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1 Bee~emrn 

lfaBeCTHaJI q>opMyJia .D:llieRCOHa [1) lI,JIJI CRopocTei!: HlI,epm.rx rrepeXOlI,OB 113 MO

JieRyJIJipHhlX COCTOHHili!:, HeCMOTpH Ha HBHO 1I.ByxqacTI1qHhli!: BIil!. BO BXOlI,HOM Ra

HaJie, IIOJih3yeTCH lI,0 CIIX rrop rrorryJIJipHOCThIO II lI,aeT pa3yMHhle on;eHRII lI,JIJI 

CROpocTei!: HlI,epHhlX rrepeXOlI,OB 113 Me30MOJieRyJI. B HaCTOHIIJ;ee BpeMH IIJiaHII

PYIOTCH 3RCIIepIIMeHThl (2) lI,JIJI orrpelI,eJieHIIH CRopocTei!: JllI,epHhlX rrepeXOlI,OB 113 

Me3oMoJieRyJIJipHhlX pe3oHaHcoB, TaRIIX RaR 
3
He µ d, 4

He µ d . IlpelI,Bap11Ten1,

Hhle TeopeT11qecRI1e on;eHRII (3, 4, 5) CKOpOCTei!: HlI,epHhlX rrepeXOlI,OB 113 CIICTeMhl 
3He µ d 11MeIOT pa36poc B lI,eBHTh rropHlI.ROB (102 

- 1011 C-1 
), qTo He II03BOJIJieT 11x 

BIIpHMYIO IICIIOJih30BaTb lI,allie lI,JIJI IIOCTaHOBKII 3KCIIepIIMeHTa. TaKaJI HeorrpelI,e

JieHHOCTh CBH3aHa C TPYlI.HOCThIO on;eHRII BOJIHOBOi!: q>yHKD;IIII CIICTeMhl Ha MaJihlX 

( HlI,epHhlX) paccTOHHIIHX. Uen1,10 HacTOmn;ei!: pa6oThl HBJIJIJIOCh IICIIOJih30BaHIIe 

rrp116JII1llieHIIH .D:llieKCOHa [1) B HeKOTOphlX cxeMax pacqeTOB pe30HaHCHhlX COCTO

JlHili!: Me30MOJieKyJI, IIOJiyqeHIIe rrpoCThlX KBa3I1KJiacc11qecKI1X BhlpallieHIIi!: lI,JIJI 

orrpelI,eJieHIIH cKopocTei!: HlI,epHhlX rrepexolI,OB II IIX on;eHKa lJ.JIJI CIICTeMhl 
3
He µ d. 

O1I.Ha 113 Ha116onee ToqHhlX cxeM pacqeToB 3Hepr1111 MOJieKyJIJipHoro pe3o

HaHca IICIIOJih3yeT MeTOlJ. KOMIIJieKCHoro Bpam;eHIIH [6). IlpII 3TIIX pacqeTax 

B03HIIKaeT HeKOTOphli!: 06'1,eKT, KOTOphlil: MO}KHO Ha3BaTb BOJIHOBOi!: q>)'HKD;Ilei!: pe-

30HaHca. Pa3yMeeTCH, na q>yHKD;IIH HC MOlliCT 6hlTh HOpMIIpoBaHa rrpII lI,ei!:CTBII

TeJibHOi!: 3HeprIIII. Bonee Toro, OHa lJ.alliC HC orpaH11qeHa Ha 6ecKOHeqHOCTII II 

He CBOlI,IITCH K co6cTBeHHOi!: q>yHKD;IIII MOJieKyJIJipHoro raMRJihTOHilaHa. 9TO He 

II03BOJIJieT IICIIOJih30BaTI, BOJIHOBYIO q>yHKD;IIIO pe30HaHca BIIpHMYIO lI,JIJI pacqeTOB 

HlI,epHhlX peaKn;Ili!:. C lI,pyroi!: C'fOpOHhl, Ha KOHeqHhlX pacCTOHHIIHX pe3<>HaHCHhle 

q>yHKD;IIII lI,OJilliHhl 6hlTh qpe3Bhlqai!:HO IIOXO}KII Ha BOJIHOBhle q>yHKD;IIII CBH3aHHhlX 

COCTOHHili!:. 

HIilie 6ylI,eT IIOKa3aHo, qTo B OlJ.IIHaKOBhlX rrp116JII1llieHI1HX CKOpOCTh HlI,epHhlX 

rrepeXOlI,OB 113 pe30HaHCOB lI,aeTCH q>opMyJioi!: ,l(llieKCOHa, B KOTOpoi!: 1111(0)12 
lI,JIJI 

MOJieKyJihl 3aMeHeHa Ha IlOJIOBIIHY Rew(0)2 
lI,JIJI MOJieKyJIJipHoro pe30HaHCa. 

AJihTepHaTIIBOi!: pacqeTaM C IICilOJih30BaHIIeM BOJIHOBOi!: q>yHKD;IIII pe30HaHca 

HBJIJieTCH B03MOlliHOCTh npHMOro pemeHIIH 3al1,aq11 pacceHHIIH H orrpelI,eJieHHC 3Ha

qeHIIH BOJIHOBOi!: q>yHKD;IIII B HyJie. HanpIIMep, IICilOJih3YH 6a3HC 3alI,aqn lJ.BYX 

n;eHTpOB, IlpII 3TOM xopomo pa3pa6oTaHHaJI cxeMa pa3JIO.lRCHIIH [7) CTaJIKllBa

eTCH C q11cJieHHhIMH rrpo6JieMaMII orrpelI,eJieHIIH BOJIHOBOi!: q>yHKD;HII B HyJie lI.Jl!I
CIICTeMhl lI,Ilq>q>epeHn;IlaJibHhlX ypaBHeHIItt C CIIHryJIJipHhlMII B HyJie K03q>q>IID;Il

eHTaMII. 

B HaCTOHm;ei!: pa6oTe 6ylI,eT IIOKa3aHo, qTo 3TY cxeMy MO.lRHO yrrpOCTIITh, 

IlOCKOJihKY lI,JIJI Y3KIIX pe30HaHCOB CKOpOCTH HlI,CpHhlX rrepeXOlI,OB 6ylJ.YT orrpelI,e

JIJIThCH noBelI,eHIIeM B HyJie BOJIHOBhlX q>yHKD;Ili!:, y6hlBaIOID;IIX Ha 6oJibillIIX pac

CT~HHIIHX. IlpII 3TOM q>opMyJia lI,JIJI CKOpOCTCi!: HlI,epHhlX rrepeXOlI,OB Il3 Herrpe

phlBHoro crreKTpa B TOqHOCTII COBIIalI,aeT C q>opMyJioi!: .n:}KCKCOHa. .LI:JIJI rrpoCThlX 



MYXTepM0BMX npn6mrncemrtt CK0p0CTll H,n;epHMX peam:i;n:tt onpe,n;eJIHIOTCH II0Be

,n;eHlleM B HyJie BOJIH0B0:tt <pyHRJ:J;llll 3aKpMT0ro KaHaJia, 6oJiee Toro, KBa3llKJiac

Cll'IH0CTb 0TH0CllTeJibH0ro ,lU!llmeHllH H,n;ep no3B0JIHeT cyru;ecTBeHH0 ynp0CTllTb 

3a,n;aqy onpe,n;eJieHllH CKopocTe:tt H,n;epHMX nepexo,n;0B ll3 Me30M0JieKyJIHpHMX pe-

30HaHC0B. 

