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ABSTRACT

Context. Radar, thermal imaging, and video surveillance means are actively used in the protection of the state border. Together
with the appropriate communication equipment, they allow to create optoelectronic surveillance systems, which are the basis for the
intellectualization of border protection. The effectiveness of such systems is significantly affected by the peculiarities of their
functional and structural design. A rational structural design, even in difficult physical and geographical conditions, allows for a high
level of surveillance efficiency. However, the functional component also has a significant impact on improving the system efficiency.
In many cases, the functioning of the elements of the optoelectronic surveillance system occurs under conditions of power supply
restrictions. Such limitations determine the need for a rational choice of modes of use of certain types of surveillance equipment at
certain time intervals in order to ensure effective surveillance, taking into account the time of day and weather conditions. The
imperfection of the scientific and methodological apparatus for optimizing the functioning of optoelectronic surveillance systems
determines the relevance of this study.

Objective. The aim of the work is to develop a methodology for optimizing the optoelectronic surveillance system functioning
by rationally selecting the modes of operation of different types of surveillance equipment in certain time intervals, taking into
account the time of day and weather conditions in which they are used.

Methods. The paper sets and investigates the two-criteria problem of choosing the modes of operation of different types of ob-
servation equipment of an optoelectronic surveillance system at separate time intervals, taking into account the time of day and
weather conditions in which they are used, which ensures maximizing the efficiency of the optoelectronic surveillance system while
minimizing the power consumed by active types of surveillance equipment in the presence of boundary restrictions on the efficiency
and power consumed by the system.

The proposed indicator for assessing the effectiveness of the system allows us to assess the level of impossibility of uncontrolled
crossing of the perimeter of the protected area by an intruder. The peculiarity of this methodology is the possibility of ensuring a
significant reduction in the level of energy consumption by the system components due to a slight decrease in the efficiency of
monitoring.

Results. The paper proposes an alternative approach to assessing the effectiveness of the optoelectronic surveillance system, the
idea of which is that instead of assessing the effectiveness of surveillance over the entire sector of the controlled area of the border,
the effectiveness of control is assessed only along the perimeter of this area. This approach significantly reduces the computational
complexity of the problem of finding the value of efficiency which further simplifies the solution of problems of structural
optimization of surveillance systems. A software and algorithmic implementation of the methodology for optimizing the functioning
of an optoelectronic surveillance system is proposed. Using the developed software, a rational choice of modes of operation of
certain types of surveillance equipment at certain time intervals was carried out taking into account the time of day and weather
conditions.

Conclusions. The use of the proposed methodology makes it possible to optimize the modes of operation of the optoelectronic
surveillance system, taking into account the limiting factors in terms of efficiency and power consumption when using the same types
of surveillance equipment on all towers of the system. A possible direction for improving the methodology is its adaptation to cases
where different types of surveillance equipment are used on different towers of the system.

KEYWORDS: optoelectronic surveillance system, methodology, optimization, efficiency, power consumption, algorithm.

ABBREVIATIONS T — period of time during which the functioning of the
SBGSU - State Border Guard Service of Ukraine; OSS is studied;
OSS - optoelectronic surveillance system. t; (i=[0,s]) — start times of the studied elementary dis-
crete time ranges in the time interval during which the
NOMENCLATURE functioning of the OSS is studied;
Y — set of weather conditions; to — moment of the beginning of the first elementary
y; ((=[Lu]) — elements of the set of weather discrete time range in the interval T (the moment of the
conditions; beginning of the period 7);
T, — time of day; t, — start time of the last elementary discrete time
T, T, — light, dark periods of the day; range in the interval T;
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n;,; (j=[1,k]) — number of surveillance devices of the j-
th type operating in the OSS during an elementary dis-
crete time range starting at ¢ time;

P;; G=[1,k]) — power consumption of electricity by
the j-th type of observation means during an elementary
discrete time range starting at # time, characterized by
specific y; weather conditions (for example, from a
weather forecast service) and the period of day;

Pr— power of electricity consumed by active types of
OSS monitoring devices during the 7 studied period T;

Py — maximum permissible power limit of the
consumed electricity by active types of OSS monitoring
equipment during the 7 studied period;

E;, - effectiveness of the j-th type of observation

means during an elementary discrete time range starting at
t, time, characterized by specific weather conditions y; (for
example, from a weather forecast service) and the period
of day;

Er — effectiveness of the OSS during the T studied
period in detecting the fact of violation of the border
section perimeter;

Ey — minimum permissible limit of OSS efficiency
during the 7 studied period;

PVipij» Vi X, ¥) — probability of detecting a target by a
surveillance device of the k-th type located at p;; point, in
an elementary section of the studied control area with a
centre at point (x, y) and under weather conditions y;.

