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Features and models of operation of closed-loop nonlinear systems
Besarion Shanshiashvili
besoshan@hotmail.com

Abstract

The operation features of one class of closed-loop nonlinear systems is considered, which are
defined by the fact, that a part of the initial material remains unprocessed up to the required condition,
when passing through to the working part of the object returns to the entry of this object. They are
functioning with a positive feedback and the steady movement at their output is reached only at certain
values of the system parameters and under the change of the input influence within certain limits. Taking
into account the peculiarities of the functioning of such systems, the class of nonlinear block-oriented
models for describing the ongoing processes in such systems is defined. The equations describing the
dynamics of these models are defined in the form of a nonlinear ordinary differential equation - the
Riccati equation, which should be used to to solve system identification problems.

Key words:

closed-loop, nonlinear, block-oriented, model, differential equation.

1. Introduction

Closed-loop nonlinear systems are widespread in chemical, mining, pulp-and-paper industry,
ecologies, etc. One class of such systems are defined by the fact, that a part of the initial material
remained unprocessed up to the required condition, when passing through to the working part of the
object, returns to the entry of this object forming the basis of recirculation stream. Such closed-loop
systems are characterized by the maximum raw material utilization and comparatively high efficiency [1].
They are complex nonlinear control objects - the steady movement at their output is reached only at the
certain values of the parameters of the system and under the change of the input influence within certain
limits [2].

The nonlinear systems are generally represented by block-oriented models consisting of different
modifications of the Hammerstein and Wiener models [3] or general models, in particular, the Volterra
[4] and Wiener [5] series and the Kolmogorov-Gabor [6-7] continuous and discrete polynomials.

When constructing models of such closed-loop systems the circumstance is that there is certain a
priori information about the system should be taken into consideration. For example, for the mill of ore-
dressing plant working with the closed cycle, proceeding from their functioning conditions, there is
certain information about the static characteristic of the system, which can be approximated by a
polynomial function of the second degree. As to the system inertance, it is considered in the form of
linear dynamic - in particular, aperiodic elements [2]. Therefore, we can use block-oriented models for
modeling such nonlinear systems.

At the construction system model, the most important is to choose the correct structure of the
model. Usually, model structure is determined based on a priori information or depending on the physical
laws of the processes that take place in the system [8]. However, the structure of the model determined in
this way often has high dimension, and its application is not expedient for the solution of practical
problems.

In recent years there were several papers (e.g. [9-11]) in which different aspects of estimation of
structure of model by data of system input-output were considered.

In some of these works the problem of structure identification is coordinated with Zadeh’s
classical definition of identification that is posed as follows: classes of models and input signals are
given; it is required to develop a criterion identifying the model structures from the class of models. Thus
the a priori information is applied to the task of a class of models, and a posteriori information — for
definition of structure of model from this class (e.g. [12-14]).

The parameter identification problem can be solved based on the use of experimental data obtained
through experiments conducted in the system (e.g. [15-17]).
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In the given work features and models of operation of one class of closed-loop nonlinear systems
are considered, which are widespread in practice.

2. Some peculiarities of functioning of closed-loop systems
Let’s analyze some peculiarities of one class closed-loop nonlinear systems functioning with

closed cycle [2], the knowledge of which is necessary for further discussions.
A system structural scheme with a closed cycle is given in the fig. 1.

Yy

System

Fig.1. A system structural scheme with a closed cycle

The initial product u feeds into the systems input, in the system output a new product y and
unprocessed part of raw material z (a recycle), which again feeds into the input, are produced. A total
feeding implying an output value and recycle, is signed by x. According to their nature, none of the
variables u, X, y, Z can’t be negative. According to said

X=u+z. Q)
In the steady state for a system with an open cycle an equation
xX=y+z 2
is true (here of course x=u), and for a system with a closed cycle a quality
u=y, (©)

that follows from the balance of the materials weighting quantities, incoming and out coming from the
system in the time unit.

a) b
) z, O
5
*
(0] >X 0 >X

Fig.2. System static characteristic with an open cycle:
a) for a direct channel,
b) for a feedback channel

For an object with an open cycle of a characteristic y=f(x) and z:q(x) (fig. 2, a), b)) are
essentially nonlinear and are static characteristics. The characteristic z = q(x) is the addition to y=f(x) up

to a straight line y=x.

Proceeding from the features of systems working with a closed cycle, it is conditionally possible to
pick out the direct channel and the channel of a feedback. There is a transformation of an initial material
to the ready product with the direct channel, and there is a movement of a recycle in the system with the
channel of a feedback. In practice usually the ready product is transferred to the following cycle of
technological process and the initial material and the recycle are measured. The knowledge of
mathematical model of the channel of a feedback enables constructions of model for the whole system.

10



Features and models of operation of closed-loop nonlinear systems

Earlier, for the representation of systems with the closed cycle two types of nonlinear models were
considered: Hammerstein and Wiener models with unit feedback [2] (Fig. 3).

Y ) -
- = w0 ] YO} > F'
Z
o
- = Vo) | qwhm ) H’
Z

Fig.3. Nonlinear models of closed-loop systems:
a) Hammerstein model.
b) Wiener model.

3. Class of Models

Let’s consider the set of the continuous block-oriented models for presentation of the feedback
channel:
L = {s;li =1,2,3,4}, 4)
where s; - linear model with nonlinear feedback, s, -nonlinear model with linear feedback, s; and s, -
Hammerstein and Wiener models with unit feedback. (Fig. 4).

) = = Wip) 2. 3
‘ . ,
£ ——-»?—f" 1) = )
1) z
2) "
u X S y
L e S5 ww || i+
: A 1T
Wip)

Fig.4. The block-oriented models with feedback: 1) linear model with nonlinear feedback;
2) nonlinear model with linear feedback; 3) Hammerstein model with unit
feedback; 4) Wiener model with unit feedback.

3.1. Equations of Models

Models of sets (4) are described by the equations:
e linear model with nonlinear feedback

y(© =Wm){u®) + fly(©l} ®)

On the basis of the a priori information, it is supposed that the nonlinear static element, which is
the part of block-oriented models with feedback, is described by the polynomial function of the second
degree:

f) =cix + szzv (6)

11
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where ¢;, ¢, are coefficients and the free member c, is absent, since there is no signal on the output of

system with feedback at the zero input signal.
The transfer functions of the linear dynamic elements have the following form:

W(p) = (7)

Tp+1°

where T - time constant, p designates the differentiation operation p =d/dt.

If we consider expressions (6) and (7) in expression (5) after several transformations, we get that
the model is described by the ordinary nonlinear differential equation of the first order - Riccati equation:

__ ] . L. 2 l 8
y_—T(l—(l)_v(f)+T(.zy(t)+Tu(I). (8)
e nonlinear model with linear feedback

y(t)=w H(p){f Hy(t)]-utt)), ©)

If we consider expression (6), we get

/ 1
fWy) ==p+ [ p*+ — (10)

C

where

1

_2(;2‘

p (11)

If we consider expressions (7) and (10) in (9), we get nonlinear ordinary differential equation with

variable parameters:
2¢ .
== 2y —2[[Tu( 0 +uln) +y+pl [ 2+ —y —/ﬂ]= (12)
T T €,

investigation of which is associated with mathematical difficulties.
In the expression (10), a positive sign is placed in front of the radical due to physical

considerations.
R 1
v=_[p+ —y, (13)
¢

let's enter designation
then equation (12) can be transformed to the following form:
. 1 ) . 1 1
p=_7b+7u2+ u(t}+?u(t)+?(j)’—{:2ﬁz) (14)
and
y=(:2u2— czﬂz. (15)
o Hammerstein model with unit feedback
y(t)=w (p)f [y(t)+u(t)], (16)

If we consider (6) and (7) expressions in equation (16), we get nonlinear differential equation with
variable parameters::

o — i[ . 2¢ N 2 2 1 2 2 17
y=— T[ —c - c.zu(t)])+ Ty () + (o). 17

Let’s compose the model equation with respect to the variable x:

x=W(p)flx+un] (18)

12
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Equation (18) can be transformed into the following form by considering the expressions (6) and

(7):
1-c¢ c, 1
x=- T X+ ?x2+ u( 1) +?u( ) (19)
and
y=x—u(t). (20)

e Wiener model with unit feedback

y(©)=w(p)f [y(0)]-u(e). (21)

If we consider (7) and (10) expressions in equation (21), we get:

' 2 2c, o1
v=——v+ ——lu() +y+ Bl | >+ —y - p*}. (22)
T T c,

By use designation (13) equation (22) can be transformed to the following form:

. +"2
YRV T

5, 1 1 ’
v —u() F(ﬁ' c2ﬂ~) (23)

and y is defined by (15).
Thus, the output signals of the set models (4) are related to the input signals by the following
equations:
o linear model with nonlinear feedback — by differential equation (8);
o nonlinear model with linear feedback — by differential equation (14) and function (15);
o Hammerstein model with unit feedback - by differential equation (19) and function (20);
o Wiener model with unit feedback - by differential equation (23) and function (15).

It should be noted that while solving the problems of structural and parametric identification of
this class of the continuous block-oriented models, it will be necessary to solve the Riccati differential
equations: (8), (14), (19), (23) which is associated with certain mathematical difficulties.

4. Conclusion

In this work the peculiarities of one class closed-loop nonlinear systems functioning with closed
cycle is considered. Such systems are defined by the fact, that a part of the initial material that remained
unprocessed up to the required condition, when passing through to the working part of the object, returns
to the entry of this object forming the basis of recirculation stream. Nonlinear systems with closed cycle
are widespread in chemical, mining, pulp-and-paper industry, ecologies, etc. They are functioning with
positive feedback and the steady movement at their output is reached only at the certain values of the
system parameters and under the change of the input influence within the certain limits.

This work defines the class of nonlinear block-oriented models for describing the ongoing
processes in such systems, taking into account the peculiarities of the functioning of the systems with
closed cycle. The equations describing the dynamics of these models are defined in the form of a
nonlinear ordinary differential equation - the Riccati equation, which should be used to solve system
identification problems. The identification problems of such nonlinear systems get specific forms,
depending on their functioning features. When carrying out the experiment in such systems it is necessary
to consider the conditions of stability of each movement at the output, since such movements can become
steady under same values of the system parameters. Besides, when obtaining the expressions of the output
variables of the closed nonlinear systems analytically it is necessary to solve nonlinear differential
equation that is connected with mathematical difficulties.
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230005 FMHIWS.

Oco0enHocTu ¥ Moie T PYHKIIMOHMPOBAHUS 3aMKHYTHIX HeJIMHEHHbIX CHCTEM
Buccapuon Hlanwuaweunu

Pe3rome

PaccmaTtpuBaroTcsi 0COOEHHOCTH pPabOThl OFHOIO Kjacca 3aMKHYTBIX HENHHEHHBIX CHCTEM,
KOTOpBIC OINpPENEISIOTCS TEM, YTO YacTh HMCXOJHOrO MaTepHaia, OCTABIIAsCS HEoOpabOTaHHOH [0
TpeGyeMOro COCTOSHMS, HPH IPOXOKICHHU pabodell 4acTH OOBECKTa BO3BPALIACTCS HA BXOJ ITOrO
oobekta OHM (DYHKIIMOHUPYIOT C IMOJOXKUTEIBHOW OOpAaTHOM CBS3bI0 M YCTOMYMBOE IBIXKCHUE HA HX
BBIXOZIC JOCTUTAeTCsl TOJBKO MPHU OIPEACICHHBIX 3HAYCHHUSX MApaMETPOB CHCTEMBI U IPH W3MEHCHUH
BXOIHOrO BO3CHCTBHS B OnpeieeHHbIX npeaenax. C yaeroM ocobeHHOCTEH (YHKIMOHUPOBAHKS TAaKHX
CHCTEM OMPEIENCH KIacC HENMHEHHBIX OJIOYHO-OPUCHTHPOBAHHBIX MOJEICH Ul  OMHCAaHUs
[POTEKAOIIMX B TAKUX CHUCTEMaxX MPOLIECCOB. YPAaBHEHHS, OIMCHIBAIOIINE AMHAMUKY ITHUX MOJICNEH,
orpesiejieHsl B ()OpMe HENMHEHHOro OOBIKHOBEHHOro NuddepeHInalibHOro ypaBHEHUsS] - YpaBHEHUS
PHKKaTH, KOTOPOE CIIEAYET UCIIONB30BAT IS PEIICHHS 3a/1a4 HACHTU(PUKALNN CHCTEM.
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Region Innovative Projects Choice Using Multicriteria Optimization
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Abstract

Region economic development requires innovations. The choice of innovative projects by
regional leadership must be done on the basis of detailed analyzing, taking into account the
following four main criteria: demand on production, prescribed by project; the increase of the
number of jobs and the wages of workers and employees; the growth of gross regional product
with the minimal environmental pollution; minimal moral damage of the population as a result of
deforestation, artificial flooding of the territories, destruction of cultural monuments and forced
relocation of local population. In the article the problem of region innovative projects choice is
formulated as the problem of integer-valued multicriteria optimization, that by the criteria linear
convolution method is reduced to the problem of binary linear programming, solving, for example,
using the program BYNTPROG of MATLAB.

Key words:

binary multicriteria optimization. T.Saaty’s method

Region innovative activity demands well-researched analysis and estimation of new projects for
regional leadership in the form of recommendations for subsequent decision making about projects
prospectivity and feasibility of their unforcement on the region territory. As many practical problems,
choosing entertainable variants from the set of proposed innovative projects is the problem of binary
multicriteria optimization. Giving model is an attempt of project estimation formulating in the form of
binary multicriteria optimization problem, unlike [1].The risks, attending every new initiation are not
considered in the model. They may be considered on the next stage. For constructing of such difficult
models it is necessary to create a counsil of qualified and authoritative experts which fairly and rightly
evaluates important quantities taking into account the interests of the region population.

Let us denote by:
n - the number of investors (projects);
t;-the time of the implementation of i-th project (in years) i = 1,2, ..., n;

r-the rate of discounting;

0-coefficient, making the i-th project profit correction during t; years, taking into account total
quantity of federal and regional taxes;

q;- one-time costs at the initial moment of i-th project (in monetary units);

p;j-profit from i-th project in j — th year in monetary units, j = 1,2, ..., t;;

E;-concentrating (mass) of pollution substances in kg-s per
1m?or 1m3® ofthe ground or air on the total territory of region during the period of t; years of
i-th project implementation ;

E — acceptable extreme level of pollution concentraiting throughout the entire region in kg-s ;

1 — coefficient of main regional and local taxes;

k -accepted coefficient of social effectiveness;

k; — accepted coefficient of social — economic effectivness of i-th project;

k,; - employees and workers wages average level in i — th project;

N, -the number of jobs in the region;
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Let
0,if the project isn’t innovative;
J; =10.5,if it contains innovation elements; (1)
1,if the project is innovative

The coefficient J; of innovativeness of the i-th project is estimated by experts.
The profit of i — th project (discounted) is

t;
L. = QZL —a
t (a+1)J 4
=

We introduce Boolean variables

1, if i — th project will be carried out;
X; =
0, if will not.

The first criteria is the i — th Project output demand, its importance for the country economic
progress, w;,

i=1,2,..,n,that is fixed by experts .These weighted factors may be determined according
T.Saaty’s method [2].

The functional is:

F = X1, wix; » max
The second criteria for the project choice is maximal profit:

n
F, =2Lixi - max
i=1

with the constraints:

n
inSmSn
i=1

x; € {0,1};
Y Eg <E )
ki > k,'

J;=05i=12,..,n,
where

Np+Npi ksitksy -
kizn]_(p p)‘l‘nz( hi ),,l:1,2,...,n

Np ks

is the social — economic effectiveness of i-th project, it is the weighted sum of growths of jobs
number and wages of i—thproject; 7, and 7, areweights ofjobsnumber and wages
increase ini— th project fixed by experts; m is the given maximal number of innovative projects in
the region.

The regional leadership will not accept the projects with the social-economic factor k; less ,
than acceptable extreme level k . In the model, the extreme level is implied given.
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The third criteria is maximization of gross regional product. In the model it is implied, that
pollution fine is the function of pollution size.

Let S; denote the fine for environmental pollution duringthe implementation ofi—
th project .The form of this function depends on specific conditions . We assume, that it is directly
proportional to the pollution size:

Sl = GEi,
where
E
Y, Ei S E;
G=1{Cyif Z<E <Z.0>>1, 3)

. 2E
MCy, if E; > 5

y is monetary unit, accepted for fine; C, M-factors, fixed by experts.
The gross regional product increase during t; years as a result of i — th project implementation
may be calculated as follows [1]:

Vi=RL; —S; — G'YE; (4)

where R is the coefficient,taking into account the rates of major regional taxes, the third term in (4)
is necessary monetary resourses for correction of prospective ecological damage, caused
by implementation of i- th project, or for natural resourses reviving and for innovation of water
purification new systems.The need to introduce this term is due to the fact, that at the time of
designing it is impossible to estimate fully the damage for region, caused by the project realization.
Both R and G *are given.

The third functional is

n
F; = Z Vix; - max
i=1

Some innovative projects implementation despite the economic gain is associated with
deforestation, artificial flooding of territories, destruction of cultural monuments, that causes the
moral damage of the region and country population, its migration, therefore at the time of project
estimation it is necessary to take this facts into account, in spite of the fact, that it is difficult to fix the
price of the moral damage caused by forced relocation of the population from native places according
the i — th project. Let us denote by

1; - amount of monetary compensation for relocatable families according to the i — th project;

A;- the cost of forest area to be cleared according to the i — th project in monetary units ;

@;-the cost of floodable area ,according to the i — th project in monetary units;

; — the world standard cost of distructible culturul monuments according to thei — th
project in monetary units;

Let us denote by b;-the factors of acceptability of i — th project for the population of the
region:

by = w1y + WA + w3 @ + WP ;

w1, Uy, w3, w, are weight factors fixed by experts . So the fourth functional is

n
F, = z b;x; = min
i=1
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Let

L*_c _ L; . V_* Vi

t 2?2114{, t Z?:1Vi’

b = <

t Z?:1bi

In these notations the problem looks like this:
F, =Yk, wix; » max

n
— *
Fy —ZLixi - max
i=1
n
—_ *
F; = Z Vix; - max
i=1

n
E = Z b{x; » min
i=1

with the constraints (1)-(3). The experts counsil fixes the priorities among these four criteria and
weight coefficients 2;,1 =1,...,5, for combining these four factors with the fifth coefficient J; of
the project being innovative, in one criterion (the method of criteria linear convolution). By this way
the problem reduces to the problem of binary linear programming problem

121 (2 L+, Vi +05 b -0,wy)x; + 25]; > max

n
inSmSn
i=1

Y B <E

with the constraints:

ki = k,'
x; €{0,1};J,=0.5,i =1,2,...,n,

It can be solved using the function BINTPROG of MATLAB. The solution of this problem is a
set of projects, recommended to the regional leadership as the best compromise choice.

930m60Lm30L 06m3530MH0 3MmYdEgdol FgMBggzs IMsg85wIMOEHIHOLIMO
33030Bsg0o0l 35dmygbgdom

@5¢0 bobstryemody, 2c050890% gs80bmbos, 6748 bstr sosbo
Ggdody

9300606 93mbMT03MM0 49630m5Mgds oMbzl 0bmgs30gdol Fgdm@ebsl. 0bmgsgom®mo
36m9dBHgdol 9gMbg3zs bgeddmgzsbgermdol dogh Mbs bgdmoal GG  sbserobol
Log3dzgaby 89090 MMbO  FOMOMIEO  3OOGHIMOMIOL  gom3zserobiobgdom:  dmmbmgbs
360M9dBHom  gom35obfiobgdme  3MmEd30sbyg, LsdMTom  SEYOWGOOL  MoMmEIbmdol s
bgaggobgdol  4obMs, Jos  dE0sbo  3OMmEMIBHoL  gobe®s  @oMgdml  dobodsgrdo
Q5006dMM9d0m, BmlisbErgmdobmgol dobodseMo dmMawMo Bosbol Joggbgds, Mabsg 0f3g3L
3Yggool  gobgbzs,  BHgHoGMM0gdol  bgurmzgbmMo  IGHIMMZ,  JMWGVIOMEO  dgawgdol
23060 MMgds O 9©YOEMOM030  IMbObEgMdOl  00MEGBOMO  FoLEbEgds.  LESEG0sT0
06m3530M00  300m9dBHgool dgMbgzol  s8mEsbs  Bsdmyseodgd oy, GMymME JgLmoEbls
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(00b56r0) Mm3E030DOE00L sdm3sbs, MMIgEog 3MoGgMondms [Mxoz0 babggzol dgmmpom
504356905 d0bsGrmwo §OH8030 3MMYMm30Mmgd0L s8mEsbsby, dobo sdmblbs  Gglisdwgdgwros,
95g5moms©, MATLAB-ol BINTPROG 3606530 1s815¢0gd00.

Bblﬁop HHHOBAIIUOHHBIX MPOCKTOB JIfl PEruoHa ¢ UCI0JIB30BAHUEM MHFOKpHTepHaJIbHOﬁ
OIITUMH3ALINH.

Hanu Cuxapynuose, Braoumup I'abuconus, Hyezap /laouarnu

Pe3rome

DKOHOMHYECKOE DPAa3BUTHEC PErHoHa TpeOyeT BBEICHHsS HWHHOBaIMi. BhIOOp HMHHOBAIIMOHHBIX
MPOCKTOB PYKOBOACTBOM PErMOHA JOJDKEH MPOHMCXOAUTh HAa OCHOBE JCTAIBHOIO AHAIN3a C Y4ETOM
YEThIPEX OCHOBHBIX KPUTEPHUEB: CIPOC HA MPOAYKIIMIO, MPETYCMOTPEHHYIO MPOESKTOM, POCT KOIHYECTBA
pabounx MeCT W 3apIuiaThl, yBEMHMUYCHHE BAJIOBOH MPOJYKIMH PErMOHA ¢ MHHUMAIBHBIM 3arps3HEHHEM
OKpY’Xaromieil cpeapl, MUHUMAIbHBIA MOpANBHBIA yIlepOd HACETCHHIO BCIEACTBUEC BBHIPYOKH IIECOB,
HCKYCCTBEHHOT'O 3aTOIUICHUS] TEPPUTOPUH, YHUYTOKCHUS MAMSATHUKOB KYTbTYPhl M BBIHYXICHHOTO
miepeceiieHns MECTHOrO HaceneHus. B cratee 3a7aua  BeIOOPa HHHOBAIMOHHBIX  MPOEKTOB
copMyIHpOBaHa KaK MENOYHCICHHAs 33]ada MHOTOKPUTEPHAIHLHON ONTHMH3AIMH, KOTOPas METO0M
JIMHEHHOM CBEPTKU KPUTEPUEB CBOJMTCS K 3a1ade GMHAPHOTO JTMHEHHOTO MPOrpaMMHPOBAHHSI, KOTOPYIO
MOXKHO PEIIUTh, K IPUMEPY, MPH MOMOIIH porpammbl Byntprog Matlab-a.
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69bomdg

©OobOgE MmO ©d 3MmddObsGMEWmmo 59m3sBgdol mIMmsgEglicdoliogols sdmbsblbols 3mgbs
35005MBg30L  gbom bgds. smdo sTMMNZEgdOL  MorEIDMds  53m3sbol  s6BMBoErgdols
BOHEBD  ghms  9JudmbgbaosemmGs  0bMEgds.  bBmaoghoo  sligmo  sdmgsbolisomgols
3gbodengdgos  98adGHWM0  sewamGomdol 53705, EALOYAMEmo  $0mEsEgdol  s3mblbols
9900mEYdoL ©sdv)dsggdol doMomso sGLo dEamdsdgmdl olgmo gugIBIMo sEymMocmdol

5300500, Gmdgmog 96 dmsbgbl Lemm  95sMBgaL.  gBIIAHMOO  sEamM0cdol 36905
05353000g0vmos  s9m3s60L  s8mblboliogol Lsgomm gsdmmgmomo Mglmdligdol (3s6dsbmmo
MM, dgbbogMgds ©d 5,0.) bsx3sLmsb. Lsdmdsm ©OLIMYEMMo 53mEsbol sdmblbol ghmo
989JAHMO0 5¢aMmMH00mTol 53500 Fs0gd3G03IM LRDMMYINL 9dmzbgds.

153396dm Lo Bygzgdo:

OlZOIAI0; 3GOBEIH0; 356G0g0; Fs09FsH032)B0 Bma@ro; SC3Gomdo

50m3560L LTS S SERMMOMTOL 5900l 3501995 03Mo LRIz gdO

MaLOLYdOL 463390 LOTMSZOL bodwsEgd0m “bEs YJLMMWEIL IZFIIOIMS
dm3gdmeo  LobGgds, MmMIgEBys o339 IgBOM©3gd0s  OEIBPVIO.  LoFoMmms
Q535 gdsms  guMMEgdol  0568000093MMBOL  oYRIBOL 9BgIHNMIMO  SERMGOMTOL  539ds,
6HmIgwog Mm3G08semdol Go0dg BmIol Fowfgzol Lodrsagdsl dma3;390L. Mm3EG0doermdol
bmds LobEgdob 994d6sbg 49F9M0 BobBLWGMO EsBsbadxgdOl Bobodobogos yobgobomm.
OB, MGMIGE05 bOFOMHMS 5¢RMOOMToL FrYFomdolsM30L, BBJ300L Lsbom 0149 asdmglsbogm,
H0Igeog 9dmEabol asbBmBowgdsby 0dbgds edm3ogdwyo, 8s8ob sdmEsbol bLoMmwargby
d90d@qds 30dbxgmm o8 gMbdzool 3603369wmdol dobgzom. sdmEsbol FobBmTogdsl
310900 08 899535 dmboEgdoms Im3IEMdsl, Mrdgeroa boFoMmms s3m3s6ob sLsfigha.

736430sL, MHmIgaog 00mEsbols 9g8sgse (O35 dsMs  MHMEIbmds) n Loa®mdgl d
59mEobol  58mLoblbgws@ 53900 seam®omdol Joge  obstxee  dogduodo® MM
390dTOL, 9290990 5ErRMOHOMIOL MHMOMO LMy JfmEIds. sT0EMA SEIRMOHOMIOL
LoMmweng 2obobowrgds MmO E N-Bg IMI0EIOO BwYbd50o.

5@amMomdol 9x39JEHIMHMdOlL Igbogeligders 0Ygbgdab s¢aMGOMTOL 3mEr0bmdosrvy-
05LS S 9gJL3MbIB309W MBS,

306050990s. 303Y30m, O™ f(n) @ubdzos sMob 0(g(n)), o) sMLYdPMBL obgmo
dmdog0 C Gogbgo, ®mA |f (n)| < clg(n)| 6gdoldogmo n = 0 8609369mdOLOZOL.

356056(5965. 5¢0opm0mab 9figds 3meobmdoserw®o, 09 dobo EOMomo bLoMmweng
oMol 0(p(n)), Loog p(m) - 5009 3m@0bmdosenMo 1wbd30ss, bmerm N - dgdsgzswo
35659930l LogMmdgs. (3boos, MMT 3:EobmBosEmo seEym®omdol Fgagbsl Mowglio
3653303mwo 3608369 mds 593l 29bLs3MmMgdom oo N - b dgd8mbzg3s90.

21


mailto:kkutkhashvili@yahoo.com
mailto:L.gabis@yahoo.com

9079356 3jbsBoro, 3es0d9 gsdolirabos

300bMm30sem0 5WAMmGomTol Jgagbs dgladwgdgmos 2sbMogol sdm3s6olsm30U.
50 50m35693d0 890535000 3561509BHEMYO0s 3MMELMMGdOL M Mogbgo, LolEgdsdo dmbggo
QO35 GOIMS N H5MIbMdS s POHMOMO 0bGHIMZoeol LogMdg, Mo LvFoMms yzgwsdy
MG bobyMdeoz0 ©s35¢gdol FglolimryemgdEs. sEMmOHOMIOL 359mbogswro sMOL AsbMoyo,
Hdgeog 990dwgds 9,399 ogmb bgoalibgs baboo.

GmO3 36Mmdowos, obModo gfimogds 5= S(t) = {Si(t), Sat),...Sm(t)} m 9d6-09056
0m©0d030, BoMEbbosd MPYy39@0 BMBI30gd0L  GOHMMBELOMBIL, OMIJEMOYD MomMMgMEo
BmEgdmmos  0<t<wo JMomgob) @ 009dL 8608360e@dgdL 0,1,...,n. 585Lms6, vy s(t/)=k#0,
O®Bgewodq t=t, 85306 Sh(t')=k 6gdoLBogMO 1< I£h < m gs0cmbobyywgds s(t)=k=0 60o3bsgL, ™I
@O0 t=t'8m89bEHTo 9OHMO Fmfymdoe@mds gALbOIRS k 535w 9BdOL JGuEO¥EgdL. vy si(t')=0,
85806 @OMOUL t=t'8md96EHTo | dfymdOmds MO30LIBIE0S.

2966090 Mbs 53059MR0EgdEIL G999y 30OHMBIOL:

LobOEOl JoOHMds. BgdoLIogMO 1 < k < n —LM30L  sOLYdMBOL olgmo | s 0 < t <o, HMI
S(t) = k, b o sbgmo 980 Ms09bodgs, 85806 58 0bGHIM35¢gd0l LogMdgms K00,
MImgdbyg Silt) = k, k20, I=1,...,m, Beagoos 7 (§939@900L d90mbgggss).

L3 85390o IBoYMRObOL ZoMMmds. S(t)=k, I=1,...,m, Gemgs t<dy, t=1,...,n. Losg dk=0
360b k ©535¢gdsms LobEYdado dmbzgtmol EMMomo Imdgbéo.

gmgge S obGogl  Gggbodsdgds  t(S) = (£, t,...,tn)  399O™O0, OG@IWOL  i-mGo
3083mb6gbB0 &; 935930l Esdm3MIBOL OO 8mBgBE0s.

8560565598s. 4n390m30L, OHMEILSE 3OMEILMOO0 530LvIBMEIds, Tobbg 06086905
3916 MEgdgo, IBoYmRbsdo BYmRo s35wYds 00 OZ5EGVIMRSD, MMIGEME 99300 MGO®
3o0oo ©mby (dmmm §3960mEB M@ Jnedb dysMo). sugmo Lsbom TgEagbowr 3sbMoL
©MbMGOo QobMmog0o gfimogde.

090260905, ¢ ©935¢dsmS LoLEGIOL FgLodsdolo ¢Mexko (X.<) Mol by, dsbmsb,
LobEgdsdo dmbzgEMOE MOMMIME O35¢OL 5J3Lb MobsdsMO TglPrEgdol M, dsdob
©MbMEOo LEHMBI0s Fob0ToErMHo Log®Aol HY39EGO oBMOYOL 53g00L Ladrsegdsls 0derg3s.

S 296600l dgopabs 3eolbdmdl 0bwgdbgdol  {1,2,...,n} LOIGSZWOL ogmgsl m
0m3g05®  Bi,....,Bm ,  (0IGEm0ob  Bmaoghmo  8godengds  3oM0gwoi  0gmb.  saM9o39
3olbIMdL B; 9ergdgb@ol ai 3o@slidgdb.

d@™30 B; 3903536 08 06gJugdl, HG@Igdos i_ M 3OMmEgLmGMmgdDY Mbs dgleeEl,
bowe o 99 0bgdlgdom  Bmbodbummo  ©ogswgdgdol  Jglervagdol  0sbdodgzMmdsls
330h39690L 1< i < m. S 2obMogol boMolbo boliosmgds ©9ds6-4056 Mfyzgdo, bsdgowro,
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Mathematical basis for creating a discrete problem solving algorithm
Ketevan Kutkhashvili, Viadimir Gabisonia

Summary

The solution for discrete and combinatorial tasks is mainly found through selection. The
calculation number exponentially increases together with the task dimension. It is possible to create
an efficient algorithm for some tasks like these. The essence of developing methods for solving
discrete problems is to build an efficient algorithm that does not lead to a total selection. An efficient
algorithm is related to spending computational resources (machine time, memory, etc.) required to
solve a task. The mathematical substantiation of creating an effective algorithm a discrete problem

solving is considered in the work

MaremaTiaeckrie OCHOBEI IIOCTPOEHIA €AUHOI'0 aJITOPATMA PELICHMA ,ZI,I/ICKPETHOI:'I 3aga4u

Kerepan Kyrxamsuirn, Bragumup [abucornns

Pesrome

i GOMBUIMHCTBA IMCKPETHBIX M KOMOWHATOPHBIX 337a4 pelleHHe HAXOLUTCI IIyTeM
mepe6opa. KomruecTBo BeIUMCIeHNIT B HUX PacTeT SKCIOHEHIIUAIBHO C YBeIHUYE€HHEM PasMepHOCTU
3agaun. JI1a HeKOTOPBIX TaKUX 3a/lad MOXKHO IIOCTPOUTh dbdekTuBHBIN anmroputrM. OCHOBHOH Ienb
Pa3paboTKu MeTOZNOB pelleHMs JUCKPETHBIX 337a4 - IIOCTPOUTH 3(P(EKTHUBHbIH aITOPUTM, KOTOPBIH
He IIPUBOJUT K IIOJTHOMY IIepeGopy.

Pa6ora mocBslmeHa MaTeMaTH4eCKOMy OGOCHOBAaHMIO IIOCTPOEHHUS OZHOTO 3(pdeKTUBHOrO

AJITOPHUTMA pEIIeHU A rZ[I/ICK]‘:)E!THOIL/'I 3a/lavuu.
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O B0O3MO0:XHOI1 NpUYHHE BOJHOOOPA3HOI0 PACIIPOCTPAHEHHUS] KOPOHABHPYCHOM
HHGpeKuuu

Buxmop Xyyuueunu

Email: otariko@yahoo.com
Pe3iome

PaccmoTpeH npouecce pacnpocTpaHeHusi KopoHaBupycHoi undexuuu Covid-19 u nocrapiaeH
BONPOC 0 BO3MOKHBLIX NPUYHHAX BOJIHOOOPA3HOT0 XapakTepa 3Toro mpoimecca. Cpeau nmpo4yux
BbIJIeJIeH (DeHOMEH 3aMo03/1aJI0r0 pearupoBaHUsi HACeJeHUsI HA M3MEHeHHe 3IHIeMHOJIOrHY eCKOii
CUTyalluH, BBbIPAKAKIIEI0CA KaK B HEIOOLCHKE ONMACHOCTH BHPYCAa NPH HU3KOM YPOBHE €ro
PacCripoCTpaHeHHusI, TAK U B MAKCHUMAJIBHBIX MepPax MPeJI0CTOPOKHOCTH MPHU €ro BLICOKOM YPOBHE.
10T (peHoMeH popMAIN30BAH B BHJI€ PA3HOCTHOIO YPABHEHMS € 3anMa3bIBAHUEM OTHOCHTEJILHO
NPOLEHTA 3apa’kEHHBIX CpeIu Bcero HacejleHUsi JaHHOW cTpaHbl. IIpumBoauTcs rpadgux pemeHus
3TOro YpaBHCHUSA VIl XapPAKTEePHBIX 3HAYEHHH ero mapamMeTpoB (OH uMmeert (l)OpMy BOJIH]:.I), a TaKxKe
Pe3yabTaThl BADBUPOBAHUSA 3THX IapaMETPOB.

Knroueswie cnosa:

Covid-19, pacnpocmpanenue ungpexyuu, ¢onna, 3anazovieanue

1. BBenenue

Ckopo moiaér Tpetuil rof ¢ TOro MOMEHTa, KaK Ha HaIlell IJIaHeTe Hadyall paclpOoCTPaHSIThCA
HOBBII KOPOHABUPYC, 3aTPOHYBIUIMH 370pOBhe Oonee 245 MUIIMOHOB HAaceNeHHs 3eMIM M yHECUIHIA
Oornee 5 MUIUTMOHOB XHM3HEH. BriepBbie Benbliika kopoHaBupyca Obuia 3adukcupoBana 12 nexabps 2019
rozja B kuraiickom ropoje Yxaub. 11 mapra 2020 roma Bcemupnas Opranuzaiust 310poBbsi 00bsIBUIIA
nmaHgaemMuio koponasupyca Covid-19. Drta maHmemusi BbI3BaAa CaMoe MAaCIITaOHOE COKpAIICHHE
NIPOJOJDKUTEIBHOCTHU KU3HU CO BpeMEH BTOpOoii MUPOBOI1 BOMHBI.

