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DYNAMICS OF ULF ELECTROMAGNETIC WAVE 
STRUCTURES IN THE SHEAR FLOW INDUCED 

IONOSPHERE

G. Aburjania, Kh. Chargazia
Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of

Applied Mathematics, Tbilisi, Georgia, 
khatuna.chargazia@gmail.com

Generation and further linear and nonlinear dynamics of 
planetary ultra-low-frequency (ULF) waves are investigated in 
the rotating dissipative ionosphere in the presence of 
inhomogeneous zonal wind (shear flow). Hall currents in E-
region of the ionosphere and the permanently acting global 
factors – spatial inhomogeneity of the geomagnetic field and 
the angular velocity of the Earth rotation provokes the 
generation of the fast and slow planetary electromagnetic 
waves (PEW). Effective mechanism of PEW amplification at 
interaction with the zonal inhomogeneous wind is analyzed. In 
case of the shear flows, the operators of the linear problem are 
not self-adjoint, therefore the eigen functions of the problem 
maybe non-orthogonal and can hardly be studied by the 
canonical modal approach. Hence it becomes necessary to use 
the so-called nonmodal mathematical analysis. It has been 
shown that the PEW effectively extract an energy of the shear 
flow at the linear stage and sufficiently increase own energy 
and amplitude. Necessary and enough condition of shear flow 
instability in the ionospheres medium is estimated. With 
development of the shear flow instability and perturbations’ 
amplitude growth, the nonlinear mechanism of self-localization 
comes into play and the process ends with self-organization of 
the nonlinear solitary strongly localized vortex structures. 
Depending on a shear flow velocity profile the structures can be 
the pure monopole vortices, as far as the vortex streets on the 
background of the inhomogeneous zonal winds. Recording 
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such vortices can create strong turbulent state in the ionosphere 
medium.

Acknowlegment. This work was supported by the European Union 
Seventh Framework Program [FP7/2007-2013] under grant 
agreement № 269198 - Geoplasmas (Marie Curie International 
Research Staff Exchange Scheme).

THE PROBLEM OF CRACK PROPAGATION 
IN AN ELASTIC STRIP

Guram Baghaturia*, Giorgi Baghaturia**
*Georgian Technical Univerity, Tbilisi, Georgia, nogela@yahoo.com

** Georgian Technical Univerity, N.Muskhelishvili institute of
Computational Mathematics,Tbilisi,Georgia, nogela@gmail.com

The problem of propagation of transversely displaced crack in 
compound elastic strip is solved. The problem is solved by means of 
integral transformation of Fourier and the method of Wiener-Hoph
[1]. The coefficient of intensity of stress is defined.

References
1. B. Noble. Methods based on the Wiener-Hopf teqnique.

Pergamon press, London-New York-Paris-Los Angeles,1958.
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EFFECTIVE SOLUTION OF THE NEUMAN BVP OF THE 
LINEAR THEORY OF  THERMOELASTICITY WITH 
MICROTEMPERATURES FOR A  SPHERICAL RING

Lamara Bitsadze*
*Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 

Mathematics, Tbilisi, Georgia, lamarabitsadze@yahoo.com

In this paper the expansion of regular solution for the equations of 
the theory of thermoelasticity with microtemperatures is obtained that 
we use for  explicitly solving the Neumann boundary value problem 
(BVP)  for the equations of the linear equilibrium theory of 
thermoelasticity with microtemperatures for the spherical ring. The 
obtained solutions are represented as absolutely and uniformly 
convergent series.

References
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with microtemperatures J.   Thermal Stresses, vol. 23, pp. 199-
215, 2000. 3.  Scalia  A, Svanadze  M. and Tracina R., Basic 
theorems in the equilibrium theory of  thermoelasticity  with  
microtemperatures  J. Thermal  Stresses, vol. 33, 721-753,    
2010.

3. Smirnov V.I,: Course of Higher Mathematics, v.III, part 2, 
Moscow, (1969).

4. Natroshvili D.G. and Svanadze M.G.,  Some Dinamical Problems 
of theTheory of Coupled   Thermoelasticity  for the Piecewise 
Homogeneous Bodies,  Proceedings of I.Vekua Institute of 
Applied Mathematics, N10, pp. 99-190, Tbilisi, 1981
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ON LEAK DETECTION IN
PIPELINES FOR GAS STATIONARY AND NON-

STATIONARY FLOW

Teimuraz Davitashvili*, Givi Gubelidze**
*Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 

Mathematics, Tbilisi, Georgia, tedavitashvili@gmail.com
** ggubelidze@gmail.com

At present pipelines become the main practical means for liquid 
and gas substances transportation. Indeed oil, water and gas 
transportation by pipelines is the safest and cheapest method in 
comparison with railway, marine and motor transportation systems.
That is way a large number of pipeline networks were constructed 
worldwide during the last 70 years for natural gas transportation. At 
the same time it should be noted that the gas delivery infrastructure is 
rapidly ageing. The main fault of the outdated pipelines is leak and as 
a consequence, explosion, fire and deterioration of environment. For 
instance leakage of methane which is the most principal greenhouse 
gases contributes to climate change. Owing to earthquakes, floods, 
corrosion and terrorist attacks escape of gas may occur at any time 
and location in pipeline networks, therefore, timely detection of leaks 
is important for the safe operation of pipelines, for minimization 
of environment contamination and economical loss. So elaboration 
of leak detection and location methods for gas pipeline system is an 
urgent and sensitive issue of nowadays. Unfortunately there have not 
been yet invented a fully perfect method for leak detection and 
localization so finding out the new methods and techniques for the 
leak fast detection and location in the pipelines is an urgent issue. 
There are many different methods that can detect natural gas pipe line 
leaks and location, among them we can note a very simple manual 
inspection using training dogs and also advanced satellite based 
detective systems. But mainly the various methods can be classified 
into non-optical and optical methods. In the paper are reviewed some 
methods for pipelines leak detection and location. 
Also in this paper we have created a new mathematical model 
defining the leak detection in oil and gas complex (having  several 
branches) transmission pipelines for the gas stationary flow. The  
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mathematical model (an algorithm) does not required knowledge of 
corresponding initial hydraulic parameters at entrance and ending 
points of each sections of the pipeline (receiving of  this information  
is rather difficult without using telemetric informational   system). 
Numerical experiments gave positive results.  We have created a new 
mathematical model defining of leak detection in the claimed gas 
transmission pipeline for the gas stationary flow. Previous numerical 
experiments are in good approaches with the observed values of the 
pipelines accidental leaks.

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

ONE MATHEMATICAL MODEL OF THE MICROTREMOR 
USE FOR STRUCTURE REAL SEISMIC 

RESOURCE ASSESSMENT

Guram Gabrichidze

Study of the structure behavior under microtremors to assess its 
real operating condition or to ascertain its dynamic characteristics is a 
widespread method in the world. It is distinguished for its cheapness, 
mobility, though it has also certain limitations. It is that transition 
process from microtremor to real is not univocal and relies on certain 
assumptions. Therefore, when we use this approach in practice, we 
are offered different algorithms and technologies of material 
processing obtained as the result of the experimental observation of 
the structure under microtremor, which creates probability 
of structure operational condition, particularly, its earthquake 
resistance distinctive assessment. Mathematical model and algorithm 
constructed on its basis, which univocally ascertains how to 
process displacements recorded under microtremors that to speak 
substantially about structure behavior when real seismic wave 
(seismogram) passes its foundation are suggested in the present 
article
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ADDITIVELY-AVERAGED MODELS AND SCHEMES FOR 
SOLUTION OF SOME PROBLEMS OF 

THERMOELASTICITY

D. Gordeziani
Iv. Javakhishvili Tbilisi State University,I.Vekua Institute of Applied 

Mathematics, e-mail: dgord37@hotmail.com

In the present work additively-averaged models and difference 
schemes are constructed and investigated for the solution of some 
problems of thermolasticity and theory of shells.

Three dimensional models are reduced to the solution of the 
system of one-dimensional models. On the basis of obtained system 
of one-dimensional models semi-discrete and totally discre-
te schemes are being constructed for the solution of initial three-
dimensional problem.

Approximation estimation error and convergence issues are 
investigated. Stability of method is proved.
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DIFFERENTIAL HIERARCHICAL MODELS FOR ELASTIC 
PRISMATIC SHELLS WITH MICROTEMPERATURES

George Jaiani
I. Javakhishvili Tbilisi State University, I. Vekua Institute of Applied 

Mathematics & Faculty of Exact and Natural Sciences, 
george.jaiani@gmail.com

The present talk is devoted to construction of differential 
hierarchical models for elastic prismatic shells with microtem-
peratures; it is organized as follows. In Section I. a brief survey of 
results concerning the linear theory for elastic materials with inner 
structureswhose particles, in addition to the classical displacement 
and temperature fields, possess microtemperatures is given. In 
Section 2 prismatic and cusped prismatic shells are exposed.
Relation of the prismatic shells to the standard shells and plates are 
analyzed. In a lot of figures 3D illustrations of the cusped prismatic 
shells are given. Typical cross-sections of cusped prismatic shells are 
also illustrated. Moments of functions and their derivatives are 
introduced and their relations clarified. Section 3 contains 
hierarchical models for elastic prismatic shells with microtem-
peratures. To this end, a dimension reduction method based on 
Fourier-Legendre expansions is applied to basic equations of linear 
theory of thermoelasticity of homogeneous isotropic bodies with 
microtemperatures. The governing equations and systems of 
hierarchical models are constructed with respect to so called 
mathematical moments of temperature and of stress and strain 
tensors, displacement and microtemperature vector components. 
Section 4 is devoted to deriving the governing relations and systems 
of the N = 0 approximation (hierarchical model) for elastic prismatic 
shells with microtemperatures. Some preliminary conclusions are 
made. 

