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CBH3b KOJIJieKTHBHbiX H KBa3H'laCTH'IHl>IX B036yl!llleHHA 

B qeTao-qeT!Wx ccllepaqecxax HAP~ 

B paMxax MOAena 'napHl>le + MYnbTanom.:-MynbTHIIOnbHMe CH.llhi' ·c ac

nonb30BaHHeM KB83H6030HHOrO npa6nH*eHHll HCCneAOB8HO BnBliHBe C~s3H· -

ABYXKBa3B.ffiCTB'IHbiX .H cjJOHOHHbiX B036yl!llleHHll Ha CTPYKTYPY p!IAa 4 H 5 
COCTOliHHJl 'leTHo-'leTHbiX nonyMarB"'SCOx S~Aep. :3HeprBB 0 BOnHOBbie cjlyHKIIHB 

H B (E2, 4+ ->Zf) Benil'IHHbi itnll 9TBX. coCTClliHBll paccqaTaHbl AnSI pS~Aa aaoTonoB 

. onoBa H H30TOHOB C 'IHCnOM H':ATpOHOB N =50,82. 

fipenpHHT 06l.e,l1HH8HHOI'O HHCTHTyTa ~epHhlX HCCJI8AOB8HJdt 
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·Excitations :in Even-Even. Spherical Nuclei--· .. 

The· effecf of, aoupling· of .~wo~ql.ias.iparticl·~·and ~honon 
excitations· ori the structure of·:.a nUmber oL4+ and S.sta7 
tes of even~even. semimagic :nucr"ei is: studied ~in· the: frame· 
work.or>the model "pa:ti:'ing'·+ inulEipol'e·=imiltipole''forces"·" . 
using the~ quasiboson approximation. Energies i. wave .. func- I. 

. tions and .B(E2, 4+_.z')values for tnese states are calculated 
for· a seriesof. isotopes' of.:,·~ :and is6tones with neutron 
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B nocne,nHee speMH noxsanocb IieMano pa6oT, paccMaTpHBam

max BnHHHHe aHrapMOHH'IeCKHX norrpaBOK Ha CBOHCTBa HH3KOne)Ka· 

IUHX B036y)K,IJ;eHHbiX COCTOHHHH l.feTIJO·l.feTHbiX c4JepH'Iecimx. H,IJ;ep. 

Pe'lb B. HHX H,IJ;eT, KaK rrpaBHnO, 0 KBa,npyrronb·KBa,npyiiOnbHOM' 

TpHrrneTe coc:roHHHH o;, 4 i'. 2 2+ /1 • 2~ XOTH ·HeKOTOpbie IIOCBHI.UeHbi 

KBa,npyrronh-OKTyrronhHOMY ~BHHTeTy (5--1- )h.4f. HecMOTPH Ha 

3Ha'IHTenbHbie yciieXH B IIOHHMaHHH cymecTBa MHOrHX BOIIpOCOB, 

pa6oThi 3TH B uenoM He .nocTnrnH rroKa *enaeMoro· pe3ynhTaTa. 

IlpH'IHHbi Hey,naq He HCHbi ceii'laC, IIO)Kanyii, B IIOnHOH Mepe, HO 

,nyMaeTCH, 'ITO o,nmi H3 HHX B HeKOTOpbiX cny.JaHX 3aKmol.faeTCH 

B npeHe6pe)KeHHH CBH3bl0 C HeKonneKTJIBHbiMH B036y)K,IJ;eHHHMH • 

Heo6xo,nHMOCTb y'IHTbiBaTb cBH3b KonneKTHBHbiX H HeKorineKTH.BHbiX 

. B036y)K,IJ;eHHH B l.feTHO•l.feTHbiX H,IJ;pax Ol.feBH,IJ;Ha ,nnH H,IJ;ep rronyMarH

l.feCKHX. )l.eHCTBHTenhHO, B HHX COCTOHHHH BbiiUeyiiOMHHYTbiX TpH· 

rrneTa H KBHHTeTa ne)KaT B'ToH )Ke o6nacTH 3HeprHH B036y)K,IJ;eHHH, 

'ITO H ,!J;:SYXKBa3Hl.faCTH'IHbie COCTOHHHH C COOTBeTCTBYIDI.UHMH MO· 

· MeHTaMH ·a l.feTHOCTHMH /,nnH COCTOHHHH KBHHTeTa 3TO yTsep)K,!l;eHHe 

OTHOCHTCH npaKTH'ieCKH KO sce~(H.npaM/. KpoMe Toro, cymecTBYIDT 

3KCIIepHMeHTanhHbie 4JaKTbi, KacaiOIUHeCH ,IJ;ByX4JOHOHHbiX COCTOHHHH,· 

KOTOpbie, rro-BH,!l;HMOMY, Henh3H. 06bHCHHTb, HCIIOnh3YH TOnbKO 

KOnneKTHBHbie CTeneHH CB060,IJ;hl. JiMeHHO: BO MHOrHX.IIOnyMarH'ie~ 
CKHX. H,npax /H30TOIIbi Sn, 138 Ba,. uo Ce / npH :JHeprHHX nopH,nKa 

:JHeprHH ".nsyx4JoHoHHoro" TpnrrneTa Ha6nm.namTcH uenhie cepHH 

6nH3KO ·pacnono)KeHHhiX /HHTep'san 100-300' K:JB/ 4+ -yposHeii. 

3TH ypoBHH BH,!l;HT B peaKUHHX (a, 2n), (p' t ), {p,p, ), B {3 ~pacna
.ne /97 .. IlpH 3TOM, HanpHMep, B rrepexo,ne THna raMOBa··.Tennepa 

C 5+ COCTOHHHJI 116 • 118 /n Ha cepHH 4+ COCTOHHHH B 
116

' 
118 

Sn 
· 3Ha'ieHHH log {t npaKTH'IeCKH O,!l;HHaKOBbi ,nnH pa3HbiX COCTOJIHHH, 

~To yKa3biBaeT Ha cxo*ecTb cTpyKTYPhi ax sonHoBhiX 4JyHKUHii. Bee 

3TO HaBO,!l;HT Ha MhiCnh, 'iTO YTBep)K,!J;eHHe 0 Ba)KHOCTH.B3aHMO,IJ;eii· 

CTBHH KBa3Hl.faCTH'IHhiX H 4JoHOHHhiX B036y)K,tieHHH, ,naBHO CTaBWee .. 

o6IUHM MeCTOM ·npH paCCMOTpeHHH He'ieTHbiX. H,IJ;ep,. OKa)KeTCJI. 

crrpaBe,nnHBhiM H ,nnH l.feTHO·'ieTHhiX • 

Co6cTBeHHO roBOpH, BhiCKa3aHHaH BhiWe H,IJ;eH He TaK Y* HOBa. 

