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Introduction 

The aim of research: the scientific search of 
dependence of the physic-chemical processes, speed 
of chemical reactions and also the optimal 
technologies this processes considering of anisotropy 
roughness of surface and complicating of contact 
facts; the disclosure of mechanisms of formation 
maximum nanolayers on the rough surfaces, which 
were modeled by random field, with friction and wear 
and also other contact facts (adhesion, physical and 
chemical adsorptions and others). 

In that time the contact facts on surface of the 
solids are considered either without considering of 
roughness of surface (that is, on the ideally even 
surfaces) or surface is modeled by common patterns 
which very far from real rough surfaces. In spite of 
very small micro- and nanosizes of unevens, which 
are composed the roughness of surface, it is 
influenced very essentially on various physic-
chemical contact facts, namely on: physical and 
chemical absorptions, adhesion, friction and wear, 
chemical reactions and others. 

Review 

Review of sources which describe methods, 
parameters and mathematical and physical models of 
description of nanometrical and micrometrical rough-
ness of surface of solid states [1]. 

The mathematical description of anisotropic 
rough surfaces of solid states has been resulted in [2] 
using the model of random field. It has been shown 
that the formulas for isotropic surface follow from the 
formulas for density probabilities of heights peaks of 
anisotropic surface model. 

It has been shown in [3] that from formulas for 

average, absolute, main curvatures and correlation of 
main curvatures in peaks of nano- and micro-
inequalities of anisotropic surface follow formulas for 
isotropic surface. 

The ideal spherical model of isotropic surface has 
been considered. It has been determined that the ideal 
spherical model in general has no place in the 
modeling of nano- and microrough surface by 
isotropic random field [4, 5]. 

It has been shown in [6] that from formulas for 
gradient of anisotropic surface follow formulas for 
gradient of isotropic surface. 

The methods and technique of research of nano- 
and microrough surfaces modeled by anisotropic and 
isotropic random field have been considered [7]. 

The influence of schemes of reinforcing by 
fibrous carbon materials of polymer composites and 
schemes contacting of samples of these composites 
with the surface of metal counterface on the intensity 
of wear of friction pair and on the changing of 
microroughness parameters of metal surface have 
been researched. It has been shown that the 
topography of metal counterface surface changes in 
friction carbon plastics with oriented fibers, but the 
allocation of heights and curvatures of micro-
roughness peaks of friction surface far removed from 
the Gaussian allocation and close to Rayleigh 
allocation [8]. 

The intensity of wear of polymer composite 
material based on polytetrafluoroethylene and carbon 
fiber in friction on rough isotropic metal surface 
without lubrication [9, 10, 11] and in distilled water 
[9, 12, 13] have been researched. 

Tribosurface properties of composite polymer 
materials in friction on metal counterfaces are 
determined by parameters of rough surface, size of 
loading of friction pair, speed of sliding, temperature 
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of surfaces of friction and medium in which is 
dynamic contact [9-13]. 

The resistance to wear of composite material – 
carbon plastic on the base of polytetrafluoroethylene, 
filled with 20% of carbonized low-module (LM) 
carbon fiber, obtained from hydrated cellulose fiber 
(at thermo treatment for temperature 1123 K in СН4 
medium in the presence of fire-proofing compounds 
Na2B4O710Н2О and (NH4)2HPO4) in friction and 
wear without lubrication and in distilled water on the 
tribometer was researched [9-13]. 

The roughness of surface was estimated at the 
moments of spectral density (SD): zero order m0, 
related to the high-altitude parameter; second order 
m2, related to the gradient of surface; fourth order m4, 
related to curvature of heights of peaks of isotropic 
metal surface. The approximated equations of inten-
sity of wear of polymer composite with the moments 
of spectral density of rough isotropic metal surface 
have been found using the Brandon method (position 
of the moments m0, m2, m4 in approximated equations 
was determined at the coefficients of correlations 
between Ii and mj). The results have been analyzed 
and the minor rows of influence of the moments of 
spectral density on the intensity of wear of polymer 
composite on the base of polytetrafluoroethylene and 
carbon fiber have been established [9-13]. 

It has been shown that the curvatures in the peaks 
of initial rough isotropic surface of carbon steel 45 
determine formation of the surfaces of friction pair 
and resistance to wear of polymer composite on the 
base of polytetrafluoroethylene and carbonized carbon 
fiber in conditions of friction without lubrication, 
when intermediate film on contiguous surfaces is 
formed. For hard and soft steels the high-altitude 
parameter in greater degree, and then the gradient of 
surface and the least curvatures in the peaks of initial 
rough surface of steels determine intensity of wear in 
both regimes of loading; for soft alloys on the base of 
copper the gradient of surface in greater degree, then 
the height of inequalities and less curvature of peaks 
determine intensity of wear І1 of polymer composite 
in regime of the superboundary loadings; in regime of 
the boundary loadings the curvatures determine 
intensity of wear І2 in greater degree than height of 
inequalities and less the gradient of surface in 
conditions when formation of intermediate layers on 
metal surfaces in distilled water is inconvenienced [9-
13]. 