Acknowledgement. The present work was carried out within the 
framework of the CNR-SRNSF joint project (2012/2013)
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ON A METHOD OF THE SOLUTION OF TWO-
DIMENSIONAL CARRIER STATIC EQUATION 

Nikoloz Kachakhidze*, Zviad Tsiklauri**, Nodar Khomeriki***
*Georgian Technical University, Tbilisi, Georgia, n.kachakhidze@gtu.ge

** Georgian Technical University, Tbilisi, Georgia, 
zviad_tsiklauri@yahoo.com

***Georgian Technical University, Tbilisi, Georgia, n.khomeriki@mail.ru

Let us consider the following boundary value problem 

where is the 

boundary of the domain are the given 

functions and is the function we want to find. It is 

assumed that is a continuously differentiable 
function that satisfies the condition

Equation (1) describes the static state of a two-dimensional body 

and is obtained by truncating the time argument in a two-
dimensional oscillation equation based on a Carrier theory [1], [3]. 

To find we will use M. Chipot’s approach [2].
The problems of realizing the method have been considered in this 

work.
The results of the test example solved on the computer have been 

given in it.
The similar problem for Kirchhoff two-dimensional equation has 

been discussed in [4].

References
1. Carrier G.F., On the nonlinear vibration problem of the elastic 

string, Quarterly in Applied Mathematics, 3, 157-165, 1945.
2. Chipot M., Remarks on some class of nonlocal elliptic problems, 

Recent advances of elliptic and parabolic Issues, World 
Scientific, 79-102, 2006. 
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15-31, 2002.

4. Peradze J., On the accuracy of the method of solution of a 
boundary value problem for a two-dimensional Kirchhoff 
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ON FRAMEWORK BUILDING COLUMNS SEISMIC 
IMPACT EFFECT

Murad Kalabegashvili, Revaz Thschvedaze, David jankarashvili, 
Lali Qajaia, Ani Tabatadze

m.kalabegashvili@gtu.ge, r.thschvedadze@gtu.ge ,
d.jankarashvili@gtu.ge , l.qajaia@gtu.ge,

a.tabatadze@gtu.ge  (Georgian Technical University, Tbiisi, Georgia)

The issue of earthquake caused seismic load, as of impact effect, 
on framework building columns influence study is considered.

Analysis of the strong earthquakes results is given, where it is 
mentioned, that damage of the part of buildings takes place just at the 
initial moment of the seismic load. It is underscored, that always 
creation of the transversal impact in the building vertical elements 
advances earthquake inertial forces. [1,2,3] The mechanical 
conception of the seismic processes, elaborated by the seismologists 
of the Far East branch of the Academy of Russian Federation is 
given, according to which the seismic radiation represents the 
propagation of mechanical impulse, that occurs in space under the 
laws of mechanics of impact [4].

To examine the conclusion, made in these papers, that seismic 
impact causes framework building first floor columns cut, building 
column oscillation problem is considered, when it in the lower end, 
which may be fastened in point foundation or foundation plate, is 
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under the impulse action in the impact mode. Regarding upper end 
the cases are considered, when it is immovable (fastened rigidly) or 
undergoes displacement, horizontal displacement and rotational 
displacement as well are implied, the value of which depends on 
both, forces, excited by seismic load and building rigidity.

Transversal and longitudinal oscillations as well are considered 
and existing analytical solutions are analyzed [5,6,7,8]. In case of 
transversal oscillations the equation is as follows [10]:

Therefore, it equals to zero everywhere, except the pillar end and 
is taken into account in the boundary conditions.

In both cases, for the purpose of the equations solution, linear 
derivatives are substituted by differential scheme and oscillation 
ordinary differential equations system is obtained, which 
subsequently is solved numerically, using Runge-Kuta method. 
Calculations are carried out in case of impulse different shape. 
Diagrams of the transversal forces are drawn and it is shown that 
transversal force value in the span (at some distance from force 
action point) may be more than given force value, which takes place 
under vibration load action as well [9,10]. In case of transversal 
impact it is concluded, that in columns existing constructing 
conditions impact may cause columns damage approximately in the 
middle by the height, followed by longitudinal reinforcement 
buckling [11]. This conclusion may be important especially for the 
constructions, that are erected near the tectonic fault, since as recent 
investigations [12] show here vibration intensity can exceed 1,5-2,5 
times the design intensity 9.

References
1. Smirnov S.B. The Impact-Wave Concept of Structures Seismic 

Destruction and Seismic Protection. Concrete and Reinforced 
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Oscillation Model of Structures Seismic Destruction. Concrete 
and Reinforced Concrete. 1995, N1, pp. 23-26.
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MICROMECHANICAL ANALYSIS OF SMART COMPOSITE 
MATERIALS AND STRUCTURES BASED ON THE 

ASYMPTOTIC HOMOGENIZATION

Alexander L. Kalamkarov
Dalhousie University, Halifax, Nova Scotia, 

Canadaalex.kalamkarov@dal.ca

Composite materials and structures are widely used in various 
areas of modern engineering. The integration of sensors and actuators 
with structural composites gave birth to smart composite materials 
and structures. They have the ability to respond adaptively in a useful 
and efficient manner to changes in environmental conditions, as well 
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as to certain changes in their own state, and therefore significantly 
increase their functionality and serviceability. As a consequence of 
their structural makeup, the formulation of the pertinent 
micromechanical models must take into consideration both, the local 
and global aspects. Accordingly, the developed mechanical models 
should be rigorous enough to enable the consideration of the 
mechanical behavior of the different constituents (reinforcing 
elements, matrix, actuators, sensors, etc) at the local level, but not too 
complex to be applied to solve  problems of a practical importance. 
Commonly smart composites have a regular structure with the size of 
a unit cell much smaller than the overall dimension of the composite 
structure. Consequently, the coefficients of the corresponding 
differential equations describing mechanical behavior of the smart 
composites are rapidly varying functions in spatial coordinates. The 
resulting boundary-value problems are very complex. It is important, 
therefore, to develop rigorous analytical methods allowing significant 
simplification of the original problems. At present, asymptotic 
techniques are applied in many cases in micromechanics of 
composites. Various asymptotic approaches in the analysis of 
composite materials have apparently reached their conclusion within 
the framework of the mathematical theory of multiscale asymptotic 
homogenization [1,2]. Indeed, the proof of the possibility of 
homogenizing a periodic composite material, i.e. of examining a 
homogeneous solid instead of the original inhomogeneous composite 
solid, is one of the principal results of this theory. Theory of 
asymptotic homogenization has also indicated a method of transition 
from the original problem with the rapidly varying coefficients to a 
problem for an equivalent homogeneous solid. This transition is 
accomplished through the solution of the so-called unit-cell 
problems. The objective of micromechanical analysis of smart 
composites based on asymptotic homogenization is to derive the 
accurate analytical and numerical results for the effective properties 
and local stresses for different types of smart composite and 
reinforced structures of a practical importance. The comprehensive 
review of a state-of-the-art in asymptotic homogenization modelling 
of composite materials and structures can be found in [3].

This paper provides details on the application of asymptotic 
homogenization method to the micromechanical analysis of smart 
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composite materials and thin-walled structures. The basics of the 
asymptotic homogenization technique and its applications to the 
analysis of a wide range of smart composite materials and structures 
are presented. The asymptotic homogenization technique is applied to 
the analysis of 3D smart composite structures and smart composite 
shells. The analytical solutions of the corresponding unit cell 
problems are obtained and the explicit analytical formulae are 
derived for the effective properties of 3D generally orthotropic grid-
reinforced smart composites of various structures, smart grid-
reinforced composite shells, rib- and wafer-reinforced shells and 
plates, sandwich composite shells with cellular cores of different 
geometry. Finally, the analytical expressions for the effective 
mechanical properties of carbon nanotubes are presented.

Acknowledgment. This work was supported by the Natural Sciences 
and Engineering Research Council of Canada (NSERC).

References
1. Kalamkarov, A.L.: Composite and Reinforced Elements of 

Construction, Wiley, New-York, 1992.
2. Kalamkarov, A.L. and Kolpakov, A.G.: Analysis, Design and 

Optimization of Composite Structures, Wiley, New-York, 1997.
3. Kalamkarov, A.L., Andrianov, I.V. and Danishevs’kyy, V.V.: 

Asymptotic homogenization of composite materials and 
structures, Trans. ASME, Applied Mechanics Reviews, 2009, 
Vol. 62, Issue 3, pp. 030802-1 – 030802-20.

     18

SOME BOUNDARY VALUE AND BOUNDARY-
TRANSMISSION PROBLEMS OF MICRO-THERMAL 

ELASTICITY OF STRESS/STRAIN STATE IN 
GENERALIZED CYLINDRICAL AND SPHERICAL 

COORDINATES 

Nuri Khomasuridze
Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 

Mathematics, Tbilisi, Georgia, khomasuridze.nuri@gmail.com

In generalized cylindrical and spherical coordinates a three-
dimensional system of differential equations is considered, which 
describes thermo-elastic equilibrium of homogeneous isotropic 
elastic  materials, microelements of which, in addition to classical 
displacements and thermal fields, have micro- temperatures. Some 
boundary value and boundary value contact problems of micro-
elasticity are stated for bodies bounded by coordinate surfaces of the 
above-mentioned systems of coordinates and an analytical solution of 
this class of problems is constructed.

If thermal coefficients )0...( 621  kkk characterrizing 

micro-thermal effects are assumed to be zero, the obtained solutions 
will lead to the solution of a classical  thermo-elasticity problem.

It should me emphasized that the aim of the given paper is to 
construct an analytical solution for a class of boundary value and 
boundary value contact problems rather than study the validity and 
applicability of the corresponding theory.

Acknowlegment. This work has been supported by Shota 
Rustaveli National Scientific grant AR/91/5-109/11.
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SOLUTION OF SOME BOUNDARY VALUE PROBLEMS OF 
THERMO-ELASTICITY OF A RECTANGULAR 

PARALLELEPIPED TAKING INTO ACCOUNT MICRO-
TEMPERATURE EFFECTS

Nuri Khomasuridze*, Roman Janjgava**
*Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 

Mathematics, Tbilisi, Georgia, khomasuridze.nuri@gmail.com
** Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 

Mathematics, The  University of Georgia, Tbilisi, Georgia, 
roman.janjgava@gmail.com

A three-dimensional system of differential equations is 
considered, which describe thermoelastic equilibrium of 
homogeneous isotropic elastic materials micro-elements of which, in 
addition to classic displacements and thermal fields  also have micro-
temperatures.

