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3o 95L EoALOBMMGBMWO 53GMOOGHIEO TmybggFs LodgEbogmm Lsbm-
390Mgd580. 39MdME, oblozMMMmId0m s0bsb0dbs305, HMT JooY35GY-
00 EOBIMHIBE0IMMO 455EHMEgdgd0L M30LgdgdOL Tglfsgwrols dg-
9350 856 3960339010 SHOHOM ILEOYYGdMO bobg dobigs Hodsbgo-
90990 oM RB0EJOOL HrbolfirrOmdol 30OHMBIOL, s5537dbs S QoTm-
03305 ©9MHMgdoL 09MsMJoweo dmEIErgdo. §. X50560 3EHMMos 120-
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Bsfoggs 36535000 LogHmodm®mobm 3mbxrqgmgbiool, dm3mggdrmwo sdal
20-%9 89(¢)0 5Y0WMOM030 S LOIMHMPSTMOOLM Bodgbogmm MmbEo.
3L gogly Imffoxzggdo s d00g36gd0, dolo bguddrgsbgwmdom md-
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©Mm9doL  30gHogbEoL, 3Mmg. 306MBYPMMboL TboMsFgHom 1995
9wl 958mygbgdomo Fomgds@ozol 0blEo@dGdo onwydbos ds0gds-
Ao30Lbs s 0bxgmMIsBH030L  MdowolLol  Loghmsdmemobm  396&®o
(TICMI), G3eol ddomdsls Ho®dsmrmsgl LogMmsdm®obm bsdgabogtm
300903 930. 3m00E9GHOL 9935039bemds 033wgds Led fgwofsdo g-
mbgw s 930000 §93600sb Lsdo 9360 0603bgds g3Mm30l Fomgda@o-
3L BobMASEMYdIOL 50Tl EadgEo 3mdo@gEol dogh. TICMI ym-
39H@0@O© 5GHMIOL LogMmsdmMmolem 3mbggMgbizogdl, Loddmbov)-
9900 5 2oE®T>3900) FOLYSL, CMIWIPVIIZ WIJHMOYIOs ofj393L
FoONZIE ©s YEbmgw gbogYdL.

23obo bsm3960L 90-006 fiergddo J399sbsdo ob30ms6MHgdMwo
9439@sLom30L 3oMys© (36Mmdowo dmzmgbadol 3mbby s 99dymddo
2396500 gdol o dg360gMgdol LggmOmdo Bo@otmgdwmo 93 303bgmwo
LoLEGYIMMO MHIRMMIJGOOL 99JRs© Fodmygbgdomo JomgdaBozol ob-
LEAHOGEO — 35050 LOYOMSTMMOLM 53EHMMOEYGHOL IJmby Hlgdvy-
@905 HMM30L LododMMYOOL 06539 oYY, Mo Jolo 03Z0SEOOL
00356900 29030MHTs 2006 ol dmermb. LHimMgo 3 MOl 39-
600 . X505685, 06LEHOEGHMEBHOL LodgbogMm 3gMlmbowol gbobo-
BBy ©ogMbmMdom, Imabghbs Msd9bodg LogMmsdmEobim bsdgzbog-
O BOOIoL Bo@oMgds LOIOHMSTMMOLM MMABODBIE0JdOL gyoOM
5 FboMoFIMH0om, HoMl LORMAZIWO M 0BLEHOGMEOL yobob-
@Bl 3OHMELL. . X90560L s3I bmysgo dMMToL dggysw 2007
ol 0BLEHOGUAL 8093 X9O BALEG ©s LsdYBIBOLIYHYZgL ™ d93609-
90505 B39 GHYGHOL Ladggbog®m-33agz0mo 0bLEHOEMGHOL LEsGW-
bo, beagre 9g8egy, 2009 fgerl 353mgge Bo39GIOL, 11339 2016 fgb
0bLEHOGHMAL s0MYs Mb039MLOGHYEGHOL sTMY30Ydgo Lsdgbogm

331930000 gOHmMJYol BEIGMLO s LHmOgo 53 LGHGMLOm 500bodbs
0bLEOEGHMGHOL MLYdOL 50 Ferolmogo 2018 Fgab.

3 X20060L, MmO 3 d936096MHgd0L MEHYI60BIEHMMOL Loddosbmds,
56 990t085MAwgds 0BLEHOGHWEHOL FoldEsd0m. Lbgosaolibgs MML 0o
0ym: 9360m30L 350985303200 LsbMmYsEMgdoL sBMIbgdIEo 3MYdOL
dmbsfioang, 93MM30L 850935@039M0 LoBMYPSMIdOL LodFml F9360
(1994-2001 §5.); Logo®mzgErml Fsmgdo@03mbms LoBMYsEMYdOL omg-
053035 3530065 goMsgddbol 9M0-9MH M0 0b0E0SGHMMO s Lom®-
23960BsEgom 3molool MogdxMTsmyg, Lodos@mzgwml Jomgds@o3mboms
3933060l 9mO™m36v9w0 3m30EgEHOL 0030xMBsMOL Imsyog (1989-

9



1994 §9.); 398mygbgdom s mgmMowe 99dobozsdo Lodos®mggarmls
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9GOl ™og30xMIscyg (2012-09dY). bado®mggaml  dgdsbozmbios
3939060l ghHm-9M1000 ©xwdbgdgwo s dobo 3oMH3gwo 3M)bogbEO
(2012-2018 {f}.). @. x50560 5GBgME0s 93MM30L g(36096MgdsMS 535090~
ol (EurASc) 535009803mbog. 030 s0ol: dbmawom 0bmgzsogdol gmbool
(WIF) §9360; 9b5¢robBobl, go0mygbgdgdol o 259mm3wrgdol Log®Homaodm-
oL LEBMYP>MYBOL (ISAAC) §9300; 59gHOI0L Bomgdo@03weo byBmys-
©M9dolL (AMS) §9360; 994956030L5 s FomgdaEozol YYHMOIOMNMBIOL bo-
9053 oLeM LaBMys™gdoL (ISIMM) §93600; 0gmemomeE ©s godmygbyg-
000 3995603580 LogMHMoTMOOLM 353806M0L (IUTAM)-g9bgEowGO SBs0-
0ol $9360; 359mygbgdomo Bomgdo@ogols s dgdsbozol LogMHmsdm-
Mobe sbmEosgool (GAMM) fgz6o.

3 X90560 ®U¥y-80 3909My0M T35(gmdsl 1970 ferowsb gfg-
39. Bbgoolibgs @Mmb 80Ygsg@s: 3500935303200 sbserobol, dsmgds@o-
399600 oHo3ol oxgMabEosMHo 4ob@M®Ydgd0l, MFY39E FoMgdm-
o 99996030l, 4oOLMS S BOMBOGIMS MIMMOOL, FoR3MYOMIO
39600FoMm8Mgdwosbo  ©oxggMHgbE0sMmo JbGHMEWdgd0l, bbgse-
Lbgs 3bgdMH030 3MM39L900L Fomgdo@03wMo FMYX0MIOOL BMASO
399OLYd0 O MBI M3900 Loybogzgmlo@gdM Logwrgdol Lbgswsb-
b3s LoggbmEBY. Jolo 9d30gd0 bolSMPYds Logrgdom dsboeols M-
30Mbogrm®o dgmBgzom, 53 AsLoerol AsdmEgdol Logbsoom s Bmdo-

960 Lod3o3M0m. dob LEIBEJOL YngzgEmM30L JMBWYds0Y FomESTO
05658560 @5 BFoMI0560 TM30YINEYdOL T dbgds.

3+ X90560 Bl s LodbgdolidgByzgwrm d93bogHgdsms B 3rmem-
A9GOL BomgTo3030L I3 ESTIBEHOL Tgdobozol 3o0gOMOL dodygs. 50-
Lob60db5305, ™A ggdobozol 3omgs MLvy-do 1938 Fgrl ssMOLES 535~
099030l 603memb d1bbgeodzowol doge, 1963 fferowsb 30 ¢339 -
Mmoo 894960300 3omg®s BMbdzombomgds, Mmdgumos asmddos
2006 fgab, obsoargdols s 893bogMgdol Hgdmo blgbgdwmaro g-
3mOIoL F999©. F93M00, 3. K90560L oMWoEsz0 393900bgmdOm dm-
bgmbs 99956030L 3o09MOL 50965 2009 Fgnbs.

Lobgoobbgs @OHML . %0560 ogm: mbvy-ol oo Lsdybogm
LsdFMb F9360 (1992-2005); ®LYY-0L FgOMEMO LodFMb MegdxMT>MY
(1994-2005); Lodotrmnggaml d936096M9dsms 535009000 5. MoBTsdol Lo~
bgmdol dsmgdsdo3ol 0blEoEEHOL B3gEoswoboMgdmEo baolg-
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3530 bdFMb Fazmo (1991-1993); ML¥Y-0L 3gEEs0BOMmYOMEo Loo-

LYOEGO30M LodFMU, b3gEosEMdOM “EIBRMOIs0 LbgMEgdol gdsbogs

5 M03b3000 565¢0B0”, F9360 (2001-2004); b¥-0L L3gxEO0SWbOMY-

00 boEOLYMGO30M LodFmL Ph.m.01.08 #8 {930 (1993-2001), Lsgo-

LIOEHOGO0M LOdFMb M30X MT>MOL IMOYOEg (2001-2006).

3 X50560 X 0WEMIdMos oMbgdol dgowom (1998) s

©oMLYdoL mMEgbom (2013).
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NUMERICAL ANALYSIS OF NON LINEAR
DEFORMATION OF CORRUGATED LAYERED
CYLINDRICAL SHELL BASED ON DISTINCT
THEORIES
Edison,Abramidze*, Elene Abramidze **
*Muskhelishvili Institute of Computational Mathematics of the
Georgian Technical University,

Thilisi, Georgia
E-Mail: Edisoni.abramidze@mail.ru
**Muskhelishvili Institute of Computational Mathematics of the
Georgian Technical University,

Thilisi, Georgia
E-Mail: el.abramidze@mail.ru

We consider numerical analysis of non linear deformation of corrugated
layered cylindrical shell produced by a force acting on it’s surface based on
distinct theories.

We consider a particular example of such a deformation. On the basis of
distinct theories the numerical realization of this example is given. The
comparison of obtained results gives the possibility to estimate the process of
deformation of a corrugated layered cylindrical shell.

NONLINEAR OSCILLATIONS OF FLEXIBLE RODS
DURING IMPULSE LOADING
Aleksandre Badzgaradze
Akaki Tsereteli State University. Kutaisi , Georgia.
legsob@gmail.com

On the Stem systems that interact with air or fluid flow are widely used in
various fields of technology. As a result of the impact of the flow, the shape
of the stem changes significantly and the forces acting on it depend shape of
the stem. Information about such forces is small, which creates some
difficulties when calculating the construction

The paper discusses nonlinear oscillations of a hose when a stationary fluid
flow flows through it. A numerical method for calculating such a construction
is proposed, which allows us to determine the parameters required for the
calculation of the construction.
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INFLUENCE OF ASYMMETRY ON THE
SUSTAINABILITY OF REINFORCED CONCRETE
BUILDINGS
Lia Balanchivadze, Aza Chkharchkhalia
Georgian Technical University, Tbilisi, 68 Kostava Street, Georgia

Tall buildings are unique in terms of architecture, construction,
construction technology, operation and reliability and are a symbol of the
country's strength and technological progress. The level of design of these
types of buildings is quite high today, however, they have essential features
that distinguish them from the design of traditional houses. In particular, the
loads on the load-bearing structures and foundations of the building increase
significantly.

