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Parameter estimation of one class of manufacturing closed-loop nonlinear systems
Besarion Shanshiashvili, Nugzar Dadiani

besoshan@hotmail.com, nugzar_dadiani@yahoo.com
Abstract

The problem of parameter identification of nonlinear dynamical systems functioning with
positive feedback in the frequency domain is discussed. It is assumed that the input to the system is
a harmonic signal. A linear model with nonlinear feedback represents the system model. Taking
into account the peculiarities of the operating conditions of such closed systems, which are
widespread in manufacturing processes, the nonlinear element of the model is described by a
second-degree polynomial function, and the linear element is described by a first-order ordinary
differential equation. Under such assumptions, the model is described by an ordinary nonlinear
differential equation, known as the Riccati equation. The use of the least squares method when
solving the parameter estimation problem allows reducing the problem to solving algebraic
equations. In the developed identification method, static characteristics are estimated in a
stationary state, and dynamic characteristics are estimated in a steady state using the Fourier
approximation. The developed identification method is investigated in terms of accuracy.

Keywords:

parameter identification, system, nonlinear, feedback, equation.

1. Introduction

Most of the processes in industrial systems have a nonlinear nature with properties that create
certain difficulties in the study and control of systems. The principle of superposition is not valid for
nonlinear systems. When a harmonic signal acts on the input of the system, depending on the initial
values, different motions can be obtained at the output, namely non-resonant, resonant and subharmonic
oscillations. Different types of motion can also be obtained depending on the frequency, amplitude and
phase of the input harmonic signal. In a nonlinear system, a new type of steady-state process can arise,
such as self-oscillations in the absence of external oscillatory influences. In a nonlinear system, a new
type of steady-state process can arise, such as self-oscillations in the absence of external oscillatory
influences. In a nonlinear system, one cannot talk about the stability of the entire system. Of the different
types of motions obtained at the output of the system, some may be stable, and some may be unstable.
Therefore, the stability of individual motions in nonlinear systems is investigated. The list of
characteristic features of nonlinear systems can, of course, be continued.

Even more difficulties arise when investigating processes in nonlinear systems operating with
positive feedback. Such systems are widely used in manufacturing, especially in chemical, metallurgical,
mining, pulp and paper production, ecology, etc. Positive feedback systems are characterized by the fact
that part of the input raw material, which, while passing through the working part of the facility, remains
unprocessed to the required condition, is returned to the system input for re-processing. Such closed-loop
systems with positive feedback are characterized by maximum use of raw materials and relatively high
efficiency [1].

When automating any manufacturing process, the selection of the type of automatic control system
depends significantly on the amount of information about the state of the system, which must be
formalized in the form of a mathematical model.

When defining a mathematical model of feedback systems, one can use the feature of the
functioning of such systems that it is conditionally possible to distinguish between a direct channel and a
feedback channel [2]. When moving through a direct channel, the initial material is processed into a
finished product, which, as a rule, is transferred to the next technological process cycle. The movement of
unprocessed material in the system occurs through a feedback channel. In manufacturing, usually, initial
and unprocessed materials are measured. Defining a mathematical model of the feedback channel allows
you to build a model of the entire system.

11
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To formalize the processes occurring in manufacturing systems with feedback, in the form of
mathematical expressions, mathematical modeling, or system identification methods can be used. When
constructing a mathematical model of a system using system identification methods, it is necessary to
solve various problems related to the amount of a priori information about the system and the
observability of signals acting on the system [3]. The success of constructing an adequate model of the
system under the conditions of a known model structure is significantly determined by the solution of the
parameter identification problem.

To describe nonlinear systems, general models are usually used, in particular, the Volterra [4] and
Wiener [5] series and the Kolmogorov-Gabor [6-7] continuous and discrete polynomials, or block-
oriented models, in particular various modifications of the Hammerstein and Wiener models, which in
turn consist of various connections of nonlinear static and linear dynamic elements [8].

In nonlinear systems operating with positive feedback, the solution of identification problems is
associated with more difficulties than in open nonlinear systems. This is due to the peculiarities of the
functioning of feedback systems, namely, in addition to taking into account the features characteristic of
nonlinear systems, it is additionally necessary to take into account the fact that in feedback systems, a
stable motion based on the output is obtained when the system input influences and system parameters
change within certain limits. In open systems, when represented by block-oriented models, it is possible
to sequentially investigate the processes occurring in the linear dynamic and nonlinear static elements that
make up the models. In feedback systems, it is necessary to investigate their descriptive nonlinear
differential equations, which are associated with mathematical difficulties.

This paper discusses the problem of parameter identification of nonlinear systems operating with
positive feedback in the frequency domain under the conditions of harmonic influences entering the input
of the research system. A linear model with nonlinear feedback is used to represent the feedback channel.
To determine the differential equation describing the model, information on the static and dynamic
characteristics of positive feedback systems operating in real manufacturing processes is used. The
developed parameter identification method is based on observations of the values of the input and output
variables of the system. The method allows to determine part of the parameters - static characteristics in a
stationary state, while the dynamic parameters are estimated in a steady state using the Fourier
approximation. The parameters are estimated based on the least squares method. The developed method is
investigated in terms of accuracy.

2. Classes of model and input signals

The block diagram of the linear model with nonlinear feedback for the presentation of the
feedback channel of nonlinear closed-loop systems is shown in Fig. 1.

)
~ > 1 p) p—r>

[ J
Jiy) ~

Fig. 1. Linear model with nonlinear feedback

This model is described by the equations:
y(t)=W( p){u(t)+ f [y(t)]} , (1)

where w(p) is the transfer function in the operator form of the model’s linear dynamic parts and p
designates the differentiation operation: p =d/dt.

For solving the problem of parameter identification, it is supposed that the input variable of the
system u(t) is a harmonic function:

u(t) = Asinowt +B. )

In addition, we assume that B > A, because if the input signal is zero, no signal will be received
at the system output.

12
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3. Mathematical equation of the linear model with nonlinear feedback

To determine the mathematical equation describing the model, let's use the features of the
functioning of real practical feedback systems.

Based on the a priori information, which is obtained taking into account the features of the
functioning of practical systems with positive feedback [2], it is supposed that the nonlinear static
element, which is part of block-oriented models with feedback, is described by a second-degree
polynomial function:

f(X)=cx+Cyx° A3)
and the transfer function of the linear dynamic element has the following form:
1
W(p)= , 4
(P=111 @

where c,, c, - constant coefficients and in (30 the free member is absent since at the zero-input signal,

there is no signal on the output of the system with positive feedback, and T - time constant.
If we consider expressions (3) and (4) in expression (1) after several transformations, we get that
the linear model with nonlinear feedback is described by equations:

y(t):—l_%y(t)+(_:r—2yz(t)+_ll_u(t). 5)

4. Mathematical description of output forced oscillations

The solution of the parameter identification problem requires solving of the Riccati differential
equation (5), taking into account (2).

In addition, it is necessary to take into account the stability conditions of the steady motion at the
output of the nonlinear systems operating with a closed loop.

For the closed-loop nonlinear systems, it was obtained [2] that the satisfaction of the following
conditions:

0<c <1, ¢, >0, (6)
and
g<1% )
2c,

where U is a value of the input signal for some steady state, which guarantees the system stability.
Therefore, for the linear model with nonlinear feedback, it is assumed that the conditions (6) - (7) are
valid.

Analysis of conditions (6) and (7) allows us to conclude that ¢, is a small parameter, and for the

solution of the Riccati equations (5), it is possible to use the method of a small parameter and to search
for the solution of the equation in the form of the following series:

y(t):iﬂwyn (1), (8)

where u - a small parameter.
Because c, is a small parameter, and we can assume that

H=C,. 9)
The smallness of the parameter ensures convergence of the solution (8), so in expression (8) it is

possible to ignore terms of the second and higher orders of small values, and we can limit ourselves to
two terms:

y(t)= Yo (t)+c¥(t). (10)
If we put (10) in equation (5) and equate coefficients of terms with the same degree of c; on the
right and left sides of the equation, we get:

Yo (t):—l;_Cl y0+%Asina)t : (11)

13
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. 1-c 1
yl(t)=—71y1+;y§- (12)

Equations (19) and (20) are linear ordinary differential equations. If we solve linear ordinary
differential equations (11) and (12) with zero initial conditions, we get that the output signal of the model
in the steady state is represented as follows:

y- B , c,B? N c, A’ N c,A? sin(at—g,)+ 2c,AB 5
-6 (1-a) 2(-¢)[1-¢)+eT?] fa-c)+oT? 7 amo)a-o et
. c,A’?

xsin (ot —2¢, )+ cos(2at —2¢, — ¢, ), (13)

2[(1-c) + o T |{(1-¢ ) +40°T*

where
_arctg-“, o, —arctg 2
“ 1¢ 7 gl—cl'

5. Parameter identification

Solving the problem of parameter identification analytically for most block-oriented models with
feedback is complicated by their nonlinearity with respect to the parameters, and therefore, the analytical
solution of the parameter identification problem is possible for some low-order models.

Most of the parameter identification methods are developed for open systems (e.g., [9 -15]) using
nonlinear block-oriented models.

Some works [16-18] are devoted to solving the problem of parametric identification of nonlinear
systems with feedback, but when determining the dynamic characteristics, it is necessary to calculate
derivatives based on experimental data, which is associated with the acceptance of errors.

It is worth noting that identification methods based on other approaches have also been developed
for nonlinear systems with feedback (e.g., [19-20]).

5.1. Identification of static parameters

For the linear model with nonlinear feedback, the connection between the input and output
variables in the stationary state is determined by the equation:

(1-c)x—¢,x* =u. (14)

Static parsmeters estimates by the least squares method were previously obtained [16-18] using

expressions (14):
o (B (B ] .
(202 HE)
(BB )o(E0)[ 2] "

In expressions (15) - (16) - u;, X; (i=1,2,...,n) are the values of the system’s input and total
variables in the stationary state at the momentt; (i =12,...,n).

5.2. Identification of dynamic parameter

Equating the estimate of the Fourier coefficient, which is obtained using the Fourier approximation
[21], with its theoretical values from (13), we get

14
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a_ B c,B? c,A?

2 1¢ (1q) 2(1-0)[(1-¢) +e'T? |

From (17), after transformation, at different frequencies w = w; (i = 1,2, ..., n), we obtain:

(17)

(1-6)[2B(1-6)" + 6,47 +26,87 -4, (1-6,)' | =[ &, (1-6) - 2B(1-6,)" ~ 26,87 | T, +2, , (18)

where & (i=12,...,n) - values of the Fourier coefficient at the frequency ,, and - & (i=12,...,n)

errors of measurements and approximations, and T, =T,
According to the method of least squares, the error squared sum is:
s=Y¢ :Z{(l—él)2 [2B(1-6) +6,A" +26,B7 — 4, (1-¢,)" |-
i=1 i=1
2

[ (t-6)" -2B(1-6) ~26,8% |, | (19)

If we take into account the equality T, =T?, differentiate (19) by T, and equate the received value
to zero, and after transformation, we’ll obtain an estimate of the parameter T:

, (20)

M. :(1—61)2[2(1—6:1)2 B—4y, (1-¢, ) +¢,A? +26252], N, =4, (1-6,) ~2B(1-¢,)’ —2¢,B° .

6. Accuracy of the received results

It is necessary to study the accuracy of the identification method when using parameter
identification algorithms developed in accordance with the identification method in manufacturing
conditions under noise and disturbances.

The identification method was investigated by theoretical analysis and computer modeling. At the
identification of the closed-loop nonlinear systems of manufacturing processes in the presence of noise
and errors, the reliability of the received results depends on the accuracy of the mathematical processing
of the experimental data obtained by the measurement of the system’s input and output signals, and also
on the accuracy of the measurements. It is recommended to accept that the value of the output signal at a
certain time moment is an estimation of the mathematical expectation of the value of the output function
at the present moment, when using various schemes of the numerical harmonic analysis.

Besides, as it is known, the method of the least squares used for parameter estimation when the
noise is small and ideally normally distributed gives reliable results.

The correctness of the results obtained in theoretical studies and the feasibility of using the
developed method in production conditions were confirmed by computer modeling using MATLAB.

7. Conclusions

When solving the identification problems of positive feedback nonlinear systems, we encounter
specific difficulties due to the peculiarities of the functioning of such systems. When conducting active
experiments in these systems, it is necessary to fulfill the conditions that ensure the stability of each
motion obtained at the output of the system. When supplying an input harmonic signal, the stability of the
motion obtained in the steady state, namely, forced oscillations, can be ensured by changing certain
values of the static parameters of the system and the input signal within certain limits. In addition, when
analytically obtaining the expressions of the output variables of feedback nonlinear systems, it is
necessary to solve the nonlinear differential equation describing the system, which is associated with
mathematical difficulties, and at the same time, it is necessary to take into account information about the
peculiarities of the functioning of the system.
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In this work, a method for identifying the parameters of nonlinear systems operating with positive
feedback is proposed, when a linear model with nonlinear feedback represents the feedback channel. The
method involves conducting an active experiment by applying sinusoidal influences on the system under
investigation. Fourier approximation is applied to the forced oscillations obtained at the system'’s output,
and estimates of the Fourier coefficients are used to solve the parameter identification problems.

According to the proposed method, the parameters are estimated in two stages. In the first stage,
the static parameters are estimated in the stationary mode, and then in the second stage, the static
parameter estimates are used to estimate the dynamic parameters in the frequency domain under the
system's input harmonic influence in the steady-state mode. The parameter estimates are obtained using
the least squares method. An analysis is carried out in terms of the accuracy of the obtained results.

9000 3eslols FoMdmgdol ©934935380600560 sMsfiMxn030 LOLBYIYOOL 356M50gEMYIOL
99x39L900

89b5600b dsb6Josdz0¢m0, big st @scoosbo
M9bomdg

296boEmos IEIBIOMO 3353800000 B630MmboMYBIO MHOBOZ0 OBsTO3MO
Lol JIgOOL 365TYBHOMEO 0EIBEH0B0IEO0L M35 LobdoGwyen sMgdo. 0aEroLbbIgds, HMI
LobGgdol dgdsgoeo  Bgdmddggds  oMoL  3oMmImbomwo  Logbswo. LolbEgdol dmEgero
000800693y  (iM3030 TmYom  sMfiMR030  M3M393d06M0m. Lofo®mdmm  3Mm3glgddo
RBOMMO  A93MEIWYPMmo,  sbgmo  Bs39BHowo  LobGgdgdol  Lsdwdom  30MMdYOdOL
0530L93)Mg0go0L  250350olLfobgdom  s0bodbmwo  ImEgwol  sMfMR030  gwgdgbdo
50P9M0w0s Igmeg bsmoLbOL 3meobmdose®o gmbdzoom, bmwm (Gxogzo gwgdgb@o -
3003900 ool B39MwgdHhozo  ©OBIMHIBE0IWMOO  A3bGMEmgdom. sbgmo 33700l
3060090330 dmEIEo 500fgMgds F391IgdM030 sMFOHB030 OBIMIOE0SWMEMO FobEmergdom,
MmIgog  3bmdowos  M035@0L  49bGHMEgdoL  Lobgwfimgdom. ¥IzoMgbo  3ZoMOEJOOL
9900mEOoL  250mygbgds,  3505dgBHMIdOL  gnoligdol  s8mEsbol  4oafiyzgEHoLsl,  s8mEsbols
39O M0  6GMMgdgdoL 58mbLbsBY ©oY3z60L Ladmoegdsly 0derg3s. 0gbEH0R03E00l
890990539090 3gomEoLsl  LBEGIGH03MNOO  Tsbsllosmgdwgdo  BsbEIds  LGHoEoMbsGyew
90356Mm9Mds80, bmwm gmEmogl s36MMmJulodszool gsdmygbgdom ©obsdolzmmo Bsbslinsmgdmgdo
- 539590 3EAMToMgmdsdo. 8999985390v90 00gbGH0B03300L TJOMPO J8M3IZWIMIE0S
LOBMLEHOL MZOWLIBOOLO.

Onenka nmapaMeTpoB OAHOI0 KJjacca MPOM3BOJACTBCHHBIX 3AaMKHYTBIX HeJIMHEeHHBIX
CHCTEM

Buccapror Illarnrransrrnm, Hyezap Jaouanu

Pesome

PaccmarpuBaercs 3amada mapaMeTpUUYECKOM WICHTH(GUKAMKA HEJNMHEHHBIX JHHAMHYECKHX
CHCTEM, PabOTAIOMINX C TIOJOKHUTEIEHOW 00paTHO CBA3BIO B 9aCcTOTHOH obOmactu. Ilpeamonaraercs, 9To
Ha BXOJlI CHCTEMBbl IOJAETCSI T'AapMOHHYECKUMH CcUTHal. Mozenb CUCTEMbl IpencTaBieHa JMHEWHON
MOJICNBI0 C HETMHEHHON oO0paTHOW cBs3pio. C yd4eToM 0COOEHHOCTEH YCIOBHH (DYHKIMOHHPOBAHHS
TaKWX 3aMKHYTBIX CHCTEM, IIMPOKO PAaCHpPOCTPAHEHHBIX B IMPOM3BOJACTBEHHBIX MPOLECCAX, HEIMHEHHBIA
3JIEMEHT MOJENH ONHMCHIBACTCS TIOJMHOMHAIBHON (YHKIHEH BTOPOH CTETEHH, a JIMHEHHBIM 3JIEMEHT —
OOBIKHOBEHHBIM JU(epeHHaTbHBIM ypaBHEHHEM MEpBOro Mmopsiaka. [Ipy KTakux MpeArioNoKeHHIX
MOJIEJIb OIMCHIBAETCSI OOBIKHOBEHHBIM HEJIMHEWHBIM qu(depeHInanbHbIM ypaBHEHHEM, U3BECTHBIM KaK
YpaBHCHHUEC Pukkatn. Mcnons3oBanue METOJa HaWMMCHBUIMX KBaJApaToB Mpu PCHICHUU 3adadun
OLICHMBaHMs [apaMeTpPoOB IMO3BOJIIET CBECTH 3a/ady K pEUICHHI0 anreOpanvyeckux ypaBHeHuWid. B
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pa3pa60TaHH0M MCTOAC I/I[leHTI/l(l)l/IKaLII/II/I CTaTUYCCKUE XAPAKTCPUCTUKU OLICHUBAIOTCA B CTAllTUOHAPHOM
COCTOAHMHU, a AUHAMHYCCKHUEC XapaKTCPUCTHKHU — B YCTAHOBUBIIEMCA PEKHUME C HCIIOJb30BAHHUEM
armpoKCuManun dDyp},e. Pa3pa6OTaHHI>II71 METOQ I/IHCHTI/I(I)I/IKaHI/II/I HCCJICAO0BAH C TOUYKH 3pCHUA TOYHOCTH.
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360 fomoom Jgambisbugmvmo s®ob §MHggdom ©sxs®30l obsdogm®o sdm3sbs

36:m3@g90L 5dBHrgsEmds

03 Habo, Homdmgdsdo, bosg G039 IGIWIOL 3BEYdGD, Foloens MMIEOLADSS
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Bob. 2
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000m39bs.  Mm3@0Bomdol  3M0GHIMH0Mds  dobbowmos  mdogdBgdol  dsbsbosmgdgwro
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dm390e G9OGowdo, bonwm GoEomlo (33598505 ©s 033wgds dMowgdo Ri€[Rmin ;
Rmax], i=1, 2, . . . n. 30ggom, sbgmo §Mggdos Ci, Cz, . . . Cn. Rmin s Rmax Looggdool
96033690 mdqd0 2odmom3wgds s ©3M30Idwos Q-l 3mbxgoRMMo30sLs s S BIMHMBDBY.
30600056 Q LodG®EYoL bofogros, si, s2, . . ., sn 396GHJO0 BoLOsMEYB0D MMO JNMOEOBsGHom
si(xi, yi) i=1, 2, ... n.

50MLOL (330omgds 0fj393L Lbgs 356599@®0oL 993300l s gl ©sdM300gdMMGdIO0
93909900 86930900l Loboom. B3zgbo d0Bsbos dogswfomm Mm3EH0doeH GroomLl, oy, Hrmd
9sbBg ©s9M300GOME0 356M589GM0E 0gml ogdlodscrMo.

90fgmdoEMmdgdo HOHoMwo RoMmNMdOL dmbo@GmMmobyby botxszgb 9bgcaosl, GmIgwos
29900bobgds Fglodsdolio FMHol Moonlibyg sdm30gdYmo DM B3bJsooom Pi = f(Ri). 58539
©OML, 000mMYMo  Infgmdowmds bolosmEgds bsmobbmdMOz0 3sMsdgBom, GmIgwos
03Mgmzgg dqLsdsdoLO FHOL MEOMLBY LIM30EIOIMEO JgdsEO BwYEJ30ss Ni = g(Ri). 5Tsbmsb,
0MOMMIPMI0 N, i=1, 2, . . . 0, §390m6 990mbsBOZOH*Yo LOOWYS Nmin.

Q 56MH0b sxgsM35 P 37mfmemon dmfigmdomdgdol oligor 4obsfiowrgdsl, Mmogbsg Q s6ob
Bgooldogh z FgmGowl gMmo Jmfymdowwmds 35063 93mbEHMMEgdL, 6wy MMIgeodg C Fogl
937903606 ©s Qc UL;Ci. bsFoMms 303m3mm Q 6oL ©sdg8560s30 §69900L  396¢HO9d0L
30653300 si(Xi, yi) ©5 Moo FOHoLmZ0L gobzlobwgdmm Ri Msonbo i=1, 2, ... n
obg, OHmI X39O bOXMWo 96ggos 0gmlb FogdbodoEMo o 5Tobmsbogg xsFMMO
batobbog ogml dsgdbodsewdo

n
S, ;- max

YN — max
a9bg0bomm  dqgdmbggzs, GmELsg Q 969 [omIMoagbl obMm3mobgwl, G™Iwol
DmIgdo@Ess a s b, bogrm BoGOMdO a - b= S. 3obs0b Mbs 456msgzLgl n Mg, domgwo S
RBIOMMOO ©H394MM N Gy Boffows s 3odzem, ®MA qb baforgdo 335MEJd0s (bb.4). 05d0b

3bo©0s, HMI MONMYMNWO Ry = g\/% . 339006530l 2390©0 GHMo 0d69ds \E LoOEOL.

0¥ si(xi, yi) i=1, 2, . . . n 3gbGH®MIOL gob35003L9dm 3350MOEYOOL (3963900, 35806 Ry = V2 \/a;b

2

bomeem  Rpyax = \/a;b (655.3). 999mzo00mm  GMbJgombsewo p =P YL P + P XL in;,  bosg
3099830309563 gd0 P1, P2 € [0, 1] 8906Bg35 0ol dobgz0m, v GMIger 30G0EGIO0MAL gbogds
M30M5GJLMBS Im3gdme dmdgb@do. bggbo Lagnmms dgzs®bomo Ri[Rmin ; Rmax], i=1, 2, . . . n
5001gd0 0lY, HMI p GMbJ30Mmbords JooMML Jodbodscreo 860dzbgermds.
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N

N\

Bob. 3 Bob. 4
Bogmzgomm, Mmd Imnfymdowmdgdo, MHmIwgdog six, vi), i=1, 2, . . . n, 396@®gddo Mbs
396053bgb 9B GHodobss.

5e0am®omdols sefjgco

5190 58M 3560l FglsdsdoLO sSEMGHOMT0 MHSFEYB0TY JOMOMIO BOK OBEYD Tgygds:
1. Q 33Mwo sMg ©s34mm Gi1, Gz, . . ., Gk J39969905© 3mbogzM Mo InbsbBGId0m (©oLdweo
95009640 53mE3s60L dmbs3gdgdoL gomgzsmolobgdom) Q = UK G;.

2. ©935030bMm®» MomMgo Gj LodMIZ3EoLbm3zoL JodlodogrvyGo BmIgdo aj s by, j=1,2, . . ., k.
(0geolbdgds Mmommgueo Ggaombol 85gdlodsEw Mo s B0bodsEMmo 30MMEO065EJOO Xijmin,
ijax, ijin Qo ijax). 35d0b aj = ijax - ijin, b(”l@(”l bj = ijax - ijin.

3. mommge Gj 569 999m3LbsBOIOHM™ FoMr3MbY0m, HMIWOL BsMmMdo 0gbgds Sj = aj - by,
0000 Gj 56780 36LsmgLgdIo Mmd0gdEHgool Mom@abmdes n; = [S?’] n, j=12,... k.

4. §j 5GHOOXMBO ©33YMO 33500MG Bofforgds, HMmIgEmsgsb mommgmwol a39Mol LogMdy
S; ﬁ S

096905 \[n:j » boagoe 35680 Babsbyyero iMool Gsombo ogbgds R; = — \[n:j . POgfoM0b 396¢®0
900g05M9MdL 339MIGOL O0RMbIEgdOL F9MEH0wdo s Jobo 3MMMmEObsE B0 4oboLEBOIMYdS
39909abs0Moc:

5. gbos@os, 93909wo (H9g00 S BoMmMMOL 3960 IRIMZ9D. sG0GH™I ©s30(Ygdm Mooligdols
056800930 Md00  (33¢00d5L  Rjmin-@sb  Rjmax-00g §obsbo®  gobLsbOgOwo doxoo ©s
4m39e0 (330gdol 9990099 30003om v9bd30mbsocols 3603369 mdsls

p="h Z?:jl Yi(R)) + P, Z?i1ni(Rj)-

6. ®00Mo Sj §39569L5m30L b s0gHML M3E0TIMMO EIRMZ0L bdqds, s5ToLsMZ0L Zoggdm
4-bal ymzgwo 4 d9BmdgEo HOHOLm30L. Jergdgb@Ee®mwe M3gMIE0sMs MOmEIbmds MomMMgrIem
00xDg 5M0L 4-0b XIMOIPO MOEHL30. MY MOMNMIMOo G MHJROMbolm3zol sz0mzmom, ds80b
909996G 5O Mm39M53050s MomEIbmds goobMmEYds N -xIO, LsEsg N 00 3Z9OSGHIOOL
500 9bMdss, HMIGOS(3 0YM S BoMHIMBO.

7. ®0mM9o Gj H930mbolmzol 350sMgdm p Bw9bdigombscrols 3603369 mdgdl momMmgo
00X 0LmM30L S 30TsblMZMBM L3909l I60TZ69WMBIL ), s3MIMZg 30TsbLMZzMYdM [Mgadol
00 3mbLEM¥300L, OMIolmMZobyE p; 603369wMds 0ym gsdmmgarocro.

8. ¥9dsbols 361063030l 459mygbgdom 353900 LsdMEMMmE O SGHOLM3Z0L Lo)3909LM IRMZOL
Uggdsl.  sFolom3ol  9BI3MOM0Z35 TmbEgds Mgaombgdol Jggdmgds s Ymzggwo  SLgmo
39960mgd0l  99dmbggzs80 2odmomggds 9.f. godbbgowgdmwo p 8608369 mds, MMIgwos
Ao 0dbgds dgaermgd o MHga0mbgdolmgol gsdmmgwowo Bwb]zombagdol xsdols s
0o 9353 gds 0bY3 JergdgbBHoM  M3GMIG0SMS  MoMEIbMmdOL 2-0b XgMso ®ogbgo.
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Dynamic Problem of Covering a Region Bounded by a Curved Line with Circles
Ketevan Kutkhashvili, Nelli Kilasonia

Summary

The article considers the analysis of specific discrete optimization problems taking into
account dynamics, when changes in parameters, or the so-called "disturbance’ of the system, are to be
taken into account. Both single-criteria and multi-criteria cases and their application in various areas
of microeconomics are considered. Fundamental issues and algorithms of discrete optimization,
dynamic programming and graph theory are used to solve these problems.

In particular, a multi-parameter dynamic problem of covering a region bounded by a curved
line with circular objects with a varying radius is considered. Optimization of the characteristic
values of objects is considered as an optimality criterion.

The coverage radius, power and spatial parameters of each object are selected as parameters.

A mathematical model and an algorithm of polynomial complexity have been developed for
this problem.

JuHamMuyecKas 3a5a49a IMOKPHITHA OKPYXKHOCTAMU KPUBOM JIMHUEH OrpaHUYEHHO# 06/1acTH
Kerepar Kyrxamsrrn, Hern Knracornns

Pesiome

B craree paccmaTpuBaeTcs aHaaNW3 KOHKPETHBIX 3aZad AMCKPETHOH ONTHMM3ALMHU C yIETOM
IUHAMUKY, KOIZa HeOOXOLUMO VYMTHIBATh H3MEHEHHe IapaMeTpoB, WM TaK Ha3bIBaeMoe
«BO3MYIleHNe» CHCTeMBI. PaccMaTprBalOTCA KaK OZHOKDUTEPHAIbHbIE, TaK U MHOTOKpUTEPHUAIbHBIE
CIydau, a TaKXKe MX IIPUMEHEHUe B PasIUYHBIX OOJIACTAX MUKDOIKOHOMHKU. [lIa pelleHus 3THX
33/laY MCIIOJNB3YIOTCA (PyHIaMeHTaJbHBIE IIOJIOXKEHUA U aJTOPUTMBI JUCKPETHON OITHMMU3AIIHH,
TUHAMHIeCKOTO IIPOTPaMMHUPOBAHUA U TeOPUH IpadoB.

B wacrHOCTH, paccMarpuBaeTcsa MHOTOIIapaMeTpHYecKas IUHAMHYecKas 3afiada ITOKPBITHA
006J1aCTH, OTpaHUYeHHOM KPUBOI JINHUEH, KPYTOBRIMU 00BEKTaMU ITepeMeHHOro paguyca. B kagectse
KPUTEpHS OINTUMAIBHOCTH PaCCMAaTPUBAETCS ONTUMU3AIMS 3HAUeHU XapaKTePUCTUK 00BEKTOB.

B xauecTBe mapaMeTpoB BHIOpPAaHBI PAAMYC IIOKPHITUA, MOI[HOCTH M IIPOCTPAHCTBEHHBIE
IIapaMeTpsl KX0T0 06BeKTa.

A naHHOI 3amauu pa3paboTaHBI MaTeMaTH4yecKas MOJENIb U ITOPUTM IHOTHMHOMHUAIBHON
CJIOXXHOCTH.
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On One Model of Production Planning
Dali Sikharulidze, Nugzar Dadiani, Victor Khutsishvili

dali_sx@yahoo.com, nugzar dadiani@yahoo.com, otariko@yahoo.com
Abstract

In the article one model of production planning is considered, when using k kinds of raw
materials in order to maximize revenue and minimize cost, the enterprise has to select m kinds of
products from the given list of n products to produce; i-th raw material share in the $1 worth amount
of raw materials, necessary for producing j-th product, the total cost of j-th product and its price for
this amount of raw materials, are given. To solve this problem Pareto method for solving multi-
objective optimization problems is used. In this method weighting factors assigned by experts to
particular criteria are needed. These factors may be selected, using Saaty’s scale. “Mixed-integer
linear programming” procedure of Matlab is suggested to solve the sequence of obtained mixed-
integer linear programming problems 1-3.

Key words:

Pareto method for multi-objective optimization; Saaty’s scale; mixed-integer Ilinear
programming.

Production planning is the backbone of a smooth manufacturing process. It’s the roadmap that
organizes resources, timelines, and tasks to keep manufacturing on track and teams in sync. This
coordination helps to meet demand, avoid waste, and keep costs down. A strong production
plan answers questions like “what,” “when,” and “how much” to produce. And knowing what to
produce gives teams the time to ensure that all the right pieces from raw materials to machinery or
team members are in place when needed. Every enterprise producing some products before starting
its activity makes a decision which kinds of products are profitable for producing. This needs study of
many criteria and circumstances. In fact, this is the problem of multi-objective optimization. Our aim
is to construct the mathematical model for one of these problems.

Suppose, that the enterprise has the stock of several kinds of raw materials (feedstock,
commodity) with the costs by, b,, ..., by, in dollars .Using this stock, it can produce m different kinds
of products from given list of n kinds of products, n > m. Let’s introduce boolean variables y; :

1, if the firm produces j-th product

yj=
0 - otherwise, j = 1,2, ...,n

The fact, that we select exactly m products from the given list of n products, according to the rules of
modeling logical implications [3], may be written in the following way:

n —
j=1Yj=m

The following rectangular matrix is given:

di1p 0 Qin
A = H ‘. H ,
ag1 " Akn

where a;j is i-th raw material share in the 1$ worth amount of raw materials, necessary for
producing j-th product.
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Suppose, that x; is desired quantity, expressing the cost in dollars of the amount of j-th
product, that the enterprise will produce, considering the above criteria. Then

xj, if the firm produces j-th product

0 - otherwise,j = 1,2,...,n

We have the following inequalities:
n
Z Q¥ X <b,i=12, ..k
j=1

Suppose, that the price of the amount of j-th product with the cost of 1$ is pj, then the first

n
E Y. x; > max
jzlpjy/ J

Apart from the raw materials for the production of each product, electricity, gas, occupancy
costs, and labor costs for production personnel are required. So, if we denote by ¢; the total cost of the
quantity of j-th product, corresponding to the cost of raw materials, equal to 1$, the second criterion,

n
Zj_lcjyj Xj - min

So, our model can be written in the following way:

n
F, = E p;y;x; = max
j=1

criterion is maximal profit:

the minimal cost will be:

n
Fy=—X1-1¢yjx; > max

n
j=1 y].:m
n

Z ai]- y}x] < bi’ l = 1,2, Ik

j=1
x20,y € {01},j=12,..,n

This is mixed-integer problem of multi-objective optimization. It may be solved, for example,

by Pareto’s method in the following way:
Let’s solve two following mixed-integer linear programming problems:

Problem 1.
n
F, = ijijj - max
j=1
}1:1 yJ:m
Z;‘Lzl au y]xj < bl'l = 1,2, ey k.
x;20,y, € {01},j=12,..,n.
Problem 2.

Fy=—2%71¢yjxj > max
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n
j=1Y;=m

n

Z aijijj < bi,i = 1;2: lk

=1
x; =0 Y, € {01}, j=12,..,n
Let be
Fi] =max F, , F; =max F,.

Experts assign weighting factors a4, using Saaty’s scale to particular criteria F; and F,,

a,20,a,20, a4+ a, =1

The next step is to set Pareto maximization one criterion problem:

a13]o1PjYjx; @2 Y=y CjYjX]

F = - — - max
Fy F
;l:ly]':m
n
Z i Y% <b,i=12 ..,k
j=1

20,y,€{01},j=12,..,n

Or, after simple transformations:
Problem 3.
F = Z - - —2¢)yix; - max
i 1F1p1 F; 1)y1 j

]:lyj =m
n

Zal]yx <bh,i=12 ..,k

j=1
>20,y,€{01},j=12,..,n
For every fixed weight factor pair (a, a,), solution of this problem will be the efficient point

in Pareto sense and the set of all efficient points for acceptable values of pairs (a4, a;) will be the
Pareto set of given problem (1). To solve problems 1-3, we can use MATLAB procedure “Mixed-

Integer Linear Programming”.

Po63mgdol s39ad30L gm0 dmgerols Aglisbgd
@370 bobstyenody, 698 st s0sbo, 309G bryzodzo¢m0
M9bomdy
LEHOGH05d0 A5BoboEgds FoMdmgdol aaqad3z0L ghmo dmEgwo, MmEaLbsg k Lobgmdol

Byomgmmolb  asdmygbgdom  9gdmbogerol  dodubodoBbsgool s sbsbatxol dobodoBbogool
d0Bbom Lofomdmad Mbs Fgoboml 3OmEI300ol m bobgmds dmEgdmero n Bsdmbsmzswowsb,
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dm390@os i-mmo  Byowgol fowo 9hmo  MEsMol oM dMEgdol  bywrgmerdo,
MmIgog  LoFoMms  j-9MH03OHMEMIGHOL  FoMdmgdobomgol,  sbgzg  dmEgdwos  j-9Mo
36HmvdEHobmzol LOHMEOo EBsbIGYXO s dolo Gslio bgwgMEOl 53 MoMmEYbMdIOLMZ0L. 53
00m3bol  58mlsblbgws 3094969000  FM35W3IM0EIMOMWO  Mm3EH0ToDoE00l  5dmMEsbgdOL
59mblbol 3569g@™ML dgomEl. 8 dgommEdo LsoMms Jgusdsdolbo fmbomo 3mgz03096¢go0l
99mBg3s 39030 3003HJM0FgdoLm3zoL  9JudgH B0l dogh. gl 309303096 EGHd0  Fgodwgds
3900Bgl  Losmol  L3oerol  o8mygbgdom. dowgdmwo bsfowmdmog domguwmmogbzs iMro30
30003M5306900L  1-3  59mEsbgdoL  800¢g3MmdolL  sdmbblbgmws  Fgodargds  godm3z0ygbmo
Matlab-ol b3gE0sewMo 3OMmEgEMEGs “Mixed-integer linear programming”.

OO0 oagHOli MOIeJIM TUIAHWPOBAHMS MPOU3BOICTBA
Hanu Cuxapynuose, Hyzzap /laouanu, Bukmop Xyyuweunu

Pe3rome

B cratbe paccMaTpuBaeTCs OfHA MOJENb IUIAHMPOBAHMWs IIPOM3BOJCTBA, KOTZA, HMCMONB3Ys K
BUJIOB CBHIPbsl C IENbI0 MaKCUMHU3AIMK J0XOJlda ¥ MHUHHMH3ALUK PAacXOO0B, MPEANPUATHE IOJIKHO
BEIOpaTh M BUIOB IPOAYKIUH H3 33JaHHOTO MEPeYHs N MPOIYKTOB, KOl 3aaHa JI0JIs i-T0 BHIA CHIPBS
B KOJHMYECTBE CBHIPhS CTOMMOCTBIO B 1 JoJuiap, HEOOXOOMMOTO IUisi MPOW3BOACTBA j-TO NPOIYKTa, a
TaKKe COBOKYIHBIE pacXoibl M I€Ha Ui KOJMYECTBA j-TO MPOAYKTa, COOTBETCTBYIOLIEIO ITOMY
KOIIMYECTBY ChIpbsi. Jlns penreHuss 5TOM 3agayd npuMeHseM Merton [lapeto pemeHus 3amad
MHOTOKPHTEPHAIbHOW ONTUMHU3ALMK. B 3TOM MeTolne SKCIepThl IOJDKHBI I0I00paTh BECOBBIC
KOA(GUIMEHTH! I 9aCTHBIX KPUTEPUEB. DTH KOAPPHUIHUEHTH MOTYT OBITH MOTOOpaHBI C ITOMOIIBIO
mkansl Caaty. J{jis pemeHus moiMydeHHOH MOCIeqoBaTeIbHOCTH 3a/1ad 1-3 Y9aCTHYHO LEOYNCICHHOTO
JIMHEHHOTO TIPOTPaMMHUPOBAHUSI MOYKHO BOCIIONB30BAThCS CIICIHATBHON mporeaypoit Matlab-a “Mixed-
integer linear programming”.
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IIpocTasi MogeIb MPOrHO3MPOBAHMSA Kypca BAJIIOT HA OCHOBEe 0AHKOBCKHX
MPOLEHTOB HA CPOYHBIE BKJIA/bI

Buxmop Xyyuweunu, /Janu Cuxapynruosze

otariko@yahoo.com, dali_sx@yahoo.com
Pe3ome

Hccnenyercss pplHOK 0aHKOBCKHMX NMPOLIEHTOB HA CPOYHbIEe BKJIAJAbl B PA3JIMYHBIX BAJIIOTAX —
JIapH, J0/11apax U eBpo. YCTaHABJIUBAeTCS B3aUMHAasl 3aBHCHMOCTb MeKIY ITMMHU NPOLEHTAMH M
CTENeHbI0 JeBaJIbBAlU 0oJiee €Ja0bIX BAJIOT OTHOCHTEJIbHO 0osiee cHIbHBIX. /ISl onmpenesieHus
K03 (pUIHEHTOB [eBaJbBallMH BLIBOAMTCA NpocTass M YHHMBepcaabHasi ¢opmynaa. Ha ocHose
peanbHBIX 0AHKOBCKHUX JAHHBIX CTPOATCS COOTBeTcTBylomme rpaguxu. B pesyabrare aHaam3a
rpa)uKoOB B IOBEICHUH Kypca BAJIOT BhISBJIsAETCA HeKOTOpasi aHoMaJusA. Onpenessiercs NPpUYMHA
3TOH AHOMAJIMM, U OHAa ycTpaHsieTcsl. B pe3yjibTaTe JaéTcsl peajbHbIi, HA HALU B3IJIsI, IPOTHO3
KYypca BaJIOT Ha OJmKkaiilime 1Ba rojaa.

KuaroueBble ciioBa:

Kypc eanirom, bankoeckue npouenmeol, jlapu3auus, NPOCHO3UPOGAHUE.

1. BBeaenue

KayecTBeHHBIII NpPOrHO3 Kypca BaliOT, HMEIONMX XOXIeHHe B I'py3un, mnpencraBiseT
HECOMHEHHBIHN HUHTEPECC NOYTHU JJIA BCEX I'PYIII, HACCIIAIOIIUX HAIly CTPAaHy, HAYWHaAsA OT 6PI3HCCM€HOB,
KOHYas TICHCHOHEPAaMH, a TaKXe JUIs WHOCTPAHHBIX Tpa)JiaH, Mocemammux [py3ur0 B KauecTBe
JICJIOBBIX MApTHEPOB WK MPOCTO TYPUCTOB. TEKyIIUi Kypc BAIOT €KEIHEBHO MyOIHKYETCS B CPEACTBAX
maccoBo#t nudopmanuu [1], a mporHo3sr OyayIero Kypca ot BeIyIIUX YKCIEPTOB B 00JACTH SKOHOMHUKH,
(vHAHCOB W O0AaHKOBCKOTO Jeia TOSBISIFOTCS C JOCTATOYHOH peryisipHOCThIO. COOTBETCTBYIOIIUX
CICIIMAMCTOB JIepXKaT y ce0s B mITaTe Kak rOCY/IapCTBEHHBIC, TAK U YACTHBIC YUPEKICHUS, B YACTHOCTH
BEJIOMCTBA JIKOHOMHYECKOTO mpodmis u Beaymue OaHKH. ODKCIEPTHBIC TPYIIbI, 3aHUMAOIIHECS
MPOTHO3UPOBAHMEM, YUUTHIBAIOT MHOTOYUCICHHBIE (DAaKTOPBI, BIUSIOIINE HA KYpC, OHH 00pa0aThIBAIOT
OrpOMHBIE O00BEMBI CTATUCTUYECKOW HHGPOPMAIMUA. DTO M CalbJ0 MEXKIYHAPOIHOW TOPrOBIH, H
BaJIFOTHBIC NEPECUYNCIICHHUA OT OMUI'PAHTOB, U YPOBCHL HNPAMBIX HWHOCTPAHHBIX I/IHBGCTI/IHPIf/’I, U MHOI'OC€
npyroe. [Tonmutnaeckie GakTopbl TaKXKe CHIIBHO BIUSIOT HA KypC — MBI BHJIEITH PE3KOE OCIablieHUe Jlapu
MOCJIe U3BECTHOTO 3asBJIICHUS MTpeMbep-MUHUCTpa 28 HOs0ps 2024 roxa. Benuka u pons HanmonansHoro
Banka I'py3un, KOTOpHIH B HEOOXOAUMBIC, IO €r0 MHCHHIO, MOMEHTHI MPOAAET WIX MOKYIMACT NCCATKH
MusLTHoHOB poapos CIIIA na Toprosoit miommaake, rae onpeaensercs Tekymmii kype $/C. K npumepy,
UMCHHO B pe3yjbTarTe MOJOOHBIX mpojaxk K ceHrsopro 2025 roga kypc mapu ObUT MOCTEHCHHO
BOCCTaHOBJICH, CTA0MIIN3UPOBAH U JTaKe HEMHOTO YKPEIUIEH.

Hawm npeacrasnsercs, 4To Ipu OMMMCAHHOM YPOBHE CI0KHOCTH U HEOTIPEICIEHHOCTH BO3ICHCTBHS
MHOTOYHCIICHHBIX (DAaKTOPOB Ha WHTEPECYIOMHHA Hac OyAymuid Kypc HAIMOHAIBFHOTO JIAPH IO
OTHOIICHHIO K BEOYIIMM MHPOBBIM BalOTAM HE JIMIIEHO CMBICIA HMMETh HPOCTEUIIYIO MO/ICTb
MPOTHO3UPOBAHKS Kypca BaIOT, OCHOBaHHYIO Ha pa3HHIle OAHKOBCKHX MPOIICHTOB Ha CPOYHBIC BKJIA/IbI B
pa3nuuHbIX BamoTax. Takas MOJENb U IPEIOKEHA B HACTOSIIICH CTAThE.

2. O BaII0TaX M KOHKYPEHIIMH MeKAY HUMH

OcHOBHBIMH MUPOBBIMH BastoTaMu siBsisirorest qosutap CIIA ($) u Espo (€). Kaxmoe rocymapcrso,
3a peIKHM HCKIIIOUCHHEM, HMEET CBOKO HAI[MOHANIBbHYI0 BamoTy. s ['py3un — ato napu (C), KOTOpHIit
SIBIISICTCS €JIMHCTBCHHBIM 3aKOHHBIM IUIATEXHBIM CPEICTBOM Ha €€ TePPUTOPHH. BayltoThl APYrUX CTpaH
MOTYT OBITh CBOOOIHO OOMEHEHBI Ha JIApH B KOMMEPYECKHUX OaHKaX U CIEIUATbHBIX OOMEHHBIX MTyHKTaX.
OOMEH TPOHCXOAMT MO IUIABAIOIIEMY KypCy C HE3HAYUTEIBHON MapikeH MEXAy KypcaMd HOKYIKH H
nponaxu. OQUIMATBHBI KypC ONMpPEeNsIeTCsl ©KSIHEBHO, KPOME BBIXOJTHBIX, B Pe3yJbTaTe TOPrOB
BaroTHOM napoii ($, ) B anexTponHOit Toprosoii cucreme Bloomberg [2].