In the Cartesian system of coordinates a general solution of this 
system of equations is constructed by means of harmonic and meta-
harmonic functions. A statement of a class of boundary value 
problems of micro thermal elasticity is given for a rectangular 
parallelepiped and using the above-mentioned general solution an 
analytical solution is constructed for the given class of boundary 
value problems.

The obtained solutions lead to the solution of a corresponding  
classical problem of thermoelasticity if we assume that thermal 
coefficients )0...( 621  kkk characterizing effects of micro 

temperatures are equal to zero.
It should be noted that the aim of the present paper is to construct 

an analytical solution for a class of boundary value problems rather 
than investigate validity and applicability of the corresponding 
theory.

Acknowlegment. This work was supported by Shota Rustaveli 
National Scientific Foundation grant  AR/91/5 - 109/11.
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INVESTIGATION OF ELASTIC EQUILIBRIUM OF A 
MULTILAYER  RECTANGULAR PARALLELEPIPED 

UNDER POINT LOAD AND CREATION OF A 
CORRESPONDING WIDE-SERVICE  PROGRAMME

Nuri Khomasuridze*, Natela Zirakashvili**, Miranda  Narmania***
*Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 

Mathematics, Tbilisi, Georgia, khomasuridze.nuri@gmail.com
** Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 

Mathematics, Tbilisi, Georgia, natzira@yahoo.com  ***University of 
Georgia, Tbilisi, Georgia, miranarma19@gmail.com

A  boundary value contact problem of elastic equilibrium is 
solved for a multilayer (three-layer) rectangular parallelepiped under 
external point load. The corresponding boundary value contact 
problem of elasticity is analytically solved where displacements are 
represented as infinite series, with each series term representing a 
product of trigonometric and exponential functions.

On the basis of the obtained analytical solution a comprehensive 
user-friendly wide-service program is created.

Acknowlegment. This work was supported by Shota Rustaveli 
National Scientific Foundation grant  AR/91/5 - 109/11.

DYNAMICS OF SURFACES IN DIFFERENT APPLICATIONS

Dietmar Kröner*
*Albert-Ludwigs-Universität Freiburg, Department of Applied 

Mathematics, Freiburg, Germany, dietmar@mathematik.uni-freiburg.de

In this contribution we will consider moving surfaces in different 
applications.

The first one concerns moving interfaces between the phases of a 
two phase flows with phase transition. The underlying mathematical 
model for a liquid-vapour flow including phase transition, which was 
proposed by Korteweg already in 1901, is the so called Navier-
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Stokes-Korteweg model. It is an extension of the compressible
Navier-Stokes equations with some additional capillarity terms which 
are responsible for the phase transition. We will give an introduction 
for the derivation of the mathematical model and we will present 
some dynamical numerical experiments. Finally we will point out 
some shortcomings of this ansatz and we will show, how this can be 
improved by phasefield models.

The second one concerns conservation laws on moving 
hypersurfaces. In this work the velocity of the surface is prescribed. 
But one may think of the velocity to be given by PDEs in the bulk 
phase. We prove existence and uniqueness for a scalar conservation 
law on the moving surface and we present some numerical 
experiments. As in the Euclidean case we expect discontinuous 
solutions, in particular shocks. It turns out that in addition to the 
“Euclidean shocks” geometrically induced shocks may appear.

Acknowlegment. This is a joint work with D. Diehl, G. Dziuk, 
M, Kraenkel, T. Mueller and is supported by the Deutsche 
Forschungsgemeinschaft.

ON THE APPLICATION OF THE METHOD OF A SMALL 
PARAMETER FOR NON-SHALLOW SHELLS

Tengiz Meunargia
I.Vekua Institute of Applied Mathematics of Iv. Javakhishvili 

Tbilisi State University, Tbilisi, Georgia
tengiz.meunargia@viam.sci.tsu.ge

For the non-shallow shells the basis vectors have the form
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are the basis vectors for the shallow shells. Here, 
a and 

b are the 

coefficients of I and II quadratic forms of the midsurface, 
bH

2

1


and 1
2

2
1

2
2

1
1 bbbbK  are middle and main curvatures  03 x .

A small parameter has the form

,
R

h
 ,3 hxh 

where h2 is the thickness of the shell, R


is a certain characteristic 
radius of curvature of the midsurface. Then the basis vectors of the 
surfaces constx 3 have the form

  ,




  rybaR
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Further, by means of I. Vekua method 3-dimensional problems 
are reduced to 2-dimensional one’s, after that the method of a small 
parameter are used.
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HERITAGE OF V. KUPRADZE IN 3D ELASTICITY:
POTENTIAL METHOD AND FUNDAMENTAL SOLUTIONS 

METHOD

David Natroshvili
Georgian Technical University, Department of Mathematics,
Tbilisi, Georgia & I.Vekua Institute of Applied Mathematics

I. Javakhishvili Tbilisi State University, Tbilisi, 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: 
 Development of potential method for spatial problems  of 

elasticity and 
 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 
potential theory and treat some open problems.
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AN ANALYTICAL SOLUTION FOR A CLASS OF
BOUNDARY VALUE PROBLEMS

OF THERMOELASTICITY FOR A NON-HOMOGENEOUS
RECTANGULAR PARALLELEPIPED

Giorgi Nozadze*, Nuri Khomasuridze**
*LEPL G. Tsulukidze Mining Institute, Tbilisi, Georgia, 

g_nozadze@yahoo.com
**Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 

Mathematics, Tbilisi, Georgia

   In the Cartesian system of coordinates x, y, z analytical solutions 
are constructed for a class of boundary value thermoelasticity
problems for a non-homogeneous in z isotropic  parallelepiped  

Ω = { 0 < x < x1, 0 < y < y1, 0 < z < z1}.
   Boundary conditions of symmetry and antisymmetry are satisfied 
on the lateral faces of the parallelepiped   x = 0, x = x1,  y = 0, y = y1  
while on the two remaining  sides z = 0, z = z1  boundary conditions 
are defined  arbitrarily.

   In order to construct the solution we represent the solution by 
means of three  harmonic functions. Based on this solution and using 
the method of separation of variables components of the 
displacement vector are represented as double infinite series. The 
terms of these series represent a  product of trigonometric and 
exponential  functions.

Acknowlegment. This work was supported by Shota Rustaveli 
national scientific foundation grant #10/17.
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THE ACCURACY OF A METHOD FOR THE BERGER 
DYNAMIC PLATE EQUATION

Vladimer Odisharia*, Jemal Peradze**
*Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia, 

vodisharia@yahoo.com
**Iv. Javakhishvili Tbilisi State University, Georgian Technical 

University,   Tbilisi, Georgia, j_peradze@yahoo.com

By using the approach due to Berger [1] it was shown by Wah [4] 
that the vibration of rectangular plates 

( , ) |x y  0 , 0x a y b   
with large amplitudes may be described by the nonlinear differential 
equation

222
2

2
0,

w w w
w dx dy w

x yt
 



                        


      (1)
in which ),,( tyxw is lateral deflection and  and  are some 
nonnegative constants. 

Consider equation (1) under the following initial boundary 
conditions

( , ,0) ( , ), 0,1, ( , , ) 0,
p
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w x y w x y p w x y t
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       (2)
where ),(0 yxw and ),(1 yxw are the given functions,  is the 

boundary of the domain  . 
Note that in [2] the existence and uniqueness of a generalized 

solution of the Cauchy problem is proved for the equation

 2 1/ 2 2( ) '' | |I hA u A u M A u Au f      
a particular case of which is equation (1).

Let us perform approximation of the solution of problem (1), (2) 
with respect to the variables x and y . For this, we use the Galerkin 
method. A solution will be sought in the form of the series
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where the coefficients )(twmn
ij are the solution of the system of 

differential equations 
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with the initial conditions
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Applying the technique developed in [3] for a one-dimensional 

problem, we estimate the error of the Galerkin method.
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ON ONE CONTACT PROBLEM OF PLANE ELASTICITY 
THEORY FOR A DOUBLY CONNECTED DOMAIN

Nana Odishelidze *, Francisco Criado -Aldeanueva**, 
Francisco Criado ***

*Iv. Javakhishvili Tbilisi State University, Faculty of Exact and Natural 
Sciences, Department of Computer Sciences, Tbilisi, Georgia, 
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The paper addresses a problem of plane elasticity theory for a 
doubly connected body which external boundary is an isosceles 
trapezoid boundary; the internal boundary is required full-strength 
hole including the origin of coordinates. The trapezoid axis coincides 

with the axis. To every link of the broken line of given body are 
applied absolutely smooth rigid punches with rectilinear bases 
undergoing the action of normally-compressive forces. There is no 
friction between the surface of given elastic body and punches. 
Uniformly distributed normal stress be applied to the unknown full-
strength contour .Tangential forces on the boundary are equal to zero 
and normal displacements are piecewise constant. Linear segments 
are endowed with the boundary conditions of the third problem. 
Using the methods of complex analysis [1], the unknown full-
strength contour   and stressed state of the body are determined.  

Acknowlegment. This work was supported by my colleagues of 
Malaga University.
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ON APPROXIMATE SOLUTION  OF A SYSTEM OF
SINGULAR INTEGRAL EQUATIONS

Archil Papukashvili*, Gela Manelidze**, Meri Sharikadze*
*Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of 

Applied Mathematics, Tbilisi, Georgia,
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In the present article the problems for composite (piece-wise 
homogeneous) bodies weakened by cracks when cracks intersect an 
interface or penetrate it at rectangular angle is studied. Antiplane 
problems of the elasticity theory for piece-wise homogeneous 
orthotropic plane is reduced to the system (pair) of singular integral 
equations containing an immovable singularity with respect to the
tangent stress jumps (problem A). First the behavior of solutions in 
the neighborhood of the crack endpoints is studied (see [1]). In a  
partial case   when  one  half-plane   has  a rectilinear  cut  of  finite  
length, which is perpendicular to the boundary, and one end of which  
is  located  on the boundary. We have one singular  integral  equation 
containing  an immovable  singularity (problem B). The question of 
the approached decision of one system (pair) of the singular integral 
equations is investigated. A general scheme of approximate solutions 
is composed by the collocation and asymptotic methods are pre-
sented. 

