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MsyqeHEID MexaHH3MOB OÓpaSOBaHHH rrpOTOHOB, BH~eTaromMX B S~HIDID rro

JIyc<})epy JIC npz BsaMMo.n;e11:cTBIDI lIaCTllU BUCOlmx 3HepnI11: c JUJ:paMM YJlce .n;aB

HO y.n;e~eTCR Óo~moe BHKMaHHe. MHTepec' R aTOM rrpoÓ~eMe BrrO~He rroHRTeH,
 
nOC1(Q~Ry TaRMe npcromr, BIMeTaR B ImHeMaTlf'IeCIGI sarrperqeHHyro OÓ~aCT:D
 
.n;AA h. N-BSaHMo.n;ejfcTBllR, OÓRSamI CBOllM rrpoHCXOJK,Il;eImeM R.n;PY, ero C1'PYK

Type H ,IJ;HHaMHRe pasBHTHR BSaHMo.n;e~CTBHR B R,n;epHO~ cpe.n;e. Ha cero.n;HR
 
BHrro~eHo MHoro HH~SllBHHX aKcrrepllMeHTOB .n;~ Hsy-qeHHR HMnY~:DCHHX
 
orreRTpOB npOTOHO'í BH~eTaIDmHX no.n; paSHHMH yr~aMH B sa~HIDro no~ycWepy
 
(OM., HanpMMep, -3/). B psme 3RCnepHMeHTOB B COÓblTHJIX c HaS8,q ~eTH

mHMM npOTOHaMM perHCTpHpOB8~Cb Bce sapmxeHHble lIacTHUbl /4-17/. B HailleH
 
paóoTe B YC~OBHRX 41~reOMeTPHR R rrpM ÓO~illOM HaÓope qnCTUX JUJ:epHblX MH


meHen (OT Li. .no P.€) npe.n;npHRRTa nOIThlTKa Msy-qelillR oópaSOBaHHi! aaaan
 
~eTHmKX rrpOTOHOB c HMrry~C8MB 200-500 MaB/c B pA-BSallMo.n;eHcTBHrrX.
 
3RcrrePHieHTa~HUe .n;aHHHe rro~eHH c nOMàut:DID llHTHMeTpoBojf CTpHMepHOfi
 
RaMepU 18/ MarRHTROrO cneRTpoMeTpa Pl1CK na rrytII{e OTpHuaTe~:DHO aapa

meHHHX lIaCTHU c RMrry~bcoM 40 raB/c cepnyxoBcRoro YCKopHTe~. AHTHrrp~

TOHH B nyqRe BH.n;e~CD c rrOMOmbID lIeTupex noporoBUX lIepeHKOBCKKX CqeT

'tIRROB, rrpa aTOM llpIDiecD ai- - H K--MeSOHOB ae rrpeBUlliMa 1%. Ilozrpoctroe
 
OllHcaHHe aRCrrepHMeHTa .n;aeTCR B /19,20/. 

I. AHaJms ,I(aHHUX 

PaÓOTa OCROBaHa Ha aHa~se ~3300 BS8HMo.n;encTEHa aHTHnpOToHOB c
 
HMIIy~bcOM 40 raBIc c paSJIlflUIIIMH smpaMR npa lfilOJIe BTOpHlIHHX Sap.mKeHIlliX
 
tIaCT1iIIl; Nch~ 3. l1s HRX 1090 BsaHMo.n;eficTBH~ na ~erIOOC anpax t u , Cr,
 
1200 - na cpe.mmx anpax (S, eu-) R 1003 - aa TíDKeJJHX anpax (es::1, pe ).
 
AH~sRpyeMblA MaTepH~ COCTaBnHeT rrpHMepHO rrO~OBHHy HMeIDme~CR y Hac
 
CT8THCTHKR Ha aHTKITpOTOHax. ~ Ra~oro'oópaóaTUBaeMoro COÓHTHR MeTo

.n;OM rrpOCMOTpa ~TOnneHRH onpe.n;e~OCD: 

1. N-t(-J - tmCJIO nO~OJKHTe~Ho (OTpHuaTe~HO) sapmKemubc qaCTRU.
 
Ms-s8 ÓO~ onTHlIecKHX .n;RCTOpCH~ SHaR sapJUJ:a ÓUCTPUX BTOpH'tIHUX lIac

TRn OIIpe.n;e~CR no RPHBHsHe TpeKac nOMOmDID maÓ~OHa. nna Heóo~:Dmofi .n;o

Jm TaKHX lIaCTHn ("'"'2%) He y.n;aBa~OCD orrpe.n;e~TD aaax aapana. OH npzmr

OUBanCR c~a~ oÓpaSOM. B IV- BHOCH~Cb rrOIIpaBKH Ha KOHBi1Ç~ 1

RBaHTOB OT g;O-paCIIa,nOB H BTOpHlIHble BsaID,lO~eHCT1lliH B MRmeIDI 19 .
 

2. Nr - 'tJlIC~O nO~OQTe~Ho S8p.mKeHHliX lIacTHU c HMIIy~DcoM 1\J L 
~500	 MaB 11I ROHHS8qHeA I » 210, rne lo - HOHMS8UIDI rrytIKOBO~ lIacTRIJ;bl 
(H.IteHTH~pOBaHHble nporoas), Pas.n;e~eHHe tIaCTHU rro JfMIIy~cy rrpOBO,IJ;H
~OCb c nOMOmLID maó~oHoB. TIpHMeHeHHe maÓ~OHOB R MSMepeH~ TpeKaM no , 

Ob'htlllil1e'lUlL.ifi ~HC'tm'YT \ 
l 
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Kasano, qTO Heorrpe~exeHHOCTb B HMUYnbce npH oT60pe no maOxoHY TPe,OB 
~aCTHU c RMTIyXbCOM, O~SKHM K 500 MaB/c, COCTaBRReT ±70 MaB/c. B 21/ 
nORasaHO, ~TO qaCT~ HcnapeHHR Boso~eHHoro ~pa ~aIDT s8MeTHHll BKna~ 

B.Me~xeHHue npOTOHli XHllib ~o HMnYXnca I<p ~ 300 MaB/c. TaK RaK B '8lliHX 
MHmeH.flX nororouaerca 95% npoeouon c HMIIy'JIbCOM I<p ~ 180 MaB/c /20 , Nt ' 
B OCHOBHOM, cooTBeTcTByeT BUOHTUM HS ~pa npoToHaM c KMTIYXbCOM I~ = 
200 - 500 MaB/c (c 5% npMMeCnID rr+-MesoHoB c HMUYJIbCOM K~70 MaBlc B 
cx~ae rr-C-B3aHMO~e~CTBHfi npH 40 faB/c /20/ H HeOOJIbmofi npHMeCbID Hcna
pHTeXbHHX qaCTRU - no H8mHM oueHKaM ~10-15%). 

