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ToacToB K.n. PI - 9286 

Heynpyrne B3aHMonefrcTBHH penHTHBHCTCKHX nefrTpOHOB H 

a -'IaCTI!U C .HnpaMH 

npn HCCneAOBBHHII HeynpyrHX B38l!MOAefiCTBHR nefrTpOHOB C HMTiynbCOM 

9,4 f38/c H a -'IBCTHU c HMTiynbCOM 17 f3B/c c HAPBMH (C, N, 0), 
(Ag, Br) H Pb nony'IeHhi BenH'IHHhi ce'leHHli HeynpyrHx B3BHMoneliCTBHli, 

ABHHhie TIO reHepaUHH 'IBCTHU, ¢lparMeHT8UHH HaneTBIOIIlHX HAep H pacnany 

HAep MHIIIeHefr. 

Pa6oTa BhmonHeHa B fla6opaTOpHH BhiCOKHX 3HeprRfr Ol15B1. 

flpenpHHT 06'be,D;HHeHHOI'O HHCTHTyTa H,D;epHbiX HCCJie,D;OBaHHJi 

~y6Ha 1975 

Tolstov K. D. PI - 9286 

Inelastic Interactions of Relativistic 
Deuterons and Particles with Nuclei 

In studying inelastic interactions of 9.4 GeV/c deu
terons and 17 GeV/c a-particle& with (C, N, 0); (Ag, Br) 
and Pb nuclei there have been obtained the values of 
inelastic interaction cross sections; data on particle 
generation, incident nuclei fragmentation and target 
nuclei desintegration. 

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

Preprint of the Joint Institute for Nudear Research 
Dubna 1975 

B HaCTOHJ.UeH pa6oTe H3JIO)I(eHbl OCHOBHbie pe3yJibTaTbl, 
nonylfeHHhie Jla6opaTopueH: BbiCOKHX 3HepruH: 0115111 co
BMeCTHO c na6opaTopHHMH BaprnaBhi, EpeBaHa, Kounm.e, 
JleHHHrpa)l.a, MocKBhi, TarnKeHTa, YnaH- liaTopa npu uc
cne)l.oBaHHH B3aHMO)l.eHCTBHH peJIHTHBHCTCKHX )l.eiiTpOHOB 
HU -qacTHU C H)l.paMH/I-IO/ . ;ll,l2/ 

11ccne)l.oBaHHH HalfaJIHCb c nuoHepcKHX pa6oT JIB3 , 
KOr)l.a B 1970 r. Ha CHHXpo$a30TpOHe 6biJIH noJiylfeHbl )l.eHT
poHbi c HMnynhCOM 11 F:JB/c. )J,aHHoe coo6meHHe co)l.ep)I(H1 

cne)l.yl{)mue pa3)l.eJihi: 
1. CelJeHHH Heynpyrux B3aHMO)l.eH:cTBHH. 
2. CTpunnuHr )l.eHTpOHOB H !IJparMeHTaUHH u -yacTHU. 
3. reHepauux lJaCTHU Ha rpynnax H.nep ( C,N,O) H ( Ag,Br). 
4. Pacna.n H.IJ.ep C,N, 0 H Ag, Br. 
5. nonHoe pa3pyrneHHe H.IJ.ep Ag ' Br H Pb. 
B uccne.noBaHHHX npHMeHHJIHCb H.nepHbie $oT03MYJibCHH. 

Uenecoo6pa3HOCTb 3Toro MeTo.na B HacToxmux uccne.noBa
HHHX o6ycJIOBJieHa TeM, 'ITO npH CTOJIKHOBeHHHX peJIHTH
BHCTCKHX H.IJ.ep Mbl HMeeM .neno C 60JiblllHM lJHCJIOM reHepupo
BaHHWX lJaCTHU H lJaCTHU OT pacna.na H.IJ.ep MHllleHH C WH
pOKHM cneKTpoM no 3Hepruu, Mac caM H 3apx.naM. 11cnonh-
30BaJIHCb tPOT03MYJibCHH liP- 2, a TaK)I(e liP- 2, HanonHeHHbie 
nerKHMH H.IJ.paMH H H.IJ.paMH CBHHUa no pa3pa6oTaHHOH B JIB3 

