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 . 
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      Ж1  2,      -
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  (  b)  Ж1  1,5 % b,   2  0,18 % 
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   Ж1 →  + Ж2,    

    –      (  0,2 % b)  

 2 (  0,18 % Al ).  Ж2      

   ,        

 ,     . 

 (Al ) : 2  85,1 : 14,9.   -

    b   с    2   -

 -         -

,   -  –        -
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  326,8 °    ,  -

     β,   0,02 % Al .   

 ,     ,   

    ,     

  2. 

     с     
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 (    -  )    

       . 

       , 

     . 

,      -

       -
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        -
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  (160-240 )     -
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     “ ”   , -

        ( ) -

 (  1.2, ).  “ ”  ~ 0,1    

   0,1-0,3     .  

       -
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-     750-800°    
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( .1.7) [26,27]. 
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1200°  ( )      1° / ×80. 
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       -

  . ,    -

 Al-Cr-Zr       α- .   

    (Ϭ  -380 , Ϭ0,2 -340 , δ 

– 12%) [34]. ,   

   -     , 

        -
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       -

  [35].  
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   .     -

    ,     

   .  

  ,     L”    

(S ),    ,    -

 .       ,  

 .  

        -

   (1.1):  

Ϭ L’L” × cos θ = ϬS L’ – ϬS L” (1.1) 

   ϬS L” > ϬS L' ,    

    L”    -

,       -

         -

 .  

      , 

 , ,   ϬS L’    

     .    

       . 

     L”  -

   -  ,  

        

ϬS L’,    .   

       -

      [35, 37,40].  

      -

         [40]. -
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,     (0,14 . %)    -

         

,       . -

 ,         -

      ,  ,  -

    .  

        -

  ,    ё  -

. ,    0,05 .% Sc    . 

  730° , . .      

   ,    -

      980° .   -

      Ϭ  ,    –  -

    .  

1.4     Al–Pb   -

   

    Al–Pb, Al–Bi    

  ,      

  -   .   

         

,         -

     .      

          -

 Al–Pb -   ( . 1.8). 

    - ё  ,  -

      1,4  17,4 %.  

  ё    Al3Mg2. 
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     Al–Mg   300 °  

 -    6,7 % Mg;  100 °  – 1,9 % Mg. -

         β-  (Al 3Mg2). 

 1.8    Al  – Mg 

      - ё  ,  -

     175 °   327 °    0  

3 %  ( . 14). 

    ,     

         -

          

      . 

  [4]    Al–Pb–Mg.   

  Pb–Mg,       Al ,   

   .     

 1.9,   ,      

Mg3Pb2  ,          -
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  -       

Al–Mg3Pb2. 

 1.9    AlMgPb   

  , × 100 

  ,    -

        

,      . -

    -

        

. 

1.5     
Al-Cu-Mg-Pb     

         

        -

 [41-43].     -

       Al-Cu-

Mg    [44].        

         ,   

          

.       
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    .      -

        

  8-30  [45],      

 ,     .    [46], 

    2-5°     

  0,1-0,25 ,       

,      .   -

          -

,  20-30 .     -

    . 

      -

     ,  -

  .       Al-

Pb,           

(656-658° ),     :  1 (   1,5%Pb)  

 2 (   ,   0,18% Al ).  -

           

.     [47-49],  -

, . .        -

 ,        . 

         

,     .   [48] 

     -

     ,   -

    . 

      Al-Cu-Mg-Pb  -

        -

  ,     -

          . 

-     ,    
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  ,      -

      [50],   -

        

    . ,   -

    ,      .  

,       

       

     . 

      -

           [51].  

 -      -

 Al-Cu-Mg-Pb       -

. 

1.6        

       

      :  

1.       -

        -

        

   -     

     ; 

2.       ( , -

 ,  )  -

   ,     -

  Al-Pb  ,      

   40-50   .  ,   

       , 

   ; 
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3.      Al-Pb  -

  ,     -

      -

      .  

