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[1] Toupin R.A. Theories of Elasticity with Couple-stress // Arch. Rational Mech. Anal.
1964. Vol. 17. No. 5. P.85 112.

[2] Eiaagda A.A., baaada b.l.
[3] Addaae+ AA. Tiilal oaldee agadascae+anéeed eiaaseaioia. 1., E.:

Kovalev V.A., Radayev Y.N. On completeness criteria for systems of irreducible
nite strains tensors of micropolar continuum. Problem of establishing complete systems of
irreducible objective strain and extrastrain tensors for micropolar continuum immersed in an
external plane space is considered. The solution to the problem is given by methods of the eld
theory and the theory of algebraic invariants. Strain tensors are formed as irreducible algebraic
invariants of contravariant vectors of the external space emerging in the micropolar elastic
action density. Considerations are restricted to rational algebraic invariants. Completeness
criteria for systems of rational algebraic invariants and rational syzygies are discussed and
applied to strain tensors of micropolar elastic continua.
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[1] Selvadurai A.P.S. De ection of a rubber membrane // Journal of the Mechanics and
Physics of Solids. 2006. V. 54. « 6. P.1093 1119.

[2] Kumar N., Das Gupta A. On the contact problem of an in ated spherical hyperelastuc
membrane // International Journal of Non-Linear Mechanics. 2013. V. 57. P. 130 139.

[3] Pipkin A.C. Integration of an equation in membrane theory // ZAMP. 1968. V. 19. « 5.
P.818 819.

[4] Aasoaida A. 1., Osaieden N.B. Oeéceéa ieeidsia. Edieiadaa: lageiinosiaied.
1986. 336 fi.

Kolesnikov A.M.  Tension of a cylindrical membrane partially stretched on a rigid
cylinder. We consider the equilibrium problem of a hyperelastic long thin-walled tube. One
end of the tube is placed over an immovable, rough, rigid cylinder and an axial force is
applied to another end. We assume the deformation of the tube is nite and axisymmetric.
The tube is modeled by a semi-in nity cylindrical membrane. The membrane is made of an
incompressible, homogeneous, isotropic elastic material. A contact between the membrane
and the rigid cylinder is with a dry friction. The membrane will not slide o the cylinder
only by friction and at a su cient contact area. The friction is described by Coulomb's law.
We study a minimum length of the membrane which is in contact with the rigid cylinder
and is needed to the equilibrium of the membrane. We obtain an explicit solution for the
Bartenev Khazanovich (Varga) strain-energy function.
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fiedaodpuei 1adacii
c,= L GEC) 3)
Vo @11@11
Cio= L GE() 4)
Vo @11@3-

E = (Ci1 Cp)(Ci1+2Cyy)

(5)
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[1] Xing M., Li B.,Yu Z.,Chen Q. A Reinvestigation of a Superhard Tetragonal sp3 Carbon
Allotrope // Materials. 2016. «9. P. 484.
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Kolesnikova A.S. Dependence of the mechanical properties of the sorbent on the size of
the micropores. Atomistic model porous carbon nanostructures constructed for theoretical
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carbon nanostructures can be achieved by reducing the porosity structures. The study was
carried out by molecular mechanical method Brenner.
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Kolesnikova A. S. Mazepa M. M. Control of strength mechanical properties of carbon
composites The results of a study of the young's modulus of composite, which consist graphene
and carbon nanotube joined by chemical bonds are presented. The dependence of mechanical
properties of nanotube's length and diameter are researched. The hardness of composites
increases with length and diameter of the nanotube.
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Kornievsky A.S., Nasedkin A.V., Nasedkina A.A. Finite element analysis of

nanostructured porous thermoelastic composites with surface e ectsThe paper considers an
integrated approach to the determination of the material properties of nanoscale thermoelastic
porous composites. ANSYS nite element package was used to simulate representative volumes
and to calculate the e ective moduli. This approach is based on the theory of e ective moduli,
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Kossovich E. L., Dobryakova N. N., Minin M. G., Epshtein S. A., Agarkov K. V.
Depth-sensing nano- and microindentation for characterization of coals microcomponents
mechanical properties Coals mechanical properties at di erent size scales determine the laws
and features of their behavior under external e ects of di erent physical nature. Initiation and
growth of defects (including destruction) in coal matter begins at the microcomponents and
anomalous inclusions (mineral components, etc.) level. Classical methods for coals mechanical
properties characterization do not allow to consider features of coal matter structure at micro-
and nanoscale. Recently, a new approach was introduced for coals mechanical properties
characterization, based on depth-sensing indentation techniques. The aim of the current
work is to demonstrate the possibilities of the modern indentation methods for evaluation
of local mechanical properties of coals microcomponents. Experiments were held at two types
of objects bituminous low-rank coal and anthracite. Measurements were made at two types of
coal microcomponents vitrinite and inertinite, and also at vitrinite of anthracite. The results
revealed data on qualitative and quantitative di erences between coal microcomponents
mechanical properties, including their variation in rank.
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Krylova E. Y., Yakovleva T. V. Investigation of the in uence of stationary temperature
eld intensity on the scenarios of transition oscillation of exible shells into chaos The article
is devoted to investigation of the in uence of stationary temperature eld intensity on the
scenarios of transition oscillation of exible rectangular Kirchho shells into chaos.
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Kuzmina K. S., Marchevsky I. K. On Numerical Schemes in 2D Vortex Element Method
for Flow Simulation Around Moving and Deformable Airfoils // Proceedings of Summer
School-Conference 3%Advanced Problems in Mechanics 2014¢. St.-Peterburg, 2014.
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Kuzmina K. S., Marchevsky I. K., Moreva V. S. Hydroelastic oscillations simulation
of the airfoil in viscous incompressible ow by using vortex element methodVhen solving
FSI problems (for example, simulation of hydroelastic oscillations of the airfoil in viscous
incompressible ow) using vortex methods one of the key problem is satisfaction of boundary
condition on the camber line of the airfoil. There are two approaches to boundary condition
treatment on the camber line of the airfoil: satisfaction of the equality between normal or
tangential components of velocities. In this paper numerical schemes are investigated for both
approaches. It is shown that scheme with tangential components allows to obtain results with
higher accuracy and for wider class of problems.
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[3] Song Hui, Wang Zhong-jin, Gao Tie-jun. E ect of high density electropulsing treatment
on formability of TC4 titanium alloy sheet // Trans. Nonferrous Soc. China. 2007.
Vol. 17. P.87 92.

[4] Atsushi Hosoi, Tomoya Kishi, Yang Ju. Healing of Fatigue Crack Treated with Surface-
Activated Pre-Coating Method by Controlling High-Density Electric Current // Pri-
fiading 1% International Conference on Fracture June 16 21, 2013, Beijing, China.
P.233 245.
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[6] Kukudzhanov K.V., Levitin A.L. Modeling the Healing of Microcracks in Metal
Stimulated by a Pulsed High-Energy Electromagnetic Field. Part | // Nanomechanics
Science and Technology: An International Journal. 2015. Vol. 6. Issue 3. P. 233 250.
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Kukudzhanov K. V., Levitin A.L. Modelling the transformation and interaction of

microdefects in metal stimulated by a pulsed high-energy electromagnetic el@he processes
of transformation and interaction of the at microcracks with linear sizes about 10 m
under the processing of metal samples short pulses of high-density current are considered.
Investigation on the basis of numerical coupled quasi-stationary model of the impact of
high-energy electromagnetic eld on the pre-damaged thermal elasticplastic material with
defects are carried out. The model accounts for melting and evaporation of the metal and
the dependence of its physical and mechanical properties on the temperature. The system
of equations is solved numerically by nite elements method with adaptive mesh using on
the base of arbitrary Euler Lagrange's method. The calculations has shown, that welding of
the crack and healing of the micro-defects under the treatment of short pulse of current are
took place. The healing occurs by simultaneous reduction in the length, the ejection of the
molten metal into the cracks and closing of micro-crack shores, that leads to the fact that the
shores of the crack come into contact with the jet stream and in the n of this processes, the
jet's material is completely jammed by shores cracks. Decreasing the distance between the
cracks up to 1 2 of their linear sizes (taking into account their relative position changes) does
not change described process the healing of microcracks qualitatively, however, it results in a
considerable slowing down.
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Kulikovskii A.G., Sveshnikova E.|. The self-similar problem of elastic medium
motion in the presence of phase-transition front The self-similar problem of one-dimensional
motion of weakly nonlinear medium which is created on a phase-transition front is considered.
It is assumed that the ow of particles contracts and converts into an elastic medium. Elastic
medium is supported by a wall at which the stresses are prescribed. The solutions are given
for all governing parameters of the problem and for two qualitatively di erent nonlinearities
of the elastic media.
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ey (1), (2) e (3) afiieiypony iacddeaéuitie édaaiaieyie
A3340

yeaéoaiiadieoidioddié noaal:
2 TN 3 2 cm el f (M 3 2 s 3
4pm5=4g® mm gm 5 4EmS5 (4)
B (M f T(M g(n) (n) H M
3aaTM & S(M  &fiifiaion oaicisa iaidyeediey & addidiacee aoidial ii-
dyaéa a 6idiuaiili aeaad 16e enifélciaaiee Taicia+aieé Oiéaoa, DM & BM
2860100 yedeooe+aneié e iaaieoiié eiaceoee, EM e HM 2380150 iaidyeediey
yeaeode+anéial e iaaieoial iiedé, cm, em fm M) ) oM  §igdaes, iua-

, 1adieoiie dliedaal

P
UPGxg)= 00 o y®

P
UP (X 9) = e Ymel6

€9 sh Pxy+ 2y ch Pxl .

ch Pxz+ P, sh Pxg]
Agy medidinodainoada (xs 6 0) (m=3;4;5):

Xt Xt
UPCGxg)= 1 gyl exp( Oxa)iUP(ix o) = 6y exp(

k=1 k=1

Oxs);  (6)

A8caanoi0a elydoesedion ", 6+afdacpuied a i6aanoaasaieys (5) & (6), 6al-
4630418Yp0 1208e+i1i6 6daaiaiep
A C=Q (7)
n 1 1 1 1 1 3
3a8C = ;PP P dPnd®  enefing elysoeoeaiod,

Q = fQ1;Q2;Q3;:::Qx0g Eliiliaiol adéoida iaddocee.

Oféiaey aicode noaal 18aaieadapo i
(n) — +M+1), () — +(+1). ~(n) = {(+]). /(1) — p(n+l). — 1) .
T3 = Ty Ts3' = T3 75 D" = D3 ; B3' = Bg ) Up(;n) - Uém)-

Caanin=1;2;p=1;3,4,5:
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u(Xs; X3) = > kK(xt1 ;xs!)q()d (8)
1
Z
k(s:xs;!1)= K ( ux3!)e!sd (9)
A fe6+ad, é1aaa a 1aeanoex; 2 [ 1;1] ia 11aaodiiioe aaddidal nely caaail
dafniddaaediea oaiveaéa ' (x1) = ', 4 aldazeadiee (8) iatadiaeil relaeeol
X3 = hy. A yoii fieé+ad 618i6en (8) & (9) 1daanoaaeyporny a aéaa
1 Z1
> Kaa(X1  sha)au()d =" (10)
1
Z
Kaa(S;h! )= Kag( 1shy!)e ' t5d 4 (11)
Daaaifoal (10) iddanocaaeyao iiaié eioaddaeuiia 6daaiaiéa foiifieoaedit idec-
aanoiié o6iecee .
Oobieoey Kas( 1;hy;!) €140 Neaadpudp aneiioioeéd ia aanéiia+iinoe
Ku( 1;%35!1)=¢cjjr1+0 1 ; 'l
Yol iicaleyad ideidieou & eiodadaelilio 6daaidiep (10) i&dia 6eéoeaiial
ifaeitaieye [4, 5] & énéaol dagaiea a aéaa:
T( 1) Pk Yooz
QU= 3+ G (9= S (12)
k=1 k=1 1 k
daa « &  (k=1;2::;M) éfiieaénina nepra é iéee feiaiéa Kas( 1;ho!),
Ba2ealed A 64 jim 1j 6 "o, 25 6&1I3aeia00 Of+48, 438yued j0dacie [ 1:1]
fa 2M 8aaitd +anodé, T( ;) odaifdidiaioa O6dUA doitee
XM X
t(z)=to(2) + Ckte (2);tk (2) = E p(2); k=0;1:2M (13)
k=1 p=1
p(z) fefiodia éfioaeiaoiio ooiéoeé, caaaiild ia iodacéa [ 1;1], ély6oede-
aioll [ 6ailagacaisypo fenoadia 2M + 1 aedaadae~anéed 6daaiaieé
ABy=F¢; k=0:1;:::2M (14)
Z
Kas( 1)
—_ N . — . _ 44 1
A=KApKy o iA = Ko( 1) p( 1) 1 (2)d ;Ko( 1) = 1
Z, Z
1 . — i k
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1
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problems of the theory of elasticity and mathematical physics for a multilayered
inhomogeneous half-space // Applied Mathematics and Mechanics. 2002. Vol. 66. « 2.
P. 275 281.

[6] Giordanoa S., Goueygoua M., Tiercelina N., Talbi A., Pernoda P., Preobrazhenskya V.
Magneto-electro-elastic e ective properties of multilayered arti cial multiferroics with
arbitrary lamination direction // International Journal of Engineering Science. 2014.
Vol. 78. P. 134 153.

Levi M. O., Belyankova T.l., Lyzhov V.A. Dynamic capacity problem of layered
electro-magneto-elastic medium This paper propose the method of study the dynamic
capacitance of electro magneto elastic layered half-space with dierent combinations of
materials in the structure. The thickness e ect of electroelastic/magnetoelastic layer height
ratio on the dynamic capacity of the entire structure is studied. Geometrically medium
is made from electroelastic layer of barium titanate oxide (BaTiQ), magneto-elastic layer
made from cobalt ferrite oxide (CoFeO4), and their underlying half-space. The material
of half-space is of barium titanate oxide or magnesium oxide (MgO). Medium oscillation
is performed by weightless electrode on the top of the medium. The character of wave
propagation in the medium is corresponds to the conditions of propagation of Rayleigh waves.
The boundary conditions between layers, layers and half-space assume full grip for mechanical
part, electric and magnetic elds. The Green's function is constructed analytically for layered
electro magneto elastic environment. Fictitious absorption method is used for solving integral
equation. Shown graphs of the distribution of the real and imaginary parts of the electric
charge under weightless electrode on the top of the structure. Total value of the electric
charge when changing the ratio between the height and electroelasticity magnetoelastic layers
is obtained.
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Odaaiaiey aadaeaiey (1) & (2) Aleiybony 1a0adeasnitie 65aaiaieyie yeae-

081618064a1é ndAaa:

T dm ) Q)

D(n) - eT(n) n(n) E(n) (3)
F8AT™ & S 03icid0 iaidyaeaiey ¢ a8oidiacee AoI3IAT iTBy4ea, DM age-
016 yeaéode+anéié eiadesee E(M 338010 iaidyeeaiiinoe yeaéode+anéial ey
(Ei = @/@x= @uw@y, c™, &M "M  4icidl 6id6aed, itaciyéaéode+a-
fiéed, & aeyeaéode+anéed éiyooeseaioia.

Agy aieda eo+gdaal Tienaieéy dacoelioaoia iadaéaal € aacoaciadidi iadaido-
aai [2] , efiteugoy oidiogn:  1°= th W=\, 4" = V=g, 1V = g Mke=d7,
AV = e=dl). caafuvey)  Aefsifion faaeaiaté aleid & n-i fgld yeaeosi-
6id6aé fdaad, k. Aiddeaelita 1adcdaciadeaapuea éiifnoaiod. Eeidaéita iada-
12080 10iafait é noiiadité atniod 4260 4adoied nétaa, 1éioiinoe é iéioiinoeé
neodiginodainoaa

feddaiey a nodaa idaaitéadapony onoaitacageieny e idiefdiayueieé it dao-
1lie-aReii6 castis. ARA doidoee 10aAN0AAEYPORY & 4848 F = Foexp( i! 9.
Aaeaa, aey oaianoaa fienaiey, a6a6o Tiduail adaiaiiié iifeeeddél & godesde
6 4ACOACIASING adee-el.
|6eiaiyy idatadaciaaied O6dua it élidaeiaoa X1, léo+ei
!
(n M
M 2y, m@Us m, o @y
Ci1 U’ + G t C3 t G5 I
@x @x '
o (n)
M, m - @ _ m@UuU"
T €y t €5 I —— = — (4)
@x @
|
() o
M 2y, A @Us M), A @
Cs U7+ Cg3 + C3 t G5 [ +
@x @x
(n) (n)
ey - 08 )
! @% @
(n) 4 ) @y’ () 20 1(n)
€5 t €5 Il —— * €5 U " +
@x
(n) ()
@% @%

_ Do) _ (D)@ 1 1), 10 _ VRS
xs= h® : T = S3US) + UEd) + QU + 1 US) = au(xaixa); -
L _— D@ D@ 1@ L@ _— . .
T3z = Ci3Upg + CeaUgis + e33Ug3 + F23'Usy = (X1 Xa);

AN XA AN A

1) _ (1)@ O w@,0 @) _ NVRY
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u;” =0; (9)

—-nNn- 2 - 70.+@ - 7O . @ - D).
X3=0: Tgy = Tg'; Ty = Tap ;U™ = Ug™; (10)
u? = ulY; 0§ = P UP = UP:

3. bagaiea édaaaié caaa-e.
Pagaied 6daaidieé aaeeseaiey (4), (5) & (6) aey nely acaai enéaou a aeaa [5):
P
1), . . 4 1), (1 1 1 .
Uf)(,x 3)= | k=1 yflk)[cl(()Sh |(<)X3+ Cf<+)4 ch '(<)X3]’ (11)
P
1, . _ Py 1) (L 1 1 1), 1.
U Gxa) = o yRIa) ch Pxs+ aly sh Oxal:
Agy iedidifodaifioda:
P
2), . _ . 4 2) (2 2
U§ )( (X 3)= k=1 Y§k)cl(<) exp( |(<)X3) (12)
P
2), . _ Py 2) (2 2
UP(xa) = oo Y9G exp( Pxs)
A a0dasedieys (11) & (12) m = 3;4.
idecadnoind yi) fasiael ec Aenodin 6daaiaies:
8
3 B11Yik + Bioyak + Bisya = 0;
Ba1yik + Baoyak + Bagya = 0; (13)
B3s1Yik + Baoyak + Basya = O:
GaanuB; (i;j =1;2,3) éfiMiaiod 6adaéoadenioe+anéié iaodeod B,
@ ) _ ) _ .
B11 = ZC(lT + Cgé) (W M2 By, = C(1r;,) + Cgé) 2 |(<n) ; Bor = B 1y;
) _ ) _ @ )
Biz= egl) + e(lg) |(<n)’ Bar = ’Bis; Bap = 2Cs5 + Caz k(MW7 + (W1 2
2, —  2u " @ .
Bos = Bax = 2e(1|'é) + 6(3”3) |(<n) ; Bg= 2 (1?) gé) KM (14)
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Levi M.O., Levi G.Y., Tatarkov D.A. The inuence of mist strain on electro-
mechanical characteristics in electro-elastic medium The problem of mist strain in uence
on electromechanical characteristics in electro-elastic medium is considered. All studies were
performed in dimensionless parameters. As material of thin Im we take the barium-strontium
titanate (80% of barium and 20% strontium). Thin Im is layed on rigid halfspace made
of dielectric magnesium oxide. The dierence in hardness thin Im material and half-
space creates a strong dispersion.Electromechanical coupling coe cients for the rst modes
of electroelastic waves were obtained. The behavior of barium titanate-strontium thin Im
at dierent mist strain is studied. Obtainded the graphs of electromechanical coupling
coe cients on the surface of the medium. The results can be used in the design of thin
Im based devices surfactant.
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Lokshina L. Ya., Kostandov Yu. A. The limiting state of the specimen of trapezoidal
form at uniaxial compression taking into account an external and internal friction The
equations for calculating limiting stress in trapezoidal specimens of brittle materials under
uniaxial compression, taking into account the friction on the surface of load application and
internal friction of the material specimen are received. The correlation between normal and
tangential stresses through the inclination angles of tangents to the trajectories of maximum
e ective tangential stresses was set. The formulas for determining the angles of their rotation
of due to the action of the contact tangential stress are received.
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fa Tatauaiiié oaioaia Noiéna, ioediael & daddifoas
Z
L.( )hI,V+WI+§|’W,WI+ o— L wg+ hwt; vi =
{t(Bo) 7 @
= fhw; dTi+r wAT + ho;wig: (4)
{t(Bo)
Cadnud aideiyy élaadeaioiay idiecalaiay Eadoaia [14]. A aéad dacéiaediey
(r w)l = % wg + d(wl) & a feed oial, +of ~anol 08éaB , atiaedadony idiecaiéu-
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adiieiyaony eiéaeuiia fioilgaiéa
1 1 @e
L i v+ wi+ Zhwl wi + = 2 — T ~L,g=

liféieues adee+eid w, hwl;wi, dwl, L ,, g 11460 idéieéiaou idiecaieuits cia+a-
iey (i 6ece+anéié oi+ée coaiey 1adaay ec ied 104d+aao cia+aiep idiecaieuiiar
aaéoioiial ey, aoiday Aaai iadiéodaa, odaouy aai oloacee, +acadsoay
adaaeaios), daaainoal (5) yéaeaaeaioil nenodia ~aoldad iacaaeneind 6daaiaieé
L.( )=0; (6)
dT +b = v! ; (7)
(u VAT =(v  Uu)rT; (8)
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2 @ = ()]
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Lychev S. A. Geometric methods in mechanics of bodies of variable composition
The present paper provides a systematic treatment of modern dierential-geometrical
methods for modeling of incompatible nite deformations in solids. The incompatibility of
deformations may be caused by a variety of physical phenomena; among them are: distributed
dislocations and disclinations, point defects, non-uniform thermal elds, shrinkage, growth,
etc. Incompatible deformations results in residual stresses and distortion of geometrical shape.
These factors are associated with critical parameters in modern high-precision technologies,
particularly, in additive manufacturing, and considered to be Ipso Facto essential constituents
in corresponding mathematical models. In this context, the development of methods for
their quantitative description is the actual problem of modern solid mechanics. The methods
in question are based on the representation of a body and physical space in terms of
di erentiable manifolds, namely material manifold and physical manifold. These manifolds
are equipped with speci ¢ metrics and connections, non Euclidian in general.
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Lychev S.A., Koifman K.G. Polymembranes with internal stresses The work is
devoted to modeling of stress strain state of the system, resulting from processes of
layering material on the substrate. Such processes are used in additive technologies (e.g.,
stereolithography and molecular epitaxy). As a model, a system of curved membranes
mechanically coupled by one-dimensional continuum set of constraints is suggested. Stress
strain state of such systems depends on incompatible deformations of polymembrane,
considered as a stack of material surfaces. Such incompatibility results due to solidi cation
of the boundary layer in technological process. The paper proposes a variational formulation
of the problem, under the assumption that the total deformation is in nitesimal, stresses in
membranes are de ned by two-dimensional linear constitutive equations, and the tension
in constraints are de ned by one dimensional linear relations. Under these assumptions
the action functional of the system is formulated, the Euler Lagrange equation and the
corresponding natural boundary and terminal conditions are obtained.
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Mir2u+Mor u+Mgu=fF; f = a—K : (5)

Puu=ber2u+(be+B)r u By u: (6)

X
u(x;t)= " (t)ex(x):
k=0
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bacaaeaied 1a0aiaiins ileell TNdUAanoaeol, anee idaiadaciaaou 6daaiaiey (5)
é néfnoaia 6daaiaieé 1adaiai iMayaéa il iadaiaiiié t, a eiaiil:
Pavot+ i+ Pmvm 1=f

Vo V3= (7)

N O N

daa 0o6ieoey v, ffaiagado n en

(B n defvy+ B nr vy) k1 k:A k2 Vi k=0;1;:::;m 1; (8)

Vo =Vp; Vi =Vy; Vm 1 = Vm 1 9)
t=0 t=0 t=0
Agy dacaaeaiey 1a6aiaiito (loadeaiey 1asaiaiié t) danfiiodel Taiauai-
i6p caaa+o6 @oddia Eevaeeey
0 1 0 1 0 1
PoOO 0 0 P]_ Pz P3 Pm]_ Pm €0
O I 0 ::: 0 | 0 0 0 0 e
W = O o0 I ::: 0§+ %0 I 0 0 0 X W%ez =0;
0O 0O | 0 0 0 I 0 em 1
(10)
B ndefe+Bnr e ; =A e ; i=0:L:::m 1L (11)
X xn xn
- a B = BELTRN - K
k=0 k=0 k=0
Anée éc yoes 6daaidieé enéep+eoiies;:::;em 1, aldacea &6 +adag, = e, ol
ifeo+el aeddadaioeaeuita 6daaiaied, a éioidia 1adaiaod adlaeo a dacee--
00 038e006 Noaidiyo. Aeé6dadaioeaciité 11adaoid, idieedaadité yoei 6daaia-
jedi ataganoe e¢ L2(B), Tiddadeyaiié ésadadie oneiaeyie (11), aéaai iactiaaou
ifeeiflieaeuité i6+éfi Vo

daiéad dafifiiaodeaadiié cada+e T 4aéaediee aycéidiooaial odéa aldaaeadied
aey v oioluadody. Iiéieués and P, i = 0;:::;m €idpo aea (6), of 6daaia-
ied V e = 0 ileed0 400U caienail a aeaa

338K () = ;ig L P()= 25, azi( ), Zo( ), Za( ) IifEi+€4i0 10
Agy Tisaaacaiey ae 60ABRI6RAB0IN0 TIASAOISNA, T151a2AI00 SARoesAIie
Aefoaiié (10), aadadl dangedaiiia iifodaifioal B2(B), yeaidion &ioisial m
&Niiaioi0a 610asee a860181a  (UgjUq):::;um 1) Al NGAGYSI0l Idlecadadied
Z w1
h(uo;us;::isum 1) (VoiVaiiii;Vm 1)i= Uy VidV



Aebdoddaioeacelita aldasedied aéy W (10) e édadalda onéiaey (8) 116aaaeypo
a B?(B) aeooadaiveaenité 1idoaoio, éioioné acadi faicia+aou oai seé fieial-
el W . liddaoid W , ifidyse¥iiGé & W, Tiddadeyaony iiioiigaiedi
WV (Uo;uz;iiiium 1) (VosVeiihivim 1) i= Wuoiuasiiiium 1) W (Vo;Va; ittt Vm 1)
Efifelicoy 08184io T aeaddaaioee, eidai:
0 1 0 1 0 1
P, 00 0 P, I 0 0 €0
o1 0 0 P, 0 I 0 e,
W =BO0 0 I o+ BP, 0 O Ok; WRB e &=0;
0 00O | P, 0 O 0 €m 1

Po,e + P,e + ?P,e +:::+ "™P _e =0:
PAgaiea U = U (x;t) 46441 TO0MBRAA0U & AR44 BacEicaiey

P
U(x;t) = " (DEK(X);

KoK k= ok 'k ='"% k=h{f;0;::50)E i = Hed;
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[4] Ea+v.a N.A. Naycaifay aefaie+aneay caaa+a oadi
i . 11
[5] Eo=va N.A., laieeedia A A, paas N.A.  Caiei6o0a
RERIL 2

Lycheva T.N. Closed solutions of nonstationary problems of viscoelasticity for nite
cylinder. Theoretical relations obtained by solutions of dynamic problems of viscoelasticity,
represent an e ective framework for experimental identi cation of dynamic rheological
properties of materials. For the construction of such relations closed solutions of boundary
value problems (i.e. written in the form of convergent series or integrals) are preferred,
because they, unlike solutions obtained by numerical methods, allow strict error estimates.
However the construction of analytical solutions is associated with the following di culties.
As a rule, the hypothesis of proportionality for relaxation operators corresponding to the
rst and second Lanme moduli, which is equivalent to the hypothesis of a constant Poisson's
ratio. This signi cantly reduces the generality of consideration. Representation of solutions of
three dimensional problems in the form of expansions in eigenfunctions leads to the necessity
of taking into account the large eigenvalues, which in the vast majority of problems can be
found only numerically, as the roots of transcendental equations; thus it is likely to skip closely
spaced and multiple roots. In this paper we suggest ways to overcome these di culties.
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@ng) + 1—@&) iu(k) _ 2 k'*'2 k @k (T(rt) T )
@ r @ rz2" +2 ., @r ; W
A 8acoel0a0a dagaied idaancaaeyaony a acaa:
) z
w0 = e e CWL 220 T ey T
K +2 K r
R
cadniR =0 18¢ k=1,R=r,i8& k=2.
3¢ TidAadsaiee 0AGITEIAe+ANGES iaidyaedieé i 6+A0T OABABTHAGeliNAl
466242 103AGA5AR0MY SAMEICTAA0U AeNEAA0INE AEHIR0I dafi+A0a ecéiediineé
a [3]. Dacaea f0&eENA0AGEIETIICeOI0E Geeeiad fa | A&Iaa, ia n-ii pada i
ad&iaie iaidyaediey a6y easedial Aty  (ed(ri;ty) 11800 400U iB44M0AAEAI0 & Ae-
aa:

Writ) = O(rit)  Sit); (1)
3aai manelé i énoaeiaa, ®(r;t,) iaidyaediey, MMe6+adita ia éaseal
padd il ad4i&ie &¢ dasAiey casare oadiciacaiioe,  ¥(r;t,) Tosacasnesi-
Aaii04 iaidyeediey é Aaiilio MAids addidie

58 idTecalslin 0AITAdA00AIT-A04I4IIN ddaeeia ecidiaied &palal naie-
fioaap fi 6+401i dasaefiacee

4aa eciaiaiéa naiénoaa fnoaéea p, AMOT

Ps, My(r;t) yaoi ddeaéfiadee faiéfioda p

(rt) °
Mp(r;t) = exp : :
. —_ 0 0
([t) = —iqdt
488 (r;t) i3ea444il1a addly, o= &, o Aaycéifiol ndaaidiey, b;K eei&oe-
+ANéed 1a8aid0a0 iladee.
O+eo00aay 0868065104 140214080 iTadee (filioiieaied (2)) 100acaéniediaai-
04 faidyaediey & aaiifio 1Naios asaidie T1daadeypony eaé
X 1
Wrot) = @ M((rit)  sy)  ©rsy);
rel s tn 1»tn [ | (R I V]
j=0
k . — . k . — k . k . .
( )(riitO)_Oa ()(ri1tn)_ ()(rhtn) ()(rhtn 1)1
cadfil  106a444i1TA adAly caaenyudd 1o adaidie dasaenacee fiaiénoaa  °ide
idiecaienit A04daiiii 04iT1a0ao6diii 5aaeeid. Adaly dasaenavee 08 ayceifiol
T164adeypory a aead



o Epaeitaa 1.1., Nigfiaier V. 1.

