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EOJIOTOB .[l.B. n .np. P4-99-9O 
3cpcpeKTHBHbie H}'KJIOH-H}'KJIOHHble CHJibl H B3aHMo.neiicrnne Jienrnx 
3K3OTH'IeCKHX .ll,nep co CTa6HJihHbIMH 51,npaMH nptt HH3KHX 3HepfllilX 

HccJie,nyeTC51 BJIH51HHe !paKTOpa IlJIOCKOCTHOH JaBHCHMOCTH 3cpcpeKTHBHhlX 
HYKJIOH-HYKJIOHHbIX CHJI Ha cpoJI.nHHf-IlOTeHUHaJihl B3aHMO,neiiCTBH51 JiefKHX 3K3O
TH'-leCKHX 51,nep 6He, 11 Li, 11 Be u 8B co cTa6HJihHhIM 51,npoM 12C, a TaJOKe attaJIH3H
pyioTc51 COOTBeTCTByiomne 3KcnepnMeHTaJihHbie .naHHble no IlOJIHbIM Ce'-!eHH51M pe
aKUHH H ynpyrm,1y pacce51HHIO. HcnOJih3yeTC51 IlOJIYMHKpOCKOilH'-leCKM MO,neJib 
,nBOHHOH CBepnrn C paJJIH'-IHhIMH IlJIOCKOCTHO3aBHC51IUHMH CHJiaMH, OCHOBa.HHhIMH 
Ha M3Y-B3aHMo.neiicTBHH, n HYKJIOHHble IlJIOTHOCTH, Bhl'-IHCJieHHbie B MeTo.ne 
3HepreTH'-leCKOfO cpyttKUHOHaJia IlJIOTHOCTH C e.nttHhIM Ha6opoM napaMeTpOB 
M51 Bcex 3THX .ll,nep. TioKaJaHO, '-ITO H3MepeHHbie He,naBHO yrJIOBbie pacnpe.neJieHH51 
ynpyroro pacce51HH51 6He Ha 12 C npn 3Heprnn 41,6 M3B/Hy'KJIOH H 11 Be Ha 12 C 
npn 3Heprnn 49,3 M3B/H}'KJIOH MO)KHO y.noBJieTBopnTeJibHO OilHCaTb, eCJIH K pe
aJibHOH '-laCTH OilTH'-leCKOro !pOJI,nlIHf-IlOTeHQHaJia .no6aBHTb IlOBepXHOCTHhlH 
'-IJieH, HMHTnpyiomnii BKJia,n ,nHHaMH'-leCKOfO IlOJI51pH3aUHOHHOfO IlOTeHUHaJia. 

Pa6orn Bh!IlOJIHeHa B Jia6opaTopnn Bbl'-IHCJIHTeJibHOH TeXHHKH H aBTOMaTH3a
UHH OIDIH. 
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Effective Nucleon-Nucleon Forces and Interaction 
of Light Exotic Nuclei with Stable Nuclei at Low Energies 

The -influence of the density-dependent factors on the folding potentials 
for light exotic nuclei 6He, 11 Li, 11 Be and 8B interacting with a stable nucleus 12C 
is studied, and also the corresponding experimental data on the total reaction cross 
sections and elastic scattering angular distributions are analysed. A semimicro
scopic double-folding model with various density-dependent forces based 
on the M3Y interaction and nucleon densities calculated within the density func
tional method with fixed parameter set for all participating nuclei is used. It is 
shown that the angular di~tributions measured very recently for 6 He on 12C 
at 41.6 MeV/nucleon and for 11 Be on 12 C at 49.3 MeV/nucleon can be statisfactori
ly described if a surface term which mimics a contribution of the dynamic polari
zation potential is added to the real part of the folding potential. 
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1. Bne,n:eHHe 

B IlOCJie,n:Hee BpeMJI npOBO,nRTCII lIHTeHCIIBHI,Ie lICCJie,noaamrn 

CBOttCTB JierRIIX 3H30TII"tJeCRIIX JI,nep, y,naJieIIHI,IX OT JIHHIIII ,B-cTa6HJihIIOCTII 

( CM. ofoop1,1 [1-3] II CCLIJIKII B nnx). Kaaanynpyroe paccenmie nernn:x 3R-

30TH'!JeCRHX JI,nep Ha CTa6HJihHl,IX R,npax IIBJIJieTCR IICTO'IJHJIROM HHq>OpMa

JlHH KaR O CBOttCTBaX IIOTeHUHaJia B3aIIMO,nettCTBHII Mem.ny CTaJIHHBa!OmlI

MIICII n.n:paMII, TaK H O pac11pe.n:eneHHII BemecTBa B HIIX. Ilpn HII3HHX 

3HeprHIIX HaH6onee rrorryJIJipHI,IM MeTOAOM aHaJIH3a 3RcrrepIIMeHTaJibHLIX 

yrJIOBLIX pacnpe,neneHHtt IIBJIIIeTCII MeTo.n, OCH0RaHIIbTtt Ha M0,neJIII ,nBOH

Hott CBepTRII. O63op pa31IIItIHJ,IX ee BapnaHTOB .n:aH B [3]. 0mm II3 3TIIX 

BapnaHTOB pa3BHT B pa6oTe [4] II npn:MeHeH B [5] R aHaJIII3)' HBa31Iyrrpy

roro pacceJIHIIII 11 Li Ha 28Si npH 3Heprnn 29 M3B/HJHJIOH, 11 Li Ha 12C nplI 

3Heprnn 60 l\faB/HJRJIOH II 7Be 11 8B Ha 12C rrpn 3Heprnn 40 l\faB/HJHJioH, 

a TaK>Ke R anamrny 3HepreTII'IJeCR0tt 3aBIICHMOCTH IIOJJHhTX CC'Iemdt peaH

rurn JJ:1IR CllCTeM 11 Li+12C, 8B+12C, 8B+28Si [6]. Bo Bcex cJTy'IaJTX fo,TJIO 

rronyqeHo paayMHoe on11ca111Ie 3HCnepnMeHTaJJhHhlX ,naHHbIX. 

B pa6oTax [4-6] B RaqecTBe acp<j:>eKTHBHhlX CIIJI Mem.ny nyHnonaMII 

CTaJIRHBaIOIIIHXCII R.n:ep IICII0Jih30BaJIOCh TaH IIa3hlBaeMoe M3Y-B3aJrno.n:ett

CTBIIe [7], ue 3aBIICIIIUee OT IIJIOTII0CTII pacrrpe,neJICHHII aemecrna B n.n:pe. 

AnhTepHaTIIBHbdt BapIIaIIT MO.UeJTH CBepnm IICil0Jih3YCT 3<p<jieHTIIBHble nyH

JIOH-HJHJIOHHLie CHJII,I C IIJIOTHOCTHOtt 3aBIIC11MOCTh!0. IlepBOHa<JaJihIIO 6!,rno 

BBe,neHo DDM3Y 3<pcpeKTHBHOe B3aHMo.neticTBIIe .nnn anam13a ynpyroro 

pacceRHIIR a-qacTHTl [8], 3aTeM - TJUHCJihlX H0H0B [9], rrpH 3T0M 3<p<pCHThl 

0,UH0HJRJJ0HH0ro o6MeHa J'IHTbIBaJIHCb HCIIBH0. B pa6oTe [10] HCITOJih30-

BaJTIICb a<j:><j:>eKTIIBIILTe HYHJT0H-IIYHJIOIIIIhTe CHJThl C IIJIOTHOCTIIOH 3aBHCH

M0CTbIO, a 3q>q>CHTl,I 0,UH0HJRJI0IIH0ro o6MeJJa paccMaTpnaannch RBHO B 

cpopMaJIII3Me MaTpIIIU,T UJIOTHOCTH. B ,naJihJTettmeM ua6op cpaHTopoB ITJIOT

HOCTH011 3aBHCHMOCTII 6bTJI pacmlipeH [11]. BMJia OTMeqena cyn(eCTBeIIHaR 

pOJib IIJIOTHOCTJIOtt 3aBHCHMOCTII 3cpcpeHTHRHbIX ClIJI B om1caHHII nachIITleIIIIII 

n.nepHott MaTepnn H qycTBRTCJihIIOCTb yrnoa1,1x pacrrpe.nenenntt B paccen

HHH THlReJIIJX IIOHOR (HarrpnMep, B CTICTeMe 160+160) H JJT,J6opy <j>aJ<TOpa 

IIJTOTHOCTHOtt 3aBHCHMOCTH [10]. 

B HaCTORil{eit pa6oTe ua OCHOBe rro.nxo.na, pa3BlfT0ro B [4], JICCJTeJly· 

eTCJI BJIIIRIIHe cpa1nopa IIJTOTIIOCTIIOtt 3aBIICJIMOCTlf 3cp<l>eHTHRHbTX H)'HJIOH-
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HJHJIOHHLIX CHJI Ha B3aIIMO,n:ettCTBIIe JierRHX 3H30THqecKHX JI,nep co CTa6HJih

HhlMH JI,n:paMn, a TaKme aHaJinanpyIOTCJI noJiyqeHHhle aa nocne,nHee BpeMJI 

3KcnepnMeHTaJILHLie .n:aHHhle no yrrpyroMy paccenunro TaRHX n.n:ep. Bo 

BTOp0M paa.n:e_ne 06cymna10TCJI paannqnbie B03MO}l{H0CTII BI,T6opa acpcpeKTII

BHLIX CHJI n cxeM Bbl'IJHCJieHHJI IIOTem::i;naJI0B JlBOttHoii CBepTKII, a B TpeTI,eM 

paa,n:eJie - rrocTpoemie HJKJIOHHLIX IIJIOTHOCTett ,n:JIH n,nep 
6
He, n Li, ll Be, 

8B n nx HHTerpaJILHbie xapaKTepHCTHKn. IloTeHUna.rrhl BaanMoneiicTBHR 

3TIIX JI,nep C H,npOM-MHIIIeHblO 12C HOHCTpynpyroTCH B pa3,neJie 4, H aHaJIH-

3HpyeTCJI BJIIIIIHHe cpaKTOpa IIJIOTHOCTHOtt aaBHCHMOCTll Ha CBOiiCTBa IIOTeH

unaJIOB .l(BOilHOtt CBepTKH B IIIHpOHOtt 3HepreTH'!JeCKOil 06Jiacn1. B pa3,n:ene 

5 npe,ncTaBJICHhl Bhl'IJHCJieHHble B ,naHHOM · rro.n:xo.n:e yrnoBhle pacrrpe,neJICHIIJI 

yrrpyroro pacceHHHJI n noJJHLie ceqeHHR peaKunii ,n:JIH paccMaTp1IBaeMhlX cn:

CTeM. B paa.nene 6 aHaJIH3HpJIOTCII 3KCnepnMeHTaJII,HLTe ,naHHhlC no yrrpy

roMy pacceJIHHIO 6He na: 12C npn 3Heprnn 41.6 M3B/uyKJiou [12] n llBe 

ua 12C npH aHepmn 49.3 MaB/nyKJIOH [13], o6cymnaeTcJI poJIL ,nHHaMH

qecKoro IIOJIJipII3aUH0HHOro IIOTCHUHaJia. B 3aKJIIO'!JeHHII ccpopMYJIHpOBaHLI 

OCHOBHLie peayJILTaThl n BhlBO.l(bI pa60TLT. 