INTRODUCTION

Reliable protection of Ukrainian borders is an absolute
guarantee of their inviolability in peacetime. In today’s
environment, effective protection is impossible without
proper engineering equipment and border arrangements.
This equipment, in particular, includes the latest technical
surveillance equipment, such as thermal imaging cameras,
modern radar stations and video cameras, as well as
modern communication means. The effectiveness of a
surveillance system built with such equipment depends
heavily on the perfection of its structural and functional
organization, as well as the compliance of the chosen
mode of use of the equipment with the weather and other
conditions in which the surveillance is carried out. When
solving the problems of structural optimization of the
surveillance system, the use of the effectiveness indicator,
which is focused on assessing the functioning of the entire
sector of the border area under study is not always
rational. In most cases for the effective organization of
border protection, the urgent task is to ensure the most
effective monitoring of the perimeter of the sector of the
studied area, and in case of its violation, the sector of the
entire area limited by the specified perimeter. Therefore,
it is important to clarify an objective indicator of the
effectiveness of monitoring the perimeter of the border
area.

In some cases, the operation of OSS must be carried
out with autonomous power supply of equipment through
the use of renewable energy sources. All of this makes it
important to optimize the use of a complex of surveillance
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equipment while maximizing their
minimizing their energy consumption.

efficiency and

It is assumed that under fixed observation conditions,
one of the monitoring devices can provide an efficiency
close to the total efficiency provided by the simultaneous
operation of all types of devices. In this case, a significant
improvement in the energy efficiency of the system can
be achieved by slightly reducing the efficiency of
monitoring when operating only one of the most efficient
means of monitoring in specific conditions.

The object of research is the functioning of the
optoelectronic surveillance system.

The subject of research are the methods of
optimizing the functioning of the optoelectronic
surveillance system.

The purpose of this work is to develop a
methodology for optimizing the functioning of the
optoelectronic surveillance system by rationally selecting
the modes of operation of different types of surveillance
equipment at certain time intervals taking into account the
time of day and weather conditions in which they are
used. This methodology provides the establishment of an
indicator of the effectiveness of the OSS in detecting an
intruder at the border of the area where control is to be
ensured.

1 PROBLEM STATEMENT

Suppose that OSS consists of n observation towers,
the location of which is stationary and optimized for the
problem under study [1]. Each tower has k types of
surveillance equipment. There are quite a few possible
types of surveillance equipment. Typically, optical,
optoelectronic, thermal imaging and radar stations are
used at OSS. The effectiveness of surveillance equipment
varies depending on the conditions of use. The conditions
of use include weather conditions and time of day.

Depending on the time of year, the duration of the
light T, and dark 7,, periods of the day T}, are different and
variable.

Certain types of surveillance equipment on the towers
can operate independently of each other and regardless of
what types of equipment are operating on other towers.
For the purposes of this study, we will assume that during
an elementary discrete time range starting at ¢ time, the
same type of surveillance equipment can operate on all
towers.

Given that the Et indicator is for the 7 period, which
can be either partially occurred or fully occurred in the
future, to find Et, you can use the values y;, which are
determined from the weather forecast service for each
elementary discrete time range starting at ¢; time.

The task is to determine for 7T period, taking into
account the set of y; values, which are determined from
the weather forecast service and are characteristic of T
period, the types of observation devices on the OSS
towers that will provide
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Er — max, (1
Pr — min. )
with restrictions
Er 2 E, 3)
Pr<Ph,. 4

In the optimization problem (1)—(4)

tS
Er= 2nj4Ejy» (5)
t;=ty,
J
Z.S‘
Pr=2n;Pry (6)
t;=ty,
J

In the right-hand sides of expressions (5), (6), the
summation is performed by the values that determine the
active surveillance means for each elementary discrete
time range starting at # time.

The solution of problems (1)—(6) makes it possible to
plan the operating modes of the OSS monitoring elements
for the T period, as well as (if necessary) to adjust these
modes if the time T interval is sufficiently long, or the
data from the weather forecast service is not accurate
enough, or is accurate enough only for small periods of
time.

