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THE EQUATION OF ENTROPY PRODUCTION FOR 
OPENSYSTEMS AS A THEORETICAL BASIS OF ENERGY 

GENERATION FROM THE EQUILIBRIUM ENVIRONMENT 
 

Amiran Aptsiauri 
Kutaisi National Educational University, Kutaisi, Georgia, 

a.aptsiauri@mail.ru 
 

In this talk, on the basis of mass, energy and an impulse 
preservation equations, it is shown that, integration  of entropy 
production equation for the closed and open systems yields 
considerably different results. In particular, if in the closed system 
processes take place only with entropy growth, in the open systems, 
the thermal stream, accruing along a current, conducts to decrease in 
entropy that contradicts the principle of permanent growth of 
entropy. The Ge-theorem which represents the fundamental principle 
of energy generation due to heat of environment is formulated. It is 
shown that  surprising stability of the tornado type phenomenon  is 
caused by emergence of sucking effect in the conditions of strong 
heat conductivity of a turbulent stream. In spite of the fact that in 
installations of small scales, fixation of this effect is difficult due to 
prevalence of friction (viscosity), in the paper the need of  
thermodynamics laws revision is shown. 
 

References 
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издание третье, переработанное и дополненное, 1970, - 903  стр. 
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ANCIENT ANTISEISMIC CONSTRUCTION  
METHODS IN GEORGIA   

 
Malkhaz Bediashvili 

Academician of Academy of Engineering Academy of Georgia, Tbilisi, 
Georgia, mabedi@mail.ru 

 
Georgia is located in a highly seismic zone. Numerous cultural 

and religious buildings were ruined through centuries due to 
earthquakes. Historical records mention facts of severe quakes that 
has been studied and published by modern scientists using 
contemporary techniques. 

Mtskheta, former capital of Georgia is a city having diversity of 
monuments: architectural and historical buildings revealing 
antiseismic constructing methods used since II-IV centuries BC. 

Heritage of Mtskheta city-museum, namely Svetitskhoveli 
Cathedral, Jvari Monastery, Samtavro Church and Armazi Fortress 
are included in the world heritage list. 

We had a possibility to get familiar with records concerning the 
results of earthquakes in VII-IX, XI and XII centuries. We could not 
find any earlier records. 

Though, antiseismic construction method used to build stile 
existing pagan and orthodox monuments and their ruins revelas that 
old Georgians knew quite well the results of earthquakes and 
measures for struggling with them. 

For instance, ancient constructors used the technique of so 
called “entire belt” i.e. chain belt when constructing Bagineti 
Fortress in the IV century BC. This is the most ancient antiseismic 
construction method known to us. 

Long before the introduction of lime mortar, our ancestors were 
masters of so called “dry building” i.e. using purely cut quadras 
(stone blocks). Quite original construction method was also used – 
quadras with “teeth” in order to avoid breaking of laying stitch. 

Following stage of antiseismic construction must be so called 
“swallow tail” introducing metal elements. This technique for 
connecting different layings was used in the II century BC. A 
“swallow’s tail” 12 cm long and 8-9 cm wide and a “throat” 5-6 cm 
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wide and 2-4 cm deep were curved in each neighboring stone block. 
This cavity was filled with melt lead or a metal and more rarely, 
wooden plate was inserted. 

In order to avoid breaking of laying, thin metal plates were 
inserted in the horizontal stitches of laying. This techniques was used 
to construct numerous churches in Mtskheta. 

In addition, wooden antiseismic belts with the diameter of 30 
cm were often used in Sioni Cathedral built in the VII century AD in 
Tbilisi. 

The above and other antiseismic construction methods show that 
Georgian builders, masters, architects learned from earthquakes and 
developed construction techniques guaranteeing fabuluous 
monuments for future generations.        
 

 

NUMERICAL SCHEMES FOR LINEAR ADVECTION 
EQUATION 

 
Ramaz Botchorishvili 

Ivane Javakhishvili Tbilisi State University,  
Faculty of Exact and Natural Sciences. 

Tbilisi, Georgia 
 

The equation in conservative and non conservative form is 
considered. For improving accuracy two new approaches are 
presented. The first approach uses baricentric derivative for building 
fast high order schemes and the second approach is dealing with 
mesh refinement algorithms when using schemes of different 
accuracies. The convergence of proposed numerical schemes is 
proved. The example of application in pollutants transport and 
variational data assimilation is considered. Numerical tests 
demonstrating practical accuracy of developed approaches are given. 
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NUMERICAL MODELING OF THE COASTLINE 
DYNAMICS AND ITS ENGINEERING ASPECTS 

 

Amiran Bregvadze, Lali Sitchinava,Tengiz Tchanturia 
* Akaki Tsereteli State University, Kutaisi, Georgia, 

amiranibregvadze@gmail.com 
 
In modern conditions the problem of protecting the sea-coast 

from  a destructive interference of the waves is becoming clearer and 
clearer. Therefore, environmental measures based on a proper 
scientific basis need to be taken. 

Recently  an engineering thinking has become  more focused on 
the nature. Thus, new technologies are introduced  as an effective 
means of protecting the environment. Such technology is presented 
as ACETUBE  technology that is used  in the restoration and 
protection of the coastline. The resilience of ACETUBE  material 
provides its adaptation with the sea-bed of different  shape and 
structure. ACETUBE filled with sand is effectively used in 
hydroengineering.  

This talk deals with the coastal processes based on the 
mathematical modeling of the ACETUBE used for  coast protection 
and restoration. 

Besides, on the basis of ACETUBE technology the development    
and implementation  engineering measures  for restoring coastline  is 
highly effective. 
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SELF-PRESERVATION OF ULF ELECTROMAGNETIC 
WAVE STRUCTURES IN THE MAGNETOTAIL WITH BBF 

FLOW: DATA ANALYSIS 
 
 

Khatuna Chargazia1,2, O. Kharshiladze2, G. Zimbardo3    

1Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 
Mathematics, Tbilisi, Georgia, khatuna.chargazia@gmail.com 

2Iv. Javakhishvili Tbilisi State University, M. Nodia Institute of 
Geophysics, Tbilisi, Georgia, o.kharshiadze@mail.ru 

3Physics Department, University of Calabria, 
Rende, Italy, gaetano.zimbardo@fis.unical.it 

 
This work is devoted to the investigation of nonlinear dynamics 

of large scale ULF electromagnetic (EM) ultra-low-frequency wave 
(ULFW) structures in the magnetotail region with BBF (Bursty Bulk 
Flow) - fast plasma flows inside the plasma sheet. These 
perturbations undergo self organization in the form of the nonlinear 
solitary vortex structures due to nonlinear twisting of the 
perturbation’s front. Depending on the features of the velocity 
profiles of the shear flows the nonlinear vortex structures can be 
either monopole vortices, or dipole vortex, or vortex streets and 
vortex chains. These ULF vortices are multi-scale nonlinear 
structures. We give a review of the main theoretical features of 
incompressible vortices and consider the stationary analytical 
solutions of the proposed model. Finally, we analyze the spectral 

mailto:khatuna.chargazia@gmail.com
mailto:o.kharshiadze@mail.ru
mailto:gaetano.zimbardo@fis.unical.it


properties of the ULF electromagnetic vortex structures (monopole, 
dipole, vortex street) and of the network of such vortices. We show 
that the observed magnetotail flow spectrum in presence of these 
vortices can be described, at least partially, by the vortex network 
model. For the magnetotail region the parameters of flow kinematic 
and magnetometer measurements by satellite “THEMIS” data during 
substorm event February 19, 2008 is studied. Investigated spectra 
reveals, that the power spectral density depends on the on 
development stage of the magnetic substorms. 

The space and time attenuation specification of the vortices is 
studied. The characteristic time of vortex longevity is estimated. 
BBF flow (shear flow) feeds with energy the considered vortices, 
self-preserving in the medium during BBF and after its passage, 
carrying the trapped medium particles, energy and heat. Thus they 
represent structural elements of turbulence in the medium. 
 
Acknowledgment. This work is supported by Shota Rustaveli 
National Science Foundation's Grant no 31/14. 
 
 
 

ON SOME METHODS FOR CALCULATING CUSPED 
PRISMATIC SHELLS 

 
Natalia Chinchaladze 

Iv. Javakhishvili Tbilisi State University  
I.Vekua Institute of Applied Mathematics & Faculty of Exact and Natural 

Sciences, Tbilisi, Georgia, chinchaladze@gmail.com 
 

The elastic body is called a prismatic shell if it is bounded 
above and below by, respectively, the surfaces (so-called face 
surfaces) 
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laterally by a cylindrical surface Γ of generatrix parallel to the -
axis and its vertical dimension is sufficiently small compared with 
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are known. 
Here , ( )txxxui ,,, 321 ( )txxxX ij ,,, 321 , and ( )txxxeij ,,, 321  

( ) denote the displacement vector, stress and strain 
tensor components of the three-dimensional theory of linear 
elasticity, respectively.  

3,2,1, =ji

The presant talk is divoted to the existence and uniqueness 
theorems of the problems with variational formulation in suitable 
generally weighted spaces for the constructed models. 

 
Acknowlegment. The work was supported by the Shota Rustaveli 
National Science Fuondation (SRNSF) grant # D-13/18. 
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MECHANICAL SUPPORTING RING STRUCTURE FOR  A 
CONICAL PARABOLIC REFLECTOR 

 
Konstantine Ckhikvadze, Shota Nizharadze**, Lali Qadjaia*** 

*Georgian Technical University, Tbilisi, Georgia, kote_ch@mail.ru 
**Georgian Technical University, Agrarian University of Georgia, 

Tbilisi, Georgia, qajaia@gmail.com 
 
The talk presents the transforming closed chain system of 

having breaking stalks, which is falling apart on the tapered surface. 
The novelty lies on the fact that the original scheme is designed to 
connect the sections to each other, that doesn’t include the existence 
of additional synchronization elements. So the system is 
characterized by the natural synchronizing. The kinematic analysis 
was carried out on structural elementsof regular nodes. 

The quality of kinematic motion is defined and the locations’ 
function of the lever mechanism is determined. The appropriate 
mathematical parametric model is built in the calculation program of 
ANSYS which is maximally close to the real one. Calculations have 
been made in advance straining in order to study the launched forces 
in the construction elements. Dynamic characteristics are determined 
and appropriate changes are made in construction by considering the 
results of theoretical analysis. Finally there is quite light weight and 

mailto:kote_ch@mail.ru
mailto:qajaia@gmail.com
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rigid system which fully complies with the proposed requirements 
about antenna technology. 
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ORDER AND DISORDER 
 

Guram Gabrichidze 
Georgian National Academy of Sciences, Commission for Studying  
the Scientific Problems of Naturalal Catastrophes, Tbilisi, Georgia, 

gabrichgur@gmail.com   
 

Our goal is to assess development trends of one of the most 
important directions of human activity – construction in seismically 
active regions. Tracing process of origin, formation and development 
of trends of modern ideology of earthquake engineering, its main 
elements were revealed, their interrelation is established, reliability 
of forecasting of seismic stability of constructions is estimated and 
suggestions for its increase are made. 



THE USE OF DOUBLE CYLINDRICAL LINKS IN CRANE-
TRANSPORT AND  MOTO-TRANSPORT MACHINES 

 
Vazha Gogadze 

Akaki Tsereteli State University, Kutaisi, Georgia 
 
Crane-transport and moto-transport working equipments are 

complex system of area (space), the elements of which are connected 
with a joint system. 

In some mechanisms extra ties (bonds), can be met therefore in  
the links with linear or corner declining, the machanism works with a 
great tension (effort) in the construction. 

The above mentioned decreases reliability of the machine. That’s 
why it will be reasonable to creat such mechanisms which are self-
regulable and won’t couse the strain of construction elements. 
 
