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A H H o_ T a u n SI 
'• .. 

PaccMoTpeHo ynpyroe paccesri1ue TSt>Keiibr.x· ~oHoB a KaasnKnacc;:IPiecK~M npn6nn>Kemm. 

'' Hait.llBH onT~M8libHbl~- tta6op n.epa¥eTpOB s!nepHOT'O B38HMO.lleilcTBHSI, ;K~TOpb!il C~OTB9TCTByeT 
'xop6weMy' cornacniO c SKcnepuMeHTOM H SisnSieTcsr_ o5wliM .nnsr MHorux cnyqae~. noKa3aHo, 

,liTO npH .ynpyr.oM pacceSIH!ll-1 TSI>KeJlblX IlOHOB, o6na.naiOWI-IX 50JlhW!-!M' 38pSI.llOM, Ha TSI.>K9Jlb!X 

stapax ~_o)!~~O 05Hapy}KHTb g~cpeKT -aHHilMH'I9CKOil. aecpopM8Ul-!H, 

' 

,; i • .:. ... 

Elastic Scattering .of He~vy Lons in the Quasi- Classical Approximation -

B.N. Kalinldn, B.l. Pustylni~ 

Ahstrac.t 
-. 

Elastic scattering of heavy ions has been treated in the quasi-classical approximation. The 
optimal set of the nuclear interaction parameters has been fo·und which is in good agreement with 
experiment and holds for many cases. It is shown that in elastic scattering ?f heavy ions having 
great charges on heavy nuclei it is possible to observe the effect of the dynamic defor!T'ation. 
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Yfccne.aoa8HI!e ynpyroro p8ccestHJHI Tstmenb!X HOHOB H8 st.apax npe.acTaansteT 3H8'1HTenb

Hbiii IfHTepec, T8K K8K C ero nOMOlUbiO MOX~HO nony'IHTb onpe,lleneHHYIO IfHcPOpMaUIIIO 06 OCHOB· 

Hb!X napaMeTpaX B38IfMO.aeiicTBifst' 8TOMHb!X .H.aep, 

. . \ 

.ll.nst nony'leHHSI TaKOft HHcPOpM8UHH B cnyqae B38IfMO!l9HCTBHSI HyKnOHOB C st!lp8Mlt 06bi'I• 

' 
Ho Hcnonb3yeTcst onTH'IecK8st MO.llenh, O.aHaKo B cnyq8e paccestHHst TstmenbiX HOHOB 38Ll8'1a 

CHnbHO ycnO:>KHsteTCst, T8K K8K H906X0!1HMO HM9Tb .llO COTHH .KOMnneKCHbiX cP83 1 KOTbpbl9 . .aon• 

:>KHbl 6biTb Onpe.aeneHbi 113 pellieHHSI COOTBeTCTBYIOlUHX LlHcPcP9P9HUH8lzbHbiX yp8BH9HIIii, 38!18'18 

CT8H.OBHTCSI oco6eHHO Tpy LlHOii npn H3Y'I9HH.H p8ccestHHSI HOHOB H8 cpe.aHHX u TSI x~enbiX R.ap8X, 

noaTOMY. men8TanhHO Hcnonh30B8Tb HHbie MeTo.abi onuc8HHst p8cceRHHR, O.aHoii H3 T8-

Kux.nonhiTOK SIBHn8Cb p860T8 Enaiip8 I Blair Hl54/l KOTOpbiii aocnonb30Ba~CSI .Teopueti p8CCef!

HHSI_ 3ap~meHHbiX qacTHU H8 st.ap8X /a ;lJpH6nH:>KeHHH qepHoro Tenal, pa3BHToii AxHe3epoM H 

noMep8H'IYKOM I Akhieser and Pomeranchuk 1945/, B uenRX'6onee y.aoaneTaopuTenh-

HOI'O. corn8CHSI C 9KCnepHM9HT8nbHbiMH Ll8HHbiMH 1 llOMHMO 9cPcP9KTHBHOI'O p8LlHYC8 B38HMO.aeft• 

CTBHSI R 1 OK838nOCb He06XO!lHMbiM BB9CTH LlOllOnHHTenbHO nap8M9Tpl OllHCbiB8iolUHft 

nn8BHOe BKniO'IeHHe nornomeHHR, 

Corn8CHO 9TOii MOliifcPRUHpOB8HHOii Teopltlfl OTH011I9HH9 LlifcPcP9peHUHanbHOI'O C9'19HUSI 

ynpyroro p8CC9SIHHSI K COOTB9TCTBYIOlU9My C9'19HHIO pe3ep¢0p!10BCKOI'O p8CC9SIH HSI U e 

paBHO! 