2 CKopocTH peaKQHH 11s HenpephIBHoro cneKTpa 

IloCKOJibKY pe3oHaHCHMe C0CT0HHllH M0JieKyJI 11pe,n;110JiaraIOT cyru;ecTB0BaHHe 

T0JibK0 HenpepMBH0ro cneKTpa, TO ,n;JIH onncamrn llX CB0:ttCTB neo6xo,n;11MO 11pocT0 

nsMepHTh ce'!eH11H nymHMX npon;eccoB. HanpHMep, ce'!eHHe H,n;epHMX 11epexo

,n;oB npll pacceHHllll ,n;e:ttT0H0B Ha MesoaToMe reJillH. O,n;HaKO ,mcnepnMeHTaJibHaH 

CllTyan;~H, KaK npaBllJI0, He no3B0JIHeT T0'IH0 onpe,n;eJIHTb JIH6o TOK 11a,n;aroru;nx 

qacTnn;, JIH60 aT0MapHyIO nJI0TH0CTb MllIIIeHll. Y,n;o6Hee 011pe,n;eJIHTb Bep0HTH0~ 

CTll H,n;epHMX nepexo,n;oB no 0TH0IIIeHllIO K M0JieKyJIHpHMM 11epexo,n;aM. Ilpn 3T0M 

. y,n;o6Ho BBeCTll napaMeTp .\, xapaKTep113yroru;Hii CK0p0CTb H,n;epHMX nepexo,n;oB B 

e,n;HHllII;Y BpeMeHll, TaKo:tt me, KaK ll ,n;JIH H,n;epHMX nepexo,n;oB ll3 "CTan;llOHapHMX 

MOJieKyJI". B o6ollX CJIY'laHX 3T0T napaMeTp npoCT0 paBeH IIIllpllHe M0JieKyJIHp

Horo pes~HaHca1 r n, B03HllKaroru;ero ll3-sa HaJIH'IHH H,n;epHMX 11epexo,n;oB. 

B cJiyqae pesoHaHCHMX Me30M0JieKyJI y Hae llMeeTCH eru;e ,n;Be IIIllpllHhl - IIIll

pllHa pacna,n;oB M0JieKyJIM no aT0MHMM KaHaJiaM r a H rn11p11Ha ynpyroro pacce

HHHH re, 
MM 6y,n;eM paccMaTpnBaTb cJiyqafi, Kor,n;a 

rn ~ ra, (1) 

B o6JiaCTll pe30HaHCHMX 3HeprHil: E,es = k~/2m* (m* - rrp1111e,n;eHHaH Macca d 
ll Cll.CTeMM µ He) M0mH0 CBH3aTb[8] IIIllpllHM pe30HaHC0B' ll celJ:eHJie 11epexo,n;oB 

<J"n C op6HTaJibHMM M0MeHT0M /: 

1 k2 r 2 

rn = 21 + 1 4; re <J"n, 
(2) 

r,n;e r = r n + r a + re - n0JIHaH IIIllpllHa. 

C yqeT0M ( 1) 
r~re+ra, 

3,n;ecb B03M0mHM ,n;Be rrpe,n;eJibHMe CllTyan;lllI. B cJiyqae noJIHoro 11orJioru;eHJIH Be

poHTH0CTb 3JieKTp0MarHllTHMX nepexo,n;oB B Me30MOJieKy.rre BeJIJIKa ( ~ 1)' Tor,n;a B 

11pene6pemeHJill q>OHOBMM pacceHHlleM B o6JiaCTlI pe3oHaHca ceqeHlIH y11pyroro 

ll Heynpyroro npon;ecC0B paBHM [8] ll r a ~ re ~ r /2. B CJiyqae npe,n;eJibH0 

1 B 3Toil: pa6oTe rrocT0HHHaH IlJiaHKa Ii = l. 

2 

~ 

MaJioro 11ornoru;eHllH Bep0HTH0CTb neynpyr11x 11pon;eccoB MH0ro MeHhIIIe Bep0HT

H0CTll pac11a,n;a pe30HaHCa 110 y11pyr0My RaHaJiy ll re ~ r. 
MM paccM0TplIM IIOCJie,ZJ;Hll:tt cJiyqafi, ll Hllme 6y,n;eM llCII0Jib30BaTh noTeH

n;11aJibHYIO M0,ZJ;eJib B3alIM0,n;ettCTBlIH, B KOTopo:tt pe30HaHC 011pe,n;eJIHeTCH II0Jiome

HlleM II0JIIOCa Ha He<plI3JI'leCROM JllICTe aMIIJilITY,ZJ;M y11pyroro pacceHHllH (HYJIHMll 

q>YHRII;llll I1ocTa). 

B 3T0M cJiy'lae 113 ( 2) 110Jiy'llIM 

,,, .\ _ 1 k2 - -- or 21 + 1 4,r <J"n, 
(3) 

PaccMoTpHM 11p116JI11menne ,UmeKCOHa [1]: 

an= A 1'11(0)12, 

r,n;e 1'11(0)12 - ycpe,n;HeHHMtt· 110 Me30HHbIM CTeneHHM CBo6o,n;M RBa,n;paT M0,ZJ;yJIH 

BOJIHOBOfi q>YHKII;llll Tpex'laCTlI'IHOtt CllCTeMbl Ha MaJibIX no cpaBHeHHIO C 60-

poBCKlIM pa,n;11ycoM H,n;ep paccT0HHllHX. B HarneM cJiyqae 3T0 6y,n;eT B0JIH0BaH 

<pyHKII;llH C0CT0HHllH pacceHHHH, o6o3HaqaeMaH ,n;aJibIIIe KaK w sc· .LJ:aJiee, 3an11-

rneM TaK0e me nplI6JIHmeHHe ,n;JIH ce'leHHH peam:i;n:tt Un Ilpll pacceRHllll H,n;ep 6e3 

µ-Me3oHa Un = Al\ll cot(0)12, r,n;e W cot(0) - 3Ha'leHJie KYJI0H0BCK0:tt ,n;Byxqacrnqnott 

B0JIHOBOH q>YHKn;n:n: B HyJie. <l>n:RCJipyR acn:MnT0TlIKY B Bn,n;e sin(kor + 8)/k0r, 
noJiy'llIM ( CM, ,HanplIMep, (8]) : 

l'11col(0)l 2 = exp(-21r77) 21r77, 

r,n;e 77 = 1 / koab y,n;o6HO npe,n;cTaBllTb qepe3 6opOBCRlI:tt pa,n;11yc ClICTeMbl -

a;;1 = m* Z1Z2 , a Z1 11 Z2 - 3apH,n;M nepBoro ll BToporo H,n;pa cooTBeTCTBeHHo. 

CpaBHHBaH c o6ru;enpHHHTMM npe,n;cTaBJieHHeM ceqenn:H qepe3 S-<paRTop 

Un= Sexp(-21r71)/E, naxo,n;HM 

m* 
A= Arko' 

r,n;e cnen;HaJibH0 BM,ZJ;eJieH MHomn:TeJib 

Ar= S(Erea)/(1rm* Z1Z2), 

BX0,n;Hill;ll:tt B q>OpMyJiy .LJ:meKCOHa. 

Ilo,n;cTaBlJJIH BhlpameHlle ,n;JIH <J"n B (3), noJiy'lllM anaJior qiopMyJihl ,UmeKcoHa 

,n;JIH nepexo,n;oB ll3 HenpepbIBHoro cneKTpa: 

\ - Ar m*k 
/\- --- 0 21 + 1 -:i;:-- f1'11.c(O)l2. (4) 

3 
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3 Can:3h pe30HaHCHoii cpyHKQHH c BOJIHOBOH <pyHKQHeH 

HenpepbIBHoro cneKTpa 

)].anbHettrnee paccMoTpemi:e 6y.n;eT npoBo,nRThCH .n;JIH S-BOJIHoBoro cnytiaiI. TiycTh 

W(r) - BOJIHOBaJI cpyHKIJ;IlH CllCTeMhl .D;BYX tiaCTilIJ; C OTHOCilTeJibHOR 3Heprllell 

E = k2/2m*. HmKe y.n;o6Ho pa6oTaTh c cpyHKIJ;Ilett <I>(r) = rlll(r). Mhl co6Hpa

eMCH npo.n;oJDKaTb BOJIHOBhle cpyHKIJ;Illl B KOMnJieKCHYIO no 3Heprllll o6naCTb. Tio-

3TOMY Bhl6epeM ,D;Ba JlllHettHO He3aBilCilMhlX perneHilH ypaBHeHRH llipe,D;IlHrepa B 

cpopMe perneHRtt llocTa f(k,r) Il f(-k,r) (cM., HanpHMep,[9]) c aCHMTITOTRKott 

f ( k, r) -t exp( i kr). 3HatieHilH perneHRtt llocTa B Hyne Ha3hlBaIOTcir cpyHKIJ;HHMH 

llocTa Il IlMe!OT pH.n; 3aMetiaTeJibHhlX CBOttCTB. HaM HyJRHhl Jlllllib YTBepm.n;eHRH, 

'ITO cpyHKIJ;IlH llocTa u(k) = f(k,O) aHaJIRTiltIHa B BepxHett TionyTinornocTR R 

u(k) = u(-k). 3.n;ecb tiepTa cBepxy 6y.n;eT 03HatiaTb KOMTIJieKcHoe coTipHmemi:e. 