3. Np& - 'tfi'[CXO ~eHTHcI>HUHpOBaHHblX npOTOHOB, BUxeTaIDmme B JIC 
no~ yrJIOM >900 no OTHomeHHID K nyqROBOfi ~aCTHue. llx OTOOp npoBo~cR 

BH3yaJIbHo. (B HalliHX ycnoBHRX npH qoTorpacI>HpoBaHHH c paccToflHHR ~5 M 
oillHORa B onpe~exeHHH rpaHHqHOrO yrxa HeBe~.) OHM OTo~eCT~Cb c 
saaan XeT.FIUmMH npOTOHaMH. ,1J.JrR nposepxa MeTO,UHKH Bu.n;eJIeHHH BblJIeTaIDrrtroC 
HaSa)]; npoToHoB Ouxo onpe~eJIeHO EX cpe~Hee ~CJIO H B rr-C-B3aRMo~eficT
BH; <Nt f» = O,19±0, 03, ~TO HaXO.ImTCR B corJIaCID! c pe3YJIbTaTOM paoo
TU 4/, B KOTOpofi c nOMOmnro nponaHoBOn KaMepu B npH6JIH3HTeJIbHO O,UHHa
KOBOM c HamzM HHTepBaJIe HMny~COB npOTOHOB H npR H3MepeHRH KX RMTIY~
COB li yrvros oaxo rro.nyqeHO <Nfe> = 0,22±0,0r. 

4. Qf\.. =N+ - N-+ I - Nr OTO~eCTBJI.R:eTCH c lfilCJIOM OUCTPbIX 
npOTOHOB (Kp ~ 500 MaB/c). 

~xee MU rrpliBO.rmM pa3JIH~HHe xapaKTepHCTHKH H 3aBHCRMOCTH ~JIH Tpex 
rpyrrn COOUTHn: COOUTHR 6e3 H83a~ JI~THmHX npOTOHOB (EHIT), COOUTHH c 
aasan xeTJIlIUUvlli npOTOHaMH (CHII) H ace COOUTHR, H CpaBHl'IBaeM lIX, rne aTO 
BOSMO~O, c peSYJIbTaTaMH ~pyrHX aKCnepHMeHTOB. 

z- PeSYXbTaTU aKcnepliMeHTa 

B TaOJIHue I npanonarca BepoRTHoCTH W(Nte. ) BlIJIeTa RS anpa N,~ 
H83a,n: xeTRml'IX npoToHoB, a Ta~e ~OJIH COOUTHn c Hasa~ JIeTRmffMH rrpoToHa
MH E. (A) = W( N~B?; I) ,nJIH Hccxe~OBaHHHX nnep , KaK BH,UHO HS Ta6JIHIJ;hI, 
~OJIfI COOHTHfi CHII COCTaBJIReT 12% YJKe ,nJIH LL R CHJIbHO soapacraer c Mac
COBhlM ~HCJIOM Mpa (~o 63% ~JlfI p~ ). E..(A) xopomo ann~oKcmvmpyeTcR 
A1/3- saBHcRMocTbID : ~(A) = (0,085+0,011)· AO, 373±0 ,0 6 (pRC. I) c

1 ~ X= 1,48/3 creneaa, cB06o~. B aTY annponcaeamno ae BRJIIOqeHO saase-
Eme E- ( u, aa-aa ero 60JIbIllOI'O OTl\JIOHeHHH OT nOJITIeHHOn KpMBOn, RO
Topoe Mo~eT OUTb oOYCJIOBJIeHO MaJIOCTbID 'tfi'[CJIa npOTOHOB B ~pe LL. Ha 
pHC. I npaneneas raxae SHaqeIDI, E. (A) ~ JIerKHX (A = 14) R TmKeJIIDC 
(A = 95) ~ep cI>oT08MYXbCHH /14 , HenJIOXO corxacYIDmHe~R c HamKMH ~aH
HliMH. EnR30CTb 3TRX pesyxbTaToB, HeCMOTpR Ha pa3~qHe B HMTIYJIbCHHX 
HHTepBàJIaxnpoToHoB - B c;ryqae cpoToaMYJIDCmr 220 L. ~L1000 MaB/c 
OO~RCHReTCR, rrO-BHAHMOMY, TeM, ~TO ~OJIH H8san xeTHmKX npOTOHOB c RM

2 

Ta6JIl1JUB I 

w (1) vJ (2) W(3) W(4) W(5) W~)=f..(A) 

U 0,I08;tO,013 0, 0I2:t.0, 005 0,002:t.0,002 ° ° 0, 12:t.0, 02 
C 0, I70±0, 017 0, 034±0, 008 0,OO:.!:±.O,002 ° ° 0, 2I:t.0, 02 
S 0, 22?:t.0, 019 0,075:t0,OI2 O, (124:t.0' 007 0, 006:t.0, 003 ° 0,33;tO,02 
~ 0,224±0,OI6 0,106:t,0,OI2 0, 039:!:.0,008 O,01I:t0, 004 O,007:t. 0,003 0, 39:!:.0,02 
~'j 0,198;tO,017 .O,1 26:t0,0I4 O,I09;!:O,OI3 u,U5;;::t0,OIO 0,04B:t.0,01O 0, 53;tO, 02 

P-R 0, I95:t.0, 0.18 0,154±0,1'17 O,II5:t,O.'l1S O, 052:t.0, 010 O,II9:!:.0,015 0, 63;tO, 02 
_. 

