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" np~ ~CCneAOBaH~~ Heynpyr~x CTOnKHOBeH~~ ~enRT~B~CTCK~X RAep
\ .

I, B HaCTOR~ee BpeMR HapaCTaeT 4~CnO $aKTOB, YKa3bIBa~~~X Ha KOnneK
\ T~BHbl~ XapaKTep npOTeKa~~~X np04eCCOB, ~ HanpOT~B, MüAenb cynep

'\ 
n03~4~~ oTAenpHblX HYKnOH-HYKnOHHbIX CTOnKHOBeH~~ BCTpe4aeT TPYA! 
HOCT~) B TOM 4~Cne ~ npa ee nOCneAH~X YCOBepWeHCTBOBaH~RX11-5/. 

"	 './ B OC06eHHOCT~ 3TO OTHOC~TCR K cneAy~~eMY. 

t " 1. Ha6n~AaeTCR aC~MMeTp~R B~neTa $parMeHTOB RApa-CHapRAa 
~ DTCKOK (bounce-of f) ~ RA-pa-M~weH~ - '60KOB0!:1 auõpoc (s l de.-sp l ash ): 

.I /p~c. 1/. AC~MMeTp~R YBen~4~BaeTCR C pOCTOM aTOMHoro Beca CTan
I' 

.',:~ K~BalO~~XCR RAep ~ Cl-1nbHee Bblp~H<eHà np~ 60nbwe~ MHOH<eCTBeHHOCT~ 
r" , 

BTOp~4H~X 4aCT~4, OAHaKO np~ nOflHOM nepeKp~T~~ RAep, T.e. B 4eHT
pans uux CTonKHOBeH~RX, aC~MMeTp~~ HeT./1/. 

2. Yron sune r a 6blCTPblX BTOp~4HbIX 4aCT~4 YBen~4~BaeTCR c po
CTOM 4~HTpanbHocTI-1 cTonKHoBeH~!:1, ~ cpeAH~~ nonepe4H~~ ~Mnynbc 

AoCT~raeT 650 M3B/c / 2 / . 

1	 3. 06HapYH<eHbl "ocoõue!' cnY4a~ cpena ue-rrp ans uux CTonKHOBeH~~ 
!ll~'"	 IJ/	 RAep 22Ne c RApaMI1 Ag ~ Br, B KOTOpblX HeT nlJtBHeBblX 4aCT~4, B KO

Hyce c yrnoM paCTBopa 150 B HanpaBneH~~ CHapRAa, XOTA 4~cno 4a

,. CT~4 npeeuuraer 40 /6/.. ." 

OYAeM ~CKaTb 06bRcHeH~e 3T~M $aKTa~'~a OCHOBe np~H4~na Heon
/ 

I, 

\e~	 peAeneHHocT~, ~CXOAR ~3 MOAen~ .KonnekT~BHoro B3a~MOAe~cTB~R 

-1
'>.. / cTanK~Ba~~~xcR RAep. Ha 3T-QT Mexa~~3M B nepBY~ 04eceAb YKa3b1Ba

..::. ~. 1: " I e r KYMynRT~BHbl~ 3$$eKT, YCTaHoBneHHbll1 B paõor ax 17. I. r ne õuno 
) .. .-.-- -~ , nOKa3aHo, 4TO B cTonKHoBeH~Rx npoToHoB ~ RAep c RApaM~ cneKTpbl 

BTOpI14H~X 4acT~4 06bRCHR~TGR TonbKO B TOM cnY4ae, KorAa M~weHb~ 

l, RBnReTcR 4eHTp Macc HeCKonbK~X HYKnOHOB RApa-M~weH~. 3TO npORB
-, nReTCR ~ B pRAe APyr~x pa60T: np~ CTonKHOBeH~~ npOTOHoB c RApa

M~ 9Be Ha6n~Aan~Cb cnY4a~, KorAa: M~weHb~ RBnRn~Cb HenocpeAcTBeH
HO 7 HYKnoHoB 6ep~nn~R/9/. B CTonKHOBeH~RX npOTOHOB c 3Hepr~e~/. ,1	 200 r3B c RApaM~ cB~H4a per~CTp~po~an~Cb 1101 Ben~4~Hbl "nonepev
HO~ 3Hepr~~II, AOCT~raBw~e 56 r3B, 4TO s- 2,5 paa a noeesurae r npe1 nen , B03MO>KHblllt' B HYKnOH- HYKnOHHblX CTonKHOBeH~RX, ~ COOTBeTCTBY
eT M~weH~ ~3 8 HYKnOHOB B RApe CB~H4a. nO~TQMY np~ CTonKHOBeH~~ 
6~CTP~X RAep MOH<HO OH<~AaTb npORBneH~R CYMMàpHoro 3$$eKTa, T.e. 

