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PARALLEL MULTIAGENT METHOD OF BIG DATA REDUCTION
FOR PATTERN RECOGNITION

Context. The problem of feature selection for big data processing based on the multi-agent approach and parallel computation has been
solved. The object of research is the process of feature selection. The subject of the research are the methods of feature selection.

Objective. The purpose of the work is to create a parallel multi-agent method for reducing of big data sets.

Method. The article deals with the parallel multi-agent method for reducing of big data sets. The developed method involves splitting
multiple agents into several subsets for parallel search of an informative combination of features in different areas of the search space. At
the same time, it is suggested that the parallel nodes of the computer system perform the most resource-intensive operations associated with
estimating the current set of agents, as well as the need to create and modify new sets of solutions based on stochastic computations. This
allows to speed up the process of multi-agent search of informative combination of features, as well as to reduce the practical threshold for
application of the multi-agent method with indirect communication between agents for reducing big data sets.

Results. The software which implements the proposed method and allows to select informative features based on the multi-agent
approach and parallel computation has been developed.

Conclusions. The conducted experiments have confirmed the proposed software operability and allow recommending it for use in
practice for solving the problems of big data processing for pattern recognition. The prospects for further research may include the
modification of the developed parallel method for feature selection by using different criteria for estimation of the group information of
features, as well as an experimental study of proposed method on more complex practical problems of different nature and dimensionality.
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NOMENCLATURE

A — set of agents;

CPU — Central Processing Unit;

GPU — Graphical Processing Unit;

G}, — value of objective function of k-th agent;

J(Xe) — criterion for assessing the significance of a set
of features Xe;

M — number of features in the sample of observations S;

N, — number of incorrectly recognized (classified)

processing [1-6]. Typically, the original samples of data
describing the objects or processes under investigation may
contain redundant and uninformative information [7—13]. The
use of such information in the synthesis of recognition models
leads to an increase of their complexity and redundancy, as
well as a reduction in their generalizing abilities. Therefore,
before synthesis of recognition models, it is relevant to perform
preprocessing of data in order to exclude uninformative and
redundant features from training samples [3, 5, 8].

Typically, well-known methods of feature selection use

observations of the sample S =< P,T > on the synthesized
model;

N pr— number of processes, on which task is performed,

N 5 — total number of agents in set 4;

Pgm — value of m-th feature (attribute) for g-th

observation (m=1,2,... M, ¢=1,2,...,0),

QO — number of observations in the given sample of
observations S;

S — sample of observations (training sample);

tq — value of output parameter of g-th observation;

fgmod — value of output parameter of g-th observation,
calculated from the synthesized model,

T — set of output parameter values;

% — k-th agent in set 4;

XS — set of all possible combinations of features, obtained
from the initial set of characteristics P.

INTRODUCTION

The development of automated systems for pattern
recognition is associated with the need of big data

a greedy search strategy [6, 8], which often doesn‘t allow
choosing the most informative combination of features.
Stochastic methods [6, 12] are highly iterative and require
substantial outlays of computing and time resources, making
them difficult to use in practice. A multiagent method for
feature selection that doesn‘t use greedy search strategy,
based on modeling of agents movement in search space
through stochastic computations, is offered in [14].
However, this method no longer adequate to handle big
data sets due to the high iterative and consistent nature of
the calculations.

It is therefore appropriate to parallelize the most
computationally complex and resource-consuming
operations of the multi-agent method of feature selection
[14], which will reduce the practical threshold for applicability
of such method when big data processing.

The purpose of the work is to create a parallel multi-
agent method for big data sets reducing.

1 PROBLEM STATEMENT

Let there is a set of observations S (1):

S=<P,T>. )
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Then the problem of informative features selection in an
idealized formulation [8, 15—17] can be represented as: find

a combination of features X~ from the original data set
§ =< P,T >, at which the minimum of given criterion (2) for
assessing the quality of feature set is achieved:

J(X*)= min J(Xe). @)
Xee XS
The error of the synthesized model, normally, is used as
an criteria for assessing the significance of features set J(Xe)
[4-6]:
— recognition error (in problems with discrete output 7)
[4-6], calculated according to the formula (3):

g=Ner 3)

0

— standard error (in the case where the output parameter
T can take real values from a certain range 7' € [tmin;tmax])

[6], calculated according to the formula (4):

E :éi(tq _tqmod)z ’ “)
q=1

In calculating criteria values (3) and (4), the model is
synthesized based on the data of the training sample S, using
only the features that correspond to the combination Xe.

2 LITERATURE REVIEW

Currently, there are various methods of reducing the
dimension of the feature space [3—6, 15—17]: brute-force
method, depth-first search, breadth-first search, branch and
bound, group method of data handling, method of sequential
addition of features, method of sequential removal of
features, method of alternately adding and removing of
features, ranking of features, features clustering, method of
random search with adaptation and evolutionary search for
the selection of features [15—17].

Usually, in solving the problems of recognition, there is
a system of statistically dependent features, whose set
informativity isn’t expressed through the informativeness
of individual features. Therefore, in solving practical
problems, it is necessary to evaluate a set of features, rather
than each attribute separately. Thus, the use of ranking
criteria on the computed individual assessment is
unacceptable [6].

The application of brute-force method requires the
evaluation of all possible combinations of features made up
of the original data, which makes it impossible to use this
approach with a large number of features in the source set,
since it requires huge computational costs.

Heuristic search methods [15, 17] are not effective
enough, because of sub-optimal of a greedy search strategy
involving the sequential addition or deletion of one feature
at each iteration, therefore of which the resulting set of
characteristics contains redundant features that correlate
with other features in the set.

It seems expedient to use the methods of stochastic
search (in particular, the multi-agent approach) [13, 14, 18],
to search such combination of informative features under

conditions of mutual dependence on each other. Since such
methods are more suitable for finding new solutions by
combining the best solutions that were obtained at different
iterations and have the opportunity to exit from local optima.

The proposed multi-agent method [14] with an indirect
communication between agents allows to select the most
significant features. However, the method takes considerable
time in processing of big data, because it is highly iterative
and provides for sequential implementation of calculations.
To address these drawbacks it is advisable to parallelize the
multi-agent search of most meaningful combination of
features in the processing of big data sets.

3 MATERIALS AND METHODS

In the developed parallel multi-agent method for big data
reducing, it is proposed to split a set of agents

A :iXIaXL-u,X N, } into several subsets for parallel search

of informative combination of features in different areas of
search space. Meanwhile, to speed up the process of multi-
agent search for informative combination of features in the
developed method, it is suggested to fulfil the most
resource-intensive operations related with evaluation of the
current set of agents, including the need to create and modify
of new sets of solutions based on stochastic computations
on the nodes of the parallel computing system.

As noted previously, in the proposed parallel multi-agent
method for big data reducing after initialization phase, a set

of agents 4 :bClaXb"-’XNX} is split into several subsets

AV 4P 4N (5)

4 _,{A(l), 4D A(Npr)}. (5)
The total number of agents N, in the partition

A— {A(l),A(z),.,,,A(Npr)} remains unchanged (6):

‘A(l)‘ +‘A(2)‘ + ...+‘A(Npr)

=Ny. (6)

The partitioning A4 — {A(l),A(z),_,,,A(Npr)} is done so

that to ensure the separation of groups of agents AU ), over
the search space with view to more detailed investigation of its
various areas. For selected groups of compactly located agents

AY ), it is proposed to apply cluster analysis methods [6, 9, 16].

After that, in each of the received subsets of agents 4(/)
(/=12,..., Np,), it is proposed to conduct a multi-agent
search to select informative features from the given data
samples S =<P,T >, periodically checking the stopping

criteria and, if necessary, combining the subsets 4(/).

In order to increase the efficiency of the multi-agent
search for combination of informative features (reducing
the search time), it is expedient to parallelize the most
resource-intensive operations.

As noted above, the multi-agent method of feature
selection with indirect link between agents, involves the
implementation of initialization, chemotaxis modeling,
reproduction, elimination and dispersion, checking the
stopping criteria, and restarting agents.
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In the initialization phase, the main parameters of method
are defined, and the begin coordinates of agents Y,

k=12,..., NX) are randomly generated, after which values

of the objective function G}, = G(Xk) are calculated. This
stage doesn‘t involve complex iterative computational
procedures, so it is proposed to perform it on the main stream.
Note that with a large number of agents N,, as well as

processing complex samples S=<P T>, you can
parallelize the process of assessing the initial positions of
agents 7 (calculating the values of the objective function

Gy =Glyg). k=1.2,....Ny).

The stage of chemotaxis modeling is connected with
iterative implementation of tumbling, moving and sliding
operators for each agent, assuming the calculation of new

. t+1) .
values of the coordinates of agents ch ) in the search
space. In addition, at this stage, the evaluation of new

agent’s positions G]EH]) :G(Xg“)), suggesting the need

to data sample S=<P,T > for each of the agents. The

complexity of the computational procedures of this stage
necessitates its parallel implementation for the possibility
of performing multi-agent search for informative combination

of features in subset of agents AY) at the Jj-th node of the
parallel system.
At the stage of reproduction, new set of agents

A= {X1,X2,---,XNX} is created by performing stochastic

calculations. At the same time, complex procedures are
performed to select the most suitable agents, select the
parent agent pair, and directly generate new agents (new
coordinate points in the search space).

The stage of exclusion and dispersion also involves the
need to process the entire current set of agents

A={X1,X2,--~,XNX} in order to randomly change the
coordinates of some agents to exit from local extremums.
Therefore, for the possibility of implement multi-agent
optimization, it is suggested that the nodes of parallel
computing system perform the stages of reproduction,
elimination and dispersion, as well as checking the
termination criteria. These stages are associated with the
need to create and modify new sets of solutions based on
stochastic computations and, together with the chemotaxis
simulation stage, make it possible to search for a combination

of informative features in each of the subsets IV, of agents
AD (J=L2,... Npp).

Based on the mentioned above, we present a model of
the multiagent search process for a combination of

informative features in the form of Fig. 1.
One iteration of the multi-agent search of an informative

combination of features AMAS( AU )) among a set of agents

A on the j-th node of a computer system (J =1,2,..., N ;)
is schematically shown in Fig. 2. In so doing, the following

notation is used in the Fig. 2: Chem(A(j )) is a chemotaxis
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modeling operator over multiple agents 4W); Cross(A(j )) isa
reproduction operator; DiSp(A(j)) is an exclusion and

scattering operator; Crit(A(j )) is an operator of checking the

criteria for the completion of multi-agent search MAS (A(J )).
As can be seen from Fig. 1, computationally complex
operations that are decided to parallelize, are related with
operation of chemotaxis simulation, reproduction, exclusion
and dispersion. The choice of these operations for parallel
implementation of calculations is also due to the fact that
information which is easily amenable to parallelization and
associated with the current set of agents (coordinates of

points 7y in the search space and the corresponding values

of the objective function Gy =G(Xk)) is iteratively

processed on them. In addition, on the nodes of the parallel
computer system are also offered to perform a check of the
stopping criteria in order to cessation of the multi-agent
optimization in case an optimal result is obtained (a set of
characteristics that is acceptable for the solution of the
current practical task). Sequences of initialization and restart
of agents are consistently performed.

It is suggested that after performing multi-agent search

at N;, iterations on nodes of parallel computer system, the

information about the current sets of agents AD
(/=12,... N ) and the values of their cost functions GV
on the main process be transmitted. As a result of which,
sets 4 (7) and G (8) are formed:

N[” .

4=J AV = {X19X2,~.-,XNX}’ )
=
N,

G= )G9 ={G,, Gy G, ®)
=

Then, the process of restarting agents is performed on
the main process. In this case, unlike the known multi-agent
method with indirect connection between agents BFO [18],
a new set of agents is proposed to be formed in accordance
with expressions (9) and (10):

A= Agtire U Apng U Aeross » ©
|Aelite| +|Arnd| +|Across| = NX s (10)
where A4, is a set of elite solutions 7 (best agents by the

value of the objective function Gj) in each of the subsets
AW): Aclite = iXelitelsXeIite2 s> KeliteN ,, }:

Kelitej * G(Xelitej): XIELI}].)(G(Xk )), |Aelite| = Npr 5
k

Am 4 18 a set of solutions y , that are randomly selected

in each of the subsets AU :
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Initialization

MAS(AD)

MAS(A®) MAS(A"Py

< A4® G(4®)> <A,<Npr)’GA,<Np,>l>

Figure 1 — The model of the multiagent search process for a feature selection

< A(j),G(A(j))>

Chem(AU))

Crit(A(f ))

< A'(j), G(A'(j))>

Figure 2 — One iteration of multi-agent search AfA4S ( A(j )) in a set of agents A(j )
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Arnd = ix.rndl7XVnd2""’Xrnd‘A,.nd‘;, Xrnd j = rand_ (Xk)a
XkeA(j)
|Amd| =0pgNy, O, is a fraction of agents in the new

set A= {XUXzo-"aXNx}, randomly selected from the

previous set of solutions. If |Amd| >N, then random
selection occurs successively among each of N, the
subsets A"/ ), after which the process continues until the

required number of solutions |Amd| is reached, while the

subset 4(/) is randomly selected without repeating;
A

ross 1S @ set of solutions y , generated using a

reproduction operator based on the current set of agents

A= {X1,X2,---,XNX}. It is proposed to use a reproduction

operator similar to that proposed in [14], using the
evolutionary operators of proportional selection, arithmetic
crossing and simple mutation [6, 8, 14];

|Aeh-te|,|Amd|,|Acmss| are the total numbers of agents in

sets Agjie, Apg and A accordingly.

Cross»
Therefore, new set of agents 4 = {X1,X2,---,XNX} in the

proposed method is formed from elite agents A, randomly

elite>
selected agents from the previous set of decisions 4,,;,
and also agents obtained by applying the reproduction

operator A, Such approach allows not only to save the

current best solutions found in the search process, but also
to provide a way out of local optima and the possibility of
exploring different areas of search space.

The proposed parallel multiagent method of big data
reduction involves splitting multiple agents into several
subsets for parallel search of informative combination of
features in different areas of the search space. At the nodes
of parallel computing system, it is suggested to perform the
most resource-intensive operations related to the evaluation
of the current set of agents, as well as the need to create and
modify new sets of solutions based on stochastic
computations. This makes it possible to speed up the
process of multi-agent search for informative combination
of features, as well as to reduce the practical threshold for
using a multi-agent method with indirect communication
between agents to reduce big data sets.

Moreover, the proposed method fits well to SIMD (single
instruction multiple data) architecture, because after the
agent initialization stage the branches of algorithm perform
the same actions on multiple data taking into account the
stochastic component, which is data too. Hence, GPU
implementation of the proposed method will probably
demonstrate good computational process speedup.

4 EXPERIMENTS

The developed parallel multi-agent method of big data
sets reduction has been implemented in C language using
the MPI and CUDA libraries. Besides, the data exchange
between the main core, which performed the initialization
and agent restart stages, and other cores of cluster nodes
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has been performed by multiple exchange functions of MPI
library (Bcast, Gather, Scatter, Reduce). The GPU cores used
the global memory of GPU, in which many agents were
placed. Each core of GPU performed a separate branch of
the algorithm, and since the number of cores in the GPU is
counted as many hundred, as a result, a significant number
of evaluations of feature combinations were performed in
one cycle.

To check the effectiveness of the proposed method with
the help of the developed software, a problem of selecting
informative features for the recognition of vehicles was
solved [19, 20]. The training sample contained information
on 10,000 images obtained from highways, taken in gray.
Using the recognition system [20], images of interest areas
with a vehicle were identified on the images, which were
manually classified by an expert person (recognition was
carried out in the following classes: 0 — not recognized, 1 —
motorcyclist, 2 — car, 3 — truck, 4 — bus, 5 — minivan or
minibus) and were displayed into a matrix 128*128 (16384
points). The resulting images were transformed by
calculating 26 characteristics that generalize graphic
information about object [20]. For each class of vehicle, a
different recognition model has been synthesized, which
makes it possible to determine whether the recognizable
means belong to this type. Thus, five training samples

S =<P,T> of 10,000 instances were obtained, each of
which was characterized by 26 features. The task was to

reduce the number of attributes of training samples to
identify the most informative combinations consisting of
no more than 12 features. In the tables below, the results of
selection of characteristics for the synthesis of recognition
models defining the belonging of a motor vehicle to class 2
“passenger car” are presented.

To provide the experiments the following equipment has
been involved:

— the cluster of Pukhov Institute for Modeling in Energy
Engineering NAS of Ukraine, which involved 16 logical nodes
(cores), each of which performed one process. The cluster
configuration is as follows: processors Intel Xeon 5405, RAM
— 442 GB DDR-2 for each node, communication environment
InfiniBand 20Gb/s, middleware Torque and OMPI;

— NVIDIA GTX 960 with 1024 thread’s processors.

To compare the proposed method with existing
analogues, the separation of combination of features was
performed using various methods: heuristic search, the
method of main components analyzing , the method of group
accounting of arguments, the canonical model of genetic
search, multi-agent methods for selecting informative
features with direct and indirect communication between
agents and using the developed parallel multi-agent method
of informative features selection with indirect
communication between agents. Values of parameters of
the multi-agent method with indirect communication

between the agents were: N, =100; N, =4; N =4;
N =20; Neyg =23 Foq =0,25; datract = 0,15

Wastract = 0525 hrepellant =duitract > Wrepellant = 10 [14,18].

Since the optimization process of most of the listed methods
is of a stochastic nature, the search for optimal solutions
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during experiments was carried out 100 times, after which the
average values of investigated parameters on basis of the obtained
results were calculated. As criteria for assessing effectiveness of
the selection of features followed were used [14, 18]:

— the number of accesses to the objective function N 4

necessary to achieve the result with required accuracy;

— the error of the method E, calculated by the formula (3);

— the operating time of the method T, necessary to
achieve an acceptable solution;

— the number of features of £, selected by the method as
informative.

As the objective function E, the probability of making
erroneous decisions (3) for a neural network of direct
propagation, containing 3 neurons on the first layer and
one neuron on the second layer was used. The neural network
was synthesized on the basis of the appropriate combination

of characteristics of the sample S§S=<P,T>, the

neuroelements had a logistic sigmoid activation function.
As discriminant functions weighted sums were used.

The proposed method was performed on 1, 2, 4, 8, 12, 16
cluster nodes and the time spent on the method was recorded.
In addition, speedup of the computational process and
efficiency of the computer system were calculated. Moreover,
communication overheads (transfers and synchronizations)
were analyzed.

Similar experiments were performed using the GPU.

S RESULTS

Table 1 presents the characteristic values of the
proposed and known methods of informative features
selection in the recognition of vehicles.

Figures 3 and 4 shows dependences between the
proposed method execution time in seconds (Zspent) and
the number of involved cluster nodes (fig. 3), and the number
of GPU threads (fig. 4).

Table 1 — Characteristics of selection features methods for vehicles recognition

Values of comparison criteria
Ne Method of selection of features
E N gt T k
1 |Method of analyzing the main components (MAMC) [6, 15] 0.0412 - 524 12
2 |Method of group accounting of arguments (MGAA) [5, 8, 17] 0.0358 9761 18578 11
3 |Canonical method of evolutionary search (CMES) [6, 19] 0.0219 10000 23171 10
4 |Method of alternately adding and removing of features (MARF) [6, 8] 0.0471 871 2199 12
Multiagent method with indirect connection between agents (MMICA) (Ant
3 Colony Optimization for Feature Selection) [19] 0.0198 4872 10318 10
Multiagent method with direct connection between agents (MMDCA) (Bee
6 Colony Optimization for Feature Selection) [19] 0.0191 4719 10192 1
Parallel multiagent method of big data sets reduction (PMMBDSR), single core
implementation Npr =1 5418 11461
7 |PMMBDSR, implementation in Npr =12 0.0172 65017 1868 10
PMMBDSR, implementation in 60 threads of GPU 48216 7317
.. 12000  11461.00
=
=
x
::" 10 000 -
8000 - P
6873.73
6 000
301737
4 000 -
236240 1268.05
2 000 . T 164293
0 4 : : : : . : l
1 2 4 8 12 16
Nepu

Figure 3 — Dependence between the proposed method execution time and the number of involved cluster nodes
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In Figures 5 and 6 the speedup graphs of the
computational process Speedup,, on the cluster and on the
GPU, respectively, were shown.

Graph of the cluster efficiency Efficiency, when
performing the proposed method is shown in Figure 7.

w 7300 -
< W 7317
:E; 7000 - \
LS \
6500 - \
6000 - N sg1
=
b
5500 - N
5026
5000 - E
™ e 4305
4500 - = __‘:i“ 4710 4237 4.313 4275
4000 ; . ; - - |
60 30 100 120 140 160 180 200 240
Ngpu

Figure 4 — Dependence between the proposed method execution time and the number of involved GPU threads
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Figure 5 — Dependence between the computational speedup and the number of involved cluster nodes
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Figure 6 — Dependence between the computational process speedup and the number of involved GPU threads (in comparis%jr:; to one cluster
node)
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As a result of the analysis of reasons of computer system Graph of execution time Tspent of the proposed method
efficiency decrease the corresponding graphs were formed. from the number of agents, processed on each cluster core
They show percentage of communication overheads (Agents Per cluster Core) ApC is shown in the Figure. 10.
Overhead (transfers and synchronizations) in the  The ApC criterion was calculated by the formula (9):
computational process from the number of involved cluster

nodes (Figure 8) and GPU threads (Figure 9).

—
=
|

Efficierncypr
=
L =]

ApC = NX 9
D

el

=

=
1

Overhead
=
=

0.40

0.20 -

0.00

1 2 4 8 12 16

Figure 7 — Graph of the cluster efficiency when performing the proposed method
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Figure 8 — Graph of communication overhead from the number of cluster nodes involved
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Figure 9 — Graph of communication overhead from the number of GPU threads involved
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Figure 10 — Execution time graph of the proposed method from the number of agents per cluster core

6 DISCUSSION

As shown in Table 1 combinations of features which
obtained using stochastic methods (CMES, MMICA,
MMDCA, PMMBDSR) were characterized by more
acceptable values of the objective function (for example,
E=0.0172 for PMMBDSR method) compared with the
MAMC, MGAA and MARF methods (error value is varied
in the range of £ =0.0358 for MGAA to E =0.0471 for
MARF). Such results are explained by a more effective
analysis of search space using stochastic methods, including
developed PMMBDSR method.

The operating time 7' of the methods varies from 524 s
(for MAMC) to 23171 s (for CMES), which is related to
number of calculations of the values of the objective
function before the search stops. Such large operating time
values of the selecting features methods are associated with
the need to construct a recognition model based on each of
the evaluated combinations of features. Obviously,
sequential implementations of stochastic methods
investigate a larger number of points in the search space,
because of the stochastic nature, which causes large time
consumption for their operation.

The results of Table 1 confirmed advisability of
parallelizing the proposed method PMMBDSR: with number
of parallel processes N . =12, operation time of the method

is 1868 s, that is less than the time of the heuristic method
MARF (T =2199 s)

The use of stochastic (evolutionary and multi-agent)
methods allowed to select combinations that consist of fewer
features (k=10 for CMES, MMICA and PMMBDSR)
compared with the use of other methods (£ =11 and 12 for
other methods). This also indicates a more effective
investigation of the features space using stochastic
methods.

Consequently, the obtained values of the effectiveness
estimation criteria of methods for selection informative features
(E, N firs T k) indicate the advisability of applying the
proposed method for solving practical recognition problems.
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Analysis of Figures 3—6 shows that the proposed method
is well parallelized on a cluster and on a graphics processor.
For instance, on 16 nodes of the cluster speedup of the
computational process was 6.98, that allowed reducing the
execution time of the method in computer system from 11461
s to 1643 s. On GPU, speedup of computational process
compared to one core of the cluster was from 1.57 to 2.68,
depending on the number of involved GPU threads.

Figure 7 shows a significant efficiency decrease of the
computer system that performs the proposed method with
an increase of the number of involved nodes. This is
associated with an increase of overhead portion
(synchronizations and transfers) with each new involved
node of the system. Figure 8 confirms this fact. For example,
when using 4 cluster nodes, the overhead portion in the
general computing process is 0.34 and when using 16 cluster
nodes is 0.88. As a result, growth in the number of involved
nodes by 4 times (from 4 to 16) increases the speedup not
linearly by 4 times, but only by about 2.38 times (Figure 5).
On the GPU, the overheads increase with the number of
involved threads not as significant as on the cluster
(Figure 9). However, the capability of GPU in implementing
of the proposed method is limited by the frequencies of the
stream processors and by the bandwidth of data buses. As
a result, the GPU managed to achieve the execution time of
the proposed method, comparable to the four nodes of
cluster (Figures 3, 4), which is an acceptable result.

The analysis of the runtime graph of the proposed
method from the number of agents to the cluster core (Figure
10) shows that when the system’s load is less than 4 000
agents per cluster core, the system is not fully loaded. For
4000 agents per core, the computer system is used efficiently,
it finds a solution earlier than with a lesser load.

With a rise in the number of agents per core of more than
4 000, the time for finding solutions rises due to an increase
in the overhead percentage. A concrete number of agents
(in this case 4000), by which the system is used effectively
depends on the capability of specific equipment. However,
the form of the graph (as in Figure 10) should be preserved
on other clusters.



p-ISSN 1607-3274. Panioenekrponika, iHpopmaruka, ynpasiinas. 2017. Ne 2
e-ISSN 2313-688X. Radio Electronics, Computer Science, Control. 2017. Ne 2

CONCLUSIONS 6. Encyclopedia of machine learning / [eds. C. Sammut, G.I. Webb]. — New
York : Springer, 2011. — 1031 p. DOI: 10.1007/978-0-387-30164-8.

The actual task of automation of large data sets reduction 7. Abonyi J. Cluster analysis for data mining and system identification

process based on the multi-agent approach has been solved / J. Abonyi, B. Feil. — Basel: Birkhauser, 2007. — 303 p.
Scientific novelty lies in the fact that the parallel multiagent 8. Jensen R. Computational intelligence and feature selection: rough
method of big data sets reduction has been proposed. The and fuzzy approaches / R. Jensen, Q. Shen. — Hoboken: John

Wiley & Sons, 2008. — 339 p. DOI: 10.1002/9780470377888.
9. Lee J. A. Nonlinear dimensionality reduction / J. A. Lee,
M. Verleysen. — New York : Springer, 2007. — 308 p. DOI: 10.1007/

developed method involves splitting multiple agents into
several subsets for parallel search of an informative

combination of features in different areas of the search space. 078-0-387-39351-3.
Wherein on parallel nodes of the computing system, it is 10. Bodyanskiy Ye. A Multidimensional Cascade Neuro-Fuzzy System
suggested to perform the most resource-intensive operations with Neuron Pool Optimization in Each Cascade / Ye. Bodyanskiy,

O. Tyshchenko, D. Kopaliani // Int. Journal of Information

related to the estimation of the current set of agents, as well !
Technology and Computer Science (IJITCS). — 2014. — Vol. 6,

as the need t.o create and.modify new sets of solutions based No. 8. P, 11-17. DOI: 10.5815/ijitcs.2014.08.02

on stochastic computations. This allows to speedup the 11. Oliinyk A. Production rules extraction based on negative selection
process of multi-agent search for an informative combination / A. Oliinyk // Radio Electronics, Computer Science, Control. —
of features, and also decreases the practical threshold for 2016. — Ne 1. — P. 40-49. DOI: 10.15588/1607-3274-2016-1-5.
applying the multi-agent method with indirect communication 12. Oliinyk A. The decision tree construction based on a stochastic

. search for the neuro-fuzzy network synthesis / A. Oliinyk,
between agents to reduce big amounts of data. S. A. Subbotin // Optical Memory and Neural Networks

The pr.actlcal Value. of the work lies in the fact that the (Information Optics). — 2015. — Vol. 24, Ne 1. — P. 18-27. DOI:
program implementation of the proposed method for the 10.3103/S1060992X15010038.
CPU cluster and for the GPU has been developed. It allows 13. Oliinyk A. Association Rules Extraction for Pattern Recognition
to perform feature selection in a parallel computer system / A. Oliinyk, S. A. Subbotin // Pattern Recognition and Image

for significantly less time compared to other feature selection Analysis. — 2016. - Vol. 26, Ne 2. — P. 419-426.
g Y P 14. Oliinyk A. O. Agent technologies for feature selection /

methods, implemented, as a rule, sequentially. A. O. Oliinyk, O. O. Oliinyk and S. A. Subbotin // Cybernetics and
ACKNOWLEDGMENTS Systems Analysis. — 2012. — Vol. 48, Issue 2. — P. 257-267.
The work was performed as part of research work DOI: 10.1007/510559-012-9405-z.

“Methods and means of computational intelligence and 15. Joll‘iffe I. T Principal Component Analysis / I. T. Jolliffe. —

parallel computing for processing large amounts of data in Berlin : Springer-Verlag. — 2002. — 489 p.

di . \ b £ . . 16. McLachlan G. Discriminant Analysis and Statistical Pattern
iagnostic systems” (number of state registration Recognition / G. McLachlan. — New Jersey : John Wiley & Sons. —

0116U007419) of software tools department of Zaporizhzhia 2004. — 526 p.
National Technical University. 17. Guyon 1. An introduction to variable and feature selection /
REFERENCES I. Guyon, A. Elisseeff // Journal of machine learning research. —

1. Salfner F. A survey of online failure prediction methods / 2003. — Ne 3. — P. 1157-1182.

F. Salfner, M. Lenk, M. Malek // ACM computing surveys. —2010. — 18. Kim ‘D. H. Bacterial Foraging Based Ngural Network Fu;zy
Vol. 42, Tssue 3. — P. 1-42. DOL: 10.1145/ 1670679.1670680. Learning / D. H. Kim, C. H. Cho // Proceedings of the 2nd Indian

2. Bezdek J. C. Pattern Recognition with Fuzzy Objective Function Inteme.ltional Conference on Artificial Intelligence (IICAI-2005). —
Algorithms / J. C. Bezdek. — N.Y. : Plenum Press, 1981. — 272 p. Pune : HCAI’ 2005.' - P 20_30_2036'_v . .
DOI: 10.1007/978-1-4757-0450-1. 19. Cy66otin C. O. HeitepaTuBHi, €BOMIOLIIHI Ta MyJIbTHAT€HTHI Me-

3. Bow S. Patter recognition and image preprocessing / S. Bow. — New York: TOINHM CHHTE3y HEUITKOJIOTIYHHX i HelpoMepeXHHX MOHelel: Mo-

Marcel Dekker Inc., 2002. — 698 p. DOI: 10.1201/9780203903896. uorpaia / C. O. Cy66oris, A. O. OMAHAK, O. O. OmifRAK ; mix 3ar.
4. Shin Y. C. Intelligent systems : modeling, optimization, and pert. C'_O' Cy66oriHa. N 3anopbioks : SHTY, 2009. — 375 c. .

control / C. Y. Shin. C. Xu. — Boca Raton: CRC Press. 2009, — 20. Subbotin S. A. Synthesis of neuro-fuzzy models for the allocation

456 p. DOL: 10 12,01/9781420051773 ’ and detection of objects on a complex background on the two-

5. Bishop C. M. Pattern recognition and machine learning / dimensional image / 8. A. Subbotin // Computer modeling and

C. M. Bishop. — New York : Springer, 2006. — 738 p. intelli‘gent systems : proceedings of the conference. —
Zaporizhzhya: ZNTU, 2007. — P. 68-91.

Article was submitted 29.05.2017.
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'Kau.TexH.HayK, JAOLUEHT Kadeapu nmporpaMHux 3aco0iB, 3anopisbkuil HaliOHANbHUN TEXHIYHUI yHiBepcHTeT, 3anopixiks, Ykpaina

2KaH/. TexH. HAayK, JOUEHT Kadeapy KOMI IOTEPHUX CHCTEM Ta MEPEXK, 3alopi3bKUil HAlliOHAIBHUN TEXHIYHUN YHIBEPCUTET, 3aMOpiKiKs,
VYkpaina

SKauji. TeXH.HayK, IOLEHT Kadeapu KOMI' IOTEPHUX CHCTEM Ta MEPEX, 3aNopi3bKUil HAl[iOHANbHUN TEXHIUYHUN yHIBepCHTET, 3armopiKiKs,
VYkpaina

“Acnipant kadeapu nporpamHux 3aco0iB, 3anopi3bkuil HalliOHANLHUN TexHiUHMN yHiBepcuTeT, 3anopixoks, Ykpaina

TMAPAJIEJTBbHANA MYJIBTUATEHTHUI METO/I PEAYKIIIi BEJJUKAX MACHUBIB IAHHUX JIJIS1 PO3ITI3HABAHHST OBPA3IB

AKTyaabHicTh. Bupimeno 3anauy Bindopy iHGOpMAaTHBHHX O3HaK IpU 0OpOOIli BEIMKHX MAaCHBIB JaHUX HAa OCHOBI MYJIbTHAareHTHOTO
MiAX0Ay Ta MapajenbHux obuuciaeHb. O0’€KT JOCHiIKeHHsT — mpolec Bindopy iHGopMaTUBHUX O3HAK. IIpeaMeT IOCIHiKEeHHS — METOAU Bibopy
iHpopMaTUBHUX O3HAK.

Meta po6oTH moysirac B CTBOPEHHI MapajelbHOr0 MyJIbTHA€HTHOTO METOAY PEAYKIil BEJMKHX MACHUBIB JaHHX.

MeToa. 3anponoHOBaHO MapalelbHUil MyJIbTHATCHTHUH METOJ] PeAyKIii BEIMKUX MacHBiB JaHuX. Po3pobieHuil Mero mependadae pos-
OUTTS MHOKMHY areHTIB Ha JIeKiJIbKa IMiIMHOXHH JUIs MapajieilbHOro mouryky iHhpopMaTHBHOI KoMOiHAIil O3HAaK B Pi3HHUX 00JACTIX IPOCTOPY
nomyky. [Ipn oMy Ha mapajeIbHHX By3JlaX OOYHCIIOBAJIbHOI CHCTEMH 3alPONOHOBAHO BUKOHYBATH HAi0inbIl pecypcoMicTki omeparii,
MOB’s13aHi 3 OI[IHIOBAaHHSM IOTOYHOI MHOXKMHH areHTiB, a TAaKOX 3 HEOOXiIHICTIO CTBOpPEHHs i Monudikalii HOBUX MHOXHH pillIeHb HAa OCHOBI
CTOXaCTHYHUX 00YMCiIeHb. Lle 103BOIsSE MPUCKOPUTH MPOLEC MYITHATCHTHOTO MONIYKY iH(OpMaTnBHOI KOMOIHAILIl 03HAK, a TAKOXK 3HU3UTH
[PaKTHYHUH HOPIr 3aCTOCYBAaHHS MY/IBTHATEHTHOTO METOAY 3 HENPSMUM 3B’S3KOM MDK areHTaMH Ui PeAyKIil BETHKAX MAcCHBIB TaHHX.