E(Jl) 

0.5 

Q~ 

o.a 

Q1. 

s 10 IDO 

nyXbCOM'>- 500 MaB/c MMa (no ~aH1illM paõora /15/ ara ~OJIH B flte.
B3aHMO~e~CTBHBX COCTaBJIHeT~1O%). Xopomo corxacyeTcH c HaillHMH ~aHHHMH 

H aaaseaae é: (e) = 0,180+0,005, ncayseaaoe B rr-C-B3aHMO~enCTBHRX npa 
40 faB/c B nponaaosoã K8M;pe /41. KaK BR,IUIO HS TaoJmIJ,H I, .IVIR JIerRHX 
~ep np1'l6Jm311TeJIbHO BUnOJIHReTCR 3~p.HqeCKOe COOTHomeHHe W (~e)= 
=LW(it>]N~~ npa ,*~.>1, RaR H B 47 ~JIH 1I-C-B3aHMO~eítcTBHii M B /14/ 

- ~JIH rr-,p (C,IV,O)-BSaHMO~e~CTBM~B ~TOSMY~nCKH. C pOCTOM MRCCOBoro 
'tfiiCJIa Mep aTO COOTHomeIDIe napymaerca, .IVIR TJUKeJJHX .ff)J;ep W(!Vr B ).~> 
>{W(-i)J "'ra • 

HOPMHpOBaHHOe pacnpe~eJIeHHe ~CJIa Me~JIeHHHX npOTOHOB ~JIH ~BYX 

KnBCCOB COOHTH~ EHIT H CHIT nORa3aHO Ha pHO. 2a H 26 COOTBeTCTBeHHO. 
rrO~06Hoe nOBe~eHHe pacnpe~eJIeIDIn no Aft ~ COOUTHn CHIT H EHIT HaOJIID
~8JIOCb TaRMe BO B3aHMO~e~CTBHRX n- H p C ~paMH ~TOaMY,JIDCKH npH 8Hep
rHH 50, 200 H 24, 50, 200 H 400 faB/c COOTBeTCTBeHHO 714/. KaK BH.IUIO 
HS p1'lc. 2 H T86~ 28 li 20, COOUTHR CHTI H EHIT cymecTBeHHO p8s~aIDT
CR no 'I:ll'ICJIY Me,1lJIeHHI:iX npOTOHOB Nr ..Ha OOJIaCTn IIp f:: 3 npltXO~TCR 
:> 90% COOHTHn EHIl ,n:JI.fI ncex anep H TOJInKO 30% CHIT ,JJ,Jl.ll TRJKeJIllX HJJ:ep. dTO 
CBH~eTeJIbCTByeT o TOM, qTO OCHOBHaR ~OJIH COOHTHn EHIT RBJIHeTCR KBaSHC
BOOO~HHMH O~HOKpaTHHMH B3aHMO~enCTBHHMH (Ha ~erKHX MPax 95% COOHTliM 
EHIl HMeeT Nr = o,I; na cpe.nxax anpax ara .n.OJUI paBHJIeTCR 84%, na TR
JKeJI1:lX - 75%). IIo~TBepJK.UeIDieM nOCJIe~HerO npe~noJIoJKeHH.ff HBJIHeTCR OqeHn 
CJIaOaR SaBHClfMOCTn cpe~Hero ~CJI? oTgHU8TeJIbHO sap~eHHHx qaCTHU OT 
MaCCOBoro 't!HCJIa A:(N-) rv AO, 03±,O, I. 

KaK BH~HO MS pRC. 2a, pacrrpe.n.e~eHHR Me~JIeHHhlX npOTOHOB B COOHTH
RX EHTI llJIR TRX8JJHX ~ep COBna~aIDT no ~opMe c aHaJIOrH~HHMH pacnpe~eJIe

~~ ~ O~HOKpaTHHX BSaHMO~e~CTBHH, BH~eJIeHHhlX OrpaIDiqeHHeM Ha MHO
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o z ~ , • .;=10'--__-, -o 4l 14 I. II tDk.- 1 L 2 , • • « PRC. 2. Pacnpe,I{eJIeHHe no 'mcJIY
• D*C 
• s·c.. 
o CsI-", Me,!{JIeHHHX npoToHoB Aff 

~ COCiUTHA EHIT - a),
a) 5) 

COCiUTH~ CHIT - Ci), • 
0\ JIerRHe, x - Cpe,I{HHe, 

o - TmKeJThle H.,I{pa. 
CllJIoIIIIme JIHHIDJ - pesYJffi
TaTU pac~eTa po MO~eJIH 

AH.D;epcoHa. 
QlH ODI 

f'Ke,2IIllr.. 
~eCTBeHHOCTn H ~peCiOBaHReM Ha
~JI .Jn:f,l.UfPYIOmeit ~aCTHnbl B pXe

o 2 4 6 8 '" 1Vf' O z ~ , a to ....6 1& 20 Pp BS8HMO~enCTBHRX np:a 200 raB/ C11 

/22/. Pacnpe~eJIeHRe Me,lJ,JIemmx 
npoToHoB B ~1V~BSaH.MO~e~CTBHJIX llpH (O - 200) raB/ /23/ TaRZe xopo
mo cosnanaer no <PoPMe c HaIllHMH cnexrpaaa .zvm EHII-coCihlT:aA: ~ Ne - KpH
BaH HaxO,I{HTCH MeJK.DY p(Li.,C) H p(S,Cll)-KPHEUMB. CpaBHeHHe HaDmX 

TaCi.mur.a 2a 

~O ( Nf» (Nfe) <~) <N-> ~/<N,.> 
- Li. 

C 
~« 

E1m Cu. 
(h'j 

P€ 

0, 35±0,03 
0,37±0,03 
0, 68±0,05 
I,0Q±0,07 
.0,H6±Q,IO 
I,3I±O,I5 

-
-
-
-
-
-

0, 72±0,04 
0, 96:±.0,05 
I, 54±0,09 
I,47±.0,IO 
I,62±.0,I3 
I,65:t.0,I6 

3, 47±0,08 
3, 5Q±0, 09 
3,65±0,II 
3, 88±0,11 
3, 47±.0,I6 
3,73±,0,I7 

1,802:.0,18 
I, 72±.0,I7 
I,46±0,I6 
I, 49:t,0, 15 
I,7O:t0,26 
I,36±0,I9 

Ta6Jrmra 26 

Li.. I,52±0,09 I,I7±0,06 o, 66:±.O, 16 3,85±0,26 o, 47±.0,05 

CfITI 

C. 
S 

Cu. 

I, 82±.O,09 
2, 49:t,0,I3 
3,6I±0,I4 

I,I8±0,04 
1,42±0,06 
1,65:!:0,06 

I,06:±.0,15 
2,28±0,16 
2, 83±.0,I8 

4,28±0,20 
4,7O:t0,I8 
5, 83±,0,I7 

0,5I±.0,05 
o, 66j:O,07 
0,64±0,04

~J 5,I3±.0,20 2, 45:t0,10 4,36:±.0,22 5, 72±0,17 0, 66:t0,04 
p~ 7,I6:t,0,28 2, 98:t0,I;;3 5,48±0,27 6, 03±,0, 18 0, 66:t0,04 

-! 