The mathematical expressions for calculation of 
the specific square of anisotropic rough surface with 
hard even; specific volume of the contact gap of 
anisotropic rough surface with hard even; factual 
contact square of rough anisotropic surface with hard 
even; coefficient of friction of elastic contact of rough 
anisotropic surface with even; thermal resistance of 
elastic-plastic contact of rough anisotropic surface 
with hard even; adhesion interaction of ellipsoid peak 
of rough surface with hard even surface considering 
deformation in the contact zone have been found, 

based on the description of Gaussian rough surfaces 
on the base of random field model. From the obtained 
formulas similar expressions for isotropic model of 
rough surface have been found. The subjection of 
values of the specific square surface of counterface 
from the way of friction and the specific intensity of 
wear of composite from specific square surface of 
counterface obtained during friction and wear has 
been found as a result of research of wear of polymer 
composite during contact with the steel counterface 
[14-18]. 

In Fig. 1 shows a qualitative picture changes 
specific surface of counterface from steel 45 in 
friction and wear of polymer composite "flubon-
15(20)" on the way friction from 0 to 1000 km [15]. 

It has been shown and analyzed the phenomenon 
influence of constant and dynamic loads on the 
processes of wear, friction and change allocation of 
heights of peaks and average curvature in the peaks of 
microirregularities surfaces of thermo-lasting poly-
mers, filled with spherical and fibrous dispersed 
materials, during tests in the compressors without 
lubrication of high pressure. Leading role in these 
phenomena there are: geometric form filler of 
polymer composites, the nature of the gas medium, 
the pressure of gas and temperature of surface of 
conjugated pairs of friction [19]. 

It has been shown that the allocation of heights of 
peaks and average curvature in the peaks microirre-
gularities surfaces of samples of polymer composites 
and metal counterfaces depend on the initial moments 
of the spectral density and the formation on the 
conjugated metal surfaces of the intermediate films. 
These allocations change in friction and wear of the 
friction way from 0 to 1200 km, with the change of 
allocations is oscillatory in nature, approaching and 
keeping away from the normal allocation Gauss. 
Coatings of carbon fibers by copper by zinc 
technology significantly affects on the processes of 
formation of films on the surface of metal counterface 
and changes the allocation of heights of peaks and 
average curvatures in the peak of microirregularities 
as counterface well as polymer sample [20, 21]. 

Complex compounds of copper based on benzene 
and heterocycle ligands were synthesized. By results 
of tests on four-bullet friction machine in conditions 
limit loads has been shown that copper complexes 
with heterocycle ligands dominate copper complexes 
with benzene ligands by anti-welding properties, 
herewith bond of copper with oxygen and nitrogen 
simultaneously much more effective than with each 
element separately [22]. 

The changes of surface layers crystal structure of 
carbon fibres in the course of copper-plating have 
been investigated. The metallic coating process using 
modified formaldehyde and zinc technology was 
realized. It is established, that copper content in 
copper-copper oxide increases when using two-layer 
alternately modified formaldehyde and zinc method 
[23].
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Y = –1E-18X6+4E-15X5 – 4E-12X4+2E-09X3 –  
– 4E-07X2+ 3E-05X + 1,0013 (R2 = 0,5773). 

 
Y = –2E-19X6+5E-17X5+7E-13X4 – 9E-10X3+ 
+3E-07X2 – 4E-05X + 1,0021 (R2 = 0,4344). 

 
Y = 4E-18X6 – 1E-14X5+2E-11X4 –1E-08X3+ 
+3E-06X2–0,0004X + 1,0242 (R2 = 0,9224). 

 
Y = –7E-18X6 +2E-14X5 – 2E-11X4 +1E-08X3– 
–1E-06X2 – 0,0003X + 1,075 (R2 = 0,9702). 

 
Y = 2E-17X6 – 7E-14X5+8E-11X4 – 5E-08X3+ 
+ 2E-05X2 – 0,0022X + 1,1048 (R2 = 0,9567). 

Fig. 1. Dependence of the specific surface is  of 
the steel counterface from the way friction in friction 
and wear of polymer composite "flubon-15(20)" at the 
initial surface roughness of counterface from steel 45: 
a – Ra0=0,085 microns (experiment N 70); b – Ra0= 
0,22 microns (experiment N 72); c – Ra0= 0,49 mi-
crons (experiment N 73); d – Ra0=0,85 microns 
(experiment N 74); e – Ra0=1,42 microns (experiment 
N 75). Dashed line – experiment, solid line – 
approximation polynomial of 6th order. 

 
The chemical conversions and interaction of 

flame retardants and oxygen with carbon of surface of 
carbon fibers on the stage of chemo-mechanical 
activation technology and friction tests have been 
researched [24]. 

The theoretical foundations of physics and 

chemistry and application technology of single- and 
double-layer coating based on Cu0+CuO, Ni0+P on 
the surface of carbonated fibers have been reviewed. 
The results of antifriction tests of polymer composites 
based on polytetrafluoroethylene and carbon fibers of 
Ni0–Cu0 and Cu0–Ni0 coatings have been shown [25]. 
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