Pesyabraru. Po3pobiieHo nmporpamHe 3a0e3neyeHHs, sKe peaiidye 3alponoOHOBaHUII METOJ i I03BOJIsiE BUKOHYBATH Binbip iH(popmaTus-
HHUX O3HaK Ha OCHOBI MyJITHAar€HTHOTO MiJAXOJLy i mapajenbHUX OOYUCICHB.
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BucHoBku. [IpoBe/ieHi eKCIEPUMEHTH II1ITBEPAMIIM MPALe3aTHICTh 3alPONIOHOBAHOI0 MAaTEMAaTHYHOrO 3a0€3[EeYCHHS Ta 103BOJISIOTH
PEKOMEH/yBaTH HOro Juisi BUKOPHCTaHHS Ha NPAKTHLI IpU 00poOL[i BENMKHX MACHBIB NaHMX JUIsl po3Ii3HaBaHHs 00pasis. IlepcriekTHBY mojainb-
KX JOCIIPKeHb MOKYTh HOJISIraTH B MOAMdikanii po3poOiIeHoro MeToqy IUISIXOM BHKOPHCTAHHS PI3HHX KPHUTEPIiB OLIHIOBAHHS IPYHOBOI
iHpOpPMAaTHBHOCTI O3HAK, a TAKOX CKCIICPUMEHTAIBHOMY [OCIIIKEHH] 3alPOIIOHOBAHOTO METOLY Ha OLIBLIIOMY KOMIUICKCI NPAKTHYHUX 3aBJIaHb
Pi3HOT IpUPOAH 1 PO3MIPHOCTI.

Kuarwuosi cioBa: areHt, Bubipka JaHuX, Bi0ip O3HaK, mapajieibHi OOYUCIICHHS, MYJIBTHAreHTHHH MiJXiJ, po3Mni3HaBaHHI 00pa3iB.

Oneitnnk A. A.!, Ckpynckuii C. 0.2, Hlkapynuno B. B3, Buaronapes A. 10.*

'KanJ. TexH. HayK, AOLEHT Kadeapbl MPpOrpaMMHBIX CPEICTB, 3alOPOKCKUM HALMOHAIBHBIN TEXHHYSCKHI yHHBEPCUTET, 3alIOpPOXKbE, YKpaHHA

2KaH/. TeXH. HayK, JAOLEHT Kadeapbl KOMIBIOTEPHBIX CHCTEM M ceTed, 3aOpOKCKMH HALMOHAIBHBIH TEXHUYECKUH YHUBEPCHTET, 3a0OPOKbE,
VYkpauHna

SKaHJ. TeXH. HayK, JAOLEHT Kadeapbl KOMIBIOTEPHBIX CHCTEM M ceTed, 3amOopOKCKMH HALMOHAIBHBIH TEXHUYECKUH YHUBEPCHTET, 3aOPOKbE,
VkpauHna

‘AcnupaHT Kadeapsl IPOrpaMMHBIX CPEJCTB, 3alOPOKCKUI HALMOHAIBHBIH TEXHUYECKUH YHHBEPCUTET, 3alOpOKbe, YKpaHHA

TMAPAJIJIEJBHBIN MYJABTAATEHTHBIN METO/ PEJAYKIIAA BOJBIINX MACCUBOB JIAHHBIX JIJISI PACITO3HABA-
HHUSA OBPA3OB

AKTyaJabHOCTB. Pemena 3amada or6opa MHGOPMATHBHEIX IPH3HAKOB IPH 00pabOTKE OONBIIMX MACCHBOB JAaHHBIX Ha OCHOBE MYIBTHATEGHT-
HOTO IOAXOa U NapaulelbHbIX BhYHCIeHHH. OOBEKT HCCIeNoBaHUs — IpoLece oTOopa MHGOPMATUBHBIX MpU3HaKoB. [IpeaMer ucciaemnoBaHus —
MeToIbl 0TO0pa HMHGOPMATHBHBIX IPU3HAKOB.

Hean pa6oThl 3aKiIroyaeTcs B CO3LAHUM IIapajIeNbHOr0 MYIbTHATEHTHOTO METOIA PeIYKIHH OOJBIINX MacCUBOB NAaHHBIX.

Mertoa. [Ipenioxxer napaienbHbIH MyJIbTHATCHTHBIA METOJ PENyKIHH OOJIBIIMX MAacCHBOB NaHHBIX. Pa3pabOTaHHEIM MeTox HpeAroiaraer
pa30HeHHne MHOXKECTBA areHTOB Ha HECKOJIHKO HMOIMHOXKECTB IS HapaJUle]bHOTO ITOMCKA MH(OPMATUBHONW KOMOWHAIIMY IPU3HAKOB B Pa3IMYHBIX
o0JylacTIX mpocTpaHcTBa moucka. [Ipy 9ToM Ha mapauleldbHBIX y3/1aX BBIYUCINTENBHOH CHCTEMBI IIPEJUIOKEHO BBHINMONHATH Hanboiee pecypcoeM-
KHe OIepalllH, CBA3aHHBIC C OLCHHBAHHEM TEKYIer0 MHOXECTBA areHTOB, a TaKKe ¢ HEOOXOMAMMOCTBIO CO3MaHUS M MOAM(UKAUN HOBBIX
MHOXXECTB PEIICHUIl Ha OCHOBE CTOXAaCTHYECKUX BBIYHCICHHH. DTO II03BOISIET YCKOPUTH MPOLECC MYJIBTHATEHTHOrO IIOMCKAa MH()OPMATHBHOU
KOMOHMHAIINU TIPU3HAKOB, a TAKKe CHH3UTH IMPAKTHYECKHH MOPOT MPUMEHEHHs MyIbTHATEHTHOTO METOIa C HeIPSIMOH CBSA3bI0 MEKTY areHTaMH
JUISL peTyKIUH OONBIIMX MacCHBOB JAHHBIX

PesyasTaTel. Pazpaborano mporpaMMHoe oOecliedeHre, KOTOPOe peall3yeT MPENI0KEHHBIH MEeTON H II03BOISAET BBHIIONHITE OTOOD
NH(GOPMATHBHBIX IPU3HAKOB HAa OCHOBE MYJIFTHATEHTHOTO IOJXOJAa H NapalIeNIbHbIX BBHIYUCICHUH.

BriBoasbl. [IpoBeneHHbIE SKCIIEPUMEHTHl MOATBEPAUIN PabOTOCIOCOOHOCTE MPEAIOKEHHOTO MaTeMaTHIeCKOro 00EeCIeUeHNsI U O3B0~
I0T PEKOMEHJIOBATh €ro JUIS HCIIONb30BAHHS Ha IPAKTHKE IPH 00paboTke OONBIIMX MAaCCHBOB JAHHBIX JUI paclo3HaBaHHs oOpa3os. IlepcmexTn-
BBl JAJIbHEHINNX HCCIeJOBAaHHNA MOTYT 3aKIIOYaThCS B MOAU(UKanuu pa3pabOTaHHOIO METOAA IIyTeM HCIONb30BAHUS PA3INYHBIX KPHTEPHEB
OLIEHHBAHHS TPYIIIOBON MH(GOPMATHBHOCTH IIPH3HAKOB, a TAK)KE JKCIEPHMEHTAIBHOM HCCIENOBAHHH IPEJIOKEHHOr0 METOJa Ha OoJbIIeM
KOMIUIEKCEe NMPAKTHYECKHUX 3aJad Pa3HOU HPHPOIBI H Pa3MEPHOCTH.

KnarudeBble ciioBa: arent, BEIOOpKa JaHHBEIX, 0TOOP IPU3HAKOB, MapaJlIeIbHble BBIYHCICHHS, MYJIbTHATEHTHBIA MOAXOM, PACIO3HABaHUE
00pasos.
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IMPOI'PECUBHI IHOOPMAIINMHI
TEXHOJIOTII

HPOT'PECCUBHBIE UHOOPMAIINOHHBIE
TEXHOJOI'NAN

PROGRESSIVE INFORMATION
TECHNOLOGIES

YK 528.29

Boposuk O. B.', Payok P. B.2, Japmopo3 M. M.?

'[-p mexH. Hayk, npoghecop, HadarbHUK KagheOpu iHXeHEepHO20 3abe3rneyeHHsi ma MexHIYHUX 3acobie OXOPOHU KOPOOHY,
HauioHanbHa akademis [epxasHoi npukopdoHHOI ciyxbu YKpaiHu

imeHi bozdaHa XmenbHUUbKO20, XMenbHUYybKul, YKpaiHa

2KaHO. mexH. Hayk, OoueHm, dokmopaHm, HauioHanbHa akademis [epxasHoi npukopdoHHOI cryx6bu YkpaiHu imeHi boedaHa
XmenbHuybkoz2o, XmenbHuybKul, YkpaiHa

3 Ad’loHkm, HauyioHanbHa akademisi [epxasHoi npukopOOHHOI cryx6u YkpaiHu

imeHi bozdaHa XmenbHUUbKO20, XMenbHUYbKul, YKpaiHa

OUIHKA E®PEKTUBHOCTI ®YHKUIOHYBAHHA CUCTEMU
ONTUKO-EJIEKTPOHHOI'O CMNOCTEPEXEHHA

AKTyaJabHicTb. B 0XOpoHi JepkaBHOro KOpAoHY YKpaiHM BHKOPHCTOBYETHCS HOBA CHCTEMa ONTHKO-EJIEKTPOHHOIO CIOCTEPEKCHHS
(COEC). Ilpore ii noreHuiiHi MOXJIMBOCTI HE peali3oBaHi MOBHOI Mipoto. OfHI€I0 3 NPUYUH LBOIO € BiACYTHICTh HAYKOBO-METOJHYHOIO
arnapaty OLIHKU e(eKTMBHOCTI ii ()yHKIIOHYBaHHs IpU BpaxXyBaHHI Pi3HOMAHITHUX (haKTOPiB IPHPOIHOrO i TEXHOreHHOro xapaktepy. Oc-
TaHHE POOUTH aKTyaJIbHUM IIPOBEICHHS BIAMOBIIHOTO TOCIIKCHHS.

Meta. Mertoro poboTH € po3pobka METOIUKH OLIHKK edektuBHOCTI ByHKIionyBanHss COEC.

Mertoa. Y po0oTi 3anporioHOBaHi MOKa3HUKHN e()eKTHBHOCTI (DYHKI[IOHYBAHHS OKPEMHX TEXHIYHUX 3aCO0IB CIIOCTEPEKEHHS Ta X KOMILIEK-
CHOTO BUKOPUCTAaHHS 3 OJHI€T BEXI CHCTEMHU OINTHKO-EJIEKTPOHHOTO criocTepekeHHs. Takox y poOoTi 3arponoHOBaHO HOBMII TIOKA3HUK edex-
THUBHOCTI (DyHKIIOHYBaHHSI CHCTEMHU ONTHKO-EJIEKTPOHHOIO CIIOCTEPEKEHHs. Y IOKa3HUKY BPaXOBaHO OCOOIMBOCTI BEJICHHS CIIOCTEPEKEHHS 3
KOMIIJIGKCHUM BHUKOPUCTaHHSM PIi3HUX TEXHIYHUX 3acCO0IB OXOPOHH KOPAOHY B PI3HUX YMOBAX HMPUPOIHOTO i TEXHOIGHHOTO XapakTepy Ta 3
ypaxyBaHHAM penbedy MicreBocti. OOTpyHTYBaHHS JOIIBHOCTI 1X 3aCTOCYBaHHS Iependavyano BUKOPHUCTAHHS WMOBIPHICHO-CTaTUCTUIHHUX
METOIIB.

PesyabTaTu. Ha ocHoBi iH(opMaltii mpo 1udpoBi xapakTepuCTHKH penbedy AOCITIKYBaHOI UTSHKH 3iHCHEHO BU3HAYCHHSI HEIOCTYITHUX
JUISL CIIOCTEPEXKEHHS TUISTHOK MICLIEBOCTI, TaK 3BaHUX «MEPTBHX 30H». 3aMpOINOHOBAaHO METOJUKY O0UNCIICHHSI OKAa3HUKA e(heKTHBHOCTI (yHK-
LIOHYBaHHSI CHCTEMH OITHKO-EIEKTPOHHOTO CcriocTepexeHHs. HaBeneHui omuc aaropuTMivHoOl i mporpaMHoi peasnizanii i€l METOIHKH.
3 BUKOPUCTAaHHSIM PO3pOOJICHOTO MPOrpaMHOTO 3a0e31eueHHs MPOBEACHUI aHai3 0cOONMMBOCTEl (PyHKIIOHYBaHHS ICHYIOYOI CHCTEMH OITHKO-
€IIEKTPOHHOTO CIIOCTEPEKEHHSI, BU3HAYeHI OCHOBHI MPOOJIEMHI aCIIEKTH Ta HAIPsIMU MiABHUIIeHHs edektuBHOCTI pyHkuionyBanas COEC.

BucnoBku. Cyuacua nodynosa COEC He € ontumanbHO. MOXIMBUME HANPSIMAaMH MiABHUIICHHS e(heKTHBHOCTI 1i QYHKIIIOHYBAHHS MO-
JKYTh OyTH ONTHMI3allisi PO3CTAHOBKU BEK CHCTEMH Ha MICI[EBOCTI, KOPHT'YBaHHS BHCOTH PO3MIIICHHS HA BEXaX TEXHIYHUX 3ac00iB crocrepe-
JKeHHSI Ta BIAIWN Mi0ip caMHUX TEXHIYHUX 3aCO0IB CIIOCTEPEIKEHHSI.

KutouoBi cjioBa: cucreMa ONTHKO-EJIEKTPOHHOTO CIIOCTEPEKEHHSI, MOKa3HUK e(pEeKTUBHOCTI CHCTEMH, MaTEMAaTHYHI METOIH, aJrOPUTM.

HOMEHKIJIATYPA ATICY — Jlep>kaBHa NMPUKOPAOHHA CiIyx0a YKpaiHu;
PJIC — panionokariiina craHiis;

COEC — cucrema ONTHKO-ENIEKTPOHHOTO CIIOCTEPEKEHHST;
T30OK — TexHiuHI 3aCO0M OXOPOHH KOPIOHY;

T3C — TexHi4HI 3aC00U CIIOCTEPEIKEHHSI.

E, — neoOxinnuii pisens edexrusHocti COEC;
E, - (daxtnunmii pisenb egexkruBHocti COEC;
m, — MaTEMaTHYHE CHOAIBaHHA BiJCTaHi 0 Lii;

G g — CepelHe KBapaTHIHE BiAXHUICHHS BiJICTaHi 10 Iifi;

D,— TPaHHMYHUH piBeHb €()EKTUBHOCTI NPUKPUTTA BCTYIIL
(MMOBIpHICTb BHSIBICHHS L), BaxxauBuM (akTOpOM Cyd4acHOro 3abe3medeHHs MpH-
P(R) - IVEMOBi.pHi_CTI’ BHABJICHHA Hi?ﬁ?a nonomoroio PJIC;  xopnionmoi Gesnekn Ykpaitu € epeKTHBHE BHKOPHCTAHHS
{D %(fe) — MMOBIPHICTD BITIBJICHHS ILI1 32 ONOMOTOI0 TCII=  JTepyaBHOI0 TPUKOPIOHHOIO CIyk0010 YKpaiHHM TeXHiuHMX
JIOBISIMHOL KAMCDHT, o 3aco00iB OXOpOHH KOPIOHY. Aje aHani3 3abe3medeHHs
P(R) — AMOBIpHICTh BHABJIEHHS LiJIi 32 JOIIOMOIOIO Te- nizposainis oxoporn xoprony T30K mokasye, mo 3HauHa

JIEBI31HHOI KamepH;
© Boposuk O. B., Pauox P. B., [lapmopo3 M. M., 2017
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[IPOTPECHBHI IHOOPMALIMHI TEXHOJIOI'TE

JacTHHA IUX 3aC00IB eKCILTyaTyeThes oHa 10—15 pokiB i B
Oynb-IKHIf 9ac MOXKe BUHTH 3 Tamy. ToMy Haa3BHYAifHO Bax-
JIMBUM € SIK OHOBJIEHH# icHytodoro mapky T30K, tax i Bopo-
Ba/UKCHHS Ta e()eKTHBHE BHKOPHCTAHHS KPAaIIOro CydacHO-
ro obmagHanHsa. OcranHiM 9acoMm Ha 030poenHs JATICY mo-
ctyrmy HoBi T30K B cxtani COEC. OtHak BUHHKAE ITATAHHS
ix eexruBHOrO BHUKOpHCTaHHSA. O0’€KTOM MOCHTIJUKEHHS €
¢yuxuionyBaras COEC, mpenMeToM NOCTIIKEHHS € HayKo-
BO-METOIMYHHI amapar OMiHKK e()eKTHBHOCTI (YHKIiOHY-
BauHsI COEC. MeTtoto po6oTH € po3poOKa METOIUKH OLIHKH
edextuBHOCTI (pyHKIioHyBaHHS COEC.

1 IOCTAHOBKA 3AJTAYI

3aBIsSKH TEXHIYHIHA OMOMO31 MiHICTepCTBa 00OPOHHU
CIHIA y paMKax IpOeKTy MIKHAPOIHOI TEXHIYHOI JOTOMOTH
JTICY 0yno oTpuMaHO BHCOKOTOYHE OOJIaJHAHHS CUCTEMHU
omnrtuko-enekrponHoro crnocrepexxerHs (COEC). OcHoBoro
IIi€l CHCTEMH € IHTEerpoBaHi BeXi, Ha KMX BCTAHOBIICHI: paj-
iomokamiiiui cranmii EL/M-2129 ELTA, enekTpOHHO-ONTHYHI
KaMepH, obnagHaHHS nepefadi qaHuX. OnHAK eeKTHBHICTH
BUKOPHCTAHHS IOTO CY4acHOTO OONagHaHHS 3HAYHOIO
MIpOIO 3aJeXHTH BiJ OaraTbox (hakTopiB: MICIb PO3TAIIy-
BaHHS BEX CIHOCTEPEKEHHS, X BHCOTH, penbedy MiCIeBOCTI,
TIOTOJTHUX YMOB, By mited. [lomepenHiii aHami3 pe3ynsTaTiB
OIepaTHBHO-CITYk00BOi IisbHOCTI 3 3acTocyBaHHAM COEC
CBITYUTH TPO HEJOCTATHIO PEai30BaHICTh MOTEHINATY Li€l
cucreMn. J[ns BMOCKOHANEHHS (pyHKI[IOHYBaHHS iCHYIOUOi
COEC Ta ontumi3anii moOytoBM HOBUX TAaKHX CHCTEM HEOO-
XiJJTHO BU3HAYUTH MOKAa3HUK e(PEeKTUBHOCTI pOoOOTH mi€l chc-
TEMH Ta OLHUTH BIUIMB Ha HHOTO OCHOBHUX (paKTOPIB.

2 ITEPATYPHMI OIVIA]

JocnimKkeHHI0 e()eKTHBHOCTI BHKOPHUCTAHHS 3aC00iB CIO-
CTepexKEHHS 3 ypaxyBaHHSAM PI3HOMAHITHHX (DaKTOpiB IpH-
IUTSTA yBary Oarato HaykoBLiB. 30kpema, B [1-3] po3risaa-
JIUCh TUTAHHS PEKOHCTPYKLIT penbedy MiCIEBOCTI B 3a1a4ax
crioctepexeHHs. EQeKTUBHICT BEIEHHS CIIOCTEPEIKCHHS
MIPUKOPIOHHUKAMH 3 YPaxXyBaHHSM pelibedy MICIIEBOCTI Ta
MOXIIMBA TaKTHUKa i KOHTPaOaHIUCTIB JOCIIDKYBAIUCS B
[4-8]. TIpore B [1-8] He BpaxoByBamuCsS OCOOIMBOCTI BHUKO-
pHUCTaHHS Pi3HHUX TeXHIYHMX 3aco0iB cnocrepexxeHHs (T3C).
Oxkpemi acniekTd (YHKIIOHYBaHHS TaKHX 3aCO0IB aHAIi3y-
Banuch y podorax [9-12]. V mux mpaisgx yBara B OCHOBHOMY
MIPUIIIISIACS BU3HAYCHHIO MIIXO/IIB JIO OI[IHKK €()eKTUBHOCTI
BEIICHHS CIIOCTEPEXEHHS 3 BUKOpHCTAaHHAM okpemux T3C.

Opnnak Bukopucranus COEC, B ckiaji sIKOi KOMIUIEKCHO
3aaisHi pizHi T3C, rocTpo CTaBUTh MUTAHHS OLIHKU e(ek-
THBHOCTI 1i (YHKI[IOHYBaHHS 3 ypaxyBaHHSM pPIi3HHUX (ak-
TOpiB, 30KpeMa, penbedy micieBocti. Bee e odymoBioe
aKTyaJbHICTh came Takoro nociimkenHs COEC.

3Bakalouy Ha Iie, METOI0 JaHOI POOOTH € BU3HAYESHHS
MOKa3HUKA €()EKTUBHOCTI BEACHHS CIIOCTEPEIKEHHS 3 BUKO-
pucranasm COEC, dopmyBaHHS miaxomiB 10 HOro 3HaXoj-
YKCHHSI T aHaJIi3 BIUIMBY Pi3HUX (DAKTOPIB Ha It0 €(DEKTUBHICTb.

3 MATEPIAJIA 1 METOIN

Busienenns nieii COEC Oynemo po3misiati sIK BUMA-
KOBHUH TPOILIEC, a JANBHICTh il 3aC00IB CMOCTEPEKEHHS — SIK
BHITQ/IKOBY BEJIMYHHY, 3aKOHOMIPHOCTI 3MiHHU SKOT BUBYAIOTh-
cs 3a JIOMOMOrOK0 METOJIB Teopii WMOBIpHOCTEH 1 MaTeMa-
TnuHOi ctatuctuku. Ha Beskax COEC 3acTocytoThCs HACTYIIHI
3ac00M CIIOCTEepeXeHHs: panionokaniina cranuis ELTA
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EL\M-2129, remmosiziitna kamepa Axys EOSS 180S-DUTYV,
TeneBi3iifHa kamepa. Otpumaemo s mux T3C Bupasm Bu3-
HavYeHHs] HMOBIPHOCTI BUSIBJICHHS I[iJTi B 3aJIEKHOCTI BiJl 1aJb-
HOCTI, THITY I[iJTi, yMOB, B SIKHX 3JIHCHIOETHCS CIIOCTEPEKESH-
HS, CTaHy 3ac00y CIIOCTEpEKEHHS.

SIKITO pO3MIANATH BUSBICHHS IIUTI SK BHIIAKOBHH IIPO-
IeC, KU BiTOYBAa€ThCSA B HOCTATHHO ONHOPIMHHUX THIIOBHX
YMOBAX, TO PO3IOALT JAaNEHOCTI BUSBICHHS OIUCYETHCS HOP-
MaJIbHUM 3aKoHOM. ToIli TANTBHICTh Aii 3aC00IB CIIOCTEepeKeH-
H Oyme LINKOM ONHMcaHa 3 HMOBIPHICHOI TOYKH 30Dy, SKIIO
Oyne BCTaHOBIEHE MaTeMaTH4He CHOAiBaHHA 1, (00yMOB-
JIeHe BIUTHBOM KOHTPONBOBAaHUX (DAaKTOpiB) i cepemHe KBaj-
paTHYHE BIIXWIIEHHA G . JlIs OTpUMaHHA LUX BEIHYUH II0
koxHOMYy T3C B pi3HHX yMOBaX BEICHHS CIIOCTEPEKEHHS
MOKJIMBO BHUKOPHCTATH arapaT MaTeMaTHYHOI CTaTUCTHUKH.
Coix BiIMITUTH, IO OJHI 1 Ti 5K MOTOJHI, TEXHOT€HHI YMOBHU
91 1epiox JoOH Mo-pi3sHOMY BIUIMBAIOTh HAa HMOBIPHICTE BH-
senenHs uia ganux T3C. bynemo BBaxkatu ixX BIUIMB MpOTS-
TOM HEBHOTO NMPOMIXKY 9acy He3MiHHUM. Toni iHTerpais-
HUI 3aKOH PO3IOALTY, [0 XapaKTepu3ye WMOBIpPHICTh HEBH-
SIBJIGHHS 1T 710 11 MiAXOMy Ha BiACTaHb R, Oyae MaTH BUIIIS

_(R-my )’

F(R) 2% 4R,

1
=—F |e
CrV2m

R Rmin
e Rmin =mp —3GR .

VIMoBipHICTS BHSABIICHHS LI HA JaNbHOCTI R Oyne 3HaXo-
JUTUCH 32 (HOPMYIIOI0
_(R=my )

1 R 262
—1-——— [e % 4R 1
p—cr RI (1)

min

P(R)

VY Bunajuky, sSKio yMoBH, B skux QyHkiionye COEC, €
TaKMMH, 10 XapaKTEPH3YIOThCS CYTTEBOI HEBH3HAYCHICTIO,
TO PO3MOALT TAIILHOCTI BUSIBIICHHS MMiIOPSIKOBYETHCS 3aKO-
Hy Pernes i

R2

R 52
—e *RdR. @)
0OR

Po3risiHemMo koMmIuiekcHe BukOpucTaHHS Beix T3C, siki
BcTaHOBIeHi Ha Bexkax COEC.

[Mo3naunmo ¥imMoBipHOCTI BusiBieHHS okpemumu T3C B
MIeBHUH MOMEHT 4acy, siKi oouucioioThes 3a (1) abo (2),
HACTYITHUM YHHOM:

— P/,(R) — #MOBIpHIiCTb BHSBJIEHHA LI 3@ TOIOMOIOKO
PJIC;

— P,(R) — #MOBIpHIiCTb BHSBJICHHSA LiJi 3a JIOIOMOIOKO
TEIUIOBI31HHOT KaMepH;

— P(R) — ¥MOBIpHICTb BHSBJICHHSA LiJi 3a JIOIOMOIOKO
TeJIeBI3IHHOI KaMepH.

Toni IMOBIpHICTH BUSIBJICHHS 1I1JTi 32 JIOTIOMOTOIO 3aC00iB,
BcTaHOBIeHUX Ha K-Tid Bexi COEC, moxe OyTu 3HaiijeHa
Tak:

P(R)=1-B(R)- Py(R)- Py(R)- 3)
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Lleit Bupa3 BU3HAUa€ TEXHOJIOTIIO OIIHKH e()eKTHBHOCTI
omsiei Bexi COEC, sx cykynrocti T30K, mo peamnizyroTs
(byHKIIT BUSBICHHS LUICH.

Onuaax COEC npencrasisie coboto cucremMy Bex. Po3rs-
HEMO e()eKTUBHICTh (DYyHKIIOHYBaHHS ITi€] CHCTEMH 3 TOUYKH
30py BUSIBIEHHS IiIelf B MeXaX CMYTH HPUKPHTTS, 5Ky HO-
Tpi6HO 3a6e3meunTH. s IBOr0 BU3HAYMMO MiAXiJ IOTO
BU3HAYCHHS €()eKTHBHOCTI CIOCTEPEKECHHS 32 KOKHHM elle-
MEHTOM JUTSIHKA MICHEBOCTI, SIKHi Oy/ie 3aralbHAM JUIsl BCIX
3aco0iB crocrepexxenHs (puc. 1).

V niBiif wacTuHi puc. 1 Moka3aHa CMyTa IPHKPUTTS, SKY
HeoOXiTHO peanizyBaTH. B Mexax miei cMyrm mae 3abe3re-
qyBAaTHCh TPAHUYHHUH PiBEHb €(PEKTHBHOCTI MPHUKPHUTTS
(MiMoBipHiCTh BHABJIEHHA 1ini) p,. HacTynHuii enemenT puc.
1 — «MepTBi» JUIS CHOCTEPEKEHHS 30HH, SIKi yTBOPIOIOTHCS
BHACJIJIOK TEPEIIKOHKAIOUOro BIUTUBY PENbe(y MiCIEBOCTI.
30HU e(heKTUBHOCTI Ha pHC.l YTBOPIOIOTHCSA HA OCHOBI 00-
yrcieHns st koxkaol Bexi COEC nokasuuka (3).

VY mpagiit yacTuHi puc. | IEMOHCTPYETHCS MIiIXiA A0 OT-
PHMaHHS Pe3yIbTYIou0i epeKTUBHOCTI 3 ypaxXyBaHHAM «Mep-
TBUX» IS CHOCTEPEKEHHS 30H. J{JIs IIUX TIISTHOK MPUHMA€eTh-
cst P(R)=0.

OcTaToYHO €(heKTHUBHICTH CIIOCTEPEXKEHHS 3a MEBHOIO
ninsHKor0 MicneBocTi yciMa T3C BH3HauaeThCs HACTYITHAM
YUHOM:

P(R)=1-TJ(-PB/(R)) )

Cuin Bigmiturn, 10 P/ y (4) obuncmoetses 3a (3) y Bu-
HajKy, SKIIO JOCIIPKyBaHA IUITHKA HE HAICKUTh MHOKHHI
«MepTBHX» 30H. B mpormnexnomy Bumaaxy P/=0.

HeoOximnuit pisens edexrusHocTi COEC mpuitmemo

Ey=Sypy- )
Criji BIAMITHTH, 1110 TaKUH piBeHb 3a0€311eUyBaTUMEThCS
Yy BUNAJIKY, KOJTH BiZICyTHI «MEPTB1» 30HH 1 MO BCi#l muiomri

CMYTH NEPEKPUTTS 3a0e3MeuyeThcsi BUCOKA HMOBIPHICTh
BUSABJICHHS LIiIeH p, (3Bu4aiino p,=0,95). Ha xaib, HasBHiCTb

[ToTpibHa cmyra

TePEKPHTTSL «MepTB1» 30HH

e m e m————
~-
w»n
S
P e T

HEJOCTYITHUX JUISl CIIOCTEPEKEHHS 30H Ta 3HM)KEHHS HIMOBI-
PHOCTI BUSIBJICHHS I11JT1 31 30UTBIICHHSIM BiJICTaHi CYTTEBO 3HU-
Kye ¢axtiaaui piBeHs epexruBHOCTI COEC

Ey=2.5ipi. ©)

Crin BigMiTHTH, IO p, y (6) OOYMCIIFOETECSA HA OCHOBI (4)
BIJITOBIZTHO JI0 KOOpAWHAT -Toi AistHKU. Koy Bimomuit dak-
tuuaui piBeHb edextuBHOCTI COEC (6) Ta HEOOXiqHMIA PiBEHb
edexruBHOCTI COEC (5) MOXKIIMBO OCTaTOYHO OIIIHUTH eek-
TUBHICTh NPHKPHUTTSI HEOOXiJTHOI CMYTH MEPEKPHUTTS HACTYII-
HUM YHHOM:

Ey
W =——-100%. @)
Ey

Cuig BiIMITHTH, IO MpoIexypa OOUMCIICHHS ITOKa3HHUKA
(7) € mocrarHpO cknaaHOI. Lle 00yMOBIEHO HEOOXIAHICTIO
BU3HAYCHHS «MEPTBUX», HEIOCTYITHHX UIS CIOCTEPEeKECHHS
30H, fKi 3aJIeXaTh BiJ Micis po3TamryBanHusa Bex COEC, Bu-
coTH Bexi Ta pernbedy micreBocti. Tomy HeoOXimHA anro-
pPHUTMIYHA i IporpaMHa peamizaris Bu3Ha49eHHS (7).

Bnok-cxema 3HaxomkeHHs (7), sika MPEICTaBIIsIE BiIIOBI-
JTHy METOJVKY, HaBeJleHa Ha puc. 2.

4 EKCIIEPUMEHTH

3 MeTor mporpaMHOi peamizamii 6iok-cxemu (puc. 2)
Oyito po3pobiieHe mporpaMHe 3a0e3MedeHHs, B SIKOMY all-
TOPUTMIYHO pealli3oBaHO BCi eTamu po3paxyHKy (7). Tomos-
HE BIKHO NPOTpaMH MPEJCTaBIIeHe HA pHC. 3.

Y BepxHill YaCTHHI BiKHA 3HAXOASATHCS] KHOIKH, 3 BUKOPH-
CTaHHSIM SIKHX Pealli3yeThCsl 3aBaHTaXKEHHS y PACTPOBUX (POp-
MaTax KapTH MiCLIEBOCTI, BUCOT Ta CMyI'H epeKpHTTsL. [licis
32BAHTA)KCHHS LIMX JAHUX | BU3HAYCHHS MICIb PO3TAIIyBaH-
Hi Bexk COEC crae akTMBHOIO KHOMKA «30HH BHUAWMOCTIY.
OOuHMCIICHHS X 30H MPOBOJUTHCS HA OCHOBI iH(pOpMarii
po penbed MicueBocti, koopanHati Bexx COEC ta Bucoru
Bex. Bucoru micieBocti otpumani 3 npoekty SRTM 3 mpo-
CTOPOBOIO PO3JIUIBHOI0 31aTHICTIO 90 M.

PesyneTyroua
e eKTHBHICTh

3oHH
e( eKTUBHOCTI

-

Pucynok 1 — Cxema Bu3HaueHHS e(peKTHBHOCTI BUsIBIICHHS 111l 3 BuKopuctanasmM COEC
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I1049aTOK

BeenenHs: cMyru

e peKPUTTA S,
penbedy, KoopauHAT
BEK, yMOB
crTocTepeKeH s

Busnauenss
«MEpTBUX» 30H S,,
Ey=0

Pr=1

Jliist BCiX BEX
COEC (k)

Eo=S, ‘Po

E
W=—--100%
Ey

KiHEIb

TaK

Ey=EytS*(1-P))

P (R)=1-P, (r)-B3(R)- Py(R)

P=B (1= P))

Pucynok 2 — biok-cxema o6uucneHHs eheKTUBHOCTI IPUKPUTTS
HEOOXIHOI CMYT'H HEpEeKpUTTS
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Jlist BU3HAUEHHsI BUAMMOCTI JIJITHKA MIiCHEBOCTI, sKa
BIJINIOB1/Ia€ KOXKHOMY TIKCEITI0, BUKOPUCTOBYETHCS aBTOPCh-
KMl aJITOPHUTM, IO IPYHTYETHCS HA IIBHIKOMY AITOPUTMI
KOMIT'ToTepHOI rpadiku mobynoBH Bifpi3KiB Ha pacTpi — ai-
roputMi bpesenxema. J[ist KOXKHOT TOUKH HA MiCIIEBOCTI BiJ
BEXI1 CIOCTEPEXEHHs 0 BKA3aHOI MiNSHKH 3IiHCHIOETHCS
OOYHCIIEHHS BHCOTH IIPOXOIKEHHS IIPOMEHIO (BHKOPHCTO-
BYETBCS PIBHSHHS IIPAMO]) 1 IOPIBHIOETHCS 3 BICOTOIO PElTb-
edy B il Toumi. Sxmio BucoTa penbedy € OIIBIIOI — yMO-
Ba BHJIMMOCTI MOPYIIYEThCs, Mepedip TOYOK MiCHEBOCTI
TPUITIHAETHCS 1 TOCTIPKyBaHAa TIISTHKA BITHOCHTBCS JI0 «Mep-
TBOI» 30HU. [IOpiBHAHHS MpOrpaMHOI peaiizarii 3amporo-
HOBAHOTO QJITOPUTMY 3 MPOrPaMHOI0 peali3alieo iHITNX
aHanorigaux anroputmis (r.viewshed B GRASS GIS) Bm3Ha-
9YeHHS 30H BHAUMOCTI Ha OJHii 00YHCIIOBANBHIN ITaTdhopMi
MOKa3aJa B JIEKLTbKA Ppa3iB OLTBIIY IIBHAKOIIO.

