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1. B TepM~Honor~~, np~HRTO~ B Teop~~ aTOMHoro RApa, MOAenb 
KBapKOBoro MeWKa B HaCTOR~ee BpeMR npeACTaBnReT c060~ nOTeH4~anb

HY~ MOAenb cpeAHero nonR. nocne Toro KaK B He~ 6YAYT Y4TeH~ OC
TaT04Hwe c~n~, 06R3aHHwe rn~OHH~M 06MeHaM, a TaKme BaKYYMH~e 

<t>nYKTya4~~ KBapK-aHT~KBapKOBbIX nap , 3Ta MOAenb 6YAeT npeacr ae
nRTb c060~ aHanor M~KpOCKon~4eCKO~ MOAen~ RApa . 

M onens CK~pMa /1/ MomHO OTHeCT~ K pa3pRAY KonneKT~BHbIX MOAe
ne~ HYKnOHa / B RAepHO~ TepM~Honor~VI/. KonneKTVlBHble nepeMeHHble 
MOAenVl CK~pMa onpeAenR~T KnaCC~4eCK~e K6H<t>~rypa4~~ n~OHHoro nof 

~ nR, np~H~MaeM~e BO BH~MaH~e. C4~TaeTCR, 4TO HeKOTOp~~ Ha60p KOH
J <t>~rypa4~~ nonR RBnReTCR B HeKOTopOM CMwcne Ha~60nee BamHWM. 3TO 
~,	 03Ha4aeT, 4TO AOCTaT04Ho nonHw~ Ha60p KonneKT~BH~X nepeMeHHwx, 

3aB~CR~~X OT BpeMeH~, onpeAen~T TaKoe 3a8~CR~ee OT BpeMeH~ none,
i 
~	 KOTopoe np~6nVlmeHHO YAOBneTBopReT ypaBHeH~RM 3~nepa - narpaHH<a 

MOAen~.~ 
Bnepaue «onnexru BHble nepeMeHHble, cooTBeTCTBY~~lIIe Bpa~eH~1O 

HYKnoHa~ 6wn~ BBeAeHw B MOAen~ n~OHHoro nonR, CBR3aHHorb c lIIC
T04HlIIKOM /2/. HeAaBHO /3/ OH~ 6blnlll ~cnonb30BaHbl AnR KBaHTOBaHlIIR 
MOAém1 CKiIlpMa MeTOAoM BBeAeHlIIR KonneKH1BHblX xoopnunar . B /4.5/ 

õun Bbl4~cneH 3<t><t>eKT~BHbl~ raM~nbTOHlIIaH, Y4111TbI8a~~1II~ po r aunouuue 
~ MOHononbH~e B1II6pa41110HH~e CTeneHlII CB~60AW 6ea Y4eTa 1II c Y4eTOM 
RBHoro HapyweHVlR KVlpanbHO~ VlHBapVlaHTHOCTlII Me30HHWM MaCCOBWM 4ne
HOM	 narpaHm~aHa. 

B pa60Te /5/ 6~no 06HapymeHo B~pomAeHVle HeKoTop~X YPOBHe~ 
B cneKTpe 3<t>~eKTVlBHoro raM~nbTOH~aHa. PaC4eT 6~n npoBeAeH npVl 
<t>VlKc~pOBaHHOM 3Ha4eHVIVI KOHCTaHT, onpeAenRIOUJ.~x narpaHmVlaH MOAen~ . 
B HaCToRLLle~ paõo r e Mbl npVlBoAVlM peayns r aru paC4eTOB AnR Hel<oTopO
ro Ha60pa 3Ha4eHVI~ KOHCTaHT CBR3V1. nOKa3aHO, 4TO 06HapymeHHoe 
BwpomAeHVle npoRBnReTCR npVl npOVl3Bonb~~x 3Ha4eHVlRX nOCTORHHWX 
CBR3V1. 