2. 9q>q>eKTHBHhle HYKJIOH-HYKJIOHHLie CHJILI H 

cxeMa IIOCTpOeHHJI q>OJI,D;HHr-IIOTeHn;HaJIOB 

2.1. 9cpcpeKTHBHOe HYKJI0H-HJKJIOHH0e B3aHMOJleHCTBHe. I1cIIOJIL-

3yeM o6LT'IJHO rrpHMeHHeMoe B JIHTepaType npu6JIHffiCHHe cpaKTOpH3aUIIII 3cp

cpeKTHBHhlX CIIJI no IIJIOTHOCTHOtt H Koop,nnHaTHOii aaBHCIIMOCTH [8]: 

vD(El(s, p) = VD(El(s). F(p). (1) 

3.necb s - MOAJJIL pa,n:nyca-BeKTopa, coe.n:unmomero JlBa HYKJIOHa 

ll3 CTaJIKJJBaIOmnxcJI n,nep, "D" H "E" OTHOCJITCII, COOTBeTCTBeHHO, K "npn

Mott" H "ofo.rnHHott" KOMII0HeHTffM 3cpcpeKTllBHLTX CHJI. B KatJeCTBe He3a

BHCJimett OT rrnoTHOCTH pacnpe.nenemrn BemecTBa B n.npe qacTH 3cpcpeKTII

BHhlX CHJI 6y,neM paccMaTpnBaTI, IIOJIHoe M3Y-BaanMo,nei-l:CTBIIe [7], ocHo

Bauuoe na G-MaTpHtJHLTX aneMeHTax BaanMoneitcTBHit Puna II 8nJIHOTa. 

.ll:JIJI II30CKaJIJipHbIX ROMIIOHeHT 3Toro B3aIIM0,nettcTBIIII HMeer.c 

v{;(s) = 7999exp(-4s) -2134exp(-2.5s) 
4s 2.5s ' 

v~(s) = 4631 exp(-4s) - 1787exp(-2.5s) - 7.847exp(-0.7072s) 
4s ___ 2.5s 0. 7072s 

n1, .. ,. • , .- .. · 11 ,., .._,,l"IIT ' y._, U(a, .Au•,.~ 11:uW'Cll i1:a:•~••J' • 

na~)it.1X3UCC~~,0~1u1t 
6viSil~!OT£KA 

...a..a.,,,l",. ........-.......-

(2) 

(3) 



8 KaqeCTBe H30BeKTopm.ix K0MII0HeHT TamKe HCII0Jib3YeM H30BeH
T0PHYIO qacTI, M3Y -Baa1rno.n;eil:cTBHJI: 

vf(s) = 4886exp(-4s) -1176exp(-2.5s) 
4s 2.5s ' 

( 4)· 

E( ) = 1 18exp(-4s) _ 8
28 4

exp(-2.5s) _ 9_
6 6

exp(-0.7072s) (
5

) 
V1 S 5 4 . 2 - 1 0 70~? . s .5s . , _s 

OTMeTHM, qTo B HaCTOJIJUeil: pa6oTe MLI paccMaTpHBaeM .II.n;po-MHIUeHb 
12C C N=Z, TaK qTo pom, H30BeKT0pHLIX K0MII0HeHT rrpaKTH"<JeCKH Hecyme
CTBeHHa. 

<l>aKTOp IlJI0TH0CTH0il: 3aBHCHM0CTH BLI6n:paeM B CTaH.n;apTH0M BH.n;e: 

Fv(p) = C · [1 + d · exp(-,p)], 

FB(P) = C · [1 +a· p.a)], 

(6) 

(7) 

3.n;ecb Fv(p) cooTBeTcrnyeT DDM3Y-Baan:Mo,neficrnmo [8], a FB(P) -
BDM3Y-BaauMo.n;eiicTBHIO [10]. .L(JIR ,naJibHeiirnero aHamrna MhI HCII0Jib

ayeM M3Y-Baan1110.n;eil:crnne 6ea ITJI0TH0CTHoil: 3aBncnMocTn, T.e. c C=l 
n a=0, o.n;nH H3 BapnaHT0B DDM3Y-Baan1110,neil:cTBHJI ll ,nBa napnaHrn 

BDM3Y-aaanMo.n;eil:cTBHJI c rrapaMeTpaMn H3 pa6oTLI [10]. '.~rn rrapaMeTpbl 
rrpe.n;cTaBJieHLI B Ta6nnn;e 1. 

Ta6nun;a 1. IlapaMeTpLI acpcpeRTHBHb!X 

HJKJI0H-HJKJI0HHLIX CHJI 

BapnaHT cnn C d "Y Q 

<l>M3 <1>1113µ 

M3Y 1 0 - 0 
DDM3Yl 0.2845 3.6391 2.9605 -
BDM3Yl 1.2253 - - 1..5124 
BDM3Y2 1.0678 - - 5.1069 
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OTMeTIIM, qTQ B <p0pMyJiy (1) Il0MHM0 yKa3aHHoro cpaKTOpa IIJI0T

HOCTHOil: 3aBHCHM0CTH qacT0 BB0,Zl;HTCJI eme H ,Zl;OIIOJIHHTeJibHLill <paKTOp 3Hep

reTnqecKoil: 3aBHCHM0CTH [8-11], HO aTa 3aBHCHM0CTb 3HaqnTeJibH0 CJia6ee 

auepreTuqecKoil: 3aBHCHM0CTH, o6ycJIOBJieHHOtl: .IIBHbIM yqe-roM acpcpeKTOB 

0.n;H0HYKJI0HH0ro o6MeHa, Il03T0MY 9T0T ,Zl;0IIOJIHHTeJibHblil: cpaKTOp Mbl He 

yqHTLIBaeM. 

2.2. IlOTeunuaJibl .n;Bottuoa cBepTRB. PaccMoTpBM BaaHMo.n;eitcTBue 

.n;Byx cocTaBHbIX qacTBIJ;. B nepBOM nopa.n;Ke no acpcpeKTBBHbIM HYKJI0H

HYRJI0HHbIM CHJiaM Il0TeHn;HaJI B3aHM0.n;eitCTBHJI M0lKeT 6LITb npe.n;cTaBJieH B 

BH.n;e cyMMbl: 

U(R) = UD(R) + UE(R), (8) 

r.n;e UD(R) - npJIMoit noTeanuaJI Mo.n;eJIH .n;Boitaoa cBepTRH [14] 

uv(R) = J J p<1>(ri)vv(s,p)/2\r2)dr1dr2. (9) 

3.n;ecb p(i)(f';) -ITJI0TH0CTH CTaJIKHBaIOJUHXC.II JI.n;ep (i=l,2). OcHOBHOil: 

BKJia.n; B o6MeHHLiit nOTeau;nan UE(R) .n;aroT acpcpeKTLI o.naoayKnoaaoro 06-

Meua, K0T0pLie MoryT 6LITb orrncaHLI B cpopMaJIH3Me MaTpHD;LI IlJI0TH0CTH 

[15]: 

UE(R) = j j p<1>(r1, r1 + s)VE(s)/2>(r2, r2 - s)exp[ik(R)s/r,]dr1dr2. 
(10) 

9To eCTb JI0KaJIH30BaHHaJI cpopMa o6MeHHOro qJieHa. 3.n;ecb p(i)(f', ,:i) -
MaTpHIJ;LI IIJI0TH0CTH CTaJIKBBaIOJUHXCJI a.n;ep;. S = fi - r1 + R, k( R) -
JI0KaJibHbltt HMIIJJibC, M0.ZJ;yJib K0TOporo orrpe.n;eJIReTC.II COOTHOIIleHHeM 

k2(R) = (2mr,/1i2)[E - U(R) - ½(R)], (11) 

r.n;e E - aueprHJI CTOJIKH0BeHHJI B CHCTeMe n;eHTpa Mace; ½(R) - Kyno

HOBCKHtt Il0TeHn;HaJI, a T/ - rrpnBe.n;eHHoe MaCC0BOe qncJIO 

r, = A1A2/(A1 + A2). (12) 

Ma uarr~caHHLIX COOTHomeHHtt BH.ZJ;H0, qTo BLiqucJieHHe II0TeHn;HaJia .ZJ;BOtt

HOtt cBepTKH corrpameao c caMocornacoBaHHbIM perueuneM cucTeMbl aenu

aettm,ix ypaaaeuutt, nocK0JibKY HMIIYJibc k( R) aaBHCHT OT HCKOMoro rroTeH

n;uana. 9Ta aa.n;aqa peruae-rca MeTo.n;oM HTepan;nil:. 

BbipameHHJI (9), (10) no cpopMe coBna.n;aIOT c aaanornqabIMH cpop

MynaMH H3 [4], HO cymecTBeHHLIM 0TJrnqneM .IIBJIReTC.II TO, qTQ Terrepb (9), 
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(10) co,n;epmaT IIJIOTHOCTHott cpaKTop F(p) B 3<p<peKTHBHhlX CHJiax. B rrpn-

6mrnteunn "3aMopomeHHLIX" HYKJIOHOB B o6JiaCTH rrepeKpbITHR n.nep 3TOT 

cpa1nop rrpe,n;cTaBJIIIeTcJI B Bn.ne: 

F(p) = F[p1(r1 + f) + P2(r1 - f )]. (13) 

TaKHM o6pa30M, auaqeHHJI IIJI0TH0CTett 6epyTCJI B cpe,n;Heii: T0qKe 

Mem,n;y HYKJIOHaMn cTaJIRlIBa10mnxc1111.n;ep. Hannqne cpaKTopa F(p) .n;enaeT 

CO0TBeTCTBy10mne BhlKJia,n;Kn 6oJiee rp0M03,n;KIIMII. O,n;HaKo, aHaJiornqHo 

TOMY, KaK 3TO 6LIJIO c,n;eJiaHo B [4], HHTerpaJILI (9) n (10) MoryT 6LITI, CBe

.n;em,1 K pa.n;naJihHLIM, a ncrron1,aoBaHne nTepan;noHHoit rrpon;e.n;ypLI ,n;JIII 06-

MeHHoro qJieHa UE(R) noaB0JIIIeT B npHHn;nne ToqHo paccqnTaTh noTeHI~n

aJILI B C<pOpMyJinpoBaHHOM npn6JirrmeHIIII, ecJirr ll3BeCTHhl l\laTprrnhl IIJIOTHO

CTll CTaJIKHBa10mnxc11 11.n;ep. )J;an1,rrettrnee npn6numeHne, cyn1ecTBeHH0 06-

Jierqawmee pacqeTLI, C0CT0HT B HCII0Jll,30BaHllH CMeIIIaHHoro K0Op.UHHaTHO

HMIIYJihCHOro npe.ncTaBJieHnR H rrepexo.ne OT MaTpnn; IIJI0TH0CTH K HYKJIOH

HhlM IIJIOTHOCTJIM C BBe,n;eHneM JI0KaJibHhlX KoppeJIRD;Hfi. Peay111,TaTllBHO Ta

Kott nepexo.n c xopornefi ToqnocT1,10 ocymecTBJIReTCR c rr0Mom1,10 .rrpoCTott 

<pOpMyJILI [16]: 

p(r, r + s) = p(r + s/2)1i[k,.<1>.(r + s/2)s]. (14) 

3.nec1, J1 ( X) = 3( sin X - X cos X) I x 3 
- o6MeHHhlii KoppeJIIITOp. rr pH s - o, 

T.e. B npn6nnmerrnn BaanMo.neil:cTBHR HyJieBoro pa.nnyca .neikTBHR, 

]1 ( X) - 1. 8cpcpeKTHBHhlil: HMIIYJihC K,.<t>, yqnThlBaeT rpaHHqHble 3<pcpeKThl, 

n B 6ecKoHeqHoil: R,n;epHoil: MaTepnn OH COBna,n;aeT c JIOKaJibHhlM HMIIYJihC0M 

<llepMn. BbipameHne .n;JIR K,.<t>, Momuo uail:Tn B [16]. 