TeXHOJIOrHH. 
B ma6/l. 1 npuBe.neHbi x.nepHbiH cocTaB $oT03MYJibCHH, 

~03$$HUHeHT "K", IIOKa3biBalOJ.UHH yBeJIHlJeHHC 06beMa npH 
HaTIOJIHeHHH tPOT03MYJibCHH lip- 2 nerKHMH H.IJ.paMH, H cpe.Ll.
HHH npo6er Heynpyroro B3aHMo.neH:cTBHH. 

flpHMeHeHHe tPOT03MY1IbCHH C pa3JIHlJHbiM COCTaBOM H.IJ.ep 
H TIPOUC.Ll.YPbl BWlJHTaHHH TI03BOJIHJIO pa3)l.eJIHTb B3aHMO)l.eH-
CTBHH Ha rpynne nerKHX x.nep C,N,O H x.npax Ag, Br . 
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1. Ce~eHUJI Heynpyzux e3aUMooeiic111eui.i 

Ha ocHoBaHHH JaKoHa aAAHTHBHOCTH cpeAHHe npo6erH 

qacTHU DpH B3aHMOAe:ilcTBHH C JIAPaMH: 3MYJibCHH liP-2, 
6 p- 2, HanonHeHHOH nerKHMH HApaMH, H HaDOJIHHTeJIJI 

( A1 , A , A) CBJ13aHbl cooTHorneHHeM 
II 

1 1 k-1 l 1 -=---+-·-
~. A k A 1 k ' 

_l =a n 
A H H 

+ a n + 
e c uo "o ' 

3 
rAe a H n eCTb Cel.JeHHJI H "'HCJIO JIAep B 1 CM HaDOJIHHTe-

JUl. IlpHHHMaJI cornacHo!l 3 • 11J = 100 M6, HCDOJ1b3YJI 

JaKOH A2/3 AJIH CBH3H ceqeHHH a -u
0 

H a.. -aA HAaH-
c Ur g 

Hble 111a6/l. J, Mbl llOJIYI.fHM Cel.feHHJI B3aHMOAeHCTBHJI 

AeHTpOHOB H a- l.JaCTHU C HApaMH KHC1IOPOAa H cepe6pa. 

0HH JIBJIJIIOTCJI llOKa eAHHCTBeHHbiMH 3KCnepHMeHTaJibHbiMH 

pe 3YJihTaTaMH B 3TOH 06JiaCTH 3HeprHH H npHBeAeHbl B ma6A.2, 
rAe llOMeiUeHbl AJIJI cpaBHeHHJI Ce"'eHHJI p - JIAPO H Cel.JeHHJI, 

paCC"'HTaHHble B
1 131 

AJIJI B3aHMOAeHCTBHJI a -qacTHU C 

JHeprHeH 4,2 F3B c HApaMH KHCJIOPOAa H UHPKOHHJI • 

Ta6mma 2 

Up, M6 a0 , M6 O'J 08A ' M6 
·.Ji a90zr ' M6 

p 42 290 1170 

d 70 385±_40 1500±_70 

a 100 500±_30 1910:t_70 

a /13/ 
680 1660 

5 



I.._ 

2. Cmpunnwtz oeumpOH06 u (JpazMeHT/lQijUJI a - 'lQCT/lUij 

K Jl,IJ,epHOMY CTpHIIIIHHry ,IJ,eiiTpOHOB C BbiJieTOM IlpOTOHOB 

6biJIH OTHeCeHbl 3Be3,IJ,bl, B KOTOpblX TOJibKO HeiiTpOH ,IJ,eiiTpoHa 

ucrrhiThiBaJI Heyrrpyroe a3aHMo,IJ,eiicTaHe. OHH xapaKTepuJy

IOTCB y3KHM yrJIOBbiM pacrrpe,IJ,eJieHHeM IlpOTOHOB, o6yCJIOB· 

JieHHbiM B OCHOBHOM 4JepMHeBCKHM ,ll,BH)KeHHeM HyKJIOHOB 

a ,IJ,eiiTpoHe. HMrrynhcHoe pacrrpe,D,eneHHe rrpoTOHOB HMeno 

MaKCHMYM rrpu rronoauHe HMIIYJibca ,IJ,eiiTpoHa. BepOJITHOCTh 

CTpHIIIIHHra Ha BCeX B,IJ,pax 3MYJibCHH lip· 2 6LIJia HaH,IJ,eHa 

paBHOH W = 0,18±0,04. 
H3 ma611.1 u 2 cne,IJ,yeT, 'ITO aepoJITHOCTh B3aHMO,IJ,eii