TaCi.mm;a 2B 

H.rwo <Np~) <N-><aR> C1J /< /'j1>><Nr> 
0,481:0,03 o,14±0,02 3, 52:.t.0, 07 0,71±0,04 1,53:t.0,12 

Bce 
Li. 
C. 3, 66±.0,09 0,67±0,04 0,24±0,02 O,98±0,05 1,37±0,10 

co- S 0,47±0,03 1,78±.0,OS 4,0I±.0,IO I,I8:!:.0,09I,27±0,07Cihl-
TRíl eu. I ,99:t,0,09 4, 64±.0,10 0,64±0,04 2,0O:t0,09 1,12±.0,07 

~J 3,I5:t0,I5 I,3O:t0,08 3,07±0,I4 4, 66±.0, 10 1,0S:t.0,07 
5,0,*±0,23 I, 89-,tO,I1 5,19:t.0,14 o,97±.0,064,0S:t.0,20P'€ 

pacnpenexeaaã c pacnpeneaeaaaza Me,!{JIeHIlliX nporoaos OT o,UHoKpaTHHx 
B8aH.M0~enCTBHn HaJIeTaIDmeH ~aCTHJ~ B ~e, rrOJIyqeHHUx B pa3HNX peaR
unnx, eme pas nO~KpennaeT Ham BhlBO,I{ o TOM, ~TO Co6hlTHH EHIT 06paSYIOT
CR B OCHOBHOM B O,I(HOKpaTHblX B3aRMO,I{eHCTBH.RX HaJIeTaIOlllero aHTHrrpOTOH8 
Ha nepH~pHH ~pa. Ce~eHHe 06paSOBaHKH COCiUTH~ EHIT ()p~~ = 
(I-E(A»~~~ , B nepBOM rrpHCi~eHKH OHO rrporrOpUROHaJIbHO AO,4, ~TO 
TaRXe rOBopHT O nepH~p~eCKOM xapaKTepe EX 06paSOBaHHR. 

C ~yrOH CTOpOHH, COCiRTRH CHIT xapaKTepH3yroTCH CiOJIblliMM qMCJIOM 
traCTHU ncex COpTOB <tJ-) )<Nf >'(QR >(TaCiJI. 2a H 26), YBeJlR~e!meM 
KX sHa~eHKtt c pOCTOM trRCJIa HaSan JIeTHmRX rrpOTOHOB ~ cpe)UllDC H TRMe
JIHX ~ep (TaCiJI. 3) (aH8JIO~n pOCT HaCiJlID~a~c~ K B ,I(Pyrax peaKUKRX 

TaCiJllUla 3 

N~~= o o<Nf &'- 2 Np~)2 

&~ 
p,ª {Nr> 

0, 96:t,0,IO 
1,3I±.0,I5 

3,45±0,I7 
4, 46:t,0, 23 

7,58±0,32 
10,5I±0,41 

~J 
p~ ("-> 3,47±0,I6 

3, 73±,0, 1'7 
5,15±.0,21 
5, 53±.0, 25 

6, 58±0,26 
6, 68:t.0'25 

e~J 

p~ (QR.> I,62±0,I3 
I,65±0,I6 

.3,61±0,27 
3, 90±.0, 20 

5,5I±0,32 
7, 42±.0,40 

/6,16,17/) H pOCTOM (N- >c MaCOOBUM ~CJIOM: (N7rvAO, I 3±O, OI « 

nOM Me).(JIeHHHX nporoaon OT oomero ~CJIa nporoaos J5 = <N ~~{~v 
TaRXe CiOJInme B COCiHTRRX CHIT, ~CHIT = 0,5 - 0,7, Tor~a Ka* ~ EHll = 
0,3 - 0,4, T.e. crreKTp rrpOTOHOB B COÓUTlllIX CIm 38Mf;THO Mfrrqe. Ce~eHHe 

oopaaoaaaaa HaSa,I{ JIeTmnRX. nporoaos Õ. ~lJ1 = e. (A) Õf~~ rv AI, 0. 
Bce nepetrMC~eHHHe CBoficTBa COCiHT~ C~ cBZ~eTeJILCTByroT B rrOJlDsy Toro, 
xro B OCip~30BaHmI JIeTffiI\HX Ras8,I{ rrpOTOHOB c :rnmyJILCOM 200 - 500 MaB/c 
BHYTpn~epHH~ KaCRa,I{ nrpaeT 3Ha~HTeJILHYIO pO~L. 8Haq~TeJILHa~ pOJID RaO
Ka~Horo MeXaHH3Ma B oCipasoBaHHH Ha3~ JIeTRmHX rrpOTOHOB c RMIIYJIDOOM 
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I 

~ b 500 MaB/c npe~cKa3H~aCn B pa60Tax /24,25/. KpOMe Toro, B pa6o
Te /26/ nOKa3aHo, ~TO C06HTHRM c 6o~lliHM ~p cooTBeTcTByroT B3aRMO
~e~cTBHH c C~nHO pa3BETHM KaCKa~OM. 

lfu pECo 3 npHBo~TCR saBHCMMOCTn cpe~ero ~MO~ Ha3a~ ~eTHmKX 

npororron (f\1>~ IA O! cpenaero qnc~a Me,IT)leHHIlX npOTOHOB ('N">A .n;JIR: 

Bcex B3aHMO~e~CTBHfi, ROTopaH xopomo annpORCKMHpyeTcH ~HefiHOn saBHcH-
MOCTnID: <N/J&> = (-0,02±.0,02) + (0,36±O,03)(iVf> npa J/'= 7,2/4 
CTeneHH cBd6o~. STO 03Ha~aeT, ~TO ~ ~6oro Rnpa-MHWeHH Ha I~e 

~ BU~eTaromax B nepe~HIDID no~c~py Me~~eHHHX npoToHa B cpemleM o6pa ,1 
ayerca O,IJ;HH npOTOH , BH~eTaIDuurtf B 3a~HIDIO no~cepepy. 