3. HyRJIOHHLie IIJIOTHOCTH 

I-fraK, IIOMIIM0 3<p<peKTIIBHhlX HYKJI0H-HYKJIOHHLIX CHJI, cymecTBeH

HhlM HHrpe.nneHTOM, BXO.l{RJUHM B cxeMy pacqeTa II0TeHn;llaJioB, RBJIRIOTCR 

HYKJIOHHhle IIJI0THOCTH. OTJill'lllTeJII,HaJI oco6eHHOCTb HaCTORllJeii pa60Thl 

COCTOllT B T0!\f, qTo HeiiTpOHHble H rrpOTOHHble 0P,H0'laCTll'IHhle IIJIOTHOCTll 

He napaMeTpnayIOTCR, KaK 3TO tiaCTO .neJiaeTCR npn paccM0TpeHIIII R.UepHbIX 

peaKn;ntt B MO,UeJIII .UBOil:nott CBepTKII, a Bhl'IIICJIRIOTCJI .UJIR Bcex CTamurna

IOJUHXCJI 11.nep - KaK ,Zl;JIR 'laCTIID;-CHap11,n;oB, TaK H .UJIR JI,n;ep-MHIIIeuett -

B paMKax MeTo,n;a <pyHKD;lIOHaJia IIJI0TH0CTH [17-19], c e,n;HHhlM ua6opoM 
rrapaMeTpoB. 
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MeTo,n; cpyHKn;nonana IIJIOTHOCTH onnpaeTcJI Ha TeopeMy Xoen6epra

KoHa [20] n Ha 1rnaanqacTnqm,1it cpopMaJIH3M Kona-ille?.rn [21], ,n;onycKa

wmnR BBe.n;enne KBa3nqacTH'IHoro raMHJihTOHHaHa co rno6o.n;HhlM orrepa

TopoM KHHeTH'leCKOtt 3Heprnn, B K0TOp0M 3cp<peKTHBHaJI Macca HYKJI0Ha 

m * COBIIa,n;aeT c rrycTOTHOR Maccott m ( m * / m = 1). IlJIOTHOCTI, HYKJI0-

HOB p npe,n;CTaBJIReTCJI cyMM0tt no 1-(KBaan)tiaCTH'IHhlM op6nTaJIRM, T.e. 

06011oqeqHoR cyMMOfi, MHHHMH3Hpywmett 3HeprHIO CHCTeMhl. KBa3H'la

CTnqHbJft crreKTp H BOJIH0Bhle cpyHKD;RII BbI'IHCJIRIOTCJI B caMOCOrJiaCOBaH

HOM cpe.n;HeM none, JIBJIII IOllJeMCJI nepBott cpyHKD;lIOHaJihHOtt npOH3BO,Il;HOii 

OT noJIHOit 3Heprnn no COOTBeTCTBYIOIUeii IIJI0TH0CTH, a 3<p<peKTHBHOe B3a

HMO,n;eitCTBHe Haxo,n;HTCJI KaK BTOpaR 
0

<pYHKD;HOHaJI1,HaJ1 npoH3BO,Zl;HaR. Ta

Kott no,n;xo.n; MO}KHO paccMaTpnBaTh KaK o,n;Hy H3 Bepcntt caM0COrJiaCOBaH

H~tt Teop1rn KOHe'IHbIX cpepMn-cncTeM [22-24], IIMewmett MHoro o6mero 

c MeTo.n;oM XapTpn-<lloK~-Boron1060Ba, orrepnpy10mero aaBHCRllJHMH OT 

nJI0THOCTII 3<p<peKTlIBHhlMlI cnnaMn [25]. OcHOBHaJI npo6neMa CBR3aHa C 

Bhl6opoM napaMeTp1rnan;nn cpyHKD;llOHaJia, npnro,n;noro .UJIR npaKTIItJeCKHX 

npnMeHennfi. O,n;Ha H3 cpopM 6blJia rrpe,n;JI0}KeHa B [17]. r.n:e 3aBHCHM0CTI, 

OT p, 3<p<peKTHBHO Y'IHThlBalOIUaJI MHorotJaCTH'IHhle ClIJihl lI CJIOlKHhle Kop

peJIRD;HH, BBO.UlITCR tJepea ,n;po6Ho-JinHeftHble cpyHKD;HH, a II0BepXH0CTHhle 

3<p<peKThl - qepea cnnhl K0HetIHoro pa,n;nyca, TaKme ,n;orrycKa10mne aaBn

CIIMOCTh OT IIJIOTHOCTII. IlJIOTHOCTI, 3Heprnn aamICbIBaeTCR B Bll.Ue cyMMhl 

,n;Byx 'IJieHOB: 

c = €kin + €int , 

r.ne nepaoe cnaraeMoe - nnoTH0CTh KHHeTntiecKott 3Heprnn 

:::J. 

Ckin = L·n>, Jcp;(r)f-cp>,(rjdr. 
>. . -m 

(15) 

(16) 

3,n;eCh n>, - 'IHCJIO tJacnrn; Ha ypoBHe ,\ (rrpn Y'IeTe crrap1rnaHHR B cxeMe 

BKIII n>, = (2j + l)v~, r,n;e v~ - KBaantJaCTll'IHhlfi cpaKTop 3arro11nemrn). i.p,\ 

- COOTBeTCTBYIOIUaJI O,I{HOtJaCTll'IHaR BOJIHOBaJI <pyHKUIIR, ,\ = nljm.T -
CTaH,n;apTHhlfi na6op O,n;HO'laCTH'IHhlX KBaHTOBhlX 'IHCeJI. )J;JIR ccpepH'leCKHX 

R,n;ep 

. ;-= J_ '°' .!!!._ [(dRnljT(r)) 2 

l(l + 1) R2 . ( ·)] 
€km 4 L..J n>,2 d + 2 n/Jr 1 

1r >. m r r 
(17) 
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IlJIOTHOCTb 3HeprmI B3aHMO,ZleitCTBHH co,nepmHT HCCROJibRO qJieHOB: 

Cint = crnain + ccoul + ca/ + cpair, (18) 

r.ne 

2 0 [" 2/"+" 2/"+ s 1·1-;- + s 1·1-;-] crna.in ~ 3tFPO a+x+ + a_x_ _ a+x+ + +x+ a_x _ _ _ x_ 

(19) 
3.necL X± = (Pn ± pp)/2po, Pn(p) - IlJIOTHOCTb nettTpOHOB (npoTOHOB), 2po 
- paBHOBecna.11 nJIOTHOCTL CHMMeTpH11Hott H.l{epaott MaTepHH (N = Z), lj.. 
- ee 3HeprHJI cl>epMH, a aaBHCHIUHe .OT IlJIOTHOCTH cpyHRO:HH HMCIOT BH,Zl 

r.n:e 

!" 1 - h1±x+ f" 1 
± = 1 + h" ' ± = 1 + h• ; 2±X+ ±X+ 

f±x± '= j D(r - r')J;,(r')x±(r') dr' , 

D(r - r') = S(r - r') - V(I r - r' I)= 

J:(... ...,) 1 ( I r - r' I ) 
u r - r - R2 I .., ... , I exp - R . 41r r - r • 

(20) 

(21) 

(22) 

BTopott qJieH B 3TOM BLipameHHH ecTL nopMnpoBaHHaH cpyHRO:HH lORaBLI 

I drV(I r I) = 1. B HMilJJibCHOM rrpe,n:cTaBJICHHH 

( R)2 
q ' D(q) = 1 + (qR)2 (23) 

TaK qTo IlOCJIC,n:HHC ,n:Ba 'IJICHa B (19) OTBe'laIOT IlOBepXHOCTHOtt H3OCKa

JIHpnott H H30BCRTOpHott ,meprHH BaanMo,n;ettCTBHH, B 6ecRoHeqHott H,n;epHott 

MaTepHH OHH o6pamaIOTCH B HJJib. IlJIOTHOCTb KJJIOHOBCHOtt 3Heprnn CCoul 

6epeTCH B o6LI'IHOtt cpopMe C y11eTOM o6MeHa B CJiettTepOBCKOM rrpn6JIH}KC

HHH: 

1 ( 1 Lr 1
00 

) 3 3 cc0 u1=-e2pp(r) - pp(r)r2 dr+ pp(r)rdr --(-)113e2p!l3(r). 
2 r o , r 4 7r 

(24) 
l.JJieH Cs/ B (18) COOTBeTCTBYeT BKJia.n;y CIIHH-Op6HTaJILHOro LS-BaanMo.nett

CTBHH • .l{JIH ccpepuqecKHX H.n;ep ero MOlKHO Bhlpa3HTb qepe3 CIIHH-Op6nTaJib

HbIC IIJIOTHOCTH: 

P;t(r) = En,\(8. i),\ I cp:·P(r) 12' (25) 
,\ 

8 

r.ne ( 8 -lh = j (j + 1) - I ( I + 1) - 3 / 4. LS-BaaHMO,n;ettCTBHC 6epeTCH B BH,ZlC 

( C yqeToM 3aBHCHmett OT CilHHa rrepBOtt cpepMH-}KlI,Zl;ROCTHOtt CKOpOCTHOtt 

rapMOHHRH <X §1): 

i"., = Cor5 { k[~18(r1 - ~) X (p1 - p2)]. (81 + 82)} + 

Cori {§18(r1 - r2)(81 · if2)(p1 · p2)} , (26) 

r.n;e Co = 2l} /3p0 · = 1r2ti3 / p'}m ~ o6paTHaH IIJIOTHOCTL cocToHHHtt Ha 

noBepxHOCTH cl>epMH B paBHOBecaott JI,n;epnott MaTepuu, h'. = K. + K.
1 f 1 f 2 , 

91 = 91 + 9~ T1 T2 ' ,,,, ,,,, ' 91 H 9~ - 6e3pa3MCpHLie CHJIOBble KOHCTaHTbl. 

BRJia,n 3THX CHJI B IlJIOTHOCTb 3HeprnH npHHHMaeT BH,Zl 

2 ~ (1 i ikal 1 i ik k) 
ca/= Coro ,,f;;:.,P ;:Pis"' Br + 4r2 P1a91 Pis , (27) 

r,n;e K.nn = K.PP = K. + /'i,'' 1,,Pn = K.np = K. - K' ' 9fn = 9f P = 91 + 9~ ' 
pn np I 

91 = 91 = 91 - 91. 
IlocJIC,ZlHHtt qJieH B (18) npe,ncTaBJIHCT co6ott IIJIOTHOCTb 3Hepnrn 

cnap1rnaTeJibHOro B3aIIMO,n;ettCTBHH 

1 
cpair = -Vt Fev 

2 ' 
(28) 

r.ne V - aHoMaJibHaJI (cnapnBaTCJibHaJI) IIJIOTHOCTb, ;:e - acpcpeRTHBHOC 

BaanMo.n;ettcTBne B Kanane qacTnn:a-11acTnn:a. B o6cylK,ZlaeMLIX mi:me pac

qeTax 3TO B3aHMo.n;ettCTBHC Bhl6HpaJIOCb B npocTettrnett cpopMe ;:e = 
CofeS(r - r') c O,Zl;HHaKOBOtt KOHCTaHTOtt 1e ,Zl;JIH HeiiTpOHOB H npoTOHOB H 

BKJIIO'laJIOCb B pac11eT caMocornacoBaHHO Ha 6aance BCCX CBH3aHHbIX O,Zl;HO

qacTnqHl,IX ypoBHett. 