Let’s consider a system of singular integral equations containing 
an immovable singularity with respect to leaps    (see [1])

, ,
(1)

, ,
where  unknown and given and given  real functions, 
respectively, constants, 
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           ,   ,     

      
   ,  .

The system (1) the singular integral equations is solved by a 
collocation method, in particular, a method discrete singular  (see[2])  
in cases both uniform, and non-uniformly located knots.

In a  partial case   when  one  half-plane   has  a rectilinear  cut  of  
finite  length, which  is perpendicular   to the  boundary, and one end 
of  which  is  located  on the boundary (problem B). We have one 
singular integral equation containing an immovable  singularity 
(see[1])

        (2)
Algorithms of approximate solution of singular integral equation (2) 
are considered using both asymptotic and its alternative methods (see 
[3]). 

The corresponding algorithms are composed and realized. The 
results of theoretical and numerical investigations are presented.
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ABOUT SOME ISSUES OF STATIC AND DYNAMIC 
CALCULATIONS OF A CABLE SUSPENSION 

TRANSPORTATION DEVICE

David Pataraia*, E. Tsotseria, G. Nozadze*, G. Javakhishvili*, 
R. Maisuradze*, T. Javakhishvili, G. Purtseladze

*LEPL G. Tsulukidze Mining Institute, Tbilisi, Georgia

The issues of static and dynamic calculations of the cable 
suspension transportation device as a statically indeterminate system 
are discussed. The calculations have been carried out using IRA 9.6 
Program and original methods of computer modeling and calculation 
of the cable-stick structures elaborated at the Mining Institute 
(D.Pataraia).

The personal frequency spectrum of the traffic part of the system 
has been investigated using Solid Work 12 Program Packet. The 
possibility of the resonance frequency development caused by the 
forced jerking in the system is shown that can be influenced 
negatively on workability of the system.

The parameters and characteristics of the cable system of the 
cable suspension transportation device have also been investigated 
for the traffic part of various rigidities, the principal scheme of the 
automatically working cable transportation equipment of special 
purpose has been elaborated, the structures of its basic units have 
been selected and the spheres and possibilities of use have been 
determined.    

The work has been carried out by funding of the Shota Rustaveli 
National Scientific Foundation (Grant Project # 1-7/60).
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NECESSITY OF ACCOUNTING IN NEW GEORGIAN 
SEISMIC CODES THE SPECIFICS OF THE CALCULATION 

OF TALL BUILDINGS UNDER SEISMIC ACTION 

Lali Qajaia*, Tsiala Tsiskreli**
*Georgian Technical University ,

Tbilisi,,Georgia Qajaia@gmail.com
** Tbilisi,,Georgia tsiala.tsiskreli@gmail.com

The seismicity of Georgia reflects the general tectonics of the 
Caucasian region, being one of the most active segments of the 
Alpine-Himalayan collision belt. Earthquake focal mechanism has 
strike-slip nature. Seismic sources located shallow (crustal) with 
minimal depth – 10-15km.. In Georgia there is no region without 
tectonic fault. Recently developed probabilistic seismic hazard maps 
have shown that entire territory of Georgia is active and could be 
exposed to the earthquakes with high damaging ground accelerations   
in the range of 0.1g to 0.5g. 

Seismic safety is one of the country's strategic directions and 
appropriate standards should this regulate. Currently in Georgia 
earthquake engineering is conducted according to National Building 
Codes and Rules-“Earthquake Engineering”/1/. The codes provide 
only general recommendations for tall buildings and not reflect 
spécifics issues for these buildings. The construction of tall buildings 
is intensively developed in Georgia.  However, it is considered that 
tall buildings have particular characteristics that warrant special 
consideration The Georgian codes for seismic design of buildings 
were developed for low and medium rise buildings whose responses 
are typically dominated by the first translational mode in each 
horizontal direction and not for the modern generation of tall 
buildings in which multiple modes of translational response can 
contribute significantly to the global behavior. The codes are based 
on elastic methods of analysis using global force reduction factors, 
which cannot predict force, drift and acceleration response in tall 
building framing systems that undergo significant inelastic action. 
Seismic design is very critical issue for tall structures located near a 
tectonic fault. Seismic ground shaking generally is determined using 
site-specific seismic hazard analysis considering the location of the 
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building with respect to causative faults, the regional and local site-
specific geologic characteristics, and the selected earthquake hazard 
levels.

Post-elastic behaviour of structures could not be identified by an 
elastic analysis. However, post-elastic behaviour should be 
considered as almost all structures are expected to deform in inelastic 
range during a strong earthquake. The elastic methods can predict 
elastic capacity of structure and indicate where the first yielding will 
occur, however they don’t predict failure mechanisms and account 
for the redistribution of forces that will take place as the yielding 
progresses.

Performance based design of tall buildings should investigate at 
least two performance objectives explicitly, namely: 1. negligible 
damage in once-in-a lifetime earthquake shaking demands having a 
return period of about 50 years, i.e. the service-level assessment and 
2. collapse prevention under the largest earthquake shaking that is 
expected to occur at the site with a return period of approximately 
2500 years- the collapse-level assessment /2,3/.

These questions are necessary to include in the new redaction of 
the Georgian seismic codes.

Acknowledgment. This work was completed by Zavriev Institute of 
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SOME ISSUES OF CONDUCTING FLUID UNSTEADY
FLOWS IN PIPES UNDER THE ACTION OF A

TRANSVERSE MAGNETIC FIELD 
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In this article is considered the unsteady flow of viscous 
incompressible electrically 

conducting fluid in an infinitely long pipe placed in an external 
uniform magnetic field 

perpendicular to the pipe axis. It is considered that the motion is 
created by applied at the 

initial time in constant longitudinal pressure fall. The exact 
general solution of problem is 

obtained.
In this section is given a formulation of problem and are stated the 

general considerations, related with its solution for an arbitrary 
profile of transverse cross-section pipe. The next three sections of 
work (§§ 2-4) are devoted to the detailed study of flow in rectangular 
pipes. Finally in the last §5 is considered special case of motion in a 
circular pipe.
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SOLUTION OF THE BASIC PLANE BOUNDARY VALUE 
PROBLEMS OF STATICS OF ELASTIC MIXTURES FOR A 
MULTIPLY CONNECTED DOMAIN BY THE METHOD OF 

D. SHERMAN

Kosta Svanadze
Department of Mathematics, AkakiTsereteli State University

Kutaisi, Georgia
email: kostasvanadze@yahoo.com

In the present work we consider the basic plane boundary value 
problems of statics of the linear theory of elastic mixture for a 
multiply connected finite domain,when on the boundary are given a 
displacement vector (the first problem) and a stress vector (the 
second problem).

For the solution of the problem we use the generalized Kolosov-
Muskhelishvili’s  formulas and the method of D. Sherman.

SOME APPROXIMATE METHODS FOR SOLVING
BVPS OF REFINED THEORIES

Tamaz Vashakmadze
I. Vekua  Institute of Aplplied Matematics, Tbilisi, Georgia

We consider von Kármán-Reissner-Mindlin type refined treories. 
The variotional-discrete methods for solving some BVPs are 
developed.
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THE METHOD OF AUXILIARY SOURCES V. KUPRADZE 
AND RAYLEIGH HYPOTHESIS

Revaz Zaridze, D. Kakulia, I. Petoev, V. Tabatadze 
Tbilisi State University, Laboratory of Applied Electrodynamics, 

3, Chavchavadze Ave. Tbilisi, Georgia
E-mail: revaz.zaridze@tsu.ge

On 1907 Lord Rayleigh, published the paper: “On the Dynamical 
Theory of Gratings”, 1907 RSPSA.79, 08. Rayleigh derived explicit 
expressions for a perfectly conducting sinusoidal surface for 
perpendicular incidence of the electromagnetic plane wave. There 
were no essential arguments against Rayleigh’s approach until 1953, 
when Lippmann published a short note (B. Lippmann, J. Opt. Soc. 
Am. 43, 1953, 408.) in which he criticized the usage of solely 
outgoing plane waves in the representation of the scattered field in 
the grooves. Since this time there have been published several 
arguments, proofs, and discussions concerning the correctness and 
the range of validity of Rayleigh’s approach in general. It was shown 
that the validity of the Rayleigh hypothesis is governed by the 
distribution of the Scattered Field’s Singularities in the analytic 
continuation of the exterior field. Discussion on this problem is 
continuous until now (A. Voronovich. “Rayleigh Hypothesis in the 
Theory of Wave Scattering from Rough Surfaces”, 2010, 
http://electroscience.osu.edu/article.cfm?id=5657). 

