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nbiKaCOB r.H., Tapacos A.B. P2 - 7507 

8~KTbl OT~aqH H nepe3apHAKH ~ yrrpyrHX pacCeSIHHRX rrpOTCHOB 
Ha nerx11x HApax " He, 4 He 

naKa3biBaeTCSI, qTo. rrpv. aHaJIH3e .ynpyi-Hx ~3He: p- '\!e pacCeliHHif 
( TP = 600 ~aB) yqeT a¢~eKTOB OT~aqa H HenpSIMOJIHHeaHOCTH pacrrpocTpa
HeHHsr HaneTaromeif qacTHUhi. s Mpe ~aeT ~orronHHTenhHyro ¢a3y s cnaraeMbiX 
aMnJIHTy~ . 9THX rrpoUeCCOB, OnHCbiB810IIlHX MHOr.OKpaTHhlll' CTOllKHOBeHHSI, 8To 
rrpHBO~HT K Cyl!leCTBeHHOMy .H3MeHeHHIO 3HaqeHHif OOJISipHG8UHif npOTOHOB. 
B p- 3He , p- 4 He coy~apeHHSIX. B o6naCTH MHHHMyMa KPHBhiX H npH 6onhmHX 
nepe~aqax, Hccne~yeTcsr TaKJKe qyacTBHTilJibHOCTb Ha6nro~aeMhiX aenHqHH 
B p-4

He paccesrHHH. ( T P = 600 ~aB) K yqeTy -nayx nocne~oBaTenbHhiX rre
pe3apMOK HaneTaromero rrpoToHa Ha HyKnoaax Mpa pn ... np, np ... pn. 

IlpenpHHT 007:>e,nHP.eHHOrO HHCTHTyTa MepHNX HCCJie~OBaHJdi. 
Av6a:a, 1973 · 

Lykasov G. I. , Tarasov A. V. P2 - 7507 

The Recoil and Charge Exchange Effects in Proton 
Elastic Scattering by 3He and 4 He Nuclei 

The reco;il effects in the elastic p-3He,p-4Hescattering 
are considered. They give the additional phase-shifts 
to the parts of the amplitudes of these processes 
describing the multiple collisions. That changes strongly 
the values of the polarizations of protons in the p - 3He 
and p- 4He scatterings { Tp=600 MeV) in the .curve minimuin 
and at large momentum transfers~ The sensitivity of 
observables in .the elastic p-'ile scattering at T p= 600 MeV 
to the intermediate'charge-exchange effects is also ana
lysed. 

Preprint. Joint fustitute for Nu~!ear Research. 

Dtilina, 1973 
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• B npe~w~~Jix pa6oTax asTopoB /l • 2/ aHaJIB3Rpo:&a.-
JIRCJ. nponeccw .ynpyrux. p- 4He ,. p- 3He pacce.&;HRI npR 
:JHeprRR 'fp = 600 ¥3B B paMKaX TeOpRH rnay6epac BKJIIO
'IeHHeM B Bee CnlfHOBOH CTpyKTypbi aMnJIHTY~ N-N:. B3&RMO
~eiCTBRJI fNN• liJ.IJIO noKa3aHO, 'ITO y'leT CUHHOBOI 3·aBRCH
MOCTH &MUJIRTY~ £ NN no3BOJIJieT YJIY'IWHTb cornacHe 
TeOpRH C 3KCitepHMeHTOM npH OUHCaHHH ~R4MilepeH:nR&JibBWX 
ce'leBBI swmeyKa3aBuwx nponeccos. O~ilaKo · pac'leTuwe 
3H&'IeHBB nonJipB3&:UHH B cnyqae ynpyroro p - 4 HeCTOJIK-. 
HOBeHBJI p&CXO~JITCJI C 3KCnepHMeHTaJIJ.HhiMH ~aHHWMR B 06-
nacTR MRBBMYM& KPBBOI B npu · 6onJ.iuux nepe~aqax. Ilpu. 
:JTOM npeue6peranoc1. RMnynJ.coM ·~pa-oT~a'IB unpe~ona
ranocJ., ~TO BYKJIOBJ.I B HeM UOKOJITCJI. 

~ IIonBpB3anuoBBJ.Ie . :J4MileKTW, KaK RBJieHRe BHTepc}lepeu
nuouuoe, 6onee 'IYBCTBHTeJIJ.HJ.I, 'leM ce'leHRB, K ~R&MRKe 
'a~pou- Jl~epHI.IX B3auwo~elcTBRJt'H cTpyKType R~pa. Ilono
wy ueo6xo~uwo Y'IRTJ.IB&TJ. :J4MileKTW, senuquua KoTopwx 
B 06JI&CTR npoMe)l(yTO~HhiX :JHeprHii .. H&JieTaiOinRX 'I&CTB:n°

0 

IT < 1 r3B/ R 60JIJ.WHX nepe~aqax MO)I(eT OK&3aTJ.CJI 
3R&'IRTeJIJ.ROi.' 

