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1   

 

           

,          .      

   -    ,   ,    –  

   ,   .  -  

            

    .      

     .  

        

  -    ,       

-      [54,55].  60-      

           -  

     [55,56]. 

   -     .  

          

 [97].   e       , 

            

  .    1,1 V      

     (Ag+  Co2+),     

         .  

          -   

   20-  .     [97], .   

     .   -  ,   

 „       ”,     

 ,     30-    20-  .  

 1968 .        ,     

     ,        

   - [101].    -  

     - .  



 2

       (  30 )    

          .  

           

(   )  1995 .,  -       

,             

    ( ). 

,            

            

- , : 

    ,     

        [101,106]; 

       ,    

 ,   [101]; 

   (     ) ,    

           

     [101,102]. 

 

 

2    

          

     , ,    

      - . 

          : 

1.          -

. 

2.         

    ,   . 

3.            

 -  . 

4.         - . 

 



 3

3   
   -      

 5: 

 5.   -   
, g dm-3  

 1  2  3  4  5  6 
Ag  KAg(CN)2     1     2     1     1     1     1 
Co  CoSO4.7H2O     5   15     5     5     5     5 
K4P2O7 100 300 100 100 100 100 
(NH4)2C2O4.H2O     -     -     2     4     6     2 
2-Butyne-1,4-diol     -     -     -     -     -     0,3 
pH     9,2     9,2     8,9     8,8     8,7     8,9 

  -      -

      6: 

 6.   -   
 , g dm-3 

Ag  AgMS   1-3 
Co  CoSO4.7H2O 10 
Na2S2O3    8-24 
KNaC4H4O6 40 
PEG3000   1 
pH   4,5 

         

    . 

       ,   

       .   

       100 m3      

50     .     1 cm2  0,071 cm2 

(      ,     500 rpm) 

       .     

  .  e -  (Ag|AgCl)  

,        g|AgCl = 0,197 V.  

      -

:  263   Princeton Applied Research     

 SoftCorr II,   GAMRY Reference 600  Gamry Instruments,   

PHE 200,  5.5.    ,     

  25 mV s-1. 
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    ,   -    

-  263  (PAR),      (  99,9%, 

)      . 

        -  

  e      g-Co   

 -   (   PHREEQCI v.2.14). 

        1200-400 cm-1  

 Nicolet-320 FTIR         

   KBr. 

  -       

Bruker Advance II+ 600 NMR  293 K (UltrashieldTM magnet D 262/54, 14.09 T; Software - 

Topspin 2.1, NMR Guide). 

        100  400 m3   

  50 °C     .  

     . 

        ,  

          (EDX 

 XRF).  

         

 (SEM). 

           

 (SEM)      . 

,        

   Jet–lab. 

    in situ     

   .  

  (R )      Resistomat 

2323 (Burster)     2 N.  

     -  (F)   Zwick/Roell Z 2,5  

   11 mm.  



 5

    (Hv)     Polyvar,  

 0,005 kp,  5           

     . 

      , (Ra),    

   Perthometer (Perthen). 

        Bosch-Weinmann, 

        . 

     ,  

   -   (~1 μm, 20 .% )  

    .      FeCl3   

      .     “Lock-in” 

 SR510   Stanford Research Systems,   49 kHz     

1 μA,  4-  .     0,44 ,     

,        NdFeB. 

 

 

4   

4.1    

     , -  

     -     -    

 ,        (  

 ).       : 

  - ; 

  /  - ; 

    (   ) - ; 

    ,       

; 

      ,   . 

    -  ,  

 ,      -  
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.        –      

     .  

 

 

4.2    Ag-Co  -   

4.2.1           

 

       

 1 
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. 3.  -
    
 : 

. 1 g dm-3 Ag  KAg(CN)2 – 
 ; 

b. 1 g dm-3 Ag  KAg(CN)2  100 
g dm-3 K4P2O7 –  . 

 ,      ,    

     .       

         [2,4].  

        ( . 3,  )  

     –660 mV,     160 mV 

    KAg(CN)2 ( . 3,  ).     , 

   1 g dm-3     KAg(CN)2  100 g dm-3  

,        (K[Ag(CN)2] 1- = 8x10-22 

[122,131])   / ,      

.     ,     

         .    
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  ,           +100 mV  

+500 mV.  

 

-1000 -500 0 500 1000
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m
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 c

m
-2

 

. 4.  -
    
 : 

. 5 g dm-3 Co  CoSO4.7H2O – 
 ;  

b. 5 g dm-3 Co  CoSO4.7H2O  
100 g dm-3 K4P2O7 –   

  ,         

,   ,    180 mV   

 (  )        ( . 4,  

).       500 mV   ,  

     ,        

.    -     ,   

    -        , 

      .     

            

 .  

