HAIIMOHAJIBHASI AKATEMU A1 HAYK YKPANHBI

MEXJYHAPOIHBIN HAYYHO-YYEBHBIN IIEHTP
NHOOPMAIIMOHHLIX TEXHOJIOTMHN U CUCTEM HAH YKPAMHDBI 1 MOH YKPAMHBI

MHCTUTYT KUBEPHETUKH UM. B.M. INIYIIKOBA HAH YKPANHDI

Kuﬂenneruua ? (192)/2018
I BbIYUCHUTENbHAA TeXHUKA

HAYYHBIV )KYPHAJT = OCHOBAHB1965r. = BBIXOJUT4PASABTOl = KUEB

CONEPXAHNE

WudhopmaTuka u uHthopmayuoHHble TEXHonoruu

L.S. FAINZILBERG, N.A. MATUSHEVYCH Comparative Evaluation of Convergence's
Speed of Learning Algorithms for Linear Classifiers by Statistical Experiments Method ...... 5

B.I. TPULIEHKO, A I'TTAYH, 10.B. POI'YILIMHA Moneni Ta MeToau BUKOPHC-
TaHHS ceMaHTHYHUX Wiki-pecypciB sk mkeperna 3HaHb UL IIOOBHEHHS ()OpMabHUX OHTO-
JIOTTH TTPEIMETHHIX OOTTACTEH . ... ettt sttt et et ettt e e et e et e e e et e eee e 23

WuTennekTyanbHoe ynpasnexue u cucTemsl

L.S. ZHITECKIL, K.Yu. SOLOVCHUK Adaptive Stabilization of Some Multivariable
Systems with Nonsquare Gain Matrices of Full Rank .............................. 44

MepuyuncKan u Guonoruyeckan KUGEPHETUKA

A.B. BUZYNOVSKY, O.S. KOVALENKO, N.R. BAYAZITOV, L.S. GODLEVSKY
The Effectiveness of Surgeon Decision on Pain Syndrome of Pelvic Origin Treatment

in Women Estimated with the Model of Decision Tree .............c..coocviiiiiiiiiinn.n. 61
LM. RYSOVANA, O.V. VYSOTSKA Information System of Detection of
Emotional and Cognitive Disorders in Patients with Discirculatory Encephalopathy .... 72

C.M. 3JIEIIKO, T.A. YEPHHIIIOBA, O.E. MAEBCHKUI, B.€. KPUBOHO-
COB, O.I0. A3APXOB IudopmarjiiHa TexHOJOTiSI BH3HAYCHHS LMPKYIFOIOYHX
MYXJTMHHAX KIITAH B KPOBI JTEOMIHI .. ...\ttt ettt s et et e et e et e et e e e aeeeee e 84

BHUMAHUID ABTOPOB ... e 99

© MexayHapoaHbIl HaAy4YHO-Y4eOHBIH HIEHTP HH)OPMAIIMOHHBIX TEXHOJIOTUH H CUCTEM
HAH VYxpaunast 1 MOH Vkpaunnsr, 2018
© Huctutyt kubepuetuku uM. B.M. I'mymkosa HAH Vkpaunsi, 2018



NATIONAL ACADEMY OF SCIENCES OF UKRAINE

INTERNATIONAL RESEARCH AND TRAINING CENTER FOR INFORMATION TECHNOLOGIES
AND SYSTEMS OF THE NAS OF UKRAINE AND OF MES OF UKRAINE

V.M. GLUSHKOV INSTITUTE OF CYBERNETICS OF THE NAS OF UKRAINE

yhernetics 2 (192)/2018
and Computer Engineering

SCIENTIFIC JOURNAL = FOUNDEDIN 1965 = PUBLISHED 4 TIMES PER YEAR = KYIV

CONTENTS

Informatics and Information Technologies

L.S. FAINZILBERG, N.A. MATUSHEVYCH Comparative Evaluation of Convergence's
Speed of Learning Algorithms for Linear Classifiers by Statistical Experiments Method ...... 5

V.I. GRITSENKO, A.Ya. GLADUN, Yu.V. ROGUSHINA Models and Methods of the
Semantic Wiki Resources Use as Knowledge Sources for Renewal of Formal Domen
(01100 (74 1 S U 23

Intelligent Gontrol and Systems

L.S. ZHITECKIL, K.Yu. SOLOVCHUK Adaptive Stabilization of Some Multivariable
Systems with Nonsquare Gain Matrices of Full Rank .............................. 44

Medical and Biological Cybernetics
A.B. BUZYNOVSKY, O.S. KOVALENKO, N.R. BAYAZITOV, L.S. GODLEVSKY

The Effectiveness of Surgeon Decision on Pain Syndrome of Pelvic Origin Treatment

in Women Estimated with the Model of Decision Tree .............c..coocviiiiiiiiiiiinn.n. 61
LM. RYSOVANA, O.V. VYSOTSKA Information System of Detection of
Emotional and Cognitive Disorders in Patients with Discirculatory Encephalopathy .... 72

S.M. ZLEPKO, T.A. CHERNYSHOVA, O.E. MAEVSKY, V.Ye. KRIVONOSOV,
0.Yu. AZARKHOV Information Technology of Determining Circular Tumor Cells in
Human Blood ... 84

To Attention of AUTROPS ... o 99

© International Research and Training Center for Information Technologies and Systems
of the NAS of Ukraine and MES of Ukraine, 2018
© Glushkov Institute of Cybernetics of the NAS of Ukraine, 2018



HAIIIOHAJTbHA AKAJEMIA HAYK YKPAIHA

MLKHAPOIHUI1 HAYKOBO-HABYABHUI IEHTP )
THOOPMALITHUX TEXHOJIOT'1A TA CUCTEM HAH YKPATHM I MOH YKPATHI

ITHCTUTYT KIBEPHETUKU IM. B.M. [JIYIIIKOBA HAH YKPATHU

Kiﬁenneruua 2 (192)/2018
Ta 004ucnioBanbHa TEXHIKA

HAYKOBUI1 )KYPHAJI = 3ACHOBAHMI Y 1965p. = BUXOJWTH4PASMHAPIK = KHIB

SMICT

InthopmaTuwa Ta inchopmauiiini Texnonorii

JI.C. ®AMH3UIBBEPT, H.A. MATYIIEBUWY IlopiBHsIbHA OLIHKA MIBHIKOCTI
30DKHOCTI aJTOpUTMIB HaBYAHHS JIHIMHMX KnacH(piKaTOpiB 32 METOJOM CTAaTHCTHYHOTO
EKCTIEPHIMEHTY . ...ttt ettt et ettt e et et et et et e et et et

B.I. TPULIEHKO, A ITTAJYH, 10.B. POI'YILIMHA Moneni Ta MeToau BUKOPHC-
TaHHsA ceManTHIHMX Wiki-pecypciB sk pkepera 3HaHb [UIs TIOTIOBHEHHS (POPMaIbHUX OHTO-
JIOTIH TTPEIMETHHIX OOTTACTEH . ...ttt sttt et et ettt e e et e et et e e eee e

INTenenTyanbhe KepyBaHua Ta cucTemu

JI.C. }I(I/ITEL[BKI/Iﬁ, K.I0. COJIOBUYYK Anantusnaa crabimizarisl JeIKHMX OaraToBu-
MIpHHX CHCTEM 3 IPSIMOKYTHUMH MATPHUIIIMUA KOS(IIIIEHTIB MMiJICHIICHHS [IOBHOTO PAHTY ... ..

Mepuyna Ta Gionoriuna KibepHeTuxa

A.B. BY3UHOBCBKUI, 0.C. KOBAJIEHKO, M.P. BASI3ITOB, JI.C. TOJIJIEB-
CBKHI OnioBanss eeKTHBHOCTI IPHIHATTS PillieHb XipyproM y pasi 60s0BOr0 CHEHJI-
POMY MHCKOBOT'O ITOXO/DKEHHSI 33 IOTIOMOI'Y MOJIE] JAEPEBA PILICHD .. .....eeenreneennenn..

JIM. PUCOBAHA, O.B. BUCOLBKA IndopmamiiiHa cuctema BUSIBICHHS €MOLIIHHIX
1 KOTHITUBHHX TIOPYIIICHb Y XBOPHX Ha JUCIHPKYJIATOPHY eHIE(ATONATIFo ................. ..

C.M. 3JIEIIKO, T.A. YEPHUIIIOBA, O.E. MAEBCBHKHI1, B.€. KPUBOHO-
COB, O.10. A3APXOB IudopmariiiiHa TeXHOJIOTisI BU3HAYCHHS IUPKYIIFOI0UHX ITyXJIUH-
HUX KJITHH B KPOBI JTEOZIHEL ... e et entt ettt et ettt ettt et et et et et e e e te e ea

JIO YBATU @BTOPIB ...

23

44

61

72

84

99

© MixHapoIHUI HAYKOBO-HaBYAIbHUI LIEHTpP 1HGOPMALIHHUX TEXHOJIOTi# Ta cHCTEM
HAH Vxpaiaun Ta MOH VYxkpainu, 2018
© Iucruryr kibepueruku iMm. B.M.I'nymkoBa HAH Vkpaiau, 2018






Huhopmatuka
Il UHGIOPMAYUOHHbIE TEXHONOrUU

DOIL: https://doi.org/10.15407/kvt192.02.005
UDC 004.021

L.S. FAINZILBERG', D.Sc. (Engineering), Professor,

Chief Researcher of the Department of Intelligent Automatic Systems
e-mail: fainzilberg@gmail.com

N.A. MATUSHEVYCHZ, Master student

Faculty of Biomedical Engineering

e-mail: natalie.matushevych@gmail.com

" International Research and Training Center for Information Technologies
and Systems of the National Academy of Sciences of Ukraine

and Ministry of Education and Science of Ukraine,

Acad. Glushkova av., 40, Kiev, 03187, Ukraine

? The National Technical University of Ukraine

«gor Sikorsky Kyiv Polytechnic Institute», Peremohy av., 37, Kiev, 03056, Ukraine

COMPARATIVE EVALUATION OF CONVERGENCE'S SPEED
OF LEARNING ALGORITHMS FOR LINEAR GCLASSIFIERS
BY STATISTICAL EXPERIMENTS METHOD

Introduction. One of the main tasks of artificial intelligence is pattern recognition, which is
often reduced to determining the discriminant function parameters in the multidimensional
feature space. When recognizable objects can be completely separated by a linear dis-
criminant function, the task is reduced to the linear classifier learning. There are many
algorithms for linear classifiers learning, two of which are the Rosenblatt learning algorithm
and the Kozinets algorithm.

The purpose of the article is to investigate the properties of the Rosenblatt and Kozinets
learning algorithms on the basis of statistical experiment by the Monte Carlo method.

Methods. Two algorithms for linear classifiers learning have been studied: Rosenblatt
and Kozinets. A number of researches have been performed to compare the convergence rate
of algorithms for a different number of points and for their different location. Variation of the
iterations number of algorithms spent on samples of different sizes was analyzed.

Results. Statistical experiments have shown that for a small sample size in ap-
proximately 20% of cases the convergence rates of the Rosenblatt and Kozinets algo-
rithms are the same, but with the increase of observations number, the Kozinets learning
algorithm proved to be the absolute leader. Also, the convergence rate of the Kozinets
learning algorithm is less sensitive to the location of points in the learning sample.

© L.S. FAINZILBERG, N.A. MATUSHEVYCH, 2018
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Conclusions. The higher convergence rate of the Kozinets algorithm compared to
the Rosenblatt algorithm, confirmed by a series of statistical experiments, allows formu-
lating a promising research line on the evolution of neural networks where the Kozinets
algorithm will be used to adjust the basic elements — perceptrons.

Keywords: Linear classifier, Rosenblatt algorithm, Kozinets algorithm.

INTRODUCTION

The task of learning objects recognition of different physical nature (Machine
Learning) — one of the main tasks of artificial intelligence [1-6]. Quite often it
is regarded as a problem of determining the parameters of the discriminant
function (functions) in the multidimensional feature space [7].

Linear discriminant functions deserve special attention, which, according to
[8], any Bayesian recognition strategy comes down to in probability space. It
should be borne in mind, that linear discriminant function assumes that an
increase in the values of one feature can be compensated by a decrease in the
value of another feature, which is not always true [9]. Nevertheless, linear
classifiers are widely used in solving many practical problems [9, 10].

In those cases when Nature goes to meet the designer of the application
system and in the original or transformed (straightening) feature space the
recognizable objects can be completely separated by a linear discriminant
function, the problem is reduced to the learning of a linear classifier on a finite
number of observations [8]. There are variety of linear classifiers learning al-
gorithms, two of which — the perceptron learning algorithm proposed by Frank
Rosenblatt [11] and the algorithm of B.N. Kozinets [12].

In a well-known theorem of Novikoff it is proved that the perceptron
algorithm converges for a finite number of iterations under the condition of the
objects linear separability of the training sample [13]. This theorem is much
more clearly and convincingly proved in [14]. It is this proof that is regarded as
the canonical proof of perceptron convergence. An analogous theorem on finite
convergence is proved for the Kozinets algorithm [12].

In the same time formal conditions that give an estimate of the maximum number
of iterations of these algorithms are rather rough [8]. Therefore, these estimates do not
allow an unambiguous answer to an important question: which of the algorithms and
when provides the fastest rate of convergence in the learning process for the final
sample of observations. A range of other properties of these algorithms, which are
important in solving specific practical problems are also unknown.

The purpose of the article is to investigate the properties of the Rosenblatt
and Kozinets learning algorithms on the basis of statistical experiment by the
Monte Carlo method.

LEARNING ALGORITHMS FOR LINEAR GLASSIFIERS

Before describing the proposed technology for performing a statistical experiment,
let’s consider basic principles of the Rosenblatt and Kozinets learning algorithms on
the example of recognizing two classes 7] and ¥, [11-13].

6 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 2 (192)
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Let the observation of the sample with the known belonging to classes is set
in N -dimensional feature space:

X =4, (5 ey 60 (1)

where n — number of elements in the sample, xﬁN )2 (x,..xy) — points

(N -dimensional vectors), and ¢; — an indicator variable such that:

+1, if x§N)eIﬁ, .
;= j=1..n. )

-1, if xMer,.

It is assumed that the observations of the classes 7} and ¥, can be
separated by a linear discriminant function

AN
D(x)=<W,X>=zWixi ) 3)
i=0

in which, for convenience, the notation <w,x> denotes the scalar product
(N +1) -dimensional vectors w= (wo,wl,...,wN) - parameters (weights) of the
discriminant function and extended vectors x = (1, x;,...xy) .

The problem is to determine the parameters vector w = (wgy,wy,...,wy ) of the

discriminant function (3) for the final training sample (1) with known values of
the indicator variable (2) , which will allow us to separate the observations of the
sample according to the scheme:

decision in favor of 17, if <w, x> >0, 4)

decision in favor of V5, if <w,x> <0. 5)

The idea of both algorithms is to implement iterative procedures which allow to
adjust some initial value of the vector w=(wg,w,,...,wy ), based on sequential
viewing of points in the training sample (1). As a result of such correction after a
certain number of iterations, the discriminant function will ensure an error-free
separation of the sample elements according to the scheme (4), (5).

The difference between learning algorithms is in the correction mechanism.

The F. Rosenblatt algorithm [11] is reduced to the implementation of such
steps (Fig. 1):

1. Arbitrarily set the initial values of the vector w®  For example, for the
two-dimensional case ( N =2) can set w® =(0,0,1).

2. The observations x’ =x™ o =1,..,n, from the training sample (1), is
selected sequentially and in accordance with (3) the values of the discriminant function

D(w(’"l),xé’),) are defined at the current value of the vector w(’_l) ,t=12,....

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 2 (192) 7
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3. An error is calculated :
NG :D(w"") x"))—c(x(’)), (6)

which is the difference between the value of the discriminant function (3) and
the known value of the indicator variable (2), which corresponds to the selected

observation x{.
4. If the current observation x” is not properly classified (fig. 1, b) the
weights vector is modified as follows:

7
w(® = D +y(5g>) NN )

where 0 <y <1 — preset correction rate (fig. 1, b).

5. Steps 2—4 are repeated until all sampling points (1) have been classified
correctly (fig. 1, ).

A theorem was proved in [13], according to which for a finite linearly
separable sample the iterations number of the Rosenblatt algorithm is limited:

2
0_0
== (3)
€
where O =max x|, &= min ‘x(N)‘ >0, here Co(X) — convex hull of the
ie[ln] xeCo(X)

set X .

In the work [12] B.N. Kozinets proposed different iterative learning
algorithm, which was later called the Kozinets algorithm.

The main idea of the algorithm is that at each step of the iteration ¢=12,... is
searched for such an observation x =x*) | a =1,...,n, from the training sample
(1), which is incorrectly classified at the current value of the parameter vector
w(™D of the discriminant separating function. If there are no such vectors for all
points of the training sample, then the algorithm completes its work.

Fig. 1. Graphic interpretation of the Rosenblatt learning algorithm

8 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 2 (192)
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If a vector x) is found that is incorrectly classified, then the parameter
vector is corrected as follows [8]:

W = 1=y D) w4y OO, )]
where

7/:argmin(l—y(t))-w(t_])+7/(t)-xg) . (10)

Let’s give a graphic interpretation of the Kozinets algorithm for the case
N =2, when using a straight line it is necessary to divide two sets of points on
the plane. The algorithm is reduced to performing such steps (Fig. 2, 3):

1. Two points of the training sample, belonging to different classes, are
randomly selected, and a straight line is drawn between them 4B (Fig. 2, a).

2. The parameters of the middle perpendicular W, to the segment AB

determine the initial approximation of the parameters vector w® of the
unknown discriminant function.

3. An arbitrary point M is chosen and the sign of the indicator variable (2)
determines its belonging to one of the classes. The point M connects with a
point B of the same class by line, and the perpendicular AP is gone down to
the indicated line from the point 4 of the opposite class (Fig. 2, b).

4, a. If the base of the perpendicular 4P extends beyond the straight line
BM (Fig. 2, b), then the point M determines the new position of the straight

line 4B (Fig. 1, c), with the help of which the parameters w" of the corrected
discriminant function W] are found.

4, b. If the base of the perpendicular AP lies within the segment BM
(Fig. 3, b), then the new position of the straight line 4B (and hence the
parameters w" of the corrected discriminant function #]) is determined
by point P.

Steps 1—4 are repeated until all points of the training sample (1) are properly
classified.

Fig. 2. Graphical interpretation of the Kozinets algorithm on the plane (1st case)

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 2 (192) 9
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Fig. 3. Graphical interpretation of the Kozinets algorithm on the plane (2nd case)

In accordance with the proved theorem [12, 14], the Kozinets algorithm
converges in a finite number of iterations
0, 9
ty £ =In=. 11
0 62 62 ( )
At first glance, comparing the estimates (8) and (11) it may seem that the
Rosenblatt algorithm always converges with a smaller number of iterations.
However, as noted in [8], the estimates (8) and (11) are rather rough, and hence
the conclusion about the superiority of the Rosenblatt algorithm on the basis of
these estimates is not valid. Therefore, it is proposed to compare the rate of
algorithms convergence based on the statistical experiment.

TECHNOLOGY OF STATISTICAL EXPERIMENT IMPLEMENTATION

Following the statistical experiment methodology [15-17], a software tool system was
developed. It makes it possible to carry out experiments to estimate the rate of
convergence of the Rosenblatt and Kozinets algorithms. Such experiments were
performed on the random data samples generated by the Monte Carlo method.

When the program starts (Fig. 4), the user is able to generate data for the
experiment (generate data) in three different ways:

o automatically (automatically with preferences);

e manually by specifying the sampling points corresponding to the

different classes on the plane (manually on the canvas);

e by loading from a file (download from file).

With a single start of the program (launching unit), sets of points of two
classes are generated, which can obviously be separated by a straight line, and
the Rosenblatt and Kozinets learning algorithms are started parallel (Fig. 5).

At the end of the experiment, the dividing lines and the histogram of the iterations
numbers spent by each algorithm are displayed (drawing the unit iteration chart).

For multiple experiments (launching multiple), a number of additional
functions are available, in particular, a histogram display of the percentage of the
iterations number spent by each algorithm in learning (drawing chart with per-
cent of the multiple iterations). This makes it possible to evaluate and compare
the probabilities of successful learning completion and thereby determine the
leader with specific system settings.

10 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 2 (192)
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Launching

Save dots to the file

User

<<include>>

<cextend=>
<<include>>
Manually on the canvas Number of dots
Automatically with ‘Coefficient of perceptron’

Fig. 4. Use Case diagram in UML notations

<<include==

Calculation of the
variation coefficient

Drawing dots
on canvas

<<include=>

Drawing chart with
percent of the multiple
iterations

Drawing histogram of the
multiple iterations

Fig. 5. Use Case diagram in UML notations

It is also possible to calculate the coefficient of variation of the iterations
number spent by algorithms in multiple experiments (calculation of the varia-
tion coefficient).

For illustration on Fig. 6 it is presented a sequence diagram, which explain-
ing the details of the relationships between the main units of the program: the
interface (desktop application), the point generation unit (points generation), the
drawing unit (drawing algorithm) and the algorithms of Rosenblatt (Perceptron
algorithm) and Kozinets (Kozinets algorithm).

Each time when the procedures that implement the algorithms of Rosenblatt
(Perceptron algorithm) and Kozinets (Kozinets algorithm) run, the iteration num-
bers U, and U, are calculated before the work stoppage the Rosenblatt and

Kozinets algorithms, respectively. The stopping moments determine the condition

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 2 (192) 11
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<w,xj>-cj >0, j=l.n, (12)

which in accordance with (2), (4), (5) indicates that at the current value of the
parameter vector w all points of the training sample corresponding to the

classes V, and V,, are completely separated by a linear discriminant function.
Based on the comparison of numbers U, and U,, the leader in the current

experiment is determined:

The leader is the Rosenblatt algorithm, if U, <U,,
The leader is the Kozinets algorithm, if U, <U, .

Results of comparison (result of comparison) are visualized by the corre-
sponding bar chart (charts drawing).

Desktop Points Comparison Drawing Perceptron Kozinets
application genaration algorithm algorithm algorithm algorithm
i i i H T

type of generation |
(from file, manually !

or automatically)
i generation
vints -
<.____._.P ______________

points

¥

drawing

return

loop ) .
I points .
L] finding
Uy = iteration
U, 14— when
- a separation line
points was found
-
LI finding
v T U, = iteration
2 when
, a separation line
U, e > T was found
1 jcomparison U,, U,

return
return 000 | jE-mmmmmmmmmmmeeee|

result of cumparisgn
D:I charts drawing

Fig. 6. Sequence diagram
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RESULTS OF STATISTICAL EXPERIMENTS

Let’s consider some results obtained during the experimental study of the prop-
erties of the Rosenblatt and Kozinets learning algorithms on samples of random
observations linearly separable on the plane.

The first series of experiments was aimed at estimating the rate of algo-
rithms convergence for a different number of points K =10, 20, ...,200 , randomly

located on the plane. In each individual experiment, the iteration numbers

U,(K) and U,(K) were determined until the Rosenblatt and Kozinets algo-

rithms were stopped, respectively, in accordance with condition (12).
Comparison of numbers U, (K) and U, (K) made it possible to determine

the leader of a separate experiment, which divided the points for a smaller num-
ber of corrections of the discriminant function parameters. Further, the leader-
ship percentage in the series of 5000 experiments was determined (Fig. 7).

The experiments showed that in approximately 20% of cases, with K <40
of observations, both algorithms required the same number of iterations. With
the increase in the number of points, Kozinets learning algorithm was an abso-
lute leader (Fig. 7).

At the same time, even with more points in 10% of cases (in one of ten),
Rosenblatt algorithm was learned faster than the Kozinets algorithm.

The experiments also showed that the convergence rate of the Rosenblatt
algorithm depends not only on the number of points being processed, but also on
their location to each other on the plane.

%
90.00

80.00 /—/\/\
70.00 /—/

e U,(K) > U, (K)
50.00
40.00
U(K)<U,(K)
30.00 /
20.00 A\A\,\
10.00 et Sl
0.00 T T T T T T T T T T T T T T T T

T T T
10 20 30 40 50 60 70 80 S0 100110120130140150160170180190. K

Fig. 7. The graph of the percent dependence of the algorithms leadership on the number of
points: U, (K)< U, (k) — the leader is the Rosenblatt algorithm; U, (K)> U, (k) — the leader

is the Kozinets algorithm
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Fig. 8. «Simple» (left) and «difficult» (right) training samples

To illustrate this fact, let's consider the results of multiple learning experi-
ments on two samples, consisting of only three points — two points of the class

V| and one point of the class V, (Fig. 8).

The sample shown in the Fig. 8, left, turned out to be «simple» for both al-
gorithms: for the classes separation the Rosenblatt algorithm required 12 itera-
tions, and the Kozinets algorithm — only one iteration.

At the same time, when the algorithms were learned on a sample shown in
the Fig. 8, right, the convergence speeds of the algorithms differed significantly.
Kozinets algorithm coped with the problem in just two iterations, at the same
time for the Rosenblatt algorithm this sample turned out to be «difficult»: more
than 500 iterations were required to separate the points.

For this effect explanation, let's consider the dynamics of the change in the
discriminant function position in the Rosenblatt algorithm learning process for
the two samples.

In accordance with expression (7) for case with N =2 the correction of the
linear discriminant function's position

WyXp + WX + W, (13)

which occurs when the point is incorrectly classified, is reduced to three operations:

(1) _ (=) (1) (1)
wy =w, U +y0, X, (14)
() _ (=D (1) (1)
w=w T+, X, (15)
(1) _ 0 ()
Wy, =w, +79, , (16)

where 8" — classification error.

In the process of learning on a «simple» sample, the dividing line (13) from
the initial position (Fig. 9, 1), corresponding to vector w'® =(0,0,1), gradually
changes its direction (Fig. 9, 2-5) and with a relatively small number of itera-

14 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 2 (192)



Comparative Evaluation of Convergence's Speed of Learning Algorithms for Linear

tions takes the final position (Fig. 9, 6), in which the points of the training sam-
ple are correctly classified. At the same time, changes in the position of the
straight line are mainly due to a change in its slope, determined by the ratio

w /wi" | since the separation of «simple» sampling points practically does not
require the displacement of a straight line relative to the origin of coordinates,
i.e. correction of attitude w{ /wi" .

During the learning of Rosenblatt algorithm for the "difficult" sample, the

dynamics of the change in the discriminant function position is completely dif-
ferent (Fig. 10). A distinctive feature of the «difficult» sample from «simple»

consists in a significant difference in distances along the vertical Ax, = ‘xé" —x2C ‘

and horizontal Ax; = ‘xlA —xt ‘ between the points 4 and C of one class:
Axy >> Ax; . (18)

In other words, in this case the points 4 and C of one class differ substan-
tially in one of the coordinates and practically coincide in the other. This leads to
the fact that during the adjustment it is required to change not only the slope of
the discriminant function w(”/w{’ (Fig. 10, 1-3), but also its displacement
w /1w (Fig. 10, 4-9).

Therefore, on a «difficult» sample, the Rosenblatt algorithm, though con-

verging in a finite number of steps (long live the Novikoff theorem!), but the
number of such steps is large enough.

Fig. 9. Stages of the Rosenblatt algorithm learning process on a «simple» sample
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Fig. 10. Stages of the Rosenblatt algorithm learning process on a « difficult » sample
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Fig. 11. Dynamics of changes in the slope and displacement of a linear discrimi-
nant function on the «simple» (left) and the «difficult» (right) training samples

For illustration, the Fig. 11 shows the dynamics of changing attitudes
wl(’) / wy) and W(()t) / W;') in the learning process on «simple» (left) and «diffi-
cult» (right) samples. It is easy to see that on the «simple» sample the slope of
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the discriminant function did not practically change, while on the «difficult» one
it varied from 0 to 200 cu.

It's worth paying attention to one important difference between the learning pro-
cedures for the Rosenblatt and Kozinets algorithms. As already noted, the Kozinets
algorithm provides a search for the first incorrectly classified sampling point, which
leads to the next correction of the discriminant function's parameter vector.

Since the search for such points is carried out randomly, for the acceleration
of the learning process, it is advisable at each next stage of viewing the training
sample's points to exclude the possibility of repeatedly checking the fulfillment
of the condition (w,x,)-c, >0 of correct classification for the same observa-

tionsx, , ke[l,n].

For this purpose, an uncomplicated optimization procedure was developed.
It ensures the formation of an observations’ reduced subset for the next step in
the correction of the parameter vector. Of course, after this step is completed, a
new incorrectly classified point is searched for the entire sample of observations.

Statistical experiments showed that on average, usage of the optimization
procedure allows accelerating the convergence time of the Kozinets algorithm
more than eight times.

During the experiments execution, the analysis of number variation of spent
iterations was carried out for the Kozinets algorithm on samples of different
volumes. For this, during the multiple learning of the algorithm on a specific
sample, the Pearson’s variation coefficient was calculated [18] — the ratio of the
standard deviation of the iterations number to the average value of the iterations
number, expressed as a percentage.

The experiments showed that with increasing number K of points in the
sample, the variation coefficient of the iterations number decreases: after in-
creasing the sample size from 10 to 200 points, the variation coefficient of the
iterations number decreased by 20% (Fig. 12).

95
90
85
80
75 A
70
65
60
55
50

The variation coefficient , %

10 100 200 K
Samplesize

Fig. 12. Dependence of the iterations number variation coefficient of the Kozinets
algorithm from the sample size
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Fig. 13. Rosenblatt single-layer perceptron

Recall that the Rosenblatt learning algorithm suggests the principle of ad-
justing the linear discriminant function parameters (3), which structurally im-
plements the perceptron scheme (Fig. 13) — the basic element of neural net-
works [19], which are actively used to solve many applied problems [20].

It is clear that the Kozinets algorithm, in fact, offers an alternative approach
to learning the same scheme. The experimental researches that were carried out,
which confirmed the high rate of convergence of the Kozinets algorithm, allow
to hope that using of this algorithm as the learning one for the basic elements of
a neural network will increase their effectiveness. At least, the research of this
possibility is promising and will be the subject of our further investigations.

In conclusion, recall that for the learning process characteristics of neural
networks used a special term — the «learning epoch» [10], which means the
stage of the discriminant function parameters correction for a single viewing of
all points in the training sample.

It is clear that for the Kozinets learning algorithm the «learning epoch» and
the «iteration step» are the equivalent concepts. At the same time, the «learning
epoch» for the Rosenblatt algorithm consists of the corrections sequence of the
separating function parameters for a single scan of the entire sample and the
detection of each incorrectly classified observation.

Taking into account the above interpretations of terms, the comparative
analysis of the «learning epochs» number E,, E, that were spent by one and
the other algorithms on a series of randomly generated observations in the ex-
periments was carried out.

