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OPTIMIZATION METHOD FOR THE STRATEGY OF REGULATED MAINTENANCE
OF MILITARY EQUIPMENT

Annotation. Complex technical objects in modern society are extremely important. Such objects
belong to the class of recoverable objects of long-term multiple used. They tend to be expensive and require
significant maintenance costs. To ensure the required level of reliability during their operation,
maintenance is usually carried out, the essence of which is the timely preventive replacement of elements
that are in a pre-failure state, which is very important for military equipment.

A characteristic feature of complex technical objects for special purposes (military equipment) is
the presence in their composition of a large number (tens, hundreds of thousands) of different types
components that have different levels of reliability, different patterns of their wear and aging processes.
This feature requires a more subtle approach to the organization and planning of maintenance during
operation (military equipment).

The problem is that when developing such objects of military equipment, all issues related to
maintainability and maintenance should be addressed already at the early stages of designing an object.
If you do not provide in advance the necessary hardware and software for the built-in monitoring of the
technical condition (TC) of the object, do not develop and “embed” the maintenance technology into the
object, then it will not be possible to realize in the future a possible gain in the reliability of the object due
to the maintenance. Since all these issues must be resolved at the stage of creating an object (when the
object does not yet exist), mathematical models of the maintenance process are needed, with the help of
which it would be possible to calculate the possible gain in the level of reliability the object due to
maintenance, to estimate the cost costs required for this. Then, based on such calculations, make a
decision on the need for maintenance for this type of objects and, if such a decision is made, develop the
structure of the maintenance system, choose the most appropriate maintenance strategy, and determine
its optimal parameters.

In this paper, we develop a methodology for optimizing the parameters of the strategy for regulated
maintenance of military equipment.

The paper also confirms the general idea that the data obtained fully confirm assumption that the
“adaptive maintenance” strategy is more preferable in the case of unreliable (inaccurate) information
about the reliability indicators of the object’s elements.

Keywords: maintenance, object of military equipment, regulated maintenance of military
equipment, costs for the cost military equipment

Introduction. Complex technical objects are understood as objects consisting of a large
number of different types elements (tens, hundreds of thousands), each of which can be a rather
complex technical device. Elements can be electronic, mechanical, electromechanical, hydraulic,
etc. The heterogeneity of elements leads to the fact that different elements are characterized by
fundamentally different physical processes (and, consequently, rates) of degradation, leading to
their failure.

The objects under consideration belong to the class of repairable objects for long-term
repeated use, and during their operation, maintenance is usually carried out to maintain the required
level of reliability. Maintenance (MS) is understood as “a set of operations or an operation to
maintain the operability or operability of an object when it is used for its intended purpose, simple,
stored and transported” [1,2]. Also, when used as intended, only MS will be considered.

During operation, an object at any time can be in one of the following states: serviceable,
operable, inoperable.



The object can be used for its intended purpose only in good or good condition. Restoration
of a working or working condition is carried out at the expense of current repairs. The MS is usually
carried out only when the object is in working order. If by the time of the start of maintenance (or
in the process of maintenance) there was a complete failure, then the object is first restored, and
then maintenance is carried out.

The essence of MS is to prevent some part of failures by replacing individual elements,
cleaning, lubricating, adjusting, etc. (which is why MS is often called prevention). In modern
technical facilities, in the vast majority of cases, maintenance is reduced to the replacement of
elements (liquids, oils, etc.) that are in a pre-order state.

Analysis of the recent research. Currently, there is a decrease in the number of scientific
publications devoted to the operation of complex technical objects. One of the reasons for this, in
our opinion, is a sharp increase in the level of integration and reliability of components. Thanks to
this, developers of complex equipment have been able to solve the problems of ensuring the required
level of reliability without significant maintenance costs (or no maintenance at all). However, for
the same reason (high integration and reliability of components), it became possible to implement
more and more complex equipment with new functions, which was impossible with the old element
base. This again objectively leads to reliability problems and, therefore, the question of need for
maintenance and the choice of optimal strategy for its implementation again becomes relevant.

Unfortunately, the currently known mathematical models and methods for calculating the
optimal parameters of maintenance processes are not very suitable for application to real technical
objects. The main disadvantage of these models is that they either do not take into account the
complex structure of the object, or it is possible to take into account only some of the simplest
structures [3, 4]. In [5, 6], a comparative analysis of the problems that arise when solving
maintenance problems "by resource™ and "by state" is carried out. An overview of the latest work
in the field of maintenance and repair of complex systems at that time. In [7], a theoretical
generalization of known mathematical models of MS processes was made. However, these models
do not allow one to construct a methodology suitable for practical use on their basis.

Main part. The problem of optimizing the parameters of regulated maintenance strategy,
taking into account the determination of parameters, can be formally represented as follows:

TO(<E* T
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where N - is the optimal number of MS types;
E*

TO

maintenance of j-th type.

and T ; - optimal volume (a set of serviced elements) and the frequency of

The initial information for solving the problem is:
E.. - setof potentially serviced elements of the given object;

T,” - specified required value of the mean time between failures, which must be ensured by

carrying out maintenance.

Problem solving technology

To solve the problem, as before, it is necessary to create a database (DB) and, using the ISMPN
program, enter into it all the necessary data about the object for which the problem is being solved.

Determine for the object a set of potentially serviceable elements E .

To include elements in aset E_, you need to open the database (run ISMPN program in the

Database mode), select the required element in the structural structure tree, and then enter the “in”
attribute for this element in PW column of the table.
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To enter the parameters of types maintenance, it is necessary in Database mode to open the
tab Parameters of service stations and maintenance systems (Fig. 1).

In the table of parameters types maintenance, enter the following data:

- name of the type maintenance;

- frequency of maintenance T_ ; (indicative value, since its optimal value has not yet been

determined);
- duration of diagnosis during maintenance TM. ;

- cost of diagnosing during maintenance CM. .

Mapamerpw CTO:
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Figure 1 - Entering the parameters of maintenance T.., types MS-1

Then, in the list of serviced elements for the selected type TTkaj’ of MS, set (by mouse click)

the switch to the on state for all elements that are included in the subset TT’;J. (Fig. 1).

At the first step, one type of MS is introduced and one element is selected, which is included
in the set .

The search for a conditionally optimal value ¢, T and K{’of the frequency of
maintenance is performed in the mode Research MS | Regulated Maintenance. After opening this
mode T >T ™ you must do the following:

- set the parameters for varying the frequency of maintenance (initial and final values,
interval);

- choose the type of maintenance, frequency of which will vary;

- click the Start button.

On fig. 2 shows PC screen after the calculation is completed.

To the right of the graphs, the value of the optimal frequency obtained in the current step is
displayed, as well as the values T of the indicators , ¢', T and K’ obtained with the

frequency of maintenance T .

TO
This completes the execution of the current (k-th) step, in which a conditionally optimal
solution is obtained:

STOY = {Ep To e (B s oW (ESL T

T01? 10 j-17 " 710 -1 0 ]!



If the received value T, does not satisfy the requiremen T, >T "t, the next step is
Q)

TO j !
Database mode and select the next element in the list of serviced elements for the current
maintenance type (by turning on the switch, as shown in Fig. 1).

performed. In the set E ), you need to add the next element E_ from . To do this, switch to the
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OberT: TRcT-1 Tepdesto="118424 —
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Figure 2 - Completion of the search for optimal frequency of maintenance T
of MS-1

for the type

When moving to the next type of MS, the frequency value T*) obtained in the last step must

be entered into the table as the found optimal value T__ .
After that, switch back to the Maintenance Research | Scheduled maintenance and re-calculate

to determine the optimal frequency and the corresponding values T*) of the indicators , ¢, T
and K,

o]
Repeat the calculations until the condition is met. Take the decision obtained in the last step
as a solution T >T ™ to the problem.

Below is a specific example of solving the problem.

An example of the application of the technique.

For example, we use the Test-1 test object, the data on which was given above. Next, we will
make calculations in accordance with the technology described above.

At the 1st step, we set the set E®) ={132}. As aresult of calculations at the 1st step, we obtain

a conditionally optimal value of the periodicity of MS TTf)ll) =1300 hours. In this case, the following
values of indicators are obtained (Fig. 3):

c"=0,01964 c.u/h; T=1335h; and K =0,99801.

At the 2nd step, we include the next element in the set E®), after which we get the set E®
={132, 12} (Fig. 4).
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Figure 3 - Completion of calculations at 1-st step of the search (object Test-1)
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Figure 4 - Inclusion in the set of second element (object Test-1)

Further, in a similar way, we will make calculations for one type of MS with inclusion in all
elements E_ from E™). The calculation results are summarized in Table 1.

T0l
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Table 1
Calculation results of conditionally optimal parameters of regulated maintenance
(object Test-1)

Conditionall L ) ;

S optimal parameterz _ _Values of |_nd|cators obtained W|t[1
tep Mainte (E9,T®) conditionally optimal parameters STO ¢
numbe nance type AR ©
r number j T® T Cya

®) 0
K EY) N e K £
1 1 0,0 0,9 0,
1 1 {132} 300 | 335 1962 9801 158
1 1 0,0 0,9 0,
2 1 {18212} | 5007 | 465 1827 9741 170
3 1 {132,12, 1 1 0,0 0,9 0,
11111} 400 609 1695 9689 184
4 1 11111{132’12’ ! L 0.0 0.9 0
131-1} 400 756 1657 9623 190
132,12,
5 1 11111, 1 1 0,0 0,9 0,
131- 400 932 1619 9557 196
1,131-2}

The presented results provide comprehensive information on the possibilities of improving
the reliability of the object Test-1 due to regulated maintenance.

So, if, for example, the required value of the mean time between failures is set equal to  T,”
=1500 h, then the optimal solution is 1 type of maintenance with the parameters:
STO}, = {({132,12,11118,1400h)}.
This results in the following values:
C;: 0,01695 c.u./h; T, =1609h.; and K’ =0,99689.
Based on the results obtained, the following conclusions can be drawn:
1. The MS strategy is considered the best if the graph of the function T, is higher (for the

function c;ﬂ - lower) in relation to the corresponding graph for the compared strategy. The

maintenance strategy that is best in terms of T,", as arule, is also the best in terms of Cy*Il and vice

versa.
2. The effectiveness of various maintenance STO" strategies significantly depends on the
reliability T, and €, cost structure of the object T_,. If the distribution of the cost of repairable
(including serviceable) elements is closely correlated with the distribution of their reliability
indicators, the difference in the effectiveness of various maintenance strategies is reduced. This is
clearly seen in the example of Test-2 object, for which the least reliable elements are also the most
expensive.
We will also calculate the indicators for test objects in the case when the average time to
failure of all recoverable elements is 2 times less compared to the indicators for which the
parameters of the optimal maintenance strategy were calculated.

Obviously, the indicators obtained in this case T, and C;H should be worse than the indicators

T, and C_, obtained with the initial values of T_.. Tables 2 and 3 show the values of the coefficients
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of relative losses in the level of reliability 5TO and in the specific cost of operation o, , which were
determined by the formulas:

-T, c —cC
_L TO-100; o, =—>—=-100,
ya C

0 ya

0.

To

where T, (C,,) - is the mean time between failures (specific cost of operation) obtained under

optimal parameters STO", provided that the indicators Tcpi correspond to the values specified for

test objects in test cases;
T, (C;ﬂ) - same indicators obtained with optimal parameters STQO", but under the condition

that the indicators T_; in the initial data are reduced by 2 times.

Table 2
Relative loss ratio of reliability level &; (in %)
. Technical object
Maintenance
strategy Test-1 Test- Test- Test-
2 3 4

MS by
condition 52 53 67 79

Adaptive MS 49 49 63 56

MS on 55 59 69 82
resource

Table 3
Relative loss ratio of unit cost operations 5% (in %)
. Technical object

I;?atmtenance Test-1 Test- Test- Test-

strategy est- 2 3 4

MS by
condition 110 144 187 192

Adaptive MS 98 100 167 117

MS on 121 712 185 166
resource

In Fig. 5 and 6 these same coefficients are shown in the form of graphs.

P
it

" ME tv conditionn

A
//%ﬂ,.l——-—..x:ic'.aptwa ME
‘,_._’_’_._,,ni’ //// . “““x_\*
’_____‘_,‘O"f;/ ME on resoures

— N

Figure 5 — Relative loss coefficient of the reliability level &; , %
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Figure 6 - The coefficient of relative losses of the unit cost operation 5% , %

The data obtained fully confirm the assumption that the “adaptive maintenance” strategy is
more preferable in the case of unreliable (inaccurate) information about the reliability indicators of
the object elements.

The value of the loss factor 5% = 712% obtained for the Test-4 object is not an accidental

outlier or error. Such large losses in the unit cost with “MS by resource” are explained by the high
cost of the least reliable elements of the Test-4 object. This result is an additional confirmation of
the critical sensitivity of the optimal parameters resource maintenance strategy in the case of
unreliability initial data on the reliability of object.
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K.T.H., ban3ak I'.B., k.T.H., Jlemenko O.1., 1.¢inoc., Kopaas M.O.

METO/IUKA OIITUMI3AILIIL HIAPAMETPIB CT}’ATEFIT PEI/TAMEHTOBAHOI'O
TEXHIYHOI'O OBCJIYI'OBYBAHHS BIMCBKOBOI TEXHIKHN

Anomauin. CKnaoHi mexniuHi 00'ekmu y CycniibCmei Maoms suUKII0UHO sadxicauee 3nauenusn. Taki
00'€kmu Hanexcamv 00 K1ACy GiOHOGNIO6AHUX 00'€KMie mpueanozo 0azamopazoozo 3acmocy8anHs.
Bonu, ak npaeuno, € oopocumu ma nompedyromv 3HAYHUX eumpam Ha iX ekcnayamauir. /[na
3abe3neueHns HeoOXiOH020 pieHA 0e36i0MoeHOCHI 6 npoueci iX excniayamayii 3a3euuail NPOEOOUMbCA
mexHiune oocnyzoeyeannsa (TO), cymb aK020 nonsa2a€c y c60€HACHIN 3an00ixcHill 3aMini e1emenmis, w0
3HAX00AMBCA 6 CMAHI neped iOMOBOI0, W0 OyIHce 8aNCIUBO 01 00'€KMIE GiliCbKOBOT MEXHIKU.

XapakmepHnoiwo 0codaugicmio CKAAOHUX MeXHIYHUX 00'ckmie cneyiaipbHo20 NPU3HAYEHHA
(8ilicbk060i mexHiKU) € HAAGHICMb Y IXHbOMY CKNAOi 8eqUKOI KintbKocmi (Oecamku, comui mucay)
DIBHOMUNHUX KOMRJIEKMYIOUUX e1eMeHmis, w0 Malomov pi3HUN PpieeHb Hadilinocmi, pi3Hi
3aKoHOMIpHOCHI npoyecié iXHb020 3Hocy ma cmapinna. Ila ocobnueicme nompedye oinvut MoHKo20
nioxooy 0o opzanizauii ma naanyeanus TO y npouyeci excniyamauyii (8ilicbK080i mexHiku).

IlIpoonema nonazae 6 momy, wio npu po3pooyi maxux 00'ekmie 6iticbK060i mexHiKu 6ci nUmMaHnHs,
noe'a3ani 3 peMOHMONPUOAMHICHIO MA MEXHIYHUM 00CIY208Y8AHHAM, NOGUHHI GUPIULYBAMUCS 8)ICE HA
Pannix emanax npoexkmyeanna 00'ckma. Axujo ne nepeddauumu 3a3oaneziov HeoOXiOHI anapamui ma
npozpamui 3acoou 66yooeanozo KoHmpoJiwo mexuiunozo cmany (13) o6'ekma, ne po3pooumu i ne
60yoysamu 6 00'ekm mexnonoziio npogedenna TO, mo peanizyeamu 6 MaiiOymuboMy MOHCAUGUIL 6UZPALL
y 06e36iomoenocmi 06'exkma 3a paxynok nposedeunsn TO ne edacmuoca. Ockinbku 6ci yi nUMAHHA HOGUHHI
supiwyeamuca Ha emani cmeopeHHs 06'ckma (konu 00'ekma wie nemac), HeoOXIOHI MamemMamuyHi
mooeni npoyecy TO, 3a 00nOMO2010 AKUX MOICHA OY10 0 NPOPAXYsamu MOMNCAUGUIL euzpaut y pieHi
0e3siomoenocmi 00'ekma 3a paxynok npoeedenna TO, oyinumu neodxioni eapmicni gumpamu. Ilomim
Ha niocmaei maxux po3paxyHKie RPpUiiHAmMu pileHHs npo Heodxionicmv npoeedennsa TO ona uvozo
muny 00'ekmig i, AKWO0 maxe piwieHHA NPUUHAmMO, po3podumu cmpykmypy cucmemu TO, sudopamu
Haiioinvw npuiinamuy cmpameczito TO, suznauumu it onmumanvui napamempu.

Y pobomi nposooumuca oocniorncennsa enaugy Koeivicnma eapiayii Ha eeUUUHY ONMUMATILHOZ0
PieHA MexXHIUH020 00C/1y206Y6aAHHA.

Taxoostec y pobomi niomeeporcyecmobcsa 3acanbhHe MIPDKYBAHHA Y MOMY, W0 MeEHUle GelUYUHA
Koegiyicnma eapiayii 6unadkoeoi HanNPaAuIOBaAHHs 00 i0MOBU 0OCIY208Y8AHUX e/leMEHNI8, MO DilbuIUM
Mmae oymu onmumanvHe 3HayeHHs piena TO.

Kniouoei cnosa: mexniune o06cnyzogysanms, 00'ekm ilicbK060i mexHiKu, pezilameHmosane
00C1y208y6aHH BIIICbKOBOT MEXHIKU, GUMPAMU HA 6APMICMb 8IIICbKOBOT MEXHIKU
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MODEL OF PHYSICAL PROCESSES IN THE PRIMARY AND SECONDARY
CONVERTERS OF THE DETECTOR FOR RADIATION MONITORING SYSTEMS

Annotation. The level of development and application radiations technologies is largely determined
by the state of nuclear instrumentation. The advent of modern semiconductor sensors for the first time
connected nuclear instrumentation and electronics into a single complex - semiconductor detector. It
combines a semiconductor primary converter of ionizing radiation (sensor), secondary converter of
information from the sensor (electronics) and software for processing this information, interconnected in
terms of problem being solved and parameters.

The block diagram of the detector consists of two main parts: the primary converter of ionizing
radiation (IR) energy into an electrical signal - sensor; secondary converter of this electrical signal.

The characteristics of the detector are determined mainly by the physical properties of the
semiconductor crystal as the sensitive element of the primary transducer, as well as by the features of
process recording the electrical signal.

The process of registering IR consists of converting a non-electrical quantity that characterizes it
into an electrical signal. In other words, one type of energy is converted - IR energy - into another, more
convenient for processing and storing information. A current or voltage pulse occurs in a radiation sensor
directly as a result ionization of its active medium - a semiconductor; this pulse carries extensive
information. First of all, it is correlated with the time of the nuclear process. In addition, the pulse marks
fact that radiation is emitted within the solid angle at which sensor is visible from the source. Pulse
amplitude often serves as a measure of the energy loss of radiation in the sensor. The pulse shape differs
for different types of radiation, as well as for different areas and angles of radiation entering the sensor.

In this work, model of gamma radiation detector is created as a single system of primary and
secondary converters. It contains a physical analysis and analytical representation of the processes
occurring in CdzZnTe-sensor and electronic preamplifier. It is shown that the collection of charges in
sensor varies over time, which leads to a scatter of signal pulses in duration and amplitude. In this regard,
the model shows need to use a charge-sensitive pre-amplifier.

The main advantage of the model is the solution to problem of optimizing signal-to-noise ratio in
the detector.

Key words: detector, primary and secondary converters, ionizing radiation energy, signal pulse
spread, radiation monitoring systems

Introduction. The block diagram of the detector consists of two main parts: the primary
converter of ionizing radiation (IR) energy into an electrical signal - sensor; secondary converter of
this electrical signal.

The characteristics of the detector are determined mainly by the physical properties of the
semiconductor crystal as the sensitive element of the primary transducer, as well as by the features
of the process recording the electrical signal.

The process of registering IR consists of converting a non-electrical quantity that characterizes
it into an electrical signal. In other words, one type of energy is converted - IR energy - into another,
more convenient for processing and storing information. A current or voltage pulse occurs in a
radiation sensor directly as a result of ionization of its active medium - a semiconductor; this pulse
carries extensive information. First of all, it is correlated with the time of the nuclear process. In
addition, the pulse marks the fact that radiation is emitted within the solid angle at which the sensor
is visible from the source. Pulse amplitude often serves as a measure of the energy loss of radiation
in the sensor. The pulse shape differs for different types of radiation, as well as for different areas
and angles of radiation entering the sensor.

Most of the information transmitted by pulses is characterized by a continuous spectrum: a
pulse can appear at any time with different amplitudes. In addition, electrical signals from the
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detector generally arrive against a background of interference, which significantly reduces the
reliability of the transmitted information. Interference can be caused by parasitic electrical signals
(noise of circuit elements, external interference) or extraneous sources of IR. The reliability of
measurements increases if the signals have qualities other than interference.

Main part. Analysis of initial parameters of the crystal.

A semiconductor material for use in ionizing radiation sensors must satisfy the previously
stated conditions and be characterized by a set of the following functional qualities [1, 2, 3].

When interacting with photons, it should generate as many free charge carriers as possible.
Their number is linearly proportional to the energy of the absorbed quantum, therefore, the lower
the energy of formation of an electron-hole pair (the band gap of the crystal), the easier it is to
register quanta of relatively low energy. In addition, and this is the main thing, with an increase in
the number of generated charge carriers, its relative fluctuation decreases. This increases the
accuracy of determining the energy of absorbed quanta of ionizing radiation.

To receive a signal in the external electrical circuit in which the sensor is connected, charge
carriers must move quickly enough in the electric field of the crystal, and in order to obtain a signal
linear in energy, energy losses on the way to the electrodes must be minimal (absent). In general,
this means that it is necessary to ensure the highest mobility of both types of charge carriers (if they
are collected unipolarly — mobility of electrons) and the minimum concentration of traps that capture
carriers as they drift to the electrodes.

To register small signals, it is necessary to have minimal loss currents at sufficiently high
voltages applied to the sensor. This means that the semiconductor material must be highly resistant.
It must effectively absorb X-ray or gamma radiation quanta in a fairly small volume. Therefore,
greater the density of the material and its atomic number Z, greater the absorption cross section on
an individual atom and the ability of material to inhibit ionizing radiation as a whole. This quality
is fundamental to ensure significant sensitivity of the sensor with a sufficiently small size. This
quality plays a particularly important role in the case of high-energy gamma-ray spectrometry, since
the efficiency of recording high-energy gamma quanta strongly depends on the thickness of the
sensor and the properties of the active medium (the photoelectric cross section is proportional to
7).

The listed requirements apply both to the quality of sensor material and its design. In what
follows, as a main example, we will consider a sensor based on single crystals of the CdZnTe solid
solution.

Model of physical processes in the primary and secondary detector converters.

From a formal point of view, any sensor with electrical information collection can be
considered as a current generator into an external recording circuit.

Block diagram of a semiconductor sensor and circuit diagram for connecting the preamplifier
of the secondary converter, i.e. the entire detector are presented in figure 1.

Let us consider the processes occurring in the primary and secondary blocks of such a detector.
When the energy of ionizing radiation is absorbed in W zone of the intrinsic semiconductor,
electron-hole pairs are formed, which drift under the influence of an electric field between p- and
n- contacts, inducing a charge pulse at the sensor electrodes (fig. 1 a). The zone width W is
determined by the material thickness L and the applied voltage Uy. For CdZnTe, the charge carrier-
free zone is determined by the properties of the material (table 1).

To ensure directional movement (drift) of charge carriers created by IR, a direct bias voltage
is applied to the contacts of sensor D through load resistance Ry (fig. 1 b). The resulting pulsed

voltage drop U :8 in most cases is not proportional to the energy lost by y-quantum. The difference

in the time of collection of charges leads to a scatter in the duration, and therefore in the amplitude
of the pulses. In addition, the capacitance of the sensor itself does not remain constant. Therefore,
in the detector circuit it is necessary to use a charge-sensitive pre-amplifier 1 (fig. 1 b).
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Figure 1 — Sensor structure (a) and equivalent circuit (b) for connecting a semiconductor
detector: symbols are in the text

The equivalent circuit of a semiconductor sensor contains, in addition to the diode D itself, a
depletion zone capacitance Cy, a parasitic capacitance Cs, a leakage resistance R. and a “path”
resistance Rs. The latter is a combination of output electrode resistances. The diode capacity also
depends on the voltage and quality of the crystal. This dependence can be approximately represented
in the form [4, 5]:

C, =21-108A(pU )‘% pF (1)
/| PYp ! !

where 4 — is the sensor area, cm?; p — resistivity of semiconductor material; U,— blocking
voltage.

The given dependence can be used in a comparative assessment of the sensor activation
modes.

One of the important characteristics of the sensor is the level of parasitic signal components -
noise that is not associated with the physical processes of interaction between the crystal and the IR.
The noise level determines the minimum threshold for recording IR energy.

