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Estimation of system matrix at identification of linear dynamical non-stationary
systems

Besarion Shanshiashvili, Mindia Salukvadze, Vladimer Gabisonia

besoshan@hotmail.com

ABSTRACT. The problem of parameter estimation at identification of linear non-stationary
dynamical systems is considered. It is supposed that direct observation of the state vector of system is not
possible and elements of the output matrix are variables. Stated is the problem of parameter identification
as, in a certain sense, an inverse problem of Cauchy’s problem for linear ordinary differential equations.
Under some restrictions on the system’s parameters, input and output variables the existence theorem of
such interval, in which a continuous system matrix is identified, is formulated and proved. The parameter
estimation algorithm, and also the question of the model validation are investigated on the example of the
second order system identification.

KEY WORDS: dynamical system, estimation, identification, parameter, differential equation.
1. Introduction

System identification is based basically on linear stationary models, however a set of real systems
is characterized by change of parameters in time, and their representation by stationary models does not
give results acceptable in practice.

Existing methods of identification of non-stationary systems, which can be divided into two
principal parts, i.e. approximating and direct methods [1]-[2], for the estimation of unknown parameters
basically use recurrent algorithms and procedures of the methods of the least squares, Kalman filter, the
determined and stochastic optimization (for example [3]-[8]).

In some works [9]-[10], the problem of parameter identification of linear dynamic systems with
variable parameters is considered at the determined input influences. The problem of parameter
identification is set as inverse problem of Cauchy’s problem in certain sense, for linear ordinary
differential equations with variable coefficients. It is supposed that by the results of the observation of the
systems input-output, the input vector and the state vectors at different initial conditions are known. It is
required to determine unknown matrix of coefficients.

In the work [11] more complex structure of linear dynamic non-stationary system is considered,
when direct observation of the state vector of system is not possible. It is supposed that by the results of
the observation of the systems input-output, the input and the output vectors are known and elements of
output matrix are constants. Thus, it is meant that fundamental matrix of the solutions of homogeneous
system which corresponds to non-homogeneous system of equations, is unknown.

In the works [12]-[13] the problems of parameter identification and model validation of linear
dynamic systems with variable parameters are considered, correspondingly. The system of the linear
ordinary differential equations of a normal kind is considered as a structure of model of the dynamic
systems. It is supposed that input matrix is unit matrix and elements of the output matrix are variables.

In the given work the problem of system matrix estimation for linear dynamic systems with
variable parameters is considered at the determined input influences. The system of the linear ordinary
differential equations of a normal kind is considered as a structure of model of the dynamic systems. It is
supposed that elements of input and output matrices are variables.

In the work the following designations are used: R - set of real numbers; | =[a,b] (a,b € R) - the

closed interval; R" =RxRx---xR (n-time) - n-dimensional Euclidean space; R™" - space of n-
dimensional square real matrices; C(I , R”) - set of continuous vector functions x: 1 —R"; C¥ (I , R”) -
set of n-dimensional vector functions, which components are k times continuously differentiable
functions, C(I , R”X”) - set of continuous n -dimensional square real matrices.
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2. Parameter identification

Let's consider the observable dynamic system which is described by the following system of linear
ordinary differential equations of a normal form:
dx, . .
E=kz;aik(t)xk+J_Z;bijuj(t) (i=12,...n), .
- - 1

Yi =zcik(t)xk (i=12,...n),
k=1

where u;:1 >R and y:1 >R (i=12,...,n) are input and output variables of the systems,
correspondingly, x;:1 —>R (i=12,...,n) are state variables, a, :l1 >R, by (i,j=12...,n) and
Cic :1 >R (i,k=12,...,n) - variable coefficients.

Let's rewrite system (1) in the state space equations form:

x(t)= A(t)x+ B(t)ult),
y =Clt), @

where A(t) is system matrix, B(t) is input matrix, C(t) is output matrix and
y(©) =i O, ®3)

C(t)= (i, (t))in,k:1 :

If Clt)e C(I : R”X“) Vtel isnonsingular matrix, then

x=C(t)y. @)

Considering (4) in (2), we shall receive:
y=A"(tly+u’(t), 5)
where
A'(t)=ClHA)CH) ™,
u*(t)=C(t)B(t)ul(t).

It is known, that for system identifiability it is necessary system controllability and observability,
therefore it is natural to admit that are known input D(t) and output C(t) matrixes and by observation of

(6)

the system’s input — output are known: the input vector u:l —R" and the output vectors
Y I >R" (k =12,..., n) which are the solutions of the system (5) at different initial conditions. It is

required to determine an unknown system matrix A: 1 — R™" . Thus, it is meant that fundamental matrix
of the solutions of homogeneous system which corresponds to non-homogeneous system (5)

y=A"(tly (50)
is unknown.
Asy,: I >R" (k =1,2,...,n) - the solution of the equation (5), we have:
Ve = Aty +u'(t) (k=12,...n). 7

10
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We shall compose a matrix Y(t), columns of which are y, (t) (k =1,2,...,n):

Y=y Of ®)

and a matrix U*(t):

U0 =i O s 0= 0) ©
Then the system (7) can be rewritten as the matrix algebraic equation:
Y(t)=A* )Y (t)+U*(t). (10)
For determining A(t) from (9) taking into account (7) it is enough, that Y(t) and C(t)matrices
were nonsingular.
Theorem. If uaC(I,R”), Yi eC'(I,R”) (k=12,...,n) and detC(t)=0Vtel, there exists

interval 1, <1 such that detY(t)=0, and in 1, the matrix A(t) is determined single-valued, in
particular

Al)=c) (vV()- U N 20)kt), v e, (11)

Really, let’s admit that y, (t) (k =1,2,...,n) is the solution of system (5) at initial conditions:

yk(to):Ck7tO€|0’ Ck ERn (k=l,2,,n) (12)
It is known [14] that the solution of the problem (5), (12) is defined by Cauchy’s formula:

)-Clttok, + [l (e, @

where the matrix function C:1x1 — R™" is Cauchy’s matrix of the system (5o).
As constants ¢, (k =1.2,...,n) we shall take linearly independent vectors, in particular

y(to)=c, =e, (k=12,...n), (14)
where

ek :(5”( )in:1 (k :l,2,...,n), (15)
Ojx 1s Kronecker’s symbol.
Taking into account definition of Cauchy’s matrix, we shall receive:
det Y(t, ) =det C(ty,t,)=det E=10, (16)
where E is unity nxn matrix.
Because Y(t) is continuous matrix, and a determinant of a continuous matrix is continuous
function, therefore there exists such interval I, = I, such that t, e I, det Y(t)= 0 Vt e I, . Therefore, for

Vvt e I, there exists inverse matrix Y *(t), and the matrix A(t) can be determined by the formula (10),
and this definition will be single-valued because Cauchy’s problem (5), (11) for Vk 6{1,2,..., n} has
unique solution according to uniqueness and existence theorem.
The algorithm of identification of variable parameters of the linear dynamic systems described by
the system of differential equations (2) consists in the following:
e we approximate experimental data received, by the results of the observation of the system’s
input — output, by continuous and continuously differentiated functions;
o we make vectors u(t), and y,(t) (k =12,...,n);
e we compose matrix Y(t) as (8), and matrix U*(t) as (9);
o we calculate a determinant of the matrix Y(t) and we determine an interval I,, where
det Y(t)=0;
e we determine a matrix of variable coefficients A(t) in 1, by the formula (11).

11
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3. Investigation of identification algorithm

Let's consider peculiarities of the parameter identification by the developed algorithm on the
example of a system of the second order.

Assume that a system with two inputs and two outputs is described by the following system of the
differential equations:

% = ag(t)x; + ag(t)z +byquy (t) + byu, t),
X; = a21( Mo + azz(t)z + b21U1(t)+ bzzuz(t)-
Y1 = Coa(t)y +cplt)xs,
Y2 = ConltPg + Cpalt)xo.

(17)

(18)

Here

u(t)= t(i”) , (19)

1
1+t
yl(t){ . (20)

(21)

and a priori is known:

t tZJ’ 22

C(t): 1-t 1-t| (23)

Form matrix Y(t):
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ot )
Its determinant is
det Y(t)= 1+ t)i—t?). (25)
It is clear, that
det Y(t)= 0, whent = +1. (26)
Thus,
lo = oo~ U1 U Jted]. 27)

Taking into account that Inverse matrixes of the matrixes C(t) and Y(t) are defined by the
expressions:

Lt
cl)=| 1yt 1rt), (28)
1+t 1+t
1+t2 %
Yi(t)= (1+t)(1t—12) (1+t)g1—12) 7 (29)
12 12
and also
. 1 2
Y(t)= , 30
) (l+2t ZtJ (30)
1
u'(t)= (J , (31)
using the formula (11), as a result of some calculations, we receive, that:
_ 1
2 2
At)=| 171 1-t (32)
1t
1-t2 1-t?
Thus, the required system has the following form:
1-t 1-t (33)
. 1
X, = = xl—l_t2 X + Uy (1),
Y, = ! X t X
1= M- S
1-t 1-t
34
e Ui 1, 0
27—ttt

The homogeneous system (5¢) of the differential equations corresponding to the non-homogeneous
system (5) under conditions (22), (27), (31) has the following fundamental system of solutions:

i, (t)=@. (35)
Y, (t)= @ (36)

and the fundamental matrix:
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Y,(t)= G U : (37)

Since
det Yo(t)=0 Vtel , (38)
therefore
I =Foo,—fUFLYURL +d. (39)
In this case

lp=1. (40)

Thus, the mathematical model of the non-stationary dynamic system, the model‘s structure of
which is defined by the system of differential equations (17), (18) and input and output variables — by
expressions (19) - (21), is represented by the system of linear ordinary differential equations with variable
coefficients of the kind (33), (34).

4. Model validation

Construction of a model by methods of system identification is reduced to several stages [15]. A
stage of model’s check and confirmation follows stages of the model’s structure choice and parameter
estimation. Check and confirmation of the model are closely connected with the estimation: upon
termination of the procedure estimation within the limits of the fixed model structure, and definition of
the "best” model it is necessary to find out, in what degree the model really "explains” the behavior of the
system, i.e. adequately represents the system.

The model can be confirmed by some methods [16]. The principal method among them is
comparison of output signals of the system and of the model, and introduction of a certain formal measure
of the received mistake when the same signal influences on the inputs of system and on the model.

In the given work, on the basis of the developed algorithm, the model of the non-stationary system
of the second order at the certain input and output variables of the system have been constructed. With a
view to confirm the model we shall determine output variables of the constructed model at the same input
signals acting on the system.

We shall present model (33), (34) in the matrix form (2) where the matrix A(t) is defined by the
expression (32):

t 1 1
X (t T2 2 (%t 2
l() _ 1-1 1-t l() + t2 t t(1+t) 7 (41)
%(t) Lt @) £ t) 1
1-t2 1-t? 1+t
1t
) | 1% 1—t [ %)
= . (42)
yz(t) .t 1 Xz(t)
-t 1-t
Taking into account (4), (6), (22), (23) and (28), we shall present model (41), (42) in the form (5):
. Loty ot 1oyt
[ylj: 1-t —t| 1-1* 1-t* |1+t 1+t (yl}
) |-t 1)ttt 1y
1-t 1-t A 1-¢2 1-t2 N1+t 1+t
1 t , (1 )
1t  1-t[t t7) t@+t
ot 1 e t] 1 )
1-t 1-t 1+t

As a result of some calculations, we receive, that:
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t 1
' - 1
[yljz 11—t2 1_%2 [le+0_ (44)
Yo _ Y2 t
1-t? 1-t?

We shall solve Cauchy’s problem for the equation (44) by the method of arbitrary constants
variation at initial conditions:

y(to)=Co, Co eR%. (45)
The solution of this problem is defined by Cauchy’s formula:

V()= Clttko + [l PhiHr @9

where matrix function C(t,t,) is Cauchy’s matrix of the homogeneous system, which corresponds to the

non-homogeneous system (44).
It is known, that

Cft, 7)=Yo(t)Yo (). (47)
where the fundamental matrix Y,(t) of the homogeneous system is defined as:
Yolt)= G 3 9)
and
1t
vii=| N0 1t (49)
-2 1-t?
Since
det Yo(t)=0 Vtel, (50)
therefore
I =]oo,—JUFLUR +of (51)

and input and output variables are determined in the interval (51).
Substituting expression (46) in (45), we shall receive:

V=Y (OV5 o Ko + [ Yol o hle e @

to

c
At ty; =0 and cg =[ ! ] , from (51), after series of calculations, we shall receive:
Cy

y(t){ ZJ : (53)
Cit+c, +t
Determining output vectors of the model (44) with the help (53) at initial condition
1
¥1(0)= (O] (54)
0
y,(0)= @ : (55)

we shall receive, that they are defined by the expressions (20) and (21).
To initial conditions (53), (54) of an output vector corresponds initial conditions of a state vector:
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xl(O)z(lJ, (56)

0

x2(0)=®, (57)

To the expressions (20), (21) of the output vector corresponds expressions of a state vector:

xl(t){l”zj, (58)

2t

3t +t?

x(t)=| . (59)
1+3t

1+t
Thus, the output vectors of the model (44), at the matrix of coefficients (32), at the input vector
(19), at the initial conditions (54), (55), are defined by the expressions (20), (21) and exactly coincide

with the output vectors of the system when giving on the system and the model one and the same input
signals.

5. Investigation by means of computer modeling

Investigation of the algorithm of the parameter estimation, and also a question of model validation
was carried out as analytically, as well as by means of the computer modeling based on using MATLAB.

Assume that a system with two inputs and two outputs concerning output vector is described by
the following system of the differential equations:

o122 1 .
Y= 5 Y1+—2yZ+U1(t)!
tll—t 1-t
, . (59)
Vo = — s ity +U3(0)
2ot )’ Y

Let's admit, that
. t
u (t):( ] (60)

The solution of a problem (59), (60) and (53), (54), received by means of the program, has a
following form:
Y1=[t*(-13/6+4/3*t)]
[t*(1/3+t72-13/6%t)],
Y2=[t*(-5/3+5/6*t)]
[t*(-1/6+t72-5/3*1)].
On the basis of use of data of an input-output of system (59) calculated by the program made
according to the identification algorithm, a matrix of coefficients of model (5), has a following form:
A'=[(-1+2*t72)/t/(-1+t72), -1/(-1+t72)]
[-1/(-1+t72), (-1+2*t72)/t/(-1+t72)].

6. Conclusion

The submitted method of parameter estimation at identification of linear non-stationary dynamical
systems, as a model’s structure of which is considered a system of linear non-homogeneous ordinary
differential equations of a normal kind, which is represented in the state space equations form, does not
demand knowledge of the fundamental system of solutions of the corresponding system of homogeneous
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equations. Besides, it is supposed that direct observation of the state vector of system is not possible and
elements of the output matrix are variables.

The problem of parameter identification is set, as in the certain sense, an inverse problem of
Cauchy’s problem for linear ordinary differential equations. At a continuity of parameters and input
variables of the system, and continuous differentiability of output variables of the system the existence
theorem of such interval, where a continuous system matrix is identified, is proved.

Investigation of the algorithm of parameter estimation, made by the developed method, for non-
stationary system of the second order and investigation of the question of the model validation has shown,
that at the existence of the exact information on input and output variables of the system, the output
signals of the system and of the model coincide when the same signals are given on their inputs.

When using this method of parameter identification in practice, accuracy of parameter estimation
depends on accuracy of the mathematical processing of the experimental data.

For getting acceptable results it is necessary to use noise immunity methods, for example, the
method of the least squares and its modifications, at approximation input and output variables of the
system continuous and continuously differentiated functions, and at numerical differentiation - the
methods based on regularization method [17].

Lolgdol do@moaol dgustigds §OHx8030 sMLEGeMbsGMMEo obsdozm®mo LolEgdgdols
0096308035300
B89bsGomb Js680sdz0¢mo, Gobos bsereidzsdy, 3¢7s089m gosdobmbos
Mgbomdg

29bbowmmos 6 xz030 3M3LEOEoMbsMIWMo 0653039960 LbobiEgdgdol
0963050353005 LOLEGYIOL  oB®oEol  FgBobgdol  sBmEsbs.  0aEOlbIGds,  GMI
9035 gMmdoL 39dBHMMOL 30MHEs30M0 330603905 56 3MOL Fgbodwrgdgwo s dTMLOZsO
FoBHm0o3ob gwgdgb@gdo — 33WsYd0s. 35M599BHMYIWO 00I6EHOBR035300L M350 LA
OmamO3 05030  h39MwgdmHo30  O0RIMIBE0IWMHO  49BGHMMGdgdoL  3mdol  sdmEsbol
23903390 5DM00 90HbgdMe0 53mEsbs. LoLEYIOL 3o053gEHMIODY, Tglogoe s Rodmlbiogow
(33Wsgdby Bmyogemo gHew3gool EOHML BMOHIMWOMHIOIMWos ©S  ©IIGI0EIOMWO
09mMgds  obgmo  0bGHIM35¢0l  SMLYdMIOL  Fgbobgd Losz LoLEJIL MHY39GO  FoBHMOEs
0096GH05B030090500s. 3560599BHMIO0L FgnoLgdol seAMOHOMT0 s FMEIWOL IILE MO0
L530mbo 458Mm33wgME0s BgmMg MooL LoLEBEGOOL 0EIbEHOR0ISEO0L FogscomBy.

OueHka MATPHUIbI CHCTEMBI TPH HAEHTH(PUKAIUY JTHHEIHBIX HECTAIIMOHAPHBIX
JIUHAMHYECKUX CHCTEM

Buccapuon llanwuaweunu, Munous Canykeaose, Bragumup Iabucormns

Pe3iome

PaccmaTpuBaercs 3amada  OIIGHHMBAHHUS  [ApaMETPOB TPH  HACHTUGHUKAIMK  JMHEHHBIX
HECTallMOHApHBIX JMHAMHYECKHX CHCTeM. [Ipexmonaraercs, 4YTO HENOCPEACTBEHHOE HalI0eHue
BEKTOpAa COCTOSIHHSI HEBO3MOYKHO W JJIEMEHTBHI BBIXOJHOW MATpUIBl SBISAIOTCA MEPEMEHHBIMH. 3ajgada
napaMeTprUyuecKoil MICHTU(HKALMKA CTAaBUTCS KakK, B ONPEAEIEHHOM CMbIcie, oOpaTHas 3ajada 3ajaqn
Koy ayist nuHEWHBIX 0OBIKHOBEHHBIX JU(depeHanbHbIX ypaBHeHNH. [Ipy HEKOTOPBIX OrpaHUYEHUSIX
Ha MapaMeTpbl U BXOJHBIE U BBIXO/IHBIC IIEPEMEHHBIE CHCTEMBI, CpOpMyIMpoBaHa M J0Ka3aHa Teopema
CYIIECTBOBAHUS TAKOTO MHTEPBaJa, I'7ie HENPEephIBHAS MaTpHIla CUCTEMbI WICHTU(QHUIpYeMa. ANTOPUTM
OIICHUBAHMS TTaPaMETPOB MOATBEPKACHUS MOJIEIN MCCIIEOBAHbI Ha TIPUMepe HACHTU(DHUKAIINHA CHCTEMBI
BTOPOTO MOPSIZIKA.
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A hinged catch that fits into a notch of a ratchet to move a wheel forward or prevent it from
moving backward.
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4-wheeled motor vehicle; usually propelled by an internal combustion engine; "he needs a car
to get to work".
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benefit; "for your own good"; "what's the good of worrying?"
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The Algorithm and Program Realization of the Automatic Formation of Hyponymy
Tree in Accordance with the Structure of Thesaurus WordNet

George Chikoidze, Liana Lortkipanidze
Summary

In the article WordNet thesaurus for the Georgian language - GeWordNet is described.
Prospects of the usage of WordNet thesaurus are given. The algorithm and the program realization of
automatic formation of the hyponym tree for the Georgian WordNet dictionary are considered.

The main stages of GeWordNet thesaurus formation are described. The method of the
hyponym tree creation, reflecting semantic relations, is considered. Examples of synset machine
translation from English WordNet dictionary are given. The general scheme of algorithmization and
the software of automatic hyponym tree formation, based on the structure of the WordNet thesaurus,
is created.

AJTopuTM M IIpOrpaMMHas peaJH3alyig aBTOMaTHIecKoro ¢opMHpOBaHUA JepeBa
THIIOHUMOB Te3aypyca WordNet

Teoprusi Yurxomnzse, /Imarna Jlopaxumnaangse

Pesome

B cratse omucan I'pysunckuit WordNet Tesaypyc - GeWordNet. Onucans! mepCreKTHBEI
ncnonb3oBanus  WordNet Ttesaypyca. Paccmorper anropurM u  IporpaMMHAs — peaiH3aliiis
aBTOMATH4IeCKOro GOPMHUPOBAHUSA AepeBa r'UIIOHUMOB Ay I'pysunckoro WordNet ciroBapsi.

B paGote onucans! ocHoBHSIe aTansl popmuposarnus GeWordNet Tesaypyca. PaccmaTtpusaercs
MeTOJ, IIOCTPOEHHUS JlepeBa THIIOHMMOB OTPaXKaIoOLIero CeMaHTU4YecKue cBasu. IIpuBomaTca mpumepsl
aBTOMaTHYECKOTO IlepeBoja CHMHCeTOB u3 aHriuiickoro WordNet crosapsa. ChopmuposaHa oburas
cxeMa ITOPUTMHU3ALMM U IIPOTPAMMHOTO O0ecIledeHUs aBTOMATHYECKOTO (OPMUPOBAHUI IepeBa
TMIIOHMMOB OCHOBaHHas Ha cTpykType WordNet Tezaypyca.
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Issues of mechanism control by using self-noise
Tamaz Trokashvili

Summary

In the article Issues of mechanism control by using self-noise are considered. The block diagram is
shown. By this scheme allocation of the main signal is possible as well as using it in the algorithm of
control. Determining the loading moment size by electrical unit noise is possible.

Bonpocsl ynpaBieHus MEXaHH3MOB € UCMOJIb30BAHHEM COOCTBEHHOI0 IIIyMa
Tama3z Tpokaweunu

Pe3iome

PaccmaTperBaeTcss BOIIPOCHI YNPABJICHUS MEXaHM3MOB C HCIOJIb30BAaHHEM COOCTBEHHOIO IIyMa.
[Tokazana ctpykrypHas cxema. IIpu momoiu 3TOH CXeMbl BO3MOYKHO BBIIEIUTH OCHOBHOM CUTHalI U
WCIIOJIb30BaTh €ro B aJropuTME ymnpaBieHus. B 3aBuCHMOCTH OT IIyma 3JeKTpoarperara BO3MOXHO
TaKXe ONpPEIEIUTh BEIUNUMHY MOMEHTA Harpy3KH.
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Solve various types of control problems of dynamic objects by means of application of
modern principles of transformation of information

O.Labadze, N.Kavilashvili, M. Tsertsvadze

Summary

The usage of electromagnetic fields to solve various types of problems of different types of
dynamic object control is considered. These include: microprocessor control of temperature and
humidity in the multilayered closed storages; the three-positional contactless indicator renderer of
information that changes periodically; direct current source supply controllable in a wide range;
three-coordinate mutually inductive measuring converter; the control system of resettable brushless
synchronous generator; the combined and adjustable multi-channel receiver-transmitter antenna.

Pemenns pasmuyHoro THNa 3afjay yIpaBiIeHUA JMHAMUIeCKMMU OObEeKTaMH C
IIpUMeHeHHEeM COBPEMEHHBIX IIPUHITUIIOB Ipeo6pa3oBaHuA MH(POpMAIII

O./1abazsze, H Kaprausrru, M.I[epiagse

Pesiome

B cratbe paccMOTpeHBI BONPOCHI IPHMEHEHMA 3JIeKTPOMAarHUTHBIX IIOJIeH IS pelleHHs
Pa3IMYHOTO THIA 33734 AWHAMHYECKOro ympapieHHA. K MX 4YHCIy OTHOCATCA: MHKPOIIPOLCOPHOE
yIpaBjleHHe TeMIepaTypoll ¥ BIAKHOCTBIO B MHOTOCJIOMHBIX 3aKpBITHIX IIOMEIIeHUAX;
TPEXIIO3ULMOHHBIM  OEe3KOHTAaKTHBIM  MHAMKATOP  OTOOpaxkaTeab  MHGPOpPMAluM  KOTOPHIH
IIEpUOAUYECKH  MEHAeTCsS; B OOJBIIOM IHUANa30oHe M3MEHIIOMUICS YIpaBlIsSeMbll HCTOYHUK
IIOCTOSHHOTO TOKa; CHCTeMa YIIpaBJIeHMs II€PeHaCTPaMBAEMOTO CHHXPOHHOTO Ge3KOJIIEKTOPHOTO
reHepaTopa; COBMeIIEHHAI U PeryJIupyeMas MHOTOKaHaIbHAd IIPUEMO-TIepejafolas aHTeHHa.
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Influence of artificial roughness on heat transfer of the film flowing
down on vertical surface

Tengiz Magrakvelidze, Avksenti Mikashavidze, Nikoloz Bantsadze, Khatuna Lomidze,
Nugzar Lekveishvili

Summary

Based on analyses of references importance of problem is justified. Test unit for investigation
of influence of artificial roughness on heat transfer from liquid film flowing down on vertical pipe is

described; test procedures and experimental data methodic are shown. During the tests smooth and
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surfaces with “file type” roughness overflowing by water film were investigated. The height of
roughness elements were 0.25 mm.

It was found that creating “file type” roughness on the heated surface causes significant
improvement of heat transfer intensity (approximately twice).

Biuanwe MCKycCTBEHHOI MIePOXOBATOCTH HA TEIUIOOTAAYY CTeKAIOMuii Ha
BEPTUKAJIBHOH IIOBEPXHOCTH IUIEHKH

Terrus Marpaxseruzse, Apxcenruti Muramasuzse, Huroroz barnazse, Xaryra /lomuzgse,
Hyrsap Jlexpedmsuirmn

Pesome

Ha ocHoBe aHanm3a JUTEpaTYypHBIX [JaHHBIX IIOKAa3aHa aKTyaJabHOCTh IIPOOJIEMEL.
ITpencraBreHs! omucaHue SKCIEPUMEHTATBHON YCTAaHOBKM M METOAMKA IIPOBEJEHUS OIBITOB IIO
ONlpefie/IeHNUI0 BIWUSHWS KCKYCCTBEHHON LIEPOXOBATOCTH HA TEIIOOTAAYY CTEKAIOmMUWH Ha
BEPTHKAIbHOM ITOBEPXHOCTH BomsgHHOM mneHku. [IlepoxoBaTocTs mpezcTasisiia cOG0 TOBEPXHOCTH B
BHUJIe HallMJIBHUKA BBICOTOM 2JIeMeHTOB litepoxoBaTocTy - 0,25 Mm.

B pesynbrare mpoBeZileHHBIX SKCIEPHMEHTOB YCTAHOBJIEHO, YTO CO3JAHKE MIEPOXOBATOCTH Ha
TEILIOOTAIONIe  TIOBEPXHOCTH O0YCIOBINBAET 3HAYUTENbPHOE YBeJIUYeHNe TEIUIOOTAAYN (IIPUMEPHO
2 pa3sa).
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33[{3'11/1, METOAbI U CUCTEMbI HHTC/VICKTYAJILHOI'0 aHAJAMU3a JAHHbIX B MEAUIIUMHE

Maiiss Muxenaosze, Baoum Paosuesckuii, I'ena becuaweunu, Hopa ocansbosa,
Ianyna Kapuasa, /Imumpuii Paosuesckuii

Email: mikeladzemaia@yahoo.com

Pe3iome

OrpoMHoOe KOJH4YECTBO PA3HOPOAHBIX JAAHHBIX, TeHEPUPYEMbIX B COBPEMEHHOH MeAMIUHeE,
TPeOYIOT Pa3BUTHS HOBBIX TeXHOJIOTHIl M0 aHAJIU3Y JAHHBIX C Ie1bI0 BhISIBJICHUS ONpeleIeHHbIX
3aKOHOMePHOCTell M CKPBITHIX 3HAHMil. MeHHO MeToAbl MHTEVIEKTYaJIbHOI0 aHAJU3a JaHHBIX
(Data Mining) npeocTaBJISIIOT HOBbIE BO3MOKHOCTH /151 PellIeHHs ITOH aKTyaaIbHOM 3a/1a4u.

B crarbe paccMOTpeHbl O0CO0EHHOCTH MEAMIHHCKHX JAAaHHBIX W OCHOBHBbIE 3a/1a4M,
CBfAI3aHHbIE ¢ HMX AaHAJIM30M H 00padorkoii. [lam kparkmii 0030p MeTOI0B W AJTOPUTMOB
HHTEJUIEKTYaJbHOT0 aHAIN3a JAHHBIX, Hau0oJiee 4YACTO HCMOJb3yeMbIX B c(epe MeTHIHUHBI;
paccMOTpeHbl MX MpPeUMYIIeCTBA M HEJOCTATKH; IpPHUBeJEHbl NMPUMepPbl HX HPAKTHYECKOIro
NPUMEHEHHS JJIsl pellieHUsl Pa3JMYHbIX 32124 MeIUIMHCKON TUATHOCTUKHU W NPOTrHO3UPOBAHMSA, a
Tak:ke Han0oJee aKTyaJbHble HANPABJEHUs Pa3BUTHS TEXHOJIOTHH MHTENIEKTYaJILHOI0 aHAJM3a
MeIULMHCKUX JaHHBIX.

KurwueBble ci10Ba: unmennexkmyanovusiii ananus meouyunckux oannsix, Data Mining,
Kaaccuguxayus, RPOZHOUPOSanUe, KI1ACHepU3ayus, NOUCK ACCOUUAUUTL

|. BBEJEHHE

B Bek OypHO pasBuBarommxcss MHOOPMAIMOHHBIX TEXHOJOTHH CTajJ0 BO3MOXKHBIM TOTaIbHOC
o0BpenuHEeHNEe WH(POPMAIIMOHHBIX PECYPCOB, YTO OOJIETYHMIIO JOCTYNI K OONBIIAM MAacCHBaM JaHHBIX U3
pPa3IUYHBIX 00JacTell nesTenbHOCTH denoBeka. OMHAKO IEHHOCTh JaHHBIX OMpeNessieTCsl He TOJBKO X
KOJIMYECTBOM, HO U TOW BO3MOXKHOCTBIO, KOTOPYIO OHU TPEIOCTABISIOT JJIsi HaXOXKICHUsI HOBBIX, paHee
HEU3BECTHBIX 3HAHUM, 3aKOHOMEPHOCTEH U B3aUMOCBsI3ei. BrocieacTBuu 3T HOBBIE 3HAHUS MOTYT OBITh
WCTIONB30BaHbl NIl TpUHATHS pemeHud. OmHako 00beM IUPKYJIUPYIONIEH | XpaHsIehcs B
COBPEMEHHOM 0011IecTBe MHPOPMAITUH y)KEe JJABHO MPEBHICHI BO3MOXHOCTH OTJIEIHHOTO MHIUBHUIA TIO €€
nepepaboTke u ycBoeHHto. Kak ciiecTBHe, cTajga akTyaabHO# mpobiemMa 00paboTKu 0OJBIINX 00HEMOB
JTAHHBIX C IeTBI0 BBIBJICHUS ONPENCICHHBIX 3aKOHOMEPHOCTEH U CKPBITHIX 3HAHUH. J{s pemeHns 3Toi
poOJIeMbI U TIpeHAa3HAYeHBI METO bl HHTEIUICKTYAILHOTO aHamu3a qaHHbIX (Data Mining).

Coepa npumenenuss Data Mining — Bce o0nacTé 4YenoBEeYECKOW MESITENLHOCTH, TIe UMEIOTCS
Oonpmivie MacCHUBBI JaHHBIX. Hambonee OoraTblii W YCIEMIHBIA OMBIT NPUMEHEHHUS TEXHOJIOTHH
WHTEJUICKTYaJhbHOTO aHalli3a JaHHBIX HAKOIUICH B chepe YKOHOMHUKH U OM3Heca (MapKeTHHT, pO3SHHIHAS
TOProBIIsA, OAaHKOBCKOE JIEJI0, CTPaXOBOH OW3HEC, yNpaBlieHHE NMPOU3BOJACTBOM H T.JI.). BMecte ¢ TeM B
MoclieIHee JIeCSTHIIETHE HAOI0AaeTCs 3HAYUTENbHBIM MPOrpecc B HUCIOJB30BAaHUHU TexHoJorui Data
Mining B cdepe MenuuuHbl U 3apaBooxpaHeHus. [Ipwioxkenuss Data Mining HMCHONB3YIOTCS MpH
pEelIeHNN CIENYIONNX 3a]a4: JUArHOCTHKA 3a00JieBaHUS W TPOTHO3UPOBAHHME €r0 Pa3BUTHSI, BBHIOOD
ONTUMAJILHOTO JICYCHUS] C TOYKH 3peHUs 3((GEKTHBHOCTH U CTOMMOCTH, ONTHMH3AIHUSA PECYPCOB
MEJUIIMHCKOTO YUPEXKIEHHUS, BBISIBJICHNE MOIIEHHNYECTBA B MEJUIIMHCKOM CTPaXOBaHUH | T.J. B maHHO#
CTaThe JaH KPaTKUH 0030p OCOOCHHOCTEH METUIIMHCKHUX JAaHHBIX M OCHOBHBIX 3aJa4, CBS3aHHBIX C UX
aHAM30M U 00paboOTKOW. PacCMOTpEHBI METOMIBI M AITOPUTMBI HHTEIUIEKTYAIbHOTO aHAIH3a JaHHBIX, UX
MperMyIIeCTBa M HEAOCTaTKH, a TaKXe MNPUMEphl UX MNPAKTUYECKOTO0 MNPUMEHEHUsS Uil pPelIeHHs
pazIMYHBIX 3a7ad [0 OO0pabOTKe MEIUIMHCKUX MJaHHBIX. [IpuBeneHpl Haumboyiee aKTyalbHEIC
HaNpaBJICHUS Pa3BUTHUS TEXHOJOTUN UHTEJUIEKTYAIbHOIO aHAIN3a MEIUIUHCKUX JaHHBIX.

Il. OCOBEHHOCTH UCXOJIHBIX JAHHBIX U 3AIAUM UHTEJJIEKTY AJTbHOTO AHAJIM3A
MEINLIMHCKUX JAHHBIX

Bce HapacTaromas KOMIIBIOTEpU3aLUs MEAULUHCKON OTpAciu MOPOKAAET OTPOMHOE KOJIUUYECTBO
Pa3HOPOAHBIX NAHHBIX. OTO - WHGOPMANHS W3 CHCTEM BEJEHHUS JIIEKTPOHHBIX HCTOPHUN OOJE3HH,
KOTOpBIE aKKyMYJIHPYIOT O0JbIine 00heMbl HHPOPMAIIUH: TTOKA3aTEH 310POBbS MMAIMEHTOB, PE3YJIHTATHI
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o0crne10BaHNM, JaHHbIE O MPOBEACHUH JiedyeOHBIX mpoueayp u ap. O0ciienoBaHue U JieYeHHE MAllUeHTOB
IpeArojaraeT reHepupoOBaHUE HE TOJIBKO YHCIOBOM M TEKCTOBOW HH(OpPMAlUHM, HO M BU3YaJbHOM:
pentreHoBckrue cHUMKHA W OKI', pe3yapTaThl yIbTpa3BYKOBBIX M TOMOTpadHUYeCKHX HCCiIeqoBaHWi. B
CBSI3H C Pa3BUTHEM MEIUINHCKON TEXHUKN 00BEM BU3YaJIbHBIX JAHHBIX PACTET C KAXKIIBIM TOJIOM.

Kpome 3T0ro, MemuuuHCKHE OpTaHW3alld T€HEPUPYIOT OTPOMHBIH 00BEM MH(OPMAaluU B BHIEC
TEKCTOB Ha €CTECTBEHHOM S3BIKE: CTOPUM OOJIC3HH, PE3yIbTaThl aHAIM30B M 00CIEIOBAaHUH, OTYETHI O
MPOBEACHUN Omepanuil. DTH TEKCTHI COAEPXKAT MHOTO MOJIE3HOH MH(pOpPMAINK, KOTOPYI0 HEOOXOIHMO
U3BJICYb U CTPYKTYPHPOBATE.

Kpome »3TOro, 3TH JaHHBIE, KaK MPaBUIO, UMEIOT HEOAHO3HAUHBIN, HEUETKUN XapaKkTep U 4acTo
SIBJISIFOTCSL HETIOJHBIMU, TIPOTHBOpeunBBIMH. HecMoTps Ha co3nanne MexIyHapoIHOH KilacCU(pHUKALUH
6onesnerr (MKDB) c menblo cucTteMaTH3allMM PETHCTPALMY, aHANIM3a, WHTEPIPETAUN U CPAaBHEHUS
JIAaHHBIX O 3200JIEBAEMOCTH, B MEIUIMHE OTCYTCTBYET EIUHBIH (OPMAJIBHBIN S3BIK JUIS OIUCAHUS
CHUMIITOMOB M JMarHO30B, 4YTO W OOYCIaBIMBAaeT HEOJHO3HAYHOCTh MEIUIMHCKON WH(pOpMaIuu.
HeTouHOCTh HaHHBIX OTYACTH MPOWCTEKAET M3 OMIMOOK M3MEPEHHs YNCTO TEXHHIECKOro xapakrepa. Ho
OoJpIIast 9acTh HETOYHOCTH O0YCIIOBJICHA TEM, YTO CUYUTHIBAHHE W 00paboTKa MH(DOPMAIH ITPOUCKOASAT
MIOCPEICTBOM YEJIOBEKA, M 3TO YK€ HECET OINPEACICHHYIO JONI0 CyOBEKTUBHOCTH, HEUETKOCTH M MHOTAA
npocto ommOku. Bce 3TO nemaer NPaKTUYECKH HEBO3MOXKHBIM NPUMEHEHHE TPAaIULHOHHOTO
CTATHCTUYECKOI0 aHalM3a M JAeNacT HeOOXOMUMBIM MpuMeHeHne meTonoB Data Mining mis o6paboTku
MEIHUIUHCKUX NTaHHbIX [1, 2].

Yrto kacaercs MPaKTUICCKOIro IMPUMEHCHUA CHUCTEM MHTCIUICKTYAJIbHOI'O aHaliu3a JaHHBIX B
MEAUIUHE, TO HUX HCIOJB3YIOT B OCHOBHOM [Jid TOAACPIKKH MNPUHATUIL peIlIeHI/Iﬁ — KaK B cq)epe
yrpaBJC€HUA, TaK W IIpU JICUCHUU. K YIpaBJICHYECKUM 3agadaM OTHOCATCA: CHUIKXCHHUC 3aTpaTrT H
ONTHMU3AIIMS PECYPCOB MEIUIMHCKOTO YUYPEXICHUs, MPOTHO3UPOBaHUE MOKazaTened 3(heKTHBHOCTH
MEAUIUHCKOT'O IE€pCOHAJIAa, BBISABJICHUEC MOIIECHHNYCCTBA B MEAUITUHCKOM CTpaxOBaHWUU U T.A. B mponecce
JICYCHUS] BO3ZHHUKAIOT CJICAYIONIME 3aJadd: TUATHOCTHKA 3a00J€BaHMSA; INPOTHOZUPOBAHUE Pa3BUTHUS
3a00/IeBaHMs; OIIEHKA BEPOSITHOCTH OCJIOKHCHHUH; BBIOOP ONTHMAIbHOTO JICUEHHS; OTCIIC)KUBAHHE
KPUTHUYECKUX W3MEHEHHH B IMOKA3aTENAX 37J0POBbS MALMEHTA; MTOUCK MOX0XKMX KIMHUYECKHUX CITy4aeB U

T.1. [2].

I1l. METOJIbl U CUCTEMBI UHTEJUIEKTYAJIbBHOI'O AHAJIU3A MEJIMIIMHCKUX JAHHBIX

WurtennekryanpHblil aHaan3 naHHeix (Data Mining) — CpaBHUTEIFHO HOBOE MEKIUCIMIUTMHAPHOE
HarpasjeHue, oObeqUHHUBILEE B ceOe METOAbl M TEXHOJIOrMM 0a3 JaHHBIX, paclo3HaBaHUs 00pa3oB,
MAalIuHHOI'O O6y‘IeHI/IH, HpHKJ’IaHHOﬁ CTaTUCTUKHU, BU3YyaJIU3allUM JaHHBIX W JPYTHUX oOacrei HayKH.
OcHoBy Data Mining cOCTaBJSIFOT MPOIEAYPHI, MPEAHA3HAYCHHBIC JJIsI 00pabOTKH OOJBIIMX 0OBEMOB
JaHHBIX C IMCJIbI0 BBIABJICHUA ONPEACIICHHBIX 3aKOHOMepHOCTeﬁ N CKPBITBIX 3HAHUH. I[aHHI)Ie,
npeaHa3HaYeHHbIC 111 00paboTku MeTogamu Data Mining, 10 KHBI 00J1a1aTh CASAYIONIEH creiuduKoi:

— 00pabaTrbiBaeMble JIaHHbIC UMEIOT HEOTPAHUYEHHBIN 00beM;

— TAaHHBIE MOTYT OBITh HETOYHBIMH, HEMIOJIHBIMH, PA3HOPOAHBIMH U ITPOTUBOPEUMBBIMHU.

B cBow ouepenb, pe3yinbTaThl 00pabOTKH [ODKHBI TMOJJIABATBCSA HMHTeprperanuu (ObITh
BBIP2XKEHBI B MIOHATHO YeJIOBEKY opMme).

MeTo/ipl HMHTEIEKTYa bHOTO aHallu3a JaHHBIX MOXHO pAa3[elIUTh Ha HECKOJIbKO TPyl B
COOTBETCTBHHM C peEIIaeMbIMH C IIOMOIIbI0O HHX 3ajavyamu. 3amadamu Data Mining sBISIOTCS:
Ki1accuukanms, KiacTepusanus, IOWCK acCOLMallUi, TOUCK I0CJIEI0BaTeIbHBIX IIa0JIOHOB,
MPOTHO3UPOBaHKE, ONpPE/ICTICHUE OTKIOHEHHH, OllCHUBaHHEe, aHAJIN3 CBS3ei, BU3yall3alys, MOJBEICHUE
utoroB [3]. HawmbGomee pacnpocTpaHEeHHBIMHM 33JadaM{ HHTEJUIEKTYaJBHOIO aHajiW3a B MEIHUIIMHE
SIBJISIFOTCSI [TOUCK aCCOLMAIMH, KIIacCU(UKALUSI, TPOTHO3UPOBAHHE U KITaCTepPH3aI[HSL.

IMouck accommanmii. MeTomp! MOMCKa accoUMAIMi MpeAHA3HAYEHBI A OOHApY>KEHHsS 4acTo
BCTPEYAIOLIMXCS HAOOPOB SIIEMEHTOB B OONBIIMX MAcCHBAX JAAHHBIX. B MeOUIMHE 3TH METOIbI
UCTIONB3YIOTCS ISl OOHAPYIKEHHUS CKPBITBIX B3aMMOCBSI3EH MEXIY Pa3iuiHBIMU 3a00JICBaHUSIMHU, MEXIY
COCTOSIHHMSIMH Pa3JIMYHBIX MAI[HEHTOB C OJJHUM M TEM XK€ IHarHO30M, MEXAy CUMITOMaMH 3a00JIeBaHUil 1
T.JI.

Pe3ynbTaThl, mojyyaeMmble NPH PELICHHH AAHHOW 3a/aud, OOBIYHO MPENCTABISIOTCS B BHIC
ACCOLMATHUBHBIX MPABHI. ACCOLMATHBHBIC PABUIIA UMEIOT CIICIYIOIIMNA BHU:

u3 coovimus A credyem coovimue B,

rae A u B — Habopsl 3neMeHTOB. OCHOBHBIMH XapaKTEPUCTUKAMH aCCOIMATHBHOTO MpaBUIIa SIBISTFOTCS
MOJ/IePKKa M JIOCTOBEPHOCTH IpaBmia. Ilojaepikka — 3TO MPOIEHT 3anucei 0a3bl JaHHBIX, COIEPKAIINX
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OJTHOBpEMEHHO 00a Habopa 31eMeHTOB 4 u B. JloCTOBEpHOCTh IpaBUia — 3TO BEPOSTHOCTH TOTO, YTO M3
HallM4Ms B 3alMcH Habopa 4 cieayeT Haiuuue B Hed HaOopa B. JIOCTOBEPHOCTh BBIYHCISETCS Kak
OTHOIIICHWE KOJHMYECTBA 3aIllACeH, COIepKalliX OIHOBpeMeHHO obOa Habopa A W B, K KOIUYECTBY
3ammceii, cogepxammx Habop A.

HauGonee M3BECTHBIM AITOPUTMOM IIOWCKA aCCOLMATHBHBIX MPABUII SBIBICTCS airoputM APriori
[4]. OcHOBHas HIEs TOTO AJrOPUTMA — Y YaCTO BCTPEUAIONIET0Csi Habopa 3JIEMEHTOB BCE ITOIMHOKECTBA
JOJDKHBI OBITh YacTO BCTPEYAIOIIUMUCS. ANTOPUTM BBIYHCISIET IOAJCPIKKY HAOOpOB M OTCEKAaeT BCE
«HeyacTele» Habopbl — HaOOpBI, MOJJIEp)KKAa KOTOPBIX MEHbIIE 3apaHee 3aJaHHOTO0 MHHHUMAaJbHOTO
3HAYCHMUS.