Experiments have shown that from this point of view, with the points
amount K <70 the Kozinets algorithm has an advantage, and as the points
amount K increases, the leadership percentage of the Rosenblatt algorithm in-
creases respectively (Fig. 14).
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Fig. 14. The graph of the percent dependence of the «learning epochs» number on the observa-
tions number: £, (K) < E,(K) — the leader is the Rosenblatt algorithm; £ (K) > E,(K) —

the leader is the Kozinets algorithm

After all, the rate of the learning algorithms convergence mainly character-
izes the corrections number of the discriminant function parameters, and hence,
from this point of view, the Kozinets algorithm can be considered an uncon-
tested leader, which is illustrated by the Fig. 7.

Thus, the developed software system made it possible to establish previously
unknown properties of the Rosenblatt and Kozinets learning algorithms on the basis
of a statistical experiments series, to conduct their comparative analysis and outline
the prospects for further research on the improvement of neural networks.

CONCLUSIONS

Statistical experiments carried out using the developed software system have
shown that for a small sample size the convergence rates of the Rosenblatt and
Kozinets algorithms are the same in approximately 20% of cases. With the in-
crease in the number of observations, the Kozinets learning algorithm proved to
be the absolute leader and, with a K >100 number of observations, it learned
faster than the Rosenblatt algorithm in 90% of the cases.

The convergence rate of the Kozinets learning algorithm is less sensitive to
the points location in the training sample and with the increase in the observa-
tions number of the variation coefficient, the iterations number decreases.

The higher convergence rate of the Kozinets algorithm compared to the Rosen-
blatt algorithm, confirmed by a series of statistical experiments, allows formulating a
promising line of research on the evolution of neural networks in which the Kozinets
algorithm will be used to adjust the basic elements — perceptrons.
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! MixxuapoHuii HayKOBO-HABYATBHUIH HEHTD iHPOPMAITIHHIX

texHoJorii ta cucteM HAH Vkpainu ta MOH Ykpainu,

?p. AganeMiKa Fnyunfmsa, 40, M. Kuis, 03187,“Vl<pa’1'Ha
HarionanpHuii TEXHIYHUI YHIBEPCUTET Y KpaiHU

«KuiBcbkuii mositexHiuHui iHCTUTYT iMeHi Irops Cikopcbkoroy,

mp. [Tepemorn, 37, Kuis, 03056, Ykpaina

MOPIBHAJIBHA OLIHKA HIBUAKOCTI 3BDKHOCTI AJITOPUTMIB
HABYAHHS JITHIMHUX KJIIACUDIKATOPIB 3A METOJJOM
CTATUCTUYHOI'O EKCIIEPUMEHTY

PosrmsiHyTo anroputmu JiHilHOI Kiacudikanii @. Pozendnata Ta b.H. Ko3unus. Ilposeneno
EKCIIepUMEHTAJIbHI JOCTIHKEHHS 301KHOCTI aITOPUTMIB Ha pi3HHUX BHOiIpKax jaHux. HaBeneHo
PE3yIbTaTH CTATUCTUYHUX €KCIIEPHMEHTIB IS OLIHIOBAHHS IIBUIKOCTI 30DKHOCTI allrOpUTMIB
Kosunist ta Po3en6mnara, 3aJie)KHOCTI pe3ysIbTaTiB Bijl pO3TalllyBaHHS €JIECMEHTIB B BHOIpIIi Ta
Bapiallii KIIbKOCTI iTepawiil anropuT™iB IiJ 4ac HaBYaHHS Ha BUOIpKax pi3HOro o0cAry.
Binbma mBuaKicTh 301HOCTI anroputMmy KosiHna y mopiBHAHHI 3 anroputMom Po3eHo-
JIaTTa, IO MiATBEPAXKEHO CEePiMH MPOBEACHUX CTATUCTUYHUX €KCIIEPHUMEHTIB, JO3BOJIsE cho-
PMYJTIIOBAaTH MEPCIEKTHBHMII HANPSAMOK JOCITIIKEHb 3 PO3BHUTKY HEHPOHHUX MEpEeXK, B SIKHX
anroput™ KosiHia Oyne BUKOPUCTaHO I HACTPOIKK 0a30BUX €JIEMEHTIB — IIE€PCENTPOHOB.

Knwuoei cnoea: ninitinuii knacughixamop, anreopumm Pozenbnama, anreopumm Kosunys,
nepcenmpon.
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* HauuoHATbHbIH TeXHHYECKHUiT YHHUBEPCUTET Y KpauHbI

«KuneBcknii MOMUTEXHUIECKIA HHCTUTYT UMeHH Uropst CHKOPCKOTOY,
np. [Tobexpl, 37, Kues, 03056, Ykpauna

CPABHUTEJIBHA S OLIEHKA CKOPOCTU CXOAUMOCTHU
AJITOPUTMOB OBYYEHHS JTUHENHBIX KITACCU®UKATOPOB
METOJOM CTATUCTUYECKOI'O OKCIIEPUMEHTA

Beeodenue. OnHoit U3 ITABHBIX 33/1a4 HCKYCCTBEHHOTO MHTEIUIEKTA SBJIETCS Paclio3HaBaHIe o0pa-
30B, KOTOPOE JIOBOJILHO YacTO CBOJUTCS K OHPEIEICHHIO TapaMeTpOB TUCKPUMHHAHTHON (QyHKIMH
B MHOTOMEPHOM IPOCTpaHCTBE NpH3HAKOB. Korma pacriozHaBaeMble 0OBEKTHI MOTYT OBITh MOTHOC-
TBIO Pa3/ielIeHbl IMHEHHON AUCKPUMUHAHTHOHN (hYHKLIMEH, 3a1aua CBOUTCS K OOYHIEHHIO JIMHEHHO-
ro kmaccuduxaropa. CymecTByeT MHOXECTBO AITOPUTMOB OOydeHHs JIMHEWHBIX KIIACCH(HKATO-
POB, J1Ba U3 KOTOPBIX — alIroput™ o0yueHus PosenOnarra u anroputm Kosunna.

ILlenv cmambu — ¥cCenOBaTh CBOMCTBA aNrOPUTMOB 00ydeHns Poszenbmarra n Kosu-
HIIa HA OCHOBE NPOBEJCHUS CTATUCTHUECKOTO dKCIIepIMeHTa MeToioM MonTte-Kapio.

Memoowi. ViccnenoBaHbl IBa aNTOpHTMa OOYYEHMS IHHEHHBIX KIACCH(HKATOPOB:
Pozen6narra u Kosunua. IIpoBeneH psiz ucciea0BaHUM AT CPaBHEHUS] CKOPOCTH CXOAUMOC-
TH aJTOPUTMOB TIPH Pa3IIMIHOM UHCIIE TOYEK M X pacrmoioxeHuH. [IpoaHanmsmpoBaHa Ba-
pHaIys KOJIUIECTBA 3aTPaueHHbIX UTEPALlUi alrOpUTMaMH Ha BEIOOPKaX pa3HOro o0bema.

Pezynemamer. DKcriepuMeHTAIbHBIC HCCIEIOBAHIS MO3BONMIN ONPEIENNTh, YTO TIPH
MajioM o0beMe BBIOOPKH Mpubau3uTensHo B 20 % ciydaeB CKOPOCTH CXOAUMOCTHU alrOpHUT-
MoB PozenOnarra m KosWHIIa OAMHAKOBBL, HO C YBEIHYCHHEM KOIHMYECTBA HAONIONEHHMI
anroput™ obOyueHust KosuHiia okaspiBajcss aOCOMIOTHBIM JTHIAEPOM. Takke CKOPOCTh CXOIH-
MOCTH anroputMa oOydeHns Ko3nHIla MeHee WyBCTBHTENIbHA K PACIIONOKEHHIO TOYEK B
o0yuaro1eil BEIOOpKe.

Bu1soout. Bonee BBICOKas CKOPOCTh CXOAUMOCTH anroputMa Ko3wHIa mo cpaBHEHHIO ¢
anroputMoM Po3eHOnaTTa, MOATBEP)KICHHAS CEPUSMHU IIPOBEICHHBIX CTATHCTHYECKUX JKC-
MIEPHMEHTOB, IT03BOJIAET CHOPMYIHPOBATH IIEPCIIEKTUBHOE HATPaBJICHHE HCCIEAOBAHMIA 11O
Pa3BUTHIO HEHPOHHBIX ceTell, B KOTOPHIX anroput™M Kos3wHIAa OyneT MCIONB30BaH IS Ha-
CTpOHKH 6a30BBIX 3JIEMEHTOB — IIEPCENTPOHOB.

Kniouesvie crnosa: iunetinwlii knaccugurxamop, areopumm Pozenbramma, areopumm Kosunya,
nepcenmpoH.
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MOAENI TA METOAW BUKOPUCTAHHA
CEMAHTH'IHHX WIKI-PECYPCIB K IEPENA 3HAHD )
JiNAl NONOBHEHHA ®OPMANLHUX OHTOROIIW NPEAMETHHX OBNACTEM

Po3risiHyTO IONIIBHICTH 3aCTOCYBaHHS OHTOJIOTIH JUIs TIOAaHHS 3HAHD Yy CUCTEMax IITY-
YHOTO IHTEJCKTY, OPIEHTOBaHUX Ha ()YHKIIIOHYBaHHS y BiIKpHUTOMY cepemoBuii Web.
[IpoananizoBaHo JOCHiIKEHHS, TIOB’A3aHi 3 TOOYI0BOIO (OPMATBHUX OHTOJIOTIH Mpes-
MeTHUX obnacTeil, Ta 3aco0u ix Qopmanizamii. 3anponoHoBaHo (opMambHy MOAETH
OHTOJIOTi], [0 YTOYHIOE HAsBHI MiAXOAM Ta OLTBII AETAJBHO OIMCY€E BIACTUBOCTI Ta
XapaKkTepPUCTUKH BiHOIICHh M)XK OCHOBHHMH €JIEMEHTAMM OHTOJOTii. 3alpOIOHOBAaHO
BUKOPHCTAHHS TaKol MOJZIEJl SIK OCHOBH ISl CIIBCTaBJICHHS OHTOJIOTII 3 JI€CKPUIITHBHU-
MU Jorikamu. [TogaHo MeToa MONMOBHEHHS OHTOJOTII MpeIMeTHOI obiacTi, Skuii Oazy-
€TbCS Ha 3alpONOHOBAHIM Mojzeni Ta BHKOPHCTaHHI CEMAaHTHYHO pPO3MIYEHUX
Wiki-pecypciB sk mxepena 3HaHb. Lle 3abe3neuye nuHaMidHE ITONOBHEHHs 0a3M 3HaHb
NIPUKJIAIHAX IHTENEKTyalbHUX cHCTeM. HaBeleHo mpuKIag BUKOPUCTAHHS 3aIllPOIIOHO-
BAaHOTO METOZY y 3a/adi NEpeTBOPEHHS NPHUPOJIHOMOBHOTO TEKCTy B KECTOBY MOBY B
cucreMi iHPOPMAIiHHOT MIATPUMKH 0Ci0 3 BalaMi MOBIICHHS Ta CITyXY.

Kniouoei cnosa: opmanvia onmonozis, oHmono2iuni Mosu, popmanba Mooeib OHMON02IL,
inmepnpemayis onmonoeii, cemanmuyni Wiki-pecypcu, inghopmayitina cucmema.

I'PUIIEHKO B.L, I'TTAJYH A 4., POTYIIMHA 10.B., 2018
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BCTYN

[ToOymoBa 1 BIPOBaKEHHS IHTEIEKTYaJIbHUX CHCTEM, 1110 IPYHTYIOThCS Ha (op-
MaJtizallii Ta TOBTOPHOMY BHKOPHCTaHHI 3HaHb, € MEPCIEKTUBHUM HAMpsIMOM
MPAaKTUYHOTO 3aCTOCYBAaHHS METOAIB IUTYYHOTO iHTeNeKTy. OCHOBY TaKuX CHC-
TEeM CKJIaAaloTh (OpMai3oBaHi MOJAHHS 3HAHb MPO NPEAMETHY 00jacTh, Ha-
npuknan, y ¢opmi onronorii. Busnadenus onronorii ['pyoepom [1] six cnenundi-
Kalii MeBHOI KOHLENTyasli3amil 3ajuiae BiAKPUTUM NUTaHHS BUOOPY (opmaib-
HOTO armapary Ta MOBHHX 3ac00iB misi moOymoBu Takoi crnenmdikamii. Takoxk
3aIMIIAIOTHCS HE MOBHICTIO BUPIIICHUMHU 3aBJaHHS aHajli3y Ta BHSBJIICHHS CYTI
OHTOJIOTIYHOTO OIHCY MpPEAMETHOI 00JacTi, BU3HAYCHHS BIACTUBUX HOMY 00-
MEXXEHb Ta IepeBar. Yce Lie BUMarae noOylIoBH Ta JOCITIHKEHHS (OpMaIbHUX
MOJIeJIel JUIs PI3HOMAHITHUX AaCIEKTIB OHTOJIOTIYHOro MozemtoBaHHsA. OTxke,
aKTyaJIbHUM € JIOCII/DKCHHSI METOJIIB OHTOJIOTIYHOTO MOJICTIOBAHHS 3 BUKOPHC-
TaHHAM (GopManbHUX OHTOMNOTIH npenmeTHux obnacreit (IIpO) ta cucrem oHTO-
JIOT1YHOTO MOJIEITIOBAHHSL.

®dopManbHi OHTONOTII MpeAMETHHX 00NacTeld 3apa3 MIMPOKO BHKOPHCTOBY-
I0ThCSI PI3HOMAHITHUMH 1HTEJIEKTyalbHUMH Web-3acToOCyHKaMu sl iHTeporie-
pabenpHOrO mMomaHHs 3HaHb. OCHOBHY POJIb y MpOIECi CTBOPEHHS Mopmenei
3HaHb npo [IpO BigirparoTh OHTONOTIT — 3HAHHSA, OPraHi30BaHi Ha OCHOBI Ma-
TEMaTUYHOT JIOTIKH.

NOCTAHOBKA NPOBNEMM

Ha BimMminy Bix nuaamiuanx Wiki-pecypciB, OHTONOTIT € BIiTHOCHO CTaOiTbHUMH
MOJICTISIMH 3HaHb, OTHAK YacTO HE BPaXOBYIOTh 3MiH B 3HaHHSX, OCOOIUBO Yy
HOBHX NPEJMETHHX OOJIACTSAX 1 TOMY MICTATH 3acTapini aaHi. OHOBIIOBATH Bep-
cii oHTONOri# BpyuHY 3aHAATO CKIaaHO Ta foporo. Hait0inpm epexTuBHUM mifa-
XOJIOM € BUKOPHCTaHHS CTPYKTYPH KJIACiB BXKe HAsSBHOI OHTOJIOTII JJII CEMaHTH-
4yHOi po3miTku Wiki-pecypcy, sSkuii MOYKe 3MIHIOBATHCh JOCHTH 4acTo, a MOTIM
3a Li€10 PO3MITKOI0 aBTOMAaTH30BaHO T'eHEPYBAaTH HOBI Bepcii BKa3aHOi OHTOJIOTT],
SK1 MOXKHa 30epiraTu y perno3uTopii OHTOJOTIH.

Js Toro, mo6 OIIHHUTH CKIAAHICTH L€l OHOBIIOBAHOI OHTOJIOTrII, TOOTO
MOB’s13aTH i1 3 IEBHOIO KOHKPETHOIO JIOTIKOIO 3 CiMEHCTBA IECKPUIITUBHHUX JIOTIK,
HEOOXiIHO TepI 3a BCe SBHO BU3HAYUTH BCi XapaKTEPUCTUKU (GopMalbHOI MO-
neni el oHrosorii. 3100yTH i BimoMocTi 3 cemanThuHoro Wiki-pecypcy, Ha
KaJb, HEMOXKJIUBO. Lle MOB’sI3aHO 3 THM, 1110, HE3BAKAIOYM HA BEJIMKY IMOMII0-
HICTh OHTOJIOTIi Ta ceMaHTH4YHOro Wiki, BOHM MalOTh BCE K TaKW 30BCIM pi3HY
BUpPAa3HiCTh. TakKMM YWHOM, L5l YaCTHHA POOOTH HE MOXKeE OyTH aBTOMAaTH30BAHOIO
— SIKIIIO BUHHMKAIOTH Taki 3MiHH, TO iX Ma€ BHOCHUTH JIIOJUHA. XapaKTEPHUCTUKU
(dbopManIbHOT MOAET OHTOJIOTII MOJKHA IMIIOPTYBaTH 3 MONEPENHbOI Bepcii OHTO-
sorii [IpO Ta 3MiHIOBaTH TUTEKH TOJI, KOJIM Ii XapaKTEPUCTHKH OHTOJOTII JTiHc-
HO 3MiHIOIOThCS. i1 Toro, 1o O SIBHO BKa3aTH, 3 SIKUX JDKEPEN Ta sIKi came
3HaHHs Tpeba 3700yBaTH, MU IPOIIOHYEMO PO3IIUPEHY, ACTANBHINTY (GOpPMaTbHY
Mozenb oHronorii IpO.

MeTto10 podoTH € pO3pOOICHHS MOZETIe CTPYKTYPOBAHOIO MOJAHHS 3HAHb
y Wiki -pecypcax Ha OCHOBI OHTOJIOTi¥ Ta METOMIB iX 3aCTOCYBaHHs JJIs BIOC-
KOHAJIEHHS Ta MONOBHEHHs oHTonoriid IIpO. 3anponoHoBaHU MmigXiM HAIACTh
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3MOTY 1HTErpyBaTH TOTOYHI BiJOMOCTI NMpO 3MiHM y MpeAMETHii oOmacti Ta
CTBOPIOBATH aKTyaJbHI OHTOJIOTIT JUIsl PI3HUX MPUKIATHUX iHQOpPMAIiiHUX TeX-
Hojorii (IT), mo BUKOPUCTOBYIOTH OHTOJIOT .

@OPMANbHA OHTONOrIA AK 3ACI6 ONMCY 3HAHb NPERMETHMX OBNACTEN

Ho IT ueii repmin npuios 3 ¢inocodii, ne popmanbHi ontonorii (®. bpenrano,
E. Tyccepnb, I ®pere, K. TBapmoscbkuii, A. Paiinax, H. Kokxkbspenna,
C. Jlecbuencokuii, P. Kapuan, P. Iloni) BimoOpakaloTb B3a€MO3B'SI3KH 00'€KTiB
(peayibHUX Ta BipTyaibHUX) 3 X BIACTUBOCTSMH Ta YaCTUHAMH [2-5].

HociimkenHst GopManbHUX OHTOJNOTIH y ¢inocodii — 1e raxy3b Joci-
IDKEHb, SIKa 13 CaMOro M0YaTKy HEPO3pPHUBHO MOB'A3aHa 3 JIOTIKOIO Ta ii amaparoM i
MOXOJIMTh IIle Bif Takux poOiT Apwmcrorens, sk «Meradizuka» i «Kareropii».
JloknajHiiie 1ie mpoaHaii3oBaHo y [6].

Tepmin «popmanbHa OHTOIOTIS» Oys0 Buepiue BBeaeHo E. 'yccepiem y #o-
ro «Jloriunnx nmocmimxennsax» (1901), ne BiH po3pi3Hsie QopManbHy JOTIKY 3
oJHOTrO OOKY, Ta (hopMajbHYy OHTOJIOTiIF0 — 3 iHIIoro. dopmMajbHa JIOTriKa Mae
CIpaBy 3 B3a€MO3B'AI3KaMH BHBOJMMOCTI, HECYNEPEUHICTIO 1 3arajJibHOI0 3HAUY-
LIICTIO MEBHUX TBEPIUKEHb, TOA1 SIK (pOpManbHA OHTOJIOTISI CTOCYETHCS B3a€EMO-
3B'A3KIB 00'€KTIB Ta iX BmactuBocTed [2]. Jlorika BBa)KaeTbesi (HOPMANBHOIO
TOMY, IO BiJHOIICHHS BHUBOJUMOCTI MOXYTh OyTH 3aCTOCOBaHI J0 JIOTIYHHX
BHCHOBKIB Y CHITy JIUILIE CBO€T (JOPMH, TOAI SIK OHTOJIOTISI BBaXKA€ThCs (popmaib-
HOIO B TOMY PO3YMIHHI, III0 OIEPY€E AOBIILHUMH 00’ €KTaMM Ta IX BiIHOLICHHIMHU
3 00'eKTaMu BCix MaTepianbHuX cep uu odnacTeld peanbHOCTI.

E. I'yccepnp y cBoix poboTax HE BUKOPUCTOBYE Oyab-ikui (hopMambHHUN
amapar y Cy4acHOMY pO3yMiHHi 3MiCTy IOTO CIOBa. MIOTO Teopis He OXOIIOE
BEPTUKAIBHI BiHOIICHHS MiXXK YaCTHMHAMH 1 IIJIMM Ta CTOCYETHCS IHTYITHBHUX
OCHOB 1 IOHATH IS PO3POOIEHHS cucTeM POpMaIbHOI OHTONOTIT [2].

OpHak € iHIMK Tiaxia 10 GopMasbHUX OHTONOTIH, SKMH HE IPYHTY€ETHCS Ha
Mepeodorii. Mepeoorist (Bii TpebKOTO «4acTUHAa 1 «BUBUYCHH») — (hopMalib-
Ha TEOpis MPO YACTHHHM 1 MOB’sI3aHi 3 HUMHU MOHATTS. Llei TepMiH BUKOPHCTAHO
MOJbCHKUM MareMaTtukoMm CraHiciaBoM JlecbHEBCHKMM (JIbBiBCHKO-BAapIABChKa
MareMaTu4Ha Iikojia) [7], skuil aHamizye QinocodChKi, JOTIYHI 1 MaTeMaTHYHi
CKJIAJITHUKH OCHOB MaTeMaTHKH. BiTHOIIEHHS «4aCTHHA-IILJIE» € BUHATKOBO BaXK-
JIMBUM TOMY, 110 BOHO YTBOPIOE OCHOBY HOHSTTSI CUCTEMH, SIKE YAaCTO BUKOPHC-
TOBYIOTb B Cy4YacHOMY HAyKOBOMY Ii3HaHHi. Y Mepeosorii BiIHOLIEHHS
«€ yacTHHOO» (part-of) Mae Taki BracTuBOCTI: 1) acumeTpist; 2) TpaH3UTHBHICTb.
Lo Teopito po3suBanu K. Aiinykesny, A. Tapcekuii, T. KorapOincekuii [8].

TakuM uynMHOM, OcoOnmuBe Micue cepel (QOpMaJbHUX OHTONOTII 3aiiMae
cucrema C. JIecbHEBCHKOTO, sIKa CKIIAIAETHCS 3 TPHOX KOMIIOHEHTIB — MEpEoIIo-
rii, OHTONOril Ta MPOTOTETHKH. Moro ouToONOrisi 3aM0BONBHAEC BU3HAYECHHIO
¢dopmanbHoi onToNOrii B po3yminHi H. Kokkbsipenmi, y Toil dac sik ioro inma
CHUCTeMa — MEpEeoJIoris, 0 HaAOYIOBYEThCS HAJl OHTOJIOTIEIO, MiANANaE i
Br3HaueHHs GpopmanbHoi oHTonorii E. ['yccepist. Onronorist C. JlechbHEBCHKOTO
€ SIK JIOT1YHOIO CHCTEMOIO, TaK 1 CUCTEMOI0 (hopMaIbHOT OHTOJOTI].

H. Kokkpsapemnni BuzHayae GpopMasibHy OHTOJIOTIIO SIK TEOPit0 OYyTTS 3 TOUKU
30py (opMasbHOI JIoriku. BBaxkarouu, 110 KOYKHA HayKa po3mIsjae CBiil crenudi-
YHUI «cmnoci® icHyBaHHS», BIH CTBEPIPKYE, MO (opmaibHa OHTOJNIOTIS BHBYAE
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pi3Hi (opmaizanii, siki HalekaTb 10 CUCTEMAaTHYHOI KIachU]ikalli BCiX «CHoco-
0iB» 41 KaTeropiil icCHyBaHHS B CAMOMY 3arajlsHOMY BUTJISIII.

P. Iloni B «®opmManbHiii OHTONIOTI» pO3MIAgae Taki THIIM OHTOJIOTIH [2]:
oHmonoeis 06'ckmis i eracmueocmel, siKa ONMUCYE CYTHICTh 00 €KTIB 3 1X BJIaCT-
BOCTSIMU CHpamupixo8ana oHmono2is, sika OIUCY€E CBIT y KaTeropisix 3ajexHo-
CT1; OHMON02Isl NOQJil, KA ONUCYE AUHAMIYHI CyTHOCTI1; KOMOIHAMOPHA OHMONO-
2isl, sIKa OMHUCY€E YHIBEPCYM SIK KOMIIO3MLIIIO €I€MEHTIB 1 KOMOIHALIiIO0 eIeMEHTIB;
mpanchopmayitina ormono2is, ska BpaxoBy€ BHYTPIIIHI 1 30BHILIHI TpaHChOp-
Mallii; OHmon02is MEHMANLHUX KOHCMPYKYIl, sIKA OIICYE MEHTAJIbHY aKTUBHICTb
0e3nocepeIHBOro CIOMISIIAHHS Ta HE pO3MIAAae (PaKTH 30BHIIIHBOTO CBITY.

Kpim Toro, P. Tloni knacudikye onromnorii 3a piBHeM ¢opmanizamii Ha je-
CKPHUNTHBHI, (hopMasbHi Ta (hopMaii3oBaHi, a 3a 3aJCKHICTIO BiJl KOHKPETHOI
MpeIMETHOI 00JIACTi — Ha JIOKaJIBHI 1 I00ATBHI OHTOJIOTI.

Heckpunmuena onmonozisi Ma€ CrpaBy 13 CYKyITHOCTSIMH O0'€KTiB, IPYHTY-
€THCSl HAa TIOBEPXHEBiH HAOYHIH iHPOpMAII] Ta OMKCYE IIi CYKYIMHOCTI (B JEsKii
[IpO abo r106ankHO).

Dopmanvua onmono2is GIBTPye, KOAYE Ta OpraHizye pe3yabTaTu JeCKpHUIl-
THUBHOT OHTOJIOTIT (K JIOKaJIbHOI, TaK i mo0anbHo1). Taka OHTOJIOTIS € hopMalib-
HOW B po3yMinHi E. I'yccepins, To0TO Mae cnpaBy 3 TaKUMH KaTETOPiSMH, K
MOBJICHHSI, TIPOIIeC, Marepis, Lije, YacTHHA, YUCIO, AKI XapaKTepU3YyIOTh Pi3Hi
ACIIeKTH YW TUMH PEaslbHOCTI, alie He BHUKOPUCTOBYIOTH Oyab-siKi crienudivdHi
¢dopmanizmu. PopmanbHe KOMYBaHHS B CTPOrOMY 3HAYCHHI IIBOTO CJIOBa 3aCTO-
COBYIOTh TiJIbKM Ha TPEThOMY PiBHI — Ha piBHI moOynoBH (opMaIi3oBaHOI OH-
tosorii. PiBeHp hopmanizoBaHUX KOHCTPYKLIH TAaKOX IMPHUITYCKA€E OL[iHIOBAHHS
BHpPa3HOi, 00YHCIIFOBAIbHOT, KOTHITUBHOI aJIcKBATHOCTI Pi3HUX (hopMaIi3MiB.

Dopmanizosana oHmonoeis 000B'I3KOBO MPUITycKae BUOIp GopManizmy, 110
norpedye BHOOpY meBHOI GopMabHOI MOBH AJsl onucy oHrojorii. Ilotpeda B
noAiOHUX MOBax JABHO BXE TOodYaia BiIYYBaTHUCS PO3POOHHKAMHU CHUCTEM IITYY-
HOTO IHTEJICKTY.

KonctpyroBanusiM Ttakux ¢opMmaidbHUX MOB 3aiimMaroThesi b, Cmit i
K. Mamiran [6], siki nparHyTh OyayBaTd MOBH Ha 30BCIM IHIIMX 3acanax (Ha
BIIMIHY BiJl TOTO, SK II¢ POOMTHCS B JIOTILl) Ta HABOMAATH OIMUC OHTOJOTTYHOL
MOBH THITy Aiarpam Benna. Ase 15 po3poOka He Oyna opieHToBana Ha IT.

@OPMANbHI MOBH NOJAHHA OHTONOITA TA XHA BHPASHA NOTY)KHICTD

GOL (General Ontological Language — 3arajpbHa OHTOJIOTIYHA MOBA) OYJIO
po3pooaeno y 2001 p (b. Cwmit, b. Xemnep, X. Xeppe i B. Jleren ) mwist onucy-
BaHHsI OHTOJIOTI] BEPXHBOTO PiBHA, OPIEHTOBAHOI Ha 3aBIAHHS MEAWYHOI AiarHO-
crukd. Ha BinMminy Bix iHmmx mpoektiB mogioHoro poxny, GOL He € TeopeTuko-
MHOXXHHHOIO MOBOIO [9-10]. V 11bOMy NpOEKTi BHXIiJHI CYTHOCTI pearbHOro
CBITY TOIIAIOTECA HAa MHOXXWHH, 1HAMBINW Ta yHiBepcamii. [HauBimu, y cBOrO
4epry, PO3AULIIOTECS HA MOMEHTH, CyOCTaHIIi{, XpOHOIAH, TONOIAM i CUTYOiIH.
KIF (Knowledge Interchange Format — opmar oOMiHy 3HaHHIMU) — (oOp-
MaJlbHa MOBa JUT OOMiHY 3HaHHSMH MK KOMITFOTEPHHMH IIPOTrpaMaMH, HaIwca-
HUMU Pi3HUMH IPOTpaMicCTaMy B Pi3HMH yac i Ha pi3HUX MoBaxX. OHTOJOTISI LHOTO
MPOEKTY BUKOPUCTOBYE 00'€KT SK HAHOUIBII MIMPOKY Kareropito. O0'€eKTH MOXKYTb
OyTH KOHKPETHUMH (IIPUCTPIH, JIFOMUHA, MOJICKYJIa) a00 aOCTpaKTHUMH (ITOHSATTSI
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CTIPaBE/IMBOCTI, YHCIIO «JBa»), MPOCTUMH YU CKIagHUMH. Kpim TOro, 00’€KkTH
MOAUISIOTHCS Ha 1HIUBIAN 1| MHOXKUHK. MHOXHHA € CyKYIHICTIO 00'€KTIB, 1HIUBI-
IOM € 00'€KT, SIKMi HE € MHOXHHOI0. DyHKLIT Ta BiTHOIIEHHS BBOAATHCA K MHO-
KHHU CKiHYeHHX crucKiB. Ontonoriynuit 6a3uc KIF cnabkimmii 3a 6a3zuc GOL:
KIF MoxHa po3misiiaTy K TEOPETUKO-MHOXKUHAY TinMHOKHHY GOL.

