
   4, 2012 
 

 

        " " WWW.VIMI.RU 

60 

 533.59; 533.9 
 

      
   

 
. . , . . , . . , . . , . . , . . , 

. . , . . , . . , . .  
 

     ,    
    .   -

      m = 4 . . .,    -
  .       

  .     -
     m = 4 . . .,    -

 .  
 

PACS: 52.80.Qj, 07.30.-t, 07.75.+h, 52.70.Nc 
 

 :   ,   , , - , 
,   . 

 
 

 

   ( ) -
 ,     

 .     -
   ( , 

)     -
: , , -

  .   ,   ,   -
     

    . -
   ,        

 
 

  ,   . 
  ,   -

. 
  , . 

  , . 
    . . -

. 
, 127550, , . , 2 . 

E-mail: urleon@yandex.ru; ar.biryukov@gmail.com 
  ,   . 

   . . .  . 
, 119991, , . , 38. 

E-mail: rukh@fpl.gpi.ru  
  ,   -

. 
 -  . 
 , 384914, , ,  -

, 665.  
  , . 

  , . 
  , . 

  , . 
 -  . 

, 141700, , . ,  ., 9. 
 

    22  2012 . 
 
 

©  . .,  . .,  . .,  . .,  
 . .,  . .,  . .,  
 . .,  . .,  . ., 2012 

     -
   .     

     -
,      

 60 ,      -
   , -
  .   -

     [1]   
 [2, 3]. 

    -
   ,   -

 .    
,   ,    
   

 (   )  
 .   -

    -
      

     
,     -

 [1, 3, 4].     
      -

  [5, 6],   -
 [7],    

    [2]  -
   [8]. 

     -
    -

  ,  - 
      -
    . , -

    ,  -
      

    -
     [9—11].  

      -



   4, 2012 
 

 

        " " WWW.VIMI.RU 

61 

    ,   
      

 (  D+D      
 ) [7]    

 [9—11]  .  -
   ,   -

      
  105 ,     

        
   ,     -
   . 

,     
    -

 ,       
"   ".  

,    50-    ,   
,       -

.     -
      -

       
   -

 [12—14].    -
   ,  

     -
  7Be [13]   

99Tcm [14],    
     -
 .     -

  ,     -
       

.   -    
 , . . ,   

   ,    
 (60-    ),   -

  ,   
       

 . , ,  163Dy, 
193Ir, 205Tl     

  -    -
  [15],    187Re -

    109  ( , 1996 .) 
[16].  ,     

  ,   
     ,  

 .  
, ,   , -

 ,    
    . -

  [17],     -
      

   -  
      

-     .   
,    -  
     

,    - .  

   ,   
     . -
     -
  .  -

,      
   (~109 ) -

    . 
 ,   -  

    
.    1957 . V. Erma 

  [18],    
,      

  -    
  -   -
 . - ,    

   - , , - ,  
-       -

,      -
 .     

  ,     
-   -    

" " ,   -
 4/3 5/373 65E E Z Z  . -  -

   -   

 -  
1

ln constp E   
    .  

  ,    
  ,    . 

,  147Sm (  -  
~ 2,31 ; T1/2 = 7 1011 )   

   -   
2,6       -

  [18].  ,  , 
   -    -
 ,     -

     -
 ,    

 - .  ,  -
   ,  

    
   - .  

 1970 .   -
  [19],    ,     

-  16N   -
 .  , -

  [19],   ~10–2,  -
    

    , 
, ,   -   
    : -

,   .    
        

-    . 
  1922  .,  .  .    ,   -

    -



   4, 2012 
 

 

        " " WWW.VIMI.RU 

62 

 ,    G. Wendt 
and C. Irion   , -

   -
    [20].   

    ,  
   . ,   

  ,    
   ,   ,    -

     -
 ,    

,     
~6 103 .       -

 [21]  ,    
    -

,       -
  2 104 . 

   ,  
 ,   -

      -
    ,   

     
. ,  ,   

    , -
,       

  ( . .    2 104 ), -
     (   -

 " ")  .  
     -

 ,     -
 .   

    , -
    , -

   ,   -
.     , 

  ,   -
 ,   -

   4He    
 . ,    -
 ,   ,  -

     -
        

.      -
   , 
,    ,  

       
     -

 .  ,  -
  [20]    ,  

 ,    -  -
-    . 

 ,    [20] 
      -

.  .       
,     -

 (~30 )    , 
     

.    -

    100-  
    .  

