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1. B pa6oTe 1 I 1 asTopaMH BLl'IHcneuLl see cTaiJ,Houap

HLie COCTOJIHHJI f1 -Me30MOneKyn C JI.D.paMH H30TODOB BO.D.O

poJJ.a. BLl'IHcneuHJI 6LlnH npoBe.D.eHLl B a.D.aa6a TH'IeCKOM npe.D.

CTaBneHHH 3a.D.a'IH TpeX Ten C KynOHOBCKHM B3aHMO.D.eii

CTBHeM 12/ H, B KOHe'IHOM HTOre, CBO.D.HnHCb K pemeHHIO 

3a.D.a'IH lliTypMa-JIHyBHnnJI .D.nJI CBJI3aHHOB CHCTeMLl ypasue

HHB 

2M [E- L(L + 1~- ·v .. (R)] . "C' ·v (R) 
2 MR 

2 II X I = "- . . X . it' j IJ J 

I 2 
(i,j)=(l,2), x.(O)=O, x.(R)- expl -[2M(V .. (oo) -E)] I\. 

I I R4oo II 

-I 

/1/ 

3.D.ec~o: M = (1/rn/l + 1/(M~M 2 ))(1/M I+ 1/M 2) - 3~eKTHBHaJI 
Y&CCa CHCTeMLl T.pex Ten, E - HCKOUaJI 3HeprBJI CBCTeYW, 

a Vij (R)- 34Mi»eKTBBHWe DOTeHJlllanW, BW'IBCneHHWe pauee /J/, 
B CDOC06 DOCTpOeHBJI KOTOpWX B3nOlKeH B pa6oTe /I/. llpa 

3TOY BWDOnHJleTC.R uepaBeHCTBO: 

/2a/ 

2. KBa3BCTaJliiOHapuwe ypoBHB ue3ouoneKyn c pa3HWMB 

.R.D.paua pacnonolKeHLl B o6nacTB 3Ha'leHuii 

/26/ 

B cnyqae ue3oMoneKyn c paBHWMB JI.D.paMB, KOr.D.a·~ I("")= 

~~:foo), 3Ha'leHBJI E pacnonolKeuw B uuTepaane 
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L( L+ 1) . 
O<E<[ 2 +V.,.(R)] ,R>R 2 ,, 

- 2MR I max 
/2B/ 

T.e. He npeBbiWaiOT BWCOTW ~eHTp06e)I(HOrO 6apbepa. TH
fiHqaa• CHTya~s• 3Toro THna H3o6pa)l(eHa cxeMaTsqecxs 
aapuc.l. 

B o6meM cnyqae /26/ acHMDTOTHKa peweasii /1/ B oT
xpwToM H 3aKpWTOM KaHanax COOTBeTCTBeHHO HMeeT B~: 

"'L X (R )- sin(kR - - + 8 (k)) 
I ~ 2 L 

1!2 
x

2
(R)- expi-[2M(V (oo )-E)]' I 

22 

k2 
= 2M[E- V11 (oc)]. 

/3/ 

Cyll(eCTByeT aecxonbKO onpe,neneaaii KBa3HCTa~soaapawx 
COCTO.HHi B KBaHTOBOB MeXaHHKe/4< o6naCTH DpHMeHHMO
CTH KOTopwx aecxom.xo pa3nsqaJOTc•. He sxo.n• B ,neTanH 
3TOrO ,AOBOJibHO CJIO)I(HOrO BODpoca, DpHMeM B ,nanbHeiiweM 
cne.nYJOme e onpe,nenease: 

oL(k
0
)= 11(n +1/2), /4/ 

r.ne n - ~enoe qscno, pasaoe qucny ayneii x 1(R) B o6nacTH 
,neiiCTBH. DOTeH~Hana V li(R), a k O COOTBeTCTByeT ,neiiCTBH
TeJibHOi qacTHE O KOMDneKCHOB 3HeprHH KBa3HCTa~oHapaoro 
yposa• 

.r 
E=Eo-•7' 

2 " 
k 0 = 2ME 0 /5/ 

WHpHHY r KBa3HCTa~HOHapaoro yposa• TaJOKe MO)I(HO 
onpe,nenHTb aecxonbKHMH cnoco6aMH, pa3nsqae Me)l(_ny xo
TopwMH HeCyll(eCTBeHHO B npe,nene r-> 0. Mw HCDOnb3yeM 
onpe,nenease _ 

R 
r = ~ I j x~(R )dR , /6/ 

.. 4 / 
KOTOpoe cne,nyeT H3 ~OpMyn MOHOrp~HH' : flpH 3TOM ~YHK-
~- x1(R) nps R ->oo HopMsposaaa aa e,nsaaqayJO aMnnaTy,ny 
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ycnoaaeM /3/. 3uaqeuae R aw6apaeTc.ll B o6nacTH R3 :::_ R ::; Ro 
/eM. puc. 1/, _!',IJ;e x

1
(R) 3I<CDOHeHUHaJD.HO Mana, H D03TOMY 

TO'IHOe 3Hauae R uecymecTaeuuo. llpaae,D;euuwe pe3yn.bTaTw 
cooTBeTCTBYJOT aw6opy R = R o . 

llpa Bbi'IHCneHH.IIX 6wna acnon:b30BaHa cxeMa CAMEN , 
I<OTopa.ll no.D;po6uo H3no.lKeua B pa6oTe/ 5/ a JIBnJieTc.ll ,D;am.
ueiWHM pa3BHTHeM uenpepwauoro auanora MeTo,D;a HLIOToua 
,D;n.ll HaXO.lK,D;eHH.II CTa~HOHapHhiX COCTO.IIHBB ypaBHeHHJI llipe
,D;HHrepa/6/. 

