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M~xa~noa H.H., Mon~Ha X.fl., Ha3M~TA~Hoa P.r. P4 - 12773 

K pac4eTy napaMeTpos pasHoaecHoH Ae~pMa~H~ H MOMeHTa 
HHeP4HH BO apa~a~HXCR AApax 

YcTaHoeneHa CBR3b Me*AY napaMeTpaMH MOAenH HHxaHnoaa - ~HcceHa, 
OOHC~Sa~eH B036y~eHHWe COCTORHHR apa~a~HXCR RAep, H napaMeTpaMH 
MOAenH npHHYAHTe/lbHOrO apa~eHHR. npH 3TOM raMHilbTOHHaH spa~eHHR npeA
CTaB/lAeTCR B BHAe DRAa no CTeneHRM KBaApaTa yrnoaoro MOMeHTa, a OCTa
T04HOe 83aHMOAeHCTBlo1e - 8 BI-1Ae 11 KBaApynOilbHOe + napHOe 11 B3aHMOAeHCTBHe 
Pa3BHTa TeopeTH4ecKaR cxeMa AnA HCCileAoaaHHR KBaApynonbH~x Ae$0pMaUHH, 
napaMeTpa ~e/lH H MOMeHTa HHepUHH B 06/laCTH HpacT-IlHHHH. 

Pa6oTa B~nonHeHa 8 na6opaTop~~ TeopeT~4eCKO~ ¢~3HK~ OH~H. 

Coo6meHHe 06be!lHHeHitOrO HHCTHTYTB >UlepHbiX HCcne!lOBBHHll, ny6Ha 1979 

Mikhailov I .N., Molina Ch.L . , Nazmitdinov R.G. 
P4 - 12773 

On Calculation of Quadrupole Deformation and the Moment 
of Inertia in Rotating Nuclei 

The relation between the parameters in the model describing 
the spectra of excited states in rotating nuclei and the parameters 
in the cranking model is established. This is done writting the Ha
miltonian as a polynomial depending on the angular momentum operator 
squared with the residual quadrupole and pairing interaction. The 
theoretical scheme is developed to investi~ate the quadrupole defor
mations, the pairing energy gap and the moment of the inertia in the 
region of yrast-line. 

The investigation has been performed at the Laboratory of 
Theoretical Physics, JINR. 
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© 197'1 06&e.JHHeHHblif HHCTKTYT IIJlepHblX HCChiJ/lOBIJHIIil /ly6HIJ • 

B nocrre~ee BpeMH mKpOKK~ HHTepec npHo6peTaroT TeopeT~ecKKe 

HCcne~OBaHHH B OnHC~ BUCOKOCnHHOBHX COCTOffHK~ aTOMHUX gnep. 

HarrpHMep, B pa6oTax I-31 H3Y'JaroTCII paBHoBecH!ie xapaKTepHCTHKK 

pll,I4a R~ep npH 60JI:&llliDC yrJIOBWC MOMeHTax. IlpaKT~eCKK BCe MO~eJIH 

Will ~erl>opMHpOBaHHWC ~ep KOM6mmpY.XJT reH MO~eJIH npHHYnTeJI:bHOI'O 

Bp~eHHH H MeTo~a cnyqattHo~ ~au /4-? . TaK, B pa6oTe 41 nocTpoe

Ha MHKPQCKO~ecKaR MO~eJI:b Will OnHCaHHa KaK COCTOR~ HPSCT-no

JIOCU, TaR :11 KOJIJieKTHBHWC B036YE.D;eHK~ H~ Hei!:. B OT.J!H'me oT 17 I, 
r~e paccMOTpeHKe Be~eTCSI Ha 6aae o6wmo~ MO~eJIH npiDIY~TeJI:&Horo 
BpaJ.QeHHH, raMWI:&aiOHHaH KOTOpo~ 

(I) 

A 4 

H : Ho .Q j)( 
He KO~TMpyeT C reHepaTOpaMH rpynnu TpeXMepHWC BpatQe~, 

B I 4-
6 

HHBaPl'laHTHocT:& OTHOCHTeJI:&Ho a To~ rpynnu cHMMeTpHH ooccTa

HaBJIHBaeTCSI BBe~eHKeM BHYTPeHHero raMWJ::&TOHKaHa 

.... 1'- " 

H =- Ho - vM ,.3 ~ 
I'aMWibTOHHaH MO~eJIH, j - yrJIOBO~ MOMeHT, 

(2) 
3~ec:r, ~-0 

2r 
.Q, 

~3) 
(3) 

IlapaMeTp )" onpe~eJIReTCSI Trua:e B I 4-61 H3 ycnoBza CY!I1eCTBOBaHHH 

6eSMaCCOBOI'O rl>oHOHa, reHepMpYll!lei'O HyTamtOHH!ie MO~. 

