
   
  

  
«   » 

 
  

 «     » 
 
 
 

                     
  

                                                                                   _______/ .   
«____» __________ 2020 . 

 
 
 
 
 

  
 

: 22.03.01     
 
 

    12    
    

 
 
 

 
                     ____________                    . . 

                                                                                                  ( д и ь, да а) 

 
                                       _____________                    . . 

                                                                                                  ( д и ь, да а) 

 

                              _____________                    . . 
                                                                                                  ( д и ь, да а)                       

 
 

 
 

 2020  



2 

 

   
  

  
«   » 

 
  

 «     » 
 

 

                      
   
______   . .  
 
« _____»   ______ 2020 . 
 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 



3 

 

 

:   . 

:  16-01  . 

 ( ): 22.03.01   -

  . 

: 22.03.01.07      

. 

 :     12  -

    . 

    № 21639/c,  27.12.2019 . 

 : . . , , . . ,  

. 

   :     (  

 ). 

  : , , ,  -

  ,    ,   

 ,      Al–Si, 

   ё ,   . 

  :  . 

     . .  
       

        
 

 
. .  

       
     

«    »  2020 . 



4 

 

 

 

    12   

,      .  

     ,  

   .    

 . 

       -

  12,   ,     

. 

 : ,  , -

,  .  



5 

 

 

 

    «    

 12      » 

 50 , 19 ,18  , 5 . 

 : 

      

   ,  :  -

   12     -

. 

     : 

1  -  . 

2   . 

3  . 

4     . 

5     12. 

6   . 

7    .  



6 

 

 
 

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

1      Al–Si ................................ 8 

2     12,    

   ....................................................................... 12 

2.1    .......................................................................................... 12 

3      12 ..................................................... 15 

3.1     ............................................................................ 15 

3.2     .................................................... 16 

4     12 ............................. 19 

4.1    ............................................................ 19 

4.2     .................................................. 20 

4.3    ..................................................... 20 

4.4    ............................................... 29 

5       ................... 35 

5.1   ..................................................................................... 36 

5.1.1    .............................................................. 37 

5.2   .................................................................................... 45 

5.3    .............................................................................. 49 

6     ................................................... 50 

 ..................................................................................................... 56 

   ........................................... 57 

 

  



7 

 

 
 

        

     ,    -

        -

 .       -

  ,   (  

, , ,    . .), -

     . 

       -

 .        . 

   ,   , -

       -

   .  ,   

  10–20 %. -       -

      .  

  Al2O3,     , -

           

. 

        

     . 

      -

  ,       

 .        

   ,    

 .  



8 

 

1      Al–Si 
 

         

  .      -

 ,     1,    

     : 

 

 
 

 1 –   Al-Si 

 

–  (4–12 % Si); 

–  (12,2 % Si); 

–  (  12 % Si).  

      -

,       , -

   .      

 -        -

,       [1]. 

        

    ,   -

  ,    -

         -



9 

 

.  ,        

    ,     

   ,    -

  .      -

          

,       -

.       , -

    . 

           

.        , 

       ,  -
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   ,        -

       

.          -

 .   ,     

-    , ,     -

,   . 

       

       .   -

       ,   -

    .  ,     

     ( ) –  -

         -

      , . .  
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 .      -

          -

  .     -

 ,     - ,  

  .     -

 ,        -

   ,     .    

          -

 ,       Al–Si. 

        -

    , ,   .  -

   ,   , , 

  [2]    . 

  ,    

   , –    Al–Si  Al–Si–

Mg (AK12, 9  7),     AISi11, AISi10Mg  

AlSi7Mg .       

 12, 7. 

      : 

-  ; 

-   ; 

-  ; 

-   ; 

-      . 

      AI–Si   

 (Al),     , -

      . 

 12.  ,     -

 Al–Si.      ,  

  –  -  .   
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        10–13 %, 

 12     ( )   

     .  ,  -

  ,   α(A1) + Si ,  

   ,    -

  [3]. 