, 

<NP&1. 
2 PRC. 3. 3aBHCHMOCTn cpe~Hero-+; 

~Hc~a Ha3a~ ~eTRIDnX 

npOTOHOB L !VpB'>OT cpezt
Hero ~c~a Me,IT)leHHHX 

~ 
npOTOHOB L'";P'> ,lJ,JI.H ncex 
BsaHMo~eficTBHM. llpHMaR 
- arrrrpORCHMaqaa ~aHHHx• ~HeMHofi saBHCRMOCTnID. 

]zHefiHaR 3aBHCHMOCTn 
2 .3 s <Nrrp> Had~~aeTCH H OT lIHC~a<Np\ 

Me,IVIeHHHX npOTOHOB Nr . Ha 
pHc.4 rrOKa3aHa 3Ta 3aBKCHMOCTn ~ Bcex COOHTRH H ~H Tpex rpyrrn ~ep 
~erKRX, cpe~ H TR*e~. nPHHHe ~ Bcex Tpex rpynn ~ep OllMCHBaIDTCH 

(Npa> 
8 

\ I j 
I I 

PHC. 4. 3aBHCHMOCTn cpe~ero
f ~c~a Ha3~ ~eTHmKXJ? ? 

nporonoa <NrB> OTf9 f9 f 
qRc~a Me,IT)leHHHX npOTO+; • ~ 

~+'" 
HOB Nr : • -zerrcre , 
x - cpe~e H o - T~e110 

ymmepCMnHOfi mmeHHofi 3aBHCHMOCTnID OT Nr. no ~aHHblM Ta6~Hu;tl 2a 
cpezurze "tlHC~ <Nf»~· H <Nt~J ,lJ,JI.H ncex COC5HTHM nporropnaoaaasna ~cJ. 
c cf. = O,66±0, 02 H ci"= O,~3±.0, 03 COOTBeTCTBeHHo. OTCI<ma MO)l{HO cne
~aTn BHBO~ o TOM,lITO HHKrrID3KBHHe CelIeHHH o6Qa30BaHHR KaK ~eTHmilX Ha

san, Ta.K H ncex Me,lJ,lIeHIDiX npOTOHOB (\l'Iet "" A1 , 4 . 

3. 06cmeIme 

B Mo~e~ HeSaBHCIDJJHX CTOJIKHOBeImM AH.nepcoHa /27/ npe~IIo~araeTcH, 
~TO R~oe rrepepacceHIme Ha~eTaromeH ~aCTH~r BHyTpH ~pa npHBO,~T R 
H~eHTHlffiO~ pacrrpenexemm -qHc~a npOTOHOB, Bhr6HTbIX HS anpa ~~l (Nr) = 
(I - X) x p , r~é x = !?/Í-r~ H ~ = (Nr)/=; . BepOHTHOCTH 3iA(v) 
~~ ~ - RpaTHoro nepepacceHHHH BH~C~Cn no Mo~e~ r~y6epa /28/ 
Cpe,IOiee qRC~O nepepaccemurã BHyTpH anpa ~ =2.--V li A ( -V) = 

=b A/Ali' Sª"€ ((-e.-õT(6)1 rne ceseaae aeynpyrax pp-coy~apeHlIH npn
HHMMOCn paBHHM él = 31'M6 H HHTerpa~ paBeH ce~eHHID HeynpyrMX 
PA-B3aHMO~enCTB~. T(~ ) COOTBeTcTByeT TO~He MPa npH npRUe~HOM 
rrapaMeTpe ~ H BH"tJHC~OCn npH ~OTHOCTH ~OHOB B Rnpe, 3a~aBae
MO~ pacnpe~e~eHHeM By~ca-CaKCOHa. rrO~eHHHe ~~ ~FR s,a~eHRR c 
TO~OCTDlO 10% COB~aroT c aRCrrepHMeHTannHHMH ~a~ /29 • 3Ha~eHHR 
napaMeTpOB X, n~~eHHHe c aKCnepHMeHT~HHMH Be~HHaMH tVr 
(Ta6~. 2B), H ~J ~ pasHHX gnep npHBe~eHH B Ta6~ue 4. nO~HOe 

Ta6JImIa 4 

Li e s Ct:L e~~ p.e 
x 0,244 . 0,280 0,352 0,400 0,446 0,510 

cl~Hn (1'.2) 0,4 0,4 0,75 1,0 1,0 1,0 
V 1,49 1,72 2,34 2,99 3,91 4,67 

Ve.Hn 2,79 ,3,06 3,99 4,81 5,66 6,35 
Y'lfl(n 1,24 1.,33 1,54 1,62 1,63 1,53 
<s-» 0,48 0,67 1,27. 1,99 3,15 5,03 
<N'>CHn 1,67 1,89 2,66 3,55 4,78 6,97 
<Np '>õHn 0,31 0,37 0,61 0,82 1,01 1,40 
eJ/<Np> 1,74 1,56 1,29 1,15 1,02 0,93 

".t>/<N")CHrr 0,59 0,63 0,68 0,69 0,68 O,?6 
~/<Np>l!iHn 2,12 2,02 1,68 1,52 1,44 1,30 

E. (A) 0,127 0,196 0,323 0,429 0,567 0,652 

pacrrpe~e~eHBe "tJBCRa npoToHoB B pA-B3aHMO~enCTBHHX IY. 

pA(Np) =~:JTA(V) pA(v, Np) j pA(v,lJp) =(NP"N;-A) (A-X)" X -: (I) 
2 It la 12. (4 /5 Mp JlHe anpa, 

KaR BH.IUIO MS raõaan 4 II 2B, nozyxennae c nOMOtIlDID epoPMYJIH (I) Be~~HH' 
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PRC. 6. SaBilcIDvIOCTn (N-> OT<Nr':> H Cf;!(ilt>, rne ~ =V(f{r'·>-(Nr)l..~ xopomo COrJI8cYJÓTcH c sxcne
<Ir> 

llBCJIa Me~eHHHX rrpoTopRMeHTOM. ~PMY~ (I) OIIHCUB8eT H CYMMY p8cnpe.n;eJIeHH~ ~ C06UTHH EHIT	 10 

HOB Nf ;IJ;JIH T.FIJKeJIllXH CHIT: PA(Af)~ Põ:n(N,» + P~n (Np) . !{aK 6UJIO n0K8S8HO BillIle, CO-
H;IJ;ep: o - C06blTHJI CillT,6UTHH EHIT 06P8SyroTCR rrpeHl~eCTBeHHO B 0,IJ;HOKp8THUX BS8HMo.n;eaCTBKHX, .. ,) /,,1+ , I' j j I f j f 'I • - C06UTIDI ElIII.noaTO~W MH	 Orp8HHqHJIHCn ~ C06UTHn EHIT B OCHOBHOM SH8QeHHHMH V =1 s 