- KO ’

lg(T: T) =1g(To) + (T * To HBe+(T * Ty HBm,

N es s

aaaTy, Ig(Ty) f[a+aeuitd ci

w» ; - @ ;.
3 rely JUL=  rel, Juns
url jU1: ur2 le;

(2) 1 _O.

>
relr Ju.=

iifiol 1aocaééa.

;™
Qx
Qo

°

1 Qy
o Il

N~ Az

X
Qo
Q.
(am)
U<
=
x
Qo
Q.
= Qo
D
Qo
N—r o
o
o
Qx
Q_)/
w' O
O\ N
Qx
>
Q»
@
Q)
(0 d
(@Y
. Qo
=
o
Q»
Qo
o
=}
o
QD
@]
Qo
o
Q>
(am)
Qx
%/
Qo
1

—~
~+
~—

N
o
%
Qo T,
o
jll
© Qo
o
Qo
|
(04

Qo

QD

v (D

(@2

QD
T » O

T
N~ Az

BN ~A TIvS)

é a
iddaae ioi+iifioe fnoaee ia dacdla & 4 dac
. o . é ﬁ

)
o
o
D
D
Q
Qx
('ID/
Qo
N
D
D/
(@]}
)
D
Qx
m;
O
9:
el



Paéaénaceliita 1810anna a aaoonéiéié oeeeiade+anéii niaa
peénodité 1 a) daniddaacaied daaeaeuins iaidyseadieé; a) danidaadcdied oaidaioeasu-
{00 iaidyaedieé. A Taiefé é dendiéai iféacail adaly iiea ia-aéa 10eaaeadiey a iel.
penositie 2 Oadacoad dacdogdiey fiay: a iaaeaiiia ibeaseaaied; & Aa0nNosia idéa-
. O I/\

85



> Epaeitaa 1.1., Nigfiaier V. 1.

EEOADAOODPA

[1] cadsaei A.N., E6andéei A i. laodiaoe+aneed iiadee oddinacaieée. i.: OEC-
1AEEO, 2002. 168 fi.

[2] Eiaagaiet A.A.  OAadiicidoainoln. Eeda: Eca-at Al ONND, 1975. 216 A.

[3] lagoaei 1.A.  Toeeed fiada fodésa i idoagel. E.: Yiddaey, 1980. 140 .

[4] Aasoaida A 1., Naiaeota A.N.  Dagaénaceliind isloania a noaéénasacind nefoa-
ia6. I.: [acéa, 1986. 239 A.

Lyubimova O. N., Solonenko E.P.  The relaxation processes in two layered cylindrical
junction of glass and metal with a sharp cooling he technological stresses in the two-layer
cylinder representing the glass-metal composite rods with a glass core have been considered.
The technological process includes heating phase, stable period and cooling process with
di erent rates. The temperatures of soldering glass with metal is above the glass transition
temperature in the considering technology wherein the glass is in a viscous liquid state. It
is possible to form the layered structure with di erent properties during a sharp cooling of
composite then this properties stabilize during a stable phase and the glass reaches a new
equilibrium state.
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Wo(X;Y;Z) = W(X;y);  Uo(X;Y;2Z) = u(X;y) zw'

. @
Vo(X;y;2) = V(X;y) Z_@g’yy); oxyiz)= (Xy)+z (Xy);

<1
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+ C; (2)

EhS 3
= ,C= h .
121 2 12

anaoaelita e iidiaguita iaidysediey fa i

Y
Qo
ot N
D/
<
Q»
(@
Qo
o
@
Q)/ -
(@}
2
@]




Eficaeoiay casa+a aéy iloenoié ieanoeil ia 6idoai nitaaiee 89
N 6+&01i &eifodc (1) & 1fned eioaadedtaaiey i oléleia, 6daaiaiea 1oiine-
04euit idenoifioe ieafoeil ideiao aea
+ w=0 (5)
3. A0ata 60aaidieé ecaeaa ioenoié ieanoein ia nitad aadeaneii-
iiar ioeioeia
Naiaiaiay yiadaey aey iacadeaéa i iofodie 1idaié eiado aea
1 1
n n n2 2 2 n
Wo= " it okt Tto kT Kk (6)
daa"; éfinaiod oaicioa 1aeld addidiaves, ; iadaiaodn Eaid ia-
0ddéaéa. 160al aaaadiey aeiioac e eicaadediaaiey ieod+aiiial atidaseaiey il
ofelieia 66ievey yiaddee idaanoadeia a aeaa:
141
W =W, + WZ:E |D1WXX+ Ds + Ds 2D7W;XXdX+
Z,
+ D, 2+ D, 2d
P 2 4 x X
[
h3 h3
aaa aaaaail idicia+aiey: Dy =( +2 )1—2, D,= h,D3= 1—2+ h,Ds= h,
h3 h3
D5 = J__Z’ D7 = 1—2
lifea aasuediaaley iieo+aiilal alidasediey & idédaaicaaiey élyodevediola
idé 1aeiaéiatc aadeaceyd odaaiaiey ecaeaa iidenoié ieanoeil 18eido aea:
(DwS® (D7 )= * cw 7)
D, (D5 ()O D7W00: 0
4. Dagaiéa éilicaéoiié casa+e
Panfiiodel &livaéoiop cada+o 14 éiadioediaaiee 1adaaiee+anéei goaiiii
i Tadaidodii édeaecid noenoié iéanoeid oiéueid h aanétia+iié aeeiaq,
éciadazediiié ia bef. 1. Néea aaaaceaaiey daaia P, iéafoéia daniiéledia ia
0186411 Thifaaiee i élyd6eoediodi iifoaee C
pefioitie 1 Noadiaoe+aneia ecladaseaied efneaacaié caaa+e
A 0261l Ned+ad iaidyseaiey ia 44o6iaé adaie a faeanoe éiioaéoa ab x6 a
faicia+ei g (x) = 1(x), aéy jxj > a ¢ (x) = 0, ia ieceidé adaie iaidyaead-
iey 1afiidoetiaeuin 1didaeaai i élyodeoediol Tifioaée: g, (X) = cw(x). Oidaa



?

-
>
¢
>

giae+il ileell Tiddaaeeol danidaaacaied d6iécee Moenoinoe a éii-
éciia a6 x6 a

P 2Ia+gla3
)= 2 - O 3 ch( ox)
0

M¢=2D 2 TR :
P 2la+ =la?®
Qx =My = 2 sh( oa) sh( ox)
Ai& ¢iit éflivaeoa i&iadtaeil nodieol daedied 46606adaiveaciilal 6daaia-
ey (9), 8101618 a8y  jxj > a ya&yAoRy Tailsiaitl. Oa0acoAdeR0e+-aREIA 6daalaiea

D ®+(C D)*+I %2 | =0
Eidie 6adaeoadenoe+anéial odaaiaiey eiapo 116aaaéaiiop A0d6e06do & ii-
400 400U 163ancaaeditl a4 aédd 1o =  ; 36 = i . A 0aéli ied+aa dagaiea
65aaiaiey ecaeaa 1ToeRolé ieanoein (9) ide  1(x) = 0 &ia&d aea:

w=A et Ate X A1) B cos (x+ a)+ C sin (x+a) +

+e™® @ B*cos (x a)+ C'sin (x a)
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se A NN AN N s

B*cos(x a)+ C'sin (x a) +

B*sin (x a)+ C'cos (x a) (11)

D32 3+l

EEOAPAOODPA
[1] Biot M. A. Theory of Propagation of Acoustic Waves in a Fluid-Saturated Porous Solid.
Part I. Low-Frequency Range // J. Acoustic. Soc. Am. 1956. Vol. 28. «2. P. 168 178.

[2] Cowin S.C., Nunziato J. W. Linear theory of elastic material with voids // Journal of
Elasticity. 1983. Vol. 13. P. 125 147.

[3] Goodman M. A., Cowin S.C. A continuum theory for granular material // Archive for
Rational Mechanics and Analysis. 1972. Vol. 44. P. 248 265.

[4] Ae&énaiasia A. 1., 16eoasyi N. 1. Efi0aéoita casa+e 46y 0dé i ofieeid
oeyie e iainetéeaie. 1.; lacea, 1983. 488 .

[5] Adediepe Y.E., Olcéa+aa A.l. ENioaéoitd cada+e odidee iganoei & 14aiei+ae. I.:
lageiiiodtaied, 1980. 412 f.

Lyapin A.A. Contact problem for porous plate on elastic foundationContact problem
for interaction of porous plate, based on elastic foundation, and rigid indentor of parabolic
shape is considered. Basic equation of deformation for plate are constructed on the basis of 3D
equations for porous media and Lagrange variational principle. The problem is solved using
method of satisfying boundary conditions for free and contact zones of plate.
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1
q(x; t) + k(x; )a(;t)d = )+ (1) 9(x);
Z, ! Z, (1)

1CI(:t)d = P(1); 1CI(;t) d = M();

O s~ A 7

16006 A0p&, A0AGe caaa-e A8y TATSH-
aaa-e a8y 6id0aes & ayceisineaes 0ae
ed00yie (i, aideias, [6 13]). Oneieieseni
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& 0 1a0diaoe+anaed iladee. 1aideidd, 66aaidiey aey caaa+e T é1ioaéod aycel-
6186a1a1 Tiftaaiey i 1aialiaiain) i 4664814 11800841 e1440 aéa:
Z 1
ct)(I  Vaax;t)+(1 Vy)  k(x; )q(;t)d = (t)+ (1) 9(x);
Z 1 Z 1 !
q(;t)d = P(t); q(;t) d = M(t); (3)
1 1
Z t
Vif(xt) = Kt )f(x; )d; k=1;2
1

s~ N A2

)l Vdxst)+(1 Vo) Kl )d(;t)d = '+ () dgXx);
j=1 1!
Z, Z, 4)
qd(;t)yd = P(b); q(;t) d =M'(t); i=1;2:5n

ct)(I Vpaxt)+(1 Va)  k(x; ) q(;t)d = (H)+ (1) 9(x);
Z, Z, ! (5)
1q(;t)d = P(1); 1Ol(;t)d = M (1);

O, g() = )i

7z XA .

ad 6iMyi6ons caaa+a
|

=
—~
X

Z AN AN N

AN AN

AN



c(t)mx)(I  Voaxt)+(1 Vz)  k(x; )a(;t)d = )+ () 9(Xx);

Z, Z, !
q(;t)d = P(t); q(;t) d = M(t); (6)
1 Zt 1

Vif (1) = Kyt )f(x )d; k=1;2

c(t)m)(I Vialxst)+(1 Vz)  k(x; ) a(;t)d = (1)+ (1) g(x);
Z, Z ., ! (7)
q(;t)d = P(t); q(;t) d = M(t);

. A Taianaiin aea

paaioa aiieidia ide oeiaif
(i51880 + 14-19-01280).
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aéoetiiné 1aoia a

Manzhirov A.V.  Contact problems for solids with coatings: fundamentals, developments,
and perspectives Contact interaction problems for solids with coatings are considered. Brief
survey of publications on the matter is given which includes fundamental papers and
monographs by Professor V. M. Alexandrov as well as by his pupils and co-authors. Main
developments in the area and methods of solution for arising mixed boundary value problems
are under discussion.
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sefodée ( functionObject )

0 adaied (LS-STAG Level-Set STAGgered Method)
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100 lag+aanéeé E. E., E6guieia E. N., Toceéiaa A.A.

Oadeeva 2 Adaiy adileidiey dani+aoa (& ~anad) & OpenFOAM & 4e684adi 1aoial

1CPU|[2CPU|4CPU|8CPU]| 16 CPU
OpenFOAM
|40 daciiaifda | 58.1 | 36.0 | 243 | 155 9.8
Pagiiaif 744 | 458 | 30.1 | 196 | 137
Ae6oaaié 1aoia
140 daciiaina | 413 [ 226 | 120 | 7.1 4.7
Pagiiaif 63.4 | 347 | 179 | 101 6.6

. A AsAA

Oadeeva 3 Noaaieodeuiay 6a0aéoddenoeéa iaoiaia

OpenFOAM | Vortex Method | Kratos | LS-STAG
Adaly f+aoa + +
Oi+itfou + ¥
Adezedied 1010eey + +
Pafiadaéeaceaaied + +
Aaoiadaio gada +
0o6da6eaioita oa+aiey + n
3-i1adita oa+aiey + +




la+ aeadioioodainoe 101

L NANZAN AA

Daaioa alileidia ive ~anoe+ilé oeiaifiaieé ilaaddeeed asaioia daceadioa
PO (8148060 1E-5357.2015.8, 1E-7431.2016.8)
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[1] Klamo J.T., Leonard A., Roshko A. On the maximum amplitude for a vibrating cylinder
in cross- ow // J. of Fluids and Struct. 2005. V. 21, 4. P.429 434,

[2] Kraposhin M., Marchevsky I. Implementation of Simple FSI Model with
functionObject // 11th OpenFOAM Workshop. Porygal, Guimaraes, 2016.

[3] Kuzmina K. S., Marchevsky I. K. The Modi ed Numerical Scheme for 2D Flow-Structure
Interaction Simulation Using Meshless Vortex Element Method // 4th Intern. Conf. on
Particle Meth. (PARTICLES-2015). Barcelona, 2015. P.680 691.
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[4] 1ad+4anéeé E.E., 116daa A.N. Tadaesdeniné iatadaiiiné éfieédéf Polara 4&y
1a4eeotaaiey 1aodeaiey 1616e84é & ennedaiaaiey dan+aoiis fdal 1aoi4a aedoa-
a06 yedidioia // 1adaseadsnind an+enéeodenind odosieiaee (1aA0'2012): 0d640
1&daeadiad. iao+. éiio. iaifieaedne, 2012. N. 236 247

[5] T6ceéiaa A. A. Pacdaaioéa itaedeeasee 1401aa iMad0eediid 40aied LS-STAG a&y
jaodiaoe+anéiar iiadeesiaaiey a nfioyaediiis caaa+ad 46ad16id0ain0e: 4eh. daia.
0ec.-1a0. jadé. 1., 2016. 150 fi

[6] Becker P., Idelsohn S.R., Onate EA Uni ed Monolithic Approach for Multi- uid Flows
and Fluid-structure Interaction Using the Particle Finite Element Method with Fixed
Mesh // Computational Mechanics. 2015. V. 55, «6. P. 1091 1104.

Marchevsky I. K., Kuzmina K. S., Puzikova V. V. E ciency comparison of control
volume method, vortex element method, immersed boundary method and nite element method
with particles for coupled hydroelastic problems solvingThe model problem of numerical
simulation of wind resonance is considered for circular airfoil with elastic constraints.
A comparison of the various features of Eulerian and Lagrangian numerical methods and
e ciency of their software implementations is carried out. All these methods allow to obtain
qualitatively correct results. It is shown that the vortex methods allow to get the solution
with acceptable accuracy with less computational resources than the package OpenFOAM.
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548 a8y Re6+ay TRaneIaode-TaT adoidiedtaarey
|
O u@ = c@ui® + cior U@+ cu@u®; i QU@ = c@u'® (= 1in);

= k?=2 (Ci33 + C13) Us” + iKC1par U Ug+
+ (1=2)(Cuzat C2)F ? KP=2 (Cyss+ Cu1) UPH
+ (178)(ci1  Cuat4cy)r 2 K*=2 (Cuast Crp) U+ ik (Crss + Cas) Uy @uat
+(1=2) (Cis5+ C13 +2Caq) (@Us)” + K (Crag+ C13) Us@Uyr + (Criz+ Cro) T U, @uy+
+(1=2) (Car +3Cu1) (@ur)® + (1=4) (Cirz  Cun 201 +2Cp) 1 ‘U @u +
+(1=8)(Cin Gz +4cu)(@u ) i
W= K22 (Caza*3Cs) Us® + ik (Crag+ Caa) T U U+
+ (1=2)(cus+t Cig)r > k?=2 (Caas+ Cig+2Cas) U+
+ (174 )(Cus  Cizst2Cia)r ° K?=2 (Caas+ Cigt+2Cas) U %+
+iK (Caa + Cag) Ur @U3 + (1 =2 ) (Caaa + Ca3) (@Us)” + ik (Craz+ C13) Us@u, +
+Ciof MU, @Ur + (1=2) (Crza+ Cis) (@ur)*+
(1=2)(Czs Cua)r 'u @u +(1=4)(Cus Cizs+2C13) (@Qu )™
llanoaitaéa iddanoaaeaieé (1) a 6daaiaiey aaeaeadiey

rer w)+r'@: +@n 1t R?*=c @u =0;



2. Dagaied cada+ 140a7al e aoioial ioeaeeaeadiey 8e Tisdadeaiee aof-
000 daoiiieé aay ifiiodtiaoe+anées inaneiiaooe+iad iidiagéuits aiei éa6+a-
iey i éooaiaié ~anoioié ! a nalalaii eeal caéoaieaiiil it aiéfaié itaasoiifioe
Oeeeiada ifiea adaaaiey endiaitd ivaanoadcaieé

u® = u®myexp( it kz)); u®=ud =o;

caaa-a Najacony & ifeaalaacdsuino Tidaadediep aiieeosails Aificaasypuesd
u® (), u®™ (r) ec a8aie+106 caaas
1y 00 n O .
r2 u® e 0@ e ()2 1 =0, ()
Day=0 eear u®(@)=0; (3)

. . 0 . 0 . 00
e QT un e Bt e e e e -

— nl, 3 2 1, 1,2 1 1, 2
= rcu®+ Jfr 'u+ Ju@u + LT ‘u@u +

+ M Y@u )+ 'u@u + 9(@u)@u; (4)

@), ,(0: @, 1,,0; (¥ ,,©on) O (1, 1 ,.0n) 0 (1) ,,©o;n) 00_
U+ S O™+ 5 O™ ey T T 5 ulm s

— 2,2 2, 2,2 2 2 2 2 .
= Mu?+ 5 2u?+ Pr'u@u + PY(@u )+ 2Pu@u;

(0l

©m y 4 O ym =0 &e4al u®M@)=0 ( =r2): (5)

AANA

\~NNIA A

b
. . . 0 . 0 . 00 2
Qo G WP @D % Gt % B uen M= o 2
p=1

(6)
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4160108 ATFoAAEYPUSE. AIAR0A fi 0Al, SIAPORY AOUAROAAINA dacee+ey A 615146
421106 dafidaadedieé, a +anofifoe dacee+ed a dafilsiedice ¢if sleasecases
126AGIABHIN0 5AASABUING & THAAS TA0RIAUAIRE, A Oadea A &0 ANOIealeyd
iBe18-20860101 yaeyaONY sicasecasey iaefieidia iieeosa iSiATEni06 MAUA-
e a8y 6eeeiada éc Gd a 6aIDSA RAa=Aiey, a Of AdAY caé asy oeselada ec Tb
1A6RRIGI0 Eleasecopofy i 1ed6aeiifioe f 5aacofl, ideasecedasnli 5aaii -
&1aeia 5aaeonia Ra+aiey.
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[1] Sugimoto N., Hirao M. Nonlinear mode coupling of elastic waves // J. Acoust. Sofi. Am.

[2] Asaser A.

[3]
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[5]

[6]
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Yelagin A.V., Storozhev V. I. Nonlinear second harmonics axisymmetric waves of torsion
in a cylindrical waveguide with a clamped surface // 161a&ai0 at+eéneeocdeiné ia-

Fritz 1.J. Third-Order Elastic Constants for Materials with Transversely Isotropic
Symmetry // Journal of Applied Physics. 1977. V. 48. P. 812 814.

Yadawa P. K., Singhl D., Pandey D. K., Yadav R. R.Elastic and Acoustic Properties of
Heavy Rare-Earth Metals // The Open Acoustics Journal. 2009. V. 2, P.61 67.

Moiseyenko I.A., Sidash O.Y., Storozhev V.. Kinematic characteristics of non-

linear anharmonic perturbations for monochromatic normal waves of torsion in anisotropic
cylinders of Gb and Th The problem of analysis of nonlinear anharmonic perturbations

gen

erated by the propagation of monochromatic axisymmetric normal waves of torsion type

along the axial direction in extended transversely isotropic cylinders with free or rigidly xed

bou

ndary surface are investigated. The model is based on the representation of the elastic

potential with quadratic and cubic terms at the nite deformations. The coe cients of the
elastic potential expressed in terms of ve independent elastic constants of the second order,

and
anh

nine independent elastic constants of the third order. The problem of describing the
armonic perturbation is reduced to a recurrent sequence of linear boundary value problems

of the rst and second non-linear approximation. The dependence of kinematic characteristics
of nonlinear perturbations on factors relative length and number of mode of normal linear
wave of torsion for waveguides from a rare heavy metal gadolinium (Gd) and terbium (Tb)

are

described.



OEIU AAOAEAIER AAOIEIEAAAI

EE
A AIBECIIOAEUIN NETA AEIABIIE NIANE

\\\\\

(_D;
)
>
gy
©
o
3t
<
(@)
Qx
m;
Q
Qo
('D\
<

s N 7O A AN

T
+v rT=pPr ' T

@S

—+V rS=Prgq* S;

@t ‘

divv = 0;
daav = V(Xy; Xp; X3; t) Tiéa néidinoe, T
0a0000, S = S(Xg; Xp; X3; t) Tiéa éi (
P = p(Xi Xp; X3; 1) &24EAI

Nefiodia (1) Aladdee€d +a0004 Adcdaciadild 1adaidaoda: Pr = —  +efi-

@ _ .
@V IVET opr v +(6rT  BrS)k;
@

@t 1)

&l Idajaoey, Pry = ) aeodooceliiiia ~enel Idaiacey (+enél gieaona),
h4 N ~aA N N\ A~ A~AA N hSS AAs O 7 \ i NArsAQ N\ A aeA
& = 9 Q +efel Adanaioa, Grs = 9 lioaiodaceiita +eneéi



Adanaioa. Cadnu  élyooeseadio éeidiaoe+anéié aycéinoe, glyo6esedio
oaiiadaoodiidiaiaiiioe fiane, D élyddevedio aeddocee, g aaee+eia onéi-
daiey fieel oyaednoe, élydoesdedio odieiaial dangedaiey fiane, s €lioai-
0daoeliité élydooeseaio ieioiifioe, { éilydbeoeadio odieniaiaiaiifioe niane,
Q iioié odiea, S ndaaiyy élicaiodacey
[daaiieadadony, ~oi adaiedd nely naiaiaita, ieifiéea e ia iéd 10ndonoacpo
éanaoaelita iaidyaediey. Cia+aiey 0aiiadaoddl e élivaiodacee ideiane ia ada-
ieoad n+eoapony 6eénediaaiitie. Oaéei 1adacil, adaie+ila oneiaey eidpo aea
@y _ @y _ _
@% ozt @%wm | STt T
X3= X3= -
3=0 X3=0 X3=0 2
T x3=1 - L T x3=0 0 SX3:1 - L SX3:0 -0
Caaa+a (1) i asaie~idieé oneiaeyie (2) eéiado neaadpuaa noaceiiadiia (ifitaiia)
dagaied, flioadonoadpudd iélyuaény niane, a iddaiiéieediee, o1 adaaediod
0ai1adac6dd e élivaiodacee iMoiyiit & aadoeéaguid:
Vo =0; To(X3) = aiXs+ ao; So(Xs) = biXs + by;
1 3)
Po(X3) = E(f;r a; Brob)xi+(6rag  Brghy)xs + const;
d8day= 1 oga= o= o= o
Eeidéiay onoié+eaifiou iiitaiial cagaiey (3) aléa eco-aia Addgdie A C.,
/E6diaeoeel A.l. e 48. [1]. 1aiadoesedail, +0oi1 aiciiaeia éaé iiilofiiay, oaé é éi-
géadaoaeuiay 1Moady onoié+eainioe Tiifailal daaeeia.
2. Adoaeaiéa aaoiéiedaaieé Adadi enféaol dagaiea casa+e (1) i adaie+-
iGie onefaeyie (2) a aéaa
V=vo+vVv; T=T, aT; S=S, bS p=po+p: (4)
llanoaaeyy (4) a (1) (2), iieo+ei fienoaié aéy aiciouaieé v; T; S, p i iaiioia-
itie aoaie+itié onéelaeyie. Aaeaa adaail ivaaiieadaou, +oi aiciouaiey iein-
éed e2= iadeiae+anéea i aideciioaeniié iadaiaiiié X1, 4aa  aieiiaia
~efél. Aalay 66iéoep oféa
vy = @. V3 = @.
1— .1 V3 — N
@x @x
& enéep+ay aaaeaied, iied+aai nenoaio agy ; T;S
@ +D(;)_ 2 Gr@+Gr@S'
. - o~ S !
@t  D(X1;X3) @x @x
g + M = T 9 (5)
@t D(x1;X3) @x’
@, DS ) _, iy @
@t D(x1;X3) @x’
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i édadadie oneiaeyie
@
T = =T __=S _ =0; (6)
o @ e Nh S
. D(f; f f AAND L Ammn
aaa (f:9) = @f@g ©@f Qg Gr = alér; Grs = bbr, ifata +enei

D(X1;X3) @x@% @3x@x

Raafiaioa e elioaiodaceiing ~enel Adanaioa AloaioRoaaii.
Caidoel, +of caaa-a (5) (6) eiaadeaidia Toiiieoasii i5&iadaciaaiey eiaas-
Fee

L(; T:S)(Xuix3) =( ; T;S)( Xi; X3);

a 0aéaed eidadeaioia 1oiiieoaslil idatadaciaaiey aioeciioagliié odaifeyoee

R(; T:S) X x3)=(; T;S)x1+ =;x3); 2[02 ]

caaa+o6 (5) (6) a 1iadacioiii aéaa
d
an+Av: Bv +K(Vv;V); (7
aaa
v=(: T;S) 2 H;
H cailéaiéa iileeanioda acaaéed aaéois-66ieéoeé i adaie~idie oneiaeyie (6)
& 1400€é34, 1idiaeadiiié neaeyditi idiecadaaieal
Z
Vi Vo2 = Vi v,d ;
n 2 0
= (X;X3)2R: 06 x;6 —; 06 x36 1
A, B, M &eiaéita 1iddaoiaa, K aéééidéité 11adacis. lianoaaeyy = It
a(7), aaad! iaecaanoiay oeéee+anéay ~anoioa, éioioop euai a aeaa ! = !+
ieé+aai
| d d 3 N
od—Mv +Av + d—Mv— Bv + K(v;V): (8)

v( )= uo( )+ u();
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a( o; 1) ol i +a +b of°+q 4j%+:::)=0;

. . o 9
9 1 o) a( i *ta+h P+t q ®+i)=0;
EEE)
a=(B"o, o)
b= (K%uy' o) +K°(Wi' ¢); o) (10)
c=(K%wyz' 1) +K%uz' 1) +K (us;' 0); o):
Caadfil , RTAROAAITAY 66ieey ATidyaeaiiial fiadaoisa L KO(u:sv) = K( u;v)+
K(v;u); Wi; Wy; Ug; Up; Uz Oagdiey dyaa idiaiidiaind caaa+ (fi.[2]).
A daaioa [2] enneaaiaaied nenoail 6oaaidieé dacaaoacaiey (9) iéacaél, ol
a feodadee 1auaai ieiaediey aiciieell 104doaédiea neaadpued iadeiae-anéesd
daaeeiia:

O A 7 N N A 7N A~

iéf, 44a6ued iaanoda+o6 asoa asoao
vO=vOoxy;xs ct); vi( )= vi(xyxs+ cb);

vO( ) =(T+ Nug(); vi( )= Lvo();
Ug = Uoj o= 4=0; = P ~ Rea=Reb+ O( );

Z N

vV = V(X1;X3 Ct; X3+ ct);
V() =(T+ Nug( );ug( )= Uo( )j o= 4=
Rea=Re(b+ ¢) + O( );
(Ima Realmb=Re(+ ¢))+ O( ?); ! O




Oeill adoagaiey aaoiéiedaaieé a aideciioaguill AeTa aeiadité niafne 111
a Naasoéseoce+anéodp Taganou e onoié+ead, a idéeiaéiay nianu aiei - a nadsdese-
oe<afnéodp Taéanol e iaonoié~eaa; V. anedRkeb < 0;Re(b+ c) < O;Re(b ¢) < 0, of
4886084 a18i0 T0AR0A8YPORY A AA06ede0e-AREAD TABAROU & 1A0R0TE+8A0, A 1A8e-
faéiay nianu afei a nadooédece+anéop Taeanol & onoié+eaa.