The conversion of the energy lost by the particle in the sensor into an electrical signal of the
appropriate amplitude occurs with an accuracy characterized by the resolution of the system. The
latter depends on many reasons, in particular on the properties of the amplifier. Indeed, since the
amplitude of the signal generated by the semiconductor sensor is small, the distortion of the
amplitude spectrum is caused, first of all, by modulation by noise pulses arising in it and in the
resistances. Chaotically combining with useful signals, noise “blurs” the original amplitude
spectrum. Noise amplitude distribution is Gaussian:

U, -0)2
1 .e 202 , (2)

oA\ 27

pU)=

where o2 —is the dispersion or mean square deviation of the amplitude U; from the average
value U .
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Let us assume that all other reasons distorting the signal amplitude spectrum, compared to the
influence of noise, are negligible and register monochromatic charged particles that leave all the
energy in the sensor. In this case, the measured signal amplitude spectrum is also determined by
expression (2). However, now U — is the average amplitude of the signal, and o is determined by

noise, and o is equal to the root-mean-square noise UTi =U,, voltage. The width at half maximum

of the curve is called resolution EA (FWHM). Substituting the value into equation (2)
2

pU) =; p(U), it is easy to obtain 1A:2.360- By measuring the resolution in energy units (in
2

electron volts), it is possible to determine which part of the energy corresponds to the noise level
converted to the input of a given amplifier [6, 7].
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Figure 2 — Expansion of the energy line due to noise

The absolute value of C; capacitance, as well as the parasitic capacitance Cg, largely

determines the noise level, and with it the energy resolution of the charge-sensitive preamplifier.
The current flowing through the leakage resistance RL is another source of noise, which also
degrades the energy resolution.

In order for subsequent detector devices to work — amplitude analyzer, discriminator,
coincidence circuit —an amplifier with a high gain is required. Typically, an amplifier consists of
two separate units: a preamplifier and a main amplifier. This separation is due to the desire to
minimize the input capacitance C, which affects the resolution, while the preamplifier is located
next to the sensor. The signal, amplified by first block to a level at which the noise of the subsequent
amplifier has virtually no effect, is transmitted to the second block via a matched cable. Particular
attention should be paid to obtaining a minimum of noise in the preamplifier [8, 9].

To analyze the noise, let's take a closer look at the equivalent circuit of the preamplifier. Noise,
like a signal, can be expressed numerically in units of voltage, charge, or energy. With energy losses

E, electron-hole pairs | — E are formed, giving a charge Q on the total input capacitance C. If

W
T@x:RC it is large compared to the charge collection time, then the signal amplitude U’ =(§ . For

further consideration, we will take into account the action of the forming chains. As a result of
passing through the differentiating and integrating circuits with 7, =z,=z (this case is often used

in practice), the signal will decrease by factor of e =2,72, i.e., it will be _Q Asimilar reasoning
Ce.
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can be carried out for noise, only starting with voltage u . then moving to charge Q,=U,C-e

the number of charge carriers Nszi and, finally, to the equivalent noise energy [8, 10]:
q

UWC-eVV_p
w - q '

Often, when assessing the noise properties of amplifiers, ratio is usedsignal to noise,]:i.
U

u

Knowing 7 and signal, it is not difficult to determine U, and EA.
2
The spectral density of the parallel noise current is equal to:

.2
' _oql +[4KTJ, 3)
Af

Rp

where | — is the sum (modulo) of all currents acting parallel to the sensor; R, ~ resistance of

all resistors connected in parallel with the sensor; Af — fragment of the spectral characteristic; 7 —

is absolute temperature.
This spectral density can be expressed by one equivalent noise resistance R, the value of
which is determined by the relation:

A1 _ab 1 (4)
R, 2kT Rg

Parallel noise is frequency independent, but the voltage it creates at the input capacitance C,
as well as the input signal, depends inversely on frequency:

2
u
R S

Af R, (a,c)Z

()

Another source of noise in the input stage is determined by the input amplifier device and the
principle of its amplification. For a field-effect transistor, the series equivalent noise resistance is

equal to Rg ~ L, where S — is slope of the transistor input characteristic. The intensity of the serial
S

noise is also frequency independent and is:

0 (6)
— —4kTRe -
Af S

In some cases, especially when recording X-ray radiation, the noise component of type
transistors 1 plays a significant role. This noise can be determined by the formula:
f

ul At -
Af f@
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where A — is a constant coefficient depending on the transistor manufacturing technology;

a~1.
The total noise voltage of the noise sources at the amplifier input is equal to:

— 1 1 (8)

U2 =(4kT —
where N(w) — is the spectral density of input noise; Af — narrow differential frequency

bandwidth ¢ - @ .
2r

A
+4KTR_ + ff)Af = N(w)Af,

In (8) N(w) represents the spectral density of the input noise Af — narrow differential

bandwidth around frequency f— % . Narrowband amplifiers are only suitable for amplifying
2

sinusoidal signals. The frequency response K(w) of spectrometric amplifiers extends from low to

high frequencies and the noise level U, at the amplifier output is determined by the integral

expression:
—5 1
Uj:hfgoo‘N(a))HK(a))‘zda). 9)

The limiting effect of the amplifier bandwidth K(w) also affects the signal shape. The
dependence of the amplifier output signal on time can be determined using the inverse Fourier
transform formula:

1 + o0

sz(t)=g_j S(w)K (w)eldw.

Selecting the best frequency response of the spectrometric path in order to obtain the
maximum signal-to-noise ratio is the essence of optimal filtering [11].

The purpose of a spectrometric amplifier is undistorted transmission and amplification of the
amplitude of the input signal, and not its shape or rising edge. Consequently, with the appropriate
circuits it is necessary to select such a form of the frequency response amplifiers, in which the main
frequency spectrum of the signal passes through, but the noise spectrum is maximally limited.

According to this theory, the square of the maximum possible signal-to-noise ratio is [12]:

2 _27U%w)
70U ()
where U(w) and U, (w) — are the spectrum of signal and noise at the amplifier input,
respectively.

(UZ/?CZKC

It has been shown theoretically that the maximum signal-to-noise ratio in this case is achieved
at equal integration and differentiation time constants 7 ~p=7rc =7 . In this case, the noise level is

minimal at some optimal time constant 7,

70 =C RS RP . (10)

Then the noise level at output of the amplifier is determined by the integral expression:
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— 2.2 A
U2 1 jooN( )7dw:4kTR78+ﬂ+7f. (11)
2_2y2 2

27 I+ ) 8 8C°Rp 2

As can be seen from (11), series noise depends inversely, parallel noise depends
proportionally, and type noise 1 does not depend at all on z. The minimum value of noise at 7=7
f

isequalto y2  — kT

S (ignoring type noise 1) Considering that during CR-RC formation
RP f
amplitude of the output signal does not depend on 7, the minimum noise corresponds to the
maximum signal-to-noise ratio:

RC _SZMaKc _ Q (12)
M yaxe = Uu,”mm () 4kTC (e) o0

This formula shows ratio of amplitude output voltage to rms voltage of the output noise. The
input signal to the spectrometer amplifier represents charge Q or energy E deposited by the ionizing
radiation in the sensor so in practice it is common to express the noise level also in units of charge

or energy. Taking 77ma;<c =1, we find the equivalent root-mean-square noise charge for CR-RC
formation:

oC = VAKTC 4/23 1360, (13)
P

where o is the minimum possible noise charge.

In foreign literature, the root-mean-square noise charge is designated ENC — Equipment Noise
Charge [14, 15]. In formula (13), the coefficient € _; 36 was deliberately highlighted.

In spectrometric practice, to evaluate amplifier noise, they often use not the standard deviation
o 5, but the distribution width at the level of 0.5 of the maximum value. This value in the domestic

literature is called energy resolution:

;AE ~ 2,35, . (14)

In practice, another way of expressing the noise properties of spectrometric amplifiers is
widely used — in the form of the dependence of the energy resolution (or equivalent noise charge)
on the external capacitance at the amplifier input C. Indeed, the total noise contribution to the energy
resolution can be approximately represented in the form of two terms:

R R R
Ag :\/gz(c:,%_T_TS')wZ1_5(35Z ~(Ay)y+E 75c e (15)

The first term (A E) 0 does not depend on the external capacitance and represents the initial

noise contribution of the amplifier at zero sensor capacitance; it is determined by parallel and
partially series noise. The second term increases as the sensor capacitance increases. Its multiplier
represents the slope of the dependence of the noise characteristic on the external capacitance. This
term is determined only by the series noise of the amplifier. This visual (albeit somewhat simplified)
representation of the noise properties of amplifiers is valid not only for the considered CR-RC
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formation, but also for any shaper. In this case, the nature of the dependences of the initial noise and
the slope of the noise characteristic on Rg,Rp and z (pulse duration) is preserved. However,

quantitatively these parameters will be included in the general formula (8) with other coefficients.
Let's consider the shape of the output signal with optimal shaping. It is known that the

frequency response of an amplifier with optimal shaping can be represented as the result of the

action of two linear filters @, (@) and @, (w). In this case, linear filter converts the noise so that at

filter @, (w) output it becomes white, i.e. with a uniform spectrum:
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This expression is identical to the frequency response differentiating with the time constant

r=C 4KTRs ., 1.e. equal to the optimal time constant » for simple shaping. The signal after
2q1+C o

passing through @; (w) will take the form:

t

u') =8-e Fonm (17)

Thus, the input of the second filter @, (w) will receive a modified signal U '(t) and white

jot

noise. As a result @, (w)=U '(a))e_J M i.e. amplitude-frequency response of the filter repeats (in

t
Tonm

absolute value) the spectrum of the signal U '(oa) supplied to it. The multiplier e means that
there is a delay in the filter for a time t,, equal to the duration of the input pulse. At this moment,

the amplitude measurement occurs, since it is at this moment that the output signal reaches its
maximum. In this case, the pulse is infinite and t, is determined by the maximum permissible delay
of the moment of amplitude measurement.

The frequency characteristics uniquely determine the transient characteristics of the filters
@, (w) and @, (w), consequently, the entire amplifier. The transient response of the first filter

coincides with the waveform U '(t) at the input of the other filter. Transition response of the second

filter H2(t)=I h, (t)dt, where h,(t) — is the impulse response to a unit 5-function, equal to the
0

mirror image of the signal U I(t) :
In the case of simple RC-RC shaping, the maximum voltage tM =T corresponds to , so it

is interesting to know what the optimal shaping gives for the same t ,,

/ -2 oo o
n}wakc =V1l-e Maxc 20’9377MGKC . (18)

It is known that ’7}%;«: =0,74n> .- Therefore, the gain, compared to simple formation is

26%.

The presented model of the primary converter allows, taking into account the real properties
of the crystal, to calculate the dependence of the energy equivalent noise on the time constant of the
input stage of the preamplifier.
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Conclusions

1. In this work, a model of the primary transducer - gamma radiation sensor - has been created.
It is based on the following properties of the semiconductor crystal: maximum quantum efficiency;
maximum mobility of charge carriers; minimum density of structural defects; maximum resistivity
and density values. The combination of these properties provides significant sensitivity of the sensor
with minimal crystal dimensions. The inconsistency of such a combination must be eliminated both
during the manufacturing process of the crystal (for example, a high-resistivity crystal can be
obtained by simultaneous use of purification, components and compensatory doping) and
subsequent processing by the methods proposed in this work (thermal field method, ionization
annealing).

Among the known materials for gamma radiation sensors, single crystals of CdxZnixTe solid
solutions have the optimal combination of the above properties and the possibilities for their
production.

2. The model of the primary converter (sensor) allows you to calculate the dependence of the
energy equivalent of noise Og on the properties of input stage preamplifiers, taking into account the

real properties of the crystal. It is shown that:
— increasing the crystal volume, bias voltage and sensor capacitance increases the noise level;
— results of the analysis in relation to CdZnTe-crystals used in this work indicate the
possibility of operating the sensor without cooling.
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MOJEJIb ®I3UYHUX HPOLECIB Y HEPBUHHOMY 1 BTOPUHHOMY
IHHEPETBOPIOBAYAX JETEKTOPA JJIs1 CUCTEM PAJIAINIMHOI'O KOHTPOJIIO

Anomauia. Pieenv pozeumky ma 3acmocy8aHHa padiauiliHUX MexHOJ102ili 3HAYHOW MiIpoo
GUZHAYAEMBCA CHIAHOM A0E€PHO20 nPUNadodyoyeanns. Ilosea cynacnux nanienposioHUKOBUX OAMYUKIE
ynepuie noeg'azana adepHe HPUNAOOOYOYGAHHA MmA ENeKMPOHIKY 6 COUHUINl KOMRHAEKC —
HanignPOGIOHUKOBUII O0eMEeKmop. Y HbOMY NOEOHYIOMbCA 63AE€MONOB'a3ani 3a 3adavero, AKa
PO36'a3yemvca ma napamempamu HAnienPoBiOHUKOB020 NEPEUHHO20 NeEPEemeoprsaud ioHI3yIU020
GUNDPOMIHIOBAHHA (0AMYUK), 6MOPUHHO20 Nepemeopiosaua ingopmauii 6i0 damuuxa (enekmponika) ma
npozpamue 3abe3neuents 011 00pooKu yiei inghopmauii.

CmpykmypHa cxema 0emeKkmopa i 060X OCHOBHUX YACHUH: HEPBUHHOZ0 NePemeopoeaua eHepzii
ionizyouozo eunpominioeanns (IB) é enekmpuunuil cuznan — oamuuka; 6MOPUHHO20 nHeEpemeoplosaia
Ub020 eEKMPUUHO20 CUSHATIY.

Xapakmepucmuku 0emeKmopa GU3HAYAIOMbCA 207106HUM YUHOM (DI3UYHUMU 6/1ACHUBOCIMAMU
Kpucmana HanienpoGioHuKa AK YYMIUE020 eleMeHma NePEUHHO20 Nepemeoprsaida, a MmaKoMHc
ocoonugocmamu npoyecy peecmpauii eneKmpuyHo20 CUZHAITY.

Ilpouec peecmpauii IB nonazae y nepemeopenti HeeleKMpuU4HoOi 8eIUMUHU, W0 XAPAKMePU3ye
11020, 6 enekmpuyHuil cuznan. Inakwe sucnoenwwuucy,, y HbOMy nEPemMEoOPIOEMbCA 00UH 8UO eHep2il —
enepcin IB — 6 inwuil, 3pyunimuil 0nsa 00poOKU ma HAKOnNUYeHHA IHQopmayii. Y oamuuky
GUNDPOMIHIOBAHHA GUHUKAE IMRYJIbC CHMPYMYy YU HANpy2u y pe3yavmami iOHI3auyii #1020 AKmMUEHO20
cepedosunia — HanienpPoGiOHUKa, yeil iMnyibc Hece genuxy ingpopmauiro. Hacamnepeo, 6in kopentoemucs
3 Momenmom uacy sa0epnoz2o npouecy. Kpim mozo, imnyavc nazonouiye na paxmi eunpominioeanus
padiauii 6 meixcax minecHozo Kyma, nio AKUM OAGMYUK 6UOHO 610 0dcepena. Amnaimyoa iMnyiabcy 4acmo
€ MIpOI0 eHepeemuyYHUX empam GUNPOMIHIO6aHHA 8 Oamuuky. Dopma imnyavcy 6iOpizHAEmMbCA OnA
PDi3HUX 6U0i6 BUNPOMIHIOBAHHA, @ MAKOIIC 0J13 PIZHUX 0071aCcmell ma KYymie RORAOAHHSA 6UNDOMIHIOBAHHA
6 0amuuK.

Y pobomi cmeopeno moodenv Oemexmopa amma-6URPOMIHIOGAHHA AK EOUHOI cucmemu
HEPEUHHO20 mMa 6MOPUHHO20 nepemeopiosauie. Bona micmume ¢pizuunuit ananiz ma ananimuune
npeocmaenenua npoyecie, wio eiooysaromoca ¢ CdZnTe-0amuuxky ma eneKmpoHHOMY RIOCUTIOBAUI.
IHoxkazano, wio 6 0amuuxy 36ip 3apa0ie pi3HUMbCA 6 UACI, WO NPU3BOOUNL 00 POZKUOY IMAYLCIE CUSHATLY
3a mpueanicmio ma amniaimyoor. Y 36'asky 3 yum y mooeni nokazano HeoOXiOHicmov 6UKOPUCMAHHA
3apA0060-UYMIUBCO20 NONEPEOHDBO2O NIOCUIINBAYUA.

OcHo6HO10 nepesazoro mooei € eUpiuieHHA npoodaemu OnmMuUMizayii cnigeiOHOUIEHHA CUZHA/WYM
y 0emeKmopi.

Kniouoei cnoea: oemexkmop, nepeunnuii ma émopuHHUIl nepemeoplosaui, enep2ia ioHizyIu020
GUNPOMIHIOBAHHA, PO3KUO IMRYIbCIE CUSHAY, CUCMEMU PAOIayilin020 KOHMPOJ1I0
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THTETPAJIbHA THOOPMAIIMHO-OBYNUCITIOBAJIBHA CUCTEMA,
MO 3ABE3IIEYY€ TEXHIYHE OBCJIYI'OBYBAHHA 3A CTAHOM
CWIOBUX TA3OTYPBIHHUX YCTAHOBOK

Edexmuenicmo cmpamezii mexniuHozo 00c1y208y6anns, AKa 3aCMOCOBYEMbCA, 0€3N0CePeOHbO
3anexicums 6i0 nOBHOUIHHOCHI HAAGHOT IH(hopmauii npo peanvruil mexniunuii cman 00'ckma 6 npoveci
excniayamauii. Ilomounuii cman OuHamiuHo20 00°ckma, 6u3HaueHUll 34 MEXHIYHO20 OiAZHOCMY8AHHA
KOJICHO20 KOHKPEMHO020 00°’€Kma mexHiuH020 00Cy208y8aHHs, MA€ 00YMO6II06amMU nepeniK i oocazu
6ionogionux npoginakmuuynux ma GiOHOBAIVEATLHUX pOOIM. 3acmocosyrwmvca HACHMYNHI mpu
Pi3HOGUOU opzaHi3auii mexHIuH020 00CNY208Y8AHHA OUHAMIYHUX 00 ’€EKMI6 34 CMAHOM: 3 KOHMPOJeM
piena Hadiiinocmi 00'ckmy ekcnayamauii; 3 KOHmMpoieM napamempie o00'ckmy excniyamauii;
2iopuonuit. OcKinbKu, cuno6i ycmMamoeéku AK 00'ckm excnayamauyii 6i03HAUAIOMBCA BUCOKOI)
¢ynukyionanvnoto 3HavuMicmio, npU YbOMY MAONb HEOOCMAMHII CIMYRIHb Pe3ePE8Yy6aAHHA Ma HeGUCOKUIL
Dieensv ekcnayamauiiinoi mexHoa02iuHOCHi, OOUIIbHUM GUAGIACMbLCA 3ACHIOCY8AHHA Ccmpamezii
MexXHIUHO020 00C1Y208Y6AHHA 3A CHIAHOM 3 KOHMPOIEM RAPAMEmpis, w0 nepeddavac HenepepeHuil, abo
nepioouyHull KOHMPOIb GUHAUAILHUX Rnapamempie, abo napamvempis, 3a AKUMU OUIHIOEMbCA
hakmuunuii nomoYHUI MEXHIYHUI CMAH KOHCHO20 OKPEMO20 00'cKma excniyamayii.

Hagedeno 3azanvni npuHyunu, HA OCHOGI AKUX MOdce Oymu nodyoosana iHmezpaibHa
iHpopmauiiino-oouucnosanvHa cucmemu o00poOKu napamempie, AKA € 207106HUM €1EMEHMOM
ABMOMAMU306AHOT CUCHEMU KePYBAHHA MEXHIYHUM CIMAHOM 2a30mypoinHoi ycmanoeku. Cunmesosana
aoanmueHa cucmema OUHAMIYHOZ0 KOHMPOJII0 HAPAMEmpis, W0 XaApaKmepusywms nOmoOYHUIl
mexHiuHuil cman cunoeoi ycmanoeku. Konmyp xepysannsa mexuiunum cmanom 00'ekma 3aMKHeHUI
Gi0’€EMHUM 360DOMHUM 38'A3KOM, WO 0A€ MOMNCTUGICHMb 3ACMOCYSBAHHA Ccmpamezii MexXHiYH020
obcnyzoeyeannsa 3a cmanom 3 Konmpoiem napamempie. Cucmema aemomMamuiHozo KepyeamHs, uio
GUKOPUCHOGYE NPUHUURN 360POMHO20 38'A3KY, OYOyembCcsa mpaouyiiino Ha JiHIRHIT OuHAMIYHIT Modeni
00'€Kma KepysanHs, 6UKOPUCHMOBYEMBCA CYKYRHICHb JIHITHUX OugepenyianvHux ma anzedopaiunux
PIGHAHD, WO NOG’AZYIOMb MIXNC COOON BIOXUIEHHA (DYHKUIOHATbHUX RAPAMEmpie 6i0 iIX HOMIHANbHUX
3HaueHb, npusedeni 00 6e3po3mipHoi popmu.

Kniouoei cnosa: zazomypoinni ycmanoeku, 1iHiliHa OUHAMIYHA MOOENb, MeXHIUHe 00CY208YBAHHA
3a cmanom, ingpopmauiiine 3abe3neuenns.

Beryn i mocranoBka mpo6aemu. ['azoTypOinHi yctanoBku (I'TY) 3nHaiinum mmumpoke
3aCTOCYBaHHS B aBiallii, a TAKOX B €HEpPreTulll, TpyOONnpoBiTHOMY, 3aJII3HUYHOMY 1 MOPCHKOMY
TpaHcropti Tomro. Ilpu TexHIUHIN eKkciuTyaTalii BHINEHABEACHUX JUHAMIYHHX 00 €KTIB
TPaJHILIHHO 3aCTOCOBYETHCS METO/] TEXHIYHOI €KCILTyaTallii 3a peCypcoM 31 CTpaTeriero TEXHIYHOTO
o0ciyroByBaHHs 32 HApoOITKOM. Y Oinbiocti BUnajakiB ['TY € BUCOKOTEXHOJIOTTYHUMH, a TOMY 1
BHCOKO KOIITOPUCHUMHU 00’€KTaMH, €KCIUTyaTallisl IKUX 3 BUKOPUCTAHHSAM CTpaTerii TeXHIYHOTO
0o0CITyroByBaHHSI 3a HapoOITKOM € €KOHOMIYHO HEIOIJIbHOIO, BHACHIJIOK CYTTEBOTO
HE/I0BUKOPUCTAHHS iX (PaKTHUHOTO pecypcy.

3abe3neuenHs 6e3BigMoBHOCTI I'TY mpencrasnise co0ow BaxJIMBY 3ajady, 110 MOTpeOye
ITMOOKOT0 BUBYEHHS Ta BUKOPUCTAHHS METO0JIOT1T CUCTEMHOr0 miaxoay. [Ipy iboMy rOJI0BHUMHU
MPUHIIAIIAMH, 1110 MOKJIaJIEHI B OCHOBY JIAaHOTO MiAXOy MOBUHHI OYTH: KOMIUIEKCHICTh BUBUYCHHS
poOJIeMH; CBOEYACHICTh MPOBECHHS 3aX0/1iB 3 aHali3y HaliiHocTi napky ['TY, aiarHocTyBaHHS
texHiuHoro crany (TC) arperariB; OmepaTHUBHICTh PO3POOKM PEKOMEHJAINl 1 KOperyBaHHS
IporpaM TEXHIYHOTO OOCIyroByBaHHs; 3a0e3ledyeHHs aJanTHBHOCTI KOMIUIEKCY 3aXOJliB B
3anexxHocTi Big 3MiHu TC Ta ymoB ekcrutyataiii. EQeKTHUBHICTh CHCTEMHM BKa3aHHUX 3aXOiB
3aJIeKUTh Bl TOBHOTH Ta 00’ emy iHdopmauii mpo TC arperaris, a BiAMOBIIHO 1 BiJl MOXKIIUBOCTEH
METOJIIB KOHTpPOJIO, 1[0 BHUKOPUCTOBYIOTh Ipu giarHocTyBaHHi ix TC. OpgHak meToau, 110
3acTocoBYIOTh HUHI Ui KOHTposmo TC I'TY, xapakTepu3yroThCcsl HEAOCTATHBOIO 1H(HOPMATUBHICTIO
Ta, JIOBOJII YacTO, HHU3bKOI JOCTOBIPHICTIO PE3yJbTaTiB, MO MOTpeOye iX KOMILJIEKCHOTO
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BUKOPUCTaHHS CyMICHO 3 1HIIUMH METOJaMH. A 1ie, BIANOBIAHO, BIUTUBAE HA BapTICTh TEXHIYHOTO
00cTyroByBaHHsI, 30UIBIIICHHS TPYIOBUTPAT 1 4acy BUKOHAHHS KOHTposto TC.

Cunoi ['TY € o0'exTamu ekcriTyaTaiii 3 BUCOKOIO (PYHKI[IOHATBHOIO 3HAYMMICTIO, 1110 MAIOTh
HEJOCTaTHIN CTYNiHb pE3epBYBaHHS, a TaKOX HEBUCOKUU pIBEHb EKCIUTyaTalliiiHOL
TEXHOJOTTYHOCTI. TOMY 1 HUX JOITBHE 3aCTOCYBAHHS CTPATETii TEXHIYHOTO OOCIIyTOBYBaHHS 32
CTaHOM 3 KOHTPOJIEM IMapameTpiB, 3a AKOi mIependayvaeTbcsi HenmepepBHUN abo MepioguuHUN
KOHTPOJIb TapaMeTpiB, M0 BU3HAUalOTh (pakTuyHuii morounuit TC koxxHOrOo OKpeMoro o0'exTa
ekcrutyaTtariii. Bubip BUMiproBaHMX mapaMmeTpiB, SIK1 MJIATaI0Th TAKOMY KOHTPOJIIO, SIK MPABUIIO,
HEOAHO3HAYHUH, III0 00OYMOBJIEHO SIK CTICIIU(IYHUMU OCOOJUBOCTAMH JUHAMIYHOTO 00’ €KTa, TakK 1
PI3HOMAaHITHIM XapaKTepOM 3B'S3KiB HECIPAaBHOCTEH 3 (yHKIIOHATLHIUMHU Mapamerpamu. OHaK,
HE3BKAIOUM HA 3a3HAu€Hy HEOJHO3HAYHICTh, BUMOTH, II0 BHU3HAUYAIOTh BHUOIP BUMIPIOBAHUX
(GyHKLIOHATBHUX TTApaMeTpPiB, HOCATH 3aralIbHUI XapakTep, 3T1HO 3 SKMM BUMIPIOBaHI TapaMeTpH
MMOBUHHI MAaTH NMPUHHATHI TOYHICTH 1 CTAOUIBLHICTD MTOKa3aHb y Yaci; MaTH HAaHOUIBINY Cepe/l IHIINUX
napamMeTpiB JIIarHOCTUYHY I[IHHICTH; TPYHTYBAaTUCS HA LITaTHUX BHMIPIOBAHHIX; 3a0e3redyBaTu
MPOCTOTY 1 3PYYHICTh €KCIUTyaTallii BUMIPIOBaJIbHUX 3ac00iB. Y 3B’S3KYy 3 UM 3a7a4a po3poOKH
MiIXOMIB, IMOAO 3aCTOCYBaHHS CyYaCHUX BHUCOKOS(EKTHMBHHX MeETONIB KoHTpomo TC mis
nmiarHocTuku arperariB ['TY € akryanbHOIO, a 11 pIlIEHHS MPEJICTaBIsiE BAXKIUBY HAYKOBY
npobiemy.