IlpnBe,n;eM IIOJIHhltt Ha6op napaMeTpOB cpyHKO:HOHaJia, HOTOphlfi HC-

IIOJib3JCTCH B HaCTOHin:ett pa6oTe ( CM. TaKlKC [19]): 

a+= -6,443, h1+ = 0, 162, h2+ = 0, 730, 
a~= 5,473, h1_ = h1+, h2_ = 2,5, 
a+= 11,0, h+ = 0,31, 
a~ = 5, 0 , h~ = 0 , 
/'i,P'P = /'i,pn = 0, 185 ,9fP = -9fn = -0.10, 

1e = -0,4, 
R = 0, 35 <l>M, r0 = 1.1462 <l>M. 
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PHc.1. I!JIOTHOCTL pacnpe,neJieHHJI HeitTpOHOB (nyHHTHpHaH JIH

HHJI) IIp0TOH0B ( ToqeqHaJI) H BemecTBa ( CIIJIOIIIHaJI) B nenrnx 3H30TH<JeCI<HX 

n.npax 

U, MaB 

20 l.{3B/H 

-1601 1• ·:r-

U, M3B 

40 1(3B/H 

H> 
r,4>M 

HI 
r,c}>.M 

U, M3B 

-11 

30 :U:3B/H 

-1eot•·······2···"·"1" ....... e ....... a ........ 1b 
r.rpu 

U, MsB 
-1 

-6 

-11 

60 1(3B/H 

-160l ~ J , x J 
10 

r,qiu 

PHc.2. 9aepreTHqecHaJI 3aBHCHM0CTL q>OJI.ZJ:HHr-rroTeHU:HaJIOB .n;nH 

CHCTeMLI 6 He+12C 

10 

Pn.n napaMeTp0B O.ZJ:H03Haqao CBJl3aH C OCH0BHLIMH xapaHTepHCTH

HaMH n.nepaott MaTepHH: 

a+ =a+ (5a + 6)/511, } 
ht+= 1 - a/(a+TJ), 
h2+ = 1/TJ - 1, 
a'.'..= (3(3°/t}-1)/f!:.(x+ = 1), 

(30) 

r.n;e 
µ0 9 5J<O -t- 6t} 

a= 3- - -, 1J = ------=--
t} 5 18(t} - 5µ 0 ) 

(31) 

3.D;eCL µ0 - XlIMHqecHHit UOTeHu:Han ( 3HeprHJI CBJl3H Ha HJHJI0H B paBHOBe

CHH ), J<0 - MOAJJIL CH<HMaeM0CTH, t}- 3HeprHH <I>epMH II {3° - rrapaMeTp 

3HeprHH ClIMMeTplIH. YRa3aHHble napaMeTphl cpyHRU:H0Hana C00TBeTCTBYIOT 

µ0 = -16,12 M3B, K 0 = 200 M3B, t} = (p})2/2m, = 36,62 l\faB 11 

{3° = 28,2 M3B (p'}/n = (91r /8)1
/

3 /ro = 1,329 ~M-l, 2po = 3/47!Tg = 

0,1585 ~M-3 , Co= 308,0 M3B•<l>M
3

). 

Ta6m1u:a 2. Cpe.nii:eRBa.D;paTHqHLie pa,n:HycLI pacnpe.nenemrn IIJI0THOCTH 

HeitTp0H0B, IIp0T0H0B H BemecTBa. I1p1rne,neHLI TaKme pa3HOCTH 

.6.rnp = (r~)1/ 2 - (r;) 1
/
2. Bee BeJIH'IIIHhl .n;aHhl B <l>M 

RApO (r~)l/2 (r;)l/2 (r~}l/2 .6.rnp 

6He 2.806 2.014 2.569 0.792 

(3.213) (2.026) (2.872) (1.187) 

llLi 3.255 2.235 3.012 1.020 

11 Be 2.718 2.306 2.576 0.412 

BB 2.190 2.680 2.508 -0.490 

IlpnMeqaaHe: AJIJI 6He nepBaJI cTpoRa oTBe•raeT 

pacqeTy C napaMeTpaMH cpyHRU:H0HaJia H3 [18], 

BTopaa: - C napaMeTpaMH (29) HaCTOJim:ett pa60Tbl. 
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):(JI.JI aeaJIH3a B HaCTOJIIUCit pa60TC BLI6paH1,1 CIICTCMbI 6He+12C, 
11 Li+12C, 11 Be+12C H sB+12C. BLI6op qaCTHil-CHapJI.l(OB o6ycJIOBJieH TeM, 

qTo Bee 3TH JI.l(pa OTHOCJITCJI I{ J{Jiaccy TaR Ha3LIBaCMhlX JICrRIIX 3R30TH1Ie

CRHX 11.nep. Oeu HMCIOT RpRO BhlpruKeeeoe CBOttCTBO HYRJIOHHoro raJio: 

HeitTpoeeoro .l(JI.JI 
6He, 11Li, 11Be H npoTOHHoro .llJI.JI sB (xoTJI, cTporo ro

Bop11, B llOCJIC)UICM cJiyqae J{aJKCTCJI npe.nnoqTHTeJII,HhIM DOJib30BaTbCJI no

HJITHeM npOTJI}KeHHOro npOTOHHOro "xBOCTa", a He npoTOHHOro raJio). j(JI.JI 

BCeX 3THX CHCTeM HMelOTCJI 3RCnepHMeHTaJibHhle ,llaHHhle no YrJIOBhIM pac

npe,neJieHHJIM KBa3Hynpyroro pacceJIHHJI, npuqeM KBa3Hynpyroe pacceJieHe 

ll Li H SB Ha 12C, KaK yme OTMeqaJIOCL BI,rn1e, aHaJIH3HpoBaJIOCb B paMKax 

H3JIOmeHHOro 3,llCCL e,llHHoro no.nxo.na B pa6oTe [5]. 8RcnepHMeHTaJibHLie 

me YrJIOBhle pacnpe,neJieHHJI J{Ba3Hynpyroro pacceJIHHJI 6He H 1l Be ea 12C 
aHaJIH3HpyroTCJI B HaCTOJIIUeit pa6oTe. 

U, M3B U, M3B 
-1 

-11 
-1J /_- .. _, I -16 

- 21-0 . ' . 4 ~-- 8 ; 

U, M3B - U, M0B 
r,q>M. 

.... 
-1 

-6 

-11 

40
4 

M•B;• • ",,l ~:1 60 MaB/H 

2 ' 4 6 8 10 
r,qiu r,cpM. 

Puc.3. To me, qTQ H Ha pHc.2, .l(JIJI CHCTeMhl 11 Li+12C 

12 

U, M0B U, MaB 

-2 

-7 

-12 

20 MoB/H ! :~:~, lO< MoB:• • 
10 

U, MaB 
r,c)M 

U, MaB 
r,qn, 

-2 

-7 

...:12 

40 J.bB/H -1711) 60 !foB/H 

-220fr...- 1 
-22v() 1 4 6 8 10 

r,4_,M r,cpM 

Puc.4. To me, qTQ H Ha pHc.2, ,llJI.JI CHCTCMLI 11 Be+12C 

ToqeqHLie HeitTp0HHhle H npoTOHHhle llJI0TH0CTH, BLiqHcJieHHLie no 

H3JIOmeHH0it BhlIIIe cxeMe, II0Ka3aHLI Ha pHc.1. 3.necb me npe,ncTaBJieHLI 

llJIOTHOCTH pacnpe.l(eJieHHJI BemecTBa. B Ta6JIHilC 2 npHBe.l(eHLI cpe.l(HeKBa

,npaTHqHJ,Ie pa,llHyCLI pacnpe.l(eJieHHJI HeitTp0H0B (r!)112, npoTOH0B (r;)112 

H BemecTBa (r~)112 B 11,npax 6He, 11 Li, 11 Be H sB. IlpHBe.l(eHLI TaKme 

pa3HOCTH ~Tnp = (r!)112 - (r;}1/ 2 , xapaKTepH3YIOIUHe npocTpaHCTBeH

HLie pa3MepLI eeitTpOHHoro HJIH, eCJIH ~Tnp < 0, npoT0HH0ro raJI0 (HJIH 

pa3MepLI COOTBeTCTBYIOIUeit HYKJI0HH0it "rny6hl"). j(JI.JI HJIJIIOCTpaUHH B03-

M0mHoro pa36poca pe3yJILTaToB, noJiyqaeMLIX c pa3JIHqHJ,IMH napaMeTpH3a

IlHJIMH 3HeprCTHqecRoro q>yHKilHOHaJia, Ha ripHMepe 11,npa 6He B Ta6JIHile 2 

,nam,1 HHTerpaJibHhle xapaKTepHCTHKH IIJI<>THo·cTHhlX pacnpe,neJieHHit B ,nByx 
. . 
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BapuaaTax: 3HaqeHHR, 3aKJnoqeaHLie B cK06m1, nonytJeHLI c Ha6opoM napa

MeTpoB (29), a 3HaqeHHR B nepBott CTp0Ke nonytJeHLI C q>YHKUHOHaJIOM H3 

pa6oTI,r [18]. BnHRHHe TaKoro pa36poca aa yrnoBLie pacnpe,neneHHR ynpy

roro paccenHHR 6~eT npoauamrnupoBauo B pa3,nene 6. 11HcneKUHR pHc. l 
C0BMeCTH0 c Ta6JIHuett 2 B uenoM Il0Ka3LIBaeT, tJT0 Pe3YJILTaTLI pacqeTQB 

He np0THB0peqaT npe,ncTaBJieHHRM 06 3THX R,npax, KaK 06 3K30THqecKHX 

R,np~ c RpK0 BLipameHHLIM HYKn0HHLIM rano (HYKnOHHOtt my6ott). 

U, M3B 

U, M0B 
r,l}i:u 

-1 
40 lloB/H 

li · 1b -1~ ~ '..i li r,411.c 

U, M0B 

U, M3B 

-13 
60 MoB/H 

·o 
r ,4!:u: 

1l) 

r,q>M 

Puc.5. To me, qTo ·u Ha pHc.2, ,UJIR CHCTeMLI 8B+12C 

4. cl>oJI~HHr-noTeH~HaJILI II HX HHTerpaJILHLie 

xapaKTepHCTHKH 

Ha 0CH0Be HettTp0HHLIX H npoT0HHLIX IlJI0THOCTett, Il0CTp0eHHLIX B 

MeTO,ne q>YHRUHOHaJia IlJI0TH0CTH II npe,nCTaBJieHHLIX B npe,nLI,nymeM pa3-

,nene, H qeTblpex THII0B 3q>q>eKTHBHbIX HYRJI0H-HYKJI0HHLIX CHJI, rrapaMeTpbI 

14 

Ta6JIHUa 3. O6-LeMHLie HHTerpanLI q>OJI,UHHr-noTeHUHaJIOB 

(B 103MaB•cl>M3) 

3Heprun CucTeMa 

BapuaHT MaB/ 

CHJI HYKJI0H 6He+12c 111i+12c llBe+12c s8 +12c 

20 -29.25 -52.68 -50.38 -37.85 

M3Y 30 -27.23 -49.07 -47.11 -35.32 

40 -25.41 -45.82 -44.16 -33.04 

60 -22.30 -40.27 -39.06 -29.12 

20 -30.39 -54.42 -51.50 -39.00 

DDM3Yl 30 -28.20 -50.50 ~47.94 -36.25 

· 40 -26.22 -46.97 -44.72 -33.77 

60 -22.85 -40.96 -39.18' -29.51 

20 -30.57 -54.91 :52,29 -39.43 

BDM3Yl 30 -28.35 -50.93 -48.64 -36.63 

40 -26.35 -47.34 -45.33 -34.10 

60 -22.93 -41.21 -39.63 -29.74 

20 -29.57 -53.10 -50.4 7 -38.11 

BDM3Y2 30 -27.42 -49.23 -46.92 -35.38 

40 -25.48 -45.75 -43.71 -32.93 

60 -22.16 -39.80 -38.18 -28.70 

R0T0pbIX npHBe,neHLI B Ta6JIHUe 1, B cxeMe, H3JIOJReHH0tt B pa3,n.ene 2, BLitJH

CJieHbl noTeHUHaJibl B3aHMo,nettcTBHR n,nep 6He, 11 Li, 11 Be H 8B c n,npoM-

1\mmeHLIO 12C npH 3HeprHRX OT 20 ,no 60 MaB/HYKJIOH. BbI6paHHLitt ,UHa

na30H 3HaqeHHtt 3HeprHH o6ycJIOBJieH TeM, qTQ HMeHH0 B 3TOM HHTepBaJie 

npH HeCK0JII,KHX 3HatJeHHRX 3HeprHH K HaCT0RWeMy BpeMeHH H3MepeHLI 

yrnoBble pacnpe,neneHHR RBa3Hynpyroro pacceRHHR paccMaTp1rnaeMbIX 3K-

3o~nqecRHx R,nep Ha MHmeHH 12C (CM. C00TBeTCTBeHH0 [12], [26], [13] H 

[27]). Pa,nnaJibHM aaBHCHM0CTb BLI'llfCJieHHI,IX Il0TeHUHaJI0B rrpe,ncTaBJieHa 

Ha pnc.2-5. B Ta6JIHUe 3 npHBe,neHLI 3HatJeHHR 06'1,eMHbIX HHTerpaJI0B 

Jv ' a B Ta6JIHUe 4 - 3HatJeHHR cpe,nHeRBa,npaTH'IHLIX pa,nHycoB (r~) 1/ 2 

Il0CTp0eHHbIX Il0TeHn;HaJI0B. 
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Ta6Jim:~a 4. Cpe,IUieKBa,n:paTHqHLie pa,n:HycLI rroTeHUHaJioB (B cl>M) 