Agy Tidaadediey dadaéodda adoacaiey e onoié+eainoe aiciééapued aaoiéi-
€34a04¢EUi00 daseeiia a danniaodeadadiié cada+a iaéadil aiaeeoe+anéea anda-
eaiey aey Re a; Re b; Re c. 16e dacée+ilo cia+aieyd 1adaiaodia idiadaai aia-
ééc ciaéia fioitgdieé 1asead yoeie éiydoeoeaioaie. liéacail, +of &€ aaddued
aieid, e ideeidéiay nianu afei ifado atou onoié+~eal a caaeneiifioe 10 ¢ia+a-
ieé 1adaidodia. lizedo idiefndiaeol éaé nadodedeoe+anéia, oaé é aiédeoe+anéia

aaoié 8y 1a1ed oeii 01éieadandenild daaeeiia iaéaail
iadala aaa +~eaia ayaa i noaiaiyi 1ada ' =i

badioa adiiéidia a aiéad idiaéoiié ~afoe dindaadnoaadiiial caaaiey a ivadsa
fad+iié adyoaediinoe (cadaiéa »1.1398.2014/E)
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Morshneva I.V.  Types of branching oscillatory convection in a horizontal layer of a
binary mixture. The present work investigates the onset of convection in an in nite horizontal
layer of a binary uid mixture consisting of two non-reacting components. A constant
temperature and concentration distribution is speci ed on the boundaries. In the model under
consideration the e ects of thermal di usion and di usive heat conductivity are neglected.
This research is devoted to the study of branching and stability of time-periodic ow regimes
arising from oscillatory stability loss of the basic regime relatively plane perturbations.
The perturbation equations are invariant under the group O(2), and the Andronov Hopf
bifurcation theory in the systems with such symmetry is suitable. This theory has been
developed by V. Yudovich and I. Morshneva. Investigation of the branching equations has
reveal that three types of self-oscillating modes are arising: two traveling simple waves moving
in the opposite direction to each other and the nonlinear mixture of couple simple waves.
The type of branching and stability of these regimes depends on the relations between
the coe cients of the branching equations. The coe cients were found analytically for the
problem of binary mixture convection in the horizontal layer. Computations for a wide range
of parameters showed that all ve theoretically possible branching types of periodic modes
are realized.
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@+")Y ¥); To= y; Co= "y; po= const: ©)

aevée A iiéacail, +0i aicileeia éaé iiiloliiay,
0aé e éleadaonaéuiay 1moady onoié+eainoe
2. Adoagaied aaoiéieaaieé Aaiiay daaioa iiiayuaia énneaaiaaiep adoa-
gaiey 1adeiae+anéed i1 adaiaie daaeeiia éliadéoee 16e éieddaonacliié Moada
onofé+eainoe nifaital noacetiasiial daseeia (3) 10itNeoaeil 18inodainoaai-
06 aiciouaieé. bagaiea, 10ee+iia 10 (3), adaal daclniéeaaol a aéaa
Vi=Vo+tVv, Ti=Toe+T; C=Co+C; pr=po+p:
idaaiteleeel, 01 aicionaiey vV = (WX Y;Z:0); wixy; z; 1), vo(Xy; 2 1)),
T(x;y;z;t), C(x;y;z;1), p(x;y;z;t) 2= -iadeiae+it it x e 2= -iadefae=id
im z, 438 ; aieifata ~enea. 1aeeidéing odaaiaiey aey aiciouaieé caiegai
a aeaa
@v
@t+ Av+ Bv (Go+ )K(v;v)=0; (4)
daav=(v;T;C)2 H; A, B &eidéita iadaoidq, K eéaaadaoe~+ité 11adaoid,
fié cadapory neaadpueié aeddadaioeaguitie andaaedieyie
0 1
Dvy 0 0 0 0
0 Dvy 0 0 0
dw
Av = 0 Grod—yvy Dv, T C
0 Grovy 0 D.T 0
0 "Gr oVy 0 — T D,C
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0 1
w@ 0 0 0 0
@z @
o w2 o o0 o
dw@Z @y
Bv = 0 —Vy W—— 0 0 ;
dy 7 @z . ’
0 Vy 0 WQ 0
@z @c
0 v 0 0 w—
y @Z
Ku;v) = ((usr v (usr )vy;(usr )v;u r Tiu r C):
CaanubD = +er—@D— — + Grow D, = i+ Grow—
. - 0 @i 1 — P 0 @ 3 2 - Prd 0 @ ’
w = 6(1 + ") (y® y), idifiodaifioal H cailéaied iifeednoda Ti6aaaeaiits a
1aeanoe = f(x;y;z):06 x6 2=; jyj6 1,06 z6 2= ¢ ainocaoi+ii aéaaéed
iaoelae+anéed aaéoio-ooiéoeé v = (v; T; C), efi~acapued i6e y= 1, 11 ii6ia,
iidfeeadiiié néaeyoidi idiecadaaieai
Z

(Vi; Vo) = (vp v,+ Ty T,+ C; C,)dxdydz,

feiaié  icia+aado éiieaéniia niidyseadied, 11404010 100Taiiaguital io1aé-
oediaaiey é¢c H a maidinodainoal H, i Aleéaiieaaeuitie v, Gro édeoe+anéia
cia+&ied +efea Adanaioa, ide é1o1all fideod ofioté+eainoe Tiitailal daediey
filaddzeeo 12606 +efoi 1ieitd Atafoaaiits cia+aieé i'o('o60), =Gr Grg

Odaaidied (4) eiaaseaioii 1oiifieodéuil ivajadaciaaieé ejadonee Lq; Lo,
Ls = L.l

(LiV)(X;y;2) = ( Vs Wi Vo T, C)( X Y5 2);
(LoaV)(X%;y;2) = (Vs Vs Vg T C)X s 2);
(Lav)(Xy;2)=( v, W Vi T, C) Xy, 2)

(RV)(XY;z)=Vv(x+ =;y;2);
(RV)(Xy;2)= V(X y;z+ = );

.....

ed641aay feliaodey)

A fes6 feiiaodee cada+e 10IHeodsnn eiaadneé Li; (k = 1;2;3) i15& 6380e+4-
Féfl ciasaiee efea Adanaioa Gr, easedlio MafoAAIMo cia~aiep ity &il g
(1 o 6 0) 1088+280 +&0004 ENiiE&EMHI04 fAcAASHeiNa 1A600aENI04 1Ta0. A8y Tie-
Rafey iaseiaéial acasiiadénoasy yoes it a [4] A AeRO&IA6 A AATéié 856ATAI6
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Q.

9( o; 1 25 3)=0;
9( 15 o 35 2)=0;
9 2 3 o 1)=0;
9( 3 20 1 0)=0;
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1. 443003a¢é aaiélu aadoeéaeuiial iaidaaeaiey aieiié  v(x;y;z ct);

2. 44aouaé aaieu aideciioaeuiial iaidaaeaiey aieiié v(X cty;2);

3. éiiiié 4aaouaé aieiié v(x + z ctyy);

4. 1adeiag+anéel ddseeili  v(x + z;y;t), i6aanocaaéypuei iiaié iaeeiaé-
i6p Aianu 1ad0 R0 adaoued aiéi, e éiapuel a eeidéiill ideéaceéseaiee aea
f(y)e|(x+z ct) ei( X z ct)+C

eif iaéité Aianup éinac adasdues aiei, faycaiitd eiaaoneliiié
fieliadcoeaé, éioidolé a eeidéill idedeecediee €iad aea
f+(y)ei(x+z ct) 4 (y)e|( X+ 2z ct f X
bofy élydoecedioll a;b;c;d;e; fodaaiaieé dacaacaeaiey (5) ioe dacee+itd éde-
0e+anéed cia+-aieyo 1adaidodia, ffloaaonioadpued éieadaoaédiié ifoada onoié+e-
ainoe ififailar ddeeeia. Aey ed at-eneaiey dagapofy faiidiaita e ialaiidia-
08 €533a08 casa+e 140i4l fodaeltal, a oaéaed casa+e Eige 140141 DGias
E6000 Oaciuaddaa. PAcoeiivaol dan+aoa ifeéacage, <01 ide 1aend cia+aieyd aie-
ifalal ~efea  10e 110aaaeaiits cia+aieys adoaed iadaiaodia cada+e aiciieeil
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Morshneva I.V., Petrova E.|I. The occurrence of 3D periodic convective ows in
a vertical layer of a binary mixture . The problem of the branching of 3D time-periodic
convective modes in a binary mixture between two rigid isothermal vertical plates is
investigated. In the model under consideration the thermal diusion e ect is taken into
account, diusive thermal conductivity is neglected. The equations of 3D perturbations,
periodic on the homogeneous horizontal variable and on the vertical variable, are invariant
under the group O(2) O(2) and the Andronov Hopf bifurcation theory in the systems with
such symmetry is suitable. This theory has been developed by I. Morshneva. It is found that
ve of self oscillating modes are arising: the nonlinear mixtures of various types of waves and
various types of traveling waves. The results of numerical analysis of the branching character
are presented. For that purpose coe cients of the branching equations have been considered.
Computations for a wide range of parameters showed that di erent types of bifurcation of
periodic modes are realized.



1 DAGAIEE NIAGAIIE ADAIEXITE CAAAXE
IAEEIAEIE OAIDEE ONOAITAEA@AENR MTECOXANOE
AER TEOIDINOPAINOAA
IDE AIOEIEINEIE AAOIDIAOEE

N s N AN

X2 = T xz: yz:—yz;T:T()= Ko ™ (Ko>0;,0<m 6 1);
q— q — (1)



x< 1;1 <y< 0g,ila-eiypuaé-
i

daie+iop caaa+o:

WXY)y= 0= F(x)  (X2L); yzly= 0=0(x2L9;

w(x;y)! 0ige x>+y?11 ;L=fy=0; a6 x6 ag; L°= R=L: @
Caanuf (x) (x 2 [ aja]) caaaiiay aifioaoi+ii déaaéay 606i€oey, aani-
époiay aadee+eia seafnoéié finocaaéypuaé éiiilidiol néisinoe a fodesaodéuii
jaidaaeadiee e Oz, llaédsealay Tiddadeaiep, L neaa mMeind ia caiéiooié
neisineioe ~ =f1 <x< 1:y6 Og. A &adaie+iié caaa+a (2) aleseia 4000
caaaia 0aailadénoachlay T iaidyeedieé  (x):

Dagéaied cada+e (2) (3) nadaai é dagaiep INEO. N yoié vaéip aifiiieiucoainy
dacoelivaoaie daaiod [6], fi~eoday, +0f 4ddaaiita oal 66ieéoey iaidysedieé  ( Xy)
& 06iéoey naaaiiaidysedieé ( x;y) aianoa i naieie +anoidieé idiecaiaitie
al a01o1al Midyaéa aéep+eoaelil iaidaslail a caiéiooié Meodieinéinoe. 17 [6]

K(m) R | .
w(x; 0)= T) sign(x u)' (Wdu(l <x< 1);' X)= %ij: 0.
1
2"+ R ( R D @
' _ (u)du 2 1 (u)du
)= — +x "+ = 7 '
a a
10édaa

dw(x; 0)=dx= K (m)' (x)(1 <x< 1);K(m)=1=2(2=Ko)*™: (5)

OA4iadu 1de Titue (4) (5) ddaééchai 1adaia adaie+iia oneiaea ec (2), idaa-
aadeoaelil idiaedoadaioediaaa yoi oneiaeaim  x. A dacoelioana, ideaal é neaaos-
budio Tiddadeypuaiéo INEO

( 2) 1m
1R (u)du R o 1 m
2 1 (u)du _ 27 m 0 .
a a

Pagaied INEO aiéaeii 6a1a6d0aidyou ofsiaep (3)

2. bagaiéa Tidaaaeypuaai INEO (6). A fiffoadonoaee i 66ieoetiaénid-
ie faiénoaaie o6ieéoeé ( x;y) e ( x;y) idlasiaelt iinosieol 1adaie+aiia ia
élioad eioddaaea ( a;a) dawaied INEO (6). lifiodiea fitaddeaiil aiagiaeii
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fadeaiitio a [6] e aiiiléluciaadeent ecaanoili iaoian iadieeadiey 1adaie+ai-
il 5AsAiey 6544416 caaa+e Delaia [9], ifed=el ibzeiid 5asaiea (6)
S ( ) o
2 2
(X) _ 2 & Xm R o f 9(s)ds [f O(X)]2+ a2 2x2 R f 9(s)ds : (7)
[2K (m)]" , & &9 a ° %
idé+ai 06ieoey f (x) aléeeia 6aiacaoaidyol oneiaep
R
fos)ds= a2 s2=0 (8)
a
Panfiiodel adeseité +anoilé neo+aé élaaa f (x) = Ax? (A > 0). I+4aeéail, o1
a yoil fied+aa onefaea (8) daiagadoaioyaony aaoiiace+anée, a éc (7) € (3) 1ihea
yeaiaioadito at-eneadieé iadiael
P
(x)=[aA=K (m)]" (2=a) a2 x2 ( a6 x6 a); [aA=K (M)]" =T=a: (9)
Aoisay ec 618i6é (9) ofdaiadeeaads caaeneiinol ideeds iMeoaseiié eioadaa-
éa( a;a), 6éce+anéié éiinoaioié K (m) é caaaiiié neeié T.
A (9) 433441 4AcOACIAGINA Aadee-eil

= x=a, Al = aA; To = T=aKo; So = AT=K o= AgTo=; (™ ()= (a)=Ko:

1 JE—
M= ol PT Egien =1 miA =@ 97 0 o)

Aaeaa caéiainy anoifii fioaaaeaiey iadaiaooa N yoié 6aéip nia+aea ioe
ififue (9) i1 616i6ea (4) at+eneyai 66iédep ' (x). 1de yoii adaai fi~eoaol,
fAfaganii 1inoaitagéd caaa+e, (x) = 0 i8¢ jxj > a. Aifiléliciaddgeni atdased-
e8] ecaanoiial eiodasaca i yaol Eiee, 1T (4) ad+eneei 66iésep ' (x) e &
aloasedied iancaael Tiyou a 6101686 (4) aey  w(x; 0). liiead yediaioadias
ioaladaciaaieé e iadadiaa é dacdaciadili aaee+eiai ied+ei

w” (5 0)= AV 2 w6 0= w(a; 0)=a( = x=aj 6 1);
:A(m)1+ mz_ (m) 2 2 +2 (11)

M= =g 0 1z = Ao z ) ( =1 m; 06 < 1):

Oaéei 1adachi, 4 danfiaodeaadiil ~anoill Aeo+aa oi+ild addaseaiey iiila-
00 adee~ei iNoaaeaiiié iaeeidéiié niagaiiié adaie+iié cada+eé a dacdacias-
ilé 61314 A05aceapony 6idiceaie (10) & (11

3. Dagdied iaeeidéiieé niagaiilé adaie+ié caaa+e i 1Ni 1401-
an TINT iffiodiel daéaed ideaceaediita dagaied danniaodeaadiié iaeeiaéiieé
fidgaiiié casa+e. Agy ied+aiey iilaitd 6daaiaieé nia-aca iaéadl dagaied
caaa+e oeia Oeaiaia agy iaeeidénal it noaiaiinio caélio Mesidinodainoaa



58 aloeisifiené aa015iacee, &iaaa fa 4041864 TeGidIN0GAIN0AA A (a+a8a &id-
48120 11 105e020460M6 faidaasdieh THe Oz A26f0AGAD SanadAsUiay ATRBAATO-
~&ifay fieea Q. N yoié baelp a 61686, le6+-apusphy &c (4) & (5), iéiee

Y ~ Y . 6 \ ae + O o

lofpaa, aalay a oanniiosdied T41avudiind i&ddidudiey eeé féidinoe
wis = [ w(x; 0)]" (w(x; 0) < 0), eeidéii caaenyued 1o Q, a&y danidsdadéai-
00 éanaoadelind nee eidaifeaiinoe  (x) ideiadiel 1ad+ité eeidéité ideioel
foiadiiceoee, a caoal aasidiny € w(x; 0). Aaeaa, daaeecdy 1adaia oneiaea ada-
ie<iié cada=e (2), 16eadi é eioddsaceliiié vdaaidiep (EO) Eadédiaia 1oiifie-
oaeuit  (x)
H (m) R d m 1 m
RO s PO (asxsaliHm=d T (1)
Dagaiea yoial 6daaidiey aieeseii 6aiacaoaiayou oneiaep (3)
A EO (12) e a o6ieiaee (3) 1adaéadi é aacdaciasili aaee+eéiai = X=4a;
=s=a o( )= (a)=Kp: A dacoeltoaoa fie iadaéado, ffioaaonoaaiii, a EO
1R
= 2 =g() (1< < 1;0< < 1)
1 (13)
—( - 1 1. _ e _
G()=(=@ ) [o fo() :fo()=Ff(a)=8 o= =a
& a 6nefaea
o()d =To (To= T=aKo): (14)
1
N+eoay o66ievep f (x) +aoiié, dagaied EO (13) ileeil 164afioadeol a 6idia
aanéiia+iai ayaa i iaeécaanoidie éiyooeceaioaie Xn(N=0;1;2;:::):
- 2 ( 1)—2)4 =2 _ 2 (D=2 .
o()=1 XnCor" ()= 1 G() ( 1< < 1);
n=0
aa4C,. 2 () Iiai+eain Adadiaadyda. Aasad efilelcsy ecadnoita faeosasnind
ffioit@aiey aey iiai-eaita Adaaidadyda ec [10], ide ifiiue oneiaey G(1)=0
el 1iodieéou Tadaie+aiifa ia Todacéa [ 1;1] dagaiéa EO (13) i6e o6iéi-
aee (14). laiaéi aey ioifoiol caaniu oaéia dagaied T1iiodiel a 6éacaiiii alga
+anoill ned+ad, éidaa fo( )= A 2 (Ap = aA), agya 06iésep gy ( ) é¢ (13) a4 aeaad
_( = 1 1 2 .
Ho()=(=@Q ) o Al ) (16 61): (195
x0fal iagoe dawgdied EO (13) ide idaaié +anoe (15) aifitelcoainy oimyio-
odié fiaéodaclitie inoiigaieyié aey Co 2(): Gy %()
1R d 1
T a7y (1<)
1R CZ2()d ( +2) =2 =2 2
- j(21 )@ =2 T 2( )cos(=2)C2 ():C ()= 1+3 2’
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o()= 2A; =(1+ ) cos(=2) 1 C 0= )A=: (16)

€iaao ianot 1adaie+aiita dagaiea (16), iiafncaaeyei yoi dagaiea a éﬁéTééé 14)
liiea ianeizeilo atéeaaié adaai eiaou
_ P _ _ _ _ oy 172 )
Ag = ( +2) ( =2)Sp=4 (1+ )=2)cos(= 2) a7)
Oaéel 1adachi, 6adaeoddenoeee iaeeidéiié caza+e 1M 140iao TINT aapony
oidideaié (16) (17). Ndaaieodéuité aiaeec 0i+i(id & T6eaceéaeadiilid 6adaéoa-
defioeé caaa+e réachaapo, ~01 idé m, aéeécéed é i6ép (Ide , aéecgéed € 1) io-
géeiiaiey iaaead iéié cia+eoaeuil, a il 1ada 16eacéaediey mél( é1l)yoe
T0éétidiey caidoii oiaiugapony
EEOADAOODA
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Mkhitaryan S.M.  On solution to the mixed boundary-value problem of nonlinear theory
of steady creep for half-space under antiplane deformatio mixed boundary value problem
of the nonlinear theory of steady creep under antiplane deformation is considered when for
the half-space a power-law relationship between stresses and strain rates occurs. On one part
of half-space boundary plane, strain rates are given, and on the rest part, tangential stresses
are zero. A closed solution of the problem is constructed. For a comparative analysis, an
approximate solution of the problem is built. A particular case is considered.
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Aif1al 1aotaa ifeeii 1Med+aol 1idenoda iuaciéadaie-
+aféea iacadeaed, ai6ode ioiaio ia ddaiécad éadaie+anéié 1aodeod i iidaie
Thasedil 1eéol- eee ifait+afoesd ec idadcaeea

A iafiolyudé daaioa 164anoaasail +eneaiind aacoéioaol i daf+aos yodae-
08Aai06 falénoa oaéed ieediiiaenond iuaciéddaie+anéed iaoadeacsia. Enfeaai-
aaiéd idiadaaii ia iitaa éfiiedéniian iadiaa [4], aéép+apuaai iaoia yooaé-
0€4i00 i1adeaé, iiadcediaaied idadancaaeoaéuito 1auaiia, élia+ii-yéaiaioiia
dagaiead iadida noaoe+anéed cada+ odidee ilaciyedéode+anoaa il fiaceaeuidie
adaie+ilie oneiaeyie e 1noidioanfiioidp Tadaaioéd dacoelivoaia

1. O4o6iieiaey iiadeeaiaaiey. Agy Tiddaaeaiey yooaeoeains iiaceaé ia
iadail yoaia iiaaeediaaény idaanoaaeoaeuiné 1auai oenoial iuaciyeaéode-

i s iifoe a 4 -anéié dagaoée daciadd L L,
e

5 ©
(0N

. Qx
«©w O

\\\\\
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pefi6iie 1 Yeaidioasiay y+-aéea: ( a) finoaasypued yeaiaion y+-aéee, ( 4) y+a6ea a faid-
83; & IB&IA3 158AM0AACOAGUINAT TAU&IA: (&) A&RU TAUAl, (3) YE&I&Io0 1180 (3efdies
3 4 4 Ai5eA&44I0 A BACINB 1afg0a4A0)

aaidoeasdaony edae+anéay dagaoéa. Caoai a iifioadonoaead i idadaiieasaaiié ii-
denoifiolp ps aao+eéii ied+aéitd +efied ataedapony N, 6aiodaeuins éiia+ind
yeaiaioia y-aaeé, & &0 iaoadeaéuita naiénoaa iiaeoecesdpory ia naiénoaa 1o
Ange i8eiyou N, = [ps(kp=nc)%], 344[::] 06aeay +anou +efnea, of enoeiiay 1oe-
AGIfolp = (NpI)=(n3I3) = Np(k,=nc)® 46440 iaiital ioee+aouny 10  ps, i, iaide-
iad, 10 n.=10,k, =0:948y ps =0:1 p=0:09987 a 4&y ps =0:5 p=0:50009
Oaéei 1adach, ileeil fi+e0aou, +0i ps  p.
laei ec aaseaiota ivdanoaaeodcuiial 1audia, MOSTAINAT i TieRaiifio ae-
418e016 i8¢ n. = 10, k, = 0:9, ps = 0:1 5224441 ia 8en. 1 (& . 1oidoei, +of
yéaiaiol 11a0 o (i =1;2 1 Np) addedapony fidaae 0aiodaeuitd yeaiai-
0la y+adé nesd+aéili 1adacii, é 1iyolié 18e fedaopudl 16i6iad aeaideoia eo
dafiiiéleediéa (den. 1, &) iaiyaony
A B3acoelioacd 1eo+adony idaancaacoasiiné 1andi 1oenoial iuaclyeaéode-
+anéial 1aoddeaéa i caiéivoié 1denoifioup (MMdenoinoup 3-0) foidanoe+anéié
AOBGEOOSD. A yoii 1aGaid eiddony N, yeaiaioia i1d pi, afd adaie , = @ pi
101600 Tieiifiotp élicaéoeddpo i ddaiedaie fifiaarioadpued yeaidioia iaode-
o0 éiiiiceoiial iavadeaea.
A fili0aaonoaea i 140ial yo6aeoeaind itacedé danfiiodel ienodio 4e60a-
daioeaeuins 6oaaidieé noace+anéié odioee yeaéodioiddaifioe a fataia
L(r) T=0; r D=0; T=cE S e E; D=e S+"5 E; (1)
8 9 2 3
< @ = @ 0 0 0 @ @
S=L(r) wE=r 5 r=_@. ;L(r)=40@ 0 @ 0 @>; (2
@’ 0 0 @@ @ O

aaoioiaceé "j; E aaéoid iaidyaediiiioe yeaéode+anéial ifey; u aaeoio-
06ieoey 1adaiavaieé; ' 0oieoey yeaéooe+anéial imodiveaga; ¢ 6 6iao-
deda 0i66aed seafoéinoaé, eciadaiits ioe 1nolyiili yeaéode+anéi iléa; e
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AAAAA

' 13e ' d§3e ' CE4e ’ eiS’ esel’ %e3’
g+anéed caaa+ (1) (4) eee (1) (3), (5)
0 eyo (3) iag ec éfiiiiaio S ,
( hzi=(1F3 ) (oHd))
0 ¢G® =hji="oj =1;23 € = Dsi=";
1) Sezs="0; So =0; 63;Ep= =hji="e] =123 €= MDsi=";
) Soa=2"; So =0; 64;Eo=0) c5° =hai=(2"); €= hDai=(2");
|V) So=0; Eg=Epe; ) eﬁS = h 13i=E0; Hfle = m1i=E0;
V) So :O, EO h i |:EO,J = 1,2,3, "§3e = I"Dgi:Eo.
A ' ada+ odldee iuaciyeaéode+anoaa eniel-
i ii0é éiiieaén ANSYS, ide<ai any

aléa ddaeeciaaia i6iadaliii ia ycéd APDL ANSYS.
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D g»gy::(?nm:
St

00 faseaé atée ioiaa-
o é_

N
U
Qo
O
O
D:
c
o
Q)/
o
)

nedadpueie gia+ai
¢ £ =13:9 10°, ¢k, =7:78 10,
1:5 109, c¢f, = 2:56 10° (ii ?); es3 = 15:1, e = 52,

45828000 &lifnda
&, =774 100 &, =1

Q:
Qo
— E;

=
D
S

o5 = 12:7 (BEA 2); "S, = 730", "S, = 635", "o = 8:85 10 12 (Ofi) &4eyE&E03&+4-
Réay 151ie6adiiiol 4a6661a. A&y 115 caaaadsenl 54i3adaaeell 1804 Adse-eil
s8¢ & = cF ,ilACTA0846 &, = ( 1E&M 2)e"S =", (584

61864e0 i1aceaé =
Taual aaidoediaaeny ioe +~efed y+adén, = 10 ii éasedié fioidiia

fi élyodedeaioli  k, =0:9.
|aéioidta dacoéeloaol al+eneaieé eeepnodeddpo den. 2, 3, daar(ct ) =
cEe =¢ ciaraiey yo0aéoeains iiaceaé cE e |, Toianaiita é itioadonoaopuei
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[1] Topolov V.Yu., Bowen C.R. Electromechanical Properties in Composites Based on
Ferroelectrics. London: Springer, 2009. 202 p.

[2] Rybyanets A.Porous piezoelectric ceramics A historical overview // Ferroelectrics.
2011. V. 419 (1). P.90 96.

[3] Rybyanets A.N., Naumenko A. A.Nanopatrticles transport in ceramic matrixes: a novel
approach for ceramic matrix composites fabrication / Physics and Mechanics of New
Materials and Their Applications. Eds. I. A. Parinov, S.-H. Chang. N.-Y.. Nova Science
Publishers, 2013. P.3 18.

[4] Nasedkin A.V., Shevtsova M. SSome nite element methods and algorithms for solving
acousto-piezoelectric problems / Piezoceramic materials and devices. Ed. I. A. Parinov.
N.-Y.: Nova Science Publishers, 2011. P. 231 254.

[5] Rybyanets A.N., Nasedkin A.V. Complete characterization of porous piezoelectric

ceramics properties including losses and dispersion // Ferroelectrics. 2007. V. 360 (1).
P.57 62.

Nasedkin A.V., Nasedkina A. A., Rybyanets A. N. Models of microporous piezo-
electric composites produced by the method of transport of metal-containing microparticles
The paper considers the technique of determining e ective characteristics of microporous
piezoceramic material with fully metallized pore surfaces based on the simulation of the
structure of the representative volume, the e ective moduli method and the nite element
approach. Finite element package ANSYS has been used for the numerical solution of the
homogenizing problem. The in uence of the pore surface metallization on the values of the
most important e ective moduli for porous piezoceramics PZT-4 is investigated numerically.
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r T=u;r D=0;T= + ru’+ %ru;
=€ " e E; D= "t E; 1)
n‘I‘S:P, ujs, =0; n Djg, =0; "js = Vo
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A 0 A = o 0 . . 0 . _ 0 .
. Ciu = Cuokl + Cja ; ergu = Enij -;/émi' v Gmij = etgu * Enij 'y = mn + -
Ci = Ciml Ugm + Cijimn Umn + mijkt " o éomij = €miki Ugy  lmnij " 5 €mij = Emnj Upp +
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Tij;j + | 2Ui =0; Di;i =0: (2)
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+ 2 12k R =0; (4)

1
0= éci?kl Ui;j Uk, + e(k)ij I ik Ui Py (Izn' ;k' in av;
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[1] Auld B. A. Acoustic elds and waves in solids. NY.: Wiley, 1973. 421 p.
[2] Dieulesaint E., Royer D. Elastic waves in solids. NY.: Wiley, New York, 1980, 390 p.

[3] Fischer, F.A. Fundamentals of electroacoustics. NY.: Interscience, New York, 1955,
481 p.

[4] Kuang Z.B. Theory of Electroelasticity. Heidelberg, New York: Springer, 2014, 541 p.

[5] Aaodenyi A.1., Acaadda A A., idaei D.A.  15443a004&0i04 iaidyeediey: tadée-
diaaied & eadioedeeasey. iiiiadasey. Difola-ia-Alio: Eca-at bOO. 2014. 206 .