T'OBOpPsI 0 KOHKYPEHIMU MEX/y BATIOTAMH, MBI MIOIpa3yMeBacM Clieyoliee. B KaxaoM OTaeIbHO
B3STOM T'OCYAapCTBE OTBETCTBEHHOCTH 32 COCTOSIHUE HAI[MOHAJIBHOW BamiOThl HECET ero lLleHTpanbHbIi
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bank. B wactHoctH, LIb ynpaBiser amuccueil aeHer, KOTopasi JOJKHA COMYTCTBOBATh 3KOHOMUYECKOMY
pocty ctpaHbl. [Ipy H30BITOYHONH SMUCCHM BO3HHMKAET TAaK HA3bIBAEMbI WHQIAIUOHHBIA HAJIOr —
9TO CKPBITHIE MOTEPU MOKYNATEIbHOW CIOCOOHOCTH JIEHEr y HaceJeHWs M Ou3Heca HM3-3a MHQIILNH,
KOIJa Ha Ty K€ CyMMY MOXXHO KyIHTb MEHbIIE TOBapoB U yciyr. OH BO3HHMKAET M3-3a TOTO, YTO IIEHTP
9MHCCHH (TOCYAapCTBO) MeyaTaeT AEHBrH sl (DUHAHCHPOBAHMS CBOMX pPAacXoJIOB, YBEIHUYUBAs HX
KOJINYECTBO B OOpAalIeHWH, YTO TPHBOAUT K OOECICHMBAHWIO CYIIECTBYIONIEH NEHE)KHOH MacChl U
TIPACBOEHHIO BBITOJBI TOCYIapPCTBOM 3a CUET MOTeph rpakaaH. OueBUIHO, YTO 00IagaTeN rpy3HHCKIX
Japy MIaTAT MHQIAIOHHBIA HAJIOT CBOEMY TaHAEMY NpaBUTEIbCTBO-HarbaHk, a obmagareny 101apoB
B0 BcéM mupe — mpaButenscTBy CIIA u ero @enepanpnoit Peseperoit Cucreme. Keratn, nmeHHO 110
stort mpuunae HB I'py3um Gopercs 3a nemoiutapu3anuio — YMEHBIICHHIO JOJIH JOJUIapOB B JIEHE)KHOM
oOpamieHny, BeAb B TaKOM ciydae Obuia Obl yBemWdeHa A0S HMH(ISAIMOHHOTO HAJIoTa, OCTAIOIIAsCS B
I'py3un. C npyroii cTopoHBI, BCHOMHHM IE€YalbHBIA ONBIT JEBaJbBAllMd TPY3UHCKOM BalIOTHI, T.e. €€
00eCIleHHBaHUs 10 OTHOIIEHHIO K jaoyapy. 3a 30 JeT cymecTBOBaHHS TPy3MHCKOIO Japu OH
obecuieHmiICs 4yTh Oojiee, 4eM B JBa pa3a, 4TO K€ KacaeTcs ero MpealIeCTBEHHHKa — TPY3WHCKOTO
KyIIOHa, TO OH 3a 2 ro/1a BooOIIe NpakKTHIeCKH O0HYIIHICS, YTO ObIIO O4eBHAHON KaTacTpodoi. B Takmx
yCIOBHAX TBEPAAs BANIOTA, MO CYTH, SIBISUIACH U SBIACTCS (CErOJHS B MEHBILICH Mepe, MO WHEPIHH)
CBOEro poJia cracaTeJIbHBIM KpyroM Uit (U3WMUECKHX U IOPUAWYECKUX JIML, JKUBYIIUX |
¢ynkmonupytomux B ['pysun. Crnemyer OTMETHTb, YTO B COCTOSIHUM KOHKYPEHIHH C BaJIOTaMH
TPAaAWIMOHHO NpeObIBaeT 30JI0TO, a B IIOCIEIHEEe BpeMs M KPUNTOBAIIOTA, KOTOPYIO HA3bIBAIOT
nU(pOBEIM 3010TOM. KcTaTH, MOCTOSHHBIA POCT IIEH HA 30JI0TO M, B OCOOCHHOCTH Ha KPUITOBAIIOTY
MOATBEPXKIACT CYLIECTBOBAHWE YNMOMSHYTOrO HH(IISIIMOHHOTO HAajora, MOTOMY 4YTO M 30J0TO, H
KPHIITOBAIIOTY MOKYHAOT MIMEHHO C LENbI0 YOepedb CBOU HAKOIUIEHHUSI OT MHIIALIUH.

B Hacrosein crtaTbe, OAHAKO, HAC MHTEPECYET KOHKYPEHLMUS MEX Y TPaAULIMOHHBIMU BaJIlOTaMHU,
U B CIIEAyIOIIEeM IyHKTe OHa OyIeT pacCMOTpeHa Ha IpuMepe IMPOIEHTOB Ha CPOYHbIE OAaHKOBCKHE
BKJIQ IbI.

3. 33213‘]3 o Bblﬁope BAJIKOTLI IPU OTKPBLITHH CPOYHOI0 0aHKOBCKOI0 BRJIaJla

[Ipeamnonoxum, 4To HEKTO MMeeT cOepekeHus B pazmepe 10000 mostapoB, 4TO MO TEKyLIEMY
Kypcy skBuBajieHTHO 27000 napu, 1 jkellaeT MoJ0XKNUTh YKa3aHHYI0 CyMMY B OaHK Ha OJIMH TOJI C LIENBI0
BO3BpallleHNs] €€ C TpolLeHTaMH. baHk mpemraraer aBa BapHaHTa HPOLEHTHBIX cTaBok — 2.30% Ha
noyutapoBelid Bkimax u 11.25% wa Bkiajg B japu. Mbl B3suM JaHHBIE KOHKpeTHoro Oanka TBC [3].
Koneuno, cpouHBIN BKJIal MOKHO OTKPBITh U B €BPO, U HA CPOK OT 3 10 24 MecsIeB, U Jaxe B IPyroM
6aHke, HO ceifyac HaC MHTEPECYEeT BOIPOC — IMTOYEMY TaK CHIIBHO Pa3HATCS MPOIEHTHI B IBYX YKa3aHHBIX
BapuanTax? O4eBUAHO, IPUYMHA B TOM, YTO OaHK HMPOTHO3MPYET ACBATBBAIMIO JIAPU 110 OTHOUICHHUIO K
Jojutapy B TeueHue 12 Ommkalmmx MecsieB. BTopoit Bompoc — Kakyio BalIOTy BBIOpaTh — y)Ke perath
KJIMEHTY OaHKa, ¥ 3TO PEIleHUEe 3aBUCUT OT ero mporuHosa kypca $/C, T.x. eMy HE0O0X0qUMO Yepe3 roj
CPaBHHUTh CYMMBI B pa3Hbix BamoTax — 10230 mommapoB u 30037.50 nmapu. DneMeHTapHBIA MOACYET
MOKa3bIBA€T, YTO KPUTHUYECKOW BEIMUYMHON s Oyayiiero kypca ssisercs uucio 30037.50/10230 =
2.9362. Eciu yepe3 roa xypc $/C mpeBbiCUT 3Ty IUIaHKY, TO Ha CPOYHBIM BKJIAA CIEAYyET BHECTH
JIOJUIaphl, NHAUE — JIapH.

Wrak, 3amaua, BEIHECEHHAs! B 3arjlaBHe JaHHOTO MYHKTA, pelieHa. A Mbl MEpeiiéM K pelIeHUIo
OCHOBHOH 3aJ1au¥l, BRIHECEHHO! B 3ariiaBue HACTOSIIEH CTaThH.

4. OcHoBHAas 3a7a4a

KiroyeBoit wmaeel HaIIEro HCCIENOBAaHUS —ABISETCA HCIOJIB30BaHHE HWHTEIUIEKTYaabHOTO
MOTEHI[Mala W ONbITa OAHKMPOB B OOJACTH NPOTHO3MPOBAHMS OYAyIIETO Kypca OCHOBHBIX BalOT.
JleHcTBUTENBHO, JUIA TOTO YTOOBI OOBSBISITE B CBOMX OaHKaxX ONTHMAJIbHBIC NMPOICHTHI HA CPOYHBIE
BKJIaabl, UM HCOGXO}II/IMO C )IOCTaTOLIHOI‘/’I TOYHOCTBIO OIICHMBATh HU3MCHCHHA YIOMSAHYTOTO Kypca.
OnTUMaIbHOCTh ITOHUMAETCS B CMBICIE MaKCHMaJIbHOM l'lpI/I6BI.HI/I OT CPOYHBIX JCMNO3UTOB, 4 HU3KHUC
IPOLCHTHBIE  CTaBKM, [OJyYeHHbIE B  pe3yjabTare OMIMOOYHOIO  aHajuu3a, MOTYT  OBITH
HCTIPUBJICKATCIbHBIMUA [JIs1 KIIMEHTOB, T.€. YMCHbIIATH 060pOT u l'[pI/I6le'II) OaHKa.

Meroj, MpUMEHEHHBIA B MPUMEpE MPEbLIYIIEro MyHKTa, AaéT CICAYIOUIYI0 MpocTyio (Gopmyity
1 ko3dunuenta K neBanbpBanuy rpy3uHCKOrO JIapy, T.€. U OTHOLIEHHs OyayIlero Kypca aojuiapa K
TEKyLIEMY:

K = (100 + P¢) / (100 + P$),
rae PC u P$ — npoueHTh Ha CpOYHBIE BKIABI B COOTBETCTBYIOLIEH BatoTe. B paccMOTpeHHOM mpumMepe
K=1.0875.
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OTMeTHM Ternepb, YTo Haia (opMyIia He TOJIBKO IPOCTa, HO U YHHBepcallbHa. [ledCTBUTENBHO,
e€ MOXXHO NPUMEHHUTH K JI0OOMY CPOKY, Ha KOTOpBIH OaHK NMPHHUMAET CPOYHBIE BKJIAIbI, OOBIYHO 3TO
CpOK 0T 3 10 24 MecsiieB, TONbKO B opmyie nepemeribie PC u P$ OynyT HOMUHATBHBIMU GAHKOBCKHMU
IpoleHTaMH He Ha 12 MecsleB, a Ha COOTBETCTBYIOLIME CpOKH. bomee Toro, sty Qopmyiry MoxkHO
UCIIONIB30BaTh W JJIsl MPOTHO3MpoBaHus koddduimenros K neBanpBanyy apu OTHOCHTENIBHO €BPO H
Jla’ke JoJutapa OTHOCHTENBHO €Bpo. B mepBoM cirydae B mpaBoi gacTu GopMyisl OyayT GHUIypupoBaTh
mporteHTs PC 1 PE, a Bo BTOpOM — miporienTs P$ 1 PE.

[IpomutiocTpupyeM CKa3aHHOE Ha pEalbHBIX MAHHBIX OJHOTO W3 JABYX BEOYIINX TPY3MHCKHX
6ankoB — TBC [3]. Oun npuBenensl B Tabnuie 1, rme koddpduimentst K, paccunuranHsie Mo Harei
(hopMmyIie, pacmosIOKeHbI B MOCTIEIHUX TPEX CTONOIax.

MeCSIBI o $ € S/ €/ €/$
3 10.60 1.70 0.70 1.0875  1.0983 1.0099
4 10.60 1.70 0.70 1.0875 1.0983 1.0099
5 10.60 1.70 0.70 1.0875  1.0983 1.0099
6 11.05 1.90 0.85 1.0898  1.1011 1.0104
7 11.05 1.90 0.85 1.0898 1.1011 1.0104
8 11.05 1.90 0.85 1.0898  1.1011 1.0104
9 11.15 2.10 0.90 1.0886 1.1016 1.0119
10 11.15 2.10 0.90 1.0886 1.1016 1.0119
11 11.15 2.10 0.90 1.0886 1.1016 1.0119
12 11.25 2.30 1.00 1.0875 1.1015 1.0129
13 11.25 2.30 1.00 1.0875 1.1015 1.0129
14 11.25 2.30 1.00 1.0875 1.1015 1.0129
15 11.30 2.30 1.05 1.0880 1.1014 1.0124
16 11.30 2.30 1.05 1.0880 1.1014 1.0124
17 11.30 2.30 1.05 1.0880 1.1014 1.0124
18 11.40 2.30 1.10 1.0890  1.1019 1.0119
19 11.40 2.30 1.10 1.0890 1.1019 1.0119
20 11.40 2.30 1.10 1.0890  1.1019 1.0119
21 11.50 2.40 1.15 1.0889 1.1023 1.0124
22 11.50 2.40 1.15 1.0889 1.1023 1.0124
23 11.50 2.40 1.15 1.0889 1.1023 1.0124
24 11.50 2.40 1.15 1.0889 1.1023 1.0124

Tabmnuna 1. [IporenTs! Ha cpounsie Bkiaabl B TEC u koadduiments K neBanbBaiym Bajror.

Teneps ocTponM rpaduku 3aBucumMocTy KodduienToB K nepanbppanun BaIOT oT BpeMeHH. Ha
puc. 1 xpaiiHue JIeBble TOUYKH ¢ HOMEPOM | COOTBETCTBYIOT 3-MECSYHOMY, a KpaiiHue mpasbie (Ne22) —
24-MecsiyHOMY CpOKy BKiaja. Takum oOpaszom, moBenenne K paccmaTpuBaeTcs Ha OTpe3Ke BpEMEHH
mmHOW 21 Mecsm. Bpocaercs B riaza JOBOJIBHO CTpPaHHOE MOBEACHHE BCeX TPEX TpadUKOB — OHH
MPaKTHYECKN MOCTOSHHBI HAa 3TOM OTpPE3KE M MOIydYaeTcs, YTO KaXIbli M3 HUX JOJDKEH HaOpaTh CBOE
3HA4YEHHE KOHCTAHTHI B TEUCHHUE MEPBBIX TPEX MECSIIEB, OTCUMTHIBAEMBIX € TEKYIIETO MOMeHTa. KoHedHo,
B UCTOPHH I'PY3MHCKOTO JIapu ObLI CIy4ail, Korja Kypc Aojuiapa 3a oJuH JAeHb noackouui ¢ 1.42 no 1.65
W BIOCJIEJCTBUM HE YMEHBIIWICS, HO 3T0 Obuio B aBrycre 2008 rozxa, mocie Bropkenusi Poccun B
I'pyzuto. CeromHs e pe3kuil ckadok Kypca 0e3 JaJbHEeWIIero OTCKOKa BBIMVISINT SIBHOW aHOMalUeH, 1
9Ta aHoMaius TpeOyeT oObsICHEeHHs. 3/eCh JKe 3aMETHM, YTO KapTHHA, MOJy4YEHHAas Ha OCHOBE JAHHBIX
TBC, xapakrepHa u aus apyrux OaHkoB. B yactHocTH, Hamu ObUIM 00pabOTaHBl JaHHBIE TPETHETO IO
BenmunHe OaHka JIubeptu [4], yoprrounoro Cunkbanka [5] u gaxe mukpobanka Kpucramn [6] — Besne
IPUMEPHO OJIHO M TO K€, a UMEHHO, HayaJIbHBIH CKa40K Kypca M JajibHeHIIee OTCyTCTBHE AeBaIbBaLH.
Konewyno e, nmpuumHOl aHOManuu sIBIAETCS Hama rpydas MOJENb W B CIEIYIOUIEM ITyHKTE MBI
nocTapaemcst e€ yJIydIInThb.
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Puc. 1. 3aBucumocTs neBanbBannu K ot Bpemenn. Ceepxy BHu3 — €/C, $/C, €/3.
5. KpuTnka MoieJi M MONBITKA €€ yJIyqlIeHus

[To HameMy MHEHHIO, HE COBCEM alleKBaTHBIE PEe3yJIbTATHI IPUMEHEHUS MPEACTABICHHON MOIEIH
BBI3BAHBl HECOBEPIICHCTBOM pBIHKA OAaHKOBCKHX KPEIWTOB, W TJIABHOW MPHYMHON YKa3aHHOTO
HECOBEPIICHCTBA SABJIETCS TSHKEIOE OTpaHUUEeHHE Ha BRIAAYy KPEAUTOB B AOJUIApaX M €BPO (PH3MUECKIM
JIUIaM U KOMIIAHUAM, TOIyYaoUIUM JTOXO0/ B JapH. DTO OTpaHHYEHHE UMEeT IeJIbI0 Je10JUIapu3altio, O
yéM OBUIO YNOMSHYTO B 1.2, a TO4YHee, Jlapu3aluio, T.K. nociie BBegeHus B 2017 roxy 0e3BH30BOTO
pexxuma ¢ EBporoit 10151 €Bpo B ACHEKHOM OOpallieHHH 3HAYUTENIbHO yBenuumnack. Hb ['py3un Havan
OCYLIECTBJIATh TUIaH Japu3auuu B ToMm ke 2017-oM, Torna IulaHkoW Ajisi KPEeAUTOB B MHOCTPAHHOM
BaJIIOTE ObUIA YCTaHOBJIEHa cyMMa, skBuBajeHTHas 100000 japu, T.e. B3SITh KPEAUT HMUXKE ITOH CYyMMBI
CTaJI0 BO3MOXKHBIM HCKJIFOUUTEIHFHO B HaIMOHANBHOW Bamiore. B 2019-oM mmiaHka Obuta momHATA IO
200000, a B mocieanue aBa roga — 10 coauanbix 750000 [7]. KoneuHo, napu3anus Bellpb MoJe3Hast, HO e€
JKeJIaTeJIbHO JTIOOMBAThCA MYyTEM YCTOWYMBOTO pOCTa SKOHOMHKHM M CTa0WJIM3aIlMM Kypca Jlap, a He C
MOMOIIBI0 BBEACHUS MCKYCCTBEHHBIX aJMHMHUCTPAaTHBHBIX orpaHuueHui. HeraTuBHas cTopoHa
Japu3aIiy BRIPAa3UiIach B YIOPOKaHUM KPEIUTOB 3a MOCIEIHUE /IBa TOJa — IPUMEPHO Ha 2 MPOIEHTHBIX
MyHKTa B HAMOHAIBHOM BATIOTE W, MOJ BIMSHUEM 3TOTO TIporiecca, — n0 1 T.m. B mHOCTpaHHOM [8].
Kcrati, "MEHHO TIOTOMY MBI OTKa3aJHMCh OT MPOTHO3UPOBAHMS Kypca BaJIOT HAa OCHOBE OaHKOBCKHX
MIPOIICHTOB Ha BBIABAEMBIE KPEIUTHI, T.€. IO MPUINHE TOIYMOHOIIOIN3UPOBAHHOTO PEIHKA KPEIUTOB.

CocTosiHHE KpPEOWTHOTO pBIHKA BIUSET M Ha PBIHOK CPOYHBIX BKIAJOB. JleCTBUTEIHHO,
3aBBIIICHHBIN TPOLIEHT HA KPEAWUTH B JApH 3aBBIIIAET (KOHEYHO, B MEHBIICH CTENEHH) M MPOLIEHTHI Ha
Jerno3uTsl B Japu. Kpome Toro, GaHkaMm Jyisi KpEIUTOBAaHUS yxKe He TpeOyeTcs MPEXHEro KOJMYecTBa
MHOCTPAaHHOM BaJIOTHL, T.K. CIOPOC HA TaKoe KpPEAUTOBAaHHWE HCKYCCTBEHHO 3aHMXEH. PesympTar —
3aHIDKEHHBIC ITPOIICHTHI Ha JIETIO3UTHI B Jlojulapax u eBpo. Eciu Teneps BepHYTHCS K Hamel popmysie st
OLIeHKH OyJyIIero Kypca BaJIOT, TO JIETKO 3aMETHTh, YTO YHCINTENIb B HEW 3aBBILICH, a 3HAMCHATEIb,
HAo0OpOT, — 3aHWKEH. BcE 3TO NPUBOAWT K 3aBHINLICHHUIO HMHTEPECYIONMIETO0 HAac Kod(pQHIMEeHTa
JICBAJIEBAITIH.

[TockonbKy pacCyKACHHS B HACTOSIIEM ITyHKTE€ HOCAT JIMIIh KaueCTBEHHBIH XapakTep, TO MBI
BHOCHM B HAIIly MOJIEJIb BOJICBYIO KOPPEKIIHIO, T.€. KOPPEKIIHI0, OCHOBAHHYIO HAa WHTYUIINH. A UMEHHO,
MBI YMEHBIIIAEM TIPOIICHT JCBAIbBAIINH, KOTOPBIA HaéT Hamia GopMyia, B 1Ba pasa (uckiouas Kype €/$,
T.K. YHIEMJISIOIEE 3TH BaJIOTHI MPAaBWIO BbLAAYM KpenuToB pazmepoMm menee 750000 € neiicTByer Ha
HHUX B PABHOW CTENEHM), IPUIEM STOT MPOIEHT JAOJDKEH PACTH IUIABHO B TEUCHHE IBYX JieT. [lepeBos
BBILIIECKA3aHHOE B YMCJIa, Oy/leM MMETh CIIeIYIOUIMI POrHO3 JUIsl JIEBAIbBAIIMYU BAJIOT B Mepecyére Ha
ONIUH TOJ, HaYMHAs C CepeauHbl ceHTsOps 2025 ronma: Japu OTHOCHTENBHO jaoiuiapa — 2.25%, mapu
OTHOCHTENBHO e€Bpo — 2.5%, noiutap otHocurenbHo eBpo — 0.5%. Texymmii kypc Bamor: $/C = 2.73,
€/¢ =3.22,€/$=1.18.

6. 3axkiI0ueHne

Ha npumepe nmporHosupoBaHusi Kypca BalIOT Mbl NMPOJEMOHCTPHUPOBAIN KIACCHUYECKHH METOX
MaTEeMaTH4eCKOro MOJICITMPOBAHMS C YIOPOM Ha aJE€KBAaTHOCTh CIEIAHHBIX NPEAIOIOKEHWH, a HE Ha
CJIO’KHOCTB IIPUMEHSIEMOT0 MaTEMAaTHYECKOTO arapaTa.
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Simple Exchange Rate Forecasting Model, Based on Bank Interest on Term Deposits
Victor Khutsishvili, Dali Sikharulidze

Summary

The market of bank interest rates on term deposits in various currencies — lari, dollars and euros —
is studied. A mutual dependence between these rates and the degree of devaluation of weaker currencies,
relative to stronger ones is established. A simple and universal formula to calculate the devaluation
coefficients is found. The corresponding graphs based on real bank data are plotted. As a result of the
graph analysis, some anomaly in the behavior of the exchange rates is detected. The cause of this anomaly
is found and eliminated. As a result, in our opinion, a real forecast of the exchange rates for the next two
years is obtained.
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Architecture and Implementation of Internet of Things (IOT) for Fruit Farm Monitoring
Avtandil Bardavelidze, Khatuna Bardavelidze

Summary

The work focuses on the creation of an integrated intelligent monitoring system for
technological parameters assessing fruit quality, which covers the full cycle of supply from plantation
farming, through the fruit production and processing line, to the consumer, and is implemented with
the IoT-based monitoring system architecture developed by us.

To achieve the above, based on the analysis of existing literature on this topic, the article
presents a structural diagram of fruit delivery and an architecture diagram of an IoT system for
delivering fruits from plantation to consumer, describes the operating principle of each level and
develops the structure of the Internet of Things (IoT) system.

The results of the research can be applied in fruit orchards, which involves implementing
intelligent control and management, saving human resources, and increasing product popularity.

ApxwurexTypa u peanusanus uHrepHera Bemeii (I0T) i MOHUTOPHHTA ILIOZOBEIX bepM
Asrargnr baprapernzse, Xaryra bapaserngse

Pesiome

PaGora HampaBleHa Ha CO3JaHHME WHTETPUPOBAHHONH WHTEJUIEKTYaJIbHOH  CHCTEMBI
MOHUTOPUHTA TEXHOJIOTMYECKUX IIapaMeTPOB OIIEHKM KadecTBAa IUTOJOB, OXBAaTHIBAIOILIEH IIONHBIN
LUK IIOCTABOK OT IIJIAHTAIIMOHHOTO BHIPALIMBAHUSA, depe3 JIMHUIO IIPOM3BOACTBA U IIepepaGOTKU
IJIOAOB IO TOTpPeGHUTeNs, M peaju3oBaHa C HCIIONb30BAaHHEM paspabOTaHHON HaMU apXUTEKTYPHI
cucTeMbl MOHUTOpHUHTA Ha 6ase VIHTepHeTa Bemeit (IoT).

1 moCTIKeHUA BBHINIEU3TIOXKEHHOTO, HA OCHOBE aHAJIH3a CYLIECTBYIOLIEH JUTEpaTypsI IIO
JAHHOH TeMe, B CTaThe IPeACTaBIeHA CTPYKTYpHAs CXeMa JOCTaBKM (HPYKTOB M CXeMa apXUTEKTYPBhI
IoT-cucrems! s mocraBKu (PYKTOB OT ILIAHTAIMM JO IOTpeGHUTeNd, ONMMCAH IPUHIMII paboThI
Ka)XXZIOTO YPOBHA U pa3paboTaHa CTpyKTypa cucreMsl MHTepHera Bemeit (IoT).

PesynbraTsl uccie0oBaHUS MOTYT ObITH IPUMEHEHBI BO QPYKTOBBIX CaZax, YTO IPEeAIIoaraeT
BHeJpeHHe HHTeJUIEKTyaIbHOIO KOHTPOJIA M YIIPaBJIeHHsI, SKOHOMMIO 4YeJIOBEUYECKHX PeCypCoB U
HOBBINIEHYE TTOMYJIAPHOCTH IPOAYKIIUH.
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Development of a general algorithm for the functioning of a small poultry farm
Nugzar Kavlashvili, Levan Gvaramadze, Veriko Bakhtadze

Summary

The structure of the general algorithm for the functioning of a small poultry farm is discussed,
the necessity of dividing the algorithm into levels as a whole is described, and the functional
significance of each level is discussed.

It is shown that such an approach allows the functions of the algorithm to be easily distributed
according to its levels in such a way that the user can easily add a new unit to the information display
system without modifying the corresponding software.

With such an approach, it is possible to easily use standardized structures in the system when
increasing the type of units, which will facilitate the formation of the entire algorithm.

Paspa6orka o6mero arropurmMa GyHKIMOHMPOBAHUA MAJIOM NITUIIEBOAYECKOMH hepMEI
Hyrsap Kapramsnirn, Jlepar I'Bapamazse, Bepuro baxrazgse

Pesiome

O6cyxzmaeTcs  CTpykTypa  ofbmero  anaroputMa  (QyHKIWOHHPOBAaHHA  HeGOIBIION
IITHIIEBOLYECKOH (pepMbl, OIIMCHIBAETCA HEOOXOAUMOCTD PasfiesieHus aIrOpuTMa Ha YPOBHHU B I[€JIOM
¥ paccMaTpuBaeTcsa GyHKIMOHAIbHAL 3HAYMMOCTD KOKAO0TO YPOBHA.

IToxazaHo, 4TO Tako¥ HOAXOJ, IO3BOJIAET JIETKO PacCIpefenuTh GYHKIUHU aJITOPUTMA IIO €TO
YPOBHAM TaKMM OOpasoM, 4TOGHI IIOJIB30BAaTENh MOT JIETKO JO0ABUTh HOBBIH OJIOK B CHUCTEMY
orobpakeHuA nHGopManuu 6e3 MoguGUKAIIUY COOTBETCTBYIOIETO IIPOrPAMMHOTIO O0eCIIeYeHHU .

IIpu TakOM IOAXOZE CTAaHOBUTCS BO3MOXKHBIM JIETKO KCIIOJIb30BAaTh CTAaHZAPTHU3MPOBAHHBIE
CTPYKTYypBL B CHCTeMe IIpH YBeIWYEHHH THIIA OJIOKOB, 4YTO 00erduT (GOpMHUPOBAHHE BCETO
QJITOPUTMA.
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On the positive aspects of "smart" electric grids and some issues of their phased
implementation

Tengiz Magrakvelidze, Khatuna Lomidze, Manana Janikashvili, Irma Archvadze,
Guram Urushadze, Nodar Shengelia, Nino Dogonadze

Summary

The article analyzes the current state of the country's electricity supply. It is shown that,
despite the measures taken in recent years, the level of Georgia's electricity supply cannot be
considered satisfactory. Therefore, the introduction of new capacities into the power system is an
extremely urgent task. In addition, it is emphasized that, due to energy security issues, it is necessary
to base electricity generation and consumption on local energy resources as much as possible. It is
noted that the existing energy resources in the country are completely sufficient for electricity
supply, with an annual output of 45-50 billion kWh.

The shortcomings of the existing forecasts for the development of electric power are shown.

The essence of “smart” networks and some aspects of the implementation of such networks are
considered.

Based on a comparison of the traditional daily electricity consumption schedule and the
estimated schedule under the conditions of “smart” networks, the clear advantage of “smart”
networks and the need for a gradual and simultaneously accelerated transition to them are shown.

A very important conclusion is made that under the conditions of "smart" networks, Georgia
may no longer have the need to build new peak power plants.

A wide discussion of the above issues by scientists and practitioners from various fields is
considered necessary.
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O moMOXUTENBHEIX CTOPOHAX «YMHBIX» 3JIEKTPHYECKUX CeTel M HEKOTOPIX BOIIPOCAX MX
IIO3TAITHOTO BHEAPEHU

Tenrms Marpaxseirnzse, Xaryra Jlommgse, Marnara /[rxanukampmrm, Hpyma Apusazse,
Typam Ypymazse, Hogap Illenrerna, Huro /Jororazgse

Pesiome

B cTaThe aHaMM3MpPyeTCSA COBpEMEHHOE COCTOSHUE dIeKTpocHabxeHus cTpansl. [TokasaHo, uro,
HECMOTps Ha NPUHATHIE B IIOCJIEIHME TOXBI MePHI, YPOBEHb 3JIeKTpPOCHAaGXKeHUs [pysuu Helbsst
CYUTATh YZOBIeTBOPUTENbHBIM. [I03TOMY BBOJ HOBBIX MOLTHOCTE! B SHEPIOCHCTEMY ABJIAeTCA KpaliHe
aKTyanbHOM 3azadeil. Kpome Toro, momuepkuBaeTcs, YTO B CBA3M C BOIIPOCAMHM DHEPreTUYECKOI
6e30I1aCHOCTM HEOOXOJUMO MaKCHMaJbHO 0asvpoBaTh IIPOM3BOJCTBO M IIOTpebiieHMe 3JIeKTPO-
SHePruy Ha MeCTHHIX d3Hepropecypcax. OTMedYeHO, YTO UMeIOIUXCA B CTPaHe SHepropecypcoB BIIOTHE
JIOCTaTOYHO AJIS DJIeKTPOCHAGKEHNU, IIPU Tof0BOM BeIpaboTKe 45-50 Mipg kBr-u.

IToxa3zaHBI HEIOCTATKH CYIIECTBYIOIUX IIPOTHO30B Pa3BUTUA 3JI€KTPOSHEPIeTHKHU.

PaccmarpuBaeTcs CyIHOCTB «<yMHBIX» CETel M HEKOTOPhIE acIleKThl BHEJPeHUS TAKHX CeTel.

Ha ocHoBe cpaBHeHMS TpaJUIIIOHHOTO rpadMKa CyTOYHOTO NOTPeOIeHUs 3IeKTPOSHEPTUH U
OXuzaeMoro rpadrka B yCIOBHAX «yMHBIX» CeTell TOKa3aHO ABHOE IIPeMMYIIeCTBO «yMHBIX» ceTell u
HeoOXOJMOCTb IIOCTEIIEHHOTO U OJHOBPEMEHHO YCKOPEHHOTO Ilepexofa K HUM.

CrmenaH BechMa BaXXHBIM BBIBOJ, O TOM, YTO B YCJIOBHAX CYIIECTBOBAHUA «yMHBIX» CeTeil y
I'pysuu MoxeT OTIIacTh HeOOXOAUMOCTD B CTPOUTEIBCTBE HOBBIX IIMKOBBIX 3JIEKTPOCTAHIIMIA.

Cunraercs HeOOXOZMMBIM LIMPOKOEe OOCYXKIEeHHe STHUX BOIIPOCOB YYEHBIMH M IIPAaKTHKAMHU
PasIUYHBIX HAallpaBJIeHUMN.
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Experimental study of the influence of artificial roughness on the intensity of heat transfer
from the wall of a stirred apparatus

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

Khatuna Lomidze
Summary

The article substantiates the extremely great importance of heat transfer intensification in
stirred apparatuses. Based on the analysis of relevant literature data, it is concluded that the use of
artificial roughness for the intensification of heat transfer from the wall of a stirred apparatus is
practically unstudied. At the same time, it is noted that this method may be very important in
increasing the efficiency of stirred apparatuses.

The principal scheme of the experimental apparatus developed by the authors, the sequence of
experiments, measurements and experimental data processing issues are presented. The experimental
results obtained are presented, according to which the use of the artificial roughness method leads to
a significant intensification of heat transfer from the wall of a stirred apparatus. An appropriate
conclusion is made.

BKCHCPHMEHTHJIBHOC HCCIEMOBAaHUE BINAHUA HCKyCCTBeHHOfI III€épOXOBaTOCTH HA
HUHTEHCHBHOCTH TEIUIOOTAAYH CTE€HKH almndpara C MeIIaJKoH

Terrus Marpaxsennzse, Tapuer Kobeprzgse, ['mopru I'nrurenmsuiim,
ABrcerrusi Muxkamasuzse, Xaryra /lommzgse

Pesiome

B crathe 060CHOBAHO HUCKIIOYUTENBHO GOJBIIOE 3HAYEHWE WMHTEHCU(DUKAUN TEIIOOTIAYH B
ammapaTtax ¢ MemankamMu. Ha ocHOBe aHanm3a JUTepaTypHBIX JAaHHBIX CHEJaH BBIBOJ O TOM, 4YTO
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IIpUMeHeHHe MeTO/]a HCKyCCTBeHHOMH IIepOX0BaTOCTH AJIA MHTeHCH(PUKAINH TeIJIOOTAAYH CO CTeHOK
IlepeMeIINBalOIUX alllapaTOB IIPAKTHYECKH He M3yYeHO. B To ke BpeMsa OTMeUYEHO, YTO JAHHBIN
METOZ MOXeT HMeTh OOJIbIIOe 3HAa4YeHWe I IIOBBIIeHHS 5(P(eKTHBHOCTH IepeMeIINBAIOMINX
amnmnapaTos.

IIpencraBmeHs! NpUHIUIHANIBHAS CXeMa pa3pabOTAHHON aBTOpPaMM JKCIePHUMEHTaJIbHOU
YCTaHOBKH, IIOCJI€ZOBATEJIBHOCTh ITPOBeeHUA SKCIEPUMEHTOB, M3MEPEHUI M BOIIPOCHL 06pabOTKH
9KCIIepHMeHTaJIbHBIX JaHHBIX. IIpuBe/ileHbI oIydYeHHbIe SKCIIepUMeHTalbHbIe Pe3yIbTaThl, COTIACHO
KOTOPBIM JHCIIOJIB30BaHHE MeTOJa MCKYyCCTBEHHOM IIepOXOBAaTOCTHM IIPUBOJUT K CYIIeCTBeHHOMN
VHTeHCU(DUKAIIUY TeIIOOTAAYM CO CTeHOK almapaToB ¢ Memankoi. CzesaH COOTBETCTBYIOIIMIT
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On some issues of determining the pulsation components of velocity in turbulent flows
Tengiz Magrakvelidze
Summary

The article briefly shows the complexity of the processes characteristic of turbulent flows and
the relevance of their further study. The great contribution of scientists working in this field,
O. Reynolds, L. Prandtl, T. Karman, I. Nikuradze and others to the study, research and solution of
problems related to turbulent flows is noted. Attention is focused on the theoretical and practical
importance of studying the nature of the pulsatile components of velocity.

A calculation formula for one of the important components of the fluid flow velocity, the
transverse pulsatile component, is proposed, which very well generalizes the well-known
experimental data of J. Laufer and also J. Comte-Bello not only in the immediate vicinity of the wall,
but also in the entire flow cross-section.

It is noted that the mechanism and sequence of obtaining the proposed formula will be
described in detail in an article that will be published in the near future.

O HeKOTOPHIX BOIIPOCAX ONpeAeIeHN My IbCAIMOHHBIX COCTABIIAIONIINX CKOPOCTH B
TypOyJIEeHTHOM IIOTOKE

Tenrus Marpaksermzgse

Pesiome

B craTbe KpaTKO IOKa3aHa CIOXHOCTb IIPOIECCOB, XAPAaKTEPHBIX A1 TYpPOYJIEHTHBIX TeUeHHI,
U aKTyaJIbHOCTh UX JajabHelnero usydenusd. OTMedeH GOIBIION BKIAZ YIEHBIX, pabOTAIOMIUX B DTOM
obmactu, — O. Peitnonszca, JI. IIpangrna, T. Kapmana, Y. Huxypagse u gpyrux, — B H3ydeHHe,
HCCIIefIOBaHUEe M pellleHue Ipo0JeM, CBA3aHHBIX C TypOYJIEHTHBIMU TeYeHHAMH. AKIIEHTHPOBAHO
BHUMAaHHe HA TEOPeTHYeCKOH M IIPaKTUYeCKOH BaKHOCTH H3Y4YeHHA IPHUPOIBI ITyJIbCALOHHBIX
COCTaBJIAIOMUX CKOPOCTH.

ITpennoxena pacuérHas dopMmysna Ajid OFHON M3 BaKHBIX COCTABJIAIONIMX CKOPOCTH IIOTOKA
XKUAKOCTH — IIOIEPEYHOH IIy/IbCAIIMOHHOM COCTaBJIfIOLIeN, KOTOpas BechbMa YZAadHO 06006uaeT
M3BeCTHBIEe dKcmepuMeHTansHble gaHuble [Dx. Jlaydepa, a taxxe JK. Konra-Bemno He Tonpko B
HEIIOCPeICTBEeHHOI GIM30CTH OT CTEHKH, HO U BO BCEM IIOIIEPEYHOM CEUeHUHU IIOTOKA.
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OTMmeueHO, YTO MeXaHMU3M U IOC/Ief0BaTeIbHOCTD IOTydYeHHs IpeAIaraeMoi GpopMyIs GyAyT
IOAPOGHO OTMCAHBI B CTaThe, KOTOpad Gy/eT omy6IuKoBaHa B OmrnKaiilee BpeMs.
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Solar thermal collector performance indicators when the collector is aligned with the sun

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

Summary

The article presents the results of a study of the so-called transient mode of operation of a
complex heat supply system with a solar thermal collector, when the amount of heated water’s
thermal energy and its temperature in the solar collector are not sufficient to meet the energy and
temperature required by the user, at which point the heat pump unit starts operating.

In order to compare the heat pump heat supply system with a solar thermal collector (Qy)
with a heat pump heat supply system that is not equipped with a solar thermal collector (Qll() a
calculation methodology was developed and the corresponding figures are presented. The energy
efficiency of the heat pump heat supply system with a solar thermal collector (P1/ ¢ during the

transition period T was determined during the day and at different times of the day, the average
indicator of which varies within 12-35%.
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In order to determine the feasibility of creating a technical system for tracking the solar
collector towards the sun and selecting the optimal tilt angle, experiments were conducted, which
established the high energy efficiency of a solar collector in a moving state compared to the energy
efficiency of a solar collector operating in a static, stationary state. The K efficiency of a solar
collector in a moving state compared to its stationary state varies within 3-8% during the day, which
is a sufficiently significant effect from an energy point of view to consider it necessary to create an
appropriate technical system for tracking the solar collector towards the sun and selecting the
optimal tilt angle

The article also describes the main components of the automatic remote control system for
tracking a thermal collector towards the sun, according to which a system for tracking a thermal
collector towards the sun will be created and the optimal tilt angle will be determined at different
times of the day.

IToxasarenmu 3¢¢deKTHBHOCTH COTHEYHOT'O TEIUIOBOTO KOJIJIEKTOPA IIPH OpHEHTAaIu
KOJUIEKTOPA IIO COJIHILY

Hozgap Mupranamsrrn, Harua Apabugse, Teumypas Bynns, Kereparr KpupuraurBuiim,
Ppugor Mursrngazse

Pesiome

B crarse mpejCcTaBIeHBI pe3yJbTaThl MCCIEHOBAHUA TaK HA3hIBAEMOTO IIEPEXOJHOTO PEXUMA
paboThl CJIOXHOUW CHUCTEMBI TEIUIOCHAGKEHMSI C COJTHEYHBIM KOJIJIEKTOPOM, KOIZa KOJIHUYECTBO
TEIUIOBO} SHEPTHUU U TeMIlepaTypa HarpeBaeMoil B COJTHEYHOM KOJIJIEKTOPE BOJBI HEJOCTATOYHBI JJIs
obecreyeHus TpeOyeMo#l IIOTPeOUTENI0 SHEPTHHU U TEMIIEpAaTypsl, B STOT MOMEHT BKJIIOYAETCS
TeIIOBOX HACoC.

ITpu cpaBHEHWM CHCTEMbI TEIUIOCHAGKEHWS C COMHEYHBIM KoytektopoM (Qg) ¢ cucremoii
TEIUIOCHAOXXEHUS C TeIUIOBBIM HAcOCOM, He OOOpYZOBAHHON COJTHEYHBIM KOJJIEKTOPOM
(Q}), paspaborana MeTofMKa pacyeTa /Is OUEHKH dHeprodddeKTHBHOCTH ¥ IIPUBEIEHbI
coorBeTcTByOmMUKe moKazarenu. OnpezeneHa >HeprospdeKTUBHOCTh CHCTEMBI TEIUIOCHAOXKEHHA C
TEIJIOBBIM HAaCOCOM M COJIHEYHBIM KOJIJIEKTOPOM B II€PEXOJHBIH Iepuof, (Pl/(P B TeYeHMe CYTOK U B
PasIHMYHBIe IPOMEXYTKH BpeMeHHU T, CpeJjHee 3HaUeHKe KOTOPOi BapsUpyeTcs B mpegenax 12-35%.

Jns  ompezeneHWs BO3MOXHOCTM CO3ZAHMS TEXHUYECKOH CHUCTEMbI CJIeXeHUs 3a
HaIpaBJeHUEM [BIDKEHUA TEIJIOBOTO KOJUIEKTOpPA B CTOPOHY COJIHIIA M BbIOOpa ONTHMMAIBHOTO yTJIa
HaKJIOHAa OBUIM IIPOBEZEHBI OKCIEPHMEHTHI, YCTAHOBHUBIINE BBICOKYIO 2Heprodd¢deKTHBHOCTH
COJIHEYHOTO KOJIIEKTOpa B IIOABIDKHOM COCTOSHMHM IO CPaBHEHUIO C 3HeProdhdeKTHUBHOCTHIO
COJIHEYHOTO KOJIEKTOpAa, PaboTaiollero B CTATUYECKOM, HEIOABIDKHOM COcTosHuM. [lokasarens
sbdextuBHOcTH K CONHEYHOTrO KOJUIEKTOpa B IIOABIDKHOM COCTOSHUU IIO CPaBHEHHIO CO
CTAI[MOHAPHBIM COCTOSHMEM M3MEHAeTCI B TeueHuWe CyTOK B mpegenax 3-8%, uTo sABIfeTCA
OCTaTOYHO CYI[ECTBEHHBIM C SHEPTeTUYECKOH TOYKK 3peHHsI 3PPeKToM, IO03BOJIIIOMMM CUUTATH
HeOOXOZMMBIM CO3JaHMe COOTBETCTBYIOLIEH TeXHUYECKOH CHCTeMbI CIEXEHHUA 3a HallpaBIeHHeM
IBIDKEHUA TEIJIOBOTO KOJUIEKTOPA B CTOPOHY COJIHIA U BRIOOpA ONTUMAIBHOTO YIJIa HAaKJIOHA.

B crathe TakXKe ONMCAHBI OCHOBHBIE KOMIIOHEHTHI CHCTEMBI aBTOMAaTHIECKOTO
LUCTAHIIMOHHOTO VIIPABIE€HHUs CJIEXEHWeM 332 HallpaBlIeHWEM ABIDKEHHSI TeIJIOBOIO KOJIIEKTOpa B
CTOPOHY COJIHIIA, B COOTBETCTBUM C KOTOPBIMH OyZeT CO3JaHa CHCTeMa CJIeXEeHUS 3a HallpaBIeHHeM
IBIDKEHUA TEIUIOBOTO KOJUIEKTOpPA B CTOPOHY COJIHIIA M OIpeZesieH ONTHMAIBHBIN YroJ HAaKJIOHA B

Ppa3Hbie MOMEHTBI BDEMEHHU.
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Planning of a control system for a robot intended for underwater work
David Purtskhvanidze, Veriko Bakhtadze, Ketevan Kvirikashvili, Panaiot Stavrianidi

Summary

The presented work is a project of a control system for an underwater mobile robot with a
wireless connection to a central control center. The system takes into account the features of the
movement of mobile robots, which allows solving remote control problems when the robot's working
area and its control center are located in various environments. Communication with the robot is
carried out in the air via Wi-Fi, and in water - by ultrasound. The possibilities and features of
autonomous control of the robot in emergency situations are considered. Recently, more and more
attention has been paid to small mobile robots, the so-called "Medusa", designed to works
underwater. We have developed an original robot of this type - "Medusa", the description of which is
presented in this article. An artificial muscle is used as a drive mechanism of the robot. The
description and operating principle of the muscle are also given in article. The work of a mobile robot
in space, the plan of which is unknown in advance, is considered. Filling in information for
controlling the robot is carried out using the machine learning method.

