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1 . BBEAEHHE 

CornaeHo wHpoKo paenpoeT~aHeHHO~ TpaKTOBKe /eM. 11 •21 I Ha 
KamAOM OAHOKBa3H4aeTH4HOM eoeTORHHH MOmHO noeTpOHTb BH6paUHOH
H~e nonoe~. HaHHH3WHe BH6paUHOHH~e eoeTORHHR - 3TO KBa3H4aeTH
ua Ha ypOBHe ~epMH nn~e nepB~~ KonneKTHBH~~ ~OHOH. HMeeTeR MHO
ro 3KenepHMeHTanbH~X AaHH~X no raMMa- H OKTynonbHO-BH6paUHOHH~M 
eoeTORHHRM B He4eTH~X Ae~opMHpOBaHH~x RApax /eM. 13"51 I. HH3Ko
nemaUIHe HepoTaUHOHH~e eoeTORHHR B He4eTHbiX Ae~OPMHPOBaHH~X 
RAPaX onHeaH~ B 12,6·8/ e y4eTOM B3aHMOAe~eTBHR KBa3H4aeTHU 
e ~oHoHaMH. Ao eHx nop HOB~e 3KenepHMeHTanbH~e AaHH~e epaBHHBa
~TeR e peaynbTaTaMH pae4eTOB 1966-1975 rOAOB /eM., HanpH-
Mep, I6,Q,10/ I. AHanH3 3KenepHMeHTanbH~x peaynbTaToB H epaeHe
HHe HX e pae4eTaMH /8·8/ nOKa3anH /4,6/, 4TO TeOpHR B uenOM YAOB
neTBOpHTenbHO onHe~eaeT 3KenepHMeHTanbH~e AaHH~e. HMe~TeR yKa-
3aHHR 0 6onee enomHO~ eTpyKType HH3KOnemaU1HX eoeTORHHH. B1111 

B~nonHeHbl pae4eT~ pOTaUHOHH~X nonoe e y4eTOM KOPHOnHeOBa B3aHMo
AeHeTBHR H nony4eHO AOBOnbHO xopowee HX onHeaHHe. 

B KBa3H4aeTH4Ho-~oHoHHOH MOAenH RAPa/12/ onHe~eaeTeR ~par
MeHTaUHR OAHOKBa3H4aeTH4H~X H KBa3H4aeTHUa nn~e ~OHOH eoeTORHHH 
npH HH3KHX, npoMemyT04H~X H B~eOKHX 3HeprHRX B036ymAeHHR. B HeH 
Y4HT~eaeTeR 6onbwoe ~OHOHHOe npoeTpaHeTeo. B MOAenRx eaaHMo
Ae~eTBY~Hx 6oaoHoB /IBM I H eaaHMPAe~eTBY~liiHX ooaoHoB H ~epMHo-
... nR / !BFM/ /18/ !'uuT~R.:t~Tt:"~ LU..10!'""0'50'?0~~~~ ~0u~0~t:"u'!~ c:u:"n~-o~n-
B~X ~YHKUH~, HO 6epeTeR o4eHb Manoe 6o30HHOe npoeTpaHeTBo. OT
MeTHM, 4TO OeHOBa 3THX MOAeneH pa3pa6oTaHa B 114~ Kea3H4aeTH4HO
~OHOHHaR MOAenb RAPa H IBM, IBFM npeAHaaHa4eH~ AnR onHea
HHR B OeHOBHOM pa3nH4H~X RAePH~X xapaKTepHeTHK. B H3BeeTHOM 
eM~ene 3TH MOAenH AOnonHR~T APYr APYra. Hx MOmHo eonoeTaBHTb 
TOnbKO npH onHeaHHH HH3KOnemaUIHX eoeTORHHH. napaMeTp~ KBa3H4ae
TH4HQ-~OHOHHO~ MOAenH RApa ~HKeHpOBaH~ Ha eTaAHH OnHeaHHR ~OHQH
HOrO 6aaHca, H no3TOMY peaynbTaT~ pae4eToe OAH03Ha4H~. TaK, 
npH OnHeaHHH xapaKTepHeTHK He4eTH~X A~OPMHPOBaHH~X RAep HeT 
HH OAHOro eeo6oAHoro napaMeTpa. B IBFM HMeeTeR eeo6oAa a 
e~6ope napaMeTpoe, H e ee paMKax MOmHo nony4HTb BH6pauHoHH~e 
eoeTORHHR KaK C 6onbWHMH, TaK H C Man~MH eepORTHOeTRMH EA -nepe
XOAOB Ha HeXOAH~e OAHOKBa3H4aeTH4H~e eoeTORHHR. 

AnR yny4WeHHR OnHeaHHR HH3KOnemaUIHX eoeTORHH~ He4eTH~X Ae
~OPMHPOBaHH~X RAep no epaeHeHHIO c 18"8•111 eneAyeT npoeeeTH 
PRA MOAH~HKaUH~, 4aeTb H3 KOTOp~X npHBeAeHa e 118~npH H3Y4eHHH 
BH6pauHOHH~X eoeTORHHH eneAyeT y4eeTb npHHUHn naynH B KOMnOHeH
TaX KBa3H4aeTHUa nn10e ~OHO~l7~Y4eT npHHUHna naynH OKa3~BaeT 
ena6oe BnHRHHe Ha ~parMeHTaUHIO OAHOKBa3H4aeTH4H~X eoeTORHHH 
B e~epH4eeKHX RApax 1181. B 119·2°/ H3y4eHO BnHRHHe npHHUHna naynH 
Ha ABYX~OHOHH~e KOMnOHeHT~ BOnHOB~X ~YHKUH~ B036ymAeHH~X eoeTOR
HH~ Ae~opMHPOBaHH~X RAep H noKa3aHO, 4TO OHO BenHKO AnR Kon-
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/1eKTHBHbl~ <!>OHOHOB. B 1201 CAellaH BbiBOA 06 OTCyTCTBHH ABYX<I>OHOHHbiX 
COCTORHHH B 4eTH0-4eTHbiX Ae<!>OpMHPOBaHHbiX RApax. 0TMeTHM, 4TO 

