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6a3HaT M.H., nATOB H.H., WHnoa B.M. P4 - 12392 

nepeXOAHWe nnOTHOCTH H 3neKTPOB036Y*AeHHe AHnonbHWX 
COCTOAHHH AAeP 

B paMKax caMOcornacoaaHHoro MHKpocKonH4ecKoro nOAXOAa BW4HcneHw 
nepeXOAHWe nnOTHOCTH AnA AHnOnbHWX B036y*AeHHH C~epH4eCKHX AAep. 
noKa3aHO, 4TO C POCTOM 3HeprHH B036y*AeHHH nepeXOAHaA nnOTHOCTb 
MeHAeT CBOO ¢opMy OT o6~eMHOH /HH*e MaKCHMyMa El -pe30HaHCa/ K no
aepXHOCTHOH /a o6naCTH MaKCHMyMa/. AnA BWCOK03HepreTH4eCKHX B036y*
AeHHH nepeXOAHaA nnoTHOCTb xapaKTepH3yeTCA rny60K006~eMHWMH OC~Hn
nA~HAMH /3BYKOBWe BOnHW/. Pac4eTW B MeTOAe HCKa*eHHWX BOnH nOKaaanH, 
4TO aapHa~HH nepeXOAHOH nnOTHOCTH B cpeAHHX H TA*enwx AApax C~ecT
BeHHO BnHAOT Ha noBeAeHHe ¢op~aKTOPOB 3neKTpOB036Y*AeHHA rHraHTCKO
ro AHnonbHOro peaoHaHca. nony4eHHwe peaynbTaTw Ka4ecTaeHHO cornacyoT 
CR C BWBOAaMH ¢eHOMeHOflOrH4eCKOH KanenbHOH MOAenH. 

Pa6oTa awnonHeHa a fla6opaTOPHH TeopeTH4eCKOH ~H3HKH OHHH. 

npenpHHT O~bBQHHBHHOro HHCTHTYT8 RABpHWX HCCneaOB8HKA, ny6H8 1979 

Baznat M.I., Pyatov N.I., Shilov V.M. 

Transition Densities and Electroexcitation of the 
. Nuclear Dipole States 

P4 - 12392 

The transition densities for the dipole excitations of spherical 
nuclei are calculated in the framework of self-consistent microscopic 
approach. It is found that in medium and heavy nuclei the transition 
density for the giant-resonance states varies from volume oscillati
ons (SJ-like shape) to the surface peaked shape (GT-like shape) with 
increasing the excitation energy. The deep-volume oscillations are 
characteristic for the transition density of high energy excitations. 
The form factors for the inelastic electron scattering were calcula
ted in DWBA. It is shown that the variation of the transition density 
affects essentially the calculated form factors. The results obtained 
are consistent with the qualitative features of the giant dipole re
sonance in the droplet model. 

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

3Kcnep!-1MeHTbl no HeynpyroMy pacce.AHI-1~ 3neKTPOHOB .ABn.A~TC.A 

eamH~M I-1CT04HI-1KOM I-1H¢0pMa~l-11-1 0 .AAePH~X MynbTI-1nOnbH~X rl-1raHT
CKI-1X pe30HaHCaX. nocKOnbKY pe30HaHC~ pa3ni-14H~X MynbTI-1nOnb
HOCTe~ 3a4aCTY~ nepeKp~ea~Tc.A, TO eo3HI-1KaeT npo6neMa pa3no
meHI-1.A 3Kcnep!-1MeHTanbH~X cneKTpoe no MynbTI-1non.AM. B 4acT-
HOCTI-1, npl-1 l-13y4eHI-11-1 KBaApynonbHOrO 1-1 MOHOnOnbHOrO 1-130-
CKan.ApH~X pe30HaHCOB eamHO aKKypaTHO OTAeni-1Tb BKnaA rl-1raHT
CKOrO A1-1nOnbHOrO pe30HaHCa, 

npoBeAeHI-1e MynbTI-1nOnbHOro aHanl-13a Tpe6yeT 3aAaHI-1.A ¢opM
¢aKTOpOB Heynpyroro pacce.AHI-1.A F(q), cy~ecTBeHHO 3aBI-1C.A~I-1x 
oT BI-1Aa 3ap.AAOBO~ nepeXOAHO~ nnoTHOCTI-1 p tr (r) I eM. , Ha
npi-1Mep, 111 I. B MaKpocKonl-14eCKI-1X MOAen.Ax El -pe3oHaHc pac
cMaTp!-1eaeTC.A KaK eAI-1HCTBeHHOe KOnneKTI-1BHOe B036ym~eHI-1e 
c nepeXOAHO~ nnoTHOCTb~ ronbAra6epa-Tennepa lrTI 21 

