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1. BBEAEHHE 

HccneAOBaHMe B3aHMOAei1CTBHH IT- -Me30HOB c p =40 r3Bic c no
M()IJ4bl0 2 -MeTpoaollt nponaHosollt (C 3 H s) nysblpb Koaollt KaMepbl noaao
nAeT, KaK 6Yno nOKa3aHO B /1~ nony4HTb xapaKTepi1CTHKH BTOPH4Hb1X 
HeHTpOHOB B ITp- , ,..-n- , ,- 12 C -aaaHMOAeHCTB&-IAX. 

AflR 3TOH ~enH cpeA&-~ nepBH4HbiX B3aHMOAeHCTBHH fl' -Me30HOB: 

, +P -+ x, 

, + n .. x, 

1T +12c-+lt, 

Ill 

121 

131 

Heo6XOAHMO BbiAeflHTb KaHaflbl C o6pa3oBaHHeM HeHTPOHOB: 

,- + p -+ n + x , llal 

, + n .. n + s, 12al 

"' - + 12c ... tn + x, k ~ 1. 13al 

111 
B 6blflH nony4eHbl AaHHble no cpeAHeMy 4HCny HeiiiTPOHOB <Nn> 

Ha OAHO B3aHMOAeHCTBHe. 8 HaCTO~ellt pa6oTe Ha 6onbweM CTaTHCTH-
4eCKOM MaTepHane nony4eHbl <N >H HMnYflbCHble cneKTpbl HeHTPOHOB. 

n 
CHa4ana lpasAen 21 HanaraeTCR npo~eAypa nony4eHHA Ha6opa nepaH4-
HbiX B3aHMOAeHcTBHH 111-131 H xapaKTepHCTHK 6biCTpbiX BTOpH4HbiX 
HeHTPOHOB IP D ::: 1 r3Bicl c Y4eTOM !IIOHa OT APYrHX HeHTpanbHbiX 
4aCTH~ 11 MeTOAH4eCKHX nonpaaoK. B pa3Aene 3 npHBOAAT-
CR !IIH3H4eCKHe pe3yflbTaTbl. 

2. 06PA60TKA 3KCnEPHMEHTAJ1bHOrO MATEPHAJlA 

AflA perHCTpa~HH Co6b1THH 111-131 H AflR nOHCKa BTOpH4HbiX 3Be3A, 
Bbi3BaHHbiX HeHTpaflbHbiMH 4aCTH~aMH 10- 3Be3Abll, 6wnH ABa*Abl 
npocMOTpeHbl CTepeOCHHMKH C ABYXMeTpoBOH nponaHOBOH ny3blpbKOBOH 
KaMepbl, o6ny4eHHOH ny4KOM ,-_Me30HOB npH p=40 r3Bic. Bcero 6wno 
npOCMOTpeHO 37809 pa6o4HX KaApOB H HaHAeHO 11651 nepBH4HOe Bsa
HMOAeHCTBHe. 3TH C06b1THR 6blflH no ~enpHHATbiM KPHTepHRM/2/ paa
AefleHbl no THnaM N(1), rAe i =1 , 2, 3 cooTBeTCTBYeT peaKI.lHAM 11 I, 
121, 131 1Ta6n. 1 I *. 

* B ,-p-e3aHMOAe.:1cTBHAX 4aCTb co6biTHH I "'44% 131 1 cBR3aHa c 
KBa3HCBo60AHbiMH npOTOH8MH AApa yr nepOA~•·-z·=~ ~~ .. __ ---·~ -~ ~--
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Ta6mm,a I 

Tun B3a!IMO- "'(i J #ofl,) 
~eilcTIDL'l 

y,-p 5422±,74 206±,14 

::n-~ 2036;t45 64±,8 

71- s2c 86I5j:93 476±,22 

Bee coOIITHff II65I±,I08 587±,24 

Ha 3H1X )f(e pa6oY~X KBAPBX 6blnO HaAAeHO 587 BTOP~YH~X B3a~Mo
AeACTB~A /0 - 3Be3A/ c Y~cnoM 3apA)f(eHHbiX ny4eA N > 3. OH~ 6bln~ ch-
no T~ny nepB~YHoro B3a~MOAeAcTB~A pacnpeAeneHbl no No(i), i =1 ,2, 
3 /Ta6n.1/ .. 

