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Factorization of Cross Sections of Inelastic Scattering 
of Electrons and Protons on Complex Nuclei 

A possibility for factorization of cross sections of inelastic 
scattering of electrons and protons on giant resonance levels is 
discussed. This appears since in the framework of the semimicro
scopic model transition densities of strongest levels are similar in 
shape. As to protons, additional arguments in favour of factoriza
tion are due to extremely weak sensitivity of different cross sec
tions to the inner part of the transition density. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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B nocneAHHe roAbi 3HB'iHTenbHO ao3poc HHTepec 

K 9KCnepHM9HT8nbHOMY H TeopeTH'ieCKOMY H3y'ieHHID rH

raHTCKHX MynbTHnonbHbiX pe30H8HCOB B aTOMHbiX SIApax. 

rnraHTCKHH AHnOnbHbiH pe30H8HC AOCTaTO'iHO Xoporno H3y

'ieH C nOMOIIlbiD .PoTOSIAepHbiX peaKUHH. llnSI HCCneAOBBHHSI 

pe30HBHCOB Bb!Cill9H MynbTHnOnbHOCTH Heo6XOAHMO npnane

KBTb Apyrne SIAepHbie peaKUHli, uanpnMep, aeynpyroe pac

ceSIHHe aneKTpoaoa a npoToHoa. Ecnn AnSI onncaHHSI npo

uecca .PoTonornomeHHSI AOCTaTO'iHO 3HaTb nnrnb cyMMap

HYID npnaeAeHHYID aepoSITHOCTb aneKTpoMarHHTHbiX nepe

XOAOB B HeKOTOpOM 3HepreTH'i9CKOM HHTepaane, TO npH 

nccneAOBBHHH pacceSIHHSI aneKTpoaoa H npoTOHOB aeo6xo

AHMO Bbi'iHCnSITb HX yrnoBhie pacnpeAeneHHSI. Pa3BHTbi 

MeTOAbl ( CMo 1 Hanp., pa60Tbl I !,2 / ) 1 KOTOpbie n03BOnSI-

IDT Bbi'iHCnHTb 3TH pacnpeAeneHHSI AnSI KB}KAOrO OTAenb

HOrO ypoBHSI1 3H8SI ero 3HeprHID1 38pSIAOBYID1 npOTOHHYID 

H HeHTpOHHYID nepeXOAHble nnOTHOCTH. B ABHHOfi pa6oTe 

npH onHCBHHH CTpyKTypb! SIApa Mbl 6yAeM acnonb30B8Tb 

nonyMHKpOCKOnnqecKyiD MOAenb lSI ycnellHO pa60T8IDIIlYID 

npH OnHC8HHH pa3nH'l:HbiX XapaKTepHCTHK rHraHTCKHX pe-

30H8HCOB B Ae.PopMHpOB8HHbiXI4 I H c.PepH'ieCKHXI 5 / HA-

pax. 

HenocpeACTaeaaoe n~nMeHeHHe .PopManH3Ma nonyMHK

pocKonnqecKoil MOAenli I I K OnHC8HHID BbiCOKOB036y}KA9H

HbiX COCTOSIHHH BCTpeqaeT onpeAeneHHbie TpyAHOCTHo Bo

nepBbiX1 6onbrnaSI nnoTHOCTb ypoaaeil npn aaeprHSIX, co

OTBeTCTBYIDIIlHX rnraHTCKHM pe30H8HC8M1 npHBOAHT K TOMY 1 

'iTO A8}Ke B OAHO.POHOHHOM npn6nH}KeHHli AnSI Ae.PopMHpOBaH

HbiX SIAep Heo6XOAHMO y'iHTbiB8Tb HeCKOnbKO COTeH COCTOSI

HHH. Bo-BTOpbiX, CTpyKTypa BbiCOKOB036y}KA9HHbiX COCTOSI-
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HHii TaKoaa, 'ITO aeo6xo.ouMo y'IHTbiBaTb 4JparMeHTaUHIO 

