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 (Fe-Mg, Fe-Ag)     TCP (  70%) 
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  ,    
    ,   
    ,      
,     . 

       : 
1.      Fe: 

–        
; 

–      Fe-Ag, Fe-Cu  
  Ni-Ag; 

–      F 2 3. 
2.        

F - g, F -Cu, Ni- g  Fe-F 2 3,     
,     . 

3.        
   F    . 

4.        
 .   ,  , 

  . 
   .   :  

1. ,       Fe  
       

,   ,     
   .     

2-4  ,        F . 
2.    F - g  F -F 2 3  

    10-15 ,  ,   
     . 

3.       
F 10 g (10 .% Ag)   70 %  75 %   

  . 
4.       

        
          

   .  
5.         
-     ,    

   . 
  .    

        
         

  .    
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   . 

  .    F - g  
F -F 2 3  ,     , 

       
       

        
    .     

      
         

         
. 

   .   F - g  
F -Cu    .  

 Fe-Ag, F -Cu  Ni-Ag    
.   F -F 2 3   

 F 2 3   H2.   F - g, F -Cu, Ni-
Ag  F -10F 2 3 c   ~70 %   

   3 .      4-6 % 
     .   

      
 F - g,        

 ( ).       2,5   
 . 

    ,  – 
     ( ),   

 ( )     ( ). 
          

.       
.      –    

  –       
    (  28 ). 

,   : 
1.        

,   ,  
, : a)      

(Fe5Ag, Fe10Ag, Fe20Ag, Fe-25Cu)      
   ; )    

 (Fe16Ag, Fe-28Cu, Fe-53Cu, Fe-72Cu, Ni23Ag)  
   - ; )    

-  Fe2O3 (Fe-10Fe2O3)      
Fe2O3,   Fe. 

2.       
       

 ,   ,   . 
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. 
3.   Fe-Ag  Fe-10Fe2O3    

   ,    
     10-15       

        .  
 Fe-Ag  Fe-10Fe2O3  ,   

 .  
4.        

 Fe5Ag  Fe10Ag       
    .  

    Fe5Ag, Fe10Ag   
300-420       70 %  75 %, 

       
  . 

     
 ,    ,   

    ,  
   ,   

      
,      

       
. 

        
     ,   

  ,    
 ,   ,    

   . 
 .      
   : International Congress "Materials 

Science and Engineering - 2016" – German Materials Society (Darmstadt, 
Germany, 2016); International onference "Physics of ancer: Interdisciplinary 
Problems and Clinical Applications" (Tomsk, 2017); European Society of 
Biomaterials Conference (Athens, Greece, 2017); International Congress "Materials 
Science and Engineering - 2018" – German Materials Society (Darmstadt, 
Germany, 2018). 

.     8    
     ,   3 , 

      .    Web of Science  
Scopus  5 . 

   .     
,  , ,  ,  206 

  3 .  185   ,   
 94   9 . 
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 ,     , 

  ,     
,     ,  

,   ,   . 
        

       
    .    

     
/     (Fe)   , 

 .      
    . 

        
  , ,  

 ,      
 ,     

   .  
 Fe-Ag, Fe-Cu     - 

  ,  /  F -10F 2 3 
(10 .% F 2 3) –      H2 

  F 2 3,   Fe-Ag, Fe-Cu, Ni-Ag 
–  .     Fe-
Ag, Fe-Cu, Ni-Ag, F -10F 2 3     
Fe-Ag         

  .       
       

        
   (  ,    

  : «cold sintering» – "  ".  
    Fe-Ag    

– . 
        

      
 ,     

  .  
      (Philips PW3710)  
  Cu K    40     40 . 

         
Shimadzu EZ-LX  Instron 1195    50 / . 

       
 37±1°      . 

   F -Ag, Fe-Fe2O3   F 5Ag  
Fe10Ag (10 .% Ag)   70 %     
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       7,4  
 37±0,5°C     7, 14  28 . 

   Fe5Ag  Fe10Ag    
    . 

