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The research results carried out mainly by the institute’s scientists through 2015 year are given in the proceedings.

The presented papers are related to three basic scientific topics: control theory, development of control systems
including control processes in energy systems, and Informatics.

The problems of vector optimization, mathematical programming, nonlinear identification etc. are considered in the
control theory sphere.

Some problems of simulation and of construction of concrete control systems are presented, including such a topical
sphere, as a power engineering.

In the field of Informatics some problems connected with atrtificial intelligence, different types of Information systems,
computer representation of linguistic knowledge, as well as issues of text corpora annotation are considered.

HacTtoswmin cOOpHUK TpygooB B OCHOBHOM COLEPXMUT pe3ynbTaThl MCCNEAOBaHWM, MNPOBEAEHHbIX Hay4HbIMM
coTpyAHvKamn wuHcTMTyTa B 2015 rogy. Tpydbl OTpaxalT TpU [MaBHbIX HAyYHbIX HampaBleHWs uccregoBaHum
WHCTUTYTa: TEOpuIo ynpasneHusi, pa3paboTKy CUCTEM yMpaBneHus, B TOM 4uche ynpaBreHue B 3HepreTuyeckux
cuctemax, u MHopmaTuKy.

B obnactm Teopun ynpaBneHWs pPacCMOTPeHbl MpoOnembl BEKTOPHOW  ONTMMU3auuW, MaTeMaTU4ecKoro
NporpaMM1poBaHns, HEMVHEVHOW naeHTndukaumm u ap.

B cbopHuke ocselleHbl 3a4ayvM MOAENMPOBaHWSA U MOCTPOEHNS KOHKPETHbIX CMCTEM YrpaBsfieHus, B TOM 4uCrne B
TaKoW akTyaneHon 06nacTu, KakoBOW ABMAETCSA SHepreThka.

B cdepe wuHpopmaTMKM paccMOTpeHbl BOMPOCbI CBSi3aHHble C nNpoGnemamu WCKYCCTBEHHOrO WHTEenNnekTa,
MHAOPMALMOHHbIE CUCTEMbI Pa3fUYHOrO TWNa, 3adavu KOMMbIOTEPHOrO MPEeACTaBMNeHUS NMUHIBUCTUYECKMX 3HaHWNA,
BOMPOCHl aHOTUPOBAHNSA TEKCTOBBIX KOPMYCOB U Ap.
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On Pareto-guaranteed Equilibrium in the Cournot Problem
Mindia Salukvadze, Viadislav Zhukovskiy
Summary

The Paper is on the economic duopoly problem of the French scholar A. Cournot taking into
account the conditions of uncertainty. Namely, the competition of two firms has been studied under
the additional uncertainty factors. We have got the formulas showing the conditions of Pareto-
guaranteed balance taking into consideration the possible existence of import, for such situations
formulas have been computed showing the corresponding profit of the players. With this aim
mathematical model of the problem has been formulated, the algorithm of building the condition of
Pareto-guaranteed balance is presented, the conditions of the inner minimum of Pareto have been
found, a kind of Nesh balance situation has been built. We have received the gains of the players as
well as their guaranteed profits.

O IlapeTo-rapanTHpOBaHHOM paBHOBecHH B 3afade KypHo
Murgus Carykpazse, Biragucias 2XKyxoBckuti
Pesrome

B paboTe paccmoTpeHa SKOHOMUYECKas LyOIOJbHAA 3a7a4da ¢ppaHiyskoro yueHnoro A. Kypuo
C y4eTOM CYIIeCTBOBAaHHUS YCJIOBUS HEOIIpeJeleHHOCTH. B 4acTHOCTM HM3y4eHa KOHKYPEHLHUS IBYX
¢upM yuuTHIBas [OIOJNHUTENbHBIe (AaKTOpsl HeompegeneHHOcTed. Ilonydensr opmyIst,
BBIp@Xaiolmue ycaoBus [lapeTo-TapaHTHPOBAHHBIX PaBHOBECHM IIPU ydYeTe CYILIeCTBOBAHUA
HEeOIIpeJie/IEHHOTO WMIIOpPTa, MJI1 TakKOHM CHUTyal[uM BBIYMCIEHHBI (OPMYJIBI, BBIpaXKAIoOLIMe
COOTBETCTBYIONIYe BBIUTPHIIBI HIPOKOB. Jlns sroro chopMyIHpoBaHA MaTeMaTHYeCKas MOJENb
3aa4M, IPeACTaBJIeH AITOPUTM IIOCTPOEHHA YCIOBuMU IlapeTo-rapaHTHPOBAaHHOIO pPaBHOBECHUA,
HauZIeHbl yCJIOBUA BHYTpeHHero MuHuMyMa llapero, mocTpoeH Buz cuTyauuu paBHOBecus Heina,
IIOJTy4YeHBI KaK BEIUTPHIIBI UTPOKOB, TAK)KE MX FAPAHTUPOBAHHbIE BBIUTPHUIILBL.
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Model Validation at Identification of Linear Dynamical Systems with Variable
Parameters

Besarion Shanshiashvili, Mindia Salukvadze, Nugzar Dadiani, Vladimer Gabisonia

besoshan@hotmail.com

Abstract. The problem of model validation of linear dynamical systems with variable parameters
on the example of the second order system identification 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.
The problem of parameter identification is stated as, in a certain sense, an inverse problem of Cauchy’s
problem for linear ordinary equations. It is shown, that at the existence of the exact information on input
and output variables of the system, the output signals of model coincide with output signals of system
when the same signals are given on their inputs.

KEY WORDS: dynamical system, identification, variable parameter, validation, differential
equation.

1. Introduction

Identification of systems is based basically on linear stationary models which are widely applied to
production processes, 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.

In the work [12] the problem of parameter identification of 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 the output matrix are variables.

In the given work the question of the model validation which is constructed by means of
identification method developed in work [12] is investigated on the example of the second order system
identification.

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 ktimes continuously differentiable

functions, C(I , R”X“) - set of continuous n -dimensional square real matrices.
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2. Parameter identification

In the work [12] the observable dynamical system is described by the system of linear ordinary
differential equations of a normal form which is represented in the state space equations form;

(t)= At)x +u(t),
y =Clt) @

where

y(t)=(yi ), . )

u:l->R and y;:1 >R (i :LZ,...,n) are input and output variables of the systems, correspondingly,
xi:1 >R (i=12,...,n) are state variables, a, :l >R and c;:l >R (i,k=12...,n) - variable
coefficients.

If C(t)e C(I , R”X”) Vvt el is nonsingular matrix system (1) can be rewritten in the form:

y=A"(tly+u"(t), 3)

where

A'(t)=CltAt)C) ™,

u*(t)=C(t)u(t).
Admit that by the results of a priori information and observation of the system’s input — output are
known: matrix C(t), the input vector u:l —R" and the output vectors y, :1 —-R" (k=12,...,n)
which are the solutions of the system (3) at different initial conditions. It is required to determine an

unknown continuous matrix A: 1 — R™". Thus, it is meant that fundamental matrix of the solutions of
homogeneous system which corresponds to hon-homogeneous system (3)

(4)

y=A(ty (30)
is unknown.
Asy, :1 >R"(k=12,..n) - the solution of the equation (3), we have:
Vi = A"ty +u*(t) (k=12,...n) (5)
We shall compose a matrix Y(t), columns of which are y, (t) (k =12,...n):
Y(t)= (v, O, ®)

and a matrix U*(t):

U (1) = (0 O s U 0)=07 1) @)

Then the system (5) can be rewritten as the matrix algebraic equation:
Y(t)=A"({t)Y(t)+U*(t). (8)

It is true:
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Theorem. If u eC(I,R“), Vi eC'(I,R") (k =12,...,n), there exists interval 1, < | such that
det Y(t)=0 Vte g, and in I, the matrix A(t) is determined single-valued, in particular

Alt)=c(¥()- Ut o), vt e l,. )

Proof of this theorem is given in [12].
The algorithm of identification of variable parameters of the linear dynamic systems described by
the system of differential equations (1) 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 (6), and matrix U*(t) as (7);
o we calculate a determinant of the matrix Y(t) and we determine an interval 1,, where det Y(t)0;
e we determine a matrix of variable coefficients A(t) in 1, by the formula (9).

In the work [12] peculiarities of the parametric identification by the developed algorithm on the
example of a system of the second order is considered. System with two inputs and two outputs is
described by the following system of the equations:

% = ag,(t)x, +ag(t)z +uy(t),

10
%o = agy(t)xg +aga(t)z + Uy (t), (10)
Y1 = Cll(t) +Cp t)sz

11
Yo :C21(t) JrC22( ) X5 (D

Here

—t

o0=[ 0] 0=} A=) )

- 202 ) &

It is supposed, that after system‘s input - output observation it is received

@)
—_
\_/

1412
1+t
u(t)= : (14)
0| %"
1+t
1+t 2t
t)= , t)= 15
)= vat-[7 o] o
and a priori is known:
T
C(t): 1-t 11—'[ . (16)
C1-t 1t

Using the formula (9), as a result of some calculations, it is received, that:
ot 1
2
At)=| 171 -t (17)
1 t
1-t2 1-t?

and
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lp=1=]oo— U1 {U L+ (18)

Thus, the model constructed by means of developed identification algorithm, is represented by the
system of equations:

. t 1
1-t 1-t (19)

. 1 t
X, = X — Xo 4+ Us(t),

2 l—t2 1 l—t2 2 2()
oL t

1= M7 e

1-t 1-t
20

PRSP 0

27 -t 1t

3. Model validation

Construction of a model by methods of system identification is reduced to several stages [13]. A
stage of model’s check and confirmation follows stages of the model’s structure choice and parameter
estimation. The model can be confirmed by some methods [14]. 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 (19), (20) in the matrix form (1), where the matrix A(t) is defined by the

expression (17):

ot 1 1+t
W) | T2 1-e a0, | 15t
. = + )
X (t) 1t %) 2t
2 2 P
1-t 1-t 1+t (21)
R
[yl(t)j: 1-t 1-t [Xl(t)j
o)) |t 1 {(x(t)
1-t 1-t
Taking into account (4), (14) and (16), we shall present model (19), (20) in the matrix form (3):
1 t )t 1 1t 1 t O\ 1+t?
Vi | 1-t 1t 1-12 1-t? |1+t et [Vi],| 1ot 1ot L+t
(yzj__LL TR SN IR U 0% IS T I
1-t 1-t A 1-t2  1-t2 N1+t 1+t -t 1-t N1+t

As a result of some calculations, we receive, that:

t 1

Vi | 1-t2 1-t2 V1) (L
[YZJ_ 1 __t (yz}r(t) )

1-t2 1-t?

We shall solve Cauchy’s problem for the equation (23) by the method of arbitrary constants
variation at initial conditions:

y(to)=co, co R (24)
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The solution of this problem is defined by Cauchy’s formula:
t
y(t)=Clt, to oo + J clt, u(r)dr, (25)
to

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

non-homogeneous system (23).
It is known, that

Cft, )= Yo(t)Yo (), (26)

where the fundamental matrix Y,(t) of the homogeneous system is defined as:

Yo(t):ﬁ 3 (27)

and
1t
1| 1-12 1-t2
Yor=| 1 al (28)
1-t2  1-t2
Since
det Yy(t)=0 Vtel, (29)
therefore

| = oo, —fUFLAURL +oof (30)

and input and output variables are determined in the interval (30).
Substituting expression (26) in (25), we shall receive:

V)= Yol o Ko + [ Yol Ya e (e ir o

to

c . . .
At t, =0 andc, =( ! j , from (30), after series of calculations, we shall receive:
c

2
y(t):[ClJrCZHt J 32

Cit+C, +12

Determining output vectors of the model (23) with the help (32) at initial conditions

10)-(y). v.00-(; )

we shall receive, that they are defined by the expressions (15).
To the expressions (15) of the output vector corresponds expressions of a state vector:

3t +1t2
14t2
xl(t>=[+ ] )= 7| o)
2t 1+3t
1+t
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Thus, the output vectors of the model (23), at the matrix of coefficients (17), at the input vector
(14), at the initial conditions (32), are defined by the expressions (15) and exactly coincide with the
output vectors of the system when giving on the system and the model one and the same input signals.

Investigation of the algorithm of the parameter identification and a question of model validation
was carried out also by means of the computer modeling.

4, Conclusion

In the given work the question of the model validation which is constructed by means of
identification method developed in the earlier work [12] is investigated.

In that work the problem of parametric 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 matrix of coefficients is identified, is proved.

Investigation of the algorithm of parameter identification, 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 [15].

3mgeol sGOHgds FOHRB0Z0 (33¢s356M539GHMYd060 ©0bsdozmmo
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C MEPEMECHHBIMHU IMapaMeTpaMu

Buccapuon Hlanwuaweunu, Munous Canykeaose, Hyesap [aouanu, Bragumup Iabucornus

Pe3iome

PaccmarpuBaercs 3a1a4a MOATBEPKACHUS IMHEHHBIX HECTAMOHAPHBIX JUHAMHYECKUX CHCTEM Ha
nprMepe HACHTU(UKAIIMM CHCTEMBI BTOPOro Topsiaka. [Ipexmornaraercs, YTO HEMOCPEICTBEHHOE
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Besarion Shanshiashvili, Mindia Salukvadze, Nugzar Dadiani, Vladimer Gabisonia

HaONIOZIGHNEe BEKTOpa COCTOSHHS HEBO3MOXKHO M JJIEMEHTHl BBIXOJAHOW MAaTpHULBI  SIBISIOTCS
NepeMeHHbIMU. 3ajiaya TMapaMeTpHYecKoil HICHTU(HUKALUK CTABUTCS KaK, B OINpPEICICHHOM CMBICIE,
oOparHast 3amada 3amadn Komm Ui JTHHEWHBIX OOBIKHOBEHHBIX TU(QEepeHIHATBHBIX YpaBHCHHA.
Iloka3aHO, YTO NpPH CYLNIECTBOBAHMM TOYHOH HMH(OPMAIMM O BXOIHBIX M BBIXOIHBIX IEPEMEHHBIX
CHCTEMBI, BHIXOJHBIC CUTHAIIBI MOJEIH COBIIAIAIOT C BEIXOJHBIMU CUTHAIAMH CHCTEMBI IIPH M0/1a4e Ha UX
BXOJaX OJJHUX M T€X K& CHUT'HAJIOB.
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IIpodJsiema BbI0OpA Hes1el NPOTUBOOOPCTBYIOIMMHU KOMAHIAMM CTPEJIKOB
Buxmop Xyyuweunu
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Pe3ome

PaccmoTpen 00if Ha yHHYTOeHHe NMPOTHBHUKA MEXKAY JBYMsS KOMAHAAMM cTpeJkoB. Boii
COCTOUT M3 PAYHIOB, B KaKIOM M3 KOTOPBIX CTPEJKH OJHOBPEMEHHO INPOU3BOAAT IO OXHOMY
BbIcTpeay. CocTaBbl KOMaHJ MOIYT OTJIHYATBCA KAK KOJMYECTBOM CTPEJKOB, TaKk H
HHIUBHAYATbHBIMHA BePOSATHOCTSIMM NONAJAHHA B Hedb. 3aJada COCTOMT B BbIOOpe 00euMH
KOMAH/IAMH ONTHMAJBHBIX CXeM [eJeHABEeJeHUs] B CMbICIe MAaKCHMH3AalMH PA3HOCTH
BeposiTHOCTel modeanl n nopa:xkenns. ChopmynnpoBaHHas NpodiaeMa pelieHa A ABYX YAaCTHBIX
cay4yaeB. ITO HECKOJIbKO CTPEJIKOB IPOTHB OJHOIO M /IBOE NPOTUB ABOMX. B mociennem ciayuae
NPUMEHHMBbI KJIaCCHYeCKHEe pe3yJbTaThl TEOPUH HTP € HYJeBOil cymmoii. Pe3yabTarhl pacyeroB
NMOKa3aJIM, YTO He3aBHMCHMO OT HWHAMBHIYAJIBHOT0O MACTEPCTBA CTPEJIKOB COOTBETCTBYIOLIASI
NJIaT&KHAsi MAaTPULA BCera HMeeT CeI0BYIO TOUKY.

Knroueewie cnosa: boii CMpEeKo8, 6epOAmMHOCMb, Bblﬂﬂp ueiu, cmpamezuvieckasn uzcpa

KoH(nukTHas cuTyanusi MEXAy aHTarOHHCTAMHU SIBIISIETCS IOCTOSIHHBIM IPEIMETOM HAYYHBIX
uccienoBannii. KOHQIUKTEI MOTYT UIMETh CaMbIi pa3HOOOPa3HbBIA XapakTep M 3TOT (AKT OTpaskacTcs B
pa3HOO00pa3uy yNpOIIEHHBIX MOJENEH, CIOCOOHBIX B TOW WM WHOW CTENEHH OTPA3UTh PEabHOCTH.
MonenbHasi cuTyanus, paccMaTpuBaeMasi B JaHHOH cTaThe, TakoBa. MMeoTcs Be KOMaHIbBI CTPENKOB,
CTPEMSAIINXCS YHUUTOXHUTH APYT Apyra. B kaxmom payHzae 00s CTpElKH KaKAOW M3 KOMAaHJ peIlaroT
KOMY B KOTO IEIIUTHCSI ¥ OJHOBPEMEHHO NMPOU3BOAAT 110 OJHOMY OJMHOYHOMY BBICTpeiny. Jiis Kaxkmoro
CTpeJNKa M3BECTHA CTETEHb €ro MacTepCTBa, BhIpaXKarollascs B BEPOSTHOCTH MONAJaHUA B IIelb. Tak Kak
CTpEINKU He 00s13aHbI OBITH CTONPOLIEHTHBIMH CHalIlepaMH, TO TIOCIIE IEPBOro payH/a B 00eux KoMaHIax
MOJKET OCTaThCA XOTA IO OAHOMY JEHCTBYIOIIEMY CTpelnKy. B Takom ciywae Ha3HawaeTcsi ouepeqHOi
paynz. U tak nanee 10 Tex mop, IoKa BCe CTPEIIKM OJHON U3 KOMaH/ He OyIyT BBIBEJICHBI U3 CTPOSL.

PaccMoTpenne Ha9HEM ¢ TIPOCTEHMIIEro ciydas, Koraa B 00eMX KOMaHax BCEro JIUIIb [0 OJHOMY
crpenky. ITycTb P U ( €CTh BEPOATHOCTH IIPOMAax0B 3TUX CTPEJIKOB, MPEICTABIIONINX IIEPBYIO U BTOPYIO
KOMaH[y, COOTBETCTBeHHO. OHYEBHIHO, YTO BEPOSTHOCTH MOOEABI MEPBOTO CTPEJKa IIOCIE MEPBOTO
paynzaa pasua (1-p)g, Broporo — p(1-g), BeposTHOCTh HUYBH (B3auMHOTO yHHuTOXeHUs) — (1-p)(1-0).
BeposTHOCTh HEOOXOMUMOCTH TIPOBEJICHHS BTOPOTO payHIa paBHa pP(, MO3TOMY BEPOSITHOCTh TOGEIBI
TIIEPBOTO CTPEIKA MocIie BTOporo paynaa pasHa Pq(l-p)g, mocne tpetsero — p?g%(1-p)q u t.1. B utore
BEPOSTHOCTh TOOE/IBI MEPBOTO CTPENKA €CTh CyMMa T'€OMETPHUECKOM MPOrPECCHU C MEPBBIM UYICHOM
(1-p)q u 3Hamenaremem Pg, ona paua (1-p)g/(1-pq). YuuTbiBas BHA 3HAMEHATENS IOIYYECHHOTO
BBIP@XKEHUSI, MBI YTOYHUM IIOCTAHOBKY 3a[Ja4i — BEPOATHOCTh IPOMaxa CTPENKa He JOJDKHA PaBHATHCS
equHAIE. JTO TpeOOBaHHE €CTECTBEHHO, TAK KaK CTPEJIOK C CTOINPOLCHTHBIM IIPOMAaxoM — HE CTPEJIOK.

I/ITaK, MBI OJIYYHUJIN CICAYIOMUE BRIPAKCHUA I 1'[06621]3], HUYbH U MTOPAKCHUA nepBoﬁ KOMaH/bI

(1-p)a/(1-pa), (1-p)(1-9)/(1-pa), p(1-0)/(1-pa).

3aberas Briepén, OTMETUM, 4TO JienuTess tina (1-pg) OyneT npucyTcTBOBaTh M B BHIPAXKEHHUAX JUIA 1, X,
2 (mobena, HWYBS, TOpaKEHHE), KOrJa B KOMaHJax OoJbIlle OJHOrOo CTpenka. Takue AenuTenH
paspemaroT npobiieMy BO3MOKHOTO ITOBTOPEHUS CUTYAIIMH B CMBICIIE KOJIMYECTBEHHOT'O COCTaBa KOMaH/ 1
U TTO3BOJIIIOT OTPAHUYUTHCS PACCMOTPEHHEM TOJIBKO Pe3yIbTaTHBHBIX PAYHIOB, T.€. PAyH/IOB, B KOTOPBIX
XOTsI OBl O/1HA LEJTb TOpPaKeHa.

IlepeiinéM Kk cuTyauuu ABOE CTPEIKOB IIEPBOM KOMaHAbI INPOTHUB OIHOTO BO BTOpoW. Ha
BEPOSATHOCTH INPOMAXOB CTPENIKOB IEPBOM KOMAHIbl HAJNOXKHUM OrpaHUYEeHUEe P < Pz T.6. JUAEP

KOMaH/Ibl IMEET IEPBBIIl HOMEp, a ayTcaiinep — BTopoid. O4eBuIHO, YTO 00a CTpeNKa MepBOil KOMaH/IbI
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LEISITCSL B SAWHCTBEHHOTO CTPEJKa BTOPOM, KOTOPBIH, B CBOK OYEpelb, MOIDKEH IICIUTHCS B JHACPA
KOMaH[bI MPOTHBHUKA. J[si moGeasl BTOPOi KOMaHIb HEOOXOAUMO, YTOOBI IEpPBBI PayHI WIIH CepHs
payHIOB, HAYMHAIONIASCS B3aMMHBIMH [IPOMAXaMHU M 3aKaHYMBAOIIASICS XOTS OBl OJHHM IOIaIaHUEeM B
IeNb, UMEIH PE3y/IbTaTOM Ha3HAauYCHHE OYEPEeIHOTO payHAa, B KOTOPOM OyIyT MpOTHBOOOPCTBOBATH
ayTcaiijep ~ HepBOi KOMaHABI M CTPENOK BTOPOH.  BepoATHOCTh TaKOro pe3ynbTaTa paBHA
p1p2(1-0)/(1-p1p2q). Bo3Hukaromasi cuTyanus OJMH MPOTHB OJHOTO HAMH YK€ pPAcCMOTpeHa U Ui
BEPOATHOCTH TIOPaKEHMS TEPBOI KOMaHABI MBI MOJyuuM Bbipaxenue Pi(p2)?(1-0)%/(1-pip2q)/(1-p2q).
Jlnst BEpOATHOCTH HUYBK OyzaeM uMeTh P1P2(1-p2)(1-0)%/(1-p1p2q)/(1-p2q), a ans moacuéTa BEpOATHOCTH
no0Oepl TepBOl KOMAHABI JOCTATOYHO BBIYECTh M3 CAMHHIBI CYyMMY BEPOSTHOCTEH €€ MOpakeHUs U
HHUYBH.

AHAJIOTUYHO PacCMAaTPHUBAETCS U CUTyalus N CTPENKOB MEePBOM KOMaH/bI IIPOTUB €JUHCTBEHHOTO
BO BTOpoH. [l moOexbl BTOpOW KOMaHIBI HEOOXOAMMO, 4YTOOBI BCE CTPEJIKM NEPBOM KOMaHIbI
IIOCTOSIHHO IIPOMaXUBAJIUCh, @ CTPEJIOK BTOPOM KOMaH/bI IIOCJIE0BATEIBLHO BBIBOJUI U3 CTPOS CTPEIIKOB
[EepBOM, HauMHas ¢ e€ Tekylero guaepa. Ilpuseném BblpakeHUE NI BEPOATHOCTH IOPAKEHUS NEPBOU
KOMaH/Ibl

P1(P2)*(P3)°... (Pn)" (1-0)"/(1-p1p2 ... Q)/(1-p2ps ... Q)/.../(1-pn0y),

I7ie BEPOATHOCTH IIPOMAaXOB CTPEJIKOB NMEPBOM KOMaH/Ibl yIOBIETBOPSIOT TpeOOBaHUI0 P1< P2 < ... < Pn
< 1. Belpaxenue I BEPOSITHOCTH HUYBHM OTIMYAETCS OT MPUBEIEHHOTO MPUCYTCTBHEM MHOKUTEIS
(1-pn) BMeCTO pn, Tak Kak B IOCIETHEM Pe3yJIbTATUBHOM payHje 00a MPOTUBHHUKA MTOPAXKAIOT LENb, a
(1-pn) ecTb BepOSATOCTD MOMATAHMUS B I€JIb ayTCAlePOM IIEPBOM KOMAH/IBI.

B Tabnuue 1 mpuBeneHbl pasmUUHBIE CIIydad UCXOAHBIX BEPOSITHOCTEH IONajaHus B LIENb VLT
CTPENKOB MPOTHBOPCTBYIONIMX KOMAaH]] U IIOJICYMTAHHbIE 10 BHIBEJEHHBIM HaMU (OpMyJiaM BEpOSTHOCTU
noOe/bl, HUYbU U MOPaKEHHs TepBOM KOMaH[bI, B IpOLEHTaX. Bropad KomMaHZa COCTOHT BCEro H3
OJHOTO CTpesnKa U IpobjieMa BBIOOpa Iiejied pellaeTcs TPUBHUAIBHBIM OOpasoM — BCe W3 IIepBOi

KOMaHZbI METAT B 3TOI'O OHOTIO, a OH LEJIUTCA B INAepa KOMaHAbI IPOTUBHUKA.

IIpoTuBHUKH [ToGena Hunubs Ilopakenue
60 vs 60 28,6 42,8 28,6
100 vs 90 10,0 90,0 0,0
40 vs 40 37,5 25,0 37,5
40 vs 35 42,6 23,0 34,4
20vs 15 531 9,4 37,5
20vs 10 64,3 7,1 28,6

50, 50 vs 100 75,0 12,5 12,5

50, 10 vs 100 55,0 4,5 40,5

40, 10 vs 100 46,0 54 48,6

40, 35vs 90 64,8 12,3 22,9

30, 20 vs 90 47,8 10,4 41,8

25,20 vs 90 43,8 11,2 45,0

30, 30, 30 vs 100 83,2 50 11,8
30, 20, 10 vs 90 67,0 3,3 29,7
20, 20,10 vs 90 62,0 3,8 34,2
20, 14,8 vs 90 53,4 3,7 42,9
15, 12, 10 vs 85 52,2 4,8 43,0
20, 15, 10, 10 vs 95 70,9 2,9 26,2
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IIpo6sema BbIOOpa 1eJieil MPOTHBOOOPCTBYIOINMMH KOMAHIAMH CTPEJIKOB

15, 10, 10, 10 vs 95 65,2 3,5 31,3
15, 10, 10, 10 vs 100 63,4 3,7 32,9
10, 10, 10, 10, 10 vs 95 78,6 2,2 19,2
10, 10, 5, 5,5 vs 95 60,3 2,0 37,7

Tabmmna 1. BepositHoetn 1, X, 2 mst cirygaes N Vs 1.

PaccmoTrpuM Tenepsh ciydail 1Boe MPOTUB ABOMX. B Kkakqol KomMaHJe MMeeTCsl CBOM JIMep Moj
HOMepoM | W cBOH ayrcaiimep mox HOMEpPOM 2. DTO 3HAYHT, YTO BEPOSTHOCTH IMPOMAaXOB CTPEIKOB
yZIOBIETBOPSIOT HepaBeHcTBaM pl < p2 u ql < q2. OueBHAHO, YTO JUICPHI TOJDKHBI LEIUTHCS IPYT B
apyra. Uro kacaeTcs ayTcaiinepoB, TO JJIsl HUX BO3HHKAET JHMjIeMMa BbIOOpA LIENIM — B KOTO CTPENsTh, B
nuaepa KOMaHIbl IPOTHBHUKA WK B e€ ayTcaiinepa? Beero mmeercs 4 BapuaHTa CXEM IIEICHABEICHUS.
O6o03naunm ux wepe3z 1 -1, 1-2, 2-1wu2 -2 TIlepBas uudpa ectb HOMep Lienu ayTcaiiaepa nepBoi
koMaHbl. Ecin aTa nudpa pasHa 1, To €ro MUIICHBIO SBISETCS JIAEP BTOPOH KOMaH/IBI, €CIIM OHA paBHA
2, MHIIEHBIO sABIsIeTCs e ayrcaiimep. AHaIOrW4HO, BTOpas Iu(ppa B 0OO3HAYCHUH CXEMBI IieIeh
YKa3bIBa€T Ha HOMEDP 1LIeJId ayTcaiijiepa BTOPO KOMaH/IbI.

