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  (SТC)    
,        , 

   ,    ,  
     . ,     
 ,   SТC  ё     

       [1~3]. 

      ,   
          

   SТC.   ( ),   
 SТC,     SТCП, 

      [1]. 

      , 
  ,     

  ,   ,  
          
     ,  SТCf/SТC  

          
    [2] 

   SТC    ,  
   . Э  ,   SТCf/SiC 

          
       .  

      SТC,     
       ( ).  

       
 .        , 

     .    
         
    [1*].      

 ,         
    .     

      [1*]. 

   SТCf/SТC   
         

 ( )   .    
         

SiC-      ,  
     [1]. 

        
,    .     

    ,  ,   
. .,        [3Ж. Э   

 ,    (ХТПО-limiting) 

 .       (n, �)-   
-  .       
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        [3Ж. Э    
 ,    .  

,   ,    
,         

   . 
       SТCf/SТC   

 ,       
;    / ,  

  ,     
    . 

   

      SТC   
    .   

        
 SТC       

.         
,       

   .     
     SТCf     
     .    

    SТC  .    
,       . 

Ц       
 SТCf/SiC       ; 

    . 
         : 

1.  ,    SТC   
SiCf       SТCf/SТC  

  ; 
2.        

 SiCf/SiC; 

3.      
 SТCf/SТC       ; 

4.    SТCf/SТC      
       .  

   

1.     SТCf/SТC   
     .   

         
     SТC     

. 
2.     -    

  ,    ,   
         . 

3.       
 SТCf/SТC        . 

4.        
-     SТCf/SiC 

 . 
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1. Э       -  
  SТCf/SТC      

 . 
2.     (2100 ° )    (3 

)     SТCf/SiC. 

3.      ,  , 
    SТCf/SiC. 

4. ,        
    SТCf        

 . 
   

1.       SТCf/SТC  
        

.  

2. Э        
,         

 . 
3.         

 SiC    SТCf/SТC  . 
4.     -   

,          
     SТCf/SТC   
.   

,    

1.   SТC,    
 SТC,        -  

  SТCf/SТC.     
  2,49  2,61 / 3.    SТCf/SiC 

      ,  
    21,2%  16,6%. 

2.    SТCf     
  SТC   20%.    

     SТCf/SТC,  , 
        SТC   

 .      SТCf/SТC,  
 60    3 ,  430 .      

         
SТC.     10      

 SТCf/SiC. 

3.     SТCf/SТC   
   SТC.    

    .    2100 °C   
  (2200 °C)      6H-SТC;  

  3      (10 )    
 6H-SТC.     (2200 °C)    

   ,     
.     SТCf/SТC  , 

  .      
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 . 

4.    ,    
   450    400 ◦C,    

 . ,   , 
      з 30 .    

      . 
  5000 -1

      
 .       
.   SiCf/SiC      

    (з 0,3 %),    
     100 . 

   

     
,    ,  

     ,    
     ,   
   .  

   

         
 ,  . .  

   (  , 
   ,     

      ),  
   ,      
 .  

Э         
       

       .  

     

 ,      ,  
      : «15-  
   Э » ( , , 2021 ); «2021  

   » ( , , 2021 ); «2021 IЧtОrЧКtТШЧКХ 
CШЧПОrОЧМО ШЧ MКtОrТКХs» ( / , 2021 ). 

    4 ,   
   SМШpus  АОЛ ШП SМТОЧМО (  ,   1 

). 
    

   , 5 , ,  .  
  121   ,  49   7 . 

    114  . 
 

  

В      ,  
   ,   ,   , 

     . 
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В  ла       SТCf/SТC   
 .  

       
.     SiCf/SiC    

  .  SТCf/SТC   
     .   

   SТCf/SТC  ,   
   ,    ,  

     ,  
     SТCf/SiC . 

В  т  ла     SТCf/SТC   
      . 

        
 SТC. Э       

  . 1.       
HI-NICALON™ SТC.  

     
 «SPS 10–4».  
    

  20    
 . 
   

 2100 ° .   
 3  10 .  

  20   100 . 
   

  
    CP 

124S (SКrtШrТus, , ). 
  

 ( )   -   -150-10 (  
 , , )      

 .      
      ( Э )  

  
LВRA3 (TОsМКЧ, , )  
HITACHI

TM
 TM3000 (Hitachi, 

, ). 
  

   
  

   
XRD-7000S (SСТЦКНгu, , 

).  
: Cu-Kα-  

(λ = 0,154 ),  2θ 
  10  90°, 

  40 , 
 30 ,   

 1 –    
  . 