B ~aHHOI pa6oTe 6y~eT UOKa3aHa CBH3:b Me~ MOMeHTOM HHep~ 
1 H fl - 'l:SCTOTO~ Bp~eHHH • .llaJree, HCllOJI:b3YR npH6JnmeHHH 

XaPTpH - EoronE6oBa H 3anHCHBSR OCTaTO'l:HOe napHoe + KB~YTIOJI:&-
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HOe B3aHMO~e~CTBRe ~pManLH0 9 KaK HeKOTOp~e orrepaTOp~ C COOTBeT

CTBYJOI!tiD.1li JiarpaHJKeBHMH MHOJK:I!TeJIIIMI'I, M!i ITOJIY'lliM TeopeTK'IeCieyJJ 

axe~ ,It1IR rrOJiytieHIDI RH~PMar.Um o6 H3MeHe:mm pa.BHoBecH!iX xapax

TepRCTRK ~e~pMlqlOBaHH!iX R,D;ep, TaKRe KaK: KBa,Iij)YJIOJIL~e ~e~pMa-

rnm, napaueTp meJIR npH H3MeHemm yrJioBoro MOMeHTa H,IqJa. 

PaccMOTPHM raMPIJILTOHRaH B~a 
~ A. \to\ A2 

H = H s.p. - t; ~, ( A;) (4) 
r~e 

A~ " 52. A' =- Q ... Q A" 2. = p" • P 
' ' 2. • . .?. (5) 

H ~ ""' " -t, (At) = L. a," A ~K-
k::.i (5~) 

ECJIR .1WI raMPIJILTOHRaHa (4) HCITOJIL30BaTL CT~aPT~e M8TO,nll Teopmr 

XapTpH - EoroJIK6oBa, TO M!i ITOJIY'IHM 

,..,H l I II 41 z. p ti II .lJ) - 20 
-=. ( M) + H '-P- ' h; + ns.p.- 2 h.: - (6) 

Z.( h;~o + .ft.22) , 
r~e <.1-1>- cpe~ee OT raMPIJILTOHRaHa (4) no KBa3K'IacTK'IHOt.\V' B8JI:YYMY, 

1-\ l.O rvJ.,.+J...+ , tf2..._, J..+J.+J.A 1 H T.~., r~e .,t+ - onepaTOp 

polK,ll;e~ KBasK'IacTHI.Ul. B~rrOJIHeHHe rrpmmruia KOMneHcarnm onacH!iX 

)I.HarpaMM Tpe6yeT, qTo6~ 

< 't' c(c( I H ~~- - 4- ~ 'i" I 't ) "' 0 , 
~ 

qTo 3KBHBBJieHTHO BapHauROHHO~ nplfHUHny 

8 < t I H 20 
- "') .fa ~o I 'f '> -:o 0. c;..p. 4-- ' 

OrP,~M )I.HaroHMH3aUHll H ' B npz6moiteHHH 

B 7 4-6/, MH rrOJIY'ffieM 

(?) 

R PA ' ~aHHOM 

~ = Ho - 7;.- }; Af 
' (8} 

a .wm cpe~ero rrOJIH: 

8 (. t I H ~~p. - 4- l1: A, I t > ~ 0 
' 

(9) 

4 

• 

r~e BCe onepaTOp~ HanHC~ B KBB3H6030HHOM npR6J!BxeHKH R npH

Be~e~ K HOPMMLHO~ BH,ey". IlapaMeTp~ }< H fl., onpe~eJIJIIOTCil 
Tax : 

n,- L 2. K a. .:: A . ..._2.K-t 
~ <IC. ' I (IO) 

.fr< -= 
~ ka,.;.(2t<- i) <A.~ f('l:.-~) 

(II) 

Ta.KHM o6pa30M ( ?) npHBO,nHT HaC K BapHB.UROHHOMY npRHUHny npHHY

)I.HTeJILHOI'O BpameHIDI ( C '2-att ki.n~ - MO~eJIH). Ilia (IO) H (II) 
JierKO YCTaHOBHTL CBH3L 

2 r• :== d n.__. 
(12) 

ECJIH 
A,= I , Jt= .Q d <.A;'> 

, "1'0 

2r= dQ/dr . (I2a) 

qaCT~ ~aeM TaKO! CBff3H H~eTCH CBH3L Me~ napaMeTpaMH 

r!"' ' .Q. H 1 • npHHHTM B I 4-61. ECJIR }l rB¥W~:LTOHRaH8 
H ocTa.mrrL TOJILKO .KBa,Iij)aT~e cTeneHH A~ , A3 , TO .wm 

.Q.2. H Q3 .HMB8M 

nl. = ac. < Q > S£3 :: b./2 
" r~e A::: G< P)- aHepreTK'IeCKM mML B Teopmr napH!iX KoppeJVmK!. 

