
GEORGIAN MECHANICAL UNION

saqarTvelos meqanikosTa kavSiri

II ANNUAL MEETING 

OF THE GEORGIAN MECHANICAL UNION

saqarTvelos meqanikosTa kavSiris 

meore yovelwliuri konferencia

BOOK OF ABSTRACTS

moxsenebaTa Tezisebi

15-17 DECEMBER, 2011; 16 JANUARY, 2012, TBILISI

15-17 dekemberi, 2011;  16 ianvari, 2012, Tbilisi



© TBILISI UNIVERSITY PRESS

Tbilisis universitetis gamomcemloba

ISSN 2233-355X



Artist G. Totibadze       მხატვარი გ. თოთიბაძე

Dedicated to the 105th Birthday Anniversary of 
Ilia Vekua (23.IV.1907-2.XII.1977)

ეძღვნება ილია ვეკუას (23.IV.1907-2.XII.1977)
დაბადებიდან 105 წლისთავს



ORGANIZERS:
Iv. Javakhishvili Tbilisi State University

 I. Vekua Institute of Applied Mathematics
 Chair of Mechanics of the department of Mathematics, Faculty 
of Exact and Natural Sciences
 Tbilisi International Centre of Mathematics and Informatics

Georgian National Committee of Theoretical and Applied Mechanics

  SCIENTIFIC COMMITTEE:
Aghalovyan, Lenser (Armenia)
Altenbach, Holm (Germany)
Bantsuri, Revazi (Georgia)
Chinchaladze, Natalia (Georgia)
Danelia, Demuri (Georgia)
Gabrichidze, Gurami (Georgia)
Gedenidze, Zurabi (Georgia)
Gordeziani, David(Georgia)
Gulua, Bakuri (Scientific Secretary, 
Georgia)
Guran, Ardeshir (Canada)
Jaiani, George (Chairman, Georgia) 
Kipiani, Gela (Georgia)
Kvitsiani, Tariel (Georgia)
Motsonelidze, Archili (Georgia)
Pataraia, David (Georgia)
Sharikadze, Jondo (Georgia)
Vashakmadze, Tamazi (Georgia)

ORGANIZING COMMITTEE:
Aptsiauri, Amirani (Georgia)
Avazashvili, Nikolozi (Georgia)
Chinchaladze, Natalia (Chairwoman, 
Georgia)
Didmanidze, Ibrahim (Georgia)
Gulua, Bakuri (Cochairman, 
Georgia)
Kipiani, Gela (Georgia)
Nozadze, George (Georgia)
Qajaia, Lali (Scientific Secretary, 
Georgia)
Rukhaia, Khimuri (Georgia)
Sharikadze, Meri (Georgia)
Tsutskiridze, Vardeni (Georgia)
Tvalchrelidze, Avtandili (Georgia)

TOPICS OF THE MEETING:
1.   Mechanics of Deformable Solids;
2.   Mechanics of Fluids;
3.   Solid- Fluid Interaction Problems;
4.   Related Problems of Analysis.

CONFERENCE WEB-PAGE:
http://www.viam.science.tsu.ge/others/gnctam/annual2.htm        



2

ორგანიზატორები:
ივ. ჯავახიშვილის სახელობის თბილისის სახელმწიფო 
უნივერსიტეტი

 ი. ვეკუას სახელობის გამოყენებითი მათემატიკის ინსტიტუტი
 ზუსტ და საბუნებისმეტყველო მეცნიერებათა ფაკულტეტის 
მათემატიკის დეპარტამენტის მექანიკის მიმართულება
 თბილისის საერთაშორისო ცენტრი მათემატიკასა და 
ინფორმატიკაში

საქართველოს ეროვნული კომიტეტი თეორიულ და გამოყენებით 
მექანიკაში

სსაამმეეცცნნიიეერროო კკოომმიიტტეეტტიი::
აგალოვიანი ლენსერი (სომხეთი)
ალტენბახი ჰოლმი (გერმანია)
ბანცური რეზო 
გაბრიჩიძე გურამი 
გედენიძე ზურაბი 
გორდეზიანი დავითი
გულუა ბაკური - სწავლული 
მდივანი 
გურან არდეშირი (კანადა)
დანელია დემური
ვაშაყმაძე თამაზი 
კვიციანი ტარიელი
მოწონელიძე არჩილი 
პატარაია დავითი 
ყიფიანი გელა 
შარიქაძე ჯონდო 
ჩინჩალაძე ნატალია 
ჯაიანი გიორგი - თავმჯდომარე

სსააოორრგგაანნიიზზააცციიოო კკოომმიიტტეეტტიი::
ავაზაშვილი ნიკოლოზი
აფციაური ამირანი 
გულუა ბაკური - თავმჯდომარის 
მოადგილე
დიდმანიძე იბრაიმ 
თვალჭრელიძე ავთანდილი 
ნოზაძე გიორგი 
რუხაია ხიმური 
ქაჯაია ლალი - სწავლული მდივანი 
ყიფიანი გელა 
შარიქაძე მერი
ჩინჩალაძე ნატალია -
თავმჯდომარე 
ცუცქირიძე ვარდენი

კონფერენციის თემატიკა:
1. მყარ დეფორმად სხეულთა მექანიკა;
2. ჰიდროაერომექანიკა;
3. დრეკად მყარ და თხევად გარემოთა ურთიერთქმედების 
პრობლემები;
4. ანალიზის მონათესავე საკითხები.
კონფერენციის ვებ-გვერდი: 
http://www.viam.science.tsu.ge/others/gnctam/annual2.htm



3

ON DEFINITION OF STRESS-STRAIN STATES OF EARTH 
LITHOSHPERIC PLATES AND POSSIBILITIES FOR 

PREDICTION OF EARTHQUAKES

Lenser Aghalovyan
Institute of Mechanics of NAS of Armenia
Yerevan, Armenia, aghal@mechins.sci.am

Contemporary science connects the arising of strong earthquakes 
with tectonics of Earth Lithospheric plates (≈95% of earthquakes). 
The presence of a dense system of seismic stations and GPS system 
allows seeing to displacements of points of Lithoshperic plate face. 
In the present paper the three-dimensional problem (non-classical) of 
the elasticity theory for layered package of plates is solved.  It is 
assumed that facial surface of package is free (corresponding 
components of stress tensor equal zero) but the displacements of 
points are known as a data of seismic stations and GPS systems. The 
general asymptotic solution is obtained. The solution becomes 
mathematically exact, when the functions describing the displace-
ments of facial surface are polynomials. Approximating the 
displacement vector by Lagrange polynomial and fixing the number 
of layers it will be possible to write the exact solution. Using the 
data-changes of seismic stations and GPS system during the time it is 
possible to see the change of stress-strain state of Lithospheric plates, 
reveal critical states for destruction, i.e. to predict the possibility and 
place of strong earthquake arising. 

Acknowledgment.  The investigation is fulfilled with the support 
grant “11-2c462” of State Committee of Science of Armenia.
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MODELING AND STRUCTURAL ANALYSIS ON 
DIFFERENT SCALES IN CONTINUUM MECHANICS

Holm Altenbach
Lehrstuhl Technische Mechanik, Institut für Mechanik, Fakultät für 

Maschinenbau, Otto-von-Guericke-Universität Magdeburg, 
Universitätsplatz 2, 39106 Magdeburg, Germany

In addition to the classical applications of continuum mechanics 
which are as usual related to the macroscale, new technological 
developments considering advanced materials are connected with 
scales much smaller up to the nanosize. The question arises how to 
model and analyse such structures or in other words if we can apply 
the classical Continuum Mechanics. 

It will be shown that the classical steps

- description of kinematics (purely based on the geometry) 
- description of the external and internal loads or actions 

(dynamics),
- formulation of balance equations for mass, momentum, 

moment of momentum, energy and entropy,
- assumptions on the constitutive behaviour and
- formulation of boundary and initial conditions 

are enough for the presentation of various theories for structures on 
different scales. The necessary improvements of the classical 
approaches are related to the continuum model (for example, Cauchy 
or Cosserat), to the effects taken into account (only bulk behaviour or 
in addition, surface behaviour), etc. Examples of such theories are 
devoted to three-, two- and one-dimensional structures.
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STRANGENESSES OF VORTICAL MOVEMENT AND THE 
QUESTION OF ENERGY GENERATION FROM THE 

ENVIRONMENT

A. Aptsiauri
Kutaisi National Educational University

In physics there are problems that cannot be explained within 
the framework of conventional laws. They are called paradoxes. For 
the paradoxical processes and phenomena conflict of laws is typical. 
When for the real physical processes, at strict compliance with one 
law the other is broken, there is a feeling that the laws of nature are 
far more complex than we used to understand them and there are no 
laws that cannot be questioned.

By the author of this study, in papers published in the last 
three years [5-9], due to methods of phenomenological thermody-
namics, it is shown that in the rotational motion, as a result of 
synchronization of the heat internal circulation processes, or as a
result of synchronization of vortex motion, it is possible to generate 
from heat mechanical motion in the initial thermal equilibrium of the 
system, which radically contradicts the second law of 
thermodynamics.

Reflections on the possibility of such a bold plan raise issues 
which, from the perspective of traditional thinking, belong to the 
realm of fantasy. Indeed, if mankind from the equilibrium 
environment, at the expense of converting heat, generate a 
mechanical energy, this energy would provide also the fluid upward 
motion, opposite forces of gravity and it is possible to create  
compressor stations that pump water at the expense of natural heat. 
Today, it is really fantastic. 

Nevertheless, in search of various theoretical options, we 
take interest also in the rotational motion of an incompressible fluid 
and, unexpectedly for us, we found that in the case of rotating 
incompressible fluid, the similar strange effects that we had 
previously studied in the research process of rotational motion of 
gases [6 , 8, 9] were observed.

Acknowlegment. This work was supported by Kutaisi National 
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Educational University.
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THE APPLICATION OF METHODS OF NONLINEAR WAVE 
DYNAMICS TO EXAMINATION OF PARAMETERS AND 

PROBABILITIES OF TRAFFIC FLOW ON CROWDED 
ROADS

Alexander Bagdoev* , Yuri Safaryan**,  Gayane Nersisyan***
*Institute of Mechanics NAS, Armenia,

**Goris State University,  Armenia
***Aspirant State Engineering University, Yerevan, Armenia

The present talk is devoted to the application of hydrodynamic 
model of Lighthill, Whitham to traffic flow [1], supplemented by 
taking into account diffusivity [2] and fluctuation [3] i.e. synthesized 
theories of [1] and H.Haken [3], also on account of the method of 
nonlinear wave dynamics of nonlinearity in linear functional 
diffusion equation [3] for probability. The obtained results and 
methods of simulations are applied to other space stochastic 
processes for non-linear waves in mechanics, Benar problem in 
thermo conductive fluid and to semiconductors [3]. Also some 
optimal problems for traffic flow are solved. For spatial distributed 
processes on a road there is Lighthill -Whitham theory for known 
dependence  q given from experiment [1], for density of particles 

 tx, and current    txtxq ,v,  , governed by nonlinear differ-

rential equation [1] 0//  xqx . One can assume that in 
this equation term with diffusivity and random term with fluctuations
are taken into account. Then one can write equation for   on 
account   fluctuations, which is necessary in extreme regions [3].

 txFxDxxat ,//// 2
0               (1)

where  txF , are delta-correlated 

       ttxxbtxFtxF  ,,                                                      (2) 
In [3] we have the functional linear equation of Fokker-Plank for 

probability density  txP ,,  of stochastic space process 

  2 2 2 2
0( ) )/ / / ) ( / ) ( / /2( /P t dx a x x D x P b P                        (3) 

where functional derivative
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 
 

     
 

 xdxtxFtxF
xdx

txF 


 /,,,,
0

lim/,,   (4)

Let us write (1) without fluctuations F ,   // t ,  

21 DDV  is potential [3], and one can obtain using also (4)

,// 22 xDV     
x

DxdxV
0

2 2//     22 // xDV     (5)

 2
1 0

0 0

1/ 2 ( / )
x x

D dx a x x x dx


         ,  
1 0/ /D a x       ,

        2 2

2

0 0 0

/ /
x x x

D dx f x dx f x x x dx   


                  ,  2( / /x D       

where   2/ f .Relations (5) are obtained from (1-4) by 

integration of integrals on x by parts in variation derivative (4), (5). 
For stationary last state of processes one has [3] / 0t    , and     

stationary solution, satisfying condition x=0, 0  , is

   0
/2 / / 1 2 / 1 Vx Dx V V e       ,  0 0v / 2V          ( 6)

From equation (3) in stationary case, / 0,P t   one can obtain 

 / 2 / 0Pb P dx       ,    xNexP  ,   21 DDV  ,  0PN                                       

Due to the method of application of nonlinear wave dynamics [4] in 
equation (3) one must replace 0a by,   2/,, 10  txPa  and 

in 1D replace 0 by   NxPa 2/10  For given constants Vb ,,,, 10 
by means of iteration we solve obtained equation for   NxP /   
numerically. 
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BOUNDARY VALUE PROBLEMS OF THE THEORY OF
TERMOELASTISITY WITH MICROTEMPERATURES FOR 

A HALF-SPACE

Lamara  Bitsadze 
Ilia State University, Tbilisi, Georgia, E-mail: lamarabits@yahoo.com

The present paper is devoted to the three-dimensional version of 
statics of the theory of thermoelasticity with microtemperatures. 
Some problems of the linear theory of thermoelasticity with 
microtemperatures will be considered in the upper half-space. Let on 
the boundary of the half-space one of the following boundary condi-
tions be given: a) displacement vector, microtemperature  vector and 
the temperature, b) displacement vector, microtemperature vector 
and a linear combination of  normal component of microtemperature 
vector and a normal derivative of temperature, c) displacement 
vector, tangent components of microtemperature  vector, a normal 
component of microstress vector and  temperature, d) displacement  
vector,  normal components of microtemperature vector, tangent 
components of microstress vector and the normal derivative  of  
temperature.
    Using Fourier transform these problems are solved explicitly (in 
quadratures).

Acknowlegment. The designated project has been fulfilled by 
financial support of the Shota Rustaveli National Science 
Foundation(Grant \#GNSF/ST08/3-388). Any idea in this publication 
is possessed by the author and may not represent the opinion of 
Shota Rustaveli National Science Foundation itself.
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MATHEMATICAL MODELLING OF LIQUID PHASE 

ORIGINATION IN THE MAIN GAS PIPELINES

Teimuraz Davitashvili, Givi Gubelidze,  David Gordeziani, 
Archil Papukashvili

I.Vekua Institute of Applied Mathematics of Iv. Javakhishvili Tbilisi State 
University, Tbilisi, Georgia

dgord37@hotmail.com, tedavitashvili@gmail.com, 
apapukashvili@rambler.ru

Main reasons of pipeline constipation (emergency shutdown) are 
the following: generation of hydrates, freezing of water slugs, 
contamination and so on. To take timely steps against generating of 
hydrates, it is necessary to study humidity and distribution of 
pressure and temperature[1-4].