OllH04JOHOHHbiX COCTORHHH no MHOrHM ypOBHSIM. PeayJlbT8Thl 

pa6oT 14 •51 CBH.OeTenbCTBYIOT 0 TOM 1 'ITO npH 60JlbWHX 

3HeprHSIX B036Y*lleHHSI onHC8HHe K8*.00rO HHllHBHllY8llbHOrO 

ypOBHSI TepSieT 4JH3H'IeCKHH CMb!Cll 1 n03TOMy ecTeCTBeHHbi

MH XapaKTepHCTHK8MH llOll*Hbl CT8Tb BeliH'IHHhi1 ycpe.oHeH

Hbie no HeKOTOPOMY 3HepreTH'ieCKOMY HHTepaany 1 K8K 1 

HanpuMep, CHliOB8SI 4JyHKUHSI ruraHTCKOro pe30H8HC8, 0Ka-

38ll0Cb 
14

•
51 

, 'ITO cunoaag IPYHKUHSI Mo*eT 6biTb Bbi'IHC

neHa OTHOCHTeJlbHO npOCT01 6e3 Bbl'IHClleHHSI 3HeprHH H 

aonHOBbiX IPYHKUHii Ka*.ooro HHllHBH.oyanbHoro cocTOSIHHSI. 

2. BbiSICHHM, KaKue npe.onono*eHHSI Heo6xo.ouMo c.oe

naTb, 'IT06br nony'IHTb ycpe.oHeHHbre Heynpyrue .ou~epeH

uuanbHbie Ce'leHHSI. nng KOHKpeTHOrO 8H8liH38 paCCMOTpHM 

Heynpyroe pacceSIHHe 3neKTpOHOB Ha c4JepuqecKHX SI.Opax 

C yqeTOM 4JparMeHT8UHH OllH04JOHOHHbiX COCTOSIHHH. 

npouecc Heynpyroro pacceSIHHSI 3lleKTpOHOB Ha yrnhl 1 

He ,npeBbiW8IOWHe 150 °, nonHOCTbiO OnHCbiBaeTCSI 38pSillo-

BOH nepeXOllHOH nnoTHOCTbi0/ 1/, KOTOpaSI HMeeT BHll/6/ 

r.oe 

"' 
PL (r )• < IJir liQLII'Pi>. 

QLJr)z I <a \OLir)\tJ>a~ atJ 
atJ 

0 L~r )• 
z 
I 
iz1 

8(r-n) Y* <f''.). 
r2 LM 1 

3.oecb IJI i H IJI r - SlllepHhie aonHOBbie WHKUHH, oTae-

'iaiOmue H8'18llbHOMY H KOHe"'HOMy COCTOSIHHSIM Slllpa. 

B o.oao4JoaoaaoM npu6nu*eHHH Bbi6upaeTcSI 

+ 
IJir-QA11 'Po · (2.1) 

l1cnonh3YSI KOMMyTauuoHHhie cooTHoweHHR RPA, nerKo 

MO*HO nony'IHTb 
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p . ( r) - I R . ( r ) R. (r) < j I Y 1 j > u . J ( IJI.L ~ + ¢ .Li ). 
L 1 j 1 j 2 J 1 J 2 1 L 2 J 1 2 J 1 J2 J 1 j2 

3.oecb R j ( r) - pa.ouanbHbie OllHO'IaCTH'iHbie aonHOBbie 

IPYHKUHH Slllpa. ( OcTanbHbie o6oaHa'leHHSI Te *e caMbie, 

KOTOpbie HCnonb3YIOTCSI B pa6oTe /3/ ) • 

npHBe.OeHH8SI BepORTHOCTb 9lleKTpOMarHHTHOro nepexo

.08 Bbipa)KaeTCSI qepea nepexo.oHyiO nnoTHOCTb cne.oyiOI.UHM 

o6paaoM: 

L+2 2 
B(EL)i ~I r PLi (r)r dr I . 

