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   ,        -
  ( )    

.  '   ,      -
       Ti-Cr-Fe-Ni, 

        -  
    TiCrFeNiC. 

 
,     

        
 Cr, Fe, Ni, Cu, Ti   ( )   .  

. 1       . 
     ,    

,   13,38  /  • ,       
 .      TiCrFeNiCu 

 TiCrFeNiC    ( )  
.         

      1:8.     
  1000 / .,   – 60 .   -

       -
    .       

  0,5 %.    TiCrFeNiCu    
.  

 

 1 
       

 

  
 Cr Fe Ti Ni C Cu 

. % 20 20 20 20 20 – TiCrFeNiC . % 22,96 24,67 21,15 25,92 5,30 – 

. % 20 20 20 20 – 20 TiCrFeNiCu . % 18,70 20,09 17,23 21,12 – 22,86 

. % 16,67 16,67 16,67 16,67 16,67 16,67 TiCrFeNiCu  . % 17,93 19,26 16,52 20,24 4,14 21,91 
 

         
 .         

700      40    20 , 
        

   1732.     -
       1100 ° .   

     30–36 %,   -
       2 ÷ 3 %.    

          
 1200, 1250  1300 ° . 
       

 ,         
. .  [6-8].      

 “CERAMTEST”.       -
  5 5 8        

  .     -
       -
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   ISO 14577-1:2002    -

      65°      = 150  
    15 .    -

 –    «   –  h»  
   .  -

      . .    
         [6, 7]: 

p p e
A

t p e t

A A A1
A A A A

,    (1) 

    –        -
 

   s       
  [8-10],     . : 

HM = C  s,     (2) 
 C –  ,  ’     

.  [10]        2,01–2,39 
( . 2).   (2)   s . 
 

     
      .  

  TiCrFeNiCu ( . 1 )    , 
    .      

 ,   - .   ,  ,  
      in situ.  ,  

 TiCrFeNiCu   TiCrFeNiC      
         TiC  Cr3C2 

( . 1 , ).   
  -

   TiCrFeNiC   
    

,   
   -

  (111)  -
   .  

   
   -

 0,01,   
0,2,     -

   .  -
  -

    
( . 2).  

    -
   , 

   -
   

( . 3).   -
  (1200 ° )  

 
 

. 1.   
  TiCrFeNiCu ( ), TiCrFeNiCu  ( ) 

 TiCrFeNiC ( ) 
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,   Cu  ~ 2       Cu.   
TiCrFeNiC ( . 2 , , )     0,7%, 
     1300 °      1,64% 

( . 2 ).   ,      (1290 ° ) 
          2–3 
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  .  

 

 
  

 
  

 
  

. 2.  « - »     
TiCrFeNiCu ( ), TiCrFeNiCuC ( )  TiCrFeNiC  ( )  

   1200 °  ( ), 1250 °  ( ), 1300 °  ( ) 
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. 3.      TiCrFeNiCu  
(  1200 ° ) ( , ); TiCrFeNiCuC (  1200 ° ) ( , ); TiCrFeNiC (  ) ( , ); 

 1200 °  ( , );  1250 °  ( , );  1300 °  ( , ) 
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 2 
   ,  

    
 

 ,  0,2,  ,  ., % 
TiCrFeNiCu  1200 1081 1357 1606 1,34 
TiCrFeNiCuC 
(  )  1200 477 910 1443 1,36 

TiCrFeNiC   1381 1978 2243 0,41 
TiCrFeNiC  1200 1081 1567 1971 0,65 
TiCrFeNiC  1250 1055 1507 1663 0,39 
TiCrFeNiC  1300 890 1266 1551 1,64 
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- »      (   

) – h (   ) ( . 4). 
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   .  ,    -
   Ti-Cr-Fe-Ni-Cu    
   60 .    TiCrFeNiCu 

(  )     TiCrFeNiCu  (  ) ( . 3). 
 ’   ,    TiCrFeNiCu     

        
,    TiCrFeNiCu  –   in situ.    
        . 

 

 3 
   ,  

    
 

  
 

HM, 
 

HV, 
 s, ,   

 
(  

) 
TiCrFeNiCu 
(  ) 

 1050 
 1200 5,78 5,35 2,42 177,2 0,88 2,39 

TiCrFeNiCuC 
(  ) 

 1100 
 1200 5,90 5,46 2,89 187,8 0,82 2,04 

 1100 
  13,67 12,65 6,80 317,2 0,81 2,01 

 1100 
 1200 9,90 9,17 4,45 271,8 0,85 2,22 

 1100 
 1250 9,84 9,11 4,43 254,3 0,85 2,22 

TiCrFeNiC 
(  ) 

 1100 
 1300 7,89 7,31 3,44 220,1 0,87 2,29 
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  6 ,       . 
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 ’      –    

        in situ.   
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       3 -
   – TiCrFeNiCu, TiCrFeNiCu   TiCrFeNiC,  

     .  
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    ,  60    
   TiCrFeNiCu  (  ).  ’   ,  

  TiCrFeNiCu        
     ,    TiCrFeNiCu  – 

  in situ.         
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      TiCrFeNiC 
(  ).      -

,       .  -
      . 
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   5-   6-    
,       .  

       .   
    TiCrFeNiC (  ).    

  ,     in situ. 
        

. 
 :   ,  

,  , ,  . 
 
Mechanical tests of 5 and 6 component high-entropy alloys, first obtained by hot forging, 

have been performed. The test results showed the high hardness and strength of the alloys 
obtained. TiCrFeNiC alloy (without annealing) has the highest mechanical properties. Its high 
strength is explained by the solid-state hardening and carbide formation in situ. Fractographic 
studies have shown mainly quasi-brittle fracture of alloy samples. 

Key words: multicomponent high-entropy alloy, mechanical testing, hot forging, strength, 
fracture fractography 
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