 
 2 –  ,   

  SiCf/SiC  3-  . 
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10°/ ,   0,0143°. 
        , 
        .  

 3-      AХ-7000M (GOTECH).  

 SiC         
    ,  

       
 SiCf/SiC   .      TESCAN™ 

RISE ( , АITОМ GЦЛH, ).    RISE   
       

  ( Э )    .  
 Э       5 .   

       50 .  
   532 .       25 

  <400  .        
        

 ��/��   /� .    ,    
 (532 ),        

     �  � = . [��/��]−        (1) 

      (  ) 
      ( ).  

          
  22NК,     (DuPШЧt™ KКptШЧ®). 

   BКF2    γ- , 
     ,     

      -  
.      195 .   

        2 × 106
   

. Э       
NIM  EG&G ( ).       

   LT10 ( ).      
 �и ч и = .  ns, �и ч и = . %. 

       
   .     

   22NК,   ,   , 
    0 з 30 .     5 

.     GО-   
.    2 × 106

     

 . Э     1,2   
511 . 
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. Э   

    
.   (He

1+)  
 (Si

2+),  
,  

  . Э  
     
   

   
   (SТ з 

35 , C з 20   SТC ),   .   
        

-  [3]. 

В т ть  ла        
  SТCf/SiC. 

      (     . .) 
     ,   SТC   
   SТCf    SТCf/SiC.  , 
    ,    22 %  

  ё  ,       
  SТC    [1*]. ,    

,     ,    1. 
 1 –   SiCf/SiC,   2100° . 

 

 
 

( ) 

 
 

( ) 
 

 
 

( / 3
) 

 
 (%) 

 

(%) 

SiCf/SiC 

20-3 
20 3  2,49 7,0 

21,2 

SiCf/SiC 

20-10 
20 10  2,49 7,6 

21,2 

SiC 

20-10 
20 10  2,53 6,5 

20,0 

SiCf/SiC 

40-3 
40 3  2,50 6,4 

20,9 

SiCf/SiC 

40-10 
40 10  2,51 6,4 

20,7 

SiC 

40-10 
40 10  2,64 5,8 

16,6 

SiCf/SiC 

60-3 
60 3  2,54 6,9 

19,6 

SiCf/SiC 

60-10 
60 10  2,61 5,8 

17,3 

 
 3 –      
 70     

-    
   450    SiC 
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 ,    SТCf     
  SТCf/SТC      ,  

   .   SТCf/SТC    
 .   2,61 / 3

     
SiCf/SТC,    60    10 .  , 

       ,  
     . 

    
 : �� × � + − �� × � = , (2) 

 �, �� —      
    ; �— 

  SiC;  —   
SiCf/SiC. ,   , 

 ,   з 5% 
(   Э ),   

    0,95  
 SТCf.    10% 

  ; 
   

  
  ��   

 . 
  
,  

  
 �,   

 3   
 20  40 , 

 2,51 / 3
  

2,62 / 3
 . 

 � 

      ,     
 – 2,53  2,64 / 3

  ( . . 1). Э  ,   
     SТC,    

.          
,  . 
 . 5  Э -   SiCf/SiC   

 
.  

Э -  
  

, 
 

 (  
)   

 (  
).  

  

 
 6 – Э -   SiCf/SiC:   ( ), 

   SiCf ( ),    
( ). 

 

 4 –    
   . 

 
 5 – Э -   SiCf/SiC,  

 100  (a);  SiC  20  ( )  60  ( ). 
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     SiC,    
      4,5 ,    

  SiC      . 
Э -   SiCf/SiC ,  ,    

  (20 з 60 ),       
    , 
   100  Д2]. 

Э -   
SiCf/SТC   . 6. ,  

  (    . 
6 )    SТC 

    
    

 ( . 6 )    
  ( . 6 ). 

 ,  , 
   ,  

   . ,      
      SТC      

. 
  Э -      

  . 7.         
     SТC.    SТCf 

     ,   60    10  

( . 7 ).   ,         , 
     3  ( . 7 ). 

      
 ё  SТC     :    

,     ( . 8).    

  .  

          
SiCf/SТC.    3-       . 2. 

         
SiCf/SТC   SТC    ,     

 (40 )   10 .  ,     
     SТC,    

.  SТCf/SТC     360 ,   20 % ,   
  SТC (300 

). Э  ,   
   

    
    

 .  
   

