
   5, 2012 
 

 

        " " WWW.VIMI.RU 

31 

 537.222.2; 621.315.61 
 

        
  

 
. .  

 
         . 

       
          -

    .    -
     .     -

      . 
 

PACS: 77.22.Ej, 77.22.Jp 
 

 :  ,  , ,  
,  , . 

 
 

 

     -
     

.    -
      

 ,  -
   .   -

   KMg3(AlSi3O10)(FOH)2  
 KAl2(AlSi3O10)(OH)2,  

 ,     
    -

,     -
 ( -1,   .),  ( - ), 

 ( - ),  ( - ), 
   ,   

Mg3(Si4O10)(OH)2,    -
    ,  

    .  
    -
  SiO4.    -

     
OH-,     

     
. 

    : -
,   .  

       .  -
      -

  ,   -
    .   - 

 
 

  , . 
    

.  . . . 
, 353918, . , . , 93. 

. 8 (918) 450-45-73. E-mail: t.v.m@inbox.ru 
 

    23  2012 . 
 

 

©  . ., 2012 

  ,   
   ,    

 -     
  .    

   .  ,  
    -

  ,  -
     

    .  
       , 

   .    -
       

      
. 

  ,   
     -

       [1]: 
 

,AU
t

 

 
  — ,     

   , t —  -
  .    -
     U  

     
 , ,   , 

   .  
   -

 ,    -
     

 .  ,   
   -

  E  ,   -
   -

. ,    
  .   

  —   -



   5, 2012 
 

 

        " " WWW.VIMI.RU 

32 

     -
      

 ,     
   ,      -

   .  -
       

  :  
      

     
; 

   ; 
    -

       -
 ; 

    -
 . 

 
 

    
 

   -
    , -

   .   
     ,  

    ,  -
 .  ,  

    
 ,    
.      [2—4], 

   ,  -
,    .  -

      
  -  , -
  ,    -

    -
. 

    
 

2

1 0
0

,UQ T T
R

 

 

    
 

2 0 ,Q T T  
 

  T0 —  ; 
 —  ; 
 —   -

. 
     

W  , . .   -

 4
4SiO  . ,   

    
   3

4HSiO .   -
,     

     
 H3O+  OH–. 

    ,  
      

: 
,  ,  -

  ; 
     -

 ,    ; 
   . 

     -
  ,   
 .   -

     ,  -
 ,    -

,    , 
  .    -

     -
,     -

  ,     
 ,   

      . -
      -

   .    -
      

, ,   ,  
  .   -

  ,   
     . 

  ,    
    

 ,   -
    -

.  
    -

 .     
      

 . ,  [1], -
      

  - ,  
   ,  -
,     

,     
     , 

     ( . 1—4).  -
     -

  , ,  
   , -

 3
+  – ,      -
 .    , 

     , 
      -

  ,  . 
 ,    -

      .  
  [5]    

,    . 



   5, 2012 
 

 

        " " WWW.VIMI.RU 

33 

 

250                         300                          350                    T,  

1 2 

3 
4 
5 

10-5

5

2

10-6

5

j, / 2 

 
 

. 1.     7  
      

   = 300 ,  = 106 / : 
 1 —  25 ; 2 — 32 ; 3 — 65 ;  

4 — 120 ; 5 — 275  
 

 

250                          300                          350                    T,  

1 

2 

3 

4 

10-5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5 10-6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 10-6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10-6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5 10-7 

j, / 2 

 
 
. 2.     7 -

     = 673 ,  = 300 ,  = 106 / : 
 1 —  30 ; 2 — 70 ; 3 — 120 ;  

4 — 275  
 

 

250                              300                              350       T,  

1 
 
 
 
 
 
 
 
 
 
 
 
 

2 
 
 

3 
 
 
 
 
 
 

4 
 
 

5 

10-7

5 10-8

2 10-8

10-8

5 10-9

j, / 2 

 
 

. 3.      7  
     = 1373 ,  = 300 ,  

 = 106 / : 
 1 —  30 ; 2 — 70 ; 3 — 120 ;  

4 — 210 ; 5 — 280  

 

250                        300                        350                    T,  

1 

2 

3 

4 

10-8

5 10-9

2 10-9

10-9

j, / 2 

 
 

. 4.     7  
       Tn = 300 K,  

En = 106 / : 
 1 —  25 ; 2 — 35 ; 3 — 270 ;  

4 — 320  

 
     

 ,   , . . 
  . ,   
     -
 . 

 . .  [6],    
     

.      
3
4HSiO ,    -    -

.     
 .     -

    . 
    , . . -

     
   .   