   , , 

,   .    

  ,   ,  -

 ,      – 70  + 50 °  

( ,  ,    ).  
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2     12,   -
    

 
   12      -

  -   « »    

 1 

 
 1–    12. 

  , % 
. .    
Si Ti B Sr Mg Fe Zn Cu Mn 

12 11,2-11,8 0,07-
0,15 

0,02 0,014-
0,034 

0,06-
0,15 

0,2 0,03 0,03 0,08 

 
2.1    
 

       : 

– 12  ( -1) –  10–13 %,  – , , 

%,  :  – 0,50,  – 0,40,  – 0,08,  – 0,13,  

– 0,02,  – 0,06; 

– 12  ( -0) –  10–13 %,  – , , 

%,  :  – 0,35,  – 0,08,  – 0,08,  – 0,08,  

– 0,02,  – 0,06; 

– 12  ( -00) –  10–13 %,  – , , 

%,  :  – 0,20,  – 0,03,  – 0,04,  – 0,03,  

– 0,02,  – 0,04; 

– 12  ( -2) –  10–13 %,  – , , 

%,  ;  – 0,7,  – 0,5,  – 0,2,  – 0,2,  – 

0,03,  – 0,08. 

        12  

( -2)     0,9 %,  –  0,8 %, -

 –  0,25 %. 
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Тех иче ие е ия.     -

     (  1583–93)  -

 ,    . 

       20 ,    

 –   200    . 

          

,   . 

  ,  (     

200 ),    . 

     ,   

 . 

  ,     -

   -  ,    5 % 

  . 

     -

     . 

     20       -

 ,   .    

 ,     -

 . 

      -

  . 

        -

 0,25 3/100     , 0,35 3/100  – 

  , 0,5 3/100  –  -  

;      3 . 

   (     

)  - [4]. 
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Тех иче ие е ия   и х.   
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 2 –    12 

 
 

 
 

 -
 -
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 ,  

 
,% 

 
 -

 HB 
12 * - 180 7 50,0 

*    
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3      12 
 

      -

  7 %  ,     

   ,   –  0,12–0,15 

%   .     ,   

 . 

        Al–Si 

      8 (  11069–74), -

    00 (  2169–69),  AlTi5B, AlSr10, 

     . 

 

3.1     

 

,      -

    ,   -

-      . 

         10 

      (9,5 ± 0,5) ,  

     180 . 

        

 ,    3. 

 

 3 –    

 
 

 , % 
Fe Si Ti B Sr Cu Ca Na Si Mg 

Al–Ti5–B1 0,1 0,13 4,72 0,98 - - - - 0,2 - 
Al–Sr10 0,1 - - - 10,44 - - 0,016 0,2 0,1 

 
         -

     -
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.       

 4 

 

 4 –     

  -
  

,% 

Al Si Sr Ti B Fe 

12 + Al–Sr10 + Al–Ti5–B  11,5 0,03 0,06 0,012 0,2 

 
3.2      

 

 ё       -

 ,      

     [9, 10]. 

 ѐ    :     

  1       53777–2010  AlTi5B, 

AlSr10  Si ( . 4). 

 ѐ       : Si – 11,5 %, 

Ti – 0, 12 %, Sr – 0, 03 %,  – Al. 

        

: 

            ,  (1) 

 
  –      %; 

к –      %; 

А  –      . 

 ё   100  . 
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     ,  -
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4     12 
 

      :  

,    ,    , -

  . 

       -

       . 

       .  

     ё ,   

      

     ,  

,      [9]. 

 

4.1    

 

   : 

–     ,  . 

–      -

,         ѐ  

. 

–            

ѐ  , , ѐ . 

       , : 

–      . 

–       , -

  . 

–         -

. 

–    ,    ,  150–

200 °C    . 
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       ( 85), -

 ( 00), ,   .       -

  Al–Ti5–B, Al–Sr10. 

