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Mechanics of Deformable Solids

FLEXIBLE RODS WITH NONLINEAR PULSE PRESSURE
FLUCTUATIONS DURING LOAD

Alexander Badzgaradze
Akaki Tsereteli State University. Kutaisi Georgia.
legsob@gmail.com

Stem systems which are interacting with air or fluid flow, are
widely used in various fields of engineering. Significantly changing
the form as a result of the impact stem the flow of form and forces
acting on it are dependent on the form of the stem. There is little
information about such a force, which creates certain difficulties for
the calculation of such structures.

In many cases, in calculating the stem structures (ropes, power
lines, etc.), the such characteristics, as hardness of Rolling and
Bending can be ignored and it can be considered as a completely
flexible stalk (filament).

The present work considers the non-linear pressure fluctuations
hose when there is stationary fluid flowing stream. If the flow rate is
zero, then, as a private event, we get the ropes, and power lines,
traffic equations. Distributed by aerodynamic forces acting on the
hose flow intensity may be present in the form of two summands:

C?a = qa,o + q.a,d :
where, ¢, , is the intensity of the aerodynamic force caused by the
stationary flow and ¢, , is a dynamic component flow. Differential

equations are a pair of hose movement:

- 0% % o 00,
L = +2nw, +oa—-— =+ =0, 1
P “oeor  Cor og | lad )
~ 0.

Ij_(élﬁ)_L(Ql,dél)_ =0. (2)

0, 0O

For solving these equations, first find the solutions for the case when
the intensity of the internal flow rate and aerodynamic forces are
zero. Solutions are obtained in the forms of vibration. We use the
principle of possible displacements; look for a solution as a linear
combination of the forms of vibration. Then go to the transformation
of ordinary differential equations. Find solutions to them. These
solutions allow us to define the geometric shape of the hose and
tension. Their design skills are required for the calculations. From the
analysis of solution we may conclude that the impulsive aerodynamic
load increases significantly shrink tubing. These results will enable
us to raise the construction of reliability.
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EFFECTIVE SOLUTION OF THE NEUMANN BVP OF THE
LINEAR THEORY OF THERMOELASTICITY FOR A
SPHERE AND FOR SPACE WITH SPHERICAL CAVITY

Lamara Bitsadze*,
*Iv. Javakhishvili Thbilisi State University, [.Vekua Institute of
Applied Mathematics, Tbilisi, Georgia, lamarabitsadze@yahoo.com

The purpose of this paper is to be explicitly solved the Neumann type
boundary value problem (BVP) of the linear equilibrium theory of
thermoelasticity with microtemperatures for the sphere and for the
whole space with a spherical cavity. The obtained solutions are
represented as absolutely and uniformly convergent series.
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ON SOME NUMERICAL RESULTS IN THE ZERO
APPROXIMATION OF THE HIERARCHICAL MODELS
FOR LAMINATED PRISMATIC SHELLS

Natalia Chinchaladze
L. Javakhishvili Tbilisi State University
I.Vekua Institute of Applied Mathematics
& Faculty of Exact and Natural Sciences
e-mail: chinchaladze@gmail.com

The talk is devoted to simulations on computer of stress-strain
state of laminated prismatic shells consisting of two elastic plies
within the framework of the laminated prismatic shell model
suggested in [1].

ACKNOWLEDGEMENTS. The work was supported by the
SRNSF grant # 30/28.
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AN ITERATION METHOD OF SOLUTION OF A
NONLINEAR EQUATION OF A STATIC BEAM

Temur Davitashvili*, Jemal Peradze***, Zviad Tsiklauri**
*1v. Javakhishvili Thbilisi State University, Tbilisi, Georgia,
**Georgian Technical University, Tbilisi, Georgia
t_davitashvili@hotmail.com, j_peradze@yahoo.com,
zviad_tsiklauri@yahoo.com

We consider the beam equation
I

u""(x)—m[ju'2 (x)dx}u"(x)zf(x), 0<x<l, )
0
with the conditions

u(0)=u(l)=0, u"(0)=u"(l)=0. 2)
Here m(z)2a >0, 0<z<w, and f(x), 0<x</, are the given
functions, u(x), 0<x </, is the function to be defined, while / and
o are some known constants.

Equation (1) is the stationary problem associated with the
equation, which was proposed by Woinowsky-Krieger (J. Appl.
Mech., 17 (1950), 35-35) as a model of deflection of an extensible
dynamic beam.

By means of Green’s function, Problem (1), (2) reduce to
nonlinear integral equation

l
u(0) =[G &+~ gl 3)
0

where



: sinh (J?(x—z)) sinh(\/;f), 0<&E<x<l,
o7 sinh(Jel) |sinh (Vz(£ ~1))sinh (Vzx), 0<x<&<l,

l
T= mUu'2 (%) dx}

0

G(x,8) =

X /
p(x) = %[(1 ~0[ef @ dg+x[1-91© dij-
0 X

Equation (3) is solved by an iteration method. The convergence of
the method is proved.

ON A VIBRATION PROBLEM OF THE SINUSOIDAL
CUSPED BEAMS IN THE (0,0) APPROXIMATION

Miranda Gabelaia
[.Vekua Institute of Applied Mathematics
of 1. Javakhishvili Tbilisi State University, Tbilisi, Georgia,
mirandagabelaia@yahoo.com

The aim of the present talk is to study well-possedness of initial-
boundary value problems in case of (0,0) approximation of
hierarchical models [1,2]. The setting of boundary conditions at the
beam ends depends on the geometry of sharpening of beams’ ends,
while the setting of initial conditions is independent of them.
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HIERARCHICAL MODELS FOR
LAMINATED PRISMATIC SHELLS

George Jaiani
I. Javakhishvili Tbilisi State University
I.Vekua Institute of Applied Mathematics
& Faculty of Exact and Natural Sciences
e-mail: george.jaiani@gmail.com

The present paper is devoted to the results obtained within the
framework of the SRNSF project “Modeling and calculating in
practice widely-distributed struc-

tures with complicated geometry”
(30/28). In the second part hierar-
WF chical models for laminated pris-

matic shells constructed by the

author are presented. The first part

Figure 1 Cross-section of a cusped ~contains a brief survey of results

laminated prismatic shell obtained by the other researchers
involved in the project.

Using 1. Vekua’s dimension reduction method [1,2] hierarchical
models for elastic laminated prismatic shells are constructed. For
each leyer we construct hierarchical models assuming to be known
stress vector components on the face surfaces of the laminated body

(structure) under consideration, while the values of X, and u; on

the interfaces are calculated from their Fourier-Legendre expansions
there. So, we get coupled governing systems for the whole structure
in the projection of the structure e.g., for the zeroth approximation
the governing system in the case of two plies has the form

:u[( 110,/1)’,/} ( /i()rz)’/i]_'_}’(hv/m/i)’rx 2{ /}[}’vy()y rz/1+lu( er/j V}jo.a)_:uvslo.n}
+};+':‘ : ao(x],xz,t) a=12;

1 (
/’t(hlv;O,/} B +5(#hl,/} V;O,/} Vo, /x\J + F =p h Vso (xl > Xy t)

vz, ) v, L T A2, =G, + F2 = p iy (ot



)
,u(hzvzzo.ﬁ )’ﬁ_G3 +Fzz =p hzi’;;o (xnxz’t) B

® ® Ve )
Fjv(xl,xz,t)::Q‘:,_ (}m) +(hy,z] +1+@7,

1 ) .
G,(x,,x,,1):= E[X}ﬂo h 2,,6—X/l.30:|, j=123, =12,
1

where

* )
Zhy(‘xl’xl) = hy(‘xl’xl)_}l;/(x]7‘x2)’ r=12,

X, =(}Z are face surfaces of the plies, (h1)(xl,x2) :(/Z(xl,xz)is the interface.

For each ply the usual for hierarchical models notations are used [3].

In particular, we consider the laminated prismatic shell with the
cross-section shown in Figure 1, its projection « is a domain
adjacent to axis x,, the thickness of each layer has the form

2h(x,,x,)=hx;, h =const>0, k=constz0, (x,x,)€m,
with different constants involved there and each may have different
elastic constants as well. For x>0 a layer is a cusped one [3]; for
i =0, in particular, we have a layer of constant thickness.

Similar hierarchical models are constructed when on the face
surfaces of the laminated body either displacement vector
components or mixed stress and displacement vector components are
assumed to be known. The analysis of well-posedness of boundary
value problems, in general, non-classical ones, is carried out.

ACKNOWLEDGEMENT. The work was supported by the SRNSF
grant # 30/28.
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ANALYTICAL SOLUTION OF CLASSICAL AND NON-
CLASSICAL BOUNDARY VALUE CONTACT PROBLEMS
OF THERMOELASTICITY FOR MULTILAYER
CYLINDRICAL BODIES CONSISTING OF COMPRESSIBLE
AND INCOMPRESSIBLE LAYERS

Nuri Khomasuridze*, Roman Janjgava**, Natela Zirakashvili***
*Tv. Javakhishvili Thilisi State University, . Vekua Institute of
Applied Mathematics, Tbilisi, Georgia,
khomasuridze.nuri@gmail.com
** Tv. Javakhishvili Tbilisi State University, I. Vekua Institute of
Applied Mathematics, Tbilisi, Georgia, roman.janjgava@gmail.com
**% Jv. Javakhishvili Tbilisi State University, [.Vekua Institute of
Applied Mathematics, Tbilisi, Georgia, natzira@yahoo.com

The paper is devoted to an analytical solution construction of
some applied thermoelasticity problems for multilayer cylindrical
bodies when some of the layers may consist of an incompressible
elastic material. Analytical solutions are obtained for the mentioned
problems and on their basis an appropriate program is developed.

For a body N -layer along the radial coordinate and bounded by
coordinate surfaces of a circular cylindrical system of coordinates
static thermoelastic equilibrium is considered. On the flat boundaries
of the cylindrical body boundary conditions of either symmetrical or
antisymmetrical continuous extension of the solution are imposed.
Between the layers contact conditions of rigid, sliding or other
contact type may be defined. On the upper and lower cylindrical
boundary surfaces arbitrary boundary conditions are given. The
stated problems are analytically solved by the method of separation
of variables. A general expression of the solution by means of
harmonic functions is used. The solution of the involved problems is
reduced to the solution of systems of linear algebraic equations with
block-diagonal matrices.

Acknowlegment. This work has been supported by Shota Rustaveli
National Scientific grant AR/91/5-109/11 .
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STABLE OF CONSTRUCTION MATERIAL BIJOND
ELASTICITY

Omar Kikvidze
Ak.Tsereteli State University, Kutaisi,
Georgia, omari-k@rambler.ru

One of important points of mechanics of solid bodes is
description of inelastic strains. Possibilities of thermodynamics in
this case are restricted. Therefore, it is necessary to use additional
permissions.

In order to define inelastic deformations, additional postulates are
usually introduced, that present reasonable limitations. There is stable
postulate of material. Introduction of stable postulate allows to obtain
constitutive relations.

For description of inelastic strain of construction materials
Druckers postulate of stable [1] and Iliushins postulate of plasticity
[2] is used. These postulates are formulated for isothermal processes
of deformation.

According to Drucker’s postulate the work of additional stresses
is positive if plastic strain is change and equal zero during passive
deformation.

f (0, ~0l) de, >0 )

Where o,

lj b

According to Iliushin’s postulate of plasticity the work of stress
on closed curve equals zero if plastic strain is constant and is
positive, if plastic strain is variable:

fo,de, 20 @)

0 .
0, are components of real and possible stress.

Where o, are components of full stress.

Above-mentioned postulates of stable of materials performance
are generalization of experimental data. generalization of
experimental data performance is also stable condition of
construction materials during thermo mechanical loading: by thermo

11

mechanical loading on closed curve in the stress-temperature space
integral is nonnegative:

§(0ij - 03 Yde, +a,(g; — gg )dT >0 3)

. . 0 .
Here & are real strains corresponding to the real stress o, , &;; 1s

possible strain corresponding to the possible stress Gg .

The unification of two inequalities Planks and Fouriers is
employed in thermodynamics of continuous media we obtain. As a
result, Clauzius - Diugem inequality, which presents thermo
dynamical axiom. Above-mentioned conditions lead to different
extremal principles. From condition (1) there follows a gradient flow.
Condition (3) gives possibility to describe a non gradient flow.
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ANALYTICAL DESCRIPTION OF THE SLIDING SURFACES
OF THE LANDSLIDE-COLLAPSE MASS OF MOUNTAIN
ROCKS

Tariel Kvitsiani, Zurab Gedenidze
Georgian Technical University, Tbilisi, Georgia,
tkvitsiani@mail.ru

The cases of losing mountain slopes stability or static or dynamic
stability of the snow cover over such slopes causing landslide and
collapses of slopes and snow avalanches are frequent.
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The damage caused by losing of static or dynamic stability of
artificial and natural slopes and avalanches is mostly the result of
insufficient reliability of structures, lack of protection and non-
optimally selected locations for them.

Most of the researchers think that the dangerous sliding surface of the
mass collapsed from the slopes is circular-cylindrical (a circle radical
in case of 2D problems) what is globally less likely and is only a
crude approximation of a real dangerous sliding surface.

We will consider the problems of stability and instability of mountain
rock slopes, which, for the first time, will give a pure analytical
solution of the problem to define a curvilinear surface of dangerous
sliding of the slope massifs collapses by maximally considering the
natural conditions.

The general and partial derivative differential equations describing
the given phenomenon, which are met by an equation of a limit
equilibrium curve describing the dangerous sliding surface of a
collapsed mass of the mountain loose rocks slopes (a case of a 2D
problem) and equation of plane (3D problem). The equation of curve
is written out in quadratures. The starting conditions to solve the
partial derivative non-linear equation are identified and general and
specific solutions are constructed.

The mountain rock landslide massif is presented as a quasi-compact
body, with its shearing and sliding conditions parametrically
determined by such mechanical parameters of loose bodies, such as
an angle of internal friction, volume weight and adherence, as well as
limit equilibrium conditions of the properties of relations between the
shearing plane and main stresses. An equation of a sliding curve for
specific and general values of the adherence coefficient are gained
and investigation for all cases of possible asymptotic properties of
integral curves is carried out..

The goal of the project is to develop new thorough methods to
calculate the slope stability, which are simple to use in the
engineering practice and are based on the determination of the mode
of deformation of a slope, application of some or other mathematical
model for the ground by strictly considering all acting forces, as well
as to consider the variation of the ground properties and identify the
shape and location of possible sliding surfaces.

13

Reference

1. Kvitsiani T., Slope stability and avalanche-like currents,
Publishing House “Technical University”, Tbilisi, 2008, p. 180.

2. Koyvitsiani T., Gedenidze Z., Khutsishvili G., Evaluation of slope
stability in case of falling against a smooth curvilinear surface,
Collection of GTU Works, No. 4 (470), Tbilisi, 2008, pp. 13-18.

ON THE CONSTRUCTION OF THE ALGORITHM OF THE
NUMERICAL COMPUTATION FOR ONE HIERARCHICAL
MODEL OF CUSPED PRISMATIC SHELLS

B. Maistrenko, T. Makharashvili, J. Rogava, K. Shashiashvili
Iv. Javakhishvili Tbilisi State University, I. Vekua Institute of
Applied Mathematics, Tbilisi, Georgia
jemal.rogava@tsu.ge

We consider the following equation:

0%u 0 ou 0%u
ph, (x)? = /’l_(hl (x)aj + uh, (x)8y_2 + f(x,3,0),

Ox
(x,y,t) € 2x]0,T7,
where Q =]0,1[x]0,1[, A, (x)=h,x“, hy >0, 0<a <1, p and
M are positive constants;
f(x, y,t) is a sufficiently smooth function.

The equation (1) represents the particular case of initial
approximation for hierarchical models of cusped prismatic shells [see
[1]].

It is clear that due to the term A (x) the given equation is
degenerate and this creates an obstacle for its numerical realization.

We consider the standard initial-boundary value problem (with
the Dirichlet boundary condition on 0€Q) for the equation (1). We
look for the approximate solution using finite difference method. Let
us cover the domain € by uniform grid. Denote the number of grid

(M
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pointsby n (n>1), the meshsizeby A , h=1/n and the grid
points denote by (x;,y,)
(x;,y;) = (ih, jh) where i,j=0,,....,n.

Standard change of partial derivatives through difference quotients
will possibly give no result. We suggest the following approach:
integrate the both sides of the equation with respect to x in the

interval [x,,,,; X,,,,,] and the integrals involving the degeneracy
h,(x) calculate using the “partial” central rectangular formula:

Xitif2 azu

Xivi/2

0%u
j ) h, (x)at—zdx =5 j fl (x)dx
5 A ’ )
u a+ a+
= ? _a _T_ 1 ( i+1}2 _xi—I}Z )

Similarly we should calculate the integral containing the second
partial derivative with respect to y. In our opinion the application of
these formulas will give better result then the direct application of the
central rectangular formula. The basis for this argument is the fact,
that the function under integral is not smooth due to the degeneracy
of function A, (x).By the latter formulas we have avoided

degeneracy in a certain sense.

The accuracy of the proposed formulas is expected to be the
same as for the central rectangular formula (locally O(4?)). Clearly
we can calculate integral from f through the central rectangular
formula.

On the next step we discretize the time argument t .Denote by
7 the time stepz =7 /m (m >1 is a positive integer), the time grid
points denote by ¢,, ¢, = k7 .

Ultimately we shall get the following system of equations:
k+1 k+1 k+1 k+1 k+1
—aU,;t biui,_/ AU = /uaojﬁ (”i,_/+1 TU; )+ di,_/
3)

where iLhj=1...,n—1, k=1,...,m, a, =a,v,,
b, =4 (p+2ua,)+(a, +a,,),
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2 +1 a+l
1(h hy  X{h, =X,
0(025 ; ﬂ”':a-l-l. h s Vi =ph(x,),
B k k-1 k-1 k=1
d;=Q@plu;,; - (_ i, O, — al‘*lul‘*laf)

k-1 k-1
+ pay, (ui,j+1 tu; )

We declare the solution ulk ; of the system (3) as the approximate
value at the point (x,,y;,f,) of the exact solution u(x,y,?),

u(x;,y;,t,) = ul.’f ;- We solve the system (3) by factorization method

combined with Zeidel iterative method. The numerical calculations
based on the proposed algorithm give sufficiently good
approximations for the different model problems.

Acknowledgment. The work was supported by the SRNSF grant
#D-13/18.
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ON APPLICATION OF I. VEKUA'S METHOD FOR
GEOMETRICALLY NONLINEAR NON-SHALLOW
SPHERICAL SHELLS

Tengiz Meunargia*, Bakur Gulua*’**

*Iv. Javakhishvili Thbilisi State University, [. Vekua Institute of
Applied Mathematics, Tbilisi, Georgia,
Tengiz.Meunargia@viam.sci.tsu.ge
**Sokhumi State University, Tbilisi, Georgia, bak.gulua@gmail.com

In this paper we consider geometrically nonlinear non-shallow
spherical shells. By means of I. Vekua method the system of
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equilibrium equations in two variables is obtained [1, 2]. Using
complex variable functions and the method of the small parameter
approximate solutions are constructed for N =1 in the hierarchy by I.
Vekua. The concrete problem is solved.
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HERITAGE OF V.KUPRADZE IN 3D ELASTICITY:
POTENTIAL METHOD AND FUNDAMENTAL SOLUTIONS
METHODS (V. KUPRADZE-110)

David Natroshvili
Georgian Technical University, Department of
Mathematics, Thbilisi, Georgia, natrosh@hotmail.com

The presentation concerns the scientific heritage of Professor
Viktor Kupradze in the linear theory of three-dimensional elasticity.
We will consider two main directions:

(1) Development of potential method for spatial problems of

elasticity and

(i1) Method of fundamental solutions.

We describe main achievements of the worldwide known school
of V. Kupradze in the theoretical study of boundary value problems
of elastostatics, elastodymanics and elastic vibrations based on the
boundary integral equations methods.

We give also an overview of results related to the universal and
easily realizable numerical method, method of fundamental
solutions.