Jnst cpaBHEHHs BapHaHTOB JAPYT C JIPYroM W HOCIERYIOUIET0 BhIOOpPAa ONTUMAJIBHOW CXEMBI
HEoOX0MMO 3a7aTh KPUTEPHH KauecTBa cXeMbl. [IpencTaBisercs eCTEeCTBEHHBIM KaueCTBO CXEMBbI LIS
Ka)XKJOH M3 KOMaHJ M3MEPATh KaK Pa3HOCTh MEXIY BEPOSATHOCTSAMH €€ MoOeasl M nopaxkeHus. B takom
cilydae AwIeMMa BBIOOpa HENH yKIaIbIBAeTCsl B PAMKH KIACCHUECKOM TEOPUH UIP ABYX JIUII C HYJIEBOU
cymMmoii [1]. [leficTBUTENBHO, TO YTO MepBas KOMaHJa CTPEMHUTCS MaKCHUMHU3UPOBaTh, BTOpas KOMaHJa
CTPEMUTCS. MUHIMHU3UPOBATh. DTO €CTh Pa3HUIIA BEPOSITHOCTEH ITOOEABI M MOPaXXEHHS IIEPBOH KOMaH/IbI
— TaK Ha3plBaeMbIi Taté&x. s Kakmoil W3 dYeThIpex CXeM IEJICHABEeICHMS CIEAyeT IOJCUUTaTh
COOTBETCTBYIOIINH IUIATEXK, COCTABUTh IUIATEXXHYI0 MAaTPUILy Pa3MEPHOCTH 2 Ha 2 M HccieaoBaTh e€ Ha
Haln4yue ceutoBoi Toukd [1]. Mer He OyaeM HMOApPOOHO OMMCHIBATH CHOCOO BBIYMCICHUS 3JIEMEHTOB
MIaTEKHOW MaTpuIlel. OTMETHM JIMIIb, YTO OH 0a3HpyeTcss Ha PACCMOTPEHHH BCEBO3MOXKHBIX CUTyalUit
MOCJIe TEePBOro Pe3yIbTaTUBHOTO payHJAa ¢ IMpUMEHeHHeM aenuters (1-pip20i0z) ¥ Ha MPHUBEICHHBIX B
TIEPBOIi MTOJIOBHHE CTAThH (opMyiax urst curyarwii 2 vs 1 1 vs 1.

PesynbTarsl pacueroB mokasajiu, 4TO IJIATEXHAsg MaTpUla Halledl CTpaTeruuyecKod WUIrpbl BCeraa
MMEET CEMJIOBYI0 TOYKY HE3aBUCHMMO OT KOHKPETHBIX MCXOAHBIX BEPOSATHOCTEH IMOMNMaJaHus B LEJb,
OTpaXAIOIIUX KBATH()UKAIUIO YYACTHUKOB KOMAHI. JTO O3HAYAET, YTO PEIICHHE HaIlei MaTpHUYHON
UTPBI BCETrNa OCYIICCTBIICTCS B YUCTBIX CTpaTeTrHWsiX. B Tabmume 2 Mo CpaBHEHHUIO C IMpeabIayIIeh
Tabmuel 1006aBJIeH OUH CTOJOCI, B KOTOPOM YKa3aHa ONTHMAbHAS CXeMa IeJICHABEICHUS.

IIpoTuBHUKH Cxema IToGena Huubs Ilopakenue
20, 10 vs 30, 10 1-1 41,1 1,7 57,2
30, 10 vs 30, 10 1-1 49,1 1,8 49,1
40,10 vs 30, 10 1-1 55,8 1,8 42,4
40,10 vs 40, 10 1-1 49,0 2,0 49,0
10, 10 vs 30, 10 1-2 26,1 2,0 71,9
40, 30 vs 50, 10 1-2 56,4 59 37,7
40, 30 vs 50, 20 1-2 47,1 7,8 45,1
60, 40 vs 90, 10 1-2 51,6 10,2 38,2
40, 20 vs 40, 10 1-2 60,2 2,8 37,0
40, 20 vs 30, 10 1-2 67,1 2,7 30,2
50, 20 vs 30, 10 1-2 71,7 2,7 25,6
50, 10 vs 30, 10 2-1 61,8 1,8 36,4
30, 10 vs 30, 20 2-1 35,7 2,6 61,7
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40, 20 vs 30, 30 2-1 45,5 55 49,0
40, 20 vs 30, 20 2-1 54,6 4,5 40,9
60, 20 vs 40, 30 2-1 50,9 6,1 43,0
80, 20 vs 50, 50 2-1 40,2 15,7 44,1
30, 20 vs 30, 20 2-2 47,5 50 47,5
80, 70 vs 70, 60 2-2 42,5 33,0 24,5
40, 30 vs 30, 30 2-2 52,5 8,0 39,5
50, 30 vs 40, 30 2-2 51,3 9,3 39,4
60, 30 vs 50, 30 2-2 50,2 10,5 39,3
70, 30 vs 90, 10 2-2 55,2 7,6 37,2
80,20 vs 90, 10 2-2 55,5 6,0 38,5

Tabnuna 2. Beposithoctu 1, X, 2 s cinydas 2 VS 2.

B zakmoucHue MNPpUBCACM HEKOTOPBIC PE3YIIbTAThI A 0oJlee CIIOKHBIX CHTyaHHﬁ.

[IpoTuBHUKH [Tobena Huubs [opaxxenue

30, 30, 30 vs 50, 50 58,1 7,5 34,4
40, 30, 20 vs 80, 40 48,0 6,1 45,9
40, 30, 20 vs 80, 50 42,4 6,9 50,7
30, 20, 10 vs 70, 30 37,7 3,0 59,3
40, 30, 20, 10 vs 80, 50 58,9 2,7 38,4
40, 30, 20, 10 vs 80, 60 54,5 3,0 42,5
30, 20, 10, 5vs 70, 30 49,4 1,2 49,4
60, 50, 40 vs 99, 99 42,9 18,1 39,0
60, 50, 40, 1 vs 99, 99 61,5 0,3 38,2
60, 50, 20 vs 95, 95 39,6 91 51,3
60, 50, 20, 5 vs 95, 95 51,8 1,8 46,4
50, 35, 20 vs 90, 30 57,9 52 36,9
50, 35, 20, 5vs 90, 30 68,4 1,0 30,6

Ta6mnuua 3. BepositHoctH 1, X, 2 1uist ciaydaeB 3 VS 2 u 4 Vs 2.

ALGMEgEms dmfobssmdogag 3bgdolmgzgols 3oBbydoL sMRYg0L 3GMdEYTs
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The Problem Of Choosing Targets For Two Opposing Teams Of Shooters
Victor Khutsishvili

Summary

The fight to destroy the enemy between the two teams of shooters is considered. The fight consists
of rounds, in each the shooters at the same time make one shot. The teams may be different both in
number of shooters and in the individual probabilities of hitting the target. The problem is choosing the
optimal schemes of aiming for both teams in the sense to maximize the difference between the
probabilities of victory and defeat. The formulated problem is solved for two special cases. It is a few
shooters against one and two against two. In the latter case, the classical results of the theory of zero-sum
games may be applied. The calculation results showed that regardless of the individual skills of shooters
corresponding payment matrix always has a saddle point.
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Cargoes Optimization Adjusted for Fees
Dali Sikharulidze

Summary

The task originates from the problem of marine transportation, when due to bounded capacity of
the ship it is necessary to determine the best combination of cargoes to get maximum profit taking into
account different constraints. This is the problem of linear-fractional programming which can be reduced
to the problem of linear programming by certain transformations. In fact the delivery of some cargoes is
delayed, moreover some cargoes pass laboratory control necessarily after loading (e.g. wheat, which
needs the time about three days). Therefore the delivery of the cargoes to the destination is delayed; it
causes serious fees of the transport company. We take into account this circumstance by adding the
surplus item to the functional, representing positive part of function. So, that the functional does not
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represent a linear-fractional function any more. In the article the method of solving this problem is
suggested.

OnTtuMusanus rpy3oB ¢ yueroM mrpadgosn
Hanu Cuxapynuose

Pe3iome

3amadya BO3HUKIA W3 MPOOJIEMBI TPAaHCIOPTUPOBAHHWS MOpEM, KOTJa HEOOXOIMMO H3-3a
OTPaHWIEHHOTO 00BEMa CyIHA ONPEACINTh HAMIYYIIYyI0 KOMOWHALIMIO TPY30B AN MOJTyYeHHS
MaKCHMaJIbHOM NPHOBUIM C YYETOM pa3iM4YHbIX OrpaHMYeHWil. DTa 3amaya sBIsleTCs 3aaavell IpoOHO-
JIMHEHHOTO TPOrpaMMHUPOBAHUs, KOTOpas OIpENeNICHHBIMU IpeoOpa3oBaHUsIMU CBOAWTCS K 3ajade
JMHEHHOTO MpPOrpaMMHpOBaHusl. B  NEWCTBUTENBHOCTM JOCTaBKa B IOPT HEKOTOPBIX TIPY30B
3aJIep>)KUBAETCs, KPOME TOT0, HEKOTOPBIE I'PY3bI IPOXOAST J1a00PaTOPHBIN KOHTPOJb 0053aTENBHO 110 CIIe
3arpy3ku( Hanmpumep, MIICHHUIIA, YTO TPeOyeT BpeMeHH a0 TpeX cyTok ). IloaTromy mocrtaBka Tpys3a B
MECTO Ha3HAYCHHUS 3ala3[blBacT, 4YTO BEJACT K HAJIOKCHUIO MIOBOJBHO COJNHIHBIX MTpadoB HA
TPaHCIIOPTHYIO KOMIIAHHIO. OJTO OOCTOSATENHCTBO MBI YYHTHIBAEM BHECEHHEM B (YHKIMOHAI
JIOTIOTHUTENBHOTO CIIAraéMoro, MPEACTABIISIONIETO COO0I MOIOKNUTENbHYIO YacTh (DYHKIIUH, BBULY 3TOTO
(yHKIIOHAJ YK€ HE MPEeACTaBIsIeT co00i qpoOHO-THHEIHYI0 QyHKIMIO. B cTaThe mpennaraercs crnocoo
peLIeHUs 3TOH 3a1adH.
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Semi-Quantitative Assessment of Application of the Eco-Industrial Park (EIP)
Concept for Providing of Environment-Friendly and Profitable Industrial
Processing of Waste into Gaseous, Liquid and Solid Fuels and other Highly

Demanded Marketable Products

Archil Chirakadze, Paata Kervalishvili, Akaki Gigineishvili, Zakaria Buachidze, Lali Gurchumelia, Vakhtang
Gvakharia, William Toscano, Nugzar Kavlashvili

achikochirakadze@yahoo.com
ABSTRACT

The concept of eco-industrial parks (EIPs) offers one of starting points for addressing the
exact meaning of “sustainable development”. Fundamental improvements in industrial
environmental performance and resource efficiency are required to involve industry in strategies
for sustainability. The problem is very urgent for the most of former soviet republics. Georgia (as a
country associated with EU) is of particular interest for developing and testing of advanced models
and concepts of building sustainable and knowledge based society in countries with high
educational, scientific and technical capacity, but collapsed economics and weakly developed
democratic (political and social) institutions. This country may be considered as an ideal testing
ground for R&D aimed to establishing of an integrated EIP (a set of inter-regional EIPs),
development and testing of innovative approaches and concepts to build the sustainable and
knowledge-based society. A big number of advanced and innovative processes and technologies
(like microwave enhanced hydrometallurgical and pyro-metallurgical processing, microwave
enhanced processing using circulating catalysts, self propagating high-temperature synthesis,
microwave enhanced high pressure acidic autoclaving, microwave enhanced chemical synthesis of
inorganic and organic materials, catalytic gasification and bio-gas production, vacuum distillation,
etc) is utilized in Georgia. The main products and by-products of the considered EIP are
represented by low-carbon and low-phosphorous ferromanganese, metallic manganese, composite
alloys, Mn-containing micro- and nano-powders and materials, liquid and gaseous fuels, alcohols,
manganese containing fertilizers and feed additives, mineral and vitamin enriched feed additives,
etc. The work deals with the semi-quantitative assessment of the socio-economical and
environmental advantages of implementing of EIP model in Georgia.

Keywords: EIP, Environment, Sustainable Development, Circulating Catalyst, Fuels, Polymeric Waste,
Microwave, Low-Carbon Ferromanganese, Metallic Manganese, Composite Materials and Alloys.

Introduction

As known [1, 2], eco-industrial parks (EIPs) are systems in which businesses cooperate with each
other and with the local community with aim to reduce waste and pollution, efficiently share resources
(such as information, materials, water, energy, infrastructure, and natural resources), to increasing
economic gains and improving environmental quality. The concept of EIPs offers one of starting points
for addressing the exact meaning of “sustainable development” and the main principles of sustainability
in communities. Fundamental improvements in industrial environmental performance and resource
efficiency are required to involve industry in strategies for sustainability. The problem is very urgent in
former soviet republics, especially in case of signing the association agreements with EU. Georgia is of
particular interest for developing and testing of advanced models and concepts of building sustainable and
knowledge based society in countries with high educational, scientific and technical capacity, but
collapsing economics and insufficiently developed democratic (political and social) institutions. Having a
favorable geographical position, small territory, high density of industrial (mainly - stopped) and
agricultural enterprises and a huge volume of industrial, municipal and agricultural waste, Georgia may
be considered as an ideal testing ground for R&D aimed to establishing of an integrated EIP (a set of
inter-regional EIPs), development and testing of innovative approaches and concepts to build the
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sustainable and knowledge-based society. This work deals with a number of environment-friendly
modern technologies for industrial utilization of a wide variety of waste disposed in Chiatura/Zestafoni
and Bolnisi districts [3], combined together to form a basis for an inter-regional EIP which involves
synergy of a big number of products and by-products actualizing the main principles and requirements of
EIPs: use of environment - friendly technologies and closed cycles of processing; use of waste generated
by one kind of processing as a resource and/or row material for other kind of processing; minimizing of
the total volume of waste; optimal balance between environmental safety/security and economical
efficiency; maximum share of the top-quality products in the total volume of production; positive impact
on the fundamental components of social environment. An attempt of quantitative evaluation of the
socio-economical and environmental advantages of implementing of EIP model in Georgia is made taking
into account the potential of the three sectors of environment-friendly industrial utilization of the
secondary resources (scrap tires and plastic waste materials into energy; manganese bearing waste into
manganese alloys and feed additives; manganese/copper and pyrite bearing waste into multi-component
alloys and precious metals) in the frame of one interregional EIP.

Microwave processing of waste materials to energy (W2E):

The number and variety of methods and installation for efficient microwave enhanced
w2Eprocessing is growing annually [4,5]. While microwave energy is still a relatively young technology
in the biodiesel arena, it is a technology whose time has come. The rapid growth of automobile use has
led to an abundant accumulation of used tires. Global reserves of used (secondary) tires are estimated to
be 35-40 million tons, with a very high annual growth rate of about 8-10 (or even more) million tons per
year (http://www.epa.gov/epawaste/ conserve/materials/tires/basic.htm). The level of recycling of used
tires in Georgia does not exceed 0.5%, although the Georgian Technical University is among the leading
institutions developing advanced technologies for industrial utilization of waste tires and polymeric waste
materials. Disposal of plastics has become a global problem of everyday life in many areas. Plastics are
an appreciable contaminant on land and in oceans. Plastic use is increasing and the annual production is
close to 300 million tons [6]. More plastic was produced during the first 10 years of the 21-st century than
that produced during the entire previous century. Taking into account the issues of the environment and
human health, the study of the risk and benefits surrounding the use of plastics and a look to future
priorities, challenges of plastic recycling becomes urgent. On one hand, plastics are necessary in modern
life, offering future technological and medical advances. On the other hand, contamination of the
environment and corresponding threats to wildlife and human health are increasing [7]. However, the
most important concern is that the current production and use of plastics is not sustainable because of the
rapidly declining reserves of fossil fuels, and finite capacity for disposal of waste. Different solutions and
strategies to reduce contamination of environment have been considered and proposed [6]. One of the
most promising solutions to the problem of plastic waste could be the industrial utilization of plastic and
other waste organic polymers into fuels. Up to now research in microwave pyrolysis has been centered on
its application to treating wastes such as plastic waste, sewage sludge, scrap tires, wood blocks, oil shale,
and various organic wastes (including used oils) [5]. Best results for semi-industrial and industrial
processing were obtained utilizing plastic wastes and used car tires and using the circulating catalyst
method.The output and quality of gas and liquid components strongly depens on the total mass of the
processed material, applied microwave power and duration of the process. Being almost waste-free, the
proposed method helps to reduce the volume of both the hazardous waste of producing (drilling) and
processing of crude oil and gas and hardly removable waste in the form of used tires and plastic utensils.
Calculated parameters can be significantly improved using microwave heating and catalytic properties of
ultrahigh frequency field and catalysts (or circulating catalysts). The lab-scale tests show that the catalytic
influence of microwave irradiation causes decrease both of the required time (for about 15-50 %) and
optimal temperature of chemical reactions (for about 30-40 °C) involved in the combined process.
Therefore, the expected economic parameters of the process could be significantly improved with help of
optimally applied microwave field. Different samples of liquid fuel obtained from used tires by catalytic
pyrolysis were studied and main characteristics of the produced fuels were determined. The primary
obtained liquid fraction was mixed with 1 %, 3 %, 5 %, 10 % and 12% wt. of Zeolite and CaO. The
blended fuel samples were distilled to decrease sulphur and to produce different fuel fractions. Main
characteristics of the produced fuels were determined. Fuel samples using 10 % of CaO or 10 % of
CaO+Zeolite (5%+5%) mixed with primary fraction showed the optimal experimental characteristics.
Fuel produced using 10 % of CaO or (CaO+Zeolite) are separated into two fractions which are different
in densities (“light” and “heavy”). Both fractions were compared with standard fuels. As expected,
“heavy” fuels are near to diesel fuel (density at 15°C equal to 0.83 t/m® versus 0.82-0.85 t/m?; lower
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heating value equal to 43.5 MJ/kg versus 42.3-42.8 MJ/kg), while the light fuels are more like to Gasoline
(density at 15°C equal to 0.75 t/m® versus 0.74-0.78 t/m®; lower heating value equal to 43 MJ/kg versus
43.0-43.9 MJ/kg). Light fuels form 21 % and heavy fuel with 61 % of the total outcome. The optimal
output and quality were achieved using the combination of convenient (at the beginning of the process)
and microwave heating of materials. The dependence of the yield and content on the heating parameters is
very complicated and requires a detailed additional study, but the obtained results gave us the possibility
to assess the main parameters of the expected working capacity for an industrial plant utilizing both used
tires and plastics: electric power consumption 4GWh, net capacity 25,000 t, output oil near 10,000 t,
output gases near 6,000, output carbon near 9,000 t, output electricity 70 GWh, electricity sale 66 GWh.
Thus, we can use at least two technologies and two installations — demonstrated by the Scandinavian Bio-
Fuel Comany (SBFC) and by the Georgian Technical University (GTU) — which can provide a high-
efficient and low-cost energy consumption for industrial production. It should be emphasized that
technology demonstrated by GTU is more environment-friendly due to lower temperatures of processes
and lower emissions. The most probable amount of used scrap tires and polymeric waste (50,000 tons)
was used as the basic data for the Semi-quantitative assessment of the appropriate parameters. The total
value of the produced fuels and energy during the nearest 20 years is estimated as USD 1.5 - 2 billions.

Microwave enhanced processing of manganese bearing waste.
Approximately 80 millions of tons of manganese bearing sludge (Mn ~ 8-12 %) is abandoned in

Chiaturadistrict (in the gorge of river Ghurghumela). Hence, about 10 millions of tons of high quality
manganese alloys and composite alloys can be producedas a result of industrial utilization of that
hazardous waste, which causes high environmental and health risks in all Imereti region. The total value
of the produced alloys is estimated as USD 20-22 billions. The Efficient low-cost technology and
installation was developed and tested by specialists of the Georgian Technical University in cooperation
with specialists of F. Tavadze Institute of Metallurgy and Materials Science [3] based on the most
efficient demonstrated technology of enrichment of manganese bearing sludge into high grade manganese
oxide concentrate and using microwave enhanced treatment and the self-propagating high-temperature
synthesis (SHS). Various high-grade alloys (metallic manganese, low-carbon (low phosphorous)
ferromanganese and composite alloys (“ligatures”) containing Mn, Si, Al, Cr, V and Cu have been
produced and studied during last three years. All obtained alloys and composite alloys (“ligatures™) are in
compliance with current standards for high-grade low-carbon and low-phosphorous products. The total
value of the produced alloys during the nearest 20 years is estimated as USD 10-12 billions.

Microwave enhanced complex processing of copper, pyrite and manganese bearing wastes
Complex processing of copper, pyrite and manganese bearing wastes through autoclave leaching

can be the basis for the efficient highly profitable industrial technology of waste utilization. This method
produces high-grade manganese sulphate, low carbon/phosphorous metallic manganese, manganese
alloys and ferroalloys and enables recovery of precious metals. Experimental research was carried out
using samples of the copper processing waste disposed in the Madneuli (Kazreti) deposit (total amount up
to 20 million tons or more) with typical content: SiO; — 77-84%, Al,O3 — 3.5-4.0%, FeS,— 6-8%, Fe,O3 —
4-6%, CaO — 0.4-0.6%, MgO - 0.8-1%. R20 — 0.4-0.5%, CuFeS;— 0.2-0.3 % and representative samples
of the manganese ore mining and processing waste disposed in the Chiatura district (total amount up to
100 millions of tons) with typical content: SiO. — 70-75%, MnO+MnO; — 10-15%, Al,Oz + Fe;03+ CaO
+ CaCoz + MgO + P,Os + H,O — 12-18%. Joint simultaneous pre-treatment and autoclave oxygen
leaching of different compositions of pyrite and low-grade manganese ores or waste was studied at 140-
160°C. Preliminary series of experiments using microwave treatment and pre-treatment were also carried
out. A novel complex method for efficient processing of manganese, also precious, semi-precious and
non-ferrous metals from manganese bearing low-grade ores or wastes and pyrite concentrate through
combined processing of manganese ore and pyrite bearing materials is was studied in lab-scale and semi-
industrial research. Combined high-pressure leaching of manganese ore and pyrite flotation concentrate
was carried out on the representative samples. The resultant solutions were purified and processed into
metallic manganese using standard electrolysis methods. The quality of products obtained using all three
types of raw material (oxidized manganese ore, carbonate manganese ore and manganese bearing sludge)
was very similar, although the content of Al, Si and C was slightly higher. As shown, the chemical
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composition of samples obtained from the processes is in good agreement with standard requirements for
the metallic manganese (Mn> 96.0, C <0.20, Si < 1.8, P<0.07, S <0.05). The results indicate that novel
processing methods can form a basis for the low-cost and environmentally-friendly profitable production
of manganese oxide concentrates and low-carbon alloys, copper containing compounds, and concentrates
for gold and silver extraction. The secondary waste can be efficiently used in the building materials
industry. More research is needed to optimize the parameters of extraction of the fine gold particles (30-
50 microns) associated with copper ore processing waste. The results indicate that about 10 ton of gold
ingots could be produced from Madneuli mining and processing tailings. The total possible output of
utilization of manganese waste and low-grade ores of Chiatura mine could exceed 20 million tons of high
grade manganese alloys or 25 million tons of high-grade manganese sulphate and manganese oxide
concentrate over the next 20 to 30 years. Concentration of potentially toxic manganese copper and other
toxic elements in waste can be reduced 10 times or more (up to 0.5 — 1.0%). Waste utilization costs will
be reduced almost for 2-times, prime cost of feed additives for 60-70%, prime cost of metallurgical
concentrate for 25-30%, prime cost of low-carbon-alloys — for 30-40 %, while total energy consumption
will be lowered by 25-30%. The developed installation can be used in emergency situations for producing
fuels and drinking water. About 15,000-20,000 new jobs can be created in a new “green” industry and the
total input to the Georgian economy could reach the level of about 10-15 billions USD during the next
20-30 years. Ferroalloys and color metals mining and metallurgy in Georgia will be able to recover
positions lost over the past 20 years and restore the production of metallic manganese, low-carbon
manganese and composite alloys for civil/military industries. Creation of an interregional EIP including
Chiatura-Zestafoni and Bolnisi regions will definitely contribute to economic and social progress in
Georgia and to meeting a number of important conditions of European integration.

The accurate quantitative evaluation of the socio-economic and environmental impact of the
proposed interregional EIP is urgently needed to form a basis for the state strategy of development of
EIPs in Georgia utilizing the advanced methods of programming and multi-factorial system analysis,
which will approve or refute the statement about the extraordinary importance of EIPs for the rapid socio-
economic development and European integration of Georgia.