 
 
 

SOLUTION OF BOUNDARY-VALUE PROBLEMS  
OF PLATES BY THE VEKUA METHOD FOR 

APPROXIMATIONS  AND 1=N 2=N  
 

Bakur Gulua 
Sokhumi State University 

I.Vekua Institute of Applied Mathematics 
Iv. Javakhishvili Tbilisi State University  
 Tbilisi, Georgia, bak.gulua@gmail.com 

 
In this talk we consider equations of equilibrium of the isotropic 

elastic plate. By means of Vekua’s reduction method, the system of 
differential equations for plates is obtained, when on upper and lower 
face surfaces displacements are assumed to be known. Then for finite 
systems of equations, namely for approximations 1=N  and 2=N , 
the general solutions are found. The main problem has been solved. 
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SOME NEW CLASSES OF INVERSE COEFFICIENTS IN 
NONLINEAR MECHANICS AND COMPUTATIONAL 

MATERIAL SCIENCE 
 

Alemdar Hasanoglu (Hasanov) 
Izmir University, Izmir,Turkey, alemdar.hasanoglu@izmir.edu.tr 

 

Three classes of inverse coefficient problems arising in 
engineering mechanics and computational material science are 
considered. Mathematical models of all considered problems are 
proposed within the J2- deformation theory of plasticity. The first 
class is related to the determination of unknown elastoplastic 
properties of a beam from a limited number of torsional experiments. 
The inverse problem here consists of  identifying the unknown 
coefficient  (plasticity function) in the non-linear differential 
equation of torsional creep  from an experimentally given torque (or 
torsional rigidity). The second class of inverse problems is related to 
the identification of elastoplastic properties of a D body from 
spherical indentation tests. In this case one needs to determine  
unknown Lame coefficients in the system of PDEs of non-linear 
elasticity, from the measured spherical indentation loading curve, 
obtained during the quasi-static indentation test. In the third model 
an inverse problem of identifying the unknown coefficient in the 
non-linear bending equation is analyzed. The boundary measured 
data here is assumed to be deflections, measured during the quasi-
static bending process. An existence of weak solutions of all direct 
problems is derived in appropriate Sobolev spaces, by using 
monotone potential operator theory. Then monotone iteration 
schemes for all the linearized direct problems are proposed. Using 
strong convergence of solutions and compactness of the set of 
admissible coefficients, an existence of quasi- solutions of all 
considered inverse problems is proved.  Some numerical results, 
useful from the points of view of engineering mechanics and 
computational material science, are demonstrated. 
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ON MODELS OF LAYERED PRISMATIC SHELLS 

George Jaiani 
Iv. Javakhishvili Tbilisi State University  

I.Vekua Institute of Applied Mathematics & Faculty of Exact and Natural 
Sciences, Tbilisi, Georgia, george.jaiani@gmail.com 

The present talk is devoted to models for elastic layered prismatic 
shells. Using Vekua’s dimension reduction method [1-3], 
hierarchical models of two types for elastic n-layer prismatic shells 
are constructed. For each layer we construct hierarchical models 
assuming to be known tractions on the face surfaces of the layered 
body under consideration and, by both model constructing, calcula-
ting the values of displacements there from their Fourier-Legendre 
expansions (with unknown coefficients) with respect to the thickness 
variable. For the first ply the values of stresses  and displace-

ments i on the interface between the first and second plies 
(Interface 1) we calculate from their Fourier-Legendre expansions 
for the first ply. For one type of hierarchical models for the second 
ply we construct hierarchical models taking as values of stresses and 
displacements on Interface 1 their values calculated from their 
expressions determined for the first ply, while on the interface 
between the second and third plies (Interface 2) their values are 
calculated from their Fourier-Legendre expansions for the second 
ply, and so on. For the last ply we construct hierarchical models 
taking as values of stresses and displacements on the last Interface 

 their values calculated from their expressions determined for 
the penultimate ply. So, for the k-th, 
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known after solving the corresponding BVP (IBVP) for the 1−k
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with unknown , note that  We rewrite boundary 
and initial conditions in terms of the above-mentioned moments for 
each ply. Thus, we get coupled governing systems for the whole 
structure in the projection of the structure. For each ply, beginning 
with the first ply, we solve separately BVPs (IBVPs) for the gover-
ning systems, written with respect to , 
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for results obtained for the previous ply. For another type of 
hierarchical models (see [4]) we take (1), (2) for stresses and 
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for displacements. For the last ply  we employ (1) only for 
stresses and (3). In the Nth approximation (hierarchical model, 
N=0,1,…) we assume all the moments of order l>N equal zero. The 
comparative analysis of these two type hierarchical models is carried 
out. 
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ABOUT ONE VARIANT OF CONSTRUCTION OF 
APPROXIMATE SOLUTIONS OF SOME BOUNDARY 
VALUE PROBLEMS OF MATHEMATICAL PHYSICS 

 
Roman Janjgava 

Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 
Mathematics, Tbilisi, Georgia, roman.janjgava@gmail.com 

 
In the report one way of construction the approximate solution of 

some problems of mathematical physics is offered. By this way some 
classical and nonlocal two-dimensional problems for Laplace's 
equation, Helmholtz equation and the elasticity theory equations are 
solved. The received results are compared to analytical solutions of 
the corresponding tasks and solutions on the basis of a method of 
fundamental solutions. 

 
 
 

UNSTEADY SIMULTANEOUS ROTATION PROBLEM OF 
THE INFINITE POROUS PLATE AND SURROUNDING 

FLUID WITH ACCOUNT OF MAGNETIC FIELD AND HEAT 
TRANSFER IN CASE OF VARIABLE ELECTRIC 
CONDUCTIVITY AND INJECTION VELOCITY 

 
 L. Jikidze, V. Tsutskiridze 

Georgian Technical University, Tbilisi, Georgia, 
levanjikidze@yahoo.com, b.tsutskiridze@mail.ru 

 
        By means of the method of successive approximation there has 
been studied the unsteady simultaneous rotation  problem of the 
infinite  porous plate and  surrounding conducting fluid with account 
of magnetic field and heat transfer with variable electric conductivity  
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⎠
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w 10υυ . 

        For the determination of the thickness of the dynamic and 
thermal boundary layers, differential equations are obtained and 
written their exact solutions are written for the particular cases when 
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the injection velocity varies according to different laws and between 
the thicknesses of a functional dependence of the form )()( ttT γδδ = . 
         All physical characteristics of the flow are calculated. 
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CALCULATION OF REINFORCED CONCRETE THIN-

WALLED STRUCTURES 
 

Revaz Kakhidze 
Shota Rustaveli Batumi State University, Tbilisi, Georgia, 

lali.tibua@mail.ru 
 

The reinforced concrete compound rod – shell class that has an 
intermediate place between rod structures and shell classes is 
considered. Thus, at calculation of such structures the deformations 
and stresses are taken into account that characterize the first, as well 
as second class. 
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For the analysis of mode of deformation of considered structure 
as basis of calculation apparatus variation method of V. Vlasov [1] is 
accepted together with iteration method and physical models of 
reinforced concrete. 

The essence of this variation method that is grounded on 
Lagrange – Euler principle [2, 3] is characterized by the following 
propositions: 

−  as unknown values are selected functions of displacement 
that depend on two independent coordinates and that define the state 
of point in body; 

−  the nature of displacements change related to one of 
coordinates  will be preliminary defined grounded on certain 
geometrical hypothesis; 

−  the thin-walled structures that have infinite large degrees of 
freedom in-two directions, will be substituted by the design model, 
that has the finite number of degree of freedom in one direction and 
infinite large – in other direction . 

The equations of general theory of shells will be reduced to 
ordinary differential equations. Thus, the solution will be obtained by 
reduction of a two-dimensional problem to a single-dimensional one. 
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THE EXAMINATION OF RECTANGULAR IN PLAN 
SHALLOW SHELLS AND PLATES AT SUPPORTS 

SETLEMENT BY CONSIDERATION OF MATERIAL 
CREEPING 

 
Murad Kalabegashvili*, Demur Tabatatadze**, Kote Iasvili*** 

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

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

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

 
In designing building structures considerable attention is paid to 

issue of consideration of joint behavior of structure and foundation. 
Therefore it is interesting to study the influence that undergoes the 
structure as a result of changes at soil properties. This would be 
caused due to its wetting, seismic impact, and so on. The mentioned 
factors lead changes in structure working conditions at operation that 
would be expressed by the differential settlement of foundation. The 
settlements cause a change of mode of deformation, location of 
maximum stressed section and change of values of maximum 
stresses and deformations. In addition, as issue contains the changing 
in working conditions of structure under operation, it is necessary to 
take into consideration the impact of time and environmental 
conditions on the mechanical properties of material. The differential 
settlement of foundation will be mentioned that they may have such 
irregular character that it caused some difficulties in satisfying 
boundary conditions. 

The solutions of the system, analogous to that of Karmann-
Vlasov nonlinear differential equations are used. Due to the 
application of Laplace transformations are plotted the creeping curve 
expression of accordingly relaxation curve and grounded on it are 
computed values of maximum bending moment at supports 
settlements. 

A simplified scheme of integrated version of linear method is 
proposed. The corresponding algorithm and program are developed, 
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on the basis of which  the mode of deformation of rectangular plates, 
cylindrical and double-curvature shells, settlement of structure sides 
at different cases were investigated. The corresponding diagrams are 
plotted. 
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THE PLANE PROBLEM OF THE THEORY OF  
ELASTICITY FOR A POLYGONAL DOMAIN  

WITH A RECTILINEAR CUT 
 

G. Kapanadze 
Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 

Mathematics, Tbilisi, Georgia 
 
The plane problem of elasticity for a polygonal domain with a 

rectilinear cut is considered under the condition that uniformly 
distributed stretching forces or normal displacements i. e.,under the 
conditions of  the third modified problem of elasticity are prescribed 
on the external  boundary of the domain, while the  cut edges are free 
from external forces.    For solving the problem, the methods of 
conformal mappings and those of the boundary value problems of 
analytic functions are used. Solutions are given effectively 
(analytically).  
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ON A METHOD FOR DETERMINING  THE ELASTIC 
EQULIBRIUM OF A CONFOCAL ELLIPTIC RING 

 
Nuri Khomasuridze†, Natela Zirakashvili 

Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 
Mathematics, Tbilisi, Georgia, natzira@yahoo.com 

 
Using an analytical (precise) solution of the interior and exterior 

boundary value problem of elasticity for an ellipse and its 
corresponding exterior problem a solution of a boundary value 
problem of elasticity is constructed for a confocal elliptic ring and its 
parts.  
 
 
 

PERTUBRATION OF THE ORTHOTROPIC HALF-PLANE 
UNDER ACTION OF THE LOADING MOVING WITH 

CONSTANT VELOCITY ALONG THE BOUNDARY 

 
Gela Kipiani*, Marina Losaberidze** 

*”Progress in education and Science”, Tbilisi, Georgia, gelakip@gmail.com 
**Georgian Technical University, 

Mindeli Mining Mechanics Institute, Tbilisi, Georgia, 
marinalosaberidze@rambler.ru 

 
The boundary-contact problem of elasticity theory is considered, 

in the case when on the orthotropic half-plane boundary of certain 
shape move at a constant speed stamps. 

The mentioned contact problem is reduced to a mixed type 
boundary value problem of elasticity theory. Displacement vector 
and stress tensor components are presented by two analytic 
functions. For them the boundary conditions are written down, which 
lead to the Dirichlet problem, whose solution obtained due to the 
Schwartz integral. Analytically design formulae for stress and 
displacement components are obtained and on time dependence 
diagrams for the sum of normal stresses and shear stress modulus are 
constructed (see Fig. 1, 2). 
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       Fig. 1. σx+ σy                               Fig. 2. τxy 

 
Based on the analysis of obtained results it can be concluded that 

the mode of deformation of an elastic orthotropic half-plane 
essentially depends on the physic-mechanical properties, of a half- 
space as well as configuration of moving at boundary stamps and 
physic-mechanical properties. The obtained results would be used a 
variety of structures that arise in contact area, as well as for studying 
the stress state in the body itself and dynamic interaction processes in 
the drilling machines and rock. 