      -

      -

   ; 

4.   . .,  . .,  . .  . -

,      -  

    .  -

        -

  .    -

          

        

.        1-7 

,        

       

    ; 

5.  ,    -

    -     

,       -

     .   -

        -

 -  ,     

    ,   

 .       -

     ; 
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1.7 Ц     

 :      -

        -

      -

        

  ,    

         -

  .  

      : 

1.       

      -

          -

     .  

2.      ,

       ,  

     .  

3.      ,

         

 . 

4.       -

  Al-Cu-Mg-Pb      

       -

       

.  

5.       

 16-Pb. 
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 2.  ,     
 

       

         

 6 (  11069-2001),   1 (  3778-98),  (  

860-75)       1 :

Si-0,29; Fe-0,63; Ti-0,057; Mg-0,60; Mn-0,52; Cu-4,15, . Al .  

        -

   « »   « » 

.  ( . 2.3).  -  ~1,33  (10-5  . .).  

 2.3     " " 

        

.         
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   1150°       , -

       1100°    -

      5 .   -

          -

  350-650° ,     -

    . 

        

( . 2.1 – )   .      

 .   – 500 .      -

 . 

                                                                

 2.1    :    Al–Pb; 

     

      , -

     .   

    - .   

     .    

   . 
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   ,  5    

        

( . 2.2). 

 2.2    

        

,       5   -

 8 .           (2.1). 

=   ∙   ∙ ℎ , (2.1) 

  V   ; 

   ; 

r   ; 

h   . 

   = 2,7 / 3,      

    (2.2). 𝐺 =  ∙   , (2.2) 

 𝐺 –  ; 

V –  ; 

 –  .

     ,   -
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  ,     «Neophot-2». 

    . -

       

( )    ,      

     . 

    ,  50% Al  

50% Pb, ,     .     -

 1     ё      

 .  ,     5 

          

 .        

,          

    .   

     Axio Observer. 
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 3.      

        

         

      Al–Cu–Mg  Al–

Mg–Si,        -

 ,       -

 . 

   ,  

   ,      -

        , . . -

  (W)    ,    

 (3.1): =  𝜎𝐴𝑙  +  𝜎𝑃𝑏 − 𝜎𝐴𝑙−𝑃𝑏 , (3.1) 

 σAl, σPb –   Al   Pb; 

σAl-Pb –     Al–Pb; 

W – . 

      ,  -

       

.      (3.2)     

 θ         

     .   

         -

  -   Mg.    Al–Mg -

 ,       -

   “ ”.  

𝐶𝑜 𝜃 = 𝜎𝐴𝑙 − 𝜎𝐴𝑙−𝑃𝑏𝜎𝑃𝑏  , (3.2) 
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     Al–Mg   300 °   -

   6,7 % Mg; 

  3.1       -

,     ,   = 140 ° 

 3.1      , T = 450 °  

  3.2       

  1 % Mg,   Mg     

120°   = 380 °    110 °   = 480 ° . 

                                                           

 3.2        Al–1 % Mg: 

 – T = 380 ° ,  = 120 °;  – T = 480 ° ,  = 110 ° 

      Mg   -

       .    
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   Mg   Pb,      

. 

        

         ( . 2.1). -

  ,      -

  ,       -

    .   Al-Pb   -

   620-650°  , . .   ,  

    ё    0,17%.  -

        

  (t = 658° )      130°  20° 

(  2.1,  1).       -

    [52]. 

 2.1 −       

(1),   1(2),   1+0,1% Sn(3) 

   Al-Pb     

      -

 .      -

,    .    

1  Al-Cu-Mg    .   

       Al-Pb    

     1  140°  110° ( . 2.1,  
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2).      1   -

 500-540° .       

  Al-Pb-Cu    547°     -

 1,0%. ё        

  .  0,1% Sn     1 -

      10°    500°  ,   

  600°       ( . 2.1, 

 3). 

    σ1,2  , -

      -

     . ё      -

 (  (3.3)) [50] 

𝜎 , = √𝜎 + 𝜎 − 2𝜎 × 𝜎 × 𝑐𝑜 𝜃,    (3.3) 

 σ1, σ2 −   ,   ; θ − 

  ; σ1,2 –  .  

