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HH9M 

npn H3y'l9HHH HBJ19HHH, CBH3aHHb!X C pe30HaHCHb!M TIOI'J10IU9HII9M HJIH pacceg

~ -KaaHTOB H.upaMII 06h!'lHO TipHHHM8 9TCH BO BHHMaH!Ie ,1Jiflllh HMTIYJihC 1 aepe-

.UaBa9Mb!H KBaHTOM H.upy, 

M 9)KLlY TeM 1 9CJIH HHTepecyiOruee Hac H.UpO BXO.UHT B COCTaB MOJieKyJibi 1 ' 

Heo6xo.urrMo y'lHTbiBaTh TaK)Ke nepe.uaqy MoMeHTa KonrrqecTBa LlBH)KeHHH, B 'HacTo

Hrueii pa6oTe :3TOT BOTipOC paCCM~TpHB89TCH Ha npHMepe .UByXaTOMHOH MOJieKyJibi 

nprr en e.uyroru rrx npe.unono )KeH HHX: 

1, )KecTKOCTh MOJ19KYJibi TaKOBa, 'lTO HCnycKaHIIe 0 -KBaHTa B036y.)K.ueH

HbiM H.UPOM IKoTopoe Mbi o6o3Ha'lHM HH.UeKcoM "I" I He nprrao.uuT K ao36y)K.ueHHIO 

6 
uxl .. 

KOJie aT9JlbHbiX ypOBHeH • 

2. fl.upa C'lHTaiOTCH ~eTIOJIHpH30BaHHbiMH, nprr STHX npe.UTIOJ10)K9HHSIX O'leBHLlH0 1 

'lTO :3H9pi'HI0 Ii3JiyqaeMOI'O -KaaHTa MO:>KHO HaHTH Ii3 ypaBHeHHH: 

xxl 
Ill 

3.uecb Eo -paccTOHHHe Me:m:.uy cooTBeTcT ByrorurrMrr ypoBHHMH II3nyqarorue-

I'O H.[lpa, J ':. ~ d2. - MOMeHT HHepUHH MOJieKyJihi, tr} = rYl1 +YYll. - Mac-

ca d m xxxl e n 
MOJieKyJihi, -paCCTOHHHe Me:m:.uy H.upaMH O Ii (. COOTBeTCTBeHHO 

Ha'laJihHOe rr KoHe'lHoe op6rrTaJihHbie KBaHTOBbie 'lHcna MoneKyJihi. Vf3 I 1 I cne.uyeT 

JIHH9H'laT8H CTpyKTypa () -cneKTpa, B03HHK8IOIUaH H3-3a LliiCKpeTHOCTH 3Haqe-

HHH MOMeHT8 KOJIH'l9CTBa LlBII:ti<eHHH MOJieKyJihi, 

xl _g;_ < ~w 
DnH aToPo .uocTaTo'lHo, 'lTo6br BbmonHHnoch ycnoBrre 2m,c1 . 1<o.11. 

I'Lle £ - SHepi'IiH H3Jly'laeMOI'O KBaHTa, f;wk0./1-:- paCCTO.IIHHe Me:m:.uy COCe.UHIIMH 

KOJie6aTeJibHbiMH ypOBHHMH MOJieKyJihi, m1 - Macca ll3Jiyqaroruepo .II.Upa. nocKOJlhKY 

P,wi<OJI1"o,3 ev ' TO STO yCJIOBne Bb!TIOJIH.II9TC.II npn E it O,lMe.V ' ecnrr·m["IOO r 
I'Lle r -Macca. HYKJIOHa. 

xxl 
3.uech Ii .uanee Mhl C'lHTaeM, 'lTO B Ha'laJihHOM COCTQ.IIHHH MOJieKyJia He 

LlBH:>KeTC.II TIOCTynaTeJibHO, eCJIH STO He OI'OBOpeHO oco6o, KpoMe TOI'0 1 B93Lle, 

P.ue He axo.urrT Mana.H pa3HOCTh £ -Eo. , Mhr 6y.ueM 3aME!H.IITh E Ha £0 

xxxl 
KaanToBa.H neonpe.ueneHHOCTh 

-10 \ 
'leM 10 CM, TIOSTOMY Tipii 1\. ')) 

BeJIH'liiHbi 

10-IOCM 

d nprr m"' 100 r 
ero MO)KHO npene6pe'lh, 

M9Hbille 1 



4 

OGpaTHMCH K Bonpocy o pacnpen:eneHHH !13JIY'IaeMbiX 0 -KBaHTOB no 8Heprl111, 

..]nH Toro, '1T06bJ 3an:a'1a He OC.TlO;l<HHJiaCb HHTepcl!epeHUHOHHb!MH 51BJieHHHMH [ 1].' 
6y n:e:-.1 C'iiiTaTb, 'iTO MOJieKyrra COCTOHT H3 HeOL(IH!aKOBbiX Hn:ep, DY n:eM TaK/I<e 

