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Identification of nonlinear systems using one class of generalized and expanded
block-oriented models

Besarion Shanshiashvili, Nugzar Dadiani, Ketevan Omiadze, Dudukhana Tsintsadze

besoshan@hotmail.com, nugzar_dadiani@yahoo.com, komiadse@mail.ru,
dudutzin@gmail. com

Abstract

Problems of structure and parameter identification of nonlinear dynamical systems on a
subset of continuous block-oriented models in the frequency domain, elements of which are
generalized Hammerstein and Wiener, and extended Wiener models, are discussed. Structure
identification is carried out based on the observations of input and output variables of the system at
the steady state. Under the Fourier approximation conditions, when solving the parameter
identification problem, the estimation of parameters is obtained via the least squares method.
Identification methods are investigated for accuracy.

Keywords:

identification, nonlinear system, structure, parameter, equation.

1. Introduction

Most of the processes in manufacturing systems are dynamic and nonlinear. In nonlinear systems,
specific events are observed which do not occur in linear systems.

The selection of the type of automatic control system for any manufacturing process depends on
the formalization of existing information about the state of the process in the form of mathematical
expressions i.e. mathematical models.

Characterization of nonlinear systems due to the peculiarities of the processes taking place in
them, in the entire range of changes of variables, is possible only with the nonlinear models.

A system model can be built using mathematical modeling methods or methods of one of the main
direction control theory, system identification. When building a model with systems identification
methods, various problems arise depending on the available a priori information about the system and the
observability of the signals acting on the system. The construction of an adequate model of the system is
significantly determined by the solution of the problems of structure and parameter identification.

The structure identification problem is usually solved based on the use of physical laws or a priori
information about the system’s processes according to the classic identification scheme [1], while the
parameter identification problem is solved based on the input-output data of the system.

In order to determine the regularity of processes in nonlinear systems, as a rule, general models are
used, in the form of Volterra and Wiener functional series [2, 3] and continuous and discrete
Kolmogorov-Gabor polynomials [4, 5] or block-oriented models consisting of various modifications of
Hammerstein and Wiener models [6].

In practice, block-oriented models are more commonly used due to their relative simplicity,
although their use requires some a priori information about the class of models.

When using block-oriented models, initially the structure of the model was determined according
to the classical scheme of identification, but later there appeared works in which this problem is solved
based on the use of input-output data of the system [8, 10], which were followed by further works with
such an approach to solving the problem. In some works, the task of structural identification was
discussed on certain discrete (e.g. [8, 10]) and continuous subsets (e.g. [11, 12]) of block-oriented models.

Parameter identification methods for nonlinear block-oriented models are mainly developed for
simple Hammerstein and Wiener models (e.g. [13-17]). A small amount of work is devoted to the
identification of Hammerstein-Wiener and Wiener-Hammerstein cascade models (e.g. [18,19]). For Other
block-oriented models success in this area is insignificant, due to the large number of parameters to be
estimated and the fact that most block-oriented models, except for Hammerstein models (simple and
generalized), are nonlinear with respect to parameters.
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This paper discusses the features of solving structure and parameter identification problems for
nonlinear dynamical systems on the subset of block-oriented models, elements of which are generalized
Hammerstein and Wiener, and extended Wiener models. These problems are directly related to each other
using the same experimental data. Identification problems are considered in the frequency domain under
conditions of input sinusoidal signals of the system.

2. Classes of models and input signals

The problems structure and parameter identification are considered on the following class of
continuous block-oriented models (Fig. 1):

L={si=1 2 3}, @

where s;, s, are the generalized Hammerstein and Wiener, and s, - expanded Wiener models.

Cy S
1) 2)

u(t u(t) V, P PAL
L(: > Wip) > Wip) »
L Wi(p) —>| e 2

3) Co
u(t) 5 | y(1)
Wip)
W(p)
X
lk’(p)

Fig.1. The block-oriented models: 1) generalized Hammerstein model; 2) generalized
Wiener model; 3) expanded Wiener model.

The models of the set L are described by the following equations [17]:

e Generalized Hammerstein model

Y(t) = o+ W, (p)u(t)+W, (p)u’(t); (2)

o Generalized Wiener model
(1) = +W, (p)u(t) +[W, (p)u(t)]'; (3)

e Expanded Wiener model
y(t) = + e, (p)u(t)+[W, (p)u (t) Wy (p)u(t) ] @)

In the formulas (2) - (4) u(t) and y(t) are input and output variables, correspondingly,c, -
constant coefficient, W, (p) (i :1,2,3) - transfer functions of linear dynamic systems in the operational
form, i.e. p=d/dt.

10
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Furthermore, it is implied that the linear dynamical elements in the block-oriented models are
stable, i.e. the roots of their characteristic equation are placed in the left half plane of the roots plane.

In order to solve the problems of structure and parameter identification of the nonlinear systems in
the frequency domain, it is assumed, that input signal of the system u(t) is a sinusoidal function:

u(t)= Acoswt. ®)
3. Structure identification

3. 1. Mathematical description of output forced oscillations

When solving the problem of structure identification, the values of the input-output variables of
the research system are used in the steady state. It is implied that the classes of models and input signals
are known, and it is necessary to develop the criterion determining the structure of the model from the
class of models. Such setting of the problem is in accordance with the classical definition identification of
L. Zade's [1].

When a sinusoidal signal of the type (5) is entered into the input of a nonlinear system, after the
end of the transient mode at the output of the system, a steady-state forced oscillation is obtained, which
has certain characteristics for each model of the set (1).

Let's consider the analytical expressions [12] of the forced oscillations obtained at the outputs of
the set models (1), which are obtained by solving the equations (2-4) taking into account (5):

e Generalized Hammerstein model
y(t)=c,+= Az[\N (0)+ [\Nl(ja))|ACOS[a)t+¢(a))J+%[\N2(2ja))|A2 cos[ 20t +2¢(w)|;  (6)

e Generalized Wiener model

yit)=c, +%[vv2( joo) 2 AZ Wy ( ja)lAcos[a)t+(p(a))]+%|V\I2( jo)’ A2cos2at+ o) (7)

o Expanded Wiener model

y(t) =Cpt % [Wz(j a’][Wa(Ja’) A COS[(Pz (a))— P3 (co)]+ |W1( j a)) A cos[a)t + (p(a))]+

+ M (o) (j0)A? cosf2at + ¢, (0)+ 03 o). ®)

In expressions (6) - (8) [\l\/ ja))| =1, 2, 3 are modules of frequency transfer functions of

models and ¢; (a)) (i =1 2, 3) are phase shifts of an output signals of a linear parts concerning an
input signal.

3.2. Criterion of determination of structure of model

The criterion for determining the structure of the model on the set of models (1), which is obtained

by analyzing the expressions of the output variables (6) - (8) of the models, it is as follows [12]:

e Generalized Hammerstein model - constant component of the output signal does not depend on the
change of the input influence frequency. The output periodic signal contains only the first and second
harmonics;

e Generalized Wiener model - the difference between the constant component and the amplitude of the
second harmonic does not depend on the frequency, and the ratio of the amplitude square of the first
harmonic to the amplitude of the second harmonic depends on the frequency;

e Expanded Wiener model - all above-listed values depend on the frequency, however, the constant
component and the ratio of difference of the constant components under different amplitudes of the
input action to the amplitude of the second harmonic represent trigonometric functions of frequency.

Based on the use of numerical harmonic analysis can be determined the values of the above-listed
values - constant components, amplitudes of the first and second harmonics of the forced oscillation of
the system output.

11
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4. Parameter identification

Estimation the parameters of block-oriented models, due to their large number, is possible
analytically only for low-order models.

The dynamic parts of many processes in manufacturing systems can be described by first- or
second-order differential equations.

Let’s assume that in the set (1), the transfer functions of the linear dynamic parts of models are
defined by the expression:

1 .
(p)z———— (i= , 9
W,(p) Tin2+Tip+1 (I b2 3) ®

where Ty, >0 (i =1,2) has a dimension of time square, and T, >0 (i =1,2) - a dimension of time.

Let's consider the peculiarities of model parameter estimation by the method of least squares using
the Fourier approximation.

4.1. Generalized Hammerstein model

From (6), taking into account (9), after a series of transformations we obtain:

A(l _ a)ZTOl) cos wt + AwT,

5 5 sin wt +
(1- 0Ty ) +a'T? (1- 0T, ) +o’T?

y(t)=c, +%A2 +

A’ (1-40°T, 2
( 02) cos 2wt + AT, sin 2wt . (10)

2|:(l—4a)2T02)2 +4a)2T22} (1-40°T,, ) +40°T7

Using the Fourier approximation [20] for the periodic signal of the system output allows the
calculation of the Fourier coefficients &,/2, 4, Bk, (k =1,2). If we equate these estimates with their
theoretical values from expression (10) and use the least squares method, we get the dynamic parameter

BB ']@2“’?)
S| Lo (B2
et TR 2 5]
$o[g g
e |En B S
Bor[Biker Eer)

(11)

1
= (13)
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T B
Se[Sa S

=1 M2i =1

1
TZ_E

4.2. The generalized Wiener model

Estimates of dynamic parameters for this model, obtained by the least squares method, are
determined, as for the previous model, by expressions (11), (12).

In the same way as for Hammerstein's model, a linear system of equations for Ty, , T,, TG, T2 is
obtained for the model:

A

a,; ay; .

208 Tgy +20; 2T, — 0T =207 2T, T, +0?TF =1 (i=12,...,n), (15)

. b,
2i 2i

By means of this system, it is possible to obtain Ty,, T, parameter estimates by the least squares method.

4.3. The expanded Wiener model

Let us assume for this model that the linear elements in its composition are described by first-order
differential equations, that is, in (9) let us assume that Ty =0 (i =1, 2, 3). Such assumption simplifies

the calculations.
In this case, we get the following estimates [21]:

& by
A 1

~ : aAq:

T=2 S (16)
2o
j=

. 2T

Ty=——"—2 a7)
T —\T?-4T,

. 2T

Ty=————, (18)
T+T2 4T,

where

o] g5

o — T : , (19)
S [ St S [$5
- [Bsan [t | St [

oa g (£5 5
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5. Accuracy of the Received Results

A very important stage of building a model with systems identification methods is the examination
of the issue of model validation, i.e., its adequacy to the system. There are various approaches to
investigate this issue (e.g. [1, 22-25]), the most important of which is the approach when the same signal
is supplied to the research system and the built model, then the signals received at their outputs are
compared and a certain equivalence function is drawn up with respect to the received error, through
which the adequacy of the object and model is judged.

In cases where manufacturing conditions do not allow the same signal to be supplied to the inputs
of the investigating system and the model, the developed identification method is investigated for
accuracy through theoretical analysis and computer modeling.

The reliability of the results obtained in the considered identification methods in the presence of
noise and errors in the identification of nonlinear systems in production conditions depends on the
accuracy of the measurement of the input-output signals of the system and the mathematical processing of
experimental data.

The considered identification methods of nonlinear systems were investigated using computer
modeling using MATLAB. Both the package Simulink-toolbox tool for system modeling and the
Symbolic Math Toolbox tool for solving equations are used.

!
0.552+5+1 magnitude Displayl
+

signal

[ ; T T
Y " "
Sine Wave TmmlerFmJ—> ale
L:F Spa o
Producd DisplayZ

Y

Trarsler Forl
_I
magnitude
Corrdand P signal e
angle L
Foumiesl

Deplay4

Fig. 2. Scheme for Generalized Hammerstein model

Figure 2 presents an electronic scheme composed for the generalized Hammerstein model, on
which the presented identification methods were examined.

(L )=)

do

Fig. 3. The dependences a, = f (@) for Hammerstein generalized model.

The dependences of the constant component of the output periodic signal on the frequency of the
input sinusoidal signal a, = f(a)) for the generalized Hammerstein model is given as an example in
Fig. 3.

When investigating the method of parametrer identification, diagrams of output variables of
models and estimates of unknown parameters were obtained. For example, for the generalized
Hammerstein model, experiments were performed on parameter values €y =2, Ty; =15, T; =2,
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Toz =0,5, T, =1. The following estimations of the unknown parameters are obtained: c0 =2, T01 =
1.4709, T1 = 1.9528, T02 = 0.4882, T2 =0.9729.

6. Conclusion

The peculiarities of solving structure and parameter identification problems of nonlinear systems
in the frequency domain under the influence of input sinusoidal signals of the system are discussed.
Identification problems is considered on the subset of continuous block-oriented models, the elements of
which are generalized Hammerstein and Wiener models, and extended Wiener models.

Structure identification is carried out based on observations of the input and output variables of the
system at the steady state. Under the Fourier approximation conditions, when solving the parameter
identification problem, the estimation of parameters is obtained by the least squares method.

The reliability of the obtained results in manufacturing conditions depends on the accuracy of the
measurement of the output signals of the system and the mathematical processing of the experimental
data.

35O x3030 LOLEJIJOOL 0IBEH05035305 9N JEslol J56BMYSIdMmOo ©s
398500 MYOY0 dMIMMS© MM0IhEH0MIdo ImEYErgdol 4sdmygbgdom
89b5GH0mb Jsb6dosdz0¢m0, bryg bt @s0sbo, J9009356 m8osdg, rIrIbsbs 06559
MHgbomadg

2396boEMmos s®5HMOR030 BTz LolEgdgdol LGMJGHWOHYWO S 3565TgGHOMWO
0096308035300l 59m356980 LobdoMre 56980 MFY39BH0 dWMIMEOE  MM0gbEH0MIdMwo
9 gdol  g3qlodmegzwgbyg, GMAwoL gwgdgb@gdos 2obBmysgdmwo 3589Mm3Ggobols s
306960L, o  2oBIOMMYOMo 306900l ImEgwgdo. LEHOMIGHMOWO  0IBEHO0BOISE0S
900@0bsMHgMdL ©odystmndwyen dymdstgmdsdo LolEgdol dgdsgse s godmdsgee 33w gdbY
05330639000 b8d39wDY. BMOHOYL 53OMJL0Ts300L J58mYgbgdol 30HMBJBT0, 3sM5dgEMMEO
00096¢080353008  5dmME6oL  25sfY39BHOLLL, 35M5dgEBHMYOOL  FgRoligds Foowgds wdocglo
33900053 Jool  9gomEom.  00g6¢0%303530e0l  IJOMPIO0  39FM3IZWGME0s  LOBMLEOL
0350bsBOHOLOM.

NnenTndukanus HeJIMHEHHBIX CHCTEM € HCIOJIb30BaHHEM OJHOI0 Kjacca 0000IeHHbIX U
pacliMpeHHbIX 0JI0YHO-OPUEHTHPOBAHHBIX Mo/eJIeil

Buccapuon Hlanwuaweunu, Hyzzap /laouanu, Kemesan Omuao3ze, [yoyxana Lunyaose

Pe3rome

OO6cyxnatoTcss MpoOJIeMbl CTPYKTYpPHOH M TapaMeTpHdecKod HICHTH(UKAIMA HEIWHEHHBIX
JUHAMMYECKHX CHCTEM B 4YacTOTHOH 00JacTH Ha TIOJMHOXKECTBE HENPEPHIBHBIX  OJI0YHO-
OPHEHTHPOBAHHBIX MOJIEJIEH, JIEMEHTAMH KOTOPBIX SBJISIOTCS 00OOIICHHBIC MOJIENN XaMMEpIITeiHa 1
Bunepa, a Tarxke pacmmpeHHas Moxaens Buaepa. MpeHTndukanmst CTpyKTypbl OCYIIECTBISETCS Ha
OCHOBE HaOMIOJICHUH BXOJHBIX U BBIXOAHBIX MEPEMEHHBIX CHCTEMBI B YCTaHOBHBIIEMCS COCTOSHHH. B
YCIOBUSIX ~ MCHONB30BaHUS Dypbe-allpOKCHMAIMM TPH  PEHICHHH 33aadd  [TapaMEeTPUYECKON
uaeHTH(GHUKAMK OLIEHKA [NapaMeTpoB TIOJNyYeHa METOJOM HAMMEHBIIMX KBaApaToB. MeTo/bl
uAeHTU(HUKALNY UCCIIEJOBAaHbI HA TOUHOCTb.

woB9Mo@nMs - References — Jlureparypa
1. Eykhoff, P. System Identification. Parameter and State Estimation. Joh Wiley and Sons Ltd,
London. 1974.

2. Volterra, V. Theory of Functionals and of Integral and Integro-Differential Equations. Dover Publ.,
New York. 1959.

15



Besarion Shanshiashvili, Nugzar Dadiani, Ketevan Omiadze, Dudukhana Tsintsadze

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Wiener, N. Nonlinear Problems in Random Theory. Wiley, New York. 1958.

Kolmogorov, A. N. Interpolation and extrapolation of stationary random series. Bulletin of the
Academy Sciences of USSR,. Mathematical series, vol. 5, no.1, 1941, pp. 3-14.

Gabor, L., Wilby, P.L. and Woodcook, R. A universal nonlinear filter predictor and simulator which
optimizes itself by a learning process. IEE Proceedings, vol. 108, part B,1961, pp. 422-433.

Haber, R. and Keviczky, L. ldentification of nonlinear dynamic systems. In: Preprints of the IV
IFAC Symposium on Identification and System Parameter Estimation. Institute of Control Sciences,
Moscow. 1976, pp. 62-112.

Shanshiashvili B. G. On the selection of the model structure under the nonlinear dynamic system
identification with a closed cycle, Preprints of the 8th IFAC/IFORS Symposium on Identification
and System Parameter Estimation”, vol. 2, Oxford: Pergamon Press, 1988, pp. 933-938.

Haber, R, and Unbehauen, H. Structure identification of nonlinear dynamic systems — a survey on
input/output approaches. Automatica, vol. 26, no. 4, 1990, pp. 651-677.

B. G. Shanshiashvili, Frequency method for identification of a model structure of nonlinear
continuous-time systems, Preprints of the 9th IFAC/IFORS Symposium on ldentification and
System Parameter Estimation, vol. 1, Budapest, 1991, pp. 640 — 643,

Giri, F., Bai, E-W. (eds). Block-oriented Nonlinear System Identification. Springer, Berlin, 2010.
Salukvadze. M. and Shanshiashvili, B. ldentification of nonlinear Continuous Dynamic Systems
with Closed Cycle. Inter. Jou. of Information Technology & Decision making, vol.12, no. 2, 2013,
pp. 179-199.

Shanshiashvili B., Prangishvili A. and Tsveraidze Z. Structure Identification of Continuous-Time
Block-Oriented Nonlinear Systems in the Frequency Domain. IFAC-PapersOnLine, vol. 52, Issue
13, 2019, pp. 463-468.

Li C., Li F., Cao Q. Parameter identification for Hammerstein nonlinear system with polynomial and
state space model. Measurement and Control, vol. 56, issue 1-2, 2022, pp. 327-336.

Liu X.., Wang C., Dai W. Probability-Based Identification of Hammerstein Systems with
Asymmetric Noise Characteristics, IEEE Transactions on Instrumentation and Measurement, vol.
73, 2024pp.1-11.

Jin Q., Wang Z., Cai W., Zhang Y. Parameter identification for Wiener-finite impulse response
system with output data of missing completely at random mechanism and time delay. International
Journal of Adaptive Control and Signal Processing, vol. 35, issue 5, 2021, pp. 811-827.

Jing Sh., Pan T., Zhu Q. International Journal of Adaptive Control and Signal Processing, vol. 35,
issue 12, 2021, pp. 2537-2549.

Shanshiashvili B., Rigishvili T. Parameter Identification of Block-Oriented Nonlinear Systems in
the Frequency Domain. IFAC PapersOnLine, vol. 53, issue 2, 2020, pp. 10695-10700.

Brouri A. Wiener-Hammerstein nonlinear system identification using spectral analysis.
International Journal of Robust and Nonlinear Control, vol. 32, issue 10, 2022, pp. 6184-6204.
Brouri A., El Mansouri F.Z., F.Z. Chaoui F.Z., Abdelaali C., Giri F. Identification of Hammerstein-
Wiener model with discontinuous input nonlinearity. Science China Information Sciences, vol. 66,
2023, pp.1-15.

Hamming R. W. Numerical methods for scientists and engineers. Dover Publications Inc., New
York. 1987.

Shanshiashvili B., Avazneli B. Identification of Nonlinear Dynamic Systems Using Wiener
Models. Transactions Automated Control Systems Dedicated to the 50th Foundation Anniversary of
the Chair "Automated Control Systems" of GTU (1971-2021), Ne 1(32), vol. 1.1. Thilisi, 2021, pp.
86-91.

Soderstrom T., Stoica P. System ldentification and Model Adequacy: A Comparative Study.
International Journal of Control, 2002, pp. 1179-1193.

Hang K. M., Zhang J. L. A Review of Model Validation Techniques for System Identification.
Control Engineering Practice, 2007, pp. 1655-1668.

Hughes F. M., Davidson E. L. Assessing Model Adequacy in System Identification: Techniques and
Applications. Mathematical Methods in the Applied Sciences, 2012, pp. 3053-3070.

Qian J., Li Sh. Model Adequacy Checking for Applying Harmonic Regression to Assessment
Quality Control. ETS Researcher Report Series, vol. 2021, issue 1, 2021, pp. 1-26.

16



39566009805 MgmMHool 06530 39MO 59MESbs sT5EYOI0MO MYLELYdIOL 35M09Eo
bodGmsgeols dgdmbgglsdo

J9009356 32900bsTz0¢v0, 69¢70 30¢75L260s
kkutkhashvili@yahoo.com, kilasonianelil@gmail.com

M9bordg

35bMogms omgm®osdo,  Gmamez  3bmdowos, ©335emgdsmd  IglmEgdol
05600000g30mdsbg  ©TM3oEgdmos  JoBbol  gubdzool  960dzbgemmds  Ubgsslibgs
3MoGHMmomdol 36 3MoBHgMowdgdol dgdmbgggsdo. 0dolsmgol, GMI oo Msm©gbmdoom
dmbs399900L 899mbggzsdo doBbol gmbdiool gdudMgdsgreymo 360836gemds ogml domfgrmero,
UsFomms  50ml  ©35¢gd50s  BglHErgdol  0s63033MMdOL  M3EGH0Ts@Mo  3566M0y0,
MHobmzolsE Ym39eo 30630M9E Mo 53mEs6olsmzol 9BIIEBHMOO 5EraMm®OmMTol 539055 BsFoMm.

653HmTddo  FgIMmm535HgOMmos gsbMogms MgmMool gHMIMMEgLMOmo  I3Esliog®o
30m39bs,  GMIol;mgoLssg  ©ITsGIPomo  MgbmELgdol  LodMagmg  39M0IEos,  bomwe
™3G00sanMOmdol Lsbmds 3obbogmmos ©IgsmMgdsms LolBgdol Fgrmemagdols LsgMom
©0MYOYEg0s. 535BB, s9mEsbols yzgems 3sMs9gBMmo Fobsfs® 3bmdogmo s@ ML, Mol gsdme
5e0MmM00dols 5155390500 g39mygbgd s obsdozMMmo s3MHmy™Msdgdols dgmmo.

153356dm o@yzgdo:

@Ol 3695 e3am0; 23H0FsaeyH0; 3566080; 0BSTOLI0 erIem0; 5¢182H00200.

dglsgsemo

09-20-g Lowzmbol dgmeg bobggz®osb ©olgMg@dwo ®m3EH0ToDsEo0L  IgommEadols
24963000569050  29bLs3MOOGdIMwo  8B60d3zbgermds  dgodobs, ®oysh 93 Fgomgdol s
30030M@HYOmo  3gdbogol  Lsdmewrgdom  93mbmdogol,  BHgdbozols vy LmEoswrMo
3936096M9d9d0L  0bgmo  53M36gd0L  FooFMs dobs dglodegdgwro, MHMIWgdoz BB ©s
093900 99mMmEgdoL 4sdmygbgdom 89mdwgdgo ogm. §omBmodgs Bs0gdo@ogol w)sdMsgo
Lbgoolbgs  803sM0Egds s o dmMol  bGMogms  mgmos, oz Ladmdsmgdol,
360390990500, 30656LGOOL s MPIMOz0 b3 MdOYYEHIOOL s3To39d0l MMTO M3EH0ToWE
296500935 geolbdmdl.

MymO3  3bmdowos,  39bMmoyms  Mgm@ool  s8mEbgdo  9MI3MmEobmdoswmmo  (NP)
LoMHMYEOLSs. oYM FbMOYOL Fgygbs, GMIgwoi 9m3s6oL 35689GMYODY IO
500530  gHBO3z0Ls s Tomo  gomzseolfjobgdom  sds oy 00 3GoGHIMoMIol
053059 530930L Lodwgoegdsl 3my3(39aL, OO MoMEYbMdOM FmMbo39d9d0L sdwYTsgqdals s
d9L50580b5, IM535¢00 TobJsbMO M3gMs300L TGuEYIEgdSL bsFoMmMgdlL. sdo@md, dmbsggdgdol
5EIbMIOL  FoBOEILMIB  gOMoE  godMmmMZmdOL  MomMmEIBMd3  3M3MEobmdoscrMo
0BMYds, gU 30 0530LM535, 53ME3BOL TMbLBOLMZOL LoFo®mm TobdsbmH MHML dogrosb
BOEOL [2, 3]. LHmOgo s00GH™I, 3mb3Mg@mwo 39Brm3gdol 30HMdJdTo 3mErobmdoswr®o
5@mOomdol  saqds  dgBo  9b0dzbgmgsbos.  585Lmeb, Mo MBEM  BdOEo  baGolbol
3mobmdom 0gdbgds Fgx3sLgdmwo 539000 SEMGomIoL  9BgIGMOMds, Bom  39mgLOs
3QamMomdo.

39660gm5 gmMHool s9m356900, 0l MMYMOE OLIMIGHIWO M3EH0T0BIE00L FMOZsw0
Lbgs 0dm@Esbs, 990dwgds ©s0yml LEIA03MO ©s bEHMPLEHWO 50m35690500. LEHMILEGHOO
00m356900L  ghHgOm0 gobdEHmgdss ©0bsd03MEMmO 58MmEs6gd0. LEHGHO03MNMO sdm3569d0LsMZ0L
bbgoolbgs 99B0©3900L  3060HMIYGIT0  53g0E0s  SEMMOMTJP0  MHMAMGE 9O, Y3y

17



9029356 37909bs8Gz0¢m0, b7¢m0 30¢m5bmbos

305350 300GHIM0Iol d900b39390d0. 53900 5RMMO0mTGO0 FEMgdoLS s LoBEZMYOOL
d900mEL gx3mdbgds [7, 8]. O®M©bsg BmA0ghmo 356Mm59g@Mmo Fobobffo® 3bmdowo o6 s®ob,
d9L5dgdgos 9dMYgbgd Mo 0dbsl 065303MMO s3HMYMsTYdOL FgmmEo JBHMYdOLS ©s
LoBEOZMYIOL FJPMED GBIMO.

0658031600 ©536MHMaM59900L FgmmEo, MG FbMEo byy3mbol MOGIMEPO5006
fgddo  990mmoz35bgdmo  oym  6.9.09wdsboll  JogH,  @oldmwo  sdm3sbol  Fgocy
296BmIoqdol s9m 356900 ©oyma3sly 99319dbgds. OO AsEBMBoEgdOL sdmEsbs oMy Bmdol
5039690500 Lbgo@solbgs abom 9godagds ogml sygmgzowo [4, 5]. sdo@md oMz Goydo
©594ma30L 9900MmEo b goboloBEzMML s IYMBOL sErymOomdo S0aMb. gmgzgwo dEoy
Dol 5dmE3oboLomzol LoFoMms F93500a06mm 53 5dm36580 Tmbz9MOEO 35 gdgdOL
3300500 A9bsfowgdol 4o6M0g0. dmwml, dgagbowo 3bMHowgdol Logmdzguby s09ds
3053030 Lsfgolo s9m3sbobomzol, GmIgwoag doBbol gmbdsool go®339mer 3603369 mdLL
93(399V. 58 3609369cMmB0L golov)dx mdglgds© LsFoMmMs M3zl BgmmEol 4odmygbgds.

00MMINW0  EBSYMBOLEMZ0L 133Ol FgmMmEo Js8Mm0Ygbgds s 53 bsgmagzdo
3905350 ©35¢90900L 0LgMbI0MSE A9IsRJOL IMombMgl, GMI fobs 9@&s3by spgdwwo
3bowol  dobgz0m  godmmgzgwowo  dobbol  gmbigool  d60dzbgEmdOL  AsmdxmdILYDdS
399mofigoml.  gmggwo  990ga0  J3gbodMogeolsmgzol  sagdo  Lavzgmgbem  sbGowols
dobgz0m s8mmzwowo 3obbol gmbjigool 360d3bgemds gds@gds fobs J3glodmageolsmgzgols
399mm3oe 360936900mdsl s LodMEMME, 439ws §39L086Me3w0l sdmfmemzol dgdmbggzsdo,
oLsYolido LYo 53M3560LIMZ0L 5373 FBOHOWL s FoBbol BMbdizool Josbermgdom
9600369 mdsls 303000900. 530l 9999 33eo3 dmy30(93L M3MLawol Igmm©ol sdmygbgds
doosbo gbMowobsmgzol.

©065303MM0  I3MMYMs0g00L  FgMEO  JOMOMOIPI®  FIolbIMdL  EOMOm
0639635050 ©gmesl. dgdsboll Mm3EH0dsEGmMmdol 30063030l Msbsbdsw, HMAMGOE o6
Mbs 0gmb LobLEgdol Lofilgobo TEMIsMgMds s Lofiyobo sdmboblbo, 8gdgao dmbsblibo
LobGHol  M3FGH0To®  IEPMTIMIMBL MBS FobloHzMmeggl  Fobs  sdmboblibols
2om3zseolfjobgdom [1, 4, 5]. gobbowe s9mEsbsdo Jgglod®mogwrggds, 6v9 MaGm diotyg
00m3569050, ©IYMas bbMM309w@Yds 9GS FoOGHM EOMOMO 0BFGHIMNZ9YOI  OYMBO,
565890, IglolimIEdI0 ©935¢19d9d0L B3YE0B030L FoM35¢oLobgdOMSE. dMMML, 539dw)Eo
5¢MO0mM3oL 9539JEHOHMOOL boMolbo oa0bogds.

59m3560L olids

F9LoLEOEGOIE0S  OOZIGOIMS  JoMIZIIWO  MOMOIbMDS, MMIWIDOE  OIZIGOIMS
LodMeggl 95009696, O30egdYdO  Fgbsdrms oyml Lbbgoolibgs d496gd0L  gooBozol
1535 gd900, MMAMEOOEGS BodIMYM 3oaMmbgdo, Lobdgmgmm 3mbEHJ0bgMgdo, LodsMam g9gdqdo,
MY IGZ0MOM35 96 BoB3000355 LoFoMMm, ©35¢qd9d0 Fgodergds 0gmb MW EGHMEOHWIWOo
©™bolidogdqdo b M50dg Lofo®dmTo FglsliMmegdgero bsddsmgdo 0¥y BobsBLYYMHO MIgMs30900
o 1bgs, 3bsos, MMI 98 35emgdsms FgLolBMWgdWs© boFoMHms MLOLYdo, HMIWIdo3
dglodenms M6 Boffors@  2o34mom: JoMOMOEO S ©bToMYg 153w gdYd0. 30MHMBOMS,
306005 L5395 gdgdL 3MfmEmm 3MMmEILMOY00, brngrm EsdbTseg Lsdmswrgdgdl 3fmomo
0595350000 HJLMOLYdO.

0MOMMYME0 O350l dgbmegds,  (3boOs 9339 botxgOmsb oMol
05393006090 o. bobxgdog dgboderms Lbgoolbgs Lobol ogml  (5sd0sbwmGmo  MHglmGlo,
3996039960 L3 gdgd0 s bbgs), Mog 890dwgds, HMI 130bsbLwME Loghmm oMgdmegdsdo
390053094356mm.  303Molbdmm, MM  Lbgoolbgs  3MHMEglemGL  Lbgssbbgs  ©agswgdols
d9bOmMEgds gmAE0s, 564 goblbgsgzgdrmeo 5M0sb 9gMHmMIsbgmoliysb BMbzomboww®ma, s1939,
90 5 03039 35Sl b3oalbgs 3MmEgbm®mby FglsbMmagdws Lbgswlibgs O™
LFoMHYds. B3g6 2ob30boEI3m Mfiyzg® 99MEsBsL, 969 9.0. JOPLGIbOS sTMEsbsL, Hog 0dsl
39olbdmdl, GmI 030 O35 gdoL FgbMmargds IOFYJds MMIgEodg 3OmgLmGBY, dobo
399939%° ©o Lbgs 3OHmEgLlmMom  goa®™mdgergds b 39633990 GMmol 3909y Lsdwdsml
29065bangds,  GgdargdgEos.  3060JomoE, 9O 3OMEILMODY  JONOEOMMESE  M5gbody

18



3966009305 0gMB0ol 06303 MMO 53M3365 T9EJdOMO BYlKYMLYdOL MO0 ...

0535¢g00L dglierHyengds 56 MOl sd39d90. B3gbo JoBIB0s 5358000 OZsGdIMs T sbo
LodMO3ol FgbEgdol M3EGH0ToWMO A9BMOYO, 9.0. 5353Mmm 3BOOWO, GMIgEois 2430639690
0v) HMIGo 35w gds MMIgE 3OHM3gLMODBY FgbMMEEYds s OMOL MHmIge dmdgb@do
Mbs 0gml sfygdmeo, olyg, GMI o6 dmbgl 3MMmEgLMOGdOL Im3I0s s WOZIWYGDMS
9000560 LoIMH3wol FGLolMEgdESE BsFOMHM BobBLWGO Bt gdo ogml dobodswMo.

©535¢g0sms  LoIMagEol  FgbolmyErgdas  Fobolffo® dmagdmeo [0, T] 3gMomo
3960boEgds.  ©935tgdgd0 50 3gM0mEOL  396dsgmdsdo  Lbgoslbzs  @MH™ML  b3gd0sb
Lol gdsdo. BmyogMHmo Fomsbol bobEBgdsdo dmbgzg®mol M [obslfjs® Fbmdowos, 0mdgs
d9LsdEMms  BMYOIMMO 35 GOOLMZOL gl 9O ogml Fobolfo® TmEgdmwmo Loog, Gos
00m3565L bool 965 EHIM0b0MYdMEL. 306506 ©35¢gdgd0 LobEBgdsdo [0, T] 3gGomeol
2968530mdsdo  BgdoldogH O™l  Jgodgds Bmbgzbgb, b oM9dmgds MYl  bool
06580316 s 590@MTds3 FbMEmE LEIG03WOO FgmmEgdol 3s8mygbgdom seramomdo 396
503905, BoFoMmM bgds b33N I3HMYMSTJd0L BgmmEol Asdmyqbgds.

Fomgds3h03vyMo dmeyero

249660005 090l 5dm 36Ol BMYsOo Fomgdo@03wMHo ImEo goliryeo Lovzmbol 80-
056 §iergddo Bsdmagowrodqls g.9. 3ng3dsb6ds, 590Mgm3g 3. BHoboggzds s Tomds dmfog3qgdds. Brmyswo
9o 99809650650 Bsdmyswodgds [2, 3, 7, 8]:

dm90mo  33543L  3OMEgLMGdOL  LodMogwyg  P={Pi,...Pn}, j=1,.. m, G®Iwgdos
9O0356g00Lsob  2obLb393gd06  FMBJsombowMo  Fglodwgdermdgdom s  LMeggdmd-
890900ms3. 3mEgN0d ©IZdWIdIS XS, ,...,&, T LobGgds, Gmdgwog [0, T] 3gGomodo P
36Hm3gbmOMHgd0L  LsdMOEgdom MbEs FguOHMEEIL. 3bsos, m<n . 3OHMEILMOJB0  SM0

Bobgzto OO IY330000 BbJ30mboem@mo GgladegdEIMdYd0m S 0EIBEHWIOHO G056
LH60300md890g000. 350G LoLEgds dmogds 99 a0 Loboo:

2017 §geob g00md399bs b5dM™To [7], Losg gobbowmeo ogm asbMogms mgm®ool gomo
3M636M9GH Mo ©gBHIMIobomgdMmo  sdMEIbol  Fo@oFMOL  sWaMMO0mT0.  SERMOOmMIol
3m0bmdosmds  JooEHgms BMmPogHmo  3sMdgBHMOL 5850303900l  bobxbg.  3gMdme,
535¢905ms LoLEBNIF0 0QEPolbIgds, T
“<” = X bodMogegBg 2blEBOZHMEO sMMHINRW IGO0, SMELOTYEHOMEO F0T5MMYOSS
5 99B0M35L 0IdL IZ5¢gdsms TGP gdol MebT0BEY3MMdL. <& Bodbogl, Mmd &
0539905 6o gl meErgl 95650, Lobod & ogsEgds Fglitryengds o0fYgds. obbogrryem
00m356580 gl LoIMEZEg 30MO0JEO;

Tij (i-dum, jol..n) 0OEHOOE9, GO 7 7 9egdgbGHo F9MH0 ©o35gdol M6 3HMEgLMODY
d9bOHMEadOlL  bobyMmdwogmdsl  AsMmbo@egl.  gobbowem  s8mEsbsdo  BoGHEogs  s®OL
2490053350930 HoMImoygbl 39JGH™OL s dobo FMMo 3md3mbabEHo Mo ©sg35wgdols
B9g00LdogH 3OHMELMMDBY TguOEgdOL HBYMAOZMBL godmba@ogl;

I j=lk - 5000y gbl  ©odsGgoomo  Malvydlgdol  LodMogrgl,  MMIEGdOS
MOYOJE0S 35G35 gLl gdS;

(i)} (rm jo1..n) - §bOOO BMBI30900L BoBGOEs, MMIOL ij gwgdgbdo F~vMHo
53500l =96 3OMEgLMODY LB gdoL GolL Fo8mbo@ogl. gobbowme 5dm3sbsdo gl
FoBHM033 9M0L 250533509090 s HoMmImMoygbl 39JGH™MOL. dobo Mo 3md3mbabEo FmMo
0535900l bgd0Ldoge 3OHMEgLMODBY Gl gdOL BOLL Fodmbodegl.

P39bo doBsbo oym Tgy390a0bs LobGHgdsdo Fgdmlivero s35wgdgdol  Jlitregdols
MPY3930 39660y0 96w 939009005 S HMIGEoE Ym3gwo ©I35¢gd0L Tgledsdol 3MmEgbmmby
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A dynamic problem of scheduling theory in the case of an empty set of complementary
resources

Ketevan Kutkhashvili, Nelli Kilasonia

Summary

As is known, the value of the objective function in the case of various criteria depends on the
sequence of tasks execution. In order to achieve the extreme value of the objective function in the
case of a large amount of data, it is necessary to find an optimal schedule for the execution of the
tasks, for which it is necessary to build an efficient algorithm for each specific task.

In the paper, a single-processor classical task of scheduling theory is proposed, for which the
set of additional resources is empty, and the total cost of the task system execution is considered as a
measure of optimality. However, not all the parameters of the task are known in advance, which is
why the dynamic programming method is used to build the algorithm.

JluHamMudecKas 3ajada TEOPHH PacIIMCaHHUH B CJIydae IIyCTOrO MHOXKECTBa JOIIOTHUTEIBHBIX
pecypcoB
Kereparn Kyrxamsnnn, Hexmn Knracorns

Pesiome

B Teopum pacnucaHuil, KaK M3BECTHO, OT IIOC/IEIOBATEJbHOCTY BBIIIOTHEHUS 3aJad B CIydae
Pa3HBIX KpUTEpHEB 3aBUCUT 3HAaueHUe IelneBoi GyHkuuu. Jai JOCTIKeHUA OSKCTPeMaIbHOTO
3HAUYeHHUA IeleBOM GYHKIUU, B CiIydae OOJBIIOTO oOOBeMa JaHHBIX, HeOOXOAUMO HaiTu
ONTHUMAJIBHBIA IpadUK BHIIOJHEHUS 3afad, AJII 4Yero HeoOXOJUMO IIOCTPOUTH 3((PeKTHUBHBIN
AJITOPUTM JJII KOXKJ0M KOHKPEeTHOH 3aZadu.