GT . 
p ( r) = const · d p

0 
(r)/dr 

tr 111 

1-1n1-1 WTe~HBeAen.A-HeHceHa IWHI 131 

p SJ (r) = const · j (kr)p
0

(r), 
tr 1 

121 

rAe p
0

(r) - pacnpeAeneHI-1e 3ap.AAOBO~ nnOTHOCTI-1 B OCHOBHOM 
COCTO.AHI-11-1, j 1(kr) - ¢yHK~I-1.A oeccen.A, B KOTOPO~ eeni-141-1Ha 
k onpeAen.AeTc.A rpaHI-14HbiM ycnoe1-1eM j '1 ( kR 0 )=0. nepeXOAHa.A 
nnOTHOCTb 111 xapaKTepl-13yeTC.A ni-1KOM Ha noeepXHOCTI-1, B TO 
epeM.A KaK 121 I-1MeeT o6beMH~~ xapaKTep. 3To pa3nl-141-1e npl-1eo
A1-1T K 3aMeTHOMY oTnl-141-1~ ¢opM¢aKTopoe F(q) np~-1 q ~ 0,3 ¢M-~ 
ecn~-1 KOHCTaHT~ B nepeXOAH~X nnOTHOCT.AX nOA06paTb TaK, 4T06~ 
coenan~-1 3Ha4eHI-1.A np1-1eeAeHHbiX eepo.ATHOCTe~ E 1 -nepeXOAOB 

B(El)= Je fptr (r)r 3 dr j 2
• 131 

H3-3a 
HI-1.A B 
( e ,e ') 

HeonpeAeneHHOCTI-1 B B~6ope Pu~) B~CKa3~Bani-1Cb COMHe
AOCTOBepHOCTI-1 Ha6n~AeHI-1.A MOHOnOnbHOrO pe30HaHCa B 

-3Kcnep!-1MeHTax14/. 
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npeAnpHHHManHCb non~TKH nony4HTb AOnOnHHTenbH~e CBeAeHH~ 
o xapaKTepe nepeXOAHO~ nnoTHOCTH E1 -pe3oHaHca. TaK, HeKo
Top~e CBHAeTenbCTBa B nonb3y noeepXHOCTHO~ nepeXOAHO~ 
nnOTHOCTH nony4eHbl H3 0606llleHH~X npa BHn CYMM151• 8 KanenbHO~ 
MOAenH /6/ nepeXOAHa~ nnOTHOCTb OnHCbi BaeTC~ nHHe~HO~ cynep
n03HUHe~ /1/ H /2/, npH4eM B nerKHX ~Apax AOMHHHpyeT pGT(r). 

SJ tr 
8KnaA p (r) pacTeT C POCTOM A H cpaBHH BaeTc~ C BKnaAOM tr _ 
noe epXHOCTHOH nnOTHOCTH TOnb KO B 04e Hb T~~en~x ~Apax. 

8 CB~3H C HeOnpeAeneHHOCT~MH ¢opM~ nepeXOAHO~ nnOTHOCTH 
B MaKpOCKOnH4eCKHX MOAen~X OC06~~ HHTepec npHo6peTaeT HC
cneAOBaHHe BHAa nepeXOAHO~ nnOTHOCTH El -peaoHaHca e MHKpo
CKOnH4eCKHX nDAXOAaX. 8 MHKpOCKOnH4eCKOM OnHCaHHH rHraHT
CKH~ pe3DHaHC ¢DPMHpyeTC~ COBOKynHOCTb~ 4aCTH4HO-A~P04H~X 
/HnH ¢DHOHH~X/ r B036Y~AeHH~, xapaKTepH3Y~lllHXC~ 6onbWHMH 
3Ha4eHH~MH B(E1). 8 c¢epH4eCKHX ~Apax, KaK npaeHno, nony4a~T 
2-3 CHnbH~X E1 -nepeXOAa B o6naCTH MaKCHMyMa pe30HaHCa, 
An~ KOTOpbiX nepeXOAHa~ nnOTHOCTb HMeeT nHK Ha noeepXHOCTH 
H He6onbwHe ocuHnn~uHH e o6ceMe /eM., HanpHMep, / 7-9/ /. 
8 pa60Te / 8 / OTMe4anOCb, 4TO B 208 Pb HMe~TC~ TaK~e 1- B03-
6y~AeHH~ C 06beMHO~ nepeXOAHO~ nnOTHOCTb~, HO HX BKnaA B 
npaeHnO CYMM /HHTerpanbHOe Ce4eHHe ¢DTOB036y~AeHH~/ He 
npee~waeT 20%. CHCTeMaTH4eCKOrO HCCneAOBaHH~ xapaKTepa 
nepeXOAHO~ nnOTHOCTH B pa3nH4H~X ~Apax B MHKPOCKOnH4eCKH X 
nDAXOAaX AD CHX nop He npOBOAHnOCb . 

t:\aHHa~ pa6oTa noce~uieHa H3y4eHH~ nepexoAHbiX nnoTHOc Te~ 
1- B036Y~AeHH~ ~Aep B paMKaX CaMocornacoBaHHOrO MHKpOCKO
nH4eCKOro nDAXOAa, c¢opMynHpoeaHHoro e pa6oTax 1 10-121 . .Qe
TanbHoe onHcaHHe MDAenH H peaynbTa T~ pa c 4e Toe H HT e rpanbH~x 

xapaKTepHCTHK E1 -peaoHaHca AaHbl e pa6oTe1121. HH~e o6cy~
Aa~Tc~ peaynbTaT~ pac4eToe nepexDAH~x nnoTHOCTe~ H ¢opM
¢aKTopoe Heynpyroro pacce~HH~ 3neKTPDHOB Ha ~Apax. 

