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Manoa fl.A., HecTepeHKO B.O., ConoabeB B.r. P4 - 9879 

nonyMi!KpOCKOIIH'IeCKOe Olli!C8HHe I'i!I'8HTCKHX OKTyiiOnbHbiX 

pe30H8HCOB B .cte!jlOpMHpOB8HHbiX S!Jlp8X 

B p8MK8X CBepxTeKy'lell MO.ctenK S!.ctpa HCCne.ctOB8Hbl OKTyiiOnbHhie 

pe30H8HCbi B .cte!jlopMi!pOB8HHbiX S!.ctpaX. npHBe.cteHbl IIonolKeHHS!, WHpHHbl 

H30CKangpHbiX H i!30BeKTOpHbiX pe30H8HCOB .ctnSI pS!.ct8 SI.ctep. 

Pa6oTa BhiiiOnHeHa B fla6opaTopHH TeopeTH'IeCKOll !jlH3HKH OHHH. 

flpenpHHT 06be~HHeHHOrO HHCTHTyTa H~epH~X HCC~e~OBaHH~ 

,ll,y6Ha 1976 

Malov L.A., Nesterenko V.O., Soloviev V.G. P4 - 9879 

Semimicroscopic Description of Giant Octupole 
Resonances in Deformed Nuclei 

The strength functions ~E3,w) are calculated, and the 
positions and widths of giant octupole resonances in de
formed nuclei are found. It is shown that the giant octu• 
pole isoscalar resonances have energies (19-20) MeV for thE 
rare-earth nuclei and (17-18) MeV for the actinides and 
the widths (5-7) MeV. The energies of the giant octupole 
isovector resonances are defined by the value of the iso
vector constant K<r> •• 

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

Preprint of the Joint Institute for Nuclear Research 

Dubna 1976 
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3a noene,ll)lue ro,IJ,bl yaenuqune11 HHTepee K npo6neMe 

rHraHTeKHX MynLTHllOnLHblX pe30HaHeOB B 11,ll,pax B eB113H 

e 3KenepHMeHTanLHLIM o6uapy)KeHHeM /eM . / I-4/ I ruraHT

eKHX pe30HaHeOB , OTnH'IaiD~Xe 11 OT 3neKTp H'IeeKOrO ,IJ,H · 

nonLHo r o . TeopeTH'IeeKoe paeeMoTpeHHe 3TOH npo6n eMbl 

B p a MKaX HeclJeHOMeHonorH'IeeKHX llO,!J,XO,!J,OB B 6onLWHHe TBe 
pa60T o r paHH'IeHO eclJ epH'IeeKHMH 11,!1,paM H / l-3, S/ . IlpH OllH· 

eaHHH ruraHTeKHX pe30HaHeOB B ,IJ,eclJop MHpOBaHHLIX 11,ll,pax 

HMeroTe11 ,IJ,ononHHTenLHLie TPYAHOeTH, eB11 3aHHble, B qaeT

HoeTH, e He06XO,!J,HMOeTLID pa6oTaTL e 6onLWHM KOHclJHryfta

l{HOHHblM npoe TpaHeTBOM . ,lJ;n11 ,ll,eclJopMHpOBa HHLIX 11,IJ,ep B 
6

/ 

paeeMaTpHBane11 H30eKan11pHLIH rHraHTeKHH KBa,IJ,pynonLHLIH 

pe 3 oHaHe, a B / 7 I anepaLie B paMKax e,IJ,HHoro n ony MHKpo 

eKonH'IeeKoro llO,!J,XO,IJ,a paee'IHTaHbl xapaKTep HeTHKH H30· 

eKan11pHOrO (T =0) H H30BeKTOpHoro (T•l) rHra HTeKHX KBa,IJ,

pynonLHblX pe30HaHeOB . 
He,IJ,aBHO B eclJepH'IeeKHX 11,IJ,pax o6uapy)KeH H3oeKan11p

Hblii rHraHTeKHH OKTynonLHLIH pe30HaHe /eM. / I / /, B ,IJ,e· 

clJopMHpOBaHHblX 11,ll,pax HeT onpe,IJ,eneHHLIX yKa3aHHH Ha ey 

ll{eeTBOBaHHe r HraHTeKHX OKTynonLHLIX pe30HaHeOB. 

B HaeTOJlll{eH pa6oTe B rapMOHH'IeeKoM npH6nH)KeHHH 

paee'IHTaHbl 3HeprHH H ,ll,pyrHe xapaKTepHeTHKH ruraHTeKHX 

OKTy nonLHblX H30eKan11pHLIX H H30BeKTOpHLIX pe30HaHeOB 

B ,IJ,eclJopMHpOBaHHLIX 11,IJ,pax . 