Conclusion

Implementation of the main principles using the experience of creation and operation of the most
successful EIPs(as follows: an industrial park should fit into its natural setting in a way that minimizes
environmental impacts while cutting operating costs; provide more efficient use of energy as a major
strategy for cutting costs and reducing burdens on the environment; perceive wastes as lost opportunities
that ideally are potential products to be re-used internally or marketed to someone else; include the means
for moving by-products from one plant to another, warehousing by-products for shipment to external
customers, and common toxic waste processing facilities; re-use water from one plant for needs of other
plants (water cascading), passing through a pre-treatment plant as needed; supports the exchange of by-
products among companies, etc.) is very promising for Georgia and can significantly accelerate achieving
the Sustainable Development. The recently developed technologies and the scheme of establishing of an
interregional EIP for complex processing of manganese (districts Chiatura and Zestafoni) and copper
(district Bolnisi) bearing ore mining and processing waste, together with a big variety of agricultural,
household, industrial, medical, biological, etc., etc., kinds of waste can form a self- sustainable high
profitable interregional eco-industrial enterprise, which can provide tenth of billions of USD for
economical, social development and environmental safety in Georgia. The accurate quantitative
evaluation utilizing the advanced methods of programming and multi-factorial system analysis is urgently
needed to form a basis for the state strategy of development of EIPs in Georgia.
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IosykonnyecTBeHHAsl OLCHKA NMPHUMEHEHNs] KOHUENIUH IKO-HHAYCTPHAJBHBIX NAPKOB
AJISl IKOJIOTHYeCKH YHCTON M BHICOKO NMPBLIOMIBbHON NMPOMBINLIEHHON NepepadoTKkn
O0TXO0J0B B Ia3000pa3Hoe, ;KMK0e H TBEPAOE TOILUIMBO M APyTHe NPOAYKThI, 0JIb3yelinecst
NOBbILLIEHHBIM CIIPOCOM

Apunir Yuparazgse, [laara Kepparnmsuin, Axaxui I'ururennprirn, 3axapui byadnzgse, Jlaan
T'ypuymenna, Baxraur I'saxapua, Yuwrruam Tockaro, Hyrsap Kapramsuiru

Pe3ome

Konnenmus sxo-uamycTpuansHeix mapkos (DUII) mpencrasiser coboil OIHY U3 MCXOIHBIX TOYEK
OCYIIECTBIICHHSI MOAENH «YyCTOWYMBOTO pPa3BUTHA». sl TOro, 4roObl BKIIOYNTH INPOMBIIUICHHBINA
KOMIUIEKC B paMKH OOIIeil cTpaTermu YCTOHMYMBOTO Pa3BHTHsI, HEOOXOAWMO 3HAYMTENHEHO MOBBICHTH
NPUPOJOOXPAaHHYI0O M pecypcocOeperaTenbHylo 3(GQEeKTUBHOCTE mnpeanpusTuid. JlanHas npobiema
ocobeHHO akTyanbHa A ObBmmMx CoBerckux PecryOmuk. ['pysus, kak accorumpoBanHblil wieH EC,
NPE/CTAaBIsIET OCOOBI MHTEPEC C TOYKM 3PEHHUS] IMOCTPOCHUS M TECTUPOBAaHHS YCTOWYHMBOTO U
OCHOBAaHHOTO Ha 3HAaHWU OOIIECTBa B CTpaHaX C OTHOCHUTEJILHO BBICOKHMM YPOBHEM OOpO30BaHUS WU
BBICOKMM Hay4HO-TEXHUYECKUM IOTEHIMAIOM, HO C «pa3BaJCHHOI» JKOHOMHUKOW M HEIOCTATOYHO
Pa3BUTBIMH JIEMOKPATHIECKUMH (TIOMUTUYECKIMH M OOIIECTBEHHBIMH) HHCTUTYLHAMH. ['Py3HIO MOXHO
IPEACTaBUTh ce0e KaK HEKYI «HICATbHYI0 J1abopaTopHuio» Al CO3maHus HHTermpoBaHHOro OUII
(coBokynmHOCTH MexpernoHansrbix OUII), amst mocTpoeHusT M UCIIBITAHNS WHOBALMOHHBIX MOIXOIO0B U
KOHLETIUI CO3JaHUsI yCTOWYMBOTO W OCHOBAaHHOTO Ha 3HaHWM oOmectBa. B Hamiel crpaHe yxe
pa3paboTaHO M HCHBITAHO 3HAYUTEIHHOE KOJIMYECTBO IIEPENOBBIX HHOBAIMOHHBIX TEXHOJOTWH, Ha
OCHOBE KOTOPBIX BO3MOXKHO IIOCTPOHTH ycTonumByro cucrtemy OUII, OCHOBHBIM M COIYTCTBYHOLIMM
NPOJYKTOM KOTOpOH OyayT HHM3KOYIJepoAucThle W  Hu3KkodochopucTeie CIUIaBbl —Maprasia,
METAUIMYEeCKUil MapraHel, KOMIIO3UTHbIC CIUIaBbl, MUKPO- M HAaHOYACTHUIIbI M MaTEpHalbl, )XUAKOE H
razoo0pa3Hoe TOIUIMBO, YIJICPOJHMCThIE MaTepHaibl, CIUPTHI, MapraHleBble YIOOpPEHUS, KOPMOBBIC
J00aBKH U T. [.. JlaHHas paboTa MOCBAIIECHHA MOTYyKOJIMYECTBEHHOH OIEHKE COLMO-)KOHOMUYECKOTO H
9KOJIOrHUYeCcKOoro Bo3aeicTeua mojenu DUII B I'py3un.
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ABSTRACT

The system of active screening is offered. It can work in the mode of compensation of magnetic
storms, as well as in the mode of their modeling. Using such system will allow the researchers who are
studying questions of impact of weak magnetic fields onto live organisms to intensify works while
carrying out scientific experiments. Static characteristic of a control device, block diagrams of systems of
compensation and modeling of magnetic storms are offered.

Kaywords. Magnetic storms, magnetic shielding, simulation of weak magnetic fields.

When carrying out various medical and biological experiments to determine the effect of magnetic
fields on living organisms both passive and active magnetic shielding are widely used. One of the
advantages of active shielding is the capability of maintaining unchanged environmental factors necessary
for normal vital activity of the organism. In addition, in case of absence of the necessity of complete
screening of the magnetic field active screening systems can compensate only magnetic storms, reserving
both DC component of the geomagnetic field and the short-period variations.

Active screening systems used for magnetic storms compensation problems are automatic control
systems, that include: the magnetometer (M), the magnetic system (MS) and the control unit [1,2]. MS
covers some space - the working volume, which requires the compensation of magnetic storms (often MS
is combined with the size of the room in which the research is carried out). M measures the induction of
the magnetic field within the working volume. The control unit receives a signal from the M, processes
and amplifies it, and then submits to the MS, the field of which is directed against the geomagnetic field.
The block diagram of the active screening is shown in Fig. 1.

pove [
| |
| |
| M I CD
| |
| |
LROOM_

Fig. 1. Block diagram of the active shielding system.

When solving the problem of compensation of magnetic storms in the working volume is required
to maintain a constant component and short-period variations of the geomagnetic field while perturbed
variations must be compensated. For this purpose the control device should have a static characteristic as

shown in Fig. 2.
1

out

He

-Hy

Fig. 2. Static characteristic of control devices.
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On the static characteristic the following quantities are shown: Hr - the intensity of the
geomagnetic field, £ HV - the amplitude of the short-period variations, Hc - level constant component of
the geomagnetic field, lout - output current control device. One possible embodiment of such
characteristics in the control device shown in Fig. 3.

I ]

| ms |

Fig. 4. Block diagram of the compensation system of geomagnetic disturbances

Magnetometer signal M is fed to one input of the subtracter element SU and fed to the second
reference voltage U, Which is in proportion to the constant magnetic field component. As a result, the
output signal SU is generated proportional to the variable component. After that signal is applied to a
lowpass filter F, which serves to protect the magnetic system from getting MS signal proportional to the
pulsations and noise of the magnetometer, and to narrow the bandwidth of the device. The output signal is
fed to the former of the characteristics DZS that allows to create an insensibility zone, which corresponds
to the short-period variations + Hy. After this the signal is amplified in power by the amplifier A and is
fed to magnetic system MS.

While modeling of magnetic storms we have to solve two problems [3]. First is modeling of the
magnetic field corresponding to the magnetic storms, and the second - the compensation of all variations
(short-perturbed) occurring in the working volume, while maintaining a constant component. Block
diagram of the simulation is shown in Fig. 4. The modeling system includes the control device CD, which
contains a variation compensation unit VCU, variations modeling block VMU, personal computer PC
and the two magnetic systems MS1 and MS2.

PC

<
<1 =

c
L]

I

Fig. 4. Block diagram of the modeling system .
The variations simulation unit VMU converts the received digital signal from the PC,

corresponding to magnetic storms, to analog signal and provides regulating of its level, filtering and
amplification. A block diagram of the simulation block is shown in Fig. 5.
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Ve i
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I vmu }
e e e e -

Fig. 5. The block diagram of the variations modeling block VMU.

Part of the VMU microcontroller MC provides a link to a personal computer PC, and controls the
digital-to-analog converter DAC and the fader (SLR), which is used as digital potentiometer. The analog
signal taken from the output of DAC, passes through SLR and filter F and is fed to an amplifier A, from
where amplified in power is supplied to the magnetic system MS2. The analog signal output from the
SLR is supplied to the variation compensation unit VCU (shown in Fig. 6).

from VMU
I‘““‘\': __________________ A
| |
| |
M : su F A : MS1
| |
| |
| T |
I Uref :
L ________¥eY,

Fig. 6. Block diagram of variations compensation unit VCU.

The variation compensation block must maintain the constant component of the magnetic field in
the working volume and suppress any variation of the geomagnetic field, except the variations defined by
variations modeling block. Maintaining of the simulated variations is possible if the signal corresponding
to this variations, obtained from the VMU subtracting from unit magnetometer signal that will not cause
the current in the magnetic system MS1, proportional to modulated variations. Block diagram of variation
compensation unit VCU is shown in Fig. 6.

Variations compensation unit comprises a subtracting unit SU, which receives signals from the
magnetometer M, VMU unit and the reference voltage Uref by DI. As a result, SU output signal is
generated which is proportional to only the variable component of the geomagnetic field. The signal is
then processed by a low pass filter F and a power amplifier A, enters the magnetic system MS1. To
maintain a constant component and compensate for variations in the geomagnetic field, the unit VCU
must have a static characteristic shown in Fig. 7.

out

He

Fig. 7. Static characteristic of unit VCU.
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Part of the magnetic storms modeling system block VCU contains all units that are part of the CU
system of compensation of magnetic storms, except the characteristic generator FC. Thus, if FC is
included to VCU and switch it depending on the selected mode the unit VCU can be used both in a
magnetic storms compensation mode and and in magnetic storms simulation mode together with VMU
unit. The block diagram of the unit VMU with dial FC, is shown in Fig. 8.

from VMU Switch Mode
F——f———————————————
|
|
M el F > MS
|
| /|\Uref
- - - ____Z

Fig. 8. Block diagram of VCU with dial FC.
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Cuctema KOMIeHCAIIUM M MOJeTUPOBAHUSA BO3MYIIEHHBIX BAPUSINHU
reOMarHUTHOTO MOJIA
Huxonati Uneua, Hyz3ap Kasnaweunu, Ineyooca Kybaneuwgunu

Pe3iome

IIpemmaraercss cucteMa akKTUBHOTO AKPAaHUPOBAHMA, paboTa KOTOPOW BO3MOXHA KaK B PEKUME
KOMIICHCAIINM MarHUTHBIX Oyph, Tak U B PEKUME HX MOJAEIMPOBaHUs. Vcrosip30BaHNe TaKOW CHCTEMBI
MO3BOJIMT HCCJIEOBATENISAM, H3YYAIOMIMM BOIIPOCH BIMSHHS CIIA0BIX MAarHUTHBIX IIOJIEHl Ha JKUBBIE
OpPTaHU3MBbI, MHTEHCU(HUIMPOBATh PabOTHl NPU NMPOBEICHUH HAyYHBIX 3KcHnepuMeHToB.IIpemmtoxenHa
CTaTU4YecKas XapaKTepHUCTHKA YCTPOMCTBa yIpaBiIeHUs, CTPyKTypHBIe CXeMBbl CCTeM KOMIIeHCAlluu 1

MOZeJINPOBAHNA MAHUTHBIX 6ypb
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Finding optimal power of power plant taking into account uneven seasonal
streamflow of the river

Tengiz Magrakvelidze, Vaxtang Chichinadze, Khatuna Lomidze, Manana Janikashvili,
Irma Archuadze

Summary

In the paper is mentioned that stream flows of rivers in Georgia are very uneven. In particular
streamflow in spring-summer may be 4-5 times more than streamflow in autumn-winter season. To
illustrate this monthly streamflow of Mtkvari is given (at Chitakhevi). In authors opinion the existing
method of selection power station is not perfect and should be found using methods of optimization.

Particular river optimization task is given and solved and results obtained are presented.
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YcraHoBieHre ONTHMAIBHOH MOITHOCTH 3IEKTPOCTAHIINY C yI€TOM Ce30HHOH
HEPaBHOMEPHOCTH CTOKA PeKH

Ternrms Marpaxsernzse Baxraur Ununnanze, Xaryra Jlomrzgse, Marara /[’xaHHKaIIBHIIH,

Hpma Apuyazse

Pesome

B craTbe oTMeueHO, YTO peku I'py3uu xapaKTepusyIOTCA GOJIBLION HEepaBHOMEPHOCTHIO CTOKA.
B wactHOCTH, CTOK peK B BeceHHe-IeTHeM ce30He 4-5 pa3 u 0Gojee IIPEBOCXOJUT aHAJIOTUYIHBIH
[I0Ka3aTeIb OCEHHe-3MMHero ce3oHa. /s miuriocTpanuu npuBefeH rpadux u3MeHeHUI 110 MeCsiaM
croka p. Kypsr (oxomo Ywmraxesm). Ilokasano, 4To BRIGOp ONTHMAJIBHOM MOI[HOCTH CTpOSIIeHCs
9JIEKTPOCTAHIIMH SBISETCA aKTyalxbHBIM. OTMEYeHO, YTO CYLIeCTBYIONIIMI B HACTOSABIIEE BpeMs
MeTon, BhIGopa MomuocTu I'DC ABifeTcs HeCOBEpIIEHHBIM M 4YTO OoJjiee OIpaBIAHHBIM OyIeT
HCIIOJIB30BaHUeE [JII DTOH 1€ METOAOB OITUMHU3ALIMHY.

INocTaBneHa u pellleHa COOTBETCTBYIONIAA 3afia¥a ONTHUMU3ALMY YU TPHUBEIEHBI IIOTydIeHHBIE
Pe3yIbTaThl A1 KOHKPETHOM PEKH.
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Influence of wall roughness on power necessary for liquid mixing
in the cylindrical vessel

Tengiz Magrakvelidze, Avksenti Mikashavidze, Nikoloz Bantsadze, Khatuna Lomidze,
Tsotne Shengelia, Irakli Mantidze

Summary

Description of experimental methodic and test unit for investigation of power necessary to mix
liquid in the stirred tank with smooth and rough side walls are presented. Experimentally was
established that power needed to mix liquid in the vessel with rough side walls is twice more than
power necessary in case of smooth walls. It is shown that results obtained for smooth surface are in
good coincidence with references.

Based on investigations was made conclusion that for intensification of heat transfer in stirred
tanks using artificial roughness is more efficient than reflective spacers.
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BrusaHue mepoxoBaTOCTH CTEHKH LMIMHAPHIECKOTO COCYAa Ha IOTpebIaeMyio
MOIIHOCTH JIJI TIepeMeIIMBaHUsA XKUAKOCTH

Terrus Marpaxseruzse, Apxcenruti Muramasuzgse, Hurosro3 barnazse, Xaryra /lomuzse,
ILjorre Illerrerns, Hparxrui Manrrzgse

Pe3siome

HPI/IBe,ELeHBI OIlTKMCaHUe BKCHepHMEHTHHBHOﬁ YCTaHOBKH M METOJZMKA ITPOBEAEHUA OIIBITOB IIO

oIlpefieIeHUI0 MOIIHOCTH TpeOyeMOii I IepeMelIMBaHUA XUAKOCTH B alIapare C MEIIaJIKOH C

TJIAZIKOM U IIepOXOBATOI OOKOBBIMU CTEHKAMU. DKCIIEPUMEHTATIbHO YCTAHOBJIEHO, YTO IOTpebiseMas

MOIIHOCTS IS TePeMeNIMBaHUA XKUIKOCTHU B aIlllapaTe C LIEPOXOBATOI GOKOBOI CTEHKOH IPUMEPHO B

IiBa pasa IIPeBOCXOJUT aHAJOTHYHEII IIOKasaTeab B CIydae IJIAZKOHM IoBepxHOcTH. IlokasaHo, uTo

MTOJTyYeHHbIe Pe3yJbTaThl JJIA TIaJKOH IIOBEPXHOCTH XOPOIIO COTJACYIOTCA C JIMTepaTypaTypPHBIMHU

JaHHBIMH.

Ha ocuoBanuu IIPOBEJEHHOTIO0 MCCIAENOBAaHUA CAEJaHO 3aK/JIIOY€HHe O TOM, [UTO [JId

I/IHTeHCI/I('l)I/IKaLLI/II/I TEeIUIOOTAa49M B allllapaTe C MeIlIaJIKON HCIOJIb30BaHMEe MeTOJa IIepPOXOBATOCTH

SABJIAETCA TOpa3fo BCl)Cl)eI(TI/IBHBIM, 9€M YCTAaHOBKAd OTPAKAIOIINX II€PETOPOIOK.
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Configuration and use of the active band-pass filters
Tamaz Trokashvili, Guram Urushadze, Nodar Shengelia

Summary

The complex baseband signal is considered. The signal frequency changes within a large range.
The scheme of filter for allocation of frequency of the main signal as well as the scheme of automatic
adjustment of the filter for the resonant frequency is shown. As the filter the active baseband filter of
the second order is used.

Bonpochbl HACTPOIKHU M UCTI0JIb30BAHUSA AKTUBHBIX MOJIOCOBBIX (PUJILTPOB
Tama3z Tpoxamsrrn, Iypan Ypymazgse, Hozap Illerrerms

Pesrome

PaccmaTpuBaeTcsa cI0XXHBIM HU3KOYACTOTHBIM cUTHAI. JacTOTa CHTHATa MEHAETCA B IIMPOKUX
mpegesax. IlokasaHa cxema GUIBTpa [ BhIJeNeHKA JaCTOTHI OCHOBHOTO curHaza. ITokasaHa Tarke
cxeMa aBTOMAaTHYECKOM HACTPOMKM (GUIBTpa Ha PE30HAHCHYIO dYacToTy. B KauecTtBe ¢uisrpa
KICIIOJIb3YeTCS aKTUBHBIH IT0JI0COBOY (PUIIBTP BTOPOTO IOPALKA.
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REALIZATION OF THE DIGITAL UNIT OF THE DELAY ON DISCRETE
ELEMENTS IN THE CALIBRATOR OF THE LARGE DC
Levan Gvaramadze, Otar Labadze, Nugzar Kavlashvili, Panaiot Stavrianidi, Tamaz Saanishvili,
Georg Kiknadze
Summary

The typical structure of a laboratory source (calibrator) of a large direct current with high
metrological characteristics is described. Negative sides of realization of the main unit of a delay are
shown by analog methods. In particular, the element ordering the delay (variable resistance) doesn't give
an opportunity to register its meaning by positioning of the handle of a potentiometer precisely.

The amount of a delay not linearly depends on change of resistance of a potentiometer; the RC
parameters of a chain giving the amount of the delay depend on a number of external factors like
temperature, aging, etc.

An option of realization of the digital block of a delay on discrete digital elements which is free
from the listed shortages is offered. The electric scheme of the device and time charts for an illustration of
the block functioning principles is provided.

PEAJIMBALUA HIUPPOBOI'O BJIOKA 3AJEPKKN HA JIMCKPETHBIX
SJIEMEHTAX B KAJIMBPATOPE BOJIBIIOT'O ITIOCTOSHHOTI'O TOKA

Jlesan I'eapamadsze, Omap Jlabaose, Hyzzap Kasnaweunu, Panaem Cmaspuanuou, Tamaz Caanuwsuiu,
Tuopeu Kuxkuaose

Pe3iome

Onmcana TUIMYHAs CTPyKTypa JaOOpaTOpHOro HWCTOYHMKA (kamubOparopa) OOIBIIOrO
TMOCTOAHHOI'O TOKa C BBICOKUMHU METPOJIOTHIUCCKUMU XaPAKTEPUCTUKAMU.
[Noka3aHbl OTpULIATEIbHBIE CTOPOHBI PEANU3aLHA OCHOBHOIO OJIOKa 33aEPXKKH aHAJOTOBBIMH METOJAMHU.
B yacTHOCTH, 3JIEMEHT 3aKa34uK 33/IePKKU (IIEPEMEHHOE CONMPOTHBIICHHE) HE aeT BO3MOXKHOCTh TOYHO
3aMKCHPOBATh €r0 3HAYCHUE IO3MIMOHUPOBAHUEM DPYKOSATKH mOTeHuHoMmerpa. Cama BelnHYMHA
3a/IeP)KKU HEJIMHEITHO 3aBUCUT OT W3MEHEHUS CONPOTHBICHHS OTeHIMoMeTpa, napamerpsl RC nenovku
3a/1aroNIei BEIMYMHY 3aJIePKKH 3aBHCHMBI OT PsJ1a BHEIIHUX (DAaKTOPOB TeMIEpaTyphl, CTAPEHHS U T.JI.

[MpensnioxxeH BapuaHT peanu3aluu HHUGPOBOro OJOKa 3alepKKM Ha HCKPETHBIX IH(POBBIX
DJICMCHTAX, KOTOpBIﬁ CBO6OHCH OT NEPCUYHCIICHHBIX HEIOCTATKOB. HpI/IBe}ICHa QJICKTpHUYIECCKAsA CXEMa
YCTPONCTBA U BpEMEHHBIE TUArPaMMBI IS FULTIOCTPALIMHN IPHHIUIIOB (yHKIIMOHUPOBAHUS OJI0Ka.
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The formation and optimization of a joint trajectory for the industrial polyarticulated robot
David Purtskvanidze, Otar Labadze

Summary

Optimal control of industrial robots is a challenging task because of the physical restrictions.
An alternative solution of the problem is its division into two parts: the selection of the optimal
trajectory before the movement and regulation of the movement along the selected trajectory during
operation of the manipulator. The trajectory can be obtained by taking already existing solutions.

Planning of an optimal trajectory is achieved at the level of joints.
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(I)opMmepOBaHne U ONITUMM3ALUA TPACKTOPHUH COWICHCHUSA JISI MHOTOIIAPDHUPHOTO0
MNPOMBIIIJICHHOT' O p060Ta

Jasuo Ilypyxseanuoze, Omap Jlabaose

Pe3iome

W3-3a (1)I/I3I/I‘IGCKI/IX OFpaHI/I‘{eHI/Iﬁ ONTUMAJIBHOC YINPABJICHUEC MMPOMBINIJICHHBIX pO6OTOB SIBIISACTCA

CIIOKHOM 3agauei. AHLTepHaTI/IBHLIM peuicHUeM 3aJiauu SBJIACTCA ACJICHUC e Ha JBE YacTH. BI)I60p

ONTUMAaIbLHOMN TPACKTOPpUU 10 Haydajla ABWKCHUA U PETYJIUPOBAHUC OBUIKCHHUA BIOJIb BLIGpaHHOﬁ

TPaeKTOpUH B Tpoliecce paboTel MAaHUITYIATOPA. TPAaCKTOPHIO MOXKHO MOJYYHTh ITyTEM NPHHSTHS yXKe
CYIIECTBYIOIMX pemeHni. [lmaHnpoBaHWEe ONTHMAaNbHONH TPAaeKTOPUH [OCTHTAeTCS Ha yPOBHE

COUJICHCHUH.
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Search path of new energy sources
David Purtskvanidze, Nodar Gdzelishvili

Summary

As you know, oil, coal, and gas reserves will not last for long. Moreover, burning of oil and
coal worsens ecological environment. Uranium and Thorium reserves are large, but the problem of
radioactive waste still exists. People are afraid of Chernobyl recurrence. Therefore, the issue of the
managed thermonuclear synthesis, that would provide us with inexhaustible energy reserves, is so
important. Nuclear fusion provides energy from water with harmless waste of hydrogen and helium.

In this work, the new type of equipment for nuclear fusion is reviewed. The principles of

operation and advantages over other existing equipments is provided.
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Pe3ome

Kak m3BecTHO, HeTH, YT U ra3a XBaTUT HE TaK YK W Haaouro. [Ipu 3tom cxuranue HehTH U
YIIIsl YXYALIAET YKOJIOTUYECKYIO Cpelly. 3anachkl ypaHa U TOpus 00JbIlIne, HO MPOoOJIeMbl paTuOaKTUBHBIX
orx070B Ha Jsmno. [loBTopenue UYepHoObUIsA, Takke, boutcss Hapon. I[loatomy BaxkHa mpodiIeMa
OCYILIECTBIICHHS YIPABISIEMOTO TEPMOSICPHOTO CHHTE3a, YTO Jajio OBl HEMCUYCPIIACMBIC 3aIachl SHCPTHH.
TepMmosimepHBIii CHHTE3 TAaET SHEPTHIO U3 BOJIBI, IPUTOM OTXOAO0M OyaeT Oe3BpeIHbIH BOJOPOI U TEHH.

B Tpyne paccMoTpeH HOBBIHM THI yCTPOICTBA IS OCYIICCTBICHUS YIIPABISIEMOTO TEPMOSACPHOTO
cunTe3a. OnrcaH ero NpUHINI ISHCTBHS U €T0 MPEUMYIIECTBA IIepe]l aHaJIOTaMu.
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Model of three-dimensional space — time
David Purtskvanidze

Summary

Four-dimensional space (marked as: “4D”, R%) - in mathematics is an abstract concept,
produced by generalizing rules of three-dimensional space. In modern physics, space and time are
merged into a single four-dimensional continuum, which is called Minkowski space. Its metric
considers the time dimension differently than spatial dimensions.

In the offered four-dimensional space model, we have three axes of material points OX, QOY,
OZ. The fourth coordinate t (time) is read on the time OT axis. Reading takes place regarding to the
starting point of the coordinate system. OT axis is symmetrically located relative to the axes OX, OY,
OZ and is inclined at an angle of 45°t0 each of them.

Mogens TpEXMEPHOTO IIPOCTPAaHCTBA - BpEMEHHN
Hasuo Ilypyxeanuose

Pe3iome

YetrpéxMepHOe npocTpancTBo (06o3Hauenus: “4D”, R4) - B MaTeMaTnke aGcTpakTHOE NOHATHE,
IpoM3BOAUMOE  IyTEM  O0OOIIEHHs  NpaBWI TPEXMEPHOTO  NIpPOCTpaHCTBAa. B coBpemeHHOM
(u3MKe NPOCTPAHCTBO W BpeMsi OOBEAMHEHbl B EAMHBI YEeTHIPEXMEPHBIH KOHTHHYYM, Ha3bl-
BaeMBbI POCTPAHCTBOM MUHKOBCKOIO, METPHKAa KOTOPOrO pacCMaTpHUBAaET BPEMEHHOE H3MEpPEHHE
MHA4e, YeM MPOCTPAHCTBEHHBIE H3MEPEHHSI.

B mnpemnoxxeHHONH MOJENM YETBIPEXMEPHOIO MPOCTPAHCTBA TPH KOOPAMHATHI MaTepHaIbHOMN
ToukH cuuThiBaeM Ha ocax OX, OY, OZ. YerBépTyto koopaAnHATY t(BpeMsI) CINTHIBAEM Ha OCH BPEMEHHU
OT. CuurbiBaHHE HPOUCXOJUT OTHOCHTENBHO Hadasa cucteMbl koopauHaT. Ock OT pacmonoxena
CUMMETpUYHO oTHOcuTeNbHO oceit OX, OY, OZ u HaKJIOHEHa OTHOCHTEIBLHO OT KaXKI0ro 13 HUX Ha 459,
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The aerodynamic characteristics of the aircraft
Dudukhana Tsintsadze, Ketevan OmiadZe

Summary

Aerodynamics studies the lams of motion of the gas and the forces generated on the surface of
bodies moving relative to it. The principle is based on the aerodynamic flight occurs as a result of the
aerodynamic forces arise from the interaction of the air moving in there body. One of the main problems
is the aerodynamic design of aircraft based on the methods of calculation of aerodynamic forces.

The article substantiates the need for the introduction of aerodynamic coefficients.To receive them
in the process of modeling the values of the introduction of computer in the form of a table. This is
accomplished by software executed on a programming language QBASIC.

ABPOAI/IHHMI/I‘-IeCKI/Ie XdpAKTEPHUCTHKH JIETATECIPHOTO dIIlIapdTa

Ayzayxara [[urnaznse, Kerepar Omuazse

Pe3rome

AsponuHaMuKa M3y4aeT 3aKOHBI JBH)KEHHS ra3a M CHJIbl, BOSHUKAIOIIME HAa ITOBEPXHOCTH Tel,
IBIDKYIIUXCS OTHOCHTENBHO Hero. [IpHHINI a’poIMHAMHUYECKOTO MOJETa OCHOBAH HAa BO3HHMKHOBEHHUH
A’PONMHAMUYECKHUX CHJI B pe3yJbTaTe B3aMMOJACHUCTBHS BO3AyXa IBIDKyHIerocs B HEM Tema. OmHON U3
OCHOBHBIX 33J1a4d a3pOJUHAMUKH SBJLICTCS MPOCKTHPOBAHHUE JICTATEIFHBIX aIllllapaToOB Ha OCHOBE METOJIOB
pacuéTa a’3pOoIMHAMUYECKHUX CHIL.