F-Logic — onTONOri4YHa MOBa, 10 0a3y€eThCs Ha JIOTIKAX MEPLIOTo MOPSAKY,
OJTHAK KJIACH 1 BJIACTHUBOCTI B IIili MOBI HaJaHO SIK TEPMiHH, a HE SK MPEIUKATH.
MoBa cTBOprOBajiacs i 3AIMCHEHHS B3a€MOJIi MK OHTOJIOTISIMHU, MOOYyI0Ba-
HUMH Ha OCHOBI NpEAMKATIB, 1 OHTOJIOTiSIMH, MOOYJOBaHMMH Ha OCHOBI
F-Logic. Takuii mepeknan 30epirae JIOTi4Hi 3B'I3KH IS BEJIMKOI KIILKOCTI OHTO-
JIOT1YHUX MOB, y ToMy umcii i anst OWL DL.

OCML (Operational Conceptual Modeling Language) — MoBa, po3pobiena
U MATPUMKHM KiTBKOX THIIB KOHCTPYKLiM momaHHs 3HaHb. Bona mo3Bonse
3a/aBaTH crierudikaliro i oneparionanizamito QyHKIIH, 3B'I3KiB, KJIaciB, eK3e-
MIUIIPIB 1 mpaBui. MoBa MICTUTh MEXaHI3MHU ISl OTKMCY OHTOJIOTIH 1 METOMIB
pilieHHs 3a1ad.

LOOM — moBa noianHst 3HaHb 1 MIpKyBaHb B Taly3i IITYYHOTO iHTEIEKTY.
Bona BUKOpHCTOBY€ThCS ISl TOOYIOBH EIyKTHBHUX BHBEACHH Ha OCHOBI Jie-
KJIapaTUBHUX 3HAHb.

B pamkax mpoekty Semantic Web po3po0neHo cranaapt moBu OWL. Ontosorist
OWL (Web Ontology Language) € mociiioBHICTIO akcioM 1 (haKTiB, a TaKOX HOCHIAHb
Ha iH1i oHToorii [1]. OWL-oHTONOTIT MICTSITh KOMIIOHEHTH ISl 3aI1Cy aBTOPCTBA Ta
iHII01 HeoOXiHO1 iHpopmarii. OWL-onToNOTIl € MoKyMeHTaMi Web, Ha HEX MOXKHA
nocunarucs yepe3 URI (Uniform Resource Identifier). Mopa OWL po3improe MOBY
RDEF(S) (Resource Description Framework Schema)i 3abesnedye KOHCTpYKIil amst
BUPaXEHHS TIOHATb, BiTHOIIEHD, TIOTYKHOCTI, aHOTAIIiif Ta KOHKPETH3AIlil TTOHSTh TO-
0. OkpimM Toro, OWL miaTpuMyeThcsl BEMKOIO KUIBKICTIO PEJaKTOpiB OHTOJIOTIH Ta
pizoHepiB. Bce ne mozBomsie HazBath OWL HaHOLIBIN pENEBAHTHOIO MOBOKO IS
Semantic Web. OWL Mae Tpu [iiasIeKTH, 110 Pi3HSITHCS 32 BUPA3HICTIO:

e OWL Lite (mpocToTa CTBOPEHHS OHTOJIOTIN);
e OWL DL (moBHOTa Ta MOXIJIUBICTh JIOTIYHOTO BUBEICHHS);
e OWL Full (Bucoka BupasHicTh).

Kosxen 3 nux mianextis (okpim Lite) € po3mupeHHsM nonepeansoro. Sk
HacioK, Oyne-sika OWL Lite orronoris e OWL DL onTomOTi€T0, 2 OYIh-Ka
OWL DL onromnoris € OWL Full onronorieto.

OWL Lite — HaiinpocTimuii BapiaHT, IpU3HAUYECHUH AJIsI TUX KOPUCTYBAayiB,
SKi TOTpeOy0Th Kinacudikarii iepapxii i BAKOPUCTOBYIOTh IPOCTI OOMEKEHHS.
OWL Lite 3a0e3nedye MIBUIKY MITpallilo T€3aypyciB 1 IHIITMX TAKCOHOMIH.

OWL DL opieHTOBaHHI Ha THX KOPHCTYBaUiB, SIKi MOTPEOYIOTh MaKCUMAJIBHOT
BUpa3HOCTI Oe3 BTPATH MOBHOTH OOYMCIIEHb Ta TapaHTOBAHOIO 3aBEPILEHHS BCiX
obuncnens y Bu3Hauenuit vac. OWL DL mictute Bci MoBHI koHCTpyKLii OWL 3
0OMEXeHHSIMH TIOJIUTY TUITY (KJIac He MO)Ke OyTH NPHBATHOIO BIIACTHBICTIO, a BJIac-
THUBICTb — 1HAMBIAOM a00 Ki1acoM). TepMiHU «IpuBaTHHID a00 «ITyONiuHMID € TaK
3BaHUMH «MOJU(IKATOpaMu» JIOCTYITY, TOMY IO B JAESKHX MOBaX BOHH BUKOPUCTO-
BYIOTBCSI JIJ1s1 3MIHH PaHillie BCTAHOBJICHHUX IIPaB Y cliaJIKyBaHHi Kiacy. Hazsy OWL
DL 1noB’si3aH0 3 HOT0 BiTIOBIIHICTIO IECKPUIITUBHIM JIOTILII.
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OWL Full npuzHavaeTbes 11 KOPUCTYBAUiB, SIKAM ITOTPiOHA MaKCHMalbHa
BUPA3HICTh 1 cHHTakcWyHa noTyxkHicTh RDF 6e3 oOuucimoBanbHUX rapanTiid.
Hanpuknan, y OWL Full knac Moxxe 0qHOYAaCHO PO3IIISAATUCS 1 K CYKYIHICTb
EK3EeMILTAPIB, 1 SIK OKpeMHuid ex3eMIuLsip. [Hima cyrreBa BiaminHicTh Big OWL DL
moyisirae 'y Tomy, Imo owl:DatatypeProperty Moke OyTH TmoO3HaueHa SK
owl:InverseFunctionalProperty. OWL Full no3Bonsie cTBOoproBaTH Taki OHTOJO-
rii, SIKi PO3IMIMPIOIOTH CKIIaj BU3HaueHoro cioBHuka RDF abo OWL.

®dopmanbHo onucat OWL-0HTOIOTiH0 MOYKHA TAKUM YHHOM:

<ontology> = Ontology ( [<authorship-etc>]

{<directive>} )
<authorship-etc> ::=...

<directive> ::= <imports>
<directive> ::= <axiom>
<dlirective> ::= <fact>
<imports> ::= imports ( <URI> )

HatidbynanamenTanpHimm moHsaTts nesHoi IIpO MaroTh BilmoBigaTh Kiacam,
IO 3HAXOJATHCS B KOPEHI Pi3HUX TAKCOHOMIYHHX JepeB. KoxkeH ex3zeMIusip B
onronorii OWL nanexwuts 1o kinacy owl:Thing, a ko>keH BCTaHOBJICHHH KOpHUC-
TyBayeM Kiac aBToMatudHo € migkiaacoMm owl:Thing. Cnemmdiuni ans [IpO ko-
PEHEeBi KJIaCH BH3HAYAIOTHCS TIPOCTHUM OTOJIONICHHSIM iMEHOBaHOTO Kiacy. OWL
TaKOX 3a7ae MopoxkHid kiac: owl:Nothing. BuznaueHns MoxyTh OyTH po3IIU-
PIOBAaHMMHU 1 PO3MIOIIICHUMH.

OyHIaMEHTATbHUM TaKCOHOMIYHUM KOHCTPYKTOPOM [UIl KJaciB €
rdfs:subClassOf. Bin 3B's13ye okpeMuii Kiac 3 3arajdbHUM: AKII0 X — MigKmac Y,
TO KOXEH TMpeIcTaBHUK X — TaKOX MNpeAcTaBHUK Y. BimHomeHHs
rdfs:subClassOf € TpanzuTuBHUM: gkmo X — miaknac Y, i Y — migknac Z,
10 X — migknac Z.

Bu3naveHHs kiacy MICTUTh JBl YaCTHHU: Ha3BYy a00 MOCHIIAHHS Ha KJlac Ta
cnucok oOMexeHb. KoxeH Bupas, sikuil 6e310cepeiHbO MICTUTHCS Y BU3HAUCHH]
KJIacy, yTOYHIOE BIACTHBOCTI MPEACTAaBHUKIB IILOTO Kiacy. [IpencTaBHUKN Kila-
Cy HaJIe)KaTh J10 MIEPETHHY 3a3HaYeHUX 0OMekeHb. 151 BUSHAUCHHS eK3eMILIsIpa
JIOCUTH OTOJIOCUTH HOTO YIEHOM SIKOTOCH KJIACy.

XapakTeprCcTHKA «BJIACTUBOCTD) JJO3BOJISIE 3aTBEP/KYBATH 3araibHi (JakTH PO
YJICHIB KJIaciB 1 PO eK3eMIULsIpu. Bonu € GiHapHUMH BiTHOIIEHHAMH. PO3pi3HSIOTH
ZIBa THITH BJIACTUBOCTEH: 61ACMUBOCMI-3HAYEHHSA — BiIHOIICHHS MIX IPEACTaB-
Hukamu kiaciB i RDF-nitepanamu abo tunamu gaHux, 3ymosieHux XML Schema
Ta 81ACMUBOCMI-00'€KMU — BITHOIICHHS MK TIPEICTABHUKAMHE JIBOX KIIACIB.

JIi1s HagaHHs BIACTHBOCTI € 0arato crocobiB 0OMEKUTH 1€ BimHOIIEHH. Mo-
JKHa 3aJaTd JIOMEH 1 Jiarna3oH. BiactupicTh MO)ke OyTH BHU3HAYCHA SK CIICIliaTiza-
mist (IMiABIACTHUBICTH) HAsBHOI BIACTHBOCTI. MOMUIMBI 1 CKJIQMHINII OOMEKCHHS.
BrnactuBOCTI, Tak caMo SIK KJIaCH, MOXYTb OyTH OpraHi3oBaHi B i€papXito.

OWL BuxopuctoBye 6inbiiicts BOynoBanux tumnis XML Schema. [locunanns
Ha Ii TUAOM 3icHIOTBCS 3a gomomorn URI mms  http://www.w3.0org/2001
/XMLSchema. ®opmanbaa cemantuka OWL onucye, ik OTprMaTH JOTiYHI HACTiI-
KU, MaFOYM TaKy OHTOJIOTII0, TOOTO 3M100yTH (haKTH, IO HE HAJaHO B Hill Oe3moce-
PEIHBO, TIPOTE BUILIMBAIOTH 3 11 ceMaHTUKU. 111 HacIiKy MOXyTh OyTH OCHOBaHI Ha
ofHOMY a00 MHOXKHHI PO3MOUICHUX JAOKYMEHTIB, sIKi KOMOIHYIOTBCSI 3 BUKOpHC-
TaHHAM cHerjatbHuX MexanizmiB OWL.
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@OPMANbHI MOJENI OHTONOTIA

AmHani3 myOnikaniii JOBOIUTB, 1[0 CaMe OHTOJIOTI] € aJIeKBaTHUM Ta e()eKTUBHUM
3ac000M JUTSt MOJICTIFOBAaHHS YsiBIIeHb Tipo pi3Hi [IpO 1 naroTh 3Mory GpopmaibHO
BiJoOpakaTH iX ceMaHTHKY. Pi3Hi HayKoOBi Jpkepena MICTATh pi3HOMaHITHI (op-
MaJbHI MOZIEI MOJaHH OHTOJOTIH , MPOTE CXOXKUMH PUCAMH B HUX € MHONCUHA
mepmini¢ (TOHATH, KOHIICTITIB), IO MOXE TMOMIIATUCS HAa MHOXKHHY KJaciB
1 MHOYKMHY €K3EMILTSPIB, MHONCUHA BIOHOULEHD MIJIC NOHAMMAMU, Y IKI MO)KHA
BUJIUINTY BiHOMIEHHS 3 TMEBHUMHU (DiKCOBaHMMH HAOOpaMHU BIACTUBOCTEH —
«KIIAC-TTIIKIIACY, 1€papXivHi (TaKCOHOMIYHI) BiTHOIICHHS Ta BiJHOUICHHS CHHO-
HiMIT (TIomiOHOCTI), Ta akciomu ma QyuKyii inmepnpemayii NOHAMb i BIOHOULCHD.
Bynb-sixka oHTOINOTIS, KpIM MHOKUHH 00’ €KTIB MpeAMETHOT obnacTi (KiaciB
Ta €K3EMIUISIPIB), IO BKIIOYAE XapaKTEPUCTUKU 00'€KTIB 1 MpoLECiB NpeaMeTHOT
00J1aCTi, MICTUTE OIIMC BAXKIUBHUX 3AJIEKHOCTEH MK IIMMH 00'€KTaMHU.
®dopManbHy MOZIETh OHTOJIOTIT MOYKHA HAaJaTH Y BUIVISIL TPIHKN

O0=<X,R, F>,

ne X — MHOXHHA KOHIENTIB, R — MHOXWMHA BiJHOIICHb MiK KOHLEIITAMHU,
F — MHOXWMHA QYHKIIIH iHTepIpeTalii KOHIIEeNTIB 3 MHOXHHU X 1 BiHOIIEHb 3 R.

Ha 3micToBHOMY piBHI 3a normoMoru eneMenTtiB F MokHa Bkazaru (3amaru
MpaBuUiIa BU3HAYCHHS MPUIYCTHMOCTI), MO-TIEpIe, sSKi HaOOpH KOHIICNTIB, iX
BiJHOIICHb Ta 3HAYEHb iX BIACTUBOCTEH € mpumyctuMumu s [IpO — nHanpu-
KJIaJl, IUTHHA He MOXKe OyTH CTapIioro 3a 0aThKiB, KHUTa HE MOXe OyTH Haruca-
Ha paHille JaTd HapOMKEeHHS ii aBTOpa, Ipenapar He MOXKE OJHOYACHO IIiJIBU-
LIyBaTH Ta 3HWXKYBAaTU TUCK; a MO-ApYTe, sIKi 3HAaUCHHS BIACTUBOCTEH Ta BiJHO-
IIeHHS. M)XK KOHIIEITaMH MOKHA BHBECTH 3 HasiBHOI B OHTOJOTII iH(opMarii —
HaIpPUKIIaI, CYCI Cyciia € CyciioM.

Taxa Mozmenb Ma€ 3arajJbHUIN XapakTep, y TOH Yac SK Ha MPAKTHLI KOPHCTYIOThCS
TOYHIIIMMH MozessiMu. Hanpukiaz, y [11] oHTONOTS BU3HAYA€ETHCA SIK CTPYKTYpa

0=(C, <., R, op, <g. 4, 64 T),

s =c

sIKa CKJIAaeThes 3: YoTUpboxX MHOXHH C, R, A1 T, sKi He mepeTHHArOThC 1 ere-
MEHTH SKMX Ha3UBalOTh BIJIOBIAHO ifeHTH(]IKaTOpaMK KOHIICIITIB, 11eHTH(IKa-
TOpaMH BiJHOIIIEHb, iJICHTU(IKaTOpaMy aTprOyTIB 1 TUIIAMH JaHUX; CTPYKTYpH
4acTKOBOTO ynopsiakyBaHHS <. Hajg C 3 BEpXHIM elIeMEHTOM rootf (iepapxis
KOHIIENTIB ¥ TakcoHoMier); GyHkiii o - R — C* (inenTudikarop, um curua-
Typa BiJHOIIEHHS; YaCTKOBOTO YMOPSAAKYBaHHA <p Han R (iepapxis BimHO-
IeHb), A¢ I, < I, O3Ha4ae, IO |GR(r1l:|csR(r1)| i mi(og(n))<g mi(og(ry)) mna
Vi:l1<i< |c5 R (”1] (ni(t) — 1ne i-i KOMIOHEHT KOpTexkKy t); QyHKIil
64 A— CxT (inentudikarop, 4n curHarypa arpuOyra); Oe3midi THIIB JaHHX
T (manpuknan, psaaok, mine).

st cTpyKTypu < BHUKOHYIOTBHCS Taki yMOBH: pe(ICKTUBHICTb, aHTUCHMET-
PHUYHICTB, TPAaH3UTHUBHICTh, HASIBHICTH BEPXHBOTO EIEMEHTA 1 CyITPeMyM.

VY [12] oHTOJIOTISI BU3HAYAETHCS K KOPTEK

O=(C, 1, R T, V, < 1 g =,
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B sikomy C — MHOXHMHA KJIaciB; | — MHO)XHHA eK3eMILIsIpiB; R — MHOXHHA BifHO-
1eHb; T — MHOXMHA THITIB TaHUX; V — MHO)XHHA 3HaueHb (MHOuHU C, I, R, T, V
TIOIIaPHO HE TEPETUHAIOTHCA); < — BIJHOIICHHS Ha (C X C)u (R X R)u (T xT ), 11()
HA3MBAETLCS CIIeIiammisanicio; | — BIIHOIIEHHS Ha (C xC )u (R X R)u (T xT ) , 1110
HA3UBAETHCS BUKIIIOUCHHSM; € — BIIHOIIECHHS Ha (I X C)u (V xT ) , SIKE Ha3UBAKOTh
pearizali€ro (CTBOPEHHSIM €K3eMIUIApa); = BiTHOLICHHS Ha [ xqu(I UV), SIKY
Ha3WUBAKOTh TIPUCBOIOBAHHSIM.
Taka oHTOJIOTISE MOYKE OyTH MEepeTBOpPeHa y rpad), BY3JIU SIKOTO € THIIAMH.
CeMaHTHKY OHTOJIOTIYHHX MOB, SIKa OIKCYE BiHOIIEHHS MOBHHX BHPAa3iB
710 TIO3HAYEHUX 00'€KTiB Ta IXHBOTO 3MICTYy [6], 3a3BHYall MMOJAIOTH 33 JJOTIOMOTH
Teopii Moxenel. 30kpeMa, BOHa BU3Hauae (YHKINIO IHTepIpeTalii, o Bigoopa-
Kae KOKCH eJIeMEHT OHTOJIOTIi Ha MHOKHHY D — 06acTh iHTepnpeTaii.
Inmepnpemayiero outonorii O = <C, I, R, T, V, < 1, ¢ :> € mapa <I ,D> R
y siKiit D — obnacTte inTepiperatii, a / — QyHKUis iHTepnperanii, Taka, 1mio:
e VeeCIC)cD;
o VreRI(r)cDx(DUV);
e Viell(i)cD;
o VieTIlt)cV ;
o wvelV,I(v)cV .
TBepIKeHHS OHTOJIOTII 3a/IOBOJIBHSE IHTEpIpeTallii, SKIO iHTepHpeTallis
Y3TO/DKYETHCS 3 IIUM TBEPKCHHSM.
V3araapHEHO0 MOIEIUTIO OHTOJIOrI O = <C, I, R,T,V, < 1, € :> € iHTep-

TpeTartis m = <I ,D> , sIKa 33JI0BOJILHSIE BCIM TBEPPKEHHSIM OHTOJIOTI 0: VG € 0,m |= G .

3a3HaunMo, IO Ha MPAKTHIN BUKOPHUCTOBYIOTH TOYHIII MOZETI 3 PO3KPUTTAM il
esleMeHTiB. s mux Mozenel Bke MOKHA PO3TIILIATH iX IHTEpIpETAaLilo.
s onucaHHs OHTONOTIH MM OyAeMO BUKOPHCTOBYBaTH (YOpMaIbHYy MOIEIb

O= <X R F,T > , SIKa CKJIaJa€ThCA 3 TAKUX CJICMEHTIB:

X=X,UX,;,;, — MHOXHHA KOHLENTIB OHTONOTIi, e X, — MHOXXHHA
KnaciB,  X;,; — MHOXKHMHA €K3eMIULApiB  KJIaciB, Takux, IO
Vae X;,y3de X, ,ae 4,

R= Tier ¢l ™Y {r Tier _prop @ {pj Ju Pier _prop — MHOXHHA BITHOIICHb

MK €JIEMEHTaMU OHTOJNOTI, A€ 7, ; — 1€papXiuHi BIIHOIIEHHS MIX KJIacaMH

OHTOJIOTIT (CTPYKTYPH YaCTKOBOTO BIOPSAKYBaHHS 3 BepXHIM eilemeHToM Thing,

[0 MOXKYTh BCTAHOBJIIOBATHCS MIXK KjlacaMU OHTOJIOTIT 1 XapaKTepU3y€eThCs Ta-

KAMH  BIACTHBOCTSAMH, SIK  aHTUCHMETPUYHICTh 1  TPaH3UTHUBHICTH),
. . ' %

tier o1 - Xe1 = Xeps {1;} — MHOXHHA O0'€KTHHX BIaCTUBOCTCH, 110 BCTAHOB-

JMOIOTh  BiTHOMIEHHS Mik ekseMruisipamu kiacis: 7;(a,a€ X;g)=bbe X;pg,

rz"'Xind _)Xind; T

. oL . ,
ier _prop — 1€PapXI4HI BIIHOLICHHS MDK 00’€KTHHMH BIIac-

THBOCTSIMH KJIACIB OHTOJIOTI] (CTPYKTYpH YacTKOBOTO BIIOPSIAKYBAHHS 3 BEPXHIM
enemerToM topObjectProperty, ski MOXyTb BCTaHOBIIOBAaTHUCS MDK KiacaMu

30 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. 1 Bbra. Texu. 2018, No2 (192)



Mooeni ma memoou euxopucmanns cemanmuunux Wiki-pecypcis sk oxcepena 3namns oist

OHTOJIOTII 1 BIACTUBOCTSIMH KIIACIB 1 XapaKTEPHU3YIOThCSl TAKMMH BIIACTUBOCTSIMH,
K AHTHCHUMCTPUYHICTD | TPAH3UTHBHICTD), Figr prop - 11i ) > {1i}s {Pj} —
MHOKMHA BJIaCTUBOCTEH JaHMX, SKI BCTAHOBIIIOIOTH BIITHOIICHHS MDK €K3eMILILIpaMHU
KJaciB 1 3Ha4eHHAMH 3 T: pl-(a,anmd):t,teT, Pi  Xing >T5 Pier prop

iepapxiuHi BiJHOIIEHHS MK BJIACTUBOCTSIMM JaHHMX EK3EMIULIPIB KJIACiB OHTO-
jorii (CTPYyKTypH YacTKOBOTO BIIOPSAKYBAaHHS 3 BEPXHIM €JIIEMEHTOM
topDataProperty, siki MOXXyTh BCTAHOBJIFOBATHCS MK BJIACTHBOCTSAMH €K3EMILIS-
piB KJIaciB OHTOJOTII 1 XapaKTepU3yIOThCS TAKUMHU BIIACTHBOCTSAMH, SIK aHTHCHU-
MCTPUYHICTb 1 TPAH3UTUBHICTD), Diey prop 1 Pit > {Pi}s

F={F,;UF,,,} — MHOXHHA XapaKTCPUCTHK, SKI MOXKHa BUKOPHUCTATH

IUISL JIOTIYHOTO BUBEIEHHS HaJ OHTOJIOTiEr0 Ta 3aaatd mpaswia [IpO: F,; —
MHOKMHA XapaKTEPUCTHK KJIACiB OHTOJOTII, IO MOXYTh 3aCTOCOBYBATHCS JIJIS
JIOTIYHOTO BHBOJY (CKBIBAJICHTHICTb, BIACYTHICTH HEPETUHY TOWIO), Fpp —

MHOXKMHA XapaKTePUCTHK 00’ €KTHUX BIIACTUBOCTEH €K3eMIUIPIB KJaciB OHTO-
Jorii, Ki MOXHa 3aCTOCYBaTH JJIS JIOTIYHOTO BUBOAY (TPaH3UTHBHICTH, CUMET-
PHUYHICTh, aHTUCHMETPUYHICTh, Pe(IIEKCUBHICTE, aHTHPEDICKCUBHICTH TOIIO);

T — MHOXWHA TUIIB JaHWUX (HANpUKIA, PSIOK, IIiJie), 3HAYCHHS 3 SKUX
MOXYTb IIPUAMATH BIACTUBOCTI KJIACiB OHTOJIOTII.

OHTONOTIT TA RECKPMITMBHI NOTIKH

dopmaltbHa MOZIENb OHTOJIOTi 3HAYHO CITPOIIYE CITIBCTABIICHHS 1i 3 IECKPUIITHBHAMHI
norikamu (DL): HasiBHICTH UM BIJICYTHICTh MEBHHMX €JIEMEHTIB y MOJEJI BH3HAYae
CKJIQJTHICTh CTPYKTYPH IIi€i OHTOJIOTII Ta JO3BOIISIE POOMTH BUCHOBKH IIIONIO CKIIATHO-
cTi 1i 00pobeHHs1. DL — 11e ciMEHCTBO MOB ITOAaHHS 3HAHb, SIKE CIYTYE JIJISI OIHCaH-
HsI TIOHSITH TIPEZIMETHOI 00racTi y opmartizopanomMy BUDBiAL. Bymb-sika norika DL €
JIOTIKOIO TICPIIOrO TOPSIKY, aje He HaBHakd. JICCKPUITHBHI JIOTIKUA IOETHYIOTh
y c001, 3 OMHOTO OOKY, JOCUTh Oarari BUpaykaJlbHi MOMIIUBOCTI, 3 1HITIONO — 3a70Bi-
JIbHI OOYMCITIOBAJIbHI BJIACTHBOCTI, TaKi, sIK MOXJIMBICTH PO3B’S3aHHS I BIAHOCHO
HEBHCOKA OOYMCITIOBAJIbHA CKIIAJHICTh OCHOBHHUX JIOTYHHUX MPOOJIEM, IO J1a€ 3MOTY
BUKOPHCTOBYBATH iX Ha TIPAKTHIIL.

ALC (Attributive Language with Complements, aTpuOyTrBHa MOBa 3 JI0TIO-
BHEHHSAMH) — II¢ MiAMHOKXHMHA ciMmelicTBa DL, Ha sikiii 0a3yerbes moBa OWL;
BOJHOYAC A7 6araTbox peajbHUX OHTOJIOTIH HinkoM noctatHbo MoBu ALC, sika
Jla€ 3MOTY OITMCYBAaTH CKJIAIHI MOHSTTS 33 JOMOMOI'H TaKUX KOHCTPYKTOPIB KJla-
CiB, sIK MEPETHH, 00 €HAHHS, JOTIOBHEHHS KJIaCy, YHIBEpPCalbHE Ta CK3HUCTCH-
niliHe oOMexeHHs1 BractuBocti. st xapakrepuctuku iHmux DL BukopucToBy-
10Th Taki no3HaueHHs: F — dyHkuionansHi BnactuBocti; E — moBHa ex3ucten-
miajgbHa KBamiikamis (eK3UCTEHIIanbHI oOMexeHHs, kpiMm owl:Thing); U —
00’enHaHHs MOHATH, C — CKIaJHe 3amepedyeHHs MOHATTS, S — jorika ALC
3 TpaH3UTHBHICTIO  porneil; H-—  iepapxis  pomeit  (mizBiacTuBOC-
1i rdfs:subPropertyOf), R — oOmexeHi cknanHi akcioMd BKIIOYEHHS pPOJICH;
peQIEKCHBHICTh 1 aHTUPE(IICKCUBHICTD; 113 IOHKTUBHICTH poiieii; O — HoMi-
HaM  (TiepenmivyBaHi  Kimack  oOMeXeHb 3HaueHHS  00’ekra owl:oneOf,
owl:hasValue); I — 3BopoTHi (iHBepcHi) BracTuBocTi; N — 0OMEKEHHS MOTYX-
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HocTi (restrictions (owl:cardinality, owl:maxCardinality)); Q — xBamidikoBani
oOMexeHHs MOTYXHOCTI (HassBHI B OWL 2.0, 00MeXeHHs MOTYKHOCTI, BiJIMiHHI
Bim owl:Thing);(D) — BuKOpHCTaHHS THITIB JaHUX BIACTHBOCTEH, 3HAYEHb Ja-
HHUX a00 THUIIIB JaHUX.

IHTEPNPETALIA OHTONOTIA

JInst BUKOpUCTaHHS OHTOJIOTIT MOTPiOHO, KpiM il (hopManbHOI Mogieni, 3a1aTu ii ce-
MaHTHKY, TOOTO BU3HAYHUTH 3MICT 11 enemMeHTiB. CeMaHTHKa 1€l MOIeTi MOXe OyTH
BH3HAa4YeHa 3a JomoMoru (yHKIIi iHTeprpeTaiii. [HTepmpeTaliero OHTOJIO-

riio = <X LR, F > € mapa <I , D> , Y AKill QyHKIist iHTepnperanii (/) Taka, mo 1

KOXHOTO KJIacy Ta eK3eMIUIsIpa OHTOJIOTI] € 3HaueHHs iX (QyHKUii iHTepnpeTamii 3
obnacTi iHTepnperanii:
Vx e X,I(x)g D.

Te, mo TBepKEeHHs O, oHTOMNOTIT O (CMHTaKCHYHO IpaBUIIbHA (OpMyIa Bi-
JIOBIAHOI OHTOJIOTIYHOI MOBH, SIKa MOB’S3y€ EK3EMIULIpU ab0 KJIACH OHTOJIOTl
3a JJOTIOMOTH BiIHOLIECHB) 3aI0BOJIbHSIE 1HTEpIIpeTalii (1 , D> , TIO3HAYAETHCS K
I|=o0; ). BignoBigHo no cneun¢iku iHTepmnperauii onrtonoriii O, TBEpIKEHHS
3aJI0BOJIBHSIE 1HTEpHpeTAalii <I ,D> , SIKIIIO BUKOHYIOTHCS YMOBH, IIOB’s3aHi 3

Tier cl» Tier _prop > Pier _prop

Ta TUMH  €JIEMCHTAaMH  MHOXUHH
F={F,UF,.,,}, 1110 BAKODUCTOBYIOTbCS B OHTOJIOTIi.

30epiraeTbcs iepapxis Kacis:

I|=Tg ci(crcp)cp € Xopcp € X TOAL W TUIBKA TOAL, KoMK [ |=¢; € miA-
MHOXXHMHOIO [ |=cp;

L= ci(crcp)cp € Xojcp € X TOAL W TUIBKA TOAL, KoMK [ |=¢ € miA-
KJIacoM [ |=c¢,.

30epiraeTbes iepapxist 00’ €KTHUX BIACTHBOCTEN KIIACiB OHTOJIOTI:

IEYier prop(1om2 )1 €{1; },rpy €{1; } TOAL | TiNbKK TOAI, KoMK [ =7 € mia-
MHOXXHMHOIO [ |=75;

L= i prop(1i,topObjectProperty ), 7y € {7; } ToAi # TinbKu TOAL, KO [ |= 1
€ MIMHOXHUHOIO [ |= topObjectProperty .