CeKyn11puoe ypaaHeHHe ,IJ,n11 onHeaHH11 O,IJ,HoclJouoHHblX 

OKTynonLHLIX eoeT011HHH e HenOnL30BaHHeM H30eKan11pHOH 
K ~J H H30BeKTOPHOH K

1
( 3) KOHeTaHT B3aHMO,IJ,eHeTBH11 3an&· 

weM a BH,IJ,e / 7 .ar : 

( (3) (3) )(XI Xi )- 4 (3) (3)Xi XI - l 
Ko + K I n + p Ko K I n p - ' /1/ 

r,IJ,e, HanpHMep, ,IJ,n11 HeHTpOHOB 
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xi= 2 I . 
n ' ss 

[f(ss')uss' ]
2
[ds)+ds')] 

·----~~----~~-.~-
[t(s)+ds')] 2-w~ 

I 

/2/ 

3,IJ,eCL W i · 3HeprHJI O,!J,HOtlJOHO,HHOrO COCTORHHH, OCTanLHLie 

0603Ha'leHHJi Te :>Ke, 'ITO H B/7 ,S/. 34J4leKTLI, CBJi3aHHLie C 

.D.BH:>KeHHeM :u;eHTpa TH:>KeCTH, He y'IHTLIBaiOTCH, nocKonLKY 

HX BnHJIHHeM Ha CBOHCTBa rHraHTCKHX pe30HaHCOB B TH:>Ke· 

nLIX H,IJ,pax MO:>KHO npeHe6pe'IL. 

HcnonLJYH MeTO.IJ. BLI'IHcneHHH ycpe,IJ,HeHHLIX xapaKTepH

CTHK/9/, ,IJ,nJI CHnOBOH tlJyHKIJ;HH npHBe,IJ,eHHOH BepOJITHOCTH 

E3 -nepexo,IJ,a B JaBHCHMOCTH OT 3HeprHH aoJ6y:>K,IJ,eUHJI (u 

nony'IHM cne,IJ,yroiiJ;ee BLipa:>KeHHe/7 I: 

2-aKo 
b (E3 , w ) = ( 0 0,\ 11 I I K ) --- e 2 x 

" /3/ 

(3) 2 (3) '},, (3) (3) (3) 2 (3) (3) (3)2. 

x Iml [ (
1

-te tJ_ ~+(e_!!~~:XnXl~~-(1::.~ -~~~!.~1+C:.L~] l, 
1- (K 3 + K( 3>)(x +X )+4/(,..3 if3>x x w->w+i~/2 

0 In p uinp 

r,IJ,e e(
3

) , e~3) - 3clKPeKTHBHLie 3apJI,D,LI, KOTOpLie B ,IJ,aHHLIX 

pac'llTaX B3HTLI paBHLIMH Hynro, ~ - napaMeTp ycpe,D,HeHHH. 

B 'IHcneHHLix pac'leTax napaMeTpLI noTeH:u;Hana CaKcoHa

By,IJ,ca 6panHCL HJ/IO/, Y'IHTLIBamicL ace KBaJHCTa:u;HoHap

HLie ypoBHH. KoHcTaHTa K~) tilHKCHpoaaHa npaaHnLHLIM onH

caHHeM HH3KOne:>Kai:QHX OKTynonLHLIX COCTOHHHH. 

PeJynLTaTLI HawHx pac'leTOB npHBe,IJ,eHLI Ha puc. 1,2 
H B ma6A. 1. 

Ha puc: 1 npHBe,IJ,eHLI cHnOBLie tilYHKUHH b (E3, w) ,IJ,nJI 

E3-ne~eXO,!J,OB Ha COCTORHHH c I" = r H K .. o( 1 '2, 3 

B 
2 U. 3Ha'leHHe K ~3 ) BLifipaHO paBHLIM - 4,5 K 

0
3 ) / 2/ 

B HH:>KHeii 'laCTH pHCYHKa ,IJ,aHa nonHaH CHnoaaJI tlJyHKUHH ,IJ,nH 

nepeXO,!J,OB Ha COCTOHHHH I"= 3- CO BCeMH B03MO:>KHLIMH 

JHa'leHHfsrH K. llyHKTHpoM ,IJ,aHa 3Ta aenH'IHHa, pacc'IHTaH

HaJI c K I = 0. BH,IJ,Ho, 'ITO WHPHHa OKTynonLHoro peJoHaHca, 

onpe,IJ,eneHHaJI B TaKOM llpHfinH)f(eHHH, fiLina 6LI CHnLHO Ja· 

BLIWeHa. Hccne,IJ,oBaHHJI noKaJanH, 'ITO HJMeHeHHJI Ki 3 > He 
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Puc. 1. CuAOBbJe fPYHKl#UU · b(£3,w)e 
238U OAR E3 - nepe

