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PIEZOELECTRIC SHEAR SURFACE WAVES NEAR AN IMPERFECTLY BONDED
INTERFACE BETWEEN LAYER AND HALF-SPACE
Ghazaryan K.B., Mozharovsky V.V., Papyan A.A., Sarkisyan S.V.
The paper focuses on shear surface wave propagation in layered piezoceramic media (layer and half-space) with imperfect
interface. The bonding along interface is considered to be imperfect with the assumption that the imperfect interface is
dielectrically weakly conducting one. Dispersion equation was derived analytically. The influence of imperfect interface on
surface wave phase speed and some interesting phenomena were discussed.

Introduction.
Piezoelectric composites that are made of by using two or more types of piezoceramics are
widely studied and discussed in [1-10, 12]. In the analyses [1-5] of wave propagation in these
composites the perfect bonding at the interface between two materials is routinely assumed, i.e., the
elastic displacement and traction, tangential electric field and normal electric displacement are
continuous across the interface. The composite structures consisting of piezoelectric ceramics with
several types of partial contacts at the interface between two materials i.e., the electrically
(magnetically) shorted or electrically (magnetically) closed, mechanically compliant (sliding)
interfaces are considered in [6-10]. A model of boundary contact for electro-magneto-elastic
composites with interface roughness is proposed in [11].
In the paper an analytical solution is given for a problem of shear surface wave propagation near
imperfectly bonded interface between layer and half-space. The imperfectly bonded interface is
considered to be mechanically perfect and dielectrically weakly conducting one, e.g. the tractions and
elastic displacements are continuous, while the normal electrical displacement is continuous but the
tangential electrical field is discontinuous across the interface [12].
Statement and solution.
Consider piezoceramic layer and piezoceramic semi-space imperfectly bonded at
interface x  0.
The y and z axes are in the interface, where x  0 , the region h  x  0 is occupied by piezo

ceramic (2) and x  0 by piezo ceramic (1). The ceramics are from of 6mm hexagonal symmetry
class and are poled along the z or  z direction.
We consider the anti-plane motion. The displacement vector is given by
U x  U y  0, U z  U z ( x, y, t ) .
The governing equation and material relation in quasi static approximation can be cast as  i  1, 2 
  i  

 2U i
,
t 2

 Ei  0,

  Di  0,

Ei = -   i ,

   
Di =   i i  e15iU i  ,    , 
 x y 

    GU
i i  e15i i  ,

    xz  x, y, t  ,  yz  x, y, t   ;

(1)

E   Ex  x, y, t  , E y  x, y, t  , 0  ;

D   Dx  x, y, t  , Dy  x, y, t  , 0  ,

Here,  xz and  yz are shear stresses, E is the electric field intensity vector, D is the electrical
displacement vector,     x, y, t  is the electric field potential,  is bulk density, G is the shear
modulus,  is electrical permittivity coefficient, e is the piezoelectric modulus.
Using (1) we get the following set of equations
ci2 U i 
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At the interface x  h me take the following boundary conditions

2 xz  h, y, t   0; 2  h, y, t   0;

At mechanically perfect and dielectrically weakly conducting interface x  0 we have the
following boundary conditions [12].

1xz  0, y, t   2 xz  0, y, t  ;

U1  0, y, t   U 2  0, y, t   0;

(3)

1  0, y, t  2  0, y, t   0;
Dx1  0, y, t   Dx 2  0, y, t    1  0, y, t   0;
where dielectric interface parameter is positive   0 . For instance, if   0 conditions (3)
corresponds to a perfectly bonded interface;    (3) conditions describes a mechanically
completely and electrically shorted interface.
For surface wave we require that all fields to vanish at x  

lim U1  x, y, t   0; lim 1  x, y, t   0;
x 

x 

Presenting the solutions in the form of plane wave propagating along y direction,
Ui  x, y, t   U0i  x  exp iky  i t  , i  x, y, t   0i  x  exp iky  i t  ,

(4)

we get functions U 0i  x  , 0i  x  as





U 01  x   C12 exp kx 1  12 , 1  1
01  x   A12 exp  kx   C12





e1
exp kx 1  12
1







U 02  x   C21 cos kx   1  C22 sin kx   1
2
2

02  x   A21 cosh  kx   A22 sinh  k x  

2
2



(5)








e2
C21 cos kx 22  1  C22 sin kx 22  1
2

Here C12 , C21 , C22 , A12 , A21 , A22 are the arbitrary constants, i    ci k 

1



is the dimensional

phase speed of electro-elastic surface wave, the condition 1  1 provides decaying of surface

waves from interface. Substituting these solutions into the boundary conditions (3), a homogeneous
set of equations, with respect to the arbitrary constants C12 , C21 , C22 , A12 , A21 , A22 is obtained.
The dispersion equation can be obtained by equating the determinant of the set of equations to
zero. This equation is very cumbersome and will be omitted here.
We will now consider two important special cases.
1)

The layer and semi-space are of the same ceramic
and are poled in the same direction;

In this case the dispersion equation can be cast as

(f1  f 2 )  2K (1  ) f3  0
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(6)

f1  (1  ) 2 1  2    2  2 1  2 (1  );
f 2  4e



 K 1 12





1  2 (1  )  e2 K

12





e2 K (1  ) 1  2  (1  )  1  2  ;
f3 





1  2   1  2  (1  ) ;





1  2    1   2  
(7)

Here the following notations are used

K  kh;  

e152

h
; 
; 
.
G

 ck 

(8)

Equation (6) determines the wave speed   , K  regarding dimensionless thickness parameter K and
dimensionless interface dielectric parameter  . When   0 we have

f3  0

(9)

The solution of (6) does not depend from K and coincides with the well-known BluesteinGulyaev solution [13].

0 

1  2
 1  04 ;
1 

02 

e2


2
G  e 1  

(10)

Numerical analysis and discussion
Here and later all numerical analysis were realized for ceramic PZT-5H.
The analysis shows that for a fixed value of K with increasing dielectric interface parameter  , the
value of the phase velocity decreases, from 0  0.935 up to minimal value   0.88
( K  1.5,   55.2 ). Further increase of parameter  does not change phase velocity  .
For a sufficiently large values of  the dispersion equation (6) may have the two roots caused only by
imperfect interface. For example, when K  5.6 and   95 we have 1  0  0.935, 2  0.978 .
2)

The layer and semi-space are of the same ceramic
and are oppositely poled ;

In this case the dispersion equation can be written as

Kg1  g2  0



(11)
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On the Fig.1 the dispersion curves are presented for two limiting cases of dielectric interface
parameter  :  =0,    . Dashed curve corresponds to the roots of equation g1  0 , the
thin curve to the roots of equation g 2  0 .