B 'I&CTHOCTR, npu auaJIR3e swmeyKa3auuwx nponeccoB 
ue :KoppeKTRO npeue6peraTL :J4MileKTaMH oT~a'IR u uenpJiMo
JIRHeiRocTR pacnpocTpaueuHR na~a10r:nero a~poua ua uyKJio- . 
ilax Jl~pa ;'6/ . · · .· 

TaKHe :J4MileKTJ.I B · cny11ae ynpyroro p - d · pacceJIHRB 
npu cpe~HHx H swcoKHX :JHeprHRX uccne~oBaJIRCL PJI~OM 
asTopoB /3-7 I.· HMH · 6Lmo noKa3aHo, 'ITO noYBYO se
mecTBeRRWX nonpa:BoK, o'6ycnosneuuwx ueuynesww · uw- · 
nym.co:M Jl:~pa-oT~a'IR, B03HHKaeT ~onoJIHHTeJIJ.HaB 41&3a 
y ·qacTR 'nomioii a:MnJIRTY~W:JToro nponecca, onucwii&IOineii · 
~ByKpATROe pacceRHRe npOTOHOB Ha HYKJIOHaX ~eiTpOH&. 

. . 
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. B pa6oTe r;AnL6epH, JI.BepTOKKH, rperopHO /8/ontf.e
'laJIOCL, 'ITO TaKoe BBe~eHHe ~ODOJIHHTeJILHOH clla3J.i :WOlKe~ 
3Ha'IHTeJILHO H3MeHHTL ·yrJIC)BOe DOBe~eHHe DOJIJipH3aUHOH
H_LIX BeJIH'IHH B ynpyroM p- d pacceJIHHH npH npoue)l(yToq
HLIX aaeprHJIX I T p < I ~3BI, Mano MeHJIJI 3Ha'leHHJI 
~I}MIIepea:QHaJILHoro ce'leHHJI Bo Bceii o6JiacTH · nepe~aq"'· 
0_:5 I tl ~- I IF3B/cl2. · · 

B HacTOJIIQeii pa6oTe Hccne~yeTcJI ponL ai}MIIeKTOB oT
~aqH B ynpyrHX pacCeJIHHJIX DpOTOHOB Ha JierKHX Jl~pax 
3 He, 4 He H BKJia.n: ,n:Byx nocne,n:()BaTeJILHLIX nepe3apJI.ZJ:OK 
p n .~.... rip· ; np -" pn .. B aM:nJIHTy~y 'npo~ecca ·. p;... 4He-+ p-4He 
npH'cpe.nailx aaeprHJIX I T.P =-600 M3B/~ ·· · · · ··· · · · " 

=;·, ~{' :··;'• '•.h•c.~; ,..~~""' ·"•·"~··~~,:..;_ 

'·.{';:. ·.• 
. ~. t' ~--

d -~ §1.' 3¢{fieK11tM 01fi~Q'IU ._. 

'" .. ..__ .. · 

B c.JIYqae )'npyrHx ·pacceJIHHii npoTOHOB Ha JI,n:par 3 He, 4 
He '}"'eT: ai}MIIe:KTc)B oT,n:aqJi HM~YJILca• aaneTaJOUteii· qac

TH~w HYKJioaaM · g,n:pa',' KaK H 'B ·. p ~ d cToJIKHoBeHHH; npHBo
.ZJ:HT ·K·'".ZJ:(HiOJIHHTeJILHOH; 'c1Ja3€f 'B 'laCTJIX aMDJIHTY.ZJ: ·3THX 
Upo~eCCOB, ODHCLIBaiOJllHX MHOrOKpaTHLie pacceJIHHJI~ 

· lloKalKe:M · 3To Ha npHMepe qneaa· a~nJIHTy,n:w p ·- 4 He 
B3aHMO,n:eiiCTBHJI,_ o6yc.iiO~JieHHOro . ;.ZJ:BOHHLIM pacceJIHHeM •· 
DpOTOHOB. Ha. HYKJIOHaX JI.ZJ:J)a. 

: fiOCKOJILKY . DOTeH~HaJILHYJO ' 3HeprHIO HYKJIOHOB B JI,n:pe; . ~ 
. T.e. BKna.n: nepepacceJIHHii :KpaTHOCTH, 60JILmeii 'IHCJia HYK-;. 
JIOHOB B JI,n:pe, BLI'IHCJIHTL;· TPY.ZJ:HO, TO MLI orpaHH'IHMCJI 
JIHWL yqeTOM HX KHHeTH'IeCKOH 3HeprHH; 

B cHcTeMe BpaiiTa .. ·/2.3,a,9 I g,n:pa-MHWeHH HunynL-:: 
4 . . > -> . . .· 

CL!, aaqanLHLix .npoToaa .. ,. H·. He· nycTL paBHLI k.
0

+ A/2 ·, 
- 11/2 .. cooTBeTCTBea:qo. A_,HMDYJILC,¥ pacceJIHHor·o. npoTo-:
Ha • H JI,n:pi!.·OT,n:aqH , 4~o:- /). /2 · : , (',/2 .. COOTBeT~TBeHHO. 
llpH 3TOM ko J1 = 0 , /).' - nepe,n:aHHLIH HMDYJILC, k

0 
•. HM· 

nyJILC B. cHcTe:M'e BpaiiT_a~ .. 

