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1. BBE,IlEHI1E 

Cymecrnoaaaae rJUDOHHH, CHHrJIeTHOrO no UBeTY CBH3aIIHOrO COCTOH

HHH ,nBYX HJIH 60JIee rmOOHOB, rtpencrcaasmaerca BceMH -OCHOBHhIMH r-tone

JIHMH KBaHTOBOH XpOMo,nHHaMHKH íKXll) - peweT04HhIMH 11/ ,npaBHJIa-
IV	 ~/ 

MH CYMM , Mo,neJIhlD MeWKOB . B nOCJIe,nHHe ronsr Ha~aThI H HHTeH-

CHBHO p,aClllHpHIDTCH 3KcnepHMeHTaJIhHhIe nOHCKH niKHX COCTOHHHH (CM. 
14/

0630p ). 113 aHaJIH3a nOJIY4eHHhIX pe3YJIhTaTOB cnenyer, 41'0 HaH60JIee 

BepOHTHhIMH KaH,nH,naTaMH aa pOJIh rJIIOOHHH HBJIHIOTCH CJIe,nYlOmHe Me30H

asre pe30HaHChI: G {1590, J PC = 0++ ), i (1440, J PC = 0-+), O (1700, 
J Pc	 J-p c J PC = 2++ ), g (2160, = 2++), s' (2320, = 2 ++). B CBH3H 

C 3THM Ba:>KHhIM npe,nCTaBJIHeTCH aonpoc o TeopeTH4eCKOM OnHCaHHH crrexr

pa rJIIOOHHH. PaHee 6hIJIa cnenaaa rrorn.rrxa paCCMOTpeTb ero B par-rxax no

'reuuaarn.aoã Mo,neJIH c MélCCHBHhIMH CTPYKTypHhIMH rJIIDOHaMM /5-8/ no 

aHaJIOrHH c HepeJIHTHBHCTCKHM OnHCaHl1eM KBapK-aI-ITHKBapKOBOH CHCTe
/ 9 1 

MhI . KaK H3BeCTHO, ,nJIH ,nBYX4aCTH4HhIX cncrevr THna KBapKOHHH B aac

roamee BpeMR unrpo xo HCnOJIb3yeTcH peJIHTHBHCTCKHH o,nHOBpeMeHHhIl1: 

nonxon /10· 131 . He06xo,n'HMOCTh nOCJIe,noBaTeJIhHOrO Y4eTa peJIHTHBHCTCKJ1X 

3cPcPeKTOB 06YCJIOBJIeHa TeM, 41'0 BO MHorHX CJIY4aHX BKJIa,n peJIHTHBHCT

CKHX nonpaaorc OKa3hIBaeTCH Toro )l(e noparnca, 41'0 H BKJIaA 01' HepeJIHTH

BHCTCKoro raMHJIhTOHHaHa. B aacroauteá paôore KBa3HnOTeHUMaJIbHhIl1: ozi

HOBpeMeHHOH nonxon õyzier npavtenea K onacamno ,nByxrJIIOOHHhIX CBfI

3aHHhIX COCTOHHHH. Flpa 3TOM 6y,nYT HCnOJIh30BaHhI pe3YJIbTaThI pa60ThI/ 14/, 

nOCBHmeHHOH KOBapHaHTHOMY TpexMepHOMY onHcaHHID COCTaBHOH CHCTe

MhI, 06pa30BaHHOH H3 ,ll,BYX 4aCTHI~ co cnaaor-r 1. OTJIH4HTeJIbHOH ocoõea

HOCThK> aaiuero cPOpMaJIH3Ma HBJIHeTCH nOKaJIhHOCTb COOTBeTCTBYIOrn;ero 

KBa3HnOTeHUMaJIa B HMnYJIhCHOM npOCTpaHCTBe Jloõaueacrcoro. 31'0 ,nOCTH

raerca OT,neJIeHHeM KHHeMaTH4eCKHX BHrHepOBCKHX Bpa1ueHHH H '''nepeCaA

KOH" acex cnHHOBhIX HH,neKCOB na O,nHH ar-rnynsc (CM. nonpoõaee /11/ ). 

flOJIY4eHHoe B pasnene 2 KBa3HrrOTeHUHaJIhHOe ypaaaeaae c nOTeHUHa

JIOM o,nHOrJIIDOHHOro 06MeHa MhI penyuapyer-i B pasnene 3 K CHCTeMe KO

nexao-paaaocrasrx napUHaJIhHhIX YPaBHeHHH B peJIHTHBHCTCKOM xonrpar-y

paUHOHHOM npenCTaBJIeHHH (PKfl). KaK 6hIJIO nOKa3aI-IO paaee, B PKI1 

MO)l(HO pa3BHTh peJIHTHBHCTCKHH aaanor r-ierona BKE. 31'01' MeTO,n 6hIJI 
/12-13/

C ycnexor-r npaxreaea ,nJIH aaxoxcneaaa cnexrpa r-tacc KBapKOHHH . 

I1cnOJIh30BaHHe KBa3HKJIaCCH4eCKoro YCJIOBHH ~aHTOBaHHH ,nJIH peJIHTH

BHCTCKHX ,nBYX4aCTH4HhIX COCTOHHHH /12/ n03BOJIHeT HaHTH TaKJKe H ypon

HH 3HeprHH rJIIDOHHH. B pasnene 4 ,nJIH CJIY4aH rtpocreúurax BM,nOB rrOTeHQH

aJIOB HaMH 6y,nYT nOJIY4eHhI tlliCJIeHHhIe pe3YJIhTaThI. 

