
   

  

  

«   » 

 

  

       

 

 

  
________ . .  

( и ь) 

«___»________2020 . 

 

  

 

       

      

  

: 22.03.01     

 

 

 

                     ____________                    . . 
                                                                                                  ( и ь, ) 

 
                                       _____________                    . . 

                                                                                                  ( и ь, ) 

 

                              _____________                  . . 
                                                                                                  ( и ь, )                       

 
 
 
 

 2020  



 

2 

 

 

   
  

  
«   » 

 

  
 «     » 

 

 

                      
   
______   . .  
 
« _____»   ________  2020 . 
 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 



 

3 

 

 

 

   . 

:  16-01 . 

 ( ): 22.03.01   -

  . 

: 22.03.01.07      

. 

 :      -

        -

. 

    № 21639/c,  27.12.2019 . 

   :  ,  

 . 

  : 

1      .  

2  ,   .  

3      .  

4  . 

 

  :  -

. 

 

             ____________    , . .                   . .  

                                                    ,                  ,                               ,  

 

          _____________                                     . .  

                                                        ,                                                         ,  

 

 

 

 



 

4 

 

 

 

 

      

   -    

     ,    -

 ,      

   .    -

     , -

 ,      

,     -  -

    ,,   -

.  

    :    

   ,     

  ,    

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

5 

 

 

 

 

     «   

        -

   ».  54 , 18 , 

 19  . 

 :      

 ,      

 ,     

      

 : 

1        -

         

2    ,    

,      -

, -      

 . 

3     -

  . 

 

 

 

 

 

 

 

 

 

 



 

6 

 

 

  
 ...................................................................................................... 7 

1       ................................................. 8 

1.1   ............................................................................ 9 

1.2   ............................................................................... 10 

1.3   ................................................................................ 13 

1.4   ................................................................ 14 

1.5 -   ........................................................... 16 

1.6   ..................................................................... 17 

1.6.1    .......................................................... 21 

1.6.2     ................................... 22 

1.7   ................................................................................. 24 

1.8   .......................................................................... 25 

2  ,    ........................................ 28 

2.1   ................................................................................ 34 

3      
 ............................................................................................................................... 39 

3.1   .................................................... 39 

3.2    ................................................... 40 

3.3     ..................... 42 

4   .......................................................... 45 

4.1.       
     ...................... 45 

4.2      ..... 47 

4.3     ............................... 48 

4.4   ..................................................................... 49 

 ....................................................................................................... 52 

   ................................... 53 

 

 

 



 

7 

 

 

 

 

      -

    ,    

       .  

   –      , . .  -

       ,   -

  .        

       -

,         -

 : , , , , -

  .        -

       -

,    , , ,   ,   

 . 

       -

    ,      

    .   -

       -

 ,   –    . 

        -

      ,   -

      .   

       ,   

   –   .  -

      ,   

   ( ,   )  

 .    ,  -

, ,      .   

 



 

8 

 

 

1       

 

 ,     

( . 1),      ,   -

     ,    -

.  

 ,       -

        -

 .      -

      .  

        -

    .  ,    

    ,  

     ,    

    .   -

       ,     -

      .  

 

 

 

 1 –   

 



 

9 

 

 

 

1.1   
 

     

,   , , , ,    

.           

,     ,    

   .     

     .    -

  2–3 ,     400–500  

  120–160      10–

18 . ,    –  15000 / .    

   – .    

 .  

    (      -

).      20–30 %    ,  

  , . .     

.    ,    -

 [4]. 

  (        -

).      .     -

. 

      : 

–         ; 

–         -

, , . 

     -

 , , , , ,   .  -

      . 

https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%B7%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%B7%D0%BC%D0%BE%D1%82%D1%80%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%90%D1%80%D0%B3%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BB%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%BE%D1%82
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B7%D0%B4%D1%83%D1%85


 

10 

 

 

   : 

–        

  ; 

–       0,1   

 ; 

–      

( , , )   ; 

–      . 