 
 
 

ON THE TERMOOSCILLATIONS OF  BEFOREHAND 
STRESSED SHELLS OF REVOLUTION, CLOSE BY THEIR 

FORM TO CYLINDRICAL ONES, WITH AN ELASTIC 
FILLER 

 
S. Kukudzhanov 

A. Razmadze Mathematical Institute 
kotic13@mail.ru 

 
We invesitigate the eigen oscillations of shells of revolution, 

which by their form are close to cylindrical ones with an elastic filler 
and under the action of normal pressure and heating. The shell is 
assumed to be thin and elastic. The temperature is uniformly 
distributed in the body of the shell. The light and sliding type filler is 
considered. The filler is modeled by the Winkler’s base. The shells 
of positive and negative Gaussian curvature are considered. In 
dimensionless form we present formulas  and universal curves of 
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dependence of lowest frequencies and form of wave formation on 
temperature, rigidity of an elastic filler, preliminary stresses, on sign 
of Gaussian curvature and amplitude of a shell daviation from a 
cylindrical form. 
 
 
 
ON THE CONSTRUCTION OF THE ALGORITHM OF THE 
NUMERICAL COMPUTATION FOR ONE-DIMENSIONAL 

HIERARCHICAL MODEL OF CUSPED PRISMATIC 
SHELLS 

 
B. Maistrenko, 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: 
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The equation (1) represents the particular case of the initial 
approximation for hierarchical models of cusped prismatic shells (see 
[1]). It is obvious  that due to the term  the given equation is 
degenerate and this creates an obstacle for its numerical realization. 

)(1 xh

Rewrite the equation (1) in the following form 

,),(),,()()( 1
102

2

2

2

TQtxtxfxh
x
ux

x
u

t
u

∈+
∂
∂

+
∂
∂

=
∂
∂ −λρ       (2)  

where  .
)(
)()(

1

1
0 xxh

xhx αλ =
′

=  

Let us pose the classical initial-boundary value problem for the 
equation (2) 
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We assume that the consistency conditions are valid 
( )0()0( 00 αϕ = , )1()1( 10 αϕ = ). 
We can solve the problem (2)-(4) by finite difference method, 
however there is an important point, which should be taken into 
account. 

It concerns the degenerate term containing the first order 
derivative. If we replace the first order derivative by the central 
difference formula, which is the second order accuracy, then due 
to degeneracy the one order will be lost in the neighborhood of 
zero. Therefore it is desirable to use the finite difference formulas 
of the third order of accuracy to approximate  the first order 
derivative. After taking into account this remark, we get the 
following finite difference system of equations: 
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We solve the system (5) by factorization method. We note that 
the stability conditions are fulfilled automatically. 

The numerical computations based on the proposed algorithm 
give sufficiently good approximations for the different model 
problems. 
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ALGORITHMS AND COMPUTER SOFTWARE FOR 
DISCHARGE HYDRAULIC TRANSPORT SYSTEMS SAFE 

OPERATION FOR DEFINITION OF OPTIMAL VALUES OF 
MECHANICAL-PNEUMATIC DAMPERS OPERATIONAL 

AND CONSTRUCTION PARAMETERS 
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Mindeli Mining Mechanics Institute, Georgian Technical University, 

Tbilisi, Georgia, marinalosaberidze@rambler.ru 
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In this talk we consider non-shallow spherical shells [1]. By 

means of I. Vekua method a two-dimensional system of equations is 
obtained. Using the method of the small parameter, approximate 
solutions of I. Vekua’s equations is constructed. The small 
parameter Rh /=ε , where  is the thickness of the shell, h2 R  is the 
radius of the sphere. Using complex analysis, a concrete problem has 
been solved, when the components of the external force are 
constants. 
 
 
 

  25

mailto:marinalosaberidze@rambler.ru
mailto:marinalosaberidze@rambler.ru
mailto:marinalosaberidze@rambler.ru


ON THE REFINED THEORIES OF ELASTIC PLATES 
 
 

Tamar Meunargia 
Sokhumi State University 

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

In the present talk the solutions of the Kirsch’s type problems 
are considered by means of different refined theories (E. Reissner, 
A. Lourie, I. Vekua). The obtained results are compared with each 
other. 
 
 
 
 

ON THE NONLINEAR THEORY OF  
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 

 
I. Vekua has suggested several methods for the construction of 

the linear theory of shallow shells. 
In this talk using Vekua’s reduction method the 2-D system of 

equations for the nonlinear theory of non-shallow shells is obtained. 
By means of the method of a small parameter for any approximations 
of order  the complex representation of general solution is obta-
ined. For the approximations 

N
3,2,1=N  the general solutions are  

written out in an explicit form and some boundary value  problems 
are also considered. 
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THE MOVEMENT OF THE EARTH: 
ANALYTICAL AND NUMERICAL SIMULATIONS 

 
Wolfgang H. Müller  

Technische Universität Berlin, Institut für Mechanik, LKM, Einsteinufer 5, 
13591 Berlin, Germany,  wolfgang.h.mueller@tu-berlin.de 

 
Mechanical models describing the motion of the Earth’s axis, 

i.e., its spin, nutation and its precession, have been presented for 
more than 400 years. Newton himself treated the problem of the 
precession of the Earth, a.k.a. the precession of the equinoxes, in 
Liber III, Propositio XXXIX of his Principia [1]. He decomposes the 
duration of the full precession into a part due to the Sun and another 
part due to the Moon, to predict a total duration of ca. 26000 years. 
This agrees fairly well with the experimentally observed value. 
However, Newton does not really provide a concise rational 
derivation of his result. This task was left to Chandrasekhar in 
Chapter 26 of his annotations to Newton’s book [2]. He follows an 
approach suggested by Scarborough [3] starting from Euler’s 
equations for the gyroscope and calculating the torques due to the 
Sun and to the Moon on a tilted spheroidal Earth. These differential 
equations can be solved approximately in an analytic fashion, 
yielding Newton’s result. However, they can also be treated 
numerically using a Runge-Kutta approach allowing for a study of 
their general non-linear behavior. This paper will show how and 
explore the intricacies of the numerical solution. A comparison of the 
actual to actual measurements will also be attempted. 

When solving the Euler equations for the aforementioned case 
numerically it turns out that besides the precessional movement of 
the Earth’s axis there is also a nutation present. However, the period 
of this nutation turns out to be roughly half a year with a very small 
amplitude whereas the observed (main) nutational period is much 
longer, namely roughly nineteen years, and much more intense 
amplitude-wise. The reason for this discrepancy is based on the 
assumption that the torques of both the Sun and the Moon are due to 
gravitational actions within the equinoctial plane. Whilst this is true 
for the Sue, the revolution of the Moon around the Earth occurs in a 
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plane which is inclined by roughly 5° w.r.t. the equinoctial. If this is 
taken into account the predicted nutation period will be of the order 
of the observed value [4], [5]. As in the case of the precession we 
will provide a stringent analysis based on a numerical solution of the 
Euler equations, which is in contrast to Section 12.10 of [5]. 
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REGULARITY OF SOLUTIONS TO MIXED INTERFACE 
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We investigate regularity properties of solutions to mixed 

boundary value problems for the system of partial differential 
equations associated with the theory of thermo-piezoelectricity 
(thermo-electro-elasticity) of piecewise homogeneous anisotropic 
elastic solid structures with interior and interface cracks. Using the 
potential method and theory of pseudodifferential equations we 
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prove the existence and uniqueness of solutions. The singularities 
and asymptotic behaviour of the thermo-mechanical and electric 
fields are analyzed near the crack edges and near the curves, where 
different types of boundary conditions collide. In particular, for some 
important classes of anisotropic media we derive explicit expressions 
for the corresponding stress singularity exponents and demonstrate 
their dependence on the material parameters. The questions  related 
to the so called oscillating singularities are analyzed in detail as well. 

The contribution extends the results obtained in the reference   
[1] to more complex  problems. 
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EQUIVALENT REPRESENTATION OF SOME BOUNDARY 
VALUE PROBLEMS OF LINEAR ELASTICITY BY MEANS 
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As is known, the analytical solutions of boundary value prob-
lems of linear elasticity can not be obtained in the general formula-
tion of the problem. It should also be noted that in the linear theory 
of elasticity a special class of boundary value problems can be 
marked for which considered the boundary value problem can be 
represented as the sum of several other equivalent boundary value 
problems.  

  In this work, an example of a two-dimensional boundary 
problem of linear elasticity is given, which shows the possibility of 
presenting the considered problem of elasticity by using the sum of 



equivalent to other boundary problems. Necessary, to this end, 
restrictions on boundary conditions of the original and auxiliary 
problems are established. 

 

 
Fig. 1  Representation of two-dimensional boundary problem of linear 
elasticity by using the sum of equivalent to other boundary problems. 

 
 

 
 

ON THE NUMERICAL SOLUTION OF CONTACT 
PROBLEM FOR POISSONS AND KIRCHHOFF EQUATION 

SYSTEM  
 

Archil Papukashvili, Jemal Rogava, Zurab Vashakidze  
Iv. Javakhishvili Tbilisi State University 
I.Vekua Institute of Applied Mathematics 
& Faculty of Exact and Natural Sciences 

apapukashvili@rambler.ru, archil.papukashvili@tsu.ge, 
jemal.rogava@tsu.ge, zurab.vashakidze@gmail.com 

 
As is known, definition of the stressed-deformed condition for 

designs having difficult geometry is an actual problem. Constuction, 
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research and computer realization of corresponding algorithms of 
numerical calculations are also actual. 

In this paper some “bridge-form” multystructures studied (see 
Fig.1) having complicated geometry stress-deformed state. 
Particularly the boundary-contacted problem is considered. Two 
rectangle form membranes are united by a string; We consider 
classic linear boundary problems for membranes (Poissons equation), 
but for string nonlinear Kirchhoff type integro-differential equation 
(see, for example [1], [2]).   

Numerical methods (finite-difference methods) for studying the 
above – stated multistructural is stressed – deformed condition are 
used. Direct numerical methods are used for finding the function of a 
bend in central points, and the iterative method is applied to 
definition of numerical values of function of a bend of a string for 
the approached decision of nonlinear equation of Kirchhoff  type. 

The account program in MATLAB is created and numerical 
experiments are made.  

Acknowlegment. The designated protect has been fulfilled by 
financial support of the Rustaveli Science Foundation  (Grant  
project # 30/28).  

Fig. 1 
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SOME ISSUES OF  MODELING AND CALCULATION  OF  
CABLE-ROD  STRUCTURES 

 
D. Pataraia, E. Tsotseria, A. Kartvelishvili, R. Maisuradze 

G. Tsulukidze Mining Institute 
 

Some actual issues of modeling and calculation of cable-rod 
structure is considered on the basis of a discrete model. Particularly: 
calculation of a rod, mounted by both sides in a rack shaped  mode 
located in the gravity field. For the purpose of  checking the 
reliability of the results  this task has been solved using the standard 
software (LIRA 9.6) based on the method of  finite element.  

Besides the above mentioned task, on the basis of both 
approaches the complicated  real cable-rod structure – cable 
suspended bridge has been  studied and calculated (see drawing). 
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The results of conducted researches as well as the  checking of these 
results on the laboratory stand give the basis to conclude, that the 
proposed approach  is competitive and perspective while modeling 
and calculating complicated cable-rod objects. 
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THE ERROR OF A SOLUTION OF A NONLINEAR STATIC 
BEAM PROBLEM 
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Let us consider the nonlinear differential equation  
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Equation (1) is the stationary problem associated with the 

equation , which was proposed 

by Woinowsky-Krieger as a model for the deflection of an extensible 
dynamic beam. 
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For the solution of problem (1), (2), existence of which is 
shown, a numerical algorithm is constructed. To solve the system of 
nonlinear equations obtained as a result of the application of the 
Galerkin method we use the Newton iteration process. A theorem of 
the algorithm total error is proved.  

