
ISSN 2664-262X                                                .  . 2022. . 5(36), .  

 

 23

 631.372+62-192  DOI: https://doi.org/10.32515/2664-262X.2022.5(36).1.23-39 
 

. . , . 
   , . , 

 
e-mail: chernayae91@gmail.com 
 

    
    

 
,          

            
 .       .     

       . '    
           . 

      ,     
   .       

,          
-  . '   ,       

 .       . ,    
         

     .      
,    5    ,    104 / 2.  

     .     
   .       

 ,     ( )   
    . ,       

      ,    . 
 ,  ,  ,   , 

-  ,  
 

 .     
 ( )    ( )  

'            
[1].           

           
 .         

       , , , 
,      .    

,  ,   ,   , 
  -  .    

       
          

,         [2]. 
  ,        
 ,         

    ,        
 .        

         
 ,          .  

___________ 
© . . , 2022 



ISSN 2664-262X                                                       Central Ukrainian Scientific Bulletin. Technical Sciences. 2022. Col.5(36), Part I 

 

 24

          
 ,    ,   ,   

 ,     .  
     ,      

 .     –    
  ,       

  .      
        

     ,    
  ,    ,   [3]. 
         

        
,          
   ,    . 

    .      
,   '   ( )    
     20...45%.     
        ,   

,        
,       [4].    

  ( ) :     ( )  5...10%; 
   3...5 . - .  7...10 . - .;  
         ,  
        '   

.        
   ,      '    
  ,  ,       

  ( . 1). 
   ,       

,    2     .  
,  '    ,     

    .       
   -   ,      

    [5-6]. 
         

   [7-9],        
        .   

        
      .  

           
      [10,11]. 

         
,   '       ,  

           
[12,13].      -   
( )           

   [14]. 
 



ISSN 2664-262X                                                .  . 2022. . 5(36), .  

 

 25

     

    -
    

 

    -
    

   

    
  -   

   

      
-    

  

    
    

    
 -

   
   

   

    
 -

   
    

 
 

 1 – -        
:   

         
     '    [15-18].  

 ,        
       [19-21].     
           

   [22-25].   ,    
,     , ,    

           
      [26]. 

  '       
-  .    ,    

 ,    "  -  ' ". 
   -     ,  300 , 

  ,    [27]. 
       

          
  -   ( , , ).    

         



ISSN 2664-262X                                                       Central Ukrainian Scientific Bulletin. Technical Sciences. 2022. Col.5(36), Part I 

 

 26

,       .   
'   ,    ,   

         [28]. 
        

    ,      
 ,       

 [29].       , 
        , 

   ,   .   
        . 

     ,   
,  ,     [30].     

     :  
 ;      '  

;    ;    
  ;      . 

        
    ,  '  -

       10-4-4.    
     .    

    ,         
    .  ,   '   ( , 

),     [31]. 
        

   .      
    [32].      

, ,       
 ,   ,    

    ,      
  [33].    ,     

,         ,  
  .     ,     
      [34]. 

  ,     
         

          
[35,36].         

     .    
    ,      

        
  [37].   ,    

,   .        
1,5...3,0 ,    ,     ,  
15...20 .  '  ,     .   

    ,    '  
  ,   ,      
  .        

     . 
 .     '    



ISSN 2664-262X                                                .  . 2022. . 5(36), .  

 

 27

        
    . 

  .    
        

            
        

 [38].        
      .    

,       
        [39].   
         
 ,   .2. 

 

 
 2 – ,          

       
      

:   

 ,        
:   ;    ;   ;  

  [40]. ,       
      ,   

,       [41].   
        

     ( .1),      
    Sm. 

 
 1 –        

      

I 
 

   ;   , Sm<10–5;  
  :      

.  

II 
 

   ;       
, Sm 10–5;      

. 
III 

 
    ;   , 

Sm>10–5;    . 
:   



ISSN 2664-262X                                                       Central Ukrainian Scientific Bulletin. Technical Sciences. 2022. Col.5(36), Part I 

 

 28

    (Sm<10–5),     
         
    (I ) [42]. ,    

 Sm=10–5    ,    
        .   

        (II ),  
    (Sm>10–5)      

  (III ) [43]. 
       

           
     .     

    ,     ,   
 ,         [44]. 
       

  ,       
      ,     

,           
   [45].      

       
          ( .3). 

 

 
 

 
 

1 –     ; 2 – ;  
3 –        ;  

4 –  ; 5 –    

 3 –  ( )   ( )      
  ,          

     
:   

,          
   .     

   ,       



ISSN 2664-262X                                                .  . 2022. . 5(36), .  

 

 29

 –      . 
  , ,    

,       .    
        80%  

 ,    ,      
           

.   ,   ,   
         . 

,         
           
      .   

      ,   
      ,    

  .        
        

 . 
        , 

       ,     
   .     

         
     . 

 ,        
       [1,2], :  

 ,  ,       . 
           

     . 
    ,          

     .     
,          

   ,     .   
  -      

      ,    
      . 

