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11ccnenonamre ynpyi'oi'o paccesrHHH TsrmenbiX noHOB Ha srnpax npencTaB

nsreT 3HatJuTenbHhiii HHTepec, TaK KaK aHanus aKcnepuMeHTanbHbiX yi'nOBbiX 

pacnpeneneHnii ynpyt'o paccesrHIIbiX noHon nosnonsreT nonytJHTb ocnoDIIbie 

cneneausr o KHaE:!MaTuKe nsanMoneiicTBHH cnomahiX srnep, o nenirtJune panuyca 

nsauMoneiicTnnsr. Onucaaue npouecca pacceSinusr sapsrmeHHbiX tJacTnu na 

Sillpax OCliOBbiBaeTCSI Ha pa3nH'!HOI'O pOlla MOllenbHbiX npellCTaBnenuspc, C .. 
noMO!llbiO KOTOpbiX ynaeTcsr cnHSaTb onpeneneHHbie ycpenneirHhie tiepTbi 

MHOI'0'!8CTU'IHOH KBaHTOBO-MeXaHU'!eCKOH 38ll8'!U pacceSIHUSI C HenocpellCTBeli

HO usMepsreMhiMH nenutJ-nHaMu, lllupoKoe pacnpocTpaaeaue nonytJuna onTntJec-

KaSI.Monenh Hllpa, B KOTOpOH 3a}:la'!a MHOI'UX Ten CBOllHTCSI K 3allatJe OllliOH 

tJ8CTUUb! B none KOMnneKCHOI'O UOTeHUHana, J13BeCTHO, ,'JTO OUTU'!eCKaSI 

Monenb · uMeeT 6onbmoii ycnex npu onucaauu paccesrnusi: ueiirponon, nporoaon, 

neii~·p'oaon Jr. a - tJacTnu nnnorb no saepi'nn :s; 50 Man. ITpu. nepexone 

K '6bh~e Tsr'menbiM tJaCTUUaM UCnonb30B8HHe OUTU'!eCKOH MOllenu CBSI38HO C 

psrnoM TPYllHOcTeii. 8To o6'bsrcnsrercsr reM, 'ITO· tJucno napuuanhHbiX nonn '· 

a¢¢eKTUBHO ytJacrnyromux B paccesrairu, nopnnKa kR , a npu nepexone K 

6onee. TsrmenbiM tJacruuaM kR nospacTaeT u llOCTUI'aeT nenntJHHbi . 

"'100-400, 'ITO nenaer nponeneaue tJucnenHhiX. pactJeTon: tipesnatJaiino 

TpyllHbiM, KpOMe TOI'O, TIOSIDnSIIOTCSI 6onbiiiUe·' CnO:lKHOCTH rrpn onpeneneHUU 

3 



OllTHManbHOI'O Ha6opa napaMeTpOB KOMnneKCHOI'O OllTH'leCKOI'O llOTeHUHana. 

nnst Ka>KAOfi aaepruu B umpoKOM nuanasoHe Z H A asauMoAeficTBY!OWHX stnep. 

flpstMbie 'IHCneHHbie MeTOAhi He All, lOT TaK>Ke · aosMO>KHOCTH ycTaHOBHTb KaKHe

nu6o npoCTbie 38KOHOMepHOCTH AnSI KHHeMaTHKii B381iMOJleHCTBiiSI cno>KHbiX Slllep. 

BMecTe c TeM HHTeHCHBHoe pasBHTHe nccnenoaaHnfi 
peaK-

unit c Tst>KeJlbiMH noaaMn npnBeno K nostBneHHIO 6onee npoCTbiX MeTo-
/1-4/ 

AOB aaannsa yrnOBbiX pacnpeneneHnfi ynpyro paccestHHbiX uoHOB . • 

B HaCTOSIW~fi pa6oTe npoaonuTCSI npstMast napaMeTpHsauust ljlasbi pac-

cestHHOfi BOnHbl
1 

npn'leM napaMeTpbl llOA6Hpa!OTCSI 113 cpaBH6HllSI C 9KCllepu-

MeHTanbHbiMH pacnpeneneHHS!Mii. 