It is well known that non-stationary, non-isothermal flow of gas 
in the main pipeline is described by the following system of 
equations [3-6]:























r
r

rzx

P

t




 11
0

0

,               (1) 

xC
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t

T

C

C
C

t

P

P

P
P 

















 

 



2
0

0 1 ,                  (2) 

rt 




 

0 ,                                     (3) 























r

T
r

rz
a

t

P

Ct

T

P

11


,                        (4) 

where ),,( trx is a velocity of gas flow, ),,( trxP is gas pressure, 

),,( trxT is temperature (absolute), ),,( trx is gas density, 0 is 

gas density in normal conditions,  is heat conduction coefficient of 
gas, 0 is viscosity in normal conditions, PC is heat capacity under 

the constant pressure,  C is heat capacity under the constant 
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volume, C is speed of sound propagation in gas, r is a distance 
from point of the circle obtained by cross-section to the center.

Using functions ),,( trxP and ),,( trxT , obtained as a result of 
solution of the simplified problem (1)-(4), on the basis of inequality 

utrxPStrxT  ),,(lg),,( We have created a new method 
prediction of possible points of hydrates origin in the main pipelines 
taking into consideration gas non-stationary flow.
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Georgian National Science Foundation #GNSF/ST09-614/5-210.
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ENGINEERING APPROACH FOR ESTIMATION OF 
SEISMIC RISK EXISTING ON THE TERRITORY OF 

GEORGIA, BUILDING AND PROBLEMS OF NON-LINEAR 
DYNAMICS

Guram Gabrichidze
Kiriak Zavriev Center of Structural mechanics, seismic stability and 

engineering expertise

When you look at how buildings are damaged or destroyed at the 
earthquake, it is clear for everybody that this is a dynamic process. 
For a scientist, working in the Solid Body Mechanics this is an 
example of nonlinear dynamics. The specialist of seismic stability 
construction knows that the buildings are damaged, or destroyed, not 
because of the mistakes of seismologists, or engineers, but due to the 
probability of such actions in the ideology of seismic stability 
construction. The seismic stability construction always was and is
still on the verge of knowledge and lack of knowledge, on the edge 
of risk and luck.

The behavior of arbitrary building at earthquake would be 
conventionally divided into two modes. At weak seismic impact it 
works without damages and its behavior would be studied by linear 
dynamics methods. At the strong seismic impact in the buildings 
defects, cracks of different natural take place and its behavior obeys 
the laws of non-linear dynamics.

The basic ideology thesis of seismic stability construction is 
presented by a statement that it can evaluate the structure behavior, 
both at weak and strong seismic impact. Unfortunately, this 
statement stays on a declaration level until the achieved in non-linear 
dynamics field results will create a reliable scientific basis for it.

To prove this statement, this paper describes a procedure that is 
used today worldwide for seismic risk assessment in the 
development in various seismically active regions. It is shown that 
this procedure is entirely based on the application of engineering
concepts such as "building damage", "damage" and so on. All these 
concepts are related to the content of a complex process, which 
occurs in the material from which the building is constructed. In 
other words, the building fracture begins from the material failure.
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To make these concepts acquire a more clear and informative 
content, the modeling of material failure processes at complex 
dynamic impact, is necessary that represents the subject of nonlinear 
dynamics "the correct modeling of non-linear dynamics should lead 
to non-stability that provides transition to the stationary stability and 
spatial structures, that are formed at defects concentration" 
(Exploring Complexity by G. Nikolis and I. Prigojin, 1989)

A COMBINED METHOD TO CALCULATE THE STRENGTH 
OF ARCH DAMS AND THE QUESTIONS OF SELECTING 

THE OPTIMAL PARAMETERS

Z. Gedenidze, T. Kvitsiani, M. Kublashvili 
Georgian Technical University

An arch dam is a structure of a shell type with a complex geometry 
operating under particularly severe conditions. Therefore, the strength 
calculation of the arch dams falls within the category of the most 
complex problems of the mechanics of deformable bodies. As the 
present theory of the strength of arch dams fails to give the accurate 
picture of their stressed and deformed state, the development of 
approximate numerical methods to calculate the arch dams was put on 
the agenda. 

Theory of shells is more appropriate to calculate arch dams, which is 
complicated by the complexity of the solution to the decision equations 
due to its complex boundary conditions and geometry. The calculation 
of a ‘dam-base’ envisaged by the standard as that of a single system is
also complicated, particularly when the base ground is non-
homogenous, has cracks and sometimes cavities, as well. Calculation of 
the ‘dam-base’ system by the finite element method is not a great 
problem even in terms of discrete parameters. 

The work evaluates the mode of deformation of the body of dam by 
using the theory of shells, with the boundary values identified along its 
boundary area contour by using the finite element method for the 
system ‘dam-base’. 
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The unknown thicknesses of the dam are to be determined from the 
condition of strength of the complex state of stress, which ensures the 
yield condition at every point, by considering the material tensile and 
compression strengths. Such arch dams may be attributed to the 
category with equal strength what determines the minimum dam volume 
(weight) by maximally efficient application of mechanical properties of 
the material on the one hand and ensures the correctness of the problem 
from the mathematical point of view on the other hand. An arch dam of 
an optimal structure will accelerate and make its construction cheaper 
by at least 10-15% what will be more attractive for investors. 
Developing the software to calculate the strength of an arch dam will 
allow identifying the optimal parameters of an arch dam, improve its 
structure and operation reliability and economy. It will facilitate the use 
of the study results by the planners. 
The given problem must be solved in the following order: 

- Developing the principal equations and relations of the shell 
theory to evaluate the mode of deformation of the body of a 
dam, maximally envisaging the terms of the dam operation; 

- Analytical determination of the geometric parameters included 
in the decision equations system as that of so called Lame 
parameters for the dams of any configuration; 

- Substantiating the solution method for the decision equations 
system to determine the stress and deformation components of 
the dam;

- Determination of the boundary values (boundary conditions) of 
internal forces and moments in the contact plane of the body of 
the dam for the system ‘dam-base’;

- Investigation of the mode of deflection in the base ground with 
the properties of the dam section designed in advance.

In order to identify the field of the analysis of the authenticity and 
application of the results gained in the scope of the work, the stress 
components of the body of the dam are envisaged to determine in two 
variants: 

1. By using the theory of semi-flexible shells. In this case, a system of 
the balance equations is presented as a system of the first-order 
equations with four particular derivatives with five unknown power 
factors.
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By presenting the stress components in the condition of strength against 
the shell median surface as odd and even functions and equaling the 
given sums to zero individually, we will gain two equations, linear and 
non-linear. Adding the linear equation to the mentioned system of the 
balance equations will make it into a statically definable one. As 
for the non-linear equation, it will be used to determine the 
optimal thicknesses of the dam. By solving the problem with this 
method, we use only static admissions. 

2. The improved theory is presented by five balance equations 
and three continuity equations of speed of deformation of the 
shell median surface. The system consists of unknown power factors. 
So, the system to calculate the body of a dam is statistically 

definable in both cases. 
In order to identify the stressed state of the body of a dam, the 

solution to the system of the decision equations gained by half-moment 
and moment theories is complicated by an analytical method. Therefore, 
the approximation of the open area of an arch dam with a finite 
difference net is envisaged. The given net determines the particular 
derivatives in finite differences by central differences of a permanent 
spacing in the height of a dam, and by alternating spacing in the 
horizontal direction.  

NUMERICAL MODELLING OF 
ECOMETEOROLOGICALLY ACTUAL LOCAL 

ATMOSPHERIC PROCESSES

George Geladze
TSU I. Vekua Institute of Applied Mathematics,

2,  University str.,0186 Tbilisi, Georgia 
e-mail: givi-geladze@rambler.ru

In the paper numerical modelling humidity processes which take 
place in mesoscale boundary layer of atmosphere (MBLA) are
considered. Under humidity processes fogs, layered clouds, cloudy 
processes and related questions are meant.
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We investigate them not only from the point of view of weather 
forecast, sea, avia- and agricultural meteorology, but also ecology 
since polluting substances are accumulated in them.

Also it is obligatory to consider the fact, that at formation of a fog 
and a layered cloud and, especially, at their simultaneous existence, 
allocation of the latent warmth of condensation of water steam takes 
place due to which the curve of temperature stratification varies and 
it takes the form of "broken line".

These "crinkles" of curve atmospheric temperature stratification 
create so-called "traps" where polluting substances accumulate. As 
noted above, this effect considerably increases at simultaneous 
existence of a fog and a cloud both in horizontal, and in a vertical 
plane. Formation of these temperature inverse layers is obligatory 
accompanying process of fog- and cloud formation.

In connection with these questions means of by numerical 
methods two-dimensional (in a plane x-z) non-stationary problem 
about MBLA on the account of humidity processes are set and 
solved. Local circulation develops the expense of temperature 
heterogeneity of a underline surface, so-called thermal "island".

As a result of the problem decision spatio-temporal distribution of 
the basic meteorological fields (wind components, temperature, 
pressure, specific humidity and wateriness) is obtained.

The problems connected with allocation of latent warmth of 
condensation of water steam and a way of their overcoming are in 
detail considered.

A number of such abnormal processes, as simultaneous existence 
of a fog and a cloud are simulated; an incorporated vertical complex 
of a fog and a cloud, continouos cloudiness.

It should be especially mentioned, that as a result of selection of 
corresponding physical parametres (the basic attention was given to a 
turbulent mode of process) an ensemble of humidity processes: 
simultaneously three layered clouds and a fog has been simulated. 
Their mutual transformation is also observed.
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ON THE REALIZATION OF ONE NON-LINEAR 
MATHEMATICAL MODEL BY  P/C

D. Gordeziani, E. Gordeziani,T. Davitashvili, A. Papukashvili
I.Vekua Institute of Applied Mathematics of Iv. Javakhishvili Tbilisi State 

University, Tbilisi, Georgia
dgord37@hotmail.com, tedavitashvili@gmail.com, 

apapukashvili@rambler.ru

In the present article the following  initial value problem is 
considered
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is a given function, DRD n ,   is a 

bounded area, with border  , 0 consta , 0 constT .
For solution of the initial value problem (1)- (3) asymmetric 

difference schemes have been constructed and used. The analysis of 
the algorithms and numerical experiments has been performed.
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Georgian National Science Foundation #GNSF/ST09-614/5-210.



18

MECHANICS OF THIN FILMS BONDED TO
GRADED COATINGS

Yusuf Fuat Gülver*, Mehmet Ali Guler**, Ergun Nart***
*Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 

Mathematics, Tbilisi, Georgia, yfgulver@etu.edu.tr
**Department of Mechanical Engineering, TOBB University of Economics 

and Technology, Ankara 06560, Türkiye, mguler@etu.edu.tr
***Department of Mechatronics Engineering, Sakarya University,

Adapazarı, 54187, Türkiye, enart@sakarya.edu.tr

In this study, the contact mechanics of thin films bonded to 
graded coatings is investigated. In these problems, the stresses may 
be caused by uniform temperature changes and temperature 
excursions, far field mechanical loading, and residual stresses 
resulting from film processing or manufacturing process of the 
graded coatings. The primary interest in this study is to examine the 
stress concentrations or singularities near the film ends. The 
underlying contact mechanics problem is formulated by assuming the 
film as a “membrane” and the graded coating as a functionally 
graded material (FGM). The problem may be reduced to an integral 
equation analytically and solved numerically for the unknown 
interfacial shear stresses through an asymptotic expansion and a 
suitable collocation technique. The problem is also solved using 
Finite Element Analysis (FEA). FEA results are validated using the 
results obtained from the analytical formulation. The calculated 
results include interfacial shear stress between the film and the 
graded coating, strength of stress singularity at the end of the film 
and the axial normal stress in the film. This study reveals that both 
mechanical and geometrical parameters of the system as well as the 
loading type have a great effect on the stress distribution and the 
strength of shear stress singularity at the film ends. Adjusting these 
parameters and selecting the appropriate type of grading will reduce 
these stresses that may have a bearing on the failure of the coating or 
film.

Acknowlegment. This study was supported by the Scientific and 
Technical Research Council of Türkiye (TUBITAK) under Research 
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THE GEOMETRICALY NONLINEAR SPHERICAL SHELLS

Bakur Gulua
Iv. Javakhishvili Tbilisi State University, 

I. Vekua Institute of Applied Mathematics, 
Sokhumi State University, 

Tbilisi, Georgia, bak.gulua@gmail.com

The purpose of this paper is to consider the geometrically 
nonlinear shallow spherical shells. The components of the 
deformation tensor have the following form:
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,

where iR


are covariant basis vectors, U


is the displacement vector. 

By means of I. Vekua method two-dimensional system of 
equations is obtained [1], [2], [3]. Using the method of the small 
parameter, approximate solutions of these equations are constructed 
[4], [5]. The small parameter Rh / , where h2 is the thickness of 
the shell, R is the radius of the middle surface of the sphere. A 
concrete problem is solved.
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GENERAL SYSTEMS VIEW IN THEORETICAL AND 
APPLIED MECHANICS

Ardeshir Guran
Institute of Structronics, Ottawa, Canada, ardeshir.guran@mail.mcgill.ca

To tackle the complex problems of mechanics today, we need to 
accommodate a wide range of expertise, including solid mechanics, 
fluid mechanics, analytical methods, related problems of analysis, 
and computational techniques. Systems approach and concepts can 
offer the means of integrating the contributions of these mechanics 
experts. System thinking is applied to mechatronics design in [1], 
and system approach to physical and mathematical modeling of real 
world problems is revisited in [2]. The General System Theory has, 
as one of its major goals, the establishment of similarities in form 
and in the content of various systems [3].

The literature in the various sub-disciplines of theoretical and 
applied mechanics is now so extensive that specialists in one 
discipline are often not familiar with the works in another 
neighboring discipline. Topics such as thermodynamics of reversible 
and irreversible processes, Hamiltonian dynamics, Nano mechanics, 
instability and chaos have been dealt with by researchers in these 
fields some of whom have been unaware of the fundamental 
developments in that topic in other fields. In this state of apparent 
diversion and scattering of knowledge, a unifying view is needed. It 
is believed that the General System Theory provides this underlying 
foundation.

The quest for a general systems view in theoretical and applied 
Mechanics is the main aim of the present paper. First, the main 
concepts and principles related to systems outlook with emphasis on 
modeling and analysis of systems are reviewed. Then, mathematical 
isomorphism in various mechanical systems is discussed. The last 
part of this work deals with a discussion of bifurcations and chaos 
phenomena in solids and fluids from a systemic viewpoint.
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Professor Joachim Gwinner, Director of the Institute für Mathematik 
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LIFE AND ACTIVITIES OF ILIA VEKUA
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The lecture is devoted to Ilia Vekua’s life and scientific 
activities. Brief survey of main results of I. Vekua in partial 
differential equations and complex analysis and their applications to 
geometry and mechanics is given. The special emphasis is made on 
his achievements in construction and investigation of different 
versions of refined models of elastic shells.