8bitIUil1f.>UHh1ii HHCTm'YT r
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2.	 Cnl1HOBAH CTPYKTYPA PEJIHTI1BI1CTCKOrO TIOTEHUI1AJIA 

B3AI1MO)J;El1:CTBI1H ,UBYX rJIIOOHOB B I1MTIYJlbCHOM 

TIPE,UCTABJIEHI1I1 

B HaCTORI..I.J;ee BpeMR 60JIhllll1HCTBO aBTopOB C411TaIOT B03MOn(HbIM 

Onl1CbIBaTh rJIlOOH I<:aI<: MaCCI1BHYlO qaCTI1IJ;Y c )J.I1HaMl1qeCI<:OH MaccoH, KO

ropaa nORBJIReTCH aa cner HaJIl1ql1R Y nero IJ;BeTOBOro sapana 11 caMO)J.eHCT

BI1R. 3TO n03BOJIReT YCTpaHl1Th nercoropsre npOTI1BOpeql1R B pe3YJIhTaTaX 

BhI4I1CJIeHI1R na OCHOBe KX,U cPopMcPaI<:TOpa npOTOHa 11 3cPcPeI<:TI1BHOH I<:OH-

CTaHTbl B3aI1Mo,n;eHCTBI1R a (q2) (CM. no 3TOMY nOBo,n;y / 15 1 ).s 
n03TOM~, Haql1HaH paccr-rorpenae I<:Ba3I1nOTeHIJ;I1aJIa B3aI1Mo,n;eHCTBI1R 

)J.BYX FJIlOOHOB B I1MnYJIhCHOM npe,ncTaBJIeHI1I1, Mbl rrpar-rer-t, qTO rJIlOOHI1H 

COCTOH-T 113 CTPYI<:TypHhIX MaCCI1BHhlX rJIlOOHOB, B3aI1Mo,n;eHCTBl1e Me)K)];Y I<:O

TOphlMI1 OCYI..I.J;eCTBJIReT 6e3MaCCOBhlH I<:aJII16pOBOQHhIH rJIlOOH. COOTBeTCT

BYlOI..I.J;aR ,n;l1arpaMMa, Orrl1ChlBaIOI..I.J;aH TaI<:OH npOIJ;eCC, 11306pa)KeHa na pnc. L 
<l>eHHMaHOBCI<:I1H MaTplfl:lHhlH 3JIeMeHT <P1 ,P2~0'1 0'2l T(2) [k 1 ,k 2 ; 111, li,:.?,>? 
QTBeQalOJ»,I1H 3TOH ,n;l1arpaMMe, paCCMaTpl1BaeTCR HaMI1 I<:aI<: I<:Ba3I1nOTeHQI13JI 
V(2) = T (2) • 

,UJIfI m.rnona annoro BI1,lJ;a I<:Ba3I1nOTeHIJ;l1aJIa Heo6xo)J.I1MO 3HaTh, I<:aI<: 

ycrpoensr aepumasr B3aI1MQ,n;eHCTBI1R CTPYI<:TypHhIX rJIlOOHOB c õeaxracco
BhIMI1 I<:aJII16pOBOQHhIMI1 rJIlOOHaMI1. 

B paõorax 116. 18 I 06CY)K)J.aJICR aorrpoc o npaannax <l>eHHMaHa ,n;JIR 

BeI<:TOpHóIX QaCTI1IJ; B rneCTI1I<:OMnOHeHTHOM cPOpMaJII13Me I<:BaHTOBOH 3JJeI<:T

pO)J.I1HaMI1I<:11 (K3,U). TaM,I1CnOJIh30BaJICR narpaaacaaa BI1)J.a:· 

KSA - '""" ~ 
f = 'l'(x) r f1V v 11 V jJ 'lJ(x) - M'l' (x) 'l'(x) - 1/4 F 11 11 F ~LlI + 

(2.1)
À 

+ f2 Ff1V' q; (x) Yfi,/llJ 'l'(x) + 1:~-2 aa Fll lJ 'lJ(x) Y6,1111 p{3 V (3 \P(x), 

'I ~2 

PuC. 1. Iluaepauua, cooreercreysoiuas OÕH02fllOOllHOMY oõueuy. Ileoúuan aOflHUCTaJl 

flUHUJI. - CTPYKTypH,blU 2fllOOH, 80flHUCTaJl nunun - ões.uaccoeuú KMU6p080 1111bli'i 2fllOOH. 

2 

;.. 

rzre 'v11:= - i a ll. .; éAIl; F /L1I = a /1 Ali - ali A Il- nOJI~BOH renqop 3JIeI<:TpO

MarHI1THOrO no-JIR; - BeI<:TOp 3JIeI<:TpOMarHI1THOrO nOJIH; 'l' " 'l' -rnecA Il 
TI1I<:OMnOHeHTHhle BOJIHOBhle cPYHI<:IJ;1111 '(B<I» M,aCCI1BHOH BeI<:TOpHOH QaCTI1

lU>I. DhlJIO nOJIYQeHO asrpascenac ,n;JIR Bepllll1Hhl, B I<:OTOpOH B3aI1Mo,n;eHCTBY
•	 v v 118/

lOT O,n;I1H epOTOH c BeI<:TOpHOI1 QaCTI1IJ;el1 : 

í e A eK 
-era,8 (p+k){3 - -6-Y5,a,8 q{3+ 6M2 Y6,a,B,llll Q{3qll(P+k)1I' (2.2) 

rne ra{3 = Ya{3 + ôa,B ;Ya{3 ; Y5,a,8; Y6,a{1,1l 1l - 6x6-MaTpl1IJ;hI, nonpoõ
1I0 113YQeHHhl.e B 116, 19/ : 

o Ôij - Si S j - S j Si') , 

Yij 8ij - S i S j - S j S i o 

Yi 4 = Y4i 

o 
( . 
-IS, 

is 
i

o ), ,y 44 

o 

1 

1 

o ) , 

(2.3) 

t 

(Si -Cill1HOBhle MaTpl1IJ;hI ,n;JIR BeI<:TOpHOH QaCTI1~hl) , 

y5; a,8 • = i [ Ya 11 ' Y{31l J (2.4) 

Ye, a{3,llll = [Ya ll , Y{3l1 J+ + 2ôa ll ô,8l1-[ Y{31l 'Y a ll J+ -2ô{31l ôa ll' (2.5) 

e -- aapan 3JIeI<:TpOHa, À 11 I< --BeJII1QI1Hhl, XapaI<:TepI13YlOI..I.J;l1e MàrHI1THhlH 

nanorn.asrá 11 3JIeI<:TpI1QeCI<:I1H I<:Ba,l:(PynOJIhHhIH MOMeHThI coornercraenao, 
M - Mapca BeI<:TOpHOH QaCTI1IJ;hI. 

