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AxynnHnqea C.B., lllnnoa B.M. 
P4 - 10603 

Boa5y)KLJ..eHHe rnraHTCKHX peaoaaacoa a .ae¢opMnpo:aaH£1',IX ru1pax 

5b!CTpblMH TipOTOHBMH 

B paMKBX MOaenH rnay5epa npoBOllHTC~ pacqeT ceqeHH~ Heynpyroro 

pacce~HH~ 1 fsB npOTOHOB HB ne!flopMHpOBBHH~IX 51,11p8X C B036y>Kll9HK9M 
rHraHTCKHX MynhTHTIOnbHbiX peaoaaacoa. HcnonbayeTCSJ nonyMHKpocxonu:qecKHfi 
nonxon .onSJ onucaHHSJ peaoaaacos. Ha npuMepe SJ.opa 

154
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MO>KHOCTb Bbi.OeneHHSJ H3ocxanst:pHbiX E2- u E3-pe3oHaacos. 

P a6oTa BbtnOnHeHa a J1a5opaTopu:a TeopeTuqecxofi ¢'H3HKK OH 5111. 

flpeDpBBT 06wJUIBeBBOrO BBCTBTYT& B,llepiiWX BCCBeAOIIIUid. Jly6aa 1977 

Akulinichev S.V., Shilov V.M. 

Giant Resonance Excitation 
by Fast Protons 

P4 - 10603 

in Deformed Nuclei 

Within the Glauber theory there was carried out the 
calculation of the cross sections of inelastic scattering 
of 1 GeV protons by deformed nuclei with the giant multi
pole resonance excitation. A semimicriscopic approach is 
used to describe the resonances. A possibility of extract
ing the isoscalar E2- and E3-resonances is shown by the 

;example of 154 Sm nucleus. 

The investigation has been performed at the 
\Laboratory of Theoretical Physics, JINR. 
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llpOBepKa TeopeTlf'JeCKOrO OIII'IC8HIDI rHI'aHTCKID!: ;,-zyJII:.TJIIIIOJll>HHX 

pe30H8HCOB B ~ax rrpe~cTaBnaeT, HeCOMHeHH0 1 dOJII:.mOA IIIHTepec. B 
i{JoTOR.nepHHX peaKUIDIX H86JID~aeTC.fl B OCHOBHOM JlJIIIDl> 3JleKTpH'JeCKI'Iit 

~I'IIIOJli:.HHA pe30H8HC. lloaTOMY HayqeHHe E2- 1'1 E3-pe30H8HCOB TpedyeT 

rrpeMeqeHIDI ~~ex H.nepHHx npoueccoB, HarrpHMep, pacce.H:HIDI rrporo

HOB cpe~Hzxl I I! WCOKI'IX 3Hepr~2 • 31. B ~8HHOii padoTe B pavrn:ax 

Teopl'll'l rJiaydepa IIOJIYqeHH ceqeHIDI pacce.H:HHfl I raB IIpoTOHOB Ha 

.~ei{lopMHp<>BaHHOM .fl.l(peiS'ltSm c Boadyl!,~eHlieM EIT E2-e E3-peaoHaH

coB • .l{.Jm IIOJiyqeHIDI .fl,~epHHX BOJlHOBHX <f!YIIKI.{I'Iit JII nepeXO~HHX IIJlOT-

HOCTeA HcnoJII>ayerc.fl R PA c ocraroqHHMI1 MYJII:.TI'IIIOJI:&-MYJII>TI'IIIOJI:&-

HHMH CHJlaMH 1'1 CII8pHB8HHeJ4/. PaHee dHJlO IIOKa38H0 1 qro 3TOT 

IIO.l(XO~ Il03BOJI.fleT ~Jl.fl ~ei{JopMI'IpOBaHHHX .flieP. XOpomo OTII'ICHB8Tl> i{JoTo

TIOrJiomeHHe c BOadyl!.~eHHeM EI-peaoH,Hca 57 H H~Koropue HHTerpaJI:&

HHe CBOitcTB8 E2- H E3-pe30HaHCo/6 • B padoTef ?/ C JIICTIOJ11>30BaHJI!eM 

TeJ~'JII rJiaydepa III TIOJIYMRKpOCKOIIlf'JeCKOrO OIIIiC8HIDI CTpyKTypH .fl~-
pa dHJlO IIOJIYqeHO XOpomee corJia.CJI!e C SKCIIepHMeHTOf•1 ~Jl.fl ~l'IifxPe

peHI.{JilaJlJ,HOro ceqeHIDI pacce.H:HIDI I raB rrpOTOHOB Ha H~JIIX ypon

H.flX c~pHqecKIDr .fl~ep. 