Nedin R.D. On the theory of inhomogeneous prestressed piezoelectric bodi€s erent
formulations of the boundary problems on vibrations of inhomogeneous piezoelectric body
under residual stress-strain state are presented. On the basis of the variational principle
obtained, the statement of the boundary-value problem on longitudinal vibration of inho-
mogeneous piezoelectric prestressed rod.
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a»
Q2
ox ox
()
(@}
=3
o
Q:
Y

"l = Cw & (m;k=T16): (1)
:

Ci1=Cp=1=E;; Cip=Cy = 1=E1; C33 = 1=E;; Cas = Cs5 = 1=G;;

Ci3=C31=Cp3=Csp= 2=E;; Ce=1=G; =2(1+ )=Ey; (2)
E., E, 11a6ée bida aeéy danoyaediey-ficcadey a iaidaaeaiée iéiféinoe eciodi-
ieé e iidiaguin é iaé; 1 Elyddeseaio lvaniiia, dadaéoadecopueé iiada+-
ifa fi;eaoed a ieinéinoe eciodiiee 8¢ dafoyaediee a yoié ieinéinoe, a > T0e
danoyeediee a iaidaaeadiee iidiaeliil é iéiiéinoe eciodiiee; Gy, G, iiaoee
faaeda aey ieinéinoe eciodiiee e iidiaeuiié é iaé.
iofol fa deé64eid H idiéadia aideciioaguiay atdaaioea yeeeioe+anéian ii-
iada+iial fa+aiey. lieadadi, +oi iéinétnol eciodiiee dafiiéleedia 1fa 6aef '
é ai0eciiod, a aldadioéa iaidadeaia 1a 6aeli é iélfiéifioe ecioaniee. Nemnoa-
10 é1idaeiad0  OxiX,x3 6&iaidad fnaycaou N a0daaioéié. 1einéinou Oxix, Aaiafnoei
A 1Mada+i0i nd+aiédi atdaaioée, i Ox, iaidadei aasoeéasiil 4aao0, a Oxs
aaiel ansdaaloée. 146asia 10 nefnodin éldaéiao Oxyz é fiéfiodia Ox;x,x3 TH6-
uanoaeyaony 160ai iaidioa ia 6adieé ' aiédda ife Oy = Oxs, a cadal aiédoda ife
Oz = Ox, ia 6&ie . Qido6aead AOIild an 1e6+apony ec Mol  Cuk
i60al idatadaciaaieé, aicieéapued ide Maidiod &lidaeiaoitd naé ia 6ael
e [4] ARée o&ié iadeiia iETeTRoe eciodtiee T08e+Ai 10 66y (' 6 0), of
a caaeneéiifioe 10 iaidadeaiey e aloaaioée é ieiféinoe eciodiiee (6aie
idiecaieal) 6daaiaiey caélia Adéa a fiefodid é1Mdaeiao  OxiX,Xs; 40400 eiadu aéa
6daaidieé aey iaoadeaca, 1acaaapudai 1auaé aiécgiodiieaé
56 dAoAice casa: AYCAIGIBOAINOE 6OAAIAIRY cadiia Acea (1) i&iaBiaei
odaifioidiestaaol a 6daaiaiey ninoiyiey neaadpuaai aeaa
en = CrkSc  (Mm;k = 1,6): Q)
OiB6364 TIAOIIA  Cre CAIAIDORAY TIAGAOTOAIE 8883 Crk = Cok (L + Pry),
a jaidyaediey & aaodidiadee Tidaaaéypony fiioilgaieyié sc(t=0)= [} e (t=
0) = "L . EioAada&iI0eE T1A3a018 p., S1A%0 &84
Zt
= el s ()a: @
0
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_ _ 1
Cip=Cy = L= E_ll 1+2_1(pE1(t) 1) : (8)
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(@
Qo
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OI\
Q)/
Qo
o
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aTteliial adaa, id3asleeal
ileiciaaiey faiMHcAan0AaaIN v

ia 1 1a Tiddaaeyeny. lyo :
4040 Tioaaaeyou ec ivaanoaaeaiey (8). liadaoisité éiyo-
. éu .. Ve o II .

(o))
@
[}
Do
[
Ol
=
N
1
Ol
N
[
=1}
@
Q

Pl
13
'l

[—

: |
aey 1aoacoia 08ainodiiias iofa ia onoaiiagail dacee+ey iadaiaodia ifé 5
fioe i1 dacili iaidadéaieyi [6]. A aaiiié daaioa ioe idiadadiee dan+aoia agy
daifioodiii a efil daieiae+anéea 1noiyiina, e aey

e =1:074 e, =0:523 @ =0:120 1 =0:413 > =0:198



[EY
~
QD o
11
SRE
O
1
[EY
1

=0; u,(0)= 0:024% u,(ty) = 0:0307%
j o (0)= 3:6556 J oo (tst) = 2:8030Q

2)a=11i;b=21;" =0; u,(0)= 0:0202 u,(tg) = 0:025Q

j oo (0)= 2:4391 j oo (ts) = 1:7708

Jaefeiasiina 1a0R1AUAIRY Alcieabd A T+A4 & 651484, 1A0AIAUATRY, 6adee-
~&AAYAU iT 11a08p 158ATAYO & caileiaiep a0daaiose (iTec6=anou), A iaidyaaiey
B33626REBOPO, +0T I38ATAe0 & GiAilvaiep iaidyeaiilal Atfolyiey

EEOADAOOPA

[1] Adeeaiia £. K. O&idey ileco+-afoe 15106 iidia & A4 idesieaiey. Asia-Aca: ia-
684, 1964. 175 f.

[4] [aneiaiada i.1., aneisiasa .i [aidyeeaiey 16563 a0daaiole a aieciosiii
alail 1afneas. Alidse: Ao, 2003. 148 A
[5] Daaioita b.i.  Tleco+afol yeiaion elifodceseé. i.: [aoea, 1966. 752 fi.
[6] Aéoaseda @.1. Dacaeoed 1adaieee iAcAIiN0 & fidoeasuins Aiddaeaieé a Ea-
caBRoAIA ca TAE&AIed 40 830 //idecsaaiay 1acaieea. 2004. O. 40. « 10. N. 3 36.
[7] Adeeaiia /. N., Aéoaceda @.1., iafaia £. & Naéfitiaiayeediiia mnoyiea
i To51if AeTenon ianfead. Asia-Aoa: jacea, 1980

Neskorodev R.N. The stress-strain state near elliptical cross section development in
the creep anisotropic rocks With the conversion of integral equations of viscoelasticity of
state tasks to the equation of time Hooke's law, the report proposes a solution to rock creep
problems under generalized plane deformation of an anisotropic half-space with an extended
elaboration. Numerical studies to develop an elliptical cross section.
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(Caat)°+ (33’ 3% (33)°= & (1)

(e33u9™+ (¥53' 9°+ (g5 )°=0; (2)

To( 3 059 +(kss 9° ©_=0; 3

u( H;t)=0; ( H;t)=0; " ( H;t)=0; (4)
(+H;1) =05 ks (+H) = qt); " (+Ht)=+"o(t); (5)
(X3;0) = u(x3;0) = " (x3;0) = u(x3;0) = 0: (6)

—  (esl®  Ya3' O+ @3 )jxe=ndS = (1) (7)



Caaniu Tadaiauaies, idedadaied 0aiiadaoosa, aidyeedied, Ca3
giiitiaioa oaicida iladeaé 6idodainoe, iéfoitiot, o daadediay fanaiiay
odiefaiéinou 1de 1nolyiill odicida aadidiacee, 33 ElMiaion oaicida
0AIT1ada00di00 iaidysedieé, ez EliiMiaioa odicida iuaciélydooeseaioia, y 33
gliiliaioa 0dicida aeyeaéode+anéed idiievadiinoaé, g Efiilidioa oaicida
iedieiyo0esedionn,  oft) ieldiliol 0Aisiaial Moiea

144cBaciadel caaa=o (1) (6) Aacani 6isioeal

q
— X3 - u - - Toso
Z= H U - H W - 01 0 — Co 1]
. q —
- 9q- = Ko o = __- = So_
Q P’ % ) Vv i OE:I 0 H Va3 !
— 1. koS" ¥33S0 . - sg €}
‘](t)_ _01 IO_ CoH2 ’ VO_ _01 033_ C33+ ﬁ’
€333 . — Tog3 - H
33 3 ya3 ' ¢ Y33 ! Vo’
— H2%cp. _ t. — Ca(X3). — ka3(xs).
tr = Ko = o s(z) = e k(z) = ko
— _(x3). — G (x3). — _3(x3).
()= L o) = 28 (7)==l
ko = max Kkaz(X3); = max C(X3); = max X3);
0 e 33(X3); G ME (X3) 0 ME 33(X3)
— . — ' — 1.
= maxX X3), Sp = MaxX X3),; -
0= max (X3); So X32[o;|]%3( 3, o= ¢
= To - = 0_- = €33 - = da.
dy 0 soco’ dy e Y33Co CoYya3 ' ds d3’
- 1 — .
d5 - ay - 5' (8)

[iiea TAdcoaciadeaaiey e eféep+aiey ifodiceaca, caga+a 0adilyeaéodioiss-
aifioe (1) (6) falaeory é cada+a 0adiididdainoe fi ilaedevediaaiitie élydoe-
oedioaie:

(s(2)U9° di( (W)°= 2 U; 9)

1 - 0 )
kWY (W d (2)U+ dpJ(t) = 0; (10)
Ut 1 )=w( 13,0)=0; (11)
(1;)=0; kOHWI )=Q(); (12)
W (z;0) = U(z;0) = U(z;0) =0: (13)

R
caanu( z; )= UYz; ) di W (z; )+ d3 J(y)dy iaidyaediéa.
0

anoité faddaaiité ioadiveae iadiayo a o6acoelvacd eioddoediaaiey

Z1 Z
Vo(()=d2 W(; )d +dsU(1; )+ J(y)dy: (14)
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[1] Mindlin R. Equations of high frequency, vibrations of thermopiezoelektric crystal
plates // Int. J. Solid. Structures. 1974. Vol. 10. « 1. P. 625 637.
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[3] Bassionn E., Youssef H.Thermo-elastic properties of thin ceramic layers subjected to
thermal loadings // Int. J. Thermoelasticity. 2013. Vol. 1. « 1. P.4 12.

[4] Yoshihiro O., Yoshinobu T. Transient piezothermoelastic problem of a thick functionally
graded thermopiezoelectric strip due to nonuniform heat supply // Arch Appl. Mech.
2005. Vol. 74. P. 449 465.

[5] Ed0eia A.E., Nétaey IN.  1aotad iseaéeaediiial ivatadaciaaiey O6sua & 1ada-
uaiey idaiadaciaaiey Eaieana. 1. [acéa, 1974. 224 f.

Nesterov S.A. Determination of the induced potential in the thermoelectroelastic layer
The problem of determination the induced potential in the inhomogeneous layer is supplied.
The problem is reduced to the numerical solution of initial-boundary value problem of
thermoelasticity with modi ed thermo-mechanical characteristics. The in uence of various
laws of heterogeneity on the induced electric potential is considered.
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bacdaaioaia éfiieaéniay iddaieéi-iaodiace-anéay iiaaeu éiodacoee eadaoiéliona
81aT1ae60 asaca. 11adél iinoieo a daediee casa+e Maianoiial &licaoiial 4618i1esi-
aaiey aeaéed &1etivaand naaiaiota e oiaiaeol deaca. Addidiediaaied 61€16aand Naa-
iaiofa fiendaadony aeddasaioeasuill 6daaidiedl ecaéda édeaiceiaéilal noadeely,
a aaoioiediaaied ofaiaesd déaca i addaeoi sanfi~eolaaaony éaé ooadiadiay 6io6aay
cada+a aey nety noade+anéial naaiaioa i naeaesediidi élie+~anéei aifooil ia aadgeiad
8074l &1i&+100 yeaiaiona. ia inilad iddasieediiié iadee dacoaaioai i61adaiiiteé
éiiieadén, iicaieypueé iodieaaol aaiaode+anéea e iddaie+anéed 1adaiaodn &eloa-
alai ndaiaioa, afoaaeyaiial a oiaiaeod aey éiodaévee addaéoa

\\\\\

EA8a0ielion (10 48.-488+. " &  ¥0id;, € ! 0&  %E0iofe) caaied
011 e =

0
0ad 46aao daffiaodeaaouny faia +aoaaddou ieiié élinodoéoee.
biadlaeoa dacaeoda ia ianeieuél naéoioia aey oidl, +ofal fivioiesiaaou 1o-
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142 jeeeoei E.N., £66aaeda A.A., Edigieéia i. A, Réogada A.E.

A1e564 eadicaiasa a 51aiacoa Al AAOLAIGAI AT6AA TABTAN Tieell 6ASAA0U fa
3eR. 14

Pafifiiosel Gidiuaiiop AaNaode-+anesp ABAI6 a&oidiediaaiey 51aiaesn &
Sl6U6AATAT fAaaIAi0a. a+asuiay 6151a 16U6AATAT RAAIAI0A 468A AD, fa-asi-
iay 615ia eaiasa A 5141ac0a 468 AB (Defi. 2a). A yoio eaias a 6144 Tiadaoee
afioaasyAony EielioAAaTé faaiaio, &ioid0eé ROSAIeORy Alffoaliagol fa+asuioh 615-
16 & caieiado ieiedied AC (Def. 2a), 0&l RAI0I 43015Ied0y & Bafoyaeaay
14761+86 51a1ae60.

a) a)

pefioiie 2 AANIA06e+aReay MbAIA MIAUAISY B31AIAG00 & Scadaa &iieaioa (3) & Ao&IA
[a300sAIRY Siieaioa i Aagie+é TIATE AA00CEI6 A i1 y8aiaioa (a)
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aey aey ecaeaiiai niaua

a4 il yea-
): Wi + U = k.
addae+anéed 6daaidieé aey Nivdadea-
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ia Hoeltzel, 1992]. ideed ideaad4aai
S AROAASTAG Al

0:34 11a. Oaéeed 16eéEaa0aa8

¢
aliaooe+anéea 1adaiaodl caaa+e: r =4 i,
0

a
igaioa aey E{mp] = 2800 lia (Bén. 3a).
. i1 T8ee i
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a)

Pefioilé 3  Efia+ii-yediaioidd ddediey 46y 6a4ea&iind fidudieé ioe daeie+ilé iaadocea
1l yEAI&104 ( B 2 BI0ABOIAS 5

00 aaaeaieé 1 ageia eiieaioa (&)

3) 4) a)

N e A

pefdiie 4 Egididied idioeey 6ia1aeon a6y dacée+itd aeanod
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a iaé ive dacee+ind aeaad éidiaasdiié 6eaodaee. Aefn. ia i
2014. URL: http://www.mntk.ru/ les/upload/dis-smotrich.pdf

[1] Nilose+ A A, Oiiladadey 8iaiaesd & daniddadedied iadaie+-anae
I

[2] Oonaeita b.b., Oeaoeunéeé A.b., Redgda A. E. lladéediaaied aaoidiacee aeaca
ide éci 1 é 0. 2011.
0. 51.

AN

|
iaofan // Al e

adaiee aidooeadeaciial aadeaiey fioe+an
+2. N.349 362.

Nikitin 1. S., Zhuravlev A.B., Iroshnikov N.G., Yakushev V.L. Mathematical
model of intrastromal corneal shape correctionThe complex mechanical-mathematical model
of corneal keratoconus correction is developed. The model includes the solution of the contact
interaction problem for exible ring segments and cornea. Deformation of the ring segments is
described by di erential equations of the curved bar bending, deformation of the cornea with
a defect is calculated by the nite element method as the three-dimensional elastic problem
for a spherical segment layer with rounded conical rising on the top.
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j000 Aenoail éiodaeiao.

E adaieoa idaicionaiité meoieinéifnoe iseéeaanaadony nnoaalol-aiiay éa-
flaoadeuiay faddocéag(x; )= (x Vi), adédapuayny a ieiaeeoddédiii iaidasea-
jeé e Ox Al Néidinoup V (dénodiié 1), () adeuoa-66ievey Aedada.

Aey fiefaiéy iaodiace+anéié inoaitaée enneaaocaiiai idioanna enieicsépo-
Ay 6daaidiey adeaediey Eaia [1]
( + )gaddvu+ u= @Y 1)
@i’
aa4:; é 6186ae4a 1foTyiina Eaia é 1eioitnou ndaad;
Chioiiaiey Eige, cadli Acéa & Ofieiasy ia A6aie6a MEGIEMENoe Sidpo
aea:
n — @u n — 1 @u+ @W n — @W n + (2)
11 — =~ 13— A . .., 33— =~ - 11 33
@ 2 Z X @
1=2"nun+ ; 13=2"13 33=2"3z3t+ ; 3
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fofGOR0ASh fiBiast
&icediiié aa56cea.

d4aiieaaadony, +of iddaiavaiey a aan

u=0();, 3 =0@1) z!'1 ; (i;j =1;3):

A fieeo 10fioofoaey aiciotaiey a ia+aéuiné inaio adadidie, eidai 1aiiona-
i0a fa+aeuina onetaey
u(x;z;0)=0; (x;z;0)=0; (i;j =1;3)
Agy 1adadiaa 10 68aaidieé Eaia é aadi iacaaeneili 6daaidieyi, iddanoaaei
A43e010 1adaiauaiey éaé noiio Tioaioveaeuiié e figaiieaaeuiié finoaacypued
u = grad + rot 4)
aaa' (x;z;t) neaeysiteé, a (x;z;t) aaéoisité ifoaiceaed 616646 fiaua-
ieé. A 1eifél ned+aa eiddony oiéuél Taia idiceaaay éfiitiaioa > = (x;z;1)
aaéoiaiial mMoaiceaca. N 6+aoil (4), iacaiace+aneéay Tanoailaéa cada+é adaao
aéép+aou nedaopued niioilaaiey:
6daaiaiey aaesedieé a iodiveaead
e — ] 20 = - _@ + _@ (5)
) ) @% @%’
334  Tiadaoid Eaieana;
adaie+ina oneiaey
33,20 =05 13l,00= H() X fC)I; ®)
[
u=0@); w=0@@);r!'1 ;r=" x%2+2z%
faraeuioa oneiaey
'J:():'_]:O=01 J:O:__Ozo (7)
Oaéeed 4 1ifoaitaes casa+e adiayo nayce éfiiliaio 4&éoida iadaiataieé, odici-
dia aao6idiaceé e iaidyaedieé i diddaeie ifodiceacaie, ativaéapuea ec (4),(2)
e (3), A iaodiace+anéié iinoaitaéa, aéép+-apuaé atdaeseaiey (5) (7) edniiéuci-
aaia neaaopuay fenodia aacdaciadilo adee+eéi (godede Taicia+apo daciadita
aaee-ein)
X_XO.Z_ZO. _Clt_u_uO_W_WO. _IO B 0.
L’ L’ L’ L’ L’ L2’ L2’
= & Cr = % = U = = 1 3
c’ a +2 +2 2



Cadfl  AACBACIADIA ABAly, ok NEISIAOU 11A&0GITHOING afei Dyedy, L
aéioioné eeiaéité daciad
0. 1a0ia GAgaiey.  Ady Sasdiey cadate (5) (7) MABARI iBRI6&I6 AGIAI-
cetee éanacaeuina radaiaudiey adaieod riedieinéinoe  u(x; 0;t) = ug(x;t), 183a-
fiocaaei oaé:
U (x; )= Gu(x ) H() x f(); (8)
A&4 ciaéi faicia+aia aaiéiay naddoéa ooiéceé 1 adaiaie e idinodainoaai-
iié élidaeiana, G(x; ) 006iévcey aceyiey aéy 6iddaié iedieiiéinoe, yaeyaony
dawgaiedl cada+e (5) i 1aiiofaitie ia+aéuitie oneiaeyie é feaasdpueie dda-
ie+idie oneiaeyie
13,20 = (X) () sal,0 =0;u=0(1); 3 =0(); z!'1 ;(i;j =1;3)
Ooievey aeeyiey €1aao fiod6e06do:
X2
Gx; )= Gj(x; ),
i=1
G (X% Ak (x5 D o
Gi(x; )= 3Py (xZ D) H ( i 1Xi)5 9)
2
g x4 % =4 X oo X5 2= X o207
q__
ki(x; )= 2x; Ps X% 2 = Pi(x; )Pa(x; );

Pi(x; )=x G;Pa(x; )=x* 2% + 272

o_ 4 G 18(%2 L. _ .. _ .
_2 2| _8—(:2R’ 1_1) 2=

83&H () 66ie6ey OaaeRasaa.
i5e 6+404 naiénoa aaeuca-ooiesee, aaiéiay naadoéa ec (8) naiaeony é fedaos-
budié eiodasdaeuiiio idaanoaacaiep
Z
U (x; )= G(x f(b); t)dt (20)
0
Aaeaa, 6+eolaay Taiisiaiinol 66iecee aeeyiey e aaiay caidio iasaiaiiié
y=x f(t)=( t), dan+aoiay 6idiéea aey iadaiauaiey adaieod mesdieinéinoe
ideiao aea:
X2
Uo(X; )= up (X );
i=1
Zi2
u(x )= G(y) 1 py34dy; (11)
Yi1
Gj (y;1)
Gj (y) = =g :

y ft(y;xt)] 1 2y?
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G )= (12)
=1

b=V, b=, b= Glu=cb=c k= c b= c

1 (b 1
8 = 4Qg,(tf ).

daac, c Eéiliedénii ndyaediita éidie iifai-eaia Po(x; ):
P2(% )= Q2(y) Qz( Y)

Q) =Y+ y+ =(y+0(y+o;
P +ip2( 2).
. :

~A

Andazedied (11) id¢ 6+808 caldil z= |y i6e5iae0 & A840:

X2 X7
Uo(X; )= u (x; ) u(x )= gl (X 5Gi)s

j=1 =1
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[1] Aidgéta A. A, Cadeaéianéeé A. A. Aeiaie+aneéed é1ivaeoild caaa+e i ilaaeeeidie
aoaiecaie // 1.: iadéa, Oeciaoeeo, 1995. 352 f.

[2] Tetia+ieéia A.N., Oaseaéianéeé A. A.,0&4aiodiéia A A. i&noaceliasiia 4aeaedied
iidiaeniié nindaaioi+aiiié iaddocee aaieu adaieol 6iddaié iiedieinéinoe //
Y&aé0diiiié aodiac 0640 1AE. 2015. «82

[3] Aidgéta A.A., 14aadaneeé A.E.Daaeineeé E.I., Oadeaéianieeé A.A. Aigit
a fiielgine fnodaas // O+aa. Niia.: Aéy aocia. 1.: OECIAOEEO, 2004. 472 .

Okonechnikov A. S., Tarlakovskii D. V., Fedotenkov G. V. Trunsient impact of the

tangentional moving concentrated force on the elastic half-spactn this paper the elastic half-
space is considered. In initial moment, the concentrated force is applied to the boundary of
the half-space. The force has only tangential to the half-space component, and it moves along
it's boundary. This paper's goal is to obtain the tangential displacements of the boundary
and analyze the solutions.
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A

pefioiie 1 No&ia efiadypuAhy saiee i Acadsaiié I6eianip & THaash. Neaal ecia-
daaedil iaéloioia fia+aied 1aeanoe (ia iafigoaaediaail)

Oaéay i1adéu aiaeiae+ia itadéeé Saint Venan Exner (fii., aideids, [7]), ef-
ietcoaiié aey fiefaieéy o6netans iaiiiia a aiaiaiad, i oié dacievaé, +of oii-
iyiooay 1iaaél fidadaaceaa aey ofiéal aanéiia+ital nety seeaéinoe, ia iMaddo-
iifioe éioidié 10fivon0adao

a
éffadaied.
u Efifelicoy dagoeuoaod [2, 7, 8]), iifiodiel i
a

aaeu naaeiaioacee ideiane a eniadypudény éaiea.

|6R0U éaiey caieiado 1aéanol z 2 [0; h(x;t)], acadeaiiay ideidfu iadiaeofy a
Tasanoez 2 [ (x:t): h(x;t)] (ieié ), a ifadie dafiieieedi a 1asanioe z 2 [0 (x:t)]
(Refé s), daah(x;t) nalaiaiay 11aadoiinol éaiee (ddaiéda dacadéa seeadéinou
iad), (x;t) Aadaieda idsead acaagaiiié ideidnup e Haaél, fil. den. 1

Indaaiaied 6daaiadiey 1adaiiia acadgaiiié ideiane. Odaaiaied, Tieftaap-
Uaa dafnidaaaedied ideiane aicuiai a aeaa

Ci+div(Cv)=("C,+ wsC),; (x;t)<z<h(x;t): Q)

Caanuc(x; t) éflicaiodacey acaawgaiiié ioeiane "(z) élyboesedio aaos-



T0f60M0adpo, & 1adailn ideianeé a yoié iéinéinoe inouanoaeyaony oieltél ca n+ao
féidifnoe oa+aiey seeaéinoe
la 4daie6ad z= (x;t), z= h(x;t) cadaaei édadada oneiaey
(C.+wsC),_, =0; (C,+wsC),. = E; 2

4411106 110186 éiivdiodasee ia a8aieod = .
Adge+ei6 E a 380401 idedceaaiee iiell 4046200 A 4843
E=ws() cc¢ C,_ ; (3)
dadc. [4610ioay daaiiadniay eliodiodacey ioe C .. >c. acadgdiiay ide-
18M0 i3Tie6ado & fasafiol caiyoop inaacaie, aidé C _ < c. ifadée 11560 ¥.ad-
020Uy, 0a+aiedl sedadifoe, idaadauayfi at acadwaiiop id&1ani.
liddadeel fiddaied it ofeleia cia+aiey elivdiodacee & aldeciioasuiié féf-
8ifioe a Taeanoe acadeaiiié ideiane
Zn Zn
c(x;y;t) = PO C(x;y;z;t)dz; u(xy;t) = PO U(xy;z;t)dz: (4)

gaiée ecaanoil e caaail, ffioadonoaaiil, iidiediaaiitie 66ieveyie ' (X;y;Z;1)
e (x;y;z;t), of anou

Zn Zn
C(2)=(h )c'(2; U@=(h )Hu (2), '(2)dz=1; (z)dz=1: (5)

:O_



i5eiane, divy Yseifees: Tiadaoio 40addadivee, o (h) eroi-ieé 1affa, ac-
ieeapueé ia 40aieda z = h, A GACOEUOAOA efiadaiey (fi. def. 1), eloiday 1544
Foaasia a4 aéad

in(h)= Ce(h)(he+ U roh W) _)=Ci(h)(U n D)jr Fj __.; (8)

rF F
n=——; D= ——; F=h z
Ir Fj Ir Fj
daan, D fiidiael é adaieda z = h e NéidINOU aaeeediey adaieod.
Eficaiodacep C; f+eoadi acaagaiiié ideidnip, aideciioagniteé iioié acaa-
gaiiié idéiane e néidinot D caadaal ifoiigaieyié
f Su= (h Jeu; (U n D),,=Vn C=C (9)
344 1404l ANoigadied Nedacao éc (6), a aoisia ieo+ail a ioeeiedice A
daaiol [2], V, Méidifiou 1adaiifia iaffil seeaéifioe ia adaieta seedéinol iad
idé efiadaiee, idfiiaoetiaeliay 1oiigdiep féidifioe iioiéa odiea, iladiaeii-
ai é adaieod, é néesnoié 0dieioa Taditadaciaaiey.
laélids, aaeéay idaaieiediey T noaceliadiiioe éfivdiodacee ihaai+iié
idéiafie @Cs =0 e 14 Tofioofoaee addoeéaelitod éfiitidio néfaifioe ia adaiedad
QI‘VN 2=0. =\(3; WMz":hf 02, |6 qnug (A:)“(\G), (8), (9) ieo+ei ec (7) voaaiaiea,
iiéefAdaapuaa yaiépoep adaiedl dacdaéa z=
@ . . o
Cs(h)@t+ divg s+ E = C(h)jr FjVy: (20)

("(@) 2+ ws(2)' ), =0; (.+ws'),,=0; '(2)dz=1: (11)



liadeesiaaied eseilaeainé adaeadacacee ainidapudé eaiee esiae 155

LA
(@]

P DL

(@)}

@: o

’ 9:

Q> O Qo
- 3
)
[}

Qo D
=]
=3

D

D
o
Q_)o
ox
Qy
o

AnmA

EEOAPAOODPA
[1] Dasagei A. ., gaoiseia N. 1. ii561eiaey aeleiae-anees ceasifiodé +a61adea.
i.: O8ecifiof, 2001. 304 .
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[3] Brutin D., Sobac B., Loquet B., Sampol J.Pattern formation in drying drops of blood.
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[4] Karapetsas G.,Matar O.K., Valluri P., Se ane K. Convective Rolls and Hydrothermal
Waves in Evaporating Sessile Drops. Langmuir 2012, 28, pp. 11433 11439.

[5] Banerjee S., Marchetti M. C. Instabilities and Oscillations in Isotropic Active Gels
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[6] Rukhlenko A.S., Zlobina K. E., Guria G. Th. Threshold activation of intravascular brin
polymerization and gel formation under intensive blood ow conditions. Theoretical
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[7] van Rijn L.C. Principles of sediment transport in rivers, estuaries and coastal seas.
Amsterdam: Aqua Publications 111, 1993. 690 p.

[8] Paola C., Voller V.R. A generalized Exner equation for sediment mass balance. Journal
Of Geophysical Research, 2005. Vol. 110, F04014, 8 p.

[9] Sadaka G.Solving Shallow Water ows in 2D with FreeFem++ on structured mesh. 2012.
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Polyakova N.M. Modeling of wedge-shaped dehydration of the drying drop of blood
We present relations that allow us to construct a simulation mathematical model of the
coagulating particles behavior for evaporation drop. The system constructed has hyperbolic
type which is solved numerically using nite volume method.
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A 524108 danniacdeaadony aeosasoey isialeuiné iecéi+anoioié 6euodacaceiaié
aleil fa 446aéoa idlecaieuiié 61810 a aadiadil fied+ad. bacdaaioal a0fioddé eoa-
daoeliiné agaioeoi iifédaaacdéiiial idedéeaediey daraiey, aaa ia éasedll padad eoa-
davee dagadony nenoaia fil NO86E06BeBIAAITE 1a0880aé. Eileucopoiy atnodda +en-
8aii0a aeaioeoin dadgaiey fiefiodl fi iaodedaie 0agidl oeia, iicaieypued ia ifoyaié
fifédaoeou ~efel iafasiaeind adeoidoe+anéed fiadadeé. Raita eiodddasliia idaafioaa-
eajed 1aaapudé aieil aaadgaiey, aicadaeaadiié veliodacadéiali aao+eéfl, ieo+aif ia
iitad fadaaiey ecadnoiial 08adiadilal idaafoaasaiey & 4a661adilo aéas. 161adaai-
i0a +efé iaio0 aey dacilo iiadedé adodaeoia iéactaapo, +oi aéadioeoi
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oA AOyATCETRU, ~0of TAa Oeia anidieneiadee  G° & G! 08846po iT+0é Taeiasiaial
~&fiBa e0A0AEE Ai60BE 5ArA0AEY (9). A yoii AI0REA 15AAIT-080A8ITAA &fifelci-
4300 140A6p aiidieneiacep ( G°), iineielies SasAiea Aefodin fi 0asié 1a05e6aé
ROBTEORY 835+ & yO0ABOLAIAE. [a Befi6ied 1 13eARAAN AOAATAIRE BAgAiey -
F+eoaiiial 180N Adoiina (fielaiay seiey) & 180206 0Ada0eé 33asTAiiaT
aeaideoia. Defoie feaaa fltoadondascio aiidiensiacee G°, defioie fidaaa G



pefioiie 1 Dafidaadsaes isilal aasaiey ia efooda: ()= a(l+0:25cos(4)), 444

a=0:51, N =210 Nedaa ad-eneaiey it G, iidasa i G

Paaioa adiiéiaia 1de fiadadeeéd Marie Curie Actions Framework Programme 7,
contract no. PIRSES-GA-2012-318874 3%INNOPIPES..

