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s u rn m a r y 

By summing Kofoed-Hansen's series111 , 
that represent inclusive proton spectra in 
the proton-nucleus collisions at high energy 
in the intranuclear cascade model, the closed 
expressions (2) and (4) for these spectra are 
obtained. The first one (2) describei proton 
spectra in the case, when proton energy 
losses are much smaller than the incident 
energy. The second one (4) corresponds to the 
case of large proton energy losses (much more 
than recoil energy of target nucleons) and 
is obtained by.assuming the Feynman scaling 
for proton spectra in the nucleon-nucleon 
cpllisions. In this case inclusive proton 
spectra in the pA ➔ pX collisions automatical
ly obey scaling (4). 

By extracting quasielastic scattering 
contribution (6) from eq. (4) the inelastic 
( x<l) pA cross section (7) is obtained. 

Using eq. (7) it is easy to connect ine
lasticities Kand kin nucleon-nucleus and 
nucleon-nucleon collisions (8). For lead 
and iron targets at k =O. 5 and~ a~~ =30 rob·. 
eq. (8) gives K=0.85 ando.75,corresponding.:... 
ly, 7hat is in agreement with cosmic rays 
data 41. The nonleading particle spectrum (2) 
in the I+A ➔ 2+X reactions is given by eq. (9) 
which is correct at least at x2 0. 5 when 
complications due to multiplicities of par
ticles 1,2 are inessential. 
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IIoTpe6HOCTH OIIHCaHHH HHKJil03HBHhlX cneKTP0B npoT0H0B 

B npo:u;eccax npoToH- .H~epHhlX B3aHMO~eiicTBHH npHBeJIH 

K He06XO,D.HM0CTH MO,D.HqlHUHPOBaTh o6hlqHyro cxeMy TeopHH 

rnay6epa, Il03B0JIHIOIUYIO HCX0,D.H H3 AaHHhIX 0 xapaKTepH

CTHKax pN -B3aHMOAeHCTBHH paccqHThIBaTh JIHlllh yrJI0Bhie 

pacnpe,I:\eJieHHH np0T0H0B B peaKIJ;HHX ynpyroro H KBa3Hynpy

roro /6e3 pmKAeHHH Me30HOB/ r.A -pacce.HHHH. 

IIpuMeHHTeJihH0 K peaKIJ;HH 

p+d ➔ p+X 
:na npo6neMa AeTaJihHO uccJieAoBaHa B pa6oTax /I I. 
O6o6IIJ;eHHe pe3YIIhTaT0B 3THX pa6oT Ha CJiyqaii npoH3BOJlhHOH 

HAepHoii MHllleHH HeAaBHO AaHo KoqJ3AOM-XaHceuoM 12/~ Ero 
pe3yJihTaT AJIH ceqeHHH npo:u;ecca pA ➔ p X B npeAene 
BLIC0KHX 3HeprHH H B npeue6pe)KeHHH qiepMHeBCKHM ABH)Ke

HHeM HYKJIOHOB H,I:\pa MO)KeT 6hITh npeACTaBJieH B BHAe 
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➔ ➔ ➔ 

T ( B) = J p ( B' z) dz' p ( B' z) - IlJIOTHOCTh pacnpeAeJieHHH 
-00 
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~t . 
»,AepHoii MaTepHH, a NN - nonHoe ceqeHHe NN -B3aHMo-
,AeiicTBHH, E H E' - HaqanbHaH H KOHeqHaH 3HeprHH npoTo
Ha, a HH,AeKCOM O OTMeqeHo ceqeHHe peaKUHH pN ➔ p X KaK 
cpyHKUHH nepe,AaHHoro HMnynbca (i, , ne,AocTaromeii MaccbI 
M H HaqanbHOii 3HeprHH E , m - Macca HyKnoua. 