30epiraeTbes iepapxist BIACTHBOCTEH JaHUX KJIaCiB OHTOJOTII:

I'\= Pier prop(P1-P2).P1 € pi }.py €{ p; } TOAL i Tinbku TOM, Ko [ |= py €
MiAMHOXHHOIO [ |= py;

I'|= Pier prop( p1,topDataProperty ), py € { p; fTOm ¥ TUIBKM  TOII, KOJIM
I |= p; € ninMHOXUHOIO [ |= topDataProperty .

[ligTpuMy€eThCSl cCeMaHTHKA €KBIBaJICHTHOCTI KJ1aCiB OHTOJOTII:

L= feq(crcp)c1 € Xopoep € Xy, foq € FppTOAL 1 TiNbKK TOAL, KOMK [ =

JOPIBHIOE [ |=¢5 .
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[linTpuMy€eThCsl CEeMaHTHKA BiICYTHOCTI MIEPETUHY KJIACIB OHTOJIOTI:
I'= faisjoint (¢1.€2 )1 € X¢j.¢2 € X of, [disjoint € Fey TOAL W TUIBKH TOZI, KOJIH

I|=c; HE IepeTUHAETLCA 3 [ |=¢) .

[ligTpuMy€eThCSl CEMaHTHKA CUMETPUYHOCTI 00’ €KTHHUX BIACTHBOCTEH €K3e-
MIUISAPIB KJIAaCiB OHTOJIOTi:

1 |: fsimmetr(rl(xl’XZ ))Jxl € Xindfxl € Xindfrl € {ri}’rsimmetr € Fprop TOxI i
TLIBKU TOAL, KOIH [ |=r(x1,x, ) cmiBnajgae 3 I |=r(xp,x;) .

AHAJIOTIYHO MiATPUMYETHCSI CEMAHTHKA TPAH3UTUBHOCTI, PepIIeKCUBHOCTI, aH-
TUPE(IEKCUBHOCTI TOIIO 00’ €KTHUX BIACTHBOCTEH €K3eMIUTSIPIB KJIACiB OHTOJIOTI.

OHrTooTiI0 MOYKHA PO3MIISJIATH SIK MHOXKHHY TPUITYCTUMUX TBEPKEHb, MO-
OynoBaHuX 3 eneMeHTIiB GopMmanpHOI Moneni. [HTepnperartii, o He cynepeYaTh
HaBeICHUM BHILE YMOBaM JUIs BCiX TBEPIKEHb, 10 BXOAATH IO L€l MHOXHHU,
CTaHOBIISITH MOXIIMBI iHTEpIpeTawii oHronorii: Vo€ O,I |=o . Taki iHTepmpera-

il Ha3UBaAIOTh MOJEIIMH OHTOJIOTI].

Bupasna 3patHicTh pi3HEX (HOPMaTBHUX MOZEJIECH OHTOJIOTIH CYTTEBO Pi3-
HUTBCS Ta 3aJCSKUTh BiJ TOrO, SIKI CaMe XapaKTEepUCTUKU BXOAATH A0 CKIaLy
F={F,UF /. U peanizauii uux Moxesiell € MOBH MOXAHHs OHTOJIOTIH,

SIK1 TEXK PI3HATHCS 33 CBOIMH BHPAa3HUMH MOXIIMBOCTSIMH Ta 33 CBOEIO CKJIAJIHIC-
T10: RDF Schemas nmpononye HalinpocTitmii piBeHb AJIs OJJaHHS OHTOJIOTIH, a
OWL Full — maticknaguimmii. Ciif 3a3HaYHUTH, 10 YUM BUIIIE BUPa3HI MOXKITHU-
BOCTI MOBHM, THM JIOBIIIC Ta CKJIaJHiIIe 0OpOOJIATH OHTOJIOrII, MoOymoBaHi Ha il
ocHoBi. Tomy BuOip 3aco0y MOIAHHS OHTOJIOTII 3aJIEKUTH BiJ CrieU(iKU 3a-
BIaHb, U PO3B’SI3aHHS SIKUX BOHA PO3POOIISETHCA.

Hns toro, mo6 nmoOyayBaTu OHTOJIOTIIO, HOTPIOHO BU3HAYMTH JKepena, 3
SIKUX MOKHA 3700yTH NEPTUHEHTHI 3HAHHS, Ta PO3POOUTH AJITOPUTMH, IO 3a-
0e3MmevyIoTh MPOIEC UHOro 3400yTTA. 3BaXKaO4M Ha Te, IO AJs aBTOMaTH30Ba-
HOTo 00pOOJIEHHS 3HAYHO Kpallle IPUAATHI CTPYKTYpOBaHi AaHi, a 1yisl 3000y TTS
3HaHb HaHOUIBII €PEKTUBHUM JKEPEIIOM € CEMAaHTHYHA PO3MITKa, PO3TIISTHEMO
1Ie Ha TMPUKIIAJl MONOBHEHHs oHToJOrIT [IpO BiIOMOCTAMH 13 CEMaHTUYHO PO3-
miveHnx Wiki-cropinok [13].

MONOBHEHHA @OPMANbHUK OHTOROI I
NPEAMETHMX OBNACTEM I3 CEMAHTHYHUX WIKI-PECYPCIB

J17nst OHOBIIEHHS! PO3pOOJIEHOT OHTOJIOTII Ta 11 PO3MIMPEHHS y pa3i AMHAMIYHOI 3MIHU
iHdopMarii npo iHpopMaliiHK 00’ €KT 3aIPOIIOHOBAHO METOJ MOTIOBHEHHS (op-
ManbHuX oHTonorii [1pO i3 cemantiunnx Wiki-pecypciB (puc. 1), sikuii 00’ enHye
JIEKUIbKA ETarliB.

Eman 1. CtBopuTtH nieplily Bepcito OHTOJIOr Ta 30epertu ii. Citifl 3a3Ha4UTH,
skimo Wiki-pecypc y)ke Ma€ CeMaHTUYHY pO3MITKY, sika 3a [IpO e Gau3bKoro 10
OHTOJIOT1i, 110 OYAYETHCS, TO Y Li OHTOJOTII JOLIJIBHO 3aCTOCOBYBaTH BU3HAYECHI
iMeHa JUIS KJ1aciB, BIACTUBOCTEH Ta IHIINX €JIEMEHTIB po3MiTK. MOKHA T0aBaTH
crieruivni it [IpO TepMiHy B IKOCTI TETiB PO3MITKH.

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. 1 Bbra. Texi. 2018, No2 (192) 33



B.I. I'puyenxo, A.A. I'naoyn, FO.B. Pozywiuna

CTBOREHHA
oHToRari O1

ETan 2

o1 CEMaHTHYHA
Trmeeees - PO3MITER
Wiki-pecypc e
¥
TONoMA |
CeMaHTHYHIT o it
o HOBNEHHA ="
Wiki-pecype

Wiki-pecypcy
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3 Wiki-pecypcy

Puc. 1. MeTto IIOITOBHEHHS OHTOJIOTT

Hanpuknan, st Wiki-caiiTy HayKOBOTO 1HCTUTYTY MH MOKEMO 3aCTOCOBY-
BaTH 3araibHOBXKHUBaHiI TepMminu: «lIpizBume», «Im’s», «llocamay, «Ha3sa Bin-
nimy», «llyomikanis» Ta «KiabKicTh aBTOpiBY», ajie TAKOX JOAATH BIACHI TEPMiHH
«[Iporpamua miarpopmay» Ta «MeTa 3acTOCYBaHHs areHTiB». BiacHi Teru ao-
3BOJISITH BiIMITUTH Ti BiZJOMOCTI, SIKi Hanexarp juiie oHTonorii [IpO.

Eman 2. Poamitutu cemantnunnii Wiki-pecype, T006T0 Takuii pecypce, SKuit
MiATPUMYE JONAHHS CEMaHTHYHOI PO3MITKH BCiMa KOPHUCTyBadyaMy TEPMiHAMH
i€l OHTOJIOrI .

Eman 3. Jlouekatucsi, KoM y po3MiueHi HAMH CTOPIHKH XTOCh BHECE 3MiHU —
HaMpUKIIa]], J0AACTh HOBUI MPOEKT, 3MIiHUTH MOcaay Tomlo. Jli3HaTucs mpo 1e Mu
HE MOXKEMO, 1 ToMy OylieMO reHepyBaTd OHOBJICHHS 3 TICBHHMH iHTEpBaJIaMH 4acy
TUTsI TIEPEBIPKH.

Eman 4. Buxkinukaty OHOBJECHHS 3a3HA4€HOI OHTOJIOTii, BUKOPUCTOBYIOUH
TinbKH Ti cTopinku Wiki-pecypey, siki MICTSTh Terd 3 Ii€i oHrtonorii. Bindip
TaKHUX CTOPIHOK JIETKO 3A1HCHUTH 3acobamMu Wiki-cucremu.

PosrisHeMO neTanpHile 3aporOHOBAHMI BUILIE METO/ Ha TIPUKIIAl 3aa4i mo-
TIOBHEHHSI Ta BJIOCKOHAJICHHSI OHTOJIOT11, PH3HAYCHOT TSl TISPETBOPEHHS IPUPOTHO-
MOBHOT'O TEKCTY 3 0OMEKEHOIO JISKCUKOIO B )KECTOBY MOBY.

PO3POBNEHHA OHTONOTTYHOT IIIllIIIP!VIAIlIﬂIIII'I' CHCTEMM
POSMISHABAHHA TEKCTY INA NIOAEN 3 BAJJAMH MOBNEHHA TA CRYXY

AKTyaJTbHOIO TIPOOJIEMOI0 € HEOOXiHICTh OTpUMaHHsI iH(OpMallil y BUITISII MOBH
KECTIB IS JIIONeH 3 MOPYLICHHSAMH MOBJICHHS Ta CIIyXy. ¥ Oararbox KpaiHax icHye
3HAYHMH MPOIIAPOK TAKUX JIFONCH, SIKMX HOTPIOHO aKTUBHO IHTEIPYBATH Y CYCITLIb-
CTBO, 3a0e3MeunTH 1X poOoTOr0, HaBuaTth. Ha choromHi B YkpaiHi MpoyKUBae ONn3b-
ko 500 THCsy Jonel 3 mopymeHHAMH ciyxXy. s miei kareropii rpoMaisiH Haligy-
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€Thes 59 crienianizoBanux ki, 20 yHiBEpCHUTETIB. € HaBYaIbHI MaTepiali, JOCTy-
ITHI JUIS JIFONEH 3 BaJlaMU MOBJICHHS Ta CITyXy (BIICOCIIOBHUKH, IPOrpamMHe 3a0e31ie-
YeHHs U1 HaBYaHHS, OH-JIAMH Kypcu Tomlo). OnHak, HeMae eeKTHBHUX 3acO0iB
JUTSL aBTOMATH30BAHOTO MAIITMHHOTO MEpeKiiaay Ha MOBY Ta 3 MOBH JKECTIB.

Po3BuTOK iH(pOpMAILIMHUX TEXHOJIOTIHM I Mepekiaay Ha KECTOBY MOBY €
aKTyaJbHUM 3aBAaHHAM. Takas iH(opMaliiiHa TEXHOJIOTiS MOXKE MaTH BETUKHUM
COLiaJIbHUM MOMHNT, 30KpeMa, 1ie 3a0e3MEeUUTD JIIOACH 3 BaJaMH CIyXy MOXJIUBIC-
TIO aKTUBHO CITIJIKYBAaTHUCS 3 JIIOABMH, SKI HE BOJIOIIIOTH MOBOIO JKECTIB, PO3IIIH-
puTH cdepy CHiKyBaHHA 1 3aHATh [ 14—15].

MoBa xecTiB — 1€ MOBa, sfka 0a3zyeThcs Ha KoMOiHamii skectiB. KokeH
KECT BUKOHYEThCSI OZIHIEI0 200 000Ma pyKaMH B MO€EJHAHHI 3 MIMIKOIO Ta IOJIO-
KEHHsM Tina. JKecTtoBa MOBa € HE3aJIeKHOIO Bi3yallbHO-ITPOCTOPOBOIO MOBOIO Ta
Ma€e CBOIO BIIaCHY IpaMaTHKy, SIKa BiPI3HAETHCA BiJ IpaMaTHUKH IPUPOTHOI PO3-
MOBHOI MOBH. Jleski (hyHKIIIT )KEeCTOBOT MOBH JO3BOJISIOTH MApajIe/IbHO MEPEHO-
cuTy iH(OpMaIlito, BUKOHYIOUH 3HAKH 000Ma PYKaMH, BUKOPUCTOBYIOUH MIMIKy
Ta apTUKY/sinii. B mpuponHiii po3MOBHIH MOBI 1Ie HEMOXIIMBO, [I€ MIepeAada iH-
¢dopmalii € TiHIHHOIO (CJIOBO 32 CIIOBOM).

CrinbHO 3 Kadeporo MPHUKIIaJHOI MaTeMaTHK BapimaBchKOro YHiBEpCHTETY
BUKOHYETHCSI COLIaIbHUNA MPOEKT CTBOPEHHS IHTEIEKTyanbHOI iH(opMaLiiHOi cuc-
TEMH TEPETBOPEHHS TEKCTY IEBHOI MPUPOIHOI MOBHU y KECTOBY MOBY IS JIFOIEH 3
BaJIAMH MOBJICHHSI Ta CITyXY, SIKMH Ma€ 3a METy PO3IMi3HABaHHS MPUPOJOMOBHOTO
TEKCTy Ha OCHOBI OHTOIIOTIi, SiIKa JIOTIOMAarae ypaxoByBaTH BCi OCOOIMBOCTI y3ro-
IDKCHHSI KEeCTOBOI MOBU Ta mpupomHoi MoBH [16—-17]. Ilepexbaueno cTBOpeHHS
YHIBEpCaIBHOTO ITPOEKTY AJIs 0ararbox €BpONeHCHKUX MOB.

JJist mepeTBOpEHHS TEKCTY Y MOBY eCTiB SIK 00JacTh iHTepnpeTarii Tpeda
OZIeP>KyBaTH BiIOMOCTI PO CUHOHIMH, OMOHIMHU TOLIO Pi3HUX TEPMiHIB 3 €HLU-
knonennyaux Wiki-pecypcis, 1110 MiCTATh CEMAaHTUYHY PO3MITKY.

Cepen 3aBnaHb BbOTO MPOEKTY — CTBOPCHHS 1HTENEKTyanbHOI iH(opma-
IIAHOT TEXHOJIOTIT JUTA TepeKIaay TEKCTY YKPaiHChKOI (TIOJIbCHKOT) MOBH y MOBY
KECTIB I DIyXOHIMHX JIIOEH Ha OCHOBI OHTOJIOTII, SIKa HaJa€ MOJENb 3HAHb
Mpo TEBHY MpeaMeTHy oOnacTh. [lependadaeTbesi, MO JiTEpaTypHa TEKCTOBA
yKpaiHchKa (TOJIbChKa) MOBA MOBHHHA OyTH 3a3[aJIeTib MPUBEICHA 10 TaK 3Ba-
HOI KOHTPOJHOBAaHOI MOBH, TOOTO 10 MoAaHHS (PO3OUTTSI) CKIAIHUX pPEucHb
yepe3 Habip mpoctux (Tuiy — 00’€KT, cy0’ekT, npenukar). CucremMa MOBHHHA
HaJaTH y BIAMOBIAHICTH CIIOBAM KOHTPOJIBOBAHOI MOBU KOHKPETHHH KECT 3 0a3u
JTAaHWX JKECTIB 32 BiJMOBIIHUM alTOpUTMOM (puc.2). 3a WX YMOB MOXJIUBI CH-
Tyanii, aKi oTpeOyI0Th NOAAIBIIOrO BUPIILICHHS.

1. € enachi imena, Ki HE TIOAAHO JKeCcTaMU (HANPHUKIIA/, BIACHI IMEHA JIIO-
neit, reorpadiuni Ha3Bu ToII0). L{i iMeHA MOTPiIOHO MOAATH 3a JTOTIOMOTH CIIEIli-
AJIBHOTO 3aCTOCYHKY B JKECTOBY aHIMallil0 OyKB MajbLUsIMHU PYK.

2. € ¢pasu abo peuenns, IKi MOKHA 3aMiHUTH OJHMM KECTOM. IX MOBHHHA
PO3Ii3HATH OHTOJIOTIYHA IHTENEKTYalbHA CUCTEMA.

3. € omoHimu, SKi TaKOXX NOBMHHA PO3IMI3HATH IHTENEKTyaJlbHAa CHUCTEMA,
HalpHKJIaJ, CIOBO «KOCa» MOXE MaTH TPH PI3HUX CEMAaHTUYHHUX 3HAUYCHHSI.

4. € cunouimu, SIKi TaKOX TMOBHHHA PO3IMI3HATH IHTENEKTyalbHa CHCTEMA,
Hanpuknag, EOM, komn’totep, HOyTOYK, MeiiH(bpeliM. BoHn o3Ha4yaroTh onHe i
Te came (BiTHOIIICHHS CHHOHIMI).
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Wiki-cTopiHka “Koca”

Koca — cinbcbkorocnogapcbke 3Hapsaaa npaui o " @ (C) :SYSTEM-CLASS A
Koca — By3bkuii, HeBncokmii Ta soervi miwakmi nis-| | OHTOMOTIA “koca o
ocpis Koca (iHCTpyMEHT) S Hayantid caTpy)

C) moxenep

Koca (penbed) © acnpant

© (© nogpasnenenne

Koca — Bornoccs cnneteHe mixk coboto B JOBXUHY (
Koca — opwH i3 HapogiB 6aHTy y [iBaeHHin AdpuLli

Koca — oHa i3 oobiLliiH1X MOB [liBaeHHO-AdbpuKaH- Koca (MoBa Adhpukn)
cbkoi Pecny6niku Koca (4actuHa noguHm)
«Koca» — 6nek-metan-rypt 3 Ykpaiiu

[MprMpoAHOMOBHWI OKYMEHT
B maza3uHi npedcmasrieHi kocu, nonamu
ma iHWi iHCmpyMeHmu 8UCOKOI IKOCMi.
Mpuna6atn ix MoxHa 3a HasiBHOCT
nocBeigYeHHs aenytata BepxoBHoi pagun
3 HaLjiHkot 5%.

AHanis
KOHTEKCTY

OHTonoris
MpO

TepMiH XecToBoi NinrsictuyHa B

MOBW, Lo 3 CUHOHIMaMK, OMOHIMaMu
no3Havae €NEKTPOHHWI CIOBHUK

CemaHTU4HO

TepMiH ykpaiHcbkoi MmoBn CYM-11; . .
“Kgca" CINOBHWK [piHYEHKa; P(.)3M|l-|e‘-H|
WordNet Towwo Biki-cTopiHku

Puc. 2. Anroputm 00poOJIeHHS OMOHIMII B IIporeci IepeTBOPEHHs MPHPOAHO-MOBHOIO
TEKCTY Ha JKECTOBY MOBY

[Ticna oOpoGneHHs (KOHTPOJIO) TEKCTY 1HTEIEKTYaJbHOIO CHCTEMOIO BUKO-
HY€ETHCS TOCIIOBHA IHTErpallis IUX Pi3HOPLAHUX KOMITOHEHT, X PO3MITKa IS
MOJANIBIIOTO MOJJAHHS )KECTOBOIO MOBOIO.

Jns ynockonaneHHs! poOOTH 1HTEJIEKTyalbHOI CUCTEMH MOTPIOHO 3acToCy-
BaTH AJITOPUTMH MAlIMHHOTO HaBYaHHS, SIKi 3a0€3MeUyl0Th aJanTalio CUCTEMH
JI0 PI3HUX CUTYaIlill JISKCHIHOTO OOPOOIICHHS TEKCTY.

3a3HavyeHi IHCTPYMEHTH MOXYTh OyTH BHKOPHCTaHI JJIsl PO3POOIICHHS CHC-
TEMH MAalIMHHOTO MEpPEeKNaay 3 MOBH PO3MOBHOI B JKECTOBY 1 HaBIIaKH, LI00
MOJIETIINTH CIUIKYBAHHS JIFOJSM 3 BaJaMd MOBJICHHS Ta CIyXy 3 TUMH, XTO HE
BOJIOJIi€ KECTOBOIO MOBOIO.

Y po3po0ieHH] HbOro MPOEKTY BUPILIYETHCS HU3KA 3aBAaHb:

1) cknmamanHs crienudikarii 3aBgadb I pO3POOIICHHS IHTENEKTyalbHOI CH-
CTEMH pO3Ii3HABAHHS MIPOEKTY Ta PO3POOIICHHS apXiTEKTYpH CHCTEMH;

2) po3pobnenns cnenudikamii 3aBganb i (Hig0NOTiB YKPaiHCHKOI (IOJb-
CBbKOi) MOBH JAJIsl HAIIOBHEHHA 0a3u JaHMX 3 PO3Mi3HABaHHS TEKCTY (CHHMCOK CH-
HOHIMIB, aHTOHIMIB, JI€CIOBO = IMEHHHK, €K3eMIULSPIB BJIACHUX Ha3B, TPYII
CJIOBOCIIOIYY€HbB JJIS OJTHOTO XKECTY, CIIB, IKi HE MAIOTh JKECTY, TOIIO);

3) po3pobneHHs KoHUenuii (yHKIIOHYBaHHS CHCTEMH PO3Mi3HABAHHS 3
ypaxyBaHHSM MO>KJIMBOCTEH METOMIB MALIMHHOTO HaBYaHHS (Ha OCHOBI MPaBHII
SWRL 3 BUKOpPHCTaHHSIM BXiJHUX TECTOBHX HAOOpIB — HAIPUKIAl, MEPETHH
Te3aypyciB CEeMaHTHYHOT OOOJIOHKH IJIs1 OJHOTO TEPMiHY);
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4) po3pOo0JICHHS OHTOJIOTIYHOT MOJIENI PO3Mi3HABAHHS TEKCTY IS BUSBJICH-
HSl B HbOMY HEOJIHO3HAYHOCTEH, 0araTo3HAaYHOCTEH Ta PO3MITKH IIbOTO TKECTY
IUIs1 IEPETBOPEHHSI B CHCTEMY JKECTIB;

5) po3po0IieHHS METOJTUKH Ta AJITOPUTMIB MOMOBHEHHS ()OPMATIBHUX OHTO-
JOTiA po3mi3HaBaHHS Ha OCHOBI BIIKpUTUX iHQopManiiiaux pecypciB (Wiki-
pecypciB TOIIO);

6) po3poOIIeHHsI 3aBepIlaTbHUX AITOPUTMIB ISl IPOrpaMyBaHHs IU1aTGopMu
IHTEJICKTYaJIbHOT CHCTEMH PO3ITi3HABAHHS TEKCTY Ta TECTYBaHHA M€l 11aT(GOpMH.

PosrnsayTi (hopManbHi MOZENi OHTOJIOTIH Ta METOAM JO3BOJSATH aBTOMa-
TUYHO OHOBIIIOBATH BEPCii OHTOJNOTIH Ha OCHOBI HOBHX BiJJOMOCTEH 3 BiJKPUTHX
pecypciB. Oco0JIMBO BaXIUBUM € Te, IO 3alpPONOHOBAHMM METOJIOM 3HAYHO
JISTIIIC PO3IIMPIOBATH CIOBHMK Ta OyIyBaTH HMOro CIelliani3oBaHi Bepcii s
piznux npodeciitnux chep ado [IpO. Bukopucranns 30BHIIIHIX 0a3 AaHUX 3a-
Oe3neuye OLIBIITY MOBHOTY Ta 3B’sA3HICTH MO0y I0BaHOTO ciioBHUKA. HOBI ciioBa 3
[IpO nonmarTh aBTOMATHYHO, 11O € OCOOJIMBO BAXKJIMBUM JIJISI TUX HOBHX TalIy-
3€i, AKi MBUIKO 3MIHIOIOTHCS Ta PO3BUBAIOTHCS, Hampuknan s IT. A came B
1l cdepi mpamroe BeIMKa KUIbKiCTh 0ci0 BkasaHol rpynu. TakuMm yuHOM, 3a-
MPOITOHOBAHUH MiXi 3a0e3MeUYUTh MOKPAIICHHS SKOCTI JKUTTS JJIs 0araTbox
JoAed, CIPOCTHBILM iM CIUJIKyBaHHS y po3wmupeHii cdepi. Kpim Toro, Taki
CHCTEMH MalOTh BEJIMKE 3HaYCHHS y chepi OCBITH, AJIsi HABYAHHS JIIOJICH 3 BaJia-
MU MOBJICHHSI Ta CIIyXy PEJeBAaHTHUM JJIsi HUX CHEMialbHOCTSIM, IO Ma€ MoJia-
JIBII TIEPCTIEKTUBYU PO3BHUTKY LILOTO HAPSIMY.

InTerpoBana mporpamMHa TEXHOJIOTISI MOOYIOBH iHAEKCIB 0a3u KOHTEKCTIB
OMOHIMIB Pi3HUX THMIB ((YHKIIOHAIBHUX, JIEKCHYHUX) BKIIOYAE MOAYJ CTBO-
PEHHS i BeIeHHsI iHIEKCY OMOHIMIB, MOJYJIb Y3TO/DKEHHS iHIEKCHOI 0a3u 3 oc-
HOBHUM JHTBICTHYHMM PECYpPCOM — TIpaMaTHYHUM CIIOBHHKOM, a MEXaHi3MH
BUKOHAHHS 30BHILIHIX 3aIIUTiB TO3BOJISIOTH MMOIIYK TUIIOBUX OMOHIMIYHHX KOH-
TEKCTIB Y TEKCTOBOMY KOPITYCi Ha OCHOBI iHJeKCy oMOHIMIB. Bci mepepaxoBaHi
3aBJIaHHS BUPIIIYIOTHCS Y pa3i B3a€MOJIl MiJCUCTEM 3a CIICLiaIbHUMU 3alluTa-
MU. ba3a KOHTEKCTIB OMOHIMIB € AMHAMIYHUM 30BHILIHIM PECypCcOM, HapOILILy-
BaHUM B HACTIIOK QPYHKI[IOHYBaHHS CUCTEMHU.

TexHonoTisl 103BONy 0araTo3HaYHOCTI € KOMIUIEKCHOIO TEXHOJIOTIE0, sKa
MO€EAHY€E TPU po3poOliieHi mporpamui TexHosorii. Ilepma TexHonoriss — TexHo-
Jorist 103BONy (DYHKLIOHAJIBHOI OMOHIMII HAa OCHOBI KOHTEKCTHHX IpaBui. Me-
TOJI JI03BONTy 0araTo3HavyHOCTI HA OCHOBI KOHTEKCTHUX IMPaBUJI BUPIMYE QyHK-
LiOHANbHY (IrpaMaTH4Hy) OMOHIMIIO HAa OCHOBI KOHTEKCTHHX HpaBui, siKi (op-
MYJIIOIOTbCA K PE3YyJbTaT PETEIbHOI JIIHIBICTUYHOI €KCIEPTH3U MOBOKEHHS
OMOHIMa B Cy4acHHX MOBaXx.

CeMaHTHYHO PO3MIiYCHI CTOPIHKH MOYKHA OTPHUMATH 3 JIOBUTFHOTO 30BHIII-
Hboro cemantuuHoro Wiki-pecypcy, sikuii € peneBaHTHUM IpeIMeTHii 00aacTi
anamizy. Hampuknaza, me moxe OyTH CTOpiHKA EHIMKIONEMii, 10 BiAMOBigae
TEpMiHy, SIKHIl Ma€ OMOHIMH, a00 K BIJIOBiIHA cTOpiHKa Bikinesii.

BukopucTanHs caMe CeMaHTUYHO PO3MIYEHUX PECYPCiB Mae HU3KY TepeBar.

e MOXIHMBICTh BUKOPHUCTOBYBAaTH Ul aHali3y HE TUIBKM Karteropii Ta
3B’S3KH MK CTOpIHKaMH, ajleé i CeMaHTHYHI BJIaCTHUBOCTI LUX 3B’SI3KiB (HAaIpu-
KJIaJI, BpaXOBYBaTH KOHTEHT TIIBKM THX CTOPIHOK, SIKi TIOB’si3aHi 3 BHOPaHOIO
CTOPIHKOIO BiTHOIIEHHSM «CKJIAAETHCS 3» a00 «€ 3aCO00M JIIsT»).
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o MOXIUBICTh SIBHO BU3HAUMTH, SIKI CaM€ 3B’SI3KH TIOTPIOHO BUKOPHUCTOBYBATH:

{{#ask:[[Kamezopia:BYE]]

[[Kamezopis:lncmpymenmu]]

[[mae npuxnaou::{{PAGENAME}}]]

| format=ul

|limit=100

-

e [loOynoBa ceMaHTHYHUX 3aIUTIB JJIS TEPMiHY, IO Oy/Ie aBTOMaTH30Ba-
HO IHTETPyBAaTH BC1 BITOMOCTI PO TEPMiH Ha OIHY CTOPIHKY.

{{#ask:[[Kareropis:BYE]] [[Koca]]

| format=ul

[limit=20

i

Ha ocHOBi ceMaHTHYHOT PO3MITKHU 31 CTOPIHOK OTPUMYIOTHCSI Ha3BH TEPMi-
HiB: BUIULIIOTBCS TOCHJIAHHS Ta CEMaHTHYHI TIOCWIAHHA Ha iH(poOpMaIiiHi
00’extu Tuny «Cropinka». Hanpukmnan:

s Anebepm Tlempos] ], 6a. [[Pik napoooicennsi::1885]],  [[mic-
ye Hapooxcenna: bina kocal], pepopmamop cobaxosoocmea, npupooosHa-
seyw, Qinocod, ...

Jns BUKOHaHHS 3aBJaHb aHAJI3Y BiJHOLIEHb MIXK CIIOBAMH Ta MOHATTSIMU OHTO-
JIOT1i CITYTYIOTh TaK 3BaHi JISKCHYHI Ta JIEKCUKO-CEMaHTHU4HI 0a3u JJaHuX abo CTPYK-
TypoBaHi JiekcukoHW. Jlo Takux cucrteM Hanekarh IIpincroHchkuii  WordNet,
MindNet, nporpaMHuil MPOAYKT MPOEKTY IOCHIIHHULIBKOrO Bigairy Maiikpocodr,
FrameNet, po3pobnenunit B yniBepcureti bepkii, VerbNet, HowNet, ConceptNet,
CJIOBHUK yKpaiHchkoi MoBu CYM-11, cioBHuK ['piHveHKa Tomo. Yci cydacHi JTiHrBi-
CTHYHI pecypcy JOTNOMAararoTh BCTAHOBJIOBAaTH 3HAYEHHS! OMOHIMIB, MOJIiCEeMaHTHY-
HUX CJTiB, BUSIBJISATH CHHOHIMU, PO3POOJIATHA HOBI T2 OHOBITIOBATH BKE CTBOPEHI OHTO-
JIOT1i 4 Te3aypycH, aBTOMATH30BaHO ITiJICYMOBYBAaTH TEKCTH, PO3IIMPIOBATH MOXKITH-
BOCTI NOIIYKOBUX crcTeM Toilo [18—19]. KoskHa 3 6a3 qaHux Mae sk repeBar, Tak i
cBOi OOMEXKEHHsI IJI1 PO3B’sA3aHHA MPUKIAIHUX 3aBlaHb. Cepell BKa3aHHX pecypciB
WordNet HaOyB ITMPOKOTO 3aCTOCYBAHHS K HAHEOOXIHIILIMN CIIOBHHK 1 HalyHIiBe-
pCaNBHININK THCTPYMEHT y Taiy3i Komir toTepHoi niHrBicTHkU. CrnoBHuK CYM-11
Mae ChOTO/IHI TaKe K 3HAUCHHS I YKpaiHChKOI MOBH i cripusie€ chepi OIpalltoBaHHS
NPUPOJHO-MOBHHX PECYPCIB Ta JIHIBICTHKU 3arajoM, aiKe Te3aypyc TaKOro THILY €
TaKOXX HAJIIHUM JDKepesioM iH(opMallii mpo KOHKPETHY MOBY.