EEOADAOODA
[1] Noigdaoyil. A., Neagey A, 1iila0 odioee ae6daeoee i ideéiaedieyie 4 1a6aieed
& aéonoeéa. 1.: Oeciaoeeo, 2013. 328 .
[2] Bojarski N.N. Scattering by a cylinder: a fast exact numeric solution // J. Acoust. Soc.
Am. 1984. No 2. Vol. 75. P.320 323.

[3] Oseledets I., Tyrtyshnikov E. A unifying approach to construction of circulant
preconditioners // Linear Algebra Appl. 2006. «418. P.405 422.

Popuzin V.V., Abramov V.V., Getmanskii M. S., Mihovski M., Alexiev A.,

Mirchev D.l.  The iterative algorithm for the diraction problem in the low-frequency
ultrasound range In the conducted work the 2d diraction problem of the low-frequency
ultrasonic waves on the obstacle of arbitrary shape is discussed. The new fast iterative
algorithm of the successive approximations based on the algebraic system with structured
matrix is developed. Application of the fast numerical method to the solution of such
system signi cally reduce the number of required arithmetic operations. Explicit integral
representation of the incedent pressure wave generated by the ultrasound transducer is derived
by reducing known three-dimensional expression to the two-dimensional form. Conducted
numerical experiments for di erent shapes of the obstacles shows, that developed approach is
stable in the low-frequency ultrasonic range.
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1 wqr wqr)woRr
Fw=z= f@r) WP+ wAr) +2 wArwoAr) rdr (1)
2 r r
0
/1
01 2, & 2.
gw(r)rdr + E(W(l» + E(Wo(l)) ;
0
daaaw = w( ) 0d6ieoey Tiada+iial i6iaeaa ieanoeiad, h &a oféuéia,
f(r) &AcOACIAGIAY AROBINON, W(r) 101384, gy, G EIYOORORAION eAN0RTIOS
caaaeée, éilydoeseadio loaniiia.
6041 aaduediaaiey o6ieéceiiaca e ideédaaieaaiey ioep elyooecedioia ide
jacadeneind aadeaoeyd iieeil MMe6+eou 6daaidied daaiiaaney
0w f oo°
Lw = (fw %) Fwo + [(fw9% (fw%9 = qr (2)
é fffoaaonoasdpuead adaie<ita oneiaey
M — f 0? 0+ f 0+ f 00 f (ﬁ(ﬁ + — M 0 + 0
W= (fwT)T wi (fw T (fw W ) W+ gw  _ =0;
r=
()
— 0 0 H — 0 0 —
Mow = ffw + fw %+ gowhj-s = Maw+ gw® _ =0
|d7aed w iadiaeony 1aoiali Deoda, oaé éaé iadaiaiita élydoeoeadiod ia iicai-
éypo adienaou dagaiead a aiagéeoeé+anéil aeaa. Enéiiia dagaiead idaanoaaei éaé
éeiaéiop énaeiacep
X
w(r) = G k(r) (4)
k=1
5334c, [aéioiona élyodesedioq, k Aacenita 66iéoee aeaa
W(r)=r2k D:=1:2::N (5)
iifEa MANOATTAGE (4) & OIBSTIAG (1) & [abieeadiey AAT AOAGETIAGNAT cia+&iey
iinodiaia féfodia eeiaéito acdaddaé+anéed 6daaidieé ioiifieodelii idecaano-
00 élyodeoedioia daceiaeediey ¢, dagay €i0id6p iadiael 66iedep idiaeda
nraéanit (4)
Agy Tiacaddaeadiey ainoiadsiiioe +eneaiitd yéniadeiaioia ndaaiel ciata-
ey idiaeaia aey iaiiaiaité ieanoeitl i eécaanoili aiaceoe+anéeie dacoelioa-
oaié [4] & fied+ad seanoéié caaacéeg; o ! 1 ). AGAdail ~efiél éiidaeiacito
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Oi+ila daega- lacia beooda
ied [4]
o = 12 g = 538 o = 97
1040 =21 |10, = 5 |10%0 =1:3
10* 10° 10
=0 0:015625 0:015670 0:015646 0:015631
r=0:25 0:013733 0:013777 0:013753 0:013739
r=0:.5 0:008789 0:008833 0:008807 0:008795
r=0:75 0:002991 0:003034 0:003005 0:002996
r =0:95 0:000149 0:000190 0:000158 0:000154
00iéoeé N = 8, [addocea q = 1. Eiydoeseadio ioanfiia ideieiadony daaidi
0; 4. Dacoelioaol dan+aoia idaanoadeait a oadéeca 1.

5623441 ABAATAICA i51A84TA A 6AIOBA TaiisiaNé isafoeid ( f(r) = 1), a0-
+@feaiiid f miuiup iaoia beooda, i aaiitie, eidpueieny a eeoadaodda [1],
i5e-41 A [1] caAAeea A+-E0ABART =Aaf08Té (0akeesa 2.).

Anee 16aieol ageyied 1adaiaodia g & g ia 430610iadeailiou 1eanoeid, of
féaclaadony, +of cia-éodeuil diedd aldazedil aéeyied g, ~al o.

3. 1adaoiay caza+a. lifioaaei 1adaoiop cada+o Ta liddadcaiee 1adaidodia
caédaieaiey g;; g 11 €caanoiiio 1614ead a iadida oi+aé  w(ry) = ;k=1;2:m.
A [3] iiéacail, +0i iieeil 1Té6+eou 16aanoaacaiead idiaeda a oi+éad i éaé adiali-

daday, a1, ap, ay, ), &, ecaanoita +~enetada éyodesceaiod.
Agy dagdiey cadare T4 Tiddadediee iadaidodia aifoaoi+il ciaou idiaea
4 5400 0i+éad 1eanoeid, oiaaa eiaao ianoi enoaia
oLt + broy + g + by =0 (6)
b20:0 + b}gl + b%Qz + @ =0
Al+efeeodelnind yéniadeidiol eacaee, +of enénitd 1adaidodn alffoaiaa-
éeaapony fi ifadaaiiinolp, ia idadalgapudé olny+ind aieaé idivaioa. e ain-
foailacaiee g, 11adagiifiou ia idyaié alea, +~ai ide aiffoailagaiee 0.. Yoi
YAiya i, +of i€ aitnéo iailgéé aéeéaa a ciata-

daa fa Tifad 10aanocaaediey idiagaa a6aai eiaou e a
jaieé aeaa, éioiday ianeieeilie Tdaladacgiaaieyie ideaiaeony & fenoaia (6)
Eaé ¢ a i0dalaoudé caaa+a, i0dasiediiné aeaioeol ilcaiéee idiaanoe daeli-
f0d6éoep fi aifioadi+iié fodiditp oi-ilfioe: TMadaeiifiol aifincailacaiey O q
a iddaaead olny-iao aieaé ioivadioa, g, TE1ET 6%.

4. Efifigdaiaaied aeeyiey 0idoainoe casdeee. Afeligeinoal aaoisna ii-
éadapo, +oi DI sedinoéi catidiedia il édap (a idaaeisediiié ifadee yoi iiioado-
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AA AL

Oaaeesa 2 Noaaidied ioiaeaia iaiiatailé ieanoei

[a0a1a080 ca- | Ajacdiéd q, | 181aéa, 10 2| id1aéa [6], | Dafidieeadiéd,
adeée (11.80.70.) il. 10 2. %
=9 105 g = |15 0.8904 0.86 3.54
77 104

0 =10%0=9 |15 0.9461 0.86 10.01
10°

n=2 10%5q = | 30 0.1836 1.73 6.12
34 104

w=4 10%5q = | 30 0.1782 1.73 3.03
10

=5 105 = | 40 0.2380 2.30 3.49
7 10

h=0=5 10° | 40 0.2403 2.30 4.47
n=3 10%5q = | 50 3.0286 2.88 5.16
2 10

n=9 10, g = | 50 2.9679 2.88 3.05
3 10

o = 13 |60 3.7323 3.46 7.87
1, =4 10°

0n=9 1% g = | 60 3.8092 3.46 10.09
2:2 10

A0A0&0 AB6+algi g ! 1 ): A [ARONUAE 8 BAAI0A cABdAIBAIea A+ 0ARORAY 6idG-
aei. ifeazedl, +01 186+80 Gid0AIN0S caadsee a6&+80 NOUANOAAITNA Toease ide
A&y yoiaTl & 6ME1aeys GiB6aIé caadeee iadiacsny idaea w(r) ide 0eénesi-
AA1100 cia+aieyd g, o, Gp. AABAA cAAAGEA TT6AAAGAMT aAT08TE & 1T 1aéaaiilio
w(r) aiffioaiaaseadsiil cia+aied q . N&aaidied o & q & icaleyao 16aiedl foa-
AU aeyiey ely00eRAIdA g1, g, 1A DAGTITIOB6EOED 4aa8&ieY. A 0AABEHA ideed

81484411 daaidied o & q. A éa+anoad caéiia idiaiisiaiiioe a0e atasai e .

Oaagesa 3 Todiea 1Maddeiinoe ioe aiffoaiiasaiee iaadocee

Caaaiilaiadaiaodl | Caaaifay fa- | Aliinoaiiaeaiea | liadagiiiou
aoocéaq q aififoaitagaiey
a, %
p=7 10,0, =10° |1 0.9852 1.4768
g =10%0 =9 10° | 0.6 0.5906 1.5719
=5 10, g, =6 10* | 0.9 0.8954 0.5058
=4 1043 =10 |0.3 0.2999 0.0006
g=0g=15 10 0.4 0.3999 0.0073

E¢ 0adéesd 3 aeail, 07 ia0+Y40 aeeyiey 6idoadinoe caadeée ileedod ideaiaeol

é cia+eoaeuiié iiaoaeiifioe 10e daéiifioodedee aadeaiey.
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A&01d a0daseadd 4eaaiaadiiinou AaTaio iad+ilio d0éiaiaeodép 1816anfTd0
Aaooenyio A. 1.
EEOAPAOODA
[1] Adiditnda A.A., Adaita A.b., Aaoyd N.1.e4d. laddiaoe+anéed iiadee & éfiip-
04&0i14 11a4eedTaaied 4 4eTiddaieed. Nia.: Eca-al [leeoddie+aneial 6ieaddneodna,
2004. 516 f
[2] Aaoyd N.1., Aisiietaa A A, Tia&ée oaidee Taiei+&é & isanoei a caaa+ad 100aéi-
iiefaee. // Aanoieé NiaAO. N&a. 1. O. 1 (59). 2014. Adi. 3. N. 438-458
[3] Aaooeuyi A.1., Tiodopiél 1. A. T &ledaaieyd iatainotainé ieanoeii fi 6idoal
Tiado0i 86aai // Ecaanioey accia. N&adosi-Easéacneeé daaeli. Afoanoadiina iacee.
2016. « 2. N. 28-33
[4] Oeiigdiél N.1., Aléitaneeé-Eaeaas N lsanoeiee & taiei+ée. 1.: Oéciaoaec,
1963. 635 fi.

Potetyunko O.A.  Estimation of elastic xation and pressure in the analysis of the
deformation of the lamina cribrosa The deformation of the lamina cribrosa was studied.
It was modeled by non-uniform circular plate, resiliently mounted on the border, which was
characterized by two coe cient. In the rst part of the paper the de ection of the elastic
circular plates with variable sti ness in di erent types of boundary conditions was studied.
Lagrange functional was composed on the basis of the variational approach, then an equation
for the de ection and the appropriate boundary conditions were compiled. The problem was
solved by Ritz method for various types of inhomogeneities and boundary conditions. In the
second part the problem of determining the coe cients of the boundary conditions on the basis
of known de ection in a set of points was solved. The scheme of the analysis of the problem
was developed: supporting tasks without unknown coe cients was formulated, structure for
the de ection in the form of a rational function of the unknown coe cients were obtained, a
system of nonlinear algebraic equations which can be used for searching the coe cients of the
boundary conditions was constructed. Also the load reconstruction task was solved and the
e ect of the elastic seal on the de ection characteristics was studied.
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170 l6ceéiaa A A.
Daaioa ~anoe+il itaaddeeaia adaiol 16aceadioa Difineéneéie Odaddaoee aey
1161200 6+48i06-eaiaeaa0ia iadeé (IE 5357.2015.8).

EEOADAOODA

[1] Mittal R., laccarino G. Immersed boundary methods // Annu. Rev. Fluid Mech. 2005.
« 37. P.239 261.

[2] Marchevsky I., Puzikov V.Application of the LS-STAG Immersed Boundary Method for
Numerical Simulation in Coupled Aeroelastic Problems // Proceedings of the 11th World
Congress on Computational Mechanics, 5th European Conference on Computational
Meachanics, 6th European Conference on Computational Fluid Dynamics. Barcelona,
Spain. 2014. P. 1995 2006.

[3] Cheny Y., Botella O. The LS-STAG method: A new immersed boundary/level-set
method for the computation of incompressible viscous ows in complex moving
geometries with good conservation properties // J. Comput. Phys. 2010. « 229. P. 1043
1076.

[4] Osher S., Fedkiw R. P.Level set methods and dynamic implicit surfaces. NY.: Springer,
2003. 273 p.

[5] Donea J., Huerta A., Ponthot J.-Ph., Rodriguez-Ferran A. Arbitrary Lagrangian-
Eulerian methods // Encyclopedia of Computational Mechanics. Fundamentals. 2004.
Vol. 1. P.413 437.

[6] Lesoinne M., Farhat C. Geometric conservation laws for ow problems with moving
boundaries and deformable meshes, and their impact on aeroelastic computations //
Comput. Method Appl. Mech. Eng. 2003. « 134. P. 71 90.

[7] Klamo J.T., Leonard A., Roshko A. On the maximum amplitude for a freely vibrating
cylinder in cross ow // J. Fluids and Struct. 2005. « 21. P. 429 434,

[8] Mittal S., Kumar V. Flow-induced oscillations of two cylinders in tandem and staggered
arrangements // J. Fluids Struct. 2001. « 15. P.717 736.

[9] Mittal S., Kumar V. Vortex induced vibrations of a pair of cylinders at Reynolds number
1000 // Int. J. Comput. Fluid Dyn. 2004. « 18. P.601 614.

Puzikova V.V. Application of the LS-STAG method for numerical simulation in
coupled hydroelastic problemsThe viscous incompressible ow around airfoil or airfoiles
system with one or two degrees of freedom is considered. The given problem is coupled
hydroelastic problem. This problem is numerically solved by using the developed modi cation
of the LS-STAG immersed boundary method. Numerical results for wind resonance, airfoiles
autorotation, bu eting of two circular airfoiles with two degrees of freedom are presented.
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el

7 N s X\ AN

banfiiodaia élioaéoiay cada+a 1 iddaaa+a éanaoaeuiié iaddogée 70 &iia+ital 6i0o-
arar ofiéfal nodeiadda iadaiaiiié seafioéifnoe é fifnoaaiié aanéiia~iié ieanoeiéa, fi-
fiolyudé ec 4460 daciioiaitd ifecaanéiia+ias ieanoei. I6aaiiéadadony, ~of fodeidad
i0eéoaieai é Tailé ec Medaanéiia+ins ieanoel e iadiaiaeéoeysit aioiaeo ia eeiep
dacadea iaoadeacia, a aal eedfioéifiol eciaiyaony it fiodiaiilio ¢aélio fi idiecaieuitie
iiéacaodeyie. Aladeail intaaiiinoe iadadiey daediey o é1ioia noseiadda a caaene-
1ifoe 10 iléacacdéadé eciaidiey aeanoéinoe nodeidasda. Ide iite 1aoiaa 1adaie+anéed
64a40a000 i01adaal ~eneaiité aiaéec iifioaaéaiiié cada+e

e T

iifoup o(x). Toiifiéodéuil iadeasée, idaaile

iié iaéeaaéié iaeié oféueil, dafiieleediiié 1adiaiacéseyoil é eéiee fAldae-
iaiey ieafno diafi ia iaa e iadlayuaény ia aaénoaeadl oajadiveasuiiar
g - 2 5
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isesaaieaay (1) e (4), ined ianeleind fiddaceé ieo+ei Mivdadeybusa
6daaidied cadaa+e & 44¢oaciadins adse+eiad
pal pal pal z
()d " ()d d  "(d _ .
1 1 1 1

s 3 T T 2o _ R
aga ()= 7' (), o= 7d(),A()= gty G() = A() @()d.ide

a0y :

“()d =1 (6)

68aaiaiedi ogia 1daiaoey n 1alaudiiti yasi Eiee.
3 8aal ifadaaiey oagaiéy a iésanoiifioe éfioia :
+aaeall, +oi ifadaaied odegdiey 6oaaiadiey (5) Tioaadeaiit cadeneo 10 ifadaa-
iey 66iéoee A () 6 éfivia 1ooacéa eiodaoediaaiey. lyoiio, a iadadp +asaad,
caaaael yoo 66ievep, 44didd a0addal caéii ecididiey sednoéinoe iagéeaasée. 1o-
0 e

é No1aiia, Tie aaénoaeoaenin ofeuét ioe p:q
- 70 7 A ﬁ AL " ~ .

446y 6daalaiey A 16daM0f

iléacaoaeaé a (9) cia+aiey ia caaenyo
<



aoigié +eai aneéiioioeée dagaiey, €10100é deed cadeneo 10 6éacaiild iiéaca-
0aeaé. A dacoeuoaoa yoidl ennedaiaaiey iaéaail 1adata aaa ~eéaia anéiioioeée
BAsaiey 65aaidiey (5) a8y iGiecaleuins ciazdieé peq

Pp<léqg<l "()="' ()@ )@+ )+ ()@ )7 %@+ )™
2)p<leéqg=1 '()=' (H@ )@+ )+ ()@ )@+ )y
Jp<leqg>1 '()=' ()@ H'a+ )+ ()@ Hta+ )yrw
Hp=1eq<1l '()=' ()@ )@+ )+ ()@ )7 9L+ )
Ep=leég=1 '()=' ()@ )@+ )+ (@ )@a+) (11)
e)p=1eq>1 '()="' ()@ '@+ )+ (OHa Hr'a+)
7p>léqg<l '()=' ()@ )@+ P+ ()@ )T @+ P!
gp>1eqg=1 '()=' ()@ )@+ '+ (@ )a+ y*
9Yp>1eq>1 '()=' ()@ )@+ »Y?

Caanu ooiecey () Toeiaaeaseed 01i6 ed éeannd osieveé, <o e ' (),
e 0aéaed iaedeeed Ti0aadédiep, Téacaocdelu  Tiddaaeadi alea, e ffloaao-
fivaaiil Todedaoaeuité e releeeodéuité éidie doaaiaiey ctg z 2,,83 5 =0
a eioadaaea( 1;1),a e T1aiaida éioie ooaaidiey

ctq 7z + B zC Ao _
g sin z sin z 29(1+ 2)

4. xeneaiité aiaeec Dagaiea 6oaaiaiey (5) ide onetaee (6) iinodiei ive
ilifué 1dofaa iadaie+anéed éaaadandd [3] e idiadaal fdaadiedcaenité aiaeec
iasead dagdieyie, Med+aiitie ia hilaa idadanocaacaieé (9) é (11). Ifoaitaei-
iy éégl ia 1adall ned+aa ec (11) & ataddai aey iéacacacaé p e g aaa iadd
ciaraieé p=0:4;q9=0:6 & p = 0:75; g = 0:85 | fdiaeiifioe ad-efeeoaeuiian
idioanfia adaal néaeou i1 Ndaaiacéaaadace=ino 10éélidiep idead dagadieyie,
iieé+aiitié 16e dacee+ilo iayaéad aidiéfeiacee, danfi+eoaiilié ia daaii-
1a6iT daniddadeadiiié nacéa ec 40 o0i+aé
Oaaeeda 1

p=0:4; g=0:6 p=0:75; g=0:85

nl O[O OO0 0)
4 | 0:52201 0:53108 0:52992 0:54003
6 | 0:08097 0:00594 0:06761 0:00079
8 | 0:01439 0:00118 0:01455 0:00005
10 | 0:00162 0:00077 0:00193 0:00003
12 | 0:00121 0:00013 0.00151| 56 10 °
14| 0:00102 0:00005 0:0011 28 10 °©
16 | 0:00081 0:00003 0:.00073| 22 10 °®

A 0aaeena 1 i5eadaadil cia+aiey nddaidéaaadace+iial 10éeiidiey ideedd da-
gaieyie, Mesd+aiilie 16é 6éacaiito a finaaied nodi+éad iloyaéad aiidiéneia-
oeé. Ec 4aiito oaaeeol iaodoail caiaoeou, +of, iafiiody fa aifioaci+it a0fiodia
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NS4

a
6, 16iéoediay eeiey i 6-ea (9) i3& n=8
‘‘‘‘‘ aaie, fiaiadapo o6aa ide

N me A A

12606 Tioyacas anoieneiaoee (3efi. 1). THeAaiaa iicaleyao 60a&deeaadt, o
a6y +eNealaT alaseca 1HoaaBAITE caaa-e f 1A6aie-aneié oi-ee ¢daiey, of Afol
a6y alyacaiey aseyiey T0A36UIN0 1A0AIe-aMEe0 5A0AG0ABEN0RE 1A dARIBaAAEAIA
8T0ABOI06 1aidyeedieé, aiM0adT+iT eAMelCTaadl iBaaR0AAE4ARE (9).
EEOAPAOODPA
[1] Aaio6oe D.A., Paacacasca i, Eiidasoiay caaa+a aey eofi=i-iaiaiaie iéin-
éifoe i élia+iti aéep+aieai // M.2011. O. 75. Adi. 1. N. 133-138.

[2] Sahakyan A.V., Shavlakadze N.N. Two Methods for Direct Numerical Integration of
the Prandtl Equation and Comparative Analysis between Them // Computational
Mathematics and Mathematical Physics. 2014. Vol. 54. «8. P. 1244 1250.

[3] Naa
8

Sahakyan A.V., Shavlakadze N.N. Numerical analysis of a contact problem for
elastic stringer with variable rigidity terminating on the interface of compound elastic plane
The contact problem on transfer of tangential load from a thin, nite elastic stringer with
variable rigidity to a compound in nite plate, consisting of two dissimilar semi nite plates, is
considered. It is assumed, that stringer is attached to one of semi nite plates, terminating on
the interface between materials, and its rigidity varies according to power law with arbitrary
exponents. Singularities of a solution behavior in vicinity of the stringer tips in dependence
of exponents of variation law of a stringer rigidity are investigated.
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lacdiaoe-aneay itadel iicaieyao ennedaiaaoi isioanni saadiddacee iddaeiiia éi-
fioaé Tiidii-adeaacaeuiial aiadaca +~aéiadéa f ioeeiseaiiié aeiaie+anéié iadodcéié
& 0aidaoe~+ané aioediaaol adaid fioeiaeuiial 1aseiae~anéial aicadénoaey ia
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EEOADAOODPA

[1] Isaksson H., Wilson W., van Donkelaar C.C.Comparison of biophysical stimuli for
mechano-regulation of tissue di erentiation during fracture healing // J. Biomech. 2006.
Vol. 39. «8. P. 1507 1516.

[2] 1aneia E. A. 1acdiaoe+anéia iladeesiaaied aiinoaiiaeaiey iadaie+anéed naiénoa
éinoiié iigiee // 1adéa. Iaeéeaaiay iaodiaoeéa é iadaieéa. 2015. «2. N. 286

303.

[3] 1an&ia E. A, laocdiaoe+anéia iladéesiaaied eiedaaieé iMaioidoaed nenodi: ifi-
ey : A

Sabaneev N. A., Maslov L. B., Sedov V. M. Mathematical modeling of bone regeneration
with external xative apparatus. The mathematical model provides possibility of the investigation
of the regeneration processes of the damaged bone elements of the human locomotion system
with the availability of a dynamic load and the theoretical argumentation of the choice of the
optimal periodic impact to the damaged tissues for the fastest and stable healing.
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@ S+ S Ow @w Ty T22 @w
‘ex 2 ex Pex "R TR VM@
L @k _ @ | . @b @bs @ s
@X @ +( 1)J(NJ3 N3J) 2Jh @Qt @X @¥+812 Sy = 2Jh—= @q:
2Jh3
L33 @@1;"‘ @@2; (M1, Mp) + 3 %:0 (1)
Niioiigaiey 6idoainoe
2Eh
Ti = il Sy =2h[( + ) j +( ) il
Niz=2h[( + ) i3+( ) sl Nai =2h[( + ) 3 +( ) i3l
2Eh3 2h®
Mi = 30 gl * Kul My = = + K+ K
Li =2h[( +2 ) i+ (5 + )l Ly =2h[( + ) 4 +( ) il
4 2h® 4
Las=2h[( +2 )i+ Ci+ 5l Llis=—— s 1= 5 ——ls )
Adlidodse+aneed noilgdiey
_@u,w 1 @w’ _ @y ; 1 @w@w
i= -t =+t5 — ) ij (1)3
@x R 2 @x - @x 2@x@x
iszg;l(v"‘( Y i s= 1 (1 ;K :%( ( 1y
@; @; @;. @ s @
Ki=—= i = = = ' X2)s i = 3= ——; lis= = (3
@x o ®° KX i =g wT g leT gy G
banfiiodel adaie+ita onelaey gadiedsiial fiedaiey (ioe x; =0; a):
Ti =0; yy=0; M =0; ;=0;L; =0; {=0; i3=0 4)

~IAA A~

E fiéfiodid ifitaiis odaaiaieé ieéanineydins ieiaed iaiei+aé (ieanoei) i idca-
aeneéidie eyie iadaiauaieé e asdauvaieé (1) (3) e adaie~iti oneraeyi (4)
i6zeil idéfiaaeieol ocaéaed fioadonoaopuead ia+aelita oneiaey aey w; @w=@t;

» @i=@t, ;; @=@t ;@ =@t

7~ N AN

7 o~ AN

it dafioaaaeaiiié iidiaeliié iaddocée. Caaa+o6 aéaai dagaod it iaoiad beooa.
Agy yoiai 42aaai 4acdaciadind aaee+eid: W = W=h; q = q4E %). xeféaiita
dan+aol adieidio aey éaaadaoiié ieanoeiée b = a = 0,005 1, & aéy feaaop-
Uaal cia+aiey foiifieocaeuiié oteueid = 0= L. A&y 6ece+anéed inolyiias
ioeiai cia+aiey [8] =0;115 1P 1a, =1;033 1@ I3, =2;1951 1@ 13,
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s~ N~

) . X2 Xi . Xj

W(X1; X2:t) = w(t)SsIn—=sin——; U;j(Xq;Xo;t) = U;(t) cosS— sin—
(1 2) () a a |(1 2) |() a a
iy Xi . Xj, iy X Xj.
i(X1:Xot) = (t)cos—sin—-; i(X1; X2 1) = (t)SIn— cos—;
|(1 2) |() a a |(1 2) |() a a

X X X X
a(aixzit) = g(t)cos”Fcos” = (xixait) = (cos—~cos—=  (5)

w(t) = W cosfpt); ui(t) = Ujcospt); i(t)= cosft)

i(t) = Oicosfpt); 3(t) = Ozcospt); (t)= I cosfpt) (6)

[O8
X
QD
i
Q
>
D
D
(@)
(@)
X
=t Q



610164y 108acead0 iTAi04 nalénoaa 44618ied0aié fefodia [5]. Eseday  (;A)
iBAAN0AAEYA0 Eeiep eAM0ETAT 0eid, 0. 4. fi A&ee+aiedl Alieeosal +anoida aig-
danoado. e aaniia 12806 aiieeosaad eiddi I 1. N 6adee-aiedl aiieeosad
+afoioa éieddaieé aigdanoaao, e i6eoll ana aieda e aieaa dacél.
Aaedd dagei 0adeed caaa+o NaTaiails éledaaieé i6yiioaleins a ieaid iee-
BTiTEy8i00 6i50EE0 0lieed ile1aed 1a1eT+aé i gadiesii Tiasodie edayie. Ca-
aa+a dagaia 0di eed 14074ll, ~0of & i8dataduay casa+a. Caanu iseiyoa k = 20.
la 8en. 4. ideadadia neaedoiay edeaay (;A) aey ileiaié 1aiei-ée. Eseaay (;A)
i544N0aa6ya0 éeiep iyaéial oeia, 0. 4. ia+asiité 6+anoié cadnu 10ééliyaony
& Tne 18aéiao. 101408, +oi, & & fie6+ad isanoeiee & a fed+ad 1aiei+ee, adee-eéia
iecéieé +anoion il ieesiineyailé oaioee anaasa iaga il ndaaidiep i a4ee+eiié
iecéié +anoiod T adnaose+anee ideeidéiné esanne+aneié oaises
EEOADAOODA
[1] Naseenyi N.1. Tavay 0disey 1&esiiteysins 6id6aes ofieed iaie-e /I Oeg+a-
feay iacliasaieea. 2011. Ofi. 14. » 1. N.55 66

[2] Naseeryi N.T. Tavay aeiaie+anéay 08ioey ieesiineyiad 6id0aes oiieesd 1aiei-
+&6 // Aiegaad BAI. 2011. Oii. 436. « 2. N.195 198.

[3] Karman Th. Collected works. London: 1956. V. 1. 530 p.

[4] Marguerre K. Die Durchschlags kraft eines schwachgekrummten Balkes //
Sitzungsberichte der Berliner Mathematischen Cesellschaft. 1938. Bd. 37. S. 22 40.

[5] Aleties A.N. [aeeidéiay aeiaieéa ieanoeiié e 1aiei+ae. 1.: lacéa. 1972. 432 .

[6] Aseaiepé Y.E. [aeeidéina adoisiesiaaied o
iacéeo. 1997. 264 .

[7] Sargsyan A.H., Sargsyan S.H.Geometrically nonlinear static theory of thin elastic
micropolar shallow shells // Proceedings of the XLIII Summer School-Conference. APM.
2015. St. Petersburg. June 22-27. P.299 305.

