
COOIIlBHI. 
., OI'BAIHIHHoro 

I1HClilYla 
IAIPHIllI 

I1CCIIAI8aHI. 
AYIHa 

P2~86·349 

n.A~eKCaHAPOB, ~.KapaA~OB, n.MOp030B 

MO~EnHPOBAHHE cnHH·3ABHCHM~X 

CBH3AHH~X KBAPK-AHTHKBAPKOB~X COCTOHHHM 
B KBA3HnOTEHUHAnbHOM nO~XO~E 

1986 




·f, 

-'"----_...._-_..... ~ 

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

© 06'benHHeHHb1H HHCTHTYT anepasrx HCCJIenOBllHHH )ly6Ha. 1986 

'~'::.'~. :,~ .' :.. 

••• ;. ..~.. • J 

1. BBEAEH~E 

Onacauae Macc r sxenax Me30HOB B '11- 1-1 Y -cexrope r<aK 3Heprl-11-1 
B036ymAeHHblx COCTORHI-1l:1 IKBapKOHI-1R" /cBR3aHHol:1 CI-1CTeMbl xaapxa 
H aHTI-1KBapKa/ Tpe6yeT BBeAeHI-1R 3aBHCRmerO OT Cnl-1Ha qq -nOTeH­
~HaIla. KBa3I-1nOTeHUl-1aIlbH~l:1 nOAXoA fiOrYHOBa - TaBXeIlI-1A3e / 1- 31 

AaeT B03MOmHOCTb AIlR nOCIleAoBaTeIlbHOrO peIlRTI-1BI-1CTCKOrO MOAeIlI-1­
pOBaHI-1R B3aI-1MOAel:1CTBI-1l:1 CnI-1HOPHbIX' 4aCTI-1U. 3TOT nOAXoA I-1CnOIlb­
30BaH PRAOM aBTOpOB /CM., Hanpl-1Mep, pa6oT~ 14- 61 npl-1 aHaIll-13e 
caoacr a qq -CI-1CTeMbl. npl-1 3TOM B Ka4eCTBe OCHOBHblX /np0I-13BOAR­
ml-1x/ nOTeHUl-1aIlOB 4a~e Bcero I-1CnOIlb30BaIll-1Cb MOAeIlbH~e nOTeH­
~l-1aIlbl 1-13 17 .8/. 

B 15.61 B 6eCCnHHOBOM npl-16Ill-1meHI-11-1 npOBeAeHO cpaaueaae HepeIlR­

THBI-1CTCKOl:1 MOAeIlH KBapKOHI-1R, OCHOBbIBalOU\el:1CR Ha ypaBHeHl-11-1 I!Jpe­
AHHrepa, 1-1 peIlRT~BI-1CTCKol:1 MOAeIlI-1, nOIlY4~HH0l:1 Ha OCHOBe KBa31-1­
noreauaaneuor-o ypaBHeHI-1R 13/. B HepeIlRTI-1BI-1CTCKOM CIlY4ae 6blIl I-1C­

nons 30BaH nOTeHI.4HaIl PI-14apAtoHa 17/: 

1 - 4 Io(Ar)8" 2VR = -[ A r - r. /1/
27 r 

rAe A = const , > 0, a lo - 4aCTH~l:1 cIlY4aill I-1HTerpaIlOB runa 

• m- 1 -À/H 

Im(Ar) = f t ~ 2 dl1 (m = 0,1,2, ••• ). /2/ 
1 tt + [10 (11 - 1)] 

B peIlRTI-1BI-1CTCKOM nOAxoAe KBa31-1nOTeHUI-1aIl CTPOI-1IlCR 1-13 np01-13BOAR­
~ero nOTeHUl-1aIla /1/, CM. pa60Ty/~. n~2,1-1 pa60 T y / 6 / . n.i. CpaBHe­
Hl-1e o6el-1x MOAeIlel:1 npoBeAeHo nYTeM peWeHI-1R 06paTH~X 3a~a4/CM./5/. 
n.4/ AIlR onpeneneuaa "KOHCTaHTbf CBR31-1" A 1-1 MaCCbl KBapKa m 
no BceM 1-13BeCTH~M MaccaM TRmeIl~X qq -CI-1CTeM. PeWeHl-1e COOTBeT­

CTBY~~I-1X npRM~X 3aAa4 Ha co6cTBeHH~e 3Ha4eHI-1R npOBOAI-1IlOCb Me­
TOAOM CTepmHeB~X cnnaüaoa 110 - 12/. 

B HacToR~eill pa60Te paCCMaTpl-1BaeTCR npRMaR 3aAa4a AIlR onl-1­
CaHI-1R CBR3aHH~X qq -COCTORHI-1l:1 c Y4eTOM CnI-1HOB~X B3aI-1MOAel:1CTBI-1l:1 
6e3 npl-1MeHeHI-1R Teopl-1l-1 B03My~eHI-1l:1. ~3BeCTHO, 4TO eCIlI-1 OCHOBHOl:1 
nOTeH~l-1aIl I-1MeeT KYIlOHOBCKI-1l:1 BI-1A, TO nOTeHUl-1aIlbl ypaBHeHI-1l:1 AIlR 
CnI-1HOpH~X 4aCTI-1~ B HYIle CI-1HrYIlR9Hb' KaK r-~. B 191 nocr poeaa MO­
AeIlb, OCHoB~Ba~~aRCR Ha KBa31-1nOTeHUI-1aIlbHOM ypaBHeH1-11-1 / 3/• 

c KBa3I-1nOTeHUl-1aIlOM, 06eCne4I-1Ba~~I-1M peryIlRpHoe nOBeAeHl-1e aCI-1Mn­
TOTH4eCKI-1X peWeHI-1l:1 CnI-1HOB~X ypaBHeHI-1l:1 B OKpeCTHOCTI-1 HYIlR. B pa3­
Aene 2 HacToR~e~ pa6oT~ n~I-1BoAI-1TCR nOIlH~l:1 Ha60p ypaBHeHI-1l:1, B~-
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TeKa~~~x ~3 MOAen~/9/: np~BeAeH~ Cn~H-3aB~CR~~e KBa3~nOTeH~~an~, 
OTBe4a~l1(~e ABYM npO~3BOAR~~M noreauuanaa 17 ,8/. nOnY4eHbl aC~MnTO­
T~4eCK~e peureuaa 3T~X ypaBHeH~i1 Ha KOH~aX nonyocu (O, 00] ~ yc­
nOB~R ~x perynRpHocT~ np~ r ~ O. MeTOAoM CTepmHeB~X cnnai1HoB 
/pa3Aen 3/ nOCTpoeH~ np~6n~meHH~e peweH~R Bcero Ha60pa ypaBHe­
H~i1 AnR CBR3aHHblX COCTORH~i1 114aPMoH~R" (cc) ~ "60TTOMOH~RII (bb). 
napaMeTp~ npo~3Bo~R~~X nOTeH~~anOB onpeAeneH~ ~3 6eccn~HoBoi1 

06paTHoi1 3aAa4~/6 .nonY4eHH~e pe3ynbTaT~ AnR npRMoi1 3aAa4~ CTa­
HOBRTCR OCHOBOi1 AnR nOCTaHOBK~ B 6n~mai1weM 6YAy~eM cn~HoBoi1 06­
paTHoi1 3aAa4~, ~3 KOTOpOi1 6YAeT onpeAeneH nY4w~i1 npo~3BOARI1(~i1 

nOTeH~~an A~R MOAen~pOBaH~R B3a~MoAei1cTB~R Me~AY TRmenblM~ KBap­
KaM~ . 