CTBHX ,IJ,eHTpOHa C JierKHMH B,IJ,paMH - 0,26, B COOTBeTCTBHH 

C 3THM cpe,D,Hee 34J<PeKTHBHOe Jl,IJ,pO HMeeT aTOMHbiH BeC 

<A>= 72 H ceqeHHe <a> = 1100±50 M6, OTKy,IJ,a IIOJIY'IHM: 

<oe·qJ> = 200±45 M6. 
):~u<P4JepeHIJ,HaJibHbie Ce'leHHB CTpHIIIIHHra IIOKa3aHhl Ha 

puc. 1. 

""(Wib) ... d:W n;: •10 

100 

50 

1 0.999 Q99& co.s9 

Puc. 1. ~u(J(JepeHijUQ/IbHOe ce'leHue cmpunnUHZQ oeumpo
H06. 

6 

N 

300 

200 

1 ou't data 
e Se'l.puhov date 

__ TheO'l.~ 

i l ! l 
I i 

. J,71-~--~-----------------------

'"l tfJ tl';l 
t / 

/ , ... 
0 - I I I 

o.o~ o.o2 o.o3 o.o4 o.os a 1.od 

Puc. 2. HHmezpallbHoe yz11oeoe pacnpeOelleHue cmpunnuHza. 

Ha puc. 2 rrpuae,IJ,eHbi HHTerpanhHOe yrnoaoe pacnpe,D,e

neHHe CTpHIIIIHHra ,IJ,eHTpOHOB 9,4 J3B/c H ,ll,JIH cpaBHeHHH -

pacnpe,D,eneHue cTpHIIIIHHra aHTH,IJ,eHTPOHOB 13,3 F3B/c Ha 

B,IJ,pax yrnepo,IJ,a no ,IJ,aHHhiM114/HopMHpoaaHHhle rrpu yrne 

10,5 MpaO, a TaK)Ke pac'leTHaB KpuaaJI. Hecoarra,IJ,eHue rrpu 

6oJihiiiHX yrnax, B03MO)KHO, CBB3aHo c nepepacceBHHeM rrpo

TOHOB Ha fionee TB)KeJihiX Jl,IJ,pax. 

Co6LITHH <lJparMeHTaUHH a -qacTHU c BhiJieToM <tJpar

MeHTOB IIO,ll, yrnaMH ()::::: 3° K rrep~H'IHOMY IIY'IKY pa3,IJ,eJIB· 

IOTCH no 3apB,D,aM Ha ,IJ,Be rpynrrhi: c z~cl H c z-2. 
HMIIYJihCHoe pacrrpe,D,eneHue ,IJ,JIJI <lJparMeHTOB c Z= 1 

IIOKa3hiBaeT, 'ITO BepOJITHOCTH BhiJieTa p , d H T OTHOCBTCJI, 

KaK 2 : 2 : 1. Ce'leHHJI <lJparMeHTaQHH oz= I Ha rpyrrrrax 

B,IJ,ep rronyqeHhi paBHhiMH: az=l ( C, 0) = 203±52 M6; 
az= ( Ag,Br) = 570±160 M6. 

BhiJieT qacTHU c Z=2, T.e. <lJparMeHTaUHJI c o6pa3o-

aaHHeM He3 , HJIH )Ke coxpaHeHHe a -qacTHUhi nocne Heyrrpy

roro B3aHMO,IJ,eHCTBHB npOHCXO,ll,BT Ha rpyrrrrax B,IJ,ep C ce

qeHHHMH az=2 , paBHbiMH: a z= 2 ( C ,0) = 37±12 M6; 
az=2(Ag, Br) = 130±54 M6. 
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3. TeHepa~uJI tlacmu~ Ha JIOpax ( C, N, 0) u (Ag, Br) 