B crarpe mpenjioxeHa ONHOIPOIECCOPHAsA KJACCHYeCKasd 3a/ada TEOPUM PACIIMCAHUM, [AJIA
KOTOPO# MHOXXECTBO JOTIOJHUTEIBHBIX PECYPCOB IIyCTOE, @ 00IAs CTOMMOCTD BBIITOIHEHMUS CUCTEMBI
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3a7lda4d pAaCCMATPUBAETCA KaK Me€pa OIITHMaJIbHOCTH. Hapﬂ,ay C 9THUM HE€ BC€ IIapaMeTphl 3aJd4Hn
H3BECTHBI 3apaHee, IIO3TOMY [JJId IIOCTPOEHHUA aJITOPUTMa HCIIOJB3YETCI METOJ, AUHAMHYECKOTO
IIpOrpaMMHpPOBaHUA.
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Onenka onTUMAaJbHbIX CPOKOB y4yacTusl B HAKONMHUTEJIbHOM MEHCHOHHOM cxeMe

Buxmop Xyyuweunu, /lanu Cuxapynuosze

otariko@yahoo.com, dali_sx@yahoo.com
Pe3iome

Paccmorpena HakonmuTe/lbHAs NEHCHOHHAs cxeMa, JaeiicrByomass B I'pysun. Ilpouecc
HAKOIJIEHUS] HMHAMBHAOM  JIEHEKHBIX CPEACTB TMpeACTaBJeH B  BHJIE /I0JTOCPOYHOIO
HHBECTHIHOHHOTO Tipouecca. BbisABjeHbI (akTOpbl, BIUAONME HA NPHHATHE pelleHUus 00
y4yacTuu B cxeMe. EAMHCTBeHHBIM YNpaBJSIIOIIMM NAapaMeTPOM, HaXOASIIUMCS MPH HEKOTOPbIX
YCJIOBHSIX B pykax Oydyliero NeHCHOHepa, SIBJsSeTCSl CPOK ero y4acTusi B HAKONHMTeJbHOI
NeHCHOHHOHM cxeme. HccienqoBana 3aBHCMMOCTh 3((eKTHBHOCTH NEHCHMOHHBIX WHBECTHMUUH OT
3TOr0 CPOKA NMPH PA3JIMYHBIX 3HAYEHHUSAX OCHOBHBIX apaMeTPOB — 6AHKOBCKOI0 MPOLIEHTAa, HOPMBbI
NpUOLLIN OT BJIOKEHU MEHCHOHHOr0 (pOHAA, TeMIIa POCTA HOMMHAJIBLHON 3apmiaTsl. IIpuBoasiTes
COOTBeTCTBYIOIIHE rPaduKH. ['1aBHBIM pe3yIbTaTOM HCCJIeA0BAHNS ABJsAETCHA puKcanus NaJeHHus
3G eKTHBHOCTH Y4acTHA B CXeMe ¢ POCTOM NPOJAOJIZKMTEIbHOCTH 3TOr0 y4acTHS.

KiroueBble ciioBa:

NEeHCUOHHblIE HAKONJ1€eHUA, MHBeCIan{MOHHblﬁ npouecc, 3¢4)el<muenocmb

1. BBenenue

C 2019 rona B I'py3un IelCTBYyeT HAKOMMTEIbHAs NeHCHOHHas cucrtema [1]. Mznoxkum eé cyTs:
€XKEMEeCSYHO W3 HOMHUHAIBHON 3apaboTHOH IIaTel HaéMHOro paboTHHKA yaep)kuBaeTcs 2%, K 3TOH
cymMMe nobamisercss no 2%, HaduciasgeMble paboTomaTeneM U TIoCyJapcTBOM, M IONy4YEeHHas CyMMa
MEPEUYUCTACTCA Ha JIMIHBIA TICHCUOHHBIN CUET pa60THm<a. K MOMCHTY BbIXOJla Ha IICHCHUIO Ha €T0 CUCTY
HAKaIUIMBACTCs OMpeNeNIEHHAas CyMMa, KOTopas AEIHUTCS Ha CPeAHEee KOJIHMYECTBO MECALEB BPEMEHH €r0
JOKHUTHSL M TaKMM 00pa3oM OIpelessieTcsl pa3Mep €XEeMECSYHBIX BBIIUIAT, KOTOPblE MEHCHOHEP OyaeT
MOJTy4aTh B TEUEHHE YIOMSHYTHIX MECSIIEB B Ka4yeCcTBe 00AaBKU K 0a30BOM MEHCHH.

B kauectBe mpumepa BO3bMEM exeMmecauHyro 3apmiary B 1000 mapu. Ha neHcHOHHBIM cuéT
paboTHHKa Kbl Mecsin nepeurcisiiorest 60 napu, U3 KOTOPBIX BKJIa[ OYyIyIIero eHcuoHepa ¢ y4éToM
20%-ro momoxoxHOrO Hajora cocrasisieT 16 mapu. Ecam cpok ydacTust B IEHCHOHHOM CXEME COCTaBUT
25 net, TO IpU HEM3MEHHOM 3apIuiaTe pabOTHHKA C HETO BCETo OyneT yaepkaHo 16x12x25 = 4800 mapwu,
a Ha ero MeHCHOHHOM cueTy Hakonutces 60x12x25 = 18000 mapwu, T.e. B 3.75 pa3a OonbImas cymma.

Kazanoce 061, BBITO/1a yIacTHsI B TIGHCHOHHON CXEME OYEBUAHA, TEM OoJiee YTO MEHCHOHHBIN (oHT
BKJIAABIBACT HAKOIIJICHHBIC JCHBI'M B JJOXOAHBIC (bI/IHaHCOBI)Ie HHCTPYMEHTBI, HO p€aJIbHO 60.]'[])]1]3.5[ qacTb
HaéMHBIX PAOOTHUKOB B CXEME Y4acTBOBATh HE XkeJaeT. B cOOTBETCTBYIOLIEM 3aKOHE Aa)e yKa3aHO, YTO
I aun He crapiie 40 jer ydacTHe B cxeMe o0s3arensHo. Ciieyst Teopur HOOEIEBCKOro JaypeaTa I1o
skoHomuke Januans Kanemana [2], MOXHO TPE/NOI0KUTh, YTO HEKETaHHE YIaCTBOBATh B ICHCHOHHOM
CXeMe SBIISETCSl HEepallMOHAIbHBIM, HO He BCE Tak mpocTo. J[eno B TOM, YTO peaybHash CTOMMOCTb
HAKOMMBIIMXCA K OyIyIIeMy MOMEHTY BPEMEHHU JICHEI MOXKET OKa3aThCs MEHBINE CTOMMOCTH PEabHBIX
3aTpaT Ha 3T HAKOIIJICHUS.

B HacTosmied cratbe mpeANpHHSATA IONBITKA pPa3o0paThcs B ONMMCAHHOM mpobieMe M, IO
BO3MO>KHOCTH, OIICHUTH ONTHMAaJIbHbIE CPOKH YIACTHS B HAKOITUTEIbHON IIEHCHOHHON CXeMe.

2. OcHoOBHbIE MapaMeTPbl HHBECTHIMOHHOI Cpeabl

OdYeBHIHO, YTO TPOLECC HAKOIUICHHS IEHEXHBIX CPEeICTB Ha Oyaymryro mo0aBKy K 0a3oBoi
IICHCHH, HE YYMTHIBAIOMIEH TPyNOBOM BKJIAJ INEHCHOHepa M (DAKTUUECKU SBIAIOIISHCS COLHMANbHBIM
H0COOMEM IO CTAPOCTH, MOXKHO M HY’)KHO pacCMaTpHBaTh, KaK JOJITOCPOYHBIH HHBECTUIIMOHHBIN MpoLece
U, COOTBETCTBEHHO, U3Y4UTb (DaKTOPBI, JEHCTBYIOIIUE 32 U IPOTHB [IEHCHOHHBIX HHBECTULHUH. B momne3y
peLICHUs] UHIMBHA O MPUHATHU y4acTHsi B HAKONMTEJILHON NEHCHOHHOM cxeMe padoTaloT 1Ba (akropa
— MTHOBEHHOE YBEIMUYEHUE KaXKIOT0 U3 €ro JUUHBIX €KEMECSUHBIX B3HOCOB Ha 275% ¥ 10X0J, KOTOPBIH
IMPUHOCUT NMEHCUOHHOMY (bOHﬂy BJIOKCHUC HAKOIMMUBIINXCA JCHCKHBIX PECYPCOB B Pa3JIMYHBIC IICHHBLIC
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Oymaru (4acTb W3 HHUX NpEIBapUTEIbHO KOHBEPTUpPYETCs B TBEpAYIO BamoTy). [IpoTMB yuacrtus
Oyayliero neHcHMoHepa B cxeMe paboraerT (HaKTOp HENPEeKpaIaroLIerocsi BO BPEMEHH YMEHBIICHHS
CTOMMOCTH JICHET, HAKOIUIEHHBIX HA JINYHOM IIEHCHOHHOM CYETY.

Jlist nanpHEHIero N3IoKeHUs: HaM He00XOIMMO BBECTH HEKOTOpHIE NepEeMEHHBIE, ONUCHIBAIOLIHNE
uccieyeMblii ”HBECTHIMOHHBIN TIporecc.

I — cpenHsst OAHKOBCKAs TOOBAasl MPOLEHTHAsI CTABKa, T.€. IIOJyCyMMa cpeTHHX 3()(EeKTHBHBIX
MIPOIEHTHBIX CTABOK HA JIOJATOCPOYHBIE BKIIAbI H CCY/IBI,

p — cpenHss MecSYHAs IPOIICHTHAS CTaBKa, CBSI3aHHAsI C TOJJOBOH COOTHOIICHUEM

(1+p/100)*2 = 1+r/100,

J — MyJNbTUIUIMKATHUBHBIN KOdpQuIueHT obecueHeHHs aeHer (Japh) B TEUEHHE Mecdla,

CBS3aHHBIN C MECSYHOM NMPOLIEHTHOM CTaBKON COOTHOLIEHUEM
q = 1/(1+p/100).
KoadduueHT q ucnoap3yercst s JMCKOHTHPOBAHUS ICHEKHBIX CYMM.

i — HOMep OYepesHOTo B3HOCA KIIHEHTa MIEHCHOHHOM cxeMbl, 1 < i < n, rme n — HOMep MOCIeTHETrO
B3HOCA. BpeMmst Mex 1y 1aTaMu IepBOTro M MOCJIEAHET0 B3HOCA cocTaBisieT (n -1) Mecses,

Z — 3arparhl KIHMEHTa CXeMBbl 3a Bc€ BpeMs yd4acThus B HeH, IepepacuuTaHHbIC
(IMCKOHTHpPOBaHHBIE) HAa MOMEHT IepBoro B3Hoca. Cunras OaHKOBCKYIO TPOIEHTHYIO CTaBKY
TTOCTOSTHHOM, TTOTyIrM (OpMYyITy

Z=¥.4"%,

rae Xi — pa3Mmep i-ro B3HOCa B HOMHHAJILHOM BhIpakeHnH, 1 < i < n. [lo npuurHe 00ecueHUBaHU JIapH
3apmiara HaéMHOTO pa0OTHMKAa B HOMHHAJIBHOM BBIPQKEHHH YBEIMYUBAETCS, HO I3TO YBEIHUYCHUC
MPOHUCXOIUT HE €XKEMECATHO, a CKaYKOOOpa3HO — MBI MPETIONaracM, 4To OAWH pa3 B [Ba roga. Takum
00pa3oM, MbI MOZIECTIMPYEM AUHAMUKY Xi CIEAYIOIIM 00pa3oM:

Xi=X; i=2,..,12,

X3 = X1(1+r/100) = Xl(l/C])lz,

Xi = X13 i= 14, ey 36,

X37 = X13(1/Q)24 = X1(1/C])36, uT. 1.
Ha mMoMeHT nociieiHero B3HOCa ¢ HOMEPOM N BO3PACT KJIMEHTa CXEMBI JI0JDKEH ObITh He MeHee 60 et st
JKSHIIMH 1 HEe MeHee 65 JeT Uil My>K4YHMH. JTO YCJIOBHE HajlaraeT Ha N OrpaHHYeHHe CHU3Y N > Ng, rue
No — BpeMs (B MeCSI1ax) 10 JOCTH)KEHHS TIEHCHOHHOTO BO3pacTa ¢ MOMEHTA IIEPBOTO B3HOCA.

d — mpoueHT cpeHeMEeCTYHON MPUOBLIN OT BIIOXKEHHI IEHCHOHHOTO (hOH/A B LICHHBIC OyMaru.

CyMMy, HaKOIMBIIYIOCS] HA CUETY KJIMEHTa K MOMEHTY ITOCIIETHETO B3HOCA, KaK MTPABMIIO, BBIIAIOT
HE cpa3y, a M0 JacTAM (€KEeMECSYHO), COOTBETCTBEHHO CpelHEMY BpeMeHH | (MeCSIeB) ero JTOKUTHSL.
Yepes S o0003HAUUM CyMMy, TNPUYHUTAMOLIYIOCS  KJIMEHTY  CXEMbl, OTKOPPEKTUPOBaHHYIO
(IMCKOHTHPOBAaHHYI0) Ha MOMEHT NEpBOro B3HOca. [lomydyuM Ui HOMHHAJIA S M pEabHOM CyMMBI S
(hopmyibl

$=2.75xY X;(1+d/100)™ wm  S=(s/T)x(@"+ g™+ ... + "),

IocnenHell mepeMeHHOH, XapaKTepU3YIOWEH HUCCIEAYEMbI HAaKOMUTENbHBIA MPOLECC, ABISAETCA

OTHOIIIEHHE PEalTbHBIX JIOX0I0B K PEAbHBIM 3aTpaTaM, BeIpaxaromiee 3()(heKTHBHOCTD yJacTHsI B CXEME:
E=S/Z

Ota BeJIMYHMHA 3aBHCUT OT N — CPOKA y4acTUsl B TICHCHOHHOW HAKOMMTENLHOM cxeMe (C TOYHOCTBIO JI0

oanoro Mecsa). Ecnu E(n) > 1, To y4acTBOBaTh B CXeMe BBITOJIHO, eciin ke E(N) < 1, To — HeBBIrOAHO.

B cnemyromem myHKTEe MBI npHBEAEM rpadWKH 3aBUCUMOCTH E OT N, HO mpeaBapUTEnbHO
HEOOXOAMMO OTMETHTh, 4YTO KpaTkas nuap-GpopMyia ais NEHCHOHHBIX HauucieHuit 2%+2%+2%
CIpaBe/UIMBa HE BCET/Ia, a JIMIIb [UIS TOMOBBIX 3apIuiaT, He npebiaromux 24000 napu [1],. dis vactu
3apIuIaThl, MPEBbIMIAIONICH yKa3aHHYI0 cyMMy, 2% OT Trocynapcrsa mpespamaercst B 1%, a ais gacr,
npessimatomeii 60000 mapu B roj, A0is rocyAapcTBa B Ha4yHCIeHHMH BooOuie oOHymsercs. Takoe
MPaBUJIO MPEJCTABIISCTCS HaM HECIPaBEUIUBBIM, T.K. YKa3aHHbBIC CYMMBI SIBJISTIOTCS. HOMUHAJIBHBIMH, a C
TEUYEHHEM BPEMEHHM HOMUHAJbHBIEC 3apIUiaThl OYeHb 3aMETHO YBEJIWYMBAIOTCS, YTO O3HAYAeT IIaBHBINA

nepexon ot hopmyist 2%+2%+2% k hopmyne 2%+2%+0%.

3. Pe3yabTaThl pacuéToB

PesynbraTel npencraBieHs B Buae rpadukoB 3aBucUMocTH dddektuBHOCTH E yyactus Oymymero
[IEHCUOHEPA B HAKOIUTEIbHON NEHCUOHHOM CXeMe OT cpoka 3Toro yyactus N. Ha ropuzoHTansHOM ocu
OTMEpPEHO YHCIO MECSIEB, NPOLICAMINX C B Hadaja y4acTHs B CXEMe€, a Ha BEPTUKAIBHOH OocH —
Oe3pasMepHas BennunHA 3¢ dexruBHOCTH E.
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OueHka ONTHMAJIBHBIX CPOKOB YYACTHSI B HAKONMTEJILHOM NIEeHCHOHHOM cxeMe
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Puc. 1. DdpdekT 00pe3anus 10U TOCYAaPCTBA B ICHCHOHHBIX B3HOCAX TPH “O0NBIINX 3apIuiaTax.

I'padukn, mpuBenéHHble Ha puc. |, TONyYeHBI NpPU CIEAYIOMMX 3HAYCHUSIX I1apaMETPOB:
HavanpHas 3apmiata = 1000 ®/mecsu, p = 1%/mecsai, d = 0.5%/mecsan. Ilpeamonaraercs, 4to
HaKoTUIeHHas cymMma Bbimaércs 6e3 samepkku (T = 0). B mpormBHOM ciyuae oba rpaduka B CBOEH
TpaBoif 9acTH OyIyT MPOXOAUTH emé Hivke. BepxHuit rpaduk oTpakaeT THIIOTETHYECKYIO CUTYaIHio 0e3
ype3aHusi JONIU TOCyJapcTBa B IEHCHOHHBIX OTYHCICHUSX B CIIy4asx, KOTJa 3apIiiaTa INpEBbIIIacT
ypoBau B 2000 1 5000 napu B Mecsil. CiaoBo “007bIINX’ B3ATO B KABBIUKH 110 TOW MPOCTOM MPUYUHE, YTO
¢ teueHneM BpeMeHu HomuHaibHble 5000 mapm u 2000 napu oOpedeHbl cTaTh, COOTBETCTBEHHO,
MaJIeHbKUMH M O4Y€Hb MAaJICHbKHMMHU pealbHbIMH cymMMamu. HikHuil Tpaduk oTpaxaer naeiicTBue
JIEWCTBYIOIIETO 3aKOHOJATENbCTBA, IIOCTENIEHHO mepeBosmero ¢opmyny 2%+2%+2% B dopmyis
2%+2%+1% n 2%+2%+0%. K npumepy, 40-1eTHee HaKOIJICHUE IEHCUOHHBIX OTYNCIICHUI CTAaHOBHUTCS
MpaKkTHYeCK! HeAQPEKTUBHBIM Ja)ke TIPH €ANHOBPEMEHHOH BbIIaue, T.K. 3HaueHne E(480) 6mm3ko k 1.

4.000
3500

3.000 j\

2.500 \

2.000 k \

1.500 \ \\
1.000 \

0.500
0.000
0N ANDONONT A0 NIDNDOMNMONST A0 ANOOOMOINST A
=N N OO AN M NOANNMNMIMWMNOOOANSIHLNOOONS ONO
A A A A AT AN AN AN AN ANANNOOONONN TN

Puc. 2. OTpI/H_IaTeJ'IBHOG BJIWAHHUC ITIOCTCIICHHOI'O BBIJICUMBAHUA HAKOIUICHHBIX JICHCT.

Ha puc. 2 otpaxxén nporiece ¢ peaibHbIM ype3anreM. Hauansnas 3apmiara = 1500 ®/mecs, p =
1%/mecsr, d = 0.7%/mecsr. JIONOMHATEIBHO YYUTHIBAETCS, YTO KJMEHT CXEMBI MOTyYaeT HAKOILUICHHYO
UM CyMMY JICHEr He cpa3y, a MOCTEICHHO - eKeMECSYHO paBHbIMHU AossiMu. CPOK BBIAAYH, BO BpeMms
KOTOPOI'0 HAaKOIJICHHBIC JCHBI'M, OYCBUIHO, 06CCHCHI/IB3}OTCH, BapbHUpPYCTCA B 3aBUCUMOCTH OT IIOJIa U
Bo3pacra KiueHra (Mbl B3 T = 96, 1.¢. 8 jer). Mckimodenue, T.€. Bbimada aeHer 6e3 3agepxku (T = 0),
JIeTTaeTCsl U YYaCTHUKOB, COCTOSIINX B cxeme MeHee 5 seT [1]. TToaToMy coOTBETCTBYOIIHN# (HIKHHIA)
rpaguk 10 oTMeTKH B 60 MecseB MOBTOPsieT rpaduk 3aBUCUMOCTH 3()(HEKTUBHOCTH y4acTUsl B CXEME OT
BPEMEHHU NPU OTCYTCTBUH 33JICPIKKH, a Jlaliee OH TEPIUT CEPhE3HBII pa3phiB, T.K. NPUOBLIb OT JTOXOAHBIX
LEHHBIX OyMmar IMeHCHOHepy Oounblie He Hauucisiercs. I'paduk moka3piBaeT, YTO TPH YKa3aHHBIX
3Ha4YeHMAX napamerpoB JHO dddexruBHocTH (E = 1) mpobusaercs npubnusuresnsHo npu N = 450.

W3 npuBenéHHBIX rpa)MKOB TaKKe BHIIHO, YTO €CIM CPOK y4yacTHsl B cXeMe MeHblue 15 jer, To
TaKOE€, CPaBHHUTEIBHO HEHOJIOC ydyacTue, Juis OyAylero IeHCHOHepa BbITOAHO. OUYEBHIHO, YTO
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Buxmop Xyyuweunu, /lanu Cuxapynuose

yBeJIHUYEHHE 3HavYeHHus napamerpa 0 yBemuuuBaeT 3()()EKTHBHOCTh MMEHCHOHHBIX HAKOIUICHHH, YTO Ke
KacaeTcsl mapameTpa ), TO ero yBeJInueHHe Ha000pOT — ATy IPPEKTUBHOCTh CHUKAET.

4, 3akyIouenue

[IpoBenénnoe uccienoBanue HaKTHIECKU ITO3BOJISIET OTBETUTH HA aKTyaJIbHBIN BOIIPOC — CTOMT JIX
HaéMHOMY paOOTHHKY y4acTBOBaTh B HAKOIMTEIbHON IEHCHOHHOH cxeMe, AeiicTBytomeil B I'py3uu. [ns
9TOr0 MOTCHIMATBHOMY KJIHEHTY CXeMBI HEOOXOIUMO YKa3aTh CBOW WHIMBHIYAIIbHBIC MapaMeTphl —
pa3Mep 3apIulaThl, CPOK Y4YacTHs, BO3pAcT, IMOJ, a TaKKe CBOW IMPOTHO3 OTHOCUTENIBHO INPEIeIIoB
W3MEHEHUsI 0AaHKOBCKOT'O MPOLICHTA W MPOLCHTA MPUOBLIN Ha BJIOXXSHHUS TIEHCHOHHOTO ()OHIBI B LICHHBIC
O6ymaru. OcranbHyro paboTy BBIIOIHHT CO3aHHasi HaMu Excel-miporpamma.
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Assessing the optimal terms of participation in a cumulative pension scheme
Victor Khutsishvili, Dali Sikharulidze

Summary

The cumulative pension scheme operating in Georgia is considered. The process of accumulation
of funds by an individual is presented as a long-term investment process. The factors influencing the
decision to participate in the scheme are identified. The only control parameter, which under certain
conditions is in the hands of the future pensioner, is the term of his participation in the cumulative
pension scheme. The dependence of the effectiveness of pension investments on this term is studied for
different values of the main parameters - bank interest, rate of return on pension fund investments, the
growth rate of nominal wages. The corresponding graphs are provided. The main result of the study is the
fixation of a decrease in the effectiveness of participation in the scheme with an increase in the duration
of this participation.
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The Graphical Construction of Pareto Set for One Two-criteria Problem of
Microeconomics
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Abstract

In the article an algorithm for Pareto set graphical construction for one two-criteria
optimization problem of so important branch of microeconomics, as agriculture, particularly,
plough-land distribution for growing of n given cultivated plants, is considered. For each plant the
promising price for its quantity on the area unit and fixed and variable costs for this quantity are
given. The criteria are maximal profit and profitability. Pareto set points are choosing in different
from the way of Prudovski and Terentiev. The method is illustrated in the article in example. The
graph of Pareto set will help decision maker to choose the acceptable solution of the problem.

Key words:

the Graph of Pareto Set; North-East points.

Introduction. One of the promising field of multicriteria optimization application in
microeconomics is agriculture. The important problem in agriculture is optimal distribution of plough-
land for different cultivated plants. Usually, the main criteria in this problem are maximal profit and
minimal cost or maximal profitability-the ratio of profit and cost. This problem can be defined and solved
as the linear programming problem,,but our purpose is graphical construction of Pareto set [1,2] for this
problem. This illustration will help decision maker to find acceptable solution. In [1] there is contained
the algorithm solving this problem. In this algorithm for finding Pareto points we suggest pictorial
method.

Let’s consider the total area of the plough-land as single entity. We have to raise there n different
cultivated plants, let x; be the area for i- th plant, the whole area must be planted in full,
=X =1

Let p; be supposed price of the i-th plant unit, c;- necessary variable cost of its growing on the area
unit and C- fixed cost . We have to maximise the following functionals:

ki= Y™, (p; — c)x; — C > max (profit)

k. = Th(pi—c)xi—C
2 Z’{L:l cixi+C

— max (profitability).

According to the algorithm [1], assign to each variable x; maximal value 1, x; =1,i =
1,2,..,m;x, =0,k =12,..,nk # i, evaluate the values of functionals k,; and k, for obtained n
vectors

a; = (1,0,..0), a, = (0,1,...0), ...an, = (0,0, ...1).

n n n

Let’s denote by ki ki,i=1,2,..,n obtained values,corresponding to the unit n-dimensional
vectors with 1 on the i-th place. According to [1], we choose the pair with the largest first coordinate, if
there are several such points, we choose from them the one with the largest second coordinate. Let’s
denote this pair by (a4, b,) and the pair with maximal second coordinate by (c;,d;). Similarly, if there are
several such points, then we choose from them the one with maximal first coordinate. If these two points
coinside , then Pareto set consists from only this point. Otherwise the straight line,joining the points
(ay,by) and (cq,d;) will devide the set of the points Q = {(k}, k), (k% k2), ..., (kI k})} in two
parts,we have to look for Pareto points among the points to the North-East from this line, it is clear, that
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these will be the points closest to the ideal point (a,,d,). This set may be characterized in the
following way: these are the points with the coordinates in the following borders:

a; <kl <c
b, <ki <d,

And, as it is visible from the drawing

for the point M to the NE from the line AB we have
tg2MAC > tgsBAC , or 22 > 2K
AC AK

Therefore, we consider only the points , which satisfy this inequality. Then in the same way we choose
from these points the points (a,, b,) and (c,,d;) ((a,, b,)- the pair with the largest first coordinate , if
there are several such points, we choose from them the one with the largest second coordinate and the pair
(c,,dy)with maximal second coordinate, if there are several such points, we choose from them the one
with the largest first coordinate and so on).If we have on the following step, that(a,,, by )=(¢m.d:m), the
procedure is  finished and the Pareto set is polyline joining the  points
(alt bl)' (aZ! bZ)' e (am' bm)! (Clldl)' (CZrdZ)' R (ledm)

in the indicated order [1], it is easy to write its equation, using the equation of the line, passing trough

two points.
Let’s consider the example.The data are given in the table

i1 [2]3 [4 [5 [6 7 8
p; |9 |6 |7 |82 [13[132 |208 |45
¢ |6 |2 ]2 [22]6 |52 [108 [34

Let fixed cost be C = 2.Then
k1=3x1 + 4x, + 5x3 + 6x4 + 7x5 + 8x¢ + 10x, + 11xg — 2

_ 3x1+4x,+5x3+6x4+7x5+8x6+10x7+11xg—2
2 6X1+2x,+2x3+2.2x4+6x5+5.2x5+10.8x7+34xg+2

We have:

1
ky(ay) = 1, ky(ay) =35 ki(ay) = 2,ky(ay) = 2
ka(as) = 3 ka(@3) = 25 ka (@) = 4, ky(as) = 235
kyi(as) = 5,ky(as) ==; ki(ag) = 6,ky(ag) ==

5
2
ky(az) =8,k (a;) = X ki(ag) =9,k;(ag) = "

v Ui [WEg | =
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Here a; is 8- dimensional unit vector with 1 on i-th place, these 8 points are given on the graph:
1N 5420 ~r0- 20N, E(a- 5 Y- Fra- 5 Y. (5. 5 25y g L
A(9=Z)! B(41 Z)’ C(gv Z)' E(6= 6 )1 F(87 8 )1 G(5! 8)1 M(47 6) ’ K(41 4)
tg4KBA = 7.12; tg2KBF =~ 12.22;tg4KBE =~ 10.8

The point G, with the coordinates between the coordinates of the points A and B will not be the Pareto
point, as

tg4KBG =~ 3.05
So the Pareto set for given problem will be the polyline AFEB. The equation of the line, passing the

points
B and E will be:
5 25
k2 = _akl'l'z;
Through E and F :
__5 25,
ky = 48 ky 24

Trough A and F :

3 29
k,=—=k,; +=;
2 g 1 g’

The Pareto set for given example will be the polyline AFEB, with the following equation
— 2K+, 4 <k <6
84 21
5 25
P(kl)— _Ek1+Z;6Sk1S8p

— 2k 42, 8<k <9
8 8

The graph will help the decision maker to choose the acceptable solution from the Pareto set.

Conclusion. The graphical construction of Pareto set for multicriteria optimization problems is
complicated problem. In the article it is considered the algorithm of graphical construction of Pareto set
for one two-criteria optimization problem with the linear and linear fractional functionals and linear
constraint-equality by the method different from [1].
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35M9BH e LOIMIZEOL FMSBOIOL 53905 JHO MOIMOEIPO0MB060 M3EH0T0BSE0OL
59m(3560L5m30L

@3¢m0 bobs@wemody, 6298 Dt @s0sb0, 30996 beyzodz0em0
M9bomdg

LEHoG0sdo  dmyzs60e0s  SEIMMOoMTo MG 3IMOGHIO0T0b0  M3EH0T0BsEooL  gPmOo
00m3560LsM30L, HMIgwoi gbgds Jozmmg3mbmdogzol olgm 360036 ™36 IMYL, BrMYMEOESS
Lbemnwolb  dgMObgmds, 39MHIME, LogMYMEOL  M3EGH0ToWH  gobsflogdsl  dm3gdmero n
3MGHMOHOL 8mlsy3s65. MoMMIMWo 39WEHWOHOLMZ0L IMEJIN0s BoOOMBOL JHMYML DY
9myg3s600  Hom@gbmdOL  BogzsMmom@m  gslio, BodLOMmIIMWO S (F3WOIPO  EIBIBIORJOO
BOMMOOL gJOHDJMDHY 59 H5MEYbMdOL mboy3965¢0.300EgM0Mdgd0s JogdlodorBo Fmygds s
96¢909mmds.  3s09gBH™m  FghGHowgdol  dgmbgzs bgds  3Mm3gLblol ©s  Bghgb@ogzol
3900mEoLgsb asblbgsgqdwo dgommom. dmyzsboos 3gomm@oL LEOWMLEGMSEF0M BogdWOMO.
35693 M bLOIMOZWOL YMOxTOI0 OYHTMYdS F5HY39GOWgdOL F0IYd 30MOL YosFHY39GHOWIOOL
LG 9g6bhgzs80.

IHocTpoenne rpapuxa muoxkecrsa Ilapero nJist 0qHONH ONTUMHM3ALUOHHOM
ABYXKPHUTEPUAJIBLHOM 321248 MHKPOIKOHOMHKHU

Hanu Cuxapynuosze, Hyesap /Jaouanu, Buxmop Xyyuweunu

Pe3rome

B cratbe npuBOgUTCA AITOPUTM JIBYXKPUTEPHUATIBHON 3a/laud ONTHMM3ALNH, KACAIOIIMNACS TaKoi
BaXXHOH OTpaciM MHUKPOIKOHOMMKH, KaK CEIbCKOE XO3MHCTBO, B YaCTHOCTH ONTHMAJIBHOTO
pacmpesneneHuss MaXOTHOM 3€MIM A BBIPALIMBAHUSA N KydabTyp. s KaXIoW KyJnbTyphl 3aJaHbI
npearnosaraeMasl IIeHa €€ KOJIMYECTBAa, BBIPAIIMBACMOTO HAa CIMHHMIE IUIOMAaH, (UKCHPOBAHHBIC H
MIEpEeMEHHbIC 3aTpaThl IS BBIPAIIMBAHMS 3TOrO KoimdecTBa. KpuTepnu- MakcHUMasbHas NPHOBLIL H
peHTabensHOCTh. Bo1OOp Touek IlapeTo ocymecTBisieTcst METOOM, OTIIMYHBIM OT MeToAa IIpynoBckoro
u TepeHTheBa, U €ro WLTIOCTPauy puBoAnTcs npumep. I paduk mHOXKecTBa [lapeTo momoxet JIIIP B
BBIOOPE MPHEMIIEMOT'O PELICHUS.
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24990996900 M93m396@s30g00L  bgesbrs  sbsobBl  Jomo  2odmbmemgdols s
3BMLEBHId0L JoBboo).

4. 999v935390+9¢0 dmboGHMMmobyol J3gloliBgdol gsdmyggbgdol msgoligdwytgdgdo
9tdbdsegdeolsm3z0l bogr—dmliGbgrmols dofimgdol xs3zdo

LOPo®AML Fob—8o 95399GWIOMOOL IMboEHMMObYOL J3glolEgdol 2s0mygbgdsl sdgl dogero
60g0 3530L90MEMds60, MHMIJWoE 39300MGOMWs Sbswo boE-dMLEGHBYMWOl dmbogwols
5©gO0L, 293853900l o IMIbTsMgdgEbg Jofm@gdol XsF30L Fgz3sLgdalmsb. dofimgdol
%5330 boboomgds 3603369cmgz560 mo30L9dwMgdgGd0m, HMIgeog 8MToMmgmdL dofimegdol
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Monitoring the Efficiency of The Enterprise Through an Automated Control System on
the Example of the Delivery of Fruits and Vegetables to the Customer

Avtandil Bardavelidze, Khatuna Bardavelidze

Summary

The paper discusses the implementation of the monitoring of the efficiency of enterprises using the
subsystem of the special automated control system (ACS). It has been shown that the analysis of the
effectiveness of subsystem monitoring in the ACS can be carried out by integrating all existing types of
measurement-telecommunication information and software. A list of tasks for predicting the functioning
and behavior of monitoring objects is presented.

The unified structure of the enterprise with the parameters of its objects' functioning is highlighted,
which is depicted using the mathematical apparatus of the vector representation of the objects' essence.
The stages of the working algorithm of the efficiency monitoring subsystem in ACS have been developed
and the features of using the developed monitoring subsystem in the supply chain of fruit production have
been presented.

MouwuropuHr addexTHBHOCTH PaGOTHI IPEAIPUATHS IOCPECTBOM aBTOMAaTU3UPOBAHHOM

CHCTEMBI YIIpaBJI€HNA Ha IIPHMEpPe AOCTABKH ¢)pyKTOB u OBO].T.EEI';I IIOKyIIaTe€/IIM

Asmanoun Bapoasenudze, Xamyna bapoasenuose

Pe3rome

B crarbe paccmarpuBaeTcs peanusaiys MOHUTOPUHTA 3()(PEKTUBHOCTH MPEINPHATHSI C TOMOIIBIO
CIIEITUAIBHOM TIOJICUCTEMBI aBTOMaTU3upoBaHHOU cuctembl ynpasieHus (MAC). [Tokazano, yto aHammu3
a¢pexTuBHOCTH B mojcucteMe MOHUTOpHHTa (ACY) MOXKET OBITh BBHINOJHEH MyTEM HWHTErpalul Bcex
CYIIECTBYIOIIMX BHIOB H3MEPUTEIHbHO-TEICKOMMYHUKAIIMOHHON WH(OPMAlMd H  NPOTPaMMHOTO
obecrieuenns. [IpeacraBneH mepedeHs 3agad MO MPOTHO3HPOBAHMIO (PYHKIMOHHUPOBAHUS M MOBEACHHS
00BEKTOB MOHUTOPHHTA.

Beinenena eanHas cTpyKTypa NpennpHUsIThs ¢ IMapaMeTpaMu (QYHKIMOHHPOBAHUS €ro OOBEKTOB,
KOTOpast 1300pa’kaeTcsi C MOMOIIBI0 MAaTEMaTHYECKOTO alapara BEKTOPHOTO MIPEACTAaBICHUS CYyLTHOCTH
00bekToB. Pa3paboTansl aTanbl aaropurMa padoThl MOACHCTEMbI MOHUTOpUHTA AP dekTuBHOCTH B ACY 1
Ipe/CTaBIeHbl OCOOEHHOCTH MCIOJIB30BaHUS Pa3pabdOTaHHOM IOJICHCTEMbl MOHHUTOPUHra B IIEMOYKE
[IOCTaBOK IJIOAOOBOIIHOM MPOAYKIUH.
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Analysis of tracking system dynamics
Ketevan Kotrikadze

Summary

Process automation have an important role in modern manufacturing. In particular, we can use the
tracking automatic systems. The article considers the system of local control with proportional control. In
article are given electrical circuit of the following system and the principle of its operation. Constructed
mathematical model of the following system. In the article special attention is paid to the stability analysis
of the tracking system and are stability conditions defined. To determine the stability of the tracking
automatic control system, in article are plotted the Logarithmic amplitude and phase-frequency
characteristics. In the last step, in article analyzes the established error, under step or pulse control inputs.

Ananus IVHAMUKY CJIefAmel CUCTeMBI
Kereparn Korprurazse

Pesrome

ABTOMaTH3aIMsl MPOLECCOB UTPAET BAXKHYIO POJIb B COBPEMEHHOM IPOM3BOJACTBE. B uacTtHOCTH,
MOJKHO OTMETHUTH CIeAIINe aBTOMaTUUECKHE CUCTEMBI. B cTaThe paccMaTpuBaeTCsa CUCTEMA JIOKAJIBHOTO
yOpaBlIeHUs C TNPONOPIMOHANBHBIM YylpaBieHHeM. [IpuBeneHbl ayeKTpuyecKas cXema CleAylomen
CHCTEMBI M NMpUHIOUI ee paboTsl. IlocTpoeHa maremaruyueckas MOJEb CIEAyIomei cucreMsl. B cratse
oco00e BHUMAHHE YAEIECHO aHaM3y YCTOWYMBOCTH CIEIIEH CHCTEMBI W OINpPEIENCHBl YCIIOBHS
yCTOHMUMBOCTU. [Is1 onpeAenceHus yCTOMUMBOCTU CIEAANIEd aBTOMAaTUYECKOM CHUCTEMBI YIPaBICHHS,
noctpoeHs! Jlorapudmudeckne aMIIMTYAHBIE U (a309acTOTHBIE XapakTepucTHKU. Ha mocnenHeM stame
B CTaTbe€ MPOBOAWTCS AaHAJIN3 YCTAaHOBICHHOW OIMMOKM, TPH CTYNEHYAaTOM WM WMITYJIbCHOM
YIPaBIIAIOIIEM BO3IEHCTBUI.
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Investigation of the technological cycle in small poultry farms for the development of

components of an automatic control system based on a microprocessor
Nugzar Kavlashvili, Otar Kartvelishvili, Levan Gvaramadze, Veriko Bakhtadze

Summary

The article presents the result of the technological process research in small poultry
enterprises for the development of an automatic control system based on a microprocessor. From
several stages of the technological cycle, the stage of the bird breeding from small to adult age is
selected, during which the baseline parameter values should be maintained in the poultry house. In
the automatic system, the specified functions are executed by the control signals, which are formed
depending on the values of the input parameters. As the result of the present research, we
determined the rules of operation of the processes involved in the technological cycle, the definition
of control signals, their dependence on various parameters, their baseline values and thresholds.