IlpH ManbIX pe3ynbTHPYJOIUHX noTepHx 3HeprHH 

E - E' « E 
IlOTepH 3HeprHH B nocne,AOBaTenbHbIX CTOnKHOBeHHHX TaIOKe 
ManbI, H Il03TOMy MO)KIIO npeHe6peqb pa3nuqueM B uaqanb
HhlX 3HeprHHX B aKTax nocne,noBa TenbHbIX B3aHMO,AeHCTBHH 
npoTOHa C HyKnouaMH H,Apa, T.e. nonmKHTb 

da o ( E i) = da O ( E). 
B 3TOM npH6nH>KeHHH PH.A /1/ cyMMHpyeTCH H MO>KeT 

6hlTb npe,AcTaBneu a BH,Ae: 

00 d a ( q±., E ', E ) 

d q l dE' 
= f 

2 2 ➔➔. 
d B d a d b exp ( ia ( E - E ') + i q b) * 

-oo 

tot 
exp (-a NN 

➔ ➔ ➔ 
T ( B) ) [ exp I w ( a , b) T ( B ) I - 1 ] , 

/2/ 
r,Ae 

➔ 

eu(a,h)=f 

➔ 2 
da 

O 
( ql ,M ,E) 

d ➔ dM 2 
ql 

➔➔ 

exp I - i q b - i a 

2 2 2 
+M -m 2 

ql --ldq dM,; 
2m J 

/3/ 
qTo HBnHeTCH ecTeCTBeHHhlM o6o6meHHeM H3BeCTHhlX pe-
3ynbTaTOB rnay6epa An» yrnoawx pacnpe,Aeneuuii B Kaa3u
ynpyroM pacceHHHH Ha cnyqaii ,ABOHHbIX ~HcpcpepeHuuanbHhlX 
pacnpe,Aeneuuii /no yrny H 3HeprHH/ B - npoueccax KaK 
KBa3uynpyroro, TaK H ueynpyroro B3aHMO.AeiicTBHH npoTo
HOB C H,ApaMH B6nH3H KBa3Hynpyroro IlHKa. PaccMOTPHM 
,Apyroii npe,AenbHhlH cnyqaii, KOr,Aa noTepH 311eprHH a He
ynpyrux CTOnKHOBeHHHX HaMHOro npeawwaIOT IlOTepH, ca»-
3aHHbie C OT,Aaqeii . 2 

<q, > 
E - E' » ___d,. 

2m 

4 

·i,r, 

.11 

i 

TaK qTo nocne,AHHMH MO>KHO npeHe6peqb. BBe,neM cpeiiHMa
HOBCKYIO nepeMeHHYIO x = 2PL /vs, E'"" xE IlPH x> 0, 
H npe,AnonO>KHM, qTo B 3neMeHTapHbIX CTOnKHOBeHHHX pN ➔p+X 
BbIIlOnHHeTCH cpeiiuMaHOBCKHH "cKeiinuur" . 

· 3 ➔ 3 ➔ 
Et d a (ql ,x,E)/d p = f(ql,x). 

Tor,Aa nerKo nonyqHTb ,AnH HHKnI03HBHbIX cneKTpOB B peaK-
UHH p A ➔ p X Bbipa>KeHHe 

➔ ➔ 00 2 ➔ n ➔ 
x d a ( q J , x , E) / d q l d x = x I f d B T (B ) exp ( - a T ( E)) x 

n = i tot 

n 
XII da (q ,x )/dq dx o(q- I q )o(x- II X )dq dx" 

2 2 ➔➔ ➔ 
= f d B d b d a exp ( i q b + i a ln x) exp ( - a tot T ( B ) ) x 

00 

-oo 

➔ ➔ ➔ 

x [ exp I CtJ ( a ,-b) T ( B) I - 1] = F ( q J , x) 

➔ 

Cu (a, b) 
➔ # ➔ f (da

0 
(ql ,x) /dql dx) exp (- i qb - i a 1n x) d q J d x. 

/4/ 
TaKHM o6pa30M, HHKnI03HBHbie cneKTPbI npOTOHOB B 

p A - CTOnKHOBeHHHX B MO,nenH BHYTPHH,AepHoro KaCKa,Aa 
oKa3bIBaIOTCH TaK>Ke "cKeiinHHrOBbIMH". 

YqHTbIBaH, qTo a npe,Aene E ➔ oo 

d a 
0
el / d q J d x = d a 

0
el / d q 1 · o ( 1 - x) /5/ 

H BLI,AenHH H3 / 4/ BKna,A KBa3Hynpyroro pacce»HHH 

q. el. ➔• . . 2 . 2 ➔ 
d a / d q l d x "" o (1 - x) f d B d b exp ( - a tot T ( B)) x 
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I , 

el ➔ ➔ 
x [explw (b) T(B)} -1], /6/ 

nony'IHM .nm1 ce'leHHH Heynpyroro pacceHHHH ( x < 1) 

xda inel ➔ ➔ 2 2 
(qj,x)/dql dx=Jd Bd bda x 

➔➔ =::: ➔ ➔ 

x exp [ i q b + i a In x - a ( b) T ( B ) ] x 

r.ne 

inel 
x [ exp { w 0 

➔ ➔ 

(a,b)T (B)l-1], 

- ➔ 
-;;. { b) = a tot 

el ➔ 
-w (b). 