B ma6A. 3 npHBe.LJ.eHbi seJIH'IHHbi cpe.LJ.Heu MHO:lKeCTBeH

HOCTH peJIHTHBHCTCKHX 'IaCTHU, reHepHpOBaHHhlX B CTOJIK

HOBeHHHX pa3JIH'IHoro THna c rpynnaMH H.LJ.ep( C,O) H ( Ag, Br) . 
K "ueHTpaJihHhiM" B3aHMo.LJ.eH:cTBHHM 6biJIH oTHeceHbi co-

6hiTHH, llOJiy'IeHHbie npH Bbi'IHTaHHH H3 BCeX B3aHMO.LJ.eH

CTBHH npoueccos <iJparMeHTaUHH c z = 1 H z = 2. 
CpaBHHM <n s > = 2, 6 .LJ.JIH cTpHnnHHra .LJ.eHTpOHOB Ha scex 

H.LJ.pax 4JoT03MYJihCHH CO 3Ha'IeHHeM <n > = 2,47 npH B3aH-s 
MO.LJ.eHCTBHH npOTOHOB C H.LJ.paMH 4JoT03MYJihCHH H3 

pa60Thl /IS/ , - 3KCTpanOJIHpOBaHHhiM K HMllYJihCY llpOTOHa 

4, 7 T:JB/c. CpasHeHHe noKa3hiBaeT 6JIH30CTh 3THX 3Haqe

HHH. )l.anee, :JKCTpanonHpyH pe3yJihTaThi /IS,I 6 1, nony'IHM, 

'ITO npH B3aHMO.LJ.eHCTBHH npoTOHOB 4, 7 T:JB/c c H.LJ.paMH 

Ag,Br <ns>-c2,7. Cne.LJ.oBaTeJihHO, cpasHeHHe c .LJ.aHHhiMH 

ma6/l. 3 llOKa3biBaeT, 'ITO <ns > .LJ.JIH .LJ.eHTpOHOB H u -qaCTHU 

CHJihHO OT JIH'IaeTCH OT O:lKH.LJ.aeMOrO npH a.LJ..LJ.HTHBHOCTH B3aH

MO.LJ.eHCTBHH c H.LJ.paMH HYKJIOHOB HaJieTaiOI.QHX qacTHU. B co

OTBeTCTBHH C 3THM MO:lKHO OUeHHTh BepOHTHOCTh B3aHMO

.LJ.eHCTBHH .LJ.BYX HYKJIOHOB .LJ.eH:TpoHa c H.LJ.paMH Ag,Br, Ko-

Ta6mma 3 

LJaeTHU& THn s3&HMOJJ MHweHb (~1s> 

see lc. 0 2,57 .:t 0,31 

d see .Js;.rn 3,31 .:t 0,30 

eTp!illiTHHI' see HJJpa 2,6 .:t O,IO 

see C, 0 3,90 .:t 0,13 

see [h,Bz 4,81 .:t 0,08 

oL 
cpparMeHT, l = I H. c, o 3,55 .:t O,IO 

- , - t =I JlJ~, A-z- 3,94 .:t 0,06 

- , - t= 2 B, C, 0 0,75 .:t O,I6 

- " - 1:=2 }lg, 8'2- 1,38 .:t O,IO 

UeHTpanbHbie 
lv l 4 :7 ± .GI. 

-All n-. o,ltS ±-
-v 

8 

·N 
C,N,O a/ 

301 n 
---- d 

r"1 
I 

I I 

20 ~ I 
I 
I 
I 
I 
I 
I 
I 

10 -1 I 
I 
I 

_j 

0 5 10 

N 

20J r-.., r-l 
~-.J I 

I 

i 

mJ 
. 
I I L:l I 

0 5 

Puc. 3. PacnpeoeAeHue s - tlacmu~ 
OeiimpOH08 U a - 'Ia emu~ C JIOpaMU: 

o( 

n.s 

6/ 

A~. B1. 

d 
cA. 

10 lls 

om 83aUMOOeiicmBUJI 
a/ C,N, 0 ; 6/ Ag,Br. 
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Ns(Cos8) . a/ 
' 80 

10 

60 J I 
C,N,O 

50 -l I 
d 

40~ l -- ()(. 

30 

20 

iO 
. I I 1---

~-- -,_ __ _r---...,_ _ __, 

0,9 0,8 0~ 0.6 0,5 0,4 0,3 0.2 0,1 Cos8 

N5 (Cos 81 6/ 

~h 60 ~~.B, 

50 
d 4of ___ l 

-o<. 