According to the resulting recommendations the algorithm of the operational process and the

microcontroller program code were developed, based on which the control system will be built.

HccmenopaHue TEXHOIOTMYECKOrO NUKIA B MAIBIX ITHIIEBOAYECKHNX (pepmax ajis
Pa3paboTKy KOMIIOHEHTOB aBTOMaTH4eCKOM CHCTEMBI yIIpaBIeHud Ha 6ase

MHKpOIIpOIieccopa
Hyrsap Kapramsmru, Orap Kapreerumsrnu, /lepan I'Bapamazgse, Bepuxo baxrazse

Pesome

B cratse pacCMaTpHUBAETCA PEe3YJIbTAT HCCIEMOBAHMSA TE€XHOJOTHYECKOTO IIponecca B MaJbIX

ITUOEBOAYECKUX NPEANIPpUATHAX OJIA PaBpa60TKI/I aBTOMATUYECKON CHCTEeMBbI YIIpaBJI€eHUA Ha Gase
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d3oMy 3gxM0639mmgmdols BgHAOL GgdbmemmyorMo 303e0l 4s0m33eEg3s ...

MUKpoIIpolieccopa. V3 mociemoBaTeIbHBIX 3TAllOB TEXHOJIOTMYECKOTO IIMKJIA BBIOPAH BBIpAlllBaHIe
ITHI, OT MaJIOTO IO B3POCJIOTO BO3PACTa, B TeYeHHE KOTOPOTO B ITUYHUKE JODKHO OBITH OZAEPKAHO
HOPMAaTHBHO YCTaHOBJEHHBIe 3HA4YeHHA IIapaMeTpoB. B aBTOMaTH4YecKOH cHCTeMe YKa3aHHBIE
GYHKIIUY BBIIOIHAIOT YIPABIAIONIAE CHTHAIBI, KOTOpble GOPMHUPYIOTCA B 3aBUCHMOCTY OT 3HAYeHUH
BXOZJHBIX IIaPaMeTPOB.

B pesynasraTe wHccemoBaHHMA HAaMU OBLIM OIpeJe/eHbl IIpaBUiIa (PYHKIMOHUPOBAHUSA
IIPOIIeCCOB, BXOJAIIMX B TEXHOJOTMYECKUH IIMKJI, Ha3HauYeHHe YIPaBIAOIIMX CUTHAIOB, HX
3aBHCHMOCTE OT Pa3IMYHBIX TapaMeTPOB, UX HOPMAaTUBHEIC 3HAYCHUA U OTPaHUYCHUA.

ITo nony4eHHBIM PeKOMEHALMAM pa3pabaThIBAETCS AITOPUTM PabOThI CUCTEMBI yIIPaBIeHU,

1 IporpaMMa MHKPOKOHTPOJLJIEPA Ha 6336, KOTOpOTO 6y,I[3T IIOCTpO€HA CHCTEMA yIIDABIE€HMA.
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Stand for semi-natural modeling of automatic drip irrigation system
Nugzar Kavlashvili, Levan Gvaramadze, Otar Kartvelishvili, Veriko Bakhtadze

Summary

The possibilities of using semi-natural modeling technology in the process of designing and
assembling multi-channel homogeneous systems of drip irrigation are discussed.

It has been shown that such an approach allows us to study the impact of the powerful
influence on the system in conditions as close as possible to reality (in field conditions) during the
process of assembling the system and to take appropriate measures into the management algorithm.

It turned out that with such an approach it is possible to easily select the optimal structure and
parameters of the system as a whole and individual channels.

The mentioned technology is a simple and effective tool for changing the coefficients of
extreme influence in the system management algorithm and determining their threshold values.

CreHnp, 111 OTyHATyPHOTO MO/IeTMPOBaHM S aBTOMAaTHIeCKOH CHCTEMbI KaleJIbHOTO II0THBa
Hyrsap Kapramprnm, /lepar I'Bapamazse, Orap Kaprsernmsrru, Beprko baxrazse

Pesiome

O6cyx)aaloTca BO3MOXHOCTU HCIOTIB30BAaHUA TEXHOJIOTUU ITOJYHATYPHOTO MOJEIMPOBAHUA B
Ipollecce MPOEKTHPOBAHUA M MOHTaXa MHOTOKAHAJIBHBIX OJHOPOAHBIX CHCTEM KaIleJIbHOTO
OpOIIeHHUS.

IToxaszaHO, YTO Takoil IIOAXOJ IIO3BOJIAET B IIpoliecce COOPKU CHCTEMBI M3yYUTh BIIMIHUE
MOIIHOTO BO3ZEHCTBUSA HAa CHCTEMY B YCJIOBHUAX, MAaKCHUMaJIbHO NPHOIKEHHBIX K PeaIbHBIM (B
IIOJIEBBIX YCIOBUAX), X BHECTH COOTBETCTBYIOLIVE MEPHL B JITOPUTM YIIPABIE€HUL. .

Oxka3zasock, YTO IPH TaKOM IIOAXOME MOXKHO JIETKO II0Z0OpaTh ONTUMANBHYIO CTPYKIYDPY H
TapaMeTphl CUCTEeMEI B 1IeJIOM U OT/Ae/IbHBIX KaHaJIOB.

YHoMAHyTas TeXHOJIOTHUS SABIAETCA IPOCTBIM U 3(hGdEKTUBHBIM HHCTPYMEHTOM H3MEHEeHUS
K03(hGUINEHTOB DKCTPEMaIbHOTO BIUAHUA B QJITOPUTME yIIPaBJIeHHUSA CHCTEMOH W OIpeJeeHuI UX
IIOPOTOBBIX 3HAYEHUI].
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Influence of Two-dimensional Roughness on Heat Transfer during a Water Film
Flow Down on a Vertical Flat Plate

Tengiz Magrakvelidze, Giorgi Gigineishvili, Avksenti Mikashavidze, Tariel Koberidze,
Khatuna Lomidze

qvelil7@yahoo.com
Abstract

The article presents the results of an experimental study describing the effect of two-
dimensional roughness on the heat transfer process in the case of water film flowing down over a
vertical flat plate. In the experiments, the Reynolds number (Re) varied in the range from 1000 to
15000, and the Prandtl number (Pr) — from 8 to 10.

As the experimental results showed, when a water film flows down a vertical flat plate, the
two-dimensional roughness leads to a significant increase in the heat transfer coefficient. It has been
experimentally proved that for the cases of a vertical pipe and a vertical flat plate, the influence of
the relative step of two-dimensional roughness — s/h on the degree of heat transfer intensification is
the same and reaches its maximum at s/h=10.

The nature of the change in the values of local heat transfer coefficients between the
roughness elements is established. The local values of the heat transfer intensity were found to be
relatively low directly on top of the roughness elements and in their adjacent zones, and at about
(4-5)h distance between them, value of the heat transfer intensity reaches its maximum.

Key Words:

Heat Transfer Intensification, Two-dimensional Roughness, Vertical Flat Plate, Water Film,
Local Heat Transfer coefficient, Laminar Flow, Turbulent Flow.

1. Introduction

The issues discussed in the presented article are a continuation of the research works
previously carried out by the authors, the results of which are reflected in articles published in
scientific journals and proceedings of international conferences. These works were devoted to the
experimental study of the influence of various types of artificial roughness (pyramidal, two-
dimensional and combined), their geometric parameters (the height of the roughness elements (h),
the relative step between the roughness elements (s/h)) and the Prandtl number on the heat transfer
process during water film flow on the outer surface of the vertical pipe, as well as to an experimental
study of the effect of artificial roughness on the heat transfer process and on the power required for
mixing liquid in mixers [1-7].

The relevance of the discussed problem is due to the well-known fact that among the passive
methods of heat transfer intensification, the application of artificial roughness elements on the
heating surface is one of the most effective ways to increase the intensity of heat transfer. This, in
turn, determines the energy efficiency of heat exchangers of various types and purposes used in
various fields.

The issues of heat transfer processes and hydrodynamics during the flow of coolants in pipes
and channels with rough heating surfaces have been fundamentally investigated in recent decades [8-
13].
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At the same time, despite the fact that many studies, including those conducted by the authors
of [4-7, 14, 15], are devoted to the effect of artificial roughness on heat transfer when a liquid film
flows down a vertical heating surface, some issues require further study.

2. Experimental Setup and Methodology of Conducting Experiments

The purpose of our experimental study was to study the effect of two-dimensional artificial
roughness on the intensity of heat transfer under the conditions of a water film flowing down on the
surface of a vertical flat plate. To implement this, an experimental setup was used, described in the
previous publications [6, 7]. The only difference was in the experimental area, which was a flat plate
instead of a pipe. In these experiments, the method of measuring the temperature of the heating
surface (wall) was also radically different.

The scheme of the experimental area is presented in Fig. 1.

a) b)

Fig. 1: Scheme of the experimental area:
a) front side, b) rear side;
1 - Stainless steel flat plate, 2 - Channel, 3 - Slit, 4 - Roughness element, 5 - Upper water collector,
6 - Water distributor, 7 - Lower water collector, 8 - Chamber, 9 — Thermocouples.

The main element of the experimental area was a flat stainless steel plate (1) 260 mm long, 27
mm wide and 0.2 mm thick, fixed in a rectangular profile channel (2) made of Teflon, placed
vertically on the experimental setup. On the back wall of the channel (2), in the area of
hydrodynamic stabilization, a 50 mm long and 10 mm wide slit (3) was made, from which the back,
dry (non-heat exchanging) side of the flat plate (1) could be seen, where the local temperatures of the
heating surface were measured at different points (every millimeter). In order to ensure the accuracy
of these measurements, the mentioned part of the surface was covered with a micro layer of black
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paint. A FLUKE Ti60+ brand infrared camera was used for remote, non-contact measurements of
temperatures at local points of the heating surface.

The application of elements of artificial roughness (4) on the front, wet (heat exchange)
surface of a flat plate (1) was carried out by introducing pieces of copper wire into specially made
holes on opposite side surfaces of the channel (2). The change of the geometrical parameters of the
artificial roughness: the height (h) of the roughness elements and the relative step (s/h) between the
roughness elements was achieved by changing the diameter of the copper wires and the distance
between the holes. In the conducted experiments: h=0.55mm and 1mm; s/h=5mm, 10 mm, 20 mm, 36
mm and 40 mm.

On the experimental flat plate (1), water flowed down from the upper water collector (5)
through a special distributor (6). The purpose of the distributor (6) was to uniformly and steadily
distribute the water film over the width of the plate.

The water in the upper water collector (5) was supplied from the network, through a level
tank and a chamber. The water supply was regulated using a control valve, and its flow rate was
measured using an LZS-15 type rotameter, which was preliminarily calibrated by the volumetric
method. The water leaving the experimental area through the lower water collector (7) and the
chamber was fed into the sewer. Water temperatures in the chambers (8) located at the inlet and
outlet of the experimental area were measured with preliminarily calibrated chromel-alumel
thermocouples (9).

The experimental flat plate (2) was heated by directly passing a low-voltage alternating current
through it. A step-down transformer was used for this purpose. The power distinguished in the flat
plate was regulated by an autotransformer. High-precision digital multimeters DM3058, UT804 and
DM3068 were used to measure current, voltage and electromotive force induced in thermocouples
(AIl this is described in detail in works [6,7]).

Experiments were carried out in the range of the Reynolds number (Re) from 1000 to 15000,
and the Prandtl number (Pr) varied from 8 to 10.

The results of the measurements were automatically sent to a computer and processed using a
special program we created in Excel.

3. Results of Experiments and Discussion

The experimental data, as in the previous work [7], were processed using the well-known
modified Nusselt and Reynolds numbers and the Prandtl number:

av? v 1% 4G
Nu:_(_J ’ Pr:_’ Re = >
AL Q a

here, G =\L,
b

Where, « — heat transfer coefficient, w/(m?K); A — coefficient of thermal conductivity of
water, w/(mK); v — coefficient of kinematic viscosity (m?/s); § — acceleration of gravity, (m/s?). a —
coefficient of thermal diffusivity of water, (m?/s); G — irrigation coefficient (m?/s); V - volumetric
flow rate of the water, m%s; b — flat plate width, m.

Fig. 2 and Fig. 3 in coordinates (Re, Nu) present the results of our experiments for the cases of
heat transfer when a water film flows down a vertical flat plate with smooth and two-dimensional
rough surfaces. For comparison, the same figures also show the experimental results obtained by us
when a water film flows down a vertical pipe with a smooth surface and a surface with two-
dimensional roughness [5].
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Experimental data are averaged with dashed lines on graphs. The solid line I corresponds to

the formula of K.Chun and R.Seban for the laminar-wave regime of liquid flow, in which the Prandtl
number does not affect the intensity of heat transfer [16]:

Nu = 2.03Re"3, 1)

And the solid line II corresponds to D. Labuntsov's formula for the transition zone from
laminar-wave to turbulent regime [17]:

~ 0.17Pr**(Re/Re,,) 2
Pr**+1.6[(Re/Re, )" -1]°
where, Recr=1600. Both formulas are valid for smooth surface.
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Fig. 3: Dependence of heat transfer intensity on Reynolds number for smooth and rough surfaces
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It can be seen from the above graphs that the results obtained by us in the case of liquid film
flow and heat transfer both on a smooth vertical pipe and on a smooth vertical flat plate are in good
agreement with formulas (1) and (2), which confirms the correctness of the methodology used in the
experiments.

As for the experimental results for a flat plate with two-dimensional roughness, here too, as we
had in the case of a vertical pipe [5-7], the influence of roughness on the heat transfer intensity is
obvious and its value is maximum in the transition zone. In this zone, the intensity of heat transfer
increases by 3 times and more due to the influence of roughness. With a further increase in the
Reynolds number and as the fluid flow approaches the developed turbulent regime, the degree of
heat transfer intensification caused by roughness decreases to some extent, but, nevertheless, remains
quite high (about two times). Unfortunately, it was not possible to carry out experiments on a flat
plate at the indicated experimental setup at Reynolds numbers below the critical one. However, it
can be seen from the graphs that the experimental data for a vertical pipe and a flat plate, under the
same conditions, are practically identical. The latter allows us to express the opinion that in the case
of a flat plate, artificial roughness will have the same effect on the critical value of the Reynolds
number as we had in the case of a vertical pipe [5-7]. The same can be said about the effect of the
Prandtl number on the intensity of heat transfer for a vertical flat plate with a rough surface. It
should be noted here that further experimental studies are needed to confirm these latter opinions.

Figures 1 and 2 also show the influence of the relative step s/h of two-dimensional artificial
roughness on heat transfer enhancement. The dependence of the degree of heat transfer
intensification on the relative step of two-dimensional artificial roughness for both a vertical pipe and
a vertical flat plate is shown in Fig.4 in the coordinates (s/h, Nu/Nus). Here, Nur and Nus are heat
transfer intensity for rough and smooth surfaces, respectively. Their values are taken from the
averaging curves of the experimental results shown in Figures 2 and 3. The data is taken for the case
when Re=2000.

As can be seen from Fig. 4, the character of the influence of s/h on the intensity of heat transfer
for the cases of vertical tube and vertical flat plate is identical and reaches the maximum when
s/h=10. For higher or lower values of s/h, the degree of heat transfer intensification is noticeably
reduced.

3.4
Nur
N 3.2
@ - Vertical Pipe
3.0 & — Vertical Flat Plate
Re=2 000
2.8

2.6
2.4
2.2

2.0 A
18

0 5 10 15 20 25 30 35 40
s/h

Fig. 4: Influence of the relative step of two-dimensional artificial roughness on the degree
of heat transfer intensification
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In Fig. 5a is shown the dependence of the local heat transfer coefficients on the distance
between the roughness elements. These data were obtained for the case - s/h=10. These experimental
results were obtained by remote, sufficiently accurate measurement of the temperature values at
many points of the dry, back side of the flat plate (the non-heat exchange surface) using the infrared
camera mentioned above. In addition, it was possible to visually determine where the measurement
points were located (directly in the area where the roughness elements were located or between
them). The heat transfer surface temperature of the wall was calculated using the well-known
thermal conductivity equation [18].

As can be seen from the given results, the local values of the heat transfer coefficients are
relatively low directly on the roughness elements and in their surrounding area. With an increase in
L, the value of the heat transfer coefficient first increases, reaches a maximum after about (4-5) h, and
then decreases again (Fig. 5a). This is in agreement with the opinions expressed in the study [10]. The
obtained results allow us to assume that the boundary layer in zone (4-6)h from the roughness
element is practically destroyed as a result of the cut off of vortex from the roughness elements, and
because of this, the intensity of heat transfer in zone (I) is maximum. To the left and right of this
zone (zone II), the renewal of the boundary layer begins and, accordingly, the intensity of heat
transfer decreases. In zones III (before and behind the roughness elements), we have the so-called
“dead zones”, in which the heat transfer intensity is minimal, although its value is still high due to
the vortex nature of the liquid movement in them (Fig. 5b).
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Fig. 5: a) Values of local heat transfer coefficients at the locations of roughness elements and between
them, Re=1 972; b) 1 - roughness elements; 2 - viscous sublayer

4, Conclusion

The obtained results allow us to draw the following conclusions:
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1. When a water film flows down a vertical flat plate, two-dimensional roughness leads to an
increase in the intensity of heat transfer in the transition regime by 3 times and more, and in a
developed turbulent regime by about 2 times.

2. In the case of water film flowing down on the rough surface of a vertical flat plate as in case
of a vertical pipe, the optimal value of the relative step s/h of the two-dimensional roughness, at
which the degree of heat transfer intensification reaches a maximum, is equal to 10. At values of s/h
that are higher or lower than the optimal one, the degree of heat transfer intensification is noticeably
reduced.

3. The obtained experimental results confirm the opinions expressed in study [10] about the
mechanism of heat transfer in the case of a heating surface with artificial roughness.
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Biausuwue umciaa HPaH,T.I;TJIiI Ha Terroriepedavy IIpy CTeKaHWH IIEHKH XXUAKOCTH 110

TJIaJIKOM M MEPOXOBAaTOM MOBEPXHOCTEH

Terrms Marpaxsernzse, I'mopru nrurnenmsrrn, Askcenrnd Mukamasnuzgse, 1apuerr
Kobeprzgse, Xaryra /lommzgse

Pesiome

B cratee mpencTaBieHBI Pe3yJIbTATHl DKCIIEPUMEHTAJIBHOIO HCCJIEeJOBAaHUA, OIMCHIBAIOIIETO
BIMSAHUE IBYMEPHOH LIEPOXOBATOCTH HAa IIPOIECC TEIUIOOTAAYM IPH CTeKAaHWU IUIEHKH BOABI IO
BEPTHKAJIBbHOM IUIOCKOM ImacTuHe. B axcmepumentax umcio Peiinonszaca (Re) mamensiocs B
puanaszore or 1000 zo 15000, a uucrno Ilpangras (Pr) - or 8 mo 10.

Kakx moxasanu pesysnbTaTsl SKCIIEPUMEHTOB, IPU CTEKAaHWM IUIEHKH BOJBI IO BEPTHKAIBHOM
IIOCKOM IIIACTHMHE JAByMEpHas LIEPOXOBAaTOCTh IPUBOAUT K 3HAYUTETIBHOMY YBETIHYEHUIO
koa(dduLMeHTa TeIIOOTAAYH. DKCIIEPUMEHTAIBHO LOKA3aHO, YTO JJII CIydaeB BEPTUKATIBHOMN TPyOBI
U BEePTUKAJIBHOM ILIOCKOH ILIACTHMHBI BIMSAHUE OTHOCHUTEIBHOTO IIAra JBYMEPHOIl LIEpOXOBATOCTH -
s/h Ha cremeHs MHTeHCHOHUKALWK TEIIOOOMEHa OJMHAKOBO U JOCTUTaeT CBOErO MAKCHUMyMa IIpU
s/h =10.

VYcraHOBIEH XapaKTep M3MEHEHUA 3HaYeHUH JTOKaTbHBIX K03(pDUIMEHTOB TEIIOOTIAYN MEXIY
9JIeMeHTaMM IIepOXOBAaTOCTEH. YCTaHOBIEHO, YTO JIOKAJbHble 3HAYEHHSI WHTEHCUBHOCTHU
TEIUIOOTJAYX HETIOCPECTBEHHO Ha BEpIIMHE 3JI€MEHTOB LIEPOXOBATOCTH U B IIPIJIETAIOUINX K HUM
30HAaX OTHOCUTENPHO HEBEJWKHM, a HAa PpacCTOSHUU MeXIy HuMU OKoio (4-5)h 3HaueHwme
MHTEHCUBHOCTH TEIUIOOTJAYU JOCTUTAET CBOETO MaKCUMyMa.
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Some issues of providing Georgia with electricity in the context of the expected high
level of economic growth

Tengiz Magrakvelidze, Khatuna Lomidze, Manana Janikashvili, Irma Archvadze

Summary

The article analyzes the current state of supplying the country with electricity. It is shown
that, despite the important measures taken in recent years, the current state of supplying the country
with electricity cannot be considered satisfactory.

The issues of Georgia's growing demand for electricity were also analyzed and existing
forecasts in this direction were assessed. The essence of “smart networks” is considered and their
advantages compared to existing traditional networks are shown.

Hexoropsie Bompocs! o6ecriedenus I'pysuu 51yKkTposHeprueii B yCIOBUAX OXKHAAEMOTO
BBICOKOTO YPOBHA S5KOHOMHYECKOTO POCTa

Terrus Marpaxseruzse, Xaryra Jlommgse, Marara /Dranukamparm, Mpyma Apusazse

Pesiome

B craThe  TpoaHAaNM3UPOBAaHO  COBpEMEHHOE  COCTOSHHME  ObecIedeHHs  CTPaHBI
anexTposHeprueii. IlokasaHo, 4TO, HECMOTPS HA IPOBEIEHHBIX BAXHBIX MEPOIPUATHAX B IOCIeLHIE
TOABI COBPEMEHHOe COCTOSHMEe OOeclleyeHUT CTpaHBl DJIEKTPOSHEPrueil HeIb3s CUUTATh
YZ,0BI€TBOPUTEIEHOM.

ITpoaHanu3upoBaHBl TaKXKe BOIPOCHI POCTa HOTPeOHOCTH I['pysuu B 2JIEKTPOSHEPTHU U
OlleHeHHI CYIIeCTBYIONIYe IIPOTHO3EI B 9TOM HallpaBjleHHH. PaccMoTpeHa CYyIIHOCTE «yMHBIX ceTeli» U
IIOKa3aHbI UX IIPENMMYIIECTBA 110 CPABHEHHNIO C CYIIECTBYIOIINMY TPAAUIIMOHHBIMU CETAMU.
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Q; = Gz c(tz —ty),3x/bo,

B553, €=4,19 - 560U Fyeol 37mM0 LomdMEIZ5MdS, 2x/ (¢ °C);
t2- 3%Bob 3m@9dBH™mOTo ©EBGMBIRO Fyaol #Hgd3g@sdm®ss, °C.

2. 00 8900bggzsdo, HMEILsE FBoL 3ma]BHMOHT0 godmdsMo fywol MdMMmO 9bgMAo0L
om©gbmds Bo3doMolo o6 5MOL IMIbTsmgdol doge dmmbmzbowo gbgMools, Bvgdsmdsls
0fiygdl mdwHo &Hwyddm (350595350 MGg1g0d0):

t3 = tk - 5, °C
Lo, Ly — 9OOL MBdMMO GHwIdML 3MbEHBLOGHMMTo B3MgMboL 3MbgblLsgool BHga3gMo@s;
G3 = GZ ) Qn/[)O?

G - 5oL MO0 Fwdmb 306 dmdbIsG9dgmbg JofmmgdwIwo MdMMO 9BgMRO0L botrxo;
0dMHo  GdmL  LomMomdwgdgwdo  dBob  3mmgddHmeol  8ogH  dofirmgdero
©B3MAIBE0NO0 MBdMMO 9bgB0s - Q) GHeos [5]:
Q,=49,Vh A, 3x/ boo
Bo@a3, 4,,- 5M0b gMHgmbob b3gM0m0 3mErEwmdomo Logogol 8fsmdmgdeOH™mds, 3X/0°%
Vp, -300369Lm60b ©ydol doge s0fgmowo mgmeomwo dmnEwemds, 33/§0;
A=0,75-0,85 -30336gLcm60b dofimogdol 3mgx303096¢0s.
Qo = Q1 = Gl ol t; — tZ);o)X/bm
LosE, Q- 3bob 3mwgdBmOol doge dofimEgdero Md7OO 9HIOFOOL GsmEHMBS, 3x/Lo.
9dbBogd By 80§ 3o 3OO 9ogMR0s GHMEWOo.:
Qk ~ Q3 = Qo + L,JX/Z}O?
Lo, L - 90l 30l 0360 301 GHemeom 503930000 03990 GEdmL 3033GLmGob dogH
39bOHYEgdMEo 39Fomds (IBIOX MO gErgdBH™Mgbghaos), 3x/Lo;
Q K - 960L 0O HBdML MdMIFoMBMGI OB, 3x/Lo>.

50533 IB3EoMO LomdML fystmo dbol gbgMaool bosggmwo b3y, 0oa5¢005©
Logduganm Fgerolb 4s8mygbgdolisl, ™Aool ¢qddgMs@nMs 2oE0mmgdom EsdIE0s, 306Mg dbol
309dBHm@Odo  godmdsmo gwolb Hgddgms@mes, mdwMo Gmadml 3w93s0mdob 9x39dGMO™MdSS
39L505d0LOE VSO 0J69gdMs. 5T MO F560BEOL TgsMgdol Ggdmbgzgzsdo MdMEMmO Evddml
LomONJrgdg 8o JofimEIdMEo BW3MAHIBEOMO MBLHO 9BIG0S - @, BHro 0dbgds:

Q, =Gsc(ty — ts),gx/bo
Lo, L4 - MOYOHO GHMBdML LomMMNJwgdgerdo dofimgdwgero bodbgwrm Fyawol Ggddgemo@ss;
U5 - 0060 Gv)ddMb LomOMJwgdE0Eb A3y bsgbgerm fgarol gddgms@memss;
bogbmwdo tg = 15°C, Bsdms®do ty = 5°C; bogbmwdo t, — tz =5°C, Dodmsmdo t, —
t; = 3°C,

0003653900l LolEgdob F9Tocmdol HJ7089d06 4odmMBEObsMYg: tg > Ty, t1 > ty;

Gy~ 560L 0dMGO  GHMIdML  LsmOMJwgdgmdo BofmIdMmo  ©B3MEHIBEOGO
LagdLgeom Fyeol batxo; 3x/Lbo.

3ol MdMMO 3MmgdBHMO0sbo MdMOHO GHIdML MdIMLOE03000 FMTsMsagdol Lolidgdol
890056090056 (Q) dGO GHFdML MBMLOEOZ00 FMsMagdoL olgm LolEIsLmB, HMBgeog
56 560l sOFMG30o dBol MdMOHO JMwgdGMOOm (Qll{ ), 969H39GH03M0  9B9IGHIOMIOL
2359625600890 d9ldgd9e0s 8980930 A5dMLsbwgdqdoo [6]:

00 gbgMoos:

Qu~Q3=0Qy+L=Gic(t;— ) +L> Q= Gyclts— ts)+ Ly, 35/ bo>
L5, L -560L 80l 0dm60 3060qdEMO0m 5039030000 MmdGHO GHAd@U 3m33OgbmGOL o6
F9bOHYEgdEo 39Fomds (IHIOX MO JgdBHMgbgHa0s), 3x/Lo;

Li-0dm®o  Goddel  3md3Ggbmeol 8096  Bgbemegdmeo 89985000 (@sbs®x o
99dBHOMIBgMR05), MGG 96 SGOL 50 FIMH30w0 IHOL MBMO 3MwWgdBMOom, 3x/ L.

84



96963005BMY35 MBdMGO EHMAdMUS s IBoL gbgMaool aodmygbgdoom

0003MmToM53900L  LobLEJIGOol FgEoMgdolsls dsmo 9bgMygE03MWo 9B3IJEHMOMBOL sbvy

9696200 256MH5gdboL (BHGMBLBMOGTS300L) 398030g0E0- P 05bAMH0TYds BMOIEO0):
¢ = Q/L > 1= Qi/Ly,

booE, P - 5HOL IBoL MIMMO JMWJEHMOOD S©FMNMFOWO MIMGO GIdML MBMIMTsMGOOL
Lol gdolb gbgMAgH03ME0 9B9JGHWIOMBOL b+ 9bgMyool FoMsgdbol 3mgz0i3096¢)0;
P1-560L 0370 GHIdML NdMIMIsM900L 0bgmo LolEgdol 9bgMYgE03Wwo 9R39JGHWOMBOL
36y 9bgMool AoMagdbols 3mgxn03096@0, MHMIgEog o MOl sOFMEmzowo dbol MdMMO
3MgdGHmOom.

dmyg3sbomo  asdmbobyargdgdo,  GmIwgdos  s1Y3g ©oo  LoBYLGHo  sOgM9b
0003MoMo3900L  LolEBgdol 9bgMYYBH0IMN 9BIIAHMIOMBLL, Tgodwrgds sbgomo Losboo ogml
298mbobwyero [1, 5, 6]:

¢ =Tie/(Tie = To)u > 1 = Tie/(Tg = T,

bosg, T = Tk =t3+ 5+ 273, K; Ty =t, — (5 +10) + 273,°K; Tq = ts — 3 + 273, °K;
= 0.55 -560b 309830309630, O®MIgEog 0135 obFobIdL yzgams ©635GRL MBIMGO GHMAdMU
303w do.

20609 35960b H839OoGHTOOLS Ty 3 s TBol 3megddHm®ol 8ogH Bofjmgdvyro Mmd YOO
9696g00L (3bgeo fgwob) G9gaddgms@«molb t1 33wowgds bosmgdol dobgwzoom (20 ogbolio 2024
§9w0) 65B3969d00 sbGOTo.

T, L5>m0 ty3,°C| t1,°C
10 27,3 37,3
11 28,4 40,8
12 29,2 41,5
13 29,7 42,8
14 30,3 43,8
15 31,8 44,5
16 32,1 43,3
17 31,6 41,7

099 893505609800 (Qy) ©o (Qll() 396056¢)g0L Bo50m5© O 13 Loom by s3065bs30,
G0

Qr = Q3 = Qo+ L =Gyc(ty —t) + L > Q = Gye(ty — ts5) + Ly;
t1 =t; +10°C; t4 = ts + 5°C ©o3335m, 3 G; = G, ©> L = Ly , 35306
Qu ~ Qs = Qo + L = Gyc(42.8 — 42.8 + 10) + L > QL = G,c(15 — 15 + 5) + Ly;

(Q) © (QF) 356056&380L Bgscgdolsl dsmo  gbgGagA03Imo  98B9dGIGMBOL
50960l JoBbom 343996905 (@Ol 13 Losmby):

@ =TT — Tt > @1 = T /(T — T
©53298350, 603 t3 = 60°C; 85806
T, =60+5+4+273 =338°K; Ty =t; —10+ 273 = 42.8 — 10 + 273 = 305.8°K;
¢ = 338/(338 —305.8)0.55 = 5.77 > ¢, = 338/(338 — 283)0.55 = 3.38;
¢/p, =5.77/3.38 = 1.7.
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Bobs® 2-Bg s b5boB 3-Byg dmygzsb0¢ros FbBol MdMOO 3mgdBHMmMmosbo MdMGO FHddmL
565009M0L 39dsmdol ghm-ghmo 9Ju3gM0dqbEol d9wgagd0 Hogbwwol 3gMomedo (0g3bobols
039), b5SE g - 560OL 39¢0Mm3IMbEHMEOHOL bggM0m0 MBMIFoMTMGOCMOMDS, 3¢/02.

t,°C q, 3¢)/9?
50 4 ty 4

45

20 t 3 /\
35 2

30 //’\

25

20 > 0 >
10 12 14 16
T, bo 10 12 14 16
650302 Bobsbo 3

T, b

006050, 9tYg39600 2596500909000 356y Bsbl IOl MdMGO JmegdEmMosbo
0dMOO0  GHMABML MdIMIMI>Mo3gd0L  LobBgdol (Qk) 969039GH03MIo  9BIIHMOMBS MHOIMEOO
AN dMIMIs65900L 0ligo LoLEYILMsD FgEsMgdom, MHMIJOE 5O SMOL SMFMOIOWO
8%0l MdGO 3nwgdBmGom (QF).

Energy saving using heat pump and solar energy

Nodar Mirianashvili, Natia Arabidze, Teimuraz Bulia, Ketevan Kvirikashvili, Fridon
Mshvildadze

Summary

The article presents the principal scheme of the experimental device for supplying heat pump
with solar thermal collector and describes the principle of operation of the device. The structure of
the system and its main parameters are analyzed. In particular, options are compared when the
amount of thermal energy of the heated water in the solar collector-Q1 and its temperature-tl is
sufficient for the energy required by the user-Q3 and its temperature-t3 (summer mode) with the
case when the amount of thermal energy of the heated water in the solar collector is not enough The
energy requested by the user and the heat pump starts working (transitional mode). Calculation
methods and equations were developed for the calculation of the energy required for water heating.
In addition, a heat pump heat supply system with a solar thermal collector (Qy) was compared to a
heat pump heat supply system without a solar heat collector (Qll( ), Energy efficiency of heat supply
systems was assessed by comparing the energy conversion coefficients of these systems.

OKOHOMHUSA DHEPIUY C KCIIOIH30BaHUEM TEIIJIOBOIO HACOCA ¥ COTHEYHOM DHEPruu
Hozgap Mupraramsrrn, Haraa Apabrzgse, Teumypas byins, Kereparn Kpupurxanrprim,
@Pprgor Mursrngazse

Pesiome

B craTee mpencTaBleHa IPUHIUIINAMBHAA CXeMa OKCIEPHMEHTAJIBHOTO YCTPOHCTBA I
IUTaHUS TEIJIOBOTO HACOCA C COJHEYHBIM TEIUIOBBIM KOJUIEKTOPOM M OIMCAaH IPUHIUN PaGOThI
ycrpoticTBa. IIpoaHanusupoBaHa CTPyKTypa CHUCTEMBI U ee OCHOBHbIe IIapaMeTphl. B wacTHOCTH,
CPaBHHUBAIOTCA BAapHAHTHI, KOTJAa KOJWYECTBO TEIUIOBOM SHEPTMM HArpeToil BOABI B COJTHEYHOM
xostextope-Ql u ee TemmepaTypa-tl JOCTaTOYHSBI AJA SHEPTUU, HEOOXOAUMOMH moTpebuTenio-Q3 u

86



96963005BMY35 MBdMGO EHMAdMUS s IBoL gbgMaool aodmygbgdoom

ee TeMIeparypa-t3 (JeTHUIl peXXHM) B TOM CJIydae, KOTZja KOJIMUYeCTBA TENJIOBOI SHePTUU HarpeToi
BOJBI B COJTHEYHOM KOJIJIEKTOPE HEZOCTATOYHO. JHEPIrHs 3alpallkBaeTCs IOIb30BaTeIeM U TEILIOBOI
HAcOC HauuHaeT paboTaTh (IepexOonHBIN pexxum). PaspaGoTaHsl MeTOZBI pacyera W ypaBHEHUS IJIL
pacdera SHepruu, HeoOXOZUMOM JAJI1 Harpesa BoAbl. Kpome Toro, cucrema TemoHacoca C TEIUIOBBIM
HacocoM ¢ conHeyHBIM TeriosbiM kosmektopom (Q) cpaBHMBamack ¢ cumcremoii TemmoHacoca ¢

TEIJIOBBIM HAcOCOM 0e3 COJHEYHOTO TEeIJIOBOTO KOJIJIEKTOpa (Qll() OHeproaPeKTUBHOCTL CHUCTEM
TEeIJIOCHAOXKEHNUsT OLIEHUBAJIACH IIyTeM CpPaBHEHMs K03GbOHIMEeHTOB IpeoOpasoBaHUsA DHEPIUU ITHUX
CHICTEM.
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YCTPOﬁCTBa dBTOIIOJIMBA C 403daTOPOM
Ilananor CraBpuaruzgn, Bepuko baxragse, Ieopruti Kukrazse

verikobakhtadze64@yahoo.com
Pesiome

B crarse omuCHBAIOTCA pa3pabOTaHHEIE HAMM yCTPOICTBA aBTOIOJNKBA, KOTOPHIE OTIHNYAETCHA
OT M3BeCTHBIX HaJIWiMeM Jo3aTopa Boznl. IIpesokeHBI BapHaHTBHI H0O3aTOPOB C IIOILIABKOBBIMH
ycTpoiicTBaM¥ BBIZAYM 33aJAHHOTO KOJMMYECTBA BOZBL. OTO IpHUBENIO K YIIPOIIEHWIO YCTPOMCTB,
TIOCKOJIBKY OHHU He TpeOylOT TaiiMepa, 3afalomero AIWTEALHOCTh IOJMBA. TaiiMep 3afjaeT TOJBKO
BpeMs Hayaja IMoauBa. [103TOMy yCTpOMCTBa NMONMMBA BHIZAIOT 33faHHEIN OGHEM BOAEI, HE3aBUCHMBIMH
OT M3MeHeHMs JaBjeHud BOALL 3allyCK YCTPOMCTB MOXXET IPOM3BOAMTHCA He TONBKO IO CHUTHAIY
TaiiMepa, HO U IIO 3BOHKY MOGIIBHOTO TejtedoHa.

Kirrogessle cioBa:

ABromorHs, TafiMep, MapoBO¥ BEHTHIb, JO3ATOP.

CucreMsI aBTONIOJNMBA HAXOAAT BCEé Ooiblilee NMpUMeHeHHWe M pasButue. Hampuwmep, onHa
tonsko ¢upma Hanter mmeer Gomee 250 3amarenroBaHHBIX TexHojoruit [1-3]. Yike mosBuauch
HMHTe/IJIEKTyaJIbHble TaiiMephl aBTOIIOJIMBA, YIIpaBjIieMble AMCTAHLMOHHO depe3 Wi-Fi ¢ momomisio
npunoxenus SmartLife. PazpaboraHHble HaAMM CHCTEMBI aBTOIIOJNMBA IJIA 3aTOPOJHOTO y4YacTKa,
TaKKe YIPaBIAIOTCA AMCTAHIMOHHO C IIOMOIIBI0 MOOMIBHOTO TeiaedoHa. B mpocreiimeM BapuaHTe
IIPUEMHBIH MOGMJIBHBIH TeledOH OCHAIIAeTCA IpeoOpasoBaTesieM CUTHAlIa 3BOHKA B IIOCTOSHHOE
HaIpsXeHMe, OTNHpAIollee TPaH3HCTOPHBIA KJIIOY 3aIlyCKa AaBTONIONMBA. Pa3paGoTaHHbIe HaMu
YCTPOICTBA OTJIMYAIOTCA OT W3BECTHBIX TeM, 4YTO COZAEpXKAaT J03aTop, O0eCcIevynBarOmIMiA
HeOOXOZMMBIH, 3afaBaeMbIii IJIs Pa30BOTO IIOJIMBA OGBEM BOZABL. JTO NPUBENO K YIPOLIEHUIO
YCTPOMCTB IIONMBA, TaK KaK IPYU HAIUYHMH T03aTOPA, UCKIIOYAETCS HeOOXOLUMOCTh IIPUMEHEHUS
TafiMepa, 33aI0NETO AJIUTEIBHOCTh BpEMEHH! ITOIUBA.

