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1   
 

1.1    
 

  –  ,      - 

 . 

       

        ,  , 

   ,       .   

   .      - 

      . 

        - 

 .   ,     - 

      ( - 

, ,    . .),   , - 

       ,  

       [1]. 

        

   [2].      

    ,    - 

        - 

  [3]. 

      - 

   ,    ,   

 ,  , ,   - 

  [4].       - 

   ,     , 

       , ,  

 . 

      4,5 % - 

,   .      - 
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   (  ,  ,  

    . .).  ,    

    : 

- AlSi7 ( 7) –     7%  .  
      20%   - 

 ,     . 

- AlSi10/11 ( 12 ) –     10/11%  . 

   AlSi7   ,    - 

         - 

   [5]. 

 ,    ,    

,         , 

 : Ti, Mg, Sr, Cu, Mn  . .     - 

     [6]. 

1.2      
 

      ,  

,   ,      

,       ,   

 .     ,   

      ,    

 . 

   ,     

   ,    

   .       

  ( ) ,    . 

   -     - 

       ,   -  - 

     .  

       - 



11  

,    .     

         [7]. 

      - 

,         - 

     . 

       

,       - 

 ,     ,  –  

  .     - 

,         

   ,      

        . 

       - 

    : , , , 

, , . 

      , 

         - 

 Al + Al3 Fe.  Al3 Fe    ,   

  ,    .  - 

  ,        - 

       655 °  [8]. 

  ,        

          

. ,        - 

 ,   ё   .   

 ,     ,  - 

  . -   ,   - 

  ,     - 

    Al–Si ,      

 577 ° ,   ~ 600 °  [9]. 
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        - 

  [10].      , 

       , - 

  .      - 

  . 

      , 

       ,   

    .  

     [11]. 

       - 

 ( )         - 

 .     

AlTi5B1  AlSr10/20. 

  Al-Ti-B         

       . - 

        Al3Ti  TiB2, 

        - 

 [12]. 

  AlSr        

.     ,  - 

  Sr ,     Si,  - 

,        [13]. 

 ,      

,       - 

   [14]. 

1.3      
 

        

       .  
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.        

  ,      - 

    . 

      . 

   ё  ,     

  .        

 ,  ,    Al – ,  

,        

   [15]. 

      , - 

,  , ,   ,    , - 

       .     - 

     ( )  –  

 , ,       ,  

      . - 

     1. 

 1-   
 

   
 

 (Al2O3, ё ) 
   , - 
 ,  - 

 ,   - 
 

MgO, MgAl2O4 , , - 
 ) 

 ,    
 Mg 

SiO2, FeO 
 ,  

/ /    
 

 (Al4C3, ) 
  ,  

  ( /  - 
) 

 
 (TiB2, TiVB2, AlB2/AlB12) 

 ,  - 
/  ,  Ti/V  - 
    

 

  
 / , 

  

 
     (  
  ) 
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  ,    - 

   : 

Э ы  ч        - 

 «  » -    .    

        - 

: 

 2𝐴𝑙 + 3𝑂 = 𝐴𝑙2𝑂3 (1) 

 , 

 ( .1): 

 ,    ( )  

 𝑀𝑔 + 𝑂 = 𝑀𝑔𝑂 (2) 

 𝑀𝑔 + 2𝐴𝑙 + 4𝑂 = 𝑀𝑔𝐴𝑙2𝑂4 (3) 
 

 1 -  (MgAl2O4) 
 

     Al-Ti-B  

       (TiB2) ( .2). 

       - 

        . 

  ,     - 

 0,3 / . 
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 2 -   (TiB2) 
 

      (Al4C3)  

( .3),     Al-    - 

.         - 

  50%    . 

 

 3 -   (Al4C3) 
 

Э ы  ч   ,  ,   

     Al-      . 

       ( .4), 

   .       

( .5)  ,        

  . 
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 4 -    
 
 
 

 5 -  ё  
 

        - 

  ,   .   - 

     .    

        [16]. 

1.4      
 

1.4.1  /  
 

  —     ,  - 

      .    - 

  ,    ,    - 

  [9]. 
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   ,    

  .       

.     ,  - 

  ,     - 

. 

        

. 

         

      –  / ,   

           

/   [17]. 

    ,      - 

           

         - 

     RFI  RGI ( . 6). 
 
 

 6 –  RFI 
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   .     

    .     10-30 

 (     ),    

 ( )  ,      

[18]. 

    –     

        

(        1,5%). 

   ,   ,   , - 

           

   . 

       ( . 7).   

          

   ,    ,  - 

, . 
 
 

 7 –    
 

      KCl  NaCl,  - 

  .     

   NaF,      KCl  
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NaCl    607 º .      

