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KBTHfiOB8 B., K&Jp'leB r. Manoa n.A. P4 - 11583 

Q BnBHHHB anrapMOHH'IHOCTH B H30BeKTOpHb~ CHn Ha CTpyKTypy 
BH3KoneJK8JllHX COCTOHHHlt C 1{" =0+, 2+, 0-, ~- B 'leTHQ-'IeTHbiX 

ae~opMHPOBSHH&IX napaX 

Hccneaoaaao anaaaae anrapMOKB'IHOCTH H aaoaeKTopnwx can aa aa6pa-
UHOHH&Je COCTO!IHHH Hllep !&4 Sm, IBBEr, 228 Th, 238U, 240Pu. llaH&J OUeHKB 

:ana yaena'leHHH npaaeaeanoli aepoHTHOCTR sneKTpoMarnaTHbJX nepexoaoa a, 

COOTBeTCTBeHHO, KonneKTHBHOCTH ana HH3KOneJK81llHX COCTOSIKHli, PaCCMOTpeHO 

BnHHKHe o60HX s¢¢eKTOB Ka CTpyKTypy nepB&IX H BTOp&IX BH6paUHOHHbiX COC­
TOHHHlt C K" -=0+, 2+, 0-, 1 -. 

Pa6oTa B&Jnonneaa B na6opaTOPRB TeopeTH'IeCKOli ~H3RKR OH.SIH. 

Coo6meaae 06'beJlaaeuuoro IIHCTKTyTa naepHbiX accneJlOBaHall. lly6aa 1978 

Kitipova v., Kyrchev G,, Malov L.A. P4 - 11583 

On the Influence of Anharmonicity and Isovector Forces 
on the Structure of Low-Lying States with K" .o+, 2 -+;o-:1-
in Even-Even Deformed Nuclei 

The influence of anharmonicity and isovector forces on vibra-
tional states of 1&4 Sm, 166Er , 228Th, 238U, 240 Pu nuclei is 
investigated, The estimates for increasing the reduced probability 
for electromagnetic transitions and, respectively, collectivities for 
low-lying states are made. The influence of both effects on the 
structure of the first and second vibrational states with K17 aO+, 2+, 
o-; 1- is considered, 

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

Communication of the Joint Institute for Nuclear Research. Dubno 1978 
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MHO)I(eCTBo 3KcnepHMeHTanLHhlX cllaKTOB, Kacaro~HXC.H 
CITeKTpa HH3KOne)l(a~HX COCTO.HHHH qeTHO- qeTHhlX CcPepHqec­

KHX .H~ep, CBH~eTenLCTByeT 0 HapyweHHH npOCThlX 3aKOHO­

MepHOCTeH, cne~yJO~HX H3 MO~enH rapMOHHqecKHX KOne6a­

HHH. 06hlqHo 3TH ~aHHhle 3KcnepHMeHTa HHTepnpeTHpyroT, 

HCXO~.H H3 npe~CTaaneHH.H 0 B3aHMO~eHCTBHH KOne6aTenLHhlX 

H ~BYXKBa3HqacTHqHbJX CTeiTeHeH CB060~hl, T .e. B paMKaX 

KBa3HqacTHqHo-cPOHOHHOH MO~enH. 

B ~ecllopMHpoaaHHhlX qeTHo-qeTHhlX .H~pax K HacTo.H~e­
MY BpeMeHH HeT CTOnL O~H03HaqHbJX yKa3aHHH Ha CB.H3L 

BH6pan;HOHHhlX H KBa3HqacTHqHhlX BeTBeH B036y)l(~eHHH, 
HMeJOTC.H nHWL nepBhle ~aHHhle 0 cy~eCTBOBaHHH ~BYXcPOHOH­

HhlX COCTO.HHHH I 
1 • 2 ~ HMeHHO IT03TOMy 06hlqHo HH)I(HHe BH6-

paD;HOHHhle COCTO.HHH.H TaKHX .H~ep paccqHTLIBaJOTC.H B rap­

MOHHqecKOM ITpH6nH)I(eHHH/
3 

•41 . 

TeopeTHqecKHe Hccne~oaaHH.H aHrapMOHHqecKHx 3cP­

clleKToa* B qeTHo-qeTHhlX ~ecPOpMHpOBaHHhlX .H~pax 6hlnH 

HaqaThl ~aaHo 151 
· B pa6oTax 161 

HJyqeHhl o6~He 3aKoHoMep­

HOCTH H3MeHeHH.H 3HeprHH H CTpyKTYPhl HH)I(aHWHX B036y)l(­

~eHHhlX COCTO.HHHH npH yqeTe aHrapMOHHqHQCTH. lihlnH 

HCITOnL30BaHhl BOnHOBLie !lJYHKD;HH, B KOTOphlX K COOT­

BeTCTByJOID;eH O~HO!lJOHOHHOH KOMITOHeHTe ~o6aaneHhl ~BYX­
cPOHOHHhle. PacqeThl noKa3anH, qTo aHrapMOHHqecKHe 3cP­

clleKThl HeaenHKH, HO OHH yaenHqHBaJOTC.H ITO Mepe ITpH6nH­

)I(eHH.H K .H~paM nepexo~HOH o6nacTH. B pa6oTax
17 

•81 npH 

H3yqeHHH 3cPcPeKTOB aHrapMOHHqHQCTH BMeCTO ITOTeHD;Hana 

*· llo~ aHrapMOHHqHOCTLIO ITOHHMaiOTC.H 3cPcPeKThl,reHe­

pHpyeMLie B3aHMO~eHCTBHeM KBa3HqaCTHD; C cPOHOHaMH. 