~ KonneKT~BHoro B3a~MOAe~CTB~R rpynn HYKnOHoB B KaH<AOM ~3 CTan
I, 

K~BalOLl\~XCR RAep. 

1\ 
{ B. rellt3eH6eprOM nOKa3aHO' 111'/, YTO flP~ r ayc coao-t pacnpeneneuuu 

cocTasnRIO~~X ~Mnynbca n~~H4~n HeonpeAeneHHOCT~ cnpaBeAn~B co 
~' 

~.,. 3HaKOM oaeeucr e a: &t. ~p 
x 

== 12' BeKTopHO CYMM~PYR COCTaBnR~~~e 
~ 

nonepe4Horo ~MnynbCa, nonY4~M pacnpeAeneH~e PeneR: 

J 
~__~_.... -....,. :ti ~,.----_. eÓ~lniliet.n.lb.itll{m:.rt.mr' I 1HHCTHTYT H.. __.=--~-,-~,----- ,	 ;s © 06"benHHeHHbIH 

Iftí~B\l'fei\~e)Ymftd111~rt' 1986. 
\	 r }-~ 
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PRe.I 

W(P ) = 2P . <p 2 >-1 exp(_p 2; <p2» , /1/
l. l. l. l. l. 

a r aiose paBeHCTBO: ~r· ~Pl. = h , 
B pa60Tax / 12 1 Ha OCHOBe np~H4~na HeonpeAeneHHOCT~ conOCTaB

nRnaCb $opMa ~MnynbcHwx cneKTpOB ~ aC~MMe~p~R BwneTa 6ap~oHoB 

B Heynpyr~x CTonKHOBeH~RX aAPOHOB. AHanor~4HO 3TOMY nonWTaeMCR 
06bRCH~Tb YKa3aHHble Tp~ oc06eHHocT~, Ha6n~Aa~~~ecR np~ CTonKHO
BeH~~ 6WCTpWX RAep.· 

1. 3a Mepy 4eHTpanbHOCT~ CTonKHOBeH~R RAep np~H~MaIDT 4~cno 

BTOp~4HWX 4aCT~4 Nh , Bw6~BaeMwx ~3 RApa, T.e. 4eHTpanbHOCTb pa
CTeT c YBen~4eH~eM Nh,KorAa B CTonKHoBeH~~ Y4acTByeT 60nbwee 
4~cno HYKnOHOB. Bunonae-ure a r oro ycnoaua ~ OAHOBpeMeHHO ycrio
B~R, 4T06w CTonKHoBeH~e He 6wno nonHOCTbID 4eHTpanbHWM, c YBe
n~4eH~eM aTOMHoro Beca RAep ~MeeT MeCTO, KorAa paCTeT paCCTOR
H~e Me>f<AY LleHTpaM~ RAep t1r. Ecn~ 6b~ ripa õonsumx N b' T. e. ManblX 
~r, ~Mena MeCTO CVlMMeTp~R sune r a $parMeHTOB, TO 

2 [2 2 ] p2 .<P l. > = ° H ~Pl. = .<P l. > - <Pl. > = < l. >. 

C YB~n~4eH~eM aTOMHoro Beca CHapRAa ~/~n~ M~weH~ 4~cno CTan
K~Ba~U\~XCR HYKnOHOB ~ Nh np~ $~Kc~pOBaHHOM ~r 6YAeT YBen~4~BaTb
CR, a cneAOBaTenbHo, OCTaBaTbCR 60nbw~M ~ np~ YBen~4eH~~ ~r. 