B cratpe o60cHOBaHA HEOOXOZMMOCTD BBeJEHUS adpPOAMHAMHUYECKUX K0aduimenTos. Ja ux
IOJy4YeHUs B IIPOLIECCE MOAEIUPOBAHUA 3HaUeHUA (PYHKUMM BBEJEHHBI B KOMIIBIOTEP B BHE
Ta6aULUBl. ODTO OCYLIECTBAAETCA IIPOTPAMMHBIM OOecIedyeHUeM, BBINOJHEHHBIM HAa fA3BIKe
nporpammuposanus QBASIC.
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THE PERSPECTIVES HEAT PUMPS INSTALLATIONS USE IN VARIOUS SECTORS
NATIONAL ECONOMY OF GEORGIA

Nodar Mirianashvili, Nodar Gdzelishvili, Venera Khatashvili
Summary

Modern level of application heat pump installations in Georgia is considered and the reached
important results in this area are shown. Application prospects heat pump systems in the metallurgical and
chemical industry are analysed. It is shown, that wide introduction heat pump systems in the industry gives
possibilities to raise an economic condition of the country and is material-housing level of the population.
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NEPCHEKTHUBBI TIPUMEHEHUSA TEIIVIOHACOCHBIX YCTAHOBOK B PA3JIMYHBIX
OTPACJSAX HAIIMOHAJIBHOI'O XO35IMICTBA I'PY3UN

Hooap Mupuanaweunu, Hooap I'03eruwsunu, Benepa Xamaweunu

Pe3iome

PaccMOTpeH COBpEMEHHBIM YpOBEHb IPHMEHEHHUS TEIUIOHACOCHBIX YCTAaHOBOK B I'py3un u
MOKa3aHbl JIOCTUTHYTHIE BaXKHbIE pPE3YJbTaThl B 3TOH oOxacTu. IlpoaHanu3upoBaHbl INEPCHEKTUBBI
MPUMEHEHHUS TEIJIOHACOCHBIX CHCTEM B METAJUTypruyeckoi ¥ XMMU4ecKoil mpomsbiieHHOCTH. [1oka3aHo,
YTO IIUPOKOE BHEIPEHUE TEIUIOHACOCHBIX CHCTEM B NPOMBIIUIEHHOCTH Ja€T BO3MOXHOCTH IMOBBICUTH
SKOHOMHUECKOE COCTOSHUE CTPAHBl U MaTEePUATbHO-KIIUIIHBIA YPOBEHb HACCICHUS.
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The Role Structure of Noun Fraze (NP)
George Chikoidze

Summary

The role structure and the syntactic constituent of the noun phrase (NP) are considered in the
article. The main components of structure are the central structure (core) and the periphery, which is
divided into the "layers" at the same time. The sequence reflects corresponding semantic relation, i.e.
their proximity to a verb - the core of the structure.

Establishment of semantic roles of the sentence members is meant under the role structure.
Functions (role) which are carried out in a situation, in process or in state are represented by the
members of the sentence.

The role structure more closely than syntactic structure is connected to the contents and that’s
what is considered as its main value.

Ponesas cTpyxrypa uMeHHO#1 dpassl (NP)

I'eopruii Yuxouosze

Pe3iome

B cratee paccMOTpeHBI CHHTAaKCHUECKHH KOMIIOHEHT mMeHHOH ¢pa3sl (NP) u ero pomeBas
CTPYKTypa. [JIaBHBIMH KOMIIOHEHTaMH CTPYKTYpHl SIBISIOTCS IEHTpajbHas CTpyKTypa (core) u
nepudepns, KoTopele, B TO XK€ BpeMms, pasmeieHsl mo «cmosm» (layers). VX mociienoBaTenbHOCTH
OTpaXkaeT COOTBETCTBEHHYIO CEMAaHTHUECKYIO CBA3b, T.€. UX ~OJIM30CTh” K SIPY CTPYKTYPHI — IIIaroiy.

Ilog poneBoil CTpyKTypoH HOJpa3yMeBaeTCsl OIpeAeieHUE CEMaHTUYECKHUX pOJIe YJIEeHOB
npeaioxeHus. UneHaMu NpeiioKeHUH, CO CBOEH CTOPOHBI, BhIpaKeHbI (GYHKUUH (pOJH), KOTOPBIE OHU
BBINOJIHSIOT B CUTYAIUH, T.€. B IPOLIECCE WIIM B COCTOSIHHUH, TIEPEIaHHOM IPEIOKEHUEM.

PoneBas cTpykTypa, IO CPaBHEHHIO C CHHTaKCHUECKOW CTPYKTypoH, Oojee TeCHO CBs3aHa C
COJIEpXKAHMUEM, YTO MOKHO CUHTATh €€ INIABHBIM INPEHMYILIECTBOM.
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The Role Representations of the Causal Relations in the Meaning of an Expression
George Chikoidze

Summary

The approach described in the article represents the meaning of an expression as a role
structure. Its elements - sentential primitives, i.e. simple sentences which have an “inner” role
structure as well. At the same time, within the general structure of the expression to "sentential
primitives" certain appropriate semantic roles are given, in particular, the conjunctions expressing
logical relations, which are important for representation of the meaning. The causal relations
between members of the expression are considered in this work.

PoneBrie mpescTaBieHus NPUYMHO-CI€ZCTBEHHBIX OTHOIIEHUH B COZIEPXKaHUH
BBICKA3BIBAHMA

I'eopruii Yuxouosze

Pesiome

ITomxon, onmucaHHBINA B CTaThe, MOAPa3yMeBaeT MPEACTABICHUE COJEPIKAHUS BBICKA3bIBAHUSA, KaK
pOJIeBOI CTPYKTYpHI. Ero ayieMeHThI — «CeHTEeHIMAIbHbIE IPUMHUTUBEDY, T.€. TIPOCTHIE MPEIOKEHHS, I
KOTOPBIX TaK)Ke XapaKkTepHa BHYTpEHHas poJyieBas CTpykTypa. B To ke Bpems, B pamkax oOrmeit
CTPYKTYPbl ~ BBICKAa3bIBAHUS  «CEHTCHIMAIBHBIM TNPHUMUTHBAM» IPHCBAUBAIOTCS  ONpE/CICHHBIC
CEeMaHTHYECKHE POJIH, B YACTHOCTH, POJIb COI030B, BHIPAXKAIOIINX JIOTHYECKUE OTHOMICHUS, BaXKHbIE JUIS
MPE/ICTABIICHUS collepKaHus. B maHHOM paboTe paccMaTpUBarOTCsl IPUYMHHO-CIIEICTBEHHBIE OTHOLICHUS
MEK1y WICHAMH BbICKa3bIBaHHUS.
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8-803009, b.58069YsG300m0, v.cr2(50370035600d, ¢.bs0bbsdg, 5.679939P3G3000, b.3535830000

10.

11.

12.

13.

@ydbogato gobisogoo:

Syn [Lat. synonymum] — bo@ygs, Gmdgeog Gobss®lom gdmbggazs sdmbagser bodygsl
(Co), 8093m3bgd> 00539 T9BHY3gwgdol  boffoeml s  oskbos  obgmogzg  sdBHomdo
35gbFMds, MMym®3 Co LoGygsl: Fbeydrydo-0bsBy:

Conv [Lat. conversivum] — Lo®ggs, ®mIgeog 00539 ©o9m300g0¢1gdsl obsbagl, M3
Co LoBY3s, 906 00539 LOGHWOEOSL SLobsgL, mEMb bbgs JodsOmwEgdom: goslis-
Foo@.

Anti [Lat. antonymum] — Ubo@gzs, ©mdgwog os0bodbog Co  98mULsgseo  Lodygol
Ls30Mmob3omm 36083690 mdL: 3bIer0-3030, Jeadl-sberml, Bsds-gsbs.

Der [Lat. derivatus] — bo@ygs, Gmdgeog dobss®lom msbbgzogds Co-l, Topa®sd g3wmzbol
bbgs  394939egdol  boffoanls:  So(Co) bdsey®o, Vo(Co) bOsen®mbl, Ao(Co) blsentosbo,
Advo(Co) bdseymosbsc.

Gener [Lat. genus] — s8mUogocwo Co Lo@yzolL 9395M0L 369006  @sbobgargds, GmEs
99Lod@gdg0s  MmMy35Mm0  LobmbodnGmo  3MbLEHGWIz00L  9ggdbs:  Gener(Co)—L! (Co):
95956398900~ HGsbL3BH0, b 3500-5395¢0.

Si— -0 53BHBGOL BH03MMHo olobgwgds: Co m970s, S1Co CnggAMG0o, S2L0 09985, S3Co
dbgbgero, S4Co 5IOOAMGOS.

Sc = Lo@vwoaool  dgmegbs®olbmgsbo  3m33mbgb@gdol, Lo®Mzmbl@s@gdol  GHodmmo
@3LObYGBS, HMYMOIBOESS: SOPOWO, 0G0, 3Jd9EIdOL gsgdmgds s S02->Co: Co
30030 — Sloc(Co) obgo; Co 8Gdmems - Sinstr(Co) o0stso; Co 3bmzmgds - Smod(Co)
piabio,byogero; Co 3023065985 - Sres sbigo.

Sing 05 Mult — 69356900056 5353800900 wgdbozyGHo gmbdgogdo. Sing (Singulus)
39033910 Co-0l ghHmo “Gowol”, ghmo “3356G0l” Godmemo Lobgeo; Mult (Multum
BodMms3wYg’, M93w™ds’) Co LOTMSZWOL, JOHMMOMOMOOL FH03MMO Lobgwo: Co 0M3ero
- Sing(Co) goxdo; Co 36960 - Mult(Co) (Bgds.

Figur [Lat. figuraliter] — (30au®ow®o gs9mbo@3zs) Co-olmzgol Fomgdvwo dg@sgmOS
(Figur*=>Co), b80Mo© 0bBs6gds Magn-0sb gOms: Co dogro - Figur (Co) boesos; Co bolievo -
Figur (Co) 300(52650.

Centr [Lat. centrum ‘center’] — Uogbol o6 3Gmagbol  3gbdMowwto  Bafowwol
@oLbYgds, 3Mdobsgos (Centr’=>Co): Co bosdmzb98s - Centr(Co) bgchs(985; Co 3505000 -
Centr(Co) 3sgbsmdpcro.

Ai — 960 5JBHOBGHOL  BHo3MMmo  goblobmzMs LoGsEosdo dolbo Moo Mol
dobggom: Cog698L - A1(Co) Js369; Co302q0bs - A2(Co) 36080¢m0.

Ablei [Lat. habilis] — 960 5J@HobGHOL  GHodMo  @sbobgwgds  Lo@wegosdo  dobo
3m39bE0mc0o Gragrols Jobgzgom: Co bbgss - Able1(Co) drmfbocro.

Magni [Lat. Magnus] — 053500 Lo@&«gs3gool 56 dobo i-9M0 5JGobE0L omswo 0bEgblogmdol
(35¢06) 50608365 (Magn<->C0): Co boBwydly - Magno(Co) bsdsGolbgdyo.

Magn-msb 53930009005 356539390 Plus (‘Mu™em’) s Minus (‘653wgd0’), OHMIgEwmss

14.

15.
16.

590130009090 MHJo0HO30JI0 96 5d300 @1 godmEosh  FbmwmE MO
396509BHMgool 99050abermdsdo, 8s9., Pred Plus Magn (bobds®g) — dmwBs®s, gobo®s,
Pred Minus Magn (boBdotg) — m3ewm, 89sbgams; Incep Plus (8oLgdo) — 8modsds, sofjos,
2390DoMo, 535M5; Incep Minus (3o1gd0) — OGBS, 0JLPM, IZIMPS - 5.0.

Ver [Lat. Verus] — 398856030, ©s6086w9mgdolmsb dqlsdedolo, ‘Gmam®og vbos ogmly’
(Veré>Co): Cogdgo - Ver(Co) bogeydzemosbo. 3. Anti Ver: Co 9430 - Anti Ver(Co)
bR

Bon [Lat. Bonus] — ‘356930’ (Bon&=> Co): Co foboss@gds - Bon(Co) bsbs®dog¢eren.

Advix (i=1,..4; x=A,B,C,D) — 9bbobegmgdol Gmwdo dgmxo Lo@nysgool Lsbgro,
MHm3gwoi Bbgs Lo@woEosl sbobgawgdl: Co 0s6bem9ds - Advia(Co) g0s3ob0S56 9B025C.
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Loc [Lat. Locus] — 303900 @m3sc0boaool msbogdwmo (LogHEmd®mhogo, ©@OHmol b
BLEHMBH0); Loc?2 >Co: Co goggobombo - Loc(Co) 3o335b0m6-bg (Bog.), Co @ows -
Loc(Co) oogarsl (Gog. ), oocroo (0cd.).

Copul (Copula 95353900H909¢0°) — ‘gogbs’; Copul 2= Co. 9®®0s60 b5, GMIgeog
sBOHMOM0350 MMl Copul(Co) + Co, 50060d6gds Pred-om, bmerm dobo dodsOagds
Copul-0056 ool Copul (Pred=Copul + Co), o3 gdbogmmo Bwbjsool L3gEoswMo
LEASGML0s. Co 339002 - Pred(Co) GgBmdermdl, Co dBgmo - Pred(Co) JhGe28b.

Operi [Lat. operari] — %db6s, ®Mmdgeos J3900gds00lL  Mmedo I 5J@HsbGHoL b,
Agbododolo, I odBHobGolb  @olobgangdsl 9393806093l LoGwoool  Lobgwrmob
535300l Bemdo; Oper: 2¢>Co, Operz 2>Co: Co B30 - Operi(Co) dosygbs, Co sliz365
— Operz(Co) 35800h5b5.

Funco, Funci, Funcz [Lat. functionare] — %d6s, ©mIol J39000g0s6gs  LoGEwSEO0L
Lobgo, bmwm  ©sds@gds — oy 1 5J@sbGHos, 900l  Funci, 0wy dgmég — Funcy;
Funco,1,2->Co: Co go®o — Funco(Co) J60b, Co ostroo — Funci(Co) b3mBl, 307930, Hsbxs3U.
Labori, [Lat. laborare] — ©dbs, ®mIwol  J390gds6mg 1  odBHobGos, 1I  sg@HobBo 1
©5353g0s5, b I ©s8s@gds Lo@wogool Labgwoos: Co fobowswgds — Laboriz(Co)
J0ds@mgs (356 Jsb Fobswowydomn Jods@ms).

Caus [Lat. causare] — 357%og0s, Caus’->Co: Co liz39%0 - Caus(Co) 3s896985, CO @65T59¢m0
- CausOperi(Co) 960035 (sbsTsryemoli396).

Perm [Lat. permittere] — s®5@mob 390gds 0y, HMI GG 5O JmbEIL (56O 530Mds30),
Perm2->Co: Co sBG0ls 830020285 — Perm(Co) bodggol 8oggds.

Liqu [Lat. *liquidare] — sGygmgbol 3owrbsgos; Liqu 2->Co (Ligu 3sGmagl Co-b). 360y,
Caus, Liqu @5 Perm gHhomdoml sHOMmOM0350 9353006000006 d9dgabsoMsco: Liqu=Caus
50, Perm=s0s, Caus=s605: Co dogvo — Liqu(Co) 3s30d98s, Co oereybogdo — Liqu Funco(Co)
35968s.

Incep [Lat. incipere] — ‘@ofjggds’ (Incep?>Co): Cogo®o —  IncepFunco(Co) 58m35(@bo,
@893, ©3F(m35; Co J3005¢70 — IncepPred(Co) 35%00098s; Co bsbmfstz3908 —
IncepOperi(Co) Bs3563q0bs.

Cont [Lat. continuare] — ‘qoa®dgeads’, 56 J9fyz9®s’ Cont?*>Co: Co beybo — ContFunco(Co) 56
3oob; Co boddzoy — ContOperi(Co) d9bsb36985.

Fin [Lat. finire] — ‘G9fy39&)o =965 ©Fy9ds’, Fin?=>Co: Co dogro — Fin(Co) 3om30d98s; Co J3(r0
— FinFunco(Co) Bsq0gs.

Perf — 0mgdggdol olMegds (565 99Y393)9), 09300 d6gdm030  BgzsMOL
doofjg3s. 99 86300l 303010535000 FodmboB3ol LsdosEgds o6 goshbos, ol LMo
3b39JBHoL  BMMIGBo” A5AMO0(3gds: 03390 — PBooizs, GHIbL — oBgby, 0bMEIds —
2350DsM©s s .0.

Result [Lat. resultare] — 6o sbsbmro 3MmiEgbol dgwgao. Result-ob 3608369mds o
9obo F00oMmgds Perf-039b 50bsbYds bsdo §gzmob Lsdrswgdoo: Co 393 — Perf(Co) wofgs
—Result(Co) fg30.

Fact! [Lat. factum] — ‘©®95e0b5305°, VBOMWEIVS™ (Bod@os); Fact’>Co. 0gw9eolbdgds
Mo0o3g  Immbmgbol  obbmME30gwgds, ©3059mBowgds, MLz dmoEogl Co Lodygzs
9JL30E0GHIM: 8Gds6g8s, BBI3s, 333907985, F902535B9Bs, 9B 0830EO0EGVIMS:
350030095 (Ge2000b3ls 6mbol 3500015569050 ), 606985 (0m00beagl
©300GL0¢n98sl).  Bgos  0bgduo  (BMIsmo  308MId0)  90bodbsgl  dmmbmgzbol
950Ds300L boMolbl: Madm dzotmg 0bgduo dogfgemads gobbm®mEogegdols sdsw
bsGobbU. Fact'(boggobyo)=sdmddg@ws, Fact'(bsgsbao)=wo03FoMs.

Real1, [Lat. realis]- ‘©950%90y’, "dguG@gds’ (Bmmbmgbs, Gmdgwlbsg dmogagt Co);
Real12>>Co. j 06gdul @55B60s 03037 Bgbdvyamgdol 960836gemds; Jggws 0bwgduo
295909b5BogL LOBESJUG  5JBHIBAHL: Cogsero (Bwyerso) -Real's (Co) s@os@G98s - Real's(Co)
355bs, 38096985, IRIM39.
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Prepar’ [Lat. preparare] — UG  3%Boymybsdo 8myzshs  (3996Jgombodgdolbmgol,
399mygbgdologol s 5.8,). Prepar’-> Co. j 359mbo@ogl dbsymabol bsGolbl, olgzg
OmameE Fact-ob s Real-ob 898mbggzsdo: Co omgo - Prepar'(Co) wodgbzs - Prepar’(Co)
Bsb3sb By d9g9690s.

Degrad [Lat. degradare] - ‘©93Mo@o30s’, Degrad'->Co (Co v)bs 0gmb 9399@9ds69): Co
&obbsidgaro -Degrad(Co) 353300

Imper [Lat. imperdre] — 3®dsbgdol 9609369cmds; BIBYdOL Imper-ob Mgy sGHEwo
399mbo@mrgdss — 3MIsbgdomo 3owm: Co bgers -Imper(Co) bsdoy oo 056!

Son [Lat. sonare] — JOIMOEOMOOL BYIMOMO  EILObYEgds, BIboL  ABOAZBYE MBS
(585bsLOsmMYPVYEo BIoL Asdm3gds), Co (Son'=>Co): Co JA@go — Son(Co) Eey@«ybo; Co
pys@e2 — Son(Co) (5 363530.

Destr [Lat. destruer] — ‘63®935°, Co-0b 53GMqLoMEo Jdggdol Go3mmo EoLabgwgds,
(Destr! >Co): Bfyoemols 38965, BoIA3HOL @69LAGs, Fo2880 BsgcnmBs, ..

Cap [Lat. caput] — ‘MgO®LO’, (Cap*>Co): 9b039HLOAIAOL  GgddmGo,  oblHOA GO
@QOOYIHG0, IbsbhBob, g3cngbool Hobsdomzsto, ggdol 3s30¢sbo, ...

Equip — ‘3065000 990500939bwmds’: Gob3ol, 99gdol, m30m3xM0bsgzol 9303550, 0gsGemol
@30, 9399460L, Joemsgob, LrrggErol dmbsbergmds... (Equip 2=>Co), Co 30O©. @3EJD9.

Doc — ‘©@m3n799bdHo’; sMLgdmdl Doc-ol 3  Lobgmds: DocRes — Co-80  dm39dwero
909G G0:  3635G0Tz985 — 56356080, Bogocro — bsBogs®o, (Doc 2?Co) — Co sG0L
30053000 ©sBgds. DocPerm —‘©m3~dgbBo’ — «em9dob doggds ... DocPermOper;
(Fshot989¢r0) —  bsdsbsgtrer dogrgoo; DocPermOper: (s3¢mdmdoo) —  doGorz0l
a3¢m98s; DocPerm (dglgews) — Usdzo; DocPerm (@s3gds) —  mGgtho, Doccert —
©50503LGHWMHJOJo  ‘©M3IgBE0:  Jdfobgdol  Fefdmds,  odermdo,  SAIVAIGOs
30380l Jafimds, 3sL3mEAH0 ...

Attr  (5¢®0dE0) — GHodNMo  dgEHmbodos Co-bomgol (wgdbozm®o  BMb309d0LYb
396Lb3939%0m, MBO™ BBs33Wwgdss): Co mgoggmo - Attr(Co) Ssgmbgbo; Co dbsbombo —
Attr(Co) bpgbs.

Grad —3M5@5305 LodsErol, ggMol, bodzzmozoL, LoRJsMol ORsM30L  Jobgzom.
Grad [;bgwo bobero] — ggmdgmdo. Grad [3bgaro Bolgro] + Jo@dmdo = @gdsg.
Source — 503 dmgagbol igodm, Lsmagy.

9dbozMMo gmbizogdom Lo@yzol sofigmol bodwxdgdo:

Co — 393bewo

Syn — >go;

Der-So - 39393bw60, Loggsbery, Lsggsbar®o;

DerAo — 393brolgg®o, 39bedmgoEgdwo, 3IEbwdmegdwo, 39ebewgsbo;
DerAdvo — 393b@0LgMo, 3936056, 393bL ™3, 3IELLINPIDNWI;
DerVo — 45393b®9d5;

Gener - U@ogdos;

Sloc - 990, d9bsto, Lobmgwo;

Ablei—5{3530, Mo H30L Mbs®o 5J3L;

Magn - 49600, bs6do60;

Copul (Pred) - ggaberos;

Caus — 5bmgds, Im3090s;

Liquo — BogmmMd;

Incep — 56mgds;

Fin — Bogd®mdo;

Result - 6550396050, 65339MRbow0, b53560;

Destr — 5dm0v)35.
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9dbozmeo gmbdgogdo — 3madobs@EmMmemo wgdogmbol 360836gmmgs6o 3md3mbgbdo

Co— 990435090l

Syn - d9y356909;

Anti — bodmgz00;

Der Ao - 89943569390, bogz569e0;

DerAdvo - Loy3s6H¥900;

DerVo— 6O x5mds, Joxb/6Hmds;

Gener — boy35M9E0;

S1 - 99y356190w0;

S2 — L0 gHO BEYMToMIMDS (98M30s);
Centr — 0530530(9909;

Magn - 36905;

Figur Magn - 10Y4356v9eol 393bobl, serol 8mgds;
Ver — 393056030, 39O g9mo;

Bon - 3@ fi6ogyeo, bsdwgowo;

Oper 1 - 51 boyzsGmels dog3s;

Oper 2 — 52-05 259m0f305 S1-0b Loygzs6E0o;
Func 1 — boyzs6Heds 990396H™m/dmo3gs S1;
Degrad — Bosb®mds, 2569engds.

©53360L  Loboom  dgodangds  0mdzol, OHmd  @gdbozemo  Bwbdiogdol  bmys
3600369 mdsl  5QoLEBHNMHPOL  JoMmeo gbobmzol dobo  godmygbgdol, 3gHdme, JoMomye
0bssadsms  gdsbBHozwemo  2oMmoddbadol,  sEfgmols s oblebEgmol LMo
39L53gdIWMDS.

Lexical Functions as an Important Component of Combinatorial Dictionary

George Chikoidze, Nino Amirezashvili, Liana Lortkipanidze, Lia Samsonadze, Ana Chutkerashvill,
Nino Javashvili

Summary

The value and importance of the explanatory-combinatorial dictionary for the Georgian
language is presented in the article. Lexical functions are general meaning of the word. The
combinatorial dictionary includes: the meaning of a lexical unit, grammatical characteristics and its
usage (lexical relations between words and word combinations) natural area suitable for the word;
this helps to avoid mistakes. The lexical functions take important place in the dictionary. To create
such area of the word is possible by means of lexical functions. The list of lexical functions selected
for the Georgian language and samples of two words described by lexical functions are presented in
the article.

Jlekcnueckne q)yHRI.II/II/I KaK 3HAYHNTEJIbHbIA KOMIIOHEHT KOMﬁI/IHaTOPHOFO cjaoBaps

I'. Yukouosze, H. Amupeszaweunu, JI. Jlopmxunanuoze, JI. Camconaosze, A. Yymrepaweunu
H. J[icasawsunu

Pe3iome

B cTaThe onuceiBacTCs 3HAUCHHE TOJ'IKOBO'KOM6I/IH&TOPHOFO CJIOBApA A I'PY3MHCKOI'O A3bIKaA. B
KOM6I/IHaTOpHOM CJIOBApE ONPCACIICHbI I'PaMMATUYCCKHUEC JAaHHBIC, CEMAHTHKA JIECKCHYECKOU CAUHUIIBI,
o0acte ee yHOTpC6J'ICHI/ISI, T.€. C KAKHMH CJIOBaMH COYCTACTCA HAHHOC CJIOBO, B KaKOM JICKCHYCCKOM
COOTHOLICHUH HAXOAUTCA OHO C APYTMMH CJIOBAMH, T.C. €CTECTBEHHAA Cpe€ha, MOAXOAAIAA AJid CJIOBa,
BCC€ I9TO MHa€T BO3MOXKHOCTH MNPCAOTBPATUTH MHOXKXCECTBO HCHPABUIIbHBIX BBICKA3bIBAHUH. CO3,HaHI/Ie
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€CTECTBEHHOW CpeAbl I CIOBa OCYIIECTBIACTCS IIPU IOMOINM JIEKCHYECKHX (QYHKIHMH, KOTOpBIE
3aHMMAIOT 3HAYUTEIHPHOE MECTO B TOJIKOBO-KOMOMHATOPHOM ciloBape. B craree mpencTaBieH CIHCOK
JIEKCHYECKUX (YHKIMH, MOZOOPAaHHBIX AT TPY3MHCKOTO s3bIKa M 00pas3mbl ABYX CIJIOB, OMHMCAaHHBIX
JIEKCUYECKUMHU (PYHKIHSMH.

10.

11.

12.

13.

14.

15.

16.
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39J&MOo LogmEoL AMEYMO s JsMMEgbm3560 GHIJuBHIOOL ©sTMAs3gds
0565 2039409556009

1 lordkipanidze@yahoo.com
69bowmdg

bBoG0s gbgds LoBYzsms 93GMISGHVIM IR FMBION Jsmo 360dg6gmmdgdols dobgwgzom.
09000 35900946905 LoobBMMAsEom d0gdoLs s BHIJUEHIOOL 53EMMIBIHOMIBOL OML. 1939
sJBHmon@os  WordNet  @ogdliogmbols  3mbBLEG®MoMmgdol, ©m3mdgb@adol  s3@mIs@nmo
3539maobozools s Lbgsmsolbgs s9mEsbgdol gosfigzg@olst, dmas Lsddg gbgds oo
©5m©obmdol GgduGdo Tslioggdols ©sddszgdsl. dmbligbgdrmmos 3GMdergdol mgmMorymo
L53Md3¢gd0 5 G98Mm535HgdME0os 3mI307EIAMEo oby3oLE030l Mbs8gEMmag dgmmo
- 39d3MOmo  Fomdmygbs Lodygsms ULgdsb@ogol dobgogom. bsdG@Tdo  smfigomos
Lgds6G03mMo  39JBHmAgdoL  BMGI0MIPOL  doMOMIEO  JBH93900. BboEMmos  Lodyzsms
1gdsbBHog®o  Losbermgol sdbsbggero  IM935¢0ysbbMBomgdosbo  39dGHmGol  gmMIoMgdol
dgomo. dmgzsbowos g9ddBmOMEo  Logbaol gsbbmysmgdmmo  dmEgegdol  bBmyswo
dodmbongs.  Bsdmyoeodgdmos  GHoJuBHMo  0bxm®mAsgool  sdmdsggdols  3gdGmmvamo
9090l SEaMGomMToBIGo0LS s 30MMTMEo TboMEsF Mol bemyswo biggds.

bs32560m  bodgggbo: WordNet mgbseyGegbo, bodgzsms Ubgosbdozaako  bosbenmzy,
b9056¢9022960 bosbenmzols fs6Gdmggbol 3995c2G9emo g3sbsfoergds

dmeem fangddo 063 gMbg@o, GMmIgwoE Lsdewgdsl 0dwgzs smgn Jowombmdoom
dmdbdsmgdgwl  gOHMOEOMMES© dosfmmb Brzs 068MmEMmTs30s, 3o33OMHOMIOL  3BHMYMmgLOL
doM0mOE 859mIM53909¢» o 0935, MM 365 LoobRMMBsom bsdogdm Lol gdgdo, Loss
gm390o M3NIPBGHO BMGHOMIRPNWO ©d b0 bgdYs, 398-3300©IOTBY BBWRIONLO
30003530900 dmdbIomgdobmzgol dowmfgzguero 0dbgdms. fobs bor3wbol mmbim3ssm0sb
f0gd8o w9339 993560 gobs, ®™3 domgwo 390-03MEOL gdudmbgbiEoswMo BGMEOL gsdm dobo
0bgduogos byyen doewg Fgmdegdgeo  0dbgdmes. dsgMsd dbbgoro Lsdogdm  Lolb@gdgdo
3600369 mg560 L589300gMHM™ 0bMmz530900L s Lbgsslbgs gbgdol mglsmEmligdol gsdmygbgdom
96 §5980 sbOHYGd96 FMMbM3zbgdL o 0sMHOMBdOM 390-339MPOW6.