In the final part, we describe some new developments of the
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potential theory and treat some open problems.

ON ONE METHOD OF APPROXIMATE SOLUTION OF A
PROBLEM OF THE RECTANGULAR PLATE DEFLECTION
BY THIN RIGID INCLUSION

Archil Papukashvili
Iv. Javakhishvili Tbilisi State University,
[.Vekua Institute of Applied Mathematics,
Thilisi, Georgia,
apapukashvili@rambler.ru

In the papers [1,2] a problem of the rectangular plate deflection
by thin rigid inclusion are brought to the smooth heart first type
integral equation. Solution of this equation is defined in the
singularized not integrated function class. It is possible that Jump
function W (x) has the following not integrated singularity

W) = (x=c) 2 e, 1) ().

The obtained integral equation in the papers [1,2] was solved by
the spectral (orthogonal polynomials) method, namely Jacobs’
orthogonal polynomials was used.

In this paper for approximate solution of the above mentioned
integral equation a new algorithm using collocation method is
suggested. Namely in this paper in case of uniformly ranged net a
discrete singularity method [3] is used. By analogy with [1.2] we
assumed that plane border is articulate leaned.

By numerical calculations influence of the thin rigid inclusion’s
length and mass on the values of the deflection function was
investigated.

Acknowlegment. This work was supported by Shota Rustaveli
National Science Foundation (Grant AR/320/5-109/12).
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ON THE CALCULATION
OF FLAT TAPERED FIGURES ON THE BASIS OF
REPRESENTATION OF SOLID ELASTIC BODIES BY
DISCRETE BAR STRUCTURES

David Pataraia
G. Tsulukidze Mining Institute, Tbilisi, Georgia,
david.pataraia@gmail.com

In this talk the results of one of the tasks of the grant project
(SRNSF # 30/28) — Modeling and calculation of tapered (cusped) flat
bodies on the basis of representation of solid deformable bodies by
means of combinations of discrete bar structures - are presented.

Acknowlegment. This work was supported by Shota Rustaveli
National Science Foundation (Grant # 30/28).
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MECHANICAL BEHAVIOUR OF CONCRETE
STRUCTURES REINFORCED BY COMPOSITES

V. TamuzZs
Institute of Polymer Mechanics, University of Latvia, 23 Aizkraukles
St., Riga, LV-1006, Latvia, tamuzs@pmi.lv

The strength, deformability and stability of concrete columns
reinforced by carbon composites are considered. The formulas for
prediction of ultimate strength, ultimate strain, and the tangent
modulus above the limit of nonlinearity are derived and discussed.
Comparison with the experimental data available in the published
literature is done. The strengthening of reinforced concrete columns
are considered. The loss of stability of columns above the strength of
plain concrete is analyzed and it is proved that composite
strengthening is efficient only for columns having low or moderate
slenderness.

Acknowlegment. This work was supported by project of Latvian
Council of Science # 214/2013 "Analysis and optimization of fiber
reinforced concrete composition".
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SOME CONTACT PROBLEMS OF VISCOELASTICITY
THEORY

Nugzar Shavlakadze
Iv. Javakhishvili Tbilisi State University, A. Razmadze Mathematical
Institute, Tbilisi, Georgia, nusha@rmi.ge

The solution of integral differential equation associated to the
problem of the contact interaction of thin elastic semi-infinite
element with a plane is constructed, the plane material has the creep
property and the elastic and geometric parameters of the inclusion

along its length vary according to a power law. In moment 7, the
inclusion is loaded with only tangential ¢,(f,x) or only normal
P, (t,x) forces.

It is required to determine the law of distribution of tangential
q (¢,x)and normal p(¢,x)contact stress along the contact line, the

asymptotic behavior of those stresses at the ends of inclusion and the
coefficients of their intensities..

For determination of the unknown contact stress we obtain the
following integral equations

_ 2\ ®© _ 2 t 00
_2(0-v )Iq(t,y)dy+2(1 v )J'K(sz’ sz)dTIq(;,_y)dy:
7 0

nk, 3 y—x 7k, X
1 X
== lg (£,y)—q,(t,y)]dy, x>0
Es‘('x)‘('). ’
2(1-v?) d? d [ pty)d
_Q—ZD()C) {J'p( »dy
nk, dx de 3 y—x

t 0 T, d
J-K(t—f-pz, T+p2)dTIM}
7 0 y_x

= p,(t,x)— p(t,x), x>0
where
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oC(t,1) E, (x)h(x)
ot 1-v]

C(t,7) =, (z)[1—e "] is measure of creep of plane material,

Kt7)=FE, , Py =T,—T,, E (x)=

3

7,(x) = const is age of material, v, is Poisson's ratio and £, (x) is

the elastic modulus of the material of inclusion , /(x) is its thickness,

D(x) is cylindrical rigidity of inclusion.

The equilibrium conditions for inclusion have the form
[Tg(t.3)~4,(t)1dy =0 [Lp(t. )= Pyt 3)1dy =0,
0 0

o0

I (&, y) = po (8, ¥))dy = 0.

0

ON ONE EFFECTIVE SOLUTION OF SOME BOUNDARY
VALUE PROBLEM OF STATICS OF THE THEORY OF
ELASTIC MIXTURE FOR A HALF-PLANE

Kosta Svanadze
Akaki Tseretelli State University, Kutaisi, Georgia,
kostasvanadze(@yahoo.com

In the present work it is shown that the effective solution of some
boundary value problems of statics in the linear theory of elastic
mixture for a half-plane can be reduced in some domain to the
Dirichlet problem for equations of the Laplace and Poisson and on
the of Neumann problem for equation of the Poisson.
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SOME FRAGMENTS OF DEVELOPMENT Of SOLID
MECHANICS

Tamaz Vashakmadze
1. Javakhishvili Thbilisi State University, I.Vekua Institute of Applied
Mathematics, Tbilisi, Georgia, tamazvashakmadze@gmail.com

In this talk, which is a kind of a survey, comprising half a century
period, some mathematical problems of nonlinear mechanics of
solids are considered. Problems connected with exstension and
justification of some classical results of linear theory of elasticity for
isotropic homogeneous bodies and numerical realizations of thermo-
dynamics of anisotropic nonhomogeneous not only elastic media
will be stated. A part of this work will be reported acording to [1],
pp-195-240.

Acknowledgment. This work was supported partly by Shota
Rustaveli National Science Foundation (Project # 30/28) and partly
by Department of Mathematics and 1. Vekua Institute of Applied
Mathematics of TSU.
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DETERMINING OF THE TENSE-DEFORMING CONDITION
OF ANISOTROPIC PRISMAL BODY IN CASE OF BENDING
BY LATERAL FORCES

Roland Zivzivadze
Akaki Tsereteli State University, Kutaisi, Georgia,
rolandi.zivzivadze@gmail.com

In the work the problem of stress-strain state of the right-angled
section anisotropic prismatic body is studied in case of bending by
lateral forces. Without the usage of assuming hypothesis (among
them the Saint-Venant way) an exact solution of the problem is given
with the use of a new theory, dealing with a general science of
continuous bodies, created by I.Ghudushauri. The components of
internal strain and displacement are found, which satisfy the initial
and boundary value conditions, the physical equations and the
equations of equilibrium.
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Mechanics of Fluids

ABOUT THE POSSIBILITY OF ENERGY GENERATION
FROM THE EQUILIBRIUM ENVIRONMENT

Amiran Aptsiauri
Kutaisi national educational university, Kutaisi, Georgia

The paper draws attention to the fact that reports about energy
production from the equilibrium space (in particular from the
vacuum) has a strong theoretical basis and these phenomena can not
be explained on the basis of classical equilibrium thermodynamics,
which does not take into account the complex structure of matter and
its ability to internal circulation (accumulation and release) of
energy...

These phenomena in an isolated system may cause erratic
decrease in entropy. The classification of processes that can be
termed as implosion is given. (For the first time this term is used by
Shauberger).

From the standpoint of the discrete structure of universe, all
bodies and systems are in disequilibrium or conditional equilibrium
state. Consequently, the equilibrium, phenomenological thermo-
dynamics and theory of Carnot are true for processes that, in
principle, do not exist in nature.

Following the second law of thermodynamics, if in the system of
physical bodies at a certain temperature, a chemical reaction with
heat absorption is carried out, the reverse reaction with heat release
will be carried out only at the same or lowest temperature. As far as
is known, the validity of this principle has not been proved and can
not be proved, since, in fact, the opposite effects are found.

By author is shown that if in the thermodynamic cycle, at a specific
temperature, is carried out implosion (For example, process with heat
absorption, generation of turbulence or cavitation and others) and the
reverse process with heat release (dissipation) occurs at a higher
temperature, the thermodynamic cycle will continuously generate
usable energy from the heat. As an example is stated the water decay
and reverse synthesis cycle and is shown that the water thus becomes
in a source of heat and mechanical energy, although, in reality, at this
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is consumed the environmental heat or another kind of energy (in
particular, vacuum energy).
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MODELING LITHODYNAMIC PROCESSES IN THE
COASTAL ZONE

Amiran Bregvadze
Akaki Tsereteli State University, Poti, Georgia

The beach topography change in the nearshore zone may be
induced by natural phenomena such as wind, wave, storm,tsunami,
and sea level rise. However, it can also be caused by man-made
structures and activities, for example, groins,detached breakwaters,
seawalls, dredging, and beach nourishment. Therefore, understanding
the beach topography evolution in this zone is necessary and
important for coastal engineering projects, e.g., constructing harbors,
maintaining navigation channels, and protecting the beach against
erosion.

During the latest decade, advanced numerical models have been
used as useful tools for simulating the beach morphological
evolution. A number of such numerical models have been developed
and applied through the years in many practical applications.
However, the hydrodynamical and morphological processes are
extremely complex in the nearshore zone and still beyond our current
knowledge to describe in detail. Thus, these numerical models often
include a limited set of processes characterized by certain time and
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space scales. Furthermore, high-quality and synchronized data sets
from laboratories and the field are also limited, making model
validation difficult.

The overall objective of this study was to develop a robust and
reliable numerical model of beach topography evolution due to waves
and currents with the emphasis on the impact of coastal structures.
Such a model should describe the effects of both longshore and
cross-shore sediment transport over time scales from individual
storms to seasonal variations. In order to facilitate this, a number of
sub-models were developed and improved, including (1) a random
wave transformation model, (2) a surface roller model, (3) a
nearshore wave-induced current model, (4) a sediment transport
model, and (5) a morphological evolution model.

The obtained results predicted by the numerical model were
satisfactory and in good agreement with measurements. The
simulations showed that the calculated wave conditions and
longshore current were well reproduced for all investigated test cases
with and without structures. The calculated cross-shore current
somewhat underestimated the measurements, however,it was in good
agreement with observations in the lee of structures. Although the
calculated wave setup overestimated observations, the absolute
differences between calculations and measurements were relatively
small. The predictions of beach morphological evolution under
waves and currents in the vicinity of a detached breakwater and a T-
head groin agreed rather well with measurements. Both salient and
tombolo formation behind these structures were well reproduced by
the numerical model. In the future, the model will be further
validated against available data from the laboratory and the field.

However, already in its current state it is expected that the model
can be applied in coastal engineering projects for predicting the
beach evolution in the vicinity of coastal structures with some
confidence.
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LARGE SCALE ZONAL FLOWS’ AND MAGNETIC FIELD
GENERATION BY SMALL SCALE TURBULENCE IN THE
IONOSPHERE

Khatuna Chargazia, Oleg Kharshiladze
Iv. Javakhishvili Tbilisi State University,
I. Vekua Institute of Applied mathematics,
Thilisi, Georgia
khatuna.chargazia@gmail.com

In the present work, the generation of large-scale zonal flows and
magnetic field by short-scale collisionless electron skin depth order
drift-Alfven turbulence in the ionosphere is investigated. Evolution
equations for the shear flows and the magnetic field is obtained by
means of the averaging of model equations for the fast-high-
frequency and small-scale fluctuations. It is shown that the large-
scale disturbances of plasma motion and magnetic field are
spontaneously generated by small-scale drift-Alfven wave turbulence
through the nonlinear action of the stresses of Reynolds and
Maxwell. Positive feedback in the system is achieved via modulation
of the skin size drift-Alfven waves by the large-scale zonal flow
and/or by the excited large-scale magnetic field. As a result, the
propagation of small-scale wave packets in the ionospheric medium
is accompanied by low-frequency, long-wave disturbances generated
by parametric instability. Two regimes of this instability, resonance
kinetic and hydrodynamic ones, are studied. The increments of the
corresponding instabilities are also found. The conditions for the
instability development and possibility of the generation of large-
scale structures are determined. The instability pumps the energy of
primarily small-scale Alfven waves into that of the large-scale zonal
structures which is typical for an inverse turbulent cascade.

Acknowledgement: This paper is supported by Shota Rustaveli
National Science Foundation's Grant no 31/14 and 7" EU Framework
Program (FP7/20072013), grant no. 269198 “Geoplasmas” (Marie
Curie International Research Staff Exchange Scheme).
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MATHEMATICAL MODELING OF NATURAL GAS FLOW
IN PIPELINES WITH FORMATION OF HYDRITES

Teimuraz Davitashvili, Givi Gubelidze
Iv. Javakhishvili Thbilisi State University, I.Vekua Institute of
Applied Mathematics, Tbilisi, Georgia, tedavitashvili@gmail.com

Nowadays pipelines have become the most popular means for
natural gas transportation. Main reasons of pipeline constipation
(emergency shutdown) are the following: generation of hydrates,
freezing of water slugs, contamination and so on. Unfortunately
practice shows that while natural gas is transported by pipelines
changeability of gas pressure and temperature are causing formation
of the gas liquid phase. There are several methods for avoiding gas
hydrate problems: injection of thermodynamic inhibitors, use of
kinetic hydrate inhibitors to sufficiently delay hydrate
nucleation/intensification, and maintain pipeline operating conditions
outside the hydrate stability zone by insulation, heating and
controlling pressure. However, the above techniques needs
knowledge of hydrates formation localization otherwise they may not
be economical and practical. To take timely steps against generating
of hydrates, it is necessary to study humidity and distribution of
pressure and temperature. From existing methods the mathematical
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modeling with hydrodynamic method is more acceptable as it is very
cheap and reliable and has high sensitive and operative features. In
the present paper the problem of prediction of possible points of
hydrates origin in the main pipelines taking into consideration gas
non-stationary flow and heat exchange with medium is studied. For
solving the problem of possible generation point of condensate in the
pipeline under the conditions of non-stationary flow in main gas
pipe-line the system of partial differential equations describing the
hydrodynamics and thermal physics of a flow in the gas main in the
presence of deposits of gas hydrate is investigated. Some results of
numerical calculations for emergency detection are presented.
Numerical calculations have shown efficiency of the suggested
method.

Acknowlegment. This work was supported by Shota Rustaveli
National Scientific Foundation Grant #GNSF/ST09-614/5-21.

THE GENERALIZED INTEGRAL RELATIONS FOR
BOUNDARY LAYER

Revaz Kavtaradze
Bauman Moscow State Technical University,
Moscow, Russian Federation

We will restrict ourselves to the consideration of radiative-
convective heat transfer within the thermal boundary layer. The
mathematical model of heat transfer between the working medium
and the wall is based on the following assumptions.

1. The working medium is a gray body whose temperature is equal

to the temperature beyond the boundary T.,.

2. The radiation transfer in the longitudinal direction of the
boundary layer is not considered.

3. The emissivity factor € of gas is pre-assigned on the basis of an
empirical relation. The emissivity factor of wall surface [1] is
taken to be constant.
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4. The rate of leakage of working medium (which radiates and
absorbs the thermal energy) on the r surface is preassigned from
the theory [1].

5. The problem of the flow of working medium past the surface is
treated in the axisymmetric (proceeding from the geometric
shape) and quasi-steady-state (proceeding from the value of
Strouhal number Sh<<1 formulation.

The equation system for the dynamic and thermal boundary layers of

a gas which radiates and absorbs the thermal energy and flows over a

curvilinear surface has the form [1]

0 0
a(fh ”)"*‘@(Hl H, V):O;

u Ou ou wuv 0H,
pl——+v—+— =
H, Ox oy H, 0y

—Lé—p+%i(leH3rT),
H ox H H, 0y
W o, _op. 0
'DH1 dy 0y’
or or_1 o

H3u6—+H1H3v = [H, H,(q, +q, +7,u)}
X 6)/ pcp ay

6;;7: zﬂK(O-oT4_E+}

0E
-——=pB«xlo,T" -E

o, prlor-E)
and the boundary conditions have the form
y=0,u=v=0,7,=7,,T=T,,E =E(0), E =E (0);
y=0,,u=u,,t.=0;(2)
Y= 5T > T = T 0>
y=0,u=0,7,=0.
In these expressions, p is the pressure; p is the density; T is the
temperature; u and v are components of velocity vector in the
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longitudinal x and transverse y directions, respectively; tr is the
friction stress; 7, =7 T’ b0 is the friction stress on the wall; ¢ ¢

and ¢ r denote the density of convective and radiative heat fluxes,

2 2 2
respectively; and Hl.2 = ﬁ + a_y + E (i=1,2,3)
0q, g, g,

denotes the Lame coefficients which relate the arbitrary orthogonal
curvilinear coordinates g,(x, v, z), ¢2(x, y, z), g3(x, y, z) with Cartesian
coordinates x, y, z. Since the problem is solved in the axisymmetric
formulation, H, is absent from Egs. (1). The radiative heat flux along

the y-axis is ¢, = £, — E_where £, and E_ denote the radiation

flux density along the y-axis and in the opposite direction,
respectively.

Selected as a basis for the solution of the problem system
represents the integral method, which exhibits a number of
advantages over the direct numerical solution of the equation system
(1) by any one of the known methods [2, 3, 4, 5]. The method of
integral relations implies the use of integral characteristics of
boundary layer such as displacement thickness, momentum
thickness, and enthalpy thickness. These characteristics have the
significant property of invariance in the case of the upper limit of

integration varying from y = 5m to infinity [2]. Also an advantage of

the method of integral relations consists in the reduction of the effect
made on the end result by the errors associated with the use of
semiempirical dependences for [Jw known from thermophysics (for
example, the profile of velocity or turbulent friction stress has not
been yet determined directly for thin boundary layer in working
modes in piston engines). In addition, the use of the integral method
enables one to replace the problem with partial differential equations
by that with integral-differential equations of shear stresses of
friction, velocities, and temperature may be used to reduce the latter
equations to ordinary differential equations whose solutions satisfy
the initial equation system (1) and boundary conditions (2).

The generalized integral relations, obtained by way of integration
of equations of motion for hydrodynamic boundary layer and of
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energy for thermal boundary layer on the coordinate y within the
boundary layer, have the form

(2@’ +3a+1Y 0H, .| d5”
a oy dx
1 1du, 1 0H) o
au, dx H, Ox
) -b
_A[Za +3a+lj vt (57)" = 0 .
a

H 8,
di[H30um(Too_Tw)8:*] = i|:qkw + (E__E+) ‘ :|’ (4)
X pc 0

P

v 4y u
here, & = j— l-—|dy is the momentum thickness,
u
0 m

uﬂ‘l
o 4Ty Tr-T
8, = | —|1-———-=—|dy is the enthalpy thickness, a is the
0 um Toc - Tw
: 13 t3] . M : 1 u y '
exponent in the “power law” of distribution of velocity — = 5_
um m

(its value corresponds to the condition of equivalence of the power
and universal (logarithmic) laws of distribution), b is the exponent

from the Blasius formula for friction stresst, = Apu_ Re "’ (its

value is related to the exponent a by the Karman condition @ = b/(2
—b)); 10 v is the kinematic viscosity, H ;, = H’y:O s Qp = qk’yzo is
the heat flux to the wall surface.