A11R Y11Y4WeHHR OnHCaHHR Hlo13K011e*a~HX COCTORHHH Ae<I>OPMHPOBaHHbiX 
RAep ClleAyeT y4eCTb KOppe/1R~Hio1 B OCHOBHbiX COCTORHHRX, KOTOpble 

COrllaCHO /21/ He Mallbl H ,KOTOpble CHilbHO <ll11YKTYHPYIOT OT OAHOrO 

COCTORHHR K APYrOMy. 
B AaHHOH pa6oTe He cTaBHTCR 3aAa4a yny4weHHR onHcaHHR HH3Ko

ne*a~Hx COCTORHHH B He4eTHbiX Ae<I>OPMHpOBaHHbiX RApax no cpaBHeHHIO 
c 18-8•111 • 3Ty 3aAa4y e~e npeACTOHT pewHTb. UenbiO AaHHOH pa6oTbl 
RB/1ReTCR y4eT npHH~Hna nay111o1 B KOMnOHeHTaX KBa3Yt4aCTH~a nlliOC 

<!>OHOH B0/1HOBbiX <I>YHK~HH 1o1 no/1y4eHHe o6~eH KapTHHbl noBeAeHHR 
Hlo13K011e*a~HX BH6pa~HOHHbiX COCTORHHH B He4eTHbiX Ae<I>OPMHPOBaHHbiX 

RAPaX. npeACTOHT BbiRCHHTb, Ha Ka*AOM 11H OAHOKBa3H4aCTH4HOM co

CTORHHH MOryT 6b1Tb nOCTpOeHbl K0/111eKTHBHble BH6pa~HOHHble COCTOR

HHR. 

2. MOAEJlb 

raMHilbTOHHaH KBa3H4aCTio14HO-<!>OHOHHOH MOAellH RAPa npH y4eTe 

CeKY11RPHbiX ypaBHeHHH, onpeAellRIO~HX 3HeprHH W g OAHo<I>OHOHHbiX 

COCTORHHH, 3anHWeM B ClleAy~eM BHAe: 

H v "' l: t(q)a + a - 41 l: l: 1 Q+ Q , 
qO' qa qa g=AUi a K(.\j.t) vY y, ga g a 

-·-~ ... • g g. ... ,... ... 
(-) 

v , + g 
l:, ....s!L I (Q ga + Q r-a )(t (qq') B(qq'; j.t-a) + 
qq ...;vg - -

.,j2 
H -=-- l: 

Vq 4 ga 

+fg(qq')B(qq'; j.t-a)) + h.c.l. 
Mbl no11b3yeMcR HOBbiM onpeAeneHHeM onepaTopa <t>oHoHa 1221 : 

Q~ .l.. l: I cfr g,A + (qq'; j.tU)- q, c ,~A(qq'; j.t-a) + ~ g ,// (qq'; j.tU)-
.... 2 qq qq qq 

- ~ g ,A(qq'; It"" a)!, 
qq 

KOTOpbiH RBHO 3aBHCHT OT 3HaKa npoeK~HH yrllOBOrO MOMeHTa Ha 

CHMMeTpHH RApa a, npH4eM a =.!_1, 

+ ... .. , + + 
A ( qq '; j.tU) = "' a , ') a a ,a , , 

a' a (K-K ,ap. qa q ~ 

B(qq'; j.ta) ;,8a'(K+K'),aj.ta'a;a' aq'~'. 

2 

/1/ 

/2/ 

/3/ 

/4/ 

OCb 

/51 

!61 

+ 
3AeCb a qa - onepaTOp PO*AeHHR KBa3Yt4aCTH~bl; tp - KBaHTOBble 
4HC/1a OAH04aCTH4HbiX COCTORHHH, CpeAH KOTOpbiX HMeeTCR nppe~~HR 
K yrllOBOrO MOMeHTa Ha OCb CHMMeTpHH RApa; g = .\14i; K O,\IJ. -
KOHCTaHTa H30CKa11RPHbiX MY11bTHn011bHbiX CH/1; i - HOMep KOPHR CeKy-
11RPHOrO ypaeHeHHR A11R OAHO<!>OHOHHbiX COCTORHHC1; BCerAa K ::> Q, 

j.I.~Q; t{q)- KBa3Yt4aCTio14HaR 3HeprHR; U~~'= UqVq'± Uq'Vq, 
V (:t), - U U , + V V , · ·, U , V - K03<1l<I>H~HeHTbl KaHOHio14ec-qq - ~ q - q _g • q q 

KOrO npeo6pa3oBaHio1R bor0111060Ba; ( g (qq') - OAH04aCTio14HbiH MaT-

PH4Hb1H 

xapaKTeplo13yeT K0/1/1eKTio1BHOCTb OAHO<I>OHOHHOrO COCTORHio1R, OCTallbHble 
o6o3Ha4eHio1R AaHbl e 12,20,221 

rr 
BonHoeyiO <I>YHK~HIO cocTORHio1R c <I>HKCio1poeaHHbiM 3Ha4eHHeM K0 3a-

171 
'I' (K~a0 ) = ll:Cn a+ + l: I Dn 8 a+ Q+ 1'1', 

n Qo qo qO aO g 2 a2 qS aS gi!S aSKS +~ IJ.2,a0~ 'ls aS ~a2 0 

rAe 'I' O - B011HOBaR <I>YHK~Io1R OCHOBHOrO COCTORHio1R 4eTH0-4eTHOro RAPa, 

nplo14eM Q ga 'I' O =0, n - HOMep COCTORHio1R C AaHHbiM K ~ , n = 
1 ,2,3, .... Y4TeM nplo1H~Io1n nay111o1 B KOMnOHeHTaX /7/ KBa8H4aCTio1~a 
n1110C <!>OHOH. AllR 3TOrO lo1Cn011b3yeM KOMMyTa~lo10HHble COOTHOWeHio1R 1o1 