CratucTuKa KOpOHaBHpYyca IOKa3ana, 4TO MH(EKIHs paclHpoCTpaHseTcs BOJHOOOPA3HO, T.e.
HUMEIOTCS IPKO BBIPA)KEHHBIE MEPHUOIbl YBEIUUCHMS M YMEHBIICHHS CKOPOCTH €€ paclpOCTPaHEHHS.
BoHOBOI XapakTep paclpoCTpaHEHHs BHpYca OCOOEHHO CHIIBHO HPOSBHICS Ha YPOBHE OTHENBbHBIX
crpan [1]. Hanpumep, B I'py3un B Hauyane oktsops 2021 roma HaGmomaics crnam 9eTBEPTOM BOJHEI, a K
KOHILy T0JIa O’KUIAJIOCh HAa4aJIo MATOI BOIHBI.

Llenpto HACTOSIIEH CTAaTHH SIBJISAETCS MOIBITKA BBLICHEHHS BO3SMOXKHBIX IPHYHMH BOJTHOOOPA3HOTO
pacIpocTpaHEeHus! TaHJEMUU.

2. OcHOBHOe JonyuIeHHe

Ilepen Tem, kak chopMyaHpoBaTh 5TO JOMYIIEHHE, IEPEYHCIUM METOAbl OOpHOBI C
pacrpocrparenrem Covid-19. DTo nHAMBUIYyaTbHBEIE CPEICTBA 3aIUTHI M MPABUTEIBCTBEHHBIE Mephl. K
MEPBBIM OTHOCSITCSI HOIIEHHE MEIUIMHCKHX MAaCOK, COOMIOJCHHE NHMCTAHIMH, YacTOE HCIIOJIb30BAHUEC
MbUIa U JIe3UHQUIMPYIOLIMX PACTBOPOB, MPOBETPUBAHUE MoMelleHuil u 1p. Ko BTOpHIM — KapaHTHH,
JIMCTAHI[MOHHBIE paboTa W yu€ba, 3ampeThl HA KOJUICKTHBHBIC MEpOIPHUSTHS, KOMEHJAHTCKUM dac,
OCTaHOBKAa TpAHCHOPTA, JIOKHayHbl. OueBHOHO, YTO IJKECTKHME MeEphl 3aMEISIOT  IPOIECC
pacIpocTpaHeHus BUpYyca, a UX CMSITYeHHEe MPUBOIMT K ero yckopeHuto. Kazanoch Obl MPaBUTEILCTBO B
COCTOSIHMM KOHTPOJIUPOBATH CKOPOCTh PACIpOCTpaHEeHHsI MHPEKIUH, HO 0Ka3aI0Ch, YTO 3TO He Tak. Jleno
B TOM, 4YTO JICHCTBEHHOCTb 3alIUTHI OT MH(EKIUH B OOJBILIECH CTEMEHH 3aBUCHT OT J1OOPOBOJBHBIX
WHIUBH/IYAIbHBIX YCUIIUI HACETICHUS, YeM OT HACHIBCTBEHHBIX MPABUTEIBCTBEHHBIX Mep. A peakius Ha
SMHUIACMHUONOTUYECKYI0  CUTYAllMIO  JIOBOJIBHO TPUBHAIbHA — BCIOBIIKA WH(EKIMH BbI3BIBACT
MOOWJIM3ALIMI0 TPaXJaH W CTPOroe COONIOJICHHE HMH Mep MPEAOCTOPOKHOCTH, a YAy4dIICHHE
SMHUIEMUOIOTUIECKUX TIOKa3aTeNle — Hao0opoT, BIEeUYET 3a co0O0il pacxoiakWBaHUE W HECOOIIOJCHIEC
HEOOXOIUMBIX Mep.

Hartie ocHOBHOE JOMYIIIEHUE OTHOCHUTEIBHO MOBECHUSI HACEICHUSI 3aKIIIOYAETCs B TOM, YTO €ro
peakuusi Ha SIHUIACMHUOIOTMYECKYIO CUTYAIMIO 3ama3fblBacT B CPEJHEM Ha TpH Henenn. VIMEHHO 3To
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O B0O3MOKHOM NPUYHHE BOJTHOOOPA3HOr0 PACIIPOCTPAHECHHUSI KOPOHABUPYCHOW MH(peKnmnn

cpejiHee BpeMsi HEOOXOAMMO JKUTENISIM, YTOOBI OCO3HATh M3MEHMBIIYIOCS CUTYAIMI0 U COOTBETCTBEHHO
MEPECTPOUTHCHL.

3. ®opmyast

Msl He OyneM BHIBOIUTH An(depeHInaTbHoe ypaBHEHHE, OMMCHIBAIOIIEe U3MEHEHHE TIPOICHTA
3apaxkéHnbix (Active Cases) ot obmiero yncia KUTeNel cTpaHsl, a OyaeM paboTaTh HEMOCPEACTBEHHO C
COOTBETCTBYIOIIEH UCKPETHOH TepeMeHHOW. EE 3HaueHue B N -blif IeHb 0003HaumM uepe3 X(n). Bymem
HMMETh Pa3HOCTHOE COOTHOIIEHUE

X(n+1) = x(n) — Bx(n) + Cf(x(n—k))x(n),

rze TmocTosiHHas B oTBeuwaer 3a yObUTh 3apakEHHBIX — MX OONbBIIAs YacTh BBI3/IOPABIMBACT, a Majas
ymupaet. [locieanuii 4YieH OMMCHIBACT MPHPOCT 3apaxEHHBIX, 31ech C — KoHCTaHTa, a (yHkums f
3aBHCUT OT MpOLEHTA 3apakEéHHbIX B neHb (N-K) cremyrommm obpasom: ecnu X(N—K) mpeBblmiaer
HEKOTOPBIA TCUXOJIOTUYECKU Oapbep A, TO e 3HAUCHHE PAaBHO HYIIO, MHAYEC OHO PABHO Pa3HOCTH
A-X(n—K). Takum obpa3om, BpeMsi 3ama3iblBaHHs PEAKIUHM HACENCHUS Ha OSIMHICMHOIOTHUCCKYIO
CHUTYAIIMIO TIPUHSITO HaMK paBHBIM K musm. [lpeamonaraeM Takke, 4TO B HAYalbHBIA MEPUO BPEMEHH,
paBHbIi 29 AHSAM, MPOLIEHT 3apaKEHHBIX coxpansiercs Ha HU3koM ypoBHe B 0.01% — sToT nepnoa Mo>KHO
CUMUTATh NOJaBIEHHON NEpBOH BOJHON KOpOHABHpYCa.

4. Pacuérnl

Ha puc. 1 mnpencraBneH rpaduk H3MEHEHHs TPOIEHTA 3apaKEHHBIX, COOTBETCTBYIOIIHMA
MPEAICTABICHHON MOJeaM (HAa TOPU30HTAIILHON OCH OTJIOKEHO BPEMs B JHSX). PacuéTHble mapaMeTphbl
takoBel: B=0.1, C=0.14, A=1.4%, k=21 nens. Ha BoIXO/IC TIOJy4aeM BOJHBI IPOIIEHTHOTO YPOBHSI
3apakEHHBIX C MIEPHOAOM 0KOJ0 90 THEM.
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Puc. 1. 3aBucumocTs mporieHTa 3apakEHHBIX 0T BpeMeHH. OCHOBHOH Tpaduk
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Buxrop Xynunrsuim

Ha puc. 2 kpoMe OCHOBHOTO rpaduka, COOTBETCTBYIOMIEro K = 21, mokasassl BOJHE! Tipu K = 20 u
npu K = 19. YMeHbIIeHrEe BpEMEHH 3alla3(bIBalus K MPUBOIUT K YMEHBIIEHHIO aMIUIATYIbI U ITEpHOIa
BOJIH.
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e SErj@S] e Serigs? e Series3

Puc. 2. BiusiHie yMeHbIIIeHHsT BpEMEHH 3ama3asiBanust K

Ha puc. 3 kpome ocHoBHOro rpaduka, coorsercryromiero C = 0.14, nokazansl Bojuel ipu C =
0.135 u npu C = 0.13. Ymenbiuenne koddduipenta mnpornopiuonansHocTd C B BBIPAKECHHU IS

CKOPOCTH PACIpOCTPpaHEHHS MHPEKUUH NPHUBOAUT K YMCHBIICHUIO aMIUTUTYbl M YBEIMYCHUIO IIEpUOAa
BOJIH.
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Puc. 3. Bimusiane ymenpienns kodgounuenta C
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O B03MOKHO¥ TPUYHHE BOJTHOOOPA3HOr0 pacnpocTpaHeHNsI KOPOHABHPYCHOI MH(peKkuun

Ha puc. 4 xpome ocHOBHOTO rpaduka, cooTBeTcTBYyROMmEro A = 1.4%, moka3aHbl BOJHBI IpU A =
1.35% u mpu A = 1.3%. YMeHblleHHE 3HA4YCHUs IICHXOJIOTHYECKOTo Oapbepa A NPHBOIUT K
YMEHBIICHNIO aMIUTUTY B ¥ YBEITHICHUIO MTEPHOAA BOJH.
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e Series] e Series? === Series3

Puc. 4. Biiusinne ymenbienus 0apbepa A

Ha puc. 5 kpome ocHoBHOrO Trpaduka, coorBercTBytomero B = 0.1, mokazansl BojiHbI pu B =
0.095 u npu B = 0.09. YmMeHblleHHE CKOPOCTH YObUIM 3apaXEHHBIX B NPHUBOOUT K YBEIWYECHHIO
AMIUIMTYbl U YMEHBLICHHIO IEPHO/ia BOJIH.
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Puc. 5. BnustHue yMeHbIICHUS] CKOPOCTH yObUTH 3apakEéHHBIX B
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Buxrop Xyquimswuiin

4. 3akioueHue

[IpuBenénHple pe3ynpTaThl HAa KAadeCTBEHHOM YPOBHE OOBSCHAIOT BO3MOXKHYIO NPUUUHY
BOJTHOOOPA3HOr0 XapakTepa pacHpOCTpaHEHHsT KOpOHaBUpyca. OJTO €CTh HEKOTOpOe 3ara3J/IbIBaHHe
peaKknuy HaceleHWs Ha W3MEHEHHE SIHJIEMHOJIOTHYECKON CUTYyallud B CTpaHe. 3HA4YeHHsS NapaMeTpoB
MOJIETM IOA00paHbl BPYYHYIO U OPUEHTUPOBaHBI Ha CTpaHy, MoJo0Hyro [ py3un.

3000653060 06039§300L GoEroligdm®o a93M3gegdol dglisdgrm dobybols
9gLobgd

3099 boy0830¢70
6oyl

29bbogrmemos  Covid-19  3mGmbogomulivyaro  0bg3gdaool  3o3MEgewgdol  3Gmi3gbo o
5L3ME0s bo3ombo 58 3OHMEILOL  BHowEolgdo bslosmols dabsderm dobyBgdOL Tglobgd.
bbgqdl dmMob  godmymaowos  dmbobegmdol IbMmOIb  930g80MmEmammo  LoEwOEOoL
(330gdsHY 3056900 Mg5d300L B96mTgbo. Mgodios Fodmobo@gds Mrym®E 306Mwlol
L5d0dOMIGOOL MoK JMM3Z96 Tgz35L9d580 Jobo Q3MEFILYdOL o MboL dgdmbggzsdo, slg3g
MbsBOHOBMGOOL ogliodogr® BmIgdTo 29363 gdOL Bowswro EMbol 306HMdgddo. gl Bgbmdgbo
gnOoobgdwos  dmagdamo  93gybol  BmErosh  dmbobegmdsdo  06g0E0MgdMwms
36396¢0L 80056M0 3056900l F983390 Lb3sMd0sb0 FbGHMEgdol Lsbom. dsb@mmgdsdo
99053500 3561099BHMJO0L  ©sTsbsllosmgdgwo 86083690 mdgdoLm3ol  dmyzsbowos  dobo
59mblbob 053030 (5L 5J3L BHow®Ool BmMTs), s53MgmM39 356599GMGOOL 35M0MYBOL FgIRTIOES.

About the possible cause of the wave-like spread of coronavirus infection
Victor Khutsishvili

Summary

The process of the spread of coronavirus infection Covid-19 is considered and the question about
the possible reasons for the wavelike nature of this process is raised. Among others, the phenomenon of a
belated response of the population to a change in the epidemiological situation, expressed both in an
underestimation of the danger of the virus at a low level of its spread, and in maximum precautions at a
high level is highlighted. This phenomenon is formalized in the form of a difference equation with a delay
for the percentage of infecteds among the entire population of a given country. A graph of the solution of
this equation for the characteristic values of its parameters (it has a waveform), as well as the results of
varying these parameters is given.
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Lsgwydzsdols 5dmbsblibgdo 39d@mMmmmo m3EH0dobsiool 0bEgMsd@ommo
390000900l 53990L5m30L

69¢»0 30075602605

kilasonianelil@gmail.com
6bowdy

bHoGosdo  gsbbogryyemos Lsgnmdgsdol  s9mbsblbols  s0myggbgds  39d@mevyemo
0330305300l 59m3bols 53mblbols 0bEIMgBHOMmo SEyMM0m3gdol 53980LIMZ0L. 3sMgEHm-
03¢005¢rmdol 36g00L 9g9mEsbols 3gdga, Lagwvydzsdol 3MobEodbs s Laenydzsdols s3mBbLBLS
39J@Ommo  m3@odobsgool mgmeosdo  dbodgbgmmgzsbglo syomo  M3sg0s.  LEsE0sdo
Jdmyzs60@os  0bEHgMsIBHOWo  semamGomdols  Fsgsomo, Gmdgmog gBMAbgds  Lagrmdgsdols
50mbsblbYAL s BsFgolio smEsbol glisdsdols mEor03sEosk. 50bodbryEros syMgmay, Mmd dlsgsgls
360b303%Bgs 5390910 303 MMO 06GIMIE0Eo dgommo. isdo smbodbrmemo dgommeo oggbydls
9003569mologsb  gsblibzsgadmo  GHodol sdsdgdoom  0bxm™MTsEosl, Mmool  dmfmogds
9gm0mos  2093-b  (39005(939¢0wgdols  300wgdo  3060), 99s5Lmsb ULsdogg Tsmysbo  AugsgLo
LEAOMIGHMB00 359moMmBg3s s 9BIbgds Lagwvydzsdol sdmbablibgdl. dmygzsbomo Bagsmomgdosb
BsBls, Ged Lsgmmdzsdol s8mbsblibo Gglisdgrgdgumos gs9mygbgdwymo ogbsls ¢d3-b Lbgsmalibgs Godol
©5353g00m0  0bmmMdsgools  Ggdmbggzsdo  sbsgmo  0bEgMsdBommo  seram®Gomdgdols
3MBLGOOMgdOLL.

Us33956dm bo@yggdo:

39790026290 3H000Ybsgos, 0b6AIOSIHOIMO  Ser3uH000980, 35(9HI-(3HOTS¢MBs,
bsgmengasdols s3c265bb6o.

96935 3M0FIO0Mwo  (39JHMOM0)  Mm3G0ToBogool  s3mEsbsl,  HmIgeog
0oM8Moygbl 3bgdsdo s 5@sF0sEMGmO  Logdosbmdol  Lbgsslbgs bggHmdo sGLYdYwo
36535¢03Mm33mbgb G060 s F0bsodaamd®oz0 3MMm3EgLgdol sbsbgsl, Bmysw dgdmbggzsdo
295BbB0s 89990 Lsby:

max Q(x), DZ{XE R“:hj(x)zo,jzl,_m}. (1)
xeD
booog  Q(X)  39d®HMO-gmbjgool  3m33mbgbBHados  3@oGgmomdgdo ;i (X). i=1k,
89039005 hj(x), i=1m, bowo X=(X,... %) - bsdogdgo 39JBHMEO0.

9653503600300 m3BH0ToboEool sdmEsbs FoMmBmoygbl o Hobsomdwogymdmogo
360Hm39LgdoL  SBobgl, ™3035 JrEOLbIMBL M3BH0ToEMdOL AoBLb339d 4oaqdsL
303360mFolwyeo  sdmbsblbol  sMLGIMBL.  30M39ws©  90bodbo  M3EH0TsEmdOL (36905
393b6599¢%9 Lom3MBOL dragrMl BsdMsgser0ds 930bmTolBds 3s@gEma Bsdmmddo [1], dgdmo@sbs
&5 9.0 9Ms©mdoboMgdso  FaP@owgdol  36gds.  3oM9g@M-m3BH00scmds  IyMmdaMgmdl
890g80: X €D gfcmgds 939dHNO0 5591 35MgEm- M3G0TINHO, 0¥ 56 sOLYIMBL oligoo
bbgo odmbsblbo xeD, ®md ;(x) = qi(X*), i=1k, @5 535bsb, ghoo dsobz o3
MEHMMBMNY0 035(3000.

3obMmo  bo3mbol  Lsdm3ssm0sb  fargddo  godmbgbowo  Jodmggwo  dgzbog®ol
535009003mb  Jobos  Logrwydzsdol oge  Bsdmysodgdmwo 0dbs 0Egemo  dsbdowols
906030bo300lL 36063030 @ Fglsdsdolo s3mbablbol 3690, MM gdoE 509G M-M3EH0ToEmdOL

3990092 39J&H™OHY0o m3E0d0DoE0ol 1Ib0dzbgemm3zs69L (369090l Fomdmoagbgb s Hmdwgdos
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69¢m0 30¢m5b2b0s

dbmgmom bsdgxEboghm o EYMsGHMEMmsdo Jglreos Logrvydzsdol 3G0bE030Ls s Loerydzsdols
29mbsbLBOL Labgerom. 0gsEMo dsbdowwol o60doBszool dgmmEU 593l 99dgao Laby:

K 2
min R(x)=2{qi(ox) —1} 2)

i=1 i
xeD

D={eR":h (x>0, =1m|,

bosg g, i=1k m3@0dowMo 3608369 mdgdos  mz300mgmwo  3M0GEHIM0dolsmgzol
(R GCRAGRHE

0@ smfamgegdol dsbdogby BsMmm 29630mMYds 33m3 FMOZEIHOEIM0EO
M3G030DoE0oL 59m3560L 59mbLEOL 0bEgModEHomeds dgmmegdds. 0b@EgMaed@omwo doymds
23obbdMmdl  5dmbablbol  dogdol  3MmEgbdo  gosfyzgBHowgdol 8odgdo  3oMoL  (3d3)
Boronemdsll s ol MM gHmJdggdsl SaMmG0mImsb Lodmmm 5dmbsblbol dogdols
360 m3qLd0. 500mbbY, MHMA boErdzsdol 3M0BEO30L godmyqbgds sLgmo G030l seEraMmMomdgdol
53900LsL bo30omE  39ML3gdGoweos. 39Mdme, bsdMmddo [3] dmyzsbowos 0bEHgmsgEomwo
390MEO, OHMIOEOE FOMIWOos obgm  233-Bg, OMIJWLs3 o0  o9Bbos  LTsBgdomO
0683mMTs305 3H0EHIMH0MIgd0L dglobgd s FbmEmeE JowgdEro §9wgagdol dgi3sLgds dgdwos
om0 ©59530594MB0WGBIWMIOL  MZselvsBOOLOm.  LEHMMIGHMOYWo TBOHOEID  SWHMG00T0
95373dbgds  Logrwydzsdol  s3mboblbol (36935l o  Lafgolo  sdmEsbol  as339Mwo  Lsbom
90g8o30Mqd5L, HMAMEO 53mbJ300L slgzg Bsdogdm sGOL MZsLsBOOLOom. 39HINE Ymzge
Fo6  0BHg630sbg bogds sbsewo (1) ©s (2)-0bogeb  49bLbgs39dMwo  dmEoRoEoMYdYo

59m3sbols 53mblibo:
k 2 k 2
minR(x) = Z[—Qi(g‘)—lJ + Z[—qi(f) —1J 3)
xeD ieN,' i i€N|'< Qi
D =DND'
Loog

D' :{x:qi(x)Zqi',ieNﬂuNL\},

5y qf i=1k bo@d35d0L 53mBsbLBIB0S Ymgga | -6 0@gPegostg, N 6ol
0b6@1dlgdol LoIMzWg 00 3OOGEHIMHO0IGOOLS, MMmIwgdol 3603369wmdgdoE 283-b domomgdom
bs o mdglicogls, Ny - MHmIgems 3608369wmdgdo @sbedzgdos AovgsMaligl o Ny -
Mg 36093690 Md9gd0 9Y(33e9ge0 J6s IMRYL.

dbgogL 30M0630390Bg0 9290090 06GIMdGHOMEO SWAMO0mT0, HMIgEoE IMm(39099w0s
6596™3To [4]. 53 Ggdmbgzgz5d0 0gmerolibdgds, Mmd 30d3- F9v9dwos 3H0GIM0IGd0L MOb70Mgds
9600369036980l dobgzom. 3mox0E0Mm ¥ sdmEsbsdo (3) 89dmeob asM339w9wo fmbgdo,
I gdoE 398Mm0m3wads 3MH0EGIM0IGd0L FgsMgdomo 360d369wmgbgdol dobgwogom, olgg
bgds  Logrdgzodol  3Mob3odol  godmygbgds o  Lofgolo  s6ol  gdgomgds.  dbgogh
900x030MdME  sdm3obsl 0ggbgdl sLggg sewam®omdo [5], MG™Iol Jgdmbggzsdo 3d3-U
2459hb0s 0bgxMmMTs30s 3M0EIMH0w9dgd0l 86003b9cm3badol LalivMmgawr MbgdDY, MHMIEGOLYE
§o6r9gbL sergm®omal.

Ls803g o dmyzsboen 0bEgMHogEHOMe goMmEL, MMAMOE 3bgs3m, 593l LagHmm - Ladogy
953736905 Lagrydzsdol 53Mbablibydol 4sdmyqbgdsl s Lafyolio sdmEsbols ImEoroEEMgdols 4d3-
b Fopgdmwo 0bxgm®mdszool Logmdzguwbg. s9sLmsb bsdo s©0bodbmwo dgmmo 0gygbgdl
9003569000L506 goblbgeggdmem bsdo GHo30L sTsEHIO00 0bBMGTsE0sL, B0l Imfimgds
99m0dos  3d3-b  (3905HY39¢0wgdol 80dmgdo 3060). BgBmmImyzsbowo  swaMmG0mIgdoL
LAHONYGHMOS  3bsYmBL, GMI  LoErdzsdol  sdmboblbgdols  gsdmyqbgdsls  0bEgmad@orem
0900030 goMmm 39ML3gd@ogzs 9J3l, s v 2d3-b assBbos Bgdmo dmygzsbowro Lsdo
Ubgo@solbgs  BHodolb  0bgm®mIsgooboged aoblibzsggdmmo  Godol 0bxgm®Ts0s,  833w9356ML
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LBagmeggdgsdols s8mbsblibgdo 39d@mememo m3@odobsgool 0bGHgMsg@owwo .....

9999005 55l Fglodsdolo  sergmMomdo dbgogl 3G0b303gd%bg  Logrydzsdol  sdmbablbol
29909969800 5bsErMmyomEms 0dols, MY OHMAMMS 50608690 gl gdwEo gobboe 1isd
dgoomdo.

Salukvadze’s Solutions for Constracting Interactive Methods of Vector-valued
Optimization

Neli kilasonia

Summary

The article discusses using of Salukvadze solutions in constructing interactive algorithms for the
vector optimization problem. After the concept of Pareto-optimity, Salukvadze's principle and
Salukvadze's solutions take important place in Vector Optimization theory. The article provides an
example of an interactive algorithm based on Salutvadze’s solutions and the corresponding modification
of the initial problem. It is also noted that two more interactive methods are built on a similar principle.
These methods use additional information of a different type that can be provided by the DM (decision-
maker), and all three of them are distinguished by a similar structure and are based on Salukvadze's
solutions. These examples show that Salukvadze's solutions can be used to construct new interactive
algorithms in case of different types of DM’s additional information.

Pemenust CaJ’[yKBa}I3e AJIS1 MOCTPOCHUSI UHTEPAKTUBHBLIX METO10B BeKTOpHOﬁ
ONITUMHU3AIINHU

Henu Kunaconus

Pe3iome

B cratee paccmarpuBaeTcs MCHonb30BaHHE perneHnn CanmykBana3e A MOCTPOCHUS] MHTEPAKTHBHBIX
ITOPUTMOB 3aJaull BeKTOpHOW ontumMuzanmu. [locie Iapero-ontuMansHOCTH npuHIMI CanykBan3e u
pemernst CanykBaa3e 3aHUMAIOT BaKHEHIIEE MECTO B TEOPHM BEKTOPHOM ONTMMM3anuH. B craThe
NPUBEICH MPUMEP WHTEPAKTHBHOIO aJTOPUTMAa, OCHOBAaHHOrO Ha pemeHusax CanykBamsze W
COOTBETCTBYIOIIEH MOAM(HUKAINN HCXOAHON 3amadd. Takxke oTMedaeTcs, 4TO pa3paboTaHbI elle Ba
MHTEPAaKTHUBHBIX METO/A IOCTPOCHBIX [0 AHAIOTUYHOMY NPHHLUIy. OTH METOIbl HCIOIb3YIOT
JIOTIOJTHUTEIbHYI0 UH()OPMALIMIO Pa3IMYHOIO THIIA, KOTOpas MOXeT ObITh mpenoctasieHa JIIIP (auiom,
MPUHUMAIOIIUM PELICHUs), U BCe TPU OTIMYAIOTCS CXOTHOW CTPYKTYpPOH M OCHOBAaHBI Ha pPEHICHUAX
Canykpanse. IlpuBeneHHbIe BBIIIE MPUMEPHI MOKA3bIBalOT, yTo pemeHne CanykBaa3e MOXKET ObITh
HCIIONIb30BaHO B CIIy4ae PazIMYHBIX TUIIOB JOIOJHHUTENHOM nHpopMarmu JIITP npu nmocTpoeHNH HOBBIX
UHTEPaKTUBHBIX aJITOPUTMOB.
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The conditions for performing the Vitali's construction in the class of G-measures

Ketevan Omiadze, Nugzar Dadiani, Dudukhana Tzintzadze,
Summary

The conditions for performing the Vitali's construction in the G-measures class in Euclidean
spaces were investigated and it is shown that the acceptable results essentially depend on which set
will be taken by Euclidean three-dimensional in the role of the coordinate cube in space. Necessary
and sufficient conditions for the execution of the construction of the Vitali set in the G - measures

class is obtained, when in the role of a unit cube is takenA;= [0; 1]3cube.

O BrmosHeHMN KOHCTpyKuwH Burtanu B xiacce G-mep

Kereparr Ouuazse, Hyrsap /lagnann, /lygyxana [[unnazgse

Pe3rome

WccnemoBansl, BOIIPOCH BRINIOTHEHUA KOHCTPYKIIUKM BuTamu B eBKJIMJOBBIX IIPOCTPAHCTBAX B
xmacce G-mep. IlokasaHo, YTO IpueMyeMble pe3yJbTaThl CyLUIECTBEHHO 3aBHCAT OT TOTO, KaKoe
MHOXECTBO OyZeT NpHHATO 3a KOOPAMHATHBIA Ky0 B €BKIMAOBOM IpocTpaHCTBe. IloryueHsr
HeOOXOJMIMble U JOCTATOYHBIE YCIOBHUA BBIIIOTHEHUS KOHCTPYKIuu Buramu B k1acce G- Mep, KOTrza

3a equHmansi Ky6 B3at A;= [0; 1]3ky6.
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3513030 ©065d0319M0 LoLEgdgdol 0©IbEH0R03530s
09390 30696-358963Eg0obols dmgergdoo
8995 535 bbgero

avaznelibeq@gmail.com
69bomdg

256bogEros ol doMomso 8ggagd0o, MMdmgdos Jomgdyymos SMHB030 obsdozm®o
Loli¢g9gdols LEOWIGWOEo s 35Ms9gEMYIMOo 0IBEOBOISGOOL 53mEsbgdol 5wsfiygg@oLol
Lbobdomen  s@gdo  domo  NMfyzgdo  3069M-3s99G3Bgobol  3oL3sEMMmo  AmEgEgdom
P5600magboliss. 50  50m356gdoL  odLGY3aB©  390moyggbgds  Loliggdol  gsdmdsgsgro
0de)emgdomo MH3980L gsBmlisbrmemgdgdo dol dglisligangmby 3gMomEeEro ©s 3sGImbommo
Lbogbsgols  Bgdmgddggdolis. BEHOMIGHMOMo  0gbG0nogsEool  0mEsts sl
dmos . Bl 0IbEHOB03EO0L JElogMmo 39685MGEGHYdOL Lsgwmdzgmby. 35MmdgEHmmo
006GH0%30353008  53mEsbs  306gM-35396HFBgobol  JoBGHoz0  JsLZdYIMo  LolEgdolsmazols
3500599393005 MIE0MHILO 335MGJO0L 3gnMmEOm BMGHOIL 53MJuodogools 3sdmygbgdolsl.

153356dm Lodyzgdo:

0@IbAOR0560s, s(shHR030 bLoldgds, obsdoz7960 bolbdgds, UAGXIIALIDs, 35605G95G0.

1. 8gLsgogro

6900Ld0gM0 LsFoMdmm 3OMEgLOLM3Z0L 53EMBoEHMMO ToMmMZ0L Lol dol BHodol sMbgzs60
©53Mm3090Mos  509TsBH03MMo  dmEgerol  Lboboo  gm®dowobgdgero,  LobEgdol
90M3sMmgmdob Gglobgd sGLgdMEo 0bxgMmEMTs300L MoMmEgbmdsby.

bo33eg3  LobGgdado B0dobsdyg  3MmiEglbol  Fs09TsBH03MM0  FMEYEol 53900l
LobE9dgd0L 0YBEGH0BOIsE00L gMPYd0m, LyFoMm bgds Lbgzsalbgs sdME3sboL Jowsfyzgds
LobGgdol dgbobgd  s3M0MmEMwo 0bxm®Isgools s LobGgdol Fgdsgzowo s AsdMTdz5¢0
Logboagdol  ©3306M3985MBLMID  ITMIOIOMEGdOm,  OMIGEMOYbsEg  MIMNSZMYLOS
9090l LAOWIGHMOOLS S 356M5TgBHMIIOL FoblaHOZMmOL sdm3s6gd0 [1].

Lofomdmm  Lob@gdgddo dodEobsdy 3MMEgbgdol  MAMIZ3Egbmds  5SGIMJOL  sMofiM 803
bobooml, GMIgems 130L9d99MHGdgd0L  agbs LobEHIIGOOL 0WHBEGHO0BOIsE00L MYMMOsdo
390000 dqbogmowo s 36od@03980 BoMmmE 45dmygbgdso §MHx030 IMEIWgdom, 5O
0dwg3s Fomo  8mygbgdol Jglodmgdgemdsls Homdmadol 4s6M339Mw bggHmgddo LoFoGMm
89092900L  dobomfgzs@. sbgm  Tgdmbggzgddo LoFoMm bgds MMOR030  ImEYEgdol
3990996905 LGoMImm LobGHgdgddo d0dobstg 3HM(39Lgd0L 5019353 03IM0 SM[IMOLIMZOU.

Lofo®mdmm  30m3gLbgool Ho®Imbowygbo, dsmo Fgrsdgdomo bodsOGHozol gsdm Lbgs
0055303 0MEYEgdmsb 9gsMgdom, MBMM  godmoygbads dEM3NMI© MmM0gbEHOMIdWwO
dmEawgdo, MmIgeoms  LodMmogwg dgagds 30bgMoLs s 3599M3Ggobol  dmgergdols
Lbgoslibgs dmox035300L5y6.

dM3OMO© MOHO0I6GH0MIOMWO BMEIWgdom sM)MOR030 LobGHdgdol FoMdmoygbolsl
LAHOWIEHYOMOo  0EI6GHO0BOIIEO0L  bEgOmdo  doMomsEo  99gRJd0  FoMYdIMEOS
©ob3MgEHMo IMEIEgdoL gsdmygbgdom 0wIBEH0BOIoEO0LSL (Fopaswoms [2-4]). MPy39d0
00M5Mx3030  LobBHYFgdOLMZOL  FmEIwol  LEHOWIGHYOOL  ABLLDBEIMS,  Gmameg  Habo,
bmMEogwEgds  dwmzby  mMHogb@oMgdmwo  dmgegdol 3063390 J3gbodMmogerggdby,
™I gdoa 99aqds 3599M3Egobols s 306960l ImEgergdol Lbgssbbgs dmoro3o300bogsb,
(@o9900omoqo [5-8]).
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0M3MS© MOHO0I6GH0MIOMWO sMoiM3030 LoLEGHYIgdOL 35M0dgBHMWWO 0IBEH0B0IS-
3ooL  sMLYdMEo  FgOMEIOOL  MIgEJuMds  F89dsgqdos  3509MIBHgobols s  gobgMol
o6 3030 ImEgEgdobmzgol (Asgowoma [9-13]). Bgatgdom 33oMg Mom@gbmdol bsdmdgz™gdo
9003690s 3599603 Fgob-30bgMols s 30696-3589G3Fgoboll  3sbZoE  Bmgergdol
0963H08035300L, O®MIWgddog U s0mEsbs  250sHY39B0w0s  bbgsslbgs  doamdom
(@spoomo  [14-18]). Ubgs dwm3mes©  mM0g6GH0Mdwwo  3mEgmgdol  356009BHMId0L
0963030353008 LBgOMmIo (oMds@gdgdo MBbodabgwms, Moz Ggodwrgds s0blbsl 0dom, Grmd
3goo  8mEYEgdool  MIMOZELMBS, SMOL  sMIHOROZ0 35693 gBHMJIOL  J0dsMm @S  S1Y39
F9l5535L909e0 356599GMIOOL OO HOMPYBMBOL QoTm.

9390 Lsdmdomdo 2sbobowrgds ol JoMoms©o F9©Iag00, OHMIWGdoE B0wIdIE0s
305" x3030 0653037960 LobBHIIgdOL LEHOMIEHWOYEO s 35M5F)GHHIO 0IbEH0R03300L
59m3obgdol  20000(9393EH0LIL MY39¢) dW MMM MOOIbGHOMYGdIMo IMEYErgdol Jwslido,
3960dm©  LobEGIgdoL  MPY39Bd0  30bgM-3599MHIBHJobol  BoBH030,  JoBBMPsIOMWO o
239856MHMMYOWOo 35b35MOO IMEYEJOOom FoMdmEygbolsl (Fspswoms [5, 7-8, 13, 19-20]).

2. deagogemgdols 3emslio

“0939¢ dMIHI© MM0g6EHOMmIdMWwo ImEgegdol bgz00m s50bodbmwo 3wsbo (bob.1)
50096905 899090 396GHMEgdgd0m:
e 3069M-3539MIEBHgobols IstrEogo JslizovyMo dmwgero

10 =05(9) 26 [ p)o(1] W

u(t) : v(t)
— ) lmew - e )

0

Wip)
Wip)
Hg’(p )

Bob. 1. derm3mGs MmM096E0MIdMEwo ImEgwgdo: 1)) 30696M-35896G3Egobol doMEHozo
3oL3oMEO  ImEIwo; 2) 30b69M-3599M3FHgobol  AsbBmysadmo 30350 MM0
dm9wo; 3) 3069M-3509M83H90b0obL goxsMmMgdYo 35135OHO IMEIEO.

2) 19

u(t)

Wip)

Wip)

e 30696-3539633g0b0b 236BMYsEYdMEO Jsls39EMMO JmEgmo

y(t) = co +Wa(pu(t)+ W (p )W, (Pu(t)] ; v)
e 3069(-353963390b0b gox350mmMgdEo 39b390Mo ImEEwo
y(t)=co + Wy (pult) + W, (P )W, (pJu(t) W (pJut)]s, ®

boosg Wi(p) (i=1234) - 8mgegdol 89050p9bemdsdo gmzo 5030 MO
©0b65803M6G0  MRMmEgdol  gos39dol  BMBIJ309d0s  M3gMeGHMOHME  BmMTsdo, BMmEIEwgdol
39050396mdsdo  Igmxzo sMsfOHR0Z0 MHAMWOo  s0ofggds N bsGobbol  3meobmdoswrm®o

99693000 ¢;(i =0,1,...,n) 1908030 3m9B0EOIBEHYBO.
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3. bOONIHNOMO 0IBGHOBOIEFOs

LEAHOMIEHYOMO 0IBEHOB0ZIGO0L 5TM36s BIOMIgRTo [5-8] ILIWMWOS WMEHBO
boal 00096¢08035300L Jesbogwmo s6dsMEHIOOL Loggryd3zgeby [1]: 0gwyeEolbdgds, GMmd
36Md0E0s IMEYEgdoLy s LolGgdol d9dsgswo Logbsegdol 3¢rsligdo s bsFoMms dmgErols
LEHOMIEHOOL FobLBOZMOL 3B0GHIMOMTol T99Ts39ds IMEYEgdOL 3¢oL0EH.