II 
14 N , 16 0 2

1
0,22 Ne, 

197Au ,2098; 
1

2J8u 

B p83J"!ll~HblX KOM6HH8UHSIX .B WHpOKOM AHanas(me;,aHeprnfi naAa!OWUX '18CTiill• 
. . /5/ 

floAp06H06 onucaHll6 9KCllepHM6HTanbHOH MeTOAUKH AaHO B pa6oTe • 

PaccestHHbie noHhi. perucTpupoaanucb noaepXHOCTHo-6api>epHbiM ( Sf + Au 
\ . '" ·'· 

nonynpOBOAHUKOBbiM AeTeKTOpOM. 3aepreTH'16CK06: paspemeHllB AeTeKTOpa 

COCTaBnstnO .. 200 K9B. neTeKTOp MOI' nepe~eWaTbCSI B npenenaX: yrnoB 

20
° 16 ° T . . 1° . OT JlO 5 • . O'IHO~Tb•· ycTaHOBKH yrna COCTaBnstna ;!:. • t yrnoBOe 

paape~eHHe .. · 2,5°. '4T06bi HCKn!O'lllTb OWU6Kll 1 CBSI38Hllbl6 C H3MeHeHH6M TOKa, 

ny'IKa a npouecce o6ny'leHHSI, ace naHlibie npHBOA!InHCb K noKasallHIO MOHIITO ~•· 
Ila, npencTmmmowero co6ofi · nonynpoBOAHHKO'iilbifi neTeKTOp, · pacnono>KeHHbifi 

. . 0 

noll yrnoM .. 30 • 
Ka>Knoe yrnoaoe pacnpeneneHne ynpyro paccestHHbiX HOHOB .-cocToSino 

U3 20-40 TO'l6K, H3Mep~;!HHbiX 'lepes 2-4 rpanyca, 'ITO COOTBeTCTBOB~no HHT~P-
. . .: 0 . 0 . . . 

Bany yrnoa oT -20-40 AO 90-120 .. Hane?Imast nncKpUMUHaUHSI nuKa ynpy-
- ' . ' 

. i 
! 



Ta6nuua · 
PeayllhTSTbl cjlaaosoro aaanuaa sxcnepuMeHTSnhHbJX yrnoablx pacnpe

AeneHHA ynpyro pacceHHHbiX HOHoa:· LA H £\f A .:.napaMeTpbl, nony.'leHHble 
MeTOAOM HSHMeHbWHX KBSAPSTOB Anll ljJyHKUHH A£ • f~b~ H f max -3HS.'IOHH.ll 
cpeaaero H MaKCHManbHoro yrnosoro MOMeHTa, paCC'IHTSHHble no ljJopMYnaM 
(6,8), f 2c!p -no ljJopMynaM (7,8), £2 a .!..<f2 •>, 

· 1Cp 9 · 

P£AKL/UR ~ .. 'io. LA 4!A 
(f/ e''' I..'C~ t:JrF) lcp lmo~ ep. ~.{I) 

1"';4
9 

(MINe, 2o~Je) 138 67 M ~8 72 1/l 70 1,26 o.~" .. 
• lSI. 198 85 3,9 6f. ·. 9( 69 70 {.26 o.~~ TS (60N~ ~0N~) 

' ' ' 
126. M ;g ~2 10 1,26 0.'-' 67 7.3 

f'S 0 198 97 .5.5 68 f02 70 70 (,26 0.-" f/o(~ot.Je, a ~~~) 
158 7~ .6,6 35 82 55 70 1.26 0.11 

1Mp,.(~0Nt1, ~0Ntt) 118 t6 5.2 37 55 JT 70 (26 aJ,J . --------- .. -
If{ . 302 ,., 

~8 95 f42 f05 70 (.21 0.~ 
PrC'':4,.:0A,.) 