Besides we consider more general than (1) beam equation 
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Problem (3), (2) is reduced to an equivalent nonlinear integral 

equation which is solved by the iteration method. The convergence 
of the iteration method is established and the error estimate is 
obtained.  
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ON THE  INSTABILITY AND TRANSITION TO 
TURBULENCE  OF FLOWS BETWEEN PERMEABLE 

CYLINDERS 
 

Luiza Shapakidze 
A. Razmadze Mathematical Institute 

of  Iv. Javakhishvili Tbilisi State University 
 

In connection with the filtration problems in this report the 
author presents investigations of some  concrete problems of the 
theory of hydrodynamic stability which are closely related to 
turbulence. 

Namely, 
(a) For permeable cylinders, it is stated that the main stationary 

flow after the loss of stability is replaced by a new stationary or 
oscillatory time-dependent flow. Instability and transition to more 
complicated regimes are investigated. 

(b) Instability and chaotic regimes, arising after the loss of 
stability of  a viscous heat-conducting flow, between the rotating 
permeable cylinders heated up to different temperatures are 
investigated.   The sufficient conditions for stationary bifurcation are 
found. 

(c) The questions connected with the flow stability between 
porous cylinders are considered in the case, where the flow is under 
the action of radial and transversal pressure. The quasi-periodic 
flows arising after successive bifurcation of the main flow are 
studied. 

(d) Secondary flows and their bifurcations are investigated when 
the flow between the permeable cylinders is under the action of 
radial and axial pressure  gradients.                 
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THE SOLUTION OF CONTACT PROBLEMS OF 
VISCOELASTICITY  FOR PLATES  WITH ELASTIC 

INCLUSION 

Nugzar Shavlakadze 
Iv. Javakhishvili Tbilisi Shtate Universit    Razmadze Mathematical 

Institute, Tamarashvili St.6, Tbilisi, Georgia, nusha@rmi.ge 
 

The effective solutions are constructed for integro-differential 
equations related to the contact problems of viscoelasticity about  
interaction of an elastic thin finite inclusion with the plane, when the 
inclusion and plane materials  possess  the creep property. If  the 
geometric parameter of the inclusion is changed along its length 
according to the parabolic and linear law we can manage to 
investigate the obtained boundary value problems of the theory of 
analytic functions, to get exact solutions and to establish behavior of 
unknown contact stresses at the ends of elastic inclusion. 

 

 

SOLUTION OF BVPs IN THE FULL COUPLED THEORY  OF 
ELASTICITY  FOR A SPHERE WITH DOUBLE POROSITY 

 
Ivane Tsagareli, lamara Bitsadze 

Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 
Mathematics, Tbilisi, Georgia, i.tsagareli@yahoo.com, 

lamarabitsadze@yahoo.com 
 

The purpose of this talk is to consider the three-dimensional 
version of the full coupled theory of elasticity for solids with double 
porosity [1] and to solve explicitly the Dirichlet and Neumann BVPs 
of statics in the full coupled theory for a sphere and for an elastic 
space with spherical cavity. The explicit solutions of these BVPs are 
represented by means of absolutely and uniformly convergent series.  

mailto:nusha@rmi.ge
mailto:lamarabitsadze@yahoo.com
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We consider the initial boundary value problem for nonlinear 

integro-differential equation describing dynamic behavior of a 
beam [1] 
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where , , , ,α γ ρ σ β  and δ  are the given constants, among which the 
first four are positive numbers, while  and  are 
sufficiently smooth given functions. 

0 ( )u x 1( )u x

Using a projection method and a symmetric difference scheme, 
the solution is approximated with respect to a spatial and a time 
variable. Thus the problem is reduced to a system of nonlinear 
discrete equations which is solved by the iteration method. The 
convergence of the iteration process is proved.  

The particular case of problem (1), (2) was stated in [2]. 
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ON THE APPLICATION OF COMPLEX  AND NUMERICAL 
ANALYSES FOR SOME MODELS  CORRESPONDING TO 

KẢRMẢN TYPE REFINED THEORIES  
 

Tamaz Vashakmadze  
Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 

Mathematics, Tbilisi, Georgia, tamazvashakmadze@gmail.com 
 
In this talk we consider 2Dim mathematical models, 

corresponding to the 3Dim non-linear theory of elasticity for 
anisotropic thin-walled structures. The boundary value problems for 
von Kảrmản type systems of 2Dim partial integro-differential 
equations with Monge-Ampere operators and Poisson brackets 
represent e.g. the same models. An attempt of applying some 
schemes of the theory of analytical and generalized analytical 
functions and projective methods will be given. 
 
Acknowlegment. This work was supported by Rustaveli Science 
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entropiis warmoSobis diferencialuri 
gantoleba Ria sistemebisaTvis, rogorc 
wonasworuli garemodan energiis miRebis 

Teoriuli safuZveli 
 

amiran afciauri 
quTaisis erovnuli saswavlo universiteti, quTaisi, 

saqarTvelo, a.aptsiauri@mail.ru 
 

naSromSi, masis, energiis da moZraobis raode-
nobis Senaxvis gantolebebis safuZvelze naCvenebia, 
rom entropiis warmoSobis diferencialuri ganto-
lebis integrireba Ria da daxuruli sistemebisaT-
vis radikalurad gansxvavebul Sedegebs iZleva. ker-
Zod, Tuki daxurul sistemebSi procesebi mimdina-
reoben mxolod entropiis zrdiT, Ria sistemebSi ma-
sis nakadis gaswvriv mzardi Tburi nakadis warmo-
Sobas mosdevs entropiis Semcireba, rac ewinaaRmde-
geba entropiis permanentuli zrdis aRiarebul pri-
ncips. Camoyalibebulia Ge-Teorema, romelic wonas-
woruli garemos siTbos xarjze sasargeblo ener-
giis miRebis fundamentur princips warmoadgens. da-
sabuTebulia, rom tornados tipis bunebrivi movle-
nebis gasaocari mdgradoba ganpirobebulia imiT, 
rom, turbulenturi nakadis didi efeqturi Tbogam-
taroba warmoSobs Zlier gamwov efeqts. miuxedavad 
imisa, rom, mcire masStabebis danadgarebSi xsenebu-
li efeqtis dafiqsirebas xels uSlis xaxunis (sib-
lantis) SedarebiT didi xvedriTi wili, naSromi 
adasturebs Tanamedrove Termodinamikis kanonebis 
gadaxedvis aucileblobas.  
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saqarTveloSi mSeneblobaSi gamoyenebuli 
antiseismuri RonisZiebebi 

 
malxaz bediaSvili* 

*saqarTvelos sainJinro akademiis akademikosi, Tbilisi, 
saqarTvelo, mabedi@mail.ru 

 
saqarTvelo moqceulia maRali seismurobis 

intensivobis zonaSi. miwisZvris zemoqmedebiT, sauku-
neebis manZilze, ingreoda da ziandeboda mravali 
kulturuli da kulturi nageboba. amaze metyvelebs 
is mravali cnoba damangreveli miwisZvrebis Sesaxeb, 
romelic istoriam Semogvinaxa da Tanamedrove mec-
nierebis mier, Tanamedrove teqnikis gamoyenebiT, Ses-
wavlili da gamoqvey-nebulia. 

saqarTvelos Zveli dedaqalaqis – mcxeTa Zal-
zed mravalferovani Zeglia: igi Seicavs mraval ar-
qiteqturul nagebobas, romlebic mowmoben Cvens 
welTaRricxvamde II-IV saukuneebidan moyolebul aq 
ganxorcoelebul mniSvnelovan antiseismur Ronis-
Ziebebze. 

qalaqi-muzeumis, mcxeTis memkvidreoba Setanilia 
msoflio memkividreobis nusxaSi misi calkeuli 
Zeglebis – sceticxovlis, jvris, samTavros, Tu 
armazcixis saxiT. 

Cven saSualeba gvaqvs gavecnoT werilobiT cno-
bebs VIII-IX, XI, XII saukunis miwisZvrebis Sesaxeb. 
ufro adrindeli werilobiTi cnobebi miwisZvrebis 
Sedegebis Sesaxeb Cven ver movipoveT. 

magram is intiseismuri RonisZiebebi, romlebic 
dRemde SemorCenil warmarTul Tu qristianul Zeg-
lebze, Tu maT nangrevebze SemorCa, naTlad metyve-
lebs, rom qarTvelTa winaprebi sakmarisze kargad 
icnobdnen damangreveli miwisZvrebis Sedegebs da 
maT winaaRmdeg brZolis xerxebs. 

ase magaliTad, jer kidev IV saukuneSi Cvens we-
lTaRricxvamde bagineTis cixelaqalaqSi gamo-iyene-
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ba e.w. “mTliani sartyeli” anu “jaWvuri sartyeli”. 
es Cvens xelT arsebuli uZvelesi antiseismuri 
RonisZieba iyo. 

didi xniT adre manam nagebobaTa wyobaSi gamoi-
yeneboda kiris xsnari, Cvens winaprebs kargad auTvi-
sebiaT e.w. “mSrali wyoba”-sufTad daTlili kvadre-
biT (qvis blokebi). amasTan gamoiyeneboda saintere-
so, friad originaluri xerxi (meTodi) – kvadri 
WdobiT, “kbiliT”, romelic wyobis nakeris 
gawyvetis sawinaaRmdegod ixmareboda. 

antiseismuri RonisZiebebis momdevno etaps unda 
warmoadgines e.w. “mercxlis kudi”, romelSic ukve 
liToni monawileobs. 

wyobis gadabmis es wesi jer kidev II saukuneSi 
Cvens welTaRricxvamde gamoiyeneboda. 

TiToeul mosazRvre qvaSi amoiTleboda e.w. 
“mercxlis kudi”, sigrZiT daaxloebiT 12 sm, siganiT 
8-9 sm, “yelis sigane 5-6 sm, xolo siRrme 2-4 sm. 

am warmoqmnil siRrueSi Caisxmeboda xolme gac-
xelebuli tyvia, an ideboda liTonis firfita, 
iSviaTad magari jiSis xec. 

wyobis rRvevis Tavidan acilebis mizniT, gamoi-
yeneboda axali liTonis firfitebi, romlebic wyo-
bis horizontalur nakerebSi ideboda. amis magali-
Tia mcxeTis taZrebi. 

garda aRniSnulisa, xSirad gamoiyeneboda xis 
antiseismuri sartyelebi, romlebic xSirad 30 sm-
mde diametrs aRwevdsa, SemorCenilia magaliTad VII 
saukunis sionis taZarSi, TbilisSi. 

zemoTCamoTvlili da sxva mravali anti-seismuri 
RonisZieba gviCvenebsa, rom qarTvel mSeneblebs, os-
tatebs, xuroTmoZRvrebs damangrevelma miwisZvrebma 
aswavla aseT meTodebs dauf-leboden, rom maT Sem-
dgom STamomavlebs darCeno-daT maTi xeliT nagebi 
TvalTuqmneli.  
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ricxviTi meTodebi wrfivi adveqciis 
gantolebisTvis 

 
ramaz boWoriSvili 

ivane javaxiSvilis saxelobis Tbilisis saxelmwifo 
universiteti, zust da sabunebismetyvelo mecnierebaTa 

fakulteti, Tbilisi, saqarTvelo 
 

ganxilulia gantoleba konservatiuli da 
arakonservatiuli formiT. sizustis gasazrdelad 
Semotavazebulia ori axali midgoma. erTi maTgani 
efuZneba baricentruli gawarmoebis formulas 
swrafi maRali rigis sqemebis asagebad, xolo meore 
midgoma exeba badis gaxSirebis algoriTmebs sxvada-
sxva sizustis sqemebis gamoyenebiT. damtkicebulia 
ricxviTi sqemebis krebadoba. SemuSavebuli meTode-
bis gamoyenebis magaliTad ganxilulia gaWuWyia-
nebis gadatana da monacemTa variaciul asimilacia.  
SemuSavebuli meTodebis sizuste naCvenebia testuri 
amocanebis gaTvliT. 