2. OnVlweM KpaTKO npVlH~~nbl KBaHTOBaH~R MOAen~ VI cxeMY paC4eTOB. 
MOAenb CK~pMa 3aAaeTCR nnOTHOCTblO narpaHmVlaHa
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F17 1 ,2

f =	 --- tr L tL L 11 + --- tr [ L Il• L 11] • / 1/
16 32e 2 

BwpameHHoro 4epe3 TOKVI 
+ -J • -J-J 

L tL = U afi.U ; U (r. t) == exp [ 12T 17/ F 17 ] , 
-}o -}o 

rAe 17( r, t) - ~30Tp~nneT nceunocxanapuux noneü , a Ti - 2x2-MaTpVl
4w naynVl. BxoAR~Vle B narpaHm~aH nOCTORHHwe F17 

O~DCihrteijH~A RH~I:
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HaR m10HHOrO pacnana I F 17 186 M3B/ 111 epeHoMeHOJlOrV1LJeCKII1l:1 napa1:<, 

MeTp. Ha nepBOM 3Tane paC4eTOB pewaeTCR ypaBHeHV1e 3~nepa - nar
paH}/{a ~l a4 V1 o HapHol:1 ~aAa4111 AnR-+aH~a4_~ CKV1pMa /3/ Uo (;) 
= exp [ i rn (J er)], r ne r = F17 e r, n == r / I r I : 

- 2	 2 ~ 2 4 sin 2 e·o sín 2(J ,
(r + 8 sin (J) (j" + 2 r 0-' + 4sin20(8-') - sin20 - ---------- =0 121 

['2 

c rpaHV1LJHbIMV1 ycnoBV1RMV1 (J(O) = 17 V1 O(~) = O, COOTBeTCTBYIO~II1MV1 

eAV1HV14HOMY 6apV1oHHOMY 3apRAY COnIl1TOHa. PeweHV1e onpeAenReT Knac
CV14eCKYIO Maccy COnll1TOHa M. 

BBeAeHV1e pOTa4V10HHWX cTeneHe~ cBo6oAw AenaeTCR c nOMO~blO V130
TonV14eCKV1X Bpa~eHV1~ cTa4V10HapHoro peweHV1R 

-+ -+ + 
U(t, r) ==	 A(t) U O(r) A (t) , 131 . 

rne A (t) = a O(t) + i -;â(t) - 2x2 yHV1TapHaR YHV1MoAynRpHaR MaTpV14a. 
nOAcTaHoBKa /3/ B narpaH}/{V1aH, rAe RBHO BWAeneHW BpeMeHHwe KOMno
HeHTbl TOKOB, 

. F; 3	 2 [ ] 2 3 
L ::: - M	 - - rd r tr (L o' Lo) - -- rtr L k , L O d r , 141 

16	 32 e2 

npV1BOAV1T K 3epepeKTV1BHoMY narpaH}/{lI1aHY 

L == - M + ntr(Á(t) Ã+(t)) ,	 151 

rAe n - V1HTerpan, onpeAenRIO~V1l:1 MOMeHT V1Hep4V1V1. 3TOT narpaH}/{V1aH
 
RBHO V1HBapll1aHTeH OTHOCV1TenbHO neBWX V1 npaBwx YMHO}/{eHV1~ MaTpV14w
 
A Ha npoaaaons uue nOCTORHHble MaTpV14bl rpynnu 8U(2) , KOTOPO~ npu

HBAne}/{aT caMV1 MaTpV14W A. TaKII1M o6pa30M, MW V1MeeM Aeno c peanV13a

4111e~ K3nl-1 8U(2) x 8U(2) r pyrmu c nOMO~blO ne sux V1 np aaux npeoôpa

30BaHV1~ V1 CXOAHO~ rpynnu 8U(2). í eueparopaan neaux 111 np aaux npeo6

.pa30BaHII1~ RBnfllOTCR onepa ropu
 

1 . a a ___ d _ (. a ___ a ),
J. = --1 (a. - - O if m Paa 

1 2	 1 dá da i mo	 161 

= --i(aO1	 --a - aj a - e im ar-daiJ- ) . r j	 ~--
2 õ«, da o m 

. J 

3TV1 onepaTOpw A~~CT8YIOT. Ha npOCTpaHLTBe epYHK4111~ KonneKTV1BHWX 
nepeaeuuax a o' a 111 onpenenaor onep.rropu cru-na V1 V130Cn1l1Ha B MO
Aenll1 CKlI1pMa. r aMV1nbTOHlI1aH MOr~enV1" yqV1TbIBalO~V1~ rons KO Bpa~eHV1R, 

npeACTaBnReT c06o~ raMlI1nbTOHV1QH cepepV14ecKoro pOTaTopa V1 onpeAe
nREl,T COCTORHV1R c paBHblMV1 3HéNeHV1RMIIl cru-u a 111 V130cnV1Ha. PaccMoTpe
HV1e MOHononbHblX B1I16pa4111~ ocyuecr anae rCR nOAcTaHoBKo~ B 141 ôonee 
o6~ero aH3a4a 