23

APPROXIMATE METHOD OF THE SIMULTANEOUS 
ROTATION PROBLEM OF THE POROUS  PLATE AND 

FLUID WITH ACCOUNT OF MAGNETIC FIELD AND HEAT 
TRANSFER IN CASE OF VARIABLE 

ELEQTROCONDUCTIVITY

Levan Jikidze, Varden Tsutsqiridze
Georgian Technical University, Tbilisi , Georgia
levanjikidze@yahoo.com, b.tsutskiridze@mail.ru

In this paper by means of consistent approximation unsteady 
problem of the simultaneous rotation of the infinite porous plate and 
fluid with account of magnetic field and heat transfer, has been 
studied when the coefficient of electroconductivity varies as a law

0

T

T
 


and into the plate injection of the same flow with w( t ) speed takes 
place.

To determine the thicknesses of the dynamic and heat boundary 
layers differential equations are obtained and the exact solutions are 
found in special cases when the injection velocity varies according to 
different laws and between the thicknesses of a functional 
dependence of the form  T ( t ) ( t )  .

All physical characteristics of the flaw are calculated.
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DESIGN OF COMPOSITE STRUCTURES BASED 
FUSELAGE OSCILLATIONS ARISE DURING  TAKEOFF 

AND CREEP

Yu. Kanchaveli
Georgian Aviation University, Tbilisi

As is well known, one of the most urgent cases, in calculating
structures of aircraft is the takeoff and landing mode with a 
maximum mass, since in this case there are oscillations with 
maximum amplitude. The case of take-off, despite its brevity is one 
of the determining factors in the occurrence of fatigue design.

With this in mind, the most stable to fluctuations in the material is 
considered by many researchers, the polymer fiber plastics (PFP), 
which have a high viscosity, leading to a decrease in the number of 
loading cycles and increase in the rate of decrease of the initial 
amplitude of the oscillations. However, the PFP, along with the 
above properties have a pronounced damping capacity to dissipate 
vibration energy as heat. An increase in temperature can significantly 
increase the creep PFP, which in turn will increase the initial 
amplitude of the oscillations and reduce the rate of reduction of the 
latter.

Thus, the goal was set - the design of the fuselage of the plane of 
the main line with variations occurring under the influence of 
random and other factors operating at the time of takeoff and 
nonlinear relationship between stress and strain of PFP. In this 
connection made inhomogeneous differential equation describing 
the vibrational movement of the fuselage in the vertical plane:
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where has been constructed E is a reduced modulus of elasticity of 
the PFP, xI is the moment of inertia of the reduced cross-section of 

the fuselage relative to the neutral line, 0k is viscosity of the PFP, S
is cross-sectional area of the fuselage,  - the average density of the 

PFP,  is  the coefficient of air resistance,  tzf , is the function of 
the intensity of weight and aerodynamic forces acting on the vertical 
plane, represented as a Fourier series.

The general solution of differential equations with allowance 
arising from the take-off boundary and initial conditions was
obtained in the form of a Fourier series whose coefficients are 
calculated using Mathcad -13.

Cross sections of the fuselage sections were submitted to a three-
layer surface of revolution, consisting of the main layers and layers 
of square honeycomb core and reinforcing lining region of 
compression (since carbon CMU-1, used by us operates at less 
compression).

Two schemes of reinforcement layers -  n0000 0,45,45,0  and 

  ,0,30,30,0 0000
n where Nn , have been considered.

Thicknesses, static moments, moments of inertia of the core 
layers and the honeycomb core are taken as a fraction of the outer 
radius of the circle cross-section fuselage, according to the size of the 
thickness of the layers in the fuselage of an aircraft prototype Tu-
134B and A318-100.

To approximate the experimental data, the total strain carbon 
CMU-1 used the following relation which describes well the strain in 
the areas of transient creep:

    btatt  0,,  ,
where ba, - are positive constants depending on the level of stress 
and temperature.

Since in the calculation of the design assumes consider variations 
of design and material creep, then to find the strain fracture design a 
new method has been used that reduces the amount of material.
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As a result, using Mathcad-13 obtained optimal values of the 
outer radius, area and bending stiffness of the cross sections of 
carbon fiber fuselage sections of the CMU-1 circuits for 

reinforcement -  .0,45,45,0 0000  and  0000 0,30,30,0  subject to 
creep, random, and other factors causing variations. Accounting for 
creep and vibrations arising in the fuselage of the main passenger 
plane made of PFP will lead to safer, fatigue and vibration strength 
fuselage, as well as its lifetime

ON THE APPROXIMATE SOLUTION OF 3D MIXED 
BOUNDARY VALUE PROBLEM OF ELASTICITY THEORY 

AND APPLICATION TO MICROMECHANICS

Nino Khatiashvili*, Archil Papukashvili*, Omar Komurjishvili*, 
Jana Bolqvadze*, Zurab Kutchava*, Giorgi Kurdghelashvili**     

*Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 
Mathematics, Tbilisi, Georgia, apapukashvili@rambler.ru, 

ninakhat@yahoo.com,  janabolqvadze@list.ru,  zkutch@yahoo.com, 
**N 3 Public School Kaspi, Georgia, giorgi19870205@mail.ru  

This work deals with 3D mixed boundary value problem of the 
elasticity theory for the orthotropic (particularly in isotropic case) 
body. It is supposed that static forces effect the body. 

For this system two different methods of the approximations are 
proposed: 1. Variational-Difference  method (see [1]), and 2.finite-
Difference method (see[2]).

These methods could be applied to the micromechanics (see [3]). 
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ELEMENT METHOD FOR SOLUTION OF ELASTICITY 
PROBLEMS

Nuri Khomasuridze*, Roman Janjgava**, Natela Zirakashvili ***,
*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 Tbilisi, Georgia, roman 
janjgava@gmail.com   *** Iv. Javakhishvili Tbilisi State University, 

I.Vekua Institute of Applied Mathematics, Tbilisi, Georgia Tbilisi, Georgia, 
natela.zirakashvili@gmail.com   

Boundary value contact problems on the thermoelastic 
equilibrium of multilayer cylindrical bodies are used as an example 
in considering problems of delocalization (localization) of stresses in 
such bodies. An analytical (exact) solution of the formulated problem 
is constructed in the form of infinite series. A sequence of solutions 
is as follows: first a general solution is constructed by means of 
harmonic functions. Each of these functions is represented by the 
corresponding series using the method of separation of variables. 
Conclusions on delocalization (localization) of stresses are made 
according to the conventional delocalization (localization) criterion.  
The considered problems (the two-dimensional case is meant) 



28

illustrate the advantage of the use of the polar coordinate system 
instead of the Cartesian one in the case where problems are solved by 
the BEM.   

OPTIMAL PARAMETERSOF CATION 
EXCHANGERS WORK

Zurab Megrelishvili, Ibraim Didmanidze, Grigol Kakhiani, 
Zebur Surmanidze, Didari Didmanidze
ShotaRustaveli State University, Batumi

ibraimd@mail.ru

The article presents the optimization equation for cation 
exchangers where the specific discharge of the reagent and the 
filtration speed of the softened water are taken as optimization 
parameters. The three-dimensional graphs and the combined 
graphs for the effectiveness functions are given for different 
concentrations of  regenerant solutions. The article proposes 
the calculation data got from each layer calculation for the 
process of regeneration of cation exchangers. The developed 
program gives the possibility  to calculate optimal parameters 
of cation exchangers work under any input parameters.

THE AXIAL SYMMETRIC CONTACT PROBLEMS FOR
SEMI SPACE WITH VERTICAL CUT FINITE OR 

SEMI FINITE CYLINDRICAL CUT 

A.F. Minasyan 
Yerevan, Armeny

The two mixed boundary problems of elasticity are considered:
1. Contact problem for elastic isotropy half space weakened by 

cylindrical deformable hole of finite length, passing on the boundary 
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of semi space perpendicularly to it. On the boundary of a semi space 
the rigid circular stamp with arbitrary shape of its base is applied. 
The hole is in position under the stamp. The boundary of a half space 
and the interior part of the hole are free from stresses.

2. The same contact problem is solved for a half space, when 
upper surface of a cylindrical hole is on finite distance from the 
boundary of half space and the hole is semi-infinite. For both 
problems on the boundary of a half space the rigid stamp is applied.

The solution is made by two biharmonic functions 1 and 2
for a cylindrical hole and a half space in the form of a sum of 
Fourier–Bessel integral and Fourier–Dini series for 1 and of 

integrals of Fourier–Macdonald and Weber for the 2 .

For unknown coefficients functions one obtains system of dual 
integral equations with kernels in the form of trigonometric functions 
and the Weber functions. This system by method of transforming 
operators is reduced to singular integral equation of second kind with 
Cauchy kernel and furthermore to standard Fredholm integral 
equation. The expressions for normal stresses under the stamp and on 
outer surface of hole with separated singularity including coefficients 
of stress intensity, as well as of values of displacements of halfspace 
boundary out of stamp and on the surface of a hole are obtained.

Equating to zero coefficient of stress intensity of normal stress is 
obtained size of external radius of hole.

NUMERICAL METHODS AND ENGINEERING 
RESEARCHES IN GEORGIA

(THE RETROSPECTIVE REVIEW)

Archil Motsonelidze
Georgian technical University, Tbilisi, Georgia

a_motson@hotmail.com

The analysis of progress of theoretical researches of structures 
since the 60-ies of the 20-th century, seen from a position of the 
engineer, is proposed. The beginning of this period is taken in view 
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of the fact that the global expansion of Finite element method, the 
most powerful numerical method in the field of strength analysis of 
structures, has begun since this period. It is described, how this 
method was being implemented and how it affected progress of 
theoretical researches of constructions in Georgia. 

BOUNDARY INTEGRAL EQUATION METHOD IN THE
THEORY OF STEADY STATE OSCILLATIONS

David Natroshvili
Technical University of Georgia, Tbilisi, Georgia 

natrosh@hotmail.com

We deal with the application of potential method in boundary 
value and transmission problems for steady state oscillation 
equations. We give a short overview of   the classical acoustic 
problems for the Helmholtz equation in unbounded domains and 
bring some historical notes related to Sommerfeld   radiation 
conditions. We analyze Sommerfeld-Kupradze type radiation 
conditions in various models of continuum mechanics and present 
uniqueness and existence results based on the boundary integral 
equations method.

THE APPROXIMATE SOLUTION OF A 
NONHOMOGENEOUS OSCILLATION DIFFERENTIAL 

EQUATION

Vladimer Odisharia
Department of Mathematics, I. Javakhishvili Tbilisi State University

Tbilisi, Georgia, email: vodisharia@yahoo.com

    The following initial boundary value problem is considered
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describing the oscillation of a string. The problem of solvability 
of this equation was for the first time studied by S. Bernstein. Later, 
many researchers showed an interest in equations of Kirchhoff type 
(see e.g. [2]-[5]).

    Here we present a numerical algorithm of problem (1),(2). 
Step-by-step discretization with respect to spatial and time variables 
is carried out. To solve the resulting cubic system we use the Jacobi 
iteration method. The error of this method is estimated.
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COMPUTER MODEL OF THE “CABLE-PULLEY” 
COMPOSED STRUCTURE ON THE BASIS OF DISCRETE 
IMAGINATION OF THE STABLE DEFORMABLE STATE

David Pataraia, Edisher Tsotseria, Giorgi Nozadze, 
Teimuraz Javakhishvili, Giorgi Javakhishvili, Rusudan Maisuradze, 

Giorgi Purtseladze
The Grigol Tsulukidze Mining Institute, Tbilisi, Georgia, 

david.pataraia@gmail.com

The work represents the attempt of a new approach of calculation 
of the cable elaborated at the Mining Institute – extension and use of 
a discrete model of solid deformable state on the different 
mechanical objects, particularly, for modeling and calculation of the 
complex cable-stick structures and massive states. By use of this 
approach a computer model was composed and some classic 
examples of applied mechanics were: the condition of axially loaded 
stick (Eiler’s Task), membrane, bilateral fixed doubled stick and net 
(sail) in stationary loaded conditions.

In the given work the computer model of the “cable-stick” 
structure is described on the basis of the same approach and by 
means of it the result of investigation of a current physical process in 
case of the cable pulley.   

The object of investigation was a flat model of interaction of the 
cable and stick suggested by Prof. Oplatka: Plates A and C (pulley) 
rotate loosely around O1 and O2 joints but the cable leans over S1 
and S3 joints (in this case the cable is considered as flexible stick). 
Besides, the cable rotating around plates A and C O1 and O2 axis by 
friction travels in the hinge fixed in joint S2 and will rotate around 
the axis of joint.  
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ABOUT METHODS OF APPROXIMATE SOLUTIONS FOR 
COMPOSITE BODIES WEAKENED BY CRACKS IN THE 

CASE OF ANTIPLANE PROBLEMS OF ELASTICITY
THEORY

Archil Papukashvili*, David Gordeziani*, Teimuraz Davitashvili*, 
Meri Sharikadze*, Gela Manelidze**, Giorgi Kurdghelashvili*** 
*Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 

Mathematics, Tbilisi, Georgia, apapukashvili@rambler.ru, 
dgord37@hotmail.com, tedavitashvili@gmail.com,

meri.sharikadze@viam.sci.tsu.ge,
**N 199 Public School-Pansion “Komarovi”, Tbilisi, Georgia, 

gelamanelidze@gmail.com 
***N 3 Public School Kaspi, Georgia, giorgi19870205@mail.ru  

In the present article two methods of solution of elasticity theory 
antiplane problems for piece-wise homogeneous orthotropic plane 
weakened by cracks by integral equations and finite-difference 
methods are studied. In the first case for orthotropic (particularly in 
isotropic case) plane antiplane theory elasticity problem is reduced to 
the system (pair) of singular integral equations containing 
immovable singularity with respect to the tangent stress jumps(see 
[1],[2]). The questions of behaviors of the decision in a vicinity of 
the ends of cracks and on dividing border are investigated. The
general schemes of solving and carrying out numerical computation 
using spectral, collocation and asymptotic methods are given. In
considering  piece-wise homogeneous  plane slackened with cracks 
antiplane elasticity theory by finite-differential methods the plane is  
replace by big-value square and differential equation and its 
responsible boundary conditions are approximated by different 
analogy. This statement of the problem gives possibility to find 
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directly numerical values of displacement in grid knots. In cases of 
both methods the offered settlements have been approved for 
concrete practical problems and numerical results are in a good 
approximations with the results, obtained by theoretical studies.

Acknowledgment. The designated project has been fulfilled by 
financial support of the Georgia National Science Foundation (Grant 
#GNSF 09-614_5-210). 
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ON THE SOLUTION OF A NON-LINEAR INTEGRO-
DIFFERENTIAL EQUATION FOR THE STRING 

Giorgi Papukashvili*, Zviad Tsiklauri*
*N 199 Public School-Pansion “Komarovi”, Tbilisi, Georgia, 

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

zviad_tsiklauri@yahoo.com    

In the present article an initial value problem is posed for the 
Kirchhoff  integro-differential equation, which describes the static 
state of string (see [1]). The problem is solved by methods or Chipot-
Rodrigues (see [2]) . The algorithm has been approved on tests and 
the results of calculations are represented in graphics. 
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AN ITERATION METHOD FOR THE KIRCHOFF STATIC 
BEAM

Jemal Peradze
Iv. Javakhishvili Tbilisi State University, Georgian Technical University, 

Tbilisi, Georgia, j_peradze@yahoo.com

We consider the equation 
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Equation (1) describes the static state of the beam. The topic of 

construction and investigation of numerical methods for equation (1) 
and equations with similar nonlinearity is treated in a number of 
works (see [1]-[3] and the references therein).