3.1. bLEHHYIEOMOo 0EI6EROIS3E0s LoLEYIol 8gdszsero 3gMmomrymo ogbsegdolsls
53 O™ 0gyEolbdgds 9853500 330 U(t)- 658300 39H0MEO BrBIgoss T

72
39600MEom, HMIom30Ls3 0bGJAMEo j|u(r)|dr sMLYIMBL. YyM3zger 00s Foeqdo, Loss
2
u(t) s u'(t) «996-9956 wfiy39E05 ©5 X580
ult), o) 9fyzadoe t — Bo,

D A sin(kat + ) ={ult —0) + ult +0)
oy 5 Bobssmdo g 9p0mbg aedo.

a a
bscosg Ao =2, g0 =2, A, =+faZ +b?, oy —arctg - (k=12..) w:ZT_”. o, by (k=12..) -
k

RMOHogL 39983030963 Jd00.
23905 530, 03MEolibdgds, H™mI 3f30M030 z A 53059mB0gdl MBsGremm 30039800
k=L
BLEWMBHMOHO 30gO5MBOL 306MHMBJIL. sbgo Fgdmbgzgzsdo 3gMmomewo Logbsgdols 3eslio
903o3L 0lgo Logbowgdl, HMAMMOES LOTYEGHMOMEO bsB3MMbs s BHMmE3930Io, bobgz®o
LobmLmoawMMo Logbswgdo s bbge.
MmEgbs3  39M0m@Eo  Logbswo  dogfim©gds  9MsfmHB03  LoLEIsl  Fglsbgagu by,

9o gdol  4o8mbobgmgeby  ©dYsMgdmer  Mggoddo  JorgdvIEo  03vYEGO0MO  Mb3500
2960L5BEZMGOS A5TMbobmgdgdom:

o 30B696-358968d7060b B3GE0g0 3b35EMGO BrEyEmo
90 = 0]+ PO 25O O] ++ SO Ao () (0
o 30B96-359963dg060b 336%m50BmO 35b5350MHO BegogEmo
9=+ A O]+ AOF 0]+ W01 At s 1) ®)

e 3069M-3537MH3BHgobols 3sx35MmmMMgdwymo 3s13ovMo dmegero

y)=co + AW} + AS 0] 0 0]
AL O[3 AW i)W ] oo 10)- 8 10 Hi ) ©

(5)-(7)  250MLsbMErgdgddo [\Ni (kja)l ©  G(ko) (i=1234) F6x030  Gymagdols
9@ goo > B0 dzMgdos Jgdsgseo Logbserolb 80dsOm, H. (i=5,7,8) s0bodbgdl
9 gdoL 459Mm3935¢0 03 gdoMO MHHY39d0L 356TMb03gdOL K odl.

(5)—(7) 250mbobMEgdgd0L sbsEr0BOL F9gas, IMEIEol LGHMMJGHWOOL d993s39dw9o
3M039M0vgdo 3MmdsMgmdl d9dwgydo:

e 30690-359903Fgobols  ImEgEgdo  (3sME030 s  gsbBMYSIPPMEo  Isl3oEMO) -
390m35350  39M0mEo  bogbseol  dmdozo  3MI3MbgbEO  ©ITM30YdN0s
0390535000 Logboerols LobdoMmol (335¢0gOIEMBSDBY;
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e 30690-3509633g0bols  29RsGMIMGdmo  PUIsEMGO  dmEgmo - 39m3sgz5wo
3900m©no  bogbseol  dwdogo  3m33mbgbBo  FoMmBmopgbl  LobdoMol

AG®0mbmIgBHMmoE gmbJsosb.
3.2. LEAOHYIEOHMWOo 0IDEHROIE0s 8795350 LObMOEIEIMMHO Logbsgrgdolssls
50 9900mbgq35d0 L3330 LobEHIoL Tglsbgergu By dogfmgds 89990 bobol Loabaowro:

u(t)= Acosat.

9 gdoL 35dmbsbgerguby ©sdys®gdvE Ma:03d0 JoMgdwEo 0dMEIdomo MHHY3900
2960L5BEZMGdS A5TMbobmEgdgdom:

e 3069M-353963390b0b oM EH030 JoUEEMMO FmEgEo

y(0)= 0o (0) + 2 (o), A2 (0) iy (o )W, (jeofes Acosfot + g, ()4 05 ()]

1 . .
+ E[\Nl(J w] 2 [\/\/ (2 ja)jcz A? COS[Za)t +2¢, (a))+ @y (a))] ; 7)
30b9M-3509633gobols 336%Bmasgdmmo 35U3sEMo dmpgwo

y(t)= c0+%|\/\l2( joo ) AW, (0) + Wi jo) A cosft + g ()] +

1 . .
+ E [\N2 (ja)) 2 [\/\I3 (2 j a)] A? COS[Za)t +2¢, (a))+ @3 (a))] ; (8)
3069M-3509633gobols gox5GmmYdMEo 3s1i39EMMO ImEImo

Y(t) =Co+ %lwz (jw][\/\/3(j COXIW4(J'0)1A2 COS[(Dz (a))— @3 (“’)] + [W1(J-CO)ACOS[C"t + (01(0))] +

+ % [Wz (ja)l[\/\ls(ja)j[\/\u (J-COXA2 COS[ZWt +0,(0)+ p3(0)+ 9, (‘0)] . )

9mgwob LEGOMIGMGOL 900185390990 3M0GIHOTo dyMToMmgmdl dgdgydo:

e 30b69M-3539MIEBgobols IsMEo3z0 39U3sMo dmEymo - 31dog dybgwls s gmy
3563mb030L 593¢r0EHL MOl bbgsmds sdm3zogdweos bobdomgby;

e 30b69M-35096%93gobol 356BmsgdMwo JsU3eEMMO dmEYEo - 3dogzo dygbgwro ©s
99053500 Logboserols  Lbgoolbgs  s33odol  ©Mml  dwdogo  dgbgergdol
bbgomdol  goMmds  dgmeg  3063mbogol 9830 WEolomsb,  ©sdM30IIM0s
Lbobdomgby;

e 306960-350963F0bols 23535GMmMad o  JsligsMo dmegmo - dmdogo dIbgwro
§oM8mo9bL LobBoGmol BHMOYMbMIYEHMOE gMbIEosl.

4. 35(539BHMHMEo 0YbGH0R0IS30s

30696-3509033gobol  dmEaErgdol  3565dgBH™MmgdoL G000 sMFMHBOZMOOL  AsdM
356599BHMgool  00gbBH0B0ZEo0L  3MMdEgIol avsfy3gBe  bswobmGo  gm®Tom
39L50gdgWos TBMWMP EBIWO BOPOL FoMEH0Z0 JobZsEOO ImEIEobsmgzgol.  [20]-do
2396bommos 9gdmbgagzs, Mmgbsg 30b9M-3599MH3BHY0bol FoMEHoz0 JobZoMMo  dmEgerol
890500996mdsdo dymno HHxR030 HAMEwgdo FoMdmoyobids 30MH35mo Mool s39MHO0MEMEO
H30gd0m, beewm 5655653030 BEG0ZNO0 gwgdgbdo - flx) = cx* gmbjzooom.

99b3960995F Mo FowdMEo 00 gdomo MbY30L F0ToMmm BMOHOIL 53MMJLoTsE00l
399mygbgdom s Mdgomgbo  335M5GHdOL  FgMMEPO  Fo0gds  3sMsdgEMYool  F9dga0
39535L9d900:

o) 5]

g=i= ' i , (10)
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Bt {Ee [ Eeer]

T, = (11)
1 n 4 n )
r{zama’i J—[Zamwi }
i=1 i=1
n
Z(azia’iST12 —4by; wi2T1 Xazi — by +ay@;Ty +Dy; wilez)
T, =2 (12)

n
Z (aZi a),3 T12 —4by; wile)
i=1
BdQOB A g @110 G sy = BOOOIL 309803096GJOOL BgBabgdgdos @  LobToMol EHML.

5. 313365

Loddombo  gobbomos ol doMHoMoEO F9JAJO0, OMIIdoE Forgdwos 30696-
3509633Hq0bol  JoMBH030, FobHBMYPSIIMEO O FOBIOMMOMIIMO 35135 HO  IMPIEIOOD
Pomdmyabowo s®moiMx030 ©0bsdozMMmo LolEGgdgdol LEHOWMIGHWOMWO s 35M5TgGHMHWWO
00096GH0x803o300L  58mEsbgdol 23905%1Y39GHobsl  Lobdotwen  sgdo.  FoMmdmoaygbowos
LEAHOMIGHOMWo  0IBEGHOBOIsE00L  TgmmEIdo  LoLEgdolb  Fgdsgswo  39MHOMPUICO  ©
3o®mImbommo  Bgdmddggdgdol  @OmML. FoMdmagbowos 30bgMm-3509M8EHgobol  dsmEHogz0
39135000 IMEIOL 356539¢MIOOL TgxsLgdol sFMmEBOL Rosfyzg@ol 99w9gd0, MHMEILsG
356589¢Mgool 99535190900  FJoogds BMMOgL  s3MMJLoTsgool  3sdmyqbgdobsl  wdzoMgbo
3390065300l 9g0MEOom. 3565dgGHMdol F9x3sligdol Loodgomds sdM30YdME0s LoliEgdol
890535000 5 99mBoz5o  Logabowrgdols gobmdzols s  gdudgmodgbdo  8mbsgdgdol
050995303996 ©3v1353900L LoBMLEGbY.

Identification of nonlinear dynamic systems by continuous Wiener-Hammerstein models
Beka Avazneli

Summary

The main results received at the solution of the structure and parameter identification problems of
nonlinear dynamic systems in the frequency domain at their representation by continuous cascade
Wiener-Hammerstein models are discussed. For the solution of these problems, expressions of the forced
oscillations of the system output when a periodic and harmonic signal is entering to its input are used. The
problem of structure identification is posed on the basis of the Zadeh classical definition of identification.
The problem of parameterr identification for the Wiener-Hammerstein simple cascade system is solved
using the least squares method using Fourier approximation.

HnerTnduxanya HeIMHeHHBIX TUHAMUIECKIX CHCTEM C IIOMOMIBIO HeNIPEPHIBHBIX MOfesIei
Bunepa-I'ammepmreiina

bexa Asasznenu

Pe3rome

OOcyXnaroTcsi OCHOBHBIE pE3YJbTAaThl, IOJyYCHHBIC IPH PELICHHUH 3a7ad CTPYKTYpHOH H
apaMeTpUYecKoll MACHTH(PUKAIMN HEIMHEHHBIX AMHAMHUYECKUX CHCTEM B YaCTOTHOW OOJIACTH NPH HX
IIPEACTABICHUY HEIPEPhIBHBIMU KacKaJHbIMM MozeiasiMu Bunepa-I'ammepumireiina. lns pemeHus 3tux
3aJa4 UCIOJIb3YIOTCS N300paKeHNsI BEIHYK/ICHHBIX KOJIEOaHUH BBIXOJa CUCTEMBI IIPH 110/1a4€ Ha €€ BXOJ
MEPUOTUYECKOT0 U TaPMOHHYCCKOTO CHUTHAJIOB. 3ajiaya CTPYKTYPHOH HICHTH(HUKAIMK MOCTaBJICHA Ha
OCHOBE KJIACCHYECKOTO ompeJeneHus uaeHTudukanuy 3ane. 3ajada napaMeTpuueckoi naeHTH(GUKauu
JUIsl  IpOCTOM  KackagHOW cucreMbl Bunepa-I'aMMepiureiiHa pemaercs ¢ UCIOJIb30BaHUEM
anmnpoxkcuManu @ypse METOJ0M HAUMEHBIINX KBAJPaTOB.
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New approaches to the calculation of biological effectiveness and synergy of drug
combinations and its application in laboratory testing and field trials.
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Abstract

The Brown Marmorated Stink Bug (BMSB), Italian Locust (Calliptamus italicus) and
Migratory Locust (Locusta migratoria) are among the most hazardous pests for agriculture in
many areas of the globe including South Caucasus countries. Management of these pests in
Georgia is coordinated by the National Food agency of Georgia and the Ministry of Environment
and Agriculture of Georgia with an active support of the Food and Agriculture Organization of the
United Nations (UNFAO) and the United Nations Development Program (USAID) within the
framework of the programs implemented by the National Food Agency of Georgia [1-2].
Development of the broad spectrum highly effective insects is therefore crucially important for the
sustainability of agricultural production of almost all countries around the world. Development of
the highly synergistic combinations of insecticidal formulations is one of the most advanced modern
approach to increase the effectiveness and reduce the negative environmental impact of the
pesticides due to lower applied concentrations. Hereby, accurate determination of the biological
effectiveness and synergy (co-toxicity) rate of the developed combinations through laboratory
testing and field trials is one of the main factors for their successful application in practice. The
reported study deals with the development of a new approach and formulae of calculation of the
biological effectiveness and synergy rate of the developed combinations which provide high
accuracy even in case of high mortality of pests in the control group. The developed and proofed
approach and corresponding formulae can be used with equal success both in laboratory testing
and (in a modified form) in field trials. Both kinds of testing showed that the insecticidal
combinations with nano-alumina powder added instead of diatomite and kaolin micro-powders
revealed a significantly (for 10-12 %) higher effectiveness than the analogous diatomite- and kaolin-
based formulations [3, 4].

Key words:

sinergy, locust, agriculture, insects, malathion, bifenthrin, diatomitet, nano-alumina

Determination of the relative biological effectiveness of developed insecticidal combinations.
The biological effectiveness of the insecticidal combinations against BMSBs collected in Senaki and
Abasha municipalities (group A) and Kobuleti and Khelvachauri municipalities (group B) of the Western
Georgia was determined in comparison with the biological effectiveness of bifenthrin and malathion
based insecticidal formulation “Prostore 420 EC” utilizing the experimental method and design given in
[3]. 1. Two main groups of insecticidal combinations were developed and tested according to [4]. The
only difference was that the mineral components (diatomite and kaolin) were substituted with nano-
sized (50-100 nm) alumina powder. All test insects (25 insects in each) were disposed in 5 | volume
transparent containers with sprouted wheat. The provided and controlled testing conditions were as
follows: air temperature T = 25 + 2 °C, relative humidity RH= 55-65 %, bright time - 16 hours, dark time
- 8 hours. An important advantage of the developed experimental design was the possibility of the direct
evaluation of the change of residual biological effectiveness over the testing time. All containers were
sprayed just before the first group of insects was placed in the containers. During the first week all insects
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in the test and control groups were observed and the dead insects were daily removed and counted. On the
last day of the week all the dead and survived insects were removed and counted. All insects were
exposed to the equal dose of al tested combinations (50 ml per container) which was approximately 5
times lower than the recommended application dose of malathion based formulations [5, 6]. The results of
testing are given in Figures 1-4. The biological effectiveness (BE) of the combinations was determined
using the well-known Abbott formula ("modified" by us to account for the insect mortality in the control

group):
BE (%) =[1— (n; +k Xn;)/n3] x 100 (1)

where, BE is the biological effectiveness of the insecticide, n; is the number of insecticide-treated
surviving insects in the test group (in our case, groups A and B), n, is number of insects killed in the
control group, and n® is the number of surviving insects in the control group, k is the empirical coefficient
close to 1 (we used the value k = 1). It should be noted that the modified formula can be easily applied
both to the laboratory and field trial data. The determined total (averaged) relative biological effectiveness
of the malathion—bifenthrin-diatomite based and the dimethoate-gammma-cyhalothrin-kaolin based
insecticidal combinations against insects is given in Figures 1 and 2.

Relative biological effectiveness, %
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Figure 1. Relative biological effectiveness of malathion-, bifenthrin- and nanoalumina-based
insecticidal combinations against group A (1, %) and B (2, %) insects
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Figure 2. Relative biological effectiveness of gamma-cyhalothrin-, dimethoate- and nanoalumina-
based insecticidal combinations against the group A (1, %) and B (2, %) insects
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Determination of the synergy (co-toxicity) factor. The relative synergy (co-toxicity) coefficient Co is
usually applied in laboratory research [3-6] to characterize synergy of components (see formula 2):

Co (%) = 100 x [(Observed Mortality — Expected Mortality)/Expected Mortality] (2)

We introduced and used a modified version (formula 2’) which is more precise and simple in use and
can be used for an arbitrary number of components of mixture and takes into account the natural mortality
(mortality of insects in the control group):

CT (BE, %) = 100 x (BEM - BEE) / BEE (2’)

where, BEM and BEE respectively are the experimentally measured and predicted (expected)
values of the relative biological effectiveness.

The above formula does not require the data on lethal doses and can be easily used both in the
laboratory and field trials. In this case, the measured relative biological effectiveness (BEMR) is
determined using the data of field trials in the test sites after applying the tested insecticidal combinations,
while the expected relative BE (BETR) will be a sum of BEMRs of all components determined using the
data of field trials conducted in the control sites.

Synergy (co-toxicity) rate, %
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Figure 3. Synergy (co-toxicity) of malathion-, bifenthrin- and nanoalumina-based insecticidal
combinations against group A (1, %) and group B (2, %) insects
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Figure 4. Synergy (co-toxicity) of of dimethoate-, gamma-cyhalothrin- and nanoalumina-based
insecticidal combinations against group A (1, %) and group B (2, %) insects
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Taking into account that almost all data on the lethality and biological effectiveness of insecticides
are determined by testing of non-resistant populations of insects (e. g. [5, 6]) and that the non-synergistic
part of the biological effectiveness of bifenthrin-based combinations against insects collected in Abasha-
Senaki sites decreased with increase of content of bifenthrin, indicating a significant resistance to
bifenthrin, we decided to apply the formula (2’), where the expected biological effectiveness (BEE) is
supposed to be equal to the linearized non-synergistic (lowly varying) part of the measured biological
effectiveness. This approach allows several times to reduce the amount of time and labor expended to
quantify the synergy of the components and the possible practical benefit from the use of insecticidal
"cocktails" against both resistant and non-resistant pest populations.

The accuracy of the results obtained using this approach can easily be verified by measuring the
biological effectiveness of several specific formulations of the studied combinations and determining the
average correction factor. The obtained data on the relative synergy (co-toxicity) factor values are given
in Figures 3 and 4. It is especially important that both combinations show a pronounced synergy of
components, but the synergy peaks of the malathion-bifenthrin-diatomite based combinations in case of
group A insects are noticeably “weaker” than in case of group B insects, while the synergy peaks of the
dimethoate-gamma-cichlothrin-kaolin based combination are practically the same for both groups of
insects. Another non-trivial result is the observed shift of the synergy peaks towards the higher content of
bifenthrin in case of A group insects. In our opinion, this shift can be explained by the increased amount
of bifenthrin required to neutralize the additional mechanism (s) of protection against bifenthrin, which is
(are) the main cause of resistance development.

Comparison of the obtained results with the data given in [4] clearly shows that the substitution of
mineral micro-powders with nanoalumina increased the biological effectiveness of the developed
combinations for 10-12 %.

Field trials in the cornfield located in Senaki municipality

The field testing of the developed insecticidal combinations was held in August-September of
2021 in the cornfield of farmer Guram Jangvelidze in village Ettseri of Senaki municipality located in the
subtropical clay podzole zone which is typical to many districts of the Western Georgia (mainly in
Imereti, Guria, Samrgrelo and Ajara regions) which is strongly infested by BMSB. The trials were carried
out by the researchers of the Institute for Problems of Engineering Physics of the Georgian Technical
University (GTU) and agro-technical group of the National Food Agency (NFA) of Georgia, with help
and under supervision of NFA. The corn field was divided horizontally and vertically into six "columns"
and five conditionally "rows", each with 15 observation plants located at equal distances. The distance
between first five “columns” was 20 m. The sixth (control) “column” was separated from all other
“columns” by a 50 m wide concreted yard of a tractor/car station and a fruit garden with trapping host
plants, which were assumed to prevent migration of insects to the test site. The number of BMSB imago
insects on all selected trees was counted and averaged. In all cases their number ranged from 44 to 71.
Finally, the average number of insects per plant was estimated as 59 + 2. On August 28, from 8 to 9
o’clock p.m., five “columns” were sprayed with the most effective developed combinations (K5, D9, K24
and D28 respectively) and the insecticide Prostore 420 EC using backpack-type “Solo” engine.
Thereafter, from August 29 to September 6, from 5 to 6 o’clock p.m., the survived insects in all six
“columns” were daily counted by the local volunteers. On September 7 the BMSB two-part pheromone
lures supplied by the Evergreen Growers Supply (Clackamas, Oregon, US) were fixed to the control trees
to attract insects and on September 9 the trials were continued. The data on the biological effectiveness of
the four tested and one control insecticidal formulation are given in Figures 5 (August 28 — September 6)
and 6 (September 9 - September 15). The average number of insects N; counted on the test plants of the
corresponding five “columns” was taken as the number of insects survived in the test groups. The
averaged reduce of the insects on the plants of the sixths (control) “column” was taken as the number of
insects N killed in the control group. The initial averaged number of insects counted before spraying on
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the plants in “columns” 1 to 5 was taken as the number of insects survived in the control group.
Calculation of the biological effectiveness was made using formula (3):

BE (%) = [1 — (N; + k x N;)/N3] X 100 (3)

where, BE is the biological effectiveness of the insecticide, N1 is the number of surviving
insecticide-treated insects on the plants, N, is the decrease of the average number of insects in the control
group, and Njs is the initial average number of insects in the test groups, k is the empirical coefficient
close to 1 (here we used the value k = 1).

Biological effectiveness, %

120

Days of the trial

Figure 5. Biological effectiveness of the field tested insecticidal combinations (from up to down)
K5(%), D9 (%), K30 (%), D28 (%) and control insecticide ProStore 420 EC ( %), days 1-9

Biological effectiveness, %

Days of the trial

Figure 6. Biological effectiveness of the field tested insecticidal combinations (from up to down) K5
(%), D9 (%), K30 (3, %), D28 (%) and control insecticide ProStore 420 ( %), days (12-18)
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6gbow0g

gommm  139JBHOOL oo gBIJBHMOO  0blgJBHoEoMEO  3MTdObs30gd0L  Fgddagqdsl
24900599Yy39¢0 9600369mds g3l Abmazeroml momddol yzgwrs J3gybols Lobmgwm-lis8gmbam
§o63mqd0L 3aMomdOLImM30L. 53 353690 gd0l FoMm3s LodsMMzgEMmdo 3mmMHOboMHYdIME0S
LodoMmM3gEMl LMELsMOL JOHMZBMWo LosgygbGHML s LodoMm™MZg ML FoMadml Es330Ls ©o
Lol dguyembgmdol LsdobobGHMmmlb Jogh asgMmlb LwELsMoLs ©s Lmgwol dgMMbgmdol
mM560Bs3o0l  (UNFAO) o  2090mb 2063000060900  30my®sdol  (USAID)  sdBHomdo
om0 FgM0m. LodoMrmzgEml LMol gHmMzbrmmo bosagbGHmb dogh sbbm®Eogwgdwwo
36MHMaG509008  gotymgddo [1-2]. 0blydBHoEoWMO  BMOTMWE0gdOL  Bowswbobymyowwo
3M8d0bs30gd0L 89999853905 MOl gPHM-9OM0 Y39 sbg dmfiobsgg msbsdgMmgg doymas
39LGH0E0EIOOL  IBJIGHMOMBOL  AIBIBOEIWSE s JSMYIMDY MoMygmaomo  bgdmddgwpgdol
39L5030MPPWIE VSO  3mBEEEHME0JdOL  o8mygbgdol  99dzgmdom.  99dw)daggdEro
30006530900l BOMELWMY0HO 9B9JEHIOMBOLS s LoBIBHOOL (MsbsG™MJL03MOMdOL) BYbEs©
296L5BO3MS WsdMMOGMOHOMO BguGHOMIOOLS s Loggerg JAsdMmEEId0L EOHML MOl dsmo
3654303500 §omBoBgdmmo  godmygbgdol gMHm-gMmo  8mogz5M0  Fobsdommds.  Bo@smgdwo
33w935 99036905 99999853900 3mdd0bs30gd0L doMEIMAOMEO 9139]E0DbMBOLS s LobgMaool
05h396900l 35dMmM3olL sHowro d0MBJdoLsS s FMOIMEgdoL F9dmTsggdsl, MHmIwgdo3
MBOHMB390ymngb oo LOBMULEJL  LogmbEHGME™  xamido  o36gdegdolL  To@so
103300 0sbMdOL  Fgdmbggzsdog 3o. 090v9daggdvyero s  99dmfidgdyero  doymds s
d9L5dsdoLo  BMOTMWGdO FgodErgds 499mMYgbgde 0dbsl MobodoMo  FoMTdo@goom HMymM3
WHdMMSGMOOMO GHYLGH0MJd0L, 51939 (0MPOROEOMYIMWo BMGTom) Ls39wg #sdMEEIOOL
360Hm3gbdo.  mG0gg  Lobol  GHgbGoMmgdsd  sB39bs, GMI  osGHMIoGOLy  ©@s  Jomerobols
dozmmgbgboerol Bo3geo Bobm-semdobols abgbools 5953900l 9900950
0bL9dBH0E0EOHTs 303d0bs309dTs A5Tmegerobs 3603369cmgbo (10-12 %-0m) »gGM Jowso
9B9JOMOMDdS, 300009  SBoermaom®ds  osGMIoGoLs s Jomeobol  999339¢ds
ROHIME0MJdgd3s [3, 4].

Hogble moaxoasl k pacyery 0nosiornyeckoii 3¢)peKTHBHOCTH M CHHEPru3Ma KOMOMHAIMA
NpPenapaToB U UX HCII0JIb30BaHNUeE B J1a00PATOPHBIX U MOJIEBbIX HCIBITAHUSIX.

Apuun Yupaxaosze, Huno Jlomuosze, Maua Amboxaose, Axaxu I'ueunevweunu, 3akapua
byauuosze, Hooap Mumazsapua

Pe3ome

PazpaGoTka u co3jaHHe UIMPOKOTO CIIEKTpa BBICOKOI(M(EKTUBHBIX MHCEKTHIMAHBIX
IIpeIapaToB MMeeT pellaiollee 3HaUYeHUe IS YCTOMYMBOCTU CEIBCKOXO3AMCTBEHHOTO IIPOM3BOZCTBA
IIOYTH BO BCeX CTpaHax Mupa. bopeba c oTuMH BpepuTenaMu B ['pysuum KOOpAUHUpYeTCA
HamponanpHEIM areHTCTBOM IpOZoBOabCTBUA I'pysum m MuHHCTepCTBOM OKpysKaroueli cpefbl U
celpCcKOro  xo3aiicrBa I'pysum  mnpu  axTuBHOI — moagepxke  [IpomoBoinbcTBeHHON — U
cenbCKoxO03stiicTBeHHOM opranusanuu O6venunenusix Hamuit (UNFAO) u Ilporpammsr pasButus
Oprauusanuu O6benunennsix Hamuit (USAID). B pamkax mporpamm, peanusyeMsix HaruoHansHBIM
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areHTCTBOM IPOAOBOIBCTBUsA I'pysum [1-2]. PaspaGorka BbIcOK09(hGEKTUBHBIX KOMOMHALNN
MHCEKTHIUAHBIX IIPEIapaToB - OLUH M3 CaMbIX IIePeLOBBIX COBPEMEHHBIX ITOLXOLO0B K IIOBBILIEHUIO
9bPEeKTUBHOCTH ¥ CHIDKEHWIO HETaTUBHOTO BO3LEHCTBUA IIECTHIMAOB HA OKPYXKAIOUIYIO Cpeny
Gimarogaps Gosee HU3KUM IIPUMEHSEMBIM KOHILIEHTpAIMAM. TakuM oOpasoM, TOUHOe OIpefeseHue
6uosnornyeckoii 5((eKTUBHOCTM U CTEIleHM CHHepru3Ma (KO-TOKCUYHOCTH) paspabOTaHHBIX
KOMOWHAIM IIOCPeACTBOM Ja0OPAaTOPHBIX Y IOJIEBBIX WCIBITAHUMN SIBISETCS OLHUM U3 OCHOBHBIX
(baKTOPOB MX YCIENUIHOTO IPUMEHEeHMs Ha IpakTuke. IIpefcraBieHHOe HCCIeZOBaHHE IMOCBSILIEHO
paspaboTKe HOBOTO IIOAXOZAa M (OPMYJ pacdera OHOJIOTMYeCKOH OS(PPEKTUBHOCTU U CTEIeHU
cuHeprusMa paspaboTaHHBIX KOMOHHALN, 00eCIIeYNBaIONIX BEICOKYIO TOYHOCTD AaKe IIPYU BBICOKOM
CMEPTHOCTH BpeZnuTeseil B KOHTPOJABHOMH rpymnme. Pa3paGoTaHHBIH M anpoOUpPOBaHHBIN ITOAXON U
COOTBETCTBYIOIIKE (GOPMYJIBI MOTYT C OAMHAKOBBIM YCIIEXOM MCIIOJIB30BATECS KaK IpU Ja00paTOPHBIX
WCIBITAHUAX, TaK U (B MOZUGHIMPOBAHHOM BHZE) B XOJe MOJeBblx wucmnbiTanusx. O6a Buza
WCIIBITAHWI IIOKA3a/IM, YTO MHCEKTULVIHble KOMOMHAUWK C 4OOaBIeHMeM IIOPOLIKA HAaHOOKCHZAA
QIIOMUHUA BMECTO MHKPOIIOPOLIKOB JWATOMHUTA M KAaoJIMHA ITOKasanmu 3HaumreabHO (Ha 10-12%)
Gosee BBICOKYIO 3(h(heKTHBHOCTD, YeM aHAIOTMYHBIE COCTABEL HA OCHOBE JUATOMUTA ¥ KaoauHa [3, 4].
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Means for controlling the dynamic change of water in the buffer reservoirs of drip
irrigation systems

Nugzar Kaviashvili, Levan Gvaramadze, Otar Labadze, Panaiot Stavrianidi, Tamaz Saanishvili,
Veriko Bakhtadze, Giorgi Kiknadze

Summary

The basic principles of controlling the dynamic change of irrigated water resources in drip
irrigation systems are discussed when using their correct geometric shape buffer reservoirs, in cases
where the volume of accumulated water can be considered as a linear function of water level.

A method for qualitative assessment of water volume is proposed and a system for calculating
the volume of water built with a water level monitoring transmission is shown.

A system for continuous recording of the volume of water built using an ultrasonic transmitter
is given.

The method of determining the water level using a capacitive transducer is discussed, which is
based on the principle of changing the capacitance of the capacitor based on the change in dialectical

permeability between the diapers.
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[Ipurmumer KOHTPOA H3MeHeHUA 06BeMa BoAb! B Oy(epHEIX pesepByapax B CHCTEMax
KaneJgbHOI'O OpOIIEeHH I

Hyrszap Kapramsrrn, /lepar I'Bapamazse, Orap Jlabazse, [lananor CraBpHaHuAH,
Tamaz Caarumsuirn, Bepuro baxrazse, Ieoprusi Kukraazse

Pestome

O6cyXIaloTcss OCHOBHBIE IIPUHIUIBI KOHTPOJIS H3MeHeHHs o6beMa BOAbI B CHCTEMax
KaIleJbHOTO OPOLIeHUA IIPU MCIOIb30BAHUN OydepHBIX pe3epByapoB IIPaBIJIBHOI TeOMeTpHUYecKOom
bopMBI, B CIy4adx, KOrfa oObeM HAaKOILUIEHHOH BOZBI MOXHO PpacCMAaTpUBAaTh KaK JIMHEHHYIO
(YHKIIMIO OT yPOBHS BOZBL.

IIpennoxkeH MeTon KadeCTBEHHOHM OIeHKM OOBeMa BOABI M IIOKa3aHa CHUCTEMA Y4eTa,
IIOCTPOEHHAA Ha TPeX JaTYMKaX PUKCALlUK YPOBHA BOZEIL.

ITpuBenmena cucreMa HeIPepBIBHOTO ydYeTa OOBeMa BOZBI, peaTH30BaHHAA IIOCPEICTBOM
yIBTPa3ByKOBOIO JAaT4MKA.

O6cyxmaeTcsa METOZ, OIpefeeHIs YPOBHA BOJBI C IIOMOIIBIO EMKOCTHOTO IIpeoOpa3oBaTend,
KOTOpBHI OCHOBAaH Ha INPUHLMIE H3MeHeHU:A EMKOCTH IIOCKOTO KOHZEHCATOpa OCHOBAaHHBIM Ha
M3MeHeHM JUATeKTUIeCKOI IPOHUIIAeMOCTH TUIIEKTPUKE MEXY OOKIaLKaMHU.
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YyumeHHbIH poOOTOTEXHUYECKUI MaHUITYIATOP

Hyezap Kasnawsunu, Omap Jlabaosze, [lanaém Cmagpuanuou, /lasud Ilypyxeanuose,
Bepuxo baxmaose, Maiis [{epysadse

mr.panaet@inbox.ru
Pe3iome

IlpencrapneHa IPUHIMIIHATIGHO HOBAs CXEMa IOCTPOEHMs POGOTOTEXHHYECKOrO MAaHHITYJIATOpa
tuma xo6ot. Ilo cpaBHeHMIO C paHee pa3paGOTaHHOM CXEMOi IOCTPOEHWsT MAHHITY/ITTOPOB AAHHOIO
THIIA, PACCMOTPEHHOI B paGore [1], HOBas cxeMa OTIMYAETCA TEM, ITO OCH IIOBOPOTHBIX MEXAHU3MOB,
3ajalomye OPUEHTALMIO 3BEHBEB MAHUITYJAATOPa, JIEKAT HEe B OZHOM IUIOCKOCTH, a JIEXKAT Ha
CKpEIeHHBIX IPAMBIX. [Ipy 3TOM HOBBI MaHWUITYIATOP 06/I1afaeT PSALOM IIPEUMYIIECTB [0 CPABHEHMIO C
TIPOTOTHIIOM.

IlpuBefieHs! YepTeXXU OFHOTO M3 MAEHTUYHBIX 3BEHBEB MAHHIIYJIATOpd, PaspaGoTaHHOro IO
HOBO# cxeMe, U (HOpMyJIBI MPeoGPa3OBAHNS YITIOBEIX KOODAMHAT 3BeHA B JEKAPTOBBIE.

Kiouessie ciona:

MHHHII}’MTOP THIIa X0601; ITOBOPOTHBIE MEXaAHH3MBI, JIOKA/IbHAA CHCTEMd KOODAHHAT 3BEHA,
S/IEMEHTHI COVICHEHHA 3BE€HBEB, YI/IOBbIE€ KOOPAHHATEI ODHEHTAITHH,

B panee omyGnumkoBaHHBIX paboTax [1, 2] HaMu OBUIM PacCMOTPEHBI CXEMBI ITOCTPOEHUS
MaHUIIyJIATOPOB THUIIA XOOOT, B KOTOPBIX MHOTOIIAPHUPHBIE COYJIEHEHWS CMEXHBIX 3BEHBEB ObLIH
3aMeHeHbI IOBOPOTHBIMYU MEXaHU3MaMH C B3aUMHO OPTOTOHAJIBHOMN CHCTEMOI IIOBOPOTHBIX Oceil. DTo
[I03BOJIMJIO YIIPOCTHUTH JITOPUTM YIIPABJIEHUs 3BEHBIMH MAHUIIYJIATOPOB, IIPUBEIO K BOSMOXKHOCTH
OTKa3aTbhCs OT IIPUMEHEeHMs TPOCOB [3] M MmepedTH K AaBTOHOMHOMY VIIPAaBIEHWIO 3BEHBSIMU
MaHUITYJISTOPa C IIOMOINBIO MHAWBUAYATbHBIX CelbCHHOB. Ha prc. 1 cxemarmyecku IpezcTaBieHa
CHCTeMa PpACIOIOKEHWs OCell B3aMMHO OPTOTOHAJIBHBIX IIOBOPOTHBIX MEXaHH3MOB, KOTOpas
yCTaHaBJIMBaeT 3HAYEHHUS ABYX YIJIOB O U [} 337aBasi OPUEHTAI[UIO OCEBO JIMHUK COOTBETCTBYIOIIETO
3BeHa MaHUITYJIATOPA.