3 



HBnLccoHa scnonL3yeTCJI 6onee peanscTH'IeCKHii noTeH~Han 
By,u;ca-CaKcoHa H HecKonLKO 6onee cno)I(HaJI sonsosaJI 

cilYHKJUIJI, 'leM B 161 . lihlno noKa3aHo
17 

•
81

• ,u;nJI JI,u;ep H3 o6nac­

Te:ii 150< A < 190 H 228 <A< 240, 'ITO nepBhle BH6pa~HOH· 
Hhle COCTOJIHHJI C K 77 .fo 0 + 6nH3KH no CTPYKType K O,IJ;HO· 

clloHOHHhiM. AHrapMOHH'IeCKHe 3cllclleKThl Ha'IHH8.10T 'leTKO 

npOJIBnJITLCJI B CTpyKType BTOphiX H 6onee BhiCOKHX COCTOJI-

HHH. 

B pac'leTax, BhlnonseHHhiX B 
16 -8~ He y'IHThiBanHcL 

H30BeKTOpHhle KOMnOHeHThl MynLTHnOnL • MynLTHnOnLHhiX 

B3aHMO,IJ;eHCTBHH. lf3BeCTHO, 'ITO COCTOJIHHJI JI,D;pa C npoMe· 

)KYTO'IHOH H BLICOKOH 3Heprse:ii B036y)K,IJ;eHHJI, B 'laCTHOCTH, 

rHraHTCKHe pe30HaHCLI pa3nH'IHLIX MynLTHnOnLHOCTeiiHe· 

B03MO)KH0 npaBHnLHO OnHCaTL 6e3 y'leTa B30BeKTOpHhiX 

CHn. 

B pa6oTax 16 - 81 uccne,u;osanocL snHJIHHe aHrapMOHH'I­

HOCTH Ha CTpyKTypy BH6pa~HOHHLIX COCTOJIHHii, O,IJ;HaKO He 

paCC'IHThiBanHCL sepOJITHOCTH nepeXO,IJ;OB C 3THX COCTOJI-• 

HHH. 

UenL HaCTOJI~eii pa6oTLI H3y'leHHe COBMeCTHOrO 

BnHJIHHJI aHrapMOHH'IHOCTH H H30BeKTOpHLIX CBn Ha 3HeprH10, 

CTPYKTYPY H sepoJITHOCTH nepexo,u;os HH3Kone)Ka~Hx cocTOJI­

Hs:ii c K" =o+, 2+. o-. r. 
,lJ;nJI paC'IeTOB 6Lin HCnonL30BaH raMHJILTOHHaH, BKniO'Ia­

IO~HH cpe.u;Hee none, CHJILI, npsso,u;JI~He K napHhiM Kop­

penJI~HJIM csepxnposo,u;JI~ero THna, a TaK)Ke KBa.u;pynonL­

Ksa,u;pynonLHLie H OKTynonL·OKTynonLHhle OCTaTO'IHLie B3a­

HMO,IJ;eHCTBHJI: 

H ""Hav + Hpair + H Q • /1/ 

Ilocne npose,u;eHHJI KaHOHH'IecKoro npeo6pa3oBaHHJI lio­

ronro6osa H BBe,IJ;eHHJI on epa TOpOB cilOHOHOB OCHOBHYIO 'laCTL 

raMHnLTOHHaHa /1/ MO)KHO 3anHCaTL B BH,IJ;e: 

H-Hv+Hvq""~ wgQ+gQg_.l.~! ~,rg,(n)x 
g 2 g ss ss 

X [ B ( ss , )(Q + + Q )+ h . c . ] + ~ r g, ( p )[ B ( r r , ) X 
g g rr' rr 

4 

~, 

x(Q+ +Q )+h.c.ll+ 
2
1 ~Gr[ ~ V U,, ~a x 

g g r vv' vv v v a 

x a+ a+ ~ 
v-a va a 

a+, , a , , + h ,c. ]r. 
v a v a 

/2/ 

3,u;eCL (sa) - COBOKynHOCTL KBaHTOBhiX 'IHCen, xapaKTepH-

3YIO~X He:iiTpOHHhle O,IJ;HO'IaCTH'IHhle COCTOJIHHJI, (r a ) 
xapaKTepH3YIOT npOTOHHYIO CHCTeMy, a (va )- o6e CHCTeMhl; 

a =t.1; Gr - KOHCTaHTa cnapHBaHHJI ,IJ;nJI HeiiTpOHHOH HnB 

npOTOHHOH CHCTeM; 

u (±), .. u v , ± u , v 
vv vv v v 

v (± ~ .. u u , ± v v , 
vv vv vv· /3/ 

Q+ , Q g - onepaTOpLI po)K,IJ;eHHJI H YHH'ITO)KeHHJI ciloHOHa 

g g C MOMeHTOM H npoeK~He:ii q '"" A J1 , HOMepOM i 
H 'laCTOTOH w g . 