ITepBoHavansHO paspaboTaHHOE YCTPOMCTBO ABTOMOJIMBA OBIIO IIpeAHA3HAUYEHO [ ITOJIKBA
3QIIMIIEHHOTO TIPYHTAa METOJOM CaMOTeKa U3 IEePUOAMYECKU 3alONHAEMOH  IUCTEpPHBI,
yCTaHaBIMBAaeMOH M1 XpaHEHWs IIPUBO3HON BOZOH. B TakoM ciyuae IpUMeHeHHe M3BECTHBIX
TafiMepoB IOJMBA IIPUBOIUT K HEOOXOZMMOCTU YBEJIWYHBATH BpeMA IIOJIUBA IIO0 Mepe CHIDKeHUS
YPOBHA BOABI B IIMCTEPHeE, JNO0 IIpeHeOpedYb yXyZlIeHHeM KadecTBa II0auBa. PaspaboraHHOe HamMu
YCTPOMCTBO He MMeeT 3TOr0 HeJOCTAaTKAa, TAaK KaK 33/aeT He BpeMs AJIUTENbHOCTH IIOJIKBA, 2 00BEM
BOJIbI, 33/]JaBA€MbIil yCTAaHOBKOM IIOJIOXKEHUA IIOIJIABKOBOTO MHWKATOPA YPOBHA BOABI, 3AIMBAEMON B
mosaTop. B xauecTBe mosaropa B pa3paGoTaHHOM yCTPOMCTBE HCIIOIB3YETCSA AOCTATOYHBIN IO 060BeMY
JJIsI Pa30BOTO OPOILIEHUS HAaKONIUTENIbHBIHM 6aK, aBTOMAaTHYeCKU 3alIOIHAEMBIN BOLOM HOCIe KaKIOTOo
IIOJIMBA Yepe3 BIYCKHOM KJAalaH OT OCHOBHOTO HCTOYHMKA BOABI, HAlpUMep, OT LUCTEPHBI MJIA
XpaHeHUs IEePUOAUYECKHU IIOIIOJHAEMOTO 3allaca BOABI. BBIMYCKHOM KJIallaH HAKONUTEJIBHOTO Gaxa
IONKIIOYEeH K CHUCTeMe KalleJbHOTO MJIM KHOTO IIONMBA. 3afaHHe OO0BEMa IIOJIMBOYHON BOZBI
OCYILIEeCTBIAETCA IOIUIABKOBBIM JATYMKOM HHIMKAIMY YPOBHA BOJBL. YCTAHOBKA IIOJIOXKEHUA
IIOTUIaBKA OIIpesieifieT 3aJaHHbIH 00BeM BOABI IoauBa. Ilocie Kak[oro IoavBa BIIYCKHOM KJalaH
OTKpHIBAaeTCs 1 0ak BHOBD 3aIIOJIHAETCS BOLOM. Bpems Havaa monuBsa 3asaercs TaiiMepoM B KadecCTBe,
KOTOPOTO HCIIOIb30BaH MOOWIBHBINA TeledoH, K KOTOPOMY IOJKIIOUEHO, BMECTO HAyUIHWKA,
ITyCKOBOE peJie BBIITyCKHOTO KJIallaHa.

MaxcuManbHast HHTEHCUBHOCTD IIOJIMBA ONIpeeIgeTCs YCTAHOBKOH IT0JI0XKEHNUA IOIITIaBKOBOTO
BBIKJIIOYATE/IA BBIIYCKHOIO KJAIaHA, IpeKpallaomero 1monuB. [lojloxeHHe IIOIUIaBKOBOTO
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BBIKJIIOYATeJIA BBITYCKHOTO KJallaHa OIIpe/lesIeTCs ONBITHBIM IIyTeM, KOTZJa B 3acCyILIHBEIe JHU
TpebyeTcs HaubOJbLIAA HHTEHCUBHOCTHh IIONMBA. [Ipu 3TOM BIaXXHOCTh IIOYBBI HAMMEHBIIAS WU
HeJIOCTaTOYHAs A CpabaTBIBAHMA pejie BIAXHOCTH. YCTPOMCTBO, peajusyiollee IPeJIOXKeHHBIN
c1roco6 ImoJIMBa IOKA3aHo Ha puc.l.
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Puc. 1.
HPI/IBeﬂeM HepequL OCHOBHBIX DBJJIEMEHTOB YCTPOfICTBa. 1 - MO6HJII)HBIfI Te.T[eCI)OH, 2-

IIpeoOpa3oBaTe/Ib CUTHAIA 3BOHKA B IOCTOAHHOE HAIPXKEHUe, 3 - KHOIIKA PyYHOTO 3aIycKa, 4 - peie,
5 - KOHTaKTHI pee, 6 1 7 — MAPOBbIE HOPMAJIBHO 3aKPhIThIe KPaHbI, § - momIaBok, 9 u 10 — koHeuHsbIe
BBIKJIIOYATend, 11 - 3amaTumk o6beMa IOIMBOYHON BOABI, 12 - HOPMAJIbHO 3aMKHYTHIH KOHTAKT pejie
3ampera mosuBa. Peiye 3amper mosnmBa cpabaThIBaeT IO CHUTHAJIAM JATYUKOB JOXKAA U BIAXHOCTH.
3amyck ycTpoHCTBAa IIOJHMBA IPOMCXOIUT Iocie cpabareiBanus peine 4. OHO dYepe3 KOHTAakTHL 5
CTAHOBUTCS Ha CaMOOJIIOKMPOBKY BMeCTe C COJIEHOMAOM BBIIYCKHOTrO Kianana 6. Hauunaercs mosus,
KOTOPBIH IPOJIUTCSA O TeX IOp, NMOKa 3a4aTyuK 11 He JOCTUrHET KOHEYHOro BhIKIouaTesns 10, win
paHbllle, €CIM BIAKHOCTh IIOYBBl AOCTUTHET 33aZaHHOTO 3HAYEHWs, NPU KOTOPOM pPa3OMKHYTCS
KOHTAKTHI 5 u peste 4 He ob6ecrouyntcs. [locie momuBa OTKpBIBA€TCA IIAPOBOH KIanaH 7 ¥ MPOUCXOIUT
3alloHeHWe Oaka JO TexX IIOp, IIOKa He cpaboTaeT KOHEYHBIH BBIKJIIOYATeNb 9 - [aTYuK
3aII0JTHEHHOCTH 0axa.

Crenyromeii pa3pabOTKOI aBTOIIOJNMBA ABJIAETCA YCTPOUCTBO, ConepKalliee A03aTOpP MaJOro
00BEMa M CUETYMK YHCIIA 03 PAa30BOTO IIOJIUBA.

3aIlyCK YCTPOMCTBA IIOJIHBA IIPOMCXOAUT COPOCOM B HYJIb CUETYMKA 03, INO0 BPyUHYIO, THU60
II0 CHUTHANy TafimMepa, nubOO AUCTAaHIIMOHHO II0 MOGMiIbHOMY Tenedony. IIpunnunuansHas cxema
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IOJTMBOYHOTO YCTPOMCTBa IpuBefeHa Ha pucyHke 2. CxemMa COJep:KUT ABOMYHBIM cyeTyMK -1,
PETHCTp YCTaHOBKH 4MciIa #o3 noausa — 2, cxemy V-HE - 3, pese - 4, kiamaHsl 3alI0THEHUA U CJIUBA
BOJSL - 5 U 6, MOIUIABOK -7, UCTOYHHUK IIUTAHUA - 8, HHAMKATOP YHCJIA JO03 IoauBa - 9, pesepByap
nmosaropa — 10.
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Cxema cogepxwut cuyerynk u cxemy VI-HE Bxombl KOTOpPOH, 4epe3 PerucTp yCTAHOBKHM YHCIIA
103 TIOJIMBA, MOAKIIOYAIOTCA JIM00 K IPAMOMY, JIX60 K MHBEPCHOMY BBIXOZAM Pa3pAmOB CYETUMKA, a
BIxo, cxembl VI-HE mopxiriouen k 6ase Kiioua yIpaBleHHUs BOAAHBIMU KiamaHamu. [Tocse mosnusa
CYeTYMK ITOKa3bIBaeT YHCJIO MA03 IOCAeZHero IoiauBa, a Ha BeixofZe cxembl VI-HE coxpansercs
JIOTUYeCKUH HOJb. I103TOMY TPaH3UCTOP 3aKPBIT. IOIJIABOK HAXOJUTCS Ha JHE J03aTOpPa, @ KOHTAKTHI
KOHEYHbIX BhIKIIOUaTeneif, A u B samxuyTsl. [locie 3amycka II0IMBOYHOIO YCTPOMCTBA, GIIOKHMPOBKA
OTKpHITHA TpaH3ucTtopa cxemoil V-HE mpekpamaercs, ¥ OH OTKpBIBAeTCHA, IIOCTIEe YErO BOZIHEIE
KJIaIIaHBI ITePEeKII0YATCs ¥ HAYHEeTCS 3aJIUB IIepBOH 10361 BOABI. Korza monIaBoK BCILIBIBET, KOHTAKTHI
KOHEYHOTO BBIKJIIOYATeNIA B pasoMKHYTCs, pejle 06eCTOYUTCS U IepBasd [03a BOIBI HAUHET CIUBATHCA,
TaK KaK CAMBHON KJamaH OTKPOEeTCs, a 3aJIMBHOM KiamaH 3akpoercs. Korja mepsas [o3a BOZbI
IIOJIHOCTBIO BBITEYET, TO KOHTAKTHI, A 3aMKHYTCA M Pejie OTKPOeTCH, HauHeTCHA HAIOJHEeHHe HOBON
ZIo3bI BoAbl. Jlamee GyAyT BBIZAHBI CIeAYIONIME TO3BI IIOJIMBA YKCJIO, KOTOPBIX 33/laeTCA PETrHCTPOM
TyMG6epoB. CueTHBIH BXOJ CYETYMKA [03 IOIKIIOUEH K KOJIIEKTOPY TPaH3UCTOpa, Ha KOTOPOM
IIPOXCXOAUT GOpMUPOBaHYUE TpeOyeMbIX CUeTHBIX UMITYJIBCOB.
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Automatic irrigation device with a dozator
Panaiot Stavrianidi, Veriko Bakhtadze, Georgi Kiknadze
Summary

The article describes automatic irrigation devices developed by us, which differ from existing
devices by the presence of a water dispenser. Options for dispensers with float devices for dispensing
a given amount of water have been proposed. This leads to a simplification of the devices, since they
no longer need a timer to set the duration of irrigation. The timer determines only the start time of
irrigation. Therefore, irrigation devices provide a predetermined volume of water that does not
depend on changes in water pressure. Devices can be started not only by a timer signal, but also by a
mobile phone call.
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On some issues of power plants operating on renewable energy sources.

G. Urushadze, N. Shengelia, N. Dogonadze

Summary

The article analyzes the positive aspects of the widespread implementation of small wind,
solar and combined power plants in Georgia. It is shown that European countries have
significant achievements in the construction of stations of this type. This approach opens up
great prospects for the electricity supply and energy security of our country.

O HeKOTOPHIX BOIIPOCAX 3JIEKTPOCTAHIM#, paboTalomMX Ha BO30OHOBIIEMBIX
HMCTOYHHUKAX DHEPrHUH.

I Ypymazse, H. Illerrerns, H. /[ororazse

Pe3rome

B craThe aHAMU3UPYIOTCA IOJIOXKHUTENbHbIE CTOPOHBI LIMPOKOTO BHEAPEHUS MaJIbIX
BETPOBBIX, COJTHEYHBIX M KOMOGMHHUPOBAaHHBIX dJeKTpocTaHuuii B ['pysun. Ilokasano, duTO
eBPOHefICKHe CTpaHbI HNMEIOT 3HAYHUTEJIbHBIE AJOCTHIKEHHA B CTPOUTEIBCTBE CTaHI_LI/Iﬁ TaKOIro
Trma. Takoit IOAXO[ OTKPBIBAET IMHPOKHE II€PCII€KTUBBI [OJIA 3HeKTPOCHa6)KeHI/IH, da TaKXe,
9HepreTUYeCcKoi 6€30IIaCHOCTH Halllel CTPaHbIL.
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In Silico Computational Modeling, In Vitro Experimental and In Vivo Nonlethal
Study of Novel Anticancer Multicomponent Drug Combinations against the Non-
small Nell Lung Cancer (NSCLC) Compared to Poziotinib and Olmutinib

Archil Chirakadze, Teimuraz Chichua, Akaki Gigineishvili, Zakaria Buachidze

achikochirakadze@gmail.com
Abstract

Lung cancer is one the most common and deadly type of malignant malformation diseases
both in men and women, Currently, around 8-12 years and up to 3 billion USD are demanded for a
new drug discovery via traditional drug development pathway, which is the main reason for the
unacceptably large lag in medical practice versus the achievements of modern scientific research.
That is why, to significantly reduce cancer morbidity and mortality, it is absolutely necessary to have
accurate and reliable data from the earliest stages of testing, and of particular interest is the
coincidence of results obtained using computational (in silico), in vitro and nonlethal in vivo testing
in cell cultures and animal models. The results of in silico (computational) modeling, in vitro and in
vivo non-lethal testing are in good coincidence, showing that computational methods can serve as
reliable and precise tools of drug preclinical testing.

Keywords:

In silico, in vivo, in vitro, synergy, computational modeling

In silico testing, as a kind of computational virtual preclinical testing, is an individualized
computer modeling used in development or regulatory evaluation of a drug, treatment device, or
intervention. Although fully simulated clinical trials are impossible with current technologies and
understanding of biology, their development is expected to have significant advantages over current
in vivo clinical trials, especially in the multiple reduction of costs and duration of the development
and implementation of new drugs. Currently, around 8-12 years and up to 3 billion USD are
demanded for a new drug discovery via traditional drug development pathway, which is the main
reason for the unacceptably large lag in medical practice versus the achievements of modern
scientific research. Another urgent need for highly reliable and accurate computational testing is
caused due to increasingly strict regulations in the field of humane treatment of experimental animals
and a possible complete ban on lethal testing methods. Lung cancer is one the most common and
deadly type of malignant malformation diseases both in men and women, while the non-small cell
lung cancer (NSCLC) constitutes for about 85% of all lung cancer cases and is characterized by the
presence of oncogenic driver mutations [1-3].The traditional pathway for drug and modality
development usually starts with preclinical research [4]. In laboratories, test plates and in various
vitro experiments the reliability of the effectiveness of treatment is tested (Phase I and Phase II).
After it, the effectiveness of treatment and acute toxicity and safety are tested using various kinds of
in vivo testing including the lethal tests on mice and other rodents. If the results of all in vitro and in
vivo tests are positive, showing considerable effectiveness and low acute toxicity, scientists can start
clinical trials to test whether the products may be approved for humans. Clinical trials are usually
divided into four phases. Phase III involves a randomized blinded testing of a considerable number of
people who are ill [5]. Phase IV trials of the safety, side effects and effectiveness of the developed
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medicines are carried out while it's being used in practice. They are held on medicines that have
passed all previous stages and have been given marketing licenses (license means that the medicine is
available on prescription), and are not mandatory for every medicine. If the drug fails at stages III and
IV, the financial loss can be catastrophic [6, 7, 8, 9]. Equally important is the comparison of calculated
and measured data from new combinations and from highly effective anticancer drugs that are
already well studied and widely used in practice. That is why, to significantly reduce cancer
morbidity and mortality, it is absolutely necessary to have accurate and reliable data from the earliest
stages of testing, and of particular interest is the coincidence of results obtained using computational

(in silico), in vitro and nonlethal in vivo testing in cell cultures and animal models.

Main aims of the research. Main aims of the research were to test the biological effectiveness and
safety of newly developed anticancer mixtures containing various amounts of rubidium chloride,
water, saline solution, DMSO, paclitaxel/carboplatin, copper oxide (CuO) nanoparticles and the
newly tested putative anticancer drugs (poziotinib and olmutinib) against the non-small cell lung
cancer (NSCLC) A549 cell line and healthy normal human dermal fibroblast (NHDF) cell line,
applying the in silico computational SwissADME software version, MTT in vitro anti-proliferation

testing, Annexin V-FITC PI apoptotic cell testing and chicken embryo viability testing [7-18].

Experimental. Materials and methods. Pozitionib was purchased from Selleck Chemicals LLC (USA)
and Olmutinib was purchased from BOC Sciences (USA, Canada). All required chemicals, rubidium
chloride, DMSO, saline solution for injection and gemcitabine, were purchased from Merck (India),
copper oxide spherical nanoparticle water dispersion (20-50 nm, 22 weight %) was purchased from
“Nanografi Nano Technology” (Turkey). Fertile eggs of Golden Wyandotte were purchased from
“Kakheti Chicks” (Georgia). SwissADME software was used for computational evaluation of the
biological effectiveness and bioavailability (safety) of the developed drug combinations [13, 14].The
visible and infrared light ovoscopy based method and the non-lethal method of long-term monitoring
of behavioral and physiological parameters of exposed Wistar rats [9, 15]were used to evaluate the
acute toxicity of the developed and control drug combinations. The widely used highly accurate
tetrazolium dye (MTT) [16] and annexin V staining [17] assays were applied to evaluate the necrotic

and apoptotic efficacy of the tested drug combinations.

Content and testing of the developed drug combinations

24 of various drug combinations were prepared using standard mechanical and ultrasonic agitation
(see Table 1). Poziotinib and olmutinib have been recently comprehensively studied using five
different software modeling programs [18], which allowed to evaluate the bioavailability,
physicochemical properties and pharmacokinetic factors (including solubility, lipophilicity,
absorption, distribution, metabolism, and excretion) of the drugs, as well as the passive human
gastrointestinal absorption (HIA), blood-brain barrier (BBB) permeation, and substrate or non-
substrate of the permeability glycoprotein. Both the computational and experimental testing utilizing
A549 cell cultures showed that poziotinib and olmutinib and their synergistic combinations are
highly prospective components for effective treatment of lung cancer. At the same time there is a
lack of data on the selectivity (therapeutic window, therapeutic value) of the most of anticancer
components and drugs. That is why in addition to the computational study [14] we tested the
selectivity of mixtures given in Table 1 defined as the ratio of anti-proliferation (necrotic) or
apoptotic efficacy against cancer cells to the proliferation (necrotic) or apoptotic efficacy against the
healthy NHDF cells.
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Table 1
Content and testing of the developed drug combinations
omponent | RbCl, | Water, Saline DMSO | Gemci- Pozio- | Olmuti- CuO,
mg ml solution (99.5%), | tabine, tinib, nib, mg mg
(0.9%), ml ml mg/ mg
Sample No
1 300 5 2 3 300 - - -
2 0.91 6.09 - - 100
3 1.82 5.18 - - 200
4 2.73 427 - - 400
5 3.64 3.36 - - 500
6 455 2.45 - - 600
7 5 2 - 300 - -
8 0.91 6.09 - - 200
9 1.82 5.18 - - 400
10 2.73 427 - - 600
11 3.64 3.36 - - 800
12 455 2.45 - - 1000
13 5 2 - - 300 -
14 0.91 6.09 - - 200
15 1.82 5.18 - - 400
16 2.73 427 - - 600
17 3.64 3.36 - - 800
18 455 2.45 - - 1000
19 - 7 3 - - - - -
20 - - - - - 200
21 - - - - - 400
22 - - - - - 600
23 - - - - - 800
24 - - - - - 1000

Experimental results

The main results of the reported research are as follows:

1. All active components of the developed and tested mixtures demonstrate considerable super-
additive synergism of biological anticancer effectiveness, varying from 1.4 to 2.1;

2. Selectivity of the optimized mixtures to cancer cells increases 3 to 5-times, which means that that
effectiveness and/or safety of treatment can be improved up to 5-times;

3. Copper oxide nanoparticles are extremely effective synergizing components, especially in
combination with DMSO and rubidium chloride.

4. Selectivity of rubidium chloride and gemcitabine-based combinations is up to 2-times higher than
of the poziotinib and olmutinib combinations.

5. The obtained results show that in silico computational methods can serve as reliable and precise
tools of drug preclinical testing and that computational)modeling, in vitro and in vivo non-lethal

testing are in good coincide.
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36935653 9d0oUb in silico o8mmgzmwomo, in vitro gddgmodgb@reo s 5GMsgEIEMHo
in vivo 9900m@©9d00 330935 3B0M0b0dMI s MEB006080756 FgEsMgdom

3GBow 306357599, 0900993 Y BoB)s, 53530 8080690830000, Ysgs®0s 8295009
Mybondy

RowGH30L 3000 53030900560 LoALogbggdol gHM-gMHMO Y4gzgwsby A93MEILIIMMO S
9005330069090 Lobgmdss, HmymM 95953539080, S1939 Jogddo. 5975950, b mgdom 8-12
fPowofiooo s 3 Fow0sM©  ©MEsMsdgs  LaFomm  sbowo  s6EGHoLoALogbmGmo  fodarol
G®5000309wo bggdoom Tglod«ydsggdeo© s ©sLobgMys©, o3 MIMsmE  FobsdoMmMdYBL
ML 1oFgEOEObM 3M5dBH030L 83905 O RsIdMMBYBIL MobsdgMmay Lsdgaboghm
331939006 30093900096 Fgstgdom.  LHmMgo  sdoGHmd,  30dmL  53500MdoLS o
103300056MBdOL  I608369cMm3zs60  FgIE0MHGOOLMZOL  vM30wgdIWos BB s Lobom
9mbs399930L domgds fobs 3wobozmo godm3zzmglol Lofyol g@o390bY. goblogMom®mgd e
063 96m9LL 0§393L 39FMMZW00 FMEI0MIOOL FgoMEIO0m (B5g5P0MHQ, in silico), s3GMgom3Y
in vitro s 5Mog@oMo in vivio 9gomgdom  dsdmygbadom domgdeo  d9wgagool
LOBMLEY, LESOTIOMMDS s YYOPOJODIMOISE0d. B3IOMITo FoMImpygbocro in silico, in vitro
s in vivo GgbGo®gdol 8993900 Bsms 393Y39¢gdl, GMA 4dmm3w0m0 IMEIEoMgdol
9900900, in Vitro s in vivo GgLlGoMgdol 890mEgdmsb ghmo, dgodwgds ogml Hodwmgdols
36930603960 GHILEGH0MGBOL Lobm s HBMLEHO Lodrgowgds.

YucnenHoe MozienmpoBaHue in silico, SxcriepuMeHTaNIBHOE in Vitro 1 HeeTAIBHOE in Vivo
HCCJIeZloBaHHe HOBBIX KOMOHHAIMIT IIPOTHBOPAKOBHIX MHOTOKOMIIOHEHTHBIX IIpENapaToB
IIPOTHB HEMEJIKOKJIETOYHOTO PaKa JIETKUX B CPAaBHEHHH C MO3MOTHHHOOM M OJIMyTHHHOOM

Apunr Yupakazse, Terimypas Yuaya, Axaxu#i [ nrurerinsrnm, 3axapuii byadnzgse

Pesiome

Pax serkux ABifeTCS OZHUM U3 CaMBIX pACIPOCTPAaHEHHBIX M CMEPTOHOCHBIX THUIIOB
3JI0KaYeCTBEHHBIX HOBOOOPA30BaHMM KaK y MYXUYMH, TaK M y SKeHIIWH. B HacTofmee BpeMs s
Pa3paboTKu U BHeJIpeHUA HOBOTO JIEKapCTBa ITOCPECTBOM TPaJUIIMOHHON CXeMsI TpebyeTcs OKoJIo 8-
12 ner u mo 3 mmummapzos gosurapoB CIIA. DTo ABIgeTCA OCHOBHOI IPUYMHOH HEZOIYCTHMO
GOJIBIIOTO OTCTABAaHUA MEIUIVHCKOM IPAKTHKU JIeYeHUA paKa OT [JOCTIDKEHUN COBpPeMEeHHBIX
HAy4YHBIX MCCIeJoBaHMM. VIMeHHO IO3TOMy, [Jf CYyIIeCTBEHHOTO CHIDKeHHA 3a60JeBaeMOCTH U
CMEPTHOCTH OT paKa COBEpLUIEHHO HeOOXOJUMO MMeTh TOYHBIE U IOCTOBEpDHBIE [JaHHbIE CAMBIX
PaHHUX STAallOB TeCTUPOBAHMA, IPUYEM OCOOBIII HMHTepeC IIpeJCTaBiIAeT CTelleHb COBIAJeHUUS
Pe3yIbTAaTOB, IIOTY4YEeHHbIX C TIOMOIIBIO BRIYUCAUTENbHBIX (in silico) u sxcnepuMmeHTanpHsIX (in vitro
U Ccy6IeTaNIbHBIX in Vivo) MeTOZOB MCCIeOBaHUA HA KIETOYHHBIX KYJbTypaX M MOJENAX SKUBOTHBIX.
Pesynbrats! in silico (BerYuCINTEIBHOTO) MOZEIMPOBAHMUS, A TAK)XKe in Vitro U CyOJIeTaabHbIX in vivo
HCIBITAHUH XOPOLIO KOPPEIUPYIOT APYT C IPYyrOM, IIOKA3bIBas, YTO BBIYUCIUTEIBHbIE METOAEI MOTYT
CIIy>KATh HAZIeXXKHBIMH UM TOYHBIMH HHCTPYMEHTaMM IOKJIMHUYECKHX WCIBITAHWH JeKapCTBeHHBIX
CpezCTB.
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BGoG0530 g3bbommmos JoMomem-obymoluym 3Msds@ozme wmgdiozmbdo bsgmgdiozmbem
DI6YOHo  gMogrymgdobmzol  dsmmgdymo  Lsfigolols 9gmBggol bsgombo, GmIgElisg, Moy

3990mbg93g030, sO0MErgdl JsGomvye gbsdo Misfgobm BIBGAdOL sGLGdMDS.

@9Jbo3zmbols LEHMMIBHMS Fabs3oMmMBIPL Mommgmmo Lsgrgdlozmbm ghmgmmobomgols
Lsfigobols 5930gd@mdsl. Jodmvee 96530 30 Lsfigolo ygzgers Babst o6 sdal. doMommss,
Usfigobo o6 9mg3mggdsm bolisbgers® BIbgdL, BsHIbs® LobgyEgdl, Lsdwswo 3gzs®ols Babgdols
Boflogmls s Ubgs 3306y XaMBLSG. 0sg5eomgdol  gsbbogrgols Lsgmdggmwbg LEs@osdo
PoG3m©agboos 59 3MHMdIoL d5sFMoL aBIBo s LYGMYIMGDdIBO.  EIBIOMIGOYEOS
00mMY7)e0 3ol BIbgdolmgol Lsmsbsm bsfigolols dgMBgzols dobsbdghmbognmds.

0m39990s  bafigolgdols 0bgaoliyo 0sMydsbgdoEs, MMBgmmsasd bmgao JsGormmmo
Lsfigolols 3063000 BglisBygzolos, Bmao 3o sofig@oms sMob bsfamdmgdo.

153396dm Lo@ygzgdo:
80505090329¢m0 ¢r9Jboz0bo, Hbsfigober bbgdo, bsgrgfbozmbm gtorgwemo

J56H09-0b90lE 4M5EGH03 qdbozmbdo (Amms GHMLM39wol Ladsmggamls
90m3bmeo  Lsdgboghm  Fmbol Togh  oxgobsblgdmwo 3Mmgddo!) Lowgduozmbm
9ONGNWHE 50005 YMBool 3F3M030L FbMEMdomo HoEbzol dglsdy 3060l BMGOIom
2350mbsGHMo oMo BIEMOHo gm®mTs. ol MInowrm© Im3gzgds 53 BABoL LofiyoLo
Jotronme gbsBg s 998 dolo Fgladsdolo 0byolvyMo MatMydsbo masgolo Lobmbodgdom
(00 sbgMO 9gd3L). JommeEro Lsfyolgdolmzol obgyerolbwmo 933035 gbEGH0 gmzgErmgol 6
00906905 @s, SLgm  @OML; dobo  Bsbo33gds  bgds  JoMmwmeb  LgdsbEHozmMo
bgdofjg3600 ALsgLo LoEYzom b IgloEyzgdom. LoOMYIg BMYX IO LmOgE Lomsbosm
Jooro Lsfigoligdol Jolooaqdss.

JoOome gbsdo M0l 903390 GHodol HBdbgdo, GMIgEmsi LEHYolol FmETs 96
90omMgdom. 93530 Fobodg oo MLsfigobm BIBIOL MFragdL [1]. s MoEbgdos bobsbgwrs®o
36900, 65BI6sM0 Labgegdo S Mowsg Bafowro LEdMsEro g35MHOL BIBYBOLS. SEIBsm, gugz MO
9om-ghmo dobgbo 0dobs, MMI JsOmwmwo gbol obdodGHadom wgdbozmbdo (Jgaw) [2],
MIgbsg 394MHbmdom bggbo wgdiozmbols 89ddbolisls, Bgdmo Bsdmmzwowo 3s@gam®mogdol
BdbgdolmzolL Lofigobgdol dmdogds Mmeos. Bzgbl 4Mmsdsdolzmer wgdbogmbdo 3o Lsfyolol
Jmbs 530w gdgw0s. $80¢™MI dmy3z0bs Lofigolgdol Bz96gmMwo 356056EJdOL Tgddbs, Godog
533903505 ,O0PO JoMME-0ba oMo Wgdlozmbo [3]. 59 wgdbozmbdo, bbgs MmGM9bmgsbo
@9gbo3mbadoliash  asblbgeggdom, Lowrgdbozmbm  gMmgwegds  FoMdmpaqbowos  Hdbols
3060560 gmMIGO0, M3 doosd Lsbomgderme ©s 360dzbgemgbs doyzshbos. wgdbogmbo
06393m0Mmgdmwos  39093900bg  [4]. Y39  30LsMRRWgm  Ubgs  BI6YdOL  Lafiyobgdol
0boma09d0m, 0030505 06E™MOEO0Ms.

1 Jo®0ream-0bg@olvy®o 3®eds@03wo @gdbogmbol 308350 gMo. nms HYLmeggerol
bogoMmgzgeml gmhmzboero Lodgsbogm gmbool a®sb@o, FR-21-3509.
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6509b0dg 3mb3OgEHWMWo  Fogoomol 4obbogol Logmdzgwbyg oasEbmdo  sbowo
Lofgobgdol d9gabols 3610630390L s ogsBEBMMYdT F9dgdOLEORZIMS.

Babiobgs®o HIbgdO

5ba9dg0L. dsBsdo Lobgwo ,692980“-bash a3b3wgds BIbMGO GMMIGdO: 96093939dU,
5612989306900, 569929890, 06989890L.

Joaw-do 699393 ®wdgbg 099086905  Lofigobgdo:  @obgd9ds GmymMis  LLobgwo
629090 BIboL  Imddggdols“ s 6ggdmbs HmymME  LLobgwo  Byagdmdl  BIbol
9gd9@gools“. 98 mMo Lafiyobosd @sbog9drds 21939 0dbgds ssb«ya9d98L Babol Lsfgolo.
6929005 — 069898960 1589500 BIbOL Lsfgolo.

o3 999bgds  5bm89d90b, 569898980698l ©IBYdL, HMIgEmsg Joae-do Lsfigolo o6
99906900m, Fomo Lofigolbo (bbgs bolisbgwo® Bdbsms Blgoglbo), 03530 Fobodol msbabdsco,
9909005 04ml m300Mb Labgwo 6418900. ,0020303905 HOYO bobobgEs®o BIbYdOLS, TGS
565 5430 Lofigobo. LoFoMmgdol dgdmbgggzsdo Lofigobol Bog03zMmdsl s m30m ol Labgwo
5930, OMAoLsgsbsg Bofo®dmgdos gl Bbgdo“ [1, § 578].

LodmErmm, 59 BI6YOL gdlogzmbTo sligmo bsby 94bgdso:

Lsgmgdl. ghor.  Lsfigobo obamobm®o mstydsbo
56999900 6900 to console sb
0b61998900690L  by9d0 to comfort

5969890l ©ob9dgds  to console sb, to give fresh heart to sb
06993901 6m298mds to find solace, to console

sbgotgdl.  Jogae-do Bdbob 53 FGMOToL obToMEHJds Sbgmos: ,obgoMgd-b  (sbgos,
bgoMgdos) 3MEa. 1. bgo®l dolgdl, LaMGOEWMBSL BMKYBBL®. MMTES, 96O GOl J0MOMYOWYO
dobo Lafgobo. 3mzwom, HmI Lafgolo 9godwgds asdmyqbadwao ogml bgomo b bgothmds —
»obodg/30b08g botxDg Lotgdwol bobzs® [2]. doo wMdgdgl, GMmd bjgo®mmdl BIbs by
2960056 gds: bgo®md-l (0g4ab. obgoMs, Mbgo®os) aMEI. LEHG. 1. bgodl, LoMygdEmdSL
0dg3s°“.
obgo®qdL — bgoMmds — to benefit, to profit
©OIBMMESgL. gl bobobgws®o Bdbs Jgawr-8o Fg@obogro 56 60, Foa™sd 5oL ol
Bofotmdmgdo 803Mgmds  @KMoIMOero, S 0L 30g3 369000 93500l BIBMGOO TGOS
©303200¢1985. 555939, SOLYOMOL 53 oL (FMome) 65FomIMgdo BIbS gsgMorerszl Msgz0Lo
Lofgobom gogmorzems. yzgesxkgho gb 335830dMHxd0bgdL, MM okMmoerszl BIBOL Lofigobow
0530LBE0© F9a30d0s 3030h60M™M WOFRMIZs.
QIRMNWOZL — IRMMZWS — to cover with pockmarks
055335390. 93530 030395, 53 D3530. M0P6sE B3o30LYI6 Bofo@dmgdos BIGOL
BMOTs @30 Y25390b LSgobom @sB353985 s SLgMBsOGO® SOl FgBEobowo Jgawr-do,
330939 9OOL 0sd25398b BMGTo3 s 56 sGOL Bolo Lofyolo sd9398s, 53 SBsErMyoOm
oM gds d030Rb0gm @sd353985 Boofgrml @ssdz0298L ©IBOL LsfyoLo.
©05835390L — 53353905 — to fall as an avalanche, to collapse
99 @odol Bdbgdo 19305, HMIGWms Qsbbowrgs JmMOL Hoa3094356L, sdoEMmId 30I3
599gb0dgl 535L5bgEIgd:
©5MOEMBL. Jga-do dobo gobdo®BHgds S1YM0s: ,EIMEMDS (IMEMBOLYS) Labgwro
©OMHEMBOL  Bdbol  ImJdggdoLs, _ sM©O, Gogeo, Fubowo, bomzwosbmds” [2]. 3
LEbgEMOO G0k bFoMBMgdo Modgbodyg HBIBOL gobIsmEgde:
‘@sHOMB-U (0996. 0GOS, LIIHLO0S) 3(HON3. @SGHEO 35930, _ bszermBL, bl
0QsMHYB-U (03O, IsHPb0s) 3HOI. st 996985, ©sHL ©soPYgel, —
06530798, ofbydl.
5QOYB-b (505G, “IVGHDIB05) 3HPOI. OGO S, SPrybgdl.

103



30430 Boz0dg, 60602 3535830070, 565 B9(539(5030¢m0

53(H05698-b (‘05 500500565, ‘05 sH0569805) 3H>00. @sHOOs6L boool, -
06530056906 “[2].

o8 Bdbgdl 9mddggdol  Lobgero, 6oy Lofigobo o6  MfagMoso  4sbdoGEgdom
@9Jbo3mbTo. MoYbsE Fo00 2obToBHIdgd0 MIMsgzMYLO JINHZI3s MHDMBs Lobgol
2396356 Fgdsol, s00GH™MA 3m3om, MM 03039 Lobgwo (oMEMds) dgodwgds BsofgMml
Bgdmm Bsdmmzerowo HBIbgdol Lsfgobaw 030l Jorgbgags, M gb o6 gosbbdgds Bgdmo
B51d35aL HMLsHgolim BabgdoL Ggbobgd.

QQMHOMOL — oMIEMds — make sb sad, cause sb grief
005MEIOL — IMEMdS — make sb sad, cause sb grief
35M©YOL — oMEMds — make sb sad, cause sb grief
9MOBIOL — otmMds — make sb sad, cause sb grief

30Mgdl. M3 53 BIBsL g3l Bmddggdol Lobgaro Joywr-8o, 03993s 9 gwydobysb
bbgs BIboLFobom bofo®mgd BABYBL ,,050MEIgdL, ,,00MEPEJdS“ 53l LofgolLo ,50MEIdS“
(,90Magd5 (50MEgdOLHS) LobYWo  S5dMEGL,  SdMEEYds  BIbsMS  ImJdggdOLL ) s
3000gMds3 (50MEgdmME0). MMM Bgdmom >©03608600, 0Josb 4o0maEobstyg, Gmd B3zgbl
9dbogzmbdo BabMOHO FMOHAOLMZOL )30 gdJ0s Lofyololb Jmbs, BIbSL o588l

LsfyoLo 3590 sdMEYds-U.
QQ953MEGOL — OdMENYOS — to smoke sth

bbgs  Bobobgwo®mo  BIBYdIOLYSD  goblbgoggdom, Mmds-mo  bofo®dmgdo  Lobgwrgdo

Lofyobo BofoMImgd BM®TsL 094gbgdgb. s5©Lsb0BBsg0s, MMI bdoMs domo obyerobry®mo
J9b5EY30L9dO SMFIM0MO Lsbolss:

0960353MdOL  BgMO353Mds  to act like an old man

0@53056MdL  5@5T0sbMds  to show human qualities

50350353bmdL  533563H>3bMds to act proudly

sbodbGmydL LsTLOMOS to have snack after dinner

3L 30630@0mMdL 5130630 eMds to play hop scotch

Mo 50dmBbs obgmo bababgeroMo BIBGdOL Lofyolgdol ImAogds, MMAMOOES:
Ms6@gMHAPOL — 56@gMHAoL oG™M370s; MLsbLmgMdL — LobbmgMow dobgdl, domdwgbols;
0©E939890L  ©939BL IR B360L; YLag3gEVEPIL — LsY39ENOL JAY30L; J35(HO3IRL —
35®)o3L 09993l s bbgs dbasgbo LoGYyzgdo. wgduozmbdo a3b3gds Fomo 3o boGocmO
BmOIGOoE —  sbobLMgmHgdObIdL, 95bEYMIgdOBdL. gl BI6gdo  Jogaw-do  MLSHyobme,
dbmwmE M309JGWOH0 J3930L BMOIGBom Mol ImEgIIEo. Mosb B3gbl wgdbozmbdo
mOboAY3056  Lofigolgdl 396  30949gbgdm  (©g39d0L  ogboegbs, bgMIoL  sBEH™39d.,
15939MOL ®Jds o 5.9.), obgg o. Fobodol MsbsbTs, Lobgwoom (sbg®do, Y399,
Lobbmgo®o, BoyzgMo) Lo®ygdermds dmy3z0(Hg3L. Tomo  0bawrobyy®o  momyadsbo 3o

50 gH0m0 Lobol 0dbgde.
obg™Mdgdl  sbg®do to make sb inherit
MLoblmgz®mgdl  Labbmgs®o to give sb sth as a memento
9393900 9398 to telegraph sth to sb, to wire sb
M353)5390L 353530 to present a report to sb

535bSb  5353d0MGd0m,  s0LEBOTBsg0s, MMI  sMYEBHIYgdL  BABSL  Jgaer-do

0000035M0  Lobgwgdoligeob  asblbgoggdrmo  aobdod@GHgds  odalL: ,MYRMIGEGdS
(©©9aM3dgegdols)  Lobgwro  s@EMIRMmIJgdL  BIboL  Jmddggdols.  ©MIRGmAJMIOL,
boby®derogo Logmaberol Ly®ggds; 306891 LoMYAMIgE Ml owg3s™ [2].
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65B3BoM0o LabgEgdo

5. @s60dol dobggzom [1], Bosfowo BsBIbsmo Lobgurgdols Fo®dmgdmeos HabyGo
33999900L96  LBoJugdol IOMZ0m s Fobss®Lom 53 BI6OL  Lofigobgdl  Foogogl.
05390m5©, BNB-6-0, BoB-1b-0, BH3-6-0, BHYWsd-6-0 s Lbgs. 58 BdggdoLYsL
BoHoMImgdo BIbgd0 Bmyo 039mgdL LoHyobl, BmYo 30 Mo s Lafyols M30m 58 Lobgerls
094qbgdl. RsBmbolgsb boflo®mdmgd BabgdL — o85B9698L, 5R5696@985 Jgydo o6 sJ3m
domomgdo Lofyobo s, Lbgs sbgmogg Lobgwrgdol Abgogbo, doom Lofyolbow Mbs
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On the Selecting of the Gerund forms for the Verb Unit in the Georgian-English
Grammatical Dictionary

George Chikoidze, Anna Chutkerashvili, Nino Javashvili,

Summary

The paper considers the issue of selecting the corresponding gerund for lexical verb units
in the Georgian-English grammatical dictionary, which in some cases is complicated by the
presence of the verbs with no infinitive forms in the Georgian language.

