
·C3'f6, 8C 

A-'i ~i-

~ tl I 
A.A.~ypaea, B.C. Eaceea 

CBH3h 

Pl4 - 7212 

~EflORHPH3AUHH OTPHUATERhHYX MffiOHOB 
C PA~HAUHOHHOR YCTORqHBOCThffi 
BElllECTBA 



.. 

A.A.~ypaes, B.C. Escees · 

· CBSI3b · 
~EnORHPH3AUHH OTPHUATERbHYX MmOHOB . 
C PA~HAUHOHHOA YCToAqHBOCTbm 
BEillECTBA 

HaupaBJif'lfO B iK3'1'tD 

• ·~ ., :·.r 



~ : ' 

:,.'1 ... _ 

--· 

"":""1 

. ·;:. ·-r,.t 
.. ;\· 

·-;.; 

... 

·-
.. 

~~--~ 

~-

~:.1· 

·._;,.;_· 

~,7~ 

. "·,.,_ . 

,_ 

.. ..., 

·,~ i 

;_ ·-

.,;-. 

') 

. ~ :" 

~: '. 

~·,,I 

'> ].f_;;--

: 
-._;,_ 

' 

· .... -· 

r;· 

:,!;' 
""<•;"-"''•. 

. "'· ~ 
~ ~. ~< ·" ·. :,":l ·, __ 

~~:.: . 
-.3. __ ,~~~ 

.:::.i·· .. -, .. 

, .. 

-.. Q 1973 061>e()uHeHHbUl UHC•u•yllr JfOepH .. IX UCC.IIec)oeaHUU ,l1y6Ha 

.;~ •. 

:':t 

.; 

·•· ~. _.j .. 

.. -. ~ 

j~ .... !' 

. . 

B pa6oTax 11
•

21 BbiCI<a3aHa rHnoTeJa o TOM, I<aKHM 
o6pa30M .n;enomxpH3aUHH OTPHU~l.TenhHbiX Mroonoa B KoH.n;eH:
cHpoBaHHofi cpe.n;e MOmeT 3aBHCeTb OT MaKpOCKOllH'IeCKHX 
xapaKTepHCTHK cpe.IJ;bl, H pa3BHTa clJopManb·Hafl TeOpHH, 
CBH3biBaiOIUafl nonHpH3aUHIO MJOOHOi~ C 6biCTp'biMH XHMH· 
qecKHMH _ peaKUHHMH Me3opa.n;HKanoB. O.n;itofi HJ xapaKTepH
CTHK BeiUeCTBa flBUfleTCfl ero pa.n;HaUHOHHafl CTOfiKOCTb, 
Koiopyro .MomHo oxapaKTepH3oBaTb Bhixo.n;oM pa.n;HI<anoa npH 
pa.n;HOHH3e cpe.IJ;bl. B pa.n;HaUHOHHOH XHMHH .n;nH xapaKTepn·
CTHKH pa:nuaUHOHHOfi CTOfiKOCTH llOHh3YIOTCfl BenH'IHHOfi 
G R /I/I00 36/, KOTOpaH npe.n;cTaBnHeT co6oii BbiXO.IJ; CTa· 

;6HnHJnponaHnhlx pa.n;HKanoa npH nornc,qennH neruecTBOM 
··IOO 3e 3iteprHH HOHHJHpyromero HJny'leHHH /3/ )J;nH no-- . 
.n;aaneHHfl peKOM6iiHaUHH pa.IJ;HKanoB 3K_cnepHMeHTbl ITO onpe • 
.n;eneHuro G R .n;enaroTnpH .n;ocTaTo'IHO HHJKHX TeMnepaTypax. 
B HaCTOHIUee apeMH xopowo. HJBeCTHo /3/ 'ITO npH pa.n;Ho· - ' . 