 
 
 

zRvis sanapiro zolis dinamikis ricxviTi 
modelireba da misi sainJinro aspeqtebi 

 
amiran bregvaZe, lali siWinava,  

Tengiz Wanturia 
akaki wereTlis saxelmwifo universiteti, quTaisi, 

saqarTvelo, amiranibregvadze@gmail.com, 
 

Tanamedrove pirobebSi sul ufro mkafiod dgeba 
napirebis talRebis damangreveli moqmedebisgan dac-
vis problema. aRniSnulidan gamomdinare, gasatare-
belia mecnierul safuZvelze damyarebuli swori 
garemos dacviTi RonisZiebebi. bolo dros sain-
Jinro azrovneba sul ufro xdeba bunebaze orien-

mailto:amiranibregvadze@gmail.com
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tirebuli, ris gamoc axali teqnologiebi warmog-
vidgeba, rogorc garemos dacvis efeqturi saSuale-
ba, da amgvar teqnologiad warmogvidgeba ACEtube – 
teqnologia, romelmac amJamad mniSvnelovani gamoye-
neba hpova zRvis sanapiro zolis aRdgena-gamagrebis 
problemis gadawyvetaSi. ACEtube masalis drekadoba 
uzrunvelyofs uzrunvelyofs sxvadasxva formisa 
da Sedgenilobis fskeris reliefTan mis adaftire-
bas. qviSiT amovsebuli ACEtube efeqturad gamoiye-
neba hidroinJineriaSi. 

  winamdebare statiaSi ganxilulia zRvis sana-
piro procesebis maTematikuri modelirebis mecnie-
rulad dasabuTebuli gamoyeneba zRvis sanapiro zo-
lis dacva-aRdgenisTvis.  

ACEtube teqnologiis safuZvelze sainJinro Ro-
nisZiebebis (4;5;6)   dasaxva da gatareba sanapiro zo-
lis aRdgenisTvis uaRresad efeqturia.  
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wesrigi da uwesrigoba 

 
guram gabriCiZe 

saqarTvelos mecnierebaTa erovnuli akademia,  
bunebrivi katastrofebis samecniero problemebis Semswavleli 

komisia, Tbilisi, saqarTvelo, gabrichgur@gmail.com 
 

moxseneba exeba mSeneblobis sakiTxs seismurad 
aqtiur regionebSi. am procesis modelirebisas Seve-
cadeT gamogveyo misi mTavari elementebi, dagvedgina 
maTi urTierTkavSirebi da miRebuli postulatebis 
damajerebloba, Segvefasebina prognozirebis dekla-
rirebuli sandoobis done da misi amaRlebis SesaZ-
leblobebi. 

 
 
 

ormagi cilindruli saxsrebis gamoyeneba 
amwesatransporto da sagzao manqanebSi 

 

vaJa gogaZe 
akaki wereTlis saxelmwifo universiteti, quTaisi, 

saqarTvelo, Vazha.gogadze@atsu.edu.ge 
 

amwe-satransorto da sagzao manqanebis samuSao 
aRWurvilobebi warmoadgens rTul sivrciT siste-
mebs, romelTa elementebi saxsruladaa dakavSire-
buli erTmaneTTan. garkveul meqanizmebSi gxvdeba 
zedmeti bmebi, ris gamoc rgolebSi zomebis xazo-
vani an kuTxuri gadaxrebis dros Cndeba zedmeti bma 
da meqanizmi muSaobs rgolebSi arsebuli RreCoebis 
meSveobiT an konstruqciis winaswari daZabviT, rac 
amcirebs manqanis simtkicesa da saimedoobas. 

amitom mizanSewonilia Seiqmnas iseTi raciona-
luri meqanizmebi, romlebic TviTregulirebadia da 
ar iwvevs konstruqciis elementebis winaswar daZa-
bul mdgomareobas. 

mailto:Vazha.gogadze@atsu.edu.ge
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amwe-satransporto da sagzao manqanebSi rgole-
bis SeerTebisaTvis ZiriTadad gamoyenebulia cilin-
druli saxsrebi, romelTa Tavisuflebis xarisxsi 
erTis tolia da sferuli saxsrebi Tavisuflebis 
xarisxiT-3. dRemde iSviaTia zemoT aRniSnul manqa-
nebSi ormagi cilindruli saxsrebis gamoyeneba, ro-
melTa Tavisuflebis xarisxsi oris tolia. 

ormagi cilindruli saxsrebis gamoyeneba saSua-
lebas gavZlevs gavzardoT manqanis funqcionaluri 
daniSnuleba, gavamartivoT konstruqcia, gaizardos 
manqanis mwarmoebloba, mowyobilobis simtkice da 
saimedooba. 
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Mmravalfeniani sqeli filis Runvis amocana 
Termuli velis gaTvaliswinebiT 

 
daviT gorgiZe, zurab siraZe 

saqarTvelos teqnikuri universiteti, Tbilisi, 
saqarTvelo, dgorgidze@yahoo.com, zurab.siradze@yahoo.com  

 G 
ganxilulia mravalfeniani transtropuli (tran-
sversalurad-izotropuli) sqeli filis Termod-
rekadi wonasworoba, rodesac filis gverdiT waxna-
gebze  sruldeba simetriis an antisimetriis pirobe-
bi, xolo filis qveda da zeda waxnagebze  mocemu-
lia specialuri pirobebi. Ddasmuli amocanis zusti 
amoxsna moZebnilia zogadi amonaxsnebis da cvladTa 
gancalebis meTodiT. 
 
winamdebare naSromi eZRvneba nuri xomasuriZis na-
Tel xsovnas 

literatura 
 

1. Khomasuridze N. Thermoelastic equilibrium of bodies in generaljzed 
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vekuas meTodiT 1=N  da  miaxloebisaTvis 
ZiriTadi sasazRvro amocanebis amoxsna 

2=N

 
bakur gulua 

soxumis saxelmwifo universiteti 
i. vekuas saxelobis gamoyenebiTi maTematikis instituti 

iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 
universiteti, Tbilisi, saqarTvelo, bak.gulua@gmail.com 

 
  mocemul naSromSi ganxilulia izotropuli 
drekadi masalisagan Sedgenili firfitis wonaswo-
robis gantolebaTa sistema. samganzomilebiani gan-
tolebaTa sistemidan. i. vekuas reduqciis meTodis 
gamoyenebiT, miRebulia organzomilebiani gantole-
baTa sruli sistema, roca sxeulis zeda da qveda 
pireulebze mocemulia gadaadgilebis veqtori. Sem-
deg,  sasruli gantolebaTa sistemebisaTvis, kerZod 

 da 1=N 2=N  miaxloebisaTvis, napovnia zogadi 
amonaxsnebi. amoxsnilia ZiriTadi sasazRvro amoca-
nebi. 

 
 
 
 

karmanis tipis dazustebul TeoriaTa Sesabamisi 
zogierTi modelisaTvis kompleqsuri cvladis 
funqciaTa Teoriisa da ricxviTi analizis 

gamoyenebis Sesaxeb 
 

Tamaz vaSaymaZe,  
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 
universiteti, i. vekuas saxelobis gamoyenebiTi 
maTematikis instituti, Tbilisi, saqarTvelo, 

tamazvashakmadze@gmail.com 
 

naSromSi ganxilul iqneba drekadobis ara-wrfi-
vi Teoriis Sesabamisi zogierTi organzomilebiani 
modeli anizotropuli Txelkedlovani struqture-
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bis SemTxvevaSi. aseT maTematikur modelebs warmo-
adgens, magaliTad, sasazRvro amocanebi  fon 
karmanis tipis arawrfiv or cvladze damokidebuli 
kerZo warmoebulian integro-diferencialur ganto-
lebaTa sistemisaTvis, romelTa  nawili monJ-amperi-
sa operatorisa da puasonis frCxilebis Sesabamisi 
gamosaxulebebia. maTTvis gadmocemuli iqneba anali-
zur da ganzogadebul analizur funqciaTa Teo-
riisa da proeqciuli meTodebis zogierTi sqemis ga-
moyenebis cda.        
 
madloba. winamdebare naSromi Sesrulebuli iyo 
rusTavelis samecniero fondis grantis 30/28 
farglebSi. 

 
 
 
 
 

drekadobis brtyeli Teoriis amocana sasruli 
mravalkuTxa arisaTvis wriuli xvreliT 

 
giorgi kapanaZe 

iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 
universitetis i. vekuas saxelobis gamoyenebiTi 

maTematikis instituti,  
Tbilisi, saqarTvelo 

 
ganixileba drekadobis brtyeli Teoriis amoca-

na sasruli mravalkuTxa arisaTvis wriuli xvre-
liT. igulisxmeba, rom aris gare sazRvarze mocemu-
lia mudmivi mTavari veqtoris mqone mqone mkumSavi 
normaluri Zabvebi (an normaluri gadaadgilebebi), 
xolo xvrelis sazRvari Tavisufalia garegani dat-
virTvebisagan. 

amocanis amosaxsnelad gamoiyeneba konformul 
asaxvaTa da analizur funqciaTa sasazRvro amoca-
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nebis meTodebi da am gziT saZiebeli kompleqsuri 
potencialebi agebulia efeqturad (analizuri for-
miT). 

 
 
 
 

rkinabetonis Txelkedliani konstruqciebis 
gaangariSeba  

 

revaz kaxiZe 
SoTa rusTavleis saxelobis baTumis saxelmwifo 

universiteti, Tbilisi, saqarTvelo, 
bak.gulua@gmail.com 

 
ganxilulia rkinabetonis Sedgenili Rero-gar-

sis klasi, romelsac Sualeduri adgili uWiravs 
Rerovani konstruqciebisa da garsebis klasebs So-
ris. amitom am konstruqciebis gaangariSebisas gaT-
valiswinebulia deformaciebi da Zalvebi, romlebic 
axasiaTeben rogorc erT, ise moore klass. 

gansaxilveli konstruqciebis daZabul-deformi-
rebuli mdgomareobis analizisaTvis saangariSo apa-
ratis safuZvlad miiReba v. vlasovis [1] variaciuli 
meTodi iteraciul meTodTan erTad da rkinabetonis 
fizikuri modelebi. 

am variaciuli meTodis arsi, romelic eyrdnoba 
lagranJ-eileris principebs [2, 3] xasiaTdeba Semdegi 
debulebebiT: 

− ucnob sidided arCeulia gadaadgilebaTa fun-
qciebi, romlebic damokidebulia or damoukidebel 
koordinatze da romlebic gansazRvravs sxeulSi 
wertilis mdgomareobas; 

− gadaadgilebaTa cvlilebis xasiaTi erT-erT 
koordinatis mimarTebiT winaswar dadgindeba ama Tu 
im geometriuli hipoTezis safuZvelze; 
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−  Txelkedliani konstruqciebi, romlebsac 
gaangariSebis usasrulod didi Tavisuflebis xa-
risxi aqvT or mimarTulebiT, Seicvleba saangariSo 
modelebiT, romlebsac sasruli raodenobis Tavi-
suflebis xarisxi aqvT erTi mimarTulebiT da usas-
rulod didi – meore mimarTulebiT. 

garsTa zogadi Teoriis gantolebebi daiyvaneba 
Cveulebrivi diferencialur gantolebebze. Amgva-
rad, amoxsna miiReba organzomilebiani amocanis 
erTganzomilebianze dayvaniT. 
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winaswar daZabuli, drekad Semavsebliani 
cilindruli formasTan miaxloebuli brunviTi 

garsebis  Termo rxevebi 
 

a. kukujanovi 
a. ramzaZis maTematikis instituti 

kotic13@mail.ru 
 

ganxilulia sakuTari rxevebi drekad Semavseb-
liani cilindrul formasTan miaxloebuli brunviTi 
garsebisa, romelzec mqomedebs normaluri wneva da ga-
cxeleba. garsebi ganxilulia Txeli da drekadi. 
temperatura Tanabrad ganawilebulia garsis sxeulSi. 



msubuqi Semavsebeli igulisxmeba sriala tipis. Sema-
vsebelis modulireba xdeba vinkleris fuZiT. ganxi-
lulia rogorc dadebiTi, aseve uaryofiTi gausis 
simrudis mqone garsebi. moyvanilia formulebi da uni-
versaluri mrudebi umciresi sixSireebisa da talRaTa 
warqmoqmnis formebisaTvis temperaturaze, drekadis 
Semavseblis sixisteze, winaswar daZabulobaze, gausis 
simrudis niSansa da cilindruli formidan garsis 
gadaxris amplitudaze damokidebulebiT.  
 