B . Ka'{ecTBe BoJIHoBoii ·ciJYHK~HH R,n:pa B HMDYJILCHOM 
npe,n:cTaBJieHHH B03LMeM ciJYHK~HIO, 3aBHCJIIIlYIO OT KOOp-. 
.ZJ:HHaT JlKo6H, onHcLIBaiOIIlYro OTHOCHTeJILaoe ,n:BiotceaHe a}rx-: 
JIOHOB 

4 
He. ,L{pyrHMH CJIOBaM~,. OT~e~M .ZJ:BHlKeHHe ~eliTpa 

TJilKeCTH, npe,n:cTaBHB 'P0 B }3H~e I] O l : 

4 

I 
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(_ 

t 

_. ~-.-+ 

'l'o(Pj , ••• p4) 
..... '4 .... .... .... .... 

= NS(-11/2- l: P.) <ll 0 ·(71 •71 ~71 ) 
i=l. 1 1 z 3 

. . ·' i 
RK06H/IO I;'P; -. HMnYJILCLI HyKJIOHOB 

. ..p 

r.n:e ., i - Koop.n:HaaTJ.I 
B JI,n:pe, N · -. MHO)KHTeJIL, B03HHKa~I:QHii H3 YCJIOBHJI Hop-
MHpOBKH \{1 • 0 . 

.... .... ~--4 ;,. . .... .... 
J I 'l' 

0 
( r 1 ,m, r ,i) I 8 \:

1 
r j_) dr 1 ••• dr 4 = 1, 

.... e .... 
(fp - l: : p ) 

f+1 k=l k. 

.... . 1 
1J = -·--

f ve<r+ n 
/1'/ 

Cornacao TeopHH MHoroKpaTaoro pacceJIH;&JI BaTcoaa,. 
B pa:MKaX HMDYJILCHOrO npH6JIH>KeHHJI O~HO H3 CJiaraeMLIX 
DOJIHOi aMDJIHTY.ZJ:LI, OUHCLIBaiOJllee .ZJ:BOHHOe CTOJIKHOBeHHe, 
npe,n:cTaBHM B BH,n:e. /11/ /B CHCTeMe JipaiiTa/: 
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Pi· - HMnym.c o~Horo H3 HYKJIOHOB a~pa B KOHe'IHOM coctoJI-
HHH, m -. uacca HYKJIOHa. -. .. , . 

. TI_PH nonyqeHHH /iJ a:MnJIHTY~bl f _tiN . 6wriH.BWHeCeHbl ; 
H.3 -no.~:t: 3Haxa HHTerpana . B . TO'IKax "' . = 0 ,· i; 1 .= 0 ,_xax . ; 
Me.zuit:hiio MeH.il:rori:tileC.R ri!YHKnHH 'OT· BHYT

1

_PH.R~epHLIX HMUYJIL- _ · 
COB no···cpa:ii:HeHHio ,:c '6blCT_Po}'6b1Ba10Il(eii: BOJIHOBOH I)IYHICI(H-· .·. 
ei «<l 0 • . .~!· ),, >- ·· 

fiocne HeCJIO)KHbiX npeo6pa30BaHHH H HHTerpHpOBaHHJI no 
nepeueHHLIM ( 2 ; (~-· .imTerpan _B Bblpa)Ke~I!Ji/1/ uo~o 
npe~CTaBHTb B BH~e: 

-+ ...... 
00 

~1- + 8 I -+ , .... ) x· 
dr I «<lo( - ,."12''13 :- .. _, 
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1 .... .... 
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E (k 
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0 E(k
0
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·· .,.N 2 ·~::·ico:J~HnHeHT, ·ao3iiH!CaroiQHii·;np~· ·nepefo~e ·oT o~uHx 
nepeueHHLix HHTerpHposaHH.R :K ~p)THM: · · · · - .· · · . 
. · ITpH .BLI.BO~e 121 HCiioJib30BaJIOCb pa3JIO)KeHHe 3HeprHH ... , .. 

. pacnpocTpaHJIIO~eii:ca ·- B a~pe, qac_THnw no . cTeneHJIM ee . • :, 
-. ~ • ........ • -. - •• ' .. • ~ • < ·_· •• 

· HMnyJILCa q·1 ;,·npH ~~~M OCT~BJI.RJIH_Cb ~J_IeHbl~ CO~ep)l(all(He 
< qi . ,npyrHMH cno11aMH, Y'IHTLIB.B.!!aCL He~_PJIMOJIHHeiiHoCTL 

pacnpocTpaHeHHa·qacTHnLI s a~pe. , 
· H3·''8wpa)l(eHHa· 12/;BH~Ho, iiTo yqeT :J~exTo~. OT~aqH 

H HenpJIMOnHHeiHocTH pacnpocTpaHeHH.R ~aet ;ionoJIHHTtmi.~ 
Hyro 4la3y B 'laCTH auniiHTY~bl~ onHCLIBa10Il(eii: ~ByxpaTHOe · 