AHaJi3 ocTtaHHix gocaimkensb i myOaikauniii. [IutanuaM ontumizanii npodiTakTHUHUX 1
BiTHOBIIOBAIbHUX POOIT Ta peMoHTiB Ha [ 'TY mpucBsyeHo 0arato q0CiiKeHb 13 BAKOPHUCTAHHIM
Teopii HaAIMHOCTI i MacoBoro oOciyroByBaHHA [1 - 19 Ta iH]. AHami3 nux poOIT MOKasaB, 110
HaOIIBII ONTUMATILHOIO € CUCTEMa 00CITyTOBYBaHHS 00JIaHAHHS «3a TEXHIYHUM CTAHOM.

Tak, y poOoti [4] aBTOpOM IpPOBENEHO aHalli3 CTaHY PO3BUTKY aBTOMATU30BAHUX CHCTEM
KOHTPOJTIO, TIarHOCTUKY 1 mporao3yBanHsa TC CKIIaAHUX TEXHIYHUX CHCTEM Pi3HOTO IMPU3HAYCHHS.
BusnaueHo mepeBaru iX 3acTOCYBaHHA B MPOLEC] YHPABIiHHS >KUTTEBUM ITUKIOM CKJIQJIHUX
TEXHIYHUX CHCTEM.

VY HaykoBiil ctarTi [5] mpoBeneHO aHaji3 XapaKTEpUCTHK IMPOLECy eKCIUTyaTallii arperaTiB
CHCTEM aBTOMATUYHOTO KEPYBaHHA. 3a pe3ylbTaTaMH aHalizy po3po0JjeHi BHUMOTH IO
MaTeMaTHYHOI MOJIeJl MPOoIecy TeXHIYHOI eKCIUTyaTallii arperatiB, 00paHo Kiac MOJEINi Ta METOA
MOJICTTIOBAHHS, IO JJO3BOJIWIIO pO3pOOHTH (hOpMaTi30BaHHI OIKC MPOIECY TEXHIYHOT CKCIUTyaTaIii
OJMHUYHOI'O arperaty CHCTEM aBTOMATUYHOIO KEpyBaHHsA. 3a pe3ylbTaTaMM aHalli3zy oOpaHo
MOJIeJIb TPOTHO3YBaHHS MOKAa3HMKA HAJIMHOCTI arperariB Ta CIOCi0 CTaTUCTUYHOIO KOHTPOJIIO
PiBHS HaJIHOCTI.

VY crarTi [7] po3risiHyTO HANMpPsIMOK CTBOPEHHS CY4acCHOTO HAyKOBO-METOJUYHOTO arapary
no0ynoBH OOPTOBUX BHMIPIOBAIBHUX CHCTEM, $Ki J03BOJIAIOTH MIiABMIIUTH JIOCTOBIPHICTh
MIPOBEJICHHS BUMIpPIOBaHb 3 MeTO0 oOliHioBaHHS TC GopTOBOro 00siaHaHHS JITAJIBHUX anaparis,
1110 eKCIUTYyaTyIOThCS 32 CTAHOM.

VY po0orti [8] 3ampornoHoBaHO MijxiA, Ha 0a3l SKOro MoOXe OyTH CTBOPEHO IHTErpajbHY
iHpopMaliiHO-00YHCITIOBAIBHY CUCTEMY OOpOOKM MapaMeTpiB aBTOMATH30BaHOI CHCTEMH
kepyBaHHs TC cunosoi ['TY.

HaykoBe nocmigkenHs [9] npucBsdeHo po3pobui iHpopmMariiiHoi Ta AMHAMIYHOI Mojeneil
KOHTpoyto 1 miarHoctuku TC aBiamifHOrO ABUTYHA 3a71si BU3HAYEHHS OCHOBHUX BHMOT JI0
eKCIEepTHOI CUCTeMU. BHUKOPUCTOBYIOTbCS Taki METOAM: METOJM CHUCTEMHOrO aHali3y, METOAM
CHUCTEMHOI'O IpOrpaMyBaHHS, METOAM NOOynoBH I1H(OpMamiiHUX Mozenell. 3a micyMKaMu
JOCIHIJKEHHST po3p0o0JIeHo 1HPOpMaLiifHy MOENb, 1110 BU3HAYAE JIOTIYHY CTPYKTYpY 0a3 JaHMX i
3HaHb, @ TAKOXK CIIOCOOM Ta MEXaHI3MHU YIPaBIIHHSI HUMH Ta B3a€MOJIl (OOTpyHTYBaHHS 3MICTY,
HATOBHEHHSI, YIIPaBIIIHHSA 1HPOPMALIHHUMH TOTOKAMH).

Mertoro crarTi € BU3HA4YeHHS HaAWOUIbII e(EeKTUBHUX (3 TOYKHM 30py EKOHOMIYHOI
JOLUTFHOCTI) IIJISIXIB MiATPUMAHHS CIIPAaBHOCTI Ta HafiitHOI ekcrmyaTariii cunoBux ['TY Ha ocHOBI
PpO3poOKHM aBTOMAaTHU30BaHO1 cucteMu kepyBaHHs ix TC.

Buxkiaa ocHoBHoro marepiany. J[ns cunoBux ['TY 3a piBHEM IiarHOCTHYHOI IIHHOCTI
BHUMIpIOBaH1 (QyHKIIOHAJIbHI TapaMeTpU YMOBHO MOXXYTh OyTH po3aiiieHi Ha AB1 rpynu. Jlo nepuioi
Ipynu 3 OUIBIIOI A1arHOCTMYHOIO 3HAYMMICTIO BITHOCSATHCS: TeMIepaTypa nepea TypOiHolo 1 3a
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TypOiHOIO, THUCK 3a KOMIIPECOpPOM, 4YacTOTH oOOepTaHHs, TeMmIeparypa Macia B CHUCTeMi
3MallyBaHHs, BiOpamis Bamy. Jlo aApyroi rpynmM BHUMIpIOBaHHMX TapaMeTpiB 3 MEHIIOO
J1arHOCTUYHOIO 3HAYMMICTIO MOKHA BIJTHECTH BCIi 1HIII BUMIpPIOBaHI MapaMeTpu: TeMIieparypa Ha
BHXOJ[I KaMepH 3TrOPsSIHHs, TUCK Ha BUXOJI TypOiHU, TEMIIEpaTypa B MOPOXKHUHI Kojieca TypOiHH,
TEeMIepaTypa Ha BHUXOJI KOMIpecopa, BUTpara MajiwBa Ta iHII. Alle, SK CBIIYUTH JIOCBIJ
excrutyatarii ['TY, cymapHuii BIUIMB HECHpPAaBHOCTEH, IO B HHX BHUHUKAIOTh, Ha BUXIIHI
(GyHKLIOHATBHI MAapaMEeTpU CYTTEBO HUXKYE PIBHS BIAXWICHB, SKI BHKJIMKAHI 3MIHOIO PEXUMY
po6otu I'TY Ta 3MiHOIO 30BHINIHIX YMOB €KcIUTyatarii. ToMy I 3MEHIICHHS BIUIUBY 3MIiHHU
peXKUMIB Ta BHUIAJKOBUX 3MIH 30BHIIIHIX yMOB (yHKmioHyBanHs [ TY, 3a3Buuai,
BUKOPHUCTOBYIOTHCS KOMIUIEKCHI JIIarHOCTUYHI MMapaMeTpH, SKi, K MPaBUIIO, € MPUBEIACHUMH JI0
0e3po3MipHOT (POpMU BIAXUIECHHSAMH BUXITHUX (YHKIIOHATBHUX IMapaMeTpPiB BiJ iX HOMIHAJILHUX
BEJIMYMH, 1110 BiNOBiIal0Th cripaBHOMY ctany ['TVY.

Criz 3a3HAYNTH, MO OyIb-SIKUN JUHAMIYHHN 00'€KT TEXHIYHOTO OOCIIYyTOBYBaHHSI, B TIEPITY
4epry, € O00'€KTOM aBTOMATUYHOTO pEryJIIOBaHHSA, IO BHKOPHCTOBYETbCA 33 CBOIM
(YHKIIIOHAILHUM TIPU3HAYCHHSAM 1 XapaKTEPU3YEThCS CYKYIHICTIO BXITHUX (PETYIIOIOUHNX)

. T . . .
napametpis, mo yteopworoTh Bektop uU(t) = (uy(6),...,un(t)) i cykynHicTio BuXimHHX

: T
(peryspoBaHMX) MapameTpiB, IO YTBOPIOOTh BekTOp Xx(t) = (xl(t),...,xr(t)) , a TaKoX
CYKYIHICTIO CIIOCTEPEXKYBaHUX (BHMIPIOBAaHHX) MapaMeTpiB, MIO YTBOPIOKOTH BekTop Y(t) =

(yl(t),...,yn(t))T, m<r<n. Ilpg 10pOMy OCHOBHA 3ajJa4ya CHCTEMH aABTOMATHYHOI'O
peryntoBaHHS — 3a0e3neueHHsT HOMIHANbHMX (IITAaTHUX) PEXHUMIB (YHKIIOHYBaHHS 00'€KTa
TEXHIYHOTO 00CTyroByBaHHs. /i MOOYIOBH CHCTEM aBTOMAaTHYHOTO PETYIIIOBAHHS 32 TPUHITUIIOM
BiJI’EMHOTO 3BOPOTHOIO 3B'I3KY TPAAMIIIIHO BHKOPUCTOBYIOTHCSA JiHIWHI TWHAMIYHI MOJemi
00'€KTIB peryI0BaHHS, IO MOSICHIOETHCS MAJICTIO BiIXUJICHb 3HAYeHb BUXITHUX (DYHKI[IOHATBHUX
napaMmeTpiB BiJ iX HOMIHaJbHUX 3HAY€Hb, TOOTO BHKOPUCTOBYETHCS CYKYIHICTH JiHIHHUX
muQepeHIianbHuX Ta aiareOpaidHuX piBHSAHB, SKi TOB’S3YIOTh MK COOOK0 MpHBEIEHI 0
6e3po3MipHOi (opMU BiAXWICHHS (YHKIIOHAIBHUX MapaMeTpiB BiJ iX HOMIHAIBHUX 3HAYEHbD.
OTxe, B SKOCTI mapamerpiB, MmO Xapakrepu3yorb mnotouHuii TC o0'ekta TEXHIYHOTO
0oOCIIYyroByBaHHs, [OILJIBHO pPO3IJSAATA MapaMeTpyd MOro JiHIMHOT JUHAMIYHOI MOJeNi
(xoedimienTn migcwieHHs, ctani 9acy) [2], [10]. 1l mapamerpu xapaktepusytotsh TC crnpaBHOTO
o0’eKkTa 1, BOJHOYAC, € HEUYTIMBMMU O BHIIQJKOBHUX 3MiH 30BHILIHIX YMOB Ta PEXHMIB
¢yskiionyBanHs. Ckiajaroud JiHIMHY JUHAMIYHY MOJI€ldb BapTO KEpyBaTHCS HACTYIHUM
MPaBUJIOM: JiHIMHA AMHAMIYHA MOJENIb MOBMHHA 3B’A3yBaTH (PYHKI[IOHAIbHI MapaMeTpu 00'eKTa
TEXHIYHOTO OOCIYrOBYBaHHS, 1110 MarOTh HalOUIbIIY A1arHOCTUYHY LIHHICTh. Y I[bOMY BUIAAKY
napaMeTpH JIiHIHHOI AMHAMIYHOT MOJENI LUJIKOM XapakTepusyroTh noToyHuid TC nuHamiuHOTO
o0'ekTa 11X 3MiHa y Yacl XapakTepu3ye mpoiiec "crapiHHa" 00'€eKTa TEXHIYHOTO 00CTyTrOBYBaHHS.
B 3aranpHOoMy Bunanaky [19] piBHAHHSA JiHIINHOT AuHAMIYHOT Moaeni it cuioBoi [ TY

MOXKYTb OyTH 3alHMCaHl y BUTJISIL

TS+ x = Ku(t) (1)
y(t) = Kyx(t) + Kpu(t) 2

ne T — HeBUPOKEeHa MaTpUIIs y3aralbHEHUX CTAIUX Yacy, po3Mipy 7 X 7, a Matpuui K, K;,
K, — MaTtpu1li KoedilieHTIiB MiJICHIEHHS, PO3MIPIB 7 X M, n X 1, n X M BiANOBIAHO.

PiBasiHHA (1) — 11e pIBHSAHHS PYXY, a PIBHSAHHSA (2) — 11e PIBHSAHHS CIIOCTEPEKEHHS.

3aranbHa KibKiCTh mapaMerpiB y 1ux matpunsx N = (n + r)(m + r) cyTTeBo nepeBuiiye
KUIBKICTh CHOCTEpeKyBaHMX mapamerpiB n. Cepen mapaMmerpiB JiHIHHOI AMHAMIYHOI MoJeni
BUJIUISIOTBCS CTAaTHCTUYHO He3alexHi (abo crnabo 3aiexHi) mapaMeTpu, sKi Ha3UBAIOTh
BHU3HAYaJIbHUMH, TOOTO MHOKHMHA MapaMeTpiB JiHINHOI AUHAMIYHOI MOJeli (PaKTOPU3YETHCS 1y
KO>KHUH KJ1ac MOTPAIUISIIOTh TapaMeTpH 3 BUCOKUM CTYIIEHEM B3a€EMHOT KOPEIAIIi.

[inkom 3po3ymino, MmO i 3aMHKaHHS KOHTYpYy kepyBaHHs TC nuHaMmigyHOro 00’€KTa
BiJl’€MHUM 3BOPOTHHM 3B’SI3KOM, B IEpPIIYy Yepry, HEOOXIJHO MAaTH MOXIIHUBICTb HEMEPEPBHOTO
KOHTPOJIIO TIapaMeTpiB, 1o XapakTepm3yoTh Woro TC. ¥V tux Bumaakax, koiau notounuir TC
JUHAMIYHOTO 00’ €KTa OLIHIOETHCA 32 3HAYCHHSMH BIIXWICHb (PYHKIIOHATBHHUX MapaMeTpiB Bif iX
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HOMIHAIB, HENEpPepBHUII KOHTPOIb 3AIHCHIOETHCS 32 JOMOMOIOI0 IITATHUX KOHTPOJBHO-
BUMIPIOBAJILHUX CUCTEM. SIKIo X omiHka motoyHoro TC nUHAMIYHOTO 00’€KTa BUKOHYETHCS 3a
JIOTIOMOTOI0 TTapaMeTpiB WOro JiHIMHOT AWHAMIYHOI MOJENi, TO s 3MIHCHEHHS HENepepBHOTO
KOHTPOJIIO LUX TapaMeTpiB, HEOOX1AHO CUHTE3yBaTH aJallTUBHY CUCTEMY JUHAMIYHOTO KOHTPOJIIO.

[lin nuHaMiYHUM KOHTpoJeM OyneMO pO3yMITH CYKYHHICTh [iii, IIO CIpsSMOBaHI Ha
Bu3HaueHHs1 motouHoro TC 00’ekTa, abo HOro OKpemoro By3ja, 3a pe3yjibTaTaMyd BUMIPIOBAHHS
MapaMeTpiB 3 BUCOKOIO JIarHOCTUYHOIO MIHHICTIO, SIK1 3MIHIOIOThCA Y Yaci. JlnHaMi4HMI KOHTPOIb
BHKOPHUCTOBYETHCS I OIIHKK 1oTouHOTO TC 1HepiiiHuX 00’€KTiB, HA BIIMIHY BiJl CTATUYHOTO
KOHTPOJIIO, IO BHKOPHUCTOBYEThCA mJisi oliHKM TC Oe3iHepiiiHuX 00 €KTiB, abo X TaKux
iHepuiitHIX 00’ €KTIB, Yac MePEeXiTHUX MPOILECIB B AIKUX € 3HAYHO MEHIIHHA HIX 4ac, 10 BiTBOTUTHCS
Ha caM KOHTpoJb. HenepepBHMiT KOHTPOJIb BU3HAYAILHUX [TapaMeTpPiB 3/1IHCHIOETHCS B pe3yibTaTi
HETNepepBHOTO KOHTPOIIIO  ieHTH]iKamii mapaMeTpiB JiHIHHOT THHAMIYHOI MOJIEII.

HemnepepBHicTh KOHTPOIIO BU3HAYAIBHHUX TMapaMeTpiB rapantye oocsar indopmartii mpo TC
00'eKTa, 10 BHUKIIIOYAE€ MOXJIMBICTh PANTOBUX BIiAMOB. J[JIsl MOCTYNOBUX BiIMOB MOXYTh OyTH
po3pobIieHi crelianbHl METOAM IXHBOTO MPOTHO3YBAaHHS, OCHOBHOIO 33/1a4€l0 SIKUX € CBOE€YACHE
BUSIBJICHHS MIE€PEBIAMOBHOTO cTaHy o0'exTa. [Ipu oMy mporec 3MiHH BiANOBIAHUX ITapaMeTpiB,
1o xapakrepusytoth TC 00'exTa, 3a3Buuaii, Ma€ MOHOTOHHHH Xapaktep. CIliJl 3a3HaYUTH, 110 MPH
MPOTHO3YBaHHI, SK MPaBUIJIO, KOPUCTYIOTHCS HE MOJCISIMH CHUCTEM, a aJalTHBHUMH MOJACIISIMH
BU3HAUaJIbHUX MapaMeTpiB, IO 3AaTHI pearyBath Ha 3MiHU TC 00'€ekTa TEXHIYHOTO
obciyropyBanHs. IlpuHIunu mnoOyZOBHM CHUCTEMH AMHAMIYHOTO KOHTPOJIIO IapaMeTpiB, IO
xapaktepu3yioTh notouyHudt TC, 1 amanTUBHUX Mo MPOTHO3YBAaHHS IUX MapaMeTpiB €
YHIBepCaIbHUMH 151 ITUPOKOTO KJIACy IMHAMIYHUX 00'€KTIB, a JTiHIHA JHHAMIYHA MOJIEh 00'€KTa
TexHIuHOro o6cnyroByBaHHs (1)-(2), mo 3amoBONbHSE CHOPMYIHOBAHMM BHUIIE BHMOIaM,
CTBOPIOETHCS JIJIs1 KOXKHOTO 00'€KTa 1HANBITyaTbHO.

Hexaii t, — yac mouaTky aiarHoctyBanHs. [lyis koxHoro t > t, 3a popmynoro Komri maemo

X(t) — e—T_l(t—to)x(tO) + ftto e_T_l(t_T)T_lKU.(T)dT,

I T W . . . eu
Jac e T (t=to) _ HOpMOBaHa MaTpuLs KOHII, CTOBITYMKHU AKOl L€ T-JIIHIMHO HE3AJIC)KHUX

PO3B'SI3KM  ONHOPIAHOT cHCTeMH JAu(depeHiabHUX piBHSAHb, IO BIANOBiae cHCTEMI
nudepentianbaux piBHSAHD (1), x(t;) — BEKTOp MOYATKOBUX YMOB, SIKHi{, Y 3arajbHOMY BHIAJIKY,
HE JIOPIBHIOE HYITIO.

JIi1st BEKTOpa CIOCTepeIKYBAHUX TTapaMeTpiB Y (t) Mpu KOXKHOMY t > t; MAaEMO

y(t) = Kye™ T oy (¢,) + ftz Kye T D71 y(0)dt + Kou(t).
TMosuaunmo y,(t) = y(t) — Kye™ T t~tdx(t,), To6TO
yo(t) = f; K e T DTy (t)dr + Kyu(t). (3)

Toxi 3a koxHOTO (pikcoBaHoro t > t, Ta cnpaBHoro crany cuioBoi I'TY MHOXHHA ycix
MOKJTMBHX pealtizailiii BeKTopa Y, (t) yTBOPIO€, y 3arallbHOMY BHITAIKY, M-BUMIPHY TIIEPILUIONIAHY
B N-BUMIPHOMY €BKJIIZIOBOMY IpocTtopi (m < n).

3 iHmoro OOKy, 3a KOKHOTO (ikcoBaHOTO t > t cmiBBiAHOUICHHS (3) BU3HAUaAE JiHINHHIMA
HeTepepBHU omeparop A;, TpU YoMy o0OJacTIO 3HA4YEHb IOTO OlNEepaTopa € Mm-BUMipHA
rinepIionMHa B n-BUMIpHOMY €BKJIiIOBOMY IpocTopi. Sk Bigomo [20], 11t KOXKHOTO JTiHIHHOTO
HETIepepBHOTO oreparopa A, iCHye cripsbKeHHi orepatop A, a BiIIOBITHO, 32 YMOBH, IO JOOYTOK
A{A; € B3a€MHOOZHO3HAYHUM OTEPATOPOM, MOXKE OYTH BU3HAYCHHI OIIEpPaTop

P, = E — A (A;A) 7143,

ne E — oguHu4HUI oniepaTop, 110 /i€ B N-BUMIPHOMY €BKJIIJOBOMY IIPOCTOPI.

Jlerko 6aunT, 1m0 onepaTtop P, 3a10BONbHSAE HACTYITHOMY CIIiBBifHOMmEHHIO PZ = P = P,
a 11e CBIAYUTH MPO Te, 10 onepaTop P, 3a KOXXHOTO (PiKCOBAHOTO t € ONEePaTOpPOM OPTOTOHATBHOTO
MIPOEKTYBaHHS, 110 JI€ B N-BUMIPHOMY €BKJI1JJOBOMY ITpocTopi. ToMy, SIKIIIO CKOPUTOBAaHUI BEKTOP
CIIOCTEPEKYBAHUX TapaMeTpiB Vo (t) y meskuii dikcoBaHuii MOMEHT t > t, He Oyle HajeXaTu
riNepIUIoNUHI CIIPAaBHUX CTaHIB JIMHAMIYHOTO 00’€KTa, TOOTO

Yo (t) = Peyo(t) = yo(t) — Yopr(t) # 0, 4)
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ne Yopr(t) — me opToroHambHa MPOEKIis BEKTOpa Yo(t) Ha M-BHMIpHY TilepILIONMHY
CIpaBHUX CTaHIB JUHAMIYHOrO 00’ekTa, TO peanbHuid morouHuit TC 00’exTa He BiAMOBiTae
JMIHIMHIA JUHaAMIYHIA MOJENl CHpaBHOTO 00’€KTa 1 HEOOXIJIHO BUKOHYBATH 1ICHTH(IKAIIIIO
napameTpiB JIiHIHHOI AWHAMIYHOI Mojeli, o Oyne BiAmoBigaTtu ioro HoBomy morouyHomy TC.
Takum yuHOM, JIiHIMHA TUHAMIYHA MOJENb Oy/e "cTapiTh" CHHXPOHHO 31 3MiHOIO peanbHOro TC
JTUHAMIYHOTO 00’€KTa. 3a3Ha4MMO, 10 yMOBa (4) — € JOCTaTHROKO (2 Ha MPAKTHUIll 1 HEOOX1THOIO)
YMOBOIO HEBIJIITOBITHOCTI MapaMeTpiB JIHIHHOT TMHAMIYHOI Mojiesi motoyHoMy TC THHAMIYHOTO
00’€eKTa.

CTpyKTypHa cXeMa CHCTEMH JUHAMIYHOTO KOHTPOJIIO MapaMeTpiB, Mo xapakTepusyroTs TC
cwioBoi I'TY, npencrasnena Ha puc. 1.

KonTpomnsHo- y(t) o Yo(t) 5
BUMIpIOBaJIbHA —— > 2 —» £ g
cucTeMa E s 2 E| ()
=4 A
| G
S 225
= O 3 o
- e £
o

[IpuitHATTA pilieHHs

Pucynok 1 - CTpykTypHa cXeMa CHCTeMH JUHAMIYHOTO KOHTPOIIIO ITapaMeTpiB

Marpuns nepegarounux ¢yHkuidi H(p) cucteMu OpPTOTOHAIBHOTO MPOCKTYBaHHS, sKa
HaBeJIeHa Ha puc. 1, Mae BU]

H(p)=E (K, (Tp +E ) K +K5) X
-1 -1
x [K'(Tp +E) ' KIK\(Tp +E Y 'K +K"(T"p +E ) KKy +K2K, (Tp +E ) K +K3K,] ! ®)
X

x (K'(17p +£ ) 'KI+Kb),

ne E — e n-BuMipHa OJMHAYHA MATPHIISL.
IIpu 1bOMy Ha BXiJ] CHCTEMH OPTOTOHAIBHOTO MPOEKTYBAHHS 3 BUXO/AY o0UMCiIIOBaya Oyse
[10/1aBATUCS CKOPUTOBAHUM BEKTOP CHOCTEPEKYBAaHUX NapaMeTpiB

Vo(t) = y(t) — Kye T -t x ().

