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Model of adhesive contact between rough elastic bodies is under 

consideration. Roughness is simulated by the Winkler-Fuss nonlinear elastic layer. 
The contact of solids is described by the nonlinear boundary integral equations, 
solutions of which determine contact characteristic the reduction of effective thickness 
of rough layer, contact stresses, nominal contact area, real contact area. 

 

        
  . . [1].     

         



151 

     .   
 [2]   ,   

  . 
    ,   

  - ,     -
 . .,  . .,  . .   . ., -

 . .   . .,  . .,  . .,  . ., 
 . .   . .  . 

         
 , ,  [3]  1971   
 . .,  . .   . . [4]  1975 . 
        

     [5],    [6]. 
         ,  

[5, 7, 8]       
 ,     [6, 8] –   

. 
,    -

      ,   
 [8 – 12]. 

       
 ,       

 .     
- .      

      
,     , , , 

, , .     
      
,      

  ,  ,   
  ,    P   

 ,  . 
 

  [5, 7, 8],     , 
    ,  

 ,   ,    
   ,    

  ,     
* 2 2

1 1 2 2

1
(1 ) / (1 ) /E E E , 

 E1, E2  1, 2 –       
  , . 



152 

        
 x3  0   . 1,    

: P – ,    ;  – 
   (  ); f –   

      x3=0  
; W –  (    x3)   

  x3=0,   P; S –   
; tg –     ; ta –

         
x, ta  tg (  d  ta   ( )   

,  ta    c /  [8].   ,  
ta = tg;  –  ( )    ,   0 
(  . 1  (- )      

 z=ta).  W   [8, 13, 14] 
,

S
W K p d ; 

1*E ; 1 2,y y S , 

 
1/22 2

1 1 2 2,K x y x y . 

        
   [13]    

1 2 1 2, , , , , ,u K p u d f x x y y  (1) 

 u( ),   , –   ,  –  
,      S. 

 
 

. 1.        
  

 

,       
( )   R      



153 

z=0   S. 1
1 21 1R R R  –    

 [7] (R1  R2 –      
 ); w = 1+ 2– 12 –   .  

s(z) = exp(–z2/2 2)      
       

2 2
1 2  (rms).  1, 2  –    -
    ,  

 .  
,    [5, 6, 8]    

       
 

2
*

2exp ,
22

p

s c
f s c

cd

P zp d g P p

z d

  (2) 

 p* = p/( sPc) –    , 
  / ( / )i c i cP P g     

      [8], p – 
    : p = c  JKR 

(Johnson-Kendall-Roberts) [3, 8]  , p = 0  DMT (Derjaguin-
Muller-Toporov)  [4, 8].  Pc  c   

     P    
 .      , 

   E*, w  R.    
     JKR : Pc  c   

       
,  [8] 

1,5cP wR , 
1 32 2 *23 4 ( ) ( )c w R E . 

       
         

i c S i cS R f ,       
        R 

       
2

2exp
22

p

c i
r S

cd

NR zS d f dz , 

       
2

*
2exp

22
p

S c i
f r S S c

cd

R zs S S f dz R s .  (3) 



154 

,    ai   i  
      DMT, JKR    

    [8]. 
 ,     p=P/S,  

     ,   
       

s=Sr /S, 

S

p d P , r
S

s d S , 

  
, 0

,
0, 0

f
a

p d
p p d t , 

, 0
0, 0

fs d
s s . (4) 

       
 (    ) * ( )cp P NP    

  *d d      
 *

c c   [8].        
 ,   ,    

    ,  . 
         

,   sf (3)    pf (2)  
   * 0,3; 0,6;1c .  JKR   

     . 2.   
     *

c       
. 

 
 

. 2.    sf  pf     
  JKR    



155 

 ,  , 1kf A k .   

 0 01 02,x x , 0 01 02,y y , 0 0 0, , ,U p : 
1/ 1/ 1/ 1

0 0 0 0 0; ; ; ;k k k
cA A U u A

1 / 1/ *
0 0 0 0 0 0 0

k k k
cp U A p U p U ; 

1 / 1 /1/ 1/ * *
0 0 0 0 0 0 0

k k k kk k
c c S cs U A s U A R s U  

1 1k k k
c S cA P  

   (1)  : 

0

1
0 0 0 0 0 0 0 0 0 0 0 0, 1 ; ,kk kU K p U d  (5), 

 0 0 0,U  –   ,   

  0 , ; 0 01 021 ; 1x x ,   0  

 ,    0 0 0 0: 0S U ,  

0S  –   ;  *p    
(2). 

   (5)   ,  
     , 
 [13]. 