[Ticist BU3HAUESHHSI 30H BUAUMOCTI CTa€ JOCTYITHOIO KHOTI-
ka «EdexTuBHICTEY, fKa 3aITycKae MpONenypy OOUMCIeHHS
(7). Ilpu Bu3HAUCHHI e€)EKTHBHOCTI BPAXOBYIOTHCS YMOBH
MIPOBEICHHS CIOCTEPEeKEHHsI (4ac A00M, MOTroJHI YMOBH),
BUJI I{iJT 1 HEOOXiMHUI TPAaHMYHUN PiBeHb e()eKTUBHOCTI ITPH-
KpHTTs. BBeIeHHs IMX JaHKX MependaueHe B TOMIOBHOMY BiKHI
nporpamu. J[jis KoXKHOTO 3 BapiaHTIiB yMOB IIPOBEJEHHS CIO-
CTEpEKEHHs y IpOrpaMi 3ajaHi mapameTpu m, i Gp, He-
00XiHi it obuncieHHs (3).

3 BHKOpHUCTaHHSIM Kaprorpadignoro cepicy Google
Maps Oy10 BH3HAUYE€HO PO3MIIICHHS BEX CIIOCTEPEKEHHS
COEC. Pesynbrar o0uncieHHs moka3Huka (7) mokasas HH3b-
Ky e(eKTHBHICTh iCHYIOYOTO HPHKPHTTS HEOOXiTHOI cMyrH
HEepeKpUTTA. Y BHIAJKy Majol il I eeKTHBHICT CKIIa-
nae 47,57 mo mennie 50%. OpHier0 3 TPHYHH IBOTO € Hepa-

| Keprasucor | | Kaprapatiory |

Posmipn ginaHion micLesocTi
Wpiaria Bucota Bucota Gawm COEC
|83 | 142 |

30HI BUIMMOCT

MorooHi ymosn

v| |Aomo v

VimosipricTs Buseneta

v | K] ]

[1 Zoma suammocTi

PE3YTIbTATH

Pucynok 3 — [Iporpama st Bu3HaueHHS €()eKTUBHOCTI IPUKPUTTS HEOOXIMHOI cMyTH niepekpHutTs 3 Bukopucranasm COEC
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I[iOHATbHE PO3TAlTYBAaHHS BEX CIOCTEPEKEHHS, K He MOo-
BHOIO MIpPOIO BPaxoBYe OCOOIMBOCTI penbedy MiCIEBOCTI i
(bopMy HeOOXiTHOI CMyrH HMepeKpHTTs. B oxpemMmnx Bumanm-
KaX BeXKi BCTAHOBJIEHI HA KPA0 CMyTrd. 3BUYaHO, JUIS MallX
uijei eheKTUBHICTD 31 30UIBIICHHSM BiJICTaHi JOCTATHHO
MIBUIKO criafae. ToMy mpy HEBIAJIOMY PO3TAIyBaHHI BEX
e(peKTHBHE CIIOCTEPEKEHHS 3/IHCHIOETHCS JUIIE IO MaTii
9acTIi NoTpiOHOI cMyrn mepekputTa. OJHa 3 BEX BCTAHOB-
JIeHa B MICIIi, Jie CMyTa IIePEKPUTTS € By3bKkoto. ToMmy 3Ha49Ha
9acTKa MOTCHIIHHOI eeKTHBHOI IOl CIIOCTEPEXKECHHS
BTPAYa€THCS, OCKUIBKM BOHA 3HAXOAUTHCS 11032 MEXaMH
CMYTH TICpeKpHUTTS.

Micns BHOOpPY IHIIOTO MOXIIMBOTO OLMBII paliOHAIBHO-
TO PO3TaIIyBaHHS BEX CIHOCTEPEKEHHS OyIIM OTpHMaHi 3Ha4-
HO Kpami pesynbrard. Lleit crnocid po3MilieHHsT BeXK OTpH-
MaHHUH IUISIXOM He3HAYHHX IepeMillieHb OKpeMUX 3 HuX. s
OJTHOTO 3 BapiaHTIB YMOB CIIOCTEPEXEHHS BIKHO IPOTpaMH
3 pe3ylsTaTaMy IpesicTaBieHe Ha puc. 4. g 3pydHoi iHTep-
IpeTarnii pe3ylbTaTiB y Mporpami KOTbOpOM BigMidaroThCs
«MEpTBi 30HI» Ta €(PEKTHBHICTb BEJICHHS CIIOCTEPEKEHHS.

5 PE3YJIbTATH

PesymsraTté mpoBeAeHNX PO3paxyHKIB IS Pi3HHUX Bapi-
AHTIB YMOB CIIOCTepekeHHs (Tabxn. 1) cBim4aTh mPO MOXK-
NHBiCTh BrockoHaneHHs icHyrodoi COEC 3a paxyHOK Oimbmr
e(eKTUBHOTO PO3TAIIyBaHHS BEX CIIOCTEPEKEHHS.

3 naHuX, HaBeJeHHX y Tabi. |, BUIUIMBAE, 1110 HAOLIbIIe
3poctaHHsl W (pakTUYHO y JBa pa3u) 3a PaxyHOK Kparioro
PO3TaITyBaHHS BEX JOCATAETHCS II0 MANKX IUIAX. Y BHIAI-
Ky CepemHiX mijeil 3HaueHHS JV € KpalluMH IPHONH3HO Ha
50%. Jlns BeIMKUX I Take 3pOCTaHHS € OLBII CKPOM-
HUM 1 CTAHOBUTB JIMIIIE JIEKIJIbKA BiJICOTKIB.

] Hoaanerpa

Kapgamurese

2DOMO e

i NS

Ta6muus 1 — OuinroBanus epexrusHocti COEC

. w w
IToroani .
oBH 1ine T0YaTKOBA, MOKITHBA.

s % %
Majia 47,57 75,37
SICHO cepenHs 59,11 85,07
BeJIMKA 97,47 99,16
Maja 38,67 64,58
0111 cepenHs 47,57 75,37
BEIIUKA 94,87 99,16

6 ObI'OBOPEHHS

e nosicHIo€TBCsT TUM, IO e(EKTUBHA TATBHICTh CIIOCTEpe-
skeHHs T3C no BeNMKHX IIsIX 3a0e3Mnedye 3HaUHE ePeKpUTTS
30H JUIL CycimHiX Bex. ToMy ocrarouHa eeKTHBHICTE 0OMe-
JKYETBCS JIMIIIE HETATHBHUM BIUIMBOM PENbe(]y, IO MPHBOIUTH
JI0 TIOSIBH «MEPTBHX» 30H. OIHAK HaBiTh y IIbOMY BHIIAJKY, 5K
BUIUIHBAE 3 TaOM. 1, MOXKIMBE OUTBIN e(pEeKTHBHE PO3TAITYBaH-
HS BEX, IPH SKOMY 3MEHIIYEThCS IUIOMIA IHX 30H.

BUCHOBKHA

TakuM 9HMHOM, 32 pe3ylbETaTaMH HPOBENCHOrO JOCIiM-
JKEHHSI B poOOTi 3aIpOIIOHOBaHI ITOKA3HUKH JUTS OLIHKH e(eK-
THBHOCTI BEJICHHS CIIOCTepexeHHs 3 BukopuctanHsiM COEC
Ta HAaBEJCHUN MOXIIUBHUH MiXiJ 10 1X 3HAXOMKEHHS (METO-
nuka obumciieHHs). Ha OCHOBI BHKOpPHCTaHHS IPOrpaMHOL
peadizanii 3anmpornoHOBaHOI METOAMKH, POBEACHHUN aHaTi3
BIUTHBY Pi3HUX (DAaKTOPiB HA €()eKTHBHICTD BHSBIICHHS IILICH.
IpoBeneHi HocmiKEeHHS ITOKA3aId HePaIlliOHANBHICT iCHY-
touoi moOynoBr COEC Ta BH3HAYMIA MOXKITUBI NIJISIXH ITiJIBH-
IIeHHS e()eKTHBHOCTI CHCTEMH 3a PaXyHOK ITOKPAIICHHS
PO3CTAaHOBKH BEX CIIOCTEPEKEHHS.

| 3 l | KapmﬂucoT | !_}Sa?a_a_pz_n‘&mjyj

\‘\j F‘oswpn OiNAHKW MiCLEBOCT
Bm:ma Gawm CDEC

NorooHi yrosm
| Caitma I Fcro

Yo  Vvosiphicts susenena
Mama | [oss

EdekTHBHICTS [ 3otm summoc

PE3YTILTATH

Bucoma sasaHTaeHi roe=1035 my=936
Tiri pospaxosaHi

EdexTBHICTE po3paxoeaHa
50=786.001

EN=746 701

Em=h62,805

W=75,372

Pucynok 4 — Po3paxyHOK e()eKTHBHOCTI IPUKPHUTTS HEOOXITHOT CMYTH MIEPEKPUTTS LISl MOXKIMBOTO po3TarryBanHs Bexx COEC
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!II-p TexH. HayK, Ipodeccop, HauanbHUK Kadeapbl HHKEHEPHOTO 00ECIICUCHIS M TEXHUYECKUX CPECTB OXpaHbl TPaHMIbl, HanmoHatsHast
akagemus ['ocynapcTBeHHOM OrpaHMYHOMN CITy>KOBI YKpanHbl iMeHH bornana XmMenpHUIIKOT0, XMETbHUIKAHN, YKpanHa

*KaHz. TexH. HayK, JOLEHT, HOKTopaHT, HannonamsHas akagemus [0CynapCTBEHHON MOTpaHWYHON CiTyx0bl YKpanHbl nMmeHn bormaxa
XMenbHUIKOT0, XMENbHULIKUH, YKpanHa

3AnproHkT, HaroHasnbHas akaaeMust [0CynapCTBEHHON MOrpaHMYHOM Clly>kObl YKpanHbl iMeHu bornana XMenbHUIKOr0, XMeTbHULIKHIMA,
VYkpauna

OLHEHKA 3®®EKTUBHOCTU ®YHKIHUOHUPOBAHUSA CUCTEMbI ONTUKO-3JIEKTPOHHOI'O HABJIOJAEHUS

AKTya/IbHOCTb. B 0XpaHe rocy1apcTBEHHOI rpaHUIBI YKPaHHBI HCIIOIB3YETCS HOBAs CHCTEMA ONTHKO-MIEKTpoHHOTO Habmonerus (COOH).
OpnHako ee MOTeHIMAaTbHbIE BO3MOKHOCTH HE PEaT30BaHbl B MOIHON Mepe. OIHON U3 MPUYHH 3TOTO SIBISIETCS OTCYTCTBUE HAYYHO-METOANYEC-
KOTO ammapara oneHKH 3(QexkTuBHOCTH ee (pyHKIIMOHMPOBAHMSA C YUYETOM Pa3IM4HbBIX (HaKTOPOB MPUPOTHOTO M TEXHOTCHHOTO XapakTepa.
INocnennee nenaer akTyaabHBIM IPOBEICHUE COOTBETCTBYIOMLIETO HCCICIOBAHNUS.

Heas. Llenpio paboTHI siBIsieTcs pa3paboTka MeTOAUKH oneHkH 3¢ dexruBHOCTH pyHKunonnpoBanus COOH.

Mertoa. B pabote npemioxens! mokasarenn 3pQeKTHBHOCTH (yHKIIMOHUPOBAHUS OTACIBHBIX TEXHHYECKUX CPEICTB HAOMIONCHUS U UX
KOMIUIEKCHOTO MCIONIb30BaHMS C OTHOHM OAalIHM CHCTEMBI ONTHKO-IEKTPOHHOTO HabmoneHus. Takke B paboTe MpeyIoKeH HOBBIN TOKa3aTeNb
3¢ dexTHBHOCTH (DYHKINOHHPOBAHMS CHCTEMBI ONITHKO-ICKTPOHHOTO HAaOMoeHNs. B moka3arerne yuTeHs 0COOCHHOCTH BEAECHHS HAOMIONCHUS
C KOMIUIEKCHBIM HCIIOJIb30BAHNEM PA3INYHBIX TEXHUIECKHX CPEJCTB OXPAHBI TPAHHUIBI B PA3IMYHBIX YCIOBHUIX MPUPOIHOTO M TEXHOTCHHOTO
Xapakrepa U ¢ y4eToM penbea mecTHOCcTH. OOOCHOBaHME LENecO00Pa3HOCTH MX MPUMEHEHHs IPEyCMaTpPUBAIO HCIONb30BaHIE BEPOATHO-
CTHO-CTAaTUCTUYECKUX METOJOB.

PesyabraTsl. Ha ocHOBe mH(OpManuy o mudpoBBIX XapaKTEpUCTUKAX penbeda MCCIEAYEMOrO y4acTKa OCYIIECTBICHO ONpEJeIeHNUE
HEJIOCTYIHBIX AJIs1 HaOJFOIEHNS y9aCTKOB MECTHOCTH, TaK Ha3bIBAEMBIX «MEPTBBIX 30H». [Ipenoxkena MeToMKa BBIYMCICHNS TOKa3aTens 3 dex-
TUBHOCTH ()YHKIIMOHHPOBAHMS CUCTEMBI OITHKO-3JIEKTPOHHOTO HabmoaeHus. [IpuBeeHo onrcanne alropuTMUIECcKOi B IIPOrpaMMHON peann-
3anun 3Toi Meroaukd. C HCIOIb30BaHMUEM Pa3pab0TaHHOTO MPOrPAMMHOTO OOecIeYeHNsI TIPOBEJICH aHAIN3 0COOCHHOCTEH (PyHKIIMOHNpPOBa-
HUS CYIIECTBYIOIIEH CHCTEMbI ONTHKO-IEKTPOHHOTO HAOMIONEHHSI, OIPE/IeTIeHBI OCHOBHBIE MPOOJIEMHBIE ACHIEKTHI M HATIPABICHHS OBBIICHNS
a¢pextuBHOCTH pyHKIHOHUpOoBaHUS CODH.

BeiBoabl. Texymiee noctpoerne COOH He siBisieTcst oNTHMaNbHBIM. BO3MOXKHBIMU HalpaBJICHUSIMU TTOBBIICHUS 3G QEKTHBHOCTHU ee (yH-
KIMOHUPOBAHMSA MOTYT OBITh ONTHMHU3AIMs PACCTAHOBKM OAllleH CHCTEMbl HAa MECTHOCTH, KOPPEKTHPOBKA BBICOTHI pa3MEIICHHs Ha OamIHAX
TEXHUYIECKHX CPE/ICTB HAOIIONEHNS U YAAauHBIN MTOA00P CAMUX TEXHUYECKUX CPEACTB HAOIIONCHHUS.

KnrodeBble c10Ba: cucreMa ONTHKO-3IEKTPOHHOTO HAOMIONEHNUS, TTOKa3aTellb 3()()eKTUBHOCTH CHCTEMBI, MAaTeMaTHIECKHE METO/BI, aJIro-
pHUTM.
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EVALUATING THE EFFECTIVENESS OF THE OPTICAL-ELECTRONIC SURVEILLANCE SYSTEM

Context. In the protection of the state border of Ukraine used the new system of optical-electronic observation (SOEO). However, its
potential is not fully realized. One of the reasons for this is the lack of scientific and methodological apparatus of evaluation of the
effectiveness of its functioning in various factors of natural and technogenic character. The latter makes it relevant to conduct appropriate
research.

Objective. The aim of this work is to develop a methodology for assessing the efficiency of SOEO.

Method. The proposed indicators of efficiency of functioning of individual surveillance technology and their integrated use with one
tower system opto-electronic surveillance. The work also proposed a new indicator of efficiency of functioning of system of optical-electronic
observation. The indicator takes into account features of conducting observations with the comprehensive use of various technical means of
border protection in various conditions of natural and technogenic character, and given the terrain. Substantiation of expediency of their
application involved the use of probabilistic-statistical methods.

Results. On the basis of information about digital characteristics of the topography of the investigated area carried out determining
unobservable areas, the so-called “dead zones”. The proposed method of calculating the index of efficiency of functioning of system of optical-
electronic observation. The description of algorithmic and software implementation of this technique. Using the developed software the
analysis of the functioning of the current system optical-electronic surveillance, identified key problematic aspects and directions of improving
the efficiency of SOEO.

Conclusions. Modern building of SOEO is not optimal. Possible directions of increase of efficiency of its functioning can be optimization
of the placement of the towers system on the ground, adjusting the height placement on the towers of surveillance technology and a good
selection of the technical means of observation.

Keywords: system of optical-electronic observation, system performance indicator, mathematical methods, algorithm.
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INTEGRATED METHOD OF EXTRACTION, FORMALIZATION AND
AGGREGATION OF COMPETITIVE AGENTS EXPERT EVALUATIONS
IN A GROUP

Context. The problem of extraction, formalization and aggregation of expert evaluations performed during selection of the best solution
from possible alternatives set was considered. The problem actuality is defined by different application areas, additional analysis necessity and

group evaluation under uncertainty.

Objective. The research objective was to raise quality of the decisions made by group of experts due to increase of individual expert
evaluation process efficiency and improvement of evaluation aggregation process.

Method. The integrated method which consists of individual and group evaluation was proposed for the problem solution.

The modified method of extraction and formalization of individual expert evaluations which is based on the analytic hierarchy process
modification and includes absolute and relative evaluation phases was proposed. It evaluates expert competence based on confidence coefficient

for expert judgments.

The modified method of agent group evaluation based on summation of individual expert evaluations of every alternative was proposed.
It makes total evaluation based on relative quantitative importance of the agents and confidence coefficients for judgments of every group
participant. It gives preference to judgments of qualified experts to increase solution quality.

Results. The experimental investigation of the proposed methods confirmed availability of the developed mathematical support. The
proposed methods are able to detect and control nontrivial issues in tasks which are solved.

Conclusions. Scientific novelty of the paper consists in the proposed integrated method of extraction, formalization and aggregation of
expert evaluations in group which enables to define integrated assessment of competitive agents as well as to evaluate confidence coefficient
for expert judgments directly during individual evaluation process and to use it in the following group decision-making phase.

Practical significance of the paper results consists in the developed information technology which made it possible to put the method into

practice for solving of the tender support tasks and experiment results.

Keywords: expert evaluation, group evaluations, individual evaluations, expert competence, competitive agents.

NOMENCLATURE

A —pairwise comparison matrix which elements are criteria
or agents;

Ag — set of competitive agents;

a, — result of comparison of the r object with the p
object according to general criterion;

B — pairwise comparison matrix of competitive agents
according to criteria;

bg,- — evaluation of the i-th agent according to the j-th
criterion;

C — criterion set;

D — set of competitive agents evaluations;

dpes; — agent which is considered most preferable;

d, — part of the i-th agent in the total estimate;

Jf, — function which extracts element with the largest key
value;

f, — functional dependence;

8&Wg — global priority vector for the g-th expert;

gwé’m — agent which is considered most preferable by

the g-th expert;

gWg; — element of global priority vector which
corresponds to the evaluation of the i-th agent by the g-th
expert;

KA — number of compared elements (criteria or agents);

KM — number of evaluation criteria;

KN — number of agents;
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KS — number of experts;
PCM - pairwise comparison matrix;

QO - set of “control” questions;

qj, — comparative evaluation of random agent pair from
the k matrix;

S — set of experts;

S, — the g-th expert from the set S;

Sum, — total evaluation of the i-th competitive agent;

vg — confidence coefficient for judgments of the expert 8

Vg (k) — confidence coefficient for judgment of the g-th
expert on the k-th question;

W — local priority vector;

w, — the r-th element of local priority vector }y .

INTRODUCTION

The problems of selection of one solution from the set
of possible variants are known in different activity areas.
These problems are often characterized by the fact that the
choice has significant impact on problem-solving
environment state. At the same time most commonly it isn’t
possible to select the best solution from the set of
alternatives in such problems without additional analysis
of all possible variants as well as factors which impact on
solution quality.

As factors which are evaluation criteria can be not only
quantitative but also qualitative, and evaluation is executed
under uncertainty, automatic decision-making isn’t possible.
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Hence expert knowledge are used for selection of the best
variant from the set of alternatives.

To raise objectivity of evaluation procedure it should be
done by more than one expert. However one part of experts
in group may turn out to be more competent than others in
the problem which is solved, so judgments of this part of
expert group should be preferred during aggregation of
group evaluation.

So the development of integrated method which enables
to extract and aggregate expert evaluations taking into
account competence of every expert is actual.

Object of the research is process of formalization and
aggregation of expert evaluations. Subject of the research
is methods of evaluation performed during selection of
solutions from the set of alternatives (which are considered
as competitive agents).

The research objective is to raise quality of the decisions
made by group of experts due to increase of individual expert
evaluation process efficiency and improvement of evaluation
aggregation process.

The following tasks were defined to achieve the research
objective:

— improvement of the method of extraction and
formalization of expert judgments;

— development of the method of expert competence
evaluation during individual evaluation process;

— improvement of the method of group evaluation based
on individual expert evaluations taking into account expert
competence;

— practical investigation of the proposed methods
efficiency using the developed information technology.

1 PROBLEM STATEMENT

Suppose we have the set Ag of competitive agents, the
set S of experts who can estimate these agents and the set C
of the evaluation criteria.

Then the problem of competitive agents selection is to define
estimates D ={d; |i=1,..., KN} of each agent from the set Ag
using transformation i = f1(Ag ),/ =1..KN, which executes
descending ordering according to the values of d; .

Values of elements from the set D are defined by the
dependence D = f5(C,S). Method of determination of the
dependence should be proposed in the paper for competitive
agents selection problem solving.

It should be noted that the given problem includes also
competitive agent selection problem which consists in
selection of competitive agent with the biggest part in total

evaluation dp,s =maxd;.
1

2 REVIEW OF THE LITERATURE

When decision is made by expert group, collaboration
using open dynamic discussion has substantial
disadvantages which can impact on decision, making it
subjective [1-4]. Therefore in some circumstances it is more
efficient to question experts individually, permitting them to
use only personal experience making judgments [5—6]. At
the same time expert should be proposed to place all possible
solutions in descending order of its correspondence to the
task as well as to estimate solutions quantitatively
determining this correspondence level or relative priority of

each alternative comparing it with another one. To obtain
such estimations there is a lot of traditional methods: the
Schulze method [7], the method of preference [8], the analytic
hierarchy process [9], fuzzy methods and the COPRAS
method [10]. But the described methods have substantial
disadvantages which are critical for the problem which is
solved. So the Schulze method and the method of preference
make evaluations only by one criterion and limit scale of
correspondence to the task by natural numbers. The analytic
hierarchy process is sufficiently laborious and doesn’t
enable to take into account correspondence level of
considered variants to the problem objective. Fuzzy methods
may be unefficient for practical tasks, because these
methods can make inaccuracy for similar alternative
evaluations during transformation of triangular numbers to
real ones. The COPRAS method solves tasks of multicriterion
alternatives evaluation based on its correspondence to the
task objective, but this method doesn’t enable to detect its
priorities comparing with each other. The methods [11-19]
enable to make evaluations according to several criteria
based on association rules synthesis [11], decision trees
[12], radial basis neural networks [13], production rules [14],
neuro-fuzzy networks [15], cascade systems [16] and
sequential [11, 17] or parallel [18, 19] computing. However
these methods are applicable only when training data
samples, which contain collected information about objects
and processes under consideration, are available, that makes
difficult and in some circumstances eliminates possibility of
its applicability for solving of tasks which need expert
evaluation.

As analysis result it should be noted that regarding the
problem which is considered decomposition approach of
the analytic hierarchy process enables to develop the most
appropriate problem model [20], since experts can use
quantitative and qualitative criteria for evaluation of agents
using qualitative criteria based on clear scale.

Thus disadvantages of existing expert evaluation
methods cause necessity of improvement of methods which
conduct individual evaluation of competitive agents by
expert group and further evaluations aggregation taking into
account competency of every expert.

3 MATERIALS AND METHODS

Currently only one approach is usually used for
extraction and formalization of expert judgments at a time.
Possible approaches include the following ones: expert can
estimate agent as consistent entity based on its
correspondence to the given problem or expert can compare
all agents with each other creating relative rating. Both these
approaches give only one-track evaluation. For integrated
evaluation of alternatives as competitive agents within the
scope of the current problem it was proposed to make
evaluation using two approaches [21-22]:

— absolute evaluation as determination of competitive
agents correspondence to the customization demands for
each criterion;

— relative evaluation based on comparison of agents
with each other according to each criterion.

At the beginning of the proposed method of extraction
and formalization of individual expert evaluations level of
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correspondence of competitive agents to the problem
statement according to each criterion is evaluated (absolute
evaluation). This phase is made by absolute percentage
evaluation (from 0 to 100%) of each agent according to each
criterion comparing to the problem statement requirements.
After evaluation obtained values has to be normalized using
division by 100. The result of this stage is the matrix B of the

size KNxKM which consists of evaluations b,'j €[0,1] for
i=1.. KN, j=L...KM:

by by biga
b b b
g b2 22 DKM
bxnt  bgno bxnkm

Then the modified analytic hierarchy process is used to
evaluate agents comparatively according to each criterion
(relative evaluation).

Relative evaluation process is generally represented on
activity diagram (fig. 1).

The method of paired comparisons [9] is used to compare
criteria according to the given task and to compare agents
according to criteria. According to this method pairwise
comparison matrices (PCM) are obtained from the results of
comparison of every row element with every column element.

So the matrix 4 of size KAxKA is obtained from elements
a,, which are presented by real numbers:

1 ap a1x4
a 1 a
4| 92 2KA
aKAl aKAZ 1

Every expert that takes part in the evaluation process
has to compare all elements with each other presenting
evaluations as numeric values in accordance with
fundamental ratio scale [23] and has to complete
corresponding PCM.

One of the main disadvantages of the method of paired
comparisons is its laboriousness. It is necessary to analyze
fundamental properties of PCM [9] to reduce the number of
comparison operations which have to be executed by expert.

Expert Information technology
?
Compare criteria ]
Were all criteria
analyzed?
Yes
|
No
| [ Choose criterion ] Complete expert evaluation vector ]
| [ Compare agents regarding the criterion ] Evaluate competence ]
Did all experts perform
evaluations?
| [ Answer "control" question ]
No Yes
L
[ Aggregate expert evaluations ]
[ Complete rating ]

Figure 1 — Activity diagram for relative agent evaluation (UML 2.5 notation)
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The main property of PCM is the following: for each 7,
p=1,...,KA4 elements arp>0. Besides that under r=p arpzl,
because these elements present comparisons of each element
with oneself and have to correspond to equal significance.

The third property is inverse symmetry of the matrix
about the main diagonal. For each 7, p=1,...,.K4 aprzl/arp, )
expert has to complete only evaluations which are situated
above the main diagonal.

Thus the PCM 4 will take the following form:

1 ap a1x4
de 1ay, 1 a4
l/allfA l/alKA 1

The phase of PCM filling has to be done for every
hierarchy level.

The results of this phase are PCMs where criteria of the
same hierarchy level are compared with each other, criteria
of lower hierarchy level are compared with each other
according to criteria of higher hierarchy level, if there are
ones, and agents are compared with each other according
to criteria.

Then local priority vectors are obtained from the
collection of PCMs. Local priority vector

W:(WlawzwaWKA)T has to be determined for every

obtained PCM. The main property of the obtained local
priority vectors is that sum of vector components equals 1,

KA
that is Zw, =1
r=l1
To obtain global priority vector

8gWg ={8Wg1,8Wg2,-,EWekN } for each g-th expert, local
priorities of each evaluated agent are multiplied by priority
of the corresponding criterion and results are added to each
other.

Then the corresponding values of the global priority
8Wgi of every agent are compared with each other. Agent
which is considered most preferable by the g-th expert will
have the biggest value of the global priority:

best .
gwg :m?nggi, l:1,...,KN.

The tasks which are solved in the context of the
considered problem are seldom completely identical, because
every task has its own features and differences: for example
technical or time constraints. Application of the analytic
hierarchy process demands familiarity with these features,
constraints and its influence on the final result from experts.
However it isn’t always possible because of the wide
specialization of experts who take part in questioning in
practice.

In this case it is necessary to evaluate additionally expert
competence and confidence in decisions made by him [24].
Expert competence level should be then used for aggregation
of group evaluation [25].

Confidence coefficient Vg corresponds to quantification
of the level of confidence in competence of expert s, €S

(g=1,...,,KS) in the presented problem.

It is proposed to add set of «control» questions Q to
pairwise comparison sequence to evaluate confidence
coefficients for expert judgments. Each element of the set O

is defined as 9 =@, (re{2,KN}, pe{l,KN—-r}) which
is comparative evaluation of random pair of agents from the
bottom part of the k-th PCM where agents are compared

according to criteria. So the set Q is defined in the following
form:

O={q; lk=1,..KM}.

«Control» question is a question which was restated
and repeated to expert. Such questions enable to determine
confidence of expert answering main questions in agents
evaluation process.

Since all elements of the matrix 4 are inverse symmetrical
that is for each r, p=1,..., K4 aprzl/arp, it is possible to verify
if expert judgments which were gotten comparing random
pair of agents are equal to expert judgments which were
gotten during primary comparisons. This verification is
based on evaluation of PCM elements which are situated
under the main diagonal as inverse proportion to the values
of elements which are situated in the matrix part which was
filled by expert.

For each k-th PCM random pair of agents p and r is
selected from the elements of the matrix which are situated
under the main diagonal and is proposed to expert for
comparison.

If values @;p and dp, are bigger or lower than 1 at the
same time, then confidence coefficient for the given question

should be specified as Vg (k) =0 (the g-th expert showed
his incompetence answering the k-th question). Otherwise
confidence coefficient for the given question should be
calculated using the following expression:

arp —1/apr
I_W’ larp 21)0la <1}
Y|

max(a,,1/a,,) ’

vg (k)=

(arp < l)ﬂ (apr > 1)

Overall confidence coefficient Vg for judgments of the
expert s, is calculated using the following formula:

KM
2 v (k)
k=1
V, =—————
& KM
After questioning is finished, final value of vg should

be evaluated. If Vg =1 expert should be considered as
competent and his judgments can be trusted. If v, =0 expert
should be considered as incompetent relatively to the
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solved task. In this case evaluations of this expert should
not be taken into account in aggregation of group
evaluation.

After all experts of the group made own evaluations,
global priority vector gw_ and confidence coefficient for
expert judgments Vv, are defined for each expert from number
KS, the method of group agent evaluation has to be executed.
This method calculates total evaluation Sum, for each i-th
agent based on summation of evaluations gWg; which were
given to the agent by the g-th expert. At the same time
evaluations has to be multiplied by confidence coefficients
for expert judgments:

KS
Sum; =7 vy -gWg;.
g=1

Thus the bigger value confidence coefficient v, for expert
judgments has, more impact g-th expert will have on overall
evaluation.

After summation is done, overall rating of competitive
agents D is defined. Each individual evaluation is multiplied
by confidence coefficient for expert judgments and part &,
of each i-th agent in the total evaluation is calculated using
the following formula:

Sum
= oM N d =1
4 =%y pril

ZSumi

i=1

Agents are ordered by decrease of d, values, in that way
defining function f; which can be implemented as binary
heap. The result of this operation is agent rating, where
agent which is considered most preferable by expert group
heads the list. Based on the obtained rating responsible
person makes final decision on the best agent. In most cases
it is agent which is the first in the list and it becomes solution
of the competitive agents selection problem.

4 EXPERIMENTS

The proposed methods were used for the development
of the competitive agents selection information technology.

AQD alietallist
SME» Borza Hale
29% 36%

Atlas Word
35%

a

The tasks of competitive agents selection were solved
for experimental investigation of practical availability of the
proposed methods using the developed information
technology.

The investigation was made based on data collected
from tender tasks, participant offers and tender results
accumulated by design companies LLC “SK Inzhenernye
systemy” and “VST” (Ukraine) and evaluations of experts
who were selected and invited based on the tender tasks.

The following competitive agents (companies) were
considered in the task of tender for design, supply and
mounting of metalware and barriers:

— AO “Metallist SMK”, Kharkiv;

— Atlas Word (Germany), branch in Kyiv;

— Borga Hale, Gdynia, Poland.

The following competitive agents were considered in
the task of supply of materials and equipment for mounting
of shopping center buildings:

— Master Profi, Dnipro;

— Remko, Kyiv;

— Atlas Word, Kyiv;

— Askon, Kamyanske;

— IBT, Kyiv.

Design companies traditionally used pricing appraisal
or oral discussion method for evaluation during tender
process. However since tender results can be determined in
long time horizon [26] it is necessary from one to six months
after tender is ended for its efficiency evaluation. During
experimental investigation the results of traditional approach
were compared with the results obtained by the proposed
integrated method.

S RESULTS

Solving the task of tender for design, supply and
mounting of metalware and barriers the derived proposals
were formalized as competitive agents and were proposed
to the group of three experts for evaluation. Expert
evaluations were used for agents rating aggregation.

The rating of competitive agents obtained by the
traditional approach (without taking into account
confidence coefficient for expert judgments) can be
summarized in the following list (fig. 2a):

— Borga Hale — 35,60%;

AO «Metallist
SAES Bﬂlgﬂ Hale
7994 35%

Atlas Word
36%

Figure 2 — The results of competitive agents evaluation in the task of tender for design, supply and mounting of metalware and barriers:
a — without taking into account confidence coefficient for expert judgments;
b — taking into account confidence coefficient for expert judgments
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— Atlas Word — 35,35%;

— AO “Metallist SMK” — 29,05%.

The rating of competitive agents obtained using the
modified methods (taking into account confidence
coefficient for expert judgments) can be summarized in the
following list (fig. 2b):

— Atlas Word — 35,60%;

— Borga Hale — 35,50%;

— AO “Metallist SMK” — 28,9%.

Solving the task of supply of materials and equipment
for mounting of shopping center buildings the derived
proposals were formalized as competitive agents and were
proposed to the group of four experts for evaluation.

Before the beginning of evaluation process experts were
proposed to examine tender task using the developed
information technology. Then traditional approach based
on oral discussion was used for evaluation. Based on oral
discussion and simple voting methods expert commission
elected the tender offer of “Master Profi” because of its
minimum cost and delivery time.

Then agents evaluation was repeated by the same expert
commission using competitive agents information
technology based on the proposed methods (fig. 3).

Atlas Word
24%%

Figure 3 — The results of competitive agents evaluation in the task
of supply of materials and equipment for mounting of shopping
center buildings taking into account confidence coefficient for

expert judgments

Besides that individual expert preferences and
confidence coefficients for expert judgments were defined
(fig. 4).

The rating of competitive agents obtained using the
integrated method and taking into account confidence
coefficient for expert judgments can be summarized in the
following list:

— Atlas Word — 24.35%;

—Remko —22.40%;

— Master Profi — 21.31%;

—IBT - 20.13%;

— Askon — 11.81%.

6 DISCUSSION

Results of competitive agents evaluation in the task of
tender for design, supply and mounting of metalware and
barriers showed that taking into account confidence
coefficient for expert judgments changed positions of
participants in rating. It should be noted that the bigger the
dispersion of confidence coefficients for expert judgments
is, more impact experts with bigger values of confidence
coefficient will have on tender results.

As the result of the proposed integrated method
application to the tender for supply of materials and
equipment for mounting of shopping center buildings the
tender offer of the company «Master Profi» which was
chosen during oral discussion occupied only the third place
in the rating. It is caused by its failures which were missed
during basic analysis: delayed starting date of execution
phase and small production volume regarding competitors.

Thus investigation results confirm availability of the
developed competitive agents selection information
technology in whole and the proposed integrated method
particularly for practical tasks solving since the proposed
problem solution helps to detect nontrivial problems and
failures of the considered competitive agents.