   -     ,  

  .  [97], . . -   – ,   

. 
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m
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 c
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. 5.  -
    
 : 

. 100 g dm-3 K4P2O7 –  ; 
 
 b. 1 g dm-3 Ag  KAg(CN)2, 5 g 
dm-3 Co  CoSO4.7H2O  100 g 
dm-3 K4P2O7 (  1) – 

  

      ( . 5,  )   -

 ,    ,  .   

   –950 mV, . .         

.            ,   

          .  

             

 (   . 3,  ).  

         

     .      (0,2 A dm-2), 

  11-16 .%  ( . 6 ).     ,   

. ,   0,4 A dm-2,        

( ) ( . 6b  6c). 

 b c  
. 6. EM    ,  : 

 . 0,2 A dm-2; b. 0,4 A dm-2 –  ; c. 0,4 A dm-2 –   
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     50°C 

 1 

 

-1000 -500 0 500 1000
E/mV
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0
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4

J/
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cm

-2

 

. 7.  -
    
   

1 g dm-3 Ag  KAg(CN)2  100 g 
dm-3 K4P2O7 : 

.   –  
;  

b. 50°C –   

  ,        

 ,      (  60 mV ),   

    –   .      

        .  

 

-1000 -500 0 500 1000
E/mV

-2

0

2

4

J/
m

A 
cm

-2

 

. 8.  -
    
  

 1 g dm-3 Ag  KAg(CN)2  
100 g dm-3 K4P2O7,  

     
    

   

          ,   

          

 . ,        8.  

       ,     



 10

-      .         

       ,    – 

  . 

         , 

            

        (ALSV),  

    ,       

     [137]. 

 

0 200 400 600 800 1000
E/mV

0

4

8

12

J/
m

A 
cm

-2

1

2

3

 

. 9.    
    
 : 

 
1 – 100 g dm–3 K4P2O7 –  

;  
 
2 – 1,207 g dm–3 KCN  100 g dm–3 
K4P2O7 –  ;  
 
3 – 1 g dm-3 Ag  KAg(CN)2   
100 g dm-3K4P2O7 –   

,    8  9   ,    

,     ,          

  .       -    

   .  -     (    

    -  ),  ,    

,        ,    

   -      ( . 8).  

            

        . 

          

    ,       

      -   ( ).  
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b  

. 10. -  (    )    : 

a. 0,1 mol dm–3 KAg(CN)2; 

b. 0,05 mol dm–3 KAg(CN)2  1,65 mol dm–3 K4P2O7 

  -      -    

 ,   .  10a       

 -    .      562 ppm.  , 

 -     ,     

    (    -  )   20 ppm –  

583 ppm ( . 10b). 

       20 ppm      

      [139].    
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 ,     .  

    ,     

     -  . 
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. 14.  -
    
  5 g dm-3 Co  

CoSO4.7H2O  100 g dm-3 K4P2O7 
: 

 
.   –  

;  
 
b. 50°C –   

  14      , 

     ,       

(50ºC).     ,      

(  ).       –     

    (–923 mV  –1107 mV),     . 

       –400 mV.  

         ,  

    ,         

    ,        

,     ,     .  

          

-         . 

 ,     ,  ,  

        

      ,      

  .  
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. 15.  -
    
  

 5 g dm-3 Co  CoSO4.7H2O 
 100 g dm-3 K4P2O7  50°C: 

 
.  , „ ” - 

  (   .14); 
b.   –  ,  

   
  pH 10,2; 

c.   –  
 

      ,      

  -   .     2 g dm-3 KOH,  

  -       10,2.      

      .       ( . 15b, 

 )       ,     

          

   -    -  .  

      ,     , 

          

   ( . 15c,  ).     ,  

   ,    -       

  (    ).  

    ,     

     -  . 

         

   ,     . 

    , -    , -

  ,        ,  -

    .  
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E/mV

-15

-10

-5

0

5

10

J/
m

A 
cm

-2

 
 
 
 
 

. 17.  
   

  :  
. 1 g dm-3 Ag  KAg(CN)2, 5 g 

dm-3 Co  CoSO4.7H2O  100 g 
dm-3 K4P2O7 (  1)  

  – 
 ; 

b. 1 g dm-3 Ag  KAg(CN)2, 3 g 
dm-3 Co  CoSO4.7H2O  100 g 
dm-3 K4P2O7 (  1  

   ) 
 50°C –  ; 

c. 1 g dm-3 Ag  KAg(CN)2, 5 g 
dm-3 Co  CoSO4.7H2O  100 g 
dm-3 K4P2O7 (  1)  
50°C –   

           

   ,    ,    

   ,      . 

   ,         

            -

   .       

      -     50ºC.  

           

      - .  

        –1160 mV (  3 g dm-3 ),  

–1150 mV (  5 g dm-3 ), . .  ,      

  (   . 14). 