Mo*Ho yKa3aTb xoTH 6hi Ha pa6oThi B.r .Cono:BieBa, KoTophiii Ha.' 

rrpHMepe ,nedJOpMHpoBaHHhiX H,IJ;ep ·paccMa TpHBan 3TOT BOnpoc eme 

B 1966 r. !41. O,nHaKo ,nnH c4JepH'ieCKHX H,nep pe3ynhTaThl ·noKa 

6bmH nony'ieHhi TonhKO B 'IHCTO 4JeHoMeHonornqecKoM no.nxo.ne 

LAnaroii Hero COTpy,nHIIKaMH /eM., HanpHMep, /
2

/ /, npH'IeMHX 

3 

.. 
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Mo,nenL uenpnro.nua KaK pa3 .nnH nonyM:arnqecKnx H,nep';'CymecTny-. 

,lOT llCllLITKH H 60JICC llOCJI~OBaTCJILHOro pCIIICHHH Ja,naqH 0 ",nnyx· 

<fJoHOHHLIX" COCTOHHHHX ( 5/ ), O,IJ;HaKO OHH llOKa eme ,naJICKII OT 

KOHKpCTHLIX pe3yJILTaTOB. 

B HaCTOHII{CH pa60TC HCllOJIL3YCTCH IMO,nH<IJHUHPOBaHHLIH ,IJ;JIH 

c<fJepnqecKHx· H,nepl nonyMHKpocKonnqecKHii no.nxo.n B.r .ConoaLena. 

BoT KaK BKpa TUC. OH BLir JIH.IJ;HT. 

raMHJILT(>HHaH c<fJepnqecKoro H.D;pa B MO,IJ;CJIH "napHLIC + MynL· 

THllOJIL"MYJILTHllOJILHLIC CHJILI" llOCJie· u, V ·npeo6pa30BaHHH :So

rOJIIOfiOBa H nepexo.na K on epa To paM <fJououon I eM., uanpnMep, I 4/ 1 
HMCCT BH,IJ; 

H = H +H h. + H h = cp p cpp 

2A+1 1 1 + A 

KA 
-- [Q ()"11 
'./Y (Ai) './ Y(Ai ') A-fl/ - Q)..p.i ]x 

= !. E. a:t" a . · -
4
1 !. 

jm 1 1m 1m , Ap. 

ii' 
+ A-p. I· 

x[Q~ ... J-) +0, ,1-
,,..., 1\-(.li 11/ 

1 1 A A-p. + 
-:=. ~ ~ -- F ·'· v,,,( [(-) . Q + Q ] x 

2>/2 Ap.i i '1 yY(Ai) 1 1 1 1 Af.Li A~p.i 

xB(j'jA-p.) +h.c.}. 

3,llCCL HCUOJih30BaHLI CJIC,llYIOIUHC 0603HaqeHHH: 

a i't, ' a im - onepaTOpLI pO)!(.IJ;CH_HH H YHHqTQ)f(CHHH KBaJHqaCTHU 

Ha YPOBHC cpe,llHero UOJIH C KBaHTOBbiMH 'IHCJiaMH jo=n£j II npoeK· 
uneii MO.MCHTa m. . · + . . . 
Q, ·. , Q , . - onepaTOPLI pO)!(.IJ;CHIIH II yuuqTQ)f(CHHJI <fJoHOHa 

"f.l' 1\f.ll .. 

MYJihTHnOJILHOCTH A I c npoeKuueii p. I u uoMepoM i ; A = 2, 3. 

. '+m , + 
B{j'jAp.) = !. (-/ <j'm'jmjAp.>a., , a. . 

, , _ .. 1 m 1-m 
mm 

Ef. - :meprHH KBaJnqacTHULI c KBaHTOBLIMH qucnaMH j "' n£j. · 

F\ - npnae.neuHLiii o.nnoqacTnquLiii MaTpuquLiii Jne:MeuT MYJILTH-
1 1 . 

nonbuoro on epa Topa 

Y(Ai)=!. 
j '; 

4 

A 2 

cuAi ( Ei + Ei' )[Fi'i ] 

[(Ei' + Ei)2-cuA~] 

2 
u ·'· 1 1-

. ., 

I 

·. 

,; 

·' 

cu>../ - ·:meprHH <fJououa Ai. 

. vi'i. = u i' u r 

2A+l 

vl,vi :,· u ·'· 1 1 

A · 2 
(E ,+E.)(F.'. u.-.) 

u.,v.+u.v., 
1 1 1 1 

KA 
'!, i 1. 11 11 

(£.,+£.) 2 -cu?. 
BCJIHqHHa, ofipaTHaH KOHCTaHTC 

1 1 1\1 

MYJILTHnOJJL"MYJILTHllOJILHoro BJaHMo,neiicTBHH (KA ) • 

,qJICH II cpph OllHCLIBaeT B3aHMO,IJ;CHCTBHC KBaJHqacTHU c 

<fJoHOHaMH. llpH pacqcTaX B q.cTHQ·qeTHLIX H,D;pax B rapMOHHqccKOM 

npH6JIH:lKCHHH HM npeue6peraioT, HO yttHTbiBa.IOT npH Bbi'IHCJICHHH 

aurapMOHII'ICCKHX nonpaBOK. If cppb . MO)f(CT CMCIIIHBaTb TaK)f(C 

.nnyxKBaJuttacTHttHhie u · <fJouoHHbie aoJ6y)f(,nCHHH. Tor.na aonnoayro 

<fJyHKUIIIO HCKOTOporo COCTOHHHH lc MOMCHTOM ·1 II llpOCKUHCH 

M I tteTHO·ttenr'oro c<fJeputtecKoro H,llpa MO)f(H.o JanucaTb B nu.ne 

+. A20, 
'P(JM) =R(}JIA (j'j ]M) + ~ S .• A 

0 0 jlj2 1 1112_1 
(j~i/)x 

~i2 . • 

x ~·<A1 M
1

A
2

M
2

i ]111> A+(j1 j 2 !\zM1 ) Q~ M ; 
MtM

2 
· · 2 2 2 

A· 
+ ~ PAt~ (j~j ol )x 

Alii 1'1 

. A2;2 

. + + . 
X ~ < A 1 M1 !\2M2 ! ]M > Q • .M . Q;\ ..M . II 0 >cp I 0 >ph ' 