2. KBA3~nOTEHU~AnbHA~ Cn~HOBA~ C~CTEMA 

~ EE AC~MnTOT~4ECK~E PEWEHH~ 

3an~weM KBa3~nOTeH~~anbHoe YpaBHeH~e MOAen~/9/ B KooPA~HaT­
HOM npocTpaHCTBe AnR cnY4aR npO~3BonbHblX npO~3BOAR~~X nOTeH~~a­

nOB Vo (r) , So (r): 

2 2 2I L1 + b - 2 E V (r) I, Vo (r) - 2 m wS O(r) - So (r) - E 1 ~ V (r) +o o 

E 3 d E 2 dE 2~ So(r) -- Vo (r)(L.S) + - - So(r)(L.S) ­+ -r- dr dr - - r dr .- ­
/3/

2
1 1 d 1 d - ~ Vo (r)(a . a ) - - (-- _. - -) Vo (r) x 

3w - 1 - 2 6w dr2 r dr 

3 (a . r) (a . r) 
x [(a . a ) - -1 - - 2 - J I cI> (r ; w) O, 

- 1· - 2 r 2 ­

3w+ 2m 4m 4(w + m)rrie E == ,E - ,E = Ben~4~Hbl E 
1 2w(w+ 2m) 2- w(w + 2m) 3 w(2m + w)· 

w2 2 2 2 2 
- 2m ~ b w -4m ~Me~T CMblcn COOTBeTCTBeHHO 3Hepr~~ 

2w 4 
~ xaanpa r a nonnor o ~MnYnbca 3et>et>eKT~BHoi1' 4acT~~bl c penarueucr­
CKOi1 np~BeAeHHoi1 Maccoi1 m w""·rr. 2 / w. C06CTBeHHoe 3Hal,leH~e w ­
3TO nonHaR 3Hepr~R ABYX 4aCT~~ B C~CTeMe ~eHTpa ~Hep~~~. et>op­
Myn~ 3an~caH~ B npeAnonomeH~~, 4TO Macc~ ABYX KBapKOB paBH~ m. 

B pa60Te/9/, n.3, np~BeAeH 4acTH~i1 cnY4ai1 ypaBHeH~R /3/, no­
nY4eH~~i1 np~ ~cnonb30BaH~~ nOTeH~~ana P~4apAcoHa /1/, TO eCTb 

Vo (r) == VR (r) • } 
817 2 /4"/ 

So(r) ~ 71 r , I1JI2"27/\ . 

3AeCb p~CCMaTp~BaeM ~ BTopoi1 Bap~aHT MOAen~, OCHoBaHH~i1 Ha 

2 

/8/
60nee npOCToM I'KOHBeH~~OHanbHO~' nOTeH~~ane .B 3TOM Bap~aHTe 

npO~3BOAR~~e nOTeH~~an~ 

4 a sVo (r) == - -- + TI K r • 3r /4 .... / 

So (r) = (1 - TI)K r 4 

. J 
KOTop~e, KaK ~ B paCCMoTpeHHOM B~we cnY4ae, B~3BaH~ BeK-
TOPHblM /{\IlJOOHHbIM/ ~ CKanRPHbIM, COOTBeTCTBeHHO, 06MeHOM 
~ 3aB~CRT OT AByx napaMeTpOB: as> O - KOHCTaHT~ KynoHoB­
CKoro B3a~MoAei1cTB~R ~ K >0- KOHCTaHTW n~Hei1Horo nOTeH~~ana. 

napaMeTp 1] onpeAenReT 4aCT~ 3an~paJO~ero nOTeH~~ana, OTHOCR~~e­

CR K BeKTopHOMY ~ CKanRpHOMY 06MeHaM. 3Ha4eH~e TI onpeAenReTCR 
/CM. pa60Ty/9/,n.3.2/ ~3 Tpe60BaH~R KOMneHca~~~ 4neHOB, npo­
nop~~OHanbH~X r 2 • H3 3Toro ycnoB~R cneAyeT, 4TO 1] == 1/2. 

no OTHoweH~~ K cn~HOB~M KOMnOHeHTaM nOTeH~~anOB, BXOAR~~X 

B /3/, np~MeHReTCR npo~eAypa perynRp~3a~~~, npeAnomeHHaR B pa­
60Te/9! . B 4aCTHOCT~, B Bap~aHTe c npO~3BOAR~~M nOTeH~~anOM 
/4.... / npeHe6peraeTcR 4neHOM KOHTaKTHoro B3a~MoAei1cTB~R * /npo­
nop~~oHanbHbli1ô(r) / ~ 4neHOM V~(r)=16a2/9r2. MomHO C4~TaTb, 
4TO nepBbli1 ~3 Hi:1X He Bn~ReT CYll4eCTBeHH~ Ha CBR3aHHble COCTORH~R. 
BTOPOi1 4neH np~BOA~T K c~HrynRpHblM. B Hyne npu J == o BonHOBblM 
et>YHK~~RM. Ero 3Ha4eH~e MomeT OKa3aTbCR c~nbHO ~3MeHeHH~M np~ 

Y4eTe 4neHOB B~CW~X nopRAKOB no Teop~~ B03My~eH~i1 B KBa3~nOTeH­
~~ane . 

np~ CAenaHH~X npeAnonomeH~RX 3an~weM ypaBHeH~e /3/ c pery­
nRp~30BaHHbIM~ KBa3~nOTeH~~allaM~ B 06~enp~HRTOM B~Ae: , 

