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AaaoTaUHSl 

Ll8HO 6011ee L1.8T81IbH08 p8CCM0Tp8HH8 ynpyroro p8CC8SIHHSI TSI:>K81Ib!X HOHOB B KB83H­

/}/ 
K118CCH'iecKOM npH61IH:>KeHHH, qeM aTo c.n.enaao B npe.n.biLI.YWel!: pa6oTe • Y'iHTbiBaeTCSl 

IT118BHOCTb BK1IIO'i8HHSI nor no Ul8HHSI. y L1.88TCSI BOCITpOH3B8CTH H861IIOLI.88Mb!ll: H8 SKCnepHMeHTe 

"LJ.Hcpp8KUHOHHb!ll:" M8KCHMyM. KpoMe Toro, YCT8H0Bi18HO, 'iTO KpHB8Sl, COOTB8TCT!IYIOW8Sl 

OTHOUleHHIO C8'i8HHSI ynpyroro p8CC8SIHHSI K peaepcpOpLI.OBCKOMY, npH CTpOrO cpHKCI'IpOB8HHOll: 

aaeprHH MO:>KeT HM8Tb "'TOHKyiO"' cTpyKTyp y. 

A b s t- r a c t 

The treatment of the elastic scattering of heavy ions in the quasi 

classical approximation is more detailed as compared to that of the 

previous paper. The smoothness of switching on of the absorption is 

taken into account. The "diffraction" maximum observed in experiment 

is reproduced. Besides, it is established that the curve corresponding 

to the ratio of the cross section of elastic scattering to that of the 

Rutherford scattering for strictly fixed energy can have a "fine" 

structure. 
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B pa6oTe 6bmo paceM OTpeao ynpyroe paccesraue TSI)KeJtbiX HOHOB aa paanH'lHbiX SI.z::tpax• 

MHW9HSIX, nocKOitbKY npi!: pacceSIHHH TSI)K9Jtb!X 'laCTHU. XOpOWO .BbinOitHSIIOTCSI ·ycltOBHSI ltpHMe-

' ' . . 
HHMOCTH KBa3HKitaCCIIKH, TO IIpH Bbl'lHCit9HHH OTHOW9HHSI C9:ti9HH.R ynpyroro pacce.RHHSI K ce-

'l9HHIO peaeclJOp.z::tOBCKOrO paCC9.RHH.R, KdK cPYHKUHR yrna pacce.RHHSI, 6bllt HCIIOitb30BaH KBa3R­

KitaCCH'l9CKHA MeTO.z::t, K poMe Toro, 6blno npRH.RTO npR6nR<KeHRe, cor nacHo KOTopoMy sxna.z::t 

napURaltbHbiX BOitH C MOM9HTOM f ;5 f1 , r.z::te £1 3H8'19HH9 MOM9HTa /s 9.z::tHHHUaX h f, 

IIpR KOTOpOM KnaCCH'l9CK8SI cPYHKUHSI OTKitOH9HH.!I (} (f) IIpOXO.z::tHT 'lepe3 HYitb H .cTaHOBHTCSI 

0TpHU8T91tbHOft, pasea Hylt!O, C cPH3H'l9CKOft TO:tiltH 3p9HHSI 9TO npR6JtH)K9HH9 03HaqaeT, 'ITO 

IIpH f ::: f 
1 

npOHCXO.z::tHT nonaoe IIOrltO!ll9HH9 HOHOB Sl.z::tpoM-MHW9HbiO, 

TaK KaK .BKita.z::t B C9'19HH9 ynpyroro pacceSIHHSl .z::taiOT M.!JOrRe napUHaltbHbi9 BOitHbl, TO 

B Bbipa)KeHHH .z::tltSI aMnltHTy .z::tbl paccaSIHHSI MO.>KHO nepeftTH· OT CyMMHpOBaHHSI K HHTerpRpOBa-

/2/ 
HRIO no f • BoaauxaiO!llHA npR aTOM RHTerpan no.z::taaeTcSI oneaxe no MeTo.z::ty rrepeaana. 