        
  ,     -

       [22]. 
G. Wendt      -

, ,     
       

   [23].  
, ,     

 ,   , -
      -
.   ,    

 ,   [20]   
  . 

   ,     
   -   -

  .  , -
      

   180W,   -
 T1/2 =  (1,8 0,2) 1018  [24].  , 

  [20]     
    ,  

   .  
  ,     

   [20],   
    -

 .     
,    -

    
      -

      -
 ,       -

.  ,    ,      
    ,   

     
,      

  .  
  ,   

 ,   -
 ,   -
     , -

   ~10–6   
. 

 
 

   
 

    - 
     

  .    
    100-0,1 -

 C = 0,1 ,  . -
   150 .  
    -

     -
 1 .    

    -70  -



   4, 2012 
 

 

        " " WWW.VIMI.RU 

63 

     U = 
= 35—40 .     -

   -
,   .  

      
    
  (   

 = 50 ,   L = 200 / ), 
      . 

 . 1   -
    

. 
 

 

R 

T 

R  R  

R  
L  

C  

 
 

. 1.     : 
R —  ; L  —   

  ; R  —   
; R  —  ; T — -
 ,     

 ; R  —  ;  —  
 

 

    
      

  -3 (   55 , 
 110 ,   2—3 ),    

   12 18 10  ( -
  55 ,  110 ,  -

 2,5 ).  . 2    
-  . 

 

 

10 
11 

12 9 

8 

7 

6 

5 

4 3 2 

13 

1 V

 
 

. 2.  -  : 
1 —  ; 2 — ; 3 —  -

; 4 — ; 5 —    ;  
6 —  ; 7 —  ; 8 —  

; 9 —   -200; 10 —  ; 
11 — ; 12 —   MS-40; 13 —   

    

     
V0  250 3,       

,    , — 
V   400 3.     

    
   ,    -
   ,  

.     -
 .      

  5,    
 . 

  10   
  10-4     

   Varian SH-110 
(  5 )    
01 -450-003 (  4 10-5 ). 

   1   
    .  

      -
,     .  

    
   ,  -

  .  -
    

  (   10, 50, 70, 130  
200 ),     24  40 . 

    -
      0,2  2   (  -

   )  -
 1500 K   0,5—2 .   

      
,    -

,     (     
   "  "). 

 

   
 

     , 
   , -

     ,    
.  ,  

  ,  -
   .  

     -
 ,   , -

  1019 .   -
    , 

    ,  
  (  ) -

 . -    -
    

  -    
  ,  -

     -
  ,  -

     . 



   4, 2012 
 

 

        " " WWW.VIMI.RU 

64 

   -
      -

.    ,   
     -

 .    
  -   

      
  11 ( . . 2), -

   .   -
     ~40 .  

     
   - - 

  VARIAN FRG-700   
 10-5—105 ,   

     13.  
     FRG-700  

    , 
     , -

   .  
    VARIAN AGC-100, 

       
  RS-232   -

.       
     

Object Pascal   Delphi.  
     ( 5 %)  
    -

     ,    
. 

    -
    -
 -  MC-200 [25], -

   9    
 8       
    6 .  

   R 200,  -
    

     m = 2—500 . . . 
    -

   ,   
       10 %. 

       
m = 4 . . .       

   MS-40 DryCE 
(    MS-40).   MS-40   -

  VICLeakDetection  -
      
 4He     .  -

 MS-40     
   8     

     . 
      -

  (  ) -
  12,   -

  .  
      

 ,     , 
     , -

    .  -
      
  m = 4 . . .     -

       -
 . 

 MS-40    -
   COM-    RS-232. 

       
  ,    

    
.    

     
      
 m =  4  . . .,      

~4 10-11 3 -1.  , -
    (~10-10 3 -1 — -

 ),  4 %.  
(   10 - )  -

     -
     -

   ~3 10-8 3 -1. 
   , -

     MS-40, 
    -

.   , -
    10-4 ,  

   ,   -
 ,    4He. 
    -

     
      -

.      
  MS-40,    

   (10; 20; 50; 67   . .), 
      

 .     -
,    -

  4He     
  4He,    

  .    -
     = 20  -

  . 3. 
 

 

1            2            3           4            5           6           7 
  

6,80E+012

6,70E+012
6,60E+012
6,50E+012

6,40E+012
6,30E+012
6,20E+012

6,10E+012

6,00E+012
5,90E+012
5,80E+012

 
 N

, 
. 