MM. "r--1 1 1 :!''2 12 
1 2 

121 

r.ne 

-A~(j j A
1
M

1
)=!. <j

1
m1 j

2
m;iA 1 M1 >a.+ a_+ , 

I 2 TJ ml 12m2 
a IO> ~ j(J_> 

cp ph 

KBaJuqacTH'IHbiH II <fJouoHHhiH naKyyMhi. HopMuponKa nonuonoii 

· <IJyHKUH~ 121: 
.2 . ·J 

R (]}I I + (-} a_,. 
1o 1o 

+2!. [SA2i2 
11 j 2;\i 

. . .. 2 . A2i2 2 
(j' j ]}] +2!. [P\ (j' j ])} 1=1. 

00 J
1

i
1
oo 

. 13/ 
3neprHIO COCTOJIHHH ( TJ (]}) II K03<fJ<fJHUHCHTLI R, p H S . MO)f(HO 

HaRTH C llOMOII{biO aapHaUHOHHOrO llpHHUHUa·. 

llpu BbJqucJICHIIII· .. cpe,llHCrO 3Ha'ICHIIJI raMIIJibTOHHana , 

<'P(J M J :m IJ' (J M): Mhi pyKono.ncTnonanuch cne.nyromuM npanu

noM: nee ,B03MO)f(HbJC .:!+ H . . 1 - .nnyxKnaJHqacTH'IHbiC.', COCTOHHHJI 

TpaKTYHlTCJI KaK O,llHO<fJOH~HHbiC, COOTBCTCTB~II{HC pa3JIHqHblM JIO· 
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MepaM .Pououoa i . II03TOMY MOMeHTbi u qeTHOCTH "'lHCTbiX" 

.rtBYXKBa3H'laCTH'lHbiX COCTOHHHH · HHKOr.rta ·He 6biBaiOT paBHbiMH . 
+ -2 ~H; 3 H B KBa3H6030HHOM npHfiniDKeUHH KOMMyTaTOp 

[A+ ( i1 i 2 J M), Q AIL ; ] = 0. CeKynxpuoe ypaaueune u Bbipameunx S , 
P , R BbirnH.rtHT cne.rtYIO~HM o6pa3oM: 

1 (2A 1 +1)(2A:zr1J 
E,+E -T}= 2 . X 

io i0 1 2 (1+ 8 ., • J A1A.j 2 Y(A 2i 2) 
1o J o 

A . 2 
(F ~ v .~ ) A 1 A2 J 2 

sjo S1o . I I + 
xl I [ j' i ~ 

. s E· + E + w . -TJ o o 

+ 

s i, ~i2 J 
0 

A; 2 

(FJos v Jos ) I 

E +E +wA . -TJJ 
• ·s 2 12 10 

A 1 A21 
j, j s 
0 0 

12 + 

A2 2 A A J 
_ J 

0 
( FsJo v.sjiJ J I 1 2 12 l + 

+ ( ) ·'. . . .. 
1
0 

1o E. + E s + w -TJ 10 . 1 o s 
1o A2 ;2 J 

/4/ 

A~+A2-1 A A A1A2J A1A2jl 
(-) · . F 2 F 2 v , , v I ., .. , II . ., . + 

+2 i~J; ioio ioio ioio lo lolo lo lo 1o E +E ,+ WA -T} 
10 . J 0 2 i:z 1 

A A 2 1 A A J R 

+ (-) 1
(F 2 v J [ I .! . 2 

• I"'+ 
j . ' . J ' 2·E 1 1 1 010 100 . +W -T} 0 0 • 0 

1o A i 1 
2 2 

+ 1 A A J I 1 2 ., 12 ] 
2E j ., ·' + 

i' +wA.z .-TJ o lo lo 
0 i2 J· 

6 

t 

+---- ·_ ::£ 
2(1+8,.) Ah 

1 o1o A ; 
2 2 

~ A •• 

wA. +w [(u"2'2 
1'1 A2;2-TJJ A1;1 

2 
(j ;i ol )) + 

A A A . Ali 1 , • JJ] . 1+ z-J 2 I 2 ( '' j J) D_ (j } . • 
+ (-) UA , lo o A i 

2 
o o 

1'1 2 

3.rtecL 

A2;~ ., .: J) 
U A .I I o lo 

[(2A
1 

+ 1)(2A 2 + 1}] 
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111 
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2 

- aMnnHTy,[(a .rtBYXKBa3H'IaCTH'IHOrO COCTOHHHH 11 I 2 · 

B cPOHOHe C .MOMeHTOM A H HOMepoM i · 

1 .1 [UA2;2(j'jl}+ A2;2 ., . 1)-------- A; o o 
p A ; (lolo - 2,}2 (J)A .+"JA; -TJJ . 1 1 /5/ 

z 1 · 
1

•1 2 2 

._ Az+A2+J -A1 iz(., · J)l. 
(-)· U . lo 1o + A2'2 

1 A :;h (J. , j J ) = - 2---;-2 s . A o o v 
J 1 12 1 
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[(2A1+1)(2A 2 +1)] 
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R(j~j 0 ]} Haxo.n;HTCH H3 ycnoB!H! HopMHpoBKH BOnHoBoii: d!YHKUIIH ... 
IJl(J M): 