-nHJe yrneao.n;opo.n;oa a mli:.n;Kofi H Tnep.n;ofi clJalax o6paJoaaHHe 
· pa.n;HKa.noB npOHCXO.U:HT rnaBHbiM o6pa30M B peJyHhTaTe 
pa3pbiBa CBfl3H C -B ,TaK KaK aTOM BO.n;opo.n;a nerKO BhiXO.U:HT 
H3 KHeTKH cl>paHKa·Pa6HHOBH'Ia /17/,lJ.ame llpH TeMnepaType 
>KH.n;Koro aJoTa aTOMbl ao.n;opo.n;a cnoco6Hbl BCTynaTb B paJ
HHlfHble XHMH'IeCKHe peaKUHII: peKOM6llllllpOBaTb, OTpbiBaTb 
BO.IJ;Opo.n; OT HCXO.U:HbiX MOHeKyn IIHH, B cnyqae COe.n;HHCHHH 
C KpaTHOfi CBH3bl0, npJICOe.IJ;IIHflTbCH K HIIM. TaKHM o6pa30M, 
B 3KcnepnMeHTax no onpe.n;enennro G R paccMaTpnaaroTcH 
pa.ztHKanhi, KoTopbxe o6pa3yiOTCH H Hc'leJaiOT no .cne.n;yro-

: IUHM KaHanaM I 41: 

RH~(RHJ*- R'+H', I'-· 

RH + H' - R; + H 2 , 

RH +_ H'- RH;·, 

H'+ H '-+ H2 
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u . ero · KacKa.nnLdi nepexo.n na · K - op6HTY ·.conpoBo:>K.naiOTCH 
ncnyci<anne:M 3HaqnTeJILHoro KOJIIIqecTBa 3~e.KTPOHOB O:>Ke/sf, 

qTO MO:>KeT npHBCCTH K CHJibHOMY KyJIOHOBCKOMY paCTan
KHBaHHIO BLicoKononn3npoBaHHbiX 4JparMeHTOB MoneKynLI I 6/. 
3TO, B CBOIO oqepe . .D:blnpHBO.D:HT K paJJ:HOJIH3Y cpe;:J;LI, OKpy

:>KaiOil\CH Me~opa.nmmn. OqeBH.D:Ho, qT,o .nmr TaKHX coe.nnne

HHii, KaK yrJieBO.D:OPO.D:bi, pa.nnaUHOHHOe B03.D:CHCTBHC . Ha 

cpe.ny B MecTe o6pa3oBalmH :Me3oaToMa 6y.neT o.nnHaKOBbiM, 
TaK :KaK noca.o:Ka MIOOHOB ocyll\eCTBJIHeTCH rnaBIIbiM o6pa- · 

30M. ila aToM yrnepo.na. B ·:HoM cnyqae pa.nnaunonHLiii 
BbiXOA pa.nnKanoB, o6pa3oBaHiiLIX · 3JieKTponaMH O~t: H oc

KOJIKaMn MOJICKYJILI, orrpe.neJIHT CKOpOCTb BCTYiiJICHHH MC30-
pa.D:HKaJia' B XHMHqecKyiO peaKUHIO-H TeM CaMblM ~-. OCTaToq

HYIO nOJIHpH3aUHIO MIOOHa •. 

H3Mepenne pa.nnaunomwro BLixo.na pa.nnKanoB npn no
rnomennn Bei.QeCTBOM :meprHH 100 3B noCBHil\CHO 60JiblliOe 

KOJUiqecTBO pa6oT. B I 4/ .naiOTCH CCLIJIKH ua ocnoByiO nn

TepaTypy H IIpiiBO.D:HTCH BCJIHqHlJbi GR /1/100 '38/ AIIH 

tlOJiblliOro I<OJIHqecTBa opranuqeCKHX COC.D:IIHeHHH. 3TH Be

JIHqHHbi nonyqeHbi _ npH pa.D:HOJIH3e nyqKOM 3JICl<TpOHOB C 

3Hepru~ii "" 1,6 M38 . npu TeMnepaType. oopa3UOB -180-f 
0 . . 

+ -150 C. CToJIL. HH3KaH TeMneparypa BLI6npanacL .D,JIH 

npe.D:OTBpall\CHIIH BTOpHqHbiX peaKUHH paJJ:HKaJIOB B TBep.noii

rlJa3e. EcTeCTBenno, qTo npn TaKoii TeMnepaType cTa6nnn-
3HpyroTcH TOJibKO .D:OCTaTOqHO TH:>KeJible paJJ:HKaJibl C OTHO

CHTCJibHO MaJibiMH K03rPrPHUHCHTa~Hi .D.HrPrPY3HH. 
: H3 _ Bcex H3BeCTHLIX uaM no mnepaTypnLIM ncToquuKaM 

