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TSJ>KeTILIX S!Aep 

11440 

Kea3HKnaccHqecKoe npueinHlKeHHe 1iCTIOTib3yeTCSJ ATISJ onHcaHHSJ e3aliMO

aeilcTBI!SI TSJlKenhtX SJAep ennoTh ao 3HeprnH 5t-10 M38/HyKnoH, 0THocuTenh

HOe ABif)!{eHHe CT8TIKHB8101llHXCSI S!Aep Tipll 3TOM TipOHCXOAI!T ylKe He TIO 

UpS!MOTIHHeHHhiM nyTSIM reOMeTpHqeCKOil OTITI!KH 1 8 BAOTih HCTipaeneHHhiX 

KYTIOHOBCKHX TpaeKTOpHil. PaCCMOTpeHO BTIIISIHHe 3TOrO 3tFtFeKT8, 

PaeioTa BhiTIOTIHeHa B naoopaTOpHH BhJqi!CTIHTenhHOil TeXHHKH 

H 8BTOM8Tii38UiiH OIHH1. 

npenpHHT 06'bellHHeHHOrO HHCTHTyTa S!llepHblX HCCTiellOBSHHll, lly6Ha 1978 

Barashenkov V,S,, Nikitin V.F. P2 

Quasi-Classical Approximation for Elastic Scattering 

of Heavy Ions 

11440 

Quasi-classical approximation is used to describe the heavy 
ion interaction up to energies of 5-10 MeV/nucleon. The relative 
motion of c0lliding nuclei occurs in this case not along straight 
ways of the geometrical optics but along the corrected Coulomb 
trajectories. The influence of this effect is considered. 

The investigation has been performed at the Laboratory 
of Computing Techniqies and Automation, JlNR, 

Preprint of the Joint Institute for Nucleor Research. Dubna 1978 
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B Cnyqae, KOr~a ~efipouneBCKaB BOnHa OTHOCHTenLHO· 

ro ~BH)I(eHHB ~BYX Ofi'heKTOB A 3HaqHTenLHO MeHLWe HX 

pa3MepOB, B3aHMO~eHCTBHe 3THX 06'beKTOB XOpOWO OfiH· 

CbiBaeTCB KBa3HKnaccHqecKHM llpHfinH)I(eHHeM reoMeTpH

qecKOH onTHKH. CeqeHHB B3aHMo~eucTBHB npH 3TOM oKa-

3LIBaJOTCB 3aBHCB~HMH BCero nHWh OT ~BYX llO~rOHOqHhlX 

napaMerpoa, onpe~enBJO~Hx aMnnHTY~Y ynpyroro pacceB

liHB HaneTalO~eH qacTHUhl BHYTPHB~epHbiM HyKnOHOM Ha 

yron 8- 0 /HnH COOTBeTCTBYIO~YIO aMnnHTY~Y pacceBHHB 

~Byx HyKnOHOB cranKHBalOII.J;HXCB B~ep/ a (l+i a) 111 . He

o6xo~HMLie ~nB BLiqHcneHHB ceqeHHH nnoTHOCTH pacnpe

~eneHHB BHYTPHB~epHoro Beii.J;eCTBa H3BeCTHhl H3 aHanH3a 

paCCeBHHB fiLICTpbiX 3neKTpOHOB Ha B~pax, cPOTOpO)I(~eHHB 

P ·Me30HOB H H3 ~pyrHX 3KCnepHMeHTOB. 

llpH CTOnKHOBeHHH B~ep BenHqHHa A 3HaqHTenLHO MeHL

We pa3MepOB B~ep y)l(e llpH 3HeprHBX nopB~Ka HeCKOnLKHX 

M3B/HYKAOH, a6nH3H KynoHOBCKoro 6apLepa. llpHMeHeHHe 

npocroro KBa3HKnaccHqecKoro npH6nH)I(eHHB B 3TOM cnyqae 

fiLinO 6LI fionee y~OfiHhlM, qeM OfihlqHo HCllOnL3YIOII.J;HXCB 

MHOronapaMeTpHqecKHX llO~XO~OB, OCHOBaHHbiX Ha «lJeHOMe

HOnOrHqecKOH annpOKCHMai.J;HH KOMnneKCHOrO llOTeHI.J;Hana 

HnH «lJa3bl paCCeBHHB. 0)1.HaKO CHnhHOe KynoHOBCKOe B3aHMO· 

~eHCTBHe HCKpHBnBeT TpaeKTOpHH CTanKHBaJOII.J;HXCB B~ep, 

finaro~apB qeMy npHfinH)I(eHHe reoMeTpHqecKOH OllTHKH CTa

HOBHTCB He3aKOHHblM. 