–     (0,2–0,45); 

–  (      )  

   ,     

 . 

       -

,       , . .  

    .   -

    ( , , -

 .),  .   -

  ,     ,    

     [8.9]. 

 

1.2   
 

    ,  , -

     . -

      ,    

.        , . . 

       . 

     : 

–  ; 



 

11 

 

 

–  ; 

     .  

      -

 . 

    : 

– ; 

– ; 

– . 

     ,  

    0,9–1,3 , . .      

       . 

    -

.       -

       -

 .      -

    10–30 ,     -

.        0,3–3 . 

   ,   

 ,    .   

         -

   . 

     : 

 , , ,  -

. 

     ,  

   ,   ,    -

  (   ).    

 . 

        -

 10–16 .     ,  -



 

12 

 

 

   ,       

 .     -

     0,2–2,5 ,     -

  (d     1,5–2    -

,      ),  -

       -

   .     -

 ,      .  -

,  ,      

   .     -

     - .  -

,            

  [12]. 

       

, . .     , 

     . 

 : 

–  ; 

–    ; 

–   ,    

; 

–        -

  ; 

–      ; 

–   ; 

–        

  . 

 

 



 

13 

 

 

1.3   
 

  –      

         

,        

 ,  ,      -

 ,    ( . 2).  

 

1 –   ; 

2 –   ; 

3 –    

; 

4 –  . 

 

 

 2  –   :  

 

      

   . 

     -

 ,   -   -

 ,   ,    . 

  ( )     

.    ( ) -

            

 ( ),       . 

     ,   



 

14 

 

 

      ,   

  . 

       -

,    ,    -

  [1, 3]. 

  ( )     

   (   )   -

  ,     , -

,    . . 

    ( -653  .),   -

   ,      -

,         -

 .     . 

 

1.4   
 

  ,  ,    , 

,      -

,     .   , -

  ,      

  .       

:       

 ,       

   ,     -

   ,      

    . 

   (    -

   )   (  ) -

  .     -



 

15 

 

 

  « »  (     

   )  « »  (   -

    ). 

      

   .   ,   -

,      -

,    . ,  

       , -

    ,    -

   (  1650  ,  2000  -

)    .    

    , ,   . 

        

     , ,  

  ,     

.    ( , ) 

     -

 : ,   [6]. 

        

   ,    

   - ,   

     -

  , -       -

 .      

 ,  -      . 

 

 

 

 



 

16 

 

 

1.5 -   
 

 -      -

     ,  -

     .  

      -

     . 

         -

   1,0–1,5   . 

   ( . 3)       

  1,33–13,3 .  

1 –    -

; 

2 –  ;  

3 –  ; 

 4 – ; 

 5 –  ;  

 6 –   ;  

7 –   . 

 

 

 3 –    

 

      20–30  ( -

 ),  30–100  (     -

)   100–200  (  ).  , 

 ,    

   «  – ».     -

     4.  , -

      ,  -



 

17 

 

 

       6.  

           

      7. 

      -

-    10–15  .    -

    .     -

,   ,       

     . 

 

1.6    

 

       

         -

      -

        ( .4).  

    ,   

   , , , 

  . 

      -

  ,   ,  -

 ,      -

   . 

     -

.       

       . 

 

 

 



 

18 

 

 

 1 – ;  

 2 –  ;  

 3 – ; 

 4 –  . 

 

 

 

 4 –      : 

 

     ,  

 ,     -

.        

        ,   

      –   -

 .        

      -

.       

        

,      ,  

     . 

      

   3–10   ,   . 

      -

 : 

–   ; 

–   ; 

–   ; 

–  -  ; 

–    ; 

–   . 



 

19 

 

 

    :  ,  , 

 ,  ,  ,  -

,    . . [2, 4]. 

      

 : 

1    .   -

  ;  

2        -

       -

;  

3          -

 ;  

4          

. 