KaK 6wro rroK8.3aHO B I 4-61, ,nHaroHMH3~ raMHJI:&TOHRaHa 

npR noMomz npoue.u;ypH X 6 H RPA npHBO.nHT K pas6Hemm Ha KOM

MYTHPYJllltHe qacu 

H :o < ~) + H~)-+ Ht-\ , r~e H6 = ~~+ ~-) 
BK1IIl'laeT B ceM .IIHIIIl> 6.HJDIHe!H:yD no onepaTopaM 6osoHoB b+;~ ( b,~e.) 
'laCT:& nOJIHoro 6osoHHoro pasJIOlleHliH. 3~ec:& Mill 60Jiee rro,lijl06Ho oc-

TaHOBHMCil Ha aHMH36 60SOHHOI'O r8MWU>TOHHaHa Hi+) . 

r~e 

PaccMOTPHM BapHB.UROHHYJl sa.na'IY, BHTe KaJliiYD zs ( 9) : 

C<*IH'Ilf):.O 

H' • Hs.p.-f-St A;, H 
"dE 

2, "'~> 
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IIpe.zmOJioXHM, 'iTO 'f ecT:& pemeHJie ypaBHeHKR: lllpe~repa 

H't: R t. 
Tor,na B nepBOM llOpli,IU(e TeOpHH BOSr.(Vlllemut llOJiy'IHM 

(I3) 

lH'-R) d 't: ~H'i'. I 
· · ( I3 ) 

ECJIK s <t = r -r~ ssz,. 'r.ne t d - nonpaBKa K BOJIHOBOit qlyH~. 
06yanoBneHHaA ~ H3MeHeHHeM COOTBeTCTB~ero RarpaHXeBa 
MHOJKHTeJIR: , TO Tor.na 

dY' -) j I+ J+ ~ 
o.Sli = lf'J- r.:. c(...,a..eo...,..' ' (I4) 

r,ne .t- OCHOBHOe COCTOJIHHe, ~ .KOTOporo HMeeT MeCTO (13) j 
C i.., - KoaMnnweHTH P88JIOJieHKR: qlyH~ 'fi no llOJIHOMY 

6aazcy, Tor.na ~ BapzaQHH npozaBOJI:&Horo onepaTopa HMeeM 

~<A,')= 2 <81/' I A I Y' > = 2 ~ dJ2J f_cLJA)e ... (I
5

) 
J ~ ' 

r.ne (Ai)e..,::. <'f/d ... ~.k. lti OcTaeTCSI onpe.neJIHT:& KOsMnnweHTH cL. 
Hs ( 13) , llOJib3YJIC:L CTSH.nSPTHOit KBaHTOBOit MeXaHH.KOit H PaBeHCTBOM 
( I 4) , nOJiy"iaeM 

c LEe.., = (~~;) (A,)f ... 
' (I6) 

r .ne Ee..,-=<lflol.d~(H'-R)I'f'>· OTc!I.D:a ~ (I5) HMeeM 

~~A ;.> = 2 L. 8E.fl/ (A, )r .... (fi.i).c,.,.. ~ 2 Z S.Q/;ij( o) . 
Jf... e... J 

S·. {()) = .,- (A,)e.JAi)(... (I7) 
Ha (I?) nOJiy"iaeM 'J (;:. E e-

~ ')....,8~12· 5() = t.J L.. .fl. 1l 0 (IB) 
S<Sl" i " ' 

Ho S.kk = d..Q" = c,z.£ , Tor.na HMeeT MeCTo 
&:4;) o<A .. :> -~kA;)t.. 
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"d2.E { 

o<Ad· = 2 4- 'di2/a12;s,4(o). (I9) 
PaccMOTPHM 6onee no.npo6Ho CHCT~ ypaBHeHJiit (I8), IIepenHmeM ee 
B BH,ne 

"d<At> = 2 2_ on; s,i(ol . 
(k Ao:} i ~<A~~:> (I8a) 

0CTaBJlliJI B ( 5a) TOJib.KO KBa,Iij)STH'm!ie 'iJieHH, MH HMeeM ~ KBa,Iij)y
llOJil>HOro B38HMO,neitCTBHff 

.... A ..... 

.QlQ= ~<Q,;>Qo + ~<Qt>Q~~~ 

r.ne A. A 

Q;""' = QZ-+z + Qz-z , 
~ .... ~ 

8 Qo , Q.z.:ti HeayJieBHe B Cpe.JnieM .KOMnOHeHTH KBa,Iij)ynOJI:&Horo MOMeH-
T8, .U1rJI A z H .Q z. HMeeM 

~;~ .. a:< Qr'> A,. (+> - Q .. (+l 
.l. - i!! 