Ao 0bxgmEmIszo0l  ©sddoz9d0L  0bEIwgdGIsoBogos  dmombmgl  dobo
F0bosMLOL 4ooHMYOSL.  LObmbodos s 3merobgdos ol JesbiogwMmo 3MHMdEYdgd0s, HMIgdOEG
A9JuBHdo  dogdobsl  HoMmTmodabgds;  93EH™MIsEGHIMO  MMdbol  OML s FsMmEfigMol
890m§3dgd0oLsb sbggzg Ho®dmoddbgds LolBgdol 8oge 890mmsz5HgdYo M58Ybodg 350M0sbEH0b
Lomsbom  Lodyzol  sGBg3ol  30MdEgdgdoo;  M98gMomgds  Imombmgl  Lbgsolibgs
§0booadd0@sb  BHgJuBol  mydobs s 36083bgemdol  Fglsdsdolo  Lodygzol dg@Bggzsl
Lo@yzom0 M09©Yb0dg, SHBOHMBMOZ5 4oBLHZ39dY0 Z5M056E 0.

adbasgbo  3MmdEqdqdol  4osLRY39GO©  Gogo  JoEyamdss  Hedmygbgdyeo.  obobo
5005305601 JogM  3MBLEOWOMmYdME olgm  Woba30LEHMG  MYLMELYdDBYS  IRMAIbgdIYO,
MMAMOHOES LobMbodgdoL Lo, MYLIMONLO 96 MBMMEWMYOs. gOHM-9OHm 439w sBY MsbsdgMmagy
5 3Mm3MaMer  MHgLOLo©®  EILEEIMdO®  dohbgmwos WordNet  @gdbogmbgdo. qb
@adbozmbgdo  goblogzmm®mgdmwos odom, GMI Lsdogdm LolLEGgdol Tobsbosmgdergdols s

06930LGHMMO 33093900l 0bLEMWYT96EJdOL 2o9M0569ds Fom0 3M5JEH0IMIL0 O MIMMHOLICO
2458myg9bgdol gs®Mmm Fglsdegdarmdgdl 0dargzs. bbgoalibgs 9bgddo s Loabmd®mog sMagddo
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05bs ¢ onsbody

LoFomms dbgogbo MHglwdlgdo. do00 d9ddbs doeosb 8MMTsEg35000, 580EHMI OWO YwIMIMYDdS
900935 1gdsbB03mm0 0bxzm®mIsgool Im3m3gdols s FoMmBmaqbol s3G™Ts@MG 0gom©YdL.
05056 Dmgoghmo  ©sdYsMgdos oo  BgJuGMe0  3MOH3MBOEIL  LEHGHOLEH0IMOMO
3900mgd0L 253mygbadoo 9.§. 1YdsbEHo3MMo 39dEMMIBOL FMOTOMYdSBY.

3560obob [1] dobgzom, Lo@yzgdo Lgdsb@EHozmMs@ Abasglo 8603369wmdoLss, M) gPmo
©5 03039 3MbGHYJuGdo Tomo MMMOgMMRIBIE3w 0D  BHYJLGHOL sHBOO 9O 033wgds. gbol
9O0IMwgdl  InMmob  sSDOMIOOZ3  MOO0IOH3Is30060gd0L s LgdsbG03WE  FoToMH YOO
390Lfogol oLEBHMOdWE0MWo 1gdsbEHozs. ¥9bgdMH0396m3zs60 HaJuBHOL oo dslogobmzgol
09905 39duGgdob 399@MOo LogMEg, MMIgEdos IyMs® LoGYzsms 3madobs3os (N-365d0)
0oM8moybl  39dEH™OL.  GHduBdo  ®ommgmE  Lodyzsl doboFgdo  5dgl gbsdsdobo
306393uGH0oL 39dGHMMol 3603369 mds.

3560Lob IgoMmEMEMyool Jobgzom, sdblibgwo bo@yzgdo 990dwgds oxJMRBEIL Fomo
OoLEHM0d9Y300)0 J3930050 250mB0bIMY. Fogow0mMs©, ) MG obagzolGNMM 3bgdsl, w1 s
w2-b, bgoglo OLEMm0dWY300Io ;3935 SboliosmMgdL s olobo w3 (369dsLMb ghmo 3b39ds,
05906 w3 (36905 890dgds godm399we 0dbgb w1 o W2 (3690500 LodroEwgdoom.

’39d&HmOMwo  Logholb  dmgagddo” (2], [3] Lodyzgdolbs s  Ggdu@gdol  Lbgs
30036963 gd0L  39JAHMOMo Homdmydbs BMGIoMYds o GgJu@G dsbogzgddo dsmo
IOOEOMMW©  dgb3gMol  BLEIGHOLGHO0ZOL  93GMISGMMO  BM3M39gdolL  LsdMswgdom.  gu
0bg3m®8s305 BoJlomEgds 9.§. LYIsbGH0IME 96 3MbGHYJLEGHWO 39dGHMMYOT0, HMIGEmS Abs3LYdS
299m0obo@gds LoGygzems bgdsb@ozwmo Losbarmgzgol Loowoo [4] - [7].

A9JuAHMOo  0bxgm®Tozool  3gd@mOmo  FoMmOmEygbol  0sbsdgdmgg  9gom©gdo
9946©bmds  39dBHmOmwo  Logmaolb (Vector Space Models) @ 39d@mOemo  bogdEol
296Bmas0Mgden dmgegdl (Generalized Vector Space Model) [3]. sbgo dmgargddo &gdbol
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Vector space model and language Georgian text processing
Liana Lortkipanidze

Summary

The work is dedicated to the development of a method of automatic word grouping by their
values. The method can be used for problems of information retrieval and auto-referencing tests, it is
also relevant in the design of WordNet dictionary, for automatic cataloging of documents and other
problems associated with processing large amounts of text. The paper discusses the theoretical basis of
the problem and offeres a modern method of computational linguistics - vector representation of
words based on their semantic. The article describes the main stages of the formation of semantic
vectors, consideres a method of forming a multi-dimensional vector reflecting the semantic proximity
of words, provides an overview of the generalized vector space model, formes general scheme of
algorithms and software for processing the vector model of textual information.

Mopgens BeKTOPHOTO IIPOCTPAaHCTBAa M 00paboTKa TeKCTOB I'py3HMHCKOTO s3BIKa
Jmana Jloprrmnnannzgse

Pesiome

PaGora nocasueHa pa3paGoTKe MeTO/a aBTOMATHYECKON IPYIIIIMPOBKH CJIOB ITO MX 3HAYEHUAM.
MeToz MOXeT UCIIOIB30BAThCA AJIA 3a4ay MHGOPMAI[MOHHOTO IOKCKA U aBTOpedepHpOBaHUA TECTOB,
TaKXKe aKTyaJeH Ipu KoHCTpyupoBaHuu WordNet cioBaps, IpH aBTOMAaTHYECKOM KaTaJOTH3aI[UH
TOKYMEHTOB M B JPYTHX 3a/auaX, CBA3AHHBIX ¢ 06paboTkoil Gospurmx o6BeMOB TeKcTa. B paGote
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PacCMOTpeHBI TeOpeTHYeCKrie OCHOBEI IIPOOJIEMBI U IIPEJI0KEH COBPEMEHHBIH MeTO/, KOMIIBIOTEPHOM

JIMHTBUCTHKHN — BEKTOPHOE IIPEACTABJIE€HIME CJIOB OCHOBAHHOE€ Ha MX 3HAYE€HUE. B craTthe ommcanbI

OCHOBHBIe 5Tanbl (GOPMHUPOBAHMA CEMaHTHYECKHUX BEKTOPOB. B /IOKyMeHTe paccMaTpHUBAaeTCA METO[,

06pa3oBaHMs MHOTOMEPHOTO BEKTOpPAa OTPAXKAIOU[ETO CEMAaHTHYECKYIO GJIM30CTh CI0B. IlpuBoguTCst

oburuii 0630p Mozeseil 0600IeHHOro BeKTOpHOro IpocrparcTBa. CdopmupoBana obmas cxema

QITOPUTMHU3ALUK M IPOTPAMMHOIO oOfecHedeHUs OOpaGOTKM BEKTOPHOH MOJETH TeKCTOBOM

nHpOpMaIUH.
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The Lexical Unit k’/de (cliff) in the Explanatory-Combinatorial Dictionary
Nino Javashvili

Summary

The lexical unit k’lde (cliff) is considered in the paper according to the zones of the
Combinatorial-Explanatory Dictionary. The full definition, its synonyms, metaphoric or figural meanings,
composites and the relations to the other words are given in the paper. Lexical functions are used to
define a word. This enables to characterize the lexical unit entirely in the word-building point of view too.

The words defined in such way are important and necessary part of the combinatorial dictionary.
The dictionary assists with the semantic learning of lexical fund of the language and it is used in
automatic systems of the language.

Jlexcuueckas e€INHUNIIA «CKaJia» B TO]IKOBO—KOM6PIH3TOPHOM CJIOBape
Huro /DxapamBuirm

Pesrome

B crathe mpejicraBiieHa JIeKCHUECKas €MHHIIA «CKaja», OMHUCAaHHAs B COOTBETCTBUHM C 30HAMU
TOJIKOBO-KOMOHMHATOPHOTO cioBapst. JlaeTcst monHOe TOJIKOBaHHE CJIOBa, €r0 CHHOHMMBI, MeTadopsl (B
SI3bIKE YCTAHOBHMBIIHMECS MMEPEHOCHBIC 3HAYCHUS), KOMIIO3UTHI, €0 OTHOLICHUS C APYTHMH CIIOBAMH H JIP.
Juis ommcaHus CIIOBa TaK)Ke HCIIONIB30BAHBI JIEKCHUECKUE (PYHKIMH, YTO ITO3BOJISICT MCUEPITBIBAOIIIM
00pa3oM OXapaKTepU30BaTh JICKCHICCKYIO SIUHUILY U C TOYKH 3PEHHUS CIIOBOOOPA3OBAHHS.

CnoBa, OmHCaHHBIE TaKUM OOpa3oM, SBIIOTCS HEOOXOAMMOW ¥ BaXKHOW COCTaBHOW YaCTHIO
KOMOWHATOpHOTO cioBaps. CIoBaph CIIOCOOCTBYET CEMAHTHYECKOMY H3YUCHHIO JIEKCHYEeCKOTo (oHaa
SI3BIKA U UCTIONB3YETCS] B ABTOMATUYECKUX S3BIKOBBIX CUCTEMAX.
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Convert Text for Compilation Speech Syntesis
Alla Tushishvili, Mikheil Tushishvili

Summary

In the present work it is shown that the transformation of the Georgian orthographic text into
phonetic is rather time consuming operation. However, compared to the English and Russian languages it
is relatively easy to achieve, based on the characteristics of the Georgian phonetics. It is shown that the
characteristics of the Georgian phonemes are more expressive and stable. Stress and co articulations
practically do not change their timbre therefore their characteristics are independent of a position and the
neighborhood, so the number of varieties of the Georgian sound units is relatively small.

IIpeoGpa3zoBanne TeKCTA 11 KOMIWISITUBHOIO CHHTE3a PeyH
Anna Tywuwweunu, Muxaun Tywuweunu

Pe3rome

B mpexacraBneHHo# paboTe yka3aHO, YTO IpeoOpa3oBaHME TPY3MHCKOTo opdorpaduaeckoro
TeKCTa B (DOHETHYECKHI TOBOJBHO TpyJdoeMKas omeparus. OZHAKO 1O CPaBHEHHIO C AHIVIMHCKAM H
PYCCKHM SI3BIKAMHM, UCXOJSI U3 OCOOCHHOCTEH I'PY3MHCKOH (POHETHKH, OTHOCHUTEIBHO JIETKO JIOCTIKIMA.
ITokazaHo, 9TO XapaKTEPUCTHKH TPY3HMHCKUX (poHEM Oosiee BBIPA3UTENBHBI M CTAOWIBHBI. YHapeHue u
KOAPTUKYJISIIUS TPAKTUYECKH HE MEHSIOT HX TeMOpaJbHYIO OKpPackKy M MO3TOMY HMX XapaKTEPHUCTHKU
HE3aBUCHMBI OT TIO3MIMH U cocencTBa. Mcxoms W3 3THX SA3BIKOBBIX OCOOCHHOCTEH KOJIMYECTBO
MO3ULMOHHBIX PA3HOBUIHOCTEH ITPY3UHCKUX 3BYKOBBIX €JMHUI] OTHOCUTEIHHO HEBEIHKO.
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ABSTRACT

In the provided work the common definition of Web services according to modern approach
is presented. After the brief history of WS, WS benefits and challenges associated with their
implementation is discussed. The work address the issues of Web Services architecture along with
their Development Lifecycle. Two main standards SOAP and REST are discussed and Web
Services Description Language introduction is given. The paper is organized as follows: after
common definition of Web services the brief history of WS is provided. Chapter 2 address WS
benefits and challenges associated with their implementation, the issues of Web Services
architecture along with their development lifecycle is given in chapter 3. Two main standards
SOAP and REST are discussed in chapter 4 and the example of WSDL is provided in Chapter 5.
The paper concludes appropriate bibliography.

KEY WORDS: Web Services, SOAP, REST, WS Security

Introduction

Definition: “A Web service is a software system designed to support interoperable machine-to-
machine interaction over a network. It has an interface described in a machine-processable format
(specifically WSDL). Other systems interact with the Web service in a manner prescribed by its
description using SOAP messages, typically conveyed using HTTP with an XML serialization in
conjunction with other Web-related standards™[1].

In other words a web service is a conversation framework for two computers over the local/global
networks that uses standard XML messaging system and is not bounded to any one programming
language as well as to any one operating system and hardware.

The basic web service platform is XML and HTTP, but they might be found built on TCP/IP,
HTTP, Java, HTML, and XML.

Common examples of web services are: weather forecasts, stock market reviews, search and etc.

According to some sources the term Web Service was introduced by Bill Gates in 2000, but the
idea of machine-to-machine interaction over a network in order to share business information was not
new:

In 1996 the National Institute of Standards And Technology had documented the EDI (Electronic
Data Interchange). It was in fact representing the earliest web service architecture based system.

In 1998, the XML was introduced and was recognized by all modern web browsers.

Extensible Markup Language (XML) is a plain text and is using its strict formatting rules, the set
of nested tags are easy to read and understand.

The success of XML was based on its following characteristics:  simple, open, self-describing
text-based format, human and computer readable/ writeable, verifiable, providing various set of common
data types.

Because of its strict formatting rules the data validation was performed much easier way, thus
XML became the most common formats for web service messages.

There are thousands of different XML languages designed for different data models, but Atom and
RSS are the best known XML based languages used in modern web services.
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We have to mention that XML has its disadvantages: main complaints about it are that XML is
quite verbose and slow to parse.

WS can be implemented in various ways. The main two types of web are SOAP web services and
“RESTful” web services.

When XML was officially standardized soon after the SOAP appeared.

SOAP is an XML based protocol used for data exchange over the HTTP. Thanks to Microsoft and
IBM, SOAP become foundation for additional layers of web service technologies like WS-Security,
WS-Reliability, WS-Transaction, WS-Addressing, called the WS-Stack.

JSON is considered to be an alternative of XML for data exchange between web application and
the server. It is human readable and text based with fewer notations that makes it smaller and easier to
parse. For mobile devices and tablets “smaller” equals to less storage and less bandwidth to send and
receive messages over the web.

Nowadays in mobile computing environment SOAP is largely displaced by HTTP+JSON, but it
still without alternative for large number of applications for instance i-banking [2,3].

Chapter 2: WS benefits and challenges associated with their implementation

Nowadays, Web Services turned as a practical and cost-effective solution (not possible before) to
gather information apportioned among crucial applications based on different operating systems or
platforms and developed on different languages. Fig.1

Client and Server Languages

Response Message

Fig.1
The main advantages of Web Services might be presented as follows [3,4]:

e Usability - As a remotely http-invoked managed code, web service might be activated using http
requests, thus it can be used as a tool to expose the functionality of existing code over the network
and various applications can use them. Thus applications are free to choose appropriate WS and
for it just additional application specific business logic on client side is needed.

e Interoperability — The WS standards-based communications methods are allowing different
applications to talk to each other, share data and services, thus they are granting applications
platform and language independence.

o Deploy-ability - The task is associated with publication of the service interface along with service
implementation definition. WS might be deployed over firewalls as well.

e Low Cost of communication - The low cost internet might be used for Web Services
implementation. It is much more cost-effective solution then EDI/B2B.

e Business Opportunity - As a self-describing application that has an automatic discovery
mechanism, Web Services reduces the software development time. It helps business partners
quickly develop the application, find the service provider and start doing business. It saves
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business time and money and gives opportunity to increase revenue via their own WS exposing to
others.

Disadvantages

» The simplicity of plain text protocols is an advantage and disadvantage of e services at the same
time as they are using (with SOAP especially) verbose method to identify data. Extra size is an
issue for busy and low-speed connections.

» As HTTP and HTTPS are stateless protocols not meant for long-term connections. The server
needs a way to keep track the client activities. Usually sessions are used to identify a client and
the timeout mechanism is that finds whether the client is active or not. As web services are
exposed to public using HTTP protocol, authentication/authorization along with security
standard (XML Encryption, XML Signature, XACML, SAML) adoption is recommended. All
these require Web service developers extra work.

Other challenging issues might be quality of service (reliability), security and distributed
transactions.
Chapter 3. The architecture of web services and WS Development Lifecycle

Web service architecture is based on three roles mainly and is using the paradigm find-bind-

publish. Fig.2

) s
A 5&'%

Fig.2
The Service Provider

» It is a service provider platform that hosts the network-accessible software, defines a service
description for the Web service and publishes it to a service requestor or service registry.

The Service requestor

> Itis aservice user that use find to search the service description and binds it to service provider.
Service requestor can be a browser used by human or other web service for instance.

The Service registry

» It is a searchable “local center” of services. It is a place where services reside, where providers
publish their service descriptions. Note: for statically bounded service requestors, service
registry is not a necessary role in architecture, as they can get a service description from other
sources like local file, FTP or Web site and etc.

The Web Services Development Lifecycle

The Web Services development lifecycle includes the design, deployment, and runtime
requirements for each of the roles and might be presented as the sequence of the following phases:

Build

» This phase is on development and test of the Web service implementation. The service interface
description and the service implementation description definition are fulfilled. Web service
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implementations might be done directly via new Web Services development or by existing WS
and applications composition. It is also possible to transform the existing applications into a WS.

While choosing the programming language and model to develop a new WS the service
provider’s environment should be kept in mind. One may find some similarities between object-
oriented programming and WS development approach, thus some object-oriented design
methodologies can be applied to WS design.

Deploy

Run

Here the publication of the service interface and service implementation definition to a service
requestor into an execution environment usually — Web application server is included.

If WS is a transformed applications, deployment can include only the Web service wrapping, but
for service flows — deploy phase will be associated with workflow manager customization and
business process management for new flows control.

During the run lifecycle phase web service is available for invocation. WS is fully deployed and
network-accessible from the service provider and service requestor can find the service
definition and invoke the defined service operations.

Manage

» The manage phase covers ongoing management and administration of the Web service

application. The issues of security and availability, performance and the quality of service along
with business processes should be defined.

Web Services stack is quite common for publish, find and bind in an interoperable manner, as it covers
standards at each level. The stack is still in evolving process but we will briefly note WS stack’s four
main layers:

Service transport

o This layer is responsible for transporting messages between applications. It includes
hypertext transfer protocol (HTTP), Simple Mail Transfer Protocol (SMTP), file
transfer protocol (FTP), and BEEP the Blocks Extensible Exchange Protocol.

Service Packing (XML messaging)

o This layer is responsible for “packing” data in order to “transport” it around the
network. Packing means to encode messages in a common XML format so that
messages can be understood by all parties. (XML-RPC, SOAP and etc).

Service description

o This layer is responsible for describing the public interface to certain web service. The
service description is handled via the Web Service Description Language (WSDL).

Service discovery

This layer is responsible for centralizing services into a common registry, and are providing easy

functionality of publish/find. The Universal Description, Discovery, and Integration (UDDI) is used for it.

Chapter4: WS standards: SOAP and REST
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The most commonly used standards are: SOAP and REST [5, 6]. Let us briefly discuss each of
them:

SOAP

SOAP might be considered as a tool used to develop interoperable software. It defines rules for
sending and receiving Remote Procedure Calls (RPC) and is not tied to any specific operating system or
programming language.

When some client application wants to use a web service it must create a port for the methods that
are implemented in the web service. When methods are called on the port, the application wraps up the
method call in a SOAP request and sends it off to the server.

SOAP is a protocol for wrapping up these types of requests in form of XML for smooth
communication. The server receives the request, executes the method and sends back to client.

The translation of outgoing requests and incoming responses is handled by the underlying SOAP
library implementation.

Using for instance NetBeans to create a web service in Java saves lot of time because neither the
web service nor the client code has to parse the XML in the messages. That will all be handled by the
API.

Finally we’d like to mention that in the early 2000s - SOAP was the dominant web services
standard, but because of its verbosity character, other slimmer message formats becoming more popular
nowadays [7].

REST

In mid 2000s the RESTful web services started to become more and more popular. The term REST
(Representational State Transfer) was defined almost the same time as SOAP by Roy Fielding in his
doctoral dissertation. Roy Fielding was also one of the key authors of HTTP specification [2, 6].

REST is rather architecture then a specific web service messaging format and it is wrapped around
the concept of HTTP methods or verbs. As requests differ (get and post, put and delete) RESTful services
are using these differences and are translating them into certain server-side actions. The only thing needed
is a client able to form /send requests (usually as URI).

Unlike SOAP, based on XML, RESTful services are using different message formats: it can return
data in RSS or Atom (XML based), but can also encode data in JSON.

REST requirements are lighter weight than those of SOAP, and only require that such services use
simple HTTP request response messaging [8].

By definition RESTful services are stateless. For better performance they can be cacheable as well.
Developers, focused on mobile device applications building value speed and message size as critical
factors for web service selection. Thus, RESTful WS with JSON message format is in favor nowadays.

A resource in a RESTful system could be anything. In the classic example of the World Wide
Web, HTML documents are resources, as are the images that may be referenced in the documents. A

resource should be identifiable by a unique URL.
For a database system we have four basic HTTP methods that map the four basic operations:
GET — Read POST — Create PUT —Update DELETE — Delete
It is often convenient to think of this mapping, but it also highlights an important and often
overlooked rule of web development.

GET requests should be idempotent, it retrieves a representation of a resource. It should never alter
the resource it is requesting.

To update a resource PUT method is used. To create a new resource - then POST method is
convenient. A GET request should be safe for the resource, leaving it in the same state it was before the
request and able to be sent multiple times with no side effects.
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Chapter 5. WSDL (Web Services Description Language)

The services are defined by a WSDL (Web Services Description Language) document. The WSDL
document is an XML document that defines the capabilities of the web service and allows remote
applications to see which methods the web service provides and how to access them. It became a W3C
recommendation from 2007[2,7].

WSDL describes web service using the following main elements:
e Port type: groups and defines the collection of service operations through the defined interface.
e Port: specifies a binding and a network address, defines a service communication port.

e Data types: defines the data types - in the form of XML schemas, used by service for client-
server messaging.

e Message: data, in the form of a message describing names and format of service supported
messages.

e Service: is an address (URL) for server access, it maps the binding to the port.

e Binding: the concrete protocols and data formats, supported by service provided operations.

The web service describing WSDL document is a kind of contract between web service client and
server, and according to it service provider and the consumer are exchanging data, no matter what is their
underlying platform and operating applications.

Let us present example of request-response type WSDL.:

<message name="getrequest">
<part name="something" type="xs:string"/>
</message>
<message name="getresponse'>
<part name="somevalue" type="xs:string"/>
</message>
<portType name="glossaryTerms">
<operation name="getsomething ">
<input message="getrequest"/>
<output message="getresponse"/>
</operation>
</portType>
<binding type="glossaryTerms" name="bn1">
<soap:binding style="document" transport="http://schemas.xmlsoap.org/soap/http" />
<operation>
<soap:operation soapAction="http://example.com/getsomething"/>
<input><soap:body use="literal"/></input>
<output><soap:body use="literal"/></output>
</operation>
</binding>
As we see binding element has two attributes - name and type. The Soap:binding element has two
attributes - style and transport. The transport attribute defines the SOAP protocol to use, in the example
the HTTP was used.

Finally we have to mention that there are other standards in the web services but SOAP and
Restful web services are most common. Debates are going about which of these standards are better, but
for IT professional and developer the main issue is to choose right one for his/her posed problem keeping
in mind all advantages and disadvantages of the chosen standard.
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SOAP s REST 390 lig30olgd0
05805 3063539, 056565 bsBody, G505 sGBw95d9
Mgbowmdg

Bod6Hmddo 8mygzsbowos 390 LyM30LJdOL AS3MEILJIN0 FobTsMEJOJdO MSbsdgEMm3zy
903900l gomzsenofjobgdom. WS -ob dmzwwg obGm®ool dodmboggol 990ymd Lodsmos
LgM30L9d0L  30MOGHIMIGILS s godmf3939dDy Fomo 033w gdg6G e300l gBO3bHy. bsddmdo
9bgds 390 LgM30LgdOL  sOJoBHIIBHBLS s LogmEbwol 303wb. gobobowagds 39dol mMo
doMm0mo0 bEHsbsmGHo SOAP ©os REST 390 Lghgobgdo s0dfgH 9gbsboeb (WSDL) gomsc.
B59OHMAoL  LAHOMJGHMOS Sbgmos: 390 LgMZoLIOOL BIOMME  FIZOEIWIOIEO  256ToMEHIOOL
3900md domo dmzeng obGMMos dmEgdweos mogo 1-8o, msgo 2 dggbgds 390 LgMzoLgdol
399m{39390L5 5> M30MOEJLMBYBL, 390 LYM30LIdOL SGJoBIIBHWOS s Fsmo 083wgdgbdsEools
15300bgds sOFIM0W0s 1930 3-00, MO0 JoM0MHO bEHBIOEHO SOAP s REST as6oboergds
0530 4-80 ©> WSDL-ob 3mb3mgdmmo  dsgowomo 8m3gdoemos osgo 5-do. bsdGmdo
QILOHWGOME05 glodsdolo B0BOMYMIR00m.

SOAP u REST Be6 cepBucst
Marza I[uanazgse. Marnarna Xaunzgse, Maria Apayazse

Pe3iome

B npencraBnenHoit pabote paccmarpuBaercs odmee onpexaeneHue Bed-cepsucos (Web Services
- WS) cormacHO coBpeMeHHOMY momxoxy. [locme ommcanms Kpatkoil mcropunn WS, 00CyXIeHBI
NperMyIIecTBA ¥ NPOOJIEMbI, CBSA3aHHBIE C WX BHeApeHHeM. B paboTe paccmaTpuBaeTcs HpoOJIeMEI
aApXUTEKTYypbl BEO-CEPBHCOB Hapsoy C WX JKU3HEHHBIM LUKIOM pa3Butusi. OOCYXIEHbI /Be IIIaBHbIE
craugaptel SOAP u REST, u mano BBemenue B WSDL (fAseik Onwmcanus BeO-cepBucos). Paborta
OpraHu30BaHa CIEYIONMM 00pa3oM: Iociie OOLIero ompeneleHHs BeO-CEpPBUCOB IIpPeLCTaBIECHHO
kparkas ucropus WS (rmaBa 1). B rmaBe 2 paccmarpuBarorcs mnpeumyinectBa WS u mpoOiemsl
CBSI3aHHBIC C MX BHeApPEeHUEM. [IpobiIeMbl apXUTEKTYpbl BeO-CEpBHCOB, HAPSIY C NX )KU3HEHHBIM LIUKJIOM
pa3BuTHsa naHel B riaBe 3. [IBe rmaBHble cTtaHmapTel SOAP u REST obGcyxaeHb B ThaBe 4 u mpuMep
WSDL peanuszamuii mpescrasieH B riiaBe 5. PaboTy 3aBepiuaeT cooTBeTCTBYIOMAst Ondimorpadus.
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Safety of Cloudy Computing
Papuna Qarchava, Tengiz Bakhtadze, Meri Gegechkori, Maia Archuadze

Summary

In the offered article cloudy technologies is considered. Safety issues and the main methods of
their decisions for these technologies which are possible for introducing in cloud computing are
analyzed.