 

a b  

. 20.  
   

,  
 0,25  dm-2:  

 
. ;  

 
b.  . 
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a b  

. 22.  
   

,   
0,4  dm-2:  
 
. ;  

 
b.  . 

-    -    50ºC, 

  0,1 A dm–2,        (  2 .% 

).        0,5 A dm–2,      

       - ,  .  

  20-22       

        ,    

  .    ,    

  ,          

  . 

    ,   -   -  

,  .    25 .%       

 .      70-80%. 

     ,   - ,   – -

   .  

     (   0,6 A dm–2),   ,  

,   -     (  20 .%)   -  

.          

       (      

  ,   EDX     ). 

    -   ( )   

         2-3 m ,     

   -     ( . 20b).    

  ,        -

    ,        

           -
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    ( . 22b)      100–150 

nm.  

     , -     

  (t),  t    .    

      ,     

.           

 .          

         .  

 

b c  
. 24.       (X-ray 

)           
 -   60 .% Co: 

.   ; b.   ;  
c.    ,      

 ( ). 

     ,  

         (X-ray 

), ,     ,    

     ,     

 ( . 24).     , X-ray , 

      ( . 25 ).     ,  

   .         

 .   ,     ,  

 -   -      ,     

  .  
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a b  
. 25.            

  - : 
.     X-ray  ( -Ag; -Co); 

b.     – Spectrum 1 – 10 . % Ag, 90 . % Co;  
Spectrum 2 – 77 . % Ag, 23 . % Co; Spectrum 3 – 67 . % Ag, 33 . % Co; 

      ,     

           

 ,       

     -  . 

       ,   , 

  .       ( -

) ,        .    

,        ,  

       . 

         

       , 

     ( ). 

-1000 -500 0 500 1000
E/mV

-20

0

20

40

J/
m

A
 c

m
-2

 

. 27.  -
   ,  

 500 rpm, 50°C,  
   : 

. 1 g dm-3 Ag  KAg(CN)2  100 
g dm-3 K4P2O7 –  ;  

b. 5 g dm-3 Co  CoSO4.7H2O  
100 g dm-3 K4P2O7 –  

; 
c. 1 g dm-3 Ag  KAg(CN)2, 5 g 
dm-3 Co  CoSO4.7H2O  100 g 
dm-3 K4P2O7 (  1) – 

 . 
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  .       

 ,       ,  

         

       ,       

  ,  .          

            ,  

100  700 mV,      300 mV     ,  

,    .        

,      ,    

 ,             

     . 

     ,   

            , 

         .  

 

. 28.      
 ,   0,3  dm-2,  

  150     
   210 . 

      ,   

,      -     - , 

  .        

          , 

   ,        .  

 

   –  2 

     ,   

  ,        

       .  
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  -           

  ,    -    .  
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. 29.  -
    
 :  

. 2 g dm-3 Ag  KAg(CN)2  
300 g dm-3 K4P2O7 –  ; 
b. 15 g dm-3 Co  CoSO4.7H2O 
 300 g dm-3 K4P2O7 –  ; 

c. 2 g dm-3 Ag  KAg(CN)2, 15 
g dm-3 Co  CoSO4.7H2O  300 
g dm-3 K4P2O7 (  2) – 

 . 

 . 29         . 

          

      1.       

      1   .  

      ,   -   

.  

  31   ,     2.  

 
      0,2      0,5      0,75     1,0     1,5       2,0    2,5     3,0     4 A dm-2 

. 31.        ,  
    . 

     (0,25-0,75 A dm-2)       

,           

     .  -     (1-10 A 

dm-2)   ,  .     72-77 

. %      4 A dm-2. 

         

     .    . 
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    –  3, 4  5 

  1    2, 4  6 g dm-3   

(  3, 4, 5).          

        ,    

   . 

            

,      .      

,       ,    

    .        

          ,  

        .    

           ,   

          -

 (      DAX       

  –       1 ).  

          . 

         ,  

   .    ,      -

      – . .      .  

             

  .         

       ,      

           

1.          

       (     pH  -

  12).     ,      

[132]     - . 

  35    ,    1  3. 

            (Inset a). 

     -950 mV (Inset b).   
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            -350   

0 mV,     .       

  .       (  )   

 1  3.          

        ,    

      . 

-1500 -1000 -500 0 500 1000
E/mV

-400

-300

-200

-100

0

100

J/
m

A
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m
-2

electrolyte 1

electrolyte 3

-1200 -1100 -1000 -900 -800

-40

-20

0

-500 -400 -300 -200 -100
-2

-1

0a b

 
. 35.       :  

1 g dm-3 Ag  KAg(CN)2, 5 g dm-3 Co  CoSO4.7H2O  100 g dm-3 K4P2O7  
(  1) –  ;  

1 g dm-3 Ag  KAg(CN)2, 5 g dm-3 Co  CoSO4.7H2O, 100 g dm-3 K4P2O7  2 g dm-3 
  (  3) –  ; 

Inset: a.    (    ); 
 b.        