The structure of the dictionary dictates the need for an infinitive form for each lexical
unit. It’s well known that not all verbs have gerund in the Georgian language. Basically, non-
gerund forms are found for nominal verbs, verbal nouns, part of medial verbs and other small
groups. Based on the discussion of examples, the paper presents ways and means of solving the
task. The appropriateness of selecting an appropriate gerund for each type of verb is justified.

English translations of the infinitive are also given, some of which are a direct match of
the Georgian gerund forms, while others are descriptive.
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O BrIGOpe MHGUHUTHBA I7IaTOJIBHOM JIEKCHIeCKOH e[MHUIIEL B IPY3HHO -aHITHHCKOM
TpaMMaTH4IeCKOM CJIOBape

Teopeuti Yurxouoze, Anna Yymrepawesunu Hurno /icasaweunu

Pe3rome

B craTse paccmaTpuBaeTcs BOIIPOC BHIOOpPA IIPAaBUIBHOTO MHGUHUTUBA [JI JEKCUIECKUX
[JIaTOJIBHBIX E€NUHUI] B IPY3WHO-aHIIUICKOM TIpaMMaTHYeCKOM CJIOBape, KOTOPBIA B psze
CJIy4aeB OCJIOXKHAETCA HaIW4reM HHDUHUTUBHON GOPMBI IJIar0JI0B B IPY3UHCKOM SI3bIKE.

CrpykTypa cioBaps JAUKTyeT HEOOXOZMMOCTh HAIWYMsI HHOQUHUTHUBA [ KOKAOH
JIEKCUYEeCKOH eTUHUIBI. B Ipy3sMHCKOM sA3BIKe He BCe IJIarojIbl UMeIOT MHPUHUTUB. B ocHOBHOM
He BCTpEeYaloTCa WHGUHUTHBHBIE (OPMBI y MMEHHBIX IJIATOJIOB, HAPEYMil CyIIeCTBUTEIBHBIX,
YaCTH IJIaTOJIOB CPeJHETrO poja U APyrux Heboapmux rpymnm. Ha ocHoBe 06cykAeHUA IPIMEPOB
B CTaTke IIpeJiCTaBJIeHBl IIyTH M CPeACTBA pelleHud JaHHOH npoGiemsl. O6ocHoBaHA
11e1eco06Pa3HOCTh I0A00pa IOAXOAALIET0 MHOUHUTHBA 11 KaXKJOTO BHU/IA TJIar0JIOB.

Takxe IpefCcTaBieHBl AHTIUMCKYUE IIepeBOAbl WHOUHUTUBOB, HEKOTOPHIE K3 KOTOPBIX
HaNPAMYIO COOTBETCTBYIOT IPy3HHCKUM (opMaM, a APyTHe IPeACTaBIsIIOT COGOM OIMcaTebHYI0

dopmy.
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50900 99303596 w60 36008369¢mdols dobgzom. Lbgoolibgo 3690900l
MOD0YOH0I330Mgd0L 50mgds bgds GeWordNet-sb. 306H39w H0gdo, s@Lgdomo Labguol
bgdo odmgdo FoMmdmoyabl 303mbodosl s dgMmmbodosl [9]. 858slosdy, Bzgbo wgdbogmbo
339 0903536 9MLYdomO  LobgErols J0ToMmMYdYRL:  "sM0OL" s  "Bsffocros”.  goMs  sdobs,
GeoEngGraDic-o 890303L 35¢09b@™dobs s 896Mhg30L bbgs 9903980l dgliabgd 0bgm®mdszosl
00 BI6gdoL, BYELMM39d0Ls s BIBOBYIdOL  153356dm  LoEYzgdoLmzoL, MHMIWdO3
d90dmqgds  oymb  Bohowwo  gdbozmbdo.  LoEY3o-BMEIGOOL  FMORMEIMYROWOO
Foboloomgdgdol sdmemgds bgds GeoTrans INOBMEWMYOYOHO 565¢0DsGHMMOL IHTsMGOOM
[9-11]. Bggb 9gy30dqos 3sdmz094gbmo GeWordNet-ol Lbgs 393009003 295G 303mbodools s
dgmmbodools: Mm99 @O  LoblgBL MOl  oOLYdIMIL  Ubgs  dIMwgdol GeoEngGraDic-ol
@9dbogmbdo FqLsdsdol m® @wgdbogme Bsbsfgdl Tmemobsg 39bgMomgds dgLsdsdobo fodm,
Mgbog 998pmddo 094gbgdl GeoEngGraDic-ob 0s63b0l sarammoomdo.

3. mbBHMEmy0sbg ©sx3dbgdmo 3Mg5egbmgsbo @gdogol gsdmyggbgds Lsdobby
Loyzgdol dgmBggolomgol dsbJsbwm mstydsbdo

993Y39w 900l bsfogol - POS (Part Of Speech) dqliobgd 0bgm®dszos bdoMmo g35deg3l
53bdstg 8060369090l MmEMBMM3sbo Lodyzol LHm®mo 2539d0bmzol [12]. gl LabaGygdeoms,
500 B396L 903 MO MbEHMEIMY0sL 5d3L o390 0gMsMJos Lb3oolibgs Fg@Eyzgurgdols
Bofoeols Lo@yzndolomgzgol, bewrm msbsdgtmmgg POS-3qagMgdo dowswo LobmlEom 0dengz0s6
9Bscobol 3sbmbgol [13,14]. 5dgsb go0mdobstyg, GeoEngGraDic-ol s39d0lm30l 300¢0bsty
L538omgdo  JOMOMOIE 0TS  gOO S 03039 LobGEsJumGo  JoBgYMmOmOool
LoEY39o0LmMZ0L MOIBOHMZ69d0L FMLabLEWs®. oM 50LS, 963393 MBJIOL A5M3IZqw)E
©mbyby  A9oLLFMHgws©, §obooadol BM30IBdMWgdOL  LEHGWMIGHWGS Sbgzg 0dwglzs
9060869090L, s 3090bsMgmdl 3MFomds LEAMMIGHMOWWo Fodermbrdol dm3mgzgdsby [15, 16]
©5 0©O0M3>EGHMOO 459mmddgdol [17] 0©gbEH0B0E0MIdSBY MMHYbMZsbo (3oL B5BIO0Eb.

Omameg GeWordNet 36mgd@ol bofowo, Bzgbl aobgmgowgdsdo 2019-2022 Fargddo
[15, 16] 8990s3005 gdbogmbol 56350@Hgdgdol BsbsfigMgdol bdsb@ozmMo 3M0doEozgdom
9bm 5300l 89mMEO. JoOHMMWS MsMRT60w0 #H9JlEHI00E STMPGdME 0dbs sEfgMowmdomo
19356303MM0  3M030E03900L 5530900, WM3MBEGHOHMMM, FMEbsYY IRMIbIdMo BB
A939600L  a59myqbgdom  dogdwo odbs  dmboigdgdo  Lodyzems  36gdgdl  dmGobL . §.
3™b63393@1goMo dsbdoeols - CD (Conceptual Distance) dgbobgd.
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B396 330399300 BH93900L SEMMOMTOL JoRMNMYdL B3gb0 MbEHMEIMYO0L 0gMscMJomwo
LEHOMIEHOOLS s LobLYEHYOOL 35380MHJBOL godmygbgdom. dsgowoms, GeWordNet bo@ygol
3690900l 3¢5lgdl  dmEol  Fgodergds godmomzgowml CD  MmymeE Lbgoalibgs 3wsligddo
L0Y3990L (369990l TmMol AbasgLigdol 3mgxroi30gbGo. 1939, 890dwgds 2odmygbgdme odbsls
1b350slb3s 93M0LE03s BBZsILBZS LOBESJLMMO 35BJYMMOOL LoGYggdol CD-ol dsdmmzwolsls,
5096 0lobo 2oblibzs390mE BMOBMEMA0® §aligdl 9J3990gdsMYds [4, 5].

00mbogoc  Bgdu@Bdo mMobO™Mzsbo Lo@yzol LmMo d60336gmdol dmbodgdbo h39b
a98mgomgwom CD-b Lodygolb Tgboderm  d60dbgEmdgdls s  3mbEgJu@do  dmEgdwyero
Lbo@yzgool 3608369cmdgdl dmMob, sbg3g PsOWE Jeslgdl dmMobl. 306506 gdbozmdo
Bobofigmgd0 903038 LoEYzgdl Lbgoalibgs 9bgdosb gdz035¢gbEmMmo 3608369 mdgd0m,
96535gbmgobo  gdbogmbo  Fgodwgds  4sdmyqbgdme  odbsl WSD-ol  dglolitrvgangdens
9993960 {06500509890Bg MmM039 9Bbolm30L, HrYMGE JsOmnymo, olig obywolivmo.

05350050, 3ob30bomm 0baolivy®o sGLgdomo Lsbgwo Aand fobssgdsdo:

The ranch hands are going on a strike. - ®sbbml (o7Jo(s398:9cm0) J9d960 3530335
53069896.

hand n | acard player in a game of bridge 0964mlb In53539 d0HOX 0L 0585990
hand n | a hired laborer on a farm or ranch ©5J065390990 34985 3gMds80 b6 MobBmdo
hand n | a member of the crew of a ship 3990L 9303550 9360
hand n | ability mbso
hand n | one of two sides of an issue L530mbol MO TBMYI6 gHM-gOHO
hand n | physical assistance 10D03vIM0 obToMxds
hand n | something written by hand G053 bgwom sfgMowo, bgabsfg®o
hand v | guide or conduct or usher somewhere | 992%v)OHMdS 56 06bEgds 96 Yodwemems
hand v | place into the hands or custody of bgedo Immsgligds 96 boodgme dgbsbgs
hand

3b®ogo 1.

GeWordNet-ol gdboz=®o 939%aw80, MGmIgeos 3308396908 09y HmamMos bodygs
hand-ols bbgsabbgs 360336 mdqdo bgdebEo3Mo 3xaligdol dobgzom.

GeWordNet gdbogmbdo hand Lo@yzol Gsdumbmdommo LEOWIEGHOS sbobmwos dobo
3600369 mdol  dobggom  Lbgoslbgs  1gdeb®Hozm®  3wobgddo. EbM.1-Bg  dmEgdmeros
0305939630 9mbo398900L BB, Loowsbsg hsbl, M  hand Lo@yzsxm®ds 9godwgds ogml
fomdmpqbowo Hmamez Lobgwol, oby Bdbolb 360d36gwmdom. GeoTrans sbsgroBosGHMMo
93:399L T9glsd5doLO gdbozmbTo sMLYdME 4y39ws MmImbod® 360dzbgEMdsl.

Lg3obBH03MM0  3Wsbgdol dobgzom Lodyzs hand-olb  Lbgsolbgs I60TzbgEMdsl
899L5350905 bbgoslibgs Loblg@o. 4sbgzobowmm d9dgyo Mmmbo 360dg3bgemds:

— part of arm below wrist (bgaro, bgerol 9¢93960),

— hired hand (@sgdo®s39d9eo 90s),

— handwriting (bger{g®s),

— help (©obToMgds).

Le®. 2 §563ma3003958 wgdbogol Gogdumbmdor® LEMWIEHMGL, GmIgeoa 306396900,
0] OH@AMO 04mgs bLodygs hand-ol mmbo 360d3bgEMmds bbgsabbgs 1bgdsbEozMMo 3wsligdol
dobg30m. ZMsadgbEJd0 s9mEgdos GeWordNet ¢gdlozmbosb [8]. bodygs hand-ob yzgws
LobLgGHo 993030500 oboErMmo 8909y JoLsdsGMmbY: http://gewordnet.gtu.ge/hand.

99939600 0bgeoly®o Fobswowgdol gomzswobfiobgdom, B3gb a3uvmml 5356033000
hand-ob 3603369 mds, MoLM3Z0LE Wb RodMmoM33¢Mb 3mb63g3EIswMo sbdowgdo hand-ol
g39s mImbodme 3609369 mdsls s Hobowawgdol bbgs §930Mgdly dmmobl. Mmym®s Lwy®.2-sb
BobL, Aand-ob mmbo 3608369cmd0sb yzgamsbg dmzang 3mb3g3E oMo dsbdoeros hired hand
-0009, GMIOL ghm-9Omo 303mbodos ranch hand. o) H58©Yb0dg 9330359bGHIMHO LoEYyzs
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9d0dgdbs 9gMbgmeo 36033690 mdolm3oL, bEsEHOLEH03MMO 0bxgM™MBs305 LoEY30L MebbggMol
dgbobgd, MMIGEOoE STMPIOME0s 35MBEWGEIOHO  30M3MBd0EB, Tgodwgds Asdmygbadmer
0965 Mtdoboll  LoGyzol TgboMBgzo®, GMI Jogdmer  odbsl  »BOH™  ,d3mbgdMmO30%,
30585303Wo@ 35856000 Fobssgds, HmymM 998mmsgsHgdgmos [18]-0o.

Lobombodo

helping hand

QIFOFPIGOTROND ©333380G 0 Gehds ladgiebodo

hand
hand
ad

assist assislance
heip

Help bo@ggol bigdsb@ogwm®o 3sgdomgdol gmsgo.

rad

e on

tel

#fetodt Lo

Part of arm below wrist Lo¢ygzol bgdsb@ozmMmo 353306700L FMoBO. 30PN LMs0O
0992000500 oboermor 990y dobsdsGmbyg: http://gewordnet.gtu.ge/graph/5564590/n (LwyGomo
©0EEJds 3ensgodo Ctrl-ob @s dsmiol bgmmeol 3mddobsgoom).
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achycraph
hartacte Il

handwning

Calgraptty penmanstip chirography

handwriting

Domain of synset - TOPIC

Handwriting bo@ggol 1gdsbGHozm@mo 353806700l 3®sx0. 35000 0o ryMsmo dga0deros
obogmom 9987y JobsdsGmby: http://gewordnet.gtu.ge/graph/6403393/n

ranch hand

herdsman
hired hand groom

hordor hand
Lobmboldo

farm worker

Boidhand

Manual worker bo@gzol LgdsbEozm®o 353806900l 3Mox80. 35¢00©YdINEo LMo Gga0dE0sm
obomom 993y dobsdsmm®y: http://gewordnet.gtu.ge/graph/10176679/n

bme. 2. hand-ob mmbo 3609369@mdol LgdsbEozweo 353800300l aMsg3o GeWordNet
©9Jb03mbo©sb
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4. 9m0535¢00 l553xTsm

06g30obM-Jo@mnyeo wgdbolzm®o mbEmemyos xgM 3093 893LgdoL sEMIE gEH3bgs
5 09360 L5dMToms BoLOEIMIOIE0. MB0MZIILOE 50395 5MLBYI0MO Labggdol 0gEMGJ0s S
9900m3  s3YsMHEIds 3530060900 Lobglis o BI6MOH RmGIGOL TmMol. 0v) Fgzox5090m
LodmBsgem  Bozombgdl, MMIGEMoRsb  Bmyoghmo  sMg oym  bsblgbgdo, Tgagodwos
535133650, D LoFoMHM:

- mb@M@my05Dg ©s53wdbgd e wgduiozmbdo yzgws obyolv®mo gdolb gsblbgegzgdvico
306393@1sco  3608369mdol  dglsdsdolbo  Je@omwo bodyzol ©s dobo ygzgams
Lobmbodol Fg@sbo,

—  GeoTrans 5¢gm®0mdol qo530mMmgds CD-U 4o0mbomzwgus© MmbEmemyools s Lbgs
9360LG03990 06x3MmMHT5300L godmygbgdoom,

- 000l sygbs, Tgodwgds vy M5 MBEHMWMA0sDY  ©oxmdbgdwo  wgduozmbols
09656300 LAHOMJGHMOOL MgMeYboBYds bybEI30e 30108030390DY sxMAbadmwo
068mMs300L dobgzom s MMym® dgodwmgds Fowgdwo 0bxgm®dsgool dsdmyqbgds
Lbgoslibgs 3mb@gdldgdol Mmb..

B3960 39850d0l 9OH0-gM0 Bogeo 5oL ob, MM gduozmbdo 0bywolvyMol dgls@yzolo
Jo6mol s LGOI JoMmEol dgboa@yzolo 0bamolm@mol  hsbsfgmgdo dbswgds
bowom, 53 09360 ©@OHML dmombmgl s IMMToEHI3900 s0Mm3bss. 303 ghmo Fglsderm
9t0535¢0 BsdM8om 0dbgds Lbgoabbgs §gotrmsb wgduozm®o 0bgm®mdsgools s3@™Ts@GMGs©
933905 s gdbozmbdo sboo gdbogMMmo RsbsfgMmadol s3EHMTod e Bolds, sGLYdWWO
Bobofgcm900Ls s b Rsbsfigmol 4obBatEHgdol &adudol bogmdzgmby.

5. qosli3gbs

B396 300035BMd® MBEMEMA05%g ©53191dbgdME0 JoMmE-0bAOlMO 4MsTdE0IO
@9Jbo3Mmbol  539dsL  MLYOMEO  gbmdMOZ0  MHJLMMLYBOEID, GmymMi  GeoEngGraDic-ol
d0amdol  Bofoel  sbdobm  matydsbdo. gdbogmbo sbgzg dmoEegl  BMEZoeBgHMZ
0683m®To305L, 8500 FmOOL  4635MBHIOOL  BHaJuBHIOL, Lodyzol Lbgowolbgs 9608369wmdol
03303596 GHMG  0oMadsbl o  BMOBMEMA0MG  0bxgmMIsgosl,  GmIgwo  89odergds
29909969899 04656 NLP 53m3s6gd0olmgol. got@s 35646060 0sMpdsbols, dobo gs8mygbgds
dgbsdEgdgwos  0bxgm®mdszool  dogdol,  dbgdcmogzo  gbol  sdMBsg3gdolL,  FGHgdu@ol
39393MO0DE00b s 9bol 0IBEH0FB035300L sdm3569dd0.

Eliminating Homonymous Ambiguity in the Georgian-English Dictionary Using the
WordNet Thesaurus

Manvel Kloyan, Liana Lortkipanidze, Levan Makrakhidze

Summary

Word ambiguity is one of the main problems in machine translation. Although we
enriched the lexical base using the GeWordNet thesaurus during the development of the
Georgian-English grammar dictionary (GeoEngGraDic), additional functionality is necessary for
the dictionary to select the correct answer from different homonym values to find a match from
the source language to the target language.

In this paper, we discuss the methodology of building an ontology-based English-Georgian
hierarchical dictionary and the target matching search algorithm based on the lexical conceptual
distance between words, as one of the modules of the translation system.
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YcTpaHeHHe OMOHMMHMYECKOI HeOJHO3HAYHOCTH B TPY3HHO <>aHTITHHACKOM
CJIOBape C UCIOIb30BaHMEM Te3aypyca WordNet

Manser Krogn, /Inarna /loprrunarnngse, Jlepan Makpaxmzgse

Pesiome

HeO,I[HOBHa‘-IHOCTI) CJIOB ABJIAETCA O,Z[HOfI N3 OCHOBHBIX HPO6JIeM MaIIMHHOTO II€peBOoJd.

Xota MBI OGOraTMIM JIEKCHYeCcKylo 6asy c momompsio Tezaypyca GeWordNet Bo Bpems

paspaboTKKU TIPy3UMHO-aHIVIMHACKOTO IPaMMAaTHYeCKOTOo CJIOBapsA, AJIA CjIoBapa HeoOxomuMma

AJOIIOJIHUTEJIbHAA (l)yHKLLI/IOHaJILHOCTI), 4TOOBI BBI6paTI) HpaBI/IJII)HBIfl OTBET U3 Pa3INIHBIX

3HAYeHU OMOHUMOB U HaWTH COOTBETCTBHE M3 MCXOAHOrO s3bIKa B eneBoit (GeoEngGraDic).

B oroii crarke MBI OOGCYXXZaeM METOIOJIOTHIO IIOCTPO€HHUA HepPapXH4eCKOTO aHTJIO-

TPY3HMHCKOTO CJIOBapsg Ha OCHOBE OHTOJIOTMHM W aJTOPHUTM IIOMCKa I€JI€BOIO0 COOTBETCTBHA Ha
OCHOBE JIEKCHYECKOTO KOHUEIITYa/JIbHOTO PACCTOAHUA MEXAY CJIOBAMH KaK OJZHOTO H3 MO,Z];YJIEﬁ

CHCTEMBI IIEPEBO/JA.
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6596mddo  gsbbommos  JoMomemo  sbEsBYBOLs ©s 0EoMBsGMo  gsdmamgdgdols
0baolvy®mo dglisBygoligdo. 3965¢r0HgdEos 500 MMM MHoALysglgdols s sblibgsggdols
©9H5¢g00. bsdmMIdo sgdMygMomos Jomormer gbsby sGlgdmeo Lbgsstbgs gsbGol dgd)-
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Bogmemolbdggo  sBGOL  Tgbsdygolgdo obgolm®  9bsbg. ULsomlid®msgome  bsBzgbgdos
JoGNMEo 0oMmIsGHMMO 358mmgdgdol 0s30LgdMGgdsbo.

153396dm bo@yggdo:

3b@sYs, 0omds, Ggbsdgzobo

JoOa-06olMo 4MsdsGH03Mwo ¢gduiogzmbol 3md3sowghbg 93smds 9yMHEbMds
WordNet ¢0gdlogae dsBsbs o dqbadsdol gi30603090L. 8mz0d090 oMo sbEsbgdols s
0©0MIgo0L  sbsgrmyom@mo dobss®lols dJmbg 0byeolMo sbsbgdo s 0bawobmem gbsby
oMLYIMEO  0©OMIYDO.  LBOELEHMIEoME  FoMTIM3sA0bgm  JoMmEn  AsdMmbomgzsdgddo
Bogeolibdgzo sBOHOL 0IbEHMO™MBOL s3Lsb3zgEo 0byolivMo dgbs@yzolgdo.

B586Gmddo  dmygzsbowro  Fogoomgdo  dm3zo3m3go  Lbgo@olbgs  wgdlozmbgdls o
290m39090do. [1]; [2]; [3]; [5]; [6]. (0sp9omgdol  dgxghgds  bgdms bbgswabbgs
§9go6OHMmgd0@b 50900 60387806 (35O gEIMIMe© — JoM0ME0EIL s 0byEolvHoH),
5003 ™M3 MOoMMIG Fodd0mmb 3063M9E Mo godml F00mgds HMHYo 50BmPBS).

3bmdo0s, MM sbaHgdo  Lbgoolbgs  d399bol  boewbol  3bmg®gdoLgmwo
299030wgd0Ls s E330039dwmdOL FgEgRoss d9ddboo s Laymggmmam doMgdve
0350baBOOLL, Go0dg Im3wgbsBy b 3OMEgLBY 330603900l TYIAS© STIZ0MYPIY s
2990bo@ogl. 3 FbE0353 LLobEgMgbm Rogm3z5¢gm, BmYo JoM0wo s6EsBOL sboermyom®o
0630l 0 56sBOL 9o3bMmds, MoE A9B35bMME0gm J390mm Jmyzsbown o ser0mgddo.

0bgobMMo  9bEsbgdol Bsfowo  wgdlogomsg JoBmwo  bsHgdol  0EIbEMEo
50dmPbos:

»290500M 939956590 35@0L 949539dgbm“—,In a dogless country, the cat barks®;

»05M@MbYEs 3530 3MM0L F595303 dMIW0sm“~,A single man is pitiable even when eating;
»®Y0ob dm3zwg 3qbgdo sggbm“,lies have short legs*;

»030L dodoom (3b3560 30L omfiyzg@Eosm“—,Who’d slaughter sheep for fear of the wolf*;
»B9b0 04599 Mbs oF0dm, LosdEgLai LEdsbo Foafizgdsm“—,Only stick your feet out
as far as the sheet covers you®;

»490360L  LoyzsmEom ©MdJL 3m3EboEbgbm“—,For love of the grape they kissed the

fence®;
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»0M0 3MOHOOEWOL 33500 3903 JOPL 3960 ©s0FgOLbm“—,Chase two hares and you’ll
catch neither®;

»300 300409l 350 godambg Mbsm“—,A good speaker needs a good listener®;

»03063 J35b boglo o6 dmg30gdsm“—,A rolling stone gathers no moss®;

»®3000 LoGYz0m INLL 0Mgdo dmofzgusm“—,A mountain doe can be milked by sweet
talk®;

»00935M9L 306MJo MIMIbg-IBHIOL 30OL v 356sm“—,Criticize a friend to his face, an enemy
behind his back*;

»05005 358580 dmobem“—, Appetite comes with eating®;

»1950b0 ogengb o §o8m3zwgb, J300s60 ©oMPgd0sbm“—, Waters come and go, but sand
remains;

»ob50 3m3bo 350 230L dz9wo FmoEebl J300sbom“—,A new broom sweeps clean, an
old one brings sand®;

»393)0 396 FgLfigs dgbgliom — 3560139305 WLam“—,Sour grapes! The cat couldn’t get the
sausage and said ‘Today’s Friday*;

,U03sMHMNEOL BgMyo 0bsMIOL, IMHRM Mb LodlLs Jzsbgws“—,Truth’s seedling grows

even if planted on bare rock

08 0bgeolig® qlo@yzobgdl, HMIwgdoa JoMmve sbsHgddo bsgmeolbdggo sHBGMOL
09bGHMM0s, FoaMsd Lbzs  wgdlogomss  Fatdmygbowo, ©I3MOHMgem Fomo  JoOHmvywo
05M85bo(s:

»3 A5MJNOOIYdS YmMobo, Moz Mbs bgbm Jgodomsm.“—,Can the leopard change his
spots?” (8999905 gm35MHEL d9(335¢Ml 0530L0 odgd07?);

,H9MbO Lx™mdoS VMBIl ¥ 3530 FMoyMbgdLs.“—,Guile beats force, if a man has wit.“ ( v
396L 335 993L, 8B5330Mdom (98353MmB0m) dognsls o9sM3bgdL);

»J9M0L d@sbowl Jomogg Foowmgdlm.“—,Ill gotten, ill spent.” (Mo bsdmzgbo 3@
0bsMXqd);

»©0J53530L FoH0m — BmM3z5MmEbowo 03sM0m.“—,Will be unable to take vengeance on the
enemy.“ (35393559090 Joo S 300JABM B3y JM0d);

»068505 MO (3500035000 SMOL 300390 LoMEsEom.“—,In the kingdom of the blind
the one-eyed man is king.“ (363900l Lsdgxmdo 3oem3oes sM0L 39339);

»3030L5 o sh Mo3s YL, 03039 FoMImbobwgds.“—,Nothing comes out of the sack but
what was in it.“ (Gm3M0@s6 ol 56 2508ME3035, M3 oY 5600);

»000 3MOHEOEOL 3300 39603 JOOL 390 ©I0FJMLbm.“—,A man cannot whistle and
drink at the same time.“ (353U L3> S BEGZ390s IOPOOMMWSE 56 Tgd0);

»003 3bgboLomMzoL GMboos, Jsmdobsmzgol Bm™Mgz0s.“—,One man’s food is another man’s
poison.” (053 gHobmz0L LFIgEros, dgmMgLmZoL Lofsdwsgzos);

»39020L 8469l 39MHRA0 56 BMM05M; ,350 LoggmoL 8dbgwbsm.“—, The horse which is
most loaded is most whipped.” (@o3 896&)b 911935 3bgbo dom dg@o FomMobo bggds);
»0J@gdol JmMo s bgdlbol JmMo mmogg Jcmosm.“—,He that will steal an egg wiil
steal an 0x.“ (3396boL IMI356530 bo®lsg m0356o3L);

5350 3930 O3 803300905, 333005003 3ELEs Rsomzagds.“—,He has not lived who does
not live after death.” (09sL 56 vbmgM0s, 3063 LO3gEOWOL JgMg 56 HMZOMBL);
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0bsHgd0L boffoo sdMmoagdwMo baliosmobss:

,09650 MMby b0, 31Mo@E 56537 Bosgo@om.“—,Strike while the iron is hot.“ (o399
3065, 1obsd sbgaros);

»05 9399obobisg dobgz0g, 903 0JoMo oobOgM.“—, When in Rome, do as the
Romans do.” (Gm@Es ®mddo bot, Hm3s9e0300 3modgso);

»0XJO 30BMmIg ghmbgw 4oFgMom.“—,Better ask twice than go wrong once.“ (Lxmdl
»MOXIO 0300bM, 30MY JOPLIE FY3Y);

»053 0ma035 3050, Y39ws dgbo msgomom.“—,To have a millstone about one’s neck.”
(L53MM 30LYMHBY g3 B5IMOI0WS);

»39G0 M3 MO bogdgl 9ODOE IMYF0IOS, JHMO MMM Forbogdsm.“—,Between two
stools one falls to the ground.” (m® U359%g xmdoMg Jofobg ©og(3909);

»000003900 3B 3MmMIom sOLYdMdIE gbsdo, obobo dgEHfows 9gMHMbs0Ms© TgMMHEIB0D

99939 gdsdo, 9.0. 990500996900  LoBYzgdol (5649 3mB3MBg6EHIdOL)  Tmboggagmde
0©omdqddo, B3gMEgdMmog, 90  bgds.  8585Losdg,  0930LRSO  FgloEY3gdOLHYRD
296Lb393980m, 0EOMIGdOL gy boEmds BolosMEYds A gEEMdom 56w FgoHMdom. ...
5060350, 0©omdo Mol dgbo@yzgdol gm®mTol Idmby sdergumo wgdbogzmeo gohmgmEro,
6ol 3609369™ds 96 459mIE0bsMHgMdL 3mI3mbgbEJdoL 360369 MdIMS K T0@b“ [4].

0099b9o350  Y3goxn®oly, 0omds  d90s35¢00  LoGYzqdol  B3gMwmgd®og  3Mobol
§omImoygbL, 9358 F0bssML0m LEMW05E bLb3939dEO — ,,0030LgdMMO IBOTZbgEMdOm.

g4m3ge 96530 gL ,,0030L90v9MHGOS“ M930U9dMs©, FoBLLZIZ3GVMEsE A9TMObIEGdS. JsHNVIEO
0@OMIsGHMMO  A50MMJIG003  JoOMMEo  39BY39wgdolm3ol  sdsbslosMYdgEo  LEGHOWOm
3990m06MBg3s. B396 Foge 33980 0EOMIsGHYIMHO  250MmmMJdgdol bodmdgdo, dgEgLo,
0ObOHMOOMO J0MMO0S 2odM393wo. dmyz560wo Fogsw0mqd0EL BBL, HMI 56 dogohbogom
LoFomm Fomm30L Lafiyobo gm®dol dogds, Mo Rogmgzowmgm, MmI 0bywolmmolbmgolss
09039 LAOWOL J9b5MB69ds FgboEYz30LMIGIL MRGM LoobEgHgbml gobos:

»0JO™oo Bsdx G0 “—, rolling in wealth;

»®3000 9393905 “—,,sb is nuts (about sth)*;

»32900 3gbo 593L“—,,sb brings bad luck with them®;

»®30BL MO gdL“—,infuriates sb;

»®Yg0oebg Bob“—,hasn’t a clue what’s going;

»J30053 30 §1Yoel 350magbli“—,can get water out of a stone;
»(3500 OBMOBIgL“—,jumps for joy*;

(350 Boge53s 0¢) ©gsdofjod“—,sb vanished without trace®;

»060 §yoeols 9oo“—,on the horns of a dilemma*®;

,0OEL golbsdl“—,makes a reality of sth;

»3905L 306U Imblbol“—,won't stop talking®;

»00005 30O o6 blbol“—,is speechless (with grief, anger etc)®;
»3I0L 356OL 2ommgdL“—,will say what one feels®;

»300goL 0eglagl 30609%g“—, Threatens®;

»300gML BeaMabl“—,will overcome sb/sth“;wring sb/ sth’s neck®;
»J0B9 39¢L 309tm0y356L“—,will rally all able— bodied men®;
LPOGOL ™AL FgBHOo oo 93ws M5“—,The table was overflowing with food except bird’s

milk
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»42900@3 56 9009MBYs“—,didn’t bat an eyelid®;

»3MFL acm@gdL —,gives sb pleasure®;

»0500 FoObos doerol 3vo!“—,So that’s the reason!;

»3300580 MO0 35653930 5J3b“—,You change your mind every minute; ,You change your
mind every minute®;

»J3094965 Bowom bmd o6 5ol oby@vero“—,Truth will out®; The earth isn’t covered in
straw;

LU0GY30L 3oBO™bo“—,sb true to their word®;

»J30L o=, heart of stone®;

»839bol Joto“—,,call- out charge®;

»43530-Bbo330l d500s“—,very distant relative®.

JoOmmo  993Y3gegds 90aMmos bo@mgzsbo Lodygzs-mddgdom, dobgzowgmbog®memo
39056M70900m5 5 §6533005BHMO0M3 30. F37MEgdMm030 LoYBdSMOE 30 0EOMTJO0MSs FEPOWIMO

@5 50o@md  Bogmzomgm,  MHmd  domo  obymolymo  FgboByzolgdo 495 30¢gdL
0630l gbM3s6 FmLismdemal, MM Job3zal MOl gwEolbdmdl olmsb dmlomdmyg JoMm3gewo,
299bss BordsMIo 0©0MIGO0 MB35 5d3L Fodmygbgdmemo.

300350m0m, boebdo ©s3330MOWE LoLodOM (BMY FMWAOHNLSE) BOIBIOOL
603w939dL:

»3960 bdsgro s Bgdo 3obg®o“—,I'm at your command, your sword and my neck*;
»39, OO0 5 39, mgEsbo!“—,The ball’s in your court“;Take action!®;

»9b50 56 09o3wmb!“—,God forbid (what you said comes true)!*

»90053L 89583 mby!“—,Carry on regardless! Spit on the devil!“

»®30b0 ooy, Ms!“—,You're getting my goat!“

»350 896L ByogL!“—,Heaven help you!;

»096L Bgo3d0 ag@0g“—,Don’t get too big for your boots!®;

»39b90%bg 0300005“—,I couldn’t give a toss*;

»60 Bgdo 13qbgdo 0bs“—, What on earth do you want from me?

»3909Wb 396330 999gstgl“—,You might as well talk to a blank wall; throw lentils at a
wall!*

»300000/090b0gm0o 0gml dgbo g3gbo h39bL Loberdo“—, Welcome to our home!*;
»09300 JoM0 30dMol“—,You are a reckless fool®;

»J39 9439B93 bmme® ymgomos!“—, Let no stone be left standing!;

»3530L BoGo 3561~ Who’s going to fall for that!;

»42M90Hg bobgo 56 ©s8s3Ms!“—,Don’t think you can frighten me!;

»05 303530 Bg350M9?“—, What can I do? in what fire should I fall?*;

»05 §9oc0do BogzoMg!“—, What am I to do?;

»J00 bLoEyzom,“—,in a nutshell,;

»0039, “—,in a nutshell,;

»U0BY30bY..., —let’s suppose... .

Potmdmygbowo 6590mdo  0b@GHgMglodmzwgdmmo o6 bos oyml  obyerolvy®gbmgsbo
9dbBsegdgdoLOMZ0L.
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About the English equivalents of some Georgian proverbs and idioms
Liana Samsonadze

Summary

English equivalents of Georgian proverbs and idiomatic expressions are discussed in the paper.
The details of their similarities and differences are analyzed. The work collects several more or less
common proverbs of different genres in the Georgian language, and English proverbs with similar
content and expressing the same idea are presented for comparison. The meaning (essence) of
Georgian idioms is explained and the corresponding meaning in English is given. The peculiarities of
Georgian idiomatic expressions are shown for illustration.

00 aHIINiCKUX IKBUBAJIEHTAX HEKOTOPBIX FPY3UHCKHUX MOCJIOBUI U UIHOM
Jluana Camconaose

Pe3rome

B crarbe 0OCYXIAaIOTCSI aHTIIMHCKHE S3KBHBAIEHTHI PY3MHCKUX ITOCIOBHIl U HAMNOMATHIECKHX
BeIpakeHUi. [1opoOHO aHaMM3UPYIOTCS MX CXOJICTBA M pa3nuuus. B pabore cobpaHo HeckombKo Ooiee
WIM MEHEE PaclpOCTPAHCHHBIX IOCIOBHIl PAa3HBIX JKAHPOB B TPY3MHCKOM SI3BIKE, a U1 CPaBHEHHS
IIPE/ICTABIICHBI aHTJIMHCKHIE MOCIOBHIIBI, IMEIOIINE CX0XKEE COMIEPKAHUE M BBIPAXKAIOLINE Ty XK€ HACHO.
OOBbscHSeTCS 3HaueHHE (CYIIHOCTh) TPY3MHCKHX HAMOM M JAaeTCs COOTBETCTBYIOIIEE 3HAYCHHE Ha
AHTJIMHACKOM  SI3BIKE. I[J'[S[ WTIOCTpAIMM  ITOKa3aHbI 0COOEHHOCTH TPY3UHCKHUX HANOMATUYCCKUX
BBIPAJKEHUM.

©@0BIM5HOS — References — JIureparypa

http://ena.ge/explanatory— online;

Jo0H00 bo@mzobo bo@ygzs—0mddsbo. mgom Lsbmzos. 1979, a5dmds. “dgMmabo’;
English—Georgian proverbs and saying. 1973, 358m3.“goboomangds®;
http://openlibrary.ge/bitstream/123456789/9100/1/Kartuli%20idiomebi— oniani.pdf
https://www.translate.ge/;
file:///C:/Users/USER/Downloads/A-Comprehensive—Georgian—English—
Dictionary%20(1).pdf.
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3005090000 dHMb30L B6J30900 MBTIgEMMZY JoHmveEdo s smo
dgL505doL0 M9MYA6gd0 0byEolE 96530

60602 5909 BsT30070

ninomaskh@yahoo.com
M9bordg

056599060M3g Johmmdo gomstgdomo dGbzol BmMbBJsos FMgeIbOmOZ0s ©s dolo
3905300 0bgaolyMo MsMydshgdo mMogg gbol LobEsJbm®o LEHGNIGWGOL borgsblme
3530058 dmombmgl. 58 guybdgogdol  (s@dsBHgdom  Mmspdbs bdoMs  gmeErolibdmdls
§0b6500500g0g30L, BIBobgMMo FHsBYdoLs ©s BIBWOO MBLGMYI30gd0L  I3MIdobsgools
2580ggbgdsls 0bgolivy gbsby, JsHmrErols 3609369 mdOL gslssagdo.