BaaHMo.oeiicTBHe KB83H'I8CTHU c 4JoHoHaMH npHBOllHT 

K 4JparMeHT8UHH K8)K,OOrO ypOBHSI no llBYXtPOHOHH~IM COC

TOSIHHSIM. 8 9TOM cnyqae BOliHOBaSI 4JyHKUHSI B036Y*lleH
/5/ 

HOrO COCTOSIHHSI SI.Opa 38nHChlB8eTCSI B BH.Oe 

IJIV (LM) '"'I~ R~ (L )Q + .+ ~ D~_1 .1 1(L)[ Q: II i Q: LL- i ] l'P 0. 
1 1 LM1,\1,\2"l:~ 12 1r11 2·~2LM 

i1 i 2 
B KaqecTBe 6aauca, no KOTopoMy npoao.ouTcSI paano)Ke

HHe, HCnOllb3yiOTCSI 4JoHOHbl 1 Bbl'IHClleHHbie B OllHOtPOHOHHOM 

npH6liH)KeHHH. nepeXOllHYIO nnOTHOCTb llliSI BOliHOBOH tPYHK

UiiH ( 1.1) MO)KHO 38nHC8Tb 

v 
p (r)- I R 

1 
(L) p . (r ). 

Lv i L1 
(2.3) 

(3.oecb 1i .oanee rpe'leCKHH HH.OeKC v HyMepyeT ypOBHH 

llliSI ¢parMeHTHpOB8HHOH BOliHOBOH 4JyHKUHH (2,3), ll8THH

CKHH HH.OeKC i - llliSI OllHOtPOHOHHOH BOliHOBOH tPYHKUHH 

(2.1 ) ). npu Bb!BO.Oe (2.3) Y'ITeHo, 'ITO .oayx¢oHOHHblll 

qnea Bbipa*eHHSI (2.2) B paMKax RPA 6y.oeT .oaaaTb oTao

CHTellbHO M8llb!H BKll8ll B aMnliHTYllY OllHOKp8THOrO B03-

6y)K,OeHHSI paCCM8TpHB8eMbiX ypOBHeiJ:. 3TO *e OTHOCHTCSI 

H K npHBe.OeHHbiM aepOSITHOCTSIM 9lleKTpOM8rHHTHbiX nepe

XOllOBo l1a (2.3) nonyqaeM 

B(EL) ""I I R~ (Lh/B(EL). 12 . 
v i 1 1 
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Y"'HThiBaR, "'TO aMnnHTyAa aeynpyroro pacceSIHHSI :aneK

TpoaoB nHHefiHa OTHOCHTellbHO nepeXOAH1lii: nnoTHOCTH Ill 

Ani! KB8Ap8T8 8MDnHTYAhi MO:lKHO 38DHC8Tb 

!TLM 12 '"'II Rl/1 (L)T~~2. 
1/ i 1 

HopMHpyeM nepexo.QHhie nnoTHOCTH ycnoeHeM 

L+2 f p (r ) r d r ,., 1 , 
Li 

(2.4) 

TOI'A8 Bhipa:lKeHHe AnSI 8MDnHTYAhi nepeiiHWeTCi! B BHAe 

IT LM 1
2 "'I I Rv(L)y' B(Et). 'f~M !2 • 

1/ i i 1 1 

rAe TLM - aMrrnHTyAa, Bhi"'HcneHHaSI c nepexoAHOfi nnoT

HOCTbiO, HOpMHpOB8HHOii: Ha eAHHHUy, H 38BHCSIW8SI nHll!b 

OT «flopMhi nepeXOAHOA IInOTHOCTH. 

CAenaeM npeAnono:lKeHee (KoTopoe noApo6ao o6cyAHM 

B l{8llbHeHWeM} 0 TOM, 'ITO ~OpMa IIepeXOAHOA nnOTHOCTH 

OAHH8KOB8 AnSI BCeX OAHO~OHOHHhlX COCTOSIHHfi A8HHOH 

MyllhTenonhHOCTH. TorAa cflyHKUHIO T LM MO:lKHO BhiHeCTH 

aa aaaK cyMMHpoBaHHH. B peaynhTaTe nony'fHM 

du du v - ~ du 
(--) "'(--)! I R1 (L)y B(EL)