/eM., uanpuMep, I 4, ·1, a/ I 3KcnepuMenTaJILHLIX .nanHLix 

o pa.nuaunonnoM BLixo.ne pa.nnKanoB GR/1/100 38/B Ta6n.1 
npHBC.D:Cllbi Te, ~JIH KOTOpbiX 6LIJIII H3MepeHbi OTHOCHTCJib

HbiC /no. OTHOlliCHHIO 'K rpai}JHTOBOH · MHllleHii/ K03rPrPHUHCHTbi 

aCHMMCTpiiH 
a/a ./9, 10,11/ c •• 

3JICKTpOHOB f'·--_. e -- pacna.na B e.nun_u~ax 

IJpe.D,CTaBJieHHbie COC.D:HHCHHH no BeJiuqnue GR/1/10038/ 
pe3KO ·.neJIHTCH ua .D,Be rpynnLI: apoMaTuqecKHe COC.D:HHCHHH 
c BLIXO.IJ.OM G R < 1, n nacLIIUCHHLie- coe.nunennH c ·G R> l.IIo 
MHCHHIO aBTOpOB pa60Tbi /12~ TaKaH pa3HHUa B pa.o:HaUHOH
HOM BblXO.D,e• pa.D:HKaJIOB o6yCJIOBJICHa pa3JIHqneM B 3Hepre;. 

THqecKOM nOJIO:>KCHHH nepBoro ypOBHH B036yic.neHHH MOJieKyJI. 

4 

,, 

.. 

.0 COC.D,HHCHHHX C KpaTHhiMii CBii3iiMii 'nepBbiH ypoBeHb 

B036Y:>K.D:CHHH JIC:>KHT HII:>Ke 3HeprHH CB113H C -H 11, CJIC.D,OBa~ 
TeJILHO, BepoHTHOCTb .nuccounariun H3 nau6onee ~onro:>Kn
BYil\ero ne}moro ypoBHH B036y:>KJJ:CHIIH B 3HaqHTCJibHOH 

cTenenn no.naBneua. 
H3 Ta6n. 1 Bn.nna oTqeTJIHBaH KoppeJIHUHH M~:>K.D.Y panna

UHOHHbiM BbiXO.D:OM pa.nnKaJIOB II OCTaToqnoii nOJIHpH3aUIICH 

MIOOnOB B COOTBeTCTBYIOI.QCM Bell\eCTBe. qeM 60Jibllle G R , 
Te~ 60Jibllle OCTaToqnaH nOJillpH3aUHH. 3Ta KOppeJIHUHH 

onpe.neJIHCTCH CBH3biO. OCTaToqnoii noJIHpH3aUHH MIOOHOB 

CO ~KOpOCTbiO XHMHqeCKHX .peaKUHH Me3opa.D,HKaJia, npo- . · 

nopUHOHaJibHOH pa.nuau:HonnoMy BblXOAY pa.D:HKaJIOB. 
B /;_/ npHBO.D:HTCH COOTiiOlllenHe, CB113biBaiOil\ee OCTa

ToqnyiO nOJIHpH3aUHIO OTpHUaTeJibHLIX MIOOHOB CO CKOpOCTblO 

BCTynneHJI.H · Me3opa.D:HKaJia B XHMHqecKyiO peaKUHIO. 3TO 
COOTHOllleHHe 6biJIO nonyqeuo B npe.nnono:>KenHH, qTO CKO

pOCTb CBepXTOnKOrO B3aHM,O.D:eHCTBIHI v· MarHIITHOrO MO

MeHTa napaMarnHTHOH 3JieKTpOHHOH o6onoqKH C MarnHTHblM 

MOMeHTOM .Mroona ua K -o6onoqKe 3JiaqHTeJILHO 6onbllle 

qaCTOTbl npeuecCHll {l CYMMapHoro MarHHTHOrO MOMenTa 

BO BHelllneM MarnHTHOM none. ,!J;IIH Me3opa.D:HKaJia 6opa 

/c.pe.D,nee 3naqenHe .D:JIH ocnoBnoro ·II MeTacTa6HJILHOfO 

cocroHHHH · 3JieKTponnoii o6o.iJoqKnv;,; 2,5.10 9ceK - 1u!i';;;. 
10 9 ·pa/) ·ceK.-1/ cneJ:iyeT o.nnoBpeMenno yqHTLIBaTL BJIHHHHe 

o6i>ux B3anMo.neiicTBHii. B 3TOM cnyqae K03rPrPHUHeHT acHM

MeTpHH 3JICKTpOHOB pacna.na onpe.neJIHTCH KaK cpe.nnee . 