Due to the asymmetrically placed rigidity and rigidity in the plan, the
building experiences a twist during an earthquake. In many buildings the
centers of stiffness and mass do not match. By reducing the distance between
the centers of mass and the centers of stiffness, the tensile effect can be
reduced. The strength characteristics determine the dynamic reaction of the
structure. The selection of structural strength characteristics is an essential
part of conceptual design. Good construction behavior is achieved by a well-
distributed transverse force bearing system. Non-elastic seismic action on an
asymmetric building is considered based on the information available so far
from the base reaction and the oscillating moment.

DIRECT AND INVERSE CAUCHY PROBLEMS
FOR SECOND-ORDER EQUATIONS OF MIXED TYPE
Giorgi Baghaturia*, Marina Menteshashvili**
*Muskhelishvili Institute of Computational Mathematics of the
Georgian Technical University,
Tbilisi,Georgia, gi.baghaturia@gtu.ge
**Muskhelishvili Institute of Computational Mathematics of the
Georgian Technical University,
Thilisi,Georgia; Sokhumi State University, Tbilisi, Georgia,
m.menteshashvili@gtu.ge
We study some variants of the Cauchy and the inverse problems for the
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second order quasi-linear partial differential equations with an admissible
parabolic degeneration. We prove that both of considered problems have a
solution under certain regularity conditions. We also illustrate these problems
in some interesting examples such, that the families of the characteristic
curves have either common envelopes or singular points. In all cases the
structure of the domain of definition of the solution is described.

THE ESTIMATION OF MATHEMATICAL
EXPECTATION OF THE RANDOM NUMBERS
GENERATED BY COMPUTER
Tsira Beradze
Akaki Tsereteli State University Kutaisi, Georgia
cira.beradze.65@mail.ru, tsira.beradze@atsu.edu.ge

Development of information technology has resulted in an increase in
data availability that can be obtained by conducting experimental research in
one scientific area or another. Data processing takes considerable time and
computational power that might be resolved through advancement of
computational algorithms. The article deals with three types of the estimations
of mathematical expectation: mean-integral, of generated random numbers:
mean-integral, non-mean-weighted, and equidistributed estimate.

Since statistical information is collected at a discrete time interval,
we make the mean-integral and equidistributed estimates of mathematical
expectation by comparing the values of the dispersions, assuming that the
smaller the dispersion, the more accurate the estimation.

The root mean square deviation of the mean-integral estimation of

the process f(t) is ol = %fol(l —%}kx (t)dt; which for

equidistributed ~ estimate  for  the  process [ (&) will  be:
2 0% 2an-1 [ i]
o =—+=-¥Y1"5 1 ——| Ky (t;
m n + n Z[_l nl X ( [)
During the mean-square estimation of mathematical expectation, the
following equation is

. 1 0T 1 . .
satisfied: ;fo f (t)dt = ;Z?:lfxi (t; — t;_q) ,where f(t) is a static
random process at continuous time, f. (t) - is a temporarily discontinuous
process, n—f(t) is the number of values of a function in a time interval of

[0,T].

After transformations, we obtain
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Therefore, the type of the correlation function influences the length
of the initial interval and the allowable value of the estimation of
mathematical expectation. Based on the results obtained using the developed
theory and methods used, we can conclude that the neglect of the initial
interval leads to a noticeable increase in the accuracy of the estimation of
mathematical expectation as compared to the real one.

EXPLICIT SOLUTIONS OF BOUNDARY VALUE
PROBLEMS OF ELASTICITY FOR POROUS
MATERIALS
Lamara Bitsadze
I.Vekua Institute of Applied Mathematics of I. Javakhishvili Tbilisi
State University, 2,

University St. 0186, Tbilisi, Georgia,

E-mail: lamara.bitsadze@gmail.com

This paper is concerned to study quasi-static boundary value problems of
coupled theory of elasticity for porous sphere and for porous space with a
spherical cavity. The general solution of the system equations in the coupled
linear quasi-static theory of elasticity for a isotropic porous materials is
constructed by means of the elementary (harmonic, bi-harmonic and meta-
harmonic) functions. The Dirichlet type BVPs for sphere and for space a
with a spherical cavity are solved explicitly. The obtained solutions are
represented as absolutely and uniformly convergent series.
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THE BOUNDARY VALUE PROBLEM DIRICHLET FOR
EQUATION DESCRIBING THE HYDRAULIC SHOCK
ABSORPTION DURING MEMBRANE
MAGNETOHYDRAULIC PUSHER ANCHOR’S
ATTRACTION TO THE CORE
Rusudan Bitsadze *, Simon Bitsadze**

*Department of Mathematics, Georgian Technical University, Tbilisi,
Georgia, bitsadze.r@gmail.com;

** Department of Engineering Graphics and Engineering Mechanics,
Georgian Technical University, Tbilisi, Georgia,
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In the article the boundary value problem Dirichlet is set for equation
describing  the  hydraulic shock absorption during membrane
magnetohydraulic pusher anchor’s attraction to the core [1]. As a result of its
solution the formula of time distribution of pressure along ring radius in the
area of pushed-out liquid is established. The liquid resistance is obtained
when approaching anchor to the core and the anchor movement time during
attraction is determined.
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ON AM-GM INEQUALITY FOR NATURAL NUMBERS
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The following statement can be treated as a discrete version of the
arithmetic mean-geometric mean inequality, for short, the AM-GM inequality.
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Theorem 1. Let n> 1, L> n be the natural numbers. Then

1) max ]2 < (=071
n

where maximum is taken over all natural numbers x;,i=1,...,n with L
=)%x; and[.] stands for the integer part.

It is clear that if L is divisible by n, then in (1) the equality achieves. We
plan to discuss a proof of the following (slightly unexpected) statement, which
shows that in (1) the equality can be achieved also in the when L is not
divisible by n.

Theorem 2. Let (in notation of Theorem 1) L is not divisible by n.
Then in (1) we have the equality only in the following cases: n=2; n=3 and
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ASSESSMENT OF GAZ DIESEL CYCLE EFFICIENCY
Chumburidze G., Kochadze T., . Topuria R.,
AkakiTsereteli State University - Kutaisi, Georgia
Georgetchumburidze1010@gmail.com, Temko1954@gmail.com .
r.topuria@gmail.com ;

Abstract:The paper dwells on peculiarities of operation of engine
running on gaseous fuel that envisages the influence of the period of impeding
spontaneous combustion on the operation of engine with the dependence on
dosing of fuse. Simultaneously, there is considered the influence of
changeability of the air-excess coefficient on the engine load when using the
different gaseous fuels, as well as its influence on the efficient operation of
engine, improvement of ecological and economic parameters, with account for
improving geometrical parameters of engine. There are given the analysis and
comparison of the efficient characteristics of the ideal cycle of diesel engine
when running on liquid and gaseous fuel.
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ABOUT THE METHODS TO CONSTRUCT NUMERICAL
SOLUTIONS OF APPLIED MECHANICS PROBLEMS
Chumburidze M. Bitsadze E., Kiknadze M., Topuria N.
Akaki Tsereteli State University, Georgian Technical University

This article is devoted to the development of effective methods for
constructing numerical solutions to the problems of applied mechanics. In
particular, the main subject of the paper is to establish generalized methods of
approximation algorithms with a software implementation. The object of the
study is the basic boundary-contact problems of two-dimensional theory of
thermo-piezo elasticityfor for isotropic inhomogeneous elastic materials with
a centr of symetry and closed areas. A mathematical model of partial
differential equations for pseudo-oscillations system is discussed . A
fundamental solution has been constructed for this model. Numerical
solutions by use the approximation method are constructed, taking into
account the following boundary-contact conditions: Generalized stress of
thermos-piezo elasticity, displacement, temperature, and chemical potential
are given at the boundary. A particular example of model implementation in
biomechanics is considered.The corresponding software code is developed.
The tools applied in this ivestigation are based on singular integral equations,
the potential method and the generalized Fourier series analysis.
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THE ANALYSIS OF COMPOUNS PLATES AND CONE
SHELLS
Badri Churchelauri*, Berdia Churchelauri, Zviad Churchelauri
Georgian Technical University, Tbilisi, Georgia
smm_2007@mail.ru
Artificial materials, composed from two or more having different
physical-mechanical properties, are widely used in modern construction. Such
materials are called as composites. The property that a structure composed
from composite materials has different physical-mechanical characteristics at
different 3 & mUL U -sections would be used to create equal-strength optimal
structures. In order for simplification of circular plate analysis issue, when the
plate material is continuously heterogeneous. Examples of analysis of cone
shells are also stated. The effect of stiffness and strength conditions on the
mode of deformation of the plate and cone shells is calculated. The number of
stressed elements found for the analysis of the general strength is summarized
in a special way by the stresses that.

THE METHOD OF SLABS ANALYSIS

Badri Churchelauri*, Berdia Churchelauri, Zviad Churchelauri
Georgian Technical University, Tbilisi, Georgia
smm_2007@mail.ru

Lot of the existing methods of slabs analysis that are stipulated due to
the variety of boundary conditions and operating loads, are distinguished by
the rather time consuming nature of the computation process. It is therefore of
particular importance to develop methods of analysis that will be specific to
specific tasks (specific boundary conditions and specific modes of load) and
we will see that it will give us standard dependencies that greatly simplify the
practical side of solving the task.

Is considered rectangular slab, with respect of that calculations are
carried out all possible cases of sides supporing.
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NUMERICAL MODELING OF GLACIER
TRANSFORMATION IN THE CAUCASUS
T.P. Davitashvili
I.Vekua Institute of Applied Mathematics of Iv. Javakhishvili Tbilisi
State University,

I.Vekua Institute of Applied Mathematics of Thilisi State University, 2
University str., 0186, Tbilisi Georgia
tedavitashvili@gmail.com http://www.viam.science.tsu.ge

The interaction of glacier-climate is a complex, non-linear process. The
energy balance of the atmosphere, the glacier-atmosphere interface
(meteorological conditions above the glacier) and the physical properties of
the glacier themselves determine the process of glacier fluctuation (thickness
melting). Also, the glacier ensemble, with its specific properties, contributes
to climate change to some extent. Therefore, it is not easy to fully take these
processes into account in mathematical models of glacier dynamics. In this
article was developed a two-dimensional mathematical model of the dynamics
of change in the thickness of the Caucasus glaciers, based on the integration
of non-linear partial differential equations, which in turn provided a change in
the equilibrium mass of the glacier. For the first time, the melting process of
some Caucasus glaciers has been assessed by mathematical modeling. Some
results of modeling are presented and analyzed.