Fig.1. Phase speed dispersion curves, dashed curve correspond to the roots of equation

g1  0

thin curve to the roots of equation g 2  0

At K  0 we have that curves start from   0 and for sufficiently large values of K
  0 . Existence of two roots, namely the two different surface waves conditioned only by
oppositely polarization of layer. As it follows from analysis of curves presented in Fiq.1 and numerical
analysis of dispersion equation (11) for any values of dielectric interface parameter  , the imperfect
interface weakly affects the surface wave speed. The speed maximum deviation may reach 1.7 %. .
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Abstracts of articles in Russian
Avetisyan V.V. Synthesis оf Optimal Control of Electromechanical System
The problem of optimal control of the electromechanical system with one degree of freedom is under
consideration. As an optimal indicator, a functionality is considered, which takes into account both the
impulse momentum generated by the electric motor and the time of the control process. The optimal
control synthesis was built by the method of maximum principle, which ensures the transfer the
system from any initial state to the final state and during this time the minimal value receives the
combined functional. The curves have been constructed on the phase plane of the system, which create
different domains of initial states. The optimal transfer to the initial coordinate system is carried out
both without transfer and with one or two transfer times. The optimal transfer to the initial coordinate
system is carried out both without transfer and with one or two transfer times. It is depending on
which domain where located the initial state. Optimal control transfer moments and optimal time
counting resolutions of the control process have been obtained.
Aghabekyan P.V. A contact problem for a semi–infinite plate, reinforced by three semi–infinite
stringers
A contact problem for a semi–infinite plate, reinforced by two semi–infinite stringers, located on the
plate boundary and one semi–infinite stringer, perpendicular to the plate boundary. The semi–infinite
is deformed under the influence of forces, applied at the ends of the stringers. The problem is in the
determination of the contact tangential stresses, acting under the stringers.
Aghalovyan L.A., Ghulghazaryan L.G. Forced Vibrations of Two-Layered Shell in Case of Viscous
Resistance in Both Layers
Forced vibrations of a two-layered orthotropic shell are studied in the case of viscous resistance in the
both layers of the shell. Two versions of spatial boundary conditions on the upper surface of the shell
are posed, and the displacement vector is given on the lower surface. An asymptotic method is used to
solve the corresponding dynamic equations and relations of the three-dimensional problem of
elasticity. The amplitudes of the forced vibrations are determined.
Aghayan K.L. A planе shear wave in a layer with inhomogeneous boundary conditions
The paper discusses a problem on directed propagation of plane shear elastic waves in a waveguide
(layer) with mixed boundary conditions. Cases are considered, when both semi-infinite segments of
the layer edges are free and are rigidly fastened respective to the direction the incident wave. With the
application of Fourier real transforms, solution of the problem is reduced to functional equations
(Riemann-type boundary value problem) on real axis and solution of the latter is constructed according
to the Wiener-Hopf method. Explicit expressions of wave functions representing field of elastic
displacements in respective domains as well as the number and the wave characteristics of the
reflected and transmitted propagating waves are obtained.
Agayan K., Atoyan L., Sahakyan S. Elastic-Spin Waves In The Periodic Construction Of The Type
Magnet / Nonmagnetic
This paper is devoted to the existence and propagation of elastic-spin waves in a periodic magnet /
non-magnetic medium. The work is a supplement and refinement of the previous work of the authors
[9], where an inaccuracy was admitted. The wave fields and the corresponding dispersion equation are
found. The transmission bands and the silence zones (the band gaps) in the spectrum of the
frequencies of the sought-for waves are identified and found, and some numerical results are presented
in the form of dispersion curves.
Hakobyan V., Dashtoyan L., Murashkin E. The axis-symmetrical stress state of piecewise layered
space with periodical inner disk-shaped cracks
In present paper using the Hankel integral transform, the governing system of integral equations,
describing the axis-symmetrical state of piecewise-homogeneous, uniformly layered space, formed by
alternate junction of two layers with same thickness is built. The space contains the periodic system of
disc-shaped parallel cracks on middle planes of layeres. Using rotation operators the governing system
of equations is reduced to the system of second-kind Fredholm-type integral equations. The solution of
the system is built by the method of mechanical quadratures.
Hakobyan V., Amirjanyan H., Sahakyan A. Stress state of the compound plane with interface
absolutely rigid inclusion and crack having common tip
383

This paper considers the plane stress state of a compound elastic plane containing a finite crack and an
absolutely rigid thin inclusion on the joint line of two heterogeneous half-planes. The crack and
inclusion continue each other and have a common end. Using the discontinuous solutions of the Lame
equations for the composite plane with interface defects, the governing system of singular integral
equations of the problem is derived with respect to the stress jump function acting on the front sides of
the inclusion and the dislocation of displacements of the points of the crack edges. The behavior of
unknown functions at the end points of the defects is studied and the solution of the problem is
constructed by the method of mechanical quadratures. The regulations of changes in the contact
stresses acting on the front sides of the inclusion, crack opening and the J -integral at the end point of
the crack are revealed, depending on the physical, mechanical and geometric parameters of the
problem.
Amirbekyan A.N., Mkrtchyan M.M., Shekyan L.A. Bending Two the Same Beams on the Elastic
Ribbon Band with the Account of Compressible or Stretching Axial Forces
Within the framework of Timoshenko's theory of the generalized beam bending model, when the
deflection of beams is affected both by transverse and longitudinal compressive or tensile forces acting
on its median line, we consider a plane contact problem about the bending of symmetrically loaded
two identical elastic horizontal beams of finite length lying on an elastic, rough base in the form of a
strip, the lower edge of which is clamped. The problem is reduced to solving a non-linear integral
equation of Hammerstein type under additional conditions. An effective solution of the problem was
obtained using the method developed in, based on the theory of the nonlinear integral Hammerstein
equation and the contraction mapping principle . An approximate analytical solution of the problem is
given.
Amirjanyan H., Hakobyan L. Antiplane dynamic contact problem for compound half-space with
interphase crack
This article considers the antiplane stress state for compound half space, formed by junction of
homogeneous layer and half-space with interphase tunnel crack. The compound half-space is
deformed by the absolutely rigid inclusion with smooth base, which is under action of periodically
changing loads. The governing system of singular integral equations with respect to amplitudes of
contact stresses and dislocations of points on banks of crack is obtained. The solution of the system is
constructed by the method of mechanical quadratures.
Arutyunyan A.R., Arutyunyan R.A. Fatigue of composite materials
According to the results of numerous experiments, composite materials under cyclic loadings are
deformed and fractured due to accumulations of numerous defects of different nature. Based on these
results, using the conception of scattered damage and fracture, the fatigue strength criterion is
formulated. Coefficients of fatigue criterion are concretized and the curves of damage accumulation
depending on the number of loading cycles and stress level are plotted. Comparison with fatigue
experiments on the glass-reinforced plastics and carbon plastics (CFRP) is given.
Arutyunyan A.R., Arutyunyan R.A., Saitova R.R. The connection of high temperature creep and
damage of metallic materials
Interrelated equations for creep deformation and damage parameter for compressible media are
formulated. The approximate and exact solutions of these equations are received. The corresponding
long-term strength criteria are formulated. It is shown, that Kachanov-Rabotnov theory gives
overestimated values of time to fracture.
Arutyunyan L.A., Edoyan V.A.A plane problem of a compound plane containing an hole.
It is considered the plane problem of the theory of elasticity for a compound plane consisting of two
half-planes with different elastic characteristics and with a curvilinear hole between them, the contour
of which is bounded by arcs of intersecting circles.
Baghdasaryan G.Y. , Mikilyan М.А., Vardanyan I.А. Non-linear flutter of cylindrical panel,
flowing by supersonic gas flow
In the present paper, in a nonlinear formulation, the problem of stability of shallow cylindrical shell
under the action of supersonic gas flow is considered. It is shown that aerodynamic nonlinearity
(especially its asymmetric quadratic part) leads to the appearance of new types of dependences
amplitude-speed in both pre- and post- critical speeds.
Baghdasaryan G.Y., Mikilyan М.А., Vardanyan I.А. Flutter of closed cylindrical shell in presence
of non-homogeneous thermal field
384