H '-V = 2: . A 
A '\ A A A A "A AI
F? (N ) =-z-4Hn(V):Jr(1l)P(v,Np) + (.1-~Hn(V))!Jf(v) ?(v, O~ (2) 

1>H n p 
V::;f12	 11.:;1 

rne BTOp8H CYMM8 yqHTUBaeT TO 06CTOHTeJIDCTBO, llTO C06UTIDI CHII HMeIDT
Nr. >o. SH811eImR n8p8MeTpOB cf. nonoopamr CJIe,I(,YIOunIM 06P8S0M: 

cl~H[l(-\l=V= l,ci:~m (.y>2) = 0.IJ:JI.fl ncex H,IJ;ep H ~~Hn (-j = 2)~ I 
orrpe.n;eJIeHbI no aKCne~HMeHT8JInHaM SH811eHHHM ~(A) (CM. Ta6JI. I). EH6
paamre suaseaaa (y = 2) npaneneas B Ta6JIH~e 4. KpHooe aacl6 Hn 
pHC. 2a rro;ryqeHbI no ~PMYJIe (2), OIm xopomo OIIHCUB8IDT pacrrpe.n;eJIeHHH 
no qlfc;ry rrpOTOHOB )VUl JIerKHX, cpe.IJ:HHX H T~eJIUX ~~p; nOCJIe,IJ;HHH Kpn
BaR cOBrra.n;aeT c pacrrpe.n;eJIeHHeM npOTOHOB B pXe-BS8HMo.n;e:f1:cTBHffX rrpn 
200 raBo AH8JIorHqHaM 06pasoM paccllMTaHbI KpRBHe Ha pRC. 26 ,IJ;JIH C06UTRH 
CHIT, Oilli Ta~e xopomo OUHCUBaIDT 9RCnepHMeHTaJIDHHe pacrrpe~eJIeHRH. lloJIY

QeH.!!He c npHBe.n;eHHI:lM nsme Ha60poM ex:k SHalleHIDI <Nr'> ,Ç6/(Nr> 
li -:; .IJ:JIH c06UTHa EIDI H Clíll, 8 T8KlKe E. (A) npanenena B Ta6Jmne 4. 
B ue.aor: OEm HeIIJIOXO corviaoynrca c aRCnepHMeHT8JInHbIMH .n;8HHHMM (Ta6JI. 2). 
Taron: "opasoM, MOJKHO OJKH.n;aT!>, QTO B o.n;HoRpaTHHX li .n;BYRP8THbIX nepHqJe
prr-recaax BS8.l'IMo.n;e:f1:cTBRHX 06P8SY1OTC.ff rrpelIMYUtecTBeHHo C06UTIDI Bllll, !{aK 
BH.IJ:HO H3 T86.mru;hI 4, cpe.n;Hee 'lliCJIO BSaHMo.n;e:f1:cTBR:ft B C06UTIDIX CHII B 2-3 
pa28 6o~nme, lleM B C06UTMHX EHIT, r.n;e ~ ~ 1,6 .n;~e .IJ:JIH cpe,IJ;HHX H TH
x... a,x ~ap. Ha pRC. 5 noxaaana saBMcHM:OCTn <N-> OT ~ , rrOC'1MTaHHO
rc, no Mo.n;eJrn AH,IJ;epcOHa .n;JI.FI C06bITHH EHIT, CIm H ncex PA-BsaHMo.n;eHCTBd. 
~Ta 38BHC~~OCTn B XOpOmeM (pH6Jrn~eHKM HBJI.FIeTCH JmHe:t1:HoH B COrJIaCHlf c 
.n:PJ~f~m aRcrrepHMeHTaMH /22 • 

(foI"> 

pax rrpJime.n;eHa aa pac , 6. OHa xapatcrepaayerca saMeTHUM pOCTOM 
BTIJIOTn .no Nr ::: 5, rrOCJIe qero pOCT 3aMe,IJ;JIHeTCH. Bce C06bITIDi CHIT II EHIT 

PRC. 5: S8BHCHMOCTn (11->OT 
'1MCJIa CTOJIKHOBeImH B R.IJ:Pe 
-V , rrOC11HTaHHOrO no MO

.n;eJrn AH,IJ;epcoHa: _ - c06u
TIIR Blíll, o - C06UTHH 
CIm, x - Bce BS8HMo.n;eHcT

BM. 

S8BlICIDJIOCTn <N-) OT Nf.IJ:JlH 
C06hlTHfi CIm II EIllI na T.FIJI.\eJIhlX .H,IJ;

<N-> 

! 
400 

10 'l"~" IIp 
HaxO,nRTCR H8 O.n;Hoft ymmepCaJIb
HOM KpHBOH. C06blTllH EHIT p8cno
JIO~eHH B 06JI8CTll MaJIHX sH811eHHn 

Nr .( Np ~ 8), rorna K8K C06bl~M cnn nOKpUB8IDT necs HHTepB8~MSMeHe
HHH Nf (Nf ~ 19). YmmepCaJInHHH xapaxrep HOCHT TaroKe <,N ) - Nr 
S8BMCHMOCTn )J;JIH JIerKHX, cpe.n;HHX H TRXeJlliX ~ep )J;JIH C06UTlIn CIm (pllC.?). 
!{aK BH.IJ:RO llS PHCYHKOB, B rrpe.n;e~ 9KcnepRMeHTaJInilliX olliH60K Be~llHH8<N-) onpenenaeroa TOJInKO 3HalleHHeM N~ , HeSaBHCHMO OT roracca CO
6UTHn H M8CCOBor9 llMCJIa R,IJ;pa. TaKmM 06P8S0M, xapaRTepHCTlIKH BSaHMO
~ettcTBHH B nepBOM npH6~eHMH onpe~eJIHIDTOH TOJIDRO llMCJIOM yqacTBoBaB
illHX BO BS8HMo.n;ettcTBHH HyRJIOHOB, Mepo~ ROTOpax ~eTCH llHC~O Me~eHHHX 

cu:» 
10 

5 

PRC. 7. S8BHCHMOCTn (N70T 
llHC~8 Me~emlllX npoTo

Iflfl ti ~ li' j '1 11t t t 
HOB Nf 
GIm: • 

)J)LH Co6liTd 
- JIerIGIe, x 

J.I cpe.n;Ime, o - TSDK,eJIUe 

~ • w n ,. ~ ~ "'p 
JUU)a. 