47,5 % NaCl, 47,5 % KCl  5 %  .    

 ,     . 

   ,    

       ,  

    ,     [19]. 

      - 

 ,       

,   ,    ,  .   

     . 

       - 

 (      ),      - 

        .     

,        

    . 

 ,   KNO3,    .  

  .     

        

Al2O3    .    , 

    .  ,   

  ,         

 . 

         

.       . - 

       ,  

 ,      . 

      ,     - 

      « »    

 ,        [20]. 
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  8      - 

 . ,  ,      - 

  .         

  .        - 

.         - 

,     ,    - 

.         . - 

,          - 

       [21]. 
 

 8 -       

  ,   

      - 

    .     - 

 ,        - 

  ( .9) [22]. 

      - 

   (Ar, N) /    (Cl)   /  - 

  [23].     - 
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     ,  ,  

,       . 

          - 

  RGI  RFI. 

 RGI         

     .  RFI   - 

 ,        -  . 

        

   ,      

[24]. 

 

 9 -       - 

  ( ) 

          

  ,  ,       - 

  [25]. 

,          

,    ,   80  95 %. , 

     ,    

     15  35 % [26]. 
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1.4.2   
 

      - 

 ,       ,    

     [27]. 

        

 ,         - 

      , - 

     : 

-         ; 

-       - 

      [28]. 

         - 

    . 

      , - 

    . 

       - 

 ,      

      .    - 

 ,     ,     

 .      - 

      ,   - 

    ,    - 

      [29]. 

   ACD STAS ( .10) -   - 

    ,       

        - 

      [30].    - 

   15  5 ,    - 

 27    —   4.   
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   9,      

   3.     - 

   .      , - 

  – ,       - 

     . 

      - 

.       - 

 . 

         

  .    ,   

         

. 

 

 10 –   ACD STAS 
 

,   ,      - 

 ,     .     

   ,       - 

 [31].          

   ( .11). 
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 11 –    
 

     –   ,   

  ,   .      - 

          

    . 

     ,  - 

    [32]. 

       - 

         

    .       

          

   .      

        - 

,       

[33]. 

1.4.3  

        

    (       

   ): 
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-      ,  - 

      ,   
    ( .12); 

 

 12 –      

 
-      ,     

 , ,    - 

 ; 

-       - 

 ,         - 

   ( .13).    ,   

       

: 

1.  ; 

2.   (     , - 

         

; 

3.   (    - 

   ,         

      ) [34]. 
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 13 –    

 
,        

 ,        

– .         - 

   ,    . 

        

  :   ,  ,  

  . 

       

     .  

       50-75 , - 

    – ,      

   .      - 

 ,     ,  

   .     - 

  ,       

 . 

     - 

 ,     .   

 «  »   ,    

    .     

     ,   
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    .     

 ,      - 

   . 

    , 20-80 

ppi,         (pores per inch).  - 

 ,       . 

        

    ,  - 

       [35]. 

    ,    

     (PTF).   

  .     - 

      .     

    ,  - 

      .  

      . 

  (PDBF) -     - 

  ,  .      

       ,   

    .    - 

     ,     

   ( . 15). 

        , 

         - 

  .      - 

         - 

. 
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 15 –   . 

 
       - 

  ,     ,  

       

         . 

1.5 Э    ,  - 

    

      ,  - 

        . 

       

    –  .  - 

        

   .  ,   - 

  ,       

 [36]. 

,      ,    - 

      ( .16). 
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 16 -      - 

  
 

1.5.1     
 

    ,   - 

        

     .  ,  

 ,       - 

    . 

        

 , ,    ,  

      (   - 

 ),      ,  

,     [37]. 

      ,  , 

   ,   ,    

   ,       - 

      [38]. 
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𝑝 

1.5.2  
 

         

     ,   - 

,     Mg  Sr.     Mg  Sr, 

     ,  - 

     [39].     

     750 ◦ . 

         - 

,           

. 

1.5.3      
 

       - 

        .   

  ,     - 

        , 

         - 

        . - 

        [40]. 

1.5.4     
 

     ,  

 ,        

.        

 PoDFA.         

     . 

      - 

 : 𝑉𝑆 = 𝑔𝐷2(𝑝 − 𝑝 )/18µ (4) 𝑝 1 
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 Vs -  , g -  , Dp -  - 

, pp -  , p1 -  , μ -  . 

  ,  ,      - 

    ,    - 

,           

 . 

 ,       

20       ,      - 

   ,        - 

       .   - 

         

  [41]. 

 PoDFA ,   90%    40  

  15     ( .22),      

      20–25      - 

 [9].        80%  

 20–25 .  ,       - 

      . 
 

 17 -       
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