Paspa6oTka cucTeMs! ynpasieHusa po60TOM, IpefHa3HaAYeHHBIM JJIA IMOJBOAHBIX paboT
apmz Ilypryxsannzgse, Bepruko baxrazse, Kerepan Kpuprukampnin, Ilananor CraBpuanugn

Pesome

Pa6ora mpepcrapiger coboii IPOEKT CUCTEMBI YIIPaBIeHH HOJBOJHBIM MOGHIBHBIM POGOTOM
¢ 6ecIpOBOIHBIM IIOJKTIOYEHMEM K IEHTPAaIbHOMY IYHKTy ympabaeHus. CucremMa ydYMTHIBaeT
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0COGEHHOCTU IBIXEHUS MOOMIBHBIX POGOTOB, UTO IO3BOJIAET pellaTh 3afadyd AUCTAHIIMOHHOTO
yTIpaBIeHUA IPU PAaCHOIOXKeHUM paboueil 30HBI pobOTa M €ro IeHTpa YIPaBlIeHUA B Pa3THIHBIX
cpepax. CBa3p ¢ poboToM ocymecTBiasgerca B Bozgyxe mo Wi-Fi, a B Bogme — mo yibTpasByKy.
PaccmarpuBaioTcss BO3MOXHOCTH M OCOGEHHOCTU aBTOHOMHOTO YIIpaBJIeHHSA POOOTOM B HEIITATHBIX
cuTyauuax. B mocienHee BpeMs 6oblIoe BHHMaHUe yeISeTCA MaJbIM MOOMJIBHBIM pOOOTaM, Tak
HassiBaeMbIM «Meqy3a», IpelHa3HAYeHHBIM I pabotT 1oz Bogoit. Hamu paspaboTaH opuruHaIbHBII
pobor Takoro Tuma — «Megysa», omucaHHe KOTOPOTO IIPeJCTaBIeHO B JaHHOU crarhe. B KauecTBe
IPUBOZHOTO MeXaHHW3Ma po0OTa HCIIONB30BaHA HCKycCTBeHHas Mbimna. OmucaHue U NPUHIIUI
paboTHI MBINILBI TAaKXXe IPUBENEeHBI B cTaThe. PaccmarpuBaeTcs pabora MOOMIBHOTO poGOTa B
IIPOCTPAHCTBe, IUIAH KOTOPOTO 3apaHee HeM3BeCTeH. 3alOJTHeHHe MHGOPMAalMM IJA yIpaBlIeHU:
PO6OTOM OCYIIECTBIAETCS C UCIIONb30BaHUEM MeTO/a MAIIMHHOTO 00y YeHN .
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Combinations for Enhancing the Selectivity of Drugs Against Non-Small Cell Lung
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Abstract

The presented study is an attempt to use the most accessible free version of the artificial
intelligence ChatGPT to accelerate and simplify the preliminary assessment of the efficacy, selectivity
and degree of synergy of combinations of widely used and FDA approved anticancer drug
gemcitabine with cesium and rubidium salts, copper oxide nanoparticle water dispersions, DMSO and
0.9% saline solution, in comparison with solutions of gemcitabine of corresponding concentrations.
As an object of research, cell cultures of the deadliest form of cancer A549 and healthy cells of the
normal human fibroblast cells NHDF were chosen. The conducted studies have shown that the
publicly available version of ChatGPT, applied in a linear approximation for calculating LCso
concentrations, can be successfully used for reliable in vitro assessment of the selectivity of
combinations and the synergy of their components already with a fairly small (8-10) amount of
experimental data, evenly distributed over the entire range of concentrations and doses.

Key words:

artificial intelligence, medical decision-making systems, non-small cell lung cancer, synergy,
selectivity index.

Introduction

Modern medicine and oncology, in particular, are one step away from the widespread
introduction of artificial intelligence into everyday medical practice. Numerous scientific articles
describe and discuss the most successful projects demonstrating the participation of artificial
intelligence in the diagnosis and prognosis of the course of oncological diseases. Existing systems for
making medical decisions, including modules for diagnosing oncological diseases based on neural
networks, are analyzed. The limitations of using artificial intelligence in oncology are shown and
ways to overcome them are described. Artificial intelligence methods have proven their effectiveness
in analyzing images (X-rays, histological sections) and can be used to support medical decision-
making. A huge array of accumulated knowledge about the molecular biological nature of tumors
finds practical application for prescribing treatment and prognosticating the course of the disease due
to processing by machine learning algorithms. Artificial intelligence can become the key to
improving the efficiency of medical care for oncological diseases. The presented study is an attempt
to use the most accessible free version of the artificial intelligence ChatGPT to accelerate and simplify
the preliminary assessment of the efficacy, selectivity and degree of synergy of combinations of
widely used and FDA approved anticancer drug gemcitabine with cesium and rubidium salts, copper
oxide nanoparticle water dispersions, DMSO and 0.9% saline solution, in comparison with solutions
of gemcitabine of corresponding concentrations. As an object of research, cell cultures of the
deadliest form of cancer A549 and healthy cells of the normal human fibroblast cells NHDF were
chosen. The conducted studies have shown that the publicly available version of ChatGPT, applied in
a linear approximation for calculating LC50 concentrations, can be successfully used for reliable in
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vitro assessment of the selectivity of combinations and the synergy of their components already with
a fairly small (8-10) amount of experimental data, evenly distributed over the entire range of
concentrations and doses.

Areas of artificial intelligence use in oncology

In 2022, within the framework of the national project to combat cancer, the implementation
of a new model for organizing the provision of medical care continues, based on the use of lean
technologies and aimed at improving the efficiency of internal processes, efficient use of resources,
increasing patient satisfaction with the availability and quality of medical care received. Solving a
huge number of problems on the way to achieving the expected result (improving the quality of
treatment of cancer patients, their rehabilitation and cure) will be difficult and less effective without
the introduction of artificial intelligence systems into the practice of an oncologist. Artificial
intelligence (AI) is a modern approach based on methods and algorithms that allow you to analyze
large volumes of data and, based on them, generate an accurate forecast for data that is missing during
the analysis. The key feature of Al is its ability to make rational decisions that mimic human
cognitive abilities. Currently, Al applications in oncology are focused on several areas: 1) early
diagnosis of tumor pathology based on the analysis of histological sections, CT and MRI data, and the
identification of parameters characteristic of the tumor process; 2) selection of an individualized
treatment method for cancer patients, taking into account the molecular biological characteristics of
the tumor; 3) support for medical decision-making in the treatment of cancer patients.

Use of Al methods for early diagnosis of tumor pathology

The use of deep machine learning in the diagnosis of various diseases by analyzing radiological
or histological digital images demonstrates an efficiency close to, and in some cases even greater than,
the expert opinion of individual radiologists or pathologists. AI methods are widely used in the
analysis of radiological images. In 2018, researchers from Seoul National University College of
Medicine developed an Al algorithm to analyze chest X-rays and detect abnormal lesions that are
precancerous or early-stage malignant processes. The performance of the developed algorithm was
compared on the same images with the opinion of several doctors, and it was found that the system
outperformed 17 out of 18 doctors [1-2]. Thanks to machine learning, it became possible to clearly
differentiate between the tumor process and the surrounding inflammation or necrosis (after
radiation therapy) based on CT and MRI data [3]. Otherwise, the inflammation was mistaken for the
tumor process and interpreted as tumor progression, leading to a change in effective treatment to
other regimens. Al is also capable of predicting the development of radiation damage to the lungs,
bladder, and intestines during radiation therapy based on X-ray data (CT or MRI) [4]. In July 2020,
the SberHealth service, together with the SberCloud cloud platform, launched a project to recognize
computed tomography images of the lungs. Anyone can upload their CT image and receive its
decoding within 10 minutes. According to the developers, the service is aimed at identifying
pathologically altered (inflammation) areas of lung tissue, determining the nature of changes in lung
tissue (ground glass and consolidation) and determining the volume of lung tissue damage as a
percentage [5]. The Botkin.Al company [6] has created a platform with the ability to analyze
pneumonia (to combat Covidl9), lung tumors, analyze mammography screening data, and
teleradiology using three key technologies. The first is the proprietary Botkin Learning technology,
which increases the efficiency of using Al technologies to analyze images of various pathologies
through automated machine learning pipelines that are launched when new data is received, which
then produce, test, and implement updated models. The implemented meta-algorithm, according to
the developers, selects the best model option for a specific data set. The second key element of the
technology is Botkin HAI (Hybrid Intelligence), which implements the analysis of medical images,
combining the use of Al tools and the expertise of doctors. It implies the process of validation of the
results of the AI work by doctors and support for cross-checking the results of studies by a group of
doctors. The third component is Botkin Edge, a hardware and software complex for analyzing
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medical images with the ability to place it in a clinic, connect to PACS or directly to a data source,
has a flexible configuration. Another area of applied use of Al in the interpretation of X-ray
examination data is the prediction of the progression of the tumor process. Thus, according to the X-
ray characteristics of the tumor process using Al, a predictive model for the development of distant
metastases in lung cancer was built [4]. The accumulation of databases of digital images of various
histological sections in developed countries made it possible to apply deep machine learning to the
morphological diagnosis of tumor diseases and routinely introduce this method into clinical practice.
A deep machine learning system was used to determine the depth of invasion of malignant tumors of
the prostate gland. The accuracy of this method was 70%, which exceeds the assessment of general
pathologists [7]. Neural networks were also used in the analysis of images of histological preparations
to identify tumor-infiltrating lymphocytes due to their prognostic significance for malignant
neoplasms of various localizations (mammary gland, lung, colon) [8]. Researchers from Google Al
Healthcare developed the Lymph Node Assistant algorithm, capable of analyzing histological samples
of lymph nodes in order to identify their metastatic lesions in breast cancer. The sensitivity of the
developed algorithm in tests was 91%, including when detecting suspicious areas that are not
distinguishable by the human eye [9]. Machine learning based on a large database of morphological
sections made it possible to obtain a method for diagnosing a tumor process without the participation
of a pathologist, in a short time and with an accuracy not inferior to (and in some cases even
exceeding) the accuracy of an expert. In the near future, deep machine learning will become an
important tool to support the work of pathologists and radiologists, in order to improve the accuracy
and efficiency of histological and radiological diagnostics of malignant neoplasms [10]. One example
of the effective use of Al in clinical oncology is the high-precision analysis of images obtained during
dermatoscopy. Through the analysis, Al is able to diagnose various skin tumors (including melanoma)
at the level of expert dermatologists with an accuracy of up to 96%. These programs can be installed
on smartphones, which will allow timely diagnosis of skin tumors among the general population [11].
A method of non-invasive, highly effective diagnosis of oncological diseases based on the analysis of
exhaled air is also known using a multi-sensor diagnostic complex. The idea of the method is
preliminary machine learning of the system capture volatile substances in exhaled air characteristic
of cancer patients and compare them with air samples obtained from healthy people. Subsequently,
during screening examination, this method allows to identify cancer patients only by exhaled air
analysis and refer them to more accurate, verifying (biopsy) diagnostic methods. The accuracy of the
developed diagnostic method for lung, larynx and oropharyngeal cancer was 80.16% (sensitivity -
76.92%, specificity 82.61%). The obtained results are comparable with the accuracy of standard
research methods (SCT, MRI) [12]. Such examples of the use of Al in the diagnosis of cancer diseases
once again demonstrate the promise of this approach and allow optimizing the working time of
specialists by reducing the workload.

Combination therapy versus mono-therapy of cancer

It is known that tumor formation is the acquisition of malignant properties by normal cells,
primarily dedifferentiation, rapid proliferation, metastasis, evasion of apoptosis and immune
surveillance, disruption of metabolic regulation and epigenetics, etc., which are considered the main
hallmarks of cancer. Despite many significant advances in oncological research, it is still not possible
to significantly reduce the overall cancer incidence and mortality rates even in the most developed
countries. (e. g., the United States has a surprisingly high rate of childhood cancer mortality and a
quite low rate of the average 5-year survival rate [13-17]. The high cost and timelines of
development, as well as the lengthy testing and registration processes for drugs, are the main reasons
why clinical practice lags behind scientific advances and research results. Combination cancer
therapy effectively targets the mechanisms that play a key role in the development, maintenance, and
proliferation of malignant cells, as well as tumor growth. Combination therapy also offers other
advantages over monotherapy, such as effective control of drug resistance, elimination of cancer stem
cells (CSCs) [18, 19], and provision of drug ‘repurposing’ [20-25], where drugs not approved for
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cancer treatment but successfully tested as non-toxic to healthy tissue demonstrate high anti-cancer
efficacy in place of approved and widely used anti-cancer therapies and can be ‘repurposed’ as useful
adjuvant drugs or combination therapies for cancer [26-36]. “Re-purposing” is an effective
component of combined cancer therapy allowing to reduce for several times the costs and time of
introducing new anticancer treatment modalities which contain one or several FDA-approved drugs
(having well-tested safety and comprehensively studied pharmacokinetic protocols) and one or more
currently studied components including various nanoparticles and aquatic solutions of components
often used as Biologically Effective Additives. Synergistic effects can play an extremely important
positive or negative role in combination therapy as they can increase the effectiveness and safety of
the therapeutic effect several times, or vice versa, drastically decrease treatment efficacy, increase its
toxicity to healthy cells and cause or enhance undesirable side effects in a super-additive, additive or
antagonistic way [37-38]. Therefore, comprehensive study of the “positive” and “negative” additive
and antagonistic toxicity is of particular importance for the successful development of new modalities
within the concept of combination therapy, whereas the correct choice, method of application and
dosage of nanoparticles can be crucial to achieving maximum therapeutic effect and safety.

Background and necessity of the requested research and rationale for component selection

The non-small cell lung cancer (NSCLC is one of the most common types of malignant tumors.
It continues to occupy a leading position not only in the structure of oncological morbidity, but also
in the structure of mortality. Due to the high relevance of the disease, much attention is paid to its
early detection and effective treatment. This study is expected to complete the first phase of research
initiated in 2015 [29-37] aimed at developing new combination drugs based on the concept of strictly
localized combination therapy for cancer. An analysis of numerous published research data on the
anticancer efficacy, mechanisms of action, safety, synergy, and general and specific toxicity of widely
known and used chemotherapeutic agents was conducted. This study is expected to complete the first
phase of research initiated in 2015 aimed at developing new combination drugs based on the concept
of strictly localized combination therapy for cancer. An analysis of numerous published research data
on the anticancer efficacy, mechanisms of action, safety, synergy, and general and specific toxicity of
widely known and used chemotherapeutic agents was conducted., DMSO and metal oxide
nanoparticles [38], as well as of our still unpublished data on the effect of adding CuO and other
metal oxide nanoparticles to the most effective mixtures of above listed compounds, clearly showed
that the results from Annexin V-FITC/PI flow cytometric assay justify the findings from MTT assay
and show RbCl being the most effective and safe among the tested rubidium and cesium chloride and
carbonate solutions, and that RbCl should be selected as a potent highly selective anticancer
therapeutic agent for further in-depth studies. Adding of “anticancer” nanoparticles substantially
increases the selectivity of tested samples. An important condition for choosing the “anti-cancer”
nanoparticles is that their permissible dose is sufficiently high (that is, their acute and chronic
toxicity is small) so that their acute toxicity effects at concentrations up to 180-200 mg/ml could be
neglected.

Experimental. Materials (chemicals, reagents and cell cultures)

All chemicals and reagents were obtained from Merck (India), HiMedia (India), Invitrogen
(India), SRL (India) and Sigma-Aldrich (USA). DCFDA (D6883) was purchased from Sigma-Aldrich
(India). FBS (16000044) was obtained from GIBCO (USA), while MEM sodium pyruvate, MEM non-
essential amino acids, L-glutamine and DMSO (99.8%) were procured from Hi-Media, India.
Gemcitabine was procured from GPI (Georgia), CuO nanoparticle water dispersion (22 weight %, 20-
50 nm) was procured from “Nanografi Nanotechnologies” (Turkey). Human lung cancer cell line
A549 and human Primary Normal Human Dermal Fibroblasts line NHDF was obtained from ATCC,
USA. The most advanced available artificial intelligence ree version ChatGPT+ was applied in a linear
approximation mode to forecast the selectivity of developed combinations compared to gemcitabine
based saline solutions.
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Experimental. Research Methods and applied Formulae

As given in our previous publications, The presented study is an attempt to use the most
accessible free version of the artificial intelligence ChatGPT to accelerate and simplify the
preliminary assessment of the efficacy, selectivity and degree of synergy of combinations of widely
used and FDA approved anticancer drugs (gemcitabine, cisplatin) with cesium and rubidium salts,
copper oxide nanoparticle water dispersions, DMSO and 0.9% saline solution, in comparison with
solutions of gemcitabine and cisplatin of corresponding concentrations. As an object of research, cell
cultures of the deadliest form of cancer A549 and healthy cells of the normal human fibroblast cells
NHDF were chosen. The dose-dependent selectivity index Sles. of the developed combinations and
gemcitabine saline solutions Slexp. can be determined as the ratio of the Lcso concentrations
experimentally measured through the MTT method in A549 cells (Lcexpass) and in NHDF cells
(Lcexpnupr):

Slexp. = Leexpnipr/Leexpasss (1)

The dose-dependent selectivity index Slca. of the developed combinations, gemcitabine and cisplatin
saline solutions can be determined as the ratio of the Lcso concentrations calculated by ChatGPT+
program for the A549 cells (Lccalcasso) and for the NHDF cells (Lccalennpr), applying the linear
approximation and using the data on the molar concentration of each component, the averaged
literary data on the Lcso of each component and the data on the exposure doses and incubation
durations applied in the above experimental testing:

Slcale. = Lecalennnr/Lecalcasas(2)
Experimental. Assessing the synergy of combinations

The synergy rate index of combinations SYI was determined as the difference between the
values of indices SIexp.and Slcac. divided by the value of the index SIcatk.

SYI = (SIExp.— SICach/ Slcale. (3)
Results and discussion

The content of developed and tested combinations and solutions is given in Table 1. As one
can see, sample lcontaines the standard (0.9%) saline solution and is used as control in all
experiments. Samples 2-8 contain various amounts of all components and are used to measure and
calculate the Slgxp., SIcac. and SYT indexes.

Sample 1 2 3 4 5 6 7 8
Components
RbCl, mg 0 400
Water, ml 0 |09 1.4 1.8 2.3 2.7 3.2 3.6
Saline solution 10 | 6.1 5.6 5.2 47 4.3 3.8 3.4
(0.9%), ml
DMSO (99.5%), ml 0 3
Gemcitabine, mg 0 200
CuO, mg 0 100 200 300 400 500 600 700
STExp. 1.1 | 1.8 2.9 49 7.9 12.3 15,5 14.7
SIcale. 1.1 ] 15 2.2 2.9 3.8 4.6 5.9 6.6
SYI 0 | 020103 0.7 1.1 1.7 1.6 1.2
Total amount of liquid 10

samples, ml

Table 1. Composition of the tested samples 1-8; experimental (SIks.), calculated (Slca.) and synergy
(SYI) indexes of samples 1-8
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Samples 9-12 (the so called “blanc samples”) are listed in Table 2. They contained only saline, water
and copper oxide nanoparticles and were tested to assess the total non-synergistic and/or synergistic
input of the nanoparticles in the selectivity of combinations.

Sample 9 10 11 12 13
Component
Water, ml 0.9 1.4 2.3 3.2 3.6
Saline solution, ml 9.1 8,6 7.7 6.8 6.4
CuO nanoparticles 100 200 500 700 800
SIexp. 1.1 1.3 2.1 2.9 3.2
SIcale. 1.05 1.1 1.6 2.3 2.4
SYI 0.05 0.1 0.28 0.33 0.39
Total amount of 10
liquid samples, ml

Table 2. Composition of the tested samples 9-13; experimental (SIex.), calculated (Slcac) and synergy
(SYI) indexes of samples 9-13
20
15

10

0 2 4 6 8 10

Figure 1. Up to down: experimental selectivity (SIexp.), Al calculated selectivity (Slcaic) and synergy
index (SYI) of the tested samples 1-8

0 200 400 600 800 1000

Figure 2. Up to down: experimental selectivity (SIes.), Al calculated selectivity (SIcac.) and synergy
index (SYI) of the tested samples 9-13

We have developed and studied 8 combinations containing all selected components and 4
combinations containing only copper oxide nanoparticles dispersed in water and saline solution
(“blank nanoparticle dispersions”), in the nanoparticle concentration range of 0 - 80 mg/ml. The
widely used MTT cell proliferation assay was applied to the A549 and NHDF cell cultures. The
selectivity of preparations to cancer A549 cells in comparison with healthy NHDF cells was taken as
the informative characteristic of the effectiveness and safety of the tested samples. Three selectivity
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indices were introduced based on the viability of samples. In our opinion the selectivity and synergy
indices introduced in the frame of the reported research characterize the anti-proliferative activity,
apoptosis inducing activity and safety (or the potential therapeutic window) of the tested samples
better than the most commonly used LD indexes, and are much more simple, illustrative and
accessible to a significant part of researchers than the integrated computational-experimental
methods specifically designed to search for combinations, maximizing a predefined therapeutic index
(TT) which are specifically designed to search for combinations, maximizing the efficacy and safety of
cancer treatment. The dependence of calculated selectivity indices of the combined multicomponent
mixtures and of the “blank nanoparticle dispersions” of the nanosized copper oxide concentration is
substantially different. The multicomponent combinations demonstrate a clearly non-monotonous
dose-effect response, which is atypical for the toxicity of mixtures in the absence of synergistic
interaction of components, while the “blank nanoparticle dispersions” show a typical monotonous
response. Taking into account, that the selectivity index values of the “blank nanoparticle
dispersions” are much smaller than that of combined mixtures with the same content of nanoparticles
as well as of the combined mixtures with zero content of nanoparticles, we may conclude that the
atypical dose-effect response of the multicomponent combinations and the small magnitude of
selectivity of the “blank nanoparticle dispersions should be explained due to the synergistic
interaction of the nanosized copper oxide with rubidium chloride, gemcitabine and DMSO and not
due to the direct action of the copper oxide nanoparticles. In our opinion, the results of the present
study support and substantiate the consideration that developed and tested “cocktails” combined with
magnetic hyperthermia and other advanced methods of cancer therapy can form a proper basis to
multicomponent treatment modalities adjuvant to particle therapy with extremely broad therapeutic
window (i. e., with extremely high values of selectivity and synergy indices) and effectiveness. A
highly valuable conclusion of t reported research is that he conducted studies have clearly shown that
the publicly available version of ChatGPT, applied in a linear approximation for calculating LC50
concentrations, can be successfully used for reliable in vitro assessment of the selectivity of
combinations and the synergy of their components already with a fairly small (8-10) amount of
experimental data, evenly distributed over the entire range of concentrations and doses.

Our study had several limitations mainly caused by the wide range of issues covered, a short
period of time and restricted volume of funding of the research. To overcome the limitations the
following steps should be done. The range of the nanosized copper oxide concentration should be
increased at least up to 120 mg/l or even more with aim to observe the saturation or any new
unexpected features in the dose-response relationship; The step of changing the concentration of
copper oxide in the samples under study should be reduced several times in order to detect the
possible peaks of synergy. Gemcitabine and DMSO could be replaced by a number of other widely
used drugs and new anticancer drugs should be added to the combinations; Copper-oxide
nanoparticles could be replaced by a number of other nanosized anticancer metal and metal oxide
substances; A number of the various ionophores should be added to the combinations with aim to
potentiate their anticancer efficacy and selectivity.
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Hcnonp3oBaHue HCKyCCTBEHHOIO HHTEJIEKTA JJIA OIeHKKM CHHEPTHHHOBBIX
IIPOTHMBOPAKOBBIX KOMOMHAIIMIA C II€JIBIO MOBBIUIEHUA CeIEKTHBHOCTH IIPENapaToOB IIPOTHB
HeMeJIKOKJIETOYHOTO PaKa JIETKHX.

Apunir Yupakazse, 3axapus bByaunzgse, Hpure Xomepurwn, /lug Yernzgse

Pesiome

IIpencraBieHHOe HCCIeZOBaHME IIPeACTaBIAET COOOM IIONIBITKY MCIIOJNB30BAaHMA Hamboiee
JIOCTYIHOU 6GecIIaTHOM Bepcuu mporpaMmsr HcKyccrBenHoro uuremnekra ChatGPT pns yckopenus
U YTPOUIeHUs IIpeJBAPUTENBHON OLEHKU 3(h(PEeKTUBHOCTH, CeTeKTUBHOCTH U CTEIIeHNW CHHepPru3Ma
KOMOWHAIM IIMPOKO MCIONB3yeMOro u omxobpenHoro FDA mpoTHBOpaKoBOro IpelapaTa
TeMIUTa0MHa C COMAMHU IIe3us M PyOUANS, BOZHBIMH AHUCIEPCHIMM HAHOYACTHUI] OKCHIA MeJH,
IMCO u 0,9% dusuomornyeckuM pacTBOPOM B CpaBHEHHMM C PAcTBOPaMHM TeMIMTaGHMHA
COOTBETCTBYIOIIUX KOHIleHTpauuii. B kauecTBe oOGbeKTa HCCIeNOBAaHHUA ObLIM BBIOGPAHBI KYJIBTYPHI
KJIETOK OZHOH u3 Hambojiee CMEpPTOHOCHBIX (GopM paka A549 u 3M0POBBIX KJIETOK HOPMAaJIbHBIX
¢ubpobmacroB uemoBeka NHDF. IlpoBemeHHble ucCiaefOBaHMA IIOKAa3alH, YTO OOIIeJOCTYIIHAA
Bepcuss ChatGPT, mpumensemas B IuHeHHOM HpUOIIDKEHMM s pacdera KoHueHrtpaumit LCso,
MOXKeT OBITH YCIIEIIHO KMCIIONB30BaHa AJI1 HaZEXHOMN iNVitro OleHKU CeleKTUBHOCTA KOMOHHAIUIN U
CHHepTu3Ma X KOMIIOHEHTOB y’Ke IpU ZocTaTo9Ho HeGombuoM (8—10) o6beme oKCIepHMEHTaTbHBIX
JAHHBIX, PABHOMEPHO pacIipeie/IeHHBIX 110 BCEMY AMAIa3oHy KOHIEHTpaluil U J03.
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9dmo@3ogL turn, become, make Lo@yzgol.

9gbg mbsg g90m®s. — ‘Elena just turned pale.

939Mbg Psdm©3z®ods fyserds J3o 3gd 2998s35. — “When he spilled water on his chest,
the stone instantly turned black.’

Losg, dobo Lol 930000000 sdHEo boEogg 935-MBOEIT0 YR OIOMS,
539b(39bgds, SRS, — ‘From somewhere in the depths of her soul a chill came and
penetrated her flesh and bones, making her shiver, turning her blue.’

5¢9JLo 9M0 M3990 MESE FMObsMs, IOIMS, FIMINMY, b S O35HIMI3s. — In
a month Aleksi had become bent, elderly, white, thin, and shrunken.’

wbs 5006036ML, G®I ofomErgds () ol 530l gbgds) 3MM3MLbdo Y39wAsh
Bomstydbos Lo@yzoo blush.

9030090 3500 s M30L FoLSTMMEPIWSE Foowmemms: — ‘The priest blushed
and started mumbling in self-justification’

39095 Ym09d59009 35§00e©s s bgdMEma bgwgdo Lobgby 505356, — ‘Medea blushed to
the ears and couldn't help covering her face with her hands.’
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208mbs3e0obos FbmeEm oligmo d990b393900, HMEYLsE LoGY3S 39H0EGdLMLD GBmo©
§0b55g05d0 ox830mEMHYB3 SGOL. sbgo ML 0bYz turn dmEIEos Fodmygbgdwywo.

33530 3OMB3QY, 50605, FIBOMMOS s Pooers. — Kvachi was astounded, utterly taken
aback, and he turned alternately red and pale.’

50605, JOBOMMOS, JFOMWES S (3oBELTS 50¢)9bs. — ‘His mind blurred, he turned deadly
pale, then bright red and began to shiver.’

90b655OLMIM0Z50 P0G 1¢) “4530mIMBoLEBHJOL” BodbsgL, 530b 0bgg turn dm@ywo
0bdoMgds.

0v) 39696350 2q0056x3s, Bo80bomgg FomEbgbs Rablsg Jobx3b03 A9IM3®AS3, 0¥
foomgdds  gg0dsxggl, ToMx3gbs  @gblog  dsdobomgg domEbbog  4oo3wAs3 ©s 93
a93fomegdo. — ‘If Kerensky wins, I move my left foot straight away to the right; if the Reds win,
then I instantly move my right foot to the left and turn red myself.’

293094 gdl s 39639690l fomgar dmbzmgol Bsdgzowr sfomegdsls, ©sdwdgdsl s
239090MgdsL! — ‘Who will take you with him and show you how to turn Red Moscow really red,
then darken it, and make it white.’

00 939653690 FogoeromBo Lsdo BIMOEIL bsfa®dmgdo gBmo JoMomo dmEgerol
Boliobgeato Babs 0byeolvMms bodo bgsolbgs dm@gErom 6oL bsmstydbo: turn red, darken,
make it white.

Joormmdo  bsbgarol  Beydg + @ + 0g00lb  60dsbo  Im©gdo o9 m0sbgdos
»00000505© bogboli 60dbol 56 ™30LgdOL 2sdMTbsEZgE Lobgwmogsb bsfomdmgdo bdbgdo.
3590mdm ,L5abol 60BOL b MZ0LYOOL” S 9GS BIPLIOMOZL, oYL 98 XyMRT0 Tgodwrgds
990m30098 9MBGBO0m Labgmmogsb bofatdmgdo BIbgdoE, HMEs sOLYIdoO Lobgwo Logbol
B0doblL 96 030LgdsL A5TMbESZL s 965 LogsbL: FoabgEs, J9TYIEWY, FoKR0J®s... BbgE0, dygEro,
Xx0Jo 00 d90mbggzs80 BgLsMMogol §Mbdzoom godmmol® [4]. 58 dmEgwol Bsbsbgwrs®o
bdbgdo sbogw 36033690Mdsl 0dgbl Labgwol Jobss®lol/m30Lgdol Fobg300 s Y9sEHB0O
3600369 mdomsi 0bdotgds.

335300 ool doews obzgMs: 070bs, 2odfsMm©s, Fo39abw s o 3sdbgaEs. —
‘Kvachi met force with force: he insisted, he grew determined, then fiery and then ferocious.’

The King was in a rage in a moment, he seized a billet of wood and was in the act of charging
upon the youth when another mocking laugh fell upon his ear. — ‘99339 55800003, bgero osgwm
39900 bs3mdL s ol ogm gdshizowolomzol »bws @sgM@ys, GmI dgmmg dbMowsb Lbgobo bogowo
24903mbo.”

The storm culminated in one matchless effort that seemed likely to tear the island to pieces,
burn it up, drown it to the treetops, blow it away, and deafen every creature in it. — ‘4M0gowo
Bl 0Ly g9sBRMAPS, 35eILES, MMMl LML, dmgero 3630 BsbbgMmg3zde© SgEomb,
535L, Yoo IRIOML s ©EJESTOFol 300D 5©RI3ML, oYM IML g39ws 3mEboswo
oMLY,

@5 gbs 3m033603), s0bmm s gsbggzs. — Then he bit his tongue, turned bright red and
became dumbstruck.’

o350 o 0bgz 890309005 s 93990, — ‘His resigned heart contracted again and
became as hard as flint.’

b5b08M839000, 93500 Lobero s JEYsGHIHOo gugby O™ IMoambgdms
bmwdg, 5396bEgdMEs, 53J9v9GHMbdMEs, 3030 gdmes. — ‘Every now and again, when
he thought about his lost house and his heartbroken Elene, he would become fiery, restless, and hot-

tempered.’
394U Lobg fefmFs®barmd, 3bgermEs s 3500 b6 3IIoLs3 b Fom@mdms. — ‘The lad
blushed deep red: he felt hot and couldn't stop looking out of the window.’

Joonme  ©mbosh 36900mgdL  gmobogds 0byerol®do -en Lygzodbosbo dmegero,
MIgE0E 9OLYBIOMO O HBYIOLIMOMZ30 LbgEIGdOLYD SFoMBMadl BIbdL — adjective/noun + -en

102



300030 Boz0dg, 565 B 3905830¢70, b0bea y2535030¢m0

— verb — s 358mbs@ gl bobgerol m30Lgd0L 9@ 9JuEMHYLOMEMBSL. 53 9g8mbgg3580 JoHmIEo
5 063olwOHO I Gd0 BMLEIE J096500gds gHNTobgmb.

»9bg 030"?! - 1356900 YYPOPEIDS 3N 0s-3mEl. —"So"? KoliaClaude’s eyes widens.’

Streets widened and narrowed. — ‘JB900 B5MOMZEYIM©S ©s 0FOMZPOIOM©S.’

Prabaker let out a soft moan, and his eyes widened. — ‘3650539005 bds@sdws ©s033b9L
03500 30093 NBOM JIIBIONMIS.”

Winter will pass, the days will lengthen, the ice will melt in the pasture pond. — ‘3530
5005600, O] 30353 gdL s LEdm3ZMOL GHdMGBY 4obwyeo Yow®3gds.’

9ngdggdomo  §35MmoL gmeg ImEgeol Abyoglo, MMIgeog bBabobgwst BIbgddo
0bLE®MTIIBESEH03MBL godmbs@egl, 3Mgxz0duosbo 3bgdomol gl dmgerog (0/g + Labgerol ggwdy
+ b3odbo) Lobgeol gxdol (HMIWOobBs ImEgdmeo Babs sGOL bsfo®mBmgdo) obywolm®o
05035600 250Mm0bsEgds.

Gegm® d90degds 133900 ©E5076RML obdsOL 4969397 — ‘How can food be oxidized
without oxygen?’

J3900 5075695 5 BoMOQ0 o35, — ‘The saucepan had rusted and the mat decayed.’

6900L30gH LEBMYsEMYBST0 M530LXYBEGds FMZ5¢0 LbgsEslbgs aBgdom 0BEMIds —
‘Freedom in any society is limited in all sorts of ways.’

5GMdgdol 36003bgermgzsbo boffoero 07069905, — ‘A considerable number of atoms are
oxidized.’

053Mmbos M YMHMO  Lobgwdfoxgms Flmawomdo, MMICOL  Jswodgdo dBOMMIMEO
056500 259mygbgd00> Es0dMds. — ‘As the only country in the world to have had nuclear weapons
dropped on its cities.’

0053 965 FoMmnas fermdoom 0bmdgds bsdzowo Logmabary, bsdgzowo a@dbmds,
6od300  MMMOgMMds LoghmmE?! 5Ms dymbos. — ‘But can an actual life, feeling, or
relationships in general really be measured in years? I think not.’

9L Bsboe0s 3539 6 0@ MJmU. — “This material should be sealed separately.’

309130460560 369000l IMEYEdo IM0sDBMYDs, MMYMOG 3. FMAMSTZ0W0 >0bodbs3l,
»009535%  BHo3olL  (0sGGH030 gm®mIgdo) Bdbgdo [4], LLwdogdBHo  o3wgbl BBl  Bwdoo
2909m 399 3609369 mdsLmE HMgdom Fbgs3lgdsl, EMmMIdOm SMEgdl dob gmbJsosl,
935 gmdSL: B5393MBL 3530 — 3930 0539303000 093939 39HDOMHMBL — 39HOMOL TZogmdSL
SLOMEGRL; 353MmBL, Hgz0LBYMMBL s LbZs“. 53EHMMO 53 IMgEgbsls A s3LBGBOMMBSL ficmgdl,
099 bobgerol 1gdobGHogs 3ol FglodergderMmdsl 0dwrg3s. sLgmo 8gdmbggzgddol 50 dmEol
06300bH0 PoMTobom gmobowgds:

9600 (3boo 0ym, 9ol 39M9RBIM0 Aogam, 6o §ATIZMIS O MZOL SGHOPIOWS
L5BI0Z9ML, GMAgELsg JoMolbo shghgd©o. — ‘It was clear that Medea had misunderstood her, or was
being devious and deliberately averting her eye from the pain that Chalciope was trying to show her.’

Lobod 33930  3BMABJIWMBS,  M3YMOIBHMOO  335MOGHL  SBHEO0SWYOS,  BaEsMgbo
3OGHOLGHMdEDbI6 o ©sbsMhgBIdO LEgEMs® 000dgdm©bgb. — “While Kvachi was giving
orders, the cameraman was turning the camera, the cashiers were acting, and everyone else was
smiling stupidly.’

Mmombo3g 93039, Fodmfymdowo, Mfobgmby MoMglbs 0dgMHgdmELIb s sby
35Jomdbgb. — ‘The four of them dressed like Europeans and gave themselves even more airs,
proudly, even haughtily boasting.’

LodmEmmE, 36900000 335M0L dmEIEgdo 0byEol®mdo Lbgoslbgs s13gd@l dmoEegl,
003M59, »IgEgLo©, 3obLO3MMMIO0m MbBosbo 3BgdOMYdO, foImoigds become + adjective (to
become white — to turn white ‘mgm®gdy’), turn + adjective (to turn bitter — to become bitter
‘Potg0dy’), verb (to change into) (to change into a man — to humanize, or to turn into a man

'395390") dmEYEgdom.
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L53995¢00 §35MoL ImEYEgdo

50bo60865305, HMI LobgEgd0IL MsTMSZ30 bolisbgwrs®o HBAbOL FoMdmgdss Tgladergdgwro,
Mg 3608369cmgsbo boffoero Lodosmo g35Mm0Lss. 0bg3g, OHMAMOE dmddggdomo s
3690000 23500l Bobobgwst Bdbgddo, Lodwmow §35MmdoE MO FMmEIEos: JOO dmEIEwol
bdbgdo Lobgeol BMdgbg oMol Bodbol sMmM3000 0fs®dmgds, dgmedg 30, OHMymOE Hgdmom
0mg39, -53, ~Md, -9 m»9dol bodbgdols st MNz0m.

90fsbg abatgbgdolisl oby ©EI0FMbs, LoMEIBOL 3OO0 H0BDBIMS, IBHZMOM s03LM
0dom6mds. — ‘He crashed so thunderously to the ground that the cellar walls cracked, the whole
cellar was filled with dust.’

030 d0dsbog SLg MmbGs: Bgdo g8wmel s 0doGmd Agxs3mgdom. — ‘Naturally, he told his
uncle: "You envy me, that's why you hate me"”’

The frost around the edges of the window has started to melt, and water drips down the
cabinet. — ‘406359 gsbx MOl 30©YIOBY EHMBS OfYm s fysero ogboo fagmagl.’

335300 o 53bsbogmdsd momddol mMo fawrofoo 0bsomgls s 0mygbsggl 0d mdomHm
©5 MBOMOdW® Brgsdo. — ‘Kvachi and his gang had been hunting and fishing for nearly two years
in this bottomless, boundless sea.’

— It'll probably snow, so you can go sledding. — ‘5¢ds0 mmgwog §s9m35 s 0E0Ys3gd
30003’

04690 HMam®HIg F930393MD 0930. M0, Y39ws FMGSmdL. — ‘Somehow, possibly, we
should control ourselves. But everyone is spreading rumours.’

0bgolbm®  dmEgws 8godwgds  asbgzobowmom  Ls33zgool domgdol  bEeboo®Ewmo
G9M00bgdo - to have + meal -, GMIWYGOLSE JoONYTO, F0HOMSEIE, Md gdolbodbosbo

Lodugoo §35moL Bobobgws@o Babgdo Tgglsdsdgds: LowyBImMds - have breakfast; have lunch,
§obgdlgds -have a snack, Looermds - have dinner, 3obddmds, 3ob8ddol JoMmdg3s - have supper.

My mother reminded me gently that I had not had my breakfast. — ‘©9gsd dmMogdom
3gdsbligbs, 56 golsmBdosm.’

We'll just have lunch, and then I'm sure you've got a wonderful program lined up for this
afternoon! — ‘sbaws §agobgdlimm, g 30, G(Ibgdmwo 36, 65dgs®gzolmzol 339
393960960 3005 39gbgdscm ImTBsYdo.’

We had dinner out in that broad open passage betwixt the house and the kitchen. — ‘bobgolo
@5 15IHBMIYME ML IOl INMH3LYdIME BoMM IMIRIBT0 olsomgm.’

When I and the king and the duke got home to the raft we all had supper. — ‘99939, 3gH3ma0
@5 09 ©306Mbom Job, Bogzbyg, s gogsbddgm.’

— oboMo, 3Mm0d30 MIL3MEH0bo Jgoxzmdl ©s 20dMdsbgdl-mdm! — Tell them, Grigory
Rasputin is having a party and wants them to come.’

00935, 99 9mEIEOol  35MoEgmMms®, b GghMdobgdo have BIBOL o693y SOG 0w
00300m5© 0bToMgds  LoGYzol 30MEs30M0  960d36gEMmdom. dmEm  Topswomdo  MmEMmO3ZY
9MmY0s 459mygbgdwyero:

Yes, he's gone, my son, and you must come in and eat your dinner with us. — ‘Gobes,
d30¢0m, 996 30 899m©o s A39609b olisgomy.’

00 gL 30 335335 3mBdBHJobMB oLsos, dgMHdg MO 35339000 3093 JooMMm. —
‘Kvachi dined with Hofstein that day, then had one more lesson.’

b6 03569bM6 BsEOEMdES, bsb LOEMOHMH FsbATMDS, bob 3HTolimsb Jgormds. —
‘Sometimes he dined with Ivan, sometimes he had supper with Sidor, sometimes he feasted with
Kuzma.’

104



300030 Boz0dg, 565 By 390583070, b0bea y535030¢m0

13365

Bobiobgemo@o  BIBgdolL  FoMmdmgds  JoMoewdo  IMo35¢RIOMZD  FMOHBMEMY0O
9Bl 99eHbmds, HMIgems 89039mdomsg B3bHo BMmGIGOo Fotdmoddbgds Lobgwgdosb
(5OLgdOMO, BgELIMM30 s bbg.). obboEIMmos Imgdggdomo, 3690000 s LSO 3350l
Bobobgato  Bdbgdol  Imgmgdo, OHMIWgdoz  3edmomBg306  BMbzomGo  bodbgdoom,
QMO0 (359, FOPIMOMO®, J9MJ(3930000MdOLS s 0BLEMTYHESBH03MBOL QoBMmbo@3s.

33935 94mEbmdy  3sMowrgum®  3mM3mbdo  dmdogdwyen  Toboesl o dmyzsbogros
305350 3MB3MgEHWI0 Fogo0m0 1¥) MHMYMO sMHOL 253MEIYo JoMmeo Babsbguo®o
36900 060l PoMAToBIdT0. s5©lsb0Tdbs305, BMA HBA0MmO® JHMO S 08039 JoBowo Bdbs
Lbgoolibgs 3mbGgJuBHdo Lbgoalibgs 0bymoly®o wgdbodmemo JOHMIMWOo os0mMscdbs.
5000 HomdmBgbowos  moMadbol  3MmiEgldo  3mbGHaJuBHOL,  Lodyzol  LYdsbGHozols s
905636900L LEGHOWOLEMMO MB350l 3603369 Mds.

3939  sLsbodbsgos, MMI  BmAogho  JoMmwer  Babsl  FggLsdsdgds  0bgwrolivy®o
LEAHOMIGHWOMo IMEIWYOO, Fogowoms: become + adjective, turn + adjective, 56 have + noun,
o3 L5GOEgdIL 0035 356 ggdO o0z ™mb JoMmME s 0byEolvye HMOZ3530E
LolEgdgdl FmGob.

6sdMmdo  8603369mgobos  MHMamdE  JoMommmo  Lo@yzsfomdmgdol, olby  mstmydbol
09mOHool 00O gdom s Jdbol Loe®mdobgmer boggwydzgel gbmdMO30 33¢g39d0Ls S
om0 36M0gdBH03Mwo  2odmygbgdolimzol, Fom Mol 93GMIdGNIM0 MaMadbomo LoliEgdgdol
obggfolsmzol.

Georgian Denominative Verb models and Their English Equivalents
George Chikoidze, Anna Chutkerashvili, Nino Javashvili

Summary

Lexical semantics enables a dialogue system to grasp the nuances of word meanings and
interrelations in the Georgian language. The integration of the lexical network GeWordNet into the
system supports the development of an intelligent Georgian-language dialogue interface, facilitating
not only effective communication but also the generation of semantically appropriate responses in
context. GeWordNet further contributes to the creation of a lexical-semantic resource aimed at
enhancing language understanding.

For GeWordNet to function correctly, accurate Georgian translations of corresponding English
lexemes are essential. This necessity, in turn, leads to the development of synthesis and analysis
modules for both languages. Consequently, it becomes crucial to generate precise translations for
deverbal verbs that are not included in the core lexicon.

The article discusses models of Georgian denominative verbs and explores the possibility of
establishing corresponding English structural models for them.

FPYBHHCKPIG MO eI OTBIMEHHBIX I'JIATOJIOB 1 X QHTINHCKYE SKBUBAJIEHTEHI

Teopeuii Yurxouose, Auna Yymrepaweunu, Huno {oicasawsunu
Pesrome
Jlekcruyeckass ceMaHTHKA II03BOJIAET I,HI/IELHOI‘OBOIL/'I CHCTeMe IIOHMMATh HIOAHCHI 3HAYEHUM CJIOB
¥ OTHOIIEHUH MeX[Ly HUMHU B IPy3MHCKOM s3biKe. MHTerpamus mexcuueckoii cetu GeWordNet B

CHCTEMY CIIOCOOCTBYET CO3JAHUIO MHTE/JIEKTYaIbHOTO IPY3HHOA3BIYHOTO JUATIOTOBOTO HHTepdetica,
obecIreynBaloUeT0 He TOMBKO 3(P(PeKTUBHYI0 KOMMYHUKAIIMIO, HO M TEHEpaIlui0 CeMaHTHYeCKU
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afleKBaTHBIX OTBeTOB B KoHTekcTe. Kpome Toro, GeWordNet ciyxut ocHOBOM At GOpMHpPOBaHUA
JIEKCUKO-CEMaHTHUYeCKOTO Pecypca, HallpaBJIeHHOTO Ha yIy4lleHre IOHUMaHU I3BIKa.

Hns  xoppexrHoro ¢dyukmuonuposanus GeWordNet HeOGXOZMM TOYHBIN IIE€PEBOZ,
aHTIUICKUX JIeKceM Ha TPY3MHCKUI f3BIK, YTO, B CBOIO Odepenb, TpebyeT pa3paboTKu MOZyJeit
CHHTe3a W aHaIM3a Jjis 000MX fA3BIKOB. B CBSA3M C OTHUM CTaHOBUTCS OCOOEHHO BaKHBIM CO3/aHUE
TOYHBIX IIepeBOZOB OTBIMEHHBIX IJIATOJIOB, KOTOPBIEe OTCYTCTBYIOT B 6a30BOM JIEKCHUKOHE.

