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ANNOTATION 
Kobynets N.T. Methodological support for studying methods of 

manufacturing functional materials from powders during extracurricular 
activities in technology. – Manuscript.

The main technologies and nomenclature of materials obtained by powder 
metallurgy method, the basic properties of powder materials and areas of their 
practical application are analyzed. The advantages of products of powder metallurgy, 
as well as the main disadvantages compared to analogues obtained by traditional 
technologies, are clarified. A thematic plan for extracurricular activities on 
«Advanced Materials from Powders» technology is developed, as well as elements of 
methodological support in the form of three expanded session outlines and tasks to 
consolidate the material studied, which will contribute to effective assimilation of 
new knowledge, development of cognitive interest in modern technologies for 
obtaining powder materials and formation of technological culture among students. 

Keywords: powder metallurgy, powder materials, methods of production of 
metal powders, technology elective, extended course outline. 
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;         

  .

.   

1.   ,        ?

2.      ,    

?

3.        ?

4.           

  ?

V.   

      , , 

, .

 

    , ,  

. 

 .    

– , , , 

 , , ,  

. 

      : 

1)  ; 

2)  (        

 ,   , ,    ,  

,         ); 

3)      

 (   ); 
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4)          

; 

5)   ,     

       , , .

       , 

 (1…3% , 97…99% F ),  (88…89% u, 9…10% 

Sn, 2…4 % ) ,       (10 % u, 

3% ,  l).   ( , , ) 

      ( . 2.2) [19, 20]. 

 2.2

     

 

, 
%

,
/ 3

,
 
  

, 

 
 

, 

 
20 6,20 58 140 660 

-
  3% 23 6,00 40…60 120…190 1100

 6-6-3 
– 8,82 60 150 450 

 -83 – 7,40 30 90 1000

     , 

     ,     

  -    .     

    ,    

         

 ,     . 

     , ,  

    ,    

 (   ,    ) [21]. 
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   .   

        

 ( . 2.6).       

 :   , , , 

 , ,  . 

      

. 2.6.    

    ,  ,  

 , ,    .  

     (~0,2%)   

  ,      30...60%  

         

,   .

    (      –  ) 

   025-018       

.    ,    2% (  

)   .     ,  

     ,    

   .         

’       ,  

  .         

0,5...1%   .
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        -

         : 1)  

  ; 2)    .

        

-  ,     ,      

     ,    ’ .    

’       . 

    1050...1150° .   

,       ,  

 -    .

      

   .       

  110...120°  (2 )       

  .           

 25...27%    ,     

  8...10 .

  ( . 2.7).    ,  

   ,  ,   ,  

 ,       

,    ,      

  .        

.

       

– ,  , , ,   

   –     ,   

   .    , 

        

.  , ,     

.       

,   ,    

    .    
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     ,     

( , ,  )      

 , ,  ,   .

        

     
. 2.7.  

       

-  :  (92 % u, 8 % Sn),  ,  

 , ,  .     

      ,   , 

,    .

 ,  ,       

: 1)        

; 2)     (  ).  

        

        . 

    ,   50...200 . 

      .

   .    

 « »,   ,   , 
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 .

« » –    (   50%), ,  

,         . 

 ,       (     

 ),      

 .        

  ( ),   .    

   ( ),     

   .

  « »  –    

 ,     .     

,          

 , , ,    

.        

 ,  ,      

 .      

     ,   

 ,       600° .  

        , 

        .

       

.        

    1200…1350°   

     .

 .

  ,     

’            

.        ,  

.        

    .
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      ,   

 . 

     , , 

.     ,     

  1000...1200° ,    ,   

.     ’      

        

   ,      

,     ,    .

   ,  ,  , 

 , ,   .     

 ,   ’     

.         

;    330°    

 ,      , 

 .     ,   

,     [22]. 

 ,       ,  

  ,       

   ,     

.

       

  :     

,   .   ,    

          

 ,       , 

       .

       ( , ) 

   ,      ,  

   .        

  ,     . 
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      -11,  

   11% , 10% , 9% , 8% , 

5% , 4% .

 -1  -      . 

         

    ’   ,    1,5...2  

.

    ,     

  ,      

      ,  

  -11 (14...16% ; 6,5...8% ; 4...6% ; 

2...3 ,5% ;2...3,5%  ).      