Sxmio matpui diniiHOT AuHAaMiuHoi Moneni T, K, Ky, K,, 1110 BXOJSATh O CUCTEMU PiBHSHBb
(1, 2), ineanbHo BiamoimaTh motounomMy TC muHamMigHOTO 00°€KTa, TO st Oyab-SIKOTO t > t
1 —
Yo (t) =0. (6)

[TopyiieHHs X 11€] TOTOXKHOCTI y JAESIKUNA MOMEHT 4acy t; >ty CBIIYUTH IPO Te, 110 JesKi
napaMeTpH JIiHIIHOT TuHaMivyHOi MoJeni 00’ekTa He BiANoBiAalTh Horo peaabHoMy TC B 1ei
MOMEHT 4Yacy 1 HJIAraroTh KOPEKIii.ICTOTHOI0 mepeBaror 3ampollOHOBAHOI CXEMHU € Te, 110
BHCHOBOK ITpO aJIeKBaTHICTh MoJieli MoToyHoMY TC 06'ekTa MOKHa 3pOOHMTH 3a TOBHOI BiJICYTHOCTI
iH(dopMallli Ipo BXiAHI MapaMeTpu 1, TUM Oublie, 0e3 OyAb-SIKUX TECTOBUX BIUIMBIB Ha O0'€KT.
3a3HauMMO, IO METOJ| OPTOTOHAJBHOIO MPOEKTYBaHHS J03BOJISIE HE TIABKH KOHTPOJIIOBATH
napaMeTp JIiHIMHOT AMHAMIYHOI MO, 110 XapakTrepu3yioTh notouyHudt TC auHaMivyHOTrO
00’eKkTa, ane W € MpUAATHUM JJIsl BU3HAUEHHS pssiKa (PsIKIB) MaTpHUL MepeJaToYHuX (yHKIINH
JIHIAHOI ArHAMIYHOI Moaem crioBoi [ TY

W(p) = Ky(Tp + E)7'K + K,, (7

KU MICTUTh TapaMeTpH, 110 He BiAnoBigaroTh norouHomy TC. Lls npoueaypa Takox Moxe
OyTH 31ificHeHa 3a TIOBHOI BijicyTHOCTI iH(opMartii o0 Bektopa u(t) [11].

Cain 3a3HAYMTH, 110 HaBeJIeHA CUCTEMAa TUHAMIYHOTO KOHTPOJIIO € CHCTEMOIO CUTHAJIBHOTO
J1arHOCTYBaHHS, 110 (PYHKIIIOHY€E B peallbHOMY 4aci. Afanrailis mapameTpiB JIHIHHOT AMHAMIYHOT
mozeni a0 notoyHoro TC cunosoi ['TY BinOyBaeThCs AMILIE MICHS TOTO, SIK B IEIKUNA MOMEHT 4acy
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t, BIEpIIE CIOCTEPIracThes HEPIiBHICTL Yol (ty) # 0. InenTH(ikaiis HOBUX 3HAYEHb MAPAMETPIB
TMiHIAHOT AMHAMIYHOT MOJIel MOKe OyTH BHKOHaHA OJHHM i3 BIJOMHUX METOJIB MapaMeTpUIHOL
imeHTuiKaIii, mpyu MboMy €JIEMEHTH MaTpPHIll cTaauX Yacy T MOXKyTh OyTH BU3HAYEHI BHACIIIOK
aHaJTi3y MepexiIHUX MPOIECiB, a enemMeHTH MaTpullb K, K;, K, — BHACIiIOK aHaNI3y SK MePEXiTHUX,
TaK 1 ycrajneHux pexumis. [licis inenTudikariii HOBUX 3HaY€Hb MapaMeTpiB JIHIHHOT TUHAMIYHOT
MojieTi 00’ €KTa MaTPHI MePEAATOYHUX (YHKI[IH CHCTEMH OPTOTOHAILHOTO MPOCKTYBAHHS TAKOXK
agantyeTbes 10 HoBoro TC 06’ ekTa, BHACTIIOK YOTO0 BUKOHAHHS TOTOKHOCTI (6) TOHOBUTHCS 1 Oyj1e
BUKOHYBATHCS J0 JIEIKOTr0 MOMEHTY t, >t; , y sSkuii OyineMo MaTu yol(tz) # 0. B MmomeHT yacy
t, mporeaypa aganTaiii CUCTEeMH HENepepBHOTO MOHITOpUHTY 10 HoBoro TC cumoBoi I'TY
MOBTOPIOEThCS. TakuM YHMHOM, CHHTE30BaHa CHUCTEMa JUHAMIYHOTO KOHTPOJIIO IapaMeTpiB
niHi#HOT TuHaMiYHOT Mozeni cutoBoi I ' TY agantyerbes no ii morounoro TC i "crapie" CHHXpOHHO
3 HEIO.

[Mapamerpu miHINHOI JWHAMIYHOI MOJENi, M0 BU3HAYAIOTHCA Mmim4yac igeHTHdikamii B
MOMEHTH 4acy ty,ty,...,t, HaAXoAATh J0 0a3um JaHUX IHTErpajabHOI iH(OpPMAIiifHO-
00YHCITIOBAJIBHOI CHUCTEMH, B SIKI Ha OCHOBI OJIEp’KaHOI NMEPBUHHOI 1H(oOpMaIii 31HCHIOEThCS
orinka motouyHoro TC cumoBoi I'TY 1 mporno3yBanus TC 3 METOI CBOEYACHOTO BUSBIICHHS
NePEeIBIIMOBHOTO CTaHy KOHTPOJILOBAHOTO 00’ €KTA.

Sk BKe 3a3HayYANIOCA, MPOIIEC 3MIHU TapaMeTpiB, 110 XapakTepu3ytoTh TC 00'exTa, 3a3BHUYail,
Ma€e MOHOTOHHHMH XapakTtep. Buxomsuu i3 1pOro, 3 KOXKHOTO KJIacy IMapaMeTpiB 3 BHCOKHM
CTYIIEHEM KOpenslii HeoOXiTHO BHOpaTH MO OJHOMY MPEICTaBHHUKY, SIKMW MIBUAIIE 3a BCIX
HAOMIKaeThes 1O TpaHMii oOnacTi, mo xapakrepusye mnepensiamoBHuit cran ['TY. Bubpani
napamMeTpyu yTBOPIOIOTH BEKTOp BU3HaYanbHUX napamerpis v(t) = (vq,...,v)T, k € N.

CrpaBHuii ctaH 00'€kTa TEXHIYHOTO OOCIYroBYyBaHHS B MOMEHT 4acy t €KBiBaJICHTHUH
BHKOHAHHIO criBBinnomenus v(t) € D,

ne D — mone gomycKy Ui BEKTOpa BU3HAYAIBHHUX IMapaMeTpiB. 3Ba)kalo4yH Ha Te, HIO MPH
KOKHOMY (DiKCOBaHOMY t, PO ICTUHHE 3HAYEHHS BeKTOpa V(t) MOKHA CYIUTH TiJIbKH IO BEKTOPY
V(t) — BEKTOpY TOYKOBHX OLIIHOK KOOpAMHAT BekTopa V(t), To BucHOBOK po TC auHamivHOro
00'eKTa MOYKHA 3POOUTH JIUIIE 3 BU3HAYEHOIO JJOBIPYOKO IMOBIPHICTIO Py qp.

Tomy, AKI110 IMOBIpHICTh

P{v(t) e D} =1,

ne D, € D, 1o 3 10BIpUYOIO IMOBIPHICTIO P, MOKHA CTBEPKYBATH, IO B IOTOYHUM MOMEHT
yacy t cTaH AMHAMIYHOTO 00’€KTa BINOBIAA€ CIPABHOMY.

Jlnst Toro, mo6 MoxHa Oys0 3p0OMTH BUCHOBOK Ipo iMOBipHU# ctad ['TY B MallGyTHROMY
HEOOXiTHO, SK BXE BiJ3HAYANOCh, BUKOHYBaTH IPOTHO3YBAaHHS BEKTOpa BU3HAYAIBHUX
napameTpiB, MpH IIbOMY CJIiJi BUKOPUCTOBYBATH aJalTHBHI MOJEI MPOrHO3YyBAaHHS JUIS KOXKHOL
KOOpJIMHATH BEKTOpa BU3HAYAJIbHUX MTapaMeTpiB, 1110 3aTHI pearyBaTtu Ha 3MiHU TC AMHaMIYHOTO
o0'exta. [IpyM BUKOpUCTaHHI aJaNTUBHUX METOJIB IMPOrHO3YBAaHHS, HANPUKIAA, AJAalTUBHOTO
METOAY EKCHOHEHI[IAIbHOTO 3TJa/UKYBaHHS, TUHAMIYHHHA PS 3TIaDKYEThCS 33 JJOMOMOTOIO
3Ba)KEHOI KOB3HOI Cepe/lHbOi, Bara sikoi, BpaXOBYIOUM MOHOTOHHHUI XapakTep 3MiHM Mapamerpy,
BHU3HAYAETHCS OCTAHHIMM 3HAYEHHSIMM JMHAMIYHOTO pany. Lle 1ae MOXIMBICTH OTpUMATH OLIIHKY
napaMmeTpiB TPeH]ly, sIKa XapaKTepu3ye He CEepeHiil piBeHb JOCIIIKYBAHOTO Psy, a TeHJIEHIIIIO,
[0 CKJIaJacs Ha MOMEHT OCTaHHBOTO CIIOCTEPEIKEHHS.

[Tpuniunu nmoOyaoBM AAANTUBHOI CHUCTEMH HENEPEPBHOIO KOHTPOJIIO MapaMeTpiB, IO
xapakrepu3ytoTh TC, 1 alanTUBHUX MOJIeJIel MPOTHO3YBaHHS IIUX MMapaMeTPiB € YHIBEpCaTbHUMU
JUIS IIAPOKOTO KJIAacy JAWHAMIYHUX OO'€KTiB, a He numie ans cwioBux ['TY, mpore miHiiiHA
TUHAMIYHA MOJENb 00’€KTa TEXHIYHOTO OOCIYyTOBYBAaHHSI CTBOPIOETHCS JJIsi KOXKHOTO 00'€KTa
iHauBigyanpHo. Ciia 3ayBaXUTH, 110 IS OLIBIIOCTI TWHAMIYHUX OO'€KTIB, sIKi 3HAXOASATHCS B
eKCIUTyaTallii, He nepeadavyanocsi BAKOPUCTAHHS CTpaTerii TEXHIYHOTO 00CIyroBYBaHHS 3a CTaHOM,
OTXe€ 1 BIICYTHI CUCTEMH BOYTOBAHOTO KOHTPOJIIO BU3HAYAJIbHUX MapaMeTpiB, a caMi BU3HAYAJIbHI
rapaMeTpH He MpU3HadeHi po3poOHUKOM, TOMY 33/1a4a OpraHizaiii TEXHIYHOT0 OOCIIyTrOBYBaHHS 3a
HapoOITKOM 3 MPOTHO3YBaHHSIM MEPEABIIMOBHOIO CTaHy, @ TAKOXK TEXHIYHOIO OOCITyrOBYBaHHS 3a
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CTaHOM 3 KOHTPOJEM IapaMeTpiB, MOBHHHA BHUPILIyBaTHCS Ha 0a3l IUTAaTHUX KOHTPOJIHHO-
BUMIPIOBAJILHUX CHUCTEM.

Ha ocnoBsi indopmanii npo notounuii TC cunoBoi I'TY Ta 3 ypaxyBaHHSM pe3y/bTaTiB
MIPOTHO3YBaHHS POOUTHCS BUCHOBOK PO MOMJIMBICTB 11 IMOJANIBIIIOT TEXHIYHOT €KCILTyaTallii, ado %k
PO HEOOXiAHICTh TPOBEIEHHS PEMOHTHHX pOOIT meBHOro ooOcsry. TakuM 4YHMHOM, KOHTYP
kepyBaHHs TC cuiioBoi I'TY crae 3aMKHYTHM.

[TlincymoByroun HaBeneHI MipKyBaHHS MO)XKHAa 3pOOMTH BHCHOBOK, IO IHTErpajibHa
iHdopmariino-o0uucoBanbHa cuctemMa (IIOC) moBuHHaA BHpINIyBaTH JBI OCHOBHI 3ajavi:
JOCTOBIpHY OIIHKY MoTo4yHoro TC muHaMidHOTO 00’€KTa 1 MPOTHO3YBaHHS MEPEIABIIMOBHOTO
CTaHy y CEpPEeIHbOCTPOKOBIH Ta TOBrOCTPOKOBIH MEPCIIEKTHBI.

Buxonsuu 3 BumesaznadeHoro, crpykrypa [IOC obpoku mapameTpiB, 110 XapaKTepU3yHOTh
TCI'TY, mae Burisii, HaBeJIeHUM Ha pucC. 2.

r—-———~""~""~""~"~"~"~"~"~"~"~"%”"%”"~”"7~" ~" ~ ~—~ ~—~—— 1
KonTtponsHo- | |
CuinoBa [ — . A |
..... » Ty 11— BUMIPIOBAJIbHA % JaliTUBHA CUCTEMa |
L0/ —
J— HEIIEPEPBHOTO KOHTPOJIIO |
| rapaMeTpiB I
____________________________ 4 |
[ |
: brox omiHk® Brokx dhopmyBaHHs Biox v :
| _| moTouHOro | g BEKTOpa < CTaTHCTUYHOT — |
: TEXHIYHOTO BU3HAYAJIbHUX 00poOKH :
i napameTpiB
: CTaHy napameTpiB p p Basa :
| | TaHUX |
| |
A
| Brok B !
| |  TIPOTHO3YBaHHS » OIIEPATOP |4 |
: TEXHIYHOTO CTaHy :
| |
| " - . . '
----- foossrrssrrrrreeeneeeeed  [IpUHAHSATTS PIIEHHS PO MOJATBITY €KCIUTyaTaIio cuioBoi ['TY [
| - |
f)

Pucynok 2 - CtpykrypHo-dyHKuioHanbHa cxema [IOC 06pobku napameTpis,
110 XapaKTePU3YIOTh MOTOYHHUIN TeXHIYHUN cTaH cuioBoi ['TY

[IpoimocTpyeMo  ofep:kaHi TEOPETHYHI pe3ylbTaTH Ha TMPHUKIAAl  OJHOBAJIHLHOTO
Typ6opeaktuBHoro asuryna (TPJl) 3 HeperynboBanum corioM. JliHiiHa qUHaAMIYHA MOJENH NI
onnoBanbHOro TP/ HaBenena B [21] Ta Mmae BUTIIAL

(0.5p + 1)x,, = 0.333x;,
(0.5p + 1)xr, = (0.333p + 0.370)xg,,
(0.5p + 1)x7, = (0.293p + 0.06)x¢,

le Xg,— BUTpaTa NaluBa (PETyIIOIOUYH MapaMerp), X,— YUCIO OOEpTiB JABUIYHA, Xr,—
TemIieparypa rasy mepei TypOiHOW, Xr, — TeMIeparypa rasy 3a TypOIHOMW, Xn, Xr,, X7, —
CIIOCTEpEKYBaH1 MapaMeTpH.

T v
Hosnauumo u(t) = xg, ,yo(t) = (y1(t),y2(0), ys(E)T = (xn, ng,xT4) — CKOpPUTOBaHHI
BEKTOP CIIOCTEPEKYBaHUX MapamMeTpiB. Toi, BIAMOBIIHO 10 CIiBBiAHOIIEHHS (7)

w;(p) 1 0
W) = w2(p) | =K,(Tp + E) 'K + K,, ne Ky =|—0.889 |, K, =1 0.666 |,
ws(p) —1.580 0.586

K =(0.333), T =(0.5).
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BinmoBigHO 10 cmiBBigHOMmIEHHS (5) MaTpuIis TepeqaToOYHuX (YHKIIH CHCTeMHU
OPTOrOHAILHOTO MpoekTyBaHHs H (p) Mae BUIIIS

H
0.197p? + 0.281p + 0.141 0.1(1;?;; +0.123 0.098p + 0.020
( 0.197p2 + 0.281p + 0.252  0.197p% + 0.281p + 0.252  0.197p? + 0.281p + 0.252\
_ 0.111p + 0.123 0.086p2 + 0.035p + 0.115 0.098p2 + 0.128p + 0.022 |
0.197p% + 0.281p + 0.252  0.197p? + 0.281p + 0.252 0.197p2 + 0.281p + 0.252 |
K 0.098p + 0.020 0.098p2 + 0.128p + 0.022  0.111p? + 0.246p + 0.248 /
0.197p% 4+ 0.281p + 0.252  0.197p2 + 0.281p + 0.252  0.197p? + 0.281p + 0.252

[Tonanbie MosentoBanHs Oy1eMO BUKOHYBATH B porpaMHoMy cepenoBuii MATLAB.
[Ipunyctumo, M0 Ha BUXO/1 00UKCITIOBAaYa CIIOCTEPIraeThCs BEKTOP

T
Yo(t) = (3’01(t)’ Yo2(t), }’03(t)) :
Ha puc.3 HaBeneno tpu Bapianti (a, 6, B) rpadikiB KoopauHat BekTopa Vo (t).

Pucynok 3 - BapiaHTi CKOPUTOBaHOTO CIIOCTEPEKYBAHOTO BUXITHOTO BEKTOpa YV (t)

Ha BHXONi CHCTEMHM OPTOTOHAILHOTO HPOEKTYBaHHS CIOCTEpPIracMo BeKTOp Yool (1),
B1AMOBIIHI TpadiKu KOOPAMHAT SIKOTO HaBEIEHO Ha puc. 4.

SIkiio Ha puc. 3 BIANOBIIHI KOOPAWHATH BEKTOPA CIIOCTEPEIKYBAHUX MapaMeTpiB Y, (t) B ycix
TPpOX BapiaHTaX NPAKTUYHO HE BIIPIZHAIOTHCS, TO HA BUXOJI CHCTEMH OPTOTOHAJIBHOTO
MPOEKTYBAHHS Bi/IMOBIIHI KOOPAMHATH BEKTOPA Yoo (t) CYTTEBO Pi3HATHCHL.
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Ha puc.4 (BapianT a), KOXHa KOOpJAMHATa BEKTOpa Voo (t) BiAXMISEThCA Bil HYIHOBOTO
3HaYeHHs He Oinble Hik Ha € = 3 X 107*, 1m0 3HAXOAUTHCA B MeXaX NPUMHATOI TOXHOKH
o6uncnens § = 1073, ToMy, B IbOMy BUNAJKYy, /il BBaXatH Yo (t) = 0, To6TO He Mae mijcTaB
BBaXXATH, 110 MTapaMeTpH JIIHIHHOI AMHAMIYHOT Mo/ieNi He BianoBigaoTs noroudomy TC TP/I.

MakcumanbHe BiIXWJIECHHS MEpLIOi KOOpAMHATH BekTopa Yo—(t) Ha puc.4 (BapianT 0)
nopiBHIOE € = 9 X 1072, mI0 CYTTEBO IEpEBHUIILYE TIPURHATY HOXUOKY obumciens § = 1073, Tomy
BiJIXUIIEHHS KOOPAMHAT BEKTOpa Yoo (t) Bijl Hy/Is € HACIIAKOM TOrO, IO JAeSKi HapaMeTpy JTiHiiHOT
JUHAMIYHOT MOJIeNi He BIIOBIIal0Th MOTOYHOMY TeXHIYHOMY cTtany TP/l

B pesynbrarti inenTudikaimii orpumaemMo HOBe 3HaYeHHA cTanoi yacy T = 0.6¢ (momepenne
snayenns T = 0.5¢).

PrcyHok 4 - BapiaHTu BHXiJIHOTO BEKTOpA CHCTEMH OPTOrOHAIBHOTO MPOEKTYBaHHA Vo (t)

MakcuMmanbHe BiIXWJIEHHS TPEThOi KOOPAMHATH BekTopa Yoo (t) Ha puc.4 (BapianT B)
NOpiBHIOE € = 6 X 1072, 110 TAKOK CYTTEBO TIEPEBHIIYE NPUHHATY MOXHOKY 00unciens § = 1073,
TOMY 1I€ BIIXWJIEHHS € TAKOK HACI1IKOM HEBIAMOBITHOCTI JSSIKUX MapaMeTpiB JiHIHHOT THHAMIYHOT
Mozel motouHoMy ctany TP/I.

BukopucToByroun mporuenypy 3HaXODKEHHS psaKa MaTpUlll NepeAaToyHuX (yHKIIH, 110
MICTHUTb €JIEMEHTH, ITApaMEeTPH SIKUX HE BIAMOB11at0Th moTouHoMYy TC 00’ ekTa [3] BU3HAYaEMO, 110
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KOpekwii mijysarae Apyruil enemMeHT marpuui K,. 3a pesynbraTaMu igeHTUdIKaAIil MaeEMO HOBE
3Ha4YeHHs k,, = 0.696 (monepenne 3HaucHHs k,, = 0.666).

BucHoBku

1. InTerpanpHa iHpOpMaliitHO-00YNCTIOBAaTIbHA CHCTEMa TOBUHHA BHUPIIIYBAaTH JIBI OCHOBHI
3a/Ma4i:  JOCTOBIpHY OIiHKY mnotoyHoro TC aguHaMmiuHOro 00’€KTa 1 TPOTHO3YBaHHS
MePEIBIIMOBHOTO CTaHYy Yy CEPEIHBOCTPOKOBIN Ta JTOBIOCTPOKOBIH MEPCIIEKTHBAX.

2. 'o10oBHOIO YMOBOIO IIPH OpraHizarlii TeXHIYHOTO 00CIyTOBYBaHHS TUHAMIYHUX 00’ €KTIB 3a
CTaHOM 3 KOHTPOJIEM IapaMeTPiB € HASBHICTh MOKIMBOCTI HEMEPEPBHOTO KOHTPOJIIO IMapaMeTpiB,
10 xapakrepusytoTh norounuid TC. BuGip Takux napamerpiB € HEOJHO3HAUYHUM, 1110 00YMOBJIEHO
K CrenupiYHIMH OCOOIMBOCTSAMH JUHAMIYHOTO O0’€KTa, TaK 1 PI3HOMAHITHUM XapaKTepOM
3B'SI3KIB HECNPABHOCTEW 3 KOHTPOJIbOBAHMMHU NapaMeTpamu. Pazom 3 THM, He3Bakalouu Ha
3a3Ha4YeHY HEOTHO3HAYHICTh, BUMOTH JI0 BU3HAYAIBHUX [TAPAMETPIB HOCATH 3aralbHUA XapaKTep:
BH3HAYaJIbHI TapaMeTPH MMOBUHHI MaTH NPUUHATHI TOYHICTD 1 CTaOUIBLHICTD IMOKAa3aHb Y Yaci, MaTH
HaWHOUTBITy cepel HIMUX MapaMeTpiB JIarHOCTHYHY I[IHHICTh, HE 3aJIeKaTH BiJl 3MiH 30BHIIIHIX
YMOB €KCIUTyaTallii Ta pe>kuMiB (YHKIIIOHYBaHHS, IPYHTYBAaTHUCS HA IITAaTHUX BUMIPIOBAaHHSX.

3. Cuctema HenepepBHOIO KOHTPOJIIO MapaMeTpiB, M0 xapakrepu3yioTs TC auHaMi4HOTO
00’€KTy, MOBMHHAa OYTH aJalTUBHOIO, TOOTO 3MiHIOBaTHUCh BigmoBiaHo 1m0 3miHu TC I'TVY.
Buxopucrtansas B SKOCTi xapakTepucTtuku motodHoro TC 00'ekTa CyKyITHOCTI IapamerpiB Horo
TiHIAHOT AMHAMIYHOI MOJeNi OOIPYHTOBAHO JUIS IIMPOKOIO Kiacy O0'€KTiB, CHCTEMa KepyBaHHS
SKHX TPAIIOE B peXXUMI cTadimi3aii, a ToMmy, CHHTe30BaHa Ha 0a3i i€l Moieli alanTHBHA CUCTEMA
HEMepepBHOT0 MOHITOPHUHTY 3a0e3neuye MOKIUBICTh OIiHKY noToyHoro TC cunooi I'TY Tta nae
MoHBicTh nporuo3yBanns TC. [Ipu npoMy amanTarist mapaMeTpiB JIHIHHOT TUHAMIYHOI MO
o0’exta 10 HOoBoro TC I'TY moBuHHA 3AiMCHIOBATHCS 32 YMOBHM HaiMEHIIOIO BTpy4YaHHS B
mTaTHUA pexxum podotu I'TY.

4. ITpu mporHo3yBaHHI CIIiJ] BAKOPUCTOBYBATH aJallTUBHI MO/IEJi BU3HAYAJILHUX MapaMeTpiB,
gkl 3natHi pearyBatu Ha 3MiHM TC 00'eKTa TEXHIYHOTO OOCIYrOBYBaHHS, IO A€ MOJKJIMBICTh
MOTepePKeHHS MTOCTYMOBHX BiIMOB Ta CBOEUYACHOTO BUSIBIICHHS MepeaBiAMOBHOTO ctany ['TY.
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INTEGRATED INFORMATION AND COMPUTER SYSTEM,
WHAT MAINTENANCE PROVIDESPOWER GAS TURBINE PLANTS BY CONDITION

The effectiveness of the chosen maintenance strategy is determined by the completeness
of information about the current technical condition of the facility. The real current state of a dynamic
object should specify the list and scope of preventive and remedial work for each specific maintenance
object. Existing strategies and programs according to the technical condition of dynamic objects are
conditionally divided into three groups: with control over the level of reliability of the operating object;
with control of the parameters of the object of operation; hybrid. Power gas turbine plants are objects
of operation with high functional significance. They have an insufficient degree of redundancy, as well
as a low level of operational manufacturability. Therefore, it is advisable for them to apply a maintenance
strategy as per the parameter control.
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The article proposes general principles on the basis of which an integral information-computing
system for processing parameters can be built. This system is the main element of the automated control
system for the technical condition of the gas turbine power plant. Synthesized adaptive system for dynamic
control of parameters characterizing the current technical state of a gas turbine power plant. Closing
the control loop of the technical condition of the object with negative feedback allows you to switch
from the strategy of its maintenance according to the operating time to the maintenance strategy according
to the state with the control of parameters.