(-) 
g v , q r ,(n)z ss f (ss') 

ss 2-.jY 
g 

r g, 
rr 

v<-) 
(p)- _rr_ yg f q(rr'), 

2 .[Yg p 

/4/ 

r,u;e fq (vv ') - O,IJ;HO'IaCTH'IHhiH MaTpH'IHhiH 3neMeHT one-

paTopa MYJILTBnoJILHOCTH q; Y H y g - xapaKTepscTHKH 

clloHoHa /cM/ 91 /,a q P 

B(ss') = ~ a!aas'a· 
a 

/5/ 

BTopo:ii H TpeTHH 'IJieHhl B /2/ CBJI3aHhl C B3aHM.O,IJ;e:iiCT· 

BHeM KBa3H'IaCTH~ C ciloHOHaMH. lJOCKOJILKY BTOpOH 'lneH 

npOHCXO,IJ;HT H3 H Q , TO B Hero BXO,IJ;JIT B HeJIBHOM BH,IJ;e 

KOH~TaHThl MYJILTHnOnLHOrO B3aHMO,IJ;eHCTBHJI K~,\ ), K~,\) 
H K!p> . EcnH raMHJILTOHHaH H Q 6y,u;eT 3anscaH B H3~To­
ns~ecKH swapHaHTHOM BH,IJ;e I cM/

31 I' TO B~eCTO IS~) 
K ( ) H K ( ) B HeM nOJIBJITCJI KOHCTaHThl K( ) B K{ ) n np 1 0 • 

5 



KOTOpble Bblpa)KaiOTC.II 'lepe3 npe)KHHe KOHCTaHTLI CJieAyiO· 

~M o6pa3oM: 

(A) (A) (A) (A) 
Kn • Kp •Ko +K 1 

K(A) zK(A)_K(A) 
np 0 1 • 

161 

0) u u 

rAe K O Ha3LIBaeTC.II H30CKaJI.11,fHOH KOHCTaHTOH MYJIJ.TH-

nOJibHOrO B3aHMOAeHCTBH.II, a K)) - H30BeKTOpHOH. 06LI'IHO 

npH pac'leTe HH)KaHWHX COCTO.IIHHH npHHHMaeTC.II K~A) ,. 0 !7 ,~/ 
T.e. OCTaTO'IHOe B3aHMOAeHCTBHe npeAnOJiaraeTC.II 'IHCTO 

H30CKaJI.IIPHhiM. TorAa 

K(A),.K(A),.,K(A) = K (A) 
n p np · 

171 

B HaCTO.IIIUeii: pa6oTe MLI HCCJieAyeM BJIH.IIHHe H30BeKTOPHLIX 

CHJI (K~) I. 0) Ha CBOHCTBa HH)KaHWHX BH6pa:UHOHHLIX 
COCTO.IIHHH. 

BOJIHOBYIO l}lyHKUHIO B036y)I(AeHHOro COCTO.IIHH.II 3anHWeM 
B BHAe: 

1P (K
17 

),.[I en 1 Q+ .+-~I D~1 g2 (q0n)Q+ Q+]'P
0

,181 
n i qo qo 1 y2 g

1
g

2 
g1 g2 

rAe n - HOMep B036Y)I(AeHHOro COCTO.IIHH.II, Qg '1'0=0, K -
npoeKUH.II CnHHa Ha OCb aCHMMeTpHH, 17""'- (-l)Ao , /1 O,. K . 
YCJIOBHe HOPMHpOBKH BOJIHOBOH l}lyHKUHH BLirJI.IIAHT TaK: 

I (en. )2+ I [Dg1g2(q n)]2 "'1. 
i qol g1g2 0 191 

fiOCKOJILKY paC'IeTLI BLinOJIHeHLI AJI.II HH)KaHWHX BH6pa­

UHOHHbiX COCTO.IIHHH, B BOJIHOBOH l}lyHKUHH 181 B CYMMe no 

Y'IHTLIBanocL JIHWL no 3 nepBLIX l}loHoHa AJI.II Ka)KAOH 

H3 MYJILTHnOJILHOCTeii: AfJ. , KBaApynOJILHLie H OKTynOJILHLie 
u n g g /10/ I}IOHOHLI. JIBHhiH BHA eq 

01 
H D 1 2AaH B . 

6 

... 

.. 