To approximate the solution of problem (1), (2), the following 
iteration algorithm 
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Applying the Green’s function ( )ku x is expressed explicitly 
through the previous approximation. The algorithm accuracy is 
discussed.
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THEORY OF THE BINARY SENSORS DEPENDABILITY

Archil Prangishvili1, Oleg Namicheishvili2, Jujuna Gogiashvili3, 
Michael Ramazashvili4

Technical University of Georgia, 77 Kostava Str, 0175 Tbilisi, Georgia
1a_prangi@gtu.ge, 2oleg_namicheishvili@hotmail.com,

3jujugo11@mail.ru, 4misharamazashvili@yahoo.com

Binary sensor systems are various types of analog sensors 
(optical, MEMS - МicroElectroМechanical Systems, X-ray, gamma-
ray, acoustic, electronic, etc.), based on the binary decision process.

Typical examples of such «binary sensors» are X-ray luggage 
inspection systems, product quality control systems, automatic target 
recognition systems, numerous medical diagnostic systems, and 
many others.

In all these systems, the binary decision process provides only 
two mutually exclusive responses.

There are also two types of key parameters that characterize either 
a system or external conditions in reiation to the system which are 
determined by their prior probabilities.

In this paper, by using a formal neuron model, we analyze the 
problem of threshold redundancy of binary sensors of a critical state.
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Three major tasks are solved, videlicet:
- implementation of the algorithm of error probability 

calculation for threshold redundancy of a group of sensors;
- computation of the minimal upper bound for the probability 

in a closed analytical form and determination of its 
relationship with Claude Shannon’s theorem;

- derivation of the expression (estimate) for sensor «weights»
when the probability of the binary system error does not 
exceed the specified minimal upper bound.

Keywords: formal neuron, threshold principle, sensor, sensor failure 
probability, the probability of sensor group error, threshold 
redundancy.
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SPECIFICS OF THE CALCULATION OF HIGH-RISE 
BUILDINGS ON SEISMIC EFFECTS  AND MODERN 

SEISMIC CODES

Lali Qajaia*, Ts. Tsiskreli, N. Chlaidze, K. Chkhikvadze* 
Technical University*, GeorgiaZavriev Center of Structural  Mechanics, 

Earthquake Engineering and Engineering Expertise
Tbilisi, Georgia, e-mail: qajaia@gmail.com

  The codes  for seismic design of buildings were developed for 
low and medium rise buildings  and a linear continuous shear-beam 
model has long been used  to study the response of taller  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. Nowadays, in the world,  the new approach  – the adequate 
evaluation of the structure at both 'weak and 'strong' earthquakes –
known as 'Performance Based Design-MCE'- is being established. 
The approach takes into account nonlinear performance of structure. 
Performance based design of high-rise buildings should investigate at 
least two performance objectives explicitly, namely: 1. negligible 
damage and 2. collapse prevention.. Deformation and intrinsic 
damping are the key parameter in performance-based seismic design.  
The P- Δ tall structures  effects and large deflection effects must be 
taken into account. Seismic design is very  critical issue for tall 
structures located near a tectonic fault./3/.                                

The methods of Eurocode 8 /2/ are not performance based and not 
well suited to high-rise construction. Eurocode-8 did not  contains 
prescriptive requirements for seismic design of tall structures and 
buildings, design models there  do not differ from the usual 
computational models of buildings. 

      Response spectrum and response-history analysis are both 
acceptable elastic analysis procedures for tall buildings in Eurocode 
8. Elastic analysis will generally only be valid for the service level 
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assessments. Nonlinear analysis will generally be necessary for the 
collapse prevention level assessment. Second order (P- Δ) effects 
need to be included in analysis.        

Eurocode-8 does not have provisions for near-source effects and  
allows providing earthquake resistance for internal forces from an 
analysis for the seismic action with a force reduction or behavior 
factor (q) without taking any other measures for local or global 
ductility.

National Building Codes and Rules-Earthquake Engineering  /1/,. 
prepared by former K.Zavriev Institute of Structural Mechanic and 
Earthquake Engineering (Georgia), contain prescriptive requirements 
for seismic design of tall structures. According to these codes, 
structural engineers use the same rules for structures with very large 
differences in height, same response spectrum and same P- Δ limit. 

Seismic safety is one of the country's strategic directions and 
appropriate standards should be regulated. Currently in Georgia 
earthquake engineering is conducted. according to National Building 
Codes and Rules-“Earthquake Engineering. The codes  provide only 
general recommendations for high-rise building.. The construction of 
high-rise buildings is intensively  developed in Georgia   and it is 
necessary to continue research in this direction. 
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GEORGIAN HIDRODINAMICERS, AERODINAMICERS
AND  AIRCRAFT DESIGNER

WHO HAD BEEN  WORKING ABROAD

Jondo Sharikadze
Iv. Javakhishvili Tbilisi State University, I.Vekua Institute of Applied 

Mathematics, Tbilisi, Georgia

The lecture is about Georgian scientists who worked abroad in the 
19th and 20th centuries and played a great role in hydrodinamics, 
aerodynamics and aircraft designer.

Unfortunately, for certain periods of time their names had been a 
taboo. Now we have a chance to introduce them to Georgian people.

THE BOUNDARY-CONTACT PROBLEM 
ELECTROELASTICITY FOR PIEZO-ELECTRIC 

MATERIAL WITH INCLUSION

Nugzar Shavlakadze
Iv. Javakhishvili Tbilisi State University, A. Razmadze Mathematical 

Institute, Tbilisi, Georgia, nusha@rmi.ge

It is considered the problem of finding of mechanical and electric 
fields, in piezo-elastic  body which is strengthened  with rigid or 
elastic inclusions. In conditions of plane deformation, in infinity, on 
plate acts  the homogeneous field of mechanical stresses, and on 
boundary of inclusion it is given electrical fields potential [1].

For stress function and electrical field’s potential we obtain the 
system of differential equations, which solutions are represented 
using three analytical functions  
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   k -   are roots of characteristic equation.

The boundary-contact problem has  the following form:
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where kA constant satisfies the given conditions in infinity.
For densities )(tk the problem is reduced to systems of singular 

integral and linear algebraic equations, and by foreseeing of 
equilibrium and contact continuum conditions of inclusion, for 
unknown contact stresses )(t we obtain the singular integral 
differential equation [2].
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SPATIAL PROBLEM OF PRISM ROD ANALYSIS AT
UNIFORM TEMPERATURE IMPACT 

Demur  Tabatadze, Murad Kalabegashvili,
Gela Kipiani, Revaz Tskhvedadze

Georgian Technical University

The paper deals with the spatial problem of the prism shaped rod 
for that specific case, when the rod is undergoing the uniform 
temperature impact at t°=T. The solution of spatial problem of 
elasticity is performed by trigonometrical functions, by mean of 

which the shear stresses of spatial problem , , are 
presented by triple interpolating trigonometric functions that would 
be selected in such an order that in the obtained spatial problem
desired shear stresses must exactly satisfy the preliminary boundary 
and initial conditions. These functions themself contain unknown 
coefficients, that define their qauntative value and would be 
determined by taking into account coincidence of the ends.

The values of internal stresses σx, σy, σz, , , and 
desired functions of movement u, v, w, would be defined due to the 
theory of elasticity, and 6 equations of deformations, by preliminary 
introducing in them interpolating functions of shear stresses. 
Unknown coefficients would be defined due to non-applied three 
equally satisfied equations of deformation that give the system of 
algebraic equations, with respect to unknown coefficients, defining 
shear stresses, which can be easily solved by using the method of 
collocation.

On the basis of compiled mathematical algorithm as a result of 
solution of considered spatial problem computer program, is de-
veloped that gives the possibility to perform its numerical realization 
for arbitrary values of geometrical parameters of given rods.

Particular cases are considered and is constructed diagrams of 
some stresses and displacements changing in dimensioneless values 
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whose exact values would be obtained through multiplying by α1TE 
value. 

    

MATHEMATICAL MODEL OF FORECASTING 
DURABILITY OF CONCRETE

Temur Turmanidze, Ibraim Didmanidze
Shota Rustaveli State University, Batumi 

email: ibraimd@mail.ru

A principally new analysis model is offered, which allows  to 
predict long strength of the concrete. New analytical dependences are 
worked out to analyse long strength limits of the concrete in order to 
analyse long strength of the concrete of different types. It is possible 
to use suggested dependences with the use of experimental data for 
endurance obtained on the concrete of the same structure.

THE TEA MASS MECHANICAL MODEL FOR 
MATHEMATICAL MODELING  OF  LEAF TMISTING 

PROCESS

Avtandil  Tvalchrelidze
Akaki Tsereteli State University, Kutaisi, Geoegia, avtva47@rambler.ru

It is impossible to develop the novel high-performance 
technologies and equipment for the tea products manufacturing 
without deep theoretical studies including the tea leaf twisting 
process. The twisting process aims at separation of the tea leaf 
flushes’ elements, shaping the leaves into twisting form, but above 
all, at the destruction of cell walls, isolation of the cell fluid on the 
surfaces of leaves.  At present, there is no acceptable mechanical 
theory of the tea mass twisting processes. The rheological model of 
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the tea mass is a basis of this theory and it must contain as a state 
parameter the degree of twisting.    

The tea mass possesses the complex rheological properties 
representing all the combinations of fundamental properties 
(elasticity, plasticity and viscosity). The tea mass elastic properties 
especially are shown in such a mass, which consists of natural 
moisture-holding leaves. Consisting of small associated elements 
such as sprouts and leaves, the tea mass pertains to a friable medium. 
As well as in case of the mechanical description of any friable 
medium it is of a great importance to correctly consider the plastic 
properties. 

The existence of the viscosity properties implies the dependence 
of the internal forces on the strain rate. Basically, such dependence 
must be visible with the existence of layer created by cell sap 
between leaves. Seemingly, with a low strain rate it is possible to 
ignore the viscose friction and during the twisting to carry out the tea 
mass modeling with an elastic-plastic medium by means of dry 
internal friction. 

In a given report the tea mass model is constructed on the basis of 
relationships of the theory of plastic flow and mechanics of friable 
mediums [2]. 

By construction of the theory of tea leaf twisting process there has 
been introduced the concept of twisting degree - the local 
characteristic of the tea mass state at a given point of time [1]. 
Introduction of a new unknown quantity requires one more 
additional equation for the closure of the system of equations of the 
process [2]. Such kind of  equation must contain a condition 
(twisting criterion) linking the kinematic and dynamic characteristics 
of the tea mass motion, when twisting is carried out with various 
particular mechanisms of the leaf cell mechanical destruction [3]. 
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DIRECT AND ITERATIVE METHODS OF SOLUTION OF 
SOME NONLINEAR PROBLEMS OF MECHANICS

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

Mathematics, Tbilisi, Georgia, tamazvashakmadze@gmail.com

Methods considering below were realized for finding the 
approximate solution of some problems of nonlinear mechanics in 
the cases when the corresponding mathematical models are 1 and/or 
2 dim with respect to spatial coordinates initial-boundary value 
problems for anisotropic elastic thin-walled structures.

1. The continuous analogue of Peaceman-Rechford’s  Alternating 
direction method was developed and the high order accuracy 
schemes for von Kármán-Filon  type quasilinear systems of integro-
differential equations were constructed;

2. By using Z. Gegechkori, J. Rogava and M. Tsiklauri method, 
third and fourth order accuracy monotone schemes with respect to 
time step for dynamical problems of von Kármán type systems were 
constructed;

3. For Kármán type systems the parametric derivation method 
representing the concrete realization of Bernshtain’s Arbitrary 
Functions Method was developed;

4. The variational-discrete method of approximate solution of
some linear 2 dim boundary value problems for bounded as cases as
unbounded domains were founded and used. For coordinate 
functions are using the spline functions and classical orthogonal 
polynomials were used;
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5. The alternative to perturbation Poincaré-Lyapunov’s theory 
convergent method for linear operator equation   fuML  (with 
parameter  ), was created which gives approximate solution by 
inversion of L n -times and applications operator M to the known 
function.
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grigaluri moZraobis ucnaurobebi da garemodan 

energiis miRebis sakiTxi

a. afciauri
quTaisis erovnuli saswavlo universiteti

fizikaSi cnobilia problemebi, romelTa axsnac 
ar xerxdeba sayovelTaod aRiarebuli kanonebis 
farglebSi. maT paradoqsebi ewodebaT. paradoqsuli 
procesebisaTvis damaxasiaTebelia kanonTa konfliq-
ti rodesac, realuri fizikuri procesisaTvis, erTi 
kanonis mkacr dacvas mivyavarT meore kanonis 
darRvevasTan, Cndeba SegrZneba rom bunebis kanonebi 
gacilebiT rTulia da ar arsebobs kanoni, romelic 
ar SeiZleba daeqvemdebaros kritikul ganxilvas. 

naSromis avtoris mier, ukanaskneli wlebis gan-
mavlobaSi gamoqveynebul publikaciebSi [5-9], fenome-
nologiuri Termodinamikis meTodebis gamoyenebiT, 
naCvenebia rom, brunviTi moZraobis dros, energiis 
Siga cirkulaciis procesebis sinqronizaciis Sede-
gad, SesaZlebelia meqanikuri energiis generacia 
garemos siTbuli energiis xarjze, rac radika-
lurad ewinaaRmdegeba Termodinamikis meore kanons.

