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Amonoc P.B., Mon~Ha x.n., ConOBbeB B.r. P4 - 12603 
Bn~HH~e np~H4~na nayn~ Ha B036ymAeHH~e COCTOHH~H 

4eTH0-4eTH~X Ae~opM~posaHH~x HAeP 

noKa3aHO, 4TO B paMKaX KBa3~4aCT~4HO-~OHOHHO~ MOAen~ 
HApa MOmHO KOppeKTHO y4eCTb nepecTaHOB04H~e COOTHOWeH~H 
MemAY KBa3~4aCT~4aM~, o6pa3y~~~M~ ~OHOHbl. HccneAOBaH 
cny4a~ 4eTH0-4eTH~x Ae~opM~posaHH~x HAeP c ~aocKanHpH~M~ 
~ ~30BeKTOpH~M~ MynbT~nOnb-MynbT~nOnbHbiM~ C~naM~. nony4eHbl 
T04H~e ~ np~6n~meHH~e ceKynHpH~e ypasHeH~H. -noKa3aHo, 
4TO y4eT np~H4~na nayn~ np~BOA~T K CAB~ry ABYX~OHOHH~X 
non~cos s ceKynHpHOM ypasHeH~~. 3T~ CAB~r~ sen~K~ AnH 
ABYX OA~HaKos~x KonneKT~BH~X ~OHOHOB. B OTAenbH~x cny4aHx 
Ha~AeH~ 3aMeTH~e CAB~r~ AnH non~COB, COCTasneHH~X ~3 

OAHOro H~3Konema~ero KonneKT~BHoro ~OHOHa ~ APYroro 
KOnneKT~BHOro ~OHOHa, BXOAH~ero B r~raHTCK~~ pe30HaHC. 
B ocTanbH~x cny4aHx, KaK npas~no, CAB~r~ Hesen~K~. 

Pa6oTa B~nonHeHa B na6opaTOp~~ TeopeT~ 4eCKO~ 

~~3~K~ OH.RH. 

npenpHKT 061>8JlHKeKKOrO HKCTHTyTa sutepKblX HCCneAOBSKHII, .Qy6Ka 1979 

Jolos R.V., Molina L., Soloviev V.G. P4 - 12603 
Effect of the Pauli Principle on the Excited 
States of Doubly-Even Deformed Nuclei 

It is shown that the commutation relations between the 
quasi-particle forming phonons can correctly be taken 
into account within the quasiparticle-phonon nuclear 
model. The doubly-even deformed nuclei with the isoscalar 
and isovector multipole-multipole forces are studied. 
The exact and approximate secular equations are derived. 
It is shown that the two-phonon poles in the secular 
equation are shifted due to the Pauli principle. These 
shifts are large for the two identical collective phonons. 
In some cases pronounced shifts are found for the poles 
composed of a low-lying collective phonon and a collective 
phonon forming the giant resonance. In other cases the 
shifts are not large, as a rule. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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1. BBE,4EHHE 

CoJ~aHHax B nocne~HHe ro~M xsaJH4aCTH4HO-~OHOHHax Mo~enL 

g~pa / 11 noJBOnHna KOppeKTH-0 OnHCaTL CBOHCTBa O~HOKBa3H4ac
TB4HMX B O~HO~OHOHHMX COCTOXHHH X~ep, pacnpe~eneHHe O~HOKBa3B

qaCTH4HMX 12 1 H O~HO~OHOHHLIX KOMnOHeHT / a / no COCTOXHHXM 

6onee Cno:>t<HOH npHpO~M npH npoMe)l(yT04HLIX H BLICOKHX 3HeprHXX 

B036y)l(~eHHH, BM4HCnHTL CHnOBMe ~YHKQHH ~OTOB036y)l(~eHBX / 4 / 
H peaxquii o~HoHyxnoHHLIX nepe~aq. Ilpu 3TOM xopowee onucaHHe 

CBOHCTB BLICOKOB036y)l(~eHHLIX COCTOXHHH 6LinO ~OCTHrHyTo 6e3 

CB060~HLIX napaMeTpOB, nOCKOnLKY KOHCTaHTLI B3aHMO~eHCTBHX 

~HKCHpoBanHCL npH aHanHJe CBOHCTB HH3KOne)l(autHX COCTOXHHH. 

PaCCMOTpeHHe ~BYX~OHOHHLIX COCTOXHHH, BOnHOBLie ~YHKQHH 

KOTOpLIX CO~ep)l(aT KOMllOHeHTLI C 4eTLipLMX H 6onLWHM 4HCnOM 

KBa3H4aCTHQ, Tpe6yeT TutaTenLHOrO yqeya 3~eKTOB aHTHCHMMeT

pH3aQHH BOnHOBOH ~YHKQHH, OTHOCBTenLHO nepeCTaHOBOK KBa3H4aC

TH4HLIX HH~excoa, npHHa~ne)l(autHX pa3nH4HLIM ~OHOHaM. Y4eT 3~

~eKTOB aHTHCHMMeTpH3aQHH MO)I(eT llpHBe.CTH K H3MeHeHHIO 3HeprHH 

HH3KOne)l(autHX ~BYX~OHOHHLIX COCTOXHHH H K H3MeHeHHIO JaBHCH

MOCTH OT 3HeprHH B036y)l(~eHHX nnOTHOCTB OTHOCHTenLHO BMCOKO

ne)l(autHX ~BYX~OHOHHLIX COCTOXHHH. Ilocne~Hee 06CTOHTenLCTBO 

MO)I(eT npHBeCTH K H3MeHeHHIO pacnpe~eneHBX O~HOKBa3B4aCTB4HLIX 

H O~HO~OHOHHLIX KOMllOHeHT no H~epHMM ypOBHXM. 