The integrated information-computing system should solve two main tasks: a reliable assessment
of the current technical state of a dynamic object and prediction of a pre-failure state in the medium and
long term. The main condition for organizing the maintenance of dynamic objects according to the state
with the control of parameters is the possibility of continuous monitoring of the parameters characterizing
the current technical state. The choice of such parameters is ambiguous, which is due to both the specific
features of dynamic object and diverse nature of relationship between faults and controlled parameters.

The requirements for the determining parameters are of a general nature: the parameters must have
acceptable accuracy and stability of readings over time; have the greatest diagnostic value among other
parameters; not depend on changes in external operating conditions and modes of operation; based on
standard measurements. The system of continuous monitoring of parameters characterizing technical
state of a dynamic object must be adaptive. It should change in accordance with the change in technical
condition of the gas turbine power plant. The use of a set of parameters of its dynamic linear model
as characteristic of the current technical state of an object is justified for a wide class of objects.

The control system of such objects operates in the stabilization mode, therefore, the adaptive system
of continuous monitoring synthesized on the basis of this model provides the possibility of assessing
the current technical state of the gas turbine power plant and makes it possible to predict its technical
state. At the same time, the adaptation of the parameters of the linear dynamic model of the object
to the new technical condition of the gas turbine plant should be carried out with the least interference
in the normal operation of the plant.

Key words: gas turbine plants, linear dynamic model, state-of-the-art maintenance, information
support.
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MNPOTUISA HETATUBHUM TEHJEHIISIM BOEHHO-MTOJITUYHOI
OBCTAHOBKH, CITIPAMOBAHUM HA 3MIHY INIOJITUYHOI'O PEXKUMY
Y BUBPAHIN KPATHI-MIIIIEHI

Jepstcagnicmp € 2071081010 MiuleHHIO, HA AKY 6 NEPULY UeP2y HAULIIOIOMbCA CUNU § 3aco0u KpaiHu-
azpecopa ona peanizauii ceoix 2eonoaimuYHUX inmepecie w000 mpanchopmauii ceimoeozo nopsaokKy.

Ll[0o6 3axucmumu Oepircaenicmn, a came He OONYCHUMU HACUIAbHUULKOI 3MIHU RPAGNAY020
pedxcumy, Rompiono 36epezmu couianbHO-NOIMUYHY CHADINbHICMY Y KPaiHi.

Y cmammi nokazano, w0 ocnoenHum Hanpamom npomuodii He2amueéHUM MEHOEHUIAM B0CHHO-
noONIMUYHOT 06CMAHOBKU, CHPAMOGAHUM HA 3MIHY HONIMUYUHOZO PelcuMy y eUOpaHiil KpaiHi-miuieni,
He3anexdcHo 8i0 mozo, AK020 Muny QYHKuionye i noaimuuna cucmema i AKUll Ya cucmema peanizye
noAimuuHUIl Kypc, 0iAnbHicmy 61a0U 6 OCHAMOYHOMY RIOCYMKY Ma€ 0ymu niOnopaoKoeana uinam
30eperceHHs cmadinbHOCHI KOHMPONbOBAHUX HEl0 COYIANbHO-ROJIIMUYHUX NPOUECTs.

Cmabinouicms 0ae 3m02y 0omazamucsa NiOGUUWLEHHA KEPOBAHOCHI CYCRITbHUX NPOUeECcie, momy it
MOJCHA 66AMCAMU [HMEZPANbHOW XAPAKMEPUCHMUKOW He MINbKU HOTIMUYHOZ0 pexcumy, da i
COYianbHO20 NOPAOKY 3a2an0M. 3 027120y HA me, W0 NONIMUYHI [HCMUmMymu, 0yoyuu ce0EpiOHUM
HPOO0BIHCEHHAM | 3AKPINICHHAM COUIANbHUX HOPM | 6IOHOCUH, HACAMNEPed NOKTUKAHI 6NOPAOKO8Y8amu
CyCninibHi 36'A3KU, 00CACHEHHA HUMU NOATMUYHOT cmadiibHOCMI HA0Y8AE GUHAMKO06020 3HAYEHHA 8
disanbHocmi depiicasu.

3po0671eHO 8UCHOBOK, W0 Y HEPULOMY HADIUNCEHHI CMADITbHICIb NOIMUYHOT CUCHEMU MOICHA
odocnioumu 3a 00NOMO2010 060X HAUYIHCUGAHIWIUX MoOenell: modeni cmillkoi cmaodinbhocmi i mooeni
Hecmillkoi cmadinpHocmi, Wo, y 6010 uepzy, 0ac 3mozy obpamu é aKocmi Kpumepiie 3a0e3neuenns
HauioHanbHOI 0e3neKu pieens couianbHO-nOTIMUYHOT cmabinbHOCMI ma pigeHb COUianbHO-NOTTMUYHOT
HecmabinbHocmi ¢ depacagi. Ilpu docniddwcennax cmpameziii, OPiEHMOCAHUX HA 3MIHY pedcumy uepe3
3aHYypeHHA 8 XAoc abo eueedeHHA Kpainu-mieHi Ha Kpail (KpOMKY) Xaocy, HallinghopmamusHiuium
GUABTIAECMBCA KPUMEPIT — PiGeHb COUIANbHO-ROIMUYHOT HeCMAadiNbHOCH 8 0ePIHCABI-MIiLEHI.

Knwuoegi cnosa: 60€HHO-noIIiMmuuHa 00CMano6Ka, COUIAIbHO-NOJIIMUYUHA CIMAOLTIbHICMb, CIMAIUIL
DPO36UMOK, 3MIHA pecUMy, Xaoc, HaUioHaNbHa De3neKa

IlocTtanoBka mnpobGiaemu i il 3B'SA30Kk 3 BAXKJIMBHUMH HAYKOBHMH i NPaKTHYHHMH
3apaaHHsiMu CTaTTs mpucBsiueHa NpoOsieMi 3a0e3ledeHHs HallloHaJbHOI Oe3MeKH B yMOBax
HITYYHO CTBOPEHOI'O BUCOKOI'O PiBHS COL1ATbHO-MOJITUYHOI HECTAOUIBHOCT1 y cycniiabCeTBl. Cummn
cekTopy Oe3neku i1 o0OpoHM YKpaiHM TOBUHHI 3aBYaCHO BHSIBJIATH CIPOOHM IHIIMX JAep)kKaB
necTtaluIi3yBaTH CUTYallllo B iepkasi [1 — 3], nepekputu GpiHaHCOBI MOTOKH, 10 HAMPABIISIIOTHCS
Ha TMIJrOTOBKY JI€P’KaBHOI'O NEPEeBOPOTY 1 3aXOIUIEHHS BIAAM JIETAJbHO MiATOTOBJIEHOO
OMo3uIli€r0. Y MHX YMOBaX aKTyaJbHUM HayKOBHM 3aBJaHHSM BHUCTYIIA€ BCTaHOBJICHHS
3aKOHOMIPHOCTEH 1O 30€peKEeHHIO COLIaNbHO-TIOMITHYHOI CTa0IbHOCTI B JIEpKaBi.

AHaJti3 ocTaHHiX aocaimkensb i mydaikauniii ¥ 3akoni Ykpainu “TIpo HarioHanbHy 6€3meKy
VYkpainn” [1] 3a3Ha4aeThCsl, 110 IHTEpECH OE3MEeKH B Cy4aCHUX yYMOBaX MPEBAOIOTh HAJ IHIIUMHU
MpIOpUTETAMH, OCKUIBKM CaMe€ Ha OCHOBI iX peani3alii MO)KHa TeHepyBaTH CILIEHapii CTajoro
pO3BUTKY JnepxkaBu. IIpiopuretn iHTepeciB Oe3neku 0a3yroTbcs Ha BHU3HAYEHHMX CTPATETiYyHHX
3aBJIaHHAX KpaiHU HI0JI0 11 PO3BUTKY Ha BU3HAUYEHY MepcreKTuBY. CTpaTerist HallloHaIbHOI 0e3MeKn
VYkpaiHu € OCHOBOIO [T KOMILJIEKCHOTO TUTaHYBaHHS isJIbHOCT1 OPTaHiB IepKaBHOI BIIaaAu y chepi
HaI[lOHAJIbHOT O€31EeKH 1 000POHH, a TAKOK PO3POOJIEHHS 1HIINX TOKYMEHTIB, IKUMU BU3HAYAIOTHCS
LT, HampsAMH 1 MEXaHI3MH [isJIbHOCTI OpraHiB Jep)kaBHOI Biagu y cdepi 3abe3neueHHS
HalioHanbHO1 Oe3meku. MakTUYHO cTpaTeris HalloOHaNbHOI Oe3neku YKpaiHW BHU3HAuYae
opraHizauiifHi OCHOBHM 3a0e3le4eHHS JOCTaTHbOTO PIBHS BOEHHOI O€3MEKM JepXKaBH, aje He
oOMeXye NISUIbHICTD “areHTiB BIUIUBY  Ha 1l TEpUTOPII.
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VY wmoHorpadii Paubs Ap3symansHa [4] BHKIQJ€HO OCHOBHI PHCH 1 XapaKTEPUCTUKU
IpperyisipHUX BOEHHUX AlH (IpperyisipHUX BiiiH) y Oe3znexkoBoMy cepenosuili XXI cromirrs, a
TaKOX TPOAHATI30BAHO TEOPiI0 1 KOHIEMIIl IpperyIsipHUX BOEHHUX i y CydacHiii BO€HHIH
noktpuHi CIIIA. BuBuenns nocBinay 30poitHux cui CIIA Ta HU3KM 3aXiTHOEBPONECUCHKUX KpaiH
Jla€ 3MOTY OI[IHUTH OCHOBHI MpOOJIEMH, 3 SIKHMH CTUKA€TbCS BOEHHA OpTraHizallis Aep)KaBU Ta
cucTeMa HalllOHAJbHOI O€3NeKH 3arajoM IijJ 4ac MPOBEJCHHS TAaKOro pPOAY BOEHHHUX [iil.
IpperynsipHi Bo€eHHI il HA0YHO MOKa3ylIOTh BaXKIMBICTh MOEIHAHHS BOEHHOI cepw 3 IHIIUMU
€JIeMEHTaMU HAI[IOHAIBHOI MOTYTHOCTI, OPKECTPYBaHHS BCIX 1HCTPYMEHTIB HalliOHAJILHOT
MOT'YTHOCTI JIJISI TOCSTHEHHS CTPATETIYHUX IIJICH Hallii.

VY my6mikamii [5] po3KpuBaeThCsi CYTHICTH HistibHOCTI Copoca, 3rilHO SIKO1 aMepHKaHChKI
HeypsioBi opranizamii (HYO) crBopunu cuctremHy mepexy B Pecnyomimi Kazaxcran 1 3 1i
JIOTIOMOTOF0 3/1HICHIOIOTH 1H(OpMaIiiHUi BIUTMB HA BCIO LleHTpanbHy A3ilo.

VY cratTi [6] PO3TIASAHYTO METOAUYHHM IMAXIJ A0 MOJCIIOBAHHS CTpaTerii, CIPSIMOBAHOI Ha
3MiHY peXuUMy y BHOpaHili KpaiHi-MileHi depe3 3aHypeHHs ii B xaoc. 3amporoHoBaHa rpad-
MOJICJIb CIICHApir0 peamizamii crparerii 3MiHM TOJITHYHOTO PEXKUMY Ha OCHOBI METOIY
¢ynkuionansHo 3HaYMMUX npoMikHUX cTtaHiB (D3IIC). [Jnsa kaxmoro O3IIC chopmoBana cBos
rpyna MOKa3HUKIB YCHIIIHOCTI BUKOHAHHS 3aBJlaHb IPOMIXKHOTro craHy. IToka3aHo, 1110 roJ0BHOIO
MIIICHHIO, Ha SIKY HAIlUTFOIOTHCS BC1 CHJIM 1 3aCO0M arpecopa sl peati3allii CBOiX TeOmoIiTHIHNX
iHTepeciB 1Mo TpaHcdopMallii CBITOBOTO MOPSAKY, SBISEThCS nepkaBHICThb. [[o6 3axuctutn
Jep>KaBHICTh, TOOTO HE JOMYCTUTH HACWIIBHUIIBKOI 3MIHU PEXUMY, TIOTPIOHO MepI 3a Bce 30epertu
COLI1aTTbHO-TIONIITUYHY CTaOLIBHICTh B KpaiHi.

Y MoHorpadii [7] po3riasHyTi HAHOUIBII BXXUBaHI MOJIEII CTA0UTBHOCTI COIIAIbHUX CUCTEM,
MPOBEACHO OIIIHIOBAHHS PIBHSA COIIAJBHO-TIOJITHYHOI HECTaOlIbHOCTI HAa OKPEMHX eTamax
KHUTTEAISITBHOCTI J€p)KaBU, MPOTE B POOOTI HE y3aralbHEHI 3aKOHOMIPHOCTI 3pPOCTAaHHS PiBHS
COLIIaTTbHO-TIOJIITUYHOI HECTAOUIBHOCTI 1 He BU3HA4YCH1 (DYHKI[IOHAILHO 3HAYMMI MPOMIXKHI CTaHU
JTMHAMIKA BHYTPIMOJITHYHOI CHUTyalii B JepiKaBi, sIKi CHPSIMOBYIOTHCS Ha 3MiHY MOJITHYHOTO
PEKUMY B JE€pIKaBl.

MeTow cTaTTi € PO3rIIAA OOTPYHTYBAaHHS OCHOBHHX HAaNpsMiB TPOTHAIl HEraTUBHUM
TEH/ICHLISIM BOEHHO-TIOJITUYHOI OOCTAaHOBKHU, CIPSMOBAHUM Ha 3MIHY HOJITHYHOIO PEXKUMY Yy
BUOpaHiil KpaiHi-MilIeHi.

BukiageHHsi OCHOBHOro Martepiajgy jgociifxkeHHs. J[loHenaBHa BiilHM Benucs
TpaauLIHHUMU 30pOMHMMHU 3aco0aMH 3 BUKOPHUCTAaHHSAM peryispHux apMmiid. Kpurepiem BiiiHH
3aBXKAM BBAXKAJIOCS 3aCTOCYBaHHs 30poHHUX (eTanbHuX) 3aco0iB. Crnenugika HUHIMIHIX BilH
[oJIATa€ B TOMY, IO iX BEeAYTb HE TUIBKM TpaJuLIAHUMHU 30poWHMMH 3acol0amu, a W
HETPaTUIIHHUMU, HAMIPUKIA[, TOJITHYHUMHU, eKOHOMIYHUMH, iHHOPMaIlIHHUMU, 11€0JIOTIYHUMU,
MICUXOJIOTTYHUMH, TYMaHITAPHUMHU, PO3BIAYBaTbHUMH, SIK1 YaCTO BUSBIIAIOTHCS €()EKTUBHIIIUMU Ta
o1 pyiiHIBHUMU [8]. 1151 TaKUX BOEH KPUTEPISIMU € BJKE HE BUKOPUCTOBYBaHI 3aco0u, a 11iJi, 110
JOCATAIOTHCS, K1 MOYKHA IIOPIBHATH 3 LUISIMHU, 1110 X 3a3BUYail NepecaiayoTh i1 4ac TpaJAuLliiHuX
BoeH. lle, sk mpaBuiio, 3HUILEHHS, PO3rpadyBaHHs, OKYyMallisd, 3MiHa PEKUMY, 3aHYPEHHS B Xaoc,
BUKOPUCTAHHS $IK IHCTPYMEHTY JJsl peani3alii CBOiX TIeONOJITUYHUX IHTEPECIB, HalpUKIIa,
BTATHEHHS KpaiHu B 30poiHUI KOHQIIIKT 3 00paHuUM /715 3HUILEHHS (0CIa0JIeHHS ) TPOTUBHUKOM.

3aBAsIKM BUKOPHUCTOBYBAHMM TEXHOJIOTISIM Ha Cy4aCHOMY e€Talll I LIl MOXYyTb OyTu
JOCSATHYTI 0€3 3aCTOCYBaHHs JieTalbHOi 30poi. [IpukiagoM 1poro Moke ciayryBaTH po3B'si3aHa
3axonoM "xononHa" BiliHA, B pe3ysbTaTi AKOi 3axiJl, HE 3aCTOCOBYIOUM TPAIUIIIIHY JeTaabHy
30poto, 3100yB iepemory Hax CPCP.

3 mepepaxoBaHMUX IIJIEH OCTAHHIM 4YacoM TMPIOPUTET BIAJNAETHCS 3MIHI pPEeXUMY Uepes
3aHypeHHs B Xaoc a0 BHBEJEHHs KpaiHM-MIIIeHI Ha KPOMKY Xaocy [4]. 3aBasku 3MiHI peXumy,
Hanpuknag, CHIA BCTaHOBIIOIOTH MapiOHETKOBI PEXUMH 1 iXHIMH pyKamMH pPO3B'SI3YIOTH CBOi
CTpaTeriuHi 3aBaHHs. BianpanboBaHUMH TEXHOJIOTIIMU 3MIHU PEXXUMY SIK METH HUHIIIHBOT BIHHH,
MIPaBOMIPHO BBAXKaTH TaK 3BaHI1 "KOJHOPOB1" PEBOIONIT B HU3MI AepxaB. Taki BIiiHU 00'eTHy€E 0/THA
il Ta camMa NMpUXOBaHa MeTa - 3HUILEHHS HalllOHAJIbHOI JepXKaBHOCTI. JlepaBHICTh € TOJOBHOIO
MILIEHHIO, Ha SIKY HAI[UTIOIOTHCS BC1 CUJIU 1 3acO0M arpecopa JAjisl peatizallii CBOiX reonoIiTHYHUX
1HTepeciB 11010 TpaHCOpMaLlii CBITOBOTO MOPSIKY.
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11100 3aXUCTUTH IEeP>KABHICTD (HE JOMYCTUTH HACUJIBHUIILKOI 3MIHU PEXUMY), TOTPIOHO, TIO-
nepie, 30eperTd COMIbHO-TIOMITHYHY CTaOUIBHICTh y KpaiHi; MO-Apyre, BUSBUTH TOJOBHUUN
HaNpsSMOK HACTYIy CYIPOTUBHUKA, OLIHUTH CUJIH, IO 3aIy4aloThCs, 3aCO0H, peCypcH, Xapakrep i
MaciTad IXHBOIO 3aCTOCYBaHHs, IO-TPETE, 3pO3YyMITH HOro 3aJyM Ta OCHOBHI clieHapli Horo
peamizarii; mo-ueTBepTe, MiATOTYBaTH HEOOXiIHI CHIIM, 3aCO0HM, PECypCH Ta PO3POOUTH HiTKY
CTpATeTiro MPOTHU/III.

30epexeHHs COLIANbHO-TIONITUYHOI CTabUIBHOCTI B KpaiHi € HaWTOJIOBHIIIO YMOBOIO
3a0e3nedyeHHs HallloHAIBHOT Oe3neku [6, 9]. OCKiTbKHU coIliaibHI CUCTEMHU HAJIEKATh /10 CKIATHUX
cucreM [7], To A8 IXHBOIO AOCIIIPKEHHS 3aCTOCOBHI TEOPIsl 1 METOAM aHaJIi3y CKIIAJHUX CUCTEM.

CTabibHICTD CHCTEMH, MPUPOAHO, PO3MIIAJAETHCS HE SIK IIOCh 3aCTUIJIE, II0 HAMEPTBO
CKpIILTIOE CHUCTEMY, HE SK ii 3aKOCTEHLIICTh, 3aMOPOXKEHICTh. Y CTallIbHOMY CTaHI CHCTEMa
camo30epiraeThCsi, ajne Mpu bOMY B Hill JOMYCKAIOTHCS TaKi 3MiHH, SIKI HE € CUCTEMOPYHHIBHUMH.
VY npuponi He OyBae abCOIIOTHO CTAOUIHPHUX CUCTEM: BOHU MAlOTh PI3HUN CTYIHb CTAOUIBHOCTI.
Bucokuii cTyniHb cTaOiIBHOCTI O3HA4Ya€ KOPCTKY OMIPHICTh SK BHYTPIIIHIM 3MiHaMm, Tak i
30BHIIIHIM BIUMBaM. ICHyBaHHS Oy/b-fKOi CHCTEMHU JOIYCKAa€ JIMIIE MiHIMaIbHO HEOOXITHUN
cTyniHb cTabutbHOCTI. Taka cTabUIBHICTD y TUHAMIYHUX CHCTEMax I'PYHTYETbCS Ha CYKYIMHOCTI
HECTIMKUX PIBHOBAr Mi’K CHCTEMOYTBOPIOBAILHUMH 1 CHCTEMOPYHHIBHUMH MTPOIIECAMH.

Kareropist cTrabiibHOCTI BUCTYTIAE SIK CAMOCTIiHA HIHHICTB. B iepapxii cycnibHUX miHHOCTEH
il BaYKKO 3BECTH JI0 SIKUXOCH 1HIIMX, OKPIM OJIHI€T, IKa BUCTYIAE BIIHOCHO HEl SIK I[IHHICTh BUIIIOTO
piBHs. Lls miHHICTH — yHoOpsinKoBaHICTh. BoHa iHTerpye BCIO CyKYIHICTh BITHOCHH YycCepenuHi
cycniibeTBa. CTabUIBHICT CYCHUJIBCTBA BU3HAYAETHCS 4YEpe3 YNOPSAAKOBAHICTh abo, IHUIIMMHU
cioBamu, "comianbHui opsaok” [9].

JUisl cyCHiJIbHUX CHUCTEM CTaOUIbHICTh BUPAXKAEThCA B TAaKUX YHOPSAKOBAHUX Ipoliecax B
MOJITHI, €KOHOMIIli, COI[iaJIbBHOMY JKWTTi, KyJIbTYpi, MDKETHIYHHX BiJHOCHHAX, pEIiriiHOMY
CEepEeIOBHILI, IKOMY, 3 OJHOTO OOKY, BJIaCTHUBI CYNEPEUYHICTh 1, HaBITh, KOH(MIIKTHICTH, a 3 IPYroro
- PETYIIOETHCS CYKYIHICTIO IHCTUTYTIB 1 BITHOCHH, repedyBae y craHi "coIialbHOTO MOpsAKY",
3a0e31euyrou NOCTYNaIbHUI PO3BUTOK YCI€T CYCIUIBHOI CUCTEMH.

[lopymenHs cTabibHOCTI B CYCHIIBCTBI CIiJl PO3MNIAAATH SK '"COLIalbHY MAaTONOTiO",
"(hyHKuioHANTBHUN po3nan”, ToOTO, K HeOe3MeuHe 3aXBOPIOBAHHS CYCIIIBLHOTO OpraHi3My, AJs
00poTHOM 3 SIKUM MarOTh OyTH pO3pOOJICHI BiAMOBIIHI MEXaHI3MH JOCATHEHHS Ta IiITPUMAaHHS
CYCHiJIbHOI CTaO1IBHOCTI.

[Iponec 3abe3nedyeHHsT HAIlIOHATHHOI OE3MeKH JepkaBu (OpraHizaiis i 3iHCHEHHS TaKOTo
PIBHS 3aXMCTY KUTTEBO BAXJIMBUX 1HTEPECIB JIIOJIMHH 1 TPOMAJITHIHA, CYCIIUIbCTBA 1 IEpKaBH, 3a
SAKOTO 3a0e3MeuyloThCsl CTAMil PO3BUTOK CYCIIIJIBCTBA, CBOEYACHE BUSBJICHHS, 3amoOiraHHs i
HelTpaizalis 3arpo3, 0 MOXXYTh BUHUKHYTH y CYCIIbCTBI).

3ano0iranHsa 1 HeUTpaii3alilo peaJibHUX 1 MOTEHLIMHUX 3arpo3 HalllOHAJbHUM IHTEpecam
Oy/eMo po3riIsAaTi 3 HO3ULINH CHCTEMHOTO MIXO0/Y, 3 BUKOPUCTAHHAM TEOPii CKIaJHUX CUCTEM [6,
7].

Jlis 1poro TakuWi mpolec HEoOXiTHO MPEACTaBUTH SK 1€papXidyHUH, OaraTopiBHEBHUH,
MIPOBECTU MOr0 IEKOMITO3UIIII0 Ha KUJIbKA MPOCTIMINX MIJIPOLECIB 31 CBOIM AepeBoM Liiei. Kpim
TOTO, CIi/ 31MCHUTH IEKOMITO3UIIIO I[iJIeH, "MOoB'A3aTH" 1X 13 KOXKHHUM IiITPOLECOM, POTOALINTH
3a pIBHSAMU 1€papxii.

Cranuii po3BUTOK CyCIIJILCTBA 3a KpuTepieM Ur yMOBHO OKa’K€MO MOHOTOHHO 3pOCTar0u0I0
(dazoBoro TpaekTopiero Ft (puc. 1). UutaTn pucyHOK MOTPiOHO TakK:

Yy MOMEHT Tk CyCHUIbCTBO (AeprkaBa) S, M0 PO3TISIAETHCA, IOCATIIO PIBHS CBOTO PO3BUTKY
Urk. 11 HaoyHOCTI piBEHb PO3BUTKY OI[IHEHO HA PHUCYHKY OJIHUM KpHUTEpieEM, HaIpPHUKIA,
BEJIMYMHOIO BaJIOBOTO BHYTPilIHBOTr0 MpoxykTy (BBII). Peanbuuil ke po3BUTOK OLIIHIOETHCS IIITUM
HabOPOM KpUTEPIIB, sIKi OpMaAIBHO MOKHA MPEJCTABUTH Y BUTJISAL MATPHIl, BEKTOpA TOIIO.
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Pucynok 1 — YMOBHE MpeICTaBICHHS CTAIOr0 PO3BUTKY cyciiibeTa S [6]

Buxonsuu 3 BU3HaYCHHS, CTAIU pO3BUTOK Oy/e TOAl, KOiau (a3oBa TPAEKTOPisi MOHOTOHHO
3pocTaTuMe, a A LbOro HEOOXiAHO 3a0e3NeuynTH HacamIepe]l €KOHOMIUHY Ta COLIaJbHO-
MOJIITUYHY CTA0UTBHICTD y JepikaBi (CycHmibeTBi). I CIIPOIEHHS MOJAIBITNX BUKJIAIIB MOBY
BECTUMEMO TpO JAepkaBy, MalOud Ha yBasi, L0 BOHA aKyMyJllO€ i mepcoHidikye B coOi
CYCIIITBCTBO.