Analysis of the obtained results showed that the
proposed integrated method of extraction, formalization and
aggregation of expert evaluations enabled to raise accuracy

P 93%
100% 57— — 87
90% v - -
|/f’
80% T:,' o
2 T0% Vo
= | e
g 60% {°
2 som
S 4% v~
= o
—E 30% ‘ 7
0% 1
s
10% 1 ~
B -
(1LY A — — E—
Expert1 Expert 2 Expert3 Expert 4
Aflas Word Master Profi Aflas Word Remko

Figure 4 — Expert competence level
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of group evaluations due to formalization of individual
evaluations derivation process as well as implementation of
expert competence evaluation mechanism. In turn it ensures
group decision making process efficiency and enables to
raise quality of the final solution.

The proposed integrated method can be used for
practical expert evaluation tasks solving in many areas of
industry, economics and medicine: tender processes in all
areas of state and business activity, complicated clinical
decision support, expert evaluation of techware quality in
industry.

In what follows it is planned to investigate availability
of the developed method for solving of practical tasks in
other activity areas and the dependence of the method
efficiency on application domain.

CONCLUSIONS

In this paper actual problem of competitive agents
selection was solved based on group expert evaluations.

Scientific novelty of the paper consists in the proposed
integrated method of extraction, formalization and
aggregation of expert evaluations in group which enables
to define integrated assessment of competitive agents as
well as to evaluate confidence coefficient for expert
judgments directly during individual evaluation process and
to use it in the following group decision-making phase. The
proposed method gives preference to judgments of
competent experts in the overall evaluation, at the same
time increasing quality of the decision.

Practical significance of the paper results consists in the
developed information technology and experiment results.
Information technology implemented the proposed
integrated method that made it possible to put the method
into practice for solving of the tender support tasks.
Experiments confirmed availability of the developed
mathematical support and made it possible to recommend it
for practical application.

Application of the proposed mathematical support and
the developed information technology for other practical
tasks directly concerned with competitive agents evaluation
should be noted as further research directions.
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Konmnakosa T. O.!, Omniitnuk A. O.2, JIboBkin B. M.}

'Cr. Bukiagay kadeapyu nporpaMHuX 3aco0iB 3amopi3bKoro HalioOHAJBHOrO TEXHIYHOIO yHIBEpCHTETY, 3amopixoks, Ykpaina

’KaH[. TeXH. HayK, JOLEHT, JOLEHT Kadeapu MporpaMHUX 3aco0iB 3aropi3bkoro HaIiOHAJIBHOIO TEXHIYHOIO yHIBEPCHTETY, 3amopihKKs,
Vkpaina

*KaHJ. TexH. HayK, JOLEHT Kadeapu IporpaMHHUX 3aco0iB 3armopi3bkoro HaliOHAIBHOTO TEXHIYHOTO YHiBepcUTeTy, 3amopibiksi, YkpaiHa

KOMIUIEKCHUM METOJ, BUJOBYBAHHS, ®OPMAJIIBALII TA ATPETALII EKCIIEPTHUX OLIHOK KOHKYPYIO-
YUX AEHTIB Y I'PYIII

AKTyanbHicTh. Po3rinyto npobiemy BugoOyBaHHs, (popMali3anii Ta arperauii eKCIepTHUX OLIHOK MiJ 4ac HOLIYKY Haikpalioro
PILIEHHS 3 MHOKMHH MOXIUBHX. AKTYalIbHICTb JaHOI TPOOJIEMH BU3HAYAETHCS PI3HOMAHITTSM Talty3eil 3acTOCYBaHHsI, HEOOXIIHICTIO 10/1aTKO-
BOrO aHaJi3y Ta IPYNOBUM OLIHIOBAHHSAM 33 YMOB HEBHU3HAUEHOCTI.

Meta. MeTa 1aHOTO JJOCIIZXKEHHs MOJIsrana B [iIBUIIEHHI SKOCTI pillleHb, 110 NPUIAMAIOThCS IPYIIOI0 €KCIEPTIB, 32 PaXyHOK IiABUILIEHHS
e()eKTUBHOCTI IIPOLIECy OTPUMAHHS 1HAUBITyalbHUX EKCHEPTHUX OLIHOK Ta BIOCKOHAJEHHs MPOLECY iX MojaibLIoi arperatii.

MeToza. 3anpornoHOBaHO KOMILIEKCHHI METOJ, 110 CKJIAJA€ThCs 3 1HAMBIAYalbHOIO Ta IPYHOBOTO OLIHIOBAHHSI, MU PO3B’A3aHHS JAHOI
Ipo0IeMH.

ViockoHalleHO MeToz BU00yBaHHs Ta (opMatizalii iHJUBiAyaIbHUX €KCIIEPTHHX OLIHOK. 3aIpOIOHOBAHUIl METOM IPDYHTY€EThCS Ha MOZIH-
(ixauii Meroxy aHani3y iepapxiif, MICTUTh €Tanu aOCOMIOTHOIO Ta BiAHOCHOIO OLIHIOBAHHS, JO3BOJISIE BUSHAYUTH KOMIIETEHTHICTb €KCIepTa
IIIIXOM 00YMCIIeHHS KoedilieHTa JOBIpH 10 HOTO CYIKEHB.

VI0CKOHANIEHO METOJ BU3HAYEHHs IPYIOBUX OLIHOK areHTiB Ha OCHOBI ITiICyMOBYBaHHS IHAMBIyalbHUX €KCIIEPTHHX OLIHOK 33 KOXHHM
piumeHHsaM. JlaHuil MeToz BpaxoBye I1ijl yac OOYHMCIIEHHS! CyMapHOi OLIHKM KiIbKICHY TI€peBary areHTiB OJMH HaJl ONHUM Ta Koe]ilieHTH JOBipH
JI0 CyIXKEHb KOXHOIO y4acHHUKa rpynu. Lle 103Bossie BBaXKaTH CyHIKEHHsI KOMIETEHTHUX €KCIIEpPTIB OLIbII 3HAYYLIMMU 3 METOIO MiJBUILEHHS
SIKOCTI OTPHMYBAHOIO PillIEHHSI.

Pe3yabTaTh. IIpoBeseHe excrepuMeHTaNbHE JOCIIDKEHHS MIATBEPXKY€E IPALE3JaTHICTh PO3POOIEHOr0 MaTeMaTHYHOrO 3a0€3I1eUeHHs.
Po3pobiieHi MeToaM NPOIEMOHCTPYBAH 3JaTHICTh BU3HAYATH 1 yCYBAaTH HEOUEBH/IHI IPOOIEMHU B 3a]a4ax, 1O PO3B’A3YIOThCS.

BucHoBku. HaykoBa HOBH3HA pOOOTH IOJIATaE B TOMY, 10 3alIPOIOHOBAHO KOMILIEKCHUIT MeTox BUu00yBaHHsI, opMaizanii Ta arperanuii
eKCIIEPTHHUX OLIHOK y TPy, KWl JO3BOJIIE BU3HAYATH KOMILIEKCHY OL[IHKY KOHKYPYIOUHX areHTIB, a TAKOX OOYHCIIIOBATH KilbKICHE 3HAYCHHS
Koe(illieHTy JOBIpH IO CyIKEHb €KCIepTa 0e310cepenHbOo B POLeci OTPHIMAHHS iHAUBITyaIbHOI ONIHKY i B ONAJIBIIOMY BUKOPHCTOBYBATH Il
UL IPUIHATTS TPYNIOBHX PillleHb.

[pakTiyHa 3HAYUMICTH PE3yNbTaTiB POOOTH TOJATAE B TOMY, IO PO3pOOICHO iH(POPMAIIifHY TEXHOJIOTIIO, SIKa Pealli3ye 3armpornoHOBaHHA
KOMIUIEKCHUH METOI, IO JO3BOJMJIO 3aCTOCYBaTH Ha IIPAKTHUILi TaHUH METOX A PO3B’A3aHHA 331adi IPOBEJCHHS TEHIEPIiB, Ta IPOBEICHO
€KCIIEpHMEHTH.

Karo4oBi cJjioBa: ekcriepTHE OL[HIOBAHHS, IPYIOBI OL[IHKH, IHIMBiAyabHi OI[IHKM, KOMIIETEHTHICTh EKCIIEPTIiB, KOHKYPYIOUi areHTH.

Kommakosa T. A.!, Oneitauk A. A2, Jleskun B. H.}

ICr. mpenonaBarens KaQeapbl MPOrpaMMHBIX CPEICTB 3AMOPOKCKOTO HAILIMOHAJILHOTO TEXHHYECKOTO YHUBEPCHTETA, 3a0OpoXKbe, YKpanHa

2Kanj. TexH. HayK, JOLEHT, JOLEHT Kadeapbl MPOrpaMMHBIX CPEICTB 3alOPOKCKOrO HAIIMOHAJILHOTO TEXHMYECKOTO YHUBEPCHTETA, 3a10-
poxbe, YKkpauHa

SKanj. TexH. HayK, JOLEHT KaQeaphl MPOrPAMMHBIX CPEACTB 3allOPOKCKOr0 HAIIMOHAIBLHOIO TEXHHYECKOTO YHHBEPCHTETA, 3arOpOXKbe,
VYkpauna

KOMILJIEKCHBI METOA M3BJIEYEHUS, ®POPMAJJU3AINUNU U ATPETAIIMU DKCIIEPTHBIX OLEHOK
KOHKYPUPYIOUIUX ATEHTOB B I'PYIIIIE

AKTyaJabHOCTh. PaccMoTpeHa npo0iiemMa u3BJeueHus, (POpMATH3al[MU M arperaniy SKCIEPTHBIX OLEHOK NP MOMCKE HAMJIYYIIErO pelie-
HHSI M3 MHOXKECTBA BO3MOXHBIX. AKTYaJIbHOCTh JAHHOM MPOOJIEMBI ONpeensieTcs pa3sHooopa3reM o0acTel IPUMEHEHHs, HEOOXOIMMOCTBIO
JIOTIOJIHATEILHOTO aHAJIM3a M TPYIIIOBBIM OLIEHUBAHUEM B YCIOBHSAX HEONPENEIEHHOCTH.

Lean. Lens qaHHOTO MCCEN0BaHKs 3AKIIF0YAJIACh B OBBINIEHHH KAYeCTBA PEIICHHUH, IPMHUMAEMBIX TPYIINO SKCIIEPTOB, 3a CYET TTOBbIIIE-
HEst 9P PEKTUBHOCTH MPoILECca MOMyYEH s HHIMBUIYaIbHBIX SKCIIEPTHBIX OLEHOK U YCOBEPIIEHCTBOBAHHUS IPOIIECCA MX MOCIEAYIOIIEH arpera-
UK.

Meton. [IpenyiokeHo peleHre paccMaTprBaeMOl IPOOIEMBI B BUJIE KOMIJIEKCHOTO METO/IA, COCTOSIIETO U3 MHANBHIYaILHOIO M IPYIIIO-
BOrO OLIEHMBAHUSL.

VCOBEpILIEHCTBOBAH METO M3BJICYEHHUS U (POPMATTM3AI[MU WHIWBHIYaJIbHBIX OKCIIEPTHBIX OLIEHOK. [peIioKeHHbIH METOI OCHOBAH Ha MOJIHU-
(UKAIIMK METO/IA AaHAJIM3a MEPAPXHiA, BKIFOYAET B ce0s1 3Tarnbl aOCOMFOTHOIO U OTHOCHTEILHOTO OLEHMBAHHS, TI03BOJIAET ONPEIETHTH KOMITETEH-
THOCTH DKCIIEPTA MyTEM BBIYHCIEHHS KOI(PHUIMEHTA TOBEPHS K €M0 MHEHHUIO.

VCOBEPLIEHCTBOBAH METO]] ONPEIENEH s TPYIIIOBBIX OLEHOK areHTOB Ha OCHOBE CyMMHPOBAHHSI MHIUBHIYAIbHBIX SKCIIEPTHBIX OLIEHOK 10
Ka)KJIOMY PELICHUI0. DTOT METOM YIUTHIBAET IPU BHIYUCIEHUH CYMMApPHO# OLIEHKH KOJIMYECTBEHHOE MIPEMMYIIECTBO areHTOB APYT HAJl JPYIOM
1 K09 (DUIMEHTHI TOBEPHS K MHEHHIO KQXKIOM0 YY4aCTHHKA TPYIIIBL. DTO MO3BOJISIET CYUTATH MHEHHE KOMIIETEHTHBIX DKCIIEPTOB 00JI€e 3HAYUMBIM
C LEJIbIO MOBBIIIEHHS KAYeCTBA MOIYyYaEMOr0 PEIEHHS.
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10.

1

—

12.

13.

14.

PeSy.]'l])TaT])I. HpOBCﬂCHHOC OKCIIEPUMEHTAJIbHOE HUCCIICAOBAHUE ITOATBEPAUIIO pa6OTOCH0006HOCTL pa3pa60TaHHom Mar€éMaTHu4€CKOro
obOecrieueHus. Pa3p360TaHHLIC METOABI MPOAEMOHCTPUPOBAIA BO3MOXHOCTDL BBISIBJIISATH U YCTPAHATH HEOUCBUHBIC HpO6J’ICMI>I B pelraeMbIX
3agadax.
BobIBOaBI. Hayl{Ha;{ HOBHU3HAa pa6OTLI 3aKJII0YacTCs B TOM, YTO IPEUIOKEH KOMIUIEKCHBIN METOJ HU3BJICYCHUA, (bopManmaunn u arperaiuu
OKCIIEPTHBIX OLICHOK B I'PYIIIIC, KOTOpLIﬁ TI03BOJIICT ONPEACINTD KOMINICKCHYIO OLICHKY KOHKYPUPYIOMIUX areHTOB, a TaK)XE BbIYUCIUTH KOJIMYEC-
CTBCHHOC 3HAYCHHUEC KO3(1)(1)I/II_II/ICHT8. JOBEpHUsT K MHCHHUIO 3KCIIEPTa HECIIOCPEACTBEHHO B IPOLIECCE ITOJIYUCHUS HHHHBHHyaHLHOﬁ OLICHKH U B
JNaIbHEHUIIIEM UCIIONIBh30BATh €ro ISt TIPUHATHSA I'PYHIIOBBIX pCLHCHHﬁ.
HpaKanecxaﬂ 3HA4YUMOCTb PE3YyJIbTaTOB pa6OTLI 3aKII04acTCa B TOM, 4YTO pa3pa60TaHa I/IH(bOpMaI_II/IOHHaSI TEXHOJIOIus, peaju3yronias
HpC,H.]'IO}KCHHLII\/'I KOMILIEKCHBIN METO, 4YTO IIO3BOJIMIIO IIPUMEHUTDL Ha IPAKTHUKE JaHHBIA MeTom JJIs penieHust 3aaa4 MpoBeACcHUs TEHACPOB, U
TIPOBEACHBI DKCIICPUMEHTBI.
KuarwoueBbie ciioBa: OKCIIEPTHOC OLICHUBAHUEC, I'PYNIIOBbIC OLICHKH, NHAUBUAYaJIbHbIE OLICHKH, KOMIIETECHTHOCTb 3KCIIEPTOB, KOHKYPUPYIO-
MU E€ arcHThI.

REFERENCES

Karnyishev A. D., Ivanova E. A. Psihologiya deyatelnosti i
upravleniya: ucheb. posobie. Irkutsk, IGEA, 2001, 186 p.
Mulen E. Kooperativnoe prinyatie resheniy: aksiomyi i modeli.
Moscow, Mir, 1991, 464 p.

Mayers D. Sotsialnaya psihologiya. Piter, 2013, 800 p.
Ambrusa A., Greinerb B., Pathakc P. A. How individual preferences
are aggregated in groups: An experimental study. Journal of Public
Economics, 2015, Volume 129, pp. 1-13.

Budzinski R., Becker J. Model of competence of experts in the
computer decision support system. Quantitative Methods In
Economics, 2013, Volume XIV, Issue 1, pp. 53-64.

Patel H. T. A Study on the Effectiveness of Group Activity and
Group Discussion Method in English. International Journal of
Research in Humanities and Social Sciences, 2014, Volume 2,
Issue 1, pp. 13-15.

Parkes D. C., Xia L. A Complexity-of-Strategic-Behavior
Comparison between Schulze’s Rule and Ranked Pairs. Proceedings
of the Twenty-Sixth AAAI Conference on Artificial Intelligence,
2012, pp. 1429-1435.

Roszkowska E. Rank ordering criteria weighting methods — a
comparative overview. Optimum. Studia Ekonomiczne, 2013,
No. 5 (65), pp. 14-33.

Saaty T. L., Vargas L. G. Models, Methods, Concepts & Applications
of the Analytic Hierarchy Process. Springer US, 2012, 346 p.
Nguyen H. T., Dawal S. Z. M., Nukman Y., Aoyama H., Case K.
An Integrated Approach of Fuzzy Linguistic Preference Based
AHP and Fuzzy COPRAS for Machine Tool Evaluation. PLOS
One, 2015, No. 10 (9), 24 p.

. Oliinyk A., Zaiko T., Subbotin S. Training Sample Reduction

Based on Association Rules for Neuro-Fuzzy Networks Synthesis.
Optical Memory and Neural Networks (Information Optics),
2014, Vol. 23, No. 2, pp. 89-95.

Oliinyk A., Subbotin S.A. The decision tree construction based
on a stochastic search for the neuro-fuzzy network synthesis.
Optical Memory and Neural Networks (Information Optics),
2015, Vol. 24, No. 1, pp. 18-27.

Subbotin S. A. The method of diagnostic model synthesis based
on radial basis neural networks with the support of generalization
properties. Radio Electronics. Computer Science. Control, 2016,
No. 2, pp. 64-69.

Oliinyk A. Production rules extraction based on negative selection.
Radio Electronics. Computer Science. Control, 2016, No. 1,
pp- 40-49.

108

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Oliinyk A. O., Skrupsky S. Yu., Subbotin S. A. Experimental
Investigation with Analyzing the Training Method Complexity
of Neuro-Fuzzy Networks Based on Parallel Random Search.
Automatic Control and Computer Sciences, 2015, Vol. 49, Issue
1, pp. 11-20.

Bodyanskiy Ye. V., Tyshchenko O. K., Boiko O. O. An evolving
cascade system based on neurofuzzy nodes. Radio Electronics.
Computer Science. Control, 2016, No. 2, pp. 40—45.

Oliinyk A. A., Subbotin S. A. Association Rules Extraction for
Pattern Recognition. Pattern Recognition and Image Analysis,
2016, Vol. 26, No. 2, pp. 419-426.

Oliinyk A. O., Skrupsky S. Yu., Subbotin S. A. Using Parallel
Random Search to Train Fuzzy Neural Networks. Automatic
Control and Computer Sciences, 2014, Vol. 48, Issue 6, pp. 313—
323.

Subbotin S., Oliinyk A., Skrupsky S. Individual prediction of the
hypertensive patient condition based on computational
intelligence. Proceedings of the International Conference on
Information and Digital Technologies, 2015, pp. 336-344.
Pangeran M. H., Pribad K. S. Conceptual model of analytical
network process for prioritizing risk in a PPP infrastructure
project. Proceedings of the First Makassar International
Conference on Civil Engineering, 2010, pp. 1217-1227.

Jao C. S. Efficient Decision Support Systems — Practice and
Challenges in Multidisciplinary Domains. InTech, 2011, 478 p.
Rush C., Roy R. Expert Judgement in Cost Estimating: Modelling
the Reasoning Process. Concurrent Engineering, 2001, No. 9,
pp. 271-284.

Andreychikov A. V., Andreychikova O. N. Analiz, sintez,
planirovanie resheniy v ekonomike. M., Finansyi i statistika,
2012, 368 p.

Shrotriya S., Pandey A. Prediction of the Winner by Using a
Weighted Approach of Preferential Balloting Systems on the
Basis of Their Satisfied Criterions and Artifice Behavioral
Complexity. 3rd International Conference on Information
Security and Artificial Intelligence (ISAI 2012), Singapore, 2012,
pp. 142-146.

Wang B., Qian Y. Determining decision makers’ weights in group
ranking: a granular computing method. International Journal of
Machine Learning and Cybernetics, 2015, Volume 6, Issue 3,
pp. 511-521.

Tao L. Decision Support for Contractor Selection: Incorporating
consolidated Past Performance Information. University of Hong
Kong, 2010, 184 p.



p-ISSN 1607-3274. Panioenekrponika, iHpopmaruka, ynpasiinas. 2017. Ne 2
e-ISSN 2313-688X. Radio Electronics, Computer Science, Control. 2017. Ne 2

UDC 004.056

Lakhno V. A.

Dr. Sc. Associate Professor, Head of Complex Information Security Organization Department, European University, Kyiv, Ukraine

DEVELOPMENT OF A SUPPORT SYSTEM FOR MANAGING THE
CYBER SECURITY

Context. In this paper the urgent problem of development of software of decision making support systems in information security is
solved. Approach is based on a choice of rational options of response to events taking into account operational state-of-health data of a
subject to protection.

Objective. Goal of the research is developing a cyber-threats counterwork model using decision support system, choosing rational
variants of reactions on the occurrences in cybersecurity, and taking into account current operational data.

Method. The information object cyber security operational management system and the formation of the protection methods rational
sets model which is based on a morphological approach is developed. It is proposed to find an optimal variant of the information security
perimeter sets using an object function that maximizes the correlation of a consolidated figure of “information security” to consolidated
figure “costs”.

Results. A model for the operational management of cyber security-critical computer systems was developed. This model allows us to
generate different variants of protection sets that are compliant with a computer system taking into account morphological matrices for
each security perimeter prepared with the intelligent decision support system. It is proved that the use of the developed decision support
systems can significantly reduce the costs planned for the complex means of cyber defense, as well as reduce the time to inform decision-
makers on how to counter the identified information security incidents.

Conclusions. Scientific novelty of research consists that the model of operational management of cyber security of an information
objects and formation of a rational complex of security features based on morphological approach is for the first time offered. The practical
value of the developed methods and instruments is that they allow: to reduce time of development of systems of cyber security, to increase
efficiency of planning of rational modular composition of security features due to creation of information and software environment in

case of design; to increase validity of the made decisions on operational and to organizational technical control by protection.
Keywords: information safety, information security management, decision support system, morphological approach.

NOMENCLATURE

ACS — automated control systems;

AEIS — audit of CS events;

AVP — antivirus protection;

B — backup;

CIIO — critically important information object;

CONTS - controlling system;

CA - cyber-attacks;

CS — cybersecurity;

DA — data array;

DIC — data integrity control;

DSS — decision support system;

ES — expert systems;

ICS - information-communicative systems;

IDSS — intelligent decision of information security OM
support system;

IO — information objects;

IPM - information protection means;

IPR — information protection;

IS — informational security;

ISMC - information security method complex rational
structure;

ISMS — information security management system;

ISS — information security systems;

MACS — monitoring and analysis of CS;

MIP — means of information protection;

NLAC — network-level access control;

OM - operational management;

OPIO (V) — the outer perimeter of information object;

PCOI (II) — perimeter of control of information object;

PIS (I) — the perimeter of the information system;

PNE (IV) — the perimeter of the network equipment;

© Lakhno V. A., 2017
DOI 10.15588/1607-3274-2017-2-12

PSIO — physical security of 10;

SDCA - subsystem of detection of CA,;

UAC — User Access Control,

UAP (IIT) — User Access Perimeter;

A — linguistic variable “number of unusual events in
network against the spreading of CA”;

AL — the number of alternative variants

As; — DA criticality in i-IO crosspoint;

At; — IS breach level in i-IO crosspoint;

B — linguistic variable «number of unusual events in the
hosty»;

C — linguistic variable «number of unusual events in 10
perimeter»;

CE — communication equipment in an information
channel;

Ccr — coefficient that allows to represent a result in a
range [0; 1];

DA; — damage assessment;

DPTj, — security tool for the realization of functional
subsystem of /;

EST — external source of threat;

ICAl(m) — internal CA against IA with k-level of
criticality;

IMI cis; — IS incident importance in i-IO crosspoint;

IND — network or IO perimeter indicator;

ISle_l — insider source of threat;

[, m — numbers of crosspoints;
L — number of functional subsystems for the perimeter
of the IS;
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LS; — security measures level in i-IO crosspoint;
MAz‘n, — indicator of “expenses” for functional
subsystem /;
ST .. .
MA X! ' — indicator value “expenses” for security tools

STims

ST,
MAK/ ' _ indicator value “security”;
LS
MA4; — data for the choice of rational variants;

MApg ; — indicator of “information security”;

n — quantity of crosspoints in IO structure;
NN 11;1 — 10 crosspoint, on which information with the

highest level of criticality (k);
O — access object;
OF — object function of choice;
Fr4 — CA probability;
P(z;) — (/) environment status probability;
PP — protocols and packets;
PUR — purpose of decision making;
RCA — remote CA against 10;
RE; — result;

RO; — reaction variant;
rat . o H .
RO (PC A) — rational variant of reaction;

RSV — range of synthetic variants of setup;

RUL — model of decision making regarding the choice
of the optimal variant of CS tools

SFS — range of functional sub-systems for perimeter
IS;

SS,.0, SS), — security services against the method of an

CA spreading (networked and host);

S1T,,, — security tool for the realization of functional
subsystem of /;

TL; — trust level of a device, which reports about IS
breaches in i-IO crosspoint;

WCA — possible spreading ways of CA against 10
crosspoints;

X — IS events indicators numeric evaluation;

z — environment status uncertainty characteristic;

1,(p;) — crossing;

C4(wea;) — crossing that determines an indicators set
which reacts against the CA.

INTRODUCTION

It is impossible to imagine modern attitudes and
perspectives of further ICS development in different fields
of human activity without the increased attention of
questions regarding IS and CS particularly because of the
increasing number of CA and the destructive influence on
10. The rapid increase of incidents in the field of IS has
shown that existing ISS, which are built on the basis of
known threats and emerging attacks, are not always effective
in cases of new CA which are created against the widespread
enterprise information system, ACS in electronics, industry,
transport, the banking system etc.
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Goal of the research — developing a cyber-threats
counterwork model using DSS, choosing rational variants
of reactions on the occurrences in CS, and taking into
account current operational 10 data.

1 PROBLEM STATEMENT

Suppose that in the process of organizational and
technical cyber security management of the CIIO, the
protection methods rational sets model planning stage
(information protection means) is considered as a process
of sequential removal of uncertainty of ISS structure and
composition. Thus, the planning of rational compatible
software and hardware sets IPM is a consideration of

alternatives AL: PL=SFS — CS,;. Then the decision
selection by the IDSS is regarded as forming a subset of the

best options set CS' < CS .

In the study, the problem of comparing sets of IPM
options is examined using morphological matrix sets in terms
of “information security” in the perimeter ISS CIIO and
“costs” for / functional subsystem ISS, which operate in
conditions of uncertainty, inconsistency and lack of
knowledge about the state of the object which is protected.

2 REVIEW OF THE LITERATURE

The increasing number of IS and CS threats has given
rise to the surge of research in the field of development of
uncovering and preventing CA systems [1-4], and also DSS
[5, 6] and ES [7-9] in this field. Publication analysis [10, 11],
allows us to uncover the increasing popularity of ISS risk
assessment automated methods [12] and program sets of IS
and CS risk management [13]. It was mentioned in the works
[14, 15] that ISMS, in which intelligent technologies of cyber-
threat identification and reacting to occurrences of IS
breaches are realized, are products of private companies,
and that a customer in general doesn’t have any information
about methods and models of leading effects forming in
systems [16]. It is shown in the works [17-20] that it is
appropriate to equip existing DSS and ES in field of IS
(excluding tasks of cyber-security management) with
functional models that allow us to increase efficiency of
enumeration and investigation of illegitimate interferences
to the work of ICS crimes.

In such a way, according to the disputes in publications
[5, 6, 8, 10, 16, 17], dedicated to the potential of using
integrated DSS or ES in ISMS, the task of developing
methods, models for using them in practice in intelligent
support of ISS rational structure planning and the task of
assessment and prediction of IS and CS risks became
relevant.

3 MATERIALS AND METHODS

There is one main problem creating the CONTS —
development of the threat model [7, 15, 21], which is
connected to the specification of a management object
interaction — ISS 10 with the environment. IDSS, which
develops a threat model building method, is based on a
qualified scheme of goal-oriented destructive influences on
IS and CS 10 [22-24]. A generalized architecture of ISMS
and CS is offered according to the results of the control
strategy in conditions of uncertainty analysis [4, 15, 24].
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Level of safety is used in the capacity of an operated variable.
The LS value depends on the maximum level of information
urgency which is being updated according to recent changes
in ICS. Models [4, 15] consist of five perimeters for
decentralized architecture of 10, fig. 1.

Mechanisms of IPR control are created in the circuit with
organizational-technical control governing changing
business applications, DA processing plans, infrastructure,
and all the corresponding requests to the information safety
level. The circuit contains: IDSS in regards to choosing a
security strategy and a system of safety level assessment.
Managing influence in the circuit is realized by the staff of
the IS department. The task of ISMC rational structure choice
for IO is made according to the following criteria [4, 9, 7, 15]:
minimum probability of achieving goals by an attacker;
minimum of 10 losses should the attacker’s goals be
achieved; maximum probability of successful ISMC
counteraction to the actions of an attacker; minimum “cost-
risk” integrated index value [4, 9].

Quantity assessment of 10 safety can be found the
following way:

n
LScs =[[(1=Cyep - At; - As; - TL; - DPTyy ). (1)

i=1

Quantity of insider and external CA against IO are given
in the form of tuples:

RCA = (EST,CE,SS,,,. SS;,,PP,O(NN)), ()

SS,,PP,0" (NN¥ ). 3)

ne’

[CAyyy =(IST 7 CE, SS,

It is proven in works [4, 10, 12, 20] that the only effective
way to identify an attack is in the analysis of a combination
of unusual events. That is why in IDSS, an attack spreading
WCA possible ways, quantity is compared to a quantity of

indicators JNVD. The probability of the fact that suspicious
action is a attack is assessed with the indicators quantity
which reacted against the attack spreading method. Crossing

1,(p;) determines an indicators set. We get the following
expression:

€, < WCAXIND = {(wca,-,indj) twea; eWCA A ind e[ND}. %)

In conditions when the status of the information
environment is unknown, the threat counteraction model is
enabled in IDSS, which has an opportunity to choose a
controlling influence that better corresponds to the
management object status. A process of choosing an optimal
safety events reaction variant are given in a form of a tuple:

(RO;, RE ;, DA(RE ;), Pc4, P(z),OF , RO"™ (Pcy ). (5)

Safety events [4, 6, 9] reaction variants probability
analysis {RO;} has shown that the number of control

influences for each situation is limited i € [1,3] .An alternative
advantages evaluation with a damage assessment model is
used in IDSS — {RE ¥, }, Jje [1,4] taking into account that the

IS events reaction variants choice is made in conditions of
a potential CA: no harm, losses for a certain user, losses for
a group of users, loss for all ICS from attack realization.

Define a function with which we choose an optimal
reaction variant:

s 1
OF(RO;,z)=3 D4, (REj(ROiaZI )) Hpij(REj(ROi ) Pea ) -(6)
=1 =1

The probability p; of getting every j-result choosing
every i-reaction variant is determined the following way:

py =y (RE; (RO Peg). iss py=1. ()
J

Figure 1 — IS subsystems:
a — Centralized 10 variant; b — Decentralized 10 variant
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Control influence rational variant RO””(PCA) is

determined this way:

RO™ (Ppy)= RO(arg min(OF (RO, z))j _ )

An IS OM intelligent support subsystem contains: a
fuzzy inference mechanism for CA probability numeric
evaluation; organized structure information about
knowledge database events; threat recognition and
counteraction models [4, 5, 9]; algorithm for making a
decision regarding choosing an optimal safety events
reaction variant [8].

During the organizational-technical management
process, the stage of planning of storage for information
security tools, and the process of gradual removal of
uncertainty about the structure and the storage of
information security tools in the information security system
is being considered. The process of planning pPJ rational
sets MIP is described with the formula:

PL=SFS —> RSV,,. ©)

With the help of the system for intelligent support, the
process of choosing optimal variant of MIP setup for
perimeters of CS is considered as the formation of a sub-
range for the best variants of setup RSV' < RSV. The range

of the setup variants is described as
RSV ={RSV},...,RSV 4, }. (10)

For the choice of the optimal variant of CS tools the
objective function OF is used:

RSV, = OF (RSV). (11)

The population of data, which make it possible to
compare variants of setups, includes two sub-ranges:

& M4

MALSI < M4, i, © M4, . (12)
Usage a morphological approach, the model of decision
making regarding the choice of the optimal variant of CS

tools, is presented in the form of the sequence:
RUL :(PUR, SFS,RUL, RSV, MA;,OF, RSV, (RSV")) . (13)
The starting data for the synthesis of variants of CS
tools sets: SFS = {SFSl,... ,SES | } Accepted:

RSV =SFS;x..xSFS; & SFS;=1{STjj.....STig, . (14)

The choice of the rational variants of information security
tools setups is realized on the basis of experts’ knowledge
in the field of CS. The process of formation of a rational
structure of information security tools is divided into five
stages: 1) The variants of MIP setup are put under
development. The range of possible variants of the solution
is set with the help of the morphological matrix. For the
considered perimeters of information security, the
morphological matrices of CS tools are developed; 2) The
intermediary matrices are filled in, which indicate
compatibility with the firmware. For each couple of CS tools
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for different functional subsystems their compatibility is
defined. The result is filled in the table. If MIP are consistent,
then the function of compatibility is s(S7},,,ST,,) =1, in
other case (87}, ST,.)=0; 3) The range of decisions

concerning the choice of variants of setup MIP is generated.
The range of tool setups is reduced to the sub-range which
is known to be compatible with each other. The range

RSV = {RSVI,‘..,RSVR}, which consists of all possible

variants of formulation of setup MIP for the considered
perimeter, is the Descartes’s production of setups of
alternatives (morphological matrix ranges).

The element of the range is presented as follows:

RSV, ={ST3;, STy ..., STy, ): STy < SFS), VI=1L}. (15)

The generation of the range of decisions concerning the
choice of the variants, which consists of compatibility with
each other MIP, is done in the following way. The iterated
synthesis of variants of setup is made, which consists of
compatibility MIP: on the first step the variants of CS tools
for the first sub-system are consequently enumerated, after
the choice of the alternative S7; the transition to the second
stage is made. On the second stage the consequent
enumeration of variants of CS tools for the second
subsystem is made, but the choice is made only for those

alternatives ST, j» for which the compatibility function is

s(8T;,S8T5 ;) =1 etc. For the choice of alternatives for /
subsystem, the choice is made only from those alternatives
ST, for which the compatibility function is equal to one:

S(STit,my STiw) =1, (ST);, STy ) = 1.

Hence, the choice of MIP from each set of morphological
matrix (one from each range) for the formation of a variant of
setup is made only from compatibility with each other’s
firmware.

The further reduction of the CS range in the system of
intelligent support for decision making is made in the form
of a full enumeration with the given objective function. As
the objective function for the choice of the setup variant,

CS, = ST3;,5Ty j.... STy STy, | the function is

used

MAST 4 g ST
K K
OF = max LS LS (16)
ToMASTE g A ST

The criteria of the quality of information “security”
indicator is divided into two groups: the indicators of the
effectiveness of the operative methods of the security and
the indicators of the functional fitness.

