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0HnwyK B.A., nonropauKHii M.H. Pl2 - 7927 
Q B03MOJKHOM Bni!SIHHH KB8HTOBOM6X8HU•ieCKUX. "'6H6!JHH' 

H8 CKOpOCTb XHMHqeCKHX p68KUHH 

06cyJKll86TCH llpHHUHOH8nbH8H B03MOlKHOCTb 06HapylK6HHH KB8HTOBOM6-

X8HHqeCKHX ~6HeHHH' B XHMnqecKHX p68KUHHX, B KaqecTBe o6oeKT8. HCCne

llOB8HHH paccMaTpHBS!OTCH MoneKynhi1 o6nanaromue xnMnqecKH paanuqHbiMH 

KOH4JurypaUHHMH·, paaneneHHblMH npOHHU86Mb!MH UOT6HUH8nbHbiMH 6apbepaMH, 

CeqeHHH peaKUHH TSKHX MoneKyn MoryT OK838TbCH nepnonnqecKHMll ¢yHKUHH 

MH Bp6M6HH 1 qT01 KSK UOK83b!B86TCH B pa6DT6 1 npHBO/lHT K 38BHCHMOCTH 

KOHCT8HTbl CKOpOCTH XHMHqeCKOH p68KUIIH OT KOHU6HTp8UHH pear6HTOB, 

KonuqecTBeHHoe paccMoTpeHHe npoBeneHo Ha npocTeftweM npuMepe 

MoneKyn C llBYMH OllTHqeCKH 8KTIIBHb!MH KDH¢urypaUHHMH, 

npu nonyqeHHH ·peaynbT8TOB I!CrrOnb30B8H annapaT KB8HTOBhlX KHH6TH

qeCKHX ypaBH6HHH, 

Coo6JneHMe 06!.eWtHeHHOrO HHCTMTyTa H.Qep~bl?' MCCJie,llOBaHMit 

,izy6Ha, 1974 

Onishchuk V.A., Podgoretsky M. I. P12 - 7927· 

About Possible Influence of Quantum-Mechanical 
Beats on the Chemical Reaction Rate 

The principal possibility of displaying the quantum
mechanical beats in chemical reaction is discussed .. •The 
molecules with stereoisomers divided by penetrating poten
tial barriers are taken as object of investigation. The 
cross-sections of the chemical reactions for such molecu
les may be periodic functions of time. This leads to de
pendence of the chemical reaction rate on reagent concen
trations. For quantitative consideration the molecules 
with two enantiomeric configurations are chosen.The quan
tum kinetic equations are used in obtaining the results. 

Communications of the Joint Institute for Nuelear Researeh. 
Dubna, 1974 

----~~~--· 

@ 1974 061>eOuHeH~blll UHC111U,;y11f JIOepHI>JX UCC.IIeOo6aHUU ~y6Ha 

Opn o6cy)imennn nnnaMnKn xnMnqecKnx peaKIUIII· o6hl'IHO 

npennonaraeTcH, 'ITO cnoflcTBa pearnpyro1unx MoneKyn ne 

3aBnCHT oT npeMem-r. 3To .aellc_TBHTenhHo non)i{HO HMeTh 
MeCT0 1 ecnn MoneKynbl H8XOJlHTCH B CT8UliOHDpHh!X KB3H

TOBOMeX8Hl1'1eCKliX cocTOHHHHX. OnnaKo cocTG5liiHH, B KO
TOpurx npe6biB8IDT MOllCKYilbl B npOMe)i{yTKDX Me){{JlY coylia

peHliHMJI1 npeJlCT8B11HIDT li3 ce6H cyrtep!103HUiiiD CTlllllf0-
!18pHl>IX cocTommfl ii no3ToMy, noo6me ronopH necTauno·
.napnbi. TaKne cynepno3nunn, conpoBO/!Hla ,. IIUWCH KnaHTono

Mexanu'leCKRMH . "6neHli51Mll" 1 npliBO.'lHT D IIeKOTOpi>IX 
cnyqa5JX K TOMY 1 'ITO P.epOHTHOCTh BCTynnemm MoneKyn 

.n XHMH'IeCKYID peaKUliiD 5innHeTCH·. nepnonH'IecKoii qtynKuHeii 

npeMenn. B 3TliX cny'laHX non){{Hbl HMeTh MCCTD xapaKTep
Hhle KonuenTpaunoHHhie· KpltBbre, mw. KoTopi.rx orrpenenHeTcSI 
cooTnomenneM Me)l{JlY nepnonoM "GHennii" n cpennnM npe..: 

. - . 
MeneM ){{II3Hll MoneKyn ITO OTIIOWeHHID K XllMH'IeCKIIM npe-
BpanieHl!HM., B nacTomueii pa6oTe rrpiiponaJ' yrroMstHyToro 