BEoG00L 30360 0gm, Bogse0mgdBY IYHEEMBdOm, sbborgs s B3gbgds 0dols, mv Gs
Ls8maergdgd0m 25mobs@Ggds JsMommmo gbols gomsMgdomo dEwbgs obyrolmem 9bsdo s Mo
090mbgggsdo  53moygbgds gl LsBmoemgdsbo. gsbgoboggm ol 8gdmbggagdo, Gmogbss
0bgaolvy® 96580 sGlgdmer 456M339v9e 3MmBLEMNIE090L JsOHmE MsMds690d0 30MsMIPOOMO
36Mbgol Bm™dsdo LI Lisbgero dgglssdsdnds.

UBo@0sdo gsbbowmrymo dsaseromgdo dmdogdumo ©s s9mmgdeyemos 0bgemolivy®-JsGovyemo
35G350 3nM3Mbosb corp.dict.ge.

153396dm Lo@yggdo:

3000563980000 869635, bobsfbw9H0 UAGLIAH163980, §G3TH0Z29¢m0 353I3 20980

0502056096 ©539380605dgo 3OHMdEGIGd0L Fglogurs MbsdgMmgqg gbsmdgiEbogMgdol
900m-g0m  3608369wmzgs6 Logombl FoMdmoagbl. 9glsdsdola, JoHmMosb obywolrm
965Bg 35360l abggfsll s ol LEOMEIYMRsHY BOHNMBIL oo T60836gemds 960 Fgds.
36MdoE0s, MMI  MoMATboLOIL MBGM  TgBHo  gMOIEIdS 993> 9bol  gdbogsl, bmerm
23058530306 MHMEo MomMJdob MYMEOmOEOIOIME MOl sMBIbowo. Fomswro Hamobbol mstmydbols
doofigzs 30 dbmemmE @adbozobs s MToEH03oL MOmMOIMHMJIYEIIOL 25035¢0LF0DbYdOMSS
dgbsdemgdgero.

050060l 930egdgeos  bga®odo  asghoml  m®ogg  gbol  L3gzoyozst, dob
396300569008 1530LgdMYIL, HMIgoa 3IMBObIMYMBL 9bol sGBOWSH, Jolo d969d0Esb.
296Lb393980 96gdOL MHToEH03 Mo LobGHIdgdo JOHMTBIPL o6 gdmMb3g3s. JOMO s 03039
305853030 35GJ3MM0s bgoalibgs 9bsdo goblbgegzgdrmo Lodrsgdgdom gsdmobo@gde.
900 960006 4903390 §M035EH03wo BMMIOL BYLEHO AodmEgds dgmeg 9bsdo BJoMo
3970adgoi  3os.  dmatydbgero  0dwangdyero  bgds,  9085MmmML  3M5053H03MEo
LEHOMIGHOOL Lb3s MBIL, Gsms FmsbEobml MmMo gbols MsdsEH03gdl Mol sblibgsggdols
3M839bLs0s.

JoOMEo 93w ME0bsE0e 9bs 0m3Egds. 0go 30939036905 0dgIMOVYE-35335L0OO
96900l cxsbl, 3900m, JoOHMZ9MO XaMBL, bowm obymolwy®o 3o gwgdbowedo gbss s
060M9360HM3Mwo gb3d0L Mmxsbol IlagErIM-g9M3s6vwo XymBol FoMmdmToygbgwros. sdgwsb
2900m00bstg, 93  9b6gd0L  gMsds@ozo  LEHOWIHOS  9OHMTBYIMOLIYE  dog0sb

296Lb353989905. 0l FMsT5E0INWO 35B9aMM09d0, HMIWGdOE ghm 9bsdo abgzgds, dgmMgdo
36 5oL FoMIm©Ygboro s 30M0Jom.

0bgolbm®  9bsl,  JoMomeoligeb  oblbgeggdom, dMHMB30L  JsBHgumMos  momddol
Q5350370 5J3L. JoMEol d3MHB3g00L godmbiobodego 0bywolivy® gbsl bbgs Lodrswgdgdo
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30000710000 dM630L BMBJ30900 sbsTgEMM3Y JsMmEdo s Fsmo Bglsdsdolo ...

2499BB0s. Jommeno dMv639d0L 45FMmbo@Z0L Lodwsgdoms oygbs 0byoliy® gbsdo byl
3991090dL 0660l 3OHMEgLOL FomTX MdILYD.

LGHoG0sdo  29b30bowsgm Lozombl, mv) Mo LsdMowgdgdo gosBbos obymoliv®  qbsl
Jo6H0M0 3005MGOO0MO 3MHB30L BMGIGOOL 250mbobsEe35.

30050755000 dG¥630L BMOTGd0 MBOMEIM ET5EJOOL BHrmedo s Fs00 Mstdsbgdo

3000503000 3MNB30L  gOM-9OM0 BMbJ305 JeBMEr gbsdo MBMOIM  sToGHJOOL
2990boE305. 3005MJBOMI0 ILIMWO MOMIWM TGOS YMm39wM30L MosbEgdwms [1].
30005090010 3MHB30L BMMIs, 00 Ig8mb3935d0 M¥Y 0L SOBYGBOMO bEbYEIOm SMOL A5TMbsEMEO,
abobogl obagr 300000, FoMO(3939L, (33CPOWGISL, F3J0YOL, MMIgoE FormOmgdL,
M oL 53 bLoBYz00m 50BOBEMWO Lssbo 30 5V SGOU, - 5M5dg Lbgss s M3slbgdl JomMb3sBY
5 3900509357 B0 A9O3JNWS? M5 o0b0dBs? o 5.9. 53356 Fgdmbgzg3zgddo gl BMbIzos
Bdbol 3609369 Md0©s6 458MmI0bsMgMdL. h39b Jogh Asbbowrmen Fsboersdo [4], JoMHOMOOE
d923b30s 8990090  BIBGO0:  0d3o, 295035, ©o0b0dbs, 2003000,  BoBMYsEI0d®Y,
3963000605, o8mYs. Fglodsdol 0byeoli® gbsBy MoMdsbgddo 3o wdgBglo dgabzs
39990 Bdbgdo: to change, to turn, to become, to make, to appoint, to seem, to be, to develop, to
transform, to serve.

B5JBHO 0ym, foabo dgLELYMMIM® 03!

The fact was that the book turned into a
best-seller.

Pomgmo Gogsbol 3bs sbems §398056 Jg0ds
290050J(35 QS AOBIMMMZS. dMEM, ogMsd
(30(390M 5©F>MmM0 goomo {job.

They were now nearly where the red dirt
road turned to sand and rock and widened
for the last sharp climb to the highway.

50 65939309030 3M0d0EH030Dd0

3m@gMB0B3o by figol bGowol 6odbsw 0dg3s.

Primitivism and modernism became the
hallmarks of his style.

9OObYE LM 3OMdEYTsMs 5333500
2900509390 09bsmsbmdom

GMOE0S® 0J3d-

Such solution of problems posed gradually
developed into a tradition.

330> HOmbydo gb bdgergmo obgg
Q©O0BMS BOZom, bergm obomFqdol

33LEH®0)0 BsDBOLOL dragm 033MElgdOL
3939600 bsbdmzwrg HMom oling

©96v9053000L 5M9© 0g3d SMIGHIOHMbmEol
dmembs.

In the early Turonian this land was again
submerged, but as a result of the last
impulse of the Austrian folding at the end
of the early Turonian this land changed
into an area of denudation.

9U 50580560LgME0 0o FMNSZ5M
0935 0739 L0 gMo (3bMZMmYOOL
50353 MdOLSL s 39 EHOL 4963005MBSLMSD.

This human idea seems to have been the
main theme in the advance of man's
spiritual life and at establishing cults.

BTSN EMOIL HMBSLFMOHMBOG Qodmysgzo
37Ls, bom go®bombo 3 MLsdsONEMdOL
3°56LsbogMgds 0d3s dobmgzgol.

Injustice unsettled Popeye, and to him
Parnaoz now was injustice incarnate.

©5 00 O 33530 33EH3 0930LNFBO
Bmgoeagae 3o0gdas-

From then on Kvachi was a free citizen
again.

7blgbom, H@I LogEslim mmsbo Lssdzobdsm
3905390005,

Explain that the classroom has been
transformed into a book bindery.

39b¢obg 03bM030dg 060365 MmodOLO dsb3oL
29690506 ©oOIIHMOQ.

Mr. Vakhtang Butskhrikidze was appointed
the CEO of TBC Bank.
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606 58069bsdz0¢m0

59 3030L MMM ©sdoGJOs 90degds sbargl M3oMmm BabsLog:

Jowmds 0YM039 9MORIM0S, HMPMOOE JOEI©
gmgbs.

Being a woman is just as nothing as being a
man

0ba oMo gl BIbgdo bdoGo
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Their paths to the present do not
determine their futures, or serve as models
for other societies
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The interlocked branches of the trees
overhead had become as the beams in a
cathedral of fire.
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In some cases, the Strasbourg authorities

took the date on which the applicant was
released as the final date rather than the

date of the decision.
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The tree seemed like a man to me
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Then he got up, went to Ziara, took the
baby from her and came back to the chair
with the baby.
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The poverty-stricken masses of almost the
entire Europe moved with their families to
liberate the Holy Sepulcher.
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I found myself forced to leave Russia and go
back home with my wife.
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The well-known study of the Passion of
Shushanik, with a translation of the text,
and others.
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Nor did anyone on board the ship
respond: they all seemed to be fast asleep

dobemgdL. after the previous sleepless night.
E9bELE dmzwowo Bushes that were once trimmed and
5 @535BoE 0530MdFMo ¥9BJgd0 Mdbm beautifully cared for now sprawled
2350935MBbb9b. untidily

So Florence stood silently, until at last he
freed himself from her with a groan and
stepped back
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His works are widely held by museums,
colleges and private collectors.
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In the 5th century the Chalcedonian and
Monophysite Christological polemic split
the Christian world in two.

Yuri Andreevich attempted to occupy the
country a second time.
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Patients were divided into two groups
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The older ones were sitting somewhat
dismayed on a bench, the younger, the
new pupils, were lurking in small groups
against the walls.
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"Did you really think I could be so silly
and selfish, after I'd refused his love, when
it was freshest, if not best?"
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506s0Ms | He went on talking to us like this right

until the class ended and then he left us.
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Suddenly twenty, thirty or more servants
rushed in and halted in the central room.
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As if sensing the speedy approach of the
end, he left himself no time for leisure,
trying to do many things at once.
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made without preliminary separation of the
other components of the glass.

Now he could share his views with the
‘West without obstacles.

These devices and the new technique of
combating bleeding enable the surgeon to
proceed without haste with the necessary
radical intervention to stop bleeding.

Both successes — of a writer and a sculptor —
happened without planning, by themselves.
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Like his young aunt, he is hopelessly in love
with a young man, who went missing in war.
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Under the uncertain circumstances Iran's
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Shah Aga-Muhammad-Khan
ruthlessly pillaged Tbilisi.
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Medea would rather destroy the other walls,
as thoughtlessly and ruthlessly as a child
destroys its toy house of sticks when nurse
calls it in for dinner.

Dodsome 353L 999dem agbabs ob, Moy
139bDg 9009M0 993605 J0sdOKJOS.

A fallen man could see what a man still
standing carelessly walked over.
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The answer proved unequivocally positive.

bogMEgos 08539 3eslido sEfgMOE0s
M30MMmdME 3090500 3F3603900.

In the same class of Banach spaces the
description of unconditionally convergent
series is obtained.
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Further, the landowners began to block the
free movement of peasants from one lord to
another, or to prevent their migration from
the village to the market town.
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Were they the only people entitled to live
in this world?

We rarely get to prepare ourselves in
meadows or on graveled walks.
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I shall go into town and sell this oil for half
a marchili
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Then he said he had a particular reason to
go to the Lighthouse.
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It will run all the necessary programs to
create the DLL.
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The collection of local and global
sequence alignments are pooled to form a
library.
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But now he was worried that he had
barged in for all to see at the end of the
table.
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59m 3960l 33¢930L 9 90.

The pulley-scheme developed for solving
the problem and the result of a study of
one of the problems are given
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Expressions are obtained for constructing
zones of instability and for determining
the minimum critical force
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In the old days almost every important
family had its private priest.
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Initially translations were made only from
the Syriac and Armenian. Later
translations were made intensively from
the Greek as well.
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The paper deals with species of forest soil
fungi found for the first time in Georgia.

319 EO3M0BIE LomBIMd3 P39I 0gm,
090l BoBs3MLYdo, Lsdbodgmemdo

9mdBO0sEg 3565 bobmdo Labys 3o
3050bgd6030 Robs.

Breakfast at that early hour seemed odd,
and even Hannah's familiar face looked

unnatural as she flew about her kitchen

with her nightcap on.
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It is a short cut, leading out of the right
hand bank about half a mile above Marsh
Lock, and is well worth taking, being a
pretty, shady little piece of stream, besides
saving nearly half a mile of distance.
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oM.

He tells me that none of this is worth a
straw.

439es, 300 SBMoE GBsbgyesE dJogzsh60s,
056b3gds, HMA 9OHMNOIODO

90%s6dgfimbowo mgds dfgeol 09
000M5x0Lm30L 5MOL Logmabwg.

Life, it has been agreed by everyone whose
opinion is worth consulting, is the only fit
subject for novelist or biographer.
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"This is worth investigatin. Watch."
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Itisnoted that thisperiod of Georgian
literature is considered to be of the “golden

»

age”.
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It is this happy end that is considered to be
one of principal innovations of Beaumont and
Fletcher.
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Chabua Amirejibi's Data Tutashkhia

is considered to be an attempt at a critical
analysis of contemporaneity and a search for
new moral principles.

“BoobdmMo 59GH030M0s-259w)hgds”
3956boervymos deroge dofjolidzmgdol gMo-
9600 9gboderem §obsdmMds.

"Seismic activity calm" is considered to be
one of the possible forerunners of large
earthquakes.
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Adverbial case functions in modern Georgian and their corresponding translations
in English

Nino Amirezashvili

Summary

The function of the adverbial case in modern Georgian is multifaceted, and its corresponding
English translations require a nuanced understanding of the syntactic structure of both languages.
Successful translation of these functions often involves using a combination of prepositions, adverbial
phrases, and verb constructions in English to convey the meaning of Georgian.

The purpose of the article was to discuss and show, based on examples, by what means the
adverbial case of the Georgian language is expressed in the English language and in what cases these
means are used. The examples discussed in the article were searched and extracted from the of
English-Georgian Parallel Corpus - corp.dict.ge.

QyHxumy afBepOHATBHOrO MaZeXa B COBPEMEHHOM IPY3HHCKOM A3BIKE M MX
COOTBETCTBYIOIIYEe IIePeBOABI HA aHTTMICKUIM S3BIK

Huro Ammpesamsrrn

Pe3rome

Qyukiusa azBepOMANbHOrO IafeXa B COBPEMEHHOM TPY3HHCKOM S3BIKE MHOTOTDaHHA, U
COOTBETCTBYIOIIYe €il aHIIMICKUe IIepeBOAbl TPeOYIOT TOHKOTO IIOHMMAHUSA CHHTaKCHYeCKOU
CTPYKTYPBI 060OUX A3BIKOB. Y CIIEUTHBIN MepeBos, dTUX GYHKIUI JacToO MpeAIoiaraeT NCIOoIb30BaHMIe
KOMOMHAIIMY NIPe/JIOTOB, HApeuUii U TIar0IbHBIX KOHCTPYKIIMEH Ha aHIJIMICKOM A3bIKe JJIA Ilepeladu
3Ha4YeHUA I'Py3HHCKOTO A3BIKA.

Llenpio craTthu GBLIO OOCYZUTH M IIOKA3aTh HA IIPUMepaX, KAKUMU CpPeJCTBAaMM BBIPAXKAETCSI
aZiBepOMaIbHBIN IaZleXX I'PY3HHCKOTO A3BIKA B aHTJIMHACKOM fA3BIKE M B KaKHX CIy4agX STU CPefCTBa
ucnons3ytorca. Ilpumepsr, obcyxzaeMble B craTbe, OBLIM HAHIeHBl M M3BJIEYEHBI U3 AHIJIO-
TPY3HHCKOTO IIapajieIbHOTO KopIryca - corp.dict.ge.
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Cryptographic Issues of the 1832 Conspiracy - Secret Alphabet
Maia Tsertsvadze

maiatsertsvadze@yahoo.com
Abstract

The article is dedicated to one issue of the cryptography of a very important event in the
history of Georgia - the conspiracy of 1832. It is the means of secret correspondence introduced by
the conspirators for the conspiracy of their activities - the secret alphabet, which was created by one
of the ideological leaders of the conspiracy, monk Philadelphos Kiknadze. It was mainly used to
exchange secret information between conspirators in Georgia.

The paper deals with the process of using this alphabet for secret correspondence by
conspirators, presents it as a cryptosystem and characterizes it by means of modern cryptographic
terminology and parameters. It has been established that this kind of correspondence belongs to the
symmetric. cryptosystem, in which simple substitution cipher, i. e. monoalphabetic cipher, is used
for encryption.

The present research is important both for cryptography in general and for historical science
- the use of the secret alphabet by Georgian conspirators is one of the visible and significant pages
in the history of Georgian cryptography and the conspiracy of 1832.

Key words:

Cryptography, history of Georgian cryptography, conspiracy of 1832, secret alphabet,
symmetric cryptography

In one of his fundamental works, dedicated to writing, lvane Javakhishvili wrote: "Since reading
and writing became a skill and knowledge accessible and understandable to many, if not to everyone, it
has become necessary to create a special, completely unreadable-intelligible alphabet for communicating
secret political and military information. That's why all cultural nations, alongside the common writings,
used to had many kinds of secret alphabets.” [1].

This statement of the great scientist, of course, also applies to the Georgian nation. In Georgia,
people have known cryptography, i. e. secret (encrypted) writing craft ("Cryptography* (Greek: kryptos
- secret and grapo - | write (emphasis is ours everywhere - M. Ts.)), - the use of conditional secret signs in
order to make the text understandable for trusted people only.

Academician Marie Brosse said that he had incountered different examples of the secret alphabet
[1].

The following cryptographic systems were common in Georgian: so called Anchinuri, Anjanuri,
Anreuli, Anhouri, counting writing, reverse writing, mirror writing, another writing and others,
which have been studied by Georgian scientists and discussed in special literature [1, 2].

As is known, secret writing was used by the participants of such an important event in the history
of Georgia as the conspiracy of 1832. Our article is dedicated to this question of its cryptography.

Let us say a few words about this conspiracy. It was aimed at expelling the Russian Empire from
Georgia and restoring Georgia's independence. It was founded in 1826-1827 in the circle of Georgian
royal princes (batonishvilebi) emigrated to Russia in St. Petersburg, among whom we should first name
the grandsons of King Erekle Il (1720-1798): Dimitri, son of lulone (1803-1845) and Okropir, son of
Giorgi (1795-1857) Bagrationi. They gathered Georgian youths who had gone to study in Russia and
started preparing for the upcoming armed uprising. The conspiracy could not turn into an uprising
because of its betrayal by one of its participants, Yese Palavandishvili (?-1857), which resulted in the
arrest and punishment of the conspirators [3].

In our previous studies, dedicated to the cryptography of the 1832 conspiracy [4], [5], we
distinguished three components:

1. Secret alphabet;

2. Code elements;
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3. The method used for secret correspondence and information exchange between the St.
Petersburg/Moscow and Thilisi circles of the conspirators, which was carried out using a kind of stencil,
"frame" ("“form", "format"”, "cut paper"), as the conspirators themselves called it.

In these articles we did not touch the first two components in detail, and focused only on the third
one - we presented and discussed it as a cryptographic system and characterized it using modern
cryptographic terminology and parameters. In particular, on the basis of the research, carried by us, we
concluded that that method of secret correspondence used in the conspiracy of 1832, belongs to a
symmetric cryptosystem, which has its own cipher, plaintext, ciphertext and key, and its participants
follow a set of rules sequentially and unconditionally, so called cryptographic protocols [4].

In this article we will discuss another component of the cryptography of the 1832 conspiracy and
present its essence. As in the previous case, we will try to consider it as a cryptographic system and
describe it using modern cryptographic terminology and parameters.

This time as analysis material, like in the previous researches, we will use the testimony of the
conspirators and other materials of the Conspiracy Investigation Commission, scientific study and
research of which are still being actively carried out.

The cryptography issue of the 1832 conspiracy in question is the secret alphabet used for secret
correspondence between the conspirators in Georgia. Let us see what it represents, the history of its
creation and who its author is.

The secret alphabet for correspondence was created by one of the founders, organizers and active
participants of the conspiracy, monk Philadelphos Kiknadze (1793/4-1833), who is also referred to as its
ideological leader. In addition to this alphabet, he compiled the charter of the conspiracy, so called "Akti
Goniuri", represented a collection of basic guidelines, ethical-political principles and rules of relations
between the conspirators and the state, and the text of the oath for the conspirators [6].

A few words about the biography of Philadelphos Kiknadze. He was the son of Imereti state
nobleman loane Kiknadze, and Tinatin, daughter of the prince Sekhnia Abashidze. He changed his
baptismal name to Nikophorus after he was ordained as a monk, and when he was consecrated as a priest
in 1822, he was called Philadelphos. When he was seven years old, his father took him to the Monastery
of John the Baptist, but his parents died earlier of the plague, and when he was completely orphaned, the
Archimandrite took him to Khirsa for education. In Khirsa, where he thoroughly studied philosophy and
theology, for five years he has been a deacon, then he went to the Transfiguration Monastery in Thilisi. In
1826, Philadelphos was accompanied by Catholicos Anton 1l (1762-1827) to Russia. In Nizhny-
Novgorod, there was a disagreement with the prince Evstafy Tsitsishvili and he was arrested. His house
was searched and his writings were destroyed. Released from prison with Anton’s help, he went to
Moscow, where he became close to Georgian royal princes - the sons of kings Erekle Il (1720-1798) and
Giorgi XII (1846-1800). After Anton's death in 1828, he returned to Thilisi Transfiguration Monastery.
Soon, due to the spread of cholera, he moved to Monastery in Shuamta, where he was the abbot of the
monastery until his arrest [7].

Philadelphos Kiknadze was arrested for the second time for betraying the conspiracy of 1832.
After eight months of imprisonment, on September 5, 1833, he died in prison, the cause of which,
according to prison staff doctor Nikolai and lieutenant colonel Shestenko, was inflammation of the
stomach [8]. In fact, he was Killed by the cruel and inhumane conditions under which he was imprisoned.

For the purposes of our research, from the work of Philadelphos Kiknadze we should highlight the
creation of the secret alphabet, which he created using the Georgian Mkheduli and Khutzuri scripts, as
well as the Russian and Latin alphabets, and which, as we already mentioned, was mainly used by
conspirators in Georgia. "We did not hide it (the secret alphabet - M. Ts.), on the contrary, our desire was
to implement it among us for use" - told one of them, the ensign, later the playwright, Giorgi Eristavi
(1813-1864) to the investigative commission on May 9, 1833 [9].

In the investigative materials that have reached us (before his arrest, Philadelphos managed to
destroy and burn many of his writings), two important letters written by Giorgi Eristavi to Philadelphos in
a secret alphabet [6] are preserved, a fragment of the photocopy of one of them is shown in Fig. 1.

Below we cited a small part of the text from the above said letter, in which the addresser informs
the addressee about the inclusion of new members in the conspiracy, and which, we think, shows the
importance of this letter:

"Father Philadelphos...

I would like to congratulate Alexander on his participation in the act (meaning the membership of
the conspiracy - M. Ts.) with his brother, as well as the son of my cousin Shanshe, they have many
parties and are trying to bring them. On my part, | earned these and should earn them: Alexander and
Vakhtang Orbeliani, Elizbar and Dimitri Eristavi. These four already know.
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For a week, the next ones will welcome you.

Prince Davit Jorjadze, Solomon Dodaev..."

Yours, Giorgi, on June 15" [6].

The persons, mentioned here, are: Alexander Orbeliani (1802-1869), Elizbar Eristavi (1810-
1872) and Solomon Dodashvili (1805-1836), who were accused of being the leaders of the conspiracy,
and its active members: Vakhtang Orbeliani (1812-1890), Dimitri Eristavi (1811-1854).) and Davit
Jorjadze (1810-1866).

The other participants of the conspiracy also knew the secret alphabet. They were the teacher of
the Thilisi gymnasium Dimitri Kiphiani (1814-1887) and the landlord of Telavi region, ensign Davit
Eristavi (1795-?), whose secret letter to Philadelphos is also preserved in the investigative materials [6].
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Figire 1.

Like most of the conspirators, in order to avoid punishment, Philadelphos Kiknadze denied any
involvement in the conspiracy during the investigation. With regard to the alphabet, he told the
Commission of Inquiry that he had created it long before the conspiracy, in 1820, and had no intention of
using it for any secret correspondence. He did not like the Georgian alphabet and wanted to improve it by
creating a new one [6].

In the investigation materials of the conspiracy, there is also a table of the outline of the letters of
this secret alphabet and its correspondence with the Georgian Mkhedruli letters (Fig. 2) [6]. In one of his
testimonies about the new alphabet, Philadelphos Kiknadze said, that when comparing the Greek, Latin
and Russian alphabets, he noticed that the letters (secular and ecclesiastical) had similarities with each
other and were derived from each other. As a result, he also decided to create a new alphabet, on the basis
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on one hand, from Georgian secular (Mkhedruli) and, as he calls it, ecclesiastical (Khutsuri - a
combination of Asomtavruli and Nuskhuri Georgian alphabets - M. Ts.) ones, on the other hand - from
Latin and Russian letters [6].

Now let us try to characterize this process of secret correspondence of the conspirators as a
cryptographic system. It includes two parties (participants), - the addresser of the letter (“sender") and
the addressee (“receiver™). The parties want to share confidential information with each other in such a
way that a person without this system cannot understand it.
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Figure 2.

Written in a secret alphabet (Fig. 2), for example, the text of Giorgi Eristavi's above mentioned
letter (Fig. 1) is the information to be transmitted, i.e. plaintext.

The set of actions taken by the addressers to compose this plaintext, that is, to use a secret
alphabet to write it, is encryption.

Actions performed by the addressees after receiving the message, i.e. reading the received letter
using the same alphabet matching table (Fig. 2), is the reverse process of encryption or decryption.

The secret information, read as a result of decryption, in particular, the text written in Mkhedruli
letters of the letter, the fragment of which we checked above, is a ciphertext or cryptogram.

The set of described encryption/decryption algorithm constitutes a cipher [10,11,12].
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The correspondence table of the used alphabets (Fig. 2), in cryptographic terminology, is a so
called key. The key is the secret parameter known and agreed upon only by the related parties and that
uniquely determines the output of the cryptographic algorithm and cipher. During encryption and
decryption, the process of converting information from plaintext to ciphertext and vice versa from
ciphertext to plaintext depends entirely on this table or key.

Since the addresser and the addressee use the same key, based on the described process and the
example of the secret correspondence of conspirators, it can be said that we are dealing with a case of
symmetric cryptography, which is carried out by means of a secret (symmetric) key, that is, a key that
is the same for the encryption/decryption procedures and which was the only common method until 1976
[13].

Therefore, it is concluded that the secret alphabet correspondence method used by the conspirators
of 1832 can be characterized by means of modern cryptographic terminology and parameters, and that
belongs to a symmetric cryptosystem, which has its own cipher, plaintext, ciphertext and key, and its
participants follow the set of rules in sequence and unconditionally, so called cryptographic protocols.

From the table of correspondence of the alphabets given in Fig.1, it can be seen that the cipher
used by the conspirators for the secret text belongs to the so called Simple substitution cipher, i.e.
monoalphabetic cipher. It is a special case of a substitution cipher, that is, a cipher in which information
units in the plaintext are replaced by the corresponding ciphertext. These units may (mostly) represent a
single symbol, or a group of two or more symbols, unlike a permutation cipher, where the positions of
the symbols are changed, not the symbols themselves [14].

Simple substitution cipher belongs to the class of encryption methods, which are based on the
creation of an encryption table according to a defined algorithm, and in which for each symbol of the
plaintext there is a unique replacement symbol of the ciphertext symbol. Encryption consists in changing
symbols according to a table, and for decryption it is quite enough to have the same table or to know the
algorithm according to which it is generated. It should also be noted that a simple substitution cipher does
not always involve replacing a symbol with only one symbol, it can also be replaced by a number.

Simple substitution ciphers include many ancient and medieval ciphers, such as the Atbash
(Etbash) and the Caesar cipher. Frequency cryptanalysis is used to break such codes [13].

In our case, during encryption, the Georgian Mkhedruli letters were replaced with the
corresponding letters of the new alphabet created by Philadelphos Kiknadze, and during decryption - vice
versa.

According to the classification of Georgian cryptographic systems listed at the beginning of the
article, the alphabet created by Philadelphos Kiknadze is the closest to the so called another writing
system, i.e. a system where the Georgian text is written with the alphabet of a foreign language (mainly
Greek, Latin, Armenian and Slavic) [2], although in our case the Georgian text is replaced not by a
foreign language, but by a new alphabet created specially for secret correspondence of conspirators by
Philadelphos Kiknadze.

The research presented in the article is very important both for cryptography in general and for
historical science - the use of the secret alphabet by the Georgian conspirators is one visible and
significant page in the history of Georgian cryptography and the conspiracy of 1832.

1832 fjewols 8gogdmemgdols 30m03@Gma®mogool Lsgombgdo - Lsomdmm s6ds60
0505 39033599
MH9bomdg

LEHOGH053d0 gobbo s boJosMmzgurmlb oLEM®Mool dg@sw 960dzbgermgzsbo dmgagbols -
1832 fiewol dgodd«yangdol 3M03@MmaMsz00l gMmo Lazombo. ogmwolbdgds dgmddwyems dog
05305600 15gd056MdOL 3MBL3OMsEOOLMZOL FdmMadwEo Lsodwrm dodmfigmol LodrsEgds -
Ls0EMBEM 560560, BMIgEog 89ddbs Bgmddregdol gMHm-gMmds 0O bywddw3sbgwds
09635 BooEIRML 30365d90. 030 JOMOMOIE  A99M0Ygbgdms LooMIM 0bxMMIs3zool
3933W0Lsm30L LodsMmzgwmdo dgmg 9gmddverms dmeob.

659030 gobboermwos gmddmwoms doge boowdwm JodmfgHolsmgol 53 s6dsbol
399mygbgdol 3MmEglo. Fomdmbgbowos ol H®AMOE 3M03GHMLOLEJIS ©s IbLOLMYOMEOS
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056509000039  3003GHMyM8oMmo  GHYMBobmemyools s  356M539GMId0L  bydgsmgdom.
o9boos,  MHmd  ogo 00931036905  LOIYBHOMI  IMO3GMLOLEHYIL,  MHMIgerdos
F0gMm5300LsmM30L 45dMmYggbadmEos FoMEH030 Bsbokgergdol, 03039 dmbmowmasgo@w®o don®o.

Bo@oMgdmeo  33wg3s 3603369c0m35600 OHMamO3 BMyss©  3MH03EHMYMI800LsM30U,
ab939 oLEGHMOOMo 893bogMHgdolomzol - Loodmm  sBdsbol  godmygbgds  JoBmggw
990 gdmoms 3096 JoHomnmmo 30M03GMaMsx00lLs ©s 1832 fiemol 99mddmwgdol  olEGm&mool
9600 035bsBobm s Lagryerolibdm gummEgEos.

Bonpocsl kpunrorpaduu 3arosopa 1832 roxa - cekpeTHblii ajipaBuT
Maiis Llepysaosze

Pe3ome

B craree paccmarpuBaeTcsi OAMH BONPOC KPUNTOrpaduu O4YEHb BAXKHOTO COOBITHS B HCTOPHUH
I'py3un — 3aroBopa 1832 roma. Mimeercs B BUIy BBEIEHHOE 3arOBOPIIMKAMH U KOHCIIHPALUU CBOEH
JESITETFHOCTH CPEINCTBO TaWHOW NMEpenHncKu — TalHBINA anaBUT, KOTOPBIH cO3Mal OOUH W3 MACHHBIX
pykoBoauTenel 3aroBopa MoHax Punanenspoc Kuknaaze. B 0CHOBHOM OH HCIONB30Bajcs Ajisi 0OMeHa
CeKpeTHOH nH(opMaIel MeX 1y 3aroBopiiukaMu B [py3uu.

B crarbe paccMmarpuBaeTcs IMpOIECC UCIONB30BAaHMS ATOTO ajdaBuTa sl TAWHOH HEepernucKH
3aroBOPIIMKAMHU, OH MPEACTaBIEH KaK KPUITOCHUCTEMA U XapaKTEpU3yeTCs C MOMOINBI0 COBPEMEHHOM
KPHIITOTpahMIeCKOil TEPMUHOIOTHUH U TTapaMeTPOB. YCTaHOBJIEHO, YTO OH OTHOCHUTCS K CHMMETPUYHON
KPHIITOCHCTEME, B KOTOPOH JiIsi MH(POBaHUS HCIIOIB3YeTCsl MHU(P NPOCTOH 3aMEHBI - TOT € OIHO
andaBUTHBIN WADD.

[TpoBeneHHOE HCCIIETOBAHUE BAXKHO KaK JUIS KPHIITOTpaduH B IEJIOM, TaK M JUIS HCTOPHUUCCKOU
HayKH - MCIONb30BaHUE TPY3MHCKIMH 3arOBOPIIMKAMH CEKPETHOTO ay(aBHUTA SIBISETCS OXHON BUANMOM
¥ 3HAYMMOM CTpaHUIEH B UCTOPUH TPy3UHCKOH KpHunrorpaduu u 3aroBopa 1832 roza.
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Capabilities of Artificial Intelligence Technologies in Development of Medicinal Products

Maia Mikeladze, Vadim Radzievski, Nora Jaliabova, Helen Phagava, Irma G. Korinteli,
Karaman Pagava

Summary

Medicinal product development is a rather complex and lengthy process consisting of several
stages. This paper explores the potential of artificial intelligence (AI) technologies at various stages of
medicinal product development. Specifically, it focuses on post-clinical research, analyzing real-
world data (RWD) to assess drug effectiveness. This task is treated as a classification problem, and
methods such as data mining and machine learning prove valuable in solving it.

B03MOXXHOCTH TEXHOJIOTHIT MCKYCCTBEHHOTO MHTEJUIEKTAa B CO3/JaHIH JIEKaPCTBEHHBIX
TIpeIIapaToB

Marsiz Murenazse, Bagum Pagsmepcrkuti, Hopa /[xangoosa, Exerna Ilarasa, Hpma I
Kopmurrenn, Kapamar Ilarasa

Pe3rome

Coznanue JE€KapCTBEHHOTO IIperapara — JOCTATOYHO CJIOXHBIM M UIMTEIbHBIA IIPOLECC,
COCTOSIIMI M3 HECKONBKUX HTANOB. B JaHHON CTaThe pacCMATPHBAIOTCS BO3MOMKHOCTH HCIIONB30BAHHS
TEXHOJIOTHI MCKYCCTBEHHOTO HMHTEJUIEKTA Ha Pa3HbIX CTAIUSX CO3JAHHUS JICKAPCTBEHHOTO Mpernapara.
OCHOBHOE BHUMaHHUE YIEJICHO MOCT KIMHAYECKUM HCCICIOBaHUSIM 3(P()EKTUBHOCTH JICKApCTB, KOTOPHIE
TPENCTABISIFOT cO00M aHANM3 T. Ha3. JAaHHBIX peanbHoro mumpa (real-world data, RWD). B stom ciyuae
3amaya ompeneneHuss 3(PEeKTUBHOCTH JIEKAPCTBEHHOTO IIpeMapara paccMaTpuBacTcs Kak 3a1ada
KIacCU(MKALMH, U [JIs €€ PEIIEHHUs [[ENecO00pa3HO UCIIONB30BATh METOIbI MHTEIUIEKTYaIbHOTO aHATN3a
nauubix (Data Mining) u mammanOTr0 06yuenus (Machine Learning).
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A Model of an Intelligent Decision Support System in Medical Diagnostic and Treatment
Tasks

Vadim Radzievski, Maia Mikeladze, Ilia Okonian, Dimitri Radzievski

Summary

A model of a medical intelligent decision support system for diagnostic and treatment
problems is considered. To build the model, a method is used that relies on knowledge transferred to
the intelligent system from an experienced doctor. To represent knowledge, a cause-and-effect
network is used, which is a type of semantic network. Through this network, the diagnostic problem
is solved. The work also considers the problem of choosing treatment. When treating the underlying
disease of a particular patient, the doctor must select medications that will not damage other organs
and will not cause additional disorders in the body. To do this, it is necessary to select drugs that
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affect the patient, taking into account several indicators. It is clear that an intelligent system that will
be designed to solve this problem must have such an opportunity.

Mogenb HHTEIEKTyaIbHOM CHCTEMBI MOANEPXKKH IPUHATHA PelIeHUH B 3a/ja9ax
MeJIUIIMHCKON AMaTHOCTHKY U JIeYeHU

Bagum Pagsmepckmd, Maria Murenazgse, Horsa OxorngH, /[murpusi PagsueBckus

Pesome

PaccmarpuBaercsa Mozens MeIUIIMTHCKON HMHTEJIEKTYaIbHOM CHCTEMBI IOAePKKY MIPUHATUA
pemeHui AnA 3a7ad SUATHOCTHKM W JledeHUdA. [IIa IIOCTpOeHUA MOJENIN WCIIONb3yeTCA MeTO[,
ONMpalolIMiica Ha 3HAHHA, IepellaHHbBIe B MHTeJ/UIEKTYaJIbHYIO CHCTeMy OT OIBITHOTO Bpada. Jlisa
NpeJCTaBleHus 3HAHUW MCIOJIb3yeTCA INPUYMHHO-CIeJCTBeHHAs CeTh, KOTOpasf sABJIAETCA
Pa3sHOBUIHOCTBIO ceMaHTHYecKoil cetu. IlocpencTBoM 5Toi ceTn pelnaercs 3ajjaya JUAarHOCTUKU. B
paboTe TakXKe paccMaTpuUBaeTcs 3azada BeIGopa jeueHus. [Ipu sedeHun OCHOBHOTO 3a60JeBaHMS
KOHKPETHOTO TIaIlMeHTa Bpad AO/DKEH II0Jo0paTh Takue JIeKapCcTBa, KOTOphle He IIOBPEIAT IpyTHe
OpraHsl ¥ He BBI30BYT MOIOJHUTEIBHBIX HapylleHW# B opraHusme. /[lns 3TOro Heo6XOZUMO
mogo6paTh IIpemapaThl, BO3JEHCTByIOI[ME HA IIAI[MEHTa, C YYEeTOM HECKOJIBKUX IIOKa3aTesei.
ITonATHO, YTO TaKasd BO3MOXHOCTH JOJDKHA OBITH y HHTEJUIEKTYaJIbHOI CHCTEMBI, KOTOpasd OyZer
TIpeJHA3HAYEHA JJII PelIeHUs dTOH 3aJauu.
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Development of an Intelligent Support System for Selecting Effective Medications
Vadim Radzievski, Maya Mikeladze, Dimitri Radzievski, Ilia Okonian

Summary

The article considers a model of an intelligent system designed to select effective drugs. Semantic
networks can be used to represent knowledge in such an intelligent system. However, if a patient has
concomitant diseases, side effects, allergies to certain drugs, and other problems in addition to the main
one, then knowledge representation through semantic networks is not effective enough. In this case, it is
more convenient to represent knowledge using a production model in which the patient's condition is
presented in a language close to natural, and treatment recommendations are ready-made treatment
instructions.