2. nEPEXO.QH~E nnOTHOCT~ ~ ¢0PM¢AKTOP~ 
HEYnPYIOIO PACCEBH~B 3nEKTPOH08 

8 CaMOCOrnaCOBaHHOM MHKpOCKOnH4eCKOM nDAXDAe1 121 3aAaeT
CR HeKOTOp~~ o6on04e4H~~ nOTeHuHan, a OCTaT04H~e B3aHMOAe~
CTBHR ~~BOARTCR H3 Hero B cenapa6enbHO~ ¢DpMe no 
npHHUHny TpaHcn~UHOHHO~ HHBapHaHTHOCTH. KOHCTaHTbl B3aHMO
Ae~CTBH~, aaeHCRlllHe OT pacnpeAeneHHR nnoTHOCTH, nony4a~Tc~ 
nyTeM cornacoeaHHR eaaHMDAe~cTBH~ c noTeHuHanoM, T.e. 
OCTaT04H~e B3aHMOAe~CTBHR He COAep~aT HHKaKHX npOH3BOnbH~X 
napaMeTpOB. npH 3TOM raMHnbTOHHaH npHHHMaeT TpaHCnRUHOHHO
HHBapHaHTHy~ ¢opMy, 4TO n03BOnReT RBHO B~AenHTb ABH~eHHe 
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ueHTpa Mace. 3HepreTH4ecKoe nono~eHHe rHraHTCKoro AHnonbHo
ro pe30HaHCa np~MO CBR3aHO C 3HeprHe~ CHMMeTpHH ~Apa. 

8 MeTOAe cny4a~HO~ ¢a3~ /C¢/ rHraHTCKH~ AHnOnbH~~ peao
HaHC ¢opMHpyeTC~ COBOKynHOCTb~ ¢DHOHH~X 1- B036Y~AeHH~ 

C 3HeprH~MH w1 /HHAeKC .i HyMepyeT COCTO~HH~/. Ka~AOe B03-

6y~AeHHe xapaKTepH3yeTC~ eenH4HHO~ B1(E1) H CBH3aHHO~ C He~ 
COOTHOWeHHeM /3/ nepeXOAHO~ nnOTHOCTb~ 

p ( i ) (r) • _1 I e r 
tr y 2wi T• n ,p 

I 
nfj 

n 'f ' j ' 

R*0 . (r)R '"' · , (r) x 
nLJ n L J 

(I) 
x N fj , f'j' IJIJ' i (ni -nj' ), 

/4/ 

rAe er - 3¢¢eKTHBH~e aapRA~ IN/ A AnR npoTOHOB H -Z/ A - An~ 
He~TPOHOB/, Rn fj (r) - paAHanbH~e BOnHOB~e ¢YHKUHH OAH0-
4aCTH4H~X COCT~RHH~, "Nfj f 'J' - HHTerpan~ no yrnoB~M 
nepeMeHH~M, IJ.' j ~ - 4aCTH4~0-A~P04H~e aMnnHTYA~ B ¢DHOHH~X 
eonHoe~x ¢YHKUH~x /eM . onpeAeneHHe e 1 11.121 I, ni - 4Hcna 
3anOnHeHHR COCTO~HH~. t:\nR pa3nH4H~X 4aCTH4HO-AbiP04HbiX 
COCTO~HH~ npOH3BeAeHHe paAHanbH~X ¢YHKUH~ MO~eT 6~Tb noKa
nH30BaHO B 06beMe ~Apa HnH Ha noeepXHOCTH, nH60 HMeTb 
ocuHnnRuHH no o6ceMy. CyMMapH~~ peaynbTaT CYllleCTBeHHO onpe
AenReTcR aMnnHTYAaMH IJI~) .TaKHM o6pa30M, B npHHUHne, B MHKpo-

J J 
CKOnH4eCKOM nOAXDAe MO~HO O~HAaTb BCero pa3H006pa3HR eapHa-
UH~ nepeXOAHO~ nnOTHOCTH AnR pa3nH4H~X ¢DHOHH~X B036Y~Ae
HH~.COOTHOWeHHe /3/ nOA4epKHBaeT ea~HY~ pOnb noeepXHOCTHO~ 
4aCTH nepeXOAHO~ nnOTHOCTH.n03TOMY MO~HO O~HAaTb,4TO COCTOR
HH~ c 6onbWHMH 3Ha4eHH~MH B1(E1) 6YAYT xapaKTepHaoeaTbCR nH
KOM Ha noeepXHOCTH /4TO He HCKn~4aeT, OAHaKO, B03MO~HOCTH 

o6ceMH~x ocuHnnRuH~/. 
~30TOnH4eCKH~ CnHH AnR paCCMaTpHeaeM~X COCTORHH~ He 

coxpaHReTcR. 8 cny4ae npH6nH~eHHoro coxpaHeHHR H30CnHHa 
He~TpOHHaR H npOTOHHaR 4aCTH nepeXOAHO~ nnOTHOCTH /6e3 
3¢¢eKTHBH~X 3apRAOB/ CKnaAbiBa~TCR nH60 B ¢a3e /H30CKanRpH~e 
B036Y~AeHHR/, nH60 B npoTHBO¢a3e /H30BeKTOPH~e B036Y~AeHHR/. 