Y4eTy npBHQHna Ilaynu npu paccMoTpeHHH MHOro~oHOHHLix co

CTOHHHH y~enxnOCL 6onLWOe BHBMaHHe. 06M4HO ~ng 3THX Qeneii 

HCllOnLJOBancx MeTO~ 6030HHOrO npe~CTaBneHHX ~epMHOHHMX one

paTopos 1 5 . H paCCMaTpHBanHCL, B OCHOBHOM, 4HCTO KOnneKTHBHLie 

COCTO.IIHH-'1. 
16 1 

B c yqeroM npHHQHna IlaynH 6LinH nonyqeHLI ypasHeHH.II ~n.11 
BOnHOBLIX ~YHKQHH B036y)l(~eHHMX COCTO.IIHHH, CO~ep)l(autHX O~HO

H ~BYX~OHOHHMe KOMnOHeHTLI. PacqeTLI 6LinH BMnOnHeHM TOnLKO 
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,IJ;nJI HH3KOneJKall\HX COCTOJIHHH qeTHo-qeTHhlX ,IJ;e.OpMHpOBaHHhlX 

Jl,!l;ep H TI03TOMY yqHThlBanHCb nHWb H30CKanJipHhle MynbTHDOnbHhle 

CHnhl. 

UenbiO 3Toii pa6oTbi JIBnJieTcJI Hccne.noaauHe anHJIHHJI npHHU.Hna 

IIaynH ua caoiicTaa xonnexTHBHhlX H uexonnexTHBHhlX .nayx.oHOHHbiX 

COCTOJIHHH KaK npH HH3KHX, TaX H npH npoMe)KyToqHblX H BblCOKHX 

3HeprHJIX B036y)K,IJ;eHHJI. liy.nyT yqTeHhl xax HJocxanJipHhle, Tax 

H H30BeKTOpHhle MynbTHTIOnb- MynbTHTIOnbHhle CHnhl. B paMKaX 

KBaJHqacTHqHo- .OHOHHOH MO,IJ;enH JI,IJ;pa nonyqHM ,IJ;nJI paCCMa TpH

aaeMoro t:nyqaJI ypaBHeHHJI ,IJ;nJI BOnHOBbiX .YHKIJ,HH B036y)K,IJ;eHHblX 

COCTOJIHHH, CO,!l;epJKall\HX O,!l;HO- H ,IJ;BYX.OHOHHhle KOMTIOHeHThl. liy

,IJ;YT HaH,IJ;eHhl H npoauanH3HpOBaHhl H3MeHeHHJI 3HeprHH ,IJ;BYX.OHOH

HhlX TIOniOCOB B cexynJipHhlX ypaBHeHHJIX, Bbl3BaHHbie BnHJIHHeM 

n p HHU.Hna IIaynH. 

2. FAMHJibTOHHAH MO,l(EJIH 

H IIEPECTAHOBOqHbJE COOTHOIIIEHH.Jl 

PaccMOTPHM qeTuo-qeTHhle .ne.opMHpooaHHble JI,IJ;pa. Hcnonb-

3YJI CexynJipHbie ypaoHeHHJI ,IJ;nJI O,!l;HO.OHOHHbiX COCTO.!IHHH H Bbl-
/ 7 / 

nonHJIJI npeo6pa3ooaHHJI, auanorHqHbie • nonyqaeM cne.ny1011\ee 

Bhlpa)KeHHe ,IJ;nJI raMHnbTOHHaHa B TepMHHaX .OHOHHbiX oneparopOB 

Q~ t Q g: 

r.ne 

4 ' 

HM=Hv +Hvq• 

H =I c(q) B(qq)- .L I 
v q 8 g=AJl i 

g '= 1\11 i 

G(gg ') Q+gQ g' 

y Y y , 
g g 

/1/ 

/2/ 

1 1 . + + H =--I--=- I,v , ! g(qq')l(Q + Qg)B(qq')+B(qq ' )(Q +Q')l, 
vq 4 g yY qq qq g g g' 

g /3/ 

G(gg')=X g(n)+Xg' (n)-t J: J~, (Xg (p)+Xg (p)), 

Q+ 
g 

1 I! 
2 qq' 

t/1 g , A+ ( q q' ) - ¢ g , A ( qq' ) l , ~ 
qq qq 

/4/ 

~ 

+ ')--1 I A (qq -....[2 a 
+ a a 
q->a 

+ 
B(qq')= ; ac(I a q'a 

+ _1_ I 
aq'a HnH y2 a 

+ 
a 

cfi 
+ a , 

q a 

a 
+ a , I a a q-a q a. HnH 

AJl 
HcnonbJyeM cne.nyiOII.\He o6oJuaqeHHJI: f ( q q') 