ENERGY TRANSFER CHANNELS IN
MAGNETOSPHERIC PLASMA TURBULENCE
Kh. Elbakidze*, Luca Sorriso-Valvo**

*Iv. Javakhishvili Thilisi State University, I. Vekua Institute of Applied
Mathematics, Tbilisi, Georgia, khatuna.chargazia@gmail.com
**University of Calabria, Rende, Italy

In weakly collisional space plasmas, the turbulent cascade provides
most of the energy that is dissipated at small scales by various kinetic
processes. The scaling properties of different energy channels are estimated
here using a proxy of the local energy transfer, based on the third-order
moment scaling law for magnetohydrodynamic turbulence. The results show
the highly complex geometrical nature of the flux, and that the local
contributions associated with energy and cross-helicity non-linear transfer
have similar scaling properties. Consequently, the fractal properties of current
and vorticity structures are similar to those of the Alfvénic fluctuations.
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THE TASK OF OPTIMIZING THE ANGLE OF ATTACK
OF THE CONE-SHAPED WIND TURBINE BLADE
Archil Geguchadze, Anzori Kuparadze, Zaza Papidze,

Nata Sulakvelidze.
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In the process of dynamic research of wind
turbine, in order to increase exploitation e
reliability, it is paramount to establish inter

dependence between airflow and blades, which A . -
would ensure the start of rotation and enough v g
rotation speed after every stop/delay that would LSS <ol i
be caused by slow wind speed. - P
During the simulation, in the phases of rotation .

of the cone-shaped wind turbine, the optimal Fig.1

application of the blade profile (3, 3"
and 3" — on the Fig.1) to the wind
direction showed that it is advisable
to operatively change the angle of
inclination (attack) of the blade to the
plane of rotation in the working
mode. To do this, the decision is
made to attach the blades to the hub
by torsional flexibility, with the
variability of their attack angles

according to wind speeds, with the
formulas: V= wr

b
B =a+ arctg (5—W), where F,=

(Cyp,S Vrel’sin(90 — a))/ 2

HereVrel = | Vw? + V2, but

Vb =wr; Fig.3
Where, @ — is the angle of attack of the blade towards the relative

Vrf = Frelf+cos A
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(streamline) flow of wind, B — inclination of the blade towards the wind
flow, § — inclination of the blade towards the plane of rotation (6=90°-B),

Yw — Wind speed, Vb — the speed of the blade, Vrf — velocity relative to

the blade of the reactive flow reflected from it in the plane of its
rotation, Vrel — relative velocity of the wind streamline flow
around the blade, F, — Lifting force, p — Air density, C, —

Lifting force coefficient, S — Blade area, ® — rotation frequency and r—
radius.

The figures shows the optimal direction of the blade profile to the wind: on
the fig. 1 - general view of wind turbine; on the fig .2 - in the starting position
of the rotation (tilting the profile 45° to the plane of rotation); in the fig.3 - in
working mode (in the tilting the profile 12° +15° to the plane of rotation,
reflected from the blade streamline is slightly inclined from the mentioned
plane).

Acknowledgement. The research was supported by Shota Rustaveli National
Science Foundation of Georgia [grant number AR-18-2653].
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ON NUMERICAL MODELING OF THE INFLUENCE OF
THE TURBULENT REGIME ON SOME PROCESSES OF
MESOMETEOROLOGICAL BOUNDARY LAYER OF
THE ATMOSPHERE
Giorgi Geladze, Manana Tevdoradze
Institute of Applied Mathematics of Tbilisi State University, Tbilisi,
Georgia
Email: givi-geladze@rambler.ru, mtevdoradze@gmail.com

Based on the numerical model of the mesometeorological boundary layer
of the atmosphere (MBLA) developed by us, we have studied and performed:
1) Influence of the turbulent regime on MBLA processes: on
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thermohydrodynamics and, in particular, on humidity processes (fogs, clouds
)i

2) One of the possible mechanisms for obtaining an ensemble and cluster
of humidity processes has been identified;

3) Simulation of the origin and development of an ensemble of humidity
processes and a cluster of radiation fog;

4) Influence of the turbulent regime on the pollution process against the
background of an ensemble of fog and strati clouds.

RESULTS OF STUDYING THE LOADING CAPACITY
OF RACKS OF TUBULAR ELEMENTS MADE OF
BASALT CONTINUOUS FIBERS AND CONCRETE
BASED ON THE LIRA SAPR COMPUTER COMPLEX
WITH FUNCTIONS TAKING INTO ACCOUNT
Johni GigineiShvili, Igor Timchenko, Elina Kristesiashvili
LTD “PROGRESI”

Structural materials reinforced with fibers represent particular interest
for building industry. These materials (such as: basaltic-plastics, concrete
reinforced with basaltic-plastic bar reinforcement, basaltic bar reinforcement,
basaltic fibrous concrete etc.) combine high physical-chemical and
mechanical of basaltic fibers, first of all is connected with using of composite
materials reinforced with fibers. Application of basaltic fibers as a reinforcing
material is the perspective directions not only for nowadays but also for future
as well.

Experimental testing of structures has taken place at a special test bed
made in TbilZNIIEP, distributed load was put on the beams in steps.
Maximum value of distributed loads were: Q=5.4kg/cm2, for one and two-
span beams, and Q=6.3kg/cm2 for there-span beams. Each next step of load
stayed on 10 minutes and then was fixed reading of devices on this step of
load.

To fully disclose the axial characteristics in terms of the bearing
capacity of compression, the experiments were carried out on elements of
various heights: 1.0 m, 2.0 m, 4.5 m and 7.0 M until complete destruction of
structural elements and were compared with the results of numerical studies
using LIRA CAD.
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UNIVERSALITY OF THE DIRICHLET SERIES
George Giorgobiani*, Vakhtang Kvaratskhelia*,
Nino Manjavidze **

*Muskhelishvili Institute of Computational Mathematics, Georgian
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v.kvaratskhelia@gtu.ge
** Jlia State University, Faculty of Business, Technology and
Education, School of Technology, Tbilisi, Georgia,
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It is proved that the signed Dirichlet series are locally rearrangement
universal in the space of analytic functions in the critical strip, i.e. given
arbitrary compact set in the strip and an analytic function, the signed series
can be rearranged so that it will converge uniformly on that compact set to the
given function. It occurs that prime numbers’ power series are also universal
in upper sense. In particular, we get the representation of the Riemann’s zeta
function in the critical strip as a sum of such series.

Acknowledgement. N. Manjavidze was partially supported by the Shota
Rustaveli National Science Foundation Grant no. FR 17-96.

STATISTICAL ANALYSIS FOR THE MUNICIPAL
TRANSPORT OF TBILISI
George Giorgobiani*, Ketevan Kandelaki**, Vakhtang
Kvaratskhelia*, Mariam Tsatsanashvili**
*Muskhelishvili Institute of Computational Mathematics of the
Georgian Technical University, Tbilisi, Georgia
giorgobiani.g@gtu.ge, v.kvaratskhelia@gtu.ge
**Faculty of the Business Technologies of the Georgian Technical
University, Thbilisi, Georgia
katekandelakil 983@gmail.com, m.tsatsanashvili@yahoo.com
Several routs of M’ category Tbilisi municipal buses have been chosen to
investigate the following transport problems by use of statistical programme
SPSS:
1. Passenger Flow during the period January 1, 2019 — January 31,
2020. The seasonal, monthly and daily flows have been analyzed;
2. Transport flow has been studied. One-sample t-test has been used for
the mean flow and a 95% confidence interval has been calculated;
3. Tableau and Real waiting times have been compared:
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3.1. One-sample t-test has been used for the means. 95% confidence

intervals have been calculated for the means of the tableau and real data;

3.2. The means of both data were compared by the paired t-test. The

study showed that the tableau and real data are significantly different.
Some recommendations have been elaborated on the bases of the study.

IMPROVING WAYS OF MECHANIZATION
EFFECTNESS OF CARGO CHARGING AND
DISCHARGING WORKS IN SEAPORTS
Vazha Gogadze
Akaki Tsereteli State University, Kutaisi Georgia
vajagogadze@rambler.ru, Vazha.gogadze@atsu.edu.ge

In seaport one of the main characteristics is cargo turnovernumber of
cargoes, handled in certain time in tones.

Turnover of port is greatly depended on such index as capacity of the
port and maximum number of cargoes in tones, receiving or releasing of
which, port can in certain section of time.

In its turn, port capacity is in direct connection with mechanization of
charging and discharging works.

THE PUNCH PROBLEM OF THE VISCOUS HALF-
PLANE WITH A FRICTION
Lida Gogolauri**, Giorgi Kapanadze*’**
*1. Vekua Institute of Applied Mathematics
of Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia
kapanadze.49@mail.ru
**A. Razmadze Mathematical Institute

of Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia

lida@rmi.ge

The punch problem of the viscous half-plane with a friction is
considered. However, it is based of the Kelvin-Voigt model.

Using the methods of complex analysis which in the plane theory of
elasticity are developed by acad. N. Muskhelishvili and his followers, the
unknown complex potentials, that describe the equilibrium of a half-plane, are
constructed effectively (analytically).
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SOLUTION OF THE SOME BOUNDARY VALUE
PROBLEM FOR ELASTIC MATERIALS WITH VOIDS
IN THE CASE OF APPROXIMATION N =1 OF VEKUA’S
THEORY
Bakur Gulua
Sokhumi State University, Tbilisi, Georgia
I. Vekua Institute of Applied Mathematics of 1. Javakhishvili Tbilisi
State University, Tbilisi, Georgia
bak.gulua@gmail.com

In the report elastic materials with voids is considred [1]. Basic equations
are written for a plane in the case of approximation N =/ of Vekua’s theory
[2, 3]. The general solutions are represented by means of analytic functions
and solutions of the Helmholtz equations. Some boundary value problem for a
circular plate and an infinite plate with a circular hole is solved.
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ARCHED, DOMED AND THIN-WALLED SPATIAL
STRUCTURES IN CIVIL AND HYDRAULIC FACILITIES

Davit Gurgenidze *, Gela Kipiani **, Tinatin Maghradze *,
Gocha Badzgaradze *
(* Georgian Technical University, Tbilisi M. Kostava 77)

(** Georgian Aviation University, Tbilisi, Ketevan Tsamebuli 16)

The introduction of low-modulus materials with high strength
characteristics in the practice of construction of modern large-span buildings
leads to the necessity to implement specified engineering methods for the
analysis of thin-walled structures.

The development of various fields of industry and construction is related
to the refinement of existing ones and the creation of new structures that
include: shells, plates and rods, arches, domes, strengthtenings, cuttings,
holes, incisions, point supports. These irregular groups are called as
discontinuous parameters [1].

The improvement of shell’s strength most naturally would be achieved by

94



inserting the ribs. Due the action of local loads along the edges of the hole, it

is advisable to reinforce the spatial structures by appropriate length rods. The

arrangement and fastening of these ribs affecton the mode of deformation of

the structure [2].

The irregularity of geometric and physical parameters in thin-walled
structures leads to a significant concentration of stresses and creates
dangerous zones for the propagation of cracks or plastic deformations. In most
cases, their load-bearing ability is determined by the strength conditions or the
buckling in the stress concentration zone. One type of irregularity represents
the break of surface that occurs in corrugated and multi-waved roofs. Under
the impact of stress, they are similar to ribbed structures [3-5].

Particularly severely violation of regularity are various rigid connections
of reinforcement-type rods, joint connections, jump-like changes in thickness
[6-8].

In this regard, the problem of analysis of thin-walled structures with
arched, domed and discontinuous parameters is quite complex, urgent and
requires the development of special methods of calculation.