 
 

wamaxvilebuli prizmuli garsis ierarqiuli 
modelebis erTganzomilebiani kerZo 

SemTxvevisaTvis ricxviTi gaTvlis algoriTmis 
agebis Sesaxeb 

 

b. maisterenko,  j. rogava,  k. SaSiaSvili 
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 

 

vixilavT Semdeg gantolebas:             
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dadebiTi mudmivia;  sakmarisad gluvi funqciaa. ), t(f x

gantoleba (1) warmoadgens wamaxvilebuli priz-
muli garsisTvis ierarqiuli modelebis (ix. [1]) 
nulovani (sawyisi) miaxloebis kerZo SemTxvevas. 
cxadia  wevris gamo  mocemuli gantoleba aris 
gadagvarebuli da es qmnis winaaRmdegobas ricxviTi 
realizaciis TvalsazrisiT. 

)(1 xh

(1) gantolebas mivceT Semdegi saxe  
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davsvaT (2) gantolebisTvis klasikuri  sawyis-
sasazRvro amocana: 
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                             ).(),1(),(),0( 10 ttuttu αα ==                  (4) 
vgulisxmobT, rom SeTanxmebulobis pirobebi daculia 
( )0()0( 00 αϕ = , )1()1( 10 αϕ = ). (2)-(4) amocana SegviZlia 
amovxsnaT sxvaobiani meTodis gamoyenebiT, Tumca 
amasTan dakavSirebiT aris erTi mniSvnelovani niuansi, 
romelic unda iyos gaTvaliswinebuli. es exeba 
pirveli rigis warmoebulis Semcvlel gadagvarebul 
wevrs. Tu pirveli rigis warmoebuls SevcvliT meore 
rigis sizustis centralur sxvaobiani formuliT, 
maSin gadagvarebis gamo nulis maxloblobaSi erTi 
rigi daikargeba. amitom pirveli rigis warmoebulis 
aproqsimaciisTvis mizanSewonilad migvaCnia mesame 
rigis sizustis sxvaobiani formulebis gamoyeneba. Tu 
gaviTvaliswinebT am SeniSvnas, maSin (2)-(4) amocanis-
Tvis miviRebT Semdeg sxvaobian gantolebaTa sistemas: 
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sadac mT /=τ  aris badis biji droiTi cvladiT, 
xolo  - sivrciTi cvladiT (  da   
naturaluri ricxvebia); 

nh /1= 1>n 1>m
ihxi =  da τkt k =  aris 

dayofis wertilebi; 
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(5) sistemas vxsniT faqtorizaciis meTodiT. SevniS-
navT, rom mdgradobis pirobebi avtomaturad 
sruldeba. SemoTavazebuli algoriTmis safuZvelze 
Catarebuli ricxviTi gaTvlebi iZleva sakmarisad karg 
miaxloebas sxvadasxva modeluri amocane-bisTvis. 
 
madloba. naSromi Sesrulebulia SoTa rusTavelis 
samecniero fondis #d13/18 grantis farglebSi. 
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algoriTmebi da kompiuteruli programa 

sadawneo hidrosatransporto sistemebis 

usafrTxo eqspluataciis meqano-pnevmaturi 

dempferebis muSa da konstruqciuli parametrebis 

optimaluri mniSvnelobebis gansazRvrisaTvis 

 
l. maxaraZe, m. losaberiZe, s. steriakova 

mindelis saxelobis samTo meqanikis instituti, 
saqarTvelos teqnikuri universiteti, Tbilisi, 

saqarTvelo, marinalosaberidze@rambler.ru, 
marinalosaberidze@rambler.ru, marinalosaberidze@rambler.ru 

 
sadawneo milsaden hidrosatransporto sistemeb-

Si gardamavali reJimebis da daumyarebeli proce-
sebis SemTxvevaSi hidronarevis moZraobisas xSirad 
xdeba wnevis uecari cvalebadoba mocemuli siste-
misaTvis dasaSvebze met farglebSi, rac Tavis mxriv 
iwvevs milsadenisa da tumboebis mwyobridan gamos-
vlas, mimdebare teritoriis dabinZurebas da sis-
temis xangrZlivad gaCerebas. am arasasiamovno mov-
lenis Tavidan acilebis da wnevis nazardis dasaS-
veb farglebSi Semcirebis mizniT iyeneben wnevis 
nazardis maregulirebel meqano-pnevmatikur dempfe-
rebs. maTi muSa organoebi warmoadgens haeriT Sevse-
bul elastomerebisagan damzadebul hermetul sxva-
dasxva formis (toris, sferos, Slangis, silfonis) 
elementebis erTobliobas. yvela SemT-xvevaSi wnevis 
nazardis dempfireba ZiriTadad xdeba haeris Sekum-
Svis xarjeze, romlis moculobiTi drekadobis mo-
duli Zalze mcirea da xasiaTdeba SekumSvis didi 
unariT. hidravlikuri dartymis dros gazrdili 
wnevis dempfireba (muSa irganoSi haeris SekumSva) 
mimdinareobs izoTermuli an politropuli proce-
sis Sesabamisad, imisda mixedviT Tu ra sigrZisaa 
milsadenis magistralis sigrZe da Sesabamisad tal-
Ruri procesis fazes xangrZlivoba. praqtikaSi SeiZ-

mailto:marinalosaberidze@rambler.ru
mailto:marinalosaberidze@rambler.ru
mailto:marinalosaberidze@rambler.ru
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leba gamoyenebuli iqnes gadamyvani milyeliani ma-
dempfirebeli mowyobilobebi da milyelis gareSe. 
gadamyvan milyelebs iyeneben dempferebis milsaden 
magistralTan dasakavSireblad. Cvens mier damuSa-
vebeli hidravlikuri dartymebisagan damcavi kon-
struqciebis gaangariSebis meTodika efuZneba hid-
roaeromeqanikis da drekadobis Teoriis ZiriTad 
kanonebs da iTvaliswinebs hidrosatransporto sis-
temis hidrodinamikur parametrebs damyarebeli da 
daumyarebeli reJimis dros, procesSi monawile 
yvela komponentis da elementis fizikur-meqanikur 
Tvisebebs da geometriul parametrebs. 
 
 
 
 

drekadi firfitebis dazustebuli  
Teoriebis Sesaxeb  

 
Tamar meunargia 

soxumis saxelmifo universiteti  
Tbilisi, saqarTvelo, tengiz.meunargia@viam.sci.tsu.ge 

 
statiaSi ganxilulia kirSis tipis amocanebis 

amoxsna e. reisneris, a. luries da i. vekuas dazustebu-
li Teoriebis saSualebiT da miRebuli Sedegebi Seda-
rebulia erTmaneTTan. 



aradamreci garsebis arawrfivi Teoriis Seasxeb 

 
Tengiz meunargia 

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

Tbilisi, saqarTvelo, tengiz.meunargia@viam.sci.tsu.ge 
 

 i. vekuam SemogvTavaza damreci garsebis wrivi 
Teoriis agebis ramodenime meTodi. 
 statiaSi i. vekuas reduqciis meTodis gamoye-
nebiT miRebulia aradamreci garsebis arawrfivi 
Teoriis 2–ganzomilebiani gantolebaTa sistema. Sem-
deg mcire parametris meTodis gamoyenebiT, nebismi-

eri –uri rigis miaxloebisaTvis, miRebulia zoga-
di amoxsnis kompleqsuri saxe analizuri funqciebis 

saSualebiT. 

N

3,2,1=N  miaxloebisaTvis amowerilia 

zogadi amoxsnis cxadi saxe da ganxilulia, aseve 
zogierTi sasazRvro amocana. 
 
 

 
Sereuli transmisiis amocanebis amonaxsnebis 

sigluvis Sesaxeb 

 
daviT natroSvili 

i.vekuas saxelobis gamoyenebiTi maTematikis instituti, 
i.javaxiSvilis saxelobis Tbilisis saxelmwifo 

universiteti 
& 

maTematikis departamenti, saqarTvelos teqnikuri 
universiteti 

 
ganxilulia ganzogadebuli Termodrekadobis Teo-
riis  kerZowarmoebuliani diferencialuri ganto-
lebebis sistemisaTvis dasmuli Sereuli tipis 
transmisiis amocanebi rTuli sruqturis kompozitu-
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ri sxeulebisaTvis, romlebic Seicaven metalur da 
piezoeleqtrul mdgenelebs da romelTac gaaCniaT 
Siga bzarebi da bzarebi sakontaqto  zedapirze. po-
tencialTa meTodisa da fsevdodiferencialuri gan-
tolebebis Teoriis gamoyenebiT gamokvleulia amo-
naxsnebis erTaderTobisa da arsebobis sakiTxebi da 
Seswavlilia amonaxsnebis sigluve. gamokvleulia 
Termomeqanikuri da eleqtro-magnituri velebis Zi-
riTadi maxasiaTeblebis  singularobis Tvisebebi da 
cxadadaa dadgenili singularobis maCveneblebis ma-
terialur mudmivebze damokidebuleba. detaluradaa 
gaanalizebuli rxevad singularobebTan dakavSire-
buli sakiTxebi. 

warmodgenili naSromi anzogadebs [1] SromaSi 
miRebul Sedegebs. 
 

literatura 
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wrfivi drekadobis Teoriis zogierTi sasazRvro 
amocanis ekvivalenturi warmodgena ramodenime 

SedarebiT martivi sasazRvro amocanis 
superpoziciiT 

 

g. nozaZe*,  m. losaberiZe*, n. xomasuriZe† ** 
* g. wulukiZis samTo instituti, Tbilisi, saqarTvelo 
** iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 

universiteti, i. vekuas saxelobis gamoyenebiTi 
maTematikis instituti, Tbilisi, saqarTvelo 
 

rogorc cnobilia,  wrfivi drekadobis Teoriis  
sasazRvro amocanebis  integreba da analizur amonax-
snTa miReba zogadi dasmis SemTxvevaSi ver xerxdeba. 



aqve unda aRiniSnos, rom wrfivi derkadobis Teoriis 
farglebSi SesaZlebelia gamoiyos  sasazRvro amoca-
nebis klasi, romelTaTvisac  gansaxilveli sasazRvro 
amocana SesaZlebelia warmodges, ramodenime Seda-
rebiT martivad gadasawyveti amocanebis ekvivalentu-

ri superpoziciis saxiT.  
 naSromSi  or ganzomilebiani   wrfivi drekadobis 

Teoriis sasazRvro amocanis magaliTze  mocemulia 
ekvivalentur sasazRvro amocanaTa superpoziciis sa-
xiT warmodgenis SesaZlebloba.  dadgenilia amisaT-
vis aucilebeli moTxovnebi dasmul da superpozi-
ciaSi Semaval amocanebis sasazRvro pirobebisaTvis. 