He3zanexxHo BiJi TOTo, SIKOTO TUITY MOJIITUYHA CUCTEMA B Tiil UM 1HILIINA KOHKPETHIHM KpaiHi, SKUi
5l CHCTeMa peai3ye IMOJITUYHUN KypC, MISUTBHICTH BIQJAW B OCTaTOYHOMY MiJICYMKY Mae OyTH
MIMOPSAKOBAHA HUIAM 30€PEeKEeHHS CTAOUIBHOCTI KOHTPOJILOBAHUX HEI COLIAIBHO-TTOTITHYHHX
MIPOILIECIB Y JIEPKaBi.

CrabinbHICTh J1a€ 3MOTY JJOMaraTHcs MiIBUILIEHHS KEPOBAHOCTI CYCIUIbHUX MPOIECIB, TOMY
il MOXXHAa BBa)XaTW IHTETPAIBbHOIO XAapaKTEPUCTHKOI HE TIABKU MOJITHYHOIO PEXUMY, a i
COLIIAIBHOTO TOPSIIKY 3arajjoM. 3 oMy Ha Te, 10 MOJITHYHI IHCTUTYTH, OYAY4YHd CBOEPIAHUM
MPOJOBXKEHHAM 1 3aKpIIJIEHHSM COLQJIbHUX HOPM 1 BIJIHOCHH, HacaMIlepell IOKJIMKaHi
BIIOPSAZKOBYBAaTH CYCHUIbHI 3B'SI3KM, JOCATHEHHS HUMH HOJITMYHOI CTabuIbHOCTI HalyBae
BUHSATKOBOI'O 3HaYEHHS B JIISJILHOCTI JIEpKaBU.

3 Teopii CTabIBHOCTI CKJIAJHUX CUCTEM B1JIOMO, L0 B MEpUIOMY HAOIMKEHHI CTaOlIbHICTh
CKJIAJTHOI CHCTEMH MOJKHA JOCIHIJUTH 3a JOTIOMOTOI0 JTBOX HAY)KMBaHIIIMX MOJIENEH: MOJeNi
CTiiiKo1 cTabinpHOCTI 1 1 MoMeni HecTiHKOoi cTabinbHOCTI 2 (puc. 2) [6].

Mopens 1 yMOB pO3BUTKY CUCTEMH S Ha PUC. 2 ONUCY€E PUHKOBI YMOBH ii (DYHKIIIOHYBaHHS,
HasBHICTh HE3aJeKHOI Cy/l0BOI BIaJH, HE3aJeKHUX 3ac00iB MacoBoi iH(oOpMaIlii, pO3BUHEHOTO
IPOMAaJITHCHKOTO CYCIIUJIBCTBA Ta IHIINX aTpUOYTIB JEMOKPAaTUYHOI JepkaBu. HasBHICTb yBIrHYTO1
JUCKpUMIHALIMHOT ~ XapaKTepUCTMKM € HEOOXiHOI0 yMOBOIO 3JIHCHEHHS B CHUCTEeMI
caMOperyiTIoBaHHsS 200 caMOHANIAIITYBaHHS (y HAIIOMY BUTIAJIKY 1€ 0O3HAYa€ 3a0e3neueHHsI CTIHKO1
cTabuIbHOCTI B TOUI Rus BIIMOBIIHO JI0 OCSTHYTOTO piBHS po3BUTKY AepxkaBu Urk (puc.1). Touka
Rus — Touka cTiiikoi cTabimbHOCTI cucTeMu S.

3aBIAKM YBICHYTIH JUCKpUMIHAIMHIA XapaKTepUCTHUIIl € MOXJIMBICTH "BHUMiproBaTu" He
TUTBKH 3HAK BIIXHWJICHHS CUCTEMH BiJ] pIBHOBR)XHOTO CTaHY, a i BEJIMUYUHY I[LOTO BiIXUJICHHS.

Y eMOKpaTHYHOMY CYCIHIUIBCTBI Ili BUMIPIOBAHHS MPOBOIATH HE3aleKHI 3ac00M MacoBOi
iH(popMallli, CTPYKTYpHI €JI€MEHTH TPOMAJSHCHKOIO CYCIIJIbCTBA, MOJITUYHA OIMO3MUIIS, OKpeMi
0COOMCTOCTI HUISXOM, HANpPHUKIAJ, KPUTUKU BIAAM YH ii MPEICTaBHUKIB, a TaKOX He3alexHa
cynoBa Biajga. Pearyroun Ha BHCTynHM 3aco0iB MacoBoi iHQopMalii, KpUTHKY, MOJITUKA abo
NPEJCTaBHUKU BIaJd BU3HAIOTh CBOi NMOMMWJIKH, aHYJIIOIOTh YXBaJIeHI paHillle pillleHHd, I10 He
BJIAIITOBYIOTH CYCIIJILCTBO, @ CHCTEMA IIPU IIbOMY CaMa MOBEPTAETHCS Y BUXIAHY TOUKY Rus. Y Takiit
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CHCTEMi € CIPHATIMBI MOXIMBOCTI Ul CKOPOUEHHsS 30MTKIB BiJl HEC(EKTHBHOTO YIPABIIHHS,
7001F0BaHHS MIEBHUX 1HTEPECIB, KOPYIIIMHKUX i TOIIO.
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Pucynok 2 — Mogpeni criiikoi (1) i HecTiiikoi cradinbHocTi (2) [6]

Po3mip BimBepHEHOT B Takid MOJEIl IIKOAW 3aJICKHUTh BiJl 4acy peakilii OmucaHoi BHIIE
"BUMIpIOBaJIbHOI TigcucTeMu", 1 CyCHIBCTBO MOKE HE 3a3HATH BTpAT y3arani, SKIO OyIyTh
BUSBIICHI i ONIPUITIOIHEH] HE HACIIKU SKHUXOCh TIHBOBUX CXEM, YIOJl, KOPYMIIIHHUX i, a Hamipu
BYMHHUTH TPOTHNpaBHI 1ii. EQexTHBHICTE (QYHKIIOHYBaHHS Takoi CHUCTEMH BEJIHKOIO MipOro
3aJIeKUTh BiJ] OpraHizallii Ta BAKOPUCTAHHS IHCTUTYTY HE3aJIKHOI EKCIIEPTH3HU IPOrpaMm, MPOEKTIB,
cTpaTeriii, KOHIENi{, BAKIUBUX JIEPKABHUX PIICHb TOMIO.

VY ckmamHIA comianbHINA CUCTEMI, KO € Jep)kaBa abo ii okpemi cdepu, 3aBXKIH TIIOTh
pi3HOTrO pofy necTabumi3yroui pakTopH, SIKi yMOBHO NO3HAYEHI HA pUCYHKaX K Fd1 Ta Faz.

VY npuHIMIII BOHM MOXXYTh MaTH pI3HI HaIpsSMKH, HANpHUKIAJ A YKpaiHM — CHIIH, SIKI
BHCTYIAIOTh 3a 30epekeHHs 1m03a0iokoBoro crarycy, Bcryn o HATO, €C, €EIl, OIKB, 3a
HEUTpamiTeT. Ko 0/1HA 3 IUX CHJI IOYHE MEPEeBaKaTH HAJl IHIIUMU 1 MiJ I TUCKOM Oy/ie yXBaJleHO
BIJIMOBIHE PIIICHHS, CUCTEMa Yepe3 MEeBHUI Jac Tepeiiie B HoBHiA cTaH (puc. 3), ajie i TOro,
100 cucTeMa OMUHUIACA B TOYIII CTa0i CTablIbHOCTI, MOTPIOHO 3HAUHO OLNIbIIIE Yacy, 10 TOTO XK y
MPOIIECi TAaKOTO MEePEX0ay MOXKYTh 3'SIBUTHCS HOBI JecTaOini3yroui cuiu, Ijs HeWTpamizamii abo
BPIBHOBaXXEHHS AKHX NOTPiOH1 OyAYyTh HOBI pecypcH, IKUX Y Aep>KaBU Ha TOW MOMEHT MO>K€ ITPOCTO
HE BHUSIBUTHCS.

3araniom aecTabii3yroui CUIIM MAlOTh XapaKTep BUKJIMKIB, HeOe3IeK, 3arpo3 abo HeraTUBHUX
TEHJICHIII BOEHHO-TOJITUYHOI Ta T€OMOJITHYHOT 00cTaHOBKHU. [IpuomMy BOHH MOXYTh OyTH SIK
BHYTPIIIHIMH, TaK 1 30BHILIIHIMH LI0JI0 aHATI30BAHOT JIep>KaBH.

Kinbka ciiB npo crabinizyrouy cuity Fsy (puc. 2). YMoBHO ii MOKHa 31CTaBUTH, HAIIPUKJIIA], 13
MTOBHOB)XEHHSMH, 110 PEali3yl0ThCsl IPE3UICHTOM, MTapJaMEHTOM, IPaBOOXOPOHHUMHU OpraHaMH,
CUJIOBUMU CTPYKTypamu ToIlo. [Ipusnadenns cum Fsy B IepikaBi, B siKii 3a0€31eUyeThbCsl CTIKa
CTaOUIBbHICTh ii PO3BUTKY, MOJSATa€ B TOMY, 00 HE JOMYCTHUTH IOSBH, HAPOLIYBAaHHS TaKOIro
MOTeHLIay AecTtaduni3yrounx cui Fdi 1 Fa2, ki 6 BUBenu epkaBy 3 TOUKH CTaJI0l cTabLIbHOCTI Rus
Ha TaKy B1/ICTaHb, KOJIM TIOBEPHEHHS 32 YMOBU CAMOPETY/IIOBaHHS B II0 TOUKY CTa€ HEMOKIMBHM.

XapakTepHUM IS L1€1 MOJIEII € T€, 110 31 301IbIIEHHAM "TIMOUHY spy", TOOTO MIJBUIIEHHIM
CTaOUIBbHOCTI, I 30€peKeHHs Ha BUXO/11 TOTO CaMOro pe3ysbTaTy NOTpiOHa MEHIIA 332 BETUYUHOIO
crabimizyroua cuina Fsy 1 JomyckaeThest Oubla 3a BETUUMHOIO Jectadinizyroda cuina Far (Faz).
OCKUIBKH 3 KOKHOIO CHJIOIO TOB'SI3YIOTh IEBHI PECypcH, TO MPUPOIHO, IO CHCTEMa 31 CTIHKOIO
CTaOIIBHICTIO 3a)Ka/lae MEHILEe pecypciB g 30epe’keHHS CBOro CTaTycy B pasl 3pOCTaHHS
necTabiizyro4oi CUIIH.
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Pucynok 3 — [pukmnan peakiii gepxkaBu S, sika PO3BUBAETHCS 32 MOACIUTIO CTIHKOL
CTabiIIBHOCTI, Ha TIMOTETUYHY JecTabini3yrody cuiy (3arpo3sy) [6]

Ha puc. 2 mokazano Mojienb 2 HECTIHKOI cTa0IbHOCTI CUCTeMH (CKaXiMO, Y Tii caMiid TOYII
JOCSTHYTOTO piBHS pO3BUTKY nepkaBu Urk, 10 Ha puc. 1).

Onykiia TpaexkTopis Oomucye yYMOBH (DYHKIIOHYBAHHS KOMAaHIHO-PO3IOIUIBYOI CUCTEMH, B
SK1M CTIKUHI CTaH y TOYIl HECTIiKO1 cTabiabHOCTI Rns 3a0e3neuyeTbes cTabini3yrouoro cuior Fsn
(HampuKIIaa, CUIBHOIO MPE3UIEHTCHKOIO BIIAJ0I0, OTIOPOIO HA CHIIOBI CTPYKTYPH, TUKTATOPCHKIM
PEXKHUMOM, IIEHTPATI30BaHUM IIJIAHYBaHHSAM PO3BUTKY Ha PIK, M'SITUPIYKY Ta 1H.).

CraOunbHICTE JiepkaBd, TOOyJOBaHAa 3a TAKOK MOJCIUIIO, OUIBII YyTIWBa 10
NecTabUTI3yI0UX UYWHHUKIB, 1, MPHUPOAHO, 30€peeHHS CTaOUIbHOCTI MoTpedye OunbmIol 3a
BEJIMYMHOIO cTadimizaniinoi cumm Fsn, a 0Tke, 1 OinIbIe pecypcis.

OcTtaHHIM 4acoM LIMMH NTOCTYyJIaTaMU yacTo KopucTyroThest CLA, kosu iM OTpiOHO 3MIHUTH
B Till M 1HIIHN AepxaBl MOMITUYHUN pexxuM (sk e Oyno B I'pysii, JIiBii). Bonu roryrots 1
HapOILyIOTh MOTEHIa] JecTabUIi3ylounX CHJ, $K TMpaBWIIO, BCEPEIUHI Jep)KaBU-00'€KTa,
MOCIa0II0ITh CTAOUTI3YIOUY CHITY, Y PI3HHI CMOCIO 3HHXKYIOTh PIBEHb CTaOLILHOCTI B JE€pKaBl
("po3ruHaroTh" KpHUBY) 1 Ha LIl XBWII MPUBOJATH O BIAaJU HOBUH ypsn, josnbHuil go CIIA,
KOPHUCTYIOUHCH SIKUM, 3TrOJI0M 3/I1HCHIOIOTh TaK 3BaHE 30BHIIIHE YIIPaBIIHHS.

BucnoBku. HezanexxHo Biji TOTo, sIKOTo TUIY (QYHKIIIOHYE MOJIITUYHA CUCTEMA B Til UM 1HILIH
KOHKPETHI1H KpaiHl, KU 1 cucTeMa peani3ye NOJITHYHUN KypC, AISUIbHICTD BJIaJId B OCTATOYHOMY
HiACYMKY Mae OyTH MiANMOPSAIKOBAaHA IUIAM 30€peKEHHS CTAO0UIBHOCTI KOHTPOJIbOBAHUX HEIO
COLIIAJIbHO-TIOJIITUYHUX MTPOLECIB.

CrabinbHICTh 1a€ 3MOTY JJOMaraTHcs MiIBUILEHHS KEPOBAHOCTI CYCIUIbHUX MPOIIECIB, TOMY
il MOXXHAa BBa)XKaTU IHTETPAJIBHOI XapaKTEPUCTUKOIO HE TUIBKH MOJITUYHOTO PEXHUMY, a U
COLIIAIBHOTO TOPSIIKY 3arajjoM. 3 OIIAAy Ha Te, IO MOJITHYHI IHCTUTYTH, OyIy4d CBOE€PIIHUM
MPOJOBXKEHHAM 1 3aKpiIJIEHHSM COLJIbHUX HOPM 1 BIJIHOCHH, HacaMIlepell IOKJIMKaHi
BIIOPSAZKOBYBAaTH CYCHUIbHI 3B'SI3KM, JOCATHEHHS HUMH MOJITMYHOI CTabUIbHOCTI HaOyBae
BUHSATKOBOI'O 3HaYEHHS B IISJILHOCTI JIePKaBU.

Y nepuiomy HaOMMKEHHI CTAaOLIBHICTH MOJITHYHOI CHCTEMH MOXKHA JOCHIAWTH 3a
JIOTIOMOTOI0 JIBOX HAWYXHUBAHIIMIUX MOJENICH: MOJENl CTIHKOiI cTaOlIbHOCTI 1 MOJENl HECTIMKOT
CTabUIBHOCTI, 1110 Y CBOIO YEPr'y Ja€ 3MOTY OOpaTH B IKOCTI KPHUTEPiiB 3a0e3reueHHs Hal[lOHAIbHO1
0e3neKu pigHi coyianbHo-noaimuyHoi cmabineHocmi ma HecmabinbHocmi B nepxkani. [lpu
JOCIIJKEHHSIX CTpaTeriii, OpieHTOBaHUX Ha 3MiHY PeXXUMY Yepe3 3aHypeHHsI B Xaoc a00 BUBEICHHS
KpaiHu-MIIIeH] Ha Kpail Xxaocy, HaliH(pOPMATUBHIIIUM BUSIBISIETCS KPUTEPIN — pigeHsb coyianbHo-
NOAIMUYHOT HeCmadilbHOCMI 8 0epPAHCABI-MILUEH].
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VY HacTynmHUX MyOMiKalisiX IIaHYETHCS PO3TISIHYTH TIOTETHYHHUM MPHUKIIA] HApOIIyBaHHS B
JIeprKaBi-MIlIeH] COIIaJbHO-TIONITUYHOI HECTAOUTHhHOCTI O KPUTHUYHOTO PIBHA, MPU SKOMY Y
Jiep KaBi-MillIeHI HACTYyIae Kpu3a (Xaoc) (JocAraeThes KiHIIeBa MeTa CTPaTeTii).
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D.Tech.S. Bogdanovych V.Y ., Ph.D. Muzhenko V.M., Ph.D. Tsybizov A.L.

COUNTERACTION TO THE NEGATIVE TENDENCIES OF THE MILITARY -
POLITICAL SITUATION, DIRECTED TO THE CHANGE OF POLITICAL REGIME IN THE
CHOSEN COUNTRY-TARGET

The state system is a main target on that first of all forces and facilities of country-aggressor take
aim for realization of the geopolitical interests in order to transform the world order. To protect the state
system, namely to prevent the violent change of the ruling regime, it is needed to save socio-political
stability in a country.

It is shown in the article, that by basic direction of counteraction to the negative tendencies of the
military-political situation, directed to the change of the political regime in the chosen country-target,
regardless of what type of its political system is functioning and what a political course this system is
realizing, activity of state authority as a final result have to be inferior to the aims of conservation of
stability of controlled socio-political processes.

Stability gives an opportunity to increase of controllability of public processes, that is why it can be
considered integral description not only of political regime but also of social order on the whole. As
political institutes, being original continuation and fixing of social norms and relations, first of all are
called to put in order public relations, achievement by them political stability acquires exceptional value
of the state activity.

It is concluded that in the first approaching stability of the political system can be investigated by
means of two used models: model of steady stability and model of unsteady stability, that gives an
opportunity to choose as a criteria in providing of national safety the level of socio-political stability and
the level of socio-political instability in the state. During the strategies researching which are oriented to
the change of the ruling regime through immersion in chaos or leading out of country-target on the edge
of chaos, the most informative criteria is a level of socio-political instability in the state-target.

Keywords: military-political situation, socio-political stability, steady development, change of the
regime, chaos, national safety.
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YACTKOBA METOJMKA OIIHIOBAHHSA PIBHSI KOMIIETEHTHOCTE 3
BOT'HEBOI MIAIOTOBKHU Y TPOMAJISIH YKPATHU, IKI HABUAIOTHCS 3A
IMPOI'PAMOIO INIIATI'OTOBKHU OPIIEPIB 3AITACY

Hoenomacumaona 36poiina azpecia Pociiicokoi @edepauii npomu Ykpainu ma nompeoda cuj
be3neku ma o00oponu YKpainu y AKICHO Ri0zomoeneHux o@iyepcoKux Kaopax niomeepouna
HeoOXiOHiCmb 6NPOBAOIHCEHHA HOBUX RIOX00i6 00 hopmyseanus cmpykmypu i 3micmy 6ilicbKo6oi
niozomoexku 2zpomaoan YKpainu, AKi HAGUAIOMbCA 3d RPOZPAMOIO Ri02omoseKku ogiuepie 3anacy.
3asznauene eumazac 0OIPYHMOBAH020 RNIOX00Y 00 NUMAHbL YOOCKOHANEHHA IX RIOZ0MO6KU, uwi0 He
MOHCTIUGO €3 BUKOPUCHAHHA 8i0N0BIOHO20 HAYKOBO-MEMOOUUHO20 anapamy 3 OUIHIO6AHHA PIGHA iX
KomnemeHmmuocmeil 3 602He60I Ri020MmoeKuU.

Ha ocnogi HaA6H020 HAYKOBO-MEeMOOUUHO20 anapamy 3 OUiHI06AHHA eheKmueHocmi ni02omosKku
ma 00ceidy nposedenHs 602He80T ni02omoeKu Ha Kageopax GilicbKo6oi ni020mo6KU Y 6UUUX BIIICbKOBUX
Hasuanvnux 3axnadax (6lCbKOSUX HABUAIbHUX RIOPO30iNAX 3aK1adie euwioi oceimu), y cmammi
GUKTIA0EHO YACIMKOBY MEMOOUKY OUIHIO6AHHA DIGHA KOMHEMEHMHOCHEll 3 602He60I ni02o0mosKu y
2pomadan YKpainu, AKi Haguaomuvca 3a npozpamolo nio2omosexku oghiyepie 3anacy, AKy nodyooeano na
OCHOBI PO3PAXYHKY OazamoKkpumepianbHoi 6e3po3MIpHOT OUiHKU, U0 0a€ 3MO02y He MITbKU OUiHUmuU ix
pe3yibmamu 3 602He80I ni020moeKu, ajie i epaxysamu ix izuuHy i RCUXO0N02IYHY NIO20M06/1eHICH b, U0
CYMmEBO 6NUBAIOMb HA 6Mile | eheKmueHe 3aCMOCY8aAHHA HUMU wimamuoi 36poi. /]o noxaznukie, aki
30ilicHI010mMb 6e3nocepeoniil 6naue HA PiGeHb KOMNEMEHMHOCHell 3 602HEB0T NIO2OMOBKU Y 2POMAOAH
Ykpainu, axi nasuaromoca 3a npozpamoro niozomoexku ogiyepis 3anacy 6ioHeceHo: pieeHb HAgUeHOCHi 3
602He60I nNi02omoeKu, pieensd (izuunoi niozomoenenocmi, pieeHb HCUXON0ZIUHOT NIO20MO061EHOCHI.

Ouyinka piens HagueHOCmi 3 602HE60T NIO20MOGKU PO3PAXOBYEMBCA 34 3A1EHCHICHIIO, AKA 8PAXO0BYE
pieeHb 3HAHb, YMIHb MA HABUUOK 2POMAOAH YKpainu, AKi HAGUAIOMBCA 34 NPOZPAMOIO RIO20MOBKU
ohiuepie 3anacy 3 modyna “Cmpineuvka 30pos ma 6ozHesa niozomoexka’.

Ouinka piensa hizuunoi niozomosnenocmi zpomadan Ykpainu, AKi Haeuarmuvca 3a npozpamoro
niocomoeku ogiyepie 3anacy eusHAUAEMBCA 3a PE3YIbMAMAMU NPAKMUYHO20 GUKOHAHHA HUMU
¢izuunux enpae 6ionosioHo 00 HOpMamueie, yCmMaHoBIAeHUX THCMPYKYiclo 3 (izuunoi niocomoexku 6
cucmemi Minicmepcmea od6oponu Yrpainu.

Ouinka piena ncuxono2iunoi niozomoenenocmi zpomaoan Ykpainu, aki Hasuaomsvca 3a
npozpamorw niozomoeku oghiuepie 3anacy po3paxosyemuvca 3a 3AneldCHiCmIo, AKA 6paxoeye ix
HCUXO0N02IUHYy CIINKICIb mMa 20MOGHICMb.

3a3nauena 4acmKoea MemoouKa 00360J1€ nPosecmu KilbKiCHY OUIHKY PiGHA KOMNnemeHmHocmeil
3 602HE60I NiO20MOBKU Y 2POMAOAH YKpainu, AKi HAGUAIOMbCA 3d NPOZPAMOIO RiIO20MO6KU ogiuepie
3anacy, @ MmaKoxyc 6UAGUMU NPOOIEMHI RUMAHHA Y X001 1T opzanizayii ma npoeeoeHHs, W0 3yMOBIIOE
HeoOXiOHicmb pPO3POOIEHHA PEKOMEHOAUill 3 YOOCKOHAIEHHA 602He80i niocomoexu. Pezynomamu
HPOBEOCHO20  O0O0CTIONHCEHHA  MOMCYMb  Oymu  GUKOPUCMAHI  Ri0 uac  OUIHIOGAHHA  DPiGHA
KomnemeHmuocmeil 3 602He60i ni020moeKu y 2pomaoan YKpainu, aKi Haeuaomovca 3a npozpamoio
niozomoexku oghiuepie 3anacy, a maxoxmc y xX00i no0anbuiux 00C1i0IHCEHb 3 0AH020 HANPAMY y HAYKOGUX
YCmMaHoesax.

Knwuogi cnosa: komnemenmuicms; 602He8a NIOZ0OMOBKA;, MEMOOUKA OUIHIOBAHHSA; HAGUEHICMD;
Qizuuna niozomosnenicms; NCUXON02IYHA NIO20MOGTIEHICHb.

