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General formulation of flat element oscillation below the deformable medium surface
by reference to temperature

Abstract: Competitive enhancement of the current state of the art is related to the creation
of new technologies, construction of buildings and structures. Flat elements are constituents of
many up-to-date designs operating in complex non-steady-state conditions. Creation of general
and approximate equations of various types of flat elements oscillation based on the first one is
a topical issue in the development of theoretical bases for the calculation of building structures
and construction in general. Such problems cover the objectives of improving models of instable
behavior of constructions, structures and their elements including materials of complex mechanical,
rheological and other properties inherent in various building structures under the impact of various
external factors, such as the action of complex non-steady-state efforts and loads: seismic, power ,
temperature and other.

The existing approximate theories for calculating the stress and strain state of structural elements
and constructions such as plates are based on a number of well-known hypotheses and assumptions
of a mechanical and geometric nature. The hypotheses introduced led to the derivation of the
approximate oscillation equations which often differ from each other both by the coefficients of the
derivatives of the desired functions and by the type of these equations, while, as a rule, the order of
the equation did not exceed the fourth one.

Keywords: Lame constants, decomposition method, integral and differential operators, viscoelas-
ticity.

DOI: https://doi.org/10.32523/2616-7263-2018-125-4-8-16

Introduction. Problems of the calculation of vibrations, taking into account the anisotropy of the
temperature of the building structures located on the deformable basis, are the actual problem of
modern construction mechanics.

The emergence of new technologies in the construction industry, the use of new high-quality
materials, and new requirements for the study of dynamics of construction designs taking into
account the anisotropic behavior.

These requirements are needed to maximize the mechanical properties of the designs, the impact
of deformed forces. This problem can be related to the design of most recently designed engineering
structures and buildings, laying the foundation of different buildings, airfields and landing areas.

The main theoretical problem in this area is to study the dynamics of viscous-elastic materials,
as well as to improve the rigorous mathematical methods of solving the two-dimensional and three-
dimensional problems, but this problem has not been solved yet, as the current computational
methods does not fully answer questions. At the same time, there is no uniform approach to what
hypothesis should be used in this study.

1. General formulation of flat element oscillation below the deformable medium surface by refer-
ence to temperature. Let’s consider an infinite plate with a thickness of 2h located below the surface

8



K.T. Alenov, B.D. Dzhanmuldayev

of the floor of a semi-infinite medium at a depth ( h0 - h1 ). The plane (XV) is placed in the plane
z=0. The OZ axis is to be directed towards the outer surface of the upper layer.

For generality, the materials of the upper layer and the base will be considered different. We’ll
denote the parameters of the plate with index “1”, of the top layer with index “2”, the base index -
with “3” [1].

Considering the problem in the three-dimensional linear formulation, the equations of motion of
the plate and base layer by reference to the viscosity and temperature in the potentials Ф and →

ψ

of the longitudinal and transverse waves, we write in the form:

Nj(∆Фj) =ρj
∂2Фj

∂t2
+ α0jnj(Tj) (0.1)

Mj(∆
−→
ψ j) =ρj

∂2
−→
ψ j

∂t2

∆T j−
1

C2
0j

ffl
∂Tj
∂t
− 1

C2
1j

· ∂Tj
∂t

=Pj

(
∂

∂t

)
Kj · (∆Фj−α0jTj) ; j=1, 3

where the operators Nj ; Kj are equal

Nj=Lj+2Mj ;Kj=Lj+
2

3
Mj

and ∆ is the three-dimensional Laplace operator

∆=
∂2

∂2
+
∂2

∂y2
+
∂2

∂z2

Lj , Mj - viscoelastic operators

Lj(ζ) = λj

⌈
ζ (t)−

∫ ∞
0

f1j (t−ξ) ζ (ξ) dξ

⌉
Mj(ζ) = µj

⌈
ζ (t)−

∫ ∞
0

f2j (t− ξ) ζ (ξ) dξ

⌉
(0.2)

f(t)l - operator kernels (l=1,2), λj , µj , α0j - of constant materials

Pj

(
∂

∂t

)
=η0

∂

∂t
+η1

∂2

∂t2
(0.3)

Where η0 , η1 - are the connection coefficients
The bosonic string. Considering the materials of the layer, plate and base as viscoelastic and

isotropic, the dependence of the stress-strain σ
(j)
ij on the strain ε

(j)
i by reference to the impact of

temperature Tj, we write in the form of Boltzmann-type operator relations[2,3].