Cne.nyeT no,nqepKHyn., 'ITO raMHilbTOHHaH /1/ H sonHOBaH 
lPYHKUHH /2/ ·He ·MoryT 6brfb HCnOJib30BaHbi ,L(ll.ll pacqeTOB 3HCprHH 
H CTPYKTypbi 0 + - COCTOHHHif. B 3TOM cnyqae nOHBllHIOTCH npo6m!
Mbi, CBH3aHHbie C ,ll;YXOBbiM COCTOHHHeM H T.n. HH raMHilbTOHHi:ni: 
f lj, HH BOllHOBaH lPYHKUHH /2/ He· IIpHcnoco6neHbi ,L(llH perneHHH 
TaKHX 3a,naq, 

CymecTsyeT H eme o,nHa Tpy,nnocTh .. HMeHHo: s3aHMo,neiicTBHe .... · 
KBa3H'IaCTHU C lPOHOHaMH 6y,neT npHBO,L(HTb K CMelliHBaHHIO pa3HbiX ·.;. 
"6a30BbiX" ,ll;BYXKBa3HtJaCTH'IHbiX COCTOHHHH C O,L(HHaKOBbiMH MO
MeHTaMH. To eCTb BOJIHOBYIO lPYHKUHIO cne,nyeT 6paTb B BH,ll;e 

A2;2 (]) + 
S . . A 

1112 1 

IJl (JM) =I I R(j' i ])A +(j' i ]M) + I 
·'· 00 00 j'A 
1 o1 o · 11 2 .. 1 

. A2;2 

+ · I < A
1 

M
1 

A
2
MPM>A + (i i A M ) Q+ 

Ji1 M . 1 2 1 1 A M. ; 
1 2 ·~--~ 2 

+I 
AI; I 

A2;2 

p~;2 (]) · I < A M A M IJM > 
A ' M M ·.1 . .1 2 2 
. 1 1 1 1 2 

. + . Q + 
X Q A 1 M li 1 A2 M 2 _i 2 

I IO>cp i 0 ~h 

+ 

X 

/8/ 

HHor.na c:MeiiiHsanne OKa3I.IBaeTcH :HecYIUeCTBeHHbiM/ KaK, uanpn
Mep, B n'3on)Hax c N =82/ n 3ase.noMo MO)I(HO orpaHII'IHTbCH _pac-. ,., 
CMOTpeHHeM, OCHOBaHHbiM Ha 6onee npoCTOH BOniiOBOH lPYHKUHH .. 
/2/, · s ,npyrHx )l(e cny'IaHx TaKoe ynpomeHne ne:lKena Tenbno. 

B pac'IeTax ncnonb30BamiCb cxeMbi yposHeii cpe.nnero. no.IIH, 
nony'IeHHhie c IIOMOIUhiO noTeH~ana CaKcona- By.nca. IIapaMeTpbi 
noTeHuHana B3HTbi H3 pa6oThi 6/. H3 3TOH )l(e pa6oTbi 6pannch 
CBepXTeKy'IHe xapaKTepHCTHKH H,nep: XHMH'IeCKHe noTeHUHailbi 
H KOppemiUHOHHbie lPYHKUHII. KOHCTaHTbl KBa,npynonh -J<Ba,npynonh
HOrO II OKTyrrOnb- OKTynonhHOrO B3aiiMO,L(eHCTBIIH Bbi6npanHCb TaK, 

. + -
'IT06bi B aHrapMOHH'IeCKOM npn6JIII)I(eHIIH 3Heprnn. 2 I H 3 I CO-
CTOHHIIH 6binH 6nH3KII K 3KCnepHMeHTallbHbiM. B. CYMMaX no COCTO-' 
HHHHM cpe,nHero nonH BO 'BHHMaHHe npHHUManHCh ypOBHII He3anon-

8 
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. . . 
. HeHHOH. o6~no'!KH; K. KOTOJlbiM ,no:Oa~mmncb 6JIH)I(aHlliHe 'ypoBHH. CO; 
; ce,nHnx o6ono'IeK. B cyMMax no noM epa~ <PonoHoB · i y'IHTbiBaniicb 
·Toni.Ko i:·= I, T.e. TODhKO KonneKTIIBHI.Ie lPOHOHbi. ·· ...... 

KaK y)l(e yKa3I.IBanocb, ·3uepre'iH:qecKn ".nsyx<i>oHOHHbie" H .nsyx
KBaJH'IaCTli'IHLie COCTOHHHH HaH6onee 6nn3I<Ji ·B. nonyMarnqecKHX 

· H,npax. PyKoso.ncTsyHch · 3TIIM <i>aKToM, Mbi pacc'IHTanii 3Hepriiii II 
CTpyKTypy .. HH3KHX 4 + H 5 ~ COCTOHHHH ,L(JIH pH,na H30TOnOB . Sri , 
a T·aJ<)I(e .n.ri'H ·II30TOHo·a c' N =82 .. 1I N ·=50. IloMnMo· 3Tor~. swmc-. +- + + . . . 
TIHJIHCb 8 (£2, 4 -> 2 I )? npn'leM ,cTpyKTypa 2 i COCTOHHHH . Onii- . 
CbiBanacb B aHrapMounqecKoM ·npn6nn)l(eHnH I 61 . Pe3ynhTaThi 
IIpHBe,neHbi B Ta6m1uax l (N = 82) , 2 (Sn) II 3. (N = 50).B HIIX 
MQ)KHO HaiiTH 3Hepr1IH /3KCnepHMeHTaJibHbie H TeopeTH'IeCKIIe .. + - . 
( 71 (!)) I cocTOHHHii 4 n 5 , ,yKa3aHbi IIH,neKcbi "6a3osoro" .nsyx-
KBa3H'IaCTH'IHOrO COCTOHHIIH H ero BJ<na,n D HOpMHPOBKY BOllHOBOH 

2 . 
lPYHKUHU I R (j~ i0 1 )/, B C/o npHBe,neHLI BKJia,L(bl KonneKTIIBHbiX . 

K~MnoHeHT I [ R P :/ (4 + )] 
2 

Hnn [ 2I - ]2 
RP (5) _,/ HBHe-·JI . . 

. . . + + + 2 . 
KOTOpbiX cny'IaHx oco6enHo 6onLrnnx KoMnoneHT a q. Q · ([ R S] ). 