On 1967 V. Kupradze published: “About approximation solution 
of the Math. Phys. Problems”, Success in Math. Sciences, Moscow, 
1967. In this theoretical paper he presented several methods of 
approximation solutions. Particularly, solution of the Electromagnetic 
(EM) or acoustic wave scattering problems on dielectric or solid 
body, named as Method of Auxiliary Sources (MAS). The main idea 
of the MAS was to present the scattered by Greene functions (their 

completeness and linearly independents in the 
2L Lebesgue space 

was proofed) as an Auxiliary Sources (AS) shifted inside and outside
from the real body’s boundary. This one helps to avoid singularities 
in solution of the appropriate integral equation and sharply increase 
the convergence calculations results. He intuitively assumed, that 
scattered field must be analytically continued inside and outside of 
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the body’s surface. Therefore, like in case of Rayleigh’s problem, 
efficient application of the Kupradze method tightly bound with 
Rayleigh hypothesis. We have developed the MAS and used 
efficiently for solution many applied electrodynamics problems 
considering singularities in the analytic continuation of the exterior 
scattered field like in case of the validity of the Rayleigh hypothesis. 
We believe that the study of the Scattered Field’s Singularities and its 
analyticity area is one of the mathematical physic’s fundamental 
problems, which have deep physical interpretation. Historically it is 
associated with a Rayleigh’s hypothesis. This paper discusses 
physical sense of the mentioned mathematical notion. How far from 
the real surface can be continued scattered field analyticity inside or 
outside of the object? Is it possible to present the scattered field with 
the functions which singularities are being the scattered field’s one? 
The main question was on the approach which is considered to be 
affected by Rayleigh’s hypothesis especially for near-field 
calculations. Mathematicians were deal with this analyticity during 
solution some particular problems cases. Problems arise when it is 
necessary to consider SFS, when we have to take in account the 
positional relationship between SFS and Green function’s 
singularities. How it depends the rate of convergence results of 
calculations on their positional relationship. According of our 
understanding, the Rayleigh hypothesis assumes that in any way 
scattered field can be found by this algorithm. In first part of 
presentation will be discussed more details about our old vision on 
the mentioned problems. The results provide confirmation of criteria 
for the validity of Rayleigh hypothesis that have been criticized by us 
and several investigators. Further, our new vision on the Rayleigh 
hypothesis is discussed based on several new results of computer 
simulations. Possible or actual singularities in the analytic 
continuation of the scattering problem solutions for the two and tree 
dimensional Helmholtz equation are studied for the Rayleigh 
hypothesis validity. The computer simulations uses for the solution 
particular problems, relates to the several types of singularities, with 
the elementary source as well as boundary curve’s singularities in the 
solution. All mentioned topics will be discussed during oral 
presentation.
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drekad zolSi bzaris gavrcelebis 
antibrtyeli amocana

guram baRaTuria*, giorgi baRaTuria**
*saqarTvelos teqnikuri universiteti, Tbilisi,

saqarTvelo, nogela@yahoo.com
** saqarTvelos teqnikuri universiteti, n. musxeliSvilis 

gamoTvliTi maTematikis instituti, Tbilisi,
saqarTvelo, nogela@gmail.com

ganxilulia Sedgenil drekad zolSi bzaris 
gavrcelebis amocana Zvris deformaciis pirobebSi. 
amocana amoxsnilia furies integraluri gardaqm-
nisa da viner-hopfis meTodis [1] gamoyenebiT. dadge-
nilia Zabvis intensivobis koeficienti. 

literatura
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Termodrekadobis wrfovi Teoriis neimanis
amocanis efeqturi amoxsna sferuli rgolisaTvis

microtemperaturis gaTvaliswinebiTO

lamara biwaZe
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 

universiteti,
i. vekuas saxelobis gamoyenebiTi maTematikis instituti, 

Tbilisi, saqarTvelo, lamarabitsadze@yahoo.com

naSromSi agebulia Termodrekadobis wrfivi Teo-
riis statikis gantolebaTa sistemisaTvis mikro-
temperaturis gaTvaliswinebiT amonaxsnis zogadi
warmodgenis formulebi, romlebsac viyenebT
neimanis sasazRvro amocanis amosaxsnelad sferuli
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rgolisaTvis. miRebuli amonaxseni warmodgenilia

mwkrivebis saxiT.
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nagebobis realuri seismuri resursis
Sesafaseblad susti ryevebis gamoyenebis erTi

maTematikuri modeli

guram gabriCiZe

susti ryevebisas nagebobis qcevis Seswavla
misi realuri teqnikuri mdgomareobis Sesafaseblad,
an misi dinamikuri maxasiaTeblebis dasadgenad,
farTod gavrcelebuli meTodia mTels msoflioSi.
igi gamoirCeva Tavisi siiafiT, mobilurobiT, Tumca

gaaCnia garkveuli SezRudvebic. saqme imaSia, rom
sustidan realurze gadasvlis procedura ar aris
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calsaxad ganpirobebuli da garkveul daSvebebs
emyareba. amis gamoa, rom praqtikaSi am midgomis

gamoyenebisas, susti ryevebisas nagebobaze eqsperi-
mentuli dakvirvebisas. mopovebuli masalis gadamu-
Savebisas sxvadasxva algoriTmebsa da teqnologiebs
gvTavazoben, rac nagebobaTa teqnikuri mdgomare-
obis, kerZod, misi seismomedegobis gansxvavebuli
Sefasebis albaTobas qmnis. warmodgenil statiaSi

SemoTavazebulia maTematikuri modeli, romelic
calsaxad gansazRvravs, Tu rogor unda gadamuSav-
des susti zemoqmedebisas Cawerili gadaadgilebebi,
rom dasabuTebulad vimsjeloT Senobis qcevaze mis
fuZeSi realuri seismuri talRis (seismogramis)
gavlisas.

kupraZis damxmare gamomsxiveblebis 
meTodi da releis hipoTeza

revaz zariZe, d. kakulia, i. petoevi, v. tabataZe
Tbilisis saxelmwifo universiteti, gamoyenebiTi

eleqtrodinamikis da radioteqnikis laboratoria, 
WavWavaZis pr. 3,  Tbilisi, saqarTvelo

el-mis:revaz.zaridze@tsu.ge

1907 wels lordma releim gamoaqveyna naSromi “On 
the Dynamical Theory of Gratings”, 1907 RSPSA.79, 08. man
gamoiyvana sinusoidaluri formis gamtari zedapiri-

dan arekvlili el-mag. talRis gamosaxuleba marTo-

buli dacemis SemTxvevaSi. 1953 wlamde ar arsebobda

eWvi am warmodgenis mimarT, sanam lipmanma (B. Lippmann, 
J. Opt. Soc. Am. 43, 1953, 408.) ar gamoTqva azri, rom
gabneuli velis warmodgena aseTi saxiT ar aris
marTebuli zedapiris parametrebis nebismier  
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SemTxvevaSi. amis Semdeg gamoqveynda mravali naSromi

releis midgomis marTebulobasTan dakavSirebiT. 
naCvenebia, rom releis warmodgenis marTebuloba
gabneuli velis analizur areSi singularobebis

ganawilebaze aris damokidebuli, romelic, zogadad, 
rTul amocanas warmoadgens. msjeloba da kamaTi am

Temaze dRemde grZeldeba. (A. Voronovich. “Rayleigh 
Hypothesis in the Theory of Wave Scattering from Rough Surfaces”, 
2010). http://electroscience.osu.edu/article.cfm?id=5657

1967 wels v. kupraZem gamoaqveyna naSromi: «Некоторые 
приближенные методы решения  задач мат. физики», Успехи 
Математических Наук, Москва, 1967. am Teoriul naSromSi

man warmoadgina maT.-fizikis amocanebis amoxsnis oTxi

miaxloebiTi meTodi. kerZod, eleqtromagnituri

talRis gabnevis amocana dieleqtrikze, da aseve akus-

tikuris - myar sxeulze. praqtikuli amocanebisTvis
morgebis Semdeg mas damxmare gamomsxiveblebis meTodi  
(dgm) vuwodeT. detalebi iqneba moxsenebuli konfe-

renciaze.
dgm-is ZiriTadi idea mdgomareobs gabneuli velis

warmodgenaSi saTanado grinis funqciebiT, romlebic

imyofebian Sesabamisi velis gansazRvris aris gareT. 
amisaTvis man daamtkica am funqciebis wrfivad damou-

kidebloba da sisrule 2L lebegis sivrceSi. es saSua-
lebas iZleva Tavidan aviciloT Sesabamisi integralu-
ri gantolebis singularobebi da izrdeba sagrZnob-

lad amonaxsnis krebadoba. man intuiciurad dauSva, 
rom gabneuli veli analizurad gagrZelebadia sxeu-

lis zedapiris miRma. aq ikveTeba mkafio kavSiri relei-

sa da kupraZis midgomebs Soris. 
gabneuli velis realuri singularobebis  da misi

analizurobis aris Seswavla maT.-fizikis erT-erTi
ZiriTadi amocanaa da mas gaaCnia Rrma fizikuri azri. 
istoriulad es dakavSirebulia releis hipoTezasTan. 
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am naSromSi ganxilulia kavSiri fizikur azrsa da
maTematikur warmodgenis Soris. ramdenad Sors
SeiZleba analizurad gagrZelebul iqnas veli sxeu-
lis zedapiridan? rodis aris SesaZlebeli gabneuli

velis gansazRvra sasurveli sizustiT? SesaZlebelia
Tu ara gabneuli velis warmodgena funqciebiT romel-

Ta singularobebi velis singularobebis miRmaa? mTa-

vari kiTxvaa: ramdenad samarTliania releis midgoma
amocanis amoxsnis dros, gansakuTrebiT axlo velis
gamoTvlisas? ricxviTi eqsperimentebis safuZvelze

gacemulia pasuxebi am kiTxvebze. kerZod, amoxsnilia
gabnevis amocanebi or da  samganzomilebian SemTxve-
vaSi. moxsenebis dros visaubrebT releis hipoTezis
samarTlianobaze da mis Rrma fizikur azrze. 

mcire parametris meTodis gamoyenebis Sesaxeb
aradamreci garsebisaTvis

Tengiz meunargia
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 
universitetis i. vekuas saxelobis gamoyenebiTi 
maTematikis instituti, Tbilisi, saqarTvelo

tengiz.meunargia@viam.sci.tsu.ge

aradamreci garsebisaTvis sabaziso veqtorebs
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sadac 
a da 

b warmoadgenen Suazedapiris I da II

kvadratuli formebis koeficientebs, 
bH

2

1
 ,

1
2

2
1

2
2

1
1 bbbbK  warmoadgenen Suazedapiris saSualo

da mTavar simrudeebs, Sesabamisad.
mcire parametr  -s aqvs saxe

,
R

h
 ,3 hxh 

sadac h2 garsis sisqea, R


Suazedapiris simrudis
raime maxasiaTebeli radiusia, maSin sabaziso

veqtorebs constx 3 zedapirze eqneba saxe

  ,




  rybaR
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  rHabyaR


 