Puc. 1.
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B HavaTBHOM IIOJIOXEHWH OceBag nuHUA u3 Touku O HampasieHa BRoub ocu OY JIOKalIbHOHR
cucremsl koopauHaT. [Ipu moBopoTe 3BeHa Ha yroy of och BpameHHA X-X OCTaeTcs HalpaBIeHHON
Broxs ocu OX, a Ipu mMOBOpOTe 3BeHA Ha yTOi 3, COOTBETCTBYIOLIAsA OCh BpalleHUs Y-Y, OCTaBascCh
nmepreHAUKyIApHOH K ocu OX, moBopauuBaeTcs Ha yronl o. Ilocie AByX IOBOPOTOB oceBas JTUHUSA
3BeHa 3aliMeT IOJIOKeHMe, TTI0Ka3aHHoe Ha pucyHke orpeskoM OC. KoopauHaTh! 0ceBoil THHUY 3BeHa
MOTYT GBITH BRIYHCIIEHSI IO (popMyIaMm:

x=Rsinf, y=RcosPcosa, z=Rcosfsina, 1)
rze, R paBro Mozyrio oTpeska ocesoit nauu OC, R=0OC.

Kpome coXXHOCTH KOHCTPYKUMM MAaHHIIYJIATOPOB IIOCTPOEHHBIX HAa OCHOBE IIOBOPOTHBIX
MeXaHU3MOB, OCHOBHBIM UX HEJOCTATKOM SBJI€TCA MAaJbIil JUalla30H YCTAaHOBKYU YTIOB OPUEHTAIUH.

B nanHoli pabore MBI paccMaTpHBaeM MAaHHUIYJIATOP C IIOBOPOTHBIMM MeXaHU3MaMMU, OCH
KOTOPBIX JIeKaT He B OJHOM IIJIOCKOCTH, a HAa CKpeNleHHBIX IIPAMBIX. Takag KOHCTPYKIHA
MaHMUITYJILTOpPa 00IaZaeT PsAOM IIPEUMYILIECTB II0 CPABHEHUIO C IIPeBIAYLIeH, TIaBHBIM M3 KOTOPBIX
SIBILIETCSI yBeIMUeHNe JUANa30Ha YCTAaHOBKY yTI0B opueHTanuu 6osee 180 rpamycos.

Ha puc. 2 MMOKa3aHbl TPH IIPOEKIINK HOBOI'O MAHHUITYJIATOPA C IIOBOPOTHBIMH MEXdHU3MAMH OCH
KOTOPBIX JIEXaT HA CKpeNeHHBIX IPAMBIX IapautensHsx ocaM koopaumHar OX m OZ. Ilpm
U3MeHeHUU OPHeHTAaIlMH MaHUITYJIATOpa OCh BpalleHusA X-X OCTaeTCs HEINOJBIDKHOH OTHOCHTEIBHO
JIOKAJIBHOH CHUCTEeMBI KOOPAMHAT, a OCh Z-7 MeHfAeT CBOe IIOJIO)KeHUe B 3aBHCHMOCTH OT 3Ha4eHUd
yr0B opueHTanuy. [loBOpOTHBIE MeXaHU3MbI UAEHTUYHBI A1 000UX OcCeil BpalleHNsd, U Ha YepTexe
OHU IIOKa3aHBI B BU/le IPIMOYTOIBHUKOB.

Puc. 2.
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BriBemeMm GopMyIIBl A1 BEIYUCIEHUA KOOPAMHAT MAHHIIYJIATOPAa OTHOCHUTEIBHO JIOKAJIBHOM
CHCTeMBbl KOOPAMHAT LIEHTpP, KOTOpPoil ycraHoBuUM B Touke Ox ocu Bpamenusa X-X, a ocu X, Y, Z,
YCTaHOBUM IapajIIeIbHO ocaM Ipoekuuu. O6o3Hauum vepes L paccrosuue mexay ocamu X-X u Z-Z.
Torga mpu L=0 xoopzuHaTs! Touku A1 1 A2 COBIAZYT, a OCH IIOBOPOTHBIX MEXaHH3MOB OKaKyTCH B
ONHOM IUIOCKOCTH. [IpM 3TOM KOOpZHMHATHI OCEBOHM JIMHHUHU 3Be€Ha MOTYT OBITH PAaCCUUTAHBI IIO
¢dopmynam (1). IIpu L He paBHOM HyJIIO IIOBOPOTHBIE OCH JIEKAT Ha CKPELIEHHbIX IPAMBIX U (GOPMYJIBI
IJI BBIYUCIEHUA KOOpAUHAT ToYKy O IPUMYT ClIeAyIONIMEl B

x=Rsinf}, y=Rcospcosa+Rcosa, z=Rcosfsina+Rsina, (2)

rge, R paBuo mozyimio orpeska ocesoit muaun OC, R=OC Pasuura mexzay dopmymnamu (1) un (2)
CBf3aHA C TeM, YTO B HOBOM MAHMIIYJIATOpE IIPH M3MEHEHHUHU YIJIA X U3MEHAETCA W IIOJIOXKEeHHe OCH
Bpamenus Z-7Z. Kopme yBenmyeHus AuanasoHa YCTAHOBKH yTJIOB OPHEHTAIlMM HOBBIN MaHHUITYJIATOD
uMeeT Goylee IPOCTYyI0 U HANEXHYIO KOHCTPYKIMIO. OTO IIO3BOJIHMJIO CO37aTh MaKeT HOBOTO
MaHHUITYJIATOPa, B KOTOPOM ObLiy mpuMeHeHs! cenbcuHsl Mapku FUTABA s3003. YnpasreHue stumMu
CeJBCHHAMH OCYIIECTBIIAETCS 110 CTaHJaPTHRIM IIPOrpaMMaM MUKpPOKOHTposepos Mapku ARDUINO.
MaxeT MaHUITYJIATOpa IpUBeeH Ha GoTo.

2570x Md9LgdMYEo HMBIMFGHMGHIIB03MM0 AsbodmmsdmMo

6298 Bt Y33a58320¢0, 0564 58579, 3565009¢9 UH33(056000, 053000 BwIM3b356009,
3900302 85bY339, G305 39033599

09bomdy
§omdmygboos bmGmMdolb  GHodolb OHMIMGHMEJI6039M0  TbodMEsFGMOOL 5900l
36006303 sbowo ULdgds. 93 G030l F9603MEsEGHMMIdOL 53900l Mg F9dwdsgqdwyero

Lgdgdolgob sblbgaggdom, GMIgaog obbowwmmos bsdmdsmdo [1], sbosew Ldgdsdo FdGNMBsgz0
39949609900l ©9MHdgo0, OMIWIGOOE FobLIHBOZM396  Fob03MWsBHMMOL  MRMEgdOl MmM0gh-
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G530, 80gd5MIMdID 565 9P LOdMEHYJI0, 55T9E FOWOXI9MYJE0BIOWMW FMHRYJOBY. 5Tolsb,
abaw 3560399 GMOL 5H5GMMO M30MBHIMDS 593L 3OMEME03mb F9Mm9d0m.

dm399os  sbosewo ggdol dobggom 99985390990 FsbodmsGmMmol  geHm-9Mmo
096G MO0 MMl  bobsbgdo s Mmool 3Mmbymo  30mOHEobsEgdol  ©y3sMEGHWwdo
23905ddbol BmEOIMgdO.

Improvement robotic manipulator
Nugzar Kavlashvili, Otar Labadze, Panaiot Stavrianidi, David Purtsxvanidze,

Veriko Bakhtadze, Maia Tsertsvadze
Summary

The fundamentally new scheme for constructing a robotic manipulator of the trunk type is
presented. Compared with the previously developed scheme for constructing manipulators of this
type, considered in [1], the new scheme differs in that the axes of the rotary mechanisms specifying
the orientation of the manipulator links do not lie in the same plane, but on the crossed straight lines.
At the same time, the new manipulator has a number of advantages over the prototype.

The drawings of one of the identical links of the manipulator, developed according to the new

scheme, and the formulas for converting the angular coordinates of the link into Cartesian are given.
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M9bomadg
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099J360¢0 bme3e056mdols gogagbols gddg®odgb@memo gsdm3zemggols 8ggagoo.

9JU3gM096 Mo  sEIBomos, @I CVMRSIEIT BIEs30MHBY CsbBMI® FBFowg-
3o §53390000 30605dool BmMdol ddmby 3gMowgdom dgdibowo brMzmosbmdols (h=0.25
39) 989ddHO MdMYsE79sDY Hgobmemliols Hoabzol G9sMHgdom @sdswo d60dzbgmmmdgdols Mmb,
365d303Mws© bmmol GHmos, bewmem Mgobmemebol Gogbgzol BMol 9gwgase IBIIGO
0BMHEds s BrEglisg Re >10¢, s0bodbm@wo gx3gdGoe obgmoggs, Hmam®og mMysbBmdowgdosbo
(BoeBg L3oMIME EIBZgYOo Fs300eo, h=0.533, s/h=10) ber®H3e0s6mdol 9gdmbggzsdo.

596005, S3Mym3y, G Bywsdo®by dgjdboo 3mIdoboMYPMEo bmMImosbmdol
(306530010 + L30Ms¢r0) 353¢gbs MdMYS39ToL 06GHIBLOMMMBBY, P3gb Fogh gsdm3azEgreEmo
690bmemeolsols dmger ©os35Bmbdo, s09ds3gds MmymME 30Ms30gweo, olig MmMyEBmIomgdosbo

beM3e056md00 393mfi3gme 98IJAL-
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06@&9bL0g3035300L gHom, Bgmerg FbEO3, FoMdmsBgbls Lozombol s@oEMEOMd.

bgrmzbmmo  bm®3wosbmdol  gx3gdBHMOHmds  dmas3gdol  0bFgblogogzszool
0350bsBOHOLom  oMbgddo  GHMOdMWIbBHWOO  ©obgdol O™ LogwydzEosboos
Q3LOdMMgdMYo [1].

bgmgzbm®o bm®m3wosbmdol dgmmom Bgpsdo®by sx3530L Bsdm©obgdol 3o0MHMdYdT0
000539906 063HIBLOBOZsEO0L  b3omMbgdoLado  s3BHMO™s  Fogh 3651369  Fergddo
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36MMdWIg00,  OMYMMJd0Ess  MmMPEBMI0MGd0sbo  BMOI0sbmdOLy  ©@s VMM gdosbo
b 3e00sbmdol 293965 0dMY53gdolL  0bFHIbLoMMMdSBY  [2-4]. 93 o0m3z3g39dd0
690bmebol Mogbzo (Re) 56 s0gds@gdmes 104, beagwm 3Msbo@wol Gogbgo - Pr=10 + 11. 53
9085600 qd00 dogBy 8608369 mg560 8993900 0gm B0wgdEo 4sdm33wg3sdo [5].

00199350 580bd, 39360 3MMdIWTs XM 30093 FgMLfogrgeo MHBYds. 39MdM, O
063 96M9LL 0dLobEMgdL Bgs30MHBY F0EOM®E Fobwrsggdwyao §53390000 3065900l BMOTOL
3gmbg 93960¢g00L (3065000 bem@™30sbMmdol) go3wgbs MdMYs3gdol 0bEIbloMOH™MdsbY.
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31939, 380JOMOM, SIGHPWMEMOS MOYbDMI0W G060 s 30M530MO b3 0sbMmdOl
303306069000 89d8boero Bgs30Mol 9i39dEHMIMHMdOL 250Mm33w93 03MYs(39doDY. YMEOEMadal
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00 50396900l  gooFMgwo B33b  Togh  Logmdzwmosbs  odbs  aos39madro
99b3960096GH*0 bsPIM0, MMIGEOE 39FMYgbgd Mo ogm godm3zwgz9ddo [2-4].
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©bsYoMdo  Avmzowolfjobgdmwos  fgwol  bstxol  860dgbgrrmgsbo  asBMm@OL
d9L50POWMdS, Mo3 WBOHMB39WYMRL 9JudgHodgbEgdol Bo@oMgdsl Hgobmeobol Gosbgol
QoMM ©E0535HMmbTo. 81939 250350LobgdME0s  fgwol  Hobolfomo  gogbawgds,  Gog
39L50¢PIWMBSL  435d¢g3L  9JL3gM0TI6EHO0 BoGHIMEIL 3MbEEHWOL Mogbzol Lbgswsbbgs
9600369¢mdol O™,

©565009600L  9Ju39M0dgP/GMwo  MBsbo (1) FoMTmoyabl  Mbas30  BMEIsEOLLRE
©53D5gdMe dowl, GMIOoL oMy BgEsdomby mgMImbiGe@osb (2) 396Gowol (8) s
bstxdbmdol (3) go3wom hsdmgobgds fywol osx3b3o. hsdmobgdmwo sx3l3o dogdaMmgds
53b3s6Mg MdMYSEF399d0 (6) s GHFdMU (7) bLETMsEIGdO® dMWBIOdS MGHIMLESGTO (2).

6o 5006036ML, MMmd gdudgodgb@dwmo ©sbssMOL Bs3gdowo 3mbEmeo (18), (19)
396¢0gdol 259393300, (20) 396Gl AoMgdom s (17) goEITMmzgwo  Mb3bol
15395 gd0m  FoMGH035  290Ms0Jdbgds oo  3MmBbEGHMM©. F0bsBgdstg  9Judgm0dgbEgdo,
MMImgddoz  00MId@oMdWOE  250mYygbgdmwo  oym  fyowo, BosGoMms ©os  3MbEGMMol
30609d30.

Lo3Y0 L0560 bryMgds JslBo B0 od30L JergdBHMmMEIBOL MMM FoEIMIIOm.
530L5030L A5dMYgbgdwe0s dsd30L TIEIVIIOIO GHEBLBMOTsEMGOo (10). gdudgModgbdwem
dowbg  dofimgdgero  Loddwsgmol  GgamMo®mgds  FoMdmgdl  BoMyE0MmYdgEo
GMBLBMOTsGHMOom (9). 9Ju39M0396FH I Jodo goTs35c0 ©EIBOL dogrs -1 s dsd30L 356bs -
AU 0BmIgds 3086wmo 3me@dgd®moo (12). ©gbol dsgrol golivBmds gsdmoygbgds @gbol
GOBLZMOIsEGMOo (11).

fyol Bgd3gmsd®goo 9dudgeodgbde dsb8o BgligesBy tyy @d ddFMbIWDY Ly,
0bmIgds  JMmMIgEr-5¢ydgerol mgHIM{Y30gd0m, OHMIWGd0E 2obmogligdmwos  3509M9ddo
(4,5).  sxL3do B3O GHMOMo 390l gsbsfowgdol  FoMdmlboyabs  Lggdsdo
290350ol{fobgdmmwos  mgMImyMogmmo 35896s (15). 9db3gModgbErwo dowolb 3gerol dos
G93905GeS  0BmIgds  sbg3zg  JOmIgr-serydgerol  mg®mdmfiygowom,  MH®IgEos
Bo0mbEo790mw0s Ggnwmbol 36896580 s 830EMHMESs 33BmMogLgdmo Loy dowrdo obyg,
0 Jobo 2s3RO0 Fgbadegdgero bgds $Hgddgmo@ Mol gobmadzs ool Msdgbody
396033390080 — t'y,t, ths,. 9963900896 IO ool oMy BIH30MOL  GHga3gOOEIOIdO
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L5593, o 5M0L MBMAS39T0L 3mgB0(3096G0, 3E/0%°C; A -Lombol MBOMASTGHIOHMBOL 3MIB03096EO,
33/0 °C; v -Loobolb bodEEsbEHOL 3obgdoGozmMo 3mgzozogbdo, 9%/4d; g - Loddodol dserols
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d9-2 BobsBbyg Pomdmygbowos 99b3960096EgdoL 99093900 B3WYI30,
MmO9b6BMIomgdosbo,  JoMmsdoMwo s 3mIdoboMgdmmo  bmM3wosbmdol  ddmby
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2 - 30650000 bm®3e0sbmdol dmby bgwsdomo, h=0.2590 ;

3 - 06a6BMI0Egd0sb0 bed3e0sbmdol 3Jmby Bgwsdomo, (L3doMowro, h=0.530, s/h=10);

4 - 3m330b606M9d0 (30605000 + L3oMseo h=0.500, s/h=10) be@3wosbmdol djmby
Bgs3oMo.

I - Bgmbol o bgdobol gm®IMeol dobgpgom [6];

II - @sdMbiEm3zolL gm&mImwols dobgwgzoom [7].

3583039  9Ju39MH0BEGMO  BMbs3gdgdo  AoLETMSWgdMEos  §Y39B0wo  bobgdom.
9000560 ByBo I gglssds890s WO EHIHIGIMH0B 3FBMdOW BMMTMSL sd0bsErme-EoEEMEMO
9:000Lsm300L [6]:

Nu= 2.03 Re!B (1)
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AMOdMabEME ©950080 356535350 Bmbobomgzol [7]:

0,17 Pr®5(Re/Re )

Nu =
PT0.5+1,6[(Re/Reo,(¢])3/4—1]
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L3, Reye=1600.

06039 GMOHIMS BoFoM0sb0s {30 BYO30MHGOOLIMZOU.

O3 50bodbmwo  aMex030s6  BbL,  gdudg@modgbdmwo  dmbszgdgdo  gwrvy30
B90330607900LM30L 356 0156HB3gEMT0s (1) s (2) BMOHINEGdME.

00b08dbmo 4M5830356 BsbL, s3Mgm3g, OHMB 30605000 bMEIW0s6MdOL TJmby
Bga30mol dgdmbgzgzsdo Mgobmerliol dgstmgdom dzoMy 3609369¢mdgdol ™ML (Re <
5x10%) 0dmyo3990L 06EIBLOMOHMBdS 36M5JEH03Ms© 0LYm037s, MHMAMMOE AW30 HBYadoMol
OML. 53obmsb, MHYobmeELol WRGdm Tswswo d608369wmdgdol Fgdmbggzsdo mogl obgbl
be®300560m00L 989G ©s HrmEgbsg Re = (15+20)x103, 0dmas3qdol 06@gblow®mds 2,5 -xgH
509853905 330 Bg30M0L  MOMAS3JIoL  0bGHIBLOMEOMBLL. Bzgb dogh  gedm3zwgmero
3565993gd0l  Jmbg  mMbBM0wgd0sbo B I0sbmdol  Fgdmbggzsdo  bmM3erosbmdol
9539940 3e0b@gds Hgobmerbol GoEbzol gogowgdom Ma®m dzomg 860d3bgermdgdols MMl
(Re > 10%). 3m300606Hgdmmwo bmM3wosbmdol dgdmbggzsdo dowfigmwo 9ngddo, B3gh dog
2990339 H90bmerol HoEbzol dmger ©0s3sHMmbdo, 50g8s@gds MHMAMME 3065300,
0bg mOHQ56BMBowgd0sb0 brM3e056MmdoL ™ML Jomgdwer 939JGL.

»bs  500b0dbML, GMI 3065300 bmEI0sbMmdOL  Fgdmbzggzsdo  MdMYEgTol
06396b0x3035300 oEHowsw Joowfg3s MBMYSI3980 BYPI30MOL BsM™MdOL d6083bgermzsbo
DMoL d9990. 590l 3om3z35olfjobgdoom ob, HMmd MHgobmeoliol Moabgzol dgsmgdom oMy
36083690 mdgd0L 306:Mmd7dT0 30 s 30M530EIO BMMI0sbmdol dJmby bgwsdomgdol
00M53990L 06EH9bLOWOHMBS 3M5JBH0ZNWs© JOMBI0M0s, Fgodwrgds s0blbsl dg8gbsoMago:
690bmwElbol ®osbzol 9oty 96093690Mmdgdol OHML 3060530gdL JmEOL Rsw®dsgqdqddo
fomdmogdbgds Loobol g.f. ,03305M0° Bmbgdo, M3, (bOOS,  9MYLIOL  MBMYs3gdoL
06&9bLoWOHMBsL. o0, dgmerg dbM03,  3065d0©Id0, OHMYMOE HBgdmm ogm s©0bodbmwo,
00139396 Bgs3060L BsGMMOL 609369 Mm3sb  QoBOMELL, Mg Mogol IbGog BMHOL dowrol
B9053060H00 LOMBdML 5OMTY3L. Y 3035M9YEMM, MM G MO MOMOYMMLO[obssWIgY™
53994 BMM0 5{eabobMMgdL gMTBIL S LagMmm xsddo MdMAS39T0L 3mg3030gbGHO 330 S
bm6 3000560 Bgs3060Hg00Lsm30L gHmbooM0s (1¥MYs33d0L 3m958030g6EHO 05ByM0Tds MdMEmO
6535000l BoMOMO0M 30 HBYI30M0L BoMMNMIB). Hgobmarliol Gobzol BHom ,,033sM*
Dmbgddo 0bGHnbLoMMo brgds LomMbol IMdMLMdS s OBMPIdS MBMYS3gIoL 0bEHIBLOYMMDS.

J00gdmo 99093900  3boyYmRgb, MM  bgs30Mm0OL b I0s6Mmdol  Fgmmeol
2990mygbgds  Lomobom  0dMYosd3g0  ©oboasMqddo  8b0dgbgwrmgbs  gobeol  dom

9539JGHMOMO.

Influence of the type of roughness on the intensification of heat transfer during the water film
flow

Tengiz Magrakvelidze, Giorgi Gigineishvili, Avksenti Mikashavidze, Tariel Koberidze,
Khatuna Lomidze
Summary
The article presents the results of an experimental study to determine the effect of two-

dimensional, pyramidal and combined roughness on heat transfer when a water film flows down the

outer surface of a vertical pipe.
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It was experimentally established that the roughness of the type of densely and uniformly
distributed truncated pyramids (h=0.25mm) at relatively low values of the Re number does not effect
on heat transfer. However, with an increase in the Re number, the effect also appears at Re > 104, the
effect is the same as in the case of two-dimensional roughness (wire spirally wound along the pipe,
h=0.5 mm, s/h=10).

It was also found that the effect of the combined roughness (pyramidal + spiral) on heat
transfer in the entire range of the Reynolds number investigated by us is higher than the effect of

both two-dimensional and pyramidal roughness.

Biuaume tima IIepoxoBaTOCTH Ha I/IHTEHCI/I(I)I/IKa].[I/IIO TEIUIOOTAAa4YH IIDHU CTEKaHWH BO,ZLFIHOfI

IUTeHKH1

Terrus Marpaxsernzse, ['mopru [ ururnennisrrn, ABxcerrus Mukamasuzse,
Tapmer Kobeprzse, Xaryrna /lommzgse

Pe3some

B craree mpepcTaBieHBI pe3yJIbTaTHl SKCIEPHUMEHTATBHOTO KCCIEJOBAHUA IO OIIpe/esIeHIIO
BIMSHUA OBYXMEPHOM, MUPaMHUAATIBHON 1 KOMOMHUPOBAHHOM 1IEpPOXOBATOCTEH Ha TEIUIOOTAYY IIpU
CTeKaHWU IUIEHKH BOJBI II0 HAPYKHOM IOBEPXHOCTH BEPTUKAIBHOM TPyOBI.

OKCIIepUMEHTaJbHO yCTaHOBJIEHO, 4YTO II€POXOBATOCTh THIA IJIOTHO U PaBHOMEPHO
pacmpeneneHHbIX yceuéHHbIx mupamug, (h=0.25 MM) Ipu oTHOCHTETPHO HU3KUX 3HAUeHUAX 4yucia Re
He OKa3pIBaeT BIMAHHA Ha TeltooTavy. OpHako, ¢ pocroM uncia Re apdexr npoasingerca u mpu Re
>10%, yxazanme obdexT Takoil Xe, KaKk M B CIy4ae ABYXMEPHON ILIEPOXOBATOCTH (CIIHPATbHO
HaMOTaHHas 1o Tpy6e npososnoka h=0.5 MM, s/h=10).

VCTaHOBIEHO TAaKXKe, YTO BAMSHUE KOMOMHHMPOBAHHOM MIEPOXOBATOCTH (IHpAMUZATBHAS +
CIiMpasbHasg) Ha TEIJIOOTAAYy BO BCEM KCCI€ZOBAaHHOM HaMK [MalasoHe umcia PeiiHospzca Bslure

addeKTa KaK AByXMEPHOI1, TaK U MUPaMHUAAIBHOI MI€POXOBATOCTEMH.
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“Smart” networks and the structure of generating power plants
Tengiz Magrakvelidze, Khatuna Lomidze, Manana Janikashvili, Irma Archvadze

Summary

The article shows the superiority of the so-called. “Smart” networks over the existing
grids, which imply the separation of the generation and load schedules on the base and peak
parts and, accordingly to build of expensive peak power plants.
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Based on the solution of the corresponding optimization problem, it is shown that in the
conditions of the existence of “smart” networks, the structure of generating power plants changes
radically. “Smart” networks virtually eliminate the need to build new peak power plants. At the same
time, it becomes necessary to build power plants with reservoirs operating in the basic mode.

Under the conditions of the existence of “smart” networks, it becomes possible to practically
completely satisfy the demand for electric power in Georgia by the development of both traditional
and non-traditional energy resources.

“YMHBIE” CETHI B CTPYKTypa reHepUPYIOIIMX 3I€KTPOCTa I

Terrms Marpaxsernzse, Xaryra Jlommzgse, Marara /Drxarukamsmrm, Fpyma Apusazgse

Pesiome

B craTbe mOKa3aHO IIPEBOCXOACTBO T.H. “yMHBIX ceTeil HaJ, CyLIEeCTBYIOIIMMHU CETOZHS
CeTsIMM, KOTOpBle IIO/Ipa3yMeBalOT pasfeseHue rpaduka BbIPaGOTKM M HArpy3ku Ha 0a30BOM U
IIMKOBOM 4acTeil ¥, COOTBETCTBEHHO, CTPOUTENHCTBO LOPOrOCTOSMIIIX TNKOBBIX DIEKTPOCTAHIIUI.

Ha ocHoBe peleHus COOTBETCTBYIONIE ONTUMU3ALMOHHOM 3a[a4H IIOKA3aHO, YTO B YCIOBISIX
CYIIEeCTBOBAHHS  YMHBIX  CeTel  pafWKaabHO  K3MEHSEeTCH CTPYKTypa TIeHEepHUPYIOLIUX
9JIEKTPOCTAaHIMI. “YMHbIe” CeTHI IPaKTUYECKH HCKIIOYAI0T HEOOXOZMMOCTh CTPOUTENBCTBA HOBBIX
IIMKOBBIX 5JeKTpocTaHuiil. [Ipu 5ToM, moABIgeTCA HEO6XOAMMOCTD CTPOUTEIBCTBA SIEKTPOCTAHIINM
C BOZOXPaHWINIIAMHE, PabOTaIOMNX B 6a30BOM PeXXUMeE.

B ycnoBusix cymecTBoBaHUs “yMHBIX  CeTell CTAHOBUTHCS BO3MOXKHBIM IIPAKTHYECKH ITOJIHOTO
yZIOBJIETBOPUTH CIIPOC HA ODJIEKTPOSHEPrHi0 B I'py3sum OCBOeHHWEM KakK TPaAMLMOHHBIX, TaK U
HEeTPaIUIMOHHbIX SHEPTOPECYPCOB.
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- 999 EHO®GHMIBL3MOE0L sbghyz0m;

- 30mUbsf3930L A5dMYygbgdom.

969600L Lad3OMABMBM FmMbIoMgds BHGMBL3MOHT0 969MMIR9IBHIOMBOL Mbmlidogdsms
2300035¢0lobgdom dmygzsboos sbGowdo 1.
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96963m9x399dGMG®dOL wmbol- | 15,0 | 17,5 [ 17,0 [ 18,0 20,0 | 22,0 | 23,0 | 25,0 | 27,0
d0gdoms 2omM35¢oLobgdom
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(§9od500, MdMGO gergdgb@o s bbg.).

Perspectives of using of renewable energy resources in transport
Nodar Mirianashvili, Nodar Gdzelishvili, Nugzar Dadiani, Ketevan Kvirikashvili,

Venera Xatashvili
Summary

According to the results of conducted researches, presented in the article, there is shown that
for raising quality of energy safety in Georgia, as in countries with transitional economic, are needed
cheap energy resources in connection of rising demand in them. These energy resources can be
compensated at the expense of imported fuel.

To reduce using of imported fuel and economy of energy supply and renewable energy
resources, there are needed new resources, based on new technologies.

According to calculations of experts data, there was established that in 2030 rate of electro
vehicles in the country would consist of 10-11%, when in 2020 it was 1%. Wherein, in 2030 about
10% energy used by transport would be on renewable resources of energy from general used energy

by transport.

ITepcriexTHBBI MCIIOIB30BAHNUA B SHEPTOBO30OHOBAIONMIETO MCTOYHHUKA B TPAHCIIOPTE

Hozgap Mupraramsrrmn, Hozap I n3exrnmsuin, Hyrsap /lagmnamn, Kereparn KpupuranrBuim,
Berepa Xaranrsuim

Pesiome

Ilo pesympraTraMm IIpOBe/IEHHOTO WHCCJIEJOBAHUA, PE3YJIbTaTEl KOTOPOTO IIPe/IOCTABIEHEI B
CTaThe, II0KA3aJIo, YTO JJIA HOBBINIEHUA KauyecTBa dHepreTHIecKoi 6esonacHocTy B I'pysuu taxke, Kak
M B CTPaHAaX C NEPeXOZHOM SKOHOMMKOH, HYKHBI JellleBble SHePreTHYecKHe PecypChl B CBA3M C
BO3pacTaollell MOTPeGHOCTBIO HA TaKOBBle. DTH SHEPrOpecypcsl MOTYT OBITH BOCIIOJTHEHBI 3a CUeT
HMMIIOPTUPOBAaHHOTO TOILINBA.

[ yMeHblIeHUA NOTPeGHOCTH MMIOPTHPOBAHHOTO TOIIMBA M OKOHOMHH BSHEPro-
c6Geperaomux 1 BO30OHOBIAIONUX SHEPTOPECYPCOB, HY>XHBI HOBBIE PECyPCHI, OCHOBAHHbIE Ha HOBBIX
TEXHOJIOTHSIX.

Ilo momcyeraM SKCIIepPTHBIX JAHHBIX ycTaHOBJIeHO, 4To K 2030 rogy B cTpaHe IOJIA 3Hepro-
aBromobmeii cocraBur 10-11%, Torma, xax B 2020 romy 6pur 1%. B 310 xe Bpema B 2030 r.

morpe6JieHue TPaHCIOPTOM dHepruu coctaBuT 10% oT 10Iu BO30GHOBILAEMBIX SHEPTOPECYPCOB.
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M9bomdg

dbsdosbo g39molgsh szglemowo 5350dgmzoliogol Lilogmabeme 960d36gwmmgsbos
dbsdols 3sdmfimzs mBwsemm 6530960 5a00Esb saglizgerowsb Mg 8godemgds dzotmy wmmdo.
Lbgs s¢0sdosbols doge 65389606 3oMom Fbsdol gsdmfjmazs Lobogsmms gsdmdfjmgolsmgols, oy
3L 565 5g3L sLMEIYEMESE K 96IOMNIEo 3000l MY 56 03 godmfmzgolsl bydfiygo dgdmbggzom
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J9039mdomsE  dglvdamgdgemo 0gbgds dbsdol sdmfjmgs Bs3dgbosb ©oggligeosb mimzmmgls
o®mdo.

3990100535Dg0mmos  ghomxRgMso  dmbdstgdols  dmfigmdomds, Gmdwmols  3gdgzgmdom
099L5degdgm0s Bggewy 30MMdYdT0 Fbsdols gsdmfimgs MBsBMHobM.

153356dm Loyzgdo

Ibsdols gsdmpeazs, Gggsbozenmo gsdedfmzo, 3ersdsbo.
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dbsdosbo  AfgMgdol 96 J3gfotdsgangdol  Bo3dgbo@sb  dbsdol  asdmfmgolomgzol, 300MY

530960 YBOHM LgHomby Lbgs bodgoEobm EsbdsMgdsly swdmgmhgbogom.
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Snake bite suction device
Veriko Bakhtadze, Ketevan Kvirikashvili, Giorgi Kiknadze, Panayot Stavrianidi,

David Purtskhvanidze, Maia Tsertsvadze, Tamriko Khutsishvili
Summary

It is vital for a patient bitten by a venomous snake, it is vital to suck the venom directly from
the bite site as soon as possible after the bite. To do this, it is dangerous to suck poison from a place
directly bitten by another person if he does not have a completely healthy oral cavity or if saliva
accidentally gets into the stomach during suction. Thus, it is desirable to create a mechanical device
sucking out the poison from the bite site as soon as possible from the moment of the bite.

A disposable device is proposed that can safely suck out poison in the field.

YcTpo#cTBO [14 BBICACBIBAHMA 71 M3 YKyCa 3MEH
Bepuro baxragse, Kerepan Kpuprkxamsuin, I eopruti Kuxrazse, Ilanaror CraBpuanugw,
Aasmg [lypaxsaanzgse, Maria [Jepyrazse, Tamprro XyuImBaiIn

Pe3some

st manyeHTa, yKyIeHHOro sIMOBUTON 3MeEH, )U3HEHHO BaXKHO BBICOCATH 57 HEMOCPEICTBEHHO
U3 MecTa YKyca Kak MOXXHO cKopee mocie ykyca. OmHako, OMAacHO BBICOCATh ST M3 MeCTa,
HETIOCPENICTBEHHO YKYLICHHOTO JPYTUM YEJIOBEKOM, €CJIM y HEro HeT COBEPIICHHO 3J0POBOH POTOBOM
MOJOCTH WJIM €CIM TpPU BCACBIBAHWM, CIIOHA CIyYaiHO momanér B Jkenylnok. Takum oOpasom,
JKeJIaTeIbHO CO3/IaTh MEXaHUIECKOE YCTPOICTBO, C MOMOIIBIO KOTOPOTO MOXKHO OYyJIeT BBICACHIBATD S U3
MeCTa yKyca 3a MaKCHMaJbHO KOPOTKOE BpeMsi C MOMEHTa YKyca.

[pemnaraercs 0JHOPAa30BOE yCTPOHCTBO, C MOMOIIBIO KOTOPOTO MOKHO 0€30I1aCHO BBICACHIBATH
71 B TTOJIEBBIX YCIIOBHSIX.
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P396 3096 ©9ds390meo ogm bbgssbbgs G030l GMdME-0s603wwo@mmgdo [1,2,3,4].
§obs0gostg  653MMTTo  asboborgds  ,dmdoHo  HMIMGHO®, OGMIgEoE  0sbsdgEtmay
HB3MGHIO0L FoOmm 3oLl FoMdmoagbl. Hmamea Halo, olobo 89ygd0sb LodMbldmeEm
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9md0mo  39dbmmwmaogdol  IHBsMo  B3BsMO  LISOGBMOL  5J393L  IMIbTsMgdwOl
MBoggMloe®  sLoLEIbGHI©, 0bGHIMByGTo Lbgosbbgs B0bo3Me Imfiymdowmdgdmsb s
LgM30LdMB  MOEOYOPMBOLLL.  5ToL  Loxmdzgebg  Fga30dw0s 391336 m,  BMD
056599000039 LISOARMO6Jd0 s TbMEwmE LAsOEHBMBYd0s FLoggMolo ¥bogzgMLswMMo ©s
965350 396943099M0 OLEBE0MMO FoMrm30lL FMyMmdOEMBOL HMEOLbmMZ0L.

dmBOWMGmO  MHMOMAGHOL  oLEBEoMMO  JoBmzolmzgol  dgladwgdgeros  Bluetooth
dmyol HC-05 958mygqbgds. 0go oMol mlsbg®bgdgeo Lodosmgds 90360m3mbEMmmegmol
9fgmdomdgdol doMm30l mMAB0BIOOLmZ0L Fgegnmbol 56 3esbdgEol asdmygbgdoo.
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9mB0mO  OHMIMGOL  JoMmzs  bmME30gwgds  gBoby b  MmdogdBHbg  MIMsm
©5330039000.  ©5330M3905L  35bMOE0JGdm  30QIMMZsol  3gdggmdom,  GMIgEos
Bo0mbEo790mos HmdME0L BsdFgemdo (bob. 1).

MHMdMEOL 30bgdsBHo3memo Lidqds Fomdmoygbowos bob. 2- by.

9mB0ME OHMIMAEL ddomdolol bdoMmo figgl Mogo ImdmsmdgdoL gobdgm®mgds, by
3009350 ,,25609M6M9d5@0  FMIMOMBFIOL”  Fgbryegds. SLgmo  FobBgMmEGds©O  IMIMHHMDYOOL
G9LoLEOMGdsE OHMBMAL QooBbos dgbliog®gdol dermzo, GmIgwdos bgds 25609mMHgdso
9dMHomdol 899509690 39390 9egdgb@eMeo  8mdMsmdqdol BsfgMs, dgbsdsdolo
56000009360 Md0.