MoJRHO TIOCTpOIITb peryJIHpHoe B Hyne perneHRe ypaBHeHIIH llipe.n;IIHrepa B 

cpopMe 

<I> = C(f(k, r)u(-k) - f(-k, r)u(k)). (5) 

TioBe.n;eHIIe <I> B Hyne onpe,neJIHeTCH BpOHCKIIaHOM perneHIItt llocTa: 

<I> -t 2ikr C. (6) 

Tor.n;a ,Zl;JIH BOJIHOBOtt cpyHKIJ;IIIl COCTOHHIIH pacceHHIIH <I> SC C aCIIMnTOTilKO.l!: 

sin(kr + 8)/k TionytiaeM 

C=~ 1 
lul 2ik' 

r 
<I>,c -t ~- (7) 

PaccMoTpIIM Tenepb pe3oHaHCHhle cpyHKUIIII. Cne.n;yH II.n;ee KOMnneKCHoro 

BpameHIIH [6], ,n;oonpe,neJIHM peryJIHpHhle B HyJie perneHIIH (5) ycJIOBIIeM KOHetI

HOCTII IlHTerpaJia OT KBa,n;paTa cpyHKIJ;Illl no JIY'IY s, KOTOphltt Haq1rnaeTCH OT 

HYJIH II yxo.n;HT no.n; HeKOTOphlM yrnoM 0 K .n;ei!:CTBIITeJibHOR ocn B 6eCKOHetIHOCTb. 

3.n;ecb Mhl Bhl6epeM ycJIOBile 

411' J <I>res(r) 2dr = 1. 

8TO ycJIOBIIe oTipe.n;eJIHeT BeJIIItIHHY C. .ll:JIH 3Toro npo.n;IIcpcpepeHn;IIpyeM ypa

BHeirne llipe.n;IIHrepa no IIMTIYJihCY II YMHOJRHM Ha <I>res, a ypaBHeHne llipe.n;nH

repa yMHOJRIIM na 8<I>res/ 8k, BhltITeM O,D;HO II3 .n;pyroro II npoIIHTerpIIpyeM ,no 

KOHetinoro pa.n;IIyca ( no JIYtIY s) R. TioJiytiennoe BhlpaJReHIIe 

R 

J 2 
1 o / o/ 

cl> resdr = 2k ( <I>reacl>res - cl>res<I>res )r=R , (8) 

0 

4 

r.n;e TOtIKa CBepxy 03HatiaeT TIPOII3B0.D;HYIO no IIMnyJibCaM, a IllTpIIX - TIO KO

op.n;IIHaTaM, MOJRHO npoaHaJIII3IIpoBaTb, no,n;cTaBJIHH 'BhlpaJReHIIe (5). OrrycKaJI 

rpoM03.D;KYIO no.n;cTaHOBKY, YKaJReM ycJIOBIIe cymecTBOBaHIIH IIHTerpana TIO ny-qy 

s. )].JIH 3TOro,Heo6xo.n;IIMO, 'IT06hl npII ,meprIIII z = Ere.-ir /2, (kres .= ko-ik1) 
cpyHKIJ;IIH llocTa o6pamanacb B HYJih, TO eCTb cymecTBOBaJI pe3oHaHC. TipII 3TOM 

.n;JIH ny-qa s .n;oJDKHO BhlnOJIHHThCH ycnoBIIe tan(0) > k1 /k0 • YcTpeMJIHH R K 

6ecKoHetIHocTII no ny-qy s, nonytIIIM BhlpaJReHIIe .n;JIH C: 

2 1 1 
C =-~ o • 

71'Z u(kres)u(-kres) 

TioBe,D;eHIIe pe30HaHCHO.l!: cpyHKIJ;IIII B6JIII3II HYJIH (6) 

4k2 r2 
i res 

<I>; .. -t - 471' ~(krea)u(-kres) 
(9) 

n03BOJIHeT Bhlpa3IITh ee tiepe3 l<I>scl 2• )].JIB ::noro 3aMeTHM, 'ITO npII MaJihlX ·rnII

pIIHax ( k1 / ko ~ 1) cpyHKIJ;IIIO llocTa u( ko) MOJRHO pa3JIOJRIITh B6JIH3II kres : 

u(ko) ~ ik1 ~(kres)• 

yqIIThlBaJI ( 7), ( 9) II nocne,n;Hee COOTHOilleHIIe, nonytiaeM CBH3b Me.JK,Zzy pe30-

HaHCHott cpyHKIJ;IIett II BOJIHOBOtt cpyHKIJ;IIett HenpephlBHoro cneKTpa: 

2 271' 2 
l<I>.cl ~ -rk Re <I>res· om* 

(10) 

TiocJie,D;Hee COOTIIOilleHile .BMeCTe C BhlpaJReHIIeM ( 4) II 3aMeqaHIIeM B HatiaJie 

pa3,neJia O CBH3II cpyHKIJ;II.l!: cl> II IV ,n;aeT OKOHtiaTeJibHOe BhlpaJReHIIe ,D;JIH CKopocTett 

H,D;epIIhlX nepexo,n;oB ,D;JIH J3KIIX pe30HaHCOB: 

,\ = Ar ~ Re Wres(O)2, (11) 

KOTopoe OTJIIItiaeTCH OT cpopMyJihl .ll:meKCOHa [1] 3aMenott KBa,npaTa MO,IJ;yJIH BOJI

HOBOtt cpyHKIJ;IIII CBH3aHHoro COCTOHHIIH MOJieKyJlhl Ha IIOJIOBIIHY peaJibHOtt tiaCTII 

KBa,n;paTa pe30HaHCHO.l!: cpynm::i;IIII. 

4 CKopocTH peaKQHH ,l{JIJI .z:tBYXKaHaJibHOH MO.l{eJIH MoJieKynJipHbIX 

pe30HaHCOB 

PacCMOTpIIM ,D;BYXKanaJibHYIO MO,D;eJib pe30HaHCHOro pacceHHIIH. TipII 3TOM O.n;IIH 

KaHaJI OTBetiaeT aCIIMIITOTIItieCKIIM COCTOHHIIHM pacCeHHIIH II Ha3hlBaeTCH OTKphl

ThlM, a BTopott - OTBetiaeT 3a 6JIIIJRai!:rnIIe B036yJR.n;eHIIhle COCTOHHIIH IIO,D;CIICTeM 

5 
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H 6y,n;eT Ha.3h1BaT1,eH 3aKphIThIM. TaKo:I!: no,zoco,n; y,n;o6eH ,Zl;JIH onHeaHHH 6JIH3KHX K 

nopory B036y}K,Zl;eHHH pe30HaHeOB [10, 11]. B paMKaX aTO:I!: exeMhl BBe,D;eM npo

eKTOphl oTKphIToro lv1 > H 3aKphIToro lv2 > KaHaJioB eooTBeTeTBeHHo. IlpH 3TOM 

< v;lvi >= O;j H lv1 >< vii+ lv2 >< v2I = I. BoJIHOBaH q>JHKD;HH eoeToHHHH 

paeeeHHHH npe,n;eTaBJIHeTeH B q>opMe ,Zl;BJX enaraeMhIX: 

'11sc = lv1 >Ji+ lv2 > f2, · 

KOTOphle oTBelJaIOT BOJIHOBhIM q>JHKD;HHM OTKphIToro (Ji) H 3aKphIToro (h) KaHa

JIOB. IloeJie npoeKTHpOBaHHH ypaBHeHHH Illpe,n;HHrepa Ha 3TH KaHaJihl nony-qaeM 

eHeTeMy ypaBHeHHH .UJJH 3THX q>JHKD;H:I!:: 

(H;i - Zo;i)J; = 0, i,j = 1 2 
' ' 

r,n;e H;; =< vdHlv; >, a Z = E + iO - noJIHaH 3HepmH CHeTeMhl. 

