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VARIATIONAL METHODS IN THE CONSTRUCTION OF
A MATHEMATICAL MODEL OF THE PROCESS OF DEPOSITION OF
THIN COATINGS

The development of new technologies in all industries is connected,
primarily, to the creation of higbfficient and highperformance industrial and
instrumentation equipment of high unit power. Solving these problems is
impossible without the development cdvin effective ways of intensification of
technological and production processes, as well as methods of mathematical
mo d e | i n gin thelhistory o2 technology there are many suggestions and
ideas to improve technological processes and devices that r@véeen
implemented in industries because of the various reasons. Therefore it is
important to make researches, which allow establishing quantitative
relationships between the parameters of the processes and giving their
mathematical description, on whitlie methodology of engineering calculations
i s b as e dA ppcBliarity of4he .theory of processes and devices is a
synthesis of the laws, the essence of the basic processes and equipment design,
regardless of the specific product or production, tlstin the general
methodological approach to its study. Currently, however, this approach is not
enough. We need more machines and a set of tools for the creation of
fundamentally new higimtensity processes, cesftfective and energgaving
technologies There is a need for a general theory of the intensification of
technological processes, enabling on the based of scientific generalizations to
solve particular application problems. These circumstances lead to creation of
new mathematical models and camggional methods.

New opportunities are in mathematical modeling using variational method
in the construction of mathematical models. The essence of this method [2, 5] is
that on the base on the physical nature of the process some functional is
recorded reflecting, for example, the joint action of the main forces or at least
potential energy, eté:rom structured functional the variation is taken, after that
it decays into a series of Euler equations, which represent the mathematical
model of the process differential equations. This method is implemented by
means of design models of Ritz and Galerkin method, can be widely used for
modeling various processes.
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In this paper, a mathematical model is proposed for the application of thin
polymer coatings ora flexible basis. The variational method, which is an
extension of the principle of the least action of Hamilton, was used in its
construction. As a result, the problem of minimizing functional is reduced to the
solution of the boundary value problem fadiferential equation of Euler.

Omitting the details of the design features (they have no effect on the
construction of a mathematical model) of mechanism feeding a polymer coating
on a flexible basis, the process of applying thin coatings can be deseasbe
follows.

Elastic base runs between two shafts, namely between the raster and
pressure. Raster shaft has grooves in the form of an isosceles triangle, which are
filled with a polymeric material. Upon contact shaft polymer solution passes
from raster gnoves (adheres) on the elastic base and forms a certain thickness of
the polymer coating. In this case, the amount of polymer that is in the groove is

broken throughs(x) by the action of these forces on il t tickeng ferce,
F2 the for ¢le ctfh(;%(rpaovwietry,strength of t|

to determine the equation of the cu . The difference of coming off and
restraining forces shubd be minimal. Thus, we come to the variational problem
as to the desired curve of the equation of the discontinuity surface of the

polymer S = S(X) that is, to minimize the functional
X

M- dx=min
X0 L=F-F2-F3
In turn, because the functionality is dependent os®) and Si(x), the
variational problem is reduced to solving Euler equations [2]
L - Lis; - LigSi=0
with boundary conditionsl0) = 0 si(0)=1
As a result, we have a solution for the functn s(X) in the form
k2, | k2 (VKo oxf
2rg \r?g? 4rg

where K is the specific value of the force strength of the coatﬁ’lg's
acceleration of gravity® is the density of the liquid polymer solution.

As it is mentioned above, the function determines the shape of the polymer
surface in the groove. It means that the degree of the groove discharge depends
on the function, and the thickness of the polymer coating is applied to the
flexible substrate. This fact leads to the conclusion that the resulting solution
simulates the process of applying thin coatings.
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Summary

As a result of anthropogenic interference occur pollution territories
bordering directly to major highway3he main contaminations in roadside
Strip are heavy metals (HMs), mineral oil materials, and differehighly
soluble salts.
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