The problem of stability of closed cylindrical shell under the influence of both inhomogeneous
temperature field and supersonic gas flow in a linear formulation is considered in the present paper.
Stability conditions of unperturbed state of aerothermoelastic system under consideration are obtained.
It is shown that the joint action of the temperature field and the flowing stream can control the stability
process and substantially change the value of critical flutter speed with the help of temperature field.
Barseghyan V.R. About one problem of control of stage by stage changing linear systems of loaded
differential equations with non-separable multipoint intermediate conditions
One control problem of stage-by-stage changing linear systems of loaded differential equations with
given initial, terminal and non-separable (nonlocal) multipoint intermediate conditions is considered.
Necessary and sufficient conditions for complete controllability, a condition for the existence of
program control and motion are formulated. An explicit form of the control action is constructed.
Belubekyan V.M., Belubekyan M.V., Berberyan A. Kh. Localization of elastic shear waves near
interface of two flat waveguides
A problem for flat elastic waveguides is considered such that boundary conditions at the surfaces of
the waveguides differ from each other. Possibility of localization of elastic waves at the adjoin of
waveguides is established.
Belubekyan MV, Garakov V.G. Reflection of electromagnetic and elastic waves from vacuumadjoining piezoelectric half-space
In an 6mm elastic piezoactive environment of hexagonal symmetry there possible propagation of two
types of waves -an elastic wave with a concomitant electric field and an electromagnetic wave with
an concomitant field of elastic tenstion. For a 6mm half-space of a piezoelectric material the problem
of the fall of elastic and electromagnetic waves on the vacuum border is considered. The amplitudes
of the reflected electroelastic waves are determined.
Bobyliov D.E. Using the Regularization Algorithm in the Implementation of the Method of Border
Elements for the Calculation of the Stress-Strain State of Multilife Areas
The paper proves the reasons for the poor conditionality of the system of linear equations of the
boundary element method, as well as the applied approach to the solution of such systems based on the
regularization method of A. Tikhonova. A description of the regularization algorithm based on the
selection of the regularization parameter is given.
Byrdin V.M. Crosses, meanders and loops of transcendental functions and curves & Singular ansatz,
dispersion of backward waves and ZGV-problem, of "zero-group-velocity".
Dispersion curves, equations and functions, transcendental, algebraic (of high order) or tabular and
graphical (numerical or empirical) are arbitrary and arbitrarily complex is analyzed. The method of
analysis is based on the theory of implicit functions and positions of complex analysis. A typical
dispersion of the backward wave is described by a meander or quasi-hyperbola, with two or three
asymptotics; the accuracy of the approximation is rather high. The main elements of the ansatz are
double branches, points of inflection and intersection (double-crosses), half-loops of group velocity,
and also, albeit much less often, higher-order singularities. Transcendental curves are a weakly
developed region of geometry and function theory, in comparison with algebraics. Our ansatz also
includes the so-called (catchy and in headers) problem of zero and two zeros of group velocity
("double and zero-group-velocity"), very relevant in recent years. And backward waves are the general
direction of interdisciplinary theory of waves in mechanics and electrodynamics, which has been
revived since 1990 / 2000s. and rich in dozens of vivid effects and application perspectives.
Byrdin V.M., Kosarev O.I., Mamonova M.G., Puzakina A.K. About the diffraction of backward
waves Gaussian beam & Divergence of rays and the radiation pattern; dissimilar antidiffraction,
biinversion and focusing.
The boundary-value problems and the diffraction phenomena of a backward-waves Gaussian beam are
considered, which fully correspond to classical diffraction and our concept of different-names
antidiffraction in backward-waves (BW) systems; counterexamples are impossible. Diffraction of the
BW beam in the "negative medium" is completely adequate to the divergence of the classical Gaussian
beam. The problem of passing a beam through a heterogeneous (different-names) joint of ordinary,
"positive" and negative media has been solved. The phenomenon of focusing of the transmitted beam
and its biinversion, a double reversal of 2*180°, as well as the refracted field as a whole and beam
directional characteristics are described. Biinversion leads to a threefold aggravation of the radiation
pattern, albeit local, in the zone of the second turn. The relevance of the backward-waves research in
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mechanics and electrodynamics, which have been revived since the late 1990s and significantly
increased to a multifaceted theory and technology, up to the Nobel and Russian nominations, is
discussed. In general, the fundamental backward-waves phenomenology already has several dozen
effects.
Vasilyan N.G. The bending of isotropic rectangular plate by moments distributed along the boundary
In this article is investigated bending problem of the isotropic rectangular plate  0  x  a, 0  y  b  ,
when two edges of the plate y  0, b are hinged, in x  0 edge are investigated different boundary
conditions. The plate is free from distributed loads and x  a side is loaded by moments. Are received
generalized cutting forces and investigated condition of equilibrium for cutting forces for each case.
This article is dedicated to identify solution difference, which is obtained is due to the transformation
of Kirchhoff and Thomson-Tait [7].
Vatulyan A.O., Nedin R.D. Vibrations of an inhomogeneous coated plate in conditions of prestressed
state
Modern materials used in various fields of science and technology, such as compositional and
functionally graded materials, have a complex heterogeneous structure. In many engineering
applications, to adequately diagnose the processes and mechanical properties of objects, it is necessary
to approach the modeling issue in more detail and develop methods for solving inverse problems that
allow reconstructing inhomogeneous characteristics and physical fields that depend on three spatial
coordinates. In the present work, we have described the general linearized theory for oscillations of
elastic prestressed inhomogeneous body. Based on this model, we have derived a particular statement
for vibrations of a strip coated inhomogeneous plate in conditions of initial stress-strain state. The
analysis of the prestressed state parameters on dynamic characteristics of the plate has been analyzed.
Some fundamental theoretical results were obtained; variational and weak statements of the original
problem were derived.
Vatulyan A.O., Plotnikov D.K. Indentation of functionally graded coatings
The paper presents an approximate model of deformation of a thin inhomogeneous elastic strip with a
coating. The approximate model is based on hypotheses about the nature of the displacement field
components, which allows to take into account arbitrary changes in the properties of the strip along the
thickness, including discontinuous or strongly graded. The problem of the equilibrium of a
functionally graded strip under the action of a rigid indenter with a smooth base is considered. The