2 LITERATURE REVIEW

A significant number of scientific papers are devoted
to the study of improving the functioning of surveillance
systems. A general overview of surveillance systems is
given in [2]. This study examines the features of the
construction of surveillance systems and the basic
procedures for processing information in them. Also, [2]
identifies trends in the development of surveillance
systems and relevant areas for further research in this
area.

Paper [3] discusses the improvement of air target
signal detection in complex surveillance systems.

Many researchers focus on the issues of efficient
information processing in surveillance systems to
automate object detection. For example, work [4]
considers the use of neural networks with deep-learning
algorithms for this purpose. Similarly to the previous
study, the issues of image classification using neural
networks are reflected in [5]. An interesting and
promising area of development of modern surveillance
systems is the acquisition and processing of images from
unmanned aerial vehicles [6]. Methods of image
comparison with mask construction are discussed in [7].
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In the construction of surveillance systems, especially
when wusing surveillance equipment with limited
communication capabilities, attention is paid to
optimizing the transmission of video streams. Thus, in
[8], a model for classifying informative image segments is
proposed, on the basis of which information redundancies
in aerial photographs are eliminated.

Some studies in the field of surveillance systems [9—
10] are devoted to the integration of images in different
parts of the spectral range. Thus, [9] proposes to improve
the methods of forming integrated multispectral images
by taking into account their local features. Study [10]
identifies possible ways to increase the information
content of images based on the determination of the
operating modes of multispectral optical channels.

A number of works [1, 11-12] address the issues of
structural and functional optimization of OSS used in
border protection. However, these studies use an
efficiency indicator that reflects the ability to conduct
surveillance over the entire area to be controlled. At the
same time, in many partial variants of the use of
surveillance systems, it is sufficient to reliably control
only the perimeter of the site. And this requires an
appropriate adjustment of the performance indicator.

Along with the structural and functional optimization
of surveillance systems [12], it is also advisable to
rationally choose the mode of operation of surveillance
means in accordance with weather and other conditions in
order to reduce energy consumption and ensure
sufficiently high efficiency. All this determines the
relevance of further relevant research.

3 MATERIALS AND METHODS

An important component of the OSS, which
significantly affects the overall efficiency of its use, is a
complex of towers with installed surveillance equipment,
the functioning of which is based on the use of
electromagnetic radiation in different frequency range
(Figure 1).

Depending on the conditions in which the surveillance
is conducted, the surveillance equipment of the OSS
provides different efficiency. Each of the devices
consumes a certain amount of power from the power
source. In some cases, when the power supply is
autonomous, its resource is limited. This prompts the
search for ways to optimize power consumption.

Under certain weather conditions, the effectiveness of
surveillance using a particular type of sensor can be
significantly better than that provided by other types of
sensors. In this case, from the point of view of minimizing
energy consumption, it is inappropriate to use all
available types of surveillance equipment at the same
time. It is assumed that due to the rational choice of the
type of observation means for each elementary discrete
time range starting at ¢ time, corresponding to the weather
and other conditions in which the observation is carried
out, and possibly a slight decrease in -efficiency,
significant savings in electricity consumption can be
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achieved. Such savings can be extremely important in
cases of using renewable energy sources (sun, wind, etc.).

For example, if three types of surveillance equipment
are used on OSS towers, the option of using separate
types of equipment on separate time ranges without taking
into account the restrictions on the power consumption by
them can be determined as follows. First of all, the
effectiveness of the observation means of j=1, j=2,

j =3 type on elementary discrete time points starting at
time moments during the studied period 7 is determined
(see Fig. 2), and then the option of using observation
means (see Table 1) is established as a choice of the type
of means j=1,;j=2, j=3, for each elementary discrete

time band starting at # time points which is characterized
by maximum efficiency.

o o
=1

=1

——
o .