xoooe U3 ocHoeHozo cocmo.RHU.R o+ Ha cocmo.RHU.R I"K u 
cy;w;wapHa.R eeAU'IUHa. JlyHKmupoM noKa3aHo noAHoe 3Ha'le
Hue b(E3, w ), paCC'IUMUHHOe C K \

3 )= 0. 
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J,it 
E,MeV 

40 r~ { .zC3~ _ 1. S _,CJI 
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24 
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160 lBO 200 220 21t0 A 
Puc. 2. 3aeucuMOCIIb 0111 A 3Hepzur1 zuzaHIIICKux OKIIynoAr.
HbiX pe30HQHC08 (T=O,l) OAJI oefjopMupoeaHHbiX .ROep /IIIO'lKU 
- pe3yAr.llallr.l pac'lellla/. 

6 

l 

l 

0 

Po 

I'( 

0:: 

150ud 

154sm 

154Gd 

162Dy 

166Er 

172Yb 

176Hr 

230Tb 

232Tb 

234u 

238u 

244cm 

2460• 

Ta6mlUa I 

XapaKTepi!CTIIKII r11raHTCKIIX oKTynoJI:&HbiX peaoHaHCOB B ,l1epoprll!po
BBHHhlx H,l1p8X 

liaocKa1!RpHblll peaoHaHc, T=O ~laoBeKTopHblll peaoHaHc, T=I 

E, r, ~liB,w>)Jw, )c.:.I!EI.w)Jw, E, r, J /(EJ,w)loJ, J w ltn. w.')Jw, 
r r r r 

M.Jll !>bll f1'· '#' Of~·'PH'!J MJI'> MJI'> or 'J "JK· "/ • HJ8 
I r. "" £'1t'Sil) 1"1: •r £'W'SK) 

21,0 a,o 11 230(27~) 33,0 6,0 8 260(31~) 

21,0 7,5 11 220(26~) 33,5 6,5 9 300(35~) 

21 7,5 10 220(26~) 33,0 7,0 9 310(34~) 

19,5 7,0 13 280(27~) 31,0 8,0 15 460(45~) 

20,0 7,0 13 280(2~) 31 ,0 8,0 15 460(45~) 

19,5 6,0 11 220(21~) 30,5 8,0 15 450(4~) 

20,0 6,0 11 220(21~) 30,5 a,o 15 450(4~) 

17,5 5,0 14 250(2d) 28,5 7,0 15 440(41~) 

17,5 5,0 14 250(24~) 28,5 1,0 16 440(42~) 

17,5 5,0 15 270(25~) 28,0 7,0 11 470(43~) 

17,5 5,0 14 250(2~) 28,0 6,5 16 440(41.) 

17,0 5,0 14 240(2~) 27,5 7,0 19 510(46.) 

17,0 5,0 14 240(2~) 27,5 7,0 19 510(4~) 

oqeHL CBnLHO BnBJIIOT Ha HB3K03HepreTB'IeCKYIO 'laCTL 
cunoBoB ~YHK~BB u ua 3Hepruro oKTynonLnoro B3ocKan•p
uoro pe3ouauca. llo3TOMY uawu pac'leTLI ,IJ,aiOT O.IJ.H03Ha'IHO 
nono~euue ruraHTCKBX B30CKanJipHLIX OKTynonLHLIX pe3o
uaucoB B ,IJ,e~opMupoBaHHLIX R,IJ,pax npu 3Hepruu- 17-20 M 3B, 
Benuquua KOTopo8 yMenLwaeTCJI c yBenuqeuueM A. BBe,IJ,e
uue e.IJ.BHCTBenuoro cBo6o,IJ,uoro napaMeTpa K:a>;, 0 npu
BO.IJ.BT K B03HBKHOBeHBIO B30BeKTOpHoro pe30HaHca, nono
~eHBe KOTOpOrO CBnLHO 3aBHCBT OT K ~3 B MeHee onpe
,IJ,eneuuo B3- 3a ueu3BecTnocTB 3Toro napaMeTpa. Ecnu 
BOCflOnL30BaTLCJI O~eHKOB/2/ K?):: -4,5K(8) , TO flO HaWHM 
pac'leTaM B30BeKTOPHLIB pe3onauc 6y,IJ,eT npu 36-42 M3B. 
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EcnH )l{e npHHHTh )~J =-1.5K<J),To nepna rH,D;pO,D;HHaMHl.fecKaH 
ouenKa ero nono)l{eHHH, E = 172 .A- I~ Ha puc. 2 noKaJaHbl 
paccqHTaHHble ,Il;llH pH,D;a H,IJ;ep 3HeprHH rHraHTCKHX OKTYITOnb· 
HhiX pe3onancon n JanHCHMOCTH OT A. CnnolliHhlMH nHHHH
MH noKa3aHhl pa3nHqHble <lJeHoMenonorHqecKHe ou;eHKH 3Hep