2't5 109 ~1 75 112 75 70. 1,28 0.~ 

"A ,. ,. J 110 51 5.~ 39 58 J6 70 1,24 o.h. 
u ( N. N (02 lt2. ~9 32 ~8 31 70 f.2~ o.~l I 

f9l . 183 83 j,f 60 90 65 70 (.26 o.l~ 
Au (221'/e, 22rle) 

1?0 78 5,3 51 85 60 ?0, (,26 tHI 

1~7 70 5.~ Sf 76 t,g 70 (,26 0.4~ 

lfll~u (toA,., +oA,.) 302 I;~ 5.6 f01 lSI (01 70 1,21 0.~ 
-B, ( 12C, 12C) 81 Z9 ~" 23 J~ 2~ 70 1,2~ . 0.~1 

134 67 .1,0 47 70 "" 70 (,25 o..f~ - 56 ,M I, I 6( 36 1'0 oAB B; c ,.o, ,.o) 112 1,25 
.· .. 

9-f 35 ~.2 27 -lo 23 70 (,25 a~s 

198 91 5,2 65 97 69 70 i,26 0..~4 20, 
164 82 56 0,1,~ . ~i(zot.Je, zo/V,) 75 5,3 . 55 70 1,26 

.. ·. 126' It, 5.7 36 5~ Jl.· 1'0 1.26 o..u 
.302 142" 5.7 99 118 (06 70- 1,21 0.~ 

