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·B cpCAHiI~ mn;:epn imepi;in T.HlKem,IX oapsi;eHHbIX 'IacTnq B Bel.l\eCTBe oc:HOBHoi'1 
. BKn'aµ;: BHOCJIT llX µ;ane~ne cori\_ap~HllJl i{ aTOMa.Mll :Sel.l\CCTBa; µ,mt oni:icaa:n:.1t KO;OphlX ... 

cornaCHo [11 · nepnoe 6opH~BCKOe npn(>nlllKeim:e ~pllMeHn~6 npH mofo,i;: ;:rna'!e~lI.l[X. z ·: 
oap.1tµ;a: '!aCTUqbl. }I~TOMY <i>opMyn~. BeTe]2] 'c' AOCTaTO'IHO xopomei'1 fo•tHOC.;bIO ( H~
Xy)!Ce 10·15 %) onHCI,JBaeTmta'ICHU.lt cpCAHiix IlOTepb OHeprnn µ;~me oqeHb T.ltlKel!1;>1X. 
. (Z ,_'., lQ0rHOHOB [3]. B BhlCllllIC.lKe MOMeHThl OHepreTit'leCKitX IlOTepb{Ollpep;ell.ltIO~ 
.1.1\Ue. cpopMy pacnpCAerieHU.lt •JaCTlll\ no IlOTep.1tHHOll '3Hepr1In:;. AOMlJHllPY~IUllll BKllaµ;. 

:. BHOCJIT 6iiuoKJie coyµ;~HIIJI, OIIJIC~Hlle ~o~pbIX B paMKax 6opHOBCKoro r.yn6mtlKeHi~.I[ 
B.ooM~lKHO q>OpMal!bHO llltlllb npti BblilomieH~ll YCll~BU.lt Za/ (3 <<l,.rµ;e /3 ~ v/c, ·v ~:CKO~- /. 

.. 2ocTb TJaCTilqbl, c - CKOpOCTb CBeTa.;ao~·nocTonHHaH TO~IKOR CTpyKTYPhI (ci ~ 1/1:37). 
. • B µ;eitcTBIITellbHOCTII _.lKe. BBIIµ;y· Toro, .'!TO B .n~pell.lITIIBIICTC~~M- npeµ;e'ne✓/3. :._. ·O. 

TO'!Hoe. (pen ~pcpopµ;oBCKoe) Bbipa)KeH~e 
0

.p.11.1t ce<ienn.1t eZ , pacce.1tiiu.1t coBnaµ;aeT c 6op0 

HOBi;K:ltM1IpU mo6blx OHa'!eHU.ltX Zo;'.6opHoBCKOe npn6mt:iKenue OKa::JblBaeTCH q>rucTWie-'' 
• , '-· \_ • ' ,. ( • , - -_ ·-- ✓, - • • - -, - _. • • '. -. • 

CK-M npurop;HbIM.K pac'leTy q>opMhI_ onepreTU'leCKiiX pacnpeµ;eneiinii_ nepen.1tTIIBIICTCKIIX · 
'laCTllq (HC>HOB J"lipll J!I06b1X ·.3Haqe111uix. Z. . , 1 

• , ~ , . ' , 
'. . - ' - _/.. - .. - "-, -_·, . 

a. ThKHM o6paooM,OaMeTHbIX OTKllOHem1ii OT peoynbTaTOB. 6opHOBCKOro npn6mrnceHll.lt 
cneµ;yeT O)K1tµ;aTbllHlllb npll 1>a~•1eTax·xapai-i:ep11CTllK·o~epr~Tll'1eC~oro pacripeµ;edenH.lt 

~.alKellblX. (Za ~ 1) pemIT!JBiicT_CKllX-(/3 ~ 1) i-i9no_a,. ·: ~ '. a - • • - } ✓ ~ . ' • . 

. Ecmt orpaHit'IIITbCJI pacni:c'>TpenueM yuepenno-pe1rni"IrnncTcKmc mieprnii_ IfOHf>B, Ta
Knx,. '!Tofo.r MC>lKito 6bil!O. npene6pe'Ib · ogi4>eKTaM~ '.ux aneK-rpo~"a.ranTH~ii. CTpyi<-rypbI. 