,I(JIH Heene,n;oBaHHH peilleHH:I!: B6JIH3H pe30HaHea y,n;o6Ho Bhlpa3HTh 

f2 = 922(Z)H21f1 

(12) 

(13) 

H3 BTOporo ypaBHeHHH H, no,n;eTaBHB B nepBoe, IlOJIJlJHTh 3aMKHJTOe ypaBHeHHe 

(Hn + H12Y22(Z)H21 - Z)fi = 0. (14) 

,Zl;JIH Ji. IlpH 3TOM 922(Z) = (Z - H22t1 - q>yHKD;HH rpHHa 3aKphITOro KaHaJia. 

Pe3oHaHehl B03HHKaIOT B eny'lae eoBna,n;eHHH 3HeprHH eHeTeMhl E e eo6eTBeHHO:I!: 

3HeprHeii e raMHJihTOHHaHa 3aKphIToro KaHaJia: 

(H22 - e)llfc = 0, 

r.ue \J:I C - BOJIHOBaH q>JHKD;HH H30JIHpoBaHHOro KaHaJia 2. B 3TOM enyqae q>yH

KD;HIO rpHHa 3aKphITOro KaHa~a MOJKHO npe,n;eTaBHTh IlOJIK>eHhIM enaraeMhIM 

H, BBO,Zl;H o603HalJeHHe 

922(Z) ~ lllfc >< Wei 
z -f; 

lb>= H12lllfc >, 

HanHeaTh ypaBHeHHe JlHililMaHa-llIBHHrepa ,Zl;JIH nepBoro KaHaJia: 

f _ Jo 911(Z)lb >< blf1 
1- 1+ z • - e 

(15) 

3,n;eeb BBe,n;eHhl q>JHKD;HH rpHHa OTKphITOro KaHaJia 911 ( Z) H eo6eTBeHHhle q>yH

KD;HH eoeTOHHHH paeeeHHHH e paeXO,n;HlD;e:l!:CH BOJIHO:I!: ,Zl;JIH 3TOro KaHaJia ff: 

(H11 - E)ff = 0. 

6 

RBHhlii eerrapa6eJibHhlii BH,ZI; ypaBHeHHH (15) II03BOJIHeT Bhlpa3HTh q>yHHUHH Ji 
H f 2 qepe3 BOJIHOBhle q>yHHI{HH H30JIHpOBaHHhIX HaHaJioB: 

Ynlb >< blff . 
fi = ff+ z - €- < blgn lb >' 

< blff - w -=-----:-..,-c-i,:'. h - c z - e- < blYnlb > 

(16) 

B1,1pameHHH (16), e o,n;Ho:I!: eTopoHhl, ,n;aroT JHHTapHyro S-MaTpHuy paeeeH

HHH B 6pe:l!:T-BHrHepoBeHO:I!: q>opMe, lJTO II03BOJIHeT Bhlpa3HTh He orrpe,ueJieHHhle B 

o6meM BH,ZJ;e MaTpHlJHhle 3JieMeHThl OT q>JHHUHH rpHHa qepe3 rrrnpHHY pe3oHaHea 

H ero e,UBHr OT 3HeprHH e, a e ,npyro:I!: eTOpOHhl, II03BOJIHIOT orrpe,n;eJIHTh IIOBe,ne

HHe q>JHHUHii f 1 H h B6JIH3H HJJIH, HOTopoe HaM Heo6xo,n;HMo ,unn HaXO}l{,UeHHH 

Iw.c(O)l2, TaH HaH 

Iw.;(0)I
2 

= lfi(O)l
2 

+ lh(O)l2. 

IloeHOJihHY Hae HHTepeeyroT S-BOJIHOBhle H.UepHhle rrepexo,n1,1, Bee paeeMoTpe

HHe HH}l{e 6y,ueT rrpoBO,Zl;HTheH TOJihHO B 3TO:I!: rrapuHaJihHO:I!: rapMOHHHe. Y.uo6Ho 

BBeeTn peryJIHpHoe (F) II HeperyJIHpHoe (G) perneHHH .UJIH raMHJihTOHHaHa H 11 , 

HMeromHe aCHMIITOTHKH sin( kr + 01) H cos( kr + 01) eooTBeTeTBeHHO, a TaH}l{e 

q>yHKUHIO x = G + iF, llepe3 H0Top1,1e MO}l{HO Bhlpa3HTh BOJIHoByro q>yHHUHro n 

q>JHHI{HIO rpHHa nepBoro KaHaJia: 

ff= F(r) exp (io1); 
kr 

Yu(r, r'; Z) = _ 2m* x(r>)F(r<) 
k rr' (17) 

3,neCh HeIIOJih3JIOTeH eTaH,napTHhle o603HalJeHHH .UJIH q>a3hl paeeeHHHH B rrep

BOM HaHaJie 01' a TaH}l{e r> H r <' HOTOphle orrpe,neJIHIOT 60JihII1ee HJIH MeHhrnee 

3HalJeHlIH rrepeMeHHhIX r H r'. 
vleIIOJII,3JH 

0

3TH orrpe,neJieHHH, HeTpy,nHO IIOJIJlJHTh MHIIMJIO qaeTb MaTpHlJ

HOro 3JieMeHTa OT q>JHHI{HII rpHHa: 

2 * I F 1

2 

Im < blgnlb >= - ; < bl-;:- > 

KOTopaH Bxo,n;HT B S-MaTpHUY, nerno rronyqaeMyro II3 (16): 

Z - Er - i¥1 < blf > 1
2 

S = Z - Er+ i2';:"I < blf > 12 exp(201), 
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r,lle orrpe,lleJleHa pe3oHaHCHaH 3Hepnrn E, = c: + Re < blgu lb > . Bb1paJKem1e 

.llJIR S-MaTplII(hl YHIITapHo, a MHIIMaH 'lacTb q>yHRI(IIH rplIHa )laeT rronyumplIHY 

pe3oHaHca: 

r 2m· j F 1
2 

-=- <bl-> 
2 k r 

Orrpe,lleJ11IB nmplIHY pe3oHaHca II IICIIOJlb3YJI rrpe,llcTaBneH1Ie (17) ,llJIR q>yH

RI(IIII rplIHa, MOlKHO 3aIIIICaTb BhlpaJKeHIIe ,llJIR 1¥ sc B6JIII31I HyJleBhIX 3Ha'leHIIfi 

ROOp,lllIHaThl OTHOCIITeJlbHOro ,llB1IlKeH1IJI: 

1'¥sc(0)l2 = (F(O)) 21 <bl~> 
. k <bl~> 

2 
1 

+ km•r livc(o)l2. (18) 

Ilocne,llHee BhlpaJKeHIIe BMecTe c ( 4) orrpe,lleJIReT CROpOCTII JI,llepHhIX rrepe

XO,llOB II3 HerrpephIBHOro crreRTpa. IlplI 3TOM rrepBoe cnaraeMoe B (18) rropom,lla- · 

eTCJl OTRphIThIM RaHanoM ll OTBe'!aeT 3a peaRI(lHO " C XO.llY ", TOr,lla RaR BTOpoe 

B03HHRaeT II3-3a 3aRpbITOro RaHana II orrpe,lleJIReT BRJla,ll B CROpOCTII Jl,llepHhIX rre

peXO,llOB II3 pe30HaHca. 11MeHHO 3TO cnaraeMOe ,llOMHHIIpyeT IIplI r - 0, TO ecTb, 

ROr,lla BpeMJI lKII3HII pe30HaHca HeorpaHII'leHHO B03pacTaeT. TeXHII'leCRII TaRaH 

CIITyaI(IIJl B03HIIRaeT IIplI cna6ott 'CBJI31I MelK.llY RaHaJlaMII, orrpe,lleJIReMott Hop