U(t, r') = A(t) Uo(e À(t) ;.) A \ (t)	 171 

t, 3aBV1CRli\IIl~ OT BpeMeHV1 CKanRpHbl~ napaxerp À auc r ynae r B porta «ori
• "I 
•	 :1 neKTII1BHO~ nepexeuuoà , OnIl1CbIBalO~e~ MOHononbHble BV16pa4V1H. Ilocne 

npOBeAeHII1R KaHOHV1LJeCKO~ np04eAYPbl KBaHTOBaHV1R V1 AV1arOHanV13a4V1V1 
no yrnoBblM nepeMeHHblM nplllxoAV1M K 3epepepeKTV1BHOMY raMV1nbTOHV1aHY 

2

PÃ
 

+ B(À) +	 ~ + 1)H =	 181 
2A (Ã) C(À)

B 181 P Ã - IIlMnynbc, COOTBeTCTBYIO~IIl~ MOHononbHblM BV16pa4V1RM; j .iJ~ cnlllH IpaBHw~ V130cnlllHyl COCTORHV1R. 3epepeKTV1BHaR Macca A, nOTeH4V1an 
B 111 MOMeHT II1Hep411111l C AalOTCR cneAYIO~V1MV1 BWpa}/{eHV1RMIIl: 

I 
I'
 

-3L -Ã

A (Ã) = e -U 2 + e Q 4 

B(À) ==e-ÀV2+eÀV4+e-3ÀVô '	 191 

C (À) == e -3 À r2 + e -À I 4 • 

K03epepll14111eHTbl Qi' V j' ri onpeAenRIOTCR cneAYIO~V1MIIl HHTerpanaMV1 

00
 

17 -' 2 ~4 ~
 
Q 2 = --- r «(J) r dr, I 1OI 

e 3F O 
17 

,	 817 00 2 _ 2 2 _ ', Q = -- J (0-') r sín (J dr ,	 111I 
. 4 e3 F o 

17Il 17F 17 ~ 2 2 2 sín 2 O ~ 
J V = -- r00 

r «(J -') + ----) dr • 1121 
1 2 2e. O r2 

I 00 2 ~	 113 I217 F 17 2 sin 2O
V = -- r sin e (2(0-') + --) dr.	 ,

4 e o	 r 2 

2 00m -17 ~2 ~ 

V = - "!..- r r (1 - cos O) dr , I 14I 
6 e2F O

17 

417 1 ec ~ 2 2 ~ 
r = --- (--) r r sín (J dr •	 1151 

2 3 3F e 17 O 

16 17 1 00 2 sin 20 ~2 2 ~: (lI 1 _..-- (------) r «O ') + -----) r sln ()dr .	 1161t 4
I I 3 e3 Fo t 2 

~, ~ 17 
~t B V1HTerpan~ 110-161 BxoAII1T peWeHlI1e CTaUll10HapHOro ypaBHeHV1R 

c m 17= O V1nV1 fi TT::j O B 3aBII1CII1MOCTV1 OT paCCMaTpV1 aaexoro -cny-raa . 
B cny-rae fi = O vtHTerpan 114/) 04eBII1AHO, eunan ae r 1113 B(À) B 19/.

17 

3. CneKTp Macc onpeAenfleTCR peweHV1eM ypaBHeHII1R WpeAII1Hrepa 
c raMvtnbTOHV1aHOM 18/. 

2 3 



B Ta6nH~e AaH~ pesynbTaT~ paC4eTOB AnH Ha60pa SHa4eHH~ KOHC
TaHT~ CBHSH e, nOKp~Ba~~erO 06naCTH HcnonbsyeM~x B nHTepaType 
SHa4eHHH Im 1T = 0, F1T 1136,4 M3B/. Ta6JIH~a 

E n,j' M3B 

e E o,1I2 E 1, 112 1,'.:0,3/2 E 1,3/2 E 2,1/2 

4,76 1617 1784 
6 1394 1653 1623 
7 1288 1552 1791 
9 1179 1481 1475 
9,42 1163 1470 1465 1721 1729 