  N 
F1 

 
. 3.        = 20  



   4, 2012 
 

 

        " " WWW.VIMI.RU 

65 

      
   D2  4He   
   m = 4 . . .,   -

       -
   -

.       
  ,  

   .  -
     -

  -    
 .    

 ,    
 . 4. 

 

 

5 6 

4 

8 7 

1 2 3 

 
 

. 4.    : 
1 —  ; 2 —  ; 3 —  

 ; 4 —  ; 5 —  
; 6 — ,  ; 7 —   

   ; 8 —    
 

  :   
  , U-   -

,  ,    
,    

       
      10—

103 .     -
 (456 5) 3.    

     -
      MS-40. 

,     : 
       

c  MS-40,   -
      -
 ; 

      - - 
         -
   ; 

     D2,   , 
    MS-40  -

  m = 4 . . .;  
      -
 ,    -

  ,     

,     -
 ; 

 ,    
,      

   , -
   . 

 
 

 
 

    
      

  (   -
,     

   ,  -
 ). 

     
      

      
   , -

  .   
 ,   , 

dQ T ,    Q   T,  T — 
,       

   ,    
      -

.       
      

. 5.        
 ,    -

 ,     
    -
    .  

    ,  -
     -

     -
 .  ,   

dP
dt

=1—5 /    (  

  ),     
   0 < 10–3 . 

 

 

0           600       1200       1800       2400      3000      3600 
     ,  

16

14

12

10

8

6

4

2

  

, 
 

   

 
. 5.        

     



   4, 2012 
 

 

        " " WWW.VIMI.RU 

66 

     -
  P1 ~ 50 .    
-  MS-200   

,    , -
,     40  %    -

,    60  %      
   .   -

    . 6. 
 

 

, . . . 

 

m = 18 

m = 28 

m = 2 

 
 

. 6.  -  ,  
    

 

    , -
   , -

 ,   , 
 ,    
   .  -

    -
     -
    .  

    , 
 2/3       

    ,  
. .    .  

      
,    - 

  .      
,    -

  ,      -
    . 

    
. 7. 

 
 

 

0,0            1,0 10-6       2,0 10-6        3,0 10-6       4,0 10-6 
,  

  (   147) 
  (   109) 

30

20

10

0

-10

-20

-30

 
, 

 
 

 

. 7.      
    

 

    -
      -

    ,    -
,  L = 22  2  ,      

   H = 61  5 . -
,  -    

        -
        -

     . 
    -
       

 .  . 8   
         

 . 
 

 

0                            1                            2                            3                            4 
,  

Model                  GaussAmp 10

9

8

7

6

5

4

3

 129  129 

 129a 

 129b 

 129c 

   
 
 
 
 

   

 
 

, 
/

 

Standard Error 
 

          0,04494 
 
 

          0,00962 
 
 

            0,0097 
 
 

          0,08308 

Value 
 

3,32368
3,20092
0,59188
6,97803
1,39378
10,3528

Equation              y=y0+A exp(-0,5 ((x–xc)/w) 2) 

Reduced 
Chi-Dqr 
Adj. R-Square 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

y0 
 

xc 
 

w 
 

A 
 

FWHM 
Area 

0,00395

0,99949

 
 

. 8.    
     



   4, 2012 
 

 

        " " WWW.VIMI.RU 

67 

    -
       

  .   ,  
      -

,   3      
,      -

.      
     -

 [26],    . 
   4 ,  

      MS-40, 
     
   ,  -

      
4 ,      -

   .   
4    .   

      -
   ,  -
     4 .  

,     
,      

       -
        -

.     -
  .  

    4  
  ,   . 9.  

  ,     -
  m =  4  . . .    -

    ,  
  T  70   . -

      , -
,    4He  

  .   70 ,  -
  ,  , -

     , 
      

 . 
 

 

0                    1 105                2 105                        3 105                4 105               5 105 
           ,  

   He 
   m = 4 . . .   

3,5 109 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3,0 109 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2,5 109 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2,0 109 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1,5 109 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1,0 109 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5,0 108 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0,0 

, 
./

 

 
. 9.     m = 4 . . .    

  (   54) 
 

 
 

1.     
   . 

2.    -
   , ,    

,       
. 

3. ,   , -
   ,    -

   . 
4. ,    -

      
40 %.     

    , -
  ,      

   . 
5.     
 m =  4  . . .,    ,   4He. 

    , -
     

 ,      
    . 

     
    , 

       
m = 4 . . .    -

 . 
   , -

     
 ,    

 [20].    
 ,   -

     -
     -
   . 