B crarse paccMaTpHBAIOTCS MOJEIH TPY3HHCKUX OTTJIATOIBHBIX IIaT0JI0B U IpeAIPHHIMAETCS
IIOTBITKA HAMTH COOTBETCTBYIOLINE UM CTPYKTYPHBIE MOJIE/IV B QHTIUHCKOM SI3BIKE.
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BAsGos gbgds 306mgbgdsls ©s 3md3omGgeme LobGgdsl dmGols 3gMmdsgr@o
3316035300l 3GmEglol LodwesEosts s 3mELolL fomdmpangbol dgEsgbols dgdvBsz39dss,
OH@mIgog  FoMdmsagbl  msbsdgdmgzgg  0bGgargdBuorm@o  LolLEgdgdol geHo-ghHo
d0005© 0bBLEHMMIGPEL. 6559GMITo dobbomos 9g@ogbol mgmMomo Lsgwmdzergdo,
dobo Gemo 3mEbol LEH®YIGHMOOMYDs30, BMOGTo@obsE30sd0 S 0bGHIM3MYESE030.
99®ogbs Jabol mboggMLsen® Bs®BmL, Mmool dgdggmdomsg dglsdergdgmos ©mIghby
b3ggoxozmdo  3bgdgdol, JOgEgdgdols s  FoBbgdol  sOffgs.  gsbLs3MMGIdMEO
4mOs©Mgds gmdmds osgmawe LolEgdgdl, Lssg dg@sgbs 350moygbgds ©osemyol
®56000@93MmMmdOl IMmEYEroMgdolmgol s dmdbdsthgdgmmsb gxgddmmo 3mdmbogzssool
065609980 Lm30L. 8535¢0mgdoL EmMbyby FoMmImwagbowros MgaolBmsEool, Ladgpoigobm
3mBLyEEsEools s B0 mgdols sxsg3dbol bgbs®gdo, MmIwgdog bsmwasp sB39bgdL
0935960l 3ModBH03ME oMmIRIMEgdLL. sUg3g 3sBboEMos gebosmegdol LEgmm, Lowsa
99BHoghs  Lbo8moErgdsl  0dErg3ds  BLAH®NIGHMOOMIdIM©  3obobobegmml  Lalfjsgerm
36HMM53900, 390053MP0H0 90MIJP0 ©s FgBRsLIdIOL FMmEYmgdo. BEIE0530 YMMIEMIDS
3935b30gdMEos  0bFgMgdBMsEMMmo  LobiBgdgdol  3sb300MgdoL  3gMlidgdBHogzgdvY,
Bgotmbmer s Loddmerem dgommEms 8gefigdstdy, Mg Jabol MBOM 5©3GHOMIDIO ©
989JOMM0 EOsEMyHo 3eEsEBMMHIZOoL 89Jdbols Gglsdergdermdsls.

153356dm LoByzgdo:

9993965, m@bol  Fs®mggbs, 39MH8seryto  3000996035300L  Lodwyersdmbio,
06089IIO3E G0 bobGgdgdo.

1. 9gbsgsemo

5Q05d05bLy o 3Mm330BHIO  LobFYIL  FmOOL  Fgga0sbo  MOM0YMH0JIggds
§o6M8Moygbl  mobsdgdmgg bgwmgby®mo 0bdHawgd@obs - Al (Artificial Intelligent) o
06@&9ModBHomwo GHgdbmewmyogdol - HCI (Human-Computer Interaction) 33930l gOhm-9OHo
000356 80350007 qdsL. 0d0LsM30L, GMI LobEHYIsd Fgdermlb Mo TBMEWME BMOTSEOHO
3sbbol 993905, 9039 3mbBHIJLEHDY  FMEYJOMEO  B1oR0Mds,  SYEOEGDIE0S  MMO
3M33mbg6GHOL sOLYdMdS: LOTMEsEHMMOL, MHMIgEog sbgbl oI MYl FMEYEOMmYdSL, ©s
30bol Homdmpagbol Bg@ogbol, MHMIguog 4oblaBMamagl s396GH0L 3MmEboL dmEmEMdsbs s
dobo Fo®dmPabol gHgdL.

05650900039 bmnwomdo 3mEbol 06@IbLOWMO IRMmMZgdOLS s odmygbgdol B3mbby,
296Ls3MGRMYo  360dgbgemds  gboJgds 00 3Fm©BOL  gBgIGHMGO©  LEAMYIBHWIMOMIOSL,
LobEYFoBoBoE0Ld @S FoO3gsL. F0BOWWO Fgdbmemyogdol, bywmgbxy®mo ob@gugd@ols
5 06¢)9M0L303¢0bMMo 3303900l gob30mMMgdOL 30OHMBYBT0 HoMdmodzs dmmbmabs oligmo
0mMIoMMo  Lodmeegdgdols,  GMIgdosg  3Mm©boL  3mb63MgEHwo  Lygmmlb  sefgMol

LMo gdol 0dergzs FodloBoErMms BMLGHOE, JMB3oJGHMM© s oLORJds®. LfmGMg o0
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UoFoMmmgdsl  3sbmbmdl  TgBogbol  3mb3gnEos, OHMAmOE 3mEbol  Fomdmygbols
33O Io0Hgdeo bobEgds.

d9Bogbs o6 [omdmoagbl dbmem #H9dbozm® 0bbEH®MAbEL — oo FomImoygbl
LodoM3z39el, MMIGEBY3 ©YsMGdMWos  3MmEboL  IMEYE0MGds, LEBHBIOEGH0DIE0s S
3990030 0639m3MgEs30s [1,2]. 58 30magbdo dg3sgbs MmBOMb3gwymal Gmymema 39w 3grewo
LgggOMb  FGHgMIbMEMAool  LEHOWIGHMOHOMOSL, sbggg dob oo  39BMBBMT0gH dJdbY
g4MHEbMBOm  sboewo  3m©bol  Aodmymagslsy s bbgoolbgs bggHhmbosb  0bEgaMoMgdol
39L59E9OMBL.

00 LEBSEO0L JoBsbos [FoMIMoobml IgmmEmEmyo®mo BsMBm, HmIgeog LodwysErgdsl
0dg3s, 9904dbsl dgBEoegbs 3m©bol  3mb3MgEHWMwo  LEgMMbmZgoL, GMIol d9dzgmdomss
9L gdIO 2obYds 53 IMYTO SOLYdMEO 06BMEOTs300L LOLEJIMOO SOfMs. s©0bodbmero
doaMds 4obLs3MMMYdom 360336y ™m3zs60s olgm LBIOMIdT0, Lowsa (3MEBs IMEMEIMOOMO.,
065803650 (3350905000 s 2561b3539dwo 1vd0gdBHYdoL JogM As8M0Ygbgds (Fogser0ms©
296500905, 890003063, LsdsMmMowo, Loobgm®MTs30M BHgdbmemyogdo s bbg.).

2. 99B39960L 56905 s HMEro 3MmEBoL Fomdmanbsdo

30Ebol FomBmagbol dg@ogbs FomBmopgbl 13gE0swwH BmMTswy® b BobgzMow
53O M LoLEJIsL, Mol Jobsbos 3mEbol LEGHMWJGHWOOMIdIMEO SOfIMS, MOYIBODYDdS
©5 0b@IM3MYBHO30s. 00 Imgdggdl ,09Go“-Mbgbg, Moh ABLIBEZML3L Falgdls o
1936GHO03MG  LAHOMIGHMOIOL,  BMIgwos  87d39md00  3mEbol  Lbgssbbgs  mdgho
390507436905 3564565%Bg Hozombgo Bm®PsEdo. s0bodbmwo doamads Jdbol Logmdzgwl s6o
dbmwmn 3mEbol Ggbsbgols s 0b6GHRMoE00LsmM30L, 90539  93GMIdEGHMIM0 1336900l

399m@5b0obs s 06¢ GO MHO OsEMAMMHO LobEHBgdol Asbgz0msMgdolm30L.

GM50(30Ws©, 939960l 36905 299m0Ygbgds w0bagolBogsols s Wmy03sdo, MMBEs
dobo  3b0dgbgermds  96003bgarmazbo  2oxksMmMmz©s  3MB30GHgPe  dg3boghgdsdo,
0bg3m®3s30w ¢gdbmermyngddo, d9bgxdabEUs s Lbgs sMagddo.

0o25@00Mo©, 3MHMAMI0MadoL  gbgddo olLgmo gbgdo, Gmam®mgdogss UML  (Unified
Modeling Language) s6 OWL (Web Ontology Language), 890dwgds Bsomgocoml 89¢)996905,
50350 0L0bo o8Mm0Yygbgds ImYEgdol, LobGYdgdol s 3MELOL sOFIMHOLMZ0L gbLEBEOZMM
Mmbgby.

30bob HomBmaqbol d9@s9bsl sbsliosmygdl Modwgbodg doMomso mMzoLgds:

+ 50LEGHMOJE0d — S0FIOL MBIl MBOM oo MbYbBY, 30O IMbszgdms MBIGIEM
JOHOMBEOMDS.

* BMOFo0Bdo — g83w9dbgds wma03MM, 1YdsbEGH03MM b FMIR03M LBEHMWIEHMMIOL, G
MBOHB390YMBL 56308 Y3MH XML O A9TFZ0MZOMBSL.

* dmgbomds — MbOHb3gmygmal bgzoalbgs syl s0figdols s dmEgmotgdols
9L MBL (g0E0bs, Woby30LEH03s, LEob7ObMHM oL 0bgdo s Lb].).

* 8564965y Pozombgzomds — MbBOHMbzgrymal 3mbol s3@™MBo@En® ©sddoggdols @
063965305 3sbsdgM™mgy bgwmabm®mo 0b@Egwgd@Eol bol®gdgdomsb.

30bol oMM gbol  go3ME3gwgdMwo  BMEMIs0BIYo0s:  1gdsbGHozMMo  Jugwrgdo,
036903900, MbEMEW™a09d0 [3], WMy035HY sRI6YIMwOo 9bgdo s Lbgs.

39@o9bs LB gdL Modgbodg 3608369¢M396 g3mbgosls:

LEHOWIGHWYOOMYPPOL  BMBJ300 — OOWwo  3MmEBoOL  MORBOBYds  LEHOMIGHMGME
HNGHISH TN

3mOIowobozool  Bbdzos - 9M0gMmMY3Mmzsb0,  dMbgdmogzo  gbol  gdizgwro
068306 35300L 25605ddbs LEHMMIEGHMOOOHYOWW, BMEOToEE FoMBmyqbo;

0b6@9M3609BHo300L 53mbd305 — 3MbOL gooBMYdOLs S 9BsOBOL godoMFH0390s;

300Mbo3ogool  gmbdzos - Lbgoolbgs  ©@olEodwobsls s Lwydogd@lb  dmGob
068306353000 BMLEO 2039955
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933™35@0Bsgool  Bbdgos - 3m330MFHIOo  LobBgdgdolbmzol  0brm®mdszools
29005399853900L LodwgoegdsL Jabob.

3935960b 303900 goblibzogwgds dobo gsdmygbgdol 3mbEgJuGol dobgzom. doMmomswo
$039000:

@obp3oLbGMMmo  gBogbs —  @odmoygbads  gbol  LEHOWMIEHMOOL s  LYsbEHozob
20HgMHoLmZob.

@M0399600 39B9gbs — 399Mm0Ygghgds Wma03MMo  AsdMmmMJdgdol s  sMYMBgbEsgool
53> 0HgdoLmZ0L.

RO MOo IgBHogbs — 200m0yYyqbads 3MmEbol BMMIsoBIdMEo IMEIEgdoLbm3ol,
MmO 3 MBEME®a090380 96 1igdobBHo3me Jugwgddo.

305830310 dgBogbs — BoQoWOmOE, OMsdgdol gbs (UML, BPMN), ®mdgwog
29900ygbgds Lol gdgdol dmEgEwomgdolimZob.

d9Bogbs  bgds  goodfyzgdo  oblGmIgbBHo, MmEILsg LsFoMms Gmwwo s
d3M@Mdomo  3mEbol dmEawomgds [4]. bbgsslbgs ©sMydo dolo Gmeo dgodwgds sy
29900y m@gdmEql:

3936096905 o 330935 — 3MboL BsBYdOL F9ddbs S MYMMOYEo FMEYEgdOL SOFIMS.

239650 gds  —  Lobffogenm  dsbogrol  LEGBIOEHODBsE0s s  3maboGowm®mo  Ldgdgdol

2496LsBM3GS.

X9b6IOMIwMdOl 33> —  ©0sbMLGHO3MMo  3OMEglol  LEBIMEGBIE0s  ©s
15990E0bM BHgMB0bMEwMyool §Mm0s6o godmygbgds.

LoBoBMOwo  — LB IdMHo30  bm®Igdols s 0bLGHOGMBHIOOL  s©fgMs o
533M85GH0BoE0o.

bgmgbm®o 0b@Hgwgd@do — mbol dsHgdol BMOMTseoDYds Fobgdobmo Lagwobs ©s
5133b60L 3OMEgLolmgob.

39Bo9b60L  35dmyabgds oMs TbmErmE 3MEBOL oo qdal* Bodbagl, sMsdg doLo
9b5E0Boby s  0bBGHYYMOE300L  FglodegdEmdsl  Jdbol.  sdgbs, TgBEHOghs  2300535DMBL
1553799390L 333 gJumBo 3Ebol FsGgzoLm30L.

3. 53mb0ol 233391960 bLBgMmls sefigts g@sgbol bsdwysengdoom

0Mm smfiengmerdo 9609369 m3bs A9bz0maM©s olgmo FHgdbmermyngdo, HMmIgewms
390050 3mEBboL FoMdmagbol s3EHMmTo@Mo 39bgMogos @oswmyol 3Gmagldo [5,6]. gL
bobEYIGYO  59MHM0sbgOgh  dbgdmogzo  gbol  @sdmdoggdol  (NLP) s  Loddmermgdbg
539996900 bgermzbmMo 0b@gugd@ol dgmmqdl.

© mB@MWME05Hg  ©ondbgdmo  0blEGM®MIYPGHId0 — Fsgowoms, Protege NLP
9 gd0m.

* 06¢)ggdBHuyom®mo bslfogwrm LolEgdgdo — Gmymemoass AutoTutor.

* 1096030 3900l 53963900 — RDF/OWL Lsdgoengdo.

* 3m260309mo s6OJoGgddmegdo — IBM Watson, Cyc s Ubg.

* 6906Hm-boddMEWMEGo Lol gdgdo — (ConceptNet + GPT 0b@ghggoligdo).

3™Ebolb  49M339Mwo  LggMmlb  (Fod.  @obomergds,  LodgoEobm  3MbBLMWEsE0s,
930830, dOEIMIOOL EsX53865 s 5.9.) 50HgMs 9B9gbol LEdMsEgdom FMEolbImMdl 53
bgOMLogolL b3gE0B03MOO 3b7dgdOL, J0ggdgdol, FoBbgdols s OsEMYMGO J3939d0L
ROOHI>0DIONWO© 50PgML. gb Jabob ,LEgbsMgRL, GMIMgdoE 3MI30wBHIOHYIE LoLEIISL
L53oengdl 5393l Mo EMHMA0 ToOHPML OsCMAO [7].

30bob 3563399900 bgggO™L dgEo960L Tgledogzgders LoFoMmma:

1) LGBIOML MIoE0DsE0s S FoBBOL b3S

Mo 3OMdEgdol  gdLobyMgds  LoLGds  (Toy.  IMIbTsMYdgO  FEOEIMBL
M930LEGHMOMEL)
Mo J3980Bgd0s 00  3OmEgbdo  (dopy.  gExmbEGOL  dgyzobs,  3oGmerol

QOILEGHMMIOS)
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2) 3690900L 0gbEH0x03530s:

Lobgmbdo 3535¢0m0

009943900 ddbBoMgdge00, BMMTs, 3O
4990909%0 69308GHM30, IBEHTIOYOS
3565993900 9RMBES, 3oOHM@WO, bLobgwo
2456%BMsbgs 06830635300 Fmmbmgbo

3) 30bol 9M09MeEgdol s©fgMo

30bol 9gMHmMgMEo sMHol 3mEbol oligmo dobodsgry®o LEMYIGMOS, MY SEHIOL
3Mb636M9EHM dmboggdl, (36905, Holl o6 dmgdggdsb.

ol 259m0ygbgds m©bol FoMdmygboli LolBgdgddo (3sy., WOSMAMOO  s39639d0,
99L396GHMwo LolEgdgdo, MBEHMEWMY0gd0), Moms 3m309GHIOL Jggderml 580560l Abgoglo
»393905“ Q05 35HY39G0gdoL J0rgds. oL JoMHOMIEO Jurgdgb@gdos:

0©963H0g03sGH™M0  (ID) — 9Mbogownm®o Lobgwo b 3mo, OHmIgmog goHmgel
2450m5MB93L. 9sy.: "id": "register_start"

@030 (Type) — 96090l o LobiGgdsdo. dsy.: "type": "intent" (06¢3b305/456%BMobgs).

&®0290M9%0 (Trigger) — 03 gMHGIOL 56 306MBOL Los, HMBIW O 559MgdgEIdL JOHGMWL.
009.: "trigger": ["00b@s ©930M90LEHM0M®Y", "®gaoLEHMs30s d0bs"]

3sbybo (Response) — LobEgdol M95d305, GH9JuEHWO0 b Imddggdomo. Top.: "response”:
{"text": " 3560, oobmg, 890943569 9960 qergzmlEs."}

3m639duyo  (Context) —  2obboBZMZL  ©Oowmaol  80dEoboMy s  TmBsgo
JaM0oMmgmdol. dog.: "context": {"nextState": "awaiting_email", "goal": "registration_process"}

30bol 9M0gmEol s©fgMol dsgowomo JSON gm®mds@do:

{

"id": "register_start",
"type": "intent",
"trigger": ["90b0s ©936M9a0LGHM0M®Y", "GgaoLEHMo0s dobws"],
"response": {
"text": "35690, mbmg, 890943569 b0 gERMLEs.",

n,on

"emotion": "neutral"

"context": {
"nextState": "awaiting_email",
"goal": "registration_process"

}
}

09039 95350000 LM30L OsErMROL 056300 I3MMOOL FMEYEOMGds:

LEoGwbo: none — trigger: ,,d0bo MIROLEHMOM©Y“ — nextState: awaiting_email
— trigger: geog3mbGob gm®mds@o — nextState: awaiting password

— trigger: 35OHME0 35¢00©YMOS — nextState: registration_complete

4. 39®59b0L dmEgEoMgds gobsmegdols smyolimgols

239650 gdol  bLygOmdo IgBHogbol  ImEIEoMgds  ofigygds 00  LEIOML  JoHOMSEO

99996¢3900L 2obLsBL3zMom. gl 9egdgbEHado Mbs 890(393IL MMYMOE 30mb39B33090L, oy oo
MOHOMOJOOMOYOL, Goms Fgddbol 0bBGHgaMoMadmwo bobEgdy®mo bgwgs. gobsmwgdol Lggmmdo

999963905 F90dgds Bsomzgowml 990990 3003mbgbEgdo:
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Lobfoganm  3Gm®sds (Curriculum) — ©sM0L 2590056900 GmOIsGH0o, OMIgEos
390393b Lo bgdL, I0BbBL, FgmMEMEIMY0sL S Fgx3sLgdoL 3M0EIMOwagdL [9,10].

39053ma0 (Teacher) — 5@sd0s60, HMIgEoE 3sLboldygdgwros Lfsgwol 3MmEglby,
3993600 bfFagegdol bLEGHMEHIR0IOL s YBOMB3gwymzl Lfsgwol dbstsFgMsls.

LEgbEo (Student) — 060300, MMIGEOE JIYBRWIdS (MEBIL s Fmbsfogngmdl
Lobfoganem 3OmEgldo.

Lobfogeom  Mglwedlgdo  (Learning Resources) — 3oboergdo, GmImgdog gbdsMgds
LEHMOIPBEHIOL, Gsms  obfogarmb  (foabgdo, ®mbsob GLMLYdO, 30EIM 99339000900,

ILIIGOEI@O 3WsHBMOTIV0).
9935900 (Assessment) — 0bLEHMwIG6GHIO0, MMIdOE 359Mm0Yggb69ds LGMIbEHOL (3mEbBoLo

Q5 BM9d0L 4oBMIZ0LMZ0L.

39053060  doymds (Pedagogical Approach) — Ufogergdol LbgGodgyogdo [11],
G39oE 29BLIBOZME3L, OHMAME Mbs ImbEgl LFsgEgdol MmMABODYds (Boy. 3HMYIBHIODY
53373bgdvyemo bagwgds, 3mbLEHMWJEH030Bd0, 06030 MHO JOEAMDS).

b 99996300 9T gmmb Mbs 0gml  ©s39380MHGIMO, M3YD MomMgMEo
3003mbgbGHo  ofizg3l  Lbgol. Topasmoms, Lolffsgum 36MHmyMmsds 4sblsBwzMagl bsgwrgdol
LEAHOSGHIH0L s FgBoLdOL  3M0GHIM0MBIRL, o3 Maz0l FbEMOZ, FoBLEBLIMIZL 3goamyol
3wdomdol GmMIL.

396500 gdol  8g@ogbol  dmEawoMgds 2olbdmdl  s6s FbmwmE  3m33MmbgbE IO,
565890 85000 MYOHPOGHNMOJOOL FobloBL3MLSE. Sbgm MMMOYMMBYBT0 Ggodwgds godmaymo:

»30053030 — LEAM©IBEH“ MOMOgHmMds — Lfsgargdol 3Gmaqbdo 39samaol HMmEo
5930009005 bEAWIBHEOL LoFoMMYBGOBY S B3 GIOL BEGMEJA0SDY.

»30053Ma0 — Lobfogem MHgLlELGBO“ MMMOGMNMDS — 3goaMyds MBS MHMWBzgeyml
LbHogeol  3GmiEgldo  MHgLMELYIdOL  5©I339GMM0  250mygbads @s FsMMB MMM OMBOL
d9bgxd9bGo.

LUEMa6E0 — 895350905 MODOgOHOMBS — Tgg39L9d0L LolBgds, GMBgEoi 3gbdstgds 0dol
39390500, 09 MmO MbEs FobbmM309w gl BFsgwol Jw9agdoL FBoligds s MMM Mbs
898m{jdgb bAEbGHL dowfigzgdo.

50 MOMNOIOHOMBIOOL  oLoagds©  “9b@s  2obolaBOzmmMl, M™Igwo  3mI3mbgb@Egdo
2396LsBOZM3L, Mg OMAME 2sb30m5MGdS b MOMOYMHMBYDO. FoRIOMIQ, 0] 3JWOIYMYRO
0y9b9dL 36099 3H90bg ©sx3dbgdm Joymdsl, 35806 LEGIbEHIOL JogEgdscd Gglsdwgdwmds,
60 olLfogmb ©sdM30IOs, bragnm Fg3olgds bgds Lsbfogwrm 3MMmaEqlol 356853 mdsdo
Q5 565 FBMME LHdMEMM J5MEFEOL POMU.

9935965 296500mgdol LRIOHMIo MbEs 0gml BMOT>WOBYIMO, Moms 0fj3930JL (3O o
239L5390  MYOPOIONMBGIL. gobomEgdols FgEogbsdo svE30wgdgwos FHgMAobgdol 8353G0 @
05053054MmBogd0 A5BLIBEOZMS, MomMS B0 259mygbgds Imbal gH™mM0sbo LGHMIEGOom.

5. dsgsgmomo

Lobifogem  30mamads:  g960LobE3Mgds MMymOE 39OLo, Logdsbo, dmwwo s dsmo
MOHOMOYOHNMIYO0. 0MMIME0 399OLO F9odergds F9oEo3gl oDy dg@ dmEl, GmIgeos
239903056900 046905 LogHmm dobbgdoms s bffagwol 89gaqd0m.

99x30L900:  FglodeErgdgeos  gxoligdol  Lodmadbdo®mgdwm  IgoMmEYdOL  EsboMOlbgd,
MMAMOHOE: 30MYIE0, 250M(3009, 93GM3MHMYJEHO S Fo00 ©53530MGdS Logbmb.

39053MA0M0 doymdgdo: G90dwgds 3sdm3gmm bbgoolbgs d0AMTgd0, MMAMEMOES
3MbLEHOMJEH030Dd0, HMIgEoa 4Eolbdmdl 5d&Ho® Imbsfowrgmdsl bjsgwol 3HmEgbdo ©o
L&) EHGOOL M9BsTIOMIEMB.

00 999963900l BMEMToe0Bs30s s FomnDy BYdbgdMwo TgBEogbol TmyEroMmgds
bowl 99Hgmdl Lagarol 30mEglbol 939009 3o30mbGHMMEgdL, 5BsEr0DBLs s M3EH0T0BoGOs.

9to-gMomo  360d3bgermgsbo  s139dGHo, MmIgwog bdoGs 360336gcmgsbos  dg@egbols
dmEawoMgdol  3OhmEglbdo,  sMoLb  dobo 30BN oDsE0s.  TMTdYFIZ0  30DBYYSMO

111



35639¢m 3670560, w0565 ¢rMGOJoRsb60dY, 9356 F53(5b0dy

fotBmepqbs (Fopowomo©, UJgdo@Mo Im@YEgdo s OsAMSTYB0) ogHToMgds MHMYMEO(3
3905303906, 0Ly LBEAHMPIBAJOL 3961 2o0aMb s ToMBH0350 Fgodmfdmb  gsbscmangdols
3G3gbol  bLEHOMIGHMOS. dgEogbol 9333500 FoMImEyabs Lodrsmgdsl 0dwrgls oG35
239bgl Fomdmygboo bgoslbgs 3033mbg6Egd0L MOmogmmmdgdo, Fomo gs3wgbs s
36039900l 29B30mMIMIYds.

29650900l sMydo IgEsgboll ImEIoMmGBLL 5d3l IM6350 3M0GH03ZMEO 258mYgbgds.
090 359m09g4gbgds sM5 IbmemE Lsbfsgzerm 3MMyMmsdgdol s GoEamdgdol smfig™msdo, @09
3wobgdools o Lgbogdol  oagadzedo, Lfagwgdol  dgmmEmeEmyogdol  dsMm3zsdo  ©s
LGHIbEHJOOL bfsgwol 3MmyMgliol Imbodmmobydo.

dmbo@mmobao —  3goMo@  Bodmygowodgdyemo  dgBogbs  HomBmaagbl  9339d@MO
0bLE®MAIPEL  Lsgol  dmbo@mMmobyol;mgol. vy  gggws  gwgdgbBo  83vBomE s
9M0350M3650 5MHOL g0, 35906 Jobo FmEYE0Mmgds S1Y39 A99WOZ0WEIDS.

9930900 —  9BLOBOZOMo  TgBogbs  oa39bToMmgds  Tgxzoligdol  0blLEMAGHEJdOL
249005363580 s om0 8993900l 25390500.

6. 395960l 3MogBH03raro 58myggbgds s LoMYdGEo YobsmWgdOls sMydo

393°960b gMm-gM0 Y39wsBy 3M9gdGH03MNwo 359myggbgds gsbsmergdol Lyghmdo sGHol
Lobfoganm 3GmEgbol m3E0dobsEos. Fobfogergdegdl, 50dobolGMmo@Gm®mgdl ©s 3meo@ozol
390993690090l bdomo LFoMmgdsm LolEIFMo bgwazs Lalfsgum 3OMEgiHy — G5 obfjogangds,
OHMam® obogargds, 306 sbfogerol, OHmyme gsligds s Mo F9wIad0 ©Jds. dgBogbols
MLgdMds Jabob LBEBHMWIEBHMMSL, BrBYE0E BTGBl 533l 53 3EI39U9d0L FotBmEYYBIL
365 0oBL 9056 Bs®BMTo.

059500mo, Mg Lobffogem 36MHMAMmsds 393ogboll BoMAwgddo ohaMowos, 530wo
bgds 080l Fgxsligds, Tgglodsdgds mvy Mo 3mb3MgGMwo 3MOLo Lobfagerm doHbgdl o
LAHMI6HIOOL  LoFoMmmgdgdl.  sbg3g,  dgbodwrgdgwos  ObsA03MGMsE  AIBBMMEOgEIL
(33090900 (Do, SH5o oEAMBJOOL 0BEJAMS30S) S 5000 TgEIagooL FgxBsligds.

056509000039  30BOWIWO  2obsmgds  dmombmgl  Lfogwrol  3GmEglbol  LGms
LAOMIGHIO0OIIME SMHgML, G0 FglodEwrgdguo AsbEL:

LOLHogEM 3 sEHRMOTGODY 3MOLYIOL 53EMTGHMMO 539095

LEMEIbE™s 06030 MOO 3OMYMgLOL 565¢OBO;

396LMbs0BYdMEo Lfsgerol 4Hgool gmogzsBgds.

d9Bogbs Jabol 99 B9dbmwmyo®mo  gosfy39BHomwgdgdol  Logwdazgwl. Fogow0mS,
MOOC 3ws@¢gzm®mdgdo (Massive Open Online Courses), Gogm®oges Coursera 6 edX, oggbgdgb
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MO0 2530gbs 53l 3m63MgBHMO 3909MP0MMO FoEYMIOL IbYM3L Lalifsgwm
dowfigzgdby?

MMM §90degds 45v99x gLl Logebdsbsmegdanm bgedolsfzmdmds Mgaombgddo?

§o63moa0bgm, ®md Lzmes 094gbgdl 99BHogboby sg3dbgdyer Mgl Lobffogerm
30005908 Fgloggolgdams.  yzgums  bogobo,  Bsbfegergdgmo s  Fgxsbgdol  gmMds
§omdmygboos dg@sgbol gergdgb@gdol 39939mdom. sbse0E03mMm0 3wsdBm™mTs Lodwogdsls
0dg3l oMgdBH™OL, GHMI Msdqbody fowofobyg gowoFodnmo dmbszgdndo dossbogroBmls:
Lo 5M0L bsmzgHgd0, MMIgEo Fobfogergdegdo 04gbgdab 0bmgzgszom® doymdgdl, MHMAMMOS
39535L900L MobbggMs Lsbfagwrm doBbydmsb s 5.d.
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3603369 m3569L0 0bLEHMMTGBEO dolo LEGHOWIEBHMMOMIdOLS s FsMMZOLMZOL. FobscmEgdols
@500 gl LsFoMmMgds  AoBLHZMMMGBOm  250Mm339N00s, oYL  Labfogarm  3MMEgLL
9OOOOMMEO© F5M005396 39003Mg00, 50TobolGHMI30900, d3mo@0zol d9ddTs39degdo ©s
39960 ma0m©o 3EwsGBRMm®IGO0 — g3gws Fomsbo boFoMmmgdl Ggmsbbdgdme hs®bml (30bols
Lm0 498900L5 o 390539doLm30L.

50 LEGSGH05T0 2530560900 T9Bogbols 3608369c™mds, dolo BMbI30gd0 s Fodmygbgdol
13396HMgd0, G9350PB0gm 3Mb3IMYEHYIWO YO — Fobomwgds, s 3583969, MM Tgodwgds 53
M0l LAHOMIGMOIwo  3mI3MBgbGHYOOL  sEhgMs  FgBogbol  8983gmdom.  godmaysz0m
doM0mo0 99896 gd0: Lobifogmm 3MMmMmsds, 39s3™y0, LAMIBE0, Bg8oLYds s Lfsgwgdols
d0™d900, s 45630b0Egm, HMAMM gBT06 0Lobo JOMTBYNML LolEYIMG Bs®BmPo.
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240990% Md9glgdsT0.
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Simulation of Verbal Communication between a Human and a Computer System and
the Development of a Knowledge Representation Metalanguage

Manvel Kloyan, Liana Lortkipanidze, Levan Makrakhidze

Summary

The article addresses the simulation of verbal communication between humans and
computer systems and the development of a knowledge representation metalanguage, which
constitutes one of the key tools in modern intelligent systems. The paper discusses the
theoretical foundations of metalanguage, its role in structuring, formalizing, and interpreting
knowledge. Metalanguage provides a universal framework for describing domain-specific
concepts, actions, and goals. Special emphasis is placed on dialog systems, where metalanguage
supports modeling of dialogue sequences and enables effective human-computer interaction.
Practical examples are presented in the areas of user registration, medical consultation, and
ticket booking, clearly demonstrating the applied value of the approach. In addition, the role of
education is highlighted, where metalanguage allows structuring curricula, pedagogical
strategies, and assessment models. The article also focuses on the future prospects of intelligent
systems, stressing the convergence of neural and symbolic methods as a way to create more
adaptive and efficient dialog platforms.

Cumynanus Bep6asbHOI KOMMYHHKAIIMH MEXZY 4€I0BEKOM M KOMIIBIOTEPHOIT
cucTeMO#i 1 pa3paGoTKa MeTasA3bIKa IIpe/iCTaBIeHuA 3HaHHiT

Masser Krosr, /Iluana /loprxunanmzase, Jlepang Makpaxwzse

Pesiome

CraTps TOCBALIEHA CHUMYJIALUM BepOanbHON KOMMYHHKAIMM MEXIY YeJIOBEKOM U
KOMITBIOTEPHOM CHCTEMOI, a TakXKe pa3paboTKe MeTas3bIKa IIPeACTaBIE€HUA 3HAHUM, KOTOPHIH
SBJISIETCS OJHUM M3 KJIIOYEBBIX MHCTPYMEHTOB COBPEMEHHBIX HHTENJIEKTYaJIbHBIX CHUCTEM. B
paboTe paccMaTpHUBAIOTCA TeOpPeTUYeCKHe OCHOBBI METasA3bIKa, €er0 POJIb B CTPYKTYPHUPOBAHUU,
dbopManusanuyu U WHTepIpeTanuu 3HaHWP. MeTassblk CO3JaeT YHHUBEPCAIbHYIO OCHOBY MJIS
ONMCAaHUA CIenubUIeCKUX AAA AOMEHa IOHATHUH, IeiicTBuil u meneir. Ocoboe BHUMaHUeE
yZeleHO [UaJOTOBBIM CHCT€MaM, TIJe MeTas3blK MCIOIB3YeTCs MIA MOZeJIUpPOBAHUIL
IIOC/IeIOBAaTeIbHOCTH ~ Auajora u  obecrmedeHus 95(PPeKTUBHOTO  B3aUMOZENCTBHUA  C
moyib3oBaTesieM. IIpuBefleHBI — IpaKTHUYeCcKHMe IIPUMepsl U3  obOjacTeil  peTHCTpaIlUu
IIoJIb30BaTeIeil, MeIUIMHCKON KOHCYJbTAalluX M OPOHUPOBAaHUA OUIETOB, KOTOPbIE HATJIATHO
IeMOHCTPUPYIOT IPUKIAAHYIO IIeHHOCTh moaxoza. Kpome Toro, momuyepkuBaeTcsi 3HAUYeHUE
obpasoBaTeIbHOM chephl, IAZe MeTas3bIK IMO3BOJIET CTPYKTYPHPOBAaTh ydeOHbIE IIPOrPaMMEL,
ImeZaroruyeckue CTpaTeTMM Y MOJEIN OLEHHBAHUA. B craThe TaKXKe PacCMaTpUBAIOTCI
IIEPCIIEKTUBBl PA3BUTHUSI WHTE/IEKTYaIbHBIX CHCTEM, MelaeTCs aKIeHT Ha KOHBEPTeHIIUH
HeWPOHHBIX U CHMBOJIBHBIX METOJOB KaK IIYTHU K CO3/JaHUIO Oojiee afalTUBHBIX U 9D (PEeKTUBHBIX
JMJIOTOBBIX ILIATGOPM.
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33 B3BH0MM0 3MBLEGHO™MI30900 JoOmvyew s 0bymolivy® gbgddo
60602 5909 Bsdz30070

ninomaskh@yahoo.com
69bondg

bEoG0sdo  gobbogmmmos  JvmbsGomto  3mblGMmdgogdol  Godgdo  0bymolw® s
JoGmme  gbgddo  Tsmo  Lgdsb@Gozmmo  Hmergdol,  LobdsJumMo  BMbJzogdols s
JnOGmEmaon®o 3sM300900L  Jobggzom.  253sbsmobgdmmos  B. 3mIMol  LobEsduwm®
336430505 09MsMJools s 9. d03zxMol dBWbzsms TsMm30MmgdOL gs6Bmysgdols dobgwgzgom,
b. d5Msm3830ols Jogh  ffo®Immagbowo Jsmmnen 96580 FsrBsGomMo  3mBlGMmHIz0gdol
&03gd0.

33Bs300  JoMorme s 0byolm®d gbgddo IMsz3eRgMM3zBo ©s LEHGWYIEMOGYWIE
600 9mggbss. InMGBMEMy0Mo, gdlogzn®o s LobEIJsMMOo Lsdmogrgdgdol 3o8mygbgds
Ls8magrgdsl 3359e0gal, 5ImgEm GO 3smbs@omo MOGMOIHMMdIdo 9BIJGHMMS®. gu
3B BGMJsogdo  60036gemmgsb MMl 05959mdl  gbol  ©Eobsdogsdo s  dmJdggdol
dmbsfiogrgms Hmmols g5sbsfjogrgdsdo.

153356dm bo@yggdo:
3993303, 35a796(9Bs, 39(50%RGS bryemo, s653:9096¢90.

1. 3smBsEH030L obagzoliB Mo 3bgds
1.1 ®5 56:0b 39MBoG0OO 3MBLEMMI30s?

0by30L303500  39BSGHOMMO  JMBLEHMMJ305  (39Lsbo©  godmbo@ogl  FoBgbmdIMmOZ
0m3gbsl: 30053 96 Mosg (MMPSBoBIGMMO) 0fi393L G0y 3Mb3MYGWIo  dmJdggdol
AgbOe0gdoly 96 9gMIoMgMmdolL  Fgi33e0l.  39BoB0Z0 MOl GbmdMmOZ0  AsdMbsmggzsdo,
MIg0oE 5060dbagl 0ligm LOEWOEOL, Loog FoMImEYIboE0s J96 339w Imgergbs s dobo
2956bmGE30gwgdologol  3sbvbolidagdgao  doaws, gl Mol LGHOWIGHMES,  OGMIgEos
30b6393G¥owe 30Dy HBMOMOZ MODOYMHNMIL M5T5E035d0 dlsbagl.

39MBoGoMe  3mBLEMI30500 BJoEMo© ImJIgEgdl MmMo JoMo: ghmo, MHMIgEog
bowddem3sbgwmdl dmddggdsl (3999BsGHmMo), o Tgmdg, GMIGEOE MM SLEOYEIdL
306390 306H0L 09O 35399 OZOGOSL (39 BoMAdWMO).

d. ©odumbo [1], ®. 3mdMo [2] s 3og3 0Msgseo Lbgs dgabogho  3smBoGome®
3MBLEHOMJ3090L MBOM GoHnm 3mbEIJuET0, 35¢gbEGHMBdOL TgE3wol M39M30gds© doohbyzgb:
obobo, OHmamOE Fgbo, 193ws30Mm39w bwdogdAL 39dmafF3g30L (MMPBOBIGMMOL) MHmeEsdy
093909096,  39BE030 35¢96FHMBdOL  FgI(33egE0  IMHOZ5300L  JM-gMmMO  Lobgmdss; ol
DOHEOL 3609000353H0L 5MHAMTI6EHIOOL MomYbMdL: LodwysEosdo 99dmadal sbowo s6ywdgbdo.
J9BoGommo  3mbLGHOWMJso0l  sbogoBo  gmeolbdmdl  LgdsbBHogsl,  LobGsduls o
IOHBMEMY05L Mol MM00gMH0JdggdsL.

1.2 3595030l $03900

0b6230L3J00 25655b3539896 399BoGH030L ModE9body GHodl:

5)  0OHBMEMAO0MM©  adTmbosGmo  30vBsB0g0: o bs@Gommo  3bodgbgwrmds
Bogdwyamos  85M396M0L 96 Gobogsbo  (33xr0gdol  Loboom BIboL gmdgdo (obgo  gbgddo,
MO0ES 0OIMo, 053060900, WoG3IMEO, JoMmmo), bawm Mg dggbgds 0bawoline
9bsLs, ob 56 0ggbgdlL 59 3G 5580JLoGOL.
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606m 58069bsdz0¢m0

0) @gdbogmMo  359BsB03900L  Bogswomos BIbgdOL Fyzowrgdo, GMIgwms Tmeob
2®LYdMdL J0ByB-G99aMdM030 BYsbEH03MMO 353806M0. Foy., 0byEOLIE 9bsdo mMo BIbs “kill
o ydeath“-ol mGmob sOLHRMBL 359BsEGHOMGO 3538060, HMBoL Jobgz0msz 30M39wo BIbs
9099m0mgOL 3o9boGmObg, dmddggdol dobyHBY, brmwm dgmeg Hdbs 30 s®ob Imddggdol -
9330l 990, 39BoMgdMwo, Goddo o0dols, GmI 30053 093309005,  gdlogMMo
397D53gO0L  59m3bmds  Tglodergdgwos, YY) 3MYEOZ3SG0, 1YsbEH0IMMO  MZ35WLBOHOLOM
39D50350 5M0L 96850FHJdo. 9.0.064olwe Fobswoswgdsdo You killed him (896 Feags¢mo
080), 9909gds kill-ob 3gH0nmsbomgds, MrmymOa ,03300¢0L dobgbo“ s 0dol 3B30(3909,
M3 kill bo330MSE oM BoE0H 353006MT0s.

3) 39600836M5BMwo (565¢00E0396M0 b LOBEIJLMO) 35 BoEH0Z0: CbAWOLMEMO o B3O
2990bobo@ 3500 09gbgdl odbdatg BIbgdl (dsg.make, have, get, let).
39608MHDMm 56 LObEIJLO 39BoE0370T0 Qo0mogmas:

R9JBHMOM0Z0 359 HB03900 (500w9e0s): Doy make — "She made him laugh"- "6 gosgobs".

B9dsMm30m0 3omBoBH03gd0 (Bgds osMmm): dop. let —"She let him leave"- "9s6 Bgds
MM Tl Foliryeoym®.

365300530600 35MHGH03900 (I0YM0s b Tmog356s): Dop. get ... to... —"He got her to
help.” “0s6 ol @oLOBAoMYdES® Fooygzobs*.

9dLobmEgdol 30mBoBogqdo: have/get + mdogddo + JoMlwol Jodwgmds, MMIgEos
909900mgdL  8mdLobwymgdol  aobbmOmEogmadsby — "I had my car cleaned"-"956d565

2939009600069".
2. 35399Bo@ovco 3mbLEHMNIE0900 0byoly® 96530, 95070 BmMIs s 360dz6gEMds

2.1 25363905390 30mbLEGHMWJ30900 s bodMIgdo
5) Make + object + 063060030 to-b 4o69dg (dsgrobidog®o JobgbmdHOMdS)
LEHOWIGHO: Ldogd@o + make + MmdogJGHO +Hdbs
0o 5¢0mMO:
She made her children finish their homework.- "0s6 G30¢m98L Usdobscr ©o35¢7980b
@obGEm985 50099ems
9600369 mds: 9353300, 306003060 B0DBYBMBGOMDs - JoNDOGHMMO  359D0MYOML
5d5¢0q0L Imgdggdol 45BbmM309@qdL.
d) Have / Get + object + past participle (9ma3560931¢00 dmadbobmcgds)
LEAHOMIGHOS: Lyoogd@o + have/get + MmdogIGO + HFoMlwyaol Jodmgmds
0o 5¢0mMO:
1 had my hair cut.- ,, 0805 9353093069
He got his car washed. - ,,0569565 35569363065
96003690 mds: dmdbLigbgdgeo Loddgl 9335093l bbgolio Lod sengdoom.
a) Get + object + to-infinitive (©o®{dxbgds 56 Foggbgds/bBodwyemszos)
LEHOMIGHYOS: LYYBd0YIBHO + get + MdOYIEO + to + oMM Dabs

3525w omo:

He got his students to do their assignments on time.- ,,056 05300 bd«3c096(598b ©s35¢798960
OO J9sbEeemg80bs “

9600369 mdo: 399083930/ 357BoG ™Mo (8mgdggdols bgaddwgsbgaro)

3906 9dgl/35BoMYOWL 5dgBgOL, OMMEO dmddggdol LG0Tl sdegal.

) Let + object + bare infinitive (6gds®mgo)

LEHOWIGHOS: Luydogd@o let + mdogdEo + 0bgobo@ogo to-b qo69dg

055¢0mM0:

They let her go home early. — ,,350 bobgrdo 5O Foligerol MGEIGds IGOGL*

36003690 mds: 35BGHMMO 35BoMYdMEl dmddggdol Bxdsl MHmMgL, 30 o6 50dwEgdl
ob o0fjdmbgdls.

9 39MBo@ommo bdbgdo, GmymMogss cause, force, allow, persuade wdwoEMEOS
299myg969d99emo.
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3o 5C0mMO:

e The noise caused her to wake up. — ,b3s2930s ob 35950300 “
o  They forced him to comply. — ,,0500 Gsb s0m®HB0Cm98s s00w9egl“
9600369 mds: bdoGo 25909496905 MaOH™ Mo m® 3mb@gdu@do.
39B5G0MO0 30bLEHMWI305 Fg0degds 0gml FMbMmIWsrbMO b dogwsNbMGo Godol.

9bm3wsmBMO0 30MBOGOOO 3MBLGMNMI30s, Foblbgsgzgdom dogwsnHmGmo 3MbLEHGMJEools-
296, 2499mbs@m@os 9Mmo, MOHRMEMYOMMO© Fo0MTmgdmwo, 3oboGommo Bdbom, GmIgwos
237olbImdl OHMAMGE 8mgdggdol 3sdmafgg3l/3ombo@dm®l, sbgzg 0d 306, HMIGW I3
b6 309w ©gds 39MHoE0s/ 309 BoMIdIMWL. doy.,

"The guard let the visitor pass.”- J3ger0s bHogds®0 3s5¢hso.