σ
(j)
ii =Lj

(
ε
(j)
ii

)
+2 Mj

(
ε
(j)
ii

)
−α0jKj(Tj)

σ
(j)
ik =M

j

(
ε
(j)
ik

)
; (i 6= k) (i, k = x, y, z) (0.4)

Assume the vibrations of the plate below the surface can be caused both by external forces on
the external surface (z = h0 ) and by disturbances propagating from the base. In addition, we
assume that plates with the upper layer and base along the contact boundaries (z = h1 ) and (z =
−h1 ), these contacts are ideal, i.e. there is no friction. Then we will have the following boundary
conditions: on the outside (z = h0 )

σ2 = F (2)
z (x, y, t) , σ

(2)
jz = F

(2)
jz (x, y, t) (j = x, y) (0.5)

and one of the three conditions for T2
T2=F0 (x, y, t) ; ∂T2

∂z = F1 (x, y, t) ; (0.5)’
9
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h
(2)
0

∂T2
∂z

= [T2 − F2 (x, y, t)]

At the contact boundary, the top layer is a plate z=h1

σ(1)zz = σ(2)zz; σ
(1)
jz = 0, σ

(2)
jz = 0, w(1) = w(2) (j = x, y) (0.6)

And for temperature Tj (j=1,2)
T1 = T 2; ; ∂T1

∂z = ∂T2
∂z (0.6)’

h
(1)
0

∂T2
∂z
− T1 = h

(2)
0

∂T2
∂z
− T2

On the border of the plate - the base z = - h1

σ(1)zz = σ(3)zz + F
(3)
3z (x, y, t) , σ

(1)
jz = 0; (0.7)

σ
(3)
ij + F

(3)
jz (x, y, t) = 0 : w1 = w3 + F

(3)
0 (x, y, t) (j = x, y)

and for temperature Tj (j = 1, 3)

T1=T3;
∂T1
∂z =∂T3

∂z (0.7)’

h
(1)
0

∂T1
∂z
−T1=h(3)0

∂T3
∂z
−T3

Where the functions Ғ(3)
3z (x, y, t) ; Ғ(3)

jz (x, y, t) ; Ғ(3)
0 (x, y, t) describe the stresses and dis-

placements in the incident wave below, i.e. from the base which can be caused, in particular, by an
earthquake or explosion, h

(j)
0 the thermal conductivity coefficients.

In addition, the damping conditions at infinity are to be performed, i.e. under z → −∞

Ф(3)= 0, ψ
(3)
1 = ψ

(3)
2 = ψ

(3)
3 = 0 (0.8)

Initial conditions are zero

Ф(j)=
∂Ф(1)

∂t
=
∂ψ(e)

∂t
=
−→
ψ = Tj =

∂Tj
∂t

= 0j = 1, 3; t = 0 болғанда (0.9)

Thus, the boundary-value problem of plate oscillation which is located below the surface, by
reference to the iimpact of temperature, reduces to solving integro-differential equations (0.1) with
boundary and initial conditions (0.5) – (0.9).

Hereafter, we consider the case of a plate oscillation below the surface without reference to tem-
perature and a flat element oscillation on a deformable base regarding to temperature [3,4].

1

2. Flat element oscillation below the surface without reference to temperature. Failing the
influence of temperature, the boundary problem of a plate oscillation below the surface is limited to
solving integro-differential equations.

