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IIocne,!l;HHe a,~~;Ha6aTH'IeCKHe pac'leTbi JHeprHii C8.113H MeJoMone

Kyn/2/ 6btnH 8biDOnHeHbl 8 1960-62 r.r., H 8 HHX a,!l;Ha6aTH'IeCKHe 

nonpaBKH Ha ,!1;8HJKeHHe .11,11;ep nH6o 808ce He npHHHManHcb 80 

BHHMaHHe, nH6o y<~HTbi8anHCb npH6nHJKeHHO. 3a npowe,~~;wHe JO,!l;bJ 
He06XO,!l;HMbie nonpa8KH aKKypaTHO 8bi'IHCneHbl B p.11,11;e pa60T 3

• 
4 { 

'ITO D03BOn.lleT 8038paTHTbC.Il K DOCTa8neHHOH Ja,!l;a'le Ha H080M 

ypo8He. 

B ,~~;aHHOH pa6oTe Haii,~~;eHhl JHeprHH Kone6a TenbHbiX co-

CTO.IIHHH MeJOMOneKyn H30TOD08 80,!1;0pO,!l;a: PPIL, ddll , ttll , pdll , 
p til , d./1 C TO'IHbiM y'leTOM a,!l;Ha6aTH'IeCKHX nonpaBOK nep80ro 

nop.ll,!l;Ka. IlpH 3TOM 8 CHCTeMe d d /l 06Hapy)f(eHO HOBOe COCTO.IIHHe 

C O'leHb Manoii JHeprHeH C8.113H f "'0, 7 ev. 0TMe'leHHbie peJynbTaTbl 

nony'leHbi c noMO~btO H08oro anropHTMa peweHH.Il Ja,!l;a'l na 

C06CT8eHHbie 3Ha'leHH.Il, KOTOpbiH HJnO)f(eH 8 npe,!l;bi,!l;y~eH pa6o

Te a8Topo8 I 51 . 

llocmaHoaKa 3ac}attu 

C y'leToM a,~~;Ha6aTH'IeCKHX nonpa8oK nep8oro nop.ll,!l;Ka ypo8HH 

JHeprHH E MeJoMoneKyn Haxo,~~;.IITC.Il HJ cHcTeMbi ypa8HeHHii /2.6 I 
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Ma TpHqHble JJieMeHTbi OT on epa Topoa B.n;epHoro ,IJ;BH)f(eHHM 

--;. 4 ..... 

K ( R) "~ { d r ¢ ( r; R) (-II. _,R )¢ ( r; R) 
gu · g u 

Q gu ( R) 

-> 
R ... -> _, 

-- { dr¢ (r;R)(- V' ->) ¢ (r;R) R . II R u 

/2/ 

BbJqHcJieHbl ITO BOJIHOBbiM 4JyHI<UH1lM 3a,IJ;aqu ,!l;BYX UeHTpOB, rrpuqeM 

¢ (:;R) H cp (GR)- CHMMeTpHqHoe H aHTHCHMMeTpHqHoe pe-g u 
weHHM 3a.n;aqu, a E (R) H E (R}- cooTBeTCTBYIOIUHe 3THM pewe-

1 I II u 
HHJIM TepMbi 1 7, I<OTOpble rrpu R->"" rrepexo.n;MT B ypoBeHb 1 sa H30-

nupoBaHHoro a TOM a BO.n;opo.n;a. YpaBHeHHM I 1/ 3arrucaHbl B cucTeMe 

e = 1! ~ m = 1 , r.n;e 

m 

1 

M 

1 1 
- + 
M3 Ml + M2 

1 1 
m(-- + --) 

M l M2 

M3(Ml+M2)2 /3/ ----------
M .I M 2 (M 1 + M 2 + M 3 ) 