Recommendations which should be provided for safety increase are presented.

BesonacuocTs 06/1a4HOr0 KOMITBIOTHHTA

Ilamyra Kapuasa, Tenrus baxrazse, Mepu I'ereuxopu, Maria Apuyazgse

Pesrome

B mpeanoxeHHOI cTaThe pacCMaTpUBAETCA OOJIAYHbIe TeXHOJIOIMH, aHAIU3UPOBAHBI BOIPOCHI
6e30MaCHOCTHY U IJIABHBIE METOJBI UX PelIeHHUH AJIA STHX TeXHOJIOTUI, KOTOpPble BO3MOXXHO BHEIPUTh
B 00JTAYHBIX BBIYUCICHUAX.

ITpuBemeHbl peKOMEHAAINU, KOTOphlE OOBA3aTENBHO HANO NPELyCMOTPETHh IJIS IIOBBIUIEHUS

6e30I1acHOCTH.
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Use of Google Apps for Education services in the learning process
Mery Gegechkori, Veriko Bakhtadze, Nino Narimanidze, Tinatin Kaishauri

Summary

Preferences of use of services of Google environment in an education are shown. Possibilities
of use of professional package Google Apps for Education in learning process are considered. Some
popular services and applications of Google Apps for Education which simplify learning process and
increase its dynamism and efficiency are described
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IUHAMUYHOCTD U 9 GEeKTUBHOCTb.
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Production models of knowledge in the diagnosis of primary headaches
Vadim Radzievski, Maia Mikeladze

Summary

The problem of medical diagnostics for diseases of the class of primary headaches which along
with guantitative data has a large amount of qualitative data (linguistic and unclear data) is considered.
The method for solving these problems by using the knowledge, presented in the form of products, as
well as by using a conceptual approach, based on constructing Boolean functions by means of examples is
offered. The used data has been reduced due to the allocation of essential characteristics, allowing

extrapolation, i.e., recognition of the conditions of this class not included in the training sample.

IIponykuuoHHbIE MOI€JIU 3HAHUI B ITMATHOCTHKE NEPBUYHBIX F0OJOBHBIX 00J1ei
Baoum Paosuesckuii, Maiia Muxenaose

Pe3iome

PaccMaTpuBaeTcs 3ajaya MEIUIIMHCKON HACHOCTHUKH 3a00JIeBaHUMN JUIS Kiacca MepBUYHBIX
TOJIOBHBIX 0OIIei, B KOTOPBIX HApSAAy C KOJMYECCTBEHHBIMH JAHHBIMH HMEETCS OOJIBIIOE KOJIHUYECTBO
KAa4YeCTBEHHBIX MPU3HAKOB (JIMHIBUCTHYECKUX W HEYETKUX NaHHBIX). [IpeyioxKeH METOJ| pelleHus: ITUX
3aj1a4d ¢ MUCIOJIb30BAHUEM 3HAHHH, MPEJCTABICHHBIX B (hOpME MPOIYKIIUiA, a TAKIKE C HCIOJIb30BAHUEM
KOHIICTITYaJIbHOTO TI0/X0/1a, OCHOBAHHOT'O HAa MOCTPOCHUU OYIEeBBIX (DYHKIHMIA C MOMOIIBIO IPUMEPOB.
HpOBOI[I/ITCSI COKpaIlI€HUE UCIOJb3yEMbBIX JaHHBIX 3a cuért BBIICJICHUA CYHICCTBCHHBIX IMMPU3HAKOB, YTO
obecrieynBaeT JKCTPAIOJSILMIO - pPAClO3HABAHWE COCTOSHHUH JAHHOTO Kilacca, HE BXOIMIIUX B
00y4aronyo BEIOOPKY.
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Parallel and consecutive classification in the problems of pattern recognition
and diagnostics

Vadim Radzievski

Summary

Parallel and consecutive methods of object classification are considered. Analysis and comparison
of these methods according to different criteria is carried out. The features and benefits of each method
are revealed. Parallel - serial procedure of diseases classification with use of the key statements is offered.
The decision tree is built through which the testing of the patient and partition of diseases into classes
and subclasses according to symptoms is carried out. Such partition proceeds until the terminal top is
received. It indicates production by means of which the diagnosis is made. In the paper the problem of
diagnostics on the example of acute respiratory diseases is considered.

IapayienbHasi M mocje0BaTebHasA Kiaccugukanus B 3a1a4aX pacrio3HaBaHus 00pa3oB
U INArHOCTHKH

Baoum Paosuesckuii

Pe3iome

PaccmarpuBaercss mapalUlelbHBIA W TIOCIEIOBATENBHBIA TOAXOJ KIACCH(PHUKAINNA OOBEKTOB.
OcymiecTBisieTcss  aHalIW3 W CPaBHCHHWE 3TUX IOAXOIOB IO Pa3UYHBIM KPUTECPHUSAM. BBISBICHBI
O0COOCHHOCTH W TIPEHMYIIECTBO KaXAOTO Meroaa. I[lpemnmokeHa mapaulelbHO-TIOCIEA0BaTeIbHAS
mporenypa Kiaccupukanuu 3a00JIeBaHUA C WCIIONB30BAaHUEM KITFOUEBBIX BBICKa3biBaHWU. [locTpoeHO
JIEPEBO PpEIICHUH, C IOMOIIBI0 KOTOPOTO OCYIIECTBISIETCS TECTHPOBAHHE COCTOSHHA OONBHOTO U
pa3OueHue 3abosieBaHMil 0 CUMIITOMaM Ha KJIAcChl U MOJKIACCHL. Takoe pa3OueHue MpoaobKaeTcesl 10
TEX IOp, ToKa He OyJeT MojiydeHa TepMHHalbHAas BEpILIMHA, KOTOpas YKa3blBaeT Ha MPOIYKLHIO, C
MOMOIIBI0 KOTOPO# CTaBUTCA AMArHo3. B pabore 3ajmaua AMAarHOCTHKM paccMaTpHBaeTCs Ha IpHMepe
OCTPBIX PECHMPATOPHBIX 3a00JI€BaHUN.
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Hopa /Icanabosa, I'ena becuaweunu
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Pe3rome

B crarre u3naraorcsa 0cOGEHHOCTH ITOCTPOEHNA MESMIIMHCKHUX a3 3HAHMUIA, [IPUBELEH IPHMEP
IOCTPOEHHSA IPaBUJ M OCYINECTBIEHMSA JIOTMYECKOTO BHIBOAA B MESHUIMHCKUNX HHGOPMAIIMOHHBIX
cuctemax. OTpakeHBI STambl TOCTPOEHHS MESHIMHCKON 6askl 3HAHMH, IOCIEZ0BATEIbHOCTH
JelcTBMit DKCIepra Ipu paboTe ¢ MeAWIMHCKOM O6asoif sHauwmit. OmmcaHHEIH B paGore MeTof,
TI03BOJIAET cOPMUPOBATH HaUYaJbHOE COCTOAHHMe Gashl 3HAHMI, KaK COBOKYITHOCT CHUCTEM IPAaBHII C
UAeHTUNIMPOBAaHHBIMY 3HaUYeHMAMH mapameTpoB.QopMmansHoe mpezicraBieHue Gas MeFUIMHCKAX
3HAHUIA, TOyYaeMBIX IPH IOMOIY JAHHOTO AITOPHUTMA, I03BOJISET MCIOJIb30BATh X B SKCIIEPTHBIX
CHCTeMax MeZHIIMHCKOM AuarHocTuku. IIpesmoxeHHbIe IIOAXOABI MOTYT OBITH aJaITHPOBAHEL LOZ
pasHEIe IIPesMeTHbIE 061aCTH.

Knrouesvle cnosa: 6aza 3HaHU, Heuemko-npodykuuouuoe npaeuo, ouazHocmuKa

Beegenmue.

MenuuuHckass npakTHka oOnagaeT OoOJbIIMM WH()OPMALMOHHBIM ONBITOM IO Pa3JIMYHBIM
HapyIlIeHUsM OpraHu3Ma uesioBeka. PacriosHaBaHue HapyIIeHUH U BHIOOP a/leKBaTHBIX METOOB JICUCHHUS
TpeOyeT HCIONIb30BaHHUS OOJIBIIOrO KOJMMYECTBA MH()OPMALMOHHBIX MAaTEpHAJIOB, KOTOPbHIE MOCTOSHHO
JIOTIOJTHAIOTCS HOBBIMH JaHHBIMH.

Brenpenne coBpeMEeHHBIX HH()OPMALMOHHBIX TEXHOJIOTHH B cdepy MEIUIHHBI NPHBOIUT K
MOSIBJIICHUIO  3aJlaul, PelICHHE KOTOPOH CBSI3aHO C aBTOMAaTH3alMell IMarHOCTHYECKHUX HpOLERyp Ui
OTIpEeZIeTIEHNUsI COCTOSIHHS YeJIOBEUYECKOro opranm3ma. OmHaKo MpoleypaibHble 3HaHHUS Bpaya HE MOTYT
OBITh BepOaIM30BaHbl, TO €CTh Bpau HE MOXKET OOBSICHUTB, KaK OH peliaeT 3aj1a4y. Hamnpumep, OnbITHBIH
Bpad JIETKO CTaBHUT JUArHO3 MO COBOKYIHOCTH CHMIITOMOB, HO OH HE MOXET OOBACHHUTH XOJ MBICIEH,
NPUBEJIINI €ro K peleHno. [103ToMy 0JJHUM U3 OCHOBHBIX HAIPaBJICHUH B HCKYCCTBEHHOM HHTEJUIEKTE
SBIISICTCSA CO3/1aHHE KOMITBIOTEPHBIX CHCTEM, MMUTHPYIOIIUX HCKYCCTBO 3Kciepra. I1ogo0HbIe CHCTEMBI
MO3BOJISIIOT COXPAHUTh 3HAHHE OMBITHOTO MpodeccHoHana, caenaTh ero 0eCCMEPTHBIM M IPUMEHUMBIM
OTHOBPEMEHHO BO MHOTHX MecTax. JIJ TOCTPOEHHS TaKUX CHUCTEM HEOOXOIUMO pELIMTh 3aJady
BBISIBJICHHUS T0JICO3HATENBHBIX O3KCIIEPTHBIX pemarommx npaBmwi [1]. Ora 3agada nMmeeT BaKHOE
MPaKTHYIECKOE 3HAYCHHUE, TIOCKOJIBKY IKCIIEPTHBIE PEIIAIOIINe paBHia MOTYT OBITh NPOAHATU3HPOBAHEI
W HCIIOJIb30BAaHBl IIPH IIOCTPOCHHWH CHCTEM HCKYCCTBEHHOro HHTe/ulekTa. Co3JaHue MNpocToro M
yI0OHOTO B MCHOJIb30BaHUHM KOMITBIOTEPHOTO COBETYHKA JJIsl Bpaya 3HAYNTEIbHO OOJIETYHT ero padory.
IlocTpoenue 6a3pl 3HAHUI B MeHIUHE.

OTnuauTeNnbHOW  OCOOEHHOCTBIO ~ WHTEIUIEKTYaJNbHBIX ~ MEAMIMHCKUX  MH(OPMAIOHHBIX
cucteM(MUC) sBnsercs Hammuwe O0a3bl 3HaHWA. baza 3HaHMII—3TO 0coboro poma 06a3a JaHHBIX,
pa3paboTaHHasi Uil YHpABICHUS 3HAHUAMHM, T.€.cOOpOM, XpaHEHHEM, IMMOWCKOM M BBIJaueil 3HAHWMA.
CymiecTByeT TpH CTpaTEeTHH MOTyICHNS 3HAHHUNA:

eTIpHOOpETeHNE 3HAHWH—3TO CIOCOO aBTOMATH3MPOBAHHOTO HAIMOJIHEHHSA 0a3pl 3HAHWU
MOCPEJICTBOM JIHAJIOTa IKCIIEPTa M CHEIHATBHOMN MPOTpaMMEI,

®13BJICUCHNE 3HAHUN-TIPOLICAYPY B3aUMOJICHCTBHS MHXEHepa M0 3HAHHUSAM C MCTOYHHUKOM 3HAHHUN
(akcnepTom);

e00HApYKEHUE 3HAHUA.
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[Ipr mOCTpOEHMH CHUCTEMBI WCTOYHMKAMH 3HaHMH MOTYT OBITh: CHEHHAIUCTBI MPEAMETHBIX
oOnacTeif, 0OBIYHO Ha3bIBaEMBIC SKCIEPTAMH; IPOTOKOIBI PACCYXKIECHUH (IPOTOKOIBI "MBICIEH BCIyX")
9KCIEPTOB; KHUTH, HHCTPYKIMHN, TPHMEPHI PELICHHS COOTBETCTBYIOMNX 3a1ad (HalIpUMeEp, THArHOCTHKH
WX BBIOOpa CXeMBl JIe4eHWs); 0a3pl MEOWIWHCKUX IAaHHBIX (HAIpUMeEp, DJICKTPOHHBIE WCTOPHU
Oomne3Heit).

ba3za 3HaHUN MEOUIMHCKUX CUCTEM CTPOUTCS B BUJIE CEMAHTUYECKOW HEepapXuu MOHITUH pa3HOIro
ypoBHs abcTpakuuii. basa 3HaHMH KaXIOTo YpOBHS 3TO HaOOp NMpaBWIJI WIIM aJTOPUTMOB, IO KOTOPHIM
(hopMHpYIOTCSI COOTBETCTBYIOIIME MOHATUS. UTOOBI 00JErYnuTh paboTy Bpaya 3arojHEHHE NEepPBHYHOM
KapThl (BOIIPOCHWKA) peajM30BaHO Ha 3KpaHEe JucCIUles. Bpad 3amoyiHseT BONPOCHHK C MPOCTBIMH
NpU3HAKaMHU, a Iporecc (OPMUPOBAHUS NIEPBUYHBIX TIOHATHI MPOUCXOIUT C TOMOIIBIO IIPOTPaMBI.

Ha mnepBom osrame ompezensiercss o0inacTh HMHTepeca, T.e. Ta 00JacTb M HalpaBJICHHE
UCCJIEJIOBaHMs, BHYTPH KOTOPOTO WM IO KOTOPOMY IpeJIojiaracTcsl aajee BeCTH pa3paboTky. OTo
MOT'YT OBITH MCCIIEIOBAaHHE OJIHOTO IPOIECCa MM MEXaHNW3Ma, JHArHOCTHKA 3a00JIeBaHMS WU TPYIIIIBI
3a00eBaHAN.

Ha cnenyromem sTane BblAEIsI€M BHYTPEHHHE OJOKH 3HAHWH, T. €. METOABI MM COBOKYIHOCTH
METOJIMK, UCCIIEAYIOIINE OAHY CTOPOHY M3y4aeMOro SIBICHHMS, Mpoliecca, 3a00neBanms. JTa IpoLexypa
BBITIOJTHACTCS 3KCIIEPTHBIM ITyTEM Ha OCHOBE OOBEKTHBHBIX BO3MOXKHOCTEH M CYOBEKTHBHBIX OLICHOK.

[Janee o kaxxaoMy 0JI0Ky METOJLy UCCIIEIOBAHUS HJIM COBOKYITHOCTH METOJIUK, NPeIHa3HAYCHHBIX
JUISL BBISICHEHUS] OJIHOTO IIpollecca, Kak, Hampumep, Kiacc OOJie3HH “NepBHYHBIC TOJIOBHBIE 0O0JH”,
COCTaBJIETCS IMepe4yeHb (CHHCOK) MpHU3HAKoB. J[aHHBIM CIIUCOK BKJIIOYAaeT B ceOs Bce TE JAHHBIE U3
HUCTOPUHN 60.]'[63HI/I, KOTOPLBIC B I[aﬂbHeﬁIHeM MOT'YT BKJIIOYATbCA B BBIYHUCIIUTECIBHBIC WA JIOTUYCCKHUEC
npouenypst. Dopmupyercs IpOCTPaHCTBO IIEPBUUYHBIX IIPU3HAKOB.

JIOTHKOCTPYKTYpHBIH aHAIN3 BCEX MEAWLMHCKUX JAHHBIX, COAEPXKAIINXCS B MCTOPHU OOJE3HH,
MO3BOJISIET TMPUHUTH K YTBEP)KICHHUIO: BCE MHOTO0Opa3we 4HceN, KPUBBIX, H300paKeHUH, KIMHNIECKUX
3aKIIFOUYCHAH CBOJUTCSI B CETOJHAIIHMX YCJIOBHSAX K JIBYM OCHOBHBIM THIIAM - YHCJIaM M TeKcTaMm. Bpau
CIEIUAINCT, padOoTaoNMi ¢ W300paKCHMSIMH M KPHBBIMH Ha CErOJHSIIHEM YPOBHE MEIMIIMHCKON
TEXHOJIOTHH TIPEJOCTABIISAET JIeHaIlleMy Bpady 3aKIIFOUeHHE, T. €. TeKCT, KOTOPBIH O(UIIHAIEHO BXOANT B
HUCTOPUIO 60H63HI/I, ABJAACH U MEAUIIUHCKUM U IOPUANYCCKUM TOKYMEHTOM. B MIPUHIUIIAAIIBHOM I1JIaHE
0a3a maHHBIX MOXeT ObiTh chopMmupoBana J0ObIM o0Opasom. OnHa MOXKET COJEpXKaTh
He(bOpMaHI/I3OBaHHBIe HUCXOJHBIC TEKCTHI, 3HAUYCHNUA UCXOAHBIX IMMPU3HAKOB, KPUBLIC, I/I306pa)KeHI/I$I (eCJ'II/I
MO3BOJSICT BBIYKMCIUTEIbHAS TEXHHKA). B 3TOM ciydae (OpMHUpOBaHHE MEPBHYHOTO MPU3HAKOBOTO
MPOCTPAHCTBA MOXET BECTHUCh uepe3 JKpaH Auciuies. TakuM o0pa3oM MOXXHO BBI3BIBaTh Ha 3KpaH
HYKHBIE JJaHHBIE, TEKCTHI U3 0a3bl JTaHHBIX.

Knaccudukamnms THIIOB ¥ BUIOB JaHHBIX JJISI PELICHHS 334241 AUarHOCTHKN COCTOSIHUS CIIOKHOTO

00BbeKTa
JlarHbIe
Konngectennsie KagecTBeHHsle
——— IlopsaakoBele
Henpepsisabie AR
(4eTkue u HeUyeTKHUE) HoMUHAIEHBLC
L JlucKkpeTHbIe . bunapHsle

OcobennocTr 00padaThIBAEMBIX JaHHBIX
* QoJbIIOH 00BEM;
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* Pa3HOTHITHOCTb;
* HaJIMYHe YETKOCTU W HEUSTKOCTH B JAHHBIX;
* OTCYTCTBHC YaCTH MCXOIHBIX JIAHHBIX;

* 0OJBIIOE KOJHMYESCTBO NAPAMETPOB

Crnenyromuil mar 3akiIrouaeTcsl B MepexoAe OT NepeuHs NMPHU3HAKOB K MEPBUYHBIM MOHATHUSM, C
MOMOIIBIO0 KOTOPBIX CTPOUTCSI MaTpHla "0O0BEeKT-NPU3HAK" U KOTOPBIE MOCIYKaT 0a30i ISl MOCTPOCHHUS
MEAMIUHCKUX cucteM. Ilpomecc mepexoia OT NPU3HAKOB K IEPBUYHBIM IOHATUSAM CIOXHBIM U
TpyAoeMkuil. B xone ero mpuxoauTcs JenaTh HECKONBKO UTEpalMi M MPUMEHSTHh pa3HbIe MOAXOMIBI.
3azada 3aKI09aeTCs B TOM, YTOOBI IPUBECTH YHCIIA M TEKCTHI K €AMHONW METPHKE.

Ora 3a/1a4a HAaMH pemIaeTcs cieayomuM oopazom. [Ipu paboTe ¢ urciaMu B 9UCIIOBast BEIOOpKa
pacronaraeTcs Ha YHCIOBOW IIKaJe OT MHUHHUMAJBHOTO JI0 MakCHMajbHOTO 3HA4YCHWH. 3aTeM Ha 3TOH
IIKaJe BBIICNAIOTCA TPaHMIBI HOPMBI. 3ajgada OIpEACIEHHS TPAaHWI[ HOPMBI SIBISIETCS OJHOW W3
CIIO)KHEHUIINX METUIUHCKUX PoOIIeM, KOTopas onmcana B padote [2].

JanbHelmas npoueaypa 3ak/IFo4acTcsl B TOM, YTO YUCIOBOM psll IPEBPALACTCS B IOHATUIHBIN
PA, T. €. 9KCIEPTHBIM MyTEeM BCS IIKaNa JACIUTCS Ha WHTEPBabI (Tpafalun), KaXI0W rpajaii 1aeTcst
COJIepKaTeNbHOE OIHUCAHUE.

[Mpu ¢opmanmzanuy Ka4eCTBEHHBIX 3HAHWUI MOXKET OBITh HCIIOJIb30BaHA TEOPHS HEYETKUX
MHOXeCTB [3], 0COOEHHO Te ee acleKTbl, KOTOPbIe CBS3aHbl C JMHIBUCTHYECKOW HEONPEAEICHHOCTHIO,
Hanboyiee 4YacTo BO3HHMKAOHIEH NpH paboTe C 3KCIepTaMH HAa ECTECTBEHHOM s3bike. Ilox
JIMHTBUCTUYECKOH HEONPEIEIEHHOCThIO MOAPa3yMeBaeTCsd KaueCTBECHHBIC OIIEHKH €CTECTBEHHOTO SI3bIKa
JUI JUIMHBI, BPEMEHH, WHTCHCHBHOCTH, JUIA [EJNEH JIOTMYECKOTO BBIBOJA, NPHHATHA PEIICHHMH.
JIuHTBHCTHYECKas] HEONPENENICHHOCTh B CHCTEMax IIPEACTAaBICHUS 3HAHWK 3aJaeTcsi C IOMOUIBIO
JMHTBUCTUYECKUX MOJIENIEH, OCHOBAHHBIX HA TEOPHUH JIMHTBUCTUYECKHX IEPEMEHHBIX U TEOPHHU
MPUOIMKEHHBIX PacCy)KJCHUU. DTH TEOPHM OIMPAIOTCA Ha TOHSATHE HEUYETKOTO MHOXKECTBA, CHCTEMY
omepauuii Hajg HEYETKMMHM MHOXXECTBAMH M METOJBl ITIOCTPOCHHUS (DYHKIUH IpUHAIEKHOCTH.
3HAYEHMSIMH JIMHTBUCTUYECKUX NEPEMECHHBIX ABJIAIOTCA HE 4YHCIa, a CJoBa HWIW MPEIIIOKCHUA
HEKOTOPOTO MCKYCCTBEHHOTO JIMOO €cTeCTBEHHOro si3bIka. Hampumep, unciioBast nepemeHHas "Bo3pact”
MPUHUMAET TUCKPETHBIC 3HAYEHHS MEXIy HyJeM M COTHEH, a IIeJloe YHCIIO SBISIETCS 3HAYCHHEM
nepeMeHHoH. JInHrBucTHuecKas nepeMeHHas "Bo3pacT" MOXKET NPUHUMATh 3HAUYEHUS: MOJIOAOM, CTApHIid,
JIOBOJIBHO CTapblif, O4€Hb MOJIOJION U T. 1. DTH TEPMBI-TMHIBUCTHYECKUE 3HaYEeHHs repeMeHHol. Ha ato
MHOXXECTBO (KaK M Ha YHCJa) TaKkXKe HaJlararoTcsi OorpaHWYeHUs. MHOXXECTBO JOMYCTHMBIX 3HAYE€HHH
JIMHTBUCTUYECKON TIEPEMEHHON HA3bIBAETCSl TEPM-MHOKECTBOM.

Teopust HEYETKOW JIOTHMKM OKasalach IIMPOKO TPHUMEHMMOH B O3KCIEPTHBIX CHCTEMax C
HEOoTpeAeNeHHOCThI0 WHpopManuu. [Ipu ympaBiieHWH BBIBOJAOM HCIIONB30BAHHE HEYETKOW JIOTUKH
€CTECTBEHHO, TaK KaK HCIIOJIB3YIOTCS MHOTHE CJIOBA, TaKHE KAaK «OYEHb 4acTO», «Dojiee-MeHee 4acToy,
«He 4gacto» U T.I. C TOMOILIBI0 TEOPUH HEYETKOM JIOTHKM MOSBHUIACH BO3MOXKHOCTH (HOPMaIM30BATh
YECJIOBCYCCKUEC 3HAHUS, ONTUCBIBAIOIINE HE TOJIBKO KOJMYCCTBEHHBIC, HO 1 KAYE€CTBEHHBIC XaPAKTECPUCTUKHN
00BEKTOB MpEeAMETHOW ob0nacTu (Hampumep, CuibHas Ooyb, BBICOKas TeMmIeparypa W T. IL).
Teopernueckoil OCHOBOW HEYETKOW JOTMKH SIBJISIIOTCS OCHOBHBIE IOHATUS HEYETKOTO MHOXKECTBA,
JIMHTBUCTUYECKOW NepeMeHHOI 1 HeueTKoro npasuia. [1pu co3ganum HeueTkoi 0a3bl 3HaHUH TpeOyeTcs
HeyeTkas (hopMaiM3alysg BCEX IMEPEMEHHBIX, YYacTBYIOUIMX B IOCTPOCHHH MEIUIMHCKOH CHCTEMBI
JIMarHOCTHKH. VI3BECTHO, YTO HEYETKHE CBOWCTBA IPEACTaBHMBI JIByMS MOHSTHAMH M UX CBOWCTBAMU:
HEYEeTKOH IepEeMEHHONH W JIMHIBHCTHYECKOW repeMeHHOH. CHUMITOMBI M 3a00JIeBaHUS MPEACTABISIOT
co0oli JTMHTBHCTHYECKHE NepeMeHHble. Hampumep, st cumnroma «EcTh M y Bac HacMOpK?» - I
KPaTKOCTH -«HAaCMOPK», ONPEHCISIOTCS CIEAYIONINe HEUeTKHE XapaKTepUCTHKH: JIMHTBHCTHYECKas
MepeMeHHas «HAacCMOpK» wuMeeT ob6macte ompenenenus [0,100]; TepM-MHOXECTBO 3HaYCHHUH
JUHTBUCTUYECKON TIepeMeHHOU {«He ObIBaeT»; «cmaboy»; «Jgacto»}. JIims KakAoro KOMIIOHEHTa TepM-
MHOXECTBA, MPEACTABIIONIETO HEYETKYI0 IEPEeMEHHYI0, CIEAyeT IMOCTPOUTh HEUETKOE MHOXKECTBO.
KommoHeHTaMM 3TOro MHOXKECTBA  SIBJISIIOTCS  BO3MOXKHBIC 3HAUCHMS HEYETKOH IepeMEeHHOH.
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IIpuHa1ISKHOCTS ITUX 3HAYCHUN MHOXKECTBY, ONPEICIIIEMOMY CEMaHTUKOW TepMa, 3aacTcs (pyHKIue
nprHaAIeKHOCTH. OYHKINS IPHHAISKHOCTH JIEMEHTa HEYETKOMY MHOXKECTBY HHTEPIIPETHPYETCS KaK
cyopekTnBHas Mepa. I[lom cyOBeKTHBHON Mepol TOHHMAETCS OIpeleNeHHas OMPOCOM TPYIIIBI
SKCIIEPTOB-Bpadeii CTENEHb COOTBETCTBUS DJJEMEHTa IOHATHIO, (OPMATU30BAHHOMY HEUYETKUM
MHOXecTBOM. Hederkas 6aza 3HaHHI 00pa3yeTcss COBOKYMHOCTBIO HEUETKHX IPABHI, OIPEIEIIAIONINX
B3aMMOCBSI3b MEXKIY CHMIITOMaMH W TUarHo3amu. [4,5]

ECIIH x, =F(w)un x, =F,(W,) 1 ...x, =F,(W,) TOY = B(CF)

Hanpuwmep, veuetkoe npasmio: «kECJIN <macmopk -dacto> U <kamens - MHOro>, TO <mpocrtyna
-BBICOKAsi BO3MOXKHOCTE>, CF=0.8». 31ech cCHUMNTOMBI «HACMOPK», «KAIlIeIb)» - BXOJHBIC MCPEMCHHBIC,
3a00JICBAHHUE «IPOCTYAa» - BBIXOJHAS MCPEMEHHAS;, «4acTO», «MHOTOY», «BBICOKAas BO3MOXHOCTB)» -
HEYEeTKHE MEPEeMEHHbIe JUHIBUCTUYECKUX MEPEMEHHBbIX. Pe3ynpTaToM HEUeTKOro BBIBOJA SIBISIOTCA
KOJINYECTBCHHBIC OIIEHKU KaXIO0ro 3a00JicBaHMs HAa OCHOBE 3HAHWI M3 0a3bl 3HAHWN M IOCTYHAFOIIUX
(haKTOB MPOSIBIICHUS] CUMIITOMOB.

