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EaHHHK E.n. H ap. PI - I0762 
lleHTpanbHbie CTOnKHOBeHHSl 6biCTpb!X '18CTHU C TSllKenbi~H Slllp8MH 

npHBOLlSlTCSl peaynbT8Thl HCcne.!lOBBHHSl UeHTpanbHhlX CTOnKHOBeHHA 

rrpoTOHOB c HMrrynbcoM 70 f3B/c c MPBMH A~. Br H Pb, HaAneHo, 'ITO 

cpeJJHee 'IHCnO 'IBCTHU, pOlKJleHHb!X BO B381'!MOJJetiCTBHSlX I1pOTOH8 C SlllpB~H 

A~, Br , paBHO 19,0:!:_1,0, a so B3BI'f~<O.!leiicTaHHX rrpoToHa c llnpa~H CBHH­

ua -· 20, 7:!:_1,0. 0TMe'I8!0TCSl 60l!bWHe 3HB'IeHH Sl cpe.!lHero 'IHCl!8 '18CTHU, 

BNDeT8!0WHX llpH paapyweHHH Sl~pa C 3HeprHeA ITO llpOTOHa~ OT 26 ,!lO 

400 ./'v\38 ( ~ -'!aCTHUhJ). B c."Iy'!ae aaarnwaeiiCTBHSl rrpoTOHOB c ll.!lpaMH 

A~ , Br 3TO '!Hcno paaHo 14,2:!:_0,8, a a cnyqae B3aHMoneiicTBHSl npoToHa 

c SlLlPOM r BHHUB - 23,0:!:,.1 ,0. TaKne 3Ha'!eHHH cpeaHero 'IHCna 3THX qacTHU 

YK83NB8!0T H8 Bhl6poc H3 Sl.!lpa nonDBHHhl HyKnOHOB Ha 6hlCTpOA CTB.!lHH 

B38HMO.!l€HCTBH Sl HaneTBJnWero npOTOH8 C Sl.!lpOM MHWeHH, ~]3 8H8nH38 pac­

npeneneHHA no ncesno6hlCTpoTaM 'IBCTHU, PO*.!leHHhlX so B38HMoneAcTBH­

SlX p- Ag. Br. Pb H P-P B3aH~roaeACTBHSlX, cnenyer, 'ITO Hanerarowall 'la-

CTHUa nocne nepsoro cronKHOBeHHH saaHMoaeAcrayer c rrocneayromHMH 

HyKnoHaMH Hnpa c 3a~teTHb"' ceqeHHeM. BenH'IHHa sroro ce'!eHHSl, orrpeae­

neHHBSl HB OCHOBe ~O.!lenbHblX npellCTaBneHHH, COCTaBnSleT- 50% OT ai~p 
Pa6oTa BhmOnHeHa B Jla6opaTopHH BbiCOKHX 3Hepnnil OH5H1. 

flpellpBRT 0Ci'lteJIBReRROr'O RRCTBTYT& aJlepRWX RCCJJeJIOB&RBI. JlyCiaa 1977 

Ba n n i k B . P . e t a 1 . PI - I0762 
Central Collisions of Fast Particles with 
Heavy Nuclei 

The central collisions of 70 GeV/c protons with Ag, 
Br and Pb nuclei have been studied, with the help of 
BR-2 photoemulsion and emulsion of the same constitution 
1 o ad e d w i t h Pb n u c 1 e i. 

It is shown that the average multiplicity of produ­
ced particles ( S -particles) increases slowly with in­
creasing the atomic weight of the target nucleus. The ra­
tio of the average multiplicity for these par.ticles to 
the average charged particle multiplicity for proton­
proton interactions equals 3.2 for p-A~, Br and 3.5 for 
p-Pb . The average multiplicities of particles from nuc­
lear disintegration with energies for protons from 26 up 
to 400 MeV ( g-particles). are 14.2+ 0.8 for p-Ag, Br and 
23.0+1.0 for p-Pb corresponding to-the emulsion of about 
half-of all nucleons from the nucleus at the first rapid 
stage of interaction. 