50 §obosgds80 G390 ds (357BOGMEBS) UHhwydstl (3599D0MYdMl) 4930l Bgds sGoM.

0030 359DoBgd0 dmoEsgzl M Fobssgdsl, HMIgEmssb gMmo godmbo@ogl
9gdggdol  doHgblL, bmwm  Jgmeg  399BsGHmOol  doge  sdmfzgmer  dmgdggdsl.
003w BYMO  30MHBEH03900 gsdMobs@gds MO0 Hobossgdom, GMIWIdoE, Mmamea Holo,
30m0393L 39608305 3MBLEMJ300L obgm JomboGom® BIbYIMB, HmaMmGgdoEss "make”,
"have", "get" o6 "let". 5943900090500 [obooadol LEHMWMIEHMGS dgodergds ™mbog
296Lb353090MEIL 299mygbgd o 35v9boGoMMo BIBOL gbsdsdols. doy,.,

"I made him go to bed."- ,,09 ob @sbsdobgders wsz503069. “

50 oboogdsdo ,,make” 9005356 {0boso©gdsdo dmddggdol gedmdfjzg30s, bmerm ,go to bed” -
©53390gBoMgdNwo  fj0boagdss, Omdgeros sefig®l  3oBsgool TgEgRdE  Bodmfizgw
9tg89gdsL.

3. 35¢n96GHMdOL (3300 ds 5 5MRIGEEOL LEHMmHIGMGS

39D5GO0MOO  30bLEHMWJ300  FoegbBMdOL  FgIgegero  IMO35300L  GMm-gMHmO
Lobgmdss; ol BOEOL 3MgE03oGOL SMTIHEJOOL MMEIBMBLL: LoEs305d0 Tgdmadal sbowo

02999 GH0 - 391 DoGMMO, Hob 99993 Lafgolo bdogdGo bogds mdogd@o (39vbomgdwo).

o She sleeps. - bofigolbo 8sbobwymo fobss@nds: dsb bdobszl (9o stg29d9bdho)
o He made her sleep. - 3575&03000: dsb 0l @s5d0bs (250 5689896¢50)

206Lb3539d90 LYYGsMO 435d3L JoGrorEdo.

3obgobormm 3o bosGommo  30bLEGHMWI30900L  BHodgdo  JoBomer  9bsdo  domo
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He Iit into that horse with his whip and made him fairly hum and finally skipped off, and made his
bow and danced off to the dressing-room, and everybody just howling with pleasure and
astonishment.

sl gb dseroo 355390998006s.
He forced her to do 1t.
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Fsemsgfols 3sbsansds gbers 3¢90 bobszerseag 30 bgarsbems — 602303006 bhoendo — s58969800s.
To beautify the city Peter even had its abattoir rebuilt in the rococo style.

bpm&go  80cderorytmo  gbol  boyzsGeemds ossfgeobs dst  Lggeryoosbo  bsgmorer  G399¢70,
Beadgendos Jooroyemo gbol, dotGooss@, AJHIobeagrmgoobs s 589039 8650sh0306 brgo
bs3000b05 3sbbogreygmo.

Exactly the love of the home language made him write a work including the discussion of the
Georgian language, especially the terminology and some issues of grammar.

dobo a0 3550890070 OO 893756893980 - 0058-g-9cmo bsbo s s bsbo Jstroreem bsgdols
9Ibsb292980000696, Hoboz0bsi Js3 58sb0l 9983300090 853 bgnod 6039 ms336m9300s.

His two sons, the grand beglarbegs Imam-Quli Khan and Daud Khan, served the Georgian cause,
because of which Shah Abbas’ successor Shah Sefi had both of them murdered.

sbdYws  5¢r05J00. 3mUAMGEM30s ©IBHM060L 0530 MG 0L Fsbgors  @osRsbs s
3065050 8ms33a793000.

There was a terrific scandal, Vostorgov put a price of twenty thousand roubles on Dubrovin's head,
and nearly had him killed.

dgmtg  db&og,  dgbsdercrs,  Udoerobds  dfgeerol 896986030 Loz3c000m0  302¢0H030)H0
Jmfobssdg39900b  Fbsdm@9bers  3s0moygbs, Gsgmsd bsoaderer  bsdbsboy@mgbol dogm
350050350539649¢7  J902f0w9¢m985b0256  330b 39300050  3358040980690L, G bHserobls
obog 8ms533¢9306s.

Perhaps on the other hand Stalin used the writer’s natural death as a pretext to destroy his political
enemies, but Gorky’s involvement with the opposition makes it just as likely that Stalin had him
killed.

396965¢0s 853030 88 FIH0bs,  gGgdol  fobsdy  Fodzgero  gosdsotsbgdobs, s  dg6y,
Usbmfs 3290006356 35005(9-9¢70 IOl 0235¢7[0b dpg3t98L ©s58mgx0bs.

The general had the serf boy arrested, stripped naked in front of the other villagers, and, to the cries
of his desperate mother, torn to shreds by a pack of hunting dogs.

»05 39928502, — 598mBbYb, — ,,d3¢s sCFsGbs 3bbs3l, GH9Hds, Gsg wbs, ob 3z09l, 53650
Jobs5e96HmB5d0 30 Fgbls s Hogl 3963 5396 853039000 @5 390 bb398L 3535¢99b06980 !

"What's the use?" - they said - "Force ploughs uphill. Let the enemy does as he will to us, but in our
Internal affairs we shan’t go against custom and order nor shall we let others go against it".

930bs3 @5 35680bsg 0565U[MGS© F93399c702 5H5bS; SO5b 56 503l 396 365009¢»mBLO0I ©S 563
29R6L900 33930006908020696, G850 gbs 30 0902, G238 390l 5G5RIHL 33589030069600696.

We could put up equally well with good and bad times. We didn’t moan about anything and our
seniors didn't ask us how we were, but the fact was that nobody let us get away with anything we
shouldn’t have done.

50 99098 358 crsbs 62 85589 396069800 £90 35300b!

Don’t let our Kako ruin these boots carelessly.

bryemog s@s® 8m8s00:893069b, ol 850s09(9b xc3500.

They didn't force me to wait and let us marry straight away.

999 Gigerl Gsb cafreals Bs6dodo 8msggobs, Js6orcmo fstfgmoo Ggsdzer s dgbpotms 8gooob
Jbsbhe.

In 999 he had a gold gob let mounted and donated it with a Georgian inscription to the church of
Bedia.
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Causative Constructions in Georgian and English
Nino Amirezashvili

Summary

The article discusses the types of causative constructions in English and Georgian according to
their semantic roles, syntactic functions, and morphological marking. The types of causative
constructions in the Georgian language presented by Z. Baratashvili according to B. Comri's
hierarchy of syntactic functions and M. Baker's generalization of turnover marking are analyzed.

Causation is a diverse and structurally complex phenomenon in Georgian and English. The use
of morphological, lexical, and syntactic means allows us to convey complex causal relationships
effectively. These constructions play an important role in the dynamics of language and the
distribution of roles among participants in an action.

KayszaTuBHbIe KOHCTPYKIIMH B TPY3HHCKOM M aHTIHIHCKOM A3BIKaX
Huro Amupesamprin

Pesiome

B crarhe paccMarpuBaiOTCsA TUIBI KAay3aTUBHBIX KOHCTPYKLUMM B aHIJIMICKOM M IPY3HHCKOM
A3BIKAX C TOYKH 3PEHUs UX CeMAaHTHYECKOM POJIM, CHHTAKCHYECKUX (PYHKUMA U MOPhOIOTHIeCKON
MapKHUPOBKH. AHEUII/I3I/IpyIOTC5[ THUIIBI Kay3aTHUBHBIX KOHCTPyKIH/Iﬁ B TPYy3HHCKOM A3BIKE,
ImpexcTaBleHHble 3. BaparamBuiiu, cOrizacHO wepapxuu cuHTaKcudeckux ¢yukmuii B. Kompu u
000061eHNI0 MapKUpoBKK 06opotoB M. Betikepa.

Kaysamus — MHOrooGpasHoe ¥ CJIOXHO€ IO CTPYKType sIBJIeHUe B IPY3MHCKOM U aHTIMICKOM
a3bikax. Vcmonp3oBanre MOPGOIOrMYECKUX, JTEKCUYECKUX W CUHTAKCHYECKUX CPEJCTB II03BOJIIET
5 (eKTUBHO IepefaBaTh CJIOXKHbIE NPUYUHHO-CIEJCTBEHHbBIE CBS3U. JTU KOHCTPYKIMH HIPAIOT
B&YXHYIO POJIb B JUHAMUKE SI3bIKA Y PACIIPE/ie/IEHUH PO MEXAY YYACTHUKAMH JeiCTBUA.
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5MU9gd0m0 LabgEgdO 3EHMOdEME AsBMIMIMSE S 35000 0bOLwMO
d9LsBHY30L9d0
0565 bsdbembsdy

liasams@yahoo.com
M9bordg

UG080 sBboEMOos sGIYBOMO LobgEgdoL sEHGMOdYEHME AsbOZMIMs©
399mygbgds Jodormer ©s 0bymolyy® 9gbgddo. SefigMomos, v GMym® dgmdeos
3®Ldom byl Folierryeml AsBEzmgmol gmbdgos bbgs sGLgdomo Labgmolimzgol
5 65 305353030 obsl0smgdEgdo sblosMYBL 533356 258myggbgdsl. YmMEMsEMgds
3935bg30madmemos  3MNMb3gdbYy,  Lodyzsms  mbBodgzmdsby,  Lgdsb@ozwm®
5330603907 (379360wgds, Bslsems, Frmgds, MomEgbmds s bbg.) s JsMovyem-
0bg oMo LEGHOIGHOIdOL FgsMgdsBY. BHaJuGBo Bmygzsbogro dMs35e0 Toase0mO
03000b39mL  Lsde)oergdsls 5dEg3l s0bsbmMl MO gbol aMsdsEozmo LolbEgdgdols
Abpo3Lgdgd0 s sbLbZs39d9dO.

153356dm Lo@ygzgdo:

3lbgdomo bsbyero, s@Bodedeaemo dbs bmztgamo, dgbsdyz0lgdo

5MLgd0mO LabggdOL EOLOILOLOIMYBESE 356MBY300 M Ggdmbgg3sl - HM3s Labgwo Lbgos
LobgEEOLiYsb sdM30HOsE 5MHOL BobToMo, ol M30LMs35® bYWl WMfMmEgdgb, s ™3
ol bbgs Lobgerols bsBOgmgurs® ML gsdmyqbgdmwo. sbgom Lobgenl dLsbEgzdgwo b
5GHM0dGHMEo Lobgwo 3g300.

ALobe3Mgwol gmbJ3osl, JoMOMo©o©, BLIOMSZ30, GoEbzomo, I3Mmzbowgdomo
Bo335bobgegdo s 809gmdgdo sbMmEadab. o 30 35630bowIsgm sOLYdOMO Lobgargdols s
Lofigobgdol 459mygbgdal sEHMmOdMGHW dbsbLIMIWs©. 39630boWLzm Mog30LMs35 LobgEmsb
6335600 d9fymdol Godgdl, d(+v63900L b3gE30B0IL. Fob30boEWZm SEHGMOdMEHWMWO SMLBYdOMO
Lobgeol 0byEolivy®o GgLo@yzobmdgdol Mog30lgdMMgdgdL.

SGHMOdNGHMWO  sMLYd0MO  Lobgwo bdoMo  godmbo@ogl  obosls  (bol, Jgol, ...),
3999360 gdsL (353830, m39o60bs,...), fragdsl (99139, gdodo,...) s bgs.

0baobn® 9bsdog 890dergds gMmBs s®LGdOMTs Labgerds 45BLBOZOML FgmMHg sGLYBOMO
Lobgro. sbgo dgdmbggzsdo 300390 sMLYBOMO Mo3LEIds Fob s oblsBEamgL Tgmtg
MLgdom Lobgul. 300390 sOLII0MO - SLENEGIL ABsBEOZMYEOL HMEL, Jgmeg SOLYBOMO
6oL LEBEOZOHEO SOLYIOMO.

abgo LGHEOMJGHWOSL noun modifier 56 attributive noun gfieaogds. dogoomo, rice soup —
060bxob ggwsgo, chicken soup — Jomdob Lwmdo, horse race — 3bgbgdol gx0dMHgds, school bus —
LOLZMEM 53¢ MdMLO, car door - JobJsbols 3o6o.

0550mgd0LS S A9635MEJOGOOLMZOL ooy 253MmYgbgdEos 390339M©Jd0L [1-3].

Bogws 9mdGsmd©s, MMM 393060030 Mm9560L BL3GHDBY, Bs - J3MbIMbsgEO
dnz56m9b9.

He moved slowly like a diver at the bottom of the ocean, or a cosmonaut on the moon;

Jodmdoog 93360L6 mbEGsGO oym, bob bLmboo obyg o70gbOEPOYM, IMPOWJOO
2LbbgdmMbb.

The foster-father was also a master cradle-maker, so imbued with the smell of wood that
woodpeckers would perch on him;

122



0565 bsdbmbsdy

3BHM0dAMwo  AbobwzMgwo  Johomyedo, MIgBglo®, bsomglomdoo  dMMB35d0s,
0bgaobm®do 0go dgodwgds bofoMdmgdo ogmb -en, -ish, -al, -ic, -ous s 5.9. LvyzodLgdoo.
3ologol 50d60dzbgaro AbsBLIMIgdo MIgBgLo© -en bGodiom offsMmdmMgds (bol Lyg®s -
wooden table; mgd®HmUL bsHdoLo - golden fleece).
30035605 M3¢85l Mffagl dol, Gmamea bol 996mdgddo bobdMol gohbgbols Golzol
990583060909 doeBg 9839dEH096 LoTMoEgdsL.
The company advertises it as being very effective in reducing fire hazards for wooden
buildings;
dgtg mGds d0Fds Fgdmo@ebs gMdgo s 30O bol bmxncs mmbggbosbo,
9L 90 A5dMm35MEbowo 3Jmbs.
Then two lads brought in a long narrow four-legged wooden table, with one leg falling
off it;
0550md0 - MGl B93g0 - gold ring” s ,,MJHMLbBS - the Golden Age®. Jos@ormedo
ALobezmgwo mMmo3g dgdmbggzsdo bomglomdom  d6Mb3sdos, 0dol BoMbgEszsE ™Yy 6
5B300m35 593L. 0bgaEoly®To gold ring 60dbsgl »dvgsem© MMMl ologrolsgsb 493907909
MMl
18-39653 0560 mdmml d939go0.
An 18-carat gold ring;
3oL O ML B93Fg0 939ms.
She wore a gold ring;
396096 856HIoMm0ML 3039Mb s Fglogsedo 35MHOL boewbo 0Mg3s.
The broad marble staircase and the entrance were crowded with people;
»00009b3o6gm” - 458FoMgdmeEnds  aolidsbo  Msbmgl, FoMTsMowml  Lggdl Gma
50m3035M90Mo.
"Help me", she called out angrily to the stranger who was hiding behind a marble pillar.
dgmbg dsgoomdo 3o, the Golden Age, Golden s&Modw@0s MmIgeos dowgdweos gold-
00b -en LyBOJLOL IMHMNZ00 S YYBOHM ,,MOMLGBIOO0/DOFY0BZwG -l OBHZOMMNZOL 5BHIGIYVL.
Lodomm3gems (3MEbgmos) wgygbs®wo mddmlb Lsfdolbol, s0g@ol s dggol
d399969, Lo0BsE 9MYMb3EHIOTS FMOES3IL MmIMM™l Lsfdolo.
Georgia (Colchis) is the country of the legendary golden fleece, Aeetes and Medea - the
land from where the Argonauts stole the golden fleece;
23¢MM0 dookbygL, Hd IX-XII 1593969900 JoOrCIMEO WOGEHIMEHWIOHOL MJOML bobos.
It is noted in the article that the 9th-12th centuries were the Golden Age of Georgian
literature.
0bgolbm®do, HmEs AboBL3MIo s LdBW3IGMWo ghom (36900 5000ddgds, 85806 ol
Lo@Y3zs 9O 0fgMgds (Bl mg3bo - goldfish).
9ONbgen 3sb 356300 MO0 MSHML MY3Bo IM0yYyzs6s Lsberdo.
Once he brought home two goldfish in a plastic bag;
3BM0dAME ALsbrgMgws HJoMow 3bgzgdom Lofigobgdlsg, MMl MmEIbmdSL
00b08bo3L (9H0 5505 Bog®sbo; bLsdo godds M™30).
dOMOMOIE, 9GHMOdMAEME  JoBEIMYEo©  godmoygbads ol sOLYdomo  Lobgwgdo,
MIgdog 0bBoMgds fmbol, Bmaol, gommMdol s bbg. s0lsbodbo®. Hmym®E Fabo, dso (ob
Mde30L MomEabmdol s©0db0d3bgwo MoEbzomo bobgwo, Moz oMo BBL Jggdmo dmyzsbon
dsgomomgddo.
fmbols:
356 9H»0 2007 BJ30000 S0MM.
She weighed out a kilo of flour;
Bod3bzmol  godmbsgbmdo mmbo dmgwo bsdo Fgmombgo FoermaGedo sds®o

3F0Mq00.
You need four and three-quarters kg of sugar to bake a cake;
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5®Igd0m0 LobgEgdo SEHMOdMEGHY AsBE3MYmsE s G500 0byEolry®o dglis@yzolgdo

Bo0@sbl sbero 5MWgdMEo fgoo 200m303wg s bmmo gdsdo Bso Bogysty,
39356 M09 s LObgo go3mLobxy.

I rinsed the teapot with a bit of boiling water and then poured five gram of tea there,
then shook it and smelled the aroma;

956509, Ly 943L AL 0fmbol, FogMsd 9dalo gMmsdo gt mgemms.

True, only six grammes, but six grammes of gold is still gold;

Lsfigombo:

29003793089, ©306Mm 5056 3905, M MO0 Fogs 3030 Pos33Mol 999y
00306 Igb3zgms.

By then I had decided not to drink wine because the two scotch whiskeys gulped down in
a rush were only now starting to have their full effect;

900 Fogs 3mME390b0 300093 googads -He downed a glass of port;

95303560 g59M3509 s WOl 3moero 4o3blgbo.

I unlocked the refrigerator and opened a bottle of beer;

3990099 959356960L 802¢r002 bgerdo, gl s 805635 ImMOL AsIMobszaws.

Then moved between Bianca and me with the champagne bottle;

500@™3 9oL 89333909 50 JIHH0 OMEWdHO, 000 JIAHHO IO oGO0,
Jobdobmaggdol 9d3bo oo s3ds, MMO  d9z3Ms d5305, MO 30695 JYMO, MO
3063930 ©s mM0 39908030 35¢dob LomsasMoym bafowo.

So from her I asked for ten yards of butter muslin, ten yards of white calico, six large
packets of pins, two bundles of cotton wool, two pints of ether, a pair of forceps, and two
fountain-pen fillers.

MM Jo5¢0mdo MoMJIob yzgans Lsbol sGModME0s dm39dweo:

50 39@M0 MdSBO - ten yards of butter muslin - LogMdol bemds;

Jobdobmsggdol gd3lio oo 530s - six large packets of pins - MHocmgbmds (bofiyobo);

M0 893300 05805 - two bundles of cotton wool - MHocmgbmds (bafiyobo);

M0 30635 gog®o - two pints of ether - $g3500Mds;

60 399008030 35¢dob Lomsasmogm bsfjogro - two fountain-pen fillers - Mom©bmds;

5GHM0dGHME AbsDr3mgwgds© 3393e0bgds 3MMmBalool s Hmadsms s0dbodgbgwo
Lobgangdo, OHmAMEO3ss: Bobfogzwgdgwo, 38s, 3FIIW0, 39356M0, M3500, 3987, 3OMEBIL™MO,
396900 o Ubg.

29005%Y3089, e 9Jodol MHBg3sl svgxgM™?

Have you decided to accept the doctor's advice?;

— 305830 93 HMELEMO, — 356 0g3o.

“Count Leo Tolstoy,” he said.;

— 2000 dmb@g 3M0LEHM goblbmgl? — 3MBdMEby, dofoldzgds owgado oym
390m39GH0wo.

"Do you remember the Count of Monte Cristo?" "He was locked up in a dungeon on an
island.";

99605 ©©g0sd 298MysaB36s, d306MHRLM? — 3300bs 3m0sbsl dmzmerol 3meds,
dobol g3Mqdo.

did your aunt send you, my dear? asked Mrs. Ford, the minister’s wife;

dm300¢0l @em33900 dgbdgbog odbo.

The priest's prayers were answered;

JoOonmdo s®LYIMBL MOY3M0 Tgfymds JoBEZMYELs s LoHBOZOWML dmEol 0dol
dobg3z0m, ) H™IgEr 30BoEosl 0353908 JO-gOMO Fsmysbo. BLsBLIMIWo LBz Mol
fob sl (3989 9M93w)) 0 LdBEZOYWOL 8oy (9I3wy 8989). obywobyyGdo 3o
dLobzMwo ymgzgewmzol Lsbwgmwwobl fob gsl.

9M0-90m J39mez3do 9331093500 3300035HMAL gabsl 99839 0sds®ol 3obsdgM b
L& AOMmdOL Ggbobgd.
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In one of the sub-chapters, the researcher offers the legend about Queen Tamar visiting
Kakhaber.
9L 85806 dmbs, HMEILsE GobEGBY 085t Fgz3g 0gm.
This happened when Queen Tamar was on the throne.
056b3M3g56xdosbo  sMLgdomo  Lsbgwo  bsBEzMgwol  GmEdo (330 WYRIBOY)
06900l EOH™L FbmermeE bsd dMWB3sdo - LobgE™dOMTo (353-0 Wgagbs), FMMbOHMBOMT0
(35305 @ga96sd) o fmgdomdo (353-m 9a9bsg) 0bsMRMbIdL  dGMB30L Bodbydl;
BoongLomdomby s 30msMmgdomdo 60dbgdo Bofowrmd®mog F9bsmBmbgdrmmos (3s53-0 wgygbool;
3960 939bom), bmwm doggdomls ©@s Z0msMgdomdo dMMB3zol Bodbgdo LMoo
©33563705 (356 @b 393 @IIBE). byBRZOWO 30 0dOEZ0L F3YIEIdNOZ>,
dolio Fglisdsdolio GHodol dobgpz00m.
bdm3566379d0560 ALoBEOZMIO 1BOMHNMB39g0s. 0dMW630L TbMEmE LsbEaMwwo. 53 bl
90mOHBR0gds Lobgw-335MmIo LobEsgdgdoz 08 goblbgogzgdom, MM 56y 5J3b 8bodzbgermds
Lobgao 0s6bdm3z56%g dmagmgds 0wy bdmgsbbyg [4].
0bgobm®do mOo dONB3ss - 3Mmzbogdomo (Possesive Case), 63905 JoHowgen
BoogLomdom 3MB3sL Tggladyzolgds s LogMmm d3Hb3s (Common Case), MIGEOLG o6 o3l
139305NYHO  IOMEMYDS.  JIMMEO  SGHMOdNENO  Lobgwol  boomglomdomo  dMbzol
d9LoGY30Ls© 0bYEOLYHTo LKMo SMLYd0MO LobgErgdoLsm3oL A3gwEgdMHog gbToHMd ‘s-
b IbmEMdoo Mogbgzdo s s’-b IMsg3wmdomdo (the girl’s name - geagmbsl Lobgero; the girls’ name
- 3mambgdol Lobgwo), bmwm Mlrmem bogbgdologol of-b. (the name of the book - ogbol
Lobgaro).  3boos,  JoMommo  sGHMmodNEGMwo  Asbrzmgeol  dGBdol  dbo@yzgds
0b630bMMHoL  SGHM0dMGH  FLsHBOIOIWMB, 0bymolymo gbol MmsBsBH030mss  Fobdotrc-
0900. 5©0b0dbEo 1s30mboL A5sbsE0HYds 4obLsIMMMYdME 960d369wMdIL 0dgbl MmyMe(3
05036000  3M5dBH030d0, 0Ly  9BsmMIFMEOLO  3oMOggdol LD  AMTIGOIOL
Ufogamgdols s 0oby30LGMGmO 33930l 3MM3EgLA0. SGMOdGWIwOo bobgargdo 3603369 m3s6
OOEl 060500096 QMO G Jo@mnve, obg 0bywoly® 9bsdo s Tomo Lfim®o gMsds@ozwmeo
2990996995 59930090905 BYLGHO s dbgdMmOZ30 3MBMbozsoolm3zoL.

Nouns as attributive determiners and their English equivalents
L. Samsonadze
Summary
The article considers the use of nouns as attributive modifiers in Georgian and English
languages. It describes how a noun can function as a modifier for another noun and explores the
grammatical features associated with such usage. Particular attention is given to case marking, word
order, and semantic categories such as possession, material, classification, quantity, and others. The
study offers a comparative analysis of Georgian and English structures. Numerous examples
throughout the text illustrate the similarities and differences between the grammatical systems of the

two languages, providing readers with a clearer understanding of their respective syntactic and
semantic patterns.

CymecTBUTeIbHEIE KaK aTPHOYTHBHEIE OIpefeuTeNH ¥ UX aHTJIMIHCKIe SKBUBAJIEHTHI
JI. Camconaose

Pesiome

B Texcre paccmaTpuBaeTcs aTpubGyTHBHOe YIOTpeOJIeHMe WMEH CYyLIeCTBUTENTBHBIX B
TPY3MHCKOM M QHTJIHICKOM fA3bIKaX. AHAJIM3UPYeTCA, KaK CYIEeCTBUTEIbHBIE MOTYT BBIIOTHATH
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5®Igd0m0 LobgEgdo SEHMOdMEGHY AsBE3MYmsE s G500 0byEolry®o dglis@yzolgdo

oIpesiesIAOyl0 (QYHKIUIO II0 OTHOLIEHWI0 K JPYTMM CYLIECTBUTENBHBIM, a TaKKe KaKue
rpaMMaTH4YecKre OCOOEHHOCTH COIIPOBOXKZIAIOT Takoe ymoTpeGieHue. Ocoboe BHUMaHUE YZAeIeHO
ImagexamM, IOpAAKY CJIOB, CEMaHTHYECKHM 3HAaYeHUAM (HpHHa,I[JIe}KHOCTB, MaTepual, THUTYI,
KOJIMYECTBO U [Jp.), @ TAKXKe COIIOCTABIEHUIO CUHTAKCUYECKUX CTPYKTYP IBYX A3BIKOB. IIpuBenéHHbIE
IIPMEPBHI IIOMOI'dl0OT YHUTATEJIIO IIOHATH CXOACTBA M PA3IMYNA MEXAY I'PAMMATHYECKUMM CHCTEeMaMK
TPY3HMHCKOTO U aHTIMICKOTO S3bIKOB.
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Ll o

6596 M3o obbmM 309w Fmms Mli;sggerols bodsGmzgemls
96360 Ladgbogmm gmbool dbstsFg®oo (3MmsbEo FR-24-11637)
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Code Elements in the Cryptography of the 1832 Conspiracy
Maia Tsertsvadze

maiatsertsvadze@yahoo.com
Abstract

This article addresses one significant aspect of the cryptography associated with the 1832
conspiracy, a pivotal event in Georgian history. It examines the secret correspondence system
developed by the conspirators for purposes of concealment, which relied on code elements - that is,
words, expressions, and phrases devised for encryption. The system was primarily employed for the
exchange of confidential information between circles in St. Petersburg/Moscow and Tbilisi.

The study explores the use of code elements by the conspirators, presenting it as a
cryptosystem and describing it through the lens of modern cryptographic terminology and
parameters. It demonstrates that, like other methods of cryptography employed by the conspirators,
the system functioned as a symmetric cryptosystem, in which encryption and decryption were
performed using the same key.

The findings are important both for the field of cryptography in general and for historical
scholarship: the conspirators’ use of code elements constitutes a striking and meaningful page in the
history of Georgian cryptography and in the narrative of the 1832 conspiracy.

Keywords:

Cryptography, bhistory of Georgian cryptography, conspiracy of 1832, coded elements,
Ssymmetric cryptography.

As is well known, the most essential element of any historical conspiracy or conspiratorial
movement, on which its organization, coordination, success, or failure largely depends, is the
presence of secret communication. Its purpose is to conceal information, ensure the safety of
conspirators, and protect the boundaries of the inner circle.

One of the most common forms of secret communication is cryptography, which was also
widely employed by participants of such a significant event in Georgian history as the so-called
Conspiracy of 1832.

The aim of this conspiracy was to expel the Russian Empire from Georgia and restore the
country’s independence. Its origins go back to 1826-1827, when two Georgian Royal Princes
(batonishvili) exiled to Russia, Dimitri, son of Iulon (1803 -1845), and Okropir, son of Giorgi (1795 -
1857) (emphasis everywhere is ours — M. T.), both grandsons of King Erekle II (1720 - 1798), inspired
young Georgian students studying in Russia with the idea of preparing and organizing an uprising.
Unfortunately, the conspiracy did not evolve into an actual revolt due to the betrayal of one of its
participants, Iase Phalavandishvili (? - 1857), which led to the arrest and punishment of the
conspirators [1].

In previous studies dedicated to the cryptography of the Conspiracy of 1832, we identified its

three components:
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1. A method used for secret correspondence and information exchange between the
conspirators of St. Petersburg/Moscow circle and the Thilisi circle, employing a kind of paper stencil
(the so-called “frame”);

2. A secret alphabet;

3. Code elements.

Studies regarding the first two components have already been published. We revealed and
discussed them as cryptographic systems, describing them using modern cryptographic terminology
and parameters. In particular, we established that the two forms of secret correspondence employed
in the Conspiracy of 1832 represents symmetric cryptosystems, having their own cipher, plaintext,
ciphertext, and key, while their participants consistently and unconditionally followed a set of rules,
the so-called cryptographic protocols [2], [3], [4].

In the present article, we shall discuss the third component of the cryptography of the
Conspiracy of 1832, reveal its essence, and attempt to examine it as a cryptographic system,
characterizing it with the aid of modern cryptographic terminology and parameters.

As in previous studies, this time as well we will primarily use the testimonies of the
conspirators and other materials of the investigative commission on the conspiracy for analysis, the
scholarly research and examination of which is still actively ongoing today.

As it turns out, for the purpose of sharing and exchanging secret thoughts and information, the
conspirators used code elements - conditional words, sintagms, and phrases. Let us see what we know
about them.

An acknowledgment of the use of code elements for secret correspondence can be found in the
testimonies of one of the leaders of the conspiracy, Elizbar Eristavi, son of Shanshe (1810 -1872), and
his brother, also an active participant in the conspiracy, Dimitri Eristavi (1811-1854). Elizbar and
Dimitri Eristavi belonged to those Georgian patriots who, before the conspiracy began, in the 1820s,
studied in Russia at the St. Petersburg Artillery School, where they met with Royal Princes Dimitri
and Okropir, who had been exiled there, and received instructions from them. Let us examine some
of their testimonies.

In his answers to the questions of the investigative commission on 4 July, 1833, Elizbar Eristavi
speaks about letters addressed to Princess Salome (1797 - 1860), daughter of Royal Prince Pharnaoz
(1775 - 1852), who was then in St. Petersburg, written in “veiled expressions” (style preserved
everywhere - M. T.):

“In 1831 I wrote several times to Princess Salome in veiled words about the beginning of our
conspiracy” [8].

On the same day, in his testimony, Dimitri Eristavi states:

“Because of the conspiracy, all expressions were used figuratively, so that an outsider would
not be able to understand them [8].

To maintain secrecy, the conspirators called each other “friends” and “ugly ones” (“Ypozsr” in
Russian — “ugly ones”).

In the letter sent by Dimitri Eristavi from St. Petersburg to Elizbar in Georgia on 15 April,
1831, we read:

“...why do you not write to me much, do you have friends or not, and what do you think of
your cause... Luarsab, Dimitri, and Alexander send their regards to you. They constantly curse you,
saying how urod (ugly) you were...” [7].

In the same letter we encounter another coded phrase: “your friend’s uncle™

“Where is your friend’s uncle, and what is he doing? What has happened to him? Why is he
conducting his business so poorly? Teach him somehow?” [7].
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The expression “your friend’s uncle” referred to Royal Prince Alexander (1770 - 1844), a
devoted fighter for the independence of Georgia, the real uncle of Alexander Orbeliani (1802 - 1869)
(coded as “your friend”) - the brother of Orbeliani’s mother, Royal Princess Tekle (1776 - 1846). who
at the time was in Persia.This becomes evident from Dimitri Eristavi’s testimony before the
investigative commission on 4 July, 1833:

“The expression that we were expecting Royal Prince Alexander was not used directly, but
figuratively, i. e., that we were expecting my friend’s uncle” [8].

The conspirators are also called “urody” (“ugly ones”) in letters written in Russian by Royal
Prince Dimitri, which he sent in 1832 from St. Petersburg to his sister Tamar (1791 - 1857), an active
member of the Tbilisi circle of conspirators. Here are some excerpts from these letters (translation is
ours— M. T.):

“Dimitri Orbeliani is just as much of ugly, or perhaps even more so, than he was before”;

“My respects to Elizbar, Vakhtang, Dimitri, and all the other ugly ones”;

“For a long time you have not written anything to me, especially about what our ugly ones are
doing”;

“My respects to all the ugly ones, i.e., to my friends. [4].

Below is a table listing these coded words (expressions) and their meanings.

Table 1
Elements to be encoded (Meaning) Code words
Conspirator Friend
Conspirato Ugly one
Prince Alexander Friend’s uncle

Let us turn to other materials of interest preserved by the investigative commission.

In the inventory of papers confiscated from the prisoners, dated 31 March, 1833, there appears
a reference to “books and papers of artillery praporshchik Prince Dimitri Eristov.” The document
further specifies that “those items which were deemed suspicious have been retained by the
commission” [7].

Among the aforementioned suspicious papers was a note transmitted to Dimitri by Royal
Prince Okropir. The note contained altered (coded) designations of certain nations and individuals,
intended to serve the purposes of clandestine correspondence.

In his testimony of 23 April, 1833, Dimitri Eristov explained that the note “contained Russian
proper names, while the Georgian ones represented their conditional equivalents. I wrote them down
under the dictation of Royal Prince Okropir during his stay in Moscow. They were to be employed
by me for correspondence, but in fact I never used them, since I did not write even once. Their
purpose was to facilitate communication, for with such general appellations it was possible to convey
a particular meaning without naming anyone directly” [7].

A copy of this note (see below) was later presented to Royal Prince Okropir during his
interrogation by the investigative commission established in St. Petersburg to examine the activity of
the local circle of the conspiracy. The Royal Prince was asked to provide an explanation:

“Praporshchik Dimitri Eristov, in addition to the accusations already known to you, testifies
that among his papers a note was discovered, the contents of which are listed here. It contained an
indirect expression that you delivered to Elizbar Eristov in Moscow, in order to conduct secret
correspondence more conveniently” [8].

The entries of the copy of the note found in Dimitri Eristov’s papers were recorded as follows:

Rosen
Prince Alexander
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Mukhranski

The French

The Prussians

The Austrians

The Russians

The Emperor of Russia

The English

The King of the English

Turkey

The Armenians

The Georgians [8].

In the original note of this copy are recorded conditional correspondences, which we present

here in Table 2. The left column of the table contains the elements to be encoded, while the right
column shows their code names [8].

Table 2
Elements to be encoded (Meanings) Code elements
Rosen Rose
Prince Alexander Nightingale
Mukhranski Crow
The French Feathered kinglet
The Prussians The cruel
The Austrians Philosophers
The Russians Beasts
The Emperor of Russia Lion
The English Drunkards
The King of the English Bacchus
Turkey Mahomet
The Armenians The accursed

As is evident from the contents of the latter table, these code names were presumably intended
for encrypting the real names of foreign European and Asian states, their rulers, and their subjects. It
is important to note one significant circumstance, which has been highlighted in the historiography
of the conspiracy of 1832. In particular, recent scholarship emphasizes that although Georgian
conspirators could hardly have expected substantial support from European states against the
backdrop of ongoing political developments on the continent, they nevertheless deliberated on
possible European assistance, sought ways of establishing relations with powerful states, and even
elaborated specific plans [9].

This idea was especially prevalent among the Royal Princes, regarded as the legitimate rulers
of a potential independent Georgia. Royal Prince Dimitri, from the very beginning, explained to his
companions that it was necessary for one of the Royal Princes to travel to France to request assistance
[9]. Prince Okropir also intended to go to Europe. In one of his testimonies, Aleksandre Orbeliani
convincingly recalls Solomon Dodashvili’s (1805 -1836) words, stating: “Whenever turmoil occurred
in Georgia, and Prince Okropir learned of it, he was to leave for France by any means and negotiate
there. Dodashvili told me: if something happens here, Okropir will go to Paris” [6].
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The idea of traveling to Europe was also considered by Royal Prince Dimitri’s sister, Royal
Princess Tamar. Together with other conspirators, she intended first to depart for Jerusalem with the
Emperor’s permission, and thereafter proceed to Europe:

“We were to arrive in Jerusalem, worship at the Holy Sepulchre, and from there proceed to
Paris, France. From Paris, it was our intention to send someone to England to inform the English of
our arrival in Paris. Then, first in Paris, we wished to submit a complaint that Georgia had been
unjustly taken away from the Bagrationi, and afterward we were to proceed to England, where we
were likewise to submit our complaint and request support everywhere, so that their ancestral land -
Georgia - might be restored to them and liberated from the Russians,” Aleksandre Orbeliani told the
investigative commission [6].

The realization of such an endeavor was an extremely difficult task, requiring considerable
courage, given that the Russian imperial secret services constantly monitored the numerous Georgian
royal families and their descendants exiled in Russia, and would not have permitted their departure
to Europe.

The fact that the conspirators discussed and even corresponded on the problem of allied and
supporting states is indirectly evidenced by the special set of code names developed for foreign
European and Asian states, their rulers, and subjects, as demonstrated above in Table 2.

In his testimony of 7 August, 1833, Royal Prince Okropir categorically denied any intention of
employing foreign states - subjects of international law -for the purposes of the conspiracy.

“I have already had the honor to inform the Commission that I have never had any relations
with any foreign state, nor could I have reported anything of the kind to Prince Dimitri Eristov.
Consequently, any attempt to substitute names would have been useless. However, precisely this
testimony serves to justify and confirm that I possessed no means of secret correspondence by which
it would have been possible to communicate one’s thoughts to another without their being
understood by outsiders” [8].

As appropriate research reveals, the testimonies of the conspirators often contradict one
another, and they resort to falsehoods and provide mutually exclusive, inconsistent accounts in order
to avoid or mitigate punishment. Taking this into consideration, despite the above-mentioned denial
by Royal Prince Okropir (and not by him alone), the materials presented by the investigative
commission of the conspiracy clearly demonstrate that attempts were indeed made, for the purposes
of the conspiracy, to engage the support of foreign states and, accordingly, to employ coded elements
(words, expressions, etc.) in correspondence. Thus, it can be affirmed that this third component of
cryptographic practice in the conspiracy of 1832 did, in fact, exist.

Unlike the first two components, however, we do not possess any extended specimens of
secret correspondence composed with these elements (it is known that the conspirators destroyed
much incriminating evidence prior to their arrest) - in the surviving letters, encrypted fragments
occupy only a limited space. Nevertheless, on the basis of what has come down to us, it is possible to
examine this practice as a cryptographic system and to characterize it in terms of modern
cryptographic terminology and parameters.

As an example, let us consider the above-cited letter of Dimitri Eristov:

“Now I ask you to write in detail about the local news: why do you not write whether you
have many friends or not, and how you regard your business. How is the work of your saw-mill going
- well or not? Where is your friend’s uncle and what is he doing, what has happened to him, why is
he managing his business so badly, and could you teach him somehow? Luarsab, Dimitri, and
Alexander send you greetings. They always scold you, saying what an ugly fellow you were. “‘What
hope did he give us here? they say. ‘He left, and he doesn’t even remember us anymore - perhaps he

no longer thinks of us at all” [7].
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After substituting the encrypted fragments with their corresponding equivalents, the text
reads as follows:

“Now I ask you to write in detail about the local news: why do you not write whether you
have many conspirators or not, and how you regard your business. How is the work of your saw-mill
going -well or not? Where is Royal Prince Alexander and what is he doing, what has happened to
him, why is he managing his business so badly, and could you teach him somehow? Luarsab, Dimitri,
and Alexander send you greetings. They always scold you, saying what a conspirator you were. ‘What
hope did he give us here? they say. ‘He left, and he doesn’t even remember us anymore - perhaps he
no longer thinks of us at all.”

The third component of the conspiracy cryptography, discussed above, represents a
cryptographic system involving two parties (participants) — the sender (addresser) and the receiver
(addressee) of a letter. The parties seek to transmit confidential information in such a way that it
cannot be obtained by an unauthorized person outside the system.

» «

Fragments of the letter composed of code elements — “friends,” “your friend’s uncle,” “ugly
one” — constitute the information to be transmitted, i.e., the so-called plaintext. The set of operations
performed by the sender to compose this plaintext, namely the use of code elements for writing the
message, represents encryption. The subsequent operations performed by the receiver upon obtaining
the message — namely, the reading of the letter through the use of the agreed correspondences of code
elements — represent the reverse process of encryption, i. e., decryption.

The confidential information obtained as a result of decryption — in particular, those parts of
the letter that become legible through the correspondences of code elements, such as “conspirators”,
“Prince Alexander”, and “conspirator” — constitutes the ciphertext, or cryptogram. The entirety of the
described algorithm of encryption and decryption forms a cipher [10,11,12].

Since the sender and receiver employ the same key, namely the mutually agreed set of code
elements and their meanings (see Tables 1 and 2), it can be concluded, on the basis of the described
process and example of conspirators’ secret correspondence, that this case represents the so-called
symmetric cryptography. This method involves the use of a secret (symmetric) key — a key identical
for both encryption and decryption procedures — which, until 1976, was the only method in common
use [13].

Therefore, it can be established that the method of correspondence employed by the
conspirators of 1832, based on code elements, may be characterized through the lens of modern
cryptographic terminology and parameters as a symmetric cryptosystem. It possesses its own cipher,
plaintext, ciphertext, and key, while its participants consistently and unconditionally adhere to a set
of rules, i .e., cryptographic protocols.

The research presented in this article appears to be of considerable significance both for
cryptography in general and for historical science: the use of code elements by the conspirators
represents a noteworthy and illustrative chapter in the history of Georgian cryptography and the
conspiracy of 1832.

1832 fawols 3gogdmemgdols 30m03Gma®magools Ls3ombgdo - 3mEweo gergdgb@gdo
0505 39633599
“Hgbomadg

LEoG0s 9936905 LodoMmzgeml obGHmMool dg@se 860d3bgwmgsbo dmgwgbol - 1832
feool  990gddangdol  3M03GHMmyMszgool ghom  bs3zombl. ogweolbdgds dgoddmwms dogh
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053000000  Bogdd0sbmdOL  3MBLZoMsE300LMZ0L  FgBMEIdIMo  Lsodwm  dodmfg@ol ol
L53w95egds, MMIGEOE 393000 YOS 3O JrgdgbE IOl 96v9 doB3OOLMZ0L 46 3Mmzbom
Lo@yzgdl, TgboBYyzgdgdls s FMHYOL. 030 oMM  A3FM0YghgdmEs  Loodgm
06030635300l 2533020LOMZ0L 393)MHOMEOYME/BMIZM3YO s MBOEOLYO (MOl dmeol.

65dOmddo  gobbormwos  gmddmwms dogh  3mEOHo  ggdgb@gdol  dmbdaMgdol
3039bo, FomImPgbowos ol, MmymOE 3M03GHMLOLEJTS S IbILOIMYINE0s MsbsTgEe™M3Y
3603@MYM5BoMwwo  GHgMHIobmemyools s 356589GMIool LydvsEgdom. IEYIBoos, H™JI
00, 0b939 GMAMOE FgmJdMms  3M03GHMAMIBoOL  bbgs  Lsdmomgdgdo, §oMmdmoygbl
LodgGHMOME 3MO3GHMLOLEHYIL, OHMIgEdoz FoBMOE0s3 O ©VJIIOBMHE0SE JOO S 0Y03Y
29L50gd00 bgds.

Bo@otgdmeo 331935 96033690m35605 H®MAMOE BMASI©  3M03EHMMz00LsM3Z0L,
31939 oLbGHMMoo 8936096HJOOLIMZ0L - 3MEMEO JugdgbEgool godmygbgds dgomddowms doge
JoOHOM0 3003GMAMB00LS s 1832 iemol 990ddmwrgdol obGm®mool gMmo m3swbsbobm s
Logwyarolbdm @390,

Bompocs! xpunrorpaduu 3arosopa 1832 roza - KoZioBbIe 1€ MEHTHI
Marsig Ileprpazgse

Pesiome

CTaThs IOCBSALIEHA OZHOMY U3 aCIEeKTOB KPUITOTpaduu, CBI3aHHOM C BOXHEHIINM COOBITHEM
B ucropun I'pysum - sarosopom 1832 rogma. Peur mmer o cexkpeTHOI IepenvcKe, BBeZEHHOU
3aTOBOPUIMKAMU B I[€JIX KOHCIHMPAIIMU WX JAeATEIBHOCTH, 3 UMEHHO O TAaKOM CpeACTBE, KOTOpOe
CBA3aHO C KOZOBBIMHM OJJIEMEHTAaMH — CJIOBAaMHM, YCJOBHBIMU BBIpRLKEHHUAMU U (paszaMu,
nmpefHa3HaueHHbIMU [ mvdpoBanusa. OHO B OCHOBHOM MCIIOJB30BAJIOCH AJis OOMeHa CEeKpeTHOU
nHpopManueil MeXAy neTepOyprcKo-MOCKOBCKUMHE U TOMINCCKUMHU KPYTaMHu.