Integral conditions (3) and (4) are generalizations of the known
integral conditions. Indeed, if we assume that that the surface
curvature radius 7 —>ocand the radiative heat flux
q,=(E. ~E)
Kruzhilin—Polhausen [2] follow from Egs. (3) and (4).

dr
0

= ( the known integral relations of Karman and
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Thus, the generalized integral relations are obtained. The
obtained results confirm the working capacity of the model.
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STRONG ANISOTROPIC VORTEX TURBULENCE
SPECTRA IN GEOSPACE ENVIRONMENT

Oleg Kharshiladze, Khatuna Chargazia
Iv. Javakhishvili Tbilisi State University,
Thilisi, Georgia

oleg.kharshiladze@gmail.com

The talk is devoted to the investigation of the macroscopic
consequences of nonlinear vortex structures in magnetized space
plasmas. Strongly localized vortex structures contain the trapped
particles and, diffusing in the medium, cause appreciable density
fluctuations and intensify heat transport processes, i.e., they can form
the strong vortex turbulence. Turbulence is represented as gas of
ensemble of the strongly localized (therefore weakly interacting)
identical vortices creating the basic condition. The vortices with
various amplitudes randomly distribute in space (due to collisions).
The statistical approach is applied for their description. It is supposed
that the stationary turbulent state is formed by balance of competitive
effects: spontaneous birth of the vortices due to nonlinear curvature
of the perturbations’ fronts, noise pumping into the short scales and
collisional or collisionless dampings of the perturbations into the
short-waves area. Noise pumping according to scales in an inertial
interval occurs due to structures’ merging at their collision. The new
spectrum of turbulent fluctuations according to wave numbers

k™%/3 | which correlates well with experimental observation, is

derived. For the magnetotail region the parameters of kinematic and
magnetometer measurements by satellite “THEMIS” data are studied.
Investigated spectra shows, that the power law index of these spectra
are dependent on the magnetospheric state. Namely, in the time
interval, studied by us, the form of the spectra is determined by
magnetic storms in the magnetospheric region. Computer modeling
of the interaction of plasma vortices was carried out, which proved
the possibility of the scenario of proposed turbulent state formation.

Acknowledgement: This paper is supported by Shota Rustaveli
National Science Foundation's Grant no 31/14 and 7" EU Framework
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ON THE NAVIER-STOKES EQUATION IN SOME AXI-
SYMMETRIC CASES

Nino Khatiashvili
Iv. Javakhishvili Tbilisi State University,
[.Vekua Institute of Applied Mathematics, Tbilisi, Georgia,
ninakhatia@gmail.com

The fluid flow over the axisymmetric bodies in case of low Reinolds
number is considered. In this case the Navier-Stokes equation could
be linearized and reduced to the Stokes linear equation with the
appropriate initial-boundary conditions. In some specific cases the
explicit formulas for the velocity of the flow and shear stresses are
obtained. The case of changeable boundary is also considered.

NUMERICAL INVESTIGATION OF THE SEASONAL
PECULIARITIES OF THE UPPER LAYER THERMAL
MODE IN THE BLACK SEA

Diana Kvaratskhelia*, Demuri Demetrashvili**
M. Nodia Institute Geophysics of Iv. Javakhishvili Tbilisi State
University
* Thilisi, Georgia, diana_kvaratskhelia@yahoo.com,
** Tbilisi, Georgia, demetr 48@yahoo.com

The turbulent mixing layer of seas and oceans is one of the
important water areas, the thermal state of which defines to a great
extent not only processes of ocean-atmosphere interaction and
climate formation, also it significantly influences the living marine
organisms. The same can be noted concerning the Black Sea
turbulent mixing layer, which undergoes significant variations in the
inner-annual time scale.

Original barolinic 3-D numerical model (A. Kordzadze and D.
Demetrashvili) have been used to simulate the Black Sea
thermodynamic processes in the mixing layer of the Black Sea.
Emphasis has been focused on estimation of variability of horizontal
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heat transport and thickness of mixing layer in conditions of the
alternation of different wind types and monthly variability of
atmospheric thermohaline forcing.

The analysis of the numerical experiments showed that
distribution of temperature fields on the horizons in the upper mixing
layer is connected generally with variability of atmospheric
thermohaline forcing, but variations of the thickness of this layer
mainly depend on circulation processes developed during the year.

On an example of January it is shown that in the cold season the
thickness of the mixed layer is increasing. In this period above the
Black sea alternation of strong winds is observed and temperature
mixing processes within the homogenous 0-16m upper layer are
strongly developed. In the warm season (approximately from middle
April to the end of August), when weak winds are observed, the
mixing layer of the Black Sea is thinnest.

ON THE TRANSITIONS BETWEEN TWO ROTATING
POROUS CYLINDERS WITH RADIAL AND AXIAL
PRESSURE GRADIENT

Luiza Shapakidze
A. Razmadze Mathematical Institute of Iv. Javakhishvili Tbilisi State
University, Tbilisi, Georgia,
luiza@rmi.ge

The stability of viscous incompressible flow between two
rotating porous cylinders with a radial and axial flows are
investigated. This type of flow occurs in technical hydrodynamics
connected with the problem of filtration and has special interest.

The first instability of main stationary flow occurred via either
axisymmetric or nonaxisymmetric disturbances. In the first case the
main flow is replaced by the secondary axisymmetric flow having the
form of vortices. For nonaxisymmetric disturbances the secondary
flow regime is a time-periodic flow with azimuthal waves.
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The report presents the results of investigation of complex
regimes arising in a vicinity of the intersection point of the neutral
curves corresponding to two above mentioned kinds of instability.

UNSTEADY ROTATION PROBLEM ON INFINITE POROUS
PLATE IN THE CONDUCTING FLUID WITH ACCOUNT OF
MAGNETIC FIELD AND HEAT TRANSFER IN CASE OF
VARIABLE ELECTRIC CONDUCTIVITY AND INJECTION
VELOCITY

Levan Jikidze, Varden Tsutskiridze
Georgian Technical University, Tbilisi, Georgia
E-mail address: levanjikidze@yahoo.com, b.tsutskiridze@mail.ru

By using the method of successive approximation we have
studied the unsteady rotation problem on porous plate in a conducting
fluid with account of magnetic field and heat transfer with variable

T
T UW = UO T_
electric conductivity o = 0, — and injection velocity 0,
0

To determine the thickness of the dynamic and thermal boundary
layers, differential equations are obtained and exact solutions were
found in special cases when the injection velocity varies according to

different laws and between the thicknesses of a functional

dependence of the form or()=75(1)
All physical characteristics of the flow are calculated.
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MODELING OF WAVE PROCESSES IN THE COASTAL
ZONE

Amiran Bregvadze, Lali Sichinava
Akaki Tsereteli State University, Poti, Georgia

A numerical model of undertow due to random waves is
developed. The model includes three sub-models: (1) a model for
multi-directional and frequency random wave transformation, (2) a
surface roller evolution model, and (3) a model for calculating the
vertical distribution and the mean value of the undertow velocity. The
calculation of wave trough level is estimated based on the theory of
wave asymmetry. The model is expected to provide reliable input for
the modeling of sediment transport and morphological changes due
to waves and currents.

MATHEMATICAL MODELING OF BIOMECHANICAL
SYSTEM EQUIPPED WITH RESCUE BACKPACK-LIKE
DEVICE

Archil Geguchadze, George Chiradze, Gocha Lekveishvili
Akaki Tsereteli State University
Kutaisi, Georgia, archigon@ymail.com

The intended for evacuation of sufferers in natural disasters and
other emergency situations simple backpack-like innovative rescue-
belt device ("know-how") represents the alternative to traditional
hand-barrow (a stretcher) Besides, for military purposes, the
company "Agilite Gear", manufacturer of tactical-purpose
equipment, has developed the backpack-like rescue belt device [1, 2].

The backpack-like rescue-belt device redistributes a transported
person's weight similarly to traditional sitting. Its mechanical
structure is based on the newly created sample of a flexible loop [3].
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The oscillating dynamic processes of biomechanical system are
described by using the Lagrange second order differential equation
system [4].
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The proposed backpack-like rescue-belt device can be used in the
passages blocked up by ruins, narrow ravines with complicated
landscape and under other extreme conditions of complicated
movement - without special training.
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THE STRUCTURE AND WORKING ANALYSIS OF
CRAN_TRANSPORT AND TRAFFIC CARS

Vazha Gogadze
Akaki Tsereteli State University, Kutaisi, Georgia

The crane-transport and traffic car’s machinery equipment
represent the area of systems, which demands precision of
instruments, due to which in every ring, stress may be minimal.
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THE MATHEMATICAL MODEL OF STUDIES OF THE
EXTENT OF THE INFLUENCE OF FACTORS ACTING ON
EXHAUST GAS HEAT EXCHANGE PROCESS

Besik Kantaria, Romanoz Topuria, Teimuraz Kochadze
Akaki Tsereteli State University, Kutaisi, Georgia
temko1954(@mail.ru

The exhaust gas heat exchange process occurs under
considerable influence of numerous factors such as: changes in speed
of movement, mass and temperature of the combustion products, and
thickness of soot settled to the surface of heat exchanger. Analyzing
the dynamic motion of exhaust gases in exhaust system, which
directly depends on the engine operating condition, we see that the
amount of its heat energy is changeable and the current heat
exchange processes are unsteady that directly depends on the
unsteadiness nature of the motion speed of flow, changeability of
mass and temperature of flow, thickness of sediments of the
combustion products on the surface of heat-exchanger and on the
flow pulsation nature and so on. Thus, while utilizing burnt-out gases
heat energy in calculation of heat-exchange process, it is necessary to
take account of the influence of the engine operating conditions — the
value the transient flow of heat and of thickness of sediments of the
combustion products on the surface of heat-exchanger. The
mathematical model for the selected tube and rib compact heat
exchanger is developed, which describes the heat-exchange process
from the hot heat carrier (exhaust gases) to the cold one (coolant),
and we obtain the equation system. By inserting and integrating
known quantities into the equation system, the mathematical model
of heat transfer process of the exhaust gases’ heat energy is obtained,
which determines the flow of heat on the i-section of heat exchange
process.

In order to calculate heat exchange process and select the
compact heat-exchanger, it is necessary to analyze the following four
geometrical parameters:

- equivalent diameter — depends on a free area and single

channel perimeter, which is formed between two neighboring

ribs;
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- volume-to-size ratio — depends on the entire surface and
volume of heat-exchanger, which is placed in the ribbing
space;

- free area ratio - depends on a free area and the entire face
area of the ribbing space; this ratio characterizes filling of
section in the cross-section of ribs;

- specific ribbing area - depends on the entire surface of ribs
and heat-exchanger, which characterizes heat transfer from
the ribbing space share from the heat transfer surface area.

The characteristic sizes and parameter describe ribbing property

of a particular heat-exchanger with no conditions. At the same time
in this case, there are easily obtained those geometrical parameters of
heat-exchanger, which are used in their calculations. The hydraulic
characterizes of heat-exchanger are noteworthy as well, which
describe the pressure loss value, which is spent on the arisen flow
regime for increasing intensity of heat transfer process.
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SHELLS DEFORMABILITY AND STABILITY OF SPATIAL
SYSTEMS WITH DISCONTINUOUS PARAMETERS

Gela Kipiani
Georgian Technical University, Tbilisi, Georgia

gelakip@gmail.com

Considered are review works on stability analysis analytical
methods with taking into account the geometrical non-linearity and
stability of plates, which have the discontinuities of regularity. Due to
the consideration of these non-regularities generalized functions are
applied that will be introduced in initial geometrical and physical
relations. The solution of obtained differential equations with pulse
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coefficients are presented by combination of regular and
discontinuous functions that leads to rapidly divergence series and
simple computational algorithms.
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THE INFLUENCE OF LIGHTING ON THE THREE-
DIMENSIONAL SOLUTION OF THE BUILDING
STRUQTURE

Izolda Kvernadze
Akaki Tsereteli State University. Kutaisi, Georgia, ikvernadze@mail. ru

When projecting figures on a plane between the figure and its
projection with a combination of flat fields, there is various related
correspondence. This establishes a correspondence between, for
example, a combined plan and shadow shapes on the frontal plane.
Analyzing the construction of the shadow of a horizontal circle on the
frontal plane, usually carried out by the method of removal, we can
see that the basis of this method is the shift transformation, which
transforms the circle into an ellipse.

Surface can be represented as the envelope of its tangent planes.
Moving a tangent plane for some direction touch points leave a trace
of the points of contact on the surface. Direction of the received line
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which is called the characteristic is, in a certain way, connected with
the displacement direction of the tangent plane. Note that if the
surface is described approximately by a developable surface, the
tangent line of contact and generator of a developable surface are
aligned on the surface.

When building of their own and drop shadows of surfaces
amazing relationship of affine, projective and differential patterns in
their practical aspect is found. The development of these patterns on
the example of building their own and drop shadows of a surface of
revolution are considered. The results are applicable to more general
cases with arbitrary shadowing light. At first, we study a special case
for a cone of revolution by lighting parallel to the frontal plane
projections. The projection of the outline shadow generator is
determined as the fourth harmonic to the given generator and
direction of the light beam.

Graphic algorithm of constructing of shadow points by holding
of straight lines respectively perpendicular or parallel to the direction
of the light beam and outline generator is installed. On this basis,
obtain a functional relation between the coordinate of the desired
point with the radius of the base of the cone, angles of the light beam,
and the distance to the generator, as well as the relationship between
the direction of the beam of light and its projections.

INVESTIGATION OF ROCK’s FIELD OF TENSION UNDER
ROLLING LOADS ON ITS SURFACE

Marine Losaberidze, Mamuka Vazagashvili
Georgian Technical University, Thbilisi, Georgia, mlosaberidze@gtu.ge

In the paper it has been proposed mathematical model, according
which rock is considered an orthotropic half-plane, on which
boundary rolling loads exert pressure with constant v velocity (v<cy,
v<c,, ¢; and c, are velocities of shear and compressional wave
propagation) (Fig.1).
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a(x)

Fig.1

The mathematical problem has been studied and solved by
complex variable and theory of analytical functions. Particularly, the
analog of Airy stress function has been written and analytical
functions of F(z;) and Fx(z,) (z;=€; +iny, 2,=E; +iny; & + & =X — vt
m=(-v7c:H)"; m=(-v"/c,)"?) have been found, by which
stress and displacement components are expressed analytically.
Stated formulas enable to find stress-strain behavior of rock.

The problem considered is interesting on both mathematical and
practical grounds.

ROLE OF RESIDUAL STRESSES IN THE DESTRUCTION
OF PIPELINES

Svetlana Mindadze, Parmen Kipiani
Akaki Tsereteli State University, Kutaisi, Georgia,
parmenk@gmail.com

In the welding and surfacing as a result of uneven volume
changes stresses are formed, which may be caused by different
phenomena. These internal stresses can cause not only the
deformation of the structure, but also its destruction [1-3]. Such cases
are particularly dangerous for the ecology of the environment in the
production and operation of complex welded structures of large
dimensions. Such structures are large-diameter pipelines, in
particular, oil and gas pipelines. A large number of accidents are
annually fixed there.
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The main cause of accidents networks of pipelines is often the
corrosion of base metal and welded joints, which is particularly
dangerous in the presence of internal stresses in the structure, as they
can develop stress-corrosion cracking under stress. As indicated in
[3], up to 40 % of accidents occur as a result of corrosion cracking.
Almost half of the destruction of pipelines occur in the weld zone,
the cause of which is the presence of local residual welding stresses.
When these residual stresses in the pipe are added to the operating
stresses crack in the weld zone can be accelerated and cause the crack
growth stage up to the destruction of the pipeline. This process is
particularly intense in the development of corrosion phenomena.

As the research results, the presence of residual stresses in the
welds and base metal of welded pipes of large diameters was found.
The values of residual stresses at individual points reaches the yield
stress of the base metal. Residual stresses when applied to the
operating stresses significantly increase the total stresses, which
accelerates the corrosion process of pipelines destruction. Residual
stresses as applied to the operating stresses significantly increases the
total stresses, which accelerates the corrosion process of destruction
of pipelines. Therefore, it is necessary to develop ways of reducing
the residual welding stresses in pipes.

There are numerous methods to reduce the residual welding
stresses: forging, compression, vibration, shock, sonication, local and
volume heat treatment, and others. Very good results are obtained by
using methods of thermal treatment.

In addition, there is a need to influence the value of residual
stresses in the pipes to reduce it using welding materials with better
properties. For this purpose is carried out research to develop a
welding wire, which allows to create the weld residual stress or
compressive or tensile values far (sometimes even 5 times) lower
than the existing technology.

Investigations were carried out on steels and 17T'IC and
I15XCH/] using welding wire CB-081'2C and CB-08XM (ferrite-
pearlite ), CB-06X19HI9T (austenitic) and flux-cored wire designed
martensitic structure (4.5-5.5% nickel, 0 5-0,6% , chrome, 0.3-0.5%
molybdenum, 1.3-1.5% manganese, 0.3-0.4% silicon, 0,14-0,2%
vanadium, yttrium< 0,019 %, carbon< 0,05%, iron - balance). As
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protective atmosphere carbon dioxide was used, welding fluxes
grades AH-60 and AH- 348.

Mechanical test specimens welded with wire of the above
composition indicated that the toughness of the weld metal toughness
equivalent to the base metal and technological strength completely
satisfies the regulatory requirements for welded pipes.

In [4] investigated is the possibility of reducing the residual
stress and increasing the technological and structural strength of the
weld through the creation of physical and chemical heterogeneity on
the length of the seam.

The experiments were performed on steels 171'1C and
15XCH/], using welding wire CB-08XM, CB-06X19HO9T and cored
wire with alternating cyclic structure (CB-08XM+CB-06X19HIT) in
defense of the gas and submerged AH- 348. It was assumed that the
increase in the resistance against the weld cracking is possible
through the use of variable - cycle material composition through the
relaxation of welding stresses. In this case, residual stress reduced by
2-4 times compared with stitches, made pearlitic and austenitic
materials.

References

1. buprep HN.A. Octarounsie HanpsukkeHus. M.: Mamruz, 1963.
—-232c.

2. Munpanze C.O., AatonoB A.A., CaraneBuu B.M., UepHriiien
I'"H. Ocrarounple HaNpsOKCHUS B CBapPHBIX COCAMHCHHIX
nmerkux cmiaBoB. /Tpymet MBTY, Ne 434, Mocksa, 1985,
c.107-115.

3. TIlamxkos FO.M. u np. OcTaTouHble CBAPOUYHBIC HATPSIKCHUS H
MyTH  CHWKCHHUS  CTPECC-KOPPO3WOHHOTO  pa3pyIlIeHUS
MarucTpaibHEIX Ta3onpoBonoB. /BectHuk HOypl'V, Nel5o,
2012, ¢.29-30.

4. CypxoB  A.B,, 3youeno  A.C., Kummanun  IL.H.
TexHoMOTMYECKas: MPOYHOCTh U PACIPEIICIICHUE JISTHPYIOITUX
3JIEMEHTOB B CBapHBIX COCIMHEHHUSIX C METalIOM IIIBa
MePEMEHHO-ITUKIITIECKOTO COCTaBa. /CBapouHoe
mponu3BoacTBO, Ne 9, 2001, c.31-34.

