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Introduction methodology, algorithm, and program for studying the

The problem of studying the mutual influence of diffraction and special properties of non-dissipative
underground structures with the ground is considered cylindrical bodies has not been sufficiently resolved
important. Different types of underground structures [10, 11]. Various theoretical concepts have been
can be used to solve this problem. In recent years, the proposed to address these issues of non-dissipative
construction of underground communications has been cylindrical bodies with either a segmented or non-
actively carried out in seismic zones. Therefore, it is segmented design, with the results (approximate and
necessary to assess the reliability of such structures precise) requiring further scrutinization and utilization.
(tunnels, pipelines, underground roads, etc.) under the
influence of seismic and landslide processes, and 2.Methods
studies the state of deformation and strengthening [1- 2.1. Purpose of the study
3]. To study the state of underground structures under The purpose of the research is to develop a
seismic influence, there are two main methods: methodology and algorithm for studying the dynamic
experimental research and theoretical analysis [4, 5]. deformation state of a cylindrical body consisting of an
The methodology, algorithm, and program for studying ellipsoidal neck section located in a rubber-elastic
the diffraction and special properties of elastic environment under the influence of harmonic
materials in elliptical cylindrical bodies interacting vibrations, and to obtain and analyze quantitative
with each other and a vibrating environment has not results (Figure 1). This article discusses the problem of
been sufficiently solved [6-9]. In addition, there is no diffraction of harmonic waves on an elliptical
established scientific basis for studying the special cylindrical cavity in an elastic medium, and presents a
properties of non-dissipative cylindrical bodies. The method for solving this problem and the numerical
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results. The connection between deformation and
distortion is expressed by the Bolzmann-Volterra
integral. The diffraction of harmonic waves in an
elliptical cavity is related to the problem of the theory

& = const

of elasticity in a purely deformed state. The problem of
the relationship between elasticity and deformation in
the elastic medium is solved by using the Lame
equation for a deforming solid.

M = const

7

1- Figure. Schematic representation of an elliptical cavity.

The equations that express the processes of
diffraction are derived using the wave equation and are
solved using the Math function. Finite results are
obtained and analyzed. The diffraction of elastic and
acoustic waves on cylindrical bodies with a smooth
profile has been widely studied by domestic and
foreign scientists. The problem of the diffraction of
elastic waves on isotropic elastic cylindrical bodies
with a smooth profile has been investigated in works
[12,13] where the mutual influence of the elastic waves
is considered.

2.2. Method of laying and solving the issue

Let's suppose that an elliptical cavity is given in
an elliptic coordinate system in an elastic medium
(Figure 1). Let a harmonic pulse (SH pulse) propagate
along the OX axis at an angle to the major axis of the
elliptical cavity. The pulse front is parallel to the Z axis.
The problem under consideration relates to the
mechanics of deformable solid bodies and is a
boundary value problem in the theory of elasticity.
Under these conditions, the following relationships
hold.

u=v=0, w=w(xY,t) =w(&n,t) Q)

The connections between the strengthening and
deformation in physics are described by the
Boltzmann-Volterra integral and can be expressed as
follows:

0y = A&y, +201.6,(1, 1 k=123)

Here o,
tension and deformation Tensor,
operator [14]:

T9()=1 [af(t)—jmred (t—r)aﬁ(r)dr}

&)

&; — respectively, components of the

Ao, i, -Volterra

[1{¢(t) = Uy, |:¢(t)7j;R<u (tfr)(}ﬁ(r)dr}.

Here ﬂ"UC’ILIOC’RCZ.’RC,u_
Lame parameters and nuclear relaxation of the

environment,
¢(t - time arbitrary function. Using the main
equations of the dynamics of deformations, we derive
the following w equation for the elastic medium in
terms of the displacement dynamics.
Low 3)
cZ ot
If we use the relationships (1) and (2) mentioned
above, then we can identify the deformations that occur
in the environment due to the impact of compression
forces. They can be described as follows:
L. OW ‘
G&:%g—‘f—%:[l?w(t—r)agi(‘;)dr, (4)
Hoe OW Ly, ¢ ow(r
0, :?0%7?0;[ R, (tfr)#dr.