Semdeg, i. vekuas meTodiT xdeba samganzomilebia-
ni amocanis organzomilebian amocanebze reducireba,
romlis mimarT ukve gamoiyeneba mcire parametris
meTodi.
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amwe-satransporto mowyobilobebis
liTonkonstruqciis kvleva

niko nareSelaSvili*, vaJa gogaZe**
*saqarTvelos teqnikuri universiteti, Tbilisi, 

saqarTvelo,
**ak. wereTlis sax. universiteti, Tbilisi, saqarTvelo

amwis Sromisunarianoba, saimedooba da eqsplua-
taciis usafrTxoeba didadaa damokidebuli liTon-
konstruqciis simtkiceze, romlis rRvevis mizezi,
rogorc amwis araswori eqspluatacia da momsaxu-
reba, aseve misi normaluri, magram xan-grZlivi mu-
Saobaa.

eqspluataciis procesSi amweebis meqanizmebSi da
liTonkonstruqciaSi warmoiSoba sxvadasxva saxis
gaumarTaoba da dazianeba. misi liTonkonstruqciis

analizis safuZvelze dadgenilia, yvelaze datvir-
Tul adgilebSi liTonis gadaRlis gamo kapilaru-
li bzarebis saxiT gamovlenil dazianebaTa warmoq-
mnis raodenobrivi da drouli Tanafardoba. dazia-

nebaTa 62% gamowveulia kuTxeSi buqsebis Camagrebis
adgilebSi xuTwliani muSaobis Semdgom da maqsimums
aRwevs eqspluataciis aTi wlis Semdeg, romlis

Semdgomac maTi warmoqmnis albaToba mcirdeba.
buqsebis dazianebaTa raodenoba liTonkonstruqcia-
Si Seadgens mTel dazianebaTa 51%-s xu-Tidan TxuT-

met wlamde eqspluataciis periodSi. ZiriTadi Zele-
bis dazianebaTa albaToba 27%-iania da warmoiqmneba

amwis aTi-TxuTmet wliani eqspluataciis periodSi.
buqsebis mimdebare vertikalur kedlebze bzari war-
moiqmneba sxvadasxva kve-Tebis monacvleobis adgi-

lebSi, gansakuTrebiT iq, sadac daduRebulia sixis-

tis wibo. erT-erTi gamomwvevi mizezi uxarisxo Sena-
duRi nakeria. ZiriTad ZelebSi bzarebis warmoqmnis
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erT-erTi mTavari mizezi adgilobriv deformaciaTa

koncentraciaa, gamowveuli relsebis araswori

gadabmiT, an relsis ganivi kveTis mkveTri cva-
lebadobiT.

amwis eqspluataciisas eleqtro mowyobilobebis
wilad gaumarTaobaTa 80% modis, gamowveuli aras-
tandartuli Zabvis miwodebiT; tvirTamwevi opera-

ciebis Sesrulebis Warbi intensivobiT; profilaqti-

kuri samuSaoebis aradrouli CatarebiT; el. mowyo-
bilobis dabali xarisxiT, gadaxveviT saproeqto mo-

nacemebidan da eleqtro mowyobilobaTa siZveliT,
rac iwvevs saizolacio masalis rRvevas.

pasportiT dadgenili saeqspluatacio vadis gas-
vlis Semdgom amwe-satransporto mowyobilobebis
eqspluataciis vadis SesaZlo gagrZelebis mizniT,
saWiroa Catardes misi sruli teqnikuri diagnosti-
reba urRvevi kontrolis meTodiT, rom-lis safuZ-
velzec amwis teq. mdgomareobis daskvnasTan erTad
gaicema rekomendaciebi arsebuli defeqtebis aRmo-
safxvrelad.  



     45

viqtor kupraZis memkvidreoba drekadobis

samganzomilebian TeoriaSi:
potencialTa meTodi da fundamentur amonaxsnTa

meTodi

daviT natroSvili
saqarTvelos teqnikuri universiteti, maTematikis 

departamenti, Tbilisi, saqarTvelo
&

iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 
universitetis i. vekuas saxelobis gamoyenebiTi 
maTematikis instituti, Tbilisi, saqarTvelo

natrosh@hotmail.com

   moxseneba exeba viqtor kupraZis samecniero
memkvidreobas drekadobis samganzomilebian Teori-
aSi. Cven SevexebiT or mTavar mimarTulebas:

 potencialTa meTodis ganviTarebas dreka-
dobis Teoriis sivrculi amocanebisTvis da

 fundamentur amonaxsnTa meTods.
Cven mimovixilavT saerTaSoriso masStabiT aRia-

rebul v.kupraZis samecniero skolis miRwevebs

drekadobis Teoriis statikis, dinamikis da mdgradi
rxevis amocanebis SeswavlaSi sasazRvro integra-
luri gantolebebis gamoyenebiT.

Cven aseve mimovixilavT v. kupraZis skolis
Sedegebs, romlebic dakavSirebulia advilad

realizebad universalur meTodTan – fundamentur

amonaxsnTa meTodTan.  
finalur nawilSi Cven SevexebiT potencialTa  

Teoriis ganviTarebis axal Tanamedrove mimarTule-
bebs da zogierT Ria problemas.
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izotropuli araerTgvarovani marTkuTxa 
paralelepipedis Termodrekadobis sasazRvro 
amocanebis analizur amoxsnaTa erTi klasisi 

Sesaxeb

giorgi nozaZe*, xomasuriZe  nuri**
*ssip g. wulukiZis samTo instituti, Tbilisi, 

saqarTvelo, g_nozadze@yahoo.com
**iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 

universiteti,
i. vekuas saxelobis gamoyenebiTi maTematikis instituti, 

Tbilisi, saqarTvelo

dekartis sakoordinato sistemaSi x, y, z
izotropuli araerTgvarovani marTkuTxa paralele-
pipedisaTvis  Ω = { 0 < x < x1, 0 < y < y1, 0 < z < z1} aigeba 
Termodrekadobis sasazRvro amocanebis analizur 
amoxsnaTa erTi klasi.

marTkuTxa paralelepipedis gverdiTa sakoordina-
to zedapirebze 

x = 0,  x = x1,   y = 0,  y = y1    sruldeba simetriis da 
antisimetriis sasazRvro pirobebi.   darCenil or 
sakoordinato zedapirze  z = 0,  z = z1 sasazRvro 
pirobebi moicema nebismierad.

amonaxsnis asagebad gamoiyeneba amonaxsnis war-
modgena sami harmoniuli funqciis saxiT. amonaxsnTa 
aseTi saxiT warmodgenis da cvladTa gancalebis 
meTodis gamoyenebiT gadaadgilebis veqtoris kompo-
nentebi warmoidgineba ormagi usasrulo mwkrivebis 
saxiT. mwkrivebis Sesakrebebi warmoadgens trigo-
nometriuli da eqsponencialuri funqciebis nam-
ravls.

madloba.  winamdebare  naSromi Sesrulebulia SoTa 
rusTavelis erovnuli samecniero fondis mier 
dafinansebuli sagranto samuSaos  #10/17 
farglebSi. 
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erTi sakontaqto amocanis Seasaxeb brtyeli   
drekadobis Teoriis  oradbmuli arisaTvis

nana odiSeliZe*, 
francisko kriado-aldeanueva**,

francisko kriado ***
*iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 

universiteti, zust da sabunebismetyvelo mecnierebaTa 
fakulteti, kompiuterul mecnierebaTa departamenti,

Tbilisi, saqarTvelo, nana_georgiana@yahoo.com
**malagis universiteti, kampus el exido, gamoyenebiTi 

fizikis II departamenti, politeqnikuri skola, malaga, 
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***malagis universiteti, kampus teatinos, statikis da 
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statiaSi Seswavlilia brtyeli drekadobis Teo-
riis amocana oradbmuli arisaTvis, romlis gare

sazRvari warmoadgens  tolferda trapecias, xolo
Sida sazRvari aris  saZiebeli Tanabradmtkice xvre-
li, romelic Seicavs koordinatTa saTaves. trape-
ciis RerZi emTxveva RerZs Ox. mocemuli drekadi
sxeulis sazRvris yovel wrfiv monakveTebze mode-
bulia sworfuZiani absoliturad gluvi myari Stam-
pebi, romlebzec moqmedebs Seyursuli Zalebi. xaxuni
ar arsebobs mocemuli drekadi sxeulis zedapirsa
da Stampebs Soris. saZiebel Tanabradmtkice kon-
turze moqmedeben Tanabrad ganawilebuli normalu-

     48

ri Zabvebi. sazRvarze mxebis Zabvebi udris nols  da

normaluri gadaadgilebebi uban-uban mudmivebia.
sazRvris wrfiv monakveTebze mocemulia mesame amo-
canis sasazRvro pirobebi. kompleqsuri analizis

meTodebis gamoyenebiT [1], ganisazRvreba Tanabrad
mtkice konturi da sxeulis daZabuli mdgomareoba.

madloba. winamdebare naSromi Sesrulebuli iyo Cem
kolegebTan erTad malagis universitetidan.
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samfeniani filis drekadi wonasworoba Termuli
velis gaTvaliswinebiT
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samfeniani sqeli filisaTvis dasmulia da
analizurad amoxsnilia Termodrekadobis sasazR-
vro –sakontaqto amocana. Msamfeniani filis ori fe-

na, zeda da qveda fena transversalurad izotropu-

lia, xolo Sua fena izotropulia. Ffilis gverdiT
zedapirebze mocemulia simetriis pirobebi, xolo
zeda da qveda zedapirebze nebixmieri sasazRvro
pirobebi. sakontaqto zedapirebze  mocemulia xisti
kontaqtis pirobebi.
    dasmuli amocanis amoxsna xdeba furies meTodiT
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da amonaxsnebi warmodgenilia ormagi mwkrivebis
saxiT.