50



SOME NON-TRADITIONAL ASPECTS OF CLASSICAL
DESCRIPTIVE GEOMETRY

Eteri Popkhadze
Akaki Tsereteli State University, Kutaisi, Georgia
epopxadze@mail.ru

Modeling of many physical, biological, chemical, and other
phenomena often leads to different geometric forms and
transformations of higher orders. Geometric modeling is
characterized as a field of research related to the questions of
constructing models of spaces and its objects, including the methods
of descriptive geometry. When choosing a method of classical
descriptive geometry are of interest four questions: how the initial set
of mappings is represented, which is a region of arrival, which set is
the starting point for constructing the arrival area, and by what rule
elements of departure and arrival areas (prototypes and images) are
matched. The questions of prototypes and images setting in different
methods of descriptive geometry are considered: in the method of
two tracks, in the projections of numerical marks, in the Gaspard
Monge's method, in perspective, in axonometric, in the Fiedler's
cyclographs, in stereographic projection of the sphere, in the Major's
paintings method etc. In the construction of reversible maps those
expressions are shown whose mapping area is a Cartesian set or its
subset. Depending on the choice of prototypes and images, four main
areas of geometric modeling are described.
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THE ROLE OF NANO-SIZE PRECIPITATIONS IN Ti- AND
AI-BASED ALLOYS
SUBJECTED TO SEVERE EXTERNAL IMPACTS

Gerontiy Sakhvadze', Vladimir Stolyarov"
"Mechanical Engineering Research Institute of Russian Academy of
Sciences, Moscow, Russia, sakhvadze@mail.ru
“"Mechanical Engineering Research Institute of Russian Academy of
Sciences, Moscow, Russia, vistol@mail.ru

The paper is devoted to investigation of severe external impacts
for surface and volume nanostructuring of structure metal materials
[1]. The investigated materials are Ti- and Al-based alloys: Ti-Nb,
Ti-Ni and D16, AD31, correspondingly. External impacts are
presented by large plastic deformation and powerful pulse current.
Phenomenological features of various effects (structure refinement,
phase transformations, separation-dissolution, stress jumps and
deformability) are investigated at a simultaneous or consecutive
combination of plastic deformation and external influences [2]. One
of new processes in this area is electroplastic deformation — EPD [3].
Electropulse treatment by powerful current also can be used as an
independent method for a structure relaxation and healing of
microdefects [4].

As contrasted to known approaches of nanostructuring only in
volume or only on surface, the problem of gradient nanostructure
with the changing size of nanograins from the sample center to its
surface is solved in the work. Definition of critical parameters of
intensive external impacts and its influence on the structure elements,
responsible for functional properties and their stability not only in the
material, but also in a product, is a main objective of the present
paper.

Physical, mechanical, functional properties and structure
evolution in the processed states are investigated by special
techniques. Ratio of “process-microstructure-properties” for the
investigated alloys is discussed.
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STUDIES OF TOTAL ENERGY USE FOR HEATING OF
OIL MOVING THROUGH PIPELINE

Aleksandre Tsetskhladze, Aleksandre Kamladze, Teimuraz Kochadze
Akaki Tsereteli State University, Kutaisi, Georgia
temko1954@mail.ru

The oil is extracted from beneath the ground through the
boreholes and its transportation is carried out by pipeline transport at
several hundred kilometers under the conditions of certain pressure
and temperature.

Viscosity is a major physical-chemical parameter of oil, and it
considerably determines the speed of oil movement through pipeline.
And viscosity itself is a value considerably dependent on the
temperature, and it varies within a certain temperature range.
According to [1], when temperature varies from 20°C to 40°C, the
dynamic viscosity of oil reduces from 13240 MPa/sec to 2020
MPa/sec. However, the range of changes to a great extent is
determined by the location of immediate oil production.
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As a consequence of the above mentioned, it is possible to think
of possibilities of accelerating the tanker loading with oil at the
terminal, for which the oil usually undergoes heating. The heat-
transfer (1) and heat balance (2) equations are as follows:

0=KALF (1)
Q=VVlf1p1C1(t1’—tl")=W2f2p2C2(t; _t;’) (2)

where, K is a heat-transfer coefficient and it depends on the fluid
viscosity, shapes of the surfaces participating in heat-exchange
process and so on; F is a heat transfer area to be heated; At is average
temperature pressure between hot and cold heat conductors;

W, and W, — speed of movement of heat conductors;

p; and p, — heat conductors viscosities;

C, and G, - thermal capacities;

f; and f, — heat conductors’ streamwise sections areas;

"

t, ty, t/, t; -inlet and outlet temperatures of heat conductors.
During calculation of heat-exchanger, there should be taken

into account the dependency of average temperature pressure (At)
on the motion plan and speed of heat conductors. It is noticeable that
in equal conditions, the counter flow heat-exchangers are
characterized by much higher heat-exchange intensity than one-sided
flow apparatus. Due to this, they have relatively small sizes and take
advantage from the standpoint of economy.

The paper dwells on the heating process of moving oil in the
heater (pipe-in pipe) and its influence on the intensity of reloading
process.
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EXPERIMENTAL STUDIES OF THE INFLUENCE OF
TEMPERATURE CHANGES ON THE SPEED OF OIL
MOVEMENT THROUGH PIPELINE

Aleksandre Tsetskhladze, Joni Noselidze, Teimuraz Kochadze
Akaki Tsereteli State University, Kutaisi, Georgia
temko1954(@mail.ru

The growth in demand for oil-products over the last decade
set task before the scientists, which implies to extract oil without
losses and its fast delivery to the consumer countries. The most
spread oil type of oil overland transportation is the pipeline transport.
Therefore, the proposed idea about experimental investigation of the
influence of temperature changes on on the speed of oil movement
through pipeline is of a highly importance and promising research.
The volume oil moving through pipeline depends on the pipe diamter
and speed of oil movement:

Q=0-v
where, ® is a pipeline cross-section, v is average speed of oil
movement.

The oil movement speed, in turn, depends on the oil
temperature. Consequently, in order to determine the dependency of
variation of the oil volume in pipeline on the temperature change, it
is desirable to study this process in experimentally on the specially
designed equipment.

For investigation of hydrodynamics of oil moving through
pipeline, we have used the device, which is composed of tank filled
with oil. By means of centrifugal type pump, the oil moves from the
intake pipe into the longitudinal pipeline. This latter one fills in the
constant-level tank, from the oil is supplied into the constant-
diameter pipeline, wherein the influence of the moving mass
temperature changes on the speed of oil movement and its volume is
studied. On the device mounted are also: the constant-level tank;
piezometers; taps; triangular culverts; damper; pipeline for returning
of excessive oil into the tank; thermometer.

Over a period of time after switching-on the pump,
immediately after the movement of oil assumed a stable character, we
measure the temperature of oil passing through pipeline, define the
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volume oil by using the volumetric method, and determine the
average speed of movement v. Then we find in Tables, the kinematic
coefficient of viscosity, and then we obtain the Reynolds number
from the formula R, =v - d / v. The test is repeated several times for
different temperatures. By using the obtained results, we construct
the influence curves.
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SOME APPLICATIONS OF THE THEORY OF SHELLS
WITH THE USE OF SEVERAL BASIC SURFACES
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The theory of shells with the use of several basic surfaces is
based on one kinematic hypothesis. This hypothesis allows to
approximately build a three-dimensional displacement field of points
of the same layer (shell) of the structure in the field of basic
movements of two surfaces. In the theory, the number of generalized
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coordinates (displacements) is exactly equal to the number of
generalized forces.

The paper gives examples of mathematical models for the study
of practical problems on the basis of this theory.

A ROD MODEL OF ELECTRICAL MACHINES

Avtandil Tvalchrelidze, Ketevan Tskhakaia
Akaki Tsereteli State University, Kutaisi, Georgia,
avtva47@gmail.com, spectri@gmail.com

Electromechanical energy conversion in the electrical machines
occurs in the space, wherein the electromagnetic field energy is
concentrated. The electromagnetic field is produced by currents
flowing through its windings. Due to their spatiotemporal
inhomogeneity the magnetic fields of the electrical machines are
extremely complex. Study of magnetic field of the machine is
important for understanding and analysis of its operation.

The basic idea of the proposed approach is to describe the
electromechanical energy conversion occurring in the electrical
machines as a result of superimposition of the electromechanical
interaction of identical elements. As such elements examined are the
electricity-conductive rods located along and perpendicular to the
axis of machine. Using these rods with and without currents,
modelled are not only all windings of the electrical machines
(excitation winding, stator windings, damping windings), but circular
currents of magnetic cores as well.
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ON THE STABILITY OF ALL-WHEEL DRIVE VEHICLE OF
AGRICULTYRAL USE WHEN DRIVING ON A SLOPE
Zaza Zhorzholiani
Akaki Tsereteki State University, Kutaisi, Georgia,
zazazhorzholiani@mail.ru

When using the four-wheel agricultural drive vehicle of 4x4 type,
working with a trailer in mountainous areas its transmission
experiencing heavy loads in the carriage of overall agricultural goods
(hay, corn, cotton, etc.) there is a problem of stability against
overturning. The situation is exacerbated when the vehicle is on a
slope when the road is tilted across the movement.

In developing the car much attention was paid to the operation in
marshy impassable places, but the question of the car moving onto a
hill is not given a detailed study in the theory.

The mathematical model of the driving agricultural vehicle on a
slope, with the influence of damping and stiffness of the tire in the
lateral direction, as well as maneuvering the vehicle, depending on
the bulk density and velocity while starting turning has been
improved. These characteristics are chosen based on the results of
stand tests.
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Related Problems of Analysis
ON ONE PROBLEM OF SPATIAL MOVEMENT CONTROL

Alexander Milnikov*, M. Ben Chaim **

* Professor of Georgian Technical Universisty, Senior Researcher of
R. Dvali Institute of Mechanics of machines.
alexander.milnikov(@gmail.com
** Professor of Ariel University in Samaria, Israel, Faculty of
Engineering. michailbc@ariel.ac.il

Spatial rotations are for the first time described by their spinor
representation, which made it possible to obtain simple relations for
their dynamic [1]. The obtained results have enabled us to reduce the
actually three-dimensional problem of spatial motion control to the
one-dimensional problem. A variational method is used to solve
various problems of terminal control of spatial rotations. Simple and
reliable adaptive algorithms are obtained, by means of which
important from practice point of view a problem of the terminal
control of breaking process has been solved. The models of transient
processes during control process are represented. A criterion for
arising of transient process was elaborated. Optimal trajectory,
optimal low of dynamic of speed and acceleration which satisfy
corresponding boundary conditions were determined. The detailed
results of the modeling of the process of the control of the breaking
process of spatial rotations are represented.
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IMAGE BASED POINT-CLOUD MODEL OF THE
HAMILTONIAN
DYNAMIC SYSTEM IN BIOMEDICINE

Alexander Nadareyshvili*, Vladimir Petushkov' ", Gerontiy
Sakhvadze**

"University of lowa, USA, aleko@mail.com
**Mechanical Engineering Research Institute of Russian Academy of
Sciences,

Moscow, Russia, sakhvadze@mail.ru

The goal of this project is nonlinear elastic analysis of the
biologic systems by the image based geometry of the actual objects.

Since elastic hysteresis of the tissue is negligibly small,
Hamiltonian system successfully can be utilized for dynamic analysis
of the bio-systems. Additionally, comparing to Newtonians it
simplifies a procedure of numerical analysis.

Generating a high quality FE mesh for biological structures from
patient-specific images remains a challenging task. FE mesh often
requires a very fine mesh in regions of high gradient or geometric
irregularities. Many biological structures have complicated local
geometry features. For such system local mesh refinement presents
an even greater challenge. Motivated by the need of eliminating FE
meshing, point approximation of the geometry resolves meshing
problems successfully. We recall that the meshfree method [1]
constructs the approximation over local clusters of nodes that have no
particular topological connection; and as a result, there is no need for
mesh. The domain (i.e., solid model) is represented by a set of
discrete points which we refer to as a point model. Refinement to a
point model can be achieved simply by adding more nodes, either
globally or locally. A distinct advantage of point model, in the
context of biomedical problems, is that it connects seamlessly to
image database.

We propose a new solid mechanics solver targeting image-based
biomedical analysis [2]. The new method combines the salient
features of the meshfree-Galerkin methods and discrete gradient
methods. Symplectic operator [3] has been utilized to time integrate
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problem, which stabilizes and converges a numerical solution of a
priori conservative Hamiltonian system.
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ON ONE METHOD OF THE STATISTICAL ESTIMATION
OF PROBABILITY DISTRIBUTION BASED ON THE
OBSERVATIONS OF DYNAMICS AT THE END OF THE
INTERVAL

Grigol Sokhadze, Aleksandre Tkeshelashvili
Iv. Javakhishvili Tbilisi State University, I. Vekua Institute of
Applied Mathematics,
Thilisi, Georgia, giasokhil @i.ua , aleko611@rambler.ru

Consider a first-order differential equation
v (£} = ft, v(t)) (1)
given on the segment [0,T]. We study a Cauchy (initial-value)
problem {0} =X | where X is a random variable with unknown
density of distribution P} Assume that, for (1) this problem

possesses a unique solution ¥{£} with probability 1, which is a clearly
a random process. Let us have observations ¥1{T) ¥z{T'} ... 3.(T) at
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the end of the interval. It is necessary to estimate plx) according to
these observations. Let

® flt.x) is the continuous function of its variables and has
continuous derivative Jz= (. X};

(k) K(x) is the continuous, positive, bounded and integrable
function, such as

| K(dx =1

~R .
(h) kRxis the positive sequence of real numbers converging to zero,

such as Mhy, = 0
n
.o 1 x =T
prlo= o, ZK( Ao )
Let =1 .
We proved that Br(x) is consistent estimation for P}, And the
following theorem is true
Theorem. Let @»{x} be the sequence uniformly converging to
the solution of differential equation (1) with initial condition,
where X is a random variable with unknown density of distributions

p(x) and the conditions (f), (kI and (h) are met. Then the consistent

estimation of the densityll'[x]' is given by formula

d TY) .
KO 5 (.

plx) =

VISCOELASTIC ROD VIBRATION PROBLEM WHEN
CONSTITUTIVE RELATION CONTAINS A FRACTIONAL
DERIVATIVE

Teimuraz Surguladze
Akaki Tseretelli State University, Kutaisi, Georgia, temsurg@yahoo.com

Consider the problem of the oscillations of the infinite
viscoelastic rod, when the constitutive relation between stress and
strain is given in the form
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o(t,x)=En’D’e(t,x), 0<p<l,

where D” denotes the fractional derivative in the Riemann-Liouville
sense. In the beginning consider the problem when the external load
depends only on the spatial coordinates. The solution to this problem
in the general case is found. It is shown that the critical values of

i.e., when f=0 and S =1 obtained solution coincides with the

classical solutions of hyperbolic and parabolic equations. The case is
also considered when the external load depends on time in a periodic
manner.

A PROBLEM OF THE PLANE THEORY OF ELASTICITY
FOR A DOMAIN WITH A PARTIALY UNKNOWN
BOUNDARY

Shota Mzhavanadze
Akaki Tseretelli State University, Kutaisi, Georgia, shomja@rambler.ru

The problem of the plane theory of elasticity for a homogeneous
isotropic plate, which is in the complex plane is simply connected
domain whose boundary consists of a convex polygonal and smooth
line. We look for the outline shape, provided that it tangential normal
stress is constant. It is shown that the equations of the unknown
circuit can be obtained from well-known formulas for the Schwarz-
Christoffel conformal mapping of a polygon on a half-plane.
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mogni B i Reroebis arawrfivi rxevebi
impullsuri datvirTvis dros

alegsandre baZgaraZe
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sagarTve 1 O leqsob@gmail.com

Rerovani sistemebi, romBebic urTierTgmedeben
haeris an siTxis nakadTan farTod gamoiyeneba teqgni-
kis sxvadasxva dargSi. nakadis zemogmedebis Sedegad
Reros forma mniSvne Bovnad icvleba da masze mog-
medi Zalebi damokidebuli arian Reros Tormaze.
infFormacia aseTi Zalebis Sesaxeb mcirea, rac gar-
kveull sirTulleebs gmnis aseTi konstrugciebis gaan-
gariSebis dros.

xSir SemTxvevaSi Rerovani konstrugciebis (bagi-
rebi, eleqtrogadamcemi xazebi, SWBangebi) gaangari-
Sebis dros SesazlBebelia ugulebeBvyoT maTi sixis-
te grexasa da Runvaze da ganvixi BOoT rogorc abso-
B uturad mogni Bi Rero (Zafi).

warmodgeni B naSromSi ganxi Bullia SBangebis ara-
wrFivi rxevebi, rodesac masSi miedineba staciona-
Buri siTxis nakadi. Tu nakadis siCgare nullis to-
Bia, maSin, rogorc kerZo SemTxvevas, miviRebT bagi-
rebis, elegtrogadamcemi xazebis da sxvaTa moZ-
raobis ganto 0 ebebs.

S Bangze mogmedi aerodinamikuri nakadiT gamowveu-
Bi ganawiBebulli Zalebis intensivoba SeiZleba
warmovadginoT ori Sesakrebis saxiT,;

q, :qa,o +qa,d-
sadac, ¢q,,- stacionaluri nakadiT gamowveu l'i aero-
dinanikuri Zalis intensivobaa, xoblo ¢,, -am naka-
dis dinamikuri mdgene Bia. SHangis moZraobis dife-
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rencialur ganto Bebebs uganzomi Bebo parametrebSi
agvs saxe:

- 8% % o 00,
L = +2 +to——-—"=—+ =0, 1
P Py ST @
s 1 (= . Qld
u—(eu)——Q‘e -—=0. 2
: Qlo(u l) QIO

am ganto Bebebis moxsnisaTvis jer vpou B obT amo-
naxsens im SemTxvevaSi, rodesac Siga nakadis siCgare
da aerodinamikuri Zalebis intensivoba nullis to-
B i1a miRebu B i amonaxsnebi warmoadgenen rxevis For-
mebs. vsargeb B obT SesaZzB o gadaadgi BebaTa princi-
piT. (1), (2) ganto M ebebis amonaxsens veZebT, rogorc
rxevis TFormebis wrfiv kombinacias. Sesabamisi
gardagmnebis Semdeg davdivarT Cveullebriv dife-
renciallur gantolebaTa sistemaze. vpouBobT am
sistemis amonaxsnebs mocemul sawyis pirobebSi. es
amonaxsnebi  saSuallebas gvaZBlevs (ganvsazRvroT
SHBangis geometriulli Forma da daWimu B oba, rome Il -
Ta codna aucillebelia konstrugciis simtkiceze
gaangariSebisaTvis. amonaxsnis analBlizidan SeiZlleba
davaskvnaT, rom impullsuri aerodinamikuri datvir-
Tvebi mniSvne Bovnad zrdis SHBangis daWimu I obas da
gadaadgi Bebas. am Sedegis gaTvaliswineba saSua-
0 ebas mogvcems avamaR BoT konstruqciis saimedoo-
ba.
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Termodrekadobis Teoriis neimanis Siga da gare
amocanebis amoxsna sferosaTvis
mikrotemperaturis gaTval iswinebiT

lanara biwaZe*,
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naSromis mizania Termodrekadobis wrTFivi Teo-
riis neimanis Siga da gare amocanebis cxadi saxiT
amoxsna sferosaTvis mikrotemperaturis gaTvall iswi-
nebiT. amonaxsnebi warmodgeni Bi igneba abso Butu-
rad da Tanabrad krebadi mwkrivebis saxiT.
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statikuri Zelis arawrfivi ganto lebis amoxsnis
iteraciulli meTodi
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ganxi Bullia
!

u""(x)—m[ju'z(x)dx}u"(x):f(x), 0<x<l, (D
0
pirobebiT

u(0)=u(l)=0, u"(0)=u"(l)=0. )
aq m(z)2a>0,0<z<w da f(x), 0<x</, aris mocemu i
Tfungciebi, u(x), 0<x</, gansasazRvreli Tungciaa,
xolo / da a —mocemu Bi mudmivebi.

(1) aris stacionarulli problema, romelic
ukavSirdeba voinovski-krigeris mier SeTavazebul
dinamiuri Zelis Runvis models.

grinis TFunqciis gamoyenebiT (1), (2) amocana
daiyvaneba arawrFiv integrallur ganto lebaze

!
()= [ G £/ (@) dé 4~ () ®)
0
sadac
: sinh (J?(x—z))sinh(ﬁg), 0<&<x<l,
/7 sinh(N71) | sinh (Ve(&-n)sinh (Vrx), 0<x<g<L,

l
T= mUu'2 (%) dx],

0

G(x,6)=
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X /
o(x) =§ I-0[ef@de+x[(-of (&) dé |
0 X

gantoleba (3) ixsneba iteraciulli meTodiT.
Seswavl i Bia am meTodis sizustis sakiTxi.