Nj(∆Ф(j)) =ρj
∂2Ф(j)

∂t2
(1.1)

Mj

(
∆
−→
ψ

(j)
)

=ρj

−→
∂2ψ

(j)

∂t2
(j = 1, 2, 3)

Under the boundary and initial conditions (0.5), (0.6), (0.7), (0.8), (0.9).
Firstly, we find the general solutions (1.1) that satisfy the initial conditions.
As is known, in the course of the study of plate vibrations, the three-dimensional statement is

replaced by a simpler one, i.e. two-dimensional one, for the points of the median plane of the plate
which impose restrictions on external forces causing its oscillations. These limitations are limited to

10
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the fact that external efforts should not be high-frequency. As the required values, we will consider
the displacements and deformations of the plane points z = 0.

The formulated problem will be solved by applying the Fourier transforms in the X and Y coor-
dinates and the Laplace in t.

The general solution of the problem with zero initial conditions will be sought in the form

Ф(j)=

∫ ∞
0

sin kx
−cos kx

}
dk

∫ ∞
0

sin qy
−cos qy

}
dq

∫
(L)

Ф(j)
0 eptdt

ψ
(j)
1 =

∫ ∞
0

sin kx
−cos kx

}
dk

∫ ∞
0

cos qy
sin qy

}
dq

∫
(L)

ψ
(j)
10 e

ptdp (1.2)

ψ
(j)
2 =

∫ ∞
0

cos kx
sin kx

}
dk

∫ ∞
0

sin qy
−cos qy

}
dq

∫
(L)

ψ
(j)
20 e

ptdp

ψ
(j)
3 =

∫ ∞
0

cos kx
sin kx

}
dk

∫ ∞
0

cos qy
sin qy

}
dq

∫
(L)

ψ
(j)
3 eptdp

Furthermore, by virtue of the stated restrictions on the functions of external forces, the functions
Ф(j)

0 , ψ
(j)
l0 are negligibly small outside the area |k| ≤ k0, |q| ≤ q0 which allows us to differentiate

expressions (1.2) under the sign of the integral. Substituting (1.2) into the equations of motion
(1.1) by reference to the initial conditions (0.9), for Ф(j)

0 and ψ
(j)
l0 we obtain ordinary differential

equations[5].

d2Ф(j)
0

dz2
− α2

jФ
(j)
0 = 0

d2ψ
(j)
10

dz2
− β2jψ

(j)
l0 = 0 (1.3)

Moreover, α2
j = k2 + q2 + ρj

p2

N
(0)
j

, β2j = k2 + q2 + ρj
p2

M
(0)
j

,

transformed operators N (0)
j and M

(0)
j .

The general solutions of equations (1.3) are constructed in the usual way in the following form

Ф(j)
0 = A

(j)
1 ch [αj · (z − zj)] +A

(j)
2 sh [αj · (z − zj)]

ψ
(j)
10 = B

(j)
11 sh [βj · (z − zj)] +B

(j)
12 ch [βj · (z − zj)] (1.4)

ψ
(j)
20 = B

(j)
21 sh [βj · (z − zj)] +B

(j)
22 ch [βj · (z − zj)]

ψ
(j)
30 = B

(j)
31 ch [βj · (z − zj)] +B

(j)
32 sh [βj · (z − zj)]

for the top layer and plate, where

z1 = 0; z2 = h1

and for the lower base by reference to the attenuation conditions (0.8)

Ф(3)
0 = A0e3

Z ;ψ
(3)
10 = B0e

β3Z ; (1.5)

ψ
(3)
20 = C0e

β3Z ;ψ
(3)
30 = D0e

β3Z ;

Having solutions in the form (1.4), for the transformed displacements of the points of the upper
layer and the plate, we obtain the expressions[6].

u
(j)
0 =

∞∑
n=0

{[
ka2nj A

j
1−
(
βj ·B(j)

21 +qβ
(j)
31

)
β2nj

] (z−zj)2n

(2n) !
+

11
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+
[
ka2n+1

j A
(j)
2 −(βj ·B(j)

22 +qB
(j)
32 )β2n+1

j

] (z−zj)2n+1

(2n+1) !

