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 1.      
Bi-Pb-Sn-Cd    

 

  Bi-Sn-Pb-Cd – , ,  -
  ,     . 

[19].  ,  40–50  % Bi,    -
  [20]      [21].  

 ,        -
.    Bi-Sn-Pb-Cd    [22], 

        .  -
 [22]     Bi-Pb-Sn-Cd   

        
  69 ° :   Bi-Sn-Pb-Cd.   [23]    -

       
48 . % Bi – 26 . % Pb – 13 . % Sn – 13 . % Cd   -

:   343 ,   
 273   13 [ / ],  373   14 [ /   ], -

 0,1298 / . 
 Pb-Bi    .  

        60–90  
    ,    -

  .     
  -      

    ,   -
   [24].   [25]  -

  ,    .  
    [26–28]     -
 Pb-Bi-Sn, Pb-Bi-Cd  Bi-Cd-Sn  40  % Bi    

 Pb-Bi-Sn-Cd  40 % Bi + 25 % Pb, 40 % Sn + 25 % Cd   
40 % Bi + 13 % Sn,     –   ,  

       Pb-Bi-Sn-Cd   
40 % Bi.         

        -
     ,  -
    ,       -

   Pb-Bi-Sn-Cd  40 % Bi   . -
     69 °    -

   Pb + Bi + Sn + Cd  ,    Pb-Bi-Sn-Cd 
       + Pb   
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 Pb3Bi + Sn + Cd.       145 °  
(       Pb + Sn + Cd  
  Pb + Sn + Cd),   95 ° , . .  120 ° . 

 [29]         
Pb-Bi-Sn-Cd    Pb3Bi.    -

   ,     :  
) Pb-Bi-Sn  Pb-Bi-Cd    Pb3Bi   -

 Pb-Bi;  
) Pb-Sn-Cd  Bi-Sn-Cd  .  

    Pb-Bi-Sn-Cd   
       -

    [30, 31].     -
        -

   Pb-Bi-Sn-Cd     
  .       [32]  

         
823–923     Pb = 0,1–0,8 .      

2 = ( Sn + Cd) ÷ ( Sn + Cd + Bi) = 0,25; y3 = Sn ÷ ( Sn + Cd) = 0,75; y2 = 0,20; 
y3 = 0,80  y2 = 0,90; y3 = 0,50. 

    Cd-Sn-Pb  -
   [33]      673–873   -

    KCl-LiCl    -
    .    

      Pb:XSn  0,5  2,  - -
,         

       . 
  [34]      -

  Cd-Sn-Pb       -
 823–923     XSn = 0,1–0,9 .    -

  Cd ÷ ( Cd + Pb) = 0,25, 0,50, 0,75.    -
     Cd-Sn-Pb.   -

         
[33].   ,        Pb:XSn, 

 2  0,5,     Cd: Pb = const    
,     ZE    Sn: Pb =  

=1.      ,   
 [34]    [33], ,    .  
 [35],    Cd-Sn  Cd-Pb    

.   ,    Pb-Sn,   
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     . -
,         -

 .       -
    ,    - . 

         -
     ,    

    .      
   .      -

   .       -
,     ,  ,  . -
         
   . 

 [36],     :  (   -
 )    (    ).  

      : ,    -
.         -

:   ;   .     
     .   -

    .  
         -

    .     -
    ,      . 

            
   ,     -

    –  [37].      
 –  . 

         -
      :     

    ,   . 
      .  -

          -
 .        ,  

,  .    -
  , ,   ,   -

  .       -
   ,   ,    

,    (  ), -
  ,    ,  -

 . 
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  ,    -
       ,     -

.     –  -
       .  -

    ,     
  .      -

     .  -
         -

,         ,  -
      .  -

      ,  -
 ,      . . 

       -
  –       -

   .     -
   -     -

 (     –   -
 ,        

  –   ).    
       

      [38]. 
   ,    -

   ,     -
        -

.      (   4 × 10–12 
1/ ).        
   ,     ,   -

     .      
      -
 [39]. 

      , -
  [40],        

30 % Bi. 
 1904–1906 .      -

 ,     Pb-Bi  
    .     

    30 % Bi  « »,   198–190 °  
  .     -
-      ,     
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   ,   .  
          [41],   

  -    . 
    ,  , -

     ,   
   184 ° .        

    . 
  [42]   -    

« - » (  ,    
  )     . 

 -« »,       
182 ° ,     .  -

 -« »         
65–70 % Pb,        

 (124 ° ).   -« »,   -
 ,     [43],   ,   -

 -« »     67  75 % Pb.  -« » 
      . « »  

 ,        -
   ,   , 

     -  ,   –  -
 Pb3Bi,      -« »  

.  
 « » Pb3Bi       

 Pb-Bi [44, 45], Pb-Bi-Sn [26, 27]  Pb-Bi-Cd [28],    -
 [25–28],   ,   -
 .         