CeR3b Me~AY ¢opM¢aKTopoM Heynpyroro pacceRHHR 3neKTpOHOB 
C B036Y~AeHHeM OAHO¢OHOHHOrO COCTORHHR H COOTBeTCTBY~llle~ 
eMy nepeXDAHO~ nnoTHOCTb~ npollle ecero npocneAHTb e 6opHoe
CKOM npH6nH~eHHH 

\ F . (q) \2 = j_!L I J p (i) (r) j (qr)r
2
dr \

2
, 

1 z2 h 1 
/5/ 
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r.Qe q - nepe,~:~asaeMblili 11Mnynbe. 3aMeTI1M, 4TO ¢YHK1..111.A 6eeeen.A 
j 1 (qr) 11MeeT nepsbiH MaKei1MyM np11 q r "' 2, 1 . 3Ha411T, r.p11 
MaJlbiX 3Ha4eHI1.AX q << 1 ct>M-1 ey111eeTseHHYIO ponb 11rpaeT nose
.QeHI1e p tr Ha nosepxHoeTI1. np11 q >...:. 1 ct>M -1 onpe,~:~en.AIOIJII1M 
eTaHOSI1Te.A nose,QeHI1e nepeXO,QHOH nJlOTHOeTI1 S 06beMe .A,Qpa. 
nonolKeHI1e nepsoro MaKei1MyMa IF i (q) 12 • TaKI1M o6pa30M, 
onpe,~:~en.AeTe.A xapaKTepoM nepexo,~:~Hoili nnOTHOeTI1. B eny4ae 
nosepXHOeTHOH nepeXO,QHOH n1lOTHOeTI1 rT-TI1na MaKei1MYM I F.(~ I 2 

,QOeTI1raeTe.A np11 MeHbWI1X q, 4eM S eny4ae 06beMHOH nepeXOA
HOH nnoTHOeTI1 . 

CyMMapHbiH SKJla,Q seex ¢OHOHHbiX S036YlK.QeHI1H Ha WI1P11He 
pe30HaHea onpe,~:~en.AeT nonHble 3Ha4eHI1.A IF(q) l 2 11 B(E1). 
Ee1111 see OHI1 11MeiOT O,Q11HaKOSYIO nepeXO.QHYIO nJlOTHOeTb, TO 
I F(q)l 2 11 B(E1) nponopi..II10HanbHbl ,~:~pyr ,~:~pyry. B npoTI1SHOM 
eJly4ae 3TO npi16Jll1lKeHHO enpase,QJ111SO TOJlbKO np11 MaJlbiX q. 
C poeTOM q see 60JlbWI1H SKJla,Q S ¢opM¢aKTOp 6y,QyT ,QaSaTb 
so36YlK.QeHI1.A e MaJlbiMI1 B(El) 11 o6beMHO!Ii nepexo,~:~Hoili nnoTHOeTbiO. 

3. PAC4ETbl H 06CY)I{,QEHHE PE3YJ1bTATOB 

411eneHHble pae4eTbl nposo,QI11111e b e noTeHL.~11anoM By,~:~ea
CaKeoHa113/. MeTO.Q Sbl411eneHI1.A O.QH04aeTI14HOro 6a311ea 
11 nporpaMMa pae4eTos eo,~:~eplKaTe.A s pa6oTax 1 14,151. KoHKpeT
Hble 3Ha4eHI1.A napaMeTpos noTeHL.~11ana .QJl.A pa3Jli14Hblx .A.Qep 
np11seAeHbl s pa6oTel 12l. TaM lKe np11se.QeHbl Tl1ni14Hble eneKTPbl 
tf>OHOHHbiX 1- · so36ylK,QeH11H, Sbl411eneHHble s MeTO.Qe Ctf>. 

XapaKTepHoili oeo6eHHOeTbiO eaMoeornaeosaHHoro on11eaH11.R 
.ASJl.AeTe.A TO, 4TO s HeM e11na EL -nepeXOAOS s epeAH11X 
11 T.RlKeJlbiX .A,Qpax He KOHI..IeHTpl1pyeTe.A Ha 1-2 eoeTO.AHI1.AX, a 
paenpe,~:~en.AeTe.A no 3HepreTI14eeKOMY eneKTPY s 11HTepsane, 
npi1MepHO eOOTSeTeTSYIOIJieM WI1P11He pe30HaHea111,12/. 0AHaKO 
so36ylK,QeHI1.A ,QalKe e 6ni13KI1M11 3Ha4eHI1.AMI1 Bi(E1) xapaKTepi13YIOT
e.A eyiJieeTseHHO pa3Jli14HbiM11 ¢opMaMI1 p t~i) . Tl1n114Hble npi1Mepbl 
np11se,~:~eHbl Ha p11e. 1 Ail.A 90Zr 11 208 Pb. BI1.QHO xapaKTepHoe 
113MeHeHI1e ¢opMbl nepeXOAHOH nnOTHOeTI1 OT 06beMHOH K nosepx
HOeTHOH np11 S03paeTaHI111 3Heprl111 S036ylK,QeHI1H I.QJl.A eOeTO.AHI1H 
e Bj(E1) ~ 1 e 2 tf>M21. ,[ln.A eoeTO.RH11H e 60JlbWI1MI1 3Ha4eHI1.AMI1 
Bi (E1), nelKallii1X s o6naeTI1 MaKei1MyMa pe3oHaHea, nepexo,~:~Ha.A 
nnOTHOeTb so seex .A.Qpax xapaKTepl13yeTe.A ni1KOM Ha nosepxHoe
TI1, 4TO eosna,QaeT e pe3yJlbTaTaMI1 ,Qpyri1X MI1KpOeKOnl14eeKI1X 
pae4eTos 17- 9'.6onee Taro, MI1KpoeKon114eeKI1e pae4eTbl tt>aKT114ee
K11 nO,QTSeplK,QaiOT enpaSeAJli1SOeTb nepeXO,QHOH nnOTHOeTI1 rT-
TI1na 111 ,QJl.R TaKI1X eoeTO.AHI1H. ,[ln.A 11JlJliOeTpal..ll111 3Toro YTSeplK-
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2,0 

l (\ 
90zr 

., 
1,0 

I ~ 
.l 

':' .. 
' 5! .. . 