(, ~ (1 :-- /3)-1!2 ~ .2Qoz-2l1
),' TO B n6µ;o6n~rcl p~µ;a pa~'leTai .!.;10:,l(lJ() llCilOJibOOBa;b 

Bblpa:iKeHne µ;n'.lI Ce'!eHlt.l[ eZ -pacceJIHll.lt B Te)):MtIHax. 4>aooBblX: cµ;Bitro~. BhI'IUClleHHblX 
MoTTOM [4]: . , · ·, · . ,. . . . ·· . , , · . .·· . .. /. .•. - __ 

B pa6oTe [5], IlOCBJIIll,eirnoii: ai1annriy i'iina~a QllUOKllX coyµ;apeHIIll ; cpeµ;Hite no~epn. 
OHep,rnu peWITllBIICTCKIIX (P N 1 )'uonoB ·n -~e~ec-r'ne, 6bmO ITOKa::Jano, ~TO MO.TTOBCKOe 

-'BblpalKeIUt.e µ;rr.1t.AJ1qi4>epemi~~hHri~b -~e'!eHirn eZ-:-':P~cceJI!'ll.lt: [4] MO)K~~ 6bl'.1',b npeµ;::-
CTaB1ieno B Bnµ;e / . , ' . -- ·. 
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daM h2 
dn = 4p2 sin2 -0 /2 [€21F( -0)1

2 + IG(-0)12], 
00 

F(-0) = I:FiP1(x), x = cos-0 
l=O ' 

G(-0) 
dF(-0) 

=-~ 
00 

= EFiPP>cx), 
1=0 

F, = lC1 - (l + l)C1+1, 

C - r(p1 -"iv) i1r(l-p1) 

l - r(pl + 1 + iv/ ' 

1) = z;, ~ = 11J1 - /3 2
, Pl= JZ2 - (Za) 2

, 

p = mc/3/ J1 - {32
, 

(1) 

rµ;e m- Macca oneKTpona, a- IlOCTOJIHHaH TOHKOH CTPYKTYPhl, /3- CKOpOCTb IIOHa 

B 11.c., Bblpa:iKeHHaJI B eµ;nnn~ax CKOpOCTll CBeTa c, Z- :.:iapJIµ; llOHa . 
H11lKe Mhl npuMeHIIM OTO npep;cTannenHe µ;nH daM / dn K pacTJeTy TaKIIX nau6onee 

061.1\HX xapaKTepncTIIK pacnpeµ;eneH1t.1t 1mH0B no noTep.1tHnoi'1 onepr11u, KaK µ;ncnepcu.1t 

(D)' aCHMMeTJllUI ( /1) II OKCqecc (,2) [ 6]. 
8Tir Bel11t'IIIHhl ,CBll3aHbl c t,(n)_ ceMltlIHBapnanTaMll auepreTlt'ICCKOrO pacnpeµ;ene-

lIII.I[ 

t.1Y = 21rnozb'x f [t.c(-O)td;tf-sin-OdrJ, 

2p2 
t.c(-0) = -(1 - cos rJ), 

m 

cneµ;yK>I.l\llMII COOTHOlllelill.ltMll 

(2) 
DM=t.M, 

t.'t/ 
/1,M = [DM]3/2' 

t.~ 
'Y2,M = [DMJ2. 

(2) 

(3) 

B (2) no- 'll!CllO aTOMOB Bel.l\eCTBa B ep;l!Hltqe o6'beMa, 
aTOMe, b'x- TOlll.l\llHa CITO.It Bew;ecTBa, npoxoµ;nMoro l!OHOM. 