B namer-r CJIYQae Mhl raroxe 6y,n;elVi nOJIh30BaThCR c2 (2 S + 1) -I<:OMnO

HeHTHhlM cPOpMaJII13MOM. Ornrarco nenocpencrnenno Qepe3 TeH30p HanpR

)KeHHOCTeH rJIlOOHHOro nOJIH BBeCTI1·2 (2 S + 1) -xrepm.re B<I> rJIlOOHOB'B JIa

rpaaxcaaa HeB03MO)KHO. TI03TOMY noõaaar-r B 06hl4HhlH JIarpaH)KI1aH KX,U: 

o KX,Q - 11 - a C a 11 11 
.L = iqy V q -rnqq -1/40 'r	 (2.6) 

11	 11 11 

crraraer-n.re, onpenenarourae CTPYI<:TypHhle rJIlOOHhl: 

f KX,Q _ - ~ 11 11 --+ ._ 

,Qon - g V 11 Y V 11 g m g g g, (2.7) 

r,n;e 

V 11 g (x ) = a g, ., ifT.~ B;·g (2.8)ll 

-	 a 
g , g - OI<:TeTHhle no IJ;BeTY 2 (2 S + 1) -xrepnsre B<I>, T n - reneparopsr 

SU (3) B npI1Coe,n;I1HeHHOM npe,n;cTaBJIeHI1I1. C nOMOUJ;hIO TeX!II1I<:11 cPYHI<:IJ;110
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aansnoro MHTerpHpOBaHHH, HCrrOJIh3YH BbIKJIa,nlGi, aHaJIOrHlIHbIe cnysaio 

qqg - BepWHHbI, Hafu:I.eM, "'lJ:TO aepurana B3aHMO.ueHCTBHH ,U,BYX CTpYKTY-P

HbIX rJIIOOHOB c KaJIH6pOBOtIHbIM rJIlOOHOM HMeeT B aHaJIHTHqeCKOM astpa
)I(eHHH BH,lJ, (cp. c nstpasceuaer-r B K3)l (2.2»: 

'C Il
V 

( )' a)
1	 y P + k v ~ T n a (3 (2.9) 

(6e3 yxera nnyrpeamrx MYJIbTHrrOJIbHbIX MOMeHToB) . 

Torna, HCflOJI-b3YH peayru.rart.r paôorsr / 14/ ~ 'npencrannxr cjJeHHMaHOB

CKHH MaTpHqHblH 3JIeMeHT, oraesaiouraá znrar-par-n-re O,lJ,HOrJIlOOHHOrO 06Me

na (CM. pHC. 1) , B BH)].e. 

'" (2)	 + , + 
<p ,p;a ,a IV Ik ,k ,v,v >'=: ~ Dl IV·1

(Â(/),P1) ID 1 
1	 2' 1 2 1 2 1 2 a a :r a a o 

ao ,1/0 JJo =11 1ep .' 2 2p 
o o ip ip ik 

-1 v1p ~2p ~ ~ ~ 1 - 1 1·1 
Iv (Âp,P2)IVa o a o(k(-)p,p)DlloIJoIV (t\0,k 1)IDv ov IV (t\p,k 1)1x (2.10) 

!p 2p lplk P1 1k.1 

1 ,-1( o I 1 -1 
x Dv o v P 1V A iL ' k 2) Dv o 'v IV (l\ (í) k 2 ) I.• 

2p	 2K. .~ 2k 2 J . 

o o 000 * -* 000
v1p v2p -+ '...	 "(2) ~ -+-+ 

Va o a o (k(-) p, p) = t a o ea o V (k(-) p,p) ç1l 1° Çl'2° , (2.11)
lp 2p 1p 2-p	 P P 

" o o o 02 ~ 2 o o ~ o ~ o o 
V(2)(Ít(-)p,p) =-3f 21 2 po(' o+m) +4poC~o+m)(p3)+2'(p!)2-2m3(L\0+m) 

3	 ~-
1

2m (Ao -m) 

(2.12)~~ o ~ r:; -+ ~ -+ Q -+ ... ~2
 
t(81+s2)[P,~1 po(&o+m) pA (Bll\).(s2~-(B1B2)~ 1
 

+ [------ I- --I +------ ---
33 3 m~o- m m m 2m (1 0 - m) o u o o 

x 81[p~ls2[~~1 
o

( 

_	 00 
~o-mKaK H B 60JIee paHHHX paõorax /20/ :
 

o o o o o -+-+

-1 -+ -+ -+ ;t o k n

~ I\. o k = k (-) p = k - .i!- ( k o - õr--), (2.13l
P m po + m 

o o o (2.14).&0 =(KJ k)o=(~Po -Kp),'m,
 
o o p .
 
'p ,lf - KOBapHaHTHbIe o606meHHH aexropon HMnYJIbCOB qagHI.l B C.U.M". 

no 1>1 ~ -1>2 =P' H nOCJIe k1 = - k2 =k B3ID1MO,lJ,eHCTBHH; ç , ç - rray

JIeBCKHe crnnropst, a D~13 - BHrHepOBCKaH MaTpHUa HenpHBO,lJ,HMOrO 

rrpencraanenaa rpynnst Bpa.I.QeHHH pasr-repaocra (2 J + 1) , HMelOmaH CJIe

nYlOmml BM)].: 
.. 