Bb141o1C/1HM 

I, 8 f7_ 1( .+. n , n ll 8 rr' tl' ' ...1.. n_,"' - V < 
v 2v 8 i:1 i:1 lr:'IC' V \J :~--8 -~!'"~ •-u·"' 

a~as 

s Ko (g'q'l qg) 

191 
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B KBa3HAHaroHanbHOM no sKo npH6nHmeHHH HMeeM 
- I 8 8 , , , , <Q , ,a+ a , , Q + > = 

uu
8 

aaKg+u~,uoKo asKa+u~,uoKo gu q8u8 q8u3 gu 

u'u8 1101 

"' BA~,A'~'SK0 (A#i'q 8·iq 3 A~ti), 

111 I 
+ r/J A~i' .p A~i (5 5 + 8 8 ) I . 

q3q2 q8q2 K3-~'~ KS+~,KO K2-K8,~ ~~-Ksi,Ko 

B AHaroHanbHOM no gKo npH6nHmeHHH ycnOBHe HOPMHPOBKH BOnHOBO~ 
~YHK~HH 171 HMeeT BHA 

I (C~ )2 + I (D; q ) 2 (1+SK0 (~q 3 iqa~)) =1. 1121 
qo o gila 2a 

Bb14HCnHM cpeAHee 3Ha4eHrr.e oT HM no eonHoeo~ ~YHK~HH 17 I H 
B KBa3HAHaroHanbHOM no S 0 (g'ql qg) npH6nHmeHHH nony4HM 

('l':(K;u0 )HM'l'n(K;a0 )) = ;cc:
0

)
2 

t(q 0) + 
0 

n 2 Ko [ + I (D ) (1 + S (g 2qai~g2)) t(q 3) 
g2q3 g2q 3 

I c:_o:n_rng~_(1+SKo.(g 9 q"'lq"~g9)), 
52'~a'~o ·u -;c. • ., • ., • u - - -

1 lo (>.2~2i4qsl qaA2~2i2) 

v'Y~Il2 1 4 y~~2 1 2 

A2J.f. 2 -~ ~ 2 
If (qoq a> + uo r (qo qa) I . 

1141 

1151 

Bocnonb3yeMCA eapHa~HOHHbiM npHH~HnoM H TaK me, KaK a 12• 121, nony-

I C 0 r g 2 
q0 q o qa_q_o _____ _ /17/ 

E(q3) + wg2 +11Ko(~g2)- 11n 

H3 ycnoBHA cy~ecTBOBaHHA HeTpHBHanbHoro peweHHA cHcTeMbl 1161 
nony4aeM ceKynRpHoe ypaeHeH~e AnA onpeAeneHHR 3HePrHH 1'/n co-

II = o. 1181 

1191 

/201 

/211 

/221 

IIU\..J It: Ht:\..J IUIKHbl~ I IIJt:UUIJd ~Utld HHi1 noiJy4aeM 

1231 

1241 

0q 0 (q~, '1)
0

) nony4aeTCA H3 126/ 3aMeHO~ CTOn6~a q'o Ha VQQQQ' 
EcnH nonomHTb ~YHK~HH gKo(gq'lqg) paBHbiMH Hyn~, To ypae
HeHHA /18/-/26/ CBeAYTCA K ypaBHeHHAM, nony4eHHbiM B 112/ 6e3 
y4eTa npHH~Hna naynH B KOMnOHeHTaX KBa3H4aCTH~a nn~C ~OHOH. 
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3. BnHRHHE nPHHUHnA nAYnH HA COCTORHHR KBA3H4ACTHUA 
nn10c <I>OHOH 

Y4eT np~H~~na nayn~ B KOMnOHeHTaX KBa3~4aCT~~a n!l~C i,OHOH 
eonHOBbiX !jlyHK~~.:1 np~BOA~T, eo-nepeblx, K MHOIK~Ten~ (1 + S o(gq I qg) 
B ycnOB~~X HOPM~POBK~ 1121 ~Il~ 1191 ~ B CeKyn~pHOM ypaBHeH~~ 
1181 ~, eo-eTopbiX, K CAB~ry non~ca t(q) + w g Ha een~4~Hy 
~Ko(q~ B ypaeHeH~~ 1181. Ecn~ np~~~n nayn~ HapyweH MaKC~Manb-

HO, Hanp~Mep B COCTO~H~~ gil2• TO S 0 (~q2 1 q 2g 2 ) =-1 ,~ CO
OTBeTCTBy~~~H 4!leH ~CKI1~4aeTC~ ~3 CYMM B /121 ~ 1181. CAB~r~ 
non~coe ~ Ko (q3 g 2 ) , onpeAeneHHble !jlopMyno,;i I 141, aae~c~T OT 

3Ha4eH~.:1ISK0 (A2J.L2i4q3lqaA21l2i2)1 K ~ Y,.\21l2i2 • 
Y..\ J.L 1 • CAe~r een~K, ecn~ IS 0

(..\ 2 J.L 2 i 2 q 3 I q3 A 2 J.L 2 i 2 )I 
2 2 4 , . B He Mano,~ !j)OHOH ~ 2 J.L 2 1 2 ~Bn~eTC~ KO!l!leKT~BHbiM. 3TOM C!ly4ae 

A~aroHa!lbHbiH i2 = i4 4neH e I 141 ~en~eTc~ AOM~H~PY~~~M , ~ e Aa!lb-
HeHWeM np~BOA~TC~ TO!lbKO 3Ha4eH~~ gKo(g2qsiQag 2). 06e 
BblweyKaaaHHble np~4~Hbl MoryT np~eecT~ K CAB~ry KOpHeH ~~ 0 ypae
HeH~~ 1181 ~ K ~3MeHeH~~ CTPYKTYPbl COCTO~H~H. 