results of computational experiments for various laws of inhomogeneity both continuous and strongly
graded or discontinuities are presented.
Galanin M.P., Lukin V.V., Rodin A.S. Application of Schwartz method for solving problem of
contact interaction of solids in fuel element at thermoelastic approach
The algorithm of numerical solution of polycontact problem for thermomechanical interaction of big
amount of solids by means of Schwartz method is discussed. The essence of this method is the
alternation of stress and kinematic conditions on contact surfaces of bodies. Iteration process is carried
out before achievement of convergence when both kinematic and stress conditions on contact surfaces
are satisfied with the planned accuracy. Numerical simulation of strain-stress distribution of fuel
element part by means of Schwartz method is done. Contacts between fuel pellets and cladding take
into account. This problem is considered at axisymmetric thermoelastic approach. The results of
calculations with number of pellets from several items to 100 are demonstrated.
Galichyan T.A., Hunanyan A.A. Propagation of coupled magnetoelastic and electroelastic waves of
antiplane deformation in a composite periodically inhomogeneous waveguide
The propagation of the wave signal of an anti-plane deformation in a periodically longitudinally
inhomogeneous layer of piezoelectric and ideally conducting layers located in a transverse constant
magnetic field is investigated. When the wave signal of anti-plane deformation propagates, forms of
an electroelastic shear wave 0; 0; w1 ( x, y, t ); 1 ( x, y, t ) in the piezoelectric interlayers, and in the
electrically conducting layers elastic-shift forms 0; 0; w 2 ( x, y, t ); 0 appear that are toughened in one
direction of the material. The features of the formed wave forms are investigated depending on the
boundary conditions on the mechanically free surfaces of the layer. The Lyapunov-Floquet method
yields the equation for filtering frequencies. For the specific waveforms formed, zones of forbidden
and admissible frequencies are determined.
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Hachkevech A.R., Ivasko R.A., Kushnir R.M., Ghazaryan K.B. Physico-Mechanical Fields in
Ferrite Bodies under the Influence of Quasi-Stabilized Electromagnetic Fields
A research technique of the thermo-stressed state of bodies made from widely used in the production
of magnetic devices non-striction polycrystalline isotropic ferrite materials subjected to weak
quasisteady electromagnetic fields of high carrier frequency is proposed. It makes possible to
minimize the parameters characterizing the heat treatment process and the effect on the environment.
Gevorgyan H.A. An Analysis Of Singularites Near Center Of Heterogeneоus Honeycomb Cell At
Antiplane Deformation In The Light Of The Fem
A number of publications have been devoted to solving the problem of identifying singularities near
vertices of homogeneous and heterogeneous incoming and outgoing corners, among which a
significant role is assigned to theoretical research. Here are proposed results of numerical studies of
some specific problems of those under discussion, obtained on the basis of the use of a new analogy
between the bars’ torsion problem and the solution of thin stiff plates and shells of the finite element
method plane-spatial modification that has proved itself by examples.
Goryacheva I.G., Yakovenko A.A. Problems of contact interactions mechanics for the development
of clamping medical tools
The contact of clamping tool with a given surface relief and a biological tissue is considered. For the
properties describing two mechanical models are used: linearly elastic and viscoelastic materials. The
mutual influence of the tool protrusions on each other is considered in frameworks the tissue of model
as an elastic half-space. Also, two forms of projections are taken into consideration: the hemispheres
uniformly located on the surface of the clamp and protrusions in the form of elongated narrow
parallelepipeds with the rounded edges. The constructed analytical solution makes it possible to
investigate the influence of the relief shape of the contacting surface of the clamping tool on the
dependence of the load applied to it on the depth of its penetration into the soft tissue, as well as on the
stress strain state of the tissue close to the contact interaction domain.
Grigoreva P.M., Vilchevskaya E.N. The choice of the diffusion model and its influence on the
chemical reaction front kinetics.
A linear-elastic body with a chemical reaction between gaseous and solid component is considered.
The reaction is localised at the chemical reaction front and is supported by the diffusion of the gaseous
component through the layer of the new forming solid material. The comparative influence of
mechanical stresses on the kinetics of the chemical reaction front is studied. Two approaches of taking
into account the contribution of stresses are considered: to the surface reaction rate through the
chemical affinity tensor and to the diffusion process through various dependences of the diffusion
coefficient on stresses. Rational diffusion coefficient model is proposed. As an example, some
boundary-value problems are considered and different diffusion models are compared.
Ghukasyan A.A. Some models of multi-link manipulators and methods of study of controlled motions
The research refers to the results of the mathematical modeling of multi-link manipulators as both with
absolutely rigid links connected by ideal hinges and the manipulator of the links which are modeled as
elastic bodies. The connectors between the links contain elastic elements of great rigidity. The
kinematics of the manipulators’ motion in both Cartesian and curvilinear coordinate systems has been
studied. Special manipulation modes of control have been developed, taking into account the influence
of elastic properties. In control problems with incomplete information, various methods aiming to
ensure an optimal control are applied.
Ghukasyan A.A., Ordyan A.Ya. On the optimization of the process of maintenance of a
technological area by a manipulator
The research refers to the description of the mathematical model of the process of maintaining the
technological area, which consists of either unstable or stable objects (targets) or a controlled multilink manipulator. It is assumed that the dynamic characteristics of the manipulator can change
depending on the mass of the cargo or the instrument.
The problem of an optimal control as well as the succession conditions in the maintenance problems
has also been formulated. In the case when the motion of the manipulator at each maintenance
interval is described by linear differential equations with constant coefficients, and the motions of the
objects are given, the problems of controllability have been investigated. It has been shown that the
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maintenance process is completely manageable, if it is controlled at each interval of the maintenance.
The controllability matrices have been obtained.
Ghulghazaryan G.R., Ghulghazaryan L.G. About Dispersion Equations for Orthotropic Cylindrical
Panel with Free ЕdgesOn the paper, using the system of equations corresponding to the classical
theory of orthotropic cylindrical shells, the free vibrations of thin elastic orthotropic cylindrical panel
with free edges is investigated. To calculate the natural frequencies and to identify the respective
natural modes it is employ the generalized Kantorovich-Vlasov method of redaction to ordinary
differential equations. The dispersion equations for finding the natural frequencies of possible types of