r.ae 

I 

"" 
u I a e =I Cos [afnSin 

2
(0/2 J] + [Sin 

2
(0/2)/a] ~ ( ~+ 1)( 1-Ae)x 

·· f=o /1/ 

xSin[ 2(ae -u
0

)] Pe ('CosO) I~ I Sin[:ensin 2(0/2J]+[Sin 2(0/2)/a~ ~~2f+ 1)(1-Ae)Cos[2(ae -a0 )] ~ (CosO) I; 

06b!'IHO nop SILlK8 3/; 

IK8K npaBHno 
e 

a>> 1 

ue- a 0 =I arctg(a/s.) 
a=z 

. . o...z 
I; Ae= 11 + up[(f0- f >/ M] I 

-pa3HOCTb KynoHOBCKHX 

cP83, nap8M9Tp fo CBSI38H C p8!1HYCOM B38HMO!l9iiCTBHSI R COOT HOlli 9HH eM E c;u.M, .-

=Jz1 z 2 e 2
)/ R + h 2f~(f0 + 1 )/2p.R

2
• 

no.a6HpaSI 3H8'J9HHSI nap8M9TpOB f o /H tJ.f MO:>KHO .ao6HT}:>CSI H9llJlOXOI'O cornaciUI KpH-

. I I . 6 . 6 . n r
0 

( R -- r.o ( A. 1 
•. 1 3 + ·A :/3) ) BOft } .. C_9KCU9pH.M9HTOM B 0 naCTH. He OliblliHX yrnoB, · pH 9TOM • • 

OK83biB89TCSI B9CbM8 3H8'1FIT9nbHOft .B9Jlif'IHHOft 

B H8CTOSilU99 Bp9MSI H9T 9KCnepHM9HTOB no ynpyroMy p8CC9SIHHIO TSI~KenbiX HOHOB Ha 

6onblliH9 yrnb(, O.llHaKo npH.MeHRR yKaaaHHY~ TeopHIO K p8cceRiiHIO a ~'laCTHu, y.aaeTcR 
' \ ' 1,. ' • 

nonyqHTb C0I'Jl8CH9 C 9KCU9pRMBHTOM TOnbKO B 06JJB:CTH M8JlbiX yrnOB, 3TOT cP8KT He SIBJJSI9T-

CSI CTp~HHhiM 1 T8K K8K B !18HHOM CJJY'J89 .ll9n89TCSI ITOUhiTKa 06'bSICHHTb B9Cb 9cPcP9KT ynpyro

I'O p8CC9SIHHSI TOnbKO 38 C'J9T "T~HeBoro" p8CC9SIHHSI, 

B o6n8CTH 6oni>lliHX yrnoa . TeopeTuqecK8SI KpHBaSI peaKo ·na.a8eT 1 B TO apeMst KaK SKene-
-, 

pHMeHT, yK83biB89T H8 HanH'IH9 
11

H8CbilU9HiiSI
11

, .llnR 'HCnpaaneiuiSJ CHTY8UIIH. H906Xo'!lliMO BB9CTH 

3 
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.aef:\cTBHTellbHblf:\ noTeauuan. Hanu'lue cKa'IKa noTeHuHana ·aa rpaauue HApa npi:IBOAI:IT K yae-

llli'leHI:IIO AOilli OTpa;>KeHHb!X BOIIH B HanpaB119HI:II:I Haaa,a, EcTeCTB9HHO, 'ITO 3H8'19HH9 r
0 

.UpH _·aTOM AOII)!(HO H3M9Rl!TbCH, 

-2 • 
. . ~ .. ; 

npil. I:ICCile.QoBaHUI:I ~YUPYI'9I'O pacceHHHH THm'e:rti>rx HOHO~_.~a- ~.apax MO)!(HO Hcno.iii,aoB,aTb 

KB~aliKnaccH'lecKI:Iil: MeTo.a. PaHee ct>op.a n Ynnep I Ford and Wh~eler 1959/ npi:IMeHI:IIll:l ero· 

- K pacceHHHIO a -qacTHu. B · aToM cnyqae ycnoBI:IH KBaai:IK:Xacci:I'IHOCTH BbUioriHHIOTpg. ae.aoc-

TaTO'IHO xopowo. HanpoTuB, npu paccMoTpeaul:l pacces:~aun_ -~~menbiX uoaoa .oau BbiUQIIHHIOTCH 