Mott BeI{Topa b. Ilp1I 3TOM rrepBoe cnaraeMoe co,llepm~T OTHOllieHIIe rrpoeRI(IIil:; b 
Ha HeperyJIRpHoe II peryJIRpHoe peme1rne ,llJIR raMIIJlbTOHIIaHa H11 II He 3aBIICIIT 

OT CIIJlhl CBJI3ll MelK,lly RaHanaMII. Bonee Toro, B cny'lae aCIIMIITOTII'leCRII ,llane

Rott ,llJIR Hu o6nacTII qiopMIIpoBaHIIJl pe30HaHca, 3TO OTHOilleHIIe orrpe,lleJIReTCJl 

ROCIIHyc- II c1rnyc-rrpeo6pa30BaHIIJIMII <l>ypbe, TO ecTb JlBJIReTCJl BeJIII'IIIHOtt ~ 1. 
Ilo3TOMY rrepBoe cnaraeMoe Morno. 6bl ,llaTb cyru;eCTBeHHblfi BRJla,ll TOJlbRO ,llJIR Ta

RIIX pe3oHaHCOB, o6naCTb q>OpMIIpoBaHIIJl ROTOpbIX 6hlna BHYTPII RYJIOHOBCROro 

6apbepa (To'IRH IIOBOpoTa). O,llHaRO paC'leTbl ,mepr1Ifi CBJI31I Me30MOJleRyJIRpHoro 

pe30HaHca [12, 13] IIORa3hIBaroT, 'ITO, BO-IIepBbIX, ,llJIR 3TIIX pac'leTOB CBJI3bl0 

MelK.llY RaHanaMII MOlKHO rrpeHe6pe'lb, B0-BTOpbIX, o6naCTb JIORaJIII3aI(IIII co6-

CTBeHHOfi q>yHRI(IIII TaRoro CBJI3aHHoro COCTOJIHIIJI HaXO,lllITCJl Ha paccTOJlHIIJIX, 

60J1bill1IX MIOOHHOil: e,lllIHIII(bl, TOr,lla RaR TO'IRa IIOBOpoTa ,llJIR 3Hepmtt ofrbe,lllI

HeHHOro aToMa ~ 0.5. 
Mcxo,ll/I II3 3TIIX apryMeHTOB CROpOCTb Jl,llepHbIX rrepeXO,llOB ,llJIR Me30MOJle

RYJIRPHbIX pe30HaHCOB 6y,lleT orrpe,lleJIRTbCJl TOJlbRO BTOpbIM cnaraeMblM. B (18). 

Ilo,llCTaBJIRJl 3TO 3Ha'leHHe B ( 4) II orrpe,lleJIIIB HOpMIIpOBRY no IIOJIHOMY o6'b

eMy, rrony'laeM OROH'laTeJlbHOe BblpaJKeHIIe ,llJIR CROpOCTett. JI,llepHbIX rrepeXO,llOB 

II3 Me30MOJleRyJIRpHbIX COCTOJIHIIil: B paMRaX .llBYXRaHaJlbHOro qiopMaJIII3Ma: 

A= A, jivc(0)l2. (19) 

8TO BhlpaJKeHIIe COBIIa,llaeT c qiopMynott ,L(meRCOHa [l], HO BMeCTO MOJleRyJIRpHott 

BOJIHOBOit q>YHKI(IIH B Hero BXO.lllIT BOJIHOBaH q>YHKI(IIJI 3aRpbITOro RaHana. 
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H1Ime IIplI OI(eHRe CKopocTett JI,n;epHbIX rrepexo,n;oB Mbl nocTpOIIM raMIIJlb

TOHIIaH H22, ROTOpbltt rrpe,n;cTaBJIReT co6ott cyMMy CB06o,n;Horo raMIIJlbTOHIIaHa 

.llBYX JI,n;ep II 3q>q>eRTIIBHOil: IIOTeHI(IIaJlbHOil: 3Hepr1III U ( r) - TepMa. Il pH 3TOM 

,llBHlKeHIIe TJilKeJlblX JI,n;ep cyru;ecTBeHHO RBa3HRJlaCCH'IHO 3a HCRJIIO'leHHeM MaJlblX 

pacCTOJIHIIfi, r,n;e ,n;ettcTBYeT KYJIOHOBCROe OTTaJIKHBaHHe H H3BeCTHO aHaJIHTH'le

CROe BhlpaJKeHIIe .llJIR TepMa. Ilo3TOMY cyru;ecTByeT B03MOlKHOCTb yrrpocTHTb Bbl

paJKeHHe (19), HCIIOJlb3YJI RBa3HKJlaccH'leCKOe rrpH6JIHlKeHHe .llJIR w c• .L(JIR 3Toro 

HYlKHO BOCIIOJlb30BaTbCJl CTaH,llapTHhIMH BblpaJKeHHJIMH .llJIR KBa31IRJ1accH'1eCKOil: 

.BOJIHOBOfi <pyHKI(HII (cM., HarrpnMep, [8]). TaR, B o6nacTH RJlaCCH'leCRH .llOCTYII

Horo ,llBHlKeHHH BOJIHOBaH q>yHRI(HH rrpe,n;cTaBHMa B BH,n;e 

r 

B J 1r r\ll(r)c= ,/Pcos( P(x)dx- 4), 
Rmin 

r,n;e P(r) = J2m*(E - U),· Rmin- neBaH TO'IKa rroBopoTa, a ROHCTaHTa B 
orrpe,n;eJIReTCH HOpMHpOBROil: BOJIHOBOil: q>yHKI(IIH ITO BCeMy npocTpaHCTBY. CneBa 

( 6J11IlKe R Hynro) OT Rmin, B RJlaCCH'leCRII He,n;ocTyIIHOtt o6nacTH, 3Ta <pyHKI(HH 

3aMeHJieTCJI Ha 

'V B Rmin 

r (r)c = 2JiPT exp(- J IP(x)jdx). 
r 

Ilocne,n;Hee BblpaJKeHHe crrpaBe,n;JIHBO .llO paccTOHHHtt, 60JlbillHX 6opOBCROro pa

,n;nyca H,n;epHott no,n;cncTeMbl ab = l/Z1Z2m*, ROTopble, B CBOIO O'lepe.llb, MHoro 

MeHbme TO'IRH IIOBOpoTa B CHCTeMe o6'be.llllHeHHOro aTOMa. Ilo3TOMY cyru;ecTByeT 

o6naCTb, r,n;e crrpaBe,n;nHBO RBa3HRJlaCCH'leCRoe IIpH6JIHlKeHHe, C 0.llHOil: CTOpOHbl, 

H 'IHCTO RYJIOHOBCKoe - C ,n;pyrott. Bb16HpaH TO'IKY CillHBKH B 3TOil: o6naCTH 

.llJIJl KYJIOHOBCKHX, q>yBKI(Hil: cneBa H JIHHeil:Hott KOM6HHaI(HH B03pacTaroru;ett H 

y6b1Baroru;ett 3KCIIOHeHT KBa3HKJiaCCH'leCKOro pemeHHH cnpaBa, MOJKHO IIOJIY'IHTb 

BblpaJKeHii:e, He 3aBHCHru;ee HH OT TO'IKH CillHBKH, HH OT KHHeTH'leCKOil: 3HeprHH B 

3TOil: TO'IKe. 3,n;ecb Mbl cpa3y aarrnmeM peryJIRpHoe B Hyne BblpaJKeHHe 

Rmin 

21rB
2 J jw(0)cl~ = - exp(-2 IP(x)jdx). 

llb 
(20) 

0 

Ilo,n;cTaBJIHJI 3T0 BblpameHne B (19), c y'leTOM orrpe,n;eneHHH BeJIH'IHHbl A, no

ny'IHM-BblpaJKeHne .llJIJl CKOpocTett H.llepHbIX rrepeXO,llOB B RBa3HKJiaCCH'leCKOM 

cny'lae 

Rmtn 

A= 2S(0)B
2
exp(-2 J IP(x)jdx). (21) 

0 
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BeJIHq1rna B2 onpe.n;eJIHeTCH HOpMIIpOBKO:l!: no BCeMy npocTpaHCTBY, IIMeeT pa3-