9HeprH.11 CHcTeMa 

BapHaHT cHJI MaB/ 
HJKJIOH 6He+12c 111i+12c llBe+12c sB+12c 

20 4.04 4.35 4.07 4.01 

M3Y 30 4.04 4.35 4.08 4.01 

40 4.05 4.36 4.09 4.02 

60 4.07 4.37 4.11 4.05 

20 4.11 4.42 4.13 4.07 

DDM3Yl 30 4.11 4.42 4.14 4.08 

40 4.12 4.43 4.15 4.09 

60 4.14 4.45 4.17 4.11 

20 4.07 4.39 4.10 4.04 

BDM3Yl 30 4.08 4.39 4.11 4.05 

40 4.09 4.39 4.12 4.06 

60 4.11 4.41 4.15 4.09 

20 4.06 4.37 4.10 4.03 

BDM3Y2 30 4.06 4.38 4.11 4.04 

40 4.07 4.38 4.12 4.05 

60 4.10 4.40 4.14 4.08 

O6cy.D:HM noJiyqeHHLie peaym,TaTLI. MomHo BH,n:eT1> (pHc.2-5), qTo 
,n:JI.11 Bcex paccMaTpHBaeMLIX .11,n:ep paaJIHqH.11 B rroTeHuHanax, o6ycJioBJieH
HHe Bbl6opoM IlJIOTHOCTHOfl: 3aBHCHMOCTH 3q>q>eKTHBHl>IX CHJI, cyru;eCTBeHHl>I 
npH MaJThIX R, T.e. B o6JiaCTH, K KOTOpoit ceqeHH.11 pacce.11HHJI MaJI0 qy
BCTBHTeJIJ,Hbl. B npe,n:noBepXHOCTHOfl: o6JiaCTii, OKa3bIBaIOru;efl: BJIH.IIHHe Ha 
ceqeHHJI pacceJIHHJI Ha cpe,n:HHX yrJiax, paaJIHqHJI B noTeHuHanax coxpaHJI
IOTCJI, HO CTaH0B.IITC.11 MeH1>me. HaKOHeu, Ha pa,n:Hyce CHJil>Horo nornoru;eHH.11 
.ll:JI.11 BCex .11,n:ep IlOTeHuHaJibI noqTH O.D:HHaKOBl>I. 9TH 3aKOHOMepH0CTH He aa
BHC.IIT OT qacTHUH-CHapJI,n:a. MH.D:HBH.D:yaJibHOCTI, qacTHUbI-CHap.11,n:a npo
.llBJI.lleTCJI B TOM, qTO rny6HHa II0TeHUHaJia npH q>HKCHpOBaHH0:11: 3HeprHH 
yBeJIHqHBaeTC.11 c pocToM MaccoBoro qHcJia A, T.e. npH rrepexo.n:e OT 6He 
K 11Li H 11Be. qTO KacaeTCJI 3HepreTHqeCKO:R: 3aBHCHM0CTH IIOTeHuHaJIOB, 
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KOTOpa.11 B OCHOBHOM o6ycJIOBJieHa 3q>q>eKTaMH O.D:H0HJKJIOHH0ro o6MeHa, TO 
OHa 3HaqHTeJil>Ha, H Ha ,n:aHHOM 3HepreTHqecKOM HHTepBaJie rny6HHbl no
TeHn;HaJIOB C poCT0M 3HeprHH yMeHbillaIOTCJI B IlOJITOpa pa3a. 

Ta6JIHn;a 5. IloJIHHe ceqeHH.11 peaKUHfl: (M6) 

9HeprH.11 
. 

CHcTeMa 
BapHaHT CHJI MaB/ 

HyKJIOH 6He+12c 111 i+12c llBe+12c sB+12c 

20 1355 1839 1506 1437 
M3Y 30 . 1269 1706 1428 1358 

40 1200 1604 1364 1292 
60 1089 1448 1260 1185 
20 1404 1900 1553 1485 

DDM3Yl 30 1315 1761 1471 1402 
40 1242 1654 1403 1332 
60 1125 1490 1292 1219 

20 1391 1884 1542 1474 
BDM3Yl 30 1303 1747 1461 1391 

40 1231 1642 1394 1322 
60 1116 1479 1285 1211 

20 1367 1853 1520 1450 
BDM3Y2 30 1280 1719 1441 1370 

40 1210 1615 1374 1302 
60 1096 1455 1267 1192 

TaKaJI me KapTHHa Ha6JIIO.D:aeTCJI C 06-1,eMHblMH HHTerpaJiaMH JtJ BbI
qHcJieHHblX IlOTeHUHaJIOB ( CM. Ta6nHuy 3). B 3aBHCHMOCTH OT q>aKTOpa 
F(p) 3TH HHTerpaJibl .ll:JI.11 BCeX qacTHU-CHap.11.D:OB MeHJIIOTCJI B npe,n:eJiaX 
4+5%, B TO BpeM.11 KaK C poCTOM 3HeprHH OHH yMeHbillaIOTC.11 Ha 2~ + 24%, 
np11qeM BJIH.IIHHe F(p) Ha JtJ HeCKOJIJ,KO ocJia6eBaeT C pOCTOM MaCCOBoro q:e:
CJia. CHTyan;H.11 co cpe,n:HeKBa,n:paTHqHHMH pa,n:HycaMH noTeHUHaJioB, npH
Be,n:eHHHMH B Ta6JIHn;e 4, 06paTHa.11: 3,n:ec1, H3MeHeHHe BeJJHqHH eru;e MeH1>me, 
HO q>aKTOp IIJIOTHOCTHOit 3aBHCHMOCTH 3q>q>eKTHBHblX CHJI BJIHJieT CHJil>Hee 
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40 MoB/H 60 MoB/a 

Pnc.6. YrJioBJ,1e pacrrpe,n:eJieHHH yrrpyroro pacceJIHHJI 
6
He na 

12C, 

Nw=0.5, O'.w=0.03. 
Ha (r~)1l 2, tJeM H3MeHeHHe 3HeprHH. 

5. YrJIOBLie pacnpe,z:i;eJieHHJI II IlOJIHLie ceqeHHJI 

peaKn;Hii 

I1crroJib3JeM IlOJIJMHRp0CR0ilH'leCRYIO 0ilTII'leCRYIO M0.Zl:eJib ll MeTO.ZI: 

CBH38HHblX RaHaJI0B ('IT06bl yqeCTb CBH3b yrrpyroro RaHaJia C HeynpyrHMII) 

,n:JIH Bhl'IIICJieHIIH yrJI0BhlX' pacrrpe,n:eJieHIIit ynpyroro pacceJIHIIJI II IlOJIHhlX 

ceqeanfi peami:nit. IIoJIHbl:lt orrTH'leCRnfi rroTenunaJI (OII) B coorneTCTBHII 

c [8] HMeeT cne.zzyrom:Hit BH,D;: 

· . dU(R) 
Ut(R) = U(R) + i[NwU(R) - awRdR]. (32) 
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P11c. 7. YrJIOBhle pacrrpe,n;eneHIIH yrrpyroro pacceJIHIIJI 11 Li Ha 12 C, 
Nw=0.3, O'.w=0.05 

3,n;ecb U(R) - rroTeaunaJI ,n;Bo:ltaoi1 cBeprnn (8), nocTpoenno:lt 6ea nc

II0Jib30BaHnR CB060,n;m,1x rrapaMeTpoB; Nw H O'.w - rrapaMeTpbI, C00TBeT

CTBeHH0, 061ieMHoro n II0BepxH0CTHoro rrornomemrn. 8TH ,n:Ba CB06o,zi:HhlX 

rrapaMeTpa rro,zi:Jie.lKaT orrpe,n;eJieHHIO na cpaBHeHHH TeopeTH'leCRHX yrno

BhIX pacrrpe,zi:eJieHHit H II0JIHblX ceqea11:lt peaRUII:lt C 3RCIIepIIMeHTaJibHbIMII. 

OTMeTHM, 'ITO B CTaH,n;apTH0:lt II0JIJMHRp0CR0IIII'leCR0:lt M0,ll.eJIII, IICII0Jlb3J

IOIUett q>opM<paRTop CaRcoaa-By.zi:ca, rroTeHUIIaJI rrornomeHIIH co.n.epmIIT 

mecTb CB06o,n;HhlX rrapaMeTp0B. BbI6op Il0Temi:IIaJia II0rJI0il{eHIIJI B cpopMe, 

rrpe,n;cTaBJieHH0it B (32), c pa,n;IIaJibHO:lt aaBIICIIM0CTbIO, orrpe,n;eJIHeM0it R0M-

6naamrett BemecTBeHHoro cpoJI,zi:IIHr-:rroTeHuIIaJia H ero rrpocTpaHcTBeHHoro 

rpa,n;HeHTa, M0.IKH0 paCCMaTpHBaTb RaR IIp0CTe:ltmy10 M0,n:eJib II0JIHoro OI1. 
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CTpOrHfi MHKpOCKOJJHqecKHfi pacqeT MHHMOtt 'IaCTH OTT IIBJIIIeTCH ,ll0B0JibH0 

CJIO}l{HOit aa.natJett, TJ)e6yromeii 3HaHHJI MHKp0CK0IIHtJec1rn:x ( rrepeXO,llHbJX) 

IIJIOTHOCTett H T0HKHX ,neTaJieii 3cpcpeKTHBHbJX CHJI ,llJIJI HOHHpeTIIOtt rrapbl 

cTaJIKHBarome:xCJI JI,nep npn aa.naHHott 3Heprnn, e: rroKa He cymecTByeT Ha

,neffiHJ,IX MeT0.ll0B ee pemeHHJI. 3aMeTHM JIHllih, tJT0 pa.nnaJibHalI aaBHCH

M0CTb MHHMOfi tJaCTH OIl .ll0JI}l{Ha B IIpHHllHIIe 0TJIHtJaTbCJI, HaK H .ll0JI.lKH0 

6b1Tb B C00TBeTCTBHH c MH0roHaHaJihHbIM II0.llX0.ll0M [28], OT pa.nnaJibHOtt aa

BHCHM0CTH Bem;ecTBeHH0tt qacTH. 9TO o6cTOJITeJibCTBO YtJHTLIBaeTCJI B (32) 

c noM0IIJ,hIO napaMeTpa aw. B HaCT0JIIIJ,eM paa.n:ene rrpe.ncrnBJieHhI peaynh

TaThl MeT0.llHtJeCKHX BbltJHCJieHHtt C q>HKCHpoBaHHbJMH napaMeTpaMH Nw H 

O'w. Hx 3HatJeHHJI .llJI.II C00TBeTCTBYIOlll,HX CHCTeM 0TBetJaIOT 0IITHMaJibH0MY 

0IIHCaHHIO 3KCIIepHMeHTaJihHhIX yrnoBbIX pacnpe,neJieHntt ( CM. cne.nyromntt 

paa.nen, a TaKffie pa6oTy [5]). 
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Pnc.8. YrJIOBble pacnpe,neJieHHJI ynpyroro pacceJIHHJI 
11 