4 

-+ ... 21
 
O 11 V· 1(A -+ ,k)I = 2 ( m') (k -+-m) (Ao + m) \[ pk 1 + ((p() +m) (k o + rn) 

p m Po+ o ' 
(2.15 ) 

- kp12 - 2il (p Q + m)( k o + m) - kP1s[pk1 - 21 s[pj{'j I2 L 

Bsrpaxcenac (2.12) pacxpsraaer rrpeaxtytuecrna 2 (2 S + 1) -QJOPMaJIH3

Ma, TaK KaK OHO rro CBoeH diopxre c TOqHOCTblO no 3aMeHbI 1__ .., ...L 
o '<->2 

,	 2m(~ o -m) 11 
~ -+	 " 

H S -+ a coananaer C KBa3HrrOTeHUHaJIOM 83ai1MOneUCTBHH ,lJ,BYX erra-
HOpHbIX ttaCTHU. 

3.	 CHCTEMA nAPUHAJIbHWX llBYX4ACTH4HWX YPABHEHHA 
B PEJIHTHBHCTCKOM ,KOH<I>I1TYPAUHOHI 10M 
nPEllCTABJIEHI1H 

llJIH KBa3HrrOTeHUHaJIa H 8<1> npeofipaaonaane B PKO COBepWaerCH 

C nOMOll(b1O QJOPMYJI '10,20/ 
o o I) 

V ( r , ri: ~) = (217 r 3 .r do~ ~ (~ ;;) V (S, P),	 (3.1 ) 
o o 

'I' (r , ~) = (217)" 3 ran o ( p;r) 'l'a a (ri),	 (3.2) 
a1 a 2 p 1 2 

rne 3JIeMeHT ofn.evra 

35; Jr----~ -2-, 2 
dO o == d p / 1 I- P / m (3.3)

p 
o 

HBJIHeTCH HHBap.HaHTHOH xrepoü aa ranepõonoane. ç (p ; ~ ,r ) - nOJIHaH 

opTOrOHaJIbHaH CHCTeMa QJYHKUHH B npocrpaucrae Jloôaxeacxoro: 
o
 

o o
 
t: (-+ -+ P o - pns	 p' n r) _ ( .1 . írrn ,,- ) (3.4) 

m 
"	 /21/

<l>H3HqeCKHH cr-tsrcn napavierpa r 06CY)I(,lJ,aJICH necsraa ,lJ,eTaJIbHO B 

B pe3YJIbTaTe ocymeCTBJIeHHH yrcaaaaaoro nepexona B PKn MbI nOJIY

tIHM KBa3HnOTeHIJ.HaJI BH,lJ,a: 

o oo O' o 
-+ -+ )V(r,n;po'p) =V + V ( r , n ; p o , p ) ,	 (.3.5 ) 1(r,po 2 

o 2 
3po
 

V (r;p ) =-3r 1(8 p 2 _ 4m2) V (f)+(--2-- 1) .l. 8 ( r 2+ 1 ) +
 
10 0	 ~2 

JOK m r m 
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p02 1 2 4 2~ 2.. 1 1 2 1 
+-::2 -Ser +~) ---[B(r) - - -ô(r + ~)] 

m r m m2 3 r m • 

o 2
 
~ ~ 2p 1 1 2 1 1 1 2 4
 

-(sl s2)[--B(r) + -~ô(r + 2) + --8(r + -:=2)], 
m2 6 r m 2 r m 

.... 0 ~ 22~.Q ~~	 (3.6)
V (r,n; p , ,p) =-3t {-(s p)(s p) B(r) -8 B(r) + 

2	 m 2 1 2 12 

o 

+-ª---[(;l L) ( ; 2L) +(;2L)(;lL) ] --L B(r) + ~ (;~)2 B(r) +
2m2 r m 

o o 
2ipo ~ 1 ~4 4po ~3.7) 

+ --_.(p n) [ 4 r A ( r) - - C ( r )] - (8 L) [ -- A ( r) +
 
m m2 m
 

o 

+ ~_i_(~n) .!...B(r) __P_o__1_.C(r)}l, 
m2 r m.3 r.
 

o
 
rrre S= 8 1 +S2,L=[px1]	 n) -(8182

) , ,812 =3(81n)(s2

V IOK (r) = _1_ cth r m11, (3.8)
4 11r 

A( r) = 1 V (r) , ( 3-.9) 
r (r + (i Im) ) IOK 

~1 V (r-},	 (3.10)B (r)
 
(r+(i/m»{r+(2i/m» ICK
 

2
 
C(r) = _1_ 2(r -(i/m)l _1_8 ( r 2 + 4 ) _ m S(r).
 (3.11)

2(i/m) r + (i/m) r 7" 4r 

113 nOJIYtIeHHhIX COOTHOW~H1.n1 BI1~HO, tITO KDa311nOTeHUl1aJI pacnana

eTCH na zme tIaCTI1: V 1 ( r; po), ne 3aB~CH~YlO [;lT HanpaBJIeHI1H aexropa 

"peJIHTI1BI1CTCKOií Koop~I1HaThI",11 V (r ,it; Po , P ), KOTOpaH 3aBI1CI1T OT2

li tIepe3 CTPYKTyphI Cit li ), [~ x n], 8 12 . 1
 

ti	 121
Ilocrre npeo6pa30BaHI1H I<:Ba3I1nOTeHUl1aJIhHOrO ypaBHeHI1H 

o .	 IIV 00 o 
~ -3(2

0
M - p o) 'P (p) = (211) L f dUo V 1 2 (k, p) 'P (k) , (3.12) 

k 0 1O v 2a
1

a 
2 1I 

1
v

2 2 1v

B PKll 'c noxroun.ro QJOPMYJI (3.1), (3.2} CTaHOBI1TCH OtIeBI1~HhYVX, tITO 
o ~ o