31jl<jleKT8 llCCnenyeTCH Ua OJlHOM JI3 llpOCTeiiWHX B03M'J)i<.'-lb!X 

rrpnMepon. 
0yCTh JIMeeTCSI HeKOTOpoe BelUeCTBO C 1 Moneeyllbl 

KOToporo o6nanaroT OflTII'IeCKH aKTIIBHOH rrpaBOH C R 

II neBoii C L ll30MepHbiMll KOHqmrypaUII51MH 1 pa3ileneHHbiMll 
nponiiuaeMhiM noTenm;anhHhiM 6aphepoM. nocnennee 03Ha

qaeT, 'ITo, ec:m r.wneKyna C cno6onna II B MoMenT npeMenu 
t · =0 H8X0Jlll118Ch B. rrpaBOH KOHltmrypaUlill 0 TO BepOSITHOCTh 

o6napy)i{IITh ee B Kon<jlnrypamm C L · HMeeT nmi: 
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(I) 

II nepiiOlliiqeCKII II3MeHSieTCH OT Hyng llO eniiHIIUbl ( CMo 1 

aanp./11). BeniiqiiHa ~/h ecTh qacToTa "oiieHIIii", 

TO eCTb nepexonos c R ~ c L ' II HBnHeTCH xapaKTepiiCTII

KOii npOHIIUaeMOCTII 6apbepa. 4aCTOT8 nepeXOllOB oqeHb. 

qyBCTBIITellbH8 K BapiiBUIIII ~OpMbl 6apbepa 1 TBK KBK 8KC

noHeHUII8llhHO 38BIICIIT OT ero IIIIIpiiHhi. floaTOMy B npii

pone BCTpeqaJOTCH semecTBa II C HeOObJqaiiHO M8llbiMII 

II, c oqeah 6onhiiiiiMII 3HaqeHIIHMII ~/i'i • H ecnii nepB~Ie 
BOCnpiiHIIMBIOTCH K8K nOCTOHHHO HBXOllHIIIIIeCH B ~IIKCIIpO
BBHHOH KOH~nrypaUIIII (npaBoii, nii6o,nesoii), TO BTOpbie

KBK onTIIqecKII HeaKTIIBHbie. B HBCTOSIIIIeii pa6oTe IIJleT 
• ~ • ' • • . ' ' 1 '- • -•• ' ·' • 

peqh o npoMeJKyToqHhiX cnyqagx, cymecTBoBaHne KOTOphiX, 

B npnHUIIne, He IICKlliOlfeHO. 

flpennonoJKIIM, qTo s ra3osofi cMecn npoTeKaroT pe-

8KUIIII 

A+B -.C +D II c + E -> F + 'G ' 

npiiqeM semecTBo C poJKilaeTCH B npasoii KOH~IIrypaunii, 
a MoneKyllhi .EemecTsa E peariipyroT c C8 , Ho He 

scTynaroT B. peaKUIIIO c C L ·* • floKaJKeM, qTo KoHcTaH-

.Ta cKopocTII BTopoii XIIMIIqecKoii peaKUII~ 3BBIICIIT o~ KoH

ueaTpaUIIII NE MoneKyn E • lleiicTBIITenhHo, nycTh 

KoHueHTp.aUIIH N E aacTonhK.o ·sennKa, qTo seniiqnHa r 
SIBllHIOIIIBHCH cperiHIIM. speMeHeM JKII3HII MoneKyllhi C .. no 

OTHOIIIeHIIIO. K XIIMIIqecKIIM npeBpameHIISIM, MHOrO MeHbiiie 

nepiiona 1i/ ~ . · · non6apbep.Horo nepexona. Torna npaK

TIIqecKII Iice BCTynaromne B peaKUIIIO MOi!eKyllhl OYllYT 

aa xonnThC\ B npasoii KoH~IIrypaunii. Ecnn :lKe N E TaKosa, 

'iTO. T >> ~ t TO nOllOBIIHa MOlleKyll C :OKBJK,eTCH 

·* 3To o3aaqaeT, .qTo MoneKyna E TaKJKe HBllHeTCH 

onTnqecKII 8KTUBHOii. 

4 

B npaBOll KOH~HrypaUHH, llOllOB~Ha - B ll~BOH II KOHCT8HT8 

c:KopocTn 6yneT snsoe MeHbiiie, · qeM s riepsoM cny~ae. 
Bbiiiie n3noJKeHa niiiiih npiiHUHUIIanhHaH cxeMa. B neti

CTBIITenhHOCTH He06XOlliiMO yqecTb r:iBa Ba:>KHbiX YCllO:lKHH~ 
IIIHX QOCTMTellbCTBB, KOTOphie, OllH8K01 He 38TpariiB8IOT 

np1IpOllbi o6cy~riaeMoro a¢q1eKTa.;· O.nHiiM H3 HHX HBnHeTcH 

38BllCIIMOCTb 'l8CTO'Pbl no,n6apoepHblX nepeXOllOB OT KOH

ueHTpBUIIH qacT~~E 
MoneKynhr s ra3e onncbmaiOTCH, KaK n3secTao, 

ObiCTpopacnnhiBaiOIIIIIMHCSI sonHoBbiMII. ·· naK:eTaMn,· oxsaTbr- · 

B8JOlllHMH OllHO~peMeHHO OOllhlliOe K01JRqeCTBO qaCTIIU ra3a. 