M3 - Macca 11 -Me3oHa, M - rrpHBe.n;eHHaM Macca JI,n;ep B e.n;HHHUax 

m, M 1 H M 2 - MaCChi M.D;ep H30TOIIOB BO.D;Opo.n;a, IIpHqeM 6e3 IIOTepH 

o6IUHOCTH 6y.n;eM rrpe.n;rronaraTb, qTo M 1 s M2 .Ilpu R -> oo, I<or.n;a 

CHCTeMa Tpex qacTHU pacna,n;aeTCJI Ha Me30aTOM H JI.D;pO, BHyTpeH

Hee COCTOJIHHe Me30aTOMOB C JI)I;paMH M 1 H M 2 COOTBeTCTBeHHO 

orrHCbiBaiOT BOJIHOBbie li>YHI<UHH I 21 
1 1 

¢1 = J2 ( ¢ g- ¢ u) H ¢2 = y'2 ( ¢ g + ¢ u ) . /4/ 

Ilpeo6pa3oBaHHe /4/ nopo)f(,n;aeT aHanoruqHoe rrpeo6pa3oBaHue 

4JyHI<UHH X g H Xu' OIIHCbiBaiOIUHX OTHOCHTeJihHOe .D;BH)f(eHHe JI,n;ep, 

H C~JBeTCTBYIOIUee eMy IIPr09pa30BaHHe Ma;rpuqHbiX 3JieMeHTOB 

/2/ 6 
. C yqeTOM paBeHCTB ' 

4 

2Q (R) dQ (R) 
K (R} " II (R}+ --'-"-- + gu 

gu gu R dR 

II (~) = II (R) ~, { d;! V -•¢ (7;R)v ... ¢ (r~R) /5/ 
gu ug · R g R u 

Q gu (R) = -Q.,, (R); Q ,_(R) = Q uu (R) "' 0 

rrpeo6pa30BaHHe /4/ IIpHBO.D;HT I< CJie,n;yiOIUeH CHCTeMe ypaBHeHHH 

.D;JI1l 4JyHI<UHH X J H X 2 : 

4 

' 

x"- 2Mk + V 1 (R}- V1 (""}]x.= V.
1 

(R)x.+ 2Q; 1 (R)x~ • 
I 1 I I 1 

161 
r,n;e E1 =Vi (oo}-E - 3HeprHJI CBJI3H Me30MOJiei<yJibl, OTC'fHTaHHaJI 

OT 3Ha'feHHJI V1 (oo), a 3ciMl>ei<THBHble IIOTeHUHaJibl orrpe,n;eJIJIIOTCJI 

CJie.D;YIOIUHMH COOTHOWeHHJIMH /aepXHHH H HH)I(HHii 3Hai<H COOTBeT

CTBYIOT 3Ha'feHHJIM i = 1 H i = 2/: 
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B CHMMeTpuqHoM cny'fae paBHbiX 3apJI.n;oB JI.n;ep 

/1/ 
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H 
1
;; (R) = II r~~ (R) = H ~+; (R) = II 

1;~ (R) = Q ~+: (R) "' o , /9/ 

a ,!J;JIJI OCTaJibHbiX MaTpH'IHbiX 3J1eMeHTOB CIIpaBe.D;JIHBbl aCHMII

TOTHqecJ<He COOTHOWeHHJI: 

(+J (*I (+I (*} ] 1 
II (oo)=H (<><>) = H (oo) = H (oo)~---E (oo)=---E (oo) 

gg gg Ull 1111 2 II 2 U 

(-) (-) 

H (oo)=H (oo)=E ("")=E 
gu ug g " 

1 
(oo} =- 2 ' 

/10/ 

5 
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/llocne~Hee paBeHCTBO CIIpaBe~nHBO TOnbKO ~nH OCHOBHOJO 7o

CTOHHHH/. BenHqHHLI /7 I H /8/ BLiqHcneHLI B pa6oTax 
3

'
4 

H 

rrpe~CTaBneHbl Ha pHC. 1 H 2. 3HaqeHHH Vi (oc}paBHL13HeprHHM co

OTBeTCTBYIOIItHX Me_30aTOMOB B a~Ha6aTHqecKOM IIpH6nHmeHHH.Hc

IIOnb3YH pe3ynbTaTbl pa60T / 4 • 6 • 8 /, MO)f{HO y6e~HTbCH, qTO 

V (oo} 
1 -- ( 1 - ( K ± 1/ 2 -----1 

4M 
/11/ 

H COBIIa~aeT C HCTHHHOH 3HeprHeH H30nHpOBaHHLIX Me3oaTOMOB 

c ToqHOCTbiO ~o qneHOB M 3 /M; BKniO'IHTenbHO. ,lJ,eAcTBHTenbHO, 

C yqeTOM paBeHCTB /7-10/, nepeXO~H K Me30aTOMHLIM e~HHHUaM 
e = 1i = M 3 = 1 , nonyqHM 