 

4.2     

 

     .  -

      ,  -

   900 ,  ,   -

   Al–Ti5–B  Al–Sr10. 

 

4.3    

 
        -

.      .     

  ,  ,   

  ѐ    .      

         -

.  ,    , , 

ѐ ,        . 

,   1 % Mg,  ,  

 100 %  (KMgCl3)     10–15 % CaF2  MgF2.  

      ,   -

   , ,     -

  SF6. 

        -

     ,    

  ѐ ,        -

     .   

     [9]. 
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     50–60  . .  ѐ -

   ѐ     100  . . 
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  .   ѐ   -
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 ѐ . 
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,  ,     . 

   ,  ,  

       .   
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350–425 °C.       
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 110–120 °C.       
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     :  

      ,    

     .    -

      (0,1–0,3 %   -

).        1,0–10  . . 

  10–15 .   730–760 °C.   -

        

ѐ  ,    . 

       -

 1–2 .        -

 5–7 ,       . -

    [11]. 

        -

     ,   -

  -1(PAL-240)( .6) 

 

 
 6 –  -1 (PAL-240) 

 
    450–550 / .    

        -

 .    ,     
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  .      730 °  

 . 

 
4.4    

 

 –      

  ( )    .  -

,      ,   -

        . 

, ,       

 0,2–0,3  0,01–0,02 .       -

      ,   

  ( , , ),  

  .     ,   

      ( -

 I ).       

  Ti, V, Zr;.   -

     (  II ), -

    ,   -

      .  

       

 Li, Na, K,   –  . 

       -

     (0,05-0,08%)  -

     67% NaF  33% NaCl.    

       ( -

)  2 (11–13 % Si)  .  
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 7 –   Al–Si  8 –   
 Al–Si (1 –  ; 

2 –  ) 
 

         -

  α(Al)-  .    -

      Na2Si,  -

  .       -

  [13]. 

 
4.4.1  1-   2-   

 

 1  2 :     -

  . . , . . ,  2 : -

 1-   2-  .  1-   –  -

,       -

 ,       -

        .   

         

 .    1-    -

     Ti, V, Zr, ,   . 

        

     9  10.    
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( 13, TiAl3, ZrAl3  .),      

   , ,     

.  

 

 
 9.      

   (99,99% Al). 
 

 10.     
    (99,99% 

Al) 
 

,   , ,  ,  

  .  (« »)  -

    ,    -

 ,   ,      

 . 

       

        -

    . 

       

 13  TiAl3,     -

 . 

    -  -

      -  . -
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    ,      

   .      -

,     . 

 

4.4.2      -
  

 

          

     20 % .    

       -

        -

   .      -

,      . 

       , 

  ,   

,    . 

       

 12 ,        

   (  « »). 

    

 .  1:      -

   900–950 º   ,   -

     720–730 º      

 « »    .  

     -

      50×50.  -

       0,3–0,5 . 

 2   ,   1,    -

  AlSr10  AlTi5B   730–740 º . -

   1  2   -
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  4  3 .  -

    3  4      3 

.       , -

  ,  , , -

  . 

      1– 4. -

    1,   . 

    2,  -

 Al–Sr  Al–Ti–B.   3  4  -

 ,     -

 1  2.   1   ,  2 

   Al–Sr  Al–Ti–B. 

 

 5 –   

№  σ ,  σ ,  δ, % B 

1 110 185 5,0 54 

2 123 206 6,8 57 

3 118 205 6,5 56 

4 115 195 5,8 56 

 

  3  4 ,   3    

,  4.      

2,  Sr, Ti, B,   1   . 

  3     . 

 4,      

 Al–Sr  Al–Ti–B,       

 3,      50511–93. 
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    12    

   3-     :    195 

 205 :    5,8  6,5 %. 

       

, . .      

       3-  

.        

        

 ,      

     0,49  0,65 .   

    3  4      

. 

   ,      

12      ,  -

  ,     .  