}

v
(j)
0 =

∞∑
n=0

{[
qa2nj A

(j)
1 +

(
βj · β(j)11 +kB

(j)
31

)
β2nj

] (z−zj)2n

(2n) !
+ (1.6)

+
[
qa2n+1
j A

(j)
2 +(βj ·B(j)

22 +kB
(j)
32 )β2n+1

j

] (z−zj)2n+1

(2n+1) !

}

w(l)=

∞∑
n=0

{[
a2n+2
1 A

(j)
1 +(qB

(j)
11 −kB

(j)
21 )β2n+1

j

] (z−zj)2n+1

(2n+1) !
+

+
[
a2n+1
1 A

(j)
2 +(qB

(j)
12 −kB

(j)
22 )β2nj

] (z−zj)2n

(2n) !

}
At the same time, the hyperbolic functions were represented as convergent power series in the

arguments. Common solutions in images (1.6) are more convenient to express in terms of other
unknowns that have a physical meaning.

Therefore, we take the quantities describing the displacement of the contact points and their
deformation for the points of the upper layer instead of the constant A

(j)
1 , B

(j)
lk for the upper layer,

and instead of the constant displacement for the plate, the deformation of the middle plane of the
plate z=0 These new unknown variables are the first terms in the series (1.6) and we introduce new
unknown auxiliary values.

U
(j)
0 = kA

(j)
1 − (βj ·B(j)

21 + qB
(j)
31 );

U
(j)
10 = kajA

(j)
2 − βj(βj ·B

(j)
22 + qB

(j)
32 );

V
(j)
0 = qA

(j)
1 + (βj ·B(j)

11 + kB
(j)
31 ); (1.7)

V
(j)
10 = qajA

(j)
2 + βj(βj ·B(j)

12 + kB
(j)
32 );

W
(j)
0 = a2jA

(j)

1
+ βj(qβ

(j)
11 − kB

(j)
21 );

W
(j)
10 = ajA

(j)
2 + (qB

(j)
12 − kB

(j)
22 );

Where U
(j)
0 , V

(j)
0 , W

(j)
10 are tangent and normal transformed displacements of the points of the

contact plane points z = h1 of the median plane of the plate, U (j)
10 , V

(j)
10 , W

(j)
0 - the transformed

values of the derivatives of the transverse displacement with respect to z or the strain type values
W

(j)
0 of the strain ε z (0) at z=0). Moving from the constant A(j)

i , B
(j)
il to the newly introduced

unknown variables U
(j)
0 , V

(j)
0 , W

(j)
10 , U

(j)
10 , V

(j)
10 , W

(j)
0 by reference to the solenoidity of the

vector potential of the transverse waves (no sources of sinks)

div
−→
Ψ

(j)
= 0 (1.8)

instead of (1.6) we get the expression

u
(j)
0 =

∞∑
n=0

{[(
β2nj −k2cjoQ

(0)
jn

)
U

(j)
0 −kcjoQin(qV

(j)
0 −W

(j)
0 )
] (z−zj)2n

(2n) !
+

+
[(
β2nj + k2DjoQ

(0)
jn

)
V

(j)
10 + kDjoQ

(0)
jn (qV

(j)
10 − β

2
jW

(j)

10
)
] (z−zj)2n+1

(2n+ 1) !

}
12
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v
(j)
0 =

∞∑
n=0

{[(
β2nj −q2cjoQ

(0)
jn

)
V

(j)
0 −qjoQin(kV

(j)
0 −W

(j)
0 )
] (z−zj)2n

(2n) !
+ (1.9)

+
[(
β2nj + q2DjoQin

)
V

(j)
10 + qDjoQ

(0)
jn (kV

(j)
10 − β

2
jW

(j)

10
)
]}
∗(z−zj)2n+1

(2n+ 1) !

w
(j)
0 =

∞∑
h=0

{[(
β2nj + a2n1 cjoQ

(0)
jn

)
V

(j)
0 −a

2
j joQin(kV

(j)
0 + qV

(j)
0 )
] (z−zj)2n+1

(2n+ 1) !
+

+
[(
β2nj − βjDjoQ

(0)
jn

)
W

(j)
10 +DjoQin

(
kU

(j)
10 + qV

(j)
10

)]} (z−zj)2n

(2n) !