npOTOHOB Nr (Nr - cKeibnuII'). IIpe.n;CTaBJIeHHaH na pac , 4 SaBMCIDAOCTn<N~a> OT Nr .IJ:JlH acex H,IJ;ep 0IIllCl:lB8eTCH YIlliBepC8JInHOH JmHetbiott S8
BHCHMOCTnID, xro CBH,IJ;eTeJInCTByeT o BhlrrOJIHeHHH Nt - CKettJnmr8 H .IJ:JIH 

H8S8.n; JIeT~ npOTOHOB. IIo;ryqeHHHe pesYJIDT8Tbl HaxO~TCH B COrRaCHH c 
paõcroã /26 , B KOTOpOit '*-cKeibrnHr rroxysaerca R8K CJIe.n;CTBHe 8,zmH
TKBHO~ RBapROBOH Mo.n;eJIH c YlleTOM ~ ~PMHpOBaHMH Q8CTM~, BHyTpRH.IJ:ep~ 

Horo RaCRa.n;a R rrapHHX Koppe~:f1: • 

'l
 
TIpe.n;CRasaHHH o KoppeJIHnHH HaS8,IJ; JIeTRmHX npOTOHOB c ;IJ;pyrHMR llaC


THUaMH )J)LH·a.n:p~-a.n:e~ BSaHMo.n;e:f1:cTBR:f1: HMeroTcR TOAnRO B p8MItaX KaO

K8.n;HOit Mo.n;eJIM 30-32 npH HHSKllX 9HeprRHX M rrpIDAeHMTeJInHO R JIerKRM
 

~p8M. )J.IDI rrC-BSaHMO.n;enCTB~ npa mmYJInce 5 raI3/c /8/ KaCRa,nHaH
 

Mo.n;eJIn rrpe;rr;CK8SUBaeT:
 
I) openaee	 ~c~o aaaan AeTIDIUiX rrpOTOHOB <Npe) = 0,247;i0,002; 

't:- 2) HeSaBlrCHMOCTn cpennero qJfCJIa aaaan AeT.fIIIlHX rrpOTOHOB <Nre> 
oTN; 

9 
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"
 3) mmeHHylü 38BHCID/lOCTb <Nf>s) OT N" . 
3TH rrpe~CKa3aHHR dHllH ilO~TBep~eHR Ha orrRTe. llpM cpaBHeHHH pe3Y~bTa
TOB, rrO~IeHHHX H8~n~, C rrpe~CKa3aHHRMK KaCKa~HOH Mo~e~ M8-sa pas~
~R B copTe M aHeprMM Ha~eTaromeft qaCTM~ C yqeToM TOrO, qTO ,ac~ 

npa aameã 8HeprMM MO,n;mÍlHI.tffpOBaH ~JIHHOH WoprvmpoBaHHR anponos 26/, MhI 

MOJKeM paccllHTRBaTb TOJU>KO na me KaqeCTBeHH08 cor~aCHe. 

AH~3	 HalliMX ~aHHUX rrOKa3UBaeT c~e~mee: 

I. Cpe~ee qHC~O Ha3a~ ~eTRmKX rrpOTOHOB B pA-Bs8MMo~enCTBERX rro 
,n;aHHllM TadJrn~ 2B pasxserca <~~ >= O, 24j:0, 02, qTO B npenanax onraõox 
coraacyerca c HaIIlMMM JKe ~aHHH:rvm ~JLfI rrC-Bsmnllo~eHcTBHn (Nra) =0 ,19:t.0 ,03 
li dJIH3KO K rrpe~cKa3aFllIRM KacK~Hofi Mo~e~. 

2.	 1m pMC. 8 B rrpe~e~ax oillHdoK He rrpoc~e~BaeTCH 3aBliCMMOCTb 
<Nfs) OT N- .nJUI ~eI'KM.X Mep, qTO cororacyerca C rrpe~CKasafrnJIMH 
KaCK~OH MO~eJIH. ~ TRJKe~X ~ep rro~odHHX rrpe~CKa8aHHn HeT, Mli, O~

HaKO, Had~~aeM pOCT <Nf /3) B SaBlICMMOCTH OT N~, IWTOpHít YCHJIHBa
eTCR c YBe~eHHeM A. 

PRC. 8.	 SaBl'ICMMOCTb <"'ta) OT 
N" ~JI.H ~erKJrx (. ), 

<~pt>' 

5 
cpe~	 (x) l'I TRJKe~X 

(o)	 ~ep. 

tlllll j 3. TIpe~CTaBReHHaH Ha pllc.4 
3aBHCMMOCTb <N~'ó) OT NfI MR 
Bcex ~ep KMeeT JIHH8ítHHít BM~,999 

lC	 *' .. + t t 1 
9)(	 >< 

>< QTO Ta~e cOrJIacyeTcR c rrpe~
•• • to ~ +lo 10\ 

8 tO	 /1. CKaSaHllRM1'I KaCK~OH Mo~anR.t4 Ir 
Z '" 

Cor~acne ~aHHHX, rro~eHHHX Ha-
MH rrpH aHepI'HH 40 raB/c, c 

npe~CR83aHMRMH KacK~Hoít MO~eJIH rrplI HH3KKX 8Heprl'IRX odYC~OBneHO, no
B~OMy, TeM, qTO xapaKTepHCTMK1'I Me~eHHHX npOTOHOB, HaQHH8R c 
5 raB/c, ae saBMCRT OT ·aHeprMM BSaHMO~eítcTBHH. 

BuBOJlH 

L .ll0JI.fI COdJ:1TMH c aaaan ~eTFIlIlllMH rrpOTOHaMH €- (A) "" Al/3: €,(A)= 
(0,08~0,011)·AO,373±O,26. 

2. Cpe~Hee qnCJIO Ha3a~ ~éTRmHX rrpoTOHOB yBe~aeTcR c pOCTOM 
A rrpHMepHO TaK ~e, K8K li cpe~Hee qMC~O Bcex Me~eHHHX rrpoToHOB (~A2/3) 
~ Bcex B3aMMo~eficTBMfi. 