· 3TO npnBOUHT K' B381IMOJleiiCTBIII01 8KBUBarreHTHOM)' Ha.JIII'JiJIO 

HeKOToporo 8{~!f>~KTIIBHOro noTeHUIIana Udr ' pa3ll1Iqaoro 

mm MoneKyn s npasoii II nesoii Kon!f>nrypaungx, · noeKonht~y 
B38IIMOJleHCTBne CK II ch c E pa3rrnqao .. HcxOJlH.

HanpiiMep, H3/2/ 1 · MO:lKHO llOK838Tb 1 qTo YK83tlHHhre no·-

. . R L 2 h2 · ll.L· · 
2

. 
TeHUJt8llbl paBHhl u rr' = N.,. - 17- Re f r' ( 0. v ) I rJl8 

e •.• me. . 
f n,L ( 0, v2 ) - aMnniiTYllEI paccesrHIIH snepe.11 C R 

nn6o C ·r. aa qacTnttax E , v · - _cKopoCTh MoneKyw,r · 

C * • On II JlOJTJKHt>I 6&JTh npn6asneHhl K HCXOllllLIM no-
. . 

· TeHlliifrll1IM1 onpenemiJOIIIHM BHyTpeHHIOIO CTpyKTypy CBOOOJl-

HhlX MorreKyn. B pe3ynuTaTe noTenmHlllhHLte· SIMF>i, oTseqaro

nme npaBoii 'n neaoif KOH~IIrypaUIISIM, nepecTaiOT ObiTb 

1Ill8HTHqHJ>fMII 1 MeHHeTCH qaCTOTB "no.n6apbepHhiX"- rrepexo~ 
llOB H CTaUHOHBpHhlMH CT8HOBSITCSI COCTOHIHHI C npeliMy

liteCTBeHHhiM BK1l8llOM' OllHOii Ji3 KOIJqtMI'ypaUIIii ( B npenenh-

HOM · cnyqae ·O'teHh 6onh1II~X NE cTaunoHa'pnhiMII oKa3bt-

aaroTcSI COCTOHHIISI 1 . COOTBeTCTBYIOIIIIIe 'liiCTO npaBbiM II 

qliCTO neBbiM VloneKynaM). no TOH JKe caMoii npHqHne 
A . 

~acToTa l't" lrnon6aphepnhrx" nepexonos nonJKaa· 3aBIICeTh 

II OT KOHUeHTpBUIIII HeK()TOpbiX. "HeiiTpallbHbiX" KOMllOHeHTOB 

ra30Bofi· CMeCH - KOMROHeHTOB, M01lt?KYlll>l KOTOpbiX He 

-----------* flpH . aanHC8HIIJI BblpalKeHHH .. JlJlH .. -u efC MoneKyJibi E 
C'lllTBJIHCb nOKOSIIHIIMRCsr1 qTo 6yneT crrpaBe.UJIHBOto eCliH DHH 

3Hatm renhHO 'I'SI>Keneu MoneKyn C . · · 
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BCTyrraroT B peaKunro un c CR ~ 
pa3HOMY B3aHMonefiCTBYIOT C C 
rypaUHSIX.; 

,.Hn.c CL·. , Ho no-
B rrpaBOH H neBOH KOH~H-

npyroe OCJIOJKHSIIOIUee. 06CTOSITellhCTBO: coynapeHHe C · 
c MoneKynaMn, ae onnHaKoBo BaanMoneficTBYIOIUHMH c CR· 
II C L ,, BeneT K H3MeHeHHIO ~a3hl "6neHnfi"." TiyCTh, Ha- · 
npnMep, .E BaanMoneficTByeT TonhKO c CR · • -Torna Kam
noe cTonKHoBeane C c E , rrpnBoiiSIIUee K· pacceSIHHro,. 

~nKcnpyeT MoneKyny C B rrpaBofi Koa:Pnrypaunn •. _npyrnMn 

cnoBaMH 1 E!CnH no coynapeHHSI BHyTpeHH.ee. COCTOSIHH.e C 
orrnChiBanoch cyrreprroanunefi .a 1 j.R•> :+: a 2!•L·>. c Koa~~n
uneaTaMn, ae paBHhiMH aymo, To aerrocpencTBeaao no.cne 
aero · pacceSIHHaSI 'IacTnua oKa3hiBaeTcsi: B ·cocTOSIHHn I R> ~ 

TiocnenoBaTenl;>HhiH, .y'IeT ·aToro ME!XaHH3Ma, ::"" H830BeM 
era. ynap!lhiM, - B03¥01KE!H nHUib npn HCIIOHh30BaHHH arrpa
paTa KBaHTOBbiX KHH_eTH'leCKHX ypaBHeHHH. 