       
      .  

         
   ,       

  ,  . 
         

  ,      .    
        .   

      ,     
       0,002...0,006 , 

   ,   . . [4].  ,  
     ,    

   [32]. 
       

            
 -   [46].      



ISSN 2664-262X                                                       Central Ukrainian Scientific Bulletin. Technical Sciences. 2022. Col.5(36), Part I 

 

 30

   ,      
      ,     

     . 
           

,          . 
   ,         

 ,   ,    
.       ,    
   ,     –    

[47].  ,         
,    . 

          
      ,   

  .      
,        – 

 .      
         -
 .      ,   

      . 
,          

          
  –    .  

  ,      
       .  

     :   ( ), 
   ( ),   ( ). 

           
 .          

     5 ,    – 104 / 2,    
,      – 10...20 ,    – 105 / 2. 

       ,  
        . 

      ,   ,  
         . 

       
 ,     .   

     : 
 

 Itc
nF

Itmc , (1) 

 m  –   , ;  
M  –  ; 
I – , ;  
n – ;  
F  –  ;  
t –  , ;  

=M /n F –   , / . 
 



ISSN 2664-262X                                                .  . 2022. . 5(36), .  

 

 31

,    (1)   ,    
    . ,    

 ,   ,      
    . 

        
   ,  ,     

 Up.        
,       .   

         
,         . 

         
 [48].        
.          

    ,     
 .     Up     
   U   . ,     

      Sm,   
  '   ,     v  

   p: Sm= v/p. 
        

Sm    10–5,       – Up  
     U ,     
    .  

      ,  
   : 

 
.max

;
;10/ 5

ac

xxp

m

EE
UU

pS
 (2) 

    Sm     
    v,     
 p   '   . 

         
     p,       

   Up,   :  

 
,;;

max;;

pnpconstUU
UU

xxp

xxp  (3)  

 n  –   . 
    Up      

  U ,        
 ,      ,   

   . ,      
 Up        U ,   

      p  
 . 

        
        .    



ISSN 2664-262X                                                       Central Ukrainian Scientific Bulletin. Technical Sciences. 2022. Col.5(36), Part I 

 

 32

       
   [49].       -
,     /p     – 

n/p,   –  '   , ,n –    
  .         

    ,     [50]. 
          

     f      
 h   : 

 f h= /p, (4) 
  –    .     v/  

    .   ,   
         

,      S    .   
         S    . 

      ,    
   ,      

,        . 
. 

1.         
    ,    . 

2. '  ,         
         . 

3.         
      .    

     ,    
      . 

4.  ,         
     .  
     . '     

,    . 
5.      

  ,     . 
       ,   

   . 
6. ,         

      ,   
   ,     . 

7. ,       
        
      . 

  
1.  . .         

 : . ... -  . : 05.02.04 / . . - . 
, 2015. 360 .  



ISSN 2664-262X                                                .  . 2022. . 5(36), .  

 

 33

2.  . .,  . .       
    : .  :   . ., 2015. 

304 .  
3.         

   : . /  . .  . 
:  . ., 2016. 303 c.  

4.       /  . . 
 .      . 2014. 2 (20). 
. 8-13. 

5.  . .,  . .       
-      .   

  . 2010. 65 (3). . 89-94. 
6.  . . -    ,   

       –   
 .     . 

:    . 2013. 1. . 111-116. 
7.  . .,  . .,  . .,  . .    

      ,  
    .    

  . 2013. 1. 2 (16). . 54-57. 
8.  . .       , 

 .     
 .  . .  (   ). 

2006. 2(2). .204-209. 
9.  . .,  . .      

      .   
. 2011.  23. . 89-97. 

10.  . .,  . .,  . .    
         

.     . 2019. 19 (2). . 104-
112. 

11.    ,       
  /  . .,  . .,  . .,  . .   

  . 2018.  18 (3). . 280-288. 
12.  . .        

.      . 2015. 29 (160). . 89-91. 
13.  . .,  . .          

    .   .  2. . 2004.  
45 (6). . 376-381. 

14.  . .         
  .   .  2. . 2012.  53 (1). 

. 50-72. 
15.  . .,  . .,      : 

. : , 2005. 183 . 
16.  . .         : . 

: , 2002. 151 . 
17.  . .  : . : -  . 2013. 240 . 
18.  . .,  . .,  . .       

      .  
 .   : . . .  : . 2019. . 2 (33). . 50-64.  

19.  . .,  . .       
  .    "   ". 2012. 

2. . 178-180. 
20.  -        /  

. .,  . .,  . .,  . .  . 2006. 4. . 
126-130. 

21.  . .,  . .       
   .    

"   ". 2017. 1. . 77-79. 



ISSN 2664-262X                                                       Central Ukrainian Scientific Bulletin. Technical Sciences. 2022. Col.5(36), Part I 

 

 34

22.  . .            
   .      

 . 2011.  13 (4-3). . 1235-1237. 
23.  . .        