Pa3paboTka MHTE/UIEKTYaJbHON CHCTEMBI MOAJIEPKKH Bpaya B BbIGope 3¢ peKTHBHBIX
JiedeOHBIX NMpenapaTosB.

Baoum Paosuescxuti, Maiis Muxenaose, Imumpuii Paozuesckuil, Unvs Oxomsn

Pe3iome

PaccmaTpuBaeTcss MoOJlelib  MHTEIUICKTYyaJbHOW CHUCTEMBI, NpeJHa3HAYEHHOH Uil BbIOOpa
3¢ PeKTUBHBIX JeYeOHbIX NpernaparToB. [l npeacTaBieHns 3HaHUH B TaKOH MHTEJUIEKTYalIbHOM cucTeMe
MOTYT OBITH HCIIOJB30BaHBI ceMaHTH4Yeckue ceTd. OJHAaKo eciy y MalydeHTa IOMHMO OCHOBHOTO
MMEIOTCSI COMYyTCTBYIoNHE 3a00eBanus, mo0o4YHbIe 3G deKTh, anaeprust Ha HEKOTOpPbIE JIEKapCTBEHHbIE
Ipenaparsl ¥ Jpyrue MpoOJieMbl, TO MPEeACTaBICHHE 3HAHUN Yepe3 CEMaHTHYECKHE CETH HEAOCTATOYHO
a¢dexTnBHO. B TakoM ciryyae 3HaHMS yZoOHEe MPEACTAaBIATH C TOMOINBIO MPOAYKIIMOHHOW MOJENH, B
KOTOpOH COCTOSIHME TallMeHTa MPEICTABICHO Ha SI3bIKe, ONM3KOM K €CTECTBEHHOMY, a PEKOMEHAAINHA 110
JICYCHUIO NIPEJCTABIIIOT COO0I FOTOBBIE HHCTPYKIUH TI0 JICUCHHUIO.
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Ne21, o0d., 2017. 3. 184 — 189.

4. ©5d093L30 3., dogdgwadg 0., 5909330 ©., Mm3Mbosbo 0. LsdgoEobm OLRBMLEHOMmIdOL
0639094 G990 ® LobEgdsbomeb dbgdMOg gbsBY YHPOIOHDMBOL 5dM3565. LodoMmzgEmls
&9J6037960  MbBoggdloGHIGHOL 5.  gE0sdz0wol  BoMm3zol  LobiEgdgdol  obbEGoGWEOL
O™ 30gdeoN25, d., 2021. a3. 145 — 150.
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Bg0MmMmbmeo Jugugdol dmgeomgds Matlab-ol nftool 0bLEHGMIgbEOL
353mygbgd00

65099075 565605830070

ia.ananiashvili@gmail. com

M9bordg

©mgobsmzol bgmmmgbm®o bgommbmmo Jugmgdo BsOmmE gsdmoygbgds Lbgsslibgs
3309300 360mgdBgddo oo 3Mmdmgdgools gsslisFMmgms. bsdmmddo 890mmsgsBYdYEs
bAHMEbGms  Lsbfogamm  3MmEgldg  ©s330603900L  dobgpgom,  3gMdm,  LgdgbGmol
296853mmd530 dsm oge domgdwyemo dgi3sbgdgdols dobgpgzom, dgladsdolio byoMmmbommo Jigeols
530905 Matlab-ols nftool 0BlGHMXIBEHOL gsdmygbgdom. gsMEs JugErol  s3MMIEHIOOLS,
U393 0530 g3BboEmmos My Hmam® Mbs bl sLfFsgzErol 35Ms0xBMmIOOL 3MMIIEBOMds
5 5emam©M00mdols 3GBg3s LlyM39geo 8ggaol doLsMYds.

153356dm Lo@ygzgdo:
6g06mbo, bgermzbw6mo 606Gmbryero Jbgemo, Jbgerol bszergds, sergmGoordo

1. dglisgoemo

bgarmzbmmo byoHmbyo Jugugdol (ANN) s BgoOmbyao Jugerols dmgegdol (NNM)
09MMH05 s G9dbo3Memo AsBbMME0gEgds 500l 89360gMgdoLs S BHYJbmEmyogdol sd@EHovMe©
296300069000 LGgMMm. Bocmo sdmyqbgdol doMomso 39ML3YJEH03900 ©3S3B0MYIME0S
00 305dBH030 59Mm396980L 450 FMol0sb.

bgwmgbm®o  Bgodmbyo  Jugergdo  (ANN)  9godangds  aobgobowmom  Geyms
05009953H0399M0 Fomgd53EH039IM0 IGO0, HMIJOE 5350 BOMEMYROOO BgodMmbrwo
Jbgegdol MmEYboBIBOLS s BMBJE0MmboMmgdol 30M06303%Y. b 3MbEgBE0s FoMdmodzs @306d0
9000bstg  3Mm39LgdoL  Tglfogerolsl s 3 3OHMEgLlYdOL FMEIEoMmIdOL  I(300gEMdOLSL.
3003900 sbgmo  93EIEMds 0ym  35335¢mbols s JoGbol  BgoOmbmwo  Jugagdo [1].
B906OHMbsGHMT0sLs s 6goMMmBobommmy0sdo  3OHMPMILOL  35MOEgEIMHI©  BLOJMEIMYqdds
99940b9L 5530560l Lfogerol dmEgEgdo. Fomsb Y3z9gws®y bogmaogmo s0dmBbos 3gdol (D.
Hebb) dmwgeo, HmIgedsi 1949 §gal 890ma300035%s Lfogeol 30bmbo, Hmdgmog ogm Lofiyobo
D90G0wo bgwwmgbm®o byo®mboaemo  Jugegdol Lsbfsgerm  seam®omdgdobmgol. 3m@bol
05BobL  sbogYds HBoMms© F0TsMM9390 FobJob® Lfogergdsl, GMIOlL gHM-9Mm sd@Ewowrme
3d900mEL bgommbmmo Jugegdo Fomdmoaqbab, +99M039co dgEbogho 13904968530 N30,
M 9590yg69d)e0 AgmMmEgdmb ghmo 96083bgcm3zs605 FMmbol doBoL Loddwaghy [2].

©OgoLsmz0L bgermzbm@o Byo®mbrymwo Jugwgdo BsGoOm@ #odmoygbgds Lbbgsslbgs
50390l 2ooloFMgws:  3MMAbmHoMgdsdo  (MMymMoEss 85y 9530560 J3939,
X96IOMIMds, 5d0bo s Ubgs), Lobgoms 259mEbmdsdo, Lodgewrgimdmbogzsgom Jugugddo,
5393939, 390003065, 5305305 s 5.9.

ANN 53q03530900 BsOHMME 5M0L FoMImoaygboo MATLAB 3s39@do [3]. 53 dbMog
39b6Ls3Mmegdom  360d3bgemgzebos  GUI  (3Msgo3mwo  dmdbdo®gderol  0b@ghggolo)
ddbdsmgd ol 0bEghggolo ANN — nftool(Neural Network Fitting Toolbox)-obogoU.

2. 59m(3560L slsds

Pggbo  doBobos 8g3ddbom, dmzedBosmom s  dsdmzoygbmo  bgoMmbmwo  Jugwo
bGgbEHJd0L Lfogwrol d9wgagdol 3GMmabmBoMgdolimzob.
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bs03gams sbsbosdzoemo

3H@0s, 5005305690L M™I 3Jmbrgm bzgsobgmo ol {obsliffs®dgEyzgwrgdol dwrogho
Mboo, 96 GMI Fgu39dwml, HBMLEGHIO 303MPOM M5 MbEs  493539MM ML, GMI
bgoobgmo g 39mglbo  gogbomm, Fogsmomo®, YY) FdMEIbY  ILFMYdIY
3393006905, M5 Jmemsl Boowgdl LEWIbEo, 95806 Bga390egds F9300035BMo ol o0TY
9539960 2Bs Gobo JMgdols golowydxmdglgdas. 893939M™ b 39393900 bgotmbmwo
JLoggdol sbdsmgdoom.

3. 95¢0BE00L 9B93900

Bgo®mbmamo  Jugwol  sboggdo  B3gbh  asdmgoygbgdoy  Matlab  LolEgdol  nftool
0bLE®MIGBEL. 5T0LoMZ30L R3FOMPYOs M5BT gES30L TgliBregds:
1. 8mbsggdoms 65360900l BoB300m39;
2. 803290000000 Lolfogerm s Lodggam dmbs39dgdo;
3. ©5353009JGHMM o 535ymo Jugeo;
4. 99359mfjdmo Jugeo 9mbsigdgdby.
30d35m, LEGHMIBEGHIOO LgdglBHHol 496dsg3WMdIT0 BoBEYD0D JMEgdom, Bsom Fmeol
0-0056 10-8¢0g oo JzobHgddo (2 430%0), 0-sb 10-dg 5B Mdsdo, 0-sb 30-0g
JMwom 8995096 godmEsbg s 0-sb 40-00g BobswH godmEsby 96w xs8MEo©
0oJLodo®mo  Joyemss 100. Bogomzgowmm, Gmd g3zgws gl dmbosggdo 935d3L  dorerosbo
XaBobmgol.  BAggbo  dobsbos  GMI  Jugwds 53 Imbsggdgdol  Loagmdzgwbyg
»000b5LHoMIgBY39wmb* BobogrMol Jmergdo. dmbsgdgdo mogwaedomzgus BofigMowo
33543L  9JLgeol Bsordo. Jugwol sboggds Bmbs3gdgdol Loboo  dsdmygbgdmos 44
LAv9gbEHOL 935193930 LgdglBMol gobdogermdsdo:

I 430%0 IT ggo%o 5JBHoOmMdS | 8995 9Mo | Bobsgrmeo
1 10 8 10 25 34
2 10 8 8 27 35
3 10 9 9 26 32
4 10 9 8 26 31
5 8 7 25 29
6 7 7 24 30
7 8 8 25 30
44 0 6 7 7 10

3bMoo 1. bEHgb@Egdol dgxrsolgdgdo bgdgl@G®mol 4sbdsgzwmdsdo

Bog@3ommmo Matlab Lol@gds s ©353M3060Mmm Jgbsdsdolbo dmbszgdgdo me dslogdo,
306390 gl 560l Lobfagem, 530Lomzol 58 bMowol 306390 mmbo bggdo BRsgfhghmm
dsbogdo Lobgwo: Training, dmerm UL3gGHo (Bobosw®mol 89gy900) hs3fadmom dslogzdo
Lobgeo: Target.

Matlab-ob 363dobgdgdol LEHMmodmbdo Boghig®mo d®Mdsbgds: nftool. as50bLBYds FqLsdsdolo
53obx oMo (0b. bob. 1), gb 560l doboedgdol (neural network fitting app) s 6goHmboyero Jugarols
230583030 359mbsbwagdol gsbxsms. 30dmddgmm Next 0owos3bg o yodmgs dmbsgdgdol
aboMRY30 BBX M (0b. Bob. 2), 0 Bobyxssdo Inputs-do s300mPomo Training dsbiogo, HmIwol
bmdos 44x4,Target-do hggbo Target dosbogo, MmIgol bmdss 44x1. Samples are-do 4o@IZMNM™M
Matrix rows-bg. 333 308mgdgomo Next 0ows3by.
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6g0MHmbryero Jugergdol dmgeo®mgds Matlab-ol nftool obli¢Mwdgb@ol godmyggbgdoom

4 Neural Fittng (nftool) - 0 4 Meura itting (nftocl] - 0 X
i Welcome to the Neural Network Fitting app. 1% Select Data
Sche an input-output i fayer feed What inputs and targets define your fitting problem
Introduction Neural Network Get Data from Workspace Summary
:'frﬂing!m.)lllari;y;u w;lw;[a ncum\.n:wzr:h map between a data set i L OuptLage Input datato present to the network. . - Noinpus seected.
numenc inputs and a set of numesic targets. 1‘“ — ﬂﬂ l, Inputs: o B
Examples of this type of problem include estimating engine emission % ] >
levels based on measurements of fuel consumpion end speed — Target data defining desired network output
or predicting 2 patient's bodyfat level based an bady e Q-h,;m o) Mo targefs seected.
mezsurements. .
The NeurelFiting app will help you select dafa, createand train a nework, | A two-layer feed-forward network with sigmeid hidden newrons znd inesi Samples re O Mtz o () E] Mtz o
and evaluate ts performance using mean square enror and regression output neurons (7172, can fit mult-dimensional mapping problems
analysis, arbitrarly well, given consistent data and encugh neurons in it hidden
layer.
The network will be treined with Levenberg-Marquardt backpropagation
algorithm , unless there s not enough memary, in which case
scaled conjugate gradient backpropagation will be used.
Want to ry out this tool with an example data set?
Load Example Dafa ¢t
$ To continue. dick [Next. @ Accessing workspace.
& Neursl Network Start M Welcome ® Back Q Cnce & Neural Netwark Start M Welcome ®hak W et @ Gance
Bsb.1. Neural Fitting 3obx oMo Bob. 2. ImboEgdgdol sba®bggo gebx st
4\ Neural Fiting (nftool) - O b Newrl Fiting (o) - o x
Validation and Test Data "
& aldation Network Architecture
Set aside some samyles for validation and testing.
Select Percentages Explanation Setthe number of neurons in the fitting network's hidden lzyer.
- dden Layer Recommendation
& Randomly divide up the 4 samples: & Three Kinds of Samples
Define & fieting newral network.  (fitnz] Returnto this panel and change the number of neurons f the network does
W Triving [RE Dangles . W Tsnng: no parform well after raining.
. " Tsamgles | TPese are presented to the petwork during raining. and the networcis Number of Hidden Neurens: 1
W Valtor: 15% v P15 adjusted acconding ot emo,
Test 15% v Taamples
O sing B Vaiidation:
These are used to messure nebwork generlzstion, and 1 halt trining
when generalzstion staps imgroving.
W Testing
These have no effect on trining and so provide an independent measure ¢
network performance during and sfter rsining.
Neural Network
Hidden Layer Output Layer
Input Output
Restore Defaults ﬁp‘
B Change percentages fdesied, then click [Next] to continue. 4 1
VH Welcome Whk || BNt | | QG 10 1

ﬂi (Change settings if desired. then dick [Nex] to continue.

@ NeelNewore St Wekcome

@ Back @Cante\

Bob. 3. bLo3MbBHOMEWM s Lobfogarm
9mbs399900L bsfoergds

Bsb. 4. Jugeol sOJoBgdEwds

Matlab-o 99dmbgg3000md0L 3600630300 5GBg3L LobHogurm, LozmbEHMmMEM ©s GHILEGHMO
9bs(39990L. LEBbIOEMWs© h3zgbo 6536Mgd0L 70% (56 Bggbo 44-sb 30 dmbsizgdo) s0wgds
Jbgeool babfagerm dobbom, 15% LogmbEH®mmerme (7 dmbs3gdo), 15% Lo@gl@Bm. 58 Bobxs®msdo
9900m3 T9a30de0s 993339¢0Mmo Lo3MBEGHM®M®WM s LsGl@m Bmbs3gdgdol Mombmdgdo
30m396¢ws©, 099 56 06905 J0gdmwo Ls3dsMolo LoBMLEY. SbEs 30 33wsg 30dmJdgmm

Next ©owws3Hg ©d

23900530090  Jugeol  9MJo@gdGHMOMol  BIbxsMbg
LBHbIOGHwo  Jugwo MOl MOIMoBo s bogeolbdgze,

(ob. bob. 4.).
B0 bgommbydol
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bs03gams sbsbosdzoemo

Momgbmds oMhgmos 10. 89dgy Tg0dwgds 253BsMMo o6 Fg35030MMmm gl Gobgzo, 0¥y
Jugob bFsg3egdol g0 9 0469ds FoMdo@gdrwo. 300mddgmm Next 0ows3bg, 00300930
730bxMOL(0b. Bob. 5), bLosg 99330905 5306MR0M bfag3wgdol sEIyMMOmMTo. BEIBEIOEHMWS©
o 9MBgM@os  9396096y-05MdmeM@ol  swgmMomdo,  MHmIgmog 930996 gd oS
50m 356900l M39EguMdOLIMZ0L, MYIEs BMAOIOHMO 3oBsMs Dol sdmsbolmzol Fglsderms
3990m309ygbmm  ds0glol  seaMmEMomdo, oo  bmdol  FJgdombggzsdo 3o,  FgMmeErgdmo
23M5©096EGHM0  sWaMmMOomT0.  I3EHM3M™M  g396d96Y-0MJSMOEOL  sErgmGomdo s
300mgdgomo Train @owms3by.

4 NeurslFiting o) - 0 ¥ 4\ Neural Network Training (nntraintool) — O »
. Meural Network
Train Network
Hidden Output
Train the netwrk to fit the inputs and bargets, . Qutput
Choose & raning algosithe aiaquﬁei 2 i3 4 1
ot W taiing N R Ukl * !
st tyich e . W viteton 1 le) BT Algorithms
is algerthm typicaly requires more memory but es tme. Traiing L e
J— . r. aimrthy ofﬁﬁﬂg 7 181D 1326801 Data Division: Random (dividerand)
o ! Training: Levenberg-Marquardt  (trainim)

anincrease i the mean squere emor of he validation semples. Performance: Mean Squared Error (mse)

Calculations:  MEX

Trein using Levenbery Merquardt. tramm Putfit Pl Eror Hitogam
" Betmn pT— Progress
Epoch: o [ 8 iterations 1000
Hates Time: 0:00:05
Taing muple vl gt et s MeanSquareErors e el FaiErres an [ s 0.00
L Jveies s D bttt i Gradient: ost B | 1.00e.07
i - i ) ; P 0.00100 0.0100 1.00e+10
MESNS NG EAT0H,
Validation Checks: 0| 6 6

Regression R Values mesurethe correfaton between
7 cuputsend tagets. An Rvalueof 1 meansacose Flots
elationship, { a rendom retionship.

...Performance | (plotperferm)
Training State (plottrainstate)
Error Histogram (ploterrhist)
Regression (plotregression)
Fit (plotfit)
Plot Interval: B 1 epochs

i\i Open phot, retrain, or dick [Next] to continue.

E Validation stop.
& Newra Network Start 1 Welcome @l B et Q&nnd w

- -

Bob.5. Jugerol Lfogergds Bob. 6. 6gommbmwo Jugeol bffsgwrgds

Bob. 6-ob BBl GMT Lfogargds @obEMWwEs 8 0@ghsgosdo. Plots gobgmaowgdsdo
296003L930 VowWs39d0m 89a30de0s 36sbMmm Fggy0. 30dmJdgmo Performance wows3by
9030093 2655303, Los BoBL MHMA Ly390gbm Tggao dg-4 0FIMHE0sBY Boowfgzs:

4 Meural Metwork Training Performance (plotperform), Epoch 10, Validatio..  — O pes 4 Neural Network Training Training State (plottrainstate), Epoch 10, Validati.. — — m] X
File Edit View Inset Tools Desktop Window Help ~| | Fle Edit View Inset Tools Desktop Window Help E
Best Validation Performance is 12.4652 at epoch 4 Gradient = 1.6607, at epoch 10
10 -
Train
Validation il
Test B
Best >
102 N
107
Mu = 0.01, at epoch 10
10

Mean Squared Error (mse)}

10° \ Validation Checks =6, at epoch 10
+

L

s
>

val fail
Y

*

107! . .
0 1 2 3 4 6 7 8 9 10

5
10 Epochs T H 3 f

5 6 7 8 9 10
10 Epachs

Bsb. 7. Performance 005300 5390490

65 bBob. 8. Training State M0MS3000 53909900 3MS%B030
¥MoB030
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4 Neural Netwark Training Error Histogram (ploterrhist), Epoch 10, Validati.,. — O X File Edt View Inset Tools Deskiop Window Help
File Edit View Inset Tools Desktop Window Help ¥
- Training: R=0.98345 Validation: R=0.81142
. . . [*>
Error Histogram with 20 Bins 3 G Daa o @ G pam
s e p . Fi o
9 I raining 'g"“" 13
[ Valdation 5 g2 °,
8 [ Test !-;25 o, S
Zero Error 2 o/ S o o
v ! & 2
H g.‘lﬁ o
86 2 o580 £
g S5 o
s 10
E 15 20 25 30 35 10 15 20 25 30
E 4 Target Target
Kl Test: R=0.98266 - All: R=0.9589
< Data = ©  Daa
’ Eun Ty / T [ op
1 % § p E §
3 p
=) e
RN AR S e e g anE £ 3
wrcn_vr_m¢m¢_m§_3§§5‘_mcmom-: = S 4
L I I B R P E 5 - nonNom < 1 u
L = = 520 -
¥ 5 Z1s
Errors = Targets - Outputs 3 5
o
15 10
15 20 25 30 10 15 20 25 30 35
Target Target
65b. 9. Error Histogram o300 5390900 Bob. 10. Regression 0os30m 5390490

30LEHMMo0s 930M9b0o

Bgo®mbmwo  Jugeol  Lfsgangdol boGolbol  dqLoggsligdo®  godmoygbgds Regresion
O30 bob. 6. 4M05303%g (bob. 10) 3bgogom, HMI MHgyMglos dmbszgdms yzgwms 653Mgd0Lsmz0L
R>0.95, gb 608653L Lfogargdol G9wga0 ©s853854Mmz30gdgMos.

900900 89093900 89330305 4935MBxMdLMo Modgbody yboo:

® ©530MbEgm  M396 Bob. 4 BbxsMsdo sgoMbomm  6goMdmbgdol  Lbgs
6500bMdY;

® 5300B0Mmm bbgs 5eyMmMmOmMTo Bob. 5 Bsbx sGsd0;

® 1M M 300MmJdgmom Retrain @ogs3byg bob. 5;

® 253DoMMo Lsbfagerm dmbs3gdgdol MomEgbmds;

P39b 89dmbggzedo 306039 3B Jugwol bfsgwgds ©@obMmEs 8 0FgMo30sbHY,
M9360900L 53900L 989y d0300gm bs3MgdoLsmzol R>0.74, s80¢™m3 ©s306Mbom w356 ©s
300mgddggo Retrain gomo3bg, 50 990mbggzsdo 10 0@gmoEosdo ©sbmms s 303009,
Bgdmmdmygsboro d9w9900. 5800 Jugerol Lffsgergds olMEgdwyEos.

4. L3365

§0bsdgdatg bsdM™mddo asbbowvmos bgommbmwo Jugwolb sgqdol dsgowwomo Matlab
LobEgdol nftool 0bLEHMMIGEEOL Fodmygbgdom. 03039 0bbEHMMIg6EH0m dglodegdgros 393Mo
bbgs 9603369c0m3s60 53mEsbobmzol bgoMmbmmo Jugaols s39ds, 8s0d dmMol LsdgoEobm
LBIOML 5TM356980Ls30L. nftool-ob AsdmYggbgds FoMEH0305 08 5@B0567dOLMZ0LSE, 30bi3 o6
REMOL 3OHMYMTOOL 9bydU.

Modeling neural networks using the nftool tool of the Matlab package
Natela Ananiashvili

Summary

Today artificial neural networks are widely used in various research projects to solve complex
problems. The paper proposes to build a suitable neural network based on observation of the students'
learning process, in particular, according to the assessments they received during the semester, using
Matlab's nntool tool. In addition to network design, the article discusses how to adjust training
parameters and select an algorithm to obtain the desired result.
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MopgenupoBaHue HeHPOHHSIX ceTeil ¢ MCIIONB30BAHNEM MHCTpyMeHTa nftool makera
Matlab

Harera Amarmamsrig

Pesiome

Ha cerogusmHu#l meHP MCKyCCTBEHHblE HEHPOHHBIE CETH WIMPOKO HCIIOAB3YIOTCS B
PasIMYHBIX HCCIELOBAaTeIbCKUX IIPOEKTaX AJIS pelleHUs CIOXKHBIX 3ajad. B pabore mpesaraercs
IOCTPOUTH IOAXOZAILYI0 HEHPOHHYIO CeTh Ha OCHOBe HAGIIOfeHWA 33 IPOLECCOM OOydYeHUT
CTy[eHTOB, a HMEHHO, II0 OIIeHKaM, IIOJyYeHHBIM MMU B Te4YeHHE CeMeCTpa, C IIOMOILIBIO
uHCcTpyMeHTa nftool makera Matlab. [Tomimo mpoexTrpoBaHus ceTH, B CTaThe PaCCMATPUBAETCS, KaK
KOPPeKTHPOBAaTh IApaMeTpbl OOydYeHHWs U BbIOHpATh ANTOPUTM MJIA IIONYYeHUS HKeIaeMOTO
pesyibTaTa.
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3033073H9MH0o 3OH:MYGMHToL 35MoErgmmEm0 M3gMo30gd0lL ool awygbol
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M9bordg

Om@gdmer 658Gm0d0  s0vdsggdvemos  3MA30vBgMIemo  3MMmaMsdol  3sMegErgEImO
0396530900l Fool ©sagbol gd3oGmommo 3gmmo. ssbsgobgdmmos dGMsgzsmmdommngosbo
3BJogdol 358mmzwol dgmmEozol 3500530980 58sol BMAMTMEOolL dsHsBY. SefigMowos
0990m535Bgdmeeo JgmmEo ©s dmyzsbomos 3GMmyMsds C++ -by Visual Studio (MS) 22-ob Open
Mp(Open Multi-Processing)-ob gs690m80. 3o60¢gem®o m3gMs30gdol fowol oagbolsmgol.
993560005 358mm3Erol 3909300 o 3500 sbsgrobo.

153396dm Lo@yzgdo:

06535¢780(030560 bobdgdol sBjstrgds, 3sGsenganayto  39Msp0ogbol foero, sdpserol
B6HFryems, C++, Open MP.

965350d0MOMZ0560 5 IM35¢3MIM3gLMM0sb0 LobGHYIoL sBJs6gdol s 9x39JGHMOMdOL
9985L9d0LOMZ0L  MBYOMBL  YBsMmTsBsGO  0bGHYMJLO,  M3BY3  9BHY39wgdL 5961530
30035305, DBMyogMmo Bompobo dmyzsbowos [1-15]-0. g4zgws doymdsdo ds9moygbgds
360530l 356wy 56 LMoo Fowo, HMIgEms InMmol 3owlobs sdM3I0YINNDS.
09) 3oMowgmo fowo f-0s, 35806 LgbHomwo Howol-f-0o s 30M0dom. 5933565, 0
356539 BHM0L goblsbez®s 36089369mm3s60 58mEBss, ) 39300350ol0bId ©I3MMYEMmSTGdOL
96900 s 3EsGRMOIIOOL FGM535¢BGMM3BIOL.

00050l 356mB0L LsdSBOLM BMOHINEOL GOHM-9OHMO FoHOBEHO 5Ol s =T1/Tp=1/(1 - f+
/p), LosE S 560l 3MMEgLOL BJsMYds, T1 3HMAMBoL FgMergdol O™ LghHoww Mgyoddo,
Tp-3603M590L  JgbOmagdol O™ ZoMsmge  Mggoddo, f(0<f<1) sGOL  3OHMYEToL
3O M3M 305, OMIGEoE 9900¢gds 4539 35MOEIEMMSE, P SMOL 35MoEgEw®mo bafoerol
LoRJoMmOL 398030960, 96 3MMEILMOIIOL b BOMMZJBOL Mom©Ibmds. BodBMdMogzsw s.f,p
36056 MO0 (33000l BMbI30gd0 s(f,p).f(s,p,),p(s,f). 99 BMOIME0ED 459mIE0bsMYMdL 30093
60 BMOHIMos f s p-U 2obLslyBOZMo©. 3gMdm©

f=(1/s-1)/(1/p-1) oo p=t/(1/s+f-1).

©90mdmyz060o  FmOINgdob  godmdobadg 35133600, ®MI  BodboMgdMEo
5gbmdoL doMM39d0L Jgdmbzgzsdo sbdoMgds s 30MIS0MIMHMIMM(30090s  3OHMAMSTol
35050 fowob f. £ 306Hs300H3HM3mME300w0s s, begrm 3mEgdmewo s s p Goebsbo
296L5B3M5396 p-L. M35eLBObMYdOLIMZ0L 39000 FY39560E0s M50 30.
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f(s)

s 3.15

0.8 737
s 711
0.6 172
T 158

0-4 136

127
0.2 1.19

112
1.06

9B BMEHINWGO0 96 0m35wobLfobgdgb 03 MalmOLL, 0aMEolbdgds M, HMIgwos
BoFOMHMS 355N FOMEILOL  MERBODBIOOLIMZOL, TOGHMT MYEMMSE  GHMEIMBJOOL
0520305  bs  MEHMEMdGYO  gobgobowrmm.  0bBHgMbgd LoghEgdo s  Labfjogwrm
WoGHYMoGWIM5d0, Losg ImYyzs600s 530l GMOTMo sBdoMgdol dgn3olnds, Yzgwash
dmigdmos f o 3m63M9@MEo p-mz0L bgds 9BJoMgdol  godmmgms. ML o6 oMol
©IGHOWMMEOE  gobbowrmo, v Gmme  ©ogspobme f. oy 3mb3HgEHveo
30JoG9dBHMOoLm30L  ©o350bgm  f,  Lodopagds 939dwg3s  OgowMo  30B03MNMO
993960096 EBHOL o698y 89358BM®M, M) MMM BJsMEJdS 3OHMEgLO BOMM39BOL sToGHJOOU
d90mbgggedo. £ Tgloggsligdeo@  Tglodwrgdgeos  asdm3z094gbmo mGo  doymds. 3oM39wo
30005308 3900%3035300L  Loxkgmdzguby  ©350A0bmm  p. Tgmey -  2963LEBRIOM™
9930601905 B0MMds T1/Tp s 3s9m309gbmo dgbsdsdolbo BmGmTs.

306390 doymds ghmo dgbgzom dogrosh 30dbo3gmos, Bogsd Mgowms dobo
2956bmOE0gwgds MM dogosh FoMEH030 3OHMPEMTOLMZ0Lss  TJLadErgdgEro, 306500056
396053006 MOMNMIY GHo3L Mo30L0 Hmbs 5J3L @s sTob Yomgzseoliobgds dogBy Gmwos.
23905 530Ls, o6  0dbs  ImdogdMEo  3OMYMdNmo YOO Mblgwymgs, GmIgwoi 3ol
533MIGHMOOQ  3o53JNYOWS.  HJoMO©O  DOMMIMWO  9Bolomzol s M3YMO30vIO
LobEgdobsmgol mbs 90gdbsl sb5eP0BIEGHMMO, BOE 5O sHOL 4539009d9PO.

dgmeg  doamdol oMo, MmmIgog 9gommoezsbgdmwos  LEG0sd0, TEyMIsMMdL
d90cgpdo:

1. 35003960 3636090 3GMEgLMMGOOL 56 BOMMZJdIOL MHMEYBMBLL;

2. 39993900 3G103M535L ByMowm Mgg0ddo s 3096 T1;

3. 37039000 3MHMaMedol  3oMog 0970080 ©s 35090  Tp-b, oby GMI
230035¢0obobgdmo  ogml  yzgws  doOmzo. 65350980l Jgdobggzsdo  dsmo
650m©Y6MdS MBS 0gmb dOMMZJBOL MromEIbmdOL GHMwo;
go0m3wom T1/Tp s dobo bsdwmswgdoom £-U;

1-4 3164BHL 3089MGHgdm IM03500x g 58 E3BOL Lbgsslibzs Bmdolsmgzol;

39003960 f-0b d5gdbodom, Jobodogrwy® s Lsdsem 8603369 mdHAL;

spqboe  3603369c0mdgdL  309gbgo  9BJoMgdol  Gqlogzsligdrs  doMmM39dOL
5953900l d90mbggzsdo.

390m3635H90Mo IJNMEPO 96 M0l IIMI0EIOWO  3mB3MIGHME 3OMYMSF0MmIdOL
965Bg @o 293509 gMEdOL  GHdbmmyosty. MdMsmE  Logo®ms 0d  3md3om@gMol
0063980l MomEIbMdol (30bs, MHMIGHBIsE 39HIMJOM FTMNZEYOL. 51939 3OHMYMSTOL
LYOOMEO S 35MIWIEIMO Z9M06EHIVO. 35MOEGEHO 350056G0 MBS oM35wolfiobgdgl
d0MOM3900L MoEIbMBL. LoGIuEAM F5M0DFHI® 9090905 MBoME039L0 3OMYMTs, HMIJEO3
39009905 M0 bogLo 303E0LsRSE, MM gdoE FoblblszwIds FBMEME BMT0m. 356M5EWgEIMO

N o VU
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3030 MmOXIO B30, 300007 bgMoMEo. FgBodsToLOE 35MOEYMMO Fowol ©sAgbs 53
36MHMaM590LoM30L  do0sb FoMEBH0300 39M05035300L FHom. 3sMowgw®mo fowo sGob 2/3 ,
beagoe LgHomeo Howo dglodsdobogo 1-2/3=1/3.

d39800) 3yg3560¢0 c++ 3OMM50L LOMEOo GgduEo 53 dBoXJOOL FoblobmM 309w gdWs.

#include <jostream>

#include <stdio.h>

#include <omp.h>

#include <chrono>

using namespace std;

using namespace std::chrono;

int main() {
long long steps;
Tong long startSteps;
Tong long p = 4;
unsigned long long T1, Tp, Tpp,Ttotal=0;
unsigned Tong long TlSeriall, TpParallell;
unsigned Tong long TlSerial2, TpParallel2;
float f;
float SA, SR;
SA=1/C1-2./3)+@./73)/0p
printf(" Start End Tl
float fAvarage = 0, fmax = 0, fmin = 2.;
int fQuantity = 0;
float s;
auto start = high_resolution_clock::now();
auto stop = high_resolution_clock::now();
auto durationl = duration_cast<microseconds>(stop - start);
auto duration2 = duration_cast<microseconds>(stop - start)
auto serialPart = duration_cast<microseconds>(stop - start)
Tong long serial = 0, parallel = 0; steps = 10;
?h11e (steps <= 1000000000)

Tp s f \n");

startSteps = steps;
do {
start = high_resolution_clock::now();
for (serial = 0; serial < steps; serial++) {
serial* serial;

stop = high_resolution_clock::now();
serialPart = duration_cast<microseconds>(stop - start);

for (parallel = 0; parallel < 2 * steps; parallel++) {
parallel* parallel;

stop = high_resolution_clock::now();

durationl = duration_cast<microseconds>(stop - start);

T1lSeriall = serialPart.count();

T1l = durationl.count();

start = high_resolution_clock::now();
#pragma omp parallel for num_threads(4) default(none)
private(parallel)

for (parallel = 0; parallel < 2 * steps; parallel++) {

parallel* parallel;

stop = high_resolution_clock::now();
duration2 = duration_cast<microseconds>(stop - start);
Tpp = duration2.count();
Tp = Tpp + T1lSeriall
s = (float)Tl / (float)Tp;
f=(@Q. /s -1.) / (1. / (float)p - 1.);
steps *= 2;
Ttotal += (T1 + Tp);

while (T1 <= Tp);

SR=1/ (1 - +f/p);
if (SR < SA)
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if (f > fmax)fmax

if (f < fmin)fmin

fAvarage += f;

fQuantity++;

printf("%911d %911d %911d %911d %9f %9f\n",
steps / 2, T%, Tp, SR, f);

f;
f;

startSteps,

3

fAvarage /= fQuantity;
printf("fa=%f\n", 2. / 3.);
printf("sA=%f\n", SA);
printf("fAvarage=%f\n", fAvarage);
printf("fmin=%f\n", fmin);
printf("fmax=%f\n", fmax);
printf("Finished!\n");

return 0;

3600590l 89009900 dmyzs60¢os J390mo dmyzsbogr bMowdo.

Start - 3030l sbsHyobo, End - 3030l slisbdHyeo, T1 - LgMormeo dgleemgdol otem
doofj5390d0, Tp - 3oMsege®o dgleregdol Mm dowoffsdgddo, s - LobEgdol sbds@gdss, f -
36MHMa6500L 35059 Mo foo.

Start End T1 Tp S f

10 2560 26 22 1.181818 0.205128

5120 40960 338 268 1.261194 0.276134

81920 1310720 13725 9736 1.409716 0.387517

2621440 2621440 27557 17894 1.540013 0.467540

5242880 5242880 51626 40120 1.286790 0.297163

10485760 10485760 103060 64008 1.610111 0.505233

20971520 20971520 213427 125451 1.701278 0.549609

41943040 41943040 386900 233664 1.655796 0.528081

83886080 83886080 617049 406533 1.517833 0.454888

167772160 167772160 1220465 784262 1.556195 0.476543

335544320 335544320 2401245 1560358 1.538906 0.466917

671088640 671088640 4694493 2983683 1.573389 0.485906
fa=0.666667
SA=2.000000

fAvarage=0.367097

fmin=0.079128

fmax=0.664924

fa=0.666667 0m399M0  FoRo0OLM30L  39MH0B0IS3000  EIEPJbowo  fowo sbm  2/3
SA=2.000000 5Bdotrgds 4535015 gdol MglrydLgdol gomgzs¢obiobgdol gotgdy, 3HmyMsdol
39Mogmmmo  bsfiowwol  9dudgmodgb@yro  860dgbgemdol, Lodwmowm, dobodsgrmdo s
JogdLodogvy®o 8603369 mdgd0s dqbsdsdoboc fAvarage=0.425055, fmin=0.205128, fmax=0.549609
0O mb5398980056 BB, Mg50ME Fowmsb gzgmsbg sbermbss 9Judg@odgb@mewo ool
3ogdbodsc®o 36083690 mds. FbOOWOED BB, MMD 35M5¢gun® M9:703Bg 2ooLZWLL sHBMHO
odal, Mmas  303eol  360836gamdss  2560. 938 86033bgermdsdg  Im3909e  306HMBYdT0
3505 goHBIol MmOHAB0DYdIOLMmZOL FgEHo O™ 0bsMxJds, 30MY 3MMYMsds LyMovEr MYy0ddo,
O™ 25839035, 4m39e0gg 5356 0m3z5eobobgdl dm390Eeo 3OMAMmLTs 3oMmdom T1<Tp-by.

162



303301EgMHo 3HMmMdol 35GoEgErMo Mm3gMeEogdol fiowols swagbols Igommo ...

3010590l 2583905 bgds IM035c0xgM, (3030l bbgssobbgs 360d3bgwmdolsmazol. ymggwo
3990030 (30300 BgEs 35M1599GHMO MMT5RYDo.

00 9608369cmdgdol 353mygbgds gLadengdaaros dBoMm™M3qdOL/3MMEILEMIBIOL BSEJOOL
3900bg93580 950 MM0 5bdoMgdol 3GrMEbmHBoMIdOLIM30L BoBoZMMmO 9Ju3gM0TgBEOL Fotgdy
dm399o BydoldoghHo 3MmyMsdolomgzgol. Ttotal=15.600390 seconds -sGob §odgddo 3HmyMadol
39O gdoL LEWWO EOM, MoF osTIM{IGdMEWos 3oBs bEwommo (Debug performance
profiler - 2585630l gbMmeErgdol 3OMBOEIIMHO) s BrYz560¢0s J398Mmm JMHR030L Laboo.

Diagnostics session: 20.692 seconds
I 2.5s 5s

4CPU (% of all processors)
100

U 3658030 3353JO00 5QLEGHWIOIIL Bo@oMgdwo gJbdgmodgb@ol Mgomdsls.

Method for determining the proportion of parallel operations of a computer program to
evaluate the acceleration of multiprocessor and multicore systems

Tengiz Bakhtadze, Irakli Rodonaya, Mary Gegechkori

Summary

The empirical method of determining the share of parallel operations of a computer program is
elaborated in this work. Variations of the multi-core acceleration calculation method based on the Amdal
formula are analyzed. The proposed method is described and the program is presented in C++ in the Open
Mp (Open Multi-Processing) environment of Visual Studio(MS) 22 to determine the share of parallel
operations. Calculation results and their analysis are presented.