Figure 1 — Example of OSS tower and devices

It should be noted that if it is necessary to take into
account restrictions on electricity consumption, the option
of using surveillance equipment may differ from that
given in Table 1. For example, if the power consumption
of the j=2 device is significantly higher than the power
consumption for the j=3 device , then the option of

using surveillance equipment may be as given in Table 2.
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Figure 2 — A possible variant of realization of efficiency by
means of observations of j=1, j=2,j=3 typeon

elementary discrete time ranges with a start at £ time during the
studied period T

Table 1
The research period T

The beginning of the studied
elementary discrete time ranges

The j type of observation device 1 1 2 .| 3

that is appropriate for use in the
elementary discrete time range under
study

Table 2
The research period T

The beginning of the studied
elementary discrete time ranges

The j type of observation device that | 1 1 3 3
is appropriate for use in the
elementary discrete time range under
study

At the same time, the decision to use a particular type
of surveillance device is formed on the basis of solving
the optimization problem (1)—(6). That is why the task set
out in this paper becomes relevant.

The analysis of expressions (5), (6) allows us to
conclude that the solution of the optimization problem
(1)—(6) directly depends on the type of £ i function .

The task of determination this type of function was
studied in [1, 11-12]. In these works, an indicator similar

to E;, , was determined on the basis of a probabilistic

approach, according to which, for each observation
means, the dependence of the probability of detecting an
object on the distance to it was experimentally determi-
nated, in accordance with the observation conditions. This
approach made it possible to take into account both
deterministic and stochastic factors that affect the
detection of objects in specific observation conditions. In
these works, such an indicator had the following form:

Y =TT pvi(py. v )

JoCIE MY,

nSm
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This efficiency indicator provided the possibility of
averaging the probability of detecting objects over all
(x,y) discrete elements of S,, observation band area (Fig-
ure 3).

The E; calculation takes into account the possible
fertilizing effect of the terrain. This is ensured by using
the capabilities of modern information technologies.

Figure 3 — Diagram of the layout of OSS elements:
1 — observation towers, 2 — perimeter of observation,
3 — border line, 4 — observation lane

If the element of (x,y) location is not visible (i.e., if the
(x,y) element belongs to the invisible zone), the
corresponding value of pvi(py;, vi, X, y) is 0. If this element
is visible, then the following formula is used to calculate

ka(pg/s Yis X, y)

AR, %)k, yi) (6 0) €T
ka(Pij’yt’x’y)‘{ 0.(x,y)eTp,, ®
where
R(R.k,y;)=1-—— e kb gp ()

opk.yN2m

In expression (7), nSm this is the number of discrete
elements (x,y) of S,,.observation band area.

Expression (8) implements a probabilistic description
of the effectiveness of detecting an object by the k-th
observation means depending on the distance R to it. The
R distance is determined by the coordinates of the p;
observation point (corresponding to the OSS tower where
the equipment is installed) and the coordinates (x,y) of the
center of the elementary area under observation
According to the observation conditions and the type of
observation means, the parameters of the distribution law
(the mean and variance of the random variable R) are
selected in (9). These parameters are set experimentally
on the basis of statistical processing of tests of the
corresponding observation means in different conditions.
When applying formula (8), geoprocessing is used, which
consists in determining the correspondence of the area
(x,») to the set of invisibility zones from the tower located
at p;; point.

However, such a determination of the efficiency
indicator (7) requires finding the visibility of each of its
discrete elements (x,y). This task for S, large areas even
when using optimized algorithms for determining
visibility has a great computational complexity.
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Taking into account the fact that in many cases it is
not necessary to observe the whole area of the observation
strip when controlling the border section, and to detect
objects it is enough to observe only the perimeter of the
section, then taking into account the probabilistic
approach implemented in dependencies (7)—(9), the effi-
ciency indicator can be represented as

z (1_H(1_ka(]9[js)7isx>y»)
Ej,ti — (x’y)Elrn i’j

(10)

nl,

In contrast to (7), in (10), the summation and
calculation of pvi(p;, yi, x, ¥) with the determination of
visibility (x, y) is not performed over the entire area of the
S observation sector, but only along /,, perimeter.

Thus, this approach defines an original methodology
for optimizing the functioning of the optoelectronic
surveillance system by rationally selecting the modes of
operation of different types of surveillance equipment at
certain time intervals taking into account the time of day
and weather conditions in which they are used.

In the above methodology £ I the quantities may

have a complex characteristic (not necessarily the one
shown in Fig. 2). In this case the application of the
approach described in Fig. 2 and Tables 2-3 is not
obvious. Consequently, solving problems (1)—(6) can be
significantly complicated even though the computational
complexity of the problem is reduced by conducting a
study on the border of the perimeter of the observation
sector S,,.