BMACTHBOCTI NOBY/I0BAHOT OHTOROMII

Po3po6iena onToOMOTISA 3 OMOHIMIT IeBHOT MOBH (puc. 2):
Og4r =(X,R,0,0),

ne i3 hopManbHOI MoJIENi O:<X R F,T > JUIS TIOTPe0 HAIIOTO MPOCKTY B3STO

TIIBKY TEPMIHU Ta BiTHOIIEHHS Mixk HUMH, F Ta T BifCcyTHI, J03BOJSE€ BU3HAYH-
TH BIJIHOIICHHS i€papxii Ta CHHOHIMIT MiXk TepMiHaAMH, a 32 KOHTEKCTOM BCTaHO-
BIIIOBaTH OMOHIM, SIKMI TPAIUISETHCS Y TEKCTI.
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3anpornoHoBaHa OHTOJIOTS BifnoBigae aeckpunTupHii sorini SHOIQ (To6-
to SHIQ 3 HOMiHaIaMH, sIKi Jal0Th 3MOTY 3A1MCHIOBATH OIKMCH KJIACIB Y BUTIISII
nepeniky 00’ekTiB), mo € po3mmpeHasM ALC i, BiAMOBIAHO 10 ommcaHOi BUIIE
(dbopManbpHOI Mojeni Ta ii iHTepnpeTaiii, Moxke OyTu Hagana mosoro OWL DL,
IO TapaHTy€E CKIHYEHHICTh Tpoiiecy 0OpoOIeHHs i€l cTpyKTypH 3HaHb [20].

JlocmimpKeHHsT MaTeMaTHYHUX MOJIENIeH IHTeNeKTyalIbHUX CHCTEM, SIKI BUKOPUCTO-
BYIOTh OHTOJIOTii Ta MOJIeNi 3aBJaHb, JAIOTh 3MOT'Y BH3HAYUTH iXHI OOMEXEHHS,
PO3BsI3yBaTH 3aBIaHHsA Bajigallii Ta Bepudikallii CHCTEM OHTOJIOTIYHUX MOJICTICH.
Po3pobneni B poboTi MeTOM 3aCTOCOBAaHO Jisl TOOY0BM 0a3u 3HAHB TPHKJIIA/I-
HHX IHTEJICKTYaJIbHUX CUCTEM 3 MOXKIIUBICTIO il TMHAMIYHOTO TIOTIOBHEHHSL.

3anponoHOBaHUI METOJ TIOMIOBHEHHSI (JOPMANTBLHUX OHTOJIOTIH MPEAMETHHX
obnacreit i3 cemanTaHnX Wiki-pecypciB 3abe3neuye po3IMUpeHHs CIOBHUKA Ta
noOyJoBy HOro creuiamizoBaHMX Bepcidi ans pisHMX mnpodeciiinux cdep ado
IpeJIMETHUX 00JacTel 3 BUKOPHCTAHHSIM 30BHILIHIX 0a3 IaHWX. ABTOMaTHYHE
JIOJIaHHSI HOBUX CIIIB 3 MPEIMETHUX 00JacTeil € 0COOMMBO BaXKITUBUM JUIS THX
HOBHX Tally3ei, SIKi IIBUIKO 3MIHIOIOTHCSI T4 PO3BUBAIOTHCS, OCOOIUBO AJIS Ta-
my3i iHopMaIifHUX TEXHOJOTIH, B AKii Mpallfoe BeMKa KiTbKIiCTh OCi0 3 Bajia-
MU MOBJICHHS Ta CIIyXy. 3alpOINOHOBaHMM MiAXia 3a0€3MEeYUTh MOKPALICHHS
SIKOCT1 XKHTTS JUTs 0araThoX JIFOJIeH, pO3IIUPIOIOYN MEXH 1X CITIIKYBaHHSI.

3acTocyBaHHS iHTEponepadeTbHOr0 NOAaHHS 3HaHb y BUTJISAL OHTOJIOTIH Ta
BiJITIOBIJTHUX TEXHOJIOT1H 1 )OPMATIB 1a€ 3MOTY IHTETPYBAaTH MYJIbTHIITBICTUIHY
cucTeMy 3i 3HaHHSAMH, HajaHUMHK B Semantic Web. Po3BUTKOM 3amporioHOBaHO-
r0 METOJy Ma€ CTaTH CTBOPEHHS INTO0AJIBbHOI CEMaHTHYHOI MYJIbTHIIIHTBICTHY-
HOi iH(pOpMaLiiHOT CHUCTeMH JUIsl IEPETBOPEHHS TEKCTY Ha OCHOBHUX €BPOIICH-
CHKHX MOBAaX B JKECTOBY MOBY JUTS JIFOJICH 3 BaJlaMH MOBJICHHS Ta CIIyXY K BaXK-
JIUBUH COIIaJIbHUH MPOEKT.
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MOZJEJIN 1 METO/bI NCITOJIb3OBAHIA CEMAHTUYECKHUX WIKI-PECYPCOB
KAK NICTOYHUKA 3HAHNN JULI TIOITOJIHEHIST @OPMAJIBHBIX OHTOJIOI MU
[MPEJIMETHBIX OBJIACTEU

PaccmoTpena 1enecooOpa3sHOCTh NMPUMEHEHUS OHTOJIOTHI JUIs INPEJCTABJICHUS 3HAHUH B
CHCTeMaX HCKYCCTBEHHOTO MHTEJUICKTa, OPUSHTHPOBAHHBIX Ha (DYHKIHOHHPOBAHHE B OTK-
puIToit cpene Web. IIpoananu3upoBaHbl UCCIEOBAHUS, CBSI3aHHBIE C OCTPOCHUEM (opMa-
JIBHBIX OHTOJIOTHH TNpeIMEeTHBIX oOyiacTei, u cpencrtBa ux ¢opmanusanuu. IIpennoxeHa
(bopManbHasi MOJIETb OHTOJIOTUH, KOTOPask YTOYHSIET CYIIECTBYIOIINE TOAXOIBI, Ooiee JeTa-
JILHO OIIMCBLIBAsl CBOMCTBA U XapaKTECPUCTHUKU OTHOIIICHUH MCXKY OCHOBHBIMH 3JICMCHTAMU
oHToJoruU. lIpennokeHo MCIONIb30BaHUE TAKOM MOJIENIM KaK OCHOBBI JUIS COINOCTABJICHHUS
OHTOJIOTHUH C ACCKPUTITUBHBIMU JIOTUKaAMH.

B pabote npencraBieH METO MOMOTHEHHSI OHTOJIOTHH TIPEIMETHOW 001acTH, KOTOPBIH Oa-
3UpYeTCsl Ha TPEIUIOKEHHOW MOJEIM M HCIOJIb30BAHUM CEMAaHTHUYECKH pa3MedyeHHbIXx Wiki-
PecypcoB Kak MCTOYHHKA 3HAHUI, YTO 0OecIieuMBacT IMHAMUYESCKOE MOTIOJHEHHe 0a3bl 3HAHHUN
NPUKIIaJHBIX WHTCIIJICKTYAJIbHBIX CHCTCM. HpI/IBCI[CH NIPUMEP HUCIOJIB30BaHUA NPEIJIOKECHHOI'O
MeTola B 3ajade MpeoOpa3oBaHHs €CTECTBEHHOS3BIKOBOTO TEKCTA B SI3BIK JKECTOB B CHCTEME
MH(OPMALIOHHON HOUIEPAKKHU JIUII ¢ HEJOCTaTKaMH PedH U CIIyXa.

Kniouesvie cnoea: gpopmanvuas onmono2us, OHmoao2u4ecKue A3uiku, Gopmanvras mo-
0elb OHmoao2UY, UHMepnpemayus onmonozuil, cemanmuyeckue Wiki-pecypcul, ungopmayu-
OHHas cucmema.
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MODELS AND METHODS OF THE SEMANTIC WIKI RESOURCES USE AS
KNOWLEDGE SOURCES FOR RENEWAL OF FORMAL DOMEN ONTOLOGIES

Introduction. The construction and implementation of intelligent systems based on the for-
malization and reuse of knowledge is a promising direction for the practical application of
artificial intelligence methods. The basis of such systems is formalized representations of
knowledge about the subject area, for example, in the form of ontology. There remains an
open question of the choice of the formal apparatus tools for the construction of ontology.

The purpose of the paper is to develop models of structured representation of knowledge
in Wiki-resources on the basis of ontologies and methods of their application for improving
and replenishing ontologies of the subject area. The offered approach will allow integrating
the current information on changes in the subject area and creating actual ontologies for
various applied information technologies using ontologies.

Results. The expediency of using ontologies for presentation of knowledge in systems of
artificial intelligence oriented to functioning in the open environment of the Web is consid-
ered. The researches connected with the construction of formal ontologies of subject areas
and the means of their formalization are analyzed. A formal model of ontology, which speci-
fies the existing approaches, describing in more detail the properties and characteristics of the
relations between the main elements of ontology is proposed. An example of using the pro-
posed method in the task of transforming the natural text into a sign language in the system of
information support of people with speech and hearing impairments is given.

Conclusions. The paper describes a method for renewal the ontology of a subject area
based on the proposed model and the use of semantically-tagged Wiki-resources as a source
of knowledge. This provides a dynamic replenishment of the knowledge base of applied
intelligent systems. The proposed method of renewal formal ontologies of the subject domain
from semantic Wiki-resources provides the expansion of the vocabulary and the construction
of its specialized versions for various professional fields or subject areas using external data-
bases. The automatic addition of new words from subject areas is particularly important for
developing industries, especially for the IT sector, which has a large number of people with
speech and hearing impairments. The proposed approach will improve the quality of life for
many people, expanding the boundaries of their communication.

Keywords: formal ontology, ontological languages, formal model of ontology, interpretation
of ontologies, semantic Wiki-resources, information system.
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ADAPTIVE STABILIZATION OF SOME
MULTIVARIABLE SYSTEMS WITH NONSQUARE GAIN
MATRICES OF FULL RANK

Introduction. The paper states and solves a new problem concerning the adaptive stabiliza-
tion of a specific class of linear multivariable discrete-time memoryless systems with non-
square gain matrices at their equilibrium states. This class includes the multivariable systems
in which the number of outputs exceeds the number of control inputs. It is assumed that the
unknown gain matrices have full rank.

The purpose of this paper is to answer the question of how the pseudoinverse model-
based adaptive approach might be utilized to deal with the uncertain multivariable memory-
less system if the number of control inputs is less than the number of outputs.

Results. It is shown that the parameter estimates generated by the standard adaptive
projection recursive procedure converge always to some finite values for any initial values of
system’s parameters. Based on these ultimate features, it is proved that the adaptive pseudo-
inverse model-based control law makes it possible to achieve the equilibrium state of the
nonsquare system to be controlled. The asymptotical properties of the adaptive feedback
control system derived theoretically are substantiated by a simulation experiment.

Conclusion. It is established that the ultimate behavior of the closed-loop control sys-
tem utilizing the adaptive pseudoinverse model-based concept is satisfactory.

Keywords: adaptive control, multivariable system, discrete time, feedback, pseudoinversion,
stability, uncertainty.
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Adaptive Stabilization of Some Interconnected Uncertain System

INTRODUCTION

A long-standing problem of the optimal controller design for multivariable systems
has been solved by using different approaches including the /; optimal control ap-
proach [1, 2]. It remains the important problem in the modern control theory [3-5].

Based on the well-known internal model principle, multivariable control
problem was first approached in the paper [6]. Within the framework of this
principle, the so-called inverse model approach seems to be perspective to deal
with improving MIMO (multi-input multi-output) feedback controls. Since the
pioneering work [7], the problem of inversion of linear time-invariant MIMO
systems has attracted an attention of several researches; see, e.g. [§—10]. Last
time, a significant progress in this scientific area has been achieved in [11-14].

The inverse model approach to ensuring perfect steady-state regulation of linear
discrete-time memoryless multivariable systems was first advanced in [15]. Similar
approach has also been discussed in [10] dealing with the problem of minimal inver-
sion. However, the inverse model approach is quite unacceptable if the MIMO sys-
tems to be controlled are nonsquare.

It turned out that the so-called pseudoinverse (generalized inverse) model
approach first proposed in the paper [9] can be exploited to cope with the non-
inevitability of nonsquare system. Recently, this approach was extended
in [16—-19] for controlling a wide class of discrete-time memoryless multivari-
able systems. In particular, in [16] it was first established that pseudoinverse
model-based controller for the steady-state regulation of the MIMO systems
having singular or nonsquare gain matrices is indeed optimal. But such control-
ler can be implemented if system parameters are known a priori. In the case of
the parameter uncertainty, the nonadaptive controller employing a fixed linear
pseudoinverse model can be shown to be acceptable to ensure the robust stability
of multivariable closed-loop systems containing uncertain linear and some
nonlinear memoryless plants [17-19]. Nevertheless, this controller may not be
suitable if parameter uncertainty is great enough.

An adaptation of control law is known as some universal concept to deal
with uncertain systems. Results obtained within the framework of adaptive con-
trols were summarized in many books [20-27], etc. A key question in these con-
trols concerns the stability of resulting systems, i.e. the boundedness of the con-
trol input and output signals [20, 21]. In order to resolve this important question,
two different tools were independently advanced in above two books. Namely,
the so-called Frequency Theorem was exploited in [20, Theorem 4.17.3] to es-
tablish the ultimate boundedness properties of linear adaptive control systems
including multivariable plants with square gain matrices, whereas the so-called
Key Technical Lemma of [21, item 6.2] was used to derive such properties in
MIMO case where the number of outputs does not exceed the number of control
inputs, see [21, subitem 6.3.6]. Unfortunately, these tools seems to be not admis-
sible to an adaptive nonsquare case. To the best of author’s knowledge, there are
no theoretical results concerning adaptive controls of these MIMO systems
while they may appear in practice [21, p.141].

The purpose of this paper is to answer the question of how the pseudoin-
verse model-based adaptive approach might be utilized to deal with the uncertain
multivariable memoryless system in which the number of its output exceeds the
number of control inputs.
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PROBLEM STATEMENT
Let

yn :Bun—l (1)

be the difference equation of an static (memoryless) plant that is some MIMO
discrete-time system to be stabilized. In this equation, y, =[y,S]),..., y1" and

M

no oo

u, =u .,u,sr)]T are its m-dimensional output and r-dimensional control input

vectors, respectively, at the nth time instant (=1, 2,...), and
ptv o p»

p o p™

denotes the time-invariant mx 7 gain matrix.
Consider a nonsquare system, where

r<m, (3)

i.e., where the number of output variables y,(f ) (1<i< m)exceeds the number of

control variables uf/ V(A< j<r).

Suppose that B is some unknown matrix of full rank meaning that
rank B = min{r, m}. Due to (3) we have

rank B =r. (4)

Ly

sired output variables (the given set-points for outputs), define the current ith

()

n

0(m) ]T

Introducing the vector y° =[y whose components are the de-

output error e, as

Y 5)
Then the output error vector will be given by
e, =y =, (6)

It is assumed that the elements ) (i=1,...,m, j=1,...,r) of B in (2)

are unknown a priori. Moreover, the bounds on these elements are assumed to
be unknown (contrary to [18, 19]) and it is essential.

The problem stated below is as follows. Based on the available observations
of e,e,,...,e, given by (6), devise an adaptive controller of a general form

n°“n-1°
un = Un (en’ en—l’ teeo e())’ (7)

such that the closed-loop control system containing the uncertain plant (1) and
the feedback (7) will be stable. More specifically, we require the sequences
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{u,} =uy,u,,... and {y,}=y,»,... to be bounded uniformly

({u,}el,,{y,} €!,) and for any initial conditions to achieve

€ €

U, ——=-—>u, I TH5e 2 Vs ®)
where the pair (#°, y°) with y° = Bu® defines the equilibrium state of the feed-

back control system (1), (6), (7).

Remark 1. Note that it is not required for the errors e!”

n

,...,et™ given by
(5) to be asymptotically equal to zero. In fact, m zero errors cannot be achieved
simultaneously except a unique case when y° € R(B), where R(B) denotes the
so-called range of B (the definition of ‘R(:) can be found in [28, Exercise

2.8.6]). Thus without less of generality we assume that y° ¢ R(B).

ADAPTIVE CONTROLLER DESIGN

Suppose that B is known. Then the pseudoinverse model-based control law of
the form

u,=u, +B'e, )

advanced in [16] can here be chosen. In this equation, B* specifies the so-called
pseudoinverse matrix given by [28, Theorem 3.4]

B+:%E%(BTB+5L)_]BT, (10)

where /, denotes the identity g x g matrix.

Note that under conditions (3), (4) on B, instead of (10), a very simple
formula

B*=(B"B)'B” (11)

may be employed to calculate B™ for given B; see [28, Exercise 3.5.3].

Following to the standard identification approach, we will design an adap-
tive control by replacing the unknown matrix B in (9) by its suitable estimate
B, updated at the nth time instant. Then the control law takes the form

u,=u,,+Be, (12)
where
LB
B, =| - | (13)
B
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To derive the estimation algorithm for updating B,, we first define the ith

n’

current estimation error e ) given as follows:

0 = _e® 4 pOTyy  (i=1,...,m). (14)

n—1

In these expressions, 5" =[b", ..., 5] is the ith row of B, selected from (13),
and the notation Vu, :=u, —u, , is used.

Remark 2. By virtue of (1) together with (8), (5), it follows that if
B =p" where b7 =[b'™ ..., b"] denotes the ith row of B then

e =0 (15)

will be ensured. Based on (15) define a set I', of possible £s under which the

estimation errors are equal to zero for given observable e, (0 e® Vu,_,. Obvi-

’nl’

ously, I', represents the hyperplane

L,=p": " -e” +p"'Vu, =0 cR’ (16)
belonging to the r-dimensional Euclidean space R’. It is not hard to see that
b(i)el“n forall n=1,2,.... O
Now, similar to [21, sect. 3.3], we will choose the adaptation algorithm as

the recursive estimation procedure

() () () E(i)
b =b" +y, ——Vu, , (=1,...,m), (17)
co+ | Vi, |

where ¢, is an arbitrary sufficiently small positive constant (¢, <<1) needed to

avoid the possibility of division by zero, and y'” is a scalar possibly time-

varying multiplier (in contrast to Equation (3.3.19) of [21]) satisfying
0<y” <y <y <2, (18)

This procedure describes the so-called projection algorithm which is also known
in the literature as the normalized least-mean-squares algorithm [21, p. 52].
There is a simple geometrical interpretation of (17), (18) (in terms of or-

thogonal projection of vector b, onto the hyperplane T', represented by (16) if
yff) =1 and ¢, =0). It is given in Fig. 1, where admissible bfli)s for yff) €(0,2)
are also shown.

Remark 3. In order to do not deal with the possible division by zero, in-
stead of (17), other estimation algorithm

bl if || Vu, [ =0
b, = g : (19)
b+ —"——Vu, , otherwise
Vi, |
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can also be proposed as the adaptive estimation procedure. This algorithm repre-
sents the slightly modified well known Kaczmarz’s algorithm who proposed it in
1937 for solving a set of linear equations (a translation of his original work can
be found in the recent paper [29]). O

Thus, the algorithm (17) (or (19)) together with (16), (18) leads to forming
the estimate matrix B, given by (13). It turns out that it is possible to ensure

rank B, =r Vn=12,... (20)
by suitable choice of y'’s from [y(i),V(i)

] with arbitrary numbers i=i,...,i, such
that 1<i, <...<i, <m. To substantiate this fact, consider the so-called »xr sub-
matrix B, [i,....i, |1,...,7] of B, consisting of its » rows with the numbers
ij,...,1, and of all columns (the definition of some submatrix of an arbitrary P and
its symbol notation P[-|-] have been taken from [30, part 1, item 2.2]).

Following to [20, item 4.2.2] it can be shown that if ¥’ €[y, y"] then the

n

requirement rank B, [i,,...,i, |1,...,r]=r can always be satisfied because

det B,[i,,...,i, |1,...,r]#0

may take place at some isolated yf)s. Thereby, the condition (20) can be met.

This makes it possible to calculate B, by

+ T -1 pT
Bn = (Bn Bn ) Bn (21)
similarly to (11).
5
Admissible 5"’s
\ pl ..
\
\
\
\
\ \
\ \
\
N \
N \
\ . \
\ \
\ \
N
Vunfl
u, !
0 b b"(il)

Fig. 1. The algorithm (17), (18) as an orthogonal projection process
for the two-dimensional case (» = 2)
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& 8()(!7)
CT T I Pseudoinverse 1
! Model-Based i
: Adaptive |
' X Controller !
| Adaptive 1
! Identifier !
i !
i i
! 1
. B, |
!
!
; ;
! Pseudo- '
' inversion )
! !
! 1
i 1 Do Tk
Discrete 1 MIMO system l
0 Integrator 1 1 '
I 1 I 1
y() + e, " vu, U, X Vn
) B, — B ‘

H ,,,,,,,,,,,,,,,,,,,,,,,,,, o .

Fig. 2. Configuration of adaptive control system

The choice of yff) completes the synthesis of the adaptive control algorithm

determined in the expressions (12), (17) together with (6), (13), (14), (18) and
(21) in full detail. To implement this algorithm, the adaptive pseudoinverse
model-based control system is designed as shown in Fig. 2.

As it is seen, the controller of this system contains the discrete integrator
summing the increments

Vu =B'e (22)

from 0 to » at each nth time instant and giving

n
u, = z Vu,
k=0

(in accordance with (12)).

ASYMPTOTIC BEHAVIOR OF ADAPTIVE FEEDBACK CONTROL SYSTEM

To study the ultimate behavior of the adaptive control algorithm (12), (17) to-
gether with (6), (14), (21), the preliminary results formulated in [21, Lemma
3.3.2] are needed. From these results we can derive the following asymptotic
properties:

(1) the scalar variables Vn(i ) =] p? —b" || are the Lyapunov function of the

algorithm (17) meaning
yo<y®  wi=1,..,m;
(ii) the sequences {b\"} satisfy

169 ~b | >0 as n—o Vi=l,... m;
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(iii) there exist the limits
e,

lim
28172
o (cot ||V, |I7)

=0 Vi=l,..

1]
E

(23)

With the foregoing properties (i) — (iii), the following lemma can be shown
to be valid.

Lemma. For the algorithm (17) together with (14) and subject to (18), it
follows that:

(a) the current estimate B, of unknown B remains always upper bounded
implying
1B, |l<e Vn;

(b) the matrix sequence {B,} satisfies
|| Bn _anl || Nn—>0 ? 05

(c) the zero limit

A o8
oo e+ ||V, ||
is achieved, where €, represents the estimation error vector defined as
| ~(m)T
en = [en( ), ey en(m)] ) (25)

R V)
and ¢, =c; .

Proof. Part (a) follows from the property (i) and the definition (13) of B,.

Part (b) holds due to the property (ii).
To prove part (¢) we can write

e, |l

=0, (26)
e (CO+ || Vl'tn—l ||2)1/2

using (23) and the definition (25) of ¢,. Since (A, + hz)”2 < h]”2 + h;/z for any
numbers h,, h, >0, the inequality

e, | e, |
(cot+IVu,_, ||2)1/2 o+l Vu, |l

: 1/2
with ¢, =¢;/

is valid. Taking this inequality into account, due to (26) we im-
mediately obtain (24). O
Now, we are able to present some basic result as

Theorem. The adaptation procedure (17), (14) has the following ultimate
property:

lim |2, | =0. @7
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Proof. First, recalling that e, =[e'", ..., ™1, due to (13), (14) we obtain

e, =e,—e, | +B

n n n—lvun—l‘ (28)
Substituting (28) into (24) gives

I €y =€y + By Vit | _

e IV 29)
By virtue of (22), the expression (29) can then be rewritten as follows:
i e =0, =BBle |l 0
inss at+|[ Vi, |
Consider the equation
e,—e,, =—BVu,_, 31

produced by (1) together with (6). Using this equation, represent (28) and (29) in
the form
En = (Bn—l - B) VMn—l H (32)

B _,—B
lim (B, —=B)Vu, || _ 0.
noe ot ||V, ||

(33)

It is clear that if ||Vu,_, || tends to 0 as n goes to infinity, then (33) is always

satisfied. Assume that lim sup,,_,, ||Vu,_, || = . To study this case, write
. B, _,-B)Vu
lim ||( n-1 ) U, || =0, (34)
e 1o /[ Vi, ||
dividing the numerator and the denominator of (33) by ||Vu,_, ||. In this expression,

Vu

n—1

It is not hard to establish that when B, | # B and sup, ., || Vu, || tends to

=Vu, /|| Vu,_, || denotes the unit vector of the same directionas Vu,_,.

oo then zero limit (34) will be satisfied if and only if
vl7n T)N(Bn—l - B)’ (35)

where the notation N(P) of the null-space of an arbitrary matrix P taken from

[28, Exercise 2.8.6] has been used.
By definition of X(-), it follows that (35) implies also that

Vun —>&(Bn—l _B) (36)

n—>0

becomes the necessary and sufficient condition to achieve the limit (33) for any
{Vu,}. Taking (34) in to account, due to (32) which may be rewritten as

lim [|(B,, = B)Vu,, ||=0,
result (27) follows. O
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Further, the following proposition is advanced.
Proposition. If the adaptation algorithm (17) together with (14) and with 7"

n

chosen as in (18) is applied to the MIMO system (1), then there exist a finite limit
’}1_{?0 B, =B, (I|B,l[[<»). (37)

This proposition is based on the observation that each {b"} is the so-called

() to the intersection

n-1

Fejer’s sequence because b'” is pointwise closer than b

ﬂl“wl of all the hyperplanes I',s defined in (16) (since they contain the point
b, this intersection is non-empty set).

Notice that, in this proposition nothing has been said about the convergence
{B,} totrue B, and it not necessary, in principle.

By virtue of (27) and (37), from the definition (28) of ¢,, it follows that

our time-varying control system becomes asymptotical close to a time-invariant
system described by

en _([m _BOOB;)en—] :Om (38)
as n—ow, where 0. :=[0,..., O]T denotes the r-dimensional zero vector.
%/_/
Since (38) produces
¢,=¢,, with |e, <o

for any integer positive n and for any finite ||e, | <o [16, 18], according to

[31], it can be concluded that the adaptive control system given in equations (1),
(6), (12) has the following main ultimate properties:

1) hm || en - en—l || = 09 (39)
n—0
there is a finite limit

2) lime,=e, (e, [<w). (40)

Using the fact that B is the matrix of full rank (see (4)), from (31) we derive

vl'tnfl = _B+ (en - en—l)
to establish

IVu, [I<I1B" [llle, —e, I 1)
Due to (39) from (41) it follows that
| Vu, | —=—0. (42)

By (40) and (42) we conclude that {y,} and {u,} will go to the equilibrium
state (u°, ) with y° =" —e_ and u° = B*y° as n tends to infinity.
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Hence, the problem (8) stated in this paper will be solved.

Comment. It can understand that #° may be specified by solving the vector
equation
B! Bu® =By° (43)
yielding by the condition
B, (yo - B”,H)T) 0,

under which the equilibrium state should asymptotically be achieved.

A SIMULATION EXAMPLE

To illustrate how the adaptive pseudoinverse model-based control algorithm
performs, a simulation of the closed-loop system consisting of the nonsquare
memoryless MIMO system (1) (the plant) and of the adaptive controller de-
scribed in equation (6), (12), (17) together with (13), (14), (21) was conducted.
The system to be stabilized at an equilibrium state was given by

02 1.4
B=|08 24|
1.1 05

with the matrix B of the full rank (rank B=2).
The desired output vector y° was taken as y° =[2,7,3]" to ensure

y° ¢ R(B). The duration of the simulation experiment was chosen as long as

adaptation of the controller parameters continues.
Table 1 sets out the true system parameters and their initial estimates.
Results of the simulation experiment are presented in Figs. 3 to 5. Fig. 3

shows how the estimate vectors 5\ (i=1,2,3) move to their final . We

can see that they differ from 5. These final estimates given in Table 1 yield

5.83 9.63
B, =|4.68 8.07]|
2.24 217
Table 1. System parameters

Parameters B p1? p p* peY p®?
True value 0.2 1.4 0.8 2.4 1.1 0.5
Initial value 50 20 30 40 10 10
Final value =583 =9.63 =4.68 =8.07 =224 =2.17

54 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 2 (192)



Adaptive Stabilization of Some Interconnected Uncertain System
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Fig. 3. Trajectories of adaptive estimation processes: (a) Vectors b,(ll); (b) Vectors b,(lz);

(c) Vectors b,(l3) ;

0 10 20 n 40 50
Fig. 4. Norm of estimation error vector

From Fig. 4 it is seen that the norm of the estimation error e, converges to 0 as
n— oo as predicted by the theorem above established. Fig. 5 shows the input control
variables u'”  (i=1,2) and the output variables y” (i=1,2,3). It is seen from

Fig. 5b that the performance of the adaptive controller is satisfactory because this con-
troller is able to stabilize the output vector y, at some ultimate y_ given by

v, =[2.99,5.88,2.75]"
as n tends to infinity. Namely, this vector specifies the equilibrium state of the
adaptive control system: y° =y, .
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2 0 2 4 8
!

