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1. Baeµ;eHHe 

XoT.lI ocTpoTa Borrpoca o rrpwnrne rrporra)KM cMJihI raMoB-TerrrrepoBCKMX 

(fT)-rrepexop;oB, 0KCIIep11MeHTaJihHO o6Hapy)KeHHOM ·B. (p, n ):peaKI.i;mrx 

. rrpu npoMe)KyT09HhIX 0Heprmrx [1]' 3Ha9MTeJihHO CHJ13J1Jiach, 0KCIIe

puMeHTaJihHhie 11ccrrep;0Ban11.H, HarrpaBrreHHhie Ha p;eTaJihHoe uny'leH11e 

pacrrpep;erren11.H fT-c11rrhI no 0Hepr11.HM Bon6y)Kp;eH11.H,. rrpop;~JI)KaIOTC.H 

[2, 3]. ByKBarrhHO cpany rrocrre 0KcnepuMeHTaJihHoro o6Hapy)I(eH,Il.H 0<p-' 

cpeKTa nop;aBJICHil.H rT-c11JihI 6hIJIJ1 rrpep;JIO)KeHhl p;Ba MexaHJ13Ma; 06'b

.HCH.HIOIIJ;Ile rrepeuoc nua911TeJihHOM 9acT11 fT-c11JihI B 06rracT_11 0Hepr1111 

BOn6y)I{p;eHM.H, Jie)KaIIJ;Ile 3IIa9J1TeJihHO BhIIIIe r11raHTCKOro fT~pe3oHaHca, 

rp;e ee 06Hapy)Ken11e 9pe3BhI'laiino naTpyp;Heno. IlepBhlM MexaH'nriM - ; 

0TO BJIIl.HHile Li-11no6aphI [4]. BTopoii _:.__ 0TO B3al1MOp;eiicTBile 9aCTII9HO-

-p;hip09HhIX Bon6y)Kp;eHJ1M rT-T11rra C 6orree CJIO)KHhIMil KOH<p11rypau;11-

.HMJ1_, B rrepByIO 09epep;h, c 2p - 2h cocTO.HHil.HMil [5, 6]. B'.HacTo.H

IIIee BpeM.H Tpyp;Ho cKanaTh, B KaKoii Mepe Ka)Kp;hIM 11n MexaHII3MOB 

OTBC9a.~T na rrop;aBJieHMe fT-cnJihL0p;HaKO crrep;yeT OT.MeTM.Th 06rn:y10. ' 

. 'IepTy' rrpncyui;y10 rrpaKTJ19eCKJ1 BCeM 6en IlCKJ1109eHirn pac'leTa:M m
raHT_CKOl'O fT_-penonaHca B rrp116rr11)KeHn11 crry~aiinoii <panhr. Ilo~TM Bee 

OHM IlCIIOJlh3YIOT B Ka9eCTBe OCTaT09HOl'O, B3aJ1MOp;e_MCTBJ1.H IIJIIl rrpo

C1'hie ( C7, 8)-CilllhI [7], IlJIIl <pepMil-)Kil)J;KOCTHOe b-B3al1MOp;eMCTBJ1~ [8]. 
06a 0TH Bna11Mop;eMCTBil.H rrpaKTII9eCKil He CB.H3hlBaIOT p;pyr C p;pyroM 

HYKJIOHhI, Haxop;.HIIJ;HeC.H B COCTO.HHil.HX C pa3HhIM 9IlCJIOM ynrroB B pap;H- . 

aJihHhIX 9aCT.HX BOJIHOBhIX <pyHKD;IlM. 

D;errhIO nacTo.Hui;eii pa6oThI · 6hlrro 11ccrregoBaHne B03MO)KHOro BJIH.H- · 

Hil.H ABYXKBa3H9aCTJ19HhIX COCTO.HHMM, B KOTOphIX KBa3U9aCTilll;hI na.: 

.HilMaIOT COCTO.HHil.H C op;nnaKOBhIMil op611TaJihHhIM·11· MOMeH'raM11, 'n~ 
_ C pa3HhIMJ1 pap;MaJihHhIMil BOJIHOBhIMil <pyHKD;Il.HMil, Ha pacrrpep;erreHne 