C'iHT/lTb, 'iTO paCCMaTpl!BaeMbJJ1 ra3 npen:cTaB.riHBT COOOJ:r If30TponHyiO CMeCb MO

neKyn B COCT05IHIIH C onpen:eneHI!biM MOMBHT0:-.1 eO , Torn:a .3alla'Ia CB~r:tHTCH K 

OTWCKaHIIID pacnpeneneHHH KOHe'il!hlX COCT05IHHJ1 MO.TleKy.Tlhl no MOMeHTaM, BepOHT-

HOCTb nepexon:a MOJieKyJIW 

e 
B pe3y.TlbTaTe H3.11y'1eHI!51 >In:pOM 0 -KBaJITa B co-

CTOHHHe C MOMeHTOM n:aeTCH Bblpan<eHHeM: 

x/ 

eo e 2jj 'ii 2 

'4,e= ~ 2 Z 11 d<f1 d$s;,8 ~:(>'~8)exp(< ¥cosJ} ~m/~lf) I 121 

fYio=-eo rn:- e 0 0 
' 3n:ecb d0 =. !!!.:!:, d V (.fJ to) - uop:v1nponaHHbie ccpepH'1BCJ·:ue rapMOHHKH, 

m ' le/'yl ,,. 
C - !!Op\!HpOBO;IHaH KOHCTaHTa, 

viHTerpnpoBaHne no l{J Cpaay np11BODIIT K pe3y.TlbTaTy: 

e . '" 
We,e~ :~t.1 ~·· i Pe"'c~J exp(< ¥ceo~.?) Pe~ ( ,9J si,8 cl9 

m:-e111 ;n o 
rn:e eMih - :VIHHl1Ma.TlbHblrl H3 MOMBHTOB eO H e 

2 

/3a/ 

' 
B o6weM Bane Bb!pa1KeHne /3a/ HecneooBaTb ue yn:aeTcH, CloaToMy Mbi 

OCTaHOBHMCH Ha p>!Ll8 rrpenerrbHbJX cnyqaeB. 

Eodo_l( d /<:::: J 
- \0 0 ~ 1 . 

tic 
1. Crry>Iail: MHrKJ1X KBaHTOB, KorDa 

Torna Mo;>Kuo noJIO)KHTb 

exp ( L KooiQ rosS) ,...... 1 + LKodo ~sS . /41 

xl 
norry'iHTh 8TO BWpamenne HB IIp8LlCTBBJI51BT Tpyna, ec.1111 BOCTIOJib30BaTbCH 

[ 2] . 

_.......j 
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noncTaHOBKa /4/ B /3a/ II03BOJI5IeT IIpii He CJIIIWKOM MaJib!X eO Ll0B8CTI1 

Bhl'lHCJieHIIe no KOHua. B pe3yJibTaTe a rronyqaeM: 

Weoe "' 8 + ~ (Kodo)a ( S + g ) /4a/ 
eoe 4 Qe., ... i e,eo+i e,eo-1 

2; Cnyqait, Korna eo= 0 III.TIH .e =0/ rronnaeTCH TO'lHOMY pac•reTv. B 9TOM 

cnyqae 

/5a/ 

eCJIH 

.. 
/66/ 

/6/ 

'lTO 

Bepo HTHOCTb rrepexo,na OK83 biB a eTCH "OCUIIJIJI HI?YJOWeH" r[yHKUHeit 

n pH Bb!ITOJIHeHHH HepaBeHCTBa 

i11.e(e·t-f) £>.:-.... 
2-j >)A .., 171 

VIO:>KHO 38MeHHTb LlliCKpeTHb!H CIIeKTp Herrpepb!BHb!M II 38III1C8Tb: 

W (£) AE::; Weoe 
rne l Bbrpa:>KaeTcH qepe3 E 

/8/ 

- 3Ha'leHHe BepOHTHOCTII, ycpe,nHeHHOE 

ITO ,OOCTaTO'lHO 60JibWOMY HHTepBaJiy 3Ha'leHIIH e B COOTBeTCTBI1!1 C YCJIOBHeM /7/, 

¢opMyna /:5a/ 3arrr1weTcH Torna c.rrenyJOIUIIM o6pa3oM; 

i 
O-tE~a 

W (E)- [ (i- ~a. 
ecnH 

' 
, 

/9/ 

. 0 
J 

B IIpOTHBHOM c.rryqae 

Q,:: Eo2 mz. c £2. 
3necb £ 0 -£- 0 

2h1c 2 h1s. ' 2mc2 • 

lloc.rrenHHit pe3y.rrbTaT .rrerKo MO:>KeT 6brTb rro.rry'leH KJiaccn'lecKn. 
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3. OopaTHMcH, HaKoHeu, ·K cnyqa1o, Kor.na rrepexo.n coaepwaeTCH Me>K.ny 

COCTOSIHHSIMH C BbiCOKHMH eo U ;e IIOcpe,llCTBOM H3ny'I9HHSI >K9CTKOI'O ?f -KBaHTa 

I !("0 do >:> i I. B aToM cnyqae ecTecTaeHuo paccMaTpnaaTh MoneKyny KnaccH

qecKH, a KB8HT KaK TO'I9'IHYI0. 'I8CTHuy. B 'oTnHqHe OT rrpe.nbi.D.YlU9I'O Terreph Mbi 

oy.neM T8K:>K9 Y'IHTbiB8Th BnHHHHe Terr.TIOBOI'O A.BH:>Kf!HHH MoneKyn, IIOCTyrraTenhHOI'O 

n aparua~enhHoro. 

