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6e11~ra 8 .8. 11 llp. . . Pr-95-368 
O611apy)Ke1111e napllblX KOppemm11ii . 
M(!)KJ.ly a~:iacT11tia~UI - cpp~1nte11Ta~111 peJll!TIIBIICTCKIIX HJ.l~p 

. O~uapy)KCllb( oco6e11uocT11_ B c11eqp,ix on1oc11TeJlhllblX yrnoB II 3cpcp~ti.
TIIBllhlX Macc11ap pe1rnnrn11CTCKUX a-•iacrnu ·113 l!ey11pyr11x· B3aJIMO).leiicrn11ii Hllep 

·
12c, 14N; 22 Ne, 24Mg. 28Si U 56Fe ll 3MYJlhCIIII llpH Po·== 2.5~.5 f38/c 11a IIYK.'1011: 

bu~i1e11i1 J.lOJI~ ~-•1aCTIHL- 11p1uly~TOB pac11am1 11p;)~1e;i,;yi·p•moro Hllpa 8Be~peJJ.\t 
Bcex J.lByx3apHJ.lllhlX CHeK·1:,nop11h1x · cppan1e11nrn pe1iHr1rn11cTcKux Hllep-c11apH-
J.\Oll ::_ II 'l<l_Pi'l'-Tl:!P ee A,3;\I\HCmH)C;nt: . 

·· Pa6oi-a.11hmo1n1eim ·P .n~16l1p~1rnp1q1 Bh1coK11x Sn~pri1ii Q!'l5{H. · 

n ep!;!B0J.l aBT0p0B .: 

8,elaga V, V. et ~l: ·.. . 
J:!vic!<;nce rif P,air Cprrehl!ions ., . 
~etwee,n ~-f\1rtic,:l~l\ - Fragnwnls of Rch1tjvi~!is: Nµclei 

Thi,: pe,c,:µli<iriHe~ ill djsfri~\llinnsnnt!w reI.itiye i\ng\1;~ ;u1(1°effe~tive inasses' 
·qf reh1tjvistic ix-p<JrHc,:les. fr<1!1l ine,l;1sti1= ·i11tepictions qf 12t. HN •. 22J"!e, ·21Mg; 
28Si ;i~d 5''f~ prPjectile~ i!le•mihi~~ qt /'fl~ 2.5~.~ _qewc per lWC\fQII have jee!l 

c!iSfQYC,fC,fl: Th~ ~Mves pf ~:pHr!if les cre_\\t\!t!. t;rom .th~ ~h:<;<IYS pf 8!3e~p~c; l~i i11110,1g 
.aH fhy tWi\:!!-!=hmgeq 'specfHHlf fr;1gn1fpts pf,r~lqtivistic projecfile i1µclci · ,md the 
. C~Hrn~fer p,f their A-q~penll!!nce. \Verr e.v!1l4•!fed. 

' ~ ~ - , - '. ' 

;~Th~. investig'ation. has b~en perforrµed at. the . L<1borntory pt·' High Energies, . 
JINR. · . . 
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::llleprCTl1'1CCKOf'O rTOpO[U perHCTpa!U!H 3ap51)!<el1Hh!X · OCKOJIKOB . 
, ;u1.ep,' 11Meiom11x -OKOJIOCBCTOBble cKopocTli, H 'o6ycJIOBJiCHlla51 s·i-11{1 o6CTOlITMhCT

( , JlO~I- .B03M0)K/IOCTh 113Y'ICH1i51 1ip~uecca MYJlhT}lcppal'MClITUU~ll~: pe.filI~l1B~;cp.:~~X, 
·· · iw~p~ciiapiu(rn np11 l\iar1~1x· nepeJJ,auaeMblX 11~1 4~~fMnynhCax _ _:__ nenamT inyqettue ' 
. i' ::J'flfX pcatOUlii Kpaiiue llplrnJlCKaTCJlbllblM JJ,JU! H3BJieqeinrn np}IMOH' SKCnepm,ieH: 
. :°'. 'nUl_h!IOii i11;tpcip~u!uirn. 0 ui1yTpe1

1

1i1eii 
I 

CTYKType '51nep II: BH,UC ypaBHemrn COCT051HH}l. 
' • '' ·'"· < ' ~ <. ' - ~ . ' ., . ' , . ' . - I. . ·/ ' ·- - - ' ' • 

: 51nep11oro BCllJ,CCTUa, BeChMa Ba,KCII npH :nm1 nonpoc O TOM, npOHCXO,UHT Jll1 <pop~ 
,' M 11p~na1111e' KO! IC4 Hlll'O, COCT05111 ll}l peaKUIIII MYJJLTl1cjJpan,rnHTaUlf H: Hnep, «onuoirn~, 