   .   . 2014.  31 (4-1). . 70-75. 
24.  . .     (    ):  

    .  . 2003. 
 6 (3). . 9-18.  

25.  . .      
        

.     . 2014.  26. 
. 121-135. 

26.  . .,  . .     
      .  

  . 2008.  21. . 200-206. 
27.  . .,  . .,  . .  '     

      . 
         

  :  . .- . . : . ., 29-30 . 2017 ., . , 
2017. . 236-237.  

28.  . .,  . .,  . .    
       .  

 ,     :  . 2017.  8. 
.121-127.  

29.  . .,  . .,  . .     
     .    . 

2019.  29 (3). . 396-413. 
30.  . .      . 

 :    . 2015. 4 (9). . 95-100. 
31.  . .       , 

    .    . -
 .  . 2009. 3. . 79-84. 

32.  . .         
  .     

 .  . .  (   ). 
2009. 3(1). . 89-96. 

33.  . . ,      .  
:  . . 2005. 9. .50-60. 

34.  . .,  . .    
 .     

. 2013.  2 (71). . 29-34. 
35.  . .,  . .,  . . -   

       . 
   ,  .  . 2009.  2. . 156-

165. 
36.  . .,  . .,  . .  -    

  .    
.  . 2013. 6(1). . 127-131. 

37. , . .        
    .   . 2012. 2 (110). . 75-76. 

38.         
     /  . .  ..    

   : . .  :  . 2018. 1(10). . 5-11. 
39. Aulin V., Lysenko S., Hrynkiv A., Velykodnyi D., Chernai A., Lukashuk A. Regularities of dynamics of 

change in tribotechnical characteristics of coatings formed by tribotechnologies of restoration. Problems 
of tribology. 2019. 1. P.73-80. 

40. Aulin V., Lysenko S., Hrynkiv A. et al. Creation of theoretical bases of tribotechnologies of running-in 
and restoration as means of effective increase of operational wear resistance of motor transport and 
mobile agricultural machinery. Problems of tribology. 2021.  1. . 51-58. 



ISSN 2664-262X                                                .  . 2022. . 5(36), .  

 

 35

41. Dykha A., Aulin V., Makovkin O., Lysenko S., Posonskiy S. Determining the characteristics of viscous 
friction in the sliding supports using the method of pendulum. Eastern-European Journal of Enterprise 
Technologies. 2017. 3 (7-87). Pp. 4-10. 

42.  . .         : 
. : .  . ., 2014. 370 . 

43. Aulin V., Hrinkiv A., Dykha A. et al. Substantiation of diagnostic parameters for determining the 
technical condition of transmission assemblies in trucks. Eastern-European Journal of Enterprise 
Technologies. 2018. 2 (1-92). Pp. 4-13. 

44.  . .,  . .     -
 . - , , :   

 -  , . :   
 , 2010. .92-93. 

45. Aulin V., Lysenko S., Lyashuk O., Hrinkiv A., Velykodnyi D., Vovk Y., Holub D., Chernai A. Wear 
resistance increase of samples tribomating in oil composite with geo modifier g f-1. Tribology in 
Industry. 2019. 41 (2). Pp. 156-165. 

46.  . .,  . .,  . .,  . .    
    .   
. 2008. 6. . 16 26. 

47.  . .,  . .        
         .  , . 

2011. 1. .95-99. 
48. Aulin V., Hrynkiv A., Lysenko S., Zamota T., Pankov A., Tykhyi A. Determining the rational 

composition of tribologically active additive to oil to improve characteristics of tribosystems. Eastern-
European Journal of Enterprise Technologies. 2019. 6 (12-102). Pp. 52-64. 

49.           
  /  . .,  . .,  . .,  . . -

  .    . 2015.  1 (214). . 22-29. 
50.  . .,  . .,  . .    

      .   
     .  . . . 2014.  1 (23). 42-48. 

 
References 
 

1. Aulin, V.V. (2015). Trybofizychni osnovy pidvyshchennia znosostiikosti detalei ta robochykh orhaniv 
silskohospodarskoi tekhniky [Tribophysical bases of increase of wear resistance of details and working 
bodies of agricultural machinery]. Candidate's thesis. Khmelnyts. nats. un-t. Khmelnytskyi [in Ukrainian]. 

2. Zamota, T.N. & Aulin, V.V. (2015). Upravlenie processami prirabotki osnovnyh soprjazhenij detalej 
mashin pri izgotovlenii i remonte [Management of the processes of running-in of the main interfaces of 
machine parts in the manufacture and repair]. Izdatel' Lysenko V.F. [in Russian]. 

3. Aulin, V.V., Lysenko, S.V., Kuzyk, O.V., Hrynkiv, A.V. & Holub, D.V. (2016). Trybofizychni osnovy 
pidvyshchennia nadiinosti mobilnoi silskohospodarskoi ta avtotransportnoi tekhniky tekhnolohiiamy 
trybotekhnichnoho vidnovlennia [Tribophysical bases of increase of reliability of mobile agricultural and 
motor transport technics by technologies of tribotechnical restoration]. Kropyvnytskyi: Lysenko V. F. [in 
Ukrainian].  