  0 0 0,U   (5)    
   :   

   ,   p ,  
 S,    P    ,  

. 
 P,   ,    [14] 

0

1 /* 1 2/
0 0 0 0 0 0 0;k k k k

cP E A P P p U d ,  (6) 

    

( 2)/ 2/
0

k k k
r s c rS s u d R A S , 

0

2/
0 0 0 0 0 0

k
rS s U d .  (7) 

       
2/

*
0

k
c

r S c rS R S
A

 

 
 



156 

 

      
  RS    ( . . 

2, 1/ (2 )Sk A R )    28.93 10 ,  
  [13, 14].    -  -

  (2), (4),  /i cg      
   . ,    

    JKR   [3].  
  / ( / )i c i cP P g   (2)  JKR 

    .     g  
    / ( / )i c i cG P P ,   

 [8]: 
1/313 1 , 1 , 0

9
i i

c c

P
P

    2 3/ 3i c , 

1/31 23 1 , 0
9 3

i

c

    2 31 / 3i c . 

  *
0p ,  0 0 0U   JKR, DMT  

         
  * /c c     *

a at t  
   [14]. 
  0   ,   -

  (6), (7).     
 0 0P , 0 0rS   0 0rP S ,   * / 0.3, 0.6,1c c  

( . 3  – 3 ).  * /a at t  –     
        

 .     0 0P  – . 
       

 .      
 0rS     0     
  *

c     .   -
 0         

. 



157 

   
) ) ) 

. 3.  0 0P  ( ), 0 0rS  ( ), 0 0rP S  ( ) 

   *
c  

 

       
 .       

  ,     
   .   

       
      , 

       
 ,     

. 
      

      
    ,    

   ,      
( )   .   

       ,  
 -   ,   -

  . 
 

1.  . .        
  //  . . – 1940. – 10, 17. – .1447-1452. 

2. Greenwood J.A., Williamson J.B.P. Contact of nominally flat surfaces // Proc. R. Soc. 
Lond. A. – 1966. – . – P.300-319. 
3. Johnson K.L., Kendall K., Roberts A.D. Surface energy and the Contact of Elastic Solids 
// Proc. R. Soc.– 1971. – . – P.301-313. 
4. Derjaguin B.V., Muller V.M., Toporov Y.P. Effect of contact deformations on the 
adhesion of particles // J. Colloid Interface Science. – 1975. – , No 2. – P. 314-326. 
5. Johnson K.L. Non-Hertzian contact of elastic bodies. In: The mechanics of the contact 
between deformable bodies, ed. by de Pater, Kalker. – Delft:University Press, 1975. – P.26-
40. 



158 © . . , . . , . .  

6. Fuller K.N.G., Tabor D. The effect of surface roughness on the adhesion of elastic solids 
// Proc. R. Soc. Lond. A. – 1975. – . – P.327-342. 
7.  .   . – .: , !989. – 510 . 
8. Maugis D. Contact, Adhesion and Rupture of Elastic Solids. – Berlin: Springer-Verlag, 
2000. – 414p. 
9. Rabinovich Y.I., Adler J.J., Ata A., Singh R.K., Moudgil B.M. Adhesion between 
Nanoscale Rough Surfaces. I. Role of Asperity Geometry // J. Colloid Interface Science. – 
2000. – . – P.10-16. 
10. Rabinovich Y.I., Adler J.J., Ata A., Singh R.K., Moudgil B.M. Adhesion between 
Nanoscale Rough Surfaces. II. Measurment and Comparison with Theory // J. Colloid 
Interface Science. – 2000. – . – P.17-24. 
11. Gotzinger M., Peukert W. Particle Adhesion Force Distributions on Rough Surfaces // 
Langmuir. – 2004. – . – P.5298-5303. 
12. Li Q., Rudolph V., Peukert W. London-van der Waals adhesiveness of rough particles // 
Powder Technology. – 2006. – . – P.248-255. 
13. Galanov B.A. Models of adhesive contact between rough elastic bodies. Int. J. Mech. 
Sci. 53. (2011) 968–977. 
14. B.A. Galanov, I. K. Valeeva. Sliding Adhesive Contact of Elastic Solids with Stochastic 
Roughness // International Journal of Engineering Science 101 (2016) 64. 

 
 23.10.2017 . 

 
 
 

 009.4 

. .  1, . . ., . , , . .  1, 2, . . ., , 
. .  1 ,  

 

 
      

         
   . 

 ,  . 
 

. The methods of improving image quality through linear and nonlinear 
filtration and further fuzzy processing of binary images for their recognition are 
considered. 
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