       
    .  F 5 g, F 10 g, 

F 20 g, F 30 g      Fe-
Ag2O,   F -25Cu -–   Fe  
Cu2O.    ,     

   F ,  41±4    Fe-Ag  
37±4   Fe-25Cu (25 .% Cu).     

 Ag2O   Ag.   ( ) 
,  ,    

 Cu  Ag   Fe    30-60 .  
 F -10F 2 3      

   F 2 3 (~60 )   H2.  
 ( ,  )    

        
   .     

Fe2O3   H2   .   Fe  
Fe2O3       Fe2O3 

   H2.     
       300-400° ,   

      F 2 3. 
       , 

      1-2    
   .    Fe-10Fe2O3  

 (BPC )  56±5 ,    F    
   ( )   – 48±5 . 

  Fe-Ag, Fu-Cu  Ni-Ag   
     (EETW)   

Ar   2×105 .  EETW    
  .    Fe-Ag 

,      30-50    
    2 .      
     ,   

    .   , 
     ,  Fe  Cu 

 22±4 ,  Ni  Ag – 25±4   18±4 , .  
   (BPC )  40±4   Fe-Ag, 36±4  

 Fe-Cu, 50±4   Ni-Ag.
        

       
: 
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1. F 5 g, F 10 g, F 20 g  F 25Cu,   
    ; 

2. F -Cu  Ni- g,   ; 
3. F -10F 2 3,      F 2 3. 

   F 5 g     1,5   
 91,5%.    (93,5%)    F 10 g 

    (97%) –   g.     
  1,5 :   3     97%  

F 5 g, 97,5%  F 10 g  99,7%   g.   2,5  
       F 5 g  F 10 g  

  .    ,  
 Fe5Ag  2,5  3,0 ,  4,0  3,2 %, . 

   –    (  1),  
   . 

    F 5 g 
  H2  600 °C  800°   

  , - , 
    (  

2).   ,   
      

, , ,    
 g   .  

    
 F - g,    

   8 ,     
2   1 ,    1.  

 

 

 

  F -Ag      
   ,  2-4   ,   

 F 5 g  F 10 g       . 
 ,     

Fe25Cu    ,      
   –  800 ,      – 720 . 

 

                                                              
 2 –    ,   

   2,5    Fe10Ag    
 1    H2 : ( ) 550 ° , ( ) 600 ° ,  ( ) 800 °

 1 –  
  

 Fe5Ag, 
 

  
 2,5  
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 1 –   F    F - g 
 

   
 ,  

 
 , %

  
 ,  

 
, % 

Fe 
-

 

550°  840 ± 25 24 970 ± 25 97 ± 0,5 

800°  455 ± 15 >50 540 ± 20 98 ± 0,5 

Fe5Ag 550°  880 ± 20 22 1020 ± 30 96 ± 0,5 
800°  690 ± 20 36 820 ± 20 97 ± 0,5 

Fe10Ag 550°  790 ± 20 28 910 ± 25 97 ± 0,5 
800°  670 ± 20 44 715 ± 15 99 ± 0,3 

Fe20Ag 550°  720 ± 25 32 810 ± 20 98 ± 0,5 
800°  550 ± 20 >50 650 ± 20 99 ± 0,6 

 
       

 Fe2O3    F -10Fe2O3 (  3, ). 
  F -10Fe2O3     F 2 3 

 60 ,    47,4 ,    
 12,7  (    3 ).    

  3,0   96 %  . 
     F -10Fe2O3  1035 , 

  3-8      F -Fe2O3,  
-      25 .   

   F -Cu    
450    1    H2      

   .    3,0    
   (Fe-28Cu, Fe-53Cu  Fe-72Cu)     

(94%, 96%, 97,5%, )      Cu  
.       ~700 ,  

        F  
(F -28Cu). 

 
 

  

 

 3 –     F -10Fe2O3,  
    Fe2O3   3,0  

( )      F -10F 2 3  F 2 3 
 60  ( ) 
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 ,      
   F -Cu,  

      H2,   
   .      

