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determined using the applicable selection of the object and angular rectangular collimator sizes. We 
represent the depth of focus for optimal parameters of the probe for-ming system. 

 
PACS: 41.85.-p; 41.85.Lc; 41.85.Gy 

 
Keywords: probe forming system, nuclear microprobe, aberration, current density distribution. 
 
Bibliography — 9 references.                                                                                             Received 18 November  2009 
 
 
 

 621.385.6 
 

      
      

 
. .  

 
        -

          -
.         

,         
 ,     .  

 
PACS: 41.85.-p 

 
 : , ,  ,  ,  

, . 
 

 
 

   ( ) —   
     -

      
 [1].     -

      -
 :     
   ( ).  

      -
       

 -   -
  ( ) -  [2—4]. 

      -
    -

   ,   -
      

    -
,     
        

.  
    -

 ,     - 
 

 

  ,   . 
 «  " "». 
, 410033, . , . , 1. 

. (8452) 47-97-03. E-mail: almaz@overta.ru 
 

    18  2009 . 

     -
 .     -

     -
      

   ,  -
      -

 — ,     -
     

      -
 .     

  . 
 

  
 

     
  ,   -

     -
 ( . 1)     [5]. 

    -
   n    -
     

 
1 1 2 2 3 3;n n n n n n nU U U U  

 

1 ;
2ni ni ni ni

n
a b R c Z

A
 

3

1
1;ni

i
 

(1) 

 

 

   . ., 2010 

Galina
Размещенное изображение

Galina
Размещенное изображение

Galina
Размещенное изображение



   3, 2010 
 

97 

1 2 3 3 2

1 2 3

1 3 2

;
;
,

n n n n n

n n n

n n n

a R Z R Z
b Z Z
c R R

                     (1) 

 

 Rn, Zn —     -
  ;  

              n —  ; 
         R, Z —    -

.  
 

 

An, Vn 

2 

1 

3 

R 

Z  
 

. 1.    
 

    2   3   -
 a, b, c   

 .  -
,    , -
     

.     -
     

    
 

2 2 2
, 1 1 2 3 1 2 1 3

2 3

1
8

,

i i j n n n n n n n
n

n n ni nj ni nj n

S R R R R R R R
A

R R b b c c
 

 
 n —  ,    

 i = 1, 2, 3   j = 1, 2, 3; 
       n —    -

   .  
      -

      -
   : 

 

.

2 2 2
1 2 1 2

1 2

5

3 2 2

,

n n
vol ch

n

ni ni ni ni ni ni ni

ni ni

Q A
V

R R R R R R R

R R

 

 
    i = 1, 2, 3; Qn —   n-  ; 

vol.ch —      
  ; 

Vn —     . 

    
  ,   

  [2 max(i – j) +1],  max(i – j)  —
   ,   

 .   , 
   , 

  , . . Sij = Sji.  
     
  ,    

, . .  j  i,     -
   ,   

.  
     

   -
   [6].  -

      -
    -

,    .  
     
    ,  

    
,   .   Er  

Ez      
    (1): 

 
3

1

3

1

;
2

1 ,
2

r ni ni
in

z ni ni
in

U D U b
R A

U U c
Z A

              (2) 

 
. .  Er  Ez    

       
   .    Er  

    D.  
      

    -
 : 1 1 1 2 2 2 3 3 3, , , , , , , , ,n n n n n n n n na b c a b c a b c  

, ,n n nA V    -
   ,     -

  Ri, Zi   ,    -
  .  

 
  

 

       
       

  .   .  2,    
,    

 ,   
    ,  . 2,  

    -
 .  

    -
      

   ( . . 2, )   



   3, 2010 
 
98 

     , 
       

 ,    
    -

      (  I 
 II)    .  

   -
     -

 ,     
 . 