   
     

. 

 
 7 – Э -   

SiCf/SiC,   60    10 
 ( )  3  ( ).

 
 8 – Э -  SТC  

,   20  ( )  60  ( ) 
  10 . 
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 2 –     SТCf/SТC    SТC. 

 # 
 

 ( ) 
  

( )  
   

( ) 
SiC-40-10 40 10  300±12 

SiCf/SiC-40-10 40 10  360±8 

SiCf/SiC-60-10 60 10  380±10 

SiCf/SiC-60-3 60 3  430±8 

 -  
 ,   

 ,   
SiCf/SТC   . 9.  

,     
    

 .   
   

   , 
     

   
.      

–   ( ), 
   

.  

    
 430     

,   60   
 3 . ,  

 ,   60    10 ,  (380 ), , 
- ,      SТCf ,  ,   

   .   430  
       SТC  

 80%       SТC (550 ).   
,      (   ), 

       ,  
 .   3      

 SТCf/SiC       
 . 

Э -       . 10. 

   
SiC-    

   -   
   

( . 10 ). ,   
  SТCf/SТC ( . 10 ) 
    
,   

 ,  
   
 .  

 
 9 –  -   

  SТC   
SiCf/SТC,    

    40    10 
. 

 
 10 – Э -   

  SТC ( )   
 ( )   SТCf/SiC, 

  40    10  ( ). 
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 12 –   

  ( ),  
SiCf/SiC     
( ). 

 11 – Э -   
  SТCf/SТC:  —  

    ; ( ) 
 . 

     SТCf/SiC    
,    ( . 11 ).     

    .  ,   
    :    

     
     

   ,  
 « »    

    
 .  

   
     

,  « »   
    

  . Э   , 
    

   ,  
      ,     

    . Э    , 
   MКsuНК  . [3*]: ,  

 ,    ,   
  .    

      .   
      ( . 11 ).  , 
     SТC     

.   ,    
       SТCf/SТC,  

 ,    . .  

В  ч т т  ла     
  SТCf/SТC    ,  

       ,  
     

   . 
   

    PDF 

(Moissanite 4H, 29-1127; Moissanite 6H, 

29-1131)    
JADE 6.    . 12,  

  SiCf/SiC   

   
  ,  

    
   

    
.  SiCf/SiC   

   
     

  (4H  6H).  
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 3 –     SiCf/SiC   
  

 

 
 

( ) 

 
 

( ) 
  

(°C) 

  
( . %) 

 
 

( ) 4H 6H 

1 60 10 2100 19,5 80,5 180±10 

2 100 10 2100 18,4 81,6 195±10 

3 100 3 2100 28,1 71,9 110±10 

4 100 3 2200 27,4 72,6 155±10 

         
. 3.   ,    60   100  (  

2100 °    10 ),      . 
    (2100 °    3 )  , 

   10     ,  4H-SiC   28,1 %  
з19 %;     6H-SiC  71,9%  з80%.  , 

  2200 ° ,   4H-SiC  ,   6H-SiC 

 .        
          

  .      
  4H-SТC  6H-SiC. 

 . 4       . 
 ,         

    � ,  139 , 
    SiC.  ,   2100 ° , 

  �    �   99%,  з87%  
2200 ° . 

 4 –       SiCf/SiC   
  

 

 
 

( ) 

 
 

( ) 

 
 (°C) 

�  

(ps) 

�  

(%) 

�  

(ps) 

�  

(%) 

�  

(ns) 

�  

(%) 

�̅ 

(ps) 

1 60 10 2100 139 99,5 - - 2,8 0,5 149 

2 100 10 2100 139 99,5 - - 2,6 0,5 149 

3 100 3 2100 139 99,6 - - 2,7 0,4 148 

4 100 3 2200 139 87,2 190 11,7 2,1 1,1 164 

       �  (>2 )  
  ,       

-  (o-Ps),    .  �  

,    �    ,   2200 
° .            

,      Э  ( . 5).  ,  
   (10 )      

 � ,    ,   .  ,  
,   2100 ° ,    , . 

.         . 
   (�  = 190 )    , 

  2200 ° ,       
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 13 –  S-  W-     
    . 

 �S   6H-SТC.      
4H-SТC  6H-SТC   2200 °C.  ,  , 

  ,      
,      . 
 . 13     S-  А-  

       ,   
 . S-        

 ,   ,    . 
W-           

   [44]. 