Moreover, Cj0 = 1−N (0)
j ·

[
M

(0)
j

]−1
; Q

(0)
jn =

∑∞
h=0 a

2(n−m−1)
j · β2mj

Dj0 = 1−M (0)
j ·

[
N

(0)
j

]−1
; Q

(0)
jn ≡ 0; Q

(0)
j1 ≡ 1;

Reversing expressions (1.9) for k, q, p by true displacements u(j), v(j), w(j) of layer points, we
obtain the expressions

u(j) =

∞∑
h=0

{[(
λ
(n)
2j + CjQin

∂2

∂x2

)
U (j) + CjQin

∂

∂x

(
∂V (j)

∂y
+W (j)

)]
(z − zj)2n

(2n)!

}
+

+

∞∑
h=0

{[(
λ
(n)
2j +DjQin

∂2

∂x2

)
U1

(j) −DjQin
∂

∂x

(
∂V

(j)
1

∂y
+ λ

(j)
2j W

(j)
1

)]
(z − zj)2n+1

(2n+ 1)!

}

v(j)=

∞∑
h=0

{[(
λ
(n)
2j +CjQin

∂2

∂y2

)
U (j)+CjQin

∂

∂x

(
∂V (j)

∂x
+W (j)

)]
(z−zj)2n

(2n) !

}
+

+

∞∑
h=0

{[(
λ
(n)
2j −DjQin

∂2

∂y2

)
V

(j)
1 −DjQin

∂

∂y

(
∂V

(j)
1

∂x
+ λ

(j)
2j W

(j)
1

)]
(z − zj)2n+1

(2n+ 1)!

}
(1.10)

w(j)=

∞∑
h=0

{[
CjQjnλ

(1)
1j

(
∂U (j)

∂x
+
∂V (j)

∂y

)
+(λ

(n)
2j +CjQjnλ

(1)
1j )W

(j)

]
(z−zj)2n+1

(2n+1) !

}
+

+

∞∑
h=0

{[
−DjQjn

(
∂U

(j)
1

∂x
+
∂V

(j)
1

∂y

)
+(λ

(n)
2j −DjQjnλ

(1)
2j )W

(j)
1

]
(z−zj)2n

(2n) !

}

Cj0 = 1−Nj ·M−1j ; Qjn =

∞∑
h=0

λ
(n−m−1)
1j · λ(m)

2j ;

Dj0 = 1−MjN
−1
j

where the operators λ(1)1j and λ
(1)
2j are equal to

λ
(1)
1j =

[
ρjN

−1
j

(
∂2

∂t2

)
− ∂2

∂x2
− ∂2

∂y2

]
λ
(1)
2j =

[
ρj
−1
j

(
∂2

∂t2

)
− ∂2

∂x2
− ∂2

∂y2

]
(1.11)

Herein, the operators λ(1)1j and λ
(1)
2j describe the propagation of plane longitudinal and transverse

waves in the planes zj = const , U (j), V (j), W
(j)
1 zj = h1 are the tangent and normal reversed dis-

placements of the points of the contact plane zj = h1 and points of the middle plane of the plate, and
U

(j)
1 , V

(j)
1 , W (j) - reversed values of derivatives with respect to z transverse displacement or values

of the deformation type U (j)
1 , V

(j)
1 , W (j) ) - deformation at z=0. Being aware of the expressions for

13
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displacements u(j), v(j), w(j) , through arbitrary functions U (j), V (j), W
(j)
1 , U

(j)
1 , V

(j)
1 , W (j)

we find similar expressions for stresses [3].