The difference of the s-particle pseudorapidity 
distributions for p-Ag, Br , Pb and P-P interactions at 
pseudorapidities larger than 4.2 can be explained by 

' successive interactions of incident proton with nucleus 

I 
nucleons. 
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B rrocnenaee BpeMH Bee ·6onbrnee 3Ha'leHae npao6peTaroT 

accneUOB8HHH B38HMOUeHCTBHH 6biCTpbiX qaCTHU C Hllp8MH. 

3TO CBH38HO K8K C H8Ue)!(ll8MH 1 KOTOpbie B03naraiDTCH H8 

HUPO KaK aa aaana3aTop anpoa-anpoHHbJX aeynpyrax cTonK­

HOBeHHil:, n03BOnHIDlliHH paCCM8TpHB8Th npocTpaHCTBeHHQ­

BpeMeHHYID KapT!iHY B381fMOlleHCTBifH, T8K H C ycaneaaeM 

HHTepeca K lf3y'leHHID MeX8HH3M8 B036y)!(UeHHH If pacnana 

HUep, B '18CTHOCTH, B03MO)!(H0 1 B03HifKHOBeHifH B HUpe 

yuapaoil: Bonaw non neil:CTBifeM 6wcrpwx anpoHOB a Hnep. 

B 9TifX accnenoBaHHHX o'leBHllHbiH HHTepec npencTaBnHIDT 

UeHTpanhHbie CTOnKHOBeHHH 6b!CTpbiX '18CTHU C TH)!(enbiMH 

HnpaMa. B 9TOM cnyqae aaneTarornaH qacraua npoxonaT 

HllpO (rrpaKTH'IeCKif no llH8MeTpy). 

B aarneil: pa6oTe paccMaTpaBanach ueaTpanhHbie cronKHO­

BeHHH npOTOHOB C HMnynhCOM 70 f98/c C Hllp8MH lOBAg, 
so Br a 207 Ph. l1 ccnenoBaHHH npoBonanach KaK c rroMo-

llihiD o6hi'IHOil: 9MynhCHif EP-2, TaK a c noMOllihiD 9MynhCHI1 

Toro )!(e COCTaBa, HanonHeHHOH Hllp8MH CBHHUa. MeTOll 

H8ITOnHeHHH 6b!.i1 pa3pa60T8H B Jla6opaTOpHii Bb!COKHX 9Hep­

PHH OM fll1. 
06lU8H CT8THCTHK8 COCT8Bngna 147 C06biTifH. 3TH cny­

'18H npHMepao rropoBHY pacnpeneneHbi Me)!(ny HnpaMH ( Ag , 
Br ) a Pb • K ueaTpanhHbiM cTonKHOBeHifHM c HnpaMH 

( Ag , Br ) 6bmH oTaeceHbi 3Be3UbJ 1 conep)!(amHe 28 a 6onh­

rne '18CTHU, BbineT8IDlllHX npH pa3pyrneHHif 9THX HUep ( h -
qacTHU). CrreuHanhHbre accnenoBaHHH 111 rroKa3anH, 'ITO 

B 9TifX 3Be3nax rrpoacxonaT nonaoe pa3pyrneaae Hnep (ae 

aa6nronaeTCH ocTaToqaoro HUpa c 3aMeTHoii Maccoii:). CyM­

MapHbril: cpeUHifH 38pHU h -'18CTHU COCTaBnHeT <Z > = 41. 
K ueaTpanhHbiM cTonKHOBeHHHM c Pb 6binH oTHeceHbi 
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aaeaahl H3 "uanonueuuoA" sM9nhCHH, coaep*amrre 40 H 
6onee h -'IaCTHU ( anH STHX 3De3a <Z >=62). 

B r a 6 n. 1 npHBeaeHbi cpeaHHe auaqeurrH MHO*ecraeu­
uocTell: H nOJ10BliHHbie yrnbl ( yron paCTBOpa KOHyca, B KO­

TOphlA BhlneTaeT nonosrrua 'IacTrru) anH qacTrru, po*aeHHhlX 

B 9TliX CTOJ1KHOBeHli5IX ( S -'18CTliU, penHTliBliCTCKliX '18-

CTIIU), 11 anH 'IacTrru, BbWeraiDmrrx rrprr paapyweurrrr Hapa 

MHlllBHli c sueprrrHMH no nporouaM or 26 ao 100 MsB 
( g -'laC TliU). 

