMa3a H rpa¢HTa 

LfaCTb 06pa3yeT C rroBepxHOCTblO rrpO'lHble C-C-CBH3H, 'lTO OTBe'laeT rrpe,ll.
CTaBJIeHHIO 0 XHMHt.IeCKOH HJIH aKTHBHpOBaHHOH. a,ll.COp6UHH (CJIOH c). 

TIpHMeM, 'lTO npouecc HapaIIl.HBa,HH5I Ha rrO,ll.JIO)f{Ke rrpOTeKaeT 'lepe3 rro

CJI e.J.OBaHHble CTa,ll.I1H: rrepex'OJI.a MOJleKYJI H3 ra30BOH cpa3bI B MOJIeKYJI51pHO 
aJI.COp6}1pOBaHHoe COCTOHHHe (a - b-nepexoJI.), JI.aJJee B XHMHl[eCKH CBH3aH

Hoe COCTOHHHe (b - c-rrepexoJI.) H, HaKOHeu, npHCOeJI.HHeHHe aTOMa yrJJep0JI.a 

K KpHCTaJIJIH'leCKOM peUJeTKe (c - d-nepexoJI.). 

TIocMOTPHM KaKoro THna H30TonHoe cppaKUHoHHpoBaHHe MO)f{eT HCTpe

THTbC5I Ha Ka)f{JI.OH H3 3TliX CTaJI.I1M. B npouecce BaH-,lI.ep-BaaJIbCOBCKO}i aJI.

COp6UHH, KaK 3TO CJIeJI.yeT H3 TeOpeTH1'le·cKHx 'H 'HMelOIIl.HXC5I sKonepl1MeHTaJIb

HbTX JI.aHHbIX, H30TorrHbIH 3cpcpeKT 01\CYTcTByeT, HJIH no KpaFIHeM Mepe OqeHb 

MaJl. ECJIH 0603Ha'lHTb 1130TQ1I1HbIM COCTaB M<OJleKYJl B Ta30BoHcpa3e (1'. e. 

H30T,onHbIH CDCTaB HCXO,LI.HOrO MeTaHa) Ra, a B MOJleKYJIHpHO-aJI.cop6HpOBaH

HOM CJIOe-Rb, TO Ra=Rb. 
TIpouecc aKTl1Bl1pOBaHHoro nepexoJI.a b - c, oOnpOBO)f{JI.arOIIl.HHCH 06pa30-

BaHHeM C-C-CBn3H, xllpaiKTepH3yeTC5I, KaK YKa3bIBaJIOCb BbIllIe, cYllI.ecTBeH

HbIM KHHeTH'leCKHM H30TorrHbIM 3cpcpeKToM, T. e. Rb=l=Rc, rJI.e Rc-1130TOrrHbIH 

COCTaB xeMocop6HpoBaHHblx MOJIeKYJl. 

HaKoHeu, npH nepexoJI.e yrJIep0JI.a H3 xeMocop6HpoBaHHoro CJlO5I B pellIeT

Ky (c-d ... nBpeXOJI.) ITIPOl1CXOJI.l1T rrOTep5I BOJI.OPO,ll.HbIX aTO.M'OB, T. e. pa3pbIB 

cBH3eH C-H, 'lTO TaK)f{e nopO)f{.l(aeT KHHeTH'leCKl1H H30TonHbIH 3cp<}:leKT, HO 
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3HatHneJIbHO MeHbrneH BeJ1!flUl.HbI, "IeM .lI,JIH CJIY'laH C-C-CBH311. DOJIb3YHCb 

npI1Be.ueHHOH Bblrne cpOpMyJIOH (1), MO}KHO nOKa3aTb, "ITO 1130TOnHbIH ~cpcpeKT 
B 3TOM CJIy"lae XapaKTepH3yeTcH BeJIH"IHHOH ~c-H=kcl3_H/kc"_H=0,9983. 
T. e. Ha nOpH.lI,OK MeHblIle, "IeM .1C-C. DOJIaraH, 'ITO nepexon: c-d He06paTHM. 