• .· pacceJIHHe npoioHoB Ha Hy:KnoHax 4He. . - ., 
• t • • ._r,_:_<· 

.nn• onellxH BeriH'IHHLI :JTHX nonpasox B xaqec-ise Bon-
. HOBO I- ri!YHKnHH H3 coo6pa:>iceHHH jipOCTOTLI pac'leTOB B03bY.eM · 

->"o6W'IHOe npoH3Be~eHae· · .rayccHaHOB: ; . . ' 
• .l. ... •• 

.':.·,,, 

.... -+. 4 . · ·- 2 /R 2 ,,> 
'I' 

0 
( r l , ••• , r ) = N ll e r i · · . -. .. 

. •, - . 4 'i='l . ' ' . . ... .... . .... 

__BJ.moJIHJIJI TO'IHO -~HTerpHpoBaHHe DO·_d 3 81 , ~ 38) ,- d ~ij2 ; 
~ 3 7] 3 H np)I6JIHlKeHHO-- DO ... dr . AAJI MHOlKHTeJIJI _.C 2,BXO~JI

Inero B cnaraeMLie, 'ODHCbiBa10Il(He ~BOHHble CTOJIKHOBeHHJI 
lcu.;,rl!opMynw ITl, ri~ pa6oTLI /I I 1, iiony'IIUd swpalKeHHe: . 

G' [I+ i(7J 
2 

3· 

2k R2 
0, 

'2 
-/). 

2--
16 mv 

0
R 

3 . -
m-v-.:~--'.2' )y~ al, 

0' ' ·11 

,. ial 
'G' ( JM 2 )-Yz ( I 2)'' p. G r~e 2 = s. . .• .. <·· Sr:_ ~ -k--. • 2 • T:K· paC~MOT~~-HHe 

,•< • • 0 . ' ,.. . ., 

~e,lleTCJI B CHCTeMe JipaiiTa Ji;pa-:-MmUeHil:,~-'s~ (M +m )
2 +2MT~, 

s- 1 ~, 4m 2+ 2mT. , p. - HMDYJILC npoToHa B n.c.,'T: .:- KHHe
TH'IecxaJI :JHeprHJI HaneTaroll(eii 'faCTHUW, M, m - uaccw 

,F. '" • 

Jl~pa H RYKJIOHa COOTBeTCTBeHHO. .. " 
Bell(ecTileliRhie nonpaBKH,. o6yciiosneHHLie · HeHynesw~. 

HMDYJibCOM Jl~pa-OT~a'IH, COCTaBJI.RIOT BeJIH'IHHy, He np_e
BblDia101J0'10 5., BO BCeii o6JiaCTR · nepe.ziaq BDnOTL ~0 
1 I r3B/cl: llo3TOMY OHH ODyll(e'HLI B 131: . . 

Bl-opoi qneH :8 Iq)yrnLIX cko6xax B BLipa)l(eHHH 131 
COOTBeTCTByeT yqeTy JU!Dp.RMOJIHHeBHOCTH. pacnpochpaHe-
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HHJI 'laCTHnLI B .ll~pe, .a TpeTHH H • 'leTBepTLIH TaM )ICe 
KHHeTH'IecKoii :mepru:H · BHYTPH.ll~einioro ~BH.)KeHuJi HyKJio-: 
HOB. .-

H3' l}lopMyJILI /3/ BH~HO, 'ITO MHHMLie nonpaBKH. MoryT 
~ocTuhiTL. · 6onLmoii · · :BenH'IHHLI · nop.11.ziKa · 40~ np:H 
! P ,; -- 600 M3B. 3a:Mei'uM; · ·qT<) npu pacce.li;HHH Bnepe~ 
{~=O)oHH He HC'Ie3aiOT. _ - _-. ' - -

~ · Kaqe~:TBelnl? -TaKoii· :>Ke pe 3YJILTa T npHBe~eH H :B p~6oTe 
KonLI6acoBa,- _ICoH~paTroKa: 17/ ~JIJI cny'la.ll ynpyroro. p- d - · 
pacce.HHHJI. · · · · -- · · · 

IIOCKOJILKy ITOTeHnHaJILHaJI - 3HeprHJI HYKJIOHOB. B .ll~pe 
HMeeT 3HaK, npOTHBOITOJIO:>KHLIH KHHeTH'IeCKOH, TO · y'leT 
ee· MO:>KeT JIHWL y:MeHLWHTL BeJIH'IHHy 3THX nonpaBOK /6,7 /, 

··MHHMLie ·-norrpaBKH _-_1_· , l ··no.liBJITCJi ii :8 -.lacT.Hx 
mv R k 0 R - - ··- ··· ,,. 0 . 

noJIHoii aMnJIHTY~LI ynpyroro p- 4 He B3aHMo~eiicTBHJI, oiiu- _ 
CLIBaiOJnHX TpexKpaTHLie H 'leTLipeXKpaTHLie CTOJIKHOBeHHJI, 