Eme onao aaMe'laane. -MoJKeT oKaaaTbCSI, 'ITO rrepexonhi 

HMeiOT aKTHBaUHOHHYIO rrpnpony;, TO eCTb of5ycnoaiieHhl 
TerrnoBhiMH: coynapeHHSIMn. Torna B .o6onx rrpeaenhHhiX 

cnyqagx * 3Ha'leHHe KOHCTaHThl CKOpOCTH XHMH'leCKOH f:je
aKUHH nonyqaeTCSI TaKHM JKei KaK · H IIpH rron6apbepHOM 

_ MexaanaMe •.. B . rrpoMeJKyToqaofi o6f{aCTH n. 38BRCRMOCTh. ·. 

KOHCTaHThi _oT NE , n Bnn KoaueaTpaunoHJihiX KpHBhiX. 
6ynyT IIlihiMH (eM. HHJKe)._.a· nanhHefirneM, noKa aTo ·He 

oroBopeao. oco6£?, nepexonhi- · CR ;!· C L - C'IIITaiOTCSI qncTo 
rron6apbepHhiMH. ,, 

... , TipMCTYIIHM .. K KOnH'leCTBE!HHOMy . paCCMOTpeHHIO o6cyJKna
eMoro 9~~eKTa. TiyCTb B ennHHUY 06'heMa ra30BOH _CME!CH 1· 

conepJKa.myro Mone~ynhi ,Tpex .copT_oa S ,_ E :-H._H • Ka~nyro 
ceKyl!nY BBonnTCSI. Nc ,. NoneKyn C , aaxonSIIUHXCSI B· orrpe
neneaaofi KoH<lmrypaunn. BemecTBO · S -pacTBopnTenh, ae 

'ncTyrrarom'nfi a peaKunro 'c C • · M6neKynhi · E pearnpy.ioT 

-TonhKO c· C R · ; a .. , .H -:-'- _TonhKo. c C L , .. TO". eeTL .. B .cMecn 

H.llYT pe-aKUHH 

*To ecTh,. Korna qacToTa· nepexonoit n~6o MHoro 

6onhme, nn6o MHoro M eHbUie. Benn'IHHhi 1/ r • 

!6 

\ 

E + CR ... F + 'G , 

H+CL-> ••• , 

(2) 

'(3) 

rrpn'IeM cpen1-1 rrponyKTOB peaKURH (3) Ot'CYTCTByeT F 
Kc>HueHTpaURSI t:i:ac_TR~ E · n .. H rrpennonaraeTcsi MHoro 

6onbrnefi KOHUE!HTpaURH MOneKyn C , 
OrrpenemrM B cTaUROHapHOM peJKnMe Bhrxon B ennHH

uy BpEiMeHR rrponyKTa F peaKURR (2}. CHaqana Iipenrrono
JKRM, 'ITO Macchi qacTRU E , H , S MHoro 6onbrne_ MaCChi 
MOneKynhi C 1 R 'ITO llpli coynapeHRSIX BffYTpeHHIIe CTerreHR 
cBo6onhi MoneKyn. ( BpamaTenhHhie 11 Kone6a TenhHhie} He 
B036yJKnaiOTCSI; BCe MOneKynhi C rryCTb IIMeiOT paBHhle ITO 
BenR'IRHe cKopoCTR, B nanbHefirneM qacTb aTRX orpaHH'le

HRH 6yneT CHSITa ( CM, IIpl!nOJKeHI!e}, 
Tio aHanorHII C pa60TOH/3 / 38IIRUieM CIICTeMy KIIHeTII-. . . 

'leCKIIX ypaBHeHIIH nng aneMeHTOB MaTpHUbl rrnoTHOCTII qac-
THU C 1 Korna BBOnRMb!e B CME!Cb MOneK_ynhJ HaxonSITCSI 

B rrpaBOH.KOH~HrypaURR, 

dpRH 

dt 
- i~ (p - n )- J- y p + N 
- -f'i LR_ ,..IlL II H HH C 

> 

d ·~ . 
~--'-.!A(· 1 . 
dt --h Pu.-Pnn)-211 (y+e+h_+s)pnL(4} ., 

/I 

dpL~ 
dt 

i~ .· . . ·1 .. • .. . 
~ p ':-P . ) -- (y+C*+h *+S *) p 
1'i. ' RR LL 2'fl· · · · LR 

dpLL j~ ( ) 1 
~ = --on.- PnL- PLR - -=tf YLP LL 
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3Aecb P. , p - KoaueaTpamm CR 
RR LL . r 

. .a.. r N h r N . I'Ae a YR = uY aR E ,yL = vaL. H • R 

H CL 

·n ar 
L 

; 

- ce-

'IeHHSI peaKUHH (2) H (3) i y = y +y 
· R L 

• Bemi'IHHa .e 
orrpeAenSieTcSI BorpaJKeHHeM 

e =nNEv la .el +a el - 2Jf* (K', k) f (x, k)dO _ 
ilE LE RE LE K 

(5} 
477 - - --+i- Re(f · (k,k)-f (k,k))}, 
k LE RE 

- ,z· 

rae 

ael=flf (K",k)j 2 d0 H 
RE' RE K 

a~~-= fi fLE (x,k)fdOJ( -

- ce>JeHHH, a f RE ( 'K, k) n f LE( K', k) - cooTBeTCTBYIOIUHe 

HM aMrrmnyAht yrrpyroro pacceSIHHSI C R n C L Ha E ·a3 

COCTOSIHHSI C BOIIHOBhiM BeKTOpOM k B COCTOSIHHe C. BeKTO-

pOM i< (I i< l =:Ji~ j) , d 0 i< - 81IeMeHr Tenecaoro yrna. 