[8] Lakes R.Experimental methods for study of Cosserat elastic silids and other generalized
elastic continua // Continuum models for materials with micro-structure. Ed. by H.
Muhlhaus, J. Wiley. N. Y.: J. Wiley and sons, Ltd., 1995. Ch. 1. P.1 22.

Sargsan A.H., Sargsyan S.H. Some Problems of the Balane and free oscillations of
micropolar elastic exible plates and shallow shelldn this paper on the basis of mathematical
models of geometrically nonlinear micropolar elastic thin plates and shallow shells 1) static
bending problems of simple supported micropolar elastic exible plates and shallow shells
under the action of uniformly distributed normal load; 2) free oscillations of micropolar exible
plates and shallow shells are solved. Numerical analysis is performed and on the basis of this
results speci c properties of micropolar matrials are set.



EIINODOEOEAIT NEIZEIUO MEEIADIUO
ENMCEOIUG TAIEIXAE ADAUAIER

— n 1 O. — n 1 1 . — n 1 O 1 1 .
Kiu="1"1Kx="1(+ " 1):;Kpn="1(3 2+ " 1)
Ein="1 #5,Ex=", #i#= W+ ku# = w+ ku; (1)
d8d"1= h =R, = A%A,, (::)°%=(::2): ,=A, (:)°=(:12). ,=A
Agy fifioitgaieé, nayctaapued aiiéeodan oneeéeé é ifiaioia i noadonoas-
bueié aiiééodaaié aadidiaceé ideieiadony gediél éniélicoaiay R0d6E0s-
da 1a0de00 10e4444aii00 sedfioéinoaé nefenoial éiiliceéoa. A éa+anoaa 1iilaito
06iéceé alaedapony éfiiliaion, adiayued a anoanocaaiita édadana oneiaey
Y1i=S,¥2= M11,Y3=Ti1,¥2= Q11,5 = H, ¥6=V,y7= "1,¥8= U, Yo = W,
Yio="2
lifiea 140adiaa é aadilie+~anéel éieadaieyi e aacoaciadiié oiaia iiitaiay
fiefiodia 6daaiaieé ideaiayony é aeao

Yi= 2y1 T, koQz (b + "iCYio) G

2= (2 Mz Ys+ys="1  2(cys+ "1dy);
y3= (Y3 Ta) Y1 kaya (bt "icy)
Ya= Ya Qut Kiys+ kaTa by s
Vo= 2Ys Mpy+ Qp="1  *(cv+ "idyi);
Vo= E12 Vgt Y& ¥9= Ku="5;y9= Eux kaw;

Vo= E1z y7+ Kays Vo= K21+ Y10 Vi 2



186 Naoaiiaier A. A., @oouél A. 1.
aaa:
#y= Yo+ KoYeiags = Bas Das A%
Ei12=(Dasy1 Aassys)=ass; K12 = (Basys Assy1)=(2ass3);
Exn=Ys+ Y+ KoYo; Koo = Yo+ Y 7;E13= Y4=Cs;
Q22 = Gos(Yio+ Yo  Ko¥e); a1 = BuDyr Ay
ann=Ys BnExn ApKxpa=y: ApExn DipKyp;
Eun=(Duar Auna)=a;Ku =(Bua  Apag)=an;
T2z = BioEar + BaoEop + A1pKyg + AxoK 2]
M2z = ApE1r + ApE2p + D1oK g + D2oKoga: 3)

PR

7 ~ANA

iy |2

"= rvn P O

“CIH@T) (v T)!

= G(rhu,T)[ (rv;T)[2+! 20" )

N A e NN

Ue=u( 20+ 2 (2 =W 2+2zZ 202+ 1102 We=wie 1 (2):

Qu+!'?(u+c )+t =0; T2+ kQa+!?(bvk+C 1+ ¢ 2)+ S =0;

Qs KkTe+!?(bw ' )+ g =0; H2+ kMg +!%d' +qu cw)+ m=0;

Mg kHy Qu+!%ds 1+ diz 2+ W)+ m3=0;



ée, dafiiieélaediilo ideead fifaaieie éieuoaie. 10e yoii ai aideiea iaddocée
fa életioa adiayo daaéoee 1o ideitiéapued naéoeé Taiei+ée

bacoaaioaiita ifaaee e iaofad iicaieypo ioaieaaou fidiaeiiiou dagaieé,
idfaiaeou 6an+ao aiieeosail-+-anoioild 6adaéoddenoee, adieiyou 1aueé é ii-
iiafa0eé aiagec iMe6+adild caaeneiinodé. A neo+ad dan+aoa 14iel+a+iad &ii-
fid06e0eé 08adneEéilé od6eodol efitelicoaony ifadeu dacedopuayny ia aeiloaca
éliaiié éefeé a filioadofnioaee i éioiaié eéidiaoe+anéea flioiigaiey eidpo aéa:

U = L+ ke s OIC 1+ g U = U+ [l+ ke( 3 OC 2+ st

u =w; c6 36 c+h; uP =up [L+ky( 3+ QI 1+ st
U =u, [L+ko( s+ 0Jc 2+ % uP=w; ¢ hy6 36 ¢
. . 3) _ ' . 3) _ . .
= U+ 3( 1+#1), U(Z)_ us + 3( 2+ #2), Ug)—W, c6 36 C. (6)
, G Ty606eo6eaiod Eyié, uj, w
j0f+ao0iité 1Maddodiinoe; 1, ' o 0aeéd mnaioioa iioiaee
- " e

caiiéieo
1 e Ho: h]_, hz, 2c oié 0

i0 aidgied ne

17 = Ent sKp+cu+( 3 ocqu; (18 2);

"= Ep+2 K+ C+2( 3 OC1 €6 36 c+ hy;
"@=En+ Ky cu (s+dou (1S 2);
(122): Eio+2 3K €12 2( 3+ C)C 12 c hy,6 36 ¢
"D = En+ a(Ku+ ') (1S 2)

1 . . ||3 _— .||3 —_— .
Ew+2 K+ 3 1 c6 36 c (13)— 1) (23?— 2

u(3) _
12 =
Euu=W+kw Ex=u+ Ui+ kw, Ep=u;+U Uy,
#= WO+ KUy, H= wo+ Kol
K11=#(1); Ko = #,+ # q; K12:1:2(#1+#(2) "o
I P HP P S
11 = (k¢' 1)05 2=(k 2) +'k1' 1; 12:k1'1:k2'(2) K2 2

oo 1@,

L1(T11T22; S) + KiQu1+ X1 = ag#ly + a# + ag'q;



188 Naoaiiaiél A. A., @6ouéi A. 1.

L2(T22; S) + koQoo + X2 = @yl + @ty + as'ey;
L3(Q11Q22) KiTin kT + X3+ p= agw;

Li(M1aMoo;H) Q11 =0; La(H;Mg2) Qe =0;
La(myg + MyiCky; mas + MaoCky; map + 2Hek;) Qi3 =0;
Lo(myz +2H11Cky; Moy + MooCky) Qo3 =0: (8)

Lo(fpfot )= 2+ + (fy o), La(fy;fo)= f24 1, +2f,fy;

f
Lg(fl;fz):f](_)+ f 1, r:%:
ENifiaion aideiaé iaaooceée iaicia+ail X, (r = 1;2;3), iidiaguiay daaé-
oey i1 AoIoN0 seeadéinoe p.
A (8) AAAAAI0 TATAUAITOA 6RGERY, TNAION & 1AGAGAC0AAPUSE feaT, THOAA-
T
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>Q_J,:

. —
0 © ay
—

(e}

0eée élinoddesee a aacdaciadiii aeaa daail
:85 Ly =3:5 haasi =0:08;;hpa= 0:015 Adiiaode-
d fioé fAifoaaonoasdpo [5]. Afiaal

. =S

[2] p&aei A.N., Ro&iélI. 1. Aeasiagonoees yaalie odadaie 1adaiai-
0 / U ' a

4801318

[3] Aisiae+ E.E., O&if

[4] Aagasodoyi A A., Asicaia A.

aaaeaiey ive atioaeadiins éiea

Safronenko V. G., Shutko V. M. Some problems of mathematical modeling in structurally
complex vibroacoustic polymer composite shells of revolutioriThe mathematical models
describing interaction of the structurally compound shells from polymeric composites with
the acoustic medium are presented. Constitutive equations of the polymer matrix are
conrmed with the thermoviscoelasticity theory. Both mode and summary amplitude-
frequency characteristics of the shell, as well as the eld of pressure in acoustic medium
are determined.



[ATAITDIAIT TERPECIAAITUA TUACTYEAIAIOU
ONODIENOA [AETEAIER YIADAEE:
ETIAxIT-YEAIAIOIA TAAEEDIAAIEA
E IDEEEAAIAR OAIDER

IA AA O A A 7 NI AN s N\ s A A ‘o
i6jauda A.I. 12, Neaeesos A.N. 1,
T~ 70 ~avrs A =~ O Anr~ NN s
laaianyi 1. A. 1 E& Cuiia Aai 3
peeilié 643adaciité 6ieaasneoao, Pinoia-ia-Anio
2ATIRéé aindaasnoaaiité oasie+anéeé 6ieadaneodo, Pifoia-ia-Alio
30a0ie+anéeé 6ieaddneoas ei. Ea Eoé Aia, Oailé

A aieeaad 5annitooail 1aoial ifadeesiaaiey ia1aiioiains iudciyeaidiota: &fia+-
i-y88i&ioiia 1ladeesiaaied & ideesasiay 0didey. EANeaacaind iidcilidaiadaciaaodsee
i54afn0aasypo eioddan eaé +afoe 6fodiéfioa iagliediey yidoaee. Eifa+ii-yeaiaioind
daf+a00 aliéiyeeni a 1aédoad ACELAN & ANSYS. 1ié6+4aii0& dacoeuoaod iicai-
&ypo filfoaaeol asaideo idiacoediaaiey yooaeoeaitsd iaaiioiaii-ileydeciaaiitsd
6fiodiénoa i efiléliciaaiedi Tioeiadiitnd nddanoa iladeediaaiey.

1. ladcdiaoe+aneay itadel ialailoial yeaeosioioodial oaea Jaoa-
jace+anéay i1adel ANnoaaial 6idoaian, yeaéodioisoaial e aéonoe+anéial oaea
fi iafaiidiaitie naiénoaaié 0aadand oae finoieod éc édadaié caaa+e [1]

aey 0i06ae0 e yeaeéodioiooaesd oae

kBl + g jur = fjr D=0; (1)
— E n n T . — n n S .
=¢ ("+ 49 ¢ E, D+&bh=¢ (("+&")+ M> E; 2)
"s(ru+ru)=2, E=r ';
aey aéodnoe+anéié naaad
1 — - —
—_02g+r v=0; v=r ; (3)
iY
jV=r ; = pl+hb;v
daa  0aicid iaidyaedieé, iéfoiiioll oaéa, " 04icid aaodidiaceé, u aaeé-
016 1adaiatdieé, D aadéoid yeadéode+anéié eiacéoee, E adéoid iaidyaeaiii-
fioe yeaéode+anéiai ey, f aaéoid ianiiais fiee, ' yeéaéode-anéeé ioaioeae,
. &  @élyboeoeaiol aaiioedtaaiey, cE, e ¥ 0A4icida 6iddaes éfinoaio,
ilacliiaceaé e agyedéose+anéed idiiesadiinoaé, eiadén | 10aa+aao iMaso oaea
a iiadee, c Néidinou cadéa, v aaéoid néisinoaeé, ifoaioeae fnéidinoaeé,
p CcAadéiala aaacaied

Qaicidl cF, e, y° € T&loiifiol 0dé acaai n+eoaol 06ieveyie 10 iélecdiey

oi+ée a 0aea

k= p(X); TG X; F=Y; & =¢ (X): (4)
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Agy ileial 6+aoa aicadénoaey ieydecacee i8aacadaaony eniéuciaaou nea-
46puoh 11a&e(
c=c+jPj(c® c); g=9d+jPj(¢® 9
e=jPjée (5)
Caann aaiayony nifoiigaiey, éioidna fientaapo 1adasdia 10 eciodiiiiar fii-
olyiey é aiecioaiiiiié 10 0O1al, éaé neeuil ifeydeciaail 0aé

) Qn Qo
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. (D:
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<:
Q»
D
Qo



192 Nietaiaa A. I., Neaeeos A.N., Taaidnyi 1. A, E& COiia Aai

11=C1"11 Ciz—————C@%4 gy

22 = C1211  Ci3 £+ e3— (6)

+1 +(x) 1 — (7

—_—Z (8)



Panfi+eoadi 1Maiité écdeaapueé inaio M, & T1aliiép iTiada+iop neeod Q1
Z =
= 3
M1 = 112dz = h— Cll@UZ(X)
h=2 12 @%

G o, @0, By, () + By, ()
Q, = @M; _ h_3 c @Uz(x) Ci3 c @Uz(x) 8e33 @( X) 8e3 @Q( X)
! @x 12 1 @x Gz B @R h2  @x h2  @x

pY

oeée ideiao aea:

2
D/
N
o
Qo
Qy
(@
Qx
Q-
Qa»
o
o
([N
Q.
a»
-
B
N
D/
<
D/
<
D
Qo
D
o
X
N
o
Q_)/

Z h=2
@Q p(x) W?2hU,(x)=0; @n, @)dz =0 (9)
@x = @X @
a4  i8Toiinol 1a0ddeasa, p(x) Aaideiyy iaadocéa, W =2 !  @&doaiaay
+afioloa,! +afioloa éiedaaieé. 1inead itanoaitaée anad eécadnoiis adée+ei 6daa-
jaiey a (9) fefiodia 42604dai6eadiins vdaaidieé ideido aéa:
8 2
< B on+ NG L(me BR@RY px) W2h &R =0

@
@V, @ -0 - — 8¢ 8
( e+ smo)(@Ulyy K (x) KV, 20n@(N0=0; K= S+t

L Zmom 4 2e)2 @D L(Zh 0)h3@U@  pz) W2hU,(2)=0

C11 C11

(2 o) —@55’ + %('esélcln 333)h—@é§§(z) =0
(11)

Jauea Saodiey 68aAI4IeE (10) & (11) Sidbo REAAOPUSE Aed
Ul(x) = Cie * + Cye 2* + Cze 3* + Cye ¥ + Csc0S( 5X) + Cgsin( gx) + U

1(X) = T,C.e X 4 T,C,e 2X 4 T3Cse X+ T4Cqe aX 4+ T5Cs COS( 5X) + T6Cs COS( 6X)
UZ(Z) = Cse 2+ Cge 22+ Cq COS( 5Z) + Cio Sin( GZ) + U

2(Z) = T;Cse 12 + TgCge 22 + ToCy COS( 52) + T10C10 Sin( 62) + Ci1z+ Cypo
(12)
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344 124100 cia+aieé ;, ; éidié Afoadonoacpued dadaéoddenoe+anées iiai-
+84i1a, T; iadtayony ec ddgaiey T1aiidiailé fenoaia, U = p(x)=W?2h, adddieé
eiadén 6eachaado ia ideiaasdseiinol idaalé ~ande i =1 & 83alé +anoei = 2 ida-
Tadaciaanaey.

DPafifitodel 6nefaey, ive 6101006 fa e&ai & 16aal éivad da1adaciaadasy
caaail padiediia Tiedaied. Caiefinaay adaie+ind 6nelaey e onelaey notélaée a
61628100 éMdaeiaoad, ieo+ei Nedacpueé jaald e aadiaadsace moiigdieé:

Ul0)=0 UL)= U%0)
M10)=0 MZL)= M?0)
D'(0)=0 L)y= 20)
(13)

U%L)=0 Q%(L)= Q*0)
M2(L)=0 2 LL)=83= 2(0)
(L)=0 D*L)= D?*0)

fedaaiey 1ia adénoaeai
ga fa yéaéodiaad. Alee |

é
éniadeiaiota, 181aaaaiiad i miuip

EEOADAOODA
[1] Agieiiu A.A., Taridaeei A A, Nigtauda A.T. 1404 fdai0 &ii&+ii-yedidioial
aeiaie+afieial aiadeca ilaciyeaeode+anees 6fodienoa // Idecsasiay iaodiaoesa

¢ iadaieéa, 2002. «3. N.491 501.

[2] Soloviev A.N., Oganesyan P. A., Skaliukh A. SModeling of Piezoelectric Elements with
Inhomogeneous Polarization by Using ACELAN. In: Advanced Materials Studies and
Applications, Chapter 12. N.-Y.: Nova Science Publishers, 2015. P. 169 192.

[3] Aaooceuyi A.1., Adoiai E.I., Eaiéséay 1. A. a4 ecaead iacieddaie+aneié ae-
1186i1é ieanoein // Toeéeaaiay iadaieéa. 1991. O. 27, «10. P. 101 105.

aibodaiiel dacdaciti yeaeosiaii, ideéeaaiay 1o
2001. O. 42, +1. N. 184 198.
Soloviev A.N., Oganesyan P.A. Non-uniformly polarized piezoelectric devices for
energy storage: nite element modeling and applied theoryThe report considers methods
of heterogeneous elements modeling: nite element modelling and applied theory. The studied
piezoelectric transducers are subject of interest as part of the energy harvesting devices. Finite
element calculations were performed in ANSYS and ACELAN packages. The obtained results

allow to create the algorithm to adjust e cient heterogeneously polarized devices design
process.

|
[4] Aaodeuyi A1, DOieiaa A.A.  Ecaeaita
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0
Eidaifieaiinol adoidiaceé aidaseadony il 618i6ea
_ 2 w02 w0 0 w0 \211=2.
Gn—p—é[(c) 1u 2+t (") (6)
A 615168406 (1) (6) iaidyecdiey & addidiacee i eiadémn n ad+eneypory a ii-
iaio fa+aea n-iial Medoeééa. Panniiodel a inaneiidaode<iii fieo+aa 1810afM
oidoatieanoe+anéial adoidiediaaiey yeaiaioa faiei+-ée i éiivaeiacaié (x;2).
1464614 a Afolyied aisi+iaiey 18ieciéayso a iaéioidné iiiaio adaiaie to 16€
adiieiaiee onéiaey eo(x;z;ty) > es. ladané iedoeée ia+ivsony, éiaaa adiie-
jeony oneiaea
@e(x;z;t1)
< 0:
(@]
[ified 6iddaial adoisiesiaaiey ileedo ia+aouny eeal 1adaidiiia 6idi+iaied,
éeal i1aoidita. [1aoisita oidi+iaied €iddo ianoi ive adileidiee jadaaadinoaa

E 0aé 438a4. Toeé yoil, éasedlié yeaiaiod iaiéi+ée fiioaaonoacao naly 3soie-
addnaéuiay édeaay.. Oaéel 1adacil, acaideoi dan+vio0a alidnéaao, +oi dacée+ita
yeaiaiol 1aiéi-ée, a ol +enéa é édeeanea ia iaiié iisiaee é ndaaeiiié Tadso-
iifioe, a 1aei & 010 2ead ifiaio adaidie 11a6o iadiaeouny ia dacee+itd 6+afoéad
naied ¥.6ieaddnaeuitd ésealsy,
3. Tléé’laééybl]éé fiffoifgaiey aey neeeiadiial iaoddeaca. A fneo+aa,
&1aaa élydoeoseaio léaniiia 8 0;5, aianot 6idiée (1), (6) éiaai [1]
0 — n( nQ H— . Y .
1 ! 1 1 2)G
Go= L1 = 1 2)%,
1+ 1+2(1 2 )Gq
2 u(\2 u0 n0 n0 \271=2 l + Gl + Gl
€n = p—é[GZ( 9 1 2t ("R Ge= 3 (8)
Oéiébéy I, Ti-idazeidio ad+eneyaony iT 618i6ea (3), it 0diadu (a (4), (5)) fea-
4040
e = 21+ ) s
3E
Pagay iaianioi (3) & (8), Med+el 68aaidiea foiineodeui = eM=g,:
b “+b *+b % b =0 9)
Elyo6esediod 6daaiaiey (9) aldaaeapony +adac 6ece+anéea adaiaodl cada+eé
& aadidiatee fa 0déouesd 6+arnoéad filioaaonoadpued ¥oieaadnaéuitd édeandy,



.......

ia+aiey EIAT: 0;35
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fadadied gediéiai eeanna ninoaaito 1aiei+a+itd élinoddesee, iadiayueony
a onéelaeyo aeiaie+anéial eee fnoace+anéial iadddeeaiey
EEOABPAOODPA
[1] Noteyd A.1.  T1a&adied 6céed 1aiaedé e nbddoe+anéed 14aiéi+aé a oneiaeyd noaoe+a-
fiéfal & aeiaie+anéial iaddosediey. Afieiioioe+anéeé & +engaiiné aiageéc. Difiola-
ia-Ali6: Eca-al baeilal 64a4daeiinal 6ieadoneodoa, 2014. 146 fi
[2] Tineaeoei A.A.  Teanoe+iinol ide 1adaiaiind iadddaedieys. 1.. Eca-al Iifné
6i-0a, 1965. 263 fi
[3] A&aionf E. 1., Naoauee E. N., Noteyd A. M., Oeadeei A. A (88701804 afidifi0 oaf-
+40a élédaaieé dece+anee & aalaode+anée aeeidéins e06aens ieanoei e ndade-
+aféed 14i67+4é ioe elideunins iaidoocéad / bifioia, 6i-0. bifoia i/A, 1980. 39 f.
A&i. A AEIEOE 27.04.81, »1896-81 Aai

[4] A&sion E.1., Nsoauee E.K., Noeys A.M. & 45  Daii=&0 it 4306151a6eiiiié 0&i-
3eé jeanoe+iiioe 4aN405e+aMee iA6eiaéin0 sleaaaicé NoAde+aMees 146146 ide
64a511 aadoaediee // Aarioi. E&i. 6i-0a. Naa. 145. 1981. «13. N.70 75

[5] Duey T.A., Key S.W. Experimental theoretical correlation of impulsively loaded
circular plates // Exp. Mech. 1969. Vol. 9, «6. P.241 249.

[6] Kao R. Nonlinear dynamic buckling of spherical caps with initial imperfections //
Comput. and Structures. 1980. Vol. 12, «1. P. 49 63.

[7] Budiansky A., Roth U. S. Axisymmetric dynamic buckling of clamped spherical shells //
TND-1511. NASA. 1962. P.597 606.

[8] Noieyd A. M.

[9] A&3i0&éi E. A, Srubshchik L. S., Nofeyd A.M.  Eiéaaarey ifalfaycias oesei-
feed efifiodceseé fi Tainorsiiiel jie ide asiaie+aner

Il AR&SIfA. éli6adaioee it odidee Gidoainoe A iaseasiadiaiil
6+anoeai. 13 16 1éoyady 2003 A Difioia-ia-Afio Acia. Pifioia-ia-Afio: 1Al -
aay éieéaac, 2004. N. 80 82.

Stolyar A.M.  Nonlinear analysis of thin-walled structures behavior under dynamic and
static loading. Compound thin-walled structures (CTS) behavior has been considered in the
paper. Constitutive equations of deformational theory have been applied in the case of elastic-
plastic deformation of material. Mathematical model of CTS includes shells' oscillations
equations of Kirchho -Love and Timoshenko type as well. Computations of shells oscillations
behavior under loading of di erent type have been carried out in the paper.
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i1oiaéiinod aiei io1aieuiial haaeaa aéeid éc 11a0 i 1dfecaienian imasn n
a odainaasnaeuii-eciodiiili 61964l fiéfa ofeueid 2h it fNataiaidie eeai seano-
61 caéddieadiitie ieinéeié asaiyie, Med+aaita 1 1doiaeéal, ecéiaediiti a
dadioa [5], Afioadonoaaiil itado atou caiénail a aeaa
n) _ S T,
Vf( V= (;C11CiaiCas ) = #n(C11; C12; Caa; );

1= (C11 C2)

> #, 1(C11; Ci2; Caa; );

Vén) = n(;C11;Cr2i Cag; ) =

r21 2, (11 cC12)

4 2 2

1=2

)

#n(C11; C12; Caa; ) = (Casg

\\\\\

=]
A -
Do
|
o

5 -
o 7.
21
y Qo
Qx
@

o O

QX O) ={ O
Qo
ox o

x )y @ ) x2[0: @)
X)= _ 1, x2] @ (3)];
( (4) X): 4 (3))’ X 2 ( (3)’ (4)]’
0 x2(®;1 ):

. .. P . T A

AOB6E065A YAsypORY 158aR0AABATEY 06ieDeé TBeiaasase

#(¥)=  sup minf , (X1); % (X2); 55 %, (Xn)@:



[ B 1% 1 888K X, ATOARONOAAIT 1@ieIaBUIA & 1aéMeladuia cia+a-
2] 0:1]
6y % 1A OB1AI&, A CIA+AIRA  y= f (kX0 x,) I0AAN0AAEYAD MiATé 18+&080p
adge+ei6 y = ly ;v 1, 444
2[0;1] —
y = inf (F (X1 1%z 5i%n; )5 Y = sup (F(Xy iXg 5iiiXn; )
Xi 2_X| Xi Xi: 2[X; 5Xi ]

Alifeieoasiiay yooaeoeaiay iiacoesasey aaifial agaideoia faycaia i alc-
ileeiifioyie iadieeadiey e f0diée cia+aiéé +anoilo idiecaiaits @y=@xe ao-
aaediey ia iileednoda X adadiaiola x; (i = I1,n) 0646 idiadanaéapuediiy iia-
iifedfioa 1Maifledioa  Xi= fx : @y=@% 0g, X» = fxs: @y=@% 0Og, & 0aé-
a8 iTalfleeanoaa ad301I018, 46y 6101306  @y=@WA&YPofy ciadliadaiiiie
06iéoeyie & ed ciaé caaeneo ofeluél 10 ciaraieé adadiaioia X; € Xs, Of anou
@y=@>% 0q(Xr;Xs), Gq(Xr;Xs) & cadefiyuay 10 x, afiliidaodéuiay o6iedey
X3 = fXq:sign(@y=@x= sign(gy(Xr;Xs))0. Ia daca 0aéial dacaeaiey iileednioda

|

— . | . - . vl .
¥ = R fy(lr; ' Xs; ’Xq; )’y(xr; a&s; ’Xq; )91
210;1]
aaa
W = Xq 108 Go(XiXs)>0r Ly Xg 108 go(XiiXg) > O
a: Xq. 10&  gy(X;;Xs) < O; a: Xq. 10e  gy(Xr;Xs) < O
A 0aiéad Tienaiiial Masiaa ia Tnitad ivdancaasaieé <~ €11, €12; €4, A €101-
800 eniietucopony d6ieéoeliaguita 1adaiaode+anéea caaeneiinoe aey aadoied e
ieceied T0adofnoadpued iifeedniod acliva-6diaiy 70 cia-aieé iiéacaoaey

N ANA NN O X AN N

=@ )P+ @ @sa )y

= (@ g+ ceplicy @ g

@n(;C11;C12;Caa; )=@ 6 O; @n(;C11;Ci2;Caa; )=@G > O;

@n(;C11;C12;Caa; )=@L 6 0; @n(;C11;Ci2;Caa; )=@f > O
@n(;C11;C12;Caa; )=@6 0; @n(;C11;Ci2Caq; )=@G > O;

@n(;C11;C12;Cas; )=@L 6 O; @n(;C11;C12;Caq; )=@f 6 O;

ia+&oéed foaiee asy v, vi" Tiéftaapony dacelaedieyie

W=l e e @ e c@)a=@ i
2[0:1]
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+H1 )+ ¢ @ =2
1=2
( @+@ ) ® @ )+ D= )
+1 )+ @ @ =2

W= Ao )0 @ e eR e

@ D= )L+ D a=2 )+
+H@ )R+ cd e @ D=
( @+@ ) F@ B+ c? ¥
@ D=2 )+ D a=2 )+
H2@ )R+ e ¢ @ =) o
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[3] Apaoca A., 18aa A. Qaisey aiciieeiifiodé. 1deeiediey é iddancaasdiep ciaieé
I : i

[4]

[5] Effitaaieaifiee
[6] Efiagei A. A, Roacefioe+afeed caaa+e

[7] TisTadoeeé A.A., D&aa A. .
Fee
[8] Plogoaéi A.1., @otaga N.A., Eica-é A1, liadsesiaaiey &

Storozhev S.V. Fuzzy evaluation for characteristics of normal shear wave in the
transversally-anisotropic elastic layer. The results of studies on the problem of estimating the
fuzzy values of phase and group velocity of normal elastic waves in transversally-anisotropic
layer are presented. Hypothesis about the interpretation of experimental values of density and
of modules of elasticity in form of normal trapezoidal fuzzy intervals are used. The estimates
for the velocities in the form of expansions of fuzzy sets on alpha level sets are obtained.



baffiacdeaaaony ideididiea afieiioioe+~anéed iaolaia é cada+ai iadaieée il fia-
gaiitié asdaie+idie onefaeyie. 10id+adony, +oi a iao+ilé géied acasdieéa E. E. Ai-
diae+a & 4ai 6-aieéia, a ~enéi é10ia00 adiaee A. 1. Asdénaiadia, adee caeieedil in-
a0 6446eysilc e fefase 0 140iaia, aiinedanocaee ied+eaged

~ AN AN

n y
alelged ied+eé a 5aaioad Aedénaiasiaa A.l.

AAmA

M=— "M S g(t) (jti6 ;M(y)= by (1)

1 k=0

a (1) nolaeony daaiiia j < U 1a ~enen)
Afige g(t) = 1, oF 5AgAiea 0aéiat EO iieedd 400U iiHOGTAIT A 844 [5, 9, 10]
ps f=2]
' — 1 L — 2i — 4D )
(t)= n) Mt a@) = it (n=1;2;:); (2)
n=0 i=0
Caanlu éaaadaoilia néfaée a ivaadead noiiediaaiey caanu iciarapd 6aedp
+anol ~enea, a aey iadieedaiey élyooecedioia i 1MNoaIail 16inoaéoed daééo-
daioita ffloiigaiey.