CilJihI rT-rrepexop;oB B c<pep119eCKJ1X .aTOMHhIX . .Hp;pax: Taiue CffCTO.H

Hil.H MO)KHO c<popMI1pOBaTh, IICIIOJ1h3Y.H nerroKaJI1;>Hhie OCTaTO'IHhle B3a

J1Mop;eMCTBJ1.H. Cerrapa6eJihHbIM Bap11aHT TaKOl'O B3al1MOp;eMCTBJ1.H rrpep;

CTaBJI.HeTC.H rrpOI13Bep;eHJ1eM op;H09aCTII'IHhIX orrepaTopoB, pap;MaJibHbIM 

.. cpopM<paKTOp KOTOphIX CilJibHO 3aBJ1Cl1T OT pap;11yca. 
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2. <t>opMaJIH3M 

,Un.a oaMKHJTOCTH HOno)KeHH.H HaIIOMHHM OCHOBHbie cpopMynbI II npeA~' 

IIOJIO)KeHH.H (6onee rro,a.po6Hoe 'HOnO)KeHIIe CM. s [6]). raMIIJILTOHHaJI. 

Mo,a.enH BbI6HpaeTc.a B BH,JJ.e cyMMbl cnaraeMbIXj J9HThIBaJOIIIHX cpc,a.Hel~ 

none (n0Tem1uanbr CaKcoH-By,a.ca, napaMeTpbIK0Top1,rx ,a.rm np0To;10B 

II p,n.a HeHTpOHOB He COBI1ap;a10T ), csepxnpOBO,l]..HIQee MOHononbHOC cna-, 

pHBaHIIe lI OCTcLT09HOe cenapa6enbHoe 'IaCTH9HO-,JJ.blp09HOe B3aH1'10-

p,eiicTBIIe: 

H _.:, 2 01 ~ Qt Q . 
res. - - K1 L-J I,µ I,µ, 

µ 

. . . ": . ,; t 
Q - ~ . I U( ) (-) I . . 

I,µ --::. . -. b' ', < Jp, mp r (1 µi Jn, Tnn > ajp,mp aJn,mn' 

jp.,~~~,jn ~mn 

n,a.ecb x:~1 
' - 0<f><peKTHBHaJI KOHCTaHTa OCTaT09Horo B3aIIMO,l].CHCTBII5I, 

. a:J;',mp ( lljn'.'rn,n )_ :_ onepaTop pO)K,JJ.EmH.a (ymI9TO)KCHH.a) ·iipoTOIIa ( 11cii~· 

Tpoua)'. OcHOBHo'e COCTO.HHIIe 'Ie'l'H0-9CTHOro .Hp,pa 6y,a.eM pacn.rn'I;pu

BiTb KaK. ipoi10HH,bIH BaKyy1v1, a son6y)K,a.emme COCTO.HH'mi He<ICTHo

He9eTHor·~ .a'Apa.:.'...:_KaK O,l].HO<poH6mrne: OnepaTop pmK,a.eirn.a 1 (+)_'qwno

Ha: onpe,a.enIIM. COOTHOIIIeHHeM . . . 

nt,i:::: L { 1J.,}p,JJajpO'.jnli,µ + (-lt¢}p,jJajpajJ1;-,,} 
Jp,Jn 

r,a.e [ajpO:jnh,µ-;-:- Tem:30pHoe npom:3BC,JJ.CHHC onepaTopoB YHll'ITQ)KCJIH.H 

npoTOHHOH II ,neiiTpOHHOH KBa3n9aCTHQ. B npn6JIII)KCHHH cny9aii111,1x 

<J>an one'pa;ophl po~~CHII.H H YHll'ITO)KCHH.H ~aKHX npoII3BC,1].CH~H _ C'IH-
• ,., ' • ·. i . -. , · • , ,• 1 

TalOTC.H y,a.oBJICTBOp.H!OllllIMH 6o□OHHbIM _KOMMyTaQHOHHbIM COOTIIOIUC-

HII.H.M. ¢oHOHHbIC a~TIJIHTJ,1].bl 1P)p,jn lI <Pt,jn HOpMIIpOBallhl ycnoIHl~M 

. ~ i, . . . i,' . - ·;_ : ... i_' ·. . - .h . . , 
'£.-J { 1PJp,Jn 1PJp,Jn <PJp,Jn. <PJp',Jn}.- t,i. 