In order to specify the proposed methodology, we will
conduct additional analysis.

The time of day has a significant impact on the
effectiveness of surveillance equipment. For example, if
we compare two types of surveillance cameras operating
in the visible and far infrared ranges (thermal imaging
cameras), then during daylight hours, an optical range
camera will be preferable for detecting objects, as it
provides significantly higher resolution. At the same time,
the simultaneous use of these cameras will lead to
unnecessary energy consumption. However, the situation
will change dramatically with the onset of darkness. This
can be estimated from the graph shown in Fig. 4.

During daylight hours, the probability of detecting an
object using an optical range camera under favorable
weather conditions is quite high (Figure 4 — solid line).
However, this probability decreases significantly when
the light level decreases. For a thermal imaging camera
(Figure 4 — dotted line), the situation is significantly
different. At night, a thermal imager can clearly
distinguish objects even in the dark, making it an
indispensable tool for nighttime surveillance. However,
during the day, when the environment is warm, the
thermal imager may have more difficulty in detecting
objects because the temperature difference between the
objects and the environment is smaller.
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Figure 4 — Dependence of detection probability at a fixed
distance for two different types of surveillance equipment on
time

Weather conditions Y also have a significant impact
on the effectiveness of surveillance equipment. It should
be noted that the dependence of efficiency on time for
different types of surveillance equipment, taking into
account possible changes in the conditions of observation,
can be complex (Figure 5). This is influenced by a
combination of different factors.

E A

»
|

T t

Figure 5 — Possible dependencies of the efficiency indicator (10)
for two different types of surveillance equipment on time taking
into account the conditions of observation

During the studied 7 time interval, within which one
of the types of surveillance means is chosen, the
efficiency for different surveillance means can change
dramatically. Thus, at the beginning of the studied
interval (Figure 5 — solid line), the best efficiency is
provided by the 1-st surveillance means. However, this
effectiveness for the 1-st means decreases sharply over
time, and the use of the 2-nd means becomes preferable.
However, after a short period of time, the 1-st means
again provides greater efficiency. All of this makes it
difficult to choose the surveillance tools for individual
discrete time periods.For a rational choice of an
observation tool, one can use a comparison of the
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mathematical expectations of the £;, value over the T

time interval. However, it should be noted that the
minimum and maximum efficiency are also important.
Given that the minimum, maximum, and average
efficiencies for individual instruments are not always such
that they unambiguously determine the choice of an
instrument, it is necessary to determine a selection
criterion.

The analysis allows us to assume that it is advisable to
use the mathematical apparatus of fuzzy values for the
rational choice of an active surveillance means. The
effectiveness of each type of surveillance means in the
studied interval can be determined by the E,,fuzzy value
which is described by a triangular function that takes into
account the minimum, average and maximum values of
the corresponding effectiveness. In this case, the
membership function for fuzzy efficiency will be given as

0,Er <mink;,,
WET) =1 LEr =M[E;, ],

0, E; > max Ej,t,- s

an

where M[] is the operator of mathematical expectation.

The concept of fuzzy maximum is used to compare
the fuzzy efficiencies (11) of different types of
surveillance means.

Thus, the concretization of the proposed methodology
for optimizing the functioning of the optoelectronic
surveillance system through the rational choice of the
mode of using different types of surveillance equipment
in accordance with weather and other conditions concerns
the mechanisms for determining £, values.

4 EXPERIMENTS

In order to automate the calculation of the value (10),
a software application was developed (Figure 6).

The application implements geoprocessing to
determine the areas of the sectors visible from the
observation towers. Observation conditions including
weather conditions are set using the appropriate interface
elements and, accordingly, the program selects the
parameters of the probabilistic description of the
operation of the observation means. In addition to
calculating a predefined indicator of the effectiveness of
monitoring the area (7), the application implements the
calculation of the effectiveness of controlling the
perimeter of a certain area (10). For convenience, the
storage and reading of the locations of observation
towers, which can be edited, is implemented.

OPEN a ACCESS




p-ISSN 1607-3274 Pagioenexkrponika, iHpopmaTuka, ynpasiainss. 2024.

e-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2024.