Aiagiae+i0i 1adach ey aieiioed leed0 400l iMNodTaIT dardied 6daaia-
iy (1) & neo+ad, élaaag(t) = t™ (m épaid iao6dasuita +enel), a oadaed a Ned+ad
é1a4a g(t) 108af0aaeiT 4 4ad dyaa 11 iTélaee0délinl fiodiaiyi adadidioa t

Anee a eiodasagiil odaaiaiee (1)

X. 2n i )4 2n¢2n e
My)= by™ (yi<yos o)= —a % (t<to); (3)
n=0 n=0
01a4a, aiaeétae<il 164a0a60aio, dagdied 6daaidiey (1) i yasl e idaalé +a-
Aolp (3) &y aleliped cia+aieé  iieedd adol MNOdTIAIT & aead
X 2j X 2i R (2j +1) X 2i
C(H) = J jite + : it 4)
j=0 i=0 j=0 i=0
844 ; & ; TivAadeypony ec NEAAOPUIED BaE6BBAI0IN6 ATidiTeaiese
v 1 j k
I (i) 2k 2)  2m+2k 2i+1 P ’
k=i m=0
k
2 X (K X i km e _
JI 1 ] (I 0’1! !J)l /- a] (5)
(2i) e (2k  2i) o 2m+2k 2i+1

111484 isifiéed Mawgaiild cada+e 1adaieée fiéleilé fddan Ratayony & da-
gaiep eivdasasiital 6daaidiey 1adalal olaa i 81aade0ie+anélé asaaiié +anoup
yaoa [6]

71
t
"(HDk —— dt=1; jj6 L (6)
1
. . X 2|
k(y)="Injyi F(y); F(y)=  dy"; (7)

dya aey ooiécee F((t )= )7idé jtj6 1;j j6 1 adaao noiaeolny, anee> 2=y,
Pagaiea eivaadaeuiial 6daaiaiey (6) ilaedo atoul 11iodiail & 4éaa 4 4éaa [6, 7]
71
1 >4 2n: Wl 1 f O( )p 1 2 .
(t) = n(t);" o(t) = —=(Q d);
- 1 t2 t
n=0 1
( )
m() = P— mi 197 + mj 19 (m> 1); (8)
1 t2 L
j=0 j=0
43aQ eécaanoiay 1inoiyiiay, a élydooesceaiol m € m 11088aeypofny ec yea-
1ai0adito 6aé6ddaioitsd Afloiigaieé
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Ok )dt=-F(); jj6 <y ="ty FC)=FC ) (9
1=
Aey idaadedii 1aead I 0, idesdiaei é 6oaaidiep a naadoéas ia i
A
Ok )dt=-F(); jj61; (10)

AAAAAAA

\\\\\\\\\\\

N\ s N AN

( 2 1= i1 =jj<1); (@11

AR IAAA

Zd
Lk Ydt=1:  jj6 d: =1= = ka;

d 7 (12)
K=o G(Je™d; G()="y =" 7 2
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888G( )= G.( ) G () B8Acoeidad dasoidecasee ooievee G.

EEOAPAOODPA
[1] Aidtaé+ E.E., baiaé+ A.E. 0aad 86648141 aéfnéa 1 aee&aéiniou
iMl. 1957. O. 21. AQi. 4 25 532.

.N.5
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Sumbatyan M. A., Chebakov M. . Asymptotic methods in the mixed boundary value
problems scientic heritage of V.M. Alexandrov . We consider the application of the
asymptotic methods to the problems of mechanics with mixed boundary conditions. It is
emphasized that in the scienti ¢ school of academician I. 1. Vorovich and his fellows, whose
member was V.M. Alexandrov, there were laid the foundations of regular and singular
asymptotic methods, which later were named as the method of large lambda and the method
of small lambda .
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1. linoaitaéa caaa=e.

A Gaéadoiaié fiefioaia élidaeiao fx;y;zg danfiaodeaadony eciodiiiia 1Medidi-
f0daiNoAaT eee 6idoaeé feré. A4eoid 1adaiavaieé a 6idoaié nddad u = fu; uy; usg’
fiefitaadony 6daaidieyie Eaia aey fiéd+ay iofoonioaey Tauaiias nee

@diyu @
( + ) (/)+ u; —ﬁ|=0,j_1;2,3 (2)
@x 1

Caanu Tiddaois Eaieana, iadaidood Eaia, iéfoition, t asaiy

Aadilie+anéay iaddocéa gexp( it ) , caaaiiay ia 1Maaodsiiioe ety z =0 a
igyitoaienité 1aeanoe fil Aoidliaie Ly;L, , Adéaedofy dac adaudiey aaieu
idyiié  Ox, fi 1iRolyiiié néidiioup  v. A ifadeaeiié féfnodia éiidaeiao fxy;zg,
EEE

X=X vt (2)
faganou Tientaadony iddaaainoaaie:
Ly Ly L L
6 x6 =;—Y6y6 L 3
2 2 2 °Y% 3 3)
la 11ado6iiioe nely z =0 cadail neaadpued adaie+ita oneiaey:
i306Y;2)iz=0 = G;1 =1;2,3,06Y) 2 ; i3(%Y;2)jz=0 =0;(%y) 2 4)

fiifaaiee 1oe z= h adaie+ita oneiaey nedaopued:
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Ui (X;y;2)jz= n=0;) =1;2;3 (5)
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. e 16eiyol fedasdpuea cia-aiey radaiaodia ii-
eoigifnodainocda e néwy = 2:39 10%H=m2?, = 2:45 10%H=m?, = 1:7
a e ;
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{€04e0i00 1acdeeaseé aey neo+ay 1Maineiéind eciodiiind e aieciodiiitd
fidaa oeia iaédoa felaa eée iaineiénal imeoidinodaifioda. 14014 eidaasesi-
aaiey, aéaaiaady naiaé 18inoioa, ilaeil fi+eodaou éiseadiaditl, 6ioy 1i A 6RIadH
ileedo oaéeed ediliélciaaolny e aéy enneaalaaodéunéesd 0acaé
penodite 1  Addoeéaeiind niadaiey ia 11aaasiinoe 1Mesisiiodainoaa, netainod vV =
1:212 = 1:lv; = 1:01vs = 0:59vp, : +afioioa! = 4, (a) Reus(x;y),(b) Imus(xy). Addoe-
@aelita nidvaiey ia 11aaaodiiioe nety, Agidifnou v = 1:8 = 1:63v, = 1:5vs = 0:87v,
+afioloa! = 4,(a) Reus(%,y),(b) Imu3(x¢y). idiediaaiitd addoeeacnind navaiey ia
i1aasdiinoe nety a cadeneiifioe 10 féidifioe e +afnoiod, (a)-ioilgaiea jus(v;!)=us(0; 0)j
3 fnoe, (f)-éiaasdeodi Igjus(v;! )=u3(0;0)j & aeaa éeieé oaiaiy
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Syromyatnikov P. V., Vasilchenko A. A., Lapina O. N., Nikitin U. G. Oscillating
and moving on the surface of semi-bounded elastic body sourda this work were studied
surface perturbations of the layer and isotropic half-space, which are caused by harmonic
source of various con gurations. The source moves at a constant speed in a xed direction.
In the moving coordinate system the problem have been solved for at and spatial unmixed
problem for the layer and a half-space. The problem is solved by means of Fourier integral
transformations and numerical integration methods. Surface perturbations were calculated for
isotropic elastic layer and a half-space in a plane and three-dimensional case. The calculations
were examined from zero to the speed of the longitudinal wave velocity in a wide frequency
range. Flat and spatial amplitude perturbations for layer were obtained depending on the
source rate, on the oscillation frequency and geometrical properties of the source.
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Panfiiodaia casa+a 1 iéifiéed alidaeaaiilo éiedaaieyd 0id6aial nely, iadaie+a-
fiééa 1adaiaodn &101aTal yaeypony 66iéoeyie hiada+iié éiidaeiact. Alaaaail 6daa-
jaied aey dawaiey 1adaoiié casa+e 14 Tiddadeadiee iadaie+anéed iadaidodia nemy i
0adaéoadd aieiiaial ey fa aal 11aasdiinoe. 16eadaail +eneaiiia dacoeuoaod aal
dagaiey
1. lifoaitaéa casa+e. barifiiodel 6ia6aeé feié f(x;;x,) : 0 < x; < 1;
06 x, 6 hg, iadiayueéry a finoiyiee onoailacagedny éiedaaieé
leiiéea éieadaiey Tieftiaapory 6daaiaiéai:
111t 122+ ! “up =0; (1)
121+ 222+ ! 2Up;=0;
334! -+anoiloa éiedaaieé, iéfoitnou nety, u; Tadaiavaiey, a i faioy-
aeaiey, éioidla 6ataeaoaioypo caélio Adéa a aeaa:
8
< 11= (Ut ux)+2 U9
12= 21= (U2 + Uza) (2)
2= (Up1+ U22)+2 U2
[eeeiyy 1148061H0U fETy aY.noél catdieaia, a adddiyy najalaia 1o iaidyaedieé
(ia iad6@ay 1auiiioe, fi~édadi oieueid fely daailé aaeiedd)
U1(X1;0) = U1(X1;0) = 0;  12)x,=1 = 05 22x,=1 = P(X1): (3)
2. Dagdied ioyiié casa+eé I5@1&iyY eiddadasiina iv&tadaciaaied Oodua a ae-
a4
A
th(;X 2) =  Ui(Xy;X2)e™ tdxy
1
é (1) (3), e enéep+ay ec 1Me6+aiind 6daaiaieé 11, NA&aY4 &0 é éailie+anéié
fefioaia a4é60adaiveaélitd o6daaiaieé
8 -
12
% Y= 0 th+ —-
It +~
= Bt e
+2 4)
+ ) i~
0 4 2 ( | 2 22
- b +
E 12 +2 U2

No
N
I
)
F
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l
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Adaie+iay caaaca (4) i AdaIe+i0Ie GRETAGYIe (3) EAA6T i 4000 Sao&IA 5
ifiite 1aoiaa idefodacée. Aadaaval 1aicia+aiey:
Ui = t1; U = tp; Us = ~10; Uy = ~22:
asyie VI(0)= 888 ; feiais E6NAGA5A.
Dagaiea cada+é (4) i adaie+itie oneiaeyie (3) nodieony a aeaa

VALVE(x2)  VE(L)VA(x,)
U= pO)= g 0 WOV OV 6)
lied 140aidudieé ileedo atou aéaait ide iMiiue 1adaoiial ivdfadaciaaiey

Z
Ui(Xl;Xz) - Zi p( )V34(1)\/|3(X2)(1) V33(1)Vi4(x2)e i X 1d : i = 112 (6)

3. ladaoiay caza+a Dagéieeei efiéliop 66iedep & doievee, Tiefitaapued
écidiaied iadaie+anéed iadidodia a aya ii

(X2) = o(X2)+ " 1(X2)+ 5 (X2) = o(X2)+ " 1(X2) + @)
(X2) = o(x2) + " 1(x2) + 5 Ui(5x 2) = UR(;x o) + "Ul(;x 2) +
Niaeday fneazadiia ive dacee+ind fnoaiaiyé ", ieo+adl 444 édadala casa+e aeaa:
8
UO
W °=iu 9+ =
0
UO 0: I OU](.) + Ué(l)
i 0¥2 0 : 0 (8)
uo °= 42M 12 yog 1 oYs.
3 0ot2 o o ! 0t2 o
[Ug1°= ol 2Ug+iU g

UP(; 0)= UJ(; 0)=U2(; 1)=0; UJ(; 1)=p( ):

8 Ul
% UL %= iU 2+ 22+ Fi(xp)
0
U21 0: M + FZ(XZ);
0+% 0 ) . Ul (9)
10_ 2 ol ot o 2 1y ! o0Yi .
= 429009 + 0% 4 F
U30 0t2 o ot = Ui 0t2 o 3(X2);
[Uil'= ol 2U3+ iU 3+ Fa(xa);

Ui(; 0)= Uz(; 0)= U3(; 1) = Ui(; 1)=0:

s A

daa adaaain faicia+aiey:

Fi(xo) =  —US;
0
[ ol 1+2 4) 0 1¥2 1,
Fo(x») = 2 2 U ——U:
2(Xz) 0t2 o 0ot2 o te (0+2 o) ¢
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4 2 (142 1)
Fa(X,) = 0
3(X2) 2 01 2 .
(0]
1 2 UO+ 2i 0( 1+2 l) UO.
0 0 0 0
Fa(x2) 1! U3
Dagaiea cada+é (7) eiddo aéa (5)

Agy 014, +01ad inodieol dagaiea casa+e (9), aiiitelucdainy 1aoiall aadéa-
oee idTecaienits 1Roiyiiad. 1éli~acdéuiia dagaiea cada+eé a 1adail ideaee-
sediee éiaao aea:

71

Ull = [F1( )Gai(; ) Fa()Ga(; ) Fa()Gu(; )+ Fa( )Ga(; )ld; (10)
0

U; =
71

(11)
Fo( )Gar(; ) Fa( )G )+ Fa( )G2(; )Id

]

—

T
=
~
N—r
w
N
)
N—r

VAIDVE(x2)  VE(MVii(x2)

Vi (DVE(x2)  VE(D)Vit(x2)
1) ’

Gi2= p() o)

Gi1=9()
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penoiie 1 Aefiadoneiiind 60eand anes+ad  (x2)= (0)=(1+x), = (0)e¥>2, =0;3.
([l fi Ao 0 2, 1Al

pefioile 2  Aldeciioacuiia (fedaa) & adsoeeasuii
(x)= (0=(1+x2), = (0", U
ao X2

N\~ AL

1
o
w
—_—)
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ay  (x2) = (0)(1+sin x ) Aéy aifi-

Roaitasaiey iodaaiaasefi 23 eoddaee. Nidaaa  (xp)= (0)[1+0:8(e5 1)]: (29 &0a-
3a6eé)
EEOAPAOODPA
[1] Aisiae+ E.E, Aaddeel A A Agiaie-afeead Midsaii0d casa-e 0aidee 6id6aIROE
A6y [aceanfie+anees 148af0aé. 1.; 1acea, 1979. 320 .
[2] Aadaiiae= 1.A., Oaee+ I.N. 14820104 61y00e6LAI0I0A cana=e a8y iMAda=il-
AT4iBTAITAT 6 i5TA8410 1a5aieee fHilalié fidaa

[3] Uglich P.S. On the inverse coe cient problem for the transversally inhomogeneous
elastic layer // Proceedings of Summer School-Conference 3%Advanced Problems
in Mechanics¢. 2013. P.597 604. Daglifiodoéoey iaiaiioiaiid ocadaéoadefoeé

i

Miada-fi-iaianatanal fey ide aloeisiiess eisasaieys

[4] Aaooeuyi A1, Oaee+ i.K. PaSTIfoB6e0ey [ATAlBIAING Gadasoadenoee
iMiada+i1-ataiaianal Aely ide alogisinees eisaaaieys // idecsaaiay iasa-
ieea & 0Adie+Aneay 6eceed, 2014, 3. N. 146 153

Uglich P.S. Inverse coe cient problem for the elastic layer. A problem of forced plane
vibration of the transversally inhomogeneous elastic layer is considered. A calculation scheme
for the wave eld evaluation is presented. It's based on the Fourier transform and the initial
problem is reduced to the boundary value problem. This problem can be solved numerically
using the shooting method. Then the wave eld can be evaluated using the residual theory,
or it can be obtained using numerical integration methods.

An inverse problem of mechanical parameters reconstruction using surface wave eld
data is also considered. The inverse problem is reduced to the iterative sequence of integral
equations. Results of both direct and inverse problem solution are presented.
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Yéedoa a 0adieiad caaeddaiiiioe e doievee otéa. E¢ 6daaidiey (1) neaasao, <ot
caaeddaiiiiou ! 1adaiifieony Taffeail seedéeie ~anoeoaie i 0a+aiéai adaiaie.
Caaesaaiifol | (xy) & 06i6oey 0léa  (Xy) RAYCAIG i A4Eoisl AEdInoe
fiedadpueie fiioilgaieyie:
1= ys 2= xi b= 1y ©))
[a+aeuita sanivdadeaied caaeddaiiinoe 1idaadeyaony nedacpuei oneiaeai
Hizo = 1o(X1Y) (4)
Agiaieéa & acaeiiadénoaea ae663and NodoEosd darfiaodeaapony a iayii-
oaiBUfé Tagafoe A = f(xy) : jxj 6 a=2jyj 6 b=2g a idAaiieleaies, ~of ia
00iédep oiéa faéleedil 1a0eiae+anéea édaaana oneiaey
Jx=a=2 = Jx=a=2 Jy= b=2 — Jy- b=2 (5)
4. Agaiseoi 1aotaa |6aafioadédiité iaoia yaeyaony aadeéaioll aanfaoi+-
00 1a0iaia aedoaé-a-y+aééad. A Tiifaa iaciaia edaeeo aiidiénieiacey ey ca-
aeodoaiiifioe ia éaseall adaidiill pada, dagdied 6daaidiey (2) e dan+ao aeiaie-
ée xeeaéed +anoeo, €101d0a Tanneaii 1adaiiiyo caaeddaiiiiiou. Aeddaata iaoiad
dacee+apony 1adiall é dagaiep édaaiaiey (2). A aaiiié daaiod daaceciaai aé-
aioeol, Mnifaaiioé ia rada+eneéaiins ieaea ad+enéeoaetits 1810aa0dad.
ATigiéneiacey ey cadeddaiiifioe lied caaeddaiiiioe cagadony aenésdo-
it & fa+aenité inaio adaiaie cia+aieyié a N seedéed ~aoedad. xanoeoda ifaoco
alou dafnidaadeait éaé saaiiiadii, oaé e ned+aéiti 1adacii. Aaéaa, 1ea caded-
daiiifioé aidiéneiedoaony i ciaraieyi a aeeaéed +~anoeoad ia éaseall adaiai-
il gada A Mmiuap éoéni+ité arndiéneiaceaé edvae+anéeie iiai-eaiaie. Agy
yoidi 1aéafiol A dacaaeyaony iaNp = Ny Ny i0YiT6&1E0I00 y~aaé, a éasedié e
101600 1ied cadeddaiiiioe ! (x;y) idedeeaeadoiy iilai-éaiaié aeaa
)@ |
m
! (ny) ! Im X y ’ (6)
m;1=0;l+m63
aaal |, TIieeitieaelita éydooeoeaion, éoiota iadiayony iaoian iaeiaiu-
ged éaaaoaoia.
Alidiéneiacey iey néioinoe seeaéifoe. Odiéoey oiéa ad+eneyaony ide
ififue aélaaeuiial 1aoiaa Adailaa Aagaddéeia. Dagaiea ddaaiaiey (2) etuadony
a aeaa 10dacéa ayaa O6dua:
Xx Xy
k . - .
i G (6Y) = a(x)g(y); (7)
i=1 j=1
daa g (x), & (Y) odediilidode~anéed aacenita odiecee 1 X e i vy, flloaao-
fiodadiit,  i&ecaanoila elydoedediol dacéiaediey 06iéoee oiéa a oya
Aacenfidie doiéveyié g (x) yaeypony:
P p a

1. : . 2 2
p—; pzsm X p—acos 3 (8)
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P~ .
1 2 . 2j(y+?%) 2 2j (y+ 3
p—B, p—Bsm b X p—Bcos b (9)
AR& aiciieeid isiecadadiey (8) & (9) Vasypony aacefitie 6oiéseyie g (xy),
6atagaoaidypueie adaie+iti oneiaeyi (5)

ifaf0aaeyy 06ie6eh 0léa A Ac4d (7) A 6BAAIAIeA (2) & fiBiAeoedaaa A4l ia
gameadp ec adacenld o6o6iéoeé, eiieélucdy (6) liieeil 1ed+eol yaita 61di6en
aey iadieadiey idecaanoilto élyodeoeaioia 6oieédee oiéa i
Pan+40 aéiaieée aeséed +anoeo Nefodio 1aléitadiins aed66adaiveasi-
00 6daaiaieé, Tiendaapudp aéiaieéo aeeaéed +anoeo, iieil 1adadienaol nea-
A6puei 1adach, efitecoy (7):

8
E =X = PP i @_Q]
i=1j=1 y’ (10)
3 Loy = LT
§ i=1j=1 I ox
Nefiodia 1AA (10) dagadofiy ide ilifue ifdaal-felieaéoe+anéial idoiaa Doiaa
E6ooa [7].

5. Oanolata dan+aod. A Aaiili dacaded idaanoaasait dacoeinaol dan+aoa
aeiaieée ecaanoind ae60aals eiiveaddsaneé. Yoe al+eneaiey idiaiaeeeni asy
i§laddée aaaéaaoiinoe idadaeisediilal 1aoiaa.

AACAe00aaTa Aateedied ia -[éinéinoe. 0é iage+ee oieléi aeeyiey neéd
Eideieena, o. &. ! 0; 6 0; xxeaéea +anoeod ia iéiféinoe fiaadeapod édoai-
ala daeaediey. bacéeuoaol dan+aoa aey yoiai neo+ay idaanoadeain ia benoiéa 1
Aeail, +01 i0daeleediiay a0+eneeodeliay fdaia 6idial aifidiecalaeo aéiaieéo
aioode 1aeanoe, il eénéaasediey iadanoapo 1de ideéaceaeaiee é adaieoa.
peéndiie 1 Al+enediind eeiee oléa aey ! 0 =1
1l ajé élioeaddaoeaé,
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2% Ja(r)cos(); r6 R

Jo
urr  ®)cos(); r>R;

(11)

r iieyoita éfoaeiaod, Ji 00ieéoey Adnnaey i-ai ildyaéa, R daaeon

A
il Aoidliaie a=7 éb=6

~ AN AA

d6aeial aedoaaian iyoia. Asdaei eeanine+an
eonT doaaia 1yoii 1ifolyiié iaicea

éli(‘)éééééééj(] caaadony neaadpuei danidaadcaiedi ¢
=0; (x X0)?+(y VYo?>r (12)
1, (x X+(y Yyo)’6r
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Filimonova A. M., Govorukhin V. N. Numerical analysis of vortex structeres dynamics
on -plane. The method for numerical analysis of vortex structure dynamics on -plane is
presented in the paper. We consider incompressible inviscid 2D geophysical uid ows in
presence of Coriolis force. The problem is described mathematically by the system of two PDE
equations in terms of stream function and vorticity. Developed method based on vorticity eld
approximation by its values at a set of uid particles and the stream function computation,
using the global Galerkin method. The dynamics of particles is described by ODE system
which solved by pseudo-symplectic integrator.
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A:Hi H, Aépieieé =2:7, 51: =26:3
B Oeéoaiao ééééy =75, Cll = C22 = 166, C33 =162,
(BaT|03) C44 = C55 = 43, C66 = 44, C12 = C13 - C23 = 78,
€3=€xn= 44, e53=18:6, e, =€5 =11:6,
1= 22°= 11:2, 33 — 12:6.
Paciadiiioe adee+el: [ = éah > [ 1=[ 1=[Cy]= Aa.

aa
1,

(@) (8)

pefisiie 3 Osaifioidiasey caidatAiias ¢if (aifay 1a8afol) ide fAidAd0AI ecia-
iajee Of6USID  ha f&TAA A y+836 edefvacea (2) & Aseyied OAICIda iUACTyEAR0E+AMEed
8lifioaio ke € ia oidiedTaaiea caidAUAIns ¢i & OTifiil eoefvassa ()
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YO0&80 Aeeyiey filioilediey idaedod oléueiaie NETaa y+aaé ia dafiieledied
e daciad caidauaiind cii iféacal ia 6endiéa 3(a), aaa oaiitie 1aéanoyie 1ai-
cia+ail caisauaiita ¢iia (1 € 1l 0éifa) aey iidiaglilar 6dea iaaaiey ieinéié
P-aiéi0. ia oisiediaaied ¢aidauaiins ¢ii oadeed 16acliaado ageyied naiénoaa
iacddeasia, a +afioiifioe 0adigiol iudciyeaéode+anéed e,; e aeyeacode+anéeed;
&iifioaio. ia denoiea 3(4) a éa+anoa i
B

Paaioa adiieidia ide ilaaddeeée Adaidca 1daceadioa PO MK-7154.2015.1
I 16-51-53043, 16-41-230769.
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[4] Fomenko S.l., Golub M.V., Bui T.Q., Zhang Ch., Wang Y.-S. In-plane elastic
wave propagation and band-gaps in layered functionally graded phononic crystals //
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[5] Aisiae+ E.E., Aaadeéi A A, ioyeeial. A, Aeiaieca ianfieaits
104 yaeaiey a 4301518564100 AB&AAG. I.: [a6+0é 183, 1999. 246 .

036 & Baciiaifi-

Fomenko S. 1., Alexandrov A. A. Wave elds in layered anisotropic and piezoelectric
phononic crystalls Elastic waves in layered phononic crystals consisted of a nite number of
unit-cells and immersed into an isotropic medium are investigated. The unit-cells are composed
of piezoelectric and elastic layers. The waves in layered structures are excited by plane P- or
S-wave incoming from the half-space. Wave eld is constructed via T-matrix method including
explicit singular values of T-matrix that provides numerical stability for a large number of
unit-cells. Using the developed algorithms, parametric analysis of the ltering features of the
considered periodic materials is ful lled. The in uences of thicknesses of unit-cell layers and
piezoelectric constants tensor on band-gaps are studied.
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OAIENIAIATA 14 TiTA4 T8TH0AAITOAAINTE Tadee. A ea+af0ad aideddeeselinat
12040848 eRTBUCORORY 6OTBNIBAMD-4 43C faileie0a84é

2. jacdiaoe-aneay o1di66es1aéa caaase.
Pafifiaddeaadony iafoaeiiadiay aeiaie+aneay naycaiiay élioasoiay ca-aa+a
0AGITGIB6AIN0S T Acaciiadénoase GIBOATAT 1ANBIANAT Geeeiada (42838 aa-
83) fi Ai60BAITAE TT1AABBITROUD AATENAT Beseiade-aneial ATy &iid+lé asein
(32683  ifageiieea) & iBIROBAIMOAAITE TTHoAAcs. AANAOBEY Geseiade-4-
RETAT AETy 1044M0aABYA0 AT A beeeiade+aneié AefoAla 61lAsAa0 4aTéNe 6e-
seiade-aneeé feté, MNOYUSE e AIG0BAITAAT ey ( R, 6 r 6 R, 06 6 2,
=26 26 1=2) & 4i&@id&T AEW ( Rs6 r 6 R, 06 6 2, 1=26 26 1=2),
8101808 AR08 ATAASAi0 14eead Alaé 1l 11addsiioe ( r = R, 06 6 2,
=26 z 6 |=2). ia 3&f. 1, 4) I5A4M0AABAT 05Y4B1A5106 SRNEAAGAINE TAIA8D, A i3
3efi. 1, &) - iif0AA8a caaa+e & BAcOACA IETAEINOUND Ly, .
[a af&eidé i1a&dBINoe laseifeea S¥e (1 = R, 06 62 ,1=26
z 6 1=2) caaai( ORETa’y, caidauaplesd adea-eeal 1A04IALAIEY 614 ABAUATRY.
60U A TA&3BIROU r = R, A43A6CAAA0RY AdE BAaAOMR, = Ry ( 1asay
a868+813), caieiapueé Tasanol ( 1=2 d6 z 6 1=2+ d) fi 6AIOSN & 01+68 O,
ne a
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C. = 435 A=e/(éa E); aey ooidiieanoa - , = 2200 &an %, , = 2:
,=1:54 10°1a, ,=0:25A0/(1 E), C, = 1040 Ase/(é4 E); 4éy fidaee - ;= 7800
3

A

éahi °, ;=1:21 1073 5;=8:1 10'01a, 3=502A0/(1 E), 5=1:1 10°

K 1, C;=462 Ase/(éa E).

Caagfelifou siyooeseaioa oaisialal sangesaiey asy 6oidTisanca 1o oalia-
520600 i3ea4AAia 4 0a4. 1
OasBeta 1 Gaaefieiinon elyooeoeioa oisiaial Sarieedaiey asy ooiaiisanoa.
t, C° -10 20 [ 50 [ 110] 120 200] 210] 280
o) 105K T 08|25/ 11 11| 15[ 15 21 21
fa 6. 2 158a3AAI0 dACOBUGAO TTadeesiadiey asy cia-Aieé bAliaca0630
01+6a0 aaga @ ilageiieea, &1apied & fa-astite iMaid adaiaie &ioasiasd
r=Ry = =22=0.NeaeNasaciia iladaaied 0aiiaca0600 asy iaseiieea
TaUyAiyaoRy Oal, +of oi+ea iiaseiieea, io1iay +a0ac clio eli0adda, Me6+ado
86701014 &lée+An0aT 0disa ca fi+40 0ATETa0AABAIRY 10 0BAIRY, A & AABlIAce
a06iay &g ¢lia &f 261 ca fi+40 14080AMIBAAAGAISY AABGAU Tide
S A%800 >
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[1] Asaenaiasia A.1. Tid&dadeaied &1ioacoild 0aiiadaoosd a oeseiade-+anei ii+ea-
idiee /| Eca&noey Dififieéneié adaadiee iace. 1a0aieca 0a4d4ial 048a. 2010. «5.
P. 86 88.

[2] Ad4addaa A. A., liceeideia O. b., Udoeiei A. 1.
fi oaé i i

oeéeiade+anées e fndade+anéed oae fi iéaloeyié ide eciiia & oaietataaeaiee
Eicediadité aeddiae: iadéa e eiitaacee. 2014. « 3. N.5.

[4] Imado K., Miura A., Kido Y. Inuence of testing method on the contact pressure
distribution and its e ect on coe cient of friction in polymeric bearing. Tribology
International. 2007. «40. P. 390 396.

Oaieioece+anéed i610ania a 1acaééenieeiadiis odeainenoaiad.
3

linéaa 279 p
[6] iTaaceee A. Aeiaie+anéed caaa+e 0adildiaoaiioe. iifiéda: 1ed, 1970. 253 p.
Chebakov M.I., Lyapin A.A., Kolosova E. M. Modelling of contact interaction

for elastic bodies with friction, heating generation and convection Serviceability of metal-
polymeric ¥dry-friction¢, sliding bearings depends on many parameters, including the rotational
speed, friction coe cient, thermal and mechanical properties of the bearing system and,
as a result, the value of contact temperature. The objective of this study is to develop a
computational model for the metallic-polymer bearing, determination on the basis of this
model temperature distribution, equivalent and contact stresses for elements of the bearing
arrangement and selection of the optimal parameters for the bearing system to achieve thermal
balance.