Mmsjeloba amgvari Tamami ideebis garSemo dRis 
wesrigSi ayenebs sakiTxebs, romlebic, tradiciuli 
azrovnebis TvalTaxedvidan, fantastikis sferos 
ganekuTvnebian. marTlac, Tuki adamians ZaluZs mii-
Ros meqanikuri energia garemomcveli sivrcidan. am 
energias SeuZlia atumbos wyali zeviT, gravitaciu-
li Zalebis sawinaaRmdego mimarTulebiT, anu gakeT-
des sakompresoro sadgurebi, romlebic daWirxnian
wyals garemos siTbos xarjze. D

dReisaTvis es marTlac fantastikis sferos 
ganekuTvneba.

miuxedavad amisa, sxvadasxva Teoriuli amocanebis 
ganxilvisas, Cven davinteresdiT ukumSvadi siTxis 
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brunviTi moZraobis SeswavliT da davadgineT, rom, 
iseve rogorc gazis brunviTi moZraobis dros, [6, 8, 
9], ukumSvadi siTxis moZraobis drosac fiqsirdeba 
saocari movlenebi. 
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Termodrekadobis sasazRvro amocanebi 

naxevarsivrcisaTvis mikrotemperaturis 

gaTvaliswinebiT

Llamara biwaZe
ilias saxelmwifo universiteti,

Tbilisi, saqarTvelo, lamarabits@yahoo.com

warmodgenil naSromSi ganxilulia Termodreka-
dobis samganzomilebiani Teoriis sasazRvro amoca-
nebi naxevarsivrcisaTvis mikrotemperaturis gaTva-
liswinebiT. vTqvaT naxevarsivrcis sazRvarze moce-
mulia erTerTi Semdegi sasazRvro pirobaTagani: a) 
gadaadgilebis da mikrotemperaturis veqtorebi da 
temperatura, b) gadaadgilebis da mikrotemperatu-
ris veqtorebi, mikrotemperaturis veqtoris norma-
luri mdgenelis da temperaturis normaliT warmoe-
bulis wrfivi kombinacia, g) gadaadgilebis veqtori, 
mikrotemperaturis veqtoris mxebi mdgenelebi, mik-
roZabvis normaluri mdgeneli da temperatura d) 
gadaadgilebis veqtori, mikrotemperaturis veqtoris 
normaluri mdgeneli, mikroZabvis mxebi mdgenelebi, 
temperaturis normaliT warmoebuli.

furies gardaqmnis gamoyenebiT amonaxsnebi war-
modgenilia kvadraturebSi.

madloba. winamdebare naSromi Sesrulebuli iyo sa-
qarTvelosOSoTa rusTavelis erovnuli samecniero 
fondis finansuri mxardaWeriT (Grant #GNSF/ST08/3-
388).
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saqarTvelos teritoriaze arsebuli 

ganaSenianebis seismuri riskis Sefaseba, 

inJinruli midgoma da arawrfivi dinamikis 

problemebi

guram gabriCiZe
kiriak zavrievis samSeneblo meqanikis, 

seismomedegobisa da sainJinro eqspertizis centri

rodesac vuyurebT, rogor ziandeba, an ingreva 
miwisZvrisas Senoba, yvela xvdeba, rom es aris 
dinamikuri procesi. myari tanis meqanikaSi momuSave 
mecnierisaTvis es aris arawrfivi dinamikis sanimu-
So magaliTi. seismomedegi mSeneblobis specialis-
tma ki icis, rom Senobebi ziandeba, an ingreva ara 
imitom, rom seismologebma, an inJinrebma dauSves 
uxeSi Secdoma, aramed imitom, rom aseTi suraTis 
ganxorcielebis albaToba devs seismomedegi mSeneb-
lobis ideologiaSi. seismomedegi mSenebloba suyo-
velTvis iyo da dResac aris siaruli codnisa da 
arcodnis, riskisa da gamarTlebis zRvarze.

nebismieri nagebobis qceva miwisZvrisas, pirobiTad 
SeiZleba orad gavyoT. susti seismuri zemoqmede-
bisas igi muSaobs dauzianeblad da misi qceva Seis-
wavleba wrfivi dinamikis meTodebiT. Zlieri seis-
muri zemoqmedebisas nagebobaSi Cndeba sxvadasxva 
bunebis defeqtebi, bzarebi da misi qceva emorCileba 
arawrfivi dinamikis kanonebs.

seismomedegi mSeneblobis ideologiis ZiriTad 
Tezas warmoadgens gancxadeba, rom mas SeuZlia Sea-
fasos nagebobis qceva, rogorc susti, aseve Zlieri 
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seismuri zemoqmedebisas. samwuxarod, es gancxadeba 
deklaraciis doneze rCeba manamde, sanam arawrfivi 
dinamikis dargSi miRweuli Sedegebi ar Seuqmnian 
mas saimedo mecnierul safuZvels. 

am gancxadebis dasadastureblad, winamdebare 
naSromSi aRwerilia procedura, romelic dRes 
mTels msoflioSi gamoiyeneba ama Tu im seismurad 
aqtiur regionSi ganlagebuli ganaSenianebis seismu-
ri riskis Sesafaseblad. naCvenebia, rom es procedu-
ra mTlianad emyareba iseTi sainJinro mcnebebis 
gamoyenebas, rogoricaa “Senobis dazianeba”, “dazia-
nebis xarisxebi” da sxva. yvela am mcnebebis Sinaar-
si dakavSirebulia im rTul procesebTan, romelic 
viTardeba masalaSi, risganac agebulia Senoba. anu, 
Senobis rRveva iwyeba masalis rRveviT.

imisaTvis, rom am mcnebebma SeiZinon ufro cxadi 
da informatiuli Sinaarsi, saWiroa masalis rRvevis 
procesebis modelireba maTze rTuli dinamikuri 
zemoqmedebisas, rac arawrfivi dinamikis sagans 
Seadgens “arawrfivi dinamikis saTanado modelire-
bam unda migviyvanos aramdgradobebamde, romlebic 
ganapirobeben gadasvlas im stacionaluri mdgrado-
bebisa da sivrciTi struqturebisaken, romlebic 
yalibdebian defeqtebis koncentraciisas” (“Exploring 
Complexity” by G. Nikolis and I. Prigojin, 1989).
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TaRovani kaSxlebis simtkiceze gaangariSebis 

kombinirebuli meTodi da optimaluri 

parametrebis SerCevis sakiTxebi

z. gedeniZe, t. kviciani, m. kublaSvili 
saqarTvelos teqnikuri universiteti

TaRovani kaSxali rTuli geometriuli formis 
garsuli tipis nagebobaa, romelsac muSaoba uxdeba 
gansakuTrebul pirobebSi. amitom TaRovani kaSxle-
bis simtkiceze gaangariSeba deformirebadi sxeule-
bis meqanikis urTules amocanaTa kategorias miekuT-
vneba. radgan TaRovani kaSxlebis simtkicis arsebu-
li Teoria jer ver uzrunvelyofs maTi ZabviTi da 
deformirebuli mdgomareobis zusti suraTis gamov-
lenas, amitom dRis wesrigSi dadga TaRovani kaS-
xlebis gaangariSebis miaxloebiTi ricxviTi meTode-
bis damuSaveba. 

TaRovani kaSxlis gasaangariSeblad ufro mizan-
Sewonilia garsTa Teoriis gamoyeneba, romelsac 
abrkolebs gadamwyvet gantolebaTa amoxsnis sirTu-
le, misi rTuli sasazRvro pirobebisa da geomet-
riis gamo. garTulebulia agreTve normebiT gaTva-
liswinebuli `kaSxali-fuZis~, rogorc erTiani sis-
temis gaangariSeba, gansakuTrebiT, roca fuZis 
grunti araerTgvarovania, gaaCnia bzarebi da zog-
jer sicarieleebic. sasruli elementebis meTodiT 
sistema `kaSxali-fuZis~ gaangariSeba, wyvetili para-
metrebis pirobebSic did sirTules ar warmoadgens.

naSromSi kaSxlis tanis daZabul-deformirebuli 
mdgomareoba fasdeba garsTa Teoriis gamoyenebiT, 
romlis sasazRvro ubnis konturze sasazRvro mniS-
vnelobaTa dadgena xorcieldeba sasruli elemente-
bis meTodiT, sistema `kaSxali-fuZisaTvis~.

kaSxlis ucnobi sisqeebis gansazRvra gaTvaliswi-
nebulia rTuli daZabuli mdgomareobis simtkicis 
pirobidan, romelic uzrunvelyofs yovel wertil-
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Si, masalis gaWimvasa da kumSvaze sxvadasxva winaRo-
bis gaTvaliswinebiT, denadobis pirobas. aseTi Ta-
Rovani kaSxlebi SeiZleba mivakuTvnoT Tanabari sim-
tkicis kategorias, rac erTi mxriv gansazRvravs 
kaSxlis minimalur moculobas (wonas), masalis meqa-
nikuri maxasiaTeblebis maqsimalurad gamoyenebis 
safuZvelze, xolo meore mxriv uzrunvelyofs maTe-
matikurad amocanis koreqtulobas. optimaluri kon-
struqciis TaRovani kaSxali daaCqarebs da 
gaaiafebs minimum 10-15%-iT mis mSeneblobas, rac 
ufro momxiblavi iqneba investorebisaTvis. TaRovani 
kaSxlis simtkiceze gasaangariSeblad kompiuteruli 
programebis momzadeba saSualebas mogvcems ganvsaz-
RvroT TaRovani kaSxlis optimaluri parametrebi, 
gavaumjobesoT konstruqcia, gavzardoT misi muSao-
bis saimedooba da ekonomiuroba. igi gaadvilebs 
damproeqteblebisaTvis kvlevis Sedegebis gamoyene-
bas.

am amocanis gadawyveta unda ganxorcieldes Sem-
degi TanmimdevrobiT:

_ kaSxlis tanis daZabul-deformirebuli mdgo-
mareobis Sesafaseblad garsTa Teoriis ZiriTadi 
gantolebebisa da damokidebulebebis Camoyalibeba, 
romelSic maqsimalurad iqneba gaTvaliswinebuli 
misi muSaobis pirobebi;

_ gadamwyvet gantolebaTa sistemaSi koeficien-
tebis saxiT Semavali geometriuli maxasiaTeblebis 
e.w. lames parametrebis analizuri gansazRvra 
nebismieri moxazulobis TaRovani kaSxlisaTvis;

_ kaSxlis tanis Zabvis da deformaciis kompo-
nentebis gansazRvrisaTvis, gadamwyvet gantolebaTa 
sistemis amoxsnis meTodis dasabuTeba;

_ kaSxlis tanis sakontaqto sibrtyeSi, Siga 
Zalebisa da momentebis sasazRvro mniSvnelobaTa 
(sasazRvro pirobebis) gansazRvra sistemisaTvis 
`kaSxali _ fuZe~; _ fuZis gruntSi daZabul-
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deformirebuli mdgomareobis gamokvleva winaswar 
daniSnuli kaSxlis kveTis maxasiaTeblebiT.

naSromSi miRebuli Sedegebis utyuarobis anali-
zisa da gamoyenebis sferos dadgenis mizniT kaS-
xlis tanis Zabvis komponentebi gaTvaliswinebulia 
ganisazRvros or variantad:

1. naxevradmomenturi garsTa TeoriiT. am dros 
wonasworobis gantolebaTa sistema warmodgenilia 
oTx kerZo warmoebuliani pirveli rigis gantoleba-
Ta sistemiT, xuTi ucnobi Zalovani faqtoriT.

Tu simtkicis pirobaSi Zabvis komponentebs garsis 
Sua zedapiris mimarT warmovadgenT kenti da luwi 
funqciebis saxiT da am jamebs calcalke gauto-
lebT nuls, miviRebT wrfiv da arawrfiv or ganto-
lebas. wrfivi gantolebis aRniSnul wonasworobis 
gantolebaTa sistemaze damateba gadaaqcevs mas sta-
tikurad rkvevadad. xolo arawrfivi gantoleba 
gamoyenebuli iqneba kaSxlis optimaluri sisqeebis 
gansazRvrisTvis. am meTodiT amocanis amoxsnisas 
uSvebT mxolod statikuri xasiaTis daSvebebs. 

2. dazustebuli Teoria warmodgenilia wonaswo-
robis xuTi da garsis Sua zedapiris deformaciis 
siCqaris uwyvetobis sami gantolebiT. sistema Sei-
cavs rva ucnob Zalovan faqtors.

amrigad kaSxlis tanis saangariSo sistema, orive 
SemTxvevaSi statikurad rkvevadia. 

kaSxlis tanis daZabuli mdgomareobis gamosavle-
nad, rogorc naxevradmomenturi, agreTve momenturi 
TeoriiT miRebuli gadamwyvet gantolebaTa sistemis 
amoxsna analizuri meTodiT garTulebulia, amitom 
gaTvaliswinebulia TaRovani kaSxlis gaSlili aris 
sasruli sxvaobiTi badiT aproqsimacia. SerCeuli 
badiT sasrul sxvaobebSi kerZo warmoebulebi kaS-
xlis simaRleSi gansazRvrulia mudmivi bijis cen-
traluri sxvaobebiT, xolo horizontaluri mimar-
TulebiT cvladi bijiT.
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ekometeorologiurad aqtualuri lokaluri 

atmosferuli procesebis ricxviTi modelireba

giorgi gelaZe
Tsu i. vekuas gamoyenebiTi maTematikis instituti, 

universitetis q. 2, 0186 Tbilisi, saqarTvelo, 
e-mail: givi-geladze@rambler.ru

SromaSi ganxilulia notio procesebis ricxviTi 
modelireba, romelTac adgili aqvT atmosferos me-
zomasStabur sasazRvro fenaSi (amsf). notio proce-
sebis saxiT moiazrebian nisli, fena Rrublebi, saR-
rublo procesebi da monaTesave sakiTxebi.

Cven maT vikvlevT ara mxolod amindis prognozis, 
sazRvao-, avia- da agrometeorologiis, aramed eko-
logiuri TvalsazrisiTac, radgan swored maTSi 
aqvs adgili damabinZurebel nivTierebaTa akumula-
cias.

aseve aucilebelia im faqtis gaTvaliswineba, rom 
nislisa da fena Rrublis formirebisas da, gansa-
kuTrebiT, maTi erTdrouli arsebobisas, adgili 
aqvs wylis orTqlis kondensaciis faruli siTbos 
gamoyofas, ris gamoc icvleba atmosferos tempera-
turuli stratifikaciis mrudi da is iRebs “texi-
lis” formas.

atmosferos temperaturuli stratifikaciis mru-
dis swored es “klaknilebi” qmnian temperaturulad 
inversiul fenebs, e. w. “CamWerebs”, sadac akumulir-
deba damabinZurebeli nivTierebebi. rogorc zemoT 
aRvniSneT, es efeqti mniSvnelovnad izrdeba nislisa 
da Rrublis erTdrouli arsebobisas rogorc hori-
zontalur, ise vertikalur sibrtyeSi. am temperatu-
rulad inversiuli fenebis formireba warmoadgens 
Rrubel- da nislformirebis aucilebel Tanmdev 
process. 

am sakiTxebTan dakavSirebiT dasmulia da ricxvi-
Ti meTodebis saSualebiT amoxsnilia amsf-is 2-gan-
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zomilebiani (x-z sibrtyeSi) arastacionaruli amoca-
na notio procesebis gaTvaliswinebiT. lokaluri 
cirkulacia viTardeba qvefenilis temperaturuli 
araerTgvarovnebis, e.w. siTburi “kunZulis” xarjze.

amoxsnis Sedegad miRebulia amsf-is ZiriTadi me-
teovelebis (qaris komponentebis, temperaturis, wne-
vis, xvedriTi tenianobisa da wylianobis) sivrcul-
droiTi ganawileba.

dawvrilebiTaa ganxiluli wylis orTqlis fazur 
gadasvlebTan dakavSirebuli problemebi da maTi 
daZlevis gzebi.

modelirebulia rigi iseTi anomaluri procesebi-
sa, rogoricaa Rrublisa da nislis erTdrouli 
arseboba; Rrublisa da nislis gaerTianebuli ver-
tikaluri kompleqsi; dRe-Ramurad uwyveti Rrublia-
noba.

gansakuTrebiT gvinda xazi gavusvaT imas, rom 
amoxsnis Sedegad garkveuli fizikuri parametrebis 
SerCevis xarjze (ZiriTadi yuradReba eqceoda pro-
cesis turbulentur reJims) modelirebul iqna no-
tio procesebis ansambli (swored es procesia eko-
logiurad saintereso): erTdroulad sami fena Rru-
beli da nisli. aseve adgili aqvs maT urTierTtran-
sformacias.