,lJ;JI.II Bbi'IHCJieHH.II npHBeAeHHbiX BepO.IITHOCTeH 3JieKTpH­

'IeCKHX nepexoAOB B (E A) 6biJI ucnoJIJ.30BaH anna paT ,pa3-

pa6oTaHHbiH B/3 /. qT06bl nOC'IHTaTJ. B(E A), Mbl HCnOJIJ.• 

30BaJIH Bblpa)KeHHe: 

B(EA),.;\('l'o\1 'lRI\'Pn(K17 ))\2. 1101 

rAe onepaTop 3JieKTpH'IecKoro nepexoAa m coAep)KHT AByx­

l}loHOHHble KOMnoHeHTbl I eM. 131 I, a AJI.II IP (K 17 
) ucnoJIJ.-

3oBaHa BOJIHOBa.ll l}lyHKUH.II 181. TorAa AJI.II B(EA) nonyqaeT­

C.II CJieAYIOIUee Bblpa)KeHHe: 

en . . 
B(EA)•\ I qoi [yqaxqCIJl (p)(l+eerr )+ 

1 yY . P 
Ql 

+Xqoi (n)e rr]+ I pgg'(q0 n)[UNqgg; ee!! + 
e gg o 

, 

+ U Pqgj (1 +ee!! )]\2 

UNgg' .l. I VC-}fq0 (ss')(¢g: 
qoi 2ss's" ss ss 

rf! g_, + 

+ rf! ~: 
s s 

+ ¢ g' 
ss ,, 

, 

¢ g,, , 
s s 

-
rjJ g,, , 

s s 

-g g 
- "' , ,, ¢ ,, s s s s 

s s 

-;: g' 
't' , ,, 

s s 
~ g, 

s s 
- g' -- rf! , ¢ g, , . + 

ss s s 

- g' g 
+ ¢, rf!, 

ss s s 

g' -g 
"' , ,, ¢ ,, s s s s 

). 

1111 

1121 

Pac'leTbl 6biJIH npoBeAeHbl AJI.II HeKOTOpbiX peAK03eMeJIL­

HbiX .IIAep H aKTHHHAOB. JIApa 154 Sm H 238 U YCJIOBHO MO)KHO 

C'IHTaTL THnH'IHbiMH npeACTaBHTeJI.IIMH ABYX 06JiaCTeH 

Ael}lopMHpoBaHHbiX 'leTHO·'IeTHbiX .IIAep. JIAPO 
166

Er npeA­

CTaBJI.IIeT cneuHaJILHLIH HHTepec, nOCKOJihKY 3HeprH.II ero 

nepBOrO f3 ·BH6paUHOHHOrO COCTO.IIHH.II cpaBHHMa C 3Hep­

rHeH ABYXI}IOHOHHOrO BH6paUHOHHOrO COCTO.IIHH.II C K 
17 

"' o+ . 

7 



B pe3ynLTaTe nony'laiOTCJI cpaBHHTenLHO oonLmHe npHMecH 

,nsyxliloHOHHoro cocTOJIHHJI B 0 + I cM.I61 I. PaccMoTpeHo 

TaiOKe JI,D;po 
228 Th, y KOToporo HHTepec npe,D;cTaBnJieT 

nepsoe O+ COCTOJIHHe, HMeiO~ee nO'ITH 'IHCTYIO ,nsyx4lo· 

HOHHYIO CTPYKTypy. Pac'leTLI 6LinH C,D;tmaHLI H .D;nJI 240Pu, 

,D;llJI KOTOporo y~e HMeiOTCJI 3KCnepHMeHTanLHLie ,D;OKa3a· 

TenLCTBa 0 C~eCTBOBaHHH ,D;BYXIilOHOHHOrO OKTynonLHOrO 

BH6palUIOHHOrO COCTOJIHHJI /2 I. 

KoHcTaHTLI Gr H na&aMeTpLI noTeHu;Hana By,D;ca-CaK­

coHa B3JITLI H3 /11( )l;nJI K O ) HCnOllL30BaHLI 3Ha'leHHJI, KOTO­

pLie npHBO,D;JIT K npaBHllLHOMY OnHCaHHIO 3HeprHi nepBLIX 

BH6paD;HOHHLIX COCTOJIHHH e err -0.1. Pac'leTLI npoBO,D;HllHCL 

C ,D;BYMJI 3Ha'leHHJIMH H30BeKTOpHO~ KOHCTaHTLI K~) - 0 
H K~A) -1.5KbA>. BTopoe 3Ha'leHHe K ~ ) no3BOnJieT xopomo 

OnHCaTL nono~eHHe H30BeKTOpHLIX rHraHTCKHX pe30HaHCOB 

c A = 1,2 ,3. B 111a6A. 1-5 npHBe,D;eHLI 3HeprHH, sepoJITHOCTH 

3lleKTpH'IeCKHX nepeXO,D;OB H CTpyKTypa nepBLIX H BTOpLIX 

aH6palUIOHHLix cocToJIHHi .D;nJI K77 =o+ 2 + o - 1 - . B . . . 
KOllOHKe "CTpyKTypa" 3anHCaHLI O,D;HO· H ,D;BYXIilOHOHHLie 

KOMnOHeHTLI (A/! i) .. >. H . (A1/lt i l• A 2JL 2 i 2 ) H HX BKlla,D;LI 

(CfoJloi ) 2 H [ D"lJltl r'21l212 (A0 Jlo i)] 2 
B COCTOJIHHJI 'II n (K 17

) 

181. 
PaccMOTPHM nocne,D;oBaTenLHO BllHJIHHe o6oHx 3414leKTOB 

laHrapMOHH'IHOCTH H H30BeKTOpHLIX CHnl Ha CBOHCTBa 

H~aHWHX BH6pao;HOHHLIX COCTOJIHHH B 'leTHO·'IeTHLIX JI,D;pax. 