MepHOCTb KBa.n;paTa llMnyn1,ca ll npIIo6peTaeT HCHhl:l!: q>ll3llqecKII:l!: CMhlCJI npll 

OCD;llJIJIHTOpHOM npe,n;cTaBJieHllll TepMa. B 3TOM cnyqae OHa nponopD;llOHaJibHa 

qacTOTe OCD;llJIJIHTOpa, qTo BMeCTe C "6ap1,epHo:l!: 3KcnoHeHTO:l!:" llMeeT CMhlCJI Be

poHTHOCTll npOHllKHOBeHllH qepe3 6ap1,ep B e,n;IIHIID;y BpeMeHll. 3,n;ec1, Mhl npn:

Be,n;eM BhlpameHIIe ,ll;JIH B2, paccqlJTaHHOe ,D;JIH OCD;llJIJIHTOpHoro npe,n;cTaBJieHllH 

TepMa B03Jie MllHllMJMa Umin : 

B2 _ 0 459 2m*(t: - Umin) 
- • 471" ' (22) 

B KOTOpOM cnen;IIaJibHO Bhl,D;eJieH q>aKTOp 0.459, B03HllKa!Olll,ll:l!: npll 'lllCJieHHOM 

IIHTerpn:poBaHllll l'11(r)cl2 
no BCeMy npocTpaHCTBy. 

5 OueHKa CKOpocTeH n,nepHhIX nepexo,noe B Me30M0JieKyJIRpH0M 
. peaoHaHce 3He µ d 

IT pn:Be,n;eHHhle Bhlme o6o6rn.eHllH q>opMJJihl .ll:meKCOHa ( 11), ( 19) ,ll;JIH CKopocTe:l!: 

H,n;epHhlX peaKD;ll:l!: ll3 Me30MOJieKyJIHpHhlX peaoHaHCOB Tpe6y10T 3HaHllH BOJIHOBO:l!: 

q>JHKD;ll:l!: npll MaJihlX 3HaqeHllHX KOOp,n;IIHaT OTHOCllTeJibHOro ,ll;Bll}l{eHllH H,n;ep: 

r « ab, ,Ll;JIH CllCTeMhl 3He µ d 6opoBCKII:l!: pa,n;IIyc ~ynoHOBCKoro B3an:Mo,n;e:l!:

CTBIIH H,n;ep COCTaBJIHeT Jlllilll, 0.05 aTOMHO:l!: MIOOHHO:l!: e,n;IIHllD;hl. K comaJieHlllO, 

HeCMOTpH Ha pH,n; pa6oT, xopomo OnllChlBa!Olll,llX IIOBe,n;eHIIe Me30MOJieKyJIHpHhlX 

pe30HaHCOB Ha paCCTOHHllHX ~ 1, 3HaqeHIIH BOJIHOBhlX q>JHKD;ll:l!: Ha MaJihlX pac

CTOHHllHX Hell3BeCTHhl. IlonoMy B 3TOM pa3,n;eJie 6y,n;eT npIIBe,n;eHa on;eHKa H,n;ep

HhlX nepexo,n;oB ,n;JIH Me3oMoJieKyJIHpHoro pe3oHaHca 3He µ d B npocTO:l!: .n;ByxKa

Ham.Ho:li: MO,D;eJill. 

KaK Mhl y6e,n;IIJillCI, Bhlme,. HaM HymeH TOJll,KO raMIIJII,:J:OHllaH 3aKphlTOro Ka

HaJia. 8TOT raMllJll,TOHllaH ,ll;OJl}l{eH OTBeqaTI, OTHOCIITeJibHOMY ,n;Bll}l{eHlllO H,n;ep, 

qTo npaKTllqecKll ,n;enaeT HeB03MO}l{HhlM llCnOJI1,30BaHn:e pacqeTHhlX MO,D;eJie:l!: B 

paMKax rIInepcq>epIIqecKllX KOOp,D;IIHaT. C ,n;pyro:l!: CTOpOHhl, Hall6onee no,n;XO,n;H

lll,aH ,n;JIH HamIIx u;ene:l!: cxeMa pa3JiomeHIIH no ,n;Byxn;eHTpoBoMy 6a3n:cy Tpe6yeT 

yqeTa Heonpe,n;eJieHHO 6on1,moro KOJin:qecTBa TepMOB ll3-3a BonpocoB CXO,ll;llMOCTll 

pa3JIO}l{eHllH Ha MaJihlX pacCTOHHllHX. Ilpll 3TOM OCHOBHO:l!: TepM 3aKphlTOro Ka

HaJia B 3TOM pa3JIO}l{eHllll (2p<7 ) Ha MaJihlX paCCTOHHllHX OTBeqaeT P-BOJIHOBOMY 

,n;Bll}l{eHIIIO Me30Ha B 06'.Le,n;IIHeHHOM aTOMe [14] II, COOTBeTCTBeHHO, H,n;ep ll He 

MO}l{eT 6hlTI, llCIIOJll,30BaH ,n;ame B KaqecTBe on;eHOqHoro npII6Jill}l{eHllH. 

HIIme Mhl nocTpOllM npoCTYIO cxeMy onIICaHIIH pe30HaHca B Me30MOJieKy

JIHpHO:l!: CllCTeMe llCXO,n;H ll3 npe,n;nOJIO}l{eHIIH, qTo OCHOBHO:l!: BKJia,n; B IlOTeHn;llaJI 

B3allMo,n;e:l!:CTBllH ( TepM) B 3aKphlTOM KaHaJie ,n;aeT noJIHpll3JeMOCTI, Me3o,n;e:l!:TOHa 

H,n;poM reJIIIH. B 3TOM cnyqae Mhl MO}l{eM llCKaTI, TepM 3aKphlTOro KaHaJia pa3JIO

}l{eHlleM TOJII,KO no BO,n;opo,n;ono,n;o6HhlM q>JHKD;llHM Me3o,n;e:l!:TOHa. Pa3yMeeTCH, 
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TaKoe pa3JIO}l{eHn:e MO}l{eT 6hlTI, KaK ll npll onm;aHllll 3q>q>eKTa lllTapKa, TOJII,KO 

aCIIMnTOTll'leCKllM, ll llMeeT CMhlCJI npn: orpaHn:qeHHOM 6a3IICe. KaK 6y,n;eT no

Ka3aHo, CXO,ll;llMOCTI, 3HaqeHll:l!: pe3oHaHCHO:l!: 3Hepmn ll 1'11(0)12 o6ecneqn:BaeTCH 

Ha6opoM BO,n;opo,n;ono,n;o6HhlX q>JHKD;ll:l!: c rnaBHhlM KBaHTOBhlM qncJIOM ::; 8. 
IlocKOJibKY cxeMa pa3JiomeHllH ypaBHeHnH Illpe,n;HHrepa no TaKIIM q>yHKD;IIHM 

COBna,n;aeT co cxeMofi pa3JIO}l{eHllH no q>yHKD;llHM ,n;Byxn;eHTpOBoro 6a3IICa, Mhl 

npn:Be,n;eM Jlllilll, OCHOBHhle 3Tanhl 3TOtt cxeMhl. IlpoHyMepyeM qacTllIJ;hl: 1 -
H,n;po 3He C 3apH,n;OM Z1, 2 - H,n;po d C 3apH,n;OM Z2 ll 3 - µ-Me30H, ll BBe,n;eM 

Koop,n;nHaThl JlKo6n: 

r = r(ll - r(2) 
. ' 

p = r{3) - r(1>m1 + r(2>m2 

m1 + m2 

BeJillqllHhl C llH,D;eKCOM OTHOCHTCH K COOTBeTCTBJ!Olll,llM qacTllD;aM, npll 3TOM Hll}l{

Hllfi llH,D;eKC ,ll;JIH Koop,n;n:HaT ri aape3epBllpoBaH ,ll;JIH o603HaqeHllH BeKTOpa Mem,n;y 

napofi qacTllD;, OTJillqHI,IX OT i. 
BBe,n;eM 6a3llCHhlfi opTOHOpMllpOBaHHhlfi Ha6op q>yHKD;llfi /{ m ( r' p)' no KOTO

poMy pa3JIO}l{llM BOJIHOBJIO q>JHKD;ll!O COCTOHHllH pacceHHllH: 