        .  
        

      F 25Cu,   
,   ,     

  F -28Cu     
(97,5%  94% ).        

   F   Cu     . 
    Ni23Ag (  

)    F 20 g (  
) ,   F   Ni       

,       .  
,      H2  
 Ni23Ag        

  . 
       

  F -28Cu  Ni23 g,  
 ,   F -25Cu,  

  -F      
Cu2 ,       F 20 g,  

       
g2 ,        

 . 
        

     ,  
5, 10, 20  30 .% Ag.        

 Ecorr  Fe-Ag    , 
   Fe: -0,23   -0,18   Fe5Ag  Fe10Ag, , 

 -0,52   Fe.  2    Ecorr  Fe 
  , a   Fe5Ag  Fe10Ag  

  -0,62   -0,57 , ;  Fe20Ag  Fe30Ag 
, ,  -0,68   -0,43 .    

   Ag,    
   Fe    

  .      
Fe5Ag  Fe10Ag  1      (-0,71   -0,73 , 

)  ,   Fe20Ag  Fe30Ag,   
     Fe20Ag  Fe30Ag  

.      (4 )   5  10 
. % Ag       

   Fe.       
    Fe30Ag.     
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 F -Ag       
  ,      

(Icorr): Fe5Ag  Fe10Ag.    Fe5Ag  Fe10Ag, 
   550 °C   H2,   1  

 28  ,   2    ,    
  ,   H2  800 °C, 1 : 11-

12 %  3,5-4 %  (  4). 
 

 
    Fe,  

      Fe  8-  
  ,  ~1,5 %.  ,  

  Fe-Ag     
Fe.       Fe5Ag  
Fe10Ag   10       

   Fe5Ag  Fe10Ag,   
-  ,    ~25  (  2). 

     ,  
       . 

    Fe-Ag (   550 °C)  
28         
~1,5  (    20 )     

.        ~200  (   
 5 )  Ag   2-3  .    , 

   Fe-Ag    
  .  ,    

  /  Fe   Ag 
  . 

      
(   800 °C),       

     (   550 °C): 
~29-35 %      28     

  25 % –  .  ,     

 4 –  
 Fe5Ag, Fe10Ag  

 Fe,  
  2,5 , 

   H2  
550 °C, 1   800 °C, 1  
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 2 –  ,     ,  
 Fe-Ag, Fe-10Fe2O3    Fe. 

 

   
 

 
 

, 
/ 2 

 
, 

/
.

Fe 

,   H2:1 , 
550°C 41   0,025 0,14 * 
  
  

-  25 0,006 0,071 [**]
  

Fe2O3 35  - 0,80 * 

Fe5Ag 
,  

 H2, 1  
 550°C 41 0,05 1,07 *
 800°C 1,5 - 0,37 *

-  25 0,012 0,09 [**]

Fe10Ag 
,  

 H2, 1  
 550°C 41 0,05 0,99 *
 800°C 1,5 - 0,29 *

-  25 0,015 0,085 [**]
Fe-
10Fe2O3 

  
 Fe2O3 40  - 1,53 * 

-  25 0,0004 0,005 [***]
* P ,    ; “-“   ; 
** Huang T.,ChengY., Zheng Y.F. Colloids Surfaces B Biointerfaces.– 2016.– P.142. 
*** Cheng J.,. Huang T., Zheng Y.F. J. of Biomedical Materials Res.– Part A.– 2014.–  
V. 102. – P.P. 2277–2287. 

 

 
~    ,    

 .    Fe-10Fe2O3  28 
  (13,3%)   24,5%,    1,8  
,     Fe,    

.    Fe,  
       

 Fe2O3,  8,5       
,     (1,5%).   ,  
       , 

     
Fe2O3. 

       , 
,      

/    F 5 g  F 10 g   
   . 

       Fe-
10Fe2O3     ,     

   Fe-10Fe2O3      
  .    Fe-10Fe2O3   

.     , : 
,      300-420 , 

        
,     420-600 . , 
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  ,    550 °C   H2  
,         

   ,     
  .      