AnA KB)f(AOA BTOP~YHOA HeATpanbHOA 3Be3A~ ~3MepAnCA nonH~A 
~Mnynbc 3apA)f(eHHbiX YBCT~~ (Pch ). KpoMe Taro, onpeAenAnacb 3$$eK
T~BHaR An~Ha npo6era (L) HeATpanbHOA Y8CT~~~. B~3B8BWeA 0-3Be3-
AY, OT nepB~YHOro B38~MOAeACTB~A AO n~pece4eH~A C rpaH~~eA 
3$$eKT~BHOA o6naCT~ B K8Mepe. 

nonH~~ ~MnynbC BCeX BTOp~YH~X Y8CT~~ B 0-3Be3Ae p 0 o~eH~-

eanCA no $opMyne 

P n ,;, 1,5 x P ch • /4/ 

4aCTb 0-3Be3A CNch=3 /no H8W~M ABHH~M ""53%/ ABnA~TCA CTon
KHOBeH~AM~ co ceo6oAH~M~ npoToHaM~. B CBA3~ c 3T~M AnA H~X ~c
nonb30Ban~cb 3KCnep~MeHTanbHble ABHHble no np-e38~MOAeACTB~AM/4/: 

/5/ 

PacYeT~, CAenaHH~e no $opMyne /4/ ~ c ~cnonb30BaH~eM KoM-
6~Ha~~~ /4/ + /5/, Aan~ pe3ynbTBTbl, coenaAa~~e e npeAenax 
CT8T~CT~YeCK~X OW~6oK. no3TOMY B ABnbHeAweM np~BOAATCA ece 
ABHH~e no Bap~aHTY /4/. 

CpeA~ 3aper~cTp~poeaHHbiX 0-3Be3A ~Me~TCA $OHOB~e co6biT~A 
N <jJ (i, p n ): 

N ¢ (i, P n ) = N(O) (i, p n ) + N s (i, p n ) , /6/ 
rAe N J.O) (i, P n ) - Y~cno 3aperHcTpHpoeaHH~X 0-3ee3A, B~3BaH
H~X HeHTpanbH~M~ Y8CT~~8MH, He CBA38HH~M~ C C06~THAM~ /1/-/3/ 
H N s (i, P n) - YHCI!_O 0-3Be3A, B~3B8HH~X B38HMOAeAcTBHAM~ A- ,' 
K s-, K L - YaCTHU I A - r~nepoHbl cocTaBnA~T ::;1 0% oT A -yacTHU /61/. 

AnA o~peAe~eHHA N O) (i, p n) Ha cTepeocHHMKax 6e3 nepe~YH~X 
B38HMOAe~CTB~~ /-10008 KBAPOB/ 6~no HaAAeHO 39 co6~T~A THna 
0-3Be3A. 0TC~A8 6~n CAenaH B~BOA, YTO OHH COCTaBnA~T -3% OT N0. 

2 

4~cno 3Be3A, B~3B8HH~X HeATpanbH~M~ CTp8HH~M~ Y8CT~~aM~, 

o~eH~eanocb no $opMyne 
171 

rAe <N;(i. p n )> - cpeAHee Y~cno cTpaHHbiX yacT~~ c ~Mnynb-
coM p n Ha OAHO B3a~MOAeAcTe~e T~na i /e3RTO ~3 pa6oT~ 151 

I 
~ < QS (p n )> - eepORTHOCTb Taro, YTO YaCT~~a 8 C ~MnynbCOM 
Pn o6pa3oeana e 3$$eKT~eHoA o6nacT~ KaMepbl 0-3Be3AY c N h~. 
CeyeH~R e3a~MoAeAcTB~R S-yacT~~ Ha BOAOPOAe B3RTbl ~3 pa6coT /&,7!. 

AnA ceYeH~A e3a~MOAeAcTB~A S-yacT~~ Ha yrnepoAe B3RTO cooTHo
weH~e /8/: 

ahC = 9,7 a hH 
/8/ 

0Tc~Aa 6~no nonyYeHo y~cno 3aper~cTp~poeaHH~x HeATpOHOB 

N ~ (i, p n ) : 

N~ (i,pn ) .. N
0 

(i,pn)- N<P (i,pn ) . /9/ 
AnA onpeAeneH~R nonHero y~cna BTOP~YHbiX HeATpOHOB e /1/-/3/ 

6~n~ eeeAeH~ reoMeTp~yecK~e eeca w0 : 

-r w
0 

=1/(1-e ), f = L/Ln, /10/ 

rAe Ln- An~Ha ceo6oAHOro npo6era He~TpoHa. Ben~Y~Ha L B~Y~c-
v v v v n 

nRn8Cb C yYeTOM CeYeH~~ B38~MOAe~CTB~~ He~TpOHOB C RAPBM~ eo-
AOPOAB 14•91 ~ C RAPBM~ yrnepoAa /8/. 