Mmyari deformadi garemos meganikis ganviTarebis
zogierTi Fragmentis Sesaxeb
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anizotropulli prizmulli sxeullis dazabull-
deformirebull i mdgomareobis gansazRvra ganivi
Zall is Runvis SemTxvevaSi

roland zivzivaZe
akaki wereT 0 is saxe Bmwifo universiteti, quTaisi,
sagarTvel o,

rolandi.zivzivadze@gmail.com

naSromSi Seswav B i Bia marTkuTxa kveTis mgone
anizotropul i prizmulli sxeulis dazabu I -
deformirebulli mdgomareobis amocana ganivi ZalBiT
Runvis SemTxvevaSi. hipoTezuri daSvebebis (maT
Soris sen-venanis principis) gamoyenebis gareSe moce-
mulia dasmuli amocanis zusti amoxsna uwyvet
tanTa zogad mecnierebaSi 1. RuduSauris mier
Seqmni B axalli Teoriis gamoyenebiT. moZebnilia
Sinagani Zabvisa da gadaadgilebis komponentebi,
romBebic akmayo¥i Beben amocanis Sesabamis sasaz-
Rvro da sawyis pirobebs, wonasworobis ganto I ebebs
da Fizikur ganto lebebs.
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mTis ganebi mewyer-Camonaqcevi masis dacurebis
zedapirebis analizuri aRwera

tariel kviciani, zurab gedeniZe
sagarTve B os tegnikuri universiteti, Thilisi,

sagarTve l O, tarielk@mail.ru

xSiria mTis ganebis ferdoebis an masze Tovlis
safaris statikuri da dinanikuri mdgradobis
dakargvis SemTxvevebi, rac iwvevs Ferdoebis mewyer-
Camonagcevebis da Tov Bl is zvavebis Camosvll as.

xe Bovnuri da bunebrivi ferdoebis statikuri da
dinamikuri mdgradobisa da zvavebis warmoSobiT
miyenebuBi zaralli ZiriTadad gamowveull ia nagebo-
bebis arasakmarisi saimedoobiT, dacvis uunarobiT
da maTi ganBagebis ara optimaBuri SerCeviT.

mkv BevarTa umravBesoba miiCnevs, rom ferdoebis
CamoSvavebu i  masis saSiSi dacurebis zedapiri
warmoadgens wriul-cilindrulls (brtyeli amocanis
SemTxvevaSi _  wris rkalls), rac gBRobalurad
nak B ebadaa mosaBlodneli da igi WeSmariti saSiSi
dacurebis zedapiris mxo B od uxeSi miax 1 oebaa.

ganvixi BavT mTis ganebis Ferdoebis mdgradoba-
aramdgradobis amocanebs, sadac pirve ladaa mocemu-
Bi, arsebulli bunebrivi pirobebis magsimaBuri gaT-
vall iswinebiT, Ferdoebis masivebis Camonagcevis saxi-
faTo dacurebis mrudwirulli zedapiris gansazRvris
amocanis sufTa anall itikuri amoxsna.

gamoyvani Bia movBenis aRmweri Cveullebrivi da
kerZzo warmoebu Bebiani diferencialuri ganto lebe-
bi, romel Tac akmayoFfillebs mTis ¥Fxvieri ganebis
Terdoebis Camonagcevi masis saSiSi dacurebis zeda-
piris amsaxve 1i zRvrulli wonasworobis mrudis gan-
tolleba (brtyeli amocanis SemTxveva) da sibrtyis
ganto Beba (sivrciTi SemTxveva). kvadraturebSia amo-
werili am mrudis gantoleba. arawrfivi kerZo-
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warmoebu Bebiani ganto Bebis amosaxsne Bad dadgeni-
Bia sawyisi pirobebi, aigebulia zogadi da kerZo
amonaxsnebi.

mTis ganebis mewyeruli masivi warodgeni blia, ro-
gorc kvazimkvrivi tani, romlis daZvrisa da dacu-
rebis pirobebi parametrullad ganisazRvreba Fxvieri
tanebis 1iseTi meganikuri parametrebiT, rogoricaa
Sinagani xaxunis kuTxe, mocuBlobiTi wona da SeWi-
dulloba, agreTve daZvris sibrtyisa da mTavar daZa-
bullobebs Soris urTierT mimarTebis Tvisebebis
zRvrull wonasworobis pirobebi. miRebullia SeWidu-
0 obis koeFicientis kerZo SemTxvevebis da zogadi
mniSvne B obebisaTvis dacurebis wiris ganto leba da
gamokvBeullia integralluri wirebis asimptoturi
Tvisebebis yvela SesaZBl o SemTxvevisaTvis. G

naSromis mizania damuSavebull ignes Terdoebis
mdgradobis gaangariSebis axali srullyofilli pro-
eqtirebaSi martivad gamoyenebadi meTodebi, romle-
bic dafuznebulia Ferdos daZabul-deformirebulli
mdgomareobis gansazRvraze, gruntis ama Tu im maTe-
matikuri model is gamoyenebaze yve Ba mogmedi Zalis
mkacri gaTvaliswinebiT, gruntis Tvisebebis maCvene-
be l Ta cvalebadobis gaTvall iswineba da agreTve da-
curebis savaraudo =zedapirebis Formisa da mdeba-
reobis povniT.

literatura

1. kviciani t. Tferdos mgradoba da zvavisebri
nakadebi. gamomcem B oba “tegnikuri universiteti”.
Thi Bisi, 2008w. gv. 180;

2. kviciani t. gedeniZe z. xuciSvilli g Terdos
mdgradobis Sefaseba, mdovre mrudwurull zeda-
pirze dacemis SemTxvevaSi. stu-s SromaTa krebu-
Bi #4 (470) Tbi Bisi 2008w, gv. 13-18.
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Msakonstruqcio masall is mdgradoba
drekadobis farglebs gareT

omar kikvize”
*akaki wereT Bis saxe Bmwifo universiteti, quTaisi,
sagarTve 0 0, omari-k@rambler.ru

myari defFormirebadi sxeulis meganikis erT-
erT mniSvneBovan sakiTxs warmoadgensmasallis
aradrekadi deformaciebis aRwera Termodinamikis
Sesaz B eb B obebi am SemTxvevaSi SezRudulia umTav-
resad imitom, rom rTulia Sinagani mdgomareobis
parametrebis SerCeva. Aamitom saWiro xdeba damate-
biTi daSvebebis SemoReba.

imisaTvVvis, ronm aradrekadi deformaciebi
avRweroT callsaxad da arawinaaRmdegobrivad Cveu-
Bebriv SemoaqvT damatebiTi postu latebi, romBebic
Ffagtobrivad warmoadgenen gaazrebull SezRudvebs.
aseTia masalis mdgradobis postulati. Mmasalis
mdgradobis postulatis SemoReba iZBeva im Funda-
mentaBuri pirobebis miRebis saSuallebas, romell Ta
Sesrullebac gvazBlevs pragtikuBad mniSvne lovan
Tanafardobebs.

sakonstrugqcio masallebis aradrekadi defor-
maciebis aRwerisaTvis gamoiyeneba drukeris mier Se-
moRebu 01 mdgradobis postulati [l] da 1B1iuSinis
pBastikurobis postullati [2] Ees postulatebi
Fformulirebullia izoTermulli deFormirebis proce-
sebisaTvis.

drukeris postulatis Tanaxmad, damatebiTi
Zabvebis muSaoba nebismieri Caketi Bi Zabvebis mimarT
mrudis gaswvriv dadebiTia Tu xdeba pBRastikuri
deformaciebis cvlilleba da tolia nullis pasiuri
deformaciebisas.

f(o, —o))de, 20 )

4

72



sadac: O'i/,O';]).- namdviBi da dasaSvebi Zabvebis

komponentebia Sesabamisad.

i BiuSinis plastikurobis postullatis Tanax-
mad Zabvis muSaoba nebismier, deformaciebis sivrce-
Si Caketill mrudze, nullis tolia Tu pHRastikuri
deformacia mTell traeqtoriaze rCeba ucvleli da
dadebiTia, Tu Caketilli mrudis romelime ubanze
(ubnebze) mainc xdeba pBRastikuri deformaciebis
cvilileba

§aljdgij >0 @)

Aaq o, - mT Riani Zabvebia.

Mmasa B is motani i1 mdgradobis postu latebi
arsebiTad warmoadgenen eqsperimentalurad dadgeni-
Bi1 fTagtebis ganzogadebas. EeqsperimentaBuri mona-
cemebis ganzogadebas warmoadgens aseve sakonstrug-
cio masalebis mdgradobis piroba Termomeganikuri
datvirTvisas Caketi li mrudis gaswvriv Zabvebisa da
temperaturis sivrceSi “datvirTva-gantvirTva-gaci-
veba-gaxureba” integralli arauvaryofiTia”

f(o, ~ol)de, +a,(e, - ))dT 2068 )

aq ¢,- namdvilli, o Zabvebis Sesabamisi deforma-

ciebia, 8; rome I iRac dasaSvebi, 03 Zabvebis Sesaba-

misi defFormaciebia, a; tenzori SemoRebullia ganzo-

mi B ebebis gasaTanabreb lad.

ori sxvadasxva ganzomi Bebis mgone pHBankisa
da Ffuries utolobebis gaerTianeba miRebulia uw-
yveti aris TermodinamikaSi. Sedegad miiReba kN au-
zius-diugemis utoBoba, romelBic warmoadgens
Termodinamikur agsiomas.

zemoTmotani B pirobebs mivyavarT sxvadasxva
eqstremalur principebamde, romel Ta saFfuzvell zec
miiReba ganmsazRvreli gantolebebi. (1) pirobidan
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gamomdinareobs datvirTvis zedapiris amozneqi l oba
da gradientulli dineba (3) piroba iZBeva saSua-
Bebas avRweroT datvirTvis zedapiris callkeulli
ubnebis Cazneqgi Boba da dinebis aragradientulli
xasiaTi.

L Biteratura

1. Drucker D.C. Definition of Stable Inelastic Material//Journal of
Appl. Mech., 1959.-v.26.-pp.101-106.

2. ilBiuSini aa pBlastikurobis Teoriis sakiTxebi/
samecniero sabWo probBemaze “simtkicisa da
pRastikurobis mecnierulli safuZvBebi” ssrk
mecnierebaTa akademiis gamomcem @ oba. 1961. - 3-29gv.
(rusull enaze)
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i. vekuas meTodis gamoyeneba geometriullad
arawrfivi aradamreci sferulli garsebisaTvis

Tengiz meunargia*, bakur gu l ua*"**
*iv. gavaxiSvi bis saxeBobis ThiRisis
saxe Emwifo universiteti,

i. vekuas saxe B obis gamoyenebiTi maTematikis
instituti, Thilisi, sagarTvell o,
tengiz.meunargia@viam.sci.tsu.ge
**soxumis saxe Imwifo universiteti,

Tbi Bisi, sagarTve B 0O, bak.gulua@gmail.com

mocemull naSromSi ganxiBulia geometriullad
arawrfivi aradamreci sferulli garsebi. 1. vekuas
meTodiT miRebulia organzomi Bebian ganto BebaTa
srulli sistema [1, 2] kompBegsuri cvBladis Funqcie-
bisa da mcire parametris meTodis gamoyenebiT age-
bullia miaxBoebiTi amonaxsni N =1 miax BoebisTvis.
amoxsni Bia konkretu 1 amocanebi.

literatura
1. Vekua, I.: Shell Theory: General Methods of Construction.
Pitman Advanced Publishing Program, 287 pp., Boston-London-
Melbourne (1985).
2. T. V. Meunargia, On one method of construction of
geometrically and physically non-linear theory of non-shallow
shells. Proc. A. Razmadze Math. Inst. 119 (1999), 133—154.
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Termodrekadobis zogierTi amocanis dasma da
amoxsna sgelli FilisaTvis

nona ozbeTe BaSvi B i*
*Bodo®mzgeml 3meo@gdbozmmo mboggmbo@g@o, mdowwobo

warmodgeni I moxsenebaSi dasmuBia da anallizu-
rad amoxsni Bia Termodrekadobis Semdegi amocanebi.

ganixi Beba sgeli Filis drekadi wonasworoba
dekartis marTkuTxa koordinatTa sistemaSi. sgeli
Ffilla transtropullia da erTgvarovania. FFillis gve-
rdiT waxnagebze mocemu B ia simetriis an antisimet-
riis pirobebi. zeda da qveda waxnagebze mocemull
SeSToTebebSi igulisxmeba. rom mocemullia Zabvebi
da temperatura, an gadaadgi Bebebi da temperatura
temperaturis nacvBlad SeiZlBeba iyos mocemu B i misi
normaBuri warmoebull'i.

amocana amoxsni Bia anall izurad, sadac gadaadgi-
B ebebi warmodgeni Bia usasrulo mwkrivebis saxiT.
an mwkrivis yoveli wevri warmoadgens egsponencia-
Buri da trigonometriulli +Fungciebis namravls.

mad B oba. winandebare naSromi Sesrullebulli iyo
sagarTve B os tegnikur universitetSi.

I iteraturs
1. N. Khomasuridze, Thermoelastic Equilibrum of Bodies in

Generalized Cilindrcal Coordinates. Georgian Math. J.5(1998),
Ne 6, 521-544.
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Txeli xisti CarTvis mqone marTkuTxovani
Firfitis Runvis amocanis miaxBHoebiTi amoxsnis
erTi meTodis Sesaxeb

arCi B papukaSvill i
iv. JavaxiSvi bis saxe B obis Thi Bisis saxe Imwifo
universiteti,
i. vekuas saxe B obis gamoyenebiTi maTematikis
instituti, Thilisi, sagarTvell o,
apapukashvili@rambler.ru

naSromebSi [1,2] TxelBi xisti CarTvis mgone
marTkuTxovani TFirfitis Runvis amocanebi miyva-
nilia gluvi gullis mgone pirvel1 gvaris integra-
Bur ganto Bebaze. Aam ganto Bebis amonaxsni moiZeb-
neba araintegradi gansakuTrebu B obis mgone  Fung-
ciaTa kWNasSi. Nnaxtomebis fFunqcias SeiZlleba
hgondes araintegrebadi gansakuTrebul oba Semdegi
saxis Nnaxtomebis Y(x) +F¥unqcias SeiZlBeba hgondes

Semdegi saxis araintegrebadi gansakuTrebu ll oba

W) =(r—c,) 2(c, ) 2, (x).

naSromebSit [1,2] miRebuli integralluri ganto-
Beba amoxsni Bia speqtraluri (orTogonalluri mra-
va Bwevrebis) meTodiT, kerZod, gamoyenebu lia iako-
bis orTogonaluri poll inomebi.

warmodgeni B naSromSi SemoTavazebu lia zemoaR-
niSnulli integralluri ganto Bebis miax B oebiTi amo-
xsnis axalli algoriTmebi ko Bokaciis meTodis gamo-
yenebiT. kerZod naSromSi gamoyenebu Bia diskretul
gansakuTrebu BobaTa meTodi [3] Tanabrad daSo-
rebull i kvanZebis SemTxvevaSi. GCven 1iseve rogorc
[1,2]-Si1 vuSvebT rom Firfitis sazRvari saxsrovnad
dayrdnobi Bia
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ricxviTi gaTvilebis saSuallebiT gamokvBeullia
Firfitis CaRunvis Funqgciis mniSvne B obebze CarTvis
sigrZisa da masis gavlena

mad B oba. winamdebare naSromi Sesrullebulli iyo So-
Ta rusTavelis erovnulli samecniero Ffondis
xe B SewyobiT (Grant AR/320/5-109/12).

B iteratura

1. Onmmyk O.B., IlomoB I'.fl. O HeKOTOPHIX 3ajadyax W3rHUBa
IJACTUH C TpElMHAMM U TOHKMMHU BKiIroueHusmu. —M3n. AH
CCCP. MTT. 1980. 4. c. 141-150.

2. Ilomor I'.Sl. KoHmeHTparus ymnpyrux HaOpHAKCHUNA BO3JIE
HITAMIIOB, Pa3pe30B. TOHKUX BKJIIOUYECHUN W MoAKperuieHui. M. :
Hayxa, 1982. 342 c.

3. benouepkorckuit C.M., Jlupanor UK. UnucneHHple METONBI B
CHUHTYJISIPHBIX WHTETPAJIbHBIX ypaBHeHUsAX. — M.: Hayka, 1985.
256 c.
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wamaxvi Bebulli Formis brtyeli Figurebis
gaangariSebis Sesaxeb myari drekadi sxeullebis
diskretulli Rerovani struqturebiT warmodgenis
saSuallebiT

Q53000 35& 561505
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dmbligbgds gbgds  §odsbgz0wqdmEo  gmMIoL  dMGHYgEo
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©IBRMOI0MYds©o  Lbgmegdol  olzmgG o  0gdm3zsbo
LEAHOMIGHIOJOOL 3Fd0bs30900m FoMTmqbol Lydmsergdom.

mad B oba. {obsdgdomyg 65d0mdo JgleregdmEo ogm dmms
OML539e0l  9hH™mzbmeo Bsdgboghm gmbool 4msbEHol #
30/28 gstrgddo.

naxevarsibrtyeSi drekad narevTa statikis
zogierTi sasazRro amocanis efeqturad amoxsnis
Sesaxeb

Kkosta svanaZe

93930 §96Mgm@ol Lobgedfoxnm «boggdlo@gdo, Jmomsolo,
Lodomomnggem
Email: kostasvanadze@yahoo.com
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Termodrekadobis kBasikuri da arakBasikuri
sasazRvro-sakontagqto amocanebis analizuri
amoxsna kumSvadi da ukumSi Fenebisagan Sedgeni I i
cillindrulli sxeullebisaTvis

nuri xomasurize*,
roman janjRava**, M naTela ziragaSvi B i**
*iv. JavaxiSvi bis saxeBobis Thi Bisis saxe Imwifo
universiteti,

i. vekuas saxe B obis gamoyenebiTi maTematikis
instituti, Thilisi, sagarTvell o,
khomasuridze.nuri@gmail.com
**jv. JavaxiSvi bis saxe B obis Thi B isis saxe kmwifo
universiteti,

i. vekuas saxe B obis gamoyenebiTi maTematikis
instituti, ThiBisi, sagarTvell o,
roman.janjeava@gmail.com
***jy, JavaxiSvi Bis saxe Bobis Thi bisis saxe Imwifo
universiteti,

i. vekuas saxe B obis gamoyenebiTi maTematikis
instituti, Thi bisi, sagarTve I 0, natzira@yahoo.com

naSromi exeba Termodrekadobis zogierTi gamoye-
nebiTi xasiaTis amocanis analizuri amonaxsnis age-
bas mravall Feniani cilindrulli sxeulebisaTvis. mas-
Tan zogierTi TFena SeiZlBleba warmoadgendes ukumS
Termodrekad masalBas. Ggansaxi Bveli amocanebisTvis
miRebu Bia anal izuri amonaxsnebi da maT safuZvell ze
Sedgeni B ia Sesabamisi programa.

wriuli cilindrulli koordinatTa sistemis sa-
koordinato zedapirebiT SemosazRvrulli, radialluri
koordinatis mimarT N -Feniani cilindrulli sxeu-
BebisaTvis ganixileba statikuri Termodrekadi
wonasworoba. cilindrulli sxeullis brtyel saz-
Rvrebze dasmull ia amonaxsnis simetriulli an antisi-
metriulli uwyveti gagrZelebis sasazRvro pirobebi,
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xolo cillindrull sasazRvro zedapirebze nebismie-
ri sasazRvro pirobebia mocemuli. Ffenebs Soris
SeiZleba mocemu Bi iyos xisti, srialla, an sxva tipis
sakontagto pirobebi. DdasmuBi amocanebis amoxsna
xorcieldeba analizurad, cvBladTa gancallebis
meTodiT. amasTan moiyeneba amonaxsnis zogadi war-
modgena harmoniuli Funqciebis saSualebiT. moca-
nebis amoxsna daiyvaneba b B okur-diagonaBuri matri-
cis mgone wrF¥iv allgebrull gantoBebaTa sistemebis
amoxsnaze.

mad Boba. winamdebare naSromi Sesrullebulli iyo

gamoyenebiTi kv B evebisaTvis saxe Bmwifo samecniero
grantis AR/91/5-109/11 (SeTanxmeba N 10/17) Farg B ebSi.
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wonasworull i garemodan energiis generaciis
SesaZ B eb 1 obis Sesaxeb

amiran afciauri
quTaisis erovnuli saswavl o universiteti, LsjsGmggem

naSromSi gamaxvi Bebulia yuradReba im Tagtze,
rom informaciebs wonasworulli sivrcidan (kerZod,
vakuumidan) energiis miRebis Sesaxeb, agvs myari
Teoriulli dasabuTeba da msgavsi mov Benebi SeuZlle-
be B ia aixsnas kBasikuri, wonasworull1 Termodinami-
kis saFfuZvell ze, vinaidan igi ar iTvaliswinebs niv-
Tierebis rTull strugqturas, mis unars, awarmoos
gardagmnebi da moaxdinos energiis Siga cirkulacia
(akumu B acia da gamonTavisuf 0 eba).