.Jp,Jn 

AMTIJIIITJ,JJ.a nepexo~a H~ OCHOBHO~O Ha 0,1].HOCpor~~~l;lblC ·1 ( +) ,_COCT05IlllUI 

no,a. p,eiicTBIIeM onepaTopa at(-) pamrn 

b(l+,i) = L (jpjjat(-)llin)(ujpVjn1P}p,jn + VjpUj,.<P~p,jJ, 
jp,jn . 

2 

(i1 

" ,;1 

. . ' 
n,a.ec1, Uj n Vj - Ko0cpqm11neHTLI npeo6pan0Bamrn·Boromo6osa. YpaBHe-

HH.a p,n51 onpep,encmrn cpouo111IbIX aMnnnTYA B cny•rnc cenapa6e.,1,Horo 

•1acTH9HO-,JJ.bipo•moro B3aIIM0,1].Cl1CTBII.ll MO)KIIO nanncaTb B BH,JJ.e: 

npn OTOM 

.-

(+) i i 
Rq,q'9q' - WjWq 

. i + R(-) i 
-W19q q,q'Wq, 

0 

0, 

g l _ 1 /,i, . + -+.i, . ~j _ .1,i. . _ ,f,i, . 
q - "t'Jp,Jn '+'Jp,Jn' q - '+'Jp,Jn 'f'Jp,Jn' 

R~~l = (qDq,q' - (2/3)x:~1 hqut hq,u;, , · 
' ± 

(q = (jp + (jn, Uq = UjpVjn ± Vjp Uj,., 

hq = h(jp,jn) = (jpjjU(r)at(-)llin), 

rp,e (. j ---O,JJ.IIOKBa3ll'IaCTU9HaJI ;rnepru.a II Wj --OHeprlrn i-ro O}.(HOqJO

HOillJOro COCTO.HHH.H. B MaTpH9I!bIC 0nCMCil'l'hI R(±? BXO,l].HT IIpOm:3Be-. q,q 
,l].CHIIe npnse,a.eHHhIX MaTpll'IHLIX oneMeHTOB O,l].H09aCTll9HbIX onep·aTo-

poB_OCTaT09HLIX cnn h(jp,Jn)- B pa6oTe [6] pa,a.nanbHaJI _naBIICI!MOCTb 
,\ . . 

Bh16npanac1, U(r) = r , 'ITO p,n.a rT-nepeXO,l].OB (,\ = 0) COBIIap,ano C 

( a; a)-cnrraMU pa6oTLI [7]. B HaCTO.HIIIeH pa6oTe Mbl HCIIOJih3JCl\l CCIIa

pa6eJihIIOe IIOBepxHOCTHOC B3aHMO,[l,CIICTBHe, paBHOe npo1mBO,l].HOf1 no 

pa,a.nycy OT QewrpanbHoii •1acrn o6ono9e9Horo n0Tem1nana (CM., iia

npnMep, [9]). 

3. O6cy}Kµ;eHHe penyJihTaT0B pac"CJ:eT0B 

Ha pnc. 1 II 2 noKanaHbipcnyn1,TaTLI Bbl'IncncHnii pacnpep,er1emrn c1in1,1 
· . - . : . - . • ·51 ' 208 

I'T-_ncpexo,a.oB no 0ueprnn Bo□ 6y)KgcHH.ll ,a.n.a .Hgcp, 'Fe n_ Pb. Ilapa-

MeTphI O,[l,II09aC'l'lI9HbIX IlOTCHIIHaJIOB II KOHC'l'aHTbl cnapnBa'l'CJihHOro 

BoanMo,a.eiicTBH.H B□.HThI nn pa6oTbI [10]. II 1,n.a 11·p0To11on 11 °,1].n.ll ueii

TponoB J9lITbIBaJIIICb ace gncKpCTllbTC lI KBa3l!C'l'aQH011ap11ue 0,1].HO'la

CTH'l~blC cocT'o.amrn. Ha pncy1rnax r1pC,1].CTaBJICIIhl CIIJIOBLIC <l>YHKIIl!ll 

raMOB-TCJIJiepOBCKHX nepexo,a.ou 

S(E) = L b(l+,i)2 

i:E;<!'J 

' 1,rrn HCCKOJihKHX 3Jla9CH1It1 KOIIC'.raJIThl ncJHJ>eK'l'IIBIIJ,IX OC'l'aTO'Iii1,1x mrn-
u u 01 . . ' .. 