BorpmKeHHSI AIISI h u s rrony>JaiOTCSI H3 (5) 3aMeHoii: HHlleK

c'a E Ha H n S • Be1!ii'IHHhi e ~ h , s ·B o6meM cnyqae . .· ~ 
KOMII1IeKCHhl~ a HX pea1IbHhle 'IaCTH,' KaK nei'KO MO)KHO ITO-:" 

Ka3aTb, II01I0)KHTe1IbHO onpeAeneHhl H YAOB1IeTBOpSIIOT yc
JIOBHSIM 

el 
N hv(y'a 

E RE 

8 

-;I 2 . . ---;I --:1 2. 
v'a )~Ree~N hv(y'a +v'a ); 

LE E HE LE. 

i 
; ,, 
I, 

} 
1 
I 

t 
'I. 
I· 

l '1. 

F. 
'l 
(, 
~~ 

* 
'· 

! 

/, 
.I 

l 
Jt 1, 

:1· r 

!;".f. : 
.. !i 

~1.1. 
1( 
\ ~ 

aiianorH'IHore 'ycnomi:H BorrronHSIIOTCH anSI Re h . H Res 
3_aMeTHM, qTo OTCYTCTBHe pa3liH'IHSI B pacce~HHH CR. U 

C L Ha >Jacruuax orrpeAe.neaao~o copTa Bne'IeT· 3a co6oii 

o6pameane B HYlib COOTBeTCTBYIOIUeii: 3THM '18CTHUaM Be-

nocK01IbKY p RR eCTb KOHUeHTp8llUSI Moneeyn c B rrpa-
'{'· >nH'IHHhl e 0 h HIIH S • . 

• Boii: KoH!flnry~aunn, Bhr~COA B eAHHH'IHOM o6'heMe 3a emmnuy 
· BpeMeHH rrpoAyKra F paBeH: 

T · Yn 
NF .= NEvnRpRR=hpRR 

B craunoaapHoM cny>Jae Benn'IHHa p RR · , Heo6~0A!fMaSI 
. AIIst Bhl'IucneHnst N F • rronyqaercSI H3 perueHHSI cucTeMbi 
· ( 4), B KOTopoii: neBl:ne . 'I a ern Be ex ypaaaeauii rronaraiOTCSI 

paBHhiMU Hymo. 0Ha HMeer BHll 

PRR y · 1'1N 
LYR + 4y~2a -.. C ' 

(6) 

rue 

y + Re(e+h +. s) 
a=-----

1 y+ e + h + s 12 
(7) 

CnenoaaTenbHo, Borxon NF _paBeH 

.· 2 
, yL + 4tl a 

NF =yR · Nc 
YLYR +4ytl

2
a 

(8) 

.. 
l13 8TOH ¢opMynor cneAyeT, 'ITO .ecnn nepnon non6apbepHbiX 
rrepeXOll.OB MHOI'O 601Ibiiie "XHMH'IeCKOI'O BpeMeHU 'JKH3HH" 

M01IeKy1Ihi B paCCMaTpUBaeMOH ra30BOii· cl-.£ecn (4 L\2 a'<<· 
«·r· Y lr , ), -.To N F =Nc .· •. 

L R . 
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·npu 4~ a ~» YLYaJY _ BbiXOll N F:: [y8 /(y8 :!;)J)]N0 
. Bo acex OCT~nbHblX cnyqaSIX 3_Haq_eJ_me l{nSI NF ne:amT 
Me)l{llY yKa3aHHhiMH llBYMSI. 0TMeTHM cne]:{yiOIUH,e. oco6eH
-Ho~TH Bbipa:li<eHHSI (8): . , 

1. BenuqnHhi y 8 .• yL , H y , a T~_Kme e , h _H s 
BXOllSIIUHe B onpeAeneHHe a 1 nuHeHHhl llO KOHUeHTpaUHSIM 
qacTHU. 3TO ~3Ha~ae;, qTo npu .HeH3MeHHbiX CO~THOllleHHSIX - . ' .. ·' . / 