B pa6oTax 16-8·121 aHanH3HposanocL BnHJIHHe Ka~oro 
H3 3THX 3414leKTOB He3aBHCHMO, n03TOMy nOBTOpHM HeKOTO· 

pLie pe3yllLTaTLI 3THX pa6oT. 

B pa6oTe 
1121 

noKa3aHo, 'ITO HaH6onee cy~ecTBeHHLIM 
pe3yllLTaTOM BllHJIHHJI H30BeKTOpHLIX CHll Ha CBOHCTBa 

HH~aimHX BH6paD;HOHHLIX COCTOJIHHH, paCC'IHTaHHLIX B rap­

MOHH'IeCKOM npH6n~eHHH, JIBllJieTCJI yBellH'IeHHe Kon­

neKTHBHOCTH 3THX COCTOJIHHH. llpHBe,D;eHHLie BepOJITHOCTH 

EA -nepeXO,D;OB B OCHOBHOe COCTOJIHHe npH K(~)--1.5K~) 
B03pacTaiOT Ha 40-500/o no cpaBHeHHIO co cnyqaeM, Kor,D;a 

Y'fHTLIBaeTCJI TOllLKO H30CKanJipHaJI KOMnOHeHTa OCTaTO'I­

HLIX MYllLTHnOnLHLIX CHll. 

, Y'leT aHrapMOHH'IHOCTH ,D;nJI H3ocKanJipHLix llloHOHOB 
( (/\) 0)/6-8/ u K1 = npHBO,D;HT K nOH~eHHIO 3HeprHH H~aHWHX 

COCTOJIHHH Ha 100-300 K3B no CpaBHeHHIO C 3HeprHei 

lilOHOHOB, paCC'IHTaHHLIX B rapMOHH'IeCKOM npH6nH~eHHH. 
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Ta6Aut~a 2. 

HIDKHHe BH6pa:QHOHHhle cocTO.HHH.H 166 Er 

0 !I H T p a c tl e T 
K" K~A) a 0 K~A),.-1,5 n E, J.I3B B(E ft) 

E,M3B B(E>.) C T p y K T y p a, % E,M3B B(E>.) C T p y K T y p a, ~ 

(201)62; (221,221)32 (20I)64;(22I,22I)30;(203)3 

o± I.460 I.3 O.I (203 )3; (30! ,30! )I I.3 O.I (30I,30I)2 
(203)45; (20I)23 (203)5I; (22I,22I)2I 

o+ 2.187 1.8 0.02 (221,221)20; (202)12 1.8 0.03 (201)20; (202)7 
2 (22I)93; (201,221)5 (22I)94; (201,22I)¥ 

2+ 0.786 5.3 0.8 2.8 (203,221)1 0,8 4.5 (203,221)1 
I (222)98; (201,201)1 (222)99 

2+ 2.0 O.I 2.0 O.I 2 
(30!)94); (20! ,301 )4 (301 )94; (201 ,301 )3; 

o- 1.663 3.0 ' 1.6 2.6 1.6 4.3 (203,30I)I 
I 

(302)98 (302)98 
o- 2.2 0.6 2.2 0.8 2 

(3II )90; (312 )4 (3II)85; (312)6; (221,311)4 

Ir I.830 I.8 I.I (22I,3II)2; (22I,3I2)1 I.? 2.2 (22I,3I2)2 
(312)88; (3II)6; (312)85; (311)10; 

1z 2.0 o.s (22I,31I)1; (3I3)I 2.0 0.8 (22I,3~1)I; (313)1 

Ta6Aut~a 3. 
HH:>KHHe BH6pa:QHOHHhle COCTO.HHH.H 

228 Th 

0 !I Ill T 

K~)=o 
p a c q e T 

(A) 
K 1 .. -1,5 

E,M3B B(E~) E,M3B B(E i1 ) C T p y K T y p a, % E,.II3B B(Ei\ ) C T p y K T y p a,% 
(30!,30!)90; (20I)7 30I,301)79; (201)I9 

0.830 0.9 O.I (202)2 0.9 0.3 202)1 
{20I)82; (301,30I)8 

I 1'20! )58; (301 ,301 )20 
1.2 I.O (311,311)5; (22I,22I)4 I.2 0.8 K31I,31I)7; (221,221)5 

(221)89; (301,321)6 ;,221)87; (301,321)7 
p.977 0.9 3.5 (3I1,3II)2; (203,221)I 0,9 4.4 (3II,3II)3 

(3I1,31I)94; (301,321)3 (31I,31I)91; (30I,32I)6 
f1..620 1.6 0.04 (222)I; (22I)I I.6 O.I ,,222)2; (22I)I 

(30!)97 (30I)95; (20I,30I)2 
p.328 0.4 9.2 0.4 12.4 (221,32I)I 

(20I ,301 )99 (20I,30I)98; (30I)2 
I.? 0.05 I.? 0.2 

(31I)97; (22I,3II)2 (3II)94; (22I,31I)3 
p.740 0.7 9.1 (201 ,3II )I 0,7 13,0 (20I,3II)3 

(3I2)9I; (20I,311)8 (3I2)93; (20I,31I)6 
I.S 0.2 I.B O.I 
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Ta611ul#a 4 • 
HIDKHHe BH6pa:u;HOHHble COCTOJIHHJI 