~ A .. 

Ao = Q., Ro=- ~ < Q.,>. 
O!'paHH"iHBaJIC:L KHTepecHHM ~ Hac any-qaeM <A~e'> = ·d~>. TIOJIY'IHM 
CHCT8MY ypaBHeHHa 

i = J... S; J. (o) + d(/o C£S· a (o) + Oq~''J! S. t>.t..••(o) +.1 ~A S,,. n~i ~ 
2. 1.. u• • o 1 d•l• oi ~"-1z. 2. ~I u"r 

O :: j: ~·.,olo) + ~~ ( ~ofl0) 2~)+ ~)8t' ~fofi,(D)+) ~S~o~·{o) 

0 -= l Sd•4;>(0) + ~oa: ~,tfi' (o) t f ~(\'t:(o)-fa}t-1-~ -%••pJO) 

D :: ~ SJ•t'(o) +-~0a ~(l ffrl (o; t of:}~ S aiH,{+) (o) +2..i~l¥,n:l"l-t) 
0~ Ol . 1' OI JZ rz. ti-l-\: r ' 

7 



r~e 

~- = :if ) 9i): ~ Qo> I ~<I)~ k ( QZ.•z. -t Q'Z_Z) · 

l-is ( 19) JierKO I!OJIY'Il!Tl> IIO HSBeCTHHM rrpaBWiaM BbipallteHIDI ,WIJi 

rt ~0 d~t )ll 
o•, Oi• 0i, ~· 

l1s-sa rpoms~KOCTH 3TRX BbipallteHRit Mil He rrpKBO~ RX B SiBHOM 

B~e. 3HaH BCe 3TH ~,MOEHO JierKO HaxO~l> paBHOBeCHHe 

xapaxTepHcTrum BPaJllaiilllei'OCII JI.Iij)a rrpH JII06oM sHa'Iemm I. .llJrJi 
3TOI'O ~OCTaTO'IHO pemHTl> CaMOCOrJiaCOBaHHYD S~a'!y Ha OTHCRBHRe 

paBHoBecHHX xapaKTepHCTRK rrpH I~ Io. Pacc'!RTaB rrpol'Is:so.n;HHe oT 

KB~yriOJil>HHX orrepaTOpoB, IlleJil'I IIO cmmy, Mil WllteM I!OJIY'IRTl> l'IHtlJop-

Maul'ID o paBHoBecHHX xapaxTepHCTl'IKBX rrpl'I ~ IIo , Ho 6JIRs-

ROM R I 0 

QIIl = Qio + d_ff•J dr 

.1 (I)= A(I,) + dJJIJdT. 
3HaJI KB~OJil>HHe MOMeHTbl rrpH ~aHHOM I, Mil IIOJIY'laeM O,li;HOSHalJHYD 

CBll3h C 8 H ')) , a TaiOKe paBHOBeCHOe SHa'IeHRe tl , Orr-

pe~eJIRB aTH rr~aMeTpH, MOJICHO pemaTJ> ceeyJIJipHHe ypaBHemm, no.ny
'leHHHe B /4-61. 

TaRRM o6pasoM,B ~aHHo! pa6oTe noP:asaHo: 

I) ECJIR crrpaBe~o rrpe~cTasneHRe onepaTopoB B ~e ~a, 

B KOTOPOM KaJK,I(I:dt 'lJieH rrporropUROHMeH CTerreHR J!, ~ , MOJB:HO O,li;H0-

3Ha'IHO orrpe.n;eJIRTb B rrpR6Jnutemm X 6 cBJis:D MeJK,DY .Q; H j'fi • 
Borrpoc 0 CXO,I(RMOCTR TaKOI'O pSI.D:a B .D:aHHO! pa6oTe He HCCJie,n:OBMCII 

H npe,n:cTaRJUieT CaMOCTO.IITeJI:&HHI l'IHTepec. Ho HaM RallteTCII, 'ITO B 

o6JraCTH He60Jil>liiRX SHa'IeHRit WMeHTOB TaKOe paSJIOllteHRe MOllteT l'!MeT:h 

MeCTO. 

2) I!ORa3aHO, 'ITO CB.II3:& MOMeHTa l'IHepUHR .II.Iij)a t>< , '!aCTOTH 

BpaJlleHIDI ./)_ H yrJIO:SOI'O MOMeHTa RMeeT B~ 

;!~" 
di 
dQ. 

J) rrocrpoeHa reopeTH4eCKaH cxeMa .nnn OTblCKaHHH paBHOBeCHblX 

xapaKTepHCTHK aTOI.UIOrO ll,llpa. 
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