  F 5 g  F 10 g,     
300-420 ,   550°C   H2   

. 
    ( )    5. 

 
   

 5 –   (  )   Fe5Ag, 
   2,5      

  300-420 ,  : ) 60%; ) 65%, ) 70%  ) 75% 

        
       

          
.    ,   

. 
/        

  , ,     ,  
    .     

        
  .     

        
.        

     /   
    .   

      3%.  
     Fe-Ag   70  75%  

     .   
       Fe5Ag, Fe10Ag, 

  ,      Fe,  
 ,    3. 

       
  ,   .   

      , 
  .        - 

  .     
    Fe10Ag     
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 3 –         
  Fe-Ag   Fe 

 

   
 

 
 

,
% 

   
, ,  . 

 
 

 (28 ), %
 

 
 28 . 

 
Fe5Ag * 

  40  70% 15,0 3,8  71,7%
Fe10Ag 70% 13,0 7,2  40,2%
Fe 3D- ** 40 73% 23,7 22,4  3,1%

Fe 
3D- , 

 
***

- 86,9% 4  - - 

Fe   
**** 

500 62% 13,2 - -
82% 1,7 - -

Fe Alantum Corp, 
***** - 88% 0,28  - 22,5% 

* P ,    ; "-"    
**Li Y.  . Acta Biomaterialia.– 2018 – V.77.– P.P.380–393;  
***Sharma P, Pandey P.M. Materials and Design.– 2018.– V.160.– P.P.442–454;  
**** apek J.  . Materials and Design. – 2015.– V.83.– P.P.468–482;  
*****Yusop A. H. M. . Scientific Reports. – 2015.– V. 5.– P.P.1–17. 

 
 Fe5Ag, ,  ,       

       .   
Fe5Ag   Fe10Ag   70%  75%   ,  
1,0·10-10 2  ,       

  ,      (  6). 
 

 

 
 

 

 6 –   
    

  Fe5Ag  Fe10Ag, 
   

    
2,5    

   300-420 . 
 –  . 
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     Fe5Ag  28   
  ~1,8  ,      Fe10Ag, – 71,7% 

 40,2%,        
 Fe-Ag.      ,  

~140 ,   70%,   Fe5Ag  Fe10Ag  
   ~1,5  ~2,5  . 

      Fe5Ag  Fe10Ag  
 70%        

 ,       
 70%  Fe10Ag       

 Fe5Ag.          Fe 
73% ,   3D-  (23,7 ),  

    Fe-Ag   70%, ,   
        

.  /   Fe 73% , 
  3D- ,  200 ,    

140      70%,    . 
,       

F 5 g  F 10 g   ,   , 
 ,      Fe   

.     , 
   ,    
  F - g    . 

      . 
1.       F - g, F -

Cu,    F -Cu, Ni- g    
   F 2 3    

 F - g, F -Cu, Ni-Ag  F -F 2 3.   
        

     ,   
,       . 

2.        
      ;   

  550 °    H2   
     . 

3.    g   F - g  
 F 2 3   F -F 2 3    

  , ,  ,   
         Fe 

  Fe-Ag       . 
4.     F 5 g  F 10 g     

       
    .   Fe5Ag  Fe10Ag 

  70%    1,0·10-10 2  , 



18 
 

         
. 

5.     (  4-5%) -
,        

 ,      
      . 

6.       
       

         
     . 

     
   ,    : 

1. . . , . . , . , . . . (2019),  
   -  Fe-Ag  Fe-Cu  

       
  // . . . 22. -  1. - . 36-43. 

2. . . , . . , . , . . , . . , . . 
. (2019),    Fe–Ag  Fe–Cu 

    . //  .  
 1, 67-74. 

3. . . , . . , . . , . . , . . , 
. . , . . , . . , . , . . . (2018), 

    Ni-Ag,  
  . //      6, 

60-68. 
  ,     Scopus  Web of Science: 
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