,_ ., ; .i • ',,,._ ' •• : . . ·.' ' •• i' ✓ . ,·, . . . . ' ' , . ' ' . , 
. MCIITIIO>> (MexamI3M 11p51MOro, pacna.ua) IJJIH pacn1nrnaeTC51 BO npeMeHH B pe3yJih-
, -iifre cepmi .,iocJlCJl~JiaTCJihllblX pacnanou•'(KacKan1rnifl\1exaHmMf l1Me~mMC51 B 
HaC'f05!IlJ,~e- npeMH 11i1cpopMallll~ rio ::JTOl\lY ,B0/1[)0C)' ,u.rrn' 06mi~ri1 f)~,TT}lnl~·HCTC·K;IX 
:mep:rnif • pparMCIITHPYIOlUHX 151,UCp Kpaif11e

0

cKyi:\11a H nponrndpe•1i11fa. 1 -

· .• , B ·· ,rncTbm1icM,,C~o6me11~'11' 11peJ(CT:iBJICHbl riepBhlC pe3yJihTaTLI 'ri~mc~a riapIILIX' 
... ·. rnppem1u11ii MC)KJlY pen51Tlll~IICTCKii~rn C'(0 qac1'11iia~11(-:2-,cne'KrnTOpm1~rn cp1jaa-1eH- , 

1:aM11 51~ep-biap51AOB B peai<u~i~x'., . , ' . ,• ', ',. .' . . 

A +Eiiz ➔ a+ cx_+X 

, 51Ap0, . E,11 (HnepHa);i qJOT031\1YJlbClf}l) , MHll!CHh, ; X = «ice 
OCTaJlh!IOe»):. MLI u'cnOJih30Ba.rrn . 3KCn~pHMC~ITaJlhHLie nm~HbJC . 110 .,· AE,;i~coy.ria-

·, ,· . ,, . •'( • . . ·: . ,• · .. . . . . ', . ' . . . 12·. , ,. 
p_c_IiH~M, J~OJlY'ICJllih!C, ~ 3KCnepHMCimtx C pemITHBHCTCKIIMl\51.UpaMH. ,C,'(po =.' , 
', .. ·, · ·, · · 14 ,· · . , · , . ·. '. "2' . ,· . •,. , 
~4,5Ac f::iB/c) [1},, N(p0 =,2,9ANfsB/c\[2,J,.:- Ne(p0 =4,IANc!sB/c) [3], 
.;4 .·. ;'.·, ;.,·· .''" \; ". ·,_ ··?8 ,· .,, ;> . ',, ,•,,,•,.I ; 56, .' 

,~ Mg (pl1/A',,5AMi;' TsB/c) [4]; ,~ S_i, (p0.= 4,5A5i _,:rsBfc\ ,[;l ... H · ~e (p0 =; -· 
'·. ·, .=;;2,5AFe f:::.1B(c), [6},. ycKOpCHIILIMH B BepKJJH (BNL>) •. H ,Uy611e (!1-83 'Ol1.Hl1). 

\ ': ';• •, ( l .\u ,, ' ,• _' .•., c' ', ,••,• •-, . ,• .r \ ,. , • ' •• ', \ ! > 

• , ~KC!IC~HMCll'fbl f,l:--=-:-6] 6brJIH 'B_hlflOJIJl~HLI B. HACJITlfqHhlX n? MCTOAHKe ycJIOBH51\; 
, q1parMCIITi,f C 3ap51J(OM z = ,2 (no}laB,,'l51IOilJ,ee 6oJJhll!Hll,CTBO KOTOphlX COC'J'aBJl}lJOt 
: CX.-'laCTlfULI) · 5i;im1 IIACIITH<pHllll(JOBalll,I -B 3THX '::iKcnepHMef!'fax:lc npaKTJtqecKH 1. 