V 1 ( r ; p o ) Onl1ChIBaeT JIOKaJIbHOe aaaaxroneâcrane, a V 2 ( r , n ; p o ' P) 
BXOnl1T B ypanaeaae HeJIOKaJlbHhIM o6pa30M. 

v1 v2 o ~ 3 4 

(M - 2H) 'I'a. a (r) = ~ Vt (r;po)'I'vv(r)+!dr 1 L rdü o x 
. 1 2	 12 v 11 P0 102.V1 v2	 l 2 

o o vl 112 o ~ ~ (3.13) 
x e(p ;n, r ) ç (p ;n1 ' r 1 ) V2 (r 1 ' ~ 1Ào ; p o' p ) '1'11 11 (r1 ) , 

0 P 1 2
102 

uo	 1221 
rne enl1Hl1tIHhm BeKTOp . 

o 
~ ~ ~ pn o ~ ~ 
n o = [mn - p (1 - o )] I (p - p n ) .	 (3.14) 
~	 po+m 

OnHaKO B03MO)KHa JIOKaJII13aUI1H cnI1H-op6I1TaJIbHOrO, tIaCTI1 TeH30pHo

~o B~aI1MOneiícTBl1ií,a TaKJKe npyrax cnaraer-n.rx, BXOnH~X B V2 ( r1,7t1A~ 
po ,p ). 

B ypaBHeHl111 (3.13) I1MelOTCH CJIenYlO~l1eCTPYKTypbl: 

~ 2 o Q o
= m I(po -PI11) - PO' (3.15)(p n1Ap ) 

Q ~] ~ --+] o Q--+)
[p x nlAp = m[p x n 1 I (p o - p n 1 '	 ( 3 .16 ) 

~ --+ ) (--+ ~) T Z T( Sl n1A~ = Z 1 + 2'	 (3.17)8 2 n 1Ap
 
T 2 o ~~
 

Z 1 = m (8 1 n1 ) (S2 rl1 )/(p 0- pn 1) ,	 (3.18) 

m 2 {1 [(--+ 4 ) (--+ Q) (--+ ~ --+--+z; o ~ 2 -- 8 1 n1 S2 P + Sl P)(S2 n1)]x 
(po-pn ) m

1 
~..... Q4 (3.19) 

x(1- .R~) + _1_(8 ~) (8 ~) (1 - PJ-) 2 L
Po + m m2 1 2 Po+ m 

T 
nOKaJII13anl1H (3.15), (3.16) 11 nepnoro crraraeraoro Z 1 (3.17) 

ocy~eCTBJIHeTCHc nOMO~lO paBeHCTBa: 

*	 * i a ~ --+	 m'~ --+ 
exp(m dFl) cf "p ; n 1 ' r 1) =	 o Q - ç (p; n l' r 1 ) . (3.2O) 

Po -pn 1 

B irrore: 

f,	 ,.., v1v2 --+ o ~ 
(M - 2H) 'I' (f) = L V (r;p ,p)'P (1). (3.21) 

01 0 2 v 0102 o 111 112 

1v2 
ri 

Ilon KBa311nOTeHQI1aJIOM ypaBHeHI1H (3.12) nOHI1MaeTCH CYMMa urecrn 

KOMnOHeHT: 

7 6 



VCr;po J) =:V
c 

+V
LS 

(LS) + V8 (S 18 2) + VT S12 +VLL L 12 + VSll P12,(3.22) fIocJIe ocyrn;eCTBJIeHHH napUHaJIhHOrO ,Pa3JIO)f(eHHH B<I>: 

(8) 417 J *(8) --> (8') ~ 
r,IJ;e 'l'ql1 (r; a) = -r L Rf"rs (r) tn JfM (n ) la l U JE'M(o)l , (3.31) 

1 ~ --> --> --> --> ~ --> ~ 
00" s, q 11

Ju. MSL 12 =:"2t(S1L)(S2L) + (S2 L)(SlL)I, 
(3.23) 

o o .rpexraepnoe I<:Ba3HnOTeHUHaJIbHOe ypaanenae neperunnerca B cHcTeMY pa
P12 =: Cs 1p) (S2 in ; (3.24) ,IJ;HaJIb'HbIX YPaBHeHHH.lVIH S = O, S = 1, S =: 2. 

02 02 \} o Q J'" 2 02 2 3po 1 2 1 P o 1 2 4, (M - 2 H ) R J ( r) =: L vJ 
(r;p ,p)Ro""o (r). (3.32)V = -3f t(8po -4m ) V (r) + (-.r- -1) -8 (r + -) + - - 8 (r *" --)  o r. S ,[,Sc· IOK ml:; r m2 m2 r m 2 f' f's ',f8 e" s ", f's ',e "'s " 

~.j" 

o 2i 2 ,L' 2
 
2p2 1 1 2 1 (r- m ) 2i a 2po (r- m)
 3,IJ;eCh

---[B::r) ...--8(r +-)1 t6[---exp(---'-)- -- -- x 3 
m 2 3 r m2 r 2 m ar m r 2 (.25) 

ch ti a) i (. i a) er f . 1) (i a)H o =: m \-, - + - sh --- + ~::2"--exp - ~ , (3.33)
r. m ar r m -ar 2mr In ar02 .0 (r ..L)2 ' 

i a Po 21Po - m i a o [ 1 x exp(-- -) +-1 B(r) +--f m-~ exp(-- '-) -Pol 4rA(r) --C(r)lI,
3m ar m

f's'.fs r,po ,p - dWnHJE'M n V(r,p ,P)OJEM (o). (3.34) 
m2 m r 2 m ar vJ (.0 Q)-J ;;.(s:) (--»"'-->.0 Q is)-> 

o , 

V = - 3 f 2 t~~ _.!.-2__ ( 4A( r) - -.1- ..!.. C ( r ) 1 + 
LS m ( r + Ci/r;v { m2 r MO)f(HO BH,IJ;eTb, llTO 6JIarO,IJ;apH nOJIHoM}' COOTBeTCTBHIO peJIHTHBHCT