 

 
 

nax. 1 drekadobis Teoriis organzomilebiani amocanis 
warmodgena ramodenime ekvivalenturi amocanis 

superpoziciis saxiT 
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puasonisa da kirhxofis gantolebaTa 
sistemisTvis sakontaqto amocanis ricxviTi 

amoxsnis Sesaxeb 

 
arCil papukaSvili, jemal rogava, zurab vaSakiZe 
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 

universiteti, 
i. vekuas saxelobis gamoyenebiTi maTematikis instituti, 

Tbilisi, saqarTvelo, 
apapukashvili@rambler.ru, archil.papukashvili@tsu.ge, 
jemal.rogava@tsu.ge, zurab.vashakidze@gmail.com 

 
rogorc cnobilia aqtualuri amocanaa rTuli 

geometriis mqone konstruqciebis daZabul-deformire-
buli mdgomareobis gansazRvra. Sesabamisi ricxviTi 
gaTvlis algoriTmebis ageba, gamokvleva da kompiute-
ruli realizacia. 

naSromSi ricxviTi meTodebiT Seswavlilia rTu-

li geometriis mqone zogierTi „xidis formis“ multis-

truqturis (ix. nax.1) daZabul-deformirebuli mdgoma-
reoba. kerZod ganxilulia sasazRvro-sakontaqto 
amocana: marTkuTxedis formis ori membrana SeerTe-

bulia simiT; membranisaTvis vixilavT klasikur wrfiv 
sasazRvro amocanas (puasonis gantolebisTvis), xolo 
simisTvis kirhxofis tipis arawrfiv integro-diferen-
cialur gantolebas(ix. mag. [1],[2]).  

zemoaRniSnuli multistruqturis daZabul-de-
formirebuli mdgomareobis Sesaswavlad viyenebT ric-
xviT meTodebs, kerZod sasrul-sxvaobian meTods. kvan-
ZiT wertilebSi membranis CaRunvis funqciis sapov-
nelad viyenebT  pirdapir ricxviT meTodebs, xolo si-
misaTvis CaRunvis funqciis ricxviTi miSvnelobebis 
sapovnelad kirhxofis arawrfivi gantolebis  miax-
loebiTi amoxsnisaTvis - iteraciul meTods. 

mailto:apapukashvili@rambler.ru
mailto:archil.papukashvili@tsu.ge
mailto:jemal.rogava@tsu.ge
mailto:zurab.vashakidze@gmail.com
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Seqmnilia saTvleli programa Matlab-Si da Catare-
bulia ricxviTi eqsperimentebi. 

 
nax. 1 

madloba. naSromi Sesrulebulia SoTa rusTavelis 
samecniero fondis #30/28 grantis farglebSi. 
 

literatura 
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bagir-Rerovani struqturebis modelirebisa da 

gaangariSebis zogi sakiTxi 
 

d. pataraia, e. woweria, a. qarTveliSvili, r. maisuraZe 
g. wulukiZis samTo instituti  

 
diskretuli modelis safuZvelze ganxilulia 

rTuli bagir-Rerovani struqturis modelirebisa da 
gaangariSebis zogi aqtualuri sakiTxi. kerZod: simZi-
mis velSi ganlagebuli Taros formis ormxriv yrud 
Camagrebuli boloTi Reros  gaangariSeba. Sedegebis 
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saimedoobis Semowmebis mizniT es amocana gadawyveti-
lia agreTve sasrul elementTa meTodze dafuZnebuli 
standartuli programuli uzrunvelyofis - „lira 
9.6“- is gamoyenebiT. garda aRniSnuli amocanisa, aseve 
orive midgomis safuZvelze, gamokvleuli da gaangari-
Sebuli iqna realuri rTuli bagirRerovani struqtu-
ra - vanturi sabagiro xidi. ix. naxazi.  
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Catarebuli kvlevebis Sedegebi, agreTve am Sedegebis 
Semowmeba laboratoriul stendze iZleva safuZvels 
davaskvnaT, rom SemoTavazebuli midgoma konkuren-

tunariania da perpeqtiulia msgavsi rTuli bagir-Re-
rovani struqturebis (obieqtebis) modelirebisas da 
gaangariSebisas.  

 
 
 
 
 



arawrfivi statikuri Zelis amocanis amoxsnis 
cdomileba 

 

jemal feraZe 
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 
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ganvixiloT arawrfivi diferencialuri gantoleba 
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gantolebas. (1), (2) amocanisaTvis damtkicebulia amo-
naxsnis arseboba da agebulia ricxviTi algoriTmi. 
galiorkinis meTodis gamoyenebis Sedegad moRebuli 
arawrfivi gantolebaTa sistema ixsneba niutonis ite-
raciuli procesis saSualebiT. damtkicebulia Teo-

rema algoriTmis sruli cdomilebis Sesaxeb. 
       ganxilulia aseve ufro zogadi vidre (1) 
gantoleba 
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amocana (3), (2) dayvanilia ekvivalentur arawrfiv  
integralur gantolebaZe, romlis amosaxsnelad gamo-
yenebulia iteraciuli meTodi. damtkicebulia meTo-

dis krebadoba da miRebulia cdomilebis Sefaseba. 
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gegmaSi marTkuTxa damreci garsebisa da filebis 
gamokvleva sayrdenTa jdenisas masalis 

cocvadobis gaTvaliswinebiT 
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samSeneblo konstruqciebis gaangariSebisas mniS-

vnelovani yuradReba eTmoba konstruqciisa da fu-
Zis erToblivi muSaobis gaTvaliswinebis sakiTxs. 

aqedan gamomdinare sainteresoa am gavleniს Seswav-
la, rasac konstruqcia ganicdis gruntis Tvisebebis 
cvlilebis Sedegad. es ukansakneli SeiZleba gamo-
wveuli iyos misi dasvelebiT, seismuri zemoqmede-
biT da sxva. aRniSnul faqtorebs mivyavarT eqsplo-
taciis procersSi konstruqciis muSaobis pirobebis 
cvlilebasTan, rac SeiZleba gamoxatuli iyos misi 
fuZis araTanabari jdeniT. jdenebi iwvevs daZabul-
deformirebuli mdgomareobis Secvlas, maqsimalu-
rad daZabuli kveTis mdebareobisa da maqsimaluri 
Zabvebisa da deformaciebis sidideebis cvlilebas. 
amasTanave, radgan sakiTxi ismis eqspluataciaSi 
myofi konstruqciis muSaobis pirobebis cvlileba-
ze, saWiroa gaTvaliswinebiT-valiswinebuli iyos 
droisa da garemos pirobebis gavlena masalis meqa-
nikur Tvisebebze. araTanabri jdenis Taobaze ki 
saWiroa aRiniSnos, rom maT SeiZleba hqondes im-
denad araregularuli xasiaTi, rom gamoiwvion gar-
kveuli siZneleebi sasazRvro pirobebis dakmayofi-
lebis dros. 

gamoyenebulia m. koltunovis mier miRebuli 
karman-vlasovis arawrfivi diferencialur gan-
tolebaTa sistemis analogiuri sistemis amonax-
snebi. laplasis gardaqmnis gamoyenebiT agebulia 

mailto:muradkalabegashvili@yahoo.com
mailto:demuritabatadze@yahoo.com
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relaqsaciis mrudis Sesabamisi cocvadobis mrudis 
gamosaxuleba da mis safuZvelze gamoTvlilia maq-
simaluri mRunavi momentis mniSvnelobebi sayr-
denTa jdenebisas. 

SemoTavazebulia wrfeTa meTodis integraluri 
variantis gamartivebuli sqema. damuSavebulia Sesa-
bamisi algoriTmi da programa, romelTa safuZvel-
zedac gamokvleulia daZabul-deformirebuli mdgo-
mareoba marTkuTxa filebis, cilindruli da ormagi 

simrudis garsebis, konstruqciis gverdების jdenis, 
sxvadasxva SemTxvevebisTvis. agebulia Sesabamisi 
epiurebi.   
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sazRvraze mudmivi siCqariT moZravi datvirTviT 
gamowveuli orTotropuli naxevarsibrtyis 

SeSfoTeba 
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ganxilulia drekadobis Teoriis sasazRvro-

sakontaqto amocana im SemTxvevaSi, rodesac orTot-
ropuli naxevarsibrtyis sazRvarze mudmivi siCqariT 
moZraobs garkveuli formis Stampebi. 

aRniSnuli sakontaqto amocana dayvanilia dre-
kadobis Teoriis Sereuli tipis sasazRvro amoca-
naze. gadaadgilebis veqtoris da Zabvis tenzo-ris 
komponentebi warmodgenelia ori analizuri fun-
qciis saSualebiT. maTTvis dawerilia sasazRvro 
pirobebi, rasac mivyavarT dirixles amocanamde, 
romlis amonaxsni miRebuli Svarcis integraliT. 
analizurad miRebulia Zabvisa da gadadgilebis 
komponentebis gamosaTvleli formulebi da agebu-
lia normaluri Zabvebis jamis da mxebi Zabvis modu-
lis droze damokidebulebis grafikebi (ix. nax. 1, 2).  

   
       nax. 1. σx+ σy                            nax. 2. τxy 

  65

mailto:gelakip@gmail.com
mailto:marinalosaberidze@rambler.ru


  66

miRebuli Sedegebis analizis safuZvelze SeiZ-
leba davaskvnaT, rom drekadi orTotropuli naxe-
varsibrtyis daZabul-deformirebuli mdgomareoba 
arsebiTad damokidebulia rogorc naxevar-sibrtyis 
fizikur-meqanikur maxasiaTeblebze, agreTve saz-
Rvarze moZravi Stampebis konfiguraciasa da fizi-
kur-meqanikur maxasiaTeblebze. miRebuli Sede-gebi 
SeiZleba gamoyenebuli iqnas sxvadasxva konstruq-
ciebSi sakontaqto areSi da TviT sxeulSi aRZruli 
daZabuli mdgomareobis Sesaswavlad. agreTve, sa-
burRi manqanebis da qanis dinamikuri urTierTqmede-
bisas mimdinare procesebis Sesas-wavlad. 
 
 
 

blantidrekadobis sakontaqto amocanebis 
amoxsna drekadi CarTvis mqone firfitebisaTvis 
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agebulia efeqturi amonaxsnebi integro-diferen-
cialuri gantolebebisa, romlebic dakavSirebulia 
blantidrekadobis sakontaqto amocanebTan cocva-
dobis Tvisebebis mqone Txeli drekadi sasruli 
CarTvisa da brtyeli firfitis urTierTqmedebis 
Sesaxeb. rodesac CarTvis geometriuli parametrebi 
icvleba paraboluri da wrfivi kanoniT, gamokvleu-
lia analizur funqciaTa Teoriis Sesabamisi sasa-
zRvro amocanebi da dadgenilia ucnobi sakontaqto 
Zabvebis yofaqceva drekadi CarTvis boloebis max-
loblobaSi. 
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forovan cilindrebs Soris siTxis dinebebis 
aramdgradobisa da turbulentobaSi gadasvlis 

Sesaxeb 
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   moxsenebaSi warmodgenilia avtoris mier Seswav-
lili, filtraciis problemebTan dakavSirebuli 
mdgradobis Teoriis zogierTi konkretuli amocana, 
romelic mWidrod aris dakavSirebuli turbulen-
tur moZraobaSi gadasvlasTan.  
   saxeldobr, 

a) dadgenilia, rom brunav forovan cilindrebs 
Soris blanti ukumSi siTxis dineba, rodesac 
masze moqmedebs radianuli wnevis gradienti 
kargavs mdgradobas da warmoiqmneba meoradi 
stacionaruli, an rxeviTi, droze damokide-
buli dinebebi. Seswavlilia aseTi dinebebis 
aramdgradobis sakiTxebi da maTi gadasvlebi 
ufro rTuli reJimebisaken.D 

b) Seswavlilia aramdgradobebi da gadasvlebi 
qaosur moZraobaSi or forovan cilindrs 
Soris siTbogamtari siTxis dinebaSi, rodesac 
masze moqmedebs rogorc radianuli wnevis, 
aseve temperaturuli gradienti. dadgenilia 
stacionaruli bifurkaciis sakmarisi pirobebi. 

g)  ganxilulia forovan cilindrebs Soris siT-
xis dinebis mdgradobis sakiTxebi, rodesac 
dinebaze moqmedebs rogorc radianuli, aseve 
transversaluri wnevis gradienti. Seswavli-
lia is kvaziperioduli dinebebi, romlebic 
warmoiSvebian ZiriTadi dinebis TandaTanobi-
Ti bifurkaciis Sedegad. 
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gamokvleulia siTxis dinebis mdgradobis dakargvis 
Sedegad warmoqmnili meoradi dinebebi da maTi bi-
furkaciebi im SemTxvevaSi, rodesac forovan cilin-
drebs Soris siTxis dinebaze moqmedebs radianuli 
da RerZuli wnevis gradienti. 
 