4 EXPERIMENTS

The software package (“Decision Support System of
Management protection of information — DMSSCIS”) was
developed for check of working capacity and practical
applicability of the offered model of operational management
of cyber security [4, 15]. In the course of the experimental
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check of SP reaction options (RO; ) decision making support
systems on different classes of CA for the current parameters

of probability of implementation of the attack of P, were
researched. Also sets of instruments of information
protection CS’ < CS for the purpose of a choice of rational
option were researched. Restrictions on the cost of a set are
accepted and minimum probabilities of successful
implementation attacking all are more whole than CA for the
selected set. DMSSCIS was also used in the modernization
of existing information security systems in data centers of
transport companies in Dnipro (2014) and several industrial
enterprises in Kyiv.

5 RESULTS

On the software “DMSSCIS”, that particular selection
method implemented an efficient option for responding to
security events. The results are shown in Table 1.

During the research the possibility was taken into
account of an attack that implements remote intrusion
through the perimeter, the availability of internal and external
users, and abusers that have high privileges and violate the
safety of information. After the formation of efficient
information security in enterprises which took part in the
study, with the help of intelligent decision support
“DMSSCIS” the predicted value was P, =1,78-1,91% risk
that there was an average value of 5,9-6,2 times less risk to
information security systems compared to before.

The amount of expenditure by the organization on
information security for critical nodes of information objects
order from 5200-5500 $. The likelihood of the offender
achieving all their goals is 1072 The increase in
appropriations for the organization of information security
above a certain level (above 13,000 $.) is inappropriate
because it does not lead to a significant increase in the
efficiency of information security.

During the research it was shown that the implementation
of the intelligent decision support “DMSSCIS” allows an
increased level of automation and centralized monitoring of
CS facility and reduces the time to inform those responsible
for information security incidents by 6,9-7,2 times.

6 DISCUSSION

The approach of building a comprehensive information
security system for the information object makes it possible
to reduce the cost of data protection by 32—-35% compared
to alternative methods [6-9, 12, 13]. A certain lack of
intelligent systems of decision support of “DMSSCIS”,
required the involvement in the initial study of several
independent experts to build membership functions of
production and assembly rules. At the current stage of
research for this instrument, the fuzzy logic Fuzzy Toolbox
(Matlab) was employed, which calculated “security
information” MIP parameters for everyone involved in
perimeter protection.

Overall, based on the studies, we can ascertain the
effectiveness of the proposed models and software for
information security management (information systems and
automated control system) in examined enterprises.

CONCLUSIONS

In this paper the urgent problem of development of
software of decision making support systems in CS of OI.

Scientific novelty of research consists that the model of
operational management of CS of an OI and formation of a
rational complex of security features based on morphological
approach is for the first time offered. Unlike existing
solutions, the model prepared on the basis of intelligent
decision support, a morphological matrix for each facility’s
perimeters of information protection, and can generate a set
of options for remedies which take into account the
compatibility of software and hardware. The choice of the
optimal option set for that perimeter protection of
information, implements an objective function that maximizes
the ratio of the sum “security information” to the total rate
“cost”. It provides a range of remedies for a given class of
certified security, and satisfies the requirements for eligible
costs for implementation of CS.

The practical value of the developed methods and
instruments is that they allow: to reduce time of development
of systems of CS, to increase efficiency of planning of
rational modular composition of security features due to

Table 1 — The results of testing the software system “DMSSCIS”

Class of CA Options for responding to the current settings information of environment of information object RO[.
A=2, B=3, P,= 0,54 A=1, B=1, P,= 0,242
U2R - - -
The end of session attack source node Sending a warning message to the user
ROL A=1, B=3, P,= 0,43 A=1, B=1, P,=0,192
The end of session attack source node Sending a warning message to the user
DOS/DDOS A=2,B=3, P,=0,62 A=1,C=2,P,=0,4

The end of session attack source node

Sending a warning message to the user

The external attack A=3, C=3,P,=0,678

4=1,C=2,P,=04 A4=1,C=1,P,=0,3

(Wi Fi) Blocking access point

DOS-attack on stations

The lack of response

A remote attack via A=3,B=4,(C=2, P,=0,82

A4A=1, B=1, C=1,P,=0,224

A=1,P,=0,076

lines on the perimeter Blocking access to the

server in the network

Reconfiguration of security services

Sending a warning message to the user
to block IP

Cost of a rational set of means of information protection CS’ = CS for OI

Experts

“DMSSCIS”

1000-11000 $

7000-8000 $
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creation of information and software environment in case of
design; to increase validity of the made decisions on
operational and to organizational technical control by
protection. By using the developed system of intelligent
decision support, networks of enterprises using DMSSCIS
reduced the projected cost of the planned system of
protection to 35 %. Further development of this work may
be improving the interaction of traditional mechanisms of
information security 10, which, in particular, are working on
primary information system modules and intelligent decision
support “DMSSCIS”.
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Jlaxno B. A

JI-p TexH. HayK, JOLEHT, 3aB. KaepH opraHi3alii KOMIIEKCHOIO 3axucty iHpopmalii, €Bponelicbkuii yHiBepcuret, Kuis, Ykpaina

PO3POBKA CUCTEMMU NIATPUMKMU PIIIEHDb 3 YIIPABJIIHHA KIBEP3AXUCTOM

AKTyanbHicTb. B po0OoTi BupillleHa akTyalbHa 3a/1a4a PO3BUTKY MAaTeMAaTUYHOro 3a0€3MeUeHHs CHCTeM MiATPUMKHU NPUHHATTS pillleHb 3
KiOepOe3nekn Ha OCHOBI BUOODY ONTHMI30BaHMX BapiaHTIB pearyBaHHs Ha iHUMAEHTH. [Ipu HbOMy BpaXoBYIOThCs eKCILTyaTalliiiHi mapamMeTpu
00’€KTa 3aXHCTY.

Meta. Po3poOka mozeni mporunii kibep3arpozaM Ha OCHOBI 3aCTOCYBAHHSI CUCTEMH IIIATPUMKHM pillleHb 1O BHOOPY ONTHMI30BaHHX
BapiaHTIB pearyBaHHs Ha IHIMIEHTH KibepOe3nekH 3 ypaxyBaHHAM IOTOYHOI iH(OpMaIii, sIka CTOCYEThCsSl 00 €KTIB 3aXUCTY.

Metoa. Po3po0ieHo Mozienb orepaTuBHOTO MEHEDKMEHTY KibepOe3neKol0 KpUTHYHO BaXKIMBHUX KOMII'IOTEPHHX CHCTEM i CHHTE3Yy palio-
HaJIbHUX KOMILIEKCIB 3aco0iB 3axucTy. Mozenb 6a3yeTbest Ha MopgooriuHiil napagurmi. 3anpornoHoBaHo 31iCHIOBATH BUOIp ONTHMI30BaHUX
BapiaHTIB KOMIUIEKCIB Il IEPUMETPIB KiOep3aXHCTy 3a JOIOMOIro0 LIbOBOI (yHKLII, sIKa MAKCUMI3y€e BIIHOLIEHHS y3arajJbHEHOIo iHIEKCY
«GaxXHIIEHICTh H(popMaLii» 10 MiACYMKOBOIO IOKA3HHUKA «BUTPATH.

Pe3ynabTaTn. Po3pobieHo Mozenb OonepaTHBHOIO MEHEDKMEHTY KibepOe3nekor KPUTHYHO BaXUIMBUX KOMII'IOTEPHHX cHcTeM. Mojeib
JIO3BOJISIE 3 YPaXyBaHHIM CYKYIHOCTI MOP(OJIOTYHUX MATpPHLb, MIATOTOBIEHHX B XOJi pOOOTH CHCTEMHU HiATPUMKHU HNPUHHSATTS PillleHb I
KOXXHOIO 3 PO3IVIIHYTHX B pOOOTI IEpUMETpiB, 3reHepyBaTH BapiaTHBHI HAOOpH KOMILIEKCIB 3aXHCTY, B IKMX BPaXoBaHa iX arapaTHO-IIporpam-
Ha CyMicHICTb. Po3po6iieHo nporpaMHHiA KOMILIEKC JJIsl IHTENEKTya bHOT MiATPUMKM IPUIAHATTS PillleHb B 3aJ]a4aX yHpaBJliHHs KibepOe3neKkoro
00’exra iHdopmaruszauii. JloBeneHo, 10 BUKOPUCTAHHSA PO3POOJIEHOI CHCTEMU MiATPUMKM pillleHb J03BOJIAE iCTOTHO 3MEHILINTU IUIAHOBaHI
BUTPATU Ha KOMIUIEKCH 3ac00iB KibGep3axucTy, a TAKOX CKOPOTHUTH 4ac iH(OpMyBaHHS BiANOBIAANbHUX OCIO IPO cIO0cOOU NPOTUIT BUSBICHHUM
IHOKAEHTaM 3 iH(QOpMaIIHHOT Oe3MeKH.

BucHoBku. HaykoBa HOBH3HA JOCIIDKEHb MOJISTAa€ B TOMY, IO BIIEpILE 3alIPOIIOHOBAHA MOJIENb OIIEPaTHBHOIO MEHEKMEHTY KibepOesiie-
KOI0O KPUTUYHO BaXKJIUBHMX KOMII'IOTEPHHUX CHUCTEM i CHHTE3y ONTHUMI30BAHUX KOMILIEKCIB 3ac00iB 3aXUCTY, 0 Oa3yeTbcs Ha MopdooriuHiit
napagurmi. [Ipakti4Ha HIHHICTH PO3pOOIEHUX METOMIB 1 3aC00IB MOJISrae B TOMY, 110 BOHH 3a0€3IeUyI0Th: €KOHOMIIO Yacy Ha eTarni nodynoBu
KOMIIJIEKCHUX CHCTeM KibepOe3neku 00’ eKTiB iHpopMaTu3aLii; migBuILeHHs e()eKTHBHOCTI BUOOPY ONTHMI30BaHUX MOIYIBHUX CHCTEM Kibep3a-
XHUCTY; apI'yMEHTOBAHICTb NPUIHATUX pillIeHb B MPOLECI CTPATEri4HOrO, ONEPATUBHOIO Ta OPraHi3aLiiHOr0 MEHEPKMEHTY 3aXMCTOM 00 €KTiB
indopmaTusanii.

Kumouosi cioBa: indopmaniiina 6e3neka, ynpapiiHHs 3aXUcToM iH(poOpMallii, cucTeMa MiITPUMKH pillleHHs, palioHaabHUI Habip 3ac00iB
3aXHCTY.

Jlaxuo B. A.

JI-p TexH. HayK, JIOLEHT, 3aB. KaeApbl OpraHM3aluy KOMIUICKCHOH 3amuThl nH(popManuu, EBponeiickuii ynusepcurer, Kues, Ykpanna

PABPABOTKA CUCTEMBI ITOJJAEPKKW PELIEHUMI 11O YIIPABJIEHUIO KUBEP3AILIIMTOM

AKTyaJabHOCTB. B pabote pemieHa aktyasibHas 3a1a4a pa3BUTHS MAaTEMAaTHYECKOTO 00ECIICUEHHSI CHCTEM MOAJIEPKKH MIPHUHATHS peIICHIH
110 KnOepOe30nacHOCTH Ha OCHOBE BHIOOpA ONTHMU3MPOBAHHBIX BAPHAHTOB PEarnpoBaHUs HAa MHLIUICHTHI C YU4ETOM 3KCILIyaTallHOHHBIX
IIapaMeTpOB OOBEKTa 3aIUTHI.

Lean. Pa3zpaborka Mozme MpOTUBOACHCTBHS KHOEPYTrpo3aM Ha OCHOBE IIPUMEHEHHS CUCTEMBI ITOJIICPKKU PELICHHUH 110 BEIOOPY ONTHMU-
3MPOBAHHBIX BAPHAHTOB PEarnpOBAaHUs Ha MHIUACHTHI KHOEpOE30IIacHOCTH C Y4ETOM TeKyIIel HHPOpMaLnH, KacaloIeHCsl 0OEKTOB 3allUTHI.

MeTtoa. Pazpaborana Mozenb ONepaTHBHOTO MEHEPKMEHTA KHOEepOe30I1acCHOCThIO KPUTHYECKU BaXKHBIX KOMIIBIOTEPHBIX CHCTEM U CHHTE3a
palMOHATBHBIX KOMIUIEKCOB CPEACTB 3aImuThl. Mozens Gasupyercst Ha MOP(OIOruuecKoil mapaaurme. [IpeanokeHo OCyIIeCTBIATh BIOOp
ONTHMHU3MPOBAHHBIX BAPHAHTOB KOMILICKCOB JIJISI IEPUMETPOB KHOEP3aIUTHI C IIOMOIIBIO LIENIeBOM (DYHKIIMU, KOTOPAst MAKCHMU3UPYET OTHOIIIE-
HHUE 0000MIEHHOTO HH/IEKCA «3AIlUIIEHHOCTh HH()OPMAIHI K HTOTOBOMY TTOKA3aTEN0 «3aTPaTh».

PesynbTaThl. Pazpaborana Momenp ONEpaTHBHOTO MEHEMKMEHTa KHOEpOEe30MacCHOCThI0 KPUTHUYCCKH BAaXKHBIX KOMITBIOTEPHBIX CHCTEM.
Moyienb TO3BOJISIET C YIETOM COBOKYITHOCTH MOP(OJIOTHUECKUX MATPHII, TIOrOTABIMBAEMBIX B X0/1€ PAOOTHI CHCTEMBI TTOIICPKKH MPHHSATUS
PpelIeH i TSl KaKI0T0 M3 paccMaTpUBaeMbIX B paboTe MepUMETPOB, CrEHEPUPOBATh BApHATHBHBIC HAOOPHI KOMILICKCOB 3aIIUThI, B KOTOPBIX
yuYTeHa WX alapaTHO-IPOrpaMMHAsi COBMECTHUMOCTh. Pa3paboTaH mporpaMMHBIH KOMILIEKC /Uil MHTE/UICKTYAIbHOW MOMACPKKH MPUHSTHS
pelIeHnii B 3a/1auax yrpaBieHus KubepOe30macHOCThI0 00bekTa nH(popMaTH3anuu. JJoka3aHo, YTO MCIOIb30BaHUE PAa3pabOTaHHON CHCTEMBI
MO/IZICPKKH PEIICHUH MO3BOIISIET CYIIECTBEHHO YMEHBIINTD TUNIAHUPYEMbIE PACXOIbI HA KOMILJIEKChI CPEICTB KMOEP3aIHTHI, a TAKXKE COKPATHTh
BpeMsi HH()OPMHUPOBAHUsI OTBETCTBEHHBIX JIUI] O CIIOCOOAX MPOTHBOICHCTBUS BBISBICHHBIM HHIMICHTaM HH()OPMAIIMOHHON 0€3011aCHOCTH.

BoiBoabl. HayuHast HOBH3HA HCCIIEIOBAHHMI COCTOHUT B TOM, YTO BIIEPBBIC MPEIIIOKEHA MOJIEb OMIEPaTHBHOIO MEHEKMEHTa Krbephe3o-
MACHOCTBI0 KPUTHYCCKH BAKHBIX KOMITBIOTEPHBIX CHCTEM M CHHTE3a ONTHMHU3UPOBAHHBIX KOMILIEKCOB CPEICTB 3aIlUThI, OA3UPYIOLIAsCS Ha
Mopdonorunueckoit mapaaurme. [IpakTudeckas HEHHOCTh pa3pabOTaHHBIX METONOB M CPE/ICTB 3aKJIIOYAETCSl B TOM, YTO OHH O0ECIIEUMBAIOT:
SKOHOMHIO BPEMEHH Ha 3Tarle MOCTPOCHHsT KOMILICKCHBIX CHCTEM KHOepOe30macHOCTH 00bEeKTOB HH(OPMATH3aLUH; TOBBIIICHNE () (HEKTHBHO-
CTH BBIOOPA ONTUMH3UPOBAHHBIX MOJYJIBHBIX CHCTEM KHOEpP3aIlUThI; apTYMEHTHPOBAHHOCTh [TPUHIMACMBIX PEIICHH B MIPOLIECCEe CTPATETH-
YECKOT0, OMEPATHBHOTO W OPTaHM3aIHOHHOTO MEHEKMEHTa 3al[UTOH 0O0BEKTOB MH(OPMATH3AIMH.

Karouesblie ciioBa: nH(OpMaIMOHHAsI 0€30M1ACHOCTb, YIIPABICHHE 3alIUTOH HH(OPMAIMHU, CUCTEMA MOAICPKKH PEIICHUS, PAIlHOHATBHBIH
HaOOp CPEJICTB 3aIIHTHI.
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Monogeubka-IpuHuyk K. B.

KaHd. mexH. Hayk, douyeHm, OoueHm Kaghedpu KOMITIOMEPHUX mexHosnoeil i ModerntsaHHss cucmem XKUumomupcbKo2o
HauioHanbHo20 a2poeKkonoziyHo20 yHieepcumemy, XXumomup, YkpaiHa

METO[ BUABNEHHA O3HAK IHOOPMALIUHMX BMNJIUBIB Y
COUIANNIbHUX IHTEPHET-CEPBICAX 3A 3MICTOBHUMUW O3HAKAMMU

AkTyanpHicTb. CbOTojHI COLiabHI IHTEPHET-CEPBICH MEPETBOPUIINCSA HA €(EKTUBHUIl IHCTPYMEHT KOMYHIKallii MK ydacHUKaMu
BIpTYaJIbHUX CIUIBHOT — aKTOpaMu. 3 OISy Ha BUCOKY LIBHIKICTb MOIIMPEHHS KOHTEHTY, TPAHCKOPJOHHICTb IPOLIECIB B3a€MO/Iii aKTOpiB,
HasBHICTh 3ac00iB I iX opraHizauii y rpynu, couianbHi-IHTEpDHET CEPBICH MOXYTb 3aCTOCOBYBATHCS K Ji€BUH 3aci0 IpOBeIEHHs
iH(opMaLitHUX onepaliil mpoTH JTIOAUHY, CYCIIUIBCTBA, JepxaBu. B npouecax koMyHikalii akTopiB y BipTyallbHUX CHIIBHOTaX Haluacrime
BUKOPHCTOBYETbCS TEKCTOBUI KOHTEHT. Po3poOneHHst eheKTUBHUX aIropuTMiB (yHKIIOHYBaHHS CHCTeMHU 3abe3nedeHHs iHpopMaiiiinoi
Oe3neKu JepiKaBy Ul BUpIMIEHHS IPOOIeMU MOHITOPUHTY TEKCTOBOIO KOHTEHTY COLaJbHHUX IHTEPHET-CEPBICIB € aKTyalbHUM TEOPETHKO-
MPUKJIAAHUM 3aBJaHHSIM.

Meta. Merolo 10CHiIXeHb € OOIpyHTYBaHHS i po3po0JeHHs METOAY BHSABIIEHHS iH(QOpMaLiifHUX BIUIMBIB y COLiaJbHUX IHTEpHET-
cepBicax 3a 3MiCTOBHMMH O3HaKaMU JJIs MiABUILEHHS e(eKTUBHOCTI CUCTeMH 3a0e3neueHHs iHdopMaliifHoT Oe3neku JepiKaBH.

MeTtoa. Po3poGuienuil Meron IpyHTYeTbCS HAa Cy4acHHMX IIJXO4AaX 10 IHTEIEKTYalbHOrO aHaji3y TEKCTOBOTO KOHTEHTY — JIATEHTHO-
CEMAHTHYHOMY iHJIEKCYBaHHIO 1 CEMAHTMYHOMY aHaJi3i Ha 6a3i OHTONOTIM.

Pe3syabraTu. B pesynbrari J1aTeHTHO-CEMAHTHYHOIO 1HIEKCYBaHHs BiIOMpaeTbcsl peleBaHTHHN 3alaHiil TEeMaTHIl TEKCTOBUH KOHTEHT
Ha OCHOBI Horo 3micTy i 6e3 BpaxyBaHHs IIUIBHOCTI KII04OBUX C1iB. Ha erami ceMaHTHYHOro aHaji3y peanizoBaHO MPOLELYPH IOAAIbIIOTO
BUSIBJICHHS HEOE3MEUHNX CEMAHTHYHUX KOHCTPYKLI y BiiOpaHOMY TEKCTOBOMY KOHTEHTI. Y BUIAJIKy AE€TEKTYBaHHS CyHEepewIMBUX (parMeHTiB
TEKCTOBOIO KOHTEHTY 1 OHTOJIOrI Ta micis iX aHali3y eKClepTaMM BHKOHYETbCS HAIllOBHEHHS OHTOJIOTIYHMX 0a3 3HaHb M1a0IOHAMU 3arpo3
iHpopManiiiHii Oe3meni y comiaJbHUX iHTepHET-cepBicax. TakuM YMHOM, KOMOIHAIS METOIIB JIATCHTHO-CEMAHTUYHOTO iHIEKCYBaHHS 1
CEMaHTHYHOIO aHali3y 3a0e3neuye B3a€MHY KOMIIEHCALIIIO iX HEJIONIKIB Ta BUSBICHHS IPUXOBAHHX 3aJIEXHOCTEH MK MOBHUMH OJUHULIAMH.

BucHoBKH. 3aBISKH pO3p00IEHOMY METOlY BUSIBJICHHS O3HAK iH(OpMaLiIiHUX BIIUBIB y COLIAIbHUX IHTEPHET-CEPBICaX aBTOMATHU3YIOThCS
npouexypu ineHtudikanii y BipTyanbHHX cninbHOTax iH(opMauiliHUX omepauiil, HanpaBiIeHUX NPOTH iHGOpPMaIiiHOI Oe3MeKu JIOAUHH,
CYCILIBCTBA, IepKaBU. 3aCTOCYBaHHSI 3aIIPOIIOHOBAHOTO METOY BUSIBJICHHS O3HAK 1H(OPMALIHHUX BIUIMBIB J103BOJISE MiABULIUTH €EeKTHBHICTH
1 IIBUJIKOJIIFO CHCTEMHU 3a0e31eueHHs iH(opMaliifHOi Oe3EeKH Iep>KaBU B COLIAIBHIX IHTEPHET-CEpBicax SIK CKJIaJ0BOI HaIlIOHAIBHOI Oe31eKn
Vkpainn.

KuouoBi c10Ba: conianbHUM iHTEpHET-CEpBIC, iHpopMalliiiHa 6e31eka, 3arpo3a, TEKCTOBUI KOHTEHT, JIATEHTHO-CEeMaHTHYHE 1HIEKCYBaHH,
CEMaHTUYHUI aHai3, OHTOJOTIS.

HOMEHKJIATYPA p, € P, — KOHIIENT OHTOIOTIT TOCHTiMKYBaHOI BipTyaJIbHOI

n

i — KUIbKICTh KJIIOYOBHX CIIIB; CIIIJIBHOTH;

J — KUIBKICTh ITyOJTiKalliii aKTOpiB;

.. . 1, eR (Pn) — MHOXXHWHA BiJIHOIIICHb, SIKI BKa3ylOTh Ha
k — KITBKICTh CHHTYISIPHUX 3HAUY€Hb MATPHIL;

Hebe3IeKy I ASAKOTO KOHLENTY p, ;
W= w,) — Kmoosi croa; D — xomekuii myOmiKarii;
1 9

M — yacToTHa MaTpuLs; .
TPHILA, LSI — narenTHO-CeMaHTHYHE 1HAECKCYBaHHS;

Ui V" — oprorosaibHi MaTpHIIi;
S — JiaroHajibHa MaTpUIL,

P — cxiHueHHa MHOXXMHA KOHLENTIB;

n

R, — CKiHY€HHAa MHOXMHA BiJIHOLIEHb MiX KOHLIEIITAMM;

P ( pn) € P, — miaMHOKMHA MHOXHHH KoHLenTiB P, cy-
MDKHUX JI0 J€SIKOTO KOHLENTY p)3

P, (rn) € P, — niaMHOXHHA MHOKHHH KOHUENTiB P, iHim-

JCHTHUX 110 BiZ[HOH.IeHH}I 7’;[,

R, ( D, ) € R, — miIMHOXHHA MHOXHHH BiJIHOUICHb R ,
IHIMAEHTHHX JI0 JEAKOr0 KOHLENTY )

R, ( pn) € R, — miIMHOXVMHA MHOXXHHH BiJHONIEHb R ,
AKa BKasye Ha HEOE3MEKy Ui KOHUENTY [);

7 ( pt) — JlesIKe BiTHOMIEHHS 3 TeKcToBoro KoHTeHTy CIC,

[0 aHATI3yeThCS,
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Ont — OHTOJIOTIS;
CIC — corianpHui iHTEpHET-CEPBIC.

BCTYII

Ha cydacHomy erami 3HauHy poJib B MpoIecax KOMYHi-
Kallii CyCHiJIbCTBa BiJIITPalOTh COIiaJIbHI 1HTEPHET-CEPBiCH
(CIC), sixi 3a0e31euy0Th YYaCHUKIB BIpTyabHUX CIIJIBHOT —
aKTOpiB, HOBITHIMHU 3aco0amMu B3aemoii [1]. 3aBasku KoMmy-
Hikaniitaum nepeBaram [2] CIC neperBopuimcs Ha MOTYXK-
HUH IHCTPYMEHT B3a€MOJii TPOMASTHCHKOTO CYCHiNbCTBA 1
nepxaBH, (GOpMyBaHHS CYCHIJIBHOI [yMKH 3 0araTbOoX akTy-
anpHUX nHTaHb. OIHAK, BHACHIAOK IIUPOKOI HOMYISIPHOCTI
CIC cranu i aieBuM 3aco00M TpoBelieHHs iHQOpMaIiHHIX
ornepaliid poTH JIFOIWHY, CYCIIBCTBA, JepKaBu. BcraHOB-
JIEHO, 110 O3Haku iHdopmariiitHux BrumBiB y CIC nonissHO
00’elHATH B TPYNH 32 TAKUMH XapaKTePUCTHKAMU — Opra-
Hi3aliiHi, 3MICTOBHI Ta MaHINYIATHBHI. BusiBieHHs 3rana-
HUX O3HAaK, SIK MMOoKa3aHo B [1, 3], y nepiry dyepry nos’sizane 3
MOHITOPHUHTOM iX KOHTEHTY.

B cBoro uepry, KOHTEHT, SIKHIl T€HEPYEThCS aKTOpaMH
BIpTyaJIbHUX CIIJILHOT, MOKE€ OYTH MPEACTaBICHUN TEKCTO-
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[IPOTPECHBHI IHOOPMALIMHI TEXHOJIOI'TE

BUMH, aynio, Bieo, rpaivHIMH Ta HITUMH THIIAMH JaHHX.
JocmimpKkeHHs CITiBBiTHOIICHHS BUiB KoHTeHTY B CIC moxa-
3yI0Th, IO HAHOUTBIIY YacTKy iH(OpMamiifHOrO cepeloBH-
mja 3aiiMae TekCcToBui Tun nanHux [4]. B mepmry uepry, ne
MIOB’13aHO 3 BHCOKOIO MIBHAKICTIO HOTO CHOKHBAHHS aKTO-
paMu BipTyalbHHX CIIIBHOT 3aBJISKH YHiBEpPCalbHOCTI,
BiZICyTHOCTI 3aJI€KHOCTI IKOCTi BiT0Opa>keHHS BiJI THITY KiHITe-
BOTO NPHUCTPOI0 KOpHcTyBada. [TomynspHICTH TEKCTOBOTO
KOHTEHTY BH3HAYA€ThCS 3aKJIAJCHOI0 B HOTO 3MICT ifeelo,
sKa IPUHMalod pi3Hi (OPMH IOKIMKaHA JOHECTH N0 aKTO-
pa ToTpiOHI KapTHHH CYCHUIBHUX UM MOJITHYHHAX MOJIH.

OpnHak, sSIK MOKa3aHo B [1], 3MICT TEKCTOBOTO KOHTEHTY
MOX€ MICTUTH ACCTPYKTHUBHUH iH(GopMamiiiHuil BIITUB y
SIBHOMY 200 IIPHXOBaHOMY BHIIAI. Bucoka ckimamHicTh mpo-
LeAyp aHa;i3y 3MiCTy TEKCTOBOTO KOHTEHTY i 0COOIMBO
ABTOMATHYHOTO aHAJi3y, IPH3BOJUTH O YCKJIQJHEHHS IIPO-
I[eCy BHSIBIICHHS IOYAaTKy Ta caMoro (hakTy iH(opMariifHo-
ro suBy B CIC. Tomy po3poOneHHS e(eKTUBHUX alro-
puTMiB (DyHKIIOHYBaHHS CHCTEMH 3a0e3nedeHHs iH(popMa-
niifHol Oe3mekH nepkaBU s BUPINIEHHS IPoOIeMH
MOHITOpPHHTY TekcToBoro koHTeHTy CIC € akTyanpHHM Teo-
PETHKO-TIPHKIIATHAM 3aBJAHHIM.

Mera crarTi nonsrae B OOIpyHTyBaHHI ¥ po3poOJIeHHI
METO/Ty BUSIBJICHHS iH(popManiifaux BiumBiB B CIC 3a 3MicTOB-
HUMH O3HAaKaMH, KU JJO3BOJIHTH ITiABUIIUTH e(eKTHBHICTH
GyHKIIOHYBAaHHS cHCTeMH 3abe3nmedeHHs iH(opMmariitHol
0e3meKkn Jep KaBH.

JInst TOCATHEHHS IIOCTaBIICHOI B CTAaTTi METH HEOOXiTHO
PO3B’s3aTH TaKi YaCTHHHI 3aBJaHHS:

— MPOAHANI3YBATH Cy4acH! MiJXOJW O BUSBIICHHS 3ar-
po3 iHpopMmaniiiHii Oe3meni gepxaBH iHpOpMAaLiHHO-TICH-
XOJIOTIYHOTO XapakKTepy B PO3pi3i aHANi3y TEKCTOBOTO KOH-
tenty CIC;

— BCTAHOBHUTH HANPSIMKH MiIBUIICHHS ¢PEKTHUBHOCTI
(GyHKIIOHYBaHHS cucTeMH 3a0e3nedceHHs iHpopMmatiitHol
Oe3neku JiepKaBy I 3aBUACHOTO BUSIBJICHHS O3HAK iH(Op-
Maniitaux BrumBiB y CIC;

— po3pobutu Meton imeHTUdikamii iHGopMamiHHUX
BIUTHBIB HA OCHOBI BHSBJICHHS iX O3HAK B 3MICTi TEKCTOBOTO
KOHTEHTY, KU T€HepyeThCsl a00 MOMIUPIOETHCS AKTOPaAMHU
y BipTyasnbHux crigbHoTax CIC;

— MEPEeBIPUTH JOCTOBIPHICTH 3alPONOHOBAHOTO METOJY
Ha pearbHUX NPHUKIaNax.

1 IIOCTAHOBKA 3AJJAUI

[MocraBuMo 3ama4y po3poOUTH METON BUSIBICHHS iH(DOP-
MaliiHUX BIUIMBIB Ha akTopiB BipTyanbHux crigbHOT CIC,
SIKMI 3a0€3MeYnTh 3aJlaHy JOCTOBIPHICTH (DYHKIIIOHYBaHHS,
BUSIBJICHHS BIZIOMHX Ta HOBHX 3arpo3 B sSIBHOMY ab0 MpHXO-
BaHOMY BHUIIIS/II, peali3oBaHICTh 32 YMOBH OOMEXEHOTO 3a-
Oe3mneueHHs1 pecypcaMu. Bubip TEKCTOBOTO KOHTEHTY MJIS
JOCSTHEHHSI METH JIOCIIPKEHHS IPOBOJUTHCS BIAMOBIAHO O
BHMOT' KDUTUYHOCTI 1 3HAYYIIOCTI HOr0 TeMaTHKH Jyisl iH(Oop-
MariitHoi Oe3neku aepkaBu. s po3B’ 3Ky 3a7a4i HEoOXiji-
HO y3araJlbHUTH 1 CHUCTEMAaTHU3yBAaTH 3MICTOBHI O3HAKH JUJIS
BUSIBJICHHSI 1H()OpMAIlIfHOTO BIUTHBY Ha akTopiB. Bukopuc-
TaTH Cy4acHI IiJXOJH JI0 1HTEJIEKTYaJIbHOTO aHaji3y TEKCTO-
BOIO KOHTEHTY, a JUIsl TOOYIOBH OHTOJIOTIH OOMPAIOThCS Mpesi-
METHI 00J1acTi, MoB’s13aHi 13 3a0e3neueHHsM iHpopMaLiiHOT
Oe3mneku aepkaBu. Po3pobiieHnii MeTo/1 MOBHHEH 3a0e3re-
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9YUTH 33/1aHy MIBUAKOMIIO IS aBTOMATH3aIlil MpoIexyp BH-
SIBJICHHS 3arpo3 iHpopMariiauii Oe3meni nepxaBH i GyHKI-
10HYBaHHS MiJICHCTEMH MOHITOPHHTY iH(opMariiiHoro ce-
penoBuIma cucTeMHu 3a0e3nedeHHs iHdopmaniiHOI Oesme-
ku nepxasu y CIC.

2 OUIA A JJITEPATYPHA

AHai3 OCTaHHIX JOCTIHKEHb 1 MyOiKamii nokas3as, 10
JUIsL 0OpOOKH 1 aHANi3y TEKCTOBOTO KOHTEHTY BHKOPHCTOBY-
IOThCSI METOJIM CTATHCTUYHOTO ¥ JIIHTBICTUYHOTO aHami3y [3,
5-9]. Iepma rpyma MeTOAiB IPYHTYEThCS Ha aHANI31 3MICTy
KOHTEHTY 32 YacTOTOIO CIIB, SIKi B HbOMY BUKOPHCTOBYIOTb-
csi. CUTPHUM HEHONIIKOM T'PYIH CTaTUCTHYHHX METOMIB €
HEMOXUIUBICTh BPaxXyBaHHs 3B’SI3HOCTI TEKCTOBOTO KOHTEH-
Ty 1, IK HACIiIOK, HOTO MPEICTaBICHHS Y BUIISII MHOKHHA
He TIOB’s13aHHUX MiX co0oro citiB abo Bag of Words [3, 5]. dns
YCYHEHHSI LbOTO HEHOJIKY BHKOPHCTOBYIOTH METOIHU
JIHTBICTHYHOTO aHAI3Y, SIKi BKIIOYAIOTH Taki piBHi: rpade-
MaTHYHHUN JJIs1 BUAUICHHS a03alliB, pedeHb 1 OKpEeMUX CIIiB,
MOpPGhOTOTIYHUM, KU Mae HAa MeTi BU3HAYEeHHS MOpQoio-
TIYHUX XapaKTEePUCTHK 1 CIOBO(GOPM BXiHOTO KOHTEHTY;
CHHTAKCUYHHI aHaNi3 JUIl BCTAHOBJICHHS CHHTAKCHYHOI 3a-
JIEXKHOCTI CITIB Y PEYeHH1; CeMaHTHYHHI aHaJIi3 JUIs 3MiCTOB-
HOTO PO3YMiHHS TEKCTOBOTO KOHTEHTY.