BepoHTHOCTII 3neKTpnqecKnx nepexo.nos 3anHcanhl B o,nHo'IaCTH'IHhiX 

e.nnunuax 

(B(Ei\) 
I ;i.22i\ 
-. (--) R 
4rr·3+i\. 

R 
·; IfJ 

1,2A fm] 

npn_ t; e./1 =0,5. 3K.cnepiiMeHTanhHLie ,naHHble B3HTbl II3 pa6oT h.:,,Jof, 
06cy)l(,neHIIe 'IHCJieHHbiX ,pe3ynbTaTOB Ha'IHeM C n3oTOHOB, :nnH 

KOTOPLIX ~N =B2. 3TH H,npa · (Te, Ba, Xe, Ce, . Nd . ." ) 
xapaKTepn3yiOTCH · B nepByiO O'Iepe,ll;b TeM, 'ITO B HHX cyuiecTsy-
. . . ~ . .. 

·roT ,ll;BYXKBa3H'IaCTII'IHbie 4 COCTOHHIIH, 3HeprliH KOTOphlX MeHbllie, 

"u 3aMeTuo 7 'IeM 2w 21 • B pe3yni.TaTe nKna.n :a:, a:+ -cocTaBnH-. 
.•· . . .. Jo lo. ,_· 

eT 76-93C/o .nn'H caMbiX HII3KHX4 ;'s TO ripeMH KaK ·KoMnOHeHTa 
+ + . '142 . . 

·Q 21 .Q 21 -rropH,ll;Ka-4-2C/o /a B. Nd- 0,2C1/o/ . . 3To npnso,nnT. . . . . + . + . . 
•K·O'IeHh cnnbHOMyocna6neunron~pexo.nos 4 ... 21 no·cpasue-

nnro c rapMOHII'IecKHM npn6mrn<enneM. TeopeTH'IecKne 3Ha'IeHnH 
B ( E2,. '4 + .:.. . 2 ~) 3,necL cocTasnHIOT 1 7 2 s.p.u;: a B oT,nenhHbiX 
cny'IaHX H MeHbUie. BepOHTHOCTII nepeXO,L(OB CHllbHO MeHHIOTCH OT 
~.npa K H,npy n OT' coCTOHHIIH ·K coCTOHHHIO. HMeromnecH ,nnH 

13~ Ba u 
4 °Ce . 3Kcne.pnMenTanhHhie .. " .nanHI.Ie· /7/ no,nTBep)l(,naiOT· Ham 

BbiBO,ll; 0 CHnhHOM yMeHblleHHII 8 (£2, 4~·-> 2 i ), OHH OKa3biBa~ 
IOTCH ,na)l(e MeHbllie, 'IeM TeopeTII'IeCKHe 3Ha'IeHHH. 0,L(HaKO HeCMOT
pH Ha csoro ManoCTb, sepoHTHOCTH 3neKTpnqecKnx nepexo.nos :SpH.n · 

9 ; 

t= 

-. 
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JIH MOryT fihiTh. OflHCaHhi 6e3 y•IeTa _npHMeCHKOJIJieKTHBHblX BOJ: 

6ym.neHnii s 4 + cocToHHHHx HJoToHoB c N =82.' bnllcalme :rrnx 

cocTmiHHH nyTeM cMeUIHBaHHH_ TOJILKO .nsyxKBaJnqacTnqHLIX KOM

noHeHT, BblllOJIHeHHOe B pa6oTe /7/, npHBeJIO' K 3HaqeHHHM 
' + + ' ' 
B(E2, 4 

1
-:+ 2

1 
) B 274 pa3a MeHLWHM, qeM 3KcnepnMeJ:ITaJILHLie, 

npH sennqnHax B (E2, 2 i' -:+ 0 i. 5 ) , cornacyromnxcH c 3Kcnepn-

MeHTOM. 3HeprHH 4+ COCTOJIHHH COrJiaCytOTCH y HaC C 3KCrrepn

MeHTOM XOpOWO /cpe,nHee OTKJIOHeHHe ,nJIH 4j_- -}QQ K3B/. ,l);JIH 

3Heprnii me COCTOHHHH s- pe3yJILTaTLI xyme, HO Ha.no npH3HaTb 

TaKme He,nOCTaToqHOCTb H HeHa,nemHOCTb 3KCrrepHMeHTaJibHbiX ,naH· 

HLIX. no npnpo.ne csoeii 5- oKaJaJIHCL npenMymecTseHHO .nsyx

KBaJnqac_TnqHbiMH (R 2 (5-)"" 747 94%). 
' ' ·. ' 114-124 

H 3 o Ton LI on o B a. 3.necL pacqeTLI npose.neHLI .nnH Sn. 
Ha CTpyKType ~- COCTOHHHH B 3THX H,npax CHJibHO CKa3btBaeTCH 

TOT tiJaKT, qTO 3HeprHH BCeX ,nByXKBaJHqacTHqHbiX 4+ ypOBHeH 

B HHX 60JibWe 2w
21 

/e,nHHCTBeHHOe HCKJIIoqeuHe - COCTOHHHe 

[lh
11

/21h
11

/
2 

1
4
+ B 124 Sn /.~fiJI H30TOiiOB me C N=82 CHTya-

UHH /KaK yKa3LIBaJIOCb BbiWe/ 6LIJia o6paTHOH. B pe3yJILTaTe B pac

cqHTaHHOH HaMH CTpyKType 4 + COCTOJIHHH 3HaqHTeJieH BKJia.n .IlBYX ~ 
tiJoHOilHOH KOMnOHCHTbl. 0c.o6eHHO BeJIHKa OHa y COCTOHHHH, nocTpo

eHHOro Ha [ 1 htt ; 2 lh 11 ; 2 14+ , npnqeM no Mepe ysennqeHHH qncna 

HeHTpOHOB B H,npaX Sn BeJIHqHHa KOMnOHeHTbl na,naeT. 3TO CBH3aHO 

C ITOCTeneHHbiM ni>HHmeHHeM 3HeprHH "6a30BOro" COCTOHHHH H npH-

6nnmeHHeM ero K JHaqeHHIO 3Heprnn nepsoro .nsyxtlJoHOHHoro no-
- + + +++ 

JIIOCa. KoMUOHeHTbl THrra Q
31 

Q
31

H a a Q BeCLMa MaJILI, H HX 

o6IUHH BKJia,n B HOPMHpOBKY BOJIHOBOH tiJyHKUHH He npeBLIWaeT 10o/o. 

