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UNSYMMETRIC OSCILLATIONS OF ANISOTROPIC PLATE
HAVING AN ADDITIONAL MASS

Elena B. Koreneva
Moscow Higher Combined-Arms Command Academy

Abstract: The problem of unsymmetric oscillations of circular plate made from anisotropic material is examined. The
plate under consideration has an additional point mass attached off the center or a system of additional masses. Also the
oscillations of anisotropic circular plate with a point support placed off the center are studied. The exact analytical approach
is used for the decision of the above-mentioned problems; the method of compensating loads is applied. For this aim the
basic and the compensating solutions are received. The basic solution satisfies to the resolving differential equation of the
problem under study. The compensating solution satisfies to the corresponding homogeneous equation and this solution
amounting to the basic one also satisfies to the boundary conditions. The Nielsen’s equation is used for the receiving of the
exact solutions expressed in terms of Bessel functions. The equation for determination of frequencies of natural vibrations
is obtained.
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HECUMMETPUYHBIE KOJIEBAHUSI AHU3OTPOITHOM
IJIACTUHBI C IPUCOEJIMHEHHON MACCOM

E.b. Kopenesa
MockoBckoe BhICIIee 0011eBOiickoBOe KoMaHaHOe opaeHoB JKykoBa, Jlennna u OkTa0prckoii PeBomronnn
Kpacno3znamenHoe yuunuiie

AnHoTanusi: B paboTte m3y4aroTcss HECUMMETPHYHBIC KOJICOaHHs KPYIJIOW TUTACTHHBI, CIICIAHHOW W3 aHU30TPOITHOTO
Matepuana. PaccmarpuBaemast iiacTUHA UMEET JIONOJHUTENbHYIO BHEHEHTPEHHO PACIIONIOKEHHYIO Maccy WM CUCTEMY
Macc, WM BHELIEHTPEHHYIO OMOpPY TOYEYHOTro TUna. i mosyueHus: peteHus MoCTaBIeHHON 3aa4k UCIIONIb3YeTCs TOY-
HBII aHATUTUYCCKAN METOIT; UCTIONB3YETC s METO KoMIteHcHpyromux Harpy3ok (MKH). [l aToro cTpositcsi OCHOBHOE
U KOMITEHCHUpY¥oliee pemeHns. OCHOBHOE PEIICHHE YIOBICTBOPSIECT pa3pemaroneMy quddepeHInanbHOMYy YpaBHEHHIO.
Komnencupyroiee perieHre yIoBIeTBOPSIET COOTBETCTBYIOLIEMY OJHOPOAHOMY YPAaBHEHHUIO U COBMECTHO C OCHOBHBIM pe-
MICHUEM YIOBJICTBOPSICT TPAHUYHBIM yCIOBHUAM. J{JIs TOTyYeHHUS PEIIeHUs OMHOPOAHOTO MU (epeHINATEHOTO YPAaBHEHHS,
BBIPQ)KEHHOTO B MWIMHAPUICCKUX (QYHKIUSIX, IPUMEHICTCS HOBBIH CIIOCO0, CBI3aHHBII C UCIIOIB30BAHUEM yYPaBHCHUS
Hunbcena. [y onpeneieHus 4acToT COOCTBCHHBIX KOJICOaHUH TOTyYeHBI COOTBETCTBYIOIINE YpaBHECHUs. Pemenus mo-
CTaBJICHHBIX 337124 BEIPAKEHBI B PYHKIUIX beccers.

KaroueBrble ciioBa: HECUMMCTPUYHBIC KOH€6aHI/IH, KPYIJIbIC aHU30TPOIMHBIC IJIACTUHBI, HPUCOCINHCHHBIC
MaccChbl, TOYCYHBIC OIIOPLI, (1)yHKIII/II/I beccens.

INTRODUCTION

The analytical method for the solution of
unsymmetric vibrations of anisotropic circular
plate having an additional point mass attached
off the center or a system of masses, also having a
point support placed off the center is proposed. The
method of compensating loads (MCL) is applied.

The sought solutions are obtained in closed form
and expressed in terms of Bessel functions.