Beca w n BbiY~cnAn~cb AnA ecex No (i, p n ) , ~ onpeAenRnCA cpeAH~A 
sec < w

0 
(i, Pn) >. B pe3ynbTaTe 6bln~ nonyYeHbl 3HaYeH~A 

N n (i, p n ) = N ~ (i, p n ) < "'n (i, p n ) > . I I I I 

nonH~e y~cna HeATpOHOB N (i) BMeCTe c N(i) 
Ta6n.2. n 

nonyYeHH~A HaM~ 3KCnep~MeHT8nbH~A MaTep~an no 0-3Be3A8M 
no3eonAeT eeecT~ nonpaBK~ K pacnpeAeneH~RM co6~T~A no T~naM 
nepB~YH~X B38~MOAeAcTB~H /1/-/3/. 

6~n~ HaAAeH~ e3a~MoAeAcTB~R 

rr - + (N) ... p + n + x , 
/12/ 

rAe P- ~AeHT~$HUHPOB8HH~A npOTOH B nepBHYHOM B38HMOAeHCTB~H. 
TaKHe co6~THA ecTecTBeHHO oTHecT~ K B38HMOAeAcTBHAM n~oHOB 

c AAPOM yrnepoAa· Bcero 6~no HaAAeHO 25 B38HMOAeAcTBHH /12/ 
cpeA~ peaKUHA /1/ H 3- cpeAH /2/. 0H~ COCTaBnR~T He3H8YH
TenbHY~ AOn~ OT YHCna C06~THA /1/ H /2/, HOC yYeTOM eeca
]% OT C06~THA /1a/ H 3%- OT /2a/. 

YYeT ABOAH~X 0-3ee3A /10 co6~THA T~na /1/, /2// npHeen 
K nonpaeKe Taro )f(e nopAAKa, KaK co6~T~R /12/· 4Hcna nepe~YH~x 
co6~THH N(i) 1-1 YHcna HeATpOHOB N n (i) c y4eTOM yKa3aHH~X 
nonpaeoK npHBeAeH~ e Ta6n.2 /n -nonpaeK~/. 

KpoMe TOro, BBOAHnHCb nonpaBKH K pacnpeAeneH~~ B38~MOAeA
CTBHA nO THnaM i ,CBA38HH~e C noTepAM~ MeAneHH~X npOTOHOB np~ 
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npocMoTpe 111. 4~Acna N(i) 1,1 N (i) c y4eToM 3TIAX nonpa8oK np~A8e-
AeHbl 8 Ta6n. 2 I P -nonpa8KHf. 

3. PE3YilbTATbl 14 BbiBOAbl 

14cXOAfl H3 nony4eHHbiX 3Ha4eHH~ N(i) 1-1 N n(i) c y4eTOM nonpa8oK, 

Mbl onpeAe111A11H cpeAHee 4HC110 He~TpOHOB Ha OAHO 83aHMOAe~CTBHe: 

< N ~ (i) > = N n (i)/N(i). /13/ 

CpeAHee 41AC110 < N f (i)> Ha CaMOM Aelle OTHOCHTCfl K 6biCTPb!M 

He~TpOHaM I p > 1 r3Blc/. 3To C8fl3aHO c MeTOAVIKO~ perV1CTpa~V1V1 
n-

0-38e3A /Ncb~ 3/. B nporpaMMe o6pa6oTKV1 0-38e3A BBeAeH nopor 

A11R Pn ~1 r3B/c. 3Ha4eHV1fl <N ~(i)> np~A8eAeHbl 8 Ta6n.3. 

4T06bl Ha~TIA cpeAHee 4HCJ10 8CeX He~TPOH08 Ha OAHO 83aV1MOAe~
CT8He < N n (i)>, Mbl AOlllKHbl y4eCTb cpeAHee 4HC110 MeAJleHHbiX He~Tpo
HOB c Pn <1 r3B/c. 143 3KCnepV1MeHTa11bHbiX AaHHbiX pa60Tbl 

1101 
c y4e

TOM reoMeTpH4eCKV1X lA MeTOAV14eCKHX nonpa80K Ha~AeHO 

N(77-n -+P +X, Pp < 1 r::~B/c) 

N (11- n) 
=9%, 

N(77-P-+P_+_x __ ,_P~p_<_1_r_::~_B_/_c_) 
= 27%. 