238 U 

p a c q f" T 

K iA) • 0 K iA) = -1.5K~) 
B(E~ ) C T p y K T y p a, % E,M3B B(EA) C T p y K T y p a , % 

(201)95; (301,301)4 (201)93; (301,301)6 
0.4 (201 ,20I)I I.I 0.3 

(301 ,301 )9I; (203 )5 (30I,30I)85; (203)9; (20I)6 
0.002 (20I)4 I.4 0.002 

(22!)98; (30I,321)2 (22I)98; (30I,32I)2 
2.7 I.O 3.4 

(222)100 (222)100 
O.I 1.4 O.I 

(30I )99 (301)99 
?.I 0.7 9.2 

(302)100 (302)IOO 
0.2 I.? O.I 

(3II)IOO (3II)99 
3.1 0.9 4.8 

(3I2)99 (3I2)99 
I.2 I.? I.3 

,.--------------------------------------- .. -----------------

Ta6Aut~a 5. 
HIDKHHe BH6pa:u;HOHHble cocTOJIHHJI 

240 Pu 

0 n 1>1 T p a c 'q e T 
(A) (A) 

K" tA) O 
n E,M3B B(E i' ) 1(1 '"' 1(1 .. -1.51( 0 

E,M3B B(E fl ) C T p y K ~ y p a, % E,M3B B(E;! ) C T p y K T y p a, % 
{201)~7; (30!,301)7 (201 )84; (301 ,301 )II 

o+ 
I 0.860 I.O 0.3 (221,221)2; {221,222)1 1.0 0.3 (22!,221)2 

{321,321)1 
l301,301}71; l203)20 {30I,3CI)81; (201)10 

o+ I.4IO 1.2 0.002 (201 )7; {202 )I I.~ O.OI (202 )4; (203 )4 2 
(22!)75;(301,32!)!0 (22!)70; (30I,32I)I3; 

2+ 0.938 1.0 I.5 (20!,22!)6; (222)5 0.9 2.I (201,221)7; (222)6 I 
(201,222)2; (301,323~1 (20I,222)2; (30!,322)1 
(222 )90; (22! )8 (222 )88; (221 )9 

2+ 1.559 1.4 O.I 1.4 O.I (20I,222)I 2 
(301)96; (2II,301)2 (30I )911; (20! ,30! )2 

Oi 0.597 0.6 8.0 (221,321)1 0.5 9.9 (22!,321)2 
(302 )99 ((302)84; (201,30I)I2 

02 I.5 0.002 !.5 O.OI (203 ,30! )I 
(3II )99 (3II)98; (20I,3II)I 

Ij I.O 2.4 I.O 3.6 
(312)98 (312)96; (20I,3II)2 

r-
2 I.7 I I.I 1.7 I.O (3!3 )I 
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llepeuopMHPOBaB KOHCTaHTbi K~A), aBTOpaM y,IJ;aJIOCL OnHCaTL 

3HeprHH nepBbiX KBa,IJ;pynOJILHbiX H OKTynOJILHbiX COCTO.IIHHH, 

H3BeCTHble H3 3KcnepuMeHTa. IIpu 3TOM KOHcTaHTbl K b,\ > 
cTaHOB.IlTC.Il 6onee cTa6HJILHLIMH no OTHOilleumo K A. Han-

6onLilla.ll nepeuopMHpOBKa K~) HMena MeCTO .IJ;JI.Il COCTO.IIHHH 

c K=o+ H cocTaBJI.Ilna oKono 20o/o. Henocpe.D;cTaeuuble 

pacqeThl, npoae,IJ;euuble a uacTO.Il~eB: pa6oTe, noKa3b1BaiDT 

B 6onLIIIHHCTBe cnyqaea yMeHLilleuue B (E A) ua 10- 20o/o .D;JI.Il 

nepBbiX BH6paUHOHHbiX COCTO.IIHHH B COOTBeTCTBHH C H3Me­

HeHHeM CTPYKTYPhl 3THX cocTO.IlHHH. CTpyKTypa BTopwx 

H nocne,IJ;yiDIUHX COCTO.IIHHH YCJIO:>KH.IleTC.Il 6onee CyiUeCTBeH­

HO. 3To BH.IJ;HO H3 ma6A. 1-5. IIpHMecn K .IJ;OMHHHPYIDIUeMy 

COCTO.IIHHJO B p.ll,IJ;e cnyqaeB .IJ;OCTHraJOT 50o/o. 