Here H =c\/ch?¢—cos?, 2c— focal length; w-

displacement of ambient points at displacement.
Assuming conditions for being free of deformations
caused by compression on an elliptical cross-sectional
cylindrical cavity located in an elastic medium, the
condition can be expressed as follows:

O 21201 2, =%(5=4,0<sn<27n) (5)

The utilization condition of Somerfield’s
invariance in an elliptic vacuum is carried out
infinitely. The shape of the SH XOY - surface that
comes to the elliptical void from infinity due to the
infinity is as follows:

Aw— j R, (t—7)Aw(r)dr =

-

W. = Aei(kl(xcosﬁ+ysin9)—wt) (6)

0o [l
Here A- descending wave amplitude, in the case
[0

of the set, this magnitude will be given by; k, =—
sl

wavenumber, @ — the angle at which the falling wave

Philadelphia, USA

353

2 Clarivate
Analytics indexed



ISRA (India)  =6.317 SIS(USA)  =0912 ICV (Poland) =6.630

. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 3.939 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8.771  IBI (India) = 4.260

JIE =1.500  SJIF (Morocco) =7.184  OAJI (USA)  =0.350
is aligned with the axis of the Ox. The solution of the is obtained by the addition of the incident and reflected

equation (3) presented a_bove is sought as follows waves: W=w, +w'.

W =W(g,me, @) These waves are quantified by the Sommerfeld's
Here W (&,7) - is the displacement amplitude and radiation condition, which is established by defining
satisfies the following complex parametric differential the I_Mgthi_eu ) flunctioln. _ T?e) argitrary. CgEStar?t
equation [ 1 & & , , ) amplitudes in the last solution (5) are determined by the
| Lsz 28 oy Tl }W(gy'”):o ®) boundary condition. To find these arbitrary constants,

HETe I (w) =1 1% () + L (@), K- = ' p iyt = KE /G2 we use the following relation.

Under the influence of the SH wave, the °°{CHMG?'(%,Q)Cen(ﬂ,Q)Cen(H,q)+ }

expression for the displacement in the elliptic ,
p p p +Sn+1Nenl+)1 (501q)senﬂ(nlq)senﬂ(evq)

- . - - R =0
coordinate system, which can occur in a cavity-elastic !

medium, is given as follows [15]: » | ce ce ce (0.9)+
W, = AP Ce, (&, q)ce, (7,0)Ce, (6,0) + }m. 9) +AY M (0. a)ce, (7, a)ce, (6,9) =0 (11).
DS S, ()88, (7,0)58,.4(0.0) =0 | +iSe™ (&, q)se, ., (7, Q)se, ., (6,0)

Here ce,and se,- Periodic (trigonometric) Multiplying the two sides of the last (11) equation in
functions of Mate, c.,, se- Radial or modulated accordance with the mat'e function
functions of the Mate. The general solution of the cey(n,9),ce,(n,q),..... and se,,,(17,q) if we integral
equation (8) presented above is expressed through the the ham over the length of the Ellipse, and using the
Mate function and appears as follows orthogonality property of the mat'e function, then

arbitrary invariant magnitudes can be found:

ot 1 2
,q==(a,I',c)" (10 _ _n '
+sn+1Ne£121(§,q)sen+1<n,q)sem(@.ol)}e 1= 00 e —irace! (&, 0)/ Me, (£,.9)

Here Me®(&,g)and Ne®, (£,q)- Mathieu - S, =—i""ASe; ;(&,09)/ Ne,, (&, 9). (12)

Putting the arbitrary constants found from (12) in
(10), then we find the complete representation or
expression of the displacement. This gives a private
solution to the last expression (8) and takes the
following view

n=0

IR {cheg”(aq)cen (7.0)ce, (6,9) +

Hankel functions, C, and S

arbitrary constants.