30 

20 

10 

1 0,9 0,8 0,1 0.6 0.5 0.4 0.3 0.2 COS 9 
Puc. 4. YzAoeoe pacnpeoeAeHue s - ttacmut~ om e3aUMo
oeilcmeuJi oeilmpOH06 u a - ttacmutj c JIOpaMU: a/ c' N ,0 ; 
6/ Ag, Br. 

10 

'I 

l 

~- -

3,31- 2, 7 
2,7 

TopaH = 0 ,23 ± 0, 13, a ceqeHHe COCTaBHT: w 

0 A d = 1,23a Ag,p= 1460 M6. )J;nH Q- "'aCTHU: nony"'HM BepOHT

HOeTh B3aHMO,lleHCTBHH .llBYX HyKnOHOB-0, 78 H Ce"'eHHe 

::: 2050 M6, "'TO 6nH3KO K ,llaHHLIM ma6A. 2. 

Pacnpe,lleneHHe 3Be3.ll no "'Hcny nHBHeBLIX "'aCTHU: n s 

,llnH BCeX B3aHMO,lleHCTBHH ,lleHTpOHOB H a -qacTHU: C H,llpaMH 

C, 0 ,llaHo Ha puc. 3a, Ha puc. 36- aHanorH"'HLie pacnpe-

,lleneHHH ~nH H,llep Ag, Br . 1 

YrnoBoe pacnpe,lleneHHe s-"'acTHU: npu Bcex B3aHMo

,!l.eHcTBHHX C 3THMH rpynnaMH H,llep TIOKa3aHO Ha puc. 4a, 6. 

4. Pacnao zpynn Jioep ( C, N, 0) u ( Ag, Br) 

B ma6A. 4 npuBe,lleHLI cpe,llHHe MHO)I(eCTBeHHOCTH qacTHU: 

oT pacna,lla nerKHX H,!l.ep H H,llep Ag, Rr npu B3aHMo,lle:H

CTBHH C HHMH ,lleHTpOHOB H a -qacTHll,. 

Ta6n11u,a 4 

4ac • T11n 1 

<vlh> l 
B3aHMO·.U. MHweHb < h~} (\11 t> THUa ' 

Bee C,,..Y,O 3,88! 0,30 1,19 ! 0,23 2,69 ! 0,21 

il Bee JJSj,P..l 10,49;!:0,60 2,12! 0,27 7,42 ;t 0,51 

eTpHllllHHr ace R.DJ)8. 5,1 ;t 0,1 l 

BCe c, 0 2,97 + 0,13 
I 

Bee Jt~. ~'Z.. II ,66;!: 0, 26 

<fJparM.l=1 H,C,O 2,04 ;t O,IO i 
a 

- , - Jlg,lh 7,40! 0,19 

<fJparM.~=2 H,C,O 2,97! 0,16 

- , - ./Iff, Pn. . 4,51! 0,29 I 

H,C,O 2,89! 0,18 
UearpanbHbie 

.#b;/:h. 15,32± o,35 I 
-

II 



Ta6mma 5 

flap a 
3ap5Ill < Ep >~ < E_.,_.>" 

c,..JI/, o 
.Ag, [t,v 

a/ 

6/ 

N% 
fl 

10 ~ I 
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. t-1 h 
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0 5 

I 

I,75!0,I5 

5,27 ! 0,3 

N% 

20 

15 

fO I 
1 
1 
I 5 _j 

0 

10 15 

Puc. 5. PacnpeoeAeHue 
oeUTilpOH06 U a - 'laCTIIUIJ 

12 

2 ~3 MsB MsB 

0,88! 0,!2 0,06 8,2 28,5 

2,75! 0,22 0,35 ! O,I I0,7 36,3 

ll C,N,O 

d 
0( 

I s-· I I 
L_ I 

L, 
I 

! 

5 10 Nh 

A~,B"' 

---- d 
--0( 

...... __ 

20 25 .30 35 40 Nh 
36e30 80 63QUMOOeUC1116UJlX 

c RopaMu: a/C,N,0;6/Ag,Br. 