1000 ... 1100°     0,25,    , 

        

   ,   , , 

 , ,  [22, 23]. 

V.   

1.     ,    

      .

2.          

      ?

3.          

  ?

4.           

    ?

5.   ,         

          ?

V .  

   (3-5 )  : «  
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     ». 

          

      .   

     .

 3.      .

 : ) :      

   ,    ; 

       . 

) :         

     ; ) :    

    .

 : , ,   .

 : .

 

.   (1 .)

.      (2 .)

.    (5 .)

V.    (20 .)

V.   (15 .)

V .   (2 .)

 

.  

      .

.     

         

      .  
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.

,   «      

»          

 . 

 :       

  ,     .

.   

1.      ,    

?

2.         

?

3.          

  ?

4.          

?

V.   

 

     .  

     .   

  :  -  , 

  ,  ,  

    ,     

.       

      

( , )  ,     ( , ) [24]. 

     , 

 ,    -  . 
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   2...5%     

    ,   .

     

 : 1)        

; 2)         

   ,     (   

); 3)        

     .

   ,   

   ,    

    -    30 ... 50  ( -

       1500 ). 

     .   

    . ,  g-Ni  g-

Cu    900...950° , Ag-Ni –  1000° , u-W –  1100° . 

    3...4 .    

      

( )   [25]. 

    ,    ,  

     .    

 ,      . 

       , 

       .

    ,      

( , )   ,     

 ,    .   

   W-Ag, Mo-Ag, W- u.   

  1200° ,   –  1100° .

      ,  

  (     1 ,   

    200...300 ),      
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 .      

    – ,  –  , 

 –  – ,  – ,  – .

 .    - ’ , -   

.

  - ’     , 

          

,        ,   

  .

   ,   

 ,    ,  , 

  .  - ’   

   ,      , 

      .

 - ’       

        

 .      ,  

 . ,      1% 

 ( ).    800 .   

    :  1050...1150°  – 0,5 ,  1150...1200°  – 24 . 

  .      

     ,    ,   

  .       

~6,5 / 3   12...13% [26]. 

.    ,       

  ( ,  , , , , ). 

 –  .       

.  ,       

 ,        

  -   - ’ .  

        10...107 /  (   
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   10 / ).      . 

     ’   

 ,   ,    

. 

      : 

         

  (10...20 ),       

    .    

,   ,    

 ,       

    900…1100°   4…5 .

         

.           

 ,       

.        

    .      

   60 ,   (10%   

)   :  – 10:1     

50...250 .

-  .  ,    

 ,       

.

     : 1)  

 (      ,    

    ); 2)   

,     .

  -     

     ,   

5...15% 1  15...35% Ni.        

  , , , , , , , . 

    .     
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3…15%  « »,   – « ».   

   –   ,   

.        ,  

  –   ,     –   

    [27].  

    -  ,   

         

    .

       –

.     -   

       

.

 

       

 ,        

 , ,  , -  ,  

.   ,     

      ,   

 ,   .

    .  

  ,    ,  

  ,    -   

 .      ,  

  , ,     

 , .     ,    .

      

        ,   

   ,     

 ,      

    .    
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,         

 ,     ,  

      - .

  ,    

 , – ,  , , , 

, ,  ,    . 

        

     60%  .   

 ,     .  

         

    ,       

  (5 … 15%)    ,    

,     ,  -  , 

     .    

      . 

  ,  ,    

      [28, 29]. 

       . 

        

  ,     .    

   :  ,  

, ,        

       .

       

.       : 

1)     ; 2)   

; 3)       , 

          

.        

  (   –    

   1,1%   1,5% ;     
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   3,5%    6% ) [30]. 

V.  

1.         

     ,    , 

    .

    : , 

, ,    .

  ,       

    .     

       ,   

.

2. ’  

 

1. - ’        

 ( ). 

2.      

( ). 

3. ,    

   ( ). 

4.         1  

( ). 

5.  -      

15% ( ). 

 

1. ,        

         ,  

,   ( ). 

2.  ,     

    ( ). 
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3.  -  ,   5...15% 1  

15...35% Ni ( ). 

4.     ( ). 

5.     ( ). 

6. - ’        

( ).

4

3
1

2 3
2

6
1

4 5

5

V .  

         

  ( ,   ).   

 ,      .

 -     ( , , 

,  )  ,      

    .  , ,     

.