Ne
No

4
4

= 5088 =1 e
- = . Ko Kapmamncer | | Kaora paiors

Poasipu Snmec: McUseocT

o] Bacors Bncores s CORC

] 2

Joow magmancr

N | Sepernimocpaeam | | Seemrax rocpaeam

- 5ok = o

Feema Kamamwnr | | Kapra padoy

Pcanics pissrmon sécumoct

[ Ewcare Decoa dawm COLC

2
st muppaincs

Morood paces
= [Ban =

Praomgaec o momers
-l 1

Jeprm evenm

Figure 6 — An application for automating efficiency finding (10)

5 RESULTS

Figure 6 shows some examples of the results of
calculating the indicators of observation efficiency by
area (7) and by perimeter (10).

When calculating the corresponding indicators, the
window displays the total areca of the areas for which
PVvipi» vi» X, y) is calculated. These calculations constitute
the main computational complexity in solving the
problem. From the above examples of application use, it
can be concluded that the computational complexity is
reduced by more than 60 times.

An interesting fact is that in all variants, the absolute
values of the efficiency indicator (10) are lower than the
value of (7). On the one hand, this is explained by the fact
that the task of structural optimization of the OSS — the
placement of observation towers was carried out with the
maximization of (7). However, the main reason is that the
physical meaning of indicators (7) and (10) is to average
the values of the probability of detecting an object over all
elementary areas that make up the study area (in the case
of (7)) or perimeter (for indicator (10)). At the same time,
a significant part of the area is located relatively close to
the observation towers, where a high probability of
detecting targets is ensured. Therefore, the average value
can be quite close to 1. In the case of performance
indicator (10), most areas of the perimeter of the
surveillance strip are located at a considerable distance
from the towers, and therefore the averaged values are
significantly lower.

However, within the framework of using each of the
efficiency indicators, it is possible to compare different
means of surveillance in different conditions and choose
the most appropriate mode of operation of the system in
accordance with these conditions.

To choose such a mode, a technique is proposed that,
using the mathematical apparatus of fuzzy values, ensures
the determination of the observation device that provides
the best observation efficiency over T time period.
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6 DISCUSSION

The methodology for optimizing the functioning of
the optoelectronic surveillance system developed in this
paper is unique due to the use of two optimization criteria,
unlike the existing ones [1, 11-12]. The solution of a two-
criteria optimization problem is not only of practical
importance, but also of theoretical significance which
consists in the development of the theory of
computational processes. In the studied problem, a new
indicator for assessing the effectiveness of the system’s
functioning is also used for the first time, which, unlike
the existing ones allows assessing the level of
impossibility of uncontrolled crossing of the perimeter of
the protected area by an intruder.

The peculiarity of the studied problem, which
somewhat idealizes the process of using the monitoring
elements of OSS, is that the same type of monitoring
equipment was chosen at all observation towers. The issue
of establishing the dependence of observation effectiveness
on the choice of different means on different towers under
certain observation conditions (a generalized problem) is
currently unexplored. However, the proposed approach to
solving the problem studied in this paper can be applied as
one of the stages of solving the generalized problem.

CONCLUSIONS

The problem of optimizing the functioning of the op-
toelectronic surveillance system in accordance with its
formulation in this study can be considered solved.

The scientific novelty of the obtained results lies in a
new approach to determining the efficiency of detecting
objects in the observation sector by an optoelectronic
surveillance system.

The paper sets and investigates a two-criteria problem
of choosing the modes of operation of different types of
surveillance equipment of an optoelectronic surveillance
system at certain time intervals, taking into account the
time of day and weather conditions in which they are
used, which ensures maximizing the efficiency of the
optoelectronic surveillance system while minimizing the
power consumed by active types of surveillance
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equipment in the presence of boundary constraints on the
efficiency and power consumed by the system.

The proposed indicator of the system’s functioning ef-
ficiency allows us to assess the level of impossibility of
uncontrolled crossing of the perimeter of the protected
area by an intruder.

The practical significance of the obtained results lies
in the programmatic implementation of the proposed
mathematical apparatus for assessing the efficiency of
OSSs functioning in different conditions under which
observation is carried out.