I 

I 

I 

) 

1 
l 

I 
I 
I ' -

30 

zs 

zo 

15 

10 

Nn(Cos8)% 

C,N,O 

----- d 
--o<. 

r-------, 
I '--------

s 
r--
1 
I ...--l._ __ j 

5 
1---- _ __l • ..---_I ____ _. 

-1 -o.s -o.s -0.4 -0.2. o o.z 0.4 o.s o.s t Cos 8 

Nh (Cos8) 

20 
1 °/0 

R~, B, 

iS l d 
- o<. 

10 

5 

a/ 

6/ 

-1 -0,8. -0,6 -0.4 -0,2 0 0.2 o,4 o.s 0.8 1 Cos 8 

Puc. 6. Y2A06oe pacnpeoeAeHue h - 'lacmuZJ om 63auMooeu-
cm6UJl oeilmpoH06 u ·a - 'laCTIIUIJ c JlopaMU: a/ c N 0; 
6/ Ag, Br. ' ' 
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B ma6A. 5 naHo pacnpeneneHHe no 3apHnaM b -qacTHU: 
H HX cpenHHe 3HeprHH npH B3aHMOneHC!BHH neHTpOHOB C 
rpynnaMH Hnep. 

Ha puc. 5a,6 noKa3aHo pacnpeneneHHe 3Be3n no 'IHcny 
l.JaCTHU: nnH BCex B3aHMoneHCTBHH neHTpOHOB H a -qacTHU: 
c rpynnaMH Hnep, Ha Ha puc. 6a, 6- yr JIOBhie pacnpeneneHHH 
h -qacTHU:. 

06paiiJ;aeT Ha ce6H BHHMaHHe CHJihHaH HanpaBJieHHOCTh 
Bne pen B CJiyqae B3aHMoneHCTBHH a - l.JaCTHU: C JierKHMH 
HnpaMH, l.Jero HeT nnH B3aHMoneHCTBHH neHTpOHOB H He 
Ha6monaJIOCh paHee B CTOJIKHOBeHHHX C HnpaMH anpOHOB 
pa3JIH'-IHOH 3HeprHH. 06bHCHeHHe 3TOH aCHMMeTpHH nBH)I(e
HHeM B036y)l(neHHOrO Hnpa Tpe6yeT CJIHIIIKOM 60JihiiiOH ero 
CKOpOCTH, l.JTO He COBMeCTHMO C MHrKHM 3HepreTHl.JeCKHM 
cneKTpOM b -qaCTHIJ;. 

5. lloAHoe pa3pywe11ue .110ep Ag, Br u Pb 

IlonHoe pa3py111eHHe Hnep Ag,Br non neHCTBHeM 6hiCT
phiX npOTOHOB fihJJIO ycTaHOBJieHO H HCCJienoBaJIOCh B HaiiiHX 

/16 17; ~ 
pa6oTaX . ' H non neHCTBHeM anpOHOB H JierKHX 

/18-20 22/ 
Hnep - B ' . K 3TOMY npou;eccx 6hJJIH OTHeCeHhl 
B3aHMoneHCTBHH c BhiJieToM Nh;::28, a B;li/ 6hiJIO onpene
JieHo pacnpeneneHHe h -qacTHU: no 3apHnaM, noKa3aHo, 
l.JTO HeT Hnpa-ocTaTKa H BhiJieTaiOT npeHMyiiJ;eCTBeHHO OT
neJihHble HYKJIOHhi. CnenoaaTeJihHO, npoucxo,D;HT nonHoe 
pa3pyiiieHHe Hnep Ag,Br. 

B ma6A. 6 no pe3yJihTaTaM pHna pa6oT npuaeneHhi ae-
POHTHOCTH nonHoro pa3pyiiieHHH Hnep Ag, Br npu cTOJIK-
HOBeHHH C HHMH anpOHOB H JierKHX Hnep. 

,IJ,aHHhie no uccnenoaaHHIO nonHoro pa3pyiiieHHH Ag, Br H 
Pb /nocnenHHe aaonuJIHCh B )I(HnKYIO ¢oT03MYJihCHIO B aune 

COJIH CBHHU:a/ a -qaCTHU:aMH C HMnyJihCOM 17 F3B/cnpH
BeneHhl B ma6A. 7. ,1l,JIH cpaBHeHHH naHbl pe3yJibTaThl/li I 
HCCJienoBaHHH B3aHMoneHCTBHH npOTOHOB. 