/7/ 

Hcnonh3YH 3TO Bbipa)KeHHe, MO)KHO CBJI3aTb K03<l>tlmuHeHTbl 
HeynpyrocTH K H k HyKnoH- ,i,nepHoro H HyKnow HyKnoH-

Horo B3aHMo.neiicTBHH: 

K = J (1 - x) 
d a ( ql.' x) d ➔ d x / J . - --- ql 

d ➔ dx ql 

N ( A , 0 , k a abs ) 

k ) 
N (A, 0 'a abs 

r,ne a abs = a tot - ael ' 

➔ 

da(q1 ,x) 

dfl dx 
dq l dx = 

/8/ 

a N ( A , a 
1 

, a 2 ) - 34>cl>eKTHBHoe 'IHCno HyKnoHOB, onpe.ne

JteHHOe e pa6oTe 131. 
IIpH aabs=30 M6apH H k = 0,5 ,nnH K034>cl>HUHeHTa Heyn

pyrocTH eo B3aHMo,neiicTBHH HyKnoHoB c H,npaMH cBHHUa 
H )Kene3a nonyqaroTCH COOTBeTCTBeHHO 3Ha'leHHH: K = 0,85 
H 0,75, 'ITO xopowo cornacyeTCH c pe3ynhTaTaMH pa6oT /

4
/ 

npH EN= 1 + 10 T3B. 

6 

HaKOHeu, npHBe,neM Bbipa)KeHHH ,nnH HHKnl03HBHbIX cneKT
poB HenH.IJ;HPYIOU{eii qacTHUhl, T.e. ceqe1rnii peaKUHH l+A➔2+X, 
2 I- 1 ; qepe3 xapaKTepHCTHKH 1 + N ➔ 1 + X , 1 +N➔ 2 +X , 
2 :+ N ➔ 2+ X B3aHMo,neiicTBHii. 

➔ 2 2 ➔ ➔ 
x'da/dqldx = J d Bd bdadzp(B, z) w (a,b) x · 1 ➔ 2 

➔ ➔ tot 
x exp { i q b + i a In x - [ a 

2 I 
- w I ➔ I ( a' b) ] x 

z ➔ ➔ tot ➔ 
00 

x J p ( B , z ') d z ' - [ a 
1 

- ·w ,
2 
➔ 2 ( a , b ) ] J p ( B , z ') d z 'I , 

z 
- 'X) 

/9/ 

r.ne CMLICn BBe,neHHbIX . o603Ha'leHHB oqeeH,neH. Ilpae.na, 
cne,nyeT co6mo,naTb onpe,neneHHYIO OCTOPO)KHOCTL npH nonb • 
30BaHHH <l>opMynoii /9/ ,nnJI OilHCaHHH peaKUHH, BKOTOPbIX 
MHO)KeCTBeHHOCTL 'laCTHU 1,2 He Mana /77-, K -Me30HbI/. 
Ho H ,nn,i TaKHX peaKUHH 3TH Bblpa)KeHHH ,IJ;OIDKHbl 6b1Tb 
cnpaee,nnHBhl, no KpaiiHeii Mepe npH x > 0,5, T.e. Kor.na 
HeB03MO)KHO o6pa.30BaHHe .IJ;BYX O.IJ;HHaKOBLIX 'laCTHU C 3Hep-
rHeH xE. " 

Eonee no.npo6Hoe paccMOTpeHHe HHKnl03HBHblX cneKTpOB 
B CTOnKHOBeHHHX 6bICTPbIX qacTHU C H.IJ;paMH H aHanH3 
HMelOU{HXCH 3KcnepHMeHTanLHLIX ,naHHblX 6y,nyT ony6nHKOBa • 
Hbl Il03,IJ;Hee. 

ABTOpbl 6naro,napHbI C.P.reBOpKHHY, K.r.rynHMOBy, 
O.A.3aiiMH,nopore, JI.H.Jlanu,nycy, B.H.HuKaHopoBy H 
A.A.THnKHHY 3a CTHMynupyroll.{He o6cy)K,neHHH H pH,n no
ne3HhlX 3aMe'laHHii. 
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