no BepOHTHOCTll BCTynJieHHH B ·xHMHqecKyiO peaKUHIO: 

x(t 
1

) =· FB
0 

cos( (JJ t + Ot 1)+(1- F) B
0
cos( (JJ t+O t 1 + 11 f(t 1 ,v)). 

/2/ 
3.D,eCb t 1 :-, BpeM.H BCTynJieHHH MC30aTOMa B peaKUHIO, 

1 ·. 2 
F =- [1 + ], 

3 (2j + 1)2 /3/ 

J - MOMenT napaMarHHTHOH 3JieKTponuoii o6onoqKH Me3o

pa.D:HKaJia,. B0 - Ko3riJriJuunenT ·acHMMeTpHn 3JieKTPOH9B pac
na.D,a, KOTOpbiH COOTBeTCTBOBaJI 6LI IIOJI.HpH3aUHll MIOOHa • 

K MOMenTy OKOHqanHH KaCKa.D:a, 

5 
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; = 0; ecmr u;enaH 'liaCTI. 

f( t , ·v), 
' 1 - . ' 

• = 1, ecnn u;enaH qacTh 

'· "· 

(t-;il) 
1 

"ieTna, 

(:
1 

.;.,) •HelJ:eTna; 
i41 

"-' - "iaCTOTa npeu;eCCHH CB060.IJ:HOrO_ CnHHa MlOOHa, Ha6,niO;. 
.n:aeMaH B 3KCnepHMeHTe .. 

Ypannenne /21 npnno.n:in K cne.n:yroiiJ;eMy'cooTHOIIIeHHro 
Mem.n:y nennt.imioii ocTaroqnoii nonHpHJau;HH H :cKopocThiO 
ncTynnennH MeJopa.n:nKana 8 xnMnlJ:ecKyro -peaKu;nro: · 

,\ 

ch - 0 
- co& .D: 

v 
,\ - \2' ., -

ao: o 1\ · 2 
a/a =-·-·I [ 0 ][F +Il-F) 

c a Ao .\2+ n 2 
c 0 

v 
,\ (l + 

ch - 0- + cos ..:...; :· · 
v v 

sh 
,\0 
v ' 1/2 

ch ~- ' : n ' ] l . 
·+cos-

·+ 2 F (1...; F) .:'}51 

v v 
~· 

IlpH ycnoBHH . v » 0 H ,\ 
0 
» 0 

XO.IJ:HT B 
3TO COOTHOIIIeHHe nepe-

a .\ . . 
·.a/a =· --0 

• ;....._ [F + (1.:. F )th c ' 
a ,\ 

c 0 

,\0 
-], 
2v 16/ 

KOTopoe n 6hlno- .n:ano B I 2/. __ 
B fgf no «lJ~pMyne /61 6hmn o6pa6oTaHhl,3K~nepHM~n-

.. TanhHhle .D:aHHhie no TeMnepaTypHOH JaBHCHMOCTH OCTaToq- _ 
noB: non.RpHJau;nn_ B cTiipone n 6enJone, a B /13/- qo TeM- · 
nepaTypHOi JaBHCHMOCl'H B BO.IJ:C H 7 ,5'1o-HOM paCTBOpe 

: ~ 

/! .... 

·r 
. ''{f, .. 

nepeKHCH no.n:opo.n:a. B l'a6n. 2'lnl'ophle cl'pOKH .n:n.H Kam.n:oro .. ~· a 
BCIIJ;CC'l'Bal npHBC.IJ:CHhl peJynhTaThl. o6pa60TKH TeX me Ja•
BHCHMOCTeH no ypanneHHIO . 151 B npe.n:nonO)KeHHH, "iT.O 

a ,\ 
BenH'I.HHa __!]_ • ;....._ He JaBHCHT Ol' l'CMnepal'yphi, a 

.ac Ao 
·r · E · 

,\ = A(--) exp(-· -), 
0 300 RT . 