CI<:HX cnHHOBbIX CTPYI<:TYP I<:Ba3HnOTeHUHaJIa (3.22) cnna-crpyxrypar-r,
(3.26 )

+ §i[ fi r(r -(i/m» exp (_.1- ~-) - P ,1 -'-~B (r), HCnOJIb3yeMbIM B HepeJIHTHBH3Me, 'MaTpHllHble 3JIeMeHTbI (3.34) 6Y,IJ;YT 

m2 (r « O/m»2 m ar o (r + (i/m» HMeTb <pOpMaJIbHO TOT »ce BH,IJ;, llTO H npn HepenHTHBHCTCI<:OM B3aHMO,IJ;eHCT

BHH ,IJ;BYX BeI<:TOpHbIX llaCTHU, OTJIHllaHCb 11HWh HBHbIMH Bblpa)f(eHHHMH ,IJ;JIH 
2 °2 

2 (r-(2i/m» 2i a 2p (jC ,VT ' VSL ,VS ' V LL ' VSp
V=:- 3 ( t - [------ exp (-- --) + -- - 11 B ( r)  TaI<:HM 06Pa30M, ,IJ;JIH CHHrJIeTHOrO cnnaoaoro COCTOHHHH HMeeM:8 r2 m ar in2 

A ~ A 2 
( 3.27) (M-2H o' )Ro' (r) =: (V -2V --J(J+ l)V )R o' (r) '(3.35) 

r =: J l. =: J C S 3 LL ( = J_.r .1ô(r 2 + _1_) _ .1 _1 S (r 2 + _4_)1, (J - lleTHoe), 
6 r m2 2 r m2 

,IJ;JIH TpHnJIeTHOrO cnanoaoro COCTOHHHH: 

" '" '" Jf-2")2 (r_(2i/m»2 2i a V l.±~v + ~--V x{M-2H o, J 1)~' J l(r) =:(V -(J+2)VVT =: - 3 t t- exp (- - -) B (r) I, l. =: + -1' =: + C SL LL (3.28 ) - S - 2J + 1 T 2 (3.36)r 2 rn ar 
x Rf'=:J+l (r) ~V~f~\) VTRf~J-l(r) (J - xernoe).V =:_3r 2 t-ª- r ---- Ser) l,

2 ( 3.29) ,... ,... A ,... "1 ,...LL m (r + (Lrn) (r + (2i;' rn) 2 
(M-2~'=:J)Rf'=:J (r)=:(VC-VLS-VS +VT+[2-J(J+1)lVLL)Hf~J (r) (3.37) 

'" 2 2 '" '" '" '" J-1" (J -HelleTHoe), 
VSp =: - 3 t t-2- B( r) I. (3.30) 

I (M-2Ho' ) R o, (r) =:(V +(J-1)V -v ---- ----V 
m I r. =: J. 1 l. =:J .1 c LS S 2 J + 1 T 

(3.38)T -1 " 3)/ J(J + 1") '" 

):
 -~V ) Ro, ( r) + .---- V Ro' ( r )
 
2 LL l. =:J -1 2J + 1 'r r. =:,J + 1 (J -'- xemoe),

HeO~XO,IJ;HMO OTMeTHTh, uro npn ,IJ;aHHOM BbIBo,IJ;e MbI nO,IJ;pa3YMeBaJIH 

norr ~o H P COOTBeTCTBYIOrn;He I<:OHellHO-pa3HOCTHhle orreparopsr. O,IJ;HaI<:O ,IJ;JIH 5-nJIeTHOrO cnnaoaoro COCTOHHHH: 

npa tIlICJIeHHbIX pacxerax pa3YMHbIM npH6JIH)f(eHHeM, xoropoe ne CBO,IJ;HTCH '" "" " 2(J ill " 2 
I<: HepeJIHTHBH3MY, HBJIHeTCH HCnOJIb30BaHHe BMeCTO TaI<:HX oneparopoa HX (M-2Hf'=:J + 2) Rf'=:J+2( r) = (Vc -2(J +3) VLS + Vs - 2T: 3-VT + (J + 3) VLL) x 
co6CTBeHHhIX 3HalleHHH. (3.39) 
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X R , (r) + ~6Jrj+ 2) _iJ2.f-=-fr(2J +1) VT Rf'=J (r)f =J+2 2J+1 2J+3 
(J - uernoe) 

,..,., ,," J - 4 " 3 .t + B " ' 
(M-2~'=J+1)Rf'=J+l(r) =(V -(J+4)VLS+VS+2J+1 VT+ 2 VLL)Xc 

3Y(J -1) (J +2) ,., (3.40) 
x Rf'=J+1 (r) + -2J-:-1-- VT Rf'=J _l(r) 

(J - aexeraoe) 
. I 

(M-2H )R, (r)= v6J(J+~}y(2J-l)(2J+l)VTRr/=J+2(r)+(Vc-3~LS+~S + 
f'=J f=J 2J +1 9T ,'l 

+(2J-3)(2J+~_)V. +[~_~J(J+1)]V )R, (r)+y6(J-1)(J+l) x 
(2J -1) (2 J + 3) T 2 3 LL f = J 2J + 1 (3.41) 

x y(2 J + 1) <. 2J + 3) V R , (r )
2J -1 T f=J-2 

(J - tIeTHoe), 

" "" ..... J + 5 ..... 3J - 5 ..... 
(M-2~'=J_l)Rr'=J_l(r) + 2J+1=(Vc+(J-3) VLS +Vs VT--2-VLL) x
 

. (3.42)

3v(J-l)(J+ 2) " ( )


x Ro' (r) + ---------.-V Ro, (r) J - HetIeTHOe I
[.=J-l 2J+1 T [.=J+1 

" "..... " a:J ·2\ ..... "2
(M-~'=J_2 )Rf '= J _2 ( r) =(Vc +2(J-2)VLS+ Vs -2J~TVT+(J-2) VLL)13.43) 

x R». (r) + y6(J-l)(J +1) y(2J+1)(2J+3) V. R, (r) (J -tIeTHoe). 
f=J-2 2J + 1 2J -1 T f=J 

CBH3aHHhle COCTOHHHH ,1J.BYX rnlOOHOB ztorracasr HMeTb nOnO)I(HTenbHYIO 
C-tIeTHocTb. 3THM npaannor-r oõycnoaneasr OrpaHHtIeHHH, nanoacenasre na 
J B YP~HeHHHx (3.35)- (3.43). 