4. Bekaev, A.A., Maksimov, Yu.V., Strokov, P.I., Musakova, T.V., Paponov, A.V. (2014). Povyishenie 
funktsionalnoy nadezhnosti gidroprivoda gruzopod'emnyih ustroystv [Improving the functional reliability 
of the hydraulic drive of load-lifting devices]. Izvestiya Moskovskogo gosudarstvennogo tehnicheskogo 
universiteta MAMI - Proceedings of the Moscow State Technical University MAMI, 2 (20), 8-13 [in 
Russian].  

5. Chetoshnikov, V.I. & Deev, A.G. (2010). Obosnovanie vozmozhnosti umensheniya zazora v sopryazhenii 
porshen-tsilindr traktornogo dvigatelya s vozdushnyim ohlazhdeniem [Substantiation of the possibility of 
reducing the gap in the piston-cylinder interface of an air-cooled tractor engine]. Vestnik Altayskogo 
gosudarstvennogo agrarnogo universiteta - Bulletin of the Altai State Agrarian University, 65 (3), 89-94 
[in Russian].  

6. Gasangusenov, O.G. (2013). Raschetno-eksperimentalnoe issledovanie vliyaniya temperaturyi, nagruzki i 
skorosti skolzheniya na dolgovechnost sopryazheniya kanavka porshnya – porshnevoe koltso 
malorazmernogo dizelya [Calculation and experimental study of the effect of temperature, load and 
sliding speed on the durability of the piston groove-piston ring coupling of a small diesel engine]. Vestnik 
Astrahanskogo gosudarstvennogo tehnicheskogo universiteta. Seriya: Morskaya tehnika i tehnologiya - 



ISSN 2664-262X                                                       Central Ukrainian Scientific Bulletin. Technical Sciences. 2022. Col.5(36), Part I 

 

 36

Bulletin of the Astrakhan State Technical University. Series: Marine equipment and technology, 1, 111-
116 [in Russian].  

7. Gusev, A.S., Scherbakov, V.I., Starodubtseva, S.A. & Grebenkina, M.I. (2013). Raschet prochnostnoy 
nadezhnosti i ustalostnoy dolgovechnosti elementov konstruktsiy mobilnyih mashin, nagruzhennyih 
sluchaynyimi izgibayuschimi i krutyaschimi momentami [Calculation of Strength Reliability and Fatigue 
Life of Structural Elements of Mobile Machines Loaded with Random Bending and Torque Moments]. 
Izvestiya Moskovskogo gosudarstvennogo tehnicheskogo universiteta MAMI - Bulletin of the Moscow 
State Technical University MAMI, 1, 2 (16), 54-57 [in Russian].  

8. Ibatullin, I.D. (2006). Kineticheskiy kriteriy povrezhdaemosti i razrusheniya poverhnostnyih sloev, 
deformiruemyih treniem [Kinetic criterion for damage and fracture of surface layers deformed by 
friction]. Vestnik Samarskogo gosudarstvennogo aerokosmicheskogo universiteta im. akademika S.P. 
Korolyova - Bulletin of the Samara State Aerospace University. Academician S.P. Koroleva 
(natsionalnogo issledovatelskogo universiteta), 2(2), 204-209 [in Russian].  

9. Nadezhkin, A.V.& Danichkin, V.N. (2011). Identifikatsiya tehnicheskogo sostoyaniya kreytskopfnogo 
dizelya po dannyim tribomonitoringa na osnove imitatsionnogo modelirovaniya [Identification of the 
technical condition of a crosshead diesel engine according to tribomonitoring data based on simulation]. 
Nauchnyie trudyi Dalryibvtuza - Scientific works of Dalrybvtuz, 23, 89-97 [in Russian].  

10. Zakovorotnyiy, V.L., Gvindzhiliya, V.E. & Kolodkin, P.S. (2019). Vliyanie dinamicheskih svoystv 
vzaimodeystvuyuschih podsistem na evolyutsiyu formirovaniya izbiratelnogo perenosa v uzlah treniya 
[Influence of dynamic properties of interacting subsystems on the evolution of formation of selective 
transfer in friction units]. Vestnik Donskogo gosudarstvennogo tehnicheskogo universiteta - Bulletin of the 
Don State Technical University, 19 (2), 104-112 [in Russian].  

11. Burlakova, V.E., Drogan, E.G., Tyurin, A.I. & Pirozhkova, T.S. (2018). Mehanicheskie svoystva 
servovitnyih plenok, formiruyuschihsya pri trenii v vodnyih rastvorah karbonovyih kislot [Mechanical 
properties of servovite films formed during friction in aqueous solutions of carboxylic acids]. Vestnik 
Donskogo gosudarstvennogo tehnicheskogo universiteta - Bulletin of the Don State Technical University, 
18 (3), 280-288 [in Russian].  