609 to •o 
B;(Ar, Ar) 215 92 5.9 66. 99 1J 70 1,21 • a~ 

22{· 68 5.6 S1 16 Sl l'() l21 a~ 
~~~ 11 c *'o, "'o J 112 52. +.6 38 S1 3S 70 f.2S o.IB 
ZJI U ( 20Ntl, 2 '}.jtl) 164 85, ~3 58 81 ss 70 (,26 0.'-' 

f3j 56 ~5' ~j 6-+ ' 
3~ }'O (26 Cl4~ 

'
251

V c·'"''· ••t~r) 183- 91 .l.s 6S 97 67 10" 1,26 a~~ 
mv (+oAr, +oA,.) 302 flo 3.5 96 114 lOS 70 (,21 Q~ 
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Ill 

AHanH3 yi'nOBbiX. pacnpe.neneHHii: npoBo.nuncSI cnenyJOIIlllM o6pa3oM, 

neii:CTBHTellbH8SI. H MHHM8SI ti8CTH !fla3bl pacceSIHHOii BOllllbl napaMeTp1130Ba-
. · 

6 
1e1. . ... 

nHCb B BH.ne, npe.nno>KeHI!OM B pa oTe , • ·· 

neii:CTBHTenbH8SI qaCTb q,a3bl. ,f -oii: pacceSII!HOli BOliHbl UMeeT BllA 

( 
L-f L-f 

8 n =_.8
0 

2 - exp ( ---..-- )) exp ( --- ) • 
L ~c 8 · M 8 

ll ) 

AMnnuTy.na · C -oii: pacceSIHHOii: BcmHbi 

{2) 
A o = J - -----,---=---

L ·c c-L·,. ·' J +exp -.--- · . . ~c A 

, ~C 8 L_, ~LA - napaMeTpbi 1 , !lon6upaeMbJe 113 

ycnoBHSI Haunyttlllei'O coi'nacoBaHUSI c aKcmipuMeHTOM, AMnnuTy.ny ynpyi'OI'O 

pacceSIHilSI MO>KHO 38llHC8Tb cneAyJOIIlllM o6pa30M: 
· .. -· . ..- .. 

·1(0);.;1 Kyn(Of+ lk I.(2C +JJexp(2i~c )PC (cosO)(J-A.cexp(2i 
-----"-·...:..-...--:-- ....... -.. -·" . .. ................... ~ ..... --.......................... · ...... . 

.. . ... 2 0 . 
i ( -1J en sin 2 + 1T exp + ?.O:o:J -, 

sin 
2 J.... 

. 2 

I'Ae a {...;a O- KynoHOBCK8SI ¢a3a C -oii: pacceSIHHOH BOnHb! 1 

. c ' , 1J . 
ac .- a 0 ='I. ,arctg -. 

.· s=l. · S 

{4) 

da (0) 

Hcnonb3YR Bbipa>KeHUSI {1-4) ,nnSI BenHttllHbi W(O) =-----· da (0) 

. • 2 0 
· . 

2 0 · . . sm "'1 
W(O)=l cos(7J Cn sin -) + 2 . . ' 1J {5) 

6 
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• MeroaoM HaHMeHhlllHX KBaaparoB uaxoaHnest ua6op napaMerpos L 

1\ e A • 8 0 • M 8 1\ fa . npH KOTOpOM <PYHKU!ISI W( (}} aaer HaH-
_
Ja vnn, ((}I} nnM ny'IIllee eor•naeHe e aKenepHMeHranhHhiMH 3Ha'IeHHSIMH __ .. _ ...... 

·?a Kyn. C 0 ,} · 
Beex yi'nOB (} I , r.e. HaXOJ.tHnest MHHHMYM eyMMhl 

(}max 

min'S =min I 
o, =8"!,1! 

2 

·2 
[W(0 1 )paeq. -W(01 ). sKen.J 

-I 

a taKen. 

J:'Ae U1sKen.- epeaHeKBaapaTH'IHaSI eTaTHeTH'IeeKaSI 0111!16Ka H3MepeHHSI 

W(O ) npH YI'ne 0 1 • Bsi'ai'oaapst ro_MY,. 'I~o sK~nepHMeHranhHhJe 1 9Ken. 

yl:'noBhie paenpeaeneHHst 6hinH H3MepeHhJ B. IllHpoK~M HHrepBane yi'noB e 

X0p0111efi eTaTHeTH'IeCKOfi TO'IHOeThiD (OW!!6Ka· nocneaHHX TO'IeK ~10%}, 

norpewaoerh onpeaeneHHSI napaMerpoB He npeBhiWaer 3%. Ha p11e. B 

Ka'IeerBe npHMepa npeaeraBneH THITH'IHhJH BHJl ljlyHKU!Ifi 8 e H Ae , B3SIThlfi 

H3 peaKUH!I 2098i ( 20 He 1 
20 He } npH E 

6 
= 184 MsB. 

na 
Ha p11e. 2-8 aaHhJ yrnoBhie paenpeaeneHHSI ynpyro paec:.estHHhiX 

· 2o98 . ( u 0 l6o} 2o98 . ( 2oH 20H } . HOHOB B peaKU!ISIX I 1 I e 
1 

e 
1

. 

l59Tb( 2.!'_Hel 2oHe}, l4lPr( 40Ar
1

40Ar}, 23BU (20He
1

20He }, ._______ ---