3aMeTHM ente, tITO, Cne,1J.YH crarse I~ 1 , MhI npeaeôper-na nOCne,1J.HHM 
cnaraerasrr-r rpopwynsr (3.22) . 

4. KBA3MKJIACCMtIECKOE YCJIOBME KBAHTOBAHMH B PKTI 
M BbltIMCJIEHME.CllEKTPA rJIlOOHMH 

HeCBH3aHHhle rrapuaansnsre ypaBHeHHH MOiKHO nepenacars B BH,1J.e: 
. 2 

[ch(i1tL) + i;( sh(i~..L) + 1( f(f+ 1) exp(i;(}-) -X(r)]R (r) = 0, (4.1) 
ar r ar 2r 2 ar f 

X(r) = W = 2m + E CB (4.2) 

VKOi'i4> (r) , H COOTBeTCTBYlOmero MaTpHtIHOrO anexreura KBa3HnOTeHI.J;Hana 
CHCTeMhI ypaaaeaaá (3.32). TIpH 3TOM B asrpaaceuaax (3.25) - (3.30) MOiK

HO npeaeôpeus MHHMhIMH ,1J.06aBKaMH, npOnOpI.J;HOHanhHhIMH i Im (= 11 I mc) , 
TaK KaK 06hltIHO cnercrp CBH3aHHoro COCTOHHHH <popMHpyeTcH na paccron
HHHX r »-X = t I mc . 

KBa3HKnaCCHtIeCKOe ycrroane !<:BaHTOBaHHH rtrra .n.BYXtIaCTHtIHhIX pena
THBHCTCKHX CHCTeM HMeeT BH,1J. 1121 

" r+ 

.f dr'arcchX
A

(r') = X17(n + ~ ). (4.3) 
r_ 

I', 

B nsnueyrcaaamroâ rpoprayrre: 

X (r) = X(r)[l + (A!-)2], A = f + I, (4.4)A r 

a npenerrsr HHTerpHpOBaHHH onpenenxrorca H3 ypaBHeHHH 

X (r ) = 1. (4.5)A ± 

Cne,1J.YH BhIllleOnHCaHHOH xreronaxe, MO)l(HO norryuars ypOBHH aaepraa 
MHOiKeCTBa rrnooaaeasrx COCTOHHHfi. B nacromueü paôore MhI crpaaauar-rca 
trnCneHHhIMH pacuerar-ra .n.nH npocreãumx BH,1J.OB nOTeHI.J;HanOB, a HMeHHO: 
V( r) = a r H V( r) = ur2 . B crarse 1241 ôsrno norcaaaao, tITO B TaKHX npaõ

nHiKeHHHX ycnoaae KBaHTOBaHHH npHHHMaeT BH,1J. (4.6) H (4.7) COOTBeTCT
BeHHO: 

a y f 3 
XchX - shX = --'A17(n + -- + -), (46)

2mc 2 2 4 . 

2yChX+l[K(thX!2) - E(th)(/2)] = J.s:»: 1(17 (n + .t + ~), (4.7)
2mc 2 2 4 

rne ch X = W12m . Ilorryseaasre na OCHOBe 3THX ypaBHeHHH peayrn.rarsr 
CYMMHpOBaHhI B Ta6nHI.J;e. 

Ta6nHI.J;a 

Cnetctp Macc 2Il1()OHUeBblX COCTOJlHUU ÓIlR ÓBYX BUÓOB noreuuuana:
2

a) Ver) = ar ,. 6) Ver) =ar . 

n 1 2 3 4 1 2 3 
I ° ° 
I

f ° 1I 
I. Ma 1,59 2,16 2,64 3,07 3,47 1,89 2,41 2,86 3,27 3,66 

(m - vracca rrnooaa, E - 3HeprHH CBH3H) . Ilon V(r) HYiKHO nOlIH-
CB 

MaTb CYMMY nOTeHI.J;Hana, onacsraaroutero yztepacaaae rrnoona B Me30He M6 1,59 2,16 2,76 3,38 4,02 - 1,87 '2,46 3,06 3,70 4,36 
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Ilapavrerpsr r-ronena m y'[ o epliKClipOBaJn1Ch no MaccaM G -Me30Ha 
(unauree snepreruuec tcoe c;OCTOHHlie) li g -Me30Ha (nropoe opõaransnoe 
noaõyacneuae) . 3HatIeHHH 'JTHX rrapavrerpoa cnenyiourae: m = 0,4339 13B, 
o = 0,1102 r~')B2 - ripa JIuHeihIOM nOTeHlJ,l1aJIe; m = 0,5905 r3B, 'o = 

= 0,0105 r3B''3 .- npa KBanpaTHtIHOM noreauaane. 