::JneMeHTbl OT onepaTopa MynbTHTIOnbHOrO MOMeHTa A 

/5/ 

- MaTpHqHbie 

c npoexu.H-

eii 11 , a+qa - onepaTop poJK.neuHJI xoaJHqacTHU., c(q)~vc2 +(E(q)-A),2 

E (q) - o.nuoqacTHqHaJI 3HeprHJI, C - xoppenJIIJ,HOHHaJI •YHKU.HJI, 

A- XHMHqecKHH TIOTeHIJ,Han; Uqq'=UqVq' +UqVq, Vqq' =UqUq'- Vq Vq' , 

r.ne u q, v q - K03 .. HU.HeHTbl npeo6pa3ooaHHJI 6oron106ooa, (qa)

KBaHTOBhle qHcna O,IJ;HoqaCTHqHoro COCTOJIHHJI, a=± 1. JiH,IJ;eKChl 

n , p OTHOCJITCJI K HeHTpOHHOH H npoTOHHOH CHCTeMaM. 

Xg (n)=2 I ~J.~s')u ss' )
2
c(ss') 

ss' ,2(ss')_y-· 
g 

g 
Jp 

( "o(A) - K (~) ) X ~n~) _____ , 

~ --lX)~> )Xg (p) 
Jg =1 

n ' 
1-(KQ + Kl 

g 2 Y ~ Y (n) 1 ( J ) Y (p), 
g g p g 

y (n) 
g 

I 
ss 

2 
(fg(ss')u ,) c(ss')wg 

ss ·------
(•2(ss' )- w2 )2 

g 

(A) (A) 
r.ne K O , K l - H30CKanJipHaJI H H30BeKTOpHaJI KOHCTaHTbl MynbTH-

TIOnb-MynbTHTIOnbHblX cnn , '(ss ')= c(S)+ c(s'). 

0TMeTHM, qTo oblwenpHoe.neHHble •opMynbl nonyqeuhl s npe.n

nono)KeHHH 0 ManOCTH qHcna KBaJHqacTHIJ, B OCHOBHOM COCTOJIHHH 

JI,IJ;pa 

<'i'o I B(qq')l'i'o > o. /6/ 
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OnepaTopbl !lloHOHOB y,~~;oaneTaopliiOT cne.D;YIOUUIM nepecTaHo

BO'IHbiM COOTHOWeHHJIM"B/: 

[ Q 'Q+ ] = 0 ' - .L 
g g gg 2 

!. (t/Jg.Pg 
qq 1 q 2 qq2 qq1 

g g' 
- ¢ ¢ ) B (q 1 q 2) · 

qq 1 qq 2 

/7/ 
Bbi'IHCllHM .D;BOHHOH KOMMyTaTop: 

r,~~;e 

+ + 
[[Qg ,Q; ],Qg ] 2 '£ (K(g4g 1g2g3)Q +K(g4g1g2gdQg), /B/ 

1 2 3 g4 g4 4 

1 K(g4g1g2g3) =-2 L ( tP g 1 tP g2 _ ¢ g 1 ¢ g 2 ) X 

q1 q 2 q1 q 2 q 1q 3 q 1q 3 q 1q 2 

q3q4 

X ( tjJ g3 tP g 4 + ¢ g 3 ¢ g4 ) 
q4q2 q4q3 q4q3 q4q2 

- ) 1 
K(g4g1g2g3 =-2 

!. (t/Jg1 .pg2_¢g1 ¢g2 ) x 
q 1 q 2 q 1q 2 q 1q 3 q 1 q 3 q 1q 2 

q3q 4 

x(t/Jg3 ¢g4 
q4q2 q4q 3 

+ ¢ g 3 
q4q3 

t/1 g4 
q4q2 

/9/ 

/9 '/ 

Tor,~~;a 

<'1'0 I Q ,Q , Q+ Q+ I '1'
0
> =o ,8 -+ o ,o -+K(g'g' g g ). /10/ 

g2 g 1 g1 ~2 gf1 gt 2 g1 g2 gt 1 2 1 1 2 

BenH'IHHbl K03clxll~HeHTOB K (g2 g 1 g 1 g 2 ) xapaxTepH3YIOT CTeneHh 

BllHJIHHJI npHH~Hna JlaynH Ha CBOBCTBa .D;BYX!liOHOHHhiX COCTOJIHHH. 

3. TOqHbiE YPABHEHHJI MO,[fEJIH 

BonHOB}'IO liiYHK~HIO B03_6y>K.D;eHHOrO COCTOJIHHJI 'leTHO·'feTHOrO 

.D;e!llopMHPOBaHHOrO JI.D;pa 3aDHWeM B BH.D;e cynepn03H~HH O.D;HO- H 

.D;BYX!liOHOHHbiX KOMDOHeHT 

6 

n + 1 n + + 
'I' =I!. R . (AJL)Q +-= !. P (AJL)Q Q 1'1'0 . 

