


H a c ~ o H U m  pa6o~a nOCBHUeHa maIIU3Y CneKTpOB npOTOHOB H n7 
Me3OHOB B na6opa~op~oii CHCTeMe B YrJIOBOM U H T e p B U e  OT 0 A 0  180° BO 

B ~ ~ M O A ~ ~ ~ C T B W ~ X  H n e p  J T n e p O n a  C HMllynbCOM 4,2 I '~B/c H a  HYKJIOH C yr- 
J I e p 0 ~ ~ 0 f i  MHWeHbIo. n p e n c T a B J I e ~ ~ b 1 e  CneKTpbI  OXBaTbIBWT npaKTUYeCKH 

l l o n ~ b l f i  k i H T e p B U  HMnynbCOB nPOTOHOB H OTPHUaTeJlbHbIX ITHOHOB, KHHe- 

MaTUYeCKH A O C T Y I I H ~ I ~ ~  AJUf HCCJIeAyeMbIX C C - B ~ ~ H M O A ~ ~ ~ C T B K ~ % .  
B 3KCnepHMeHTaX no H3yWHHIo HnpO-HnepHbfX coynape~kifi, n p O B 0 -  

AHBWHXCR H a  A Y ~ H ~ H C K O M  c U H X ~ O @ X ~ O T ~ O H ~ ,  aHaIIH3HpOBaIIHCb P a C n p e -  

AWleHUH nPOT0HOB H ~ : M ~ ~ O H O B  U3 O ~ ~ ~ C T W  @p~MeHTaI&iki  nu60 HApa-  

MHLU~HH'  - 4/ , nu60 HJ&pa-cHapnna/5-7' . C n e ~ ~ p b r  n p o T o H o ~  B m n p o K o M  

kiHTepBaJIe HMnyJIbCOB H JTnOB IlOJIJWeHbI BO B ~ ~ ~ ~ M O A ~ ~ ~ C T B H I I X  H A e p  MeHb- 

UlHX 3~eprKi% (no 2,1 r3B) H a  YCKOpHTene E 3 ~ a n a K  (cM., H a n p H M e p ,  /'/ ) . 
Mccneno~mm CneKTpOB nPOT0HOB B UHTepBaIIe A 0  1 rsB/c B U P O H -  

HJ&epHblX B ~ ~ H M O A ~ ~ ~ C T B W ~ X  nOCBHUeHb1 3KCnepHMeHTb1, BbInOnHeHHbIe 

B MT30 (cM., H a l l p H M e p ,  pa6o~y H CCbInKH B ~ e f i ) .  
H o s b r e  p e 3 y n b T a T b I  H3MepeHwFI HHBaPHWTHbIX ~ e r l e ~ k i f i  peaK~?i f i  + PA + p X H PA + lT- X JUlff HMnynbCOB BTOPUYHbW nPOTOHOB H n'-Me30- 

HOB B UHTepBaIIaX 0,6 + 1,83 ~ B / c  H 0,6 + 1,62 ~ B / c  COOTB~TCTB~HHO 

l l O n  Y r n O M  119' n p H  3 H e p r H H  nepBUYHblX npOT0HOB 10 r3B npHBeAeHb1 

B pa60~ax lo/. 
M H K ~ O ~ H B H ~ I ~  PaCllpWWleHwFI nPOTOHOB H ~ - - M ~ ~ O H O B  IT0 KUHeMa- 

T H ~ ~ C K H M  n e p e M e H m I M  B C C - B ~ ~ M O ~ ~ ~ ~ C T B H H X  npa 4,2 rsB/c H a  ~ y ~ c n o ~  
O ~ ~ ~ ~ U K O B ~ H ~ I  B " * 2/. 

M c n o n b s o ~ m b r  c~epeo@o~orpa@~u, n o n y l l e H H b I e  n p H  06nyllemu myx- 
M ~ T ~ O B O ~ ~  n p 0 n i l H 0 ~ 0 f i  l l ~ 3 b l p b K 0 ~ 0 f i  K a M e p b I  JIB3 O m M  R n p a M H  yme- 
POAa C HMnyJIbCOM 4,2 r3B/c H a  HYKJIOH. 