The report has review nature.
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MODELING OF MULTIDIMENSIONAL GAUSSIAN
MARKOYV REAL PROCESSES HAVING MEMORY
WITH GIVEN ACCURACY
Kartlos Kachiashvili
Georgian Technical University, I.Vekua Institute of Applied
Mathematics, Thilisi, Georgia, N. Muskhelishvili Institute of
Computational Mathematics k.kachiashvili@gtu.ge,
kkachiashvili@gmail.com

Modeling of multidimensional random series with the help of computer is
widely used to solve many application tasks. All existing methods of
modeling of random sequences involve the existence of certain a priori
information: multidimensional distribution function or spectral density, vector
of mathematical expectation, covariance functions, etc., which are usually
unknown and are determined on the basis of observation results. Errors in
estimates, of course, affect the accuracy of modeling results. The stationary
Gaussian series is fully determined by the given covariance matrix. Therefore,

m -dimensional Gaussian Markov series X (¢) = (x,(?),x, (¢),...,x,,(¢)) , with
depth of connection equal to N , is given by formula

x, (0= Y b O+ D D abx =)+ o,E,0), (1)

where coefficients b/, af

;7 depend on the auto- and inter-covariance
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functions of m -dimensional random series Xx(#)=(x,(¢),x,(?),...,x,,(¢));
012, is a residual variance of a random series x,(7); &,(¢) is normally
distributed standard random variable.

Dependence determining the number of observations, necessary for
modeling series (1) with given accuracy is given in the work. Covariance
matrices, necessary for modeling, are determined by these observation results.
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3D MODELING OF THE WORKING PROCESS OF
HYDROGEN DIESEL
Revaz Kavtaradze, Merab Glonti, Giorgi Chilashvili
LEPL Rafiel Dvali Institute of Machine Mechanics

The prediction of processes proceeding in the burning chamber of the
diesel engine with direct injection of the gaseous hydrogen — the most
perspective but less studied concept of creation of the ecologically
compatible energy sources. For reaching this aim, development of the 3D
mathematical model, its verification with experimental data and use for
solution of the practical problems are necessary. The 3D mathematical
model, developed by us, is based on the fundamental equations of Navier
Stokes type, which after averaging by the method of Favre is written in the
form of Reynolds. Model of turbulence k-{-f of professor Khanialich,
appertained to the models of RANS type and developed especially for
modeling turbulent movements in the engine cylinder and a model of
turbulent burning process are added to them. Solution of the system of
differential equations with partial derivatives is realized with the use of the
numerical method of finite differences and 3D CRFD code AVL FIRE.In the
form of verified 3D mathematical model is created an instrument, use of
which at conversion of serial internal combustion engines working on the
traditional oil fuel into ones, working on the hydrogen, is especially
important because with its help: are determined values of local non-stationary
temperatures and on the base of these temperatures — local concentrations of
nitric oxides in the engine cylinder (when T > 1700 K, according to thermal
mechanism of Zeldovich NOy is generated); are ascertained values of the
engine controllable (law, duration and angle of advance of the hydrogen
injection) and constructional (degree of compression, burning chamber form,

97



design of the inlet collector and injector) parameters that ensure minimization
of NO. It is also ascertained that velocities of the burning process and heat
release in the cylinder, dynamics of generation of the nitric oxides, values
and redistribution of their local concentrations for the hydrogen and
traditional diesels, essentially differ from each other that can be explained by
the unique thermo-physical properties of hydrogen as the engine fuel. On the
base of results of the carried out numerical experiments we conclude that the
use of the developed and verified 3D mathematical model decreases
significantly material expenses and time spent on designing and creation of
the diesel engine with direct injection of the gaseous hydrogen that indicates
importance of use of the obtained results.

The work is carried out by the financial support of Shota Rustaveli National
Scientific Foundation of of Georgia (project FR-18-122).

A SPECIAL-PURPOSE MOBILE PLATFORM
R. Kenkishvili, P. Dolidze, T, Natriashvili
(LEPL — Raphael Dvali Institute of Machine Mechanics)

Based on the analysis and related reports on modern mobile robots
created on the basis of the latest technologies, their designs, technical and
economic characteristics, as well as the designs of mobile cross-country
vehicles having the combat characteristics, the original design of a hybrid
cross-country and high-maneuvering, low-cost, multifunctional, universal
mobile vehicle with a tractive force of 0,1-1,3 tonne was developed at the
Raphael Dvali Institute of Machines Mechanics.

The vehicle has a hybrid-type carrying system. The vehicle is provided
with two axles and four-wheel drives oppositely positioning towards the
longitudinal axis of a platform. Two of these wheel-drives are connected to
each other by rigidly connected longitudinal bars that are hingedly placed on
the drive axles to form a balanced independent suspension. The drive axles
with joints are connected to each other by means of by means of a
longitudinal pipe (backbone), which at the same time is a vehicle frame. The
drive axles are sprung and connected to each other by a torsion bar placed in a
pipe. There are also sprung with a torsion bar the oppositely positioning
wheels placed on the the drive axle, which provides vehicle with a high
degree of compatibility with a road surface.

As a drive for vehicle, there are used the worm screw and the DC motor-
reducers. One drive serves two wheels mounted directly on the wheel
assembly. The power is transmitted from the assembly to the drive wheels by
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means of the chain transmission, the motor-reducers are -electrically
controlled, which provides vehicle speed adjustment, or its stopping by
changing the parameters of current supplied to the engine, due to which, the
vehicle does not require the power transmission, drive axles, semi-axes and
the differential.

The vehicle does not have a steering mechanism and the maneuver is
performed by operator electrically, with a control panel both remotely and
directly from the vehicle platform electrically, by the variation of the rotation
frequency of the tires oppositely positioning towards the longitudinal axis of
vehicle.

The vehicle can be used for the carriage of the goods in difficult road
conditions, as well as when performing various combat, reconnaissance and
rescue operations.

ABOUT TECHNOLOGICAL PROBLEMS OF CREEP
THEORY
Omar Kikvidze
Akaki Tsereteli State University, Kutaisi, Georgia
kikvidzeomari@gmail.com
The paper presents the technological tasks of creep theory, which are
associated with the treatment of metal materials at high temperatures. Mass
flow in a conical channel, which is used to study the technological processes
of pressure treatment, is considered. The equation of state is chosen according
to the hardening theory. The stress-strain state of blanks in the process tasks
depends on friction conditions on the contact surface. During mass flow, there
are braking and slide areas on the contact surface in a conical channel.
Shearing stress in braking area is maximal, while in slip area, Coulomb’s law
is true. The boundary of areas is determined from the condition

\/glu|0'a| / o, = 1, where M- is friction coefficient, 0,,0,- are

equivalent and normal stresses on the contact surface, respectively.
The paper describes two-dimensional problem, whose solution, in the
case of radial flow, is reduced to the integration of a system of nonlinear

ordinary differential equations with boundary conditions
X'=F(a,X,q); Hy(X(0)) =0, H(X(a,)) =0;; where: X -
is a vector of unknowns, & - an angular coordinate, ¢ - parameter is

introduced artificially. The deformation zone at the input and output of a
conical channel is bounded by the surfaces of variable curvature that are not
similar. The curvature of the surfaces depends on the flow velocity
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distribution at the channel input and friction conditions on the contact surface.
Integration of nonlinear differential equations is performed numerically with
respect to the parameter by method of motion and parallel shot.

ON ASIMTOTICS OF SOLUTIONS OF THE KLEIN —
GORDON - FOK EQUATION WITH MEROMORPHIC
COEFFICIENTS IN THE NEIGHBORHOOD OF
INFINITY
Maria V. Korovina', Hovik A. Matevossian’, Ilya N. Smirnov'
'"Lomonosov Moscow State University, Russia, e-mails:

betelgeuser@yandex.ru, ismirnov(@cs.msu.ru;
2Federal Research Center "Computer Science & Control" & Steklov
Mathematical Institute, Russian Academy of Sciences, Moscow,
Russia, e-mail: hmatevossian@graduate.org

In the paper we consider the Klein — Gordon — Fock equation, the
coefficients of which depend on time and are meromorphic functions in a
certain neighborhood of infinity in the three-dimensional case. This means
that infinity is a pole-type singular point or a regular singular point of these
functions.

This equation was obtained from the Schrédinger equation for a free
particle, taking into account the relativistic dispersion relation, connecting the
energy and momentum of a particle. The operator is used to describe fast
moving particles with mass. The problem considered in this paper is related to
finding the asymptotic behavior of a particle in time in the neighborhood of
infinity.

The aim of the article is to construct uniform asymptotics of solutions of
the Klein - Gordon - Fock equation in a neighborhood of infinity. It is shown
in the paper that the asymptotics of solutions in a neighborhood of infinity can
be represented either in the form of so-called non-Fuchsian asymptotics,
which can be represented as a product of exponentials in the exponent of
which there are corresponding polynomials depending on t, and asymptotic
series also depending on t, and the function Y(x), which is a solution to the
Helmholtz equation. Or the asymptotics of the solution can be represented as
the product of the solution of the Helmholtz equation Y(x) and the co-normal
asymptotics.

References
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THEORETICAL ASPECTS OF MULTI-CRITERIA
DECISION EVALUATION
Elina Kristesiashvili *, Leila Kristesiashvili *, Medea Dzotsenidze
*, lamze Taniashvili *
* Georgian Technical University, Tbilisi, Georgia

The processes of designing and implementing projects of residential
buildings are characterized by a number of specific features that significantly
distinguish reconstruction from new construction. The main distinguishing
features of the reconstruction are the operation of the irreplaceable structures
of the reconstruction buildings and the performance of work in the most
difficult urban conditions.
A criterion for the quality of design solutions is proposed with the aim of
improving the economic side of the reconstruction of residential buildings,
which provides a multi-criteria assessment of design and costs documentation.

DYNAMIC STABILITY OF A PLATE WITH CRACKS
Marina Kurdadze, Nino (Maka) Chorkhauli, Natruli (Nato)
Kharzavanidze, Bela Tsikaradze
Georgian Technical University
"Progress in Education and Science"

The dynamic stability of the plate is investigated. It is shown that the
system of equations runs on the Hill or Mathieu equation, general assumptions
are obtained for the excitation coefficient, the critical load and the frequency
of oscillations. F. Approximate zones of dynamic instability are defined by the
approximate formats of balotine, taking into account transverse shear, which
is expanded and somewhat displaced compared to classical theory.

SOLVING DIFFERENTIAL EQUATION OF
MANAGEMENT SYSTEM BY THE LAPLACE
TRANSFORM METHOD
Tamaz Lachashvili
Iakob Gogebashvili Telavi State University
tamaz.lachashvili@tesau.edu.ge

Solving the certain types of equations by the classical method, where
both differentiation and integration, as well as exponential and sinusoidal
functions are found simultaneously, is quite a time-consuming task. The study
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presents the Laplace transform method as a way to solve a complex, mixed-

type differential equation. A specific example is analyzed for visual purposes.