 S-     S(E)   
 S-       = � � + [ − � ] �           (3) 

 �  —  S-    ; �  — 

S-   ; �  —    
,   .     
 (    0–160   0–5 ) S-  

        .  
   , S-      
 

  
  з10 

. 
   S–

E ,  
 

, 
  

   3 
,   

 S- , 
 , 

   10 . Э   ,      
         

.  ,     (100 )    
  S- . ,    S-     

      ,    
    1000 ° ,     . 

Э           
, . .       .  
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 14 –  S-  
   W- . 

 
 15 –    

   SiCf/SiC:  
RISE- ;    : 

 ( ) —  , ( ) —    ( ) — 

. 

   
S-     

  А-   
,    
,   . 14.  

S-W    
  

   
   . 

 ,   
    

  .   
,   60 , 

     
 -     

(  ).    
,   10   100 ,    -   
  . 

 ,   2200 ° ,      
 , S-        
 .  ,    ,   

2100 °  (      ),   S-   . 
,   W-  ,   2200 ° , ,  

 ,  
 2100 ° ,   

,    
  , 

  
   
,   

  
    

 .  

   
  

   
  

 ,     SТCf 

      ,    
        

.    . 15,      
       RISE .  

       ( )   

  ( )  .      
  ,         

.   RISE  ,     
    SiC. 

  ( ) ,      200 −   2800 −   
    . SiC      з830 −   
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 16 –  

  
    SiC. 

~930 − ,         : D-  
~1350 − ,  G ~ 1582 − ,  G * ~ 2450 −    G' ~ 2680 − . 

      
  ,    Si/C   

  1:1,       – . , 
        Д2]. ,  

        
 C–C  ,     C–C  

 ,    Si–C.      -  ,  
  Si- ,     -    

.     
G     G',   

    
   

    [4*]. 

   
  SiC-    ( . 16), 

 ,  C   SiC-  
      

,     (  
)   SiC-     

SiCf/SiC.   (  ) 
        

     . 
      

SiC   ,   
C,    C, , 

    SiC [2].  Malard ,  , 
-   з2200 °C,     , 

       [4*Ж,    
 G'  . 15. ,     2100з2200 ° , 

 ,   G'       
  . 

В  ят  ла       
SiCf/SiC. 

         5000 
-1,          

   (CIAE)  10 , 30   100 .    3 
    .    

     70      450   400 
◦C, . 

 ,  ,   
-   (Э ),   

       
 ( Э ). 

 . 17    S-     
          
.         

(    0–160   0–5 ) S-     
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 17 –   S-    
  SiCf/SiC    

  ( )    5000 −   ( ). 

  
. Э    

  
  

   
   

 
-  (o-Ps), 

   
 S- . 

 , 
  

   
,  

       
,    S- .    

 , S-         
  з10 . 
    S-      

   –  0,46  0,53. ,    
S-    ,   ( ),   

    ( )      
 .   �       

     з 1,15,   ,  1,025, 
 ,  1,04,  .  

,   ,   ,  
  .    

    450   SiC,    SRIM;   
 (1),   ,   , 
 8 з 10 .   . 17  ,  S-    

   . Э    ,    
      [3],  S-  

         . 
       S-   

,    ,     15  ( . 17 ). 
S-  10    ,     (30  
100 )     . Э    ,  

  SiC       
   30 . Э       

   SiC,    [5*Ж.  . 17  

        
  .  ,  S-    

    ,   ,  
 ,     ,  

 ,   10 ,    
S-   15   .  ,  ,   30 

   (≥1017/ 2),        
  . 
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 19 –      

 SiCf/SiC     (  – ,  – 

). 

 
 18 –   

   
  SiCf/SiC. 

,  S-   10   
   ,   

    ,  
     

 ( . 17).  ,   
    S-   

     
. Э      

      
  ,   

 -  , 
     , 

   
. Э         . 

  S-     ,   30  100   
  . Э  ,    SiC  

  30 . 
 . 18       

  ,       
.     з . × −   (   —   

/ ,   —  ).      
     [3]. ,   

  (VSi)   S- . Э     
     -    
    Si.      

 ,      
 -  

 
 

 [3]. 

, -  
 

 VSi  
  

   
 

  
 

,  
  

 
 

 
 

 
 [3]. 

 . 19 
  

 



20 

 

 

 

 
 20 –       

Si-C. 

  
  

SiCf/SiC    
  

   
450   

 
   

 .   
 
 

  

   
 
 

  
 

,  
  

 
   

 
.  