3mdoOHO HMIMEHOL JsM035 O A963gMMHYds©0 FMAMIMBYOOL FTSOMZI0 3OMYMSTOL
BaPgts bmtEogargds xmobEogzol 99d39mdom. xmobEozdo Bsdmb@seggdmeos 3 3m@gbiom-
dg@®o:  ghmo  ImdMHW6gd0L  3MMbol  gosdfim@do, dgmeg TbMOL  AoIbOOL  3Mmbol
20058fmdo s 3gLsdy 00930l FoIbMOL JMmbol Qowsdfimdo.

Bob. 3. xmobGo30.

1 - LoEYSMO; 2 - 45689MMGOs FMAMMISMS BMTYMs(300; 3 - 2o60gMMYdSE FIMOMBIMS
23905IOM390 VOWS30; 4 - BMBMEOL 999MdOBIdOL BsdsMIMO30 VOWS30; 5 - FBGOL FoEObMOL
1585930 VOE30; 6 - 00059430l 25IBOOL LETIMSZ0 VOM30; 7 - Bs3FIMHOL LoToI0530
©O30.

29689m6905000 dMdMsmMdYBOL g gdol BolofgMo  xmobGHogL 5J3L 4obdgmmgdsco
ddOH5MBD ROPIMMZOL VO30 s BMTMOL gosdMmM3zgeo, MMIgubys sygbgdeo soxmo
2306396906  SLgm  IMAGOMdImS  TgLsdsdOL  bMTGML. OHMOMEOL  FgIMdOBIOOL  LadsMMeg0
©OoWs30L  39d39mdom  bgds  9gamdHbgdol  BmbJsool  4sd39ds s bgwoom  3sbgbom
XMoLEGH030L §90mdMBadsl LoFoMm Jmmboom. 3m@EgbEomdg@®mol 2s8mboligegw®y sOLGdIMWwO
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d5030L JqLsdsdolbo 0BOHMEO 3MPO, BIWMAMG F0BOHNMO FoMSFJIbgE0ELb dogfimgds
LgM3MIGHHZL Tgbodedolio 3mMboo FgdmbadMbgdms® s dgblogMgdol demll, d9dmdGOHXBIdOL
3LOxGOJLOMGBIWOE.  FMOOEYHO  MHMIMEGOL  sMBgME  LYMH3MmIMsgzdo  ASIBOHOL  3Mmbols
3LOgGOJLOMIIWOIE XMOLAEHOIOL A9IBOHOL 3MMNbOL Yoodfm@ol FgdmdMHKBIdOLLL, Jobmsb
05353006900 3mGHIBE0MmIgGHO0ED  250mdsgowo  Logbowo  dogfimgds  Fglodsdols
dgbbogMgdol  dErm3zl. dmEgdMe  LE3MIMsgdo  LoFoMm  JmdOMBIdOLs s  JoobMol
©5530Jb0MYOOL 899y,  LYM3MIMS3gdOL  FoEsdMM3gwol  F9dzgmdom  bEgds dmdg3bm
UgMH3dM93Dg A9IMOMZs S TgLsdsToLO LoblEOL FMdIGWBABOLS S AoBGOL  JMMbggdol

3000 mGo  dgMBggzs. 533350039 bgds  Y39ws 3900w gdol  Bofigms  Gglsdsdol
dgbLogegdol MxHggddo.
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Bob. 4. GMdMEHOL 35053EBOL A5ToMEH039dw90 bobsbo.

05000 963wo@mdOL  JoLOEHJ395® MMIMAOL 2oodBHBL 543l MMToa0 dMMBEGDdO,
B30 gdM030 o BMmogsendodosbo  (Bob. 5). oMo gobgarsmdol absbg ol BmdMsmdl
B399 gd6H030 dMMHIWGIOm, b (399000 gobgomdol 9gdmbggzsdo 0ygbgdl dMsgzsewrdodosh
0MOMIWGBL. 3560 4963w MdOL 9dmbgg3s80 IM935¢d0d0sbo dMGMBEIGdO 53930Ww0s. 0dol
dobg300m 09 HRRMO 4OBEHDY MFg3l OMIMEOL gosdEobl FoosYOWGds, IM635¢J0dosb
BdMOHdGBL 5930 Lo Lbgsabbge 3mbogos: 1 - obobo 53930 dYMTsMgMdsTos (bsb. 5 5 s d);
2 - 356@s990bo 50056 B39vegdMHog0 dBMMIWGdIOL EMbbyg (Bab. 5 3); 3 - gobarogqderbo
56056 B39 gd6m03 dMMdWGdbg dWs (bsb. 5 @) s 93 9gBb393590 OHMBIMEHOL FoFBs
dbmemE dMoz35dodosbo dMOBIGd0om bgds.
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Bob. 5. HMIMEOL 29odEHboL dMdIOO.
5 @50 - Hobbgwo s 339MEbyO, 36535¢d080560 BMMBIEO 53930¢ FEYMTMYMdST0; § -
3653504080560 dMEBE0 53390105 B37MEgdMH030 dMMBdEXOL MbYDY; @ - IMs35cJ0dosbo
0MMBOE0 58390105 B3JMEGIM0Z dMMBSDY J393000.

91



3- 6589509, J. 330603503000, 3. 3036509, 3.UYs30056000, ©. BIO;b56009, ....

Mobile robot
Veriko Bakhtadze, Ketevan Kvirikashvili, Giorgi Kiknadze, Panayot Stavrianidi,

David Purtskhvanidze, Nugzar Kavlashvili, Maia Tsertsvadze, Tamriko Khutsishvili
Summary

The so-called "hand" type robot and its vehicle have been developed. The robot has two joints.
The first one includes a servomotor rigidly connected to the transport robot and the ball bearing, also
supported by the vehicle and including the main platform rotated by the said servomotor. On the
main platform, the second servomotor is rigidly coupled and the ball bearing is inserted into an "arm"
deflected by the second servo motor. The second platform is rigidly attached to the end of the
“forearm” with the third servo motor and the ball bearing placed on it, into which the “forearm”
ending with the catch is inserted. The robot is placed on the mobile platform with original wheels
developed by us.

Mo6usHSIH po6oT

Bepuro baxragse, Kerepan Kpupuxamsuin, I eopruti Kuxraazse, Ilanasor CraBpranugy,
Aasnzx Ilyprgxparmgse, Hyrsap Kapramsrrm, Matia Ileprpazse, Tamprro XynumBuin

Pestome

Msr paspaGoTanu T.H. po6OT THIIA «pyKa» U ero TPaHCIOPTHOe cpencrBo. PoGor cocroutr us
IBYX WIapHUPOB. IlepBBIii MapHUP BKJIIOYAET CEPBOABUTATEINb, KECTKO CBA3AHHBIN C TPAHCIIOPTHBIM
pOGOTOM, U LIAPUKONOAIIUIIHHUK, KOTOPHIH TAK)Xe OIIMPAETCs Ha TPAHCIOPTHOE CPEJCTBO M KOTOPHIi
BKJIIOYaeT B ce0sS OCHOBHYIO ILIAT(OpMy, KOTOpas BpalaeTcs YKasaHHBIM cepBojBuraTteneM. Ha
OCHOBHOM ILIaTdOpMe BTOpPOII CEPBOMOTOpP COeNWHEH XXECTKO, a IIAPUKONMOAUIMIIHWK BCTABJIE€H B
«I1JIe90», KOTOpPOe OTKJIOHAETCS BTOPBHIM CepBOMOTOpPOM. Bropas mromanka >K€CTKO IPHKpeIlIeHa K
KOHIY «IIpeAIlIeYbd» C Pa3MELIeHHBIM Ha He TPeThUM CePBOJBUTAaTeIeM U IIaPUKOIOJUIMIIHUKOM, B
KOTODBIH BCTaBJIIEH «IIpeAIUleYbe», 3aKaHUMBAOUeeCs 3axBaToM. PobGoT pasmemaercs Ha
pa3paboTaHHOI HaMU ITepeABIDKHOI IaThopMe C OPUTHHAIBHBIMU KOJIECAMHU.
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On Dictionary Unit Information Zone Merging
Giorgi Chikoidze, Anna Chutkerashvili

chikoidze@yahoo.com, annachutkerashvili@yahoo.com
Summary

Explanatory-combinatorial computer dictionaries differ from traditional dictionaries in
the amount and variety of information in the dictionary unit. In this type contemporary
dictionaries, a large amount of information is divided into zones, each of which corresponds to
this or that aspect of a certain dictionary unit. The main zones of information each unit includes
are the following: morphological, syntactic, semantic, etymological. Also the dictionaries
include relevant patterns of word usage, phraseologies, and consistent word combinations,
translations, and references.

The paper describes the information zones of the dictionary unit. On their basis the
relations and interactions of words are also considered.

Key words:

dictionary unit, information zones, synthesis, analysis

Dictionary unit information zone merging as well as their matching is rather important for
a computer dictionary. Obviousely, when a user addresses to a particular unit, he/she should be
able to get complete and systematized information about the unit, which will help him/her in
both directions of the language (both in text generation - synthesis, as well as in its reading and
comprehension - analysis).

Three zones (morphological, syntactic, and semantic), which correspond to three levels of
the language model were distinguished according to traditional grammar. In the language model
functioning, the text reveals that in the information of the same lexical unit, these information
zones are not only side by side, but they are merged as well.

Merging is revealed and confirms its necessity within the operation or dynamics of the
language system, the most general and essential characteristics of which are bidirectionality and
parallelism. [1], [2].

This parallel (horizontal, syntagmatic) direction coincides with the way speech text is
generated/perceived; it is in this way that along with the perception/generation of an expression
develops each level of its description and its structure, from the phonetic-graphic and to the
semantic-pragmatic, which, in fact, exhausts the scope of the "meaning-text" language model.

Bidirectionality, in certain sense, is revealed in the "perpendicular" ("vertical’,
paradigmatic) direction: its realization is the relation between the levels operating parallelly. It is
in this direction that the "meaning-text" model solves the global task, i.e. the bidirectional
transition from the meaning of the expression to its form (synthesis) and vice versa (analysis) [3].
It is essential that these transitions (analysis/synthesis) are executed not “by leap”, but in stages:

In the process, each level of representation addresses the other levels, sometimes
providing it with the information it has already obtained, and sometimes "asking questions" or
"asking for help", additional information to solve a task that it cannot solve independently. In
the latter case, the level at which such a "misunderstanding" has arisen sends level several
options to the upper for solving the task, from which the latter must choose the correct solution
to the problem, or at least the one whose fairness is least doubtful.
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All these relations between levels is based, on the one hand, on the results already
established and accumulated in the process of processing (analysis/synthesis) and, on the other
hand, on the various types of information embedded in the dictionary.

Therefore, of information zone "merging" implies the support that the data should provide
to the appropriate levels in their between level connections and relations.

There are a few examples given below to illustrate the role that information in each zone
plays in order to maintain these relations.

First we refer to examples related to the model functioning in the direction of "analysis",
ie.

"meaning« text".

In the case of textual (rather than verbal) input, the separation and identification of
individual word forms is not difficult: inter-word gaps and punctuation marks separate these
units quite sharply from each other. Thus, the first task of this direction is to analyze individual
word forms: to divide them into morphemes, to determine the corresponding meanings of these
morphemes, and to formulate a sum, mainly grammatical information, which is completed in the
final form and sent to the nearest upper, syntactic level.

The most important step in morphological analysis is to identify the word form that must
be analyzed with the corresponding lexical form, which is the dictionary unit symbol, the "title",
the function of the initial form. After this act is successfully completed, all the information that
governs the rest of the process will be available to the process.

In some particular cases of the morphological approach, the morphological generator
embedded in the dictionary generates the whole paradigm corresponding to the dictionary unit,
which excludes the need to divide the word form into morphemes: the input word form "finds"
its identical member in this generated paradigm [4], [5].

One way or another, the agglutinative morphology of Georgian, in contrast to Russian
and, moreover, English, in almost all cases provides the possibility of obtaining accurate and
unambiguous grammatical information. The most common variant of deviation from this
univocality is the coincidence of two rather priority noun cases (Genitive and Dative) in the
context of the vowel-stem untrimmed nouns:

o0: gogo, rk’o, gombio, kalo,. . . ;
u: k'us, bus, rus,. . . ;
i: dais, t’ramvais,. . .

Syntactic level based on dictionary information as well is “in charge” to remove the
ambiguities.

Solving this task at the syntactic level, which entirely relies on morphologic information,
is sometimes complicated due to the ambiguity of the syntactic structure itself.

The most common example of this is the constructions headed by thel series verb form:

-axla Sevuerteb am mils onk’ans/onk’ans am mils. (Now I will connect this pipe to the tap/
tap to this pipe); (1)

-vacukeb am gogos okros yec’k’vs. (I'll give this girl a gold necklace as a gift) 2)

n,on

In the first case, it is unclear which part is "joining": "pipe to tap” or "tap to pipe";

Pattern (2), at first sight, seems to indicate (at least pragmatically) that the "girl" will
receive a "gift" - the necklace, but the same expression applies to the elliptical interpretation that
the "girl's necklace" will be used as a "gift"- the recipient of the "gift" is not mentioned, it is
omitted. The latter can be explicitly defined in pragmatic context: for instance, by a question
which must precede the expression (2).
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-ras cukni fubilars?— ("What do you give to the birthday girl?")

It is not entirely out of the question (for example, in an ironic context) to have a
metaphorical interpretation that a "gift" ("yec’k’vi" necklace) is given from the girl’s already have
"gold" jewelry.

In the case of these pragmatically ambiguous sentences (2), the expression gets more
complicated by the identical forms of Genitive and Dative cases ("gogos", "okros"). However,
even without this additional complication, pragmatically completely clear expressions create
certain problems if the analysis is based only on morphological data. For example (3):

-mama usenebs svils saxls/saxls svils. (Father builds house for son / house for son) (3)

In order to solve this case, the analysis should refer to the semantic zone of the dictionary
unit "seneba" (to build), namely, the meaning of the lexical function S4, which determines that
the 4 actant or addressee (AD) of the verb "seneba" is typically expressed by noun as "person" or
"organized set of persons" (family, school,...). Of course, the latter indicators should also be
included in the information semantic zone of "child" or "family", "school", which is conditioned
by the means of the Gener function, i.e. the generalization of the value of the initial Co
(argument):

Gener ($vili (child)) = Person.

It is also possible that in some cases it may be appropriate to grade this relation as well, i.e.
to present it as a hierarchical structure according to the level of abstraction:

Child — Family member — Relative — Relation — Person
At the same time, there are cases that cannot be distinguished by these semantic means:

-is uzrdis/uk’urnavs svils mezobels/ mezoblis svils. (He brings up / cures the child of the
neighbor / child to the neighbor) (4)

In this case it is only possible to assume that the actant first mentioned is the addressee
(S4), as usual (however, not necessarily). A more general and crucial "advice" should refer to the
process direction of the synthesis: "meaning«text" if we assume that the initial point of the
direction of this process is the expression of "meaning" by some simplest, most "neutral" means
(perhaps - a formal scheme). And then generating all its quasi-synonymous expressions based on
this initial expression, then a "filter" can be added to this scheme of the algorithm, which
excludes all (ambiguous expressions like (4)). Thus, in the case of expression (4), the "filter" may
exclude its (4) form and leave it with ambiguous synonyms, including, for example:

-is zrdis/k’'urnavs mezoblis svils / svilis mezobels. (He brings up/cures the neighbor's child/
child's neighbor)

where it is clear who is "brought up/ cured" who is the caretaker/healer.

The main "driving force" for generating a set of these quasi-synonymous expressions are
lexical functions, first of all lexical substitutions: Syn, Der, Conv. The first of these implies the
absolute (semantic, grammatical) identity between the value of the initial unit (Co) and its Syn
(Co); The second (Der) transforms the basic grammatical characteristic of Co without changing
the semantics: the meaning of the category of part of speech; The third Conv also partially
changes the semantics: the word expressed through it reflects the Co situation differently, in a
different way from the initial Co. These and other lexical functions formed in the semantic zone
of the dictionary unit form the basis of many quasi-synonymous transformations, including
those that are aimed to eliminate the above-mentioned morpho-semantic defects.

Information about super-paradigms serves the same purpose. The set of paradigms
includes verb paradigms derived from the same lexeme [6], [7]. Despite having common
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semantic core, the paradigms differ from each other in verb-actant relations that in their turn
reflect semantic-role-predicate relations that allow choosing between these different
constructions. So, for example, pattern (1) can also be changed within the same super-paradigm
(mierteba"joining") by an active but "undirected" verb, resulting in a construction:

-mivaerteb mils onk’antan/onk’ans miltan. (I will connect the pipe to the tap/tap to pipe).

where the V object of "mierteba" (joining) and its "address” (AD) are expressed differently:
correspondingly with prepositional and non-prepositional Dative.

An example of the direct relation of semantics and morphology (without reference to
syntax) is provided in the algorithm formulated in [8].

All of the above mentioned proves that the information zones of the dictionary unit are
not only "neighboring", but also closely merged with each other.

Uniting information zones of a dictionary unit, together with applied meanings, has also
rather important, purely theoretical value. Namely, it is the dictionary unit with the most
complete information that can demonstrate the function that the "word" has in the current
system of natural language in both directions of the language system functioning. For example,
in a synthesis, the situation or idea reflected in the expression is initially divided into separate
components, which are related to this or that lexeme of the language. Then the choice is made
on the basis of the lexeme information, and finally with the help of the same information
dictionary units chosen in the end are combined into a joint expression, which, on the one hand,
expresses the original intention and, on the other hand, is built according to grammatical rules.
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1“3 KOTOPBIX COOTBETCTBYET TOMY WJIM HHOMY acCIeKTy MJaHHOTO CJOBapHOTO 3JIEMEHTA.
Vudopmanuss KakZOH eLeHULBI BKIIOYAET CIeAyIOl[re OCHOBHBIE 30HBI MOP(OIOrHIECKYIO,
CHHTAKCUYECKYIO, CEMaHTHYeCKyI0, STHMOJIOTMYeCcKylo. Takke BKJIIOYaeT COOTBETCTBYIOIIVE
HPI/IMePLI HCIIOJIB30OBAaHUA CJIOB, ycTOfI‘IPIBLIe CJIOBOCOYETaHUA U q)PaBeO)IOI‘I/IBMBI, HepeBO,ILBI nu
6ubnuorpaduio.

B crathe oxapakTepu3oBaHb MHGOPMAULMOHHBIE 30HBI CIOBAPHON €NUHHULBI. Y YHTHIBAS
3TO 06GOCHOBAHA CBA3b U B3aUMOZEHCTBUE CIIOB MEXAY COOO.
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Means of Expressing Old and New Information
Anna Chutkerashvili

Summary

The various ways of expressing old and new information is considered in the paper. In
natural language there are various universal means for pointing out new (rheme) or old (theme)
information. Communication will not make sense unless some new information is expressed. At
the same time, much of the information must be old, as without it the speaker and the listener
will not have a sufficient basis for understanding each other. In addition to the universal means,
there are some specific means characterizing certain languages that formally point at new and
old information. The change in the theme-rheme structure of an expression is deep semantic

process that ensures the wholeness of meaning.

CpeacrBa BbIpa:KeHUS CTApPOil U HOBOW MHGoOpMal MK
Anna Yymrepawsunu

Pe3rome

B crarbe paccMaTpHBalOTCA pasHbIE CIOCOOBI IIepefady CTapoi U HOBoM wHbopManuu. B
€CTeCTBEHHOM f3bIKe CYIIEeCTBYIOT Ppa3jiMYHble yHHUBepCaJbHble CPEACTBA M YKa3aHHA Ha
moByio (Pema) minu crapyto (Tema) uudopmarnuo. O6uenne He GyLeT MMeTh CMBICIA, €CIU He
OyzeT IlepefaHa HoBasi MHGopManua. B To ske BpeMs Gosblras YacTh MHPOPMAUY AODKHA OBITH
ycTapeBlIei, IOTOMY YTO 6e3 Hee y TOBOPAILEro U CIyIIaTess He OyIeT ZOCTATOYHBIX OCHOBAaHUM
IJA TIOHMMaHuA Jpyr zpyra. KpoMme yHHBEpCAaIbHBIX CpeICTB CyIIeCTBYIOT CpeZCTBa,
crnenudUYHBIe I KOHKPeTHBIX A3BIKOB, KOTOPHle (DOPMaJbHO YKa3hIBAIOT Ha HOBYIO U CTapylo
vHpopManuio. lameHeHMe TeMa-peMaTUUeCKOl CTPYKTyphl BBIpQXXEHHA - OTO IJIyOOKHIt

CEMaHTHYeCKHU IIPOoIecc, 00eCevnBalONi 1[eJIOCTHOCTS CMBICIIA.
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Linguistic Knowledge Base for Georgian Language
Liana Lortkipanidze

Summary
The world increasingly communicates with ccomputers by writing or speaking in natural
language, which is one of the essential components in automatic information technology

systems. Automatic processing of natural language is necessary for these systems. Therefore, the
state should promote the development of language technologies as much as possible.
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A linguistic knowledge database is a special database structure that serves to store and

effectively use the initial, intermediate and final information about natural language objects and
their relationships.

The article describes the development of the Georgian language linguistic knowledge base

through an expert system.

bBasa /muHrBHCTHYECKMX 3HAHUI II0 TPY3SHHCKOMY A3BIKY
/luana /loprrumanmzgse

Pesiome

Mup Bce wame obujaeTcs ¢ KOMIBIOTEpAaMH C IIOMOIIBIO IHChMA HJIM PasroBopa Ha

€CTeCTBEHHOM A3BIKE, KOTOPBIﬁ ABIAETCA OOJHUM H3 BOXKHEHUITNX KOMIIOHEHTOB aBTOMAaTUYeCKUX
CUCTEM I/IH(i)OPMaHI/IOHHLIX TEeXHOJIOTUH. ,Z];JI}I 3TUX CUCTEM HeO6XO,ZLI/IMEl dBTOMATHU4Ye€CKad
o6pa60TKa €CTEeCTBEHHOTI'O A3bIKA. HOBTOMY TOCYyZapCTBO AOIDKHO MaKCHMaJIBHO CII0COGCTBOBATH
Pa3BUTUIO A3BIKOBBIX TEeXHOJIOTUMH.

baza AAaHHBIX JTHUHI'BUCTHUYECKHUX 3HAHUHN - 3TO crienuajgibHass CTPYKTypa 6a3bI AAaHHBIX,

KOTOpas CIY>XHUT IJA XpaHeHUA U 5PGEeKTUBHOTO MCIIOIB30BAHMA HAYATBHOM, IIPOMEXYTOYHOM

U KOHeuHO# nHpopManun 06 06BeKTaX eCTeCTBEHHOTO A3BIKa U UX B3aMMOCB3SIX.

B crarbe ommcaHO pa3sBUTHE JIMHTBUCTHYECKOIH 06asbl 3HAHUI TPy3SHHCKOIO fA3BIKA C

TIOMOULIBIO OKCIIEPTHOU CUCTEMBIL.
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About the derivational lexical functions

Nino Javashvili

Summary

A group of derivative lexical functions is discussed in the paper. In general, lexical
functions are one of the key parts of the explanatory-combinatorial dictionary. The main group
of functions corresponds to the derivative meanings of natural language, these are the words
derived from the initial lexical unit L, the derivatives of L.

The functions that are combined in the derivation group are described separately.
Explanation of each function is given along with examples. Certain cases of derivation are
considered in the paper. The corresponding function of the derivation is not provided in the

Georgian explanatory-combinatorial dictionary and it is desirable to be added.
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O cnoBooGpa3oBaTeIbHBIX JIEKCHIECKUX DYHKIMAX

Huno /[xcasaweunu

Pe3rome

B craree mpexcTaBieH 00630p TpPYHIBl [J€PUBAIMOHHBIX JIEKCHYECKUX (DYHKIIUIL
Jlexcrueckue QYyHKIUU - OfHA U3 OCHOBHBIX 00JIAaCThEHl B TOJIKOBO-KOMOMHATOPHOM CIIOBape.
Jra rpynma (QYHKIHME COOTBETCTBYeT IIPOM3BOJHBIM 3HAUYeHUAM eCTeCTBEHHOTO sA3BIKa, 3TO
CyllecTBUTENIbHEIE, ITIPOM3BOAHBIE OT HAYaJbHOM JIeKCMYeCKOH eguHUIBI L, mpomsBomHOI
nmexcems! L, gpyrumu cioBamu, mepusarsl oT L. @yHkuuum, oObeleHeHHbIe B LepHUBAIMOHHOMN
rpymne, obCyXJaloTca OTAeAbHO ¢ KoMMeHTapuamu M. Menpuyka. IlpuBenensr moscHeHusa u
mpuMepbl  Kaxzo# dymknuu. OO6cyxzaerca HECKOJIBKO CJIyd4aeB CJIOBOOOPa3OBaHUA,
COOTBETCTBYIONIAA JeKCcHm4yecKasd GYHKIUA KOTOPBIX, MOXeT OBIThb Jo0aBjJeHa B TOJKOBO-
KOMOWHATOPHBIH CI0Bapb TPY3HHCKOTO A3BIKA.

@Oo@GJM5BHMOS — References — JIuteparypa

1. Menpuyx U. @., XKonkosckuit A.K. TonkoBo-KomGuuaroprsrii CioBaps PyCCKOTO $3bIKA,
Bena, 1984;

2. Bo3modg ., 5906MH9Bsdz00 b., wmGmomdonsbody ., Lodbmbodg ., Pm@E39Msd30wo o.,
xogs930wo b, @wgdbogmo  @mbdsogdo - 3mTd0bsGHMOMmo  gdbozmbol
36093690m3560 3m33mbgbBo. Logs®mzguml  BHgdbozm®o  mboggMlbo@g@ol oMo
90059300l JoMmM30L LobEGdgdol 0blGHOEHEHOL dOMIoms 3Mgdvro N19, mdogrobo,
2015, 3. 98-104;

3. https://gtu.ge/msi/Menu/Publications/Collections_works.php;

4. Mel'cuk Igor, Lexical functions in lexicography and natural language processing, Université
de Montréal. January 1996.
https://www.researchgate.net/publication/290987024_Lexical functions_in_lexicography_an
d_natural language processing;

5. 5806gbsdgzowo b., Lsdbmbsdg ., xogsd30@o b. LOEGY3505HoMTIMIdg0  5x30JLgdOL
dmboggdms dsBo. Lodo®mzgeml Fgdbozmo mbogzgdlLo@g®dol s®Row gwosdzowol
domm3z0L LoLEBYIGOOL ObLEOEWEOL IMHMTsms 3Mgdo N18, mdowolo, 2014, 33. 194-
203;

6. 9560dg, 5. oo gbol Mads0zol Logdzwgdo
https://archive.org/details/shanidze/page/141/mode/2up.

116



BgLIMM30 LEbYEgdOL SPPgMs ¢9dlo3MMo BMbJiogdom
b60be2 580659 BsFz0¢m0

ninomaskh@yahoo.com
M9bomadg

@9dbogmmo Bmbd30900, HrmymeE LoGyzsms dmMols wgdlogmmo BodsMmmgdgdol sefig@ols
306050  553195¢ngds, 36TsMEIO0m-30Td0BsEMMIMmO Ergdliogmbols gMHo-gMmo doMomsEO
09050099690 bsflogros.  gb gbdgogdo  §obosgdsdo  Logyggdl  dméol  egdlozm®o
3005600989006 50fgMol Ls8womgdsl 0dgrgzs. @gdbo3m®o Bb]30g00L Bmyso 960dzbgemds
Logrgdiogmbm  ghogmemdo ULbgsstbgs Lsbom @s Ubgsestbgs  dgdyggergdol  bsfomoo
359mobs@gds. @9gdbozmco gmbjzogdo dolo dobssGLOL gsdmdbs@gzgeo @smobm®o Lbodyzgdol
390030909800 5006036905,

bBoG0580 @9dbogamo Bmbdzogdols Lsdrmsegdom sefigomos Bywbsmmsgo Lsbgumgdo:
0290000, Fs@sero. GgJiGHol dmeml  dmEgdmos  gsdmygbgdmo  agdlogn®o  Bmbdsogdol
25635m37d900.

153356dm Lodyzgdo:
996032960 60980, 3560503(390001-30880659mGrIem0 ¢97b030260, LoBAG5005 SIS

B9doldogho 0b9gdMH030 9bobs 24963560 gd00m-303d0b5EHMOew adbozmbdo
296L5BO3OHMO0s LoErgdlogmbem gHmgMEIOL MToEH03Mwo Bmbsgdgdo, dolbo Lydsb@ogzs, dobo
dgbodgds Ubgs Lo@Y3zgdomsb, bsBgzgbgdos mvy s J0doMmgdsdos 0o bbgs LoEYzgdmsb 6w,
Lo@ygzolmgol dqlogg@olo dmbgdMmogzo goMmgdm. Lodygol dmbgdMmogzo gotgdml d9ddbs 3o
bmMEogewgds gduozMmo 3vbdzogdol d9dzgmdom, MMdgwomsi 9603d3bgwrmgsbo syowo
39300 2968 EHJdOoM-30330bsEGHMO M@  gdlozmbdo. gdbozMmo BwbJ309d0L YYD
d9L5dgd9E0 b Loerglogmbm gMmgEms BMLEO, IM35¢TLOHOZ0 ASBLIBLZM [1].

000090 @gJuiozMMmo B30 3MOL BMbI30s B50gdoG0INMO F3J00m, MMIGELSJ
293L 0300 sMMB96E0 s 36036 EMds.

MO, f wgdbozmemo gmbdEos sGob gmbdios, Mmdgwog dmEgdme L argdbozme
960gb (396d300L 5O MB96E0) 93938060gdL {Li} cgdbogzm®o 4s0mbomgzsdndol xaMBmb
(3mBgdool 36083690mds), HMIgElsg L-09b bogBomm sbsliosmgdergdo sdgl, f gmbdgosliomsb
05393806900 3mb3MHgEwo 960936gmmds:

f(L) = {Li}.

3OBdOMOE, WgJLo3MMO FBMbJ30s MO, Mbgds MHMI Fmgzom, goblisIMMMYOMO
3600369 mds, HMIYEOE 96 5MOL I 3000909w0 (439es "Bm®MTser©o" 9608369 mdOLASH
296Lb303980m), FsgMo8 sTM30EIdMWos 03 9JLogNH gOMGMDby (LU), HGmIgeblsg gu
96003b9¢mds gbgds [2].

@adbogyeo  Bmbdgos  90bodbogl  Bmgs  sHOL, MHMIgwog  Lbgssbbgs  Loboom
2398m0bsGgds  Loangdlogmbm  gMHmgMEgddo. 5wbdsool 3608369cmdsd Fgodmgds 360039
3950 ml LoGYzol 9M339w9o  1gdsbEHozmM-LobEodumMo Mmoo (ogml J399dsMg b
©535%9ds  0dol  dobgzgom, vy GMIgwo  odBHobGos dmEgdue  Lo@sgosdo @s  5.9.).
0595000, 9gbolzMemo gMbzos Magn (crsm. Magnus ‘©@0©0’) LoEsEool b Jolo 5J@sbEoL
Jowo  0b@gbLogMdSL  5b0dbogl. Magn (dog056) LoBY3Lbmob ds8zs 96 (§9d39GB DS
24990m0bs@gds LoBY300 Fsesero (Foowro dsd35), LOEYZLMSE Lodsmerg — Fbodz69¢mg560
(8600369gemgzsbo  Lodomang), bmwm 208330560056  0dbgds  0bBHYbLorGo  (06Egblomemo
30065(305). 56 903WGdS Fs5¢P0 30835305 b ds¢r0sb ds83s.

117



6062 50069 bsdz0¢m0

LEGHSG05d0 FoMBMYIBoWos MO0 BYLIOMZ30 Lobgwol — Fsmsemo, 019060 — SOfIOS.
00fgMolsl  259mygbadaos 353w daggdo s JoMmo  gbolmgol  ImMHgdyero
wgdbognco gubjgogdo [3].

960 LEgJLogMbM 9MHMYMEIdo, 3M390IENSd0 J9IM056gdME0s MO s 00539 BwYdol
899339wo LoGyzgdo:

m0mbodMMo  3m3dEgdo  sblbgsggds  0bgdlgdoom. dsy., Bdsewol (1. Lodwogm
Lodomol bgbowo 356MHEOLYIOMS MY sbobs; 5Jgb Abgowo EbGOWO FGmoOMEO, MYNHOO
435300 s 3630560 3Mowmo bogmago. 2. 58539 bgbowol bosgmgo, gMIgwymbfosbo,
3m36p300m, §i360560 ©s 3H3Id0w0). ddgro? (1. 595 vy 03 ImgEgbol (9sy.: Jo@ol JOmEOl,
D35y 0930l s dobm.) 0bEHIBLOMOMBOL (30ROMINOZ0 FoTMbOGMEgds. 2. Bmffogggms
3™bol 95351900l 60dsbo. 3. 30x3MHIO0m 50b0T36s IM3M39dMw0 FoMTs@EHgdols LdmMmEOL bmy
Lobgmdsdo) s 85¢0? (Lsbgodm ff3gmagds (3MLogom, (393300), Fgxwolo) [4];

M™I>Mo 3053050000 500b0dbgds gdlgdgdo, MMIGdLIE Loghmm g3 JoMHOMSO
296856905, 0oasd o TMMOL 5MHOL SBOMBMOZ0 Foblbgoggds. Top., Lodswegl  60dbsgl
39030356 Lodsergls, bngem bodswergll - bdol bodswegls [4];

3M50MWo  308MOJP0m  FoMOMYPOWos  15335MOLI®  MHJAMOHMEo  1gdsbEHozMMo
393906900 (MgaMEseveo 3635¢0d6083690mgbgds): dog., doolll - 306HEI30MH0 Aoyd0M
doo, bowm  dogno!l.2 - dmgdgomds, momdmb Ldobsgl. [4].

@9Jb039MH0 B6J30900L bBmyso 360336 Mds Loengdlogzmbm gMmgmedo bbgoalbgs
393Y39w900L bsfowom as0mobs@gds. sbg3g, wgduozMMo Bwbdoom dgodergds 6gdoldogMo
993Y39w900L  Bofowol gobloBrg®s. Mbs 500bodbml, MM s©fgMsl yzgmsbyg bogwgds
DaLIOMOz0 Lobgwo 99399qdsMgds. sdoGMmd wgdulozM®o 8MbdE0gdoE MG oy Vb3S
299099698990, HrRMOE gl SOBYO0MO LEdYEGOOL AoBLEDBIGOLSL brogds.

Locngdlbogmbm gemgmwo mgm®o

ogmdo I1
29685690 1 ©M30ol, Mo, d53d0L GggMo
d9boGyzgdgdo D 0goeo  dowgomo  (93. Gbgmdo  bsdbgtm  LodbobmEmoboysb

24960530L53¢0900L Imamds.)

(LobbEool)  MgMmo  dMMOEGdO  BODBOME.  5EsT0sboLs o
3bm39wol  bobbolb 8vdogo dmOHBmEmaon®o dgdsygbgaro
bofioo,  Gmdgwog  foMdmoagbl  YBIONw  IXOIEIAL, -
@)03M3E0OIO0-

1 0gOOO0 335005 LEYOOM Lobgwfimgds 3MbGHM- H93MmEE0MEOo
d5¢900Ls Ladmdoensdm mddo.

1 090060 wgdlo @od). MGHomdm gdlbo

0goMo  Bsbdomo  fyawol  gbgdaos  (GMIgeroz  3oGM-

999 BHOMBoYMM0T0 2o0M©o0gdbgds gargd@HMmgbgMansw

1 090060 bm®30 BOH06390lL (Joodol, 0bEsm®mob...) badiso

1 09060 3bgEgds WMmmMYBOL 5350TYMBMdS, HIgElsg 096 Leoggl
0m@3s (Logbob gocgdy)

1 090060 0539900 BHOowmgmol Bsmgaro msdggdo

(Box3bEmol sbsfiyolido).

090M0 3dowo — 8530 3o bovd. 0GY3006 0dol Tglobgd, 3063
900g3bg e, BsOOLIZLW M@ 393> 30LTY, 3L YpMdMa,
39000¢obdbM3gs  9B396908 s  Lobsdgzomgdo 3o  Tsz30
DMobz9d0 593L.

F YO0 39630 25005@). (FoOr0) 396F0L yHolol bdals

118



BgLsm530 Labgmgdol sefighs wgdogzmmo gmbdsogdomn

Anti
Gener
Figur
Ao
Advo
So

Vo

Magn

ogomo II1
29685690

Anti
Gener
Figur

ogoto 112
2496356 @gds

Anti
Sinstr
Sloc

Smed

ogmco 113
249685690

Syn
Anti
Gener

ogmco III1
2496356M@gds
Syn

Anti

Gener
Figur

Ao

Advo

dob399L 30L0dg LaboMYYO M.