Ha puc. 7 npuaeneHhi yrnoBhie pacnpeneneHHH g -qacTHU: 
npu noJIHOM pa3pyiiieHHH Hnep Ag, Br HJIH Pb non neHCT
BHeM a -qacTHU:, a TaK)I(e aHanorHl.JHhle pacnpeneneHHH nnH 
acex B3aHMoneHCTBHH npoTOHOB 9,6 F3B/c H neHTpOHOB 
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Yacnma Y!Mnynhc, f8B/c 

p 6,2 

-·- 9,6 _ .. _ 
22,5 

-·- 69 _ .. _ 
200 

Ir 60 

c1 9,4 

ot I? 

3~1~5 
CneKTP 

6!::". l:::S: 9 KOCMH'I8CKHX 

IO::; ~~ I5 ny'Iefi 

ji6~ ~~ 26 

l'ianaJOIUaH H 
'I8CTHU8 npo <fl.~'"';> 9s/I.L 
lcl.t7faB/c .;6,8-t.. 7,34;!:0,35 45° 

-·- pg 8,9;!:0.4 53 

~9,6 faB1cA9Jh 4,0;!:0.;5 53 

P,70f8B/c 
_ .. _ 

I? ,!,±0,8 30,6 

Ta6mma 6 

BepOHTHOCTh non-
CcbrnKH 

Horo pa3pyrueH.,% 

2,I .± 0,5 /18/ 

3,1 .± 0,6 /I?/ 

3,1 .± 0,8 /18/ 

3,0 ! 0,8 /I?/ 

2,2 ! 0,5 C-M/l2 

3,0 /'i!!J/ 
2,5 .± 0,5 /3/ 

6,4 .± I,O /?/ 

9,3 .± 2,9 /22/ 

?,8.:!: I,5 /22/ 

II, 7.:!: 3, 7 /22/ 

I3,0 .:!: 6,3 /22/ 

Ta6nHua 7 

<-N't> < Yli> I~Y.L < n., > ec.~ 
33;!:0,9 I8_t0,? 600 15;!:(),6 fiJ' 

4?,6,!1,! 25,6z0,? 66 22,±0, 7 86 

32,ti,4 !0;!:0,8 63 22,±!,2 85 

30;!;!,2 !4,2,±0.~ 70 I5,8z0,5 f1J 
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9,4 T3B/c c H.IJ.paMH Ag ,Br H npH nonHOM pa3pyweHHH 3THX 

H.IJ.ep npoToHaMH 70 T3B/c. . 
H3 3THX pHCYHKOB H aenHqHH 0 

g .1/2 B ma6A. 7 
cne)l.yeT pa3HTenLHoe nocTOHHCTBO yrnoaoro pacnpe.IJ.ene-

HHH g -qacTHl( B WHpOKOM )l,Hana30He 3HeprHH H MaCChi 

HaneTalOlL\HX qacTHl( H MaCCbl Jl)l.ep OT nerKHX )),0 CBHHL(a. 

B pa6oTe 123/ Ha OCHOBe KacKa.IJ.Horo MexaHH3Ma 6blnH 

o6'bHCHeHbi pe3ynLTaTbi /17/ nonHoro pa3pyweHHH H.IJ.ep 

Ag,Br npoToHaMH 70 T3B/c, KOr.IJ.a a nepaoM cTonKHOBeHHH 

npOTOHa B H)l.pe BenHKa MHOJKeCTBeHHOCTb reHepHpOBaHHbiX 

qacTHU. KaK cne)l.yeT H3 ma6A. 7, 3Toro HeT B cnyqae 

a -qacTHU. B pa6oTe 124/ H B px.IJ.e eii npe.IJ.wecTaoaaawHx 

/eM. ccbtnKH a 124 1 I paccMaTpHaaeTcx HcnycKaHHe qacTHU 

H 3 npe)l.paBHOBe CHOrO COCTOHHHJI. 