vibrations are derived. An asymptotic link betwееn the dispersion equations of problem in hаnd and
analogous problem for the rectangular plate with free sides is shown. Also, a link between the
dispersion equations of the problem in hand and the boundary-value problem for the semi - infinite
orthotropic non-closed circular cylindrical shell with three free edges is shown.
Davtyan Z.A., Mirzoyan S.Y. Gasparyan A.V. On Stress State of a Multilayer Viscoelastic
Composite under Anti-Plane Deformation
In the present paper, a problem on stress-strained state of a piecewise-homogeneous viscoelastic solid,
which is a package of an arbitrary finite number of layers of different ages, is considered in the
framework of creep theory of uneven-aged media. It is assumed that the contacting layers are made of
different materials at different time instants and, therefore, have different ages. Tangential forces,
causing anti-plane deformation, are applied to the upper and lower surfaces of the composite.
With the application of Fourier integral transform the problem is reduced to solving a finite-difference
equation of second order that contains operators with coordinates of time and space. The obtained
formulas allow one to determine the required contact stresses and other mechanical characteristics of
the problem related to uneven age of contacting layers.
Demydov O., Popov V. Nonstationary Torsion Problem for the Finite Cylinder with External RingShaped Crack
The axisymmetric dynamic problem of determining the stress state in the region of аn external ringshaped crack in a finite cylinder is solved. In contradistinction to the traditional solution methods
based on the use of the Laplace integral transform, the proposed method consists in the difference
approximation only of the time derivative. As a result, the original problem is replaced by a sequence
of homogeneous boundary value problems that reduce to the Fredholm integral equation of the second
kind. The found numerical solution of this equation gave the possibility to obtain the approximate
formula for the SIF calculation.
Dzhan Ts., Zimin V.N., Krylov A.V., Churilin S.A. Calculation of the space transformable
structure deployment
Development of transformable large space structures is associated with solution of a number of
technical and mechanical problems. To be brought into the space orbit the transformable structures are
closely packed in transport position. In the orbit they have to be deployed to get the working state. To
carry out full-scale tests of the deployment of such structures in the ground is a very difficult and
expensive task. Therefore, the mathematical modeling of the transformable space structure
deployment is applied to confirm their operability for real-time use. The mathematical modeling
allows to analyze various schemes of the structure packaging to transport position and deploying to
operating position in the orbit.
In this paper a mathematical model allowing both to calculate the large transformable space structure
deploy and to determine the stress-strain state of its elements during deployment is suggested.
Fulfilled calculations of the deployment allowed to obtain the kinematic parameters and values of
equivalent stresses arising in the structure nodes at the appointed time.
Jilavyan S.A., Nahapetyan S.T. Diffraction of elastic plane shear wave in a compound half-space
with mixed boundary condition
The diffraction of shear plane Love’s waves in compound elastic half-space is considered. Diffraction
is due to mixed boundary condition. Because of diffraction in the inhomogeneous half-space, in
addition to the known reflection waves, localized surface and volume waves propagate. With the help
of Fourier transform, mixed boundary value problem of diffraction of elastic wave is reduced to the
problem of Riemann type theory of analytic functions, for solution of which the method of
factorization is used. The solution of the functional equation is obtained, and the contour integration
allows obtaining the wave field distribution in each part of the elastic compound half-space.
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Dudarev V.V., Mnukhin R.M., Nedin R.D. Identification of prestressed state level in functionally
graded electroelastic bodies
Based on the general formulation of the problem of motion of an inhomogeneous electroelastic body
with a initial stress-strain state, problems on steady-state oscillations for a thin disc and a rod with
variable properties are formulated. The solutions of direct problems on determination of displacement
field were realized numerically on the basis of the shooting method. The analysis of the change of
main acoustic characteristics for various laws of the material properties and initial stress levels is
carried out. We consider the new coefficient inverse problems on determination of the pre-stress level
from the data on of the natural frequencies change. On the example of the problem for the rod, the
desired relation is obtained for its solving. Numerical experiments were performed to evaluate the
accuracy of the solutions constructed. Practical recommendations for the implementation of the
proposed theoretical approaches to the diagnostic are given.
Zhamakochyan K.A. Study of a problem of bending deformation of micropolar elastic thin beam.
The application of the finite element method
In the present paper, on the basis of the developed model of bending deformation of micropolar elastic
thin beams with independent fields of displacement and rotation and with constrained rotation, the
beam bending problem is studied, when one edge is rigidly fixed and the other one is free. A
uniformly distributed normal load acts on the beam.
In both formulations (with independent fields of displacement and rotation and with constrained
rotation), the problem is solved theoretically, and as a result, the deflection functions of the beam are
determined. Further, the finite element method is developed for the considered problems. Numerical
results are given.
Zemtsova E.G., Morozov P.E., Arbenin A.Yu., Semenov B.N., Morozov N.F., Smirnov V.M. The
Process of Nanostructuring a Metallic Matrix by Disperse Phase (Tic) for Directed Regulation of
Mechanical Properties
In this work,we show theoretical and experimental backgrounds of the synthesis of new class of
nanostructured composites based on the metallic matrix (iron, aluminum) with TiC nanofibers as a
disperse phase. The combined approach is described for the production of metal-based composites.
This approach includes the processes of powder metallurgy and surface structuring of the disperse
phase.
Kazakov K.E., Kurdina S.P., Sahakyan A.V. Contact between Regular System of Punches and
Foundation with Multilayer Nonuniform Coating
The paper presents the investigation of plane contact problems for a regular system of punches and an
viscoelastic foundations with elastic coatings whose properties depend on the longitudinal coordinate,
which may be due, among other things, to the manufacturing process. Obviously, such
nununiformities can be described by both rapidly changing and discontinuous functions. Various
variants of the possible statement of the problem are considered. A system of integral equations and
additional conditions is obtained. It is reduced to one operator equation with a tensor kernel and two
vector additional conditions in a functional vector space. The analytical solution of the problems was
obtained. To this end we use generalized projection method. In the expressions for contact stresses the
function associated with the nonuniformities of the layers is explicitly distinguished. This allows to