4
1

Fig. 5. Systems variables: (a) Control inputs uflj ); (b) Outputs yfli) (solid lines)
and desired value y° () (dashed lines)

By solving (43) we numerically determine
u® =[1.634,1.905]"

that is the same as observed in the simulation example (see Fig.5a).
We also see that although the equilibrium state is asymptotically achieved,
0 0@ 1,00 of desired output

vector y° and their ultimate values y", y? ¥ respectively, if y° ¢ R(B).

there is a difference between the components y

CONCLUSION

This paper shed light on the adaptive pseudoinverse model-based approach to
deal with the stabilization of uncertain nonsquare memoryless MIMO systems in
which the number of the outputs exceeds the number of their control inputs. It
ensure the asymptotical stabilization of such systems at equilibrium states for
any initial estimates of system’s parameters. A simulation experiment has dem-
onstrated a good performance of these systems.
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MiXHapOIHHUI HAYKOBO-HABYAIBHUI IIEHTpP 1H(HOpMAIIHHUX TEXHOJIOTIH
ta cucreM HAH Vkpainu i MOH Ykpainy, np. Axanemika ['mymxosa, 40,
M. Kuis, 03187, Ykpaina

AJIATITUBHA CTABUIIBALIA AEAKUX BATATOBUMIPHUX CUCTEM
3 [IPAMOKYTHUMU MATPULSAMUA KOE®IICHTIB IIJCUJIEHHA
I[TOBHOI'O PAHI'Y

Bemyn. 'Y craTTi IOCTaBICHO Ta PO3B’S3aHO OJHY HOBY 3ajady, SIKa CTOCYEThCSI aJalTUBHOL
cTabimizailil MOJOKEHHsT PIBHOBArk MIEBHOTO KJIacy JIIHIHHUX 0araTOBUMIPHHUX JTUCKPETHUX CHC-
TeM 0e3 maM'sATi 3 NPAMOKYTHHMH MaTpuLsIMU KoedillieHTiB mincunenHs. Llei xmac Bkimouae
06araTOBUMIpHI CHUCTEMH, y SKHUX KUIBKICTh BHXO[IB IEPEBHUIIYE KiJIBbKICTh BXOJIB KEPyBaHHS.
BeeneHo npumnyIieHHs, 110 HeBiIOMi MaTpUIl Koe(illieHTiB MiJCUICHHS MalOTh IOBHUM PaHT.

Memoiro 1aHOTO NOCIiKEHHS € BIIIOBiAb Ha IUTaHHS PO T€, YU MOXHA peali3yBaTH
aZlanTHBHUN TIJIXi Ha OCHOBI ITICEBIOOOEPHEHOT MOAETi Ui KEepyBaHHS HEBH3HAUCHOIO
6araToMipHOIO CHCTEMOIO 0e3 IaM'sTi, B SIKil KiNbKICTb BXOAIB KEPYBaHHs € MEHIIA 33 KiJlb-
KICTh BUXIJTHUX 3MIHHUX.

Pesynvmamu. TlokazaHo, O OIIHKY MapaMeTpiB, sSKi (OPMYIOTbCS CTaHAApPTHOKO ajia-
NTHBHOIO PEKYPEHTHOIO MPOLEIYPOI0 MPOEKIIHOrO THITY, 3aBXKAW 30IraroThCsl A0 ACSKHUX
CKIHYEHHUX 3HAY€Hb 32 OYAb-SKHUX IMOYATKOBUX OI[IHOK MapameTpiB cucteMu. JloBeaeHo, 1m0
aJIaNITUBHHUI 3aKOH KepyBaHHS HA OCHOBI IICEBIOOOEPHEHOT MOJIEIN JO3BOJISIE JOCITTH MOJIO-
JKEHHs piBHOBAard CHCTEMH, sIKa IiJUIArae KepyBaHHIO. ACUMIITOTHYHI BIACTUBOCTI CHCTEMHU
KepyBaHHS 3 aJalTHBHIM 3BOPOTHUM 3B'SI3KOM, BCTAHOBJICHI TEOPETHYHO, MiITBEPIKYIOTHCS
MOJICTIBHIM €KCIIEPUMEHTOM.

Bucnoexu. BcraHOBICHO, IO IpaHWYHA MOBENiHKA 3aMKHEHOI CHCTEMH KEpPYBaHHS 3
BUKOPUCTAHHSAM aJalTUBHOI KOHIENNi, OCHOBAaHOI Ha IICEBI000EPHEHHI, € 3a/I0BITBHOIO.

Knrwouogi cnosa: anantueHe KepyBaHHs, 0araTOBUMIipHA CHCTEMa, TUCKPETHHI Yac, 3BOPOT-
HHI 3B'A30K, ICEBIOOOCPHEHHS, CTIHKICTh, HEBU3HAYCHICTb.
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AJTATITUBHA S CTABUIIN3ALNA HEKOTOPBIX
MHOTI'OMEPHBIX CUCTEM C ITIPAMOYT'OJIbHBIMU MATPUITAMU
KOOOPUMIIMEHTOB YCHUJIEHMA TTOJIHOI'O PAHT'A

Beedenue. B Hacrosleld cTaThe CTABUTCA U PEIIAETCs OJHA HOBas 3a/ada, Kacarolascs
aJanTUBHOM CTaOMIM3allMM IIOJNIOKEHUS] PABHOBECHS OIPEAENEHHOIo Kiacca JIMHEHHBIX
MHOTOMEPHBIX JUCKPETHBIX CHCTEM 0e3 MaMATH C IPSAMOYTOJILHBIME MaTpHIIaMHU K03 urm-
€HTOB YCHJIEHHS. DTOT KJIacC BKIIIOUYaeT MHOTOMEPHBIE CUCTEMBI, Y KOTOPBIX YHCIIO BBIXOJIOB
IPEBBIIAET YHCIO YIPaBIAOMUX BX0o#oB. lIpenmonaraercsi, 4TO HEU3BECTHbIE MATPHIIBI
K03()(PUIIMEHTOB YCUIICHUSI UIMEIOT MOJIHBIN paHT.

IJenv 310l CTaTPM — OTBETUTH HA BOIPOC, MOXKHO JIM PEAIM30BaTh aalTUBHBINA IIOAXOM Ha
OCHOBE IICEBII000PaTHOM MOZEHN Il YHPaBICHUs HEOIPEIETIeHHON MHOTOMEPHON cHCTeMOH 0e3
[IaMATH, B KOTOPOH YKCJIO YIPABILIOLINX BXOJOB MEHBILIE YHCHIA BEIXOIHBIX IEPEMEHHBIX.

Pesynomamur. IlokazaHo, 4TO OLEHKH I1apaMETPOB, T€HEpPUPYEMBblE CTaHAAPTHOM ajar-
TUBHOM pPEKYPPEHTHOH MNpOLEAYpOH NPOEKIMOHHOIO THUIIA, BCErAa CXOIATCS K HEKOTOPBIM
KOHEYHBIM 3HAUEHUSM UL TIOOBIX HayalbHBIX OLEHOK IapaMeTpoOB CUCTEMBI. JI0Ka3aHO, 4To
a/IalITHBHBIH TICEeBIOOOPATHBII 3aKOH YIIPABICHUS IIO3BOJISIET JOCTUYD [OJIOKEHHST PABHOBECHS
YIPaBJIIEMOH CHCTEMbL. ACHMITOTUYECKUE CBOWCTBA aJANTUBHOM CUCTEMBI YIIPABJICHUS C
00paTHOM CBA3BIO, IOITYYEHHbIE TEOPETHIECKH, IOATBEPAKICHBI MOJICIBHBIM SKCTIEPHMEHTOM.

Bb1600b1. Y cTaHOBIIEHO, UTO NPEAEIBHOE IOBEICHUE 3AMKHYTON CUCTEMBI yIIPaBJICHHUS,
IIOCTPOECHHOH Ha OCHOBE aJalITUBHOT'O [ICEBIO0OPAICHUS, SIBISCTCS YOBIETBOPUTEIBHBIM.

Knroueswvie cnosa: AIalITUBHOC YNPABJICHUC, MHOTOMEpPHasd CUCTEMA, NUCKPETHOC BPCMH,
06paTHa$1 CBA3b, HCGB,HOO6paIIIeHI/Ie, YCTOPII‘IPIBOCTL, HEOINPCACIICHHOCTD.
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THE EFFECTIVENESS OF SURGEON DECISION ON PAIN SYNDROME
OF PELVIC ORIGIN TREATMENT IN WOMEN ESTIMATED
WITH THE MODEL OF DECISION TREE

Introduction. The problem of correct diagnostics with the decision on the consequent ade-
quate treatment of diseases which are causative for pelvic pain syndrome in women is ac-
tual for 15-24% women of fertile age.

The purpose of the work is to investigate the effectiveness of different methods of
treatment women with pain syndrome originated from pelvis and lower part of abdomen on
the basis of retrospective analysis of 1092 histories of diseases during 2013-2017 p.p.,

Methods. Method of decision tree building up was used. The probability of different
outcomes — restoration of health, recurrence of the disease along with the perioperative
complications as well as duration of treatment in each case were taken into consideration
as informative indices for decision tree composing. On the basis of mentioned data the
index of effective period of treatment (EPT) was calculated. Period of observation was six
months _from the moment of disease diagnostics.

Results. It was established that the probability of complete health restoration was 0,83
after surgical treatment and 0,62 after drug treatment. In case of initial inefficiency of drug

© A.B. BUZYNOVSKY, O.S. KOVALENKO, N.R. BAYAZITOV, L.S. GODLEVSKY, 2018
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treatment the probability of restoration of health as a result of surgical intervention was
0,40. The EPT in surgically treated patients was less than EPT in patients with therapeutic
treatment by 3,29 times at the moment of making decision on the method of treatment.

Conclusions. It was concluded that early decision on surgical intervention as a
method of diagnostics and treatment was more effective when compared with the drug
method of treatment women with pelvic pain syndrome. Dependence of the treatment effects
upon perioperative complications serve as forecasting data for individual medical care
delivered during postoperative period.

Keywords: tree of decision, undertaking of decision in surgery, pain syndrome, the effec-
tiveness of treatment estimation.

INTRODUCTION

Making decisions in surgical practice very often is performed under conditions
of time shrinkage and uncertainty of symptoms. That is why correct chose of
optimal decision on diagnostics and treatment is complicated [1-5]. From other
side, looking for the identification of moments of surgeon’s decision making
and converting that process into autonomic informational support regime
makes delivering surgical service more reliable and effective [1, 2]. Especially
such an approach is of worth for syndromes with uncertain symptoms manifes-
tations such as pain pelvic manifestations in women [6]. Taking into considera-
tion that diagnostic and treatment mistakes are observed almost in one half of
women with pain pelvic syndrome [4, 6], the working out the system aimed for
support of surgeon decision is regarded as a great challenge with substantial
practical consequences.

The building up of decision tree permits to estimate the effectiveness of treat-
ment [7-9]. This method has not been used for the laparoscopic intervention effec-
tiveness estimation in women with pelvic pain syndrome till the last time.

The purpose of the investigation is confined to perform retrospective
comparative estimation of the effectiveness of surgical and conservative treat-
ment of women with the pelvic pain and pain in the lower part of abdomen.

PROBLEM STATEMENT

The problem of heightening of diagnostics and treatment pelvic pain in
women is especially actual taking into consideration that painful syndrome
originated from pelvis and lower parts of abdomen is met in 15-24% of
women of fertile age as well as both from 10 to 35% of diagnostic laparo-
scopies and up to 12% of hysterectomies are performed in women with
chronic pelvic pain in developed countries [6]. Such aspect as differential
diagnostics of appendicitis and inflammation of pelvic organs is also in-
cluded as a separate and most contributive to the general problem on the
effectiveness of diagnostics and treatment of pelvic pain per se [4, 6].

Hence, investigations aimed for comparative analysis of different methods of
surgical and therapeutic treatment of women with pelvic pain is of outstanding prac-
tical significance. The creation of regression trees of decisions are among those
methods which permit to perform such analysis. [10]. It is of worth to note that tree
of regression is valid for the effect of treatment identification which is based on such
argument as duration of patient’s staying at hospital [10].

62 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbr4. Texs. 2018. Ne2 (192)



The Effectiveness of Surgeon Decision on Pain Syndrome of Pelvic Origin Treatment

CHARACTERISTICS OF THE VOLUME AND METHODS OF INVESTIGATIONS

The volume of investigations. All results were gained in the course of retrospective
analysis of histories of diseases of women, who were treated at Odessa Regional
Clinical Hospital during 2013-2017 years with the pelvic pain and pain at lower
part of abdomen as an indication for the treatment. Altogether 1092 histories of
diseases of women from 18 up to 47 years old have been analyzed.

Criteria on the inclusion into investigation were the next:

- fertile age of women,;

- the presence of painful syndrome of pelvic or / and lower abdomen origin;

- the performance of laparoscopic diagnostics along with the performing

of laparoscopic treatment in the anamnesis;

- clear and reliable chance for the expert estimation of the effectiveness
of diagnostics and treatment as well as possibility to estimate such informative
parameters as complications incidence, duration of staying at hospital after first
and repeated women’s advertising for medical help.

Methods of the analysis. The calculation of the effectiveness of treatment
was performed on the basis of probability of restoration of patient’s health, and
duration of the period of hospital treatment, which was measured in days.
Besides, the probability of the recurrence of the disease (syndrome) as well as
the duration of repeated hospital period of treatment was taken into account.
The recurrence of disease was identified as repeated advertising of the patient
with the same symptoms on the painful syndrome originated from pelvis and
lower part of abdomen. The period between the moment of discharging from
previous treatment and repeated advertising for medical help was estimated in
days and was taken as an informative parameter for the effectiveness of treat-
ment estimation. All histories of diseases were analyzed for the period of half
of a year from the moment of the first women observation at hospital.

Taking into consideration of the possibility of quantitative estimation per-
forming using tree decisions method [3, 8] the quantification of the effective-
ness of treatment was performed with the index “effective period of treatment”
(EPT). Such an index was calculated in accordance to the equation:

EPT:lix,- P(4), (1)

n i

where x; — an average length of treatment period; P — probability of success-
ful result of treatment (health restoration); » — number of patients.

Similarly, in case of recurrence of disease and repeated treatment, EPT
was calculated as an averaged number of days after the first discharging from
the hospital multiplied by the probability of the recurrence of disease. Taking
into consideration the well-known fact on the reversed dependence between the
length of period before recurrence of the disease and the effectiveness of treat-
ment [5, 6], the EPT for repeated medical care was calculated as reversed value
of average length of period free from pain syndrome after the first treatment
multiplied by 100 and by weight coefficient (Q=10). That was necessary for
correct comparison of EPT calculated for the first period of treatment with the
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EPT of treatment performed after recurrence of disease:

EPT =

x100x O x P(A4).
Sy, @)

1
iz

THE GENERAL CHARACTERISTICS OF TREATMENT RESULTS

Surgical treatment results. In the accordance with retrospective analysis, it was
established that 828 patients (75,8%) have been treated surgically while the rest
234 patients (24,2%) were treated therapeutically.

Intraoperative complications were registered in 84 patients (10,1%), and in
48 out of them complications were also revealed during postoperative period
(Fig. 1). The mean duration of the treatment of intraoperative complications was
11,84 + 1,13 days, while postoperative ones were treated during — 17,52 + 1,22
days. It is worth to note that recurrence of disease was observed in 32 out of 48
patients in the subgroup of patients with both intra- and postoperative complica-
tions, while the rest of them (16 patients, 33,3%) successfully discharged from
hospital. The recurrence of disease was registered in 16 out of 36 patients, who had
only postoperative complications, while the rest 20 patients were successfully dis-
charged from hospital (Fig.1). Those patients who were surgically treated and free
from intraoperative complications (744 patients) demonstrated postoperative com-
plications in 76 cases (10,2%), while the majority of them (668 patients) have been
discharged from the hospital after 4,57 + 0,81 days of treatment. Later on 68 pa-
tients out from those 668 have advertised for medical help again after 97,50 + 6,42
days free from pain syndrome period.

Therapeutic treatment results. 264 patients (24,2%) have started with drug-
based conservative treatment (Fig. 1). The successful results of 23,41 + 2,51 days of
treatment was observed in 108 patients (40,9%). The recurrence of the disease was
registered in the rest 156 (59,0%) patients after 33,92 + 2,85 days of treatment. The
corrected drug-based treatment was restarted in 56 out of those
156 patients with the success ful result in 27,22 + 3,35 days of treatment. The rest
100 patients were decided to treat surgically, and in 44 (44,0%) of them the intraop-
erative complications have been registered, which have been successfully therapeuti-
cally treated in 16,03 + 1,52 days. Besides, in 28 out of 44 patients postoperative
complications have been precipitated as well. The majority of patients with both
intra- and postoperative complications (71,4%) suffered from the recurrent pain syn-
drome, which renovated in average of 50,83 + 6,74 days, while successful treatment,
which was registered in eight patients, finished in 37,32 + 4,59 days of treatment.
Those patients who had intraoperative complications without postoperative ones the
renovated pain symptoms was seen in 74,51 + 7,45 days (eight patients), while suc-
cessful treatment was observed in 16,33 + 2,92 days of treatment (eight patients).

The postoperative complications were observed in 36 out of 56 patients
who had not intraoperative ones. In 24 out of these 36 patients suffered from
the recurrence of disease in average of 70,3 + 5,8 days. Successful treatment
was performed in 12 out of those 24 patients in 27,0 + 3,4 days. The successful
discharging from hospital after 6,33 + 0,62 days of treatment was registered in
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1. Graph on the effectiveness of medical service delivering to patients with chronic
pelvic pain. Notes: at this and next figure — the probability of correspondent patient’s state

(in brackets), and duration of treatment (days) — nearby brackets.
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12 out of 20 patients, who did not demonstrate both intra- and postoperative
complications (Fig. 1). The rest eight patients have been advertised for medical
help with renovated pain syndrome in 57,3 + 6,7 days.

THE COMPARATIVE EFFECTIVENESS OF SURGICAL AND CONSERVATIVE TREATMENT

The clear rising of EPT was evident when it was compared with such one meas-
ured in patients treated surgically in patients resistant to drug-based treatment with
such one in patients who were treated surgically from the very beginning (Table 1).

The EPT in surgically treated patients, who did not suffer from complica-
tions, was two times less when compared with EPT in patients with periopera-
tive complications (Fig. 2). It should be stressed that EPT in patients with suc-
cessful initial surgical treatment was less by 2,68 times when compared with
such one registered in patients whom surgical intervention was performed after
therapeutic treatment (Fig. 2, B). EPT in patients with recurrent disease, which
was registered after initial therapeutic treatment was higher when compared
with such one in patients with primarily surgical treatment by 3,17 times
(Fig. 2, C). Finally, the EPT in surgically treated patients was less than EPT in
patients with therapeutic treatment by 3,29 times at the moment of making
decision on the method of treatment (Fig. 2, D).

Hence, gained data as a result of retrospective analysis are in favor for
different type of treatment as an initial decision for women with pelvic pain
syndrome. Surgical or drug treatment has been chosen on the basis of both
actual medical protocol and patients desire to be involved in surgical or drug-
based treatment. Also it was established that surgical and therapeutic treatment has
had different consequences with respect to complications precipitance and patient’s
repeated advertisement for medical help. Thus, in case of drugs prescription recovery
was observed with the probability of 0,62 including recovery after repeated medical
help delivering. Similar probability after surgical treatment was 0,83. But surgical
treatment which has been delivered after therapeutic treatment was followed by re-
covery with a probability of 0,40. Such low value is in favor for reduced effective-
ness of surgical treatment under conditions of ineffectiveness of drug treatment of
pelvic pain syndrome. The lowering of surgery effectiveness might be explained by
both resistance of the disease to treatment and increasing of disease severity [4, 6].
It should be emphasized that this fact points on importance of earlier diagnostics and
surgery intervention in women with pelvic pain syndrome.

Table 1. EPT values depending upon the type of complications and the type
of primarily treatment

Type of the initial Type of complications
treatment Intraoperative Postoperative Perioperative (Both)
Surgical 12,99 15,30 13,56
Conservative (thera-
peutical or drug- 14,70 18,48 24,73
based)
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Fig. 2. Stages on EPT (inside ellipses) calculations in the course of clarifying the effect of
intraoperative complications (A), comparison of the effectiveness of surgical treatment
after the first advertisement for medical help and after recurrence of pain syndrome as a
result of the resistance to therapeutic treatment — marked with arrows (B), as well as
comparison of the effectiveness of surgical and therapeutic treatment (C and D).
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EPT-index proved to be effective in the course of evaluation of effectiveness of
treatment methods as far as it includes probability of possible results of treatment,
duration of treatment and similar characteristics for cases of disease recurrence. Thus,
gained data revealed that EPT of those patients who have suffered from postopera-
tive complications with the absence of intraoperative ones was 2,98 times fold
greater when compared with the EPT of patients who were successfully treated and
avoided preoperative complications. Similar ratio of ETP (1,71 times) was observed
in patients who were treated therapeutically from the very beginning pertained to
patients whom surgical intervention was performed secondarily to the initial drug-
based treatment. It is also worth to note that ETP was higher in all groups of patients
who were treated initially therapeutically when compared with data gained in groups
of patients who began with surgical treatment.

Gained data are in favor for the recommendation to concentrate resources of the
system of surgeon decision support on the crucial decision — the chose method of
treatment of women who suffered from pelvic pain and pain at lower part of abdo-
men with uncertain origin at the moment of their entrance to hospital. Also it is im-
portant to pay proper attention to chose method of diagnostics and treatment of those
women who were resistant to the initial therapeutical treatment.

CONCLUSIONS

The process of the delivering of medical care to patients with pelvic pain syndrome is
possible to model at satisfactory level with the method of decision tree creation. Us-
ing such an approach the critical points — decisions which are followed by different
level of effectiveness of treatment is possible to identify

In accordance to gained data on the effectiveness of patients treatment who were
successfully discharged from hospital, but advertised again after recurrence of pain
syndrome it was established that in-time performed surgical treatment permitted to
get better results when compared with drug-based treatment.

Surgical treatment performed after primarily delivered drug- based treatment is
followed by greater number of both intra — and postoperative complications as well
as by prolonged hospital period of treatment when compared with patients who were
started in-time with surgery.
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OLIIHIOBAHH S E®GEKTUBHOCTI [TPUMHSATTS PILIEHB XIPYPTOM
¥ PA3I BOJIbLOBOI'O CMUHIPOMY MUCKOBOTI'O [TOXOPKEHHA
3A IOIIOMOI'M MOJIEJII JEPEBA PIIIIEHD

Bcemyn. TIpoGiemMa KOPEKTHOT JIarHOCTUKH 1 MPUAHSTTS PIlICHHS MO0 aJCKBATHOTO JKY-
BaHH 3aXBOPIOBAHb, SIKi € IPUUYUHOIO0 OOJIHOBOTO CHHIIPOMY MUCKOBOTO IIOXO/UKEHHS, € BaXK-
JIMBOIO, OCKUTBKH CHHIPOM TPAIUIETBCS Y 15-24% 5KIHOK PenpoIyKTHBHOTO BIKY.

Mema poboTH ToJIArae y NOpiBHAHHI e()eKTUBHOCTI Pi3HUX METO/IB JIIKYBaHHS >KIHOK
3 OOJILOBUM CHHIPOMOM MHCKOBOTO ITOXOJKEHHS Ha OCHOBI PETPOCIIEKTHBHOTO aHali3y
1092 icropiit XxBOpoO marieHTiB, SKUM JIiKyBaHHs OyJo HajaHo B iepiox 2013-2017 p.p.

Memoou oOocnioxycenns. BukopucraHo Meron MmoOyI0BH MOJETi JepeBa pillleHb.
B sxocti iHdopmauiiiHuX kputepiiB moOynoBu Mopeni Oyao BHKOPHCTaHO IMOBIpHICTh
OJIy)KaHHs1, Yac BiTHOBJICHHS MTPOSBIB 3aXBOPIOBAHHS IMICJIS JTIKYBaHHS, IMOBIPHICTh BUHHK-
HEHHS IIepHoNepalliifHuX YCKIIaJAHEHb, & TAKOXK TPUBAIICTS JIiKyBaHHS. Ha OCHOBI BKazaHHX
KPHTEPIIB pO3pax0OBaHO IMOKa3HUK e(PEKTUBHOTO Iepioay JIikyBaHHS. [lepion crocTepexeH-
HsI NALli€HTIB CKJIaJaB MiBPOKY 3 MOMEHTY BUHUKHEHHS OOIBEOBOTO CHHAPOMY.

Pesynomamu 0ocniosycennsn. BCTaHOBIEHO, IO IMOBIPHICTH MTOBHOTO BiJHOBJICHHS
3mopoB’st ckiana 0,83 micns xipypriunoro i 0,62 micisi KOHCEPBATHBHOTO JIIKYBaHHS.
VY BumNajnKy, KOJM NEpBHHHE KOHCEPBATHBHE JIIKYBaHHS HE MPUBOAMIO O OAYXKaHHS, IMO-
BIpHICTh OJy)KaHHS IiCJIs IPOBEJCHHS XipypriuHoro BTpy4anHs popisHioBana 0,40. Edexk-
TUBHICTb MEPioy JIKYBaHHs, pO3paxoBaHa JJisl MAII€HTIB 3 MIEPBUHHUM XipypriyHUM JIiKY-
BaHHAM, Oyna MeHIua B 3,29 pa3y y NOpiBHAHHI 3 €)EKTUBHICTIO, PO3PaXOBaHOI 1A Mallie-
HTIB 3 IEPBUHHIM KOHCEPBAaTHBHHM JIIKyBaHHSM.

Bucnoeku. CBoevacHe MPUIHATTA PilICHHS 10O XipypriyHOTO JiKyBaHHS 3aXBOPIO-
BaHb, AKi € IPHIUHOI0 OOJEOBOTO CHHAPOMY MHCKOBOTO TIOXO/DKEHHS, € €(EKTHBHIIINM Y
IOPIBHSHHI 13 3aCTOCYBaHHSAM MEAMKAMEHTO3HOTO JiKyBaHHS. Bu3HaueHa 3aleXHICTH
e(eKTHBHOCTI JIIKYBAaHHs BijJl TEPHOMEPAI[ifHUX YCKIaJHEHh MOXE CIYTyBaTH B SIKOCTI
IPOTHOCTUYHUX KPUTEPIiiB CTaHy Mali€HTa B Mics0NepaliiiHoMy Iepiofi.

Kmrouoei cnosa: depeso piviens, nputinamms piuienHs 6 Xipypeii, 601b08ull CuHOpoM, oyiHKa ege-
KIMUBHOCI JIKYBAHHAL.
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OILIEHKA D®OEKTUBHOCTU ITPUHATUA PEIIEHUI XUPYPTOM
1P BOJIEBOM CUHIPOME TA30BOTI'O IPOUCXOXIEHUSA
C [TIOMOIIBIO MOJZIEJIN AEPEBA PEIIEHUN

IIpoBeneHB! PeTPOCHEKTUBHBIE HCCIeA0BaHUS d()(OEKTHBHOCTH MPHUHATUS PELICHHH MpU
JIMarHOCTHKE W JICUCHUH TTAal[HEHTOB XHPYPIUIECKOTO MPOGIIS — KEHIIHMH, CTPaJalounux
XPOHHUYECKUM OOJIEBBIM CHHIPOMOM. Pe3ynbraThl aHau3a uctopuid 6onesnu 1092 nanueH-
TOK, KOTOPBIM OblIa OKa3zaHa BpadeOHas momols B nepuoxn 2013-2017 r.r., mpoBeaeHHOTo
Ha OCHOBE IIOCTPOEHUS IepeBa PELICHU, I0Ka3aJld, YTO BEPOSITHOCTD BBI3IOPOBIICHUS IIPH
IPOBEJICHUN XUPYPIrHUECKOro BMenaTesbeTBa cocraBumna 0,83, B To BpeMs Kak IpH NpoOBe-
JIEHUH METUKaMeHTO3HOro jeueHus — 0,62. B cnydae Hea(PEeKTUBHOCTH MEIUKAMEHTO3-
HOTO JICUCHHS BEPOSATHOCTH BBI3ZIOpOBIEHHUS yMeHblIanach 1o 0,40. OmpezneneHsl Kitode-
BbI€ MOMEHTHI IIPUMEHEHHUSI CUCTEMBI ITOJIEP/KKU PELICHU XUPYpra, MO3BOJISIOIINE TIOBbI-
cuTh 3()(HEKTUBHOCTD JICUSHHUS TAHHOHN KaTeropuy MalueHTOB.

Knrwuesvie cnosa: Oepeso peuienuil, npuHsmue peweHuil Xupypeom, 001e80u CuH-
OpoMm,0yenKa dPphexmuernocmu 1eHeHus..

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. 1 Bbra. Texi. 2018, Ne2 (192) 71



DOI: https://doi.org/10.15407/kvt192.02.072
UDC 004.4:616.89-008.45/.47-02:616.831-005

L.M.RYSOVANA', Assistant,

Department of Medical and Biological Physics and Medical Informatics
e-mail: rluba_24@ukr.net

0.V. VYSOTSKA®, D.Sc. (Engineering), Professor,

Professor of the Department of Information Control Systems

e-mail: evisotska@ukr.net

' Kharkov National Medical University,

Nauky ave., 4, 61022, Kharkiv, Ukraine

? Kharkov National University of Radio Electronics,

Nauky ave., 14, 61166, Kharkiv, Ukraine

INFORMATION SYSTEM OF DETECTION OF EMOTIONAL AND COGNITIVE
DISORDERS IN PATIENTS WITH DISCIRCULATORY ENCEPHALOPATHY

Introduction. In modern conditions, there are topical issues of studying the mechanisms of
formation and specificity of clinical manifestations of discirculatory encephalopathy in the
able-bodied population. A large number of interrelated indicators that characterize emo-
tional and cognitive disorders, the analysis of which requires the use of mathematical meth-
ods and software, determined the need to develop an information system for the detection of
emotional and cognitive disorders in patients with discirculatory encephalopathy.

The purpose of the article is to develop a medical information system for the detection
of emotional and cognitive disorders in patients with discirculatory encephalopathy, which
increases the accuracy of diagnosis.

Materials and methods. The article uses mathematical statistics methods for processing diag-
nostic information, methods of mathematical modeling for constructing mathematical models for
detecting the likelihood of emotional disorders and identifying and determining the severity of cogni-
tive disorders in patients with discirculatory encephalopathy; methodical bases of construction of
information technologies in medicine at construction of information system of revealing emotional
and cognitive disorders in patients with discirculatory encephalopathy.

Results. During the writing of the article, a method was developed for detecting emo-
tional and cognitive disorders in patients with discirculatory encephalopathy, including the
definition of the likelihood of emotional disorders, the exposure vector for psychocorrection,
the detection of cognitive disorders and determining their severity, and predicting the further
development of cognitive disorders. A structural diagram of the medical information system
"CognitiveDE" has been developed, which determines the composition and purpose of its
main modules, and has allowed to develop a methodological basis for describing the interac-
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tion of the elements of the biological and technical subsystems. The software of the medical
information system "CognitiveDE" was verified, which showed the compliance of the results
of the individual stages of the system development with the requirements and restrictions
formulated for them.

Conclusions. Using the developed method for detecting emotional and cognitive disor-
ders in patients with discirculatory encephalopathy, based on developed mathematical mod-
els for determining the likelihood of emotional disorders and determining the severity of
cognitive disorders, allows correctly diagnosing emotional and cognitive disorders.

The presented medical information system can be used by doctors of the neurological
and psychiatric departments and medical psychologists to improve the accuracy and reduce
the time of diagnosis of emotional and cognitive disorders.