Ilpaxmuueckoe ucnonv3oeanue 6 meduyune. B pabore [5] mpu mOMOIM METOJOB IOUCKA
accouuanuii ObUIM TOCTPOEHBI IpaBHiIa, KOTOPHIE YKa3blBalOT HAOOpBHI JieKapcTB, Haubosee Yacto
NPONKUCHIBaEMble B KOMOMHAIIMM C aHTanugamMu. YacTo MeTonsl MOMCKAa acCOLMAIMi HCIOJIb3YIOTCS
COBMECTHO C METOIaMH KJIAaCCHU(HKAINH, YTO TMO3BOISIET GOpMHUPOBaTH Oojee (PPeKTHBHBIC NpaBUIiIa
wraccuukanuu. Hampumep, B pabore [6] KOMOWHHMPOBAaHHBIA MOAXOX OBUT HCIIOJB30BAaH st
TIOCTPOEHHMS MPABIJI KIaCCH(PUKAIIMH MAMEHTOB C Mpo0IeMaMH cepna, a B pabote [7] anropurm Apriori
OBLT MCIIONIB30BaH I TEHEpalMy MPaBHJ KIACCH(UKAIIMK MAlMeHTOB, CTPaAalouX OT Anadera 2-To
THIA.

Knaccnduxamus/IIporno3uposanue. [lox knaccudukanyeli OHUMaeTcsi OTHECEHHE 0OBEKTOB
K OJJHOMY W3 3apaHee H3BECTHBIX KJIaccoB. B 3ToM cilydae npuMeHseTCs cClueHapuidl oOydeHus c
yuuteneM. Ilpy oOydyeHUM c yduTeneM Ha0Op HMCXOIHBIX JAHHBIX Pa3OMBAlOT Ha JBa MHOXECTBA —
oOyuaromee ©  TecToBoe. OOydaromiee MHOXECTBO  HCIIONB3yeTCS AN KOHCTPYHPOBAHUSA
KJIacCU(PUKAIIMOHHONW MOJIETIM, a TECTOBOE MHOXECTBO — JJIsI OLEHUBAHUS TOYHOCTH Mozenu. OOa
MHOKECTBA COJIEPKAT OMHUCaHHsl OOBEKTOB B IPU3HAKOBOH CHCTEME, KaXKIOMY U3 KOTOPBIX COIIOCTaBJICHA
OLICHKa — KJAacC, K KOTOPOMY IPHHAMJICKHUT AaHHBIA 00BekT. [lomyueHHass Monens MOXET ObITh
Mpe/ICTaBIICHA KIACCU(PUKAMOHHBIMH NTPABIUIIAMH, JIEPEBOM PEIICHUI MIM MaTeMaTHIECKOH (HopMyIon.

PesynpraToM pemieHHMs 3ajaud  [POTHO3MPOBAHMS SBIAETCS MOJEIbh IPOTHO3HPOBAHUS,
MIOCTPOCHHAs! Ha OCHOBE PETPOCHEKTHBHBIX JAHHBIX W MO3BOJISIONMIAs MPECKA3bIBATH IPOITYIICHHbBIC HIIN
ke Oyaymue 3HaYCHMS LENICBBIX NEPEMEHHBIX. Pe3ynpTaToM HpPOTHO3MPOBAHMS SBISIETCS MPOTHO3 —
yIBEpXKAeHHE O OyIylmieM C OTHOCHUTEIBHO BBICOKOW CTEIEHBIO JOCTOBEPHOCTH. I[IporHO3 HOCHT
BEPOSITHOCTHBIA ~ XapakTep. 3ajady I[POTHO3UPOBAHUS MOXXHO  paccMaTpUBaTh Kak  3a1ady
Ki1accuduKkanuy, B KOTOPOH B Ka4eCTBE KJIaCCOB BBICTYMAIOT MPOTHO3UpYeMble 3HAaUeHHs. BBUIY 3TOrO
MHOTHE METOJbI, TPUMEHACMBIC JIJId PECIICHUA 3aJa4n KJ'IaCCI/I(bI/IKaHI/II/I, MPUTOAHBI U IJIs1 pCHICHUA 3a1a4
MPOrHO3MPOBAHUS.

OCHOBHBIMH MeTOJaMH KJIaCCH(UKAIMN SBJSIIOTCA: HEHPOHHBIE CETH, JAEpPEeBbS pEILICHHUH,
JIOTHYECKHE METOIbl KIacCH(pUKAIK, MeTox «K - OMmmKalIMx cocenei», MeTo] ONOPHBIX BEKTOPOB,
TeHETHYECKHE AITOPUTMBI, OaliecoBcKas KilaccupHrKanus.

Hetiponnas cems MOXeT OBITh IPE/ICTAaBICHA HAIIPABIECHHBIM I'pa)OM CO B3BEIICHHBIMH CBS3SIMU.
Kaxnpiit y3en rpada mMeer BXoj, BBIXOJM M aKTUBALMOHHYIO (DYHKIMIO. AKTUBAaIMOHHAS (YHKIHS
BBIYMCIIICT BBIXOJHOM CHTHaJd HEWpoOHa Ha OCHOBE B3BELICHHBIX BXOIHBIX CHTHOJIOB. Ilepen
HCTIONIb30BaHEM HEHPOHHOHN CeTH NMPOUCXOIWT ee oO0ydeHHne Ha ocHoBe oOywaromieil BeiOopku. IIporece
0o0y4eHHss COCTOMUT B HACTPOiKe BecOBhIX Kod(hduuueHtoB. CyliecTBYeT [Ba CIEHapus OOyueHHMs:
oOyueHue ¢ yuureneM (B 3ajayax KiacCH(pHUKALUK U MPOTHO3MPOBaHUS) U o0y4yeHue Oe3 yuurens (B
3ajjayax Kiacrepusanuu). B mepBoM ciyyae Ui KaXIOro BEKTOpa 3HAYECHUH BXOJIHBIX MEPEMEHHBIX
N3BCCTEH BCKTOP 3HAYCHUI BBIXOJIHBIX TNECPEMCHHBIX, BO BTOPOM CJIydac H3BCCTHBI TOJBLKO 3HAYCHUA
BXOJHBIX NepeMeHHbIX. OCHOBHBIMM HEJOCTAaTKH HEHPOHHBIX ceTel: 1) HEeBO3MOXKHOCTH JIOTHYECKOH
MHTEPIPETALNH HOJXYYCHHBIX PE3YJIbTaToOB W 2) HEOOXOIMMOCTh MMETh OOJNBIIONH 00beM oOydaromiei
BeIOOpKH [3].

llepesvst pewienuti  ABIAIOTCS OJHMM W3 YacTO MCHOJIB3YEMBIX METOJIOB pEIIeHUs 3ajad
KiaccU(UKaMu U MPOTHO3UPOBaHMA. JlepeBO pelIeHUH MO3BOJISET IPEACTABUTH KJIAacCU(PHUKAMOHHbIE
NpaBIJIa B HEPAPXUIECKOM BHJIE, a UMEHHO, B BHJE JIEPEBA, KAKABIH y3€J KOTOPOTO BKIIIOYAET MIPOBEPKY
ONHOM  He3aBUCHMOW mepeMeHHOH (arpubyra pacmieruieHus). Eciam  pesynbrar  mpoBepku
MOJIOKUTENBbHBIN, TO OCYIIECTBISIETCS MEPeX0oi K JIEBOMY Y3Iy CJEIYIOIIEro YpPOBHS, B IPOTHBHOM
cillyqyae — K TpaBoOMYy Y3y, U IIPOBEpSIETCS] yCIOBHE, CBSI3aHHOE C 3THM y3ioM. I[Ipomecc mpoBepku
IPOIOIDKAETCS IO CaMOTO HHIKHETO YPOBHS, Y3JIbI KOTOPOTO 331a0T MMEHA KIIACCOB.

CymecTByeT OONBIIOE YHCIO alTOpPUTMOB TIOCTPOCHHUS JEpPEBREB pelIeHHWH, Hampumep, 1D3,
CART, C4.5 [3]. IIpeumyiecTBa epeBbEB pelleHU: KiacCH(UKAIMOHHAS MOJAENb JIETKO MOJAaeTCs
MHTEPIPETALNH; JePEBbs PELICHUH MO3BOJIIOT M3BJIEKATh IPaBHja HAa €CTECTBEHHOM SI3bIKE; OBICTPBIi
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nporecc 00yueHHsT; IepeBbsl pelIeHnd paboTar0T KaK ¢ YHCIOBBIMH, TaK U C KaTeropualbHBIMU TUIIAMHU
JIaHHBIX.

OnHako, cieyeT OTMETHTh, YTO JEPEBbs PELICHUH Jaf0T MOJIE3HBIE PE3yIbTAaThl TONBKO B CIIydae
HE3aBHCHMBIX NPHU3HAKOB. Kpome 3TOro, mocTpoeHwne IepeBbEB PEIICHWH 3aTPyJHEHO NPH OONBIIOM
KOJIMYECTBE NCXOJHOHN nHpOopManum.

Jlozuueckue memoout kiaccuguxayuu. B o0meM Buae TOTHIECKHE METOBI IPECTABIIAIOT COOOM
MIOWCK TI0 oOydarome BBIOOpKE JOTHYECKUX (DYHKIWH, OMICHIBAIOIINX KIJIACCH 00BeKTOB. DyHKIHH,
ONMCHIBAIOIINE KJIACCHI COCTOSHMHM, KakK IIPaBWIO, SBISAIOTCA KOHBIOHKLIMSMH 3JIEMEHTaPHBIX
BBICKA3bIBAaHUH M MPHUHUMAIOT MCTHHHOE 3HAa4€HHE IJIS JIOCTATOYHO OOJBLIOro yucia OOBEKTOB U3
COOCTBEHHOI'O KJjlacca W JIOKHOE 3HaueHHWE IMMOYTH Ha BCeX OOBEKTaxX Ipyrux kiacco. Jlis BbIOOpa
(yHKIMH — OIMCaHMs Kjlacca BBOJSTCS NOHITHE MH(POPMATHBHOCTH M KpUTEpUil HHYOPMATHBHOCTH, a B
KauecTBE OINMCAHUS Kiacca Oepercsi BBICOKOMH(GOPMAaTHBHBIN npenukar. CylmIecTBYIOT pa3iIn4HbIC
KpUTEpHH MH(POPMATUBHOCTU: 3BPUCTHYECKUI, CTaTHCTHYECKUH, SHTPONMHHBIA. B peanbHBIX 3amauax
MPEANOYTUTEIbHEE HCIIOIB30BaTh 3IBPUCTHUECKUM KpuTepuil. COrlacHO 3BPHUCTHYECKOMY KPHTEPHIO,
MH()OPMATHBHOCTH MPEINKATA TEM BBIIIE, YeM OOJIbIIE OH BBIIENIET OOBEKTOB M3 «CBOETO» KIAacca U YeM
MEHBIIIEe — U3 APYTHX Kiaccos [8].

OCHOBHOE TIPEUMYIIECTBO 3THX METOMOB 3aKIIOYAETCS B TOM, YTO MX MOXHO HCIIOJIb30BaTh MPHU
OTCYTCTBUH CBEJICHHH 0 QyHKIMAX pacTpeeseHns ¥ IPH MalIbIX 00beMax oOyJaromiei BeIOopku. B atnx
METOJlaX TAaKXKE OTIIaJacT HEOOXOAMMOCTh BHIOOpa METPHKH B IPOCTPAHCTBE OIMCAHUHA 00beKTOB. Bcee
3TO 00YyCIaBIMBACT MPEANIOYUTAEMOCTh JIOTHYECKUX METOJIOB PAcIO3HABAaHHS B CIIydasX KayeCTBEHHOU
(ueuncnoBoit) nHpopmanmu. B ciydae komMuecTBEHHOW (YHMCIIOBOM) MH(pOpMAIMU TaKXe BO3MOXKHO
NPUMEHEHHE JIOTMYeCKUX METOJOB — B pe3yjibTaTe OWHApH3allMM HWCXOIHBIX IpH3HaKoB. [lpu
OMHapH3alMK KOJIMYECTBEHHOTO MPU3HAKa MHOXECTBO 3HAYCHUI MCXOJHOTO NMpH3HAKa pa3duBaeTrcs Ha
MHTEPBAJIbI, @ CaM MNPU3HAK 3aMEH’ETCsl Ha psijJ OWHAPHBIX NPH3HAKOB — OJHOMECTHBIX MNPEINKATOB,
OIPeIeISIFOIINX PHHAIICKHOCTD 3HAYCHHI MPU3HAKa COOTBETCTBYIOIIMM HHTEpBaIaM pa3dueHus [8].

Memoo «K - bauocaiiuux coceoetiy (K-NN). B ocHOBe MeTO/a JICKHUT UAES O CXOACTBE 00BEKTOB
U3 OJHOTO M TOTO Xe Kiacca. [lycTh MMeeTcss MHOXKECTBO OOBEKTOB M3 Pa3HBIX KJIACCOB, KaXIOMy U3
KOTOPBIX COOTBETCTBYET 3aIlUCh B 0a3e JaHHBIX — OMHCaHHE 00BEKTa B cUCTEME IPH3HAKoB. Ha mepBom
JTame Iy HOBOrO OOBEKTa (3ammcH) HaxomaT K 3ammceil ¢ MUHMMAJIBHBIM PAacCTOSHHEM O HOBOH
3aIliCcH — MOUCK «OmmKkalmux cocenel». Ha BTOpoMm 3Tame MpOBOIAT «TOJOCOBAHHE»: HOBOW 3allMCH
MPUCBAUBACTCS KJIACC, B KOTOPOM HAXOIMTCS OOJNBUIMHCTBO M3 HAWICHHBIX «OIKaiIuX coceneiiy, mpu
3TOM PACCTOSIHUE J0 KaXXIOTO «COCelay He Y4MThIBaeTcs. B 3TOM ciydae HECKOJBKO KJIACCOB MOTYT
HaOpaTh paBHOE KOJHMYECTBO TIOJIOCOB. PemmuTh 3Ty mnpoOjJeMy MOXKHO IyTeM «B3BEIIEHHOTO
rOJIOCOBAaHMS» - YEM MEHbLIE pacCTOSHHE OT HOBOM 3allUCH JI0 «coceAa», TeM OOJbLIMK Bec
MPUCBAaNBAETCSI FOJIOCY OT 3TOTO «COCEAN.

IIpenmymecrBa meroga K-NN: mpocroTa aaroputma n ycTOHYMBOCTD K aHOMaJIbHBIM BEIOpOCaM B
naanbIX. Henocratkn metona K-NN: MeTox He co3nmaer Kakux-mmbo Mojenel mim KiacCU(pHKaAIMOHHBIX
MPaBIJI; PEIICHHs MPUHUMAIOTCS HAa OCHOBE MOJHOTO nepedopa BCEro MaccuBa JaHHBIX; BRIOOD TOW Min
MHOW METPHKH OKA3bIBAeT CYIIECTBEHHOE BIHMSHHE Ha Pe3ysIbTaThl Kiaccudukanuu [3].

Memoo onopuwvix sexmopog (SVM). MeTo onopHbIX BEKTOPOB ObLIT H3HAYATIBHO pa3paboTaH st
OuHapHOI KilacCH(UKAILNK, XOTS OH MOXKET OBITh MCIOJIB30BaH M B CIIydasx ¢ OOJBIIMM KOJMYECTBOM
kiaccoB. Kax/plii 0ObEKT JAaHHBIX NPEICTaBIICH, KAK BEKTOP — TOYKA B MHOTOMEPHOM IPOCTPAHCTBE.
Llenb MeTOlIa — HAWTH THIEPINIOCKOCTD, Pa3AessSIOUIyI0 [Ba MHOXKECTBA Touek. Ecim Takoe pasziesneHue
HEBO3MOXKHO, HCXOJIHbIE BEKTOPBI IIEPEBOJST B MPOCTPAHCTBO 0ojiee BBHICOKON Pa3sMEPHOCTH M IOMCK
MaKCUMAaJbHON pa3/eldioniell TUIMEepIIOCKOCTH OCYIIECTBIISIETCS YK€ B AITOM MpocTpaHcTBe. Jlus
MOCTPOEHHSI HEIWHEWHOTro KiacCU(HUKATOpa BBOJSTCS HEJMHEHHbIe (YHKIMHU sapa (MOJIMHOMHAIbHAS,
¢yrakuus [aycca, curmonaHas u T.4.). ['maBHas mpobiema merona SVM — npaBuimsHBIN BEIOOp QyHKIHH
anpa. Ha onHoM u TOM jke Habope NaHHBIX INMPU Pa3HBIX (QYHKIHUAX SApa METOJ ONOPHBIX BEKTOPOB
BBIIACT pa3HbIe pe3ynbTathl [3].

Tenemuueckue ancopummpl. B MHTEIUIEKTYaJIbHOM aHAJU3€ JAHHBIX TCHETHYECKUE aJrOPUTMBI
SIBJISIFOTCSI OCHOBHBIM METO/IOM JUIS 0TOOpa MPU3HAKOB W BBISBICHHS 3aBUCUMOCTH MEXIY HEPEMEHBIMU.
I'eHeTHYECKHE alIrOPUTMBI — 3TO HPOLEIYPHl IOMCKa, OCHOBAHHBIE Ha MeXaHH3MaX eCTECTBEHHOTO
orbopa u HacnenoBaHus. [lepBoe MOKOJIEHUE «XPOMOCOM» T€HEpHPYeTCsl cllydaiiHbiM oOpazom. K HuM
MPUMEHSIOTCS ONIepaliK CKPELIMBAHHS M MYTAIMH JUIsl HOPOXKACHHS OOJIBIIOTO YHCIIAa HOBBIX XPOMOCOM.
3areM NPOU3BOJUTCS «CEJCKLHUS». XPOMOCOMBI OICHHBAIOTCS C HCIOJIB30BAHUEM  «(DYHKIHH
MPHUCIIOCOOIEHHOCTHY U BO BTOPOE MMOKOJICHHE OTOMPAIOTCS «XPOMOCOMBI» C JIYYIIMM MOKa3aTeIeM 3TOU
¢ynkipn. [Iporecc npoaosmKaercst OT MOKOJNEHHS K MOKOJICHHIO JI0 TeX 0P, M0Ka KauecTBO JIy4lle
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«XPOMOCOMBI» HE IepecTaHeT yiaydiaThes. [IpenMylecTBO IeHEeTHUECKUX alrOPUTMOB — IIHPOKHUE
BO3MOXKHOCTH IO TIPUMEHCHHUIO PA3INYHbIX IBPUCTHK; HEIOCTATOK — MEAJICHHAS CXOMMOCTh [9].

K 6aiiecosckoil knaccugpuxayuyu OTHOCUTCS MHPOKUH KIacCc aIrOPUTMOB, KOTOPHIC HCIOIB3YIOT
Teopemy baifeca i onpeneneHns TPUHAIICKHOCTH 00BEKTa K TOMY HJIM MHOMY KJIacCy MU YCIIOBHH,
YTO 3aBUCHMBIC TICPEMEHHBIC (IPU3HAKH 00BEKTA) MPUHUMAIOT 3aJaHHbIe 3HAaYeHUs. OOBEKT OTHOCHUTCS
K TOMY KJIacCy, allOCTepHOPHAst BEPOSATHOCTH KOTOPOT'O MakCHMaibHa. Ha mpakTike 0OBITHO HCTIONB3YIOT
T.H. «HAWBHBII» OaifeCOBCKUII KiIaccH(UKATOp, TIOCTPOCHHBII HAa OCHOBE MPEINOIIOKEHUS O
CTATUCTHYECKOW  HE3aBHCHMOCTH  IEepeMeHHBIX. [IpemMmyrnecTBa  «HaWMBHOTO»  0all€COBCKOTO
KiaccuukaTopa: IMPOCTOTAa BBIYMCICHHH, BBICOKAash CKOPOCTh pabOThl W HMHTEPIPETUPYEMOCTD
pesynbTaToB. HenoctaTku: TpeAnosio)keHHE O CTaTUCTUYECKOM HE3aBUCHMOCTH  MEPEMEHHBIX;
UTHOPUPOBAHUE BIMSHUS PA3IMIHBIX KOMOUHAIMI iepeMeHHbIX [3].

Mertonpl Kiaccu(pUKanuy MIMPOKO HCIIONB3YIOTCS B MHTEUICKTYaJbHOM aHaJIM3e MEIUIUHCKUX
JnaHHbIX. Kak npaBuiio, ux MpUMEHSIOT U1 pelleHNs 3aJjad AUarHOCTUKU U IPOTHO3UPOBAHUSI COCTOSIHUS
TAIlMeHTa Ha OCHOBE €r0 CHMIITOMOB. B Ta0um. 1 mpencTaBieHs! MpuMephl TPaKTHYECKOTO UCIOIH30BAHUS
Pa3IMYHBIX METOJIOB KJIACCH(HUKAINN B MEIHUIINHE.

Tab6m. 1. HpI/IMepLI MMPAKTUICCKOI'0 UCTIOJIb30BAHU METOA0OB KJ'IaCCI/I(bI/IKaL[I/II/I B MCOUIIMHE.

Metox

Pemaemas 3agaua
KJIacCH(UKAIMHM/TIPOTHO3MPOBAHMS

Hudpdepennnanbaas IUarHOCTUKa 3a00JI€BaHMK OPraHOB

Heiiponnsle cetu
P neixanus [10]

[IporHosupoBanue kodpduIeHTa BEDKUBAEMOCTH MPH paKe

Jepesbs pereHui nosnocty pra [11]

IIporHosupoBaHue BBIKMBAEMOCTH IIPU PaKe MOJIOYHOU

Merton «K - Oimkaimux cocenei»
xenessl [12]

HpOFHOSI/IpOBaHI/Ie OIIHOOK MEIUKAMCHTO3HOT'O JICUCHUA

MGTOI[ OIIOPHBIX BEKTOPOB, I[I/Ia6€Ta 11 Tima [13]

I'eHeTHueckye aIropuTMBL, Knaccudukarus MequnnHCKUX AaHHbIX [14]

JluarHocTuka W IPOTHO3UPOBAHME IIAHCOB § PAa3IMYHBIX

baiiecoBckas kiaccudukanus .
JIEpPMAaTOJIOTHUECKHX 3a00neBanuii [15]

Kaacrepu3amus. Knacreprusanus cxomHa ¢ 3amaveil kmaccuukanuy, HO, B OTIIHYME OT Hee, MPH
KJIACTEPU3alMN KIIACCHI OOBEKTOB 3apaHee HE HW3BECTHBHI. B 3TOM cilydae TNpHMEHSETCS CICHApHiA
oOyueHuss 0Oe3 yuuTess. PesynbTaroM Kiactepusaluu sBIsSETCs pa30MEHHME MHOXECTBA OOBEKTOB Ha
KJIacTepbl — IMOJMHOXECTBA CXOIHBIX 00BEKTOB. KpuTepueM TIpyNmHUpOBKH SIBIAETCS ONPEAEICHHBIM
00pa3oM 3alaHHOE PACCTOSIHUE: «OJIM3KHE» APYT K JAPYry OOBEKThI JOJDKHBI HONACTh B OJUH U TOT XKe
KJIacTep, TOr/a KaK «I0CTaTOYHO JIAJIeKHe» 00BEKThI JOJIKHBI OBITh B pa3HbIX KJIACTEPHBIX rpymmax. [Ipu
3TOM CTpOsATCS (OpMalbHbIE MpaBHIIa, NPEICTABISIONINE COOOM ONMMCAHHs KJIACTepPOB B IPU3HAKOBOU
CHUCTEME W TO3BOJIIIOIIUE OTHOCHTH HOBEIE OOBEKTHI K TOMY WJIM WHOMY Kiactepy. [lomymspHOCTB
KJIACTEPHOTO aHaJM3a O0YCIIOBJICHA TEM, YTO B OTIMYHE OT OOJNBIIMHCTBA MaTEMATHKO-CTATHCTHYECKUX
METOZOB OH II03BOJIIET PAacCMAaTPHUBAaTh MHOKECTBO HMCXOIHBIX MAHHBIX MPAKTHYCCKH IPOU3BOIBHON
TIPUPOBI, HE HAaKIIaAbIBasi HHKaKUX OTPaHHICHUN.

B HacTosmee BpeMs pa3paboTaHO TOCTATOYHO OOJBIIOE KOJTHYECTBO alTOPUTMOB KIIaCTEPHU3ALIHH.
OpmHako pa3HOOOpa3We METOIOB KITACTEPHOTO aHajm3a OOYCIOBICHO HE TOJBKO KOJHMYECTBOM
AITOPUTMOB ~ KJIaCTEpU3alMd, HO M TeM, KaK TP OMNpEAEIEHHOM METOJE OCYIIECTBISICTCS:
(hopMupoBaHHEe BBHIOOPKH OOBEKTOB ISl KJIACTEPH3ALMH; BBHIOOP MPU3HAKOB W INKAT HUX H3MEPEHUS,;
BBEIOOp Mephl «OnmM30cTH» 00BeKTOB. Hambosiee 9acTo UCHONB3yeMble MEphl «OIU30CTH» OOBEKTOB:
EBKIHOBO PACCTOSIHHE M MAaHXITTEHCKOE pPaccTOsHHWE (PACCTOSIHHE TOPOJICKHX KBapTajioB) — IS
KOJIMYIECTBEHHBIX MEPEMEHHBIX; MEpa CXOCTBA XOMMHHTA — JUISl KAYECTBEHHBIX MepeMeHHbIX [3].

Anzopummer knacmepuzayuu. CymecTByeT O0JIBIIOE KOJINIECTBO aJITOPUTMOB KIIaCTEPHU3ALNH, HO
MX MOKHO Pa3zienTh Ha 2 OCHOBHBIC TPYMIIBL: UepapXuieckue N Heuepapxuyeckue.

B cBoro ouepenp, wepapxXuyecKue aJIrOPUTMBI JACIATCS Ha a2ioMepamueHvle N OUGUUMHBIE.
ArnomepaTuBHas ~ KJIacTepH3alMs  HAuyMHAETCS C  OJHORJIEMEHTHBIX  KIACTepOB,  KOTOpBIE
MIOCJIE/IOBATENILHO O0BEMHSAIOTCS B O0Jiee KPYIHBIE KJIACTEPHI 10 T€X MOp, IMOKa B KOHIIE HE MOJIYYUTCS
OJMH KJIacTep, BKIIOYAIOMMH B ceOsd Bce OOBEKTHl BHIOOPKH. B JHMBU3MMHBIX QJITOpPUTMax
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ocymiecTBIIsieTcss o0paTHast mpoleaypa. Pe3ynbTatomM HepapXWMuecKod KIlacTepu3alMu  SIBISETCS
JICHIporpaMMa — Hepapxudeckas CTPYKTypa, KaXAblil ypOBEHb KOTOPOH COOTBETCTBYET OJHOMY IIary
nporecca KIacTepHU3aliK U MPEICTABIACT MMOMyIEeHHbIE HA 3TOM Iare KIacTepbl U PACCTOSIHUS MEXIY
HUMU. [locie moydeHus MocIeoBaTeNbHOCTH TaKMX pa30MeHHt MOXKHO BBIOpaTh B KaueCTBE MOJACIH
HanboJiee HTEPECHBIH U TTOAAIOIINIACS HHTEPIPETAIlN YPOBEHb pa30HeHUIA.

Crenyer OTMETHTb, YTO HpPH OOJBIIOM KOJIMYECTBE OOBEKTOB HMEPAPXMIECKUE METOIBI HE
pabotaroT. B Takmx cimydasx HCIOIB3YIOT HEMEPAPXUUECKHE METOJBI, KOTOPHIE HMPEICTABISIIOT COOOM
UTEPAaTHBHYIO IIPOLEAYpPY pa3OMEHUsI HMCXOJHOTO Habopa OOBEKTOB HAa OMNPENCICHHOE KOJIMYECTBO
kinactepoB. K 3TUM MeTomaM OTHOCSTCS TOCHEOBaTENbHBIN IOPOTOBBIM METOA, NapalIeNbHBINA
MOPOTOBBIM METOA U ONTHUMHU3UPYIOLIEE pacHpe/ieseHUE.

[Ipn mnocnemoBaTesbHOM MOPOTOBOM METOJIE BBHIOMPAIOT LEHTP KiacTepa, W BCE OOBEKTHI,
HaxOZSIIMECs] Ha PACCTOSIHUM OT IIEHTpa, HE MPEBBIIIAIONIEM 33/IaHHOTO 110pora, OOBEIUHSIOT B 3TOT
KJacTep. 3areM BBIOMPAIOT HOBBIM KJIACTEPHBI LEHTP, M IPOLECC HOBTOPSIOT JJISi OCTAaBLIMXCS
00BEKTOB.

[TapannenbHBIE TOPOTOBBIII METOJ OTIAMYAETCS OT IOCIEAOBATENBHOTO TOJBKO TEM, dTO
OJHOBPEMEHHO BBIOMPAIOT HECKOJIBKO KJIACTEPHBIX IIEHTPOB W OOBEKTHl B MpEJelax IOPOTrOBOTO
3HAYEHHS TPYIIUPYIOT C OJMIDKAWIIM [IEHTPOM.

B Mmeronmax ONTHMH3HPYIOMIETO PACcTpEeeNeHUs] YHCIO0 KIAcTepoB 3a/lacTCsl M3HAYaJIbHO. 3aTeM
00BEKTHl KaKMM-THOO 00pa3oM, HO IO BO3MOXXHOCTH PaBHOMEPHO, IPHITHCHIBAIOTCS K Pa3IHIHBIM
KJacTepaM. 3areM OOBEKThl MTEPaTHBHO MEpepaclpeNeNissioTcs [0 KiactepaM C TeM, YTOOBI
ONTHMU3UPOBATh OINPEIEICHHYI0 NeNeBYl0 (YHKIHMIO, XapaKTEepU3YIOUIYI0 KayecTBO MOJIYYEeHHOTO
pa3OueHus. ANTOpPUTM 3aBepLIaeTCs, €CIM Helb3s OOoJblle NepepaclnpeieuTb 3JIEMEHTHl  CO
3HAYUTCIBHBIM YIyYIICHHEM LeeBoi (yHKIMUA. Mexay co0oil MeToOsl Pa3IHyYaoTCsl BBHIOOPOM
LIEHTPOB, MpaBWJIOM (OPMHUPOBAHUS HOBBIX KIACTEpPOB M IIPaBWJIOM OCTaHOBKH. Yaiie Bcero
HCIIONB3YETCS aNTOPUTM K-cpednux, TakiKe Ha3bIBaeMblil ObICTPBHIM KITACTCPHBIM aHATH30M.

B Tabn.2 mpencraBieHsl NpUMEPH MPAKTHYECKOTO HCIIOIL30BAHUA METONOB KJIACTEPH3ALUH B
MEIUIIHE.

Tabm. 2. HpI/IMepLI MPAKTUICCKOI0 UCTIOJIb30BAHUA METOJ0OB KJIACTCPU3ALIUU B MCIUIINHC.

Meron kjiacTepuzaumuu Pemaemas 3agaua

prHHHpOBKa IMalmMCHTOB B COOCTBETCTBHU C ux

Hepapxuueckas KilacTepU3aLys
pap P POJOIDKUTENIFHOCTRIO TpeObiBanus B 6opHHUIIE [16]

Aaropurm K-cpeonux

BeisiBrieHUsI peruanBa paka MOJIOYHOM skemne3st [17]
(Henepapxudeckas Kinaccudurars)

IV. AKTYAJIBHBIE HATIPABJIEHUS PA3BUTHS TEXHOJIOT M MHTEJUIEKTY AJILHOI'O AHAJIN3A
MEJUIUHCKUX JAHHBIX

B mpomecce oOcnenoBaHuMs M JICYEHHS NAMEHTOB IPOMCXOANUT TEHEPHPOBAaHHE OOJIBLIOTO
KOJIMYECTBA T. Ha3. KIMHHUYECKHX TEKCTOB HAa €CTECTBEHHOM S3bIKE (MCTOPUHM OOJIC3HW, pPE3YJIbTaThl
aHAIM30B M T.JI.). B CBS3M C 3TMM OJHMM M3 aKTyaJbHBIX HANpaBICHUH pa3BUTHS TEXHOJOTHH
MHTEJJICKTYaJIbHOTO aHalli3a B MEJMIMHE SBISCTCS HHTEIUICKTyalbHbIA aHanu3 TekctoB (Text Mining), B
YaCTHOCTH, UHTEJUICKTYAIIbHBIN aHAJIM3 KIMHUYECKUX TEKCTOB [2].

C pasBuTHeM MEIUIMHCKON TEXHWKH OOBEM BH3YAJIBHBIX JIAaHHBIX PACTET C KaKABIM T'OJIOM:
pertreHoBckue cHUMKH B OKI', pe3yipTaTsl yapTpa3ByKOBBIX M TOMOTpaHuUecKux mccienoBanuii. Bee
3TO JIeaeT aKTyaJbHBIM Pa3BUTHE TEXHOJIOTHH I aHaN3a N300paXXeHNH, BUE0- U ay THONHPOPMAaLINH,
KOTOpBIE OOBEANHEHBI B OTAEIBHOE HANpaBjeHHE MHTELIEKTYaJbHOrO aHajau3a JaHHbeix — Multimedia
Mining [18].

[IpakTrdyeckoe MpUMEHEHNE Pa3HBIX METOJOB MHTEIICKTYAIFHOTO aHaJm3a B 0071aCTH MEIUIIHEL
MOKa3aJio, 4YTO HE CYIIECTBYET YHHBEPCAIBHOTO MeToja U 3((EeKTHBHOCTH TOTO WM HWHOTO METOJA
3aBUCUT OT THUIIa aHAIM3UPYeMbIX JIaHHBIX. Kak oxa3amoch, KOMOWHaIMs pa3IM4YHBIX METOJIOB
obecrieunBaer OOJNBIIYI0 TOYHOCTh M 3(PdeKkTHBHOCTh. B CBA3M C 3TMM OJHMM W3 HEPCIEKTHBHBIX
HalpaBJICHUIH HHTEIUICKTYaJbHOTO aHaln3a B MEULIMHE SIBIsIeTCS pa3paboTka ruOpuaHbx MeTonoB [19].
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V. 3AKJIIOYEHUE

BypHbIil pocT 00BbeMa JaHHBIX, TEHEPUPYEMBIX B COBPEMEHHOM OOIIECTBE, U UX JOCTYIHOCTb
TpeOyIOT pPa3BUTHSA HOBBIX TEXHOJOTMH IO aHAIW3y MAAHHBIX C IENbI0 BBIBJICHHS OIPEACICHHBIX
3aKOHOMEPHOCTEH W CKPBITHIX 3HAaHWH. VIMEHHO MeTOIBl WHTEIUIEKTyalbHOTO aHaimm3a maHHBIX (Data
Mining) mpemocTaBiIAIOT HOBBIE BOSMOXKHOCTH UIS PEIICHUS 3TOW aKTyalbHOW 3amaud. B ormidame ot
TPaANUIMOHHBIX CTaTUCTHYECKUX METOJOB, KOTOPHIE, B OCHOBHOM, HAIICJICHBI Ha IIPOBEPKY 3apaHee
c(hOopMyITHPOBaHHBIX TUIOTE3, MeToAbl Data Mining criocoOHBI CaMOCTOSITENIFHO CTPOWTH THITOTE3BI 00
MMEIOIIUXCS 3aKOHOMEpHOCTAX. Eme oqHMM BakKHBIM IpeuMytnecTBoM Data Mining mo cpaBHEHHIO CO
CTaTUCTUYECKHM aHAIM30M SBISIETCS TO, 4YTO METOJbl MHTE/UIEKTyaJbHOTO aHajiu3a MJaHHBIX HE
HaKJIa/IbIBAIOT HUKAKUX OTPAaHMYEHUH Ha BUI 00padaThiBaeMbIX JaHHBIX M IO3BOJISTIOT HCCIIEIOBAaTh
JIaHHBIE MTPOM3BOJILHOM MpHpoabl. Bee 310 00ycnaBimBaeT Bce BO3PACTAIOUIYIO MOIMYISPHOCTh METOJIOB
Data Mining npu 00pab0oTKe METUIIMHCKUAX JaHHBIX.

B crarbe nmaH kpaTkuii 0030p METOZOB M alrOPUTMOB HHTE/UIEKTYyalbHOI'O aHAlIM3a JAaHHBIX,
HanboJsee 9acTo HCIONIB3YyEMBIX B cepe MEIUIMHBI; PACCMOTPEHBI MX NMPEUMYINECTBA W HEAOCTATKH;
NPUBEJCHBl NPUMEPHI UX HMPAKTHIECKOTO TMPHMEHEHUS IS PELICHUS PAa3IMYHbIX 3a/ad MEIUIMHCKOH
JVarHOCTHKH U NPOTHO3WPOBAHUS, a TaKk)Ke HanOoJiee aKTyalbHbIC HANPABICHUS PA3BUTHA TEXHOJIOTHH
MHTEJUIEKTYaIbHOTO aHAN3a MEIUINHCKHUX TaHHBIX.

8mbs3gdms 0bGHgdGrysemco 565¢r0Bol 58mEsbgdo, Igmm©gdo s Lolidgdgdo
3900306530
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Tasks, Methods and Applications of Intelligent Data Analysis in Medicine

Maia Mikeladze, Vadim Radzievski, Gela Besiashvili, Nora Jaliabova, Papuna Qarchava,
Dmitri Radzievski

Summary

A huge amount of heterogeneous data generated by modern medicine, require the development of
new technologies for data analysis in order to discover certain patterns and hidden knowledge. Methods
of data mining provide new opportunities for solving of this actual task.

In the paper features of the medical data and the main tasks associated with their analysis and
processing are considered. A brief overview of data mining methods an algorithms, most often used in
medicine, are given; their advantages and disadvantages are considered. Data mining applications for
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solving various problems of medical diagnosis and prediction, as well as the most actual directions of
development of data mining technologies in medicine are given.
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On the Nash Equilibrium Situation in Bertrand’s Model in Conditions of Uncertainty

Mindia Salukvadze, Viadislav Zhukovskiy

Summary

The paper pertains to Bertrand’s problem of duopoly non-coalition game in uncertainty conditions. At

the beginning the essence of Nash’s equilibrium situation in the theory of non-coalition games is considered.

The mathematical model of two firms’ market interrelation has been studied which represents the non-

coalition game without uncertainty. The obtained solution is equal to Nash’s equilibrium situation. Then the

autors touch upon Bertrand’s model, when the importer enters the market in the form of uncertainty.

To create such situation an algorithm is offered. For the firms involved in the game certain formulas are

received for Nash’s Pareto-guaranteed equilibrium situation and the corresponding profit.
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O curyanuu pasHoBecus Hoama B Mozenu Beprpana mpu ycioBuu HeonpeznereHHOCTH
Murzng Caxyksazse, Bragucirap 2KykoBckus

Pesiome

B pabore paccmoTpeHa myomnosHas HeKOaJIMIMOHHAA 3aaya beprpaHa B ycIoBHAX HeolpeseeHHOCTH. B
Hayaje JaeTca CYIIHOCTb CHUTyaluu paBHoBecusa Hbma B Teopun HeKOAJIMIMOHHONW wurpsl. MsyueHa
MaTeMaTHU4ecKasd MOJeNb [eATeIbHOCTH J[ABYX (UPM, UYTO U IpeJCTaBIsieT HEKOAIUIMOHHYIO HUIpy 06e3
HeompeZeseHHOCTH. lloyueHHOe pelleHHe IIpefCTaBiAAeT CUTyanuio paBHoBecus 1o Homry. Ilocie sroro
paccMoTpeHa MoJens beprpaHa, Korzja Ha peIHKe IOSBIIAETCA UMIIOPTEP B BUZe HeolpegeaeHHOCTH. JIa Takoi
3agmaun u3ydeHa Ilapero-rapaHTHpoBaHHas cHUTyauus paBHOBecusa 1o Homy. Ilpemmoxxen amroputrm nyisa
IoJyyeHusa Tako# curyanuu. /Ira urpokoB ¢upM IOIydeHb! GOPMYJIBI IapeTO-TapaHTUPOBAHHOMN CUTYaLMH

paBHOBecHA 10 Hamry u ux COOTBETCTBIOIIMX TPHOMIIEH.
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960383690 m3560 00 goggd0m, HMI 3oe-3oe3g 10 2956@Mmgdol d306H) MM3935 3MMdEIGISL 56
§oM0moy9blL, LYo IMP3G3s A9TMOf393L Tbmerm@ 293990l Laliwymzgwo LEHMMIGHMOHOL
93069 ©335bobxgdsl, o3 b53wgds 860d36gcrmgsbos.  LolEgBol 3 Ms30L9dYMYdsL B3qb
299m3049gbgdm dobo 5dmbLEOL o@GHgMsowo 3MHmEgbol sbsfymdo @s LodmEwmm xsddo
3939906 LAHOMIEHMOLOE Jo3bEOm  MbBsZEMl. Tg3608bmm saMgM3), MHMI 306390 SO
2396¢Mm@gdol 893090000 F0MgdYwo  RobGHmgdol dodEbgbs TboMmgdo oMol 11  3gwsol
536309, HMIGEOE MVOMNMINEO (35¢03] VIO (33¢?5O0L F0ToMm 5Ol BOMHso. B39b 50
30LgdsboE odm3z099bqdm.
vbgdo dosbErmgdols govdxmdgligds

239999x md9LGdS IMbads 00 o000, MM V353d54MmBOWGdm bligbgdrEn 356 X 5TMM
2390@M@gdsL, Momsi MBOWb3gwymzowo 0dbgds go3gdol ImEgduwo mbg Payout. sdsl
9dmgzsbgbm Mbgdo JoobeErmgdol d3BsBY P11 = Pw 39M539GHMOL 33Wom, MMIYBIL3 3539
439wobg d0gho Mol sMm30©Idvo. 0dobom30L, M o6 s0MM3gL 09-11 A56EHMEgds
(Bmbmgbs s@d50MdGOOL X53DY), P11-0b 33E0gdsl J0dTMo 0dbgds 439wsby bogzwgds
23939b0sbo  69emgzsbo  Gogmmol  sedsMMIOL py-ol  33Wowgds, 96w py + p11 0gbgds
33 go. bgs Lo@yzgdoom, B3gb 33593l x99vIH0 dobEMmgds

F(po, P1» --- » Pg» P11) = PayoutxPayF,

mbgdo Fosbermgdol 3m33egd@osb 3530JL0MIdM pi, P2, ... P9 ©S (Po + P11)-U, Bomss
296@M@gdol  dodgbgbs Tbotgl gbom TbmErmE 9o  (33¢eDBY  ITMI0IOIMEL (U
053030090 gds FoMImoagbl BOHIEMBL). gbg 080, 53mbbLBYEO A35J3L 0BG MEgds
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D(pyq) = A,

bosg
®(p11) = F((Po+P11) = P11> P1> ---» Po> P11), A = PayoutxPayF.
b 296G Mgds 530s@ 0bLLYds MMbsE doligdiool dgmmoom.
3opowomo: Payout = 0.94, PayB = 0.3, PayS = 0.064, b = 45.

x30899MHOL Ne 59mb3Ool 5¢EdSM MBS oo 5399500, %

0 0.16963 7.57865
1 0.12875 6.76695
2 0.11054 6.57804
3 0.09904 6.44928
4 0.09084 6.35444
5 0.08458 6.27693
6 0.06895 6.05789
7 0.06001 5.91032
8 0.05673 5.85178
9 0.05157 5.77573
10 0.03761 6.40000
11 0.01187

12 0.02988 30.00000

OHMamO3 3bgs3m, gOHmMbodbsbmdMmosbo goamol ffowo gsblbgzsggds LalmMagmo 6.36%-256
(9L ®oEbzo 960LEBPZMYOS 00 Fogo0mol IMbsEYId0EID), LdsgogMmE LMMEIEYds BXOZMO
drmbmzbos - bEmEOL 253995 “YEMOL ImEgdoe 94%-b.

353990 Lsbmezgeo LEGMIGOHoL Jomfiggol seamGomdo

b99mmImyzs60o dobogns 435¢g3L boggwydzgel godmgzogo 0dosb, Mmd B39b ¢339
339436 LEMEHOL 39659 FHOJdOL obgmo  3M3TIwgdBHo, MMmIgEos YoOMblgwymngl gs3gdol
dm 39999 mbgl, mOMmbo 0-9 BoawmadolL Howgdo XM 5655 M9bsdMO, B Bmy Foawmsby
9oL Lsdnsembg dgBo fowo, Bmybg 3o - bsgwrgdo.

9306B0mo n s m 0bgdugdo {0,1,...,9} LodMsgzE0H 0ly, GMA Payn ogml dsdlodogrw®o
oo s00@b, bmwm Paym - 80bodserm®o. 0dobsmgol, Hmd dogwmebwwmgmom gl Howgdo
LobiM39e Lodogsem LoEOEIL, Pr-U 353¢M® FE0MY OIOO0O €, b Py, -U 35F5GM™
02039 & oY GMI sEBdIMMBYOOL Ksdo 56O Tgogaergds. 899gy P(p11) = A 9bGH™Mgdol
00mblbom  5035R0bmm 3900l ImEgdNo ©m™b). gl dmbEYds P11 OO Py (3LPOWIOOL
botxDy. 9990093 0@gM30sBY 0bY3 303m300m oduodogrMo s dmbodscrGo  owgdol
d9Lsd5dol 0bgJLgdL s 0Lz IM3zsbEYbm FgLlsdsdolo SEBSMMBYOOL JODEOMNIEN SMHOMYOIU,
MO0Iglsg 0mzoymmadm D(p;) = A 3bGHMEgdol  bgwosbsew  sdmblbsl.  0@GgMo309dL
239395690Mg0m, GmEs dogbodsgrm@mo fowo dmIEg3bm doxDbg gobgds Fobodserm®mo, bmerm
906035 M0 Fowo gobgds dogduodogr®o. sbgm 3omaMmgdsdo, 5649 Bozozegol dgdmbggzsdo,
39L5dgdgos e-0b Gg83E0MJds s 3OHMEILOL FoaMAgEgds 890y hoE03w350Y. ¥(3905d0
960603656m3M0560 Bogm@mgdol Howgdol 4o0sbsdMgdoL LolvyMzgwo LoBMbEg doowfggs e-ob
Lomobam 99930609d0L batrxbg.