. . . . . : 

eCJIH BBeCTH B paCCMOTpeHHe OT~aqy HMITYJILCa HYKJIOHaM 
.11~pa Ji'Henp.liMOJIHHeiiH:ociL pacnp.ocTpaHeii:H.ll. · · : 

- B ~nyqae ynpyroro p- 3 Hepacc~,rHHJI y...;eTB~~eyKa3aH-: 
HLIX: 3cWJe~TOB .TaK:>Ke_ ~aeT ~OITOJIHHTeJILHYJO 4la3y B 'laCTJIX 
ITOJIHOH, aMITJIHTY~LI, OITHCLIBaiOJnHX TpeXKpaTHLie H 'leTLipex
KpaT~Lie coy~apeHHJI. IIony'leHue MHHMLIX nonpaBoK npu 3TOM 
HH'IeM He OTJIH'IaeTCJI OT paCCMOTpeHHOrO BLime CJiy'laJI 
p - 4He B3aHMo~eiicTBHJI. IIo3TOMy MLI He 6y~eM npHBO~TL 
HX BLIBO~a, OCTaHOBHMCJI JIHWL Ha aHaJIH3e OKOH'IaTeJILHLIX 
pe3yJILTaTOB. 

Ha puc. 1 npuBe~eHLI 3Ha'leHHH nonHpH3anuu npoTOHOB 
Pp B·ynpyroM p- 3He pacceJIHHH c y'leTOM H B npeHe6pe>Ke
HHH 3cWJeKTaMH OT~a'IH H HenpJIMOJIHHeHHOCTH pacnpOCTpaHe
HHJI .zin.11 Jl~epHOH ITJIOTHOCTH- 3 He THn;a: . 

... -+ -+ 

p 2 { r 1 ,r 2 ' r 3 ) 
3 . 2 2 

N n exp{-r /R ) X 
0 i = 1 i 

x [l- D exp{-r.2iR2y 2)]. 
1 

D R 2 2 0,4; = 2.38 fm ; Y2 
= 0.09 
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H3 H_ero BH~Ho~ q~o· Benu;uli~ P P -3Ha'IH":::IILHO MeHJieTCJI 
B 06JiaCTH npoBaJia KpHBOH C BKJIIO'IeHHeM B·paCCMOTpeHHe 
TaKoro po~a nonpaBoK;- 3Ha'leH:He ~ucWJepeunuaJILHo~o 
Ce'leHHJI · npH 3TOM OCTaeTCH ITO'ITH' HeH3MeHHYM /MeHJieTCJI_ 

;He 6onee 'leM Ha 20'fo/ Bo Bceii o6riacTH nepe~aq Bn.imTL ~o 
. -j . / /F3B/c/ - 2 .HcnoJIL30BaHHe lilYHKUHH ITJIOTHOCTH, B3JITOH 

·B BH~e o6LI'IHoro npoH3Be~eHHJI rayccuaHoB /2/,o6HapyDBa-

l
·. eT -~O~Lmyro 'IYBCTBHTeJILHOCTL P p K o6c~aeMLIM 3~~K-, 
. TaM, 'leM npuMeHemte p2 B pac'leTax. . . . • .. ~" . 

B. cny'lae p- ~He pacceJIHHJI, Ka:K H ~JIJI p-4HeB3aHMO-
~eiicTBHJI, Y'IHTLIBanacL numL KHHeTH'Ie_cKaJI .. 3HeprHJI ·uyK

. JIOHOB B Jl~pe H npeHe6peraJIOCL HX ITOTeHnHaJILHOH 3Heprueii. 
ITo3ToMy, KaK yKa3LIBanocL BLime, npB:Be~eHHLie.'lla puc. 1 

. . pe3yJI.LTaTLI ~CTL. MaKCHMaJILHhlH 3~eKT OT~a'IH, BeJIH1fBHa 
KOT_op~ro MO:>KeT yMeHLmHTLC~ npufaccMoTpeHHH iiepepac.:. 
C_eJIHHH KpaTHOCTH,,_6C~)JILWe ~BYX / 7 • . . -

1 

2 
·,·· 

,. 
II 
IJ 

02 Q4 Q6 Q8 

q1 {fa6Jc)2 -

"' 

·Puc~· 1. lloARPU3clf.IU.R ripomoH06' PP 6 yiipyzoM P 7 3Hepac
- ce.RHUU I TP · = 600 M3B/ npu ucnoAb306aHuu .Ri}epHoii 
nAOifHOCIIfU P2 .' 6Ui}a I 13/. mmpux- nyH KmUpHa.R KPU6QJI . -
c y'lemoM u Henp.R~OAUHeiiHoclilU pacnpocmpaHeHU.R, u·3tjtpe'K-.. 

'lf06 ,Oifi}Q'IU. llyHKmripHa.R - C y'leMOM llfOAbKO Henp.RMOAU-
. Heiiliocmu pacnpocmpaHeHu.R HaAemmo111eii 'lacmuf.lbl. 6 .Ri}p·e. 