B 3 a ? f ~ o n e i % c ~ ~ m  H a  H n p e  yrnepona 0 ~ 6 H p a n H c b  H 3  BCeX c06b1TkdI 

B nponme c o r n a c H o  o n ~ c m ~ o f i  pmee M e T o n e K e  / l l / .  Bcero 6b1~10 0~06-  
p a H 0  3342 C O ~ ~ I T H R .  

Ha CHHMKaX C n p o n a H 0 ~ 0 f i  K a M e p b I  ~ @ @ ~ K T H B H O C T ~  ~ ~ H T I I @ I I K ~ H  

llPOTOHOB 6 n u 3 ~ a  K 100% n H W b  W H  UHTepBUIa  HMnyJIbCOB 0,15' 0,5 ~ B / c .  
llpo~omr c H M ~ Y ~ C O M  Pna6 < 0,15 l"3B/c B K a M e p e  H e  B U P ~ H ~ I  113-38 Ma-  

noro npo6era ( < 2 M M ) .  AJIH n o n y l l e H m  cnempa n p o T o H o B  B m T e p s a n e  

HMnyJIbCOB BbI l l le  0,5 r3Bi.c HClTOJIb30BUaCb CneAyIoUaR. n p O U e A y p a :  _ 3'  
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H3 p a c l l p e ~ e J I e ~ k i f i  O A H 0 3 a p H m b I X  l lO~OXHTeJIbHbIX 9aCTH4, KYAa BXOAHT 

llpOTOHb1 (C l lpHMeCblo A ~ ~ ~ T ~ O H O B  H H A e p  TPHTEIR) H ?7+-Me30~bl  C Pna6 > 
0,5 rsB/c,  ~ b ~ s n ~ a n n c b  p a c n p e n e n e H u H  ~ T M ~ ~ O H O B  c Pna6 > 0,5 rsB/c. 
A n H  C C - B ~ ~ H M O A ~ ~ ~ C T B H ~  T a ~ 0 f i  llOAXOA Bl lOnHe l l p a B O M e p e H ,  l l 0 C K O n b K y  

ClleKTphI ?7 f- H ?~- -M€~oHoB AOJIXHbI C O B l l a a T b .  ~ P H M ~ C ~  A ~ ~ ~ T P O H O B  

H H A e p  T HTHH CpeAH OAH03aPHAHbIX @ ~ ~ I ' M ~ H T o B  COCTaBnHeT H e  6onee 
10 + 1 5 %  '*la/. H3 ClleKTpOB 6 b m w  HCKJlW9eHbI CTpHllIIHHrOBble @ p a r M e ~ T b l  

H a p a - C H a p H A a  (Pna6 > 3 ~ B / C  H 8na6 <4O ) H H a p a - M H m e H H  (Pna6 < 
< 0,3 r3B/c)/11/. Bce OTpHUaTeJIbHbIe 9aCTH4bI B 0 ~ 0 6 p l l H ~ b I X  CC-B~BHMO- 
A ~ ~ ~ C T B H H X  CqkiTaJIHCb ~ - - M € ~ O H ~ M H .  B l l p C l l l l l H 0 ~ 0 f i  K a M e p e  T - M ~ ~ O H ~ I  
H m e X H O  ~ ~ H T H @ H ~ H P Y H ) T C H  C HMllynbCOM Pna6 > 0,07 ~ B / C .  B A a J I b ~ e f i -  

m e M  a H U I H 3 e  HCllOnb3OBllHO - 15000 llPOTOHOB H - 6000 ? ~ - - M ~ ~ o H o B  *. 

~ ~ B H C H M O C T H  HHBaPHaHTHbIX c e 9 e ~ H f i  BbIXOAa llPOTOHOB OHHB = 

= E/P 'd%/ d d fl OT HX HMllynbCa B na60pa~op~ofi  CHCTeMe p,llH @HKCH- 

POBELHHbIX YrnOBbIX HHTepBaJIOB llOKa3llHbI H a  pkic.1-3. B 1 . 2 9 ~ 0 ,  9TO @ 0 p M a  