H8MHOI'O IIY'IWe. nosTOMy MO)!<HO Ha,D.eHTbC~ UOIIY'lliTb 5onee KOppeKTHbi9 peaynbT8Tbi, 

AMnllHTy.aa pacceHH!iH f(8) B KB831:1K118CCH'leCKOM np!i5111i.)!(eHiili MO)KeT 5biTb npe,a-

cTaBneaa B BHne: 

t(8J.-.- ·A. , !re+v.tte'['oe-(e+~-o8-"/41_ ,[2oe+(e+v.>8+7T/4 J1· · 
(277Stn0) " 0 • . .. e.,·· . ·'. . . de,,. .121 

I'Ae 0{ · . -KB83HKilaCCH'lecKaH <jJaaa: 

. . 00 . ) • 2 . y,. ·. . 
oe=f l t (2p.(E- u(r)- h ere+ 1)/r 2~ - k ldr+ -2- (C + Y.)- kr0 •. 

0 

131 

B TO'IKaX SKCTpeMyMa BbipameaHH 121 HMeeM 2 doe 1 ae ± e = o , r.ae O(e) 

COBna,aaeT. C K118CCII'leCKOI\. <jJyHKU!ieil: OTKIIOH9HH51, Haw Clly'lail: lnoTeaunan OTT811KI:IB8HIIHI 

COOTBeTCTByeT.3H8Ky II II • no CYTII .aena, K Bbi'lHCrieauro. aT of:\ <PYHKUHH II CBO-

AHTC51 BCg aa,a~~a, u (r) a Bbrpamemm 131 npe.at::TaBnHeT- cyMMY n.aepaor.o ·u· Kynoaoa -

·cKoro. noTeaunanoB, B Ka'lecTBe n.aepaoro · noTeaunana ·5brn Hcnonbaoaaa. noieauHan CaKcoaa
-z . 

By.aa: V (r) ==- V0 11 +ex~ [(r'- R)/ all' . 

npH, Bbi'IHCileHUH KyllOHOBCKOI'O CrOT9HUHana 5:mnH".HCUOilb30BaHbi peay1}bT8Tbl pa50Tbi 
j . . . . . . . 

.I Hill , Ford 19541. E cnH HCXOAHTb Ha npe.anono.;>KeaHsi, t.!To aapHA B srnpe-MHweaH 

pacnpe.aehea.TaK :>Ke KaK'S~.ae.imoe aemeqTBo, T,e. p.=l.1+exp[(r-R0)/b]l-z> 

r.ae R0 ..; cpe.aanf:\ pa.aHyc Hnpa, b·;:,o, 5, f , TO AIIH UOTeHUIIana HMeeM: 

2 1 2 -n nx -n -z 141 
~= zlz,e [_+Y.-Lx +~(1-~--+Y.enx)][L+.L+~] ;x=.!_<1 

R0 n2 6 n 2 • nx .3 n2 · n 3 R
0 

' 2 1 n (1-x)1 · - n . n 3 - 1 
Vc==.!6~[--e (-+ ~)][e +2n+_] ; x=L>l. 

· R o x x .: 3 · R0-

.. 3aaqeuHe 
. ' n. = 10 ·H8HIIY'IWHM o5pa30M COOTB9TCTByeT yKaaaHHOMy pacnpe,aeneHHIO 

oapst,aa. QqeBHAHO, 'ITO <iJYHKUHIO OTKIIOHeHHH MO*HO UOIIY'IHTb TOilbKO C. UOMOUlb!O sneKTpOH-

11.01\ Bbi'liiCIIHTellbHOil: MalUHHbi, 

~ HO I 

" . . . t. 
0THOWeHHe Ce'leHHH ynpyroro pacceHHHH K ceqeHHIO peaep<jJop,aOBCKOI'O pacceHHI:IH pas

~ . 
Ford and Wheeler 19591: 

a/a= . c . 

.. 4. . . 

2u (C* +%)Sin (0/2) .. ~;,p[ 4pu (yCosy- Siny)], 
t . . . '· . . . . . 

a 2pySinO · 
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u, = e,- e, . 
y, 

y=[(O -8,)/p] 

· ¢opMyna /5/ nonytt_a9TCH no M9TO.llY n9p9sana H npHM9HHMa npH o, 5 < y < 1,8; 

f* cooTS9TCTSY9T napunanbHOii sonH9 1 .oaiOmett HaH6onbWHii SKna.o s C9iJ:9Hll9. 

s. \. 