AaRniSnull mov Benebs SeuzZliaT gamoiwvion Tboi-
zolirebuli sistemis moCvenebiTi gaThboba an ga-
cieba, anu entropiis iseTi Semcireba, rac ar eqvenm-
debareba meore kanonis moTxovnebs. Pavtoris mier,
pirve lad moxda kBasificireba iseTi araordinaru-
Bi procesebisa, romBebic SeiZlBleba aRiniSnon Sau-
bergeris terminiT — implozia

samyaros  diskretulli, gaoturi strugturis
TvallsazrisiT, nebismieri sxeulli an sistema imyo-
feba arawonasworull, an pirobiTad wonasworul
mdgomareobaSi. Sesabamisad, wonasworu li, Fenomeno-
Bogiuri Termodinamika da karnos Teoria samar-
THiani arian iseTi pirobiTi sistemebisaTvis, ron-
Bebic, realurad, bunebaSi ar arseboben. Ees ki, rig
SemTxvevebSi, iwvevs kanonTa kon¥ I ikts.

maga B iTad, meore kanonis Sesabamisad, Tu TFiziku-
ri sxeu lebis sistemaSi, gansazRvrull i temperaturis
pirobebSi, mimdinareobs endoTermiulli gimiuri reag-
cia, maSin sapirispiro reaqcia, siTbos gamoyofiT,
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usaTuod unda warimarTos igive an ufro dabali
temperaturis pirobebSi. amasTan, aseTi principis
mkacri empiriuli an sxvagvari dasabuTeba ar
arsebobs da arc SeiZlBleba arsebobdes, vinaidan
realurad, daFigsirebu lia sawinaaRmdego efeqti.
Aavtoris mier, mis naSromebSi [1,2] naCvenebia, rom,
Tu Termodinamikur cik B Si, gansazRvrulli tempera-
turis dro, xorcieldeba impBlozia (magaliTad, siT-
bos STanTgmis endoTermuli gimiuri reagcia, tur-
bu Bentobis an kavitaciis warmoSoba da sxva), xollo
sapirispiro procesi siThos gamoyofiT (disipacia)
mimdinareobs ufro maRalli temperaturis pirobebSi,
maSin cik@s SeuzZzBia moaxdinos sasargebllo
energiis uwyveti generacia garemomcvelis sivrcis
gaciebis xar jze.
maga B iTad, msgavsi efeqti SeiZleba daFigsirdes
wyBis daSBis da sinTezis procesebis monacv ll eo-
bis gziT. naCvenebia rom, wyali, amgvarad (kerZod,
kavitaciis procesSi) xdeba sasargebBo energilis
wyaro an misgan miiReba sawvavi. amasTan, sinandvi Be-
Si, wylis daSHisaTvis salWiro siTbho aerTmeva gare-
mos, an es xdeba sxva saxis energiis (magalliTad va-
kuumis energiis) xar j ze.
sainteresoa, rom, ukanasknel wHBebSi intensiurad
gveyndeba inFormaciebi msgavsi tegno B ogiebiT wyal -
badis da brounis gazis miRebis Sesaxeb energiis
mcire, sastarto danaxar jiT.
literatura
1.NAAptsiauri A. - Non-equilibrium thermodynamics -//Saarbrucken:
LAP, LAMBERT Academic Publishing GmbH@Co0.KG -2012. -285
p. ISBN-978-3-659-17188-8
2. Aptsiauri A. - The equation for entropy of opened non
equilibrium systems and violation of the second law of
thermodynamics.
http://www.sciteclibrary.ru/rus/catalog/pages/11741.html
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sanapiro zollSi BiTodinamikuri procesebis
mode 1 ireba

amiran bregvaZe*
*akaki wereT B is saxe Emwifo universiteti

bunebrivma movBenebma rogoricaa gari, talRa,
gariSxali, cunami, da zRvis donis mateba - SesaZz-
B oa gamoiwvios plialis (sanapiros) topografiis
cvililleba napiris uaxBoes zonebTan. Tumca, cvli-
Beba aseve SeiZlBleba gamowveuli 1ignes adamianis
CarevebiTa da sagmianobiT, magalliTad, rogoricaa -
tal RamWre Bebi, mo Bebi, wyall sawinaaRmdego dambebi,
miwis xe B sawyoebi, da sanapiros kveba. maSasadame, am
zonaSi sanapiros topografiis evoBuciis gageba
saWiro da mniSvne B ovania sanapiros iseTi sainJinro
proeqtebisTvis, magall iTad, rogoricaa — navsadgure-
bis mSeneb 0 oba, sanavigacio arxebis Senaxva-
SenarCuneba, sanapiros dacva eroziisgan. Ukanaskne I i
aTwledis ganmav B obaSi, sanapiros morfologiuri
evo Buciis modelirebisaTvis Tanamedrove ricxviTi
mode Bebi igna gamoyenebu B i. Mmravali aseTi ric-
xviTi modeli ganaviTares da gamoiyenes bevr prag-
tikull  SemTxvevebSi. Tumca, hidrodinamikulli da
mor¥o B ogiuri procesebi sanapiros uax 1 oes zoneb-
Si uaRresad rTullia da Cven codnas aRemateba misi
detaluri aRwera amgvarad, es ricxviTi modellebi
xSirad Seicaven procesebis SezRudull raodenobas,
rac icvleba droisa da sivrcis mixedviT. ufro
metic, maRa B xarisxiani da singronizebulli monace-
mebi  Baboratoriebidan aseve SezRudullia, rac
arTullebs modell is Sefasebas.

Cveni kvBevis mTavari mizani iyo. sanapiros to-
pografiis evoluciis sando ricxviTi mnodelis
Segqmna ta B RebTan da dinebebTan mimarTebaSi, sadac
aseve mTavari agcenti gakeTdeboda sanapiros
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strugturis zemogmedebaze. aseTi modeli aRwers
rogorc tallRis grZiv, iseve talRis ganiv arsebul
sedimenturi transportis efeqtebs, rac icvleba
sezonurad. am miznis gamartivebisTvis ganviTarda
da gaumjobesda mravalli gve-model i, maT Soris

1. SemTxveviTi talRis transformaciis modeli;
2. zedapirze mgoravi efeqti; 3. sanapiros zolSi
talRis dinebis modeli; 4 natanis modeli; 5.
Mmorfo B ogiuri evoluciis model 1.

ricxviTi modelBebidan miRebu Bl i Sedegebi iyo
damakmayofi BebeBi da kargad eTanxmeoboda zomebs.
simu Baciebma gviCvena, rom talRis gamoTvlis piro-
bebi da talRis sigrzZivi dineba kargad iyo warmoe-
bulli. ganoTvlili talBlRis gaswvrivi dineba odnav
nak Bebi Iyo zomebze. Tumca, is karg SesabamisobaSi
iyo strugturasTan. amis miusedavad, didi gansxva-
veba ar iyo gamoTvBlebsa da zomebs Soris. sanapiros
morfo B ogiuri evolucia tallRebsa da dinebebs gve-
moT, talraTmWreBebisa da moBebis axBos kargad
eTanxmeba zomebs. rogorc amozneqi b'i, ise tombo B u-
ri warmogmna am strugqturebs miRma kargad igna
warmodgeni Bi ricxviTi modelis mier. momava ll Si, es
modelBi ufro kargad Sefasdeba Naboratoriis
monacemTa sapasuxod.

es mode Bi gamoyenebu Bi igneba sanapiros proeg-
tebSi raTa viwinaswarmetyve BOoT sanapiros evolu-
cia sanapiro struqturebis siaxl oves.
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bunebrivi gazis mi BsadenebSi dinebis
maTematikuri modell ireba hidratebis Formirebis
gaTval iswinebiT

Teimuraz daviTaSvi bi, givi gubell iZe
iv. JavaxiSvi bis saxe B obis Thi Bisis saxe Imwifo
universiteti,
i. vekuas saxe B obis gamoyenebiTi maTematikis
instituti, Thilisi, sagarTvell o,
tedavitashvili@gmail.com

amJamad mi B sadenebi warmoadgenen bunebrivi
gazis transportirebis erT-erT yve Baze xelsayrel
saSua B ebas. mi Bsadenis CaWedvis (avariull 1 Caketvis)
ZiriTadi mizezebia: hidratebis warmoSoba, wylis
sacobebis gayinva, danagvianeba da sxva. imisaTvis,
rom droullad ignes miRebuli =zomebi hidratebis
warmogmnis sawinaaRmdegod (vinaidan mosal odnelia
gaJonvac), saWiroa SeswavBili ignes milsadenSi
tenianobis, wnevisa da temperaturis ganawi Beba.
cnobi Bia, rom hidratis warmogmnis xe ll Semwyobi
pirobebi warmoigmneba magistrallis gaswvriv iq,
sadac namis wertilli (temperaturis is mniSvne l oba,
romB is Semcirebis pirobebSi iwyeba gazSi arsebulli
wyBis orTglis kondensacia) warmoigmneba. rogorc
cnobi Bia namis werti i SesaZllebelia ganovTvaloT
hidratis warmogmnis wonasworulli temperaturis
grafikisa da gazis temperaturis Sesabamisi mrudis
gadakveTis saSuallebiTac. warmodgeni I naSromSi
bunebrivi gazis mi B sadenSi arastacionarulli
dinebis SemTxvevaSi Seiswav B eba hidratebis
warmogmnis SesaZBl o adgi Imdebareobis gansazRvris
axalli meTodi, romeBic 1iyenebs namis wertilis
gansazRvrasac. gazis arastacionarulli dinebis
SemTxvevaSi SemoTavazebu H'i meTodi eyrdnoba
hidroTermodinamikis kerZo warmoebu Bian diferen-
ciallur gantolebaTa sistenmis integrirebas. Warmod-
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genilia ricxviTi Tvlis zogierTi Sedegebi. miRe-
bullma Sedegebma aCvena SemoTavazebulli meTodis
efeqturoba, vinaidan isini karg TanxvedraSia preg-
tiku Bi sagnianobidan cnobi B dakvirvebu l masall eb-
Tan.

mad Boba. winamdebare naSromi Sesrullebulli iyo
SoTa vrusTaveli erovnulll samecniero TFfondis
grantis #GNSF/ST09-614/5-21 farg 0 ebSi.

Savi zRvis zeda Fenis Termulli redimis sezonuri
Taviseburebebis ricxviTi gamokv il eva

Ddiana kvaracxell ia*, demuri demetraSvili**

iv. JavaxiSvi lis saxe B obis Thilisis saxe Inwifo
universitetis, m Nnodias saxe Bobis geoFfizikis
instituti,

*Thbi B isi, sagarTve B 0, diana kvaratskhelia@yahoo.com,

**Thi Bisi, sagarTve 1 0, demetr 48@yahoo.com

zRvisa da okeanis turbullenturi Serevis Tfenis
Termul1 reJimis Tavisebureba ara mxoBod gansaz-
Rvravs zRvisa da atmosferos urTierT zemogmedebis
xarisxs da kNimatis Formirebas, aramed igi mniS-
vhe Blovan zemogmedebas axdens zRvis cocxalli
organizmebis ganviTarebaze. igive unda iTqvas Savi
zRvis turbullenturi Serevis Tenazec.

kv Bevis mizania Sefasdes siTbos gadatanis Tavi-
sebureba horizontze Savi zRvis turbullenturi-
Serevis TenaSi. aseve ganisazRvros Tenis sisge da
misi cvallebadoba zRvis zedapirze ganviTarebuli
atmosTerull i1 procesebis cvall ebadobis Sesabamisad.

Savi zRvis dinamikis 3-ganzomi Bebiani ricxvi-
Ti modelis (a kordZaZisa da d. demetraSvilis)
gamoyenebiT Catarebullia ricxviTi egsperimentebi.
analizma aCvena, rom temperaturulli velis ganawi-
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Beba horizontze Savi zRvis Serevis turbullentur
TenaSi dakavSirebuBia Termohall inuri zemogmedebis
cvallebadobaze, xoBlo  Fenis sisges gansazRvravs
atmosFerulli cirkulaciuri procesebi. magall iTad,
civ sezonSi ZHBieri garis dros turbullenturi
Serevis Ffenis sisge aRwevs maqgimums (16m). Tbi ll
sezonSi, aprilidan agvistos boBomde ki, SeimCneva
turbulenturi Serevis fenis SeTxeleba

396Bma500MmgdMeEo 06O MEOO 356EMEgdgd0
LslaB3mM dGolsm30L

935 JogmoMsdy
9mb3m3oL b. 9. d5493560L Labgermdol gdbozmMo »boggdLoE G0,
9mb3m30, MLgmol BgEIMo3G0s

9009005 obBMYsMGdIMwo 06E Moo gobEmeng-
0900 GO I6EHMMO  LolsBEZOM FMOLsM30L, MMIgEo;
Do63m0d3905 300 Bxs306MH0L oMITYIM©ObgdoLLL Fobom,
OMES gb 2oBo sb03dL s FMIBMJs3L MdME GBgMAOSL. Bob-
3069005, M3 3060360l ©@s 335 BHYb-36M95000bols
3bMdowo 063H9MoMEm0 306HMdYd0 J0wgdMo QobEME9d-
oL 39Mdm Jgombgglsl  Fo®mdmoaqbab. dowgdmewo asbEHm-
90900  259m0Yygbgds M0  (M5O0s(30X-3mb39J30Mo
00MY55(39I0L L33 350).
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or Forovan cilindrs Soris siTxis dinebaSi
gadasv Bebis Sesaxeb radianulli da QRerzZull i
wnevis gradientis mogmedebisas

Buiza Safaqize
iv. JavaxiSvi bis saxe Bl obis Thi Bisis saxe Imwifo
universiteti, arazmaZis maTematikis instituti,
Tbilisi, sagarTvello
luiza@rmi.ge

SeswavBlillia or Tforovan cilindrs Soris
bBanti ukumSi siTxis dinebos mdgradobis amocana
radianullt da RerZullt wngvis gradientis mogmede-
bisas. msgavsi dinebebi ganixi Beba tegnikur hidro-
dinamikaSi fi B traciis amocanebis Seswav B isas.

ZiriTadi stacionarulli dinebis mndgradobis
dakargva SesaZlBebelia moxdes rogorc RerZsimet-
riulli, ise araRerZsimetriulli SeSFoTebebis Sede-
gad. pirvel  SemTxvevaSi xdeba stacionarulli
dinebis gadasvla meorad RerZsimetriull dinebaSi
griglebis saxiT, xoblo araRerZsimetriulli SeSfo-
Tebebis Sedegad stacionarull dinebas cvlis drois
mimarT periodulli dinebebi azimuturi tal RebiT.

moxsenebaSi warmodgeni Bi igneba gadasvBebi inm
rTulli reJimebisaken, romBebic SeiZlBleba war-
moigmnan im neitraluri wirebis  gadakveTis
wertillis mcire midamoSi, romBebic Seesabamebian
zemoT aRniSnull aramdgradobebs.
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didmasStabiani zonalluri dinebebisa da
magnituri velebis generacia mcire masStabiani
turbullentobiT ionosferoSi

xaTuna Cargazia, o leg xarSi BaZe
iv. JavaxiSvi bis saxe B obis Thi Bisis saxe Imwifo
universiteti,
i. vekuas saxe B obis gamoyenebiTi maTematikis
instituti, Thilisi, sagarTvell o,
khatuna.chargazia@gmail.com

SeswavBiBia mcire masStabiani (skin sisgis

kic*/wg, ~1) dreifulli alfenis turbulentobiT

ganpirobebulli didmasStabiani zonaBluri dinebebisa
da magnituri velebis arawrfivi generaciis Tavise-
burebebi 1onosferull pBlazmur garemoSi. miRebulia
wanacv BebiTi dinebebisa da magnituri velis evolu-
ciis gantolebebi Cgari maRalBsixSirulli da mci-
remasStabiani F B ugtuaciebis aRmweri modeluri
ganto Bebebis saSuallebiT. naCvenebia, rom mcire
masStabiani dreifulli allfenis turbullentobiT
spontanurad generirdebian didmasStabiani zonallu-
ri dinebebi da magnituri vellebi, rac ganpiro-
bebu B ia reino B dsisa da magsve B is Zabvis arawrFivi
urTierTgmedebiT garemos nawi Bakze. sistemaSi Cnde-
ba dadebiTi ukukavSiri didmasStabiani zonaluri
da/an magnituri velis mier mcire masStabiani skin
sisqis allfenis talRebis modullaciiT. nmcire
masStabiani taBl Ruri paketis gavrcelebas garemoSi
Tan axBavs parametrulli aramdgradobiT ganpiro-
bebulli dabalsixSirulli didmasStabiani SeSfo-
Tebebi. Seswavlilia aranmdgradobis ori reJimi: re-
zonansu B -kinetikuri da hidrodinamikuri. napovnia
an aramdgradobebis inkrementebi. gansazRvrullia
aramdgradobis ganviTarebisa da didmasStabiani
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strugturebis gaCenis pirobebi. aRniSnulli arandgra-
dobebi iwveven energiis gadagaCvas mcire masStabiani
all Fenis tal Rebidan didmasStabian zonallur strug-
turebSi, rac damaxasiaTebe Bia energiis turbullen-
turi ukukaskadisTvis.

mad B oba. winandebare naSromi Sesrullebulli iyo
SoTa rusTavelis erovnulli samecniero fondSi
mopovebu B 1 grantis # 31/14 da evrokomiis me-7 CarCo
programis grantis # 269198 *“geopBazmas” (maria
kiuris saerTa-Soriso mecnierTa gacvlis sgema)
mier.
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navie-stogsis ganto lebis Sesaxeb zogierT Rerz-
simetriull SmTxvevaSi

nino xatiaSvili
iv. JavaxiSvi bis saxeBobis Thi Bisis saxe Imwifo
universiteti,
i. vekuas saxe B obis gamoyenebiTi maTematikis
instituti, Tbhi Risi, sagarTve 1 0, ninakhatia@gmail.com

ganxiBullia RerZsimetriuli sxeu Bebis
garsdena reinoBdsis mcire ricxvis SemTxvevaSi. am
SemTxvevaSi navie-stogsis gantoBeba wrfivdeba da
miiReba stogsis wrFfivi gantolBeba Sesabamisi
sawyisi da sasazRvro pirobebiT. zogierT kerZo
SemTxvevaSi miRebulia cxadi Formullebi siCgarisa
da gadaadgi Bebis ZabvebisTvis. ganxi Bullia agreTve
cva Bl ebadi sazRvris SemTxvevac.