0ogoomqdo: PayB = 0.3, PayS = 0.064, b = 45. Payout = 0.94 (9gm®g b3g®o), Payout = 0.95
(dmem Bg9@0).

33030l Ne 59mU3Er0l SEdsMdY, Y% oo go399580, % 50mUgErol s¢0-ds, Y%
0 16.06626950 6.36000 16.08368865
1 12.67785849 6.36000 12.68431371
2 11.00052680 6.36000 11.00137165
3 9.93162309 6.36000 9.92891467
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4 9.16455283 6.36000 9.15922517
5 8.57673582 6.36000 8.56944228
6 7.10018755 6.36000 7.08791590
7 6.25075608 6.36000 6.23570948
8 5.93766484 6.36000 5.92160095
9 5.43734527 6.36000 5.41895752
10 3.76119164 6.40000 3.76119164
11 1.10769384 1.14898517
12 2.98759427 30.00000 2.99868322

330899900l 396035 MMO LsIYMEXGOOL 5¢Bd50YMBJIOL 353McIZES

MMAMOE 1339 503608690, ILIWMO SFM360L sdMbLBs 4EolbdmMdlL, GmAd dmdgdboo
mbs ogmb 53 390GH035Ho  LsdgaEgdol  SEBdIMMOGB0. gl 39M3I3gYC  3OIMDEGISL
§o6m8moaqbl, 3060006 58 1716 sdsmMBdOL  godmmgzgwrs  MIMem© 396 bgMbgds.
360HMdgIol  2osbsafy3gBo B3b 990m3009d0 996339 Lodosgom  LoOEIJRL -
3303990900l 53mlgErol 13 M30MMIM S5¢EBsMMdL s SMYNZY 39MGH0IIWMMO bsdgYEgdol
3969006 9d0L 3mb3MgEH Fgbl, MmIgedos gl MB0MHMDdM 5¢dsMBIO0 046905 Fodmygbgdrero.
Lodmermem x58do, OHMES 3OMmdEgds 046905 2osfY39GH0W0, sOE LETWMSEIIEOM SEWBSMIMIJOOU,
M3 9500 450mdYgbgdgero 3gbgm0Mmgdol 3mb3MmgB o Falol bligbgds LsFoMmm 5@t 0dbgds. qu
53b3o6g 0bLEMNTYBEH OO IMRYDdS ,,LdboMgmEmdo®.

g, i = 0,1,..,12, ogmb <x6gdo i-9Ho 5oamMol  sdmlgErol  SEdsm™mds, G35
396030356 Lsdgdo  BoFIMHFIOL  5MHRsTINMGIOL 30OHMds Mol dmblbowo. b q;
3EBIMMOYO0 MO M30MMIM s Tom0 X530 YEOMOL gHML. Jog0oblgbmm, HMd bsdmgbo p;, 1=
0,1,...,12, 5@0dsmMmdgd0 0gm 30OHMBIOMO.

Pijk  (069dbgdo 033wgds 0-@sb 12-0L Bsmgom ©s 9HmBBgoL 5 »MEMOL) oygml
3903039500 LY gool LOA0GIGEO  SEBIMMBGIO. Too KsTol MOOL gOML. (i,j.k)
39030350 M0 bsdguyeol g9bgMoMgdol oo oyml sbgmo: Lsdogg MxMIETo GOPEOHMNEISE
3953969006090  BoaMMHgOl oo 58MZ3EOL  MEBOMmMdM  5EdIMMBJIOL  TJlsdsdols. v
LodgmeEdo  BoAMMGdo  4oFgMOEs,  LodgMEol  2969Mm0Mgds  bgds 5306, Lobsd o6
0530594MR30©Ids 30Ol 5MYTINMHIOOL 30HMDS.

1539990 GoFMMIOOL SOIRSTIMOIOOL SEBIIMBS YodMOMZGdS F9IEIR0 BMMTO0):

Prvo = 1= TiZo ak B — 2q1).
5803™3 Ppijk = qiqjdk/Pno> 0609JU900 033wgds 0-s6 12-8¢0g s 9MHr08sbgml 56 MGOU.
j @5 k 060@9qLgdoom sx5930L 8909390 F03009000 BMMIMEGOL F0OHMBOMO SEBSMMIGIOLMZOL:
pi= qilaf + (1 —a)* — Tido ai] / [1 =330 ak + 23, ak], i=01,...,12.

oMM gmOINIdL 4sbz0bowsgm OHMaMME sMiMx03 bBHMemgdsms LolEgdol »3oMHmdM
3@dsmMMdJOOL J0ToMm. ol 00mzgblbom FoMmFH030 0GHIMo300LS s BgoIWol TJoOMPIOdOL
23903390 bsBogom, d9b6gdcmogz0 Lofiyobo dosbermgdom q; = p;, 1= 0,1,...,12. 530 9909
1716 39630350060 15990l 5edsmMdOL 3t36s Lodbgargl sEs® FoMmTmoygbl.

dopowomo: Payout = 0.95, PayB = 0.3, PayS = 0.064, b = 45.

x30399MO0L Ne 30MMBOMO SB>0MdY, % ?306OHMIM SEB>MdY, %
0 16.08368865 19.69867239
1 12.68431371 13.61651535
2 11.00137165 11.18766687
3 9.92891467 9.78394908
4 9.15922517 8.83472666
5 8.56944228 8.13682961
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6 7.08791590 6.48359325
7 6.23570948 5.59008878
8 5.92160095 5.27029688
9 5.41895752 4.76860114
10 3.76119164 3.19425498
11 1.14898517 0.92724084
12 2.99868322 2.50756417
g9dmmgagdols liggds

LodMEMME, BTN 5dMmEsBoL 58mbLBOL Ldgds BgoEogl Lsd g@&edL. 306039w 9Bs3bg
Payout-sb s bbgs Lsfgolbo dmbo3gdgdosb 30bgbo Lanm@ol 13 MEbmdo 3s6sdgBH®mol - p;
30OHMB0MO  5EdNMBJOOL  0IBGHOB0IoE0sL, Tgmeg  gBHI3BY 30M3Wom  q;  M30OHMOM
5d50MdJOL s Igb3g 9BHO3DY 0MZds 39O EH035CwMO 15TJMEGOOL SEBSMMBJDO.

Identification of parameters for typical online slot
Victor Khutsishvili

Summary

A typical online slot and its parameters - conditional probabilities of the occasional appearance of
each of the 13 icons is described. A problem for the main characteristic of the slot — output, depending on
these parameters - to achieve the given level and structure is formulated. On the basis of probability
formulas a corresponding system of nonlinear algebraic equations is drawn up. For its solution three-stage
numerical algorithm is offered. Two stages use iterations, fast convergence of which caused by taking
into account the specificity of the problem when choosing a suitable initial approximation. Examples of
the numerical identification of parameters for the slot are presented.

NaenTndukanus napaMmeTpoB TUIIMYHOTO OHJIANH CJI0TA
Buxmop Xyyuweunu

Pe3iome

OnucaH THINWYHBIA OHJAWH CIOT M €ro MapaMeTpbl — YCIOBHBIE BEPOSTHOCTH CIYy4YalHOTO
BBIMIAJICHUs Kaxioil w3 13 ¢uryp. CdopmynupoBaHa 3agada JOCTHIKEHHs 3aBUCSIIEH OT 3THX
MapaMeTPOB INIABHOW XapaKTEPUCTUKOH CII0Ta — BbIJA4ell 3apaHee OrOBOPEHHBIX YPOBHS U CTPYKTYpHI.
Ha ocHoBe (opmyn Teopun BEpOSATHOCTEH COCTAaBIEHA COOTBETCTBYIOLIAs CHUCTEMAa HEIMHEHHBIX
anreOpandeckux ypaBHeHHi. [ e€ pemieHus NpeIoKeH TPEXITAIHbBIM 4YuCIeHHBIH anroputMm. Ha
JIByX JTanax HCIOJB3YIOTCS HTEpanuu, OBICTpas CXOAMMOCTh KOTOPBIX OOYCIIOBIEHA YYHMTHIBAIOLINM
crnenuduKy 3amaud  BbIOOPOM TIOAXOMSINEr0 HavyajlbHOrO MpUOIMKeHus. [IpuBeneHBl HpPUMEpEHI
YHCICHHOW WACHTH(PHUKALNHY TapaMeTpoB CIIOTA.

wodghs@ms — References —Jlutepartypa

1. https://www.adjarabet.com/ka/pages/show/slots/10
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dgLsdg 0oL gsbEMgd9d0L BggMO 3MmEMaMSx8gdOL 330935
&®03mbmdgE Mool gsdmygbgdoom

056 3029603509, 909356 309903599
Email: ketino27@gmail.com
M9bomdg

aglgmeo 3mEmaMsgo sMol (dgMd. Hodos — gbs, gMs53030) 56HOL  senaqdMvyemo
3563Mgd0L Bgliggdol IMIMIMIOL BMgdBHMgM0gdOL JNMMIEOMDS, OMES SH0EO 5Jgb 53
3563™M@gdol ghmo 6 MsdEgbodg 3MoBOE0gbEGHOL F3W0EgdsL. BJZMOO 3MEMmAMIRIDO,
333> MO0 O gdol Loldgdgdol sbsemobol @s Lobomgboli s0m3s6gddo 3oMzgmso
359moyggbs 5856039¢ds dg3bogMds 935bds s Logdom FoMIsGdemsay. g Imbws yslivyero
Lsm3mbols 40-056 §ergdol  dofmermels. 93sblols Jogh  sdmdsggdeo  odbs  ggligrMo
30mMacMoxgd0l 53900l s  gsdmyggbgdol  aMomm-sbseobmMo dgommeo; dsbzy BIliggdol
AM39JBHMO0gOOL  Ssa)dsE  d90mogmbs  B3gEosemmo LsbsHsgo “VB3oMmmo,” GmImoms
05MGH03090M©s 5639000 356@Mmgdol Balggdol s6MyMIgbEgdol aMsxo3mms© 3m3bs s
55039, ®0mJdol 935bLol 3sMvEgEMEI©O BIIZMHO 3MmEMYMsGIPOL BsEOBIMo JZEgl0m
©506&gMgL0bgb Hmlio dg3609MHo MgmM®Bozo ©s dolo dmbifageg dgbMolmgo, HMImgdIsE3
333-900L  3BoEoBMmo  sdmlisbrmegdgdol Jolsrmgdsm olsMagdegls 3,merobmdol Egogm®ols
h3G0300.

Bggbl dogh  g3-gdol  30LgdYBOL  EILLEYIBsE @S gMIBOIoL  SLIYYDS,
0990m035D90o 065 3meobmdol Bgliggdol gsdmbisbgs GMoyambmdg@eommo BmGIsdo.
sligmo dooamds ghmo Bgbg3z0m sHMKENgdls bslivMzgwo dgwgaol dowfiggsl, Lobsdpgowgdo
30 83-900L  (5¢ny)dGvEo  gobEmemgdols Bgliggdol GHMsgBHMM0gdoL) ©oEagbs 0dgbsw
9eg0996GsOMEOE s EodsBs® bgds, MmI sligmo sbsemobw®o doymdom B3-gdol 33eg3s
©5 3058030 53905 s3MmE M3E0MbsErM0s s dmabodgwgo.

50bodbyew  653MMIJo  Bggbl JogH  gsbbogrmmo  Lsdfgz@s, bgdoldogmo  Mogol
23563mmgdol 33-9d0L 33935 ©S 53905, BMES OO 5J3b 38  #sbEMmgdIBOL ™Mo
39803096301  gHPEOHMME©  33womgdsl  (BsAFgzMs  PoBBHMEWIRdsBo  TbmmE  mMo
39803096305, ®M3gumos gMmdsbgmolysb ©sdmm30gdes@ godegds 033egdmobgb).

153356dm LoByzgoo: dgbsdy Gogol 3sbderemgds, BglizIHo 3mEMaHsR0, HH0ZbEIHGOIO
B6OFm980.

390M303300M”

S*+aS+1=0 (1)
3963Mmgdol (S -33woos; a — 3m9n03096G0s) B9gL3gdOL 3I3gJuG Bgbgms LOdMEHY) DY
9dM5mdoL  GM9JBHMM0d0 S 9358 Tomo 2Mx03900, MHMES A 033Wgds 0b6GHIM3senTdo
]—00; +00[;; 580LIMZ0L 399350, @A (1) 236EHMEdOL Bgbg0s S = r(Cose + jSing); 85306 cmvy
(1) 396@mgdsdo Bogligsdom S-ob dB0dgbaEMdsl 040 As0bEobgds MM Fqgddodod Mogbgzom
GMMOS:

r3C0os3¢@ + arCosp +1 =10
()
r3Sin3¢ + arSing = 0
(3)
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https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CDYQFjAB&url=https%3A%2F%2Flogin.secureserver.net%2Findex.php%3Fapp%3Dwbe&ei=6SmeVduDNeSqywO1mYH4Cg&usg=AFQjCNFVKHCWs6ImyeUdHLTMEe6LC5qxiw&sig2=8whvz3s0NMorIfwqqYyHPg&bvm=bv.96952980,d.bGQ
mailto:ketino27@gmail.com

9L509 HogolL 56EHMEgdgdoL BYlgMO 3mEMaMsxgdol 33ea3s GMoaMbmdgEmoot. ..

099 (2) BHMEMmd5d0 BogL35dm (3) BHMEMO0EL 45BLsBPZO a-s I60dzbgErMdSL:
o« = —T2 Sin3¢
- Sing

(4)
oM BH030 2oMogddbgdol 9gays© J0300900:

r3Sin3¢ = Sing
(5)
boo3, MMAMOE 503600690m, T 560L (1) obEMEgdoL ghmo ggligol dmEwyeo, bam @ 5oL od
19L30L sMAMAgbGo [1];

003505, (5) GHMEomds Fgodwgds gobbowen  0dbsl, GmymGE (1) 39bEGMEgdol
3033gdummo BgLb3gdOL FBEBHMEGds. gl 0Tsl 60Tbsgl, MMI mv) (5) GHMMds F93ToM0E 0,
GoEb30m0  BHMEWMdS T-0U s P-0b Gowsl 96083690MdgdOLm30L, 8sdob S =r(Cose +
JSing)96083bgemds (1) 496@m@gdol 53qligos, vy a 4sbLabOEOZGWO (1) GmOHIMom. 03039
sBGO 990dwgds FgdMHMBYdMEs© 99odrgds hodmgogsodmm: 0wy S = r(Cosg + jSing) (1)

sin3
z n;p, 35006 (5) GmEmds 390050030 MoEb3omo GHMEMdS

2396@™MEgdol gqgbgos, Hmas a = —r

3
096905. 5d0E™A (5) GHMErMds G90dgds 2obbowro 0dbsl, Hmams (1) 29bEGHMEgdol gglizgdol
396GMmgds. Gl 6odbogl gbs? 0y Bz96 d93dergdm ggligms 383wgdue LodGMEY)HY ozbsBM™
(1)  a9BGHMgdol  8qliggdol  MdMsMdOL  BHGMSgdBH™MO0gdo, 5dob 53  FHMIgJGHMM0gd0L
JONMOOoMdSL Fgodegds 93503500 (1) gob@Memgdol Bqliggdol 3mEMaAGMsggdo, Mmas a €
]=0; +oof

(5) 396 mgds 9900¢qqds 493bWoRMm 2 GHMEMdS:

Sing =0
5
(7)
2r3Cose = 1.

0906 (6) 296G M@gds 5oL (1) gobEHmegdol bsdzowo 1qliggdol AsbEGHMEWgds, bmwwm (7)
3003¢9dLmE0 39gL3d0L JoBEHMWYds. v (7)-0o Bg333w0m Cosp = g, 80300900 2128 = 1 (8).

00235050, (8) BHMEMds 5MHOL (7) BHMEMdOL IMEOB0IS30s, HMIOEIBsG Boowow hsbL,
60d (1) 396GHMEgdol 3mB3wgduvmo 3Bglzgdo Balgms 3m33wgJu® LodGEYOL Botx39bs
BobggomlLodGmEYgdos [2].

3030300 (1) 2o356@MEgd0L MmMxgMowo bsdzowo 13qliggdo. gbgbo 0gbgdosb:

S3+1D'S-5'(S*+1)=0

2563 Mm@gdol 39lggdo S=0 S = /0,5 = 0,794. S=0 MGHX 9GO LsdMEMmM FgBHEHOWOos, bowm S =

3
V0,5,06%96500 FgBEHowos, Gmdgwog doomgds ovy (¢ =—1,89 a = —i;l =- \/3?/’_;_;1 =

-1,89).
(1) 296@MEgdol 08 ggliggdl, O®MIgdoz doorgdosdh a = 0 3600d3bgmdolsl 3mmyMog3ols
LoPgoll FadEGH0wgdl MHmgdab. (1) 49b@MeEgdol sbgmo HadGHowgdos:

S = e_jg 3 S, = ejg ©o 53 =T (6)
(1) 396@mMEgdol 03 ggbggdl, OmIwgdog Toogdoh Gmazs a =— —0.83-L  LsdmEwmm
090G0wgd0 34300m. sLgmo HadGH0wgdo (1) 29bGHMEGIL gOhmo 5d3L. (FsGwss, ow (1)
2390@MEgdsL 9o3ymxnm a-Bg a =— —oo, 35906 A9bGHMgdOL ghHmo Ggugo 0gbgds S=0 o
bsMBIBo MO0 gqlgo BoobfMsxk30L  MLlMmEMBdOLLZ)D). dmErml IZ5A0bMm B3-gdoL
2396¢M@gdol s6ggdo.

33-0b (5) 296¢Mgdol sbobdo (1) 2obBHMgdol Bqlgndo (300 GdEPsE 03 5MYdos,
LoSE F9905M0E05 MGHMEMBsMs LOLEYFgdO:
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3565 3035503509, J9029356 3035503509

{sinZgo >0 {sin2<p <0
sing >0 sing <0
b @ € ]—g;g[; 9- 0. (1) 356¢mmgdol 3md3wgdbm@o Bgbggdo S =0 +jw, LoEsg w #
0 ymggemgol ds6x39gbs BobgzomlodM@ygdos (0g039 ©JdMergds 58 990mbgg3od0 3065 BBl
(8) 2963 mgdosbsg § > 0).

(1) 296¢™mgdol g9glizgdol GHEMsgIGMMm09d0 (83-900) 4odmbabryeos bob 1.-bg.

Jw

S Ajo
el { 12
X Y
‘\‘ S =0 4
a=-1,
exx. . &
S— ! e ! - e St = ! - .
1 o T 5 1 o 1
oy b \
O =-079% \
a =-1,89
| ’_/ > ] I
-1 A -1
Bob. 1 bsb. 2
abEs ©350Q0bmm

$*+aS—-1=0

(9)

2396¢M@gdol  13qliggdol  GHMogdBHMM0gdo, GMmaEs a € ]—wo;+o[ .oy 53 gobGHmegdsdo  S-b
393330 “-5”-000 3030090m (1) ABEHMEWGIL, Mg 035l 60bsgl, ™I (9) FobGHmegdol
139390l Bsdgzoe bofowl (1) 39bEHMEgdol 8glggdol bsdgowo bafowgdol dm3oMmadoty
60dbgd0 5dgL. B58obosdg, (9) 9BEHMWgdOL BgL3gdOL FHMOgIBHMM0gdo bob. 1-Bg Asdmbsbwyero
3930 3MmEMAMSBIOOL  LEMIMwo  9bsMY3E0s  HomBmbobgomo  ©gMdol  dodsto. (1)
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Third order equations root locus research using trigonometry
Omar Kotrikadze, Ketevan Kotrikadze

Summary

Root locus (RL) (gr. hodo - Road, Chart), is the unity of the algebraic equation roots’ trajectory
when the equation’s coefficients, one or more are changing. Root locus was first used by American
scientist Evans to solve problems of analysis and synthesis of automatic control systems, and quite
successfully. This happened in the late 40's. Graph-analytical method has been developed for the
construction of Evans root locus. He also invented a special ruler "spyrul", for the construction of algebric
equations roots’ trajectories by which finding and summing the arguments was simplified graphically.
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Almost simultaneously with the Evans root locus studies interested Russian scientists Tedorchik
and his student Bendrikov who used PolinomTeylor Rows to obtain analytical image of root locus. We
have proposed an expression of roots of a polynomial using trigonometric form to determine the
properties and construction of the root locus.

Such an approach is, at first glance, makes it difficult to achieve the desired result, but in fact the
study of RL (algebraic equation root path) is defined so simply and beautifully, that this analytical
approach to research and structuring graphs RL is undoubtedly reasonable and attractive.

In this Article we overview RL structuring and research of trinomial equation of any order RL
while two coefficients are changing simultaneously and examine trinomial equation of any order RL
specific and development, (there are only two coefficients in trinomial equation two coefficients, that
could change independetly).

HccnepoBarne KOpHEBBIX roZiorpadoB ypaBHEHHS TPEThEro MOPAAKA C HCIOIb30BAaHUEM
TPUTOHOMETPHH

Omap Kortpuxkazse, Kerepan Kotpukazse

Pe3iome

Kopuessie rogorpadsr (KI') siBnsirores (rp. hodo - mopora, quarpamMma) €AMHCTBOM TPACKTOPHH
JIBIDKCHUS] KOpHEH anreOpanyeckoro ypaBHEHUs], KOTria MEHSIOTCS KO3((GHUIUEHTH JAaHHOTO ypaBHEHHS
omuH min Gonee. KopHeBble romorpadbl BHEpBBIE MCIOJIB30Bajl aMEPUKAHCKUN y4YEHBIH JBaHC IS
pemieHus 3ajjay aHalM3a M CHHTe3a aBTOMATHYECKUX CHCTEM YIPAaBICHHS H BIIOJHE YCIEHIHO. JTO
npousanuio B KoHue 40-X mpouutoro crojerus. Jys moctpoeHus: KOPHEBBIX rogorpadoB DBaHCOM ObLI
paspaboran rpado-aHanuTHieckuii Meron. OH Tarke U300pEN cHeUUaIbHYIO JUHEHKY "criupyn", s
MOCTPOEHUSI TPACKTOPUH KOpHEH ajreOpanvecKux ypaBHEHHi, C IIOMOILIBIO KOTOPOW yIpamiaeTbes
HaxO0XJICHNE rpaUIecKN apryMEHTOB KOPHEH M X CYMMHPOBAHME.

[Toutn onHOBpEMEHHO C DBAHCOM HCCIICIOBAHMSMHU KOPHEBBIX IOZOrpad)oB 3aMHTEPECCOBIUCH
pycckue ydeHble TeoqOpuMK M ero y4eHHK BeHIpHKOB, KOTOpBIC JUIl aHAJIUTHYECKUX BBIPAKCHUH
KOPHEBBIX roZ0Trpad)0B BOCIOIB30BATINCE psAaMu oarHoMama T einopa.

[l ycTaHOBIICHHS! CBOWMCTB M ITOCTPOEHHS KOPHEBBIX TON0rpad)oB HAMH IPEIUIOKEH BBIPAKEHHE
KOpHEH IMOJIMHOMA C TOMOIIBI0 TPUTOHOMETPHIECKOH (hOPMBL.

Takoll 1oaxoA, Ha NEPBLIN B3I, 3aTPYIHSAET JOCTHKEHUE KEJIAeMOI0 Pe3yibTaTa, HO Ha CaMOM
nene uccnenosanue KI' (anredpandeckoe ypaBHEHHE KOPHEH TPaeKTOpHUHU) ONpeAessieTcs Tak MpOCTO U
KpPacHMBO, YTO TaKOW aHAJUTUYECKMH MOJXOJ JJIsi HCCIeloBaHUS M moctpaeHus rpaduxoB KIT
HECOMHEHHO, SIBJISIETCS Pa3yMHBIM U IPUBIEKATEIBHBIM.

B oroif ctathe MBI paccMaTpuBaeM TocTpacHMe M uccienoBanue KI', mpu oIHOBpEeMEHHOM
W3MEHeHHH JByX KoeduuuyTem u wucciaegyeM TPEXWIEHHOTO ypaBHEHHs Ioboro mopsiaka pH
KOHKPETHBIX Wi M pa3paboToK, B TO BpeMs Kak B TO )K€ caMO€ BpeMs IPOUCXOJUT HM3MEHEHHE B
COOTHOIIEHU! 3THX JIBYX YpaBHEHHUH (B TPEXWICHHOM ypaBHEHH /Ba KO3((HUINEHTa. MOTYT MEHATHCS
OJTHOBPEMEHHO).
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Therapeutic Approach Choice Subject to Board of Examiners Estimation
Dali Sikharulidze

Summary

In the paper the effective treatment policy choice problem is stated as optimization problem with
three linear functionals subject to minimization ( “discomfort”, ’toxicity” and “treatment time”). Desion
maker a priori can’t make a compromise between enumerated criteria .That is why the criteria are aggre-
gated into one linear criterion. Purification of appropriate weighting factor for each functional is made
by the board of k examiners. Each examiner fills three questionnaires. Two of them estimate examiners’
competence and third-importance of functional. Finally weighting factors are calculated by the formulas
from [2].

Br100op TAKTHKY JieYeHHUA C YYeTOM MHEHHSI COBETA IKCIIEPTOB.
Hanu Cuxapynuoze

Pe3iome

B crarbe mpoGiiema BbIOOpa TAKTUKH (G (HEKTUBHOIO JICUSHHUS] CTABUTCS KaK 3a/a4a ONTUMH3AIUN
C TpeMs MHMHHMHU3UPYEMBIMH JIMHEHHBIMH (YHKIMOHATAMH («IUCKOM(OPT», KTOKCHIHOCTEY) U «BPEMS
neueHus»). JIIIP ampuopHO HE MOXET HAHTH KOMIIPOMHCC MEXAY IEPEeYHCICHHBIMU KPUTCPUSIMHU.
ITosToMy  KpUTepUM arperupyroTcsi B OJWH JMHEHHBIH KpuTepuil, IS KaXAOro (yHKIHMOHAIA
COOTBETCTBYIOIINE BECOBbIe KOI(D(GUIMEHTHI Ul TOJYYSHUS! KOMIPOMHUCCHOTO pEIIEHHs] YTOYHSIOTCS
coBeroM u3 K skcmepToB. Kaxmpiii 9KCIIepT 3amoHsACT TPH BOMPOCHUKA . JIBa M3 HUX OIECHHBAIOT HX
KOMIIETEHTHOCTb, a TPETHH-BOXHOCTh (yHKUMOHANOB. OKOHYATENBHO  BECOBbIE KOI(D(HUIMEHTHI
BBIYHCISIFOTCS TIPU TIOMOIITH (HOPMYJI, TIPUBEICHHBIX B [2].
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OTto6paxkeHre OTHOCHTEIbHOM Ba)KHOCTH KPUTEPUEB B MHTEPAaKTUBHOM METOZE
BEKTOPHOM ONTHMU3AIIH

Herm Kuraconma

Pesiome

B craTee ommchiBaeTCS WHTEPAaKTUBHBINH aJTOPUTM BEKTOPHBIM OITHMM3AIIUM, KOTOPHIH
ocHOBaH Ha mpenmnonoxenuu, uro JII[IP (nuimo npuHuMaouiee peleHne) MMeeT BO3MOXXHOCTH
CPaBHUTH KPUTEPHUU IIOIAPHO II0 MX 3HauuMocTH. Ha HavyajpHOM 3Tare aaropuTMa BBICYUTHIBAIOTCS
OIlpeZie/leHHBIE Beca, KOTOPhIE XapaKTEePH3YIOT OTHOCHUTEIBHYIO BaXKHOCTh KpHUTEepHeB. 3aTeM C
ncoab3oBanueM npuHnbina CasrykBa3e ¥ Ha OCHOBE ITOJIOXXUTENBHOM MU OTPUIATENIBHOM OLleHKU
JITIP, Ha xa/0il UTepalyy aJTOPUTMA IIPOUCXOLUT MOLU(UIIMPOBAHNE HUCXOLHON 33a4l C I€IbI0
yTOuHeHus peureHui. [Ipoliecc mpepsIBaeTcs U MONTy4eHHOE PelleHNe CYUCAeTCS OKOHYATeTbHBIM B
Tou ciyuae, ectu JI[IP cyuraer ero yZoOBIeTBOPUTENBHBIM, WJIHU €CIH OHO IIOBTOPSET Pe3yJIbTaT

Tmpeauylei HTepalun.

Representation of Relative Importance of the Criteria in the Interactive Method of
Vector-valued Optimization

Neli Kilasonia

Summary

This article describes an interactive vector-valued optimization algorithm, which is based on
the assumption that the DM (decision maker) is able to compare the criteria in pairs by their
importance. At the initial stage of the algorithm are calculated certain weights that characterize the
relative importance of the criteria. Then, using Salukvadze principle and based on the positive or
negative assessment of the DM, at each iteration of the algorithm the original problem is modified to
clarify the decision. The process stops, and the solution is taken as final if the DM finds it satisfactory,
or if it repeats the result of the previous iteration.
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Numerical simulation, design and testing of rectangular shape planar microwave
applicators for use in “green” biosynthesis of metal nanoparticles

A. Chirakadze , Z. Buachidze, A. Gigineishvili , L. Gurchumelia, N. Kavlashvili ,
P. Kervalishvili
achikochirakadze@gmail.com

Abstract.

Nowadays manufacturing of metal nanomaterials is one of the most dynamic and rapidly
developing fields of high-technology manufacturing.However, the most environment-friendly method of
creating nanoparticles is the method of microwave assisted biosynthesis, which is relatively cheap,
environmentally safe and technologically simple. This method utilizes environmentally safe precursors
(water solutions of metal salts, micro-emulsions or extracts), and the minimization of microwave losses
and optimization of heating efficiency are required. This wok deals with an attempt to apply in
biosynthesis of nanoparticles a recently developed and tested model of microwave applicator, whichwas
proposed for use in microwave hyperthermia. The preliminary results of numerical simulation using CST
MICROWAVE STUDIO 2011 software suite, as well as experimental studies showed that combination
of four rectangular shaped planar applicators is suitable for efficient use in biosynthesis of metal particles
using water micro-emulsions and extracts of different vegetation waste and residues.

Keywords: microwave applicator, software, numerical simulation, biosynthesis,metal nanoparticles.
Introduction.

Because of the advantages of water as the solvent, a large number of research activities have been
devoted to the microwave-assisted synthesis of inorganic nanostructures in aqueous solution, and the
related experimental data have been well documented in the literature. The recent main progress in
microwave-assisted synthesis of inorganic nanostructures in aqueous is reviewed and discussed on the
basis of the classification of different kinds of materials [1].Nowadays manufacturing of metal
nanomaterials is one of the most dynamic and rapidly developing fields of high-technology
manufacturing. Existing methods are mostly based on the chemical reactions in the electrolytic solutions
and are very expensive, technologically sophisticated and containing environment threats. Thus,
elaborating of the environmentally clean and cheap methods for producing of metal nanoparticles is an
actual current problem.However, the most environment-friendly method of creating nanoparticles is the
method of microwave assisted biosynthesis, which is relatively cheap, environmentally safe and
technologically simple [2]. This method utilizes environmentally safe precursors (water solutions of
metal salts, micro-emulsions or extracts), and the minimization of microwave losses and optimization of
heating efficiency are required. Different kinds of microwave circuits and applicators can be used for
microwave heating of the precursors of synthesis, but in all cases special efforts for simulation, design
and optimization of microwave circuit are necessary.Microwave devices usually used for biosynthesis are
often called “applicators”. We can use both planaror waveguide ones. Both of have different limitations
and advantages, and the main differences are in energytransfer efficiency and versatility [3]. Planar
applicators are versatile group of different shaped antennas realized as printed circuitboard, so they are
cheap to manufacture and could be even made of elastic materials. Most commonshapes of such
applicators are double spiral and rectangle slot applicators [4].Spiral applicator behaves as broadband
antenna and is less critical to dependence of workingfrequency on permittivity than slot applicator. At the
same time, slot applicator (as a resonantcircuit) provides the transfer of more electromagnetic energy to
target media. Wavelength of this applicators can becalculated

A=cxf? X(8 eff.) '1/2(1)

where c is speed of light, f is microwave frequency, and e is effective permittivity. The value ofeest is
higher than relative permittivity of used dielectric and lower than relative permittivity of the used
precursors.
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Simulation and design of the applicator.

Composition of foursquare slot applicatorsstudied in [4] was utilized. Operational frequency of a
common microwave oven 2,45 GHz was chosen. To provide maximum energy transfer to treated
solutions it was necessary to find optimalimpedance matching between applicator itself and treated
precursor solutions in the temperature range 55 + 30 C° and corresponding values of dielectric constant
¢'= 40 £ 10and conductivity o = 5 = 3 S/m.CST MICROWAVE STUDIO 2011 software suite was used
for simulation and optimal design with aim to minimize the impedance mismatch. This software is
capable of entering variables asdimension parameters and that easy modification of modelparameters.
Simulations showed that satisfactory matching for the given &' and o in the all needed range. Figure 1
represents the simulation results for all S parameters calculated for £'=40 and 6 = 5 S/m. It can be easily
seen that all calculated values of main S parameters (Si1, S22, Sszand Sas) at the microwave frequency f =
2.45 GHz are less than — 30 dB. Simulation also showed, that all calculated S parameters are less than -25
dB for the whole range of investigated values of &' and . Thus, the proposed applicator design should
provide the needed impedance matching and efficient treatment of precursor solutions.

S-parameters,
dB

i [
Llat

- ! ! ! 1
2.45
Frequency, GHz

Figure 1. Impedance matching of the composition of four slot applicators (¢=40 and 6 =5 S/m)

The simulated distribution of the microwave field is given in Figures 1 (sagittal cut plane), 2
(frontal cut plane) and 3 (transversal cat plane).

Figure 2. Sagittal cut plane of the microwave field (and Specific Absorption Rate) distribution in the precursor
solution (¢'=40 and 6 =5 S/m)
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Figure 3. Frontal cut plane of the microwave field (and Specific Absorption Rate) distribution in the precursor
solution (¢'= 40 and 6 = 5 S/m)

Figure 4. Transversal cut plane of the microwave field (and Specific Absorption Rate) distribution in the precursor
solution (¢'= 40 and 6 =5 S/m)

Experimental.

The simulated and designed applicator was used as a microwave source for biosynthesis of silver
nanoparticles using the complex treatment method developed and tested in [2]. The typically developed
process of biosynthesis using supercritical CO2 fluid extraction and microwave drying/extraction is the
following:

HE N
o N

In the current research an experimental installation on the basis of the extractor VN5-PN800 with a microwave
transparent window [2] was used for the tea leaves and roots, peppermint roots, etc. (see Figure 5).
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Figure 5. Experimental installation for combined microwave and supercritical CO2 fluid extraction

The designed and constructed applicator was used for the biosynthesis of silver nanoparticles
instead of the multimode microwave chamber utilized in [2]. Application of the combination of four
square slot applicatorsallowed to reduce the microwave power consumption for 5-7 times and to reduce
the size dispersity of the synthesized nanoparticles.

Results:

Combination of four rectangular shaped planar applicators is suitable for efficient use
inbiosynthesis of metal particles using water micro-emulsions and extracts of different vegetation waste
and residues. Farther progress in simulation, design and development of the high-efficient versatile
microwave applicators is very urgent in terms of achieving the volume production of low- cost metal
nanoparticles using “green” mrthods.
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YucieHHOE MOZEeIMpPOBaHYe, IPOEKTHPOBAHKE U IIPOBEPKA IPAMOYTOJIBHOIO IIAHAPHOTO
MHKpPOBOJIHOBOro ammirkatopa CBY-zuamnasoHa gia «3eeHoro» 6HOCHHTE3a
MeTa/ZINIeCKHX HaHOYACTHI],

A. Yupakaose, 3. Byauuosze, A.l'ueuneuwweunu, JI. I'ypaymerna, H. Kaprawseuiu,
11. Kepsanuweunu

Pe3iome

Ha ceropusmHuil feHb MOMydeHNe MeTAIMYECKUX HAaHOYACTHUI] ABIETCA OLHOMN 13 Haubosee
OUHAMUYHBIX U OBICTPO Pa3sBUBAIOWIMXCA 00JIacTell BBICOKOTEXHOJIOTMYECKOTO IIPOU3BOACTBA. B TO xe
BpeMsd, CaMbBIM DSKOJIOTUYEeCKH 0e30IacHBIM CIOCO60M IOJTy4YeHUs HAHOYACTHUI, sIAETCA
MUKPOBOJIHOBOM GHOCHHTE3, KOTOPHIH OTIMYAETCA OTHOCHUTENBHOH [elleBU3HOH, Ge30ImaceH A
OKpY»Kalollel Cpemsl M IPOCT B TEXHOJIOTMYECKOM ILIaHe. DTOT METOJ, MCIONB3yeT Ge3BpefHbIe
IIPeKypCOpHI (BOZHBIE PACTBOPBI COJIEN MeTAsIOB, PACTUTEIbHbIE MHKPOSMYJIbCHUM U HACTOWKH), HO
MOXKeT OBITH YCIIELIHO Peanu30BaH TOJBKO IPH ycroBuu MuHuMwusanuu mnoreps CBU-momuoctu u
yBenudenus spdekra Terwromepesaun. [laHHas paGoTa IOCBAIEHA MCCIELOBAHUIO BOSMOXKHOCTU
WCIIONIB30BaHUA B IIpollecce HaHoGmocuHTe3a CBY-ammamkaropa, HeZaBHO IPeIJIOXEHHOTO IJIA
ocymecTBIeHus 5(pdeKTUBHOM MUKPOBOJHOBOHM rumeprepmuun. IlpeaBapuresnbHble Ppe3yIbTATSHI,
IIoJy4YeHHBIe C MCIOIb30BaHMEM Iakera mporpammuoro obecmeuenus CST MICROWAVE STUDIO
20116 CBUZETETBCTBYIOT O TOM, 4YTO VCTPOMCTBO U3 UeTHIPeX IUIAHAPHBIX AaIILUIMKaTOPOB
IIPAMOYTOJIBHOM (POMBI MOXKHO C YCIIEXOM IIPHUMEHAITH AJIs GHOCHHTe3a MeTa/INYeCKUX HAHOYACTHUI] C
IpUMEHEHHeM BOSHBIX PAaCTBOPOB COJIEHl META/IOB, BOJHBIX PACTUTEIBHBIX MHUKPOIMYJIBCHHA U
HACTOEK.
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S max :J; A.sin( = )dt = 24

5= [ Asin(Zt)dt = Al + cos(S)7,]
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o= /Smax = [ 1 +cos(; 4)]/2 (3)
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5 1 T s'LnET'—T 4
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M = 6,37N (7)
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06¢®35wdo %96 0dbgds doduodogry®o, 8909y 990300©ds, 396GHM30 J0oMgdl dobodswme
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©9bols dsgrols Lsdoenm 3603369 MmdoLsmM30L
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1+cos & = 25 Loog k=1,2,3,...N )

©qbols dserols 98394 mo 86083b69crmdolsmgols

LT
I ik ‘Eti: T N=k

1 bysg k=1,2,3,...N  (10)

(10) 396@™@gd0sb tk (3boo Lsbom obLBOZGMS FgvydargdgE0s. 53 5dMESBOL 58MbLBS
d9Lodgdgos  b3gE0sMEOO  3OHMYMITMo  35393H0L  LEdMowgdom, MMIgeog Fobolfo®
smbgmo N ©ol3mhgEobsEool boolbbolsmgol agsdarggl ti, ta...... tk  000Q093MMdsL. 3
360Hm3gbol 9989y dgbodwgdgwos  3MHgdaool  3bMowol  dgagbs  Bob.3  asBmlsbweo
1J9gdolom3z0L (390399900 OMOMO 0bFHIMHZogdoLs @S 3g6gMSEHMMOL sMbgMo bobdoMols
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T T I N

| thti-th

Lf
o mk 3M0L k Mo 063HgMH35wol dgloglgdsm 930 IdIo 033Mbgdol MomEgbmds, f -
0093279U9d0L 39696M9GMMmOL sGBgmeo Lobdoy.

Nk

bssg k=1,2,3,...N (11)

3b®owo:
N fpe1 — B OG0 Mg 1 d(j0
0 2,05 26,23 | 0
1 0,90 11,57 | 26,23 2,05
2 0,74 9,46 | 37,80 2,95
3 0,67 8,57 | 47,26 3,69
4 0,64 8,21 | 55,83 4,36
5 0,64 8,21 | 64,04 5,01
6 0,67 8,57 | 72,25 5,66
7 0,74 9,46 | 80,82 6,31
8 0,90 11,57 | 90,28 7,05
9 2,05 26,23 | 101.28 7,91
10 0,00 0,00 | 128,08 10,00
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HceTouHnK 00161100 MOCTOSIHHOTO TOKA ¢ JTHHEIHON BBIXOAHOI XapaKTepUCTHKOM

Omap Jlabaose, Hyzsap Kaenawsunu, Jlesan I'sapamaose, Ilananor CraBpranui,
Tamaz Caanuweunu

Pe3ome

PaccMoTpeHbl 0COOEHHOCTH pear3aliii OCHOBHOTO OJI0Ka MCTOYHHKA OOJBIIOTO MOCTOSHHOTO TOKA
— 0JI0Ka 3aJIePIKKH.

IToka3aHbl OTpUIATENBHBIC CTOPOHBI peaju3aluu OJOKa 3aJepPKKH MpPHA IOMOIIM aHAJIOTOBON
CXEMOTCYHUKH. 3aJIaTYMK BEIMYUHBI 33JCPKKH (TIEPEMEHHOE CONPOTUBIICHUE) HE JaeT BO3MOXKHOCTHU
TOYHO 3a()MKCHPOBATh BEJIMYMHY METOJOM TO3HIIMOHUPOBAHUS PYYKU OTeHIMOMeTpa. CaMa BeIHnyuHa
3aJICPKKHU HE 3aBUCIIT JJMHEHHO OT BEJIMYMHBI COTIPOTUBIICHUSL.

Paccmotrpensl mpeumyliecTBa HUGPOBOTO METOAA pealu3alud Oyioka 3anepxku. [IpemiokeHa
MpPaKTUYeCKas peaiu3alis OPUTHMHAIBHOTO METOJa JIMHeapU3allMM BBIXOJOro TOKa.  IIpuBencHa
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METOJIMKa pacdeTa napaMeTpoB CTPYKTYpPbI OJIOKA 33JEPXKKH JUIsl TAaHHOT'O METOJa UCXOMS W3 3aJaHHOU
TOYHOCTH JIMHEApHU3aLUH.

OTMedeHa BO3MOXHACTh PACHPOCTPAHEHHS NAHHOW METOMUKH U1 (OPMHUPOBAHMSA HETHMHEHHBIX
XapaKTEePUCTUK C TPeOyeMBIMH 3aKOHAMH U3MEHEHHS.

The source of large dc with linear target characteristic

Otar Labadze, Nugzar Kavlashvili, Levan Gvaramadze, Panaiot Stavrianidi,
Tamaz Saanishvili
Summary

Features of realization of the mainframe of a source of the big direct current - the delay block are
considered.

Negative sides of realization of the block of a delay by means of analogue circuit design are shown.
Setting device of delay size (variable resistance) does not give possibility precisely to fix size a method of
positioning of the handle of a potentiometer. The size of a delay does not depend linearly on resistance
size.

Advantages of a digital method of realization of the block of a delay are considered. Practical
realization of an original method linearization a target current is offered. The design procedure of
parameters of structure of the block of a delay for the given method proceeding from the set accuracy
linearization is resulted.

Possibility of distribution of the given technique for formation of nonlinear characteristics with
demanded laws of change is noted.
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A DEVICE FOR SETTING A LARGE PERMANENT
CURRENT RELAY USED IN SUBWAY TRAINS
Tamaz Saanishvili, Nugzar Kavlashvili, Levan Gvaramadze,

Otar Labadze, Panaiot Stavrianidi, Giorgi Kiknadze

Summary

A device on optotiristors to configure the relay large DC is described, which is used in subway
trains. This device has the same metrological characteristics with respect to all large DC relays used in
subway trains. These characteristics include the same control accuracy of large DC in the entire range of
control period and the same amount of time necessary for the control.

This is achieved by the additional including of the digital switch and the comparator into the
device. With the use of the digital switch is achieved introduction into the setting device 90-95 percent of
the indicative value of the customizable relay operating current. This gives the opportunity, firstly, of
supplying the high-frequency pulses from pulse generator to the reversible counter and then, after the
value generated by the setting device approaching the value of the current relay, of reducing the
frequency of pulses, that reduces the speed of the generated current rise and eventually to more accurately
fixing the AC relay.

A circuits diagram of the power part of the relay setting device and structural and electrical
diagrams for its control devices are presented

YCTPOMUCTBO JJISI HACTPOUKU PEJIE BOJIBIIOTO MOCTOSIHHOT' O
TOKA ITIPUMEHSIEMBIX B IIOE3JAX METPOITIOJIUTEHA
Tamaz Caanuweunu, Hyezap Kasraweunu, Jlesan I'eapamaose,
Omap Jlabaose, Ilanaem Cmaepuanuou, I'uopeu Kuxnaosze

Pe3iome

OmnucaHo yC’I‘pOﬁCTBO Ha OOTOTHPUCTOpAX HJII HACPOUKU PEIIC OOJIBLLIOTO MOCTOSHHOIO TOKa,
MNPpUMCHACMBIX B HOE34aX MCTPOIIOJUTCHA. 910 yTpOﬁCTBO HUMCCT OAMHAKOBBIC MCTPOJIOTHMYCCKUC
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XapaKTepUCTHKH II0 OTHOLICHHUIO BCEX peJie OONBIIOTO MOCTOSHHOTO TOKA, MPHMEHSAEMBIX B IMOE31IaX
MeTporoiuTeHa. K TakuMm xapaTepHUCTHKaM OTHOCSTCS OJWHAKOBAas TOYHOCTH KOHTPOJS OONBIIOTO
TIOCTOSIHHO TOKa BO BCEM JIMana30He KOHTPOJIL M OIMHAKOBOE BpeMsT HEOOXOAMMOE ISl 3TOTO KOHTP OJIS.

