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 0,1–1,0 ,   (    0,1 ) 

  . 
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   ( ).    

      

  . ,   



 

 

19 

 

      

,     . 

      

       

-       .  
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  ,  ,    

     0,2 %  5,5 %. [8, 27]. 

       

 : 3 , 23 6, 7 3,   

    . 

      

    ,  

    Cr, Ni, Mn,  Si,  

       .    

   . 

    Fe – Cr – C ( . 2.1) 

,     ,   

 ,       

(Cr,Fe)7C3  (Cr,Fe)23C6 [53].      

3   3% ,    23–25 % .    

    -    

    7 3.  

   (Cr,Fe)7C3       

    [28]. 
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     -  
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      [9].  
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 ,      

      . [7, 9, 31].  
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     [32, 33]. 
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[7, 32, 34]. 
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 2.2 –    
, 

 
  

 
 

 , % 

C Cr Ni B Si Mn V Co W Ti Fe 

 2,5-
3,5 

25,0-
31,0 

3,0-5,0 - 
2,8-
4,2 

0,5-
1,5 

 - - - 

 
 

 
 

 
 

 – 27 3,9 28,0 2,5 - 1,2 0,8  - - - 

 – 2 3,5-
5,5 

32,0-
37,0 

- 
1,5-
2,2 

1,0-
2,5 

1,5-
4,0 

 - - - 

 5  3,5-
4,0 

28,0-
30,0 

- - 
4,5-
5,5 

1,5-
2,0 

1,5-
2,0 

- - 
3,2-
3,7 

 2,7-
3,6 

1,5-
2,6 

3,0-5,0 - 
0,4-
0,7 

0,4-
0,7 

- - - - 

-9 2,5-
4,8 

2,0-
4,5 

- - 
0,4-
0,7 

4,0-
6,5 

- - - - 

  
1,0 

8,0-
18,0 

 
1,5-
4,0 

1,0-
5,0 

- - - - - 

 
2  

1,8-
2,5 

27,0-
33,0 

2,0 - 
1,0-
2,0 

 
1,0 

- 
47,0-
53,0 

13,0-
17,0 

- 
2,0 

 
3  

1,0-
1,5 

28,0-
32,0 

2,0 - 2,5 
 

1,0 
- 

58,0-
62,0 

4,0-
6,0 

- 
2,0 

13 2 2 0,2-
0,35 

12,0-
14,0 

 
1,8-
2,0 

2,0-
2,2 

 
0,4 

- - - 0,2 
3,0 

 3,8-
4,0 

- - - - - - - 95,0 - 
- 

 
 – 3  

 № 1 +  

  
 – 4 

 № 1 +  

  
 – 5 

 № 1 +  (58%) +  (2%) 

 

 ,     

    12×10-6,    

,      

,       
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17×10-6.      

   14,3×10-6. 

 №1       

   .    

      -

 ,  ,     

    .  

      5–6 . 

          

-27,   ,    ,  

     0,5 %   0,3–0,4 %. 

 

2.2      
 

     

      100–150 °   

   .   

        

  .      

   .   

     1250 ° ,   

       

 1350–1400 ° .      

    ,  

,    ,    

 .   ,  

    ,   

     

    09 2   

1577-93 [44]. 



 

 

26 

 

     ,   

 ,  .   

   09 2   13,8×10-6.  

,   . 

 
2.3    
 

      

  ,  ,  

  ,    ,   

     , , 

   . .        

      

  .     ,  

         

 .     70–80 % (  

)    20–30 %  [2, 41, 42]. 
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,   ,     

    ,  ,   

   ,      
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       ; 
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    .  

    ,    

 – ,           
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  ( ),     

      ; 

-          

  ; 

-         

    ,   . 

 

2.3.2      
 

      

      

,    2.3 [2].  

 

 2.3 –      
 

  , 
/ о ь 

 + 0,5 2 =  303400 

2 1+ 1,5O2 = l2O3 262200 

2  + 1,5O2 = 2O3 232600 

i + O2 = iO2 220000 

Si + O2 = SiO 208300 

2Na + 0,5 2 = N 2  198900 

n + 0,5 2 = n  186200 

2Cr + 1,5O2 = 2O3 182600 

3 n + 2O2 = n3O4 168250 

2 n + 1,5O2 = n2O3 155200 

3F α + 2O2 = F 3O4 133250 

2 F α +1,5O2 = F 2O3 130100 

F α +0,5O2 = F O 129000 

n +O2 = nO2 123000 

Ni + 0,5 2 = NiO2 116800 
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   .     