 
_______________ 

 

      
      

     
 " - "   " " . . -

, . . , . . ,  
. . , . . ;   

"  " . .   
 . .       
 ;     
. .      

,    
,    . . ,  

. . , . .   . .   
 -    

 ,    
   -   

. 
 



   4, 2012 
 

 

        " " WWW.VIMI.RU 

68 

  
 
1.  .  .,   .  .,   .  .   . 

 . 2004.  9. . 1;  10. . 2;  11. . 3. 
2.  .  .,   .  .,   .  . -

       -
 . — .: , 1990. 

3.  . .     
. — .:  , 1999. 

4.  .  .,   .  .,   .  .   . // 
. 2001. . 39. C. 728. 

5.  . .,  . .,  . ., 
 . . //  . . 30.  2. . 99. 

6. Spielman R. B., Deeney C., Chandler G. A. et al. //  Phys.  
of Plasmas. 1998. V. 5. No. 5. P. 2105. 

7.  . .,  . .,  . .  . // -
 . 2010. . 36.  6. . 1. 

8.  . .,  . .,  . ., - 
 . . //  . 2009. . 4.  11—12. 

. 56. 
9.  . .,  . .,  . . // -

 . 2000.  4. . 83. 
10. Kuznetsov  V.  D.,  Mishinsky  G.  V.,  Penkov  F.  M.,  Arbu-  

zov V. I., Zemenik V. I. // Ann. Fond. L. de Broglie. 2003. V. 28. 
No. 2. P. 173. 

11. Priem D., Racineux G.,  Lochak G. et al. // Ann. Fond. L. 
de Broglie. 2008. V. 33 P. 129. 

12. Segrè E., Wiegand C. E. // Phys. Rev. 1949. V. 75. No. 1. 
P. 39. 

13. Leininger R. F., Segrè E., Wiegand C. E. // Ibid. V. 76. 
No. 7. P. 897. 

14. Bainbridge K. T., Goldhaber M. // Ibid. 1951. V. 84. No. 6. 
P. 1260. 

15. Jung M., Bosch F., Beckert K. et al. // Phys. Rev. Lett. 
1992. V. 69. No. 15. P. 2164. 

16. Bosch F., Faestermann T., Friese J. et al. // Ibid. 1996.  
V. 77. No. 26. P. 5190. 

17.  . . //  . 2007. . 70.  2.  
. 280;  12. . 2068.  

18. Erma V. A. // Phys. Rev. 1957. V. 105. P. 1784. 
19. Hatting H., Hunchen K., Waffer H. // Phys. Rev. Lett. 

1970. V. 25. P. 941. 
20. Wendt G. L., Irion C. E. // Amer. Chem. Soc. 1922. V. 44. 

P. 1887. 
21. Anderson J. // Astrophis. J. 1920. V. 51. P. 37. 
22. Rutherford E. // Nature. 1922. V. 109. P. 418. 
23. Wendt G. L. // Science. 1922. V. 55. P. 567. 
24. Cozzini C. et al. // Phys. Rev. C . 2004. V. 70. P. 064606. 
25.  . .,  . .,  . .  . // 

  . 1997. T. 23. C. 83. 
26.  . .  . // . 2003. T. 45.  10. C. 1818. 

 
 

The development of a research methodology for the gas phase  
of the electric explosion of conductors 

 
L. I. Urutskoev, D. V. Filippov, A. O. Biryukov, K. A. Alabin 

Moscow State University of Printing Arts, 
2A Pryanishnikov str., Moscow, 127550, Russia 

E-mail: urleon@yandex.ru 
 

A. A. Rukhadze 
A. M. Prokhorov General Physics Institute, Russian Academy of Sciences 

38 Vavilova str., Moscow, 119991, Russia 
E-mail: rukh@fpl.gpi.ru 

 

A. A. Markoliya 
Sukhum Institute of Physics and Technology 

665 Kodorskoe highway, Sukhum, 384914, RA 
 

T. V. Shpakovsky, G. K. Steshenko, A. A. Levanov, P. V. Belous 
Moscow Institute of Physics and Technology 

9 Institutskiy al., Dolgoprudny, Moscow region, 141700, Russia 
 

The article describes methods for determining the chemical composition of the gas produced as a 
result of the high-current electrical explosion of tungsten wire. Described in detail methodology of 
measuring the amount of particles with mass m = 4 u, detected in the chamber after the electric 
blast. Discussed possible sources of measurement error, and results of verification experiments are 
shown. Presented the results of measurements of time dependences of pressure and amount of particles 
m = 4 u, whose behavior were quite unexpected. 
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