OTO mocTHTacTCs BBEACHHEM JOMOJIHHUTEIBHO B YCTPOWCTBO IHM(POBOBO MEpeKIrOYaTeNs U
ycrnpoiicTBa cpaBHeHus. Ilpm mnomomu nUQpPOBOro NepeKroyaresis JOCTUraeTcsi BBEICHHEM B
ycTpoiictBo HacTpouku 90-95 TpOUEHTOB OPHEHTUPOBOYHOIO 3HAUEHHUS TOKa cpabaThIBaHUs
HacTpauBaeMoro peie. OTO JaeT BO3MOXKHOCTb C T'€HEpaTopa HMMIIYJIbCOB HAa PEBEPCUBHBIN CUETUHK
MOAaBaTh CHAayala WMITYJIbChl BBICOKOW 4YaCTOTBI, a IIOTOM IOCji€ MNPHOJIMKEHHUS 3HAueHUU
TEHEPUPYEMOT0 yCTPOWCTBOM HACTPOMKM TOKa K 3HAYCHHIO TOKa CpabaThIBaHUS peie, YMEHBIINTh
YaCcTOTY CJIEAOBAHMS HMITYJIECOB. DTO MPUBOAUT K YMEHBIIICHHUIO CKOPOCTH HapaCTaHUS TCHEPHPYEMOTO
TOKa ¥ B UITOTe K OoJiee TOUHOM (PUKCAIINU TOKa cpabaTHIBAaHU pele.

[IpuBeneHpl NMPUHOWMHATBHAS SIEKTPHUYSCKas CXeMa CHJIOBOW YacTH  YCTPOWCTBO HACTPOUKHU
perne, CTpYKTYpHas M AJIEKTPHUECKUE CXEMBI €€ YCTPOICTBa YIIPaBICHHUS.
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OnToTUPUCTOPHBINA KAJIMOPATOP TOKA C JIMHEHHON YCTAHOBOYHOM MIKAJIO0M

Hyzsap Kasnawsunu, Omap Jlabaose, [lanauom Cmaspuanuou, Jlesan I'sapamaosze, Tamasz
Caanuweunu, Ieopeuti Kuxnaose

olabadze@gmail.com:

B craTtpe paccMarpuBaeTcsa IuGpPOaHATIOroBas CHCTEMa JIMHEAPU3ALUN YCTAHOBOYHOM IIKAJIBI
kanubparopa ¢ nudpoBOil CcxeMOM YCTAaHOBKM YIJla OTCEYKHM OITOTHMpPHCTOpa. IlOKa3aHO
TIPEMMYIIEeCTBO ONMMCAHHOM CHCTEMEI II0 CDaBHEHMIO C M3BeCTHRIMU pazpaborkamu. IIpepnoxen ogun
W3 BapMAHTOB peaJIM3aIiy JIMHEHHOCTH KaInOpaTopa TOKa.

Hnoexcauuonnvie mepmunst — Kanubpatop TOKa, UudpPOAHANIOroBas CXeMa peaIM3aLNU,
aHAJIOTOBBII JBYyXIIOPOTOBEIN KOMIIapaTop.

Pa3paboTranHOE YCTPOWCTBO OTHOCHUTCS K KJacCcy KajauOpaTopoB MpenHa3HAYCHHBIX I TOYHOMN
YCTAHOBKM 3HAaUYEHMH TOKa MeETOAOM (pa3oMMIIYJIbCHOTO THUPUCTOPHOTO YyIpaBieHus. V3BecTHble
YCTpOMCTBA OCHOBaHHBIC HA 3TOM METOJIE M PEAIN30BAaHHBIC HA aHAJIOTOBBIX M IU(POBBIX >IEMEHTaX
MMEIOT HETMHEHWHBIC IIKaJIbl PETYINPOBAHNS U YCTAHOBKH BBIXOIHOTO TOKA, YTO SIBISIETCSA MX OCHOBHBIM
HemocTtaTkoM. K TakuM ycTpoiicTBaM OTHOCHTCS KadHOpaTopbl ToKa mporpamupyembie Tuma [1321 [1]
KOTOpBI BHEeCEH B lOCymapCTBEHHBIM peecTp CpeACB M3MEPEHHH M BBITYCKAeTCS IO TEXHUYECKUM
ycmoBusaM TV 25-0445.018-83. Hanbonee OMU3KAM TEXHHYSCKUAM aHAIOTOM IIPEIIOTaeMOMY YCTPOHCTBY
SBIAIOTCS KalHOpaTopsl ONMucaHHble B paborax [2,3,4]. DopMHpOBaHE HMITYIbCA THPHUCTOPHOTO
YIpaBJEHUs. B MPUBEICHHBIX PadOTaX OCYLIECTBIISIETCS LU(PPOBBIM METOIOM IPH MOMOLIM CUETYHKOB,
KOTOpBIC Ha BBIXOJE MEPEHOCAa M 3aeMa BBIJAIOT MMIYIBCHl BKIIOYEHUS ONTOTHUPUCTOpA. BpemeHHbIe
JarpaMMBbl paboThI 3TUX YCTPOWCTB NpHBeAeHb! Ha puc.l. Ha auarpammax mokasaHsl: a - pabora
THpHcTOpa mpH ymie orceukd B 120°, 3amTpuxoBaHHas 4acTh CHHYCOMIBI NPEICTAaBISET SHEPIHIO
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OnNTOTHPHCTOPHEIH KaIu6paTop TOKa C IUHEHHOH BRXONHOM XapaKTepuCTUKOH

OPOXOSIIYI0 Yepe3 TUPUCTOP; Db - mociemoBaTeNbHOCTh MMIYIBCOB MOCTYMAMOUIAX Ha CBETOAMOJBI
ONTOTHPUCTOPOB C BBIXOAOB CUCTYMKOB B MOMEHTBHI KOTZa COZACPKHMOE WX OOHYJIsIeTcs; ¢ —
HOJIYIICPHOAHBIC UMITYJbCHI yIpaBicHHa paboToil Kamubparopa; 0 —MakeT WMITYJIbCHBIX CHTHAIIOB IS
OMPEIENICHHS TUTEIbHOCTH OTKPBIBAHUSI ONTOTHPHCTOPA. B ycTpoiictBe [2] cCHHXpOUMITYIBCHI IIepexo/a
CETEBOro HANPSKHUA Yepe3 Hyldb 3alMCHIBAIOT B CYETYMK YHUCIO IIPONOplUUoHambHoe yray 1800-¢°,
KOTOpOE 3aTeM yMEHbBLIAeTCs A0 HyNsA IPH OOpaTHOM CyYeTe CYETYHKa M MPEACTABISCT Yroll 3allepiKKU
BKJIIOYEHHUs] ONTOTHPHCTOPA, a B YCTPOWCTBE [2] B CUETYHMK 3alUCHIBACTCS YHCIO NPONOPLHOHAIBEHOE
yoty ¢° u Toky | mocTynaromemy B Harpy3Ky. 3aTeM 3TO YHCIO YBETMIMBAETCS IO MOMEHTA MOCTYTLIEHHS
UMITyJIbCa TIEPEHOCAa Ha COOTBETCTBYIOIIEM BBIXOJE CUETYHKA. J[MCKPETHOCTh M3MEHEHHS! BBIXOJHOTO
TOKa IIPUBEICHHBIX YCTPOWCTB MEHSETCS, 4YTO SBISIETCS WX HEIOCTaTKOMTaK Kak IPHBOJUT K
HEJIMHEHHOCTH IIKANbl PEryITHpPOBaHMS M YCTAHOBKM 3HAYCHHs BBIXOJHOrO Toka. B paGote [3]
npeiaraeTcss  yCTPaHWTb ATOT HEJOCTaTOK BBEICHHEM B YCTPOWTBO CHELHAIBHOIO CJIOKHOTO
reHepaTopopa TAKTOBBIX HUMMYNbCOB [2]. OmHako HECMOTpsl Ha 3TO MpEAaraeMoe YCTPOWCTBO OT
M3BECTHBIX OTIIMYACTCS TEM IPEUMYILECTBOM, YTO COXPAHSACT HE TOJIBKO JIMHEHHOCTB, HO M AUCKPETHOCTh
IIKaJIBl TPU U3MEHEHUH BHEIIHEI Harpy3Ku. @
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Kannbparop Toka cozmepxammii cuiioBoil TpaHcopMmarop BTOpHYHas 0OMOTKAa KOTOPOTO dYepes
BBINIPSIMUTENb TOAKIIOYEHAa K Harpy3ske, a IepBHYHAs OOMOTKAa K CETEBOMY HANpPsDKEHHIO dYepes
ONTOTUPUCTOP, CBETOAMOABI KOTOPOIO IOAKIIOYEHBI UYEPE3 HMHBEPTOP C OTKPBITHIM KOJUIEKTOPOM K
BBIXO/Iy IIEPEHOCA CYETYHKa (POPMHPOBATEINS MMITYITHCOB BKIIOYCHUS CBETOAMOMIOB, WH(OPMALMOHHBIE
BXOJIbl KOTOPOTO MOJKJIIOUYEHBI K BBIXOJaM CUETYMKA YCTAHOBKH yIIa OTCEYKH ONTOTUPUCTOPA, & CUETHBIN
BXoA K BeIxoay cxeMbl M-HE, onuH BxoI KOTOpON NOAKIIOUEH K BBIXOLY TI'€HEPAaropa TaKTOBBIX
UMITyJIbCOB, @ JpPYroil — K BBIXOLY IepeHoca cuéryuka (GOopMHpOBATENsi HMITYIbCOB BKIIIOUCHHS
CBETOAMOJIOB BXOJ 3allUCH KOTOPOro MOJAKIIOYEH K BBIXOAY CHHXpoHHU3aTopa. C Lenblo MOMydYeHHs
JUHEHHON IIKalbl PErylupOBaHUS U YCTAHOBKHM BBIXOJHOIO TOKA, B HEr0 BBEAEHBI KOMIApaToOphl
BEPXHETO U HIDKHETO YPOBHEH HMHTEpBana JUCKPETU3AlMM, T€HEpaTop KOPPEKLMU BBIXOAHOTO TOKAa U
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LAIl ¢ JONONHUTENBHBIM aHAJIOTOBBIM BXOJOM, HOJAKIIOYEHHBIM K HW3MEPHUTENLHOMY LIYHTY Ry
BBIXOJIHOTO TOKa KaJuOparopa, npudeM Bbixoj LIAIl mogkimtoueH ko BXoJaM KOMIIapaTopoB, a UX BBIXOJbI
yepe3 cxemy MJIM x OIOKHPOBOYHOMY BXOXy T€HEpAaTOpa KOPPEKIHH, BBIXOJ KOTOPOTO IOAKITIOUEH K
CUETHOMY BXOJAY CUETYMKA YCTAHOBKM YIJIA OTCEYKH, BXOJ YCTAHOBKHM HAIIPABIECHHSA CYETA KOTOPOTO
MOAKIIIOYEH K BBIXOLY KOMIIAPaTopa BEPXHETO YPOBHH.

OyHKIMOHAIBHAA CXeMa IPEIaraéMoro Kanamoparopa mpuBelneHa Ha puc.2. Cxema COAEpKUT
CUCTUYHMK YCTAHOBKHM YIVIa OTCEUYKH ONTOTHPHUCTOpa -1, c4eTYHK (OPMHPOBATENb MMITYIIECOB BKITIOUCHHS
CBETOIMOZOB ONTOTHPHCTOpa -2, TEHEepaTrop TaKTOBBIX HMITYIbCOB -3, CETEBOW CHHXpPOHHM3ATOp-4,
MHBEPTOP C OTKPBITHIM KOJUIEKTOPOM -5, ONITOTHPHUCTOP -6, CHIIOBOW TpaHC(OpMATop -7, BBIIPSIMUTEND C
Harpy3koi u nrynrom -8, LIAII -9, komnaparops! -10, reneparop xoppekuuu co cxemor MJIU Ha Bxone -
12. PacmoTpum paboty kanubparopa npu u3MeHenun Ha Bxoze LIAII 3amaHHOTO KOZa, ONpEAENsIONnIero
3Ha4YeHHe TOKa Ha BeIxone. IIpu 3ToM 3HaueHue HampskeHus Ha Bbixone L{AIT MoxxHO 3ammcaTh B BUJAE:
U=U;-Uz+Us, tne U1 HampsbkeHHe COOTBETCTBYIOIIEE 3aaHHOMY Koay Ha Bxoze L[ATl, U, HanpsikeHue
COOTBETCTBYIOIIEE TOKY BBIXOAHOTO IIyHTa, Us -HampspkeHHE CMELICHUS, 3aaBaeMoe pe3nucTopoM Ry,
BBEJICHHBIM JIJIsl COTNIACOBaHMS ¢ IOPOraMU KOMIIAPaTOPOB.

Ha puc 3 nokaszaH ynpaBisilOLIMH CUTHAJ HAa BXOJE I'€HEpaTopa KOPPEKLUMH, MOCTYMAIOLIUN C
BbIxoga cxembl MJIN npu u3menennu 3naunus U mocie u3MeHeHus 3HaueHus koga Ha Bxoae LIAIL.

UlB]A
1
U oml A, Uls]
Puc. 3

Puc. 3 mokaspiBaeT, 4ro mpu BbIXoAe 3HadeHus U 3a mpepenbl MHTEpBaja JIMCKPETHOCTH
3aIaHHOTO IIOPOr'aMH KOMIIapaTopoB, CUTHAN Ha BbIXoAe cxeMbl MJIM mpuHUMAaEeT BBICOKUH YPOBEHb .
ITpu 3TOM nebroKUpyeTcs TeHepaTop KOPPEKIUHN U Ha CUYETHBINA BXOJ] CYETYHKA YIJIa OTCEUKH IMOCTYIAIOT
HUMITYJIBCHI, KOTOPbIE HM3MEHSIOT YIoJ OTCEUYKH TaK, 4To HampspkeHHe U BO3BpamiaeTcss B HHTEPBAI
OTpaHMYEHHBI TOporaMu KoMmapatopoB. llpm 3Tom 3HadeHHe TOKa Ha BBIXOJE KajuOpaTopa
YCTaHABIIMBAE€TCs B COOTBETCTBUHU € KOJIOM 3a7aHHbIM Ha Bxone LIAIl no smHelHON mikane.

Pa3paboraHHbIii KamuOparop TOKa C aBTOMATHYECKH BBICTABIIEMOW BBIXOMHOW IJMHEHHOM
XapaKTepUCTUKON IpeJHa3HA4eH s INPUMEHEHUS B aBTOMATH3MPOBAHHBIX IOBEPOUYHBIX YCTAaHOBKAaX,
M3MEPHUTEIBHBIX CHCTEMAaX, a TAKXKE B KAUYECTBE CAMOCTOSTEIBHBIX IPUOOPOB sl TOBEPKH aHAJIOTOBBIX
UPPOBBIX MPUOOPOB MOCTOSHHOTO TOKA B PA3ITUUHBIX OTPACIIAX IPOMBIIIJICHHOCTH.
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ONTOTHPHCTOPHEIH Kau6paTop TOKa C IUHeHHOH BRXOZHOM XapaKTepuCTUKOH

Optotiristor current calibrator with linear output characteristic
Nugzar Kavlashvili, Otar Labadze, Panaiot Stavrianidi, Levan Gvaramadze, Tamaz Saanishvili,
Gioegi Kiknadze
Summary

The article discusses the digital-analog linearization system of scale of calibrator with digital
circuit of cutoff angle of optotiristor. The advantage of the described system in comparison with the
known others is shown. A one embodiment of the linearity of the current calibrator is proposed.
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Records management program's robot movements Hand his tong
David Purtshvanidze, Otar Labadze, Veriko Bakhtadze

Summary

In the present work deals with the problem of drawing up working for warming up, multihinge
industrial robot worked out by the autor is considering in the paper. Record control program’s industrial
robot x in his rumpled control system, during manual movement of the working body of the robot. In
warming up recording the amount of movement of controlled ropes made from the feedback sensor
servos. To work servos produced therefore corresponding movement of the gripper on each cable
connected in series cable tension sensor. In the work described the original sensor design and the
principle of its actions.

3anuc ynpasisioueil nporpamMbl po00oTa py4YHUM NepeiBUKeHNEM ero CXBara

Aasnzg Ilypyhearuzgse, Orap /labazse, Beprko baxrazgse
Pesrome

B mpencraBneHHoii pabote paccMaTpuBaroTCs NPOOJEMBI COCTaBieHHs paboueil mporpamsl s,
paHHee HaMH Ma3padOTaHHOTO, MHOTOIIAPHUPHOTO MPOMBIIIIEHHOTO po0OTa. 3amuch YIpaBK3IOLIEH
nporpamsl  po0oTa, B IOMSATH €r0 YNPABISIOMIEH CHUCTEMBI, IPOM3BOJACS B IPOIECCE PYYHOTO
nepenBKeHns pabouero opraHa pobora. B pexume 3ammcu mporpampl BENTHMYMHA IEPEMELICHUS
YIIPaBISIEMBIX TPOCOB MPOMU3BOANTCS U3 JaTIMKa 00paTHOMN CBA3M cepBoMamMHu. it Toro ytodu pabora
CEpBOMAIIIHN HPOU3BOJWIOCH CIIEAOBATEIFHO COOTBETCTBYIOLIETO IMEPEMEIICHHUS CXBaTa Ha KaXKIOM
TpOoce IMOCIEAOBATENHO MOJKIYyYeH JaTdWK HATsDKEHHS Tpoca. B Tpyne OMHCaHO KOHCTPYKIHUS
OPUTHHAJIIHOTO JaTYWKa YU MPUHIUIT €TO JCUCTBUA.

wo@gModmMs — References — Jlureparypa

1. . A. Ilypuxsauuzze I'. [I. Yenunze MAHUITYJIATOP Asropckoe cBuzerencrso 1077780
ony6iaukosano 07.03.84 Broner. Ne 9

2. ©. guOEbzsbodg 9Mog5¢LablmYmo LsdMIH3gwm OHMBdMEOL (bmGmowdol) dsGmzolb
Logombgdo. bog 993boghHgdsms 5359800L 5RO geEr05d30ol bobgemdol sGmzgol
LoLEYdgool 0bbEHOEMEOL IOMTsms 3Mgdyeo. Ne7 2003

3. © guogbzsbody. OmdMGOL  bodwdsm  3MMyMsdol  Fgagbol  53EHMTsEH0BoG0s.
bod.  993bogtgdoms 935009000l sMbo 9053300l JsMmz0lL  LolEgdgdol
0bLEGOBHMGHOL FOHMTsms 30gdewo Ne 9 2005 a3. 187-190.

108



33069 30bstnby sL53gbgdgEo 30EMmMYMgdGH™LsaMMOL
b0ddEs3MmOL s HOL Lygombolismgols

bso#bs ¢rm3ody, Jsbsbs xs6035830¢m0, 0MHFS 5(h1s09

Email: [khatuna@mail ru

M9bomdg

bBoG0sdo 50b0dbmEros, @I LagdoMozgemls dobstggdol Bsdmbswgbo gsbsgbrmmo-
Dogbmol  ®gz998do 5-x9® ©5 IgHxrO 90gIsBHgds  890mEamds-bsdmmols  Lybmbol
BB gbL. Lsbodwydme dmygzsbowos 3nbs@ol Bsdmbswgbols 3geowrgds mgggdols dobgogom.
3b309, 39bLsgmmgdmEo 360d369¢mds 9603905 9c00bstnby sbsdgbgdgeo
909dBOmbsaOol m3Godserry®o  boddsgMol  oEagbsl.  93GHMOmS  SBMom,
993 BOMBsaHol Loddgrsgmols FgmBgzoL 537585 sOGLYdMMWo Fgmm©O sMILGYXIYMBOEI0s
© MOx ™05 030 bl M3EH0T0Bs3ooL Fgmmegdols 3sdmygbgdoom.

slssd96989¢o gegdBHeMbsaMol LoddgrogMol abloagbsw 3Ms0gbdmwo dgmmonm
59mbliboos sMsfjOxR030 M3GH0ToBs3ool 59m3s6s s Fs®dmpagbomos Bomgdaero Bgpgagdo.

b5325602 bodyg980: 9696899025, boddamsg6ig, 9696305, 30GMIEIIHGLsOZIG0

MMAmOE  3bmdowos, LadoMmzgewml  dobs@gqdo  Bsdmbsgbol oo Lybmbymo
M05650MOMB0M  boloomgds.  Lo3doMolos  500b0dbMmL, ®md  dEobsMgms  MIGLZEgLidOL
Bo9mbo@gbo  gobogbrmo-Hombmmol  39Mom©do 5-xg6H s F9BoE 50gdsGHYds F90mymds-
Bodmnmol  3gMom©do  Bsdmbogbl.  LsowbGGmozom©  bob.1-bg  HomImpagbowos
©535bsL0sMYOY0 LMo FEobsMOL Bsdmbowgbol 33c00wgdols M39990L dobgwgom. mbs
000b0dbml, OHmI  LodoMmggewml  dobstgms oo MIMLggbmdol  Bsdmbowgbo
bseOLbMIM 0350 bW MYOMM0s Bob.1-bg HoMBmygboo LyyMomobs.

4 3,7
;3 35
3] 3,5
w
o 3
2,5
2 1,7
1,5
1 0,92
1 064 07 08 064 062 0,64
>3 111 BRR
o N
1 2 3 4 5 6 7 8 9 10 11 12

039
Bob.1 0bstrol Bsdmbogbo

109


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CDYQFjAB&url=https%3A%2F%2Flogin.secureserver.net%2Findex.php%3Fapp%3Dwbe&ei=6SmeVduDNeSqywO1mYH4Cg&usg=AFQjCNFVKHCWs6ImyeUdHLTMEe6LC5qxiw&sig2=8whvz3s0NMorIfwqqYyHPg&bvm=bv.96952980,d.bGQ
mailto:lkhatuna@mail.ru

booreybs ¢rmdodg, Jsbs565 y056035020¢00, 06AS 56GB9509

3bo©0s, SLgm 306MHMBYPIT0 5dEHYoEM0s 153969890 LoaMOL LW s3MOL oYYDo.

LodFMmms  39MH0MPOEIL  IMYmergdmo, FoEgdwo ogm, Mmd dobsmgby wbs
089b90oygm  obgmo  Loddwsgmol  gEgdBHOMLoymemo, Gmdgwog bOms  0dbgdms
MBOHMB39wymzoo fguwol botxom 4 m30L 2obdsgermdsdo. gbswos, MMI SLgmo IgomEo
390d@qds 2005V YMGBOWIOYM  (35¢39Mw0  8obsMmggdolsmgol s LMMEos©
23909950 Egdgwo bbgs dobstmggdol 8gdmbgggzsdo.

4m39w039 Bgdmmddmeo gbgds Ibmeme Wfyswbsgegm 39lgdU.

033MOms d0gh 5O 250md39969da LEBsG0sdo [1] gobbowmeo ogm Loddwsgzmol
©5960L 2obLb3sg9dMwo Fgomo. §obsdgdsdg LGHs@Eosdo s@bodbmwo dgommEo MBOH™
303 HoMdmoyqbowo.

absdgbgdgo  LoawyHol  LOAdWszMOL  ILEYYBI© Bggb Tog®  Bodmyseodos
M3G030Do300L Lomobsm 53mEBs. s9m3s60L Msbsbdo LsFoMms ©IEA0BEIL M) MHMAMOO
LoddES3MOL  gEgdEBHOMLoEyMMmo  Mbs  599bgl  @oblsbowgge  d0bsMgby,  Moms
©53054mx0wEIl 9900930  3O0GHIM0MIgo0:  Go3  8godwngds  Bodbodogryo  ogml
299m39985390wo {ferom®o gbghaos; 35L0sbs39, 06035 MMo 0gmb saMgasEHol dmgbols
Q5 2599969090 Fyaol go0m s35MMwo 9bgeyos.

MMAMOE (36Mmd0W0s, §EgdEHOMLOEAMMOL LoIIWszMg FOTMOMZEYDS BMGTMWOm:

P=98QH 336., (1)

53MIMs (1)-0b dobgogzom bob.1-bBg FoHdmpagbowo bstxgdom bosbysmodgdo bLoddwsgzmgdo
9my35600s Bsb.2-Bg. gl dmbs3gdgdo  FomBmygbowos Mo 39930l dobggzom dobsmols
Bodmbogbol Logmdzgubyg, 90989 99 Fs8Mmbsgbols BOIEMdOL dobgzom. 4osbysm0odgdols
©OML Jowgdmwo oym, Gmd H =100 d.

45
<) 37,7 >0
2 40 '
™ 35
o
=) 30
-
a 25
50 18,3
15 ge 99 108
10 6,7 69 6,9 6,9 1.5 '
. 4,2 I I
N | 1 |

039
Bob.2. Lo szMOL HIMZ0IOMEGds IE0BIMOL FsMbII6DY

OMAMOE BoboHosb BBL, 508Fs s©0gdEo BEobsMobmzol dobodow Mo oddwagy
000U 4,2:10333¢), beagnwm dogbodserm®o - 39,9:10%3368).

MMAmOE 3bMdow0s, gagdB®mmbiaOol dogm asdmdmdsgzgdvmo 9bgMaos 4sdmoom-
3gds BMOIMO:

W=Pt, (2)
LSS t 90 9egdEHOMLIYMHOL IMFomdol Losmgdo.

Bob.2-%Bg Pomdmoagboo Loddwsgtgqdol dobgzom s (2) Gm®IMEEoL LsdsEwgdom
390d@gds 3056g0Mm0dmm: gsdmddsg9dmwo farowm®mo 9bghaos — W1, 4s8mmygbgdgeo fywol
3990 53500 9bgmyos — W2 5 53M935@0b dmEgbol 200m ©azoManmeo 9bghaos — W3.
abYMO o565M0F9d0L F9YRJO0 3MMMO0bsEJdTo (W,P) 36593303000 Fo@dmmagbowos bab.3-
‘9.

110



93069 80bstmnbg s15539690geo 3oEMmmgmgdEmmlisgm@ols

250

=O—W1 - 250m88s39dwo gbgdaos
—O—W2 = as38mmggbgdgaro fyarob gbgdgos
—A—W3 - 53M9235¢3)0L dcmgpbol gbgdaos

]
]
=]

W 10 33¢).bo

100

50

0 5 10 15 20 25 30 35 40

P 103 330
Bob.3. 9bgGa00L dosblio

65b.3.%g Ho®mdmaabowo 8ggaqdo Fgodmgds godmbsbme 0dbgls s36HmJlodszomo

3601©gd0m, MmMIgEgdo3 Joegdmwos Excel-do  s®LYdMWo  53OMmJuodszool  3HmyMsdol
Lodnmogdom [2].:

W1=35.224LN(P)-11.34 3)
W2 =-35.23LN(P) +129.73 (4)
W3 =0.0679P° +3.6084P — 24.664 (5)

336Mmgdlodsool 8998900 Fomdmoaqbowos Bsb.4-bg (Fyzg@owo bsbgdo).

300
=O—W1 - 250m8m8s370 o gbgfgos
—0—W2 - a00mygbgdgwo Fywol gbgéaoo

250 —2—W3 - 2307253 0b dmgogbol gbgéaos

200 W3=0,0679x2+ 3,6084x - 24,664

W 106 33¢.Loo

150

100 W1 =35,224ln(x)- 11,34

50

50
P 103 333

65b.4. 969600l dosblo (536gbods305)

111



booreybs ¢rmdodg, Jsbs565 y056035020¢00, 06AS 56GB9509

4m39wwo039 H99mmJdMosb gsdmdobsmy, sdmEsbs 890dwgds Bodmyswodgdw 0dbgls
399090 bsbood:

doBbbol gmbdgos:

F=k1.W1-k2-W2-k3-W3 — MAX , 5)
Loog k1, k2, k3 o0l fmbomo 3mgzoisogb@goo, kl+k2+k3=1.

39B0390L 946905 sbgmo Loby:

1. P>4.2338;

2. P<39.993p.

3bo©os, MM Bsdmysodgdwo  sdm3sbols doBBol gmbJgos (5) ML  sMfMROZ0.
50m3obs  90moblbs  aMoogbd o  dgomeoo MS  EXCEL-8o  s®bgdmmo  360Hma®msdol
Lodmowgdom [3,4]. 00 dgdombggzsdo, Gmogbsg kl=k2=k3=1/3, 56w W1, W2, W3 {mbgdo
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P=13.08 33¢); W1=179,23 a3¢).Lbov; W2=39,14 943%.bo; W3=27,17 33¢).Lo;

005bb  gMmo©, 3Mb63MgEHM  dobsmgby  gagdBOMLIEAOHOL  5dgbgdol  EOML
5MLYOMEO 306MBJI0EID 258mIE0bsY FmbsemEbgwos, Hmd W1, W2, W3 mbgdo 56 oyml
05650500, (3bs0s, LMo STMEIBOL STMbLBY o 0bFHIMGLL FoMTMoYIbL. STMESBOL
abgmo 53mblbol dggagdo ki, k2, k3 Ubgsslbgs 3608369wmdgdolamgol Fotmdmmagbowos
3b®o-1 -do.

(6)

3bGowo-1
P,03% | kil k2 k3 | W1, 233.bo | W2, 4363.b00 | W3, 333).Lo

1 13,08 13| 1/3 1/3 79,23 39,14 27,17

2 13,23 | 033| 033 | 0,34 79,63 38.74 28

3 1369 | 032] 032] 0,36 80,83 37,54 30,5

4 14,17 | 031| 031 | 0,38 82 36,33 33,11

5 14,67 03] 03 0,4 83,3 35,1 36

3bo@0s, MM Fomdmygbowo sdmEsbs G9x8sLgd0mo baliosmolss. 3gMdm, 3mb3MgdEme
9d0bsmgbg Loym®ol 59969d0LOMZ0L 250350l obgdme Mbos 0dbgl Gmym®E dobsmol
dmbs(390900, oLy d9bgdEMdOL s  96gMPMAMIRBHIOOL  OMPOMEIGds,  SMgM3g  Lbgos
39960316-9306M80396M0 5 930MMmA0)H0 Tobslinsmgdwrgdo.

For power definition of hydroelectric power plants on small river
Khatuna Lomidze, Manana Janikashvili, [rma Archuadze

Summary

In the paper is mentioned that Georgian river drains during spring-summer season exceeds
more than five times compared to fall-winter season drain. Monthly variations of river drain are
shown as an example. Obviously establishing optimal power of future plant is important. Authors
think existing method of choosing capacity of the power plant is not sufficient and should be found
using the methods of optimization.

To establish capacity of designed power plant non-linear optimization problem has been
solved using gradient method and the results obtained are presented.
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K Bompocy ycTaHOB/IEHM MOIIHOCTH T'MZAPO3IEKTPOCTAHIIMH
HAa MaJIoH peke

Xaryra Jlomuzse, Marnarna /Draruramsrry, Mpma Apayazse

Pesome

B cratse ormeueHO, uTO CTOK pek ['pysuu B BeceHHO-JeTHeM Ieprofe roja 5 pas u 6Goiee
IIPeBOCXOJUT CTOKA B OCeHHe-3UMHeM Iepuoge. /lia mpumepa puBeeHO U3MeHeHIe CTOKA PeKH II0
Mmecsanam roga. OdeBUAHO, YTO 0co6oe 3HaUeHHUe PHOGpeTaeT BOIPOC YCTAHOBIEHUS ONTHMATIBHON
momHOocTH ['DC cTpomTenbcTBO KOTOpOM HamewaeTca Ha Manoil peke. Ilo MHeHWIO aBTOpOB
IpUMeHAEMBI B HACTOAIlee BpeMsA MeTOJ BBIOOpa ONTHMMAIbHONH MomuOcTh ['DC ABIgeTcA
HEYJOBJIETBOPUTEIBHBIM U, II03TOMY, 1[eJIeCO00Pa3sHO HCIIOIb30BATh METOABI OIITUMU3AIIIH.

A ycTaHOBIeHMS onTUManbHON MomHOCTh [DC pelleHa HeluHeiHas ONTHUMU3AIlMOHHAS
3a/laya ¥ IpesiCTaBIeHbI TOTyYeHHbIe Pe3yIbTaThI.
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The formulation and optimization of cubic polynomials trajectory
of multihinge industrial robot components

Nugzar Dadiani, David Purtshvanidze
Summary

Because of the physical limitations of the optimal control of industrial robots is a challenging task. An alternative
solution to the problem is to divide it into two parts: the selection of the optimal path to the beginning of the movement
and traffic control along the selected path during operation of the manipulator. The trajectory can be obtained by taking
the existing solutions. Planning the optimal trajectory is achieved at the level of the joints. Function cubic spline is used in
the construction of trajectories of an industrial robot joints. An algorithm for plotting the time intervals between each pair
of adjacent nodes so as to minimize the total transmission time, depending on the physical constraints of velocity and
acceleration

®opMyJIMpPOBaHHE U ONTUMH3ANUA KyOH4eCKIMH MOJJMHOMAMHM TPAeKTOPHHU ABUKEHHUS Y3JI0B
MHOIOIIAPHUPHOI'0 NPOMBILIJIEHHOr0 po0doTa

Hyesap /laouanu, /lasuo Ilypyxeanuose

Pe3iome

W3-3a ¢u3mueckux OrpaHMYCHUI ONTHUMAIBHOE YNpAaBJICHHE IPOMBIIIIEHHBIX POOOTOB SBISETCS CIOXXKHON
3ajadeil. AJTbTEpPHAaTUBHBIM PELICHUEM 331a4H SBISETCS JeJIeHHe e€ Ha JBe YacTH: BHIOOP ONTHMAILHOM TPAeKTOPHH 10
Hadaja JBWDKEHUS M PETyIHUpOBaHME ABIDKCHHS BJIOJb BBIOPAHHON TPAaeKTOPHM B Ipoliecce pabOThl MaHHITYJIATOpA.
TpackTOpul0 MOXKHO IIOJYYUTh IIyTEM IPUHATUS YXKE CYyIIECTBYyOUMX peuieHuil. IlnanupoBaHue ontuManbHOU
TPAeKTOPUH JOCTHrAeTCS HA yPOBHE couieHeHU . DyHKIMSA KyOHMUeCcKOoro CIuTaiiHa UCTIONIb3YyeTCs MPH KOHC-TPYHUPOBAHUH
TPAeKTOPUH COUJICHEHHH NPOMBIIIJICHHOT0 poboTa. Pa3zpaboTaH anroputM Ajisl MOCTPOEHHsS TpadiKa BPEMEHHBIX
HHTEPBAJIOB MEXIy KaKAOH Mapoil COCeTHHX Y3JI0B TaK, YTOOB MHHHMH3UPOBATH BPEMs IIOJIHOTO IPOXOXKICHHUS,
3aBHCAIIEE OT PU3MUECKUX OTPAHUUEHHH [0 CKOPOCTH U YCKOPEHHIO.
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365gdBHozodo bdoMms ©gds Lo3ombo, MMYMO  yos3sbsfowmom  Asblsbrzmme bogMigdo
230593900 569900, ©abol fgoOmgdo s 5.8, GMI ImEgdMwo Lboddwegzol  JoMHmdYdTo
0030000 35JL0dsMo 9539JG0. §806@s MYMOHOMO M35wLsBOOLOMm gl Logombo o0Y3z569ds
905350  33¢090L  BMbdi00lL  9JuBH®gdscrm@mo  8600369cmdol  dmdgdbsby, Gog bdoMs
“OHNMEGL  odmmMZgdmsh Mol ©s3sg3doMgdemo. MatLab Lsdmogrgdsl odargzs ymgzgger
30b3M9@MeE 9900b3935L BoMGH035 TMZ5MRMO BMYSO 3OHMYMTd M 3IZ3J0 3505393 MO0l
3600369 mdgdol  domomgdom  ©d  899a0  J0300Mmm  OHmamOE  Mosbggdom,  sbg3g

30D95¢OH5.

LOToMEH030L5m30L  Fo630boWM™ MMsbOL  ABsMYdOL Togowomo. sdmEsbs 8gdgado
000aMToMmgmdL: MMM 30350(0Mmm Mmmobol M3E0ToE 4obsmgdsly BomvHgdol dm3gdwero
LOIIWHZ3MOLS S MOMEIbMdOL Fgdmbgzg3zsd0. 3md3zs0m N1 X M X h 356509EHMJOOL MMSbO Mbs
3935650m0 N 6o qbmdol ghmbso®o Loddwsgmols bosmmMmom, H™mIgmms LaghHmm boddwgyg
W 35¢0L Gmos. mmsbol Fgob  993bsdsdmo 30mMEobs@ms LobEgds Lomsgom JOMNIOHM
Jobgdo.  LogmmOobs®Hm  ©0gMdgdo  9030sOmMmm  339MEadoL  AsLzMog.  BosmyHgdol
300O065¢900 (x;.Y;).ij-1, N-ow 503608600

IBAIGH03MNO0 MZ5eLsBOOLOM LOLKYHZGE0s BoYMYdO Yob3oEsM™ MMobol gMmdgwro
3900l a3Lf3M03 396GHMo® Boffoerdo o6  MedmEgbodyg 33M0350 gMH™TbgmOoLoysb s

300090000 09650500 TMMYdOm. HMEILIE B MMGOO 2obarsygdos 4Mdgwo 3gerol
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39LH3003 396G ®sw® bsfoardo, g.o. y=m/2 §HARoL obfzemog, Bsom®mgdol 3mmMobs®gdo
0gbgdo: Xi= %; yjz%.

MmEgbsg N=I'k, Losg k ©s I Bo@gmMown®o Hogbgzgdos (bmysmdol dgybemogs©
nxi __m*j
141 Y

dmn3gdne (%, y) §96GH0wdo  Lobsmol 0b6@gblogmds 0bmdgds 35@¢0/339ModwE
3935030 s 0ol BHME0s 630MGHOL LoddeegMg dgi3oMHEIdWo  4-0b bsdMms3e B BocrmMsdy

39230005 3019olbImm, Hmd k> 1), Xi=

056dool 33500M0EH5b:

_ w
N(4-pi(x—xi)2+(y—yj)2+h2)’

ei]-

N w
L= N@pi(e—x)2+(y-y)2+h2) °

L0 MLEAMIGOMP Fobgobowmm 39Mdm dadmbgggs:
300g35m 10 X 4 X 3 996%mIogdol dJmbg momsbo Mbos gog3s6500mm 300 3530 Loghomm
L0ddEs3M0L 4 BsMMMOm. 05330039 Rob3oWsFMM O MOYS. 35806 FMEOIMs

300090L Labgl:
75 75 75 75

€= 4pi((x—2)2+(y—2)2+32)+4pi((x—4)2 +(y—2)2+32)+4-pi((x—6)2+(y—2)2+32)-'—4-pi((x—8)2+(y—2)2 +32)°

39900930 3MMyM5d5 030l 2obsmgdol  0bEHIblogMdsL Mmmabol bgdolidog® fFadEowdo

(306055 LoobEBIMHgLMS 439D dwogh s Y39wabHg LYLEHSE ASBsMYPdMo g GHowgdo)
5 30D995 Mo 330639690l IN0sbo gobsmgdol bvyGHomb:

light4 =Q@(x,y,d) 75./ (4*pi* ((x-d) . "2+ (y-2)."2+3"2))

[x,y] =meshgrid (0:0.1:10, 0:0.1:4);

contourf (light4 (x,vy,2)+1lightd(x,y,4)+1light4 (x, y,6)+lightd (x,y, 8,20);
colormap ('gray');axis equal tight

for x=0:1:5

e=1light4 (x, 0,2)+light4(x, 0,4)+1light4(x, 0,6)+light4(x, 0, 8)

end
10 20 30 50 GD D 80 50 100
e = 1.1378 e =
0.7562 e = 1.3952
e = 1.2810
0.9509 e =
e = 1.3671

MGG 3b9o3m, Foblbgagzgds 396GH0LS @S 300YIOOL 2B YBSL MOl OWOS.
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™33H030Bs3E00L BMYogMmo 53m3Esbol 4ssHy39@s Matlab-ob gsdmygbgdoom

b gobgobommm 9gdmbgags, Hmas 75 3530b LoTdwszmol 4 BsmvyMs QobEsgdmE0s
6 3F3600350. 50 Fg0mbg93580 BomIBOL 3NMOEOBGYBdO 0dbgds (x;,Y)), 1,j=1,2

n

xX; =—1;
to3

m .
Yi=3J

(10 x4 x3) 56%Bmdoqgdols dJmby mmobol 6gd0Lbdogd (x,y) F9gOGHowdo Lobsmerol
06¢9bLogMmdoL godmbomzugEro i3m®dmes 30 Joomgdl Labgl:

75 75 75 75

(=) (=2 a0 e (e O 4 G ) e a5 )

e =

light4 =@(x,y) 75./(4*pi*((x-10/3).2+(y-4/3).A2+3/2))+75./(4*pi*((x-10/3).2+(y-8/3).A2+3/2))...
+75./(4pi*((x-20/3)./2+(y-4/3).72+372))+75 /(4 i*((x-20/3)./2+(y-8/3)./2+312))...

[x,y] =meshgrid (0:0.1:10, 0:0.1:4);
contourf(light4(x, y), 20);
colormap('gray');axis equal tight

for x=0:1:5
e=light4(x, 0)
end

40

30

light4=@(x,y)75./(4"pi*((x-10/3).A2+(y-4/3).A2+3/2))+75./(4*pi*((x-10/3) N 2+(y-
8/3).A243/2))475 /(4 pi*((x-20/3)./2+(y-4/3).72+372))+75./(4"pi*((x-20/3)./2+(y-8/3)./2+32))

e= e= e=

0.6985 1.1498 1.4830

e= e= e=
0.9077 1.3644 1.5125

9900930 96 25IxMmdGLs. LML BsbL, GMI vy Bomw®gdl 9306y 390WIdL
00315bEm3903m, Mmmobob dbgeo 30 H9MHEH0wd0 v39m 3obscgds.

3009350  9OMYOHMO IMZwy 39JOWoEsd  BsnmHol sdmMds sMol  d, 5dob Tgmg
300006 ©sdmMmgds 0dbgds 10-d. gMdgwro 390wWoEsb dMMYds 5©03608bmm 1-om, dgmmyg
30006 odmmgds 0dbgds 4-1.

LobomEolb 06EHIBLOZMBdS 390w gdOL ALHIM0Z 250M3LObMM M 5530321E0. BMYSMBOL
391005350 89230005 4MHOR03ME0 Fodmbobegds 5353000 IbMEME JOHO
3M0boLomz0L (sbsMBgbgddos 04039 LMsmo Fo0Wds):
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e =
75 75 75 75
UG-+ (-2 +32)  4pi((r—(10-D)2+(r—D?+37)  4pi((r—d) 2+ (y—(4-1)2+37)  api((x—(10-a))2+(y—(4-1)2+32)

function ganatebab

syms x y d 1;

light4 =Q@(x,y,d,1) 75./(4*pi* ((x-d)."2+(y-1).72+3"2))

d=0:0.1:5;

zl=1ight4 (0, 0,d, 4/3)+1ight4(0,0,d,8/3)+1ight4(0,0,10-
d,4/3)+1ight4 (0, 0,10-d, 8/3);

z2=1ight4 (5, 0,d, 4/3)+1ight4(5,0,d,8/3)+1light4(5,0,10-
d,4/3)+1ight4 (5, 0,10-d, 8/3);

plot(d, zl)

hold on

plot(d, z2)

hold off

0.94

02 04 06 08 1 12 14 16 18 2

Bobsbosb Bsbl, G Lobsmerol 0bEHgblogmds 396@®Ls s oGS HgMHEHowdo
90bs0MH0 046905 , M35 I30679 39W0EIE sTMGGds OsbEMgdom 1.5 IgEHMmos. BMLEO

36003690 ™ds 303300 99900930 3MM(390HOM:

z=@(d) light4(0, 0,d, 4/3)+1light4(0,0,d,8/3)+1ight4(0,0,10-
d,4/3)+1light4 (0, 0,10-d, 8/3)-...

light4 (5, 0,d, 4/3)-1ight4(5,0,d,8/3)-1ight4(5,0,10-d,4/3)-

light4 (5, 0,10-d, 8/3)

dint=fzero(z,1.5)

dint =1.4574

259030035 M QOEO JJO0EID ITMMHGOS s J9BsMIOOL 06EFIBLOZMBS B mE@gdol
3baeo 996 gdol d98mbggzsdo.

function ganateba’

syms x y d 1;

light4 =@(x,y,d,1) 75./(4*pi* ((x-d)."2+ (y-1)."2+3%2))

1=0:0.1:2;

z3=1ight4 (0, 0,1.457, 1)+1ight4(0,0,1.457,4-
1)+1ight4(0,0,8.5423,1)+1ight4 (0, 0,8.543,4-1);

z4=1ight4 (5, 0,1.457, 1)+1light4(5,0,1.457,4-
1)+1ight4(5,0,8.543,1)+1ight4 (5, 0, 8.543, 4-1);

plot(l,z3)

hold on

plot(l,z4)

hold off
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0.94

0931

092r

091r

091

089 F

088

087 L L L L L L L L L

Z=@(1)light4 (0, 0,1.457, 1)+1ight4(0,0,1.457,4-
1)+1ight4(0,0,8.5423,1)+1ight4 (0, 0,8.543,4-1 )-...
light4 (5, 0,1.457, 1)-1ight4(5,0,1.457,4-1)-1ight4(5,0,8.543,1) -
light4 (5, 0, 8.543, 4-1);
dint=fzero(z,1.4)
el=1ight4 (0, 0,1.457, 1.34)+1ight4(0,0,1.457,4-
1.34)+1ight4(0,0,8.5423,1.34)+1ight4 (0, 0,8.543,4-1.34)
e2=1ight4 (5, 0,1.457, 1.34)+1ight4(5,0,1.457,4-1.
light4d =
Q(x,v,d,1)75./ (4*pi* ((x=d) ."2+(y-1) ."2+3"2))
dint =
1.3420
el =
0.9282
ez =
0.9282

903009m,6HM3 456500980L 06¢)9bLogMds 3MMbgls s 396EH®T0 JOMNBs0MOS. MMsbOl
L59M0M 23b6509d0L LYHIMO SLYMO.:

light4 =@ (x,y,d,1) 75./(4*pi* ((x-d)."2+ (y-1)."2+3%2))

[x,y] =meshgrid (0:0.1:10, 0:0.1:4);

contourf (light4(x, y,1.45, 1.34)+1light4(x, y,1.45,2.66)+1light4 (%,
yv,8.5,1.34)+1ight4 (x, vy, 8.5,2.66), 20);

colormap ('gray') ;axis equal tight

3900930 LObYYMHZ3gE0s, MMIHBO MBOMOE SGOL Yobsmgdwero.
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The solution of some optimization problems using Matlab
Nugzar Dadiani, Ketevan Omiadze, Dudukhana Tsintsadze

Summary

Many of the problems arising in engineering, economics, politics, conflict and having
theoretical and practical importance, require optimal solutions according to the specific situation and
conditions. Every rational decision is made using classical optimization methods, which are based on
various mathematical models.

