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Introduction and statement of the problem

Tribology is the science of friction, wear and 
lubrication material - is an important, given its 
numerous technological applications. Processes 
of friction, wear and lubrication of new compos-
ite materials, which are currently replace protec-

from the processes characteristic of metals [1], 
hence, the understanding of tribology of nonmet-
als is important. Knowledge about tribology at 
the atomic level can be obtained on a theoretical 
basis by means of the molecular dynamics and the 
quantum chemical calculations. 

simulation of tribology processes. The essence of 
this simulation is based on the static energy cal-
culations. Calculation algorithm consisted in the 
following.

The initial structure of model objects was gen-

energy of such a structure was calculated and 
stored. Then, the surface atomic layers moved on 

short distance relatively the deeper atomic layers, 

unchanged, and new energy was calculated.
This procedure repeated again, thereby the 

energy relief along the trajectory of the shift of 
atomic layers was generating. Calculated energy 
relief allows estimating the normal pressure and 

measure of the work, which was conducted in the 
system, is transformed into other less-managed 

correlation between the adhesion, the friction and 
the wear of surfaces, which slide over each other, 
and the details of the correlations depend on the 

-
tracted considerable attention as a semiconductor 
lubricant. The high content of the carbon atoms 
with diamond bonds in the presence of similar 
graphite bonds leads to the appearance of the 
unique characteristics of diamond-like coatings, 
such as wear resistance, high strength, chemical 
resistance, low friction, poor abrasion, biocom-
patibility, transparency in the infrared range of the 
spectrum and ecological purity [2]. Some factors, 
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such as surface atoms in the DLC and structure 

characteristics of DLC [3].

Models and methods of calculation

In these computing experiments, we investi-
-

gling bonds of the slipping surfaces on the value 

software complex [4].
All of our evaluations of the static structural 

properties through the evolution of energy are 

electrons are in the ground state in relation to the 
instant positions of nucleases (adiabatic approxi-

-
tiparticle effects are assessed in the framework of 

is used approximation of frozen cores that is 
pseudopotential. Pseudopotential theory gives the 
possibility to use convenient mathematical Fou-
rier functions. Through a pseudopotential weak-
ness as a basis in expanding the single-particle 
electron wave functions possible applicants the 

symmetry objects, which we explore the expres-
sion for the total energy simply is formulated in 
the momentum space. The total 

where k -
ouin zone, G  - vector of the reciprocal lattice, 

)( Gki - the single-particle electron 
wave function, i - denotes the occupied states for 

k , )(G

summation exclude G =0 term, - the number 
of atoms in the unit cell, )(GS  is a structural 
factor, LV -
cally symmetric pseudopotential, 1 denotes the 

orbital quantum number, NL
lV , - a nonlocal 

LV , Z  - charge of an 

ion, Ewald - it is the energy of Madelung of the 
point ions in a uniform negative background.

-
formation of the electron charge den-
sity are calculated by the formula: 

)'(*)()(
,'

GkiGkiG
i G

where )( Gki -
ing the single-particle electron wave functions 
over the plane wave are obtained from the zone-

-
ric transformations from the point group symme-
try of the unit cell.

To calculate the electron exchange-correlation 

energy xc , we used the Ceperley-Alder approxi-
mation with the Perdew-Zunger parameterization.

The k  integration was replaced by a discrete 
summation over the special points the Brillouin 
zone.

The tribological contact model created from 

-
ness of surfaces.
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Fig.1. The (100) surface of the diamond-like 

and 100% diamond-like bonds in tribological 
contact.

mixture of 50% the diamond-like and 50% the 
graphite-like bonds in tribological contact.

In connection with that, the algorithm of cal-
culation expects presence of translational sym-

-

parameters and the atomic basis. Therefore, the 

super lattice for simulation of two diamond-like 

-
cal contact consisted from 88 the carbon atoms. 
Translation operations of the described cells re-

-
leled axis Z and located at a certain distance D 

total energy of objects in tribological contact and 
theirs spatial distribution of the valence electrons 
density.