Y CJIOBHSI IIpHM 9HHMOCTH yKa3aHHOrO M9TO.z::ta npHBO.z::tSIT K TOMY; 'ITO OKOH'laTeltbHOe Bblpa)Ke­

HHe .z::tltSI OTHOW9HHSI C9'19HHA ynpyroro pacceSIHHSI K peaec!Jop.z::tOBCKOMy CIIpaBe.z::tltHBO ltHlub B 

H9KOTOpOM y3KOM yrnOBOM RHTepaane, OpaB.z::ta, STOT yrnoaoft HHTepaan SlBitSieTCSI HaH6onee 

HHTepeCHbiM C cPH3H'leCKOA TO'IKH 3peHHSI - 3.z::t9Cb BKitiO:tiaiOTCSI Sl.z::t9pHb19 CHitbl, .z::teftCTBYIO!llHe 

Me)K.z::tY CTaltKHBaiO!llHMHCSI SI.z::tpaMH, 

/1/ 
B CBSI3H C STHM/ B pa6oTe 6bma npe.z::tnpHHSITa. nOIIbiTKa onpe.z::t91tHTb napaMeTpbl SI.z::tep-

HOrO B3aHMO.z::teftCTBHSI .z::tltSI OIIHCaHHSI KOTOpOrO 6bllt Bbi6paH n()T9HitHalt Caxcoaa-By.z::ta, B 

yxaaaaaoA pa6oTe 6bmo ycTaaoaneao, 'ITO aaa'leHHSI napaMeTpOB nOTeanuana, npRBO.z::tSI!llHe .It 

Y.z::tOBneTBOpHT91tbHOMY COrltaCHIO C SKCII9pRMeHTaltbHbiMH .z::taHHbiMH, npaKTH'l9CltH O.z::tHH H T9 

.>Ke .z::tltSI pa31tH'lHbiX KOM6HHaitHA CTanKHBaiO!llHXCSI H.z::tep, 

noaTOMy none3HO paccMOTpeTb ynpyroe paCC9SIHHe TSI)KeJtbiX HOHOB 6onee )leTa~H0 1 
. Ill 

OTKa3aBWHCb OT HeKOTOpbiX npR61ti!)K9HHft, npHHSIT b!X B pa6oTe , 

OrpaHH'lHMCSI paccMoTp~HHeM o.z::taoro cnyqasr ynpyroro paccesrausr: 0
14 + Au

191 
, Tax 

KaK eMy COOTB9TCTBYIOT HaH6onee noltHbi9 9KCnepHM9HTaltbHbl9 .z::taHHbl9, 

OTaoweaue ce'leausr ynpyroro paccesrHHSI K peaec}>op.z::toacKOMy MO*HO aarxucaTb B BH.z::te: 

u/u c 
2 Sin 

4 
(0/2) 

1171
2 SinO 

00 '". 2 
[{ l: (f + ~) Cos[28e- (f + ~)0-.!L]I + 
f=lt~ 4 /1/ 

B c!JopMyne /1 I. R B .z::tanbaeAweM ucnonb3YIOTCSl npe)KHHe o6o3Ha'teHHSI. YfMesr xnacCR'lecxyro 

cPYHKitHIO OTKitOH9HHSI (} (f) , nony:t~eHHYIO 'lHCit9HHO, MO)KHO C XOpoweft TO'lHOCTb!O Bbi'IHC-

ltHTb KBa3HKitaCCH'leCKYIO c!Jaay, KOTOpas OK83biBaeTCSI cPYH.ItllH9ft napaMeTpOB SI.z::tepHOrO noTeH-

ItHana. 

Bbipa*euue /1 I MO*HO oneHHTb nyTeM npu6nR*eaaoro cyMMHpoaaausr /a OTitH'lRe· OT 

npe*Hero MeTo.z::ta, cornacao xoTopoMy coaepwancsr nepexo.z::t OT cyMMbl K HHTerpany/, Bb!-

3 



'IHC119HHSI nOK83blB8IOT' 'ITO no.llaBnstJOWHli BK118.ll B senH'IHHY 11 I .llaJOT 3H8'19HHSI e 'npH 

KOTOpblX. apryMeHT cPYHKUHfi Sin H Cos H3M eHSieTcst B npe.llenax nepBbiX qeT bipex nepHO.llOB. 

O.llHaKo npH61IH»<eHHe pe3KOro o6pe3aHHSI no e , H3 cPH3H'IeCKHX COOopa»<eHHfi He 

stB11£1eTcst nocne.llOBaTenbHbiM. B • .llelicTBHTe1IbHOCTH nornoweHHe .ll01I»<Ho ysenH'IHBaTbCst nnas ... 