n i 1 g y 2 g g g 1 g 2 g 1 g2 
/11/ 

1 2 

YcnoaHe ee HOpMHpOBKH HMeeT BH.D; 

n 2 
< 'I'; I'Pn> =!. (!li (AJL)) + !. (P n (AJL))2 

g g g1g2 
+ 

1 2 

+ 1.._ !. pn (AJL)P n, , (All )K (g'
1
g;g

1
g 

2
) " 1 . /12/ 

2 g1g2 g1g2 g1g2 

g'1 g'2 

Bbi'IHCnHM cpe.D;Hee 3Ha'leHue H M no cocTOJIHHIO /11/. 3HeprHH 

B036y>K.D;eHHbiX COCTOJIHHH TJ H liiYHK~HH Rnl (All), pn (~) Haii.D;eM 
n ~ g 

C DOMOil{hiO BapHa~HOHHOrO DpHH~Hna 2 

o{<'PniHMI'~'n> -TJn < '~'nl'~'n >1= 0· 

B pe3ynhTaTe Bbi'IHCneHHH nony'IHM cne.D;yiOil{YIO CHCTeMy ypaBHeHHH: 

r.r.e 

n 
(w 1 -TJn)R 1 (All)- !. I U (All i ) + V (A JL i) I P n (Ail):O, 

g1g2 glg2 g1g2 glg2 

/13/ 
n 1 

(w -TJ )P (All)+- !. (w +W, , -2TJ ) x 
glg2 n glg2 4 g'g' glg2 g1g2 n 

1 2 

x K(g
1

g
2

g'
1

g'
2

)Pn,, (AIL)- !.IU (Aili)+V (,\.lli)IR~(~)-
g1g2 i g1g2 g1g2 

1 !. 1 I 
- 32 gg 1 g; v y g 

G(ggJ.) K (g' gg 1g 2) + 
-- 2 

vYg1 
G(gg' 2) K(g~gg1g2) + 

vY , 
g2 

+ G(gg 1) K (g2gg'lg;) + 

v y g1 

G(gg2) K ( g gg, g, ) I p n, , (All) = 0, --=-- 1 1 2 g1g2 
/14/ 

vY g
2 

W =W +W , 
glg2 gl g2 

fg1 (qq')v ' A i 
Ug g (Aili)= I , qq Jgl (t/1 g2, .p Jl +¢g2 ,¢Aili )+ 

1 2 qlqq 2 yY np qlq q1q qlq q lq 

gl 
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g2 r (qq') v ' qq Jg2(!{1gl' 1{1>-..!li + ¢gt,q/lli )+ 
+ L 

2...;"Y 
np q1q qlq qfl qlq ' q lqq 

g2 

A . 
f 111(qq' )v , 

l!li (!{lgl' 1{1 g2 + ¢gl , ¢g2 ), 
+ L 

qq /15/ 
' q lqq 2...jYA . 

np q1q qlq q 1q q lq 

Ill 

r ga( ') , qq v qq' g3 >..!li g3 
L Jnpl[!{l ,1{1 

qq' q ...jY q:¥ q3q 
3 g3 

+ V (A!li)=_!_ L 
tig2 4gg' 

3 3 

+ ¢ A!li,¢ g; 
q3q q 3q 

1 
' g 1 g~ g 1 

K(g3g3g1g2)+[ifl ,1{1 +¢ 
q3q q3q q3q 

¢ g 3 1 K (All i g3g ~g t+ 
q3q 

g2 g3 g g3 
+[ifl ,1{1 +¢ 2 ,¢ 1K(A!liggg')l. 

qaq qaq qaq q3q 3 1 3 
/16/ 

EcnH nonolKHTh K(g 1g 2 g 3 g 4 J paBHhiMH Hymo, TO rrpHJleM 

K CHCTeMe ypaBHeHHB, IIOJly'leHHOH B 
171 

B KBa3H6030HHOM IIpH6nH· 

lKeHHH. EcnH H3 ypaBHeHHJI /13/ Haii:TH R~(A!l) H rrpencTaBHTb 

B /14/, TO nony'IHM O,IJ.HOPOJlHYIO CHCT~MY ypaBHeHHH OTHOCHTeJlbHO 

pn (All). ,UnJI onpeneneHHJI 3HeprsB: TJn HYlKHO JlHaroHanH3o-
glg 2 

BaTh MaTpHUY B npOCTPflHCTBe ,IJ.ByxclJoHOHHbiX COCTOJIHHH g 1g 2 

B cny11ae neclJopMuposaHHhiX JIJlep 3Ta MaTpuua o'leHb Bbicoxoro 

DOpJI,IJ.Ka, H B03HHKaeT He06XO,IJ.HMOCTb B nepeXO,IJ.e K DpH6JlHlKeHHblM 

ypaBHeHHJIM. 

4. llPHEJIH)J(EHHb/E YPABHEHH.Jl 

Cpenu MaTpH'IHhiX 3neMeHTOB raMHJlbTOHHaHa, CBJI3hiBaiOmHx 

JlBYXclJOHOHHble COCTOJIHHJI, COXpaHHM TOJlbKO ,IJ.HaroHaJlbHble MaT· 

pH'IHble 3JleMeHTbl, T.e. MaTpH'IHble 3JleMeHTbl C gtg2 = g 1 g 2 . 