       -

  600-700°  ,      1,   ё  σ1,2  -

     (  (3.4)): 

𝜎 , = 𝜎 − 𝜎   (3.4) 

       

 (σ1), (σ2)    σ1,2    

 2.1. 

         

  660°   233 / 2,    1-1,0 Pb   

   60 / 2.    -
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  1.   Al-Cu-Mg-Pb  (1)  

 327°  (     Al-Pb),   (2)  4,0%  -  547°   

   1,0%  1   2    -

     [53].    1,0%,   

     . 

 2.1 −     

 Al-Pb, 1-Pb 

,°   
σ1 σ2 σ1,2 Wa

/ 2

660 Al−1,0 Pb 650 417 233 834 

660 1−1,0 Pb 480 420 60 845 

660 1− 1,0 Pb − 

0,1Sn 

450 426 24 852 

710 430 430 0 860 

      ,  

 ,   ,      

,      , -

     .    -

  660°   ,      

,        ё   -

 .    

   ,      -

       .  -

       

,     .   ,   

Al-Pb   [54,55].     

   ,     , 

        Al-Sn. ,   

0,01     700°      -
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    110 / 2 [56]. ё  -

          

   0,1%    Al-Cu-Mg-Pb ( . 2.1),  -

         

   ё        -

  .     710°   -

  ,        σ1,2. 

      , -

        

   .    ,  860 / 2, 

  1   ,      

           

 . 

  ,    -

          -

 ,      ( ) ., -

   Al-Cu-Mg-Pb -  . 

      

        -

  . 

       

        , 

       1-2 ° / . 

       -

,       30   

  .       2,  

     2  3.  -

             

. 
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   ( . 2.2),    -

  ,  ,    ( . 2.2).  

 2.2 –      

 Al-Cu-Mg-Pb ( 1)       

 

 

 Pb  Sn 

   Al-

Cu-Mg (  1) 
, 

°  

  ( -

 ),  

Pb, .% 
Sn, 

.% 
 1  2  3 

1.2 0,7 0,004 660 27,2 29,1 26,9 

2.2 0,7 0,003 800 21,6 24,7 20,9 

3.2 1,0 0,003 1100 18,8 21,9 18,2 

1.2.1 0,7 0,024 660 22,8 25,3 28,9 

3.2.1 1,2 0,028 850 19,0 21,4 20,1 

1.0 0,8 0,025 750 21,0 21,1 22,2 

4.2 1,2 0,230 750 21,7 21,3 19,6 

        

 660°        -

  (10-15 ),       

 ( . 2.2 ). 

    800-1100°      

    3-5 .    1-2  -

    . ,     

 950°     [41],      

    ( . 2.2, ).   -

       

800-1100° ,        
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        -

    . 

                                                                                            

 2.2 −    Al-Cu-Mg:  –  

№ 1.2;   –  № 2.2;  –  № 3.2 

         

,    1    0,03-

0,2%.   2.3      -

  ( . 2.3, )  ,     

0,03% ( . 2.3, ). 

                                                                                            

 2.3 −    Al-Cu-Mg:  –  

№ 2.2;   –  № 3.2.1;  –  № 4.2 

,      1-2    -

       ,    -

      .    
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 0,2%       (750° , . 2.3, ) 

          

        . 

         

.       -

  ( . 2,  3.2.1),    -

       

 . 

. 1.        

       Al-Cu-Mg-Pb 

         

  ,      

  . 

2.      

          

   Al   Pb     . -

,     1100°      

 ,       . 

,        -  -

 ,      . -

     0,23%    

       710-750° . 

3.      

        

    .  

  Al-Cu-Mg-Pb  660  800°      

3 ,   1100°  –  5 .    -

     .     

1  750°  0,23%Sn        1-2 

       . 
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:       -  -

        

,   ,     -

     .   

       -

       

    (   – 91%),   

 ,       . 

      

   ,       

   .   -

      -

        

.       

 ,      -

.        

 Al-Cu-Mg-Pb -      0,1%. 

      

             

    .    

   710°     -

,   ,     

     .  
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