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A method for investigating wave fields in an inhomogeneous poroelastic layer of a transversely isotropic material is pre-
sented. The characteristics of the layer are considered to vary over thickness. To describe the poroelastic material, the model
by M.A. Biot was chosen. The integral Fourier transform is applied to the basic equations written in terms of "displacement -
pressure”. The solutions of the transformed problem are constructed using the shooting method. The inversion of the Fourier
transform performed numerically and using of the theory of residues. As auxiliary problems, the structure of the dispersion set
of the considered problem is investigated and the displacement fields for an elastic layer with identical characteristics are
constructed. A comparative analysis of the elastic and poroelastic problems is carried out. Estimates of the relative accuracy
of the two methods of inversion of the transformation are obtained. The effect of the distribution law of the material charac-
teristics of the layer on the dispersion set and displacement fields for the poroelastic layer is investigated.
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TO CONTACT PROBLEMS FOR A CYLINDER
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The axially symmetric contact problem of the linear elasticity theory is investigated on the interaction between a rigid an-
nular sleeve of finite length and an infinite hollow circular cylinder. The integral equation of the problem is derived by using
a Fourier transformation. A new approximation for the kernel symbol of the integral equation of the problem is suggested to
be effective for any cylinder wall thickness. On the basis of this approximation a singular asymptotic solution is constructed,
the contact pressure and its integral characteristic are calculated for thin-walled cylinders. It is important that the parameters
of the approximation are calculated with the help of the numerical Monte Carlo method. This method is especially fruitful for
a big number of unknown parameters arising for thin-walled cylinders. Earlier for similar problems an approximation in the
form of a sum of two different functions has been used giving only an approximate solution of the functional equation in the
Wiener - Hopf method. A more simple approximation was used for a solid cylinder. The case of a finite hollow cylinder with
end-walls subject to sliding support has been previously considered. The solution constructed can be useful for strength anal-
ysis of pipelines in contact with sleeves.

Keywords: contact problem, elastic hollow cylinder.
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The equations of the movement of a rough water stream, two-dimensional in plan, in the plane of hodograf speed are
recieved. This system of the equations of the movement of a stream is linear system of the equations in private derivatives unlike
system of the equations in the physical plane of a current of a stream. The method of search of analytical decisions of system of
the equations in the speed hodograf plane, which consists in division of variables in system and in search of a number of the re-
placements, leading the received equations to tabular (reference) is given in article. As a result, the decision of system of the
equations is consolidated to the solution of the hypergeometric equation. Under various conditions of division of variables the
analytical groups of decisions, allowing to put and solve analytically various boundary problems of a current of potential water
streams, two-dimensional in plan, were received.
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The boundary task of spreading of a potential water stream to widely taking away course behind a free-flow water
throughput pipe of rectangular section is correctly set and solved in this work. The decision can be used for determination of
parameters of a stream in the vicinity of an exit of a stream from a pipe to the wide smooth course as thus forces of resistance
to a stream from a bottom of the course are small (they increase further downstream a stream with reduction of depth) and
they can be neglected. The problem is solved at first in the plane of a hodograf speed and further stream parameters in physi-
cal area of a current of a stream are defined by integration of communications of transition to the physical plane.

The analytical formulas received in work allow to determine all range of parameters of a stream, thus convergence between
model and natural or experimental parameters considerably exceeds convergence of parameters on earlier known methods.

Keywords: water stream, rough stream, potential stream, water stream two-dimensional in the plan, hodograf of speed,
the plane of hodograf speed, system of the differential equations in private derivatives, linear system of the equations, a meth-
od of division of variables, the hypergeometrical differential equation, a boundary task.
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A computational scheme is constructed for the approximate solution of a singular integral equation of the first kind of an un-
bounded integration segment at the ends [— 1, 1]. The solution of the equation is sought in the form of a series in Chebyshev polyno-
mials of the first kind. The kernel and the right-hand side of the equation decompose into series using the Chebyshev polynomials of
the first kind, whose coefficients are calculated approximately by Gaussian quadrature formulas. For the coefficients of the decom-
position of Chebyshev polynomials of the second kind into series in Chebyshev polynomials of the first kind, exact values _are found.
The coefficients of the expansion of the unknown function, that is, the solution, are found from the solution of linear algebraic equa-
tions.

To justify the computational scheme, methods of functional analysis and the theory of orthogonal polynomials are used. We in-
troduce the space of Holder functions with the corresponding norms. In this space, we consider the given singular and corresponding
approximate operators. Conditions for the existence of an inverse singular operator are given and the existence of an inverse ap-
proximate operator is proved. When the existence condition for the given functions having derivatives up to some order belonging to
the Holder class is satisfied, the error in the computation is evaluated and the order of its tendency to zero is given.

Keywords: singular integral, quadrature formula, Chebyshev series, expansion coefficients.

References

1. Lifanov 1.K. Metod singulyarnykh integral'nykh uravnenii i chislennyi eksperiment [The method of singular in-
tegral equations and numerical experiment]. Moscow, Yanus, 1995, 520 p.

2. Boikov 1.V. Priblizhennye metody resheniya singulyarnykh integral'nykh uravnenii [ Approximate methods for
solving singular integral equations]. Penza, zd-vo Penzen. gos. un-ta, 2004, 316 p.