Zlieri anizotropulli grigaluri
turbulentobis speqtrebi geokosmosur sivrceSi

oleg xarSilaZe, xaTuna Cargazia
iv. JavaxiSvi bis saxe B obis Thi Bisis saxe Imwifo
universiteti, Tbilisi, sagarTvel o,
oleg.kharshiladze@gmail.com

naSromi eZRvneba damagnitebull kosmosur plaz-
mur garemoSi mimdinare turbulenturi procesebis
gamokv Bevas. aseT garemoSi aramdgradobebis ganvi-
TarebiT SesaZBebelia warmoigmnan e Begqtromagnitu-
ri mciremasStabiani ZBierad BokalBlizebulli araw-
rfivi grigalluri struqturebi, romlebsac gadaaqvT
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CaWeri Bi nawi Bakebi. pBazmaSi gadaadgi Bebisas es
strugturebi iwveven simkvrivis, eleqtrulli da
magnituri vellebis SesamCnev FRugtuaciebs da
aagtiureben gadatanis procesebs garemoSi. amasTan
eqsperimentze miRebuli sinmkvrivis TFRugtuaciis
speqtris maCvenebeli gacillebiT aRemateba susti
turbu Bl entobis Teoriis mier nawinaswarmetyve lebs.
Cvens modeB Si ganxiBull grigalur strugturebs
SeuzBiaT gamoiwvion ZBieri grigaluri +turbu-
Bentoba. turbullenturi dineba ganixi Beba rogorc
Zblierad Bokalizebull, sustad urTierTgned erTna-
iri grigallebis ansambBi. sxvadasxva amplitudiani
grigallebi SemTxveviTad arian ganawi Bebulli gare-
moSi (urTierTdajaxebebis gamo). maT aRsawerad igna
gamoyenebu Bi statistikuri meTodi. mocemull mode-
BSi daSvebulia, rom stacionarulli turbullentoba
Tormirdeba urTierT konkurentulli efeqtebis daba-
BansebiT: grigallebis spontanuri generireba, rome-
Bic ganpirobebulia SeSFoTebaTa Frontis arawr-
TFivi grexiT, didmasStabian SeSfoTebaTa energilis
transportireba mokBe masStabian SeSToTebebSi da
am masStabebSi maTi dajaxebiTi miBeva. inerciul
areSi energiis gadatana masStabebis mixedviT xdeba
strugturebis SeerTebiT maTi urTierTdajaxebisas.
miRebulia talRuri ricxvebis mimarT eleqtro-
magnituri energiis stacionarulli speqtris axali
saxe, romelic ecema Xarisxovani kanoni T

<|Bk\2>~k’8/3, rac karg TanxvedraSia uaxBes

satelitur (magnitosferull, ionosferull) da Nabo-
ratoriulli dakvirvebebis monacemebTan. Gamokv le-
ullia dedamiwis magnitosferull kudSi dinebis kine-
matikuri parametrebisa da magnitometrulli gazon-
vebi satel it “THEMIS” monacemebis mixedviT. Seswav-
Billma spegtrebma gviCvena, rom speqtris xarisxis
maCvenebe B 1 damokidebu B ia magnitosferos mdgoma-
reobaze. kerZod, Cvens mier gamokvBeull droiT
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intervall Si speqtrebis saxes gansazRvravs magnito-
sTeroSi mimdinare magnituri Stormebi. Catarda
pBazmuri grigallebis urTierTdajaxebebis kompiu-
terulli modelireba, romelmac daadastura warmod-
genibi turbu lentobis formirebis scenaris
Sesaz B eb 1 oba.

mad B oba. winandebare naSromi Sesrullebulli iyo
SoTa rusTavelis erovnulli samecniero TondSi
mopovebu Bi grantis # 31/14 da evrokomiis me-7 CarCo
programis grantis # 269198 “geopBazmas” (maria
kiuris saerTa-Soriso mecnierTa gacvlis sgema)
mier.
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gamtar siTxeSi usasrullo Forovani Firfitis
brunvis arastacionarulli amocana cviladi
gamoJonvis siCgarisa da elleqtrogamtarebl obis
SemTxvevaSi magnituri vell isa da siTbogadacemis
gaTval iswinebiT

Bevan jiqiZe, varden cucqiriZe
sagarTve B os tegnikuri universiteti,
Thi B isi,sagarTve I 0O: levanjikidze@yahoo.com,
b.tsutskiridze@mail.ru

mimdevrobiTi miax Boebis meTodiT SeswavBilia
gantar siTxeSi usasrullo Tforovani TFTirfitis
brunvis arastacionarulli amocana magnituri velisa
da siTbogadacemis gaTval iswinebiT cvBadi eleg-

trogamtareb I obisa G:GOTl da gamoJonvis siCgaris
0

v, =0, E SemTxvevaSi.
TO

dinamikuri da siTburi sasazRvro +TenaTa sis-
geebis gansasazRvravad miRebu lia Sesabamisi dife-
rencialuri gantolebebi da Cawerilia maTi zusti
amoxsnebi zogierT kerZo SemTxvevaSi, rodesac gamo-
Jonvis siCgare icvBeba sxvadasxva kanoniT da sa-
sazRvro fenaTa sisgeebs Soris arsebobs &, (r)=y0()
saxis damokidebu Hl eba.

gamoTvhilia dinebis yvela Fizikuri maxasiaTe-
beli.
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399mygbgdomo 9gdsbogzs

sanapiro zo 1Si talRuri procesebis model ireba

amirani bregvaZze*, Bali siWinava*
*akaki wereT Bis saxe Bmwifo universiteti

naSromSi  ganixi Beba SemTxveviTi  tal Rebis
ricxviTi modeli talRebTan mimarTebaSi. es model i
Sedgeba sami qve-mode B isagan. 1. modeli, romelic
gamoiyeneba mravalmxrivi da SemTxveviTi talRis
transformaciisTvis; 2. zedapirze mbrunavi (mgoravi)
evo Buciis modeli; 3. modeli, rombis meSveobiTac
gamoiTvleba vertikaBuri ganawilBleba da talRis
siCgaris mniSvneB oba. talRis gamoTvBla donis
mixedviT Fasdeba talRis asimetriis Teoriis safuz-
vel ze dayrdnobiT. modeli uzrunve Blyofs natanis
xe Bsayrell gamoyenebasa da morfolBogiur cvli-
I ebebs tall Rebisa da dinebebis mixedviT.

samaSve 1 0 zurgsakidi mowyobi BobiT aRWurvilli
biomeganikuri sistemis maTematikuri modell ireba

arCi B geguCaZe, giorgi CiraZe, goCa BekveiSvilli
akaki wereT Bis saxe Imwifo universiteti
quTaisi, sagarTve 1 0, archigon@ymail.com

martivi samaSve lo zurgsakidi Rveduri mowyo-
bi B oba (nou-hau"), romeBic gaTvaliswinebulia sti-
giuri ubedurebebisa da sxva sagangebo situaciebis
dros dazarallebulTa gadasayvanad, warmoadgens
tradiciulli sakacis all ternativas. aseve, samxedro
miznebisaTvis, taqtikuri aRWurvi Bobebis mwarmoe-
bel kompania "Agilite Gear"-is mier SegmniBia zur-
gsakidi samaSve 1 o mowyobi B oba [1, 2].
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mowyobi Boba iZBeva gadasayvani adamianis wonis
gadanawi Bebis SesaZBlebBobas tradiciulli jdonis
Sesabamisad. mis meganikur struqturas safuzvlad
udevs sacdeli mogni Bi samaSve lo maryuldis axBad
Segqmni B i nimuSi [3].

Flexible Parts
Suferer Body

Resilient Joint -8
Resilient Joint -R ;

Resilient Joint _g,

biomeganikuri sistenis rxeviTi dinamikuri
procesebi aRwerillia WBa granJis meore gvaris
diferenciallur ganto lebaTa sistemiT [4]

1-(Mr+Ms:'f:fx=(Mr+M9>g_cxxXx_Knirx;

E'ijf.s _CH(XK_XSJ_KM(;{R_;?.s):D;

3'(Mr +M?)ERF =(Mr +M9)g_cxzzzr _szij;
4'(Mr +M9);—7:mx, _Cl [Zx.rx, _ZKF :I_ Kl [Z.er, _jm’:I: D;

S+ M2, 2y ~Z e KL (2 -2

FiFy FiRy ]_

rimy, — Ram J= L

ﬁMsfx.r.s_csz [Z x;s_z.xxxl]=u'

samaSve B0 zurgsakidi mowyobi Bobis sagangebo
situaciebSi masobrivi moxmareba SesaZlebelia
specialuri momzadebis gareSe _ dazarallebullTa

gadasayvanad maSve B Ta gaZneBebull1 gadaadgi Bebis

Z o FEL[E

RiE SRR,
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pirobebSi, rogoricaa cicabo TFferdobebi, viwro
xeobebi, oRro-CoRro reliefi, Caxergi bi nangrevebi
da sxva.
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amwe-satransporto da sagzao manganebis muSa
aRWurvi B obis
strugturulli analizi

vaJa gogaZe
akaki wereT Bis saxe Bmwifo universiteti,
sagarTvello

amwe-satransporto da sagzao manganebis muda
aRWurvi Bobebi warmoadgens rTull sivrciT siste-
mebs, romel Ta e Bementebi saxsru Bl adaa dakavSirebu-
Bi erTmaneTTan. ZiriTadad gamoyenebulia cillin-
drulli da sferulli saxsrebi. garkveu I meganizmebSi
gvxvdeba zedmeti bmebi, ris gamoc rgo BebSi zomebis
xazovani dakuTxuri gadaxrebis gamo meganizmebis
muSaoba xdeba RreCoebis meSveobiT an konstruqciis
daZabviT.

mizanSewoni B ia Seigmnas racionaluri meganizme-
bi, romBebic TviTregulirebadia da ar iwvevs
konstrugciis winaswar daZabu l mdgomareobas.
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elleqtrulli manganebis Rerovani mode 1 ebi

avTandi B TvaBWreliZe, geTevan cxakaia
akaki wereT B is saxe Bmwifo universiteti, quTaisi,
sagarTve b 0, avtvad7@gmail.com, spectri@gmail.com

eleqtrul manganebSi  energiis e leqtrome-
ganikuri gardagmna xdeba sivrvceSi, sadac Tavmoy-
rillia elegtromagnituri vellis energia. manganis
eleqtromagnituri veli warmoigmneba mis gragni-
BebSi arsebulli deniT. eleqtrulli manganebis magni-
turi vellebi maTi sivrcul-droebiTi araerT-gva-
rovnebis gamo zedmiwevniT rTullia manganis magni-
turi velis SeswavBlas didi mniSvne Boba agvs nmisi
muSaobis gagebisa da analBizisaTvis.

SemoTavazebu Bi midgomis ZiriTadi idea mdgo-
mareobs imaSi, rom elBegqtrull manganebSi energiis
eleqtromagnituri da eleqgtromeganikuri gardagmna
aRwerilli ignas rogorc erTnairi elementebis
e leqtromeganikuri urTierTgmedebis Sejamebis Sede-
gi. aseTi elementebis saxiT aRebullia eleqtrulli
denis gamtari Reroebi, romBebic ganBagebullia man-
ganis RerZis gaswvriv an marTobullad. Beqtrulli
denis gamtari Reroebis daxmarebiT xdeba ara marto
eleqturi manganebis gragni Bebis (aRznebis gra-
gnili, statoris gragnilli, dempFerulli gragni i),
aramed magnituri gularebis wriulli denebis
mode N ireba
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ramodenime sabaziso zedapiris mqone garsTa
Teoriis zogierTi gamoyeneba

avTandi B TvalWreliZe* gullbanu Bbaisariva**, nabat
suieuova**
*akaki wereT B is saxe Bmwifo universiteti, quTaisi,
sagarTve l 0, avtva4d7@gmail.com,

**aesenovis saxe B obis teqgni Bigiebisa da
ingineringis kaspiis saxe Imwifo universiteti,
aqTau yazaxeTH,
gulbanu--79@mail.ru

ramodenime sabaziso zedapiris mgone garsTa
Teoria 1igeba erTi kinematikuri hipoTezis safuZ-
ve l ze. Ees hipoTeza aZlBevs saSuallebas miax B oebiT
avagoT konstrugciis erTi Fenis (garsis)
werti Bebis samgazomi B iani gadaadgi Bebis veli ori
sabaziso zedapiris wertillebis gadaadgi Bebis
velis gamoyenebiT.  TeoriaSi ganzogadoebu K i
koordinatebis (gadaadgi Bebebis) ricxvi zustad
Seesabameba ganzogadoebu B'i Zalebis ricxvs.

naSromSi moyvani Bia pragtikulli amocanebis
maga B iTebi, sadac maTematikuri modelebis agebisas
gamoiyeneba ramodenime sabaziso zedapiris mgone
garsTa Teoria
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ganaTebis gavlena Senobis konstrugciis
sivrciTi gadawyvetisas

izo B da kvernaze
akaki wereT B is saxe Bmwifo universiteti, quTaisi,
sagarTve bl 0, ikvernadze@mail. ru

sibrtyeze TFiguris dagegnmi Bebis dros TFfigu-
rasa da mis gegmi Bs Soris warmoigmneba naTesauri
Sesabamisoba. ase magall 1Tad, myardeba Sesabamisoba
Figuris gegmiBsa da Sveull gegmi B Tsibrtyeze mis
Crdills Soris. Sveull gegmi B Tsibrtyeze horizon-
taluri wrewiris Crdilis agebis gaaanall izebisas
Cans, rom gardagmnis (damatebiTi dagegmi Bebis) Sede-
gad wrewiri gadadis el ifsSi.

zedapiri SeiZleba warmodgenil ignas, rogorc
misi mxebi sibrtyeebis Semomv B ebi. raime mimarTulle-
biT mxebi sibrtyis gadaadgi Bebisas Sexebis werti-
Bebi mxeb sibrtyeze toveben nakvallevs. Sexebis wer-
tillebis erToblioba zedapirze warmogmnis wirs. am
ukanaskne B's ewodeba maxasiaTebeBi1 wiri da misi
mimarTu Beba, garkveu Bwi Bad, dakavSirebu B ia mxebi
sibrtyis gadaadgi Bebis mimarTu BebasTan. unda aRi-
niSnos, rom Tu zedapiris irgvliv Semowerillia gan-
Fenadi zedapiri, maSin Sexebis wiris mxebi da gan-
Fenadi zedapiris msaxve i zedapirze SeuR Bebullni
arian.

zedapirebis sakuTari da dacemuli Crdilebis
agebisas SeiniSneba saintereso afinuri, proeqciulli
da diferencialuri urTierTkavSirebi. naSromSi es
naTesauri urTierTkavSirebi ganixiBeba nebismieri
ganaTebis SemTxvevaSi konusuri zedapiris Crdilis
agebis magaliTze. ganaTeba xorcieldeba Sveuli
gegni B Tsibrtyis parallelurad. Crdilis Semomsaz-
Rvreli msaxve i ganisazRvreba, rogorc meoTxe
harmoniuli eBementi SemomsazRvrel msaxve lebsa da
sinaT Bis sxivTan mimarTebaSi.
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Camoyal ibebulia wertillis agebis graFfikulli
algoriTmi sinaT Bis sxivisa da ganapira msaxvelli-
sadmi marTobulli an paralelBuri wrfeebis gamoye-
nebiT. amis safuZvel ze dadgeni Bia analitikuri Ta-
nafardoba, romeBic saZiebeli wertilis koordi-
natebs akavSirebs wrewiris radiusTan, sinaTlis
sxivisa da msaxve B is daxris kuTxeebTan.

brunviTi konusis Crdillis agebis magaliTze
miRebu Bi Sedegebi SesaZzBebelia gavrce ldes zogad
SemTxvevebSi. agve gansazRvrulia sxivis daxris
kuTxesa da mis gegmi Bebs Soris damokidebu  eba.

narCeni Zabvebis rolli magistralluri
mi B sadenebis rRvevisas

svet Bana mindazZe*, parmen yiFfiani*
*akaki wereT B is saxe Emwifo universiteti

quTaisi, sagarTve B 1, e-mail: parmenk@gmail.com

konstrugciis SeduRebisa da daduRebis procesSi
masSi warmoigmneba Zabvebi araTanabari mocu B obiTi
cvililebebis Sedegad, romBebic gamowveu Bia sxva-
dasxva mov BenebiT. am Siga Zabvebma SeiZ B eba gamoiw-
vios ara marto konstrugciis deformacia, aramed
misi rRvevac [1-3]. aseTi SemTxvevbi gansakuTrebiT
damzianebe B ia garemos eko Bogiuri mdgomareobisaT-
vis didi gabaritebis rTulli SenaduRi konstrugcie-
bis damzadebisa da eqspBuataciis dros. aseT kon-
strugciebs miekuTvneba didi diametris magistrall u-
ri miBsadenebi, kerZod, navTob da gazsadenebi.
maTze yove Bw B iurad avariebis didi raodenoba Fig-
sirdeba.

magistraluri miBsadenebis gselebis avariebis
ZiriTad mizezs xSirad ZiriTadi HBiTonisa da
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SenaduR1i SeerTebis korozia warmoadgens, romelic
gansakuTrebiT saSiSia konstruqciebSi Siga Zabvebis
arsebobisas, radganac SeiZ b eba ganviTardes
BiTonis koroziulli daskdoma Zabvis qveS. rogorc
[3] naSromSia miTiTebulli, avariebis 40%-mde swored
koroziulli daskdomis Sedegad xdeba. amasTan,
gazsadenebis rRvevaTa naxevari SemTxvevebisa
SenaduRi SeerTebis zonebSi mimdinareobs, rac
adgi Bobrivi narCeni Zabvebis arsebobis Sedegia.
roca aRniSnull narCen Zabvebs mi BSi muSa Zabvebi
emateba, SeiZBeba daCgardes SenaduRi SeerTebis
zonaSi bzaris C(asaxvis stadia da warimarTos
bzaris zrdis stadia, milsadenis rRvevande. Ees
procesi gansakuTrebiT intensiuri xdeba koroziu-
Bi mov M enebis ganviTarebisas.

arsebobs SeduRebis narCeni Zabvebis moxsnis
mravaBnairi meTodi: gaWedvis, mokumSvis, vibraciu-
Bi, dartymiTi, ul trabgeriTi damuSaveba, adgi ll ob-
rivi Termuli damuSaveba, moculBobiTi Termuli
damuSaveba da sxva. ZaBian kargi Sedegi miRebulia
Termu 01 damuSavebis meTodebis gamoyenebisas.

garda amisa, saWiro gaxda narCeni Zabvebis
sidideebze =zegavBenis moxdena ukeTesi Tvisebebis
mgone saSemduReb B o masal ebis gamoyenebis gziT. Aam
mizniT [3] naSromSi Catarebuli iyo kvHBevebi mi Bebis
SeduRebisaTvis saSemduRebBo mavTullis Sesagm-
nelad, rombis saSuallebiTac SesaZBebel i1 igneboda
SenaduR nakerSi Segmni B iyo mkumSavi narCeni Zabvebi,
anda gamWimi da maTi sidide bevrad nakBebi yofi-
Biyo (ziogjer 5-jerac ki), vidre arsebulli tegno-
B ogiisas.

kv Bevebi Catarebulli iyo 17T'1IC da 15XCHI

Ffoladebis CB-08T2C da Cs-08XM (Ferit-per Bituri),
CB-06X19HI9T (austenituri) da damuSavebu Bi marten-
situlli Sedgeni Bobis fxvnilgulla mavTulliT (45-5,5

Ni %, 0,5-0,6% Cr, 0,3-0,5% Mo, 1,3-1,5% Mn, 0,3-0,4% Si, 0,14-
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0,2% V, <0,019% It, <0,05% C, danarCeni - rkina)
SeduRebiT. damcav garemod gamoiyeneboda naxSiror-
Jangis airi, AH-60 da AH-348 markis ¥ N usebi.

aRniSnuli Sedgeni Bobis mavTulliT SeduRebis
Semdeg meganikurma gamocdam aCvena, rom nakeris
BiTonis dartymiTi sibBante uto Bdeboda ZiriTadi
BiTonis dartymiT sibBantes da +tegnoBlogiuri
simtkice mT B ianad akmayofi Bebs normatiull moTxiv-
nebs didi diametris SenaduRi mi BebisaTvis.

baSromSi [4] gamokvBeulia nakeris sigrZeze (i-
miuri da Fizikuri araerTgvarovnebis SegqmniT Sena-
duRi1 SeerTebis tegnoBogiuri da konstrugciulli
simtkicis amaR Bebisa da narCeni Zabvebis Semcirebis
SesaZlebl oba

eqgsperimentebi Catarebulli igna 17TIC da 15XCH/
To badebis Cs-08XM, Cs-06X19HOT da cva l ebad-cik l u-
ri (Cs-08XM+Cs-06X19H9T) Fxvni Bgulla mavTullis ga-
moyenebiT, damcav airSi da AH-348 FRusis qveS. wva-
raudobdiT, rom SenaduR SeerTebaSi bzarebis war-
mogmnis mimarT winaaRmdegobis gazrda SesaZBebeli
igneboda cvalebad-cikBuri saSemduRebB o masalle-
bis gamoyenebiT, SeduRebis Zabvebis relagsaciis
xar jze. Cvens SemTxvevaSi gamWimavi narCeni Zabvebi 2-
4-Jer SemcirdaPper Bituri da austenituri masall e-
biT Sesrullebull nakerebTan SedarebiT.

literatura

1. buprep U.A. OcraTounsie HanpspkkeHus. M.: Mammruz, 1963.
-232c.