HO_ H Ha'IHHaTbCSI Ha nepHcl:>epHH SI.llpa - npH TeX 3Ha'l:eHHSIX £ ,r.11e SI.llepHbie CHIIbi cTaao-

BHTCSI cywecTBeHHb!MH, M O»<HO C'IHTaTb, 'ITO SI,llepHbie CHIIbl BKIIJO'IaJOTCSI UpH e = e 
t 

B 

TO'IK9, r.lle KIIaCCH'IeCKaSI cPYHKUHSI OTKIIOH9HHSI 0 (f) .llOCTHraeT MaKCHMyMa. Tor,lla cl:>op-

Mylly 11 I MO»<HO MO.llHcPHUHposaTb, BBe.ll H B Bbipa»<eHHe .llllst qia3bl 'l:IIeH 
121 

b' • en ( ~-:!_!_ ) 121 
e - e t 1 

KoacTaHTa b COOTBeTCTByeT CTeneHH nornoweHHSI, npH f::: £, noriiOWeHHe OTCYTCTByeT. 

npH £ "'£1 OliO CTaHOBHTCSI oeCKOHe'IHO oOIIbWH M, T,e, nOIIHb!M, 

T aKHM o6pa3oM·, :cl:>opMy na 11 I npHoopeTaeT BH.ll: 

alae 2 
-:--'2 
TT'T/ 

Sin
4

(012) [I i ({ + Y.z) y,Cos [28£- (£ + %) e -~]exp[b.en( e -£ 1 )]12 

sin e £=£ + 1 4 e - e 1 . t 1 

/.3 I 
v. e e 2 

+IS (£ + %) Sin[28e-(f+%)0-~]exp[b·fn(--=-=-:..t)]l]. 
e = e + 1 4 e,- e 

1 l 

Bbi'IHCIIeHHst no ci:>opMyne 131 ObiiiH npoae.lleHbi aa :aneKTpoaaoli MawHae, c waroM 

ae ... 0,5~ Pe3y1IbTaTbl .lliiSI a I a c npH 3Ha'!eHHstX napaMeTpos noTeHUHana CaKcoaa-By.lla 

r 
0 

= 1 ;26 • f V
0 

= 45 Mas, a "" 0,45 • f H napaMeTpa nornow:eHHst b = 1 npHBe.lle-

Hb! Ha pHC, 1. 4epTO'IKaMH 0003Ha'!eHbl :3KCnepHMeHT81IbHb!e TO'IKH. npH cpaBHeHaH C :3KCnepa .. 

MeHTa1IbHbiMH .ll8HHb!MH HeOoXO.llHMO HMeTb BBH.llY, 'ITO yrnOBlll'I OW!iOKa COCTaBnsteT 

0 . 0 
+ 0,8 - 0,9 • 

VI3 pac. 1 Mbi BH.llliM, 'ITO, so-nepBbiX, oowee noae.lleHae TeopeTH'l:eCKOli KpHsoli aaxo­

.llHTcst B XOpoweM COOTBeTCTBHH C 9KCnepHM9HTa1IbHb!MH .llaHHb!Mii, ecnH yqecTb OW!iOKH :3KC-

O 
nepHMeHTa. Xopowo socnpOH3BO.llHTCSI ".llHcl:>paKUHOHHbili"' MaKCHMYM npH 30-32 . Bo-sTopbiX 

TeapeTR'l:ecKast KpliBast OOHapy»<HBaeT .llOBOllbHO 3Ha'IHTe1IbHbie OCUH1111SIUHH, 'ITO SIBIIsteTCSI C1Ie.llr­

CTBH9M HHTepciJepeHUHOHHb!X ScPcil9KTOB, 

p a3yMeeTcst, 'ITO KpHBast a I a .llonmaa Ob!Tb 6onee nnasaoli, ee ocuHnliSIUHH aon»<Hbi 
c 

Ob!Tb M9Hee rnyoOKHMH, TaK KaK B peanbHb!X YCIIOBHSIX M bl liMe eM ,lleno C HeCKOllbKO pa3Mbi­

Tb!M no aHeprliH ny'IKOM HOHOB, KpHBast, npe.llCTasneHHast Ha pHC, }, Bbl'IHCilstllaCb oe3 yqeTa 

aToro clJaKTa. 