Be Ha 
12

C, 

Nw=0.4, O'w=0.03 
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Pnc.9. YrnoBble pacnpe,n:eJieHHJI ynpyroro pacceJIHHJI 8B Ha 12C, 

Nw=0.5, O'w=0.03 

PeayJihTaThI BbltJHCJieHHit npe,ncTaBJieHbl Ha pnc.6-9 n B Ta6JIHlle 5. 
O6cy.nnM HX. Mo.lKHO BH,lleTb, tJT0 .llJI.II BCeX paccMaTpHBaeMhIX CHCTeM 

paaJIHtJHJI B yrnoBhIX pacnpe.neneHHJIX yrrpyroro pacceJIHHJI, o6ycJIOBJieH

Hhle cpaKTOpOM IIJI0TH0CTH0tt aaBHCHM0CTH 3cpcpeKTHBHbIX CHJI, rrpo.lIBJIJI

IOTCJI npH yrnax pacceJIHHJI e~.M., 66JiblliHX 15 + 20°. IlpII 3T0M paaJIH

tJHJI BoapacTaIOT C yBeJIHqenHeM yrna pacceJIHHJI, a MHHHMaJibHblll yroJI 

pacceJIHHJI, npH K0T0p0M np0.IIBJIJieTCJI cpaKTOp IIJI0TH0CTH0tt 3aBHCHM0CTH, 

yMeHhmaeTCJI c pocToM 3Hepnrn. Ilpn 3Hepnrnx 40 II 60 M3B/HYKJIOH 

H 0~.M. > 40° BJIHJIHHe Bbl6opa IIJI0TH0CTH0it 3aBHCHM0CTH Ha YrJI0B1'.1e 

pacnpe,neJieHHJI KatJeCTBeHH0 0Ka3bIBaeTCJI TaKHM fie, KaK 6bIJIO o6Hapy-
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lKeHO B [10,11] .l);JIJI CHCTeMLI 160+160. K comaJieHHIO, ceqeHHJI pacceJIHIIJI 

JierRHX 3R30TnqecKHX n.zi;ep 6I,1cTpO yMeHbIIIalOTCR C poCT0M yrna pacce

JIHHJI, n B nacTonru;ee BpeMJI 3KcnepnMenTaTopaM .zi;ocTyrren .zi;nn H3Mepe

nntt JIHIIIh ne60Jlb111ott yrnoBott ,nnanaaoH, orpam1qeHHLii1 yrnaMn paccen-

HHR 0n.u. < 20°. 
OTMeTHM, qTO B pJI,ne cnyqaeB RapTIIHa pacceJIHIIJI HOCIIT pa,nym-

HOIIO.ll:06HLii1 xapaKTep • .LJ:JIR BCeX CIICTeM, 3a IICKJIJOqem1eM 
6
He+

12
C, pa

.Zl:JffiHbie 3cpq>eKThI npoRBJIRIOTCR npn 3Heprnn 40 M3B/HYRJIOH II 66nhruett. 

Oco6eHHO JipKO BLipameHLI 3TH 3q>q>eKTLI .Zl:JIR CIICTeMbI 
11 

Li+
12C IIpII 3Hep

rHH 60 M3B/HYKJIOH. l1nTerpaJihHJ,Ie xapaKTepIICTIIKII peaRUIIi1 CTR, TaK 

me RaR lI HHTerpaJihHLie xapaRTepIICTHKll IIOTeHuIIaJI0B, MeHJIIOTCJI He3Ha

qnTeJibHO upn nepexo.ne OT o,nHoro cpaKTOpa IIJIOTHOCTHOi1 •3aBIICIIMOCTH K 

,npyroMy. KaK CJie,nyeT 113 Ta6JIHULI 5, IlOJIHLie ceqeHIIJI peaKUHfi CTR Me

HRIOTCJI JIHIIIb Ha 3 + 4%, B TO BpeMJI KaK npII yBeJI11qeHIIII 3HeprllH 

3HaqeHHJI CTR yMeHbIIIalOTCR Ha 17 + 21 %, npIIqeM .Zl:JIR 
11 Li 3TH II3MeHeHHJI 

6onee 3naqnTeJihHhI, qeM ,nJIJI ,npyrnx qacTnu-cHapn.n:oB. Ha116onee 

CHJibHLie H3MeHeHHR ceqeHHli CTR rrp0IICXOJl:JIT B HHTepBane :rneprntt · 

20 + 40 M3B/HYKJIOH. 

6. AHaJIH3 :~mcnepHMeHTaJI:&HbIX .n;aHHbIX no 
ynpyroMy pacceJIHHIO 

B HaCTOJI:ru;eM pa3.zi:ene ll3JIOlI{eHHbili Bhlllle IIOJIYMHKpOCJ{OilIIqecKHfi 

no.zi;xo.n: ncnoJih3yeTCJI )l;JIR aHannaa yrnoBLIX pacrrpe.n:eneHnii yrrpyroro pac

ceJIHHJI 6He Ha 12C npn E/ A=41.6 M3B/HyRJIOH H 
11

Be Ha 
12

C npn 

E/ A=49.3 M3B/nyRJIOH. B o6onx cnytJaJIX 3KcrrepnMeHTaJihHhle .n:aHHhle 

6IJJIH IIOJiyqeHLI C BLICOKHM 3HepreTuqecKHM pa3peIIIeHHeM B r AHl1JI, TaR 

qTQ B 0TJIHqne OT npe,nmecTBy!OlUHX 3KCIIepnMeHTOB [26,27 ,29,30] BKJia,n B 

ceqeHHJI pacceJIHHJI HeJIIpyroro B036ym.n:eHHJI JI)l;pa-MHIIIeHH 
12

C 6bIJI OT)l;e

JieH. O,nHaKO B CJiyqae pacceRHIIJI HaneTaIOruett qacTHUbl 
11 

Be HeROTOpLii1 

BKJia,n B ceqeHHJI pacceJIHHJI .n:aeT B036ym.zi;eHne rrepBoro ypoBHJI 1 ;2- B 
11 Be. 8KcIIepnMeHTaJihHhle ,naHHhle II0 pacceJIHIIIO 

6
He 61,1n11 nonyqeHhl 

B pa6oTe [12], r.n:e TaKme 6un BhlII0JIHeH 11x aHamrn B paMKaX •re

TLipexTeJihHOi1 3liROHaJibHOi1 M0)l;eJIH. IIepBbI:ll: aHaJIII3 3KCnepnMeH

TaJihHhlX yrnoBLIX pacIIpe,neJiem:1:ll: yIIpyroro paccenHnn 
11 

Be Ha 
12

C 

IIpH E/ A= 49.3 M3B/nyKJIOH 6uJI IIpoBe,neH B pa6oTe [13], np111reM caMll 

.n:aHHLie 6uim IIpe.n:ocTaBJieHLI B 11acTH0M coo6rueHIIll II. Pyccen-IIIoMa 

(rAHl1JI, <l>paHUHJI). 
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IIonyqeHHLie 3KCIIepHMeHTaJibHhle .n:aHHhle OXBaTbIBalOT He6oJihllIOii 

yrnoBott ,nnarra3oH (0u.w. < 13°), II03T0MY B HacTOnruett pa6oTe .n:JIJI aHa

nnaa MLI HCII0JibJYeM Jllllllb o.n:nH HJ BapllaHT0B 3cpcpeKTllBHhlX HYKJI0H

HYKJI0HHLIX cnJI, a nMeHH0 BapHaHT M3Y IIJ Ta6m1ULI 1. CxeMa rrocTpoe

HIIR ceqeHHtt orrncaHa B pa3,neJie 5. IloJiyqeHiihle peayJihTaTLI rrpe.n:cTaBJieHLI 

Ha pnc.10. MomHO BH,neTh, qTo 0CUHJIJIJIUIIH B paccqnTaHHbIX JrJI0BLIX pac

rrpe,neJieHHJIX, Kor.n:a MHHMaJI qacTh orrTnqecRoro II0TeHunaJia rrapaMeTpII-

3yeTcil: B C00TBeTCTBHH C cpopMJJI0tt (32) C II0M0lllbIO T0JlbR0 Jl:BYX rrapaMe

TpoB Nw H Ow, C)l;BHHJTLI 110 cpaae no OTH0meHIIIO I< 3RCrrep11MeHTaJihHhlM 

.n:aHHLIM. PacqeT BLIII0JIHeH JI.JIJI Ha6opoB napaMeTp6B (Nw, aw), paBHLIX 

(0.5, 0.03) 11 (0.4, 0.03) ,nJIJI 6He n 11 Be, cooTBeTCTBeirno. YqeT ,norroJI-
. RdU(R). HIITeJibH0ro II0BepXH0CTH0ro qJieHa 1m,na -O'v dR B peaJibHOfi qacTII 

rroTeHunaJia, HMeromero TaHYIO lRe cTpyKTYPY, KaH H noBepxHoCTHLitt qJieH 

B II0TeHI~llaJie rrornorueHIIJI,' npIIB0,l{llT H YJI.OBJieTBop11ieJibHOMY orrncaHmo 

3RCI1epIIMeHTaJibHLIX .rr.aHHLIX B 06011x cnyqaJIX ( CIIJI0IIIHJ,Ie HpHBhie). 
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Pnc.10. CneBa: yrnoBLie pacrrpe)l;eJieHHJI yrrpyroro pacceJIHIIJI 6He 

Ha 12C rrpn 3HeprnII 41.6 M3B/HJHJIOH (Nw=0.5, O-w=0.03). IlyHKTHpHaJI 

HpllBaJI - pac•IeT C q>OJI)l;IIHr-noTeHl{HaJioM, CIIJI0IIIHaJI - C )l;0il0JIHHTeJib

HLIM rroaepxHoCTHLIM qJieHoM B peanhHott qacTII OII O'v=0.15. CrrpaBa: 

pe3yJihTaTLI aHaJiornqHhJX pacqeToB )l;JIR cnCTeMLI 11 Be+ 12 C npH 3Hepr11n 

49.3 M3B/HJRJIOH (Nw=0.4, O-w=0.03, O'v=0.07) 

Ha pnc.11 n B Ta6JIHI{e 6 npe)l;cTaBneHhl xapaHTepHCTUHH II0TeHUU

aJI0B, llCIIOJihJyeMLIX B aHaJIH3e: HX pa,nHaJibHaJI 3aBIICIIMOCTh, 061,eMHhle 

HHTerpaJihl n cpe,nHeI<Ba.rr.paTH'!Hhle pa.rr.nycLI. B o6onx CJiytiaJIX ,l{0II0JIHII-
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TeJILHLle qJieHJ,I HMeIOT TOT .lKe 3HaK, qTo H 0CH0BHLie IJ0TeHUHaJILI. ,llJIJI 
6He O:v=0.15, o6'beMHLIA HHTerpaJI yBeJIHqHBaeTCJI Ha 45%, a (r~)

1l2 
- Ha 

10%, ,ll;JIJI 11 Be BKJia,n ,ll;0II0JIHHTeJILH0ro IJ0BepXH0CTH0ro qJieHa MeHLrue: 

O:v=0.07, o6'beMHLltt HHTerpaJI yBeJIHqHBaeTCJI Ha 32%, a (r~)
1l 2 

- Ha 8%. 

O6Liqno BBe,neune noBepxuocTnoro qneua B peaJILHo:lt qacTH OII CBJI3LI

BaIOT C TaK Ha3LlBaeMLlM .I(HHaMH'leCKHM IJOJIJipH3aUHOHHLIM IIOTeHUHaJIOM 

(,ll,IIII). 8ToT ,noIIoJIHHTeJILHLIA IIOTeHuHaJI MO.lKeT 6LITL paccqnrnH Me

To,noM <pyHKUHA rpnHa B paMKaX MHoroKaHaJILHO:lt Teopnn peaHUHil [28]. 