3aKOH COXp8H9HHSI HM99T BH,ll: 

£
0 

= E + (P., £!> + (j.1., ~) + <AMi+ (;r3)
2 

191 
~ ~ J 2) 2m ) 

r.ne 6\J H AM COOTB9TCTB9HHO H3M9H.eHHe HMIIYJl.hCa H MOM9HTa B peaynhTaTe 
•. 

nanyqeHHH ¥ -KB8HT8 0 

ct>opMyny 191 nerKo MO:>KHo rreperra:caTh a cne.nyrorueM an.ne: 

. £!-
Eo= E + 2mc2 

- §_ A, CJ)Scl- Eocl Mo Sin ~Sin'f + 
me · · m,c . 

£2 ....!- m;. . 2 
2mc;. fYi SU1 81101 

.1 

Bae.neHHbie oooaHa'ieHHH oo'bHCH9Hbi Ha puc~ 1. 

VIa 1101 MO:>KHO Bbi'iHCnHTh aepoHTHOCTh Toro, 'ITO rrQcne.nHne TpH qneHa 

oy.nyT HM9Th CYMMapHyiO 9Heprnro B HHTepaane I e· ·, E.+ Cl~ I. 

npu 9TOM cne.nyeT yqecTh, 'iTO AByXaTOMH8SI MOneKyna HM99T miWh ABe 

BparuaTenhHbie CT9II9HH CBOOO,llbl. npoCTOll ijOAC'i9T IIpi!BOAHT K Bblp8:>K9HI!IO: 

. i 

W(!)JE = cl1f- m, )i e.x:p(2£+Bo) ( exp {-s;;, [:,co(t+{)+~t~+f)rl} 
lc?'iiJCTml Bo X 'flc:T ~ · · o ] dt:11 1 

n E 2. !!!.t '{ t.{i- t) 
r.qe l) '!:.. ~ hl 

0 mc2. · 

B cny'iae, Kor.na nanyqaroruee HAPO aennKo rro. cpaBHeHHIO c HeHanyqarorunM) 

na 1111 nony'luM: 

W(f.)= : . exp(~L)[i+(1E-2+2E.€o-&~ 
~ hiCT60 2tcTgo 4 KT Bo t)~] I 121 · 
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m2. 0 _ _,. 
m rrony"<IaeM rayccoey l}JopMy, KaK H non >KHO 6biTp, TaK 

KaK BpaiUBHHe IIpH 3TOM IiC'<!e3aeT. 

8 38K1liD'<IBHHe OTMBTHM,'<!TO MHOI'HB H3 I101ly'<IB~HhlX peayJibTaTOB OTHOCHTCH 

T8K)KB H K CJIY'I8ID I10I'1l0lUBHHH MB.ll1lBHHblX Heii:TpOHOBX/• 8 9TOH CBH3H I10I'1lOIUB

HHe MB.ll1lBHHhiX Heii:TpOHOB ra30M, COCTOHIU:iM If3 MOJieKyJI, MO>KeT, B HBKOTOphiX 

OTHOWBHHHX fHaiipHMep, WHpHHa 1lliHiiH/, CYIUBCTB•)HHO OTJIH'IaTbCH OT I10I'1l0Ul9HHH 

aTOMapHhiM ra30M. 

.. 

PyKOIIHCb rrocTyrrHna B a3naTeJibCKHii: oTnen 

18 aerycTa 1960 rona. 

n H T e p a T y p a 

[1] M.Yf.nonropeuKHii:, Yf.Yf.Poii:3eH • ./K3Tc:D Ia rret:IaTHI. 

[2) n. illHcpcp. "KBaHTOBaH MeXaHHKa" YJYJJI, 1957r., CTp.451. 

x/ 
AHaJIOI'HH MO>KeT OTCyTCTBOBaTb JlHWb B BO!lpoce 0 1lHH9H'IaToii: CTpyK-

Type CllBKTpa, B CBH3H C 601lbWHMH BCTBCTBBHHbiMH WHpHHaMU HBHTpOHHhiX 1lHHHii. 



'1'11//i.Jte>t/oiV nn nd;;;Hn dwH-;;; n _ 0 
~Ot..Uh'.O~>' -~ ~qtr/iv;vn _ 1::; 

-

I ·.:?nd 

c?c.uf 
I 
I 

....... 

--
l-----._j 

8 