Keywords: medical information system, assessment method, cognitive and emotional
disorders, discirculatory encephalopathy.

INTRODUCTION

The cerebrovascular diseases (CVD) represent today a significant social and
economic problem throughout the world [1, 2].

In recent years there has been a persistent tendency of increasing the chronic
form of CVD (discirculatory encephalopathy (DEP)). In modern conditions,
there are topical issues of studying the mechanisms of formation and specificity
of clinical manifestations of DEP in the able-bodied population [1].

The majority of patients with organic and symptomatic mental disorders that
occur against the background of cerebrovascular pathology, marked cognitive and
emotional disorders (CD and ED) of varying severity. Disorders of mental activity
and negative psychological factors complicate the course of the disease, restoration
and rehabilitation processes, become one of the main causes of temporary disability
and disability of patients. Numerous studies have shown that more than 50% of
cases of mild cognitive impairment pass into one or another variant of dementia [2].

A large number of interrelated indicators that characterize CD and ED, the
analysis of which requires the use of mathematical methods and software, de-
termined the need to develop an information system for detecting cognitive and
emotional disorders in patients with DEP.

PROBLEM STATEMENT

Currently, a number of information systems are used in psychoneurological
practice. To identify and determine the degree of severity of the CD, information
system "TESTER" is intended [3], but it allows to forecast the further develop-
ment of this disorder and does not take into account the possibility of patients
having cerebrovascular diseases.

One of the computer systems for psycho-diagnostics is the SMOL-Expert
system [4], which is based on the SMOL-test, designed for psychological coun-
seling. The resources of this computer system allow for testing, processing re-
sults, maintaining a database and interpreting survey results. However, genera-
tion of a large number of variants of output of results, which the system issues,
significantly complicates the diagnostic process and lowers its accuracy.
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To determine the level of psychomotor development and control its dynam-
ics in children, the expert system "Longitude" is used. It should be noted that the
extended version of this system "Longitude +", which includes applied tech-
niques, through which psychological work is carried out with adolescents and
adults [5]. The disadvantage of this system is that it is designed to assess the
condition of a conditionally healthy person, i.c. it does not allow to objectively
assessing the mental state in patients with cerebrovascular diseases.

Automation of the process of conducting an outpatient card for patients in
the psychiatric and narcological department can be carried out using the auto-
mated "Map of the patient who has applied for psychiatric care", which greatly
facilitates the work of psychiatrists, especially young specialists [6], but it does
not automate data analysis on the patient's condition, namely, to identify and
determine the severity of ED and CD.

The "Aimedika" support system for making medical decisions (SSMMD)
forms a list of the most likely diseases, based on the data of more than 22 million
scientific articles on medical topics and the results of clinical practice in various
medical specializations [7]. However, the disadvantage of this SSMMD, due to a
rather impressive list of possible diseases, is the low accuracy of detecting and
predicting cognitive and emotional disorders in patients with DEP.

The use of neural network systems is a justified and promising direction in
predicting the development of the disease in patients with DEP, against the
background of a large number of clinical parameters that are among themselves
in a nonlinear connection. An example of this is the NeuroPro 0.25 hardware-
software complex [8], which allows to forecast the development of a DEP based
on the use of an artificial neural network. However, the diagnosis and prediction
of this disease with the help of this complex is difficult.

Thus, the analysis of the existing MIS has shown that at present a number of
known medical and psychological systems that allow to diagnose disorders of
the emotional and cognitive spheres in a CVD chronic form, but they do not
cover the entire specifics of these disorders, and accordingly they do not have
high diagnostic accuracy.

The purpose of this work is to develop a medical information system for
the detection of emotional and cognitive impairment in patients with discircula-
tory encephalopathy.

To achieve this aim, it is necessary to solve the following tasks:

- to develop a method for detecting emotional and cognitive impairment in
patients with discirculatory encephalopathy;

- to develop a structural diagram of the medical information system that al-
lows to identify emotional and cognitive impairments in patients with discircula-
tory encephalopathy, reflecting the work of all its modules.

MATERIALS AND METHODS OF RESEARCH

When developing the method for detecting ED and CD, the optimal sample size
was determined. So, with a reliability level of y = 0.95 and a maximum error of
5%, the required sample size was 236-350 people. For this study, a group of
350 patients aged 33 to 65 years was formed.
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All patients underwent examination, which used clinico-psychopathological,
clinical-anamnestic, psychodiagnostic, psychological, laboratory-diagnostic,
instrumental methods [1]. Thus, 135 indicators were obtained reflecting the so-
matic and psychoemotional state of health of patients with DEP.

The article uses mathematical statistics methods for processing diagnostic infor-
mation; methods of mathematical modeling for constructing mathematical models for
detecting the probability of ED and detecting and determining the degree of severity of
CD in patients with DEP; methodical bases of construction of information technolo-
gies in medicine when building an information system for detecting cognitive and
emotional disorders in patients with discirculatory encephalopathy.

DEVELOPMENT OF A METHOD FOR DETECTING EMOTIONAL
AND COGNITIVE IMPAIRMENT IN PATIENTS WITH DEP

To analyze the development of DEP, it is necessary to perform a number of interre-
lated steps: determining the likelihood of occurrence of ED, identifying the impact
vector for conducting psychic correction, identifying CD and determining their sever-
ity, predicting the further development of CD in patients with DEP.

Let there be some set of patients with DEP:

Q:{CIJ'},

where j=1m — patient serial number.

Let there also be a finite set X of n possible indicators of the state of patients
with DEP:
X =1{x,

where [ =1,n — state index number.
X is the union of two subsets:

X = XPSY UXD[AG ,

yPSY yDIAG

where — subset of psychological indicators, — subset of somatic indices.
As the values of these parameters in the j-th patient are different, the subset
of the values of the psychological state g; of the patient is defined as

PSY PSY
xSV cx;, |kt |

=82, a subset of the values of the indicators of the somatic

state as XJDIAGch,

X})IAG| =53.

In determining the emotional status, depending on the indices X, each pa-
tient g; can be attributed to one of two groups of a finite set L= {lv}, where

y=12 — group number. So, /; — absence of ED, /, — presence of ED.
To assign g; to one of the classes of a finite set L, it is necessary to construct
a mathematical model defining the projection:

P
X, —Lsr:g; e fp),
where P — probability of the jth patient falling into one of the two groups.
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In determining the cognitive status, depending on the indices X, each patient g;
might be attributed to one of the three groups of a finite set B = {bg }, where g =13

— group number. So, b; — absence of KH, b, — lungs KH, b; — moderate KH.
To assign g, to one of the classes of the finite set B, it is necessary to con-
struct a mathematical model defining the projection:

X, 5B, e ByJF),

where F'— the values of the functions of the j-th patient in the g-th group.

Observations were made on m objects, each of which is characterized by the
n-dimensional vector of features.

For each g, it is known that it belongs to one of the two groups /; or /5, in
addition, the same patient belongs to one of the three groups b;, b, or b;.

Thus, the task is as follows: to develop a method based on the model for
identifying the probability of ED, allowing for the implementation

X i= (xl,xz,...,xn) newly admitted to the examination of the patient refer it to

one of two groups /; or /,, and the model, determining the degree of severity of
CD, which allows the patient to be assigned to one of the three groups b;, b, or
b; for the realization of the same X..

The method of detecting emotional and cognitive impairment in patients
with DEP consists of a number of stages.

At the first stage the data array was formed X = {X;;}, where x; — the value
of the ith indicator of the state of the jth patient.

At the second stage, all quantitative, nominal and ordinal indicators of the
patient's condition were subject to normalization and coding.

To bring the selected indicators to a single scale, linear scaling formulas
were used:
for indicators like "the less, the better":

3= i = X'iin .
T 1
x,max _x,min ( )
for indicators like "the more, the better™:
x,max —Xjj
o y
Y=o (2)

x,max X min
where x;; is the normalized ith index of the jth patient, x; is the eigenvalue of the

ith parameter of the jth patient, x',;, and x',,,, are respectively the minimum and
maximum possible value of the indicator.
Thus, in this case, x; € [0,1] the best state indices for the jth patient corre-

spond to zero, and the worst for the unit.
The third stage of the method was the determination of the probability of
ED on the basis of the logistic regression model [9].
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The probability of occurrence of ED was determined by the formula:

p=_°

3
1+e4’ ®
where d = -19,26 + 0,82 Xj; - 0,50 X, + 0,94 X3; - 0,46 X4+ 0,96 Xs; - 1,53 X +
+ 1,60 X7, X;; — trustfulness-suspicion, X, — straightforwardness-diplomacy,
X3 — level of fibrinogen, X,; — anxiety, X5; — depression, Xs; — psychosocial
stress indicator and X7, — blood glucose level [9].

At the fourth stage of the method, signs were identified that required prior-
ity correction.

Included in the mathematical model of determining the probability of occurrence
of ED indicators were ranked and cut off those whose level was from 0 to 0.5.

Xjj = {Xij

where fij — ranked indicator.

)eij > 0,5}, 4)

To determine the optimal set of features that require an initial correction, the
product of the sensitivity of each feature f; with its value Yij was calculated:

* * ok * ~
xij = (xlj,xzj,...,xnj), n= M(xl]),

xij =By - xy, (5)

* *
Xij < Xiji
where M — cardinality of the set of indices of the calculated exponents.
The calculated optimal vector of influence on the emotional state of the pa-
tient made it possible to conduct a psycho-correction quickly and qualitatively.
The fifth stage of the method was the identification and determination of the

degree of severity of CD based on the construction of discriminant functions [1].
F(X)=4,61+1,65- 4, +132- Ay ; +1,67- A3, —024- Ay ; +142- A5 ; —

6
—131- Ag; —2.04- Ay ; +107 - Ag; =092+ Ag; — 232+ Ay ; +144- 4y ; ©

Fy(X)=-2357+0,29-4,; +0,68- 4y ; —0,06- A3 ; +0,28- 44 ; +0,10- ds; +

+0,57- A6] +1,77- A7] -0,53- A8J -0,14- A9] +1,25- Al()j -0,75- Al 1/ (7)
where 4,; — stage of DEP, 4 is the depression index, 43 — anxiety index,
A4 — physical functioning, 4s; — probability of ED, 4s — psychological
health, 47, — systolic pressure, Ag; — diastolic pressure, 4o, — number of red
blood cells, 4,; — speed erythrocyte sedimentation, 4;,; — prothrombin index,
F)and F, — values of canonical discriminant functions [1].

At the sixth stage, a forecast is given for the further development of CD, us-
ing the Wald sequential analysis method [10].

After achieving the result of algebraic summation of the DK values of the threshold
amount, which is + 12.78 points, a favorable or unfavorable current is predicted CD [11].

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 2 (192) 77



L.M. Rysovana, O.V. Vysotska

At the seventh stage, a diagnostic conclusion is formed. Based on the calcu-
lated values of the probability of ED and discriminant functions, it is determined
whether a particular patient belongs to one of the groups /, and b,.

DEVELOPMENT OF THE STRUCTURAL SCHEME OF MIS,
ALLOWING TO IDENTIFY ED AND CD IN PATIENTS WITH DEP

The developed method is the basis for MIS, which allows to identify ED and CD
in patients with DEP. This system is an independent software and hardware tool
that allows in the dialog or batch mode to process information and get all the
necessary input data in the form of screen or printed forms.

The structural diagram of the developed information system " CognitiveDE"
for a psychiatrist (doctor-psychotherapist, medical psychologist) (Fig. 1) is a
logically linked interaction of the biological and technical subsystems.

The collection of information about the patient's condition is carried out as a re-
sult of clinical, psycho-pathological, clinical-anamnestic, psychodiagnostic, labora-
tory-diagnostic and instrumental studies, using diagnostic and laboratory-analytical
equipment. The received information enters the information input module, where the
initial set is formed, which is transmitted to the information processing module.

Technical subsystem Biological subsystem
Information Doctor S Patient
output block
A
Diagnostic and
laboratory-analytic
Report equipment
generation unit
Information input module
Decryption unit ~
Registration of
1 patient information
Prognosis of the
risk of developing
cognitive
disorders l
Detection of Information processing module
cognitive
disorders Encryption unit Information
T processing unit
Determination of
the optimal vector
of influence i
Determining the - >
likelihood of Database
emotional disorders
Data analysis module
Personal computer

Fig. 1. Structural scheme of MIS of ED and CD detection
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The information processing module encodes information about the patient's
condition and encrypts its passport data. As the most effective algorithm for
protecting information, a symmetric algorithm of block-based AES encryption
was chosen, which allowed to ensure confidentiality and prevent violation of
data integrity and distortion.

Further, the processed data falls into the database. The developed database
is characterized by a large amount of textual and numerical information about
the patient's somatic and psychic emotional state.

At the stage of conceptual database design, entities were identified, between
which there are one-to-many relationships. At the stage of physical database
design, a data schema model was developed.

The database developed is open and cross-platform, which allows us to
speak about the universal organization of its structure for solving problems of
automating the diagnostic process of similar diseases.

Then the data goes to the data analysis module, where on the basis of the
developed method, CD and ED are detected in patients with DEP, and the results
obtained in this module are stored in the database for storage.

Then, in the decryption unit, the patient's patient data is restored by inverse
transformation, using the same AES algorithm.

Then the information goes to the report generation unit, after which an opin-
ion is generated, which is passed on to the specialist for the final acceptance of
the medical decision.

To work with the system, a convenient and easy-to-use interface has been
developed that makes it possible to register patients in an accessible form, to
enter the results of surveys, to conduct psychological testing, etc., which is im-
portant in the work of medical personnel (Fig. 2).

The developed MIS "CognitiveDE" was implemented using an object-oriented
Java programming language using the MySQL database management system.

HiOpMAIIHONHAS CHCTEMA ONpENieTIenns
TICHXOCOMATHICCKHX, THIHOCTHBIX
M IICHXOMMOLHOHATLHBIX PaccTpolicTs

Fig. 2. Dialog windows of the "CognitiveDE" system
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Table 1. The results of the detection of emotional and cognitive impairment in
patients with discirculatory encephalopathy

T 14 Vs
ny % ny % ny %
175 3 5,08 £ 0,29 3 5,17+0,30 2 3,45+0,24

QUALITY CONTROL OF SOFTWARE DEVELOPED BY MIS

The usefulness of MIS "CognitiveDE" was tested in practice in the determination of
emotional and cognitive impairment in 175 patients () with DEP who were hospital-
ized in the Kharkov Regional Clinical Psychiatric Hospital No. 3 (59 people made a
test sample (7), and 116 — two validation samples (V7 and V7)), each patient under-
went psychodiagnostic and laboratory-instrumental studies, in each of the samples a
number of patients were identified who had erroneously detected emotional and/or
cognitive impairments spheres (7,) and percentage of these errors (%).

The results of detection of ED and CD, obtained with the help of the devel-
oped system "CognitiveDE", showed that 167 patients out of 175 had the correct
violations of emotional and cognitive spheres (Table 1). The accuracy of these
violations was 95.43 £ 0.16%.

The quality of the software MIS "CognitiveDE" was tested using the demo-
version of the program JHAWK version 6.0.

For the system level, the average cyclomatic complexity for all AVCC
classes was 1.13, which indicates a good result, because AVCC < 5 indicates a
simple class [11]. The metric of the aggregate number of Halstead errors
(HBUG) was tested, which showed the possibility of detecting a 3.52 error in the
program code. This result indicates a quality software. Another important system
metric is the program accompanying index (MI), the value of which is more than
100, which shows a high level of program maintenance [11].

Thus, the MIS has been developed to detect cognitive and emotional disorders in
patients with DEP, which allows to improve the quality of diagnosis of CD and ED,
and to reduce the time spent for this. The structural diagram of MIS " CognitiveDE"
shows logically connected by interaction of biological and technical subsystems. The
conducted testing of the system software showed its high quality.

CONCLUSIONS

We developed a method of detecting violations of the emotional and cognitive pa-
tients with circulatory encephalopathy, based on a mathematical model for determin-
ing the likelihood of emotional disorders, including such factors as: the credulity-
suspicion, straightness-diplomacy, fibrinogen level, anxiety and depression, psycho-
social stress index and the level of glucose in blood and correctly classifying /, group
with a probability of 0.949, and a mathematical model to identify and determine the
degree of severity cognitive disorders consisting figures step circulatory encephalo-
pathy, depression and anxiety, physical functioning, emotional disturbances prob-
ability, psychological health, systolic and diastolic blood pressure, red blood cell
count, erythrocyte sedimentation rate, prothrombin index which correctly classifies
b, group with a probability of 0.973.
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A structural diagram of the medical information system " CognitiveDE" has

been developed, which determines the composition and purpose of its main
modules, and has allowed to develop a methodological basis for describing the
interaction of the elements of the biological and technical subsystems. Presented
information system can be used by physicians of neurological and psychiatric
offices and clinical psychologist to improve accuracy and reduce diagnosis time
emotional and cognitive disorders.

The verification of software medical information "CognitiveDE" system

which has shown compliance with the requirements of the results of the individ-
ual steps of the system development and limitations set forth for them was held.
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NHOOPMAITMOHHASL CUCTEMA BbIIBJIEHMS SMOLIMOHAJIBHBIX
N KOTHUTUBHLIX HAPYIIEHUW Y ITALHUEHTOB
C IUCIUPKYJIATOPHOU SHUED®AJIOITATUEN

Beseoenue. B coBpeMEHHBIX YCIOBUSIX aKTyaJbHBIMH SIBJISIIOTCS BOIIPOCHI BBISIBJICHHS IMO-
[IMOHAIBHBIX M KOTHUTHMBHBIX HapylleHMH Ha (oHe 1epeOpoBacKyIApHBIX 3a0o0jeBaHUI
XpOHHYECKOH (OpMBI. BoJbIIOE KONMMYECTBO B3aMMOCBSI3aHHBIX MOKa3aTelel, XapaKkTepH-
3YIOLIMX AMOLMOHANBHBIE 1 KOTHUTHBHBIE HAPYILIECHHUS, aHAIN3 KOTOPEIX TpeOyeT mpuMeHe-
HUSI MAaTEMaTHYECKHX METOJOB M MPOTPAMMHBIX CPEJICTB, ONPENEIHIO HEOOXOAUMOCTh pa3-
paboTKH MHGOPMALMOHHOM CUCTEMBI BBIIBICHHS SYMOLMOHAIBHBIX M KOTHUTUBHBIX Hapylle-
HH y MAIIMEHTOB C JUCHUPKYISTOPHOH 3HIEedanonaTuei.

IJeny — pazpaboraTh MEAUIMHCKYIO MH(OPMALMOHHYIO CHCTEMY BBISBICHHUS KOTHHU-
TUBHBIX U YMOIMOHAJIBHBIX HapyIIeHUH Y MAlMEHTOB ¢ JUCLUPKYIATOPHOH 3HIIEdanonaTu-
eif, TT03BOJIAIONIEH TOBBICUTh TOYHOCTh THATHOCTHKH.

Mamepuanvt u memoost. B craTbe HCTIONB30BaHBI METOIBI MATEMATHIECKOH CTATHCTHKH, Ma-
TEMaTUIECKOTO MOJICITMPOBAHNSI X TIOCTPOESHHUSI HHA)OPMAIIMOHHBIX TEXHOJIOTUIA B ME/TULIMHE.

Pesynomamul. Pazpabotan MeToJ BBISABICHHS HapyIICHHH MOLMOHAJIBHOW M KOTHH-
TUBHOM cephl y NAMEHTOB C AUCLUPKYIITOPHON sHIedanonaTiel, BKIIOUaoIHi onpee-
JICHUE BEPOATHOCTH BO3HHKHOBEHHs >MOLIMOHAJBHBIX HapyIIEHWH, BBHIABICHUE BEKTOpa
BO3JCHUCTBUS JUIS HPOBEACHUS ICHXOKOPPEKIMH, BBISIBICHHE KOTHUTUBHBIX HAapyLIEHHH U
OIIpeZIeIeHHE MX CTENEHH TSHKECTH, IPOrHO3UPOBAaHNUE JaTbHEHIIEro pa3BUTHS KOTHUTHBHBIX
HapymieHni. Pa3zpaborana CTpyKTypHas cxeMa HH(MOPMAIMOHHON CHCTEMBI, ONpEIelCHBI
COCTaB W Ha3HAYEHHMsI €€ OCHOBHBIX MOJYJIEH, UTO MO3BOJNIMIIO pa3paboTaTh METOIHYECKYIO
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0a3y JJIs OIKMCaHUs B3aMMOJICHCTBHS 3JIEMEHTOB OMOJIOTHYECKOW Y TEXHUYECKOM MOJICHCTEM.
ITpoBeneHa oleHKa KayecTBa pa3pabOTaHHOIO IPOrPaMMHOIO OOECHEYEHUs] MEIULIUHCKON
uHpopmaImoHHo# cucteMsl «CognitiveDEy.

Bbieoowt. Vicnions3oBanue pa3pabOTaHHON METUIMHCKOW HH(GOPMAIIMOHHON CHCTEMBI
«CognitiveDE» BbISIBIIEHHS KOTHUTHBHBIX W SMOLMOHANBHBIX HAPYIICHHH Yy TAIMEHTOB C
JUCLIUPKYJISITOPHOU 3HIEe(danonaTueif, B OCHOBY KOTOPOW IOJIOKEH IPEJIOKEHHBIH METOJ
OLICHKH JUCIMPKYISTOPHOM SHIE(aTonaTHH, MO3BOJIET MOBBICHTh Ka4e€CTBO HATHOCTHKH
SMOLMOHAIBHBIX U KOTHUTUBHBIX HAPYLICHUH U COKPATUTh 3aTpauylBaeMoe JJIsi 3TOro BpeMsl.

Knrouesvie cnosa: meduyunckas ungopmayuonnas cucmema, Memoo OyeHKu, KOSHUMUGHble u
IMOYUOHANbHYIE HAPYUEHUS, OUCYUPKYIAIMOPHAS IHYEDATONAmusl.
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IHOOPMAILIMHA CUCTEMA BUSBJIEHHS EMOLIIMHUX
I KOTHITUBHUX ITOPYHIEHB ¥V XBOPUX
HA JUCHUPKVYJIATOPHY EHIEDAJIOITATIIO

Bcmyn. B cydacHHX yMOBax akTyaJbHUMH € IUTAHHS BUSBIICHHS €MOLIHHMX 1 KOTHITHBHUX
NOpYIICHb Ha TJi 1epeOpOBaCKYISIPHUX 3aXBOPIOBaHb XPOHIYHOI (opmu. Bennka KinbKicTh
B3a€MOIIOB'SI3aHUX TOKA3HMKIB, AKi XapaKTEPU3YIOTh EMOIiHHI 1 KOTHITHBHI MOPYIICHHS,
aHaJli3 SKMX BHMarae 3aCTOCYBaHHS MaTeMaTHYHHX METOJIB i MPOrpaMHUX 3aco0iB, BU3HA-
YHJI0 HEOOXIHICTh PO3p0o0OIIeHHs 1HGOpPMAIIIHHOT CHCTEMHU BUSBICHHS EMOIIIHUX 1 KOTHITH-
BHUX IOPYILEHD Y MAII€HTIB 3 TUCIHUPKYIATOPHOIO eHIledantonarieto.

Mema. Po3pobneHHs MenuuHOi iHGOPMAIIAHOT CHCTEMU BHUSBJICHHS KOTHITHBHHX i
EMOLINHKUX MOPYILICHb Y MAalli€HTIB 3 JUCHUPKYIATOPHOI EHIE(aIONaTier, Mo JT03BOJIIE
M ABUIIATH TOYHICTh JIarHOCTHUKHU.

Pezynbmamu. Po3pobiieHO0 MeTON BHSIBICHHS TMOPYIICHb €MOIHHOT Ta KOTHITHBHOI
chepu y MAll€HTIB 3 IUCHHUPKYJIATOPHOI eHIedanonariero, sKHi BKIOYAE BHU3HAYCHHS
HMOBIPHOCTI BHHUKHEHHS €MOLIHHUX MOpYIIEHb, BUSABICHHS BEKTOpa BIUIUBY JUIS IIPOBE-
JICHHST ICUXOKOPEKIIii, BUSBICHHS KOTHITUBHUX MOPYIIEHD i BU3HAYECHHS X CTYIMEHS TSHKKOC-
Ti, IPOTHO3YBaHHS NOAANBIIOT0 PO3BUTKY KOTHITUBHHUX NOPYIIeHB. PO3pOOIEHO CTPYKTYPHY
cxeMy iHpopMaLiiiHOI CHCTEMH, BU3HAUEHO CKJIaJ i NpU3HAYeHHS 11 OCHOBHUX MOXYJIB, IO
JTO3BOJIMJIO PO3POOUTH METOIUYHY 0a3y JUIs ONKCY B3a€MOJIIl €lIeMEeHTIiB 0ioyoriyHol Ta
TeXHI4HOI migcucrem. [IpoBeicHO OLIHIOBaHHS SKOCTI pO3pO0JIEHOTO MTPOrpaMHOro 3ade3re-
YeHHs MeIUUHOI iHpopMatiitHoi cuctemu «CognitiveDE».

Bucnoseku. BukopuctanHs  po3poOieHoi Mean4HOi  iHpOpMamiiiHOT — cucTeMu
«CognitiveDE» BUSIBJICHHS KOTHITHBHHX 1 eMOIIITHUX MTOPYIICHb Y MAIlIEHTIB 3 TUCIIUPKYJIS-
TOPHOIO CHIIe(ATIONaTie0, B OCHOBY SIKOI IOKJIAJCHO 3alpOIOHOBAHHI METO[| OLIiHIOBAaHHS
JUCHHUPKYIISITOPHOI eHIedanonarTii, 103BOJsI€E MiABUITUTY SKICTh TIarHOCTHKH €MOIIHHUX i
KOTHITUBHHX HOPYIIEHb i CKOPOTUTH BHUTpaueHHH HA e Yac.

Knrwuoei cnosa: meduuna ingpopmayitina cucmema, Memoo oyiHOBAHHS, KOSHIMUBHI ma
eMOYIUHT NOpYULeHH S, OUCYUPKYTISIMOPHA eHYeDaronamis.
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IHDOPMALIAHA TEXHONOrIA BUSHAYEHHA
HMPKYNIOOYNX NYXNUHHUX KNITUH B KPOBI NIO1HHK

Pospobrenns inghopmayitinux cucmem i mexHoa02it 06poOIeHHs MEOUUHUX 300PaAdiCeHb KIIMUH,
OMPUMAHUX Y OOCTIONCEHHI 2ICIONIOSTUHUX NPEenapamis, € 0OHUM I3 HAUBANCIUSIUUX | npiopu-
MemHUX HaNPSIMKI8 CYYacHoi MeOuuHoi nayku. Busenenns yupkymoouux nyxXauHHux KiimuH ypasi
PI3HUX OKANI3aYill 310SIKICHUX HOBOYMEOPEHb HAPA3l € OOHUM 13 AKMYAIbHUX NUMAHbL 8 OHKOJIO-
2ii. Biominnoro ocobaugicmio yupKymoouux nyXauHHUX KiimuH € depecusHutli MemacmamudHuil
nomenyian, wo 00360J5€ PO32IAI0AMU iX K OCHOGHULL MeXaHizm nyxXaunHoi npoepecii. ¥ cmammi
HABEOEHO MEMOOU BUAGTIEHHS YUPKYTIOIOWUX NYXIUHHUX KIIMUH, NPOAHANI308AHO CYYACHI MEmMoou
ma anzopummu 00poOaenHs i 8IOHOBNEHHS OiomMeduuHUX 300padicensb. TloemanHo HasedeHo po-
6omy iHPOpMAYitiHOI MEXHONO02I] BUSHAYEHHS YUPKYTIHOIOYUX NYXAUHHUX KIIMUH 8 KPOGI IIOOUHU.
30iticneno nopisHsnHs po3pobienoi mexnoaoeii ma Hasenux aumanozie. Ha eiominy 6i0 nasenux
ananoeis, po3pobreHa MexHOA02isk GUABIAE YUPKYIOIOUE NYXAUHHI KIimunu 3 dlamempom 4 Mkm y
00CiOAHCeHHT 3pA3KI6 KPOBL NAYIECHMIB 3 MITKOKAIMUHHUM PAKOM JIe2eHIs.

Knwuosi cnosa: inpopmayiiina mexHonrois, yupKymowya HYXIUHHA KIIMUHA, MeouyHe
3006padicenns, 2icmonozis, 06podIenHts, BUSHAYEHHS, KpUmepill.

3JIETIKO C.M., YEPHHIIIOBA T.A., MAEBCBHKHI1 O.E., KPUBOHOCOB B.€., A3APXOB 0.10., 2018
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BCTYN

Po3pobnenns iHpOpMamiHHUX CHUCTEM 1 TEXHOJOrH OOpPOOJICHHS METUYHUX
300pakeHb KJIITHH, OTPHUMAaHHUX Yy JOCIHIPKEHHI TiCTOJOTIYHHX MpenapariB, €
OJHHM 13 HaWBaKJIMBIIIUX 1 IPIOPUTETHUX HANPAMKIB Cy4acHOI MeIMYHOI Hay-
K. BrKopuCTaHHS MIKpOCKONIYHUX 300pakeHb PAKOBHX KJIITHH Ma€ BEJIHKE
3HAYEHHS JJIs1 BUSBJICHHS 3JI0SKICHUX 1 PAKOBUX KIIITHH, BU3HAYCHHSI MOPQOIIO-
TYHUX 3MiH KJIITHH, iX igeHThudikanii i miapaxynky. Lle 3ymoBuio To# ¢akr, mo
caMme Mpolenypa aBTOMAaTHYHOTO MiJPaXyHKY KiJIBKOCTI siep KIITHH € KIII0Yo-
BAM MOMEHTOM y CTBOPEHHI CHCTEM i TEXHOJIOT1H, OPi€HTOBAaHHMX HA aHaji3 Me-
JTUYHUX 300paXKeHb TICTONONYHUX Mpenapartis [1].

Bussnenns nupkymorounx myxauHHux kiitaH (LIIK) 3a pisHux nokamiza-
i} 3OSKICHUX HOBOYTBOPEHB B TEMEPIlIHIN Yac € OMHUM 3 aKTyalbHUX THTaHb
B oHKoJIorii. BimMinHow ocoOuBicTio LK € arpecuBHMIT METacTaTUYHUH I1O-
TEHI1aJl, HA0YTH B Pe3y/bTaTi €BOMIOLIT KJIOHA, 10 AO3BOJISIE PO3IIISLIATH iX SIK
OCHOBHHUH MeXaHi3M MyXJIHHHOI nporpecii. BuBueHHs 610710Ti4HUX XapaKTepuc-
tuk LI1K, Ha BigMiHy Bix OUTBIIOCTI IHIINX 3JIOSIKICHUX KIIITHH, SIKi € B TIEPBHH-
Hill MyXJIMHI, TO3BOJHMJIO TOBOPUTH PO NMPHHIUIIOBO HOBI OHKOMapKepH, IO
MarOTh BUCOKE IPOrHOCTUYHE 3HaUeHHs [1, 2].