Torna ypaBHeHHe /14/ MOlKHO 3anHcaTb B BH,IJ.e: 

I (w K( g g1g2 -TJn )(1 + #1g1g2) 
1 +8 --)-

g1g2 

8 

1 

8(1 + 8g1g2) 

L 
i3 

• ...1!: ) • g ) + G(A11111~1 K(gltll11#t 2 

y 
'1/Y Af-1i 3 g1 

. ) )!Pn (A!l)-G(>..~~ K(g 1A2!12i3glg 2 ~g2 
+ y 

yY>..2~i 3 g2 

L I Ug (>.. 11 i)+V (>.. 11 i)IR~ (A 11 )=0. 
,g2 glg2 I 

/17/ 

n 
lloncTaBHM P (A 11 ) 83 /15/ B ypaBHeHHe /13/ H IIOJlY 'IHM 

gl g 2 

(w_ -TJ )Rn(A!l)- l W .. , Rn,(A!l)=O, 
1 n 1 i' 11 1 

/18/ 

rne 

K(gt g ~1g 2) -1 . · ·, ·, 
(1+ -----) (U (>..!lt) + V (A!ll))(U (~1 ) + V (A!ll )) 

1 t 8 g1g2 g1g2 g1g2 g1g2 
g1 g2 

w _,= lg -
i1 g 1 2 wg g 

1 2 

1 l 0. (g2:
2

) 
. 13 r 
Ia 8 (1 t 8 + K ( g 

1 
g

2
g 

1 
g

2
) 

gl g 2 

G(At' 1i 3g1) . 
0 i

3 
(g1g2) = -==.-===.=-K(g2Atllt1#tg2)+ 

...jY y 
\llti 3 gl 

K(glA2!12i3gl g2). + 

V YA2!12i / g 2 

/19/ 

/19 '/ 

TaK!IM o6pa30M, TO'IHhiH y'leT nep ecTa H OBO'IHhiX COOTHOWeHHH npH· 

BO,IJ.HT K C,IJ.BHry JlBYXclJOHOHHhiX DOJllOCOB B cexyn JipHOM y paBHeHHH 

8(7J )~detll(w. -TJ )8
11

, -\V . . , 11=0 
n 1 n 11 /20/ 

H K llOJIBJl6HHIO B3aHMO,IJ.6BCTBHJI V (A!li) 
- gl g 2 

9 



5. PE3YJibTATbl PACqETOB 

H3 /17 I cne.u;yeT, qTo c.u;BHrH .u;Byx¢oHOHHbiX nomocoB B cexy

JIAPHWX ypaBHeHHJIX, CBJI3aHHble c yqeToM npHHUHna IIaynH, xapax

TepH3YIOTCJI 3HaqeHHJIMH xo3¢<PBuHeHTOB K (g 1 g 2 g s g 4 ). Kax 

BH.IJ;HO H3 /12/, 3TH X03cP¢HUHeHTbl BXO.IJ;JIT H B HOpMHpOBXY BOJIHOBOH 

cPYHKUHH. lJ.acTb xo3¢<PHuHeHTOB, a HMeHHO K ( g 1g 2 g 1g 2 ). xapax

TepH3yeT HOPMHPOBKY .u;Byx¢oHOHHbiX cocTOJIHHH Q+ Q+ I 0 >. 0HH 
g1 g 

OTpHUaTeJibHbl H orpaHHqeHbl no BeJIHqHHe. 2 

B •a6A. 1 npHBe.u;eHw 3HaqeHHJI K(gggg) .u;nJI HH3XOJie)l(aiUHX 

H BbiCOXOJie)l(aiUHX XBa.u;pynOJibHbiX H OXTynoJibHbiX COCTOJIHHH 
154 

Sm, 
166Er H 176m. H3 •a6AUIII>I BH.IJ;HO~ qTo 3HaqeHHJI I K(gggg)l-

HaHMeHbWHe .IJ;JIJI XOJIJieXTHBHbiX COCTOJIHHB H yBeJIHqHBaiOTCJI C 

yMeHbWeHHeM xonnexTHBHOCTH. Tax, HanpHMep, B 
166 Er 3Ha-

qeHHe JK(gggg)J .IJ;JIJI HH3XOJie)l(amero XOJIJieXTHBHOrO COCTOJIHHJI 

C g-221 paBHO 0,62. Ho .IJ;JIJI COCTOJIHHJI, 6JIH3XOrO X .IJ;BYXXBa3H

qaCTHqHOMY C g = 223, 3TOT IC03¢cPHUHeHT paBeH 0,996. 

Ta611111..1a 1 

3Ha4eHI1~ K03$¢111..111eHTOB K(gggg) 

Hn:po g = ,\1-',i K (gg g g) 

154sm 20 ,1 - 0 , 53 
20, 20 - 0 , 91 
22, :35 - 0 , 75 
22 ,1 - 0 , 34 

166Er 22,1 - 0 , 62 
22, 2 - 0 ,85 
22, 3 -0, 996 
30,1 -0,36 
30,3 -0,39 
30, 48 -0,?8 
31,19 -0, 93 

176Hf 30,1 -0, 30 
30 ,2 -0,32 
30,3 - 0 ,?? 
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YBeJIHqeHHe I K (g g gg) I npH nepexo.u;e OT XOJIJieXTHBHbiX 