4~cneHHble peweH~~ ypaeHeH~~ I 181 ~ HaXOIKAeH~e 3Ha4eH~H C ~ 0 , 
D~2 q 3 npoBeAeM TaK IKe, KaK B/ 201.0AH04aCT~4Hble 3Hepr~~ 
~ eonHOBble !jlyHK~~~ noTeH~~ana CaKcoHa-BYACa pacc4~TaHbl c ~c

nonbaoeaH~eM napaMeTpoe,AaHHbiX e '231. KoHCTaHTbl cnap~eaH~~ ~ 
MYllbT~nOllb -MyllbT~nonbHbiX c~n Bb16paHbl TaK~M~ IKe, KaK e / 201• An~ 
KaiKAOH MY!lbT~nonbHOCT~ AJ.L =20,22,30,31 ,32 ~cnonbaoeaHo no n~Tb 
KOpHeH RPA -ypaeHeH~H. 

npoaHaJ1~3~pyeM, B KaK~X C!ly4a~X ~ KaK C~IlbHO HapywaeTC~ 
................... n ... ,,,.. .. .... ,.. .... ,.. ........ .., ......... ..., ., .... ...,~ ..... ...,,.. ............. Mr"'llnr '*'-U-LJ D'!li,..,.. ... ,...,.n .... .. 
.................... ...... J~'"' ................... ..... #0000'0401 .. ........ __ ,, ._.. ..... ''""'' ......... __ ..................... ---· ·- '9,'''. 
COCTO~H~~ C TaK~M~ AOM~H~py~~~M~ KOMnoHeHTaM~ B 169 Gd ~ lo Tb. 
3Hepr~~, y g -een~4~Hbl ~ Ha~60!lbW~e ABYXKBa3~4aCT~4Hble KOMnOHeH-
Tbl BOilHOBbiX !jlyHK~~,;i OAHO!j)OHOHHbiX AJ.Ii =221 , 3 01 COC TO~H~H B 
168Gd AaHbl e Ta6n. 1 . Pacc4~TaHHble 3Ha4eH~~ S Ko (gq I qg) ~ 
CAB~r~ ~Ko(qg) Ail~ 169Qd ~ l69Tb AaHbl B Ta6n.2. PaCCMOTp~M 
B 109 Qd COCTO~H~~ C Ko =712 ~ 112, o6pa3yeMble KBa3~4aCT~~eH 
Ha ypoeHe 521 t ~ raMMa-e~6pa~~OHHbiM !jloHOHOM. Kea3~4aCT~~a 
521f TaKIKe BXOA~T B HeHTPOHHY~ ABYXKBa3~4aCT~4HY~ KOMnOHeHTY 
521t 521+ !j)OHOHa A~ti =221. B peaynbTaTe cnoiKeH~~ npoeK~~,;i 

~Me eM 

Ko = Kn621t + J.L K n621t + (Kn621t + Kn621+ 7/2. 

Ko = Kn621t - J.L = Kn521t - (Kn621 t + K n621+ 1/2. 

B~AHO, 4TO e nepsoM cny4ae npoeK~~~ K n521 t He4eTHOH KBa3~4ac-

T~~bl ~ KBa3~4aCTH~bl B $OHOHe BXOA~T C OA~HaKOBbiM~ 3HaKaMH, 
4TO aanpe~eHO npHH~HnOM nayn~, a BO BTOpOM CilyYae - C pa3HbiM~ 
3HaKaMH, TO eCTb He HapywaR npHH~Hna naynH. no3TOMY Ail~ Ko = 
=112 nonpaBKH S Ko ='It ( g =221, q =521 ~ \qg) H 
,l K o ='It \ q =521 t , g =221 ) Ma!lbl. nonpaBKH He paBHbl HYil~ H3-3a 

6 

Ta6nHI~a I 

~ = ,.r. w~, MaB ~ CTpyKTypa woHoHa 

22! I,I8 IS 
hl'l 52! t 52! J 29/. 1111 642 t 660 t 161 
"" 523! 52! l nz pp 4II t 4II L 7! 

222 2,54 2 . !04 nn 642 t 660 t 72% rl11 52! t 52! J. 27i 

30! !,26 590 nn642t 523,1, 39% rz.n6sr t s2r t 2oz 
pp4I3 J. 532t 4% pp 4IIt 541 t 3' 

Ta6nm~a 2 

H :zl p o K.;r [N~i!AJ ®>-ri. s"· (2q 1q3) !:/.(1J)' Ma B 

7/2- 52If® 22! -0,34 !,8 
I/2- 52It ® 221 -O,OI 0,07 
7/2- 52If ®222 -0,27 O,I 
1/2- 52It ® 222 -I0-5 7·!0-5 

159Gd 
9/2+ 642f® 22! -o,·2 I,O 
I/2+ 642t® 22! 0 i 0 
- ·-~ b'f·2i w .::.::.:: I 
'::1/~' -u,·t.:: U,U7 
1/2+ 6421 ® 222 0 0 
3/2+ 52IT® 301 -0,22 1,3 

I59T6 

7/2+ 4IIT fll 221 -0,1 0,!2 
I/2+ 4IIt® 221 -0,0! O,OI 
3/2- 4IIf® 30! -0,6·!0-3 0,08 

HapyweHH~ npHH~Hna nayilH 3a C4eT HeKOTOpbiX 6onee cna6biX KOMnOHeHT 
$oKHOH~, AJ.Li =221, He yKaaaHHblx e Ta6n.1. An~ Ko =712 
S o'" ' 2 (g=221, q=521t I qg)=-0,34, a non~c t(521t) + w 
CAB~HYT Ha eenH4HHY ~Ko=7/2 (q=521f, g=221)=1,8 M3B. lionb~~~ 
CABHr nOil~Ca o6b~CH~eTC~ BbiCOKOH KO!l!leKTHBHOCTb~ COCTO~HH~ 
AJ.Li =221, TO eCTb Ma!lOH Be!lH4HHOH Y • 