TeopiDI rJiaydepa B IIpHdJIKEeHHJII O.l(HOro Heyrrpyroro coy~apeHIDI 

~aeT ~Jl.fl 8MIIJIHTY.n;!l pacCMHIDI C rrepeXO.l(OM qeTHo-•JeTHOrO .fl.~pa H3 

COCTO.flHI'I.fl J, = 0 B COCTO.flHI'Ie J, H~::: L r ( ~ - rrpoeKI.{IDI MOMeHT8 

11a oci> ceMMeTpHH .fl.~a) cJieJzyiOlllee oop8.1lteHe/ I: 

TL.f1 = ;·~ R(~) ~ e-x!J (i ¥ l')~fl[i J-o (l )] JL.J1(t)d~l, 
1-o ({) ==- //,-k $ ~ p (-i i{lJ/('f)f:;(1)d~ + Y-c(i), (I) 

J.,_r(() = Z~l< $ up(-i{ l>l(rf) F;. (r?) YLr ( i)d'l 

3~eci:.: 

R (Cf)= OJ<p('?~< r:t)/(;fl)- MHoJKHTeJll>, yqeruBannlll:H ~BKEeHJI!e 
~eHrpa Mace, 
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-. 
'1-c ( ~) - <fla,3oml C.JtBIII', o6ycJioBJieHHHI B3aliiNK>.n:elcTBIIeM c 

xyJioHoBCRIIM noJieM n,~tpa, 
I< It l. 

I(CJ)= /pN(11 =- fr-U + ~~) E'/l.f>(- -E'{'lf)- aMnJIIITyna pn-
~)sy.:-BSaiiMO.n:etcTBRfl, napaMeTpii30Ba.HHWI TaR ll:e, KaR II B pa6o-

Ilpll pac'leTe qaaoBoro c.n;BJII'a }.0 ( l> , o6ycJioBJieHHoro 

B3aiiMO,ItelcTBIIeM HaJieTaDIIero npoTOHa C HYRJIOH8MII J3Jtpa 0 y'JH'l'liBa.IJaCI> 

Jlllllll> c({leplt'leCit&-eHMMeTpii'JHWI lJ8CTI> IIJIOTHOCTII pacnpe.n;eJieHRfl HYKJID

HOB. IlapaMeTpu pacrrpe.n;eJieHRfl HeiTpoHOB II npoTOHOB B OCHOBHOM COC

TOJIHIIH H.npa ClJIITaJII!CI> OJ:tJ!HaJ507'MH II H3BJleitaJII!CI> 1!3 pa6oT no yn

pyrOfi\Y pacceaHHil aJieRTpoHo:e' 9 • 
TaitHM o6paaoM, .IVlll tiJopM):utTopoB HMeeM mpazeHaa: 

F;, {~) = 'tfi-/ fo(r-)i, (fJ-r) r-~dn-- , 

F;_(lf) =4rr/fdrJjd<J-r) r2.k, 
{2) 

r.n:e .Po ( r) - IIJIOTHOCTI> pacrrpe.neJieHmi HyitJ.lOHOB B OCHOBHOM COC

TOJIHHH, 

_fL.( r') - nepexo.n:aaa IIJIOTHOCTI>, co.n:epli:WllaSI BCD IIHtiJopMBUIIIl o 

peSOHaHCHOM B036y~eHHH H,npa. 
JlM .a:nep c N > i! npoToHHa.a: nepexo.n:aa.a: nnoTHOCTI> MO.EeT 

CYJlleCTBeHHO OTJIH'IaTJ.C.fl OT HeiTpoHHOI. Il03T0My Mli IlpoBOJ:tHJIII He-

3aBHCHMal pac'!eT .n;JI.fl HeiTpOHmiX H IlpoTOHHiiX rrepeXO.ItH!iX IlJIOTHOC

Teit. CJie.n:oBaTeJIJ.HO, B npe.ltHitYIIIIIX tPoPMYJ18X IlO.It fi (t") Ha.n:O rro

HHMaTI> JIII6o ?i ( J") , JIII60 ft .. n. (r) • JlM IlOJIY'JeHM ITOJIHOI aMIT

JIIITY.n!i pacce.a:HRfl Ha,ltO CJIO.EIITI> pe3yJII>TaT!i pacqeTOB .IVlll IlpoTOB

HOI H HeATpoHHol 'JacTel. 

llepe:XO.ItHYIJ IIJlO'l'HOCTl> MODO SaniCBT:& B BB)te: 

n(p) tz.(p) . ) f L Cr-> =- <Ill N L.r (r) 1/t , <a> 

r.n:e / i) 11 II) - Ha'JaJI:&Hoe 111 ltOHe'IHoe coOT O.IIIIM .11JU>8 • 
N tz(p) X(~) S"(r-- r.: ) 

Lf1 {r-)::::: l ,- ot. 