238u ( 22He 1 22H~}, l65Ho ( 20He

1 
20He ), 2098 i (40Ar

1 

40 Ar }, 

-·---~-2JBu ( 4oA·, I 40 Ar ) T 
• O'IK8M!I ITOK838Hhl ·aKenepHMeHranhHhle Jl8HHhie, 

ennowHhie nHHHH -· peaynhrarhi paeqera. CornaeHe pac'IeTHhiX KPHBhiX e . . ? 
9KenepHMeHranbHhiM!I Jl8HHhlM!I O'leHh XOpOillee BO BeeM .. HCenel{OB8BllieMeSI 

HHrepBane yrnoB. 

TaKHM o6paaoM, aaan113 .YrnoBhiX paenpeaeneHHfi ynpyro paeeeSIHHhiX 

HOHOB IT03BOnHn HaM e XOpowefi TO'IHOeThiD onpeaenHTh BenH'IHHy 4Ja3bl H 

aMnnHTyl{hl f -ofi paeeeSIHHOfi BOnHhlo 
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Heo6xoAHMO oTMeTRTb, 'ITO npn !i3Y'IeHIIR peaKunii, npoTeKaJOmnx npH 

B3anMOA9HC.TBIIH TSI>K91lh1X IIOHOB C Mp8MII, OC06eHHO npll Ae,neHI~II B036y>KA9H

HbiX Mep, cymecTaeuuoe auaqeune nMeeT HaAe>K·uoe orrpe Aeneune cpeAHIIX 

yrnOBb!X MOM9HTOB
1 

BHOCIIMblX B SIApa, a T8K>K9 rrapunanbllb!X C9'19l!IIH. o6pa-

30BaHRSI cocTaBHhiX M9P B nmpoKOM Anarraaoue aueprui'I uaneTaJOlllliX 
. /57/ . . 

qacTHU , ' • KpoMe TOI'O, aKcrrepnMeHTanbHO ycTanoaneuo, 'ITO rrpn aaanMo-

AeiicTBIIR TSI>KenhiX IIOHOB C MpaMII M1Illl9111I ( Au - U ) 1 Ha'IIIHaSI C 9Heprnn 

·"' 5 Maa/HyKnoH H arrnoTb AO aueprnu"' 8 Maa/uyKnou, AOMllllHPYIOlllllM SIBnSI

eTcSI npoUeCC nonHOI'O cnUSIHRSI C o6pa30B8Hll9M COCTaBHOI'O HApa. noaTOMy, 

llCrronbaySI · nony'leHHhJfi as auannaa yrrpyroro pacceSIHUSI Ha6op auaqeuuii 

A f , AnSI napuuanbHoro ce'leHIISI o6paaoaaunSI ~ocTaauoro HApa £- ofi aonHhi 

MO}KHO aanucaTb 

(6) 
u

0 
=-!!.-(2£ +lJTe I 

[. lc2 
' 2 

rAe Tf ."' l -A£ • 
06bi.qHO rrpli nccneAOBaHHH ce'leHllH o6paaoaaHUSI cocTaBHbiX SIA9P 3aAa'ly 

onpeneneultSI · T£ ynpcimaJOT n · aMeCTO auanuaa yt;tpyroro pacceSIHHSI rrpu-· 

6nH>K9HHO paccMaTpUBaJOT rrpOHUU89MOCTb IIOTeHURana B3aHMOAefiCTBHH1
. 

- · 6 " 181 B 6 : annpoKCIIMHpoaauuoro nepeaepuyTon napa ono11 . • ·aToM npu nu>Keuun 

AnSI Te cymecTayeT cneAyJOmee Bhipa>Keuue: 

Te ={ l+exp[2rr(Ve -f)/tcue)l-
1 

•· 
(7) 

rne 

a · R 
1 

Bhi'IIICnSieTcSI na ycnoanSI 

ave (RJ ;,.;__~-_.;..~ :: 0 I 
aR R::R 1 

e2z 1 z 2 f £(£+1). V '(' .R_:!.9.)' 
Ve ( R) ':" R + "'2; R 2 + o exp - -· -d . I . \ 
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1/3 1/3 
R

0 
=r (A +A· ). 

0 I 2 ' 'o V o II 

HOii 'l8CTII onTH'leCKOI'O noTeHUilana, B3SITOI'O B !flopMe, npeanmKeHHOll B pa-
jgj . . v cl 

6oTe • B CBSI31l c TeM, 'lTO napaMeTpbi r 0 0 II npii nccneaoBaHIIH 

peaKUIIH C TSIIKenhiMil HOHaMil B 06llleM Heii3BeCTHb!
0 npii onpeaeneHIIII 

a£ TaKIIM MeToaoM cymeCTByeT 3Ha'lHTenbHaSI HeonpeaeneHHOCTh, .TioaTOMy 

HaMn 6bwo npoBeaeao cpaBHeHne 3Ha'leHIIil: Tr , · nony'laeMhiX c ··ncn'onh3o-

BaHHeM !flop My nbi ( 7) II 113 aaHHhiX no ynpyroMy pacceSIHIIIO, nnSI: npOCTOTb! 
2 

TaKOe Cp8BHeH!Ie npOBOlliinOCh anSI < e Cp > t onpeaeneHHh!X no !flopMyne 

2 r·· ' · 2 ' • 
dcp> =~ e (2E. +1) Te,f~ (2e +l}Te I 