:..._' ... 

171 

6 
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·· ~- r.n:e A - npe.IJ:3Kcnonenu;nanhHhiH MHO:»<HTenh -'cKopoc-Tu -xH-
MH"iecKoii peaKu;Hu · · MeJopa,rinKana· npu · TeMn~paTyp~ 
T =-·300° K;. E- _3neprua··aKTHBHJau;nu XHMH"iecKoii peaKIJ;HH 

, ·MeJopa.IJ:HKana .c o6pa3oBaHHeM .IJ:HaMarHH;Horo npo.n:yKTa 
... H R- nocT_o.RnnaH-Iionhu;MaHa. MHO)KHTenh,· nponopu;nonanh;. · 

.: HhiH nepBOH CTeneHH TeMnepaTyphi (T /300),· BBe.IJ:eH B Bhl-
·. -pa)KeHHe ;inH A ·, TaK KaK XHMH"iecKHe. peaKu;un MeJopa.n:u-• ' . ~ o. '' ' ' ·~-" 

Kana C pa.IJ:iiKanaMH, o6pa30BaHHhiMH B cpe.n:e, .IJ:On)KHhl 
onHChiBaThCH Ha .OCHOBe npe.IJ:CTaBneHHH · :0 XHMH"ieCKHX 
peaKu;H.Hx, cKopocTh KoTophrx KOHTponupye.TcH .n:H«iJ«<JyJHeii ;i4/. 
06pa6oTKa nenach MeTO.D:OM naHMeHhiiiiix KBa.n:paTon onlo-
.-.- . ao ,\ . . . ''· 

.CHTenhno n_apaMeTpon ~· -; E n A. 06paiiJ;aroT na 
. - a ,\ . . 

c 0 

ce6.R BHHManue nechMa Manhie nony"ieHHhie JnaqenHH 3Hep
rHH aKTHnau;un E, "'TO n'o.iil-nep:»<,zlae+ pa.n:nKan-:-pa.n:H:KanhHhiH 
xapaKTep peaKUHH Me.JoaToMa. 'B nepBhix · cTpoKax .n:nn 
Ka>K.n:oro Hl neiiJ;ecTn npnne.n:enhi .n:annhie, nony"ieHHhie n .pa-
6oTax ( 9• 131, npn"ieM· JHa"ieHHH .\0 .nepeclJ:HTaHhi- n ·'cooT
neTcTBHif. C . 6onee TOlJ:HhiMH 3HalJ:elll !1MH v, paBHhiMH 
2,S.10 9 ce.K-:-1;JtnH Me3o6opa H 7.10 9 -cet<-1):(nH Me3oii3oTa. 
B nocne.n:neii KonoHKe Ta6n. 2·· npnne.n:enhl cKopocTH XHMH
q~cKHX peaKIJ;HH MC3opa~HKan~B IIpH KOMHaTHOH TeMnepa-

·Type. ~ 

H.3 Ta6n. 1 Momno B_hi6paTh coe.n:nneHHH, 'KoTophie npn 
.. pa.n:nonH3e 6y.n:yT .n:anaT:i. pa.n:nKanhi, npn~epno o.n:JinaKOBhiM 

96pa3oM pearnpyiOIIJ;He c Me3opa.n:nKanoM IMe3o6opoM/: 
,3TO apoMaTH"ieCKH·e COe.D:HHeHH.H l3a HCKniO"ieHHeM aHH30na, 
,IJ;nJI KOToporo HaMH nonyqena aHOManhHO 6onbiiiaH nenHtlH
H~ /"?3()rl/ol 3axnaTa MIOOHOB rpynnoii OCH3 I. IJ;HKnoreKcan 
H no.l'hi:nnnen. A>enon TaKme ·nona.n:aeT n 3TY rpynny, TaK 
KaK .n:n.H ·nero noca.n:Ka na KHcnopo.n: ~ 7'1o. Bo ncex 3THX 
COe.IJ:HHeHHHX, nOMHMO aTOMapnoro BO.IJ:OPO.IJ:a, o6pa3yiOTCH 
pa.IJ:HKanhl, .IJ:OCTaTO"iH0·:_60nhiiiHC IIO CBOHM.pa3MepaM, lJ:T06hi. 
He MHrpHpOBaTh H3 30Hhl XHMH'IeCKOH aKTHBHOCTH Me3o" . 
pa.n:ni<a.ria /H/; . . - ·. ~ ·- · · :· ·. . 