    ,    
     .      SiCf,   

         Si-Si (  з 
528 − ).         SiC,  

    Si-Si   .    
Si-Si            

  (  з 520 − ). Э    ,   
      C    Si-Si  

  Si.   Si-Si  з 0,236 ,  ,   
  Si-C 0,185  Д6*Ж,     Si-Si  

 ,    .     
  . 

  C-C    10    
  (        ),  

    (30 , 100 )    
 ,      . Э  ,  

      30 ,   
    — -  

  C  -  . 

     Si-C   . 20,  
 ,        

 Si-C ,    . Э     
 SiC -     Si-C,  . 

  ,    ,   
 ,  .   TO  LO (  788  964 −  ) 

       10    ,   
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 21 –    
    

 
 22 –   

   
  

 SiC  
   

  SiC   

 SiCf/SiC. 

        . 
  TO        

,   ,  -   
     SiC.      30  100   

     . Э    
 S-    
   ( . 17),  

 ,    
,  , 

     
  . 

 . 21   
   Si-C. 

       
 з 766 cm− , ~ 873 cm− ,  

   
  SiC (  );   

   з 918 cm− , ~ 938 cm− , 

   
/  SiC ( ).   

      ,  
,        

 .        
        /  

   SiC    
   SiC    : / = ∑ �∑ �h       

 (4) 

 �  —     
 SiC,  �  —  

    
   SiC. 

 /     
 ( . 22). Э    

 SТC,  , 
       

 .    
    

,    /    
     

6 з 10 %      
  . 

Э     
    SiCf/SiC,    

,       Э .  . 23  
Э -    SiCf/SiC    : 

( )   ; ( )  ,  100 ; ( ) 

 ,  100     . 
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 23 –    ЭM 

  SiCf/SiC   
     . 

     
 , 

   2,5 
й ( . 23 ),   д111ж, 

    
,    з 2  

( . 23 ).   100  
    

   
     

 ( . 23   23 ). Э  , 
      

 SiC  . 
    

   , 
   ,  

,  ,   
 ,     ,    

   Э .   ,    
       

   ,    .  
 , ,    ,  

   Э ,   ,   
   з 3,1   з 1,7  ( . 23   23 ). 

 . 24  Э -       

 SiCf/SiC    ,   100 .  
    Э -  (  )   
     - .   

    . 24 ( )  ( ). ,    
 « »     .    

  100 ,  SiC    . 
 Э      ,  

     ( . 23 ).      

(    . 24 ( )  ( )) ,      
  ,        

    .   
  ,  ,   .    

,   ,   . 24 ( )  
( )     ,     

      SiCf/SiC,     
 .        1 .  

    ,   
  ,    . , 
      ,  
    .      

       . 
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 24 – Э -    SiCf/SiC  

  ,   100 : ( ) 
Э -        

 ; ( ) -     
   ; ( ) 

Э - ,    
; ( )  -   - ; 

( ) Э -   - ; ( )  
-   - ; ( )  

Э -      . 

  SiC,    ,   
     ,  ,  

.       SiC, 

   ,  -    
1 з 2 .       , 

       : well n  = ∑ ���×ℎ−∑ ��  (5) 

 ��  —    ,     

   ��: �� = � ;  –   ; ℎ — 

  ,     
: ℎ� = ln ��0  (6) 

 �  —  
  

 ; �   �  —    
    
    

,   
  

  
. 

    
 

  
   

   
   

 0,3 %,  
   

  
  

.  
  

  ,    ,    SiCf/SiC  
    .      

      ,    
 ,  Katoh [7*]:    

          .  
  ,         

 (з 1 %). 

          
     .  

    .    
   ,    
 ,     .   
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       ( ).  

        
.      400 ◦C,  

    ,      
 ,         .  , 
       . 

    

          SТCf/SТC  
      .  

    SТCf,   ,   
        

. 
        

.   SТC,    SТCf, 

       -   
 SТCf/SiC        . 

       2,49  2,61 
/ 3.   SТCf      

SiC- ,    , . 20 %.  
       SТCf/SiC, 

 ,        
 SТC    . 

     430      
SiCf/SТC,   60    3 .      

         SiC. 

-     SТCf   10      
     SТCf/SiC. 

       SТCf/SТC   

    400 ◦C     
          

.   ,    
   450 ,     . 

 ,   ,   
    з 30 ,    S-  

     SТC   
 SТC,   RISE .  

        . 
   5000 −     

   .    
   .    

 ,    ,   
  (з 0,3 %) , - ,    

   100 . 
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