B pabore paccMaTpuBaeTcs IIPOLLECC KCIOIB30BAaHUS 3aTOBOPLUIMKAMK KOJOBBIX 3JIEMEHTOB,
IIOKa3aHO UX (YHKIMOHUPOBaHME KaK KPUITOCUCTEMBI U OXapaKTEPU30BAHO C IIOMOLIBIO
COBpeMeHHO! KpuUITOrpadudyecKoil TepMUHOJOTUM U IIapaMeTpOB. YCTAaHOBJIIEHO, YTO OHA, KaK U
IpyTHe CpeAcTBa KPHUITOrpadMU  3arOBOPLIMKOB, IIPEACTaBIIeT COOOH  CHMMETPUYHYIO
KPHUIITOCUCTEMY, B KOTOpO# IrudpoBaHue U AelndpoBaHUEe OCYIECTBISIOTCS C ITOMOIIBIO0 OTHOTO U
TOTO JKe KJII0Ya.

IIpoBemenHOe wuCCIefoOBaHME BAKHO KaK [ Kpunrorpaguu B 1LeaoM, Tak U AJId
HMCTOPUYECKON HAyKU: IPUMeHeHue KOJOBBIX 3JIEMEHTOB 3arOBOPIIMKAMYU ABJIAETCA OZHON U3 APKUX
U IpUMeYaTeIbHBIX CTPAHUI] NICTOPUU IPYy3SHHCKOM Kpunrorpaduu u 3arosopa 1832 roga.
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§0bs3ggdsty 659GM@BTo FgmozsDgdMeos gssfY3gGH0Mmgdol bggdol, 3gMdme CART
5¢nam©00dol gsdmygbgds 1sdgoEobm 3Mg3smsdgdol 98gGHTIOMdOL ©ILsEYIbs®. bEGGH0sdo
396bogwymos  LoMommerggdo, GMImgdog sgb oBgbgh 53 s9mEsbol  gosfY3g@BHOLIL, s
baboLdvyeos 58 3mbEYJuETo Bmbaggdms sBogroBol msbsdgpmmgg IgommEgdol 36od3bgermds.
IG5 5MoL 50fgM0o CART sengm®00dol 3dsmdols 36ob3o3gdo, 8500 Bm®ol Gini-l
0bgdio  Hmam®dE  g3505HY39GHowgdol bgdo  Lomzgogliem 335600  sdm®Bggol  dgdsbobdo.
B5B3gbgd05, MmMmI  99sHY39Bomgdols  bggdol  dgdggmdoo  Tglisdgngdgamos  3eobozm®o
0mbs390900L 5819853905  353096BMS 00  Jsligdol  iEYgbol  Jobbom, GMImgdTos
OmEg0memds 3Mg3sMo@0s 298magobs 0Egbd o 98gIBWMMMds. SLgmo swIfY3gBOmgdol
bggdo  bsdmsggdsl  a35demg3gb  Bmzobobmm  353096@0L  93m@bogrmdol  ggBgdBHOHMdOL
36HbmboMgds dobo 0bEozoEdEMo Bsbolinsmgdamgdol asm3zsmoliffobgdom, Gog byl
39mfiymdlL 396Lmbogobgdrymo 93wMmbsemdol LEHGModga0gdol 398w8s39dsls.

153396dm bo@yggdo:

85034390 g60l bggdo, CART, bsdgmogobm 369356530l gRaddcImmds, sbgsboytro
sbfszems.

dglsgoeo

09658906039 99000306s 3998035 30005MHEIDS s OO 15dgEOE306M 3M935M9EJdOL
d9ddbs s 33930 9960336 M3sb69L0s 99350 YOJOD dMIMEsTo. MFES, 36Y39MOEHOL
3wobozmmo  33wg3s s dobo  98gdGHMOMdOL  BMLGHO  Tgxslgds bdoMs Mo s
3653509393056 3Mm3gLL  HoMmImoygbl. 353096Gms 0600030 MEmO  JobsliosmYdWdOL,
396930300  BodBHMEOoL,  sbdbeErgdo o535 IdJOOLs  @o  (3bmgMadol  LGHowol
965350x39MmM36905 Jobol LoMMMgIdL JM0sbo, MBogxOLIGMmO 93MbsEMdOL Mg70d0l
50960LsL. 53 3b39JuGHT0, Data Science s dsbgdobmo sLFogzwOl Igom©gdo Ly »MBG™
3dBHMPWMMo  bgds, Moysb olbobo Fglodwgdemdsl 0dwg3s, @sdmgzwobogl MmO s
00553030 533000 gdgd0 IMbsEgdms o dslioggddo.

50 bGsGOoL JoHsbos, FoIMIBOBML yowsfyzgEHowgdol bggdol dgommeob, 3g@dmo CART
5@aMMomIoL, 2590mygbgdol dglsdagdermds bsdgoobm 36Mg3sMs@EoL 989dEMOMdOL sdm3560L
390U FMHY0. 3HY39GH0IdOL bggdo 230035HMdI6 0bGMOE0MH s 0bGIM3MYEHOMYdS©
dmEawgdl,  OGmIwgdos byl  Miigmdgb  3mI3gdubmdo  Imbszgdgdosb  wo®mgdymo
0bxm®ds300L 53meMgdsl [1].

15890306 3H35MEJO0L 9n39BHWOHMBIOL SFm3s6s

L5dg0E0bm 3M935M9G0L 9n39dGMOMBdOL Fgxslgds Jwobozw® 33w9390do gMo-9H MO
9439009 3M0GH0IMNWo 9BS305. 9B 59m3965 4mEolbdmdl 0dol oYGBIL, MedEgbsw JoMys©
90mgdggdl  3619356M5G0  ©93500900L FobgbBy, byl WFymdl Lod3EGHmdgdol dgdocmgdsl,
300MgloMgdoL  Tghgegdsl b 35309BFGHOL  bmyso  BEYMISMIMIOL oI mdILYISL.
9939d&HOMBOL Fgx35L900LSL gobomgzaoliobgdgwos Lbgoalibgs iodEmMgdo MHmymMmoiss:

¢ ©I3MyM55301w0o Jsbobosmgdmgdo: ss30, bglo, Jbo3MGmo JMm3bowgds;
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e 30603700 mbo3gdgdo: 9350090l Lod3EHMTYDd0, LEIOS, Loddodyg, msbdbergdo
055350070900, dMM>EHMM0E0 F5639690gd0;

e 296903960 FsMINMHPP0: BMYOIODO 3MHg35MoBHOL JBIJBHWIOMBS Fgodegds 3F0EMmME
0ymb 3539060900 35:3096@0L 396930396 3MIMBOEE;

e 3bmzmxdolL LGHOWOo: O0YE, FoBOZMOO 5JEH03MDS, BME939, 5¢3M3MEOL BmbToMgds;

e {obs 339MBogrmds: 353096EH0L M1god30s Hobs 83mMbsEmdIBY.

GM50030wo BEGIGOLEH0ZMMO FJPMEIdO, OMAMOOESS t-GHbGo 6 ANOVA, bldoMs
29800996905 Lodosem 953994EMmdol dqLbogeligdars. 09d3s, s dglsderms 396 50dmoBobmb
3693505@0L  9539JBHMOMO0L  bowsblgdo  3s309b@ms  aoblbgegader  J3gxawngddo  [2].
05500m, 30935M5@0 Fg0dgds 0gml doe0sb 9139dEHWO0 sbowrgsBM©s 35:3096@gdOLmZ0L,
052650 56593393GHM0 bobsHdMmmom3zol, b 3oModom. sbgmo 9539JGHgool 0IbGRoE0MYdS
29059(Y39¢05  39MLMbswoHgdIMmo  8goEobobmgol,  Losg  33MGBsmdol  36Hm3gLgdo
060030015 MEO© 5HOL MR MMOo 353096G0L BsFoMmMmadgdBg. LHmMgE o bgulioytgwos
956545660  @olfogeols Ggmmgdol  godmygbgds, s TmMol  owsfiyzgEHowgdol bggdol,
MIgd0E FgbodEgdemdsll 0deg3s, 3odmgeobgl sbgmo Moo J39X3IBIOO.

25005%939¢0@gdols bggdol dgmemeo (CART)

CART (Classification and Regression Trees) sGob 2505443930 gdol bggdol ghm-g6oo
439woBY 303990 s BoOMME 45dMmYgbgdsO sEWaMM0mT0, MMIgeog 8900mdsgzgl ¢rgm
065005605, XgMHmd BMHO0I68s, HOBIOE Mmdghds s PsOIED LGM6Ts [3]. CART segmMomdo
5390l d0bstrmer bal, Gog 608bogl, M™MI gmgzggwo 33956do oymxs dbmwm@ ™6 dgomdow
3396d50. bob o905 0fygds doMmgmeo 3356d0sb, HMIgmog FoMdmoyabl domge Lobfogem
3mboigdome Bo3MgdlL. 90y syMMOmT0 9gdgdL MG MmO aygmBolL FaM@owl (split point),
Hmdgog 35JL0TsEESE sIF0MIOL 5G0gMm35MM3z69dsL (Impurity) d3oeomdoen 335609080 [4].
b 3GmEgbo  FgmMEgds  MHY3MELOMWSE  MOMMYM  G30mdoer  3356dd0, Lsbsd o
©53054MmGBowEgds  oBgMHgdOL G003y  3M0GHIO0Mdo  (spooms®, 3396d30  Bmbsggdms
9060350 GomEabmds, bol dsgdbodoMo LoMTy, 56 9MYMMYZ5MMZBIdOL FoM33gEo
®69).

m3@00oMMo  ©Ymxys  dooegds  Ginisit  3O0GHIO0wIoL  bsdrsegdom,  GMEILSE
dm 399990 360EIMH0T0 5093l Jogdlodserme 60dzbgarmdsls:

-Zli2+ -Zrizﬁmax

n n
i=1 i=1

o~ =
x| =

Gsplit =

Losi3. L 5 R 0009J3Hgd0l Mom@gbmdss dotabgbs s 56x3965 830wmdowr 3356d5080, bogom
li 5 ri - i-m60 3sbob ™BOYJHIOOL Mom@abmds FoMbgbs s Jotxg9bs F30MdO 335609080
d9Lsdsdobo, i =1 ... n.

Ginispiit 06gJLOL JodbodoBoEos 3EolbIMdL 0bgmMo EIYMZBOL FoBdEHOwOl sGBg3.L,
MMIgog  9oduoBoErEms©  FOBOHEOL  GOHMR350M369d5L  Fgomdoen  3306d9080.  Dowso
9OmMY35Mm36905 50bsgL, GMI 3356d00 BMbszndms dg@gbmds gHo 3Ll F0g3mgbgds.
0023505, 5aMM0mI0 9dgdL oymRsl, HMIgerog Jdbob yzgwsby gOHMAZ5MM3s6 dz0mdogn
3396990 3eslgdol dobggzom (2, 3].

dmEgdMwo 33935, OGMIgEoE  1sdgEoEobm  36M935M0EH0L  9BgIGHMOMBL  5x35Lgd,
§o600moy9gbL 3¢sl0K03sE0L s3M3sbsL. Jolo doBsbos 0dol 3OMAbmboMmgds, v MGsdrgbs
9939d&O0  0dbgds  3Mg3sMoF0o  3mb3MgEH Mo 353096@0Lm3ol, CART  segmomdols
2450mygbgdom.

50 59m 3560l Fotyeqddo Imbozqdgdo sbg goboloBL3Mgds:

o md09dBHYd0: 33¢930L MOMMIMO 35309630, HMIWOLMZ0LSE AOMZEIds dmboizgdgdo

5 BoLEYDS 33MMBsEMdOL FyIAO.
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35005§939¢H0engdols bggdols gs0mygbgds 15sdgoEobm 3Mg3s@s@ol 989d@@Mmdol swygbols ...

¢ 60056-0030L909%0: 353096FH0L 0l Toboliosmgdgdo, MHMIgdoE TgLodEms Asg3wgbsls
obgbgb 36M935M5BH0L 9939dGMOMBBY. gb IM0E3L IIMAMIBOE Fmbs3EgdgdL (sbsgo,
bdqLo), 3wobozm® 306589¢3MgoL (993500900l LOd3EH™IgdO, LGOS,
@dMGIGHMO0o 5639690 gd0), 565869BL (ffobs 839Mbocmds), 3bmgMadol LGowol
B5JHMOYOL (80939, @0YHS) W 39BIHOINO BoMIHYOL.

o 3malbpdo: 309350530l 989IGIOMBOL T909ag00, OMIWIdOE 0gmags ©OLIMIEGI
39393MM0g05: "Br™Ts", 200X MdILES, 02039 IMRSY, 4599569l .

B396 990mbgg35d0, 36930mbool LsdzM@Mbowme, CART s¢ram&0mdol gsdmyggbgdoom h39b
0353900 250050943930 gdol dobsmEo by Ceftriaxone 36Hg35M5E0bm30L, bob. (1) s Fggys©
Lo@guBHM dmbo3gdgdbg 90mfHogdom (339o3ws 14 LodgbdHm s 55 Labfjsgarm  353096¢)0)
903009m, OHMI 53 5¢EMMH0mMTol LOBMBEG 65 3OHMEIBGHL HoMmTMoybl. sLsB0TBsg0s, BIMD gl
303019 0l o0 LOBMUBEJs S Tob JoLOMBX MBILIOIWS, OHMYMOF JOMN-JODO FTMVBOZOWO
990dmqds 99900b3z930m0 (Hyggdo godmgzoygbmo.

Lt e

1
C frpherpeen
[

Bob. 1. 3905§939¢0wgdol d0bsGrvmo bg CEFTRIAXONE 3033505@0bomgol

9gdmbggzomo  Byggdo (Random  Forests) sGol  3obdobydo  @obfsgerol  ddwagho
3EMOOMI0, HMIGEOEG 59MH0557dL BMZo0 ofY39EH0WYdOL bol dogrsl MR BB s
LG50 MEOHO 3OMABMBIIOLMZ0L. Ol Fdomdl IMS35¢00 BOL 53930, HMTYEDQD MOMMYMEO
ofj30b69d5 dmbozgdms dgdmbggzom dgMbBgmer J39xaMRBg s 3MMYbmbomgdoLm3zolL 0yybadl
5GHM0dGHJOol d90b3g3000 39X AMBL. LEdMEM® 3OHMABMBO JooEgds 0bE030YSMIMHO
59900l 3MMbmBgdOL MIMIZWILMBOD (JEolOGOIOEOOLMZOL) 96 LETMSEW® SOHOMTYEH0IMLOMN
(G9aMgboobmgol). gl dgmmeo  86083690mgbs@  I30MIBL  A5@sTYHJOMEO  ILFI3E Ol
(overfitting) oLl s 258moMmBg3s Bowawro LoBHMLEGHOM, Gog T JHM-9Mm y39wsDg 9839dGHG
3¢MO0mM35 93936 JEolioB03o300LS s MYMILOOL sdm35698d0 [5].

o336

23005(Y39¢H0wgdol bggdo, 390dm@ CART seym®omdo, FoM0moaqbl ddwoeg® o
dmgdboer 0blEG®IgbEHL LodgoEEbm 36935M5GJO0L 9839dGHWIOMBOL 5TM(3560L AoILEFMIWS.
95000 250330M35¢0Mds 5 0bBHIMO3MYGH0MOMDS FbL3MMNMYPIOM OMmGIM0s Fg0(30bsd0,
LoOE 39OHY39GH0WGdOL BoMgdOLLL LoFoMms goagds, v Mo@GMAI doorgds 3mb3MgGMEo

ol33bs.
CART  s@wam®omdol  gs0mygbgdom,  dglsdegdgamos  353096Gms  XawIx8gool

003bGH0R0E0MYds, OHMIMgdBY3 3M935MsBH0  dobLbgsggdma dmddgogdl. Gini aygmzol
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3603960030 godmgmanl 3OHMABMBoMmgdoLm30L g3zgmwsby 9600369wmm396 BodBH™mM9dL. gl 30
153w95¢gd5L 0339, FoBbMM 309wl Im39dME0 3093560E00 I3MMBoMdOL 9x39JEMEHMdOL
300MbmBoMmgds, BsdMysrod©gl MBOM  BMLEHO s 3gOLMbIoDBYdIMYo  T3MMbIMBOL
LEHMBI0JO0, M3 M HBOHMB3YLYMAL 3530963HJOOLMZ0L ogdloTorE Latgdgb.

Lo8MBs3em, 350050943930 gdol bggdo, bbgs FsbJsbmGo  sbfjogerol Fgmmgdmsb
(B09oms, 9gdmbzgz0mo  Byggdo) JMmId0bs30500, 30I3 YBOHM TJGHI®  Fosd0 MO
3@obogne  3osfg3gBhowgdol  Bogdsl s byl Fgofigemdl 8330390 XgdIdBY
58329969090 390E0bol  29630005090sL, o3 LEdMEMME  353096GMS X IBIGMIMBdOL
29999x 09glgdsl ImgdLobmEgds.

Using Decision Trees to Determine the Effectiveness of Medical Drugs
Ilia Okoniani, Maia Mikeladze

Summary

This paper proposes the application of decision trees, specifically the CART algorithm, for
determining the effectiveness of medical drugs. The article discusses the challenges that arise in solving
this problem and emphasizes the importance of modern data analysis methods in this context. The
principles of the CART algorithm's operation are described in detail, including the Gini index as a
mechanism for selecting the best node in the decision tree. It is shown that decision trees can process
clinical data to identify patient classes in which a given drug has demonstrated identical effectiveness.
Such decision trees allow for predicting the effectiveness of a patient's treatment, taking into account their
individual characteristics, which will contribute to the development of personalized treatment strategies.

IIpumeHeHMe qepeBbeB pelleHUi A5 onpeaeaeHus 3PPeKTUBHOCTH MeJUIIUHCKHUX
npenaparos

Hnva Oxonan, Maiis Mukenaose

Pe3zrome

B craree mpeanaraeTcs MpUMEHEHHE NEpEeBbEB pelleHuid, B yactHoctH anroputMa CART, s
omnpeneneHust 3pGEKTHBHOCTH MEIUINHCKUX IIpenapaToB. PaccMaTpuBaloTCst CII0KHOCTH, BOHUKAIOIIHE
IpH PEIICHUH JTOM 3aJayd, ¥ MOMYEPKUBACTCS BAKHOCTH COBPEMEHHBIX METOJIOB aHaNW3a AAaHHBIX B
JanHoM KoHTekcte. [ToapoOHo onucansl npuHIUIB! padboTs! anroputMa CART, Brutouas unaexkc JHKuHA
KaKk MEXaHHW3M BbIOOpa HAMIIYdIIero y3ia B JIepeBe peuieHuil. [1oka3aHo, 4TO ¢ IOMOIIBIO JCPEBHEB
perieHnii MOXKHO 00pabaThIBaTh KIMHUYECKHUE TaHHBIC C IEJBbI0 ONpEICICHHs KJIACCOB IAI[MEHTOB, B
KOTOPBIX JaHHBIA Tpernapar MNpOsIBWI HICHTHYHYI 3(GeKTHBHOCTh. Takue [epeBbsi pelieHHi
MO3BOJIIOT MPOTHO3UPOBATh 3(M(PEKTHBHOCTh JICUYCHUS MAIMEHTA C YYETOM €ro HHAWBHIYaJbHBIX
0co0eHHOCTEM, YTO OYJET CrIocoOCTBOBAThH pa3paboTKe MEePCOHATU3NPOBAHHBIX CTPATErHid JICUSHHSI.
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bAo@osdo  gsbobogrgds  3gmlmbsgrobgdnmmo  Lsdzm@mbsemm  3Mg3sGo@ol  dgmBgzol
50m39bs  3mB3MgE Mo 353096G 0l IaMIsmgMmdol  gsmgseolffobgdom. gmsgsbgdmemos
65m@E9bmdMogo  dgmmeo  1sdzMmbomm  30935MGHgdol  98gIGO™mdol  dgxsligdoliomgol,
Omdgrog  ©oxvdbgdmmos  3o30gbGH0L Ay mdstgmdgdol  dgeMgdsby  990359g6@ 0l
J009ds8y ©s TJomgdol 9gdga. dbg3g oboboggds 3Mg3s6MaEol Bgxsligds 3mb3Mgdme
Lod3BHMIGODY  393¢gbol  boMolbob dobggzom, ®og LsFMsErgdsl 0dgrg3s dmgzsbobmm
Ubgoolbgs  3Mg350M5GHol  9BgJBHMOMdOL  9gsMgds  Lbbgoslbgs  Lod3@mdol  ddmby
3530963900Lm30L s dg33MRomm M3GHodsErm®o dg035996@0 Mmommgmmo 35309bGolmzol
dolio 06030 MsEMHOo 58m3m0bgdgdoL yomzsmolifjobgdoo.

153396dm bo@yggdo:

U583796565¢me2 36593565H0b 9RIID2IHBs, 3630w 0 fgligdo, gslsmgdo bodbgdo.

3903060l gM0-9Bm0 03500  5dM39bs  353096G0L  039MBEIMBIL 9353806109 dS.
15939ObsCMm  3MG39MOBHOL  9BYIBHIOMDS  BoBEYds 9350 Jd0L  J0TEObIMYMdIBY  dolo

050gO0mM0 2531960l bgdzgeby. 59 9539dEVIMMdOL FoBLBEZMs Fgbodwrgdgaros bbgoalibgs

ab39d@do. gb Bgodegds 0gmb 9x39IGNMOMBS 3obozMMo F9gagd0L, 339000 dm3zwgbgdol,
Lod3EMAgOBY BgdmJdgEgdol 56 Lbgs mgzoelsbMolom [1]. 9 bsdMMITo B396 2obgzlsbugMogm

3619350530L 989dGMOMdL Lod3GH™IGOBY dobo Bgdmddggdol M35WLIBOEOLOM. 3Mg3sMoEH0b
999d&HOMdOL gx3sL900L gMm-gM00 JoEYMTs ©3530MYOE0s 35309DEHOL K STMMYEXIMDOL
00 35(9MdJdOL FgIMGOLMIB 3M1935M5@0L B0wIdsTIEY O 3MY35MGOL Bowgdol 9dwgY.
0 Ls93MObsm  3M935MmGOL  dorgdol 998y Imbs LoT3GMIJOOL  sEroggds 96 domo
0b@9bLogmdol dqdi0Mgds, 35806 3035M9gdm, GMI FgLsdsdolo Bsd3MMbowrm bodmoegds
b530500Ls© 9x39IGIM0s 53 353096EHOLMZ0L LOA3GHMIGODBY BgdmddgEgdol MZseLsBOOLO.
50b560865305, HMI MFOHM JoBsbIYHmbowros 3M1935MsEH0OL 9539dEBHIOMdOL Tgx3oLgds 3o:3096GMS
X23983%9, H™Igerog 9o 3Ll dog3mgbads.

blgbgdemo Jg3obgdgdo Mol ™M30LMdM030 BolosMOL. 0doLsMZoL OMT Bs35EIMHMo
989JGHOMBOL  MomEgbmdMmogo  JgBoligds,  35309bGHOL  XBIGMIMIOL  BYMTMHYMISL
399m3Lsbogm MoEbgzomo 39dGHMMOL Lsbom, HMAwol 3mI3mbybEHIO0 ©9350gdOL Lod3EHMIGOL
0o60Moygbgb. vy gobgzobowiogm ™M  39dGHMML, OGMIWgdoz FoMImoagbgb 3530960l
900aM05MmgMdL BoI3MOBsEIM 3601935530l JomgdsdEYg s JoMqdol 8999y, 3590b 58 3gdEHmEMqdL
dmeol dsbdowo goM339Mewr 39¢M03me bogmEgdo 8godwgds sdmgzoggbmm 3 36935650l
9939d&HOMdOL  F9x3sLgds. gOM-9OHMO BMMIMES, MMIGEoE FbLEBEOZMLZL X (X1 ...x,) ©
Y1 - ¥n) 399d&HMO90L ol 3sbdoel RT 39¢®03me LogMigdo, 890900 [2]:

RAV) =D =%l (D
k=1
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350008 (H3d0g3U30, G505 dodgensdy, oA Gsdog3L30, oeros m3060560

50 890mbgg3580 M) X (X1 ... Xy) ©5 Y (V1 ... ¥n) 39dBHMM00 Ho®dmoaqbab 3mb36mg@Eweo
353096G0L  3MIsMgmdgdl  3Mg3sGMoEol  Jowgdsdy s ol J9dgy, 9sdob  R(X,Y)

§om0moygbl 361935M5GHOL  9x9gJGHWIOMBL 53 353090GH0LMZ0L Lo3GMIGOBY bgdmddgwgdol
0350bsBOHOLO.
09 Ry, Ry, ... Ry 3609356M5@0L 98399GOH™dol 8608369mmmdgdos gho 3ewslido 99dsg3so

Ry+Ry++Rp
n

3530953 900bm30L, 8s5d0b dsmo LodwyseErm 8603369 mdols Impwo Domdmogygbl

369350530 9339JGIOMdOL Fgx3sLgdsl ImEqdwEo 3eslbobmgol.

gmOdMes (1)-ob dobgz00 Jowgdmer dgxuolgdgdl FoMmdmgzaygbon 3GM©J30gd0L
§9Lgdol Labom. MomMgmeo §glio GggLodsdgds 3mb3MYEHIE 353096GHL. 3MTZ5m, 335d3L MO
159399HbsEM 3Hg35M5BH0 s 353096(HJOOL N MOMEIbMds. Y39 BMOTMs (1)-0l dobgzom
5096005 MoMMgMo 353096@0L IME3gIMEo 3Mg35M9EH0m 3MbsMdOL 9BgJBHIOMDS.
09 I-9960 353095G0L 9RMT>MHIMBS 500fgM9ds S;(Si1 *** Sim) 39dBHMO00 S 353096GL ©sgbodbs
L §s8s¢o, GmIgedsg 98 35309630L  99dmbggzedo  godmagwrobs  R; 9339d¢vemds, 85806
360 m©d0sL 996985 89990 Loby:

0 Si1y " Sim> 35806 R;.

36Mmwyd30wo Fabgdol Loboom FoMmdmagbowo §Fs8egdol 9139dEHwWOMdOL (3ow3gwEo
399535190900 9g9LdsTYO0E MoMMYME 35309bBL Lalifogzwm 59mbs3MIB0EB s FomImowygbgb
3Mbol 35BsL. 53 Fgbgdol Lodwysegdom dgbodegdgeos sbseo 353096¢0Lm30L dm399wero
§58wom 839Mbscrmdols §3399@IH™MIOL 3MMAbmBoMgds.

abswo 353096¢)0L  33MEBIEMdOLLL »bs TmodgdbmL 3mEbol dsBsdo 3HM©I30o,
IOl 306m30m0 bafowro FgoEogl 98 35309bEGH0L Lod3EHMIGRL. 8 3HMPJ300L ©sL3Zbomo
Bsffoeo  0a30m0mgdL 58 353096GH0L  83MMbsMdOL  9B39gJGHMOIMDSDY.  0dolomzol, GMI
393505603mm  gbodsdolbo  3MMEvYd30gdol dogds 3MmEbol d5Bsdo, Mbs dsdmzoygbmo
»39L50900 bodbgdol* dgmmeo [3].

©530935m, OMI SOLIIMIL FMBOL dsbs 3MMEMJ30wo fgbgdol Lsboo s fFabgdo
239056mM0Wwos.  4oMBg30L 89339306 dobbom Bgzgbh 303mz000 608sbl, HmIgmog dgwol
§9Lgdol BmgEo 65360530l ssbEMgdom BobgzsMTo s s80m ML 653(10L M J3glodMogerg.
00 ©oymxyol  2obdobmM309wgdger  608sbl  golowgdo Bodsbo  gfm@gds. Mmommgmo gL
J39L0dMS3g, ™o30L TBOMOZ, SBY3g 0gm@s ®mO  J3gLodMs3EgE Lbls Fobomgdo bodbgdols
2990996980, o 9.9. 2oLowgdo Bodbgdo Fgodwagds Fo®mdmzsaobmom bob 3356d9d0L Lbsboo,
Loog bob mommgmer domEbgbs dBHML gboFgds Fabgdol bmdMgdo, MGmIwmgddoi dqbsdsdobo
3Bogdo 60dsbo sMoL FoMIm®aqbowo, bmwm dostxggbs dGHML 9boFgds Hgbgdol bmdmgdo,
MmIgddog  dgLodsdolbo  olowgdo Bodsbo o6  sMob  FoMBmyqboo. bol  mommgmero
A9hdoboe@o  3356d0  Fgglsdsdgds ghm-ghomo  gbol  Bmdgdl.  sbowo 35309630l
00H9MH0EMdsdo 3mb3MgEH o gobosmgdo 60dbgdol sMLYdMBdOL Fgdmfidgdol d98wga, J03009dm
Mogbgl, Mmdgwos gdmbggzs ghm-ghmo ool bmdgml. 3 fobol  slggbom bsfowdo
Pomdmyabowo 8379MHbsermdol 9539d@MO™Mds  FoMdmoaabl sbowo 353096G0L  dmigdvwo
3093505300 331065¢md0L g539JGIOMdOL SOHMPBMDBU.

6586Gmad [4]-00 F9849d5390os  BoEymds, MMIGEoE PobloBL3MOgl  3MY35M5EHIOOL
918393GIOMOL  mommger  LoddGMdby  dsmo  Bgdmgdggdol  boMolbols  FqLsdsdols.
3619356053L 89mdos 8959306MmL Lod3EHMIGOOL MoMmEIbmds s MoMMgYeol Loddody. bsdHmaI
[5]-0b Loggmdzgwbyg Gglodegdgeros 36935600300l  89aMmgdomo  sbsEroBol Ro@oMgds ©o
3063093 Mo 353096G0Lmz0L  Lovyzgoglml 9g@bgzs. 3mb3zMgdvien 93500gmal godergds
3dmbgl  dbmmmE  bmyoghmo LoddGmdo. o3 sdmEsbol  goolisfyzgdew  939mo  (0,1)
00boOMo  39d@HMO0, GMIgwoi d0g3000m93L Mo LoI3GHMIGO0  gosBbos  3MbIMYEHM
535008ymgxl: 1 30330000m90L LOB3EHMIOL SOLYIMBSBY s 0 - SMIOLYIMBIDBY. 535300 sMgN3Y C
35¢M0(35, Mmdgwdos gmggwo A; ool 989JdIMmds Si Lod3GHmIol Bodsto ImoEgds ¢;;
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bgamgzgbr®o 0b@gagd@ol doamdgdo 3gmlmbsemobgdrmmo mgMsdool GgmBgzol sdm3sbsdo

3M95303096GH0b 99939mdom (bsb.1):

Aq A, A,
S1 €11 Ca2 Cin
Sy | €21 Ca2 Can
C= :
Sm Cm1i  Cma2 Cmn
bob. 1

5035655, I 30630 9GHMWOo 5350TYMBoLm3oL 9x9gdG0sbo Hodwol sbaMBg3o® Y39gws
L39gHdo Mbs 933M0dMm 08 LEHMOJMbldOL 3MYn03E0gbGHId0, MHMIWgdoE dgqLodsdgdosh 0
3Mb63M9GMo  535009mxzol  Lod3GHMIPL. Bod@GMOM035©,  bmO309w©Ids  353096¢G0L
8 ™d56H9MdOL 39JGHMOOL FHF0Z0 F9Maddbs € dosBHGoEol 39939mdom @s Jomgdwye D(d: d: ...
dn) 39dBH™O30  BogbodogryMo  gegdgb@ol sMBgzs [4]. 98 gwgdgb@ol Mogomo bmdgmo
9010m9dL Y39wabg 9839JG09b Hodowbg sGlgdmo bmlbosb:

D=S-C,

Boo@ dj = 51C1j + 5265 + =+ SpCpjy J = 1,2, ,n. max (dy, dy, ..., d) 900000mgdL §odseby,
Gdgeog 6sh3969000 3mb3MgEHMo 353096EG0Lm30U.

LodMEMME,  ©3M3s3s  LsFZMEBIm 309350530l 9nB9GHWIOMdOL  Fgxrsligdol
Momgbmdmogzo  Jgmmo,  OGmIgwoz ©sx8dbgdMwos  35309bGHOL M TsMgMdIdOL
99056Mg085%g 990003599630 800gdsdg s Boegdol dgdgy. domgdmmo  Jgi3sligdgdol
fomdmopqbs  dglodegdgwros  3OHmEdiomeo  figbgdol Lsboom. o3 §gbgdol  bsdmowagdoo
9L IW0s OO 35:3096GOLMZ0L BmEgdwo Fsdwom 93MbsEMdOL  9339dEIO™dOL
3GbmboMgds.  3m©bol  3sBsdo  goaMBgzol 99339306  JoBbom  FgdmmazsHgdNE0s
0683mMT5300L  dogds  golomgdo  Bodbgdol  edmygbgdom, Gog  899930MmYRL  3OMdIYIol
23905L5FMOgws LoFoMm dogrolibdggzsl. vy 36mdowros 36M935Mo3gdol Ggxieligds 3mb3Mgde
1033GHMIOBY Fo3wgbol M35 LsBOOLOm, 35806 Fgmeyg Fgomol bydwgswgdoom Jglsdergdgeo
bgds 00mMmgMEo 353096GH0LMZ0L  M3GH0ToEo 39035996¢ 0L dgbgzs 90 35309bEGOL
06003001560 45803w06989d0L gomgzacoljobgdoom.

Artificial Intelligence Approaches to the Task of Personalized Therapy Selection
Vadim Radzievski, Maia Mikeladze, Dimitri Radzievski, Ilia Okonian

Summary

The article discusses the task of selecting personalized medication based on the condition of a
specific patient. A quantitative method is proposed for evaluating the effectiveness of medications,
based on comparing the patient’s condition before and after taking the drug. The evaluation also
considers the impact of the medication on specific symptoms, which enables a comparison of the
effectiveness of different drugs for patients with varying symptoms and allows for the selection of the
optimal medication for each patient based on their individual manifestations
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IMozxozsr HCKyCCTBEHHOTO MHTEJUIEKTA B 3a7iade BhIOOpa IIepCOHAIN3NPOBaHHOM Tepanuu
Bagum Pagsmepcxus, Matiga Mureragse, /mutputi Pagsuesckuti, Hiasa OxkoHAH

Pesome

B cTaThe paccmarpuBaeTcs 3aada BbIOOpa IepPCOHATU3UPOBAHHOTO JIEKAPCTBEHHOTO IIpeIapara
C yYeTOM COCTOSHHSA KOHKPEeTHOro nauueHTa. IIpexjaraerca KOIWYECTBEHHBIH MeTOJ, OLIEHKU
2bGdeKTUBHOCTH JIEKApCTB, OCHOBAHHBIN HAa CPaBHEHUHU COCTOSHMS IAIleHTa [0 W IIOC/e IpHeMa
mpemnapata. Takke paccMaTpHUBaeTCs OLeHKa IIpellapara II0 CTeIIeHH ero BO3ZeHCTBUA Ha KOHKPeTHBIe
CHUMIITOMBI, YTO IIO3BOJIIE€T CPaBHUBATH 5(PPeKTUBHOCTH PasJIMYHBIX IIPENapaToB I IALHEHTOB C
Pa3sHBIMHM CHMITOMaMH U IOZOHPATh ONTHMAJIbHBIA MeAMKAMEHT JJI1 KaKJOTO IAllMeHTa C YYeTOM

€r0 MHANBUAYaJIbHbBIX HPO}IBHEHHﬁ.
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MATLAB-0b g59myg690s 3s6g4s6w960 Lfjsgergdols 3gomegdol 99esMgdomo
39858900Lm30U II BHodol FogMm0sbo 0sdgEOL OsRbmMlE03sd0

65099075 565605830070

ia.ananiashvili@gmail.com
M9bordg

§obsdgdsty B653MMAol doMomso dobsbos MATLAB-ol 36myMmsdnmmo  as0g0mls
9950egdEmMdgdol sdmygbgdom Fsgdmosbo osdg@ol II BHodol @osgbmligozol dmpgmomgds
©> dgxuslgds.  33wg3ol  Bstaergddo  gsbbognemos  3sbgsbm@o  Lfsgamgdols  BsGom
358myggbgdyemo dgommegdo, 8so dmeol: KNN (K «sbeomglio 99mdemols dgommeo), Decision
Tree (3505%939GH0¢gdol by), Logistic Regression o> SVM (Support Vector Machine — bag®gbo
30dAHMMYdOL 856g4965). MmoMmMgmEo s¢aMm®0mdol ;mgmMomwo Lsgdzgwo Fomdmoygbowos
0m3mgm, bowm  gmGsegds  gsdsbgomgdmmos 850 dwogh s  Lobd  dbscggdby
©003bmlBGozm@mo  s8mEsbgdol  gsafyzgBol  3MbGgJuBTo. 6s8GMTTo  g53mygbgdmeros
MATLAB-ols 3%s gubgogdols s 533MMm0Hgdnmemo 3mogdol bsgmdggmbg glibmmgdyyemo
003¢9996¢530900, 53 YBOHMB3gMYmal 3ModBHozme  gs9mygbgdoEmdsls ©s dggagdols
LobmLGol  Fgxoligdst.  domgdmemo  gdudg@odgbGueo Fgwoagdol  sbsgrobo, dso  dmMols
30m3gbdmmo LoDl  FgEsmgds, @bosygmzl MATLAB-ob  989d@memdsls  ©s
3960U393& 0350 bsdgEoE0bm E0sabmLiE 30l Jods®mMErgdoo.

1553396dm Lo@yzgdo:

Ubs8goopobm  osgbmlbihomgds, K @asbenmgbo dgbmderols dgomo, ermgoldozamo
69869005, 350sF939¢90¢m900 by, bsgtrog60 39930980l 3sbJsbs, MATLAB.

1. dglsgogro

15890E0bM OsBMLEOMYOOL 53M356980L FoEILIFY39E I Tgladargdgeos Lbgsalbgs
3d900m@EgdoL  45dmygbgds. §obosdgdstg LEGoG0sd0 89dmame35Hgdm ghmo Ib0dzbgwrmgsbo
360Hmdgdol - 99-2 Ho3ol ©osdgEHOL O0sbmMLGH0MIdOL Fo®oFMOL Mdgbody dgmmol s
935bgbm 00 F9EMIgd0m 5BsEO0DBU.

39B90MMEOO  dEMIoMgmds, OGMIgwoa 3bmdowos MHmamema 99-2 Godol odMosbo
©0509G0 (T2D), bsbosmgds Lbobbedo 8oddol dswowo @mbom. ol 6ol JHhmbozwmo
Q593500905, MMIgog g  AbmBEomdo  JoEroMmbmdom  5@F0sbl  shmbgdl.  Lobberdo
233mBol ImIs@ oo ©mby 2odmf3gMwos  0blvobMgbobBHIbE™Mdom 6 oblwmwobol
dofimgdol  99v9degdermdom. 99-2 GHo30L ©0sd7GHOL MMM Qo0m3egbsd dgodangds
395099X MdLM 353096FH0L 33MbsEMdOL FgIa9d0 s TLsdsTola dolbo dMIscgmds. B3gbL
§0b6539 oL ©0sabmbEOMgdOL s3M3sbs: MBS W35ROBMM, 5J3L Mg 565 5EsT0BL OLdYGEO.
5003 ™3, doe0sb 960d36gmgsb0s Tod@osbo ©0sdgEHOL OoRBbMBOMmGDS SEMGME bEoE0sbY,
Gomd  G0b08mBsdg 0gbsl  ©oyzsbowo 53  ©535©Yd0L  Loddodg s  BO33OW0bMdS.
§065900qds6g BsdOMTFo Fq0Mm935Hgd0s 53 59M39BOL A9FY39G 0L F9bJsbmMo Lagegdol
Mod9bodg dgomo, gl FgomEado 3BMdOEO TgOMPYOd0s s odmYgbgdEos Lbbgoalibgs
6596M3qdd0: KNN (K vsbeamglio 89Bmdemols 9gomo), gb dgoomo B396 339 a59mgoygbgom [1]
6596Mm3o, Losg gobobowgdms I s II BHodob @osdgEHOL ©0sRBMLEHOMgdOL  sdmEsbs
353096¢ms  LoI3BHMAgYdoL  Logrdzgawby, bsddmdo [2]-ob  Fobsbos GHodo 2 ©OsdgEHOL
29630006900 3BMbmbomMgds, K-Nearest Neighbor (KNN) swgm®omdom, s3Gmeo 094gbgdl
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6509905 365605830¢m0

35309635 ggdGHOMmbm 3600603ME hsbsfiggol, HmAMOE ©0sdgEH06g00L, slsg3g XsbIGmY-
@0 3060900, MM 8,moEogL 8909y Imboggdgdl:

©99myMox80Mwo ©s 3obogmMo 3s6sdgBHMgdo: sbs3o, bdgso, BMI, Lolbwols {693,
Jn@bBHOMwo, drI3mb;

35™3M900L Hglo: 30B03MMO S5JGHOWOHMDs, Imfjg39, sSen3m3meo.

Decision Tree (3505%93930wgdob byg), 65860330 [3] 890mms35Dgdmmos 3Gmybmbomgdols
3m©Ego 3030 2 ©osdgEHol LB3M0bobyolmagol, dbmemo MOLIRIGHMMIODY ©IYHEEMdO,
233mBol 6 Ubgs @sdmOmsEGMO0Mo  GgbBHgdol 4o6M9dg, 93G™MM0 09ggbgdl dmbo39dgdL
06569 dsBosh (Tabriz, 2009-2011), Lsog 0b6sbogbab sLvgol, Lggbol, Lolbeol §bgzol,
BMI(Lbgoemols 8sbol 0bgdlo)-bs s mxsbdo osdgEob s®LYdMBOL 0bxMmMTs30sL. wmyobEo-
39900 MHgaMaLooL 3Mod@0zowo Lobgwddwgsbgwmdo - [4] asbboweos Logistic Regression
99000 s Jobo 4s8mygbgdol LBgMMYdO, Bs0d Mol LsdgEoE0bM s KbEs(330L dgEIgdOL
33g30bsm30L.  BsdMMAdo  [5] 93BMMd0  3300035bmdgb SVM  (Support Vector Machines)
299mygbgdsl 0sdgEHOL OsbmliBoMgdolmgol. 2020 gl @s3mdzgybgdmee bsddmddo [6]
933™MM9035 ©0009gEHOL 3MMAbmHBoMIdOLmMZ0L #odmoygbals dobdsbmMo Lffsgagdol ®dwgbody
0MOOMI0 S 3903591 obobo  Lbgoslbgs  3sB39bgdgdom, HmymMoEss  LoBMLEY,
93MdbMdY™MdS s B3gE30B03NYOMds. 59 [6] 33g30L Fggagdds sBggbs, Mmd Random Forest
3MOOoMIom Foogds Yzgusbg domowo LOBMLEG OVIGHOL 3OHMYBbMBOMmYdsTo, slg39
999d&H9IO0 50dmbbs SVM s KNN sergym®omndgdos.

©0509GH0L BsgMMSFMOOLM BggMsiool (IDF) 2021 Farol dgx5L9d0m, ssbermgdom 537
90wombo BOHILOHYMO 50580560 3bMZOMBL TodMH0sbo ©OdYGH0M s IMbOEMEbYE0s, ™I
95460560 058G ©5350JOMEMS BdIMHNM MoMEIbmds 2030 eobmzol 643 dowombsdy
390DM©Yds [7]. 05bgobMo Lfogemgds xobwszsdo dBsto byghms dobo 3gMLagddomwo
3900929006 950m  5©MIMo  3MMEbMHBoMIOOL,  ©OsAbMBOL  EILAOL  MZsELsBGOLO.
§0obsdgdatg 6590MmIdo G0Mmmog5HgdYos Bgdmod Rsdmmzwowo 4 9900Mm@Ool MHJooHgds
MATLAB-80, M039ebsig 9d3b 3B 839630900, 59 839630980l dmbgMbgdvyems Bowyds 3m@do
15305  535MFGH0390L  O3MMAMHTIOOL  3OMEILL, 53539 OML g35dg3L  TMbIbLBOL 36y
LOBMLEIIOL - Brog BBL oo 3MM (396G F93oLgdsdo. oMo sdobs MATLAB-U bow3gogbmo
89900y dmboigdgdol - Bggbl  9gdmbggzsdo  doegdvero 899900l  30Hs0BoE0s.
Lo LEAMIEOM® 30 8mbso3gdgdo ygzgus dgomEOoLsmzol s©gdmwos (3bmdow dmbsigdms
dsBogsb: diabetes.csv gsoeo@asb [8]. 58 dogdol baggmdgge®g GgLsdEgdgEo obs 5395 JOOL
0536mbEH0MGIOLIMZOL ©39009L0 LOBMLEHOL IJmbg Fmgeol GgMbggs.

2. 3gmm©gdol 3sbbogrgs

39-2 $o3olb  0sdgEHOL  ©OsABMLEG0MGdOLOmM30L  bgdmo  blgbgdmwo  9900m@gdoL
2990bggbgd s LoFoMMs 6038o@ 50gdMEO 3M3NES300L 360603 s FBMZMIdOL Fabol
9bs(3999%0. 068METs300 MBS 8tM0EI30IL OsdYEHOL Fobgzomscmadols bgedndfiymd doMoms
35dBHMMdL s Md0gIHMO (33woEL, Izl MY 9GS 5B0BL 89-2 BHo3oL OSdYGHOL
@©0036mDb0o. LMY sd0E™I 99m30ygbgd diabetes.csv gsodo dmgdwye ImbsoigdndUL:

53500 do 560l 768 Bsbofigmo, 9 ggEo;

dmee b3ggEo "Result” s6Gob bLsdobbg geswo (Yes / No);

5656MHBgbo b3gBHYOO A99M0Yghgds MMYMM3 ToboloomMgdGdO;

3960m, dmbsggdms 6530900  Imoiegl  35309BE0L  Lbgo@olbgs  Foboliosmgdergdl,
QMOHOEO:

mOLYEMDYO0: MOLYEIMBOL MoMEYBMDs;

3W3mbs: FWsHBINOO Qe 3mDol  3063gbEMIE0s 2 LssmTo MEIMMO 2w 3mBoL
A gM6EMdOL Bl do;

Lolbarobs §6939: 0sLEHMEWMMO sGEIMowo 6935 (80 35y.L3.);

3960l Lobdg: BHMoEgxaLOL 3sbob Bagzggol Loldy (90);

06b0obo: 2-15500560 FBsEHOL 0bLwyEobo (830/dew);

BMI: bbgmerol dsbiol 0begdlo (fmbs 33-80/(Lodsweg 3-00)"2);
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MATLAB-o0b 359myggbgds 35695660 Lfjagergdols 9gommgdols 39smgdomo dgxsligdolmgols ...