The paper also proves the correctness of the obtained answer by checking.
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STUDY OF THE PROPAGATION OF COMBUSTION
PRODUCTS ON THE MODELS OF ROAD TUNNELS
FOR VARIOUS FIRE SCENARIOS
Omar Lanchava
G. Tsulukidze Mining Institute, Tbilisi, Mindeli Street, 7
lanchava@mining.org.ge

The idea of the research is based on increasing the aerodynamic
resistance of the tunnel with the help of a transformable system (TS), which
will prevent the spread of combustion products without interfering with
people’s movement, and will stimulate the differentiation of fresh and
polluted air flows. As a result, in the critical sections of the tunnel, fresh air
maintains longer, giving more time for evacuation. The noted event is
characterized by a sharply limited time interval, which depends on many
components, including the power of the fire and the scenario of its
development, the type of toxic compounds emitted and the nature of their
propagation, the geometry of the tunnel and the ventilation system. At the
beginning of the 21th century, in newly built tunnels began to build fireproof
barriers that can divide the tunnel into short sections. These barriers prevent
the spread of fire, smoke and other combustion products along the length of
the tunnels. But this method is not the final decision, due to the fact that there
is no place for its implementation in the "old" tunnels without sacrificing the
underground space of the tunnel and its traffic capacity. It should be
emphasized that the use of the method of dividing the tunnel into short
sections is not envisaged in the design solutions in the tunnels being operated
and under construction in Georgia. Particularly in Georgia it is planned to
build more than 50 road tunnels in the next 3-5 years. Inspecting the design
decisions of these tunnels revealed that the only significant risk factor for
them is the fire when safety measures do not provide for the operational
separation of them. Based on this the issue of the development of this project
is directly vital and very relevant for the conditions in Georgia. There are
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required theoretical analysis the correlation of critical speed and backlayering
length with fire characteristics without the influence of the transformable
system and taking into account its influence. Accordingly, the influence of
artificial barriers on the dynamics of ventilation flows, the formation and
development of bifurcation flows, the propagation of damaging factors and
other important parameters should be determined, which should be applicable
to the geometry, topology and location of a particular tunnel.

Acknowledgement. This work was supported by Shota Rustaveli National
Science Foundation (SRNSF) [Grant number AR-19-1936, Project title
“Development and testing of transformable system to save life in road tunnel
in case of fire].
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SYMMETRICALLY TRUNCATED NORMALLY DISTRIBUTION IN
STOCHASTIC SCHEDULING PROBLEMS.
Badri Mamporia*, Vazha Tarieladze**,
Alexander Chakhvadze***

*Muskhelishvili Institute of Computational Mathematics of the
Georgian Technical University
badrimamporia@yahoo.com
**Muskhelishvili Institute of Computational Mathematics of the
Georgian Technical University
v.tarieladze@gtu.ge
***Muskhelishvili Institute of Computational Mathematics of the
Georgian Technical University
Alegsandre92@gmail.com

The concept of a symmetrically truncated normally distributed random
variable is introduced and some of its properties are studied. The question of
the efficiency of its use in stochastic scheduling problems is analyzed, and the
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stochastic scheduling problem is discussed in the single machine model, when
the job processing times are independent, symmetrically truncated normally
distributed random variables.

Acknowledgement. This work is supported by Shota Rustaveli National
Science Foundation of Georgia (SRNSFG) grant no. DI-18-1429:
"Application of probabilistic methods in discrete optimization and scheduling
problems".

MATHEMATICAL PROPERTIES OF THE PROBLEM OF
SCHEDULING JOBS WITH TWO PROCESSING TIMES
ON IDENTICAL PROCESSORS
Badri Mamporia* and Nodari Vakhania**
*Muskhelishvili Institute of Computational Mathematics of the
Georgian Technical University, Tbilisi, Georgia
badrimamporia@yahoo.com
**Centro de Investigaci’on en Ciencias, UAEMor, Mexico
nodari@uaem.mx

We consider the scheduling problem on identical processors when jobs
are allowed to take only two  positive integer values. To the best of our
knowledge, the complexity status of this problem is open, i.e., neither there
exists a polynomial time algorithm that solves this problem optimally nor it
was shown to be NP-hard (the general setting with arbitrary job processing
times is well known to be NP-hard though).

Here we arrive at some polynomially solvable special cases of this
problem. In particular, we establish some mathematical properties of the
problem that permits its optimal solution in case some certain relations
between the number of jobs with each of the two processing times and the
total number of the processors is fulfilled.

Acknowledgement. This work is supported by Shota Rustaveli National
Science Foundation of Georgia (SRNSFG) grant no. DI-18-1429:
"Application of probabilistic methods in discrete optimization and scheduling
problems".
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ON THE EQUATIONS OF MOTION FOR THE RIGID
FLEXIBLE BARS
N. Mardaleishvili, Z. Arkania""
" Akaki Tsereteli State University, Kutaisi, Georgia

The structure elements (wires, ropes, hoses) are not actually the totally
flexible bars (threads). They have small but non-zero flexural and torsional
rigidities (when the length of the bar is not substantially larger than its
diameter, then when calculating the bars, it is necessary to take into account
the flexural and torsional rigidities). In static and dynamic problems of the
rigid bars, taking into account the flexural and torsional rigidities leads us to
the strain-stress state, which differs from the strain-stress state of the totally
flexible bars[1].

The article describes the differential equations of motion for the rigid
flexible bars rods in a general way. When solving them, we use the
assumptions made in the mechanics of bars as follows: 1. The normal plane
cross section of the bar remains plane even after the plane deformation
(Bernoulli’s hypothesis); 2. The dimensions of the cross section are
considered to be small as compared to the length of the bar and the radius of
the curvature of its axis (the axis of the bar means the connecting line of the
centers of the cross-section areas of the bar); 3. The principle of Saint-
Venant’s is true. When solving the equations, we used three basic postulates
of continuous mechanics. In particular: 1. Postulate of the conservation of
mass; 2. Postulate of change in momentum, and 3. Postulate of moment of
change in momentum[2],[3].
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QUASI-STATIC PROBLEMS IN THE COUPLED LINEAR
THEORY OF ELASTICITY
FOR POROUS MATERIALS

Mariam Mikelashvili

Ilia State University
The quasi-static problems of the coupled linear theory of elasticity for
porous materials are considered. The system of equations of this theory is
based on the concept of volume fraction, Darcy’s law, the equations of
equilibrium and fluid mass conservation. The system of general governing
equations is expressed in terms of the displacement vector, the volume
fraction of pores and the fluid pressure in pore network. The fundamental
solution of the system of quasi-static equations in the considered theory is
constructed and its basic properties are established. Green’s formulas are
obtained and the uniqueness theorems of the internal and external boundary
value problems are proved. Then, the surface and volume potentials are
constructed and their basic properties are given. Finally, the existence
theorems for classical solutions of the boundary value problems are proved by

means of the potential method and the theory of singular integral equations.

SOLVING THE DIRICHLET PROBLEM, UNDER THE
CONDITION OF HEAT EXCHANGE IN A DISPERSED
ENVIRONMENT, NONLINEAR DYNAMIC PROCESS,
CONSIDERING CONCERNS AT THE BORDER
Temuri Modebadze, Tea Kordzadze
Akaki Tsereteli State University, Kutaisi, Georgia,
Temuri.modebadze@atsu.edu.ge , tea.kordzadze@atsu.edu.ge
In this paper we consider the nonlinear process of heat exchange in a
disperse environment and dynamic mode has been studied. Based on
Damkeler's equations, the mathematical model of a dynamic process has the
form:
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The following boundary conditions are given for gas and solids at the €2
area’s border
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TO,)=¢(y); 0(0,y)=m(y)
T'(h,y)=@y(y); O(h,y)=m,(y) M)
T'(x,0)=g3(x)  0(x,0) =175 (x)
T(x,[)=@4(x) 0(x,1)=14(x)
Restrictions on the condition also should be satisfied
|grad6?(x,y)| <K YV (x,y) € Q,where K—is5a

known constant
Characteristic functions of the dispersion system are the functions of

O(x,y)and T(x,y)

of the dispersion phase and the disperse environment, respectively. Here ¥ - is

. 0<x< /’l; Y.
the thickness of the layer and - is the length of the mode zone

o<y<lit—. _0<t<1. -
Y5 is the process duration . Let’s indicate

Q=(0,h)x(0,1). S =[0,7].
V, s W11, a,C — are given constants. a,,a, ,b,,b, - are limited

functions which meet the conditions 0 < 4, <a,,0< 4, <b, (i=1,2)

For the

temperature distribution , which are the temperatures

2
where the functions 4,,4, belongto L_ () space. &, (T,0)= K|T|5 -

It is a function of Timofeev.
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VISUALIZATION AND INTERPRETATION OF SIGNS IN
CONVOLUTIONAL NEURAL NETWORKS
O. Namicheishvili, Zh. Gogiashvili, G.Acharadze
Georgian Technical University
The article discusses methods of visualizing signs in convolutional neural
networks: entrance change, deconvolution, entrance restoration, their classification,
their purpose and application algorithms. The methods are used to interpret the signs
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that are allocated to each layer of the convolutional network. As well as
measurements of inlet modification and changes resulting in network outlet or
intermediate layers.
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MODELING OF VISCOELASTIC THIN BODIES
M.U. Nikabadze', A.R. Ulukhanian®
'munikabadze@yandex.ru, 2armine_msu@mail.ru
"Lomonosov Moscow State University, RF, ?Bauman Moscow State
Technical University, RF

Some issues on parametrization with an arbitrary base surface of a
thin-body domain with one small size similarly to [3, 4] are considered. This
parametrization is convenient to use in those cases when the domain of the
thin body does not have symmetry with respect to any surface. In addition, it
is more convenient to find the moments of mechanical quantities than the
classical [1]. Various families of bases are considered. Expressions for the
components of the second rank unit tensor are obtained. Representations of
some differential operators, the system of motion equations, and the
constitutive relation (CR) of the micropolar theory of viscoelasticity are given
for the considered parametrization of a thin body domain. The main
recurrence formulas of system of orthogonal Legendre polynomials are
written out and some additional recurrence relations are obtained [3], which
play an important role in the construction of various variants of thin body
theories. The definitions of the moment of the kth order of a certain quantity
with respect to an arbitrary system of orthogonal polynomials and system of
Legendre polynomials are given. Expressions are obtained for the moments of
the kth order of partial derivatives of tensor fields and some expressions with
respect to the system of Legendre polynomials. Various representations of the
system of motion equations and CR in the moments with respect to the system
of Legendre polynomials for the theory of viscoelastic thin bodies are given.
Boundary conditions in the moments are derived. The CR of the classical and
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micropolar elastic [2, 5, 6] (see also [1, 3]) and viscoelastic [5] theories of the
zero approximation and approximation of order » in the moments are
obtained. The boundary conditions of physical content on the front surfaces
are given. The statements of dynamic problems in moments of the
approximation (7,M) of a micropolar theory of viscoelastic thin bodies are
given. It should be noted that using the considered method of constructing a
theory of thin bodies with one small size, we obtain an infinite system of
equations, which has the advantage that it contains quantities depending on
two variables, the base surface Gaussian coordinates x! %7 So, to reduce the
number of independent variables by one we need to increase the number of
equations to infinity, which of course has its obvious practical
inconveniences. In this connection, the reduction of the infinite system to the
finite system is made. Prismatic bodies are considered as a special case.

Key words: micropolar thin body theory, Legendre polynomials, constitutive

relations
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NUMERICAL MODELING OF ROPE BARRIERS ON
HIGHWAYS WITH INHOMOGENEOUS BOUNDARY
CONDITIONS
Giorgi Nozadze *, Alexander Kartvelishvili 1, David Pataraya *,
Rusudan Maisuradze *, Lasha Tavlalashvili *, Giorgi Akhvlediani
*, Tamar Kobidze *

* Grigol Tsulukidze Mining Institute, Tbilisi, Georgia,

g nozadze@yahoo.com

The report examines modern technological approaches to the safe
development and operation of road infrastructure.