3. Pe3ynLTaTw Bbi'IHcneuui I<Ba3HCTa~aouapuwx co
CTO.IIHBi 11 -Me-':JoMonei<yn ao.D;opo,D;a npe,D;cTaaneuw B •a6A. 1. 
B cnyqae Me3oMonei<yn c pa3HbiMH .II.D;paMH 3uepru.11 E I<aa-
3HCTanaouapuwx COCTO.IIHHB OTC'IHThiBaeTCJI OT OCHOBHOrO 
COCTOJIHHJI Me30aToMa C .II,D;pOM 6onee T.lllKenoro H30TODa 
BO.D;opo,D;a, T .e. oT ypoBll.ll Me3oaToMa dp. .D;n.ll Me3oMonei<ynw 
pdp., H OT ypOBHJI Me30aTOMa tp B cnyqae Me30Monei<yn ptp. H 
dtp.. 3To cornaweuae 3I<BHBaneuTuo ycnoBHIO V11 (oo ),-,0. 

KpoMe 3HeprHi E 0 H WBPHH r B •a6A. 1 npHBe,D;eua 
Mai<CHManLHaJI aMnnaTy,D;a peweHHJI x 1(R)a o6nacTH .D;eicTBHJI 
DOTeH~Hana, I<OTOpa.ll Tai<.lKe MO.lKeT cny.lKHTL xapai<TepHCTH
I<OB "I<B8.3HCTa~aouapuocTH" ypoau.11, noci<onLI<Y oua pacTeT 
-(rfY.~41 Bee aai.D;euuwe I<B8.3HCTanaouapuwe ypoBHll JIB -

n.IIIOTCJI cne,D;CTBHeM CyiQeCTBOBaHHJI ~eHTpo6e.lKHOrO 6apL
epa a 3cl» cl»ei<THBHhiX noTeanaanax 

L(·L + 1) . 
U .. (R)= - + V .. (R) H DOTOMY 

II 2MR2 II 

BMeiOT 3H&'IIITenLHYJO. WHpBHy. 0HB onpe,D;en.IIIOT pe30HaHC
ROe noBe.D;eHRe ce'leHRi ynpyroro pacce.IIHRJI Me3oaTOMOB. 
HanpaMep, C}'llleCTBoBaRRe ypoBHJI L=2 , m==O , E 0 = 55,6 3B, 
f' = 35 3B B Me 30MOnei<yne pd,_t DpRBO,D;BT I< pe 30H&HCY 

a· ceqeuaa pacce.IIHliJI dp. +P 17/, ypoBeHL ·L=2 , n=l, Mone
I<ynw t tp. - I< pe30H&HCY B Ce'leHBB pe&I<UHB tp+ t /B/ B 
T .,D;. 

0TMeTBM, 'ITO pa3pa60T&HllhiB MeTO,D; Bhi'IBCneHBJI I<B8.-
3BCTaUHOH&pHWX COCTOJIHB:i I<B8.HTOBOB CBCTeMhl MO.lKeT 
6WTL HCDOnL30BaH Tai<.lKe B ,D;pyrBX o6n&CTJIX cl»B3HI<B. 

B 3ai<niO'Ieuae aBTopaM npB.IITHO no6naro,x.apBTL 
C.C.repmTei&a 3& DOCTOJIHHOe BHHMaHHe I< pa60Te H o6-

6 

Cy)I(.QeHB.II, JI.H.COMOBa - 3a DOMOIQL B npoBe,D;eHRR Bhi'IRCne
HHB. 

TaiSJIH~ I 

lapazrepacTJXII xaaaactaQXoaapawx co~oaawl ueaoKOJ181fJI 
\ 

IO.liOPORl 

L 11 E. (t5) f(,s) irk""Jt" l~(i)l fl. 

J~ 3 0 .. 37,2 7,9 2,22 4,7 

ft)'C 2 I 4,5 I,I 2,74 6,3 

pti)'C 2 0 55,6 35 I,38 4,7 

pt_,LC 2 0 44,9 24 I,47 4,6 

J+~ 
3 0 25,2 2,9 3,47 4,2 

3RaqeHHR E. H r 
aa,~taqa e = 1; = ~. = i 

OpHB8.1ti3HW B J8 • !IepeXO,I{ X e.I{HHHIUW 
OCJ~8CTBJIRJICR C DOKO~L~ COOTHOm&HHR 

E.(•B) = £ (e.J.)·o{ J r,lle o( = m,..(M,+HL) · 2.1,211(!>2. '*8 
"'e (H1 +1<•+1'<,-.) 

19 !IpH awqacneHHRX acnoJILaoaaRw cne~~He aHaqeHHR wacc I : 
t>te •I, 1"1_... •206,769, M p •!836,!09, Hoi z3670,398, 
Mt •5496, 753. 

3HeprKH YPOBHeR OTCqHTWBa~TCR OT OCHOBHOrO COCTORHHR H30JIHpOBaH
HOrO weaoaTowa c R.llpow 6onee TRzenoro aaoTona. 3HaqeHHe Jl~~ 
paaao MUCHII8JILHOR awDJIIITJ.ll& CWHXIUIH ~ (2) np11 aopwpoue 
Ra 8.liHR~BY~ 8WJIHTY Js:1 npx fl. -+ oo 

~ (~) ;;:: s,· .. ( V - !} + ~ .. (k.)) . 
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