Pb-Bi-Sn, Pb-Bi-Cd  Bi-Cd-Sn  40 . % Bi     
Bi-Sn-Pb-Cd  40Bi + 25Pb, 40 Sn + 25Cd  40Bi + 13Sn ( . %),     

 –   ,     
     Bi-Sn-Pb-Cd  40 Bi ( . %). 

 [29]      Bi-Sn-Pb-Cd 
       Pb3Bi.   

     Pb-Bi  ,  
  Pb3Bi    184 °   -

  L  + Pb  Pb3Bi.  
    « »    

Bi-Pb      [42, 43]     
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.   [46]   Bi-Pb    -
    « » BiPb, Bi5Pb3, Bi7Pb3, Bi7Pb   

 [47].   [42],       
   2,0 %; -« »,   -

 ,    30–35 Bi ( . %) ,   , 
      Pb3Bi. 

  [48]       -
     ,  -

   Cd-Sn, Cd-Pb, Cd-Bi  .  Cd-Bi   
  420–535 ° .     ,  -

  ,  ,     , 
        -
   .      -

  Cd3Bi2,      . -
 [49]       , 

        . 
  [50]      Cd-Bi,  

          -
          -

.        
[48],         , , 

         -
 ,    ,  -

    .    -
  Cd-Bi      10–90 d (  %) 

   400–650 ° .    
      ,    -
         

  400, 475  575 ° . ,    -
  Cd-Bi       

  .    ,   -
 . 

  [50]    : 
       Cd-Bi  -

 ;  
    Cd-Bi   ;  
       Cd-Bi.  
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    ,   -
          .  -
        0,08  0,30  

      . -
    Cd-Bi      

    .   ,    -
   ,      -

      , 
   .  ,   -

 ,  ,     
        

       ,   
 .  ,     

    ,      -
    . -

           -
   .  

 ,      
Bi-Cd,      -

,     ,  -
     . , -

    ,    
             

 ( ,   [51], . 17  18).   
        .  

         
           -

    « ».     
  . ,       

       -
    . 

 [50],         
 Bi-Cd  400–650 °    .  [52] -
      Cd3Bi2,  -

     .     
   Cd3Bi2,       [52]. 

  [53]     -  
 -  .  ,  , 

(100–46, 44 % Bi),      



12

    (    ). 
     –  (  -

      250–700 °   ). -
 ,          

Sn10Bi3 , , SnBi5    ,  Sn3Bi  SnBi -
   .   ,  

Sn2Bi4, Sn4Bi2, Sn5Bi. 
 SnBi,  , . .  [54], -

    ,     .   -
,          

   20 000 / 2       
  :     20 000  15 000 / 2; -

    20 000 / 2. ,     
,      ,   -

         
   ,     -

 . 
  Bi-Sn,   [43],  ,   

    ,   ,    -
  Bi-Sn.   [54] ,     

         
BiSn. 

 [55],   Cd-Sn   « » CdSn. 
   133 ° .     

     « » CdSn4,   -
  . 

  [56],   Sn-Pb-Bi   PbSn, PbSn3, 
Pb3Bi4  Bi2Sn3,     : Pb3Bi4Sn4, 
Pb5Bi4Sn4, Pb3Bi4Sn15, Pb3BiSn4, PbBi2Sn2, Pb2Bi7Sn4, Pb3Bi9Sn4, Pb7Bi4Sn4, 
Pb2Bi4Sn4, Pb9Bi4Sn4, PbBi4Sn4. 

  1   , , -
   ,     -
 Bi-Sn-Pb-Cd ,    .  
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        1 
   ,  

    

 
  [57]        -

  Bi2O3-Pb .  ,    
: PbBi2O19, Pb5Bi8O17,       -

: Pb3Bi2O6, Pb2Bi6O11, Pb7Bi6O16, PbBi8O13  Pb2Bi2O5 (    -
         [58],   

   ).    -
        ,  

   ,   -
   . [57].  

  [59]       
     Bi2CdO4  Bi10Cd3O18. 

      Bi2O3 – CdO [60]. 
  [61]       

Bi2Sn2O7       Bi:Sn = 1.  -
  Bi:Sn      
   .     

Bi2Sn2O7       -
 Sn (IV)  Bi (III)   . 

 
Pb

3B
i 

Pb
Sn

3 

Pb
3B

i 4 

Pb
Sn

 

C
dS

n 

C
d 3

B
i 2 

Pb
3B

i 4S
n 4

 

Pb
5B

i 4S
n 4

 

Pb
3B

i 4S
n 1

5 

Pb
3B

iS
n 4

 

 25–29, 
42–47 

56 56 56  55 50, 
52 

56 56 56 56 

 

Sn
2B

i 4 

Sn
4B

i 2 

Sn
5B

i 

Sn
B

i 

B
i 2S

n 3
 

Sn
10

B
i 3 

Pb
7B

i 4S
n 4

 

Pb
3B

i 9S
n 4

 

Pb
2B

i 7S
n 4

 