daZabulobis tenzoris sakuTari mniSvnelobebis 

gansazRvris erT-erTi meTodis Sesaxeb 

vaJa gogaZe*, Tamaz Telia**
*akaki wereTlis saxelmwifo universiteti, quTaisi, 

saqarTvelo, vajagogadze@rambler.ru
**baTumis saxelmwifo sazRvao akademia, baTumi, 

saqarTvelo, t.telia@bsma.edu.ge

daZabulobis tenzorebisaTvis sakuTari mniSvne-
lobebi gansazRvraven mTavar normalur Zabvebs, 
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meqanikuri sistemebis dinamiuri analizis dros 
Seesabamebian rxevebis sakuTar sixSireebs, xolo 
konstruqciis angariSis dros gvaZlevs saSualebas 
ganvsazRvroT kritikuli datvirTvebi, romelTa 
gadameteba iwvevs mdgradobis dakargvas. aSkaraa, 
rom yvelaze gavrcelebul xerxs sakuTar 
mniSvnelobebze amocanis amoxnisas warmoadgens maTi 
gansazRvra gantolebaTa sistemidan (A–λE)X=0, 
romelsac gaaCnia aranulovani amonaxsni mxolod im 
SemTxvevaSi, roca det (A-λE)=0. am SemTxvevaSi A aris 
daZabulobis matrica ganzomilebiT 3x3, E-erTeu-
lovani matrica, λ-sami skalaruli mniSvneloba, rom-
lebic saWiroa vipovoT, X-sakuTari veqtorebi, 
romlebic Seesabamebian TiToeuls sakuTari mniSvne-
lobebidan. msazRvrelis gaxsnis Semdeg vRebulobT 
mesame xarisxis polinoms λ-s mimarT, romlis 
fesvebic iqneba matricis sakuTari mniSvnelobebi. 
arawrfivi gantolebis amoxsnisaTvis gamoyenebulia 
programuli paketi MS Excel da masSi CaSenebuli 
dialoguri fanjara Goal Seek. napovni mTavari Zabvis 
udidesi mniSvneloba Seesabameba daZabulobis matri-
cis udides sakuTar mniSvnelobas, romlis drosac 
xdeba ngreva.
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filtraciis erTi arawrfivi maTematikuri 

modelis kompiuterze realizaciis Sesaxeb

daviT gordeziani, ekaterine gordeziani, 

Teimuraz daviTaSvili, arCil papukaSvili
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 
universiteti, i. vekuas saxelobis gamoyenebiTi 
maTematikis instituti, Tbilisi, saqarTvelo,

dgord37@hotmail.com, tedavitashvili@gmail.com,
apapukashvili@rambler.ru

ganixileba sawyis - sasazRvro amocana

  ,0,,,,, 21
2 TtDxxxxua

t

u
n 




 (1)

  ,0,,0, Ttxtxu  (2)

  ,),(0, 0 Dxxuxu  (3)

sadac )(, 0
1

2

2

xu
x

n


 



 

mocemuli funqcia, 

DRD n , - SemosazRvruli area  misi sazRvari, 

0 consta , 0 constT .
(1), (3) amocanis amosaxsnelad agebuli da gamoyene-

bulia asimetriuli sxvaobiani sqemebi. Catarebulia 
algoriTmebis analizi da ricxviTi eqsperimentebi.

madloba. warmodgenili naSromi Sesrulebulia 
saqarTvelos SoTa rusTavelis saxelobis samec-
niero fondis xelSewyobiT (Grant #GNSF 09-614_5-210 ).
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geometriulad arawrfivi sferuli garsebi

bakur gulua
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 
universiteti, i. vekuas saxelobis gamoyenebiTi 

maTematikis instituti,
soxumis saxelmwifo universiteti, 

Tbilisi, saqarTvelo, bak.gulua@gmail.com

naSromSi ganxilulia geometriulad arawrfi-
vi sferuli garsebi. deformaciis tenzoris 
komponentebs aqvs saxe:

 UUURURe k
k

jiijij




2
1

sadac iR


kovariantuli sabaziso veqtorebia, U


gadaadgilebis veqtoria.
i. vekuas meTodiT miRebulia or ganzomilebi-

an gantolebaTa sistema [1], [2], [3]. mcire parametris 
meTodis gamoyenebiT agebulia miaxloebiTi amonax-

snebi [4], [5]. mcire parametri Rh / , sadac h2
garsis sisqea, R sferuli garsis Sua zedapiris 
radiusia. amoxsnili konkretuli amocana.
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magistralur milsadenebSi gazis Txevadi fazis 

warmoqmnis maTematikuri modelireba

Teimuraz daviTaSvili, givi gubeliZe, 

daviT gordeziani, arCil papukaSvili
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 
universiteti, i. vekuas saxelobis gamoyenebiTi 
maTematikis instituti, Tbilisi, saqarTvelo, 

dgord37@hotmail.com, tedavitashvili@gmail.com, 
apapukashvili@rambler.ru

milsadenis CaWedvis (avariuli Caketvis) ZiriTadi 
mizezebia: hidratebis warmoSoba, wylis sacobebis 
gayinva, danagvianeba da sxva. imisaTvis, rom drou-
lad iqnes miRebuli zomebi hidratebis warmoqmnis 
sawinaaRmdegod, saWiroa Seswavlili iqnes teniano-
ba, wnevisa da temperaturis ganawileba[1-4].

cnobilia, rom magistralSi gazis arastacionaru-
li, araizoTermuli moZraoba aRiwereba Semdegi 
gantolebaTa sistemiT [3-6]
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sadac ),,( trx gazis dinebis siCqarea, ),,( trxP - gazis 

wneva, ),,( trxT - temperatura (absoluturi), ),,( trx -

gazis simkvrive. 0 gazis simkvrivea normalur 

pirobebSi,  -gazis siTbogamtareblobis koeficien-

ti, 0 -siblante normalur pirobebSi, PC siTboteva-

doba mudmivi wnevis dros, C - siTbotevadoba mudmi-

vi moculobis, dros, C bgeris gavrcelebis siCqa-
rea gazSi, r aris ganiv kveTaSi miRebuli wris 
wertilis daSoreba centridan.
(1)-(4) gamartivebuli amocanis amoxsnis Sedegad 

miRebuli ),,( trxP da ),,( trxT funqciebiTa da

utolobiT utrxPStrxT  ),,(lg),,( dadgenilia 

hidratis SesaZlo warmoqmnis adgilmdebareoba.

madloba. warmodgenili naSromi Sesrulebulia saqa-
rTvelos SoTa rusTavelis saxelobis samecniero 
fondis xelSewyobiT (#GNSF 09-614_5-210).
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arawrfivi meqanikis zogierTi amocanis amoxsnis 

pirdapiri da iteraciuli meTodebi

Tamaz vaSaymaZe
iv. javaxiSvilis saxelobis Tbilisis 

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

saqarTvelo, tamazvashakmadze@gmail.com

qvemoT CamoTvlili meTodebi ZiriTadad aprobi-
rebulia arawrfivi meqanikis zogierTi amocanis 
amonaxsnis asagebad. ZiriTadad im SemTxvevaSi, rode-
sac maTematikuri modeli drekadi anizotropuli 
Txelkedlovani struqturebis Sesabamisi sivrculi 
cvladis mimarT erTi da/an organzomilebiani 
sawyis-sasazRvro amocanebia. 

1. ganviTarebul iqna cvlad mimarTulebaTa meTo-
dis uwyveti analogi da aigo MmaRali rigis sizus-
tis sqemebi fon karman-failonis tipis kvaziwrfivi 
integro-diferencialuri gantolebaTa sistemisaT-
vis.
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2. dinamiuri amocanebisaTvis fon karmanis tipis 
sistemebis SemTxvevaSi, z. gegeWkori, j. rogavsa da 
m. wiklauris meTodis gamoyenebiT, agebul iqna 
monotonuri drois bijis mimarT mesame da meoTxe
rigis sizustis sqemebi.

3. ganviTarebul iqna parametriT gawarmoebis 
meTodi fon karmanis tipis sistemisaTvis, romelic 
warmoadgens bernSteinis funqciaTa arCevis meTodis 
konkretul ganxorcielebas;

4. dafuZnebul da realizebul iqna zogierTi 
sasazRvro amocanis miaxloebiTi amoxsnis variaci-
ul-diskretuli meTodi, rogorc SemosazRvruli, 
ise SemousazRvreli areebisaTvis. sakoordinato 
funqciaTa sistemebad gamoyenebulia erTdroulad 
klasikuri orTogonaluri polinomebi da splainebi;

5. wrfivi operatoruli   fuML  gantolebi-

saTvis ganviTarebul iqna SeSfoTebis (puankare-lia-
punovis) Teoriis krebadi alternatuli meTodi, 
romlis mixedviT miaxloebiTi amonaxsni igeba n -
jer L operatoris SebrunebiTa da cnobil funqci-

aze M operaciis ganxorcielebiT.

Cais masis meqanikuri modeli foTlis grexis 

procesis maTematikuri modelirebisaTvis

avTandil TvalWreliZe
akaki wereTlis saxelmwifo universiteti,

quTaisi, saqarTvelo, avtva47@rambler.ru

Cais produqciis warmoebaSi axali maRalefeqtu-
ri teqnologiebis da mowyobilobebis damuSaveba 

SeuZlebelia sxvadasxva procesebis, maT Soris,
grexis procesis Rrma Teoriuli kvlevis gareSe. 
grexis procesis daniSnulebaa fleSebis danawileba 
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calke elementebad, foTlisTvis mogrexili formis 
micema da, rac mTavaria, ujredebis garsacmis rRve-
va, ujredis wvenis gamoyofa foTlis zedapirze. 
dResdReobid ar arsebobs Cais masis grexis proce-
sis damakmayofilebeli meqanikuri Teoria. am Teo-
riis safuZvelia Cais masis reologiuri modeli. 

Cais masas gaaCnia rTuli reologiuri Tvisebebi, 
romlebic warmoadgenen yvela fundamentaluri Tvi-
sebebis (drekadoba, plastikuroba, siblante) kombi-
nacias. gansakuTrebiT mniSvnelovnad Cais masis dre-
kadi Tvisebebi vlindeba im masaSi, romelic Sedgeba 
cocxali, tendaukargavi foTlebisagan. Cais masa 
Sedgeba ra mcired dakavSirebuli elementebis –
ylortebisa da foTlebisagan, ganekuTvneba fxvier 
garemos. iseve rogorc nebismieri fxvieri garemos 
meqanikuri aRweris SemTxvevaSi, didi mniSvneloba 
aqvs plastikuri Tvisebebis swor gaTvaliswinebas. 

blanti Tvisebebis arseboba gulisxmobs Siga Za-
lebis damokidebulebas deformaciis siCqareze. 
principSi aseTi damokidebuleba unda SeimCneodes 
foTlebsSoris ujredis wvenisgan warmoqmnili fe-
nis arsebobis dros. rogorc Cans deformaciis mci-
re siCqaris dros SeiZleba ugulvebelyoT blanti 
xaxuni da grexis dros Cais masis modelireba movax-
dinoT drekad-plastikuri garemoTi mSrali Siga xa-
xuniT. plastikuri dinebis Teoriisa da fxvieri ga-
remos meqanikis safuZvelze miRebulia Cais masis 
reologiuri modelis gamsazRvreli Sefardebebi [2]. 

Cais foTlis grexis procesis Teoriis agebisas 
Semogvaqvs mogrexilobis xarisxis cneba – drois 
mocemul momentSi Cais masis mdgomareobis lokalu-
ri maxasiaTebeli [1]. axali ucnobi sididis gamoCena 
moiTxovs erT damatebiT gantolebas procesis gan-
tolebaTa sistemis CaketvisTvis [2]. aseTi gantole-
ba unda Seicavdes “mogrexvis” pirobas (“mogrexvis” 
kriteriums), romelic daakavSirebs Cais masis moZ-
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raobis kinematikur an dinamikur maxasiaTeblebs 
foTlis ujredis meqanikuri gRvevis sxvadasxva 
konkretul meqanizmebTan [3].
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ilia vekuas cxovreba da moRvaweoba

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

george.jaiani@gmail.com, tengiz.meunargia@viam.sci.tsu.ge

moxseneba eZRvneba ilia vekuas cxovrebasa da 
moRvaweobas. masSi mokled aris mimoxiluli i. ve-
kuas mier miRebuli ZiriTadi Sedegebi kerZowarmoe-
bulian diferencialur gantolebebsa da kompleq-
sur analizSi da maTi gamoyenebebi geometriasa da 
meqanikaSi. gansakuTrebiT aris warmoCenili misi 
miRwevebi drekadi garsebis sxvadasxva modelebis 
agebasa da gamokvlevaSi.

ricxviTi meTodebi da sainJinro kvlevebi 

saqarTveloSi (retrospeqtuli mimoxilva)

arCil mowoneliZe

საქართველოს ტექნიკური უნივერსიტეტი

SemoTavazebulia, inJinris poziciidan danaxuli, 
nagebobebis Teoriuli kvlevebis ganviTarebis etape-

biს analizi me-20 saukunis 60-iani wlebidan dRemde. 
ganxiluli periodis dasawyisi aRebulia imis gaTva-
liswinebiT, rom swored am droidan iwyeba ricxvi-
Ti meTodebis yvelaze mZlavri, sasruli elemente-

bis meTodis გლობალური gavrceleba nagebobebis 
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angariSebSi. aRwerilia, Tu rogor inergeboda es me-
Todi Cvens sainJinro kvlevebSi da ra gavlena iqo-
nia man nagebobebis Teoriuli kvlevebis progresze 
saqarTveloSi. 