2
 
1/\ + b - VNS (r) - VLS.(r)(L.S) - Vss , (r)(a - VT (r) x
 

I 1 - - I - t·a- 2) 1 
/5/ 

x ~1 • ..O(!!2· !) 14>(r; w) O (i 1, 2) , r 2 - ­

rAe VNS. - õeccnuaoaoe , VLS - cn~'H-op6~TanbHoe, - cn~H-Vss . 
1 1, I 

cn~HOBoe ~ VTi - TeH30pHoe B3a~MoAei1cTB~~ OTMe4eHH~e ~HAeK­

COM j : i = 1 coor aetc r aye r npO~3BOAR~~M nor euuaanaa /4 ..../, 
a i == 2 - npo~3BoAA~~M nOTeH~~anaM /4"/. B RBHOM B~Ae ~MeeM 

* 3TOT qneH B03HHKaeT H3-3a KynoHoBcKOH qaCTH rrpOH3BOAHme ro 
rrOTeH~Hana /4 .... /. TIoTeH~Han /4"/ MeHee cHHrynHpeH, qeM r-I, 
H3-ga norapH~MHqeCKOrO ~aKTopa, yqHTblBammero 3~~eKT rronRpH3a­
~HH BaKYYMa, li He rropo~AaeT KOHTaKTHoro qneHa. 
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- --.I<-8E a " + KWr _ +	 4Ka s KU 11 
~3 + --- npl-l i = 1,3r 2 2 wr 

2 
..§E.[2E 1 - 410 + A 2wr + ·1677 A (1 _ 41 ) _ 4A 2 m /6/=VN St 027 r 27 -wZ 2 

_ (~)( 1 - 4 lo ) 2 + A:UU~ (l + 2 I 2)] 
npa i = 2,27 r wr 

{ 16a,U 21 2 K • 
+ -- npH 1 == 1"

3wr S	 2 r 
1 

V = 3277 U22 (1 - 410- 4Ar11) A 2 . /7/
LS i --r + --] npu 1 = 2,
 

27 wr S Z2 r
 

{ -US1 (--2a, - --) npa i ::: 1,K 
V SS ' = 3wr s 4wr /8/ 

1 2 
_ 477US2 [ 1 - 410 - 4Arl1 - 4(Ar) 12 A 

2 

- -] npH i = 2,27w	 r3 r 

(	 2as K)
US1 wrs- + 4wr npa i = 1,
 

V =
 T t 4(Ar)212 /9/ 
{ 477U32 1- 410 - 4Ar11- A2 
~--[3---- 3 _ 

+	 -]·npH i == 2.f!7w r S	 r 

B Bblpa)f(eHl-1flX 16/- /9/ I-1CnOIlb 30BaHbl cnenyouiae 0603Ha4eHl-1fl: 

U : 3w -2m 3w+2mU U , ~ w s m w + 2m12 ==--­11	 21 - -Z--, U Si =Z1 2 2 í ZI 

Zi == w + 2m - 2VÓi ' i = 1,2. KBa311ÍnoTeH~HaIlbl B cnyuae i == 2 nOIlY­
877 2 

4eHbl npa TI::: ~ A. HHTer pana 1m / m == O, 1 ,2/ onpeneneuu B /2/. 

PerYIlflPl-13YIOIl.II-1e "aarpaao-raue" noreauuana I-1MelOT BI-1A 

4as npl-l i = 1,-C~ 

Voí' { 8"(1 - 4I~ npa i = 2, 
/10/ 

- C 27r ' 

rAe ~apaMeTp C(C'= const.~ 1) onpeA~IlfleT I-1X CI-1IlY. 

YCTaHOBI-1M CTPYKTYPY ypaBHeHl-1fl /5/ npl-1 pa3IlI-14H~X 3Ha4eHI-1flX 
nOIlHO~O Cnl-1Ha 8 1-1 nOIlHoro MOMeHTa J. OHa onpeAeIlfleTcfl HaIlH­

41-1eM Cnl-1H-TeH30pHoro 4IleHa /9/. ECIlI-1 VT=O,TO raMI-1IlbTOHl-1aH 3a­

4 

Aa 4 1-1 XOTfl 1-1 Hel-1HBapl-1aHTeH OTHOCI-1TeIlbHO He3aBI-1CI-1M~X Bpall.leHI-1~ 

npOCTpaHCTBa 1-1 CnI-1HOB, Bce ell.le KOMMYTl-1pyeT c onepaTOpaMI-1 L2 

1-1 82 H peweHHfl ypaBHeHl-1fl /5/ MO)f(HO I-1CKaTb KaK o61l.11-1e co6c;BeH­

Hble et>YHKltl-1l-1 Op61-1TaIlbHOro MoMeHTa L~ nem-or-o cnuua 8 ~ nem-or-o 
MOMeHTa J2 1-1 ero npoexuua J z Ha -OCI-1 z, Torna 3aBI-1C-;'MOCTb BOIl-

HOBO~ et>YhK~1-11-1 <fl SJ Ç:: w) == f(L)'(r: w) '!:J ~SJ (8, cP) or yr IlO~ 8, cP . 
aapaxaer ca flBHO npl-1 nOMOll.l1-1 K03<t><t>1-1~l-1eHTOB Kneõuia- rOPAaHa. B ripa­
CYTCTBI-1H TeH30pH~X CI-1Il /9/ raMI-1IlbTOHl-1aH Y)f(e He KOMMYTl-1pyeT 
c L~HO npOAOIl)f(aeT KOMMYTl-1pOBaTb c 8 2 1-1 C onepaTopOM npOCT­
paHcTBeHHo~ 4eTHOCTI-1 p. n03TOMY B 3ãBI-1CI-1MOCTI-1 OT KBaHTOBoro 

41-1CIla noIlHoro Cnl-1Ha 8 ypaBHeHl-1e /51 npl-106peTaeT pa3Ill-14H~e et>op­
Mbl. 

C!lytl.aü A: 8 = O.CYll.IeCTByeT eAI-1HCTBeHHafl B03MO)f(HOCTb - L = J 
1-1, cIleAoBaTeIlbHo, P == (-11. BocnoIlb3yeMcfl onepaTOpH~MI-1 TO)f(AeCT­
BaMI-1 