rH:H pe30HaHCOB. 
illHpHHa rHraHTCKOrO OKTYITOllbHOrO pe30HaHCa B ,IJ;e

<lJopMHpOBaHHbiX H,D;pax B 3HaqHTenhHOH CTeneHH onpe,D;e
nHeTCH pacmenneHHeM pe30HaHCOB C pa3nHqHbiMH 3Haqe
HHHMH K, nocne,IJ;OBaTenbHOCTb KOTOpbiX coxpaHHeTCH BO 
BCeX paccqHTaHIIbiX H,D;pax. 3TO HCHO npo,D;eMOHCTpHpOBaHO 
Ha puc. 1. PaccqHTaHHble rHraHTCKHe oKTynonhHble pe3o
HaHChl B ,D;e<lJopMHPOBaHHbiX H,D;pax OKa3biBaiOTCH WHpe KBa,IJ;
pynonhHbiX pe30HaHCOB. llpH 06Cy)I{,IJ;eHHH WHpHHbl rHraHT· 
CKHX pe30HaHCOB HY)I{HO HMeTb B BH,IJ;y, qTo HaMH He yqH
TbiBaeTCH ecTeCTBeHHaH WHpHHa ypOBHeH H B3aHMO,IJ;eHCTBHe 
c BhiCWHMH KOH<lJHrypau;HHMH. YqeT nJaHMO,IJ;e:HcTBHH KBaJH
qacTHU C <lJoHOHaMH ll03BOllHT llO,Il;OHTH K BbiHCHeHHIO ponH 
BbiCWHX KOH<lJHrypan;HH. lfl pUC. 1 BH,Il;HO, qTo <lJopMa pe3o
HaHCa 3aMeTHO OTnHqaeTCH OT KPHBOH nopeHu;a, ll03TOMY 
y,IJ;o6Hee ronopHTh o6 3HepreTnqecKoM HHTepnane noKanH3a
UHH pe30Hanca /nonHaH WHPHHa r I H 3HeprHH ero u;eHTpa 
TH)I{eCTH (E), qeM 0 nonyWHpHHe H llOllO)I{eHHH llHKa, KaK 
3TO ofihlqno ,IJ;enaeTCH ,IJ;nH ,IJ;HnonhHhiX pe3oHaHcon. KpaH 
3TOrO HHTepnana ,Il;llH onpe,D;eneHHOCTH Mhl <lJHKCHpyeM Ha 
ypOBHe 200/o nonHOH BbiCOTbl COOTBeTCTBYIOI.Uero llHKa, 
oTcqHTbiBaeMoH OT <lJoHa. Ha pHCYHKe noKaJaHbl 3TH ne
nHqHHhl na npnMepe H30CKanHpHoro pe3onanca. llo,IJ;qepK
neM, qTo onpe,IJ;enenHaH TaKHM o6pa3oM nonnaH WHpHHa 
pe30HaHCa [' npH ~ < l /B HaWHX pacqeTaX fipanaCb 
~ = 1 MaB/ npaKTHqecKH He JaBHCHT OT nennqHHhl ~. 