Me)I{AY KOHUeHTpauHSIMH N E , N H H Ns BenuquHhi 
y

8 
, YL , y , e , h u s nponopuuoHam~Hhi AaBne-

HHIO p 1 B TO BpeMSI KaK a -1/p . • CneAOBaTenhH01 B _ 
p2~ a 

yKa3aHHbiX ycnoBHSIX N F =
2 

, . r]:{e a H b - nono-
- p +b a -_ y '· 

muTenbHbie KoiicTaHThi1 npH'I~M. 0 = _ R _ * 
. . Yo +yL 
2. BemiqnHa a , a BMeCTe c Hero BhiXOA N F , 3aBHCSIT 

OT S 1 TO eCTb OT KOHUeHTpBUHH ·NE • 3Ta 3aBHCHMOCTb 
ncqe3aeT, ecnn ce'leHHSI pacceSIHHSI C R H CL Ha qacTnuax 

S coBnaAaiOT. Ecnn )l{e pa3HH_ua B ceqeHHSIX C R n_ C L 
. HaS 6yAeT nopSIAKB CaMHX 'ce'leHHH, TO llpH AOCTaToqHO 

6onblllHX N8 BnHSIHHe BemeCTBa S Ha BhiXOA NF MO)I{eT 

OK8;3aTbC Sl cyiUeCTBeHHbiM. 
OueHHM Teneph, KaKHe 3Ha'leHHSI fl. /1i OTBeqaJOT npo

Me)l{yTO'IHOH o6nacTH KOHUeHTpauuoHHOH KpHBOH (8). Ey-
AeM ucxollHTh H3 ycnoBHSI 4t..2 a-y y I y • 3anucaHHO-

f.. L R 
ro B BUlle =tf - y Y1.YR 

4 yaft2 
ilonaraSI KOHUeHTpaUUH 'laCTHU pa3nH'IHbiX COpTOB Be-

nH'IHH8MH OAHOI'O nopSIAKa, a TaK)I{e C'IHTaSI 

lael -a~l 1/ael 
HE LE IE 

r < el a a , 
R BE 

1 H 

* 3aMeTHM 1 'ITO anSI qucTO aKTHBaUHOHHOI'O MeXaHH3M8 

nepexoAOB CR ?C L 3HaqeHHe NF oKa3anocb 6bi Boo6me He 
3aBHCSIIUHM OT. p ;· llOCKOnbKY npH BapbHpOBaHHH ]:{aBneHHSI 
ra30BOH CMeCH COOTHOWeHHe Me)l{]:{y 'laCTOTOH nepeXO]:{OB 
C R t C L H BenH'IHHOH 1/r ocTaBanocb. 6bi 6e3 H3MeHeHHSI. 

• 10 

llpH]:{eM K 

~ _ NEv V el 
1i . - 2 _ aLE 

a r ar 
R L 
-r r·· . 

aR+aL ' 
(~) 

... ~ -~ . 

, 4 , .. el .. · .:.15 •· 2 r' 

. -')~ :-

ilnSI V = 3,5 • JO CM/CeK 1 a EL. = 10----. · •CM 1 _a 8 ,_ = 
-r 10-n e = a ·r; = aLE --H .]:{aBneHHSI CMeCH :B· p aTM. c. no-

MOlllhiO · ( 9) nonyqaeM oueHKY 

fl. =n:- = 3 • 1 O 8 - n/2 -1 
ceK 

3]:{eCb n yKa3biBaeT, Ha' cKonhKO nopSIAKOB ceqeHue peaK-. . 
UHH MeHbllle ceqeHHSI ynpyroro pacceSIHHSI. 

_ : Ecnn · oT peaKUHH B ra3e nepefiTH- K peaKuHSIM, · np.oTe-:-
KaiOIUHM B )I{HAKOH lfla3e; TO TaM paCCMaTpHBaeMbiH alfllfleKT 
MO)I{eT 6biTb o6HapymeH ]:{nR·BeiUeCTB -C qaCTOTOH llOA6apb-
epHbiX nepeXO]:{OB 

' _,(lou y2- .:..n/2 ·-1' .. , 
10-... ).10 CeK . • 

,r. 

ilpo~egeHHOe paCCMOTpeHHe npennonarano, qTO MOneKy~ 
nbi BemeCTB~ C 1 BBOAHM.ble B ~-Mec~, HaX~ASITCSI B o~pe~ .. 
]:{eneHHOH KOH(iiurypauuu. 06cym]:{aeMhiH a~qie'KT . oyaeT HMe'rb 
MeCTO H ~- TOM cnyq~e, KOI'AB npa~-biX H ~ei{l,~~ ~OJJeKyn ~: 

,BBO]:{HTCSI IIOpOBHy (paUeMaT). ffpRqHH8 .-3~Kl,IIOqeHa _B pa3_~ 
TIH'IHOH ciopocTu "ahxropaHuSI" Kam]:{OH H3 Koa¢irryptliUIH - .. 