X .IJ;BYXXBa3H'faCTHqHbiM COCTOJIHHJIM OTpa)l(aeT TOT ¢axT, qTo HOp

M a cocTOJIHHJI Q;Q~ I 0 > oTxnoHxeTcx OT 3HaqeHHJI, Haii.u;eHHoro 

B r apMOHBqecXOM npB6JIH)I(eHHH , TeM CHJibHee, qeM MeHee XOJIJiex-
+ 

THBeH cPOHOH Q g · 

B ma6A. 2 npBBe.u;eHbl 3Ha'feHBJI xo3¢<PBUHeHTOB K(gg'gg') B 

K (g 111; 2 gs g 4 ). Ko3¢<PBUBeHTbl IK (gg'gg')l. xax npaBHno, MeHbwe 

xo3¢cPHUBeHTOB IK(gggg) l. IlpB noM 3HaqeHBJI I K(gg ' gg ' )l TeM 

MeHbWe, 'feM 6onee pa3JIB'faiOTCJI no CTpyXType cPOHOHbl Q~ H 

Q~- B 3TOM nocne.u;HeM CJiy'fae XBaJBqaCTHUbl, cPOPMBPYJOIUHe 

cPOHOHbl Q+ B Q+,, HaXO.IJ;JITCJI B pa3JIBqHbiX COCTOJIHBJIX, B 3¢<PexT 
g g + + 

aHTBCHMMeTpB3aUHB BOJIHosoii cPYHXUBB Q gQ g ' I 0 > OTHOCHTeJibHO 

06MeHa XBaJBqacTBUaMB Me)I(.IJ;y cPOHOHaMB He3HaqHTeJieH. 

Kax BB.IJ;HO B3 ma6A. 2, 3HaqeHBJI xo3¢<PBUHeHTOB K(gg ' gg ' ) 

B TeX CJiyqaJIX, XOr.u;a BH.IJ;eXC g OTHOCBTCJI X HH3XOJie)l(ameMy 

COCTOJIHBIO, a BH.IJ;eXC g' - X BbiCOXOJie)l(aiUeMy, BJIB )l(e o6a 

OTHOCJITCJI X BbJCOXOJie)l(aiUBM COCTOJIHBJIM, CBJibHO cPJIYXTYBPYIOT, 

B3MeHJIJICb OT -0,003 .IJ;O -0,6. Ho B cpe.u;HeM OHB He oqeHb 

MaJibJ . 

Ko3¢<PBuBeHTbl K(gg 'gg " ) (g ' f. g " ) , xax npaBBJIO, MaJibl no 

BeJIBqBHe, H MOryT 6b1Tb xax nOJIO)I(BTeJibHbiMB, TaX H OTpHUaTeJib-.. 
HbiMB. 

Pe3yJILTaTbl pacqeTa nonpasox x HH3XOJie)l(aiUBM .u;syx¢oHoH

HbiM nomocaM, CBJI3aHHbiM C yqeTOM npBHUHna IlayJIH, B BMeiOIUHM 

BB.IJ; 

( ) w -w E glg2 - g 1 g2 
1 ------1 n 

8(1 +8gtg2+K(gtg2gFJ) is is(g~2 ). /21/ 

npBse.u;eHbl B ma6A. 3. 

3TH nonpaBXH - HaH60JibWHe .IJ;JIJI .IJ;BYXcPOHOHHbiX COCTOJIHHB, 

nOCTpOeHHbiX H3 XOJIJieXTBBHbiX cPOHOHOB, B y6biBaiOT C yMeHb

WeHBeM XOJIJieXTHBHOCTB. Tax, HanpHMep, B 
166Er C.IJ;BBr 3Hep

rBB COCTOJIHBJI Q~0p ;ol 0 > paBeH 1,131 M3B, a .IJ;JIJI COCTOJIHHJI 

Q;0sQ~os l 0 > nonpasKa JC :meprHH cocTaBJIJieT Bcero 83 K3B. 

JibiJIO HCCJie.IJ;OBaHO TaX)I(e BJIHJIHHe Ha BeJIHqHHbl nonpaBOX X 

3HeprHJIM .IJ;BYXcPOHOHHbiX nomoCOB qHcJia CJiaraeMbiX, yqHTbiBaeMbiX 

npH cyMMHpoBaHHH no is B 3HaMeHaTene ypaBHeHHJI /19/. Kax 

npaBHJIO, CYMMHpOBaHHe npHBO.IJ;BT X yMeHbWeHBIO C.IJ;BBrOB 3HeprBH 

no cpaBHeHHIO c Bxna.u;oM nepBoro Be.u;ymero qJieHa . liblcTpoTa 
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Ta6m11.1a 2 

3Ha4eH~H HeA~aroHanbH~x K03$$~ll~eHTOB K(g 1g 2g 3 g 4) 

>1APO g1 = A1!11•i1 g2=A2!12'i2 g3 = A3113'i3 g4 = A4!14•i4 K(g1g2g3g4) 