: 9530

1 3960

1 0)M3EP0300 Jo0Jomd

: 90m0OM, 1Hg0M05b0, MmgmG™mbo

1 9MO©

: LoomgmeY, MY Y0, F5INMJIIWO

1 5009MHYOL, YIGMGOL, 0NGNOHIOL, MJNMIOIOS,

M0JOMHEOIOS, S0JNMJO0bIBL

: b39H930, Joogoos

: B39 90M03 IH53™Md0mT0: MJNOHJOO — GO Fobobsdmbo.

09OMJO0 5(3300. — 0JNGMYOT0 35FMFYMBO0 3530 (Jogro).

: 953900
1 BobLogdgero
1 39Jomdomgdmeo

: B39@9dM03 9653 Md0mI0: MGNMHIO0 — V0S GJMHOL GoyMM9dO,

MHIgd0msa 0§ygdab 05958L.

: 853900

: Bo5358m GodOHdO

: Bom53odm g, Lomsdodm dmgosobo
: bg, 3asbBdsbo, ommbo

: B39 90M03 3653w Md0mMT0: MHJNMHIOO — MJOMHRZMOOJIIOO,

3MbGHMMY3E30MmbgMHgdo [0bToMmgds LagzMsbyqool

05995HOMWO ©930Y300L OHMOEL, HrEgbsg Sbg
0 gdbgb dMHOMbms ImdbMHYdL].

1 0090023560090
- foowgdo, fomgrrazs®ogergdo
: 30@0H03IO0 IXBIBIOd

1 09O 009, FoVsMs MTs.
: FO06O

: 8530, 3v1do 839coL

: dol ggMo

: MZE0300 MNJNOO

1 39009MGOMEO

1 990MO©

119



6062 50069 bsdz0¢m0

So
Vo
Incep

ogmdo 1112
2496356M@gds
Syn

Anti

Gener

ongmeo II13
249635690
Syn

Anti

Gener

Ao

Advo

Vo

Instr

ongoto 1114
2496356 @ 90
Syn

Gener

So

Sioc

: Loogmey
1 09OMI0S, YOIJNOHOIOS
: 03580 0gMol 90939, 99F505653905

1 090039560560 50530560
1 0gmM3960560

: 9033960060

QN IN

b8 Bd©sffghowo Gydvho

! 39IMNIJOGOS

: 9030

: 390596 (LYBMIE ©s YIYEEMIN)
! 39IMNJOMIOMO

1 0990MO©

! 39350JNMIOL

1 35590, BsbJoM0, 33309EH M0

1 3963bol gwo 56 geo boghomme.
: bmeos

F ol 9OMNIIL0

: 090060560

1 X009, LoggEg, Jobos, dob3o

Locngdlbogmbm gemgreo dsmsmo

Jsmogroll
2496356 Fgds

d9boGyzgdgdo

Anti
Gener

Advo
So

Magn

1 0O B0BseEoby, 939306 Bg3000396 oo BmTols; dofjols

Dgs306Hmb MmOl Iymaxzo; B30l ©mbowsb oo Lodsmols
(>p0e0)

: Bo@oro mby

: Bo@ao byggbmeo

: Bo@ano boMolbo

: Boaco bds (Lo@ygzs)

: 0500, BobEodseno, BobdmMbowo, xwxs
B JUTN

1 5050 gdME0, MIseglo

: Boo, Fo0WO, Fo0EsTs0s

: bLodseErg, 3500030, J>OEMIO

1 5050 gdL, 0T5EgdL, ToEgdl, JoME YOS
: 99950egLo

120



BgLsm530 Labgmgdol sefighs wgdogzmmo gmbdsogdomn

AntiMagn

Jswogno 12
2496356 @gds
Syn

Anti

Gener

Ao
Advo
So
Vo

Magn

Jsmagmo I3
2496356 gds
d9boBYyz9gds
Syn

Anti

dswsemo II1
29685690

Syn
Anti
Gener

dswagro 112

2496356 Fgds
d9boBYz9gds
Syn

Anti

Gener

Ao

Advo

So

Vo

F RYZOXJLO

: f3Moo, §30M0os (bds, d3965); dogho, Igz06Maoms (bas).
: OO, dW0YHO

: 000, Ll o, dmbo

: boderogtg (bdol)

: 9950gbo

: b0s0o0ems

: bodomeny
: 005090l
: 8393569, H@bOMb, 458903560

OO, OE FOBOJIOOM 25dMmboEM0; bea®IorBBg dg@o
: Booo ds035/ 6935/ $H98396mo@MMs

! OO, dwogMo

: B0, LbGo

: BodoGom, Labobgem, 35¢03Lo3900. Bo0se0 XOWwEM.

©OMLYMEO0, OO, SVTSEHJOM0;

: 00900MH3356M0Jgd0
- foowgdo, fomgrrazs®ogergdo
: 3mEOGOZIO0 QOIXYIBYOS

1 3o¢005b 3960. gob30mMdOL, HoMTo@gdol 3960 IYMTSMmYMDs
: 85050 MbY/ LogzgbMo/ BEYMIoMYMdS/ Jewslio

: Boobasdolibmgsbo

1 99356130L0

: dgg30bgds

1 505000, SBoTSMWGOJE0, TSV ILO

HGNQIWGY

: Lodseang

1 5350g0dL, 035 gdl. JoMEEYdS

Loergdlogmbm gMmgmEol gobdstmEgdgdo s dgboEY39d9gd0 Im3gdME0s JoMomyeo 9bol
29685690010 gdbozmbol [5] dobggoom.

245949693990 9oz MMo B3bJ309d0L As6TsMEHdIdO:

121



6062 50069 bsdz0¢m0

Syn [wom. Synonymum ‘bobmbodo’] Lodyggs 96 BB, MMIgeog dobss®lom gdmbgggs

00mbogocn Lo@yzsol s 3093mm3bgds 08539 I9BY39egdol  Bofowl. Bwbdzoom dgodwrgds

200fgMMmb 00mgddol yz9es 3939439¢gdob bofowo. derogmbo-mmbogmo.
Anti [eoom. Antonymum ‘56¢™b0d0’] Lo@gzs b gGMsbs, HMIgeog 95060dbsgl L sdmbsgswo

Lo@yzoL badomobdomm 360dzbawmdsl. ¢rsds bo-=dbes, gmbyo.
Gener [om. Genus ‘a3o0LobgMdY’]  obEwmgbo  BmYPSO  JEolo/a35M0/LobgMds,
MIgbsg sdmbsgswo L ghmgmmo 8093m003690s. 30bJ30s Gg0dewgds 3Jmbogl ovomddols

939> 89(HY39@gdob bafowrb: f2005-5Hdmbgg@eyero bsergdo

Figur [woom. Figuraliter ‘goaa®oa®o’] LEBsthEmwo 8g¢egmes L sdmbsgswo
3mMIoLMZ0L: 4r90-MOHML dw9e0o.

So, Ao, Advo, Vo — Lob@oduco ©ghogzs@o: Lodygs, HmIgwoa dobss®lom msbbgwpgds L
00mbogon  gMmgmeol, Topa®ed 93mgzbol bbgs d9By3gargdol Bsffoenl. mombo  doMomowo
9939390900 bofoerols dglodsdobsg: So — sGBGO0MO bobgwo, Ao — BgELsMM30 bobgwro, Advo —
BdboBbys, Vo — Bbdbo:

So (otg53b) = J569835

Ao (Fmstrg530) = dofstog 90
Advo (dmdstrg530) = dofs8o9ems O
Vo (F5(9335) = JoMg53b

Magn s Magni [¢som. Magnus ‘©@o@o, dbbgowo, 36083690mgsbo’ — bodbogl ‘dogrosh’,
‘Bo0o0o bsMolbooy’, ‘0bEgbLloMMme’] — L s3mbsgswo ghmgmeol dgbsdsdolo Loe®dobgmwo
LobEoJuwMO 3MBLEMIE00L Lo3MIMEM i-9MH0 5JGIBEGHOL Fomswo 0bEgblogmds:

Magn (Kb6935) = 29 oLIO”
Magn (g2060¢0) = bdsdomowo
Magn1(gg0m0b) = bdsdows

Sinsr, Smed, Smod, Sioc, Sres, Sam — Lo@mogool  FgmOgbsmolbmgsbo  §g30gdol, by
LoMIMBLEBEJOOL  Lobmgom  50bodgbs.  Tglodsdols,  Simsr—05M500/0bLEHMIIOFBH0,  Smed—
3oLo0/159015@905,  Smed—09OMEO,  Se—dAOWIEIOIMYMDS,  Sre—  T9OJP0, Sam  L-09b

SbMEOMYOMEO 5EHMHOdYEGO.

Sinstr (3680) = (95935, F2560, 0369

Smed ((36080) = gl20¢v0, bsgsto

Sioc (3bBs) = boomby, bosgbmbo

Sres (368) = 39960, 153500, bsG363560, bs30060GGM bsfstrdo

Smod (Up3g070) = mbevs0b bsgems

Sawr (5059600) =3s3mbgd0

Sacr (Gerbfisgems) = Ggcbo

Incep [@oom. incipere ‘©sfygds’] - L qogdbgdsbomsb  ©o303806030wo  dmgdggdol

Qdbsfgobo.

Incep(84deagms) = @©sfg96s [dG3mols]

IncepPred(«yb6,9d0) = 8529693985
IncepOperi(0dgo) = Bsbobzs [09g0l ]
Instr [wom. instrumentum ‘obBLEHMB6HO] 06RO MY0s6o GG,  GMIol
3600369 mdss ,L-0b Lsdwgswgdom®™. gmbdsos L-ob 0bLE®MAgbEs godmoygbgds @s sJzm

Lobgergdl:
Instr (ggpb¢r0) = 6a6be b7 [396baob bsdmaergdom dgfigs, dg@EHOHbgs s bbg.]
Instr (97U396089650) = 9963908965002
Instr (g20655(0) = gsbg00

122



BgLsm530 Labgmgdol sefighs wgdogzmmo gmbdsogdomn

Description of adjectives with lexical functions

Nino Amirezashvili

Summary

Lexical functions, as the main means of describing lexical relations between words, are one of the
main components of the explanatory-combinatorial dictionary. These functions allow the description of
lexical relations between words in a sentence. The general meaning of lexical functions is expressed in
the lexical unit in different ways and with different parts of speech. Lexical functions are denoted by
abbreviations of Latin words expressing its content.

The article describes adjectives: white and high with lexical functions. Definitions of the lexical
functions used in the article are given at the end of the text.

Omnucanve npuIaraTeIbHBIX C IOMOIIBIO IEKCHYECKUX (QYHKIIMI

Huno Amupesawsunu

Pe3iome

Jlekcnueckune (YHKIHMH, KaK OCHOBHOE CPEJICTBO OINMCAHUS JIEKCHYECKHX OTHOLICHUH MEXTy
CJIOBaMH, SIBIISIFOTCS OJHMM M3 OCHOBHBIX KOMIIOHEHTOB TOJKOBO-KOMOMHATOPHOIO CIIOBaps. OTH
(YHKIIMM TIO3BOJISIIOT OIMCHIBATH JIGKCHUECKHE OTHOIICHMS MEXIy CIOBaMH B IpeanoxeHnu. OOiee
3HAUCHUE JICKCHYCCKUX (DYHKIMI BBIPaXKaeTcs B JIEKCHYESCKON €AMHMIEC O-Pa3HOMY M PAa3HBIMHU YacTAMH
peun. Jlexcnyeckne (QYHKIUHM 0003HAYAIOTCA COKPAIICHUSIMH JIATUHCKHX CJIOB, BBIPAXKAIOIINX HX
CoZIepIKaHHE.

B crartbe ommcaHBl TpUIIaraTeNbHBIC: Oenbill W 6bICOKUL C TIOMOIIBIO JIGKCHYECKAX (DYyHKIIHH.
OmpezneneHus JeKCHYECKUX (QYHKIMH, NCIOIB3YEMBIX B CTaThe, IPUBEICHBI B KOHIIE TEKCTA.
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On the Lexical environment of the Word "Heart"

Liana Samsonadze

Summary

Lexical functions allow the description of not only separate words but also many
combination of words, collocations and idioms. All of this is the basis to get a global description
of Georgian vocabulary by enriching the explanatory -combinatorial dictionary with lexical
functions.

The article describes the lexical surroundings of the word “heart” as an anatomical organ
and “heart” as a sense organ by lexical functions in several examples. Several derivatives and
idiomatic expressions with definitions are given.

Onucanue JeKcHIeCKOi Cpeanl cJioBa «Cepzlue»

Jluana Camconaose

Pe3rome

Jlexcnueckne (yHKIMM TIO3BOJIAIOT ONMUCHIBATH HE TOJBKO OTHEIBHBIE CJIOBA, HO U
MHOKECTBO COYETAHHWH CIJIOB, KOJUIOKALMM M HMIOUOM, 4YTO SBJIIETCS OCHOBOH AJIsi IJI0O0QJIBHOTO
ONHMCaHMUsl TPY3WHCKOH JIEKCHMKM IIyTéM OOOralieHHs TOJIKOBO-KOMOHMHATOPHOTO  CIIOBAps
JIEKCUUECKUMH (PYHKIIMSIMHU.

B craThe Ha HECKOJBKUX MpPUMEpax OMHMCAHO JIEKCHUECKOE OKPYKEHHE CIIOBA «CEpILE», KaK
AHATOMHMYECKOTO OpraHa M «CepAle», KaKk opraHa YyBCTB IPH MOMOUIM JICKCUYECKUX (YHKIUH.
[IpuBeneHsl JaepUBAlMOHHBIE OOpa30BaHHMSI W HECKOJBKO HIUOMATHUYECKHX BBIPRKCHHH C
COOTBETCTBYIOIIUMH OOBSICHEHHUSIMHU.
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Abstract

The article describes two of the most popular mechanisms reaching consensus in the
blockchain. The first one is Proof-of-Work (PoW), used in the network of mined coins (such as
Bitcoin, Litecoin, Ethereum, etc.), These are such coins, that require impressive computing power
to conduct transactions on the network. The second one is Proof-of -Stake - used in a network of
pre-created coins (such as Ripple). These are coins, which transactions in the network do not need
computing power. The principles of operation of these two mechanisms are described, their
advantages and disadvantages, including weaknesses and security vulnerabilities. Hybrid
mechanisms are also considered. Understanding such an important link in the system as the
mechanisms for reaching consensus helps to better understand the internal structure of the
blockchain system itself, the transaction validation system and characteristics that affect the speed
of the network (and transactions, respectively), which will help in the design and development of
applications and projects related to the blockchain. Such projects can be new cryptocurrencies,
cryptocurrency wallets, bots for trading on exchanges or systems that predict changes in the rate of
cryptocurrencies based on statistical data and machine learning. Understanding the principles of
these mechanisms allows you to look in more detail at the internal processes of a particular
cryptocurrency. Machine learning and open source (API pools for mining and trading exchanges) it
is possible to train a machine learning model to find patterns that will somehow affect the course.

Keywords:

Blockchain, PoW, PaS, cryptocurrency, 10T, decentralized network

With the advancement of communication technologies and the ubiquitous introduction of 5G
networks, the Internet of Things technology began to develop at an exponential rate. Smart House, smart
cities, e-Health, the Internet of Things for industrial enterprises, distributed intelligence and other systems
are an effective and familiar means for society to improve many processes, for example, crop irrigation
processes based on sensors and other processes that can be automated. Such an approach to processes
reduces the influence of the human factor and contributes to an increase in the efficiency of an enterprise,
where there are all prerequisites for the use of loT technology.

For all its effectiveness and prevalence, the Internet of things technology has many challenges and
problems associated with the security and secure configuration of 10T devices.

The existence of a huge number of such devices is dangerous, since an attacker can take control
and organize them using Internet devices things DDOS attacks and other traffic manipulations that send
device data to the server.

One example of a concerted attack on multiple 10T devices is a botnet. A botnet is a collection of
compromised devices under the control of an attacker. Mirai is a worm and botnet formed by hacked
(compromised) devices such as the Internet of Things (video players, smart webcams, etc.). This botnet
hacks devices by guessing a password for port 23 (telnet). In centralized loT systems, sometimes it is
enough to hack a server or microcontroller responsible for communication between a large group of
devices in order to be able to control all devices communicating via a centralized protocol with a
compromised server [1, 2, 3].

Centralization of the loT control system can be a vulnerability, since such an architecture
significantly reduces the time it takes for all devices on such a network to be taken under the control of an
attacker.

The way out is to use a decentralized approach to organizing such a network, where each device
acts as an independent node. In the event of such communication, an attacker would have to hack every
device, not just the central server. The use of centralized communication protocols in a decentralized
network is not secure and efficient enough. The use of Blockchain technology to organize communication
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between devices in such a network is the most justified solution, since information will be transmitted in
the form of secure, signed transactions that must be recorded in the distributed ledger of each node.

This approach provides the following advantages and properties of device interaction in a
distributed network.

¢ Decentralization

e Security

o |dentification

o Network flexibility

o Network autonomy

o Reliability of information

Decentralization involves eliminating the security concerns of a centralized approach to the
organization of the Internet of Things, increasing the margin of error, but also increasing the efficiency
and security of such a network. Transactions between nodes are secure, signed with the secret key of the
sender's node and verified by the recipient's node, thus ensuring security and identification. At any time,
any number of devices can be connected to the network, which will receive an up-to-date copy of the
distributed ledger, thus ensuring the flexibility of the network. Autonomy of work consists in the
impossibility of suspending the operation of the entire network, disabling any of its components, as can
occur in a centralized network when the server is out of order. The reliability of information on the
network lies in the fact that only transactions verified by miners or otherwise, containing the output
information of devices will be in the blocks of the distributed ledger.

Decentralization and peer-to-peer networking show a high level of security, reliability, flexibility
of the network and the possibility of autonomous operation of its parts.

The article analyzes the advantages and disadvantages of transaction processing technologies in
the blockchain PoW and PoS in order to create machine learning programs for predicting changes in
cryptocurrency rates.

For any cryptocurrency to work, it is necessary to exchange this cryptocurrency between its
holders, because the currency itself (including fiat) is a fiducial mechanism that has some value only
when the holders believe in this value and endow it with the currency. Without the possibility of
exchange and trade, any object loses its financial value, therefore it is extremely important to provide a
reliable and fast mechanism of turnover. Any (almost) cryptocurrency is built on the Blockchain
mechanism - an initially replicated distributed database created to run Bitcoin. Blockchain is a
continuous, sequential chain of blocks (containers with data) built according to a special algorithm, stored
independently of each other on distributed network nodes, that is, it is a distributed ledger that contains all
the transactions with cryptocurrency that have ever been performed.

Since Blockchain is a decentralized system, it’s extremely important mechanism is the secure
decentralized creation and processing of transactions. But the implementation of this mechanism may
differ for different cryptocurrencies.

Conventionally, all cryptocurrencies can be divided into mined ones (the mining process is called
mining - from the English mining) and previously created ones. Mined include Bitcoin, Litecoin,
Etherium, Monero, ZCash and others, pre-created ones include Ripple, Stellar, EOS, NEO. In every
cryptocurrency network, transactions must be verified to ensure that the cryptocurrency has not been
spent twice. A group of transactions is combined into a block, which, after verification, is joined to other
previously verified blocks. Thus, the "transparency" of the network is carried out. There is a reward for
the "verification" itself, and the most popular verification and reward mechanisms are Proof-of-Work
(PoW) and Proof-of-Stake (PoS).

Proof-of-Work

Proof-of-Work (PoW) is a consensus mechanism (it is achieved when all network participants
confirm the validity of transactions and the identity of information at all nodes), used to confirm (process
and add to the sequence of blocks) transactions and create new blocks. This mechanism allows miners
(heavy-duty computers with multiple GPUs or ASICs) to compete for network completion and reward.
The miners' reward is credited for a correctly generated and confirmed block, and consists of a
commission charged from all transactions in the block. Thus, the miner receives a reward only if the hash
of the previous block is selected correctly, transactions are processed and grouped into a new block, a
hash is assigned to the block containing the hash of the previous block, and more blocks have not
appeared in the other block chain than in the block chain. processed by the miner (in this case, the longest
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chain of blocks is considered valid, and the shorter one is nullified and considered invalid, transactions
from blocks of a shorter network are queued to form a new block).

This mechanism is considered safe because it makes it almost impossible to "Attack 51%", and the
formation of blocks depends on the total power of each miner, and not on the number of coins in any
holder (PoS model). Thus, holders of a large number of coins do not have power over the network and
cannot manipulate transactions (which is some kind of implementation of the 51% Attack), but do the
same using the power of the miner (that is, collect the power of 51% of the miners in one network node)
of this network) is extremely resource-intensive and practically unrealizable, therefore Proof-of-Work is
considered a safe model for verifying transactions and calculating rewards. However, this model has a lot
of disadvantages.

The most obvious and serious disadvantage is the very high cost of this model, since the
mathematical calculations (which are becoming more complex) are extremely resource-intensive. The
equipment consumes a huge amount of electricity and, in fact, the work itself is useless, since it is
performed exclusively for processing transactions on the network (and not scientific calculations,
modeling particle behavior, etc.). The equipment also works 24 hours a day and emits a huge amount of
heat, which must be efficiently removed and cooled, which makes industrial or home mining of
cryptocurrency (mining) a rather problematic process. Another problem of this model is the illegal
distribution of earners to user devices without their knowledge, that is, the deliberate infection of a large
number of computers (computers, smartphones, network equipment) by cybercriminals in order to mine
cryptocurrency, which greatly reduces the performance of the equipment, and users face inconveniences.

To make the process of creating transactions less resource-intensive, a new Proof-of-Stake (proof
of ownership) model was created, which eliminates the resource-intensive process of mining a coin by
miners and implies a one-time output of all tokens (coins) to the network and to the trading platform.

Proof-of-Stake

Proof-of-Stake is a mechanism in which the probability of a new block forming by a network
participant is proportional to the share of the tokens (coins) of this cryptocurrency belonging to this
participant in the total number of tokens in this currency. Since such a cryptocurrency is created once and
all the tokens of the currency are available immediately, the units containing a large proportion of the
tokens will be more likely to form a block. For example, a holder holding 2% of all currency tokens will
generate 2% of new blocks. This mechanism allows participants who simply bought a certain amount of
currency tokens to create blocks, and does not require any computing power, and, therefore, energy costs.
This mechanism also allows the use of game theory algorithms to effectively counter centralization
(capture of one participant, with the largest number of tokens on the account, control over all
transactions).

However, obvious disadvantages follow from this. Still, theoretically, the scenario of accumulating
a critical amount of tokens of such a cryptocurrency to seize control over the formation of blocks is easier
to implement than capturing a critical amount of computing power in the PoOW mechanism. For example,
some cryptocurrencies (for example, Ripple) cause serious concern in the cryptocurrency community, due
to the fact that about half of all issued tokens are under the control of cryptocurrency developers (a fairly
narrow circle of people), and, in fact, this cryptocurrency is centralized.

There are hybrid technologies, for example Proof-of-Importance (Pol - proof of importance, used
by the NEM cryptocurrency), the probability of block formation in which is influenced by the number of
cryptocurrency units on the balance, the activity of the account and the time the account is on the
network; Proof-of-Activity (PoA - proof of activity); many other less popular and more specific
technologies, for example Proof-of-Capacity (PoC - proof of allocated volume, used for mining by
providing free disk space to the network), etc., however, the main two technologies are PoW and PoS.
And after any mined cryptocurrency runs out of tokens given out as a mining reward, most likely PoW for
this cryptocurrency will be replaced by PoS (the probable future of Ethereum and Litecoin), which means
that transactions in the network of this cryptocurrency will continue to be processed and the
cryptocurrency will continue to live.

As in the case of PoW, it is possible, based on the number of units in the network, to predict the
speed of transactions, and, consequently, the popularity of the currency, which directly affects its rate,
and in the case of PoS, the number of coin holders forms the speed of transactions, which, similarly, in
some circumstances, it will help to predict trends in exchange rates. Understanding the principles of these
mechanisms allows you to look in more detail at the internal processes of a particular cryptocurrency.
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Using machine learning and open sources (APl of mining pools and trading exchanges), it is possible to
train a machine learning model to find patterns that will somehow affect the course.

3¢ 36906 BHM6BsgEogdol ©sdmTsggdol Bgdbmermaogdo
0633000 G2Mb505, 099630 8sbH3d9, s66r0 JrBOC33dg, J90 89393320
M9bomdg

LGHoG0sdo  sOfigPoos  MmMO  43gweby  3m3MWstmo  d9dsbobdo  denrmzbgobdo
3MbLgbLmlol Bomfgzol. 3oMmzgwo sGOL - PoW. ol 959m0ggbgds olgm 3M03EHMZ5ww)EoL
LobBgdgddo, GmaMGgdoazss Bitcoin, Litecoin, Ethereum o 9.9, 96w 3003GHM350M@gd0,
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9 9ds. dgmeg ool Proof-of-Stake. ol 408m0ygbgds Fobslifjo® dgddbowro dermzhgob Jugerdo,
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TexHoJsiorun 00padoTKU TpaH3aKUMIi 0J10KYEIHH
HUpaxnuit Pooonas, Teneus baxmaose, Anpu Mopuunaose, Mepu I eceuxopu

Pe3rome

B crarke onucaHbl 1Ba caMbIX MOIMYJISIPHBIX KOHCEHCYCa — MIOCTPOCHUE MEXaHU3MBbI B OJoKueiiHe-
Proof-of-Work (PoW), xoropslit ucrnone3yercs B cetu H00BITHIX MOHET (Takux Kak Bitcoin, Litecoin,
Ethereum u T. m.), TO ecTh MOHET, TPEOYIOUIMX BHYIIUTEIHHOW BBIYUCIMTEIBHON MOIIHOCTH IS
TpaH3akui B cetd, U Proof-of - Stake, koTopsblii HcHonb3yeTcsi B CETH 3apaHee CO3aHHBIX MOHET (TaKHX
kak Ripple), To ecTb TpaH3aKIMK B ceTH HE TPEOYIOT BBIYMCIUTEIBLHOW MOIIHOCTH. OMUCAHBI IPUHIIUIIBL
paboThI ATHX BYX MEXaHW3MOB, UX MPEUMYIIECTBA M HEAOCTATKH, BKIIIOUas ciadble U ysS3BUMbBIE MECTa,
Taroke paccmaTpuBaroTcst ruOpunasie Mexanu3msel (Pol, POA u ap.). Ilonnmanne Takol BaXKHOH YacTH
CHCTEMBI, KaK MEXaHH3MBI TOCTH)KEHUSI KOHCEHCYCca, IIOMOTaeT JIyyllle IOHATh BHYTPEHHIOK CTPYKTYPY
CaMOM CHCTEMBI OJIOKYEWH, CHCTEMY MPOBEPKU TPAH3AKIMI M XapaKTEePUCTHKH, BIHSIOIINE HA CKOPOCTh
ceTH (M COOTBETCTBEHHO, TpaH3akmuu). [locnenHee MOKeT OOJErduTh MPOEKTHPOBAHHUE U pa3paboTKy
NPWIOKEHUH W TPOEKTOB, CBS3aHHBIX C OJIOKYeHHOM. TakuMHM TNIpOEKTaMH MOTYT OBITH HOBBIE
KPHUITOBATIOTHI, KOLICNBKH IUIsI KPHITOBAIIOT, OOTHI 1A TOPrOBIM Ha OUpXKaX WIH CHCTEMBI,
NPOTHO3UPYIOLINE W3MEHEHHs Kypca KPUNTOBAIIOT Ha OCHOBE CTATUCTUKH M MAIIMHHOTO OOyuYeHHSI.
[loHumanue mnpUHIMIOB pabOTBl ATHX MEXaHU3MOB MO3BOJIsiET Oojiee MOJPOOHO PacCMOTPETh
BHYTPEHHHE TPOLECCHl KPUNTOBATIOTHL. C IMOMOIIBI0 MAIIMHHOIO OOYYEHHS M OTKPBITBIX MCTOYHHUKOB
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(mymer APl nmns mMaliHMHTAa W TOPrOBBIE OHPXKH), MOXXHO OOYYHTH MOZENh MAIIMHHOTO OOydYeHHS
HaXOJUTh 3aKOHOMEPHOCTH, KOTOPBIE TaK MJIM HHAYe HOBJIHUAIOT Ha KypcC.
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Modern problems of teaching the basics of programming
Teodore Zarkua, Victor Khutsishvili

Summary

The challenges faced by society in the context of the rapid development of information
technologies and their overlap of almost all types of human activities are considered. Attention is focused
on the problems of teaching the basics of programming, which are due to the modern very specific
situation. Listed are the risks that can hinder the provision of an adequate level of programming learning.
An approach is proposed for successfully solving this problem, based on many years of experience of the
authors, and which can serve as a prerequisite for the creation of an effective methodology for teaching
the basics of programming.

The final conclusion is quite unambiguous - the society needs to urgently and radically change its
attitude to the process of teaching the basics of programming. Any delay in this matter entails the risk of
inflicting a painful blow on the fundamental interests of society.

CoBpeMeHHbIe IPO0IeMbI 00y4eHHsI OCHOBAM IPOTrPAaMMUPOBAHUS
Teooope 3apxya, Buxmop Xyyuweunu

Pe3rome

PacMaTpuBaloTcs BBI30BBI, NepeJ JULOM KOTOPBIX 0OKa3aJa0Ch OOLIECTBO B YCJOBHUSX
pe3Koro pa3BUTHS WHGOPMALMOHHBIX TEXHOJOTUH U MEPEKPBITUS UMHU NMPAKTHYECKU BCEX BU/IOB
JlesITeJIbHOCTU  4eJioOBeKa. BHHUMaHHe 3aocTpsieTcs Ha mpoG/jeMax oO0y4eHHs OCHOBaM
NpOrpaMMHpPOBaHUS, KOTOpbie 00YCIOBJEHbI COBPEMEHHON BIIOJIHE KOHKPETHON KOHBIOHKTYPOH.
[lepeducsieHbl PUCKH, KOTOpPble MOTYT IMOMeIIaTh O0ECHeYeHHI0 JOJDKHOTO YPOBHSI O6OydeHUs
nporpamMmMupoBaHuio. I[lpeajaraercs NoAXOJ[ AJisl YCHEUIHOTO pelleHHUsT 3TOW MNpo6JieMbl,
ONUpalIIUKCca HA MHOTOJIETHUM ONBIT aBTOPOB, U KOTOPBIM MOXKET MOCHYKUTb NPEANOChIIKON
CO3/I1aHUIO 1eHICTBEHHON MeTOAUKHU 0Oy4eHUs1 0CHOBAM NPOrpaMMUPOBAHUS.

OKOHYaTeJbHBIN BbIBO/, BIIOJIHE OJJHO3HAYEH — 0OLECTBY HEOOXOJUMO CPOYHO U KOPEHHBIM
00pa3oM H3MEHUTh OTHOLIEHHE K Mpoleccy 0O0y4YeHHs OCHOBAM HporpaMMupoBaHus. Jlwo6oe
npoMejiJieHHEe B 3TOM /JieJie BjieYeT PUCK HaHeCTH 60JIe3HEHHBbIN yAap Mo KOpeHHbIM HHTepecaM
obIecTna.
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Ouenka neHHOCTH HH(GOPMaNIUM HA MO/IeJILHOM CUCTeMe HCKYCCTBEHHOI 0
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Pe3iome

PaccmaTpuBaercsi MojejibHasi CHCTEMA HCKYCCTBEHHOI0 MHTEJLIEKTA, HUCHOJIb3yeMasl Jisi
oneHKH 1eHHOCTH HHpopmanun. CorjacHo 3Toii MojJe/ M CYHUTAETCS, YTO MMeeTCH 3a/ava eciiu
TeKylllee COCTOSIHME HEKOTOPOii CHUCTEeMbI OTJIMYAETCS OT IeJIeBOr0, KOTOpoe HYXKHO A0CTHYb
HCIOJIb3YSl HEKOTOpblii Ha0op omepatopoB. Iloka3zano, 4To mnpH OTCYTCTBHM HHGOpPMAUUHU
HANpaBJIeHHON Ha JOCTH)KEHHe LeJU pellleHHe MOXKET OBbITh OCYUIECTBJIEHO METOJ0M CJIENoro
MOMCKA, YTO CBSI3aHO ¢ 00bIINM nepedopoM. Hannuue ungopmanmumn, HanpaBJieHHOI Ha penleHne
32/1a4M, MOKET COKPATHTH YHCJIO NMPOO MO CPABHEHHUIO CO CPEIHMM YHCJIOM NMPO6 NMpH CJIENOM
MOMCKe, YTO ONPEAETUT HEHHOCTh MoJydyeHHoil undopmamuu. Peumenune 3a1auu oCyuiecTBsieTcst
KaK Isl IeTEPMHHHUPOBAHHOIO TAK U JIJIs1 BEPOSITHOCTHOIO CJIydYast.

KiroueBble ciaoBa:

Hnpopmayusn, yennocmo ungopmayuu, ILMPonus, yeneeoe cOCMOAHUE, YUCTIO BPOD.

Pemenne paznuuHBIX 33124 KaK TEOPETHUECKOr0 TaK U MPAKTUYECKOTO XapaKTepa BCEr/ia CBA3aHO
c 00paboTkoi W aHamM30M NoXydaeMo uHopmammu. [Ipu 3TOM, Hapsgy C KOJMYECTBOM, HYacTo
MPUXOJUTCS] OLIEHUBAThH MOCTYIAIOUIYI0 MH(POPMALMIO C TOYKU 3pEHHs €€ LIEHHOCTH, IOJIE3HOCTH IS
MOJTydaTeds, PEeHIaloIiero KOHKPETHYO 3a1a4dy. SICHO, 4YTO OHa U Ta ke MH(OPMAIHsI UMEET Pa3INIHYIO
LEHHOCTh JUIA TOJydYaTeNied, PEeIlaloIliX pasHble 33Jadd W HMEIOMNX pa3iyHble Lenu. Borpock
LIEHHOCTH M TOJIE3HOCTH HMH(OPMAIMH, OBUIM PacCMOTPEHBl MHOTMMHM aBTOpaMH. Tak, Hampumep, B

pabote [1] st orieHku neHHOCTH HHbOpMaru A.A.XapkeBnud mpemiaraet dpopmyny: V = log, g, rae P

— BEPOSITHOCTH JIOCTIDKEHUS LIETH 10 TOJy4YeHUs] MHQOPMALH, & P — BEPOSTHOCTH JOCTHIKEHHS LEIH
nocine nonydeHus nHpopMmanuu. LleHHOCTs MHpOpMALMK MPU 3TOM U3MepsieTcs B butax. B pabote [2]
M.M. BoHrap BBOAWT MOHSTHE «IOJIE3HOW MH(POPMAIUI» W TMOIydaeT Ooyee OOIMi BEpOSATHOCTHO-
anredpandecKuii MoIxo, MpH KOTopoM GopmMyia XapKkeBHda CTAHOBHUTCS YaCTHBIM ciydaeM. Kaparonun

P-p
[3] npemnoxun wcnonb3oBaTh B KadeCTBE MEPHI IIEHHOCTH BeIM4MHY: V = 1, Koropas, o0amaer

MoXOXXKUMH Ha (opmyny XapkeBuua CBOMCTBamMH, HO u3MeHsieTcs oT O mo 1. [Ipyrue moaxomsl
paspabaTbBaJIICh Ha OCHOBE s3blka (opmansHOM Joruku P. Kapmanom, WM. bap-Xwmnenom, /[l
Xappaxowm, JI. Kemenn, fI. Xuntukka.