CeMaHTHYHHI aHANI3 € CKIAJIHOIO MPOLEIypOro, sKa
IPYHTY€ThCS Ha BHKOPHCTaHHI 0a3 3HAHB 1 Te3aypyciB JUIs
BiJIOOpaKeHHS 3B’SI3Ky MIXK OKPEMHMH CIOBAaMH W CIIOBOC-
noxydeHHsMU [3]. Pe3ynbraToM CEMaHTHYHOTO aHaIi3y €
(dopMaiti3oBaHe IMOJaHHS TEKCTOBOIO KOHTEHTY, SIKHH JOCI-
IDKY€EThCsI, JUTS MOAANBIIOTO iHTETeKTyalbHOTO aHamizy. o
HEJIONIKIB CYy4aCHHX CEMaHTHYHHX aHalli3aTOpiB MOXKHA
BiJJTHECTH BHCOKY BapTICTh 1X MiIATPUMKH JISI KOXKHOT OKpeMol
MOBH, iCTOTHY OOYHCIIOBAJbHY CKIAJHICTh, HEOJIHO3-
HAYHICTh pe3ynbrariB (QyHKIioHYBaHHS [3, 7].

[TpoGnema BusBIEHHS 03HAK iH(GOPMALIIHHUX BILIUBIB 32
3MICTOBHUMH O3HaKaMH HE OOMEXYEThCS JIIHTBICTHYHUM
aHaiizoM tekcroBoro koHTeHTy CIC. JleTekTyBaHHS 3arpos
CHCTEMOIO 3a0e3mneueHHs iHpopMaliiiHOi Oe3MneKn aepixa-
Bu B CIC Hajexuth, 30Kkpema, 10 3aaa4 iHdopmaliiHoro
nomyky [7]. Cepen KiIacHUHUX METOAIB iH(POpPMALIHHOTO
MOIIYKY BHIIJISIOTH TEOPETUKO-MHOXKHUHHI, alreOpHyHi Ta
rmoBipHicHI. OaHaK, iX 3actocyBaHHs s nomyky B CIC
TEKCTOBOTO KOHTEHTY 3 JICCTPYKTHBHHUM iH(OpMaIiitHUM
BIUIMBOM OOMEXYETHCSI PSIIOM HEIOJIKIB [3]: HEMOXIIHMBI-
CTIO PAaH)KyBaHHS PE3YIBTAaTiB MOLIYKY; PO3PaXyHKH ITOB’S-
3aHl 31 3HaYHUMH 00’ €MaMU JaHMX; HU3bKa OOYMCITIOBAILHA
MaciTaboBaHiCTh 1 HEOOXIHICTh HaBYaHHS CHUCTEMH. Tomy
MEPCIEKTHBHUM HaNpsIMKOM € BUKOPUCTAaHHS MOJeNeH ce-
MaHTHYHOTO TOIIYKY Ta aHai3y, sIKi BpaXOBYIOTh 3MICT TEK-
CTOBOTO KOHTEHTY.

BcraHoBIeHO, 1110 B ICHYFOUHX JTOCIIPKEHHAX TPOOIIEMH
BusiBiieHHs iH(opMmaniiiHux BuiuBiB y CIC He BHKOpHUCTO-
BYETbCS KOMIUICKCHUH MiaXija, sSIKHH OW CHCTeMaTH3yBaB 1
y3arajibHUB 1X 4acTWHHI O03HaKu. [IpoTHpivyys MixX piBHEM
PO3BHUTKY Cy4acHUX iH(OpMAIIMHUX TEXHOJIOTIH i HAYKOBUM
0a3ucoM aBTOMaTM30BaHOro BusBJieHHS 3arpo3 B CIC,
BIJICYTHICTb JIEBHX METOJMK 3MICTOBHOTO aHAJIi3y TEKCTOBO-
ro kouTenTy CIC Ha mpeaMer IecTpyKTHBHOTO iH(opmariii-
HOTO BIUIUBY JOIATKOBO aKTyali3ylOTh OOpaHHUN HANpSIMOK
JIOCIIIDKEHD.
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He OB’ s13aHHUX MiX co0oro ciiB abo Bag of Words [3, 5]. dns
YCYHEHHS IbOTO HENONIKYy BHKOPHUCTOBYIOTH METORH
JIHTBICTHYHOTO aHAJ3Y, SIKi BKIIOYAIOTH Taki piBHi: rpade-
MaTHYHHUN JJIs1 BUAUICHHS a03aliB, pedeHb 1 OKpEeMHUX CIIiB,;
MOP(hOITOTIYHUN, KU Mae Ha MeTi BH3HAYEeHHS MOpQoio-
TIYHUX XapaKTEePUCTHK 1 CIOBO(GOPM BXiHOTO KOHTEHTY;
CHHTAKCUYHHI aHaNi3 JUId BCTAHOBJICHHS CHHTAKCHYHOI 3a-
JIXKHOCTI CITIB Y PEYeHH1; CeMaHTHYHHIA aHaJIi3 JUIS 3MiCTOB-
HOTO PO3YMiHHS TEKCTOBOTO KOHTEHTY.

CeMaHTHYHHH aHANI3 € CKJIATHOI MPOUIEyporo, sKa
IPYHTY€ThCS HAa BHKOPHCTAaHHI 0a3 3HAHB 1 Te3aypyciB JUIs
BiZJOOpa’keHHS 3B’SI3Ky MK OKPEMHMH CIOBaMH H CIIOBOC-
noxydeHHsMU [3]. Pe3ynbraToM CEMaHTHYHOTO aHAIi3y €
(dopmarizoBaHe ITOTAHHS TEKCTOBOTO KOHTEHTY, SIKHI JOC-
JIJKYETBCS, UTS IONAIBIIOTO 1HTETEKTyalIbHOroO anamizy. J{o
HEJIONIKIB CYy4aCHHX CEMaHTHYHHX aHalli3aTOpiB MOXKHA
BiJJTHECTH BHCOKY BapTICTh 1X MiIATPUMKH JISI KOXKHOT OKpeMol
MOBH, ICTOTHY OOYHCIIOBaIbHY CKJIaJHICTh, HEOJHO3-
HAYHICTh Pe3yIbTaTiB (yHKIIOHYyBaHHA [3, 7].

ITpobnema BHUABIECHHS O3HAK iH(GOpPMANIfHUX BIUIMBIB 3a
3MICTOBHUMH O3HaKaMH He OOMEXYEThCS JIHTBICTHIHUM
aHanizoM TekcroBoro koHTeHTy CIC. JleTekTyBaHHS 3arpo3
cucTeMoI0 3a0e3meueHHs iHpopMamiiHoi Oe3neku aepikaBy
B CIC nanexurb, 30KpeMa, 10 3a1a4 iH(GOpMAaIiiHOIO Morry-
Ky [7]. Cepen KiacMYHHUX METOAIB iH(POPMAIIHOTO MOLIYKY
BUAUTSIFOTH TEOPETUKO-MHOKHHHI, aJITeOpUYHI Ta KMOBIPHICHI.
Opnak, ix 3actocyBanns mis noryky B CIC TekcToBOro KoH-
TEHTY 3 JECTPYKTHBHUM iH(OpMAI[iiHUM BILUIMBOM OOMe-
KYETBCS PSAZAOM HEMOMIKIB [3]: HEMOXIIMBICTIO paH)KyBaHHS
pe3yNbTaTiB MONIYKY; PO3paxyHKH IOB’s3aHi 31 3HAUHUMU
00’eMaMM JaHMX; HU3bKa OOYMCIIIOBaJIbHA MacIITaOOBaHICTh
1 HEOOXI/IHICTh HaBUAHHS CHCTEMH. TOMY MEpPCHEKTHBHUM
HANpPSIMKOM € BUKOPHCTaHHS MOJEed CeMaHTUYHOTO IOIIy-
Ky Ta aHaji3y, SKi BPaXOBYIOTh 3MICT TEKCTOBOTO KOHTCHTY.

BcraHoBII€HO, 1110 B ICHYFOUMX JOCHIHKEHHSAX MPOOIeMH
BusiBJIeHHs iH(opmariiinux BrukBiB y CIC He BUKOPHUCTOBYETh-
Csl KOMIUIGKCHHMI MifIXi, SIKAi OM CUCTeMaTH3yBaB 1 y3arajbHUB
X YacTWHHI 03HAKHU. [IpOTHPIYUst MiXK PIBHEM PO3BUTKY Cydac-
HHUX iH(pOpMAIIHUX TEXHOMNOTIH 1 HAyKOBUM 0a3MCOM aBTOMa-
TU30BaHOTO BUsiBNicHHs 3arpo3 B CIC, BiICyTHICTB JIIEBUX METO-
JIMK 3MICTOBHOTO aHaiizy Tekcroporo koHteHTy CIC Ha mpen-
MET JIECTPYKTHBHOTO iHPOPMAIIHHOTO BIUIHBY JTOJATKOBO
AKTYali3yl0Th 00paHUi HANPSIMOK JIOCIIKEHb.

3 MATEPIAJIA 1 METOIN

3 [5, 6] BijgoMo, 1110 B 3arajbHOMY BHIVISII Cy4acHI cucTe-
MH BUSIBIICHHSI 3arp03 SIK B TEKCTOBOMY KOHTEHTI, TaK i B Tex-
HIYHUX CHCTeMaX, (YHKIIIOHYIOTh Ha OCHOBI TaKHX 0a30BHX
METOIiB:

— CHTHATYpHI, i7ies IKUX MoJjIsrae B ieHTudikarii 3arpos
i3 BUKOPHCTAHHSM BiJIOMHX 3Ha4€Hb iX MapaMeTpiB;

— BUSIBIIEHHS aHOMAJIii Ha 0a3i BiIXWIEHb BiJl €TaJIOHHOI
MoJen (QyHKIIOHYBaHHS 00’€KTa TOCIiKEHb.

CurHaTypHi METOIU BiIPi3HSAIOTHCS BHCOKOIO €(EKTHBH-
icTr0, a 3arpo3a, B CBOIO Uepry, OIICYEThCS y BUIIAAL Ha0o-
py mpaBm uu dopmanbHoi Mozeni. OfHaK, y pasi BiacyT-
HOCTI MOZIEII IeSTKOT 3arpO3H B CHCTEMI, 11 iIeHTH(iKallis CTae
HEMOXUINBOIO. [leTeKTyBaHHS CHCTEMOIO BHSIBIICHHS 3arpo3
AQHOMAJIBHOI MOBEIHKH 00’€KTa JOCIIIKCHHS IIOB’sI3aHE 3
MOro HaBYaHHSAM €TaJOHHINM ITOBEMIHIN, BIAXMUIEHHS Bill SKOL
BKa3ye Ha MOsBY 3arpo3d. B okpeMmx BHIaaKax OMHC 3arpo-
31 MO)Ke 30iraTucs 3 €TaJIOHHOIO ITOBENIHKOIO 00’€KTa, II0
ICTOTHO BIUTMBA€E Ha JIOCTOBIPHICTH (YHKIIIOHYBaHHS CHCTeE-
MH BHSBJIECHHS 3arpo3. ToMy NMepCcreKTHBHHM HAIPSIMKOM €
pO3poOKa TaKWX METOXIB BUSBJIEHHS 3arpo3 iHdopmamiiiHiif
oesneni nepxxasu B CIC 3a 3MICTOBHIMH O3HaKaMH, sIKi 3a-
Oe3meuaTh 3aaHy JOCTOBIPHICTH (DYyHKIIOHYBAHHS, BHSB-
JICHHS BiJJOMHUX Ta HOBHX 3arpo3 B SBHOMY a00 IIPHXOBaHO-
My BHIVIAI, peali3oBaHICTh 32 YMOBH OOMEXEHOTo 3abe3-
HEeYeHHS PecypcaMH.

V pe3ynsTati y3aralsHEHHS BiJOMHX IIAXOMIB 10 iH(Op-
MaIiifHOTO MOIIYKy i JIIHIBICTHYHOTO aHaii3y koHTeHTy CIC
PO3POOIEHO METOH BHSBICHHS iH(OpPMAIiHHNX BIUIMBIB Ha
OCHOBI BCTaHOBJICHHS iX O3HAK Y 3MICTi TEKCTOBOTO KOHTEH-
Ty, IKUH 3BOJUTHCS IO TaKOTO.

Eran 1. INomyk tekcroBoro kouTeHTy B CIC 3a 3amanum
iH}opmamiitHuM npuBogoMm. Ha mpomy erari BH3HA4aOTh-

cs KIo4oBi copa W = <w,> ,i=1,n I IOMYKY TEKCTO-
Boro koHTeHTY B CIC 3a kpuTepieM akTyalbHOCTI, KPHTHY-
HOCTi Ta PiBHSA OOTOBOPEHHS y CYCIUTIBCTBI HOTO TEMATHKH.
B maHOMy BHITaJIKy IMOCTaBJIE€HA 3ajada 3BOIUTHCS JO BHOO-
py MeTony iH(OpPMAIIfHOTO MOIIYKY TEKCTOBOTO KOHTEH-
Ty, SIKAA 33JJOBOJIBHSIE BIMOTaM DEIIEBAHTHOTO MOIIYKY TEeK-
CTOBOTO KOHTEHTY, eeKTHUBHIA 0OpoOIli, 30KpemMa, KOpOoT-
kux nyOnikamiii. ToMy NpOMOHYETHCS CKOPUCTATHUCS
METOJIOM JIATEHTHO-CeMaHTHYHOTO iHaekcyBanHs (LSI) (n1a-
TeHTHO-ceMaHTH4HOro aHamizy (LSA)) [7-9]. Ocobnusoc-
amu LSI € momryk kontenty B CIC Ha OCHOBI HOro 3MicTy, a
HE HIJIHOCTI KJIFOYOBHX CIIiB, 1 MOILIYK MPUXOBAHUX CEMaH-
THYHHX 3B’SA3KIB MIX KIOYOBHMH CIIOBaMH i Oe3nocepe-
HbO KoHTeHTOM. CyTh Metony LSI, aganToBanoro mia 3ama4i
JTOCITIJKEHHSI, HaBeJeHa Hkue [8].

Kpok 1.1 MeTony mosisirae y monepeaHii miaroTosii J10c-
nimpkyBaHoro koHteHty CIC muisixom BHAANCHHS CTOM-CIIIB,
creMMiHry a0o siemaru3sanii ciiB. CTomn-ciioBa 3yCTpi4aroTh-
cs y BChOMY KOHTEHTI i HE MaloTh 3MICTOBHOTO HaBaHTa-
KEHHsI, HAPUKJIaJ, CIIOJIYYHUKH, YACTKH, NPUHMEHHUKH
tomo. CTEMMIHT TIOJIATA€E y BUAJICHHI OCHOBH CJIOBA BUKJIIO-
YEHHSIM 3aKiH4eHb 1 Cy(iKCiB Ta € HEOOOB I3KOBUM Ha BEJH-
kux Habopax myonikaiii konrenty CIC. [{ns Bunaaky HeBe-
JIUKUX HaOOpiB MyOJiKalii JOLUIIBHO CKOPUCTATHCS aJITOPUT-
moMm Iloprtepa [10], skuii He BuMarae Mop(OIOTiYHUX
CIIOBHHKIB, a BUJIUJICHHS OCHOBH CJIOBa pealli3oBaHe Ha OC-
HOB1 BH3HA4YeHUX MpaBwmi. Jlemaruzamis — 1€ TPUBEICHHS
CJIOBa J0 CJIOBHHKOBOTO BHY.

Kpok 1.2. TIpu3HaueHui 7151 BUKIIIOUSHHS 3 JOCIIIKyBa-
Horo TekctoBoro kouTeHTy CIC citiB, siKi BXXHBAIOTBCS TUTBKH
onuH pas. JlaHuit Kpok He € 000B’S3KOBUM, OJHAK 3MEHIIYE
KUTBKICTh MOJANIBIINX OOYMCIICHD 1, K HACIIIOK, ITiJJBUIILYE
LIBUJIKOJIIO.
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Kpox 1.3. ®opmyBaHHS 4acTOTHOI MaTpHI Af KIIIOYO-
BUX CIiB W, Ki IHOEKCYIOTbCA. Psaaxamu ; miei MaTpwIi €
KJTIOUOBi CIIOBA JJ CEMAaHTHYHOTO Spa, 33 SKUM BHKOHYETh-
¢Sl MOHITOpPHHT TekcToBoro koHTeHTy CIC, a cToBHIsIMH
Jj -IIyOIikamnii akTopiB 94X BipTyadbHHX CHUTBHOT. Enementn
MATPHLL 77} NPEACTABISIIOTH COOOK YACTOTY BXKMBAHHS Jesi-
KOTO KJIFOUOBOTO CIIOBAa W B -i IyOmiKamii.

Kpok 1.4 nondrae B CHHTYIIPHOMY PO3KJIaJaHHI HOYaT-
KOBOI MaTpHIi )/ Ha TPH KOMIIOHEHTH

M =UxSxV7, M

nemarpuni UiV 7 MaroTh po3MipHICTB i x k Ta k x j Bimmo-
BifIHO; § — AiarOHaJbHA MATPHIIL PO3MIPHICTIO k x k, NIPH-
9OMYy k — KUIBKICTh IPHXOBAaHHMX TEMaTHK KOHTEHTY, a 1i erre-
MEHTH BIIOPSAKOBAHI 3a CHAJTaHHAM.

Ha xpoui 1.5 BHOSAIOTH Ti psAAKKA MaTpuii U 1 CTOBIII
V", sKi BIMOBIIAIOTh HAMOLIBIIMM CHHIYJISIPHEM YHCIAM k,
a X BeIIMYMHA — CTYIICHIO TIPOSBY KIFOYOBHUX CIIB y KOJNEKIii
myomikaniii B CIC.

VY pesynbraTi BUKOHaHHS €Tamy | BIA€THCS OfepXKaTh
konexkito myonikaniit y CIC, siki BiIIOBinaloTh CEeMaHTHIHO-
MY SIpy TOLIYKOBOTO 3amuTy. Taki myOmikarii miuIsraioTs
MOJABIIOMY CEMAHTHYHOMY aHaJli3y Ha OCHOBI OHTOMNOTIH.

Eramn 2. BusiBenns o3Hak iHdopmaniiaux Brumsis y CIC
Ha OCHOBI CHT'HaTYypHOTO METOIY i METOIy BHSBIICHHS aHO-
Mamii. CyTh TaHOTO eTally IOJATae y BUSABICHHI 3arpo3
iHdopmaniiHii 6e3meni nepxasi B CIC, ki MICTATBCS B TEK-
CTOBOMY KOHTEHTi, SIKUH I'€HepyeThcs ab0 MOMIMPIOETHCS
BipTyaJIbHUMH CITUTFHOTAMH, i MalOTh Ha METi BIUIUB HA aK-
TOpiB, iX cBOOOMY BHOOpY, JUCKPEAUTAIII0 OPraHiB BIaIH
Tomo [11]. KoHTEHT BipTyallbHUX CILIBHOT, IIPOiHIEKCOBA-
HUI 1 BiIiOpaHWii Ha TOMEPETHbOMY €Talll, MUIATae CeMaH-
TUYHOMY aHaii3y Ha 0a3i ontomnorii [12—17]. B po6ori [12]
BH3HAYCHO, 110 OHTOJIOTIS € EKCIUTIIUTHOI (SBHOIO) CIie-
nUQiKaIli€ewn OMUcy MHOKHHH 00 €KTIB, sIKi HA3MBAIOTh KOH-
LIENTaMH, 1 3B’S3KIB Mi’K HUMH — BiJHOIICHHAMH. 3MICT Jpy-
roro eramy I[OJNsArac B HACTYITHOMY.

Ha xpomi 2.1 ckinafarTbesi OHTONOTIS (QYHKIIOHYBAHHS
BipTyanbHoi criibHoTH B CIC

Ont=(P,R,). )

[Tpu upomy B oHTOMOTIT O £ ¢ (2) U1 aBTOMATH3AIIT TTO-
JANBIIOTO aHai3y TEKCTOBOTO KOHTCHTY BIPTyadbHHX
CIIIBHOT BHIINAIOTHCS HigMHOXHUHHU [S5] P (p,)e P,,

p
P, (r")e P,R, (pn)e R, R, (pn )e R ..

Kpok 2.2 nonsirae y mo0Oy1oBi ceMaHTHYHOTO OIHKCY TEK-
CTOBOTO KOHTEHTY, BUSIBIIEHOTO HA MEPIIOMY €Talli METOmy

Sem,=(P,,R,). 3)

Jlnst 3abe3medeHHst MBUIKOAIT QYHKIIIOHYBAHHS METOILY
JIOILIJILHO 3aCTOCOBYBAaTH aBTOMATHMYHI 3aco0M reHepaiii
oHtosoriid. JIo Takoro Kiacy mporpamMHUX IPOIYKTIB BiJHO-
catb Protégé, Ontology Learning Framework, LOGS, ABBYY
Compreno Tormo [13-16].

Kpoxk 2.3 3BonuThCs 10 BUSIBJICHHS O3HAK 3arpo3u y I0-
MepeHbO MPOIHACKCOBAHOMY Ha MEPIIOMY e€Tami METOMY
texkcroBomy koHTeHTI CIC. YV dopManbHOMY BUIVISIII TPaBH-
Jla BUSIBJICHHS 3arpo3 iHdopMaliiiHii 6e3ner 3BOAIThCs 10
TaKoro [5]:
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— JeTEeKTyBaHHA Ha OCHOBI CHTHATYypHOTO METOMY i ce-
MaHTUYHHUX O3HAK

Elr,(p,):ptePn/\rteRz(pn). 3)

Cyrb npaBuna (3) monsrae B HACTYITHOMY: JUTSI BUSIBJICH-
HS 3arpo3u iHdopMariiHii Oe3meri y 3MicTi TEKCTOBOTO KOH-
TEeHTY BipTyanbHOi cminbHOTH CIC HEOoOXiqHO BUSBUTH 3B’S-
30K MDK 00’€KTOM ITyOmikarii 3 HOro XapakTepuUCTHKaMH Yy
KOHTEHTI Ta HeTATHBHUMH O3HAKaMH I II-OTO 00’ €KTa BHAC-
JIJIOK peasti3amii 3arpo3u.

BusBneHHS cynepedHOCTe Ha OCHOBI BUSIBJIICHHS aHO-
Mallilf IIISIXOM CHiBCTaBJICHHS CEMaHTHYHOTO OIIHACY IIPO-
IHJIEKCOBAaHOTO TEKCTOBOTO KOHTEHTY i CEMaHTHYHOIO IMad-
JI0HY 3arpo3u. [IpH 1[bOMy BCTaHOBIIOETHCS HEBIIITOBITHICTD
¢axrtiB y korTeHTI CIC, 110 IIpOSBISETHCA SIK:

— HPOTHPIYYS MOHATH B 3MICTI KOHTEHTY BipTyalbHHUX
CIILTBHOT — BKMBAHHS KOHIIENTY B KOHKPETHOMY BiTHOIIECHHI
He nependadeHe OHTOJNOTIERO

El’;‘(pt):pteR’lAnERnAptgen(rn)' (4)

3MmicT npaBwia (4) MONSATAE B TAKOMY: JIESKAI KOHIIENT p,
TexkcroBoro koHTeHTy CIC He MoXe BKHMBaTHCS Yy KOHKpET-

HOMY BiJHOIICHH] ( P;) .

— MIPOTHPIYYS BiTHOIICHb B KOHTCHTI — BYKHUTE BiJXHOIICH-
HS MDK KOHIIENITAMH HE BH3HAYEHE OHTOJIOTIEIO

Vp,e P—-3r, e R, :r, =, %)

IpaBuio (5) TpakTyeTbes sSIK: MHOXKHHA BiTHOIICHD R,
OHTOJIOT1] (hYHKIIOHYBaHHS BipTyalbHOI CIIBHOTH, B SIKi
MOXYTh BCTYyIaTH KOHIIENTH p, € P,, sIKi TIOB’SI3aHi MIX CO-
0010 BiIHOIIEHHAMHM 7;, HE MICTHTbh LMX BiHOILIEHb.

Kpok 2.4 npusHaueHuii U1t pO3ropHYTOro aHalli3zy eKcrep-
TaM¥ POiHIEKCOBAHOTO TEKCTOBOI'O KOHTEHTY Ha IIPEIMET HasIB-
HocTi 3arpo3. Jlanuii kpok HeoOxiaauH, sikimo koHTeHT CIC € pe-
JIEBAHTHUM CEMaHTUIHOMY SAPY MOIITYKOBOT'O 3aIUTY 10 KOHTEH-
1y CIC 3 eramty 1, omHak Ha etari 2 He BUSBJICHO CYIIEPELIUBIX
(parMeHTiB TaKOro KOHTEHTY 1 oHTONOTii. Toxi ineHTH(iKOBaH1
eKcIiepTaMy HeOe3eUHi CeMaHTUIHI KOHCTPYKIII1 TOAaI0ThCs 10
1a0JIOHIB 3arpo3 i BAKOPUCTOBYIOTHCS B OHTONOTI1. B pe3ynbrari
Takux 1iif Metox LSI3a0e3neuye edeKTHBHE BUSIBIICHHS 3AI€KHO-
creil MK JlekcnIHUMH onrHALIME B KoHTeHT] CIC 117151 HaroBHEH-
HS1 OHTOJIOT1YHUX 0a3 3HaHb [18].

Merton BUSIBIIEHHS 3MICTOBHHI O3HAK iH(QOpMAIITHUX BIUABIB
y CIC 3 BUKOpHCTaHHSIM JIATEHTHOTO CEMAHTHYHOTO aHaJIi3y i ce-
MaHTUYHOT0 aHai3y Ha 0a31 OHTONOTI i IOMaHWH y BUITISII CTPYK-
TYpHOI CXeMH Ha puc. 1.

3acrocyBaHHsI po3pOOIIEHOr0 METOTY BHSIBIICHHS O3HAK 1H(OP-
MaIiifHUX BIUIMBIB J03BOJISIE 1IEHTH(IKYBATH y BipTyaJbHHX
crimpHOTax CIC iH(opMartiiiHi onepartii, HarpasIeHi MpoTH iHpOp-
MaIlifHOT Oe31IeKH JIFOAWHH, CyCITUIBCTBA, AepkaBu. [lepcriekTiBs-
HHM € BUKOPHCTaHH;I 3alIPOIIOHOBAHOTO METONY ULl QYHKIIIOHY-
BaHH;I CHCTeMH 3a0e3nedeHHsT iH(OopMaIliiftHOT Oe31eKH Iep>kaBy B
CIC, 30KpeMa aBTOMAaTH3AIlii IPOIIECiB MOHITOPHHTY 1H(OpMAITiii-
HOTO CEepEIOBHIIIA BipTyaTbHUX CITIUTEHOT. OKpeMe Miciie B 3a0e3re-
YeHHI (D)YHKIIIOHYBaHHS METOTY HAJIGXKHUTH EKCIIEPTaM i CITIBPOOIT-
HUKaM CIIeliaTbHUX MTIPO3MILIiB, Tepe IKUMH CTOITh 3aBIaHHSI BH-
SIBTICHHSI IECTPYKTUBHUX 1H(POPMAIliifHUX BILIHBIB Y TIOMIEPETHBO
npoiHaekcoBaHoMy 1 Biiopanomy koutenTi CIC. Ha ocHOBI Takmx
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171eHTH()IKOBAaHNX BIUIUBIB CTBOPIOIOTHCA CEMAaHTHYHI ITabIo-
HH 3arpo3 i OMar0ThCS O OHTONOTIYHHX 0a3 3HaHb.

4 EKCITEPUMEHTH

BignoBigHo 10 po3po0IeHOro MeTony AOCHiTUMO KOH-
teHT CIC Facebook Ha mpexmeT HasBHOCTI O3HaK iH(popMa-
LiffHOTrO BIUIMBY Ha akTOpiB. /IS mBOTO 3a1aMO CeMaHTH4-
HE PO

W = < maiigan; OaHAWTH; BIaa; MOIIisT; KOPYIIIIs;

IMKTaTypa; BiiHa; 3munHi; [lopomieHko; omirapxm>

JUIs. HOTO TOITYKY B KONeKil myOmikamiit D,, j=1,10 aKropa

Muxkonu Tafinyka B comianbHiit Mepexi Facebook. Ilicast Bu-
KOHAHHS IEPIIOrO €Tary Po3pOOIEHOr0 METOXY HOCIHiTH-

MO peJIeBaHTHI J0 3amuTy W myOmikamii, BUKOPHCTOBYIOYH
CEMAaHTHUYHHMII aHAII3 1 OHTONOTIYHI 0a3M 3HaHB.

5 PE3YJIbTATH

Pesynbraty mepioro erary (yHKIIOHYBaHHS METOLY BH-
SIBJICHHS 1H(OpPMAIifHNX BIUIMBIB IIOAAHO B Ta0I. 1.

3acrocyeMo 10 MaTpHIl B TaOn. | omeparito ZBOBUMIp-
HOTO CHHTYISPHOTO PO3KJIaxy, BHACTINOK SIKOTO OTpPHMae-
Mo Tpu Matpumi (puc. 2).

3 MeTol0 Bi3yami3amil pe3ylIsTaTiB pO3paxyHKIiB 300pa3u-
Mo ix Ha rpadiky (puc. 3).

3 puc. 3 BUHO, IO IPOIHJEKCOBAHI JOKyMeHTH D,, D,
Dy 1Dy, He 3Ba’Kal04U HAa HASABHICTh CIIB i3 3aAHOTO Ce-
MaHTHYIHOTO sjpa W, He peleBaHTHI MOIIYKOBOMY 3aIIHTY.

Bx; » : Bumanennaa
i i CTOTI-CITIB
KOHTEHT i ¢
: CreMMIHT RO SR, @opmyﬂam{a | Cusrymnapamii . Buapenna
i — [ YACTOTHOI MATPHLI[ P POSKIAL MATPHIN P  PEISBAHTHHX
i BXKHTHX OIHH a3 e
i ¢ M M ITyOmKAar i
Kmouosi ; Jlemarmzania
cI0Ba i
T Etan 1. ITomyk texeroBoro koHTeHTY CIC Ha 3a1aHy TeMATHRY
Excmepr
E=— h 4 \
SRR (x Ty
Pospobra Curnarypruii Merton amonmamit ICI0 HAABHOCTI
= 0 : CEMAHTHMHOIO [P MSTOJ BHABJICHHA [ UL BHABICHHA [P 3MICTOBHHX OIHAK >
OIHCY KOHTCHTY 3arpo3 3arpo3 mopMAHoro
BIUTHBY

Etan 2. BaasnenHn: osHak iHopManiiiaux srmesis y CIC

PucyHok 1 — Y3aranpHeHa CTpyKTypHa cxeMa MeToy BusiBJIeHHS iHpopmaniiinux BrukBiB y CIC 3a 3MICTOBHUMH O3HAKaMH

Tabmuus | — YactoTHA MaTpPUIsl IHIEKCOBAHUX CITIB
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Pucynok 2 — Pe3ynbrati po3paxyHKiB
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Pucynok 3 — Po3mozin konekiii myOikaiiiii B CEMaHTHYHOMY MIPOCTOPL

JlokyMeHTd D,, Dy, D, yTBOPIOIOTb HEOYEBUIHHH 3B 530K 3
TepMiHaMH, IO TMOB’S3aHi 31 «BCTAHOBJICHHSM JAMKTATYpU
omirapxary [ToporieHkay. Biau3bKuMHu 1 3MiCTY JOKYMEHTIB
D 1 D, € TepMiHU «OaHOUTHY, «BilfHAY, «KOPYIILIIsDH Ta «Maii-
JIaH», [Ki X 00’€HYIOTh B OKpEeMy Tpyiy. 3MICT JOKYMEHTY
D, HaHTICHIIIE OB’ S3aHUH 3 HU3BKUM piBHEM JKHTTS Hace-
JICHHS 1 HE MICTUTh MPUXOBAHMX 3aJIKHOCTEH BiJl IHIINX CIIiB
CEeMaHTHYHOTO Spa.

OTXKe, MOAATBIIOMY CEMaHTUIHOMY aHAIIi3y MiJJISTaroTh

pEJeBaHTHI 10 CEMAaHTHYHOTO Anpa W nokymeHtu D), Dy,
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Dy, D,, D;. TakuM YMHOM 3MEHIIYEThCS 3arajibHa KiTbKICTh
JIOKYMEHTIB ISl TIONAJIBIIIOTO JOCIIPKCHHS MOIYJIEM MOHi-
TOPUHTY KOHTCHTY CUCTeMHM 3abe3mneucHHs iH(opMamiiHol
6e3nexu B CIC, miaBUIIYIOTHCS €()EKTUBHICTD 1 IBUIKOMIS 1T
(GYHKIIOHYBaHHS.

Po3risiHeMO Okpemi eranmu CEeMaHTHYHOrO aHali3y Jio-
KyMEHTY D, 3MIiCT SIKOTO HaBEIEHUH Ha puc. 4.

®parMeHT CEMaHTUYHOTO OMHUCY LBOr0 AOKYMEHTa Ha-
BEJICHO Ha puC. 5.
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Mukona Falayk nolkpus BiNg0 B YKpaiHCEKa PEEONOLA.

B cepnHA - €&

YipaiHceka Pesoniouin gofac Hoes Moniledckk sanaMani NeHCIOHepEY Ta 3an<anm i

B MaLLUNHY.
6 cepnHA - &

MOTPIEEH MAKCHMMATIEHMIA POSMCNOC!H

| 1fz Bnogobatu cTopiHKy

Yipaida, TepHonine, 5 ceprHA 2016 poky. MoniueAckk Cpy TN PYEW NEHCIOHEpU Ta
ZALITOEXANM il B MALWWHY, AK HeDe3neyHom 2nourHUA!

CrOToHi, Konu 2axiaHi nonimaEd | 3yYpHaNICTH HazWE3ITE YEpaTHy HaRGinew
KOPYMNOEAHOW KpaiHow EepomM, Bnagi Ginewe MadyTs HiuMM 3aAHATUCA, OKpiM A
JAaPelUTOEYEATH NEHCIOHEPOK, AKI TOPIYIOTE HA BYMMUI NETPYLWKOKT 3 BMHW pEXMMY
ONiBPXE UA XiHKE sMyLlLeHa 28po0NATA TAEMM YMHOM, Wod BT, JTIIogM NoOYMHAEKTE
FOEOPWTH, WO HOBI cofakn ABRKOEA LWe rfipWwe cTapoi Miniwii.

A MownprTH

eDme

Pucynok 4 — JlocnimxyBanuii kourent B CIC Facebook

coSakn Amavosa

noniuenceyi NEHCioHepka

anoyMHels

~
~
~

ripwi

)

33AMAETECA Topriena

HefezneuHui

Pucynok 5 — ®parMeHT ceMaHTHYHOTO OMUCY JOKYMEHTa D

CuraatypHe BHSIBICHHS 3arpo3 B TEKCTOBOMY KOHTEHTI
CIC pmerekTyBaJlo BUKOPUCTaHHS 3 KOHIICTITOM «IEHCIOHEp-
Ka» BIJHOIICHHS «CKPYTHIIW», K€ CTAHOBHTH (Di3UYHYy He-
Oe3neky ais 00°ekta. BinnoBigHo 10 METOy aHOMAaTil BCTa-
HOBJIEHO, L0 KOHILIENT «II€HCIOHEPKa» HE MOXKE BXKHBATHCS
pa3oM 3 BiTHOIIEHHSM «€» 1 KOHIIENTOM <«3JIOYHHENb) 3 aT-
pubyrom «HeOe3neunuit». Takok B CEMaHTHYHOMY OIMHUCI
BHUSIBJIICHO BiJHOIIEHHS «CKPYTHJIM» MK KOHIENTAMHU «I10-

JIIEHChKI» Ta «IEHCIOHEpKa», 10 HE BU3HAYCHO OHTOJO-
riero. B mociikyBaHOMY TOKYMEHTI BXKHMTO MOPIBHSHHS I10-
JIIENCHKUX 3 «cobakaMu ABaKOBay, sIK€ HEOOXITHO JOIaTH
JI0O CEMAHTUYHUX IIA0JIOHIB 3arpo3 OHTOJIOTTYHOT 0a3u 3HAHb.