' ,, ! : s ' ' .. • • •• ,· ' I -- , . / . l . ' . 
, I 00% ~<pqJeK'~llll!IOCThlO. ' · , .. , -~. · ' .. · . , . , · .... ·•. , . • · · .··· 

; . : fo:)JIHOe t'm~JJ() mey11pyn1x jiupo~lIACpHb!X. ~3aHMone~CTBHH, .· H;!Mepemth)X ll 
.,,,: " .. ·. , - I,_ .. ': \ ' . . .,_...- ' ,· . ,-_ .• • ,,· , ' - ' : . ','- .- . . , • .• ' 

·,npoa11amf.mpOBUIHILIX· ~ [l--;-6], CQCTaBJl}lCT, CBhlUie] 4· ThlC. C06h!THH, 3KCnepH- ,_ .. · 
, , . ·. , , r . , . · , 1 1 · • -- 1 • • .• • _ • , •• • '~' _; 

: Me•_!Thl BhlllOHJl51JlllCb B .YCJ)OBH51X 41t~reoMeTpHH.,,,, '·,, ; , .·.· ; ' ' - ' 

, '._}ln;, ~~rnc11e1~11~, ~exarm:hrn cppaiMc1rfo11i11f iiiep" i CX-'IUCTHUhl '1L B '!acrnoc;rn, 
'ornei'a 1ia BOllp~c O 803~,~o;,;mott J)OJIH «KaCKa,llHOI'O»: npOTCKainrn. 

. ' - - ,; , \ ,- . '< ,,_' ; ,1 ,, • • 



\' 

. ' ·'' ' ·'.' . ,,·· ' 8 ' ' 
pacna.ua (tJepe3 06pa10Bairne npoMe)Kyro•ilioro ~.upa Be) Mhl paccMl)Tpem1 pac11-

-' pe.ueneinrn no 0THoc1nen1,11,L1M npocTpauciBe11111,1M yrn·ai:1 0:. Me)K.llY m111y111,cal\111 :-
, . ' ' IJ ' 

. i-ii ,~j-ii C'<~tJaCTlfULI 113 p~aKu1111 (I) 11 no ::icj:>cj:>e~~HBIILIM MaccaM M/, Ka)KJ1oii 
' ' . ' ' . ' : ., / ,, -', . ' 

11ap1,1. OTMemM, tJT0 ,o.u1-104acrn,rn1,1e ~acnpe.uenemrn cj:>parMeHTOB (ua11pm1ep,,110 
nonepetJHhiM m.i11yn1,caM CX-tJaCTHU) 0Ka3b!BalOTC.lf HelJyBCTBIITCJlbllhlMll K llbl6opy 
Me)K)J.y «11p51Mbl~1» '11. <<KaCKa.!lHblM» KaHanaMH M)'JlbTHcj:>parMellT.lQllll. ,Ua)Ke .B llpo.: 

CTeiimeM CJJ~ae ;KCKJli03HB,HOM peaKu11i-1 12c ~ Jex [7,8].' ' ' < ' 
• i Ha puc. la,6 npuBe.ue;,1,, pacnpe.uenemrn c/N/ dM .. '(npocyMMllpOB~lllllblC 110 

i . ,, • . · , ; > , ':' lj · r· : ·, . · 

BCeM a11caM611m,1 AEm-coy.nap~11111) u 'dN/ c/0 .. (.nm1 c
1

oy.uapeiu1ii '12c,· 22Ne, 24Mg 
28 .' • ' . ·,. ', ' ! . I ' ,11 ' . _' • • , , ·, ,, ' .· 

H ,.Si 11p11 6mBKHX nepBH'lllblX 3Hepnrnx_ 11a HyK.i1011). On1eT11M, lJTO-~TII pacupe
.neneHmI He He3aBHCHl\1bl, TaK Kai· 
1 

. ·:, •• ,_ * ': ' 
1 

_ , '2 . ·- : II 2 ' 
M .. = M .. - 2m - [2(m + E.E. +pp.cos 0 .. )] -c 2m 

_ I] , I] , , · .. I, j _ I j · I] , 
' (2) 

(m, E, p _;• Macca, nonHM ::ikepnrn HHMnyn_b~<X-tJacrnl.{~1)::Ha ::irn~1 )Ke pn.cy11Ke: 
·. npe.ucTasnetti,1 coorneTcrny10m11e cj:>0110B1,1e pacnpe~eneHH51 (KpHB1?1t::), nony4e11111,1e 
B pe3yJJhTare «c11ap11Bamrn» CX-'IaCTIIU 113 pa3HblX co6bn1111_ peaKUIIH (] );.}IB./l~IOJUe
roc51 CTaHJ(apTH0tt Ill)OU~.Uypott, ~Cl10Jlb3yeMOH J:UI51 cp:aBHeH~51 L(aHllblX CO CJIY'IaeM 

I •, • i,'• ,• I•'• ,I ,' •. '•.' •• ',•• •., 

fl0JlH0CTbl0 ue1rnppem1poBaHH0H· 3MIICCHII •IaCTII_U lf3yt1aeMoro 'flllla. . , •. 