HMO).,CHCTBHII X:1• , KO'I'opan, l\WH.HJiaCh B nm_p_oKOM AIIauatJOIIC nIJa'!elll_llI -

3 .~,,--..-
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Pnc. 1. Pacnpep,ene1rnc cun1>1 fT at(-)_ncpexop,oB no :::rnepruH BO3-

6 . 54F· C. . . · yn<~~CIIUH B 'e. HJIOIUHal! U npephIBHCThIC ITHHHH - pc3JJibTaTbI 

pac•iC'roB,. TO'I KH ·noKphIBfLIOT o6nacTH 3lla'leHHH,' IIOJIJ'ICHHhIX npn HCc 

c:ie1~OBaHun pcaKu,nn ·54Fe(p, n) 54co [2] 
~ ..... ~,,,1,-"'l'.._ 
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40:0 

Puc. 2: Pacrrpep,enenHe CHJibI fT atC-)_rrepexop,oB no 0nepruu:noo-
2os · 

6y)KP,CHI1.H B Pb. CrrnonrnaH H rrpephIBHCTbIC JII1Hl1H - pe3JJihTaThI 

paC'lCTOBj TO'IKH IIOKphIBaIOT o6rraCTH rrna'ICHHH, IIOJIJ'ICHHhIX rrpu HC

crrep,oBaHHH peaKu;Hn 208Pb(p, n) 208Bi [3] 
5 
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(rma'-I~HIIJI JKa3aHhl Ha pIICJHKax). 8HeprIIII B036y:aqi;eHII~ O.TC'-IIITbIBa

~TC.ll OT ocHOBHoro cocTO.lIHII.ll .llp;pa-MmneHII. Jlp;pa 
54Fe II 208Pb 6brnll 

BhI6paHhI, T.K. )J;JI.ll HllX B JIIlTepaType IIMeJOTC.a 0KcnepIIMeHTaJibHhle 

p;aHHhie 

0

0 fT-cIIJIOBhIX cpyHKll;~.lIX, IlOJIJ9eHHhle II3 (p, n )-peaKQilH ripn 

npoMe)KJTO'-IHhIX 0Heprn.Jix: )];JI.JI 
54F e OHil B3.lIThl Il3 Ta6JIIlll;bl II pa6oThl 

[2], )];IT.JI 
208Pb .:_ Il3-Ta6rrnu; (ii 1( pa60ThI [3]. 06JiaCTil, B KOTOpbie 

nonap;aIOT 0KcnepIIMeHTaJihHO·Oilpep;eJieHHhie 3Ha9emrn S( E), Ha pn

CJHKax IlOKphITbl T09KaMII. AHaJIOrll9Hhie pac9eThI 6hrnll BhIIlOJIIieHbl
0 

II )];JI.JI .llp;ep 
90Zr, 120

•
124Sn II 14°Ce, npII 0T.OM IlOJIJ9eHilbie penyrrbTa:rhl 

Ka9ec:rBeHHO 09eHh 6JIII3KII K npm~ep;eHHhIM Ha pIICJHKaX. Jl,JI.ll BCeX 

pacCMOTpeHHhIX crry9aeB xapaKTepuo, 'ITO 

1) Ha9IIHaJI C He1(0TOphIX 3Ha9eHIIH_KOHCTaHTbI ecp<peKTilBHOro B3al1-

MOp;eHCTBII.ll cpopMIIpyeTC.ll KOJIJieKTIIBHOe fT-coCTO.lIHIIe, ·p~CilOJIO)KCll· 

Ho.e BhIIIIe rIIraHTcKoro fT-penouauca. 8To cocTO.lIHIIe o6pa,3ycT01 

Ha OCHOBe )J;BJXKBa3II9aCTII9HbIX COCTO.lIHIIH, B KOTOpbIX neH'I'pOHHaJI 

II npoTOHHaJI KBa3II9aCTilll;bI naHIIMaIOT ypoBHil C pa3HhIMII. pap;IIaJib

HhIMII KBaHTOBhIMil 9IICJiaMII. fT-MaTpII9HbiH 0JieMeHT Me)Kp;y TaKIIMll 

ypoBH.lIMII XOT.ll II 6JIII30K .K HJJIIO, HO BCe-TaKII OTJIII9eH OT. Hero, T.K. 