The calculation results and theirs discussion

On Fig.3 and Fig.4 there are changes of the to-
tal energy and the rate of the total energy change 

-
-

ite-like bonds versus the change of the separation 
-
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Fig. 5. The adhesion energy  change (dE/dD)  of 

of 50% the diamond-like and 50% the  graphite-
like bonds versus the change of the separation 
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Fig. 6. The spatial distribution of the valence elec-

graphite-like bonds,  the separation distance D be-

The graph in Fig.4 shows that for the separation 

-
sociated with changes in the nature of interaction 

spatial distribution of the density of the valence 

-
tances, i.e. the acceptor-donor type of interaction 
disappears. As to the more long Coulomb interac-
tions between the carbon ions, then they disap-

in Fig.5 witnesses. The adhesion energy between 

the total energy of the two isolated diamond-like 

Further, the atomic basis of the primitive cell 

complete coverage of hydrogen consisted of 48 

Translation operations of the described cells re-
-

alleled axis Z and located at a certain distance 
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D from each other. For simulation of the elastic 
displacements (without destruction of chemical 

relatively the deeper layers at a constant distance 

and the nearest carbon are moved not more than 

the total energy objects in the tribological sliding 
contact, the static friction force, as a derivative 

and the spatial distribution of density of valence 
electrons.

On Fig.7 and Fig. 8, it shows the change of the 
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gen coverage (a) and the 50%  hydrogen cov-
erage (b) at change of the separation distance 

units per atom, distance - in Å.

From Fig. 7 and Fig. 8, it shows that with in-
creasing a separation distance between the dia-

energy 

-
tacts with the incomplete hydrogen coverage has 

greater -

coverage’s are removed one from other to the dis-

systems had almost the same value.
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-
tion forces in tribological contacts of two diamond 

or  complete hydrogen coverage are examined. 
The dependencies of the calculated friction forces 
versus the displacement of the surface atomic lay-
ers are shown in Fig. 9, Fig. 10 and Fig. 11.
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From Fig. 9b and Fig. 10b it shows that the 
partial removal of hydrogen atoms from the sur-

friction force more in comparison with a com-
plete hydrogen coverage of surfaces of diamond 

-

of magnitude in comparison with hydrogen coat-
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Analyzing the static friction forces of two dia-
other

with the displacement of the surface atoms and 
were covered under different conditions (Fig. 

-
tuations in the value of the static friction force in 
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these systems. Almost all above discussed tribo-
logical contacts were characterized by increase a 

atomic layers comparatively more deep increase, 
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Conclusions regarding the increase of the 

researchers in considering the properties of 
carbon materials. Frictional properties of mono-

-

the hydrogen from the surface leads to the in-

than two orders of magnitude compared with the 
surface covered with hydrogen. This is a vivid 
and convincing example of how loose connection 

adhesion to friction, and how passivation those 

these forces [5-10].
In Fig. 12 and Fig. 13 the spatial density distri-

butions of valence electrons within the interval of 

-

with the different coverage of the surface are giv-
en.  Herewith the separation distances D between 

drawings it is clear that 
the type of the surface coating of the diamond 

-
ing of the distribution of the valence electrons on 

presence of the incomplete bonds of the surface 
carbon atoms in the spatial distribution of elec-
trons the extracted from the surface regions are 
appeared.

In Fig. 14 the spatial density distributions of 

Herewith the separation distances D between the 

On drawing Fig. 15  comparison of the spa-
tial distributions of the valence electrons density 

 re-
alized, of
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Fig. 13. The spatial distribution of the valence electrons density 
the maximum value in
hydrogen coverage for

Fig. 14. The spatial distribution of the valence electrons density 
the maximum value
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             a      b

               c         d

Fig.15. The spatial distribution of the valence 
electrons density  
of the maximum value and
of 0.3–04 -

-

Comparing the valence electron density distri-

see the localization of electronic charge in the 

that slip. The most brightly seen localization of 

Conclusions

The methods of electron density functional 
and pseudopotential theories were used to calcu-
late the distributions of valence electron density, 
the total energy and static friction for diamond or 

It is determined that the change in the friction 
force between two the slip rough diamond-like 

graphite-like bonds without coverage is due to 
the changing nature between atomic interaction
from the short donor-acceptor to the long-range 
Coulomb.

It was found that the half concentration of the 
broken bonds of carbon atoms on the smooth sur-

contact, increases the slip resistance by compari-

by hydrogen. This increase occurs on magnitude 
-

slithered one comparatively 
another with a shift of the surface atoms, a non-

-
tion are characterized, i.e. the instability of their 
tribological properties is revealled.

it is observed the areas of localization of electron-

slipped.
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