0509@0b 396950Mmy0MG0o b3 0sdgEHOL 3gbgoma0Mo BMbd3Eos;
ab530: 8b30 (Hangdo);
9900930: 3sbob (33¢o0 (0 96 1).

306390 3900mE0, H™mIgLsg 499304969000 89-2 $Ho30L ©0sdYEHOL OsRBMLEMIBOL-
sm30L sMoLb K msbaomglio dgbmderols dgommeo (KNN). KNN (K-Nearest Neighbors) s®ol
9563030, 050 989IAHMO0  3EoLOB0ISEO0L  sWAMM0mTo, ol  bJoMs  dsdmoygbgds
15990E0bM LRIOMB0, FoR9¢0MS®, 35:30963JOOL 5350JOJOOL OABMLEHOMYdST0 b Mol3-
3399 BHMMqd0L dg30L90sd0. KNN 53060000 200m0g4qbgds xoboogals s Ladgsbogtm 33wg390do,
Momd  3aloxzoEom®El 96 3OHMABbMBOMmEIL 9350070900, F0MOMIIE 353096E0L Bmbsig-
3900L LorwydzgbHy.

KNN (K-Nearest Neighbors) sgogm®omdol godmygbgds MATLAB-80 bszdom ds6E0300,
506 MATLAB-U 5g3b Bo89b9gdemo 53mbdsos fitcknn 3ensbogogzsgoobomgol.

30b JoMOMSO GBS3900:

readtable: CSV-ob {fogombgo.

strcmp(data.Result, 'Yes'): 353930009900 -> H03b30000 356M©sJdbs.

normalize: 3mbs39dgdol bea®doeobsios (Feature Scaling).

cvpartition: 9mbs3g9gdol goymazs.

fitcknn: KNN 3¢00b093035@®OM0b 539d5.

predict: 36MbmBoMdS.

confusionmat: 99300005m5 FoBHOO30.

confusionchart: gobgseoboios.

5MOHOMI0 5309039 09gbydUL:

93306 dobdognls;

mode() gmbjgosl (MATLB-ob 9%bs gmbjioss, MHmIgemog go0moyqbgds dsbiogdo bJoMao
399b39060 8mbs3gdol sbodMwbgdws).

9mbs399g00 Mbs 0gmb MoEbgzomo, bm®mdswobgdmwo (dgledegdemdol gstMymgddo).
30000 4om35¢0l{obgdmmos s3Mgm3g K-m30L 9839d@Edo 9608369cmdol dg96mbgza(@moqbsg
99BMBEgdOL Momgbmds 50gdvos 1-20 899500906, 53 Bogoomobmgol godmzows K=18).

30ob 890

9930m0sms o@®o3s odmBbYds MMYMmOE BgMoo oBmoEs, HMIgEoE magol dbMmog
23039690l ©58gbs@ LHmMo@ gosmB0s Im@YEds oMo ansbio. 56wy Bggbl dogowromdo
4500096500 LFMOE 03035 IO Fgdmb3939d0-353096AL g3 OsdYEHO 2 (True Positive)
»56MYyMzgomo 9gdmbggizgdo(True Negative); dmgeds dg3mdom 03m3s ol G9dmbzgzgdo: Hmd
35309630 s3s005(False Positive) o GMI 35309630 xobdMmgwos(False Negative). 396gdo 30
0h396909b6 99500l MHoEbgzomo 360dzbywmdgdol ooyl (Fomswo 36033bgwMdgdo YBH™
dwdos, ob. bob.1.). Confusion Matrix-ol dcbs3g9g00sb Fga30dos godmgmazscmm Igom@ol
LoBMLEg (Accurac) s bb3s 8g@&Mn3gdn.

dgmég Ogomo: Decision Tree (posfy30dowgdol bg)  Jwsbogozsaool b
M9309b00LM30L  gOHM-9OhMo Y3zgwabg dsME030 ©s bdoMsE 25dmygbade®o  SEMMOmT0s.
Matlab-do Decision Tree 9m@geobo;zol do®omsa@ 4sdmoygbgds fitctree (3eroliogozsEos) s
fitrtree (M9®MgL0o).

09000l oMM 3MH0b3030:

Decision Tree 399950l olig, ®md bols bEHMmwJEHwOHoL dobg3z00m ymaxl dmbsgdgdl:

e gmzgw ,3356080“ (node) 5MRg3L 08 TobsLOSMYdGEOL, GMIgEoE ymgl dmbsigdgdl
30obg05;
o LodmErmmE doomgds gemegdo (leaves), HmIgddois dmEqdweos LadmEmm J3eolgdo
96 30HMbmB0MmJds©O (33Ol 360dz6gwmdgdO;
306053 gbmdgdo:
e 06@0E30MMO s 5EZ0WoE sblbsO;
o J3067 3093MM390680L LoFoM™gds;
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o 30smdL HMYMOF 35GIRMOH0NM, 51939 HoEbgom Imbo39dqdbY;

o LHMoxs Logwrol »bsmo dotmg dmbsizgdndby;

e b530m3z5690900:

o  omwos overfitting-o(bgdgBo oMo LHogermdl  dbmeme  Loshzdombgew
dmbo39890%9);

e bloms B6530gds© ULEHMVowMMos (8300 33ogdsdsg 30 990dgds  ©OEOE
8933o2mb by);

50 36H:Md939d0L dgbsdEoMgdsw 094gbgdgb:

e bob Bmdob IgB35L (MaxNumSplits, MinLeafSize);

e  pruning-U (bgdg@o 33563900l InFMs);

e ensemble dg00mgdL, Jo9.: Random Forest, Boosting.

dgbsdg dgomeoo: Logistic Regression 3¢0sl0g3035300L 9O0-9GM0 439esbHg 3t3w90oMeno

Q5 3Esb03YMHO BgMEOS.
65 56ob Logistic Regression?
Logistic Regression 560l LEo@obEGogdmemo 8mgeo, Gmdgeog 094gbgdl wmyoldn® 1wbdzost
(sigmoid function) 0dobm3ol, OMI 3MMEBMBoMYdo I60d36gmdgdo dmogioml 0-bs s 1-U
3m60L. oMM 358M0Ygbgds d0bsMmE0 31ILOBOISEOOLMZOL (BoRIWOMS, 935D
SHOL/5E) SGOU).
doMHOMOEO Fobolosmgdwrgdo:

o 3MTsmdL HoEbzomo Jobslinsmgdergdoom;

*  39BLsBOZMIZL 5EIBINMDIL, BB MdOYJEHO 809310036985 HMBgEr0dyg JEsbl;

®  9900920: 3e3bgdo 0 56 1 (56, Bopdswoma, ,Yes“/,No*, ,Positive“/, Negative®);

©@oLEGHMOO Bbdzos (Sigmoid) (1):

1
+ e~ (Bot+B1X1+PB2Xz++PnXn) M

P(Y —11X) =

9beeggdo:
*  98399BHMG0s 35806, HrEgbsg 3erobgdl ImGob Labzsmo FGOgogos (linear);

o 56 5MOL 989G MO sMHOB030 LEAONIEMMOL Jmbg Imbsizgdgdolomgzgol, mvy
o dbgds Jo30 M30190gd0L EMIBLEMMTo30s;
"3005@gbmdYOO:
o UL{Moxn0 s J5MEH030;
e 06@9M36MH93H0M50500 (070000 Fobslinomgderols 4o3wgbs Rsbl);
o 3560 LodIBOLM dMEIWO;
Bo3armgsbgd9d0:
o 35650 3935l Ibmerm §MR030 2sbsHowgdolmaols;
o 3MHdbMBosMgs 3535 3E0bsMMBBY (BMEgbsg M30L9dgd0 gMmMAsbgmby sdm3o-
©IOOd);
o Mo 9mbs3gdgddo 3v9dsmdl dgotmgdom LbEs®, 3000 bbgs dgmmgdo (Top.
Decision Tree, SVM);
Lo godmoygbgds?
¢ 15d90E06M OsABMLEH0Zs (5g3L/o6 5J3L o935¢Yds);
¢ Loggoboblim dmEgErgdo (Lgbbol sdMHMBYdS 0d69ds/56 0gb69ds);
® 35BMOL bsc0YO (360096G0 0goOL/s6 04oEOL 3MIMEMIBHL);

dgmonbg 3gommeo: ML 6odbsgls SVM (Support Vector Machine).
SVM 560b 3a0sb08035300L 5¢0mG0md0, 0l (300¢MdL 03m3mL by39mgbm dsdymao FOHgg 6
3039MLodMGYg (decision boundary), mdgwog 3Jwolgdl FmEoL  Jodbodswwyd  ©EsTMOIBL
(margin-b) MBOHMB3gEYMRL.
doMOMIO 0YS:
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Support Vectors - glss dmbsggdos ol md09d@gdo, OHmIwgdoa y39wabg obeml sG0osb
2994mx3 bsBmob (56 3039MLodMEYJLmD) s gobloBL3zMoggb ol 3mbogosl.

Margin - g59gmg bsbo@sb (56 303gHLodMEHY0b) support vector-dg sdm®mgds. SVM-
ol 80Boboos: BogdloBogMo@ oHBIMEML i sTMMYdS, 9699 03m3ml olgmo sdymao

b0 (3039MLOdOEGY), 190 sbo3
95gdl08o M 04690056 ITMMYdMEO.

SVM 8+935mdl 35650:

6503 (Linear) 9mbs39090%y;

3@5lgdols Mobermgbo P96 Gowgdo

0ofi303 (Nonlinear) dmbo3gdgdbg, GmEs godmoygbgds Kernel ¢@sblgm®mdaoo;

99fbewggdo:
0O Hmdol IMbs3g9gdbY bgaros;

956303500 396 3domdL IM535¢3olinsh s8mEsbgdby (00mdgs One-vs-All 56 One-vs-

One LEGH®GIH0JO0 godEgds);

Lo FoMHMYOL 356M599GMYOOL Lt dgMPg3sL (Kernel, BoxConstraint, KernelScale o Ubg.);
Lo godmoygbgds SVM?

Lobgqdol sdmEbmds;

A93bGHOL 3sbog03sE0s (L3sB0/56s b3sd0);
15990E0bM EOsRbMLE03Y;
0000633653035 (396900l JEobOB03SE0Y).

3. dggagdo

50 99000 7gd0L FgIMYPO0MNO 5B5e0BOLIM30L gdmz09gbg MATLAB-0L gotgdm, dmbsigdgdo 30
0000y bgdmm  blgbgdmeo  diabetes.csv  go0osb.  dggygdo  sbsbmeros 909y
2305530390%9:
> Confusion Matrix: 309¢15¢00%o30s 3MI0gdol IosB®oEol Lsdmowgdoo (bsb. 1.), ob
230P39690L, Ms9gbs LMo 96 SMVLHMOS 3eolOROEOMYOL IO MdOYJEHIOUL.

M0 3eobob (binary classification) 9900mbgg35do o@Mois sbgoo Labobos:

|

“5&8@930@0 05009300 3ewsbio (Yes/ 1)

“608@30@0 5645000 ersbio (No / 0)

|

dmgwds

093
llYeSII

True Positive

TP (659030 s
Q5JO0MNO - LM 5MEbMmdowo)

FP - False Positive (30w ©sq0000,
dmEgwds  dg3mds ©odzs s No-U
Bo3eo Yes oogodlo®s)

dmgds
O)dSD ||N0"

FN — False Negative (3609 v1o694mz3000,
dmgds 390 s0moiEbm Yes)

True

TN Negative  (bs930¢o0
M5MYMB0m0 - LHmMo sdmEbmdowo)

> Roc curve 3Ms53030 (bsb. 2);

ROC 90593030 5B39690L “true positive rate” s “1 — false positive rate” deaol 53M3I0©IOMEGOSL
Lbgo@solbgs Brghe 360d369wmdgdbyg (thresholds) 3690300l dg00989d0Lm30U.

True Positive Rate (TPR) / bgblo@ogmds (2): 6509650 39Ma0© 399mgmal 9mgeo Mgy
05005900 d9dmnbgzg390UL:

TPR = —
TP +FN

(2)

False Positive Rate (FPR) / 1 — 13930803m6mds (3): 009bs bdoMow s0bodbsgl dmegwo
13193 M-OEJO00 Jgdmbg939dL:

FpP

FPR = 2p TN

(3

> 139AH™360  ©O0syMsdol  Lodwmogdom (Bob. 3), GMIgwoi 9639690l  MmommgMEo

9090l LoBMLEIL 3OMEI6EGMWS;
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Confusion Matrix - KNN Confusion Matrix - Decision Tree
No 27 No 39
© ©
=3 =3
S S
< <
Yes 32 48 Yes 27 53
No Yes No Yes
Predicted Predicted
Confusion Matrix - Logistic Confusion Matrix - SVM
19 17
© ©
= =
Q Q
<< <<
Yes 37 43 Yes 37 43
No Yes No Yes
Predicted Predicted

Bob. 1. 300080gdol Jo@GHMm0(3900 MOMMYMEO FMEIOLLMZ0L

ROC Curves for All Models

0.8
0.7

0.6 -

True Positive Rate
o
o

0.4
0.3
02k KNN (AUC=0.68)
Decision Tree (AUC=0.64)

01 Logistic (AUC=0.67)

’ SVM (AUC=0.67)

0 . . . . . | . . . |

0] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

False Positive Rate

Bob. 2. Roc curve 36533030 yzgars dm@gerobsmgzgol ghom bLodmEyggbg

Model Comparison on Test Data

T T

Accuracy (%)
A 0
o o

w
o
T

KNN Decision Tree Logistic SVM

Bob. 3. 13gE™3960 O0sMTd Yyzgers dmEgErolismgzol
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4. sl33bs

50 305530390y (Bob. 1-3) Bsbl Gmd SVM 0mgwo y3gwsbg 9839dGweo 500mPbos
(Diabetes.csv 3000l dmbo3gdgdolsmgol). 0wdEs, 0omMmgMEo  gsbbowro  dgmmol
999d&HOMds B3gbL dogomombg 60l 70%-bg dg@o. Bmss© 30, bbgs 3gMdm sdmEsbgdols
59mblBoLsL LoFoMms dmbo399900l GoMmEgbmdol s 1530L9dMGBIOOL JomZ5¢0LF0bYdS.

sbgmo  33¢7930L 30006036 2o6gdmdo sbgMY3s gJodgdl ogbTsMgds 3530963 gdoL
L6500 LEOSEGHORB0E0MYOT0, 535©IOOL 390 FoMmMN3580 s OMEO JqLsdsdolo d3Eba-
@Mmdol gbom 6B 9350 gO0L  Jobodoboosdo. sdo@md, 960dzbgemgzgsbos 53
330930 2oaMmdgagds Bbgs 99mm©gdom s 99909 v939079L0L s8m™Bgz0m. 53sbmsb MATLAB-
ol 3560980 0dEg3s 396y gbodEgdEmdLl MHMYMOE gMMHOMEo G9IaJdol Jowgdol, saMq039
3500 30D 0B300L5mM30U.

Application of MATLAB in Comparative Evaluation of Machine Learning Methods for Type
2 Diabetes Diagnosis

Natela Ananiashvili

Summary

The primary objective of the present study is to model and evaluate the diagnostic process of
Type II diabetes through the application of the MATLAB programming environment. The research
focuses on the implementation and comparative analysis of several widely adopted machine learning
algorithms, including K-Nearest Neighbors (KNN), Decision Tree, Logistic Regression, and Support
Vector Machine (SVM). A concise theoretical overview of each algorithm is provided, with particular
emphasis on their respective strengths and limitations in the context of medical diagnostic tasks. The
implementation of algorithms has been carried out using MATLAB built-in functions and authorized
codes, which ensures the practical applicability and accuracy assessment of the obtained results. The
analysis of the experimental outcomes, including comparative accuracy expressed in percentage
terms, underscores the effectiveness and potential of MATLAB as a viable tool in the domain of
medical diagnostics.

Hcnonszopanne MATLAB ayia cpaBHHTeIEHO# OLIEHKH METOAOB MAIINHHOTO 00yueHus B
JUAarHOCTHUKe caxapHoro auabera II tuma

Harera Amarmamsrig

Pesiome

llenp HacTOAWIETO WCCIENOBAHMA 3aKIIOYaeTCA B MOJEJMPOBAaHMM MU OIleHKe IIpoliecca
IVarHOCTUKYU caxapHoro guabera II Tmia ¢ mcIonp30BaHMEM BO3MOXHOCTEH IIPOTPaMMHOM Cpezsl
MATLAB. B pamkax paGoTsl IpoBefeHa peaju3alud M CPaBHUTEIBHBIN aHAIU3 pAAa LIMPOKO
IIPUMEHAEMBIX AJITOPUTMOB MAIIMHHOTO 00ydeHus, BKIodas Metox k-6mmkaiimux coceneit (KNN),
ZlepeBO peLIeHUl, JIOTHCTHYECKYIO0 PerpecCHi0 M MaIIMHy OIOpHbIX BekTopoB (SVM). Bxparue
U3JIOKeHBI TeOPeTHYeCKHe OCHOBBI KAXKAOTO AJITOPUTMA, IIPH 3TOM 0CO00e BHHUMAHME YIelIeHO UX
CIUIBHBIM U CJIaGbIM CTOPOHAM B KOHTEKCTE pellleHus 337a4 MeJUIIMHCKOM nuarHocTuKy. Peausariis
QJITOPUTMOB OCYILIECTBJIEHA C MCIIOIb30BaHUEM BCcTpoeHHBIX pyHkuit MATLAB 1 aBTOpH30BaHHBIX
KOZIOB, UYTO O0ecIleYnBaeT IPaKTUYECKyI0 NPUMEHMMOCTb U OLIEHKY TOYHOCTH IIOJTy4eHHBIX
pe3yIbpTaToB. AHAIM3 SKCIIEPHMMEHTAIbHBIX JAHHBIX, BKIIOYAsA CPaBHUTEIBHYIO OLEHKY TOYHOCTU B
IIPOIIEHTHOM BBIPRXEHUHU, HAEMOHCTpUpPyeT 5(P(PeKTUBHOCTh U IEPCIEKTUBHOCTh IPUMEHEHUT
MATLAB B 061acTH MeIUIIMHCKON JUATHOCTUKH.
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Mybovdy

bymzbmdo  0bBHymgdBob  dgmmegdo  Lsdz@Bagrm  30M935MGHoL  9B9dBHOMBdOL
0gLogsligdmsE BosMmme 3359m0ygbgds msbsdgmmgg dgoaobsdo. gl @gdbmmmaogdo bgwls
Mfigmdl 9mbs3gdgdol LHMsxB ©d Bmid) s6sgroDBl, Mo 5930w gdgeos Fsdeols gigddyOmdols
©5 MLsgOmbmgdols Jgxsligdols 3MmabmboMgdoliogol. s3 33wmggzol obsbos LsdzmEbsenm
361935050l 9839dGO@dol dgusligdols LobBgdol d70madsggds bgwmmgbm®o 0b@gargd@ols gho-
960 dgmmeol - K wmobmmgbo dgbmdeols (KNN) sepam®omdol gsdmyggbgdom. Lobi@gdsdo
5eamMomdols  ordxmdgligdoliodgol  godmygbgdmmos:  IgBmdgEo  MmdogdGgdol  fmboomo
99moLgds dsbdogmol dobgzom; K-U m330dobsgos x35M90060 35¢ro@sgool 99339mdoo.
Lobgds 3ewobozm®o dmbs3gdgdol ©sdv)dsggdol 9989, 35309630L  0bE030MsEMMmO
05bslosmgdEgdol  gsmgseolfjobgdom  sbEgbl  Lsdzm@bsgrm 30935030l  9BgGHTIMMdOL
36HmbmboMgdsL.

153396dm bo@yggdo:

Us83796565¢me2 3993563590 9RIIDI85, (k-Nearest Neighbors) K msbermglbo dgbmderols
dgomo, 3564562960 bfsgangds.

dglssgsemo

0b6509000m39 9900030bsdo  bgwmzbmmo 0b6@gwgdBHol  4odmygbgds gosgzos  sboew
©MbybY. oo IMEMEMdOL LodgoEobm Imbsizgdgdol sMLGdMBS Jdbol Jglodwgdermdsl, Hmd
360MAbMB0MGds, ©0sbMLGHOMGds s 83MMbsMds AobEIL MBOM HBMLGHO, 0bogzoswo-
boYo @ 983IOTO0.

bgarmgbm®  0bGHawgdBlb  9gmdwos  gosvdxmdgbml  33MHbomdol  9x39JGMMdY,
3950306MML  bsdgoaobm  dggmdgdo, 93MEOBserMdOL  botxgdo s  Ladmrmem  xsddo,

39653060mb %6330l M39mglio Bgwgygdo [1].

bgarmgbm®o 0b@gwmad®ol (Al-artificial intelligence) dgomgdo Fo9¢gdol g95399dEIO@dOL
99835L900Lm30L LYY MBOM BoODME J5dM0Ygbgds MsbsdgMmgg dgoobsdo, 3wobozwm®o
33¢93900L 25B6bMME30gwgdol Bsmzwom. gl $gdbmermaogdo bgwl miigmodl dmbsggdgdol LG
Q5 BN 965¢0BL, M3 9930w gdI0s Fodwol 95399dEWIOMOOLS s MLIROMbMYdOL Jgg3sligdols
30magbdo.  d0vbgszs  bgwrmgbmmo  0b@gwgd@ol oo 3m@Ggbioswols  LaFoMms
505sblgdMo doymds, Mo  FH9dbmEmyosd Mbs Fgoglml s Mo Bosbszzwml
50590560 Bod@MMmO X sboEgzsdo [1].

bgarmzbm®o  0bGHgwgdBHol  3s9mygbgdol  doMomowo  B0dsMmEngdgdol  SMILMMEO
Bodmbomgowos -

1. 3¢m060379M0 IMbs3gIgdol s65¢r0Bo: Foowo gobBMIowgd0sbo dmbszgdgdol sbogrobo
(High-dimensional data analysis). bgemgbmmo 0bGHgwgddo 960836gcmgbs  s9@30agdL
dmbogdms o 35L0ggd%byg 39Tomdsls, 30HZger M0yd0 Fo0 M3E0ToEM S65E0BMLB [2].

2. 306030 3393900l Mm3BHodoBogos: 3eobozm®o 3393900l  MmMYboBYdsdo

bawmgby®o 0bEHgwgd@ol Mmeo 9ymdstgmdl d90gado:
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b5 x5am05835, 8505 Joglgemsdy, 9engbg Bs@sgzs, 0635 §. 302606090, g5(5056 B35

o 533MAs@MGOo sample size gomgzgdo (sample - 5dmbsGBg30, gu oM0OL 33930l
dmboffoamgms o6 mbozgdgdol Ggmbgmewo xawxno, GMmdgwos Homdmoagbowos
300056 3M39o300Bg aL3ZbOL Folis3gmJdWS®);

*  30mbGOGOLE039M0 Bmgmgdol d9mbg3s mgdol dobgwgoo;

o Fomlvo 33e93900L 565¢r0Bo s Fgscnds;

*  3MHMAGH™MIMOoL 296965305 GHaduGHol boboo.

30bozm®  33wg390do Al #Hgdbmemaogdol o8mygbgds odengzs  dgladengdermdsl,
©535030b6Mmm 505 BoMFHM Bs03MMbscm 3MHg35M5BHOL 9BIIGHOMDS 535 M) 00 93500JOOL
93996065 MdoLsL, 5Msdg oboE, 0¥y ModEIbo MLorMmbms 030 353096@gdOLMZ0L, obv
59009bs 08305005 0§393L 33900 953IJHIOL 96 oM gdgdL [3].

3. 3530960l 3gMLmbsemobgdmo 93@Mbsemmds (Precision medicine): Al seram®omdgdo
05Bse0oBgdL 3530963 900L 3969303 Imbogdgdl,  9bs8B B  FMboi3gdgdl,  doMgdmls
3354 BHMMOL s b3 06©030MseE Bobslinsmgdmgdl, Moms 3MMABMBoMYds dmobobmb,
M6 69550090L  3mb63MgGMwo  353096G0 3Mb3MgGe §odswBy. gl 96033b9wm3bo
50 dgLYOL 339MBoEMdOL 9839dEHIOMdL [4].

4. 5356b0MGgPMEo  3OMPbMDoMPDs  ©d  Golol  FgBoligds:  ©35BLOMYdMO
360HmabMB0Mgds Im0o3o3L 00 JoEMIOL, HMIWGILSE 89499050 IMIBEObME dmdsgowo Jigzol
360HmabMmB0Mds. 50356L0MGOMWO 3OMYbMboMGds (0byw. advanced predictive modeling 56
advanced forecasting) — s 5O 49RIMMNMYOYO S MNBOM DYLEHO FoEYMTS> 3OHMYbMDOMmYdS©
3650303530, MMIgeoE 094gbgdl Mo SEmMH0mTgdl, oo dmEwEmdol dmboigdgdl s
396300000900 sbswo@ogol dgmmegdl (Advanced Analytics). 850 Mol Fsbdobeo
Logemgdol (Machine Learning) dgo;mqdl: K-Nearest Neighbors (KNN), Random Forest, Gradient
Boosting, Support Vector Machines (SVM), bgo®mbowo Jugergdo (Neural Networks) [5].

5. &Mgbobyo ©s5 BmEgEgdol GuBoMYds. Al dgmmEgdo, GMYMEOE, oPOWONS,
reinforcement learning 5@am®omdgdo, 253m0ygbads 3wobozm®mo  9639Mbgd0lL  Igbfagwrol
360Hm3gbdo, OGMIgwoi 39dmoygbgds 3530963700l byy3gmgbm  I3OBIEIMBdOL  LEMOGJRO0L
2456L5%BO3MOLLL [6].

358myggbgdvyemo dgomeols Sefig®s

6586mddo  gobbormos  bgwmzbmGo  0bGHgwgd@Bolb  ghm-ghmo  GHgdbmemyools
2990mggbgds  Lsd3WMborm  36Mg35MoFHOL  9n39JGHMOMBOL  Jgnsbgdolmzol  d3mbE3wobozm®
33093500, OHmIgeog FoMdmoaabl 9.§. Mgoww®mo Lodystmlb dmbsggdgdol (real-world data,
RWD) 565¢0obl. 50 d90mbgggzedo Lsdzm@mbaogrm 30935M@0l 9839d@mOMdol dgx8olgdol sdmEsbs
2960bogds  HmamOE  3esbogozsgool sdmEsbs s dob  gosabofyz@e®  3odmygbgdeos
dmboigdoms 0639w gd@ oMo sbsgobol (Data Mining) s 35675600 Lfagergdol (Machine
Learning) 9g0om@o, 390dm@ 30 ,.wg0bwmgbo  dgbmdewol “  (k-Nearest Neighbors, KNN)
sem®omdo [7].

KNN 9g900m@o0 953136905 08 000gol, Memd ,,dba53L 890mbggzgdl od300 dlgoglo 99gaqdo™.
530Lsm30L LoFoMms 3560wl gsdmmzEgdo (BIoMms sdmoygbgds g33womGo dsbdowro),
03obom30l, MM FgoMbgl yzgws®y sbarm IgHBMIMIBO. B3 MBOM 5B Fobdoros 0
™309JAL mOolL, Jomd RGO  Auyoglgdo 9M0s6 olbobo. KNN  sewamMomdol 300bgodo
00aM0oMmgmdL 08580, GMI sbogro  ™Md0ogdBHOL  Jsbogozo®mgdobmzol bos  dmodgdbml
Lolfogerm  bs3maddo K g39esbg  sbewm  dgBmdgero, GMmIgenbsg  9d3lb  9bsgrmaom®o
Jobsbosmgdangdo [8].

§o8olb  9839dGHOMBOL  Fgbogsligdwrs© XM bgds dmbsggdos 9gacmmaggds. LsFotms
39360Hm39b  Imbs3gdgdo 353096390, OMIWdOE 00gd©HIE 3Mb3GYGHWE  LsdgMGbowm
3619356053, 990009y LsFomms dmbs3gdgdol ©sdTs390s s BEBIOEHDBIE0s, Tmbs3gdgdol
B®dowobgds. gl 3OmEglo 930w gdgeos KNN dgmmool 25dmyggbgdologol, Goysb KNN
3MmOOmMdo  ddomdl  Fsbdogdmsb. vy bbgoolbgs  Fobolosmgdwgdo  asblibgsggdwywo
95193909000 5M056 dm399bo, Bobslinsmgdgdds, HMIWGBLE WBOM oo 3603369 ™ds
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09300, 9900905 9o FoMdGOMO  gogargbs odmboml dsbdogrols 360dgbgEmdsty. sdo@md
9600369 mz0b60s Imbo3gdgdol LMo dmdBogds. bm@mTseobgds — gl ML 3MmEgLo,
MmIgog 33wol Mosbgom dmbo3gdgdl, oJsg3l oo 36083bgemdgdL gMom  3Mb3MgE M
©0535BMbdo, 397wgd6M03 0-sb 1-8¢7. gl 8608369 mgbs sdx Mmdgligdl KNN-I Lobwli@gb.
, X — min(x)
L max(x) — min(x)
DM@, 080LsMZ0L, HMI 36093690 ™dgdO dmgdbgb dmbszggmdo [a, b],

(x; —min(x)) - (b — a)
max(x) — min(x)

!

x;=a+

B396 d90bgg3580 FslsdBHodoMmYds brgds dmbszgzgmbyg [0,3]:

, x; — min(x)
X'

" max(x) — min(x) '

Boog, Xmin s Xmax - 56ob dsbsbiosmgderols dobodseow®o s 3sgdlodogrr®o 360d36gamdgdo.

KNN 3gomm@©o  3e0b0330353006m30L  2500m094gbgds 08obomzol, O™ gsoM33ql  sbogro
M309JGHO MM 3sLL 93Mm360L. HMILLG ,K* mobwmglo mdogd@gdo 8modgdbgds, dsmo
M3 gLeBOL 3ol FoBLEBOZMEZL sHowo MBOGIEOL Jeobl. mdOgIEIdL dmMol dsbdoerols
29900030l H580g6007 3500560 s®LGdMBL [8]

1. 93306 dsbdogro

09 235438 @G0 mdogdBHo A = (ay, ay, ...,a,) ©5 B = (by, by, ..., b,), bowsg n sGobL
Mogbgzomo  Fobsliosmgdgdol  GomEabmds,  dsod  FmEol  Bsbdogro  godmomzwgds

99909bs0M50:

D(4,B) = /(a1 = b1)? + (az = b,)? + -+ + (an — by)?

® a;, by — ™0 mB0gJHOL -0 Fobolosmgdgwo (608sbo).
e 1 — 60dbydoL Homgbmds.
2. 85639¢)960L 9sbdoemo (Manhattan distance) D(4, B) = Y7L, | a; — by|
3. Bgd0dg30L dsbdogro (Chebyshev distance)
D(4,B) = r?}\lxmi — by
306B930 K-b 86003690 mdsl, 08 3gHmdeqdols G5mgbmdsls, Hemdwgdog y39wsbg sbenmls
56056 30HMAbMB0MJds© MBOYIGHB, bv) yggmsby dgoMyg dsbdogrol 3mbgls. odobsmzgol, HmI
990930 094l LEHMVOWMOHO S 9O 0Yml A5TYGHJOIMO IMIOIOMgds TbmEmE JMo
052500mbY, 3609369cm3z5605 K-I LimMo 8gmbgzs. Hdgdol wdmagegbmdoo ywogds sbowo
®d099&Hol 9039m3690s 585 0399 08 Jeslil.

30f9M0o dmEgeols s3Hmd0MYds Mgsenwy RWD dmbsggdgdby

90gE0 33MMB0MYOIME0s 3Mbo37dg0bY, HMIgdoE 990393L 36930mboom 9350090
353096900L  96mbodoBgdma  Bsbsfigdl. bgwo  a35d3lb  3530963HJO0L  Imbsgdoms  dsbo,
(03gdLsE 06N 3dmbsm Lbgaslibzs s6E0d0MEH03900. MOMMYMEo 35:3096EH0LmM30l
36mdow0s:

* ©099MPM5530190 JmMbsEgIgd0 (SL530, fmbs, bqlo);

® 3006031600 3565093MY00 (BHgd3gMo@EnMs, bggas, €gozmao@dMBo s bbgs);

® 56086990 3693565E0L EMDBOMYDS S WO KIMSOMIY;

¢ 3396Bsc0md0L 9990 (Rowdx™dILIDS, brMAs, 03039 IEYMIIMYMDs, JosGglgds).

oboboomgdwgdo  3mEoMEgds  Mogbgzomo  360d36gmdgdom s 990y  bgds
dmboggdms  bm®mBswoBgds.  3OHMAMTs  SBMmM309egdL  KNN  sam®omdl 3530963500l
3mboEgdmo BsBBY sbogro 353098G0L FyMTsMgmdol, ool s MHBIIOL 3HMABMBOMGDLL.
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sbowo  353096GH0LZ0L,  MHMIOLMZOL 98 35609BHMYO0E6  TbmEwmE  Bsfoeos
36md0oo0, KNN seogm®momndo dmbsigdms 35Hsdo 30emdl yzgerabg dbgoglh 353096330l s
36OHMABMBoMYOL:

o 36093505300 09310bsermdol 999y 353096G0L 9aMmBoMgmdsl  (3odxmdgLs,

090399, b0®Tss 034 35995MHgLCY);

o 590l MBIl s POOME KJMISEMBL;

5¢MOOmMIoL 4owgdx mdg1xdgdOLMZ0L 4dmYygbgdvYE0s:

o d5BMdgE0o mBd09IEJooL fimbomo dgxsligds dsbdowrols dobgpgom;

o K-0b m33000Bs3os 30mb3ser0sEool d9039mdoo;

99009300 godxmdgligdol dobboo KNN dgmmol Hgoeo®gdsdo godmygbgdomo odbo
fmbomo s®bg300m0mds, B39Mwgdmog30 sMRg300Mmd0L bogws. F39Mwgdmogdo sMhg3000MdS
bgds bdoms MIMozwgbmdom. 3530963HJd0L ol IyMIscgmds, MMIgEdsg dJoomm bIoms
MAEO3gLeds, bgds oo 353096GHOL  3Wsliol gsbaLBO3Mgwo. Hmbomo s@Bgz0mMdOL
9900b393580, M306MsGHILMds 309b0Fgds 08 3530960l IEYMTsMIYMdL, GOl fmbomo
3600369 mds dg@0s. sbarml dgmg 3gBmdgdL 9603gdso g o fmbs, dm®ml dymey IgHmdEgdl
9603905 Bozegdo fmbs. sGLYdMBL Msdgbodg fmbomo gmbJgos, GMIgwoE godmoygbgds 53
d0Bbom. gOHm-9MH0 85095605 0639MLOMEO Fobdools Bwbdisos (Inverse Distance Weighting).
9]:

9] .

B di + ¢

booE, Wi — =900 I9BMICOL Hmboss, d; — @oLEBE30s sbswo 353096306 i Fgbmdersdoy,
e — 8306y Gogbgo (Bsy. 1077), Goms 5306 93030Mmm Brmmbg gogmas. fmbomo K
mobermgbo dgHmdeol (weighted KNN) seogm®omndoom 3ansliogozszoobsl 3ansbol Ladmenmem
§™bs 25903905 HMRMOE Y39ws ¥Yobemglio IgHBMdEOL fmbome xsdo:

Wi

Score(class) = z w; - 1(class; = class)
all iek-neighbors
L5QS(3:

w; — I-9960 99Bmdob fmbss, 1(class; = class) — 0bo3sGMOMwo gmbdis0s, Mmdgwos
006Mmbgdl 1-, vy AgBMdgEo 93360l IM3gIMEr Jesbl, s 0-U, Fobsswdogy dgdmbggzsdo
%580 03w gds g43gms K d9Bmdgwbg, H®mIgdoE sMBIM@os sbowo 353096GH0L JoMIgdem.
00000920 Igbsderm 3slobmgzol 0mgegds Score, 569 {irbgdols xsdo 00 dgBMdWGdOLMZ0L,
M0Igdog 00 3Eobl 39,3606, LsdmEmmE sbsero MdogBHo 809336905 03 Jesbl,
Mol Score 4y3qwoBy Bowoenoo:

¥ = arg max Score(class)
c€Eclasses

Loos(3:

¥ — 36036 BoMgdwgo 3arsbiol 360936gamdss [8, 9].

Qs Lodwogdsl  00g3d  3939JNEIL  MBO™  ambogMvaro  9®Bg3s60, Mo
3sboxoEoMgdol OML sberm 3530963gd0l IyMBsMgmds gozowgdom Ib0dzbgwmasbos,
300069 WdMCMm© OHMIgEody 5 b dg@o dgHBMIWoIb ghm-gOomol.

9ol MHgooHgds  gobbm®E0gw©s ©a3MHMAMmsdgdol 9bs C++ -By. goMhg3zc K-
350599 BHOL (K 5ol 99Bmdegdol Hom©gbmds, Mmdgwbsg 3099bgdm 3erslogozsgoolomgol). K-
Lbgoslbgs 3600369 mdgdol  498myggbgdom  3sagbm, Mmdgero  360dgbgermds  0dwggs
b539009L F99aL. KNN seogm®00ddo 360d369am3zs600 Lffmta 99060bgl 30396M356589¢M90d0
(@9BMdEgdol Mom9bmds, dsbdowrols IgEMmogzs, 0bgzgMLowo dsbdowo).

3909b0 89930l FoLowgds dsbdoEol Asdmbomgzwrgea dgMbgmwo odbs d5639¢9bol
agmOIMEs,  OMIgwog obgblb 96083369035 203wgbsl  3wslogoiotmgdsby.  Lbgs
53O IMgd0LYsb 2oblbgsggd0m, MMIMIdOE seMMmOmMIol Fw9dsmdol MMl 0dwgzosb 70%
LOBMLAIL, 09639BH9bol Fsbdowo odwggs 80%-U. slggg K - 9gBmdgmos  Gomgbmdols
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06083690mdol m3@0doMo 35Mm0sbGHo 8gomBs Xx35Mg0bo Fswosiool (cross-validation)
153995 gd0.

X39M90b0 35005305 5MOL FMEgEol 3Fomdols baGolbol Jgnsbgdol 3MMEIEMG.,
MMIYoE BIOMME  2odmoygbgds 3sbJobm®  Lfagmngdsdo. ol byl mygmdl  Lbgoolibgs
9w gdol 99aMgdsl s 3mB3MYGHMEo  58mEsboLmZ0L Bs3gmaliel sMBg3sL.  Yggwsby
393039 gdmo  dgomos k-fold x356M90060 35wosEos. 99 dgomol M™L: dmgwo
dmbsoggdms 65360900 0ymxs k 6sds6 boffoers (folds). 9009y dmgmo k-xgM ofjzOmbgds:
g4m3z9wo 30300l O™, ghmo fold begds GHqbEol dmbsggdgdo, bewm sbsmBgbo k-1 bsffoero
— bobffogerm 8mbs3gdgd0. mommgmen sbgom (03¢0 408Mm0m3wgds G9x35L9d0L gEHM0Is (0.
LOBMLEY, 9930MI0L EMBY). dMEML bgds Yy39ws (3030l bodwgom Fggaol s®gds — s 9
9900930 §9M0M5©AgbL dMmEgwol Mgow® 3MMbmbmer JlodwgdErmdgdl [9]. LsdmEwmm©
39230005 3530035 M JmEgerol bodwswm LoHMbEg Yy39es GHILEBY.

o HLGHO gx3sL9ds — M38Ibs® 359 0819853901 JmYo sboen Fmbs3999gdbY.

¢ ©IMM30I0J0 BHILEGH0MYdS — gmggwo fold GabGoMEgds 08 dmbsgdgdby, oG

QMY 56 MBabogl.
e overfitting-ob 3mb@HMWo — 2ofzOmbowro dmgeol Mbstgdol gdmfdgds oby, MHma
o6 90mb3z9m©L IBMEMmE Lobfogarm dmboggdgdl.

Lobfogenm BogMgdo@ sdmgomgm dmboigdgdo 3mb3mgdwyeo Foderolomgol-Ceftriaxone.
Lobffogerm 58mbs3zMgdo 89sagbos 55 Bsbofig®l, sbowo 3530963530l Mom©gbmds, HmIwgdos
56 89000M@s 58 59Mbs3Mgddo, dg500a9bs 14 353096GHL. LMom 1-Byg sbsbwmos 3HMAEMSTOL
985md0L 99920  -9O0-9M0  LdFguAH™  sbowo  353096G0L  Jozmm3zbgds  3wslL
»39)IX OGS .

Microsoft Visual Studio Debug Console - [m] X

faxali pacientistvis klasis prognozi: gaumjobesda

| camali: Ceftriaxone

| ertjeradi doza: 1000

dgeshi: 2 jer
;amocnobili klasi=gaumjobesda

realuri klasi=gaumjobesda

flanoicno: gaumjobesda

LyBsmo 1

Microsoft Visual Studio Debug Console - O X

== Cross-Validation Result ===

k = 15, sizuste = 71.0145% (49/69 zustia)

strigoni asaxavs pacientis mikutvneba klass realurad
sveti asaxavs amocnobit pacientis mikutvneba

== shecdomebis matrica ===
heshmariti/amocnobili gaumjobesda
gaumjobesda 44
norma 15

== statistika camlebis mixedvit ===
gaumjobesda: zusti amocnoba = 44, shecdomiti = 5, sul
norma: zusti amocnoba 5, shecdomiti = 15, sul

Lbr@omo 2
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LBo0 2 sbobogl 08 36M935M5EOLMZ0L BoBsMGdWMWo GHILEOL 3sLbgdL - LEH®oJmbo
abobogl  MgormMms  MMIgE  3esll  g3modgbol, Lgg@o  sLobogl  sdmEbmdo  3wsbol
3d03995369050.

d9®®030L dg33wol 9909 s 3wolono3sEgoolmzol mbomo KNN (weighted KNN)
5@M0moLMZ0L FgdmE9BT go3wgbs 0dmbos dgwgagdbyg (0b. byMsmo 3).

File Edit View Project Build Debug Test Analyze Tools Extensions Window Help r r P

o - B2 W 9 - Debug - x86 - P Local Windows Debugger ~ | #° | @ _ |2 liveShare &

Solution Explorer

EPCURSYONECId allresults.txt new_patient.txt ceftriaxone.txt data2.txt - &

Bl new2_sxva_metrika ~|  (Global Scope) -l maing + a3 o-508 o F=
B Microsoft Visual Studio Debug Console - o " ’ p-
: ‘ A o 7 Solution ‘new2_sxva_metrika’ (1 of 1 project) -

4 %] new2 sxva metrika
b *® References

X0qio0y  saiojdx3 Jonias

b External Dependencies
# Header Files
4 Resource Files

4 4.l Source Files

b *+ axalicpp

Solution Explorer [EISEIERRTS

Properties

~ | @ o0Emors | 4 0of 4Wamings | @ 0Messages ||¥r|| Build + IntelliSense - d ror P

1148 AM

@ 24c Mostly sunny A B 7z D) ENG s

axali.cpp all_results.txt + X [STMEIE IR0 ceftriaxone.txt
66 amocnobili camali: Ceftriaxone
67 ertjeradi doza: 20ee
68 dgiuri jeradoba: 2|
69 realuri mdgomareoba: gaumjobesda
7@ realuri camali: Ceftriaxone
71 emtxveva? diax
72  mmmmsssmssssesemmceoeo-----
73  pacienti 9
74 amocnobili mdgomareoba: gaumjobesda
75 amocnobili camali: Ceftriaxone
76 ertjeradi doza: 1eee
77 dgiuri jeradoba: 1
78 realuri mdgomareoba: norma
79 realuri camali: Ceftriaxone
80 emtxveva? ara
8l mmm-mmsssssssss-----------
82 pacienti 1e
83 amocnobili mdgemareoba: gaumjobesda
84 amocnobili camali: Ceftriaxone
85 ertjeradi doza: 1eee
86 dgiuri jeradoba: 2
87 realuri mdgomareoba: gaumjobesda
88 realuri camali: Ceftriaxone
89 emtxveva? diax
98  -------s-sss-so---o-------

91  amocnobis sizuste: 80% (8/1@)
902 .4 £9 No jssues found

LYoo 4

all_rezult.txt gooedo ofjgMgds Lo@guGHM 53mbs3zMgdol d9wgagdo (bwe.4).

KNN  3gom@ol 993065@glmdgdos:. KNN  seogméomndo  §omdmoagbl 989d@me o
5630350 0639M3M5EH0MGds 0bLEHMWTIHEHL LsdgoEEbm 4owsfyY39EH0WYdgdoL IbsMIEBFIMHO

LobEYIOLMZOL. 56 IMOMbMZL AobLO3MMMYdNE IMbs3Egdms BsEODBL, JoMs Fdomdl d306MY
5 bsdMoEm BmIob dmbs3gdgdby. K opbemglio d9Bmderols dgomm@do 56 bgds dmgwols
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03905, 3sboxogs3os bmME309wgds  MImowrm©  Labfagerm  58mbazMgnol  Logwydggaby;
890dgds 299mygbgd e 0dbol Gmym®mE 3wwslogolsiool, obg MgaMgbiool sdmEsbgdolomgzol;
31939, sboro Imbs3789d0L TsEHYds TglsdegdgEr0s ImEYErol bgwmsbsowo Lfsgwol goMmgdy.