12. Pochkaylo, K.A. (2015). Modelirovanie protivoiznosnyih svoystv motornyih masel v prisutstvii prisadok 
[Modeling of anti-wear properties of motor oils in the presence of additives]. Uspehi v himii i himicheskoy 
tehnologii - Advances in Chemistry and Chemical Technology, 29 (160), 89-91 [in Russian].  

13. Traskin, V.Yu. & Skvortsova, Z.N. (2004). Otsenka adgezionnoy prochnosti na razryiv i istiranie po 
rabote adgezii zhidkosti k tverdomu telu [Estimation of adhesive tensile strength and abrasion according 
to the work of adhesion of a liquid to a solid body]. Vestnik Moskovskogo universiteta. Seriya 2. Himiya - 
Bulletin of Moscow University. Series 2. Chemistry, 45 (6), 376-381 [in Russian].  

14. Schukin, E.D. (2012). Vliyanie aktivnoy sredyi na mehanicheskuyu ustoychivost i povrezhdaemost 
poverhnosti tverdogo tela [Influence of the active medium on the mechanical stability and damage of the 
surface of a solid body]. Vestnik Moskovskogo universiteta. Seriya 2. Himiya - Bulletin of Moscow 
University. Series 2. Chemistry, 53 (1), 50-72 [in Russian].  

15. Kuzmenko, A.H. & Dykha, O.V. (2005). Doslidzhennia znosokontaktnoi vzaiemodii zmashchenykh 
poverkhon tertia: Monohrafiia [Investigation of wear-contact interaction of lubricated friction surfaces: 
Monograph]. Khmelnytskyi: KhNU [in Ukrainian].  

16. Kuzmenko, A.H. (2002). Metody rozrakhunkiv i vyprobuvan na znoshuvannia  ta nadiinist. [Methods of 
calculations and tests for wear and reliability]. Khmelnytskyi: TUP [in Ukrainian].  

17. Sorokatyiy, R.V. (2013). Metod triboelementov [Method of triboelements]. Hmelnitskiy: Izd-vo HNU [in 
Russian].  

18. Aulin, V.V., Lysenko, S.V. & Hrynkiv, A.V. (2019). Model nadiinosti detalei transportnykh mashyn za 
protsesamy realizatsii trybotekhnolohii yikh prypratsiuvannia i vidnovlennia [Model of reliability of 
details of transport cars on processes of realization of tribotechnologies of their running in and 
restoration]. Tsentralnoukrainskyi naukovyi visnyk. Tekhnichni nauky: zb. nauk. pr. - Central Ukrainian 
Scientific Bulletin. Technical sciences: coll. Science. Kropyvnytskyi: TsNTU, Vol. 2 (33), 50-64 [in 
Ukrainian].  

19. Rodimov, G.A. & Papshev, V.A. (2012). Obespechenie kachestva soedineniy putem friktsionnogo 
uprochneniya poverhnostey pri sborke [Ensuring the quality of joints by friction hardening of surfaces 
during assembly]. Trudyi Mezhdunarodnogo simpoziuma "Nadezhnost i kachestvo" - Proceedings of the 
International Symposium "Reliability and Quality", 2, 178-180 [in Russian].  

20. Volkov, I.V., Degtyareva, Yu.Yu., Lubenskaya, L.M. & Nikolaenko, A.P. (2006). Vliyanie fiziko-
mehanicheskih harakteristik materiala izdeliya na ego iznosostoykost [Influence of physical and 
mechanical characteristics of the product material on its wear resistance]. Visnik dvigunobuduvannya - 
Bulletin of movement industry, 4, 126-130 [in Russian].  



ISSN 2664-262X                                                .  . 2022. . 5(36), .  

 

 37

21. Prohorov, V.Yu. & Byikov, V.V. (2017). Puti povyisheniya dolgovechnosti i iznosostoykosti podshipnika 
skolzheniya navesnogo tehnologicheskogo oborudovaniya [Ways to improve the durability and wear 
resistance of the sliding bearing of mounted technological equipment]. Trudyi Mezhdunarodnogo 
simpoziuma "Nadezhnost i kachestvo" - Proceedings of the International Symposium "Reliability and 
Quality", 1, 77-79 [in Russian].  

22. Silaev, B.M. (2011). Reshenie zadach o trenii i iznashivanii poverhnostey na osnove obobschennoy 
modeli kontaktnogo vzaimodeystviya tverdyih tel [Solving problems of friction and wear of surfaces 
based on a generalized model of contact interaction of solids]. Izvestiya Samarskogo nauchnogo tsentra 
Rossiyskoy akademii nauk - Proceedings of the Samara Scientific Center of the Russian Academy of 
Sciences, 13 (4-3), 1235-1237 [in Russian].  

23. Kolesnikov, I.V. (2014). Triboelektricheskie yavleniya na friktsionnom metallopolimernom kontakte i ih 
zavisimosti ot temperaturyi [Triboelectric Phenomena on a Friction Metal-Polymer Contact and Their 
Dependence on Temperature]. Inzhenernyiy vestnik Dona - Engineering bulletin of the Don, 31 (4-1), 70-
75 [in Russian].  