. ' O6a pacnpe.nene,iH}I, p11c. l o6irnpy)KH;alOT 110 Kpaii,11eii M~pe l:l~a CTaTHCTH
_ tJeCKH 06ec11elJeH!lblX MaKCl!MyMa np11'M .. ➔ 0,H M.::::3 M:;iB (HJJII 0:.'::: 0,15 11 

,' ·. . . _. ' . . ' ' ' i y·· ' •:, _11,:. ' _·.. • . 11,, . 

'0,6-0,7 rpa,U.).' J1x riOJJO)Kel!He,COOTBeTcTByeT 31-IalJellll5IM, O)f<H,UaeMblM j_vrn 11po-
.. · ' : . . . '' . .-' ' 8 . . . ''. + .. , ' ' ; ' 

.UYKT0IJ pacna.ua HeCTa611JlbHOro 51,Upa Be 'B-0CH0BH0_M (0.) II nepB0M B036y)K.ueu- - ' . 
' . ' . ' . -- ' ' \ . ' . . 

HOM (2,9 M::iB, 2+) C0CT05IHll5IX. CoOTBeTCTBHe' oco6eHl!OCTCH B pacnpe)J.eJJemm 
. . ..... / . ·, .· ',.. ' ,, ,' ,, :· .·, ' ' ' '. 

aN/ d0ij 3TOM rnnoTe3e no,nrnep)K,UaeTC}I TaK)Ke, pactJeT0M, OCHOBal!HblM .11a, CTa- ·. 
t :· \ • .,. , I : _' , · :. . •· , . · , • . , ,' •. ,:. • - • 8 ·, ·, 

THCTlflJeCKOH ·,ieop11n [9] o6pa30Bal!H51 '. H pacna,ua ilpoMe)Kyr0lJII0fO . Be B peaK~ . 
UH5IX (1) .. OTMemM' T~iJOKC, lJT0 CTaTHCTlftJeCKa51 o6ecrre4emiocTh 'nepnom irnK~. 
CHMyMa HMeeT MeCTO B Ka)K,[l,~M H~ aHaJUl3HpyeMbJX. Ha6opon' 51Jlp0~51.UepHblX,COyd~- . 
pe111111; ,UJl}I BTOporo MaKCHMy~rn npeBblllle1111e i'1a.u ,QJOHoi, Ila· ypoime -~2 
CTaH,UapTHblX,-OTKJJOHeHHiJ '6bmo 3~cj:>IIKCHpoBaHO'B a11,caM6J15IX ,coy.u<:1peimff 51).(ep'.',' 
12 ,. 22 24 · 28' · . . . - . . ·. , , 

C, " Ne, , Mg 11 _ , S1. , , 

-Llrrn oueHKH .non11 pen5ITHBHCTCKHX cx-~iacrnu, i51sJ15IIOJUHxci npo.uyKTal\_rn _ pac-
.· . : i ./ , • · · · - 8- ~ - , ~ ,_. - . · ... , -. - · -. · . :. 

< na.ua npqMe)Kyr0tJHom 51.Upa Be B peaKuirnx (I), cpe.n11 ncex cneK'rarnpi11,1x cj:>par- · 
; MeHTOIJ C z = :2, o6pa3y!OIUIIXC~L B pe3yJJ.bTaTe cj:>pafl\1ei,rnu1m . peJi~n!BlfCTCKHX' \ • 

51,Uep-cuap51,UOB B 51,Up0-51)1.epHblX B3alfMOJ(eikTBll}{X, Mbl onpe.ueJJHJlH lJIICJla nap 
cx-tJacTiiu· B o6;acT~ y~a1airn1,1x na p11c.2 MaKc11MyM0B, · 66ecnetJl!Ba10mJx ~161,t'
T0K Ha.!l cj:>oH~Bb;MH KpHBbi'MH npH HOpMHJJOBKe IT~CJJeL(HlfX K 3KCHepm.1eHTaJlbllblM 
cneK'rpaM B,o6nacrnx M.'. >4 M::iB IIJllf 0 .. >' 1° (nocne.u11ee 11epase11CTBO-;- )J.Jl}I 
' , '. ':' • . •' ~ ' ,_J .., '-~. , > '"~ '(j . ·• ·, . •~• ••, . ' . I '_'; ,I 

2, 
I 

./,.,, 

11· 
1. 
l 

u· 
11, 

,l•r . 
l 
{ 

~ 
. l 

f 

; 

·, 
l 

·\ 
";' 

'-~1:_ J . 
. \ 

l ',,' 

·_ dH/~Nij 

. dN/de,j 
t 

300 

/ 

Be(2.9; 2►) 

L 
./ 700 
I 

I 

,.· 

2 
-~5) 
. I 

/' ~ 

.>< 
500 

0.5' 1.0 f.5" 2.0. 