)J.nB roro, qro6LI nonyqHTL 6onee roqHoe npHfinH)I(eHHe, 

6y~eM cqHTaTL, qro OTHOCHTenLHOe ~BH)I(eHHe CTanKHBaJO

IUHXCB B~ep llpOHCXO~HT He llO npBMblM nyqaM reoMeTpH

qeCKOH OllTHKH, a B~Onb KynOHOBCKHX TpaeKTOpHH. llpH 3TOM 

nonHaB aMnnHTy~a pacceBHHB Ha yron e 6y~eT CYMMOH 

aMnnHTY~bi qHCTO KynOHOBCKOrO pacceBHHB H aMnnHTY~bl 
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01/IHOIUeHue (Ja3 JIOepHOZO pacceJIHUJI Ar = ( 1'/p -1]p )/1] e u 
A e =1] 'r 11] r , zoe 1J l ='=1] r /6e3 KyA./ u 1J p ='1JV /c KyA.'/-

dia3bl, 6bi'IUCAeHHble C001116'e111C1/16eHHO 6e3 yt:te111CI U C y'le1/IOM 
6CeX K~AOH06CKUX nonpa60K, 1J p - dicJ3a, npu 6bi'IUCAeHUU 
K01110POU KYAOH06CKUe nonpa6KU Y'IReHbl AUIUb 6 HWICHeM 
npeoeAe UHReZpaAa /1/. 3Ha'leHUJI A e OOHbl 6 npol#eHROX. 
CnAOJUHt.Je u nyHKRUPHt.Je KPU6ble OJIHOCJIJICJI cooa6e•c•-
6eHHO " cAy<~aJIM 23Su +23Sut u t2c + 58 Ni. B o6oux 
CAY'IOJIX KUHeiiU'IeCKOJI 3HepZUJI HOAeJIOIOJIIeZO JIOpa 6 Aa· 
6opamopHoii cucl/leMe KoopouHalll T' = 10M 3B/HYKAOH. Hapa

Me111p yoapa p=A E. 
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JI,AepHoro pacceJIHBJI, npoJIBnJIIOI~erocJI KaK OTKnoHeHae oT 
KynOHOBCKBX TpaeKTOpB:ii * . ~a3a JI,AepHOrO pacceJIHBJI 
swpa3BTCJI qepe3 KOMnneKcHwii JI,AepHwii noTeH~aan U B,Aom. 
KynoHOBCKOB TpaeKTOpBB S : 

r,Ae 

"" U(s) 
17 -f --ds, 

E 0 hv 
8 

V 
8
-y2T

8 
/M-\/2[T-Tc(s)]/M- vy1-Vc(s)/T -

CKOpOCTh OTKOCBTen&HOrO ,ABB:>KeHBJI B,AOnh TpaeKTOpBB S , 

Bblpa:>KeHHaJI qepe3 OTHOCBTen&HyiD CKOpOCTh CTanKBBaro
IUBXCJI JI,Aep v, KBHeTB'IecKyro 3HeprKIO uaneTaromero JI,Apa 
B na6opaTOpHOB CBCTeMe KOOp,ABHaT T B KynOHOBCKBB no-

TeH~Ban Vc . 

Y'IBTWBaJI ,Aanee ypasueuue .ABB:>KeHBJI qacTB~w B Ky

noHOBCKOM none 

p 2 
2(~..1!.) 2 = -2-~~v (r)/T r dr r -p c 

r,Ae ¢ - nonJipBhiB !,ron, p "'A e ' e - op6BTan&Hoe 'IBCno 
/eM., uanpaMep/2 I B o'leBB.AHOe reoMeTpuqecKoe cooTuo

weuue 

(ds) 2 =(dr)2 + (rd¢) 2 , 

MO:>KHO 3anucaT& 

ds fu = y1+r2(~)2 
1-V ( r)/T -

c -----
= r V -2 ----;-:~ V (r)/T dr r - p c 

* KaK OOhl'IHO, Ka:>K,AaJI r -Jl BOnHa JI,Aepuoii 
2i7J E 

'¥_- (1-e ) yMHO:>KaeTCJI Tai()Ke Ha clmKTOp 
Bf - clm3a KynouoscKoro pacceJIHBJI. 

aMnnBTY ,Ahl 
2i8 

e E , r,Ae 
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H nepeHTH B Bblpa)KeHHH ,lJ.n.ll 1Jp K 6onee Y.D.06HOMY HHTer

pupoBaHHIO no pa.D.HYCY r HnH no HCnOnb3YIOil{eHC.ll B reo-

MeTpH'IeCKOH onTHKe nepeMeHHOH s
0 
~ yr ~- p 2 

Tfp 
1 "" I ___ U(r)r dr __ ___-::-_::_--====---==..- = 

h V r
0 yr 2 -p 2-r2 Vc(r)/T 

111 

1 "" U ( v s 5 + l ) s 0 ds 0 
- I ----------------
- hv 0 [ s 2- ( S 2 + P2) V ( V ~ + P 2) /T 11/z 

0 0 c 0 

3.D.eCb r 
0 

- KopeHb ypaaHeHH.ll r 2 .... p ?_ r 2vc (r)/T = 0. Bcne.D.