The problem of oscillations anisotropic or
inhomogeneous plates of various geometry is
very urgent. The analytical method application,
in particular, connected with the theory of
special function for plates and shells analysis,
is known in literature. The works [1]-[8] are
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devoted to the plates of variable thickness and
shells examination; the solutions are received
in terms of hypergeometric and confluent
functions. The works [9]-[13] concern to the
problems of statics and vibrations of isotropic
plate, many of them are obtained in terms of
cylindrical functions. In [14], [15] the analytical
methods are applied for computation of plates
and shells made from orthotropic material.
In the monograph [16] for plates of variable
thickness of different forms, subjected to the
action of complicated loads, the theory of
special functions is widely used; the solutions
are expressed in terms of hypergeometric and
confluent functions, Legendre functions, in
orthogonal polynomials.

The present work concerns to unsymmetric
oscillations of anisotropic circular plates with
additional point mass attached off the center or
a system of masses, also a point support placed
off the center. The analytical approach and the
method of compensating loads (MCL) are used.
The new method, suggested in [17], [18], was also
utilized. The mentioned method allows to resolve
some statics and vibration problems of anisotropic
circular plates and to receive the solutions in
terms of Bessel functions. This method uses the
Nielsen’s equation and makes it possible to resolve
some statics and vibration problems of anisotropic
elastic solids.

The works [20], [21] are devoted to the
investigation of symmetric vibrations of
circular plates made from orthotropic material.
The work [20] received the solution of the
problem of the similar plates forced vibrations,
the plates under study are subjected to an action
of concentrated force Psinpt. In the work [21]
the action of loads distributed along concentric
circumferences and over ring surfaces are
considered.

In [23] the problem of circular orthotropic plates
natural oscillations is considered. The plates under
study have a point support in the center or a ring
support or they have an additional mass in the
center or a system of masses.
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FORCED VIBRATIONS OF ORTHO-
TROPIC PLATE SUBJECTED TO AN
ACTION OF A CONCENTRATED FORCE

First the auxiliary problem of unsymmetric vibrations of
orthotropic plate subjected to an action of concentrated
force Psinpt, acting at the point 4 off the center is
considered. Let us denote the distance from the center
to the point 4 by a. We introduce the notation of the
angle between the line OA and the fixed radius by 6.
Further the method of compensating loads (MCL)
[18], [20], [21] 1s applied. For this aim the basic
solution ¥ and the compensating solution W,

W=Ww,+W, (1)

are determined.

The basic solution ¥ satisfies to the differential
equation, describing the problem, and shows the
peculiarities of the external loads. The compensating
solution W _satisfies to the corresponding
homogeneous equation and amounting to W,
satisfies to the boundary conditions.

For the receiving of the solution of the resolving
differential equation the Nielsen’s equation is
used. This method is described in detail in [20],
[21]. Using the mentioned approach we can write
the following expression for the basic solution in
terms of Bessel functions:

P— P
" 8Dnp’

"’}T )
here b=4—"— p3,
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where D is the cylindrical rigidity, y — the volume
weight, p, is the circular frequency of natural
vibrations, S is the member of nodal circles.
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here z = \faz +x*—2axcos(@—9).
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Using the formulae of the Bessel functions
addition [9], [21] we can write when x > a:

P
8Dm,b*
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W, =— x

3)

The symbol ' indicates that when summing the

series the term with zero index multiplies on %

Let us write the compensating solution in the form
of series:

W, = >[4, (x)+ B, (x)|cosn(6—0), (4)

where J,1,Y , K are the Bessel functions.

The coefficients 4 and B are determined from
the boundary conditions.

Let us assume that the contour of the plate under

study is clamped; the reduced radius is equal to
p. Whenx =p
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W=0, =0, (5)

where W is determined from the formula (1).
The sum of the basic and the compensating
solutions introduces in the conditions (5). Then
the coefficients at the cosines of the identical
arguments are equated and we receive the
following equations for determination of the
coefficients 4 and B :

P . 2
o 4D?‘Izb2 |:}11[ﬁ)J?:(a)+ - K.‘n )In(a)] i (6)
+A7:Jn(ﬁ)+3n1n(ﬁ):0:
P, 2
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Solving the system (6), (7) and using the expression
for Bessel functions Wronskian [9], [23], we get:
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UNSYMMETRIC VIBRATIONS OF _
ANISOTROPIC PLATE WITH Mo W(a,0;a,0)=1. (10)

ADDITIONAL JOINT MASS OR WITH
SEVERAL MASSES

Further the problem of oscillations of anisotropic
circular plate with additional mass M in the point
(a, 0) is considered. The equation for frequencies
[22] has the following form:

Substituting instead W the expression received
above for the forced vibrations consideration,
we can receive the corresponding equation for
frequencies. Setting the right part of the received
equation equal to zero we obtain the equation
for frequencies for the case when the joint mass
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attached off the center is extremely great. This
fact is identical for the case of the plate with
single rigid support of the point type placed
off the center. We mark that for the case of the
zero term of the series representing basic and
compensating solutions, we get the frequency

w’ M w(ay,0,;a,,0, ;m) -1

2 . .
o’ Mw(a,,0,:a,0;0)

2 . .
o’ MwWa,,0,:0,,0,;0)

For the study of the problem of oscillation of
orthotropic circular plate with elastic supports
of the point type the frequency equation has the
form which is similar to (11). However, we must

D

assume in the frequency equation that A/, = — w—g ,
where D is the rigidity of the support.

When solving the vibration problem of the
orthotropic circular plate with several additional
masses uniformly distributed along a circumference
the system under study will have the same number of
axes of symmetry as the number of joint masses. In this

case the frequency equation becomes more simple.

Table 1. The values of the deflections

2 . . .
o’ Mwla,,0,:0,.0,;0)

o’ M, wa,,0,:0,,0,;0)-1

equation for the plate having ring intermediate
support.

The natural oscillations of the circular orthotropic
plate with several additional masses (n =1,2,3,...)
applied in the points with the coordinates (o , 6))
are examined. For this case we have the following
equation for frequencies:

oM, u{al, 00,6, )

=0. (11)

Let us consider the following computation
example: the forced vibration of the circular
orthotropic plate which contour is clamped and
the radius is equal to . This plate is loaded by
the force Psinpt which applied at the distance a =
0,5b from the center.

For computation it is assumed that the plate’s
radius b = 3m, the plate’s thickness 4 = 0,2m,
modulus of elasticity £ = 2 - 10%/m?, Poisson’s

i =1 _
ratio o =-~; we put 2, = 1.

The calculations show that it is sufficient to retain
four terms of the series.
The results of evaluation are given in the table 1.

Pomt 4.6 1 02:0 | 0:0 | 200 [02: % |1.0: % [20: 5| 02:7 | 12:7 | 2,007
(x; @) 2 2 2
\% 0,3071 10,3475 | 0,3895 | 0,0013 | 0,2916 | 0,1448 | 0,000 | 0,2641 | 0,0981 | 0,0003
The first line shows the coordinates of the points
where the plate’s deflections are determined. In LB, (B)-1,"(BM.(B)=0. (12)

this table the fixed value ——— is omitted.

8 Dnyb*

We note that the function w reduces to infinity
when
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In this case we have the phenomenon of
resonance; the corresponding frequency of forced
vibrations is
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where 8 are the roots of the equation (12).

CONCLUSIONS

The exact analytical solutions of the problem of
unsymmetric vibrations of the circular plate made
from orthotropic material are obtained. An action
of a force applied in arbitrary point, an action of
a joint additional mass attached off the center or a
system of masses, an influence of a point support,
placed of the center are considered.

REFERENCES

1. Kovalenko A.D. Plastiny i Obolochki v
Rotorah Turbomashin. [Plates and Shells in
Rotors of Turbines]. Kiev, [zd-vo AN USSR,
1955, 303 pages (in Russian).

2. Kovalenko A.D. Kruglyie Plastiny
Peremennoj Tolschiny. [Circular Plates of
Variable Thickness]. Moscow, Fizmatgiz,
1959, 294 pages (in Russian).

3. Kovalenko A.D. Slozhnyi Izgib Krugloi
Plastiny Peremennoj Tolschiny v
Osesimmetrichnom Temperaturnom Pole.
[Complicated Bending of a Circular Plate of
Variable Thickness in Symmetric Temperature
Field]. // Sb. Nauchnyh Trudov “Zadachi
Termouprugosti v Energomashinostroenii”.
Kiev, Izd-vo AN USSR, 1960, pp. 235-241
(in Russian).

4. Kovalenko A.D., Grigorenko Ya.M.,
Lobkova N.A. Raschet Konicheskih
Obolochek Lineino-Peremennoj Tolschiny.
[Computation of Conic Shells with Linear
Thickness Variation]. Kiev, [zd-vo AN USSR,
1961, 328 pages (in Russian).

5. Kovalenko A.D., Grigorenko Ya.M., I’in
L.A. Teorija Tonkih Konicheskih Obolochek
Lineino-Peremennoj Tolschiny. [The Theory

10.