The article describes the lighting distribution (energy, power, etc.) in a certain area, in
particular the conditions of choosing the best option of the room lighting. The dimensions of the
room, the number of lamps and their power are set as parameters. The mathematical model of the
problem involves finding extreme values of functions of several variables, Matlab-program calculates
the light intensity in the room for a variety of settings. Presents relevant graphics.

Pemenne HekOTOpEIX 3a7jad ONITUMHU3AINH C HCIIOMb30BaHNeM Matlab

Hyrsap /lagnamn, Kerepar Omuazgse, /lyayxana [[urmazgse

Pe3iome

Muorue 3azauy, BOSHUKAIONIKE B TEXHHKE, DKOHOMUKE, IOJHTHKE, KOH(IMKTONOTHM U
HMeIOIIYe TEOPETUIeCKOe U IIPAKTHIEeCKOe 3HAUeHUe, TPeOYIOT IPUHSITHS ONTUMAIBHOTO PELIeHNs B
COOTBETCTBUH C KOHKPETHBIMU CUTyalMssMu U ycaoBusamu. Kaxzoe pasyMHOe pelreHie IIPUHIMAETCS
C WCIIONB30BAHMEM KJIACCHYECKUX METOZOB ONTHMU3ALMM, KOTOpble 0asMpyIOTCA Ha PasIHYHBIX
MaTeMaTU9IeCKUX MOZEIIX.

B cratee ommuchiBaeTcs paclpefiefieHHe OCBeLeHHs (SHEPTHH, MOLIHOCTH U T.J.) B
OIIpe/ieIEHHOM IIPOCTPAHCTBE, B YaCTHOCTH, YCJIOBHS BHIOOpA ONTHMAIBHOTO BAPUAHTA OCBEIIEHU
KOMHATHL. PasMepsl KOMHATHI, KOJIMYECTBO JaMII M HX MOIIHOCTH 3aJalOTCS B BHIE IIAPaMeTPOB.
MaremaTudeckas MOZeJIb 33291 BKIIOYAeT B ce0s HaXOXKAeHHe 9KCTPeMaIbHOTO 3HaYeHUS DYHKI[UH
HeCKOJIBKHX IlepeMeHHBIX, a Matlab-nporpaMma BEIMMCIIf€T MHTEHCHBHOCTD OCBEIEHUS B KOMHATe
IJ PasIUYHBIX 3HAYeHUi ImapaMeTpoB. IIpeACTaBlIeHBI COOTBETCTBYIOLIVE rpadudeckue
n306paKeHNU.
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6056 Go60565030¢70, beagos® 3d9cr0dz0¢0, 19029356 39D0®08300¢00-be2B3dy, 3969
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LGsG0sdo gsbboenmmos gaMm3ol §3gybgddo dbol gbgMgool asdmygbgdol Bgbogbaogdo
5 3963005607900 39ML39dEH03900.

dbob 9600l 5Msdgabgegdols MIMEZEgMdS IBSEEIIZIMIGYOMEO XFIBOLSS.
05000 L5375 gd000 bEYds Fgarols 3o3baEgds, bools s dmlEbgmEols hmds. 3Bol gbgMaools
83mdmEomgdom  dglsdengdgeos  dgbmdgdol, Lomdnmgdol s ULbgsms @bgwo  fywoom
90565905 5 250dMDBS.

b0l sbsysMYd0 3615dE03Mms 56 bsFoMmMgdID LogdudemsdsEom sbsbatxgdl, G
300093 OBOM 396U3gJGHomml bool Jsm BsOmmE sdmyggbgdsl ghmgbmmo dgmEbgmdols
Ubgoslibgs s®ado.

1533956dm bo@yzgd0: dbob 969305, 969630 B33s, MBMIMsth5398s

1973 gl @oofjgm UNESCO-U 306390 boghomedmemobm 3Mmymsds dbol gbgeaool
2990ygbgdol momdabyg. 1973-2000 f. Abasglo 3OHMAMTgOOL MHJooHs30sd 9g3dm3ol J399bgddo
96963930390 B5EobLOL 250339990 (33€P0Wgds Ao8Mof30s. §Mexk03By 1 bobggbgdos 0
(33000¢q0900L 0653035, HMAMOF 309530300 BsbBL, 2000 Farosb 2010 fersdwg gbgGyools
3ow3gmeo babggdol dobgzom gbghgg@ozol BMool LoBJsMgl Jotgbgtyg®ozs 25,7% s
3ol 96960293035 (ZnGHMI 9GO 2563986 gdo (39y) 16.8% 5BLsbrgMagl.

30053030 1

2000-2010 GengdBo 5656358030l 39630ms60b Babogbiogdo (936m3s)

30
2570
25
= 20 16.80
<]
2,
= 15
c
=
=
&
& 10
2
3.00
5 - 1 2.10
) .60
0.60 1.20 140
a
smdnGo | JgeBsbdos | Bagmedo | domGeply | dmBpdeoge | apmoenGin b0l Fools
abaGpgoe o Faos s Pl abagos abacgne
2Bapos (o
‘ = Aghaglh2 06 12 14 16 21 3 16.8 257

1975 §ie0sb gmEmgumgd®emewo 9egdgb@gdol dmbdsmgds ymggafuom®om 0bmMmEgds.
50bodbmo  gangdghBgdol BoMmMIslTBHo005b 3MdGH03Me godmygbgdsl x9gh 30g3 dobo
00O MZ0MPOMHOWGOS 256LsBLIMgL.
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b. Goh0s65G30¢0, b. 339c0d30¢0, 4. 39D0MH0OT0ew0-b2YsdY, 3.b5058300m0, 0.602B53Y,
0. 0226535~ CPOTZOC0

oMM OMobgwo  GHgdbmwmyon®o  domfigzgdol  Fggae 133  LoddwsgzMol
ROGMIIIHOMWO goMsdgdbgerol oMgdmgds (S/Wr) 2000 farosb 2010 fersdy 80%-0m
39930605. 9b 33oEgd9d0 Imyzsboos yMexzol3 by 2.

36533030 2
2006-2010 vwaa'ao 9333—0]1 Qnﬁ)a&'ﬂgﬁg&) ($/Wp)
60
C e 55
50 [—
o 40 |
2 30 f
S r 25
= i +
&5 L 16
20
; - 1413 128 126 124 11
L * . . . . 10 3
10 | > o -
i *
*
0
2000 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
bl 55 25 [ 16 | 1| 3 s e |4 n [0 | 8 | s

RMGHMIIIGHOMNO  2o0©sdddbgeol  0oMmgdEgds, dolo  FobmdMog0  HoMIdmgdol
d99mbggzsd0 2000 §geosb 89009000 dgladmgdgeos mGx g d9830MHEIL (3bO. 1).

gb®owo 1
393-0b VOMHFIMEIDs $/33¢): 0HMTMHIMDS s 3OHMABMDBO
BOGMIIIGHONWO 250©59gdbggdol Tsboes 2000 §. 2020 §.
302036M0BE MO0 Lowozodo 1,5-2,5 1,2-2,0
Cd-Te (bLBHOdO00-EGJEOw)©O) 1,2-2,0 0,75-1,25
a.5i (50O xMwo bowoEowdo) 1,2-2,0 0,75-1,25
Cu(Ln, Ca)Se2 (Ldoggdo, wom¥)do, 3oe30)do, bywgbo) 1,2-2,0 0,75-1,25

2020 Herobomzgol 1gy-0l  oMgdMEgdol  3OHMAbMbBo  sOLYdIMW  GH9dbmemyoqddo
©0Mg0gdoL Jobods® B3l FoMdmaagbl.

305Lmb  gPhmo©  Bgy-ob  MZ0MPOMGIMgdol TG00l byl dgfymdl  dsmo
999d&HIOMdOL BOHELE (GbG. 2).

dBol gbgMagBH030L 39630006M9d5L J39946gd0l FMzMMdYd0 YmzggebsoMs gbdoMgdsb.
3903560580 2000 Ferol 090930l 3sbmbols msbsbds Lobgwdfoxm 39Gdm Iglsgmom®mggdol
RmGHMIIIGHOM0 IMEEgd0Esb 39003 ds390w FoMd guadBMmgbymaosl ol Lssmgd-
do 0dgbl, bmeom bomsdmb s sdol Lssmgddo Mogol dmdowsdggdl bsFoMmgdol Fgdmbgzggzsdo
396 MOOHMBYdL. 2qcM3obosdo dmddgo 3MMmyMsdol “10000 dbol LobwEsgzo” s Jomgdwyeo
396mboll  9gMfydsd bgero  Ggmfiym  BmEHMIWgdBHOME  gomsdddbgwgdbg  4oBOLOEoyMm
dmmbmgbs. 5393-0b 533 LT s3MOL IMYIEgdol 89ddgbgdl BmMsgM®ds 10 Herosh M3HMEIbE™
3M900AL bLegsBMdL. Lgmo bgedgfymdom FomsMmds J39ysbsdo dbol 9bgMAgBH03s o
LogOHOME 9ogMHRqE030L BYMTSMYMD
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9dbob gbgegools s9mygbgdol ¢9bwgbiogdo g3tm3sdo

3bMowo 2
dbob 9ergd96@gd0bL (9m©wYengdol) 3.d.3.: 3mIsMmgmds s 3Omabmbo
B0GHMIIIGHOMO 250s9ddbgegdol Tobos 2000 §. 2020 §.
3m0360H0LE Mo Loeoodo 16 20
a.5i (53O gm0 Lowoowdo) 12 14
Cd-Te (bL&Hodoydo-Egeeo) 10 14
Cu(Ln, Ca)Se2 (Ldogdo, omvydo, 35304990, bywgbo) 12 14

39womgbgygBHolzol  3ob30m0Mmgdsdo dgmeg bmxagwom  3mbxggdgbios (1998, 39bs)
390md6v69d0L IMAgbEHo 0m3zegds. 39650 dmgfigm dBol 9bghmaool i39gy-ob 4odmagbs, Gmdger-
dog 2000-0¢0g 99360960 BMbsfoegmds. 5 30M39wo@ 970 Mo 2010 ferobomzol ysbsbeng-
05000 gb9Ma0900L LEgMM™MTo J3OM3MWO F99MHM056xdOL FoBbgdo. g3MMm30l J399bgddo gomgo-
obobgdreos 300083¢@ oA szMOL B9gy-0b WIBYIMHY3s WS JMMO BoEoMmbo Bga-ob HoMdmgds.

©EgoLsmzol dBol gbgMaool gumgdBHPve 9696205 F3MHsdabols 39ML3YJEH0EMdS
933L 96 0fj393L. B0Mbgs3zs@ 5oLy Bl MOMMO 3MEWgIGHMMmIIOL 25dmyggbadols BolidEedgdo
093050 509953905 B9y-0L 53mYggbgdol TolsdEodgdU.

50558500 3BOL MdYOHO 3MegdGHMOOOL oM 935390905 JOEPOMBMBO™ 3350
390 BoOmMd0. 1999 ffrmobomzgol 93mm3s80 9ldwIs@sE0sdo dymao MdOMEOmO 3MEgd@mey-
B0l }90M0 FoOo 7 dwb 92U 9goa9bo, 3500 @ OGO LOAWszHOm. Lodwswwme 102
BIODMBOL POMJEgds 250 $-%7 Bogzergdos.

936M™3580 OO0 30 gdBHMMmdoL 4odmygbgdols dbMog 839300, 5300 A9JMYMOBOEIO
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Tendencies of use solar energy in Europe

Nodar Mirianashvili, Nodar Gdzelishvili, Ketevan Vezirishvili-Nozadze, Venera Khatashvili,
Tengiz Nozadze, Teona Tsotsonava-Durglishvili

Summary

In article the tendency of use solar energy in the European countries and prospects of its
development is considered. The majority of converters of a solar energy Hu3KOTeMmepaTypHOH
groups. By means of them it is possible to heat up water, to drain fruit and vegetables. With solar
energy accumulation probably to carry out hot water supply and heating a building, hotbeds etc.
Solar installations the practical do not require operational costs because of what they become even

more perspective for wide application in various branches of a national economy.

Tenpenuyum ucrnosp30BaHKA COMHEYHOM SHepruii B EBpome

Hozap Mupraramsrrn, Hogap I nsennmsrinn, Kerepan Besnprumsrrn-Ho3sazse, BermepaXaramsrrw,
Terrus Hosazse, Teorna IJorjorasa-/[yproauuBrrmd

Pesiome

B crarbe paccMOTpeHa TeHIEHIWS MCIIONIB30BAHUA COJMHEYHOH sHepruil B EBpomeiickux
CTpaHaX M IEPCHEeKTHBH €€ pa3BUTHA. DOJBIIMHCTBO IIpeoOpasoBaTesieil COMHEYHOI BSHEPruu
HU3KOTeMIepaTypHO# rpynmsl. C IOMOIIBI0 MX MOXXHO HAarpeTh BOAY, OCYIIUTH GPYKTH 1 oBouru. C
aKKyMyJIMpOBaHHEM COJIHEYHOH ODHEPruHu, BO3MOXHO, OCYIIECTBUTH ropAdee BOLOCHAOXeHHe U

OTOIVIEHWE 3AaHWH, IIapHUKOB M T.A. ConHeuHbIe YCTaHOBKH HpaKTI/I‘{ECKI/Iﬁ HEe HYXIAIOTCI B
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Analysis of The Text and Grammatical Categories
George Chikoidze
Summary

The article concerns perception of the contents of the sentence i.e. the analysis of the text.
First of all it occurs by detailed information processing of each separate word form.

In the article a set of the examples indicating obstacles which the automatic analysis of the text
can stumble across is considered; and also the means which are apparently capable to remove process
of the analysis out of these impasses are offered.

Amnanus Texcra u 'pammaTuueckue Kateropuu
Teopru#t Yurornzse

Pesiome

PaGora xacaercsi BOCHpHATHS COZEPXKAHMS IIPENIOXKEHUs T.e. aHANM3a TeKCra. B mepsyio
ouepeib 3TO IPOUCXOAUT JeTaIbHOU 06paboTKOM HHGOPMAIUY KAXX/0H OTAEIbHOM CT0BOPOPMEL.

COBOKYIIHOCTh IIPHMEPOB, PAaCCMOTPEHHBIX B CTaThe, yKa3bIBaeT Ha Te IIPEIATCTBUA Ha
KOTOpbIe MOXXeT HATOJIKHYTCSA aBTOMATHYECKHUil aHATU3 TEKCTa, a TAKKe IIPeZJIOTaeT Te CPEeICTBa,
KOTOpBIE, IT0 BUAMMOMY, CIIOCOOHBI BRIBECTH IIPOIIECC aHAIM3A U3 OTUX TYIHUKOBBIX CHUTYaI[Uil.
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030 99m53LgdMo  ©M3Ydgb@os, MHMIgwoE Fgqds S3Mbogso  FgduBobogsb s dobo
dgL505d0L0 MaMRT60MO 39MLOOLYSL. doGIJuEIdO 13xE0SW MO 3OHMYMSTJIOL BT >IdO)
(Euclid, HunAlign s Ubbg.) 0ddbgds, HmImgdlbsg gfim©gdsm  gomsbsd®adol oblidmwdgbdo
(alignment tool) sb do@GHgduBHob 0bbE®mAgb@Eo (bitext tool). olobo mMogobswrmo EgduGHobs ©s
dobo oMbl 53EHMToBHWOO FoMbIdMYGOOL bdw)oEgdsl 0dergzs [Foboogdgdol mbyby.
00393LGJO0L 65360901 9Him9ds doBHYJLEHJOOL FmMbo390mMs BB 56 MMYBMZBO 30MH3MLO.

sbgmo  Lobol  360HMaMsdgdo 999gabsotro 8vgdsmdgh: 3MMma®msdol dgbsgsemdo  g35943L
20Bo3gd0L bgdoldogMo Mamgbmdol 9993390 GgduGHMMo BMMIsEOL Bs0wo. Bs3EHZ0MMIZm
0602065006 FgduBL s Bl oMb, Mol 9993 bgds 3500 533MBsEMO Fw)dsggds.
8990093 HunAlign s6 dobo dLgoglbo 3H@a®msdol dgdzgmdom bgds ™Mo GgdbGHob LbGHwwo
93GMISGHIO0 2ombsdOHYVS o Fowgdwmo gy Bso@gzommgds Euclid #Hodol 3GHmy®msdol
236953031 0bGIORgoLdo  bgwom dgdamdo  GgEodBOMmgdolomgol. HunAlign 36GHma®sds
9Y4OHbmds  LAIGOLEIZMG Fmboigdqdl (Hobswowgdol LogMdg, LoddMEMYdOL LTMb3zg30L
Mom©Ybmds, Lalggbo bodbgdol LEHOMIGHWMOS s 9.0.) S MOMMIME  A5mMBIOOGON
§0b50500q0900L Y30l FonGadl  go09bsdMIBOL LogsMosrm AsbLEBOZM™ME 3mgR03E0gbAL.
360MyM5ds 450mgmxal bsgFgm §9430wgdl, Loog 3omsbsdMmgdol 3mgz0309bEHO0L 860dg3bgemds
BBy 0505, Sbgmo Hyzowgdo d90ymad bawroom ©sdw)dsggdsl dmombmagl.

Geoynmz Bgdmo 503608690, 3sMowgMo  3M3Lbol  89ddbol Fgdamd  gBo3L
G99bGHId0L IMb0od365-Egu0Mgds HoMTmaygbl, Molisg dbgd@mogo 9bol ©sdw)Tsz9d0lL d3MMEgldo
39BLOZMPOIOMWO  SEYOWO MFoMgl.  3MO3MLgdolL dmbodgbs (tagging, annotation) dscnbg
36HmI53H935000  3Mm3EgLbos.  BgJuBgool  93BHMAsGHMEO  FMOBMEMR0OMHo s LobGEodumMo
90b0d360LsM30L sOLYIMBL L3YEOSW MO 3BMYMsTgdo — Fgaghgdo (taggers) s 3sMLYMIdOO
(parsers). 93G™IsGHMOO FMORMEMPOO0  SB50DIGMMOL (Bgaghol) TJEIHI VoMM
adbo3Me gB0gMel doghgMgds a6MsdsEH 03090 obslosmgdargdo, 39¢Y39egdol baflowo, wgds
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5 36M50999900L 6530gd0  (Fogoomo©, 3060, GoEbzo, dMB3s, LwWwogmo/Mbrem, O™,
3036030 s 5.9). 93BHMI>GHMO LOBEHIJLMMO sbsEOBIEHMMOL Fdomdol FYRO© BOJLOM©YDS
LobEOJuMMo 353000900 LoEY39dLS s Fodmbsmg359908L FMol s LobESJuO gHmgMEgdL
309096905 dglsds30L0 FobolosmgdEgdo (fobsswadol Godo, LobEsduwmo gmbdios s 5.9).

dmbodgbs  Lbgoslbgs  Lobol  dgodengds  ogmb:  3g@o@IJuEGMM0,  3M30sGH03Mwo,
19356GH03MM0. gb 6odbogl, MMI oMy LoGYzsl 6 Ggdudb bws Jogfgdmlb Eosw3gmwo
3920 9699 gbs 099 ol 0bxMMIsz0s. BHaJuBHOL dmbodzbs — FHga0Mgds, Lodmowgdsl a35dg3l
A9Ju®ddo  8m3zdqdbmo  Bggbmzol  LoFo®mm  0bxm®dsgos,  dogooms, dmgdmwo  gbol
305853039 BMMIsL (36309¢Mwws© Jo®ommwo Babob III LyMool I MMEGIGMdOMOL OISl
— 3590390090005, s90bsG0s s 5.3.) BIbOL MMIgEo Gm®As Fggbodsdgds Igmdg 9baby.

0690030 960l 53EMBoBH MO sbswoBo o6 bmME0gEwEgds I93MId0L doMgdy s
bdo® 9gdmbggzsdo M35 dbodzbgemgzabos  — 9O  @gdbogme  ghmgel  gboFgde
3603369wmdol Hs8gbodg 350M056GH0. R0 9d3L  MToEGH03Mer ™mImMbodosl, MmIol
dmblbsg  3m3309BHgMvwo wobyzolEozolb  gMo-9gMHm 00356 s MOMOMEgl  sTm3obsl
§o608moygbl. MmImbodool dmblibs bmME0gwgds HMAMME 93GMIdEHMMo©, sbg3g bgwom,
drem©  B3gEosobGolb  BsMgzom.  ®mImbodool  dsgsomgdo:  LEHwWIMIdO Mgzl
29993%530696. 3bgbo BHMOHFB0m BdWsbL Mgemsgl; JBmBo Fomgwo F5HIBO ysdwowoym. by
350©Jd0, byro dmd300Y; o 390l gzgeol §oewoffolb?

96006030 3006031900 2ob33bow0s BoMmm 139Gl dmTbAsMYOOLM30L s 58539
OML, MYBOMB3gEYmBowos om0 FM35¢XJMSO A9TMYgbgdol Fglsdegdermdom, sdo@ma
do0 3mbodzbs s obyzoLEH WMo MOOMBI3gEYmEs 4963399 fows MbogoioMgdyero,
LBOBIOBHODOMPIMWo  Mbs  ogmb.  3MO3MBOL GOl  3o6MTgGHHMIPO0 s  Fomo
96033690 mdgd0 Mbs 99qledsdgdmgl Loagmzgummom dowgdwye 3936090 3esbogo3o3Eosb.

A9JuAHMO0  3mOH3MLOL 9930w dgwo bsfowos 3mM3mbol dgbgxgPo — L39E0sWIMO
Lbodogdm  LobBgds,  MmIgeog  [oMdmoabl  3OHmaMmedgdool  bo3Mgdl,  GMIwwgdos
MBOHMB39wymggb 3mM3MLdo Lbgzoolbgs dmbs3gdgdol dmdogdsl s BmabdsMgdwolsm3zols
dmbsbgmbgdge 3m®3s80 gowoaqdsl.

306370l 8gbgx gAML Mbs dggdeml [3]:

e dmodoml  3mbFaJuBHgdo  9Ms  TbmErm©  3ow3gmeo  boGY3goom,  96MsTg©

3903 Y390900m3;

* bMOLbML Jowgdmeo 89900 dmdbdsMgdeol dogH sMBgMwo 3Mo@gMomdol
dobggom;

e 3m3339L LAHOIGHOLE03OO 0bBMEs305 3MM3MLOL (353990 9egdgbBgdol Tglobgd;

e Sbobmb  @gdgdo,  LoEYIIBMOIGOOL  IMORMEMYOMGO  Tobslosmgdwgdo s
09350mbs(399900  (0000MYMOBOMEO,  BHO3MWMA0NMO0), o3  IIMIOWIOMW0S
363Mob dmbodzbols batrolbby;

e 99065bmb 5 ©odgFml 9909900;

¢ 3Jmbogl GH9JuGHmemo Bmbs3gdgdol gm®mTo@gdol (txt, doc, rtf, html, xml, s Ubg.)
dbom5FgM;

e 0ymb 5©30Wo@ 2oLsg00 s FMbobdoMo OHMyMM3 ©s3FYgdo, g3y FIIMEFPOEO
9mdbIsGdolsm30U.

3063mbolb  Fgbgxgmol  MTomdol g9,  B3gMwgdcog,  HoMmBmoygbowos

30b3mMHbLOL  Lsbom.  3MM3MLoL  obygzoLEH03sd0  3MbB3MMEbLO  s©0bodbagl  gbmdMmogo
24900bsmg3580L 3mbEgJuEHYdOL Oy Losl, MmIgedog Lsdogdm Lo@Eyzs agzbawgds 3MM3Mido
dogdol  d9gpo®. b0dnds 9m30y35600 LoGYzolL ,LobEo* mme®  Fowosdol  GMIsbgdol
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A9JuAHMO0  30OH3MLoEsL, OMIgeog 99oddbs  Lodoemzgwmlb  Ggdbozmemo  MboggdLbo®gE oL
o300l LoLEJIGOOL 0bLEHOEMEOL GbMOdMOZ30 s LLdgEyzgerm LobEIIGOOL yobymgowgdsdol.

—_——————
/' [ GeoCorpora Georgian Ling: X\

[a]l=@] st

& C | ® geocorpora.gtu.ge/#/corpus

#GEOCORPORA G e n

A mon3th Foesdg

k4

M (4a3gems 3gdya0ergdob Bufornn)

Lsbenos
Lsbemosm
Lsbenooosh
Lsbemoogsbier
Lsbenoc
Lsbemols
Lsbomols
Labemobioo
Lsbeanbsonzol
Labenobs 306

Lsbenalisls

Lsbemolsy
Lsbemols 306
Lsbemob 33be

Lsbemoy

e REN- RN | [ [ SY

T o Y
/ B} GeoCorpora Georgian Ling: |

s39erBo (6)
yoozgendsh (43)
3B 9o oo (42)
N——)
8560l BBoeno (17)

3080l egudHo (15)

%36 PM

KAJTA Ol O gy B

LbBHomo 1

&)=l

&« > C | ® geocorpora.gtu.ge/#

pus

F/GEOCORPORA cobexpo oo n

(330 B9&yagergdol By

*

Lsbemncost

o ; Syntax: bl

Lobermoo

Lsbemolos

Lsbemolisengols

U Morphological: bt

Lsborols 306 iormemdey
Lisbrmolbsl

Lsbrmolag

Lsbemols 398

Lsbemols 306ex

Lsbemors

) 18395.doc ~

ol @ 0 2] W€ QLT

VS.VC) sgbiommshio 6 bl

m@3gEe0sol Lido 30 ghmo 33, bogarao ook, Bogfok 308gdoeydnme babme ( Morphological: babeo N Sg Nom; Semantic: babemo;
Syntax: babemo V8,VC) seamfbaos

Bsmmnanl Hipopnm 63068k, Mpspnm Bsmosk maz:aBnBaTmEe gbs o ob 8mbamga®o bbemo, { Morphological: bsbeeo N Sg Nom: Semantic:

3005033 ordouT

03, Bowoliyto 30 —

w@fe Bygog, 3Hngmsfdodnl BibabggaBn Bwogamo ds@ut: babero ( Morphological: babemo N Sg Nom; Semantic: bsbero: Syntax: Labero

N Sg Nom; Semantic: Lot

LS00 2

V8,VC) s55emmal n33p 88mdmmomfogem mygefl @b buboibib g3gng g3sfgds, Bufomms

080l Bsmafsm. canmeb magesg)bnbs babemo, ( Morphological: bsbeno N Sg Nom: Semantic: bsbero: Syntax: bsbemo V8. VC) 326

0333390 0Eboms @8 Faoo

;. Syntax: by

V8, VC) o6 Buggh o gofo. B5pMed adog Bydmayghgh. agledy

Show all X

Y N RO

1 3mms Gbosggeols ghmgbamo Lsdggbogmm gmbool 8096 ©sgobsblgdwymo 36mgddo ,Jstmwmewo

9bol  3mM3mbol  LBvyao
(LogbEM bgwdgztregds Ne31/65)

(BmOBM@®A0m©0, LobGodbmMo, LgdsbEozm®o)
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bmGom 1-Bg dodgbgbs bggEdo 65B3969005 Lo@yzgdol Loos, HMIgEms d9dsyqbermdsdo
3900L LoBygs Lobero. momMmgmeo Jomysbol dsod@ommadoom Fotx39gbs Bobxs@sdo Rbgds
BofomBmgdol bobgwgdo, GMdgedos sOBgmwo Lodyzs dmbsffoegmdl. GMmdsbols Labgermsb
a®Bbowgddo domomgdyos Mogbgo, MmIgeog 230639690 vy Msdabxg® 9ga3bgs
Lodogdm  Lo@yzs 3mb3Mg@Mw  ®mdsbdo. dogooms©, Lobero (BMLEs 98 FmOTom)
29390330 43b3009ds 9d3bxIM, »gm3gwdsb Bgddsb 93m3bgwdsb“-do 43-x9M, ,aboBy gHMO
3530 00©0mEs“-80 42-xgMH ©5 5.0. GMIHoL Lobgefimgdsby ©sf3039bgdom  (Bggb
390mbggzsd0 gl SMOL ,039030%) Tgladegdgeos 3mbEgdu@gool bobgs, Losg bLodygs bsbero
9dmbsffoengmdl. 1sdgdb Lo@yzslomsb BomomgdWMos Msds@o3eo  dobslosmgdwgdos, ob.
bmGomo 2.

3063760b  3mdbToMgdEgdl, 3039w  Moado  woby3zolBHIdl,  s0bBHIMHglgdo 96
3m6309¢mo Ggdu@ob dobss®lo, sMedg dobo dg@Eo@GgduBvImo 0bxm™MTs3os s 535 0¥ od
96006030 9egdgbEHol 96 3mbLEMYIE00lL godmygbgdol Fogswomgdo. 30M39wo wobyzolEmo
33093900, OHMIWgdoi3 M3MswmE 3nOH37Lgdol bsdMewgdom bmME09wEIdmEs, bbgswslbgs
96mdM030 9wgdgb@gdol dgbzgcmol LobIoMmol MMZEsdEY IOMPS. bEHIGHOLEH03MMO
0900m@9d0L  Lsdogdom  dgodwgds  s0bgl vy MHmIgo  boGYzgdo  azbzwgds
MYRMWIOWMWS©O  9OHMo©, oL  Logwydzgwbgs dgodegds obobo  d03s3Mmzgbmm  dyséo
299mb50d359980L  MHoEbgl  (dmodo  dmobo@s,  FoEEIMds  A5S0bss,  olbolIdRYOCMBS
9m0oblbos, 35¢gdEgds dmobos, dogro bgdoby, sdy dd30MdOLs s Ibg.).

26mdMoz0  3mM3MLo  dmbsggdms 8ot fysdms  gdlogmyMegomwo s
365953030 33193900Lm30L.  MYIMEYEH03MLO obya30LGHId0 3NM3MBL bsHMdIE HmaMme ;3
99u3960896G M@ BBl bbzoslbgs 303mmgHBgdol Gqlodmffdgdws® s Ms3056m0 MYMMH0YdOL
OL9BZO(3JO. 359MYgbgdomo oMol obazolBgdo (39samaqdo, MoMx0dbgdo s Lbgs)
909d@HOMbM  3mOH3MLgdL  094gbgdgb  9bgdol  LFagzwgdol  3GmEgldo o  Lbgoolibgs
36Hmx8gLoo 5dmEsBgdoL AosfY39EHoLLL. 3MB30MEIOMO Wobag0LBH030L 1B39305¢0OLEHJO0
(300MdIYb 459M53w0bmb s 8999 299m0ygbmb FgduBgddo sMLYdIMO BEIGHOLEIMMO S
0ba30LGHWOO  JsbmbBMIogMgdgdo 9bol 3mI30vEHIMH Mo FmEaEgdol Fgboddbgars. gbol
Lbgs L3gE0swolBgdlog 3M3bgdby oyMHbmdom dgdwosm 3sLvybgdo doowmb Jsmmzol
Lo0bBHIObMm  Jombgzgdby. Togowomo®, Ggdu@gddo dmodgdbmlb gbsdo sMLYdMEo 300l
2490m3bsB3gmo  gzgms  LBoGYyzs o Fomo  dguodsdolbo  msMydsbo, GMAMEO  gomstydbs

000MgMe0 gl BoGYgs 3Mb3MIEIDs 93BHMMTS 2oblbgzogqdme 3mb@EgduEdo, dom Mdg@Egl, Gma
Dmyx IO 3033990 LoEY39g00 gduozmbgddo M3 339d3b. LsFomm 3mbEgJuEol Imbodgdbs
00oM 3330MHEYds 9596530 OGHIMGHWIOHOL JombgoHg MHMOL EsboMxgs, dbmewme {99005
15305M0b0. 8139 999080 BMm0dogdl 3oMowgmo  Ggdu@gdol 83bgxgMo 0bymolivyHoab
o600 MMdBoLSL 0byEolyMHo BIBOL ofdym bryero (present perfect) gm®ds JoHowendo
QOOMOL HMIgeo bgHoob s IF3OH030L BNOI00 JoEIMOEY0s.

35M5EgmEo 30M3MLgd0 a39bToMgds 9.5, obyzmbidgonolmmo bodyzgdol 33wg3sdo.
qb oL LoGYzgdos, HMAWGOLLE 56 osbbosm BMLEO 933035wgbGo Lbgs 969880 s TbmEm©
06@10(300%9 oYM bMd0m 0msMATBdS MBI} 0Bsbol Bogm. sbgmo LoEyzgdolmzgol LoFoMms
0535390000 5bLBS (frmolmxyqwo, FoMbsbmwo, Msgdwdmygxowo s 5.9.).

©VMEW®L, 306300 godmoygbgds Lbgosbbgs 93GmTo@obomgdmmo  Lol@gdgdol
05399853900L0b (0564060 moMydsbo, Lobgors  godmbmds,  0bgm®Isgowwo  dogds).
35M5gmo  3mM3Mbgdo  boFoMmms, 306M39wr  ©0ado, wobyz0LGHgdoLsm3zolL,  SaMgM3Yg
WORIN GO >MI30BYg00LIMZ0L, “Y3bm 9bgdol 3geaMy-Tslfogwrgdergdolsmgol s Mo mdds
MBS, MMX0I6gdIOLS S MJOIJAHMOHGOOLIMZ0L. LsFoOM  JMBEIJLEHOL Bmbodgdbs Mo
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35650 3M3IMLYdOL 303900 ©d Fsmo sdmygbgdol Lyghmgdo

33300905 536530  WOGHIMGHWOOL  JombzsBg ©OHMOL  EsboMxgs, TbmwmE  [odgdos
Lo3dsMobo.

3063760 @wobagzoLBH03s,  MHMIgEbog  35MOIWNM0  3MMOH3MBIBOE  FMosBMYOY,
965039360960900L  sbsgw d0dsMrEgdss, MHmAgeog 9bol bgdobdogMo  mbol ghmgeols
393609 Mo 33e930Ls s 9bmdMog0  mbogdgdol  YBoMTsBomo  Fologgdol  LHGSGs©
58998539000 Lodrogdsll  0dwggs. 98539 ©OML, by 50360dbmm ol godBog, G™I
300309939090 Ggdbmmmaool  Lggmmdo  0000bsg  3OMYMILo  4bs30MHMdIOL 0l
300050900 LOWMEYMREl,  OMIgwms  bEdewgdomoz  bmMEogwogds  GgdbBgdol

33GMA5GH OO0 ©s3)8539095.

Types of Parallel Corpora and Fields of Their Usage
Nino Amirezashvili, Lia Samsonadze, Nino Javashvili

Summary

The article concerns the general text corpora as well as electronic parallel corpora of different
genres. Directions of researches, possible to carry out by means of parallel corpora are shown. Types of
parallel corpora and the fields of their usage, tagging of corpora, significance of the corpus manager,
complexity of disambiguation and etc. are considered. Examples are given.

Tunst Ilapamrensusx Kopmycos u Chepsr ux [Ipumenenns
Huro Ammpesansrirn, /Ing Camcorazse, Huro /[xapamsriimn

Pesome

Cratbst KacaeTcsi OOIINX TEKCTOBBIX KOPIYCOB, a TaKXKe, 3JICKTPOHHBIX MapaJuICIbHBIX KOPIYCOB
pa3HBIX >kKaHpOB. [loKa3aHO Kakue HANpaBICHMS MCCIEAOBAHMI  MOMKHO NPOBOJIUTH C ITOMOIIBIO
MapajuleJIbHBIX KOPITyCOB; PAacCMOTPEHBI TUIBI IMapalieNIbHBIX KOPITyCOB M CQepbl MX YINOTpeOIeHus,
TETUPOBaHNE KOPIYCOB, 3HAa4YE€HHE KOPITYCHOTO MEHEIKepa, CIIOKHOCTH CHSATHS OMOHHMHH H .
[IpuBeneHsI MpuMepsI.
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69bowmdg

bBo@osdo  sofighowos  Jsdorgmo  @mgdbogmmo  mbEmemmgools — GeWordNet-ols
899m853900L 8g0nm©035; sblBoEos Mom gsblbgogzgds WordNet 0glsry®Nlo GHMSEOE0IEo
@9Jb03mbgdols S MYLMBGNMIIGBOLSYD; BBM™MZEX0M0s 3M0bLEBHMBOL WordNet mglism®vlsdo
250mygbgdyeo doMmomsEo 3M0b303900; 33bbowMEos ghols LoliBgdol Bglisbgd 0bxm™MBsgools

$503mbs©gbs 59300909 woba30LGHYG FysBmmos XyvIBId0. sbILOIMYdYEos WordNet
0gbsAMlgdol 390853900l LEBBIMEHGd0: 8608369mMBIMs  sbsgEroBol  aBobogow®o,

3Mb@9dLEGo ©s LoByzsfomdmgdomo dgmmEgdo; sfgMomos mglsmmnlido gsdmygbgdvyemmo
1935603960, 3560503053030 s LobEsadsd03MGO 35380MHgdOL Lobggdo.

1533560 Lo@ygzgdo: d6odz69anmBsoms s6serobols gomgbo, 3Gobldhmbols WordNet
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30©bol Jommzol Lygdmdo 0bxzm®MIsgool dmdogdols @s MmEmRBOBIEoOL  sdGmsgo
153 gds SOBYOMBL, Bog®msd Logombo 35063 5dBH O MM0s S 3OHMBEIGIOL gL FMHYS©
sbon-sbseo LoliBgdgdo 0ddbgds. (3mbol aaMmggds bgds 0bxm®mAs300l gowsdwdsggdom,
MmIol  1dgBobo bosfowo  FGHgduBob bsboo  sOLYdMBL, 0gbgds b gEgdBHOmbywo v
093G0.  dmboggdms  B3HJO0IB  0bBMMTs300L  Jogds s  Tgbobgs  gMoOMdE030
30339dumEo 3OHmEgbos s 50 3Mmgldo boGyggol bgdsb@ozs ghm-gMmo d60d3bgwmgsbo
aodBHmemos.  LimMgo LoGygolb Ugdsb@ozoby oghbmdom ©s wgdbogm®mo  Ggbw®bgdol
299mygbgdom dg0ddbs  BHgdbmem-g0980L bygOMdo gOM-gOHMo Y39wsby  Fo3MEILdWO
WordNet ¢rgdbogzmbo.

G030 wgdbogzmbgddo  LoGY3gdo  HEPsRJOME0s  sbdsbol  dobgzom o
9603569m0L  339MO0m 2obmsgLgdmE Lo@Yzgdl GOH™MIBI™ML JogdoMo s sdgom. WordNet
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GO0 §Yommgdol 459myggbgds [1]-[2]. 306HMB0ms© 0LoBO MM O KYMBOS LIYMBOO.

3060390 Goaob igodmo 0m3wgds Ggdu@dgdol 3mm3Mbgdo s BLOJMEobagolEweo
9Jb3960096¢ ool F99gaxd0, CMIWgdoEg Toowgds d6gdMoz0 gbol Lodyzsms MYswwMHo
3baomboMgdol gddoMmovo dmbsigdgool 89360900l abom. dsmdo gdbozm-bgdsb@ozmmo
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The Lexical Ontology of GeWordNet
Liana Lortkipanidze, Meri Gegechkori

Summary

In the article the method of GeWordNet lexical ontology development is described. The differs
between traditional dictionaries and WordNet thesauruses are explained. The basic principles used in the
Princeton WordNet thesaurus are shown. Obligatory linguistic components for representation of
information about the language system are considered. Standards of WordNet thesaurus development are
described: definitional, contextual and word-formation methods of the meaning analysis. The semantic,
paradigmatic and syntagmatic relations used in the thesaurus are presented.
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Jlexcudeckas onronorus GeWordNet
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Pesome

B crathe onucana meTosuKa paspaborku sekcudeckoit ontomoruu GeWordNet. O6bsacHseTcs,
yeM OTJIWYaeTcs OT TPAAMIMOHHBIX ciaoBapedl u TesaypycoB WordNet Ttesaypyc. Pacckasaxsr
OCHOBHBIe IIPUHLIMIBI Hcroxb3oBauusle IlpuucroHckom WordNet Ttesaypyce. Paccmorpens:
o06s3aTe/IbHbIe JTMHTBUCTUYECKHE KOMIIOHEHTHI [ IpeCTaBlIeHna NHGOPMAIUK O CHCTEMe A3BIKA.
OmnucsiBatorca cTaHAapTsl paspabotku WordNet TesaypycoB: mepUHHIMOHHBIH, KOHTEKCTHBIA U
CI0BO-00pa3oBaTeIbHBIN ~ METOABI ~ aHanaum3a  3HaueHuil. [IpemcraBieHsI  CceMaHTHYeCKHe,

IIapagurMaTUIeCKrue 1 CHHTaTMAaTHI€CKHe CBA3H, UCIIOJIb30BaHHbBIE B T€3aypycCe.
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ON THE ALGORITHM OF THE GEORGIAN TEXT COMPILATION SYNTHESIS
Alla Tushishvili, Rudolf Eremian, Mikheil Tushishvili

Summary

Auding of a Georgian spelling text is quite a labor consuming work, but on the basis of the
Georgian phonetics specificity, as compared with other languages, it is relatively easy to be achieved.
Stability of characteristics of Georgian phonemes is applied. Stress practically doesn’t change the
timbre coloring of phonemes and so their characteristics are independent of the position and the
neighborhood. Based on such linguistic features a number of positional variations of Georgian audio
units is relatively small that simplified the implementation of the compilation synthesis algorithm.

00 ogHOM aropuTME KOMIWJIATUBHOTO CHHTE3a FTPY3HHCKOI0 TEKCTA
Anna Tywuweunu, Pyoong Epemsan, Muxaun Tywuweunu

Pe3iome

O3ByunBaHHE TPY3MHCKOTO Op¢orpaguIeckoro TEKCTa NOBOJIBHO TpPyNOEMKas paboTa, OJHAKO
UCXOAS M3 OCOOCHHOCTEH Ipy3MHCKOW (DOHETHKH, IO CPaBHEHHIO C APYTMMH S3bIKAMH, OTHOCHTEIHHO
JEerko gocTwkuma. IlpuMeHeHa CTaOMIBHOCTb XapaKTEPUCTHK TPY3HMHCKUX (oHeM. Y napeHue
MPaKTHYECKU HE MEHSET TeMOPAIbHYIO OKpacKy (DOHEM U MOITOMY X XapaKTePUCTHKH HE3aBUCHUMBI OT
MO3UIMKA M coceAcTBa. Mcxoas W3 9THUX S3BIKOBBIX OCOOCHHOCTEH KOJIMYECTBO MO3UIIMOHHBIX
Pa3sHOBUAHOCTEN I'PY3MHCKHUX 3BYKOBBIX €AMHHUI] OTHOCHUTEIHHO HEBEIMKO, YTO MPHUBEJO K YHPOIICHHIO
peanu3anyuy aaropuTMa KOMIMIISATUBHOTO CHHTE3A.
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ANALYSIS OF THE REQUIREMENTS SAFE TO REAL TIME OPERATING SYSTEM
Meri Gegechkori, Nino Narimanidze, Davit Kapanadze,
Tamuna Khvedelidze, TinaTin Kaishauri
Summary

The analysis of the distinctive features of real time operating systems, and functional requirements
of information security to these systems in terms of their use in problem-oriented computer complexes.
An overview of the main branches, which can be used real time operating system. The conclusions about
the need for performing the specified requirements for the real time operating system and the use of
methods and means of information and functional safety.