make calculations for coatings with nonuniform layers described by complex functions. Expressions
for other characteristics are also obtained.
Kerobyan A.V. To the Solution of the Problem for an Elastic Strip with Finite Number Elastic Finite
Overlays Through Adhesive Shear Layers
In this article the problem for an elastic infinite strip which on finite intervals along of its free
boundary is strengthened by arbitrary finite number of finite overlays (stringers) with different elastic
characteristics and small constant thickness is observed. The contact interaction between infinite strip
and overlays through adhesive shear layers with other physical - mechanical properties and geometric
configuration is realized. The overlays are deformed under the action of horizontal forces. The
determination problem of unknown shear stresses which are acting between infinite strip and overlays
are reduced to the system of Fredholm’s integral equations of second kind relative to finite number of
unknown functions which specified in different finite intervals. It is shown that in the certain domain
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of the change of characteristic parameter of problem this system of integral equations in Banach space
may be solved by the method of successive approximations. The particular cases are observed and the
character and behavior of unknown shear stresses are investigated
Kyrylova Olga The plane dynamic problem for infinity elliptical cylinder with thin rigid inclusion
The problem for determining the state of stress near a tunnels thin rigid inclusion in an infinite elliptic
cylinder under vibrations under conditions of plane deformation is solved. Approximate formulas for
calculating the stress intensity factors are obtained and with which the influence of the frequency of
the vibrations, the location of the defect on their values and the resonant frequencies are investigated.
Kuvyrkin G.N., Savelyeva I.Y., Kuvshynnikova D.A. Temperature distribution in a rod coated with
a structurally sensitive material
Improving the properties of structural and functional materials in our time is associated with
synthesizing materials from structures that have limit values of properties (for example, extremely
strong, refractory, thermostable, etc.). Such materials are called "Structurally sensitive" because of the
heterogeneity of their structure. The heterogeneity of the structure of such materials is associated with
technological peculiarities of their creation. Structurally sensitive materials can be obtained by
compacting nanopowders, deposition on the substrate, crystallization of amorphous alloys and with the
help of intensive plastic deformation. A promising and urgent problem is the construction of
mathematical models that describe the behavior of structurally sensitive materials in a wide range of
changes in external influences.
The mathematical model of heat propagation in a compound rod is considered in the paper, where on
one. A protective coating of a structurally sensitive material is used from the ends. Using the method
finite elements are found numerical solutions for the problem with conditions of ideal thermal contact
of parts rod. The results and analysis of numerical calculations for various materials are presented
Lokoshchenko A.M., Fomin L.V., Basalov Yu.G. Delayed fracture of a stretchable rod in a creep
condition in account the diffusion and chemical interaction with aggressive medium
The issue of ensuring the safe operation of materials and components of critical structures under the
influence of aggressive media is considered on the basis of the formulation of the problem of the
delayed fracture of a stretchable rod in the condition of diffusion and chemical interaction with an
aggressive medium. To solve the problem, a mechanical-mathematical model has been developed that
includes a modified diffusion equation, the kinetic equation of damage accumulation, and the ratio for
the chemical interaction parameter. The parameters of this model are determined on the basis of the
experimental dependence of the thickness of the corrosion film on time. The multistage process of
fracture is considered, which is associated with the consequent destruction of corrosive layers and a
corresponding increase in the effective stress. Time before the fracture of the rod is calculated on the
basis of the criterial or kinetic approaches, which are determined depending on the competition of the
process of growth of the effective stress and the process of accumulation of damages.
Manzhirov A.V., Kazakov K.E. Contact Interaction between a Rough Punch and Foundation with
Variable Thickness Coating
Axisymmetric contact problem for a coated foundation and a rigid annular punch is considered. It is
assumed that the shape of the thin upper layer (coating) and the shape of the punch surface can be
described by different rapidly changing functions. We obtain basic integral equation for this problem
and additional condition. The solution of the problem is obtained analytically in the form of series. To
this end we use author’s projection method. It allows one to obtain the solution of the equation with
high accuracy that cannot be done by known methods.
Martirosyan A.N., Dinunts A.S. Influence of Crack Face Boundary Conditions on the Process of
Factorization
In present report is considered the non stationary mixed spatial problem for cracks, where is carried
out a much more cumbersome procedure for factorizing a matrix of the sixth order, and is solved a
system of six integral equations, and finally for the stress at the crack including near the top, are
obtained and calculated triple integrals.
These problems are especially important for studying the influence of crack face boundary conditions
on the process of factorization.
Martirosyan S.R. About Supersonic Localized Divergence of Wide Enough Panel with a Free Edge,
Compressed in Two Directions
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In an article in linear statement the effect of initial stress state on the loss of static stability of the
unperturbed equilibrium state compressed in two directions of wide enough rectangular plate
streamlined by supersonic gas flow running on its free edge is investigated. The analytical solution of
a problem of the localized divergence in the vicinity of the free edge of wide panel is received.
Mirzoyan Y.S., Mirzoyan S.Y., Davtyan Z.A. Stress state of a decompound viscoelastic closed
spherical shell with consideration of nonhomogeneous aging
The stress-strain state of a viscoelastic closed spherical shell consisting of three separate closed
spherical shells (layers) with various materials, welded on the contact surface, loaded from the inside
and from the outside by uniformly distributed pressures, is researched.
In the conditions of joint work between layers, only radial interaction forces arise, for the
determination of which a system of linear integral Volterra equations of the second kind is obtained.
After determining the unknown contact radial pressures, the stress-strain state of the viscoelastic shell
is determined.
In some problems the system of Volterra integral equations is reduced to a single Volterra integral
equation, which is solved in a closed form.
Misharin A.S., Popov V.G. Stress state near arbitrarily oriented cracks on the continuation of a rigid
inclusion under the action of the shear harmonic forces
The problem about determining of the dynamic stress intensity factors (SIF) for the cracks that are
located at an angle from the ends of the inclusion is solved. The inclusion is located in an unbounded