         – -

   αAl.     -

           

 ,        -

 ,      α(Al), -

    α(Al)   [13.] 

       
,   46159,  0,2 /   
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  ё      . 
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ѐ        .  
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        . 

          ѐ  
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(   ),    ѐ  ,    

 (   ).  

       

 ,  .  

      

  ѐ       . 

     -

,    ,  , -

  ,   -   

       ,  

. 

       -

 (0,13 3  100  ),       

(0,275 3  100  ).  

   ,     

  .       -

    6 %,     2 %. 

        

  . 

          -

     . 

        ,   

 – ,    ,  –

,    ѐ    -

.      -

.    ѐ     

 .   

        -

  ,  ,     -

      . 
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  :  

1   – 56 %, -   – 35 %   

 – 9 %;  

2    – 60 %, -   – 35 %   

 – 3 %. 

      -

   ,     ,   

 ,   ,       

.      ,  -

  .      -

   . 

    ѐ  9–16    , 

      ,  ,   

,    ,      -

  . 

         -

  ,        .  

      ѐ  , 

  .     

  -  ,    .  

          

    90 .   ѐ   

.  

      . .  

( . 13)     5–7       

         [11]. 
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 .    , ѐ   , 
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    . 

        . 

         -

   (0,5–1 %).   ѐ    
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 (  2–3        5–6     

 ). 

        

     ,    -

 . 

         -

 ѐ  2,5  6 .  

    ,   -

  ,    .   

         ѐ  
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   720–740 °C   –   -
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  .       -

      100–120 °C,  -

   500–600 °C.    600 °C. 

       3–5    

750–800 °C,     . 

ё     . 

      -

,  ,     . 

   .   -

,    ,   .  

          . 

         

  .    -

   1–1,5 . 
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 ,      

        

,    ,   

  .   ,   -

,    ,    -

 . 

    ,  

  ё     ,  

       -
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 ё  350    ,  800 , -

 1100 .    60 . 
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      2    -

ё  2     2800  . 

          

 15 °C.      ё      

.    130 °C.      

.      140 . 

     0,1 %,     -
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        , 

      ѐ    

.  

 15         2,5  

.     0,7 .     -

   .     -  -
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     ,     -

  [11]. 

 
5.2   
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–  ,   ё   
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–     (60–70 %); 

–    ; 

–     (450–500  / ); 

–  ; 

–    ; 

–  ё   . 

    ё  –  0,5   20 , -

       . 

        -

   ,       

         , 

   .     , 

     (750–800 °C),  -

        

    30–35  70–75 %,    

15–20 %,    4–5 %     1 %. 

         

  .        

  1 %. 

  15      

.     ,     -

  .     .  
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          -

      ,     -

        ѐ    

  .     
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  .      

 .         
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       -

     ( )    -

         -

      .    -

        

        (  -

- ). 

        -

  , . .        

   ,   .   

     ( . 16)   

 , ,     -
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       .   -

    ,     

.       

    : 

                   (3) 

 
, S –  , 3/100 ; 

 –       ; 

 –      ; 

A  B – ,         

 . 
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 16 –     2    -

 «  » 

 
       

  .       -

 «3VT» ( . 17),   : 

1   1  2    250 °C. 

2      3,     

   ,      -

 2    . 

3  ,    « ». 

4    .     -

 3,       .     

  . 

5       , -

   2,      . 

      -

    «MK2200» ( . 18). 
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 17 –         

 «3VT» 

 

 
 18 –        

  « 2200» 

 

 
 19 –    2200 

 
  .      
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     -

       . 
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      -

,  .     ѐ  -
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    .     -

 : 

1     (    

) σ  –     , 

 ,  ;  

2    σ0,2 ( ,   

  0,2) –      

   ;  

    , -

        –  –  

       -

   .     -

    (  ).     -

   9012–59 [17]. 

, . .    , -

   .      

  :   δ  -

  ψ.  
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9      . 
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