The general solution (10) mentioned above
expresses the reflection or diffraction of incident waves
on an elastic medium-medium interface [16,17]. By the
reflected wave that returns from the surroundings of the
elliptic cavity, the increase in displacement amplitude

integral constants or

n+1

~ w.n{Cen(éq)cen(n,q)Cen(é’,qH

W—AZI ) +
n=0 +|Sen+1 (6! q)sen+1 (771 q)seml (6! q)

R {(—i"ACe; (&,0)/ Me, (&, 0)Me (£,q)ce, (7, a)ce, (6,0) + }
+(-i"ASe, , (&,0)/ Ne,, (&, 0))Ne®, (&, a)se, ., (7, Q)se, . (6,9) |

n=0

From this displacement expression, it becomes the contour voltages produced in an ellipse transverse
possible to find the concentricity ( 0,,=0,12 ) Of cross - sectional space in a Convex-elastic medium:

Ay {[Cen(aq)—Men(é,q)ce;(éo.q)/Meg(éo,q)]Ce;(n,q)cen(aq)+ }e .
"OHIE | H[Se,,(6,0)- Ne, (£,0)SeL, (&,0)/ Ney(&,,0)]ses., (7.0)se,., (0,0)]

When =0 and £=& =0, the following G =|HO e /200, CONSEANE  that  represents  the

condition on the displacement on the elliptic X, concentration of maximum contraction related to b/a
and #. Due to the elongated environment of the

surface s satisfied: elliptical conical cylindrical cube, the issue being

W| s = ii”cen (&,m)ce, (0,q) / ce, (x/2,q)e' (14) studied can be approached using the theory of elasticity
e in the problem of single deformation. In this case, the
Numerical results were obtained based on differential equation of motion in elliptical coordinate

equations (13) and (14) when calculating expansion systems (Figurel) leads to the Lame equation [19,20],

and contraction, resulting in finite results of complex and using the potentials of expansion and contraction

numbers. The main goal is to find the along the elliptical boundary, it is expressed as follows:
[ ]
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Here, k=12 describes the equation of motion for
the environment and elliptical body in the conventional

way, ¢2- the speed of the oscillations. The

characteristics of an elliptical cavity located in a
homogeneous and elastic environment are described by
its equation of motion, using the Lame equation for a
simple problem of elastic theory. The condition that the
forces at the boundary are zero is imposed for the
solution of the problem.

[(/1+2ﬂ)6u5 A ou, Ash2&

(15)

(A+2u)

PY RIS g Ut 3

al of alonp 2a) 2al
20U, A du, 2sh2¢ Y
[—+——L+ U+ ——
al of alonp 2a)° ° 2al
Moving potentials amplitudes ¢, (r), v, ()

satisfies Gel'mgol's equations:

sin2nu, ] =0,

sin2pu, 1 =0.

(16)

Ne =0 =1 n=2 =3
1 0,31529D+00 0,07927D+01 0,11075D+01 0,12755D+01
-10,24476D+00 -10,27538D+00 | -10,49782D+00 -10,39915D+00
2 0,128621D+00 0,47232D+01
-10,07852D+00 -10,13223D+01
3 0,404607D+00 0,08123D+00

-i0,078552D+00 | -i0,13228D+00

Vigy+a® gy =0 , Vi, +py, =0

The solutions of Gelmgolds equations are
expressed through the Mate function. If we use (16)
linear conditions, we can obtain a system of algebraic
equations with complex coefficients. In order for this
system to have a solution, the main determinant
composed of coefficients with unknown values must be
equal to zero [18]. The elements of the main
determinant are calculated as a function of the complex
parameter @ . To determine the complex parameter
@ | we obtain the frequency equation as follows:
(M ~DF,(F, () -(y* 2R, () +F,(y)+n ~(n" ~y* 12)* =0 (17)

Here F,(X) = xce,(x)/se,(x), n=123...

3. Results and their analysis
The complex parametric frequency equation (17) is
solved using the Miiller method. This transcendental
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