n03TOMY ecna <Pl. > = O, TO <~pf> He 6YAeT YMeHbwaTbCR c pOCTOM 
Ss , HanpOT~B, ecnu npl1 <Pl. >#: O c' pOCTOM ~r ~3-3a YBen~4eH~R 

aTOMHWX BeCOB RAep YBen~4~BaeTCR ~ aC~MMeTp~R BwneTa 4aCT~4, 

TO <Pl. > 6y,qeT YBen~4~BaTbCfl, a <~Pl. > - YMeHbwaTbCR B COOTBeTCT
~~~ c np~H4~nOM HeonpeAeneHHOCT~. oanaHC Pl. 06ecne4~BaeTCR Qpar
MeHTaM~ AApa-CHapRAa Ip~c. 16/. 

2. AnA CHapRAOB c $~Kc~poBaHHo~ Macco~ c POCTOM Nh , T.e . 
4eHTpanbHocT~ cTonKHoBeH~R, t1r YMeHbwaeTcA ~, cneAoBaTenbHO, 
<M>l.~AOn>f<HO pacru . AnA aroro He06xoA~MO YBen~lfeH~e' <IPl. \>, T.K. 
np~ YBem14eH~~ P1 <p}> lI! pac rer cuns aee : ~3 $opMynbl 111 ~MeeM 

2 4 2 A2 52<Pl. > = - <P l. > ~ < uP.L > ~ 0, <P.L >. 
n 

OTMeqeHHOe B n , 2 YBe~~4eH~e yrna aune r a 4aCT~4 COOTBeTcTByeT 
YBen~4eH~1O P.L ~ <'~p}> - . . 

3. np~ ~ccneAbBaH~~ Heynpyr~x CTonKHOBeH~~ AAep 22Ne c A,q
paMVI $OT03MynbcVlVlI61 np~ ~Mnynbce 4,1·A r3B/c 6~no Ha~AeHo 4309 
B3aVlMoAe~c~B~~. ~3 COCTaBa AAep $oT03Mynbc~~ ~ ce4eH~~ cneAyeT, 
4TO Vl3 H~X OKono 2400 CTonKHOBeH~~ 6wno c AApaM~ cepe6pa ~ 6po
Ma. ~3 aroro Kon~4eCTBa B paõor e 1121 BblAeneH'o 243 ue-rrpans aux 
CTonKHOBeH~A, B KOTOPWX OTCYTCTBOBan~ 3apA>f<eHHWe $parMeHTW CHa
pAAa, T.e. Bce ero npOTOHW ~cnWTan~ Heynpyroe COYAapeH~e. B 3TOM 
Ha60pe Ha6nIDAán~cb cnyuaa , Kor,qa OTCYTCTBOBan~ n~BHeBble S-4aCT~

uu c yrnaM~ aune r a () OT r paexropua CHapAAa () 5:.]0. BepoATHoCTb 
W1 nOABneH~A B C06WT~~ i Bcex 8-4acT~4 c yrnaM~ BwneTa 60nbw~ 

()t ecr s 

W'i =[l_W(()i)]D , /2/ 

;3 2 
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rAe 11 - 41-1CJlO s- 4acnH~ -s C06blTI-11-1 i. t» (O i) HaxOAI-1TCR 1-13 yrJlOBO
ro pacnpeneneuua s-vecrau BO acex 243 uen r pans aux CTonKHOaeHI-1RX. 
Ecnu B3RTb Wi .;S 5%, TO 3TOMY KPI-1Tepl-11O YAOBneTBopReT 18 cnyvaes ] 
AnR KOTO--pbIX cpenuee 41t.lCno S-4aCTI-14 <o s> = 32±2. Hcnonb3YR /2./, 
1l0nY411M, 4TO cpeAHRR Be-PORTHOCT-b AnR 3TVlX l8 cny-taea <W> = 0,025. 
'Cnenoaarensuo , O>KI-1AaeMOe '4I-1CJlO cny-rae a , r , e . -<J>OH, COCTaBI-1T 
<W>·243 = 6. B npeAnOnO>KeHI-1I-1 nyacco~oBCKoro pacnpeAeneHI1R cu 
cpe,qHl'lM 6 AnR BepORTtlOCTl'l nORBneHI-1R 18 C06b1TI-1~ nonY414M ... 10 -fi. 
€cnl1 YMeHbWI-1Tb 18 oco6~x C06~TI-1~ Ha 6 $OHOB~X, TO I-1X AonR COCTa
-BI4T O, OÕ5 OT scex CTonKHOBeHI-1~ c RApaMI-1 Ag 1-1 Br. 1-13 pa60Tbl/13/ 
cneAyeT, 4TO cpeAHee Ce4eHIt.le Heynpyr~x CTonKHOBeHI1~ c 3TI-1M~ RA
paMI-1 pasxo 260· 10-26 CM 2, r or'aa Ce4eHI-1e 12 OC06blX cnyvaea a 'De = 