.Ha· pHcyHKe .npHBe.n:ena. 3MIIHpH"ieCKaH' CB.H3h Mem.n:y. 
' ' ' ... ~ , ' 

3KCIICpHMeHTanhHhlMH. ,IJ;aHHhiMH .IJ:nH: OTHOCHTenhi,I9H · nenH'lJH-
Hhl 'Ko34Jtl!uu;nenTa· acHMMeTpHH a/ ;c In nenn~IHH:\hi 'pa.n:na,u;non,. ·< 

' c HOrO. BhiXO.IJ:a pa.IJ:HKa.iiO'B .n:nH Bbi6paHHhiX H3 Ta6n. 1' coc--
' .nnnennii I OIIIH6KH C R na pncynKe ne noKa3aHhii. 

-7 
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3aBHCHMOCTb OTHOCHTenbHOrO K03~~HQHCHTa aCHMMeTpHH 
OT nemPIHHhi pa.n:naqnonnoro BLrxo.n:a pa.n:nKanon. HyMepa
QHJI cne.n:yeT Ta6nnue 1. 

IInannaH KpnnaH, · .n:ocTaTO"'HO xopowo onncLmaromaH 
2 

3KcnepnMenTanLHLie TO"'KH I X =3,11, cooTBeTCTByeT co-
oTnowennro 151 npn ycnonnn, "'To 

>-o=AGR'• IBI 
IIpn 3TOM nony"'eHLI cne.n:yromne 3HaqennH napaMeTpon: 

a >.. . 10 -1 
-

0 
·-= 0,51+0,03 n A= 11,7+0,31.10 ceK npn >.. - -

ac 0 

G R=l; own6KH B aennqnnax G R ne y~nTLinanncL. 
PHCYHOK n03BOnHeT OQeHHTb CKOpOCTb BCTynneHHH Me-· 

3op·a.n:nKana B XHMH"'ecKyro peaKunw c pa.n:nKana:r.m, 'o6pa-
3YIOlllHMHCH npn OCTaHOBKe H 3aXBaTe MIOOHa a·pa3nH"'HbiX 
coe.n:nnennHx np:R KOMHaTnoii Te:MnepaType. CncTeMaTn
qecKaJI OlliH6Ka B onpe.n:eneHHH CKOpOCTH XHMH"'eCKOH pea,K
QHH, o6ycnonnennaH ~OpManH3MOM onncaHHH 3aBHCHMOCTH, 

8 

. j ' 
l i 

:.,t' 

- • I ' 

... He ripem:.Iwae.f 30o/o,: a 20o/o-nan: neonpe.n:eneuuocTL aenn"'HHbi 
G R I 4/ _n~nao.n:nT :K 20Cfo-uoii ri:orp~~ua'cTii ~ ,X0 •. Cne.n:o:. 
BaTenbHO, OlliH6Ka· onpe.n:eneUHH CKOpOCTH BCTynneUHJI Me-
30pa)l;HKana a·xnM~<IecKyio peaKun'ID,rio pncyu:KyoKono 27o/a.·· . . ' , . 
Ilony"'eHHbie H3 COOTHOIIICHHH 18/ C yqeTOM OIIIH60K G . . . • ·,. ·:· . R 

'· ·. CKOpOCTH BCTynneiiHH MC30pa)l;HKana B XHMH"'eCKYIO peaKQHIO 
.· llpH KOMHa~HOH TeMnepaType )l;nHc6eH3ona•H CTiii>Ona COCTaB

nHIOT •· cooineTcTneuuo 12,7 + 0,7/.10 9 · ceK-1 

n 15,1 ± 1,41.109 ceK-1_ n B npe.n:enax-3Kcneiml\n:mTanLHLix 
H CHCTeMaTH"'eCKHX norpelliHOCTeH COBna)l;aiOT CO CKopo-

'· 
' 

