
   4, 2010 
 
64 

streamer breakdown mechanisms are measured and the peculiarities of spark channel forming for 
these mechanisms are investigated. 

 
PACS: 52.25.-b 

 
Keywords: breakdown, experiment, avalanche, streamer, cathode. 
 
 
Bibliography — 15 references.                                                                                              Received 8 December 2009 
 
 
 

 537.52.621.384 
 

     
 

. . , . . , . .  
 

   ,      -
   ( ).    -

 :  ,      
.       , . .   -

     ,      -
    . ,     -
          

,     ,   -
    - . 

 
PACS: 52.77.Di 

 
 : ,   ,  ,  -

. 
 

 
 

   -
 ,   

   E H- . 
    

   ,   -
     -
 ,    

  .     -
      

      
   ,    

  [1—4].  
  -

  (ni  ne)   -
   , -

  ,    
,    [1]. 

 
 

  , . 
  ,   .  
  , . 

 "     
. . . ". 

, 111250, ,  ., 12. 
.: (495) 361-94-15. E-mail: churchev@mail.ru 

 

    22  2009 . 

     -
     -
    .  

      -
     ,         

      
  -  . 

 
  

 

  ,  
 , ,  

    =z
d

E
dz

   

  Hr   Hr >> Hz. 
  : 

   , -
   : 

 

2
( )1= ,e e

ez
ec

d T ne dV
dz en dzm

           (1) 

 

 0=
eT trn V —    -

 ;  
    VTe —   ; 
     tr —     ; 
     n0 —   .  

 
 

   . .,  . .,  . ., 2010 

Galina
Размещенное изображение

Galina
Размещенное изображение

Galina
Размещенное изображение



   4, 2010 
 

65 

,    -

 = ,c
eH
mc

  Te, ne, e, m — ,  

,    , ;  
       —   ; 

    : 
 

0( ) = ,i i e
d nV n n
dz

                         (2) 
 

 ni, Vi —      
, ;  

 = iVTe —     -
  ;  

             i —  ; 
    : 

 

0= ( ) ,i
i i i A e

dV d
n MV e Mn V V n

dz dz
      (3) 

 

  —  . 
 (2)   (3)      

  c -
    [3]: 

 

0= ( ),i i
i e i A

i

f fe d
V n n V V

z M dz V
         (4) 

 

 fi(Vi, z) —   .  
  (4)     -

   ,   -
  . 

 ,    
: 

  
 

0= ( )A i iq n V nV MA                         (5) 
 

    
 

= ( ) ,d i i e ezI e nV n V A                       (6) 
 

  —   ; 
       q —  ; 
      Id —  . 
 

 
 

    [2]  

: 186 10dI
A

 1/( 2 c);    

 q  4 1018 (1/ 2 c);   -
   410AV  / .  

   Te  2,7  -
       -

   Xe    

M = 132 . .  52
= 2 10e

s
T

c
M

 / . 

 ,    [5],   
 .    

 cs,  —   n*,  
13

* = 3 10d

s

I
n

Ac
 1/ 3.   ,   -

     -
    i  tr  10–16 2,   

8= 10
eTV  3/ . 

 
  

 

    
  * = n*   3 105 1/ ,    — 

 *= ,
s

z
c

   — 

2

2
= = ,

es

e e
U

TMc
   —

*

= ,
n
n

   — = .
s

V
c

   

  (1)—(6)   : 
 

2
0

2
2

0
0 *

0

0

( ) = 2 ( );

' ' 2
2 = 4 ;

( ) = ;

= 1;

= .

e
i i A

i

e i e c e
i

e i i

i i e

e e i i

A i i

U

m
M

q

       (7) 

 
   (7),   -

   
 

= ( ).e iU                           (8) 
  

  ,  -

,   
2

7*
2
*

8
= 2 10 .

e n

M
 

       
 , . . e  i   

(   [1, 4, 5]).      -
 i =      i =  [5]  -

 : 
 

2

2
2

*

1
=

1 2

2
1 2 ,c

A A
A

d
d

q i m
M

    (9) 

 
( )

= .
A

di i q i
d

 



   4, 2010 
 
66 

  [5]    -
  

 

2

max exp ,
1,2 1, 2

H H              (10) 

 
 Hmax =  100  ;  max =  3,  .  .   -

  z < zmax = 2 . 
     (9), -

     
"  "  Vi = cs. 

     0 = 0,12, 
 i( 0) = 10–4, ( 0) = 0,05.   

   ,
i     — 

 70,5 10 .
U     

   ,  
 . 1,  2 (   -
     10 ).  1 

       
 ,    

      0,5. -
     -
 2 %,   -

   .   
    -

     — -
,  "  "   -
      

 . 
 