=' 1,3' 1-6 -26 CM~. Jl pl-1 H1-1 MaR , 4TO a OC = TT' ~T~c ' rne ~r oc eCTb 
pacctoaune Me>KAY {,\eHTpaMI-1 RAep BCTOnKHOBeHI-1RX C OC06blMI-1 CJlY4aR
MI-1, nOnY4~M: ~roc = -0,64 $M, OTKYAa Ha OCHoaaHl-11-1 npI-1H~~na Heon
peneneuaocru <~pl >1/2= 0,32 r3B/c, a 1-13 /1/ nOJlY4V1M 

<ÂP 2> 1/2 

<P > "'" --:---- 0,62 r3B/c 1-1 <PJ.2 >= O, 5 r3B / c 2, T. e. 'C y
1. e,52 

liteCTBeHHO õorrsuie , yeM 06bl4Hoe 3Ha4eHI-1e <P.L2 > = 0,2 r3Blc 2. B CO
OTBeTCTBl-11-1 c 3TI-1M 1-1 cneAyeT O>K~AaTb YMeHbweHI-1R Aonl-1 4aCTI-1~ B 06
naCTI-1 Man~x Pl. 3TO I-1nn~cTpl-1pyeT pl-1c.2, 1-13 KoToporo BI-1AHO, 4TO, 
HanplllMep, npl-1 P.l. ~ 0, 1 r38/c 3aMeHa <pf> = .Q, 2 Ha 0,5 r3B/c 2 

YMeHbwaçT Aon~ 4aCTI-1~ 0,06	 AO 0,02. CneAoBaTenbHo, nOB~waeTCR 

BepORTHOCT"b OTCYTCTBI-1R 4aCTI-1~, BblneTa~llll-1X non ManblM~ yrnaMI-1. 
TaKI-1M o6pa30M~ paccMoTpeHl-1e, npOBeAeHHoe Ha OCHose npl-1H41-1na 

HeonpeAeneHHOCTI-1, Ka4eCTBeHHO corJlacyeTcR c 3aKOHOMepHOCTRMI-1, 
OTMe4eHHblMI-1 B Tpex I-1CXOAHblX nYHKTax. 
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ToncToB K • .[\. Pl-86-464 
HeyrrpyrHe CTOJIKHOBeHHH peJIHTHBHCTCKHX Hgep 
H ITPHH~HIT HeorrpegeJieHHOCTH 

Ha OCHOBe ITPHH~Hrra HeorrpegeJieHHOC TH paCCMaTpHBaiOTCH 3qxpeKTbl, 
06HapyJKeHHbie B CTOJIKHOBeHHHX peJIHTHBHC TCKHX Hgep, ACHMMeTPHH 
BbmeTa 'laCTH~ - OTCKOK ~parMeHTOB CHaPHAa (bounce-off) H 60KO
BOH Bbi6poc ~parMeHTOB MHmeHH (side-splash). PoeT rrorrepe'!HbiX HM
rrynhCOB 6biCTpbiX 'laCTii~ C yBeJIH'leHHeM ~eHTpaJibHOCTH CTOJIKHOBe
HHH. 0TCYT~TBHe peJIHTHBHCTCKHX 'laCTH~ B rrepegHeM KOHyCe B HeKO
TOpb!X CJiyqaHX ITOJIHOro pa3pymeHHH CTaJIKHBaiOm;HXCH Hgep, 

Pa6oTa BbiiTOJIHeHa B J1a6opaTopHH BbiCOKHX 3HeprHH OilliH. 

Coo6meHHe 06oeJJ.HHeHIIOf0 HHCTHTyTa HJJ.epHbiX HCCflCJlOB3Hl!H. J.ly6Ha 1986 

IlepeBog J1.H.Eapa6am 

Tolstov K.D. Pl-86-464 
Inelastic Collisions of Relativistic Nuclei 
and the Uncertainty Principle 

The effects observed in relativistic nuclei collisions are 
considered using the uncertainty principle. The asymmetry of 
particle emission, i.e. the bounce-off projectile fragments and 
the side-splash of target fragments, is observed. The transver
se momenta of fast particles increase with increasing the col
lision centrality. No relativistic particles are observed in 
the forward cone in some cases of the complete destruction of 
colliding nuclei. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Ouhn:J I <l:--,() 

l 