σ(j)
xx=Mj

∞∑
h=0

{[
CjQjn

(
λ
(1)
2j −2λ

(1)
1j +

∂2

dx2
− ∂2

dy2

)
+ (1−Cj)λ(n)2j

]
+
∂U (j)

∂x

}
{

+

[
CjQjn

(
λ
(1)
2j −2λ

(1)
1j +

∂2

dx2
− ∂2

dy2

)
−(1+Cj)2λ

(n)
2j

]}
(z−zj)2n

(2n) !
+

Mj

∞∑
h=0

{[
2DjQjn

(
λ
(1)
2j +

∂2

dy2

)
+ (1+2Dj)λ

(n)
2j

]
∂U

(j)
1

∂x
+

[
−2DjQjn

∂2

dx2

+(1+2Dj)λ
(1)
1j

(
∂V j1
∂y

+λ2jW
j
1

)
(z−zj)2n+1

(2n+1) !

σ(j)
yy =Mj

∞∑
h=0

{[
CjQjn

(
λ
(1)
2j −2λ

(1)
2j −

∂2

dx2
+
∂2

dy2

)
+ (1+Cj)λ

(n)
2j

]
dV (j)

dy
+

[
CjQjn

(
λ
(1)
2j −2λ

(1)
1j −

∂2

∂x2
+
∂2

∂y2

)
−(1+Cj)λ

(n)
2j

](
∂U (j)

∂x
+W (j)

)
(z−zj)2n

(2n) !
+ (1.12)

Mj

∞∑
h=0

{[
2DjQjn

(
λ
(1)
2j +

∂2

dx2

)
+ (1 + 2Dj)λ

(n)
1j

]
∂V

(j)
1

∂y
+

[
−2DjQjn

∂2

dy2
+(1+Dj)λ

(n)
1j

](
∂U

(j)
1

∂x
+λ2jW

j
1

)}

(z−zj)2n+1

(2n+1) !

σ(j)
zz =Mj

∞∑
h=0

{
CjQjn(λ

(1)
2j −∆)−(1+Cj)λ

(n)
2j

(
∂U (j)

∂x
+
∂V (j)

∂y

)
+
[
CjQjn

(
λ
(1)
2j −∆

)
+(1+Cj)λ

(n)
2j

]
W (j)

}

(z−zj)2n

(2n) !
+Mj

∞∑
h=0

{
−
[
2DjQjnλ

(1)
2j +λ

(1)
1j

]
·

(
∂U

(j)
1

∂x
+
∂V

(j)
1

∂y

)
+λ

(1)
1j

[
2D2Qjn ·∆+λ

(1)
1j

]
W

(j)
1

}
(z−zj)2n+1

(2n+1) !

σ(j)
zz =Mj

∞∑
h=0

{[
2CjQjn

∂2

dx2
+λ

(n)
2j

]
∂U (j)

∂y

[
2CjQjn

∂2

∂y2
+λ

(n)
2j

]
· ∂V

(j)

∂x
+2CjQjn

∂2W (j)

∂x ∂y

}
(z−zj)2n

(2n) !

+Mj

∞∑
h=0

{[
DjQjnλ

(1)
2j −(

∂2

∂x2
+
∂2

∂y2
)+λ

(1)
1j

]
· ∂U

(j)
1

∂y

[
DjQjn(λ

(1)
2j +

∂2

∂x2
+
∂2

∂y2
)+λ

(n)
2j

]
∂V

(j)
1

∂x

−2DjQjnλ
(1)
2j

∂2W (j)

∂x ∂y

(z−zj)2n+1

(2n+1) !