HecoxpaHeHIIe II30CilIIHa B T.ll)KeJihIX .llp;pax npIIBO)J;IIT K TOMY, 'ITO op-
- u 

ToroHaJihHOCTh HeIITpOHHhIX II npoTOHHhlX O)J;H09aCTII9HhIX COCTO.ll-

HIIH C pa3HhIMII pap;IIaJihHhIMII KBaHTOBhIMII 9IICJiaMII HapyrnaeTC.llj 
. · 01 · '. 2) C pocToM' IK:1 I 0To KOJIJieKTIIBHOe COCTO.lIHIIe B6npaeT B ce6.JI Bee 

6orr1,rny10 II 6orri,rnyro 9aCTh noJIHOH CIIJihI fT-nepexop;os II nocTene1rno 

cMern;'aeTc.JI B o6JiaC';h 6orr1,rn11x eneprIIH son6y)Kp;enII.llj 

3) cooTBeTCTBenno rIIraHTCKIIH fT-penonanc Tep.lleT 9acTh. csoi'1 

CIIJihI _nepexop;oB II Henna'-IIITeJihHO CMern;aeTC.ll BBepx no 0HeprIIH B03-

6y)Kp;eHII.ll. TaKaJI "ycTOH'-IIIBOCTh" rIIranTCKoro pe3onanca o6'b.lICH.ll~ 

eTC.ll nO.lIBJieHIIeM B CeKJJI.llpHOM ypaBHeHIIII p;onoJIHHTeJibHhIX p;BJXKBa-

. 3II9aCTII9HhIX noJIIOCOB, pacnoJIO)KeHHhIX npII 6oJihlllIIX eneprII.lIX, 9eM 

noJiioca, cpopMIIpyrorn;IIe 0TOT pe_3CJHaHC. Ilo0TOMY o6bI9HhIH cnoco6 

. onpep;erreHII.ll KOHCTaHThl 0cpcpeKTIIBHoro OCTaT09HOro BnanMop;eHCTBil.ll 

no noJIO)KeHIIIO rIIraHTCKoro,fT~pe3oHanca [7] B crry9ae HeJioKaJibHhIX 

cenapa6errhHhIX snaIIMop;ettcTBIIH ne pa6oTaeT; 

4) npn 0ToM noJIH_aJI fT-cII~a p;rr.ll at(-)_nepexop;os, npocyMMnpo

BaHHaJI . no. BCeM · COCTO.lIHII.lIM, MeHHeTCH He3Ha9IlTeJihHO. II_ orpaHII9ella 

6 

·r·· .: ' 

'"' 

./ 

cmmy nc:JII'IIIIIOli. onpcne:ic1111oii 113 npann.1a cy~JM l·hc;u,1 [11]:. 

"I k··1 . 1(-)1 : 12 " I ,.,I 1(+)1 ' 1
2 

- "3( \' Z) ~ < a/1 _. g.8. > - ~ < " a1,,. g .• ~. > - . .' ·-:- ., .. 
k.1, . . . k'.11 1 

· 4. 3aKJII0'9:eHHe 

Hn pcnyllhTaTOB, 11p11BC/\Cllllh!X BhllllC; c:1cnycT, 'ITO C no:-.JOIUI,IO JlOC'l'a

TO'I 110 Cllil J,ll(;l'O l!e!IOKaJI hIIOI'~) OCTllTO'l 1101'0 Baa 11~10;\Cli<;TBILll ~l(l)KIIO · 

ofrhllCJIIJTI, 11cpe11oc CIIJJI,l I'T-nepexo;1on 113 o.6:1acrn, rnra!IT('.KOI'O _pee 