CnAowHa.R ;. 6. npeHe6pexeHu_u 6CeMu_'·3_muMu 3tjtpeKmaMu. 

Pe3ynLTaTLI _ paciJ:eToB ~H$4lepe'nnuanLHoro ce'leHHJI:- u 
ITOJIJipH3aUHJiC_ npOTOHOB B cnyqae p- 4He pacceJIHHJI. (T p = 
= 600 M31/)c y'leTOM BLimeyKa3aHHLIX 3!WleKTOB H nepe3a-

·,. 9 
. -~-. 

.• 

J(. 



ps.nxH HaneTarom:Hx qaeTHU Ha HyxnoHax s.npa p n -:- np , 
np _.. pn npH pa3nH'IHbiX · BOnHOBbiX I}JyHKUH.JIX · 4He' npHBe,ne·
Hbl HH)I(e /§2/. 

'§2.· BKAaCJ nepe3apJtCJKU p ri .... n p ' n J> .... p n 
e ynpyzoe p- 4 He pacceJtHue 

Bo3MO)I(HOeTb ,nByx noene.noBaTenbHbiX nepe3aps.nox 
npoTOHOB Ha HyxnoHax s.npa p n -> n p , n p .... p n npH ynpyro:M 
p- 4 He -paeeesHHH aHanH3HpoBanaeb P. Baeeene:M; IJ..BH.ii
KHHbiM /14/B npeHe6pe)l(eHHH enHHOM HyxnoHoB. IIpB: Bweo
.KHX :meprHsx l T> 1 F3B/ Bxna.n TaKHX npoueeeoB Bee
'leHHe paeeMa TPHBae·Moii peaKUHH oxa3anes HeBenHK H3- 3a 
Manoii BenHiiHHbl enHHOHe 3aBHe.Jim;eii 'lacTH aMnnHTy,ny nepe-
3aps.nxH. B o6naeTH epe.nHHX :meprHii IT <1 F3B/, xax 
ene.nyeT H3 pe3ynLTaToB l}la3oBbiX aHanH30B N~N B3aHMo
.neiieTBH.JI, qaeT.JIMH aMnnHTy,nbl p- n nepe3aps,nKH f c,. f P- f n 
C nepeBOPOTOM enHHa npeHe6peraTb Henb3.JI /15/. Il03TOMY 
npe.neTaBnseTes HHTepeeHbiM oueHHTb BKna.n :J«llcclexTa nepe-
3aps.nxH . p n _. n p , n p -> p n B ,nHI}li}JepeHUKanbHOe ee'leHHe 
H nonspH3aUHJO BbiiUeyxa3aHHoro npoueeea npH 3HeprHsx 
T < 1 F3B. 

AM~.mHTy,ny ynpyroro p- 4He. paeee.JIHH.JI e y'leToM Ta:Koii 
nepe3aps.nxH npoTOHOB Ha HyxnoHax s.npa MO)I(HO npe,neTa~ 
BHTb B BH,ne: 

.... -:> 

F( p,q) 
... ... 

C( p,q) 
.... .... _. ... 

Cc(p,q) + i [ B(p,q) 

c ~ .... -+ .... 
- B (p,q)l<a•n) 

ti»opMynLI .nns C Ji B npHBe,neHbl B pa6oTe aBTopoB /I/. 
/eM.'Ill, II2/, a: ](ns cc, Be - BilpHnO)I(eHHH. 

IlpH · BbiBo.ne .· Bbipa)l((mHii C c , 8 c qepe3 e:KanspHwe 
aMnnHTy;nbl N..:.N . B3aHMo,neiieTBH.JI npHMeHsnue:b Te )l(e 
npR6nH~eHH.JI H Ta )l(e TeXHHKa y'leTa enHHa HyKnOBOB, 'ITO 
H B pa6oTe aBTOpOB /I/ • IJ03TOMY 3,neeb onym:eHY npoMe-
)I(YTO'IHbie BbiKna,nKH H npit:Be,ne_Hbl nHWb OKOH'IaTenbHYe 

' ~ 

pe3ynbTaTbl pae'leTOB. 
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KpHBble puc. 2 noxa3biBaroT, 'ITO 3Ha'limHs ,nHI}ll}lepeH
nHanbHoro ee'leHH.JI 6onee 'lyBeTBHTenbHbl K y'leTy BYWe· 
yxa3aHHOii nepe3aps.nxH npoTOHOB Ha HyxnoHax s.npa, 'leM 
K 3tiMIJeKTaM OT,na'IH npH HenOnb30BaHHH B pae'leTaX Jl,nepHoii 
nnOTHOeTH THna 

2 2 3 2. 2 
4 -r. /R R: -ri/R 

p = N
1 
In e 

1 

- D ~.n e r 
1 i =I I R i =I 

1 

R = 1.31 fin.; · R 1 = 0 .45 fm.; D 1 = 0 .0 9 78 , 

y,noBneTBOpHTenbHO OUHeb~B.aJOW:eH 3KenepHMeHTanbHYe ,naH· 
Hble o e- 4He ·paeee.JIHHH /1/. · .· . · . 