B renepimmniit wac LIIK B kpoBi y xBopux panHiM pakoM (NO) MomouHOi
3an03u BUABISAETHCS B 30% BUNANKIB, Y XBOPHUX MICIIEBO PO3IIOBCIOKEHUM
pakoM (N+) — B 36%, y XBOopuX MeTacTaTHYHUM pakoM — B 70% Bumazakis [2].

NOCTAHOBKA NPOBNEMM

[Ipobnema BusiBnenHs 1 posmizHaBaHHs LIIK naOyna cBoei akTyanbHOCTI B
OCTaHHI JeKiIbKa JecaTHiiTh. Ha choromHi € Outbin Hik 40 MeToiB i 3ac00iB, opie-
HTOBaHMX Ha BHpimeHHs npobmemu LITK, ogHak abconmrortHa OUTBIICTE 3 HUX IIE
JareKa Bifl cBO€l peaizamii. HaltbimbIoro mommpeHast OTpUMAlH 1’ SITh METO/IB,
cucteM i TexHonori# (puc. 1), ki JO3BOJSAIOTH BUSBUTH 200 IMiTBEPIUTH HasB-
HICTh LUPKYJIIOIOYNX MYyXJIMHHUX KIITHH B KPOBI JIIOAWHU, IO CBIIYUTH TPO
Mpua0aHHs MyXJIMHOK HOBUX SIKOCTEH — IHBa3MBHOCTI 1 3JaTHOCTI 10 MeTacTa-
3yBaHHS, [0 MOXE CIYI'yBaTH HOBHUM IPOTHOCTUYHHM MapKepoM, SKUH Bimo-
Opakae e()eKTHUBHICTh MPHUITYXJIMHHOTO JIiKyBaHHs [3, 5, 7].

OntuMmiszyBary mporec OTpUMaHHs BUCOKOIHQOPMATHUBHUX Ta SIKICHUX 0io-
MEIMYHUX 300paKeHb JO3BOJSE Kiacudikallis METO/IB Ta anapariB, B SKil, Ha
HaIll TIOTJIS/I, Ha/IaHO: a) HaWOUIBII MOMKPEHi MeToar; 0) METOU, ONTHUMAJbHI
3a CTPYKTYpOIO Ta €(DeKTHUBHICTIO; B) METOMH, 5K 3a0€3MeuUeH] MOTY)XKHOK Ma-
TEMaTUYHOIO MiATPUMKOIO; T) METOAH, 1[0 MAaKCUMAIBHO BiAMOBINAIOTh KPHUTE-
pito ontumManbHOCTI (puc. 2) [8].

Meton ISET, mo mo3Bosisie BuaiiaTy Heyikomkeri LITK, € equauM KitiHi-
YHO MEepEeBipeHHM METOAOM It IuTonartonoriynoi miarnoctuku LK 3a 3BU-
YaWHUMH [UTOMATOJIOTIYHUMH KPUTEPIAMH, SKi 3aCTOCOBYIOTHCS JIiKapsSIMU-
LUTOJIOTAaMH IS OLIIHIOBaHHS Ma3ka 3a [lanmaHikosiay abo y pa3i TOHKOTOJKOBOM
oiomcii [5]. Lo ocobmusicts ISET migTBep/pKeHO B MOCHIKEHHI 32 Y4acTiO
JIECATH IMTOIATOJIOTIB, SKI HAOCIIN MpoaHaNi3yBall KpoB 770-TH MAaIli€HTIB,
o6pobiaeny ISET meronom, Bkmoyaroun 569-Tb XBOPHX Pi3HUMH THIIAMH PaKy i
201 cyO'exta 0e3 paky [9]. Kpim Toro, ISET mae nabarato BuIlly YyTIMBICTb,

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 2 (192) 85



C.M. 3nenko, T.A. Yepnuwosa, O.E. Maescokuil, B.€. Kpusonocos, O.FO. Azapxos

HIDXK 1HIII METOMU 130JiALii myXiauHHUX MikpoemOoi (LIIIM) abo kiactepis, 1110
ckianaroThes 3 nexinbkox LITK. Braxkatots, mo npucytHicts LIIIM xopenroe 3
moranuM mnporHo3oM. Cama 3natHicTh ISET BHmSTH 1 KINBKICHO OIIHIOBATH
LIIK i LITM xpoBi n03BONMIa BBECTH B MPaKTUKy TepMiH «L{upkymtoroui myx-
nmuHHI MikpoemOomm» [10, 11, 12].

Kinbka nesanexxuux xomann nopieasuin ISET 3 CellSearch y mamienTiB 3
MUIKOKJITHHHAM pPaKOM JIET€HIB, paKOM MOJIOYHOI 3aJI03HM, PaKOM IIPOCTATH,
MEJTaHOMOIO 1 PaKOM MiIITYHKOBOI 3a03u 1 moka3zany, mo ISET 3nauHo OinbIn
yyTiuBuid MeTof, Hixk CellSearch [7, 13].

Meta poboTu nossrae y miIBUIICHHI TOYHOCTI, YyTIMBOCTI 1 crienuiqHoC-
Ti nporiecy BuaiieHHs Ta Bu3HaueHHs L[[IK B kpoBi MouHN HIIIXOM CTBOPEH-
HS BINOBiTHOT iH(QOPMAITIHOT TEXHOJIOT 1.

Bupuenns LK, iiMmoBipHO, IprHEce 3HAYHY KJIIHIYHY Ta €KOHOMIUHY KO-
PUCTh 3aBISKH MOMJIMBOCTI HEIHBa3MBHOI MIarHOCTHKH IO KPOBi Y TAIli€HTIB,
SIKUM MOTpiOHa TapretHa Tepamis. OIHaK CijJ mam'siTaT, 110 HOBI JIarHOCTUYHI
METOJIMKHA MOXYTh CIYT'YBaTH TaKOX 1 JUKEpEIaMu TePareBTUUHUX TOMHUJIOK Ta
HeoOrpynToBanux Butpat. Meton ISET po3spoOneno crenianbHO it giarHoc-
tryHoro BuseieHHs LIIIK Ta X momanpmioro anamisy. Y 1[bOMy KOHTEKCTI HE00-
ximHO miakpecnuty, mo BuauteHHs LK, MoxmuBO, M03BOMUTH HEIHBa3UBHO
BH3HAUYaTH PEIUIMBU PaKy Ha PaHHIN cTaiii. 3aCTOCYBaHHS METOAMK 3 BUCOKOKO
MPOIYCKHOIO 3/IaTHICTIO 1 MOXKITMBICTIO XapaKTepU3yBaTH BUJIIJICHI B KPOBOTOIII
HIIK no3BoiuTh BIPOBaIKyBaTH HEiHBa3MBHI OioMapKepH IJisl mepcoHidikoBa-
HOT 1 e()eKTUBHOT MEIMYHOT JIONIOMOTH B HalOIMKIOMYy MalOyTHROMY [4].

PESYNBTATH

Texnonoris Buninennst LIIIK 3a pozmipom (ISET) 3 BakyymHOI0 (hinpTparieto me-
pendavae ¢imbTpaIlifo KPOBiI MAIEHTIB Yepe3 MmojiikapOOHATHY MeMOpaHy 3 3aja-
HumMu po3mipamu nop (ISET-Isolation by Size of Tumor cells). Ilicns ¢insrpamii i
BIATIOBITHOTO 0OPOOIEHH MEMOPaHH JIKap OTPUMYE 3pa30K KIITHHHOIO Mpenapa-
Ty. J)11 miATBEpPKEHHS 3MI0SKICHOCTI IMMyXJIMHA HeOOXiIHA HASIBHICTh HE MEHIIIE 4-X
KpUTEPIiB 13 5-TH, SIKI NPUHHAITI: aHI30HYKIeo3 (cmiBBipHOMmEHHS > 0,5); po3mip
sapa KITUHU Oinbire 16 MKM B AiaMeTpi; HepeTyJSIpHICTh SIIEPHOrO KOHTYPY: Ha-
SIBHICTh KJIITHHHHMX KOMIDICKCIB;, BHUCOKE SICPHO-IIUTOILIa3MATHYHE BiHOLICHHS
(ALIB), sike Bu3Haua€eThes 3a opmysioro [ 14, 15]:

SIUB =S, /S,,

ne S, — mioina sijapa; S, — IJIoNIa MUTOIIa3MHU KITITHHH.

Binpuicts BusiBnenux LIIK kpynHinmi 3a po3Mipom, Hi>K 3BUYaHHI KIITHHU
KpOBI, 1 €KCIPECYIOTh Ha CBOIH IMOBEPXHI CIiTeNianbHI MOJICKYJIH KIITHHHOI
anaresii (EpCAM), ska e cienudiqHuM JUTsi pAKOBUX KIIITHH MapKepoM, 1110 Haid-
OinbIie BUKOPUCTOBY€EThCs st BusiBiaenns LIITK [15].

BinmiHHICTD 3aIpONIOHOBAHOTO METOY BHIUICHHSI, OIIHIOBAHHS T4 BU3HAUCHHS
nimicaux 1 HeymkomkeHnx LIIK monsrae B nomoBHEHHI HOTO CTPYKTYpH HOBUMH
eranamMu (pexuMamu), a came: pexxumom 100% repmernsartii Kamepu 3 reMoJIi3aToM i
3a0e3reyeHHi B Hii HEOOXIAHOTO 1 MOCTIHOrO THCKY MPOTSTOM BCHOTO IPOLECY
¢inpTparii 1 pexxumom TpupiBHeBoi (inbrpamii L[TK Ha mocnigoBHO po3MimeHux
MOJTIIKapOOHATHUX MEMOpaHax 3 JliaMeTpamMu MIiKporop 8, 51 3 MKM.
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TakuM 4rHOM, HE3aJISKHO BiJl CBOIX po3MmipiB, OymyTh 3aTpumani LITK, po3mip
SIKAX He niepeBuiiye 3 MM (Ha croroHi Taki LITK nocimigaukaM He BigoMi).

3anmponoHoBaHUI aBTOpamMu MeToja OOpOOJEHHS MIKPOCKOIMIYHUX 300pa-
xenp LIIK moOynoBaHo 3a MPUHLIMIIOM «BiJ 3BOPOTHBOTO» 1 MPUHIUIIOM CKpPH-
HIHTOBOTO CKaHyBaHHS, MAa€ JIOTIYHO-TIOCTIIOBHY CTPYKTYpPY, BIINOBIZHO A0
SKOT MIEPIIMIA eTaIrl METOy Tependadae BCTAHOBJICHHS pO3MIpy BiKHA CKaHyBaH-
Hs1 uist 300pakenHs LIITK takum, 1110 He TepeBUIye JiaMeTp MOHOKYJISIpa MiK-
pockorna, a npouec 00poOIeHHs Ha0yBa€ MOCTYIOBO-MOCTIJOBHOTO XapaKkTepy 3
MPOrPaMOBaHUM KPOKOM IEPEMIIEHHs MPEIMETHOTO CTONMKA 3 PO3MILLICHUMH
Ha HBOMY TOJIIKapOOHATHHUMHU MeMOpaHamu 3 jaiamerpamu Mikporop 8, 51 3
MKM 1 IOJaJIbIIIUM, [TOCTAITHUM KpuTepiansHuM Bu3HadeHHsM LITK Ha koxHil 3
MeMOpaH, 10 CYTTEBO MiABHIIYE IOCTOBIPHICTH JOCIHIHKEHHS, CKOPOUYyE HOTO
gyac Ta 30UIbLIyE y pa3u MPOIYCKHY 3JaTHICTH JiKyBalbHO-A1arHOCTHYHHX 3a-
KJIAJIB IMiJ1 4YaC IPOBEACHHS CKPUHIHIOBHMX OIJISIB HACEICHHS.

Tperiif eran 3ampOINIOHOBAHOTO METOy MOKHA BBRXKATH KIIFOYOBUM, TOMY
mo came Ha 1oMy etami i Bu3HadaroThes LIIIK 3a BimmoBimHUM anropuTMoMm,
SIKILO I KJIITUHU € Y KPOB1 XBOPOTO.

Sk OyJ0 3a3Ha4YeHO, OCHOBY arapaTHOro 3a0e3MeYCHHs TEXHOJIOTIT CKIa1ae
migcucTeMa aist QUIbTpanii KpoBi, sSika Mae CyTTEBI IMepeBard Iepel aHajJorid-
HUMH, a caMe: TepMeTH3allisl KaMepH 3 TeMOoJIi3aToM i 3a0be3leyeHHs B Hill mo-
CTIHHOTO 1 HE3MIHHOTO THCKY J03BOJIIIOTH YHUKATH BTpaT i momkomkens LIIK
3 OIHOTO OOKY, a 3 1HIIIOr0 — BUKJIIOYAIOTh CY0’ €KTHBHUHN BIUTUB 3 OOKY JIiKapsi
Ha mpouec (inpTpanii: BUKOPUCTaHHS TPHOX MOJiKapOOHATHUX (iIBTPIB 3 Hia-
MeTpamu 1op 3, 5, 8 MKkM a7t QinbTpanii KpoBi CyTTEBO PO3LIMPIOE JiarHOCTHY-
HUI Jiana3oH po3po0JIeHOT TEXHOJIOTI, JO3BOJISIOUH J1iarHOCTYBaTH TaKOX MiJl-
Ko KiiTHHHUH pak nereHiB 3 LIIK pozmipom 4 MkM.

Oco06uBicTIO pO3pO0JICHOT TEXHOJIOTII € BBEACHHS A0 11 CTPYKTYPH MiJCHC-
TEMH «IHTEJIEKTyaIbHOro» 00pobseHHs 300paxens LIIIK, ska daxTuyHO BHKO-
Hye (QYHKIIT TiICKCTEMH MIITPUMKN MPUHAHATTS PIllIeHb 1 3a0e31evye IpaKTHy-
HO 100-BiZICOTKOBY BIANOBIIHICTh MOCTABJICHOTO JIarHO3y pealibHIA CHUTYyaIll,
BUKJIIOUMBIIN HEOAHO3HAYHICTh B Oro inTepnpeTauii. Lle gocsraerscs Onokamu
MO/JICJIIOBAaHHSI 300pakeHb, Bu3HaueHHs napaMeTpiB LIIIK, moctaHoBKH miarHo3y
(IpUIAHATTSI pileHs) i 00Ky GopMmaizallii eKCIepTHUX 3HaHb, B IKOMY (OpMY-
€ThCS TOYATKOBA CTPYKTypa mpeameTHoli obusacti, mozem LK, amropurmu
¢ynkuionyBanns 6a3u 3Hanb (b3). brok ¢opmainizanii BUKoHye TakoX mpore-
IOypU paH)KyBaHHS Ta Y3TOJDKEHHsI €KCHEPTHHUX 3HAaHb, OPIEHTOBAHUX HA JOCAT-
HEHHS aJieKBaTHOro pimieHHs. Il{e oaHier0 0COONMMBICTIO MiJICHCTEMHU «IHTEJICK-
TyaJbHOTO» 00pO0OJIeHHS 300paKeHb € HasBHICTh CTPYKTYpOBaHOI 0a3u JaHUX,
ska QyHkuionye 3a kepyBanHsiM CKBJl MySQL i Bxitodyae 6a3u naHUX €TajJoH-
HUX 300paxkeHb, etanoHHux mapametpiB LIIIK, niarnosis, kputepiiB omiHIOBaH-
Hsl JIIarHO3Y Ta iHIIII.

CrpykTypHY cxemy po3pobiieHoi iHpopmauiifHoi TexHomorii (puc. 3, 4) Ha-
JIAaHO y BUTJISIL JIOTIYHOT TIOCTiIOBHOCTI 3-X erariB: | — oTpuMaHHS remoltizaty
st susiBnierns L{IIK; I1 — oTpumanHsS MiKpOCKOTIIYHMX 300pakeHb 1 BUJILICH-
us LIIK, i III — oOpobnenns 300paxkens, Bu3zHaueHus LK 1 npuitHsaTTs miar-
HOCTHYHUX PIllICHb.

KputepianbHe OIliHIOBaHHS po3po0JIeHOI TEXHOJNOTIi MpPOBOAMIACH 32
TpbOMa TpyHaMu KpHUTepiiB: 3a MoaudikoBaHoo cxemor P. Scarft, H. Bloom,
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Puc. 4. TapopmariiiiHa TEXHOJIOTIsI BU3SHAYCHHS IIUPKYJITIOIO-

YHUX MyXJIHMHHUX KJIITHH B KPOBI JIIOJMHU — 3 eTam

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. 1 Bra. Text. 2018, Ne2 (192)



C.M. 3nenko, T.A. Yepnuwosa, O.E. Maescokuil, B.€. Kpusonocos, O.FO. Azapxos

W. Richardson [16], 3a merogom ISET i 3a xpurepisiMu T0OKa30BOi METUIMHH:
cenrIvHICTIO, TOYHICTIO, YYTIUBICTIO, IPOTHOCTHYHOIO IIHHICTIO, TTOBHOTOO
ta F-miporo (tadu. 1) [17]:

[IpoBeneHHs MOPIBHIIBHOTO aHAIi3y po3poliieHoi indopManiiiHoi TexHoorii
BU3HAYEHHS LMPKYJIIOIOYMX MyXJUHHUX KIITUH € JOCHTh CKJIaIHUM IIPOLIECOM,
3YMOBJICHHM CIEIU(DIKO KOKHOI CUCTEMH, TEXHOJIOTIT 1 METOMy, IO 3BOIUTH JI0
MIHIMYMY Ty KUIBKiCTh MOXIJIMBHX KPUTEpIiB, 32 SKAMU MOKHA MOPIBHITH HasBHI
cucremu. Jlpyra npudrHa MoJsrae B TOMY, IO CTAHOM Ha Lei yac oQiliiHui 1o-
3BiJI Ha KITIIHIYHE 3aCTOCYBAaHHS Ma€ B CBITi TUIbKK onHa cucteMa CellSearch xowm-
nanii Veridex (CIIA), Bci iHIII HOCATh €KCHEPUMEHTAIBHUI XapakTep 1 3HaXo-
JITHCS Ha PI3HUX CTaIisIX anmpoOartii i KITIHIYHKX BUMPOOYBaHb.

Jlo Takux cucTeM 1 MpuiiaaiB MokHa BigHecTn cuctemu Ariol, MACS, Ros-
seteSep, CIBER Ta iHm1i. 3po3ymisio, 110 Ha [OMy €Tarli OTpUMAaTy JaHi Ipo TeXHi-
YHi, eKCIUTyaTaIliifHi a00 KIiHIYHI TapaMeTpH IUX CUCTEMH YK€ CKIIaTHO, a 1HOI i
HEMOXJIMBO. TPETIO MPUYUHY TIOB’SI3aHO 3 THM, III0 PO3POOIIEHO CHCTEMH, TaKi SIK
«Kontyp», «biockan» (binopyck, Pocis), ontuko-enekrponHi iHdopMariiiai Tex-
Hoorii i cuctemu (YkpaiHa), sIKi MPaLIo0Th 3 MONEPEAHBO OTPUMaHUM 1 00pobIte-
HUM 300pakKeHHSM JIOCITIIKYBAHOTO 3pa3ka Kposi [18-21].

HasiBHICTh 3a3Haue€HMX NPUYMH Ta IHIIUX CKJIAIHOIIIB, L0 MAalOTh MICIE
nig 9ac BUOOpY iH(GOPMATHUBHHMX KPHUTEPIiB [UIA HPOBEACHHS MOPiBHAJIHHOTO
aHaji3y, 3yMOBHJIAa MOKJIMBICTh PO3MIANATH MOCTABJICHY 3afady sIK Kiacudika-
HiliHY, PO3B’S3KOM SKOI € OTPUMAaHHS MPOCTOPY iHHOPMATUBHUX KPUTEPIiB MO-
PIBHSUIBHOTO aHasi3y po3poOieHoi Ta iHIMX TeXHONOriH i cucteM. o Takoro
MPOCTOpPY KpHUTEpiiB yBiiinu: Ha3Ba, ¢ipMa po3poOHHUKA 1 KpaiHa; MeTOx, M-
XiJ1, 1110 MOKJIaJCHO B OCHOBY CHCTEMHM, TEXHOJIOTIi a00 MPUHIUI Mil; KiIIBKICTh
piBHIB ¢inbrpanii LIIK 3a momomoru mMemOpan 3 miamerpom mop 8, 5, 3 MKM;
pexxuM poboTn — apromaTuuHuil (A), HamiBaBToMatuunuii (H/A), pyanuii (P);
Yac aHallizy Ta 00pOOJIEHHS OJTHOTO 3pa3Ka KpoBi; piBeHb 30epEKEHOCTI IIJIbHO-
cti Ta Heymkomkenocti LIIIK — (B — Bucokuii, B/C — Buie cepenusoro, C
— cepenniid, H/C — Hmxue cepennboro, H — HU3bKMIA); YyTIUBICTD METOLY Y
BiJICOTKaX, SIKy HaBEACHO U Pi3HUX THUMIB PaKy — HEMUIKOKIITHHHOTO PaKy
JIETeHIB, PaKy MepeaIMiXypoBoi 3aJI031, PaKy MOJIOYHOI 3aJ03U, paKy MiAlIuTyH-
KoBoOi 3a103u; cepenust KutbkicTh LIITIK B 7,5 M1 KpoBi (B 3a/Ie)KHOCTI Bijl THITY
paKy; cepelHs KUIbKICTb emiTeNianbHuX KIITHH B 7,5 MJI KPOBI (TaKOX B 3aJIekK-
HOCTI BiJl THITY paKy)) (Tadm. 2).

Tabnuya 1. Kpurepii 10ka30B0i MeTHIUHI

Tiidp - Meroauka
Hpopmariiina
Kpurepiit pyat . M.JIykameBuy i Wiennert Al-Kafahi
TEXHOJIOTis
B.CraposoiiToBa
TounicTb 0,9312 +0,0343 0,8363 £ 0,0120 0,908 + 0,04 0,707 £0,13
IloBHOTA 0,9732+£0,0117 0,9570 £ 0,0016 0,859 + 0,04 0,916 £ 0,04
F-mipa 0,9138 0,8926 0,8828 0,7980
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Tabnuys 2. TlopiBHAJIbHA TAOJMIS XAPAKTEPUCTHK iH(OpMALiHHOI TeXHOJIOTIT BU3BHAYEHHS
mupkyaowynx kiitua (ITBHK) Ta cyyacHux anasoris

& iz = b =2 &
= fpe] o~ =
= g S =
) = E= = - X 9 5]
=) = & = 5} = = - ~ =
= g S| m 5 S = B = E
E :é é Lg = % o g = o E
s o = .—
o < 2, R S 8 55 5 - g2 .E
= = = - [} 3 E S s E o o B
= a, = = A =9 et = o QL o ‘g oM
B~ = o] =) e Z X
5 k=) ] 2 > = A =]
ES < = R 5] ) w R Q == 5 &
g = =y % = o= = =l g B
= ) 25 o < 5 2 = o = B
= - 5 g ~ = £ 5 E & =
o = 2 = < = = =
] =} ¥ < o Q o > = 15)
E 5 Eh= S & F = g =
= o [5)
< S = =2 O }5)
1 Cucre- Meronu: HE /A HE C Big 21% HE Big 0
Ma iMyHOMIyO- BKa- BKa- 10 90% BKa- o8
Cell- pecreHuii; 3aHO 3aHO 3aHO
Search, | imyHOMarHiT-
Komma- | HOro mogainy;
His HPOTOYHOL
Ve- LUTOMETPii
ridex,
CIIA

2 ISET, |Meron i3omsuii 1 II/A | 15xB B/C Bin 50% Big 2 | He BKasza-

CIIA 3a pPo3MipoM piB_em,, 10 100% | 10 128 HO
IYXJIMHHUX nia-
KJIITHH METp
mnop —
8 MKM
3 | Texnono- | Merox nporou- - /A C 99% HE HE BKa3a-
rist CTC- | Hoi uuromerpii BKa3aHO HO
chip,
CIIA
4 | Texnouso- | Meron Ficoll- - A HE C HE BKa3a- - Big 1
ris Hypague GE BKa3aHO HO
Onco- Healthcare Ao 7
Quick,
CHIA
5 | ITBUK, | Ymockonaie- A B Big 60% Big 0
VYkpaina HUI MeTox 10 100% 10 10
307141l 3a
po3Mipom
IYXJIMHHUX
KIITHH

3 piBHi ¢inbTpaii 3 1iameTpom mop
8,5, 3 mxMm i 100% repmeruxa
10 30 xB (Big 3a00py KpOBi IO OTpUMaH-
Hs kitebkocti HITK 1 ixHiX mapaMeTpiB)
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Pesynbrar mopiBHSHHS CBITYHTH MpPO Te, IO po3poOiieHa iH(opMalliiiHa
texHonoris BuzHadeHHst L[[IK BimmoBimae cBiToBOMY piBHIO 3a BciMa KpHTe-
pisMU 1 BUMOTaMH.

Ha BinmiHy Bijg HasiBHHX aHAJIOTIB, PO3pOOJIEHa TEXHOJOTIS BUABIISE LIUPKYIIOI0U
MYXJIMHHI KITAHA 3 JiaMeTpoM 4 MKM y JIOCII/DKEHHI 3pa3KiB KPOBI MAIliEHTIB 3
MITKOKJTITHHHAM PakoM JiereHiB. Jlikap, TakuM YWHOM, OTPHMAaB TEXHOJIOTIIO aBTO-
marnyHoro BusHaueHHs LIIK B mepudepmuniii abo BeHO3HIH KpOBi 3 BHCOKOIO
JOCTOBIPHICTIO Ta iH()OPMATUBHICTIO, MAKCUMAIBHUM 30€pEKEHHSM LITICHOCTI 1
HEYIIKO/KEHOCTI IUPKYIMIOIOUNX IMyXJIMHHUX KITHH. [IpoBenenuii aHaii3 itepa-
TYpPHHX JDKEPEN 1 BIACHI KITiHIYHI JOCTI/PKEHHS ITiATBEPAMIIH, IO TUTHKU TEXHOIO-
rii Ha ocHoBi ISET meromy n03BOJISIIOTE BH3HA4YaTH LMPKYIIOHOYi TpodobmacTHi
KJTITHHY TUIO/TY 3 KPOBI Matepi, 4acToTa TPAIUISIHHS SIKUX JTy>Ke Maia.
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NHO®OPMAIIMOHHA A TEXHOJIOI'MA OITPEAEJIEHIA
UPKYJIMPYIOIUX OITYXOJIEBBIX KJIIETOK B KPOBU YEJIOBEKA

PazpaboTrka MHPOPMAIIMOHHBIX CHCTEM U TEXHOJIOTHI 00pabOTKH MEIUIIMHCKUX M300paxe-
HUI KJIETOK, HOJIY4EHHBIX IIPU HCCIEAO0BAaHUN THCTOJIOTHYECKUX IIPErapaToB, SBISETCS OA-
HUM M3 BaXHEHIINX M IPHOPUTETHBIX HANPABICHUII COBPEMEHHOH MEIUIIMHCKON HayKH.
BrlsBiieHIE HUPKYIMPYIOMIKUX OMYXOJIEBBIX KJIETOK IPH PA3IHYHBIX JIOKAIN3AIMUAX 3JI0Kaye-
CTBEHHBIX HOBOOOPA30BaHMi B HACTOSIIECE BPEMS SBJSICTCS OJHUM U3 aKTYaJbHBIX BOIIPOCOB
B OHKOJIOTMH. OTIMYUTENBHOW 0COOEHHOCTHIO IUPKYJIUPYIOLIUX OMYXOJIEBBIX KJIETOK SIBJIS-
€TCSl arpecCHUBHBIM MeTacTaTW4YeCKHil MOTEHIMal, MO3BOJIIOMMN paccMaTpuBaTh HMX Kak
OCHOBHOI MEXaHH3M OITyXOJIEBOI mporpeccuu. B craThe mpuBEICHBI METOIBI BBISBICHHS
OITyXOJIEBBIX KIIETOK, TPOAHATM3NPOBAHBI COBPEMEHHBIE METOIBI M aJITOPUTMBI 00PaOOTKH H
BOCCTAaHOBJICHHSI OMOMEIUIIMHCKIX H300pakeHuid. [loaTamHo npuBeneHa pabora mHpoOpMa-
LIUOHHON TEXHOJIOTUH OIpeeNIeHHs IUPKYIUPYIOMINX OIyXOJIEBbIX KJIETOK B KPOBH UYeJIOBE-
ka. [IpoBeficHO cpaBHEHHE pa3pabOTaHHOW TEXHOJOTMH W CYHIECTBYIOLIMX aHaJoros. B
OTJIMYME OT MMEIOIINXCS aHAJIOTOB, pa3pa0OTaHHAs TEXHOJIOTHS OOHAPYKUBACT LIUPKYIUPY-
IOIINE OIYXOJIEBbIC KJIETKH C JUAMETPOM 4 MKM B MCCIICJJOBAaHMH OOpa3l[OB KPOBU MAlUECH-
TOB C MEJIKOKJIETOYHBIM PAKOM JIETKUX.

Kniouesvie cnosa: ungopmayuonnas mexnHonious, YupKyiupyloujdas Onyxoieds KiemKd,
MEOUYUHCKOE U300padicenue, 2UCmono2us, 00pabomka, onpedeieHue, Kpumepuil.
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INFORMATION TECHNOLOGY OF DETERMINING
CIRCULAR TUMOR CELLS IN HUMAN BLOOD

Introduction. The development of information systems and technologies for the processing of
medical images of cells obtained in the study of histological preparations is one of the most
important and priority directions of modern medical science.

The purpose of the article is to detect the CPR at various localizations of malignant neoplasms
is currently one of the topical issues in oncology.

Results. A distinctive feature of the circular tumor cells is the aggressive metastatic potential,
which allows them to be considered as the main mechanism of tumor progression. The article de-
scribes the methods of detecting the circular tumor cells, the functions and operations of image proc-
essing. The modern methods and algorithms for processing and restoring biomedical images are
analyzed. The work of information technology for the determination of circulating tumor cells in
human blood is given step by step. A comparison of the developed technology and existing ana-
logues is made.

Conclusions. Unlike the existing technology, it detects a 4-micromycle circular tumor cells in
the study of blood samples from patients with micellar lung cancer. The doctor, thus, received an
automatic technology for the determination of the circular tumor cells in peripheral or venous blood
with high reliability and informativeness, with maximum preservation of the integrity and invulner-
ability of circulating tumor cells. The analysis of literary sources and their own clinical studies have
confirmed that only technologies based on the ISET method allow the detection of very rare circulat-
ing trophoblast cells of the fetus from the mother's blood.

Keywords: information technology, circulating tumor cell, medical image, histology, treatment,
definition, criterion.
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