11.

12.

13.

14.

Elena B. Koreneva

of Thin Conic Shells with Linear Thickness
Variation]. Kiev, Izd-vo AN USSR, 1963, 287
pages (in Russian).

Kovalenko A.D., Grigorenko Ya.M., II’in
L.A., Polischuk T.I. Raschet Konicheskih
Obolochek pri Antisimmetrichnyh Nagruzkah.
[Computation of Conic Shells Subjected to
an Action of Antisymmetric Loads]. Kiev,
Naukova Dumka, 1966, 495 pages (in
Russian).

Kovalenko A.D. Izbrannyie Trudyi. [The
Selected Works]. Kiev, Naukova Dumka,
1976, 703 pages (in Russian).

Grigorenko Ya.M., Latsinnik I.D. Izgib
Krugloi Plastinki Lineino-Peremennoj
Tolschiny pod Dejstvijem Antisimmetrichnoj
Nagruzki. [The Flexure of a Circular Plate of
Linear Thickness Subjected to an Action of
Antisymmetric Load]. / Prikl. Meh., 1965,
(1), pp. 6776 (in Russian).

Korenev B.G. Nekotoryie Zadachi Teorii
Uprugosti 1 Teploprovodnosti, Reshaemyie v
Besselevyh Funktsijah. [Certain Problems of
the Theory of Elasticity and Heat Conductivity
Solved in Terms of Bessel Functions].
Moscow, Fizmatgiz, 1960, 458 pages (in
Russian).

Korenev B.G., Tchernigovskaja E.I. Raschet
Plit na Uprugom Osnovanii. [Calculation
of Plates Resting on an Elastic Subgrade].
Moscow, Gosstrojizdat, 1962, 355 pages (in
Russian).

Conway H.D. Axially Symmetrical Plates
with Linearly Variable Thickness. // Journal
of Applied Mechanics, 1951, 18(2), pp.
140-142.

Conway H.D. Closed-Form Solutions for
Plates of Variable Thickness. // Journal of
Applied Mechanics, 1953, 20(4), pp. 564—
565.

Conway H.D. The Flexure of Rectangular
Plates of Variable Thickness. // Journal of
Applied Mechanics, 1958, 26(2), pp. 143—
145.

Burmistrov E.F. Simmetrichnaya
Deformatsija Ortotropnyh Obolochek

52 International Journal for Computational Civil and Structural Engineering



Unsymmetric Oscillations of Anisotropic Plate Having an Additional Mass

15.

16.

17.

18.

19.

20.

Vraschenija. [Symmetric Deformation
of Orthotropic Shells]. Saratov, Izd-vo
Saratovskogo Universiteta, 1962, 109 pages
(in Russian).

Burmistrov E.F., Maslov N.M.
Antisimmetrichnyi Izgib Krugloi
Ortotropnoj Plastiny Peremennoj Tolschiny.
[Antisymmetric Flexure of Circular
Orthotropic Plate of Variable Thickness].
/I 1zvestija AN SSSR. MTT, 1973, 3, pp.
170—174 (in Russian).

Koreneva E.B. Analiticheskije Metody
Rascheta Plastin Peremennoj Tolschiny i
ih Prakticheskije Prilozhenija. [Analytical
Methods for Computation of Plates of Variable
Thickness and Their Practical Application].
Moscow, ASV, 2009, 240 pages (in Russian).
Koreneva E.B. Metod Kompensirujuschih
Nagruzok dlya Reshenija Zadach ob
Anisotropnyh Uprugih Sredah. [Method of
Compensating Loads for Solving of Problems
of Anisotropic Medium]. // International
Journal for Computational Civil and Structural
Engineering, 2018, 14(1), pp. 71-77 (in
Russian).

Koreneva E.B. Analiticheskoje Modelirovanije
Nekotoryih Zadach Statiki i Kolebanij
Anizotropnyih Uprugih Tel. [Analytical
Simulation of Certain Problems of Statics and
Vibrations of Anisotropic Elastic Solids]. //
Proceeding of VII International Symposium
APCSCE, July, 2018, Novosibirsk, 1-8, p.
478 (in Russian).