1-IcnollbOY.lt COOTHOllleHite 

z- 'llICllO oneKTpOHOB B 

(21 + l)xPt(x) = (l + 1- m)P1➔'.i(x) - (I+ m)P/~1(x) 

ll COOTHOllleHJie opTorOHal!bHOCTll 

• 

...... c.,.------- ---- -
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1

m()pnd 2 (l1+m)! 0 P1, x '2 x=211+l(l1-m)! 1112 ' 
-1 

(5) 

:im (1), (2) HeTpmHo IIOJI)"Ul'.Tb gmr BeJIU'IJIH 6(n) (n=2,3,4) CJiegy10~ne rrpegcTaBrreHirn 

B Bnge 6bICTpopacxogJI~UXCJI PJIAOB 

6~=aI:(1+1)[€2l_fl_- Fi+i j2+1_!!]__ (l+2)F,+1l2] 
l=O 21 + 1 21 + 3 21 + 1 21 + 3 ' 

2 00 1 
6 (3) - ~" [ 21-12 1- 12] M - m 6; (2l + l) e F, + l(l + 1) G1 , 

Fi-F, l F, l+l 
I - I - 21- 1 l-l - 21 + 3F,+I, (5) 

- 1-1 1+2 
G1 = F, - 21- 1 Fi-1 - 21 + 3Fi+1, 

6~=a(P2)2f(l+1)[€2j Fi - .Fl+i l2+j lG1 _(l+2)G1+1l2] 
. m l=O · 21 + 1 21 + 3 21 + l 21 + 3 ' 

a = 21l"noz6x(hcf3)2 /(1 - f32
). 

JlerKo y6egUTbCJI, 'ITO 'IJieHbl pllgOB y6bIBaIOT IIpII / --+ 00 KaK l2
n+l (n = 2,3,4). 

Pe:JyJibTaTbl pac'!eTa IIO q>opMyJiaM (6) yMeCTHO cpaBHlITb c proyJibTaTaMU pac'leTa 

do-/ df! 11 6 (n) :a 6opHOBCKOM rrp116m1,KeHmi:: 

do-B = (111i)2 2 • 2 
dQ 4p2sin4'!9/2(1-/3 sm '!9/2), 

6~) = 1!"nozox(7::)2(2P
2r (-1- - /3

2

) 
m n-1 n 

(7) 

C n;errbIO on;eHKll rrp11MeH1IMOCTll IIOCJiegHero K 01rncaH1IIO 6mmKl!X comapeHllll TJI)KeJibIX 

llOHOB C aTOMaMll Be~eCTBa • 

.D:rrJI aToro BBegeM Berru'!nHbl 

6(n) 
R(n)(Z,/3) = 

6
;),n = 2,3,4; 

PK(Z,/3) = 'Yk,M, k = 1, 2, 
1k,B 

(8) 

CTerreHb OTJIU'llrn KOTOpbIX OT egIIHJID;bl II xapaKTep1myeT TO'IHOCTL 6opHOBCKOro rrpn-

6mr,KeHJIJI. 

• 
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B Ta6imuax 1, 2 rrpegcTaBJieHbl proyJibTaTbl pac'leTa BemI'IIIH R II p, p;eMOHCTpII-

py10~ne JIX 3aBJIClIMOCTb OT 3apima IIOHa Z II ero CKOpOCTII /3. 

Ta6.rmua 1 

(Z = 92) 

/3 R(2J R<a> Rl4) Pl P2 . 
0.4000 1.6808 2.0708 2.3156 0.9501 0.8197 
0.4500 1.8016 2.2242 2.4766 0.9198 0.7630 
0.5000 1.9239 2.3765 2.6336 0.8905 0.7114 
0.5500 2.0481 2.5290 2.7893 0.8629 0.6650 
0.6000. 2.1748 2.6846 2.9478 0.8370 0.6232 
0.6500 2.3055 2.8467 3.1137 0.8132 0.5858 
0.7000 2.4419 3.0199 3.2932 0.7914 0.5523 
0.7500 2.5865 3.2105 3.4590 0.7718 0.5224 
0.8000 2.7424 3.4273 3 7323 0.7547 0.4963 
0.8500 2.9140 3.6839 4.0261 0.7406 0.4741 
0.9000 3.1072 4.0011 4.4139 0.7305 0.4572 
0.9500 3.3303 4.4152 4.9685 0.7265 0.4480 