1 
1 •(-)B(EL) 

d n v d n 1 dn v 

du ) 
3Aecb c <fir Bhi"'HCneHO C HOpMHpOBKOA (2.4) • 

YcpeAHHSI AH¢$epeHuHanhHoe ce"'eHHe no yaKoMy aaep

reTe"'eCKOMy HHTepBany WHpHHOfi ~. nony"'HM 

.!_I(du ) •(.!£._) .!.IB(EL) 
~ dO v dO A v 

HnH, HCIIOnbayg rrpoueAypy ycpeAHeHHH C nopeHUOBCKOA 

BeCOBOA «flyHKUHeA/?/ H OrrpeAeneHHe CHnOBOA «flyHKUHH 

rHraaTcKor1l peaoaaaca, npnBeAeaaoe a paooTax /4,51, 
nony"'HM 

& 

:\ 
J 

\ 

I 

2 d u d 
dOd£ "' ( d~ )( b(EL, £). (2.5) 

11 HAeKC f y Ce"'eHHSI 03H8"18eT, "'TO OHO paCC"'HThiBaeTCSI 

rrpH 9Hepi'HH B030Y:lKAeHHil ypOBHSI, paBHOH £ • 

S. AaanorH"'Hoe cflaKTOpHaoaaaaoe Bhrpa:lKeHHe MO:lKHO 

nony"'HTb AnSI aeyrrpyroro paccesHHSI ohiCTphlX npoToHoB. 

KaK H3BeCTHo, 121 ynpyroe H Heynpyroe pacceSIHHSI Bhi

coKoaaepreTH"'HhiX npoToaoa xopowo orrHChiBaiOTCSI Teope

efi fnayoepa. 3arrHWeM BHyTpeHHHH HHTerpan B «flopMyne 

AnSI aMrrnHTyAhi aeynpyroro pacceSIHHSI 181 B BHAe 

TLM_ Jlp<P~r)f (q)+ p<n>(r)f (q) lj (qr)r 2 dr , 
L pp L pn L 

I'Ae p(f.) ( r) H /~)(r) - rrpOTOHH8SI H HeiiTpOHH8SI rrepe-

XOAHhie nnOTHOCTH, f pp H fpn - aneMeHTapHhie 

rrpOTOH-rrpOTOHHhie H IIpOTOH-HeATpOHHhie 8MIInHTYAhie 

BBOASI o6oaaa"'eHHSI 

~s (q)- fpp(q)+f pn (q) 
2 . 

fiV (q)• (q) 

nepenHweM Bhrpa.meaae B cflHrypHhiX CKOoKax 

[p<P{r)+ P<n{r)]f (q)+ [p(P) (r )- ?>(r)lf ( q). 
L L IS L L IV 

Una H30CKangpHhiX nepexoAOB aaaK npoToaaoA rrepexoA

aoA rrnoTHOCTH COBII8A8eT CO 3H8KOM HeiiTpOHHOA rrepeXOA

HOA rrnOTHOCTH Ha rpaHHUe Slllpa, I'Ae 9TH IInOTHOCTH MaK

CHM8llbHble EcnH K TOMy :lKe y"'eCTh, "'TO npe :aaeprHH 

1 faB 
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lfiV (q)l/lfiS (q)l "'0,15, 

TO BTOpb!M li30BeKTOpHbiM '1Jl9HOM MO:tKHO npeHe6pe'1b. 
/2/ 

BBollSI li30CKanSipHyiO nepexoaHyiO nnoTHOCTb 

p (r)"'P(p)(r)+p(n\r) 
IS L L 

li li30CK8JISipHyiO TipliBelleHHYlO BepOSITHOCTb 

L+2 2 
B (E L) = 1 f p (r ) r dr I , 

IS IS 

nony'1liM, liCTIOJib3YSI npeanono:tKeHlie o6 yHliBepcanbHOCTH 

nepeXOllHOH TIJIOTHOCTli! 

d2 
~!__ 
df! d( 

danpoT ) 
z(--dn ( b(EL,f) IS ' (3.1 ) 

da 
rae ( npoT ) paCC'1liTb!B89TCSI C ycpellH9HHOH li30CK8JISip-

df! ( 
HOH nepeXOllHOH TIJIOTHOCTbl01 HOpMlipOB8HHOH Ha 1. 