L.8 -!. (tT 2 _ 
2 -

L2 

-
- 8 2), 

-
(~1' s 2) 28 2 _ 3, 

T _ .(~ 1· !:.) ~ 2 . _O 
r 2 = 

2 
2 (~ . E) 
--r ­2 - - 1, 

/11/ 

1-1, Ae~cTBYfl TeH30pHblM oneparopoa '1' Ha BOIlHOBYIO et>YHK41-11O <I> SJ • 

•	 nOIlY41-1M 'r f(J) '!:J foJ = - f(J) '!:J fOJ • C Y4eTOM aroro paBeHCTBa 1-13 /5/ 
cIleAyeT paAl-1aIlbHOe ypaBHeHl-1e AIlfl 8 = O: 

d2 
J(J+l) 2 

[dr2 - 2 + b - VN S1 + 3VSSt + VTt ] X(J) (r; w) == O . /12/ 
r,	 (1 == 1, 2) • 

B ypaBHeHl-11-1 /12/ 1-1 B AaIlbHe~weM I-1cnoflb3yeTcfl noACTaHOBKa 

X(L (r: w) == rf L (r: w) • 3TO ypaaaeuae onacuaae r COCTOflHl-1fl 
c KpOTI-1BOnorlo~HblMI-1 Cnl-1HaMI-1 /napaCOCTOflHI-1R/ KBapKOS. B CTaHAapT­
HblX cneKTpOCKOnl-14eCKI-1X 0603Ha4eHI-1flX n 28+ 1 L J / n == 1,2, ... / 
napacoc'roaaaa HMelOT Cl-1rHaTYPY n 1 8 0 • n 1 P , ••• 

o 

CIlyt«1Ü 5: 8 == 1. PaCCMOTpl-1M ABe BÔ3MO)f(HOCTI-1, asrrexaouiae 1-13 He­

paBeHCTBa IL - 81 s J s L + 8: 

51:	 8 == 1, L ::: J (J > O), P <::_ (-1) J. B 3TOM CIlY4ae Ae~cTByeM one-
Q' M . Q,M 

par opox T, T b)Ü J 1J = f (J) Ü J 1J ,1-1 nonyvaen paAl-1aIlb Hoe ypaa HeHl-1e 

2 
[ d J (J + 1) 2 / 13/
-2 - 2 + b - VN S + VL S - Vss - VT ] X (r: w) == O 
dr r 1 1 1 t (J) (i == 1,2), 

. 3 3 
xoropoe onacaaaer COCTOflHl-1fl r ana n P1' n D2 , ••• 

J ± 1 
B2: 8 == 1, L ::: J + 1 (J f. O), P ::: (-1) • Teneps coõcr aeauaa et>YHt<­

ltl-1fl asnaerca cynepn03Hl.ll-1e~ ASYX ,:<oMnoHeHT c L == J.+ 1 1-1 L == J - 1, 
5 



KOTopwe ~Me~T OA~HaKOBY~ npOCTpaHCTBeHHY~ 4eTHOCTb: 

<l>S; (~;w) = b-1)Cr:w)YJ~11J(@'cP) + t(J+1)(r;w)YJ~1-1J (8, cP). /14/ 

Ae~CTB~e TeH30pHoro onepaTopa T Ha o6e KOMnOHeHT~ $YHK~~~ /14/ 
BwpamaeTCR paBeHCTBOM 

M _ ~ M 2;(J~1) M_ 
Tb±1)YJ:t11J - - f(J±1)Y J:t11J+ nT t(J±1)~J+11J'• 

H3-aa CMeW~BaH~R no yrnoBwM 4aCTRM B 3TOM cnY4ae ypaBHeH~e /5/ 
nopomAaeT C~CTeMY ~3 ABYX A~$$epeH~~anbHwx ypaBHeH~~ BToporo 
nopsnxa OTHOC~TenbHO paA~anbHblX $YHK~~~ f(J + 1) , f (J - 1) /~n~ X(J + 1) 
X(J- 1) /: . 

[~ - .fL±....1)(J+2) + b2_ V + (J 2) V, , _ V VTi ] 
d 2 2 N S i + L Si SS 1 + . x 
r r 2J + 1 

;i; 

y
x X(J+1lr;w)~ 2 J (J + 1) 

X(J _ 1)(r; w) 0,2J + 1 VT i 

/15/2 VT[-- - 2 2 NS V _ i lxd J(J - 1) + b - V . - (J - 1) V , - SS, 2J + 1dr 2 r 1 L S 

(r')x X(J' _ 1) , w _ 1) 
V (r' w) = ° 

T X(J + 1) , (i = 1, 2).i 

C~CTeMa /15/ OTBe4aeT COCTORH~RM T~na n,3 S1 ,n 301, n3 P • 
2

PaCCMOTp~M, HaKoHeq,4acTHblH cnY4aH, xorna J = O np~ S = 1. 
B 3TOM' me c nyvae KOMnOHeHTa aonuoaoü $YHK~~~ c L = J - 1 = -1 He 
~MeeT $~3~4ecKoro CMwcna ~ np~H~MaeTcR, 4TO X(-D~ O.C~CTeMa 
/15/ BwpomAaeTCR B OAHO .ypaBHeH~e: ~ 

d 2 2 2 
[-2- - """2 + b - VNS.+ 2VL S . ··· Vss . + VT]X (r; w) = ° /16/ 

dr r 1 1 1 1 (J + 1) (i = 1, 2), 
3KOTopoe RBnReTCR MOAenb~ AnR COCTORH~H T~na n Po 

TaK~M 06pa30M, BCR c9BoKynHocTb CBR3aHHwx qij -COCTORH~~, 
c Y4eTOM cn~HoBwx CTPYKTYP nOTeH~~ana, on~cwBaeTCR Ha6opOM 
ypaBKeH~H /12/, /13/, .115/ ~ /16/. 3TOT Ha60p ypaBHeH~~ 6YAeM 
B AanbHe~weM HaaWBaTb npRMoH aaAa4eH. AnR npOBeAeH~R 4~cneHHoro 

aHan~aa npRMoH aaAa4~ np~ nOMO~~ MeTOAa CTepmHeBblX cnna~HOB 

IMCC/ Heo6xoA~~o CHa4ana Ha~T~ rnaBHwe 4aCT~ aC~MnToT~4eCK~X 
peweH~~ ypaBHeH~~ /12/, /13/" /15/, /16/ Ha KOH~ax nonyoc~ [O,M). 

np~ r ~ ~ aC~MnTOT~4eCK~~ B~A Bcex paCCMaTp~BaeMWX ypaBHeH~H 

OA~HaKoa /a 4aCTHOCT~, C~CTeMa /15/ BwpomAaeTCR B OAHO ypaB-
I 

6 

HeH~e/: 

2 2
(_d_,.. 2m Kr 

) X 00 (r; w) = O npJ.1 i = 1,
dr 2 w 

2 2 /17/d wr )(-- 8 T7 A 
'l7 )XM(r;w)=o npl-f i = 2. 