HaCTO.Il~He pacqeTbl BH6paUHOHHbiX COCTO.IIHHH B aurap­

MOHHqHOM npH6JIH:>KeHHH noKa3biBalOT, qTo yqeT H30BeKTOp­

HbiX CHJI npHBO.D;HT K nOHH:>KeHHID 3HeprHH HH:>KaHIIIHX coc­

TO.IIHHH JIHIIIL ua 50-150 K3B 60JILille, qeM 3TO 6LIJIO 

B CJiyqae qncTO H30CKaJI.IlpHbiX IIJOHOHOB /S-S/.COOTBeTCTByJO-

~a.ll nepeuopMnpoaKa KOHCTaHT K~) yaenuquaaeTc.ll npu 

3TOM Ha 1- 2o/o. B Ta6nuuax 1-5 cpaBHHBaiDTC.Il peJyJILTaTLI 

pacqeTOB HH:>KaHIIIHX BH6paUHOHHbiX COCTO.IIHHH B aurapMO­

HHqHOM npH6JIH:>KeHHH, npoBe,IJ;eHHbiX 6e3 yqeTa H C yqeTOM 

nJoBeKTOpHLIX cnn. CpaaHeune nonyqeHHbiX JuaqeHHH .D;JI.Il 

B(E ,\) ,IJ;aeT B03MO:>KHOCTL OUeHHTL, KaKHM o6pa30M BKJIID­

qeuHe H30BeKTOpHbiX CHJI BJIH.IleT Ha KOJIJieKTHBHOCTL coc­

TO.IIHHH. KaK npaanno, npn BKJIIOqeuuu H30BeKTOpHbiX cun 

aennquHa B (E A) noBbiillaeTc.ll no cpaaueun10 c ee 3HaqeHu­

eM B qucTO H30CKaJI.IlpHOM cnyqae Ha 40-50o/o. 3TO- pe3yJIL­

TaT yaennqeuu.11 KonneKTHBHOCTH !IJouoHoB. Cne,IJ;oBaTeJILHO, 

MO:>KHO CKa3aTL, qTo npH yqeTe H30BeKTOpHbiX CHJI COCTO.Il­

HH.Il CTaHOB.IlTC.Il 6onee KOJIJieKTHBHbiMH. lfCKJIIOqeHHe COC­

TaBJI.IllOT COCTO.IIHH.Il C K 77 =0+ .D;JI.Il 238TJ H 154Sm H 60JILIIIHH­

CTBO BTOpbiX BH6paUHOHHbiX COCTO.IIHHH .IJ;JI.Il 228 Th.3TO -

CJie,IJ;CTBHe TOrO, qTo BKJIIOqeHHe B pacqeTbi H30BeKTOpHbiX 

CHJI npHBO.IJ;HT K yMeHLilleHHID KOJIJieKTHBHOCTH BTOporo 

H TpeTLero IIJOHOHa, eCJIH .D;JI.Il HHX B quCTO H30CKaJI.IlpHOM 

cnyqae X g(n) <X g (p). H3 IIJopMyJibl .IJ;JI.Il aepo.IITHOCTH 3JieKT­

puqecKHX nepeXO.IJ;OB B rapMOHHqecKOM npH6JIH:>KeHHH 

/cM_Il3/j MO:>KHO YBH,IJ;eTL, qTo nO.IJ;06Hble OCo6eHHOCTH y 
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KBa.D;pynOJILHbiX BH6paUHOHHbiX COCTO.IIHHH CB.Il3aHbi npe:>K.D;e 

BCero C IIO.IlBJieHHeM IIJa30BOrO MHO:>KH'l'eJI.Il yt . 
llpH yqeTe H30BeKTOpHOrO B3aHMO,IJ;eHCTB&.Il CHOBa MO:>K­

HO C,IJ;eJiaTL BbiBO.IJ; !if, qTo qeM 6JIH:>Ke K nepeXO.IJ;HOH o6-

JiaCTH Haxo.IJ;.IITC.Il .ll.D;pa, TeM 6onee cno:>KHa 6b1aaeT CTPYKTy­

pa HX BH6paUHOHHbiX COCTO.IIHHH. ,IJ;mi K(~),'O Ha6JIJO.IJ;aiDTC.Il 

HeKOTOpbie H3MeHeHH.Il B npOUeHTHOM CO.D;ep:>KaHHHIIJOHOHOB 

B Ka:>K.IJ;OM KOHKpeTHOM COCTO.IIHHH, HO 3TO CYIUeCTBeHHO 

He MeH.IleT CTPYKTYPbi COCTO.IIHH.Il, noCKOJI:LKY .IJ;OMHHHPYIDIUHe 

no CBOHM BKJia.IJ;aM IIJoHOHhl /HJIH onpe,IJ;eneHHble .IJ;Byx!IJoHoH-

Hble npHMeCH/npH K(~=() OCTaiDTC.Il TaKHMH H npH K(~)=--1.5K~), 
lfHTepeCHO 6biJIO IIOCMOTpeT:L, KaK nOBJIH.IleT Ha pe3yJI:L­