6 OBI'OBOPEHHSA

PosrnsiHyTHIT MeTO TO€HYE B cOOI CydacHi MiXOAW 10
00pOOKH TEKCTOBOIO KOHTEHTY — CEMAHTHYHHUH 1 JJATEHTHO-
ceMaHTHYHUH aHani3. Taka KOMOIHAIlis MiTXOMIB peani3ye
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B3a€EMHY KOMITEHCAIiI0 1X HemouikiB [18]: momicemii, oMOHIMIT
Ta IHIIMX BUOIB JIHTBICTHYHUX HEOmHO3HAa4HOCTEH mas LSI;
BUSIBJICHHS JTATCHTHUX 3aJISKHOCTEH MK KOHIETITAMH JUIS
CEeMaHTHYHOTO aHAIIi3y.

OpneprkaHi pe3ynbrari 301KHI, HAMPUKIA, 3 JOCIiIKEH-
HSAMHU aHAJTITHYHOTO HEeHTPY TeKCTH.org, sSIKMM BCTaHOBIIE-
HO B3a€MOIIOB’I3aHi BipTyalbHi CHUTBHOTH y BkoHTakTe i
Facebook, akTopn SIKHX 3aKIHKand A0 MEPEeBOPOTY i mpo-
TecTiB B YkpaiHi [19]. Y pe3ymsrari po3kpHTO aqMiHiCTpaTo-
pa Takux rpym, skui 3apeectpoBanuil y CIC minx iMmeHeM
Muxkona Tafiqyk. OTxe, mi€BiCTh BUKOPHCTaHHS 3alPOIIOHO-
BAHOTO y CTAaTTi METONy BHSBIICHHS O3HAK iH(opmamniitHOro
BILUTUBY JJOBEJCHO.

BUCHOBKUA

Meron BusIBIEHHS 03HaK iHpopMamiiiHoro BBy y CIC
3a 3MICTOBHUMH O3HAKaMH IPYHTYETHCS HA CY4aCHHX MiJXO-
Jlax 1HTENeKTyalbHOI 0OpoOKH TeKCTOBOro KoHTeHTy. Ilepe-
Barol PO3MISIHYTOr0 MeTony € 3actocyBaHHs LSI nms mo-
IIYKy TEKCTOBOTO KOHTEHTY BipTyaJlbHUX CHINBHOT, SKHH
MICTUTh NECTPYKTHBHUH iH(GOpMAIi{HUI BIUIUB B SIBHOMY
a00 IPUXOBAaHOMY BHINIANI. 3aBASKH JONATKOBOMY BHKOpPH-
CTaHHIO CHTHATYPHOTO METOXY 1 METORy aHOMaiil /s Jie-
TEKTYBaHHS BIJOMHX Ta HOBHX 3arpo3 iHdopmariiHii Oe3-
Ieli JOCATAEThCS B3a€MHA KOMIIGHCAIlis HEJOMIKIB TaKHX
migxoniB. TakuM YHHOM, JOCSATAEThCS IMiBHIICHHS €EeKTHB-
HOCTI # IIBUAKOMII cucTeMH 3abe3medeHHs iH(popMaIiitHol
6e3nexu nepxasu B CIC, mo € choromHi BKkpai aKkTyaTbHIM
3aBIaHHAM IS YKpaiHH.

MOISIKA

Pobora BuKOHaHaA Ha Kadenpi KOMIT FOTEPHHUX TEXHONIOTIH
1 MozemoBaHHs cucTeM JKUTOMHUPCHKOrO HaIlllOHAJIBHOTO ar-
POEKOJIOTIYHOTO YHIBEPCUTETY B PaMKax TOCIIOTOBIpHOI Ha-
YKOBO-JIOCITITHUIIBKOI TeMH «MeTononorisi moOyoBH cydac-
HUX IHPOPMAIIITHUX TEXHOJIOTIH aHaIi3Yy 1 BiOOpaKeHHS CTa-
Hy iH(opMaliiHOI Ta eKoyoriyHol Oe3neku aep:kasuy J[PNe
01150004181 3a cipusiHHS HAYKOBO-AOCTIAHOTO BiIaiTy
iHdopmartiitHol Ta KiGepHETHYHOI Oe3MeKU HAYKOBOTO IICH-
Tpy JXKuromupcrekoro BikickkoBoro incturyty im. C. I1. Ko-
pONboBa B 0c001 HAaYaIbHKUKA BIAIUTY — .T.H., ¢.H.C. P. B. Ipu-
nryka. 3a pesyiabTaTd HAyKOBHX JOCIHIDKCHb Yy HAMpPSIMKY
pO3pOOKH 1 BIPOBAKEHHS HOBITHHOI METOHOJIOTIT 1mo0ymo-
BH cHCTeM 3a0e3nedeHHs iHpopMalliifHoi Ge3rneku aepxa-
BH B COI[IAJIbHUX IHTEPHET-CEpPBicax aBTOpa BiJ3HAUCHO CTH-
nenaiero Kabinery MiHictpiB YkpaiHu JUis MOJIOANX YICHUX.
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Monogeukas-I'punuyk K. B.

Kanz. TexH. HayK, JIOIEHT, JOLCHT Kadeapbl KOMIBIOTCPHBIX TEXHOJIOTHI U MOIEIUPOBAHUA CHCTeM JKHUTOMHPCKOrO HAIIMOHAIBHOTO
arpo3KOJIOTHYECKOTO yHUBepcurera, JKutomup, YkpanHa

METO/J BBISABJEHUSA MPU3HAKOB MH®OPMAIIMOHHOI'O BO3JIEVCTBHUA B COLIMAJIBHBIX MHTEPHET-
CEPBHUCAX IO COAEPXKATEJbHbIM NNPU3HAKAM

AxTyanabHOCTb. CerofHs COIMaNbHbIC HHTEPHET-CEPBUCHI IPEBPATUINCH B 3((PEKTHBHBIN MHCTPYMEHT KOMMYHHKAIIHHA MEXAY
Y4aCTHUKAMH BUPTYaJbHBIX COOONIECTB — aKTOpaMHU. YUHTHIBAs BBICOKYIO CKOPOCTH PACIPOCTPAHCHUS KOHTEHTA, TPAHCTPAaHUYHOCTD
IPOIIECCOB B3aUMOJCHCTBHSA aKTEPOB, HATUYUE CPEACTB UL UX OPTaHU3ALMHU B TPYIIHI, COLUANBHBIC-HHTEPHET CEPBUCHI MOTYT IIpUMe-
HAThCA KaK JCHCTBCHHOE CPEACTBO NPOBEICHUS MH(OPMALMOHHBIX ONEpalyii MPOTHB dYeloBeKa, 00IecTBa, rocyqapcTa. B mpomeccax
KOMMYHHUKAIIHH aKTOPOB B BUPTYaJbHBIX COOOIIECTBAX YACTO HCIONB3YETCS TEKCTOBBII KOHTEHT. PazpaboTka 3(eKTHBHBIX alrOpUT-
MOB (DYHKIIHOHHPOBAHUS CHCTEMBI OOecledeHHs HH(POPMAOHHOH 0€30IacHOCTH TOCYAapCcTBa JUIS PelIeHHs IPoOIeMbl MOHHTOPUHTA
TEKCTOBOTO KOHTCHTA COIMANbHBIX HHTEPHET-CEPBHUCOB SBISETCA AKTYalbHOH TEOPETHKO-IPHKIANHOH 3amadci.

Henasb. Llensio uccaenoBanuil ABIAETCS 000OCHOBAHHE U pa3padOTKa METOJa BHISBICHHS MH()OPMAMOHHBIX BO3JCHCTBUH B COIH-
AJIbHBIX HHTEPHET-CEPBHCAX 0 COJEpKATEIbHBIM IIPU3HAKAM UL TIOBBIICHUS 3(Q(HEKTHBHOCTH CHCTEMBI 00ecriedeHHs HHQOPMAIOHHON
6€30IaCHOCTH TOCyIapcTBa.

Mertoa. Pa3zpaboTaHHBIl METOJ OCHOBBIBACTCS HA COBPEMEHHBIX HOAXOJAX K MHTENIECKTYyaIbHOMY aHAIU3y TEKCTOBOIO KOHTCHTA —
JIATEHTHO-CEMAHTHYECKOM HHCKCHPOBAHUH U CEMAaHTHIECKOM aHaIU3e Ha 0a3e OHTONIOTUH.

Pe3ynbrarbl. B pesynsrare IaTeHTHO-CeMaHTHYECKOTO MHICKCUPOBAHHS OTOUpAeTCs PENICBAaHTHBIM 3aJaHHON TEMAaTHUKE TEKCTOBBIH
KOHTEHT Ha OCHOBE €r0 COAepXaHusA U 0e3 yueTa INIOTHOCTH KIFOYEBBIX cI0B. Ha 3Tame ceMaHTHYECKOTO aHaIN3a Pealn30BaHO MPOIELy-
PBI MOCIEAYIOMET0 00HAPYXKEHUS ONACHBIX CEMaHTHYECKHX KOHCTPYKIWH B OTOOpaHHOM TEKCTOBOM KOHTEHTE. B ciydae merexruposa-
HHS NPOTHUBOPEYUBHIX (PPArMEHTOB TEKCTOBOTO KOHTCHTA M OHTOJIOTHM U IOCJTE HX aHAIM3a 3KCIIEPTaMHU BBINOIHAETCS HAIOJIHCHHE
OHTONOTHYECKUX 0a3 3HaHWH MA0JIOHAMHU yrpo3 HHGOPMAIHMOHHOH O€30IIaCHOCTU B COIMAIBHBIX MHTEpHET-cepBHcax. Takum obpazoM,
KOMOHMHAIUS METOJ0B JIATCHTHO-CEMAHTUYECKOTO HHICKCUPOBAHHSA H CEMaHTHIECKOTO aHAIH3a 00ECIIeYnBaET B3aHMHYIO KOMIICHCAIHIO UX
HEJIOCTaTKOB H BBIABICHUS CKPBITHIX 3aBUCHMOCTEH MEXIY S3BIKOBBIMH CIHHUIIAMH.

BriBoabl. brnaromaps pazpaboTaHHOMY METOIY BBIABICHHS IPH3HAKOB HH(OPMALOHHBIX BO3ICHCTBUH B COI[HAIBHBIX MHTEPHET-
cepBUCaX aBTOMATH3UPYIOTCS MPOLEAyphl UICHTU(UKANY B BUPTYAIbHBIX COOOMIECTBAX MH(OPMAIMOHHBIX ONCpaniii, HAIPaBICHHBIX
IpOTHB MH(OPMAIMOHHON 0€30IMaCHOCTH 4YeloBeKa, o0mecTBa, rocynapcTsa. [IpuMeHeHNEe peIoKeHHOTO METO/la BBIBICHHS IIpU3HA-
KOB MH(OPMALOHHBIX BO3IEIHCTBUH MO3BOIAET MOBBICUTD 3(P(HEKTHBHOCTH U OBICTPONCHCTBHE CHCTEMBI 00eCIIeUeHUS HH(POPMALOHHON
0€30IaCHOCTH TOCYAapCTBa B COIMANBHBIX MHTEPHET-CEPBUCAX KAaK COCTABIAIOIICH HAIMOHAIBHOI 0E30MacCHOCTH YKPaHHBL.

KiroueBble cj10Ba: CONMaNbHBIN HHTEPHET-CEpBUC, HHYOPMAIMOHHAS 0€30IaCHOCTbD, YIP0O3a, TEKCTOBBIM KOHTEHT, JTAaTCHTHO-CEMaH-
THYECKasl MHICKCAINA, CeMAaHTHIECKUH aHalIu3, OHTOJIOTHA.

Molodetska-Hrynchuk K.

Candidate of Technical Sciences, Docent, Associate Professor at the Information Technologies and System Modelling sub-Department,
Zhitomir National Agroecological University, Ukraine

OUTREACHES CONTENT TRACING TECHNIQUE FOR SOCIAL NETWORKING SERVICES

Context. Today’s social networking services have turned into an efficient communication tool for the members of virtual communities
termed actors. The high rate of content dissemination, transboundary interactions between the actors and the drives to group the latter
up, could make the services efficient cyberwarfare against the person, society and country. Text content is the most frequently used
means of communication between the actors of virtual communities. The actual theoretical and applied research, aimed at designing
maintenance procedures for the national cybersecurity system, is to solve the problem of text content monitoring.

Objective. The research objective is to suggest and design a method for detecting outreaches by their content in the collection of text
to solve the problem of efficient monitoring the social media.

Method. The method designed is based on the modern content analysis approaches, i. e. the latent semantic indexing and the semantic
analysis based on ontology.

Results. The latent semantic indexing selects the concept relevant context by its content ignoring key word density. The semantic
analysis will specify the further techniques of detecting harmful semantic structures in the body of text selected. When any conceptual
mismatches in the text content and ontology detected and professionally analyzed, the ontology knowledge bases get updates of the
social networking service cyberthreat patterns. Thus, the combination of both produces cancelling effect on the defects of and uncovers
latent relationships between linguistic units.

Conclusions. The outreaches tracing method proactively identifies cyberwarfare in virtual communities waged against individual,
social and national cybersecurity. The suggested method increases efficiency and effectiveness of the national cybersecurity system on
social networking services.

Keywords: social networking services; cybersecurity; threats; text content; latent semantic indexing; semantic analysis; ontology.
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'KaHO. mexH. Hayk, doyeHm, JoueHm Kaghedpu KOMIM'IOMePHUX mexHooeail [JHinponemposcbKo2o HauioHanbHo20 yHisepcumemy
imeHi Onecsi loHyapa, [Hinpo, YkpaiHa

2CmydeHm maeicmpamypu kaghedpu KoM lomepHUX mexHomnoeaill [HinponemposcbKko20 HauioHanbHO20 yHigepcumemy iMeHi
Onecs loHyapa, AHinpo, YkpaiHa

KOMMIOTEPHA CUCTEMA NOKANI3ALII TA BADANEHHA TIHEN
Y UWOPPOBUX 3O0BPAXEHHAX

AKTyaJbHicTb. HasBHICTh 3aTIHEHHX AUITHOK Ha HMGPOBUX 300paKEHHSAX MOXE CIPUYHMHATU IPOOJIEMH B IPOLECcax po3IMi3ZHABAHHS,
BiZcTeXeHHs], Knacudikauii 06’ exriB. ToMy BHUSBICHHsS Ta BMJAJEHHS TiHEH € BaXJIMBUM €TaIloOM HOINepenHboi 00poOKkH 300pakeHb, sKa
3aCTOCOBYETbCA B 0araTbOX ajJropuTMax KOMII'IOTEPHOIO 30pY.

MeTta. Metoto poboTH € nolyK e eKTUBHUX METO/IiB aBTOMATUYHOI'0 BUSBIICHHS Ta BUJAJICHHs TiHe#H Ta po3po0Ka IIporpaMHoi CHCTEMH,
sIKa peali3ye BiANOBiIHY 00pOOKY 300paskeHb.

Metoau. B po6oTi po3misiHyTO AeKiIbKa MiAXOMiB 0 NPOLECIB BUSABJICHHS Ta I1EPETBOPEHHS 3aTIHEHMX IUITHOK, IPOaHAIi30BaHO
3aCTOCOBHICTB iX J10 TiHel pi3HuX TumiB. Js Jokanizauii TiHelt B poOOTI BUKOPHUCTAHO METOA 3 NEPEXOAOM 0 KosipHOro npocropy Lab ta
METO]] 3 IONepeJHIM BUAAICHHIM TeKcTypu. s BujaneHHs TiHell BUKOPUCTAHO YOTUPU METOAM: aJUTHBHUH, HAa OCHOBI MaTeMaTH4HOi
Mojiei TiHi, 3 epexonoM 4o Lab-npocTopy, KOHCTaHTHUHA. 3arpornoHoBaHO MoAUdIKalii JeSKHX eTamiB 3 METOI0 IOKPALleHHs IPaKTHYHUX
pe3yibTartiB.

Pe3syabraTu. Po3pobnena komn’ioTepHa cucrema, B sKii peani3oBaHO aBTOMaTHYHE BUSBICHHS Ta yCYHEHHs TiHell 3 BUKOPHCTaHHSIM
3a3HaYEeHUX METO/IB, IKi 00MPAIOTHCS B 3AJIKHOCTI Bijl XapaKTepy 3aTiHeHUX obnacteid. Jlesiki mapaMeTpy MEeTOAIB AOCTYIIHI 171 HaJaIlTyBaHHsL.
Cucrema nporecToBaHa Ha HM3Li 300pakeHb. [IpoaHali3oBaHO SIKICTh Ta IIBUIKICTH pOoOOTH peanizoBaHUX MeToliB. HaBeneHi pesyabratu
00poOKH 300paskeHb PI3SHUMU METOAAMHU.

BucHoBku. PeanizoBaHi B IpecTaBiIeHI KOMII'IOTEpHill CHCTeMi METOAM JIoKaii3alii Ta BUAaJICHHS TiHEH 3 3alpONOHOBAHMMH
Moau(ikalisiMi eEeKTHBHO MPALIOIOTh Ha 300pa)keHHAX PI3HUX TUIIIB. Jl0o1aTKOBE HANAIITYBaHHS NapAMETPIB J03BOJISE MOKPALLIUTH PE3YIIbTaTU
B JIGAKHMX CKJIaAHUX Bunajgkax. CucreMa Moxe OyTH 3aCTOCOBaHA JUIS [TONEPENHbOI 00POOKH 300paXKeHb 3 METOIO 3aI00iraHHs OMUIIKAM B

HOZANBIIIH POOOTI aNrOpUTMIB KOMII'IOTEPHOIO 30pY.

KuiouoBi ciioBa: BusiBIICHHs TiHi, BUAAJICHHs TiHi, 00po0OKka 300pakeHb, KoNipHUHA 1poctip Lab, cermeHTalis, Mojenb TiHi.

HOMEHKJIATYPA

a — XpOMaTH4YHa CKJIJIOBa B Jialia30Hi BiJ 3€IE€HOrO JI0
9epBOHOTO KONBOPY y KONipHiH Momeni Lab;

B— xpomaTHyHa CKaJioBa B Aialla3oHi BiJl CHHBOTO JO
JKOBTOTO KOJIBOPY y KoOMipHiN mMoxenmi Lab;

H — 3Ha4eHHs MOpOry /sl KOJMIPHUX CKJIaJOBUX B METOII
3 mepexomoM 10 mpocropy Lab;

1 — BuxigHe 300paXKe€HHS 3 TIHLOBUMH O0JIACTSIMH;

7 — pesynsTyroue 300pakeHHs1 6e3 TiHeH;

I, — iHTEHCHBHICTb i-TO MIKCEJIs;

K . — 3Ha49€HHs KOHCTaHTH JUIs KoJipHOro kanany C B KOH-
CTaHTHOMY METOIi;

k, — xoedillieHT TiHi i-T0 MmiKcens;

K, — xoedilieHT 111 PO3paxyHKy HOPOrOBOIO 3HAYEHHS
B mpolenypi OiHapuzartii,

L — cBimiioTa mikcens B KonipHid moxeni Lab;

mean(x) — cepelHE 3HAYCHHS 110 MACHBY X;

7 — pO3Mip MacHBY MIKCEJIB 300pakeHHS,

O — ocBiTiieHa 00JIACTh BUXIJTHOTO 300payKEHHS;

R, — xoedilienT, 10 XapaKTepu3ye BiIOMBHI BIaCTMBOCTI
TIOBEPXHi B i-My MiKCelli;

7 — KOoeillieHT OCBITICHOCTI i-TO MIKCEIs;

S — TiHbOBa 00JAaCTh 300paKEHHS;

SD(x) — crannapTHE BiIXWICHHS IJIs MacuBa X;

T — 3Ha4YeHHs MOpOry B mpoleAypi OiHapu3alii 300pa-
KEHHS;

- (bakTOp pO3CiIOBaHHS HANpPaBJICHOTO CBITJIA B i-MYy

TiKCeti;

§ — UIMpUHA CMYTH MIKCEIiB Y3JI0BX T'PaHUII TiHi,

0, — KyT MiX HanpsIMKOM HAIPaBIEHOTO CBiTJa Ta HOP-
MAaJUTIO TTOBEPXHI B i-My IKCeIIi.

© Cepatok M. €., bepkyr B. I, 2017
DOI 10.15588/1607-3274-2017-2-14

BCTYII

B 0araTtpox 3ajadax KOMIT FOTEPHOTO 30py MPOOIEMOIO €
3aiiBa iHQOPMATHBHICTH BXiTHAX 300paXKeHb, 110 € HACTITKOM
TPUCYTHOCTI TiHeH Ha IUX 300pakeHHAX. TiHI yTBOPIOIOTH
MTOMHJIKOBI 00’€KTH uepe3 3HA4YHY PI3HHILIIO SICKPaBOCTEH
TiHEeH 1 HABKOJIMIIHLOTO (DOHY, a 1Ie MMPU3BOAUTH 10 Hebaka-
HUX MPOOJIeM 1 HaBiTh MOMUJIOK B POOOTI aJITOPUTMIB PO3II-
i3HAaBaHHS, BUSIBIICHHS, BIJICTEXKEHHS 1 Kilacudikalii 00’ eKTiB.
ToMy BHSIBIEHHsI Ta BHOAJICHHS TiHEH € Ba)XIIMBOIO 3371a4erO
ronepenHboi 00podku 300pakeHb. Kpim Toro, BUAaNCeHHS
TiHEeH 3 300pakKeHb MPEJCTABIISAE IHTEPEC 3 ECTETUYHOI TOY-
KM 30py Ta BUKOPHUCTOBYETBCS MPHU pelaryBaHHI 300pakeHb
Yu B O0YMCIIOBaNIBHIN (oTorpadii. OTKe, aKTyaJbHOK €
po3pobOka iHdOpMaIiifHOT TEXHOJIOTIl BUSBJICHHS Ta BHa-
JICHHS TIHEH 3 300pakeHb, sika O BiIPi3HIACH BUCOKUM CTY-
IeHeM aBTOMAaTH3allil Mpolecy JoKai3amii Ta yCyHeHHS
TiHEH.

Tini MO’)KHA BH3HAYMTH SIK YaCTHHHM CIIEHH, SKI Oe3rmoce-
PEIHBO HE OCBITIICHI JPKEPEsIoM CBITJIA Yepe3 MPUCYTHICTh
00’€eKTa, 110 3aropouKye 1e pKepeso [1]. MokHa BUALIMTH
JIBa OCHOBHI KJIaCH TiHEW: BJIACHA TiHb Ta BIJKHJIyBaHA TiHb.
BnacHa TiHb 3’SIBASETHCS HA YacTHHI 00’€KTa, sIKa HE OCBIT-
JIIOETHCS TPSIMUM CBITIIOM. BinkuayBaHa TiHb — 1€ 00J1aCTh,
sIKa TIPOEKTYEThCS 00’ €KTOM Ha MOBEPXHIO B HANPSMKY Mpsi-
Moro cBiTiia. Ha 0OCHOBI iHTEHCHMBHOCTI TiHI MO>KHA PO3JIiIH-
TH Ha M’SIKi Ta )KOpCTKi. M’sIKi TiHI 30epiraroTh TEKCTYpY I0-
BepxHi (pOHY, aJie MaIOTh PO3MHTI T4 HEYITKI T'paHUI, IO
3a3BHUYail CBITUMTH MPO IJIABHUM MEpPEXiJl Bl TiHI IO OCBITIIE-
HOT YaCTHHHU 300pakKCHHs, a 1€ BUKJIMKAE TPYIHOIII MPHU
BHSIBJICHHI TAaKWX TiHEH Ta 1X Jiokasizanii. JKopcTki TiHi MaloTh
Pi3Ki IpaHUIll Ta IHTEHCHUBHICTh, 10 3HAYHO BiJIPI3HAETHCS
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BiJl OTOYYIOYOT ITOBEpXHi. AJie Taki TiHi € 3aHAATO TEMHUMH 1
MicTATh MaJio iH(opMaIii mpo TEeKCTypy MOBEPXHi, MO YCK-
JaHIOE 1X BUNANICHHS 31 30epeXeHHSAM MPHPOIHOTO BUITIS-
Iy TekcTypu. Kpim Toro, sxopcTki TiHI MOXKYTh OyTH MOMMIII-
KOBO TIPHIHATI 32 TEMHI 00 €KTH.

Bupanenns TiHeit 3 300paxkeHb MOXKE ICTOTHO TTOKPAIIH-
TH Ta CIPOCTHTH BUKOHAHHS sy 3aBJAHb KOMIT IOTEPHOTO
30py. 3 IMX OPHYHH HOCTIHHO PO3POOISIOTECA Ta YIOCKOHA-
JIIOIOTHCS Pi3HI MiIXOOM pO3B’sI3aHHS JAaHOI 3ajadi, sKi Ha-
IpaBJIeH] HAa 3HAXOJUKEHHS CII0CO0IB IPABMIIBHOTO BHSBIICH-
HS Ta BUJAJICHHS TiHeH IpH 30epekeHHI He3MIHHUMH 1HIITHX
JeTaneil BUXITHOTO 300pakeHHS.

Mertoro poboTH € momryk eheKTUBHHAX IIISIXiB aBTOMa-
THUYHOTO BHSIBIICHHS TiHi Ta 1 BUANEHHS 3 BUKOPHUCTAHHAM
TLTBKM OJHOTO BUXITHOTO 300pa’XeHHS, a TAKOX PO3pobka
IPOTPaMHOI CHCTEMH, SIKa peaizye Ii METOAN ISl 0OpOoOKH
300paxeHb.

1 IOCTAHOBKA 3AJTAYI

Hexaii € BuxinHe 300pakeHHS /, sIKe Ma€ 3aTiHEHi Ta OCB-
iTneni aurstHkY. Lle 300pa)keHHs] MOXXHA TOJATH Y BUIIISIL

I =S5+0. Ha ocHoBi anani3y 300paxeHHst / HEOOXIHO BH3-
HA4UTH 00JIaCTh 3 TIHBOBHMH HiKceIsMu S, oOpoburH ii Ta
OTPHUMATH PE3yNbTyIode 300pakeHHS T, sike He MicCTHTH
Tineit: [ = é

Po3B’s3aHHS 3amadi OygeMo NPOBOAHWTH B J[Ba €TaIlH.
[epmmii eram — BUSIBIICHHS TiHi, TOOTO JIOKami3amis obmacti
S. PesynpratoMm Mmae Oyt OGiHapHE 300pakKeHHS, Ha SKOMY
Olmi TmiKcerni BiAIOBINAIOTh TIHBOBHM, a YOPHI — HETIHBOBHM
mikcemsiM. J{pyruit eram — BHIaJeHHS TiHI, TOOTO 00poOKa
miKceliB 00nacTi S Ha OCHOBI OIHAPHOI MAacKM Ta OTPHMAHHS

6e3TiHBOBOTO 300paKeHHs | .
2 OIS A JJITEPATYPU

B nitepaTypi npeacTaBiieHi pi3Hi MiIX0IU 10 PO3B’3aHHS
3aJa4i yCyHEeHHs TiHel B 300paxkeHHsx. Tak, B po0ori [1] 3am-
POIIOHOBAHO METOJI /ISl BUSIBJICHHS Ta BUAJICHHS TiHEH 3 BU-
KOPUCTaHHSM TIepexoy 10 KoiipHoro mpoctopy YChCr. Bu-
SIBJICHHS TiHI 3JIHCHIOETHCS HA OCHOBI aHaJi3y KOMIIOHEHTH
IHTEHCHBHOCTI, 300pakKeHHsI CETMEHTYEThCSI Ha JICKUIbKa 00-
JIaCTeH, SIKi MalOTh OJHAKOBY INUIBHICTH TiHi. [y BUmaneHHs
TiHI IHTEHCHBHICTb BI/INOBITHUX ITIKCEJTIB MIBUIILYETHCS, @ TIOTIM
3MIHCHIOETHCS KOPEKIIisl KOIbOPY 3aTIHEHUX JIJISTHOK BXKE Y
kostipHOMy mipoctopi RGB. IlepeBaroro mMetoay € Te, IO B
PE3YIIBTYIOYOMY 300pa)KEHHI HEMa€e Pi3KUX MEPEXOdiB MiXk
3aTIHEHMMH Ta HE3aTIHEHUMH JIETAJIIMH, 1 BCl JeTai B 3aTiHe-
HUX O0JIACTSX 3QJIMIIAIOTHCS HE3MIHHUMH. AJie METOJ mpa-
LI0E J00pe Ha 300paKeHHSX 3 PI3KMMHU TPAHUISIMH TiHi.

B po6orti [2] 3ampornoHOBaHO METO/, OCHOBAaHHW Ha BH-
KOPUCTaHHI TPaJiEHTHUX TOJIIB BUXIJHOrO 300pa’keHHS Ta
CIEIIaILHOrO 300pa)KeHHsI, IHBapiaHTHOTO 10 OCBITJICHHS,
OTpPHUMaHHS SIKOTO € OKPeMOIo 3ajxadero. B pesynmpraTi mo-
PIBHSIHHS TPaJIIEHTHUX TIOJIB JIBOX 300paXKeHb OyIyeThCsl HOBE
rpajiieHTHe Tojie Oe3TiHBOBOro 300paskeHHs. Pesynbryroue
300pakeHHs Oe3 TiHEH BiJHOBIIIOETHCS 3a TPATIEHTHUM I10-
JIeM 3 BUKOpHUCTAaHHsIM piBHsHHs [lyaccona. Meton nae Hero-
TaHl pe3yJIbTaTH IS TiHEH 3 PI3KUMH TPAHHIIMH, aje MoTpe-
Oye MOCIIIOBHOCTI 300paXKeHb, IO MICTATh OHY CLEHY NPH
PI3HHX YMOBax JICHHOTO cBiTiia. HemomikoM MeTony € Takok
Te, IO PE3YNIBTaT BUXOOUTH MTOMITHO POSMHTHM.
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IMinxin, 3anponoHoBaHU B po0OoTi [3], 6a3yeThes Ha IPH-
IYIIeHHI, IO TIHBOBI 00JIACTI BiPI3HSAIOTHCS BiJ OCBITICHUX
Ha JIeSKy KOHCTAHTY. 3HaUEHHS KOHCTAHTH OOYHCITIOETHCS
JUTSL KOXKHOTO KaHary RGB 300paskeHHS Ta JOOAEThCSA /10 3HA-
9eHb IIKCENIB TiHI, 1 TAKAM YHHOM 3MEHIIYEThCS PI3HHUIA
MDK TIHBOBOIO OOJIACTIO Ta CYCiJHIMH OCBITIIEHHMH OOmac-
Tsmu. [lepeBaramu 1aHOTO METOAY € HOTO IMIBHAKICTB, HIPO-
cToTa peanizamii Ta epeKTHBHICTb. AJie B JIOCHThH CKIaJIHUX
CIIeHaX TiHb HE BHIAISETHCS, a JIMIIE MOCTAOTIOETCS.

VY pobori [4] 3ampormoHOBaHO METO/I, B SIKOMY BHUJIQJICH-
HS TiHel 37IHCHIOETBCS B TpH eTand. CIIOYaTKy CTBOPIOETH-
cst 1D Ge3TiHbOBE 300paskeHHS 3 HMOCTIHHHM OCBITIICHHSM.
IMotim oTprMyeThCs ekBiBaneHTHE 2D 300pakeHHs, sKe 30e-
pirae pmesxy iHpopmamio mpo Komip. B kiHIi reHepyeTscs
6e3TiHbOBE KOombopoBe 3D 300pakeHHS, a TpaHUII TiHI KO-
PUTYIOTECS 33 JOIIOMOTOI0 IIpolexypH 3ahapOoByBaHHS.
Merton BuMarae KaniOpyBaHHS, KPiM TOTO MOXE HOMIIKO-
BO KJIAaCH(iKyBaTH JIesKi MeXi 00 €KTiB BHXiJHOrO 300pa-
JKEHHSI SIK TPaHHMII TiHi.

VY pobori [5] 3amporioHoBaHO crioci® BHOaNeHHs TiHeH 3
KpHUBONIHIHHNX obnacteif, mo 30epirae Tekcrypy ¢ory. Bu-
JaNeHHs e(eKTy TiHel HOocATaeThCs MIIIXOM OOUYHCICHHS
Ppi3HUX MacIITAOHKX Koe(ilieHTIB AT TIHHOBHX Ta HAITIBTIHBO-
BUX PETiOHIB.

Ille omHEM cnocoOOM, SIKHIT BHKOPHCTOBYETBCS JUIS JIO-
Kautizamii TiHeH, € IHTepaKTHBHEe BHOKPEMIICHHS 00JIacTi TiHi
KOPHCTyBa4eM, HAIPHUKIAJ, 332 JOIOMOrOI0 MHIIi. Taxwi
CII0Ci0, OYEBHIHO, HE € aBTOMATHYHHM, ajle MOXKE 3aCTOCO-
BYBATHCS IS BUSIBJICHHS SIK )KOPCTKUX, TaK 1 M SIKHX TiHEH.

3 MATEPIAJIX TA METOIH

Jns peanizanii eTarry BUSBICHHS TIHBOBHX 00IacTel Oymu
oOpani nBa Metomu. Ilepmmii 3 HUX OCHOBAaHWI Ha 1lesX,
BHKJIaJICHUX B Po0OOTi [6]. JIs1s1 BUSBIICHHS TiHI 3IIICHIOETHCS
nepexia Bia komipHoro mpocropy RGB no npocropy Lab, y
SIKOMY KOMITOHEHTa L XapakTepu3ye CBITJIOTY, IO acolli-
FOEThCS 3 SICKPABICTIO IMIKCEIIs, 2 XPOMATHYHA CKIIAI0Ba TTiKCe-
JIs OTUCYETHCSI KOMITIOHEHTaMU @ 1 b. OCKUIBKU TiHb MEHII
OCBITJICHA, HIJK HETIHBOBA YaCTHHA 300paXKCHHS, TO MOJIH-
BO 11 BUSIBUTH IIPH PO3IIsAL KaHany L, skuii 30epirae iHdop-
Mallito Tpo SICKpaBicTh. st OinbIIOCTI 300paXeHb, OTPHU-
MaHHMX Ha BIIIKPUTOMY TOBITpi, 3HAYECHHS TIapamerpa b MeH-
me B TiHBbOBUX oOnacTax. OTke, I BUIBICHHS TiHEH
aHaJTI3YIOThCS 3HAYCHHS MapaMeTpiB L, a Ta b KOKHOTO IiKce-
ns1. JI7st IbOTO pO3pPaxOBYIOTHCS CEPE/iHI 3HAUCHHS 3a BCiMa
KaHanamu npoctopy Lab: mean(L), mean(a), mean(b), cTaH-
JApPTHE BiIXHJICHHS TS KaHATy L:

ﬁZ(Li ~mean(L))? , 1)

T hi=l

SD(L) =

a TAKOK TOPOTOBE 3HAYEHHSI
T =mean(L)—K; -SD(L). )

Koediuient K, y dpopmyni (2) nigibpano emmipu4Hum
IUIAXOM, B POOOTi BMKOPHCTOBYEThCSA 3HaueHHsa K, =1/3.
BusiBiieHHs TiHI 3IHCHIOETHCS 32 HACTYITHUM TPABHIIOM.
SIxkuo mean(a)+ mean(b) < H, To mikcenb 31 3HAUYSHHIM
L < T TIO3HAYAEThCS SIK TIHBOBHM, a peIliTa — SIK HETIHBOBI.