madloba. winamdebare naSromi Sesrulebuli iyo
saqarTvelos teqnikur universitetSi
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singularul integralur gantolebaTa erTi 
sistemis miaxloebiTi amoxsnis Sesaxeb
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naSromSi Seswavlilia bzarebiT Sesustebuli
Sedgenili (ubnobriv-erTgvarovani) sibrtyisTvis
drekadobis Teoriis antibrtyeli amocanebis amoxsna
integralur gantolebaTa meTodiT. vixilavT or
SemTxvevas: A  amocana, rodesac bzari kveTs gamyof

sazRvars, B amocana, rodesac bzari gamodis gamyof

sazRvarze. Seswavlilia amonaxsnis yofaqcevis
sakiTxebi bzaris boloebis maxloblobaSi da
gamyof sazRvarze (ix. [1]). warmodgenil naSromSi
moyvanilia miaxloebiTi amoxsnis zogadi sqemebi da
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Catarebulia ricxviTi gaTvlebi kolokaciisa da  
asimptoturi meTodebis gamoyenebiT.

ganvixiloT uZravi gansakuTrebulobis Semcveli
singularul integralur gantolebaTa Semdegi

sistema mxebi  Zabvebis naxtomebis mimarT (A
amocana ix. [1])

, ,

(1)

, ,

sadac, Sesabamisad saZiebeli da mocemu-
li namdvili funqciebia, xolo mudmivebia,

           ,   ,       

       , .

naSromSi gadmocemulia (1) integraluri ganto-
lebis miaxloebiTi amoxsnis axali algoriTmebi  
diskretul gansakuTrebulobaTa meTodiT (ix. [2]),
rogorc Tanabrad daSorebul, aseve araTanabrad

daSorebul kvanZebis SemTxvevaSi.
kerZo SemTxvevaSi, rodesac bzari gamodis gamyof

sazRvarze (B amocana) gvaqvs uZravi gansakuTre-
bulobis Semcveli erTi singularuli integraluri
gantoleba mxebi Zabvebis naxtomebis mimarT (ix. [1])

.         (2)

naSromSi gadmocemulia (2) integraluri ganto-
lebis miaxloebiTi amoxsnis  axali algoriTmebi  
asimptoturi meTodis (ix. [3]) alternatiuli

meTodiT.
SemoTavazebuli saTvleli algoriTmebi aprobi-

rebulia konkretuli praqtikuli amocanebisTvis da
Tvlis Sedegebi karg miaxloebaSia Teoriuli kvle-
viT miRebul SedegebTan.
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vanturi satransporto sistemis savali nawilis
statikuri da dinamikuri gaTvlis zogierTi

sakiTxis Sesaxeb

daviT pataraia*, e. woweria, g. nozaZe*, g.
javaxiSvili*, T. javaxiSvili, r. maisuraZe*, b.

SevardeniZe, g. furcelaZe
*ssip g. wulukiZis samTo instituti, Tbilisi, 

saqarTvelo

ganxilulia vanturi satransporto sistemis
savali nawilis, rogorc statikurad urkvevi siste-

mis statikuri da dinamikuri gaTvlis sakiTxebi.  
gaTvlebi Sesrulebulia Lira 9.6 programul gare-
moSi sasruli elementebis da samTo institutSi
damuSavebuli originaluri programuli paketis
gamoyenebiT.

gamokvleulia  sistemis savali nawilis sakuTar

sixSireTa speqtri programuli paketis Solid Work 12 –
is gamoyenebiT.  naCvenebia sistemaSi iZulebiTi rxe-
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viT gamowveuli rezonansuli sixSiris ganviTarebis
SesaZlebloba, rac SesaZloa uaryofiTad aisaxos

sistemis mdgradobaze.

madloba.  samuSao Sesrulebulia SoTa rusTavelis
erovnuli samecniero fondis mier dafinansebuli
sagranto proeqtis # 1-7/60 farglebSi
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drekad narevTa brtyeli Teoriis  statistikis
ZiriTadi sasazRvro amocanebis amoxsna

mravladbmul areSi d. Sermanis meTodiT

kote svanaZe
akaki wereTlis saxelmwifo universitetis maTematikis 

departamenti, quTaisi saqarTvelo
kostasvanadze@yahoo.com

naSromSi, ganzogadoebuli kolosov-musxeliSvi-
lis formulebis da d. Sermanis meTodis gamoyene-
biT sasurveli mravladbmuli ares SemTxvevaSi amox-
snilia drekad narevTa wrfivi Teoriis statistikis
ZiriTadi brtyeli sasazRvro amocanebi, roca

sazRvarze mocemulia gadaadgilebis veqtori (pir-
veli amocana) da Zabvis veqtori (meore amocana)
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maRlivi Senobis seismur zemoqmedebaze
gaangariSebis  specifikis gaTvaliswineba qarTul

seismur normebis axal redaqciaSi

lali qajaia*, ciala ciskreli**
*saqarTvelos teqnikuri universiteti,
Tbilisi,saqarTvelo Qajaia@gmail.com

** Tbilisi,saqarTvelo, tsiala.tsiskreli@gmail.com

saqarTvelos mTeli teritoria xasiaTdeba seis-
muri aqtiurobis gamovlinebis maRali doniT. miwis-
Zvrebis fokusuri meqanizmi ZiriTadad nawevis (gver-
duli Zvris) bunebisaa. miwisZvris kerebi ganlagebu-
lia minimaluri siRrmiT 10-15km. saqarTveloSi ar

arsebobs regioni teqtonikuri rRvevis gareSe..
saqarTvelos seimuri safrTxis albaTuri rukis
mixedviT miwisZvra SeiZleba gamovlindes aCqarebiT

0.1g- dan 0.5g-is farglebSi.  
seismuri usafrTxoeba warmoadgens qveynis erTerT

strategiul mimarTulebas da mas Sesabamisi normebi
unda aregulirebdes. dRes  Cvens qveyanaSi  intensiu-
rad mimdinareobs maRlivi mSeneblobebi. saqarTvelo-
Si moqmedi samSeneblo normebi da wesebi „seismo-
medegi mSenebloba“ (pn 01.01-09)/1/, Seqmnilia ara Tana-
medrove maRlivi SenobebisaTvis, romelTa globalur
reaqciaSi SesaZloa sakuTari rxevis mravali forma
monawileobdes, aramed dabali da saSualo simaRlis
SenobebisTvis, romelTa reaqciaSi Cveulebrivad

pirveli gadataniTi forma dominirebs. normebi

dafuZnebulia drekadi gaangariSebis meTodebze.
moqmedi seismuri normebi  iZleva mxolod zogad
rekomendaciebs maRliv mSeneblobaze da ar asaxavs
aseTi Senobebis seismur zemoqmedebaze gaangariSebis
specifikas. normebiT SeuZlebelia: rxevis maRali
formebis gavlenis dadgena Senobis seismur reaq-
ciaze,Senobis simaRlis, konstruqciis formis da

     54

SesaZlo reaqciis donis Sesabamisi Sinagani Caqrobis
sididis SerCeva, samSeneblo moednis gruntis
pirobebisa da dasaZirkvlebis tipis gavlenis dadgena
Senobis seismur reaqciaze da mis qcevaze, ar aris
mocemuli sarTulSorisi gadaxris zRvari, romelic
gansakuTrebiT mniSvnelovania maRliv SenobebSi
yoveli sarTulis fardobiTi gadaadgilebis Sesafa-
seblad, araris gaTvaliswinebuli teqtonikuri rRve-
vis siaxloves mSenebare maRlivi Senobis specifikuri
qceva da sxva. am efeqtebis prognozirebisaTvis saWi-
roa gamoyenebuli iqnes arawrfivi reaqciis droSi
gansazRvris da  mravaldoniani daproeqtebis, romlis

ZiriTadi  kritikuli parametria-deformacia, meTode-
bi. amave dros sul mcire qcevis  ori donis Sefaseba
unda moxdes: 1. saeqsploatacio done–umniSvnelo

dazianebiT, miwisZvris 50 wliani ganmeoradobis
SemTxvevaSi Senobis mTeli sistemis funqcionirebis
SenarCunebiT;
2. kolafsis prevencia–damangreveli miwisZvris zemoq-
medeba, romelic mosalodnelia 2500 wliani ganmeo-
radobis periodisaTvis./2,3/.

aucilebelia qarTuli seismuri normebis axal
redaqciaSi Setanili iyos zemoT CamoTvlili
specifikuri sakiTxebi.

    madloba. winamdebare naSromi Sesrulebuli iyo
zavrievis sax. samSeneblo meqanikis da seismomedegobis

institutSi2010w.Tbilisi,saqarTvelo.

Lliteratura
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2. Recommendations for the Seismic Design of High-rise

Buildings. A Consensus Document- CTBUH Seismic Working
Group. CTBUH Seismic Design Guide, 2008.
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zogierTi sakiTxi gamtari siTxis

arastacionaruli dinebisa milSi, rodesac
moqmedebs garegani magnituri veli

jondo SariqaZe*, badri cucqiriZe*, levan jiqiZe***
*i. vekuas saxelobis gamoyenebiTi maTematikis instituti, 

Tbilisi, saqarTvelo
**saqarTvelos teqnikuri universiteti, maTematikis 

departamenti, Tbilisi, saqarTvelo, b.tsutskiridze@mail.ru
*** saqarTvelos teqnikuri universiteti, Teoriuli 

meqanikis departamenti, Tbilisi, saqarTvelo, 
levanjikidze@yahoo.com

Seswavlilia gamtari blanti arakumSvadi siTxis
arastacionaruli dineba marTkuTxovan milSi,
rodesac RerZis marTobulad moqmedebs erTg-
varovani magnituri veli. siTxis dineba gamowveulia

wnevis pulsaciuri dacemiT. miRebulia dasmuli
amocanis zusti amonaxsnebi. Nnapovnia siTxis fizi-
kuri maxasiaTeblebi.