AHanu3 Be30nacHOCTH K OnepanoOHHbIM CHCTEMaM PeaibHOr0 BPEMEHH
Mepu I'ereuxopu, Huro Hapumarrnzse, /lapur KamaHazse,
Tamyra Xsegernzgse, TuHarua Kadmaypu
Pe3ome

B pa6oTe mnpoBejieH aHa/JU3 OTJUYUTEJNbHBIX OCOOGEHHOCTEH OMNEPALMOHHBIX CHCTEM
peasbHOTO BpeMeHH, Tpe6oBaHUH MHPOPMaLMOHHON U QYHKIMOHA/JIBHON 6€30MacHOCTU K 3TUM
CUCTEMaM B YCJOBUSIX HCIOJb30BaHUS HUX B IMPOGJIEMHO-OPUEHTUPOBAHHBIX KOMIIBIOTEPHBIX
KoMILIeKcax. [IpeficTaBieH 0630p OCHOBHBIX OTpacjei, B KOTOPBIX MOTYT ObITh HCIOJIb30BaHbI
OTEepallMOHHbIE CUCTEMBI pealbHOTO BpeMeHHU. ClieslaHbl BBIBOJbLI O HEOOXOAUMOCTH BBIIIOJHEHHUS
33/laHHBIX TpPebOBaHUU K ONepalMOHHBIM CHCTEMaM peaJbHOr0 BPEMEHU M UCIO0JIb30BaHUSA
METO/IOB U CPeZCTB obecrnedyeHuss THGOPMALMOHHON U PYHKIMOHAJIBbHON 6e30MacHOCTH.
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IIprunHHO-CJIeACTBEHHAS] MO/IeJIb 3HAHUI B MHTEJUIEKTYAJbHOM cCUCTEMe
MEINLIUHCKON TUATHOCTHKU

Baoum Paosuescruii, Maiiss Muxenaose, Hopa J{ocansboea, Imumpuii Padzuesckuii
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Pe3iome

PacecmaTrpuBaercsl 3a1a4a KOMIBIOTEPHOH JUATHOCTHKH 3200/1eBaHMIl KjIacca NepBHYHBIX
TOJIOBHBIX 00Jieli ¢ HCNOJIb30BAHHEM MeIMIUHCKMX 3HAHMil. 3HaAHHMSI NpeICcTaBJIeHbI B BHJE
CeMaHTHYeCKOil ceTH 3ajaloulell OTHOIIEHHMS MeKAyY CHMIITOMAMH W BbI3BIBAIOIIMMH HX
npuYuHaMu. B koMnbloTepe 3Ta ceTh NpeACTAaBJIeHA B BH/Jle MaTPUIbI OTHOeHUii. Mcnob3yoTest
TakHe He4YéTKHe OTHOLIEHHS KaK «BO3MOKHAsi MPUYHHA», <«BO3MOJKHOEe CJIeJCTBHE,
«CMocoOCTBYET», KOTOpPhbIe /JAal0T BO3MO:KHOCTH 00Jiee TOYHO ONHMCATH CHTYAlHI0, CBA3aHHYIO C
0ose3npro. IlpensioskeHHasi MoJeb MCHOJB3YeTcsl VISl PellleHHsl 32Ja4M JHATHOCTHKH TAKHX
3200/1eBAHMIi KAKUMM SIBJISIIOTCSI MUTPeHb, T'0JIOBHAs 00/1b HANPSIZKEHUsI U KJIACTePHasi TOJI0BHAs
00J1b, OTHOCSAIIUXCH K KJIAcCy NMEPBUYHBIX I'OJOBHBIX 001€ii.

K10ueBble CJI0Ba. mMeduyuna, cumnmom, OuazHoCmuKd, UHMe1eKn, CUCIEeMa

MenuIHCKUNA JUarHO03 MOXET TPEACTaBIATh COO0OH Kak HaWMEHOBAaHHE OOJIE3HEHHOIO
COCTOSIHMSI YEJIOBEYECKOTO OpraHM3Ma, TaK W HAWMMEHOBAaHHE TOW OONE3HCHHON NPWUYHHBI, KOTOpas
BBI3BAJIA ATO COCTOSHHE. Tak Kak JIeYeHHEe — ITO BO3JCHCTBHE JEYCOHBIMU CPEIACTBAMH HA MPUIUHY
0oJe3HH, TO BBIABICHHE MPHYUHBI OOJE3HH CTAHOBHTCS OCOOCHHO Ba)KHBIM IIPH PEUICHUH 3aJadd
MUarHocThkU. KoMmeroTepusarmst 3Toi cepsl CBOAWTCA K pa3paboTKe KOMIBIOTEPHBIX IIPOTPaMM,
KOTOpbIE Ha OCHOBE HAONIOJJaeMBIX HAPYIICHHH — CHMIITOMOB CTPOST 3aKIOYCHHE O MpPUYHHE,
BBI3BIBAIONICH 3TH CUMIITOMBI, TEM CaMbIM O0ecIieurBasi JAHATHOCTUKY 3a00leBaHus. 3aaqd OJ00HOTO
po/ia OTHOCSITCS K KIAacCy He(OpMaIn30BaHHBIX WM ci1abo (hopMamn3oBaHHbIX 3a1ad [1, 2], u npu ux
PCHICHUU MPUXOJUTCA OITUPATHCA Ha HE4ETKHE Ka4eCTBEHHbBIE JITAHHBIC 1 COOTHOLICHUA, TPEACTABIICHHLIC
Ha €CTECTBEHHOM si3bike. Clie[lyeT, 0JJHaAKO, OTMETUTh, YTO BO3MOXKHOCTH PEUICHHUS 3a1a4 JUAarHOCTHKH,
OCHOBAHHBIX Ha METO/aX PaclO3HABaHUS 00Pa30B, CUILHO OIPAaHUYCHBI. B OCHOBE 3THX METOIOB JICKHUT
CTUMYJIBHO peaKTI/IBHBIﬁ IMPpUHIUIT UMUTALWUU JIUIIb Ha6mo;[aeM1;1x CTOpPOH TIOBCJACHHSA Bpada IMpH
IIOCTAaHOBKE aHarHo3a. STOT TIPUHIUIT MOJACTIUPOBAHUA TOYTHU IMOJTHOCTHIO UTHOPHUPYCT 3HAHUA Bpaya,
MOJTy9YCHHBIC B pe3yibTaTe kKBanudukanuu. Bpad, craBs 1uarao3, HCIOIh3yeT 3HAHUS O CaMOH CTPYKType
OpraHu3Ma, OIpeIeNsieMON B3aWMOCBS3bI0 €ro (PYHKIIHOHUPYIOIIUX IMOJCHUCTEM Pa3IMYHOTO YPOBHS
HepapXuM, a TAKXKE 3HAHUS O TeX (PYHKIHUAX, KOTOPHIC BHITOIHSIOT OTACIBHEIC ero 3JeMeHTh. OueBUIHO,
YTO UCIIOJIb30BAHUE 3HAHUI B MCKYCCTBEHHBIX MHTEIUICKTYalbHBIX CHCTEMaX ITO3BOJIUT PEIIaTh 33734y
MUarHOCTUKU ¢  Oompmieid  3@dekruBHOCTRIO. Hamuume  3HaHMH — OTJIMYAE€T  COBPEMCHHEIC
HMHTCIUICKTYAJIbHBIE CHUCTEMBI JUArHOCTUKW OT TPAAUIIUOHHBIX CHCTEM Me]lHHPIHCKOﬁ JAUArHOCTUKH,
OCHOBAHHBIX TOJIFKO Ha METO/ax pacro3HaBanust. Kak moguépkuyTo B [3], MOIHOCT HHTEIICKTYAIBHOM
CHUCTEMBI 00YCJIOBJICHA B MIEPBYIO OYEPEib MOIIHOCTHIO 0a3bl 3HAHUI M BO3MOXKHOCTBIO €€ IMOTIOTHEHHUS 1
TOJIBKO BO BTOPYIO OU€pe.b, UCIIOIB3YEMBIMH €10 MeToiaMu (mporeaypamu). TakuM 06pa3oM OCHOBHOM
KOMITOHEHTOM J'IIO60ﬁ HHTGHHGKTyaHBHOﬁ CUCTEMBI SABJIAIOTCA 3HAHUA O 3aKOHOMCPHOCTAX MHpaA,
KOTOPBI OHa o0cneayeT. DT0 MOTYT OBITh, HAIPUMEp, 3HAHHUS O IPUIMHHO-CIIEJCTBEHHBIX 1 HEKOTOPBIX
JIPYTHUX OTHOIIEHUSIX, CYIIECTBYIONINX B 3TOM MUpe. Heo0X0IMMOCTh HCITOIb30BaHUS 3HAHHI MTOCTABUIIO
Ha TIOBECTKY JTHS BOMPOC O (OopMe MPEACTABICHUS 3HAHUN B KOMITBIOTEPE, O MOIEISAX MPEICTABICHHUS
3HAHUI HAWITYYIIUX, C HEKOTOPOH TOYKH 3peHWsA. B nmaHHON paboTe cTaBUTCS 3ajada JTUATHOCTHUKHU C
UCIIOJIE30BAaHUEM 3HAHHIH COOTBETCTBYIOIICH 001aCTH MEIHUIIUHBL

B kadecTBe KOMITBIOTEpDHOW MOJIENM MPEACTABICHUSA 3HaHUA OylIeM  HCIIOJIb30BaTh
CEMaHTUYECKYIO CETh, B KOTOPOIl BEPIIMHEI MPEICTABISIOT COO0M MOHATHS, ONMPEICIISIONINE PA3INIHEIC
HAPYIICHHsS B OpPTaHW3Me, a JyI'W — OTHOIICHWS Mexmy HapymeHusmu [4,5]. B cemantnueckoii cetn
BBIJICJIAIOTCS. BEPIIUHBI-CUMIITOMBI, 3a/Ial0IINe HApYIIECHHs, KOTOPBIE HEMOCPEACTBEHHO HAOIIONA0TCS Y
KOHKPETHOTO OOJBFHOTO W COAEpKaT MCXOAHYI0 HH(popmarmio. Mexay CHMIOTOMaMH U Pa3iNuIHBIMH
HApYIICHUSIMH WCIIONB3YIOTCS TPUYWHHO-CIICICTBEHHBIC OTHOILICHMS, MNpPEACTaBICHHBIE B BHIC AYT
ceManTuueckoi cetn. CeMaHTHYECKasE CETh MpejcTaBieHHas B Buie rpada (Puc. 1) taxke MOXKeT OBITH
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npencrapnena B Buae (0-1)-off marpuusl oTHoureHuit (Puc. 2). YHOOMSHYTYIO CEMaHTHYECKYIO CETh
Oyzem Ha3bIBaTh CEThIO 3a00JIEBAaHUH, 8 COOTBETCTBYIOLIYIO MAaTPUILy — MaTpuliell 3a001eBaHuH.

S; Sz S3 Ss
S1 Sz S3 S4

Ar 1 1 0 0
A, 0 0 0 1

Ay A, As Az 1 1 1 1

Puc. 1 Puc. 2

B CJIydac HaJIM4usa HEYETKHUX OTHOIICHUN KaKMMU SIBIISIOTCS «BO3MOKHAS npuyrHa», «BO3MOKHOEC
CJIICACTBHCY, <<CHOCO6CTByeT)) ayram rpa(ba " 3JIEMCHTaM MaTpulbl IPUITUCBIBAIOTCA HEKOTOPHIC BECOBLIC

k03¢ dunuentsl LU , U € [0,1], KOTOPBIE TPAKTYIOTCS KaK CTEIICHH YBEPEHHOCTH. DTH OTHOIICHUS JAl0T
| |

BO3MOKHOCTB 00Jice€ TOYHO OIHCAaTh CUTYyalHIo, CBA3aHHYIO C Oone3Hp0. B atoMm CjIyqac BMECTO HOJIb-
eZ[HHI/I‘IHOﬁ MaTpulbl, yKaSBIBaIOH.[eﬁ Ha HaJIW4YUC WIN OTCYTCTBHC OTHOMGHHﬁ, HMEEM Marpuny,

JJICMCHTaAMH KOTOpOﬁ SABJIAIOTCA  CTCIICHH YBCPCHHOCTH 4L . HpI/I 9TOM BCC OIlcpanru € 3TUMU
1

MaTpULAMU TIPOBOAATCSA B COOTBETCTBUHM C TEM, KaK 3TO NMPUHATO B TCOPUH HEYETKHX MHOXKECTB [].
CrenieHH yBEpPEHHOCTH OOBIYHO 3a/1a€T BpPau-3KCIICPT OMMPASCh HA CBOH OIBIT M MHTYUIINIO, OJHAKO, IS
OIIpe/IeIeHUsI CTETICHEH YBEPEHHOCTH MOKHO, OITUpasiCh Ha JaHHbIe 00yJarolieil BHIOOPKH, UCIIOIb30BaTh
Anroputm O0y4eHus ¢ ucmpaBieHueM ommookK []. CeMaHTHYECKYIO CeTh, C BECOBBIMU KO3 (DHUITHCHTAMH
OyzneM Ha3bIBaTh HEUETKOH CETHIO 3a00JI€BaHNUI, a COOTBETCTBYIONIYIO €I MaTpHUIly — HEUETKOM MaTpuUIleH
3aboeBaHU.

Hcnonb3oBaHue 3HAHUI TOApPa3yMEBaeT HCIOIb30BaHHUE HE TOJBKO HH(OpMALUU SBHO
MNPUCYTCTBYIOIIEH B CETH, HO U TOH, KOTOpas B CETH SIBHO HE MPHCYTCTBYET, HO KOTOPAas MOXET OBbITh
BBIBEICHA W3 MMEIONMMXCST AaHHbIX. C 3TOHW HEeNbl0 Ha CEMaHTHYECKOH CETH NPOBOJMTCS OIEparys
MIOTIOJTHEHMS 3HAHUH 3a CUET MCIIOJIB30BAHUS aNreOpandecKix CBOMCTB OTHOIICHHH, IPHCYTCTBYIOIIUX B
cern. Tak, Hampumep, €ciM H3BECTHO, YTO R — HEKOTOpOE OTHOIIEHHE, 33JaHHOE Ha MHOXECTBE
HApYIIEHHH, a TAK)KE U3BECTHO, 4TO R — TpaH3uTHBHOE OTHOIeHUE, TO U3 dakra (c1 R C2)&(C2 R ¢3)
cienyer ¢akt (c1 R €3), koTopslii B cetn sBHO He mpucyTtcTBoBan. OH OBUI BBIBEJEH Ha OCHOBaHHWH
HUMEIOIIUXCS (haKTOB.

C uenplo pelieHus 3aja4u AMarHOCTHKK pacCMaTpHBaeTCs CEMaHTHYECKasi CETh, OTOOpaXKaromias
3HaHHs 0 00JMBLHOM opraHu3Me. Ha MHOXeCTBe BEpIUH CETH, ONPEICIISIONIMX BO3MOXKHbIE HAPYILIEHUS,
BBIJICIISIETCSI HEKOTOPOE IOJAMHOXECTBO BEPIINH, OTOOPa)KaroIIMX CHUMIITOMBI, COBIAJAIOUINE C TEMHU,
KOTOpbIe HAOIIOAAI0TCS y PeaibHOTO O0JIBHOT0. DTH BEpIIMHBI OyJeM Ha3bIBaTh aKTUBU3UPOBaHHBEIMH. C
LEJIbI0 YCTAaHOBJICHHS JIMarHO3a PACCMATPUBAIOTCS Iy, 331a0IIHe OTHOIICHUS «BO3MOXKHASI IPUUMHAY,

HUCXOOANINE U3 AKTUBU3UPOBAHHBIX BEPIINH U CXOAANINECA B BEPHIMHAX Ai | :1m , TA€ M — YHUCIIO

BO3MOJKHBIX HapymeHu# (Ooje3Hel), SBIAIOMMXCS BO3MOXXKHBIMH IPHIMHAMU CHMITOMOB. CyMMma
BECOBBIX KOX(P(PHUIMEHTOB JTHX MAyr 3adaéT ONIEHKY BepmMHBI A. DTH OLEHKH XapaKTepH3YIOT
KOHKPETHOTO OOJBHOTO M MEHSIOTCS NPH Ka)kAOM HOBOM ManueHTe. B wacTHocTH, B ciydae 4€TKHX
OTHOIICHHUH, 3TH BECOBBIE KOA3((PHUIMEHTH WMEIOT TOJBKO [Ba 3HAYCHHS — €IWHHUIA W HONb. Ecim
BEpIIMHA CBSA3aHA HE TOJIBKO C BEPUIMHAMH, XapaKTEPH3YIOIIMMU CHMOTOMBI (CIEIACTBHUS), HO U C
JPYTMMHU BEpIIMHAMH, XapaKTepU3yIOLUIMMH, HalpuMep, Kakne-1100 mo0oYHble 3a00eBaHus MalUeHTa,
WM KaKkne-1u00 BpellHbIe MPUBBIYKH, CIOCOOCTBYIOIINE OOJIE3HH, TO Beca, NPHUITMCAHHBIE ITUM CBS3SIM,

JOOaBISIOTCSL K BECYy BEPIIMHBI

i

YTO YBCJIUYHMBACT CTCIICHb JOBCPUA K JTOU BEpHIINHE. Ot

crnocoOcTByromue (haKTOphl CBA3aHbI C BEPLIIMHOMN &; OTHOLIEHHEM «CIIOCOOCTBYET». [l ycTaHOBIIEHUS

HauOosiee BEPOSTHOIO JAMArHo3a B IMpelesiaX JaHHOTO YPOBHS PACCMOTPEHUs, OTOMpAaeTCsl BepIInHA,
MOJIyYMBIIAs MaKCHMMalbHYIO OueHKy [4,5]. Dra BepmmuHa oToOpaskacT Hamboyee MPaBIOIOI00HYIO
TUIIOTE3y O MPUYMHAX HAOIIOMACMBIX CHMITOMOB. JIJisi KOMIIBIOTEPHOTO MPEACTaBICHHs 3a00JeBaHH
OyZeM UCIOJIb30BaTh YIOMSHYTYIO BBIIIC HEUETKYIO MaTpuIly 3a0oneBanuii — Matpuiry C (puc 3).
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IIycte  BekTop-cTONOEll C KOMIOHEHTaMH S1S; . SM oToOpakaeT HaMMEHOBaHHE CHMIITOMOB
paccMmarpuBaeMbIX Oosie3Hel, BekTop-ctpoka A; A A, HauMeHoBaHHE OoJyie3HEl, a Cij — DIEMEHTHI
MaTpHUIlBl 3a00JCBaHUH, 3aAMONINE CTENEHH YBEpPeHHOCTH. KakKIbplli 3J€MEHT MaTpHuIbl oTOOpakaer
BEJIMYMHY CTETICHH YBEPECHHOCTH OOJIC3HH MPH HAIWYHH CHMIITOMA. Tak KaKk OKOHYATEIbHOE PEIICHUE O
3200JIeBaHAN TIPHHAMAETCS Ha OCHOBE COBOKYIMHOCTH CHMIITOMOB, JJIS PEUICHHS 3a/Ja9Yl JUATHOCTHKH
HE00XOIMMO UMETh MH(POPMAITUIO O HATMIWN CHMIITOMOB Y KOHKPETHOTO OOJBHOTO. [1JIs1 3TOTO CTPOUTCS
HOJIb-€IUHUYHBIA BEKTOP X = X1 Xm B KoTOpoM | yka3pIBaeT Hammuue cumnroma, a 0 — Ha ero
OTCYTCTBHE. Bektop X =X1..Xm ¢opmupyeTcs B mporecce 00ciae10BaHusI OOIBHOTO U BBIABICHUS
cuMnToMoB. OH (opMHUpYyeTCs WK BpayoM, WM CaMUM OOJIBHBIM MPHU €ro OTBETE Ha BOIPOCH! Bpaya.
YcraHoBleHHE JHMarHos3a, T.e. HauOoJee BEPOSTHOW THUIOTe3bl O 3a00J€BaHMM CBOJIUTCS K
CYMMHpPOBAHHIO BECOBBIX KOI((HIMEHTOB CTOJOIOB TEX CTPOK, KOTOPHIE COOTBETCTBYIOT
AKTHBU3UPOBAHHBIM CHMITOMaM, M BBIYMCICHHIO HX cpegHero 3HaudeHws. CroiOly, HONy4YuBIIEMY
MaKCUMyM 3TOTO CPEIHEro, COOTBETCTBYeT rumotre3a Oone3nn AiAz...An DTOT pe3yabTaT MOXKHO
MONYYHUTh IyTEM YMHOXXEHHS HOJb-COIUHHYHOTO BekTopa X = Xi Xm Ha Mmarpumy C, T.e. myTéMm
MIPOBEICHUS JTHHEHHOTO PeoOpa3oBaHus BeKTOpa X =Xi. Xm C MOMOIIBI0 MaTpuubl C, W OompeneleHus
CpEelIHEero 3Ha4eHusl B3BEIICHHON CYMMBI KaXJIOTO CTOJIONA 3TON MaTpUIIBL.

Aq A, oo An
S, Cip  Cp cer Gy
C= S, Coi  Cyp cee Gy
Sm le Cm2 ee Cmn
Puc. 3

XC= (X1€11 + XoCo1t...+ XmCm1=01, X1C12 + X2Ca2F...+ XmCma=02,... X1C1n + X2Cont ...+ XmCmn= dn);

B3sis cpennue snauenns dy, o, ... dymomyunm Bektop wnx cpemmux snavennit D =d,,d,,...,d,

[opsiakoBEIf HOMEP MAaKCHMAJIFHOTO 3JIEMEHTa 3TOTO  BEKTOpPa T.C. max( dl,dz,_..,d n)

YKa)KeT Ha BEPOSTHOCTHBII AuarHo3. st mpoBepKH 3TOM T'MIIOTE3bl ABUIAsCh 10 AyraM CEMaHTHYECKOM
CEeTH, UCXOMALINM OT BEPIIMHBI 3aafoNieil BEepPOATHOCTHBIM AMArHO3, BBIABIISIOTCS CUMIITOMBI, KOTOPBIE
He OBbLTU BBHISIBIICHBI Ha HauaJbHOW cTaguu o0ciaenoBaHusi 00JILHOTO, HO KOTOPBIE OKHBI HAOTIOAaThCS
y NanueHTa B Cllydae, €ClIM MCXOJHas TUIoTe3a OKakeTcsi BepHOW. IIpoBepsieTcs Hanmuuue 3TuX
CHUMIITOMOB y nanueHTa. Ha OCHOBE 3THX JaHHBIX BBIYHMCIISIETCS HOBAs OICHKA YIIOMSHYTOH BEpIIMHEL a
TaKXe JPYTUX BEPIINH C YIETOM BHOBh OOHApY)KEHHBIX CUMITOMOB. OTOHMpaeTcs BepIIMHA, MOITy4HBIIas
MaKCHUMaJbHYI0 OLIEHKY. Eciu 3ToH BEpIIMHONW OKa3bIBAETCS YINOMSIHYTas, TO MOYKHO CUMTaTh €€
OKOHYATEeNIbHbIM JMarHo3oM. B ImpoTHBHOM ciydae BCs HpoOLEeAypa MOBTOPSETCS ¢ HOBOH BEPILMHOMN,
NOMy4YMBIIEH MakCHUManbHYIO OLEeHKY. IIpomenypa ycTaHOBIEHHS JUarHo3a 3aKaHUMBAEeTCs, Korzaa
MOATBEPXKAETCS KaKasi-IM00 U3 THIIOTES.

Jns mpoBepkm 3TOH THUHOTE3Bl NPH MATPUYHOM IIPEACTAaBICHUU IyTEM aHalM3a CTOJIOLOB
BBISIBJIAIOTCSI CUMIITOMBI, KOTOpbIE HE OBbLIM BBISIBJIICHBI HA HAUYIBHOW cTajuy 00CIe0BaHMs OOJILHOTO,
HO KOTOpBIE JOJDKHBI HAaONIOIAaThCs y TALMEHTa B CIy4ae, €CIIM MCXOJHAs TUIOTe3a OKaXeTCs BEPHOM.
IIpoBepsieTcss HagM4YMe STHUX CHMIITOMOB Yy TanueHTa. Ha OCHOBE 3THMX HAaHHBIX C HCIOJb30BaHHUEM
METO/1a, IPUBEAEHHOTO BbIILIE, YCTAHABINBAETCS IUarHo3. Eciu 3TOT AMar€o3 coBHaAET ¢ NpeAblayIIuM,
TO THUHOTEe3a O 3a00JIEBaHMM TOATBEP)KAAETCS. B IMPOTHBHOM ciryyae BCSl IPOLEAypa IMOBTOPSAETCA H
3aKaHYMBAETCS, KOTIa IIOATBEP)KAAETCS Kakas-Tu00 U3 THIIOTE3.

B nanHO#l paboTe paccMmarpuBaeTcs Kiacc OOe3HEW KOTOphble XapaKTePU3YIOTCS  TOJOBHBIMHU
6osistmu. CrteryeT OTMETUTD, YTO BCE CYIIECTBYIOIINE (OPMBI TOJIOBHBIX 00JIeH KiIacCHQUUMPYIOTCS Ha 2
OoJibIIe TPYNIBL: TIEPBUYHBIE U BTOPHYHBIE (CUMITOMAaTHUecKHe). [Ipu MepBUYHBIX TOJIOBHBIX OOJISIX
aHaMHe3, (U3MKaIbHBIN U HEBPOJOTMYECKHH OCMOTpBL, a TaKXe JONOJHUTENbHbIE METOMAbI
UCCJIEJIOBAaHMSl HE BBIBISIIOT OPraHUYECKOH NPHYMHBI OOJH, T.€. HCKIIOYAIOT BTOPUYHBIN Xapakrep
nedanrun. Ilo3uTuMBHAsS JMArHOCTHKA IEPBHYHOW TOJIOBHOM O0iM 0a3uMpyercst MCKIIOYHMTENIBHO Ha
JaHHBIX JKano0 M aHaMHe3a. VIHCTpyMeHTanbHbIE W J1aOOpPAaTOpPHBIE METOJbI HCCIICAOBAHUS HE
WCTIONB3YIOTCS sl TMAaTHOCTUKY TIEPBUYHONW TOJOBHOW OONM T.K. HE BBIABIIIOT HUKAKOW MATOJOTHU.
MemuuuHcKue JaHHbIE HAa KOTOPbIE NPUXOAMTCS ONUPAThCS IMPHU AMATHOCTUKE NEPBUYHOM I'OJIOBHOM
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6o MMEIOT KayeCTBEHHBbIN HeulTkuit xapaktep.[11,12] Bcé 310 ocnoXkHseT 3aqady MHATHOCTHKH, H
TpebyeT ocoboro moaxona g e€ pemenus. OTHUMHU U3 HanOoJiee XapaKTEPHBIX BHUIOB NMEPBHYHBIX
TOJIOBHBIX OOJEil SBIAIOTCSA: MUIPEHb, TOJIOBHAs OOJNb HANpsDKCHHS, M KJIAcTepHAs TOJNOBHas O0Jb,
JMAarHOCTHKA KOTOPBIX paccMarpuBaeTcsi B JaHHOW pabote. I10CKOIBKY HCXOIHBIM MAaTEepHANIOM IS
pelIeHHs. 3ajadd  SBIAIOTCA HaOJlloJaeMble HApPYLIEHWS — CHMITOMBL, BBIIHIIEM CHMIITOMEI
COOTBETCTBYIOIIME KaKAOMY U3 TpEX 3a00NeBaHW M NPENCTaBUM OTU JaHHBIC B BUIEC TaOJIUIBI
(matpumper  Gonesneit). Ha puc. 4 mpexncraBieH (parMeHT 3TOH MaTPHIBI Ui NEPBUYHBIX T'OJIOBHBIX
Goumneii.

TI'onoBHas 60y | Murpesnn Knacrepnas
IIpu3naku 60J1e3H1 HAINPSZKeHUs A; roJI0BHasA 60J1b

Aq Az
Jlokanu3anus
JIBYXCTOPOHHSIS — S1 0,9 0,6 0,1
OJTHOCTOPOHHSIS — S 0,1 0,9 0,9
TJIa3HUIA — S3 0,3 0,8 0,9
7100 — S4 0,5 0,6 0,5
3aTBUIOK — S5 0,7 0,4 0,5
y1a3 — Sg 0,3 0,8 0,9
XapakTep 00,11
CIIaBJIMBArOIIas — Sy 0,9 0,6 0,1
MyJIbCUPYIONIAst — Sg 0,5 0,8 0,7
YacToTa NIpUCTYNIOB
1 pa3 B mMecsI — So 0,7 0,7 0,1
HECKOJBKO Pa3 B MECSI — S10 0,7 0,7 0,1
HECKOJIBKO Pa3 B HECIO — S11 0,7 0,5 0,1
JITATEILHOCTh MPUCTYNA
4 — 72 gaca — S12 0,6 0,9 0,1
15 muayT — 3 Yaca — Si3 0,6 0,1 0,9
30 muHYT — 7 ITHEH — S14 0,9 0,6 0,1

Puc. 4

Wcnonp3ys jaHHbIE TAOIHUIBI W IMIPOBEIS OMEPAlMd B COOTBETCTBUE C MPUBEAEHHBIM  BBIIIE
METOJIOM MOXHO pellaTh 337a4y AUArHOCTHKH. PelleHne 3a/1aui CBOAUTCS K MPOBEICHHUIO CIEIYIOIINX
npoLeayp:

— OO6cnenoBanue 0OJBHOTO M BBISBICHUE HAIMYHMS CUMIITOMOB.

— Ha ocHoBanMM momyueHHOH HH(GOpPMAIMKM CTPOUTCA  HOJb-€AWHUYHBIA BEKTOp, B
koTopoM 0 03HAYaET OTCYTCTBHE CHMIITOMA, & €AMHUIIA €r0 MPUCYTCTBHUE.

—  OcyliecTBiseTcsl JHHEHHOE MPeo0pa3oBaHKUe 3TOr0 CIUHHYHOIO BEKTOpPA C MMOMOIIBIO
HEYETKOW MaTpPHUIIBI 3200JI€BaHHH.

— B Bekrtope, MOJIYYEeHHOM B pE3yJbTaTe 3TOTO JMHEHHOr0 MIpeoOpa3oBaHus,
OIIpeNIeNIAeTCs CpelHee 3HAYCHUE KaXKJ0T0 JICMEHTA.

— BeisiBsieTcss HOMEp MaKCHMAIBHOTO 3JIEMEHTa.  JTOT HOMEp OmpeieisieT cTojOer B
MaTpHuIle 3a00JIeBaHNi, KOTOPOMY COOTBETCTBYET Ha3BaHUE OOJIC3HHU.
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Cause and effect model of knowledge in the intellectual system of medical diagnostics
Vadim Radzievski, Maia Migeladze, Nora Jaliabova, Dimitri Radzievski

Summary

The problem of computer diagnostics of diseases of a class of primary headaches with the use of
medical knowledge is considered. The knowledge is presented in the form of a semantic network defining
the relationship between symptoms and their causes. Fuzzy relations are used, such as "possible cause",
"possible consequence”, "helps”, which make it possible to more accurately describe the situation
regarding the disease. The proposed model is used to solve the problem of diagnosis of such diseases as
migraine, tension headache and cluster headache belonging to the class of primary headaches.
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360mabmBoMgdol s 33Mboermdol 9gMbg30L s3m3sbgdol sdmblbs.  bgdmo Rsdmmgzwowo
3060390 3 59m3sbs  Lo3dom 3MEe©  0gm 2589dgdeo  [1,2,3,4] 96m3gdd0. dmEgdve
Lodmdomdo obobogds 93mOBsEMmdOlL FgMbgzol  5dm396s, MMIoL sdmblbs bmMEogwEgds
d6535¢00  300GHYMH0MIAoL  gomgzaobjobgdom.  3mbB3MgEwo  5350IYmagol  doMHOMSEO
553500900l 8399Mbscrmdolsl 9Jodds bs dgo®boml obgmo 390359963 gd0, HMIWgdoE 6
5500569096 Lbgs meMsbmgdl s 96  g9dmofj39396 ©TsBHJOom IMMZ39390L  MMYsbobIdo.
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Intelligent System of Selecting Medicinal Preparations of a Particular Disease
Vadim Radzievski, Maia Migeladze, Nora Jaliabova, Gela Besiashvili, Papuna Qarchava,
Dimitri Radzievcki

Summary

Is considered the rational treatment choice task, which is based on many criteria. Proposed the
method of selection of drugs in accordance with the state of a particular patient with a particular disease
it. The choice of drugs is carried out using fuzzy set theory. The method is used for the treatment of
primary headaches class of diseases.
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HHTeIeKTYaIbHASI CHCTEMA BHIOOPA JIEKAPCTBEHHBIX MPENAPATOB I KOHKPETHOT O
00JILHOTO

Baoum Paosuesckuii, Maiia Muxenadse, Hopa /[ocansbosa, I'ena becuawsunu,
Hanyna Kapuasa, [Iuumpui Pao3uesckuii

Pe3iome

PaccmatpuBaeTcs 3aaua BEIOOpa pallMOHAIBHOTO METO/(a JICYEHHsI, KOTOpasi OCYIECTBIISETCS Ha
OCHOBE MHOTUX KpuTepues. [IpeanoxkeH MeTon BbIOOpa MEIMKAMEHTO3HBIX MPEMapaToB B COOTBETCTBHE
C COCTOSHHEM KOHKPETHOTO OONBHOIO C €ro KOHKpPETHOH Oone3Hbio. Bribop mnpemnapaTos
OCYILECTBIIICTCS C MCIOJIB30BAHUEM TCOPHU HEYETKMX MHOXKECTB. METOJl MCIOJb30BAH JUIS JICUCHUS
3a00JIcBaHUN KJIacca MEPBUYHBIX TOJIOBHBIX OOJICH.
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IIporpaMmMa MHTEJIEKTYAJbHOM CHCTEMBbI JUATHOCTHKHU MEPBUYHBIX TOJIOBHBIX
ooJeit

JImumpuii Paodsuesckutl

Email: dradzievski@gmail.com

Pe3iome

PaccmaTpuBaeTcst onucaHue MHTEIEKTYAJIbHON CHCTeMBbI VISl pelleHusl 3a1a4i MeIULHHCKOI
AUATHOCTMKH METOJ0M HPHYUHHO-CJIeJCTBEHHOro aHajm3a. PemieHue 3agaum ocyllecTBJsieTCS Ha
NpuMepe TUATHOCTHUKH NIePBHYHBIX I0JI0BHBIX 00Jieil. [1ogpo0HO U3/10:KeHO onucaHue padoThl CUCTEMbI
U Ha3HaYeHHe Ka:KaA0ro eé 3jeMenTa. Onucan npuHOMN (YHKIMOHUPOBAHHUSA U TOCTPOEHHS OCHOBHBIX
0J10KOB POrpaMMmbl.

KuarwueBble ciioBa. Juaznocmuxa, 201061aa 601b, nputunno-cieocmeenniii anaius, C++.
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[mumpuii Pao3uesckuil

B pa6ote [1] onucan MeTo pelieHus 3a1a491 TUArHOCTHKH 3a00JIeBaHUl Kilacca TMEPBUYHBIX TOJOBHBIX
OoJieil ¢ MCIONB30BaHNEM MEAMIMHCKUX 3HAaHWH. PeleHne 3agadm OCyLIECTBISICTCS C HMCIOJIb30BaHUEM
MPUYUHHOTO aHAIM3a JAaHHBIX MPEACTABICHHBIX B BUJIC IPU3HAKOB (CHMIITOMOB) 3200JI€BaHUS U SKCTIEPTHBIX
3HaHUH, ONpeNeIsieMbIX COOTHOIICHHEM Pa3NIMYHBIX HapyIIeHUI B opranm3Me OonbHOTO. B maHHO# pabote
paccMaTpuBaeTCs IPOrpaMMHas peau3aliis dTOH 3a1a4n.

Pemmenne 3amaun qUarHOCTHKYM 3a00JI€BaHMI Kiacca MEPBUYHBIX TOJOBHBIX OO0JIEH OCYIECTBIAETCS C

ucnonb3oBanueM okoiio 300 mpu3HakoB (cuMnToMoB). K 3ToMy Kiaccy OTHOCATCS —Takne O0JIe3HH KaKUMHU
ABJISTFOTCSI MUTPEHb, TOJIOBHAS OONIb HANPSDKEHHST U KIIACTEPHAs TOJI0BHAs OO0Ib.
Cucrema UMeeT HeCKOJIbKO OKOH. Ha puc. 1 moka3aHo riaBHOE OKHO IIPOrpaMMBbl. B 3ToM OKHe 1oJib30BaTeNio
npejsaraeTcs BbIOpaTh U3 CIIMCKAa NPU3HAKOB 3a00J€BaHMs (CHMIITOMOB) XapaKTEPH3YIOIIME COCTOSHUE
nanuenTa. BeiOop ocylecTBiseTcs yCTaHOBKOM (iiaskka psiioM ¢ mpu3HakoM. OKOHYaHue BBIOOpa MPU3HAKOB
OIpeieIAeTcs MEMYKOM MBIIIHN [0 KHOTIKE ,dg0BgmMeros* — «BpIOpaHo». Ha puc. 2 noka3aHo Kak BBITIIAIUT
OKHO IIPOrpaMMBbI [I0CIIE 3aBEPILEHHUS BEIOOpa NPU3HAKOB.

9939OGHo LobBgds
3063950 M530L 33030Jd0L 0sBMLEA0MYDdS B0BYD-37WI3MIG03Z0 SB3emoBoL boxrIdggw by
5068090 LOOESE LOB3AMIIVO BgeBgmEos:
¥ lggbo: 35060000 | [ugguo: 3s3meBo00 + | bogsmneyom qasgacgdgR0 36036:
UggLo: 8ptHmdomo 3 Susgo: 21 - 40 |

3bs30: 0 - 20 530U $3030em0L BoByBo: Lbgs BoB)bo
7 sbs30: 21 - 40 3300 303000 B0B)0: 0330 H3030@0L BoBIBL 37 | VIGVIWMBOL M330L G30300 fmboo 0.613513513513513,
sbs30: 41 - 50 $3030¢00L M0G0 (5M]): OO VAP0 025300 H303000 frmboor 0.464864864864865,
sLsg0: 51 - 80+ B3030¢0L 0BG35 (509): 3B 853030 fmboon 0.581081081081081.
530U H3030¢00L BoBYBO: 03930l GFHS33> 33030¢00L 35er0BIGos (BbsMY): gmzggerorgol mmIbe
930L $3030¢00L B0ByBo: 06%397Gos 530l $3030e0L bsliosmo: Bfimeomo, dm3Fgfomo
7 03530L H3030¢20L B0BYBO: sHHIM0NEo 3039MHHED0S 530l 33030600 06HBLONHMBS: HmHIBIo E |
02530L $3030¢0L 80D7B0: BogMosbo osdIHo 0530l 3030000 0BAIBLOMHMDS: LogBosbmds Bgrderyl |
02530l B3030¢00l BoDgBo: LGMglo 89(993900L LobBoMy: 330080 M8MEIB0BIXRIM
02530L $3030¢00L BoDgDo: JPBLAMNEO0L ©sfggds 33030¢0L 5028m336900L 96 BH3900L 3sbBofMgdol
530U $3030¢00l 30DY0: MOLLEMDS 33030¢0L BgH93sL Fob vdmzol: dFy30ems FoPdowi|
530 $3030¢00L 30DYo: JPoerols 56 0130l B0 Lbgs wm;: 33030600L T9H935L 0296 sberagl: 3gbgdoL sdYINds
530 $3030¢0l B0DY0: ©I3MLOS 33030¢00L T9H933L 53¢0gMJOL 9B $830MYBL: JBMEoNH

¥l 02530L ($3030e00l 30ByBo:

bgs 80%gbo

33030¢00L 89H93sL 53¢0gMYOL 96 $8G0MIBL: BmliggBady|

¥ 07530L 93030e00L 80D)D0: 035300 (§3030¢°0L BoBHBL 39H Lot 33909 BrgaEstrneo
530U H3030e0L BoBYBo: LoB3GHMToGIF0 sBEYYHOINHO dogrols bbaMderogmds: sMbmMmBserrto
530 (93030600l B0BYB0: MBsEemo 3mBGHMEI3HO3IdOL Bc doeol bbgMagrogmds: 6 Lsscndy Bagergdo

33030000 €2e135¢00BIGE0S (56017): 930
33030020L ¢35¢20DsG0s 5MY): Bab3Mo ;g0

V1 $3030020L t135¢00DE0s (561): BgdeEro

¥l $3030000L ¢rt35¢20DG0s (5609): 398
$3030¢20L e39e0BEOS (36M)): bgdo

[ $303000L cre35¢00BG0s (5619): Lsggorggero

dogro B0 39M0meBo: sMBMMBsermtio
dogro ,Bsonge” 3gMomeodo: bBofMo g58m30d90s
dogro B0 39Momedo: 1doermds

doemo 89993500 EMMU: $MBmMMBsemfo

oo 8973900l @MMU: BBoMo 53m@30d90s
8oemo 89¢9)93500L EMMUL: doemds

1335(5mEM ©o536mBos:

dd7eemdob mag0l B3og
3303000 @0350BdGOs (3M]): MFON©)
330300 20135¢20D530S (567]): IS0
33030000 e135¢20B53E0S (5617): 3oLy
it L 5600505 (Fbof): B 0¢»3bEA020, bb MM ™

B 102070l €030 B530 ) (357856020, o B9EBgmemos ]

i »

0L @sBurds: doerdo -

[ 56398980

=
<

936BSmdS

\ L3356 EO3pBmDOL E3BILAIDS

Puc. 2

OkHO cIHcKa HoJ] HaAUChIO ,,9MBgwye0s:“ 3amonHAeTcs BHIOpaHHBIMU IpU3HaKaMu. [IpaBee oToOpaskaeTcs
HAJIIHCH ,,L5356000M Q55350000 5M056:“ — «BepOATHBIE 3200ICBAHM:», 2 HUKE HE€ CITICOK BO3ZMOXKHBIX
JIMarHO30B C COOTBETCTBYIONINMY BECOBBIMH Kod(hdunnenTaMu. Hrke BBIIEICHHBIM MIPU(GTOM 0TOOpaxkaeTcst
HanboJiee BEPOSITHEIN JIUarHO3.

IMosrydeHHBI IMArHO3 MOXHO YTOYHHTH. J{I 3TOr0 JDOCTATOYHO WIEIKHYTH MBIIIBIO 0 KHOIIKE
»053965M 03BMBOL EsBMLGHPDS“ — «yTOUHEHNE BEPOSATHOCTHOTO AMarHo3a». OTKpHIBAETCS HOBOE
OKHO, TIOKa3aHHO€ Ha puC. 3. AHAJOTMYHO OKHY Ha pHC. 2, TaM OTOOpa)kaeTcsl CIIMCOK BCEX HPHU3HAKOB
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IIporpaMma HHTE/LUIEKTYATbHONH CHCTEMBbI JHATHOCTHKH NMEPBUYHBIX I'OJI0BHBIX 00.1eii

3abosieBaHuil, BecoBble KOI()GHUIMEHTH KOTOPBIX OTIMYHBI OT HyNsA. BBIOOp M3 3TOro CINCKa 3aBepliaeT
IIETYOK MBIIIBIO 10 KHOIKE ,0536mbo“ — «amarxHos». Ilociae 3TOro OKHO CHHCKAa IIOJ KHOIKOH
»000BgmM@05“  3amonHAeTCs BHIOpAaHHBIMH TpH3HAKaMH 3a0oneBaHuA. BHH3y oToOpakaeTcs CHHCOK
BEPOSITHBIX 3a00JIEBaHNH, & HIDKE 10 LEHTPY 0TOOPaKAeTCsl OKOHYATEIbHBII AHATHO3.
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Psanom ¢ xHOTIKO ,,Q0059860mB0“ 0TOOpaskaeTcs KHOMKA ,037MBoErMds* — «1edenne». Lllerqok MbIIM
N0 3TOl KHONKE BBI3BIBACT OTOOpPAXKEHHE TPETHEro OKHA MNPOrpaMMbl, IOKa3aHHOro Ha puc. 4. D10
MHOTOCTPAaHUYHOE OKHO HPOTPaMMBI, KaJI0€ M3 KOTOPBIX OTOOpakaeT OHpeAeNéHHBIH THIl jedeHus. Ha
HepBOil cTpaHMIE OTOOpaXKEH THII JICUCHHs C Ha3BaHHEM «IEPBUYHOE JIEUCHHE» - ,30(39Q05©0
0399Mbomds”. 010 ecTb (hapMaKOIOrMYecKoe KylNUPOBaHUE  TOJIOBHOM OoNM I[pu [OMOIIU
00e300JIMBAIOINX W IPOTUBOBOCHAIMTENBHBIX JICKAPCTBEHHBIX IpemaparoB. Ha ciemyromeil crpaHuie
0TOOpakaeTCs TUII JTICUCHHUSI C Ha3BaHUEM IIPEBEHTHBHOE JTE€UEHUE» — ,309396301w0 939Mbosermds®. DtoT
THI JICYCHHS] MPEIOTBpALIACT NaibHEWIIee pa3BUTHE 3a00NCBaHMSI M HALEICH Ha NPHYWHBI PAa3BUTHS
3a0oneBanus. Ha cnenyromed crpaHuile oToOpaskaeTcs THUII JIEYEHHs C Ha3BaHHMEM <JICYEHHE OCTPOro
npuctyna» — 04339 993930l 93Obsermds®. DTOT TN NeYeHus HapaBJIeH Ha CHATHE OCTPOTO 6OIEBOro
HPHCTYIIA, KOTOPBII Jalle BCero ObIBAaeT IPH KIACTEPHOH ToIOBHOH 6oy nim npu Murpenn. Ha cinenyromeit
CTpaHUIE 0TOOPaXKACTCS THII JICUCHUS C HA3BAHUEM «JICUCHHUE MIPUCTYIIOB JErKOH U CpeIHEH HHTEHCUBHOCTI
— 390990 s LEAMSEM 0BEHIBLOZMDdOL T9E)g3900L 33MGBsMdS“. Ha 3Tol cTpaHuIe peKOMEHITYIOTCS
HpenapaTsl AT KyMHPOBAHUS JETKUX U CPEJHUX IIPUCTYIIOB MuTpenn. Ha nocnenHel crpanuie otoOpaxkaeTcst
HEMEIUKaMEHTO3HBIN THII JISIEHUS — ,065090035396@ M0 33mMbsenmds®. 310 dhu3nueckie ynpaxHeHUs,
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[mumpuii Pao3uesckuil

CaMOBHYIICHHUEC, pelakcalusa, MCTOJAbl CHUXKCHUA CTPECCA, UTJTIOYKAJIbIBAHUC. B OCHOBHOM, 3TO UCIIOJIB3YCTCs

P FOJIOBHOM 00JIN HAIPSKEHHUS.