ClleKTpOB Cy4eCTBeHHO 3aBHCHT OT yrna B b I n e T a  llPOTOHOB. n p H  MaJIbIX 

Y r n a X  (5 t lo0 ) HHBapHELHTHOe CeqeHHe llpOTOHOB cna6o MeHHeTCH BllnOTb 

A 0  4 r 3 B / ~ ,  T.e. A 0  BenHqHHbI, COOT- 

B ~ T c T B ~ W W ~ ~ ~  H M l l y n b C y  H a  HyKJlOH 
1 ' ' ' ~ l ' " ' l " " l ' ~ ' ~ l " " i  

1 9  HApa-CHapHAa. B b ~ m e  4 ~ B / C  Cl leKTp 

3KCllOHeHIJHanbHO y 6 b 1 ~ a e ~ .  ~ O R B -  

to'->$ 
x zd-W 

n e H H e  B C C - B ~ ~ H M O A ~ ~ ~ C T B I I R X  llp0- 
TOHOB C HMllynbCaMH, l lpeBbIUlaloWH- 

MH HMllynbC HyKJIOHa B H a J l e T a l o 4 e M  
d - 
f HaPC? ( B HaUleM C n y 9 a e  AOnH TaKHX 

4 -  llPOTOHOB COCTaBnHeT (10k1) %) , e 
aw', 0 6 c y m a n o c b  B pa60~e/11 ' . 
C 1 

,&I53 8 B b I m e  l o 0  ClleKTpbI 

8- - llpkWHMaWT clla2UOWkifi  BHA H MOrYT 

P .  6b1~b allllPOKCHMHpOBaHb1 3KCllOHeH- 
u 

lo': 

Puc. I .  Niieapuaii~iibre ceveiim ebwoda 
npOTOHO6 6 UiiTepeUIUX y2fl06 5°+100(0), 

ld ' , , Z o L  j , & & ,  , . G C  c * L  '&""-* 1@+2@(*) u 2 0 ~ + 3 0 ~ ( ~ )  6 3aeu- 
pa& (rrw) CUMOCTU OT wnynbca nporoiioe. 

? 7 7 ~ t ? 3 0 ~ b l  63RTbl U 3  HeCKOflbKO 60flb1uei CTaTUCTUKU CC-CO~~ITUC, V e M  npo- 
TOHbl. 

Puc.2. ~ i i e a p ~ T n b l e  ceveiiw ebrxoda 
npOTOHOe 8 UiiTepeUIUX y2AOe 30°' Puc.3. hap~aii~i ibre CeUeiiU eb1~0da 
+40° (o), 4@+ 50' ( @ ) ,  50°+ npomiioe e u i i ~ e p e ~ ~ m  80'- 90°(*), 
+ 6 0 ° ( x  ) (a); 6@+ 70°(  0 ) ,  90°+1100(0)  (a); 1 1 0 ~ + 1 3 0 ~ ( * ) ,  
70°+800 ( @  ) (6)  e saeucu~oc~u 1 3 0 ~ + 1 8 0 ~  ( 0 )  (6)  e 3aeucu~oc~u 
OT UMnYAbCa npOTOHOB. OT UMnYAbCa npOTOHOB. 



I ~ I ~ I ~ ~ ~ ~ ~  0 0 
M 6 3 0 H 0 6  B U H T q E M m  y2JlOlloB 5 10 ( * ) ,  

Puc.4. 3aeucmocm napme~pa P: (CM. 10; I I I I I , . Puc.6. k%is~pL.&a~T~ble cerenuu sbrxoda m-- 
! 

CC-n-+ ... 4,2 r36k 
dannbre - nac~oR~(eii pa60~bl. 0 - pe3yflb- 
T ~ K C T )  OT y2flU BblfleTU ~ 0 1 I ) H O B .  - 

1 1 0 ~ + 2 0 ~  ( a ) ,  20°+300 ( x  ), s sasu- 
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r++ 
4,s r36/c - 
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++ 
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0 
r + % \  ,+ - 

+ +++ 
I , 1 ~ 1 , 1 0 1 . -  

~amr pa60mr/3/. . 5 .-loe 
- 

C M O C ~  OT mnyflbca m--~e30nos. - 
o lo--eo. 
x 20'-30' 

Puc.5. Pacnpedmenue no npodofibnoli 6blc~- - - - 
- 

pore npomnoe, sbme~a~ou(ux nod y2flamu - - 
- ena6 > 20 O. C T ~ U K O ~  nOKU3UHO 3HUUeHUe - 

yna6 dax cucre~br yen~pa ~ a c c  H Y K ~ ~ O H  - - 
HyKflOH. 