B nanHO# paboTe mpeAnpuHSTA IIONBITKA BBICKA3aTh HEKOTOPBIE COOOPAXEHUsI, KACAIOLINECS
OLIEHKHM NEHHOCTH WH(opManmu I KOHKPETHOTO Kjlacca 3a7ad MCKYCCTBEHHOI'O MHTENIeKTa . Jlis
3TOro OyJeM MCIIONIb30BaTh MOJIEIBHYIO CHCTEMY, JAIOIIYI0 HEKOTOpOE 00Iee MpeICTaBIeHHE O 3aadax
U 00 uX pemeHnH. B HCKYCCTBEHHOM HHTEIJIEKTE CYIIECTBYET HAIpaBIICHHWE, KOTOPOE HAa3bIBAETCS
«pelIeHne 3amad». JTOT TEPMUH B OOJIACTH MCKYCCTBEHHOTO HHTENJIEKTa YIOTpeOnseTcs B BEChbMa
OTPAaHUYEHHOM CMbICIEe. MBI TOBOPHM, YTO HMEETCS 3aada, €CIM TEKyllee COCTOSHHE HEKOTOPOH
CHCTEMBI OTIIMYACTCSI OT KEIAEMOr0 — LEJICBOro cocTosiHus [4]. 3aaady, mpeaCcTaBIeHHYIO B TAKOM BH/IE,
OyzneM WCIoNb30BaTh B KAyecTBE MOJAENM Uil PEIICHHs BONPOCA OLEHKHM LEHHOCTH WH(pOpMAIHH.
Crenyer OTMETUTH, YTO B padOTax MO HMCKYCCTBEHHOMY HHTEJUIEKTY, B OCHOBHOM, PacCMaTpPHBAIOTCS
3aa4d B KOTOPBIX TPAJULMOHHBIE MAaTEMAaTUYECKUE METOAbl HE MPUMEHHMBI, U MHOTHE W3 HUX
pelaroTesl MOCPEACTBOM MOUCKA PEIICHUH B NMPOCTPAHCTBE BO3MOXKHBIX COCTOSIHWH. [lyisi oOcyxneHus
METOJIOB IIOUCKA PEIICHUI BBOAUTCS MOHATHE COCTOSHUS U ONIEPATOPOB JUISL JAHHOM 3a7a4H.

Tak, Hanpumep, B urpe 15, koTopas 4acTO HUCIONB3YETCA B HCKYCCTBEHHOM HHTEIUIEKTE JUIS
WUTIOCTPAIlMM WHTEIJICKTYyalbHBIX 3a/1ad, CBS3aHHBIX C NPOOJIEMOM IOHMCKa, TEeKyllee M IIeJICBOE
COCTOSIHHE — 3TO HEKOTOpO€ KOHKPETHOE pacroyioxkeHue ¢umrek. OnepaTopsl 3aJat0TCsl C TOMOIIBIO
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OueHnka HeHHOCTH HHGOPMALMHU HA MOJEJIbLHOM CHCTeMe MCKYCCTBEHHOT0 HHTE/JIEKTa

npaBua mepenucbiBaHus. [lpym pemeHMm 3amad Ha IYTENIECTBUS, TEKyIIEe M LEJNEBOE COCTOSHUS
onpenemnstorcs:  GuzndecKkuM MecTononokeHneM. OrepaTopbl €cTh CpeAcTBa MepeABHKeHHs. Ilpu
PELICHUH 33/1a41 CTPOUTEIBCTBA C IMOMOIIBIO pOOOTa TEKYIIEE COCTOSIHUE MOXKET OBITh 3a/1aHO CTOMKOM
KHPIIMYEH. a IeJIeBoe — HEKOTOPBIM cTpoeHneM. OmepaTopbl — 3TO BCAKUE CPECTBA AT OCYIECTBICHHS
CTPOUTENBHBIX paboT. [Ipy permeHnn reoMeTpryecKruX 3a7ad, TEKYIIee COCTOSHHUE ONPEICISIETCS] BCEM,
YTO W3BECTHO BOOOIIE U, B YACTHOCTH, JJISl JAaHHOU 3a/1auu. L{eneBbIM cOCTOSIHHEM MOXKET OBITh TaKast ke
COBOKYITHOCTb, HO BKJIFOUAIOI[asi TAKXKE M TO, YTO TPeOOBAJIOCHh BHIYMCIUTD MM JI0Ka3aTh. OnepaTopsl —
3T0 (HOPMYJIBI, METOABI JIOTMUECKOI'O BBHIBOJIAa M3 AKCHOM WM W3BECTHBIX TeopeM. [Ipu pemeHun
MEIUIMHCKHX 3a/1a4 JUAarHOCTHKH W JIEYCHUs], TEKyIlee COCTOSIHUE OIpENeNsieTCs] ONMMCaHNeM OOJIe3HH
(cumnTOMEI, JabOpaTOpHBIE M ApPYrHe pe3yibTaThl oOciemoBaHus). llereBbIM COCTOSIHUEM SIBIISIETCS
OMHCAaHHE COCTOSIHMSA 3/I0POBbsl, ONEPaTOphl — 3TO MEJUKAMEHTHI, AUeTa U Ipyrue O310pOBHUTEIbHBIE
MEpOIPUSTHS .

'eoMeTpuyeckd 3TH BO3MOXHOCTH oOToOpaxkatoTcss B Buae cetu (Puc. 1), myrm Kotopoit
Harpy»>KeHbl ONepaTopaMy, OCYHIECTBISIOIUMHI MEPEXOA U3 OJHOrO COCTOsHUS B apyroe. Ha pucynke
HAvYaJlbHOE COCTOSIHHE OOO3HAUeHO MPSAMOYTOJIbHUKOM, IIEJIEBOE  COCTOSHHE TPEYTONBHHKOM, a

Puc. 1

MIPOME)KYTOUHBIE COCTOSTHHSA KPY>KKaMH.

MOKHO pPaccMOTPETh HECKOJIBKO BApUAHTOB OpraHu3auuu Takod ceTtd. [lpocredmmii U3 HUX
COCTOMT B TOM, 4YTO CETh 3aJaHa IOJHOCTHIO . /JIpyrMMm cloBaMH BCE CHTYaIllH IOJHOCTHIO
MEPEUUCIICHbl U OTOOpPaKCHbI B CETH, a MEPEXOIbl M3 COCTOSHUS B COCTOSHHE JETEPMHHHPOBAHBI.
PaccmoTpuM 3amady OLEHKHM LIEHHOCTH HH(OpPMAIMU AL 3TOrO AETEPMHHUPOBAHHOIO ciydas. IlycTs
UMEEM HEKOTOPYIO CHCTeMY S, KOTOpas MOXKET MPUHHMaTh KOHEYHOE MHOXKECTBO COCTOSHHMU: S =
(51,52,**,Sy). Ilepexox M3 COCTOSIHUSL B COCTOSIHUE OCYLICCTBISIETCS C IOMOLIBIO OIEPaTOPOB M3
HEKOTOPOTO 3aJIaHHOTO MHOXeCTBa @ = (1, P2, ***, Pp). [IpuuéM 3TH mepexombl IeTePMUHUPOBAHEL
Ecnu pemaromast cucteMa MOTydUT WHGOPMALHIO, CIIOCOOCTBYIOIIYIO JOCTHXECHHUIO IIEIH, TO mepedop
MOJKET OBITh COKPAIIEH.

ITycts umcnmo mpob, HEOOXOOMMBIX Uil MEepexoja M3 HCXOJHOTO COCTOSIHHSI B IIEIEBOE JI0
nojiydeHuss uHpopMaMu TpeOyeT MOJHOro mepedopa W paBHO N, a mocie MoyyueHus HH(OpMAIu
paBHo n . Toraa nenHocts uHdopmanuu C Oyner npornopunoHansHa pasHoctt M = N —n. Te., C =
G - M. bynem Opatb G paBHBIM efuHULEe, Torga C = N — n. Ciaenyer OTMETHTh, YTO JJIS OJJHON M TOU
JKe 3a7a4l UCXOJHOE COCTOSHHUE MOJKET OBITh pa3iu4HbIM. [|JIsl mepexosa B LIEJIEBOE COCTOSIHUE MOXKET
nmoTpeboBaThcss pazHoe uymciao 1poO. I[lostomy mnsg  Qukcauu HCXOTHOTO COCTOSHHS —Oyaem
MCTIONIB30BaTh HE MPOCTO YHCIIO MPOO, a CpeaHee YHCiIo Mpod, HeoOXOIMMBIX JUIs Mepexoa B IIeJIeBOe
COCTOSIHHE. DTO UCKIIIOYMT Pa3HOOOI B 3HAUEHHSAX LIEHHOCTH MH(OPMAIMKU ISl OJTHOM M TOM ke 3a71adu
IIPY pa3HbIX HAYaIBHBIX MO3MLMSIX. B aToM cimyuae N Oyzer ¢ukcupoBaHo n M OyzaeT 3aBUCETh TONBKO
OT 3HAYCHUS M.

PaccMoTpuM BepOSATHOCTHBIN BapHaHT OpTraHU3aIMK TaKoil ceTH, T.e. CIy4ai, Korja cucrema S
MPUHUMAET KOHEYHOE MHOXECTBO COCTOSIHUU: Sy, Sy, ***, Sy, C BEPOATHOCTSMHU Pq, Dy, ***, Pn,-TAE P; — €CTH
BEPOSITHOCTH TOTO, YTO CHCTEMA S IIPUMET COCTOSHHE X;.

B Teopum wunrdopmarmm, paspuroir Kiomom IlleHHOHOM, B KadyecTBE OCHOBHOTO IOHSTHS
OTIpEe/IENSICTCST Mepa AampuOPHON HEONpPeNeIEHHOCTH CHCTEMBbI, HasbiBaeMmas sHtpormeit H(S) [5].
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3HTpOHPI€I71 CHUCTEMbI HAa3bIBACTCSA CyMMa HpOI/IBBC,HeHI/Iﬁ BepOHTHOCTeﬁ Pa3JIMIHbIX COCTOSIHUM CHCTEMEI
Ha norapn(l)M 9THUX BepOSITHOCTeﬁ, B3ATBIX C O6paTHI)IM 3HaKOM. Ey,ueM II0JIB30BATHCA J'IOl"apI/I(l)MOM 10
OCHOBAHUIO 2 U HU3MEPATH DHTPOIHNIO B IBOMYHBIX €AWHUIIAX.

n
HES) = - ) pilogp,
i=1

Crenyer, ofHaKo, OTMETUTh , YTO LICHOHOBCKAas Teopus MH(OpManuy HUYETO HE TOBOPHUT O
HeHHOCTH HHGOPMAIWK Ui oydartens. bynem paccMaTpuBaTh BOIPOC OLICHKH IIEHHOCTH HH(MOPMALUH
B aCIEKTe YIOMSHYTOIO BBINIC HANPABICHUS WCKYCCTBEHHOTO HHTEIUICKTA, HAa3bIBAGMOM «peEIICHHE
sagau» [4]. AnpuopHas HeompeneNéHHOCTh  3adaud Oyner ompeaendrcs surponuei H(S) =
—Ziz1pilogp;

[Tpu orcyTcTBUM BCSKOro poja MHGOPMALMHM O TeX JAEHCTBUIX, KOTOPbIE MOTYT IEPEBECTH
MCXOJJHOE COCTOSIHME B IIEJIEBOE, 3ajaya MOXKET peIIaThCs IOJHBIM NepebopoM BCEX BO3MOXKHBIX
BapuaHToB. Ilepebop MoKeT OBITH COKpaméH, €CIM pelIaioIas CHCTeMa IOJNy4uT HH(opMmanuio,
YKa3bIBAIONIYI0 Ha T€ JEHWCTBHS, KOTOPBIE MOTYT COKPAaTHUTh YHCIIO NPO0 U mepexoja K IEeJICeBOMY
coctosiauto. [locne mojydeHHs CcOOOIIEHHS HEONpeNeNEHHOCTh 3a/aud M3MEHHTCS, T.K. COKPATHUTCS
YHCIIO PACCMATPUBAEMBIX COCTOSHHI M U3MEHSTCS BEPOATHOCTH MEPEX0Jia U3 COCTOSHUA B COCTOsHHE. B
9TOM CIly4ae HeoNpeIeI€HHOCTh 3a1a4i OyAeT ONpenensaThest (OPMYIIONn:

k

HES) = - ) ailogay
i=1
Torna ueHnocts C uHGOpMaIMK OyneT nponopiuoHansHa pasHoctu P = H(S) — H(S;), 1.e. C =
g -P. Droii pa3sHOCTH COOTBETCTBYET YHCIO Mpo0, HEOOXOAMMBIX JUI MHEpexoja B COCTOSHHE,
COOTBETCTBYIOIIICE JOCTIKCHHIO €. Tak Kak B HCXOJHOM COCTOSHHH HET MPEANOYTHTEIBHBIX
BEPOSITHOCTEHl mepexoa, yAOOHO CUMTATh MEPEXOJbl BO BCE COCTOSHMSI PAaBHOBEPOSTHBIMH. B 3TOM

o . 1 1
Cllydae JHTPOIUSI CHUCTEMbI, MMEIOIEHl N pPaBHOBEPOSTHBIX cocTosiHui Oyner H(S) = —n;log; =

—logl + logn, umu H(S) = logn. Torga no nomyuyennst HHGOPMALMK HEONPEIEIEHHOCTD 3a/1auu Oyaer
log n, a mocie momyuenus uapopmarmu 6ynet H(S;) = — YK | q;logq;.

Torpa BennunHa C nponopunoHanbHas pazHoctu P = logn — H(S;) Oyzaer onpenensiTh LEHHOCTb
nojiydeHHOW wuHpopMaIu. OJTa BeIMYMHA wu3Mepsiercs B Outax. T.e.,, IIGHHOCTh MOJYYCHHOM
undopmanuu Oyner C = g - P., (B ganbHeleM 6yseM 6patb g = 1). SIcHo, 4To M1 pasHbIX 3a1ad4
LEHHOCTh MH(OPMAIMK COOTBETCTBYIOIIAs OAHOMY OWTy OyJeT pasHas, W, CIEJ0BaTENbHO, U MONHAs
LEHHOCTh MOJTy4YeHHO# nHbopMaimu OyzaeT pasHas. LleHHOCTh HH(pOpMALMH [T OHOM U TOMH ke 3a1a4n
TOXE MOXeET ObITh pa3HOW. Bcé 310 OymeT 3aBHCHUT OT CTOMMOCTH Iara B JACTEPMHHHPOBAHHOM CIIydac
WK CTOMMOCTH OHTa MH(POPMALUH B BEPOSATHOCTHOM CiTydae.

OueBHAHO, d(PPEKTUBHOCTH IOKCKA 3aKITIOYUTENBFHON BEPINMHBI (LIETIEBOIO COCTOSHUS) MOXKHO
HOBBICHTB, €CIIH HMMEeTCS CHOCO0 PAaH)KMPOBaHUS MHOXKECTBA cHTyauuid. s storo Qopmupyercs
oneHoyHas (yHKUWs, oOecreuuBarolas Iepexol] Ha OoJiee NEpCIEeKTHBHYIO BEpIIMHY, KOTOpas ¢
HauOOIIBILICH BEPOSTHOCTHIO HAXOAWTCS Ha JydineM IyTd K nenu [6, 7]. B manHOi#t paboTte B KadecTse
oleHOYHOU (PyHKIMK Oy/IeM HCIONB30BaTh HEKOTOPYIO (QYHKIHIO f, MpemiokeHHyo B pabote [8]. Dta

(hyHKIMS UMEeT BUJ:
f="gr €] (@,

rae A — MHOXECTBO NPU3HAKOB TEKYIIETO CTOSIHUSA, B — MHOECTBO NPHU3HAKOB LIEJNIEBOIO COCTOSHHS,
n(A N B) — MHOXECTBO NPHM3HAKOB, COBMAAIOIIMX Yy TEKYILETO W IEJIEBOr0 COCTOSHUA. Takas mepa
6m30CcTH OKa3ajach JOBOJBHO YJauHOW MpH pelieHuH paaa 3a1ad. [IponmmocTpupyeM UCIONb30BaHUE
3TON (YHKIMHU I PEIICHHs 3a1avd, U3BECTHON Kak urpa 15; omHAKO IUIs COKPAIICHUS MMOMCKOBOWM
npoueaypsl 0epéM YNpOIIEHHBIH BapuaHT 3TOM 3amauu — urpy 8, rme A — pacrosioxeHue (HIIeK
TEKYIIEro COCTOSHMSA, B — pacrmonoxenue ¢umek nemeBoro cocrosHusd, n(A N B) — gucno duiexk,
HMEIOIINX PACIIOJIOKCHHE, COBIIAIAM0IIEe Y TEKYLIEro U IeNIeBOro cocTosHus, n(B) 3to 4ncio ¢uiek B
LIeJIEBOM COCTOSTHMU. Ha prcyHKe 2 IpencTaBIeHO IepeBO, IPEICTABISIONIEE TPOLECC TOUCKA [IENEBOTO
COCTOSIHMSL mociie TosrydeHus: umH(opmanun. OCyIecTBIAs MOUCK ONTUMAIBHOTO MyTH K IEIH MBI
KaX[blil pa3 NepexoanM Ha Ty BEpUIMHY, JJIs KOTOpoi (QyHKIMs f MPUHUMAET MaKCUMAaIbHOE 3HAUCHHE.
[TomHOE [mepeBO, MPEACTABISIONICE MPOIECC CIIEMOro Imepedopa COCTOMT u3 46 BEpUIMH, H,
COOTBETCTBEHHO, Jenanoch 46 mpob 1o nepexoja B 1eneBoe cocrosiue. [locine nonyuenns uadopmanuu
ux kxommyectBo crano 13. Llennocts mHpopmanmu C Oynaer mporopuuoHalibHa pasHoctd M = N —
n, npu G=1 C = 46—13 =33
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OueHnka HeHHOCTH HHGOPMALMHU HA MOJEJIbLHOM CHCTeMe MCKYCCTBEHHOT0 HHTE/JIEKTa

4 2 8 3 Havansuas
f=§ 1 6 4 BEpIIUHA
7 5
2 3
3 2 8 3 5 3 2 8 3
f=g |1 6 4 f=g |1 = 4 f=g |1 6 4
m 7 5 7 6 5 7 5 m
5 8 3 2 m 3 4 2 8
f=g |®m 1 4 f=3 18 4 f=g |1 4 =
7 6 5 7 6 5 7 6 5
2 2 3
m 8 3 4 8 3 m 2 3 6 ] A
2 1 4 f== 7 1 4 1 8 4 f=§ 1 8 4 f==
7 6 5 8 6 5 7 6 5 7 6 5 8
1 2 3 7
m 8 4 f=3
7 6 5
IleneBas 123 7 123 _9
e — 8 m 4 f_§ 7 8 4 f—8
7 6 5 6 5
Puc. 2
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Assessment of the Value of Information on a Model System of Artificial Intelligence
Vadim Radzievski, Maia Mikeladze,Dimitri Radzievski, llia Okonian

Summary

A model system used to assess the value of information is considered. According to this model, it
is considered, that there is a task if the current state of a certain system differs from the target, which must
be achieved using a certain set of operators. It is shown that in the absence of information aimed at
achieving the goal, the solution can be carried out by the method of blind search, which is associated with
a large enumeration. The availability of information aimed at solving a problem can reduce the number of
trials to find the desired state. Therefore, the value of information in solving the problem is determined by
the reduction in the number of samples during the transition from the initial state to the target state after
receiving the information. The solution of the problem is carried out both for the deterministic and for the
probabilistic case.
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The Task of Communicating With an Intelligent Medical Diagnostic System in Natural
Language

Vadim Radzievski, Maia Mikeladze, Dimitri Radzievski, Ilia Okoniani

Summary

The problem of communication with an intelligent system of medical diagnostics in natural
language is considered. To solve the problem, the method of describing events in the form of sentences
presented at a deep semantic level proposed by Ch. Fillmore is used. At the heart of the deep structure is
the action, which is the axis of the event, represented as a verb. In the sentence, the agent of the action,
the object of the action, the addressee of the action, etc. are highlighted. Such sentences presented at the
semantic level in a standard form are entered into the knowledge base. To understand the input sentence,
it is necessary to move from the surface level to the level of deep structures.

3anaua oduIeHHU C PlHTeJIJIeKTyaJ]LHOﬁ CHCTEeMO MeTULMHCKONH TMAarHOCTHKHA HA
€CTECTBCHHOM $I3bIKE

Baoum Paozuesckuil, Maiis Mukenaose, /[mumpuii Paozuesckuii, Mnvsa Oxonsan

Pe3iome

PaccmaTpuBaercs 3amada OOILIEHUsI C MHTEIUICKTYABHON CHCTEMON MEIUIIMHCKON JAMarHOCTHKH
Ha €CTECTBEHHOM s3bIke. /[ pemieHus 3ajaud HCIONb3YeTCsl METOJ OMHCAaHWS COOBITHH B BHIE
NPEAJIOKEHUH, TPEJCTABICHHBIX HAa TIYOMHHOM CEMaHTHYeCKOM YpPOBHE, MpeyioKeHHbIid Y.
OunsMopoM. B ocHOBe TIyOMHHOW CTPYKTYpHI JIKUT IEHUCTBHE, SIBIIIOLICECS OCBIO COOBITHA,
MPE/ICTABICHHOE B BHJE TJaroyia. B TNpeIoKeHWHM BBIIENSETCS areHT NeWCTBHs, OOBEKT ACHCTBUS,
agpecaT OEWCTBHS W T. A. lakue NpeasioKeHHs, MpPeACTaBICHHBIE HAa CEMAHTHYECKOM YpOBHE B
craHmaptHoit Gopme, 3aHocsATCS B 0a3y 3HaHMU. J[11s1 MOHMMAaHKS BXOMHOTO IMPEIJIOKEHHsT HEOOX0AUMO
TIepeHTH OT TOBEPXHOCTHOT'O YPOBHS K YPOBHIO TITYOMHHBIX CTPYKTYP.
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69bomdg

BBo@osdo  s60bomads  osgabmliomgdols  0bGgmad@dreeato  Lols@gdgdols  8gddbols
Dm0 s9m396s Lslifsgem BgoMmbaymo Jugemgdol 3sdmygbgdom. bgotmbmmo Jigeols H3semgdls
9603985 Hembomo 3mgn030gbENd0, HMAgdog §sblsBMaMz96 slizgbolsdo bomdols baGolbl.
b 3m9803esBGHId0 goemodgds Lslfsgmmm 3Omagldo s s60sMEHZL sMM3939dLs s Tsm
2359mdf3g3  Fobgbgol  TmGol  ©s0M3009dMYEgdsL.  Bgodmbmmo  Jugwol  sbffogws
b 30gmgds LabYsgwm 59mbsgzmnol 3s9mygbgdom. sbffsgmols 3Gmisglido gsemodwgds 9. §.
©oL3M0dobBGH Mo  gMbJgos, MmIgwog dmdsgswdo  gsdmoygbgds sbsgro  Mmdogd@gdol
©0536mHo30LsMZ0L.  EORBMBEBOIMBO  LobEBgdol  Lfsgemgdol  3Mobgodo  BsBggbgdos
3535000mBY, HMBgeoE 56 SMOL FodIwmo Gs0dg MmdogdBHBY.

Us,335600 bodyzgbo:

@0358602H035, 6906679em0 Jligero, frrbocmo 339230609690, bsbfisgemer s9mbs 6930

©053bmbBH030L 5dMEsbs FF0OMmMPLs 3538060 gdMo bfagwgdoo LolGgdol Jig3zoL
(33%0gdg00L 650D, 53 (330wgdgdol gsdmafizgzo JobgHBIdolL oYIBLME s sdols
15533390 BY ©1ZZ60L A9BMEBILMB 53 LobEYIol IEyMTsMIMdOL Fglobgd. 3:330v)EHIOHVIEO
©003bmbEHOI0L 3OMdgIol g9afY39G0 ©0Y39690s Sbgmo figbol G9d8s3gdsbg, GOl
39L505d0boE  BEYMTSMIMIOL  MHOMMIMEO (33¢0JOJOOLMNZ0L FOMOMYOME0s, 0¥) OHMIJE
3wobl 90939036905 gl 33E0gds. 00 58MEobolL Fo@olshY3z9@o® Fgodwgds Asdmygbadwaw
0g6sL bbgoolbgs 3gmmo. ghm-90H00 sBgoo FgoMmEOo, ©EsxIdbgdeEros dglsdsdolo Logbol
1393000LEHOL  (3mEbsHY. (3m©bs LobGHol dqlobgd Mbs 8goEsgl 0bxMMIsEosl 0dol
dglobgd v LobEBgIol FEAMIsMIMBOL  bbgsolbgs (3300w gdqdo s 53w9bsl sbgbgb
96O»9bgBY. 99 (3300 gdIOL MM393900 JHMYDS. MV393900L Fogoomgdos: Lolbedo
3000MHMTO060L Mom©IbmdOL BMs, Lolberdo Fod@ol ImTs@gds, Jugardo dsd30L (33C0Egds,
dM530L  2oobMgds, Mgaombdo sMLYdMo Lobgmdgdol 933960 (33WOEIds, OMEIMOL
399OLOL 3o6bs, 06RO DO s 5.9. Ym39wo gl Fodde0MO [FoMmBMoygbl MM3939dL,
M0Imgdog gbgds 3m@bol bbgsslbgs LRgMML s Homdmoybab ™mdogd@obs s dobo
3oboloomgdgdol  BmMIob  goob®msl.  sOLYdMOL 3ol FoMmBmygboli  Lbgoolibgs
dmgwo. gb smob BYdab@GHolmemo Jugwrgdo, 3MMmEMI30gd0L Hglgdo, BMHY0dgdo, WMYO3MMHO
3900m©IB0 s 9. 9. 59M36MdOLS s OsRBMLEOIOL 53MEIBJdT0 yzgwsby BToMow AsdMm0ygbgds
193563 03MM0 Jugagdo s 3GMMEMJ309d0L Fabgdo.

g3gas 9980b393580, 306309@Mwo 3OHMdWGIol 3osFMmoLl sME0gdgEos MoiEblzomo
39535890900l 253900905, MHMIWgdoz 9635MFH396  IROJLOMGPDME  MPZ)3gOLS s To
39003393 F0BYHIOL TMMHOL  EoIMI0IINEGDL.  5ToLMSD,  FYsMIYdS  3M9B0E0YEEJdO,
MIgdog obLlaB3Meg96 oligbolodo bEMdol boMolbl. o3 3mgx03096GHIOL LolEgdsl
29005L399L L3930 oLEBHO-9JB39MEG0 M3, w6 900bOTBML, MHMT Bmax g Josmo LoBMLEg
b59F3ms.

151



35000 33dog3l30, 8305 Boggersdg, beads ysa0s8rgs, EOTodHEHO (G3dogaliz0, 0gros Mmbosbo

50235600  3OHMdEYIgOOL  Qo@oFMHOL  3MObE03Mwo  asblbgeggdmo  doymds
0535300090 os  EILHagerol  Byo®mbymo  Jugewgdol  gsdmygbgdslosb. o8  LobiEgdgdol
0b6@&9gwadEHeyew®o 030L90900 MbOHb3gymz0Eos dom@030  3m33mbgbEgd0L
MOH00YH0Md0m (bgermazbr®o bgo®dmbgdom) s 500 BmMol 393806 gd0L 5{ymdoo Lfegagdol
36m3qLdo.

dmigdme  bsddomdo  EOsRBMLAHOMIBOL  s0Mm36s8o  QoBmoygbgds  Lfsgargdowo
Bgodmbyaro Jugegdo. sbgoo Jugerol gergdgb@dgdo sMol bgo®mbgdol dgsglo gwqdgb@gdo
6509bodg Fgloligergmom s 9OHOo godmbisligegmom. obobo {o®Mdmoyqbgb BLMEOBdEOE
©My0379M dm3L (B 0 B). 399535000 MBOJJHO JOPEOMHYO® 5053HBIOL 1 Tglisgowls, bergrm
399mbobgegedo  Bbgds Logbosewo i, GMmIgwbsg 9godwgds  3Jmbogl  R-0@sb  gooo
296Lbbge398mo  360dgbgemds.  mommgmmo gl 8603369 mds  FomBmoygbl  3erabl,
Iobogzolsg 9odwgds mdogdGob doboFqds. Lfsgeol 3HmEgbo bogds 899gabsoMac.
LobGgdal Lobogwrm 59mbs3Mgx0sb sh396909b Modgbodg mdogd@L s 0FYMd06gd0s6, 0¥
G0dge 3ol 8093036900 mommgyero  Gompsbo.  dbmwme 0 068m®Tsgools
2390035¢0obHobgdom, LoliEgds s390L gaMgo frrgdre olizModobsb@dre gmbdisosl, Gmdgwos
005350000 2odmoygbgds  sbogro  Md0gdBHgdol  58mEbmdol b osabmbiGozolsmzol. gL
36J30900 Fgodmgds ogmb §MHB030, 3350050, bsfomdmog [OHxozo ©@s Lbgs. qb
196J30mmo 3mMIgdo 7039396 MEbmd 3m9xn03096EIOL, GMIwgdor IgMBgeos olbyg, G™I
©oL3M030656@ Mo BMBJ30900s gobobmM309wmb LoFomm oymas Lobfogwrm 6536090%y.
LobGgdol LHagwgds s0Y3969ds OLIM0T0BIBEHWMWO BmbJsool 3mgxn0E0gbEJdOL TgMbgzsby.
50 BsdM™Ad0, B396 309496900 HOR03 OLIMOT0BIBE M 73mbBIE0gdL, HMIEXGOLYE S9300 Loby:

g(X) = wix; + -+ WaXq + Wasq

R 3w5bgdol  sGLYdMIOLOL 503900 3wobogogoG™m®mo,  OGmdgwog  dgossgb R
©0L3M03065GMOHIOL, OHMIJWMNIYD oMM 0m3wol  EOLZM0T0bBEHWWwo gmbjsogdols
36003690 mdsl. 53bdi0s, GMIgos ©gOEMmdl Joduodogrw® 3603369 mdSL  domomydl

f
fix)
X4 :
: fi
x; ) filx) | 8sduodndol soRggol
: beomgo 2459mbsbgargero
X4 :
fn
fl®)
©oL3M0d0bsbEH Mo

8bJz0g00
Bob. 1

990535¢00  md0gdBHoL  3wobbyg.  MmBd0gxIBHJOoL  Jsbogoso®gdol  Fglsdsdolo  ImEYero
fomdmpqboeos (bsb. 1).
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bsbfsgerm bgo®mbmemo Jugagdol 3s8mygbgds osabmlidomgdol 0b@gwrgd@moemeo...

53990350, X (X1 ... Xg) 560U 39dGHMGM-0009dGH0. ©ol3M0d0bsbEMwo gmbjsos Bsgfghmm
MBO@ JoMGH0g3 BmMIsdo. 8037FsGHMmm 53 39dGHMM-mdogd@L (d+1) — 30md3mbgbEo, HMmdgamos

GM0s 1-0b. gb 39JEHMO-md0gIGHO 503608bmm Y s dobo 3md3mbgb@gdo y1 ... Y2 ... Yp, boog
D=d+1,Yp, = +1. 85806 {i®x030 ©ol3m0dobsbEmmo gmbdsos dgodwrgds bogfgdmo fmboomo
394HMO0L s 39dGHMO-Md09JGHOL BIowrs®Eo BsIMmzOL Labom
gxX)=yY -w

LobEgdol  OLHogws  ©S39380MFIM0s  OL3IMO0T0bBEGHMWo  BmbJsogdol »Ebmdo
3993030963900l 3MEOJEH0MYILMSD. sBLGdMBL LbZoalbgs sergym®omdgdo 3mgx03096¢gd0l
ahymdol bobfogarm 53Mbs3MgxolL 4o8mygbgdom. 3mdzsm, 339d3L R md0gd@gdo ©s Lol@gdsd
Bs 2obloBEZOML Mg 3esll F0s3m3zbgds MdOYIE0. 300J350, Lalifogerm 53mbszgzo
390393L U 0009J3goL, Gmdwgdos 9900390 R Uy, Uy ... Uy 3€055900Lg06. mdogd@o dogzmmabgds i
3@obl, MH@ES gzges dobo gobmdzol 9wgagool xs00 ©gdEMdl doglodse 9609369 mdL.
9390 LsdMdomdo  LobGgdol LHogwgdobmgol  4s8moygbgds  sbfagErol  seEamMomdo
99300M0900L gobfimEgdom, HMILoE 9d3b Lobg: W* = W + cY,bosg W 60l imbomo 39d@meo,
Y — mdogddho W™ — sbogo fmbooo 39d@Hmeo  ©s ¢ 3m9803036¢0. B39 dgdmbgzgzsdo c
509005 9gOHOL Gmeo ¢ =1 [3, 4, 5]. 53 seam®omddo yzgws mdogddo U LodMsgzwomsb
9073935 ©OH™do d0dgztmdom 6gdobdogmo FalMogom. Lsfgobo Fmbadol Mmeado soMBggs
B9d0LdogHo 39dBHMMId0, MMIgEms Fga3es bEgds Mmd09YIEHJOOL SMLTMMO 3wsloBo3sEool
390mbgg3sd0. 30d35m, LobEGIoL Fgbsligergawby dgdmgzos i-MMo  Jesbol MmdogdBHO ©o
MMIYoMs3 j-19MHds 3mbJ30sd doomm dogbodse@o 96083bgemds s LobEdsd dgzmdom
905399,365 i-9MH0 md0gJGHO J-m6 3wsbl. 35906 ffmbomo 39dEHmMgdo 033wgd0sb dgdwgyo Holol
dobggoom:

W = W; +Y — sbsgo §mbs i-96Ho gmbjiool Fo®dmamaqbl dzge fembsl deronmls mdogddo;
W' =W, =Y = sbseo §jmbs j-2160 321b6g500L Fo6dmo@agbl d3ge fmbsl dobrl mdogddo.

Loog ¥ oMol mdogd®o g.0. Bggb dgdmbggzsdo 608Bgdol boghgdo. W; , W, ULsfiyobo
36003bgmdgdo i-mMHo s j-m@o fmbomo 39d@™mOmgdol  dgLufimMgds BaMmToMgmdL  i-MHo
399H™OM0L 25003530 Y 39JGHMOM0oL dmds@gdol abom s j-mMo 39d@mOmoL J9d30cmgdsdo Y
39JH™O0L  200m3egdol  gbom. mMo  3wslol Jgdmbggzedo fmbomo 39dEHMmMo  0E3wgds

3890009abs0M5:

W =W+Y, 09 Y 56G0ob 30603900 3¢05L0sh;
W =W -=Y,09 Y s6ob dgmdg 3esboasb.

b 50060dbML, MMI LobBgdol sLfagws FoMmdmagbl Mo 3MMEgLL, GmIgwos
9m0mbmgl 1393000 3030 BHIOM 3OMYMSTL. FogM8 EOFBMLGHOMIOOL  ILfsgols
30063030 dg0dwgds ogml bsbggbgdo ToM@GHog dsgowombg, GMBgeog o6 500l doddeo
MmIge0dg Mmd09dGHBY. J399mm» 04b6gds ©gImbLEMmOMdMEo SLgmo dqladegdEIMds. sdmEsbol
5dmblibs md09dEoLmzoL 3 dobsdwo odbom MbM¥EMBL GHNBEMMBdL0E WMY03MM dErMmIL
(Bob. 2). LHogergdobmzgol as9moyggbgds @olffageol sergym®omdo 893mdgdol gobifimemgdoom,
MmEqbsg ¢ = 1.

®dogd@o fmboomo bmd bs3odO@ | sbsgwo fmboomo
39J&™60 WY | a508mbsts | a98mbsls | g9@m6o
3I0 | 3Io
Y1i| V2| V3| Ya| W1| W2| W3| Wy Wiy | Wa | W3 | Wy
Of1 1110 |0 |0 |0]O * -1 0 -1 -1 -1
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000|110 |(-1|-1]|-1]-1 -1 1 0 -1 -1 0
110{0}11]0 |-1|-1j0]0O * 1 1 -1 -1 1
1({o(1 (141 |-1(-1|11]1 1 1 1 -1 -1 1
0o{oj1|1]1 (-1|-1|17]60 * -1 1 -1 -2 0
1({1(0}1}1 |-1(-2|01]0 * 1 2 0 -2 1
1 (11112 |0 |-2|1]1 1 -1 1 -1 -3 0
oO(r1(0(f1]1 (-1{-3|07]-1 -1 -1 1 -1 -3 0
O(1 (1 |1]1 (-1|-3|01]-4 -1 -1 1 -1 -3 0
ojofof1¢J1 -1|1-3{0 10 * 1 1 -1 -3 1
110011 |-1]-3|1 ]2 1 1 1 -1 -3 1
1({of(1}(1}1 (-1|-3|1]-1 -1 1 2 -1 -2 2
ojof1 (112 -1|-2{2 10 * -1 2 -1 -3 1
1(1(0(1}2 |-1|-3|1]2 1 1 2 -1 -3 1
1(1 (11912 (-1|-3|1]-1 -1 -1 2 -1 -3 1
0{1(0|1]2 (|-1|-3|1]60 * -1 2 -2 -3 0
Oj1(1 (112 (-2|-3|0]-5 -1 -1 2 -2 -3 0
ojo0(o0f112 -2|-3{01]0 * 1 2 -2 -3 1
1100112 |-2|-3|1]3 1 1 2 -2 -3 1
1(o0(14(1912|-2(-3|1]0 * 1 3 -2 -2 2
ojof1 (11913 |-2|-2{21]0 * -1 3 -2 -3 1
1110113 |-2|-3|1]2 1 1 3 -2 -3 1
1 (11 (1})3 |-2|-3|1]-1 -1 -1 3 -2 -3 1
O(1(0|1]3 (|(-2|-3|1]-1 -1 -1 3 -2 -3 1
01 (1|13 (-2|-3|1]-+4 -1 -1 3 -2 -3 1
0Oj0jo0 1113 |-2|-3|1]1 1 1 3 -2 -3 1
1({0(0(1])3 |-2|-3|1]4 1 1 3 -2 -3 1
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LolGgdob gbfogesd  Fgbodwgdgmo  aoboss  Fmbgdol  Lodmemem 398030963 gd0L
9m3m390s (bsb. 2) @5 BEYOIW0sHo WMP03MMHO derm3ol s3gds. dob dgwydwos dorjcmommls
3w0bo, MHMIgElsg 809370036900 dem3zol Fgboligergenbg Pomdmppgboo mdogd@o (Bsb 2).
DOOdosbo @Mmy03MMHo dWM3gdo godmoygbgds MMmemE 9wgdgbdgdo IMszsex3gbmzsbo
Bgommbyamo  Jugegdol  dgbogdbgaro. 93 Jugengdol  godmbsligergdo  BOYMdI0sbo
WMmR0399M0 BEM39d0L MmOHMdOMOo Logbowgdo Fglobgzageby dogfimogds bbgs BRMGBdW06

MYP03996 dEXM3NOU.