24. Kornev, V.M. (2003). Kolichestvennoe opisanie effekta rebindera (hrupkie i kvazihrupkie tela): ot 
zamedleniya razrusheniya do samoproizvolnogo dispegirovaniya [Quantitative description of the rebinder 
effect (brittle and quasi-brittle bodies): from fracture retardation to spontaneous dispersion]. Fizicheskaya 
mezomehanika - Physical mesomechanics, 6 (3), 9-18 [in Russian].  

25. Zhornik, V.I. (2014). Formirovanie kompozitnogo sloya tribotehnicheskogo naznacheniya 
elektrohimicheskim hromirovaniem i himicheskoy obrabotkoy v vodnoy oksidosoderzhaschey suspenzii 
[Formation of a composite layer for tribotechnical purposes by electrochemical chromium plating and 
chemical treatment in an aqueous oxide-containing suspension]. Vestnik Vitebskogo gosudarstvennogo 
tehnologicheskogo universiteta - Bulletin of the vitebsk state technological university, 26, 121-135 [in 
Russian].  

26. Drozdovskiy, G.P. & Yusenhan, V.I. (2008). Obespechenie funktsionalnoy nadezhnosti elementov 
gidroprivoda oborudovaniya lesnyih mashin ih testovyim diagnostirovaniem [Ensuring the functional 
reliability of the elements of the hydraulic drive of the equipment of forest machines by their test 
diagnostics]. Aktualnyie problemyi lesnogo kompleksa - Actual problems of the forest complex, 21, 200-
206 [in Russian].  

27. Aulin, V.V., Chernai, A.Ie. & Zamota, T.M. (2017). Shliakhy rozviazannia problemy pidvyshchennia 
resursu zolotnykovoho hidrorozpodilnyka mobilnoi silskohospodarskoi ta avtotransportnoi tekhniky 
[Ways to solve the problem of increasing the life of the spool hydraulic distributor of mobile agricultural 
and motor vehicles]. Prospects and trends in the development of structures and technical service of 
agricultural machinery and implements: III Vseukr. nauk.- prakt. konf. : (29-30 ber. 2017 r.) – 3d All-
Ukrainian Scientific and Practical Conference (pp. 236-237). Zhytomyr [in Ukrainian].  

28. Aulin, V.V., Zamota, T.M. & Chernai, A.Ie. (2017). Pidvyshchennia dovhovichnosti zolotnykovoho 
hidrorozpodilnyka MSHT ta ATT trybotekhnolohiiamy prypratsiuvannia i vidnovlennia [Increasing the 
durability of the spool hydrodistributor MSGT and ATT tribotechnologii running-in and recovery]. 
Tekhnichnyi servis ahropromyslovoho, lisovoho ta transportnoho kompleksiv: naukovyi zhurnal - 
Technical service of agro-industrial, forest and transport complexes: scientific journal, 8, 121-127 [in 
Ukrainian]. 

29. Velichko, S.A., Chumakov, P.V. & Kolomeychenko, A.V. (2019). Otsenka tehnicheskogo sostoyaniya 
silovyih gidrotsilindrov serii s navesnyih gidrosistem traktorov [Assessment of the technical condition of 
power hydraulic cylinders of a series with mounted hydraulic systems of tractors]. Inzhenernyie tehnologii 
i sistemyi - Engineering technologies and systems, 29 (3), 396-413 [in Russian].  

30. Dmitriev, V.A. (2015). Strategii vnedreniya innovatsionnyih tehnologiy mehanicheskoy obrabotki - 
Strategies for the implementation of innovative machining technologies. Innovatsionnaya ekonomika: 
perspektivyi razvitiya i sovershenstvovaniya - Innovative economy: prospects for development and 
improvement, 4 (9), 95-100 [in Russian].  

31. Ozerskiy, A.I. (2009). Povyishenie effektivnosti gidrosistem mobilnyih mashin i oborudovaniya, 
rabotayuschih v tyazhyolyih usloviyah ekspluatatsii [Improving the efficiency of hydraulic systems of 
mobile machines and equipment operating in difficult operating conditions]. Izvestiya vyisshih uchebnyih 
zavedeniy. Severo-Kavkazskiy region. Tehnicheskie nauki - News of higher educational institutions. North 
Caucasian region. Technical Sciences, 3, 79-84 [in Russian].  