N(77-P) 

14CXOAR 1-13 3TV1X AaHHbiX, MOlKHO nony4V1Tb 

< N n (1) > = < N ~ (1) > + 0,09 , 

< Nn (2)> = <N ~ (2)> + 0,27. 

.[lJlR C06biH1~ /3/ npeAnOJlaraeTCR OAHHaK08bl~ BbiXOA MeAJleHHbiX 

He~TpOHOB V1 npOTOH08 Ha OAHO 83aHMOAe~CT81Ae. B pe3y11bTaTe no

Jly4eHO /10/; 
f 

<Nn (3)> == < N n (3)> + 0,75. 

Ta6nHu;a 3 

CpeAHHe 3HatieHHH < N n (i) > H < Pn (i) > 

rTrui B3aH-
' .o.n;eHCTBIDI C:: Nf(i.J> < Nl1_{t.}> <PftiJ> < pll.tiJ> 

r,-p 0,28±.0,04 0,37±.0,04 2,8±.0,2 2,,2±.0, I 

~-r- 0,36±_0,07 0,63;t_0,07 2,6±,0,3 1,7±.0,2 

Ji- d2c 0,57±.0,06 1,32±.0,06 3,2±.0,1 1,7±.0,1 

- --·-
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PHc. I. PacnpegeneHHe He~TpOHOB no HMnynbcaM 
BIT-p-B33HMO,[Ie~CTBHHX npH p=4Q r3B/c. 

noJlHble cpeAHYie 4YICJ1a HeihpOHOB < N (i) > npYIBeAeHbl B Ta6J1. 3. 
Ko3~~YI~YieHTbl nepe3aPRAKY1, nony4eHHble no 3TYIM AaHHbiM A11R 

npo~eCCOB /1/, /2/, COOTBeTCTBeHHO paBHbl 

a (p-+ n) =0,37.:!:_0,04, 

a (n-+ p)=0,37.:!:_0,07, 

a YIX COOTHOWeHYie 

f3 = a(p -+n)/a(n -+P) =1,00.:!:_0,22. 

3TYI pe3yJ1bTaTbl HaXOARTCR B XOpOWeM COrJlaCYIYI C AaHHbiMYI pa6o
Tbl 111. B pa6oTe /11/6bi11YI onpeAeneHbl cpeAHYie 4YICJ1a 6blcTpblx npoTo
HOB /p >0,7 r3B/c/ Ha OAHO B3aYIMOAe.:iCTBYie <Nf (i)> A11R C06bl-

- p 
TYI.:i /1/ Y1 /2/ np11 p =40 r3B/c no 4YICJ1y BTOPYI4Hb1X IT-Me30HOB 

6 

l 
' 

Pn 

soo r 

PHc.2. PacnpegeneHHe HeHTPOHOB no HMnynbcaM 
B 17-0 -B33HMO,[IeHCTBHHX npH p =40 r3B/ C. 

/<N~ (1) > = =0,40.:!:_0,04; <N: (2) > =0,25.:!:_0,03/. AnR cpae-
HeHI1R AaHHbiX no 6biCTpbiM HYKJlOHaM YICnOJ1b3yeM COOTHOWeHI1R 

<N~{1)> = <N!(2)>, 

< N! (1) > = < N ~ (2) > . 

BBOAR nonpaBKY B < N ~ (i)> Ha 411CJ10 He.:iTpOHOB B YIHTepaane 
Pn =/0,75 - 1/ r3B/c, no11y411M 

f f 
<NV (1)>/<Nn (2) > =0,98.:!:_0,21, 

<NP (2)> /<N~ (1) > =0,86.:!:_0,14. 

Ha p11c.1,2,3 npi1BOARTCR nony4eHHble 11MnynbCHble cneKTpbl HeAT-
poHoa A11R "-p-, "-n- 11 rr 12C-a3ai1MOAe.:icTBI1H. AnR 11HTepaa-
noa 11Mnynbcoa p n =/0 + 1 I r3B/c 11CnOJ1b30Ba1111Cb AaHHble no npoTo
HaM c Pp 'S 0,7 r3B/c. 
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Pn. 