An~ HeKonneKTHBHoro $oHoHa AJ.Li =f22 Y 222 e 10 3 6onbwe Y 221 • 
no3TOMY Ail~ COCTO~HH~ K~=712- 521t & 222 CABHr non~ca paBeH 
0,1 M3B, XOT~ HapyWeH~e np~H~Hna nayilH npHMepHO TaKoe IKe, KaK 
AilR COCTO~HH~ K~=712-, 521 t &221. CXOAHa~ CHTya~H~ HMeeT MeCTO 
AilR COCTORHH~ K~ =912+ 642 t & 222. An~ COCTO~HH~ K~ =312 + , 
521f &301 Ha6n~AaeTC~ 3aMeTHOe HapyweH~e npHH~Hna naynH H 6onb
WOH CABHr non~ca. An~ npHBeAeHHbiX e Ta6n. 2 cocTo~H~H 411 t & 221 

7 



1-1 411 t &301 B 169 Tb nonpaBKI-1 SK0 (gql qg) 1-1 CABHrl-1 /).Ko (qg) 
HeBenHKI-1. 3TO CBH3aHO C TeM, 4TO npOTOHHOe COCTOHHHe 411t BXO
AHT B Te KOMnOHeHT~ ¢OHOHOB 221 1-1 301 lSSQd,KOTOp~e HMe~T Man~~ 
sec. 

Ha 3THX npHMepax npoAeMOHCTpHpoeaHo, 4TO CABHr non~ca ceKy
nHpHoro ypaBHeHHH /18/ BenHK, ecnH npHH~Hn naynH B KOMnOHeHTe 
KBa3H4aCTH~a nn~C ¢OHOH BOnHOBO~ ¢YHK~HH /7/ HapyweH CHnbHO, 
1-1 cooTBeTCTBY~H~ ¢oHOH HBnHeTcH KonneKTHBH~M. CABHr non~ca 
B CTOpOHy 6onbWHX 3HeprHH B036ymAeHHH BeAeT K CABHry KOPHH 
f...~n CeKynHpHOrO ypaBHeHHH /18/. npl-1 6onbWHX CABHrax /).~ 0 co
CTOHHHe KBa3H4aCTH~a nn~c ¢OHOH MOmeT 6~Tb ¢parMeHTHpOBaHO no 
MHOrHM HAepHbiM ypOBHHM. npl-1 He60nbWOM HapyweHI-11-1 npHH~Hna 
naynH CABHr HeeenHK, OH MOmeT fi~Tb, HanpHMep, OTBeTCTBeHeH 
3a pac~enneHHe y-BHfipa~HOHH~X COCTOHHHH THna K0~2. 

4. AHAnH3 BH6PAUHOHH~X COCTOHHH~ B HE4ETH~X AE¢0PMHPOBAHH~X 
HAPAX 

npoaHanH3HpyeM HMe~~HeCH 3KCnepHMeHTanbHble AaHHble no BHfipa
~HOHH~M COCTOHHHHM B He4eTH~X Ae¢opMHpyeM~X HApaX 1-1 cpaBHHM 
HX c peaynbTaTaMH HaWHX pac4eTOB. OrpaHH4HMCH paccMoTpeHHeM 
raMMa-eHfipa~HOHH~X 1-1 OKTynonbH~X COCTOHHHH B He4eTH~X HApax. 
nonomeHHe C fieTa-eHfipa~HOHH~MI-1 COCTOHHHHMH B Ae¢opMHPOBaHH~X HA
pax Tpe6yeT AOnOnHHTenbHOrO H3y4eHHH. 4TOfibl He KOH~eHTPHPOBaTb 
BHHMaHHH Ha 3HeprHHX BHfipa~HO!iHbiX COCTOHHHH, M~ He fiyAeM 
HX noHBOnHTb. a nanHM cneHrH KOOHP.~ l'ln . FrniA .nniAHIIIAn n::~vnvt R 

. . Jl . • -

KOMnOHeHTaX KBa3H4aCTH~a nn~C ¢OHOH He HapyweH Hnl-1 HapyweH cna6o, 
TO AeHCTBHTenbH~ peaynbTaT~ pac4eTOB /7,8/, 

PHA Haa.16onee AOCToeepH~x 3KcnepHMeHTanbHbiX AaHH~x no Bl-16-
pa~HOHHbiM COCTOHHHHM B He4eTHbiX Ae¢OpMHPOBaHH~X HAPaX npHBeAeH 
B Ta6n. 3 1-1 4..:_ Mbl npHBOAHM TY OCHOBHy~ KOMnOHeHTY KBa3H4aCTH~a 
nn~C ¢OHOH, KOTOpaH onpeAeneHa Ha OCHOBe 3KCnepHMeHTa. npHee
AeH~ CABHrH ~eHTPOHAa 3HeprHH /).~ 0 1-1 a PHAe cny4aee 3Ha4eHHH 
~eHTPOHAa yKa3aHH~X KOMnOHeHT.B nocneAHHX CTOn6~ax 3THX TafinH~ 
CAenaH~ e~BOA~ o enHHHHH npHH~Hna naynH. 0Ho onpeAeneHo, ao
nepe~x. KaK o4eHb cna6oe, KOrAa npHH~Hn naynH MomHo He Y4HT~
eaTb, BO-BTOp~X, KaK HefiOnbWOe, KOrAa BHfipa~HOHHOe COCTOHHHe 
MOmeT Cy~eCTBOBaTb 1-1, B TpeTbHX, KaK CHnbHOe, KOrAa CABHr BenHK, 
1-1 COCTOHHHe KBa3H4aCTH~a nn~C ¢OHOH MOmeT fi~Tb ¢parMeHTHpOBaHO 
no HeCKOnbKHM HAePH~M ypOBHHM. 