~ 5! 
• 0 .. 
<o 
~r' 

(~ '>'" ·D,6 c 
·1 

- 90z P11e.1. nepeXO,QHble nJlOTHOeTI1 ,QJl.A P.R.Qa 1 S036ylK,QeHI1H s r 
11 20!l Pb. KalKAOe eoeTO.RHI1e xapaKTepl13yeTe.A 3Heprl1eA w, 3Ha-
4eHI1eM B(El) 11 SeJli1411HOH SKJlaAa S 11HTerpaJlbHOe ee4eHI1e ¢oTo
S036YlKAeHI1.A aO • 

90zr: 11 w=12,3 M3B, B(E1)=3,4 e 2ct>M 2 113% a 0 1; 
21 ru=15,5 M3B, B(El) =5,5 e 2ct>M 2 126% a0 1; 

208Pb: 11 rv= 9,2 M3B, B(E1)=10,6 e2ct>t-f 113% ao I; 
21 rv=10,2 M3B, B(El)= 7,1 e2tf>M2 l10%ao I; 
31 w = 14 M3B B(E1) = 10, 3 e 2tf>M2 /20 % a 0 I; 
41 !>J=23,2 M3B, B(E1)=8·10-3e2tf>M2 I0,026%a01; 2 1/2 

< rc > - SeJli1411Ha epeAHeKSaApaTI14HOrO paA11yea paenpeAeneHI1.R 
3ap.AAa. 

AeHI1.A Ha p11e. 2 noKa3aHbl nepeXOAHa.A nJlOTHOeTb AJl.A eoeTO.AHI1.A 
e Hal16onbWI1M 3Ha4eHI1eM Bi(E1), pa3nolKeHHa.A Ha He!liTpoH~YIO 
11 npOTOHHYIO KOMnOHeHTbl, 11 060Jl04e4HOe paenpeAeneHI1e nJlOTHOe
TI1 npOTOHOS S OeHOSHOM eoeTO.AHI111 14°Ce. JlerKO S11AeTb, 4TO 
¢opMa npOTOHHOH nepeXO,QHOH nJlOTHOeTI1 Ka4eeTSeHHO OTpalKaeT 
XOA npOI13SOAHOH OT 3aP.RAOSOH nJlOTHOeTI1 p~0. 0,QHaKO e111e 
pa3 nOA4epKHeM, 4TO 3TO enpaseAJl11SO Jli1Wb AJl.A eOeTO.RH11H e 
Hal16onbWI1M11 3Ha4eHI1.AMI1 Bi(El) s o6naeTI1 MaKei1MyMa rl1raHT
eKoro pe30HaHea. 

KaK SI1.QHO 113 p11e. 2, HeiliTpOHHa.A 11 npOTOHHa.A nepeXOAHble 
nJlOTHOeTI1 pa3Jli14Hbl no 3HaKy S nosepXHOeTHOH o6naeTI1, 4TO 
eS11AeTeJlbeTsyeT 06 1130SeKTOpHOM XapaKTepe S036ylK,QeHI1.A. 
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ip-'1·3t .Pt·z"·102 

1,0 
14oce 
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tpH-Jt41TP,. 
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0,5 
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8 'Z, lPN 

'Z 
1 

lpH 

P~c.2. Beepxy: nepexo,qHa~ nnoTHOCTb /cnnowHa~ n~H~~/ ,qn~ 
cocTO~H~~ c w =15, 1 M38 ~ B(E1)=16,6 e 2 <l>M 2 e 14° Ce, pas
nomeHHa~ Ha HeATpOHHY~ ~ npOTOHHY~ KOMnOHeHTW/nyHKT~PHWe 

n~H~~/; < r 2 > 112 =4, 88 <l>M - 3Kcnep~MeHTanbHOe 3Ha4eH~e I 161 c 
cpe,qHeKsa,qpaT~4Horo sap~,qpeoro pa,q~yca. BH~sy: o6ono4e4HOe 
pacnpe,qeneH~e nnOTHOCT~ npOTOHOB B OCHOBHOM COCTO~H~~ 14°Ce. 
Bw4~cneHHOe c H~M 3Ha4eH~e cpe,qHeKsa,qpaT~4HOro pa,q~yca 
npOTOHOB 