4. 06cyllliM noapo6aee aonpoc o6 yauaepcanbHOCTH 

TiepeXOllHbiX TIJIOTHOCTefi. llnSI Hli3KOJie:tK8IllliX KOJIJieKTHB

Hb!X COCTOSIHliH CHTY8UHSI npOIIIe. 06paiii8SICb K Bb!pa:tKe

HHlO (2 .3) 1 38MeTHM1 'ITO ll.TISI 9TH X COCTOSIHHfi He 38BH

CSIIIIHH OT r K09~~liUlieHT 

Li Li 
< j 1 I y L I j2 > u. . ('I'. . + ¢ . . ) 

J1J2 J1J2 J1J2 

aceraa nono:tKHTeneH, Toraa KBK ~YHKUHli Rj (r) ll:MeiOT 

M8KCHMYM Ha rpaHll:Ue Sillpa H ocuunnupyiOT BHyTpH. Do9-

TOMy cneayeT O:tKHll8Tb KorepeHTHOrO CJIO:tKeHHSI qJieHOB 

CYMMbl Ha rpaHHUe Slllpa li HHTep~epeHUHH BHyTpH. llnSI 
ypOBHeH, COCT8BJISilOIIIHX ruraHTCKHH pe30H8HC 1 CHTy8UHSI 

He CTOJlb npOCTa: B 9TOM cnyqae yTIOMSIHYTbie K09~~H

UHeHTbl HMeiOT pa3Hhie 3HaKH. Mo:tKHO npuaecTH aononau
TenbHhie apryMeHTbi B nonb3Y Toro, '1TO B ceqeaue 6y

aeT ll8B8Tb BKJ18ll TOJlbKO YHliBepC8JlbH8SI KOMTIOHeHT8 Tie-

8 

i 
~ 

l 

.. 

.d 

peXOllHOH TIJIOTHOCTH! a) B 6opHOBCKOM npH6JIH:tKeHHH ce

qeHHe pacceSIHHSI 9JleKTpOHOB Ha COBOKYTIHOCTH ypOBHeH 

ruraHTCKOro pe30H8HC8 paBHO 

~ • ( d a ) 4 rr I (1) 2 . 2 
df! df! MOTT z2 i I fp L (r)r J L (qr)drJ . ( 4.1) 

Ecnu qMaKc - MaKCHManbHhiH, nepeaaHHhiH B 9KcnepuMeH-

Te HMITYJlbC, TO ~OpM~8KTOp 6yaeT He'1yBCTBHTeneH K BHyT

peHHeH ( r < L 1 q MaKe ) cTpyKType nepexoaHoH nnoTHOCTH. 

Ecnu qMaKc • R ( R - paauyc Sillpa) 3Ha'1HTenbHO MeHbiiie 

L ' TO 

da da 
df! •(df!-)MOTT 

4rr 

z2 

q2L 

[(2L+l)!! ]21 B i(EL ). ( 4.2) 

T aKHM o6pa3oM 4JaKTOpH38UHSI BhiiTOnHSieTcSI T0'1HO anSI 
M8Jlb!X 3H8'19HHH Q; 6) Bbi'1HCJ19HHSI1 npoBelleHHbie llJlSI 