       

       -

 .      -

        

 .      

   .   -

       

 ,  . 

       

      .  

   25–40 %    . -

        -

      -

,      . 

        

    .   -



 

20 

 

 

        

      ± 20 %  ,  

      . -

,         

  . 

       -

    ,    -

 .        -

 ,  ,  ,    

   [12, 13]. 

      -

 , ,   :  -

,       .  -

  ,  ,    -

      ,   

   ,     

  . 

       -

     , 

        ± 5 % -

   ,    -

    ,    

,     . 

      -

 –     .     

       

 . 

       

 .       -

       ,  -



 

21 

 

 

     .     -

    ( 3, 20).    -

,        

  , ,  , -

   .      

    ,    , -

        [4, 5]. 

 

1.6.1    

 

  –  , -

    ( . 5).  

 

 

 

. 5. –       : 

 – ;  –    ;  – ;  – -

;  –     

 

     :  -

,       ,  -



 

22 

 

 

       -

 . 

   ,    -

 ,      , 

   ,   -

  [14, 15].        

   :   -  

.        -

   ,    -

   .       

  ,    

 . 

 

1.6.2     
 

    «  

»       -

,    ,     -

        

.      -

        -

 .   ,     

,      . 

    «  

»         -

 750 °C     ( , , -

 ,       ).  

 -30-8,0       

  . 



 

23 

 

 

    «  

» : 

–          -

 ; 

–         

   ; 

–     (  – )  -

      -

 220 ,   2 . 

         

   . 

 -10-440     

         120…1000  

    10 , , .    

        -

      . 

      01.03-

172 « ».     -

       

    . -

      

     . 

        

 ,  ,   -

  ,      [12, 13]. 

 

 



 

24 

 

 

 

1.7   

 

   ( )      -

      .  

     ,  

,    .      

   .       

 ,     -

 3150 .      - . 

 ,    ,    -

  ,     

  (  ).   ( )  -

      ,   

  .     -

 ,  ,     -

  ,     

  0,02 .      

       -

 .   ,  " ", 

       . " -

"        

         -

   .  " -

"        -

       .    

       -

     ,   -

        

.          -



 

25 

 

 

          

   ,    -

     ,   -

 ,       

      [3]. 

 

1.8    
 

   ,   -

,   .    

    ,   -

,    ,   -

 . 

       

   .    -

: 

–    ,    

   (  ); 

–    ,     

(  ). 

     ; 

–      ; 

–   ,   ; 

–  , ; 

– ,      . 

 ,  –    , -

   .    -

 ,    ,  -

 . 



 

26 

 

 

     -

    ; 

–     ,  ; 

–         , -

  ; 

–      ,  6,5    

  400  900 ; 

–     (  300   2,5 ) 

    ,   

  ; 

–         -

    ,    -

,   ,  ; 

–       , -

      200 ; 

–       ; 

–      . 

     : 

–      , 

   ; 

–  -      -

    ,  ; 

–      : -

       ,    

 -  .   

 : , , .    

,    ; 

–        

   ,  ; 



 

27 

 

 

–    –  -

 -    ,  

   1  5 ,     -

     50 . 

    : 

–         -

 ,    (   – 

    ,   ); 

–     ,  -

   ,   ,   -

   ,   -

 ; 

–    -  -

,    :    (  

     ,  –   -

 ). 

      ,  

   .   ,   -

,     . 

 

 

 

 

 

 

 

 

 

 

 



 

28 

 

 

2  ,    

 

     O2,   

  ,      

,     .   -

       . 

 ,         

 0,05–0,20  ,       -

       ( . 6).   

   , ,     . 

 

 

1– ; 

2 –  ; 

3 – ; 

4 – ; 

5 –  ; 

6–  ; 

7 –  ; 

8 – ; 

9 – . 

 

 

 6 –       : 

 

   ,       

    .   ,  -

      , 

     .      

 ,    . 