@ Form3

- [m] X

3o639emsEo B3nGbsmnds  3G3306600we 330665@ads | 8F3s3) 390330 836Bs@ds  Almdrdo @ LsBmdme 0BHIBLogNBOL ByHYadoL AHEBI@MDdS  SG3AYE03389BG GO GBI

A0 ©3 axEPaen SrsTtate

3¢ dob Godo - 3Hg39660Twe I3HEDd

L3339665w@n LYFPS@YOS BYGS-dEMIHYD0;

TR0 @ axpamn Srsesee

L5339GB@e LMo YdS - 3650 5B B50%0;:

[ wohisrtisesto @3 asropamo smsgutsee
L333GE5@M LSTIHMYDS - GM30GHSI>G0:

[ cumtisstinesto @s axyropoma Smsetiate
L583EB @ LEFMSEPDS - FHMIGASGO;

3693963070 837)OHBsEMdS

Puc. 4

333moygBgds 3gdegae 3 9m39d0b @G (
36 )
3LB; EO3BYHO: DBHHEOFHEOd: 39HOBIGOTMO LOLbmASGNRZIBOL ©EI5ZSEYB: I
3B556LIMDS.

LogGHobomon 338moygbgds B98IB0 900G
SEILGD@YINGOOd)
DHD@-30bngs6o pEs3
Begmgbgdo:
©23GLo0L M3BSIGLYBMDS:
©335BmE@mdol Hodol MmdzoL B3 B356LYe

9939600 Loli?gds

30639300 530 H3030e9d0L EOaBMLG0MYdS B0BYB-0xJaMdG030 5B5eoBoL Lagrdzgwm Dy

306R090 BOOESE LOB3BMBYDO BgHRgmEmo:
UggLo: 8586mdomo A Ugguo: 8gfmdooo
M ligglo: BgEMMdomo Sbsgo: 21 - 40
15bs30: 0 - 20 05300 $3030e0L 80BYB0: 0306 G385
4 sbago: 21 - 40 530U 303060 BoBgbo: 39BLEMNSE00L IFy9ds
1 obs30: 41 - 50 330l 303020l BoByBo: Lbgs BoBgbo
[ 5bs30: 51 - 80+ $3030em0L @m3eoBG0s (567): LsgzgogEo

M 0530l §303020L B0B0: 0530L G333
1 029300 H3030e0L BoBgBo: 065399430
1 07530L $3030¢0L 30D)BO: sHAIM0NE0 303MHIEBOS
1 00530l 330300l B0BYBO: BogMm0sB0 ©EOIHO
1 o530 33030620l oBgo: LFHILO
M 00530L $3030em0L 30B90: FgBLEMNEO0L sFYds
930l 33030620l BoBgBOo: MAOLYEMDY
| 0m530L (33030620l 30%)D0: 3d0erol B 03530L 9680 Lbgs e
o930l $3030¢00L BoBYO: ©Y3MILOS
M 0930L 303060l BoBybo: Lbgs BoBybo
_ 00930b (H3030¢m0L 30%5B0: 0530L (3030¢20L BoBBUL 39t SList
1 o530l $3030¢m0L B0Bo: Lod3HMBo@0Mo $Ba)H0MH0
1 03530 (3303060l 80D)B0: MO 3MBHMEI3HOZIVOL Bc
1 33030¢0L @M35e20DE0s (3607): 0930
1 $3030m0L t135¢00BG0S 5617): Babgzs60 0530
| 3303000 @m3se0ByG0s (3019): Bdwo

33909 B mErsfivyero

330306200 ¢035¢0DoG0s (BbSMY): gmageoz0L oerdbe
930U (93030¢20L bsbosmo: 3i50gdego

330l H3030¢0L 065FHIBLOVHMD: drogho

530U §3030620L 06@BLOwMMBS: s9HsBIo

930U H3030¢20L 0B5&IBLOVHMBY: LogBosbmds Byrdergi
8973900L LobBoy: ;3980 MadmegBodgx P
330306000 508m396900U 56 BE3900L gobBohgdols
$3030¢00L BH339L §ob vdmgol: Loddodol BgaMaAbgds ¢
33030¢00L B@H339L §ob wdmzol: 850l (53gH0GOL) ©s;
33030600L T9H39L 0396 sbemagl: guyerols Bggs
33030¢00L BH730L 0396 sberagl: ©gdobgds

$3030¢00L TH35L 0396 sbesgl: BMAHMBMdOS
33030¢00L T9H935L 0396 sberagh: gmbmgmdos
$3030¢00L BH30L 98¢0gMIOL 36 s830MYOL: JBMGOVH:
33030¢00b B3390 93¢0 gOL 96 s8G0MYBL: BmlignBad:

A | B3gaM00m 095350090900 5609B:

3501 MBOL 03530 B3030¢m0 Fmbood 0.5468085106382

3abAIHEo 09300 H3030e0 Fmbood 0.44468085106383
833030 B0 0.657446808510638.

[ $3030em0L em3oem0BaGos (3609): 39535 1533900L Boggds 0ffg93L 96 33¢r0gMgdL 0330L Gogoent 335657 ©E033BMBO:
1 (33030000L ¢35e0DIGOd (5619): b3 dogrols bybaMdemogmds: Bmmdsermo
M 33030600 m3ae0BGos (567): Lsggmggero Goemol babaMdeogmds: 6 LascD] Bszemgdo 333030
1 §3030@0L @m33oBIGos (50)): 0135wdM©Y dogmo ,Bsoane 30MomEBo: BaMdsemo v
1 3303000L ¢3oe0DIGOd (561): M0 £ 2
330300l 35¢00B5G0s (361): JoLgMo
$2020¢7°00 ¢r25em0DOR05 (BbaM1): BB R5emBbM020, bob mMab v
p’ 3 b % Bg6Bgneros
M 5639@9%0
4 momoBgosme mgmbs aGegmols sligme
Bsgogo
< < > >
IORIDWS (36330°) | BIRINZ0MHNZS
Iisosmsmmm masahm®inls maTholianAs ArxvmARsmmAs o

Puc. 5

178



IIporpaMma HHTE/LUIEKTYATbHONH CHCTEMBbI JHATHOCTHKH NMEPBUYHBIX I'OJI0BHBIX 00.1eii

Ha xaxmoif n3 cTpaHHMII yKa3bIBAaeTCs CHHMCOK U3 JEKAPCTBEHHBIX CPENCTB, PEKOMEHJOBAHHBIX s
JIAHHOTO THIa 3a00J€BaHHsA M B COOTBETCTBUH C JaHHBIM THIOM JedeHus. Pmar ,939639690900 ©o
339600m Imgwgbgdo“ — «IIPOTHBOIOKA3aHNS U TOOOYHBIC SBICHUA» CITyXKUT JUIS BBIBOJIA CITHICKA

TIPOTHBOTIOKA3aHUH M TIOOOYHBIX SIBIICHUH [T JAHHOTO TIperapara. TakuM oOpa3oM, Bpad, Ha3HA4ass JaHHBIHA
Ipernapar MoJy4aeT COOTBETCTBYIOIIee IpenynpexzaeHue. llpum yctaHoBke duara sta uH(pOpManmus
0TOOpaXkaeTcsi CripaBa OT COOTBETCTBYIOIIETO Ipenapara, MpH OTKIIOYEHUH — ynaisiercs. Eciu HeKoTopbIi
METO/I JICUSHHUS HE COIEPKUT MH(POPMAIMX O TIPOTHBOIIOKA3aHUAX U MOOOYHBIX SBJICHUSX, TO (Jlar Ha SKpaHe
OTCYTCTBYET.

Ha puc. 5 oToOpaskeHO COCTOsIHYE IIIABHOTO OKHA IPOTrPaMMBI IIPH YCTaHOBJICHHOM ¢iare ,,0639¢900"
— aHKeTsl. B 3TOM ciydae mporpamMma HCHoNb3yeT JaHHBIE, B3AThIE U3 aMOyJIaTOPHBIX aHKET C 3a00JICBaHUSIMHU
MHTPEHb, TOTOBHAsI 00Jb HAMPSHKEHUS ¥ KJIaCTEPHAS TOIOBHASI 00J1b. AHKETBI TAKKE 3aMICaHbI B 0a3e JaHHBIX
Microsoft Access. B mpouecce paboThl IporpaMMBbl, JaHHBIC U3BJICKAIOTCS M3 3TOW 6a3bl JaHHBIX.

Ipu ycTaHoBKe (raxka ,5639(300“, aKTUBH3UPYIOTCS W 0TOOPaXKAIOTCS BCE SJICMCHTHI YIPaBICHH,
Haxozsmmecs 1o 3tuM (uaxkkoM. HenocpenctBenHo mox (akKoM pacriosioXKeHBI ClieBa HACHTH(HUKATOP
MalMeHTa, a crpaBa — paMuIns, UMI B OTYECTBO MalnueHTa. Huke otoOpaxaeTcs nuarso3 manuenrta. Hike
PacIoNoKeH HABUTATOP, IIPH IIOMOIIN KOTOPOTO MOKHO NEPEXOANTH OT OJJHOM 3aITUCH K IPYTOH, TIPOIUCTHIBAs
TaKUM 00pa3oM Bce 3alKMCH aHKETHOW 0a3bl TaHHBIX. BHIOOp aHKETHI MOKHO MOJTBEP/HUTH IIEITYKOM MBIIIBIO
10 KHotke ,896MBgmeos (56398900)“ — «BbIOpaHO (aHKETHI)». B 3TOM Ci1y4yae B OCHOBHOM CITHCKE IIPU3HAKOB
3a005eBaHUS BBIOMPAIOTCA T€ M3 IPH3HAKOB, KOTOPHIE OBLIM 3aHECEHbl B aHKETY BBIOPAHHOIO IAIMEHTa.
[enyok no kHOIKe ,89MRJ IEO0s“ BHI3BIBACT OCTAHOBKY AMATHO3a CHCTEMOIi, ONMMCAaHHYIO Bblle. Takum
00pa3oM, K IMOMOIIH JAHHOTO OJIOKA MPOTPAMMBI IMEETCSI BO3MOXKHOCTB IIPOBEPKHU NMPABUITBHOCTH BECOBBIX
K03((HUINEHTOB KX I0TO U3 MIPU3HAKOB 3a00JICBaHU 1, B CTydae HEOOXOJUMOCTH, 3TH KO PHUITHEHTH MOTYT
OBITh HCTIPABICHBI TaK, YTOOBI PACXOXKACHHUA MEXIY IHAarHO3aMM MAallMCHTOB W3 AHKETHl M JWArHO3aMH,
MIOCTABJIEHHBIMH pa3pabOTaHHOH CHCTEMOH, ObLTH ObI MUHUMAJIBHBIL.

[porpamMma mocTpoeHa Ha OcHOBe Kiacca diagnostics. DTOT Kiacc CONEPKUT BCE NMEPEeMEHHBIE H
¢yHkIMKM, HeoOXoauMmble B pabore mporpammbl. Vcmonmb3oBaHHME Kilacca ITO3BOJISICT JIOKaJIM30BaTh BCe
nepeMeHHbIe U (QYHKIMU ITPOrpaMMbl BHYTPH Kiiacca. Takke, UMeeTcsl BO3MOXKHOCTD YIPaBJICHHs TOCTYIIOM K
HEKOTOPHIM (DYHKIIMSAM U TIEPEMEHHBIM.

OcHOBHBIE OJIOKH IPOTrPaMMBbl OCYIIECTBIISIOT:

—  (opMupoBaHUE IITaBHOTO CIIUCKA CUMIITOMOB;

—  00paboTKa BHIOpaHHBIX II0JIL30BATENIEM JJAaHHBIX U IIOCTAHOBKA NIPEABAPUTEIILHOTO JHATHO3a,;
—  yTOYHEHHUE INOCTaBIEHHOrO JUArHo3a IyTEM pelleHus oOpaTHOH 3aaun;

—  0oTOOpakeHHe B OTAEIHHOM OKHE OCHOBHBIX METO/IOB JICUCHHS yCTAHOBIICHHOTO 3200JIeBaHuS;
—  OJIOK KOPPEKTHUPOBKHU BECOBBIX KOA(PPHUIIHECHTOB.

st hopMupoBaHUs TTIABHOTO CITHCKA IIPH3HAKOB 3a00IeBaHUH MMeeTcest PyHKINS, KOTOpast CHUTHIBACT
n3 0a3bl JaHHBIX NPU3HAKN BCEX paccMaTpUBAEMbIX 3a00JIEBaHMI M MMOMEIAET UX B MACCHB JIAaHHBIX. 3aTeM
MPOBOJINTCS y/AaJIEHHE IIOBTOPSIOIIMXCS 3JIEMEHTOB W OTOOpaXXCHHE B BHJE CIHCKA, BO3JE KaXIOTO U3
KOTOPBIX UMEIOTCS (UIAXKKHU JUI BO3MOKHOCTH BBIOOpA MOJIH30BATENIEM HYXKHBIX 3JIEMEHTOB ATOTO CIIUCKA.

OO6paboTka BBIOPaHHBIX TIONB30BaTeNieM JAHHBIX M IIOCTAHOBKA IIPEIBAPHUTENBHOTO HArHO3a
OCyIIeCTBIAETCS (yHKIHMEH, BBI3EIBAEMOH MO HaXKaTHIO KHOIKHM ,,390Bgmeros. Ota ¢yHKImMa nposepser
YCTaHOBJICHHBIE (DJIard B OCHOBHOM CIIMCKE, HJIEMEHTHI C YCTAHOBJICHHBIMH (lIaraMu IepeMelInaeT BO BTOpoi
CIIMCOK (HAXOZSAIIMKCS TOZ 3ar0NOBKOM ,09MBgwr05“). 3aTeM B 3TOH (YHKIMM IPOM3BOJNTCS 3aIUCh B
MacCHB TOJIKO T€X 3JIEMEHTOB BTOPOT'O CITMCKA Y KOTOPBIX OTJIMUEH OT HyJsl BecoBOH koaddumment. Janee
MPOU3BOJIUTCSI COPTUPOBKA 3JIEMEHTOB MAcCHBa IO aj(aBUTy W yJalleHHE OJMHAKOBBHIX JJIEMEHTOB. 3aTeM
MPOU3BOJUTCS MOJCYET CPEIHEro apu(PMETHUECKOTO 3HAYCHUI BECOBBIX KOA(PQUIIMEHTOB VIS KaXJOr0 U3
3a00JIeBaHUI M BBIBOJI 3THX 3HAYCHUH M ITOCTAHOBKA MPEIBAPUTENILHOTO JMAarHO3a ITyTEM CPAaBHEHUS STHX
3HA4YeHUM.

Pemenne oOpaTHOI 3a1auM aHAIOTHYHO NPSIMOI C TOW pasHMIEH, 4TO NMPH BHIBOJIE HAKJIA/bIBACTCS
OTpaHMYEHHE Ha T€ TNPHU3HAKH, BECOBBIE KOA((UIMEHTH IS IAaHHOTO 3abojieBaHMS paBHB Hymo. [lo
3aBEepIIEHNH pabOThI ATOr0 MPOrpaMMHOTO OJI0Ka BEIBOJUTCS OKOHYATEIBHbIH JHArHO3.
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JImumpuit Paozueeckuii

DYHKIMH, OTHOCAIINECS K OTOOPaKCHHUIO METOIOB JICUCHHUS YCTAHOBICHHOTO 3a00JICBaHUSI CBOAATCS K
CUUTBHIBAHHUIO JaHHBIX U3 0a3bl JaHHBIX H OTOOPAKEHUIO ITUX JAHHBIX HA YKpaHE.

BIoK KOpPEeKTHPOBKH BECOBBIX KOI(G(HIMEHTOB IO3BOJSIET IPOBEPSTh PAbOTy IMpPOrpaMMBbl HpH
NOMOIIM INaGJIOHHBIX aHKETHBIX NaHHBIX. DTH TaHHBIE CUUTHIBAIOTCS U3 0a3bl JaHHBIX, KyAa HOMEIICHEI
AQHKETHBIC JaHHBIC PEAbHBIX MAMEHTOB M JHATHO3BI STHX IAl[MEeHTOB, IOCTABJICHHBIC BPAauyoM. YKa3aHHBIH
IPOrPaMMHBII OJIOK aHAM3HPYET KaKA0€ M3 CYNTAHHBIX IoJiel 0as3bl JaHHBIX, U, HCXOAS U3 MPOBEAEHHOTO
aHAJIN3a, NPOrpaMMa YCTaHaBIMBaeT (Iarn psaooM C COOTBETCTBYIOIIMMHM JICMEHTAMH OCHOBHOI'O CIIHCKa
(puc. 3). HanpHelimas paboTa mMois30BaTelsl C MPOTPAMMON aHAIOTHYHA OOBIYHOW paboTe C IMPOTPaMMON.
PasHuna nume B TOM, 4TO B JaHHOM CJydYae ITOCTABJICHHBIH CHCTEMOW IHArHo3 AOJDKEH COBIAAaTh C
JIMArHO30M K3 0a3bl JaHHBIX. B 3TOM ciiydae MOXKHO TOBOPHUTH O KOPPEKTHOCTH PAabOTHI CHCTEMBI. Y BETHUHTh
OPOLEHT TAaKUX COBMAJCHHHA MOXHO CKOPPEKTHPOBAB HEKOTOPHIC BECOBBbIC KOI(P(UIMEHTH MPU3HAKOB
3aboneBanuil. TeM caMbIM UMEETCS BO3MOKHOCTh YBEINYUBATH TOUHOCTD JJAHHOW CHCTEMBI.

Paccmotpennas B paboTe nmporpammMa Obiia pazpaboTana u tectuposana B C++ Builder 0 Seattle [2].

30639¢5¢00 3530l 33030¢0lL 06BgegdG oo LolEgdol osgbmlidotmgdol
36535

@000 359093630
69bomdg

aobobowgds  0b@Ggergd@ e mo  bobiEgdol 50096 Ls89OoEobm  osabmliEoMgdols
00m3560L 53mbobLbgmo  JoBgb- 9909amdM030 sbsErobol dgmmol gsdmygbgdoom. sdmasbols

50mblbs  bmMEogmgds  30M39WsEO 5306 (303000l ORBMLEMJOOL  ToRdO0MDY.

130w gdom  2odm3gdvyos  LoLEJIol Fdomdol  sOfIMS S MOMMIMEo  gegdgb@EHol
5608699 gds. s0fgH0owos 3OHMAMTol A0MHOMSEO dEM3GOOL BbJ30MmboMgdol s Jomo saqd0l

360bgodo.

The Program of Intelligence Diagnostic System of Primary Headaches
Dimitri Radzievski

Summary

The intelligence system for solving the task of medical diagnosis of the cause-effect method is described.
The solving of the task implemented on the example of diagnosis of primary headaches. The description of
working the system and purpose of each of its units are in detail stated. The principle of functioning and structure
of main units of program are described.
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M9bomdg

Lsgdol  GsMmdmgdol FsGogol 3MMyMsdmmo  3GMm©IBgdol Lowbgol dombgpsgzso
3MsgMmo  dbbgogo 3mI3sbos vy LsPs®Im  sbgbl msg0l  IMmMbmazbadby ImMygdamo
360M39M@o  LolBgdgdol FgdmBsgzgdl. slgo LoLEHIIS BMGOL OO SIWO  3IF0S0)
©m3m3963dMb30L Lol dgdL. Bo8MmIdo Fsmdmmagbowos LsdsGMZgEeml gHmMIMmMO OO
mdseglo  Lolfogagdeol  ©m3mdgbddmnbzol  LoliBgdsdo  3963gws®osdo  Ggdmlvyao
©M3mdgbGHos ©sdwdsggdol ,abol“ dgmBgzol 9dsboBdo, GmIgmog gi3wydbgds NLP (dwbgdéogo
960l sdmBsggds - Natural Language Process) dgom@gdl. sofigomos  ©379996¢gdol

33bogo35300L 3GmEgbo JoGomwmamgsbo GgduGgdolsmgol. dmagdameos yzges Laggbm®o,
393bBgd0b Lsfigolo sdMBs390ab Fsbgdobmmo Lffagergdols 3ehmaglsdwg. ymaguo Loggbmomols
Hg5em0DIELOL  98mygbgdmmo  seamGomdgdo  asbobogrgds  dmogxogo®Mgdom  JsGomvyeo
960L0s30LgdMMGBGBOL gsmgzsbolifjobgdoom.

Us2206002 bodg3980: 39763980l 3¢7sb0503560s, 8296986030 9bol ©s8-985398s, 0569567960
bposergds,

1. dgbsgsero

Loddol HoMdmgdol Fomrm30L 3MMAMTMWo 3MHMEYJEId0 0bYmogzs IM3s5xgMH™M3s600,
M0amOE  00Bbgbo s oo  FoMmM30L Lo gdgdOo.  3MOdBH03od0  odmygbgde  SLgom
36OMaM50Mw  3OmEIBHIOL  dmMol  360dgbgwrmgsbo  syowo 939305  ©™IMBg6EJOOL
53498539000 LoLEJIgOL (A document management workflow- DMW ) [1, 2, 3], oo Mol
Lbgoolbgs GHodol s FsbdGHd0L  sHgligdwgdgdol 39B3EgwsMmo0L Loddosbmdol dstrmgol
LobBHQIGOL. DMASO Foagdom DMW LoliEgdss, MHmIgerog gsdmoygbgds 3mbimg@mer d0bbgl-
36OmEgbmb 5393000900 ©M3MIgbEJdOL  Tgloddbgere, oDy mzoeyyMob
90L59369do©,  MIEIJEHOMIPIOLIMZOL,  Fgbsbgols s  FsMmZolomzgol.  MIMLgEgl
5fqL9dEgdgdL 255hbosm MIMBIDEJOOL MBIMTsDoMo Tobo, MMIJOE ©39380MHJIN0S
4mM390 06 1ogddosbmdslimsb. sfiglgdwmergdsdo ©m3dgbEol sbgbobmabsgg ogo ofyqdl
dmdOsMdL gHmOo A9BYMmBowgd0sb dgmMgdo, dglsdsdolo s3mdsggdolsmgzol. dmd®msmdol gl
Udgds  IM30IOME0s ©M3MIGBGOL BHo3by o 03 bogdosh Ggawsdgb@by, GmIgwog
0md09qdl o0  HgLgdgdsdo. IHILYOMEgdgdOL  Loddosbmdol  IMIg35wRIMHM3b9d0IE
2490m30bstg momgdols 8999dergdgeros MboggMbowvymo LolEgdol sO®LYdMDS, HMIYEOE Y39ws
00BbgLL  TmMgMagds. JoBLEIMPMGBO”  sOLEBOTBsZ0s MIMBEEHJOOL  ©sdMToggdol  Lggdol
d9mbg3s oligo dgdmbggzsdo, MHmEILsl ©™3MIg6EHOL 993Jddbgwo oMo Mm30m ©sFgbgdEgdss,
005090 Logddg  930d3l  gdmbyo  3m69L3MmEI6EogdoL  ©TvYTs39dLmD.  396E3gEsMool
bodd0sbmdol 53 boffoewls  360d36gm3zsbo  HMEo 935305,  3MOL3MEIbEOOL  SEMgLsEHOL
49bLsbEgMms, 08  9gdmbggzsdo,  MmEbsg  9gdmlmwo  3mMIL3MOIbEos  HBMYSI©
509Lgd9gdol LobgeBgs, dmombmgl ol Fgbss®LMdMOZ s3To390sL. OO TMELIPMBOL
©M399996@gd0L  sMLgdMdOL Fgdombggzedo 93 IOHMEgLOLIMZOL  ObIMXRJOS OO O™ S
900bM3L O 553056 OHLMELL. 3O MBEIYds Ggodergds FoMdm®agl, GG 3 d49693M030
960L 5319853900l dm356s o ol doolvFMgws dglodengdgewros NLP (396936030 gbols
05349853905 - Natural Language Process) 3003900, $9dbGgool 3eebogozsgos.
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2. Lsgddol §omImgdols Bstr0z30l 3GmMsdMeEo LobEgdol 39049853985 (9MHmo 3gMdm Jgdmbgggol
3535000bY)

Logddol Foedmgdol JoMmzol 3OHMaMmsdmewo LolEgdol d998szgdol 3OHMEgLo 0RO 1s3356dm
153000bgd0LRY6  TgYgds, OMIgwms [o®MToGJOMWO  FooFs MHBOHMB3gXYmalL  LolEgdol
o853 gdMmdL.  M3oMm3zgmglo  860336g9wmgsbos  Lodmdom  3GOmEgbg bmyowo
063mMTs300L  FoMdmygbs [4, 5, 6]. B396 o 29630bowsgm  LodoMomgzgwml  ghmg@omo
16039MLoEIGHOL 39639 sM00l M3IghBHIdoL ©sTwdsggdol  Laddol FoMdmgdol dsmrmzol
300059 wo bobGgdolb  Fgdmdagzgdol 3GmEgbl. Ym39wEEonme© 3963gmsmosdo dgbvyao
306963mEgbEo0L  MomEIbmds  MsdEgbodg  SLgME0s s DmxIH  SMLLOE  0FoMBIVL.
306963mEgbooL  IMOZLMBOL  sEEGLIGHO  bmgoo  Loboomss  Fa®Imygbowo.
39633960580 F9g0v9ds390e0s  ©™3dgbBHgdol  @obsmolbgdol  (Jasbogozo®madol) Udgds,
M0Igog 3mEolbdmdl ymggwo d9dmboyemo  m3dgb@ol smfgsl dg@edmbsigdgdom. gL
99390mbo399900 Fom0mmoygbgb Lsdmdom 3MmaEglol 893s35¢  35M53966MdL. mogol dbMog
090535000 356509 BHMJd0  goblob®3zMoz96  ©M3IMIBEHOL  ©Fv)dsgz9gdol  LodmBsm  Liggdsl,
396L5BOZOMWL  3GHMEgLoL 80dEY3MMIOL  WMY03om. Fgdsgowo  3sMsdgBHMgdo 8 Lggdsdo
239bLsBPZM396 930 gdge b3gbsdl o35¢gdoL Lol gdWSE S F9HY39EH0EgdOL
300900l 9eg9gbGHgd0L Bsdmlagocrodgdwa (bob.1).

scenario 1
Scenario X
Input |
parameters define s o)
the document cenario
processing scheme
bob.1.

5396 F9@o0Mmbs3g9gool Fysmml FoMdmoagbl ™300 gdmbeo 3mEgbdmgbsos,
0MEOWgdYE0s dmbEgl ©™3MAgb@ol fogombgs 530060l doge. 3563gwsmosdo dmddgwo
Loddoobo  HgawsdgbBol dgbodsdols Bobss@bol dobgzom  gobolsbwgMgds, vy GmIge
©935MmG5996¢)  2500093H536905 ©M3MIYBEHO TBaMmIo  sFPs3zgdolomzol. 8  3MHM3gLoL
33¢M35BH0BoMJd0LIMZ0L FgLlsdergdgeros 359m30Ygbmm GHgdu@gdol JarslogosEool dgmmo.

©M399996@ 900l 3853900l Bggds sTMI0YON0s SMIBIGHDY. MGG Fqlsderms
094mb 20 5030b0LE®Ms30w0 ©I35MF9BEGH0L 96/s 8 Bo3MwE B0 ghm-gMmo. 5J9sb
299m3obstg  mbs  89ddsgogl  0bbBHOMAgbGHo, MMIgwos  FmebEgbl  BHgduBHgool
3W5L0gB0ZS30sL.

4m39wo 399mbveo ©m399bE0 Fomamoagbl s@sbiE®mdEmmomhgdme 56 bafowmdmog
LEAHOWIGHYOHOMIOME Tmbo3090L dmzwg GgduBgdol boboo. Natural Language Processing (NLP)
3900MEMEMA0S  9ODIOMO  Yyz9wsbg  Lozgomgbem  doymdss  5MILEMWJEHMMOMYO)O
dmbs399900L ol MTo390s®. 39MAM© - BJJuBHIOOL 3wsboggozsgos [7, 8, 9]. Bgdudgdol
300b0G0II3G00L 3MSGOMNO 3FBMBOWO SEEAMMOMT0 sOUBYOMBL, TopaMsd mbs dgo®mbgl obgmo,
M0IgoE  Y39ws RO 8mMgdMwo  0dbgds 30Bsbmsh. MmameE  33wg3gdo  5B39690L
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A9JuAJOOL  3EoL0B0ISGO0L  SOLIIME  SEIRMOOMTMOPSD T306g BmIoL  FHgduBHgdoLbIMZOL
439wobg 396y 89gaL 0dwwg3zs SVM seoam®omdo.
Lodmgrmem 80BBol Jobswgzow 930w gdgeos 899ga0 sdmEsbgdol yo@oFms:
o A9dbdadolb bsPyobo  @sdds398s - BH™3gbobogos, wgds@oBsgos - Jodommwo gbol
0530L90MMGOGOOL Fom35¢obf0bgd0m;
o A27A280L  3¢75b0%05305 - 5©@MYLGHOL OG0y Fg8amdo  ©sddoggdol  bdgdol
d9Lo6Rg350.

A99bA200b bsfyobo ©s821853985

A9JuBOL oM ds3gd0ol  bbgoalibgs  3953gaMM0Bs3ool  Momddol  yggars  bmdowo
5@MmGMomdo, 3500 dmMol SVM, 0g4gbgdl dob 806030Bs3Eost, dsbdo dbmeme gzgusbyg bdotMoo
29689m6Mm 905000 LoEY3900L OEH™ZgdOL ybom [9].

B39BL B0g® 3o8mygbgdero gzgws GHadu(o (28 Lbza@alibgs 3okam®0s@ IXFNIBIONLO
oobermgdom 8000 ©m3wdgbdo), OmIgwoag dmbsfowgmdl  GmmOE  3eelorosEool
360Hm3goOHol  990wdaggdsdo  sgzg  LoLEJdol  LoGgb@m  8gdmfidgdsdo  9J399gdsMYdS
05399853900L bLHKE 3OHMEgLL [10].
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30949690  BHgduBHgdol  3mengd3ogdl,  GMIMgdoE  e30sb3g  903Mm3bgdbo  sMI0D
3mb309G0w 3ol (Bggbl 8g8mbggzodo  3megd30s  ©oYmBowros 28 3aslv).  Ym39eo
300D M3MIGbBHYooL bofowo 259mygbgdmeos dsbdsbmE Lfogergdsdo, bmerm dgmeg
Bofowo dg00m@ol Lobfm®mol glsdmfdgders.

056gobmo  LHogwrgdol g@s3bg gmggmo  3wobo  foMmdmagds p x n (Loog P
296Lb35398Mmo  Lo@Y3zgdol  MomEabmds  3mEgd3osdo, n E™IMIB6EHIOOL  BomEabmds)
296BMmdogdosbo  FoBmogol Lobom, M@mIol gmgzggwo LEHMogdmbo  Ggdu@gool  Lofyobo
05349853900L 9900990 Jogdo 0bgdlomgdMEwo EM3MIIBE0s ,EGJMTI0bo/Hmbs“ 39]EHmMol
Loboom. sbgo FoMdmygbsls fm@gdgb Vector Space Model (VSM). Ly 90343b 28 sbgomo
353035, gb 3503900 §oMmBmoaqbab LolBqdol EMEbOL B5BIL. 53 SeEamGomdol FgMmbggs
3965300005 BoGoMmgdMds Lodmdomgdds, MMIgmog s0(aMgb JoOmwmwgbmgsbo  GgduGgdol
05399853905 [11]. 3boo FoMdmagbolimzol gl Igom@o dmzwmg sbg sw3fgomo:

Bob.2 VSM 3005b0g335300L 390000l 405530399000 go0mUabgs

3wsbog03sGHMM0  BobsbBy godmbsbmwo  39d@HMMIOOLMZ0L  3mIEMdL  Jogdlodo®,
053650 065056 ML O 93wgOL  39dBHMMPOOL  ZoMsgw® [Engl (Brgzsdl) o0
PomOGowby. 9999y 6gd0bdogmo sbowo m3Mdgh@Eol 3wslorogo®gds bogds 0dol dobgwzom
0?9 BO3MHOL GHMIger dbsMIL 35MYds 00.
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tf/idf-b s gobsbogo o0 I600d369wMdgdL Words map-do. sdob 9gdamd bgds ymzgewo
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0yma3s 09 bLoEYzgdoL 39d@ MO bogMdgbyg). 899wy LorgbwrM®Byg 339 3Jdboo trained set-
L. sdobogol h3gb ymgzge Mbogswme Lo@Yzsl 35sMYOM MOMMIMWO ©M3IwYdgbEol
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9900060905 4m3z9e 603G LoEY3LMeb LboFoMms, GLms ymzgwo m3wdgbEolmgol
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Workflow Management Systems, 396906030 960L 3353900l IgoMEOYOOL 5dMmgbgdom LMo
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Using Text Classification in Document Management Workflow
Manana Khachidze, Magda Tsintsadze, Maia Archaudze, Gela Besiashvili

Summary

Despite abundance of wvarious Workflow Management Software Products, many
companies prefer to develop own software according to their specific requirements, especially
for Automated Document Management Workflow. The presented work considers the
“mechanism” of document processing on the example of one of the largest educational
institution of Georgia, based on NLP (Natural Language Process) methods. The classification
process of Georgian language based texts is described. Each step of document workflow
management starting from text-initial processing to machine learning is provided. The
realization algorithms of every issue consider Georgian Language peculiarities.

KIaccu(pUKaImuA TEKCTa B CUCTEME aBTOMAaTHIEKOTO YIIPaBIeHU JOKyMeHTO060poTa
Marama Xaunzgse, Marga [[unnazse, Mana Apuyazse, 'era becranrBrin
Pesrome

He CMOTpsA Ha OOHUIBHOCTD IIPOTrpaMMHBIX TIIPOAYKTOB B o6yacT ABTOMAaTHY€KOTO
YHPaBJIeHI/IH AE€JIOBBIMHN HPOHECCHMI/I, MHOTHE TIIpeANpHUATHA pa3pa6aTLIBa10T COOCTBEHHEBIE
CHUCTEMBI, IIOL cBOM ,ZLeJIOBOfI periaMeHT. CPE,ZLI/I TaKUX CHCTEM OOJIBIIOE MECTO 3aHMMAIOT CHCTeMBbI
aBTOMAaTHUYEeKOrO  yIIpaBIeHUA  JOKyMeHTooOopoToM. B  mpemmoxxenHo#l  pabore
paccMaTpuBaeTCsS MEXaHHM3M CO3JAHHA TaKoW cucTeMsl Ha mpuMepe BY3. Ommcan mpormecc
BBIOOpa clieHapus OOpabGOTKH JOKyMeHTa, KOTOPBI OCHOBBIBA€TCS HA MeTOAax 0oGpaGoTKH

€CTeCTBEHHOTO s3bIKa. IIpuBeZileHBI BCe STAIbl C HAYaJIbHOM OOpPaGOTKM [0 MAIIbIHHOTO OOYydYeHHS.

HPI/IBE,ZI;eHHI)Ie AJITOPHUTMBI PACCMATPHBAIOTCA C YI€TEM 0COBGEHHOCTH FPYSI/IHCKOI'O A3BIKA.
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99000 Lsdwsegdoo.

Us33206002 bodg980: 0300005860U3030L bsobgm@dsgom  bobdgdgdo, 86986030 9bob
3049053985, 564562950 bpsgargds, 3503093990980l by

1. 9glsgsero

X96IODgmdol MBOb3gwymzol birg®mdo, 300BMHNBIs (MZ30TMZWY), 300390
©MboL 530 gdgmo §99gdss 5M3MMBIBOMbsME BOMB3580. gl 3OMEILO JOMOMSO©
bmOE0gwEgds mxsbgddo s Imbobegmdsdo 3m3MsMIE0s. Mo30MTM3Ws 4eEolbdmdl
A9HPows©  9MomMYb0BYRdMwo  xsbsggzomo  Jdggdgdol  obbmGEogwgdsl s
XBIOMGMBIVMD  ©5393000530  25005(Y39G0wgdolL  Joegdsl  BobozmEmo  3o6Mmgdol,
xobob, d9HMdgdoL, dgamdMHIdoL s 0s6508MMIgdol dogh. 53 Jdggdgl 3ob9g39m3690056
X6IOGDGEMdOL IaMBoMgmdol FbsMHoFIM, ©9350JOIMS 309396309, M30mM©OsRbmbo [1].

909959350 Moo YoMymzomo dbsmggdols, d9oEobol 399853000 0935 S00sMJdIb,
I 030000003bmbo Fg0dwgds 0gml Lsbmysmgdol 0b@gMglbido [2]. Fsp5¢0ms©, Mo30l
3969800L o035 9YMDMdS 5©5d0560 2osFY39EBH0MdL - Tols 5§30 JM030 YY) 5O, O
353906098056 9Jods Fbmwme 08 Fgdmbgzgzedo, Y] 0BOEGds GobIOL BIJBHMMO s
3900 MEgdg00. Qb 5MHOL M30000003bMLEH0I0L 30MPI30M0 IEYR0Mds Bg0Eobol bgggMml
"B gdsdMBoo  30MHgdoLogsd - 0300©0sbmbB03s  Lmgommmyon@mo  0bGgmglol
FoBoMgdge0s.  s0bodbmmo gogBHo o6  Tgodwgds Bsomzoml LM @gy0G0Ts30s,
0300©053bMBO 56 bLBOL % 96sE35LMb ©39380MHYOM dgBgl 3OMdYTgdL. dowbgwszsm
500bY, M30000BMLEHO30L Fgolfsgurs LodgoEobm 3OHMEgLoMmbiwrwe osxbmLEG03sdo dolo
5Q300L ob5mZ5olobMdMs®, 39Fo© LOObBHIMILM S 9SG s8mEsbss [3].

g4m39e039  H90mmo0bodbmo  a5bs30MmMdGIL  Lbgoalbgs Lobol  xsbdBmMgErmdol
M3000536mLEGH030L s M30mMMboEGHMMObaol  LoLEJIGdOL ISz TLMOZ  A5630MMGIL.
3906L53MOPB0M 5B MO O 3M3WsMEos  bbgoslbbgs  Lsbol  dmdowrm®o
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36056 dMdOME Egurgnmbgddo.

obdE0 05MBOL IMBOWMMmIBOL sOLYdIMBs, BMEOL X BIGMGEMdOL dmboGm®mobaol s
030000053bmbE030L 0bgmo LobEgdgdol 9gJdbs-g58mygbgdols dglsdwrgdemdl [4], HmIwgdog
53369305 bbgo@solbgs 953006900l 3MMmxqlomwo #sdmEEOwgdsby. o ogwaolbdgds
Lbbgoalibgs ¢o3ol 9dudgmE o LobEgdgdo.

9du39HGHMo  LobGHYddolL  2ob30m0Mmgds  LHimMg  LsdgoEobm  sbodbmwgdols
LobEgdol dgddboo ofygds [5]. 06GHIMByE LogMEgdo IM3ws Tmodgdbgds XsbIMMYEMdOL
0300000536mbEH030L  LobEYIgdo. qb LobEgdgdo 09ygbgdgb dmboisgdos Ho®dmoyqbol s
53198539006 Lbgo@obbgs  3bmdoer  dgmmgdl.  MIMegergl  9gdmbggzsdo  Lob@gdol
9dbdsMmgdgerds 030000536MbE0MGBOLMZ0L IERMIsMIMBOL >s©fgMolal bs gsdmoygbmls
3063609@ Mo bod3GHmagdol hsdmbsmgzswo, Moy BOM©IgL ,Mmdogd@oL® dbgdmozo  swfig@ol
959 gdMBSL.  A9BLEIMMMGdOm  FMbgHbgdgeos BoduoMmgdmwo Lod3EHM™IIPom  SOFIMS
obgmo 3Wslol 5350g09d0LOMZ0L, MHMIWYIOE 5sd0sbol Fga™dbgdol 330w gdsl 0f3g3L.
bgmo  BHo3ob 99350090 9d0Ls3  35309B6GHOL  FEAMTsMYMBOL  MZoMOPFgMS  WBGO™
Ilobg®bgdgos ¥396gdM0og 965%Byg. 0 9900bgg35d0 M3gmalo 0d69ds ImIbTsMmgdgel 3Jmbogl
L5830 gds  Mog30Lo  LoEY3gd0m  HEHIOML  ,,md0gdBHO . bmwm 58 GHodolb 0bxm®Isbgool
515899053905 Y39wsBg 396y Ls8sgdsl HoMmmoygbl dbgdmogzo gbol sdmPsggdols
d90mEqdo[6].

§o03ma 060 b536MMITo g0mm935H9dwr0s LolidgdwyHo doymds, GMmAguoa 9Bw)dbads
0690030 bl FMTs3900L s F9bJobmMo Lfagewrgdols dgommgdl. FgMbgrmeos dm3wng
A9Ju@ob Lsbom  FoMdmagbowo bodgoaobm bobsfgMgdol  sdwdsggdolomzol  ygzgwsby
M3 3mbgMbgdmo sEaMmMH0mIgdo.

2. »30000536mGEH030L 0bxmAAsgomo LobEgdol 9gdwmdsggds

89000535900 Lolbgdol doMHOMS© 0530869c0gdsls §900my9bL
9dbdsmgdEobsmzol ImbobgMbgdgeo dbgdMogo gbol Ladwsgargdom (Bg9bL dgdmbgggzsdo
Lo0sM0s  Johmwew  qbobg)  sofigmml  dobo  BEAMIsMgmds  ,bsdox-bsdox”.  Fgogyo©
23960L5BE3zMHML Jobo xsbIOMIEMdOL dEYMBsMgmds s Jogmommb M930m39bs30s d9dymdo
J09090900Lsm30L (565 FBMEME FgLodEwm 0300003w9MbsEMds) s Tglsderm goMmYEgdgdOL
dgLobgd 335008030990 33MboemdOl 56 domgdol gdmbgggzado.

2.1. bobBgdolb s®JogdE e
LobGgds 89905 Lsdo BMbdE30Mmbscrmo ImpwyEologsb:
1. 9mIbs®gdeol Bamdstgmdol s0dfgmo @gdu@ob 99ddbols dmmero;
2. ©0sgbmBob dgMbgzol Im@Yeno;
3. ©9300960530900L dmwero.
s0PG0 H970G0b G94060L deaemo dmdbIs®mgdgel L;egsBMBL LoGYzsms 653MGOL MMIgEms
2498myggbgdomsi by sofigcmlb dobo BymdsMgmds. Lo@ygqgdol bs3Mgdol dgmBgzolamgzols

399m3049bgo Bodsbmolgdsms dgMbgzol gOmgMmo dgmmo, Gmdgwog 3bmdowos Information
gain [7] bobgeroom.

o 960869 m3zs605 sBowoBHozmmo Lsboom §omdmgbaobmm m®mo 4s63sm@Egds Entropy s
Information gain.

Entropy - 53999350, ™3 335J3b 1 9egd96¢0Logsh 899yeto T bodMogwrg, MHMIgEmsysb m
3oL 3556605 D 030Lgds. 35806 TLodMs3w0L 9bGHOM30s D 30bgdsLmsb F0ToMmgd0m SG10b:

n-m

H(T,D) = —%logzg—?logz (1)

n
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0916906030 960l s3MPs39d0L IgmMmEYdoL 3sdmygbgds Lsdgorobm M3000053bmbEGH0Z0L. ..

056 3H0350 M 300J3500 9B6EGHOM305 ©TMI0IOW0s 3OM3MOE0SDY, HMIWSEIG FoYNTBOEI0S
LodMOZEY. 59 3MIM3MOE00L BOEOLLL 0-sb ¥2-000g 96EHOM3053 0BMEYD, b Y2-ob 9dgy
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Information Gain - @s38gsm, ®ma T 9e9996¢3)gd0l LodMegEg, HGMIGEMoasE Bofowl asshbos D
030Lgds,  3WsboBoEoMEds W 5GH®O0dMGHIBOL  Ladwswgdoom. 8sdob Information  Gain
24960563 gds BHAMmE(3:

Gain(T,D) = H(T,D) - L. Tl y(T,, D), @)

i=1 7|
Ti = T-b 9e09896¢3900L LodMzwgs, HMIGEB3 W osMGH0dMEGL 5J3b I 36083690Mds.

Moyo6 Bggbo sdmEabs 98wdbgds dMbBgdMmOg 965%g BHYJuBHIOOL sTMTs3gdsL, @b EYOOL
Agbododolbo T gwgdgbBgdl  3mmsbogdo  BgduBYooL  3megdiost, MmIwgdog  swfgegb
Lbgoslbgs ©9350gdgdL (e SLgmo 3megdios Bzgbl d98mbggzodo oMol 6) 9350 gdgOL.
Lbgobbgs ©99350090900Lsm0OL  a35J3L Lbgo@slbgs  GH9gdu@gdol bozmgdo. Lwer 939dbgds 6
296Lb30390Mmo  J3qlodmsgwg. Gmam®mE  fgbo, b BH9JuBHIO0  8go3e396  IsbEMgdom
9600503039 Mom©bmdol LoGY39dL. YMm39gE0 H535JOOLMZ0L 335d3L  ssbEMmgdoo 100-
150 39dudo, mommgmwo Ingmemdoo 150-200 bo@ygs.

) 30306693m, G D, 030Lg0s 030395 M3 ©99350900L @oLsbgmgds (L 33976905 6
256Ubgoggdmawo D, D2, D3, D*, D% D% ) s T Lodmsgeolsmgol gsdmgoygbgdor Information Gain
-0l 258mm3z@wol IgmEL 3EGRMWMdM Lodygsms W/ ={W{,...,W,£j} ,J =16 bodcmsgamgls
4M39e05350JOJOIOLOMOL  (3o-(395¢03),  MMIgEoE  09900035H9ds  9mdbdoMgdgeols
0300000536mbolsmol IyMTsMmgmdoL sebsfgMo.