The numerical simulation of the displacement of the rope system of the
barrier caused by the collision of the vehicle in the case of non-uniform loads
on the ropes of the barrier is carried out.

The influence of the linear distribution of the intermediate supports on
the displacement value caused by the vehicle collision is discussed.

A technological solution is proposed for increasing the component of
safety of a multi-rope barrier system using a system of vertically movable
intermediate supports.
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NUMERICAL MODELING OF THE DISTANCE AND
TIME OF BACKLAERING FLOW IN INCLINED ROAD
TUNNELS DURING FIRES OF SYMMETRIC AND
ASYMMETRIC LOCATION
Georgy Nozadze *, Omar Lanchava *

Mining Institute. Grigol Tsulukidze,
Thilisi, Georgia,
g nozadze@yahoo.com

The report discusses the dynamics of the spread of dangerous factors for
human life in inclined motor tunnels caused by fires with a capacity of 5-30
MW, taking into account the mutual influence of firefighters and natural
traction air flows.

It has been shown that for a practical assessment of a fire emergency, it is
necessary to know the distance and propagation time of backlaering flow in
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order to make an operational decision on the control of ventilation flows.

The results of numerical modeling can be used as a basis for the
problem of ventilation control use for a symmetric and asymmetric fire
location in road tunnels using transformable ventilation systems.

Acknowledgement. This work was supported by Shota Rustaveli
National Science Foundation (SRNSF) [Grant number AR-19-1936, Project
title “Development and testing of transformable system to save life in road
tunnel in case of fire”
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BOUNDARY LAYER OF THE MUDDY WATER FLOWS

SURROUNDING ENGINEERING STRUCTURES

Tamaz Obgadze
Georgian Technical University
t.obgadze@gtu.ge

Our country annually suffers colossal damage from erosion of
mountain rocks, landslides and the formation of mudflows caused by winds
and water related phenomenon.

Mudflows, along with other devastating natural disasters in
mountainous regions such as floods, rockfalls, landslides, avalanches, and
earthquakes, are a major threat to humans and engineering structures.

Stone-muddy, rocky-water and muddy flows, in fact, are suddenly
formed and present a moving stream of rocks and watery, rocky-gravel
masses cut off from the slopes in the watercourse of the mountainous region.

Such flows, in a short period of time, destroy bridges, roads,
hydroelectric power stations, cover the farmlands, canals, and settlements
with sediment.

Currently, despite the efforts of many scientists, there are still few
scientifically substantiated mathematical models that would give an accurate
prediction of the origin, dynamics, and destructive forces of mudflows. Many
issues related to mudflows, especially dynamics, are less well studied due to
the complexity of the process.

The great contribution of M. Gagoshidze, N. Natishvili, V. Tevzadze,
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G. Beruchashvili, .Muzaev, G. Gavardashvili to the study of hydrology of
mudflows in Georgia should be noted. Many different mathematical models
have been constructed in the works of T. Voinich-Sianozhentsky and T.
Obgadze, which reflect well the dynamics of the mudflows caused by the
breakthrough wave. In the mountainous regions, the first blow of the mudflow
is taken by the I. Kherkheulidze-type mudflow resistant lattice type buildings,
which filter the flow from the large stones and the fractions of floating trees.
After passing through these structures, the mudflow can be considered as
water-mud flow, which makes the present study more significant.

For the compositional model of the water-mud flow, exact solutions of
equilibrium equations and stationary flows have been found, and the tasks of
stratification and pressure distribution of solid fractions have been studied.
For a one-dimensional, constant velocity compositional flow, depth dependent
velocity plots are found.

Two and three dimensional models are constructed for muddy water
flows. The system of equations is re-written as dimensionless and similarity
criteria are found.

An algorithm for the Rvachev-Obgadze variation method is
constructed to calculate the dynamics of muddy water flows. The method has
been tested on numerous known tasks for viscous, incompressible fluids.

The tasks based on a water-mud compositional model, flowing around
various configurations of engineering buildings are solved. Comparison of the
results obtained from the experiments of V. Tevzadze and G. Beruchashvili,
assures us that the model corresponds to the real picture of the water-mud
flow with practical accuracy and gives adequate results.

The results of the calculations show the occurrence of the following
principle: when a flow surrounds the building, on its frontal side occurs an
accumulation of a soil component of the muddy water flows, such as in
combination with the shape of the structure it gives a minimal resistance form,
for a given two-component flow.

SOLVING MECHANICS TASKS WITH THE HELP OF A
COMPUTER

Svimon Okhanashvili
Iakob Gogebashvili Telavi State University

Solving physics problems with the help of a computer is more interesting
and fun for students, because complex mathematical calculations are
challanging, time consuming and they can’t solve it till the end.

Thesis discusses how to solve several physics problems, with the help of
the Windows operating system office’s program Excel and the C
programming language.
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APPROXIMATE SOLUTION OF ANTIPLANE
PROBLEM OF ELASTICITY THEORY
FOR COMPOSITE ISOTROPIC BODIES WEAKENED
BY CRACK
Archil Papukashvili'?, Giorgi Papukashvili’, Meri Sharikadze'
'I.Vekua Institute of Applied Mathematics & Faculty of Exact and
Natural Sciences
of Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia
*School of Science and Technology, The University of
Georgia, Thilisi, Georgia
*Vladimir Komarov Tbilisi School of Physics and Mathematics Ne
199, Thilisi, Georgia
archil.papukashvili@tsu.ge, gagapapukashvili@gmail.com,
meri.sharikadze@tsu.ge
The anti-plane problem of the elasticity theory for a composite
(piecewise homogeneous) orthotropic (in particular, isotropic) plane
weakened by a crack is reduced to a system of singular integral equations
containing a fixed-singularity with respect to characteristic functions of
disclosure of crack when the crack intersects the dividing border of interface
with the right angle ([1], [2]). The method of discrete singularity ([3]) is
applied to finding a solution of the obtained system. The corresponding new
algorithm is constructed and realized. In this work, the behavior of the
solutions is studied. The results of computations are represented.

As we have mentioned a main objective was studying of behavior of
solution in a vicinity at the ends of cracks and a finding the coefficients of
intensity of stress. Consider a body composed of two isotropic materials
(copper and aluminum). As we consider linear tasks of the elasticity theory so
increment or diminution loading will lead to proportionally increment or
diminution of values of relevant solutions. The last fact gives possibility to
make the hypothetical forecasts about developments of a crack.
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ON THE NEW TYPE WIND TURBINES WITH
VERTICAL AND HORIZONTAL AXIS
Gaioz Partskhaladze', Elguja Medzmariashvili’, Guram
Gabrichidze’, Vladimenr Chkhaidze’, Gocha Chavleshvili',
Rusudan Tkeshelashvili’, Lali Gersamia’.
'Engineering and Construction Department, Batumi Shota Rustaveli
State University, Batumi 6010, Georgia
*Georgian National Academy of Sciences, Tbilisi 6000, Georgia
*Batumi State Maritime Academy, Batumi 6010, Georgia.
*Georgian Technical University

Abstract. Wind Energy has been, since the beginning of human
civilization, a source of energy that raised considerable interest, and the
technology used for their exploitation has developed constantly. Due to the
energetic problems which society has been facing, the development of
technologies to increase the efficiency of wind turbine systems is of
paramount importance.

For solving above mentioned problems authors designed a wind turbine
with such optimal, geometric, kinematic and power-producing parameters
which provide effective transformation of wind energy into rotating
mechanical energy.

The main objectives of the study were to develop such an innovative
wind turbine that can significantly increase the amount of stored energy.

In response to the aforementioned, this paper presents the design and
construction of a wind turbine with a vertical shaft and rotor system with
blades on it. The system also has a vein that directs the wind flow from the
zone of the opposite direction of the rotation of a rotor to the matching zone of
the direction of rotation of a rotor. The constituent elements of the designed
turbine are arranged in such a way that they enable the maximum usage of
wind energy; in order to increase rotation moment on the turbine shaft, the
joint action of reactive force and active force of the wind takes place; during
the research the modern methods of energy-kinematics calculations and
design have been used; Due to these advantages the designed turbine will
enable to considerably increase wind energy usage ratio.

Also, Aothors presented a new solution for combining wind generator
and solar concentrator into one structure. It is based on the transformation of
the shape, which at a different stage causes transportable folded package of
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united structure, solar generator with spreaded paraboloid surface, and wind
generator with further shape transformation. This facility is predominantly
defined for extreme conditions that continuously provide electricity to
customers to ensure no matter day or night and wind or rainy weather.

NUMERICAL CALCULATION OF RESIDUAL
STRESSES AT HEAT TREATMENT OF RAILWAY RAIL
A.M. Pokrovskii, A.S. Chermoshentseva, E.I. Dubovitskii
Russia, Moscow, Bauman Moscow state technical University

An increase in the speed of passenger trains on railways, an increase in
the share of heavy freight trains lead to the need of the introduction of a new
generation rails in exploitation, that meet modern requirements for strength
and durability. In the manufacture of rails, it is very important to choose
rational heat treatment modes, which on the one hand would lead to the
formation of the required structure providing the necessary hardness, and on
the other hand would not cause a high level of residual thermal stresses, that
could lead to destruction in the early stages of operation. Traditionally,
volumetric oil quenching is used as the heat treatment of heavy railway rails.
However, the hard heat removal modes during such heat treatment lead to the
formation of high residual stresses. At present, high-strength rails made of
bainitic steels are gaining popularity, obtaining the required structure in which
is possible with more “soft” heat treatment modes. In the research, a
mathematical model based on the finite element method has been created for
the temperature-structural and stressed states of a bainitic steel rail in the
process of accelerated normalization. The results of calculating temperatures,
structures and stresses in a railway rail for various moments of heat treatment
are presented. It is established that when using bainitic class steels for the
manufacture of rails and accelerated normalization as a heat treatment instead
of traditional oil quenching, the level of residual stresses is significantly
reduced.

DETERMINING THE MORPHOLOGICAL REACTION
OF A SHORELINE IN CASE OF USE OF THE SYSTEMS
OF SUBMERGED GEOTUBES

I. Saghinadze, M. Pkhakadze
Akaki Tsereteli State University
Currently the Black Sea coast of Georgia is almost totally subjected to
erosion and is covered with coast protective constructions such as concrete
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groynes, breakwaters, traverses, sheet piles, etc. Besides a positive side these
constructions have also a significant negative one: while they protect
particular segment of the beach against erosion, other, unprotected segments
in the vicinities are experiencing washouts due to the deficit of nourishing
particles.

As an addition, the aforementioned protective constructions distort the
landscape and discomfort visitors. The lifetime of such constructions is rather
short, as they are destroyed by strong storms, becoming so far useless.

We consider beaches with small slopes, where the average slope of the

bottom varies in the range - @ = 0,015 <+ 0,02. The coastal zone is sandy

and the average diameter of the sand is Dgy = 0,2 -+ 0,3mm. Such
beaches are in Anaklia, Kulevi, Poti, Grigoleti, Supsa, Ureki and Shekvetili.

