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  .     
    ,   – 

      " -6",   
     ( . ) [3].    

   CrN.       
      = 5*10-5 .     CrN  

    Cr (   5 ).   
 CrN      99,99%    

= 2*10-3 .      U  = - 80 . 
  :     – 110 , I  = 0,7 .  

   10-20 .      
     300   900 .  

         
.  

      (  
 5 )   -    .    

          
  = 2*10-1 :      -1 ,  

  – 15 .  
       CrN 

   [4]. 
          

   Cr+N  900   300 .   
      

  [5],        
    ,       

  .     256 
 (     )  0  255.    -  

      
           (  

),      .     .1-3. 
 

 1 –       
 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
1 5,9 0 0 0 6,4 43,1 0 0 0 13,3 21 0 0 0 0,7 9,6 
2 20 0 0 0 13,6 21,9 0 0 0 9,6 18,4 0 0 0 1,8 14,7 
3 30,5 0 0 0 0 8,1 0 0 0 11 22 0 0 0 8,2 20,2 
4 6 0 0 0 2,4 41,7 0 0 0 14,5 23,4 0 0 0 0 12 
5 28,8 0 0 0 0,1 9 0 0 0 9,1 21,5 0 0 0 8,5 23 
6 32,3 0 0 0 0,7 9,1 0 0 0 6,6 19,8 0 0 0 7,9 23,6 
7 11,8 0 0 0 0,7 18,8 0 0 0 12 29,4 0 0 0 0 27,2 
8 35,9 0 0 0 0 5,7 0 0 0 6,6 19,9 0 0 0 8,1 24 

 
CrN 

 
900  

9 36,6 0 0 0 0,5 6,5 0 0 0 4,9 17,9 0 0 0 3,3 30,2 
10 28,5 0 0 0 1,1 9,2 0 0 0 6,5 22,1 0 0 0 2,5 30,2 
11 24,3 0 0 0 0,8 22 0 0 0 9,6 21,1 0 0 0 2,8 19,4 
12 34,4 0 0 0 0,8 21 0 0 0 6,9 13,7 0 0 0 8,2 15 
13 12,5 0 0 0 1 13,8 0 0 0 11,4 32,6 0 0 0 0,4 28,3 

 
CrN 

 
300  
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.  
 .1      

   CrN   .  
 

     
                   

 1 –     CrN    ( ) 
     ( ) 

 
  - -       

 . . , . . .  . . .   ,   
,       (Cr, Fe)N1- . 

,       
:  1 -   Cr,  5 –  FeN,  6 – (Fe,Cr)N,   

10 – (Me, Cr)N.   ,  ,     
    :   11 – Cr1-  N,  15 – CrN,  16 – Cr2N. 

          
( ,     CrN  900   5,9  35,9%),  

        .2.  
         1, 5, 6, 10, 11, 

15, 16. 
 

 2 –        
 

Cr Fe N  (Fe,Cr)N (Me,Cr)N* Cr2 N Cr2N  CrN   
21,4 2,99 19,68 10,34 21,93 4,40 19,29  CrN  900
27,26 0,84 14,5 7,86 21,48 3,44 24,62  CrN  300

* :    (Me,Cr)N  Fe    Mn. 
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 ,      
 .  

   ,       
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   5,33%.         
 (Fe, Cr)N  (Me, Cr)N.     2,15  5,17%    
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CrN, Cr2 N.        CrN 

  . 3. 
 

 3 –    
Cr Fe N   (Fe,Cr)N (Me,Cr)N Cr2 N  Cr2N  CrN   

1,4-15,5 
0,59-
10,61 

0,88-
23,43 0,66-4,16 0,43-7,48 2,6-4,4 0,91-9,69  CrN(900 )

1,24-
12,5 0,04 - 1,0 5,3-13,8 0,96-11,4 0,38-32,6 0,14-4,76 5,22-28,3  CrN(300 )

 
    . 3  ,    

   FeN    900 .    
      Cr1- N. 

 Cr  N        
 ,    ( . 4). 

 
 4 –          

 
   

Cr Fe N   (Fe,Cr)N (Me,Cr)N Cr2 N Cr2N  CrN  

18,24 4,50 24,76 11,50 21,26 3,84 15,90    CrN (900 )
29,35 0,80 21,50 8,25 17,40 5,50 17,20    CrN (300 )
26,67 0,47 11,20 8,40 23,03 5,33 24,93  CrN ( 900 ) 
25,87 0,87 9,83 7,60 24,20 2,07 29,57  CrN (300 ) 
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        CrN 
  ( . 5). 

         
( . . 2)    ( . . 5) ,    

    (Fe,Cr)N      
 Cr2N,      CrN   900 . 

     34,3% (300 )  44,9% (900 ) 
       Cr,   

  .      . 
 

 5 –       

Cr Fe N  (Fe,Cr)N (Me,Cr)N Cr2 N  Cr2N CrN    
  

31,0  01,9  09,5  05,9  19,3  03,0 29,4  CrN (900 )  
36,6  02,1  09,4  05,4  15,0  06,1 25,3  CrN (300 ) ( .2,  1)  
28,0  02,2  13,7  07,6  21,2  02,4 24,9  CrN (300 ) ( .2,  2) 
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    Cr   21,4 - 27,26%.   

          Fe N   
(Fe,Cr)N. ,      



ISSN 2414-3820    ,     , 2015, . 45, .

 

 101

  .       
 . 

      
 CrN      «  

 « »       11 (  300 
)  25  (900 ). 

 
  

 

1.      [ ] / . .  //   , 
 133. – , 2013. – . 136 - 142. 

2.         [ ] / . .  //  
 . – , 2015.-   158. – . 117-126. 

3. -     [ ] / . . , . . , . . , 
. .  – : «  « »», 2005. – 235 . 

4. . UA  98218  C23C 14/00;       
   [ ] / . . ;   ;  . . –  

u201410769. -  02.10.2014; . 27.04.2015. - .  8. 
5.       [ ] / . . , . . , . . 

 //   . – , 2014. –  146. – .8-24. 
 
Tamara Skoblo, Prof., DSc., Svitlana Romaniuk, post-graduate, Aleksandr Sidashenko, Prof., PhD tech. sci. 
Kharkiv Petro Vasylenko national technical university of agriculture, Kharkiv, Ukreine  
Development of complex, efficient method of hardening of cutting tools for the processing of agricultural 
products 

The purpose of the work is improving the operational stability of the thin-walled cutting tools by applying 
of  nano-coatings and the analysis of stability of structural components during its operation. 

To improve the operational stability of the disk cutting tool in the processing industries, made of cold-
rolled thin-sheet steel 65G,  the CrN coating of 300÷900nm thickness has been applied.  It was obtained by the 
vacuum - arc method at recommended processing parameters. Optical - mathematical methods have been 
proposed for the qualitative and quantitative description of the features of the formed coating structure at different 
layer thickness. Features of the phases distribution in the nanocoating has been studied  and its influence on 
operational stability of the tool has been estimated. 

The proposed method of hardening by the CrN nanocoatings provides increasing of wear and corrosion 
resistance. Industrial tests of hardened knifes has showed the increasing of operational stability of the thin-walled 
cutting tools in 11-25 times in comparison with disc knives without hardening. 
thin-walled cutting tools, hardening by nanocoatings, structure, properties 
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