TaTbl pacillnpeHHe !llononnoro npocTpaHCTBa. MLI c,IJ;enanu 

pacqeTbi .IJ;JI.Il 166Er, B KOTOpbiX yqHTbiBaJIH 10 lPOHOHOB 

.IJ;JI.Il Ka:>K.IJ;oii: MYJI:LTHnon:LHOCTH. IIonyqeHHble pe3yJI:LTaTLI 

.IJ;JI.Il HH:>KaBiliHX COCTO.IIHHH noqTH He OTJIHqaiDTC.Il OT Tex, 

KOTOpbie Mbl nonyqunu, pa6oTa.ll c TpeM.Il !lloHoHaMH .IJ;JI.Il 

Ka:>K.IJ;OH MYJILTHnonLHOCTH. H3 3Toro MO:>KHO 3aKJIIOqHT:L, 

qTo pacqeTLI, c.IJ;enaHHhle c TpeM.Il !IJoHoHaMH .IJ;JI.Il HH3Kone­

:>Ka~HX COCTO.IIHHH, ,IJ;aiDT BIIOJIHe Y.IJ;OBJieTBOpHTeJILHble pe-

3YJILTaTbi. 0.IJ;HaKo, ecnu KaKoii:-nu6o H3 cne.IJ;yJOIUHX no 

3HeprHH lPOHOHOB OKa:>KeTC.Il CHJILHO KOJIJieKTHBHbiM /KaK, 

HanpHMep, qeTaepTbiH !IJoHoH a 
154Sm I, ero yqeT npHBO.IJ;HT 

K H3MeHeHH.IlM B CTPYKType COOTBeTCTByiD~ero COCTO.IIHH.Il. 

IIpu yqeTe H30BeKTOpHoro B3aHMO.IJ;eii:cTBH.Il, KaK H a 

que TO H30CKaJI.IlpHOM CJiyqae, BJIH.IlHHe aHrapMOHHqHOCTH 

cKa3biBaeTC.Il npe:>K.IJ;e acero Ha BTOpblx H 6onee BLICOKHX 

BH6paUHOHHbiX COCTO.IIHH.IIX. lfx CTpyKTypa 06blqHo CJIO:>KHa­

O.D;HOIIJOHOHHble H .IJ;BYXIIJOHOHHble npHMeCH K .IJ;OMHHHPYIDIUeMy 

cocTO.IlHHID .IJ;OCTHraiDT - 50o/o. Bonee qeTKO 3TO npo.llBJI.Il­

eTC.Il B KBa.D;pynOJibHbiX BH6paUHOHHbiX COCTO.IIHH.IIX/CM. 

ma6A. 3 H 4 .D;JI.11
166 Er H 228Th/. 

HaiiiHMH pacqeTaMH no.IJ;TBep:>K.IJ;aeTc.ll .IJ;BYXfOHOHHa.ll 

CTPYKTypa BToporo cocTO.IlHH.Il c K17 
=0 + a .ll.D;pe 

40 Pu. H3 

111a6A. 5 BH.D;HO, qTo B 3TO COCTO.IlHHe HaH60JibWHH BKJia,IJ;, 

paBHbiH 81o/o, ,IJ;aeT KOMnOHeHTa /301, 301/. 3TO HaXO.D;HTC.Il 

B COOTBeTCTBHH C Ha,IJ;e:>KHO YCTaHOBJieHHbiM 3KCnepHMeH­

TaJI:LHbiM IIJaKTOM 121 , qTo BTOpOe 0 + - COCTO.IlHHe B 240Pu 
6JIH3KO no CTpyKType K .IJ;BYXlPOHOHHOMY, nocTpOeHHOMY 

H3 .IJ;BYX !IJoHouoa c K 77 =o- . Mo.IJ;en:L npaauJI:LHO nepe.D;aeT 
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/C TO'IHOCTLIO AO 100 K3B/ TaK)((e B 3HeprHIO 3TOrO 

COCTOJIHBJI. 

B 3aKJUO'IeHBe M0)((80 CKa3aTL, 'ITO BKJUO'IeBBe B30-

BeKTOpHOH KOHCTaHTLI B paC'IeTLI AJI.II HB3KOJie)((a~X COC­

TOJJHBH npHBOAHT JIHWL K ue60JILWHM H3MeHeHHJJM B pauee 

nonyqeuuwx pe3yJILTaTax /7 •81 AJIJJ HH)((aiiwux su6pauaou­

uwx COCTOJJHHH Ael)opMHPOBaHHLIX 'leTHO-'IeTHLIX .IIAep. 

AsTopw swpa)((aiOT rny6oKyro6naroAapuocTL B.r .Cono­

BLeBy 3a llOCTOJJHHLIH HHTepec H ueHHLie COBeTLI. MLI 
TaK)((e npH3HaTenLuwA.H.BAOBHHy, B.B.Bopouosy, B.O.He­

cTepeuKo H q.CTOJJHOBY 3a llJIOAOTBOpHLie AHCKYCCHH H 

npeAOCTaBJieHHe nporpaMM H MaTepHaJIOB AJIJJ paC'IeTOB. 
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