(X. ~ 
v• " 
JLr (r..>. (4) 
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B I!CnOJII>ayeMOM no.nyMHRpocxonii'JecRoM noltJ[o.n;/ 4/ napHHe xoppe

.llSnl;llll lJRCTHU paDClJIITUBamOJl no MeTOJtY XapTpifo-4oita-EoroJlll6oBa 0 a 

.n;aJII>Ho.n:eftcTB~ee ~JII>THno~MyJII>THnOJII>HOe BSaiiMO.n:eDcTBHe ytJIITH-

BaeTCJI B paMRa.X R P fl • OcHoBJm:.l cocTOJIHHeM 'JeTHo-'IeTHoro 

nJtpa /i) HBJIJieTCH BaKyyM cpOHOHOB, a B036yJr,IteHHHe COCTO.IIIUIII 

11 > onHcusamc.a O.JtHot~JoHoHHHMII BoJIHomMH ~HRUWIMH. Yw:&
HeHWI .IVlll tPoHOHH!iX COCTOJIHd no.n;po6HO npHBO,lQITC.fl B pa6oTar4•ID/. 
B!ipazeHHe .n;J11I nepexo.naol nJIOTHq<lTH nerxo noJiyqiiTI> no aHaJioraH c 

TeM, ItaR 3TO ,lteJiaeTCJI B pa6oTef 4/ {CTp. 458) .IVlll MaTpii'IHOrO 

aJieMeHTa aJieKTpll'!ecxoro nepeXO.Jta MyJII>THnOJII>HOCTH L11 • Ha
.n;o JIHml> ylJeCT:&, 'ITO onepaTop COOTBeTCTBy~ero 3JleKTpH'!eCitOro rre

pexo.n;a aaMeH.fleTC.Il Ha onepaTop (4·). TaitiiM o6paaoM, no.ny'IaeM 

xrn l 11 ~.r1 E 
pn{p)r')- '\' < / f1 n(p)(r)/"') ii/<[3 ~> «f> (5) 

) L ( - ~ f3 Lf' 'N (£ :l - t.J:l) " 
~~ ~ 

r.n:e 71. "'l~ ~ U ci. ~ + li_p lYco; • Ud.. II Z: - It03~HUHeHTii npeo6paso-

BaHKII EoroJlll6oBa, Ed-13 - ABYXKBaSII'IacTH'IHa.a: aHeprM, K 
Iii 4> - HOpMIIpoBO'JH!il MHOUTeJI:& H 3Heprza pacCMaTpHBaeMOro 

tiJoHOHa, 

IL"'=- ~ ( 'YLr + c-1>'~ ~-r). 

B Ita'JecTBe cpe.JtHero no' I!CnoJI:&SoBaJic.a: nOTeimHaJI CaitcoHa

By.n;ca c napaMeTpaMH ea pa6oTH IIl. KoHcTaHT!i HSOCRaJI.a:pHoro MyJIL-

TIIITOJIJ.Horo BsaiiMO.n:ettcTBRfl ~ ~ onpe.n;emt1.li!CI> rro HHlllilmHM 
L-:1. 

COCTOJIHH.IIM ( ~ 0 - Ollp8,1teJIII,1UlCI> 113 Y,CJIOBR!I Bll.D;eJieHWI 

"JtYXOBOrO" COCTOJIHRfl C HyJ1eBOI 3Hepra:etfS7) 0 a HX OTHomeHM 

K KOHCTaHTaM 1190BeltTOWOro B3aHMO)teiCTBIIII ;)t.:: 6pa-
JIIIC:&0 !taR Ill B pa6oTa.x'S,S/, B Br,me ~ ~ / Je~ ~ -J.., Z. ; 

'Jef /Je; = Jel /Je~ ::::; -f,S • 3TJII OTHOmeHRfl m6HpaJIHCI> 

.IVlll npaBIIJII>HOro OITHCaHH.fl llOJIO.EeHIIII H30BeKTOpH!iX pe30HaHCOB. 

Ha PHCYHRe I B xa'IecTBe npHMepa nolt83aH BB:n nepexo.n;HHx 

IIJIOTHOCTel .JVIR B036yJgteHM OTJleJIJ.HiiX ypoBHel. llepeXO.ItH!ie IIJIO'I'

HOCTII HMell'l' MaRCJIMyM Ha :rpaHHUe H.npa 0 HO Be.n:yT Ce6.fl no-pa3HOMy 

BHYTPII .IIJtPa. 
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Ha pHCyHKe 2 DOKa3aBH AH~p8HnBaK»BH8 ceqeuxa A~S B03-

6yxxeHHR ypoBHeR pasxxquol KY~»TBDO~bHOCtx.C poctoK KY~bTX

noJU.HOCTK ypoBHII p&c'le'l' yro.D., COO'l'Be'l'C'l'Byuud nepBOuy MaltCJIMYMY 
an& MJIHIIIMyMy ceqeulllll. Bamo, q'fo 8'1'11 yr.llli co~ .JtJIII :acex 

ypoBHel O,JtHOI yYJll,TBDOJll.HOC'l'B B Clt111 H88HaU'1'8JiloHOCTB pa8.111'111Ul 

&HeprBB ypoBHel no OpaBH8HmD C 8H8~r&el ~8T~BX DpOTOHOB. 