B pacqeTaX Bb16HpanoCb ,Il;OCTaToqHo WHpOKOe KOH<lJHry
pau;HOHHOe llpOCTpaHCTBO jyqHTbiBanOCb ,Il;O 160 O,IJ;Hoqac
THqHbiX ne:HTpOHHhiX H ,IJ;O 185 npoTOHHhiX yponHe:H/. B pe
JynhTaTe paccqHTannaH nennqHHa 3HepreTHqecKH BJnerneH
HOH cyMMhl ,IJ;nH pa3HhiX H,IJ;ep ucqepnhlnaeT na 80- 900/o 
6e3MO,IJ;enbHYIO OD;eHKY 3HepreTHqeCKH B3BeiiieHHOrO npa
BHna CYMM (EWSR). llpH 3TOM B o6naCTb ruraHTCKHX pe3o
HaHCOB nona,IJ;aeT 60llbiiiOe qHcno O,Il;HO<lJOHOHHbiX COCTOHHHH. 
HanpHMep, ,IJ;nH 238 U n o6nacTH H30CKanHpHoro pe3oHaHca 

8 

l 
\ 

HaXO,Il;HTCH - 1700, a B o6naCTH H30BeKTOpHOrO -2400 
ABYXKBaJHqacTHqHhiX non10con. BKna,IJ; n EWSR cocTOHHHH 
c Ka)I{,IJ;biM JHaqeHHeM K=O, 1,2, 3 oKa3biBaeTcH JHaqH-
TenhHhiM, HanpHMep, ,IJ;nH 238 U OH COCTaBnHeT 160/o, 
330/o, 280/o, 230/o, COOTBeTCTBeHHO. 

3KCITepHMeHTanbHOe OfiHapy)l{eHHe rHraHTCKOrO OKTy
llOllbHOrO pe3oHaHca n peaKUHH <lJoTonornomenHH npe,IJ;cTaBHT 
6onhwHe TPYAHOCTH, nocKonhKY ero BKna,IJ; n nonnoe ceqe
HHe 3TOH peaKD;HH OTHOCHTenbHO Man /.IJ;nH H30CKanHpHOrO 
peJoHaHca - /0,5-0,8/ M6k• MaB, ,IJ;nH H30BeKTOpHoro -
/4-10/ M6H·M3B/. 

B ma6A. 1 ,IJ;aHa cno,IJ;HaH HH<lJopMaUHH o rr:~aHTCKHX 
OKTynonhHhiX peJonancax paccqHTaHHhiX H,D;ep c K1

3 =-1,5K\f). 
llpHBO,IJ;HTCH ,IJ;nH T =0,1 nono)l{eHHe, nonnaH IIIHPHHa, npu
ne,IJ;eHHaH nepOHTHOCTb E3-nepeXO,Il;OB Ha BCe COCTOHHHH 
c 177 

=3- B o6nacTb pe30HaHca ~B(E3,wi)::Jb(E3,w)dw, 
I r 

3HepreTHqeCKH B3BeiiieHHaH CYMMa llpHBe,IJ;eHHbiX Bepo
HTHOCTeH ~w.B(E3,wi ):: Jwb(E3,w)dJ.J /BCK06KaX 

I I l 

,IJ;aeTcH n npou;enTax ,IJ;onH ee oT EWSR /. 
llpe,D;napHTenhHble Hccne,IJ;onaHHH E4-nepexo,IJ;on noKa-

3hlBaroT, qTo, no-BH,Il;HMOMy, H30CKanHpHbiH reKCa,IJ;eKa· 
nonhHhiH pe3oHaHc Bbi,IJ;enen cna6o H pacnpe,D;enen no rnH
poKOH 3HepreTHqecKo:H o6nacTH. HJoneKTOPHhiH pe3oHaHc 
noKanuJonan n 6onee y3KOH o6nacTH, O,IJ;HaKo ero nono)l{eHHe 
CHllbHO 3aBHCHT OT K (4) llpH K(4) =-2 K(4) OH paCITOllO)I{eH 

n paiione 40-45 MaB. 1 1 0 

B 3aKnroqenHe 6naro,IJ;apHM r .Khlpqena, n.E.na3apeny' 
li.A. Tynynona, K.B.illHTHKony, P .A.3paM)I{HHa, M.A.Ku
cenena Ja HHTepeCHbie o6cy)I{,IJ;eHHH. 
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PyKonucb nocmynuAa 8 U30ameAbCKuii omoeA 
16 uJOHJI 1976 zooa. 

HeT ~H rrpo6e~oB B Barneu 6H6~HoTeKe? 
8hl MOJKeTe noJiy4HTb no n04Te nepetrn:cJieHHble HHJKe KHHrH, 

ecJIH OHH He 6biJIH 3aKa3aHhl paHee. 

16·4888 ~03HMeTpHll H3Jly4eHHH H Q>HJHI<a Ja· 
mHThl ycKOPHTeneif 3apl!~eHHhlX 'lac· 
THU. ~y6Ha, 1969. 

).ll0-6142 Tpy.Ubi Me~.uyHapo.uHoro CHMn03HyMa 
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