\ll(r,p) = LKm(r,p)fm(r). 
m 

Tor,n;a raMllJII,TOHllaH OT,D;eJII,HO B3HTOro KaHaJia He co,n;epmn:T nepBhlX npOll3BO

,ll;HhlX q>yHKD;llfi f; . .ll:JIH nocTpoeHllH TepMa 3aKphlTOro KaHaJia npe,n;CTaBllM I<2 

B q>opMe pa3JIO}l{eHllH no co6cTBeHHhlM q>yHKD;llHM Me3o,n;efiTOHa <Pi( rt), OTBetJa

lOIIl,llM co6CTBeHHhlM 3HaqeHllHM Ei : 

K2(r, p) = L <Pi(r1)Yi(r), 

r,n;e llH,D;eKC i BKJIJOqaeT Bee KBaHTOBhle qllcJia BO,n;opo,n;ono,n;o6HhlX q>JHKD;llfi. To

r,n;a q>yHKD;llll Yi ,D;OJl}l{Hhl 6hlTI, KOMnOHeHTaMll co6CTBeHHoro BeKTOpa MaTplln;hl: 

Z1e 
Eibii- < <Pi -¢i >, 

r2 

r,n;e yrnoBhle CK06Kll 03HaqaJOT llHTerpnpoBaHn:e no BCeMy npoCTpaHCTBY KOOp

,ll;llHaThl P, a TepM 3aKphlTOro KaHaJia U(r)- MllHllMaJibHhlM. co6CTBeHHhlM 3Haqe

HlleM 3TOfi MaTpllD;hl. 

Ifa-3a 3aBllCllMOCTll q>JHKD;llfi Yi OT r OKOHqaTeJibHOe ypaBHeHlle ,ll;JIH BOJIHO

BOtt q>JHKD;llll 3aKphlTOro KaHaJia 

1 Z1Z2 
(--

2 
-~ + - + U(r) + Q(r))\llc(r) = t:'11c(r) 

m12 r 
(23) 
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co,nepmlIT rrorrpaBHY H TepMy 

1 ( ~ a ayj ~ ay; 2 
Q = -- 2 ~Yi<</>;-</>·> - - ~(-) ). 

2m12 .. 8r J ar . 8r 
~ . 

3.n;ecb m 12 - rrplIBe,neHHaJI Macca H.n;ep reJIIIH II ,ne:11:ToHa. 

_KaH roBOplIJIOCb Bhlrne, Mhl paccMaTplIBaeM cJiy'la:11: TOJibHO S-BOJIHOBoro .n;BII

meHIIH H.n;ep. Ilo:noMy cpyHHI(IIII Yi aaBIICHT TOJibHO OT r, a yrnoBhle cpyHHI(IIII 

BO,nopo.n;orro,no6Horo 6a31ICa MOH{HQ Bhl6paTb B cpopMe ITOJIIIHOMOB Jle}KaH.n;pa, ap

ryMeHTOM HOTOphlX 6y.n;eT HOCIIHYC yrna Mem,ny r II r1, 

3a,na'la Ha co6cTBeHHOe 3Ha'leHIIe u II BeHTOp y pernaJiaCb 'IIICJieHHO. Ha 

p1ICYHKe 1 rrplIBe,neH cpparMeHT TepMa B 3aBIICIIMOCTII OT pacCTOHHIIH Mem,ny 

H.n;paMII. TepM ,naH B e,n1IH1In;ax 3Hepr1III Meao.n;e:11:ToHa m23e
4 /2, a paCCTOHHIIH -

B 6opoBCHIIX pa,n1Iycax ao = 1/m23e
2

• 

- 1.00 ,..------,-------------~ 

u 
-1.02 

-1.04 

-1.06 

-1.08 

_ 1.10 t• I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

0 2 4 6 8 r 10 

PIIc. 1. IloBe.n;eHIIe TepMa aaHphlToro HaHaJia. IloHcHeHIIH B TeHcTe 

IlocJie HaXOH{,!l;eHIIH TepMa II rrorrpaBHII Q 3Hepr1IH CBH~II € orrpe,neJIHJiaCb 

rro cpopMyJie Bopa-3oMMepcpeJib,na, a 3Ha'leHIIH l1Jic(0)l2 
- ·no KBa31IHJiacc1I11e

cHo:II: cpopMyJie (20). H1Ime Mhl nplIBO,!l;IIM Ta6JIIIIJ;Y aHa'leHII:11: 3Heprntt CBH3H n 

l1Jic(0)l 2 B aaBIICIIMOCTII OT rJiaBHoro HBaHTOBoro 'IIICJia n, HOTopoe onpe,ne;meT 

HOJIII'leCT~O 6aalICHhlX cpyHHI(II:11: n( n + 1 )/2. Ilp1I ,3TOM 3HeprnH CBH31I ,naeTCH B 

3B, a BOJIHOBhle cpyHHI(IIII ,naHhl B e.n;nHnn;ax ao, 
KaH BII,!l;HO II3 3TO:II: Ta6JIIII(hl, 3Ha'leHIIH II 3Heprnn CBH3ll €' II BeJIH'IIIHhl 

IWc(0)l 2 6hlCTp0 CXO.n;HTCH. Ilpn 3TOM BeJIII'IHHa IWc(0)l 2 
CXO,!l;IITCH 6hlCTpee II 

12 

Ta6JI1In;a 1. Cxo.n;IIMOCTb t: II !Wc(0)l2 B aaBIICIIMOCTII OT paaMepa 6aa1Ica. Ilo

HCHeHIIH B TeHCTe 

n € !Wc(0)l2 

4 -60.0 1.75. 10-11 

5 -67.4 1.89. 10-11 

6 -71.8 1.96. 10-11 

7 -74.7 2.01. 10-11 

8 -76.6 2.02 · 10-11 

OTJIII'IIIe ee aHa'leHII:11: ,nJIH 6aanca II3 10 ( n=4) II II3 36 ( n=8) cpyHHIJ;II:11: co

cTaBJIHeT ~ 13% II HBJIHeTCH MaJihlM B paMHax np1I6JI1IH{eH1IH .Ll:meHCOHa ,!l;JIH 

CHOpOCTe:11: H,nepHhlX peaHI(IIii: • 

Heo6xo,nJIMO OTMeTIITh, ~To aHa1IeH1Ie 3HeprnlI cBHan c: cxo,n1ITCH H MeHb

rneMy 'IIICJIY, 'leM noJiy11eHo nplI TO'IHhlX cxeMax Haxom.n;eHIIH 3Hepr1III peao

HaHca ~ - 71.0 3B (12, 13, 15]. l.lJicJieHHO MOH{HQ npoBeplITb, 'ITO OTJIII'llle 

HBa31IHJiaCCII'leCHIIX 3Ha'leHII:II: 3Hepr1III OT TO'IHhlX (MeTO,!l; HyMep~Ba) He npe

BhllllaIOT -1 3B II BeJIII'IHHa HeBH3HII COCTaBJIHeT ~ -5 3B (0.2% B e,nlIHHI(aX 

3Hepr1III Meao.n;e:11:TOHa). YlIIIThlBaH npoCTOTY Mo,neJIII IIOCTpOeHIIH TepMa 3aHphl

Toro HaHaJia, TaHoe OTJIII'IIIe OT TO'IHhlX paclJeTOB MOH{HQ C'IHTaTb y,noBJieTBOplI

TeJibHhlM. 