Pb
B

i 2S
n 2

 

   53 53 53 
47, 
53, 
54 

56 53  56 56 56 56 

 

Sn
3B

i 

Sn
B

i 5 

B
iP

b 

B
i 5P

b 3
 

B
i 7P

b 3
 

B
i 7P

b 

Pb
2B

i 4S
n 4

 

Pb
9B

i 4S
n 4

 

Pb
B

i 4S
n 4

 

 

 53 53 22, 
47 

46, 
47 

46, 
47 

46, 
47 56 56 56  
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  [62]      -
     ,   

       Bi2PbO4, Bi12CdO19 
(      700    Bi4CdO7  
 - ).     : 

Bi4CdO7, Bi4PbO7, Bi2PbO4, Cd3Bi10O18. 
  [63]     -

 CdSnO3   . 
  [64]     -

 CdSnO3
    80, 140  220 ° .  

  [65]   CdSnO3,    
      . 

  [66]     CdSnO3  Cd2SnO4  -
       

  . 
  [67]     Bi12PbO20 ( . 3. -

    )    -
       ,   -

      . ,    -
             -

       ,  
Bi12PbO20. 

     -
  ,      PbBi12O19  

 Pb5Bi8O17 [68–69].  
 ,         

,     Bi-Sn-Pb-Cd     
29  : PbSn, CdSn, SnBi, BiPb, Cd3Bi2, Bi2Sn3, 
Bi5Pb3, Bi7Pb3, Bi7Pb, Pb3Bi4, Pb3Bi, PbSn3, Sn2Bi4, Sn3Bi, Sn4Bi2, Sn5Bi, Sn10Bi3, 
SnBi5, Pb2Bi4Sn4, Pb2Bi7Sn4, Pb3Bi4Sn4, Pb3Bi9Sn4, Pb3BiSn4, Pb5Bi4Sn4, Pb7Bi4Sn4, 
PbBi2Sn2, PbBi4Sn4, Pb9Bi4Sn4, Pb3Bi4Sn15,      

  . 
      23   9 -

  : PbBi12O19, Pb2Bi6O11, Pb5Bi8O17, Pb3Bi2O6, Bi2PbO4, 
Bi4PbO7, Bi12PbO20, Pb7Bi6O16, PbBi8O13, Pb2Bi2O5, PbSnO3, PbSnO4, Bi12CdO19, 
Bi4CdO7, Cd3Bi10O18, Bi2CdO4, Bi2Sn2O7, CdPbO3, Cd2PbO4, CdPb2O5, CdSnO3, 
Cd2SnO4, CdSnO2, Pb3O4, Pb2O3, PbO2, PbO, SnO2, SnO, Bi2O3, BiO, CdO. 
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 2.    Bi-Pb-Sn-Cd 
 

2.1.    
 

      ( -
)  ,     .  

 2.1.       : 
 

1 –  ; 2 –  ; 3 – ; 4 –   
 ; 5 –   
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  2.1       -
 .       230   -
  50 ,     .  -

     .  
     Bi-Sn-Pb-Cd  

 ( . %): 42.0 Bi, 40.6 Pb, 10.0 Sn, 7.4 Cd.    -
         

        [1]. 
  2.2    .  -

     1,    
   . 

 

 
 

 2.2.  : 
 

1 –  ; 2 –   Al2O3; 3 –  ; 4 –    
; 5 – ; 6 –   « »;  

7 –   ; 8 – -   
 



20

       2  -
  3.      5.    

Bi-Sn-Pb-Cd   ;   10       
     4 -   8, -

   « » 6   .   
    ,     -

 (    ),      0 ° .  
 -  (E, mV)     31  -

  ± 0,001 . 
       

 ,     . 
       -

         
   . C      

  ( t/ ) –   (t),     -
  tS   t  c  ± 1 ° . 

       
         

    .    -
      .  , 

      . 
     60 ,    

 5 .        25 °    
150 °   500 °        = 5  

      ,     -
 «  (t, ° ) –  ( , )»    -

  ,     -
  ,   ,   

,     ,  .  -
      « -   

( , mV) –  ( , c)»       -
 «    ( / , . .) –   (t, °C)». 
        -

  150 ° .   2.3     .  
 72 °    ,   
  .      108 ° .  

     (  2.3 ) ,   108 °  
     ,   72 º   -

 . 
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 2.3 .     Bi-Sn-Pb-Cd  150 °  
 

        
  500 ° .  

  2.4   .   ,   
            

 2  ,       150 ° ,  -
        . -
          -

  4 °    104 ° .  
 

 
 2.3 .     Bi-Sn-Pb-Cd  150 º  
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  500 ° .  

  2.4   .   ,   
            

 2  ,       150 ° ,  -
        . -
          -

  4 °    104 ° .  
 

 
 

 2.4.     Bi-Sn-Pb-Cd  500 º  
 

  2.5       
   500 ° . ,      

      109–103 ° ,   69 °   
 . 

 