IHocTranoBka 3axaun popMupoBaHus 0a3bl 3HAHUNH MeIMIUHCKON IMATHOCTUYECKOI CHCTEMBbI
1. PazpaboTka mapamMmeTpudecKoll HeYeTKO-TIPOTYKIIMOHHON MOJIETH COCTOSHUS CIIOKHOTO 00BEKTa!

e  pa3paboTKa METOIWKH TPYIIIHPOBKH IapaMeTpoB OOBEKTa MTUATHOCTHKH, BXOIAIINX B COCTaB
MIPOAYKITMOHHBIX MIPaBHUIT,

e pa3paboTka BHAAa HEYETKO-MPOAYKIIMOHHOTO IPaBWIA, YIOBICTBOPSIOMETO TPeOOBAHUAM:
BO3MOXHOCTh HCIIOJIB30BaHUSA paSHOTI/IHHI)IX BXOJIHBIX W BBIXOJIHBIX napaMeTpOB npaBHna;
BO3MOXHOCTbH o6pa60T1<14 YCTKUX M HCUYCTKUX BXOJHBIX AJAHHBIX; yqu 3HAYUMOCTHU (BeCOB)
YCIIOBUH B MpaBUJIe; Y4eT 3HAUUMOCTHU (JIOCTOBEPHOCTH) KaXI0TO MPaBUJIA;

e  pa3paboTKa METOAMKH TOCTPOCHHS COBOKYIMHOCTH CHUCTEM NPOJYKIHOHHBIX MpaBHI,
OIMKMCHIBAIOIIUX COCTOSIHHE OOBEKTA;

e  pa3paboTKa aNTOPUTMOB JIOTHYECKOTO BEIBOJA HA CHCTEMAaX IIPABHIL.

2. UnenTudukanys mapaMmeTpoB HEYETKO-TIPOAYKIIMOHHON MOJEH COCTOSIHUS CIIOKHOTO 0OBEKTa.
3. OneHKa U yCcTpaHeHHE H30BITOYHOCTH CHCTEM TIPABHIL.
4. Pa3paboTka anroputMa HCIIOIB30BaHUs 0a3bl 3HAHUH IS TUATHOCTHKH COCTOSHHS 00BEKTA.

Baza 3HaHWI MEIUIIMHCKON NHATHOCTHYECKOW CHCTEMBI IPEICTAaBISET COOOH COBOKYITHOCTB
MpaBWJI, OMHUCHIBAIOIINX 3aKOHOMEPHOCTH MOJEIUPYEMOro o0bekTa. [Ipu GONbIIOM 4YuCiie mapaMeTpoB
obwekTa (hopmupoBaHuMe Oa3bl 3HAHWN HAUMHAETCS C JTama TPYNIUPOBKHU TMapamMeTpoB, THe Kaxkaas
Tpynma onpeaeNsieT 3aKOHOMEPHOCTH «BXO» — «BBIXO» IS MOJICUCTEMBI CJI0XKHOTO 0OBEKTA.
MeToauka rpynnupoBKu napamerpos [5].

1. DkcrepT Ha OCHOBE CBOMX 3HAHWI M aHANIN3a UMEIOIUXCS JAaHHBIX (POPMHUPYET MHOXKECTBO JTHArHO30B
COCTOSIHHUS ICCIIETyeMOTO 00BEKTa.

2. Cpenn {pul, pu2 yeoes p”j yerey pum}, m< N, Bcero MHO>K€ECTBa napameTpoB
BBIOMPAIOTCS IeJIEBbIC napamerpsl  {P;, Pyyeeey Pyyes Py} 3HAYCHHS  KOTOPBIX

CBSI3aHBI C COCTOSIHUSMH OOBEKTAa.

3. Jlnsi KaxI0ro u3 1eneBbix mapamerpos P, v ) = 1M gpu6upaetcs  MHOKeCTBO — He3aBHCHMBIX

BXOJTHBIX napamMeTpoB Pj”" c P, J =1,m, 3HAYUMO BIMSIONINX HA LETEBOMU:

3.1) paccunTsiBatoTCS KO3(UITHMEHTH KOPPETSIIHN dkj €[01] wmexny Bcemu mnapamerpamu
p.k=LN P, J=1

3.2) KaxJIOMy 4YHCIOBOMY 3HAa4eHHIO KOX(pQHIMEHTa KOPPENSIIUU CTaBUTCS B COOTBETCTBHE
JIMHTBUCTUYECKOE 3HAYCHUE CHIIBI CBS3H.
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UucnoBoe 3HaueHUE Cria cBs3m Ck'
KOChQUIHEHTa KOPPEIISLHH j
0<|d, [<0.2 Ouenp caGas
<| O [<0.
0|2§| dkj |<03 CHaGaH
0,3<| dkj |<0.5 VMepeHHast
0,5</d,; [<0.7 Cpennsis
0,7§| dkj |§1 CI/IHBHaﬂ

3.3) hopmupyercs Tabmumal CBA3aHHOCTH MapaMeTPOB U MEPENaeTcs IKCIEPTY UL aHAIN3a

Tabn. 1
P, Py, P, " Py,
P
P Ciy Ci2 Cim
P Ca1 Co, Com
Py Cn1 Cn2 Cim

3.4) skcnepT, Ha OCHOBAHHMHU JTAHHBIX TAOJHUIIBI U COOCTBCHHOT'O OMbITa OOHYJIACT 3HAYCHUS CBA3H
TCX BXOAHBLIX IMAPaMETPOB, KOTOPBLIEC OH CUUTACT HE3HAUYMMBIMU HJIKM HE BJIUAIOIIUMH Ha ueneBoﬁ
napamerp

3.5) anst Kaxaoro IenaeBoro mapamerpa (OPMHUPYETCS MHOXECTBO BXOIHBIX MapaMeTpOB C
HCHYJICBBIMU 3HAYCHUSIMU CBSI3H

3.6) B K&X/JI0M U3 TOJyYCHHBIX MHOXECTB PACCYUTHIBAIOTCS KOI(D(DHUIIMEHTHI MAPHON KOPPEAIIU
BCEX €ro JIEMEHTOB

3.7) ecnu MeXIy BXOJHBIMU ITapaMeTpaMHu HAOIIOaeTCs 3HAYUMasi CBSI3b, TO DKCIEPT BHIOUpAET
OJTMH M3 CBS3aHHBIX MMAPaMETPOB, HANOOJIEE 3HAUUMBIH ISl LIENIEBOTO, & OCTAIBHBIC HCKITIOYAET

3.8) ocraBmvecss mapamMeTpbl KaXXJI0ro M3 MHOXECTB 00pa3yl0T MHOXKECTBO BXOJTHBIX
HE3aBUCHUMBIX TApaMETPOB IJIsI COOTBETCTBYIOIIUX LEJIEBBIX

4. ®opMupyeTCst MHOXKECTBO TPYII apaMETPOB «BXOJI — BBIXO» -
6X H —
G={G.G,...,G,,..G,},G, ={P", p_}, j=Lm. P, ) =1m.
I[J'I?[ peam3anu NnNpeajio)KCHHON METOJAUKU HeO%‘XO,I[I/IMO HaJIU4ue Ta6J‘II/IL[bI HCXOJHBIX NAaHHBIX.
IIpu 3ToM Kaxmas chopMHUpPOBaHHAS TPYIIIA MMAPAMETPOB OMHKCHIBAET MOJCHCTEMY CIOXKHOTO OOBEKTa,
YTO 3HAYUTCJIbHO YHIPOLIACT €TI0 OIMMCAHUC.

5. Jlast ompeneneHus: CTPYKTYPbl B3aMMOCBSI3€# TPyl napaMeTpoB ij j=1m (dhopmupyercs
TabIHUIIa2 CIeIyIOIEero BUaa
Ta6ﬂ.2 b wonounon
o o o rae Vik E{ +, - } OTHOIIeHHE TpuHAIe)KHOCTH ("'+")
[Tapanerper | [ P, Py uiy HenpuHamieskHocTd ("-") LelneBoro mapaMerpa OJHOM
5 5 IPYNIBI KO MHOXECTBY BXOJIHBIX MApaMETPOB IPYTUX
Py, x Y12 | - | Ylm | ppymm:
Py, b2y % o | bay, Ecmu p, € P* = Gj <G Vij=Lmk=Lm, j=k.
J
[Ipu sTOM Kaxkias TPyIIa MOXET BKIOYATh PAa3IUIHOC
b b YHCIO BXOIHBIX MapaMeTPOB; KAXKABIA MapaMeTp MOMKET
Py, Yml | Ym2 | - X BXOJWUTh B PAa3JIMYHbIC TPYIIBI; BO3MOXHO IOSIBICHHE

OTAENBHBIX TPYIII 0€3 CBsI3el C JPYrHMMU IpyNIaMu.
Jlis mpecTaBiIeHUs 3HAHUHN B OKCIIEPTHON AMAarHOCTUYECKOHN CUCTEME U OMMCAaHUs 3aBHCUMOCTEN
B C(hOpMHUPOBAHHBIX IPYIIIAX TAPaMETPOB MOXHO HCIIOIb30BaTh HEYETKO-TIPOLYKIIMOHHYIO MOJIEIb
CJICTYIOIIETO BUJA !
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ECTI x, = F(W) M x, = F,(W,) M. x, = F,(W,) TOY = B(CF) (1)

Xj — BXOJHBIC [ICPEMCHHBIC; w; € [01] — Beca yCJIOBI/H‘/'I"Xi = Fi "
- Fi — YETKO€E 3HAYEHME BXO/Ia; Y — BBIXO[HAs IEPEMCHHAS;
i)z
Fi — HEYETKOE 3HaY.BX0/a; B — yeTkoe 3HauYeHME BHIXOA;

'Ei ={x,, He (%)}, tne HE, (X;) — dynxuus npunagnesxnoctn;  CF € [0,1] — nocroseprocTs npasuia.

Hcnonp3oBaHre HEYETKHX INPaBHJI JAaHHOTO THUIA OJHOBPEMEHHO BBINOJHIET CIEAYIOLIHE

TpeboBaHus:

®  BO3MOXXHOCTb HCIOJIb30BaHMUS PA3HOTUIIHBIX BXOJHBIX U BBIXOJHBIX aPaMETPOB MpPaBUIIa;

®  BO3MOXXHOCTb 00paOOTKHM YETKHUX ¥ HEUETKUX BXOAHBIX JaHHBIX;

e  ydYeT 3HAYUMOCTH (BECOB) YCIOBHH B IPaBHIIE;

®  y4YeT 3HAYUMOCTH (JOCTOBEPHOCTH) KaXJIOTO MPaBHIIA.
Hampumep 3amuch mpaBmia Ha €CTECTBEHHOM SI3bIKe- “©CIIM Yy OKCHIIMHBI 3peNoro BO3pacTa
HaOIIOJAalOTCA TAaKHe CUMIITOMBL, KaK TOLIHOTA, TOJIOBHAs 0OJb, pa3ApakKUTENbHOCTh, MOKAJIbIBAHUE H
JOKCHHE B CTOIAX M KUCTSX, TO y Hee, BOBMOXKHO , MUTPEHb” ¢ HOMOIIBI0 HEYETKO-TPOTYKIIHOHHOTO

npaBmwia Buma (1) wmveer Bup: ECIM mon="xenckuii’(0,7), W Bo3pact="3pens1ii’(0,85) U
xapakTep="BcubuibuuBbIi’(0,8) 1 Gomur="ronoBa”(0,95) U “ctomsl n kucty =nokansiBanue(0,8), To
JqurHo3="murpess"(0,65).

3akaioueHue.

OnucanHplii B pabore Meron TO3BOJseT (OpPMHUpOBaTh 0a3bl 3HAaHMHA  OKCIEPTHBIX
JIMarHOCTHYECKUX CHCTeM. Peanuzanusi 3TanoB TpyNIUPOBKH IapaMETPOB OOBEKTa, IOCTPOCHUS
COBOKYITHOCTH CHCTEM HPaBHJI IO KaXKIOH IpyIe NapaMeTpoB U HACHTH(HUKAINHU ITapaMETPOB MOJEIH
COCTOSIHHSL CIJIOKHOTO OOBEKTa MO3BOJSAET C(HOPMUPOBATH HAdalbHOE COCTOSHHE Oa3bl 3HAHWH, Kak

COBOKYIIHOCTb CUCTEM IIPABUII C I/IIleHTI/I(i)I/I]_II/IpOBaHHLIMI/I 3HAUCHUSAMHU apaMCTPOB.
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b5 x5¢m058035, 8g¢s 8gbosdz0¢emo
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Formation of the knowledge base for medical systems
Nora Jaliabova , Gela Besiashvili

Summary

The article presents the characteristics of the building of medical knowledge bases, it shows an

example of rule building and implementation of a logical conclusion in medical information systems.

Stages of creation of the medical knowledge base, sequence of actions of the expert are reflected while
working with the medical knowledge base. The described method allows to form the initial state of the
knowledge base as a set of systems of rules with the identified values of parameters.The formal
representation of medical knowledge bases obtained by means of this algorithm allows to use them in
expert systems of medical diagnostics. The proposed approaches can be adapted to different subject areas.
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IIporpamMmma 1Jisi BBOJIa TaHHBIX B IKCIEPTHYIO CHCTEMY THATHOCTHKH MEPBUYHBIX
rOJIOBHBIX 00JIei

JImumpuii Paoszuesckutl

Email: dradzievski@gmail.com

Pe3iome

JKcmepTHasi CcHCTeMa JHATHOCTHMKH MePBHYHBIX TOJIOBHBIX 0oJieli mpeacTaBiaser codoii
NporpamMmy, CHOCOOHYI JHATHOCTHPOBATh TakHe 3a00jeBaHHs KaK MHUIPeHb, TIo0JIOBHas 00.b
HANpSIZKeHUsl, KJACTepHasi roJioBHasA 00Jb M Ap. IlepBHYHBIMM TOJIOBHBIMH 00JISIMH Ha3bIBAIOTCS
roJIOBHbIE 00JIM, KOTOpble He AaCCOUMHMPYIOTCS € APYITMMH BbI3bIBAIOIIMMH HX MAaTOJOTHSIMH.
IIporpamma cocrouTr M3 JBYX 4acTeil — oOyuyammieid 4acTH M cHCTeMbl JUATHOCTMKH. B padorte
onuchiBaeTcss 00y4awIas 4acTh NPOrpaMMbl BBOJA JAAHHBIX B JIOKAJIBHYI0O 0a3y JaHHBIX CHCTEMBI.
PacemaTrpuBaloTest pyHKIMH BBOJA JaHHBIX JJIA JlepeBa MepapXu4yecKUX NPU3HAKOB Ha sA3bike C++.
OnuceiBalOTCSl 0COOEHHOCTH BBOJAa AAHHBIX JUIA TPHUIUIETHBIX MNPHU3HAKOB € MCHOJIb30BaHHEM
cTaHaapTHBIX pecypcos Windows.

KuroueBsle ciioBa: Juaznocmuxa, 2onosnas 601b, npozpammuposanue, C++.

OyHIaMEHTaTbHBIH NPUHONI AWATHOCTHKH TOJOBHBIX OOJIEH — COOTBETCTBHE THIIA TOJOBHOH Oomn
KIMHIYECKUM KpUTepHsIM MexayHapoaHoil knaccudukanuu ronoBHbIX Ooneit (MKIB), paspaboranHOM
KIIaccu(UKAITMOHHBIM KOMUTETOM MEXIyHapoIHOTo obmiectBa ronoBHo# 6omu (MOKT'). B manHO# pabote
paccMaTpuBarOTCs IEPBUYHBIC TOJIOBHBIE OOJIH, T.€. TOJOBHBIE 00NN, KOTOPBIE HE ACCOLMHUPYIOTCS C IPYTHMH,
BBI3BIBAIOIIMMH HMX MaTOJOTUSAMHU. J[MarHoCTHKa MEPBUYHBIX T'OJIOBHBIX 0OJel 0a3upyercst HCKIIOYUTEILHO
Ha JaHHBIX kano0 marueHTa W aHaMHe3a. OCHOBHOW mpobieMoill B chepe MEAMIMHCKOW IUarHOCTUKU
SBIISICTCA HETOYHOCTh, HEUETKOCTh M, 3a4acTylO, HEMOJHOTAa M CYOBEKTUBHOCTh NAHHBIX O COCTOSHHH
MaIfeHTa, a Tak)kKe, He KaTerOpuYHOCTh COOCTBEHHO MeAMIMHCKuX 3Hauuii [1, 2]. TTostomy mporpamma
JUarHOCTHKH JTOJDKHA COJiepKaTh NOAPOOHBIH M HanboJsiee MOTHBIN CIIHCOK BCEX MMEIOIINXCS TPU3HAKOB IS
MOCTPOCHUS HanboJjiee TOYHOTO KOHIENTa (TIOHATHSA) — XapaKTepUCTUKU TaHHOTO BHJA TOJIOBHOM OOJIH.

Pabota coctout n3 nByx wacrteil. Ilepsas gactp — o0ydenue. B 3Toit yacti npousBoauTcs pa3padboTka
6a3pl JaHHBIX, B KOTOPYIO 3alMCHIBAIOTCS BCE IPU3HAKH, XapaKTepPHU3YIOIIHME COBOKYIHOCTh
paccMmarpuBaeMbIX 3a0o0JeBaHUH, pa3pabOTKka NPOrpaMMBl 3allOJHEHHsS 0as3bl JAaHHBIX W HPOTPaMMBI
OMHapu3alny JaHHBIX JUIS CO3/aHMs JIOTHYECKOH (PyHKIMH, KOTOpas MpecTaBisieT co00i TU3bIOHKTHBHYIO
HOPMaJIbHYIO (hOpMY, ITOCTPOECHHYIO Ha OCHOBE JaHHBIX XapaKTEPH3YIOIIMX COCTOsHHE OoyibHOTo. Bropas
YacTh NPOrpaMMbl — 3TO COOCTBEHHO JMarHOCTHKAa, KOIJIa B CO3/JaHHblE JIOTMYeCKUe (QYHKIHH
MOJICTABIISIOTCS peabHbIe 3HAYCHHUS.

B nmanHOI cTathe MPUBOIUTCS OMMCAHHE TOW YAaCTH MPOrpaMMBI, KOTOpas MO3BOJISET MOIYYHUTh 0azy
JAHHBIX JUIi MHOXECTBa IPH3HAKOB 3a0ojeBaHMH W OWHAPH30BAaTh YHCIOBBIE JaHHble. Kaxkaomy wu3
MIPU3HAKOB COOTBETCTBYET ONpPEIeNEHHOE TI0NIe TaOIHUIBI 6a3bl JaHHBIX.

basa naHHBIX COCTOMT M3 IBYX TaONHI[, KOTOPBIE B O0IIEH CIOKHOCTH UMeroT 297 moneit — 231 moe B
nepBoii Tabmuie u 66 monei — Bo Bropoi. [lepBas Tabnuia conepxuT: o0IIyI0 HHPOPMAHMIO O MAlUEHTE,
MH(QOpMALMIO XapaKTEPUCTHKH TOJIOBHOW OONM, CHUMITOMBI, MpEIIIECTBYIOMINE TOJOBHOH 0o,
COINPOBOXKIAIOIIME M MOCIEAYIOIINE TOJIOBHOW OOJIM CHMITOMBI, NPOBOLMPYIOIINE, YXYALIAIOMINE |
obJieryaromye ToJOBHYIO 00ib (DaKTOpbI, JaHHBIE O ICHXO-COLMAIFHOM CTaTyce MalMeHTa W JaHHbIE,
Kacarolyecs )eHIInH. Bropas Tabnuia conepXuT JaHHble 0 papMaKoJIOrHIeCKUX CPEICTBAX, IPUMEHIEMBIX
JUIst 0OJIETYSHHMST COCTOSIHUSI ITAlMeHTa U KYITUPOBAaHUH T'OJIOBHOM O0JIH.

Ha puc. 1 — 7 npuBoaSTCS CHUMKH paObOThI IporpamMMbl. M3-3a 601b1oro 00hEMa BBOAUMBIX JTAHHBIX,
oToOpakeHHEe BBOAWMBIX JaHHBIX pAa3/leIeHO Ha CTPAaHWIBL, Kaxaas M3 KOTOPOH COOTBETCTBYET
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Puc. 1
ompenenéHHoMy pasmeny. Ha mepso#t crpammiie (puc. 1) BBOmsTcs 0oOUIME aHHBIC, KacarouHecs
vHpOPMANU O TAIMEHTe: KOJ MMalfueHTa, (aMIIus, UM, BO3PACT, IIOJI, PO 3aHATHH, TenedoH, mpodeccHs,

D Forml
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0 b6 (3opmdbéiogn, bob m@33bhogo Elosgo [6sbggeio mogo 7] Fpdemo I bgbge 1 36m3ob 966l 36 sdggomgdh
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6098t E13ggndsge
FamoFapBo ghmbym ® Fomofeno hadnmgbodyyah © 36gumya® Fazob 3eblgmedaBo © moejdol yrgameny e g " @ bfomann
© o530 ghobym © 93390 G:3npyEodya® © 36sgsmpg® ool 3e68sgmemdsBe s66agmad .
EBodio B b Lghosk P I 3360, BbaseaBomo
5 $06:30 yhebaen © 3306530 Gadngibodgga® O 3spsmRa® ool 3e6dgmedsde M ool "Bimagno” JgGammo 30 Ry o 3
) @gBo gk 0980 Gdnmabodinas 3tsgemya® meob 3a63sgmadsTo
Baogosmob sedmaabzdob o6 Tahazadob aebBoézdab mém:
b b Bobbo:
mogob §gogoszo &) @ mosos Pl ] bags3em i3y
SESTREES 1 Bsjhosko posdade ElRadbbos
¥l obgadeos F1356b3Mgepoob maeFygde Wm0 ko SExmABOIIt0 %3m0 Flastogbame #togbamo ] 38mmpnds
¥l byBabo Floabymads H s ageamgpgdol 'a\n?n Bomads

Els6gfoqmo 303p506%0s  aamoly 56 egeb sg3o B g0 206 530m0 Gobaado

Fbbgs memgummyto daogomo

s T msgol Bogosmol dabgkl gps Lo odeb Bogfgmeds
3> Sobgbo: B (bobaaeaah

p Psmgmo gnbhtepdegRet
aongds

[35028¢0k dommanmbob Endatoldsz0gbideb sbogo|3sz0abéob bigbo|ebdshan
16/Ash360dg Gobm wododhob sbgemo 28 12 76 25 3mpgeémdone  |Boggggobal N2

™

SNV RPN, S T _U_— [_—__— _——— —— |
4mwu o] 3sgogbgols 0o, babgmo
[FRTSJR RN (RSN | _—— e

[sEssmaadnaniol Eomantosdn - bgmose aopamob dpgosmo|sEomanngitn - Bunbrgbs obhgEbogras|sEomanteibe - Bont
1 0 1

|356og680k agsto, bokgemo
Mbshb0da Gobm modndmob sbmsro
il ™ |

Puc. 2
MecTo paboThl. B pexxnme 00yueHns BBOAUTCS U AUArHO3 HAIUEHTA.

Ha Bropoii crpanuiie (puc. 2) BBOAATCSA JaHHBIC XapaKTEPU3YIOIIHE TOJOBHYIO OOJb MAlHEHTA!
BO3PAacCT, B KOTOPOM HAdaIHCh TOJIOBHBIE 0O0JIM, 9aCTOTa MPUCTYIOB, X JIUTEIHFHOCTH, BOSMOXKHAS IPUIHHA
BO3HHKHOBEHHS IPUCTYIIOB TOJOBHOHM 60w U T.A. Ha 3T0il 1 mocnemyronux cTpaHniiax BBOJ OOJBIINHCTBA
JAHHBIX TMPOW3BOJUTCS TaKUM 00Opa3oMm, 4ro obecrmeuyuBaeTcsi WX OwHapusaius. Hampumep, B pasmene
«1okanmu3anys 60 (001aCTh)» PAAOM C KXKIBIM U3 NEPEUHCICHHBIX MIPU3HAKOB: T0JIOBA, MMOJTOJIOBHL, JI00,
TeMsl, 3aTBUIOK, BHCOK, TJIA3HUIIA, IJIa3 MMEETCS YIPABILIIONIMHA 3MeMeHT (uaxok. [Ipu momomwm ¢uraxkos
OCYILIECTBIIICTCS BBOJ 3HA4UeHUi. Ecnu prakok ycTaHOBICH, TO B COOTBETCTBYIOIICE 3TOMY (IAXKy IT0JIC
TaOIUIBI 0a3bl TAHHBIX 3aIMCHIBACTCS 3HAYCHHE 1, eclii (pIakOK HE YCTAHOBIEH, TO B COOTBETCTBYIOIICE
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l'[porpaMma AJI BBOAA JAHHBIX B IKCNIEPTHYI0 CUCTEMY NTUAIHOCTUKHU NMNEPBUYHBIX I'OJTOBHBIX ooueid

9TOMY (IaXKKy Iojie Tabnuip! 0a3bl JaHHBIX 3anuchiBaeTcs 3HayeHue 0, a ecin (1axok cepeblid, To B TabiuIe
0a3pl JaHHBIX 3aIlMChIBAEMOE II0JI€ OKa3blBaeTcsi MycThiM. MHQopmanus o mpormycke TaHHOTO 3JIEeMEHTa
TaKKe YIUTHIBACTCS. AHAJIIOTHYHO JIENAETCS U B APYTHX pas/ernax.