Ta6.rmua 2 

(/3=0.75) 

/3 R(2J R(3J R(4) Pl P2 

10.0000 1.0484 1.0468 1.0424 0.9751 0.9484 
20.0000 1.1172 1.1185 1.1112 0.9471 0.8902 
30.0000 1.2106 1.2221 1.2145 0.9175 0.8287 
40.0000 1.3330 1.3661 1.3629 0.8877 0.7670 
50.0000 1.4891 1.5607 1.5696 0.8589 0.7079 
60.0000 1.6832 1.8171 1.8508 0.8324 0.6532 
70.0000 1.9192 2.1505 2.2263 0.8088 0.6044 
80.0000 2.1988 2.5727 2.7190 0.7891 0.5624 
90.0000 2.5186 3.0942 3.3507 0.7741 0.5282 

BngHo, 'ITO 3Ha'leHJrn R MoryT gocTnraTb HeCKOJibKIIX COTeH npoueHTOB, 113 '!ero cne

gyeT, 'ITO rrpJIMeHJITb 6opHoBcKoe rrpn6m1JKeHue K aHam10y iiimmmx coyp;apcm1ii TJIJKe

JibIX UOHOB C aTOMaMU Be~eCTBa MOlKHO B rry'lmeu CJiy<Ia<' Jllllllh C D;<'JlhIO Ka'H'CTB<'HHbIX 

on;eHOK. 

5 



~TO :iKe KacaeTCSI BelUI'lllH P1,2, TO lIX 3Ha'leHIISI Bcerµ;a MeHbllle ep;lIHII~bI- 8To 03Ha
qaeT, 'ITO pacnpeµ;eneHIISI IIOHOB no noTepS!HHOII ;:mepnm, pacC'IHTaHHble C HCilOJlbJOBa
HIIeM MOTTOBCKIIX ce'leHIIll (1), Bcerna Mettee acHMMeTpH'IHbl H 6onee "ttopMaJibHbl" (r.e. 
6onee 6mmKII K rayccOBbIM), 'leM pacnpeµ;eneHIISI, paCC'IHTaHHbie B 6opHOBCKOM npH6JIH-

:iKeHIIII. 
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LI.n:cnepcm1, acHMMeTJ>ml ~f. 3Kcuecc 3HepreTtttJecKoro. pacnpene.neHml . 
-~~DKeflbIX _!-fot&B B 6opHOBCKO~~ If MOJTOBCKOM np116nmi(eum1x: . 
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f!oKaJ~HO, -lJTO JJ,ml . BblClllHX M0MeHT0B •· pacnpene.nem:rn TI!)l(eJ!blX H0H0B. no
noTepnHH.Oif 3HeptHH . pe3yflbTilTbl . pactJeTa . B / 6opHOBCKOM . it MOTTO~SKOM 
npn6.rii,1)1(eHmix MOryr plWlHlJaT,1>cii.~ HeCKOflbK0°pa3. . . . ' - . 
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Voskresenskaya 0.0. et al.· .. .. . . . . . 
pispersion; 'Asy"minetry and Excess ~f ~nergy-~_bss Distribution / o-

of Heavy ions in_ the Bo~ and MottApproximatio!1S - . . >'i 
/ ,,_-_ ~ -- -- ·-,,,..._ .. -·· - ·-

) Ii is S~?Wn that ~~~: hi_gher'~om~nti of energy:;l?s.~: dis~ribution ~~ h~~vy_ ions. 
the results of calculattons m the ~Oll_l. and Mott; approx1mat1ons may differ several 
times. •,• . . ,· . - . ~- ... 

/ - '-.. 

. / 
The i~vestigation_has-been performecl,~at the;L~bo!a1ory of Nuclear Problems; 

JINR. . · :.·1 . · 

' . 
I 

- / \' 
.-.;_-

?. 

/' 

Communication of the Joint Institute for Nuclear Research. 'oubna. :1996' . - - . ~- - .,- ) 

·'. 