Cne.11yeT OTMeTHTb, 'ITO 3HaqeHHSI napaMeTpos nOTeHuHana CaKcoaa-By .11a, nony'leHHbie 

11 I 
B paooTe 1 H9CK01IbKO OTliH'IaJOTCSI OT HCnOilb3yeMb!X 3.1leCb 3Ha'!eHHfi, 

npe»<HHe 3Ha'!eHHSI paBHbl r
0 

= 1,28·1 

4 

V = 45 Mas, 
0 

a 0,55 . f 



3TO 06CTOSITelibCTBO He S!BliS!eTCSI CTpaHHb!M, TaK KaK B Ll8HHOM pac'l:eTe Y'iliTbiBaeTCSI 

lpaKT rrnaaHoro BKliJO'ieHHH rrornoweHHH. 3ToT y'ieT rrpHBOLlliT K yMeHbweHHJO a I a c 

0 " B IIHTepBane 30-40 , eCliii liOlib30B8TbCSI npemHeH CIICTeMOlf rrapaMeTpOB, noaTOMY LlliSI cor-

naCOBSHIISI TeOpeTH'l:eCKOlf KpliBOlf C 9KCliepHMeHT8libHhlMII LlSHHhlMII He06XOLlliMO 113~eHIITb 

rrapaMeTpbl II lip11Ll8Tb liM YK838HHbie 3HS'l:eHHSI, 

TaKHM o6pa3oM, Mhi BHLlliM, 'iTO pe3ynbTSThi 3SBHCHT OT 3Ha'ieHHH rrapaMeTpa b 

nocneLlHlllf oco6eHHO ClllibHO BliHSieT HB BeliH'iliHY a lac npll 60libWIIX yrnaX, 3THM o6CTO-

SITelibCTBOM MO)!{HO BOCliOlib30B8TbCSI LlliSI OUeHKII 3Ha'l:eHIISI b 

B cnyqae 6onbWIIX yrnoa 
a I a c MomeT 6biTb B bipa)K eHo B aHanHTH'l:eCKOM BHLle. 3Ta 

/2/ 
-qacTHU Bhi'iliCneHa B pa6oTe • 

B HaweM cnyqae KBa3HKnaccH'l:ecKoe rrpu6nHmeHHe cnpaaeanHBO c ropa3LlO 6onee BbiCOKoli 

cTeneHbJO TO'iHOCTH, rroaToMy Mbi "MomeM rrpoaecTH aHanorll'iHhili pac'ieT. 

Pe3ynbTSThi Bbi'iHCneHHli OTHOLLeHIIH a I a c anH 6onbWHX yrnoa pacceHHHSI rrpHBeae­

Hhi Ha p11c. 2. 3KcnepHMeHTanbHhie aaHHbie B aTo li o6nacTH yrnoB HeTo'iHhi. CTpenKH, Ha­

rrpaaneHHhie BHII3, 03Ha'l:aJOT, 'iTO COOTBeTCTBYJOWSSI 9KCnepHMeHT8libH8SI TO'l:Ka Ll8eT aepx-

HJO!O rpaHHUY acpcpeKTa, 

nyHKTllpHaSI Kp!IBSSI rrpeacTaBnHeT TeopeTH'ieCKlle LlSHHbie, COOTBeTCTBYJOWHe cnyqaJO 

b = 0 , TO eCTb pe3KOMY o6pe38HHJO, CnnowHaSI Kp!IBSSI COOTBeTCTByeT 3Ha'l:eHHJO b = 1. 

M hi BIILlliM, TaKHM o6pa30M, 'iTO OTHoweHHe a I a Ha 6onbWHX yrnax oqeHb cHnbHO c 

38BHCHT OT 3Ha'l:eHHSI rrapaMeTpa b • KpoMe Toro, 3Ha'l:eHHe b = 1, I!CliOlib30B8HHOe 

HSMH Bb!We, SIBliS!eTCSI pa3yMHbiM, 

AaTOphi npH3HaTenbHhi T .n. Ko'iKHHoli H B.Y!. ¢ypMaHy 3a noMOWb B 'l:HcneHHbiX pac-

qeTax. 
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P 2 " 016 Ha Au 197 He. . ~npyroe pacceHHHe 
E = 151,7 Mas. EonbllJHe yrnbi. 
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