M02KeM 3arrHCaTb Rd=8C-HRc, ,r.lI,e Rd-H30TorrHbIH COCTaB yrJIepO.lI,a, rrpHcoe

n:HHeHHoro K perneTKe. 
Ha6J1lo.uaeMbIH B 3KCnepHMeHTe H30TonHbIH 3cpcpeKT Me>Kn:y Ta30BOH cpa-

30H (Ra) H HapameHHCH "IaeTblO KpHCTaJIJIH"IeCKOH <i>a3bI (Rd) .u0JI}KeH, CJIe

n:OBaTeJIbHO, orrpen:eJIHTbC51 I'JIaBHbIM 06pa30M xapaKTepOM H30TorrHoro <ppaK

UHOtmpOBaHHH B rrpouecce b - c-rrepexo.ua . 

Dpen:CTaBHM .lI,eJIO TaKHM 06pa30M, 'ITO JIHrnb HeKOTopaH ''IaCTb f MOJIe

KyJI CJIOH b nepeXO.ll.HT B aKTHBHpOBaIHlbIH CJIOH c. O.ll.HOBpeMeHHO npOTeKaeT 

06paTHbIH npouec (c - b-nepexo.ll.), npH KOTOPOM lJaCTb f' xeMocop6HpOBaH

HbIX lJaCTHU TepHeT BaJIeHTHYIO CB513b C nOBepXHOCTblO. 

LI.JIH npHMoro rrpouecca MOiKHO 3anHcaTb KI!1HeTH"IeCKHe ypaBHeHHH 1130-

TonHbIX CPOPM B CJIe.ll.YlOmeM BH.lI.e : 

(2) 

r.ll.e bc .. H bo' - rrepBOHalJaJIbHble KOHueHTpauHH H30TorrHbIX CPOPM B CJIoe b, 
npl1'IeM bo,/bc" = Rb 

(3) 

OTHorneHHe KOHCTaHT CKopOCTeH onpe.ll.eJI5leT BeJIH'IHHy KHHeTH'IeCKOrO H30Ton

Horo 3rpcpeKTa B npouecce b-c-rrepexO.ll.a, KOTOPbIH, KaK yKa3blBaJIOCb, paBeH 

~c-c = 0,980. 0603Ha'IHM qepe3 bo - 06mylO Ha'IaJIbHYIO KOHueHTpaUHIO MOJIe

KyJI B CJIoe b, T. e. bo = bc" + bc" , H npoHHTerpHpyeM nOCJIe.ll.Hee ypaBHeHHe B 

npen:eJI:lX OT bo .lI,0 BeJIHqHHbI bo (1 - f), KOTopaH xapaKTepH3yeT qaCTb MOJIe

KyJI, He nepeXO.lI,H~YIO B xeMocop6I1pOBa}[HOe COCTOHHl1e. 

B pe3YJIbTaTe HHTerpHpCJBaHlHI 11 nOCJIe.uYIOllUIX rrpeo6pa30BaHY!f!, rrpY!
.ueM K Bblpa}KeHHIO 

Tn (1 - f) 

R' ' 
In (1-f)-

Rb 

1 

t.c_c 
(4) 

r.ll.e R' - H3CYronBblH COCTaB OCTaBrne HCH lJaCTH MOJIeKYJIHpHo-a.ucop6I1pOBaH

Horo CJIOH. ECJIH 0603HaqHTb lJepe3 Rx - H30TonHbIH COCTaB HOBo06pa30BalI

Horo CJIOH, TO H3 OlJeBH.lI.HbIX C006pail{eHHH H30TOTIHoro 6aJIaHCa HMeeT M eCTO 

COOTHOrneHl1e 

AHaJIOfl1'1HbIM o6pa.'30M ;I,JIH 06paTHoro npouecca (C-8-nepexon:a) 

_1_ = _I n",,:(c...1--.!...f..!...')_ 
R 

In (1- f')_c 
Rx 

(5) 

(6) 

f.ll.e Rc - H30TonHblM C-OCTaB OCTaBrneMC5I nOCJJe 3aBeprneHI1H aKTa 06MeHa 

'IaCTH MOJIeKYJI CJJOH C (KOTopble 3aTeM npl1COe.ll.HHHIOTCH K KpHCTaJI.1HltIecl<oH 

perneTKe). KHHeTH'leCKJ1e 1130TonHbIe 3cprpeKTbI 06pa30BaHHH H paapblBa 

C-C-cBH3eii' paBHbI (T . e. pas'HbI ~c-c B ,npOUeccax 8-C- H C-B-nepeXO.ll.a). 
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