 

29 

 

 

 –    .    -

   .   ,   -

    .    -

   10157–62  : ,   .   

         0,03 / 3. 

         -

    ( ,   )     ,  

          -

  .       

         

   ,    ,   -

    .      -

        , 

       [11]. 

     ,      

   (1,28 %  ).  -

       .  

         

   .     ,   -

     .   ,   

        .  

         

,        

. 

    51–77– 66   –   

   .       

     150 .    -

        « ».  

   .    -

        . 



 

30 

 

 

   ,     ,  

    ,      -

  (- 269 ° ). 

      ,   -

       .    

   ,        -

    . 

   ,  ,    . -

  ,  ,     -

    .    -

    ,   70 . %   30. 

.% .       .   

      , -

 60—65 . % ,   .     

 ,  ,      -

      . 

         -

         

  :      -

       , 

   ,   -

    . 

        -

      . 

      ,    

.        ,   

     r– 2, r– 2, r– 2– 2. 

      -

     1 . % .    -

           



 

31 

 

 

 .    2  5 . %   

    ,     

 .        -

  ,      -

. 

      

     .  , 

  ,     .   

    ,  -

    .  ,    

r +1 % 2,        -

 . ,    ,  -

 ,      .  

          -

      . 

-   (  20 . % 2)   -

 .        

,    , .  , -

          

. 

 .     , -

            

        

.          -

 .         

       .  -

        -

       .   

     ,   -

 .       -



 

32 

 

 

 ,   ,   – , -

, ,   . 

        

     .    -

        -

  .     -

     ,   -

      . 

  (  ) ,  ,  

.   760  . .   0°   -

   1,97686 / ,   1,5    . -

     .   –  

,       -

.      ,    .  -

 1       (760  . ., 0° 

)  509   .    -

          

,    ,      

  ,    . -

         -

 .       

  50 ,     .  

    949–57,    

    « 2 »,    

.      40   25  -

,     12 600   [8]. 

       , -

, , ,    , , , -

   .     ,  

,    .     I 



 

33 

 

 

       II   -

.         

           

  . 

          , 

         .  -

          -

 ,     .   

    ,    

 .        

       -

   .      

   ,   ,  -

  .      -

    . 

         ( -

 ),    12162 – 66   –   -

.        

,     ,   

     .  

        -

. 

       

      -

   ( 2 + 2).  ,  30 . % -

 (       [5]),   –

–      (   20 . %).  2 + 

2        , 

   .     

,        -



 

34 

 

 

    .  ,   -

 ,     .  2 + 30 % 2 

         -

  [3, 4]. 

 –  ,  ,      -

.           

,           -

 .   9293–59,    : -

 ,  1-  ,  2-  

  .        -

   . %: 99,9; 99,5; 99  96.     

. 

         -

.        

  150  

 

2.1   
 

 ( )       

 ,        -

,      .   -

     ,  -

,       

. 

        ( . 7). -

        -

.       .  

        

  ,     .   

,   ,     



 

35 

 

 

 ,    ,     .  

    ,   ,  

 .     ,   

 .        

 ,   ,   -

.        

         

 . 

 

1 – ; 

2 –   ; 

3 –  ; 

4 –  ; 

5 –  ; 

6 –  ; 

7 –  . 

 

 7 –      

 

        

       ,  , -

   .  ,  -

    ,   

  .     -

        ,  -

     . 

,   ( )   : -

  ,    , 

  ,       

    ;   ; 



 

36 

 

 

        

  ;    . 

      :  

 ;      40   

        -

  ;     

    [3]. 

    ,  -

,         

 1/2–1/  .       

       -

      ,     

( . . 3).        -

      .   

 50–150       3–8 . 

  –  ,  

      Na2B4O7,  -

    ,  -

 ,    . 

      . 

      Na2B4O7  -

 « ́».  : 

–  (Na2B4O7·5H2O),   «  », -

    ; 

–  (Na2B4O7·10H2O). 