KNN-ol 65300m35690900: 990degds dogosb bgems 08w98smb o dmbsggdos bo3mgdby,
4m39wo0 sbowo 9mbsggdobomzgol boFoMms 3sbdowrols gosdmmagms yzgus bolifogmm mdogd@sdwy;
©59M30g0gds  35MedgBMgdby (K s 9s6dogol 993 ®o3s) — 99w9a0 Log®dbmdes
©59m30090os o LHmO 56Bg356%g - 20005FoMdGVMO  Hom©gbmdol dgbmdgeo  (K)
bdoMao 0fj3q3L overfitting-bs; b0 LaFoMms ¥3509E0b0 3oe0@305; Ibs3989d0L Fobobfsto
13o0MHYdS O bMMT>E0DYds 53O YdYE0s.

L3365

bobBgds  3obozmeo  dmbszgdgdol  dgbfogeol  d9dgy  obgbl 3530963 gd0L
3Wsb0ROEOMGOL  A98MmYabgdyo Ls3MMbosm  3Mg3sMoGOL 9ROl Bobg3om, Momas
d9Lsdgdgo bEgds 3M935MoG0L  9RIJGHMOMOOL 3MMAbMBoMmIds 353096FH0L 0b030YY-
50 Jobolosmgdwgdolb gomzsoliiobgdoom.

Al 9900m©gool  4s8myqbgds §odwgdol gx39d@O™mdoL  dgx3olgdado  AsbLogMmMId0m
3600369 mz0605 0dobomzol, GMI LEGIGI® @O HBMLGHIO ©RbEIL Fodarol GMgowMo
2393gbs 3530963700l bbgoolbgs xax3gddo. gl bgwl vmgmdl 3310939900 EGMOLS s
MLOLYOIOL  EOSDBMAZL, B  3MY3oGMFBHIODY LHGIR0  M7o306M9g00L  Tgbadergdermdsl s
3006039960 36053E030L RO Jo0seo baMolbol »bevbageygmazsls.

Development of a drug efficacy evaluation system using an method — K-Nearest Neighbors
Nora Jaliabova, Maia Mikeladze, Flene Phagava, Irma G. Korinteli, Karaman Pagava

Summary

Artificial intelligence (AI) methods are widely used to assess the efficacy of medicinal agents in
modern medicine. These technologies enable fast and accurate data analysis, which is essential for
evaluating the efficacy and safety of medications. The aim of this study is to develop a drug efficacy
evaluation system using one of the AI methods — the K-Nearest Neighbors (KNN) algorithm. To
improve the accuracy of the algorithm, the system implements: weighted assessment of neighboring
objects based on distance; optimization of the K value using cross-validation. Based on clinical data
analysis and taking into account the individual characteristics of the patient, the system predicts the
effectiveness of the medicine.

Paspa6orka cucrems! oneHku 3¢ PeKTHBHOCTH JIeKapCTBEHHOTO Ipemapara ¢
WCIoJIb30BaHueM MeToga K-6amkaimux coceaeit

Hopa /[xang6osa, Marsiz Muxerazgse, Enena [larasa, Hpma I. Kopunurenn, Kapamar Ilaraa

Pesiome

MerTonpI MCKYCCTBEHHOTO MHTEJIEKTA IIMPOKO HCIIONB3YIOTCS IS OLeHKU 3((eKTUBHOCTH
JIeKapCTBEHHBIX IIPENapaToB B COBPEMEHHOM MeAuIiHe. DTH TEXHOJIOTUH CIIOCOOCTBYIOT OBICTPOMY U
TOYHOMY aHaJIU3y JaHHBIX, YTO HEOOXOAUMO JJIf OLleHKHU 5h(PEeKTUBHOCTH U 6e30I1aCHOCTH JIe4eOHBIX
mpenapaTos. Llenpio JaHHOTO MCCIeOBaHUA ABIAETCA Pa3paboTKa CUCTEMBI OIleHKH 5(GheKTUBHOCTU
JIEKapCTBEHHOTO IIpellapaTa C MCIIOIb30BAaHHEM OJHOTO M3 METOJZOB MCKYCCTBEHHOTO MHTEJIJIEKTa —
anmropurma K-6mmxaiimux cocemeit (KNN). [lns moBbIleHWs TOYHOCTH alITOPUTMAa B CHCTEME
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IIpPUMEHEHBI: B3BelIeHHAsA OLIEHKA COCeTHUX OOBEKTOB IO PACCTOSHUIO; ONTHMM3anusa 3HadeHus K c
ImoMOIWIBI0 Kpocc-Banupanuu. CucTeMa, Ha OCHOBe aHAIM3a KIMHUYECKMX AAHHBIX U C YIETOM
VHIWBUAYAIBHBIX XapaKTePUCTHK IIAIMEHTa, OCYIIeCTBIAeT IPOTHO3MpoBaHUE 3G(GeKTUBHOCTU
JIeKapCTBEHHOTO IIpeIapara.
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0bbGHOMIYBG0, 905990 LogMmsdMEOLM 1s65ddMMAWMBOL, 0b639bE0E0gdOLS ©s J3BM3wyen
LogMEgd0 0bFJAM300L 36083690M3560 SWOGTBMOTS gobgds.

Georgia’s Cooperation with Foreign Countries through Electronic Tender Systems:
Challenges and Opportunities

Mamuka Melikidze, Ana Kobiashvili, Mary Gegechkori

Summary

The modernization of public procurement has become a key driver of transparency, efficiency,
and international cooperation. Electronic tender systems, or e-procurement platforms, have
transformed the way governments and businesses interact in the global marketplace. Georgia has
been recognized as one of the first post-Soviet countries to introduce a fully electronic procurement
system, launched in 2010. This reform has significantly enhanced transparency, reduced corruption
risks, and opened Georgia’s market to international bidders.

The present paper explores how Georgia’s e-procurement system supports cooperation with
foreign countries, evaluates its achievements, and identifies persisting challenges. By analyzing policy
documents, international assessments, and comparative examples, this study demonstrates that
Georgia’s electronic tendering fosters foreign investment, strengthens ties with international
financial institutions, and contributes to harmonization with European Union standards. However,
several barriers remain, including language limitations, legal harmonization, and cybersecurity risks.
The paper concludes with recommendations for strengthening Georgia’s role in the global

procurement environment.

Cotpyprndectso ['pysun ¢ HHOCTpaHHBIMU CTPaHAMM Yepe3 CHCTEMY BIEKTPOHHBIX
TEHZEPOB: BEI3OBHI ¥ BOSMOXXHOCTH

Mamyra Mernkmzse, Aara Kobmamsrrm, Mepnu I'ereuxopn

Pesome

MopgepHusanusa TOCYyJAapCTBEHHBIX 3aKyNOK CTajga KIIOUeBRIM (DaKTOpoM obecliedeHu
IIpO3pavHOCTH, 3(P(HEKTUBHOCTH U MEXIYHAPOJZHOIO cCOTpygHHYecTBa. CHCTEMBI 3JIEKTPOHHBIX
TEeHAEpPOB, WIM IUIATPOPMBI DJIEKTPOHHBIX 3aKYIOK, CYyIIECTBEHHO H3MEHWIM CIIOCOOBI
B3aMMOJEHCTBUA TOCYyJAapPCTBEHHBIX CTPYKTyp M OM3Heca Ha MHUPOBOM pBIHKe. I'py3us IpusHaHa
OJHOI M3 IEepPBBIX IIOCTCOBETCKUX CTPaH, BHEIPUBIINX IOJTHOCTBIO SJIEKTPOHHYIO CHCTEMY 3aKYIOK,
sanymenHyo B 2010 rozy. Dta pedopMa 3HaUUTENTBHO HMOBBICHIIA YPOBEHD IIPO3PAYHOCTH, CHU3UIIA
PHCKM KOPPYIIIUU ¥ OTKPbLIA PIHOK ['pysuu A MeXXIyHapOAHBIX YIaCTHUKOB.

Hacrosmas pab6oTa paccMaTpuBaeT, KakKMM 06pa3soM CHCTeMa 3JIeKTPOHHBIX 3aKymok I'pysum
CIIOCOOCTBYeT COTPYAHUYECTBY C MHOCTPAHHBIMU CTPaHAMMU, OLeHUBAET NOCTUTHYTHIE Pe3yJIbTAaTHl U
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BBISBIIAIET COXPAHIIONINECST HPO6JIEMI>I. AHaJ’II/IBI/IPyﬂ IIOJINTUYECKNE AOKYMEHTHI, MEXAYHAPOAHBIE

OI€HKN ¥ CpPaBHUTEJIbHBIC IIPMMEPBI, HCCIEN0BAHMNE IIOKA3BIBAE€T, YTO OSJIE€KTPOHHBIE TEHZAEPHI B

I'pysun cTUMyIUPYIOT MHOCTPAaHHbIE MHBECTULIMM, YKPEIUIAIOT CBA3M C MeXAYHapOZHBIMU

(GUHAHCOBBIMU HHCTHUTYTaMU M COZEHCTBYIOT TrapMOHHM3aIlUM C HOpPMaMu EBpomeiickoro corsa.

O,Z[HaKO COXpPaHAIOTCA 1 OHPe,I[EJIéHHBIe 6apf,epm, BKJIIO4asd A3bIKOBBI€ OTPaHUYE€HM, HeO6XO,aI/IMOCTI>

IIpaBOBOM TrapMOHMB3AaIlMM M PHUCKK B obyactu KubepbesomacHocTH. B sakmioueHue pa6ota

dbopMyIHpyeT peKOMEHJAllY IO YCHJIEHUIO posu I'py3un B II06anbHOM CHCTeMe rOCyZapCTBEHHBIX

3aKyTIOK.

—
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69bondg

;g 6536Mmddo gsbbommos gLgzm Gg0mbggz0mo MoEbgagdol agbgMsdm®gdo,
3M6309@es rand() s Mersenne Twister-ob 32 d0@GHosbo mt19937. B3gb a35d3l dmyzsboemo
Js0 995Mm900m0 sbsemobo C++ gbsBg Visual Studio 2022-3o. gdgbfsbbsgosbo 3sdsoemols
3953026900l 3MmEYmoMHYdoL EsFINOWOo 5¢aMmMoMNTol Lsdrsemgdom, Mmdgmog ghmbs s 08539
306MHmdgddo 3308396908 MmE03] 39bgMGMMOL LSGsEM 3Z5EMIBME JIIBOSL S FSIBOHOL
3M3omgdsls 30m3g63gddo. MogbmdMmogzo® BaBzgbgdos mt19937 M3oModgbmdgdo. ®mMo3Y
396905G™MHOLsM30L 96 §39m033gms 1Bsdwgsem 335MGHVYIEO A3ELGOL dmbmEHMbMMo Jwgds

5 35300339075 33bMOL (300MT0egd0l Jemgds.

153356dm LoGyzgdo:

Blbgzo 8900b3930000 Gogbzgbol 3gbg®s@meso, rand(), Mersenne Twister, mt19937, Ct+.

C++ o Lbgs gbgdol ©sbdstmgdom ©admmyMsdgdolsl bdoMo dgodergds dmagofoml
xly3m dgdmbggzomo MHoEb3zgdol 4gbgMsGMmMmol gsdmygbgds Lbgzsolbgs dobgbgdoom. o3
3969653 MMgd0oLsdo 0b@YMgLDY 8939390 gdL 39303530900 [1-6]. sLgmo ggbgs@EmMgdols
29909969980L5L  0Lobo Fobsbffo® Tomomgdme sMgoerdo 506MBg396 dqdombggzom Goabgl s
3900092 39900¢9bgb, g0bsboggb sb Lbg. ©sd3HMAMBgdol dGMdsBdoL Jobgzom. mMIEsms,
0ol odm O™ gb 3gbgPOBMMmgdoE 30I3 JOHO 3MIZ0MEBHINMWO sErMmGomdos Lo
990mb393000md0Lb  Joefgzs  Fgdgdgeos, s80GMIdE  ©YMJ3s  BLY3™  JgBmbzgz0mO
MoEb3gool g9bamo@Bm™mo. sbgmo 9bgMs@EMmMgdo ™30l d9dmbggz0mMdsl 509396 FoMmEgwol
(seed) 908mygbgdom. gl dsmzseo BsofgMmgds 2969M5@MM™6 ©s393006Md dMAsbgdsdo s
390dmgds  0gml Mool 3mbB3OgGHMwo  30xMadolL  80d@g3z™mds, sbggg Fgdmbzgzommdol
239605B6GH00L  goboBOMEIWs Fgodwgds BoM335wo G508] 99T035® (335G 35M5TgGHML
9035000, 0535005 JOMN-JOMO SBYMO 356M589EHM0s OOM.

P39b ©@wgb  gobgobowosgm ™M gbyzm  Fgdmbggzomo  Hosbzgdol  AgbgMo@m®L,
9439obomgzgol 3bmdoer rand()-b s Mersenne Twister-ob 4z9wobBy gog3MEJEgdMe 39MLoSL 32
00@056 mt19937 49b69MoEmMU.

©obsfgobobomgol, rand() gbgMsGH™MMO 339 0MIZIWIOMos @S LOGYSE0JO0E
MIgddoi oo godmygbgds LoFgoMmm gobgds sGE vy obg bdoGos. 890mb3zg3900 MHMEILsE oL
3900gds  ©oR3F0MEIL 5Ol OHMEgLsE d39¢ 3EoGRMMOILMIE 30(Hg3L FMTomds 6 o
3330600905 do056 BJo®s m3gMoool Ggbdmergds. sbg3zg 3gMomEo MMl 899953 1339
393m@sboo 89dmbggzomo Goibzgdol dgmMaxg® 2sdm@ebsl s0fiygdl stz oby oo,
903990 LoLEJIGOBY gl 39MHOMPO MO 215-1, beagom sbergdbg MdgE gl 9gdmbgggedo 23! 56
232, 563 99000b393000Mm30L boGobbos 35063sd5063 3900, Lbgs 49b9Mo@MMmgdmsb dgsMqdoom
Bo3zwgdo 990mbggz0m00 s 91939 HMEgLoE I30MYg 96950l MHoEbgdL 35349bgMoMmgdod rand()
390dgds  90396M3Mqdwo  gobgl s MMIgeodg Imbszgdol asdm@ebs Lbbgqdbg bdo®s
50fiymb. 3o650, 15300 AbdMJo S 5305 FGLoliMYMGDOIEO SERMOHOMTOL QoM doEr0sb
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Bdotro 3mdomdl. obgzg 560l ghmo Loob@EHgMalcm Bod@o Rand()-ob LoRJsMglomsb ©s3s3d0Mgd0m,
2393039005 06x3MmMI530s,0HmA rand() dobodmd 2-xgM, doguodmad 3o 10-x 96 MgO® BJsmos
300069 mt19937, 0m0350ms Ls3MMIMO ©330M39d0L F9day F7MHBLYIZ0 Os35DBMbOL TJmby
mt19937 2-x 96 9xcm BJeMos 306y rand() (mt19937 = 0.027 — 0.032, rand() = 0.06-0.07), dop®50
39D0MOMWo  ©0s35DMbol  Jmboll ML, o0 Fgdombggzsdo 1-6, Lodwogos 0933900M5©
296Lbge3g0ds, 50X gMo© 339 Rand() agbgMo@m®os 2-xg6H acem Bds®o(mt19937 = 0.13-0.15,
rand() = 0.058-0.087), 0s3®58 oML 0dolb mgdsg MM goblbbgsggdmwo dmbsggdgool djmby
3M330vGHgMol  89dmbggzedo  dgoa3wgds  MmE  OGmIgwog  ILFoMHEIds  SEMMHomdl
M3965300L gbolitrmergdo (89mBOmsgo: mt19937 = 0.0181- 0.183 rand() = 0.0105 - 0.0145,
d9bemomeo: mt19937 = 0.0174 -0.02 rand() = 0.056 — 0.062). Rand()-ob 253myggbgds dgodwgds
0bgo 36:099d3Hgddo bsg d90mbzgz0m0 MoEb3gOOL F9bIMmIEL oo 3608369 MdS 56 5g3U.

Mersenne Twister-ob mt19937 99bgms@mMo rand()-gob sblbgeggdom  godmomBggs
3033gdbMo sEMmOomMTom MMIJWoE 39bs30MHMBYOL Fgdmbggzomo MHoibzgdol botolbosb
996bg3oL, FogMsd 5053MMMEs guss 0dol JoBgbo MM ol IgsMgdoo bgwos, MwIEoms
5Q5900b60L  2500dMbobgosb ol 8s0bg Logdome Bdotmos. sbggzg rand()-oeb dgsmgdoom
MbILEMXMEO OO 3gMHOMPO 5J3L, 93 39HOMEOEIE3g #99MmIEOBIMYMdL 53 g9bgMsdmemol
Lobgero:  29%7-1. LfimGo  300mygbgdobsl  90396Mdmgdwanmdol  s0dmbgbs  835JE™OM035
3991990905 S Y390 HoEb3o FoMmBE0MYdMs© 89dmbggzomos. mt19937 a969Gmo@memol
29909969080l 990mbzg3900 Logzdomm bdo®mos. Tob 0ggbgdgh Mmamea Lodmwmssogddo s
3936090 3md30EH0obado, 1939 3nI30EBIOME 08599000 s bbgs 931035309080 Lo
95050 Mbol g8mbz93000Mdol 359mygbgdss boFotc.

50 ™Mo gloggm dgdmbggzomo  MoEbgzgdol  gqbgGmo@memol  dgboatgdwsw  h39b
2990309gb9dm  swaMmMomAL OMIGWOE  FoogymMgdl MM 358509l [obolifs®  osfadowo
m9bmdom, sdmbmo  339Mgd0 0dbgds sIM30EIPMo  ghmo  Jodsmerobmgol rand()
3969M0GHMMBY, bmeom dgmeg 350smobmgol mt19937 a9696mo@mmby. 99009y swamMomdo
50mbe 23903l 0030, ITMZEr0L LS M 335MSGHVI ZoIBEOSL O FYoIMYdL
9O03obgol, Mol 9093 3905JW0  FoaMmMEYds bgwdgmego Fog™msd 339 FoBOHOWO
(omEgbmdom ©s 3MMEgbo  gsbdgmMgds  MdEgbxg@dy. dowgdmo dgwgagdom  b3z9b
393dgdm  ©o9bsl  MHmIgero  ggbgMeBMMo  SbEMEIgdL  Logmome®  Lsdwdoml  MBM®
bs®olbosbo, rand() ooy mt19937.

4399m0 dmyz3560005 58 seryMmGomMdols 3mo:

#include <iostream>

#include <cstdlib>

#include <cmath>

#include <random>

#include <iomanip>

using namespace std;

int main()

{
mt19937 generator(987564321);
int sawyisi = 300;
int biji = 300;
int gverdi = 6;
int cikli = 10;
srand(987654321);
cout << fixed << setprecision(2);
cout << setw(10) << right << "gagoreba"
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<< setw(30) << right << "sash. kvad. gadaxra Rand()"

<< setw(30) << right << "gadaxris procentuloba Rand()"

<< setw(24) A<< right << "sash. kvad. gadaxra mt"

<< setw(26) << right << "gadaxris procentuloba mt" << "\n";
for (int i = 0; i < cikli; i++) {

int gagoreba = sawyisi + i * biji;

int one = 0;
int two = 0;
int three = 0;
int four = 0;
int five = 0;
int six = 0;

int one_mt = 0;
int two_mt = 0;
int three_mt = 0;
int four_mt =0;
int five_mt =0;
int six_mt = 0;
int ganayofi = gagoreba / gverdi;
double expected_prop = 1.0/ gverdi;
for (inti = 0; i < gagoreba; i++) {
int random = 1 + (rand() % gverdi);
if (random == 1) {

one +=1;

}

else if (random == 2) {
two +=1;

}

else if (random == 3) {
three += 1;

}

else if (random == 4) {
four +=1;

}

else if (random == 5) {
five +=1;

}

else if (random == 6) {
six +=1;

}

}
for (int j = 0; j < gagoreba; j++) {
uniform_int_distribution<> distribution(1, 6);
int random_mt = distribution(generator);
if (random_mt == 1) {
one_mt += 1;
}
else if (random_mt == 2) {
two_mt +=1;
}

else if (random_mt == 3) {
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three_mt +=1;
}
else if (random_mt == 4) {
four mt+=1;
}
else if (random_mt == 5) {
five mt+=1;
}
else if (random_mt == 6) {
six_mt +=1;
}
}
double dispersia = (pow((ganayofi - one), 2) + pow((ganayofi - two), 2) + pow((ganayofi - three),
2) +
pow((ganayofi - four), 2) + pow((ganayofi - five), 2) + pow((ganayofi - six), 2)) / gverdi;
double dispersia_mt = (pow((ganayofi - one_mt), 2) + pow((ganayofi - two_mt), 2) +
pow((ganayofi - three_mt), 2) +
pow((ganayofi - four_mt), 2) + pow((ganayofi - five_mt), 2) + pow((ganayofi - six_mt), 2)) /
gverdi;

double sash_kvad_gadaxra_rand = sqrt(dispersia);
double sash_kvad_gadaxra_mt = sqrt(dispersia_mt);
double percentage_rand = (sash_kvad_gadaxra_rand / gagoreba) * 100;
double percentage_mt = (sash_kvad_gadaxra_mt / gagoreba) * 100;
cout << setw(7) << right << gagoreba

<< setw(20) << right << sash_kvad_gadaxra_rand

<< setw(28) << right << percentage_rand << "%"

<< setw(28) << right << sash_kvad_gadaxra_mt

<< setw(26) << right << percentage_mt << "%" << "\n";

}
return 0;
}
Rand() mt19937 Rand() mt19937
898mMaos  LBA. 330MOE MO goobMy gosbmal 3MmEgbEIMMoY
300 5.89 4.12 1.96% 1.37%
600 7.23 18.07 1.21% 3.01%
900 18.43 15.15 2.05% 1.68%
1200 14.57 9.59 1.21% 0.80%
1500 18.57 10.95 1.24% 0.73%
1800 13.9 13.47 0.77% 0.75%
2100 12.7 27.14 0.60% 1.29%
2400 21.89 16.53 0.91% 0.69%
2700 14.89 20.92 0.55% 0.77%
3000 19.59 13.63 0.65% 0.45%

Seed: 123456789
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Rand() mt19937 Rand() mt19937

898MMY0S LYA. 330MIGNMON oMY goobMmnl 3MmE3bE&NMMOY
300 4.28 6.14 1.43% 2.05%
600 8.79 9.42 1.47% 1.57%
900 11.18 3.92 1.24% 0.44%
1200 14.51 12.07 1.21% 1.01%
1500 10.87 18.25 0.70% 1.22%
1800 11.79 17.26 0.65% 0.96%
2100 10.28 14.21 0.49% 0.68%
2400 18.71 15.72 0.78% 0.65%
2700 17.7 19.22 0.66% 0.71%
3000 17.19 21.92 0.57% 0.73%

Seed: 987654321

30
25

. AL
15 //\/ \\// \//
e,

G

0 =@==rand() 1 rand() 2 mt19937 1 mt19937 12
2 3 4 5 6 7 8 9 10

MOMAmME3 39093000050 ©s 498303006  gbgogm, ymgzggwo dgdgpo mt19937
3969M0GH™MMol qodm@sbowo 9gdmbggzomo GoEbggdol LY. 3350. 9bMs MG®™ dbgeo©
5353006090905 Fobs  goamMgdol  AoIbMILMSD, dgodmgds  MoEbgzgdo  sbml  ogml
90356y msb s Jgodergds oo  oblbgeggden oy3b3waL. Rand() @9bgGs@m&do 3o
15306OL30MOMEss Lboddg, YmM3zgwo EOL3YIOLOS JMHMBBIMOLYE MRGM F30Mg EITMMIDOMIS ©S
3909609000 5300 FoMImboagbos My Mo sMgsedo 0dbgds 8gdaao. Mo mgds mbo
5@m®omdol 99930 FoMH 3ol dobg300 goblbgsgzgdrwo 0dbgds, sdo@mPsz Medgbody
300 FomBMm3z50090b9 bLbgoalbgs dot3wol 89gaq000.
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oLz 9godegds AsBbgl Jombgs, Mo@Gmd 0BMmEIds LY. 3350. A9IBOS FoMMIOOL
96mdsbmob gMmo 0dolb dorbgszs®, M3 FoEr0sbMdSd0 239MJdOL MmEabmds Mbs
05650MH©IdMEIL 493mMHGOOL MEIBMBOL HBOEILMB gHmo. dobo HBOOL JoBgbo obss, HMI
239306050930L MM bMdLMIB gHMo© 0BMHEIds 0doL EOs35HBMbo, My ModIbs Tgodergds
bl IMboEMmEbge  GoEbal  AvRMOHFIMO  439MHEIOOL  MOoMmEIbmds s  MoYsbo3
390mbgg30m0 M0EbggdoL 39bgo@GMmMmsb 33543l Loddg, Imbowrmbge MmEgbmdsls dgodwgds
9330900 OmymO3  l-om, 5139 89300  2oamEgdol  Igdmbggzsdo  100-om b dgGoo.
©50bgMMdOL 3530096  SLM0EIdWsE  899m3039bgm 1D, 3395MOGMEO  AdIbMOL
360HMm396GHWWMds. OHMymO3 3H9Ws30 3OMEIBGHMEMds 03WgdL Moz FIBHXIO 355MmOHPP®. U
90939608690l 0TsBg, OHMI MIGoms 1sd. 3350. F9IBMS 0BOIYdS FoaMMYdILMD GPHMS,
Mo MROM S RO MobVMO Fobsfoengds bEgds s0mbiveo 439M©IdOL. 5139 VoML
0dol blgbgds, MmI Rand() 3969Mo@GH™®Mm0L msbsds®o asbsfowrgds »dg@gl dgdmbggzsdo bxmdl
mt19937-0l 0565356 goboffoergdsls.

LodmmmE  dgodergds  m0505 300300, ®md 0dol  dombgosgs Mmd  Rand()
3969M5GH™MMo LxmdL mt19937 29696Mo@MOL LoBJsMgdo s bsdIM gobsfioergdsdo, mt19937
0530L Loddgl MHmamc3 Bbgzm 9dmbggz0mo MHobzgdol 4gbgMs@mmo sMsB39vmgdMogzs0
SLBOMEGOL s Bsbdo 653¢gd0L 3tm3bs doe0sb dbgros s M) MmEILdY 30O SBRY3560L
3939909006 MM, s8m30ygbmo Rand() oy mtl9937 Ggy30dwo0s Mgmygdsbmo s306Bomm

3965L36geo.

Comparative analysis of pseudo-random number generators using C++ language
Bachana Lomidze, Tengiz Bakhtadze
Summary

This paper discusses pseudo-random number generators, specifically rand() and the 32-bit
Mersenne Twister mt19937. We have provided their comparative analysis in C++ in Visual Studio
2022. Using an algorithm written to simulate rolling a six-sided dice, which shows the mean square
deviation and deviation error in percent for both generators under the same conditions. The
advantages of mt19937 are numerically shown. For both generators, no monotonic decrease in the
mean square deviation was observed, and a decrease in the deviation error was observed.

CpaBHHUTeIBHEIH aHAIN3 TeHEPATOPOB IICEBOCTYJaifHbIX Yucesl Ha a3biKe C++
bayvana /lomrgze, Ternrus baxrazgse
Pesrome
B sr0i1 cTaThe paccMaTpPUBAIOTCA TeHEPATOPHI NICEBIOCTYIaiHBIX YHCe, B YacTHOCTH rand() u
32-6uTusiit Mersenne Twister mt19937. Msr mpoBenu mx cpaBHUTeNbHBIN aHanu3 Ha C++ B Visual
Studio 2022. Vcmons3yst aaropur™, HANUCAHHBIA MAJIS MOJEJHUPOBAHMS OpOCKA LIECTUTPAHHOMN

PII‘paJH:HOﬁ KOCTH, KOTOPBIﬁ IIOKAa3bIBAE€T CPEAHEKBAAPATHIHOE OTKIIOHEHHNE U OH.[I/I6I(Y OTKJIOHEHHUI B

IIPOIeHTaX JJI1 00OMX reHepaTOpOB IIPU OLMHAKOBBIX yClIoBUAX. Ilpeumymiectsa mt19937 moxasamst
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YHCJIIE€HHO. ,HJIH obomx T€eHepaTOpOB He Ha6J’IIO,Z[aJIOCI> MOHOTOHHOTO yMEHBIIE€HUA CpE€IHEKBazApa-
TUYHOI'O OTKJIOHEHHA, a TaKXKe Ha6J'IIO,Z[aJIOCI: YMEHBIIEHNE OIIMOKY OTKIOHEHM.
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Ergative Case Acquisition by Georgian-Speaking Children
Natia Tavadze, Anna Chutkerashvili

Summary

In psycholinguistics, one of the most burning and complex questions concerns language
acquisition. This process begins as early as the prenatal stage and continues to develop through
communicative interaction in new environments. Scholars investigating language acquisition may
pursue various research interests, such as the acquisition of a specific language, mastery of a particular
grammatical category, simultaneous acquisition of multiple native languages, among others.

This article reports a pilot study focusing on the acquisition of the ergative case by preschool-
aged Georgian-speaking children. The central aim is to examine whether tendencies in acquiring the
ergative case have changed. In contemporary contexts, children spend considerable time engaging
with technology, listening to and watching audiovisual materials in a nominative-alignment
language. This situation prompted one of the principal research questions: to what extent does
exposure to a nominative-alignment language (in this case, English, which has deeply penetrated the
social sphere) influence languages with ergative alignment? Additionally, we sought to investigate
how accurately preschool children use the ergative case and to identify the age range that may be
considered most critical in this regard.

YcBoeHHe 5praTMBHOTO Nafiexka y Py3HHOA3BIYHEIX JleTeit
Harma Tasazgse, Auna Yymkepaweunu

Pesome

B ICUXONTWHTBUCTMKE OZHUM M3 Hambojlee AKTYaJbHBIX U CJIOXHBIX BOIPOCOB SBJIAETCA
HCCIeIOBAaHUE YCBOEHMA A3bIKA. OTOT IIPOLIECC HAYMHAETCA ellé Ha IIPeHATaIbHOM JTale U
HeIIpephIBHO pa3BUBaeTCA B XOJe KOMMYHHKAaTHBHOTO B3aMMOJeHiCTBUS B HOBBIX yCJIOBHUAX. Y YEHEIe,
usyvalolye yCBOeHHe A3bIKa, MOTYT IIpecjlefloBaTh pasjM4Hble HCCIeloBaTeIbCKHe IeU: YCBOeHUe
KOHKDETHOTO A3BIKa, OBJaZieHHe OTAEJIbHOM TIpaMMaTH4YeCKOM KaTeropuel, MCCIef0BaHUE
OTHOBpPEeMEeHHOTO yCBOeHMI HeCKOJIBKUX POJHBIX A3BIKOB U IP.

B Hacrosme# craTrbe IpenCTaBleH INMJIOTHBIH aHAIN3 YCBOEHHSA SPraTUBHOTO IAZexka y
JOIIKOJBHUKOB, TOBOPAIIUX HAa IPY3MHCKOM f3biKe. OCHOBHAf IIeJIb UCCIE€INOBAHUA — OIPEEIUTS,
M3MEHWINCh JU TeHJEeHIWU B yCBOEHHMM HApPAaTHBHOTO Iafexa. B coBpeMeHHBIX yCIOBUAX ZeTH
IIPOBOJAT 3HAYMTEIbHOE BpeM:A 3a TeXHOJOTHAMM, CJIyllasd M IIPOCMAaTpUBad ayJUOBU3yalbHBIE
MaTepuassl Ha A3bIKe C HOMUHATHUBHBIM CTPOEM. JTO 06CTOSITEIHCTBO 00YCIOBIIIO OLHY U3 KIIIOUEBBIX
HccIeoBaTeIbCKUX 3a/1a4: BRIACHUTD, B KAKOH CTelleHU BO3/eiiCTBHe A3bIKa C HOMUHATHUBHEIM CTPOEM
(B maHHOM CjIy4ae aHIJIMICKOTO, IIyGOKO IIPOHUKIIETO B COLMYM) OTpaXaeTcsi Ha S3BIKAX C
opraTuBHBIM cTpoeM. Kpome TOro, Hac HHTepecOBaJO, HACKOJIBKO KOPPEKTHO JOLIKOJIBHUKHU
HCIOIB3YIOT SPTaTUBHBIM Iafe)X U KaKOH BO3PacT MOXHO CUUTATh HaubojIee KPUTUIECKUM B JaHHOM
OTHOIIEHUH.
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33930bm30L 8938960 LoGalG™ AoMgdm 89990 3MMYMFNo MHBOHNMB3gLYMBO:

- 0mboggdoms dsBs SqlLite HmIgendoi 29b6moglgdweros 70000 bEs@Eool Lsmsw®mgdo
509OMo  JoGowo  iyomgdosh.  dmbsggdms  gbGowgdol  bLGHOWMJGHOS
39009abso®os id (bigint), title (varchar 255). 9du39M0dgbEGHOLM3OL 30ygbgd ™G
29635139390 3OO JoMrEgbm3zs60 s 0byEOlMgbmzsbo ILabgwgdoom.

- bsdogdm LobEBgdobomzol 309gbgd Php/Laravel Framework-b o 3539¢U Laravel Scout,
MIgbsg 3099690 39dEHMOMEo dogdob 0bEgyMog0oLmgoL.

- Ladogdm bobEgdo godmgoygbg Typesense, HGMAgerog LodwoEgdsl 0dergzs by mgby®o
06@&9wadEHol abBatrgdoom gobbmM309w gl 39dGMMveo dogds.

bsdogdm  LobBgdol  3mbxoyxMGs30sdo 33930l JobBbgdolbmgol  Asdmyqbgdwmwo  odbgds
bym3b)Ho 06Awgddob F9dwgao dmnEwwgdo:

- ts/ multilingual-e5-small

- ts/ multilingual-e5-large

- openai/text-embedding-3-large

LOHEo LoLEYIOL 3MbBOAMMSE0s ImY3560e0s BIGMMT0.

3. Joeromangbmgzsbo Bgdu@ob bgdsbGozmmo dogds.

33930bm30L d9MBgMEo 0dbs M8gbodg Lo@yzs, MHmIguog B33690L Jo@omwo gbol
b33(30c3030b Q5 250M53:9053690L BN E GOl F90gA0 d0ToM01)EgdO:
DmLE0 OHJOYDEHIGO

- Lobmbodo

- doMdsMm0BIo

- Ho3macexz30vo dg3mds

- 90b6soOLMdM0gz50 Abgaglo Lo@ygs

0595000, 30090 LOEY3SL ,000E0oLO“ s 0byEOLG Fgbsdyzoll ,Thilisi“. dgdwgy
mommggj@o LoEY30LM30L Fow-3ow3g 399mfidgdm 39dEHMO™ME dogdsl d9dgabsotag:
39990 Lo@Yzslb Boerolo s 39WMm©Yd0, GMI OIBMWEHGHIOIo 030098 olgm
LoEY390L HMAMOHBOESS (MBOEWOLO, MBOEOLA0, PBOEOLMb s 5.9).

- 39990 56LHMOMs BofgMowl Lo@yzol oadw0me© ,,GHB0WoLO® ©s 39MmEIdo MHmI
9D E9G00 LHm® Lodyzsl 303m3go.

- 90930 39990 Lodyzsh  ,EIEdwsdo” @ ZIW™EYO  MIBUWEGHIAL,  Lads
29909969990  0d6gds Lo@yzs ©gEodowsdo, o6 dobo Fglodyzolo, 6 Lobmbodo,
052,500m, MB0OLO, 358063BHMbo, mbombo s 5.9.

9 gd0 dgn30Ls 99000930 3O0GHIMH0I9d00):

- BbGOo sdombgage,

- LobmbodoL STM36MdY,

- (HO3myMm953090 d93Ma0L sdm3Ebmds s LHmMo LoGyzol sdMmBYd.,

- Bofoermd®mogo dqlodsdolmds,

- 9MLHmMo dgw9y0.

d0gd0b 439wsByg Bowao MgoE0byol 99093900 359tm0ygryMgds 99dgybooMa:
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3.1. AI dmegero ts/multilingual-e5-small

L5dogd™ bMbGo Lbobmbodo Typo Bofomdmogo o6 s6HOL
Lbo®dyzs ©sdmbg93s (@93mdom 3qLodsToLMds | FgLodSTOLMDSTO
0369x300)
00olo 90% 10%
Thilisi 70% 10% 20%
Q©gogdosdo 10% 80% 10%
capital city 40% 10% 70%
Loy Mo 10% 30% 60%

3.2 Al dmqgeo ts/multilingual-e5-base

bodogdm b9LGo Lobmbodo Typo Bsfowmdmogzo 56 560l
bo®ygo ©5dmbz93s (8930mdom d9L5d5T0LMdS 393090680
5369530¢00)
d0OLO 50% 30% 20%
Thilisi 10
Qgogosdo 30% 50% 20%
capital city 80% 10% 1%
dbox o 10% 30% 60%

3.2. Al 8m@geo openai/text-embedding-3-large

Lodogdm bbGo Lobmbodo Typo Bofowmdmogo oM oMol
Lbo@ygs 5dmbg93s (89300m30m F9L5dsToLMdS 3°3doMdo
5309800)
d0OolO 50% 30% 20%
Thilisi 80% 20%
©gsgocsdo 10% 60% 30%
capital city 80% 10% 10%
dboxwyeo 30% 70%
4. 336>

96mob b3, MeMymOE Bgdnm bodsdgdmwo dzoMy 330300 hbL, doMasdomo Sql
d0gdoligsb 9blbzsggdom, Loswsg Tbmewme BMLGo GIBMWEIGOL 3m3bss Tglsdwgdgaro,
Jorommo  GHoduBHolb Fgdmbggzedo 39dGHMMIO0m d0gds 2o30gdom 9@  FgbodergdermdsL
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0dw3s. 39JHMOM0o d0gdom Fgbodergdgeos, MmymeE doMo bo@yzol, oby dobo dwbzgdol,
Lobmbodgdol s AbAS3LYBYBOL 3t3bss. 1939, 53 Lobols dogdsl gmAdwros sGLLfMGsE RafgMowo
LoGY39%0mo3 30 03m3mb MYBMWEHsGHO. TgmMgl IBGOZ, 0339mgds sbgom d0gdsdo sOLYdMEO
9 gdoL sMlMYMYMaoEo dbsMsFIMs JoMmnmmo gbol 8odstm. doMomow dgdmbggzsdo
dogdol LobHLEBY 9959l 50-80%, G F0s608693L, HMI EWIOLLIMZOL Msbsdgmzgy Al
9 gdl o6 205Bbosm 15305M0OLO  JoOHMgbmzgsbo Lalifjogerm dsBs, Moms RsGM®b 53

MBNLEGHMdOL oo bsfowo.
©bseomo

bb@)gb@m LobEGgdob dmTBOGdS s 3MBGOYMESE0s:
composer global require laravel/installe
- laravel new georgian-search-demo
- cd georgian-search-demo
- php artisan make:model EnArticle -m
- php artisan make:model GeArticle -m
- 000530580 35053500 3gegdL $table->string('title', 255);
- php artisan migrate
- composer require laravel/scout
- php artisan vendor:publish --provider="Laravel\Scout\ScoutServiceProvider"
- config/scout.php-do 3oobargdm hsbsfgMqdl 'driver' => env('SCOUT_DRIVER', 'typesense'), s
'embed'=>[
'from'=>|"title'],
‘model_config'=>[
'model_name'=>'"ts/multilingual-e5-small
]

]
- Article 9mqgmdo 999mp35J3L use Laravel\Scout\Searchable; use Searchable; ;m®gooo.

- b3 35053900 public function toSearchableArray(): array

{
return [
'id' => (string) $this->id,
'title' => $this->title_ge, J;
}

dogdol dMsgzdo 9933543l Imbso3gdgdo, Hmdgeog dmbozgdoms 35Bsdos dsbmagligdwero.
- php artisan scout:import "App\Models\GeArticle"
- php artisan scout:import "App\Models\EnArticle" [3]
9mbs3999080L 0bgdLozool 8999y 390Mmfdgdm dgoddbs o s6s 39dEHMmMmgdo. sdolmgol
LgH39MHBY, Lo typesense sMOL 450390v90, 39939000 99909 dM3AsbgdL,
- curl http://localhost:8108/collections/ge_articles/documents/1 -H "X-TYPESENSE-API-
KEY:<Typesense-api-key>
35Lvbogo LobEgdobysb 39em©gdom 998gy0 Lobol daliogls:
{"created_at":1756377962,"embedding":[0.29327431321144104,-0.13493508100509644, ...]}
0¥y embedding-do dm3gdmeos Bgdmm bsbzgbgdo 30xMgd0L dsliogo, gb 30s60d6gdL, Mmd
399™6 500 99Jabocnos s 8930005 200300090 dogdol GglEoMgdsby.
dogdobmzol 3Jdbom  3mBEBHOMEYOL s  ToLETIO®L, Losl  dmzobbo  dogdsl
3990965065,
- php artisan make:controller SearchController
3595390 JobsTsONL
/search ./routes/web.php-8o, “Route::ger('/search’, [SearchController::class, 'search']);”
Mol 89093 SearchController-do 398bom dogdol gwbdzosy,
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public function search(Request $request)
{
$query = $request->input('q’);
$results = GeArticle::search($query)
->options([
'query_by' => 'embedding’,
‘exclude_fields' => 'embedding'
D
->get();
return response()->json($results);
}
dogdob BHgbGHoMgdol Mmb GeArticle s EnArticle 89333c00 Lsdogdm gbol dobggoom.
Q5 dEMl 39993900 mIsee bgMzgml dMIsbgdom, php artisan serve.

5dol 89992 99330905 ©530(Ymo dogdol HIBMEGHJOOL 33¢939.

Evaluating the Efficiency of Vector Search in Georgian Texts with Modern Al Models
Anzor Kevkhishvili

Summary

This study examines the performance of artificial intelligence (AI) models in semantic search
for the Georgian language. Due to complex morphology, agglutination, synonyms, frequent
borrowings, and typos made by web users, traditional SQL-based search often fails to retrieve all
relevant results in Georgian. To address this issue, a prototype system was developed using the
Laravel framework and the Typesense search engine to perform vector semantic search using
different Al models. Three AI models, ts/multilingual-e5-small, ts/multilingual-e5-large, and
openai/text-embedding-3-large, and a dataset of 70,000 article titles in Georgian and English were
used in the experiment. The results show that vector search significantly outperforms traditional
keyword search, especially in handling inflections and synonyms. However, the study also shows that
the efficiency of semantic search in Georgian remains at 50-80%, indicating that existing AI models
still lack the resources to train in Georgian. The study highlights both the strengths and potential of
semantic search, and also emphasizes that more efficient training of AI models on Georgian data will
further improve search results.

OIJ;eHKa 3(1)¢)6KTHBHOCTI/I BEKTOPHOI'O ITIOHCKA B IPY3HMHCKHX TEKCTaX C MCII0JIb30BaHHEM
COBpPEMEHHBIX MO,T.I;CJIEfI HCKYCCTBEHHOI'O HHTEJIJIEKTa

Amrszop Kepxumpuian

Pesiome

B sToM mccrenmoBaHuu msydaeTcs 5((GEKTHMBHOCTh COBPEMEHHBIX MOJeneil MCKYCCTBEHHOTO
uHTesUtexTa (M) B ceMaHTHYeCKOM ITOWCKe IUIA TPY3MHCKOTO A3bIKa. V3-3a CI0XXHOI MOpdOIOrHH,
arTTIOTUHAIIMM, CHHOHMMOB, YaCTBIX 3aMMCTBOBAHMI M  OI€YaTOK, [JOIYCKaeMBIX Beb-
IIOJTE30BATEJIAMH, TPAJUIIMOHHEIH TONCK Ha ocHOBe SQL 4acTo He MOXeT IOIyYUTh BCe pesleBaHTHbIe
pe3yipTaThl Ha TPY3HMHCKOM sA3bike. JIna pemreHmsa 3To# mpobiaemsl 6bln pa3spaboTaH IPOTOTHII
CHICTEMBI C UCIIONB30BaHHeM dpeiimBopka Laravel u mouckoBoit cucrems: Typesense, IO3BOJIAIONIEH
BBIIIOJIHATh BEKTOPHBIM CeMaHTWYeCKHMIl IIOMCK C HCIIOJIB30BaHMEM pasiIuyHbIx Mogeneit WM. B
SKCIIEPUMeHTe HCIIoIb30Banuch Tpu Mogenu VIM: ts/multilingual-e5-small, ts/multilingual-e5-large u

189



s653gMmgg Al dmEgemgdom 39dGmevymo dogdol gigddwmds Jo@omme @gdlGgddo

openai/text-embedding-3-large, a Taxoke Ha6op mamHbIx 13 70 000 3ar0I0BKOB CcTaTeil Ha TPY3UHCKOM
U aHTJHMICKOM f3BIKaX. Pe3ypTaThl IIOKa3hIBAIOT, UTO BEKTOPHBIH IIOMCK 3HAYUTETBHO IIPEBOCXOIUT
TPaJUIMOHHBINA TIOUCK, II0 KJIIOYEeBBIM CJOBaM, OCOGEHHO B 0OpabGOTKe CIOBOM3MEHEHUH U
cuHOHUMOB. OZIHAaKO MCCIeOBaHUe TAKXKe IOKa3BIBAET, YTO 3P (PEeKTHBHOCTh CEMAaHTHIECKOTO IIOMCKA
Ha TPY3MHCKOM s3pIKe ocTaérca Ha ypoBHe 50-80%, uTo ykassIBaeT Ha TO, YTO CYyIIEeCTBYIONINM
Mmozenam VM mo-mpexHeMy He XBaTaeT peCypCOB JJIL 00ydueHUA IPy3UHCKOMY A3bIKy. McciemoBanue
HOZYEPKMBAET KAaK CHJIBHBIE CTODOHBI, TaK M IOTeHIMaJ CEMAHTUYEeCKOTO IIOMCKA, a TaKKe
nomuépkuBaet, 4to 6osee sddekTHBHOE 06yueHMe Mogeneii MM Ha maHHBIX Ha TPY3HHCKOM SI3BIKE
enré GoJIblIe YIYUIINT Pe3yIbTaThl MOUCKA.
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