• 11, dr 2 

ACHMnTOT~4eCK~e peweH~R XM AnR BceH cOBoKynHocT~ paccMaTp~Bae­
MWX ~paBHeH~H ~Me~T B~A 

3 2XM(r; w) = exp(- ~m J': r / ) np~ 1 , /18"/ 

X (r; w) = expf., 4A .1' 2T7W 3/2 /18 1 1 
9 np~

M v-3-~ ) = 2. / 

AC~MnTbT~4eCK~~ B~A ypaBHeH~H /12/, /13/, /15/, /16/ np~ 

r -+ O nonY4~M, COBepW~B npeAenbHblH nepexon r -+ O B noreauuanax 
/6/-/9/ ~ ~cnonb30BaB /e cnY4ae i = 2/ aC~MnTOT~K~ ~HTerpanoB 
/2/: 

1 (1 1 ) I ~1 _
 
lo (A r) ;-:-o T + 1n (Ar)' m r -+ O 4( Ar) m 1n2 (A r)
 

/ m = 1,2/. AC~MnToT~4ecK~e peweH~R X o ,np~1 r ... O, ypaBHeH~~ /12/, 
/13/, /15/, /16/ nonY4a~TCR B B~Ae <PoPManbHblx paaoa x o = 

= r t (a o+ a 1r + a 2r 2 + ••• ). AnR np~MeHeH~R MCC HaM Hy>Í<Ha ronsxo 
rnaBHaR 4aCTb 3T~X peweH~~, TO eCTb 3Ha4eH~R 

XO,(L) (r; w) ,.. r t. /19/ 

np~ 3TOM $~3~4eCK~H cMwcn ~Me~T TonbKO Te peweH~R, AnR KOTOPWX 

t :? 1 /20/ 

/orpaH~4eHHwe B Hyne peweH~R/. 

nepe~AeM K paCCMOTpeH~~ oTAenbHwX cnY4aeB. AC~MnToT~4ecK~~ 
B~A ypaBHeH~R /12/ OA~HaKOB B cnYMaRx i = 1 ,2: 

[~ J(J~] X (r: w) = O.dr 2 ­ r 2 o,(J) 

nOACTaBnRR B 3TO ypaBHeH~e Xo ~3 /19/, nonY4~M xapaKTep~CT~4e­
cxoe ypaaueuue t(t-1) -J (J + 1)= O, c KopHeM 

t = J + 1, /21/ 

KOTOP~~ YAoBneTBopReT HepaBeHcTBY /20/ np~ J O, 1 ,2, 
~ nlO6b1x coõcraeaaax 3Ha4eH~RX w. 
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YpaBHeHltle 
npn i = 1,2: 

/13/ ItIMeeT TaK,>Ke OAItIHaKOBbl11 aCIIlMnTOTItI4eCKItI&';1 B\IIA 110nY4al~e&';1cR B pe3ynbTaTe 
peWItIMOCTItI CItICTeM~ /26/ 

nOACTaHOBKItI /25/ B /24/. YcnOBl-1e pa3­

[~_ 
dr 2 

J(J.:t-!L.+ 
r 2 

3w + 2m 

2Cw ] XO,(J) (r; w) = O. [t(t - 1) -­ Dl ][t(t - 1) - Ds ] -­ 2
D

2 
= ° /27/ 

npltIBOAItIT K ABYM HeOTpltIl.\aTenbHblM KOpHRM: 
COOTBeTcTBy~~ee xapaKTep\llCTItI4eCKOé ypaBHeHltle AnR peWeHItI&';1 THna
 
/19/ ItIMeeT KopeHb
 

! }~1 . 1 2 3w + 2mt = - + y(J + _) _ /22/2 2 2Cw
 

KOTOPW&';1 YAoBneTBopReT ycnoBItI~ /20/, ecnH B~nonHeHo HepaBeHcTBo
 

3w + 2m 
~ J (J + 1) (J = 1, 2, ••• ) • /23/

2Cw 

ACItIMnTOTItI4ecKItI&';1 BItIA CItICTeM~ /15/ npltl 1,2 TaKoa: 

a2 
Dl D 2
 

(dr 2 - 72) XO.(J+ lt 72 >-O,(J- 1) = 0,
 

/24/
d 2 DD2 3

-X + (.---r.--)X2 0, Ir O,(J+l) dr " r 2 O.(J-l) 

3yJ(J +C Dl = (J + 2)[0 {o 1)(2J +1) - D - D ]/(2J + 1), D = _ ~) D5 ,
4 5 2 2(2J + 1) 

D3,,(J-l)[J(2J+l)+D4]/(2J+l), 
D = (8J+ 3)w + (8J + 2)m 

4 
2Gw 

D 5 = (w + 2m) / Cw , J = 1, 2, • •• • 

ACItIMnTOTH4eCKltle peWeHItIR HaxOAItIM, nonaraR, 4TO 

X O,(J+l) ao r t. } 
/25/ 

bo r t " Xo,(J- 1)
 

rAe Heltl3BeCTHbre ao H bo - HeTpltlBltlanbHOe peureuae CItICTeMbl
 

[t(t - 1) - Dl] ao + D 2 bo = 0, }
 1 

7 ~ 
D3 + Dl1 1 D l' 2 2 

t 1, 2 ="2 + Y4 + '1,2 ' '1.2 - ± 
'J 

( 
Ds 

" 
-

) + D 2 • /28/ 
2 

PeWeHItIR /28/ YAOBneTBopR~T HepaBeHCTBY /20/ TonbKO npltl Tex 
3Ha4eHItIRX w, AnR KOTOPblX 

r 1.2 ;::: O. /29/ 

nOcneAHee ypaBHeHltle /16/ ItIMeeT aCItIMnTOTItI4eCKItIl1 BItIA: 

d 2 2 5w + 6m(- - - + ) X (r; w) = O.
dr 2 . r 2 Cwr 2 O, (+ 1) 

npltI nOACTaHOBKe /19/ B 3TO ypaBHeHltle nonY4aeM KopeHb xapaKTe­
pItICTItI4eCKOro ypaBHeHItIR 

1 9 5w + 6mt = - + y_ - ----- /30/
2 4 Cw 

KOTOP~&';1 MomeT YAoBneTBopRTb HepaBeHcTBY /20/, ecnltl 

6w 2: /31/ 
2C - 5 

OTMeTItIM, 4TO aHanltl3 ycnOBItI&';1 /23/, /29/ ltI /31/, HaKnaA~Bae­
M~X Ha CTeneHH~e nOKa3aTenltl t /22/, /28/ ltI /30/, 3aTóYAHeH TeM, 
4TO 3TItI ycnOBItIR 3aBItICRT RBHO OT Heltl3BeCTHoro w. npItl6nltl>KeHHY~ 

Ol.\eHKY B~nOnHItIMOCTItI HepaBeHCTB /23/, /29/, /31/ MO>KHO CAenaTb, 
ItICXOAR 1t13 Toro, 4TO AnR casux HItI3WItIX COCTORHItI&';1 qq -CItICTeM w... 2m. 
npltI 3TOM ycnOBltI1tI HepaseHCTBa /221 ltI /29/ co6n~Aa~TcR npltl 3Ha­
4eHItII-1 perynRPltl3aTopa C = 1. YcnOBltle /31/ MO>KeT B~nonHRTbCR npH 
w :2 2m, ecna C L 4.TaKItIM 06pa30M, YCTaHOBneHa HItI)I{HRR oueuxa AnR
 
perynRpltl3aTopa C, rapaHTltlpy~~aR OrpaHItI4eHHOCTb peWeHltI11 0AHO­

BpeMeHHO Bcex ypaBHeHItI&';1 CnltlHOBOI1 CHCTeM~ /12/, /13/, /15/
 
ltI /16/.
 