H np~HCXOAHuie_ii. 3a ptleT ';n,epeX0]:{0}3. t R ~ ... ~~ -n~pe!{~q~u 
H3 6onee MeAneHHo BhiMHparomen KoH¢nrypannu B 6hxc~po _ 
BbiMHpaiOIUYIO· 'TaK, eC~H- qaciol-a' ~ ]:{dCT~lTO~IH~ M~mi~ 
To npaBoe n lieBoe "BbiroparoT" 'He3aBncnMc) Ii -t'lF = Nc/2 ·• 
E cnu BenuHHHa fl. fh • oqeHb · BenuKa; _ •To . C · · npucyTCTByibT 

B cMecu Bcer]:{a: B BHlle' paueMaTa H N -· _:~N- ._,f · · • 
. . ~·F--~+y -? . 

,_,-;-_. . -~~ '.ll. ... _..L._,_ :• ---- ···---·· 

:*_ Pe3ynbTaT 1 __ !(aK_ u_ cnel{OBano om~aaTh'; -:coBnaAael'~,co _ 
cnyqaeM, KOI']:{a B CMeCb peai'eHTOB C BBOAHnOCb B nptl.BOH 

KOH!flurypauHH. 
II 

.. « '~ ·---· ~ 
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Ytcnon&aoaanne annapara KBBHTOBbiX KHHeTH'!eCKHX ypaane-. 

HHH }:laeT Jlll~ npoMe:lKyTO'IHoH o6nacTH 

2 
1 yL+S~ a 

N =-Y. N. 
F 2 HY.y +4y~2a C 

H L 

(10) 

B aaKmoqeuHe oTMeTHM, 'ITO onTH'!eCKH aKTHBHhie MO

neKyllhl 6blllH Bbi6paHbl paJ:lH yllo6CTB8 paCCMOTpeHHSio. 06-

cy):<JlBCMhlll s~eKT MO}I{eT HM8Tb MeCTO H }:lRSI MOlleKyll, 

o6na.rtalOlllllX. K8KHMH-JIH60 pa3llH'lHblMH KOHtlJHrypaUH51Mll 

npyroro THna, paaneneHHbiMH npoHHuaeMbiMH noTeHuHan&-, 

flh!MH 6apbepaMH. 

OPMROJKEHHE 

CHHMCM nee orpaim'IeHH51 c MoneKyn C ·, ne C'IIl-TaSI 

HX 60llblllf! MOII08HepreTH'!8CKifMII H JlOITyCK8Sir 'ITO npH 

coynapeHH SIX r.wryT aoa6y)!~naTbC 5l aHyTp.enuHe cTeneHH 

CB060lll>l 8TilX: MOm~H;yn. lln51 npoCTOTM npennOJIO}I{IIM, 'ITO 

a r -ce'lCIIH51 peaKUUtL C C 'l8CTHUB:MH cpe.Ubl. MHOI'O MeHb- · 

me a tol -nonn~>IX ce'leHHit paccemms:~. 06oana'lHM qepea 

j 1ra6op KB8UTOBI>IX 'lUCell, OnifChiB810illHX BHyTpeHHHe GTe

.neHH cao6oJlhi •. Cuoaa. no aHanorun c /31, 1\.WmHo nariucaTh 

CUCTeM)' KBDifTOBhfX KlflleTlt'leCKllX ypaaHeHifll JlllSl 3JleMCII

~OB MD11Hillhl nllOTHOCTII prj •_!i ( k) 1 tUtaronanblll~IX no 

t If no. aonnoaoMy aeKTOPY k ueHTpR T5lx,ecTH Mo~eKyllhl 
C • 3neCb KaXUlhtii Jf3 HHJleKCOB r u· t MOXWT np1HIUM8Tb 

.naa ana'leHH.SI R u L • 3~_eMeHT~I p R . , Rj (k) H p L j. _L /k) · 
lfMeJOT CMhiC1t nnorHocTen MoneKyn J cocTOSIHHS'IX 1 j k.>, ~ 
npi~nannex,amnx nu6o npaaoil, nlf60 neaoii KOH¢nrypaUlHtM, 

KOHuenTpauuu. Cn u C L paaHhi cooTaeTCTBeHHO 

~ f PH_ ·H·(k)dk H.~ J PL. L·(k)dk .' 
r . J • J 1 1• J 

He BhlllHChmast ClfCTeMhi KI!HeTif'leCKnX ypasHeHHHi oT-··· · 

MeTHM cnenyromee. Oplf a r <<a tot .. ace tiJyHKUHII 

- Pr· .t· (i} - -(k)= t' .~r.nep =!;Jp (k)dk 
P rl r ' t . i r j ' tj . . . 

He3H8'lHT8llbH~ oTnHqaTbCSl OT COOTBeTCTByJO-

p 
r j'tj 

MOr)'T llHillb .. 
_/.; 

12 

IllHX .paBHOBeCHbiX 6onbUM8HOBCKHX tPYHKUHH pacnpeJle}1eHH5I 
.F j .. ( 'K ) • . _ _ . . _ . 