154Sm 20,1 20 ,40 20,1 20 ,/,u -0,09 

20,1 20,!31 20,I 20,8I -0,20 

22,1 22,?8 22,J 22, ~·c -0,20 

22,1 22,?7 22,1 22,77 -0,06 

166 Er 3:.1,1 3J .r 30,1 31,I -0,25 

31,1 31,S1 31,1 31.~1 -0,13 

32,1 32 ,2S 32,1 32,;~5 -0.30 

20,41 20,42 20,~I 20,42 -0,30 

20,1 20,5~ 20,1 20,55 -0.05 
20 ,1 20,52 20 , I 20,52 -0. ffi 

30,1 3J,5I 30 , 1 30,51 -0,03 

3 ~i , I 31 ,82 30,1 31 ,82 -0, 13 
3(J,l 3l,?S 30,1 :H,'I': -0,02 

20 ,1 II ,5I 20,1 Il, 5I -0,003 

20 ,1 II,fi3 20,1 II,~:., -0.0 18 

20 ,1 ll , 52 20 , I II ,C2 -0.007 

20 , -1 II ,5G 20 ,4 1I, 5G -0,39 

20,5 Il,5G 20 , 5 II, 5G -0,59 

22 ,1 ll , 54 22,1 II , !A -0,01 
22 ,1 II , 5Ll 22 ,1 n.~u -0,13 

22,2 Il , 58 22 , 2 ll , ~8 -0,14 

30,1 22,1 30,1 :;;: ·~ ,J 0,0 3 
22 ,1 22 ,1 22,1 22,2 0,09 

22 ,1 22,1 22 ,1 22,3 0,001 

176Hf 22,1 30 ,1 22,1 30,1 -0,09 

228Th 22 ,1 22 ,1 22 ,1 22,1 -0,02 

22 ,1 22,1 22,1 22 , 3 - 0,00:' 

22 ,1 31 ,1 22 , 3 31 , I 0,005 
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Ta6n~1.1a 3 

3He pr~~ HI-13Kone>K a~I-1 X ABYX$OHOHHbiX non10c os w g
1 

+ w g2 
1-1 ~X CABI-'I rl-1 E(g 1g 2)-w g 

1
- w g

2 
, paCC4~TaHHble C y4eTOM 

n p1-1H1.11-1 na naynl-1 

H.'\po g1 = A1!11'i1 g2 = A2!12• i 2 

E (g t g 2) -
wg l +w g 2 

-(w t-wg ) (M3B) 
g 1 2 (M38) 

154 Sm 22 ,1 22,1 0 , 943 3,62 

20,1 20 ,1 1 ,43 3,0 

20,3 20 ,3 0,007 4, 48 

166 Er 3I,1 31,1 0 , 273 3,66 

31,2 31,2 0,198 4,14 

32,1 32 ,1 0 , 045 4,0 

32 ,2 32 ,2 O,IIO 4, 2 

20,1 20 ,1 0 , 696 2,92 

30 ,1 30,1 1,131 3,32 

30,3 30 , 3 -0 , 083 4 ,4 

30,1 31,1 0,661 3, 49 

30,2 31,2 0,196 4, 2? 

22 ,1 30,1 1,159 2,54 

22,2 30,2 -0,105 4 ,6 

CXO,Il.HMO CTH cyMM J aBH CHT OT paCCMa TpHBaeMblX COCTOJIHHif. B pg

,11. e c nyqae B oHa Me,ll.neH HaR. Tax, HanpHMep, C.D.BHr JHeprHH co

CT OJIHH JI Q! 11 Q ~ 11\0 > npH y 'leTe O,ll.HOrO r JiaBHOrO 'IJieHa B CYMMe 

n o i
3 

coc T aBJIJie T 671 K 3 B . Y'le T Tpex nepBbiX cnaraeMblX B cyMMe 

y MeH bWae T B eJIH'IHHY C,ll.BHra ,11.0 469 K3B. Y'leT B CYMMe 190 CJia· 

raeMblX npHBO,Il.HT K C,ll.BHry 3HeprHH , paBHOMY 273 K3B. B CJiy'laJIX, 

KO r,ll.a ,ll.Ba filoHOHa pa3JIH'IHbl, cyMMHpOBaHHe i 3 no TpeM KOpHJIM 

. OKa 3biBaeTCJI ,ll.OCTaTO'IHblM, T .K. OCTaJibHble KOpHH cna6o H3MeHJIIOT 

C,ll.BHrH . 

B ma611. 4 npHBe,ll.eHbl CBJIJaHHble c yqeToM npHHu;Hna IIaynH 

C,ll.BHrH .D.BYXfilOHOHHblX noJIIOCOB , noCTpOeHHblX H3 O,ll.HOrO HH3KOJie· 

)l(aiiJ;ero flloHOHa H flloHOHa, fllopMHPYIOIIJ;ero rHraHTCKHH ,ll.HnOJibHblH 

pe30HaHC. 3TH C,ll.BHrH Ma~bl no cpaBHeHHIO C WHPHHaMH rHraHT" 

CKHX pe30HaHCOB H filnyJt'J'yHpyiOT OT COCTOJIHHJI K COCTOJIHHIO, H3-

MeHJIJICb B COOTBeTCTBHH C H3MeHeHHeM CTeneHH KOJIJieKTHBHOCTH 

filoHOHOB. 
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Ta6mn.ta 4 

3Hepr~~ ABYX$OHOHH~x non~cos, nocTpoeHH~x ~3 H~3KOnema~ero 
KOil!leKT~BHOrO $OHOHa ~ $OHOHa, BXOA~~ero B r~raHTCK~H 
A~nOilbH~H pe30HaHc, ~~X CAB~r~ E(g 1g 2)-wg