elastic body, under the conditions of deformation of the longitudinal shear, where harmonic
oscillations occur due to the shear force applied to the inclusion. The initial problem is reduced to
solve the system of singular integral-differential equations with fixed singularities. For the numerical
solution of the system the method is developed. It takes into account the real asymptotic of the
unknown functions and uses the special quadrature formulas for singular integrals.
Mkrtchyan M.H., Sahakyan A.A. Stability of a bending oscillations of the beam under tension of the
tracking force
The problem of oscillations of a console beam with tracking force is modeled by replacing the
distributed inertial mass with a concentrated mass and an inertial moment. The dispersion equation of
the problem is obtained, the analysis of which shows that in the general case such oscillations do not
affect the stability of the beam.
Murashkin E.V., Dats E.P. Thermal stresses of elastoplastic torus
The basic model relations of the theory of thermal stresses in a toroidal coordinate system are
considered. The problem of the stress-strain state computation of a hollow elastoplastic torus subjected
to uneven radial heating is solved. Approximate analytical solutions are obtained for the stress and
displacement fields in the domains of thermoelastic deformation and plastic flow within the
framework of the hypothesis of a generalized plane stress state. An estimate is made for the possibility
of applying the solutions obtained for describing the stress-strain state of a torus of arbitrary
dimensions under conditions of an axisymmetric thermal action.
Nesterov S.A. Identification of inhomogeneous characteristics of prestressed thermoelastic bodies
with coatings
The dynamic inverse thermoelasticity problem for a non-uniform cylinder with a prestressed coating
is considered. The inverse problem consists in determining the thermomechanical characteristics and
the prestressed state of the coating of the cylinder, taking into account the presence of a discontinuity
point of the first kind at the boundary of the coating and the substrate. The direct problem of
thermoelasticity after applying the Laplace transform is solved by the method of alignment and
inversion of solutions based on the Durbin method. To solve the inverse problem, an iterative process
is constructed, at each stage of which the corrections for the reconstructed characteristics are found by
solving the Fredholm integral equation of the first kind. During the computational experiments, the
influence of various factors on the results of reconstruction of inhomogeneous thermomechanical
characteristics was analyzed.
Oganesian E.K. Stress state of the cylinder lie under the influence of its own weight
It is intense-deformed condition of the hollow cylinder of the piece-constant radius which one
end face is considered. The cylinder, which axis is perpendicularly to a gravity, is under the
influence of a body weight. The problem dares a method of finite elements. Using the results
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received method finite element, assimtotical by formulas it is studied behavior of pressure near
to an angular circle. Schedules normal and tangent pressure in studied surfaces are resulted.
Papyan A.A., Ghazaryan R.A., Ohanyan S.K. Floquet shear waves in functionally graded periodic
media
The problem of propagation of Floquet shear waves is considered in a structure consisting of
periodically arranged cells of functionally graded elastic material. The problem is solved in the
framework of Floquet theory by means of transfer matrix method. For special class of material
homogeneity admitting the exact solution the dispersion equation is obtained determining the
frequency band structure. It is shown that the inhomogeneity leads to the existence of forbidden
bands of frequencies of new type.
Petukhov DS, Keller I.E. On the Question of Reconstruction of Profiles of Residual Stresses and
Plastic Deformations in a Surface-Stabilized Elastic Body by the Davidenkov Method
Exact relationships between the profiles of residual stresses and plastic deformations in surfacehardened bodies with planar and cylindrical surfaces are found. These profiles are recovered from the
dependence of the deflection of the strip or ring cut from the part from the thickness of the stratified
layer from the hardened surface. The proposed expressions make it possible to reconstruct plastic
deformations from the deflection function obtained in the laboratory and incorporate them into
numerical schemes as a source of residual stresses, leaving the data for the latter for verification. The
result is necessary for solving the problems of surface hardening technology of machine parts and the
tasks of forecasting their resource to contact and fatigue failure.
Sanoyan Yu. G. On Localized Bending Oscillations in a Plate-Band With a Hinge-Supported and free
Edge
In the framework of the Kirchhoff theory, the problem of bending localized vibrations of a strip is
solved. One edge of the strip is freely leaned, and the other is free. An analytical expression is found
for calculating the critical points of the transition from localized vibrations to normal vibrations, and
the forms of band vibrations of the strip are investigated. The dependence of the ratio of the
propagation constant to the wave number on the strip width is obtained and studied.
Sargsyan A.M. Elastic Equilibrium of a Circular Sector, One Side of which is Rein-Forced by
Stringers, the Other Side is Contacted with a Rigid Stamp without Friction
A case when on the arc part of the contour external loads are given is considered. It is established that
the problem is no disintegrated on separate independent problems, as it took place in case when both
radial sides are contacted with rigid stamps without friction.
Sargsyan A.H., Sargsyan S.H. Dynamic Model of the Micropolar Elastic Thin Plates with
Constrained Rotation
In this paper the general applied bending dynamic model of the isotropic micropolar elastic thin plates
with constrained rotation is constructed in which transverse shear deformations are fully taken into
account.
Sarkisyan N.S., Khachatryan A.M. On two-dimensional equations of a two-layer anisotropic plate
under given tangential stresses on the plane of the layer section
Asimptotic method is applied and two dimention differential equations with partial derivatives from
geometrically nonlinear equations of three dimention problem of elasticity theory for two-layer
anisotropic plate are received. In the one surface of plate are given values of tensor of stress and in the
other surface – mixed conditions of elasticity theory. On the plane of separation of layers, the laws of
distribution of tangential stresses are given, in particular, the law of dry friction of Coulomb.
Sargsyan S.H. Variation principles of the applied theory of micropolar elastic thin shells
In the present paper on the basis of the hypotheses method, that adequately replace the basic properties
of the asymmetric solution of the boundary-value problem of the micropolar theory of elasticity in thin
domains, variation principles of the applied theory of micropolar elastic thin shells are obtained from
the variation principles of the three-dimensional micropolar theory of elasticity. Thus, general
variation principle of a stationary nature (of the Hu-Washizu’s type) is obtained for the applied theory
of micropolar elastic thin shells and, as particular cases, Lagrange and Castigliano’s type extreme
variation principles are obtained.
Saushkin M.N., Radchenko V.P., Berbasova T.I. Modeling of the residual stresses relaxation in the