    -
       

 

 

0,00         0,14          0,28        0,42          0,58          0,70 
 Y,  

I 

10,71

10,57

10,43

10,20

10,15

10,01

II 

      

 

0,00          0,14           0,28           0,42           0,58           0,70 
 Y,  

10,71

10,57

10,43

10,29

10,15

10,01
 X

, 
 

 
         

 
 

0,00           0,14            0,28            0,42            0,58            0,70 
 Y,  

10,71

10,57

10,43

10,29

10,15

10,01

       

 

0,00          0,14           0,28           0,42           0,58           0,70 
 Y,  

10,71

10,57

10,43

10,29

10,15

10,01

 X
, 

 

 
         

 
. 2.         ( , )    

    ( , ) 
 

    
     

    -
,      

 Y ( . . 2, ).   
   ,  -

     
  ,   -

    -
    ,  -

      
  ,    -

      
   , -

     
.  

   , -
   .    -
        
  ,      (2) -

     -
   ,   -

,          
, Er     .  

      -
        

    ( .  3,  , ).  
     -
      -
 ,     

  ,     
     . -



   3, 2010 
 

99 

       
      -

   ,    
.     -
      -

      -
 .  
 

 
 

0             2            4            6                 8            10            12 
z,  

R,
 

 

3,0
2,5
2,0
1,5
1,0
0,5
0,0

 
 

 
 
 

0             2             4              6              8            10           12 
z,  

R,
 

 

3,0
2,5
2,0
1,5
1,0
0,5
0,0

D = 1 

 
 

 

 
 

0             2             4              6             8            10            12 
z,  

R,
 

 

3,0
2,5
2,0
1,5 
1,0 
0,5 
0,0 

2

2max( )ijk

RD
R

 
 

 

. 3.       
( ),      Er  

     (2) ( )  
   D   (3) ( ) 

 
     -

  ,        
 ,   D   

(2)    ,    [7] 
 
 

2

2 ,
m

RD
R

                               (3) 
 
 

 R —  ; 
  Rm = max(Rijk) —–    

 ,   -
    

( . . 3, ).  
    
    -

   ( . . 3, ). -
      

     .   
     

     Er   
, . .       

       
,     

" "  [8].     -
  ,   -

,    ,  
   ,   

 ( . . 3, ).   
,     -

    -
,     .  

    
    -

  Er    -
 [7]     :  -

     
     
.      

  , , -
,   [9],    -

      -
  ( . 4, ).   - 

      
     

 ( .  .  4,  ),     
 .  

 

 
 

0             2            4            6                 8           10           12 
z,  

R,
 

 

3,0
2,5
2,0
1,5 
1,0 
0,5 
0,0 

 
 

 

 
 

0             2             4              6              8            10           12 
z,  

R,
 

 

3,0
2,5
2,0
1,5 
1,0 
0,5 
0,0 

 
 

 

 
 

0             2             4              6              8            10            12 
z,  

R,
 

 

3,0
2,5
2,0
1,5
1,0
0,5
0,0

 
 

 

 
 

0             2             4              6              8            10           12 
z,  

R,
 

 

3,0
2,5
2,0
1,5
1,0
0,5
0,0

 
 

 

. 4.     ( )  
   : 

  —       ;   
 —         

;  —   ,  
  12-      



   3, 2010 
 
100 

       
     , 

      -
 ,      -
  ( . . 4, ).   

      
      

  ,    
     — 

  ,    —   
    -

   .  
  -

 ,      ,  
     -

, , ,  -
,   [10].  

      -
    

.     
      

,      
       

,     -
     

 ,      
.  
     -

      
       

  . ,  
    -
 ( . . 4, )    -
  (2)   -

    -
  [8]  -

   ER  EZ   -
    . -

  ,     
12-     

     
  ( . . 4, ). 
,     Er  -

-     
     -
       

 ( . . 4, ).  
     (  

  )       
,    

   .  -
    

,       
     -
 ,    —  -
  ,   -

 ,     
    . 