06CYAHM BH6pa~HOHH~e COCTOHHHH B HApax, npeACTaBneHH~X B 
Ta6n. 3. CocTOHHHe K~ =3/2 + c 3HePrHeH 1 , 1 07 M3B a 166Sm TpaKTy
eTCH a 124/ KaK HMe~ee 6onbwy~ KOMnoHeHTY 521t e301. CornacHo 
HaWHM paC4eTaM B 3TOM Cny4ae npHH~Hn naynH HapyweH CHnbHO,I-1 
npH 3HeprHH 1,1 M3B MOmeT HaXOAHTbCH HefiOnbWaH KOMnOHeHTa co
CTOHHHH 521t &301. noCKOnbKY HeT npHM~X 3KCnepHMeHTanbH~X 
AOKa3aTenbCTB 6onbWO~ KOMnOHeHT~ 521t &301, TO HeT 1-1 HBHOrO npo
THBOpe4HH c TeopHeH. CocTOHHHe K~ =1/2+ c 3HePrHeH 0,517 M3B a 
161 Tb MOmeT HMeTb 6onbWY~ KOMnOHeHTY 411t & 221. 
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Ta6JIH~a 3 

3KcnepHU6HT Pacqe'!' BJIHfiHHe 
H .zt p o KoHrt>Hryp • BKJIM RPHH~na K"" • ;;~aeprHH 

~Ym!B ~ M&B • MaB ~Hri>. ayJIH 

!55 Srn 3/2+ I, 10? 24 52If~30I 2 CHJII>HOe 
I6ITb I/2+ 0,5!7 25 4I!t4'22I 33 0,02 H660JI:&ID06 
I59Ho 3/2- 0,3!2 26 523f~22I 97 O,OOI oqea:& cna6oe 
I65Ho 3/2- 0,5!4 27 523te22I 98 O,OOI Oti6Hl> CJIB60e 

II/2- 0,689 27 523fi122I 99 O,OI oqea:& cna6oe 

5/2+ 0,995 27 4IB~22I 0,2 !He6oJI:&moe 
I67Er 3/2+ 0,532 30,3! 633t~22I !2 O,OI ~qea:& cxa6oe 

TI/2+ 0,7II 30,3! 633tCI22I 98 0,4 ~e6ox:&moe 

I69Yb 3/2+ 0,720 ~2 6331(122! ~.or pqeu:& cxa6oe 

3/2- 0,660 ~2 52U~22I ~,5 PlrfJII>HOe 
I79 Hf 5/2+ !,004 ~3 624t~22I p,002 oqea:& cxa6oe 

B 159,186,187Ho 

CTOHHHH, nOCTpoeHHble Ha npOTOHHOM OAHOKBa3H4aCTI-14HOM COCTOHHI-11-1 
523t. npHH~Hn naynH OKa3~BaeT cna6oe BnHHHHe Ha COCTOHHHe 
K ~ =3/2- 1-1 11/2- 523 t 8 221 , TaKHe Ba.16pa~HOHH~e COCTOHHHH AOnm
H~ Cy~eCTBOBaTb, 4TO cornacyeTCH C HMe~~HMHCH 3KCnepa.1MeHTanbH~MI-1 
AaHH~MI-1. Ha COCTOHHHe K~ =5/2 + 411.. 8 221 y4eT npHH~Hna naynH 
OKaa~aaeT He6onbwoe Bni-1HHI-1e. CocTOHHI-1e K~=5/2 + c 3HeprHeH 
0,995 M3B B 165 HOAOnmHO COAepmaTb TaKme OOnbWY~ KOMnOHeHTY 
413•.nocKOnbKY MaTpi-14H~H 3neMeHT <413+IE21 411•>=3,6 cJ>M2 
aen1-1K, TO 3THM MOmHo o6DHCHHTb 6onbwy~ eepoHTHOCTb E2-nepexoAa 
C 3TOrO COCTOHHHH Ha COCTOHHHe 411 "'· 

HMe~TCH 3KcnepHMeHTanbHble yKaaaHHH 129/ Ha 6onbwy~ npHMecb 
KOMnOHeHTbl 523.8221 B COCTOHHI-11-1 K'tJ=1/2-c 3HeprHeH 0,920 M3B 
B 186 Er. Ha 3TY KOMnOHeHTY y4eT npHH~Hna naynH He OKa3~BaeT Bni-1H
HHH, no3TOMY AeHCTBHTenbH~ peaynbTaTbl pac4eToa 171. B 187Er 
HMe~TCH raMMa-ea.16pa~HOHH~e COCTOHHHH 633t8221 C Kn=3f2+ H 3Hep
rHeH 0,532 M3B H c K~=11/2+ 1-1 3HeprHeH 0,711 M3B. CornacHo pac-
4eTaM B COCTOHHHH 3/2+ 633 t &221 HapyweHHe npHH~Hna naynH Heee
nHKO. nepaoeK0=3f2+ COCTOHHHe HMeeT cneAY~~y~ CTPYKTypy: 
651t - 76%, 63Jt 8221 - 12%, 660t8 221 - 5%. 6onbwaH 4aCTb 
CHn~ COCTOHHHH 633t& 221 CKOH~eHTpHpOBaHa Ha cneAy~eM ypOBHe 
c K~ =3/2+. Cor nacHo 1801 cocTOHHHe K~=3/2 + c 3HePrl-1eH 0, 532 M3B 
CHnbHO B036ymAaeTCH B (d, d')-peaK~HH. EcnH y4eCTb npHMeCb KOM-
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3HeprHH OKOnO 1 M3B, H AOnmH~ cy~eCT808aTb KaK raMMa-8H6-
pai..IHOHHble COCTOfiHHfl. B COCTOfiHHH K'b =3/2+ 631+ ~ 221 npHHI..IHn 
naynH HapyweH CHnbHO, s (221' 631+ I 631 .. ,221)=-0,71' l..leHTPOHA 
3HeprHH nemHT 8~We 2 M3B, H 3TO COCTOfiHHe AOnmHO 6~Tb •parMeH
THp08aHO no HeCKOnbKHM ¥P08Hf!M. 