The article proposes an innovative technology for protecting coastal
areas from erosion processes, which is not approved in Georgia. New method
is based on use of underwater barriers (geotubes) from geotextile pipes filled
with sand. In the case of use of several underwater geotubes, an erosion site
in the Black Sea coastal zone of the city of Poti, located to the south from the
runoff of the "city channel" of the Rioni River, was considered. Geotubes are
located along the coast. After passing geotubes by the waves, to determine the
types of water circulations formed in the coastal zone, the analytical method is
used. With 2-cell circulation, the shore is erosive, and with 4-cell circulation it
is accretionary. A system of equations is obtained. The numerical solution of
the system determines the parameters of the location of geotubes when the
morphological reaction of the Poti coast is accretionary.

The effect on the types of coastal reaction of the length of geotubes,
their distance from the coast, intervals between geotubes, wave heights and of
changes in the coefficient of lateral water retention, is studied. Studies have
shown that the placement of underwater geotubes in the Poti coastal zone is
convenient at a distance of 120 + 200 meters from the coast, since the sea
depth in this range varies from 2.4 to 3.1 meters and, therefore, Standard two
types of geotubes can be placed:

1. Diameter - D = 3,25m, height - h = 2m, width - B = 4m.
Geotubes of such geometric dimensions, the length of which is L;, = 120m,
and the distance between them L; = 100m, for the protection of the shore
can be placed at a distance x;, = 160 meters from the coast;

2. Diameter - ) = 5m, height - h = 2,6m, width - B = ém.
Geotubes of such metric dimensions, the length of which is L = 120m, and
the distance between them L, = 120m, for the protection of the shore can be

placed at a distance x;, = 190 meters from the coast.
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Calculations showed that in both cases the morphological response of
the coast is accretionary.

APPLICATION OF LASER SHOCK PROCESSING
TECHNOLOGY TO IMPROVE THE FATIGUE LIFE OF
STAINLESS STEEL SAMPLES
Gerontiy Sakhvadze
A.A. Blagonravov Mechanical Engineering Research Institute of
Russian Academy of Sciences,

Moscow, Russian Federation
sakhvadze@mail.ru

The influence of laser shock processing technology on the fatigue life of
03Kh22N6M?2 stainless steel has been investigated. The values of residual
stresses in the test material were measured by using calculation methods and
comparative curves of fatigue life were constructed. The high-efficiency of
the examined technology’s application to increase the fatigue life of stainless
steel was revealed.

To improve the fatigue properties of materials used in aviation and
aerospace engineering, one of the effective ways of influencing the functional
surfaces of the products is a laser shock processing (LSP) technology. Thus,
both the mechanical and tribological properties of the metals are enhanced [1].
When using LSP, shock waves from the surface to be processed pass deep
into the material, creating compressive residual stresses with a high
dislocation density in the surface region [2-3].

The effectiveness of increasing fatigue properties using LSP significantly
depends on the thickness of the product and the presence on the surface of
stress concentrators such as holes and recesses [4]. There are practically no
works dedicated to taking heed of these circumstances.

The aim of this work is to assess the degree of increase in fatigue
properties using LSP technology when processing stainless steel
03Kh22N6M2.

LSP leads to the creation of significant compressive residual stresses in
the near-surface region to a considerable depth. The effectiveness of LSP for
increasing fatigue life depends on the thickness of the processed material and
the magnitude of the amplitude of cyclic loading: the smaller they higher the
effect, which can reach about 402% compared with untreated material.

The paper shows that the increase in the fatigue characteristics of the
material is associated with the rise in microhardness and the creation of high
compressive stresses that prevent the generation and propagation of cracks in
the surface layers of the material.
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A MATHEMATICAL MODEL OF THE PROCESS OF
CHANGE IN MOISTURE CONTENT OF LEGUMES
Sesikashvili O., Mardaleishvili N., Gamkrelidze E.

Akaki Tsereteli State University, Kutaisi, Georgia.

Heat treatment is a common operation in grain processing technology.
Thermal action on grain is characterized by the temperature level and
duration. In addition, the grain undergoes a change in all its complex
properties. Frequently, the temperature in grain activates the process of
change in the moisture content and is accompanied by moisture loss. The
processes of change in the heat and moisture are interrelated[1]. Based on the
experiments conducted on legumes (different varieties of lobio, white bean), a
mathematical model of these processes has been developed and the
appropriate nonlinear differential equations have been used. The obtained
equations cannot be solved either analytically or numerically, because some of
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the coefficients in it are unknown. The equations are solved on the basis of
certain assumptions. In particular, in the case of high temperature and low
moisture content, the relationship between the rate of drying and the
temperature in the corresponding mathematical model is presented as
follows|[2]:

where A — is an empirical constant, t — time, T, = Au/R = 4893K-
activation temperature in kelvins. Further specification of model is carried out
by representing the @ {{/, T') function in an explicit form:

g, 1j=aiv exp—n,/1)j/ji, m=4U, n=4u
Based on these assumptions, the paper provides the calculation calculates

change in temperature and moisture content over time in legumes - lobio and
white bean. The obtained results were compared with experimental data.
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EFFECT OF STRUCTURE ON THE MECHANICAL
PROPERTIES OF THE COMPOSITES BASED ON
EPOXY RESIN AND MODIFIED MINERALS
L.G.Shamanauri and J.N.Aneli
R. Dvali Institute of Machine mechanics, 10, Mindeli St., 0186 Tbilisi,
Republic of Georgia

New polymer composites on the basis of epoxy resin and different fine
dispersed mineral powders (andesite, bentonite, diatomite, liquid glass and
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quartz sand) were obtained and their mechanical properties (ultimate strength)
were investigated. It was established that all properties of these materials were
essentially improved, when the fillers modified by tetractoxysilane were
used. It was experimentally shown that composites containing binary fillers —
diatomite and andesite at definite ratio are characterized with so called
synergistic effect — acquirement of the maximal physical or chemical
properties of composites at definite proportion of the ingredients. Separately
the experimental data on all mechanical strengthening have been investigated.
It was shown that exploitation properties of these materials were essentially
better in comparison with well known silicate composites. Created materials
were characterized by low shrinkage and also low internal stress after
hardening.

EFFECTIVE SOLUTION OF THE ONE NONLOCAL
PROBLEM OF STATICS OF THE THEORY OF ELASTIC
MIXTURE IN A HALF - PLANE

Kosta Svanadze
Akaki Tsereteli State University, Department of Mathematics, Kutaisi,
Georgia
mail: kostasvanadze@yahoo.com

In the paper we consider the boundary value problem of statics of the
linear theory of elastic mixture in a half-plane, when on the boundary of the
domain are given the sum of the I and III components, the difference of II and
IV components, the normal derivative of the difference of 1 and III
components of displacement vector and of divergence vector.

The problem can be reduced in same domain to the of Dirichlet and
Neumann problems for equation of the Poisson.

POTENTIAL METHOD IN THE THEORY OF
THERMOVISCOELASTICITY FOR POROUS BINARY
MIXTURES
Maia Svanadze
Thilisi State University, Tbilisi, Georgia. E-mail:
maia.svanadze@gmail.com

In this presentation, the linear theory of binary thermoviscoelastic
porous mixtures is considered and the basic boundary value problems (BVPs)
of steady vibrations are investigated. Namely, the fundamental solution of the
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system of equations of steady vibrations is constructed explicitly and its basic
properties are established. Green's identities are obtained and the uniqueness
theorems for classical solutions of the internal and external basic BVPs of
steady vibrations are proved. The surface and volume potentials are
constructed and their basic properties are given. The determinants of symbolic
matrices of the singular integral operators are calculated explicitly and the
BVPs are reduced to the always solvable singular integral equations for which
Fredholm's theorems are valid. Finally, the existence theorems for classical
solutions of the internal and external BVPs of steady vibrations are proved by
means of the potential method and the theory of singular integral equations.

This work was supported by Shota Rustaveli National Science
Foundation (SRNSF) [Project # YS-18-610].

POTENTIAL METHOD IN THE COUPLED THEORY OF
VISCOELASTICITY FOR KELVIN-VOIGT POROUS
MATERIALS
Maia Svanadze
Thilisi State University, Tbilisi, Georgia, maia.svanadze@gmail.com

In this talk, the coupled mathematical model of viscoelasticity for
Kelvin-Voigt porous materials is presented. This model is based on the
combination of Darcy’s law and the concept of volume fraction. The internal
and external basic boundary value problems (BVPs) of steady vibrations of
this model are investigated and the following results are obtained:

1. The governing system of equations of motion in the coupled linear model
of viscoelasticity for Kelvin-Voigt porous materials is presented.

2. The fundamental solution of the system of steady vibrations equations in
the considered theory is constructed.

3. The uniqueness theorems for classical solutions of the BVPs are proved.

The properties of single-layer, double-layer and volume potentials are

established.

5. The BVPs are reduced to the singular integral equations for which
Fredholm’s theorems are valid.

6. The existence theorems of classical solutions of the internal and external
BVPs are proved by means of the potential method.

b

This research has been fulfilled by financial support of Shota Rustaveli
National Science Foundation (Grant # FR-19-4790).
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STEADY VIBRATIONS PROBLEMS IN THE COUPLED
THEORY OF THERMOPOROELASTICITY
Merab Svanadze
Ilia State University, Tbilisi, Georgia, svanadze@gmail.com
There are a number of theories which describe mechanical properties of
porosity materials, and the most well-known of them are: i) Biot (1941)
consolidation theory based on Darcy’s law and ii) Cowin-Nunziato (1983)
theory based on the concept of volume fraction. Following these theories, in
this work, the linear coupled mathematical model of thermoporoelasticity is
presented. In this model the governing equations are involved the
displacement vector field, the change of volume fraction of pore system and
the changes of fluid pressure in pore network as well as the variation of
temperature.
In the presented work the following results are obtained:
e the fundamental solution of the governing system of steady vibrations
equations in the coupled theory of thermoporoelasticity are constructed,
e Green’s formulae are obtained and the uniqueness theorems for classical
solutions of the boundary value problems of steady vibrations are proved,
e the basic properties of surface and volume potentials are established,
e the existence theorems for classical solutions of the boundary value
problems of steady vibrations in this theory are proved by using the
potential method and the theory of singular integral equations.

POTENTIAL METHOD IN THE COUPLED THEORY OF
DOUBLE POROSITY ELASTIC SOLIDS
Merab Svanadze
Ilia State University, Tbilisi, Georgia, svanadze@gmail.com

The purposes of the present talk are twofold. The first is to present the
coupled mathematical model of double porosity elastic solids based on the
combination of Darcy’s law and the concept of volume fraction. The second
purpose is to completely investigate the basic boundary value problems
(BVPs) of steady vibrations of this model.

In this work the following consequences are obtained:

e The governing system of equations of motion in the coupled linear model
of double porosity elastic solids is presented. In this model the basic
equations are involved the displacement vector field, the changes of
volume fractions and the fluid pressures of the pore and fissure systems.
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e The fundamental solution of the system of steady vibrations equations in
the coupled theory of double porosity elastic solids are constructed.

e The uniqueness theorems for classical solutions of the boundary value
problems (BVPs) are proved.

e The properties of single-layer, double-layer and volume potentials are
established.

e The BVPs are reduced to the singular integral equations for which the
Fredholm theorems are valid.

e The existence theorems of classical solutions of the BVPs by means of
the potential method are proved.