8 

<r2 >l / 2 =4,87 <l>M. 
p 

AHanor~4HOe ceoAcTBO Ha6n~,qaeTc~ npaKT~4ecK~ ,qnR ecex $OHOH
HbiX COCTO~H~H C B(El) >- 1 e 2<l>M2, $OpM~py~~~X r~raHTCK~H 
pe30HaHc. O,qHaKo B BbiCOK03HepreT~4ecKoA o6nacT~ np~ 3Hepr~~ 
nop~,qKa 80 • A - 0•23 M38 no~en~~TC~ rpynnbl COCTO~H~H C ~30-
CKan~pHOA nepexo,qHoA nnoTHOCTb~*. ~Me~~eA oc4~nn~4~~ rny6o
KO B 06beMe ~,qpa, KOTOpble XapaKTep~3Y~TC~ 04eHb ManbiM~ 
3Ha4eH~~M~ B i (El) ~ 10-2 e 2 <l>~. T~n~4HWA np~Mep noKa3aH Ha 
p~c. 1 An~ ~,qpa 208 Pb /nyHKT~pHa~ n~H~~/. no~eneH~e TaK~X 
COCTO~H~A OTMe4anOCb B pa6oTe 1171 , B KOTOpoA OH~ ~HTepnpe
T~PY~TC~ KaK COCTO~H~~ ~30CKan~pHoro A~nonbHOro pe30HaHCa. 
8 MO,qen~ m~,qKOA Kann~ /18/ ~M COOTBeTCTByeT KonneKT~BHaR 
Mo,qa cmaT~~ /aeyKoswe eonHw/, 3Hepr~~ KOTopoA onpe,qen~eTc~ 
cm~MaeMOCTb~ ~,qpa. 6onee ,qeTanbHO CBOACTBa 3T~X COCTO~H~H 
6y,qyT o6cym,qaTbC~ B ,qpyroA pa6oTe. 

HTaK, pac4eTw noKasan~, 4TO H~me MaKc~MyMa r~raHTCKoro 
pe30HaHCa $OHOHHWe B036ym,qeH~~ ~Me~T 06beMHY~ nepeXOAHY~ 

nnOTHOCTb, KOTOpa~ nOCTeneHHO nepeXOA~T B noeepXHOCTHY~ 
c pocTOM 3Hepr~~ sos6ym,qeH~H. TaKoe noee,qeH~e oTpamaeTCR 
Ha sen~4~He ~ $OpMe $OpM$aKTopa Heynpyroro pacce~H~~ 
3neKTpOHOB, KOTOpWA Bbi4~Cn~nc~ B MeTo,qe ~CKameHHWX BOnH 
B COOTBeTCTB~~ C nporpaMMOA, ~3nomeHHOA B pa6oTe/19/, T~n~4-
HbiH np~Mep noKa3aH Ha p~c. 3 ,qn~ ~,qpa 140Ce ,qn~ Tpex 
cocTO~H~H . Pac4eTbl \ F1 (q)! 2 nposo,q~n~cb c nap-aMeTpaM~ 
$epM~eBCKOro pacnpe,qeneH~~ 3ap~,qOBOA nnOTHOCT~ B OCHOBHOM 
COCTO~H~~/16 /. XOT~ BCeM TpeM T~naM nepeXOAHOH nnOTHOCT~ 
COOTBeTCTByeT OAHO ~ TO me 3Ha4eH~e B 1(E1), $OpM$aKTOpbl 
~X 3aMeTHO pa3n~4a~TC~. 

Bo ecex cpe,qH~x ~ T~menbiX ~,qpax snnoTb ,qo 208Pb ,qoM~H~
pyeT BKna,q B npae~no cyMM /~HTerpanbHOe ce4eH~e $oToeoa6ym
,qeH~~/ COCTO~H~A C noeepXHOCTHOA nepeXOAHOA nnOTHOCTb~, XOT~ 
BKna,q COCTO~H~A C 06beMHOA nepeXOAHOH nnOTHOCTb~ 6wcTpO pac
TeT c poe ToM A . Hanp~Mep, e ~,qpax 58Ni, 90zr, 14Dce ~ 208 Pb 
BKna,q o6beMHOA MOAbl COCTaBn~eT COOTBeTCTBeHHO < 10%, ""20 %, 
- 35%, • 50 %. Ka4eCTBeHHO 3TO cornacyeTc~ c eweo,qaM~ $eHo
MeHonor~4eCKoA KanenbHOA Mo,qen~ l61.0,qHaKo B caMocornacoeaH
HOM no,qxo,qe ,qon~ COCTO~H~A C 06beMHOA nepeXOAHOA nnoTHOCTb~ 
e T~menwx ~,qpax nony4aeTc~ saMeTHO 6onbwe, 4eM B ,qpyr~x 
M~KpOCKOn~4eCK~X MO,qen~X. 

Kon~4eCTBO COCTO~H~A C 06beMHOH nepeXOAHOH nnoTHOCTb~ 
~ ~X BKna,q B npas~no CYMM 3aB~C~T OT xapaKTepa OCTaT04HWX 
esa~Mo,qeAcTe~A. 4eM c~nbHee KOH4eHTPa4~~ c~nbl El -nepexo,qoe 
B 3HepreT~4eCKOM cneKTpe, TeM MeHbWY~ ponb ~rpa~T COCTO~H~~ 
C 06beMHOA nepeXOAHOA nnOTHOCTb~. np~ ~CnOnb30BaH~~ ~30BeK
TOpHbiX A~nOnbHbiX C~n 06beMHOrO T~na/cM., Hanp~Mep, /9,10,20//, 