Rerovani Sedgenili sxeulebis deformaciis

kvleva sasrul elementTa meTodis 

gamoyenebiTspiraluri standartuli bagiris 

magaliTze

g. nozaZe, d. pataraia, g. javaxiSvili, 

T. javaxiSvili, e. woweria, r. maisuraZe

naSromSi ganxilulia spiraluri Rerovani Sedge-
nili sxeulebis modelirebis amocana foladis 
bagiris magaliTze. modelireba Sesrulebulia 
programuli paketis SOLID WORK 11.0 gamoyenebiT.
modelSi realizebulia standartuli spiraluri 
bagiris 3062-80 1X7 (1+6) geometria, gaTvaliswinebu-
lia Semadgenel mavTulebs Soris xazovani Sexeba 
da xaxuni. 

warmodgenili modelisTvis ganxilulia bagiris 
grZivi datvirTva da sasrul elementTa meTodis 
gamoyenebiT miRebulia Semedgeneli komponentebSi 
ganviTarebuli Zabvebi da gadaadgilebebi.

miRebuli Sedegebidan aRsaniSnavia, rom Semadge-
nel sxeulebSi viTardeba mometebuli Zabvebi Ziri-
Tadad Zalis moqmedebis zonaSi pirveli xviis far-
glebSi 

madloba. naSromi Sesrulda rusTavelis erovnuli 
samecniero fondis sagranto dafinansebiT mimdinare 
proeqtis (GNSF /ST09-314-7-130) farglebSi.
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rxevis erTi araerTgvarovani diferencialuri 

gantolebis miaxloebiTi amonaxsnis Sesaxeb
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ganixileba Semdegi sawyis-sasazRvro amocana
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T cnobili konstantebi. 
(1) warmoadgens kirxhofis [1] simis rxevis 
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


 gantolebis samganzomile-

bian araerTgvarovan analogs, romlis amoxsnadobis 
sakiTxi pirvelad gamoikvlia s. bernSteinma. Sem-
dgomSi kirxhofis tipis gantolebebma mravali 
mkvlevaris yuradReba miibyro. (ix. mag. [2]-[5]).

naSromSi Camoyalobebulia (1), (2) amocanis 
amoxsnis erTi ricxviTi algoriTmi. ganxorcielebu-
lia etapobrivi diskretizeba sivrculi cvladebisa 
da drois argumentis mimarT. Sedegad miRebuli ku-
buri sistemis amosaxsnelad gamoyene-bulia iakobis 
iteraciuli meTodi. Sefasebulia am meTodis cdomi-
leba.
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bzarebiT Sesustebuli Sedgenili sxeulebisTvis 

drekadobis Teoriis antibrtyeli amocanebis

miaxloebiTi amoxsnis meTodebis Sesaxeb

arCil papukaSvili*, daviT gordeziani*,

Teimuraz daviTaSvili*, meri SariqaZe*,

gela maneliZe**, giorgi kurdRelaSvili***
*iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 

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

**Tbilisis N 199 sajaro skola-pansioni « komarovi », 
Tbilisi, saqarTvelo

***kaspis N 3 sajaro skola, kaspi, saqarTvelo,
apapukashvili@rambler.ru, 

dgord37@hotmail.com, tedavitashvili@gmail.com,
meri.sharikadze@viam.sci.tsu.ge, gelamanelidze@gmail.com,

giorgi19870205@mail.ru

naSromSi Seswavlilia bzarebiT Sesustebuli ub-
nobriv-erTgvarovani sibrtyisTvis drekadobis Teo-
riis antibrtyeli amocanebis amoxsnis ori meTodi -
integralur gantolebaTa da sasrul-sxvaobiani me-
Todebi. pirvel SemTxvevaSi analizur funqciaTa 
Teoriis gamoyenebiT drekadobis Teoriis antibrtye-
li amocanebi orTotropiuli (kerZo SemTxvevaSi 
izotropiuli) sibrtyisTvis miyvanilia uZravi gan-
sakuTrebulobis Semcvel singularul integralur 
gantolebaTa sistemaze (wyvilze) mxebi Zabvebis nax-
tomebis mimarT (ix. [1], [2]). Seswavlilia amonaxsnis 
yofaqcevis sakiTxebi bzaris boloebis maxlobloba-
Si da gamyof sazRvarze. moyvanilia miaxloebiTi 
amoxsnis zogadi sqemebi da Catarebulia ricxviTi 
gaTvlebi speqtraluri, kolokaciisa da asimptotu-
ri meTodebis gamoyenebiT. bzarebiT Sesustebuli 
ubnobriv-erTgvarovani sibrtyisTvis drekadobis 
Teoriis antibrtyeli amocanebis sasrul-sxvaobiani 
meTodiT Seswavlisas sibrtyes vcvliT didi zomis 
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kvadratiT da diferencialuri gantoleba Sesaba-
misi sasazRvro pirobebiT aproqsimirdeba sxvaobiani 
analogiT. amocanis aseTi dasma saSualebas iZleva 
uSualod vipovoT gadaadgilebis funqciis ricxvi 
mniSvnelobebi badis kvanZebSi. orive meTodis Sem-
TxvevaSi SemoTavazebuli saTvleli algoriTmebi 
aprobirebulia konkretuli praqtikuli amocanebis-
Tvis da Tvlis Sedegebi karg miaxloebaSia Teoriu-
li kvleviT miRebul SedegebTan.

warmodgenili naSromi Sesrulebulia saqarTve-
los SoTa rusTavelis saxelobis samecniero fon-
dis xelSewyobiT (Grant #GNSF 09-614_5-210 ).
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simisaTvis arawrfivi integro-diferencialuri 

gantolebis amoxsnis Sesaxeb

giorgi papukaSvili*, zviad wiklauri**
*Tbilisis N 199 sajaro skola-pansioni « komarovi », 

Tbilisi, saqarTvelo, 
**saqarTvelos teqnikuri universiteti, Tbilisi,

saqarTvelo, papukashvili@yahoo.com, zviad_tsiklauri@yahoo.com

naSromSi ganxilulia sawyis-sasazRvro amocana 
kirxofis tipis integro-diferencialuri gantole-
bisTvis, romelic aRwers simis statikur mdgomareo-
bas (ix. [1]). amocanis amosaxsnelad gamoyenebulia 
Cipo-rodrigesis meTodi (ix. [2]). algoriTmi aprobi-
rebulia testur magaliTebze da Tvlis Sedegebi 
moyvanilia grafikebis saxiT.
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  Sedgenili struqturis - “bagiri – Skivis” 

kompiuteruli modeli myari deformirebadi 

tanis diskretuli warmodgenis safuZvelze

daviT pataraia, ediSer woweria, giorgi nozaZe, 

Teimuraz javaxiSvili, giorgi javaxiSvili,

rusudan maisuraZe, giorgi furcelaZe
grigol wulukiZis samTo instituti, Tbilisi, 

saqarTvelo, david.pataraia@gmail.com

samuSao warmoadgens samTo institutSi 
damuSavebuli bagiris gaangariSebis axali midgomis 
– myari deformirebadi tanis diskretuli modelis 
gavrcelebisa da gamoyenebis cdas gansxvavebul 
meqanikur obieqtebze, kerZod, rTuli bagir -
Rerovani struqturebis da masiuri tanebis 
modelirebisa da gaangariSebisTvis. am midgomis 
gamoyenebiT Sedgenilia kompiuteruli modeli da 
ganxilulia gamoyenebiTi meqanikis ramdenime 
klasikuri magaliTi: RerZulad datvirTuli Reros 
(eileris amocana), membranis, ormxriv Camagrebuli 
Sewyvilebuli Reros da badis (afris) mdgradoba 
stacionaruli datvirTvis pirobebSi. 

mocemul samuSaoSi aRwerilia struqturis “bagi-
ri – Reros” igive midgomis safuZvelze Sedgenili 
kompiuteruli modeli da misi saSualebiT bagiris 
Skivze Semoxvevisas mimdinare fizikuri procesis 
kvlevis Sedegi.

kvlevis obieqtad aRebuli iyo prof. oplatkas mier 
SemoTavazebuli bagirisa da Reros 
urTierTqmedebis brtyeli modeli: A da C firfitebi 
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(Skivis ferso) Tavisuflad brunaven O1 da O2
saxsrebis garSemo, xolo bagiri “eyrdnoba” S1 da S3 
saxsrebze (am SemTxvevaSi bagiri ganixileba rogorc 
moqnili Rero). amasTan, A da C firfitebis O1 da O2
RerZis garSemo mobrunebisas bagiri xaxuniT 
gadaadgildeba S2 saxsarSi Camagrebul milisaSi da 
Semobrundeba kidec saxsris RerZis garSemo.

madloba. winamdebare naSromi Sesrulebulda 
rusTavelis erovnuli samecniero fondis sagranto 
dafinansebiT mimdinare proeqtis (GNSF /ST09-314-7-
130) farglebSi.

eleqtrodrekadobis Teoriis RerZsimetriuli

amocana cilindrisaTvis

z. siraZe, d. gorgiZe, l. Qqvarcxava
saqarTvelos teqnikuri universiteti,

Tbilisi, saqarTvelo, zurab.siradze@yahoo.ccom, 
dgorgidze@yahoo.com

Gganxilulia eleqtrodrekadobis Teoriis RerZis 
mimarT simetriuli amocana transversalurad-
izotropuli cilindruli sxeulisaTvis. cili-
ndrul sxeuls ukavia

Ω = .
sxeuli transversalurad-izotropulia, izotropiis 
z –sibrtyiT. Seswavlilia RerZsimetriuli amocana, 

roca cilindris an waxnagebze 
mocemulia nebismieri sasazRvro pirobebi; gverdiT 

zedapirebze ki, roca an simetriis 

erTgvarovani pirobebi, xolo roca an 
specialuri saxis erTgvarovani pirobebi.
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dasmuli amocanisaTvis drekadi velis yvela kompo-
nentis funqcionaluri warmodgenebi agebulia ori 
harmoniuli tipis funqciis saSualebiT. 

  Tanabari temperaturis zemoqmedebis gavleniT 

prizmuli Zelis gaangariSebis sivrciTi amocana

demur tabataZe, murad yalabegaSvili,

gela yifiani, revaz cxvedaZe
saqarTvelos teqnikuri universiteti,
Tbilisi, saqarTvelo. gelakip@gmail.com

ganixileba prizmuli formis Reros sivrciTi 
amocana im konkretuli SemTxvevisaTvis, rodesac Re-
ro ganicdis Tanabari temperaturis zemoqmedebas 
to=T. drekadobis sivrciTi amocanis gadawyveta gan-
xorcielebulia trigonometriuli funqciebis mixe-
dviT, romelTa saSualebiT sivrciTi amocanis mxebi 
Zabvebi, warmodgenilia sammagi mainterpolirebeli 
trigonometriuli funqciebiT, romlebic SerCeuli 
unda iqnen erTnairad, rom miRebul sivrciT 
amocanaSi saZiebeli mxebi Zabvebi zustad unda 
akmayofilebdnen maTTvis winaswar mocemuli 
sasazRvro da sawyis pirobebs Zelllis boloebis 
CamagrebissaTanado sasazRvro pirobebis gaTvalis-
winebiT. es funqciebi TavisTavSi Seicaven TiTo uc-
nob koeficients, romlebic gansazRvraven maT rao-
denobriv sidides da ganisazRvrebian bolos Ser-
wymis pirobebis gamoyenebiT.

Sinagani Zabvebis sidideebi zxyzxy  ,,zyx ,,, da 

u, v, w gadaadgilebebis saZiebeli funqciebi, 
ganisazRvrebian drekadobis Teoriis wonasworobis 
sami da deformaciebis 6 gantolebebis meSveobiT, 
winaswar maTSi mxebi Zabvebis mainterpolirebeli 
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funqciebis CasmiT. ucnobi koeficientebi ganisaz-
Rvrebian deformaciis gantolebebidan gamouyenebe-
li sami igiurad dakmayofilebuli gantolebebis mi-
xedviT, romlebic mogvcemen mxebi Zabvebis ganmsaz-
Rvreli ucnobi koeficientebis mimarT algebrul 
gantolebaTa sistemas, romelic advilad ixsneba 
kolokaciis meTodis gamoyenebiT.

Gganxiluli sivrciTi amocanis gadawyvetis 
Sedegad Sedgenili maTematikuri algoriTmis safuZ-
velze damuSavebulia programa kompiuterisaTvis, 
romelic saSualebas iZleva ganxorcieldes misi 
ricxviTi realizacia mocemuli Reros geometriuli 
parametrebis nebismieri mniSvnelobebisaTvis.

ganxilulia kerZo SemTxvevebi da agebulia 
zogierTi Zabvis da gadaadgilebis cvlilebis gra-
fikebi uganzomilebo sidideebSi, romelTa zusti 

mniSvneloba miiReba FT1 sidideze gamravlebiT.

iteraciuli meTodi kirhofis statikuri 

ZelisaTvis

jemal feraZe
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 
universiteti, saqarTvelos teqnikuri universiteti,

Tbilisi, saqarTvelo, j_peradze@yahoo.com
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reobas. (1) da msgavsi arawrfivobis mqone gantole-
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bebisaTvis ricxviTi meTodebis agebisa da kvlevis 
sakiTxi Seswavlilia ramodenime naSromSi (ix. [1]-[3]).

(1), (2) amocanisaTvis miaxloebiTi amonaxsnis misa-
Rebad gamoyenebulia iteraciuli algoriTmi 
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iv
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da grinis funqcia. ( )ku x cxadad gamoisaxeba 
1 ( )ku x -is 

saSualebiT. Sefasebulia algoriTmis sizuste.
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binarul sensorTa funqciuri saimedoobis 

maTematikuri Teoria

1arCil frangiSvili, 2oleg namiCeiSvili, 
3JuJuna gogiaSvili, 4mixeil ramazaSvili

saqarTvelos teqnikuri universiteti, 0175 Tbilisi, 
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formaluri neironis modelis safuZvelze 
informaciuli darezervebis gamoyenebiT Seswavli-
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lia kritikuli mdgomareobis binaruli (orobiTi) 
sensorebis egreT wodebuli zRurbluri (anu 
kvorumuli) siWarbis problema da yuradReba 
maxvildeba sam ZiriTad sakiTxze: sensorTa jgufis 
Secdomis albaTobis gamoTvlis algoriTze infor-
maciuli siWarbis am klasisaTvis, xsenebuli alba-
TobisaTvis minimaluri zeda Sefasebis miRebaze 
Caketili analizuri da sainJinro praqtikisaTvis 
moxerxebuli formiT, dabolos, sensorTa woniTi 
koeficientebis dadgenaze ndobis Sesafaseblad am 
sensorebidan moxsnili informaciis mimarT.

formaluri neironis modelis safuZvelze 
naSromSi ganxilulia kritikuli mdgomareobis 
binaruli sensorebis zRurbluri darezervebis 
problema da gadawyvetilia sami ZiriTadi amocana. 

jer erTi, zRurbluri principiT darezervebul 
sensorTa jgufisaTvis dadgenilia da programulad 
realizebulia zusti algoriTmi, romliTac 
Secdomis albaToba gamoiTvleba.

meorec da, Caketili analizuri formiT napovnia 
minimaluri zeda Sefaseba am albaTobisaTvis da 
dadgenilia misi kavSiri klod Senonis TeoremasTan. 

dabolos, miRebulia gamosaxulebebi calkeuli 
sensorebis «wonebisaTvis», romlebic uzrunvelyofs 
imas, rom Semavali signalis aRdgenisas 
zRurblurad darezervebuli gadamwodebiT 
Secdomis albaToba ar aRemateba xsenebul 
minimalur zeda Sefasebas.
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maRlivi Senobebis seismomedegobaze 

gaangariSebis Taviseburebani da Tanamedrove 

samSeneblo normebi

l. qajaia*, c. ciskreli, n. ClaiZe, k.CxikvaZe*,

saqarTvelos teqnikuri universiteti*,
k.zavrievis saxelobis samSeneblo meqanikis,

seismomedegobisa da sainJinro eqspertizis centri
Tbilisi, saqarTvelo
e-mail: qajaia@gmail.com

seismur regionebSi mSenebare maRlivi Senobebis 
gaangariSeba seismomedegobaze warmoadgens erT-erT 
umniSvnelovanes sakiTxs. arsebuli moqmedi samSeneb-
lo normebi ki Seqmnilia ara Tanamedrove maRlivi 
SenobebisaTvis, romelTa globalur reaqciaSi Se-
saZloa sakuTari rxevis mravali forma monawileob-
des, aramed dabali da saSualo simaRlis Senobebis-
Tvis, romelTa reaqciaSi Cveulebrivad pirveli ga-
dataniTi forma dominirebs. kodebi dafuZnebulia 
drekadi gaangariSebis meTodebze da iyenebs globa-
luri Zalis reduqciis koeficientebs. normebiT 
SeuZlebelia maRlivi Senobebis mzid sistemebSi 
mniSvnelovani arawrfivi zemoqmedebisgan gamowveu-
li Zalis, sarTulSua gadaxris da aCqarebis reaq-
ciis sididis zusti an miaxloebiTi Sefaseba. am 
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efeqtebis prognozirebisaTvis saWiroa gamoyenebuli 
iqnes arawrfivi reaqciis droSi gansazRvris meTo-
debi.

maRlivi Senobebis daproeqteba, aSS-Si, iaponiisa 
da CineTis CaTvliT, tardeba mravaldoniani dap-
roeqtebis meTodis gamoyenebiT (performance base design) 
da man sul mcire qcevis ori donis Sefaseba unda 
gaiTvaliswinos: saeqsploatacio done – umniSvnelo 
dazianeba da kolafsis prevencia – damangreveli 
miwisZvris zemoqmedeba. seismomedegobaze mravaldo-
niani daproeqtebis ZiriTadi kritikuli parametria 
deformacia.