TIDAAAERPUAA OPAAIAIEA AER TABPAIAODIA
AIECIODIIEE A 1IAAEE ODPEEEEIIAl

OIDOAINIEANOEXANEIAT IAOADEAEA

9:; Q>
=]
o

QJ. o @

ox
O\
J
=
(D\
o @

iaoda ifadaseaaadiinoe é aliodéaado ec¢ fivoe iaddiaoe+anéié iiaaee [1]. Ioe+eiié
dacoogaiey fideanii éoeoadep yaeyaofy oo 6idoaié aieciodiiee, iyolid ida-
aeelita aa1 Tienaied ¢idao aaeeiia cia+aied. Aicdanoapudp il figleeiiioe aie-
ciodiieé eadaddep iiaaeaé givoaneanoe+iifioe ieeil idaanoaaeou a aeéaa ii-
fiedaiaaodéuiinoe odaifaddnaenii-egiodiiiialr, 19oioafiilal, iliéeeiilal, ooe-
8eeiiial iaodseagia. C a y 10011 Taim

o o

. an
Qx
(@)
B
Qo

46400 ianéieuér foee+~aoufy 10 0ad ffoilgaieé, a 101600 +afiou iadaidodia aie-
ciodiiee ia 6+eotaaeant. liélenés 11adéu oisoaiieanoe~inoe naycaia i &fi-
€030ili fefeeili caélili, of ileedd idlyaéyourny faonoié+eaifiou ide dafi+aoa
Gidoanieanoe+anéial isioanna. Neaaiaaodeuil, idiaciaeitl odaaiaaiedl yasy-
a

Y=Yo+ Yo+ Y3+ C; (1)
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X
YV, = (i(ci C c)?+ ai¢1 C co6i C ¢+ 114i€1 C ¢3¢ C ci+

+ 15+iC2 C €3¢ C c)+ 7(ci C €)°+ wu(ci C c3)’+ 15(c; C c3)*+
+ gC1 C c1€x C Co+ o€, C cyc3 C c3+ 19€1 C ci63 C c3+ 19C> C cic1 C C3t
X + 201 C C2c; C c3+ 21€1 C csc3 C cCy;

Y3 = 21+1(ci C €)%+ 25(c1 C c1)’c; C Cp+ 26(C1 C cy)’cs C cat
+ 27(c; C c)%c1 C c1+ 28(c2 C c)%cs C c3+ 2(cs C c3)’ci C i+
+ 30(Cs C c3)%c2 C Co+ 3161 C €1C, C cc3 C ca+(cy C 03)2X 314iCi C Ci+
+ 35(c1 C c)%c1 C c3+ z6(c1 C cp)°c, C c3+ g7(ci C c3)’c, C it
+ gg(c1 C cg)°c; C c3+ z9(C; C c3)cy C Co+ 40(szC cs)’c; C ca+

+ 41C1 C €1 C €3¢ C Ca+ 42(ci C c€1)?cy C Cp+ ¢y C C3 a+3i(Ci C ci)*+
X
2 2 2
+C; C c3 a1+3i(Ci C ¢)°+ 4s5(C2 C c)%cp C co+ 48(c3 C c3)cy C cot

+ 5:C; C ci(c; C €)%+ 5C C cy(c; C c)%+ s3C3 CXC3(Cl C cp)+

+

sa(C1 C €)%+ ss(ci C c3)%+ s5(C2 C c3)®+(c, C )2 56+iCi C Ci+

+

60C1 C €1C> C c,c1 C cot+ 6161 C €€ C cocq C c3+ g2¢1 C c1Cr C cocy C 3t

=+

63C1 C Cc1C3 C c3c1 C cr+ g4C1 C c1C3 C c3c1 C c3t+ 45¢1 C c1c3 C c3cs C Cat

+

66C2 C CoC3 C c3Cq g:( Co+ 7C2 C €yC3 C c3¢1 C Cc3+ g5Co )(% c,c3 C c3cr C c3t+

+c;1 C cc1 C c3 66+3iCi C Ci+c1 C cc; C ¢c3 67+3iCi C Ci+

T
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ec 1Aaé cy; Cy; c3. NEaeyd eiaaseaioilé a ooeééeiiné a06iia fieiiaodee Moadony
TROTYIION ofeliél 18e 1doiaiiaéuill idaiadaciaaiee, casaaaaii aaeie+idi
odiciali  E. 16fol x,;ym Eliilidiot a oadiciaill iddanocaaéaiee C, C° Enitéu-
coy (1) e idedaaieaay i6ep 6ly00e6€aiolt i8¢  XnXm, XnXmXk 0181  ¥»(C) ¥»(C9),
v2(C) ys(C9, 6noaiadeeaadi aiciiaeia idivgdana iadaiaoda aiegiodiiee, a aé-

224 aicileeilia 1adaie+aiey ia yoe iadaiaodi

A&y 86ae+aniee-eciodiiilal, Odaifiaadnasnii-ecioaiiar, 130T0aMial 1a04-
BeasTa 12i064A00 1adai&odia aiegiodiiee | ,
7 11,1522 344151 5357 59 A&y iffieseiial ia0adeasa oa
120014 46480 45 (13+32). Agy 002eeeii
iaiceaaie. Aey 0daiRAABRABIIT-ECTOBTITAT 140
230M0AAIT fasael

A~

C1, Co € c3 Afo-

ox
(4
QJ/
:
Q_)/
=t
-
=1
c:
©

3= 2, 8= 10y 24 = 23; 30~ 28 26— 255 29— 27

1= 70 1=2( 24 33); 51 = 32, 53= 33 52= 34 (2)

15=2 2 9, 59= 58=3 23 28 57=2 27 31,

1= 3, 95 8 225 24, 29= 26y 28= 27; 30— 25,
7= 15 1=2( 51 57); 52 = 58 53= 57, 59 = 51 (3)

11=2 3 10, 3= 32=3 2 2, 33=2 25 31,

2= 1, 10= 9, 23= 22, 27 = 25, 28= 26, 30— 29
15= 115 4a1=2( 32 33); 57 = 33 58 = 32 50= 34 4)

7521 8 52= 51=3 22 25 53=2 26 31
Agy éoae+anée-eciodiiiial iacadeaca Med+aadi aiciieeitd idiogdana rada-
1&0a0 i éioiola ifeeil dacadeeou ia 9 addir: f
| 22223249, | 2252627282930y, 2f7:
| 2335357g,] =31,] = 41. Cia-aiey iadaiaoah
- (T3] & OB06a

\I

AN AN I N NN AL

3. Ec¢ (1) ile6+adi 1iddadeypuaa 6daaiaied a élia+iii aead aéy odicioa
jaidyeedieé Eigeé:
1 @ T X
T =2L;Fe —@ Fe =To+ jTj 5)
j
_ 1 @ _+ _ 1 Q@Yo+ ¥3) 7
(T0—2L3 Fe @ Fe’TJ —2L3 Fe @; Fe),
833G = F! F,, idifiaaiité odicid F.=V OT caidiyao aaoisiaceiiiné ada-
aeaio, O ffanoaaiit 1doiatiaeuitné oaicid aisioa, niidialeedaapueé 6ido-
aop aaoioiacep, Lz 00aceé deaailé eiaadeaio 1adl 6i06aed eféaseaieé V.
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fie fneaaied é 20 Aoilgaieé. Oaéel 1adacii, 4e664a-
daioeaeuita 6daaiaiea (6) a cael 1deaiail agy Tienaiey difoa aieciodiiee,
it A&l Aedadao atieieol fiidilgdieyie a élia+ill aéaa. Aéy odainaadnaeuii-
eciodiiiial iaoddeaea yoi 46aoo 4 iiioiigdiey a éazedall é¢ 08ad aiciieilid
fieé6+aaa, caiefaiida a 1ineaaied nodi+éad (2) (4)
EEOAPAOODA
[1] Pa&al.E. Taiciiaeils 1iddadéypued AMoilgdieyd ideeidéilé didoarneanoe+-
iifoe // Oa6al VIl ARadin. (i 1dseadiadiaili 6+anoedi) élio. 1 1adaieéa 4ao61s-
18806AITAT 04464141 04ea. A Difioia-ia-Alio. 15 18 1éoyady. 20134 O. II. N. 219 223.
[2] E6BUA A.E. iaseidéiay 0&idey 6idoainoes. 1.; a6ea, 1980. 512 .

[3] Murnaghan F.D. Finite deformation of an elastic solid. N.Y.: John Wiley, 1951. 140 p.
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[5] Pada 1. E.  Aiisin
. .

Shved O.L. The dening equation for anisotropic parameters in the model triclinic
elastic-plastic material. To describe the increase of elastic anisotropy of to minimize the
de ning equation in dierential form is obtained. The dependence of the specic strain
potential energy of elastic deformation from anisotropy parameters for triclinic Murnaghan
material was used to check the increase. In special case of simple tension and simple
compression the additional correlations found in the nal form. In the case of cubic-isotropic
material additions to de ning equation is can be obtained provided that the cubic anisotropy
is a deformation.
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'm=1;2; ji=trGs ja2=tr G2 (6)

NN SN AN

O s~ A 7

G= % e+ % e +f%, e, G = 2% e+ % e 9)

Niaeanit (9), a fied+aa dannitodaiiié ia+aeliié aadidiacee fManoaaiita aaé-
oida dy (k = 1;2;3) iad0 aadisiacee Eige Adeia G ffaiaaapo fi aaéoisidi
Aaceiii eéaddaiceddlo oeeeiade+anéed élidaeiao, 0. &. d, = e;d, = e ;dz = e,
a MAROAAIINA cia~aiey 8aait: Gy = G, = 2 G = . Oiaaa, il 6+&dii (5), (6),
aey oaiciaia iaidyseaieé Eeddaita nidaadaseal fieédaopued niioitaaiey:



llafioaasyy meo+aiind aidasediey a (3), iaéadl idaafoaacaiey oaicida ia-
iByeedieé ielel D & 0&iciaia 11add6iinoits iaidyeedieé odia ieial D, éD
4 Ne6+ad 430181a088 B8aaeaeuiTal ficeddey e86a&Té i6eoa

D= & e+ e e +f%3e, e;
(10)
D = (%2 2,)(e, e+te e)

N 6+&01 (10), &c 68aaidieé daailadney (1) iedadao, +of , = , ide Baf-
Aifodaié faraeuiié adoisiacee, a idécadnoiay o6iesey f (z) 6a1a880418Y80
AEaa6pudio 6daaidiep

f% %°9=0 (11)

Nigeadit (2), (10), 6f&iaey 8aailaanay ia eeodans Maddsinoys ieeod -

id& Tofidonoaee 1aaddiinoils faadocie eidpo aea:

of%,. ,=0 (12)

Oaéel 1adacii, 18e caaaiiié ooiévee igioiifioe fodiveasuiié yiadaee aa-
oidiacee W idecadnoiay o6iesey f(z) iadiacony i60al dasdiey édadaié ca-
aare (11), (12) A afiieieodeuitl onetaéal  f (0) = 0, atdaseapuel 1OAGOR0ASE
22002626100 RIAAISE 1A RADAARINE TAAdBIR0e T8l
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P = (kdk dk+ kdk dk+ kdk dk)
(14)
x3
G = (dek d¢ + dek dy + Gedg dk)

k=1
O+e004ay, +¢

v

T 4aéoian dy e d, (k = 1;2; 3) agaeiifidoiaiiagnid, 0. & dy d, =0,
I (m=1;23;k6 m)

d, P = - d P =_*X "4, G dy: 1
K dy K K dm G G, (15)
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aaa nfoitgaiey aey « €iapo aea
X3 @ A
_ _ k(Gl1GZ1G3)_
k — knGm kn — @G’ ) Gn - dn G dn (16)
n=1
0131680 (15), (16) 4apo idAAR0AAEAISA ANAG &TIiTIAI0 eeiaadeciaaiital 0di-
cida iaidysedieéé Eedddida P a dacend di;d,;dsg ~adac éfiitidion eeidadeci-
aaiité 1280 aaoidiacee Eige Adeia G , anai 0dicid G daaai

A _ @nlisiiz).
m mnltn ? mn @lll 1

AN AN Z N AN A 7L

VR = Vr(r;z)cosn’; v =V (r;z)sinn; v z=Vz(r;z)cosn';, n =0;1;2::

o
<
pz

-}
=4

. Q:

L <<

-
-}
D:
Qo
Q.



VR = Vr(2)Ja(r); v =V (2)Jd1(r); vz=Vz(2)Jo(r);

ifcaléyao 6aiasanaideoi eeidadeciaaiion adaie+i0i 6fietagyi (18) & fadnoe éf-
fiedaiaaied onoié+eainoe é dasdiep eeidéilé 1aiatainé edadaié caaa+e (13), (17)
a8y Nefodil 3 1a08i1aaii06 466040ai6ea8uind 6daaidieé
E&aéT iléacaoi, ~of anéé 6id04ea Nalénoaa aadoiaé . & ideeidé Y EEN)
i1a4006iif0aé 16200 1aeiaétad (W, W ), of édadaay caaa+a (13), (17) 2iddo aaa
iAcaaeneins eeanna ddwedicé. 140ané esan  Tadaciaai dagaieyie, a8y é101d06
i0iAe4 iBeol yaeyaony ia+aoilé 60ievedé eiidaeiaod  z
Vr(2) = Vr( 2); V(z)=V ( 2) Vz(z) = Vz( 2):
A&y dagaieé a0161a1 eeanfia , 1alaidio, idiaea +aoiay 66iéseey z:
Vr(2) = WR( 2); V()= V( 2), Vz(z) = Vz( 2)
Aeaiiaady yolio fialénoasd édadaié caaa+e ioe ennedaiaaiee onoié+eainoe ai-
fioaoi+iT daffiiod&ol éegll 11ET1aei0 1800, aideidd, adddipp (06 z 6 h).
¢ +80iifoe & &+aoilfioe aecadnoild 66iéveé VgV V., fédacpo adaie+ida
onéiaey ioe z=0:
VI(0)= VO%0) = V,(0)=0 (idda0é eeann oagdiee); (19)
Ve(0)=V (0)= VX0)=0 (A0idié éeann oagdiee) (20)
Oaééi 1adachi, a ied+ad 148iastais 8evdans i1addsifnodé efiféaalaaied onoé-
+@aifioe éd0aéTé 1eeod fi Madddiinoitie iaidyeedieyie Aaiadony é ddediep
4800 6eiaéind 1aiioTaind 80adand caaa+ (13), (17), (19) & (13), (17), (20)
a8y iefaein ieeod

paioa adileiaia ide oeiaiftalé iaaadaeed DOOE (46400 16-08-00802-3,
16-01-00647-3).

Sheydakov D.N., Fedorenko A.G. On stability of nonlinear elastic circular plates
with surface stressesThe present research is dedicated to the buckling analysis of nonlinearly
elastic plates with surface stresses. In the framework of a general stability theory for three-
dimensional bodies, we have studied the stability of a circular plate under radial compression.
It was assumed that the surface stresses are acting on its faces and the plate behavior is
described by the Gurtin Murdoch model. From the mechanical point of view, this model
is equivalent to a deformable body with glued elastic membrane. For an arbitrary isotropic
compressible material the exact neutral equilibrium equations are derived and the linearized
boundary value problems are formulated by solving which the stability of nonlinear elastic
circular plate with surface stresses is analyzed.
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= G(p1;P2;Ps)  Qua(tapf + top3 + t3p3)  Quaa(taPops + tspiPs + tepiP2)
Quz (to(p3 + pd) + t2(pf + p3) + ts(p2 + p3)) (1)

S (td+ t3+t3)  Isu(t3+ t3+t3)  spp(tatr + tyts + tots):

CaanuG(py; pz; ps) Ti0AI0EAE Eajaad, p Efiiiiaion adéoida ieydecacee, Uk
ety 0aiciol aadidiadee e iaidysedieé flioaaonoaaiii a 1aicia+aieyd Oiéadoa.



N~ A7 QuiisAAAY £ AN A ANA

104a0M0adpuda 0dieialié dangedaiep, caé éaé
. éo ) a

AN AN I NN A L

(2)

@G Qu+ leu O, +2 (Q%3,+ Q%) s11 2Q11Q12512 o

m ]

@p%) S11 + S12 S%l 5%2 X
S12 Q11812 Q12811 .

Uy = Uz = Up; Uz3=2 Um Py; Us= Us= Ug=0;
S11t+ S S11+ S X

Um + Q12812 Qu1S11 . t Um + Q11812 Q12511 .

= NE) 2 - X 1
S11+ S12 si; sh S11t S12 si; sh

(3)

"oEi + pi,

ie6+aiiio 6daaiaieyd. linea +aai

D
(4)
D

(5)



G(p1; P2 p3) = au(pi + 5+ p3) + aun(pi + p3 + p3) + awa(PIps + PIP3 + Pap3)+
+ au(pl + P3+ P3) + aw2lpi(p3 + P3) + pa(pi + p3) + PPl + PRI+
+ a1o3Pipsns + anna(pf + P+ Y+
+ an[PS(P5 + P3) + P3(PE + P3) + PS(pi + pa)l+
+ a1102(P1P5 + PIPS + P3P) + awi2a(pinsps + PIPSRS + pip3pd): (6)

N~ AA

e é ieaiée (0; 0; ps); aa-
0déé m(C ;) i8¢ u, > 1:41 10 3 i iaidadeaiedi iiioaiiié eydecacee
A ; / ilaodée 4/mmm(Dyp)

S<um< 1:41 10 3.
a 1aoddeaeuita -

s o~ N AN

1f04aof0adpo daaiiiadiiio
cia+aiey u, = 124 10 3 &l gias

JEDRA
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Paaioa adneiaia ioé odéiaiiiaié maadd=eéd Diffeénéial iao+itai oiiaa,
a0aio »14-19-01676
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[1] Shirokov V., Kalinchuk V., Shakhovoy R., Yuzyuk Yu. Anomalies of piezoelectric
coe cients in barium titanate thin Ims // EPL. 2014. V. 108. P.47008(1 4).

[2] Khassaf H., Khakpash N., Sun F., Sbrockey N. M., Tompa G. S., Kalkur T. S., Alpay S. P.
Strain engineered barium strontium titanate for tunable thin Im resonators // Appl.
Phys. Lett. 2014. V. 104. P.202902(1 5).

[3] Garten L.M., Lam P., Harris D., Maria J.-P., Trolier-McKinstry S. Residual
ferroelectricity in barium strontium titanate thin Im tunable dielectrics // J. Appl.
Phys. 2014. V. 116. P.044104(1 8).

[4] Shirokov V.B., Torgashev V.I., Bakirov A.A., Lemanov V.V. Concentration phase
diagram of Bax Sr1-x TiO3 solid solutions // Phys. Rew. B. 2006. V. 73. P.104116(1 7).

[5] Shirokov V.B., Yuzyuk Yu.l., Dkhil B., Lemanov V.V. Phenomenological theory of
phase transitions in epitaxial BaSr1 xTiO 3 thin Ims // Phys. Rev. B. 2009. V. 79.
P.P.144118(1 9).

[6] Pertsev N.A., Zembilgotov A.G., Tagantsev A.K. E ect of Mechanical Boundary
Conditions on Phase Diagrams of Epitaxial Ferroelectric Thin Films // Phys. Rev. Lett.
1998. V. 80. P.1988 1991.

[7] @edigia A A., bgpé b.E., Eagei+0é A A., E&iaita A A. lacddeasniod éii-

Shirokov V.B., Kalinchuk V.V., Yuzyuk Yu.l. Control of properties of a barium
titanate thin Im . The e ect of a planar electric eld on the material constants of the
piezoelectric equations is investigated for thin Ims of barium strontium titanate x = 0:65.
The study was performed at di erent values of the mis t strain to the area of the paraelectric
phase. It is shown that some constants reach to the extremes as the eld changes. The most
controlled Ims correspond to the mis t strains near to a phase boundary.
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[1] Eglit M.E., Demidov K.S. Mathematical modeling of snow entrainment in avalanche
motion // Cold Regions Science and Technology. 2005. V. 43 (1-2). P. 10 23.

[2] Issler D., Pastor Perez M. Interplay of entrainment and rheology in snow avalanches:
a numerical study // Annals of Glaciology. 2011. V. 52(58). P. 143 147.

[3] Eoueé A. A, Taddsuda A. A, Re64diel A.A.  Odéosiadaidode+aneay iiadél naaeaiaié
&

[4] Yaeeo 1.Y., Rédaaier AL A, Aseyied cadaaoca &
. (3 21 mann

[5] Eglit M. E., Yakubenko A. E. Numerical modeling of slope ows entraining bottom material
/I Cold Regions Science and Technology. 2014. V. 108. P. 139 148.

Eglit M. E., Yakubenko A.A., Drozdova Ju. A. Mathematical modelling of natural
gravity mass ows. Natural gravity mass ows such as snow avalanches, mud ows, torrents,
debris ows are considered. Short description of currently used mathematical models of such
ows is given. New models are described which take into account non-linear rheological
properties of the moving media, entrainment of the bed material and turbulent nature of
the ow. The results of numerical investigations of ows of Newtonian uids, power-law uids
and Bingham uids down long homogeneous slopes are presented.
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e

aeaolny oléuél ~adac élyooecedio loaniiia Odaaidiey oi+iifioe O(""), 11éo6-
+aii0a 1aoian aaodiafigoaaitd afneiioioe+anéed dacéieedieé, fiiadadaead idiec-
ajaiga 1doaiavaieé t, x & n-ai iidyaéa aéép-eoaeuii. 1aiaél i miaip
iecoed 16edeeaedieé iieil iéd+eou 6daaidiey oié ad oi+iifioé a 4004é06 616-
iad, a ofi ~efnéa i iailgel 11dyaéll adiayued idiecaiaits. laioeias, aey
fafalaito idiaieuins éiedaaieé noadeeiy aicilaeitl Neaadpuea aneiioioe+anée
yeaeaacaioina aacdaciasita 61oi0 6daaidieé oi+iinoe O("®)
@1 2@% ‘o%k ‘g’
@v _ ho@V + ..2ho@V + "2p2 @v
@ ‘@% ‘@% ‘@t@%’
@ = 0@ + "ZhZﬂ + "4h2ﬂ-
@t ‘O% 2@1@% ‘@t@%
Caanu
0 ,_ 2, %12 4+4 % 202 4 +7)
=201+ ) h3=—; hi= :
2 48(1 2
Cfifieadiaaied imeaciaado, +oi 1adala 4ad 6idi0 6dadidieé ia 6a1aeanaioypo
onetaep éiddaéoiinoe cada+e Eige. Aéy 08aolaé 6idil cada+a Eige éiddaéoia.

A 83+anocaa auad 1aial 10éidda 10eadaai Nodaidiila 0oaaidied oi+iinoe
O("®) aey nataiains 1masa+iio eieadaieé éd6a&ial eciodiiinal noadaeiy. Odaa-
jaied, neo+aiina iainndaanoaaiii 1aoiall aaodiafgoadild afneiioioe+anéed
dacéiedieé, fiaddeeeo idiecaiaila ai alfuiial ioyaéa aéép-eodédii. Yoi
6daaiaiea iieeil 16aiadaciaaou é fedaopuaid o6daaidiep oié sea oi+iifioe
O("®),&10181a 11 61dia aiagiae+il 6daaidiep Oeilgaiél [5]

@V _ s @V , @v 0 @v.
—— = "(Qp—z + Q3 + Q=) (5)
@1 @t @1@% @%
Caani
o= *lgpo? 2415 +10 ot = 964 4° 4192 494 167 6)
4 2 ' <2 12( +1) ' <° 576( +1)3 '
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Odaaiaiea Oeilgdiél [5], caiefiaiiia & 040 sed 4acdaciadind 1adaiaiins, 1oee-
+aaony 10 6daaiaiey (5) oieuél cia-aieyie lyodeoeaioia ioe idiecalailo

@V n2 4@V 2 @V 0 @V ~ O

— =" (Tog—=+T; + T, —=); aaa

@t @t 1 @1@% 1 @% 1 (7)

0 — 0. - . 4 _
T;=Qy T3=—+— Tog= ——.
4K, 2Kj3 4K ;
iBe+&l K, = K, = Kg = K. A isioaiiieieeiiiou 65aaiaiep (5) of=iiioe  O("9),
6daaidied (7) eiaado oi+iiiot O("4). laiaél ileeil iatadaocu K, e K;= K3 03aé,
+01 R3 = max jT2=Q5 1 é R} = max jTg=Qf 1j 46460 iaen. A éiaiii,
06 61=2 06 61=2

ide Kj = 0:904591218 K, = K3 = 0:936486487ie6+éi RZ 0:038961039Rj
0:0467788750aéei 1adagli, ca fi+ao addida K ;K ,; K ifeell Aduanoaaiii ifad-
fiedl oi+iiiol 6daaiaiey Oeiigaiél

Paaioa adineéidia ioe aaddeseéd DOOE (id1&déol 15-01-00361, 15-01-08023).
EEOAPAOODA

[2] Aadaasia I.N., Yaeeo I.Y. Aadeaceliitd naiénoaa nddaiaiitsd ooaaidieé idde-
a0 1

[3] Aasaasia i.N., Yaseo
3
[4] A

[5] Oeiiediel N.i.  Eisdaaiey a eiecaiadili 4364. 1. jacea, 1967.

Eglit M.E., Yakubenko T.A., Yakubenko A.E. Equations of higher order for
dynamic processes in microinhomogeneous elastic medi®ynamic processes in periodic
inhomogeneous anisotropic elastic media as well as in thin plates and rods are considered.
The ratio " of the medium inhomogeneity scale or the thickness of plates and rods to the
typical wave length is supposed to be small.The mathematical homogenization method based
on two-scale asymptotic expansions oni is used to derive the averaged e ective equations.
The averaged equations in zeroth approximaton orl' cannot describe many e ects taking
place in microinhomogeneous media, e.g., dispersion of waves in elastic composites. In this

paper various asymptotically equivalent forms of the higher order averaged e ective equations
are derived and investigated.
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) . 1 1044 ! . €55+ Ya3Cas
3= lag= ase;,aﬁ% = &5 ] ,
. 2 _ Vasci;+2ci3€e33€31 C33€5, . 2 _ ’ e

Az a1 = Cu = €53+ Ya3cas ) A5 = 11+ ﬁ

A&y 6+-a0a caoodaiey iveieiadony elivaioey enieaénins itaceaé [1]. Adaai
caldiyol o4 (X) ! GG (X)G( ), 8 (X) ! & X)G( ), Y (X) ! Y (X)G( ), adé
G( ) - llin_ M

in °

= NN Ny Yy A s A Y NN L AN s — 1 M —
_ Eco=ei oeie-iop ooieoep caoodaiey - G( ) = “ry — = ReG( )+ IImG( ),
1010 Yy aoaao j00aseaol caaenelinou 10 —~anoiou 0i00aeod e |uac;|yeae06e—aneeo
0adaeoadenoeed, ive+ai

ReG( )= 1+n?2M 1+n22; ImG()=(n nM) 1+n??
& €iado dya neaaodpued naiénoa: IilmOImG( )=0, I|i1m ImG( ) =0, IilmO ReG( )=1,
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pefioiie 3 135404 2 65eA0A ASRIAGAETITAT ifeeafioaa (1aota Aasadesia oi-ée,

18074 idef0Ba8Ee AidTaiay eeiéy, 1 AAUAROAAIAY ~afdl, 2 iieiay)



Tiefilaado aduanoaadiiop ~anou a faéanoé 6 5. ban+aol adieidia aey iaiaii-
01aito 6adaéoadernoee e ioe iage+~eé caoodaiey

18074 Aagdoeeia

Agy 1ied+aiey ideéeaaiié oaisee, iicaieypuiaé aaou ideéaceaeadiita 16aiée
aeRTAdNRETinal iileednoaa acadadac+aneeie éseadie, enifeuciaai 1aota Aaeas-
éeia.

Agy ddaeecadee yoial iladiaa adadail nedadpued iaaisn élidaeiacins
06ieveé, daiaeaoaioypuead adaie+iai oneiaeyi (2):

LX;=g(X 1=2),X= ¢, Xzg= X (X 1), Xg=cx(x 1=2)(x 1),

N
X
i
<
X
N
|
N
~—~
x
0
N
‘-\/
X
w
|
&
x
~
x
[EnN
_\/
X
IS
|
L
X
)
x
=
}./

iaieéd é daaioa.
0a 16-01-00354).

[3] Aiioseéiaa I.N., Nasaddaa i.A.  Ennedaiaaied aasilie+aneed aiéi a ianedanoadi-
ii-6i06al féfa // Eca. Nadao. 6i-0a. lia. fias. Nao. laodiaoeéa. ladaieéa. Ei-
oidiaceéa. 2014. T. 14. «3. N. 321 328.

s A~

[4] Adei-&iél A. O., 148aeél A.A.  Aadilie+anéed éiedaaiey & aiéid a 6idoaed 0aeas.
Eeda: [adé. adiéa, 1981. 284 i

[5] xadaeiéil.1., Nai+aiéfa E.E Aadiiie+anéed aiein a neta & 4anétia+in oesei-
aoa // 10eéeaaiay iadaiééa. 1986. T. 22. «12. N.31 37.

[6] Paaioiia b.H Y&&idiol janedanoadiilé 1adaieée 0addand odé. 1.; laceéa, 1977
384 i

[7] Aidiae+ E.E., Aaddeél A.A.  Agiaie+anéed nideaiild casa+e 0aidee 6idoainoe
aey iaéeanne+anéed 1aeanoaé. I.: ladéa, 1979. 320 i

[8] Aaooeuyi A.1., l1daoitaa A. A Effieaataaied aeniaoneliiid naténoa oeeeiade-
+anéeod aiéitaiaia i 1adaiaiitie naiénoaaie // Aéono. addi. 2015. « 3. N. 295 301.

Yurov O.V. Dispersion relations for piezoelectric inhomogeneous waveguidehe dispersion
relations for piezoelectric inhomogeneous waveguide in the presence of damping are investigated.
To account damping, the concept of complex modules is used. A short wave asymptotic
analysis of the dispersion relation is applied. A simple applied theory is built with the help of
Galerkin method.