- - - - - d : - 
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P(ya.1) 
% 
20  
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20 60 100 140 180 

Qn ( ~ 9 . )  
-1 0 1,o 2; Vi". 

P ~ o f i  B u A a  %ne = A 08p (-P /P[ (6 1) . 3 ~ a s e ~ w r  n a p a M e T p a  Po (6) , nmep- 
B U b I  Pnab , "0 KOTOPblM nPOBOAHnaCb anl lPOKCHMaUHFI,  U 3HarleHHR X 2  
H a  C r e n e H b  ~ B 0 6 0 ~ b l  W I R  @ H K C H P O B ~ ~ ~ I H ~ ~ X  Y M O B b I X  H H T e p B U O B  n p H B e A e H b 1  i 5 0 °  (O) ,5O0+6O0 ( x ) .  

B ~a6nnue.  Ha p H c . 1 - 3  p e 3 y n b T a T b I  @ H T ~  n O K a 3 a H b I  n P R M b I M H  JIUHURMH. 

3 ~ a s e ~ ~ 1  PP,(8 ) Y M ~ H ~ ~ U ~ ~ T C R  c y ~ e n ~ l r l e ~ ~ e ~  yrna M C ~ ~ C K ~ H U ~  ~ ~ O T O H O B  l 70'' 80' l 80'- 90" 

n p H M e p H 0  A 0  l l o O ,  a AaJ lee ,  B n p e n e J I a X  O U H ~ O K ,  OCTaloTCR nOCTORHHblMH. 

~ o J I ~ ~ ~ H H ~ R  B HaLUeM 3 K C n e p H M e H T e  3aBHCnMOCTb P: OT BnaB ( dna6 > 
> 2 0 ' )  IUIR C n e K T p O B  nPOTOHOB C0BnaAa)eT C 3aBHCHMOCTbK? Po OT yrna 

B b I n e T a  npOTOHOB, n 0 J l y r l e ~ ~ 0 f i  B pa6o~e  3/ n p H  OnHCaHHH CneSClpOB np0- 
TOHOB B H H T e P B U l e  3 5 0 +  900 M3B/c W R  ~ C - B ~ W M O A ~ ~ ~ C T B H ~ ~  n p U  

4.5 r sB /c  H a  H y K n O H  ( p H c . 4 ) .  

Pacnpenene~ne n p o T o H o B ,  B b m e T a m u n x  non y r n a M n  e n a 6  > 20" no 
n p 0 ~ 0 J I b H o f i  ~ ~ I C T ~ O T ~  ( p H c . 5 )  , nOKa3bIBaeT.  rlTO W ~ H 3 L i p y e M b l e  HaMH 

C n e K T p b I  B y K a 3 a H H O M  Y m O B O M  h H ~ e p ~ a J I e  C O A e p m T  nPOTOHb1 H e  T O n b K O  

u3 06nac~u @ p a r ~ e ~ ~ a u n n  ~ n p a - M H U ~ H H ,  HO rlaCTHrlH0 n 213 u e ~ ~ p a n b ~ o f i  

06nac~u.  K y A a  BXOnRT npOTOHb1 H3 060nx CTaJlKHBaH)UIHXCR f3nep.  

MMllYJIbCHbIE PACnPEAEJIEHMR R--ME30HOB Puc.8. To me, uro ~a puc.6, d i l ~  y2flOsblX 

M H B ~ ~ H ~ H T H ~ I ~  CerleHHR BbIXOAa ? ~ - - M ~ ~ O H O B  B C C € O ~ X Z ~ ~ ~ H J ~ R X  B 3-H- 

CHMOCTH OT U M ~ I Y J I ~ C ~  B n a 6 0 p a ~ o p H o f i  CHCTeMe n O K a 3 a H b I  H a  pnc.6-8. ( 0 )  (6 ) ;  800+900 ( s ) ,  130°t 180' 
~ P U  MaJIbIX Y r n a X  BbLneTa ~ - - M ~ ~ O H O B  C W e H H R  M a n o  M e H 5 O T C R  W R  Pna6 
A 0  1 r 3 B / ~ ,  a n 0 T O M  6 b l c ~ p 0  y 6 b 1 B a 1 o ~ .  
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Bb1II.Ie 20' C n e K T p b I  n - - M e 3 0 H O B  3KClIOHeH4UaJIbHO C n m a K l T  C Y B e n U -  