32. Kovalev, M.A. (2009). Uprezhdayuschee obsluzhivanie gidrosistem na osnove analiza parametrov chastits 
zagryazneniya rabochey zhidkosti [Predictive maintenance of hydraulic systems based on the analysis of 
the parameters of particles of contamination of the working fluid]. Vestnik Samarskogo gosudarstvennogo 
aerokosmicheskogo universiteta im. akademika S.P. Korolyova (natsionalnogo issledovatelskogo 
universiteta) - Bulletin of the Samara State Aerospace University. Academician S.P. Koroleva (National 



ISSN 2664-262X                                                       Central Ukrainian Scientific Bulletin. Technical Sciences. 2022. Col.5(36), Part I 

 

 38

Research University), 3(1), 89-96 [in Russian].  
33. Kuzminskyi, R.D. (2005). Struktura, parametry ta efektyvnist tekhnolohichnykh protsesiv remontu 

[Structure, parameters and efficiency of technological processes of repair]. Visnyk LDAU: Ahroinzhenerni 
doslidzhennia - Bulletin of LSAU: Agroengineering research, 9, 50-60 [in Ukrainian].  

34. Kalimullin, R.F. & Kovalenko, S.Yu. (2013). Kontseptsiya resursosberegayuschey ekspluatatsii 
avtomobilnyih dvigateley [The concept of resource-saving operation of automobile engines]. Vestnik 
Saratovskogo gosudarstvennogo tehnicheskogo universiteta - Bulletin of the saratov state technical 
university, 2 (71), 29-34 [in Russian].  

35. Chufistov, E.A., Rodaykin, N.V. & Chufistov, O.E. (2009). Konstruktorsko-tehnologicheskoe 
povyishenie nadezhnosti podshipnikovyih uzlov kolenchatyih valov sredneoborotnyih dizelnyih 
dvigateley [Design and technological improvement of the reliability of bearing assemblies of crankshafts 
of medium-speed diesel engines]. Izvestiya vyisshih uchebnyih zavedeniy, Povolzhskiy region. 
Tehnicheskie nauki - News of higher educational institutions, Volga region. Technical Sciences, 2, 156-
165 [in Russian].  

36. Hramtsov, N.V., Korolev, A.E. & Bay, R.F. (2013). Vliyanie konstruktorsko-tehnologicheskih faktorov 
na iznosostoykost avtotraktornyih dvigateley [Influence of design and technological factors on the wear 
resistance of autotractor engines]. Izvestiya Tulskogo gosudarstvennogo universiteta. Tehnicheskie nauki - 
News of the Tula State University. Technical Sciences, 6(1), 127-131 [in Russian].  

37. Kornilovich, S.A. (2012). Povyishenie kontaktnoy vyinoslivosti poverhnostnogo sloya zubev shesteren pri 
ih izgotovlenii i remonte [Increasing the contact endurance of the surface layer of gear teeth during their 
manufacture and repair]. Omskiy nauchnyiy vestnik - Omsk scientific bulletin, 2 (110), 75-76 [in Russian].  

38. Aulin, V.V., Lysenko, S.V., Hrynkiv, A.V. et al. (2018). Mozhlyvosti tekhnolohii trybotekhnichnoho 
vidnovlennia dlia pidvyshchennia znosostiikosti i dovhovichnosti spriazhen detalei transportnykh zasobiv 
[Possibilities of tribotechnical restoration technologies for increase of wear resistance and durability of 
couplings of details of vehicles]. Suchasni tekhnolohii v mashynobuduvanni ta transporti: nauk. zhur. 
Lutsk - Modern technologies in mechanical engineering and transport: science. jury Lutsk, 1(10), 5-11 [in 
Ukrainian].  

39. Aulin, V., Lysenko, S., Hrynkiv, A., Velykodnyi, D., Chernai, A. & Lukashuk, A. (2019). Regularities of 
dynamics of change in tribotechnical characteristics of coatings formed by tribotechnologies of 
restoration. Problems of tribology, 1, P.73-80 [in English].  

40. Aulin, V., Lysenko, S., Hrynkiv, A. et al. (2021). Creation of theoretical bases of tribotechnologies of 
running-in and restoration as means of effective increase of operational wear resistance of motor transport 
and mobile agricultural machinery. Problems of tribology,  1, 51-58 [in English].  

41. Dykha, A., Aulin, V., Makovkin, O., Lysenko & S., Posonskiy, S. (2017). Determining the characteristics 
of viscous friction in the sliding supports using the method of pendulum. Eastern-European Journal of 
Enterprise Technologies, 3(7-87), pp. 4-10 [in English]. 

42. Aulin, V.V. (2014). Fizychni osnovy protsesiv i staniv samoorhanizatsii v trybotekhnichnykh systemakh: 
monohrafiia [Physical bases of processes and states of self-organization in tribotechnical systems: 
monograph]. Kirovohrad: Vyd. Lysenko V.F. [in Ukrainian].  

43. Aulin, V., Hrinkiv, A., Dykha, A. et al. (2018). Substantiation of diagnostic parameters for determining 
the technical condition of transmission assemblies in trucks. Eastern-European Journal of Enterprise 
Technologies, 2(1-92), pp. 4-13 [in English].  

