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Bo th  the  s t e a d y - s t a t e  and  the  t r a n s i e n t  t e m p e r a t u r e  d i s t r i b u t i o n  a r e  found by  the  Monte  C a r l o  
m e t h o d  fo r  a s e m i i n f i n i t e  m e t a l  p l a t e  h e a t e d  wi th  an  e l e c t r o n  b e a m .  

A s  a r e s u l t  of  a n  e l e c t r o n  b e a m  a c t i n g  on a m e t a l ,  the  k i n e t i c  e n e r g y  of f a s t  e l e c t r o n s  is  c o n v e r t e d  
into  t h e r m a l  e n e r g y .  T h e  s h a p e  o f  the  h e a t  s o u r c e  thus  g e n e r a t e d  i s  found f r o m  the d i s t r i b u t i o n  of  e n e r g y  
l o s s e s  f r o m  an  e l e c t r o n  in  the  m e t a l  p( I r - r 0  I, z) [1] and  f r o m  the  c u r r e n t  d e n s i t y  of  the  e l e c t r o n  b e a m  I :  

q(r, z) ~ a I" f P (J r - - t o  [, z) J (ro)rodQd % (1) 
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The  a u t h o r s  h a v e  c a l c u l a t e d  q ( r ,  z) by  the  Monte  C a r l o  m e t h o d  for  e l e c t r o n s  wi th  a G a u s s i a n  c u r r e n t  
d e n s i t y :  

' ( ") 
J = 1.44a~ e x p  1.44a~ . (2) 

The  t e m p e r a t u r e  f i e ld  of  a s e m i i n f i n i t e  p l a t e  wi th  a v o l u m e - d i s t r i b u t e d  h e a t  s o u r c e  q ( r ,  z) c a n  b e  
found by  s o l v i n g  the  e q u a t i o n  

OT 
- -  - -  a a T  = q ( r ,  z )  (3) 

Ot 

u n d e r  the  a s s u m p t i o n  t ha t  t h e r e  i s  no t h e r m a l  f lux a t  the  s u r f a c e :  

OToz ~ o =  O. (4) 

I n a s m u c h  a s  in  m a n y  p r o b l e m s  r e l a t e d  to e l e c t r o n - b e a m  h e a t i n g  of  o b j e c t s  i t  is  n e c e s s a r y  to d e t e r -  
m i n e  the  t e m p e r a t u r e  only  a t  s o m e  c r i t i c a l  p o i n t s ,  one  m a y  c o n s i d e r  i t  w o r t h w h i l e  to s o l v e  Eq.  (3) by the 
Mon te  C a r l o  m e t h o d .  Wi th  the  a i d  of  s i m p l e  t r a n s f o r m a t i o n s ,  we w r i t e  the s o l u t i o n  to Eq.  (3) in a f o r m  
c o n v e n i e n t  fo r  c a l c u l a t i o n s  by tha t  m e t h o d :  

T A B L E  1. T e m p e r a t u r e  D i s t r i b u t i o n  in a Se mi in f i n i t e  A l u m i n u m  
P l a t e ,  T~ ( A c c e l e r a t i n g  v o l t a g e  V = 128 kV, c u r r e n t  I = 1 m A ,  
a l = 2.6 ~ -3 c m ,  d = 5 . 2 . 1 0  -~ c m ,  r = 0) 
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, , , q (~, p) eric -T&-- 

T(r, z' t)=Vq 3"dF (~) f dG(p) ~ 4nR 
0 0 0 

R = V i z  - -  ~)~ -4- r ~ q- p2--2 rp cos % Vq = 2~r~ zq, 
p' 

F =  ~-kzq , G ( p ) - -  , qs=_ 
2zq r~ 2~ 

(5) 

(6) 

(7) 

Values cha rac t e r i z ing  the t e m p e r a t u r e  var ia t ion  with t ime a r e  shown in Table  1 for  a few points of a 
semiinf ini te  a luminum plate  heated with an  e lec t ron  beam of radius  a I = 2.6 �9 10 -3 cm,  cu r r en t  I = 1 mA, 
and acce l e ra t ing  voltage V -- 128 kV. The s t eady - s t a t e  dis t r ibut ion is shown in the l a s t  column. 

The calculat ions were  p e r f o r m e d  on a MINSK-22 computer .  The machine  t ime  was approx imate ly  
10 sec  pe r  t e m p e r a t u r e  point.  The t e m p e r a t u r e  e r r o r ,  with the given heat  source ,  was  approx imate ly  3%. 
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N O T A T I O N  

is the total c u r r e n t  of e lec t ron  beam;  
is the radius  of e lec t ron  beam,  defined as the d is tance  f rom cen te r  a t  which the c u r r e n t  densi ty 
is hal f  the m a x i m u m  value;  
a r e  the po la r  coordinates  of the hea t  source ;  
a r e  the no rma l  and radial  coordinates  of a t e s t  point; 
is the t empe ru tu rc ;  
is the t ime;  
is the the rma l  diffusivity;  
is the t he rma l  conductivity;  
a r e  the radius  and height  of cyl indrical  region occupied by the heat  source ;  
a r e  the cyl indr ica l  coordinates  of a point.  
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