   « ́ »   Na2B4O7·10H2O. 

         

381,43 / ,      .  -

  400 °C    . 

https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%82%D1%80%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D1%80_(%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82)
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D1%80_(%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82)
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB%D0%BE%D0%B3%D0%B8%D0%B4%D1%80%D0%B0%D1%82


 

37 

 

 

          

,   .      

 . 

   ,   

   :      -

            -

      .   -

    « » : 

        -

    —  «  ».  -

        . 

      (    

 ). 

:   Na2B4O7·10H2O   -

 , ,   ,   -

.       -

        

. 

  : 

–         -

 ; 

–   , ,    , -

 ; 

–        ; 

–     ; 

–       -

     « » 

–     ; 

–    ; 

–   ; 

https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%BB%D0%B8%D0%B7
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D1%80%D0%B0%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%BB_(%D1%85%D0%B8%D0%BC%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D1%80_(%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82)
https://ru.wikipedia.org/wiki/%D0%AD%D0%BC%D0%B0%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%B0%D0%B7%D1%83%D1%80%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B5%D0%BA%D0%BB%D0%BE
https://ru.wikipedia.org/wiki/%D0%A4%D0%BB%D1%8E%D1%81_(%D0%BF%D0%B0%D0%B9%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D0%BE%D0%B2%D0%B0%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D0%B8%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%85%D0%B8%D0%BC%D0%B8%D1%8F


 

38 

 

 

–       -

 ; 

–      (   ); 

–   –       -

   ; 

–    ; 

–   ; 

–       -

 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%BB_(%D1%85%D0%B8%D0%BC%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D1%91%D0%BD%D0%BE%D1%87%D0%BD%D0%B0%D1%8F_%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%8F%D0%B2%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%8E%D1%89%D0%B8%D0%B5_%D1%81%D1%80%D0%B5%D0%B4%D1%81%D1%82%D0%B2%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D0%BC%D0%B5%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B0%D1%80%D0%B0%D0%BA%D0%B0%D0%BD


 

39 

 

 

3      -

 

 

3.1   
 

     -

    2–25 ( . 8)   -

      

          

       . 

 

 

 8 –     2 – 25 

 

 ,     : 

–      -

 ; 

–         , 

, ,   . .; 



 

40 

 

 

–  -    -

  ,      

   ; 

–          . 

  2–25       -

  40-80        -

 ,      -

        -

 ; 

  2–25    : 

–        ; 

–       – 

25 ; 

–    – ,   

       2,5 . 

      

   ,     40–80 

.  :       1,5–2,0 

/ ,      12 / ; 

 

3.2     
 

     -

  Carl Zeiss. ( . 9).  

     ,  

        -

      . 

 

 



 

41 

 

 

 

 9 –   Carl Zeiss 

 

2 -    -

  JEOL JSM-7001F      . . 

3         

5014,     – 5004.    -

 -3 ( . 10). 

 

 

 

 10 –     -3 

 

4      -

  JEOL JSM-7001F 



 

42 

 

 

5      D8 AdvanCe 

(Bruker) 

 

3.3     

 

       -

 100×200×10    3.     -

         

,        

: 

-   ,      -

; 

-  ,   ,  -

  ; 

-        -

 3,0 × 1,0  4,0 × 1,5 ; 

-       -

,   . 

         

    ,  ,  

         ( -

)  1,5–10,0 .       -

         -

.        

  ,        -

 . 

         -

      30     -

      .    

      (   1,1 



 

43 

 

 

.),   .     -

    ,     

   .      -

       . 

,    ,   ,   -

       30 ,   

          

     1,1 .     

       -

  . 

       

      -

    .     -

    ( . 11).  

 

1 –   - 2-25 (  – ;  

 –  ;  –   

 ); 

2 –  ; 

3 –  ; 

4 –  ; 

5 –  ; 

6 –  ; 

7 –  ; 

8 –  ; 

9 –  ; 

10 –  . 