ConOCTaBn8HB8 C peSyJU,TaTSMK pa6oT'2•3•7•8 no8BOAR8T C~8nB'l'L 
BHBOA 0 TOK,qTO DOAyqeHHH8 B AaHHOR pa60T8 pesyAbtaTH A~R yrAOBOI 

SaBBCJIMOCTB ceqeHd J!B.llllll'l'CJ! ·~OCTaTOqHO JOTOJ'qJIBlMJ[ ~ BS.l{eDo

ro pas~e~eHJS peBOHRHCOB paS~H'IHOI MJXLTBDOILHOCTBo 

OltoHtJaT8Jll,HHe pesy~LTaTH npe~oorasneHH ua p&oymte 3, r~e na. 

RaSIUlli ~~peHIU18JILHHe 11 opoiiiH'l'erpllpOllaBBHe no yrJJaM ceqeHJm 

pacc811HJS o BOsiSyliJ(eH&eM EI; ~-• E3-peaoBBBCoB, yope,JtHeHBHe 

no suepr&B BOatSyliJ(eHJIIl. Jcpe~elllle ce'leHd .JtiJl BOsCSJll,l(eHJm OT

~eJJ.LHHX ypoBHel DpOBO~UOOL C B8COBOI ~B,I Jlopelll\9., 8.lfaoo 

~OrH'IHO TOMY, Ra1t 8'1'0 ~e~OCL B paiSoTar5•6 ,Itlll! np~eBBHX 
BepostTHOCTel nepexo~oB. llapaMeTp ycpe,JtHeuu paBeH I M8B (sTo 

cBOCSo~l napa.MeTp • BSJIT suaqB'l'eJU,Ho MeBlolllliM, qeM xapattTep&Ye 

WBpBHH pe80HaHCOB). 

B lllC~e,veMOI peaRQBB oqeHL cnaCSo B081Syl1,1(81)'1'M B80B8KTO~ 

HHe peaoHRHcHHe ypoBHB, B TOM qBC~e EI-peaoHaBc. lbrrerpaXLHHe 

ceqeHIIUl B081SJli,I(8HIH 1!2- II J!3...ilaOCX8JJJipHHX pe80H8.1100B IIMem SHa

qeHIIUl O,JtHOro nOpll.l:tK8o 3'1'0 U08BO.lllle'l' npB paBU'IHHX yrJJaX pacces:

HM HaiSJJIU{llTL npaKTJiti8CKB B 'IIICTOM BQe IISOClUUJJipHYI E2- JIJlB 

E3-peSOJ18RC • TSKJIM oCSpasOM, nOIIBJISie'l'CJl BOSMODOCTL BCC~~OBaTL 
oT~eJU,HO sTH pesouaacs, m CSBpU ~JDL HYliDIYI yroJJ. pacceJUOIII, 

HaiipJIMep, 3° JVlB 5°. CoBpeMeHHaS aKcnepliMeHTaJJ.J,Hal! Te:maa 

O~eT ~OCTaoroquol pas~el OUOCOISHOCTbm ,Itlll! npoBe~eHM 

no~OISHHX 3KC08pHK8BTOB. 

B 88KJlllii8BIIe XOTJIM uoCS.u.ro~pB'l'L B.r .COJIOBLeBa, JI.A.Ma
~OBa B r .H • .A4allacbeBa sa MO~OTBOpHHe 000Jli,I(8BIISio 
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P111c .2. J1H(Ixllepetm118Jlld1He 

ceqeum paccemnm upo
TOBOB aseprHB I reB 
c BOsiSyliJ(eHB:eM oor~~ 

HHX COCTOJIHd: 

i) Lr~ ii, T= i ~ E=15.2.MJB; 
2.)Lj' =Zi, T=O,E=1LHN38; 
3)Lr =3 i, T=O,E::: G. 'f6H38. 
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Pac.3. 

,nmppepe~Ji[aJILHiie a rrpoiiiHTerpapoBaHH!ie rro yrJiaM 
(HDHd pHCYHOR) cetreHBH BOa6yJUteHBH rHraHTCKIIX 
pe30HaHCOB B R,~tpe iS4.Sm IIpoTOHaMR C 
SHeprHel I raB. 
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