Ta6JIH:ua 1 

Hapo MrrweHH <n s> e s,l/2 <n g> eg.t/2 

Ag, Br 19,0:±:..1 ,0 28° 14,2~0,8 69,5° 

Pb 20, 7~1 ,0 25° 23,0~1 ,0 68° 

Auanua11pyg peaynhrarw Ta6nHUhl, rrprrxoarrM K BhlBOily, 

'ITO li3MBHeHHe aTOMHOPO Beca Hllpa MlilllBHI1 ITO'ITli BllBOB 

cna6o CKa3bJBneTCH Ha BeJIWIHHe cpeaHero qacna s -'Iacruu, 

IIpHBOilH MB*IlY TeM K 38MBTHOMY pocry Cpeanero 'IliCJia 
g -'IaCTHU. 

OueurrM BJIHHHHe aroMHoro aeca napa MHlllBHI1 ua cpen­

uee 'IHCJ10 S- 11 g -'IaCTI1U. npellCTaBHM OTHOlllBHHB STHX 
auaqeHull: llJIH SIJiep Ag, Br H Pb n BUlle creneunoA cpyHKUHI1 
OT A. 

' A ai <ni>Pb;<ni> •( Pb/<A >), Ag,Br Ag,Br ( 1 ) 

rae < AAg,Br>- cpeauee or aroMHbiX aecoa Ag a Br c yqe-
TOM UX CO/lep*aHHH B SMYJ!bCHH, a i ,..g. g. 

l1cnonb3YH peaynbTaTbJ Ta6n. 1, rrony'IaeM 

a 8 = 0,13 ~0,01 H ag = 0.74 ± 0,05. 

HaAaeHHbie 3Ha'IeHHH rroKa3aTeneA crerreHH 6nu3KH aHano­
rH'IHbiM BeJIH'IHHaM, ITOJiy'IeHHbiM llJlH B3aHMOileliCTBHH 11p0-
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TOHOB CO CpeaHHM .siapoM cpOT~SMynhClili a 8 - 0,15 H ,a g -
- 0,67 (eM., HanprrMep, pa6oTy 121 ) • 06pamaeT ua ce6g 

BHrrMaHHe 6onbruag BenH'IliHa <n g >. Ecn11 y'leCTh aon10 
gaep 

3
He11 4 He ITO aaHHbiM pa60Tbl /3/ 11 BbineT g-HeATpO-

HOB, 'IliCnO KOTOpb!X O'leBrraHO 6onblllB, 'IBM npoTOHOB B 

A-Z OTHOlllBHHli --- -z 1 ,3, TO nonyqaeM, 'ITO IIOJ10B liH8 HyK-

nOHOB Bbi6paCb!B8eTCH 113 HJipa Ha "6biCTpoll:" CTaJlHli ero 
BaarrMoaell:cTBliH c uanera10meA qacrrruell:. 

3Ha'IeHrrH nonOBfiHHbJX yrnoB, no aaHHbiM Ta6n. 1, KaK 
ang s-qacrrru, TaK rr ang g-qacrrru npaKrrrqecKrr ocraiOTC.si 

6e3 H3Meuenrr.si rrprr nepexoae oT .siJiep Ag, Br K cBrruuy. 
Y'IliThlBaH cna6oe rraMeHeHHe 3Ha'IeHrrll: cpeanero qrrcna 

S -'IaCTliU, nOCTOHHCTBO Os,l/2 C H3MBHBHHBM 8TOMHOPO 
BBCa Hapa MlilllBHI1, nprr IIOCJIBJlYIOWBM paCCMOTpBHliH no­

ny'IBHHblX pe3ynhTaTOB ITO S-'IaCTHU8M Mbl 06'beJIHH5IeM 

aaHHbie no B3arrMoaell:crBHIO rrpoToHOB C.siJipaMH Ag, Br 11 
.siJlpaMrr CBliHUa. 