Ha Ttperbeit crpanmne (puc. 3) BBOAATCS 3HAYCHHS, XapaKTEPH3YIOIINE MNPCINICCTBYIOLINC

B:36mangotabymo, guddioddamo o bmBffando geféoade | glejologmgho bsdgbe | pmgdobeob | gslngmmopogo bilpmpdse
bogemo 0bgrddges I g0l dyogogmob Bbsbosmgdengdo daogommob Aydagol Tobbfede, mublbamade ps Inbdohindumyhio Jxhonpob geddntyde
Bgogosmol gdagol Fobbf@gdo, msbdbmado s dnbirendsmydo 3gGomools
Ao JHmegdo
35g0gbob gogo: 16
baogosmob Fydagsh Tob pdmgob:
Bogo madade Tbamapmmdol samwBa gbodondo Jodahadhognds B boorkob Tppande
7 boddodol Fpahdbds onglo boSommol Bedoior Byndpdo Byddbmdosmmds M pomBReb s
Ja6sFmagob dhoddol shygmmds Bduaam ol gdgbrmgbads B 3560 Jodgtdabos
ugosms Fabdomalo egsmpdob fof gateRRAob gbbdsgeob meizpmagds W Sighgtos
Godymody bajdmol Bongob magradame gy MhogEpdol Bbgmpds W 3otz
Gadob gedngde ] goliéiob gaborgd Famndy peddgmmnds Indudgdaemo Fddbodasmnds daheb
Peahiadeb pedygd gl gabogdolpsjodymendymedsdymmet B Sriopen Phass Jideme a6 Inmbicets
bBoio 3niBangds dogmob mathmgps Bargomzol Fpdmando ebgomiadon
Widego gopmms | bhgbat Bpphebgds
Seraago bobybia | pdigbos W grbogmndos
296095-356Fgmdol Fpigms | dmgbagbiinds B gobogaho Jodghaidontnds
psnobosbgpnds nbdngndes (303 Lbygeeb bybot) W 3opob (3pdedob) medagoongde
mogob Bgogosmob Fahazeb mob sbemagh: Inbhpéndsmyho Jghonpob boddgmgdo:
W agemols dyg (@bgodab Babdmadol mobdnds igomob Tbsigh ] semamompds
gbobads bybien Jmagob Gogomo s boddedy ooglo
[l ggngndos 19930l o babob mgmmosbods 1 dmabodoaho gohmagagdo
gmbognles B Jaevgent Bdndggds 1 BegomBogmato aedmpodant 3pahdbads
bamabob @adyggds 3380800 Fggofhngds 26 gmdomgdolbbabosmnb ggmomads
1 gabgdolb medngads [ obol boFoommy 2H33maHopnds
¥ ol 330305 [ bobol bogahdfhonmy Imdhamdgdol Ybamads
7] Babgdob aep0g0ds sBigdtos gorobosidopnds
1 dbawagmmdol godagnngde Ingoachgde
Jbogpshyss 5o b of
obhob 333588 odbogsdyiamate grbagdegb obaiues Flreoss, gad-6eFamsgols boddgmigdo
Byndnds Flodtomsdgbemato Gomba pysh 3gnto

1ao3meabe daogossol Fhehab [ Jnegenglel adbomedatempdie Tydgigds
Puc. 3
(IpopoMainbHBIE), COMPOBOXKIAIONINE U TOCHEAYIOHe (IOCTAPOMaNbHbIE) IPU3HAKH TOJIOBHOM 60sn. BBox
9THX 3HAUEHHUH TaK)Ke OCYIIECTBISIETCS MTPU TIOMOIIH (DIIa)KKOB.

Ha gerBéproii cTpanure (puc. 4) BBOAATCS 3HAUYEHHUS MPU3HAKOB, COCTABIIIOIINE ITPOBOIUPYIOIINE,
obyieryaromue WIM yXy[qmarmonme (akTopsl TronoBHOM ©Oomu. Cpean NpoBOLMPYIOMKX — (aKTOPOB:
(u3nyeckas yCTajoCcTh, HENPHUATHBIE 3amaxy, OECCOHHWIA, MHOTOJIIOAbE, cHeuuduyeckas efa, LIyM,
npeObIBaHKe B IyIIHOM TIOMELICHHH.

Ha msroit crpanmne (puc. 5) mporpamMmbl BBOJSTCS JaHHBIE, CBS3aHHBIE C ICHXO-CONNAILHBIM
CTaTyCOM MalMeHTa. JTO MPOJOJDKUTENLHOCTh CHA, CHA B MEPHOJ NPHCTyNa TOJIOBHOW OONMHM M B IEPHON
OTCYTCTBHUS TIPHCTYIA, IOBEICHHWE MAlMEHTa BO BpEeMs MNPUCTYNa M B MEPHOA €ro OTcyTcTBHsA. Takxke
BBOJIAITCSl JaHHBIE O COIMAIBHOM CTaTyce MAaIMeHTa — €ro B3aWMOOTHOIICHMSAX C OKPYXXAIOUIMMH, O €ro
pa3BICUCHUSAX W 3aHATHAX CIOPTOM WM (PU3MYECKUMH YIPKHEHUSMH W O €ro >KHIMIIHO-OBITOBBIX
YCJIOBUSIX, JIaHHBIE O HACJIEJICTBEHHOCTH NalMeHTa — OTMEYallCh JM aHaJOTWYHbIE TOJIOBHBIE OONU Y
OmDKalIIMX PpOJCTBEHHUKOB TIAl[MEHTa — MaTepH, OTLa, OpaTbheB, cecTép WM JPYrux OJIM3KUX
POACTBEHHHKOB.

Ha mectoii cTpaHuile BBOASTCS NaHHBIE, Kacalomuecs: )KeHIUH (puc. 6), a Ha CEIbMON CTpaHUIIe
BBOJATCS JIaHHBIE, Kacarollyecs NPHHUMAaeMbIX NamueHToM mpemnapatoB (puc. 7). Ilockompky bacto
npernaparsl ¢ OJHMM M TeM e ACHCTBYIOIIMM BEIIECTBOM HMEIOT pPa3jIM4YHble HaNMEHOBAaHUS, TO B
nporpaMMe BBOJSITCSL HE CaMH TIperaparbl, a HX (apMakoJornyecKkue TpYIIbl: aHAJIBIeTHKH,
KOMOMHHUPOBaHHbIE IpeTapaThl, HecelIeKTUBHBIE aroHUCTHl 5 HT1 — pernenTopoB, 6J0KaTOpbl KalbIMEBBIX
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Puc. 6

BoGmzmmegondo Ladnsmadgdo 3sgogbigeb gmge:. 16

Bkomtnae (b, ) Lo e o g s o O
[ bégeasp yepameb dppors  Wi3gonpds obgfbognds
B Bgossggds bobphimognds B bogbong o Snflpgdh [1b6nmmoom poparmob aogome  [13oneads 0bhifbognds

Cl8godigds bobybimmogeds Dbagfiong o 3ot

Bk i o TR HEnts PR e i) o

Dibgmos sgmob dogome. Cligesaads obaofbogeds Dlbspmase souameb pgore  [E1Aghmgds obgbbognds

Dagotnzbs Wyhimegnds  [Hspdomie 36 BoFiondd 3o Wysdmegds ibsgtong 46 o math
Basabymajoonto 538, - Haind symboligdo (yanddobo; gogendngdynadeto) [13980- 2 gbmdme gtz

[Jbegeease gopgeeb fgogemme  [aganmaba obgibogmds [ bAgmose pogamob dgogoze.  [D8gosingds 068gBhognds

Ddmgds bifghdmognds:  [Ihoptong o6 InFpentt [l9godnms babySdmognds Bl koo o4 dofgmph
B psmpopol s6lgdab dmogsdrtgda [ Sonfigmediabipia

[Jhgrmnsy gopameb dgogomo  [Aaomgds obdgibagmds [ bmmosy p¥aareob fargome [J8a0hmgds obgblogrds

[3ohmads bebyhimegnds [kgbong 6 Infgpb [dastngds Lbyhimognds Fksgfong o dnPampdtb

[1bgmony aeipammab daogoma  [Toqas o6dsbbognds

[1bbneosm aonsmob dyogomme.  [ldnoednyds obhablogeds

PR Ehateat ol Digebads bipbherds Do 4 Goflpusth
E1388pgmbanezbubglo Bizobydel bufebssodngn balympso (Badngmnibadog, gnlighognt)

[Jbdgmeng aomamob diogoren  [J3a0hpds abaitognds [ byemosp appemnt Ggmopme L18306mp0 obablognds

[l3aeseds Wiadmegnde  [laghonn o Inflgepdh [J3gehnRds bbahagsognds [ bsgoing o6 Snfamgdl

B ¥6ngomayiognho bdphbame bilpmalyde (gp6slsdomomonagiob jsbdnbage, gumitngob Bgigs, 3gmobagsnba, dnladadona, 3sadgheto, Smsfntiof)
[bigmosn 2vnamab duogomo  [Ipodingds obfofbognds  [pnieads Wilphdmegnds  [Tbigham o6 dnPamdh
Puc. 7
Crnenyer oOpaTWTh BHHMaHME Ha TO, YTO HEKOTOpPHIE TIPU3HAKM O00pa3yloT JepeBO MOHATHUS
JIMHIBUCTHYECKOTO npu3Haka [1]. Jlist Takux cirydaeB pa3paboTaHsbl CIeNualbHble (QyHKIUH IPOrPaMMBIL.
B stux QyHKumsax ycraHaBnmBaeTcs mepekirouyarens (ecau — To). Hanpumep, B cirydae JIoKaau3aluu

TONOBHOHM Oomu (puc. 2), mpu BBIOOpE OOHON W3 JIBYX BEPXHHX PATHOKHONOK bob ;3o¢»db®ogo, bsb
0653b(030, §039¢7030b MEGIbGOZ0, HIKHEE 1B PAIHOKHOIKY OKa3bIBaeTCsl HeakTuBHBIMA. [Ipn BeIOOpE
CaMOH HIDKHEH PaIMOKHOIIKH YM39¢»030l ;55¢»dbfHoz0, nBe HWKHNE DAJUOKHONKH (35¢Pdb&H030,

9m39¢r030b 9GO

Baogosmolb mwmgsmobages (dbsdéy): Bdogosmol mmgsmobagos (Ibaéy): 08‘533 ﬁb&(f)gl} u
© bs6 @smbitiogo, bss m@8bthogo © b6 (3mBbGogo, b6 mGATbGOg 35eIb&030, bsig
® grggmogol mGAbGogo © gmggmogol mG3bhogo
© yoggmogol 3omdbhogo @ ygoggmongol 3eedbdogn ‘34.7 60{0@3 3

(3omabhogo, ymggmogol g ms ndagy Fbarigh ® (3omabingn, ymggmogol g6 s 0dsgg Fbatyl O, B CTaHOBATCA
@omabongo, ket Sghompgman 0Egmads © @>mdbhoge, dbady  JpGompyYme 033 ds G579

aktuBHeIMU  (puc.  8).
Puc. 8 AHaNOTHYHBIE  JI€PEBBS
[PHU3HAKOB TIPEJICTABIIEHBI
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B IporpaMMe Ha CTpaHHLaX RLojm-Umposcraybo Udsdalbo, Fs¢2980boz0b u  Rstds30¢0mg029(0
bs895¢798980 (puc. 5 — 7). Ha ctpanune glogm-leagoseroy®o bdoderbo B nyukre Ud@gbo ucnonssyercs
Oonee ciokHOE, TpPEXCTyNeHYaToe AepeBo mpu3HakoB (puc. 5). IlepBas crymeHp — BBIOOp (QIakka
359Hsboos, T.e. meperéc manueHT cTpecc WM HeT. B ciaydae BeIGopa 3TOro (hrnakka CTaHOBUTCSI aKTHBHBIM
BTOpast CTyNeHb — Gbwyboydo, bemdogho, Jdody, 35950HGMmRoevo. Boibop OZHOTO HIM HECKOIBKHX
(baXKOB menaeT aKTUBHBIM TPETHIO CTYIIEHb — BBIOOP OJHOI U3 PaJHOKHOIIOK PSAOM ¢ (GIaXKOM: 9MHobgen
350050(H5bs, G5Im 6009296 350509565, bIOMHS® F5W0HSbS.
IIporpamma Obuta paspaborana u nporectupoBana B C++ Builder 2007.

3063950 05306 (330300l ©0sBMLE0MgdOL 9JudgBEHME Lolidgdsdo
3mbsggdoms 99BHobols 30rma®sds

Q©@Oodo®o 53093l30
Mgbowmdg

30039Wo@0 ™30 330300l 0sRBMLEG0MGdOL  9JudgMEHMo LobEgds [oMBmoygbl
36OHMM505L, OHMIGbog do9hbos b0 0ligMO 9350 YBJOOL OIFBMLEHOMIBOL, MMAMOOEF SOl
353030, 3350 MdOL 530l FHI0Z00 S 3EOLEIOMO 0530L BHI0Z0C0. 30M3JEOO 0530
330300 gfmEgds  ®o30L  (H3030l, MHMIgEog 9O  sGOL  SbmEoMmgdMo  bbgs  godmdfiggs
350MEM0oLbmb.  3MMAMmTs  Ggagds MO0 boffowolbogob —  @oleagol  bofoolisgsh o
053bMBEGH0MOOL LobBIoLssb. Lodwmdsmdo s©00fgMgds LolEYIol msErE dmbszgdms d5Bs8do
9mbs3gdms 9gBobols 3MmyMsdol Lolifoganm bsffomo. goboboggds dmbsggdms Fg@sbol gmbjsogdo
096M56MJomen Bosbms bggdolomgol C++  gbsBy. smofigMgds dmbsisgdms 8g@¢sbols magolgdMgds
AM03gBmo 603bgdoLmzol Windows -ob bGebsd@Ewmo Hglwy®Lgdol 4sdmygbadoom.

Data entry program in expert diagnostic system of primary headaches
Dimitri Radzievski

Summary

Expert diagnostic system of primary headaches is a program that can diagnose diseases such as
migraine, tension headache and cluster headache. Primary headaches are called headaches that are not
associated with other pathologies causing them. The program consists of two parts - training and diagnostic
systems. The paper describes the educational part of the program data input in a local database system. The
functions of the data input for the hierarchical tree features in C++ are considered. The features of data input
for the triplet indication by using standard Windows resources are described.
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LEBOG05d0  FgIMmez35BYOME0s  MToeglo  Fo0gToBHozol  Lozombgdol  gn9dEHweO
Loz gd0l dobboom 8gddsgzgdnmo 3MMmyMsdmwo MHOmMBlgwymms, HMIgwog Logwdzwmo©
M3l MFo0wgbo Fo09gTsBH03olL bfagwadol 3Gmamsdmwo LoHzdmbgwols 3/Tomdsl. 3Mmy-
500 YBOHMB39wYmgs G909ds FoMMZ0L derm3obs s Fmbs3gdms doBoLoYsb. dabs Bgagds
500096009 3bM0WOoLsYsb, MMIgddoa IMnmsgLgdwE0s 19TsE¥IMS© S LMol Jobgz0m
QO350 53396980 053006000 53MbLBgBd0M. FoM30L dem3o Tglsbifagero Mgds030sb
2458m0obstg Ggdmbggzomo Igmmoom 0MmBg3L Tgbsdsdol bMowl s s9mEsbgdl LoMmomweols
dgLsds30olo MbOb.

bs3356dm2 bodgggbo:  36Gagsdegemo  bsfigtobgemo, «dsmerglio Fso90s303s, 3a9Gobs ©s
As¢G0i0ob 65963300, 356U B3G90 ©s 3sboylis brztigemo 0bdgstrsero.
1. dgbsgseo
50558500, Bo0bBMMT>30M 39gbMEPMA09d0 BsMOM® Fodm0Yygbgds 50530560l Logddosbmdol
90035 bgggOmdo[l, 2]. gO®-9OH0 sbgmo LEgOms gobsomegds. 9ggdboos s FoMds@gdom
39900Y9gbgds  smobmdom  3mI30m@Eghvyero dolfsgero LobEGgds bbgsslbgs @olbEodwobgdols
d9LHo3eol JoBbom, MHMPMMOES BoH0ogs, Bomgds@ogzs, Jodos, MiEbmMo 9bgdo s 5.3. sbgmo
LobLEYIgool doGomso bofogo 8g9M3s39dos Loxs®m LzmEwgdol Imbfagwggdobmgob.
239309000 b53wgdo gmeoegds gmdmds 3m3309E Mo dsbifogero LobEgdol dgdwdaggdols
5 250mygbgdsls «dswangl Lobfogergdrgddo. gMo-gMHmo dodsMmrmegds, Lssg 0933965
03Mdbmdy sLgmo LoLiEgdgdol b53wgdmds, sGOL MTsmeglo Fomgds@ozol LHsgewrgds. sJgwsb
3900m80bsMg, 15305 oo d60d36gmmds 543L  3MI30vBHIOHMo Fobfagamo LoliEgdgdol
890990539050, b6gMR35L5 s SJBHOMMO® 259mMYgbadsls MBswarglbo Fsmgds@ozol Lfsgargdols
36m3gLdo.
2. dotomeo bsfowo
bg99mo 50b0d6o botzgbolb godmbifimmgdol dobbom 893mdsgz9deos 3OHMYEsdME0
MbOMbzgwygmgs, OGmdgwog LEAMIBAL  LodMoEIgdal  sdeEg3l  Fgolffogerml  »dosmergbo
090530306 Lbgoslbgs bs30mbgdo s 59mblibsls Gglisdsdolo  Fogoomgdo. ToRILOMNS,

XZ
2569L5BE3Ogwo 0bEGRMool BglFogzerolsl, LE¥gb@ds Bgodwgds s8mblbsls [ xdx = S tC

Lobol  dogoomgdo. gegdgb@otmwo gwbjsgool Fomdmgdwyol dglfsgarolol bEwgb@ds
8903905 58mbLBL - (x2)" = 2x Lsbol Bogoeomgdo. Bs@®oEol ©EgMBobsbEL Fqlifogarolsls

bHI0963Bs Bgodegds 53cmblbsls (% g) d = -7 bsb0s0ol sdez6900.

Pom3mpqboo dogocomgdol dobggzom, 898+98s390ve0s dmboigdms d5Bs, HMIgwros
39003905 500096009 EBOHOEIOLOYSB. oLobo  Fobmeglgdmemos SQL LgMga®By. EbMowgddo
I3l gdE0s F5490mMGO0 gdgdol dobgzom: oBHMoEol YBHIMI0BBEL JoBmmgs,
8906 MEqdmEo  F5G®OEoL  2d0Mm3s,  FoBHMOoEol  GEMBL3MboMgds,  49BLsBEIMMO
06393050l A50mmzs, 49bMLsbLzMgEo 0b@ Mool Asdmmges, JoMmEH030 BMbIEogdol
o00mgd ol aodmmzws s 9.0. 3OMaMdmwo  MHOOHMBlgeygmgol  FoMmzol  derm3o
950D YOMos  I3OHMYM3gd0L C# 9b5Bg. ol 3mI30GHgewo  Jugwolb bosdwmswgdoom
1353006905 SQL LgM39ML s Fobmsb sbgbl dmbo3gdgdol go;33wsb.
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JoymoEob  ©gBHIMI0bsbEHOL  godmmgol  Lfagerologol  8993sg9der  3bGowl
(Matrix_Determinant) 999090 LEGIGHMOs og3L:

gbMogo 1.
1390 Lobgo dmbs3900L o030 560869 gds
Matrix_DeterminantilD INT 300390 2oL50gd0
str_raodenoba INT 3530 30L LGHMOJMbgdOL MOMEIbMdS
sv_raodenoba INT JoBM0o3ob 139G oL MomEgbmds
M11 INT FoBHMoEob 9egdgb@o, Gemdgol
obggdLos (1,1)

M12 INT FoBHMoEob 9egdgb@o, Gemdwol
0bggdLos (1,2)

M13 INT FoBHMoEolb 9egdgb@o, Gmdwol
0bydLos (1,3)

M14 INT JoBHMoEoL 9wgdgb@o, Hmdgol
obydLos (1,4)

M21 INT JoBHMoEob 9wgdgb@o, Hmdgol
0bydLos (2,1)

M22 INT JoBHMoEoL 9wgdgb@o, Hmdgol
0bydLos (2,2)

M23 INT JoBHMoEob 9wgdgb@o, Hmdgol
0bydLos (2,3)

M24 INT JoBHMoEoL 9wgdgb@o, Hemdgol
0bydLos (2,4)

M31 INT JoBHMoEoL 9wgdgb®o, Hemdgol
obgdLos (3,1)

M32 INT JoBHMoEob 9wgdgb®o, Hmdgol
obgdLos (3,2)

M33 INT JoBHMoEob 9wgdgb®o, Hmdgol
obgdLos (3,3)

3MHMYM3ME0
0POTbIICYms

JoMm3z0l dEPm3o

_ dmbs3gdms dsbs

LHMIbGHO

Bob. 1. 30ma®s3wero
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M34 INT oBHM0oEoL 9wgdgb@Ho, Hmdwol
0bydLos (3,4)

M41 INT JoBHM0oEoL 9gdgb@Ho, Hrmdwol
0bydLos (4,1)

M42 INT JoBHM0oEoL 9wgdgb@Ho, HMmdwol
0bgdLos (4,2)

M43 INT JoBHM0oEoL 9wgdgb@o, HMmdwol
0bgdLos (4,3)

M44 INT 3530 Eob gemgdgb@o, Mmool
obgdLos (4,4)

pasuxi INT LHmMo 3sbbo

239bLsBPZOHMWo  0bGHIYMIOL  49dmmzEol  Lfsgerolmgol dqdwdsggde  3bGowl
(Integrali_Gansazgvruli) 8990930 bLEHOWJGHWOS 5J3b:

gbMoo 2.

1390bL Labgaro dmbs3930L GHo3o ©56036vgds
Integrali_GansazgvrulilD INT 30639Wo@0 2oboMgdo
qveda_zgvari INT 0b6@ 936050l 439005 B3560
zeda_zgvari INT 06@ 93050l HBgs Brgzsmo
parametrbis_raodenoba INT 3565893900l MoEabmds
parametri_1 INT 306390 35605993HM0oL 3600369 mds
parametri_2 INT 99069 356599@ 0L 360dzbgermds
parametri_3 INT 99L539 3565990l 3608369 Mds
pasuxi INT LHmGo 3sbmbo

239695390  0bEJMol  godmmzrol Lsgwrobmgol 89ddsggder  bGOEL
(Integrali_Ganusazgvreli) 9990090 LEG®IEHIOS 53L:

gbMoo 3.

139EOL Labgaro dmbs3gdol Godo ©56036wagds
Integrali_GanusazgvrelilD | INT 306390 2oLMId0
parametrbis_raodenoba INT 3565993 MO0l HoMmEgbmds
parametri_l INT 306390 3565993 MoL bodzbgemds
parametri_2 INT Jgmg 3560509 M0oL 360036 mds
parametri_3 INT dgLsdg 3560090l I60d3bgEMds
pasuxi INT LHmMo 3sbbo

©0x9M96305HO s©Moibzol Lfsgeobmgol 09908539090 3bMowl
(Diferencialuri_Agricxva) 99900920 LEGHOIEIOs 5g3L:

gbMowo 4.

L39GOL Lsbgaro dmboigdol Gosdo ©5603begds
Diferencialuri_AgricxvalD | INT 30603950 9L5®9gd0
parametrbis_raodenoba INT 35615093Mgd0b Mom©gbmds
parametri_1 INT 306390 356589@ Mol 3608369wmds
parametri_2 INT gmMg 3o6509BHMOL 8603369 mds
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parametri_3 INT 0909 356509 BHMOL 60TZbgMds
pasuxi INT LHmeo 3sbvbo

o630l deMm30 MHOHNMB3gEYmRL bOH0EgdOL F93Lgdol Fglsdsdolio dmbsizgdgdom, doom
3mfigbmoggdsl LoMoEol EMBYYdOL JobgE300 s MYIIBHOMIIL. Lfsgzwgdol 3Mmiglido ob
030l bEHMIbEHOL F0ge LMmEMsE s8mblbowo s3MmEsbgdols s MLfMmEMs© sdmblbowo
00m356900L Mom©gbmdsl 9gdamdo sbseoBol dobbom. 50 8Mbdz09d0L MgswoBIdOLMmZOL
3909353909005 IgLodsdoLo 3MMYMsTMEo 0bEIORIOLO s Fglsdsdolo gsbxMgdo.

3.  sb3gbomo bsfowro

5060350, LGoG05d0 899Mm635H90w0s 3MMyMs3Mo N HeOMbzgmymas 999098539090
LA g6EJOOL Boge »dsmEglio Bomgds@olol 09gdgdol gi39dGMms© dgbfsgargdols dobbom. dob
05boby 93900 3OMAMTMwo  Lafzhmbgwo. 3HMaMsdmwo  MBOHMBlgwymas dmoEegl
o630l dEM3LO S IMbsEgIms BB, FmMbo39000 BB 89Yds 3BOHOEIGOOLYE, BMIgdTos
9m53L9d0os 3MYFoGIMO© s LOOMMEOL JObJPLIOM IGO0 5M3EDJd0 M3056m0
50mblbgdom. FoOHmz0L derm3zo MBOHMB3gYmxal 3 3BOHOEIGdOL Tg3Lgdsl sdmEsbgdom, Tom
M905JBH0MYOL,  s0m356900L  49bgPoMmgdel  dgdombggzomo  dgmmEom, LoMmol  geHmo

©Mbosb LEAHPIbAEHOL 490993565l dMTY36m Mbyby.

CTpykTypa mporpaMMHOro obecriedeHuss OGydeHHs BRICIIei MaTeMaTHKH
Jra Favevninagse. Mszua KukHaznse
Peziome

B craree mpesmoxeHa CTPYKTypa IIPOTPaMMHOrO ofecIedeHud, pa3pabOTaHHOIO [Id
yCOBepILIeHCTBOBAHUA IIpoliecca 00ydueHN s BpICIIei MaTeMaTHKHU B BRICIINX y4eOHBIX 3aBegeHnax. OHa
cocTouT u3 GJ0Ka yIpaBleHuA U 6asbl JAaHHBIX. basa JaHHBIX COCTOUT M3 HECKOJIBKHUX TabJHll, B
KOTOPBIX IIOMeIeHbI 33laYH II0 TeMaM, KOTOpbIe YIIOPAZOYeHHI IT0 CIOXKHOCTH. basa maHHEIX, Takxe
COTEP)XUT pellleHWs BCeX 3afad. DJIOK ympaBieHus, UCXOAsS M3 M3ydaeMOM TeMaTHKH, BHIOMpaeT
COOTBETCTBYIONIYIO TabIMIy M 33aJadd M3 COOTBETCTBYIONIETO YPOBHA CIOXHOCTH. Takoil mozxon,
IIO3BOJIET CTYZEHTYy Ha KKAOM YPOBHE IIPOIPAaMMHOTO OOydYeHHS MaKCHUMAaJIbHO BBIABIATH CBOU
MHTeJJIEKTyaJbHble BO3MOXXHOCTH, MEHATH IapaMeTphl JMI000H 3aJauM U 3aHOBO pelIaTh ee, U T.J.
Hcnonp3oBaHue TpeHa)kepa 3HAYHTEIBHO IIOBBINIAET KAYECTBO OOYYEeHMS BBICIUIE MaTeMaTHKU H

obJleryaer CTyZeHTy OCBOE€HUE 1000 TeMbl JAHHOMN JUCIIUILIMHEIL

The software structure of higher mathematics teaching
Lia Gachechiladze, Mzia Kiknadze
Summary

The paper proposes a software framework designed to improve the learning process of higher
mathematics in higher education schools. It consists of a control unit and a database. The database

consists of several tables in which tasks are placed by topics that are ordered by difficulty. The database
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also contains decisions of all tasks. The control unit on the bases of the study subjects, choose the
appropriate table and tasks of an appropriate level of complexity. This approach allows the student at
every level of the program learning maximally identify their intellectual abilities, change the
parameters of any problem and solve it again, etc. Using the simulator significantly improves the quality

of teaching the higher mathematics and facilitates student mastery of any topic of the discipline.
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Hypervisors and safety of information
Nino Narimanidze, Tamar Burchuladze, Maka Odiladze
Summary

The hypervisor is basis of virtualization, ensuring safety of information and operates the
virtual computer. The problems connected with safety of virtualization in cloud computing demand
the analysis and the relevant decisions.

In the paper influence of technical characteristics of a hypervisor on safety of information is
considered. Characteristics of types of a hypervisor with different parameters providing their
efficiency are presented. Recommendations are provided.

lunepeusops! u 6e30macHOCTs HHPOpMATUK
Huro Hapumannzse, Tamap Bypuynazgse, Maxa Oguiragse

Pesiome

I'unepsusop sBiferca 6asucoM BUpTyaausauuu, obecreyuBas 6e30MacHOCTs MHGOPMAIUU U
yIpaBifeT BUPTyaabHON MamwuHOi. IIpo6ieMbl, cBA3aHHBIE C (e30IACHOCTHIO BUPTYalIM3alUU B
06JIAYHBIX BEIYHUCIEHHUAX, TPOYIOT aHAIU3 U COOTBETCTBYIONINE PelleHNUA.

B pabore paccMOTpeHO BIUAHME TEXHUYECKHUX XapaKTePHCTUK THIEPBU30pa Ha 6e30IaCHOCTS
nHbopManuy. IlpuBemeHBI XapaKTepHUCTUKHM THIIOB TUIIEPBHU30pa C PasHBIMH IapaMeTpaMH

IIpelyCMaTpHBasA UX IPOAYKTHUBHOCTS. IIpuBejeHEI peKOMeHJaIuu.
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