*AeTOP~ swpama~T np~3HaTenbHOCTb npo$. A.WneTy, o6paT~e-
weMy Hawe BH~MaH~e Ha 3T~ COCTO~H~~. 9 
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P~e.3. nepeXOAH~e nnOTHOeT~ /ene8a/ ~ eOOT8eTeT8Y~~~e ~M 
$opM$aKTOP~ /enpa8a/ Heynpyroro paeeeRH~R 3neKTPOH08 e 3Hep
r~e ~ 92 M3B Ha RAPe 14°Ce. CnnowHble n~H~~ - M~KpoeKon~4eeK~e 
pae4eTbl, GT ~ SJ eooT8eTeT8Y~T nepeXOAHbiM nnoTHOeTRM /1 I 
~ /2/. Bee Ptr HOPM~po8aHbl Ha OAHO ~ TO >Ke 3Ha4eH~e B(El). 
noKa3aH~ pe3ynbTaT~ pae4eT08 AnR eoeTORH~~: 

10 

1/ (u =10,2 M3B, B(El ) =4,3 e 2 <!>M 2 /9 %a0 I 
2/ w =11 ,2 M3B, B(El) =6, 7 e 2 <!>M 2 /15%a 0/ 

3/ (u =15, 1 M3B, B(E l ) =16,6 e 2<!JM2 /50 %a0 / 

He eornaeo8aHH~X e nOTeH4~anOM, ey~eeT8eHHO yMeHbWa~TeR 

KaK pa36poe e~n~ E1-nepeXOA08 no eneKTPY 8036Y>KAeH~~/t2/, 
TaK ~ 8KnaA o6~eMHO~ MOA~ 8 npa8~no eyMM. 

Bn~ RH~e o6~eMHO~ MOAbl Ha eyMMapH~~ $opM$aKTOp Heynpyroro 
paeeeRH~R 3neKTROH08 noKa3aHO Ha p~e. 4 ~ 5 AnR RAep 58Ni, 
90 zr ~ 14°Ce. B58 Ni n04T~ 8eR e~na El -nepeXOA08 KOH4eH-
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P~e.4. To >Ke, 4TO Ha p~e. 3, AnR RApa
58

Ni. Pae4eT~ npo8eAeH~ 
AnR eoeTORH~R e 3Hepr~e~ 18,2 M38 ~ B(El) =9,3 e2 <!JM 2 /80% 
a

0 
/ . 3Kenep~MeHTanbH~e AaHH~e 83RT~ ~3 pa6oT~ /2 t l . 

Tp~pyeTeR Ha OA HOM eOeTORH~~. AnR KOTOpOrO nepeXOAHaR 
nnOTHOeTb 6n~3Ka no $OpMe K / 1/, 4TO OTpa>KaeTeR ~ Ha n08e-
AeH~~ $OpM<)laKTOpa. B 90 Zr ~ 14°Ce OTeTynneH~R OT MOAen~ 
rT eTaH08RTeR ey~eeT8eHHbiM~ np~ q >-.0, 4 $M-1. C pOe TOM q 
8n~RH~ e o6~eMHO~ MOAbl paeTeT, 4TO Heo6xoA~Mo Y4~Tbl8aTb 
np~ MynbT~nonbHOM aHan~3e 3Kenep~MeHTanbH~x eneKTpo8. 0TMe
T~M , 4TO 8 14°Ce HaW~ pae4eT~ 6n~3K~ K pe3ynbTaTaM <)leHOMeHO
nor~4eeKOrO aHan~3a 141 8 paMKax KanenbHO~ MOAen~. 

Cornae~e pae4eT08 e 3Kenep~MeHTanbH~M~ AaHH~M~, npoAeMoH
eTp~po8aHHOe Ha p~e. 5 , He ~eKn~4aeT 803MO>KHOeT~ ey~eeT80-
8aH~R EO-pe30HaHea 86n~3~ r~raHTeKoro A~nonbHoro pe3oHaHea, 
KaK 3TO eneAyeT ~3 paeeeRH~R a-4aeT~4 /eM., Hanp~Mepl231f. 
Aeno 8 TOM, 4TO a6eon~THaR 8en~4~Ha j F(~j 2 3a8~e~T oT 
nonHO~ 8en~4~H~ B(El) eoeTORH~~ B o6naeT~ El -pe30HaHea. 
06bi4HO np~ MynbT~nonbHOM aHan~3e nepeXOAHY~ nnOTHOeTb 
HOpM~py~T Ha 8en~4~HY B(El), ~38neKaeMy~ ~3 ee4eH~~ $OTOB03-

11 
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P~c.5. CyMMapH~e $opM$aKTop~, B~4~cneHH~e c ~cnonbsoeaH~eM 
M~KpOCKOn~4eCK~X lcnnOWH~e n~H~~~ ~ $eHOMeHOnor~4eCK~X 
IG'r ~ SJ. eM. ypaeHeH~R I 1 I ~ 121 cooTeeTCTBeHHol nepexoA
H~x nnoTHOCTeH. Pac4eT~ HOpM~pOBaH~ Ha nonH~e 3Ha4eH~R 
B(El) =20, 2 e 2 $M 2 e 90 Zr ~ 4 3 e 2$M2 B 14° Ce. 3Kcnep~Mew 
TanbH~e AaHHble B3RTbl ~3 pa6oT 14•221 • Ben~4~Ha q3<P <P onpeAe
neHa B pa6oTe /22/., 