Ha p rr c. 1 rrpeacTaBneuo pacrrpeaeneurre no MHO*ecT­

BeHHocTH pen.siTHBliCTCKliX 'IaCTI1Uo npHBBJIBHHhlB Ha pHCYHKB 

KPI1Bbie rronyqeubr B rrpeanono*eHHI1 KNO -cKell:nrrura rrpn 

<n > , paBHOM <ns > , B35ITOMY na Ta6n. 1. Crrnowuasi 
Kpi1Ba.si - arrrrpoKCI1MaUHH CnaTepl1 ang rrporou-npoTOHHbiX 
B3aliMOilBHCTBHll / 4 / , IIITpliXOBa.si - llJ15I B3arrMOilBHCTBliH 

/5/ 
nporoua c HllpaMn cporoaMynhCHI1 no pa6oTe . Pacrrpeae-

neuHe no s -'IaCTHUaM ang "ueuTpanbHhlX" cTonKHoBeHI1A 

oKa3bmaeTCH 6onee yaKrrM, 'IBM a cny'Iae B3arrMoaeAcTBI1 H 
npOTOHOB C HllpaMH SMynhCHI1 H B cny'Iae npOTOH-I1pOTOHHOPO 

B3aliMOJlBHCTBHH. 

Ha p 11 c. 2 aaHbJ pacnpeaeneHHH no ncesao6biCTpoTaM TJ 

( TJ "'-In tg e L/2 ) anH cronKuoaeuH.si nporouos c HllpaMu 

Ag, Br u CBHHUa (cnnowHaH ni1HI1H) u pacnpeaeneurrH ang 
rrporou-npoTOHHhlX cronKHOBBHHH (wrprrxoBaH nrrnuH). Pac­

npeaeneuuH HOpMI1pOBaJ111Ch Ha OllHHaKOBOB 'IHCno C06EITHH. 

npeacraBJ1BHHhlB Ha Pll9YHKB pacnpeaeneHliH pa3nH'I8IOTCH 
HB TOnbKO B o6naCTH 6onbllli1X ( MaJlb!B 3Ha'IBHHH TJ ) , HO 

11 B o6nacTH Manwx yrnoB BwneTa (6onhwue aua'IeHHH TJ ) 
16 71 s -'Iacruu, 'ITO ue ua6n10aanocb B pa6oTax • npu H3y-

'IBHHH aaarrMOilell:crsuH nporouoB c uMnynhCOM 300 fsB/c 

c HllpaMH BOnhcppaMa. E me 6onee oqeanllHbiM sTo paanu'Irre 
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N(ns)j 

35 

30 

25 

2.0 

15 

10 

5 

18 27 36 45 

P u c • 1 • P acrrpeaenerme no MHo­

Mecraennocru penHTHBHCTCKHX 

qacruu n 8 • CrrJIOmHaH KpusaH 

JlJ1H p P-B38HMOJl8HCTBHH, lliTpH­

XOB8H - JlJ1H B38HMOJl8HCTBHH npo­

TOH8 C Hllp8MH aMyJ1bCHH npu HM­

nynhce 60 faBle. 

54 n.s 

CT8HOBHTCH, 8CJ1H pac­

CM8TpHB8Tb 38BHCHMOCTb 

R .. (dN/d17) /(dN/d17)pp 
17 pA 

or 17 , npeacrasnenHyJO 

na puc .3. 3aecb Me 

npHB81l8Hhl aKCI18pHMeH­

TBJ1bHhl8 TO'IKH H3 pa-

60Thl/S/H KpHB8H, pac­

C'IHT8HH8H H8 OCHOBe 

napTOHHOH M0Jl8J1H ;g; 

JlJ1H B38HM0Jl8HCTBHH 

nporonoa c HMnynhCOM 

200 faBle c HJlpaMu Ag, 
Br • B cny'lae uenrpanh­

nwx CTOJ1KHOB8HHH Ha-

6J1JOJl88TCH erne 6onbmee 

naaenue R17 B o6nacru 

ManhiX yrnos. 