:Jo11anr.a no6nacr1, 6onec n1,1coK11X :rnepniii nm3.6yi!~;ie'111rn, ocra1iill1~1, B 

paMKaX rapMOIIII'ICCKOl'O np116JJ11)1,eJlllll. T.C. 11a ~-poBIIC 11p116:urn,e111rn 

cny•rnii11oii_ qrnm,I. ~)To OTKj)h!BilC'l' Bot3l\toil(IIOCTh Cll\C O)l.1101'0 cnoco6a' 

orrnca!lllll acJ)!J)eKTa 110/~iiBJICIIIUI rT-cmihl. 
Bo11poc1,1 0 B03~IO)KIIOCTII Cj'IHCC'l'BOBalllLll CIIJll,110 11e.10Ka.lhHhlX ocra-

TO'llll,IX 1ma11MO/~eiicrn11ii B pcaJll,lll,IX Jll\llaX II O IIJ)ll'IUl!aX nToii 11e

JIOKaJ11,IIOCTll ocraIOTCJI na, pal\JKa!\111 11a1111oii pa6oTbl II Tpc6y10T :1a!Ih-

. 11ciimero Hay•1e111rn. 
AB'l'OP o•rem, 11pmrna:renc11 11po1peccopy BS. Co,10n1,cny II co-rpy-

AlllIKaM JI'['cJ) OIUIH A.H. B11on1rny, 13.B. Bopb11ony, C.H. EpmoBy. 

B.10. II0110Mapcny, A.B. CymKOBY II COTPY/'\IIIIKY IHI IUl<l) ~IrY 
'I' B 'l' " 6 . . e-repeBOll na IIOJ!Crl_llb!C () CY)KACIIILll II na!\IC'lalll!.ll. ' 

J\anna.ll pa6oTa 6hlna n1,rnomre11a npu IIO/U\<'f))KKt~ PoccniicKoro <l)()HAa 

<J>yi1/\aMCIITaJiblll,IX IICCJIC/~OBa.Jlllli ( rpaHT IJOl\!Cp 9:J-02--;fl'l'l ). 
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PyKoIIHCh nocTynnna B H3AaTeJihCKHii:· oTAeJI 

30 AeKa6pH 1993 roAa, 
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Ky3hMHH B.A. 

BbICOKOJie)Ka~ue raMOB-TeJI.llepoBCKHe COCTOSIHH.SI 

a ccpepuqecKnx smpax 

P4-93-449 

BhlllHCJieHHSIMH B npn6mt:KeHHH CJiyllaHHhlX cpa3 IIOKa3aHO, l{TO HeJIOKaJib
Hble cenapa6eJibHble OCTaTOllHble B3aHMOAeiiCTBHSI npHBO~SIT K cpopMnposaHHIO 
AOTTOJIHHTeJibHblX KOJIJieKTHBHblX raMOl}-TeJIJiepoBCKHX (fT) COCTOSIHHH, pac
noJIO)KeHHblX 3HallHTeJibHO Bblllle rnraHTCKOro rT-pe3oHaHCa. 3TH COCTOSIHHSI. 

MoryT s6upaTh a ce6si 3HallHTeJihHYIO llaCTh cnJiw aiC-LnepexoAOB. PacnpeAe

Jiettne cnJibl nepexoAOB no 3Heprnn so36y)l(Aemrn B 06JiaCTS1x· rnraHTCKOro 
pe3OHaHca H HU)Ke corJiacyeTCSI C H3BeCTHbIMH 3KcnepnMeHTaJibHblMH AaH
HbIMH. 

Pa6oTa BhIIIOJIHeHa B Jla6opaTOpUH TeopeTHlleCKOll <PH3HKH 011.5:lH. 

HpcnpHIIT 061,cAHIICIIIIOl'O 11IICTl1TYTa IIACPllblX 11CCJICA0B3IIHH. Jly611a, 1993 

TTepeBOA asTOpa 

Kuz'min V.A. 
High-Lying Gamow-Teller States 
in the Spherical Nuclei 

P4-93-449 

It was shown by calculation in t.he Random Phase Approximation that 
non-local separable residual interaction can form the additional collective 
Gamow - Teller (GT) states placedconsiderably higher than the usual giant 
GT resonance. These states can absorb the considerable part of the strength of 

the at<-) transitions. The distribution of the GT transition strength over excita

tion energy in the giant resonance region and in the low energy region cor
responds to the known experimental data. 

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