Beryn Ta mocranoBka mpodsaemu. JlocBia 3acTocyBaHHS BIMICBKOBUX 4YacTHUH (II1IPO3[LTIB)
36poiinux Cui (3C) Ykpainu y X0/1i NpOBeIeHHSI aHTUTEPOPUCTUYHOI orepatlii, oneparii O6’ e JHaHIX
CHJI Ta BiJICi4i MTOBHOMACITabHOT 30poitHOI arpecii Pociiicbkoi Deaepariii CBIIYUTE PO Te, 110 00iioBa
JISUTBHICTD BificbKOBOCITYkO00BLIB 30poitHux Cun YKpaiHu BiiOyBaeThCs B €KCTPEMAIBHUX YMOBAX
30BHIIIHBOTO CEPEOBUIIA, 3a HASBHOCTI 3HAYHUX (PI3UUHMX 1 TICUXOJOTIYHUX HAampyX eHb,
HApOCTalO4Y0i BTOMH Ta 1HIIMX HECHPUSATIMBUX YMHHUKIB OOMOBOI MiSIIBHOCTI. Y IIbOMY BUMAIKY
YMIHHS KOPHUCTYBaTHCsS 30pO€r0 1 OOHOBOIO TEXHIKOIO, 3HAHHS TAKTUKU BEJEHHS OOWOBHX il
SBJISIETHCA HEAOCTATHBOIO YMOBOIO JUUIsl YCHIIIHMX il BIHCHKOBOCTYXkOO0BLS B 0oro. Cucrema
MPOyMaHOi BOTHEBO1, (PI3WYHOI Ta IMCUXOJIOTTYHOI MIJATOTOBKY B 3HAYHIM Mipi CTIPHUSIE T1ABUILIEHHIO
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00€31aTHOCTI BIMCHK, 3a0e3nmeuye CKOPOYECHHS TEPMiHIB 1 TIOJNIMIIEHHS SKOCTI MiATOTOBKH
BIMCHKOBOCITY>KOOBITIB TIPY OBOJIO/IIHHI PI3HUMH BHIaMHU CTPUIEIILKOT 30p0oi Ta 00HOBOT TEXHIKH, IS
3a0e3reueHHs] HAAIMHOCTI YIIPaBIiHHSA HEIO B CKIQJAHUX yMOBax. Pa3zoM 3 THM, yMiHHS 1 HaBUYKU
JIOJIaTH HECTPUATIMBI YAMHHHKH, 110 CYITPOBOKYIOTh OOMOBY IisIbHICTD OTPIOHO (popMyBaTH 111e
70 Io4aTKy OoitoBux ikt [1].

BorueBa miaroroBka € OJHUM 3 HAWOLIBII Ba)KJIMBUX EJIEMEHTIB YCIINIHOTO BEICHHS
OoiioBuX 1. Sk BiIOMO, BOTOHBb 3 O30pPOEHHS MIAPO3ILTY € OCHOBHHM 3aCO0OM BOTHEBOTO
YpaKEHHS MPOTHBHUKA B yCiX BUAax 00r. CaMe eekTUBHE yNpaBiiHHSI BOTHEM IIIPO3AUTY Ta
BEJICHHS BJIYYHOTO BOTHIO 1 € OCHOBHHMM 3aBJaHHAM Moaynsa “Crpinenbka 30posi Ta BOTHEBa
MiArOTOBKA”, MIO TMPOBOAWUTHCS Y XOJi MIArOTOBKM TPOMAIsH YKpaiHW, SKi HaBYAIOTbCA 3a
MIPOTpamMor0 MiArOTOBKH O(dilepiB 3amacy.

3 TOSBOIO HOBHUX Ta MOJCPHI3all€I0 CTApuX 3pasKiB CTpierbkoi 30poi, ¢popM 1 crocobiB
3aCTOCYBaHHs BIHCBK (CHII), 3ac00iB 30pOitHOI OOPOTHOM 1 TAKTHKH JIiH, 3MIHH Jialla30Hy Ta 3MICTY
3aBJIaHb, 0 BUKOHAHHS SIKUX 3aTy4arOThCs BIICHKOBI YaCTHHU (T1APO3/I1IN ) SMIHIIIHCS YMOBH, B SIKUX
BIMCBKOBOCITY’)KOOBITI MOYKYTh 3aCTOCOBYBATH CTPUICHIbKY 30pOr0, y 3B’SI3Ky 3 UMM 3HAa4HO
TABHIIMIIACS BUMOTH 10 PiBHS ii BOJIOJIHHS 1 3aCTOCYBaHHS B PI3HOMAaHITHUX yMOBaX. Yce Iie
CIOHYKa€e J0 MONIYKY Ta peaizalii HOBHX MIAXOJIB LIOJ0 MPOBEACHHS BOTHEBOI MiJTOTOBKU 3
rpoMasiTHaMu YKpaiH, sIKi HABYAOTHCS 32 TIPOTPaMOIO MiATOTOBKH O]illepiB 3amacy.

HenockoHanicTh iCHYIO4Oro HayKOBO-METOJIMYHOTO arapary 3 OLIHIOBaHHS €(EeKTUBHOCTI
MIATOTOBKM Ta HEMOXJIMBICTh WOTO IMOBHOIIIHHOTO 3aCTOCYBaHHS JUIsi OI[IHIOBaHHS PiBHS
KOMITETEHTHOCTEH 3 BOTHEBOI MiATOTOBKU Yy TPOMaJsH YKpaiHH, SKI HABYAIOTHCS 33 MPOrpamMoro
MiATOTOBKH O(ilepiB 3amacy, CIOHYKae /0 YAOCKOHAJICHHS HayKOBO-METOJMYHOTO amapary Ta
OOI'pYHTYBaHHS 3alPOIIOHOBAHMX 3MiH. TakMM YHMHOM iCHYe MOTpeda y HayKOBOMY OOTpYHTYBaHHI
YaCTKOBOI METOJMKH OI[IHIOBAaHHS DPIBHS KOMIIETEHTHOCTEH 3 BOTHEBOI IMIATOTOBKM Y T'POMAJISH
VYkpainu, sKi HaBYaIOTHCS 3a MPOrpamol0 MiATOTOBKU odilepiB 3amacy. 3a3HaueHe CBIAUUTH PO
aKTYaJIbHICTh TEMH, SIKa PO3TIISIAETHCSL.

AHaJi3 OCTaHHIX J0c/igxKeHb. AHAI3 MOMEpPEAHIX JOCHTIKEHb Ta MyOIiKaliil 3 JaHOoro
Hanpsmy [2 - 10] cBiguuTh Tpo Te, IO €JMHOTO MiJAXO0/Y 0 OL[IHIOBAHHS PIBHS KOMIIETCHTHOCTEH
3 BOTHEBOI MIATOTOBKH y TpOMaisiH YKpaiHu, sIKi HAaBYAIOThCS 32 MPOTrPaMOI0 MiATOTOBKH odilepiB
3amacy He icHye. Ilizxomum, siKi pO3TISIIAIOTBCS, CTOCYIOTHCS TEPEBAKHO JESKHX CKIaJOBHX
KOMIIETEHTHOCTEH BifICHKOBOCITYXOOBIIB 1 MOTPeOYIOTh ylOCKOHaNeHHs. Tak, y poOoti [2] OyB
BHU3HAUEHUH MiJIX11 IO OLIIHIOBAHHS P1BHA MIATOTOBIECHOCTI TAHKOBOI OpUTa/id y X0/l B1IHOBJICHHS
00€31aTHOCTI, y SIKOMY BUCBITJIEHO JIMIIIE MTOPSATOK OL[IHIOBAaHHS BiICHKOBOCIY>KOOBLIIB 32 PIBHEM
iX 3HaHb Ta YMiHb 3 MPEIMETIB HaBUAHHS. 3alPONOHOBaHI B poOOTi [3] aHAMITHYHI 3aJI€KHOCTI
JI03BOJISIFOTh OLIHUTH €(eKTUBHICTh 1HAMBINYaIbHOI MiATOTOBKH O(ILIEPCHKOTO CKIaTy HAYyKOBO-
MeJaroriyHuX MpaliBHUKIB Y BUIIMX BIMCHKOBUX HaBUalbHUX 3akiajgax. Crarts [4] npucBsyeHa
OLIIHIOBAaHHIO KOMIIETEHTHOCTEH BiHICHKOBOCIYKOOBIIIB 3MIHHOTO (CEpKaHTCHKOTO Ta PSAAOBOIO)
CKJIaJly HaBUaJIbHMX IEHTpiB. MeToauunuil miaxig y poOoTi [5] He BpaxoBye piBeHb HaBUYOK
BICHKOBOCTYKOOBIIIB, @ TAKOXK 1X TICUXOJIOTIYHY MiATOTOBIEHICTh. 3alPONOHOBaHUN y poOOTI [6]
METOAMYHHIN TIJX1/ JT03BOJISE OLIHUTH JIMIIE MOTHUBAIlIO BIHCHKOBOCTYX00BIIB 30poitHnux Cui
VYkpainu. Y crarTi [7] po3MIAHYTO MiJXiA 7O OLIHIOBAHHS PIBHS MOYATKOBOi KOMIIETEHTHOCTI
TPOMAJISIH ISl TPOXOJPKEHHSI BIHCHKOBOI MIITOTOBKHU 32 MIPOTPAMOI0 MIATOTOBKU O(DiIepiB 3aracy.
Metoauunuii miaxin y poOoTi [8] HE BpaXxoBye piBeHb MCHXOJIOTIYHOI CTIKOCTI 1 ICHXOJIOT14HOT
TOTOBHOCTI BIICBKOBOCITY>KOOBIIIB. Y cTaTTsx [9 - 10] BUKIIaIeHO YaCTKOBI METOIUKH OIIIHIOBAHHS
PIBHS HABYEHOCTI OpraHiB yNpaBiHHS BIHCHKOBHUX YacCTHUH Ta CTaHy 1HIUBIAYyaJbHOI MIATOTOBKU
B1ICbKOBOCTYOO0BLIIB B OpraHax BiiiCbKOBOT'O yIpaBIiHHS.

VY Toli xe yac, po3poOJeHHH MomepeHUKaMi HAayKOBO-METOJUYHUI amapaTr € 0a30BOIO
OCHOBOIO ISl TIOJAJIBIIOTO YAOCKOHAJICHHS Ta MOXe OyTH BHUKOPHUCTaHHMH YacTKOBO TMija dYac
OLIIHIOBAHHS PiBHS KOMIIETEHTHOCTEH 3 BOTHEBOI IMiITOTOBKH Y TPOMAJISIH Y KpaiHH, sIKi HAaBYAIOTHCS
3a MPOTPaMOI0 TiATOTOBKHU OdilepiB 3amacy.

Bukiang ocHoBHoro marepiajay. OLIHIOBaHHS piBHS KOMIIETEHTHOCTEH 3 BOTHEBOI
MIJITOTOBKU Y TPOMAJISIH YKpaiHu, sIKI HABYAIOTHCS 3a MPOTPaMOI0 MiATOTOBKH OQilepiB 3amacy
3MIIACHIOETBCS KOMICI€I0 110 3aBEpLICHHIO BUBUEHHS Moayns “Crpinenpka 30posi Ta BOTHEBa
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MirOTOBKA” MiJ] Yac MiJICYMKOBOTO KOHTPOJIO. B X0/Ii mMiICyMKOBOTO KOHTPOIIIO TIEPEBIPSAIOTHCS Ta
OIIHIOIOTHCS HAOYTI TpOMaAsTHAMU CYKYITHI 3HAHHS, YMIHHS, HABUYKH B 00Cs31 MPOrpaMH BOTHEBOT
MIJTOTOBKM Ta BPAXOBYIOThCS iX HAWOUIBII BaXKIHMBI OCOOUCTI SKOCTI, IO BIUIMBAIOTH Ha
BHKOHaHHS 00OB’S3KIB 3a TMOCaJaMH BIAMOBIIHOI BIMCHKOBO-00J11KOBOI criemiaibHOCTI. [lepemik
MUTaHb, SIKI BUHOCATHCS Ha MiICYMKOBU KOHTPOJIb BU3HAYAETHCS KOMICIETO.

Jlnst po3paxyHKYy KUIBKICHOTO OIIIHKM PIBHS KOMIIETGHTHOCTEH 3 BOTHEBOI ITiATOTOBKH

Buxopucrtopyemo Bemuuuny L. (t), sxa xapaxrepusye 3paTHicTh (CIIPOMOXHICTH) TIPOMAsH

BHKOPHCTOBYBATH OOHOBI BIIACTHBOCTI CTPUJICIIBKOT 30p01, 'paHaTOMETIB Ta I'paHaT Iij 4ac BEACHHS
6010 (00OBHUX Aiii) Ta YIPaBIATH BOTHEM IiINOPSIAKOBAHUX 1 MPUAAHUX MiAPO3ILUTIB (BOTHEBUX
3aco0iB) ITiJT YaC BUKOHAHHs 00HOBUX 3aBIaHb.

JIo MOKa3HUKIB, IO XapaKTEpU3YIOTh PiBEHb KOMIETEHTHOCTEH 3 BOTHEBOI MiATOTOBKU Y
rpoMajsiH YKpaiHH, siKi HABYAIOThCS 332 POTPaMOI0 MiJATOTOBKU O(ilepiB 3aracy MpOornoOHY€EThCS

BIIHECTH: PIBEHb HABYEHOCTI 3 BOIHEBOI MiATOTOBKH C I (t), piBeHb (Bi3MYHOI MiATOTOBICHOCTI

Cyp (t) Ta piBeHb ncuxonoriunoi miarorosienocti Cpp (t) .

Tak, sk HaBUEHICTh 3 BOTHEBOI MiJTOTOBKH HE 3aJICKUTh BiJl (PI3UYHOI Ta MCHUXOJIOTIYHOT
IIITOTOBJICHOCTI, & OTKe 1 1X MOKa3HWKHU HE 3aJIKHI OJIMH BiJl OJTHOTO, TO IS OI[IHIOBAHHS PiBHS
KOMITETEHTHOCTEH 3 BOTHEBOI ITIJITOTOBKU y TPOMAJSTH YKpaiHH, sIKi HABYAIOTHCS 3a MPOrPaMOI0
HiArOTOBKU O(illepiB 3amacy MpoNOHY€EThCSI BAKOPHUCTOBYBATH aJUTUBHY arperaiito:

LK (t) = CH (t) Oy + C(DH (t) “Oop + CHH (t) A (1)

ne Oy, gy Oy — Barosi koedinientu Baxkmusocti nokasuukis Cj, (), C,y, (1), C,pp (1)

OniHIOBaHHA PiBHS HABYEHOCTI 3 BOTHEBOT MIJITOTOBKHU Y TPOMAJISIH Y KpaiHH, sIKi HABUAIOThCA

3a mporpamoro miarotoBku odimepie zamacy C, (t) NPOTIOHYEThCA  3[IIMCHIOBATH 3a

(GYHKIIIOHATBHOIO 3QJICXKHICTIO, SIKA BPaXOBYE pPIBEHb HOr0o 3HaHb, yMiHb 1 HAaBUYOK 3 BOTHEBOI
IMATOTOBKH:

CH (t) :ZTk (t)‘qk . 2
k=1

me T, (t)— moxasmmk, sikmii xapakTepmsye piBeHb 3aCBOCHHS TPOMAISHAMH YKpaiHH
nporpamu 3 Moayns “Crpinenbka 30posi Ta BOTHEBA MiArOTOBKA” Ha AUCKPETHUNH MOMEHT 4Yacy:

“suanns” 1, (1), “yminns” T, (1), “naswaxn” T, (1) ;

(, — Barosi KoeillicHTH TOKA3HUKIB |, t).
[Toka3HUK, SIKMI XapakTepusye piBeHb 3HaHb I'POMAJSH YKpaiHU 3 BOTHEBOI HiATOTOBKU
T, (t) npononyerscs po3paxosysary 3a pe3yIbTaTaMu TeCTYBAaHHS. 3araibHa KiTbKiCTh THTAHb y
TecTax NMOBHMHHA 3a0e3MeuyBaTH 00’ €KTUBHY Ta BCEOIYHY OIIIHKY iX piBHS 3HaHb.
O1iHka piBHSA 3HAHb TPOMAASH YKpaiHH 3 BOTHEBOI MiATOTOBKH |, (t) Busmauaerscs 3a
BHUPa3oOM:

7.t ="20

ax

©)

ne A, (t) — xinbkicTs GaiB OTpEMaHa TpOMaSHAME YKpATHH 32 Pe3yIbTaTaAMH TECTYBAHHS
Ha JIUCKPETHUI MOMEHT 4acy;
A« — MakcuManbHa KilbKiCTh OaliB, SIKy MOKIMBO OTPMMATH 33 pe3yJbTaTaMu

TE€CTYBaHHS.
[Toka3HUK, KM XapakTepu3ye piBeHb YMiHb I'pOMaJsH YKpaiHuW 3 BOTHEBOI HiATOTOBKH

Tyk (t) Bu3HauaeThCs 3a pe3ynbTaTaAMH BHKOHAHHS NPAKTHYHMX (CHTYALHHKX) 3aBJaHb. 3MiCT Ta

KUIBKICTh 3aBJIaHb MA€ BPaxOBYBaTH HOTro (pyHKII1IOHAIbHE MPU3HAYEHHS B1AMOBIHO /10 BIICHKOBO-
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OOJTIKOBOI CIEIiaThbHOCTI Ha sAKy BiH HaBuaeThcs. OIHKAa 3a BHUKOHAHHA MPAKTHYHUX
(cuTyaniifHUX) 3aBJaHb BU3HAYAETHCS BIJIMOBIIHO 10 BUMOT HACTaHOB, KEPIBHUIITB, NMOCIOHUKIB,
CTaH/IAPTiB MiATOTOBKH (OMEpaIiifHuX (TEXHOJIOTIYHUX ) KapT).

OriHka piBHS YMIHb TPOMaJsiH YKpaiHU 3 BOTHEBOI ITiATOTOBKHU Tyk (t) BusHauaeTwcs 3a

BHPA30M:
X, (0
— 0
T, (t) = S 4
max
ne X, (t) — ximbkicth GamiB 3a BHKOHAHHS NPAKTHYHAX (CHTYalifHMX) 3aBJaHb Ha

JOUCKPETHUH MOMEHT 4acy;
X pax — MakcuMalbHa KilbKiCTh OaliB, $IKy MOJIMBO OTPMMATH 332 BHUKOHAHHS

MPAKTUYHUX (CUTYAIIIHUX ) 3aBJIaHb.

[Toka3HuK, SIKUH XapaKTepu3ye piBEHb HABUYOK IPOMAJiH YKpaiHU 3 BOTHEBOI MiATOTOBKH,
BH3HAYAETHCS 3 PE3yJIbTaTaMU BUKOHAHHS HUMH BIIPaB CTPUILO (HOPMATUBIB). 3MICT Ta KiJIbKICTh
BIIPaB CTPiJILO (HOPMATHUBIB) Ma€e BpaXxOBYBAaTH HOro ()yHKIIOHAJIbHE MPU3HAYEHHS BiJIIOBITHO 10
BiICPKOBO-00JIIKOBOT CIEIiaIbHOCTI Ha SIKy BiH HaB4YaeThes. OIiHKA 32 BUKOHAHHS BIIPaB CTLIBHO
(HOpMaTHBIB) BU3HAYAETHCA BIAMOBIIHO 0 BUMOT KypCcy CTpuibO, 30ipHHKIB HOPMATHBIB Ta
CTaHJIAPTIB MiJATOTOBKH.

OriHKa piBHS HABHYOK rpoMaistH YKpaiuu 3 Boruesoi migrotokn 1, () Busnauaerscs 3a
BUPA30OM:

7@®=%Q, (5)

max
e Y, (t) — xinekicte GamiB oTpEMaHa TPOMAISHMHOM 3a BHKOHAHHS BIIPAB CTPiIEO
(HOpMaTHBIB) 3 BOTHEBOI MIATOTOBKU HA AUCKPETHUII MOMEHT 4acy
Y, ax — MaKCHMaNbHA KilbKiCTh 6GalliB, Ky MOMKIIMBO OTPHMATH 32 BUKOHAHHS BIIPAB
CTpiTKO (HOPMATHUBIB) 3 BOTHEBOI ITiJITOTOBKH.
OnintoBaHHa piBHS (I3MUHOI MIATOTOBIEHOCTI TPOMasH YKpaiHu, SKI HABYAIOTHCS 3a
nporpamoro minrotosku odinepis 3amacy Co (t) IPOMNOHYETHCS 3/IHCHIOBATH y BIAMOBIIHOCTI

no Iucrpykuii 3 ¢isuuynoi migrotoBku B cuctemi MinictepcTBa oboponn Ykpainu [11] 3a
OCHOBHMMH BIIPAaBaMH, IO SIKUX OLIHIOETHCS X 3aranbHUil (Di3WYHUN CTaH: BOPAaBU Ha CIIPUTHICTD,
BIIPaBU Ha CUJTY, BIIPaBH Ha BUTPUBAIICTH 1 BU3HAUAETHCS 32 CYMOIO OaliB, SIKI BOHU OTPUMAIH.

Tomy, ominKy piBHs (izmunoi migrorosmenocti rpomagsauaa Cgypy (t) IIPUBOJUMO 10
6e3p03MipHOi BETMUMHH 3a JJOIIOMOTOI0 BHPA3y:

%®=%®, (6)

max

ne Q, () — ximbkicTh oTpEMaHHX GamiB 3a BUKOHAHHS (Di3MYHMX BIPAaB Ha AHCKPETHHIL
MOMEHT Yacy;
Qux — MaKcHMambHAa KiTbKiCTh 6alliB, AKy MOMJIHBO OTPHMATH 3a pe3yJbTaTaMu
BUKOHaHHA (DI3MYHMX BIPAB.
O1iHIOBaHHS PiBHS TICUXOJIOTTYHOI MATOTOBICHOCTI TPOMaJIsiH YKpaiHH, K1 HAaBYAIOThCS 3a
nporpamoto  migrotosku oo¢inepis  zamacy C,y (t) MIPONOHYEThCS  3MIHCHIOBATH 32

(YHKITIOHAJILHOIO 3aJIS)KHICTIO, BH3HAYATH 3a IMOKAa3HUKaMH, sKa BPaXOBYE IX TIICHXOJIOTIUHY
CTIMKICTh Ta MICUXOJOTIYHY TOTOBHICTh. Tak, sIK 3a3Ha4eH1 MOKa3HUKHU HE 3aJIeXH1 OJIMH BiJ OJTHOTO,
TO JUIsl OI[IHIOBAHHS TICMXOJIOT1YHOI MiJTOTOBJIEHOCTI MPOMOHYETHCSI BUKOPUCTOBYBATH aJIUTUBHY
arperario:

CHH (t) = Pnc (t) ) qnc + Pnz (t) ) qnz J (7)

50



ne P..(t) — noxasuuk, sxmii xapakTepusye piBeHb ICHXOJOTIYHOI CTIMKOCTI rpoMajisH

Vkpainu, siKi HaBUAIOTHCS 32 MPOrPaMoI0 MIArOTOBKU OQilepiB 3amacy Ha JAUCKPETHUH MOMEHT
Jacy;,

P (t) — nokasuuk, sxuii xapakTepusye piBeHb IICUXOJIOTIYHOI TOTOBHOCTI IPOMAajIsiH
VYkpainu, siKi HaBUAIOTHCA 32 MPOrPaMoI0 MIArOTOBKU OQilepiB 3amacy Ha JAUCKPETHUH MOMEHT
qacy;,

0, 0, — Baropi koedilicHTH BaXIMBOCTI MOKa3HUKIB P, (t), P (t).

OmuiHKy piBHS ICUXOJIOTIYHOI CTIHKOCTI TPOMaJsH YKpaiHH, SIKi HABYAIOThCA 3a MPOTPaMOI0
nigrorosku odinepis 3anacy P, (t) npormonyeTbes BU3HAYATHM 3a JOTIOMOTOK METOIMKH, AKY

HaBegeHo y poOoti [12]. 3a BH3HAYCHOIO METOJMKOKO OIIHIOETHCS pPiBEHb CHOPMOBAHOCTI
COL[iaIbHO-TICUXOIOTUHIX YMOB IICHXOJIOriuHOi criiikocti: OIITUMAJIBHUM — > 5 Ganis;
3AZIOBUIBHUN — > 3,5 < 4 6anis; KPUTUYHUH — > 3 < 3,5 6anis; JJECTPYKTUBHUH —
< 3 Qais.
3a3HaueHMd TOKa3HUK OI[HIOETECS B 0ajax, TOMY HOro 3HAYeHHS MPHUBOAUMO 0
0e3p0o3MipHOT BEIMYMHHU 32 IOTIOMOTOI0 BUPa3y:
Z,(1)

Pnc (t) = Z 3

max

(8)

ne Z, (t) — igbkicTs GamiB OTpEMaHA FPOMAATHUHOM 32 pe3yabTaTaMu BUKOHAHHS TECTY
Ha IUCKPETHUN MOMEHT 4acy;
Zmax — MakcHMajJbHa KUIBKICTH OaiiB, SKy MOXIJIHWBO OTPHUMATH 3a pe3yJbTaTaMH

BUKOHAHHS TECTY.
OmiHKY piBHS IICUXOJIOTIYHOT TOTOBHOCTI TPOMAISIH Y KpaiHH, sIKi HABYAIOTHCS 32 TIPOTPAMOIO

nigrorosku odinepis 3amacy P (t) mpomonyeTbes Bu3HAauaTH 3a pe3yinbTaTAMHM MPOXOKEHHS

MapuipyTy HaBYaJbHO-TPEHYBAJIbHOTO KOMIUIEKCY IICUXOJOTIYHOI MIATOTOBKU. Y 3aJIEKHOCTI BiJ
OTPUMAHOTO PE3YJIbTaTy BU3HAYAETHCA iX MCHXOJOTIYHA TOTOBHICTH 0 BHKOHAHHS MOCTABICHUX
3aBJaHb B YMOBAX Jii ICMXOTPAaBMYIOUMX YMHHMKIB cydacHoro 6oro: TOTOBUM — 50-60 Gais;
OBMEXEHO T'OTOBUI - 40-49 6anis; YACTKOBO TI'OTOBUM - 30-39 6Ganis; HE
F'OTOBUM - < 30 Ganis.