0 i5 

P.n (r,B/c) 
- ... ..... -
.rHC- • J • r d\.:..11}.1\:At::::JlC::nn'== nc:.n J. yunvD u.v ru·.a 

nyJlbCaM B ,- 12C -B3aHMOp;eifCTBHHX npH 
p =40 f3B/c. 

nKTEPATYPA 

B Ta6n.3. npHBO~TCR 
cpeAHHe 3Ha4eHHR HMnynb
COB 6~cTp~x He~TpOHOB 
<P~-(i) > H scex Hei:tT
poHos <p n (i)>. 

KaK H OIKHAanocb, 
cneKTP HeHTpOHOB OT ne
pe3apRAKH (p-+n) B /1/ 
RBnReTCR 6onee IKeCTKHM, 
4eM B /2/. 

AsTo~ npH3HaTenbHW 
y4aCTHHKaM COTPYAHH4ecT
sa no HCCneAOBaHH~ MHO
IKeCTBeHHWX npo~eccos Ha 
2-MeTpOBOH nponaHOBoH 
ny3WPbKOBOH KaMepe 3a 
noneaHwe o6cy!KAeHHR H 
nOM~b s pa6oTe. HaM 
npHRTHO no6narOAapHTb 
na6opaHTOS nB3 OHRH' 
Ka~eAP~ RAepHOH ~H3HKH 
MaTeMaTHKO-~H3H4eCKOrO 

~aKynbTeTa Kapnosa yHH
sepc~o~TeTa /npara/H CaMap
KaHACKoro rocyAaPCTBeH
nutu i"~ac~~ni~IO ~U 
npOCMOTp H H3MepeHHe 
CHHMKOB Co6WTHH. 
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PyKonHCb nocTynHna s H3AaTenbCKHH OTAen 
8 H~nR 1982 roAa. 

rpHmHH B.r. ",c;p. PI-82-534 
XapaKTepHCTHKH BTOPH'IHbiX Hei:J:TpOHOB B rr -p- , rr-n- , rr- 12 C -
B3aHMO,D;eHCTBHHX npH p=40 f3B/c 

IlonyqeHbl HMJiyJihCHbJe cneKTpbi BTOpH'IHbiX Hei:J:TpOHOB /p
0 

2:1 f3B/ c 
B rr- p - , rr- U- , TT- 12 C -sgaHMOp;eHCTBH.HX npH p =40 f3B/ C no 
xapaKTepHCTHKaM BTOpH'IHbiX HeHTPaJibHbiX 3Be3,D;, Bbi3BaHHblX Hei:J:T
pOHaMH H 3apei'HCTpHposaHHblX B 2-MeTpOBOH nponaHOBOH DY3blpb
KOBOH KaMepe. Cpe,c;HHe 3HatieHHR HMnyJihCOB HeifTpOHOB < Pn > co
cTaBJIHIDT: 2,2+0,1; 1,7+0,2; 1,7+0,1 f3B/c COOTBeTCTBeHHO 
p;JI.H 1T -p- ' rr--=-n- , rr- I2c -coy,c;apeHHH. Cpe,c;HHe t{lfCJia HeifTpo
HOB <N 0 > Ha O,D;HO B3aHMOp;eHCTBHe OKa3aJIHCb paBHbJMH: <N~ (rr-p) >= 
=0,37.:!:_0,04, < N n (rr- n) > =0,63.:!:_0,07 H < Nn (rr- 1 C)> = 
=1,32.:!:_0,06. 

Pa5oTa BbinOJIHeHa B ITa5opaTOPHH BbiCOKHX 3HeprHif 0115HL 

Grishin V.G. et al. Pl-82-534 
Characteristics of the Secondary Neutrons in ,-p-, 
rr-n- and11- 12c Interactions at p=40 GeV/c 

Distributions of neutron momenta (p >I GeV/c) have been 
obtained in rr-p- , 11 -n- and "- 12 C -fnt~ractions at 
40 GeV/c by means of studying secondary neutral stars induced 
by neutrons in 2m propane bubble chamber. The following values 
of the mean neutron momenta have been obtained:<Pn>=2,2+0,1; 
1,7+0,2; 1,7+0, I GeV/c in above mentioned reactions. The
average numbers of neutrons have also been estimated: 
<N

0 
(rr-p) > =0,37.:!:_0,04; <Nn("-n)> =0,63.:!:_0,07 and 

<N (71-12C)> =1,32+0,06. 
D -

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