 

 11–        

 



 

44 

 

 

       -

 .       . 

    ,    -

  ,   ,   

      -

.        ,  

       [6]. 

         

    ,  ,  

     ѐ     ( -

)  1,5–10,0 .       -

         -

  ,      5 ,  

      .    

       , -

    .   5–6  -

  , ,    .   

         -

      1,01 . ,  , 

       

.        1000 / . 

           -

   .     -

  ,     -

.   ,     -

          

.     -

       -

,       ,  

 . 



 

45 

 

 

4   

 

     -

     ,   -

         

     

 

4.1.       
     

 

    -

       -

       -

 ,  

   ,   -

  . .       -

        ,  -

      ( . 12),    -

   ( . 13).  

      -

    ,   -

   ,    

    ,  

    .  

     -

       -

         

   ( . 14). 

 



 

46 

 

 

 

 

 12 –      

  

 

 

 

 13 –      

 

 

100mµ  

    

   100mµ  



 

47 

 

 

 

 

 14  –     -

    

 

 

4.2      

 

     ( -

 15) ,      -

   5–7 . 

 

 

   



 

48 

 

 

 

                                                               

 15 –     (  –

  ):  – × 1000;  – × 5000 

 

  ,     -

       -

.        -

        . 

      -

      -  

     .  

 

4.3     

 

   -  , 

  7 3,        Me3C,  

  ,      -

    ,   -

  ( . 16). ,    -

  7 3,    ,    -



 

49 

 

 

,   ,      

  (Cr,Fe)23C6. 

 

 

 16 –    7 3, 

    

 

   ,   

       

  ,  -   -

       (Cr,Fe)3C7    

    . 

 

4.4   

 

       

  ,    -

    .  

 . 17   ,   

 ,     (   



 

50 

 

 

    ,  ).   -

 :        

      ,   

       -

  . 

 

 

 

 

 

 17 –       

        

 – 1,5 ;  – 2,0 . 

 

0

2000

4000

6000

8000

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

 H
V

, 

    , 

 

0

2000

4000

6000

8000

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

 H
V

,  

    
, 

 



 

51 

 

 

   ,     -

        -

      ( . 18).  

 

 

 

 18 –    

(   ), ×500 

 

       -

      ,   -

 ,        -

    .    

,      -

        -

    ,    

   . 

 

 

 



 

52 

 

 

 

 

1       -

,       -

 .        

   . 

 2       -

           .   

3      -

        -

.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

53 

 

 

   

 

1  . .,  . .   -

   /   1995, 512 . 

2  . .,  . .,  .   / 

.:    2001, 180 . 

3  .,  .   , / .: -

,1985, 240 . 

4  . .      -

  .  1987, 187 . 

5 , . .       / .: 

 1965, 62 . 

6  . .      -

/ .:  1972, 351 . 

7  . .,  . .,  . .   

     -

   / .: , 1972, 208 . 

8  . .,  . .   -

/ .:  1966, 479 . 

9  . .,  . .,  . .,  . . -

-    ./ . . 1970, 183 . 

10  . .,  . .  . .  .,  

-   / .: . . 1988, 559 . 

11  B. .    , -

     //  -

– 1986.– №6.– . 22. 

12  . .     -

 / .: . 1964, 253 . 



 

54 

 

 

13  B. .    , -

      /  -

–1986. 

14 , . .     -

-        Fe– – r–

Mn-  / . . /   – 2005. –№10. – . 

13–17. 

15 , . .     

-  / . . /  , 2008. – N 1. – . 53. 

16 , . .   ( ) / . . , . . 

- , . .  /  ,2007. –№ 4. –

. 41– 49. 

17  . .,  . .,  . .  -

       

/ :   . 1990, 52 . 

18  . .,  . .   -

-  / :  1990,109 . 

19  . .  .   . / .: -

- , 1969. – 162 .  