3. Pashkovskii S. Vychislitel'nye primeneniya mnogochlenov i ryadov Chebysheva [Computational applications of
polynomials and Chebyshev series]. Moscow, Nauka, 1983, 384 p.

4. Besaeva Z.V., Khubezhty Sh.S. Priblizhennoe reshenie singulyarnykh integral'nykh uravnenii s primeneniem
ryadov Chebysheva [Approximate solution of singular integral equations using Chebyshev series]. Viadikavk. mat.
zhurn. 2016, vol. 18, No. 4, pp. 15-22.

5. Muskhelishvili N.I. Singulyarnye integral’'nye uravneniya [Singular integral equations]. Moscow, Nauka, 1966,
512 p.

6. Suetin P.K. Klassicheskie ortogonal’nye mnogochleny [Classical orthogonal polynomials]. Moscow, Nauka,
1979, 406 p.

7. Khubezhty Sh.S. Kvadraturnye formuly dlya singulyarnykh integralov i nekotorye ikh primeneniya [Quadrature
formulas for singular integrals and some of their applications]. Vladikavkaz, YuMI VNTs RAN i RSO-A, 2011, 236 p.



ISSN 0321-3005 ~ H3BECTHA BY30B. CEBEPO-KABKA3CKHU PETMOH. ECTECTBEHHDBIE HAYKHU. 2017. Ne2
ISSN 0321-3005  IZVESTIYA VUZOV. SEVERO-KAVKAZSKII ~REGION. NATURAL SCIENCE. 2017. No. 2

8. Prudnikov A.P., Brychkov Yu.A., Marichev O.1. Integraly i ryady [Integrals and series]. Moscow, Nauka, 1987,
798 p.

9. Krylov V.1. Priblizhennoe vychislenie integralov [ Approximate calculation of integrals]. Moscow, Nauka, 1967,
500 p.

10. Boikov 1.V., Boikova A.L,, Semov M.A. Priblizhennoe reshenie gipersingulyarnykh integral'nykh uravnenii
pervogo roda [An approximate solution of hypersingular integral equations of the first kind]. /zv. vuzov. Privolzhskii
region. Fiziko-matematicheskie nauki. Matematika. 2015, No. 3 (35), pp. 11-27.

11. Kantorovich L.V., Akilov G.P. Funktsional'nyi analiz [Functional analysis]. Moscow, Nauka, 1977, 720 p.

Received March 9, 2017

UDC 539.3 DOI 10.23683/0321-3005-2017-2-32-37

CONTACT PROBLEM FOR ELASTIC BLOCK TAKING
INTO ACCOUNT FRICTION AND WEAR

M.I. Chebakov"?, S.A. Danilchenko®?, A.A. Lyapin’
Southern Federal University, Rostov-on-Don, Russia,
Rostov State Transport University, Rostov-on-Don, Russia

Mikhail 1. Chebakov — Doctor of Sciences in Physics and
Mathematics, Professor, Head of Laboratory for Mecha-
nics of Deformable Bodies and Constructions, Vorovich
Institute for Mathematics, Mechanics and Computer Sci-
ences, Southern Federal University, Stachki Ave., 200/1,
Rostov-on-Don, 344090, Russia; Rostov State Transport
University, Rostovskogo Strelkovogo Polka Narodnogo
Opolcheniya Sq., 2, Rostov-on-Don, 344038, Russia,
e-mail: chebakov@math.sfedu.ru

Sergey A. Danilchenko — Design Engineer, Laboratory for
Mechanics of Deformable Bodies and Constructions, Vo-
rovich Institute for Mathematics, Mechanics and Computer
Sciences, Southern Federal University, Stachki Ave., 200/1,
Rostov-on-Don, 344090, Russia; Rostov State Transport Uni-
versity, Rostovskogo Strelkovogo Polka Narodnogo Opol-
cheniya Sq., 2, Rostov-on-Don, 344038, Russia, e-mail: ser-
gey.a.danilchenko@gmail.com

Alexander A. Lyapin — Candidate of Science in Physics and
Mathematics, Senior Researcher, Laboratory for Mechanics
of Deformable Bodies and Constructions, Vorovich Institute
for Mathematics, Mechanics and Computer Sciences, South-
ern Federal University, Stachki Ave., 200/1, Rostov-on-Don,
344090, Russia, e-mail: lyapin@ sfedu.ru

One of the most important factors varying exploitation time for friction units is wear. Thus, simulation for such process is
vital problem of mechanical engineering. In literature one can find a lot of information on various wear models. Mathemati-
cal formulation of such models varies from simple empiric to complex equation, basing on physical definitions. Parameters
and variables, used in such models, frequently are valid only for certain cases.

Presented article is devoted to non-stationary contact problem on wear of solid nonhomogeneous foundation of finite size
in the shape of block under the action of moving rigid indentor. The wear speed was calculated on the basis of Archard model.
There presented various results for wear amount for different Archard model parameters and two types of base non-
homogeneity.

There studied special cases for thin layer based on homogeneous foundation and case for linear function of elasticity
modulus. Simulation was performed using finite element method and ANSYS software. Results are compared for particle case
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and well known analytical solution for contact problem with wear for thin infinite layer. There demonstrated good satisfaction
for both solutions.

Keywords: wear, friction, contact interaction, mathematical modelling.
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