 ,      

     . 

 ,    ,  

  2 3 − N 2 4O7,     

     :   , 

      [43].  

,    570 ° , ,  

         

.         

 ,      2 3 , 2 3, 

4 .        , 

           

 ,   .  , 

     , , , 

     ,   

.  

  N 2 4O7   ,   

,       .   

        :     

N 2 4O7 → 2Na O2 + 2O3.      

,    ,   

   .     

      .  

      , ,   

,     .  

       

,  ,   .  

       N O2  
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  2O3, ,    ,  

      ,   

    : 

 

2N O2 + 2O3 +  = 2N O2 + ( O2)2 

 

         

 ,       .  

    ,     

 ,    , 

     .     

  ,       

 F ,      α-

.  

    ,    

        .  

          

       

 .  ,      

  ,       

  . 

   ,     

,      Si2   

, , ,   .    

       

,     

  .       

       

         

  .     
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      , 

  30 %  [41, 42]. 

        

    -348 ,   

       .  

 35–45 %  -348     

 ,      . 

 ,  -348 ,   

.     

         

. 

      

       

: 30–35 % –  , 20–25 % –   

, 8–12 % – , 25–35 % –   -348,   

20–30 % (  ),      

 . 
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    .  

     

     ,  

   .     

,    , , ,   

 .       

   ,   
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    (δ).   ,  

      ,   

   ,       

 ( .3.1). 

 

 

     -    

 1: 

 
0

2
=Δ

ωμμ
ρ

,  (1) 

 ω= 2·f –   , µ –  

 , µ0 –  ,  –  

 . 

  -  (  – ,  f=100 , 

  µ = 1, µ0 = 4·10–7 / ,  = 10-8 / )   

 150–300 ,       

 . ,      

   200   .   

,  ,  ,  

 ,   -    

  16        

    

                                             

 3.1 –          : 

  – ; , ,  –    50, 10 000, 125 000   



 

 

35 

 

 .      

        

  . 

    , . .  

   ,  ρ –   

 , µ –   .  

  δ     50∙103    

    δ  = 0,06 .   

         

,        

 .   1300 °    

 δ  = 1,8  [48, 49]. 

      ,  

      ,   

 ,        , 

      . 

     ,  500 

, . .,        

,    ,    

,      .   

     

       ,  

      [50].  , 

        

 . .  ,    

 ,      

 . 

  ,    

,   [51],      
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 ,   -  

     2: 

 

                         𝐷 = 13,8 ∙ 𝑒𝑥𝑝  − 31600𝑇  , 2/                                     (2) 

 

 Т – , . 
 

      

       

 ,    3.2. 

 

           

 3.2 –       

  

 

        

   .   

 ,       

, ,        

  ,     

        

0

10

20

30

40

50

60

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

 
, 
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2 – 25.        

 ,     ,  

        

  5  8 / ,     

   .  

 

3.2  -     
  

 

      

  ,      

,        [25, 45, 46, 47]. 

           

   ,       

 .     

      . 

      (768 ° )     

        0,1 ,   

    .  

    ,   

       

       

 . 

       

   765–780 °  ( . ),   

         

 .        α-

  γ- ,     ,  

 ,       

 .  
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        600–

750   (     ).      

     ,   

 .        

         250–300  . 

   ,     

       

  .     

       

.  

    800     

         

  ,     ,    

 ,       

      

  .    

     , 

     .      

 ,     

 .  

 

3.3      
 

,        

 ,     

.        

    800 º / , , ,  

          

  .  -  ,   
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 ,       

 .       , . . 

          

     .     

   ,    δ     

 18–20 °    0,16 ,     

   .    

 ,     μ = 1, 

   -      . 

        : 1 

–       , 2 –   

, 3 –        

   [48]. 

 

3.4   -   
  

 

       

       

        

    -   

 .   

     ,   

        

   –  – .    

       ,  

  .    ,   

      , 

   γ –    ,  

 .  



 

 

40 

 

  ,        

,         , 

   .    ,   

    , 

        

     . 

     ,  

 ,     

       γ –  . 

       

  , ,  ,   

 . 

       

,         

   ,   

     . 

 

3.5        
 

      

       

      -  

. 

      

,      ,  

         10-8–10-7 

,     .     

 ,      

 .    ,    
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.        

    ,     

. 

     

     

        .  