V (oo} 
m m 2 1 1 -2 

--[1--(K±l) ]=--[1--+0(M )]. 
2 4M 2 M; ; 

/12/ 

0 
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PHC. 1. 
TepMbl 3a~aqH ~BYX UeHTpOB C yqeTOM KynOHO~CKOrO OTTanKHBaHHH 
H~ep: lf'go~wf<+Eg(R)- CHMMeTpHqHbiH, lf';.=/f+Eu(R)-aHTHCHM
MeTpHqHbiH. < 
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Pe3yllb111a111bl 6bi'IUCIIeHuii 

B Ta6JIHQax I- IY npHBe,I:(eHLI pe3yJihTaTLI BhiqHcneHHH 3HeprHB: 

CBJI3H tL v Me30MOJieKyJI BO,I:(OpO,I:(a BO BCeX B03MO:lKHLIX ,I:(Jl.JI HHX 

KOJie6aTeJihHLIX KBaHTOBLIX COCTOJIHHJIX V npH 3a,I:(aHHOM Op6HTaJih

HOM MOMeHTe L . HeKOTOpLie H3 ypoBHeii 3HeprHH BhJqHcneHLI 

BnepBLie B ,I:(aHHOH pa6oTe. 

3HaqeHHJI t L v npHBe,I:(eHLI B 36 * . BeJIHqHHhl 3HeprHH CBJ13H 

Me3oMonexyn c pa3JIHqHLIMH .II,I:(paMH /pdp. , ptp. H dt 11 I oTcqH

TLIBaiOTCJI OT ypOBHJI 3HeprHH OCHOBHOrO COCTOJIHHJI 6onee TJI:lKe

JIOrO Me30aTOMa jdp. H tp. /, T.e. OT 3HaqeHHJI V
2 

(oo) .-

B cooTBeTCTBHH c 3THM B ypauHeHH.IIX /6/ cne,I:(yeT nono:lKHTh 

(2= (Lv; (l = (Lv+ vl (oo}- V2(oo} = ( Lv + 2KM . 

B COOTBeTCTBHH C 3THMH yCJIOBHJIMH nepecqHTaHLI H pe3yJihTaTLI 

,I:(pyrHx pa6oT, npaBe,I:(eHHLie B Ta6nHQax. ~JIJI nepecqeTa Hcnonh-

30BaHhl nOCJie,I:(HHe ,I:(aHHLie 0 ciJyH,I:(aMeHTaJihHLIX KOHCTaHTaX H 

3HaqeHH.IIx Mace qacTHQ 191. 
B cnyqae paBHhiX Mace M 1 = M 2 , K.,JR)=Q.u(R)=O CHCTeMa 

/1/ P.aCna,I:(aeTCJI Ha ,I:(Ba He3aBHCHMLIX ypaBHeHHJI. 3HeprHJI CBJI3H 

( L = E (oo)- E onpe,I:(eJIJieTc.JI npH 3TOM H3 ypauHeHHJI ,I:(JI.II ciJyHKUBH v & X/ 5/.KOHeqHO, 3HaqeHHJI € L. v C paBHLIM ycneXOM MOryT 6b1Th 

HaH,I:(eHLI TaK:lKe H3 CHCTeMLI ypaBHeHHH /6/. 