Prospects for further research include solving the
problem under study by choosing different types of sur-
veillance equipment or their combinations, on different
towers as well as testing the hypothesis that this may
achieve better results in some cases.
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AHOTANIA

AKTyanbHicTh. [Ipy 0XOpOHI IepKaBHOTO KOPAOHY aKTHBHO 3aCTOCOBYIOTHCS PAJIiONOKAaIliiiHI, TEIJIOBI3iHHI Ta Bileo 3a-
cobu cnocrepexxeHHs. Pa3oM 3 BiINOBiAHMM KOMYyHiKallillHUM 00JaJHAaHHAM BOHU JO3BOJISIOTH YTBOPIOBATH CUCTEMH ONTHU-
KO-€JIEKTPOHHOT'O CIIOCTEPEXXEHH, AKI € OCHOBOIO JJIsl IHTeIeKTyaizalii oXxopoHu KopJoHy. Ha edexTuBHICTS BUKOpUCTaHHS
TAaKUX CHCTEM CYTTEBO BIUIMBAIOTh OCOOIHBOCTI iX ()YyHKIIOHAIBHOI 1 CTPYKTYpHOI o0y 10BU. ParlioHanbHa CTPyKTypHA I10-
OynoBa HaBiTh y CkIagHUX (i3uKo-reorpadiuHUX yMOBax N03BOJs€ 3a0e3leuyBaTu BUCOKUI piBEHb €(EKTHBHOCTI CHOCTe-
pexxennsi. OfHaK 3HAYHUH BIUIMB Ha MiZABHUIICHHS e()EKTHBHOCTI CUCTEeMU Mae€ 1 QyHKIiOHaIbHA cKilafoBa. DyHKIIOHYBaHHS
€JIEMEHTIB CHCTEMU OITUKO-EJIEKTPOHHOIO CIIOCTEPEXKEHHs B 0araTboX BHUIAJAKaX BigOyBaeTbCAd B yMOBaX OOMEXEHb LIOM0
BUKOPHUCTAHHS €JICKTPOKUBJICHHS. Taki 0OMEKEeHHs BH3HA4YalOTh HEOOXIJHICTh pallioHaJbHOTO BHOOPY PEXHMMIB BHKOPHC-
TaHHS OKPEMHUX THIIB 3ac00iB CIOCTEPEXKEHHS HA OKPEMUX YaCOBHUX IHTEpBalax 3 METOI0 3a0e3ledyeHHs e€(EeKTUBHOIO CIO-
CTEpPEIKEHHS 3 YpaxyBaHHIM Iepioay A00U Ta MOrOAHMUX YMOB. HelocKOHaiCTh HayKOBO-METOJAWYHOTO arapaTty ONTUMi3arlil
(YHKIIOHYBaHHS CUCTEM ONTUKO-EIEKTPOHHOTO CIIOCTEPEHKEHHS BU3HAYAE aKTYalIbHICTh JAHOIO JOCIILAXKEHHS.

Meta. MeToro po6oTH € po3poOKka METOIUKH ONTHMi3alii QyHKIIIOHYBaHHS CHCTEMH ONTHKO-EJIEKTPOHHOTO CIiocTepe-
JKEHHsI 33 PaXyHOK PaliOHAJIbHOIO BUOOPY PEKUMIB (PYHKLIOHYBAaHHS Pi3HUX THIIIB 3aC00IB CIIOCTEPEIKEHHS Ha OKPEMHX
JacOBHX iHTEpBalax 3 ypaxyBaHHSAM Iepiody JOOH Ta MOTOAHHUX YMOB, B IKHX BOHH BUKOPHCTOBYIOTHCSI.

Metoa. Y po6oTi ocTaBlleHa Ta JAOCIiKEeHa ABOKpUTEpialbHa 3aJada BUOOPY pexUMiB (YHKIIOHYBaHHs Pi3HUX TUIIIB
3aco0iB CIIOCTEPEHKEHHS CUCTEMH ONTHKO-€IEKTPOHHOTO CIIOCTEPEKEHHS Ha OKPEMHX YacOBHX iHTepBalaxX 3 ypaxyBaHHSIM
nepiony 100U Ta MOTOJHUX YMOB, B SIKUX BOHH BUKOPHUCTOBYIOTHCS, 1110 3a0e3Iedye MaKCHUMi3alilo epeKTUBHOCTI (QyHKILiO-
HYBaHHS CHCTEMH OITHKO-EJICKTPOHHOTO CIIOCTEPEKEHHS P MiHIMi3allii HOTY>KHOCTI CIIOXKHTOI €IeKTPOCHEPTil aKTHBHUMH
THUIAMH 3aCO0IB CIIOCTEPEKEHHS 3a HAsBHOCTI I'PAHUYHUX OOMEXEHb LI0A0 €(EKTUBHOCTI Ta IOTYKHOCTI CIIOXKHUTOI CHCTE-
MO0 €JIeKTPOECHEePTii.