3HaqHTeJibHOCTb npHMeCH ,nByxtlJoHOHHOH KOMITOHeHTbl B HHmaHWHX 

COCTOJIHHHX yKa3LIBaeT- Ha He06XO.IlHMOCTb HCITOJib30BaHHH 6onee 

peanHcTnqecKoii sonHosoii tiJYHKUHH /8/. Tor.zia MO)KHO 6y,neT c 

60JILWeH onpe,neneHHOCTbiO rosopHTb- 0 xapaKTepe pacnpe,neneHHH 

Q
2
1QJ

1 
no p.11.ny HHJKonemamnx 4 + cocTOHHHH. BepoHTHOCTH 

4 +-> 2 + , paccqnTaHHbie HaMH, OKa3biBaiOTCH Ha nopH,nOK 60JILWe; 
1 1-qeM B H30TOHaX C 'N =82, HO BCe paBHO MeHLWe; qeM 3TO cne,nyeT 

H3 KapTHHLi rapMOHHqeCKHX KOJie6aHHH. MeHLWe OHH H aHanorifq

HbiX seJIHqnH B TaKHX .11,npax, KaK Cd, Te. HaM npe,ncTaBn.ReTCJI 

HHTepeCHbiM 3KCrrepHMeHTaJILHO nposepHTb 3TOTtiJaKT. ,lJ;nH 3HeprHA· 

4 + COCTOJIHHH non-yqeHbl Herrnoxne peJyJILTaTLI/cpe,nHee OTKJIOHe·

HHe ,nJIH nepBbiX 4 + - 13Q K3B/. 3HeprHH 5 - OITHCbiBaiOTCJI C TOH 

me TOqHOCTLIO /150 K3B.- cpe,nHee OTKJIOHeHHe/. O,nHaKO CTPYKTypa 

HX, B OTJIHqne OT 4+, . npaKTHqecKH .IlBYXKBaJnqacTHqHaJI /R
2= 

:: 88-92o/o/; KOMiioHeHTa o;1Q3~ HnqeM He BLI.neneHa cpe.nn npo-

qnx.·· ' 
COBCeM KpaTKO OCTaHOBHMCH Ha H30TOHaX C 'N =Sq. 3i<cnepa-

10 

, .. 
; 

MeHTaJibHbie ,naHHble ·J,necb BeCLMa CKY.D;Hbl, a HeKOTOphie n:.o;pa 
nMeiOT Heo6LitiHhiH cneKTP soJ6y)K,II;eHHLIX cocTOHHHH /HanpnMep, 

c;; 90 Zr. /. KpoMe Toro, B · H.npax 94 Ru n 92 Mo nnoxo orrHCLIBa

IOTCH 2j COCTOHilHH B aHrapMOHnqeCKOM rrpHfiJIH)KeHHH. B pe3yJIL

TaTe HaUIH pacqeTLI s 3TOH o6nacTH He oqeHL Ha.nemHLI. O.nHoqac-· 

THqHbH!_ ypOBHH cpe.nHero ITOJIH B H30TOHax· C . 'N =50 pacnonomeHbl 

C MaJIOH ITJIOTHOCTLIO, H IT03TOMY menL H XHMHqeCKHH llOTeHUHaJI 

pe3KO H3MeHHIOTCH OT H,npa K H,npy. 3TO, B CBOIO oqepe,nb, 'rrpHBO.IlHT 

K CHJibHbiM H3MeHeHHHM 3HeprHH .IlBYXKBaJnqaCTHqHLIX COCTOHHHH. 

B peJynLTaTe npepo.na 4+ cocTOHHHft oKaJLmaeTcH cymecTseHHo 

paJHoii .nnH paJHLIX H,nep, qTo H BH.nHo HJ Ta6n. 3, a cornacne 

C 3KCrrepHMeHTaJibHbiMH 3HeprHHMH oqeHb HeperynHpHO. 

MLI cqnTaeM, _qTo_ BLIWeHJn·omeHHLie pe3YJ1LTaTLI HeocnopnMo 

CBH,neTeJILCTBYIOT 0 samHOCTH CBH3H KOJIJieKTHBHbiX H KBaJHqaCTHq• 

HbiX B036ym.neHHH B rronyMarnqecKHX .R,npax. 3TO BH.IlHO H3 CTpyK

Typbl nonyqeHHbiX BOJIHOBbiX tiJyHKUHii 4 + H5- COCTOHHHH, HX 3Hep

rnii, H3 :B(E2) sennqnH. HaiiiH pacqeTLI yKaJLIBaiOT H:a He-. 

·rrpaBOMepHOCTb OllHCaHHH paCCMaTpHBaBWHXCH COCTOJIHHH TOJibKO 

Ha. KBaJnqacTHqHoM- -Hnn TOJILKO Ha tiJoHoHin)M H3LIKe. MLI noHnMa

eM, O,nHaKO, qTO paccqHTaHHbiX HaMH xapaKTepHCTHKHe,nOCTaToqHO 

,nJIJI O.IlHO:iHaqHOH n,neHTHtiJHKaUHH 3KCrrepHMeHTaJILHO HafiJIIO,naeMbiX 

COCTOHHHH. Heo6xo,nHMbl pacqeTLI npouecCOB, KOTOpble CBH3aHbl 

C ,nntlJtlJepeHUHaJILHOH CTPYKTypoii BOJIHOBbiX tiJyHKUHH - TaKHX, KaK 

{3 -pacna.n, peaKUHH .nsoiiHoro cpLIBa HJIH n·o.nxaaTa. llpH onncaHHH . 