      ,    

   ,     

 « »   .  , 

     (1260–1280  ),   

  ,   ( ). 

    .   

       

     . 

     10–50    ,  

    (  1280 – 1320  ). 

     (   

   )      

,       

.       

 . 

   ,     

 ,   :    

    , 

       

 .       

 ,      
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-       
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-       

  . 
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    25    

  30  .   50     

  44  66 ,  .  

   720×500×470 ,  60 .  
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  –  .  

      

 ,       -
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 4.1 –   2-25; 

 –   -25 1;  –        

 

       

 ,      

   ( . 4.2). 

      

     ( . 4.3).  
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 10,      3  4,  
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,    8   7.     

   12    11,   ,  

 ,  6. 
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1 –      ; 2 –  
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1 –  ; 2 – ; 3, 4 – ; 5 – ; 6 –  ; 7 –
 ; 8 –  ; 9 – ; 10, 11 –  ; 12, 13 – . 



 

 

46 

 

 ,      

,        

    ,   

   .    

      

 ,        

      

 ( )    . 

 

4.2       
 2 – 25  

 

1.      

         

 ,      

.      

       , 

      

  ,     . 

    ,  

        

    . 

2.   .   

      

 100×200×10 .     

 ,     

  ,     

  : 

-   ,      
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-  ,   ,  

  ; 

-        

  3,0×1,0  4,0×1,5 . 

3.  .     

      . 

 15 %, 20 %, 25 %  30 %.  

4.   .   

         

    .   

   1,5–10,0 .   

       1:2.  

  ,      

,          

 3–5  ( . 4.5).    

.      

     5  8 / . 

 

  

 4.5 –       2 – 25; 

 – : 1–  ; 2 –  ; 3 – ;  

4 –  ; 5- .  –   
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 ,     , 

   ,      

   .  

 

4.3       
 

 

     

      

    . 

      

   : 

-  –     

   "Carl Zeiss Axio Vision",  

      

"HITACHI TM-1000", -100   JEOL JSM 7001F; 

-        

 JEOL JSM 7001F,   

  Oxford Instruments; 

-     -2      

   2999-75; 

-                

8-ADVANCE; 

-   ,     

  SIAMS–600; 
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4.3.1   
 

     

    -  

,     

     . 

     

      

     .  

      

-        

   .    

     

  ( . 4.6). 

 

 

 

 

 

 

 

 

 

      

      

.       

 -   HNO3  2 5 .  

      

,      4.1.  

 :  

 4.6 –     

    

 

  
 

 



 

 

50 

 

-   3  5 .; 

-    50–60  .   
 

 4.1 –   
 

  ,  

  8,5 

  5,5 

  100 

 

4.3.2     
 

     

   ,    

       

.       –  

2999–75    -2,  « ».  
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5  я  
 

      

  ,     

        

   -      

   .  

 

5.1     
 

     

       

,        

   .  

     

        

     

    ,     

 .  

 ,    5.1,    

  :   ( ) –   – 

 .    1 . 

       5.1,  

       

          

( . 5.2). 
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 5.1 –     

 
 5.1 –      

№ /  
 

1 2 3 4 5 6 7 8 9 10 11 

  , % 

Si 0,85 0,77 0,75 0,77 0,61 0,58 0,46 0,38 - - 0,33 

Cr 11,51 11,31 11,15 10,64 9,58 7,04 2,92 1,13 0,68 0,53 0,47 

Mn 0,72 - - - - 0,6 0,63 0,75 0,87 0,75 0,74 

Ni - 0,77 0,79 0,78 - - - - - - - 
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    5–7      5  

 .         

 ,   ,    

    2–4 ,      

       

        .  

       

 ,   ,       

 ,      

     ( ),  

      ( . 5.3). 
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0
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4

6

8

10

12

0 2 4 6 8 10 12

 
, %
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Ni

Cr

Si

Mn
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 5.3 –  -    

   

 

      

 ,    ,  

  .   

,     ,    1573 

 (    ),   2,6∙10-8 2/ . 

    2–4 ,   

        

, , ,      

  ,     -

      .  

 

5.2  -   
 

   ,    5.2, 

   ( . 5.4.)  0,04 2  

 .    ,   

       

 ( . 5.3).      , 

     , 

    . 
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 5.2 –     

 

 C Si Cr Mn Fe Ni 
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0,5 - - - - 55 56 57 58 

1,0 - - - 53 55 56 57 - 

1,5 - - 51 52 54 56 - - 
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