3anpornoHoBaHUN MOKA3HUK OLIHKU €()EKTUBHOCTI (PYHKIIOHYBAHHS CUCTEMHU JO3BOJIS€ OLIHUTH PIBEHb HEMOXIHBOCTI
HEKOHTPOJILOBAHOTO TIEPETHHY MOPYIIHUKOM ITEPHMETPY JIIISHKH, IO 0XOPOHAEThcsA. OCOOIMBICTIO 3a3HAUCHOI METOIUKH €
MOXJIMBICTh 3a0€3M1€UEHHSI CYTTE€BOIO 3HIDKEHHS PIBHS €HEPrOCIIONKHMBAHHS CKIAOBHMHU CHCTEMH 3a PaXyHOK HE3HAUuHOTO
3HIDKEHHS e()eKTHBHOCTI CIIOCTEPEIKEHHSL.

Pe3yabTaTn. Y poOOTi 3ampornoHOBaHUN aIbTePHATUBHUIN MiAXiJ AA OLIHKM €(EeKTUBHOCTI (YHKIIOHYBAaHHS CHCTEMHU
OIITHKO-ETIEKTPOHHOTO CHOCTEPEKEHHS, i7ies IKOTO IOIATAaE B TOMY, IO 3aMiCTh OI[IHIOBAaHHSA €()eKTHBHOCTI CIIOCTEPEKECHHS
0 BCill IO KOHTPOJILOBAHOT 00JIACTi NUISTHKYA KOPAOHY, OL[HIOETHCS €(EKTUBHICTh KOHTPOJIIO JIMIIE 33 MEePUMETPOM L€l
obmacti. Takuil migXiZ CYyTTEBO 3MEHIINYE OOYMCIIIOBAIBHY CKJIAIHICTh 3a/adi BIALIYKaHHS 3HA4YeHHS e(EKTHBHOCTI, IO B
HOAANBIIOMY CIPOILY€E BUPILICHHS 33/a4 CTPYKTYpHOI ONTUMI3allil CHCTEM CIIOCTEPEXEHHs. 3alpolOHOBAHO IPOrPaMHO-
aNTOPUTMIUHY peali3amito MeTOINKH ONTHMI3alii (hyHKIIOHYBaHHS CHCTEMH ONTHKO-ETIEKTPOHHOTO CIIOCTEPEKEHHS. 3 BHKO-
PHUCTaHHSIM PO3pOOIEHOr0 MPOrPaMHOro 3a0e3MeUeHHs [IPOBEACHO pallioHaIbHUIl BUOIp pexXuMiB QyHKLIIOHYBaHHS OKPEMHUX
THIIIB 3aC0O0IB CIIOCTEPEXCHHS Ha OKPEMHUX JaCOBHX IHTEpBaNax 3 ypaxyBaHHSAM Iepiomy TOOH Ta IIOTOIHHUX YMOB.

BucHoBku. BuxopucranHs 3ampornoHOBaHOT METOAUKH JI03BOJISIE€ ONTUMI3yBaTH PEXUMH (YHKIIOHYBaHHS CUCTEMU OII-
THKO-EJIEKTPOHHOTO CIIOCTEPEKCHHS 3 ypaxXyBaHHSIM OOMEKYIOUNX (haKTOpiB MOAO e()EKTUBHOCTI Ta MOTYXKHOCTI €Hepro-
CIIOJKUBAHHS IIPU 3aCTOCYBAaHHI OJJHAKOBUX THIIB 3aCO0IB CIIOCTEPEXKEHHS HA BCIX BEXaxX CUCTEMU. MOXIIMBUM HaIpsIMOM
YJIOCKOHAJICHHS] METOJUKY € ii afanTalis 10 BUIAJKiB 3aCTOCYBaHHS Ha PI3HUX BEXaxX CUCTEMU Pi3HUX THIIIB 3aCO0IB CIIOCTE-
pEXKEHHS.

KJIIOYOBI CJIOBA: cucTeMa ONTUKO-EIEKTPOHHOIO CIIOCTEPEIKEHHS, METOIUKA, ONTUMi3allisl, e(EeKTUBHICTb, EHEPro-
CTIOXKMBAHHS, aTOPHTM.
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