0co6o CJie,I:(yeT OTMeTBTh BblqHcJieHHe 3HeprHH CBJI3H Me3o

MOJieKyJILI d dp. u cocTOJIHHH ( D =1, v = 1). CymecTBoBaHHe 3Toro 

ypoBHJI npe,I:(nQ,ranoch y:lKe B pa6oTax Ben.JieBa a ,I:(p •• pefh,I:(OBHqa 

B repwTeii:Ha/ 2 H He,I:(a-BHO 6LIJIO ,I:(OKa3aHo B pa6oTe 10 . BLiqHc

JieHHOe 3HaqeHHe t 1 1= 0,7 36 xopowo cornacyeTc.JI c ·TeM, xoTopoe 

He06XO,I:(HMO ,I:(JIJI 06~JICHeHBJI 3KC~e?.HMeHTOB no H3MepeHHIO CKO

pOCTH o6pa30BaHBJI MOJieKyJI d d /l 1l npH pa3JIHqHLIX TeMnepa Typax. 

1 L (L +1) "' 
IloTeHuaanLI V (R)=- + ---2-+E

8
(R},cxeMa ypouHeii: 3HeprHH 

s R 2M R 

,I:(JIJI :noro CJiyqa.JI, a TaK:lKe rpaciJHKH BOJIHOBtJX ciJyHKUHH XL v ,I:(JIJI 

cocTOJIHHH ( L = 1 , v = 0) H ( L = 1, v = 1) npe,I:(cTauneHLI B pa6oTe 151. 
TaM :liCe npHBe,I:(eHLI ,I:(eTaJIH H OC06eHHOCTH HCnOJih3yeMoro MeTO,I:(a 

BLiqHCJieHHJI t L v B X L v • 

IlpH BLiqHcJieHBJIX t L : H3 ypaBHeHHH /6/ HCnOJih30BaHLI TepMLI 

EgfR) H Eu (R}, a TaK:lKe COOTBeTCTBYIOIUHe HM MaTpHqHLie 3JieMeHTLI 

1, Ko3$c1JauaeHT nepecqeTa {:3 oT 3HaqeHHJI t B e,I:(HHHUax 
3a,I:(aqa e = 1r = m = 1 K 3HaqeHHIO t ( 36 ) = {3l v paueH 

m M
3

(M
1
+M2 ) L" 

{3 = m · 2Ry = (M 'I. M ) "27,211652 36, 
e me 1+"2t 3 

r,I:(e me - Macca 3JieKTPOHa. 

8 

~ 
~ 

I 

t 
I 
l 

I . 

H (R), H (RJ B T.,I:(., nonyqeHHLie C nOMOIUhlO aJirOpHTMa, pea
ni'!JouaHH~ro B pa6oTax /3.4/. 

O!leHKa 1/IO'IHocmu pe3YIIb111a1/lo6 

ToqHoCTh a,I:(aa6a THqecKHX pacqeTOB o6LiqHo nonaraeTc.JI paBHOH 

uenHqHHe (M3 I M i) 
2

, KOTopa.JI no nop.JI,I:(KY pauHa norpewHoCTB onpe

,I:(eJieHHJI HaqaJia OTCqeTa 3HeprHB V1 {oo} H ,I:(JIJI Me30MOJieKyJI 

BO,I:(OpO,I:(a COCTaBJI.IIeT 10-2 - 10 - 3 OT rny6HHLI D "' 500 36 

3cllciJeKTHBHLIX noTeHUHaJIOB Vi (R}.B ,I:(eBCTBHTeJihHOCTB TOqHOCTh 

BblqHCJieHHB HeCKOJihKO BLIWe, qTO o6~JICH.JieTCJI HeqyBCTBHTeJih

HOCThlO 3HaqeHHJI t I K BLI6opy HaqaJia OTCqeTa ~ ( A~~jKOJih CKOpO 

B o6nacTB MHHBMyMa R"' R0 noTeHuaana ~ (R) ero ciJopMa 6JIH3Ka 

x BCTBHHoii. Kax BB,I:(Ho B3 pac. 1 a 2, ,I:(JIJI W (R)3TO ycnoaae Bhl-. . 
nonHeHo, nocKOJihKY H (R}"' const npa R=- R. B 3TOM cnyqae yqeT .. "() 