 

0,12        0,62         1,12         1,62          2,12         2,62 
 

2 

1 

0,15

0,1

0,05

0

-0,05

-0,1

-0,15

 
 

. 1.   (9): 
 1 —   ; 2 —   

10U  

 
   (7), (8), -

  (8) 
 

= .e i
E  

  = i —   
,  = i —    i = ,  

 

;

;
2

1 ;

;

,

e
A

e
A

e
e

e

q ii

q i E
i

d iE K
d q i

iE

U E

               (11) 

 

 42= 1 ,
2
A

A
mK e

M
 

4

exp
1,2 1,2

   

 Hmax = 100   K = 800. 

     = ,e
i   

       

2

1 ,
2 1

 . . "  ". 

 
  (11) 

  

   (11)  -
  i(0,12) = 10–5, (0,12) = 0,05, (0,12) = 0, 

(0,12) = 0, U(0,12) = 0    . 2—5. 
 

 

0,12      0,22      0,32       0,42      0,52       0,62      0,72 
 

2 

1 i(
), 

(
)1

0-2
 

0,4

0,35

0,3

0,25

0,2

0,15

0,1

0,05

0  
 

. 2.   i  : 
 1 —  i( );  2 —  ( ) 10-2 

 
 . 2 ,      

 < 3    i  ,  
  imax  0,699.   = max =  

= 0,70811  ,  -
 -     i = q,    

i  q    .  



   4, 2010 
 

67 

 

0,12     0,22      0,32       0,42      0,52       0,62       0,72 
 

v(
) 

1 

2 

0,2

0,15

0,1

0,05

0

 
 

. 3.     : 
 1 —   ( );  2 —   

i
i

 

 
 

0,12     0,22       0,32      0,42       0,52      0,62       0,72 
 

10000

5000

0

-5000

-10000

-15000

-20000

E(
) 

 
 

. 4.   ( ) 
 

 

0,12      0,22       0,32      0,42       0,52       0,62      0,72 
 

1 

2 

3 

0,2

0,18

0,16

0,14
0,12

0,1

0,08

0,06

0,04
0,02

0

i(
) 

 
 

. 5.   i( )     
: 

1 — i0 = 10–5;  2 — i0 = 10–4;   3 — i0 = 10–12 
 

,       
   (7).  1 

( .  .  2)      ( -
 )    max,   2  (  -
     100 ) — -
   .  

      . 3. 
,     
 , . .   -

  .   -
 ,   ,  -

   ,   
     . 

       0,3  
  ,     -

.     -
    . 4.   
   ,    

  .  ,  
      

,     . 
 . 5     

     
( ) ,    -

   max < 0,8. 
,      

  E   = 0   -
   ,   -

     ,  .  .   
  . 

 
 

 

       
  . ,  c  

,   ,  
    "  ". 

    (11) 
    —   
   max (10).  -

     -
,      

;    , 
   -

 [4].       -
      -

 "  ". 
 

           
 
1. Ashkenazy J., Fruchtman A., Raitses Y., Fisch N. J. Model-

ling the behaviour of a Hall current plasma accelerator// Plasma 
Phys. Control. Fusion. 1999. No. 41. . A357—A364. 

2.  . .,  . .,  . ., -
 . .,  . .   

      
  //  .  2008.  .  46.   4.   

. 588—595. 
3. Fruchtman  A.,  Fisch  N.  J.  Modelling the Hall Thruster// 

34th AIAA/ASME/SAE/ASSE “Joint Propulsion Conference & 
Exhibit July 13—15. 1998”. Clevelend. OH. AIAA 98-3500. 



   4, 2010 
 
68 

4. Ahedo E., Gallardo J. M., Martints-Sanches M. Model of 
the plasma discharge in a Hall thruster with heat conduction// 
Physics of Plasmas. 2002. V. 9. N . 9. . 4061—4070. 

5.  . .,  . .   -
    .   

-2009//  . — ., 2009. . 1. . 197. 
 
 

Modelling of dynamic of particles in thruster 
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We study the numerical solution of the equations describing the process of acceleration of ions in 
a Hall plasma accelerator (thruster). The system is a three component plasma: neutral atoms, free 
electrons and one-ionized atoms. In the acceleration tract ions move without collisions, i.e. length of 
free path of ions longer than the length of the acceleration tract, while electrons move in the diffu-
sion mode across magnetic field. It has been shown that by using the Poisson equation for the elec-
tric field, the system of equations of dynamics does not have singular/sonic point, that arises in sol- 
ving quasi-neutral approximation, in coincidence with a ion flow velocity and ion-sound velocity. 
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