Ha COCTOfiHHe K~=1 /2+ 622t ~ 221 8 237 u npHHI..IHn naynH 8nHf!HHfl 
He OKa3~8aeT, 3HeprHfl 3TOrO COCTOfiHHfl COCTa8nfleT-1 M3B. HMe~TCfl 

3KcnepHMeHTanbH~e yKa3aHHfi 1371 Ha cy~eCT808aHHe cocTOfiHHfl K~ = 
5/2- 642.,. ~301 8 287 Np.npHH1.1Hn naynH Ha Hero He 8nHfleT. Cor nacHO 
pacl.leTaM nep80e K~=5/2- COCTOfiHHe HMeeT CTPYKTypy: 523 .j. - 85%, 
642t ~301 t_ 14%, 80 8TOpOM K~=5/2- COCTOfiHHH KOMnOHeHTa 
642t ~301 COCTa8nfleT 80%. 

Ha COCTOfiHHeKlf=1/2+ 622t ~221 8 289UnpHH1.1Hn naynH 8nHfiHHfl He 
OKa3~8aeT. TaKoe raMMa-8H6pal.IHOHHOe COCTOfiHHe Ha6n~AaeTCfl 3Kc
nepHMeHTanbHO. BnHfiHHe y4eTa npHHl.IHna naynH Ha cocTofiHHe Kg= 
=3/2+ 631 .. ~221 8enHKo, 8312 (221, 631 .. 1 631,. ,221) =-0,8. 3To npw 
80AHT K CA8Hry Ha 0, 4 M3B, H ero paCC4HTaHHafl 3HeprHfl npe8biWaeT 
1,5 M3B . .llnfl cocTofiHHfl K~=1/2- 631 .. ~301 8 289 u s112 (301, 
631 .. 1631 .. ,301)=-0,03, HO CA8Hr 3aMeTeH. Ha COCTOfiHHe K~=1/2-
6~1+Q301 8289pu y1.1eT npHHI..IHna naynH oKa3~8aeT cna6oe 8nHfiHHe, 
S 

12
(301, 631,. 1 631+, 301) =-0, 06. TaKHe OKTynonbHble cocTOfiHHfl 

AOnmH~ cy~eCT808aTb. 

Ta6nm~a 5 

fi ,11 p 0 'il K. KoHdmrypal.(l1R s"'"ttV~3) !Jz •. !.laB 

155 GJ.. 3/2- 65If ® 301 -0,45 2 
159 GJ. 5/2- 6421 ® 301 -0,43 1,5 
161Gd 5/2- 521L ® 221 -0,41 1,6 

7/2- 5211 ® 221 -0,40 I,? 
169Er· 

' :¥2.- 521~ ® 221 -0,48 2 
179 Ht 3/2- 510f ® 221 -0,54 2 
233 u 5/2 ... ?52t 4P 301 -0,90 3 
237 u 9/2 ... 633, ® 221 -0,54 1,2 
239 v 7/2 ... 743f II 301 -0,58 2 
239 Pu 3/2 ... 631L ® 221 -D,57 1,3 
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COCTOfiHHfl K8a3H4aCTHl.la nn~c .OHOH, 8 KOTOp~X HMeeT MeCTO 
cHnbHOe HapyweHHe npHHl.IHna naynH, npH8eAeH~ 8 Ta6n.5. 3TH 
npeACKa3aHHfl 6~no 6~ HHTepeCHO npo8epHTb 3KCnepHMeHTanbHO. 

TaKHM o6paaoM, aHanH3 3KcnepHMeHTanbH~x AaHH~x no 8H6pai..IHOHH~M 
COCTOfiHHfiM 8 A- Hel.leTHbiX Ae.opMHpo8aHH~X fiAPaX He npOTH80pe4HT 
paC4eTaM. 8 KOTOp~X Y4TeH npHHLIHn naynH 8 KOMnOHeHTaX K8a3H-
4aCTHl.la nn~c .OHOH 80nH080H .YHKI..IHH /7/. 

5. 3AKJ1104EHHE 

HccneA08aHHe HHmaHWHX 8H6pai..IHOHH~X COCTOfiHHH 8~nonHeHO C 
8onH080H .yHKI..IHeH /7/, COAepma~eH OAHOK8a3H4aCTH4H~e H K8a3H4ac
THlla nn~c .OHOH KOMnoHeHT~. ,llnfl 8~4HCneHHfl •parMeHTal.IHH COCTOfi
HHH K8a3H4aCTHl.la nn~c .OHOH 80nH08Y~ .YHKLIH~ /7/ He06XOAHMO 
AOnonHHTb KOMnoHeHTaMH K8a3H4aCTHl.la nn~c A8a •OHOHa. BnHfiHHe 
Ha HH3KOnema~He COCTOfiHHfl A06a8neHHfl TaKHX KOMnOHeHT K BOnHOBOH 
.YHKLIHH /7/ HCCneAOBaHO a/4l~noKa3aHO, 4TO BKnaA KOMnOHeHT 
KBa3H4aCTHlla nn~C ABa .OHOHa B HOpMHpOBKY BOnHOBOH .YHKLIHH He 
npeBbiWaeT 1% Anfl COCTOfiHHH C 3HeprHeH MeHbWe 0, 5 M38 H 3% Anfl 
COCTOfiHHH C 3HeprHeH MeHbWe 1 M3B. Y4eT 3THX KOMnOHeHT npHBOAHT 
K yMeHbWeHH~ Ha (1-5)% AOMHHHPY~~eH KOMnOHeHT~ BOnHOBOH .YHK
l.IHH H K He60nbWOMY 3HepreTH4eCKOMY CA8Hry. Ponb KOMnOHeHT K8a-
3H4aCTHl.la nn~C A8a .OHOHa y8enH4HBaeTCfl C pOCTOM 3HeprHH B036ym
AeHHfl, OHa 3Ha4HTenbHa 8 fiApax nepeXOAH~X o6nacTeH. BKnaA KOM
noHeHT KBa3H4aCTHl.la nn~c ABa •oHoHa cneAyeT Y4HT~eaTb npH e~-
••urnouu .... uonnT~tii.AI"\L.JLILIV rnrTnc=IIUIAIA o A -uDIJOTULIV n,:a.thnnUIAnnCI~UL.JLIV ···- .. ·-······ . ·-.--. -...,··-····-··' ---. -··· ..... - -- ··- ·-. '·-·· . ...,- ...... -,.. .... ,.. ---· ... _ ... 
f!Apax c 3HeprHeH e~we (1,0-1 ,5) M3B. Y4eT 3THX KOMnoHeHT He npH-
80AHT K cy~eCTBeHHOMy H3MeHeHH~ nony4eHH~X HaMH peaynbTaTOB. 