     , 
 ,    -

.  
    

,   ,    ,   -
   ,   

        
    , 

    H3O+.   
  ,   -

 ,     OH–. 
    [3],   

     -
.     ,     -
    ,  -

       
  ,   -

  . 
   

 ( ) ,   



   5, 2012 
 

 

        " " WWW.VIMI.RU 

34 

     
,     -

   E  .   -
,     -

  , ,  ,  
,      -

 .   -
    ,   

 ,    -
  7,  

  ,   -
 ,      -

 .   
    

. 1—4.  
   ,   -

     -
.  ,      -

   , , 
     [2],   +, -
 3

+, –,        -
   .   

   ,  -
     
 ( )     -
, . .   . -

     
    .  

 ,    -
      -

     7 
     -

      ,  
. .   -

.  ,  ,  -
   .    -

      
   .   -
,     -

.     -
      

        
      -
,      -

     -
     

,   ,    ,    -
      

  .  
 
 

    
   

 

    -
    -

      
,       -

.    [4]. 
     -

     -
    

    .  -
,    , 

   -
     -

.      
     [7].  

     
  .  

     
    

   -
,     

,  ,   -
  ,   
 ,    

      
 ,    

  .  ,   
 ,    

,    
    . 

  ,    
      

.     -
    , 

      
.      
,   -

 ,    , -
    , 

    -
.        

,    -
  [3, 4, 8]. 

    -
     

  ,   -
  ,  .  .   -

      
   -

  7   . 
     -

  . 1—3,    
 7      
    -

     .  . 4 
    , -



   5, 2012 
 

 

        " " WWW.VIMI.RU 

35 

     
. 
    ,  -

    
    7,    -
     -

  ,  ,   
    7 - 

.     
    8    -

   20 / . 
     

 ,    -
 ,    -

  3
+  -,   -

    .  
 . 1—4 ,    -

 7      25—30  
275—280    2—4 . -

,        
    

   . 
    

 =  2 105–2 108 / .   -
 (    , -
   )   -

   280—320  
    

 ,   = (15–20) 106 / , 
    25—30     
 = (60–90) 106 / .  

 . 5     
   ,  -

   -
 .  . 1 ,   
 65      

j1 = 6,1 10-6 / 2,    25   —  
 j2 = 8,5 10-6 / 2.  . 5 ,   

65   1 =  58  / ,    
25  — 2 = 90 / .     , 

    j2 / j1 = 1,39,  
 2 / 1 = 1,55.  ,  

   1,39—1,55 .  -
 32  65     1,18  1,41, 

.      
 .  -

  ,    -
     - 

 7  ,  , -
   ( . . 5)    

    (0—120 )   
 (120—400   ). 

 

0          50        100       150       200       250      300     d,  

120

100

80

60

40

20

0

1 

2 

E , /  

 
 
. 5.       

  d : 
 1 — ; 2 —  

 
 

 
 

1.     
       -

    ,  
      -

  . 
2.    -

    -
     

    -
  .  

3.     -
     

   
  (   ,  

   1 10-15 ).  
4.   7    -

 , ,   -
      

     ,  , 
,     -

 , . .  -
       

   . 
     

  -  ,  
     

    -
  ,    

     -
       -
 (     

   -
    ),   

     
  -  .  



   5, 2012 
 

 

        " " WWW.VIMI.RU 

36 

 
 
1.  . .   (   

). — : , 1971. 
2.  . . // . . .- . . . 

. . — , - - , 2006. . 2. . 105. 
3.  . . //  . 2012.  1. . 12. 
4.  . .    -

 . / . 2313083 .  G 01 
N 27/00. . 20.12.2007. .  35. 

5.  .  .,   .  .   -
     .  

. — .: -   , 1960. 

6.  . .,  . . //   . 
1971. . 13. . 10. . 18. 

7.  .  .      
    -

. — :   .  . . -
, 2008.  

8.  . .    
 -   -

,    / 
. 2348045 .  G 01 N 27/00. . 27.02.2009.  
.  6. 

 
 

Influence of the proton transport on the electric strengthening  
and breakdown of crystalline materials 
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The problem of the electric strengthening has been and remains the actual at present. The neces-
sity of application of superthin electroinsulating materials demands the careful investigation and 
working out of their diagnostics methods with the purpose of prolongation of the working period and 
opportune replacement. The most electroinsulating materials are made of crystals with hydrogenous 
bonds. It follows from this the problem of proton transport influence on electric strengthening and 
breakdown. 
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