§1-Si dasmulia zogadi amocana da gadmocemulia

misi amoxsnis zogadi meTodi, rodesac gvaqvs

nebismieri formis mili.
§§2-4 detalurad Seswavlilia gamtari siTxis

dineba marTkuTxovan milSi, rodesac misi kedlebi
an idealurad gamtaria, an gaumtaria, an ori kedeli

idealurad gamtaria, xolo danarCeni ori gauam-
tari. Bbolo §5-Si Seswavlilia kerZo SemTxveva
gamtari siTxis dinebisa wriuli formis milSi,

rodesac mRR  .
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stoqsis sistemis zogierTi efeqturi amoxsnis
Sesaxeb Wrilebiani cilindrisaTvis

RerZ-simetriul SemTxvevaSi

nino xatiaSvili*, qristine firumova*
*iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 

universiteti,
i. vekuas saxelobis gamoyenebiTi maTematikis instituti, 

Tbilisi, saqarTvelo, ninakhatia@gmail.com

Seswavlilia elifsoidalur sxeulTa sistemis
garsdena cilindrul arxSi blanti ukumSvali siT-
xiT. Mmcire siblantis SemTxvevaSi siCqaris kompo-
nentebi akmayofileben stoqsis gantolebaTa sis-
temas. es sistema ganxilulia im SemTxvevaSi, rode-

sac wnevis dacema mudmivia. idealuri siTxisaTvis
amoxsnebis modifikaciis Sedegad miRebulia efeqtu-
ri amoxsnebi blanti siTxisTvis.
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mikroTermodrekadi daZabul-deformirebuli
mdgomareobis Sesaxeb zogierTi sasazRvro da

sasazRvro-sakontaqto amocana ganzogadebul
cilindrul da sferul koordinatebSi

nuri xomasuriZe
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 

universiteti,
i. vekuas saxelobis gamoyenebiTi maTematikis instituti, 

Tbilisi, saqarTvelo, khomasuridze.nuri@gmail.com

naSromSi, ganzogadebul cilindrul da sferul

koordinatebSi, ganixileba samganzomilebian dife-
rencialur gantolebaTa sistema, romelic aRwers
iseTi izotropuli drekadi sxeulebis Termodrekad
wonasworobas, romelTa mikroelementebic klasi-
kuri gadaadgilebisa da temperaturuli velis gar-
da xasiaTdebian aseve mikrotemperaturiTac. dasmu-
lia mikroTermodrekadobis sasazRvro da sasazRv-
ro-sakontaqto amocanaTa klasi aRniSnuli sako-
ordinato sistemebis sakoordinato zedapirebiT
SemosazRvruli sxeulebisaTvis da amocanaTa am
klasisasTvis agebulia analizuri amonaxsnebi.

  miRebuli amonaxsnebidan, Tu gavutolebT nuls
mikrotemperaturuli zemoqmedebis maxasiaTebel

Termul koeficientebs )0...( 621  kkk , miviRebT

Termodrekadobis Sesabamisi klasikuri amocanebis
amonaxsnebs.

unda aRiniSnos, rom naSromis mizania sasazaRvro

da sasazRvro-sakontaqto amocanaTa klasisaTvis

analizuri amonaxsnis ageba da ara imis kvleva, Tu
ramdenad gamarTlebulia an mizanSewonilia, sazo-

gadod, gansaxilveli Teoriis gamoyeneba.
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madloba. winamdebare naSromi Sesrulebuli iyo

rusTavelis erovnuli samecniero fondis AR/91/5-
109/11 grantis  xelSewyobiT.

Seyursuli ZaliT datvirTuli mravalfeniani
marTkuTxa paralelepipedis wonasworobis
Seswavla  da saTanado momsaxurebis mqone

Sesabamisi programis Sedgena

nuri xomasuriZe*, naTela ziraqaSvili**,
miranda narmania**

*iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 
universitetis i. vekuas saxelobis gamoyenebiTi 
maTematikis instituti, Tbilisi, saqarTvelo, 

khomasuridze.nuri@gmail.com
saqarTvelos universiteti, Tbilisi, saqarTvelo,

natzira@yahoo.com  , miranarma19@gmail.com

amoxsnilia amocana, romelic exeba gare Seyursu-
li ZaliT datvirTuli mravalfeniani (samfeniani)
marTkuTxa paralelepipedis drekad wonasworobas.
drekadobis Teoriis Sesabamisi sasazRvro-sakontaq-
to amocana amoxsnilia analizurad, sadac gadaadgi-

lebebi warmodgenilia usasrulo mwkrivebis saxiT,
mwkrivis TiToeuli wevri warmoadgens trigonomet-
riuli da eqsponencialuri funqciebis namravls.

miRebul analizur amonaxsnebze dayrdnobiT Sed-
genilia kompleqsuri programa saTanado momsaxure-
biT.

madloba. winamdebare naSromi Sesrulebuli iyo
SoTa rusTavelis erovnuli samecniero fondis

AR/91/5 - 109/11 grantis xelSewyobiT
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Termodrekadobis zogierTi sasazRvro amocanis
amoxsna marTkuTxa paralelepipedisaTvis

mikrotemperaturuli zemoqmedebis
gaTvaliswinebiT

Nnuri xomasuriZe*, roman janjRava**
*iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 
universitetis i. vekuas saxelobis gamoyenebiTi
maTematikis instituti, Tbilisi, saqarTvelo,

khomasuridze.nuri@gmail.com
** iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 

universitetis i. vekuas saxelobis gamoyenebiTi 
maTematikis instituti,

saqarTvelos universiteti, Tbilisi, saqarTvelo, 
roman.janjgava@gmail.com

naSromSi ganixileba samganzomilebian diferen-
cialur gantolebaTa sistema, romelic aRwers
iseTi izotropuli drekadi sxeulebis Termodrekad
wonasworobas, romelTa mikroelementebic klasi-
kuri gadaadgilebisa da temperaturuli velis gar-
da xasiaTdebian aseve mikrotemperaturiTac. dekar-
tis sakoordinato sistemaSi igeba am gantolebaTa
sistemis zogadi amonaxsni harmoniuli da metahar-
moniuli funqciebis saSualebiT. marTkuTxa para-
lelepipedisaTvis dasmulia mikroTermodrekadobis
sasazRvro amocanaTa klasi da miRebuli zogadi
amonaxsnebis gamoyenebiT, sasazRvro amocanaTa am

klasisaTvis agebulia analizuri amonaxsnebi.
miRebuli amonaxsnebidan, Tu gavutolebT nuls

mikrotemperaturuli zemoqmedebis maxasiaTebel

Termul koeficientebs )0...( 621  kkk , miviRebT

Termodrekadobis Sesabamisi klasikuri amocanebis
amonaxsnebs.
U unda aRiniSnos, rom naSromis mizania sasazaRvro
amocanaTa klasisaTvis analizuri amonaxsnis ageba
da ara imis kvleva, Tu ramdenad gamarTlebulia an
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mizanSewonilia, sazogadod, gansaxilveli Teoriis

gamoyeneba.

madloba. winamdebare naSromi Sesrulebuli iyo 
rusTavelis erovnuli samecniero fondis AR/91/5-
109/11 grantis  xelSewyobiT.

diferencialuri ierarqiuli modelebi
mikrotemperaturiani drekadi prizmuli

garsebisaTvis

giorgi jaiani
iv. javaxiSvilis Tbilisis saxelmwifo universiteti

i.vekuas gamoyenebiTi maTematikis instituti & 
zusti da sabunebismetyvelo mecnierebaTa fakulteti

moxseneba eZRvneba diferencialuri ierarqiuli
modelebis agebas mikrotemperaturiani drekadi
prizmuli garsebisaTvis. pirvel paragrafSi moce-
mulia iseTi Sinagani struqturis mqone drekadi
masalebis (romelTa Semadgeneli nawilakebi garda
klasikuri gadaadgilebebisa da temperaturisa xa-
siaTdeba agreTve mikrotemperaturiTac) wrfiv Teo-
riaSi miRebuli Sedegebis mokle momixilva. meore
paragrafSi warmodgenilia prizmuli da wamaxvile-
buli prizmuli garsebi; Sedarebulia prizmuli da
standartuli garsebi da firfitebi; naxazebze
ilustrirebulia wamaxvilebuli prizmuli garsebi; 
warmodgenilia maTi tipiuri ganivkveTebi; ganmar-
tebulia funqciebis da maTi warmoebulebis maTe-
matikuri momentebi da moyvanilia maTi damakavSire-
beli formulebi. mesame paragrafi exeba mikrotem-
peraturiani prizmuli garsebis ierarqiul mode-
lebs. am mizniT, erTgvarovani izotropuli mikro-
temperaturiani sxeulebis wrfivi Termodrekadobis
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ZiriTadi gantolebebis mimarT gamoyenebulia gan-
zomilebis reduqciis ilia vekuas meTodi, romelic
efuZneba fizikuri da geometriuli sidideebis fu-
rie–leJandris mwkrivebad gaSlas.

agebulia ierarqiuli modelebis mmarTveli gan-
tolebebi da sistemebi gadaadgilebis veqtoris, Zab-
vis da deformaciis tenzorebis, temperaturis da
mikrotemperaturis maTematikuri momentebis mimarT. 
meoTxe paragrafSi gamoyvanilia mikrotemperatu-
riani drekadi prizmuli garsebis ierarqiuli
modelebis nulovani miaxloebis mmarTveli ganto-
lebebi da sistemebi; gakeTebulia zogierTi winas-
wari daskvna.

madloba. naSromi Sesrulebulia italiis samecnie-
ro kvlevebis sabWosa da SoTa rusTavelis erovnu-
li samecnier fondis erToblivi proeqtis (2012–2013) 
farglebSi.

dazustebuli Teoriebis sasazRvro amocanebis 
amoxsnis miaxloebiTi meTodebi

Tamaz vaSaymaZe
iv. javaxiSvilis Tbilisis saxelmwifo universiteti

i.vekuas gamoyenebiTi maTematikis instituti & 
zusti da sabunebismetyvelo mecnierebaTa fakulteti
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