flat surface hardened details under the creep conditions.
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The mathematical model of the residual stresses formation in the surface-hardened prismatic specimen
after hardening and the relaxation during the creep process is offered. The calculation relations which
allow the estimating of kinetics of the stress-strain state of the hardened specimen under the creep
conditions are received. The influence of the specimen sizes on the stress-strain state kinetics in the
hardened layer caused by the creep under the pure thermoexposure conditions is researched. The
experimental verification of the model for the specimen of 10×10 mm square section made of EP742
alloy using the temperature exposure for 100 hours is made. The calculated data coincide with the
experimental data. The executed set of the modeling calculations has shown that the relaxation process
does not depend on the specimen sizes, so both the hardened half space model and the prismatic beam
model can be used for calculations. It is possible to choose the hardening technology to control the
induction of the residual stress fields to create the needed stress field.
Semenov B.N. Models of Mechanical Characteristics of «(Nano)Metal-Graphene» Nanocomposites
To evaluate the effect of graphene inclusions on deformation characteristics of nanocomposite "metalgraphene" the finite element analysis of representative volume deformation followed by
homogenization of the mechanical properties deformation is performed and the dependence of
effective modules and plastic flow on the concentration of graphene inclusions is studied. It is shown
that the influence of inclusions on the modulus of elasticity and plasticity limit of the nanocomposite is
not significant. Graphene inclusions effect on strength and fracture toughness of the composite "(nano)
metal-graphene". The results of finite-element simulations indicate that in the nanocomposite a
decrease in stress concentration in the vicinity of the crack tip is observed when approaching to the
graphene inclusion enable.
Seyranyan S.P. On one Infinite System of Linear Algebraic Equations in the First Boundary Plane
Problem of the Theory of Elasticity for the Rectangle
The first boundary plane problem of the theory of elasticity for a rectangle is considered. It is noted
that earlier this problem under arbitrary boundary conditions by an exact analytic transformation by
the future academician of the NAS RA, B.L Abrahamyan has been phenomenally reduced to four pairs
of independent infinite systems of linear algebraic equations of simplified form. However, in
conclusion, the highly respected B.L Abrahamyan, when analyzing pairs of infinite systems for their
belonging to the class of completely regular ones, uses the numerical analysis of O.O. Pirumyan, who,
as our analytical studies showed, as well as numerical results using MATHEMATICA, for one pair of
systems, which corresponds to symmetric boundary conditions with respect to both axes of symmetry
of the rectangle, turned out to be erroneous. In the paper presented, mathematical analysis provides a
mathematically rigorous proof of the belonging of the last named pair system to the class of
completely regular ones. Thus, the solution of the first boundary plane problem of the theory of
elasticity for a rectangle is completed for the symmetric boundary conditions with respect to both axes
of symmetry of the rectangle.
Stadnik N.E. A mathematical model of the arterial wall growth under conditions of developing
atherosclerosis
The present study is devoted to the problems of mathematical modeling of the processes of blood
vessels wall growth suggested to atherosclerosis. The vascular wall is modeled by an elastic thickwalled circular cylinder. The boundary value problem of the surface growth of an elastic thick-walled
cylinder is considered. The peculiarities of the evolution of a stress-strain state are revealed depending
on the mechanical parameters of the real biological processes.
Khachatryan M.V. Development of the Finite Element Method for the Boundary Value Problems of a
Micropolar Elastic Thin Beam with a Circular Axis
Mathematical model of deformation of micropolar elastic thin beams with a circular axis with
independent fields of displacement and rotations is constructed. In the present paper on the basis of
this model concrete bending problems of beam with a circular axis are studied, when one of the edges
of the beam is rigidly fixed and the other one is free: a)-evenly distributed normal load is applied on
the beam, b)-the vertical concentrated power is applied on the free edge of the beam. Numerical finite
element method is developed for solving these concrete problems. Stiffness matrix and vector of
equivalent external forces of nodal powers and moments are obtained. The analysis is given on the
basis of the obtained numerical results.
Shahinyan S.G., Avetisyan L.M. On a problem of optimal stabilization of a rotational motion of a
rigid body with a fixed point
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The paper deals with the problems of stability and optimal stabilization of the rotational motion of
rigid body around a fixed point in the case of Sofya Kovalevskaya.
It is shown that the body allows rotation around the main central axis of symmetry of the body with a
constant angular velocity. Assuming that this motion is unperturbed, a system of differential equations
of the perturbed motion is constructed and it is shown that the motion under consideration is unstable.
The control actions are introduced along the directions of the corresponding generalized coordinates,
and the complete controllability of the linear approximation of the control system obtained is verified.
The problem of optimal stabilization of the motion under consideration has been formulated and
solved. An optimal Lyapunov function is constructed, optimal control actions, optimal motion
equations and minimum values of functionals that depend on the angular velocity of the unperturbed
motion of the body are obtained. For different values of the angular velocity of unperturbed motion,
graphs of optimal control actions and optimal motions are constructed.
Shekoyan A.V. An Ultrasonic Wave In A Strongly Nonequilibriummedium With Point Defects
The propagation of ultrasonic wave in the medium with numerous point defects is investigated. This
medium is considered as an opened system i.e. strongly non equilibrium process which as a synergetic,
is studied by nonlinear kinetic equations. Moreover, the equation describing the ultrasonic wave is
taken nonlinear. The nonlinear evolution equation is introduced and is investigated for the case when
diffusion is small. It is shown that this function has a gap and has got a nonlinear resonance. The
absorption coefficient of ultrasonic wave has been introduced and it is shown that the nonlinearity
does not lead to a nonlinear frequency increment. Тhe Schrödinger equation is derived. The formula of
intensity for ultrasonic wave is given. It is shown when it would be possible to observe the nonlinear
resonance.
Shekyan H.G., Gevorgyan A.V., Avetisyan R.A. On the Asymptotic stability of a rotating rotor on
nonlinear supports
Based the theorems of Lyapunov and Barbashin–Krasovskii on the stability of motion we prove the
asymptotic stability of a rotating rotor on nonlinear colors. Using the Lyapunov function for a given
system, the region of unstable rotating of the rotor for an arbitrary perturbation is estimated. It is
shown that the equilibrium of the rotor–nonlinear power system.
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