3. 4HcnEHHW~ AHAn~3 np~MO~ 3AAA4~ 
/26/ B CJlY4AE cc- ~ bb -CHCTEM 

D2 30 + [t(t - 1) - Ds]bo = 0, 
npltl6nltl~eHHble peWeHItIR W, ~ SJ (r; ~) ypaBHeHItli1 /12/, /13/, 

/15/ 1-1 /16/ Ha&';1AeHbl c nOMOUlb~ MeTOAa CTep>KHeBbIX cnnaüaoa /10/ 

KOMnOHeHTbl X (L= J ± 1) nonuoã aonuoaoü epyHK1.\1tI1tI <I> SJ /14/ ItIUlYTCR 
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I1 
'I'aõrrana 2 

Ta6nH1J;a '\ 
'i Pcayrrs-ra'rsr pemeHHH rrpJlMOH aanaxa ,1J.JIH bb -CHCTeMhI 

Pe3ynbTaTW pemeHHH rrpHMOH 3aAa~H AnH cc -CHCTeMbI 
B MogenH c "KOHBeH1J;HOHanbHbIM" rrOTeH1J;HanOM 

B MO,lJ;enH c "KOHBeHIJ;HOHanbHhIM" ITOTeHIJ;HanOM 

/3KcnepHMeHTaJIbHbIe naanae B3HThI H3 pa6oT / 131 / 

/3KcrrepHMeHTanbHbIe AaHHwe B3HTW H3 pa60T/ 131/ 

YpaBHe­

HHe 

16 

.ê rb 
/~M/ 

'hIcno HyneH 

<PYHI<1J;HH 
w 

)r3B/ 

Pe3ynbTaTW HaCTOH~eH pa60TW rrpH C 

w
3Kcrr. 

/r3B/ 

28+1L, 
n JNº 

,; 

/!i 

i: 

Nº YpaBHe­

HHe 
rb 
/rPM/e 

X( J + 1) X(J - 1) 

tIHcno HyneH 

<PYHKn;HH 

w 
/r3B/ 

Pe3ynbTaThI aac-r omneü pa60ThI npn C> 16 

w
3Kcrr. 

/r3B/ 

28+1
Ln J 

/12/ 

/13/lQ,O 

10,0 

10,° ° 
X(J + 1) X(J- 1) 

3,5949 

3,4517 ° 

3,0773 

° 

2,9810 

3,5100 

3,5920 

118 
0 

2
18 

0 

1
3P 

1 

2 

3 

II 
I, 
i\ 

4 

2 

3 

/16/ 

/13/ 

7,0 

7,0 

6,0 

6,0 

° 

° 

9,8561 

9,8929 

10,2386 

(8,9912) 

9,8729 

9,8945 

10,2537 

1
3P 

1 

2
3PI 

3
1 Po 

I. 

/1(,/10,0 

10,5 

(2,7515). 

3,44963,41501
3P 

O 

4 

5 

l' 5 7,5210,236210,2270 .. 23 
po 

/15/ 

3,0 

3,4 

3,4 

9,0 

11 , ° +69,5 

-0,0140 

-0,0150 

-0,0160 

-0,0090 

2 

° 
° 

o· 

2 

° 

° 

° 

4,0121 

3,4777 

3,7165 

3,0850 

'3,6003 

4,0300 

3,7700 

3,5558 

3,6860 

3,0969 

1
3P 

2 

1
38] 

3
2· 81 

"1 3D 
1 

338 1 

9 

7 

8 

6 

10 

~ 
I: 

I 

I 
I 
! 

6 

7 

8 

9 

10 

11 

12 

/15/ 

-0,0100 3,00 

-0,0098 3,5 

-0,0166 2,8 

-O, °161 3,5 

+58,3 4,2 

-o ,.0 I 58 5"° 
;+64,2 7,0 

o 

° 
2 

°9,9088 o 
10,2547 

9,4493 ° 
9,9790 

(10,13) ° 
10,3171 2 

(10,43) 

10,3555 

9,9146 

10,2710 

9,4600 

10,0234 

13P2 

23P
2 

13S
1 

23S] 

( 13Dl ) 

33S 
1 

(23D] ) 

1321 

9,0 

12,0+72,8 

-0,0130 

2 

334,3775 

4,1026 

4,4150 

4, 159023D 
1 

438 1 

X(L) (r; w) = XO,(L) (r; w)S2(r) X OlI (r;w). 

11 

12 

B BIt1Ae 

I 
L· r 
1I 

13 

14 

15 

16 

17 

-0,0156 6,0 

+69,1 7,0 

-0,0154 7,0 

+71',8 7,0 

-O, °152 . 7,5 

3 

2 

4 

3 

5 

10,5964 3 

(10,69) 2 

10,8442 4 

(10,92) 3 

11,0859 511 ,0800 

10,5730 

10,8660 

43S 
1 

(33D1) 

53S 
1 

(4 3D
1

) 

63S 
1 

rAeXO,(L)1t1 XOlI onoeneneuu 4>0pMYIlaMIt1 118..1,/18.... 1,/19/,/25/; 
S2(r)- napa60Illt14eCKIt1~ It1H~epnOIlR~1t10HH~~ cnIla~H Ae4>eKTa 1 
ICM/ 10,U1 I. nplt1 peWeHlt11t1 CHCTeM~ IJ51 AIlfl Ka>t<Aoro 3Ha4eHIt1R Vi 
nOIlY4aeTCR lt1 eecoaoã K03<t>cI>lt1~lt1eHT 8, c KOTOPblM KOMnoHelúa X (J + 1) 

BXOAIt1T B cl>YHK~It1~ 114/; Becoao~ K03c1>4>lt1~lt1eHT KOMnOHeHTbI X(J_l)paBeH 

eAIt1HIt1~e. 