Merton onpeaeseHus 0JIM NapajljieJbHbIX ONepanuiil KOMIbLIOTEPHOI MPOrpaMMBbI J1J1s1
OLICHKH YCKOPEHHUsI MHOTOIIPOIeCCOPHBIX M MHOTOSIAEPHBIX CHCTEM

Tenrmn3 baxrazgse, Hparxrus Pogoras, Mepu ['ereuxopm

Pesiome

B pabote paspaGoraH SMIUPUYECKUIl METOZ, ONpeZAeIeHHs LONY HapajjelbHbIX OIlepaluii
KOMITBIOTEPHOM IporpaMMsl. [IpoaHa/gM3MpOBaHBI BAPHAHTHI METOZA pacyera MHOTOAILEPHOIO
yCKOpeHUs Ha ocHOBe dopmysl Amzaana. OnucaH mpezjaraeMslil METOZ U IIpeACTaBIeHa IporpaMma
Ha s3sike C++ B cpeze Open Mp (Open Multi-Processing) Visual Studio(MS) 22 gns ompenenenus

JloJIY TapajulebHbIX onepanuii. ITpescTaBiens! pe3ynbTaThl pacieToB U UX aHAJIUS.
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6586Hmdo s0figMoos fiyseandagds Lsdmdsmgdolismgzgol gsb3mmgbogo dMsgsmlisbliGwmo
dmgbogo HMdMEGHOL 3mBLBMmYJ30s ©s Folbo FsMmzol LolEgds, bymmgbm®o o0bdgwgddol
999963 gd0m.  asBboErmmos  bgmmmgbm®o  0bBHgmgdBol  asglse GmdmGOL  dsMomgol
LbobEgdol  sSmImezs 3mEbol doegdol wbs@om. dmyzsbowos S@sdosbols  0bEgmgd@Eol
©bsLosmMYds  MabodgMmzgy BLoJmmmaome dgsbogMgdsdo @s dolo  dobsbosmgdengdol
Fglsdsdobo  396339GMYdoL  IJmbg  GMdMEHYdoL  dgddbol  3g@L3gdBH03900.  0bGHIWgIGHo
2560boEgds HMAMOE BoBOMO ™d0gJBHDY BbMOE0YXYIMEO SERM00T0. bguermzbym®
0639gddl H®dMEHIJ6035Lmab gMmsE, Ly MAdm ©s MBOM dgBo LsMagdgwo dmoggl
393MOMomdolsmzgol. gl Bgdbmermaos s0mGogbog  dg3®  3OMdEgdsl  LEMmerosE
296Lbgs390m LgghHhmgddo, MHmymmo@Ess: 3go@Eobs, dMfiggmds, mmpolEogs, 3mdmbo ©s
Ubgs. 956gsbmemo Logergds Gedm@gol gbdsgos s9mogbml Lbgsslibgs bsbol mdogd@gdo,
OHmIggdlisg ogzm Lbgoalbzgs gm®ds s bmds ©s 0dygmzgdosh Ubgswolibgs Lo@wsaosdo.

bgamgzgbur®o 0b@gergd@ol ddmby HmdmEId0 9339 Y39easb s8moygbgds bgswsbbgs Lgggmmao.

153396dm Lo@yzgdo:

dmBogreyo  Gabdeho,  bgarezbuyto  0bAgeradHo,  GBmBgfbozmo  bolidgdodo,
sbmgosgoto Gobliogegds.

§goandzqds LodmBsmgdobmgzgol asb3mazboo dmdbowo HMdMEOLs s dobo BsGmzol
LolEgdol s3daggdom 8goddbgds ddwragMo GgdbozmMo dsbs BEZgdoLs s ™3gebggdol
Lo®Igos 35333 935. 195w d39ds GMdMEHOL Imdbowro EoHsobo Lydwswgdsl 0dergzs 00
29909969890 0dbsl obgm  dbgeo  oboAMB  sEAOMgddos 30, MHMIWYOOE  SOZ0CIS©
d0H3omIgeos bbgs oo B3g305Mm0 50 FMH30MmdOLMZ0L. MHMdMmEGO 0gbgds 0580 ©s
365d3H03Mw0 5@ Mbo@0gzs, HMIgeoi Lodrewgdsly 9mag3gdl I3BMYMmM sbsbsdxo dg3M0
9503030 $9d6039600 LodMTomlogol. sbgm GMdMEL dgdeos bgwo gmhgmb  mdogd@ob
30D e  990mHagdsl, gobosmgdsl, §iyoerdzgds  3mbLEGHMWJ00l  AohHIgbl  Bersdolioysb,
5 30OML F96F03L 96 LsMd39el. LogsMsmMs, HMA dmgdbowo MMdIMEId0 03839090 dmgero
©OJ-©530l 3563og3ermd5do s G9degdgb ymgzgum3zol 0y3b696 bgerdolsfzmdbo, sg3@mbmdonmo
05¢)969900L gsdmygbgdol d9dmbggzsdo.

3bmdowos  dmdbowo GMdmGo 3693053030 FsBmzom, MHMIgwoi  3odmoygbgds
dbmdmdo  Lbgmamgdoom  35603womgdolsmgol. 3 OHMIMGHOL  ©sEgdomo  dbstgs  dobo
LodLwdwYdg. Yoymaomo Fbsegs 3693053032900 FoMHMZ0LIMZ0L sToBILOSMYDYEO 5D MLEO
3mBoEomboMgds, o3 godmfizgeos 35960l 3dd35Md0m.  30MZW03MHO  FoMMZ0L
MoMYmz3000 FHoMmgs Bgmol Fowowo 3Mm©o {mbs Mog 59dodgdl HMIMAEL s YSMYMBOMS©
50LHGdS HMBIMEOL BHZ0MMTYYIMOSBY. FYoedzqds Lsdwdsmgdols BsboGIMGOWIE Dgmol Towown
396 §obsl  sfmbolimadgdl  flgwol  s0mdygdo  does.  ffobsdgdstg  bodMmddo
390m00359900s  Bgool  boggzws Yol  asdmygbads, o3 MHeObggerymal L
§@bLHFMOHMBL [yerol sdmaygd doesls s GMdMEHOL §mbals FnMob. oMes 530bs, bodw)segdsls
04935 FoM030Lsm30L  250MmyxbgdmEo Lomby 259Mm0Y3bml OHMdMEGH0B s LoFoMmgdols
899mbgg35d0 9903LMUL sboo Lomboo.
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dmndbowo  OHMIMEJBOL  gugdBHOWwo  5dd63900L  BMdMemdol  BoMmzgol  Loodgom

3MmOOomdo  BY6sdgbBHWM0s  [oMTo@gdwo  319Fomdolm3zol.  F9M©e  0YMMHOWEO

96003690 md0obs, 36535¢boblON0, 3mdbowo HMdMEHIOOL IMdMHMmdOL JoMM30L 3MHMIYIGO0

MM OHML by MRGEM 3608936935605 39dbozols s BHgdbmemaool bbgsalibgs aMydo.

50 8900b393580 2ol FMgE0 59Mm(356900L 0835BMbO Jo0sh BoMIM 50IMRBbE.S: Bomsdsdm

HdMGHYOol  99Jddbol  98m3969800  MBsBODBMGIOL  MBOHMBZgYMmaol  B3gEoSWwE

00m35690009.  MMOMAEHJOOL  FMAMOMBOL  BobslnsmGdIWGdoLsdo  Fomswro  dmmbmzbgdo

LoF0oMHMgoL FomgdoGH03MemO s 3MI30BHIOHMo FMmEI0MIOoL bdsEgdIdOL 253mYygbgdsls

O30l 5MO00dgd0L LObMIBOL 439w 9gEe3DbY. sdoEMT, 53 LRIOMBTo 33935 9GSO
00m35600.

dcmgdboo GMdMEH0 99ygds IMo35¢m-

1 3 LobbOMEo ,,bgdbgdwoboysb” Hmdg-

oG 9QFIOZowos  byrmgby®o

2 3mbogdom. bBsb.1-bg  HoMdmoagbo-

' / 4 o> ,bymbgdwol”  gmomo oo,

\‘l oo 1 - 39Msbmwo dggmhamgdol

0035305 2 - ,,05¢0b” gtm; 3 -

LobbMOL  LoERAIMO  BoMxoGs, 4 -

Bob. 1 bgmgbmn®o 3Bl gsdmLsddgmo

39390%0.

HM3MGOL 539603 99doboBTo bgmmzbmMo 3mbmgdol godmygbgds 2ob30MHMdgdME0s 0
3399 BHMM9000 MGMIO0E SHOLOSMYOGD 59 ©3565b36919dL. 3gMdm, 30 0dom, MHMI bgarmgbm®o
39960900 o6 8q0(35396 F0boasb ImdMmsg gegdgbEgdl. gl 3093 JOMO LHITOME MO SO
33 9Mb53 0355 gengdBHMmIMgqd0Ls s 3693053030 godm®moEbzols 3000M3w035bmsb gMmo.
©Ogolsmzgol  dbogbo 3098900 5d300  FMfigMdOEWMdYBL, GMIWGdOE  93gdYbo  5M056
3m0dgm90by, OMIIdoE I3MABMd0sMHIb0 5M0sb dsd30lL 96 3gddgMod ol dodsGom, b
9965006M390L Bm®IOL sToblizMgdol MbsMOm, Jog®sd 30639 Fomysbl FoMmgds Lv3dom
95050 45035, 99l 30 sbslosmMYdL FMIMSMdOL F)HBOMOIWO Os35DMbO s 5ToLMsb3Y
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Multi-joint flexible mobile robot
David Purtskhvanidze, Nodar gdzelishvili, Veriko bakhtadze, Giorgi Kiknadze

Resume

The article describes the design of a multi-jointed flexible robot designed for underwater work
and its control system with elements of artificial intelligence. Equipping the robot control system
with the ability to obtain knowledge using artificial intelligence is discussed. The characteristics of
human intelligence in modern psychological science and the prospects for creating robots with
parameters corresponding to the characteristics of human intelligence are given. Intelligence is
considered as an algorithm implemented on a physical object. Artificial intelligence, together with
robotics, brings more and more benefits to humanity. This technology eliminates many problems in
different areas, such as medicine, industry, logistics, space and others. Machine learning helps robots
recognize different types of objects that have different shapes and sizes and are in different situations.

Robots with artificial intelligence are already used everywhere in various fields.

MHoromapHupHEIii TH6KUi MOGHUIBHELA POGOT
Hasrz [lyprxsanngse, Hogap I aserumsuin, Bepuro baxrazgse, ['eopru Kuxrazse

Pe3iome

B craThe ommcaHa KOHCTPYKLMS MHOTOLIAPHUPHOTO THMOGKOTO poGOTa, IpefHasHAYeHHOTO [T
IOJBOIHBIX pabOT, M ero cucTeMa YIpaBIeHHA C DSJIeMeHTAaMU MCKYCCTBEHHOTO WHTEJIEKTa.
O6cyxzmaeTca OCHallleHUe CHCTEMbI YIIPaBJIeHHS POOOTOM BO3MOXXHOCTBIO IIOTy4YeHMS 3HAHMH IO
TUIy UCKYCCTBEHHOTO WHTeJ/UIeKTa. JlaHa XapaKTepHUCTHKA HHTe/IJIeKTa 4YeJoBeKa B COBpPEMEHHOH
IICUXOJIOTUYECKOIl HayKe U IIEPCIEKTUBBI CO3JaHUA POGOTOB C MapaMeTpPaMM, COOTBETCTBYIOLIMMU
XapaKTepUCTUKaM  WHTeJIeKTa 4YejJoBeKa. [IHTemnekT paccMaTrpuBaeTcs KaK — aJITOPUTM,
peanu3oBaHHBIN Ha (usndecKoM o6beKTe. MCKyCCTBEHHBIN MHTENIEKT BMeCTe C POGOTOTEXHUKOMH
IIPUHOCHUT 4YeJI0OBeYeCTBY Bce Ooiblile M OOJbIIe IIOJNB3bL. JTa TEXHOJOIHA YCTpaHAET MHOXECTBO
mpobjeM B COBEpLIEHHO pasHBIX cdepax, TaKMX KaK: MeIUIMHA, IPOMBIIIIEHHOCTh, JIOTUCTUKA,
KocMoc u gpyrue. MamuHHOe obydeHre IIOMOTaeT po6OTaM paciio3HAaBaTh pasHble TUIBI OGBEKTOB,
KOTOpble MMEIOT pasHble (OpPMBI M PasMepsl M HAXOAATCA B PasHBIX CUTyanuax. PoGoTsl ¢

HCKYCCTBEHHBIM MHTE/UIEKTOM YK€ HMCIIOJIb3YIOTCA IIOBCEMECTHO B PA3IMIHBIX C(bean.
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3°bbommos Ls3zmggo Mmdogd@Gobsmgzgol dolbmgol s3gdmmo Fsmgdodogm®o dmmgerols
50093353 )Mmdol bsgombol gs9m33eg30l 3MmEglol 0530LgdmMgdYd0, ImEIEOl S3Jd0Lsls

Lol#gdgdol 096053035300l 390M©Idom. 353MYmBOE0s MMsgMglo doEymds, GmEILsg
bs33e93 LoLBHYAL ©s spdvyew dmEyel dogfimgds gMomo ©s 03037 Logbsewo s dsom
258mbslgargegdby domgdnmeo Logbowgdol dgsMgdolist domgdnwo 3E®IoEgdol dodsmod
bogds 39M339mwo  933035¢96GH™MBdOL  BbIz0mbool  Ggwpgbs, HGmIomsz  8godgrgds
®d09JdBoLs ©s IMmEIEol  5©Y3ZIAHMOMBIBY Abxgummds. 3o6MEs3oMo, GgPPGMBYdMmo ©s
256Dmpo@gd Mo OmEgErgdol  2sdmygbgdol  doMmdgddo  ysbbowmmos  Gowgduyeo
3©™30egdg00. dmEoeol BoduoMgdwEo LGBl MM gsbbommmos 356s09EMwEo
076080353008 39Mdm dgdmbggzs, MmEIlsg gOmo 3sGMdg@Mol Lsmzgmglim dggstigdols
39Mbg300 99L5dergd9E0s 50093353 IMMBOL bsFoMmm baGolbol dowmfgzs.

153356dm o@yzgdo:
0@IbAOR0I5603, SOIIFADIOBS, Fs0905(9032960 Fragemo, UAGXIIATIBs, 3563539960

1. Bglssgsemo

bo33g3 LobGgdsdo 80dEobsty 3MMmEaLYdOL 356MbBMT0gMdOl ©oEYIbL MoEalio
36003b69wmds  gb0Fgds oo  FsMMZ0LIMZ0L. B30l LobEJIoL LsdwsEgdoo LofoMImm
303990l FoMm3s FMoMbMgL Fs0 BMOToW0DBIOL Fomgds@o3M@mo Mol GmMIom.
0009953039900 dgewo dgodagds 3sdmynbgdwyamo ogmb s6sds®EHMm dsmm30l, s®sdgE L9309
330930000 QS 30M9dEH0Mgdol JoBbIdoLsMZ0L.

05009953039900 dEIol 53905 890dwgds gobbmMEogerql do®m3zol mgmemool geo-
900 d0MHOMIO 80d5M00EgdoL, LobGHIIgdOL 0wIbEH0B0IsE00L T9MEIdOL godmygbgdol
LoRwdzgaby. 9 d9dmbggzsdo LobGHgdol BmEgeol 5390 bMME0YEEYds LolEgdol Fgdsgown-
39008535 33WoYdBY 533060390900l Boxmdz9gw by, MrELsg 50bodbMwmo Logbswgdol
239BMIz5 BHoMgds LoLEYIoL BMbJE0MboMmgdOL 30MHMdYdTO.

0096308035300l 3g0MEId0m FMmEYEolL 53900LsL, LobEgdsdo Jodobstmg d3MMmEglgdol
dglobgd  sOLIIMEO  83M0MONEO  06xMOTs300Ls s LoLEHITOL  Tgdez5¢0-go0mTdZ35w0
Logbogdol 53306M3905MBLMID TMI0IYdEYdOm 0bTGDdS 0EIBEH0BOIS300L bbgoalibgs
5903969, MBImsbsg M8s3Mglos dmEol LEHOWIGHIOMOL QoBLIBOIMOL, 3961509EMYOOLS
5 3MFsM9gmdol J9n35L9d0l s8m3s69d0.

3509353 03MM0 dmgwol Jgdmbggzsdo, dm@geol LEM®WJEHMOOL 4398 0gmErolbdgds
296@MEgdol G030, MHMIwol Lsdwswgdoo dgodegds s0fig®o 0dbsl bs3gwagzo LolL@gds.

dnEaol  LEGMMIBHMOOL  gobloBzms B3gMEIGdMO35©  bMM309w©Ids  0I6EHO0B0ZSEO00L
3@0b03Mo Ldqdol dobgz0m, 99dmmsz3sHIVMWO 0gm MIMOHOOL JMM-gMmO odosMLGdEIOL,

30496 9og3mgol dogh [1, 2]. 93 bdgdol msbsbdo, FmEawol LEHMWIBHMGS Jobolsbrzmgds
LodMEMmMmE, M0go A5MJdbgdoby s 390900l 899wy, F39MEgdM030 ORIMIBE0sW MO

199, 068mGHBsE030Ls ©s B5GHm30L LoLEIIgAOL B3EGHIGHOL EMIEHMOBGO
2 LBy, 0bxmOToBH03obs s FoMmm3z0L LolE dgdoL BolzwEgEOL MIGHMMbEO
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3963Mgdgool  gm@dom, LolEgdsdo dodobsdy  3MMmEglgdol  doMmomsEo  BoDBoIMGO
396mbgd0lL (Bogowoma, dsbols, gbgMaools s 033wlol dgbsbzol, borm@mbol, dadlggwol b
306BMBOL, LOMBIML  HoMmPIBMIOL  gosbsfogdol  39bmbgdo s Lbgs) 96 s3HomMmeEo
0630mM5300L  499mygqbgdol Logmdzgwby. Fgdamddo 2s0mhbs bsdMmdgdo, GmImgddos
dmawol  LAHOMJGHMOOL  FBLLBOZMS  bmOEogwEIds  LobGIIol  Fgdogo-godmdsgam
(33W590bY ©533060300900L, 96wy 53MbGHIHOMOMWO 0bgM®MTs300L Logmdzgwdy, WwmGRo
Dogl 00096EH0EB03o300L Jesling®mo 56T EHJOOL Loggr)dzgwby ImEgEgdols s J9dsgowo
Logboergdol 3bMmdOEO 3esligdobsl (Bogswomsq, [3-5]).

dmEawolb  LEAHOWIGHWOOL  AoblobBP3zMOL g0, PV 3oMTgBHMYOOLS o
daM05Mmgmdol  gx3oLgd0L  58Mm3sbgd0.  35609BHMYO0  sbslosmgdlL  LobEgdgddo dodobatyg
360Hm3gLbgdL o, B3gMEgdMm03, Fgol ImYEol sMAHge FobGHmmgdsms 3Mm9n03090bGHJdT0.
LobEgdol BEYMTsMmYMdS, EOMOL bLIBOZO ImdgbETo, 260LsBEIMYds Tomgdsd03weO
dmEaobl, 96y oxgMgbEoswMo 4sbGM®Wgdol sdmbsblbom MMOL 8 BmdgbEdo. v
9500995303900  IMYE0 59356005 AoBEGHMWgdsms  LobGHYBsbHY, MMIgmog Tggds n
(5mgbmdoL 30H39e0 M0RoL A96EMEYdFIOLYD s (3BMdoE s Tolio yzgums 3mgnoi30gbGO ©s
n Lofiyobo 306Mmds t; 8mdgb@do, 85906 Lofiyolo 306:MdPOL 1 obBMTowrgdol 39d@HmOo
O A9BLBEZMgL LOLEYIOL JEYMTsMYMdL t;, dmdgbEdo.

b 500bodbMb, MM 356599FBHMJI0LS s FEAMToMYMIOL FJa3oLgdol dMm356980 GOl

2450m33gmeo bbgoalibgs doymdoom.
5060950, MOl 5390 09356905 9999y 9B9390%by [1, 2]:

e JmEywol  LEHOMIGHMOOL  MBg3s  BoBogMMo  396mbgdol,  s3Momemao 96
330G YM0MOHME0 06830mMT5309d0L Logdzgwby;

*  356599%Mgd0Ls o  JPMTsMgMdOL  Fgioligds  FobBmdz9d0L  Fggye®  JorgdEro
8mB5399900L Loggendgzgeoy);

e ImEywolb dgdmfidgds s oaLEGHWMYDS, 9B dobo MdOYIEGHOLOIO 5©Y335GIOMIOL
Lo30mbob 459Mm33¢939;

e dmywol 250mygbgds sbodbyargdols dobggom.

596050, 0096GH0B035300L F0MOMHO 5dMEBYOOL, TmEol LEHMMJGHMEOL s6BRJ30L,
356599 BHMmgooLs o IEymTsMgmdol dguslgdol 2osfiy3g@dol 890ga, dgBos d60836grm3zsb
9G93L FoM0moaqbl dm©geol ©sEaliBMMgdol, 69 dolo LobEgdobodo 9©9335GMOMBOL
Lo300mbob 459Mm33w930.

dmi3gdmo  bodwdomlb  JoBsbos 00 ®og30LgdMOMHPDYPOOL  gobboengs,  HMAWgdO3
©535bsl0smMYdg0s 13330 MB0YJGOLsM30L Folm3oL 5390wwo FomgdaBo3Memo dmEgEwol
5009335 IOMBOL 964 LEHWMGIOL L300 4odM 3330l 3HMEgLOLsMZ0L.

2. 5009335¢7IMMB0L 1b5300bOL 250mM 330035

bo33g30  MmB0gdBHoLomzol  Folomzol sado  Fv09gFoBHo3MNMo  IMEYEol
5009335 IMMBd0L  Lozombol 250m33wq3s 608bsgl 0dol oybal, MYy 53900 dMmEYEo
50009650 M99 MG SbbegL LolEYFsdo dodEobsMy 3MMEgLbYdL. gb Lagombgdo dsbbowmwos
905350 31003530580  (Fsgomomo, [1,2, 6-16]). Tomdo Fo@dmoagboros Lbgoolbgs
doamds  5Q09335@IOMBOL  Logombol  408Mm33¢g30Ls©d0,  MHMIGEMoysbsg  MIMsgzMgbos
doamds, MHmEILsg L3393 LoLGHIL s 8390 IMEYEL JoghimEgds JHMOWL0R039
Lboabsgro, 8999y bgds oo  odmbobzegergdby Jowgdmwo bogbswrgdol Fgocmgds ©s

900900 3MIomgdol d0dsMo goM339vIo 933035 gbGHMd0L BmbJiombowol 8gygbo,
9ol b gdoMs3 bgds MmdogdGHOLS s IMEIWOL 509335 OMBIBY Ay gEMds.
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2.1. 300303505 03900

23960bogds 498tm8535¢00 3EMI0MYds, v
e=y-Yy,=y-M(u), @)

U553 U, Y - bobBgdol 89853500 @5 338mds35¢0 Logbaegdos, Bgbsdsdobs, Y, =M (u)-mo
50608605 IMgeol 4o8mdsgzswo Logbaowo.

gm0 2oblisBrzmgds LsdsMmE0sbos 08 d90mbggzs5d0, MMPLYE PodMTsgz5¢0 Logbserol
29030l MgMHO bsMo FoMmdmaagbl LolE ol gHMoEIMH® FgdxMmgdsL (Bob. 1, 9)).
500md9b, HMI e 99953500 3EMB0MWYOSS, 077)

e=u-u,=u-M7(y), @)

Loog U, 50bodbogl dmgerol 993s35¢ Logbowl, bmem Yy dobo 2sdmdogogo Logbowos

(6sb. 1, B)). M 20b08bogl dgdcMvbgdmen dmEgwl, 56w obgo ImEyEel, MHmd dobo ymggeo
299035350 Logbsolsmgzol Fgodegds ymzggemzol s®LgdMdEIL gOHMOEIOH™O Tgdogowo
Logbowo.

!');"U;l;l(")ﬂ . (-u'm:“l( )0

‘) (= e e e e e - - - - O) omiamiamies e - 1
| n (I) |
I

u (’)l mdoydéHob mdoyddHob % : ."(1)
| wobado o wobado o =% ) >
I I
P —— 1 | R — -
‘ -1
—pp «ll';g_-”gur “"'&;}'Ilﬂ'“ <

I n(t)
|
"(’) | |-ri'm”‘-](")nh
1 wobado o
I
b o o o o e o e e e -
i')"['.'""i'n“&i‘{l;a'.'lii"’ dowgeno
,, A
[ R
M, -5?4— M3}
e(r)
bob. 1.

Bob 1. 2-Bg 200mbobmos 4o6BMYsado dmgeo, GOl EOMLY3 FEMIOgds
2960L5BE3MYds F9dgabooMo:

e=M,'(y)-M,(u), (3)

Losg M, GomBmoggbl 89d6¥bgdrme dmmgel (Bsb 1, ¢)).
(3™I0gdol 53 GHodl 9fimgds 3obbmysgdwo 3mIowgds.
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2.2. 933035¢9bEMdOL 3HoBgMHomdo

5009335¢MHMBOL  Lozombolb  godm3gzeg3olal  933035¢9b@™doL  3MoGHgMomdo bldod
d900bg93580 BoofigMgds 300m3ogdol 89990l Labob i3wbdombswols gm&mdoom:

E(y, y) = e (t)ct @

BooG € M0 ds 3sbobogds Gmym®g (0, T) 0bEyMgswdo 33blsbEgmEo Bub30s.
090bsmM30l, O™ 53900 IMPIEO 533G WIMOE  dbobsgEgL Lszgzegy Lolb@gdsdo
900@0bsMg  3OHmEgLgdl,  9ME0WgdJE0s, MMI 933035 gbGHMdOL  3M0GIM0do  smfi93wIL
9d0b0do®  9600936900mdsL. vy gl 306MMds o6  LOMEIEIDS, LoFoMm bEgds Mol
3M699dBH0Mgds 356599GHOJB0L 56 TlodEgdgEr0s ImEYErol LEGHMYIEGHNIOOL (33O gdOm.
3obgobomm 8gdmbggzs [1, 2], Gmgbsg dmEawol godlo®gdymo LEHOWIEHMOHOL
OMUL, 9000 3560599BHMOL Lo39mgliem Fgusligdols 9mBg3000 TgladegdgE0s $039335G)¥IOMdOL
LoFotmm boGolbol dowfg3s. s8obsmz0l 30496900 1 FmEYWL 9HMO ©s 03039 LAHOMIGMGON
356539HMd0L Lbgsalbgs 860836gmdom b (i=12,...,n). bogds mommgnwo dm@yeol

299035350 Logbswol ™Md0gdGHOL godmdsgsen Lobswmsb Fgotgds. dowgdyeo dgobrydo
3MI0gdgd0 Jogfimmgds 3H0@IMH0dol gsdmmawol C derm3gdl, MHmdwgddos MgowwobEgds,
05500m5, (4) Lobol BMbEoMboErol Qsdmmgs. sbigo dgdmbggzsdo T 0bEghzowby s0mgds
b=b oy E<E;, i=].

®d09:]Bo
: JotadyBdo b :
| B I
Ly (U(‘:U{]d&ﬂlj __}% —b
I wobodogo |
! I
by
-
By R .
L
-+
—>| M, O
1 I
I I g
| bn +| :
N gy B—cct
"
bsb. 2.

abgmo dgx30Lgds 89odwgds doMgdyeo 0dbsl bGsEombosvyemo LolbEgdolbsmgol gMmo
3353560509 GM0560  FmEgEol  Lsdmowrgdom, Gmdgwdos j 0bGHgMm35wdo  35ModgEHmol
36083690md5 500905 b; -0l Gragwo. 5360gd, Sligod Fgdmbgg3zsd0 LsFoMm 0bgMOTo30s 300@IdS
NT ®MMob 356353md5d0 65300900 ©absbotxgdoo.

765 5006086, G dmgegdol 56 06EIMZsgdol LsgBmm Gogbgo 0bmEgds n™ -
9009 356539¢HM9d0L oo M Mogbzol EMHMU.

03 9gdmbgzgzsdo, GOmEbsg  Lofo®Imm  30Mmdgddo 3960  bgMbgds  sd@owmo
9939003960l BoBGoMgds, Mmool EOMLE 1s33¢g30 Md0gdGHOLS s 93900 dmEgurol
d9Lol3Eggdby 9O s 03039 Logbswo wbs dogfimoml, FodoMmsgzgb 89dmdsgzgdweo
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0096308035300l dg0mEol 899mfdgdsl LobMLGHIBY 3nI30MEIHMEO BMmEIWoMgdol bom
(Bogomoms [5, 17]).

3. ali33bs

LodmdocmBo 2obbowwos 1533 g30 Md0gIEHOLIMZ0OL JobmZoL 53900 Bomgdod03weo
90m@gol  59335GIOMIOL 96w OEILEMEPIOL  Logombol  gs9m3zag30L  3MmigLol
0530L90)M50900, 8oL 53980LsL LobEGIGOOL 0IYBEH0BOISE00L BgmMmEIdOL Yodmygbgdol
306t09030. 50b0dbEo Lozombolsdo dodmzbowo o Mool sboerobBol bsggmdzguby,
2399mygmaowos  MImsgmglo doymds, MHMEILsg Ls3zwgs LoLEGYIL s 5390 FmMEIYEL
dogfimgds gMmo s 03039 Logbswo, 8999y bgds oo odmbabzmgergdby dJowgdweo
Lbogboergdol  Fgscgdol  aboo  BogdMwo  30MmIowgdol  B0dsMm,  goM339vIo
033035963 Mmd0b 83bgdz0mboeols 89aqbs, HMIol bydwmswgdomsi bgds mdogd@obs s
9m@Egol  509335¢MOMOsby AR gEmds.  gobbowros  30MToEgdgdo  306OHEI30MO,
3906nbgdmo s gobbmyogdMo  ImEaEgdol  gsdmygbgdolsl.  gobgzobormamos
3565990 00096¢0%3035300L  39MHdm  Fgdmbggzs, MmEaLsg dmEgwol  RodboMdMEO
LEHOWIGHYOOL EOML, GO0 3565dgHMOL Lomzgmgbem dga3ebgdol dgMbgz00 Tgbodergdgeos
5003935 IO™BOL LoFoMmm boGolbol dowfjgzs.

Investigating the issue of adequacy in the construction of a mathematical model with the
methods of system identification

Besarion Shanshiashvili, Beka Avazneli, Nino Arabuli

Summary

Peculiarities of investigating the adequacy of the mathematical model built with the methods
of system identification, to the research object, are discussed. The most important approach is
distinguished when the same signal is supplied to the research system and the built model. The most
important approach is distinguished when the same signal is entered into the research system and the
built model. When comparing the signals received at their outputs, a certain equivalence
functionality is drawn up towards the received error, which can be used to judge the object's and
model's adequacy. A special case of parametric identification is considered when the model has a
fixed structure when the required degree of adequacy can be achieved by selecting the best estimate
of one parameter.

Hccnemopanue Bompoca afeKBaTHOCTY ITIOCTPOEHHA MaTeMaTHIeCKOI MOZeTH METOAaMU
uAeHTH(GUKATUYN CUCTEM

Buccapuosr Illarnruansrrn, bexa Apasaern, Huro Apabyiu

Pesiome

O6cyxmaioTcss  OCOGEHHOCTM — HCCIE[OBAHUSA afeKBATHOCTM MAaTeMaTH4eCKOW MOZeH,
IIOCTPOEHHOM MeTOaMU HAeHTU(UKAIMY CHCTEMBI, O0bEKTy HCCIefoBaHUA. Brimensercs Hauboiee
BaXHBIH IIOAX0J, KOT[ia B MCCIeZ0BAaTEIbCKYIO CUCTEMY U ITOCTPOEHHYIO MOJeNb IIOJAeTCA OAUH U
TOT >Xe CUTHaJ, a IpPHU CPaBHEHUU CHUTHAJOB, IOJYyYeHHBIX Ha WX BBIXOJAX, COCTaBJIAETCA
oTIpeZiesIeHHBIH (DYHKIIMOHAT SKBUBAJEHTHOCTH OTHOCHTENBHO IIOTPEIIHOCTH, II0 KOTOPOMY MOXKHO
CyauTh 00 aZeKBaTHOCTH IIONYYeHHOH Mogemu o0bekTy. OO6CYyXAaroTcA OMMOKH, IONydeHHbIe B
YCIOBUAX HCIONB30BAHUA IIPAMOMN, 0OpaTHOH u o0006meHHON Mogeineil. Ilpu ¢uxcuposaHHON
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89UsG0omb dsbdosdgoemo, 8gds 535 bbgemo, 6obm sGs8ryemo

CTPYKType MOJeJH PacCMaTpHBaeTCA JACTHBIM cIydail IapaMeTpH4ecKoi HAeHTHUOHMKAIUHU, KOIJa,
BBIOpaB HAMIyYLIYIO OIEHKYy OFHOTO IlapaMeTpa, MOXHO JOOUTBCI HeOOXOAUMOH CTelleHu

a/leKBaTHOCTH.
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Possibilities to improve the electronic system of public procurement
Mamuka Melikidze, Anna Kobiashvili, Mery Gegechkori

Summary

The invasion of digital technologies in all sectors of the economy necessitated the creation of an
electronic portal for public procurement. The portal created in Georgia has been successfully operating
and serving business entities for more than a decade. Conducting tenders electronically provides a high
level of visualization and transparency, strengthening the management and monitoring of the procurement
process, reducing the level of corruption, saving money and time, simplifying the procurement process
through automation.

The article discusses the recent analysis of the work of electronic tenders in Georgia, the relevant
diagrams are given. Conclusions have been made about the shortcomings in the field of public
procurement. The main directions of the reform planned to correct these shortcomings are analyzed. From
the point of view of e-procurement, the desired recommendations for the future transformation of the
Georgian e-procurement system in accordance with the current trends in the world have been made.
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Bo3moxHOCTH COBEpIIEHCTBOBAHUS DIEKTPOHHOI CHCTEMBI TOCYAapCTBEHHBIX 3aKyIIOK
Mamyra Mernuknzgse, Aura Kobmnamsrnru, Mepw I eregxopn

Pesiome

BropxeHue IMQPOBBIX TEXHOJOTUH BO BCE OTPACTM SKOHOMHUKU BBI3BAJIO HEOOXOAMMOCTH
CO3ZAaHUA 3JIEKTPOHHOTO IOPTaa TOCYJApPCTBEHHBIX 3aKyNoK. Co3maHHbIN B I'py3un mopran ycmemrHo
paboraer u OOCIy:XHMBaeT CyOBEKTOB IIpeJIIPHHHUMATeIbCTBA yxKe Ooiee mecaru ier. IIpoBemenue
TEH/IePOB B DJIEKTPOHHOI (popMe 0GecleyrBaeT BHICOKHMI yPOBEHb BU3YAIU3ALUU U IPO3PATHOCTH,
yCUJIeHMe YIIpaBJeHHs M KOHTPOJIA IIpoliecca 3aKyIOK, CHIDKEHHe YPOBHA KOPPYNIIUU, SKOHOMHUIO
JleHeT U BpeMeHH, YIPOIeHHe TIPoliecca 3aKyTIOK 3a CYeT aBTOMATH3aIIH.

B craree paccMaTpuBaeTcs HeZABHUI aHaIW3 pabGOTHl 3JIEKTPOHHBIX TEHAEPOB B I'pysum,
IpUBEZIEHB COOTBETCTByIomMe guarpaMmbl. CrenaHbl BBIBOZBI O HeZOCTaTKax B  cdepe
TOCYZapCTBEHHBIX  3aKyHOK. IIpoaHaju3MpOBaHBI  OCHOBHBIE  HANpaBIeHUS  pedOpPMEL,
3aIUIAHUPOBAaHHOM MJIA MCIPaBIeHUA STUX HeJOCTaTKOB. C TOYKM 3peHHA 3JIEeKTPOHHBIX 3aKyIIOK
ObUIM JaHBI >KejaeMble pPeKOMeHJAlWH II0 Oynymeill TpaHChOpPMAIuy TPY3HHCKOH CHCTEMBI
3JIEKTPOHHBIX 3aKyTIOK B COOTBETCTBUHU C TEKYLUIMMU MUPOBBIMU T€HAEHIIMIMU.
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Somatic Vocabulary in the Georgian Language: lexeme Liver

Lali Narikashvili, Anna Chutkerashvili

Summary

The aim of the paper is the semantic analysis of the somatic lexeme liver in the Georgian
language. The main task is to compare the definitions presented in the dictionary of the definition of
the Georgian language with empirical material and to answer the question: why does the word liver
appear in a specific context and what emotional coloration does this linguistic sign have.

In the process of changing the meaning of a word, it is necessary to be interested in the issue
of polarization, because often a word with a seemingly positive connotation develops its opposite
meaning. It is interesting whether the mentioned lexeme has only a positive connotation or has
developed a negative content as well. During the research, I used the descriptive, comparative and
analysis methods of the empirical material obtained in the national corpus of the Georgian language
(sub-corpora: new Georgian and referential corpus of the Georgian language), and I presented the

main result in the form of a conclusion.
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CoMaTuueckad JIeKCHKa B IIPOCTPAaHCTBE I'PY3MHCKOTI'O A3bIKA: JIEKCEMa II€9I€Hb

Jlanu Hapukaweunu, Anna Yymrkepawsuiu

Pe3rome

lenpio cTaTsu ABISETCI CEMAHTUYECKUI aHAJIM3 COMAaTUYECKOM JIeKCeMbI II€YeHb B
TPY3MHCKOM A3BIKOBOM IpocTpaHcTBe. OCHOBHas 3aZadya — CPaBHUTh OIpeeeHU,
IIpeCTaBIIeHHbIE B CJIOBApE OINpeeIeHUI TPY3HHCKOTO A3BIKA, C SMIUPUYECKUM MAaTepHUAIIOM U
OTBETUTH HA BOIIPOC: IIOYEMY CJIOBO II€YeHb IOABJIAETCA B KOHKPETHOM KOHTEKCTe U KaKyIo
SMOIIMOHAIBHYIO OKPACKy HMMEeT DTOT A3BIKOBOM 3HAK.

B mpomecce wu3MeHeHUA 3HAYEeHUA CJIOBAa HEOOXONMMO HHTEPECOBATHCA BOIPOCOM
MOJIAPU3AlUY, IIOCKOJBKY 3a4acTyi0 CJIOBO C, Kas3aJaoch ObI, IO3UTHUBHOII KOHHOTaIlHel
mpuoGpeTaeT IPOTHBOIIOJIOXKHOE 3HaUYeHUe. [IHTepecHO, MMeeT IM yKasaHHas JeKceMa TOJIBKO
IOJIOKUTEIBPHYIO KOHHOTAIlMIO WJIM pasBWiIa M OTpHUIATeNbHOe cozepxaHue. B  xogme
HCCIeOBaHUA s MCIOJAb30BAI OIIMCaTeIbHble, CpPaBHUTEIbHBIE U METOABl aHaIH3a
SMIIMPUYECKOTO MaTepuasa, IIOJIYyYeHHOTO B HAIMOHAJIBHOM KOpPITyCe TIPY3HHCKOTO A3BIKA
(cybxopmyca: HOBBIM TPy3MHCKHII U pedepeHTHBIH KOpIIyC IPY3MHCKOTO f3BIKa), @ OCHOBHOM
pe3yJIbTaT IpeACTaBUI B Bue GOpMa 3aKII09eHU.
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