e = .; 2 <" 2 ·> max V l. ' 

2 8 p e cp = v·< ·>. 
(8) 

B Ta6n11ue npiiBeaeHhi pe3ynhT8Thi cpaBHeHHSI, TaM IKe anSI K81Kaoil: pe8KUIIH 

aaHhi napaMeTphi r ,V II cl • 0Ka3anoch, 'lTO B npeaen8X 1 0% '3Ha'leHIISI 
0 0 

e e • pacctiiiT8HHb!e o6onMil MeToa8MII, corn8CYIOTCSI, Cneao-max • cp . 

BaTenbH0 0 II B cny'l8e B381IMOaeil:CTBIISI TSIIKenbiX IIOHOB C SlllP8MH HCflOnb30-

B8Hile npH6nHIKeHHOI'O M9TOa8 onpeaeneHIISI Benii'IIIHbl ·~£ no !flopMyn8~ (7) 

aaeT HaM 3H8'1eHIIe a < E 
2 > H £ C aOCT8TO'IHOll TO'IHOCThiO, e· max 

ABTOpb! 6n8roa8pHbl 8K8aeMHKY r.H. <PnepoBy 38 noaaepiKKY II flOCTOSlii-. 

noe BHHM8Hne K pa6oTe, a T8K/Ke IO.A. My3hi'IKe 38 n6ne3Hhie o6cyJKaeHIISI 

II 38M9'1aHIISI, 

niiTepaTyp8 

1. C,l1, npo3aoB. )K3T<P,2..§.j 734 (1955); 

E.n. HHoniiH. )KST<P, ~. 901 (1956). 

2. .J.S. Blair. Phys. Rev., ~ 218 (1954). 

3, E.H. K8niiHKIIH, B.l1. TiycTbinhHHK, 

Acta Phys. · Polonica, XXIII, ~ 375 (1963). 

4. W.E. Frahn, R.H. Venter. Ann. Phys., ~ 243 (1963). 
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5. C.A. KapaM5IH, l1.B. KyaaeuoB, IO.A. Myahi"IKa, IO.U. 0I'aHeC5IH, 

10.8. lleHHOH>KKeBJi'l, B.l1. llycThinbHHK • .Hct>, §., 494 (1967). 

6. J.Alster, H.E.Conzett. Proc. of the Sec. Conf. on Reactions between 

Complex Nuclei, New York, 1960. 

7. C.A. KapaM5IH, IO.ll. OraaeC5IH, B.l1. llycThinbiiHK, r.H. ct>nepoB. 

Tpynhr BTopoi'O CHMnoaHyMa no cPH3HKe u XHMHH neneHH£1, Beaa, 1969, 

122/130, p. 759. 

B. T.D. Thomas. Phys. Rev., 116, 703 (195 9). 

9. G.Igo. Phys. Rev., 115, 1665 (1959) • 

PyKonucb nocTynHna B HanaTenbCKHH oTnen 

23 HIOH£1 1971 I'Ona • 
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1,5 

1 

OS 

55 

-OS 
' 

-1 

Bi +Ne EAot.s/6/t H"· 
L=75 .e4 :$.3 

.J: "0. 3.J Atf's {9 ,e, . ., 
Ae 

., 

e 

Ae = 1-[1••ucp. (~)] 
-f 

J;: 6;[z-tliiP(~)}Up(fA) 

Pnc. 1• XapaKTepHbiH BHA «ilYHKUHfi 8 e If A e ' B351Tb!H lf3 'peaKUiflf 

209Bi( 2~8 , lONe) rrpn E = 164 MsB. 
·· na6, 
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PHc. 2.-6. YrnoBbie pacrrpelleneuuSI yrrpyro pacceSIHHbiX .. uouoa. To<IKII -
aKcrrepHMeHTanbHbie aua<IeH!lSI. CrrnoruHbie nauuu - pe3ynbTaTbi pac<IeTa. 

PHC. 2. 2098; <'6 0 J6 0 

E LA IHA oo A£1; Ma 

134 Maa 67 4,0 0,43 23 11 

112 56 4,4 0,47 18- 11 

94 35 4,2 0,67 21 13 

;·, 

. : 

.•. ' 
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Puc. 4. 
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:. •-f.~·lil6,"''f 
.jll 

rc·• 

Kf' 

' I 
l 

·I ' .. 

I 
I 
I 
I 
! 

1c·• 
Z1J .~0 

159Tb ( 

E MsB 

198 
126 
l4lp, 

302 
245 

I 
J ., .. 

I 
«J'' 

I 
I 

o·• 
I() !10 60 71) eo e,. 2D 

20 Ne, 20 Ne 

LA ~EA 

85 3,9 
67 4,4 .. · 

40 Ar, 40 Ar ) 

137 4,8 
109 3,7 

14 

..• 

JC I<() JO 

8 0 

0,5 
0,32 

0,3 
0,21 

. ~>-£ra~•JCZhll 

. • -E,..J •211..5 oil 

,' 
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