a,I:(Ha6aTHqeCKHX DODpaBOK CBO,I:(HTCJI K napaJIJieJihHOMY C,I:(BHry 

BCeii KpHBOH Vi (R}, qTo oqeBB,I:(HLIM o6pa30M He nOBJIB.IIeT Ha BeJIH

qHHy f; · OqeBH,I:(HO TaK:lKe, qTo TOqHOCTh a,I:(Ha6aTHqecKHX Bblqac

JieHHH TeM BLIWe, qeM MeHhwe OTHoweHae M 3 I M 1 . CpaBHeHae 

c nocne,I:(HBMH uapaauaoHHLIMH pacqeTaMB /XanhnepH, 1964; Kap

Tep, 1968; Ta6JIHULI I a I I/ DO,I:(TBep)I(,I:(aeT 3TO 3aKJIIOqeHHe 

H CBH,I:(eTeJihCTByeT 0 KOppeKTHOCTH a,I:(Ba6aTHqecKHX BblqHCJieHHH 

B cnyqae B036y:lK,I:(eHHLIX COCTOJIHBB Me 30MOJieKyJI, ,I:(JIJI KOTOPLIX 

COOTBeTCTBYIOIUHe BapHaUBOHHLie pacqeTLI 60JihWeB qaCThlO eme 

He npoBe,I:(eHLI. 
(*) 1 1 u 

OnepaTop H =jr-2~7JpaueH nonoBHHe KHHeTaqecKoH 3HeprHH 

,I:(BH:lKeHB' ~JieKTpOHa B KYJIOHOBCKOM none ,I:(ByX HenO,I:(BH:lKHLIX 

3ap.JI,I:(OB 
12

. IJ03TOMY OH C CaMoro Haqana MO:lKeT 6b1Th BKJIIOqeH 

B raMHJihTOHHaH 3a,I:(aqa ,I:(BYX UeHTpOB, qTo, C O,I:(HOH CTOpOHLI, 

npHBe,I:(eT K nepeonpe,I:(eJieHHIO e,I:(HHBULI MaCChi m HCXO,I:(HOB 3a,I:(aqa 

/1/: 

1 /( 2 1 1 
-4 rv-+ 7rJ, 

1 2 
/3a/ 

1 1 _ _,-
m ll 

- + 
m 

a, C ,I:(pyroH CTOpOHLI, H3MeHHT 3ciJciJeKTBBHble noTeHUHaJILI /8/, 

nOCKOJlhKY B ,I:(aHHOM CJiyqae OHH He 6y,I:(yT CO,I:(ep:lKaTh qJieHOB 
I*) 

K 
2 Haf3(R). CooTBeTCTBeHHO 3TOMY H3MeHHTCJI H Ko3cllcllauaeHT ne-

pecqeTa f3 '= L {3 I eM. npHMeqaHHe Ha cTp. 6/. C yqeToM 
m 

yKa3aHHLIX B3MeHeHBH BblqHCJieHHJI 3HeprHH CBJI3H 6LIJIH nOBTopeHbl 

H HX pe3yJihTaTLI npHBe,I:(eHhl B Ta6JIHUe I I. 
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H3nO)I(eHHaH npoue,nypa cooTBeTcToyeT qacTHqHoMy yqeTy no
npaooK ,(M

3 
IM; )2 K 3HaqeHHHM V2 (.,.,),,ll,aoaeMblM f}lopMynoii: /11/. 

H3 Ta6nHUbl II cne,nyeT, qTo TaKoii: qacTHqHblH yqeT nonpaooK 
He npHBO,nHT K CyiUeCTBeHHblM H3MeHeHHHM 3HaqeHHHf , Haii:,neHHblX 

H3 CHCTeMbl ypaoHeHHH /6/. Lv 

1ionee nonHoe cpaoHeHHe c pacqeTaMH ,npyrHx aoTopoo I 1.
21 

,nnH MoneKyn c pa3nHqHblMH H,npaMH npe,ncTaoneHo B Ta6nHuax 
I I I H IY. AHanorHqHoe cpaoHeHHe ,nnH cnyqaH MoneKyn c paBHbiMH 
H,npaMH npooe,neHo B npe,nbi.D.YIUeii pa6oTe aoTopoB I 5/. 

Mbl HCKpeHHe npH3HaTenbHbl c.c.repwTeHHY H A.B.MaToeeHKO 
3a MHOroqHcneHHbie o6cy)l(,neHHH H HHTepec K pa6oTe. 
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