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1        

    

 

1.1    

 

        29, 

  –  – ,  ,  = 0,36153 , -

   0,2556 ,   0,128 ,  

     1.1 [1]. 

 

 1.1 –     

   T , °C 1084 

  T , °C 2560 

 γ, / ³ 8890 

     , /( · ) 385 

    ·106 , -1 16,8 

   , ·  0,01724 

 λ, /( · ) 390 

   , /  58 

 

    ( )  

    (  1.1).    

     ,   -

  .        

     , ,   

 [1].  ,      -

   ,      

 ,    ,   -
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 ,        
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      ,  -

  1,58  ,   ,    -

        1,58   -

,  .     ,  ,  

      ,  

       . 

      ,   

         

.     IACS  100 %  

     ,   

    . ,  

  63 % IACS,    17 % 

IACS.     ,   -

        

  .      
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,    1.3.   -

      – 200 ℃.  -

 19     5200 /( ∙ ),   13  

,       .  

       

 [1].   1.3    

   . 

 

 

 1.3 –      

 

 

        

    30 %. 

 

1.2    

 

         -

 (  1.2)    –   .  

  (  90 %  )  -

, ,   ,     
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 .     -

,   [2]. 

 

 1.2 –    

 

 

-

 

-

 

    σ ,  340–450 220–245 

    δ, % 4–6 45–55 

 ,   , % 40–60 65–80 

   ,  90–110 35–55 

 

       -

     ,    20 ° . 

     .   

        

   [2]. 

 

1.3    
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 ,  , , , 
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  . 

     (    -
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 ,    , 

     ,  -
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,      -

    . 

    Cu – 1 % Cd [6, 7]  ,  

 ,       

.       

     ,  ё  

     .   

         Cu 

– 5 % Cd [8],         

      ,   

   Cu – 10 % Cd [8],    

  ,     . 

       

 ,    ,    

   [9]. 
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C   ,   ,   

     ,  

         

       Cu–TiC   

 .      

 (σ  = 425 ),  (145 ),  (85 

%    ),    -

 . 

     85 %  

  .      

 1,1 . %     370   

  24 %.      

         

1      850 °C,     

   20 %.     

  2,1 . %     

      -

. 

  ,      

       

 Cu–Cr3C2   (  4,4 )  [17]. 

      : 

-   ,  ; 

-     ; 

-       

; 

-       : 

-    . 
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 . 

     

       

  ,      [18, 19]. 
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(Cr3C2)     400 °C  649 / 2,    
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,   60 %  . 
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        -

 .    A.B. [11]  -

        

     1 120 °C,   -

   «   "  

,       

      : 

 

2Pr + 3Cu2O = Pr2O3 + 6Cu (∆G° = – 1 176 408 / );                       (1) 

2Ce + 3Cu2O = Ce2O3 + 6Cu (∆G° = – 1 168 336 / );                     (2) 

2Nd +3Cu2O = Nd2O3 + 6Cu (∆G° = – 1 181 716 / );                     (3) 

3Ce + 4Cu2S = Ce3S4 + 8Cu (∆G° = – 1 002 350 / );                      (4) 

2La + 3Cu2S = La2S2 + 6Cu (∆G° = – 754 332 / );                          (5) 

2Nd + 3Cu2S = Nd2S3 + 6Cu (∆G° = – 669 651 / ),                        (6) 

 

 ∆G –  , / . 
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2  ,    я 
 

 

2.1   

 

     ,   

 ,       

 ( )       -

 ,      .  

       1. 

  2.1–2.4     

. 

 

 2.1 –     1 

Fe Ni S As Pb Zn 
 0,05  0,02  0,04  0,02  0,05  0,04 
O Sb Bi Sn  
 0,05  0,002  0,001  0,002 Cu+Ag min 99,9 

 

 2,2 –    50 3 

   , % 
Ce La Nd Pr Fe 

50 3 40,0–60,0 25,0–45,0  3,0  10,0  3,0 
 

 2.3 –   .   99,0 

Cr Si Al Fe C P S O N 
    

99,0 0,15 0,1 0,3 0,05 0,01 0,01 0,2 0,1 
 

 2.4 –     1 

Cu Cd  
98,5–99,1 0,9–1,2  0,3 
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 2.3 –   
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     -

  AXIO Observer 40 MAT   100  500 , 

         -

 Axio Vision 40 MAT      -

  .   2.4   AXIO 

Observer 40 MAT. 