q e H U e M  Pnr6 . T ~ K  Xe, K a K  U ,DJIR l lPOTOHOB,  C n a A a H U e  Y C K n U B a e T C R  no M e -  

pe ~ o s p a c ~ a ~ m  ena6 . A n n p o ~ c a ~ a U U f I  m B a p u a H T H b I x  ceqe~P& @ ~ H K U ~  

q,,, = a exp ( - P I  p ; - ( e ) )  D a n a  s ~ a r e ~ m  P -, n p e a c T a s n e H H b I e  B ~ a 6 n ~ u e .  
n a p a M e ~ p b 1  p t -  y 6 b 1 s a K l ~  Bl lJIOTb A0 CaMbIX  6onbruux Y m O B ,  O A H a K O  y6b1- 
B-e W e T  Me,DJIeHHee,  q e M  y I l a p a M e T p a  P :  . 3 H a q e H ~ R  P: - ~ e H b l l I e  B e n H -  

W H ~ I  PB AM H e 6 0 n b r u H x  Y m O B ,  no M e p e  y s e n u s e H u R  ena6 3 T u  n a p a M e T p b I  

c 6 n u x a 1 o ~ c ~  u B y r n o B o M  ~ u a r 1 a 3 o ~ e  7 0  + 80° c o s n m a m T .  y r n o B  sbIrue 
80 P U p: - 6nusrur Me.Hcsy co608, X O T R  p: - CHCTeMaTHlleCKH MeHbLIIe 

pop ( C M .  ~a6nnuy) . 

Bo ~ s a n ~ o n e i i c ~ ~ m x  R n e p  yrnepoaa c yrneponao8 M u r u e H b I o  npu A M -  

nynbce 4,2 h B / c  H a  H y K n O H  C n e K T p b I  B c e x  n p O T O H O B  C Pna6 > 0,3 r sB /c ,  
U C n y C K a e M b I X  n0A Y r n a M U  dna6 > 20' ( 3 ~ 0  45%   PO TO HOB), M O r Y T  6b1~b  
OnUC2lHbI ~ K C ~ O H ~ H T O ~  B U A a  OH,, = A e X p  ( -P /P!  ( 8 ) )  . 3HaqeHH.H n a p a M e T p O B  

< ( e )  y 6 b ~ ~ a K l ~  C Y B e J I H Y e H H e M  yrna B b U I e T a  n p O T O H O B  OT 20' A0 l l o O ,  a B 

U H T e p B a n e  110 + 180' OCTaKlTCH nOCTORHHbIMU.  

3 ~ a y e ~ w r  n a p a M e T p o B  P P ,  ( 8 )  npu c o o T s e T c T s y I o w u x  yrnax c o s n m a I o T  

C B e n I l q H H a M H  P: (0 )  , n O n y q e H H b I M H  B p a 6 o ~ e / ~ /  n p U  OnUCaHkXU C n e K T p O B  

IIpOTOHOB B O T p W H Y e H H O M  U H T e p B a J I e  A M n y n b C O B  (350 ' 900 M ~ B / c )  B CC- 
~ 3 s u l ~ 0 ~ e f i ~ T E l H . H ~  npu U M l l y n b C e  4,5 ~ B / c  H a  HyICJIOH. 

n p I 4  @ U K C U ~ O B ~ H H O M  yrne B b m e T a  ( 6 ,,6 > 20 ') 0 n H 0 8  ~ K C ~ O H ~ H T O ~  

O n U C b I B a e T C R  U M ~ ~ J I ~ C H ~ ~  C n e K T p ,  B I C J I I O Y ~ ~ M ~  n p O T O H b I  H e  T O n b K O  OT 

@ ~ X ' M ~ H T W U U  H A p a - M U l I l e H U ,  HO A lIaCTHYH0 U 3  ~ e H ~ p a . J I b H 0 8  06nac~u n0 
n p 0 ~ 0 n b H 0 8  ~ ~ I C T P O T ~ ,  K y A a  llOlli29aKlT n p O T O H b I  OT @ ~ X ' M ~ H T ~ L U . I U  O ~ O U X  

C T m  K K B a K l U U X C R  R A e p .  