CTBHe CHnbHOrO nornOil{eHH.ll cy~eCTBeHHbiH BKna,lJ. ,lJ.aiOT 

nHWb ,lJ.OCTaTO'IHO 60nbWHe napaMeTpbl y,lJ.apa, KOr,lJ.a MO)KHO 

npu6nH)KeHHO nonO)KHTb V c (r)., Z 1 Z 2 /r I Z 
1 

- 3ap.li.D. 1 - ro 

.ll,lJ.pal. llpH 3TOM 

1- v c (r)/T =2r(Zl z2 /hv)(h/Mv) =2 KA r . 

r 
0 

=A ( K+ v/£2:-~). 

.H.D.epHbiH noTeHuuan 

K=ZZ /hv. 
1 2 

"" +1 ------

U(r)=2rrA1A2(a+ia) J R 2dH(R)dR{ dM(Vr;;_2Rrc;+R 2 )d~. 
0 -1 

r.D.e dH(R) H d M ( R) - 3I<CnepHMeHTanbHble .li.LJ.epHble nnoT

HOCTH HaneTaiO~ero .ll,lJ.pa H JI,lJ.pa-MHWeHH, A 1 H A2 -Mac-
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f 
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coBble 'IHcna 3THX JIJJ.ep labiBO.D. 3TOH cl>opMynbl cM. B /1/ I *. 
Y'leT KynoHoBCKHX cun npHBO.D.HT K yMeHbWeHHIO o6-

nacTH nepeKpbiTBJI CTani<BBaiO~BXCJI JI,lJ.ep IHB)KHBH npe,lJ.en 

BHTerpupoaaHBJI o6bi'IHOH onTB'IeCKOH MO.D.enu p ... r 0 > p I 
B O,lJ.HOBpeMeHHO - K 3cl>ci>eKTBBHOMY yBenH'IeHHIO B3aBMO

,lJ.eHCTBBJI B 3TOH o6naCTH 6naro,lJ.apJI OTpBD,aTenbHOMY 'lne-

HY - r 2 V c (r) /T B 3HaMeHaTene. 

KaK BHJJ.HO B3 pucyHKa, B3MeHeHBe JI.D.epHoil clla3bl npo

BCXOJJ.HT B OCHOBHOM 3a C'leT yMeHbWeHHJI o6naCTB nepe

I<pbiTBJI. llpB nepHcllepH'IeCKBX CTOni<HOBeHHJIX, KOr,lJ.a OT

KnOHeHBe JI,lJ.epHOrO pacceJIHBJI OT 'IBCTO JJ.Hci>paKIJ,BOHHOrO 

npOJIBnJieTCJI HaB6onee 3aMeTHO ""*, y'leT KynOHOBCI<HX 

cun Ha nopJIJJ.OI< yMeHbwaeT aenH'IHHY cl>a3 TJ p • HanpHMep, 

B cnyqae CTOnKHOBeHHJI JJ.BYX JI,lJ.ep ypaHa C OTHOCBTenbHOH 

3Heprueil 10 M3B/HYKAOH B napaMeTpoM Y.D.apa, paBHbiM 

cpe.D.HeMy .D.BaMeTpy JIJJ.pa ypaHa p = 1,4·10·12cM, cl>a3bl 

TJ p l6e3 Kyn.l B 17 p lc Kyn.l pa3nH'IaiOTC.ll nO'ITB B 20 pa3. 

YaenH'IeHHe cl>a3bl 3a c'leT 3cl>ci>eKTHBHoro B03pacTaHHJI 

B3aHMO,lJ.eHCTBBJI He MO)KeT CKOMneHCBpOBaTb 3TOT 3cl>ci>eKT. 

llpH nepHci>epB'IeCKHX CTOnKHOBeHHJIX JI,lJ.ep ypaHa C 3Hep

rHeH 10 M3B/HYKAOH OHO yaenB'IHBaeT cl>a3bl MeHee 'leM 

Ha 15Cfo. 

* Bbipa)KeHBe 7r1 MO)KHO nony'IHTb TaK*e nyTeM pa3no
)KeHH.ll cyMMapHOH cl>a3bl B BKli- npu6nH)KeHHH 

TJ fBKG =I ! [ 1 _ _.!:!Q_)+ Vc_[}_ ___ f__ ]% 
ro T (kr)2 

kr O + K ln ( k f O ) + ; ( f + -~) 

+ ...!L._ -1 I d (kr )
kr 

no ManoMy napaMeTpy I U (r) I I T 
CKOH ci>a3bl Tfp /U= 0. 

B Bbi'IHTaHHJI KynOHOB-

'"* llpB napaMeTpax y,lJ.apa, COOTBeTCTBYIO~HX "IJ,eHTpanb
HbiM CTOni<HOBeHHJIM" JI,lJ.ep, exp(2 iT) p) : 0 B JI,lJ.epHOe 
pacceJIHHe CTaHOBHTCJI npaKTB'IeCKH IJ,enBKOM JJ.Bci>paKIJ,HOH

HbiM. 
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