44. Zamota, T.N. & Aulin, V.V. (2010). Dovodka tortsevogo uplotneniya turbokompressora elektrohimiko-
mehanicheskim sposobom [Fine-tuning of the mechanical seal of a turbocharger by an electrochemical-
mechanical method]. Science - education, production, economics: Vosma mezhdunarodna nauchno-
tehnicheska konferentsiia – 8 th Eighth International Scientific and Technical Conference (pp.92-93). 
Minsk: Belorusskiy natsionalnyiy tehnicheskiy universitet [in Russian].  

45. Aulin, V., Lysenko, S., Lyashuk, O., Hrinkiv, A., Velykodnyi, D., Vovk, Y., Holub, D. & Chernai, A. 
(2019). Wear resistance increase of samples tribomating in oil composite with geo modifier g f-1. 
Tribology in Industry, 41(2), pp. 156-165 [in English].  

46. Kroitoru, D.M., Guryanov, G.V., Bobanova, Zh.I. & Botoshan, N.I. (2008). Tehnologiya vosstanovleniya 
i uprochneniya tsilindrov dvigateley iznosostoykimi pokryitiyami [Technology of restoration and 
hardening of engine cylinders with wear-resistant coatings]. Elektronnaya obrabotka materialov - 
Electronic processing of materials, 6, 16 [in Russian].  

47. Zamota, T.N. & Aulin, V.V. (2011). Issledovanie protsessov vyideleniya puzyirkov gaza v 
smazyivayuschey srede pri prirabotke i ih vliyanie na izmenenie rezhima treniya [Investigation of the 
processes of release of gas bubbles in a lubricating medium during running-in and their influence on the 
change in the friction mode]. Problemi tribologiyi - Problems of tribology, 1, 95-99 [in Russian].  

48. Aulin, V., Hrynkiv, A., Lysenko, S., Zamota, T., Pankov, A. & Tykhyi, A. (2019). Determining the 



ISSN 2664-262X                                              . . 2022. . 5(36), .

39

rational composition of tribologically active additive to oil to improve characteristics of tribosystems. 
Eastern-European Journal of Enterprise Technologies, 6(12-102), pp. 52-64 [in English].  

49. Shabanov, A.Yu., Zaytsev, A.B., Metelev, A.A. & Pustovalov, Yu.P. (2015). Modelirovanie parametrov 
treniya i iznosa tsilindroporshnevoy gruppyi dvigatelya v realnom ekspluatatsionnom tsikle [Simulation of 
friction and wear parameters of the engine cylinder-piston group in a real operating cycle.]. Nauchno-
tehnicheskie vedomosti SPbPU. Estestvennyie i inzhenernyie nauki - Scientific and technical statements of 
SPbPU. Natural and Engineering Sciences, 1 (214), 22-29 [in Russian].  

50. Slobodyanyuk, D.I., Kolegaev, M.A. & Goryuk, A.A. (2014). Eksperimentalnyie izotermyi 
rasklinivayuschego davleniya v plenkah tsilindrovogo masla sudovogo dizelya [Experimental isotherms 
of disjoining pressure in marine diesel cylinder oil films]. Vestnik gosudarstvennogo universiteta 
morskogo i rechnogo flota im. admirala S.O. Makarova - Bulletin of the State University of the Sea and 
River Fleet. Admiral S.O. Makarova, 1 (23), 42-48 [in Russian].  

Andrii Chernai, Post-graduate
Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine 
Formation of Equidistant Working surfaces of Precision Conjugations of Machine parts 

The purpose of this work is to clarify the essence of the method of forming equidistant working surfaces 
of parts when applying an alternating electric current and using electrolytes. 

It is shown that the processes of tribotechnologies of running-in and recovery with the application of 
alternating current and the formation of equidistant conjugate surfaces are the most effective in comparison with 
other methods. The main factors are highlighted and their characteristics are given. The stages of running in and 
restoration of friction surfaces using alternating electric current are considered. The essence of the method of 
applying alternating current on conjugate parts of machines and obtaining equidistant working surfaces is 
clarified. Significant improvement of tribotechnical characteristics of friction surfaces, their formation under the 
action of electrochemical and mechanical components is revealed. Possibility of running-in of the main 
couplings of details of hydraulic units, use of the developed tribotechnologies of running-in and restoration on 
the basis of laws of electrochemical-mechanical processes is shown. The action of the electrolyte as a liquid 
adsorbent during adsorption on friction surfaces has been elucidated. One of these adsorbents used oleic acid. It 
is shown that the best result can be achieved by the electrochemical reaction of etching the surfaces of conjugate 
parts and their mechanical activation. The proposed technologies use an operating voltage not exceeding 5 V 
AC, and a current density of 104 A/m2. Surface erosion occurs with the frequency of anodic polarization. 
Electrochemical etching during running-in is based on Faraday's laws. Realization of the specified draining 
occurs by means of the passivating electrolyte providing the maximum alignment (equidistance) of surfaces by 
influence of relative speed of movement and loading. 

 It is noted that the developed technologies depend on the nature of operation and modes of friction of 
the joints of components, systems and units of machines. 
precision parts, equidistant surfaces, conjugation of parts, alternating electric current, electrochemical 
and mechanical processes, running-in
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