C ~ ~ K T P ~ I  n - - M e 3 0 H O ~  ( P  > 0,1 ~ B / c )  U 3  T e X  Xe C C - c o y ~ a p e H &  

n p U  yrnax ena6 > 20' ( 3 ~ 0  68g68cex n - - M ~ ~ O H O B )  T a m e  OnUCbIBalOTCR 

Z I K C ~ O H ~ H T O ~  c n a p a M e T p a M u  Po"'( 8 ) , ~ ~ ~ I B ~ I O U U M U  c y s e n u s e m i e M  

dna6 OT 200 AO 180'. ~ H ~ Y ~ H U R  n a p a M e T p o B  P E -  M e H b I l l e  senusm P,P 
B C O O T B e T C T B Y I o U H X  Y r n O B b I X  UHTepBa .J Iax  A0 = 70'. n n R  Y r n O B  B b I u I e  

70' ~ H ~ Y ~ H H . H  P :  u P E - ~ ~ u ~ K u  M e x A y  ~ 0 6 0 8 .  
n - 

llono6soe c o o T H o r u e H u e  n a p a M e T p o B  P,P u P ,  PJIR y r n o B  6onbrue 
90' ~ a 6 n 1 o n a n o c b  B n p 0 T O H -  Ae HbIX B ~ ~ L I I M O A ~ ~ C T B U R X ,  H m P U M e P  B P A [  - 
c o y n a p e H m x  npu 8,9 I'3B/cP' 10 I ' ~ B ' " /  . l l p u  JTOM c a ~ u  n a p a M e T p b 1  

P z  U P E -  , O l l p e A e J I e H H b I e  H a M h ,  B n p e A e J I a X  - 10% ~ o ~ ~ ~ L I I H o c T ~ ~  C O B n a -  

AaIoT  C C O O T B e T C T B y I o U U M U  n a p a M e T p a M H  H 3  p a 6 o ~  l 2 l 1  'I. 

ABTOP~I  p a 6 0 ~ b ~ / 3 /  Y X e  OTMeYaJIA ,  q T 0  U M e e T  MeCTO noao6ue m p ~ b 1  

C n e K T p O B  I l  OTOHOB B 06nac~u Y r n O B  dna6 > 90' K a K  PJIR n p O T O H - R A e p H b I X  

( 4  I ' ~ B / c / " /  U 7,5 FPB/c  / 1 5 / ) ,  T a K  U m R  R a p - R A e p H b I X  B ~ B W M O A ~ ~ C T B P &  
npu 4,5 F ~ B / c  H a  H y K n O H .  

ki3 CpaBHeHHH HaUIHX p e 3 y n b T a T O B  C A-bIMA p a 6 0 ~ / 2 /  U / lo/  ZLHmO- 

l T i r M O e  3aKJIIOqeHHe M O X H O  CAeJIaTb  OTHOCATeJIbHO C n e K T p O B  ~ - - M ~ ~ O H O B ,  

H c n y c K a e M b I x  non y r n a M u  ena6 > 90°. 
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2. Baldiri A.M. et al. JINR, El-82-472, Dubna, 1982; 

~ M ~ U H  A.M. u dp. Okiflki, PI-83-432, &6na, 1983. 
3. Adb~ceeuu 6.U. u dp. - flo, 1984, ~ . 4 0 ,  6.2 ( 8 ) ,  c.495. 
4. A H U K U H ~  M.X. - flo, 1984, ~ . 4 0 ,  c.489. 
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I I. A ~ M Y T ~ U U C K U  a u dp. Okiflki, PI-86-263, Jy6na, 1986; 
flo, 1987, T.45, sbln.4, c.1047. 

12. Ara~uluues T.H. u dp. Okiflki, Pl-84-35,Jy6na, 1984; 
190, 1984, ~ .40 ,  c. 1209. 

13. Adjase~~ich B.P. et al. IAE-414812, Moscow, 1985. 
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flo, 1985, ~ . 4 2 ,  sbin.2(8), c.377. 