. 3THX HBJieiiHH MOmeT OKaJaTbCH samHLIM TO ofiCTOHTeJILCTBO, qTO 

OJlH3KOe pacnonomeHHe HeKOTOpbiX .nsyXKBaJnqacTnqHLIX 4 +/H. s-I 
COCTOHHHH ,nOJI)KHO rrpHBO,nHTb K JaMeTHOMY CMeWHBaHHIO HX, KOTO-

pbiM MLI npeHe6peraeM. • · 

3aKaHqnBaH, HaM XOTeJIOCb fiLl Bbipa3HTb rnyfiOKYIO rrpH3Ha TeJib

HOCTL B.r .ConosLesy, KOTopoMy npnHa.nnemnT n.neH 3Toii pa6oTLI, 

Ja noCTOHilHOe BHHMaHHe H UeHHbie COBeTbl. Mbl TaKme pa,nbi BOJ• 

MO)KHOCTH no6naro.napnTL P .B.~monoca n B·.E.MHTpownHa Ja · 

noneJHLie o6cym,neHHH. 

Jlumepamypa 

1 •. S.R.Aimoney and J.G.8orse. Nuci.Phys., A 171, 660 (1971}; 
8.!$rensen. Nuci.Phys., A 142, 392, 411 (1970); 
E.R.Marshalek. Lett.Nuov.Cim., 4, 631 (1972); . . 
E.E.EaAb6Yt~ee, P.B.j{JICOAOC . .Jl4J, 7, 788 /1968/; 
R. V.Jolos, V.G.Soloviev, K.M.Zheleznova. Phys.Lett., 258, 393 (1967); . 
R. V.Jolos, V.M.Finer, V.G.Soloviev, K.M.Zheleznova. Phys.Lett.,. 278, 

. 
614 

(1968). 
2.T.A;zaza. CmpyKmypa · .Rbpa, -OH.JIH, ,a-6465, ,l{y6Ha, · 1972~ 

II 



~ '• 

.. ;· 

'3. P. Vogel and L.Kocbach. Nuci.Phys., A 776, 33 (t971); 
. A.Raduta, A.Sandulesku, P.O.Lipas. Nuci.Phys., A t49, 11 (1970); 

A.Raduta, A.Sandulesku. Nuci.Phys., A 18t, t53 (t972). 
4. B.r.CoAoebeB. Phys.Lett., 21, 320 (1966);. 

V.G.Soloviev. Nuci.Struct., Dubna Symposium /968, p. ·tot, IAEA, Vienna; 1968. _ 
5. N.Kanesaki eta/. Department of Physics, Kyushu University, Fukuoka, NT -1-t972. 
6. A.H.Booeuu, fJ. Cr.zo.Huoe, H.IO.lllupwwea . .. OH.JIH, P4- 6307, 

/(y6ua, 1972. · 
7. M. Waroquier, K.Heyde. Nuci.Phys., At64, 113 (1971). 
8. M.Sakei. Institute for Nuci.Study University of Tokio, INS-J-t27, June 2, .1971. 
9. C. H. Lederer, T.M.Hollander,. /.Perlman. :Table -of Isotopes, Sixth Edition; 

John Wiley and Sons, New York; 1967. 
10. O.Beer et at. Nuci.Phys., A 147, 326 {t970); 

E.R.Fiynn eta/. Nuci.Phys. A 154, 225 (1970); 
A.Kerek. Nuci.Phys. A 176, 466 (1971); · 

· J.C.Hill"and D. F. Fuller. Phys.Rev. C5, 532 (1972}; · 
P.ApAbr.! u op. OHJIH, P6-4246, /(y6ua, 1969; 
J.Kownacki and K.G. Rosenfef!.. Phys.Lett., 358, 153 (197t). 

PyKOllHCh nocTynnna B ·H3J].aTellbCKHH OTJ].ell 
24 HHBapH 1973 ro.na. 

~··-. '. 

12 

.. 

-c::s 
::::r 
::::J 
c:::: 

\.0 

~ 

1 ~} i' 1
ti 

~ ·~ l -~ 

j 
-~~ 

I
~ c.sa: .... 
~ 

., ~-
~ .. ; -
•11: Cli 

:~ 
;; ~I 

crt§ 
q? 
1rt 

~.-. 

l 
Ci~ 
•a: tl 
~ y;.-
~ ~ 
lj 

~::} 
a~ 
~ ~I 
..... t:l 

)j 

It 
!~ .- ") .. .. }a 

~ ~~ 
~ II 
";' o!ll 

~ 

iS .l 
~-:::. ... .. 
~ ~ 
M ;.~ 
~·a: ... g 

~ 11 
~ ~ 
~ ~ 

• l!' 
~ :S 
;t J 

;:::; ... 

..... 
J 

~ ~ .. ~ J! 't! 

,..., .... I l ~ 
~~I 
l! " ..... 