0;}, ip'!a·_ 
·., • 'll, 

. I 

Be(2.9; 2•) 
,I -1. 

· fO . ,. . ·6 .. · 8 , u B fOO 2.- ' · '."'I ,, . i.1 ;-. , 1•1:> · 
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Puc. I; Pac1ipcJtci1e1mc 1101/11;; (a) II e;; (6) JVIH cy~;MapllhlX na6opoR 1l/:111~Cll)0Wpl'llll!i. Kp11Jll,IC -'-' I 

'pacnpcJtCJICIIII~ ).UIH nap a-•JaCTllll IIJ c paJlll>IX cn6hJTllii ( «IICKOppc_1111pnna1t11hlll cjlOII\>). C'Tpc:1Ka~111 . ; 
IIOKa3alll,1 _OJKll){a°CMblC 311a•1c111rn' oco6c1111oc~cii,. i16.yc!lllll!lt:lllll>le. pac11a;1ai111 81k II. CllCT(il!llll~X~ 
(O; o+) 1i' (2,9 MJB; 2+)_ . . ' . . 

1' «.uy611e11cK11x» i'1epim'.u11,1x ::meprnii).:Pe3y;11,-ran,1 oue11K11' 11pe.llCT,iR:11~lf,1 11a p11c.2: 
, cpew,e~ 311a•1~1111e 3T~)ii L(0JIII (wrn -~YMMap11oro _a11caM6m1 peaK1i11ii) \.·o'naBmteT 
(IO± 1.)%. ' '. . '' ' ' ' ' ·, . ' 

·_ Kai..:: llll).(110 113 L(allllblX p11c,2, 311a•1e1111e 3TOii )l0JIII CJ1a6.o (11]111 B0llCC, lie) 
3aB~cin OT I\Hl~CORoro micJ1a A cppai·Me11n1py10u~ero }l~pa-c11ap}IJHL Pa:i~·MeeTC.:}I, 
-;·0•1110~-i'b c)J.e;i,;1111om y;Bep,K~ei111}1. 11e 0;1e11b · BblCOK~I, K Tm1y ,Ke· Mb.I ~KJ101111h1 

' ' ~ . : ' ' ," • , 1 :. • 

C'IIITaTh IIOJ1y•1ei111y10 oue11Ky l_lll)Klll(M 11peL(eJWM COOTBeTCTBy1omeii':UOJIII, TaK KaK 
. 'i. ' ' ', ... ; ·, . ' . , ' - ·\ ,· , . , ·, . . ' 

T0'III0CTII_ l(JMepemrn B pacCMaTp1rnaeMblX 3KcnpeMell'ra~ 1,1e ll()]BOJIHJla,,, 
11a11p11Mep,.yRepe11110 perncTp11pom1Tb IIP0LlYKTbl pacmma 6011ee,Bbll'OKIIX Rm6y)K- .·· 
' ·~· ; ' . . ' ' . . ' . ': ' 

3 ... ..,.•. 

\ 
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Puc.2. '1am1~,i~10cTi, ;w:111 «Kac'Ki1;1111,1x»p:~iai:nu1 cpc;u1 nccx ci1eKTaTopoB cii,~p~11a c 
' .,iacconoro •rnc:'1a .rppa1M~11r11py101m:ro ll;t'pa .. · ··'"' 

\. /.. \ . (,i . :. ,;; 

ileJlllbIX · cocToi111i!ii impa 8Be.l 0TMe1·11M, 11aKoueJ, 'ITO a•'IaCTl1UhI B K01ic 111Im1· · . •. . ,_ ,' \ , ,, . . ·:·· , . < ·--.· . . . - , . ~ -. :-., I .- _. 

cpc'iim 111111 · pcaKuiiii MyJ1bn1cpparMe11rnuu11 Bo16y,KJ1e11111,1x iIJJep · M~ryr .6brri; rrpc]- · 
,'{YKTaMH pacua.ua l1 ~,i'rc)l;lfX lfllhlX ll(JOMC)KY'l,'O'liii,,x 11ecrn611JlbHl,IX h6bCKT(JB.' ' 
... ABTOphl .611arn)lapll~1 KOJIJICraM 110 pa6cn:aM [ 1~61, BJIO)KlfBUHi~f 60Jlbll10ii, 

. TPYJl-B "1!011y•ien11c HCIIOJlb;mHaIIIIOrci 3}lecb'.3KC11epm1e1rnu1bI10ro ~rn:r;p!.laJia. \ 
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