. ' 

10' 

.;;-W 

111'. 
i 
011' 
i 11'' 

11'' 

11"' 02 04 as as 
q'(rJ&tcJ'. 

2 

Puc. 2. ,au¢¢epeHt~UaAr.Hoe ce<~eH·ue ynpyzozo p- 4He pac
ceJtHUJt I T = 600 M3B/ CJAJI JICJepHoii nAOIIIHoc•u · p 
/C.fi.M./ HJHKJrUpHaJI KpueaJI - c · y<~emoM nepe3apJIC>'Ji 
u 3,ptjeK111oe oJrCJa<~u; .KpueaJI "2" coomee•c•eye• y01e111y 
IIIOAr.Ko nepe3apJICJKu. "1" - e npeHe6pexeHuu ec:.e.Mu 3111UMU 
3,ptjeK111QMU. ~ - 3KCnepuMeH1fiQAbHble CJQHHble /17/. 

Bee 3TH 3tiMIJeKTbi He3Ha'IHTenLHO /.He 6onee, .'lfeM Ha 
3~/ H3MeH.JIIOT BenH'IHHY ee'leHH.JI, eenH B Ka'leeTBe 
c)opMc)aKTOpa 6paTb c)ynKUHIO THna p

2 
e napaMeTpaMH,_ 

yxa3aHHbiMH · B pa~oTe aBTopoB /I I. IlpH 3TOM nonspH3aUH.JI 
eHnLJio MeHseTes .nns s.nepHbiX .nnoTHOeTeii p1 H p

2 
; oeo-

6eHHO B o6naeTH.npoBana xpHBoii /eM. puc. 3,47. HMeront:He-

II 
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Puc. 3. llOIIJIPU3alJUJI npomoHo6 P0 6 ynpyzoM p- He. pa·c-
ceJIHUu /Tp = 600 M3B/ 6 C.lJ.M. npuucnollb306aHUUJIOep- ' 
Hou nAOJIHocmu p 1 • Kpu6aJI "2" - c yt~emoM irollbKO nepe-
3apJIOKU p n .~ n p , n p . -+ p n • "3" - c yt~eliiOM 3tjtpeKJI06 
OJIOO'IU U nepe3apJIOKU. "1" - 6 npeHe6pe.reHUU eCeMU 3JIUMU 
3tjtpeKJiaMu. ~ ·- 3KcnepuMeHma/lbHbJe oaHHbJe /17/ . · 

a1 Q2 03 n4 as a6 a7 
q'Cr•&fcl2

• 

. ' 

~ .... · 

Puc: 4. liOIIJipu3alJUJI npomoHo6· Po .8 ynpyzoM p- 4 He pac
ceJIHUU / T = 600 M3B/ OIIJI JIOepHoii n11omnoc•u •una 
P!. /c.IJ.M./ P/lynKmupna}i KpueaJI - c y•wmoM nepe3aplloKu 
U 3{J¢eK1ft06 OlfiOU'IU. "2" .;. c y'le1flOM 1flOAbKO nepe3apJIOKU. 
"1" - 8 npene6peJICenuu 6CeMu 31fiUMU 3rfo/JeKma.Mu. 

12 

cs pacxo~~eHHS Me~~Y TeopeTHqecKHM onHcaHHeM nons
pH3aU:HH npoTOHOB B ynpyroM .P- 4 He paccesHHH I Tp = 
= 600 M3B/ H 3KcnepHMeHTanLHhlMH ~aHHLlMH Mo~o 
OO'J:.SCHHTI:. npH6nH~eHHJ:.IM xapaKTepoM pacqeTOB. BOnHOBas 
rilYHKU:HS S~pa BblOHpanaci:. B npOCTOM BH~e, yqHTLlBanOCb 
nHmh S - cocTOSHHe s~pa ·H npeHe6peranoch BKna~aMH 
napn;HanhHhiX BOnH C f f. 0 B '1'0 , IienHqHHa KOTOpLlX,MO~eT 
6wTh CYIIJ:eCTBeHHoii npH 6onLm~x nepe~atiax /16/. · 

OcHOBHoii BhiBO~ HacTOSID:eii pa60Thl: npH aHanH3e B3a
HMo~eiicTBHH HYKnOHOB C ner~HMH s~paMH 3He, 4HeB o·6na
CTH Cpe~HHX 3HeprHH HeOOXO~HMO yqHTbiBaTh 3rllrileKTbl 

. OT~aqH, H~npsMOnH_!feHHOCTH pac~poc-:r:paHeHHS HaneTalOID:eH 
qacTHU:I:.I B s~pe H nepe3aps~KH ee Ha HyKnoHax s~pa. 

. Ko BCeM 3THM 3rllrlleKTaM qyBCTBHTenhHee, qeM ceqeHHs, 
OKa3I:.IBalOTCS nonspH3aU:HOHHhie SBneJIHH. 