-I 

R~.B"t. 
...... P9,6 f361c 

--- P 10 f3~/C 

- d 9,4 fi>/C 

0 

N~(Cos9l 
% 

30 

t 

Cos8 

cx - 11acr n r 3&/c 
P6 

--- R~,8'L 

0 

I ,..-
'---' 

-I 

Puc. 7. YzAoeoe pacnpeoeAe1we g- ~acmut~ npu noAHOM pa3-
pyweHuu a - ~acmut~aMu .ROep Ag , Br u Pb; npu 83QUMo
oeiicmeuu c .ROpQMU Ag ' Br npoiiiOH08 c UMnyAbCOM 
9,6 T3B/c, oeiilllpOH08 c UMnyAbCOM 9,4 T3B/c u npu noA
HOM pa3pyweHuu .ROep npomoHaMu c uMnyAbCOM 70 T3B/c. 
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B pa6oTe 1251 o6'bHCHeHHe nonHoro pa3pyweHHH x.IJ.ep 

6blnO )l.aHO Ha OCHOBe MO)l,enH y)l.apHOH BOnHbl, o6pa3yeMOH 

B H)l.pe a)l,pOHHblM KnacTepOM, poJK)l.eHHblM B nepBOM l(eHT

panbHOM cTonKHOBeHHH 6blcTporo npoToHa. Bonbwoe pa3-

nHque B aenHqHHax <ns > .IJ.nH npoTOHOB 6,2 T3B/c H 70T3B/c 
H )l.eiiTpOHOB 9,4 T3B/c HnH a- qacTHU 17 T3B/c, c O.IJ.HOH 

cTopoHbi, yKa3blBaeT Ha To, qTo npoueccbl pacna.IJ.a H non

Horo pa3pyweHHH H.IJ.ep He o6ycnoaneHbl qucnoM s -qacTHU; 

C )l,pyroii CTOpOHbl, pO>K)l,CHHe a)l,pOHHOrO KnacTepa He 

O>KH)l,aeTCJI )l,nH a -qaCTHl( C TaKOH 3HeprHeH. 0)l.HaKO MO)l,enb 

y.IJ.apHoii aonHbi anepable 6Ltna paccMoTpeHa a/26/ )l,nH ca

MOH na)l.aiOlL\eii 6biCTpoii qacTHUbi. 0Ha npe)l.nonaraeT BblneT 

qaCTHl( B HanpaaneHHH HOpManH K !lJpoHTY BOnHbl. Yron 3TOH 

HOpManH C BCKTOpOM CKOpOCTH V na)l,alOll(eH qaCTHl(bl 0 eCTb 

arccos a/ V , r,IJ.e a - CKOpOCTb 3ByKa, T.e. CKOpOCTb, 

C KOTOpOH pacnpocTRaHHCTCJI B Jl)l.pe B03Myll(eHHC nnoT

HOCTH. Ilo oueHKaM1 6/aoo(0,15 ± 0,3) C, cne)l.oBaTenbHO, 

0 "' 70°. <l>epMHeBCKOC )l.BHJKeHHe HyKnOHOB B Jl)l,pe CHnbHO 

H3MeHHeT HX yrnbl BblneTa, T .K. CKOpOCTb 3TOrO )l,BH>KeHHJI 

cpaBHHMa CO CKOpOCTblO 3ByKa -a. Ilepe)l.HHH clJpoHT y)l.apHOH 

BOnHbl C ynnOTHeHHCM H)l,epHOH MaTepHH )l,BH>KeTCH CO CKO

pOCTblO HaneTalOlL\eH qaCTHUbl , H; cne)l,OBaTenbHO, CylL\eCT

ayeT nepeXO)l,HaH ofinaCTb CO CKOpOCT HMH U B )l.Halla30HC 

a< U < V · 3TO, B03MO>KHO, o6ycnoBnHBaeT BblneT g -qac

THL( C pa3nHqHblMH yrnaMH H CKOpOCTJIMH. 

,LJ,anbHCHWHe 3KCnepHMCHTbl H aHanH3 )l,aHHbiX B conoc

TaaneHHH C a)l,pOH- H)l,epHbiMH CTOnKHOBCHHHMH ll03BOHHT 

npO)l.BHHYTbCJI B BbiJICHeHHH CnO>KHbiX BOllpOCOB B3aHMO)l.eii

CTBHJI H)l.ep npH BbiCOKOH 3HeprHH. 
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