   : «       

 ».
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2.3.     

1.    ,    , 

          …

2.   ,    ’  

  ,        ’  

 …

3.          

        …

4.  – -   …

5.      …

6.  ,      

 ( , , , , )  …

7. ,    ,     …

8.   ,      

 (W, , i, V, Nb),    –    

  ( , )  …

9.      …    

 …     .

10.     …   …

11.         … 

,  …   .
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12.        … …  

 .

13.    … ,    

 …

14.      …  

.

15.    ,  , … , 

 , …,   …

16. ,     ,   

       …

17.      …% 1  …% Ni.

18.  , ,     3…15% 

 «…».

19.  , ,      15% 

 «…».

20.     …-… .

21.        

  …

22.       … …



66 

23.   

)  ;

)  ;

)  .

24.     Fe3O4 + C = Fe + CO2?

) - ;

) - ;

) - .

25.     ?

) ’ ;

)   ;

) .

26.       

 Al2O3, SiO2, ThO2, HfO2, YO2, Cr2O3, TiO2  ?

)   ;

) ;

)  .

27.      ?

)  ’     ;

)  ;

)  .

28.  ,     

,       ;

) 150-200°

) 200...300° ;

) 300-400° .
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29.        

 ?

) 200-300°

) 300-400° ;

) 500...600° .

30.         

       CO + N2  ?

) 1200-1300°

) 1350-1600° ;

) 1600-1800° .

31. ,        

    1200...1350°    

 ?

) ;

) ;

) .

32.          

?

) 7...9%; 

) 2…5%;

) 1-3%. 
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,   ,     

.

’ ,        

: 1)        , 

,    ,   

  ; 2)    

  -    ; 3)   

         

; 4)     ; 5)  

     ,   

  .     ,  

  :     - .  

’           

.

3.     

«    »,     

       

  ,      

,      

   .



69 

  

1.  . ., . .,  . .   

. :  , 1989. 416 .

2.  . .,  . .   [ . . 

 ]. : , 1991. 432 .

3.  . .,  . .,  . .    

:  . : , 2013. 161 .

4.  . .,  . .,  . .    

 : . . :  , 2010. 385 .

5.  . .,  . .,  . .  

 . : , 1985. 152 .

6.  . .      

 ,    : . :  

« », 2006. 353 .

7.  . .,  . .,  . .   . 

 1.  . . . : , 2019. 

50 .

8.  . , , ,  

.  / . .   . ,  , 1985. 

624 .

9.    :   / 

. . , . . , . . , . . ;  . . . . 

. : :   . ., 2017. 368 .

10.  . .,  . .,  . .    

:  . : , 2013. 161 .

11.  . .      

: . . : , 2012. 307 .

12.  . .      

:  . :   . 2017. 

336 .

13.  . .,  . .,  . .  : . 



70 

. : , 2017. 74 .

14.      / . . , 

. . , . . , .  . World Science. 2016.  8(12), Vol. 1. 

. 32-37. 

15.  . .     

 .    «  

».        

  . 2015.  822. . 78-85. 

16.  . .,  . .    

. : . , 1980. 404 .

17.  . ., . .     

 . . . , , . :  

«  . . », 2010. 112 .

18.     /  . .  . : 

. , 1982. 140 .

19.  . .    :  

   ( - ) . :  , 

2019. 224 .

20.  . URL: https://joiner.org.ua/osnovy-

materialoznavstva/antyfryktsiini-materialy.html 

21.  .  .   .

, ,    : . . . .

: , 2016. . 88. . 55-63 

22. ., .   . , 

,    . 2017. 90. . 42-48. 

23.   . URL: 

https://paperity.org/p/292941764/suchasni-friktsiini-materiali 

24.  . .,  . .  

(  ). . : , 2008. 516 .

25.     . URL: 

https://studfile.net/preview/7087167/page:10/ 



71 

26. - ’  . URL: 

https://jak.koshachek.com/articles/magnitno-m-jaki-materiali.html 

27.  . .,  . .,  . .  

.  . :  « », 2011. . 3. 

  . 372 .

28.  . .    .  . 

:     , 2009. 

395 .

29.   . URL: 

https://studfile.net/preview/9160312/page:12/ 

30.   . URL: 

http://www.ni.biz.ua/2/2_2/2_24237_poroshkovie-konstruktsionnie-materiali.html 