Y1 » 3

Y2 — -2

E ’
A 2498mbobgegero
Y3 —¥ -3

DOOdO

+1 Pmbgdo

Bsb. 2

Use of Training Neural Networks in the Development of Intelligent Diagnostic Systems
Vadim Radzievski, Maia Mikeladze, Nora Jaliabova, Dimitri Radzievski, Ilia Okonian

Summary

The general problem of creating intelligent diagnostic systems using learning neural networks is
considered. The arcs of the neural network are assigned weights that determine the degree of confidence
in the conclusion. These coefficients are formed in the learning process and determine the relationship
between the observed disorders and their causes. The neural network is trained using a training sample. In
the learning process, a so-called discriminant function is formed, which will be used later to diagnose new
objects. The principle of operation of the diagnostic system is shown using a simple example that is not
tied to any object.
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Hcnonbp3oBanue 00y4aronux HeHPOHHBIX ceTeil MPU pa3padoTKe HHTEJIEKTYAJbHBIX
CHCTEeM THATHOCTHKH

Baoum Paosuescxuii, Maiis Mukenaose, Hopa /ocansabosa, Jumumpuii Pad3uesckutl,
HUnvsi Oxonsn

Pe3iome

PaccmarpuBaercss oOmas 3ajada CO3JaHUS HMHTEIUICKTYaJIbHBIX CHCTEM JIHarHOCTUKH C
HCTIONB30BaHUEM OOyYaromuxcs HEWpPOHHBIX ceTed. JlyraM HEWpOHHOH CeTH MPHUCBAUBAIOTCS BECOBBIC
KO QUIMEHTH], ONpeAeNIONINe CTENeHb YBEPEHHOCTH 3aKIIOUeHUS. OTH KO3 (HUIMEHTHI
dhopMupyIOTCI B TIpolecce OOyYeHHS ¥ ONpPEACNAIOT B3aUMOCBS3b MEXIYy HaOII0JaeMBIMH
HapyHmIeHHsIMH W uX npudnHaMu. OOydeHHe HEHpPOHHOH CETH OCYIIECTBISIETCS C HCHOIb30BaHUEM
oOyuaromeli BeIOOpkH. B mpomecce oOyuenmsi dopmupyercs, Tak Ha3bIBaeMas, JUCKPUMHHAHTHAS
(yHKIWS, KOTOpas B AajbHEHIIeM OyIeT UCIIONb30BaThCs ISl AUATHOCTHKY HOBBIX 00beKTOB. [IpuHIMMI
paboTel CcHCTEMBI IMAarHOCTHKHM IOKa3aH Ha IMPOCTOM IpUMEpe, HE INPHUBSI3aHHOM K KaKOMY-THOO
00BEKTY.
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A simple algorithm for the Set Cover Problem for approximate solving small and medium-
sized problems

Natela Ananiashvili

Summary

The minimal set covering problem has a lot of practical applications. This problem belongs to
the class of NP- hard problems. Algorithms of exact solutions are often in vain due to the complexity
and scale of the problem [1-3]. The approximate algorithms proposed in [4-6] define the approximate
solutions in the available interval of time, but research is continued for improving of optimal
values. This paper proposes a simple algorithm, which performs a partially selections of the
covering. The proposed algorithm works efficiently for problems of small and medium size cover.
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IpocToii anropuT™ 337241 0 MUHAMAJILHOM MOKPBITHH /I MPUOJIHKEHHOTO PellleHusI
He0OJIBIINX U CPETHUX 32729

Hamena Ananuaweunu

Pesiome

3agaya o MOKPHITHH MUHUMAJIbHBIM MHO’KECTBOM MMEET MHOKECTBO MPAKTHYECKUX MPUIIOKCHUH.
Orta 3a7a4a OTHOCHUTCS K Ki1accy NP-CII0KHBIX 331a4. AJITOPUTMBI TOYHOTO PEIICHHUS YacTO OKA3bIBAIOTCS
6e3pe3ybTaTHBIMH HM3-32 CIOKHOCTH W MacmirabHoctd 3amaun [1-3]. TIpHOIMKEHHbIE AITOPUTMBL,
TpeUIoKeHHBIE B [4-6], ompenensioT MpuOIMKeHHBIE PEIICHUs B JOCTYIIHOM HHTEpBaJieé BPEMEHH, HO
MCCIIEI0BaHMS TIPOJIOJDKAIOTCS IS YITydIIeHHs ONTUMANIbHBIX 3HaUeHNH. B maHHOI cTaThe mpeamaraercs
MPOCTOM aJrOPUTM, KOTOPBIH BBHITIOJNHAET YACTUYHBINA TIEpeOOp MHOKECTB 1Is MTOKphITHsL. [Ipennaraemprii
anroput™ 3¢ dexTHBHO padoTaeT yIs 3a/1a4 MajJoro U CPEJHEro pa3mepa.
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36HmaMsdmmo 3mEolgsb 9963s¢30390s obg, GMA 56 dmbEgl 3GmyMsdol Lbgsslibgs
6sfoamgdol 3mbgmmoddo.

653Gmddo smfghoeos Shadow DOM o0b@Ggmggolbol gs0myggbgds 0sbsdgpmmag
LobGgdgddo. sbboos My Ml FoMamaagbl, G5 3OMdEgIgdoL dssbsFY39¢ s dgogddbs
©s M5 3Mmdgdgdl godmmgds 9350ggm  dobo  @sdmyggbgdolsl. sbggzg sbLbowros
399myggbgdol 3Mob3odgdo s 9sblbgeggds Shadow DOM-obs s Virtual DOM-ob
3639533090l dmMob.

U 3356dm Loyzgdo:

DOM, Shadow DOM, Virtual DOM, 398 3233269609980 06358Us3¢msz05

DOM

©M37996¢0L  mdogd@MMo  dmgwo - DOM (Document Object Model) 560l
3O0M50Mmwo  0bBHgmBgolbo, GMIgEoz oM 5MHOL  IIMZOEIOMWO  FWSGHBRMEOTSDY s
360305906900L 9boby. ob HTML, XHTML s XML ©®3996¢390bg {izomdol dm3mggdol s
35000 LEHOWIHMYOOL, FBRMOIGOOL S FoaMogLOL (33¢0gdOL Lodwgsegdsly 0derggs. DOM-ob
LodmoEgdom BgdobdogMo 3bmdowo LEHOWIBHMMOL MIMIgbEo 8godegds FoMdmoygbowro
0gdbsl bols Lobom, HGMIol ymzgewo 3356d0 FoMdmoygbl gegdgb@l, sG®modMEL, GHadudw®,
23055303790 56 69d0Ldoge bbgs MmdogJAEUL.

d0MomBgmol  doge HTML-ob  063¢gm36mg@sgool 8989y ol  asMsoddbgos DOM
0b@ghggolsco. DOM  dga300wos  omdmgoaobmm  Gmameéz AP HTML o6 XML
©M3999963300LsmM30L, Mmdgeog Jabol wmyo3m® LEAM™MJEHWOSL, MMIComsE glodwrgdgEos
©m3M0963)3dbg 30mds s Tsb03Meszos. 96wy JavaScript 3GHMMdoMgdOL 9bsl dgwyderos
dobfzoglb 3L s (33w0Wgdgdo Fgo@sbml  ©EM3MdgbEHOL ™mdogdEG dmogerdo. DOM-ob
90803530000 IgbadegdgEos 390Ls0EHOL gergdgb@gdols sds@gds, §o9ws, ImEOBOEOMIDdS,
3500 39306 330Egds s 5.9. 439wo dMIMHIOL 543l JEMBIMMO MdOYJEHO, OHMIGElo
Window 34305. ®ommgmer Window mdogd@l o943l odebslosmgdgemo m30bgdgdo s dosmby
f30mdol dgomgdo. Window ®mdogd@ol gohm-gomo o3z0Lgdss ©m3wdgbdo, Mmdgwdos
®530mgMowos ol m30l9d900 s  0goOMEO, OHMIGEms  godmygbgdsi  dgodwrgds DOM
99996490y fzomdobomzgol s  Bsmab  MO®DogemJdggdol;mzol.  ©m3Mdgb@ol
®d09JGM0 8mEIE0 4M9x8303Ms© 99odeqds 899gabsoMo FoMdmgsaobmo:

T API - 53¢0035300L 30Mmy65900gd0b 0bEghggolo
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window
du-:u.l'ul’.'ul
) hitenl
haad f | body |
AN AN
mata  meta | file || link i seript

VAA\N

img hl |p| diw
Shadow DOM

Shadow DOM s60b Goyyer 30093mb9b3gobg sgmdbgd oo bolEgds 3g0Lso@gdolmzol
33e03530900L  dgloddbgers. ol Lodoegdsls 5deg3l 390 dMIMBYOL oxs3dbml DOM
99896900 35000 doMHoMso MM bEHOoL DOM bgdo dmmsgligdol qocgdg. Shadow DOM o6
§o00moagbl Bo0sbo ©M3MTgbEHOL Md0g]GHE TmEgwl. ol s®ob Jzgbg 96 3ow3g DOM
9w9996¢)0. B396 9830305 ol FoMImz00a0bMmm MMAMEE 53Mgd0, Mol bydsEgdOMS3
360l 5390ewo DOM. DOM-Us s Shadow DOM-U mtol dmags®mo goblbgegqgds dymds®gmdl
08580, 09 OO sGoL dgJdboco s MMM bBrdmddgogdl m3mdnb@gdbg. DOM 3356d900,
MHmIgenlbsg h39b 3d360m, Magligds Lbgs gargdgb@gddo. Shadow DOM-ob dgdombgggzsdo, h39b
3J06om  0b6358LwMwoMgdmer  bal, OHMIgEoE  ©93930M9dME0s gEgdgbEeb,  Topa®sd
3939¢3939099005  83000Mdowo  9egdgb@gdologsh. d3gbg asblsbmzmvmo Jdggool s6Hgomo
oM0moagbl shadow bgl. Shadow bolb gagdgb@o 00ddmwos 9.§. shadow 3mbLEbg, 6w
063583Lmwomgdme bal gfimgds shadow by, bem gargdgb@l, M™IgEmsbsg ol s®ob
©5393006090wo - shadow host. Shadow DOM-U ©0©O 13065GHIbeds 5oL ol, MHMd of
439WsxBIM0 3MOL WMIsEM0, BEGOWJOOE 0. ©I3YLM3IOL 56 Fgwydwros dobfizgl Shadow
DOM-b olg, Gemgmég dsb dgwydaros dobfizogl Poadmer gargdnb@gdl, 8sdob Mmiss dGmembg®l
9991005 bOEML s F9335mb 3mEO 0lY, OMaMOE FoATMEo gegdgbEgdol g8mbgggzsdo.
000l dovbgsgo, ®md gl 9wgdgbBHgdo  0b3sxLMOMdmos HTML-ob s CSS*-ol
d0dommnegdom, doo  Bo0bg  8gmdwosm  Lbgosbbgs  990mbgg3gdol  (bemdowgdgdols)
20903939, HMTgEms sdmfigcs dgwderosm m3wdgb@Eolb bbgs gengdnb@gol.

Shadow DOM gmggemmgol «1bs ogymlb 0535300090990 s6LJdME gegdgb@msb, b6
B a0 9engdgb@ol Laboom 56 bzMo3Eoom. Javascript-do Shadow DOM-ob 0dds gargdgb by
bds Element.attachShadow() 9gom@ob bodwsegdoo.

Shadow DOM 9565350393906 (0Dmeomgdsl 39390090L) DOM-0l 3033mbgb@gdl, olg
03 DOM g0bgds 350039 90999630, Mmdgeog o6 godmBbogds gemdscmt DOM-do. sbigzg
ol CSS-obmgzol 063583Lw9eo00l LodwmeErgdsl 0deggs, Mo 035k 608bsogl, M (oW 3gMEo
Shadow DOM-ob gagdgb@ol godawgddo d9ddboro LEHOEdO 0BMEWOMGdMWos ©s MRYDS
Shadow DOM-0b Loz gddo. gl 330050E0390L LEGHOODGOL.

HTML-ob s CSS-obmgol 0b3s83bwgemsgool «bsdo smzowgdgaos 3arogb@gool g. §.
L5dMAbAsMGOEM  gErgdgbGHadol Igboddbgws. Shadow DOM-ol s6o®lgdmMdolL dgdmbggzsdo,

2 CSS (Cascading Style Sheets) - 30b35©06M0 bLEGHOEWOL BMOHEFEL YOO
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Shadow DOM 063 g0 g390L0L 359myggbgds msbsdgpmmgg Lol gdgddo

Lbgoobbgs Lodmdbdomgderm gwgdnb@gdol MMmogmmddggds 8mbgdms s6MalslvyMzgeo
309000, MR 53035305 Fggds Lbgoslbgs 35¢oMs b5{owgdologsb @s 56 Mol ghomo
000 3oL0MO MdOYJEO. Shadow DOM 53965l sHgbL 93¢035300L Ho®domdsbg. DOM-3o
(3309dg00L  FgBobs 0fjggl FoMdsmdol 3MMdWNINOL, oD LoFomm bgds dmgwo
0009JGHOL A5obo@3s. Shadow DOM-ol dgdmbggzsdo 30, dMomBgMds “ogol” Gmdgeo bofiowol
230Bobegdss LoFomm.
Virtual DOM

Virtual DOM 560l Reactjs o Vuejs g6godzm®m3gool 3mbignaos. Virtual DOM-ob
d90mbggzsd0 dgbboggdsdo 0bsbgds DOM-ol sligro @s Lobsd Msdg 33wrowgds bgds DOM-do,
9JOMTBIOL  IMEIds  MB0YJBHIBO  FobLbZs3939B0L  2sdMbogEgbs.  99M0YS®, dMIMBYML
93006995, 09 Mo Bafowro 9033w o FbMEIM Foo gobsobEgdls. dglodsdols, st 0dbgds
Logodm  doosbo DOM-ob  qo@obs®gs.  33wowgdgdol  dg@obs o6 bogds DOM-ob
53030090 md0gdEHdo, 9909y bgds Virtual DOM-ob s m®ogobsero DOM-ol d9s6gds,
00 3Mmagbl 3dgos “diffing” (3obLbbgoggdwEmds). GMEYLeg 3blb3390g00  gsdm3e0bEYds,
0M5BgML 93m0bgds v HMIGEO MOHOY0bswo DOM-ol HmIgeo bsfowo mbos gobsbarqls.
bgds  Iglodsdolo  3gworgds. Virtual DOM  3mb3gE0osdo, 8gbodergdgenos  Modwgbodg
(3309gd0L  9OHMEOMMWOE FgBHobs, Mams 5306 S0EOEML  JosboBzs OMMYMEO

99996@0U (33000 gd0LsL. gl oMo Fy39@EL HotoMdOL 4oTx MdgLYOOL 3GrIMDdEGTSL.
Shadow DOM s Virtual DOM 8mGolb 56b3s390900

9JOM5)Om0 bogMomm Shadow DOM s Virtual DOM-b 8m6Mol s®ob ob, Gmd mémogzg
3393560935 Fo0B500MdOL  3MMdEgdgdol gosFMsdo. M@0z Jdbol 3ow3g Document Object
Model ga%933eoMl. 530l oM@, g MO0  3MbEIBE0s  OEOIIWIMLE  doblbgsgzgds
9O059569m0oLash. Virtual DOM dbol domerosbo DOM mdogd@ol sbgnl, bomeem Shadow DOM
Jdbolb DOM d09dBHob 35@s6s bofowgdl, GmmIgmmsg goshbosm Lo3mmaco, 0bmemomgdmwo
bo35Md0L Bostawgdo 0d gegdgb@olmgol, Hmdgulss Pomdmowygbab.

DOM  3mbgggEos  doewosh  960036gammgzsbos  front-end  36my05906930Lsm300.
3996mmao0l s sboeo B0BdEOM™MY3GOOL  A9B3000MGBME gHmo, dobzomots sbg3g
Document Object Model-og. 36069lwge 390 5361909306 3900056 9600500, Fglodegdgeros Shadow
DOM o Virtual DOM 0bl@&mwdgb@gdol asdmygqbgds, M@ Lodreegdsly 43533l 0e3000b
53060000 {fo63500MdOL 3M1MdgIGd0 s 33350 DOM g3t LIRS s 9R39dGHMGS.

3oL533000 56 SM0OL, MHMI  MsbsdgMmgg  LoLEYIYBTo, LsESE  IOOGHOIMLS©

36003690m3z0605 Fo®Bomds, godmoygbgds Shadow DOM o6 Virtual DOM obl@&mwdgb@agdo.
35250m5©, 0Ly LobEYIGOTo, HmamMoiss Google AdSense, byFoMms DOM-ob 063553Lws3os,
6590 bdoMo bgds LoMgzmoedm 0s69MgdoL goobs@3zs. Bgdl odlbogdgdger 30335605l
9908539090 5J3b  93wo3s30s Shopify eccomerce 3eno@GBm®dolbogol. dobbgl dmgro
sbgomos: dmdbdomadgwro dgol 0b6@F)MbgEdsmabool 390 a39MbY, oMbzl bogml, dsbggzy
0bsdgds Bg9bo dsBgMo Lbgoalbgs Bmbby. dsbgMo as3gmadwyeos Shadow DOM-ob 99939mdoom.
05696Bg 259mbobmos Bogmol goliszwgdom Tgdgbols Tgmsgagds 00 dgdmbggzedo, vy
dmdbdoMmgdgeo  99539mgdL  IgdmfoMemdsl  bbgoobbgs  gmbogddo.  smslmdoom
06@gmbgEHTowsBos 04gbgdl Bzabl dog® dgdwmsggdwyee LolEGgdsl. dTomdolol yoagsfyom
6500096007  3OMBEGIsL. Moo Shadow DOM 03 @Omob;mgol dgosdgdom  sbowo
3996m@m0s 0oym. MmEs dobo 4s8mygbgds ©sg30fYgm, dzgwe dMOHIMPL 53 BHgdbmemaool
oMo FIM5 56 3Jmbsm (sbers gl 3MMOEgds bo3wgds© L) s 0bGHIMbgEdoi oMo ogm
0bg3m®dsgos ol dgbobgd. FgLodsdols, 98 GHgdbmermyool godmygbgds ogm Holzo, GMIgwog
LodMEM X 5FT0 2oTIOMNEIS.
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Shadow DOM usage in modern systems
Manvel Kloyan

Summary

An important aspect of web components is encapsulation — being able to keep the
markup structure, style, and behavior hidden and separate from other code on the page so that
different parts do not clash.

In this article is described the Shadow DOM. The problems that solves Shadow DOM are
described. Also it is explained the difference between DOM, Shadow DOM and Virtual DOM.

UcnonszoBarue Shadow DOM B coBpeMeHHBIX CHCTEMax
Marser Krosa

Pesiome

BaxXHBIM acleKTOM Be6-KOMIIOHEHTOB SBJIAETCSA MHKAIICYJIAIUA - BO3MOXKHOCTh CKPBIBATh
CTPYKTYpY, CTWJIb U TIOBefleHHe pasMeTKH U OTAeIBHO OT LPYroro Koja Ha CTpaHHUIle, ITOOBI
pasiIuyYHbIe YaCTH He KOH(INKTOBAIH, @ KOJ MOXHO OGBIJIO COXPAaHUTh KPACUBBIM U YUCTHIM.

B crarpe ommcana merozmuka Shadow DOM. Iloxasams! mpoGieMsl, KOTOpble paspelaeT
ucnons3oBanue Shadow DOM. Omnucana pasuuna mexzay DOM, Shadow DOM u Virtual DOM.

@03 JM536s — References — JIureparypa

1. Explaining the Shadow DOM https://www.youtube.com/watch?v=K5i9zMzVIzM
Using shadow DOM
https://developer.mozilla.org/en-US/docs/Web/Web_Components/Using_shadow_DOM

3.  Anil Kumar, DOM vs Shadow vs Virtual DOM https://anil-pace.medium.com/shadow-
ec3d3806c621

4.  Dimitri Glazkov, ‘What the Heck is Shadow DOM?
https://glazkov.com/2011/01/14/what-the-heck-is-shadow-dom/

5.  Web Components https://en.wikipedia.org/wiki/Web_Components

6. Document Object Model https://en.wikipedia.org/wiki/Document_Object_Model.
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35353730000 3MH03EMAMSBOOL 5dmygbgds derm3Bgobdo s dolo
95¢0B705 BosMBg36M LoLEYdsdo

6035 0005, 89658 B3b39¢»0820¢0, b302JMS 5(HB3509

nikafilia@gmail com, merab5@list.ru, natela.archvadze@tsu.ge
M9bomdg

Pom3magboo 658GmMdols Jobsbos §aemrdmzshobmom s domo 3M03EHMaMmsxools
dem3Bgobdo gs8mygbgdol Fglisdengdenmds Lss®™Bg3bm LoliEgdgddo slisbymyow. dogzsRbos,
63 EIoLIMZOL  SOLGIME  dM3IBIOb  BIbmEmMaosBY IBMIBIIME  Los®Byzbm
LboLGYFgddo Es3sBgoom §sdmygbgdmemo ULbgsstbgs dmbssgdgdol bsggws LsFoGmms
2959m304gbmom 30m>03@MaMs80Eo ©s3ox3zmhol oo Jomgdrmo 39M0R03530s, MmAgmos
300003 MBOM  25PMEol  LssMBggzbm LoLEIIOL Lsodgmmdsls. s6hg369080 dmbsfiogng
3050056l Bglisdangdenmds 9d6gds, 30M5MdoL sTsELEGHIMgdgEo dmfidmdols fotagbols
3900093 doomml M30L0 0bE030IEIMO 3mEOo, MMIgwog Fs@®moEgdols dxdzgmdom
©596900MEgds ©5 ©030BMIDS. ©ITOBPOMEO T>BHMOoEoL ghmo dewmzo Fgobsbgds
dem3Bgobol Imboigdos doBsdo, bemgom gmegl Goomgdl s8mdmBIzgwo. gl 0dbgds dobo
MbB0 350 3MmEo s dbmerme sl Gggdergds 59 dogeol gsdmygbgds. bsdmmddo dewms-
1ggdgdol Laboom s1g3g Foer3mEagbomos seEaMMHomdgdo 59maMBIZEOL MYaoLEMIEO0LS ©S
bdols doggdol 3GmEgliols MgseoBgdoliozols.

1533560 Lo@yzgdo:
3600393 (B3R079¢m0 bolbdhgdgdo, BeneazB906 Hgdberemmzgogdo, bsstbgzbe bolidhgdgbo.

dmm §egddo 5dEHvoe Mo dobs dem3bgob @gdbmemaos, MmIguro oMM,
boebols  3bmdoghgdsdo 35380695  3M03GHMIOBHOL,  B0GH3M0boL  MLoRGOPOb™
GOBBod3090L o, Ls3ToM, 3MIMEMIMEo LoLEBHYIsS EILEOIMdOm. gl Fgdbmemaos,
6599gbodg  Ubgoolbgs  ©@m3Mdgb@ol gho  dwmzdo  gogMmosbgool  LolLEgdo
§om0moa0bgl, M®IgEog  3M03GHMYMIGOMEISEOS IGO0 @S dErm3gOoL  xoF3L
59600056900.

B3gbo  B0Bsbos  LYOIJEMMBOL  YRGM  FJGHo©  JdBOHPOLLM3OL  dermdBgobol

&99bmma05d0 go9mygbgd o 0dbsl 303G MYMmsx0MEo JgmMEYdO.
3P03GHMaMms530vmo Lolid)dgdo s dgmmEgdo

39630bowmm  3M03GHMEMoR0MEo  LobBgdgdo, OMIGE®Ms MIMegzMgbo  Fobsbos
06x3m®T5300L oM dIbs-gollo0EIEMgds s 2odaHogboligsb B0dmgd Lsbom 30MmBy
3900533995, 0bg O™ gocgdg 3060l 56 3Jmbgl 3mds 50bodbMEr 0bBMEOTsEosLs 0
230LO0YIMSD.  9MLYIMBL  3O03GHMPMIBOMOo  LoLBHYIGOoL  Godabodg  3M0sbEO,
LOJYBHOOMWO ETSFGHIOOMO s SBOTYGHOOMWO SEAMOHOMIJd0. J3gdmom gobgzobogrogm
3003@MaMox309 Lol@gdgdl:

e DES (Data Encryption Standard) - 3603@&ma®o0m@o LobEgds sMol dmbsigdoms
©5308336M0L LEFHIBEIOEHO s FoLTo SOFGHO0s IMBOEHIGOOL TOGBIMOL sErymMomdo DEA
(Data Encryption Algorithm). gl ool 59960390 bobEgds, MmIgeros LoIgEHOOWEro
5QmMomIoL 3006303000 Fdsmdl. 53 SERMMO0mMTdo 459m0Yghgds 56 doE05BO AoLoMgdo
o 0L 539ds390L 64 doBH0sb0 2obBMT0gdgdOL Moo BHIJLAHIO BdEMIGOL.  5Tolisb, gu
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60,35 005, G958 Bbmggamodzoamo, bsoigems s(h3599

LobGgds LHGMORJ09gd0m odmoMBg3s o slodgEHMmo LobEYdgdmsb Fgsmgdoom dolo
LHOx3dd9g0s (100-1000)-x 96 dowowros [1].

e ©0xn0-39¢dsbol sLodg@Gmomwo TJMmEOo - 2olbIMdL  3MO03EGHMYMOGONI
LOLE O AOLOWGIOL 2oS(39ToL 3YMOIMOL 45MGTg. U SEPAMOHOMT0 450M0Yqbgds BrYMEI(3
235L50gdOL 453300, 51939 WST0RIMHOL, 5BHIbEHOB0Zs300L BoBBom s Lbgs. oLshyolbdo
RBMOIOMHEOYOS FoLo0Id0 S 99y 0ggds doxzMOL M3gesEos [2].

e M039L}H-8500M-90Ig6oL 3MH03FHMLOLEIs (RSA) —353)gbGHJOMos  53gMHozol
99960 gdMe 9BoBH9Yddo, 51939, o3gbBos 5dab FmBoml  bbgs IMogsen Jaggebsdo o
360L 93900 LGB EO.

o guddseol  3M03GHMmboLbGGds - gl 3M03EGHMLOLEHYIS M0Z39LEG-0sd0M-goEETsBOL
3M03GHMLoLEIAOL  SeBHIOMbsB0355, MFEs  ©OR0-39eTobol  seamGomALsE 3303,
300500056, RSA-Ugsb  9oblbgoggdom, ©olgMgdvwo  masHomdol 360 MyM505BY
QYO OBbMOdOMs gggboero.

3939 dobobogds  3M03FHMLOLEHJIIGOOL  303MOEMEO  FMEYWGDO.  TIRIWOMNO,
sbodgBHGoMwo  JogGms300l  segmMomdo  RSA-obs s  LodgGHGHomwo  Joxgcogools
seam®omdo  Blowfish-ob  30dMomeos  9gofigdol  350M0sbGo  [3].  30dGowEo
3M03GHMLoLEY8900L dgddbol BoBsbos olgmo 30dMHoEMEo  3M03GHMLOLEIIOL Towgds,
MOmdgerog MmO dmEgel  gosgmmosbgdl s LOYmymal. bodgEMmomo  sEAMOHOomIol
LobEgdgdol dwogmo TbsMgs 3MMAMTMwo LoLHMLnRg, LMLEHO dbodg 30 IHBYOYIEO
235L50gd0L 30063030, SLOTYEHMOME LoLEHJIGOTo Vo FoLomgdol LoLEGHYIss s LdoMIEw™m
230Lo0gdol IgBHo MLOROOLMYdOL Foblos, MMdas SLgmo LoLEGHYIgdo TgEsMgdoo bywos,
580@MI5355 LoobEIMGLM 59 MO 2sbLHZs390IO FMYErOL FgMfiyds, G353 08 ggE9Y
Mbs 3033094356mb MM 300M-0EOBIEF00L bsOrxDg Fgoddbsl gOmosbo, LG YmzoEo
dmgwo, Mmdgog LHOsgos 0dbgds o Fspsr ©mbgbg ©o3mwoi. 3030M0EEo
30033HMaMonomwo  LoLEJIs  ©IRIbgdMEos  LodgBHGoMwo  FoBMsgoolm3ol
39000b3930m0 A5Lo®gdOL A9bxMHOMGdOLS o 53 Folomgdol sbodgEMmomwo LboliEgdobmgol
dogMo300L  300b3odbg, MmIwol  990gyo3  doMgdo  LooWIm  QoLOWId0
d9LodgdgEro bgds Mo3o30M39t0 F9@Ymdobgdol GonMoiEos, bmwm ©gdox®msigoolsl
993HYmd0bgds 08093905 153w9m5M0 1LS0YIIM 2oLOWGdOM, LOdMEMME 30 35dM0Yygbgds
Lox5M™ 2oL5gd0 (obogom bGowo 1).

B3960 30Bobos gobbormmo 89mmgdosh dgoMbgls Lswzgmgbm, GHMIgEoE MBO™
39(H9© 3959w 0gMHgdL derm3hgob gdbmemaosdo ds9mygbgdmen 3M03GMYMmIGBOL.

338906 &gdbmermaongdo

dm3hgobols sO®LO FEAMTsMYMBIL 00580, GMI 53 GH9JbmErmgool  dgdzgmodom,
0b6x3m®3s305 0bsbgds 0bgm dEM 39030, HMIWGOLSE 593U b0 3OO ,5L5Mgd0“ (MOoMOL
5659930 - 3990) s gl Ym39wo 0bxBMOT5300LMZ0L MBI MMO 3mEO0Y. gu BodB™MGo 30
53 LoLEBYIOL OEMEIMDIBY T9BHY39wIOL O, 365dBH0IMWOW, JSTMMOEbIZL MOV MBdOL
65009 Loboom I3 L MdSL [4].

dem3hgobo sGHol 399dogzs FBoMmO Bsbofia®dms Los, Losg Yymzguo dermzo obs
0m3mobss 3930060 3M03BHMPMIBROMO 330l TgdoboBTom. gl 9dmAObIMGMDBL
0J9sb, MmI ymgzgger dm3l ogal gobbobwz®meo dgblogMgdol @mby s dg3Lgdol
dq0mmbgg3sd0 0gdbgds sbowro dm3zo ™msgzolo Mbozswdo 39dom s gl darmzo fobo
0M3mbss 3030060, BBy J0dTMos Hobs dermzol 3980 s OMOL d9F)Oo. dm3gdols
X533d0 56LYdM 63d0LA0YH deM3To CBBMOTS3EO0L Q545eddOL/0bFBMMTs300l Tg33wol
d90bggzs5do 0MM3939 dEMIMS  X9FZ0L  FM0sbMds,  29gowdgdEo  0bxgm®mdszoom
©IAZOMDMEO dEXOMZO 390G 99353000 5T dEOMIMS XoF3L, Moysb dsb LGYos©
9330S 39d0. gb BogAHo  2obs3oMmmdIdL  darm3zhgob  LoLEBHIIOL  OFYIEMBSLS o
15009 MMBSL S ZoTMMObOgL bxdoLAogHo Lobol Ldgzmersgosl [5].
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595390030 3M03EMYMIR00L 353myghgds demm3Bgobdo s Golo MYseoBYDds....

BLOWFISH + RSA Gogga309
Qs0emol ! idogfipmo  |\@)dogMigool
2fyobio msormoli bmds (Byte) | domMagooli o, (Babmfado)
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0gdbgds 58 3Momboom, 3065006, GMmamGE BsdMHMITo 50360869m, 3M03GHMYMOIBOMEO
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g4390sbg OGO 3WOBHBMOTsS, o3 9Mbg36900L MbBEsob  BoBIMGOIOL  Lodmoegdal
0000935, MNVEOMMdsLS S 2oM3397)o Lobolb 453eg6900L IMbgbsls FogdLoowrMo
290mM03EbO3L s, $353OMNMESE, SdMIMBI39XMS 30650 IMbs3gdgdoL MLsBROMHMIdOL
239M56GH05L 0dEng3e.

Use additional cryptography in blockchain and its implementation in the electoral
system

Nika Philia, Merab Pkhovelishvili, Natela Archvadze

Summary

The purpose of the given articles is to demonstrate the possibility of using additional
cryptographies in blocks, which will be realized in selective systems. We understand that instead of
different data, additionally used in the current electoral systems, based on blockchain technologies, it
is necessary to use a cryptographic check for encryption, which is why there is a system. Person,
participating in the selection, will have the opportunity to enter their individual code after submitting
their identification card, which will be generated and encrypted with the help of a matrix. One block
of encrypted matrices is fed into a database of blockchains, and another will be selected by a
selector. It will be a unique code, and only he can use that code. In such a case, the representative
algorithms of the realization of the process of registration and voting are selected in a block diagram.

Vicnosns30BaHMe JOMOIHUTENBHOM KpunTorpaduu B 610K4eiiHe U ee BHeJpeHUeE B
Hu36HMpaTeIbHEYIO CUCTEMY

Hura Qurnsg, Mepab Pxoperumsrrn, Harera ApuBazse

Pesiome

Ilens pmamHO# cTaTbM -  IIPOAEMOHCTPHUPOBAaTH  BO3MOXHOCTH  HCIIOJIB30BaHUA
IOIIOIHUTENbHOM KpunTorpaduu B 6rokdueiiHe, KoTopas OyzZeT peanu3oBaHa B M30KMpaTETHHBIX
cucremMax. MsbI cuMTaeM, YTO BMECTO PA3MIMYHBIX JAHHBIX, AOIIOJHUTEJIBHO HCIIOIb3yeMBIX B
TEeKYUIUX U30MpaTeJbHBIX CHCTEMAaX, OCHOBAHHBIX HA TEXHOJOTUU OJIOKYeiH, HeOOXOAMMO
KCIIOJB30BAaTh KPHUITOTpadUUeCKyI0 IPOBEPKY INMGPOBAaHUA, YTO elle OOJIbIIe IIOBBICUT
HAZIe)KHOCTh M30MparTenbHON cucTreMel. Jlumo, ydacTBylomee B BbIOOpax, OyzeT wuMeTh
BO3MOXXHOCTS IIOJTyYUTh CBOM MHAVBUAYATIBHBIN KOJ IIOCJIe IOAAYH CBOeH HAeHTU(DUKALMOHHOMN
KapThl, KOoTOopas OyneT creHepupoBaHa ¥ 3amudpoBaHa c momourpo Marpun. Ozxun 60K
3amundpoBaHHOM MaTpPHUIBI XPaHUTCSI B 6ase [JaHHBIX OIOK4YelHa, a ApPyroil OyzeTr IOnydeH
nusbuparteneM. ITo 6yeT ero YHUKAIBHBIN KO, ¥ TOJIHKO OH CMOXET UCIIOJIb30BaTh 3TOT KOA. B
CTaThe TaK)XKe IpEeJCTaBIeHBI B BUe OJI0K-CXeM aJITOPUTMBI peaanu3alyy Ipoliecca perucTpaluu
¥ TOJIOCOBaHUs U3bHpaTesei.
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