
   6, 2009 
 

5 

  
 

 539.1.01 
 

-     
 

. .  
     , ,  

 

. .  
   . . . , , ,  

 

. .  
   "  ", ,  

 
      ( )   

      .  -
,      ,        

 ,  ,   .       -
         
     ,  ,  -

   ,   ,      -
   . 

 
PACS: 26.40.+ r 

 
 :  ,  ,  ,  -

 . 
 

 
 

     -
 .   —   

  , ,   -
   ,   
 —      

       
 . 

   (  
 )   

     -
 .   .  [1, 2].  

.    .   [3]     -
    . 

       
    - . -

      
 [4, 5]   -
-   -

    -
,     

  .     
  -  -

  ,      -
     -

   .  

   
    

 [4—11],    [5, 6], 
 -  [11, 12],  -

 [6]  . [13].   
    -

 ,  -
 —     . 

    -
-  :   -

      
      

     -
 .  
   [5, 14]  ,  -

        ( - 
   )    ( -

 )  - - 
      -

 .    -
      

    -
    .  -
,      

-   ,  -
     

  .  
 

 

©  . .,  . .,  . ., 2009 



   6, 2009 
 
6 

 2008 .    
      ,  

     -
 -  .  

     -
     -

   -
       

 .  , -
    
,   ,     

.   ,   
      -

  .  
    -

   . , 
   

     -
     -

.       
    -

     -
 . ,  -

     
     

     
     -
   . 

 ,   -
  —      

     (  )  
.   ,       
   , 

    ,    -
 . ,  -

  —     
     
     -

,      . . 
 

   
   

   
 

    
(    )  

  [5, 12]  
  Z(E): 

 

1

( ) ( ) ( )

( ) ( ) ( )

i
T

E I
ex
E U

Z E P T E Z T dT

P U Z E U f E
              (1) 

 
   Z( ) = 0. 

 ( )EP W  —  ,    
  E     (i — ,  

ex — )   W;  
1( )f E  —   -

 ; 
I  U —     -

  .  
       

E0  -  
 

1 0( ) ).f E E E  
 

     
 ,   

     -
.    . -

    (   
)      ,    

    
  ,     -

      
 .    
     
,    -

  .    
    -
 (   - )  -
   .  

     -
   [6]  -

 ,      
   E. 

     
      

,      -
,     -  

  .  
     -
     

  .    -
      ,    

 (   ,    ). 
     -

    -
     

 1 —1      
   . 

    
      

  (k = 1,  2,  3… — -
 ): 

 

1

( ) ( ) ( ),

( ) ( ) ( )i
k T k

E I
ex

E U k kP U Z E U f E

Z E P T E Z T dT
 

( ) 0,kZ  … . 



   6, 2009 
 

7 

   -
     ,  

   , . . 
 

1 2 3 3( ) ( ) ( ) ~ ( ) ,i i i
T T TP W P W P W W E W I  

 
  ,  , 

  1 3( ) ~ .i
TP W W   

   -
     (1),  

      -
 . 

      
   -
  

 
(0)( ) ( ) ,k k

k

dZ E f E
dE W

 

 
(Wk —      

 k-  )   
 

(0)( ) ( ) / .k kk
E

Z E f E dE W  

 
    

      
   (   -

  )   
 

1

2
2 2

0 2 0
2 2

2

1

6 ln 2
(1 )

1 1 ,
( ) ( )

Z E
W

E
I

E I q I

W E I E I

 

 
 n  n —     

    -
; 

          q —    3-  . 
 . 1,     -

     
   (1   1 )  

   ( ,    
    ),    

. 1,  —    
    1    -

 .  
  . 1,    ,  -

       -
      
 (      

). 