II 1126 1443 1441 1699 
13 1098 1422 1421 1684 
15 1080 1410 1407 1676 
20 1057 1397 1389 1659 
25 1047 1389 1382 1654 

PaC4eTHbie 3Ha4eHHH 06HapYll<HBaIOT BbipOlKAeHHe COCTOHHH~ \1, 1/2> 

H 10,3/2>, npaKTH4ecKH He saBHCR~ee OT KOHCTaHTbI CBRSH e. CneAYIO

~He COCTOHHHH 11,3/2> H 12, 112>, 3HeprHH KOTOPblX 6blflH Bbl4vtCneHbI 

AnH e = 9,42, cooTBeTcTBYIO~eH 3KcnepHMeHTanbHo~ paSHOCTH Macc 

HYKnOHa H 6-pesoHaHca, TaKll<e npaKTH4eCKH BbipOll<AeHbI no 3HeprHH. 


06HapYlKeHHOe BbipOll<AeHvte, BOSMOll<HO, CBvtAeTenbcTByeT 0 HenonHO
Te Bbl6paHHoro Ha60pa KonneKTHBHblX nepeMeHH~X. B CBRSH C 3TvtM 
MOlKHO, OAHaKO, CAeIlaTb cIleAy~ee saMe4aHvte. ECIlvt Mbl o6paTvtMcR 
K nelKa~HM HaA 6- H penep-peSOHaHcaMH 3KcnepHMeHTanbHO Ha6nlOAae
MbiM COCTOHHHHM In + 1, j> H In, j + 1> , TO OHH, Ae~cTBvtTenbHo, nOA
TBeplKAalOT TaKoe BbipOll<AeHvte. TaK, HanpHMep, npaKTH4eCKvt BblpolKAe-
Hbl COCTOflHHH 3/2 (3/2+) Pi; - 6 (1690) H 1/2 (1/2+) P{l - N (1710), 
KOTopble npeACTaBnflJOT C060H B Hawe.:i cxeMe nepBoe BH6pa~vtOHHoe 
Bos6YlKAeHHe HaA 6, H BTopoe Bos6YlKAeHHoe COCTOflHHe C KBaHTOBblMH 
4HcnaMH HYKnOHa. 

TaKHM o6pasoM, CKopee Bcero, Ha~AeHHoe BbipOlKAeHHe OTBe4aeT 
npHpOAe Be~eH, a B HHSKOnell<a~e~ o6nacTH cneKTpa cy~ecTByeT npH
4HHa IB3aHMoAe.:icTBHe/, CHHMa~aH TaKoe BblpOlKAeHHe. 
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HHKOJIaeB B.A., POKa 3. P4-86-514 
00 3HepreTHQeCKOM BhlpoXAeHkH HeKOTOphlX BOaOY*AeHHhlX 
cOCTOHHHA HyxnoHa B MOAenH CKHpMa 

BhlqucneHhl MacChl BoaoYXAeHHhlX COCTOHHHA HYKJIOHa B SU(2)-MoAe
nH CKHpMa C YQeTOM pOTa~oHHhlX H MOHononbHhlX Bhlopa~HoHHhlX CTe
ne1;JeA CBOOOAhl. IIoKaaaHo, QTO COCTO.f(HH,fI In + 1, j > H !n, j + 1> , 
rAe CHMBOn n HYMepyeT COCTOHHHJl C AaHHhlM CnHHOM j, npaKTH'JeCKH 
Bhlpo~eHhl no 3HeprHH. 3KcnepHMeHTanbHo TaKOe Bhlpo~eHHe HaonW
AaeTCJl TOJIbKO AITJl BhlcoKoneE~ COCTORHHH. 

PaooTa BhlnOnHeHa B flaoopaTopHH TeOpeTHQeCKOA ~aHKH OKKH. 

Coo6meHHe 06bemmeHHoro HHCTHT)'Ta lIJJ,epHhlX HcCne~OBaHHii• .lly6Ha 1986 

IIepeBOA O.C.BHHorpaAoBoH 

Nik01aev V.A., Roka H. R4-86-514 
About Energy Degeneracy of Some Nucleon Excited 
States in Skyrme Model 

The masses of nucleon excited states are calculated in the 
framework of SU(2) Skyrme model. Rotational and monopo1 vibra
tional degrees of freedom are taken into account. It is shown 
that the states ••• In + 1, j > and ••• In. j + l> , where n nambers 
states with a given spin••• j have practically the same energy. 
Such a degeneracy is observed experimentally only for the high 
excited states. 

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