      3  5,   2 g dm-3   

4 g dm-3  ,     36.     

            -

   .        

  (  3, 4, 5, 6)      

   1.   - ,   , -    

-      -    

   ,           

     pH   .  
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   b  
. 36.         8 .% Co, 

  : . 0,2  dm-2   3 (  2 g dm-3  ); 
b. 0,6  dm-2   5 (  6 g dm-3  ). 

            

.            -  

   ( . 36b).      .  

-        3,    

     ( . 37).    -  

  ,     ,   -  

      . 

     

. 37.      

,   . 36 . 

 

4.2.2    
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80
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o/w
t %

 

. 38.     
    

   :  
 1 ( ),  2 ( ), 
 3 ( ),  4 ( ), 
 5 ( ),  6 ( ). 
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     38. -        

 70 .%.         1  

   65 .%  0,1  0,5 A dm-2. ,    

   0,25 A dm-2   ,   .    

, -   0,5 A dm-2,         

   .  

       2,    

              

    (    1),   -    

. 

       1 (  3, 

4, 5, 6)   -     .     

    ,       

        ,    

. 

            

 39.            

  ,    1  3.    -0,98  -1,08 V 

             

 2  60 .%. 

 

0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2
-E/V

0

10

20

30

40

50

60

70

80

C
C

o/w
t %

 

. 39.    
  

    
:  
 1 ( ),  
 3 ( ). 
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    ,       

  -    ,    3.  

          ,   

 1.  3,  2 g dm-3  ,  -

           -   

 . 

 
4.2.3.      

   

0 1 20.5 1.5 2.5
J/A dm-2

0

0.1

0.2

0.3

0.05

0.15

0.25

V/
μm

 m
in

-1

 

. 40.     
     

 -  : 
 1 ( ),  2 ( ), 

 3 ( ),  4 ( ), 
 5 ( ),  6 ( ). 

             

,        2.    

0,01  0,30 μm min-1,     2  -       

(  1 A dm-2)     ,      

    -   1,5 A dm-2   .  

  2 g dm-3   (  3)    

       ,      -

 ,           

 1 . -        

(  4  5)           

       3.       

 6        3,  ,   

       . 
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  41,   b,        

 ,    1       (  5  

 5b).    ,    -    

,              

 .         – -  

(   – hcp)  -  (   – fcc). 

    , -     

        [144,145]   

        .    

-  ,    1  3,     

41, c  d.            

    ,       

  .  ,         

  . ,        

  (  68 . %),       .  

  ,        ,   

          ( )  

  ( )  „ ”/   -   

/    (  -    ) [104]. 
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. 41. a.         

1; b.         1;  
c.    -  ,    

 ,    1. d.    -
 ,     ,    3. 

 

    

       -  

        ( . 42 ). 

   -   ( . 42b)    

  , . .    (    1 .% 

Co; -1,2 N mm-2),        (    60 .% 

Co; 13,6 N mm-2).          

         ,    

     . 

 

a
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. 42.      
   : 

 
a.    ; 
  
b.  1;  
 
c.  3. 
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b
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 c 
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    (       

  )          

 43.          

           

.      1,    
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     3     . -  

        3    
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. 43.    
    

 (R )  -
    

1 ( )   3 ( ),  
      

   ( ) 
 3. 
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     -  

          

  ,          .  
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. 44.     
     

  -   -
    3. 

 

   

  ,   (H )  -  

   7 .%     -       

   ,    . -    56 

.%    3108 N mm-2 ( . 45). -    

,      56 .% ,   

       [57]. 
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. 45.     
   (H )  

-    
 3. 
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  ( . 46)    0,5  1 μm.  

   , .      , 

     ,     

.    ,     

  0,2 μm.  
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. 46.     
   (R )  

-    
 3. 
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. 47.     
    

-    
 3. 
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  ,        

         .  

       4 %.    -

        .  

 
 

. 48.          
. 

 

4.2.4.   

  (Jet-plating)       

 .        

         . 

           (  



 31

     )  1  3 μm min-1     

   1  3.   12 a  b     

       1  3,     

      (200  600 dm3 h-1). 
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. 49.            
   1 ( )   3 ( ),   : 

a. 200 dm3 h-1; b. 600 dm3 h-1. 
  o        

.            

        .    

   3          

          -    

 .  

 51      –  .  

        ,    

3   :     (a)    (b). 

         , 

     ,    ,  

      . 
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a  b  
. 51. EM      20 . %    3, 

 :  
a    ; b     

 

 

 

4.3      Ag-Co    – o   

 Ag-Co  -   

  4.1 (   )    , 
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