2. Munganze C.O., AutoHoB A.A., Caranesuy B.M., UepHnsliie
I''H. Ocratounsle HampspKeHHS B CBapHBIX COEAMHEHUSIX
nmerkux crutaBoB. /Tpymet MBTY, Ne 434, Mocksa, 1985,
c.107-115.

3. [IMamxos IO.M. u np. OctarouHsle cBapOUYHBIE HANPSIKEHUS U
MyTH  CHWXKEHHA  CTPECC-KOPPO3HOHHOTO  pa3pyIIeHHS

105

MarucTpalbHBIX Ta30ompoBoAoB. /Bectauk HOypl'Y, Nel56,
2012, ¢.29-30.

4. CypxoB A.B, 3youeno  A.C,, Kunuanu  IL.H.
TexHoIOTMYECKas MPOYHOCTh U PACIPEICIICHUE JISTHPYIOLTUX
JJIEMEHTOB B CBAapHBIX COCAMHEHHSX C METaJUIOM IIIBa
MePEMEHHO-ITUKIITIECKOTO COCTaBa. /CBapouHoe
npouszBoacTBo, Ne 9, 2001, c.31-34.

sasof 1 o sameurneo daniSnullebis srullamnZraviani
avtomobi 1 is mdgradobis Sesaxeb ferdobze
moZraobisas

zaza JorJo R iani
akaki wereT B is saxe Bmwifo universiteti,
quTaisi, sagarTve 1 0, zazazhorzholiani@mail.ru

mTagorian pirobebSi misabme BiT momuSave sasotf-
B o sameurneo daniSnulebis 4x4 tipis srullanZra-
viani avtomobi Bis transmisia Fungcionirebs did sa-
datvirTvo relimebSi. eqspBuataciis procesSi, gan-
sakuTrebiT sasofFBo sameurneo tvirTebis (Tiva,
simindi, bamba da sxv) gadazidvisas, warmiSoba
ayiravebis saSiSroebidan gamomdinare avtomobillis
mdgradobis sakiTxi. es probBema ufro agtualluria
Tu avtomobi i1 moZraobs ferdobze da gza daferde-
bull ia moZraobis mimarTu Bebis ganivad.

sasof B o sameurneo daniSnullebis 4x4 tipis Sru-
B anZraviani avtomobi Bis dayvaniTi samuSaoebis Ca-
tarebisas didi yuradReba eTmoboda maT eqsp-
B uatacias Waobian gauvall adgiBebSi, xoBo maTi
mTagorian pirobebSi ferdobze moZraobis kvl evebis
ricxvi TeoriaSi Zallian mcirea.
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prob Bemis gadasalWreBad moxda sasofBo sameu-
rneo daniSnullebis srulanZraviani avtomobilis
Terdobze moZraobis maTematikuri modelis srull-
yofa, romel Sic garda sxva parametrebisa gaTvallis-
winebulia gverdiTi mimarTullebiT sall tis sixisti-
sa da demFerebis gavlena, agreTve Ferdobze moZra-
obisas avtomobi B is manevru B oba mosaxvevSi
Sesvlisas avtomobiBis siCgarisa da mocullobiTi
masis gaTvaliswinebiT. es maxasiaTeb Bebi unda gani-
sazRvros sall tis gamocdisas sastendo pirobebSi.

geometriulli modelireba kBasikuri
mxazve oObiTi geometriis aratradiciulli
meTodebiT

eTer FofxaZe
akaki wereT Bis saxe Imwifo saxe Imwifo
universiteti,
quTaisi, sagarTve 1 0, epopxadze@mail.ru

bunebaSi arsebuli Fizikuri, gimiuri, bioBogiuri
da sxva movBenebi xSirad warmodgebian sxvadasxva
geometriulli FormebiTA da maRali rigis garda-
gmnebiT. Ggeometriulli modelireba ki xasiaTdeba
rogorc kvBevis mimarTulleba, romelic ZiriTadad
ixi Bavs, umetesad mxazveBobiTi geometriis meTo-
debiT, mocemuli sivrcisa da misi kuTvnili
obieqtebis mode Bebis agebis xerxebs da meTodebs.
nebismieri xerxiT geometriulli modelirebisas yo-
ve B Tvis ismis kiTxva: ra, rogor, raze, da romeli
meTodiT aisaxeba? sxva sityvebiT rom vTqgvaT,
rogori simravle igullisxmeba im geometriull Ffor-
maSi, romlis asaxvac unda moxdes. rogori simravlle
igneba asaxulli geometriulli Fforma ra urTierT-
damokidebu Beba egnebaT asasax da asaxull Formebs -
urTierTgardagnnis rogor kanonebs daeqvemdebare-
bian 1isini. aseve mocemuBia asasaxi da asaxulli
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Tormebis SesaZBl o variantebi, erTmaneTTanaa Sedare-
buli an Formebis SesaZzBl o variantebi mxazve BoObiTi
geometriis sxvadasxva meTodebSi: monJis meTodSi,
perspeqtivaSi, ricxobrivniSnulebian gegmi BebSi,
sTeros stereografiull gegmi BebSi, agsonometriaSi,
maioris sasuraTe meTodSi, TFidleris ciklog-
rafiaSi da sxva. konstruirebulli Formis Seqcevadi
gamosaxu Bebis asagebad, ganxiBulli meTodebidan
gamoyofi Bia is gamosaxu Bebebi, romeB Ta asaxvis
simravlec aris dekartes simravle an misi qvesi-
mravBe aseve ganxi Bullia asasaxi da asaxulli For-
mebis mixedviT geometriulli modelirebis Sesazllo
oTxi ZiriTadi mimarTu B eba

399mb5dMerg30 506900l MdM33¢0lL 3O Eglby dmgddgo
BJBHMMOIO0L 353¢gbols bamolbol 3507995303200 3cgEo

besik ganTaria, romanoz Tofuria, TeimurazkoCaZe
akaki wereT 0 is saxe Emwifo universiteti, g quTaisi,
sagarTvell O
temko1954@mail.ru

gamonabo Bqvi  airebis Tbocvlis procesis
mimdinareobaze mniSvne Bovan gavBenas axdens wvis
produqgtebis moZraobis siCgaris, masis, temperaturis
cvlilleba da TbhomcvBelis =zedapirebze danalleqi
muris sisge. Tu gavaanall izebT gamonabo Bqvi airebis
moZraobis dinamikas gamomSveb sistemaSi, romelic
uSualod damokidebu Bia Zravis muSaobis relJimebze,
misi siTburi energiis mniSvneloba cvallebadia da
mimdinare Tbocvlis procesebi arastacionalluria,
rac uSuallod damokidebulBia nakadis moZraobis
siCgaris cvallebadobis xasiaTze, nakadis masisa da
temperaturis cvallebadobze, Thomcvlell zedapirebze
wvis produgtebis danallegis sisgeze da nakadis
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pull saciis xasiaTze da aS. amitom namuSavari airebis

siTburi energiis uti lizaciisas Thocvlis procesis

gaangariSebis dros gaTvaliswinebulli unda iyos

Zravis eqspBuataciis pirobebis gavlena - arasta-

cionalluri siThburi nakadis da Thomcvlell zedapirze

wvis produqtebis danalagis sisgis mniSvne loba

SerCeu l1 kompagturi mi Bwibovani Thomcv Be B isaTvis

Sedgeni Bi1a Thocv s procesis maTematiuri model i,

rome B ic aRwers Thogadacemnis process cxeli (gamo-

nabo Bgvi airebi) Thogadamtanidan civ Thogadamtanze

(samcivro agenti) da vRebu B obT ganto BebaTa sis-

temas. gantolebaTa sistemaSi cnobili sidideebis

CasmiT da integrebiT miiReba gamonabo N qvi airebis

siThuri engergiis Thogadacenis procesismaTematiuri

mode B i, rome B ic gansazRvravs Thocvlis i-ur monak-
veTze siTbur nakads.

Thocvlis procesebis gaangariSebis da kompag-
turi Thomcvlelis SerCevisaTvis saWiroa oTxi geo-
metriulliparametrisanallizi:

- eqvivallenturi diametri - damokidebu Bia cocxali
kveTis FarTobze daeTreu l ovani arxis perimetrze,
rome B ic Seqmni B iaor mezobe B wiboebs Soris;

- kompagturobis koeficienti - damokidebulia
Thbomcvlelis mT Bian zedapirze da mocu l obaze,
rome B ic moTavsebu B ia gawibovnebis sivrceSi.

- cocxali kveTis koeficienti - damokidebulia
cocxal'i kveTis FarTobze da gawibovnebiT mocu i
adgilis mTHRian Frontalur kveTze. mocemulli
koeFicienti axasiaTebs kveTis Sevsebas wibovnebis
ganiv kveTSi.

- gawibovnebis kuTri zedapiri - damokidebulia
wiboebis da ThomcvBelis nTHRiani zedapiris
FfarTobze, romelBic axasiaTebs Tbogadamcenis
Jamuri zedapiridan gawibovnebu B i FarTobiswi lls.

damaxasiaTebe B i zomebi da parametrebi upirobod
aRweren konkretulli TbomcvBelis gawibovnebis
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Tvisebas. amavdrou Bad aRniSnu B SemTxvevaSi advi 1 ad
miiReba TbomcvBelis is geometriulli parametrebi,
rom B ebic gamoiyeneba maTi gaangariSebis dros. aseve
sayuradReboa ThomcvBlelis hidravlikuri maxasia-
Teb B ebi - aRweren wnevis danakargis sidides, romellic
ixar jeba warmogmni Bi dinebiTi relJimisaTvis Tboga-
cemis procesis intensiurobis gasazrde l ad.
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mrava l Fenovani wyveti Bparametrebiani sivriTi
sistemebis deformadoba da mdgradoba

gela yifiani
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sagarTve b 0, gelakip@gmail.com

ganxi Bulia mimoxi BviTi namuSevrebi mdgra-
dobaze gaangariSebis anaB i1Tikur meTodebze FirTfi-
tebis da Tilebis geometriulli arawrfivobis da
mdgradobis gaTvall iswinebiT, romBebsac agvT regu-
Barobis rRvevebi. am arareguBarobebis gasaTva-
B iswineb Bad gamoyenebu B ia ganzogadebu Bi1 Fungcie-
bi, romBebic Seiyvaneba sawyis geometriull da Fizi-
kur FfardobebSi. miRebuli impuBsur koeFicien-
tebiani diferencialluri ganto Bebebis amonaxsnebi
warmodgeni Bia regullarulli da wyvetilli Ffungcie-
bis kombinaciiT, rasac nmivyevarT swrafad krebad
mwkrivebamde da gaangariSebis martiv allgoriT-
mebTan.
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mi BsadenSi moZravi navTobis SeThobaze
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navTobi moipoveba dedamiwis siRrmidan WaburRi-
B ebis saSuallebiT da transportireba xorcieldeba
mi Bsadenuri transportiT, ramdenime aseull killo-
metrze garkveuli wnevisa da temperaturis piro-
bebSi.

sibBante warmoadgens navTobis ZiriTad maxa-
siaTebel Tiziko-gimiur parametrs da mniSvne I ovnad
gansazRvravs moZraobis siCgares mi BsadenSi. TviTon
sibBante ki temperaturaze sakmaod damokidebuli
sididea da garkveul temperaturull diapazonSi
ramdengerme icvBeba Biteraturulli monacemebis
mixedviT [1], temperaturis 20°C-dan 40°C-mde cvlille-
bisas navTobis dinamikuri sibBante 13240 mpawm-dan
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mcirdeba 2020 mpawm-de, Tumca cvlilebis diapazoni
mniSvne B ovnad ganisazRvreba mopovebis adgi I mdeba-
reobiT.

aRniSnu Bl idan gamomdinare SeiZlBeba vimsjeloT
terminall ebSi tankeris CatvirTvis procesis
daCgarebis SesaZlBleblobaze, risTvisac mimarTaven
navTobis SeThobas. Tbogadacemisa (1) da Thburi
ba B ansis (2) ganto B ebebi

0 =K.AtF (1)
Q=W fip,C,(t] —t]) =W, f,p,C,(t; —1]) (2)
sadac K - siTbogadacemis koeficientia da

damokidebulia siTxis simkvriveze, sibBlanteze,
Tbocv B aSi monawi Be zedapirebis Formaze da sxva
F- Thbogadamcemi zedapiris gasaTbobi TFarTia, At -
cxell da civ Thogadamtanebs Soris saSuallo tempe-
raturulli dawnevaa, W; daW, - Tbogadamtanebis
moZraobis siCgarea;, p; da p; - Tbogadamtanebis
simkvriveebia, Ci da C: — Thogadamtanebis siTboteva-
dobebia; fi da £ — Thogadamtanebis gasadinebelli

kveTebis FarTobia ¢, t,, ¢/, t; - Thogadamtanebis
sawyisi da sabo B oo temperaturebia.

Thomcv el is gaangariSebis dros sagull isxmoa

saSuallo temperaturulli dawnevis (Atr) sididis da-
mokidebu Beba Thogadamtanebis moZraobis sgemaze da
siCgareze. Uunda aRiniSnos, rom Tanabar pirobebSi
Semxvedri dinebis Thomcv il elebi, Thocvlis gacile-
biT uketesi iIntensivobiT xasiaTdebian vidre
erTmxrivi dinebis aparatebi. aRniSnullis gamo maT
gaaCniaT SedarebiT mcire zomebi da upiratesobiT
sargeb I oben ekonomiurobis TvallsazrisiT.

naSromSi ganxi Bullia gamaTbobelBSi (mili-
mi B Si) moZravi navTobis SeTbobis procesi da misi
gav B ena gadatvirTvis procesis intensivobaze.
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mi BsadenSi navTobis moZraobis siCqareze
temperaturis cvlilebis gavlenis
eqsperimentull i kvleva
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bo Bl o aTwleu BebSi navTobproduqgtebze moTxovne-
bis zrdam msof B ios mecnierebis winaSe dasva amoca-
na, rome B ic gu B isxmobs navTobis udanakargod mopoe-
bas da mis swraf transportirebas momxmarebe I qvey-
nebSi. dReisaTvis xme B eTze navTobis transportirebis
yve Baze metad gavrce Bebu B saSuall ebas mi 0 sadenuri
transporti warmoadgens. agedan gamomdinare Cvens mier
SemoTavazebu Bi idea mi B sadenSi navTobis moZraobis
siCgareze temperaturis cvlilebis gavlenis egsperi-
mentu B 1 kv B eva metad mniSvne I obania da perspeqtiull
kv B evas warmoadgens.

mi BsadenSi navTobis moZraobis xarji damokide-
bullia milis diametrze da navTobis moZraobis
siCgareze:

Q=w-v,
sadac w -mi B sadenis ganivi kveTis FarTobia, m2
v -navTobis moZraobis saSua l o siCgarea. m/wm.

navTobis moZraobis siCgare Tavis mxriv damokidebu-

I ia navTobis temperaturaze. agedan gamomdinare, rom
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davadginoT mi BsadenSi navTobis xarjis cvlillebis
damokidebu Beba temperaturis cvllilebaze unjobesia
es procesi Seviswav B oOT egsperimentu i gziT specia-
B urad Segmni B danadgarze.

mi BsadenSi  moZravi navTobis hidrodinamikis
Sesaswav B ad gamoviyeneT danadgari, rome B ic Sedgeba
navTobiT Sevsebuli avzisagan. centridanu i tumbos
saSua B ebiT navTobi Semwovi mi Bidan gadadis grZiv
mi B sadenSi. am ukanaskne B i T ivseba mudmivdoniani avzi,
saidanac navTobi miewodeba mudmivi diametris
mi B sadens, rome B Sic xdeba navTobis moZraobis siCga-
resa da xar jze moZravi masis temperaturiscvilillebis
gavlenis SeswavBa danadgarze agreTve damagrebu-
Bia. mudmivi donis avzi, piezometrebi, onkanebi,
samkuTxa wya B saSvi, damawynarebe 1 i, zedmeti navTobis
avzSi damabrunebe B 1 mi B sadeni, Termometri.

centridanull tumbos CarTvidan garkveull i
drois Semdeg, rogorc ki navTobis moZraoba damya-
rebull xasiaTs miiRebs. TermometriT vzomavT millsa-
denSi gamava B1 navTobis temperaturas . mocu BobiTi
wesiT ganvsazRvravT navTobis xarjs, xoB o Semdeg-
moZraobis saSual o siCgares v. Cxri Bebidan vpou B obT
sib B antis kinematikur koeficientis sidides, xol 0 Re
= v - d / v TFTormulidan-reinoldsis ricxvis
mniSvne B obas. cda unda gavimeoroT ramodenimejer
sxvadasxva temperaturisaTvis. miRebulli SedegebiT
vagebT damokidebu Bebis mrudebs.
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ganixi Beba usasrull o, erTgvarovani b lanti drekadi
Zebis rxevis amocana, rodesac ganmsazRvreli Tana-
Tfardoba deformaciasa da daZabu B obas Soris moce-
mu B ia Semdegi FormiT:
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o(t,x)=En’D’e(t,x), 0<p<l.

sadac D’ aRniSnulia wilBaduri rigis warmoebulli
riman-Biuvilis azriT. TavdapirveBad ganixileba
SemTxveva, rodesac gareSe datvirTva damokidebu lia
mxo B od sivrciT koordinatze. napovnia am ganto B ebis
amonaxseni zogad SemTxvevaSi. naCvenebia, rom Joj
parametris kritikuli mniSvne B obebisaTvis ei. roca
S =0 da B =1 miRebu li anonaxseni emTxveva k Basikuri
hiperboBuri da paraboBuri ganto Bebebis amonax-
snebs. ganixi Beba agreTve SemTxveva, rodesac gareSe
datvirTva damokidebu Biadrozeperiodull ad.
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moZraobisas

eTer Fofxaze

geometriulli modelireba kBasikuri

mxazve B obiTi geometriis aratradiciulli
meTodebiT

besik ganTaria, romanoz ToFfuria, TeimurazkoCaZe.
gamonabo B qvi airebis Thocvlis procesze mogmedi
Ffaqtorebis gavlenis xarisxis maTematikuri

mode R i

gela yifiani.

mrava I Fenovani wyveti Bparametrebiani sivriTi
sistemebis deformadoba da mdgradoba

aleqsandre cecxlaZe, allegsandre kamllaZe,
TeimurazkoCaze.

mi B sadenSi moZravi navTobis SeTbobaze
moxmarebu Bi energetikuli danaxar jebis anallizi
aleqgsandre cecxBaZe, joni noseliZe, Teimuraz
koCaZe.

mi B sadenSi navTobis moZraobis siCgareze

temperaturis cvlilebis gavlenis
eqsperimentu i kvleva

565¢00Bol Imbsomglisgg bs300bgdo

ami B nikovi, m. ben xaimi.
sivrciTi moZraobis marTvis erTi amocanis
Sesaxeb

Smos V. mJavanaZe.
drekadobis brtyeli Teoriis erTi nawi B obriv
ucnob sazRvriani amocanis Sesaxeb
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Teimuraz surgull aZe.

bRanti drekadi ZelBis rxevis amocana, rodesac
ganmsazRvre li Tanafardoba Seicavs wi Baduri

rigis warmoebulls
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