@0oogbabolb  Ggmbgz0L  democro  HomBmoygbl  Bgdu@dgdol  3wsliogolsool  dmel,
GHemdgeog 0ygbgdl Decision Tree Algorithms.

Decision Tree gobbcmM309wgdob bsdo 3bmdowro doamads sGLYdMBL ID3, Assistant s C4.5.

503090 Mmm bob 53900L seaMm®0mTo dox JdO:

1. 0ddbgds 3oMzgwo 3356do0 (8gLgo), GmIgdos 8g0sb gzgas GHauBgdo  (BadbGHob
3M00896()00),  foMdmpqbombo  g3zgws  9OLYRdMo  Bodobmzolgdgdom  (ymzgwro
A99bGHOLM30L 668sbMz30LYGBsMS FgdBH™ol BmIs GHmeos N-ob);

2. 90000botg 3356dobmgol dgoMbgzs y39wa®g Madm dg@o dgbongmobo bodsbmgzolgds s
dobo 19393 gbM D3O 360369 Mds;

3. 99MBgmwo Bosdsbmgzolgdol Bbrgmymwo 8603369cmdol bygmdzguHg bwgds olsbsgero
Bo3MgdolL MM bsfows@ gogmas. s8mMPBgrmo 508sbmgz0lgdgdo 56 BsoMmzgds 0 bsfowdo
03053963 go0l  smfgMsdo, by Bofowgddo  gMmgdgbBgdo  [omdmepqdosh  N-1
296BmIogdosbo 39d@™mOmol Laboom;

4. Ho60mddbowo J39lodMogerg 3853090 9B65MY0mMo 8965, Lsbsd ymgzqwr Fomsbdo 56
5Mhgds IOMEME gHmo 3esbol GgduBgdo (gl 3esEo obIds BMMEOL Jerslin) 96 5o
6B 608sbmz0Lgds BHgJuBHob dsmPgzolomgzob.
gggwobyg  9glogggmobo  60dsbmgolgdol  FqboMBgzo LMW MdM  3HoGIMHoTom,

MHmIgeoi 00¢rg3s Im3gde 30X Dy JoguodowrmE 0bgMmMISE0sL.
bgdmo sofigdowo 3OHMEgEOom domqdweo Decision Tree o®dmoqbl ©osgabmbol

d96bhg30L 9ol 800356 BMbdEombaol.
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Natural Language Processing Methods Used In The Self-Diagnostic Sistems
Maia Archaudze, David Khachidze, Nino Ninoshvili, Nia Khachidze
Summary

In our century, Medicine more widely used information systems. Systems with their purposes are
diverse, but self-diagnostic systems are less represented. Despite the fact that self-diagnostic systems have
number of downsides they should not be neglected. The paper presents basic scheme for the Dental self-
diagnostic information system. Self-diagnostic procedure is based on patients’ description of their
condition by means of natural language texting. There are presented different key words for describing
variety of diseases. These key words are so-called “Hints”. By using “Hints” patients describe their
condition stepwise. After analyzing the submitted information on each step, patients are provided with
new cycle of “Hints” and so on. The procedure of diagnosis is based on Decision tree algorithm.
Multitude of “Hints” is obtained by method of Info Gain characteristics’ selection.
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Hcmoxs3oBanne METOA,0B 06P360TKI/I €CTE€CTBEHHOIO A3bIKA B CHCTEMAX
CaMOJTHUAarHOCTHKHU

Mawna Apuayazse, /Jasuxg Xaunzgse, Huro Huromsnian, Hua Xaunzgse
Pesrome

B Memuummnze Bce wame uCIonp3yroTca HHGOpPMAIMOHHBIE CHUCTEMBI. Il0 HasHAYEHHUIO 3TH
CHCTeMBI Pa3HOOOPa3HbI, HO CHUCTEMBI CaMOLUAZHOCTUKM BCTpedaioTa pexe. HecmoTps Ha psaf
OTPHIATEIBHBIX CTOPOH CAMOAHATHOCTUYIECKUX CHCTEM, HEJIB3s UX UTHOPUPOBaTh. B IpeioxeHHON
paboTe paccMaTpsIBaeTCs IPUHIBINUAIBHAS cxeMa HH(POPMAIMOHHOM CHCTEMbBI CAMOHUATHOCTHKH, B
KOTOpOH IIpOLeAyphl CaMOLUATHOCTHMKM OCHOBAaHBI HAa OIMCAHUA COCTOSHMA IaLbleHTa Ha
ecrecTBeHHOM s3bIke. [l omucaHust pasHbIX 3a00/I€eBAHUM ITOJIB30BATENIO IIPEAIaraloTca KI09eBble
cloBa — «yKasaTenw». [locie aHajaM3a KaXKIOrO dTalla ONMCAHUSA, IAIMEHTY IIpeajaraercsi Habop
HOBBIX «yKasaresnei» u T.h. Iloumemypa ZMarHOCTHPOBAHIS OCHOBBIBAETCS HA aJITOPHTME «IPEBO
OpUHATHUA pelieHWs». MHOXeCTBO «yKasarereii» COCTaBJIAETCS WCIIONB30BAHMEM BBIOOPKU
[IPU3HAKOB, M3BECTHHIM 1oZ HazBaHueM «Info Gain».
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Maintenance of performance and safety metrics in cloud autonomic computing by the
joint use of algorithmic information theory and statistics

Tengiz Bakhtadze, Irakli Rodonaia

Abstract

The paper proposes a new technique for detecting malware threats and performance
deterioration in autonomic component ensembles. The technique is based on the statistic
complexity metrics, which relate objects to random variables and are ensemble based. This
transforms the classic problem of assessing the complexity of an object into the realm of statistics.
The result of the proposed procedure gives us the distribution of probabilities of malware
infection among autonomic components and, consequently, performance characteristics of the
whole ensemble.

KEY WORDS: Cloud autonomic computing, new technique, statistic, malware threats.

In many applications of cloud computing it is necessary to distinguish between legitimate traffic
overload and coordinated malware attacks launched against the PaaS provide. The earlier this distinction
is made, the higher is the degree of protection of the application from failure and poor performance. To
provide this protection, the following security measures were suggested [1,2]. The techhnique described
in these papers implemented Kolmogorov complexity metrics to reveal possible malware attacks. Despite
its usefulness, Kolmogorov complexity does not capture the intuitive notion of complexity very well. For
example, random strings without any regularities, say, strings that are constructed bitwise by repeated
tosses of a fair coin, have very large Kolmogorov complexity. However, those strings are not “complex”
from an intuitive point of view — those strings are completely random and do not carry any interesting
structure at all. In proposed approach we suggest a method to define some complexity measure that is
closer to the intuitive notion of complexity and overcomes the difficulties of Kolmogorov complexity.
The method relates objects to random variables and are ensemble (that is, set of interrelated objects —
symbol strings) based.

The Kolmogorov complexity measures M assigns a complexity value to each individual object

X" under consideration. Let’s denote it as C,, (X'). It is assumed that X’ corresponds to a string

sequence of a certain length and its components assume values from a certain domain. In [3] statistic
complexity that is not only different to all other complexity measures introduced so far, but also connects
directly to statistics, specifically, to statistical inference, was introduced. More precisely, a complexity
measure with the following properties is introduced. The measure is bivariate comparing two objects,
corresponding to pattern generating processes, on the basis of the normalized compression distance
(NCD)[4] with each other:

NCD(x,y) — CO9) = Min{C(9.CO)
T madc(0,.C(y}

where C(x) denotes the compression size of string x and C(xy) the compression size of the concatenated
stings x and y. The statistic complexity measure, suggested in [3], is defined by the following procedure:

1. Estimate the empirical distribution function Ifxx of the normalized compression distance from
n, Sygy ={X =NCD(X,X")|X',X" <X}, from objects X" and X" of size m
generated by process X  (here ‘<’ means ‘is generated by X’)

2. Estimate the empirical distribution function 'fxv of the normalized compression distance from
nz, Sgy ={y; =NCD(X,y)|x' <X,y <Y}¥ from objects X' and y" of size¢ m
generated by two different processes X and Y

3. Determine T =sup, Ifx,x (x)-F, v (X)‘ and p=Prob(T <t)
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4. Define C_(Sy, Sy [X,Y,mn,n ):=p as statistic complexity
The statistic complexity corresponds to the p-value of the underlying null hypotheses,
H, : F =Fyy . and, hence, assumes values in [0,1]. The null hypothesis is a statement about the null

distribution of the test statistic T =sup, Ifx]X (x)—F, v (X)|, and because the distribution functions

are based on the normalized compression distances among objects X' and X", drawn from the
processes X and Y, this leads to a statement about the distribution of normalized compression distances.
Hence, verbally, Ho can be phrased as “on average, the compression distance of objects from X to
objects from Y equals the compression distance of objects only taken from X”. If the alternative

hypothesis, H, : F,, #F,, is true, this equality does no longer hold implying differences in the

underlying processes X and Y, leading to differences in the NCDs.

Applied to the problem of finding malware threats in the flows between autonomic components
CPi [1, 2], the above procedure will look as follows. For each autonomic component (AC) of the
autonomic-component ensembles (ACEs) the processes X and Y are considered as the processes
generating objects represented in the form of strings. The strings, in turn, represent traffic flows through
these autonomic components. The specific ways of how flows are transformed into strings are considered
later in the paper. The process X (‘training processes) iS the process generating flows in the conditions
when there are no malware threats. So, objects (strings) generated by the process X are ‘healthy’ (they do
not contain any patterns of malware). These strings have to be generated preliminary (before actual
workload on an autonomic components ensemble). Some fraction of objects (string) have to be generated

for situation with unusual (but not malicious) behavior. For randomly taken pairs X" and X'’ (the amount

of such pairs is ns) of the generated strings the metric NCD (X' , X"") is calculated . The size of samples
n; has to be sufficient to account for various possible situations and conditions that may occur in the

specific autonomic ensemble under consideration. Then the empirical distribution function IEXX is being

built and stored to the specific place .
When the ensemble starts actual operation (receives workload), the process Y (‘production

process’) generates objects (strings) y’, which represent actual current traffic between ensemble’s
components. Some of these objects may contain malware patterns. The sample of the size n, of objects
X" (generated preliminary by the ‘training process’ X ) and objects Y’ is being created and the metric

NCD (X', y") is calculated for each pair. Then the empirical distribution function IfxY is being built.

Now , by applying the steps 3 and 4 of the above procedure, the values of the statistic complexity for
each autonomic component can be computed.

However, it is well known that the p-value is not the probability that the null hypothesis is true, nor is it
the probability that the alternative hypothesis is false. To calculate the probability that the null-
hypothesis is true, given some data we have collected, we need to use Bayes’ formula. Cohen [5] shows
how the posterior probability of the null-hypothesis, given a statistically significant result (the data), can
be calculated based on a formula that is a poor man’s Bayesian updating function. Instead of creating
distributions around parameters, his approach simply uses the p-value of a test (which is related to the
observed data), the power of the study, and the prior probability the null-hypothesis is true, to calculate
the posterior probability Ho is true, given the observed data.

Before we look at the formula, some definitions: P(Ho) is the prior probability (P) the null hypothesis (Ho)
is true. P(H.) is the probability (P) the alternative hypothesis (H1) is true. Since we’ll be considering only
a single alternative hypothesis here, either the null hypothesis or the alternative hypothesis is true, and
thus P(H1) = 1- P(Ho). We will use 1-P(Ho) in the formula below. P(T|Ho) is the probability (P) of the data
T, which was obtained by the KS procedure

T =sup,

lfx,x (x) - Ifx Y (X)‘

given that the null hypothesis (Ho) is true. In Cohen’s approach, this is the p-value of a study.

P(DJ-Ho) is the probability of the data (a significant result), given that Hy is not true, or when the P(T|-Ho)
is the probability of the data (a significant

alternative hypothesis is true. This is the statistical power of a study. P(Ho|T) is the probability of the null-
hypothesis, given the data. This is our posterior belief in the null-hypothesis, after the data has been
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collected. According to Cohen [5], it’s what we really want to know. People often mistake the p-value as
the probability the null-hypothesis is true.
P(T [Hy)P(H,) +P(T [-H,)A-P(H,))

In the numerator, we calculate the probability that we observed a significant p-value when the null
hypothesis is true, and divide it by the total probability of finding a significant p-value when either the
null-hypothesis is true or the alternative hypothesis is true. The formula shows that the lower the p-value
in the numerator, and the higher the power, the lower the probability of the null-hypothesis, given the
significant result you have observed.

Therefore, the obtained numerical value of the statistic complexity can be interpreted in the
following sense: in the current conditions the flows of packets through the given autonomic component
cannot be regarded as complex flows ( with the probability equal to 1-P(Ho|D ). That is, the flows may
contain some patterns (indicating the possible presence of some malware threats) with the probability
Pinfect = 1-P(Ho|D). In our approach we assume that the probability Pinfect > 0.6

Note that despite the fact that statistic complexity is a statistical test, it borrows part of its
strength from the NCD and, respectively, the algorithmic information theory (in particular, Kolmogorov
complexity) on which this is based on. Hence, it unites various properties from very different concepts.

Application of statistic complexity to autonomic components ensembles.

In autonomic cloud computing datacenters can be considered as autonomic-component ensembles
(ACEs) and be represented by constructions of SCEL (Software Component Ensemble Language), a
kernel language for programming autonomic computing systems [1, 6, 7] ). Each (virtual) machine is
running one instance of the Cloud Platform called Cloud Platform instance (CP;).Each CP; is considered
to be a service component. Multiple CPs communicate over the Internet (IP ptotocol), thus forming a
cloud and within this cloud one or more service component ensembles. The notions of autonomic
components (ACs) and autonomic-component ensembles (ACESs) [6,7] have been put forward as a means
to structure a system into well understood, independent and distributed building blocks that interact in
specified ways.

The process part of a component (Fig.1) is split into an autonomic manager controlling execution of
a managed element. The autonomic manager monitors the state of the component, as well as the execution
context, and identifies relevant changes that may affect the achievement of its goals or the fulfillment of its
requirements. It also plans adaptations in order to meet the new functional or non-functional requirements,
executes them, and monitors that its goals are achieved, possibly without any interruption. A managed
element

%\ B

e L
/. =

Autenomic manager

Al

K

Managed element

Fig.1 Functional description of a component

can be seen as an empty “executor" which retrieves from the knowledge repository the process
implementing a required functionality id and bounds it to a process variable Z, sends the retrieved process

195



Tengiz Bakhtadze, Irakli Rodonaia

for execution and waits until it terminates. Also actual parameters for the process to be executed can be
stored as knowledge items and retrieved by the executor (or by the process itself) when needed.

In our approach the notions of  netflows, their informational-theoretical metrics and
components’ autonomic manager are essentially leveraged. A network flow can be defined in many ways.
In a general sense, a flow is a series of packets with some attribute(s) in common. Each packet that is
forwarded within a router or switch is examined for a set of IP packet attributes. These attributes are the IP
packet identity or fingerprint of the packet and determine if the packet is unique or similar to other packets.
All packets with the same source/destination IP address, source/destination ports, protocol interface, and
class of service are grouped into a flow and then packets and bytes are labeled. This methodology of
fingerprinting or determining a flow is scalable because a large amount of network information is
condensed into a database of netflow information called the netflow cache.

A netflow-enabled device (netflow exporter: router or switch) (see the Fig.2) sends to the netflow
collector single flow as soon as the relative connection expires.This can happen when 1) when TCP
connection reaches the end of the byte stream (FIN flag or RST flag) are set; 2) when a flow is idle for a
specific timeout; 3) if a connection exceeds long live terms (30 minutes by default). Packets captured by
the netflow collector are stored to a flow storage . In our approach the duration of each flow’s formation
time is unknown in advance and actually is defined by relevant collectors on the basis of the selected
connection expiration time criteria.

Internet

Remote
Site #2

Remote
Site 11

’ NetFlow NetFiow
Exporter Collector
S

Flow Storoy
AN t o

e

i e

e .o }
L4

S

Managed element
\ Data Center j

Fig.2 Interaction between netflow devices and autonomic components

Flows accumulated at the flow storage, are then subdivided into component flows. That is, flows
which have the component’s IP address as a destination address are grouped and sent to the
corresponding component (more exactly, to the autonomic manager of a component - these flows are
marked with blue arrows on the Fig.2).

After receiving their destined flows, the component’s autonomic manager can start the processing
in order to reveal the abnormal behavior of flows in accordance with the following technique.

Application for collecting and processing NetFlow statistics are defined below (Figure 3):
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Fig. 3: Components of the NetFlow system for analysis of the statistics

Once the collector populates the raw file, the file is passed on to the second component in the
system, which is called an aggregator. The aggregator receives the file from the collector and processes it
using predefined information from the database. The data thus processed (aggregated) is stored in the
database.

The user interface is a web application that enables us to obtain information on the status of the
network, based on the data aggregated in the database. If it is necessary to get more detailed information
about a specific communication, the user may open the relevant raw file via the web and filter it
according to the desired criteria. The location of the device collecting NetFlow statistics depends on the
architecture of the network itself. The amount of NetFlow information exported by network devices is
directly dependent on the amount of traffic passing through that device (exporter). Experience has shown
that the amount of NetFlow traffic does not exceed 1% of the total amount of traffic through the network,
so the “distance” between the server (collector) and the network device exporting the data (exporter) is
not relevant. The accessibility and the security of the server are the more important parameters

As it was described, the proposed procedure requires implementation of the ‘training process’ X
(which generates ‘healthy’ flows containing no malware threats) before starting real ‘production® (real-
time) process Y. In order to decrease overheads, this process is executed just once with as large value

of the sample size n; as it is possible. The obtained results (the empirical distribution function IfXY) is
stored to each CP; which can run applications subsequently. When applications are executed on the CPs,

"

the objects Y, ¥, ¥ vreiiiinins , (corresponding component flows files) are created and the empirical

distribution functions leY are calculated on each CP; . Then, according to the steps 3 an 4 of the

procedure, the value of statistic complexity for each autonomic component is calculated. The result of the
proposed procedure gives us the distribution of probabilities of malware infection among autonomic
components of the datacenter.

As it was said above the probability Pinrect > 0.6 can be practically regarded as a serious malware
threat. In this condition the immediate migration of the application from the VM (where the application
is being run currently) to another VM (which is to be selected by using the ensemble’s components
autonomic managers’ knowledge base and issuing the special SCEL statement qry [7]) is required. The
traffic flows through the node (CPi) is being analyzed using the statistic complexity metrics. If the
probability Pintect , associated with the statistic complexity, becomes equal or more than 0.6. the
application has to migrate from the CPi where it was running to another CPi (which may belong to the
same ensemble or other ensemble). A new CPi must be found according to some requirements:
probability Pinee: and CPU load must be rather low, integrated hardware index (which includes such
indicators as processor speed, available memory, available disk space, number of cores, etc) must
correspond to the application resource requirements (they are published in the interface of the CP; where
the application is running). If the required CP; is found, the application has to migrate there as soon as
possible and stop its running on the “old” CP;

It should be pointed out that detection of malware threats and consequent migration are being
executed in real-time scale and thus minimize damage from possible malware threats. This also
contributes to maintaining the required SLA.
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Oobecneyenne MeTPUK NPOU3BOANTEIBHOCTH M 0€30MACHOCTH B 00JIAYHBIX ABTOHOMHBIX
BBIYHCJEHUAX MMyTeM COBMECTHOI0 MCI0JIb30BAHMSA ANTTOPUTMHUYECKON TeOpUH
HHGOPMALMH M CTATUCTHKH

Teneusz baxmaosze, Uparru Pooonas

Pe3iome

B cratse npeamaraeTcs HOBBIM METOJ I OOHAPYKEHUS BPEAOHOCHBIX NMPOrpaMM M YXYALICHUS
MIPOM3BOIUTEIHHOCTH aHcaMOlelf aBTOHOMHBIX KOMIIOHEHTOB. MeToAMKa OCHOBaHA Ha MeETpHUKe
CTaTHCTHYECKOM CIOXKHOCTH, KOTOpas  COOTHOCHUT OOBEKTHI CO CIyYailHBIMH BEIMYUHAMH, U
OPHEHTHPOBAaHA Ha HCIOJNb30BaHMWE B aHCaMOISIX. DTO MPEBpaIlaeT KJIACCHUECKYI0 MpoOIeMy OLEHKH
CJIOKHOCTH OOBEKTa B CTATHCTHYECKH Oojiee 0OOCHOBaHHYIO Npolenypy. Pesynprarsl mpeanaraemoi
HOpOLEIYpsl  BBINAIOT — PACHPEIENCHHs BEPOATHOCTEH  3apaKCHHMsT aBTOHOMHBIX  KOMIIOHEHTOB
BPEIOHOCHBIMH NTPOTPaMMaMH U, CJIEI0BATENLHO, SKCIUTYaTAlMOHHbIE XapaKTEPUCTHKH BCETO aHCaMOIIst
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Texnomorus noxyvenns HHGOPMALUH O AEHCTBATEIBHOCTH

Tenecuz baxmaoze, Ama Kobuamsuirn

Pe3iome

B coBpeMEHHOM OpHEHTHPOBAHHOM Ha TEXHOJIOTHSX OOLISCTBE JIOAM OOBIYHO OCTABIAIOT CBOM
mudpossie ciensl. CiaemoBaTeNbHO, BIOIHE BO3MOKHO TOyYEHHE COIaIbHO-Teorpadudeckoii nHpop-
Mall{ O MOBEJCHUH MHJUIHOHOB JIIOACH BO BceM Mupe. B paboTe paccMOTpeHBI aHAIU3 U MOAEIUPOBA-
HHE YEeJIOBEYECKOTO TOBEJICHHS U COLMIbHOM MHTEPAKIMU TPH OMOIIN MOOWIBHBIX TeiedoHoB. Onu-
CaHBI peBy]IBTaTBI HCC)Ie,Z[OBaHPIﬁ, IIPOBENE€HHBIX U3BECTHBIMU Hay‘lHO-I/ICCJIeI[OBaTeJIBCKI/IMI/I LIeHTpa-
MU I IIOJyYeHUA NAHHBIX O COBPEMEHHBIX TEXHOJIOTHAX. M3yueHO BO3[elCTBHE MHTEPAKIUM Ha
paboune Mecrta. JlaHbl WIUTIOCTpAlMM BBICOKOW M HHM3KOTOW JHTPONMHUM YEJIOBEYECKOTO IOBEIICHHS.
OmnpeneneHsl MPoOJIEMbI IS JallbHEHIIBIX pa3pad0TOK B faHHOI cdepe.

KioueBble cioBa: uH(OpMaIms, TEXHOJOTMH W3BICUCHHS HWH(OpMAIMH, B3aWMOXCHCTBHE,
SHTPOIHS

Technology of obtaining the information about real world
Tengiz Bakhtadze, Ana Kobiashvili
Summary

In modern technology-oriented society people routinely leave their digital traces. Consequently, it
is quite possible to mine the social-geographic data about the behavior of millions of people around the
world. The analysis and modeling of human behavior and social interactions by using mobile phones are
considered in the paper. The results of studies conducted by famous research centers to obtain data on the
modern technologies are described. Learning the interactions that influence workplace are carried out.
Ilustrations of high and low enthropies of human behaviour are given. Main appeals for the future work
are defined.
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Queueing system imitating model development of commercial activity in Matlab
environment

Avtandil Bardavelidze, Khatuna Bardavelidze

Summary

It is discussed imitating model building, setting and testing of organization queueing system (QS).
It is carried out overview of simulating instrumental tools. It is presented results of QS simulation, on basis
of which are made the conclusions and recommendations for organization optimal control.

Pa3padoTka MMHTAIIMOHHOTO MO/IEJISI CHCTEMBbI MACCOBOI0 00CTy:KMBaHNs (CM0) KOMMeEpPUYeCKoii
aearejabHOCTH B cpeae Matlab

Asmanoun. bapoasenuose, Xamyna bapoasenuose

Pe3iome

B pabore pacMOoTpeHHa IOCTPOEHHE, YCTAaHOBKA M TECTHPOBAHHE HMMTAIMOHHON MOJENH
OpTaHM3aIK CHCTEMBI MaccoBoro obciyxusanus (CMO). [IpoBenéH 0030p MHCTPYMEHTAIBHBIX CPE/ICTB
UMHTAIMOHOTO MojenupoBanus. IIpeacrasiensl pe3ynsratel CMO NMHUTAITOHHON MOJAEIMPOBAHUS, Ha
OCHOBE KOTOPBIX C/AEIaHbl BEIBOJBI M PEKOMEHAIUH Il ONTUMAIBHOTO YIPaBICHUS OpraHU3alyu.
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e MLogmmbmgdol 3mwodozs: Jugwol MLsROEbMIOOL 3mwodozol dobsbos LimMo
3M0MOH0EYBHJO0L ©s Lodmddgom g9adoL 3ofgMs, HMIwol Jobg3z0ms3 3IboLaBOZMYds
Ubgoolbgs 06300g6GHJd0L Fgdmbggzgdbg 955060905, MLIROMBMdOL  3mE0EH03s
9dm03o3L yzgws 0d by3zombgdl, MHMIWgdoE MLsgMHMbMdsdo gobobowgds. bfmMgw 53
3354 BHMOHOL 45905 080 396M13LYIOMWO OLRMSTOL Locsgzgdo.

o 30Y03NMH0 MLsBOObMYds: MBOHMBIGYMRL 535M0GOo MHglOLIdOL MLOROHm-
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e 3m3309FHgMol  MLogOmbmgds:  3m330vGHIMO0L Joge  ©3Ts390Mwo  0bBmEmTsz00l
d9bobgol MBOMMbzgumlogmBs 999300 gdgwos b b3gwggmo dolo 3MMmyMmsdeo
5330

e JLgEMMO IBIOMIIOL MLORODBMGdS: IMOEIZL 99BHIBMN0B03Zo3E0L, YBOHMb3gEymRls
0bg3m®8s300L 3MbxR0IbE0sMGMBL.

BAHOGHOOL  FoMAwgddo  asboborgds  Jugmdo  3e09b@-LgmzgMol  dgdsboBdgdols
5899853900l 3Gm3EgLo  JugEMHo IBIOMIOOL MLsBOMBMIdOL MHEOHWB3gymaolm3ol. 3
360Hm3980  yzgms  dgGymdobgds 899m@ols  Lob@gds-bgMzgaol  gogemoom. UML  bm@sgool
©bIoMmYO0m S0fgMowos 3109bE-bgM3zgML InMOL YYHMPOYMHMNJdggdol bdgds (bve.2).
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L. 2. mOH0 360096E0L YOHPOIOHDMOOL OsRMT>

JuomBo  3OHMAMIGOol  MLsBODBMGIOL  YHBOMBIIWLIYMBI© 930 gdg0s
MBOMB39wzygme  3e0gbBHgool s LMZamOL  BIMMYPIOL  MLogOmMbmgds.  Jzgdmo
29630b0s30 LY BIMMGOOL MLsBOPMHBMYdIOL IMMbMZbIBL.
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239335mb  0bxgm®mTs30s, F5d0b Foo sEoWYdsE Mbs 0dmgdgmb LyM39MmO-EIbsMmmol
39939md00m. s803™3 LgM39M0 ®535dMdL sOLBGBOM OMWL 3OMYMSTOL FOHMToLwbsMOIbMBdOL

MBOH6390YmBoLmzol. sTol JoMs, LBYMZ3gHDY 930w gdsE bs 0bsbgdmEal Yyz9gws
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©50086Wwo Lsbom, 35906 dmOHMEHO gobbMsbgol dgmbg s@sdosbo gge dgdargdl odmboml
§300mds Iboigdmes dsbobmsb, 0¥ Bsb 56 03Ol FoBOOL sSEAMOOMI0 s YoldMYdO.

©365600-30096F0L MLsROGMbMds: 3¢0096EHOL FMTomdol ImEgerol 3HMmJEHOMIIOLIL
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9gLsd5ToLOE, 9ME0WYdIE0s YBOHYD39WZYmm 98 IBIMMOL MBsBOMbMYdS. STl oM.,
dmdbomgdgdol o  “YIMs3gbmdsls Mo 593l MLsgOMbMdol  Lsxgmdzargdol  (3¢bs,
06¢9MbgBobog 30, 990LM30L 3MHMPEMmETOL 3MHMYJBH0MIIOLLL 5930 gdgEos 3ol dogzsJ3oMmm
go9M@EYds. 51939 99930w9d9w0s 89300v9dstmm sbseo s ©Igbzghmm sOLYdWWwo gmmgdo,
MmImadog  YOOMb3gwygmnggb  MLogO®ObMgdLL.  IBIMDO-310gbGHOL  MLsrGmMbmgdol
MBOMB39Ymxkzs  0m35olHobgdl  sEHIbBH0B0IeE00L,  Bmbo3gdgdol  sdoxnmZaL
9bs(399900L FE056MBdOL »bBEMb3gEyma3sls.

50235605, MBIBODBMGIOL IMDBMZboL  Fsm3smolfobgdom, JugwmGo 3OHMAMTIOOL
58998539006 3OMmEqlo  doosh  BMMTs3H]350s.  LEsGoolb  Msbado  gsbbowrmmos
MLBogOHNbmgdol LobEGgdol 3md3mbgb@ado 3HMyMsdMwo Lolidgdgdol JugmwmGmo MGMOgMo-
J89©0g00LsL, o 5dmg3l MLOROMLMIOOL  gobBOEOL  LodMsEgdsl Jugmeo 3HMYMSTYOOL

050099953900 gdL.

Safety components for system programs of network

Papuna Karchava, Nino Narimanidze, Maka Odiladze,
Tamar Burchuladze, 7amuna Khvedelidze

Summary

This paper deals with the design criteria of network applications, such as multi-level protection.
The article also discusses the development process within the networked client-server mechanism and
also discussed in Appendix-server and Annex-client security requirements.

KoMnoHeHTBbI 6€30IaCHOCTH AJIA CACTEMHBIX IPpOrpamMM CEeTHU

Ianyna Kapuasa, Huno Hapuma+nudse, Maka Odusadse,
Tamap Bypuyaadse, Tamyna Xpegernzgse

Pe3ome

PaGora kacaetca c KpUTEepUAMU pacyeTa CeTeBbIX HpH]IO)KEHPIfI, TaKMMH KaK
MHOIOypOBH€BadA 3alIUTA. CtaThs Takxe 06CY)K,Z[3€T npounecc pa3pa60TKH B CE€TEBOM ME€XaHU3MeE

212



Msx3Mobmgdol 3m33mbgbEgdo Jugmols LoliGgdmeo 3GmyMsdgdolomgols

KJIMEHT-CEPBEP M TaKXKe 00CyxJaja B TpeGOBaHUAX K 3alluTe cepBepa [IpuiokeHus1 U KJIHeHTa

[Ipunoxxenus.
0oGIM5GHvGS — References — JIureparypa

1. A. Konrenos, [Toctpoenne cucremsl ynpasnenus puckamu [ T-6e3onacnoctu, 06.02.2007

2. A.A.Tpymo, E.E. Tumonuna, PacnipesiesnieHHbIe aTaky Ha pacnpe/ieIeHHbIE CHCTEMBI

3. L. Gumnopoulos , S. Dritsas , S. Gritzalis , C. Lambrinoudakis, Information Assurance in
Computer Networks. Methods, Models, and Architectures for Network Security, St. Petersburg:
Springer, LNCS 2776, 2009

4. B. A. l'anarenxo, Kateropuposanne naopMarmu 1 nHGOPMAITHOHHEIX cucTeM. ObecrieueHne
06a30BOr0 YpOBHS HHPOPMANOHHONW 6€30MTaCHOCTH

5. OcHoBbl  cereBoii  Ge3omacHocTH  [DnekTpoHHBI  pecypc],  http://www.4stud.info/

networking/network-security.html

213



M560bsgomem LobiEgdgdg dmddgwo BsgBHMMYdOL SBsemobo
3Mbgmod@mmo MH9ga0mbydols §sb30ms@M9d0l sgeom By
Y158 3sL0BS5G30070, Ib0s 30306509, B30 3¢569565G30¢m0
m.kiknadze@gtu.ge

9o dg

Bgd0LdogMo  MmMysboBsgomo  LobBgdol  FoMmdsGgdmwo  gMbjzombomgdolismgols
SMBOEYOg0d s 86008369¢m3bL  FoMmBmsagbls 0bxgm®Isgool s  0bEgwrgdB MmO
OOl  ULOHMWo Ruomds s Fglsdsdolbo  Tsmo  m3gMsGonwo  Jsmgzs.  s1gg
9603369035605 068mMH 35300l ©sdMBs39ds. gl gogds BoBOIL-36M1MEglgdol LoLB M sbseoBU,
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3mbgwod@w®o bl, b2,b3, b4,b5,b6, b7, b8.

Organizational systems analysis of the factors influencing the development of conflict
areas on the example

Zurab Gasitashvili Mzia Kiknadze, Zviad Jankharashvili
Summary

Therefore, degree of impact of factors (indicators) of conflict areas on the criterions of regional
development should be studied to determine the problems of management of conflict areas
development. Criterions of conflict areas development are many, so we have inconceivably large range
of scenarios in simulated experiment. The work tries to develop the sub-range of factors with high
magnitude (high degree of impact) from the range of factors of regional development. Simulation of
social-political situations is effectively used for studying these problems. The work considers the tasks
of modeling and studying economical sustainability on the basis of control impact and different types

of experiments.

Ananu3 pakTOpoB OpraHM3amMOHHON CUCTEMBI Ha TPUMepPe KOH(IMKTHOTO PeTMOHOB

3ypab I'acumaweunu, M3ua Kuxnadsze, 36uad [ocankapawsuiu

Pe3iome

JUis m3ydeHusl yHpaBICHHS IMPOOJeMaMH OpPTaHW3allMOHHOW CHCTEMBI, HEOOXOAWMO H3Y4HTh
(hakTOpHI (MHANKATOPHI PA3BUTHSL, CTEIICHD BIIMSHS PETHOHAIBHOTO PA3BUTHS XapaKTEPHBIX KPUTEPIYMOB.
Hcxonst W3 TOro, YTO KOJMYECTBO KPUTEPUYMOB OYEHH OOJIBIIOE, B MMHTAIIMOHHOM OJKCIIEPUMEHTE
(opmupyeTcsi HEOOBIKHOBEHHO OOJIBIIOE TMPOCTPAHCTBO M3ydaeMBIX clieHapueB. Pabora craBuT mepen
co0oii ens pa3padboraTh HOANPOCTPAHCTBO (PAKTOPOB BEICOKOTO 3HAYEHHS (MMEIOIINX CTEIIEHb BIMSIHUS)
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U3 MPOCTPAHCTBa (PAKTOPOB OPraHU3ALMOHHOW CHCTEMBI, KOTOPOE CTaHET 0a30BbIM, HA OCHOBE KOTOPOTO
OyzeT n3y4eHa ’KOHOMHKA Pa3BUTHS OPTaHU3AIIOHHON CUCTEMBI, YTO SBJLICTCS aKTyallbHOH 3anadeii. s
W3Y4YCHUsS BBIIIE IIEPEUUCICHHBIX 3a1ad, 3(Q(PEKTUBHO HCIONIB3YETCS MOJCIMPOBAHHE COLMAIBHO-
MOJMUTHYECKUX CUTyalui, B paboTe paccCMaTpUBAIOTCS BOIPOCHI COCTABICHUS MOAEIH U BIMSHHIE Ha Heé
Pa3HBIMHU SKCIEPUMEHTAILHBIMH CIIOCO0AMH, a TAKIKE BOIIPOCHI N3yYECHUS] SKOHOMUUECKOH YCTOWYHBOCTH
Ha OCHOBE NIPABSIIIETO BIMAHUSL.
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06830m®™8530s. LGHsGH05d0 456bom@os ggMols 3MbEMILGHOL gMbg30lL SEaMmMomaon. MHMIgEos
00935 1s8segdsl s0ygml 390 93900 oligm gegdgb@gds®, Mmdgwog 3MbGHMLEHBY
©54MmbMdoo 0gbgds dg@s@ 96 Bsgzegds Aglsdhbggzo. gemgdgb@gdl MMAmgdlLsg sg30 dsmsero
3MbEG®LGHOL  IsB396999em0 039396 MIbAMPPEOL Igd YOOI, STol gsdm  olobo
3003045 30L3JIYE0s, M3 535MEH0390L bsFoOHm 06xMMTsgo0l Fomgdsl Imzerg Mmdo.

U533956dm bodyzgdo
398 @0Bs0b0; 302609G5bHO; BIGS bbgsmBs.

Loo@ob 9839dGwM0 8539G0L 89dabsl 39360 BoJEHMMO goblEBOZMOZL. 50 BoJEHMMIIOW
13960L 3MbEHOLEHO FoMdmoygbl 3608369 mgsbl dmabBsMgdolm3zolL 0bgm®mTsgool bmeMao
9oLsfmIdsE. 30HDMoWMMo TbsEY, HMIJOE R9dMEHBOE0s 936MEDY, 396530MMdYdL bt
8900bg93580 9O Y3500 FoMmBoBHqdol RMMINIL 3mb3MgEIo MmMPboDsEooLmZOL.

30bGHMVBEOL  gsdmyabgds mdbBsMgdgels Lsdwoegdsls 5393l 9BIIGHWIMIO ISMIS-
Wo9OHMmb 943900, ULHOOBI® ©s FoMGH0Z9®©  39993WwMlL  m3s¢wo  Fsbby  9bmogligdyen
96033690 m356 0bgm®do3050b.

dobo 58mygbgdol dmoga®o §glos, M3 390 239Dy JMEGHOLGHMWoO Mbs ogmb
dbmerm 8603369mmz560 9eg896¢gd0. Togowoms 0v) 390 339MOBY godmzymnm GHMIgEody
29L594o©  Lodmbgwl 3mbEGHMLEH0™ dM3o©, IMTBToMHgdgEOL Yo gdal LfmMgo b dermzo
d004d393L.

3MbGHMBE0  F9ag0s  939Mol  36083bgcm3zsbo s bsgwrgds  960dgbgemmgzsbo
99896@900Ls96. Fo50mMd© 0¢) 390 2439MOL BMbO MOl doe0sb dv9do s Imo33L Mgmeo
39MHoL Mmbsg s3dgdmEro BFMGRL, 5930ds 360d3b¢Mm3z560 33 gdo Mbs gsdmzymm
YN0 BIOOM, M3md> 0LOBO 530 IMb3zgl MZoerdo dmIbTsMgdYEL.

bmE.1-bg 9 3gImE0s  96M163T5MHOLO  3MBEHMLEHOL  Fogow0m0. sTsHo  obeErsygds,
Ws3sHo BmOIoL, FoMBH030 LowrmMgBHo, OMYMOE BMbBY bogoysEos odmoym@gds Lo3zdom
M6 s. og™sd sMLYIMBL OO 3MHMBdEGTGDO. 56 S5MOL bo3doMmolo JMBEHMILEO 30O
3000bg5MdOLMZ0L. bozMolggmo GHadu@o dgdsmgmdl Gbo gmbby, dogwo 94390 BmMbby
31939 BoMoLRIMO. MoMgligds dEyMIsMgmds 83oMmg BmIob GgduEHols s WMYML ysdm. Lso@ol
@AM 5MOL do0sb 3oBHoMs, s gl 9GOL LoEob doerosb 60d3bgamgsb60 gargdgbEo, MoASh ol
9056036901 dmdbIsmgdgwl, 0w BHMIYE 390D 0bZMOHIsE00s.
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geLInsoired

WELCOHE

The primary aim of this site is to give you some
informations of who I am and what I do

Because [ am a fan of simplicity, you will not find any
special effects or other stunning gimmicks here at
getinspired

Clease don't hesitate te leave some comments in my
book. Enjoy your stay, Juergen Lang

HEWS

L. 1 56MH5B53FMOBO JMBEHOLEHOL BodseP0mO

3MBGHMLEGHOL 256LsbMzMs

MmEabsg 390 Lso@bg 306PB3300 BgOL Ggdu@obmzol s Bmbobmgol, 360d3zbgwmgzsbos
™3 53060B0M00 FgHms 0Lgmo 4300 HMIGEbsg 9g3l 1s305M0LO JMBEIMILEO BgMHgdL FmMob.
390 ©0B50630 LsgMM FJOHOL 306GHEOLEL 593L Mo 3MA3Mbgbgdo:
9xIO0L Lbgomds (36mdowos H@AmME BgMms 3oblbgsggds) s bsmgwo/dmdo (3obbbgsggds,
MMIgeog bMmdowos Hrym®i Lobsmerol bbgomds (brightness difference)). Mog MBOH™ Fo@oe0s
3mbGHOLEGH0 BgduBLs s BMbL FnMHOL MBHM 3000b350s 390 §39MO.

390 ©3MMYM5398580, BgM0 A560LIBOZMYdS Fomgerobl, df3560L s obggHol
Lodogdom. 39Mol RGB -ob 3583969890 Lsdo 30530M0LYsb 89ygds. 0mMmgmeEo dmogsgl 0-
255-0¢009 360336900 mdsb. (56 00 sb FF 8oy 0999b3d9¢Md0m gm®mdo@do). 535¢0005, 000
430090l 8sh39b69d9w0 s®ob 255, 248, 150.

39OHOL 3MBEGMLEO 450MbIMZ IS MBS 303MmIM BHYJuGOLS s Bmboll RGB
05639690¢qd0. BHM™MIgarbsg hoglzsdo Jggdmom asbbowvyen gm®mdmesdo.

Lobsmenols Lbgsmdols gsdmmgems

Lobomol bbgsmdol gsdmmzwolmgol 999m300mo s0bodzbs GgduBol Foomgwl,
9)3969L o XL dogzs603mo Ri, Gi, Bi. bogwm gmbolbol- Re, Gz, B2. 06ggdbo. 35806 @gdu@ob
33960b Lobomol 0bgduo FboloBL3zMgds TR0 BMMIMEOm:

(299R: + 587G + 114B1 )/1000.

d9L5d5obs, Lobsmwol 0bgdlo Bmbols gg®olmgol odbgds:

(299R:2 + 587Gz + 114B2 )/1000.

LobomEol Lbgomds 4o8mom3zgds MO 0bgdul dm™obl bbgsmdoom.

029 LoBosmErols bbgomds Ig@Eos 125 -Bg ggMmgdl sdgm bo3dsMobo bsmgero/ 3o
3MBEHMIBE0. 805005 GYJLEGOL BgHo s®OL 3o gogolygmo Ri = 60, Gt = 30, B1 = 20 o
30g35m 3965 BMbobL gMo sHOL oo ) Re= 180, G1 = 200, and B1 = 255.

35806 39guEob Lobsoeol Lbgomds 0dbgds:

(29960 + 587*30 + 114*20 )/1000 = 38.
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33mbolimzol Lobsmerol bbgsmds odbgde:
(299*180 + 587*200 + 114*255 )/1000 = 200.

590096 359m30bstg 200-38=164 59 M6 BIOL 5J3L LozdoMoLo bosmgwo/ 3mdo 3MbEHMILEGEO.

396Ms LbZsmdOL 4odmmgems

039605 13505 BHgJuBHLS S BMBL FmEOL A98MOm3Egds T98IA0 FodmMLabwyengdols
dobggoo:

|Ri-R2|+|Gi1-Gz2|+|Bi-Ba|

0¥ BgHms bbgamds 560l 500-Bg 8930, 3sdob garggol 3mbEMmLE0 sG0ob LsgdsMobo. s
0 dobo 3608369cmds 500-bg 653e0gd0s 35d0b gl 60bsglL MM gerxzgHo gHmBsbgomol
dbgogLos. gEgz3gMol bbgsmds 3vgdo gogobxzgho GgdbEolmgol mos Gy bg 0dbgds:

| 60-180 | + | 30-200 | + | 20-255 |
=120+ 170 + 235 = 525

00900 36093b9cmds 500-Bg dg@ 0o, gb 30 B0dbagl, GMA 3MbGHMLEGHOE Bs3doMobos.

Jo0s6o BgHol 3mbE®mILGo

W3 360¢90H0mdom domgdmwos, Hemd Ggdu@olb s 3mbob 139M9dL bo3doMolo 3MbEHMLEO
29300 QLG LEBsEIOL Lb3sMds sMOL 125-Bg 9@ WS JERIOOL bgsmds 500-bg g@o. ov
50 MM0@L 9HM-gMHMO 56 5HOL FgLodsdobo, BIMIOL 56 gdbgdsm Tglsdsdolo 3mbEHEslGO.
9439wobg 3000635000 30m3d0Bs305 ool Lobsmerol Lbgsmdols(brightness) s geragGOL
Lbgsmdob(hue) Ggb@l. 3mddobs30gd0 Gmwyems folivgombos 00 890mbggzsdo 0 56 sdgl
15305M0LO FgEYH0 Fgusdsdolo dmmbmzbobmgol.

LobosmEobs s BgMOL Lbgsmdol Bsg5womo Fo®mdmoagbowos bvM.2-Bg, bowog

23900m30005 3nBE®MLEHO0. 58 LYYMHIMDY FoMdmoagbow BgMdL 5930 Y39wsBy Jos®swo
3MbEHMLEHOL 639690900 M BMbMSE JoTdommgdsdo Egdu@olb 3ombzol Mmb.
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Getting Effective Colours of Webpages by Using a Contrast Algorithm

Mzia Kiknadze, Nino Gochitashvili

Summary

Therefore, degree of impact of factors (indicators) of conflict areas on the criterions of regional
development should be studied to determine the problems of management of conflict areas
development. Criterions of conflict areas development are many, so we have inconceivably large range
of scenarios in simulated experiment. The work tries to develop the sub-range of factors with high
magnitude (high degree of impact) from the range of factors of regional development. Simulation of
social-political situations is effectively used for studying these problems. The work considers the tasks
of modeling and studying economical sustainability on the basis of control impact and different types
of experiments.
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