l') 
~ 1. ~ ~ ~ 

c..J 10 ~ I~~ ~ ~ l:a ~ 
2! ll 
! ~ 

i ~i 
i lll i ~ 

~ ~ 
Ia: i 

~.,1~1~ 
.c-of!C "' .., 

~~~ .., .., ~~~ ~~~ ~~~ ;::I~ 
Iii "" .. "' 

~,.., 

... :!! "' ... 
I~ 

... 
~ 
~ 

~- ~,lil 
~ ::t 

z,;· 
!J:i~· 'It t, ~1~1511~1~1~11~ 

.... to 
~ ~11 ;!1 181 ~11 ~TT" ... ... 
c::; .., <::1 <::1 ........ !::! "<i ...:i- ..... 

~ 

li!l ~ 
... 
::! 

<::i c::; 

~, ·~ ~ ~ ~ 
l 0 .... ~ 
~ ~ ~~& 
~ ~ ~~~ 
~ j -g~M 
~ .. ;; I :...~ t_:l;i .. ·.,. ';:l-::.: 
~ ..... «::¥ .. ::; - q Q .. 

.:S <t •0!: ~ ~ t} .;; lt ;$ 
"'0 ~it e_ .. a:t... QJ~~ 

[~~~~~~ ~~~ 
~ ~· t: ..... 'l:l .., ~ 
~ ~~l~.l..:;:l! - s 
j (~ ~~8 ~~JI 

!6 5::?; ~~~ 
~ 
:It .. . . . .. - . .. 

0 
~ .. .. . 

. ·~- -·---'""-> 



• 
.T

ao
nu

u.
a 

2 

fll
po

 
tW

J 
C

m
p!

IK
m

#/
pa

 lt
M

H
ilh

V 
~
 

8(
U

4=
Zl

 ~
 'I

( 
5

")
 

[m
p!

IK
m

!/
pO

 II
JII

HD
ID

u 
tp

¥H
ir1

A
.II

V
 

lt
ll

··
 

::;
: 

I<
JI

 

Z
I8

J 
21

12
 

16
.1

J'
/,

Cf
J.

,J
&,

It
3~

21
%1

li
,l

l,
~ 

5.
63

 
28

17
? 

2
H

8
 

~l
iC
U,
.,
.J
l.
/,
 N

.I%
C

III
.,.

5$
t'I

J..
a;

,-l
.ti

'&
.Jt

J!
. 

Sn
to

t 
22

14
 

16
.5

%C
t~

~.
t 11

th
~~
~z
J•
7B
%s
;,
a;
, 

19
.0

 
21

t8
8 

S+
.t
%C
t~
~,
e~
J·
o.
us
;,
a;
, 

', 

2J
90

 
22

97
 

jf
'f

.[
th

,~
z 
th
,.
,J
•5
8.
Z%
1l
i,
0 1~

 
12

.8
 

2J
67

 
23

56
 

IJ
8.

1t
%

llh
;,.

Jr
..,

J•
O

.Z
%

a;
,a

;, 

Sn
,. 

Z
5Z

6 
88

%
C

IIV
IJ

#r
i.J

•J
%

 11
,~

Q 1~
 

0.
68

 
27

10
 

(k
,_

.J
II

I,
 l

rm
iH

II
II

A
 

ZJ
89

 
90

.J
%[

1h
,.

~z
 2

dJ
1t

] 
,.

,.
, O

V
M

. 
I'

P
O

A
II

 

21
81

 
26

65
 

75
. 7

%
[1

/ft
 ld

M
I]

• f
6.

$%
Q

j 1Q
;, 

3.
75

 
' 

. 
,' 

fl.
8

. 
23

26
 

ZZ
J9

 
90

.$
!.

Cf
h,

.J
~J

·o
.s

% 
Q;

,a;
, 

22
81

 
22

63
 

l,t
'f,

[fh
;w

f,_
,]•

S
6.

1t
%

fli
,g

;, 

Sn
,..

 z+
ai?

 
26

62
 

IJ
O.

~t
%C

IJ
,t

, 3
$w

1•
5%

1l
;,o

;, 
Q

96
 

' 
ZS

!JZ
 

9l
r %C

th.
,~z

 2t
t~~

zJ 
•O

.Z
%

 a
;,

 a
;,

 

Z.
~t

n 

21
99

 
22

95
 

U
.6

%
(1

h,
b 
ll

r,
;.

]•
50

.U
8i

,f
lz

~ 
fO

.O
 

Z
l8

7
 

zz
gz

 s
n"

C
fh

,1
z3

S
.,

,1
• t

.6
%

a;
,a

;, 

·sn
'" 

21
,7

0!
 

25
1,

7?
 

25
J3

 
96

%
[/h

,tz
Z

dm
l •O

. 5
%

 &~
;,
o;
, 

26
5.

3 

21
1,

2 
2J

71
, 

ar
j.C

 ,,,.,
,,,.,

J•J
J%

 a;,
 a,

~ 
. 6

.1
 

22
1t

5 
ZJ

it9
 

!J
D.
Z7
!l
i"
~"
Js
.,
,J
• 1

.8%
 o;

,o
,~

 

Sn
 "
' 

ZJ
Z8

 
Z1

,7
Z 

9
fi

r.
{l

h
,t

. Z
ltl

h
}t

(J
6

%
0

:.
1

JJ
I 

21
01

 
23

71
, 

72
"/.

C
fh

,tz
 ln

, 11
J•

ZJ
.f%

1l
zi

 O
j, 

1,
.0

 
11

09
'?

 
Z

ltJ
J 

88
.'

1'
.[

1h
~J

St
t~

•l
.5

%f
J 1~

0J
: 

. S
rl'

'4 • 
Z2

13
 

Z
U

J 
!J

I.%
ll"

-2
dJ

IIJ
•o

.s
,;o

,: 
tJJ

: 

•
' 

T
ao

nu
u.

a 
3 

Ro
po

 ~
rr
op
. 

'1. 
C'-

,'J 
[m

p•
ll•

m
:J

pa
 l~

~JN
< l

tW
 

I(E
t.+

~z:
 N

-,.
,. 

'l 
cs

·J
 

. 
. 

~
·
.
~
 

~t
a 

'11
 

"
"
"
"
"
''
"
' 
..

 ~·
·•

 
15
·.
~ 

;..
~i 

C
m

p1
11

rm
11

pa
 
lo

n~
ro

lo
u.

 t
p

iiH
K

u
,u

u
 

Ru
" 

Z..
10

 
43

30
 

J2
5i

F
 

D
l.i

[<
L

 
fJ

 ·}
. 

0
/ 

• 
• 

~ 
"'

~"
 '

T
S/

l 
>

'S
R

· 
'2

.2
 1'0 

Q
ll

 Q,
, 

~9
90

 
2o

oo
.: 

IJ
cm

oA
J.

II
U

I!
 N

01
fi7

Q
 

96
"/.

[ff
,,.

2p
..,

J H
I!

IU
•W

tJ
¥

tH
 

lf
ti

M
. 

0.
01

 
J5

85
? 

Sz
" 

. 
-

21
88

 
· 

' 
· 

· 
tk

ll1
a.

<
61

16
11

 H
O

II
/J

/1
' 

98
'/,

[fh
b 

ff
J;

.)
 H~

H'
m6
1 
,
_

.
 _

,
.
,
 

0
0

8
 

i 
- -

f1
00

 
Bl

t.
6l

lf
s 12

2p
Jt

i1
•J

.J
%~

;o
,:

 ·
 

Z.
O

it 

J<
r"

 
-

23
38

 
86

.5
%

[1
/.;

. 1
/S

/l]•
6.

Z%
0z

',O
J,

 

·' 
-