<PyHKUHH O(f) Sbi'IHCnHnacb .onH paanHttHbiX aa6opos napaMeTpos V0 R a 

06aapy}K9Ha CHJ'IbHaH aaSHCHMOCTb SbipameHHH /4/ OT R(r0) If a • 3asHCHMOCTb OT senR-

'IHHbl Sl.ll9pHO!"O n0~9HUHana aaattlfT9JlbHO cna6ee. KpoM9 TO!"O oKaaanocb, 'ITO Ha!f6o-

nee CYW9CTSeHH8H 'IBCTb ¢YHKUHH OTKJ'IOHeHHH onpe.oenHeTcH Toll o6nac'I'biO a·aatte-

HHA r , I".ll9 OTJ'IIfttlfe,_ V.; , onpe.o9nsreMo!"o no ¢opMyn9 /4/, oT V., 

KaK S38HMO.ll9iiCTSHe .llSYX. TOttettHbiX aapSILlOB 1 HeaHB'IHTeJlbHO, 

, onp9.oensreMO!"O 

Kpimbie a/a., SbittlfcnRnlfcb s y!"nosoM HHTepsane, l".ll9 npnMeHRMa ¢opMyna /5/. 3Ta 

06nacTb 1 KpOM 9 TOI"O, SISJlfleTCSI · Ha!f6onee HHTepECHOit, TaK KBK SL:(eCb CTBHOSfiTCfl S8}KHbiMH 

H.oepHbl9 CHJ'Ibl, flcHO, 'ITO KpHSafl_ u/a., S o6naCTH COSC9M MBJ'Ib!X yi"J'IOS .llOJl}KHa CTp9MHTb• 

Cfl K 9.llHHHU9,· n6o M'8Jlb!9 YI"Jlbl COOTS9TCTSY!OT 60JlbillHM npHU9JlbHb!M napaM9TpaM, 1".09 S38H" 

MO.ll9fiCTSHe CTBHOS!1TCSI 'IHCTO KyJ'IOHOSCKHMo 

Y.oosneTaop~TenbH09 co!"nacn9 c aKcnepaM9HTanbHbiMH .oaHHbiMH 

I Reynolds, Gol~berg and Kerlee 1960 ·; Alster,Conzett 1960, Mr:. Intyre, Backer 1959 I .llJlfl peaKUHA . . . 

A zo1 c'2 g .+ ' I 111 c 12 
n + ' 

/pnc. 1,2,3/ · nonytt9HO npa aaatteHHHX napaMeTpos: 

V0 = + 45 Mas, r 0 = J ,28·1 a = 0,55 • f 

Jlng coana.oeanR ala., C aKcn9pHMeHT8JlbHb!MH .ll8HHbiMH no peaKUHJI 

OKaaanocb aeo6xo.onM hiM uecKOJlbKO YM9HbillHTb .aaatteH!19 r 0 I r 0 = 1,258 .f 

V 0 = + 45 Mas, 

I 

/p 2/ C nl.209+016 6 
HC, , nyttati J'IY'Iille. On!1CbiSaeTCSI Ha OpOM 

r 0 = 1,28 f a = 0,45 f /Prw. 31. HaKoH9U, s cnytta9 pacc9RHHR lloaos 

Ne 20 ua Au191 
H n:209 .. ~212 , H8HJ'IY9:11l99 coBna.ll9HH9 COOTS9TCTByeT to = .1 1 

/Pnc. 4/. 

TaKHM o6paaoM, a 6onbWHHCTS9 cnyqaea, KO!".lla R.opo -MHW9Hb Momao CttHTaTb c¢9pH· 
,j 

'19CKHM, a aapfl.ll _HOHa· He CJ'IHWKOM BeJ'IHK, TeopeTH'IeCKUe KpHBbie XOpOWO COI"JlBCYIOTCfl C 

. I 

aKcnepnMeHT8JlbHbiMH .ll8HHbiMH npH .O.llHHX 11 TeX me 3HatteH!ffiX napaMeTpOB! 

r 0 = 1,28 · f a = 0,55 · f 

nonpasKa K aHatteHH!O t 0 He06XO.llHM8 .llJ'ISI peaKUHH 
Ta 181 + C 12 aepoRTHo, 

181 
aTOT ¢aKT CBst38H C H8JlH'IHeM y Ta 6onbl1lOit .oe¢opMaunn. B npouecc9 CTOJ'IKHoaeHHH 

R.opo Ta 181MoiKeT- atfMeTHO naMeHMTb caoiO opneaTaiiniO B p.eayJlbTaTe KynoH.OBCKOI"O saa·itMo_, . . 