3AKnlOt I EHl1E 

B nacromueã paõore na OCHOBe 2 (2 S + 1) -r-repnoro onacanan B<I> 
nocrpoea epOplVIaJII13M )l,JIH paccr-rorpeaaa CBH3aHHOrO COCTOHHliH )l,BYX BeK
TOpHhlX tIaCTlil~ (r-moonon) . Haünen Bli,lJ, coornercrayrourero peJIHTliBI1CT
cxoro )l,BYXtIaCTHtIHOíO OL/,HOB per-reanoro KBa3linOTeHIJ,liaJIhHorO ypaaaeaaa. 
Opu ,3TOM 06HapY)f(eHO, irro KBa3linOTeHl~aJIr axoro ypaaaeana BO BTOpOM 
nopaznce reopuu B03MymefH1H no CBOeH: CTpYKType connanaer c xnaaano
TeHlJ,liaJIOM B3aHMo.LleHcTBHH )l,BYX cnaaopm.rx tIaCTliU. 31'01' epaKT pacxpsr
saer rtpear-ryurecrua 2 (2 S + 1) -KOMnOHeHTHoro epOpMaJlli3Ma, npar-teaeú
aoro B HaCTOmueH: paõore. 

C nor-roun.ro peJIHTHBHCTC tcoro 0606meHliH MeTO,lJ,a BKE HaMI1 pac
cr-rorpea cnexrp rJIIOOHliH .nJIH CJIytIaH, teor-ria nOJIHhlH: cnaa cncrer-n.r paaeu 

, . nyrno, B npli6JIH)f(eHHH tIliCTO 3amiP8:.lOmero noreauaana. 
B nocnenyiourax paôorax Mhl npliMeHliM HafuJ.eHHYIO snecs cacreray 

C'nI1HOBhlX napuaansnstx ypaBHeHHH )J,JlH li3ytIeHliH BKJIanOB CnI1H-CnI1HOBOrO 
li cnaa-opôuransttoro B3aJIMo.neflcTBliH B aaeprmo rrnooaaeasrx COCTOHHliH. 

ABTOphl asrpaacaior HCKpeHHlO1O 6JIarO,lJ,apHOCTb B.I1.CaBpliHY, 
lO.H.TIOXTHeBY H O.lO.llleBtIeHKO aa aarepec K paõore a nonesasre ,lJ,I1CKYC
Clili , a raroxe B.E .1l0JIHHre aa nor-touis npn nponezienaa tIliCJIeHHhlX paCtIeTOB. 
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HET .Jrn flPOEEllOB B BAIDEA EHEJIUOTEKE? 

BN MozeTe nonyq&Tb no noqTe nepequcne&HNe uKZe Kuuru, 
ecn& ouu He 6unH 3aKa3aHN pauee. 

Jl7-83-644 TPYAN ~le~yuaponuou mxoiTN-ceMH&apa nc 
~H3HKe TRXenNX HOHOB. AnymTa, 1983. 

Jl2,13-83-689 TPYAN pa6oqero co&e~a&HH no npo6neMaM 
H3rryqeHHH H neTeKT&pOB3HHH rpaBHT3n&OHHNX 

6 p.SS K. 

Bonu. Jly6ua, 1983. 2 p.OO K. 

Jl13-84-63 TpyAN :xi Meznyuaponuoro CHMn03RYMa 
no HAepuoH 3neKTpoHHKe. EpaTHCnaBa, 
qexocnoBaKHH, 1983. 4 p.SO K. 

Jl2-84-366 TpyAN 7 MeiAyuaponuoro coBeQaHHH no 
npo6neMaM KB3HTOBOH TeOpHH nons. 
AnymTa, 1984. 4 p.30 K. 

Jl1,2-84-599 TPYAN VII MeXAYHaponuoro ceMH&apa no npo6-
nE!MIM ltiDHKH BbK:OKHX 3Hepl"'fM. ,!ly6Ha, 1984. 

Jl10,11-84-818 TPYAN V MeznyuapO,!lHOrO COBemaHHR no npo6-
neM3M MaTeMaTwqecKoro Monenupo&aHug,npo
rpaMMKPoBauun H MaTeMaTuqecK~ MeTOAaM 
pe~eHHH ~H3HqeCKHX 33Aaq. Jly6Ha, ·1983. 

JI17-84-850 

Jl11-85-791_ 

TJl)')JVI III f.leznyHaponHOro CHMII03HYM3 IIO 
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,lJ,aoerJia3oB B.B., CKatnwa H.B. P2-87-882 
CneKTp Mace rJIIOOHHH B KBa3HnoTeHIJ;HaJILHOM no.nxo,ne 

Ha ocHoBe KBa3HnoTeHIJ;HaJILHoro no.nxo,na Ka,nLillleBCKoro 
OOJiytieHa CHCTeMa napu;HaJibHbiX ypaBHeHHH ,[(JIH BOJIHOBOH QlYHK· 
IJ;HH rJIIOOHHH - CBH3aHHOrO COCTOHHHH ABYX rJIIOOHOB. 11COOJib30· 
BaHHe KBa3HKJiaCCHtieCKOrO yCJIOBHH KBaHTOBaHHH ,[(JIH peJIHTHBHCT· 
CKHX ABYXllaCTHl!HhiX COCTOHHHH H BbillleyKa3aHHOH CHCTeMbl ypaB· 
HeHHH no3BOJIHeT noJiytiHTh tiHCJieHHLie 3HatieHHH ypoBHeH: :meprHH 
rJIIOOHHH. B HacToHru;eH: pa6oTe npoae,neH TaKoH: pactieT KaK AJIH 
JIHHeJ1:Horo, TaK H ,[(JIH KBa,npaTHliHOrO OOTeHIJ;HaJIOB 3anHpaHHH. 

Pa6oTa BhinOJIHeHa B Jia6opaTopHH TeopeTHtiecKoH: ¢m3HKH 
OUHI1. 
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Dvoeglazov V.V., Skachkov N.B. P2-87-882 
Gluonium Mass Spectrum in the Quasipotential Approach 

On the basis of the Kadyshevsky quasipotential approach, a set 
of partial equations is derived for the wave function of the gluonium, 
a bound state of two gluons. The quasiclassical quantization condition 
for relativistic two-particle states and the above set are used to calcula
te the gluonium energy level. In the present work, calculations are ma
de both for linear and quadratic confinement potentials. 

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