 

0,01                  1                  100 
   E,  

0,01 

0,1 

1 

10 

100 

1000 

Z,
 1

/
 

 
 

 
 

0,01                  1                    100 
                         E,  

Z,
 1

/
 

1000 

100 

10 

1 

0,1 

0,01 

 
 

 
. 1.    : 
 —     1   1   

  ; 
 —     1    

: 
______ —  ; - - - - —   
 

 ,  ,   -
 10 %   , , , -

      -
     

    : 
 

2
0
2 2

3 ln / 20,50,6
( ) 1 .

( ) ( )

I E IE
Z E

I E I E I
  (2) 

 
    -

,       
  ( . 2).  

,    -
     

      -



   6, 2009 
 
8 

      
    -

     
,      .  
 

 

0,01                  1                    100 
E,  

    3 

2 

1 

0,01 

Z,
 1

/
 

0,1 

1 

10 

100 

1000 

 
 

. 2.   1- , 2-   3-    
     

     1   
   

 
    

      -
     -
       

. 
 ,    -

     , 
    -

 .      
 E1br     

   . ,  -
  E1br  2 I.    

    E2br,    
    . -

      -
  (2)    E0 -

  : 
 

E0  E2br
 2/I.                              (3) 

 
   -

     ,  
   ( . (2)  . 2).  

     E2br  1015–19    
I ~  109 ,        (3)  

    E0 1021–29 . 
   1090 ,      

     1061–69. 
   —    

     1090 ,   
     (3) E2br  1050 . 

 
 

 

1.    -
      -

    , 
 ,      
,        

 ,  ,   . 
2.    

      
   -

       
  .   -

    -
,    . 

3.   -
-    

      . 
     1015–19  (  
),     — 1021–29 , 

    1061–69.  
  —     

   1090    
 — 1050 . 

 
          

 
1. Fano U.// Phys. Rev. 1953. V. 92. No. 2. P. 328. 
2. Spencer L. V., Fano U.// Ibid. 1954. V. 93. No. 6. P. 1172. 
3. Bethe  H.  A.,  Jacob  J.  H.// Ibid. A. 1977. V. 16. No. 5.  

P. 1952. 
4.  . .,  . .//  . 1978. . 4. 

 6. . 1265. 
5.  . .,  . .   

. — .: , 1985. 
6.  . .      

. — .: . ., 1988. 
7.  . .    .  —  .:  

, 1988. 
8.  . .,  . .: . . 1-  . 

. "    ". — . , 
1989. . 22. 

9.  . .,  . .//  . 
1995. . 14.  4. . 66. 

10.  .  .,   .  .  -
     . — .: 

, 1997. 
11.  . .,  . .//  . 

1997. . 16.  8. . 99. 
12. Nikerov  V.  A.,  Sholin  G.  V. Fast Particle Degradation 

Diffusion Cascade. — Harwood Academic Publishers, 
Supplement to Phys. Rev., 2000. 

13.  . .,  . .,  . .//  
 . 1979. . 248.  3. . 610. 
14.  . .//   . 1984.  12. C. 107. 
 

    30  2009 . 
 
 



   6, 2009 
 

9 

Degradation cascade model of cosmic rays 
 

V. A. Nikerov 
Moscow State Institute of Electronics and Mathematics, 3/12 Large Trekhsvyatitelsky al.,  

109028, Moscow, Russia 
E-mail: nik@cea.ru 

 

A. A. Rukhadze 
Prokhorov General Physics Institute, Russian Academy of Sciences, 38 Vavilova str., 119991, Moscow, Russia 

E-mail: rukh@fpl.gpi.ru 
 

G. V. Sholin 
Russian Scientific Center Kurchatov Institute, 1 Academician Kurchatov sq., 123182, Moscow, Russia 

E-mail: sholin2@rambler.ru 
 

The power dependency of cosmic rays energy distribution over a wide energy range shows their 
degradation origin. Analysis of the cosmic rays spectra in comparison with the typical degradation 
spectra of cascade processes makes possible to describe the kinetics processes of origin and 
propagation of cosmic rays, in particular the differential loss energy probabilities, the cascade role, 
and to estimate the energy and number of primary cosmic rays particles. 
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