Grosman V.R. Sobstvennyie Kolebanija
Kruglyih Ortotropnyih Plastin Peremennoj
Tolschiny. Reshenija v Funktsijah Besselya.
[Natural Vibrations of Circular Orthotropic
Plates of Variable Thickness. The Solutions
in Terms of Bessel Functions]. // Stroitelnaja
Mehanika i Raschet Sooruzheniy, 2012, 3, pp.
52-54 (in Russian).

Koreneva E.B. Analiticheskij Metod dlya
Reshenija Zadach o Kolebanijah Uprugih
Anisotropnyh Tel. [Analytical Method for
Solving of Vibration Problem of Elastic
Anisotropic Solids]. / Stroitelnaja Mehanika

Volume 17, Issue 1, 2021

21.

22.

23.

i Raschet Sooruzheniy, 2018, 5, pp. 47-51 (in
Russian).

Koreneva E.B., Grosman V.R. Forced
Vibrations of Anisotropic Elastic Solids
Subjected to an Action of Complicated Loads.
// International Journal for Computational
Civil and Structural Engineering, 2019, 15(3),
pp. 77-83.

Koreneva E.B., Grosman V.R. Kolebanija
Anisotropnyh Plastin, Imejuschih
Prisoedinennye massy ili Promezhutoschnye
Opory. Reshenija v Funktzijah Besselya.
[Vibrations of Anisotropic Plates Having
Additional Mass or Intermediate Supports.
The Solutions in Bessel Functions]. //
Stroitelnaja Mehanika i Raschet Sooruzheniy,
2020, 5, pp. 52-59 (in Russian).
Abramovitz M., Stigan I.A. Handbook of
Mathematical Functions. National Bureau of
Standarts. 10th Edition, 1972, 820 pages.

CIIMCOK JIMTEPATYPbBI

KoBanenko A.Jl. ITnacTuHbl 1 000JO0YKH B
poropax typoomammH. — Kues: M3n-8o AH
YCCP, 1955. -303 c.

KoBanenko A.Jl. Kpymible miacTussl nepe-
MEHHOH TonuHel. — M.: ®usmarrus, 1959.
—29% c.

KoBanenko A.Jl. CnoxHbIil U3rud Kpymion
IUIACTUHBI IEPEMEHHOM TOJIIUHBI B OCe-
CUMMETPHYHOM Temrieparypaom mnone // C6.
HAyYHBIX TPYIOB «3a/1a4¥ TEPMOYIIPYTOCTH B
3HEeproMaimrHocTpoeHun». — Kues: M3a-Bo
AH YCCP, 1960. — C. 235-241.
KoBanenko A.Jl., 'puropenxo 51.M., Jlo6-
koBa H.A. Pacuer koHHUeCKHX 000JI0YEK
JMHENHO-TIEPEMEHHHON TOoNIMHbBI. — Kues:
M3n-Bo AH YCCP, 1961. — 328 c.
KoBanenko A.Jl., I'puropenxko .M.,
HNabun JILA. Teopus TOHKMX KOHUYECKHUX
000JI0YeK JTMHEHHO-TIEPEeMEHHOMN TONIINHBL.
— Kues.: U3n-s80 AH YCCP, 1963. — 287 c.
Kosasienko A. /L., ' puropenxo 51.M., Unbun
JLLA., ITomumyk T.M. Pacuer KoHHMYECKUX

53



000JI04eK MpU aHTHCUMMETPUYHBIX Harpys-
kax. — Kues.: HaykoBa nymka, 1966. — 495 c.

7. Kosasenko A.Jl. I30pannsie Tpyasl. — Kues:
HayxoBa gymxka, 1976. — 703 c.

8. TI'puropenko .M., Jauunuuxk U.®. N3rud
KPYIJIOW TIJIACTUHKHU JIMHEHHO-TIEPEMEHHOMN
TOJIIIMHBI MO/ AEHCTBHEM aHTUCUMMETpPUY-
HoU Harpysku // IlpukinagHas MexaHHKa.
—1965. - T. 1. - C. 67-76.

9. KopeneB b.I. Hekotopbie 3anauu Teopun
YOPYTOCTH U TETUIOMPOBOIHOCTH, PEIlIaeMble
B OecceneBblX GyHKIMIX. — M.: @uszmarrus,
1960. — 458 c.

10. KopeneB b.I., Yepnurosckas E.U. Pacuet
IUIUT Ha yOpyroMm ocHoBaHuu. — M.: Toc-
cTpoiuznar, 1962. — 355 c.

11. Conway H.D. Axially symmetrical plates
with linearly variable thickness //J. of Applied
Mechanics.—1951.—V. 18.—Ne2.—Pp. 140-142.