H3y4eHHe HH3Konema~HX BH6pal.IHOHH~X COCTOfiHHH B A-He4eTH~X 
Ae.opMHP08aHH~X fiAPaX B paMKaX KBa3H4aCTH4HO--OHOHHOH MOAenH 
fiAPa no3BOnfleT CAenaTb cneAY~~He B~BOA~· Ha OCHOBaHHH Y4eTa npHH
LIHna naynH COCTOfiHHfl K8a3H4aCTHlla nn~C .OHOH pa306beM Ha TPH 
rpynn~. K nepBOH OTHeCeM TaKHe, 8 KOTOP~X npHHl.IHn naynH He 
HapyweH HnH HapyweH cna6o. ,llnfl HHX eepH~ paHee npoeeAeHH~e pac-
4eTbl. Ko BTOPOH rpynne OTHeCeM COCTOfiHHfl, B KOTOp~X HMeeTCfl 
3aMeTHOe HapyweHHe npHHLIHna naynH. CooTBeTCT8Y~HH 3HepreTH4ec
KHH CABHr MOmHO Ha6n~AaTb 3KCnepHMeHTanbHO. 8 06eHX 3THX rpyn
nax AOnmH~ Cy~eCT80BaTb COOT8eTCTBY~~He BH6pal.IHOHH~e COCTOfiHHfl, 
K TpeTbeH rpynne OTHeCeM COCTOfiHHfl, 8 KOTOP~X npHHl.IHn naynH 
HapyweH CHnbHO. B peaynbTaTe HX l.leHTpOHA~ 3HeprHH CABHra~TCfl 
Ha (1-2) M3B 8 CTOpOHy 8~COKHX 3HeprHH. TaKHe COCTOfiHHfl, KaK 
npaeHno, AOnmH~ 6~Tb •parMeHTHpoeaH~ no HecKonbKHM ypoBHfiM. 

,llnfl B~fiCHeHHfl OC06eHHOCTeH BH6pal.IHOHH~X COCTOfiHHH B A-He4eT
H~X Ae.opMHPOBaHH~x f!Apax Heo6xoAHMO npoeeAeHHe AanbHeHWHX 
3KCnepHMeHTanbH~X HCCneAOBaHHH paanH4H~MH MeTOAaMH, B TOM 4HCne 
c noM~b~ paccefiHHfl Tflmen~x HOHOB. 
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ConoBbeB B.r., HecTepeHKo B.O., BacTpyKoB C.H. P4-82-531 
0 BH6pa~HOHHb~ COCTOHHHHX B HeqeT~ Ae~opMHpOBaH~ HApax 

B paMKax KBa3HqacTHqHo-~OHOHHOH MOAenH nonyqe~ ypaBHeHHH 
AnH OllHCaHHH BH6pa~OH~ COCTOHHHH HeqeT~ Ae~opMHpOBaHHb~ 
HAep, B KOTOp~ yqTeH npHH~Hn llaynH B KOMnOHeHTaX KBa3HqacTH~a 
nniDC ~OHOH BOnHOBOH ~YHK~. llOKa3aHo,qTO eCnH B 3THX KOMllOHeH
TaX npHH~Hn llaynH He HapymeH HnH HapymeH cna6o,To MoryT c~ecT~ 
BOBaTb COOTBeTCTBym~e BH6pa~HOHHble COCTOHHHH B HeqeT~ HAPaX. 
EcnH Ee B COCTOHHHH KBa3HqacTH~a llniDC ~OHOH npH~Hll llaynH 
HapymeH CHnbHO, TO ~eHTPOHA 3HeprHH 3TOrO COCTOHHHH CABHraeTCH 
B CTOpOHY B~COKHX 3HeprHH, H COCTOHHHe MOEeT 6~Tb ~parMeHTH
pOBaHO no HeCKOnbKHM ypOBHHM. llOKa3aHO, qTO 3KCnepHMeHTanb~e 
AaH~e He npoTHBopeqaT pe3ynbTaTaM pacqeTOB • 

Pa6oTa B~OnHeHa B na6opaTOPHH TeopeTHqecKOH ~3HKH OHHH. 

Soloviev V.G., Nesterenko V.O., Bastrukov S.I. 
On Vibrational States in Deformed odd-a Nuclei 

P4-82-531 

The equations for the description of vibrational states in 
deformed odd-·A nuclei are obtained within the quasiparticle
phonon nuclear model. In these equations the Pauli principle is 
taken into account in the quasiparticle plus phonon components 
of the wave functions. It is shown that if in these components 
the Pauli principle is not violated or is slightly violated, 
the corresponding vibrational states may exist in deformed 
odd-A nuclei. If the Pauli principle is strongly violated in 
the quasiparticle plus phonon state, its centroid energy is 
shifted towards higher energies, and it can be fragmented 
over several levels. The analysis of the available experimental 
data on the low-lying vibrational states in deformed odd-A nuc
lei has shown that the experimental data do not contradict 
the results of these calculations. 

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