! ' 

3. COdHTRH de3 Has~ ~eTRmHX npoToHoB B OCHOBHOM RIUUOOTCR KBaSlI
cBodo~HHMR O~HOH~OHHHMH BSanMO~eítcTBMRMH, CeqeHHe lIX odpaSOBaHMR 
.O"EHIlrwA 0,4. 

/
4. COdhtTIDI c nasan JI8'l'RUmMM rrpOTOHaM1'I xapaxrepaaym-ca dOJIbJIIlIM 

qHCJIOM qaCTliU ncex THnOB <N->,<Nr >,(QR'> , qeM OCT8JIbHbl"e B3aHMO
~efiCTBHR, II RBnHIDTCR RpaTIWMH B8aID/l0,n;eítcTBlIHMM. CeqeHHe MX odpaSOBa

.f	 HIDI Õ CillI ~ A1 , O. .uOJUI Me,II.JI8HHhIX nporcaon T8IOKe ooasue B 9'l.'HX COdbI
THHX, T.8. cn8RTp npoToHoB B COd~TMRX CHll MRrqe. OTcID~a Mo~eM c~e~aTb 

BHBO~, qTO B odpa30B8HKH Ha3a~ ~eTRmRX rrpoToHon RaCRa~ HrpaeT 3Ha~~	 TeJIbHYIO pOJU>. 
5. Mo~e~ AH,IJ:epcoHa, ytrnTbIBaroulBJI paSBRTl1e BHYTplIH,n;epHoro RaCKa

rta, HeTIJIOXO onacssaer OCHOBHbl8 xapaxrepncrmcr npcronon B COdHTIDDC 
:am II CIm, ~aB8R c~eCTBeHHO dOJIbIllee ql1CJIO nepepaccemraã WUI cooaraã 
c Hasa~ JIeTRmHMH rrpOTOHaMH. 

6. Me~JIeHHHe rrpoToHH, BHJIeTeBillMe Brrepe~ II Hasa~ TI nc, ClIAbHO KOp
pe~poBaHH. B· cpe~eM Ha ~ BH~eTeBIllHX B rrepe~moro rroJIYcWsPY Me~eH
HMX npOTOHa BHJIeTaeT O~H rrpoToH B 3a~HIDID rroJIYc~epy, HeSaBl'IClIMO OT 
anpa (~JIH ncex B3amno.n;e:t!cTBH:t1). 

7. XapaKTepMcTHKH pA-BSaI1Mo~eficTBMít «Np8>,<N-») B nepsoa 
npHdJIHXeHHH onpe.n;eJIRIDTCR ~C~OM HY~OHOB, yqacTBOBaBllrnx BO B3aHMO~8n
CTBHH, Mepott ROToporo RBJIHeTCH ~ , a He MPOM ( ~ -CKe~Hr), 
qTO HaxO~TCH B cor~cHH c a~THBHott KBapROBOfi MO~eJIbro /26 • 

8. KaCKa~aR MO~eJIb 730-32/ KaqeCTBeHHO rrpaBHJIbHO orrrtc~BaeT pe
SYJI:&TaTEl, II?JIYl!eHHHe HaMH Ha JIerKIDC MPax. B pA-B3aHMO~encTBHmc. 

B 3aKnID~8Hli8 aBTOpU llO~b3YIDTCH CJIyqaeM, ~Todli BupaSHTb OJIaro
~pHOCT~ H.H.PO~RHll li B.H.Po~ 38 rrocToRHHliH HHTepec K pa
dOTe R nan83HH8 odc~e~. 
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rafiYHMR n.n.'M AP. Pl-86-520 
Ofipa30BaHHe npOTOHOB c MMnynbCaMH 0,2-0,5 r3B/c, 
~neTa~x Ha3aA s n.c., B pA-B3aMMoAe~cTBMRX npM 40 r3B/c 

Ha nRTMMeTpOBoH cTpMMepHo~ KaMepe c BHyTpeHHMMM RAepH~MH MMweHRMM 
M3Y4anOCb ofipa30saHHe npOTOHOB c MMnynbcaMM 0,2-0,5 r3B/c, B~neTa~~MX B 
aaAHOn nanyc~py fl.C., B pA-BaaMMoAe~cTBMRX npM 40 r3B/c.YcTaHoBneHo, 4TO 
AonR co6WTMH c HaaaA neTR~~MM npOTOHaMM nponOP4MOHanbHa Ai/3. rAe A -
Maccoooe ~cno AApa-HMWeHM. B cpeAHeM Ha ABa B~neTeBWMX B nepeAH~~ nony
c~epy n.c. Me~eHHWX npOTOHa BwneTaeT 0AMH npOTOH B aaAH~~ nonYC$epy. He
38BMOMMO OT RAPa. B pacnpeAeneHMAX 4Mcna HaaaA neTR~MX npOToHOB, a TaK*e 
OTPM~aTenbHO 3apR.eHHWX 4acTMU Hapn~AaeTCA Np-CKe~nMHr B cornaCMM c aAAM
TMOHOM KoapKOBOW MOAenb~. nOKaaaHO, 4TO B o6paaoBaHMM HaaaA neTA~MX npo
TO'~O BHYTpMRAepHWH KacKaA HrpaeT cy~ecTBeHHY~ ponb. 

PafioTa 8YnOnHeHa B flafiopaTopHM AAepH~X npo6neM OHH~. 

fipenpmrr O6l.emmCll!lOt"O HHcnnyTa JUlepHbIX HCCJ1enoBaHJUÍ. 1ly6Ha 1986 

!lIepeSOA O.[.8.I'IHOrpaAoBoM 

Gabunia L.L. et ai. Pl-86-520 
P~oc~ion of Back~rd ~rotons in Lab System 
with D.2-Q.5 GeV/e Komenta in pA lnteractions at 40 GeV/c' 

Prooduction of 0.2-0.5 GeV/c backward protons in 40 GeV/c pA Interac
tions has been studied in aS-meter streamer chamber with Internai nuclear 
targe~s. lhe par~ of events with backward pr~tons is found to be ~ro

poT~iona) to AI/3.~ere A is the mass number of the target nucleus.On the 
average.tbere is one backward Proton per two slow forward ones. The Np 

scalipg is Observed in the distribution of backward protons and negative 
partieles. wbich agrees with the additive quark model. The Intranuclear 
cascade is shown to play a significant role in production of backward pro
tons. 

Tne investlgation has been performed at the Laboratory of Nuclear 
PrublelTl5. JINR. 
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