This research has been fulfilled by financial support of Shota Rustaveli

National Science Foundation (Grant # FR-19-4790).

FLUID MOVEMENT BETWEEN TWO PARALLEL
PLANES, WHEN CONSTITUTIVE RELATIONSHIP FOR
FLUID CONTAIN FRACTIONAL DERIVATIVE IN
CAPUTO SENSE
Teimuraz Surguladze
Akakai Tsereteli State University
Department of Mathematics
Email: teimuraz.surguladze@atsu.edu.ge
Fluid movement between two parallel planes is considered. One of these

planes is stationary, and the other moves rectilinear and parallel to the first

according to this law.
Let the constitutive relationship in the liquid have the form

o =kD"¢,0< <1,

Where O - stress, & - strain, D? - fractional derivative in the Caputo sense.
let the plane x =0 be fixed, and the plane X =/ move along the y axis
according to the law

y(tx), =0(1).0(0)=¢'(0)=0.

where @ is the known function.
Initial and boundary conditions are taken in the form

y(t,x) :O’G_y =0;

t=0 at o

y(x)| L, =0,y (5x)|, =0(0)

X=
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The fluid motion equation has the form
aZ
2
o
We are looking for a solution to the task in the form of

ZC sm nrx + xtpl( )

D*’y=a

Values ¢, (t ) are found.

THE FLOWS OF CONDUCTIVE LIQUID IN A
RECTANGULAR CHANNEL
V. Tsutskiridze*, L. Jikidze**, E. Elerdashvili***
* Associated Professor , Department of mathematics, Georgian
Technical University,
77, M. Kostava st., 0175 Tbilisi, Georgia.
Email addresses: b.tsutskiridze@mail.ru, btsutskirid@yahoo.com
** Professor , Department of engineering mechanics and technical
expertise in construction, Georgian Technical University, 77, M. Kostava
st., 0175 Thbilisi, Georgia.
Email addresses: levanjikidze@yahoo.com
*** Associated Professor , Department of mathematics, Georgian
Technical University,
77, M. Kostava st., 0175 Tbilisi, Georgia.
Email addresses: ek. Elerdashvili@yahoo.com
In this considered article the steady flow of an incompressible viscous
electrically conducting fluid in rectangular channel at existence of a transverse
magnetic field. An exact solution of the problem in general terms is obtained.
Accordingly to the assessed problem are studied in the [1, 2, 3, 7] articles
and in the [4, 5, 6] works is considered laminar flow of fluid in pipe without a
heat transfer when on the walls carried out the intensive inflow or leakage.
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ON PROBLEMS OF ILIA VEKUA
Tamaz Vashakmadze*,
*Iv.Javakhishvili Tbilisi State University Dept of Mathematics,VIAM,

In the monographs of Vekua[l,2] were formulated two involving
problems:1. for elastic thinwalled structures the problem of satisfaction of
boundary conditions when the generalized stress vector is given on the
surfaces for elastic plates and shells.2.The development of theory of find
general solutions of linear partial differential equations of the complex
variable for the nonlinear case.

We consider the problem of satisfaction of boundary conditions when
the generalized stress vector is given on the surfaces for elastic plates and
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shells. This problem was open also both for refined theories in the wide sense
and hierarchical type models. This one for hierarchical models was formulated
by Vekua. In nonlinear cases the bending and compression-extension
processes did not split and for this aim we cited von Karman type system
without variety of ad hoc assumptions since, in the classical form of this
system one of them represents the condition of compatibility but it is not an
equilibrium equation. This problem was open also both for refined theories in
the wide sense and hierarchical type models. Thus, we created the
mathematical theory of refined theories both in linear and nonlinear cases for
anisotropic nonhomogeneous elastic plates and shells, approximately
satisfying the corresponding system of partial differential equations and
boundary conditions on the surfaces. The optimal and convenient refined
theory might be chosen easily by selection of arbitrary parameters;
preliminarily a few necessary experimental measurements have been made
without using any simplifying hypotheses. The same problem is solved for
hierarchical models too.

Extended the classical theory (for linear case developed by
Goursat, Walsh,Bergman,Kolosov,
Muskhelishvili,Bers,Vekua and so on) of finding the general solution of
partial differential equations of complex analysis for the essential nonlinear
differential equations[3].
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ON THE TWO PROBLEMS
Tamaz Vashakmadze*, Revaz Chikashua**
*Iv.Javakhishvili Tbilisi State University Dept of Mathematics,l.Vekua
IAM
**Georgia Gas Transport Company,
In this report we investigated the following problem.
1.The construction of the stability and high order accuracy schemes,
creation and realization the package programs for calculate the class of
classical orthogonal (such as Legendre,Laguerre, Hermite,Chebyshev,so on)
polynomials of about 10 million degree[1].The necessity of using a high
degree (about 15.000) of the orthogonal polynomials you can find for
example in the works of Zenciecich and Babushka dedicated to construction
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of some effective finite elements schmes..

2. We studied the problem of calculate the coefficients of the Secular
Equation and find the corresponding eigenvalues by stability high order
accuracy schemes when the orders of matrices is sufficient more than in
well-known methods. The developing method supports: on a split of class of
matrices on two summands when first of them contains
only integer elements, second one depends from small parameter; on
modification of Le Verrier, Faddeev methods, using of Lehmer method and
applied the methodology of the first part for orthogonal polynomials.
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TASKS OF DECOMPOSITION MECHANICS OF
COMPOSITE MATERIALS
Fatima (Lali) Verulashvili, Giorgi Khukhunaishvili,
Ana Tabatadze
Georgian Technical University

The task of determining the direction of the appearance of cracks in
construction structures and its further opening is presented, which has not yet
been fully explored in theory and is the basis for future scientific research.

The development of a crack causes the release of energies concentrated at
its tip, which requires a rigorous mathematical interpretation of this process.

The formation of a new surface is partly linked by scientists to the
resolution of bonds between atoms inside a material, with some atoms moving
in the direction of the action of force. Existing processes can be solved using
composite materials.

SOLUTION OF SOME BOUNDARY VALUE PROBLEMS
FOR ELASTIC PLATES WITH VOIDS
Roman Janjgava
Iv. Javakhishvili Thilisi State University, . Vekua Institute of Applied
Mathematics, Tbilisi, Georgia,
Georgian National University SEU, Tbilisi, Georgia
roman.janjgava@gmail.com
In the paper analytical solutions of the Kirsch problem for an elastic
plate[1] with voids[2] and the dislocation problem[3] for a plate of the form
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of a circular ring with voids are constructed.
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APPROXIMATE SOLUTION OF SCHRODINGER
EQUATION IN THE SPACES OF ORBITS
Duglas Ugulava*, David Zarnadze**
*QGeorgian Technical University, Muschelisvili Institute of
Computational Mathematics, Thbilisi, Georgia
**Georgian Technical University, Muschelisvili Institute of
Computational Mathematics, Thbilisi, Georgia
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Schrodinger equation, the basic equation of quantum mechanics, can be

written compactly as HY = E by using the Hamiltonian
H=-h*/2md?/dx* + V(x).
In this equation (x) is the wave function, E is total energy of particle, # is
Planck's constant, m is the mass of particle, V(x) = mow?x? /2 is the
potential energy of the particle in the force feld at position x, @ is the
frequency of quantum harmonic oscillator, d?1)/dx? is the rate of change of
the slope the curvature of the wave function at the position x.
A linear spline central algorithm [1] for the orbital equation M,y = f
with the introduced by us orbital operator H,, of the Hamiltonian H in the

Hilbert space of finite orbits D (H™) is constructed. The convergence of the
sequence of approximate solutions to the generalized solutions is proved.
Moreover a linear spline central algorithm for the orbital equation

H™1 = f is constructed, where H* is the introduced by us orbital operator
of the Hamiltonian £ in the Frechet space of all orbits D(H™). The

convergence of the sequence of approximate solutions to the exact solutions is
proved and some estimates are established. Note that the Frechet space of all

orbits D(H™) coincides with the Schwartz space of rapidly decreasing
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functions S(R) and the restriction of Hamiltonian H on S(K) was also
considered in [2].
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CONVERTING THE OSCILLATORY MECHANICAL
ENERGY OF THE VEHICLE’S SUSPENSION INTO
ELECTRICITY
Omari Zivzivadze, Isidore Kachakhidze, Badri Zivzivadze,
Zaza Papidze
Akaki Tsereteli State University
zivziva@mail.ru

Studies have shown that loads coming from the road, which are
delivered through the suspension to vehicle frame and then to the body and/or
driver’s cabin, are a fairly large energy [1,2,3], which is wasted and its use
will significantly improve fuel efficiency for vehicles. Analysis of
observations and obtained data has shown that it would be more convenient to
convert this energy into electricity and charge electric batteries through it,
which can be used for various purposes. It is for this purpose that the shock
absorber in the suspension has been replaced by a new shock absorber — an
electrical converter, which is capable not only of replacing the shock absorber,
but also of converting into electricity the loads coming to the suspension. The
energy generated in the suspension is the sum of chemical and potential
energies and is presented as follows

P+P,+R=Q,
where Py~ kinetic energy; P,- potential energy; R- disspation (thermal,
friction, etc.); Q- energy wasted on passing over irregularities in a road
surface.

Experts estimate that it is expected in 15 + 20 years, vehicles running
on liquid fuel will be completely replaced by electric vehicles, which makes
the vehicle suspension even more relevant as an alternative source of
electricity generation.

The benefits of using a new shock absorber-electrical converter in the
vehicle suspension are as follows:
e Itis renewable energy source;
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It does not pollute the environment with exhaust gases;

It reduces dependence on storage batteries;

It increases the level of energy security;

It is cheap (after the outturn period);

The vehicle has a good smooth ride, and it will be even more

comfortable;

e Due to the variable characteristics of the suspension, the design does
not find resonance;

e [t creates competition in the auto market.

Although, the use of a recuperative suspension of vehicle will also have

some negative aspects, such as complicating and an increase in the cost of the
suspension design. However, the prospect for beneficial use of previously
wasted energy is much more important and, given the philosophy of
technology, it justifies the need to use this device for a new functional

purpose.
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THE ISSUE OF PSYCHO-PHYSIOLOGICAL
STABILIZATION OF THE RESIDENTS OF HIGH
BUILDINGS WHEN USING WIND GENERATORS ON
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In wind turbines, which convert wind energy into electricity, it is of

great importance to reduce vibrations. Because humans do not have a special
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organ to perceive oscillations. Different parameters of oscillating processes
act differently on human psychology, the most important of which are the
frequency of the oscillation and the noise caused by it. When wind turbines
are placed on the roofs of high buildings, they create a psycho-physiological
imbalance in people living on the top floors.

The influence of oscillating processes on human fatigue is well studied in
the literature, so these results can be used for acoustic assessment of the
human living environment in the vicinity of wind turbines.

To reduce the noise caused by the oscillations, which is caused by the
rotation of the wind turbine, Vibro-suppressor pads can be used in its support
to reducing the amplitude of the oscillation (hence the noise). It will be
especially effective to use vibrating insulation layers of amorphous and/or
porous materials (e.g. foam-plastic), under the roof, in the attic to reduce noise
propagation in the building. The placement of wind generators away from the
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roof edge will greatly reduce the I'lSk of noise spreadlng below it, outside the
building, due to the diffraction of acoustic waves and the change in their
frequency.
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