-. CTHMH,. nony"'eHHbiMH no TeMnepaTypHOH 3aBHCHMOCTH OC
.TaTO"'HOH nonHpH3aQUH B Tex )Ke BeUleCTBax; 3TO )J(e MO)J(HO 
o1'MeTHTb n .n:nH 3uaqeunii ."napaM:eTpa . ~c +o I CM •. 
Ta~n. 21. <I>aKT ua6nro.n:eun11 KoppenHu;nn Me)J(.n:y aennqnuaMn 
OCTaTOlJHOH nonHpH3aQHH · OTpnqaTenbHbiX MIOOHOB. If pa
)l;HaQHOHHbiM BbiXO)l;OM pa)l;HKanOB B)l;aHHOM BeUleCTDe MO)J(CT 
cny)J(HTb no.n:Tnep)J(.n:euneM rnnoTe3LI o 6LICTpbiX lcpaaua-
MbiX CO ·cKOpOCTJIMII CBepXTOHKOrO pacmenneHHH/ XHMJI
'le_CKHX pe·ai~QnHx Me 3op~.n:nKana 6opa · P. B . . 

Y"'HTLIBaH, "'TO cpe.n:uee npeMH ncTynnennH Me3o6opa 
p..B B XHMH"'eCKHe peaKIJ;HII C OKpy)Karoiueii cpe.n:oii· nopH)l;Ka 

2 + 3.10~1 ° CeK,' cne.n:yeT .O)J(II)l;aTb, "'TO BCniPIIIHa a/ a c 

· n ··oTnnqne 'oT . G R .n:on*ua 6LITL '"IYB~TBHTenLna ue TOnLKo 
K pa.n:nKanaM, o6pa3yroru;nMcfl: no KauanaM /11, no n K pa
.n:nKanaM, .o6pa3yromnMcH a peJynLTaTe pa3pbiB~/C-~!cn1I-
3II, Ta:K. · KaK Me3o6op · MO)J(eT 6LITb aKqenTopoM raKnx 
pa.n:nKanoa n H"'eiiKe <I>panKa- Pa6nuoanqa 14/. Bepo.siTuocTL 

. XHMH<iecKnx' peaKQHH Me3o6opa c aToMaMII ao.n:opo.n:a H 
no- BII)l;IIMOMY, Mana H3- 3a IIX .BbiCOKOH no.n:an)Kuo~TH, i<o
TopaH yMeHblliaeT KOHIJ;CHTpaQHIO BO)l;OpO)l;a B· 30He XIIMH-

. "'CCKHX peaKQIIH Me3o6opa. lf3 ~aKTa uanHlJHH KOppenHIJ;HII 
Me)K.IJ:Y aenntJunaMn ~/a c n G R Mo)l(uo c.n:enaTL BLIBO.D:. 
o TOM, "'TO pa.n:nKanLI, o6pa3yromuecH no KananaM. 1" u 1 '~' , 
HaXO)l;HTCH. B pa.n:nyce XHMH"'eCKOrO .IJ.eHCTBIIH MC30pa)l;HKana 
6opa. 

lf3 )l;aHIIbiX Ta6n. 1 BH)l;HO, "'TO OTHOCIITCnbHbiH K03~~H
QHeHT acuMMeTpnn a Kncnopo.n:'co.n:ep)J(amlix aemecTnax 
l3a ncKnroqeuneM ~euona ·no yKh3auuoii BLIWe npntJnue/ 

. 3na"'nTenLno _6onLwe, tieM B yrneno~opo.n:ax. 3ToT ~aKT 
TaK · )J(e · nerKo . o6'hHCnHeTcH ua ocuoae npe.n:cTanneunH 
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0. 6biCTpbiX XHMHqecKHX peaKUHHX. Me3opa,llHKana. ,D;eno 
B TOM, qTo Me3opa.u.nKan a30Ta IL N' nonyqaiOllliiHCH t~PH 
aTOMHOM 3aXBaTe MIOOHa KHCnOpO,IJ.OM, oqeHb 6biCTpo BCTy.

naeT B XHMHqeCKYIO peaKUHIO He TOnbKO_ C, pa,llHt<anal.m, 

HO H C HeHTpanhHbl~H MoneKynaMH opraHnqecKliX BellleCTB 

C o6pa30BaJ{H~M B OCHOBHOM ,llHaMarHHTHOrO UHaHa 
H-C:jLN/161. · 
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