10 

3aAa4a oeuranac s Ha KOHe4HoM It1HTepaaIle [ra: , f b] C [O , ) C uiaroa0lI 

cer KIt1 cnnaãua h = 0,03. HHAIt18HAyaIlbHble 3Ha4eHHfI f b AIlfl Ka>KAOro 

COCTOflHIt1f1 yxaaauu a r aõn , l lt1 2; f a = 10- 6 • 
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:1 
Pe3YI1bTaTbl no 3HepnU'IM 1.1 B011HOBblM <!>YHKI..4I.1RM CC- 1.1 bb -CI.1CTeM 

co CnI.1HOB~M pac~en11eHl.1eM, n011Y4eHH~M Ha OCHOBe nOTeHl..4l.1a11a 
/4"/ /MoAe11~ i = 1/, npl.1BeAeH~ B Ta611.l 1.1 2. 3Ha4eHI.1R napa­
'MeTpOB nOTeHlIl.1a11a (a 5' K) 1.1 m Hai1AeH~ nYTeM pewe,HI.1R 06paTHo~ aa­
Aa41.1 B 6eCCnl.1HOBOM C11Y4ae /ypaBHeHl.1e /5/ C VL S;= V ss = V T = O / • ;>npl.1	 C = 4: .1r-

li 
a s(cc) 0,3558, as (bb) 0,4237, 

tim(cc) 1,4129 /r3B/,	 "m(bb) 4,8094 /r3B/, /33/ l'
'I 

K (cc) ~ 0,1525 /r3B/2, K (bb) O, 1729 /r3B/2,~ 

npl.1 peWeHl.11.1 n011HO~ CnI.1HOBO~ 3aAa41.1 /12/, /13/, /15/, /16/ 
I.1CC11eAOBaHa P011b nerynapaaaropa C. H3 6eCCnI.1HOBO~ oõparuoã 3a­
Aa41.1 B~TeKaeT, 4TO C 2Ka3~BaeT npeHe6pe~I.1MO Ma110e B03Aei:!cTBl.1e 
Ha n0110~eHl.1e 3Heprl.1i:! qq -CI.1CTeM npl.1 1 ~ C .~100"3ToT pe3Y11bTaT 
OCTaeTCR B Cl;111e 1.1 A11R n011Ho~ CnI.1HOBoi:! CI.1CTeMbl, 3a I.1CK11~4eHl.1eM 

C11Y4aR ypaBHeHI.1R /16/. Hanpuaep , A11R bb -CI.1CTeMbl /np« 3Ha4eHI.1­
RX as, K 1.1 m 1.13 /33// 3aBI.1CI.1MOCTb oTAe11bHblX 3Heprl.1~ Vi OT c' 
nOKa3aHa B c11eAy~eH Ta611l.1l1e. 

Ta6JIHIJ,a 3 

COCTOHHHe YpaBHemie w If'3BI 

C = 4 C = 14 C = 24 C = 44 C=J04 

]3P1 " 

13P 
O 

]3 
S0 

1131 

1161 

1151 

9,8887 

9,3878 

9,4436 

9,8925 

9,8134 

9,4493 

9,8941 

9,8959 

9,4494 

9,8956 

9,9408 

9,4493 

9,8961 

9,9512 

9,4492 

OnpeAe11eHl.1e 3Ha4eHI.1R perY11Rpl.13aTOpa C. B npl.1HlIl;1ne, 
nYTeM peweHHR n011HO~ 06paTHoi:! 3aAa4H C Y4eTOM Cnl.1Ha. 

B03MO~HO 

4. OCHOBHblE BblBOAbl 

1. CnHHOBoe pac~en11eHHe COCTORHHH KBapKOHI.1R BocnpoH3BoAHTCR 
npeA11o~eHHOH MOAe11b~ K011l.14eCTSeHHO npaBH11bHO. 

2., n0I1Y4eHH~e B011HOB~e ~YHKIIHH, B C11Y4ae CHCTeM~ 115/, COOT­
BeTCTBY~T cy~ecTBy~~e~ K11aCCI.1~HKa41.1~ 3KcnepHMeHTanbH~X AaHHbIX. 

• r. 

I, 
: I 

,\ 

no 3Ha4eHHRM BeCOBoro K03~~Hl..4l.1eHTa 8 COCTORHI.1R CI.1CTeM~ 
HaAIlema~HM 06pa30M COOTBeTCTBY~T COCTORHHRM THna 3 

S 1 
1;1 

12 

/15/ 
3 
0 1 

" 

OTMeTI.1M, 4TO COCTORHHR 3s 1 I.1Me~T aCI.1MnTOTI.1KY /25/ C t == t 1.13 
3	 1

/28/, a COCTORHI.1R Dl - aCI.1MnTOTI.1KY C t = t 2 • 

3. B bb -CI.1CTeMe 3KCnepl.1MeHTa11bHO He 06HapY>KeHO COCTORHI.1~ 
runa n 3D l' HO HaWI.1 oacse ru Aa~T cepao TaKI.1X COCTORHI.1i:!, KOTOPble 
MW npl.1BOAI.1M B Ta611.2 KaK npeACKa3aHI.1R. 

4. no cpaBHeHI.1~ C A~HHWMI.1 3KCnepl.1MeHTa /Ta6n.l ,2/ ypaBHeHl.1e 
/16/ AaeT MeHbWY~ no Benl.141.1He 3Heprl.1~ AnR COcTORHI.1R c B011­
HOBOi:! ~YHK4I.1ei:! 6e3 HY11eH /B 4aCTHOCTI.1, w(cc) = 2,7515 r3B J 

W(bb) = 8,99 12 r3B/. B03MOH<Hbl ABa 06bRCHeHI.1R aror-o RB­
11eHI.1R: ar YKa3aHHwe OCHOBHwe COCTORHI.1R npony~eHw B cy~ecT­
By~~eM 3KCnep1.1MeHTe; 6/npeACTaBDeHHoe B AaHHoi:! pa60Te MaTeMaTI.1­
4eCKoe MOAe11l.1pOBaHl.1e npl.1BOAI.1T K He~1.131.14eCKI.1M OCHOBH~M COCTOR­

HI.1RM An~ ypaBHeHI.1R /16/. Ha AaHHOM 3Tane A11R peWeHI.1R 06paTHo~ 
Cnl.1HOBOH 3aAa41.1 AnR KBapKOHI.1R MW npeA11araeM I.1CnOnb30BaTb COOT­
BeTCTBl.1e MeH<AY 3KCnepl.1MeHTanbHWMI.1 1.1 COCTORHI.1RMI.1,MOAe11bH~MI.1 

npI.1BeAeHH~MI.1 B Ta6n.1 1.1 2. 