O.nHaKO aa,naqa 3Ta .ZJ:OBOJILHO rpoM03.ZJ:KaJI, H B IIO.ZJ:aBJIJIIOIUeM 6oJILlIIHHCTBe 

pa6oT ,ll,IIII BBO.ZJ:HTCJI <peHOMeHoJiornqecKH. Ilpn TaKOM <peHoMeHoJiornqe

cKoM BBe,neHHH ,llIJIJ ero 3HaK II0 0TH0llleHHIO K 0CH0BH0MY BeIUeCTBeHH0MY 

IJOTeHUHaJiy 3aBHCHT OT ero CTPYKTYPLI H M0.lKeT 6LITL pa3JIHqHLIM, - 3aqa

CTYIO IIp0THBOIJ0JIO.lKHLIM, HHor.na TaHHM .lKe (cM., HanpnMep, [30]). Bonee 
Toro, <peHOMeHOJIOrHqecKHA ,ll,IIII MO.lKeT MeHJITL CBOil 3HaK B 3aBHCHM0CTH 

OT Me.lK'LJI,nepHoro paCCTOJIHHJI [31]. 
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Pnc.11. IloTeHI~HaJILI B3aHMo.n:ettcTBHJI 6He ( cJieBa) u 11 Be ( cnpaBa) 

C 11,npoM-MHllleHLIO 12C IIpH 3HeprHJIX 41.6 H 49.3 MaB/HYKJIOH, COOTBeT

CTBeHHO. IlyHKTHpHLie KpHBLle - <pOJI.ZJ:HHr-IIOTem~HaJILI, CilJIOlIIHLie KpH

BLie - Te .lKe IlOTeHunaJILI c .n:o6aBJieHHeM IIOBepXHOCTHOro 'IJieHa ( CM. IIO.ZJ:

IJHCL K pHc.10) 

B pa6oTax [13,32] aHaJIH3 3KCIIepnMeHTaJILHLIX .n:aHHLIX IIO yIIpy

roMy pacceJIHHIO 11Be Ha 12C npn E/ A=49.3 M::1B/HYKJ10H npoB0,ZlHJICJI B 

paMKaX rJiay6epOBCKoro IIpH6JIH.lKeHHJI C yqeTOM He3ilHOHaJILHLIX 3<p<peH

TOB, a TaH.lKe Ha ocHoBe a,nna6aTnqecKoro IJo,nxo,na. B o6onx cnriaJix nc-
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cne,noBaJioCL BJIHJIHHe pa,nnyca pacIIpe.n:eneHHJI BemecTBa 11 .Be aa ymo

BLle pacrrpe.n:eneHHJI. BLIJIO ycTaH0BJieHo, qTo OIITHMaJILHLIM 3HaqeHHeM 

JIBJIJleTCJI (r~i) 1/ 2 = 2.9 <l>M. OTMeTHM, qTo B HaIIIeM no.n:xo.ne IIp0T0H

HLie H HettTpOHHLie IIJIOTHOCTH .ZJ:JIJI Bcex CTaJIHHBaIOIUHXCJI 11.n:ep paccqn

TLIBaJIHCL He3aBHCHMO OT cxeMLl aHaJIH3a ,naHHLIX IIO pacceJIHHIO, MeTO.ZJ:0M 

<pyHKUIIOHaJia IIJI0TH0CTH. ,ll,JIJI 11 Be II0JiyqeHO (r;.) 1/ 2 ~ 2.6 <l>M ( CM. 

Ta6JIHUY 2), 'ITO Ha 11 % MeHLllle, qeM B [13,32]. 11cIIOJIL30BaHne OCUHJIJIJI

TOpHoro IIpe,ncTaBJleHHJI ,ZlJIJI IIJIOTHOCTII B [33] IIplI aHaJIH3e ceqeantt B3a

HMo,ne:8CTBllJI 11 Be IIpH aHeprnH 800 M::1B/HYKJIOH IIpHBeno K 3Ha'leHHIO 

(r;.) 1/ 2 = (2.52 ± 0.03) <l>M. TaHn:M o6paaoM, 6oJILrnee 3Haqem1e (r~)112 

,n:JIJI 11 Be B pa6oTax [13,32] MO.lKeT oTBeqaTL HeJIBHOMY yqeTy <1<p<peKTOB 

Ta6JIHUa 6. 11HTerpaJILHble xapaKTepHCTHKII IIOTeHUHaJIOB 

.ZJ:JIJI CHCTeM 6He+12C lI H Be+12C 

CncTeMa 6He+12c 11Be+12c 

O:v 0 0.15 0 0.07 

Jv, 103M::1B·<l>M3 -25.14 -37.20 -41.67 -54.99 

(r~)l/2, <l>M 4.05 4.45 4.10 4.43 

IJOJIJipH3aUHH OCTOBa, qTo comacyeTCJI C pe3yJILTaTaMII aHaJIH3a, IIpOBe

.n;eHH0ro B HaCT0JIIIIe:lt pa6oTe. B onpe,neJleHHOH CTeIIeHH 3TH coo6pameHHJI 

KacaIOTCJI n 11.n:pa 6He. B TO .lKe BpeMJI cJie.nyeT OTMeTHTL, 'ITO B paMKax 

qion,nnHr-Mo,neJin 6e3 yqeTa ,ll,IIII He y,naeTcJI BocnpoH3BecTn .n:aHH11e no 

ynpyroMy pacceJIHHIO ( lI3MepeHHOMY IIOKa JIHlIIL IIpH MaJILIX ymax) .na.lKe 

npn .D;OBOJILH0 60JILlIIHX Bapnaun11x IlJI0TH0CTHLIX pacIIpe.ueneHHil, OTBe

qaromnx cymecTBeHH0 paaJinqHLIM 3Ha'leHHHM (r~J 1/ 2• 8TO yTBepm.nem1e 

HJIJilOCTpn:pyeTCJI pnc.12, r.ue Il0Ka3aHLI pacnpe.ueJieHHJI IlJI0THOCTII HYKJIO

HOB B 6He .UJIJI .UBYX BapnaHTOB ( CM. Ta6JIHUY 2) n cooTBeTCTBYIOIUHe 

3THM BapnaHTaM q>OJIJJ:HHr-IIOTeHI~HaJILI II yrJI0BLie pacnpe.n;eJleHIIJI ynpy

roro pacce11Hn11 6He Ha 12C npn aHeprnn 41.6 MaB/nyKJIOH. Bn.n:Ho, 'ITO 

npn MaJILIX ymax pacceJIHHJI paccqnTaHHLie ymoBLie pacnpe.uenemrn .UJIJI 
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060:n:x BapnaHTOB Mano pa3nn11a10TcJI, n o6a rrnoxo cornacy10Tc11 c 3Kcrrepn

MeHTOM, a pa3JIH11HJI Mem.ny BapHaHTaMH Ha'mHaIOT 3aMeTHO IIpOHBJIJIThCJI 

BHe H3MepeHHOtt o6naCTH yrnoB. 
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Pnc.12. Pacrrpe.n;enemrn IIJIOTHOCTH MaTepmr B 6He (a.), rjJOJI.n;1mr

rroTemi:nam.r (6) n yrnoBhle pacrrpe.n;eJieHHJI yrrpyroro pacceJIHHH ( B) 
6
He 

Ha 
12

C rrpH 3HepmH 41.6 M3B/HJRJIOH. CrrJIOillHhie HpHBhie - pac'leT 

c rrapaMeTpaMH (29) (Nw=0.5, O:w=0.03), IIITpHXOBhle - c rrapa.MeTpaMll 

q>yHHn:n:OHaJia H3 pa60Thl [18] (Nw=0.5, O:w=0.03) 

BBe.n;eHHe .llOIIOJIHHTeJII,HOro IIOBepXHOCTHOro rrpHTJI}ReHHJI B peaJih

Hott 1IaCTH OIl, II03BOJIJIIOinero cyrneCTBeHHO JJIJ'IIIIHTh OIIllCaHHe JrJIO

BhlX pacrrpe.n;enemdi B paCCMOTpeHHhlX CJIJ'laJix, He JIBJIJieTCJl e.n;HHCTBeH

HOH B03MOlliHOCThIO: c paBHhlM ycrrexoM MOlliHO HMHTHpoBaTh ponh .L(IIII 
ROM6HHannen o6'heMHOro H IIOBepXHOCTHoro lJJieHOB, CBJI3hlBaJI peaJihHYIO 

'laCTh on C MHHMOil: 'Iepe3 .llHCIIepCHOHHhle COOTHOllreHHJI H BBO}UI yrrporna

IOinHe rrpn6nnmeH:n:JI (HarrpnMep, rrpn6nHmeHHe cerrapa6emi3anmr no rrpo

CTpaHCTBeHHhlM H 3HepreTH'leCHHM 3aB_HCHMOCTJIM [34]). O.n;HaHO rrocne

.llHHii rro.n;xo.n; Tpe6yeT He TOJihRO BBe.n;eHHJI 6oJibIIIero 'lHCJia napa.MeTpOB, HO 

H rno6aJihHOro aHamrna 3I<<:,IIep_HMeHTaJlhHhlX .n;aHHhlX B IIIHpOHOfi o6nacnr 

yrnoB n, 'ITO HaH6onee BamHo, .llJIJI B03MOlliHO 60Jihmoro mrnna3oHa 3Hep

rntt. TaHaJI rrporpaMMa BhlIIOJIHeHa, B 11acTHOCTII, .llJIH yrrpyroro pacceJIHllJI 
6 Li+12

C B pa60Te [34], B ROTOpott IIOJIJ'leHO yHa3aHIIe Ha JIBJieHHe "aHO

MaJihHOfi .lllICIIepcnn" - pe3HOe B03pacTaHHe o6'heMHOii .llllCIIepcHOHOtt IIO

rrpaBRH R peaJihHOtt tJaCTH on rrpn 3HeprllJIX rropJI.n;Ha 10-15 M3B /nyKJIOH; 

rrpn 3TOM Ha IIOBepXHOCTH CJMMapHaH .nncrrepcnmrna11 rrorrpaBKa IIOJIO}Rll-
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TeJihHa, a B o6'beMe - OTpIInaTeJihHa. Bonee Ha.nemHhltt BhIBO.ll O BeJIII'llIHe 

H pa,nnaJihHOM IIOBe,neHHH )J:lICIIepcHOHHhlX rrorrpaBOR R peam,non qacnr 

OIl B pacceJIHlIH 3J{30TH'leCRIIX JI,llep, paBHO RaR H O pomr COOTJIOIIIeHIIJI 

Mem.ny JIOBepXHOCTHhlM n o6'beMHhlM BRJia.n;aMH B MHlIMhlit IIOTeHUIIaJI, KOTO

poe Timme MOlReT 3aMeTHO IIOBJilIJITL Ha yrJIOBhle pacrrpe.ueJieHllJI RaR IIplI 

MaJihlX yrnax, TaR n, B oco6eHHOCTH, B o6nacTH pa.ny»moro pacceJIHHJI, 

MOlliHO 6y.n;eT C,lleJiaTh TOJihRO IlOCJie IIOJIBJieHIIJI HOBhlX 3HCIIepIIMeHTaJihHhlX 

,llaHHhlX. 