 ,    
,    -

  .  
    

     -
      

  .  
   -

   ( . 5).  -
 75  .  -

      90 
,    1420 ,  

     110,  -
 — 168.  

 . 1     -
      -

     .  
 

 1 
 

,  
 

  
  

,  
 2105 56 2161 
 12 1754 1766 

 
       -

  180,     2400   -
   150,    —    334 

    150   -
      3,5  

( . 2). 
 

 2 
 
,  

 
  

  
,  

 5607 123 5730 
 43 5316 5359 

 
      
    -

   ,   
    , 

   99  %     
  .  

     
     .  

      
   (  , -

    
   ,    —  

 )    -
      -

  .  



   3, 2010 
 

101 

 

0                 5                 10              15              20              25               30              35              40              45              50 
 z,  

 R
, 

 

5,0

2,5

0,0

 
 

 
 

 

0                 5                 10              15               20              25              30               35              40               45              50 
 z,  

 R
, 

 

2750,0 
 

2475,0 
 

2200,0 
 
1925,0 
 
1650,0 
 
1375,0 
 

1100,0 
 

625,0 
 
550,0 
 

275,0 
 
 
-275,0 

20,0

15,0

10,0

5,0

0,0

-2,5

  
 

 
 

 
 

 

0                 5                 10              15               20              25              30               35              40               45              50 
 z,  

 R
, 

 

2750,0 
 

2475,0 
 

2200,0 
 
1925,0 
 

1650,0 
 
1375,0 
 

1100,0 
 

625,0 
 
550,0 
 

275,0 

20,0

15,0

10,0

5,0

0,0

  
 

 
 

 
 

. 5.        ( )     
   ,      ( )   ( ) 

 
     
,    ,  -

     -
  .    -

       
    ,  -
  .    

      -
     . 

     -
 ,    -

  (1)     
 ,      

 ,    
      1,6 .  

      
 1078      . 1   

[9]   3275       . 1 
[10], , ,    

  1090  3318 .  
     -

    ,  
  . ,  -

       
    -

    ,    -
    , -

    ,    
   .    

        



   3, 2010 
 
102 

  ,   
,       -
     .   

 
  

 

    
     -

       
  .  -

 ,    -
  ,   -

 ,     
       -

     
  .  

  .  
 

          
 

1.  .    -
: .  . — .: , 1979.  

2. Petillo J., DeFord J., Nelson E. et. al.// Proc. Seven Inter-
national Vacuum Electronic Conference IVEC 2006, 25—27 april 
2006, Monterey, USA, 2006. . 83, 84. 

3. Salvatore C., Francesco E., Antonio L. et al.// IEEE Trans. 
on ED. 2001. V. ED-48. No. 1. P. 24—31. 

4. Ives L., Bui T., Vogler W. et. al.: Proc. Fourth IEEE Inter-
national Vacuum Electronics Conference IVEC 2003. Procee-
dings. Seoul, Korea, May 28—30, 2003.  P. 118, 119. 

5.  .,  .   -
    - : .  
. — .: , 1986. — 229 . 

6.  .  .     -
. — . .: ,  ., 1974. — 

202 . 
7.  .  .,   .  .: . .  
.- . . "    -

  1998". — . : -  , 1998.  
. 189—193. 

8.  .  .: . . .- . . 
"     

 2006". — . : -  , 2006. . 57—65. 
9.  . .,  . .,  . .// -

 . . 1.  . 1977. . 1. . 123. 
10.   . .,  . .,  . .  .// 
 . 1988. . 1. . 70. 

 
 
 

Some features of charge particle trajectory calculation 
on potential mesh of finite element method 
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The features of finite element method for charge particle trajectory calculation in intense elec-

tron beams with space charge are considered. The nonphysical effect on irregular finite element 
mesh, connected with the calculation of electric field tension using form function, are shown and 
the ways of their elimination are proposed.  
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