ABTOPW 611aroAapRT H.ToAopoBa 3a nOAAep>KKY 1.1 noCToRHHwi:! I.1H­
Tepec K pa60Te, BWpaH<a~T 611aroAapHocTb TaKH<e A.5aKanoBY, c.repa­
CI.1MOBY 1.1 A.MaTBeeHKO 3a no11e3H~e 06cYH<AeHI.1R pa60T~. 
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TEMAT~~ECKHE KATErOPHM nYSnHKAUHH
 

OBõE~~HEHHOrO HHCTHTYTA H~EPHYX
 

HCCnE~OBAHMM
 

HH.neKC	 TeMaTHKa 

1. 3Kcnep~MeHTanbHaR ~~3~Ka B~COK~X 3Hepr~H 

2. TeopeT~4ecKaR ~~3~Ka B~COK~X 3Hepr~H 

3. 3Kcnep~MeHTanbHaR HeHTpoHHaR ~~3~Ka 

4. TeopeT~4ecKaR ~~3~Ka H~3K~X 3Hepr~H 

5. MaTeMaT~Ka 

6. RAepHaR cneKTpOCKon~R ~ paA~OX~M~R 

7. ~~3~Ka TR~en~x ~OHOB 

8. Kp~oreH~Ka 

9. YCKop~Ten~ 

10.	 ABToMaT~3a~~R o6pa6oTK~ 3Kcnep~MeHTanbH~X 

AaHH~X 

11.	 B~4~cn~TenbHaR MaTeMaT~Ka ~ TeXH~Ka 

12.	 X~M~R 

13.	 TeXH~Ka ~~3~4ecKoro 3Kcnep~MeHTa 

14.	 ~ccneAoBaH~R TBepA~X Ten ~ ~~AKocTeH 

RAepH~M~ MeTOAaM~ 

15. 3~cnep~MeHTanbHaR ~~3~Ka RAepH~X peaK~~H 

'np~ H~3K~X 3Hepr~RX 

16.	 A03~MeTp~R ~ ~~3~Ka 3a~~T~ 

17.	 Teop~R KOHAeHc~pOBaHHoro COCTORH~R 

18.	 Hcnonb30BaH~e pe3ynbTaToB ~ MeTOAOB 
~YHAaMeHTanbH~x ~~3~4ecK~x ~ccneAoBaH~H 

B CMe~H~X 06naCTRX HayK~ ~ TeXH~K~ 

19.	 6~o~~3~Ka 

PYKon~Cb nOCTyn~na B ~3AaTenbcK~~ oTAen 
2 ~~HR 1986 rOAa. 
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HET JIH nPOEEJIOB B BAWEA EHEJ!l10TEKE? 

81>1 MOJKCTC no.ny'liiTb no nO'lTC nepC'liiC.neHHbiC HlllKC KHIIrH, 

CC.nll OHH He 6bl.nM 33K333Hbl paHee. 

.ll2-82:-568 

.ll9-82-661t 

.ll3,1t-82-70it 

.ll11-83-511 

.ll7-83-61tlt 

,ll2,13-83-689 

.ll13-81t-63 

.ll2-81t-366 

,ll1,2-81t-599 

• .Q17-81t-8SO 

.Q10,11-8Hi18 

A~-85-.851 

,ll11-85-791 
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AneKcaHApoB n., KapaA•OB A .• Mop030B n. P2-86-349 
MoAenHpoaaHHe CnHH-3aBHCH~X•CBR3aHHWX KBapK-aHTHKBapKOBWX COC!OHHHH 
B KBa3HnoTeH~HanbHOM nOAXOAe 

nocTaaneHa npHMaH 3aAa4a AnH onHCaHH~ CnHHOpHwx KBapK-aHTHKBaPKOBWX 
CBR3aHHWX COCTORHHH B KBa3HnOTeH~HanbHOM nOAXOAe floryHOBa - TaexenHA3e -
TOAOpOBa. npHBeAeH nonHW~ Ha6op ypa&HeHHH, OTBe4a~HX BCeM B03MO*HWM 
3Ha4eHHHM nonHero CnHHa S H nonHoro MOMeHTa J. PerynRpHsoaaHHwe KBa3M­
noTeH~Hanw, HeCHHrYnRpHwe a oKpeCTHOCTH HynH, nocTpoeHw H3 ABYX MOAenbHWX 
npoH3BOAH~HX noTeH~HanDB: noTeH~Hana PH4apACOHa H KOHBeH~HOHanbHOrO no­
TeH~Hana /COAep*a~ero KYnaHOBCKHH H nHHeHHWH 4neHw/. nony4eHw aCHMnTo­
TH4eCKHe peweHHH nonHOH cHcTeMw npH r~o H r~ N. Ee 4HCneHHwe peweHHH 
8 cny4ae 4apMOHHH H 6oTTOMOHHH HaHAeHW 8 pa6oTe MeTOAOM CTeP*Heawx cnnaH­
HOB. 4HcneHHWe pesynbTaTW AnR KOHBeH4HOHHOH MOAenH noKa3WBamT, 4TO npeA­
no*eHHaH CnHHOpHaR CHCTeMa KOnH4eCTBeHHO npaBHnbHO OnHCWBaeT CnHHOBWe 
pac~enneHHR COCTORHHH.KBapKOHHR. CnHHOBOe ypaBHeHHe B Cny4ae 8 = 1, J = 0 
npHBOAHT K 3Ha4eHHRM 3HeprHH OCHOBHWX COCTORHHH W(C~= 2,752 fs8, 
W(bo) = 8,991 f38, KOTOpwe 3aMeTHO HH*e 3KCnepHMeHTanbHO ycTaHOBneHHWX 
8 HaCTO~ee BpeMR 3Hepr~ AnR t 3 p0 -cocTORHHH. 

Pa6oTa ewnonHeHa a fla6opaTOPHH TeopeTH4eCKOH ~H3HKH OHRH. 

Coo61Qe1Ule Otn.e.luare~~~~oro llllCDIT)'Ta Qep!lbiX HCCneJloaaBHii. ,llytiHa 1986 

·Aleksandrov L., Karadjov D., Horozov P. P2-86-349 
Modelling of Spin~Dependent Quark-Antiquark Bound States 
in Quasipotential Approach 

The direct problem for description of spin-dependent quark-antiquark 
bound states is formulated in the Logunov- Tavkhelidze- Todorov quasi­
potential approach. A complete set of equations correspondinq to all pos­
sible values of the total spin S and total momentum J is given. The 
regularized quasipotentials nonsingular in the vicinity of zero are con­
structed from the two model generating potentials: the Richardson poten­
tial and the conventional (including Coulomb and linear tenns) potential. 
Asymptotic solutions (as r~ o and r ~ .. ) of the total system are obtained .• 
The numerical solution of the spin-system for "charmonium" and "bottomium" 
are found by the core splines method.Numerical results for the conventio­
nal model exhibit a quantitatively correct spin-splitting of quarkonium 
states. The spin-equation in the case S = 1, J = 0 gives qround-state 

·energies w(c'C)= 2.752 GeV, w(bo) = 8.991 GeV which are quite lower as com­
pared with up-to-date experimental energies of 13 p 0 -states. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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