ae~opMHpoaaHHhiX SIAep 1 9 •
101 , yKa3biBaiOT aa nponopuu-

oaaJibHOCTb llH~~epeHUH8JlbHbiX Ce'1eHHH, ycpeJlHeHHhiX no 

9HepreTH'1BCKOMy HHTepaany H TipHBelleHHbiX BepOSITHOCTeH 

nepexoaoa; aTo 9KBHBaneHTHO cyiiieCTBOBBHHIO yHHBepcanb

HOH nepeXOllHOH nJIOTHOCTH. 0CT8BJISISI B CTOpOHe 9TH ap

ryMeHTbl1 yKa:tKeM,'1TO qucneHHhie Bbi'1HcneHHSI 1111 yKa3bi

aaiOT H8 Bb!ITOJIHSIIOIIIYIOCSI C XOpOIIIefi T0'1HOCTblO nponop

UHOH8JlbHOCTb nepeXOllHbiX TIJIOTHOCTeH H8H6onee CHJlbHbiX 

ypOBHefi, COCT8BJISIIOIIIHX ruraHTCKHH pe30H8HC ( CM. p li C.) • 

KaK y:tKe OTMeqanocb B n.l, nonyMHKpOCKOTIH'1eCKaSI 

MOlleJlb He npeTeHayeT Ha AeT8JlbHOe OnHC8HHe K8:tKllOro 

HHllHBHllY8JlbHOrO ypOBHSI B o6naCTH rHr8HTCKHX pe30H8H

COB1 noaTOMy cneayeT O:tKHll8Tb 1 '1TO ycpeaHeHHe ~OpMbl 

nepeXOAHOH nnOTHOCTH no HeKOTOpOMY 9HepreTH'19CKOMy 

HHTepaany T8K:tK9 llOJl:tKHO CrJI8llHTb OCUHJIJISIUHH BO BHyT

peHHefi o6nacTu. TaKHM o6pa3oM, aeCbMa aepoSITHo, 'ITO 

4JaKTOpH38UHSI cyMMapaoro ce'1eHHSI 6yaeT cnpaaeanuaa He 

TOJlbKO npH M8Jlb!X nepeAaHHhiX HMnyJlbC8X1 K8K 9TO He

nocpellCTBeHHO BHAHO H3 ~OpMyJibl ( 4.2), HO H B llOBOJlbHO 

IIIHpOKOM llH8IT830He nepell8HHbiX HMnyJibCOBo 
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pH c. DepeXOAHbie nnoTHOCTU J].n.H Hau6onee ClWbHbiX OAH0-
¢oHOHHhlX 1- u 2+ ypoaaeA ruraHTCKoro peaoaaaca a 

90 Zr. l.J ucna y KpUBbiX oaHa'<IaiOT saepruiO (a MsB) 
o.a.uo¢oaoHHhrx ypoaueR. CnnowHhie KPUBbie - ¢eaoMeuono
ruqecKue nepexo.nahle nnoTHOCTH Mo.nenu Taccu, KOTOphle 
a 1111 ncnonbaoaanucb anH omrcanuH El H E2 peaoaaa-
coa. nnH cpaBHeHHH TIOK838H8 nnOTHOCTb HlDKafiwero 2 + 
ypOBHHo 

J1 TaK, ecnu TIOA nepeXOAHOH nnoTHOCTbhl TIOHHM8Tb 
ycpe.nHeHHYIO B H8KOTOpOM 8HepreTH'<I8CKOM HHTepaane nnoT
HOCTb, TO o6naCTb TipHM8HHMOCTH ¢aKTOpH30B8HHbiX ¢opMyn 
.non}!{Ha 6brTh eme wupe. 
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5. PacceHHHe sneKTpoaoa H npoToHOB ua ypoBHHX 
I"HI"8HTCKOI"O pe30HaHCa ,naeT AOCT8TO'<IHYIO HH¢0pM8UHIO 
o cTpyKType nepexonHbiX nnoTaocTeif, a cne.noaaTenhHO, 
rr o crrpaaennnaocrrr Toil unrr uaoif Hnepuoif Mo.nenu. Dpu 
8TOM sneKTpOHbi OK83biBaiOTCH ropaano 6onee qyacTanTenh
H b!M HHCTpyMeHTOM ( He}!{enrr llpOTOHb!) JlnH H3y'<IeHHH 
CTpyKTypbl BHyTpeHHeif '18CTH aapHAOBOH nepeXOJlHOH nnoT
HOCTH. DpoTOHbi }1{9 qyacTayiOT TOnhKO cyMMY rrporouuoif 
H HeliTpOHHOll KOMTIOH9HT rrepeXOAHOH nnOTHOCTH H8 nepu
cj"lepHH: HApa. Do8TOMY M8KCHMYM TOI"O, 'ITO MO}!{HO Ha
A9HTbCH orrpe,nenHTb H3 COBMeCTHOH o6pa60TKH sneKTpOH
Hb!X H: ITpOTOHHbiX 8KClleprrMeHTOB, - 8TO ITpOTOHHyiO 
KOMllOHeHTy nepeXOAHOH llnOTHOCTH (B TOM '<IHCne H BHyT
pH HJlpa) H HefiTpOHHyiO KOMTIOHeHTy Ha neptr¢epHH HApa. 
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