l13 ananu3a pH c .2,3 cneayer, 'ITO 6wcrpaH qacruua noc-

ne ee nepBOI'O CTOJ1KHOB8HHH B38HM0Jl8HCTBY8T C HyKJ10H8MH 

HJlpa. BenH'lHHY ce'leHHH aroro B38HMOJleitcTBHH a~ MOM­

no oueHHTh H3 cpaaneHHH qucna HyKnOHOB na nyru nepBH'lHOit 

'IBCTHUhi, nponeraJOmeit no auaMerpy Hllpa n ( B nameM cny­
qae ll8HTpaJ1bHhiX CTOJ1KHOB8HHH), CO Cp8JlHHM 'IHCJ10M CTOJ1K­

HOB8HHH aToit '18CTHUhl C HYKJ10H8MH HJlpa <v>. flocneaHee 

onpeaenHeTCH H3 namux aannwx na ocnoae Moaeneit, nona­

raJOmux aro ceqenue paBHbiM neynpyroMl ce'leHHJO nporou­

nporoHHhiX B38HM0Jl8HCTBHH a fn ,.. a ~~p I O.lll. 

MoaenHMH cooraercraeuno npeacKa3biBaJOTCH cneayJOmue 

38BHCHMOCTH OTHOlli8HHH MHOM8CTB8HHOCT8fi R OT < v>: 

6 

J 
I 

,\ 

J 

R =112 +112 <v>, (2) 

R = 2/3 + 1/3 < v > , ( 3) 

rae 

R =<n > I <n > . s pA ch pp 

<n s > pA - CpeaHHH MHOM8CTB8HHOCTb peJJHTHBHCTCKHX 

3apHMeHHhlX qacruu llJ1H B38HMOileficTBHH c HllpOM A , a 

<n h> - CpeJlHHH MHOM8CTB8HHOCTb IJ.J1H npOTOH-npo-
C PP u u u u 

TOHHhlX B38HM01l8HCTBHH npH TOH Me C8MOH aHepi'HH. 

Ns 
LlOO 

300 

2.00 

100 

r-l 
I I 

r---J L_r 
r-r-J 

r-J 
.. ..--r-J 

P-(Ag.Bt),P6 

---- p-p 

- 3.o -2.2 -1.1.4 - o.s +0.2. 1.0 ta a 31.4 1.4. 2. s.o s.a s.s 

~ =-f.n t~~2. 
Puc. 2. PacnpeaeneHHH penHTHBHCTCKHX qacrau no nceaao-

6hiCTporaM. CnnomnaH rucrorpaMMa - namu aaHHbie. Wrpu­

XOBaH rucrorpaMMa - anH nporon-nporonnwx B3aHMOileficr­

BHfi. 
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DoacraanHH aKcrrepuMeHranbHhle aua~eHHH a(2) H (3), 
uatl:aeM cooraercrayiOwHe aua~eHHH <v> • Dony~eHHhre pe­
aynb'raTbr rrpuaeaeHbr a T a 6 n. 2. 3aecb *e rrpuaeaeHbi n , 
paCC~HTBHHbl8 B rrpearron0)!(8HHH ITOCTOHHCTBa HJl8pHOH rrnoT­
HOCTH, 

Ta6nuua 2 

.Hapo <v> 
R3KC!I R-1/2+112<v> R...2 13+113<v> n 

Ag ,Br 3,2:t_0,2 .5,4:t_0,3 7,6:t_0,5 7 
Pb 3,5:t_0,2 6,0:t_0,3 8,5:t_0,5 9 

JioacTaBnHH rrony~eHHbJe 3Ha~eHHH <v> B COOTHOW8HHe 
(<v>-1)/(n-1)-a 1.' /a 1

P. p , HafiaeM, 'ITO aenH~HHa OTHOW8HHH pp n n 
ai~ / o in H3M8HHeTCH OT 0,6 JJ.O 1,0. 

Hawu oueHKH ceqeHHH aaanMoaetl:cTBHH nuaupyiOmetl: ~a­
CTHUbr BbiWe 3HB~8HHH, HafiaeHHblX B pa6oTe /!2 / H COCTaBnH­

IOWHX - l/4 or neynpyroro ce"'eHHH aapou-aapoHaoro aaau­
MOLleflcranH. 