Pacc1I1ITaHHhle 3Ha1IeH1IH BeJIII'IIIHhl !Wc(0)l2 
II03BOJIHIOT on;eHIITb cHopocTII 

H.n;epHhlX peaHIJ;IIii: B hie30MOJieHyJIHpHOM peaoHaHce 
3
He µ d . C y11eTOM 3Hcrre

p1IMeHTaJibHoro 3Ha1IeH1IH acTpo<plI31I'leCHoro cpaHTopa S(O) ~ 6.32. M3B • 6apH 

[16] BhlpameHIIe (19) rrplIBO,!l;IIT H BeJIII'IIIHe 

.,\ ~ 3.8 • 106 c-1
• (24) 

CpaBHIIM 3To aHa11eH1Ie c on;eHHo:11: rnopocTII H,nepHo:11: peaHn;nlI .,\i, orrpe,neJIHeMo:11: 

rrepBhlM cJiaraeMhlM B (18), TO eCTb C peaHn;IIeii: ,, C xo.ny" . .Ll:JIH 3Toro IIOJIOH{IIM 

IW,o(D)I'"' eTr 
C'IIITaJI cpaHTop (CM. pa,neJI 4) I< bl~>/< bl~ >1 2 

paBHhlM 1. A BeJill'IIIHY 

F(O) ,ll;JIH OTHphlTOro HaHaJia on;eHIIM B MO,!l;eJIII ofrbe,!l;IIHeHHOro aTOMa KaK 3Ha'le

HIIe B Hyne peryJIJipHoro perneIIIIH ypaBHeHnJI lllpe,nnHrepa c 3Hepnrett B 8 Meao

.n;e:11:ToHIIhlX e,nJIIIIII( ,!l;JIH KYJIOHOBCitoro OTTaJIKIIBaIOmero IIOTeIII(liaJia C aapH,!l;OM 

2e2 • I1cnoJib3YH 'IIICJJeHIIOe 3Ha11em1e BeJIII'IIIIlhl r ~ 3.5. 10-4 
3B (13], IIOJIY'llIM 

..\; ~ 5.3 · 105 
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CpaBHIIBaJl 3TY oneHKY C (24), MO}KHO 3aKJIIO'llITh, 'ITO pacqeT CKOpOCTll n.n:ep

HhlX peaKnlifi B CIICTeMe 3He µ d no 3aKphlTOMY KaHaJiy MomeT 6hlTh TOJihKO 

oneHO'lHhlM. IlocKOJlhKY me Bonpoc CXO,l(IIMOCTII BOJIHOBOfi <pyHKnlIII Ha MaJihlX 

pacCTORHIIRX B cyru;ecTBYIOIIJ;IIX cxeMaX perueHIIR KYJIOHOBCKOfi 3a.n:a'llI Tpex TeJI 

OCTaeTCR OTKphlThlM, MOlKHO paccMaTplIBaTh 6y.n:yru;1Ie 3KCIIep1IMeHTaJibHhle 3Ha

'leHIIR .D:JIR CKOpOCTII n.n:epHofi peaKnlIII KaK TeCT: B cnyqae >. ~ n · 105 peaKD:IIR 

onpe.n:eJIReTCR Hepe3oHaHCHhlMII MexaHII3MaMII II ceqeHIIR n.n:epHhlX peaKIJ;IIfi 6y

.n:yT ma.n:Koii <pYHKnliefi 3Hepr1III CTOJIKHOBeHIIR, a B CJiyqae .A ~ n-106 
- n.n:epHhle 

nepeXO.D:hl onpe.n:eJIRIOTCR MOJieKyJIRpHhlMII pe3oHaHCaMII. 

6 3aKJIIO'lieHHe 

PacCMOTpeHHhle 3,l(eCh cxeMhl pac'leTa CKOpOCTefi n.n:epHhlX peaKu;IIfi II3 Me30M0-

JieKyJIRpHhlX pe3oHaHCOB npe.n:noJiaraIOT He3aBIICIIMOCTh n.n:epHhlX II MOJieKyJIRp

HhlX ,l(BlllKeHIIil: (np1I6JI1IlKeH1Ie .Ll:meKCOHa). BoJiee Toro, IICIIOJih30BaHIIe 1'11(0)12 

IIMeeT CMhlCJI TOJihKO IIplI ycJIOBIIII, 'ITO n.n:epHhlfi 6opOBCKIIfi pa.n:1Iyc 6oJihIIIe xa

paKTepHoro pa3Mepa o6JiaCTII n.n:epHhlX peaKu;IIfi. B cJiyqae pacceRHIIR .n:eil:TOHa 

Ha n.n:pax 3TO ycJIOBIIe HapyruaeTCR yme IIplI z > 3. IlonoMy IIplIBe.n:eHHhle 

B HaCTORru;ett pa6oTe nlI<pphl RBJIRIOTCR TOJlhKO ou;eHO'lHhlMII B paMKax yRa3aH

HhlX0 BhlIIIe IIp1I6JIIIlKeHIIil: II MoryT CJIYlKIITh JIIIIIIh .D:JIR IIOCTaHOBKII 3KCIIep1IMeH

TaJihHhlX MeTO,l(IIK. TaK KaK TO'lHhle MHOroTeJibHhle pacqeThl B HaCTORru;ee BpeMR 

BbIIIOJIHIITh HeB03MOJ¥HO, TO IIMeHHO OIIhlTHhle pe3yJihTaThl II03BOJIRT Bhl6paTb a.n:e

KBaTHYIO Mo,n:eJib y'leTa MOJieKyJIRpHhlX CTeIIeHefi CB06o,n: .D:JIR R,n:epHhlX peaRu;Hfi. 

ABTOp BhlpamaeT CBOIO npH3HaTeJihHOCTh B.B. BeJIReBy, C.H. Bn:HHu;KoMy 

II A.K. MoTOBHJIOBY 3a Heo.n:HoKpaTHhle npe.n:Bapn:TeJihHhle o6cym.n:eHHR pe3yJih

TaTOB HaCTORru;ero coo6ru;eHHR, a B.ll. Kopo6oBy - 3a npe.n:ocTaBJieHn:e eru;e He 

ony6JIHKOBaHHhlX pacqeTHhlX 3Ha'lem1tt no 3He µ d-pe3oHaHcy. 

Pa6oTa BhlIIOJIHeHa IIpH '13.CTH'lHOfi no.n:,n:eplKKe PoccnfiCRoro <poH,n:a <pyH.n:a

MeHTaJihHhlX HCCJie.n:oBaHHfi (rpaHT N- 95-02-05689). 
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.8.nepHbie ~epex,o.D.bl 113 ~1oneKym1pi11,1x-'-peJ()IIUHC(_)B 
- - ' ': :-;' ·- ·.:..~-::-- .. :.~~:- .. _--:~~-:-;.. :::.."---· - _.,. ·. ~-- . 

P~CCMCrrp~H_a_ CBSDb- ~-e)l(JJ.ype301fancnbIMH qJ)'.IIKl!-HH~1H; JVJ·SI~ YJKH~X pe30_1iaHCOB; 
H-~OJJIIOBbIMH cpyHKUHSIMH.COCTOSIHl151-pacce511m51; Qn-pehene1ibI-CKO!)()CTHS1.D.ep111,1~ 
~epeXO}:lOB ·· 1r· 06;6ui~1_1a': cpopMyJJ_a ·n)KeKC_~II~-, .ll.JISI ~OJJ~~y.ri~pllbl~ :pe301Hll{COB. 
'ciie.riaHbl oue11KH .ll.JISI CKOJ)OCTH 51J:iep111,1x peaKUHii HJ MeJOMCJJJeKyJJllpHoro pe3011mi~ __ ·---'..3- •· .--- ·•.•- ., .. ,.,, ,-- •. -•·--•-·----->c•" ,·,·-··--.-c.; 

ca. Heµd. , 

The r~)ation between: nirro~ resoriance'forictions' and S-cattering wave .one· has 
be~1i"coi;sid~r~d;The nticfear tran~itl~n rat~h;sbee~d~fin~d~rid]ack;on forn{i1la 
has be'e~ generali~ed f~r -molec~la~ r~so~a~bes.-Th~ ~uciear transition ;ate fr~m 
ITIUOriic nfolecular. reso11a~~ejH6~ has peen e-stirilated:.: . _. : . -- . - -. - ' --' 

··. _._-. ~ - -- ' - ,._ ,_ . . . -- ... " . 

- . : The - investigation -- ___ has been - ·performed at -·the Bogoliubov. 
of Theoretical Pnysics:JINR. •"- . . -. -