 

 

 2.3 –  AXIO Observer 40 MAT 

 

        

 EMCQ-TEST M4 G3.   2.5   

 EMCQ-TEST M4 G3. 
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 2.5 –   EMCQ-TEST M4 G3 

 

      9012-59 « .  

   »   23677-79 «   -

.   »  -  -

 2,5 ;   187,5 ,   

 – 3. 

 

2.3  я я 

 

     .    

     ,  -

  1250–1260 °      -

.           

          

    10      

   .  ,   1200 ° , 
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200     -    -

 .   2.6   . 

 

 

 2.6 –   

 

    20    200  -

   -     

.   2.7   . 

 

 

 2.7 –   
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3     я 

 

3.1     1 

 

      

,     

.      -

 ,  , , -

 ,    .   

3.1      1. 

 

 3.1 –     1 

 σ ,  σ02,  δ, % , % ,  

  160 35 25 – 40 

 

(  90 %) 
450 400 3 35 125 

  220 75 50 75 55 

 

       -

,        

     ,    

       -

,      ё   -

. 

     ,   

    ,   

   (  ),     

     . 
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3.2     -  

 

 
        

      ,   

          

    CrB2,     

     60–75  

  0,06–0,07 . %,       

       0,5–1,0 . %. 

       -

 .     

 AXIO Observer 40 MAT.   3.1   

     . 

 

                                                                               CrB2                Cu 

  

   

 3.1 –  , Cu/0,5% CrB2 

 – , ×2;  – , ×100 

 

 ( , ) ,    3.1, -

,           -

  ,      . 



34 

 

          

.    ,    -

  .       

         

.       -

         

  ,       

. 

       -

 ,    . 

  3.2       

    -  . 

 

 3.2 –         

 -   

 
  

  
 HV, / 2 

 
 
 

Cu–0,3 CrB2 70,1 69,6 69,3 63,4 68,8 77,9 68,5 69,6 

Cu–0,5 CrB2 69,4 72,8 71,8 72,8 69,6 71,5 73,8 71,6 

Cu–1,0 CrB2 74,2 71,5 72,2 67,3 67,3 66,6 90,0 72,7 

 

    7      

  200 .     HV   -

,   –  .    

     69,6–72,7 HV,   1,9  

      .  

     . -



35 

 

    ,      

   . 

        

    . -

        -

     ,    

 -   . 

        

    ( )  

     ,      -

   ,      

      0,1 %   

1 .       -

   -      -

  [13, 14].      

       

        1.  

       . , 

      1320 °      

         

  ,       

     ,  -

   ( . 3.3). 

      

      

. ,       -

      0,1 . %     

       

   .     
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(  )       

.   3,2–3,3    -

-  . 

 

 

 3.2 –   -  , 

  (0,1 %)    (0,1 %) 

 

 

 

 

 

 

 

 

 

 3.3 –   -  . 

 

 

 

 

 

CrB
2
 

α- .  
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 3.4 – -    

 

№  
 

HV,  
, 

σ ,  

 
 

, 
 

 
-

 
·10-8 ·  

 20 
°  

 
350 °  

1   1 50 160 0,5 1,7 4,5 
2 Cu–0,5% CrB2 60 182 0,55 2,10 6,3 
3 Cu–1,0% CrB2 70 210 0,68 2,20 8,5 

4 
 1 + 0,1% 

 + 0,1% Cd 
55 170 0,35 1,75 4,63 

5 
 1 + 0,5% 

CrB2 + 0,1%  
+ 0,1% Cd 

72 178 0,15 2,15 6,5 

6 

 1 + 0,5% 
CrB2 + 0,1%  
+ 0,1% Cd 
(  

 60 %) 

221 501 – – – 

 

     -

          

   .  
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,     -

          

    . 

,       

 0,1  %      -

    0,15–0,35 ,       

      Cu6Ce,  

    CrB2,     

 .        

     40–49 %,       

  .     

    221 HV,    501 . 
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