Slxmo mean(a)+mean(b) > H, To mikceni 3 HaWOiabII
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HI3BKIMH 3HAUCHHSAMH ITapaMeTpiB L Ta b MOXyTb OyTH Kita-
cr(ikoBaHi 5K Ti, II0 HAJEXaTh TiHI, & HII — SK HETIHHOBI.
3HaveHHs mopory /H Mo)ke HaJIaIlITOBYBaTHCh B 3aJEXKHOCTI
B/l pO3KU/Ty 3HAUEHb ¢ Ta b, ane B 3aralbHOMY BHIIAAKY =256
Jla€ 3aI0BUTbHMH pe3ynsrar. OTprMaHa GiHapHA MacKa 4acTo
MICTUTH BENHUKY KUIBKICTh HEMPaBMIBHO KIacH(iKOBaHHUX
mikceniB Ta myM. s X BHIAICHHS MOXHA 3aCTOCYBATH MPO-
HEAYpY 3 BUKOPHCTAHHAM IIOPOTOBHX 3HA4YEHb JUIS obnacTed
OiHapHOI MAaCKH TiHi. AJie B aHiH poOOTi IIPOMOHYETHCS MiIXI,
o 0a3yeThCs Ha BHKOPHUCTAHHI MeNiaHHOTO (iIBTPY JUIs BH-
JTaJIeHHs IIyMy Ha OiHapHiii Macii TiHi. Bin He motpeOye mo-
JIATKOBHX ITapaMeTPiB 1 Ja€ 3a/I0BITBHUH PE3yIIBIar.

Jpyruit MeTon Ui BUSBIICHHS TiHI pO3pOOIEHHMIT 3 BHKO-
PUCTaHHSM i/1eii, HaBeneHuX B [7]. MeTox CKIIaaeThes 3 Jie-
KiTBKOX KpokiB. Ha mepmomy xpomi 300paskeHHS pO3MH-
Ba€ThCA 3a jgonoMoroio ¢imsrpa [ayca. Ha mpyromy — 3ac-
TOCOBYETHCSI AJITOPUTM CEPETHBOTO 3CYBY JUIS BHUIATICHHS
TEKCTYpH. ANITOPHTM CEPEIHBOTO 3CYBY IPYIIye 00 €KTH 3
OMU3BKUMH O3HAKaMH. B SKOCTI KOMIIOHEHT BEKTOpa O3HAK
00HparoThCsl KOOpPAWHATH (X, )) TiKcens Ta Horo RGB xoM-
noHeHTH. [likcemi 31 CXOXXHMMH O3HAKAMH MOETHYIOTHCS B
OIMH CETMEHT, B PE3YNIETaTi OTPHMYEMO 300paKeHHS 3 Of-
HopimHuMHu obmactssmu. Ha TpersoMy kpomi oTprMaHe 300-
paXKeHHSI KOHBEPTYEThCS Y BIATIHKH ciporo. Ha ocranHBOMY
KpOIIi 3aCTOCOBYEThCSA IpoIiec OiHapH3amii [T ImepeTBOpeH-
HS 300paX<eHHS y BIITIHKaX CIpOro B MOHOXPOMHE, ¢ IpH-
CyTHI TLNBKH 4YOpHi Ta Oini mikceni. [Toporose 3nauenus T
00UHCITIOEThCS 32 popMylnoro (2), ne cepenHe 3HAUYEHHS Ta
cTaHAapTHE BimxmieHHS (popmyna (1)) po3paxoByroThCs Ha
MacHBi IHTCHCHBHOCTEH MiKCeliB 300pa)KeHHs y BIATIHKAX
ciporo. Ilicis BUKOHAHHS ONMHCAHUX KPOKIB OTPHMYEMO
OiHapHe 300pa>keHHsI, IO BU3HAYa€ BUSBIEHY TiHb: O1i
TTiKCceTi BiITOBIa0Th TiHi, 8 YOpHi — OCBiTIIeHiH yacTuHi. Citif
BiJI3HAYMTH, 110 SPEKTUBHICTH JJAHOTO METOY CYTTEBO 3aJie-
JKUTh BiJI MapaMeTpiB, 110 BUKOPHUCTOBYIOTHCS B aJITOPUTMI
CEepeIHBOTO 3CYBY, Ta BiJ 3Ha4eHHs mopory 7, Mo 3acToco-
BYEThCSI TIpH OlHApHU3allii.

Jpyruii eran po3B’s3aHHs 3amadi — BUnaieHHs TiHi. Oc-
HOBHA i/1es1 BUJIaJICHHS TiHI MOJIATae B i OCBITJICHHI Y BiJIOB-
iqHOCTI 10 oOpaHoro miaxoay. [Ipumyckaemo, 10 TiHb BKe
BHSIBJICHO, TOOTO TiHBOBa 00J1acTh S Ta OCBiTIeHa 001acTh O
BXe Bifjomi. J[71s BUIAJICHHS TiHI MPONOHYEThCS BUKOPUCTO-
BYBaTH OJIMH 3 YOTHPHOX METOJIB, KM OOMpA€EThCS B 3a-
JISKHOCTI BiJl TUITy 300paKeHHS Ta TiHi.

[epimii Mmeron — anqutuBHUA [8]. B #0ro 0CHOBI JIEKUTH
ines 30aJlaHCYBaHHSI IHTEHCUBHOCTI TIHBOBHMX Ta OCBITJIICHHX
obnacte. Lle mocsraeThcs HMUISIXOM OOYHMCIICHHS CEpEeHIX
3Ha4eHb N0 YEPBOHOMY, 3€IEHOMY Ta CHHbOMY KaHajaM B
RGB-300paxeHHI sl OCBITJICHUX Ta 3aTiHEHHX o0JacTel
OKpEMO Ta JIOJJaBaHHI Pi3HMIII IIMX 3HAYEHb JIO MMIKCEIIB TiHi.
OTKe, aIrOpUTM IBOTO METOAY CKIAIA€ThCs 3 TAKHX KPOKIB:

— po3paxyBaTy CepeIHi 3HAUCHHS TSl OCBITJICHUX MTIKCEIiB

mean(Q(C)) ta ms tinpboBux mean(S(C)), ze C € {R,G, B}.

— 3HAWTH PI3HUIIIO BiAMOBITHUX CEPEHIX 3HAYCHB 3a (pop-
MYIIOH:

delc =mean(Q(C)) —mean(S(C)), ne Ce{R,G,B}.

— JI0JIaTH OTPHMaHI Pi3HHMIL JI0 KaHaB RGB-300paKeHHs:

C=C+delg,Ce{R,G,B}.

Merton npocTHi, ane A00pe Mpamkoe JIHIIe it 300pa-
KEHb, IO MICTATh TiHb HA JESKiil OJHOPIIHIA MOBEPXHI.

Jpyruif MeTon OCHOBaHWI Ha MOJENI TiHi, HABEJCHIH y
pobori [1]. IIpocta Momenb TiHI BpaXxOBye JBa THIH CBITIA:
po3cisiHe Ta HampaBieHe. HampaBiieHe CBITJIO HaJAXOAHTh
Oe3mocepeIHBO Bif JUKepena CBiTNIa, a po3cisHe OaraTopaso-
BO BIIOMBAETHCS BiI OTOUYIOUHMX IOBEPXOHb. Mopenb 300-
PaXeHHS 3 TIHSAMH MOXKHA HagaTH (Hopmyrioro

I; = (Lot cosb;+ Lg)R;. 3)
LQ Ta Lg ONMUCYIOTh iHTCHCHBHICTh OCBITJICHHX Ta 3aTiHEHHX
mikceniB. SIkmo #; =1, To 00 €KT 3HAXOMUTHCA B OCBITICHIMH
obmacri, sixmio ¢; = 0, 1o B TiHi. KoeginieHT TiHi 171 i-T0 miKCe-
11 BUSHAYAEThCA AK k; =1; c0s0;, a Horo koedilieHT OCBiT-
nenocti — sk =Ly / Lg. 3 ypaxyBaHHAM LuX Koe(ilieHTiB
dopmyna (3) HaOyBae BHIIANY:
I; =LgR;(k;r+1). “4)

SIKIIIO TiHB BHSIBJICHA, TO KOXKHOMY I-My ITIKCEITIO ITPHCBOE-
HO 3Ha4eHHs k, ke JIOPIBHIOE HYIIIO, AKILO IKCENb TIHbOBHIA,
a00 OWHAII B MPOTHISKHOMY BHIAAKy. Toxi Juis oTprMaH-
Hs Oe3TIHBOBHIX ITIKCETIB HEOOX1THO 30LIBIINTH IHTEHCHBHICTD
KOKHOTO TiHBOBOTO IiKcens. s bOro, BUKOPHCTOBYIOUH
¢dopmyry (4), OTpEMyeMO HACTYITHHI BHpPa3 JUISL PO3PaxyH-
Ky 3Ha4eHb IKCeliB y 6e3TiHbOBOMY 300pakeHHI:

I = L(r+1) [(k; r+1). (5)

OTKe, aNTOpUTM BHIAJICHHS TiHi 32 JAHUM METOIIOM CKJIa-
JTAETHCS 3 TAKHX KPOKIB:
— OOYUCITHUTH CepeiHi 3HAYESHHS ISl OCBITJICHHX IIKCEIiB

mean(Q(C)) Tta ans TtimeoBux mean(S(C)), ne
Ce{R,G,B}.
— 3HAWTH KoediumieHT :_mean(Q(C))’ ne
mean(S(C))

Ce{R,G,B}.

— O0YMCITUTH HOBI 3HAUCHHS TIHBOBHUX MIKCENIB JJIS KOXK-
HOTO KOJiPHOTO KaHay: C= (r.+1)-C, Ce{R,G,B}.

Po3misiHyTI 1Ba METOAM MPALIOIOTH IIBHIKO Ta JAEMOHCT-
PYIOTh IPUHHSATHI pE3y/IBTaTH Ha 300pa)KeHHSIX, 110 MICTATh
YaCTKOBO OCBITIICHI OJHOPiJHI MOBEPXHIi. 3arajibHUM HEIO-
JIIKOM ITUX METOJIB € T€, 1[0 B HUX BPAXOBYIOTHCS JIMIIE Ce-
penHi 3HAuCHHS IHTEHCUBHOCTI 1 KOJILOPY JJIsi BChOrO 300pa-
JKeHHS TP BHUJaJieHH] TiHi. ToMy, SIKIIIO CIIeHa CKJIaJIa€ThCs
3 BEJIMKOI KUTBKOCTI 00’ €KTIB 3 PI3HOIO OCBITJICHICTIO Ta KOJb-
OpOM, IIi METO/IM HE Jal0Th KOPEKTHOIO OCBITJICHHS TiHI Ta
BHUPIBHIOBaHHS 11 KOJIBOPY.

Jnst Oi1b1II CKIIaIHMX BUMAJIKIB 300pa)KEHb 3 TIHAMH MPO-
MOHYETHCSI BUKOPUCTOBYBATH HACTYIHI ABa Meroau. OnuH i3
HUX 3aCTOCOBYE i11el podotH [9]. Cuix BigzHaYKTH, 1110 B Oara-
THOX BUIIAJIKaX Ha 300paKCHHSX 3 TIHAMH IHTCHCUBHICTb 3aT-
iHEeHHX 00J1acTel OCTYIOBO 3pOCTAE BiJ TiHi 10 cBiTIa. Tomy
Ha 300pakeHHI MOXYTh OyTH HasIBHUMH JIBA BHIU TIHBOBHX
0071aCTEN: YaCTKOBO OCBITIIEH] Ta HeocBiTiIeHi. OTKe, OCBIT-
JIEHHS 00JIacTi TiHI YacTO MPUBOJAUTH J0 HEMOBHOrO BHjIA-
JIeHHs TiHi. J[ys MOBHOrO BWAAJICHHS TiHI HEOOXIIHO Bpaxo-
BYBAaTH HE TIILKHM IHTEHCUBHICTB, aJIe 1 KOJMIpHUIA TOH Ta HACH-
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YeHICTh TiHPOBOI 0ONacTi. 3Ha4YeHHs KONIPHUX XapaKTephc-
THK 00JIACTI TiHI OBUHHI OYyTH BUPIBHSHI 10 BiIOBITHHUX Xa-
PaKTEepHUCTHK OCBITICHUX 00JacTeH, o I OTOYyIOTh. AJTo-
pHUTM, IO peanidye HaBeJCHI MipKyBaHHS, CKIQTAETHCA 3
TaKHX KPOKIB:

— BuxigHe RGB-300pakeHHs KOHBEPTYeThCS B Lab-
IpoCTip;

— Lab-300paxeHHsI CETMEHTYETHCS 3 BUKOPHCTAHHIM
AITOPUTMY CEPEIHBOTO 3CYBY Y BIIIIOBITHOCTI O KOJIBOPY
MIKCEIIB;

— SIKIIO JIO CETMEHTY MOTPAIUISIOTh 1 OCBITIIEHI, 1 TIHBOBI
miKcelli, TO TAKUH CETMEHT PO3OMBAETHCS HA J[BA OKPEMHX.
B pesymbrati TiHBOBI CETMEHTH OymyTh CyCiTHIMH 1O Cer-
MEHTIB OCBiTIIEHOI 001acTi;

— I KOXHOTO TIHBOBOTO CETMEHTY S) cepen ycix
CYCLIHIX OCBITIIEHHX CETMEHTIB OOMpA€EThCS HAMOMIDKIHI 32

KONbopoM — cermenT (J;. HoBi 3navenns kawanis L, a ta b

CErMEHTY S}, PO3paxOBYIOThCS 3a (opMyrTamu:

L s, = L s+ (mean (LQk )—mean(L s, ),

mean (ap, ) ~

ag =ag —————,
Sk =55k mean (ag, ) Si

mean (ka )

~ 7Sk mean(bg, )

— Ha OCTaHHBOMY KPOIIi BCi TPAHMIL MiX 3aTiHCHHMH Ta
OCBITJIGHUMHU pPETiOHAMH PO3MHBAIOTHCS 3a JOMOMOTOIO
¢insrpa INayca abo 0OpOOIAIOTECS 3 BUKOPUCTAHHIM MPO-
nexypu 3adapOoByBaHHS.

Curin 3ayBaknTH, IO BUPIBHIOBAHHS 3HAUYCHH KONBOPIB
o0ImacTeii, sSIKi MOBHICTIO 3aTiHEHl, O HAHOIMKIOro 3a KOIbO-
POM CYCITHBOTO OCBITJICHOTO CETMEHTY MOXKE HMPH3BECTH 0
HOABU Ha 300pakeHHI «XHOHUX» KOJNBOPIB, TOOTO IICIS KO-
pexktii koip oonacti Oyne CyTTeEBO BiAPI3HITHCS BiJ| MOYATKO-
BOIO, 1 CIicHa He Oyne BUIISIATH MpUpoaHbo. s nmomepen-
JKEHHS 1IbOT0 e)eKTy HEOOXiHO MEPEBIPSITH PI3HUINKO KOJb-
opiB Mk cerMeHTamu S}, Ta ;. i, AKIIO BOHA IEPEBHIIYE
NIeSIKUi MOpIr, BUPIBHIOBAHHS 3HAYCHHS KOJIBOPY CETMEHTY
S} He BUKOHYeThca. O[iHAK Ha MPAKTHIL HE BJANOCh 3HAHTH
YHIBEpPCAJIBHOTO 3HAYCHHS PI3HHMII KOJIBOPIB, TOMY IIEH MOpir
HAJALITOBYETHCS TSI KOKHOTO KOHKPETHOTO 300paKeHHSL.

Ille omuH MeTonm BHOAJICHHS TiHEH — KOHCTAHTHHM, OCHO-
BaHWI Ha TPUITYIICHHI, 1[0 TIHLOBA O0JIACTH BIAPI3HAETHCS
BiJl OCBITJICHOT JIMIIIC HA 3HAUCHHS Jeskoi koHcTaHTH [3]. To-
JIOBHA i7iesl TIOJISITA€ Y 3HAXO/PKCHHI 3HAUCHHS 11i€1 KOHCTAHTH
Ta OCBITJICHHI TiHi 3 1l BUKOpUCTaHHAM. J[JIsI IOTO MicCiIsl BH-
SIBIIGHHS TiHI 3HAXOJSATH I'PAHUIN TiHI (B pOoOOTI A 1[LOTO
BHUKOpHUCTOBYeThCcs MeTol Kenni [10]) Ta BU3Ha4YaOTh JBa
MAaCHBH IMKCETIB: MacuB S MICTHTh TIHBEOBI IIKCET, 10 3Ha-
XOJIAThCS B3/IOBXK T'PAHUII TiHi, MacuB (J MIiCTHTh HETIHBOBI
TiKcesi, CyciiHl 10 TpaHuIli TiHi. Big3Hauumo, 1110 Ha BiIMiHY
BiJl 6a30BOr0 METOAY, € B MacHB OOMPAOTHCS IMIKCENi, 10
0e3mocepeIHbO CYCIIHI 10 TPAHUII TiHi, B JaHid poOOTi A
MOKPAIIICHHS PE3yJbTaTiB BUIIAJICHHS, 30KpeMa s 300pa-
JKeHb 3 HEYITKUMH TPAaHUIIIMH TiHi, MacuBu O Ta S OyIyroTh-

Csl 3 MIKCEIiB, SKi PO3TAILIOBAHI B MEXXaX CMYTH LIHPHHOKO O

Y3I0BK I'paHuIl TiHi. Benuunna O Moxke BapiroBaTucs B 3a-
JISKHOCTI Bij Xapakrepy TiHi. Kpim Toro, sikiio macusu Q ta
S MICTATh pi3HY KUIBKICTh €JIEMEHTIB, TO X PO3MipHU BUPIB-
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HIOIOTBCS TaK, 00 TX MOBXHHM OynH piBHI. 3HAUCHHS KOH-
CTaHTH 3HAXOMATH 32 (HOPMYIIOO:

K¢ =min0(C)~(S(C) +a,)|* . ne C e {R.G,B}.

Jami 3aifiCHIOETBCSI BUIAICHHS TiHI 3 300pa)KeHHS LIS
XOM JIO[JaBaHHS 3HAYEHHsI KOHCTAHTH JI0 BiIIOBITHOTO KaHAITY
KOXKHOTO TKceN s TiHi. JJIst Mo#aIbIIoro 3miaykKyBaHHs Tiepe-
XOIy MK OCBITIICHUMH Ta TiHBOBUMH OOJACTSMHU B JaHIi po-
00Ti TIPOTIOHYETHCS 3aCTOCYBATH MeiaHHHH (QLIBTP abo Mpo-
nexypy 3adapOoByBaHHS IpaHHIl, BUKOPHCTOBYIOUH iH(Op-
Mallifo, IIpeJICTaBIICHy B IHIINX YaCTHHAX 300pakeHHs. SIKIIo
Ha 300paXXeHHI NPUCYTHI JeKiIbKa TIHBOBHX obIacTel, To
OIFCaHa TIPOLENypa TOBTOPIOETECS IS MOIIYKYy KOHCTaHTH
JUIL KOXKHOTO periony. lle mo3Bommmo orpuMary kpaimii pe-
3yNETaTH, B MOPIBHAHHI 3 BUKOPHCTAHHAM JIMIIE OJHOTO 3Ha-
JeHHs KOHCTaHTH K - s BCIX TIHPOBHX perioHiB. Bapro 3ay-
BaXXHTH, 1[0 MONIYK Pi3HIX KOHCTAHT JUIS PI3HUX TiHBOBHUX 00-
nacrtelt 30inpIINB yac 00poOKM 300paxkeHHs, aje SKICTh
PE3YIBTYIOUOTO 300paKeHHsI IPH OMY CyTTEBO BHIIIE.

4 EKCITEPUMEHTU

OrmmicaHi BHIIE METOIM peati3oBaHi B KOMIT IOTEPHIH CHC-
TeMi, sIKa MOXKe BHKOHYBATH Taki (DYHKIIl: BUSBICHHS TiHEH,
BUJAICHH TiHeH, KiacTepr3artist, 00poOKa rpaHuIp, 30ip cTa-
tuctuku. [Iporpama po3poGrena Ha MoBi C++ 3 BUKOpHCTaH-
HsM Gi0mioTekn koM totepHOTo 30py OpenCV. Bikno mpo-
TpaMH CKIIaaeThes 3 00NacTi KepyBaHHS Ta 00JNAacTi BHBOLY.
O0nmacTh KepyBaHHS MICTUTh KHOIIKH Ta HPAmopIi A1 BUOO-
py MeTomiB Ta mapamerpiB. Bci 3acobu ympaBmiHHS mporpa-
MOIO 3TrpYNOBaHi B MaHeN BiAMOBIIHO IO CBOTO MPU3HAYCH-
Hi1. OOIacTs BUBOAY IOAUIAETHCS HA TPU YACTHHH: B IIEPIIiH
BiZJOOpakaeThbcs BUXiJHE 300pa)KEHHS, B APYrY BUBOAUTHCS
pe3yIIsTaT BUSIBICHHS TiHI (OiHApHA MacKa TiHi), B TPETIO Jac-
THHY BUBOIUTHCS PE3yNIBTyIOUE 300paskeHHs. BiazHaunmo, 1o
00paTH MOXKHA HE TUIBKH METOJH BUSBIICHHS Ta BHIAICHHS
TiHi, a i MeToaM 00pOOKH rpaHullp (MeriaHHuN QLIBTP, QLIBTP
Tayca, onepartis 3adapOyBaHHs), a TaKOX 3aJaTH JIEKi mapa-
merpu. Ha puc. 1 HaBeseHO BIKHO MPOrpamu 3 BUXITHUM 300-
PaXKEHHSM Ta pe3ylibTaTaMHu HOro 0OpOOKH.

5 PE3VJIBTATHA

[IpencraBieHa KoMIT'IOTEpHA CUCTeMa Oyiia MPOTECTO-
BaHa Ha HU3LI 300pakeHb. [IpuKIaay BUSIBICHHS TiHEH Mpo-
rpaMoOI0 HaBEJICHI Ha pUC. 2, MPHUKIAJAN BUAAJICHHS TiHEH
PI3HUMH METOJlaMH — Ha pHC. 3.

Kpim sikocTi 00poOku 300pakeHb Oyiia mpoaHallizoBaHa
Y IIBUIKOJIIS pealli3oBaHMX METO/iB. Pe3yisraTu BUMipIOBaH-
Hs 4acy BUSIBJICHHS Ta BUIAJICHHS TiHEH HaBeleHi B TalOu. 1.

6 OBI'OBOPEHHA

TecTyBaHHS IpOrpaMH Ha Pi3HUX 300paKEHHSX MOKa3a-
JI0, IO MEPIIMA METO BHUSBICHHS TiHI 3 BUKOPHCTAHHIM
npoctopy Lab nobpe mpairoe Ha 300pakCHHSAX 3 YITKUMHU
TpaHULSAMU TiHi. BijbI CKIIaHI BUAM TiHEH Kpallle BU3HAYAE
npyruii Meroa. BiH € OuIbIn yHiIBepcaIbHHM, aje norpedye
Ounbiie yacy. [Ipu BujaseHHI TiHEW mepIni J1Ba METOAM Jia-
FOTh TapHi pe3yabraTd s 300pakeHb, SKi MICTATh JCIKY
OJTHOPIIHY MOBEPXHIO (00’€KT), Ha SIKY YACTKOBO I1aJIA€ TiHb.
Lab-meton ycHilHO BUIANISE TiHI MPH CIAOKIIIMX 0OMEKEH-
HSX Ha 300pakeHHs. HaiiOuipim yHiBepcalbHUM IOKa3aB
ceOc KOHCTAHTHUI METOJ, KWl J1aB 3a/I0BUIbHI pe3ybTaTH
BUJIAJICHHS HA TOCUTh CKIIAJHUX 300pPa)KCHHSIX.
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Knactepusalil O6po6Ka rpaHvLb TiHeH

Pucynok 1 — Bikno mporpamu

Pucynok 2 — Pe3ynbraTi BUSIBICHHS TiHEH:
a — BUXiZHE 300pakeHHs, O — BUSBICHHA METOIOM 3 IIEPEX0OJoM 10 Lab-TpocTopy, B — BUABJIECHHS METOJIOM 3 BUIAJICHHAM TEKCTYpH

AHai3 NIBUIKOAIT METOIB MOKa3aB, 0 MIBUIIIIEC TPALIOE
Lab-meTon BUSBIIEHHS TiHEH, a U BHIAJEHHS TiHEH — aju-
THBHHUIA Ta METOJA 3 BUKOPHCTAHHSAM MaTEMaTHYHOI MOJIEIi
TiHi, B OCHOBI SIKMX JISKaTh HECKJIAHI anroputMu. HaiOibin
3aTPAaTHUM 32 PECYpCaMH Ta 4acOM BHSBHBCS METOJ BHA-
JICHHSI TIHEH 3 mepexonoM 110 Lab-mpocTopy, 110 3yMOBIICHO
BHUKOPHCTAaHHSM TPOLEAYPU KIacTepH3allii, a TaAKOX aHali-
30M Ta OOpPOOKOI KOKHOTO 3 PETiOHIB TiHI OKPEMO.

BUCHOBKHA

3anponoHOBaHO KOMII'IOTEpHA CHUCTEMa, SiKa 3MIHCHIOE
aBTOMATHYHE BUSBJICHHS Ta BUAAICHHS TiHeH Ha nudpoBoMy

300pakeHHi. PeanizoBaHi B cUCTEMi METOIM JIOKai3alii Ta
MIEPETBOPEHHS TIHHOBUX JIUISIHOK 3 3alPOITOHOBAHUMH MO/IH-
¢ikamisMu epeKTHUBHO MPAIIOIOTh Ha 300paKEHHSIX PI3HUX
TUMiB. B 3a5exHOCTI Bl THITY 300pa)KeHHSI Ta TiHI MOXIJIUBHIA
BHOIp BIAMOBIZIHOIO METOMY Ta HAJIAIITYBaHHS NapaMmeTpiB
rioro potoru. [IpakTiyHa I[IHHICTH CUCTEMH TOJISITAE B TOMY,
[0 BOHA MOKe OyTH 3aCTOCOBaHa JyIsl MOMEPEIHBOI 0OPOOKH
300pakKeHb 3 METOK 3aro0iraHHs MOMMJIKAM B IOJAIBIIIH
po0OoTi anropuTMiB KoMI’FOTepHOroO 30py. Hanmam nependa-
YA€ThCS MOMIYK LUISXIB VISl OKPALICHHS PE3YJIBTATIB BHSB-
JICHHSI T4 BUJAJICHHS TiHEW 3 HEUITKMMH TPAHHUIISIMH.
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Pucynok 3 — I[puxiiagy BUaJIeHHs TIHEH: a— BUXiHE 300pakeHHs, O — aJUTUBHUI METOJI, B — METOJ] Ha OCHOBI MoJieni TiHi, I — Lab-meron,
1T — KOHCTAaHTHHI METOJI

Tabmuis 1 — OuiHka MBUIKOAI peaTi30BaHUX METOIIB

Merton | Cepenniit uac (¢) | MiniMaiibH. yac (¢) | Makcuwm. uac (c)
BusiBiieHHs TiHBOBUX oOnacTeit
Ilepexin go Lab-mpoctopy 0,085 0,07 0,098
BunanenHs Tekcrypu 2,17212 0,662 6,432
Bunanenus tinei
ANTMTUBHMIA METOJT 0,013 0,011 0,015
Mertoz Ha OCHOBI MO TiHi 0,014 0,011 0,015
Ilepexin mo Lab-poctopy 4,607 2,773 7,270
KoHcTanTHH METON 2,214 0,363 8,530

MOISKA

PobGory BuKOHaHO B paMKax HayKOBO-TOCTiTHOI pobOTH

Kadeapu KOMIT'IOTEPHUX TEXHOIOriH J{HIMPOIeTpOBCHKOro
HalioHaIbHOTO yHiBepcuTeTy iMeHi Onecst Torwapa «Jloc-
J/DKeHHST MaTeMaTUIHUX Mojesell (i3MYHHUX MPOLECiB Me-
Tomamu igeHTH(diKanii Ta peKypeHTHOro aHami3y i3 3acTocy-
BaHHM iH(popMaiiHnX TexHomorii» (mudp 0113U004203).
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'KaHza. TexH. HayK, JAOLEHT, HOLECHT KadeIpbl KOMIbIOTEPHBIX TEXHOJIOTHH J[HEMPONETPOBCKOrO HAILIMOHAIBHOTO YHHBEPCHUTETa MMECHU
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2CTynmeHT MarucTparypsl Kadeapbl KOMIBIOTEPHBIX TEXHOJIOTHI J[HEMpOIeTPOBCKOrO HALIMOHAIBLHOTO yHHUBepcuTera uMeHn Onecst [omHva-
pa, [uenp, Ykpauna

KOMIBIOTEPHASI CUCTEMA JIOKAJIU3AIIAA U YIAJIEHUA TEHEW B IU®POBBIX M30BPAKEHHAX

AKTyaibHOCTh. Hamnune 3aTeHEHHBIX y4acTKOB Ha IM(POBBIX M300PKCHHUAX MOXKET BBI3BIBATh MPOOJIEMBI B MPOLECCaX PACMO3HABAHMS,
OTCIEeXKUBaHMS, KiIaccudukauyn 00bekToB. [Io3TOMy BBISBICHHE M ylaleHHE TEHEH SIBISCTCS Ba)XKHBIM ITAIOM NPEABApUTENBHOH 00paboTKM
n300pakeHu, KOTopasi IPUMEHAETCS BO MHOTUX aITOPUTMAX KOMIIBIOTEPHOTO 3pEHHMS.

Heub. Llenbto paGoTs! siBaseTcst HOUCK 3(G(EKTUBHBIX METOIOB aBTOMaTHYECKOTO BBISBICHUS M YIAJICHHs TCHEH M pa3paboTka HMporpamm-
HOW CHCTEMBI, KOTOpasl peal3yeT COOTBETCTBYIOIIYI0 00PabOTKy U300paskeHUi.

Mertoabl. B paote paccMOTpEeHO HECKOJIBKO MOAXOMOB K IPOLECCY BBISBICHUS U NPE0Opa3oBaHUs 3aTCHEHHBIX y4acTKOB, IPOAHAIH3UPO-
BaHa NPUMEHUMOCTb UX K TEHSM Pa3HBIX TUNOB. J[jisl JloKanu3anuu TeHell B paboTe UCIONB30BaH METOJ C MEPEeXOJOM K IBETOBOMY HMPOCTPaH-
cTBy Lab 1 MeTOA ¢ IpeaBapUTEIbHBIM yAaleHHeM TEeKCTypbl. [ yganeHus TeHeid HCHONIb30BAHO YeThIpe METOfa: aJAUTUBHBIN, Ha OCHOBE
MaTeMaTHYECKOil MOEIHN TEHHU, C MEPEeXOoAoM K Lab-mpocTpaHCTBY, KOHCTaHTHBIH. [IpeioxeHsl MOAH(UKAIMH HEKOTOPIX 3TAlOB C LENbI0
yIy4IIeHUs IPAKTUYECKHX Pe3yIbTaToOB.

Pe3yabrarsl. Pa3paborana KOMIIbIOTEpHAsi CHCTEMa, B KOTOPOIl pealn3oBaHO aBTOMATUYECKOE BBISBICHUE H yCTpaHEHUE TEHEU C HCIOIb-
30BaHMEM YyKa3aHHBIX METOJOB, KOTOpBIC BHIOMPAIOTCA B 3aBUCHMOCTH OT XapakTepa 3aTeHEHHBIX oOmacTeil. HekoTopsle mapameTpsl METONOB
JOCTYIHBL Juls HacTpoiiku. CucTeMa IMpoTeCTUPOBaHA Ha psiie u3oOpakeHuil. [IpoaHann3upoBaHEl KaueCTBO U CKOPOCTh PAabOTHI peanu3oBaH-
HBIX MeTOJOB. IIpHuBeneHbI pe3ynbTaTsl 00paboTKH M300paXKeHU pa3sHbBIMU METOIAMH.

BbiBonbl. Peann3oBaHHbIC B MPEICTABICHHON KOMITBIOTEPHOH CHCTEME METOJbI JIOKATM3ALUKN U yIAJICHUS TEHEH C MPeIyIOKEHHBIMH MOJH-
¢ukaumsiMu 3G (eKTHBHO paboTalOT Ha M300paKEHHUSX PA3HBIX TUIMOB. JlOMONHUTENbHAS HACTPOWKA MMapaMeTPOB MO3BOJSCT YIyULIUTh PE3yiib-
TaThl B HEKOTOPBIX CIOXKHBIX cilydasx. CucreMa MOXeT ObITh UCIIONb30BaHA IS IMpeJBApUTENbHON 00paboTKU M300paXKeHUH ¢ IEeNbI0 MPeaoT-
BpaIlleHUs] OMMOOK B JanbHeHIed paboTe alropUTMOB KOMIIBIOTEPHOIO 3pPEHUsL.

KuioueBble cjI0Ba: BBHIABICHUE TCHU, yHalleHHE TeHH, 00paboTka M300pa)xeHUi, I[BETOBOE MIPOCTPAHCTBO Lab, CerMeHTalus, MOAENIb TEHH.
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THE COMPUTER SYSTEM OF SHADOW LOCATING AND REMOVAL IN DIGITAL IMAGES

Context. Presence of shaded areas in digital images may cause problems in processes of objects recognition, tracking, classification. Thus
shadows identification and removal are important pre-processing stages, which are used in many computer vision algorithms.

Objective. The work objective is to find effective methods for automatic shadow detection and removal and development of a software
system that implements the appropriate image processing.

Method. In this paper we have discussed several approaches to the process of identifying and converting shaded areas, analyzed their
applicability for different types of shadows. For shadow localization two methods are used: the method with the transition to the Lab color
space and the method with preliminary removal of texture. For shadow removing four methods are used: additive method, method based on a
mathematical model of shadows, method with the transition to the Lab-space, constant method. We have proposed some stages modifications
to improve the practical results.

Results. Computer system with automatic detection and elimination of shadows, using the above methods, was developed. The choice of
methods is carried out depending on the type of shaded areas. Some options of methods are available for configuration. The system was tested
on series of images. We have analyzed quality and speed of the implemented methods. Image processing results by different methods are shown.

Conclusions. Implemented in the presented computer system methods of shadow locating and removing with the proposed modifications
work effectively in different types of images. Additional settings allow to improve the results in some difficult cases. The system can be used
for image pre-processing in order to avoid errors in further work of the computer vision algorithms.

Keywords: shadow detection, shadow removal, image processing, Lab color space, segmentation, shadow model.
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