1
-wg

2 
• 

paCC4~TaHH~e C y4eTOM np~H4~na nayn~ 

Jlnpo gt"'Atllt•it g2""A2J.12,i2 
E(g lg 2)- wgl+wg2 
-w -w (M38) 

gl g2 (M38) 

166Er 20,1 II,5I 0,0!4 7 ,24 
20 ,1 II,53 0 ,085 7,44 
20,4 II , SG 0 ,425 8 ,37 
2D ,I II,57 0,102 7,65 
20,1 II, 62 0, 313 7, 88 
20,1 II,I03 0, 209 9,62 
20,1 II, IDS 0,076 9,71 
22,1 II , 54 0 ,1 25 G,98 
22,1 II , 59 0, 217 7,21 
2?.,2 II , 58 0,099 8,28J 

PeJynbTaTw pacqeTa c.n.auroa .n.pyrHx nomocoa, OTBe'laiD~Hx 

BblCOKOne>Ka~HM COCTOliHHliM, npHBe)l.eHbl l B 1110611 . 5 . KaK H B npe)l.bi

)l.y~eM cnyqae, 3Ha'ieHHll C)l.BHrOB llOn!OCOB JaMeTHO HJMeHl!IOTCll 

DpH nepeXO)l.e OT COCTO.IIHHll K COCTOliHHIO H )l.OCTHraiOT B pll)l.e 

cnyqaea HeCKOnbKHX COT K3B. 

TaKHM o6paJoM, B paMKax KBaJH'laCTH'iHO-<bononnoii. Mo.n.enH 

.ll)l.pa MO>KHO KOppeKTHO yqeCTb aHTHCHMMeTpHIO .D.BYX<iJOHOHHbiX 

COCTOliHHH OTHOCHTenbHO nepecTaHOBOK KBaJH'laCTHU, H3 KOTOpbiX 

TIOCTpOeHbl <!JoHOHbl. PacqeTbl nonpaBOK K 3HeprHliM .D.BYX<iJOHOHHbiX 

TIOniOCOB B CeKynllpHbiX ypaBHeHHliX, CBl!JaHHbiX C BnHliHHeM llpHH

QHTia IlaynH, noxaJanH, 'ITO aenH'IHHbl JTHX nonpaaox ne Manbi .n.nll 

HH3Kone>Ka~HX KOnneKTHBHbiX COCTOliHHH, r.n.e OHH 06l!JaTenbHO 

)l.On>KHbl Y'fHTbiBaTbC.II. C.D.BHrH 3HeprHH OTHOCHTenbHO HH3KOne>Ka

~Hx nexonnexTHBHbiX .n.Byx<bonOHHbiX noniDcOB neJna'lHTenbHbl . B cny

qae COCTO.IIHHH C npoMe>KyTO'IHOH H BbiCOKOH 3HeprHliMH B036y>K)l.eHHll 

aenH'IHHbl nonpaBOK JaBHC.IIT OT CTPYKTypbl COCTOliHHH. B cpe.n.neM 

OHH MeHbWe, 'ieM )l.nll HH3KOne>Ka~HX KOnneKTHBHbiX .D.BYX<iJOHOHHbiX 

COCTOliHHH, HO MOryT )l.OCTHraTb HeCKOnbKHX COT K3B. 3Ta BenH

'IHHa Mana no cpaBneHHIO c xapaKTepnoii. wupunoii. rHraHTCKHX 

pe30HaHCOB, ll03TOMY MO>KHO O>KH)l.aTb, 'ITO yqeT llpHHUHTia IlaynH 
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Ta6n~4a 5 
3Hepr~~ Bb!COKO!lema~~X ABYX$0HOHHbiX non~COB ~ ~X CAB~r~ 

E(glg 2)-w -w ' pacc4~TaHHble c y4eTOM np~H4~na nayn~ 
gl ~2 

gt = Atllt ,il 
E(g 1g2)- Wgl +Wg2 

fiupo · g 2 "" A2J.12 • i2 -wg
1 

-wg
2

(M 38) (M38) 

154 Sm 22 ,35 22,35 O,II1 13,7 

22,1 22 ,80 0,420 13, 31 

20 , 20 20 ,20 0,108 II,14 

20 ,1 20,64 0,512 II,28 

31,19 31,19 0,025 20,14 

31,1 31,91 0,129 12,23 
166Er 

32 ,1 32,25 0,029 9 ,7 

32,22 32,22 0,030 15,6 

20,41 20,42 0,042 14,42 

20 ,1 20,52 0,621 9,64 

30,48 30,48· 0 ,079 20,4 

30,1 30,51 0,360 12,46 

3C,1 31 ,79 0,187 10,73 

OKa>KeTCll HeCy~eCTBeHHbiM npH OTIHCaHHH <IJparMeHTaUHH O)l.HO

<!JoHOHHbiX COCTOliHHH. 0)l.HaKO BOllpOC 0 BnHJIHHH npHHUHTia IlaynH 

Ha pa)l.HaUHOHHble CHnOBbie <IJyHKQHH Tpe6yeT CTieQHanbHOrO HCCne

)l.OBaHHll. 
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