B 3aKn10qeHHe OTMeTHM, qTo. B pa6oTe r .Anh6epH, 
JI.nepTOKKH H TperopKo /8/ ~ononHHTen~>HaH rl!a3a B cna
raeMI:.Ie aMnnHTY~hi ynpyroro p- d pacceHHHH, onHCLlBalO
ID:He ~BOHHble coy~apeHHH;' 'BBO~HnaCh npOH3BOnhHO C n:enhlO 
BLISCH~HHH qyBCTBHTenhHOCTH pe3ynhTaTOB·K HeH. 

B Hameii ~e pa6oTE~, _KaK 1_1 B pa6oTax aBTopoB /3-} I, 
aHanH3HPY10ID:HX ynpyroe p-d B3aHMO~eHCTBHe, Takasrl!a3a 
B qneHax aMnnHTY~ ynpyrHx p- 3 He , p..:.. 4He pacceHHHH, 
o6ycnOBneHHblX MHOrOKpaTHLIMH CTOnKHOBeHHHMH, B03HH• 
KaeT eCTeCTBeHHLIM o6pa30M npH yqeTE~ • 3rllrileKTOB 'oT~aqH 

· H HenpSMOnHHeHHOCTH pacn'pocTpaHeHHH na~aiOID:e~ qaCTllU:Ll 
B s~pe. 

ABTopLI npH3HaTenhHhl JI.H.JianH~ycy 3a none3HLie o6-
. -

cy~~eHHH. 

13 
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,;_-.. .. t'" '. ,.,. ... 
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c " c c " "... c 

~c· = G 2·C 2 :- 'G 3 C 3 + 'G 4 C 4 

" c " c " c ' c 
B = .G.2B·2 + G 3 B 3 + G 4 B 4 -; 

;,;.,.· 

c .2· 2 2 2 2 
C =a+h+d +e -g · 2 c c c c c' 

c 
B 

2
= 2 g ( a + b ) 

c c c 

•:. " 2. 2 . 2 2' -. 
cc3 =(a +a ) (a + b + d + e - 2g 2) 

p n c c c c c 
2(b +h ). 

·P p 

~(a b '-g 2 )·- 2a [b (b +h) +-d (d :td) + c c c c c p- . n c ·:·· p · n ; ... · 

~ ..... 

+ec(ep+en)); 

c 2 ·2 . . 2 2 
B = ( g + g .) (a + h - 2a h + d + e ) + 

3 p n c. c c .c c c 

~ -~ ·' \ 
~-~-. t :· 

,. 
.-. +'' 2 g [ (a + a ) ( a + b 

. c... p n c c 
) -(h +h )(a +.h ) 

p n c c 

·-' •,fJ 

- d (d + d ) 
.c p n 

e ( e + e ) ] - 2a b ( g + g ) c ·p · n, . c c p · .. n 
':; 

.1.:/ -
c -c 
4 

l - - - " - [a (a +a + 4a ) - h ( h + b :~-· 2b 
6 c p n pn · c p n p,n 

+ 

' ·~ 

·· + 2 h ) .. ·- 4 ( d e - g · £ + d DP· · - CD en en CD cp 
e cp 

- l "-
-g· r >l--[<r-r> 

cp cp 12 1 2 
+ 4 a2 ( a - b' ) 

2 
) ; 

c c c 
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. ~.: .. ~ -.,: 

c l - - -
-B = ·- [ h> (a •,+_ a .. + 4a ) + a ( h , + b + 2b + 

. 4 - 6 • c p n ·. · · pD , · · c p . n · - pD 

-
+2bnp)- 4 (dcp8cp+ ecp fcp +dcn8cn :+ ·' 

+-; r ) ] .:. d g (a .:. b -) (T
1 

- r
2

·) . .- · · 
CD en 3 c c c · 

r~e: 

" 2 2 2 2 r - r =a - b - d - e " • . 1 2 c c c c' 

'•.•,. 

;.:: 

a =a2 +d2 +h2 +e2 ·. 2 • 
- 2g c,p,n ' c,p,n c,p,n c,p,n ·. c,p,·n.. : c,p,n 

b = 2 g (a + b ) ;- b 
pD p D n Dp 

2g (a +. b ) 
n -_ p p 

d =a a -g g • cp c p c p • d =a a en c D - g c gn 

'b c,p,D 2g ( a + h ) c,p,D c,p,n c,p,D 

a =a a +h b +d d +e e 
pD p n p D p D p n 

- 2g p g D 

g =b (g +2g )+g (b +2b .) ; 
cp c p Den p 

e =bc(b +2b )+.d (d +2d )+.e ·(e +2e) 
cp p n • c p D c p n 

~ . 
- g ( g + 2g ) 

c p n 

15 



·-e = h ( h + 2h ) ·- g ( g + 2g ) + d ( d +. 2d ) + 
en c n p c n p c n p 

+ e ( e + 2e ) ; 
c n p 

£ =g a +g a • cp cp ·pC' 
£ =g a + g a en en nc 

a=a-a ,h=h.-h ,d =d-d 
c p n c p n c p n 

g =g -g e =e·-e c p n' c p n 

a p,n ; h p,n ; ••• - cxanspHLie aMnJIBTY~LI p-p B p-n 

paccesHBi. 
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