6 w H 14oc 
Y~AeH~~ RAep. anp~Mep, B e ~cnonb30BaHHoe 3Ha4eH~e 

B(El) =43 e 2~M 2 COOTBeTCTByeT ~HTerpanbHOMY Ce4eH~~ a0 = 
2,65 M3B·6apH, KOTopoe npeeblwaeT Knacc~4ecKoe npae~no cyMM 
Ha 30 %. TaKaR een~4~Ha a0 nony4aeTcR np~ ~HTerp~poeaH~~ 
no BCeMy cneKTpy B036Y~AeH~H, n·p~ MynbT~nonbHOM aHan~3e 

paCCMaTp~Ba~T $OpM$aKTOp, COOTBeTCTBY~~H onpeAeneHHOMY 
y4aCTKY cneKTpa eos6y~AeH~H. CyMMapHaR c~na El -nepeXOAOB 
Ha TaKOM y4aCTKe cneKTpa, 04eB~AHO, BCerAa 6yAeT MeHbWe 
TOH, KOTopaR ~seneKaeTCR ~3 a 0 . CooTBeTCTBeHHO nponop~~oHanb
HO AOn~H~ yMeHbWaTbCR ~ TeopeT~4eCK~e $OPM$aKTopbl. Hcnonb
soeaHHaR HaM~ M~KpOCKOn~4eCKaR MOAenb He BKn~4aeT 3aB~CR
~~X OT CKOpOCT~ C~n, n03TOMy B HeH ~HTerpanbHOe Ce4eH~e 
paBHO Knacc~4eCKOMY npeAeny a0 =10,06 NZ/ A I M38.6apH. Bb1-
4~cneHHaR CYMMapHaR een~4~Ha B(El) ~ 34 e2 ~M 2 .Ecn~ 3Ha4eH~R 
\ F(~ \ 2 HOPM~poBaTb Ha 3TY Ben~4~Hy, TO OH~ 6YAYT np~MepHO 
Ha 25-30% MeHbWe, 4eM nOKa3aHHble Ha p~c. 5, 4TO OCTaBnReT 
B03MO~HOCTb AnR cy~ecTeoeaH~R EO-pesoHaHca. HopM~poeKa Ha 

12 ' 

een~4~HY B(E 1) =4 3 e2 ~M 2 6blna np~HRTa HaM~ TOn bKO C ~en b~ 
cpaeHeH~R c pesynbTaTaM~ pa6oTbl 141 . 

4. 3AKJ1104EHHE 

Pac4eTbl, npoBeAeHHble e M~KpocKon~4ecKoA MOAen~, noKas a 
nH, 4TO $OpMa nepeXOAHOH nnOTHOCT~ AnR 1- COCTORHHH Ha 
pa3nH4HbiX y4aCTKaX cneKTpa B036Y~AeH~H 3aMeTHO MeHReTCR , 
H~~e MaKCHMyMa El -pesoHaHca xapaKTepHoA RBnReTCR o6beMHaR 
nepeXOAHa R nnOTHOCTb, AnR COCTORH~H C Ha~6onbW~M~ 3Ha4eH~R
MH Bi(El) B o6nacr~ MaKc~MyMa pesoHa Hca ne peXOA HaR nno T
HOCTb 6nH3Ka K rT-$opMe. 8 BbiCOK03Hep reT~4eCKOH o6-
nacT~ xapaKTepHbl o6beMHble oc~~nnR~~~ ne peXOAHOH nnoTHOCT~ . 

3TO 03Ha4aer, 4TO Henb3R npOBOA~Tb Myn b T~nOn b HbiH a Han~ 3 

pasnH4HbiX y 4aCTKOB cneKrpa eos6y~AeHHH c OAHOH ~ TOH ~e 
$OpMOH nepeXOAHOH nnOTHOCT~ . C T04K~ 3 peH~R nony4eHH biX 
HaMH pe3ynbTaTOB HCnOnb30BaH~e ne peXOAHOH nnOT HOCT~ 111 
npH aHanH3e BbiCOK03HepreTH4eCKHX y4aCT KOB cne KTpa IHa np~ 

Mep, AnR BbiAeneHHR ~soeeKTOpHoro E2 -pesoHaHcal soo6~e 
nHWeHO OCHOBaH~H. 

KoHe4HO, see 3TH BbiBOAbl cnpa BeAn~Bbl s npH6n~~eHHH C~. 
8 AeHCTB~TenbHOCT~ 4aCTH4HO-Ab1P04Hble COCTORH~R 6YAYT 
pacnaAaTbCR no 6onee cno~HbiM KOH$Hrypa~~RM, 4TO np~BeAeT 
K HeKOTOpOMy H3MeHeH~~ nepeXOAHbiX nnOTHOCTeH H $OpM$aKTO
poB. Y4eT 3Toro npo~ecca, nposeAeHHbiH s pa6orax 191 , no Ka
san, 4TO CBR3aHHble C H~M 3$$eKTbl OKa3biBa~TCR He6onbW~M~ . 

B saKn~4eHHe aeropbl Bblpa~a~T 6naroAaPHOCTb npo$. ~.Wnery, 
B.A.XoAen~, 3.E . CanepwreAHy, C.A.~aRHcy, r.H . A$aHacbeBy 
sa none3Hble o6cy~AeHHR, B.B.nanb4~KY - sa noMo~b s npose
AeHHH pac4eTos. 

13 
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