12. Conway H.D. Closed-form solutions for plates
of variable thickness // J. of Applied Mechanics.
—1953. - V. 20. — Ne 4. — Pp. 564-565.

13. Conway H.D. The flexure of rectangular plates
of variable thickness // J. of Applied Mechanics.
—1958. —V.26. — No 2. — Pp. 143-145.

14. bBypmuctpoB E.®. Cummerpuunas nedopma-
1M1 OPTOTPOIHBIX 0000ueK BpatieHus. — Ca-
paroB: 131-Bo CapaToBCKOTO yHUBEPCUTETA,
1962. — 109 c.

15. bypmucrtpos E.®., MacaoB H.M. AuTrcum-
METPUYHBIN H3TH0 KPYTJIOH OPTOTPOITHOM TITa-
CTHHBI IepeMeHHOM TomuHbI // 3Bectust AH
CCCP.—MTT. - 1973. = Ne 3. - C. 170-174.

16. KopeneBa E.b. AHanuThu4eckrue MeETObI
pacuera MJIACTUH MEPEeMEHHOW TONIIMHBI U

Elena B. Koreneva

UX MpakTudeckue npunoxenus. — M.: ACB,
2009. - 240 c.

17. KopeneBa E.b. MeToi KOMIIEHCUPYIOIINX
Harpy3oK JJIsl pelieHus 3aaad o0 aHHu30-
TponHBIX cpenax // International Journal
for Computational Civil and Structural
Engineering. — 2018. — 14(1). — Pp. 71-77.

18. KopeneBa E.b. Ananutnueckoe MoJeaupo-
BaHUE HEKOTOPBIX 3a/lady CTaTUKH U Kojeba-
Hui anmzotponHbIx Tex // VII International
Symposium APCSCE. July, 1-8, 2018. —
Novosibirsk, 2018. — Pp. 478.

19. I'pocman B.P. CoOcTBeHHBIC KOJIeOaHUS
KPYIJIBIX OPTOTPOITHBIX TUIACTHH MEPEMEHHON
TonmuuHbl. Pemienus B pynkusax beccens //
CrpoutenbHasi MEXaHUKA U PacueT COOpYyKe-
Huil. —2012. — Ne 3. — C. 52-54.

20. Kopenesa E.b. Ananuruyeckuii METO peliie-
HUS 33/1a4 O KOJIeOaHUSIX yIPYTHX aHU30TPOII-
HBIX Tel // CTpouTenbHasi MEXaHUKa U pacyeT
coopykeHuid. —2018. — Ne 5. — C. 47-51.

21. Koreneva E.B., Grosman V.R. Forced
vibrations of anisotropic elastic solids subjected
to an action of complicated loads // International
Journal for Computational Civil and Structural
Engineering. — 2019. — 15(3). — Pp. 77-83.

22. KopeneBa E.b., I'pocman B.P. Kone6anus
AHU30TPOMHBIX IUIACTUH, UMEIOIIHUX MpPHU-
COEIMHEHHBIE MACChl WM MPOMEKYTOUHbBIE
onopel. Pemenns B ¢ynknusx beccens //
CrpoutenbHasi MEXaHUKA U PacueT COOpYyKe-
Huil. — 2020. — Ne 5. — C. 52-59.

23. Abramovitz M., Stigan I.A. Handbook of
mathematical functions. — National bureau of
Standarts. 10th Edition. — 1972. — 820 p.

Elena B. Koreneva, Dr.Sc., Professor, Moscow
Higher Combined-Arms Command Academy; 2,
ul. Golovacheva, Moscow, 109380, Russia; tel.:
+7(499)175-82-45, e-mail: elena.koreneva2010@
yandex.ru.

Kopenesa Enena bopucosna, NOKTOp T€XHUYE-
CKHUX Hayk, npodeccop, MockoBckoe BhIcIIEe
00111eBOMICKOBOE KOMaHIHOE OpJeHOB JKyKoBa,
Jlennna u OxTs6pbckoii PeBomonnu KpacHo3Ha-
MenHoe yumaiie; 109380, Poccust, . Mocksa, yi1.
l'onoBavena, 1.2; Ten.: +7(499)175-82-45, e-mail:
elena.koreneva2010@yandex.ru.

54 International Journal for Computational Civil and Structural Engineering