σ(j)
xz =Mj

∞∑
h=0

{
Cj

[
2λ

(1)
1j Qjn+λ

(n)
2j

] ∂2V (j)

∂x ∂y
+

[
2CjQjn

∂2

∂x2
+λ

(n)
2j ((11(y−Cj)λ(n)1j −Cj

∂2

∂y2
)

]

U (j)+
[
2CjQjnλ

(1)
1j +(119+Cj)λ

(n)
2j

] ∂W (j)

∂x
· (z−zj)2n+1

(2n+1) !
+Mj

∞∑
h=0{[

−2DjQjn
∂2V (j)

∂x ∂y

[(
λ
(1)
2j −

∂2

∂x2
+
∂2

∂y2

)
·DjQjn+λ

(1)
1j

]]
U

(j)
1 −

[
DjQjn(λ

(1)
2j −∆)−λ(n)1j

] ∂W (j)
1

∂x

}
(z−zj)2n

(2n) !

σ(j)
yz =Mj

∞∑
h=0

{
Cj

[
2λ

(1)
1j Qjn+λ

(n)
2j

] ∂2U (j)

∂x ∂y
+

[
2CjQjnλ

(1)
1j

∂2

∂y2
+λ

(n)
2j ((11(y−Cj)λ(1)1j −Cj

∂2

∂2
)

]

V (j)+
[
2CjQjnλ

(n)
1j +(119+Cj)λ

(n)
2j

]
· ∂W

(j)

∂x

(z−zj)2n+1

(2n+1) !
14
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+Mj

∞∑
h=0

{[
−2DjQjn

∂2U (j)

∂x ∂y
+

[(
λ
(1)
2j +

∂2

∂x2
− ∂2

∂y2

)
·DjQjn+λ

(1)
1j

]]
· V (j)

1 −
[
DjQjn(λ

(1)
2j −∆)−λ(n)1j

] ∂W
(j)
1

∂y

}
(z−zj)2n

(2n) !

Expressions (1.10) are obtained only from the solution of the equation of motion (1.1) under zero
initial conditions and are general solutions to the problems.

To find the unknown variables and U (j), V (j),W
(j)
1 , U

(j)
1 , V

(j)
1 W (j) , and the parameters of the

lower half-space, we have the boundary conditions (0.5), (0.6) and (0.7)
Among the aforementioned unknowns variables, the main independent ones are the displacements

U (j), V (j),W
(j)
1 and the displacement deformations U (j)

1 , V
(j)
1 ,W

(j)
1 of points of the median plane

of the plate (z = 0).
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Formulas for movements and pressure of points of flat element located under the deformation

medium have been obtained.
Theoretical and quantitative results of free oscillations taking into account the effect of tempera-

ture on a rectangular flat element located under deformed or deformed medium have been obtained.
These results show the effect of the above effects on the free oscillation slope.

1. Consideration of basic boundary value problems of deformed environment dynamics.
2. The equations of isotropic and anisotropic mean fluctuations in temperature, and the basic

relationships between the pressure and the deformation. In addition, the equations of distribution
of temperature in the medium are also indicated.

3. The rationality of the approximate decomposition method is shown in solving the deformed
motion equation.
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Деформацияланатын орта қабаты астындағы жазық элементтiң температурасының әсерiн ескергендегi
тербелiсi есебiнiң жалпы қойылымы

Аннотация: Қазiргi кездегi белгiлi конструкциялардың элементтерiнiң қысымдық-деформациялық жағдайын
есептеуге арналған жуықтау теориясы кейбiр белгiлi гипотезаларға және механикалық, геометриялық сипаттағы
болжамдарға негiзделген. Енгiзiлген гипотезалар бiр-бiрiнен iзделiндi функцияның туындылары алдындағы
коэффициенттерiмен өзгешеленетiн тербелiстiң теңдеулерiне әкеледi.

Бұл туындылар өздерiнiң түрлерiмен өзгешеленiп және олар төртiншi реттен аспайды.
Сонымен қатар, енгiзiлген гипотезалар қолданбалы шекаралық есептердi негiзделген түрде беруге мүмкiндiк

туғызбайды, пластинаның нүктелерiндегi қысым мен деформацияларды анықтау қиынға түседi, жазық элементтiң
тербелiстерiне әсер ететiн күрделi факторларды ескеруге әкеледi және деформацияланатын орта қабаты астындағы
жазық элементтiң температураның әсерiн ескергендегi тербелiсi есебiнiң жалпы қойылымы.