Eurocode 8 iZleva daproeqtebis zogad wesebs 
mTliani konstruqciisa da misi komponentebisaTvis. 
maRlivi Senobebis gaangariSebisaTvis misaRebia ro-
gorc speqtruli (saeqploatacio donis SefasebisaT-
vis), aseve drois faqtoriT (aqselerogramebiT) (ko-
lafsis prevenciis donis Sesafaseblad) gaangariSe-
ba. wrfivi gaangariSeba dasaSvebia wrfivi drekadi 
reaqciis Sesabamis datvirTvebTan SedarebiT nakle-
bi sididis Zalebze, risTvisac Semotanilia e.w. q
qcevis koeficienti da misi Sesabamisi saangariSo 
reaqciis speqtri. Mmeoradi P-Δ efeqtebi Senobis 
sakuTari da droebiTi datvirTvis gaTvaliswinebiT 
Setanili unda iyos am gaangariSebaSi.

2010 wlis ianvaridan saqarTveloSi moqmedebs 
k. zavrievis samSeneblo meqanikis da seismomdegobis 
institutis mier momzadebuli samSeneblo normebi 
da wesebi „seismomedegi mSenebloba“(pn 01.01-09), ro-
melSic bevri sakiTxi Eurocode 8-is mixedviT ganisaz-
Rvra. magram masSi sxvadasxva simaRlis SenobisaTvis 
mocemulia mxolod zogadi rekomendaciebi da ga-
moiyeneba erTi da igive reaqciis speqtri, qcevis 
koeficienti da P- Δ efeqtis zRvruli mniSvnelobebi.

seismuri usafrTxoeba warmoadgens qveynis erT-
erT strategiul mimarTulebas da mas Sesabamisi 



81

donis samSeneblo normebi unda aregulirebdes. ami-
tom saWiroa am mimarTulebiT kvlevebis gagrZeleba.
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   kompozituri fiuzelaJis konstruqciis 

gaangariSeba afrenisas warmoqmnili rxevebisa da 

masalis cocvadobis gaTvaliswinebiT

iuri yanCaveli
saqarTvelos saaviacio universiteti, Tbilisi

rogorc cnobilia, safreni aparatebis 
gaangariSebis erT-erT yvelaze aqtualur saanariSo 
SemTxvevad miCneulia afrena-dafrenis reJimi 
maqsimaluri masiT, radgan am dros aRiZvreba 
maqsimaluri amplitudis rxevebi. aRsaniSnavia 
agreTve, rom afrenis SemTxveva miuxedavad misi 
xanmoklisa warmoadgens konstruqciis daRlilobis 
erT-erT ganmsazRvrel faqtors.

zemoaRniSnulis gaTvaliswinebiT, mravali 
mklevaris mosazrebiT yvelaze optimalur 
rxevebisadmi medeg masalas warmoagens polomeruli 
boWkovani plastikebi (pbp), romlebic xasiaTdeba 
maRali siblantiT, rac iwvevs datvirTvis ciklTa 
Semcirebas da sawyisi amplitudis Semcirebis 
siCqaris zrdas. magram am TvisebebTan erTad pbp-s 
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gaaCniaT mkveTrad gamoxatuli madempirebeli unari, 
rac gamoixateba rxevis energiis siTbos saxiT 
gabnevaSi. temperaturis zrda iwvevs pbp-is 
cocvadobis mniSvnelovan zrdas, rac Tavis mxriv 
zrdis rxevis sawyis amplitudas da amcirebs misi 
klebis siCqares.

e.i. dasmul iqna amocana – gamoviangariSoT 
magistraluri TviTmfrinavis konstruqcia afrenis 
momentSi rxevebis warmomqmneli faqtorebisa da pbp-
Si Zabvasa deformacias Soris damokidebulebis 
arawrfivobis pirobebSi. amasTan dakavSirebiT 
Sedgenil iqna fiuzelaJis vertikalur sibrtyeSi 
rxevebis aRmweri araerTgvarovani gantoleba:
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sadac E - masalis dayvanili hukis drekadobis 

modulia, xI fiuzelaJis reducirebuli ganivi 

kveTis inerciis momenti neitraluri RerZis mimarT, 

0k _masalis siblantis koeficientia, S fiuzelaJis 

ganivi kveTis farTobi,  masalis saSualo 

simkvrive,  _ haeris winaRobis koeficientia, 

 tzf , _ vertikalur sibrtyeSi moqmedi tvirTebisa 

da aerodinamikuri Zalebis intensivobis funqcia, 
warmodgenilia furies mwkvrivis saxiT.

dif. gantolebis zogadi amonaxsni afrenis dros 
moqmedi sasazRvro da sawyisi pirobebis 
gaTvaliswinebiT miRebul iqna furies mwkvrivis 
saxiT, romlis koeficientebi gamoiTvala programa
Mathcad -13-is gamoyenebiT.

fiuzelaJis nakveTurebis ganivi kveTi 
warmodgenil iqna samSriani brunvis zedapiriT, 
romelic Sedgeba ZiriTadi, fiWuri Semavseblisa da 
zesadebis Sreebisagan. zesadebi aZlierebs kumSvis 
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ares, radgan gamoyenebuli naxSirplastik КМУ-1
uaresad muSaobs kumSvaze.

ganxilul iqna Sreebis armirebis ori sqema -

 n0000 0,45,45,0  da   ,0,30,30,0 0000
n sadac Nn .

ZiriTadi, fiWuri Semavseblisa da zedsadebis 
Sreebis sisqeebi statikuri da inerciis momentebi 
aRebulia fiuzelaJis ganivi kveTis gare radiusis 
wilebSi TviTmfrinav prototipebis ТУ-134Б da А318-
100 Sesabamisi Sreebis sisqeebis mixedviT.

naxSirplastik КМУ-1-is sruli deformaciis 
aRwerisaTvis gamoiyeneboda damokidebuleba, 
romelic kargad aRwers deformacias araCamdgari 
cocvadobis ubanze:

    btatt  0,,  ,

sadac ba, -dadebiTi mudmivebia, romlebic 

damokidebulia Zabvaze da temperaturaze.
konstruqciis rRvevis deformaciis gansazRvra 

warmoebda axali meTodiT, romelic iwvevs masalis 
xarjis Semcirebas.

Sedegad programa Mathcad-13-is gamoyenebiT 
miRebul iqna fiuzelaJis nakveTurebis ganivi kveTis 
optimaluri gare radiusi, farTobi da Runvis 
sixiste.

fiuzelaJis gaangariSeba rxevebisa da pbp-is 
cocvadobis gaTvaliswinebiT gazrdis mis usaf-
rTxoebas daRlilobisa da vibrosimtkices, eqsplua-
taciis vadas.
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eleqtrodrekadobis sasazRvro–sakontaqto 

amocana piezoeleqtruli  masalisaTvis drekadi 

CarTvebiT

nugzar SavlayaZe

iv. javaxiSvilis saxelobis Tbilisis saxelmwifo
universiteti, a. razmaZis maTematikis instituti, Tbilisi, 

saqarTvelo ,  nusha@rmi.ge

ganixileba meqanikuri da eleqtruli velebis moZeb-
nis amocana piezoeleqtrul garemoSi, romelic gamag-
rebulia xisti an drekadi CarTvebiT. brtyeli defor-
maciis pirobebSi firfitaze usasrulobaSi moqmedebs
meqanikuri Zabvebis erTgvarovani veli, xolo CarTvis
sazRvrebze mocemulia eleqtruli velis potenciali
[1].

Zabvis funqciisa da eleqtruli velis potencialis
mimarT miiReba diferencialur gantolebaTa sistema, 
romlis zogad amonaxsns veZebT  sxvadasxva argumentis
sami analizurifunqciis saxiT:
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sadac kA mudmivebi akmayofileben mocemul pirobebs

usasrulobaSi.
)(tk simkvriveebis mimarT amocana daiyvaneba sin-

gularul integralur da wrfiv algebrul ganto-
lebaTa sistemebze, xolo CarTvis wonasworobisa da 
uwyvetobis sakontaqto pirobebis gaTvalswinebiT 

saZiebeli sakontaqto )(t Zabvis mimarT miiReba sin-

gularuli integro–diferencialuri gantoleba [2].
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   sazRvargareT moRvawe qarTveli 

hidromeqanikosebi, aerodinamikosebi da 

aviakonstruqtorebi

jondo SariqaZe
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 
universiteti, i. vekuas saxelobis gamoyenebiTi 
maTematikis instituti, Tbilisi, saqarTvelo

moxsenebaSi saubari iqneba me-19 da me-20 saukune-
Si sazRvargareT moRvawe im qarTvel mecnierebze, 
romlebmac didi roli Seasrules hidrodinamikaSi, 
aerodinamikasa da saaviacio mSeneblobebSi. samwuxa-
rod bevris moRvaweobas garkveul periodSi tabu 
hqonda dadebuli. axla Cven saSualeba gveZleva 
maTi saxelebi qarTul sazogadoebas gavacnoT.
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drekadobis Teoriis samganzomilebiani Sereuli 

sasazRvro amocanis miaxloebiTi amoxsnisa da 

gamoyenebis Sesaxeb mikromeqanikaSi

nino xatiaSvili*, arCil papukaSvili*, 

omar qomurjiSvili*, Jana bolqvaZe*, zurab kuWava*,

giorgi kurdRelaSvili**
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naSromSi ganxilulia drekadobis Teoriis Ziri-
Tadi sivrciTi Sereuli sasazRvro amocana orTot-
ropiuli (kerZo SemTxvevaSi izotropiuli) mudmivi 
sisqis marTkuTxa ganivkveTis mqone sxeulisTvis, 
romelic ganicdis statikuri Zalebis moqmedebas. 
warmodgenil naSromSi SemoTavazebulia zemoaRniS-
nuli amocanebis ori gansxvavebuli meTodiT miax-
loebiTi amoxsnis algoriTmebi: 1. variaciul-sxvao-
biani meTodiT(ix. naSromi [1]) da 2. sasrul-sxvaobia-
ni meTodiT (ix. naSromi [2]). 

aRsaniSnavia, rom ganxiluli amocanebis Tvlis 
Sedegebi SeiZleba gamoyenebul iqnes mikromeqanikaSi
(ix. [3]).

madloba. warmodgenili naSromi Sesrulebulia 
saqarTvelos SoTa rusTavelis saxelobis samecnie-
ro fondis xelSewyobiT (Grant #GNSF/ ST 08/3-395 ).
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delokalizaciisa da lokalizaciis amocanebi 

mravalfenian Termodrekad cilindrul sxeulebSi 

da sasazRvro elementTa meTodiT drekadobis 

Teoriis amocanebis amoxsnasTan dakavSirebuli 

zogierTi sakiTxi

nuri xomasuriZe, roman janjRava, 

naTela ziraqaSvili
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 
universiteti, i. vekuas saxelobis gamoyenebiTi 
maTematikis instituti, Tbilisi, saqarTvelo
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mravalfeniani cilindruli sxeulebis Termo-
drekadi wonasworobis sasazRvro-sakontaqto amoca-
nebis magaliTze ganixileba amocanebi naxseneb sxeu-
lebSi Zabvebis delokalizaciis (lokalizaciis) Se-
saxeb. dasmuli amocanebis analizuri (zusti) amona-
xsni aigeba usasrulo mwkrivebis saxiT. amoxsnebis 
Tanmimdevroba aseTia: Tavidan aigeba zogadi amona-
xsnebi harmoniuli funqciebis saSualebiT. AmasTan 
yoveli harmoniuli funqcia, cvladTa gancalebis 
meTodis gamoyenebiT, warmoidgineba Sesabamisi 
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mwkriviT. delokalizaciis (lokalizaciis) miRebu-
li kriteriumis gamoyenebiT gakeTebulia Sesabamisi 
daskvnebi delokalizaciis (lokalizaciis) Sesaxeb. 
gansaxilveli amocanebis magaliTze (igulisxmeba 
organzamilebiani SemTxveva) naCvenebia, rom sasazRv-
ro elementTa meTodis gamoyenebisas xelsayrelia 
dekartis sakoordinato sistemis nacvlad polaru-
li sakoordinato sistemiT sargebloba.

forovani firfitisa da garemomcveli siTxis 

erToblivi brunvis arastacionaruli amocanis 

amoxsnis miaxloebiTi meTodi cvladi 

eleqtrogamtareblobis SemTxvevaSi magnituri 

velisa da siTbogadacemis gaTvaliswinebiT

levan jiqiZe, varden cucqiriZe
saqarTvelos teqnikuri universiteti, Tbilisi, 

saqarTvelo, levanjikidze@yahoo.com, b.tsutskiridze@mail.ru

  mimdevrobiTi miaxloebis meTodiT Seswavlilia 
usasrulo forovani firfitisa da garemomcveli 
siTxis erToblivi brunvis arastacionaruli amoca-
na magnituri velisa da siTbogadacemis gaTvaliswi-
nebiT, roca eleqtrogamtareblobis koeficienti 
icvleba kanoniT

0

T

T
 


da firfitaSi xdeba imave siTxis gamoJonva w ( t )
siCqariT.

dinamikuri da siTburi sasazRvro fenaTa sisqee-
bis gansasazRvravad miRebulia diferencia-luri 
gantolebebi da napovnia maTi zusti amonaxsnebi im 
kerZo SemTxvevebSi, rodesac gamoJonvis siCqare icv-
leba sxvadasxva kanoniT da fenaTa sisqeebs Soris 
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arsebobs T ( t ) ( t )   saxis funqcionaluri 

damokidebuleba.
gamoTvlilia dinebis yvela fizikuri maxasiaTebe-

li.
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