Do-auauMoMy, aTo paann~ne cagaauo c TeM, ~To a pa-
6oTe112/ nccneaoaanucb a ocuoaHoM nepn¢epn~eCKHe aaau­
Moae:ikTBHH HaneraiOweti ~aCTHUbi C 5IilpOM. 

B aaKniO"'eHue rrepeqncnuM OCHOBHhle peaynbTaThl HaweA 
pa6oTbr: 

1) 38BHCHMOCTH cpeaHeA ~H0)!(8CTB8HHOCTH nHBH8BhlX 
~acruu ( s -qacruu) H ~acruu, CBH3aHHbiX c HyKnouoM oT­

aa~u ( g -~acruu), oT aroMnoro seca Rapa MHmeHH anano­
rn~Hbi 3BBHCHMOCTHM J::tnH "CpeaHero" B3BHM0.[(8HCTBHH npo­
TOHB C HJlpOMj 

2) uaneTaiOwaH ~acruua nocne rrepsoro cronKHOBeHHH 
B3BHMOJ(etl:crsyeT C ITOCneayiOWHMH HyKnOHBMH HJlpa C 39Mer-

' 0 5 pp HbiM ce~euueM ain :;:_ • ain 

3) 6onbwHe aua~eHHH <n g> yKa3biBBIOT ua Bbr6poc ua 
Hapa ITOnOBHHbl HYKBOHOB Ha "6biCrpoti:" CTBJlHH ero B3BHMo­
Ll8HCTBHH c HaneTaiOwetl: ~acrnuei1. 

8 

f 

I ... 

,. 

' 

R=(g.N)DAI(dN fP 
d~ 1 d~ . 

1.6 

lll 

u 

1.0 

0.8. 

f 0.61 
01.1 

0.2 
f 

X 

L 
2..8 3.'1 4.2. ,-- 58 6 6 7.4 . 6/ 

5.o · ~=-en tg.;2. 

P n c. 3. 3asHCHMOCTb R =(dN /d Tf )pA I (dN I dTf) pp or Tf • 

KpeCTHKH - uamn .naHHbre, KPY*KH - aaHHbie pa6orb/ 81 

WTpHXOB85I KpHBBH - pac~eThl Ha OCHOBe napTOHHOH MOOe­
mr 191 • 
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TEMATHqECKHE KATErOPHH OYBnHKAUHM 

OBoEnHHEHHOrO HHCTHTYTA H~EPHMX 

HCCnEnOBAHl1M 

HHneKc TeMaTHKa 

1. 3KCDepHMelfTBnhH8H ~H3HK8 BhlCOKHX 3HeprHA 

2. TeopeTHqecKaH ~H3HKa BhlCDKHX slfeprHA 

3. 3KcnepHMeHTBnhlf8H HefiTpOHHBH ~H3HK8 

4. TeopeTHqecKaH ~H3HKa HH3KHX slfeprHA 

5. MaTeMaTHKa 

6. HneplfaH cneKTpOCKDDHH H panHoXHMHH 

7. ¢H3HK8 TH*enhlX HOHOB 

8. KpHorelfHKa 

9. YcKopHTenH 

10. ABTOMBTH3BUHH o6pa6oTKH sKcrrepHMBHTan&HbiX 

ll8HHbiX 

11. BbiqHcnHTen&HaH MaTeMaTHKa H TeXHHKa 

12. XHMHH 

13. TexHHKa ~H3HqecKoro sKcrrepHMeHTa 

14. HccnenoBalfHH TBepnhlx Ten H *HllKocTeA 

HllBpHhlMH MBTOll8MH 

15. 3KcnepHMeHTBnbH8H ~H3HK8 HnepHhlX peaKUHH 

ITpH HH3KHX 3HeprHHX 

16. no3HMeTpHH H ~H3HK8 38WHThl 

17. TeopHH KOHlleHCHpOBBHHOrO COCTOHHHH 