Бiз қарастырып отырған температураның әсерiн ескергендегi пластина тербелiстерiнiң теңдеуiн алу есептерi үшiн,
жазық элементтiң тербелiстерiн зерттеуге қолданылатын математикалық әдiстердi көрсетемiз.
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Постановка общей задачи колебания плоского элемента, находящегося под поверхностью
деформируемой среды, с учетом темпнратуры

Аннотация: Интенсивное развитие науки и современной техники связано с созданием новых технологий,
строительства зданий и сооружений. Плоские элементы являются составляющими многих современных конструкций,
работающих в сложных нестационарных режимах. Построение общих и основанных на них приближенных уравнений
колебания различного вида плоских элементов представляет актуальную проблему в разработке теоретических основ
расчета строительных конструкции и строительства в целом. К таким проблемам относятся задачи совершенствования
моделей нестационарного поведения конструкций, сооружений и их элементов, материалы которых проявляют сложные
механические, реологические и другие свойства, присущие различным строительным конструкциям при влиянии
различных внешних факторов, как, например, действие нестационарных усилий и нагрузок: сейсмических, силовых,
температурных и других.

Ключевые слова: Вязкоупругость, термовязкоупругость, реакция основания, связность, интегро-

дифференциальные операторы, несвязная теория.
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Численное дифференцирование функций в контексте Компьютерного

(вычислительного) поперечника
Аннотация: В рамках компьютерного (вычислительного) поперечника полностью
решена задача приближенного дифференцирования функций, принадлежащих классам
Соболева по неточной информации, полученной от произвольного конечного множества
тригонометрических коэффициентов Фурье-Лебега дифференцируемой функции... [100-200
слов].
Ключевые слова приближенное дифференцирование, восстановление по неточной

информации, предельная погрешность, компьютерный (вычислительный) поперечник. [6-8
слов/словосочетаний].

Введение

Текст введения...
Авторам не следует использовать нестандартные пакеты LaTeX (используйте их лишь в

случае крайней необходимости)

Заголовок секции

1.1 Заголовок подсекции
Окружения.

Теорема 1. ...

Лемма 1. ...

Предложение 1. ...

Определение 1. ...

Следствие 1. ...

Замечание 1. ...

Теорема 2 (Темиргалиев Н. [2]). Текст теоремы.

Д о к а з а т е л ь с т в о. Текст доказательства.

2. Формулы, таблицы, рисунки

δN (εN ;DN )Y ≡ δN (εN ;T ;F ;DN )Y ≡ inf
(l(N),ϕN)∈DN
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(
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(
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))
Y
, (1.1)
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))
Y
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)
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Таблицы, рисунки необходимо располагать после упоминания. С каждой иллюстрацией должна
следовать надпись.
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Таблица 2 – Название таблицы

Простые Не простые
2, 3, 5, 7, 11, 13, 17, 19, 23, 29 4, 6, 8, 9, 10, 12, 14

Рисунок 4 – Название рисунка
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Компьютерлiк (есептеуiш) диаметр мәнмәтiнiнде функцияларды сандық дифференциалдау

Аннотация: Компьютерлiк (есептеуiш) диаметр мәнмәтiнiнде Соболев класында жататын функцияларды олардың
тригонометриялық Фурье-Лебег коэффициенттерiнiң ақырлы жиынынан алынған дәл емес ақпарат бойынша жуықтау
есебi толығымен шешiлдi [100-200 cөздер].
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Numerical differentiation of functions in the context of Computational (numerical) diameter

Abstract: The computational (numerical) diameter is used to completely solve the problem of approximate differentiation
of a function given inexact information in the form of an arbitrary finite set of trigonometric Fourier coefficients. [100-200 words]
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