7. 3aKJIIOqeHHe 

B paMRax MO,lleJIII .llBOitHott CBepTRlI HCCJie,noBaHo BJIJIJIHHe pa3JllltJ

HhlX q>aRTOpOB IIJIOTHOCTHOll 3aBHClIMOCTlI B 3q>q>eRTIIBHhlX nrnax M3Y Ha 

peaJihHYIO 'IaCTh OIITHtJeCRlIX IIOTeHUHaJIOB, JrJIOBhle pacrrpe.uenemrn yrrpy

roro pacceJIHlIJI lI IIOJIHhle ce<JeHIIJI B CTOJIRHOBeHHJIX JierKHX 3H30TlI'IeCRHX 

JI,nep 
6
He, 

11 Li, 11 
Be II 

8
B co CTa6HJihHhlM JI,npoM 12C IIpH Hll3HIIX 3HeprIIJIX. 

8q>q>eRThl O,llHOHJRJIOHHoro o6MeHa OIIIIChIBaJIHCh B JIOKamrnoBaHHOlt <pop.Me 

B q>op111amI3Me MaTpHUhl IIJIOTHOCTH C HCIIOJih30BaHneM rrpocTpaHCTBeHHhlX 

HJRJIOHHhlX pacrrpe.nenemril:, IIOJIJtfeHHhlX )J:JIJI Bcex JI)lep Ha OCHOBe l\leTo.ua 

3HepreTII'IeCROro cpyHRUHOHaJia. 8TH pacrrpe.nenemrn .llJIII lICCJJe)lOBaJIHhlX 

HeCTa6nJihHhlX JI,nep HMelOT aHOMaJILHO IIpOTJilReHHJ,1e "xBOCTbI"' 'ITO co

OTBeTCTByeT npe,ncTaBJieHHJIM O cyrrreCTBOBaHIIll B HUX H}'HJIOJIHOro rano. 

MnHMaJI 'IaCTh OIITH'leCHOro IIOTenuuana Bhlpa}l{aJiaCh qepe3 peaJibHYIO C 

.llBYMJI CB06o,nJihlMH rrapaMeTpa1.m 06'heMHOro II IIOBepXHOCTHoro rrornorne

HlIJI, 3HalJeHHJI ROTOphlx <pHKCHpOBaJIHCh II3 OIITHMaJihHOro orrucamrn H3Me

peHHhlX YrJIOBhIX pacrrpe,neJieHnil:. Ha6op COOTBeTCTBJ!OIIIHX 3KCIIepnMeH

TaJihHhlX .naHHhlX, IIOJiy'leHHhlX I{ HaCTOJIIIIeMy Bpe111em1, BeChl\la orpaHJilfeH 

RaR no yrJioBoMy, TaR u no 3HepreTn'lecHoMy .nn:arra3ony. II03TOMY BhIBO.lJ:hl, 

KOTOphle MO}RHO c.n;eJiaTb ll3 rrpoBe,neHnoro llCCJie,noBaHIIJI, HOCJIT B OCHOBHOM 

RatJeCTBeHHhlil: xapaRTep. 

1. Pa3JIH'IHJI B IIOTeHii:IIaJiax, o6ycJIOBJICHHhle pa3JIII'IHhlM Bhr6opoM 

q>aRTopa F(p) IIJIOTHOCTHOil: 3aBUCUMOCTH 3<prj)eKTHBHhlX CIIJJ, Han6onee cy

rrrecTBeHHhl Ha MaJihlX paCCTOJIHlIJIX. npn <pHKCH))OBamrott ::HlCJJflUI o6'bCM

Hhle HHTerpaJihl IIOTeHUllaJIOB MeHJIIOTCJI rrpn 3T0M B rrpe.nenax lieCHOJihlHIX 

npoueHTOB, errre l\leHhllIHM H3MCHCHHJIM IIO.llBCpllie!Ihl IIX cpe.n.He1rnanpaTWI

Hhle pa,nHychl. HaII6onee 3HatJUTeJILHa 3HepreTII'leCHaJI 3aBHCHM0CTb II0-

TenuuaJioB, rrpOHCTeRaIOnraJI OT 3<p<pCKTOB 0)J:H0HYRJI0HHoro ofo.rnua: B llH

TepBaJie 20 + 60 M3B rny6HHhl noTeuuuanoB y111e1IhIIIa10Tcn B rroJITopa pa3a 

C poCTOM 3Hepruu. 
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2. IloJJHLie ceqemrn peaKUIIil: aR B 3aBIICIIMOCTII OT F(p) MemnoTcJI 

JJlllllb Ha (3 -:- 4)%, B TO BpeMJI KaK rrpH yBeJJuqemm 3Hepnm 3Haqemrn 

<TR yMeHblllaIOTCJI Ha (17 7 21 )%, rrpHqeM .UJJJI 11 Li 3TH H3Mettemrn 6oJJee 

3naq11TeJJbHLI, qeM .UJJJI ,upyrnx 11,uep. 

3. Pa3JJHqHJI B yrnoBLIX pacrrpe,ueJJeHHJIX yrrpyroro pacce11ttn11, CBJI-

3aHHLie C pa3JJllqHLIM BLI6opoM F(p ), B paccMOTpeHHOM .LlliaIIa30He 311eprui1 

rrpoJIBJJJIIOTCJI rrpH yrnax 0<1>.w. > 15-:- 20°, npH'IeM pa3m1,m11 Bo3pacTaloT 

C pOCTOM yrna pacce11mrn, a C pocTOM ,rneprlln OHII OXBaThlBaIOT 6oJJee 

IIIHJ)OKJIO o6JJaCTb, T.e. pa3JJllqHJI naqnnaIOT CKa3LIBaTbCJI rrpH MeHbIIIHX 

yrnax. Ilpn 3Heprn11x BLI111e 40 MaBlnyKJJOH KapTHHa pacceJIHHJI MOlKeT 

HOCHTb pa.uylKHOilO,Uo6m.itt xapaKTep, HaH6oJJee JIJ)KO pa,uylKHLie acpcpeKThl 

Ilj)OJIBJJJIIOTCJI B CHCTeMe 11Li+12 C npH 60 M3BIHYKJIOH. 

4. 9Kcnep11MeHTaJJbHLie ,uaHHhle no yrnoBLIM pacnpe,ueJieHHJIM ynpy

roro pacceJIHHJI 6He Ha 12 C npH El A=41.6 MaBIHYKJIOH H 11 Be Ha 12C np11 

El A=49.3 MaBlayKJIOH Momao y,uoBJieTBop11TeJibHO onttcaTb, ecn11 BKJIIO

quTb .z:r,t>nOJIHHTeJibHOe CJiaraeMoe K peaJibHOMY lpOJl,UlIHr-noTeHI~llaJiy, 'ITO 

IIHTepnpen1pyeTCJI KaK 3cp<peKTIIBHblil: yqeT ,UUHaMH'leCKoro IIOJIJIJ)H3au:u

OHHOro IlOTeHUHaJia. IlpocTett11111n BLI6op, cyru:ecTBeHHO YJI)"IIIIaIOru:nn co

rnacne C IIMeIOIUIIMIICJI 3KCIIepIIMeHTaJibHhlMII ,uaHHLIMII, COCTOIIT B yqeTe 

,UOJIOJIHIITeJibHOro JIOBepXHOCTHOro qJieHa, BblpalKeHHoro 'Iepe3 rpa,uIIeHT 

<pOJI,uHHr-noTeHU:IlaJia. ,l(JJJI 6oJiee Ha,UelKHhlX BhlBO.LIOB O poJIH II CTJ)YKType 

,l(l]l] B peaKUIIJIX C JJefKHMII 3K30Tll'IeCI{IIMII 11,UpaMII Heo6XO,Ul1Mhl ,UOIIOJI

HIITeJibHhle 3KCJiepI1MeHTLI, pac11111p1110ru:I1e yrnoBofi II 3HepreTnqecKllfi .LII1-

ana30H H3MepeHHil:. 

ABTOphl 6naro,uapHhl C.H. Ep1110By n C.A.foH<IapoBy 3a noJJe3HLie 

06cym,ueaI111. Pa6oTa BhlIIOJJHeHa npII qacTII'IHOit rro,u.uepame HeMeu:Koro 

11~cJJe,uoBaTeJJbCKoro o6m;ecTBa (DFG) II PoccnttcKoro q>oH.ua cpyH.UaMeH

TaJJbHblX IICCJJe,UOBam1tt (P<I><I>M), npoeKT 98-02-16979. 
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PyKorrHCb rrocrymma B H3,!laTeJibCKHH OT.!leJI 
5 arrpeJI51 1999 ro.ua. 

EoJIOTOB ,IJ..B. Ir .up. P4-99-90 
3cpcpeKTHBHhie HYKJI0H-HYKJIOHHhle ClUihl H B3aHMO)leHCTBHe Jienrnx 
3K30THtieCKUX .ll.!lep co CTa6HJihHhIMH 51Jlpa!'.m npu HH3KHX 3Hepnlllx 

Hccne.uyeTC51 BJIH51HHe !paKTOpa IlJIOCKOCTHOH 3aBHCHMOCTH 3cpcpeKTHBHhIX 
HYKJIOH-HYKJIOHHhIX CHJI Ha !pOMHHr-noTeHI.(HaJihl B3aH!'.fO)leHCTBH51 JierKHX 3K30-
THtieCKUX 51.Uep 6 He, 11 Li, 11 Be n 8B co cTa6HJihHhIM 51.UpoM 12C, a TaIOKe aHaJIH3H
pyioTc51 COOTBeTcTByiomue 3KCnepHMeHTaJibHhie .uaHHhie no IlOJIHhIM cetieHH51M pe
aKl.(HH H ynpyroMy pacce51Hl!IO. HcnOJih3)"eTC51 IlOJIYMHKpOCKOilHtieCKa51 MO)leJih 
JlBOHHOH ceepTKH C paJJIHtIHhIMU IlJIOCKOCTH03aBHC51lUHMH CHJiaMH, OCHOBaHHhIMH 
Ha M3Y-B3aHMO)leHCTBHH, Ir HYKJIOHHhie IlJIOTHOCTH, BhltIHCJieHHhie B MeTO)le 
3HepreTirtiecKoro IPYHKUHouana nJIOTHOCTH c e.uHHhIM Ha6opoM napaMeTpoB 
)lJl51 Bcex 3THX .ll.!lep. IloKaJaHO, 'ITO H3MepeHHhie He)laBHO yrJIOBhie pacnpe.ueneHH51 
ynpyroro pacce51HH51 6He Ha 12C npH 3HeprnH 41,6 M3B/HYKJIOH H 

11 Be Ha 12C 
npH 3HeprnH 49,3 M3BIHYKJIOH MO)KHO y.uoBJiernopHTeJihHO onHcaTh, ecm1 K pe
aJihHOii qacTH OilTHtieCKOro. cponmrnr-noTeHl.(HaJia .uo6aBHTh nonepXHOCTHhIH 
tIJieH, HMHTHPYIOlUHH BKJ!a)l JlHHa!'.mtieCKOro IlOJI51pH3al.(HOHHOro noTeHl.(HaJia. 

Pa6oTa Bh!IlOJIHeHa n Jia6opaTopHH BhltIHCJIHTeJihHOH TeXHHKH H aBTOManl3a
l.(HH Oll5IH. 

npenpHHT Ofue11m1eHHOro HIICTH'ryra JUlepHblX HCCJ1e11osa1mii . .!ly6tta, 1999 

Bolotov D.V. et al. P4-99-90 
Effective Nucleon-Nucleon Forces and Interaction 
of Light Exotic Nuclei with Stable Nuclei at Low Energies 

The influence of the density-dependent factors on the folding potentials 
for light exotic nuclei 6 He, 11 Li, 11 Be and 8B interacting with a stable nucleus 12C 
is studied, and also the corresponding experimental data on the total reaction cross 
sections and elastic scattering angular distributions are analysed. A semimicro
scopic double-folding model with various density-dependent forces based 
on the M3Y interaction and nucleon densities calculated within the density func
tional method with fixed parameter set for all participating nuclei is used. It is 
shown that the angular diitributions measured very recently for 6 He on 12C 
at 41.6 MeV/nucleon and for II Be on 12C at 49.3 MeV/nucleon can be statisfactori
ly described if a surface term which mimics a contribution of the dynamic polari
zation potential is added to the real part of the folding potential. 

The investigation has been performed at the Laboratory of Computing Tech
niques and Automation, JINR. 
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