·.oeitCTBMSI, Bcne.OCTB!1e aTOI"O MomeT npOI130fiTH HeKOTOpoe yMeHbWeHne arp¢eKTHBH0!"0 pa

· . .lluyca B38HMO.lleitcTBHfl, C aTOfi TO'IKH apeHHfl HHT.epeCHO HCCJle7lOBaTb 38BHCHMOCTb pa.lllfy,ca 

S38HMO.llElitCTBHit OT aaep!"MH CTOJ'IKHO~ef!Hfl:, 
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Ha pHc. 4 npe.ocTaaneHbi aKcnepHMeHTanbHbxe .oaHHbie H TeopeTH'IGCKHe peaynbTaTbl 110 
" . ' . . ( ' . 

ynpyroMy pacceHHHIO Ne :JO Ha Au 191 H Bi :JO!J. nyHKTHpOM o6oaHa'IGHbi KpHBbie, nony-

'IGHHbiG IIpH 3Ha 'IGHIIHX napaMeTpOB V
0 

-= + 45 Maa, a = 0,55 • f r0 = 1,281 

Cpaay. BH.!lHO CH.llbHOe OT.llH'IHS STHX KpHBbiX OT SKCIIepHMGHTa.llbHbiX .!lBHHbiX. 3TOT tPBKT' TaK• 

me He HBnHeTcH· cTpaHHbiM, B pa6oTe KanHHKHHa IKannHKHH, · 0~ CaH Xa 19611, 6bxno no

KaaaHo, <iTo np·u pacceHHHH HOHOB, o6na.oaromn:x 6onbWHM 1aapH.!lOM H M:anoA: ,mecTKOCT.biO 
20 . . . . 

IHOHOB THIIa ·Ne' I Ha TH:>KG.llbiX H.!lpax MO:>KeT IIpOHBHTbCH a¢cpeKT .!lHHaMH'ISCKOiL .oecpop-

. MaUHH, KOTOpbiA: IIpHBO.!lHT K YM GHbWGHHIO acpcpe,KTHBHOI"O pa.oHyca B3aHMOllGii:CTBHH, 

CnnowHhie KPHBbie aa pn:c. 4 Bhi'IHcneHbi c · y'leTOM TaKoA: .oecpopMaUHH. H eo6xo.oHMaH 

nonpaBKa K pa.on:ycy IIO nopH.!lKY BSnH'IHHbi COBIIallaGT C: Bbi'IHCIISHHOit B pa6oTe IK anHHKHH1 

OM Caa Xa 19611. 

TaKHM q6paaoM, HHcpOJ)MSUHH, H3B.ll€)Ka.eMast H3 .oaHHbiX no. ynpyroMy pacceHHHIO, Mo:»<eT· 

. '~aTb 06IUee npe.!l~TBB.llSHHe 0 :3Ha'IGHHl'IX napaMeTpOB B3aHMO.!lGiiCTBHS1 .TH:»<enbiX HOHOB C H.!l-

paMH, a B pst,lle c.nyqaeB - H HSKOT()pbiG .oeTann: aTOI"O B3aHMO.!l9A:CTBHH, . . 

B · uemix i:lanl>iteitwero yTo<lHeHHst KapTHHbi aecbMa menaTenbHa nocT'aHOBKa aKcnepn:

MeHTOB IIO ynpyl"OM'Y paCCGHHHIO Ha 60.llbWHG YI".llbi H .onpe.oeneHUIO SaBHCHMOCTJi CG'IGHI!:l'l OT 

SHGPI"HH, 

ABTOpbi npHaHaTenbHbi 3.M. Kocapeaoit aa noMOUlb B 'IHcneHHbiX pac_qeTax. 
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Yrrpyroe pacceHHHe 
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191 

Au'191 I 
Bi 209 I 
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a· -0,65 .f 
a -0,45 f 
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Ynpy~oe pacceHaHe 

-45 Msa a -0,5 f 

V0 -45 Msa a -45 i 

20 209 vo .a -Qfjfi Ne a a Di - -45 Msa 

vo -45 Ms6 a-0 ,55 f 

-45 Msa/ 
-45 Msa/. 

. f 

n -10,52 t . /c ytteToM .o.ecpopMa-

R -0,55 f 
UHH · . 
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