 
 
 
uds eleqtromagnituri talRuri struqturebis 

TviTSenarCuneba magnitosferos kudSi BBF 
dinebisas: monacemTa analizi 
 

xaTuna Cargazia1,2, o. xarSilaZe2, g. zimbardo3 
1iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 
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 Tbilisi, saqarTvelo, khatuna.chargazia@gmail.com 
3kalabriis universitetis fizikis fakulteti, 

rende, italia, gaetano.zimbardo@fis.unical.it 
 

naSromi eZRvneba didmasStabiani ultra 
dabali sixSiris (uds) eleqtromagnituri talRuri 
struqturebis arawrfivi dinamikis Seswavlas magni-
tosferos kudis areSi BBF (Bursty Bulk flow – magnitu-
ri Zalwirebis gadaerTebiT ganpirobebuli pulsire-
badi swrafi plazmuri nakadi) dinebisas. ganxiluli 
uds SeSfoTebebi TviTorganizdebian arawrfivi 
solitonuri grigaluri struqturebis saxiT SeSfo-
TebaTa frontis arawrfivi zrdiT Sedegad.  BBF 
wanacvlebiTi dinebebis  siCqareTa profilis mixed-
viT arawrfivi grigaluri struqtura SesaZlebelia 
iyos monopoluri, dipoluri grigali, grigalebis 
biliki an JaWvi. es uds grigalebi warmoadgenen 
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  69

multimasStabur struqturebs. ganxilulia ukumSva-
di grigalebis aRmweri Teoriuli modelis staci-
onaluri analizuri amonaxsnebi da maTi ZiriTadi 
Taviseburebebi. aseve gaanalizebulia mocemuli 
eleqtromagnituri uds struqturebisa da aseTi 
grigalebis ansamblis sivrculi speqtraluri Tvise-
bebi. naCvenebia,  rom magnitosferos kudSi eqsperimen-
talurad damzerili dinebebis speqtri SesaZle-
belia axsnil iqnas aseTi grigalebis ansamblis 
modeliT. amisaTvis Seswavlilia “THEMIS”  misiis 
mier 2008 wlis 19 Tebervlis qveStormuli movlene-
bisas magnitosferos kudis areSi dinebis kinemati-
kuri da magnitometruli gazomvebis Sedegebi. aRniS-
nuli monacemebi gviCveneben, rom simZlavris speq-
traluri simkvrive damokidebulia magnituri Stor-
mis ganviTarebis etapze. gaanalizebulia grigalebis 
sivrciTi da droiTi Caqrobis xasiaTi. Sefasebulia 
am procesis maxasiaTebeli dro. BBF wanacvlebiTi 
dineba warmoadgens energiis wyaros ganxiluli 
grigalebisaTvis, romlebic TviTSenar-Cundebian ga-
remoSi aRniSnuli BBF nakadis arsebobisas da misi 
Sewyvetis Semdegac. am grigalebs gadaaqvT garemos 
CaWerili nawilakebi, energia da siTbo. amrigad, 
isini warmoadgenen garemos turbulenturi mdgoma-
reobis struqturul elementebs. 
   
madloba. winamdebare naSromi Sesrulebulia SoTa 
rusTavelis erovnuli samecniero fondSi mopove-
buli #31/14 grantiT. 
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meqanikuri Zalovani rgolis konstruqcia 
paraboluri konusuri refleqtorisaTvis. 
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naSromSi warmodgenilia Casatex Reroebiani 

transformirebadi Caketili jaWvuri sistema, rome-
lic iSleba konusur zedapirze. siaxle mdgoma-
reobs imaSi, rom seqciebis erTmaneTTan dasakavSi-
reblad originaluri sqemaa mofiqrebuli, romelic 
damatebiTi sinqronizaciis elementebis arsebobas 
ar iTvaliswinebs. anu, sistema xasiaTdeba bunebrivi 
sinqronizaciiT. kinematikuri analizi Catarebulia 
regularuli kvanZebis struqturul elementebze. 
dadgenilia kinematikuri moZraobis xarisxi da gan-
sazRvrulia berketuli meqanizmebis mdebareobaTa 
funqciebi. gamoTvliT programa ANSYS‐Si agebulia 
Sesabamisi maTematikuri parametruli modeli, rome-
lic maqsimaluradaa miaxloebuli realurTan. gaan-
gariSebebi Catarebulia winaswardaZabvaze, kon-
struqciis elementebSi aRZruli Zalebis Seswavlis 
mizniT. dadgenilia dinamikuri maxasiaTeblebi da 
Teoriuli analizis Sedegebis gaTvaliswinebiT kon-
struqciaSi Setanilia Sesabamisi cvlilebebi. sabo-
lood miRebulia sakmaod msubuqi da xisti sistema, 
romelic srulad akmayofilebs saanteno teqniki-
sadmi wardgenil moTxovnebs. 
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wamaxvilebuli prizmuli garsebis gaTvlis 
zogierTi meTodis Sesaxeb 
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sxeuls, romelic zemodan da qvemodan Semosaz-

Rvrulia 
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i. vekuas ierarqiuli meTodis [1-4] gamoyenebiT 
[5]-Si agebulia ierarqiuli modelebi drekadi priz-
muli garsebis Semdegi modelebisTvis: 
modeli 2. garsis piris zedapirze mocemulia  
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( ) aRniSnavs Sesabamisad wrfivi samganzomi-

lebiani Teoriis gadaadgilebis veqtoris, Zabvisa 
da deformaciis tenzorebis komponentebs.  

3,2,1, =ji

winamdebare moxseneba exeba variaciuli formu-
lirebiT dasmuli amocanebis amonaxsnis Sesabamis 
wonian sivrceSi arsebobis da erTa-erTobis sakiTxe-
bis gamokvlevas. 
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ganvixiloT sawyis-sasazRvro amocana arawrfivi 
integro-diferencialuri gantolebisTvis [1]: 
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sadac , , , ,α γ ρ σ β  da  δ mocemuli mudmivebia. maT Soris 
pirveli oTxi dadebiTi ricxvebia, xolo da  
sakmarisad gluvi funqciebia. 

0 ( )u x 1( )u x

viyenebT ra proeqciul meTodsa da simetriul 
sxvaobian sqemebs, amonaxsns vuaxlovdebiT sivrciTi 
da droiTi cvladebiT. 

amrigad, amocana daiyvaneba arawrfiv diskretul 
ganolebaTa sistemaze. 

iteraciuli meTodis saSualebiT mtkicdeba 
iteraciuli procesis krebadoba. (1)-(2) amocanis kerZo 
SemTxveva Seswavlilia [2]-Si. 
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elifsisa da misi Sesabamisi gare amocanebisaTvis 
drekadobis Teoriis Siga da gare amocanebis anali-
zuri (zusti) amonaxsnebis gamoyenebiT, igeba dreka-
dobis Teoriis sasazRvro amocanebis amonaxsnebi 
konfokaluri elifsuri rgolisa da misi nawile-
bisaTvis.  
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i. vekuas reduqciis meTodis gamoyenebiT agebulia 
ori tipis ierarqiuli modeli drekadi n-feniani priz-
muli garsebisaTvis. yoveli fenisaTvis vagebT ierar-
qiul models. vTvliT ra cnobilad Zabvis veqtorebs 
gansaxilveli sxeulis piriT zedapirze da orive mo-
delis agebisas, aRniSnul zedapirebze gada-
adgilebebis mniSvnelobebs vangariSobT ra maTi 
furie-leJandris mwkrivebad (ucnobi koeficientebiT) 
sisqis cvladis mimarT gaSlidan pirvel da bolo 
fenaSi. pirveli fenisaTvis  Zabvisa da  gadaadgi-
lebebis mniSvnelobebs pirvel da meore fenas Soris 
interfeisze viTvliT maTi furie-leJandris mwkrive-
bidan (ucnobi koeficientebiT) pirveli fenisaTvis. 

ijX iu
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pirveli tipis ierarqiuli modelebis SemTxvevaSi 
meore fenisaTvis Zabvebisa da gadaadgilebebis mniS-
vnelobebs pirvel interfeisze viTvliT pirveli 
fenisaTvis miRebuli amonaxsnidan, xolo meore da 
mesame fenas Soris interfeisze maT mniSvnelobebs 
viTvliT maTi furie-leJandris mwkrivebidan (ucnobi 
koeficientebiT) meore fenisaTvis da a.S. bolo feni-
saTvis -e interfeisze maT mniSvnelobebs 

viTvliT 
)1( −n
)1( −n -e fenisaTvis miRebuli amonaxsnidan. 
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sasazRvro da sawyis pirobebs Cven vwerT zemoxsenebu-
li momentebis terminebSi yoveli fenisaTvis. amdenad, 
miviRebT gadabmul mmarTvel sistemebs mTeli kon-



struqciisaTvis mis proeqciaze 03 =x  sibrtyeSi. dawye-
buli pirveli fenidan, yoveli fenisaTvis cal-calke 
vxsniT sasazRvro (sawyis-sasazRvro) amocanas -is 
mimarT, viyenebT ra wina fenisaTvis miRebul amonax-
snebs, roca .  meore tipis modelebisaTvis Cven viye-
nebT (1), (2) damokidebulebebs mxolod ZabvebisaTvis 
da 
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damokidebulebebs gadaadgilebebisaTvis. bolo -
uri fenisTvis viyenebT (1)-s mxolod ZabvebisTvis da 

(3)-s. ierarqiuli modelebis N-ur, N=0,1,…, miaxloebaSi 
vTvliT, rom yvela momenti nulis tolia, roca l>N. 
Catarebulia am ori tipis modelis SedarebiTi ana-
lizi. 

n
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me klasikuri da aralokaluri amocana laplasis 
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da helmholcis, aseve drekadobis Teoriis  organ-
zomilebiani gantolebebisTvis. miRebuli Sedegebi 
Sedarebulia Sesabamisi amocanebis rogorc zust 
analizur amonaxsnebTan, aseve fundamentalur amo-
naxsnTa meTodiT miRebul miaxloebiT amonaxsnebTan. 
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velisa da siTbogadacemis gaTvaliswinebiT 
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mimdevrobiTi miaxloebis meTodiT Seswavlilia 

usasrulo forovani firfitisa da garemomcveli si-

Txis erToblivi  brunvis arastacionaruli amocana 

magnituri velisa da siTbogadacemis gaTvaliswine-
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SemTxvevaSi. 

dinamikuri da siTburi sasazRvro fenaTa sisqe- 

ebis gansasazRvravad miRebulia Sesabamisi diferen- 

cialuri gantolebebi da Cawerilia maTi zusti 

amoxsnebi zogierT kerZo SemTxvevaSi, rodesac gamo-

Jonvis siCqare icvleba sxvadasxva kanoniT da sasaz-
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Rvro fenaTa sisqeebs Soris arsebobs )()( ttT γδδ =  sa-
xis damokidebuleba. 

gamoTvlilia dinebis yvela fizikuri maxasia-

Tebeli. 
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