. EcnH nonO:lKHT~ prj, 1j (k) ;,.pi (k) H npOHaaecT~ a Ka:lK

llOM H3 ypaBHeHHH CIICTeMbJ HHTerpH:pOB8HIIe no k H cyM

MHpOB8HHe no j 1 TO llpHJleM K CIIC::reMe, tlJopMallbHO coana

Jl810Ill8H c (4). OpHae.lieM Bbipa:lKeHHSI llllSI axo.i:lSIIllHX B:Hee 
., . . 

aenH:.'IIIH. _ _ 

1. ~= ~ ~ j J Fj (k)dk , rAe ~j- yMHO:lKeHHaSI na 1'i 
qacrora n~pexoAoa· CH ~ C L · a cocTOSIHHH, onHChiBaeMoM 

Ha6opOM KB8HTOBblX 'IHC~ll j • . 
2. yH = ftNE ~ v JFi (k) a ~(j, k)dk, 

J 

y = 11 N I v f F. (k) a~ (j , k) d k. 
L H j l . 

3}:leCb a~ ( j , k) H a { ( j , k ) . ~ C~'!eHH5I peaKUHH 

JlllSI MoneKyn a COCTOSIHHSix I:R. k •> H I•L. k•> cooTaeT-
. J . r J 

CTB8HH01 V - CKOpOCTb MOlleKyllbi. 

3. e =tiN I JdF[I v, (a(HE) (k)+a(LE) (k)-
E j j' j j ', j j ', j 

(HE) * - ;.. (LE) - . 
-2Jf_,_ . (K. ,k)f.,: (K ,,k)dO_ F(K., )-

J •l . J J .J j ·K., J . J . 

. -ti 4rr1i R ( f(HE) 
m· e c . j ', j 

- - (LE) --
(k,k)-f .. (k,k))F. 

J,J J 
(k) ]. 

Hcnon&ayeMbie Bhiille o6oauaqenus:~ IIMeroT cneJlyromuii 

CMhicn: i<·;, - aonnoaofi' aeKrop MoneKynbi a cocToSIJt~n J . • , . . . • 
C KB8HT0Bb1Mll 'IllCllaMH J 1 npU'IeM 

I;(: :·:j ~'~· 2mc .(E. + ·1i2 k2 '::::E., ), ' ." ... 
: ·J. . h2 ... J. .2mc,·· .·J ", .. 

":~ 

.... - ~ ",-.;-:" '-: ! -. '4 ¥ ... -~- ./"···-

_;,·· ; .- t '.·. _., 
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111 ~- ,., 
rne E . rr E., ;... aneprarr ypoanefi; v . , = ; 

J J . J me 
j' - nyMepyeT ace apamaTenbHbie rr Kone6aTen&Hhie co-

1i2 k2 
CTOHHJHI McineKyn, nnH KOTopbiX E . , > E. + ; 

· I· - J 2m 
(Rm._ - . .. ) . (RE) - C . 

f1.-1. (K., ,k)- aMnnrrTy na, a a (~E, = fl f.,. (i<, ,k)!2 d 0 , -
' J j , j . ~ •J j K j 1 

ceqenHe nepexona l13 cocTosiHnSJ I R j k ·>. a cocTOHHHe 
- . . .(LE). - -

I R j ' K j' > rrpn pacceHHrrn C Ha E i f. , . ( K.,, k) u 

a(LE)(k) 
j ', j 

J 'J . J 
.I 

I•Ljk>~[·Lj 'i<.'f>~ - cxonHhie aenH'IIIHbr tJ.nH nepexona 

J ; 

4. B~>Ipa*eHUH nng h II s ananorH'IHor BhrpmKeHHJO nnH i 
e ., . ( 

CnenoaaTenbHO, n n aToii cpH3Ii'leCKI1 6onee peanhHoii · 
CitTyamm BhtXOll N F 6yneT no-npe>KHeMy omichmaTbCH 
ar,IpaiM.:iHnHMH ( 8) 11 ( 10). Ba*Ho nonqepKHYTh, 'ITO, rro
CKonbKY nenu'IHHht Yn , yL , y , e . , h rr s npo
non)lxa JOT OCTaBaTbC 5J nn neii HO 3llBIIC5!1UIIMII OT KOIIUeHTpauuitf 
He II3MOIHieTC51 11 06JUUil Bllll KOHUeHTpaUUOHHOif Kprn3oil. 
OcTaioTcg TaKIKe n .cHne nee ouenKn,. KacaJOmHec5J nopHtiKa 
nenH'lliHhl 'JaCTOT 1 IIpH KOTOpbJX MO)I{IIO nonaCTb B rrpoMe
>KYTO'IIIYJO o6naCTb KpUBoil. 

n e p eX 0 ll K CUTyauHI1 1 . KOI"lla MaCChi ffi E , m II II ffi S 
onnpro rropsiJlKa c Maccoii me , He naeT HH'lero 11onoro 
no cpanneHHJo c y:;I\e onHcaHHhiMH Ulleanu3nponauHhiMH cny
'laHMH, npnnotiH numb K eme 6onbmeMy ycno*·neJmJo KOHK-
peTHbiX Bbipa)l(eHnii tinH y 1 y , e , h n s 

R L 
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