3a3HaueHUH TOKa3HUK OLIHIOEThCA B Oanax, TOMY MOro 3HAa4eHHS MPUBOJIUMO 10
6e3p03MipHOI BETMUMHU 3a JJOIIOMOI'0I0 BUPa3y:

S (t
P =28 ©

me S, (t) — ximekicTs GamiB OTpHMaHa IPOMAISHHHOM 3a PE3yNbTATAMH IIPOXOKCHHS

MapuipyTy HaBYaJIbHO-TPEHYBAJIBHOIO KOMILJIEKCY ICHXOJOTIYHOI MiJrOTOBKM Ha JHUCKPETHUH
MOMEHT Yacy;

60 - MmakcuMmanbHa KUIBKICTH OaidiB, SKy MOXIJIHMBO OTpUMAaTH 3a pe3ylbTaTaMu
MIPOXO/DKEHHS MapIIPyTy HaBYAIIbHO-TPEHYBAJIHHOTO KOMILJIEKCY TICUXOJIOTTYHOT MiJITOTOBKH.

Po3paxyHOKk BaroBHxX Koe(QiIi€HTIB BaXXJIUBOCTI MOKAa3HMUKIB YCIX PIBHIB 3JIHCHIOETHCS
METOJI0OM €KCIIEPTHOTO OIIHFOBAHHS.

BuCHOBKM Ta MepCcneKTHBH MOJAJBIIONO PO3BUTKY. TakuM YMHOM, y CTAaTTi HAaBEICHO
YaCTKOBY METOJIMKY OIIIHIOBaHHS PiBHS KOMIETEHTHOCTEH 3 BOTHEBOI IMIJTOTOBKH y T'POMAJISTH
VYkpainu, siki HaBYalOThCA 3@ IPOrPaMoI0 MIATOTOBKHU O¢illepiB 3amacy, Ky no0ya0BaHO Ha OCHOBI
po3paxyHKy OaraTOKpUTEpiaibHOI 0€3pO3MIpHOI OIIHKH, M0 JAa€ 3MOTY HE TUIBKH OIIIHUTH iX
pe3yabTaTH 3 BOTHEBOT MiATOTOBKH, ajie i BpaxyBaTH iX (pi3MUHY 1 ICUXOJIOTIYHY MiArOTOBJIECHICTS,
10 CYTTEBO BIIMBAE HAa BM1IE 1 €()eKTUBHE 3aCTOCYBaHHSI HUMHU IITATHOT 30poi.

JlaHa 4yacTKOBa METOAMKA J03BOJISIE€ MPOBECTH KUIBKICHY OLIIHKY PiBHS KOMIIETEHTHOCTEH 3
BOTHEBOI MIITOTOBKU y TPOMasiH YKpaiHu, SKI HAaBYaIOThCS 3a MPOTrpamMoro MiArOTOBKH OQilepiB
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3amacy, a TaKOK BUSIBUTH ITPOOJIEMHI MUTaHHA y X071 i1 oprasizauii Ta MpoBeJeHHS, 1110 3yMOBIIOE
HEOOX1THICTh PO3pOOJICHHSI PEKOMEHAAIIN 3 yIOCKOHAJICHHS BOTHEBOI IMIATOTOBKHU. Pe3ymbTaT
MPOBEACHOT0  JOCHIUKEHHS MOXYThb OYTH BHMKOpPHCTaHI IIiJi dYac OLIHIOBaHHS piBHSA
KOMITETCHTHOCTEH 3 BOTHEBOI ITIJITOTOBKH y IPOMASH YKpaiHH, sKi HABYAIOTHCS 3a IPOrPaMOI0
MiAroTOBKU O(illepiB 3amacy, a TakoXX y XOAl MOJAJbIIMX TOCIIHPKCHb 3 JaHOTO HAIpsMy Yy
HAayKOBHMX yCTaHOBaX.

[lepcnexkTBaMH MONANBIINX HAYKOBUX JOCHI[DKEHb y HaHOMY HampsiMi Moxe OyTH
OOTpyHTYBaHHS PEKOMEHJAIlM II0J0 oOpraHizamii Ta IPOBEACHHS BOTHEBOI IMIJATOTOBKH 3
rpoMaJisHaMH YKpaiHH, SIKi HaBYAFOTHCS 3a MPOrPaMO0 IMATOTOBKH OQIIEpiB 3amacy y BHIIUX
BIICBKOBHMX HaBYAJbHHUX 3aKiafax ab0 y BIMCHKOBUX HABYAIBHUX MIIPO3JiJax 3aKJIadiB BHUIIOT
OCBITH.
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PhD Heorhadze O.A., Petrov V.A.

PARTIAL METHODOLOGY FOR ASSESSING THE LEVEL OF FIRE TRAINING
COMPETENCES OF CITIZENS OF UKRAINE WHO ARE TRAINING UNDER THE
TRAINING PROGRAM FOR RESERVE OFFICERS

The full-scale armed aggression of the Russian Federation against Ukraine and the need of the
security and defense forces of Ukraine for well-trained officers confirmed the need to introduce new
approaches to the formation of the structure and content of the military training of Ukrainian citizens
studying under the reserve officer training program. This requires a reasonable approach to the issues of
improving their training, which is not possible without the use of the appropriate scientific and
methodological apparatus for assessing the level of their competence in fire training.

On the basis of the existing scientific and methodological apparatus for evaluating the effectiveness
of training and the experience of conducting fire training at departments of military training in higher
military educational institutions (military educational units of higher education institutions), the article
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describes a partial methodology for assessing the level of competence in fire training among citizens of
Ukraine who are studying under the training program for reserve officers, which is built on the basis of
the calculation of a multi-criteria dimensionless assessment, which allows not only to evaluate their results
in fire training, but also to take into account their physical and psychological readiness, which
significantly affects their skillful and effective use of standard weapons. Indicators that have a direct
impact on the level of fire training competencies of Ukrainian citizens studying under the reserve officer
training program include: level of training in fire training, level of physical fitness, level of psychological
fitness.

The assessment of the level of training in fire training is calculated according to a dependency that
takes into account the level of knowledge, skills and abilities of citizens of Ukraine who are studying under
the training program for reserve officers from the module "*Military weapons and fire training"".

The assessment of the level of physical fitness of citizens of Ukraine studying under the reserve
officer training program is determined by the results of their practical performance of physical exercises
in accordance with the standards established by the manual on physical training in the system of the
Ministry of Defense of Ukraine.

The assessment of the level of psychological preparedness of citizens of Ukraine, who are studying
under the reserve officer training program, is calculated according to the dependence that takes into
account their psychological stability and readiness.

The indicated partial methodology allows for a quantitative assessment of the level of fire training
competencies of Ukrainian citizens studying under the reserve officer training program, as well as to
identify problematic issues during its organization and implementation, which necessitates the
development of recommendations for improving fire training. The results of the conducted research can
be used during the assessment of the level of fire training competences of citizens of Ukraine who are
studying under the reserve officer training program, as well as in the course of further research in this
direction in scientific institutions.

Keywords: competence; fire training; assessment methodology; education; physical preparedness;
psychological preparedness.
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OCOBJIUBOCTI CYYACHOI KAJPOBOI MOJITHUKH Y 3BPOMHUX CHJIAX
YKPAIHHA

Ian cmammsa 30cepedycyemovea Ha ananizi cmpameziii ma memooie (hopmyeanns i po3eumky
Kaopoeozo nomeHyiany, 3 0COOIUBUM AKUEHMOM HA 6ilicbKogiil cghepi 6 Ykpaini. Bona oxonnioe
00C1i0MHCEHHA HAYKOBUX NPAUb GIMYUZHAHUX 6UEHUX MA GIIICLKOGUX eKCHEPMiB, AKI UCEIMIIOIOMb Pi3HI
acnekmu Kaopoeoi nonimuku, éKaI0Ualouu 3azaibHi npoonemu ma cheyudiuni sukauku, nos'sasani 3
opmysannam kaopie y 3opoiinux Cunax Ykpainu. Ocobnuea ysaca npuoiiacmvca AKOCHI eUWOT
GilicbK06OI 0ceimu, GUKOPUCMAHHIO KOMNEMEHMHICHO20 NiOX00y, IHHOBAUINIHUX Nedazo2iuHux
MexHO02il ma CYy4acHuUxX Memooié HAGUAHHA. Y cmammi MaKoic GUCEIMICHO GANCAUGICb UUX
acnekmis y KOHmMeKcmi HayioHanbHot 6e3neku ma 06opoHozoamuocmi Ykpainu. 3a60aku 0emaipvHomy
ananizy ma 0062060pPeHHI0 CIMAMMA CHPUAE POZYMIHHIO MO020, AK YOOCKOHATUMU RPOUEC NiO20MOBKU
oiyepie, AKUIl € KDUMUYHO BAXNCIUGUM 01 30epercenHa ma po3sumky epexmusnux 3opoiunux Cun
Kpainu. Y cmammi makKoxyc HA2010ulyemvca Ha HeoOXiOHocmi inmezpauii meopemuunux 3HAHb i
RPAKMUYHUX HABUUOK Y RPOUECT BIlICbKOBOT 0CEIMUL, W0 € AMNCTIUBUM OJ13 A0ANMAYii 00 WEUOKO3ZMIHHUX
VMO8 CyUACHO20 8ilicbK08020 cepedosunia. Taxosc po3znadaromscsa 6UKIUKYU Ma NEPCHEKMUBU PO3GUMKY
Kaopoeozo nomeHuyiany, 30Kpema 6 KOHMEKCHmI MINCHApOOH020 00c6idy ma cmanoapmis. Aemopu
RIOKPeCI0I0mMb 8aXCIUGICIMD NOCMIIIHO20 OHO6NIEHHA KYPCI8 | HABUAIbHUX NPOZPAM 014 3a0e3neueHHs
euUCcoK020 pieHsa npogheciiinoi niocomoexu. Ocodaugy yeazy 6 cmammi npuodilieHo AHATI3Y CYUACHUX
nioxoodie 00 8ilicbK08oi nedazoziku ma Ncuxonozii, AKi eidizparomey K1O408y poib y (opmyeanHi
ehekmuenux ma a0anmueHUX GillCbKOBUX KepiGHUKIe. Aemopu euceimiowms, AK Uyi aAcneKkmu
GNIUGAIOMb HA 3A2aANbHY eheKmusHicmo 30poitHux cun ma ix 30amHicms 6UKOHYy8amu 3A60AHHS 6
YMO6AX CYYACHUX KOHAIKmie. Y UCHO6Kax cmammi NOOAHO YIHHI peKoMeHOauii 013 noJlimukie,
GilicbKOBUX nedazozie i KepiGHUKI6, HA2ON0UWEHO HaA HeoOXIOHOCMI ROCHMINHO20 PO3GUMKY ma
600CKOHAIEHHA cucmemMu 8ilicbkogoi oceimu ma kaopoeoi nonimuxu. Ile cnpuamume niosuuiennio
2omoenocmi ma npogecionanizmy 3opounux Cun Ykpainu, a maxodic 3adezneuennio ix 30amuocmi
ehekmueno peazyeamu Ha cyuacHi UKIUKU HAUIOHANbHII Ma MIXDCHAPOOHIT Oe3neui.

Kniouosi cnosa: xaopoea nonimuka, eiiicokosea oceima, 36poiini Cunu Ykpainu, eilicbkosa
Kaopoea noiimuka, 000poHO30amHICHb.

Beryn Ta mocraHoBka mpoOJemMu Y cydacHOMY CBITI, J€ O€3MEKOBI BHUKJIMKH Ta
TeONOJITUYHI peanii MOCTIHO 3MIHIOIOTHCS, KaapoBa MOJITHKA y 30pOWHUX cuilaX HaOyBae
ocobnuBoro 3HaueHHs. s YkpaiHu, KpaiHu, sfiKka mepekuBae 3HA4YHI BIMCHKOBI Ta MOJITHYHI
BUIIPOOYBaHHs, pO3poOKa Ta BHPOBAKEHHA €(PEKTHBHOI KaJpoBOi MOJITHKH € KIOYOBUM
aCleKTOM HalllOHaIbHOI Oe3neku Ta O0O0OpOHO3/AaTHOCTI. YKpaiHa 3HAaXOOUThCS Yy BHpI
TeONOJITUYHUX KOH(IIKTIB, 110 BuMarae Biag 30poitHMX Cuil BHCOKOTrO piBHS TOTOBHOCTI Ta
aJIallTUBHOCTI. YKpaiHa akTUBHO IMpaltoe Haj pedopMyBaHHSAM cBoix 30poiiHux Cui, 1mo6
BinnoBigatu crangapraM HATO, mo BkiIto4yae 3MiHM B KaapoBii momituill. [IIBuakuil po3BUTOK
TEXHOJIOTIH 3MIHIOE XapakTep BEJCHHS BIMHH, 1[0 BUMAara€ HOBMX HAaBHYOK Ta KOMIIETEHIIIH BiJl
BICHKOBOCTYX00BIIB. BaxuBicTh 3a0e3medeHHs] MOPaIbHO-TICUXOJIOTTYHOIO KJIiMaTy B apMii,
[0 BIUIMBa€ HAa €(QEKTUBHICTh BUKOHAHHS 3aBJlaHb. BpaxoByrO4M IIi acMeKTH, JTOCIIIHKEHHS
oco0aMBOCTeH KaapoBoi nmoyiTuky y 30poitHux Cunax YKpaiHu € BaXXJIUBUM JUIsl pO3YMiHHS TOTO,
K KpaiHa Moxe e(eKTHBHO pearyBaTd Ha CydYacHI BHUKJIMKH Ta 3a0e3leuyBaTH CBOIO
obopono3aatHicTs [1 - 2].

AHaJi3 ocTaHHIX JocailzKeHb i myOaikaniii HaykoBi po60TH yKpaiHCHKUX BYEHHX, TAKHUX SIK
JI. be3zyOka, b. be33yoka, I'. ['o3yBarenka, 1. [amko, O. €scrokos, O. Ouapyk, H. Cokyp, B. [lu6a Tta
IHILMX, 30CepeKEeH] Ha KITFOYOBHX acleKTaX pO3BUTKY KaJpOBOro rnoreHuiany. B konrekcri 30poitHux
Cun Ykpainu, BaXJIUBI CTpaTerii o0 i€l TeMu BUCBITIEH] B CTpareriyHoMy 000pOHHOMY OroJieTeH1
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VYxpainu, Konrenii BilicbKOBOiI KaapOBOT MOMITHKH, a TAKOXK Y MPAIIX BiIOMHUX BiiiCBKOBHUX €KCIEPTIB,
Bmovatoun O. 3aropky, [. Kupuuenka, B. Mipaenka, C. IlomoBa, 1. Pychaka, B. Tememima,
P. Tumomenka, I1. Il{unmancekoro. OcHOBHA yBara B IMX JOCHTIIKEHHSIX MPHUIUISETHCS HALIOHATBHIN
Oe3rrerii, 000pOHO31aTHOCTI Ta MATOTOBLI o(iepchkux Kazapis [5, 7, 10].

Takox, nmpoOiemMaTrKa SKOCTI BUIOI BIICEKOBOI OCBITH JOCTIIKYEThCS B pOOOTaX BifICBKOBHX
TnearoriB 1 meuxouoris, Takux sk O. bognap, JI. Omiitauk, B. Ockomno, C. Cankynas, FO. [Tpuxonsko,
B. Csuctyn, O. Xwmimsap, O. Tpakamok, [lITanpko Ta iHImMX. B 1MX TOCTIDKEHHSIX aHATI3YIOThCS
TEOPETUYHI Ta METOAOJIOTIYHI OCHOBU BHIIOI BIMCHKOBOI OCBITH, 3 aKIIEHTOM Ha KOMIICTCHTHICHHMA
TT1/IX1]1, IHHOBAIIIHI TIeIarorivyHi TEXHOJIOTI1 Ta Cy4acH1 METO/IM HaBYaHHs. BUBUEHHS IUX Tpallb CIIpHsie
PO3poOLIi HAYKOBUX METOJIB ISl OAANIBILION0 PO3BUTKY IMPOLECY IMiITOTOBKH O(IIEPCHKUX Ka/IPiB Yy
chepi mpodeciiitoi BifickkoBoi ocBiTH B YKpaiHi [4, 8 - 10, 12].

JlocmipKeHHsT KOMIUIEKCHOTO TiIXOAy B ympasiiHHI nepcoHanoM mpucssyeHi HO. Koctenko,
C.Ilomnoga, I. Ilactepnaka, I. MockansoBa O. Po3masHiHa,. ABTOPH B CBOIX POOOTax BUIALISIOTH
JFOMHOLIEHTPUYHHH ITi/IX1/1 Ta PO3IIISIAI0TH OCHOBHI KOHIIETIIIT KaIpOBOI IOJIITUKH B 00OPOHHIH cdepi
Haroi repskasu. [9, 10, 12].

MerTa cTaTTi noJjsirae y IOCHi/DKSHHI Ta aHaIi31 KITFOYOBUX CTpaTErii Ta MmiaxodiB 10 GopMyBaHHS
Ta PO3BUTKY KaJPOBOTO TIOTEHITIATY, 3 0COOJIMBHAM aKIIEHTOM Ha BIHCBHKOBIH chepi B YkpaiHi.

Bukian ocHoBHoro marepiany Kanposuii norenmian 36poiinux Cun YKpaiHu € ogHuM 13
KIIFOUOBHUX (paKTOPIB IXHBOI 00E€3AATHOCTI Ta TOTOBHOCTI /10 BUKOHAHHS 3aBJaHb IIOAO 3aXUCTY
Kpainu. ToMy KaapoBa MOMITHKA € OJHUM 13 MPIOPUTETHUX HAMPSIMIB pedopMyBaHHS 30pOHUX
Cuu.

Cyuacna kagpoBa modiThka 30poiiHMX Cuin YKpaiHu chopsMOBaHa Ha CTBOPEHHS
npodeciiiHoro, 60€3AaTHOr0, MOOIILHOTO, SKICHO MiATOTOBJIICHOTO Ta BCEOIYHO 3a0e3IMeYeHOro
ocoboBoro ckiany. BoHa 6a3yeTbes Ha TAKUX MPUHITUIIAX

[IpuHIMI 3aKOHHOCTI Ta CIpaBeATUBOCTI. BilicbKOBOCTYXOOBIII MarOTh MPAaBO Ha TiTHY
OIIATy TpaIlli, COIliaTbHI TapaHTIi Ta MOKIMBOCTI JJIs peaizallii CBoro nmpodeciiHoro MmoTeHITiaTy.

[Mpunnun npodeciiinocti. BaxxnuBoio yMoBoro 3abe3neuenHs 6oe3naTHocTi 30poitHux Cui €
HAsBHICThP Y HHX BHCOKOKBaNi()iKOBAaHOTO OCOOOBOTO CKIIaay, SKM Ma€ HaJCKHHH pPiBEHb
MITOTOBKY Ta JIOCBiAY.

[Mpuntun inHOBamiitHOCTI. 30poitHi Cuinm MOBUHHI OyTH TOTOBI JIO 3aCTOCYBaHHS HOBHX
TEXHOJIOTIH 1 METOIIB BEIEHHS OOMOBHUX IIH.

OcCHOBHUMH 3aBJIaHHAMH KaJApoBOi momiTUKU 30poitHuX Cuit YKpainu €:

1. ®opmyBaHHsI HEOOX1THOTO CKJIaTy 0COOOBOrO CKJIaay BiIMOBiIHO 10 moTped 30poitHux
Cui. ®opMyBaHHS HEOOX1THOTO CKJIaly 0COOOBOTO CKJIaAy 3/IIHCHIOETHCS IUISIXOM:

1.1. BanyueHHs 0 BICHKOBOI CITy»KOU TPOMaJIsiH, SIKI MalOTh BIATIOBIAHY OCBITY, IpodeciiiHi
HAaBUYKM Ta MOTHBAIIO J0 MPOXOMKEHHA ciyxOu. Jlnsg uporo y 30poitHux Cunax Ykpainu
pealizyeThcsi KOMIUIEKC 3aXOJiB, 30KpeMa: POBEACHHS BiHICHKOBO-MATPIOTUYHOTO BUXOBAHHS
MOJIO/I1; BIIPOBA/IPKEHHSI CUCTEMU KOHTPAKTHOI CITyKOU; 3aJyuyeHHs /10 BIICHKOBOI Cityk0u 0oci0 3
BHUII[OI0 OCBITOIO.

1.2. Po3BUTKY cucTeMH Bi1iCbKOBOI OCBITH Ta MiArOTOBKHU. BilickkoBocCyx00BI11 30poitHIX
Cun oTpUMYIOTh SKICHY OCBITY Ta MIATOTOBKY, SIKa BIAMOBITa€ CydyacHUM BUMoOram. J[Jist boro y
30poitnnx Cumax VYKpaiHH peami3yeThbCsi KOMIUIEKC 3aXOMiB, 30KpeMa: PO3BHUTOK CHCTEMHU
BiliCbKOBHX HaBUAIBHHX 3aKJa/liB; BIPOBAKEHHSI CUCTEMH MICIIABY31BCHKOI OCBITH Ta MiATOTOBKH.

1.3.Y nockoHaneHHs CHUCTEMU COI[IAIbHOTO 3aXUCTY BIMCHKOBOCITY>KOOBIIIB.
BiiicbkoBOCTy0O0BIII Ta 4YIEHH iXHIX CiMEH MaroTh OOCTYN 1O COLIaJbHUX TapaHTii, sKi
3a0e3neuyloTh TigHUi piBeHb XUTTA. s nporo y 30poiiHux Cunax YkpaiHu peaizyeTbes
KOMIUIEKC 3aXO0/iB, 30KpeMa: MiABUIICHHS PiBHS IPOIIOBOTO 3a0e3MeYeHHsI BiliCbKOBOCTYKOOBIIIB;
3a0e3neyeHHs BINChKOBOCIYKOOBI[IB Ta WIEHIB iXHIX CIMEH KUTJIOM; PO3BUTOK CHCTEMU OXOPOHU
3JI0pOB's AJIsl BiiCBKOBOCITYK00BIIIB [3].

2. ITigroToBka Ta miABUIICHHS KBamidikalii oco0oBoro ckiany. [liaroToBka Ta miaBUIIeHHS
kBauiikarii ocoboBoro ckiany 306poitHux Cuil 3A1HCHIOETHCS BIAMOBIIHO 0 BUMOT CTaHIApTiB
npodeciiiHoi BINCHKOBOT OCBITH Ta MIAroTOBKH. [li crammapTu BuU3HAYaOTHCA MIiHICTEPCTBOM
oboponu Ykpainu. J{is eeKTUBHOI MiIrOTOBKH Ta MiABUILIEHHS KBadidikalii 0cob0BOro ckiagy
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HEOOXIHO TMOCTIHO BJOCKOHAIIOBATH CUCTEMY BIMCHKOBOI OCBITH Ta MiATOTOBKH, a TaKOXK
3a0e3mevdyBaTH JOCTYI BIHCHKOBOCTYKOOBIIIB /10 Cy4aCHUX HAaBYAJIbHUX MaTepiajiB Ta TEXHOJOTIH.

3. 3abe3neueHHs HAJIEKHOTO COI[AIbHOTO 3aXMCTy BiliChKOBOCTYXO0BLIB. Bin Toro,
HACKUIbKU €()EKTHBHO 1€ 3aBJaHHs Oy/e peali30BaHo, 3aJIeKUTh MOTHBAITisl BIHCHKOBOCITYKOOBIIIB
70 TPOXOKEHHS CIY>KOM Ta iXHS TOTOBHICTh JI0 BUKOHAHHS 3aBJaHb OO0 3aXHCTy KpaiHU.
ComnianbHui 3aXUCT BIICHKOBOCTY)KOOBIIIB BKJIIOUAE B C€OC HACTYITHI HAMPSMH:

3.1. I'pomoBe 3abesneuenHs. ['pomoBe 3a0e3MeUCHHS € OCHOBHUM JDKEPETIOM JIOXOIY
BIMICBKOBOCTYKOOBIIIB. BoHO Mae 3a0e3nedyBaTu T'iTHUN PIBEHb KUTTS BIHCHKOBOCITYXKOOBIIIB Ta
YJIeHIB IXHIX CIMEH.

3.2. XKurnose 3abe3neueHHs. JXKutnoBe 3a0e3MeUeHHS € OJHUM 13 BaKIMBUX COLIATBHUX
rapaHTiil 7151 BIHCHKOBOCIYKOOBIIIB. BiliCbKOBOCITY>KOOBIII MarOTh IIPaBO Ha OTPUMAHHS JKHUTJIA Ha
yMOBax Haiimy a0o 6e301IaTHOT MpUBaTHU3ALlii.

3.3. Menuune 3a6e3neueHHs. MenuuHe 3a0e31meueHHs BINChKOBOCTYKOOBIIIB Ta WICHIB iXHIX
ciMeii 3[IIHCHIOETHCS 32 paXyHOK KOWITIB JlepkaBHOTO Or0/KeTy YKpaiHu.

3.4. OcgitHe 3a0e3nedeHHs. J[iTh BiMCBKOBOCTYXXOOBIIIB MarOTh NpPAaBO HAa OTPUMaHHS
JOIIKUTHLHOT, 3arabHOI CepeqHbO1 Ta mpodeciiiHOT OCBITH OE30ILIATHO.

3.5. ConianbHuii 3aXUCT y pa3i mopaHeHHs abo 3arubeni. Y pasi mopaHeHHs abo 3aruGerni
BiIICBKOBOCTYKOOBIISI, HOTO CiM'sl Ma€ MpaBo Ha OTPUMAHHS COLIAIbHUX BHUILIAT Ta MiJbT [4].

4. CTBOpeHHSI yMOB JUIsi MOTHBallli BiMICHKOBOCTYXXOOBIIIB /0 MPOXOKEHHS CIYXKOH.
MoTuBariisi BiiicbKOBOCITYKOOBIIIB 10 MPOXO/PKEHHS CIYKOW BU3HAYAETHCS TAKUMH (pakTOpamu:

4.1. Crparteriuni inTepecu YKpaiHu. BilicbKOBOCITY>XOOBIII MOBUHHI PO3yMIiTH BaKJIUBICTh
CBOET CITY>KOM ISl 3aXHUCTy KpaiHu Ta i1 CyBepeHITeTYy.

4.2. 3abe3nevyeHHs HAJCKHUX YMOB JJs MPOXOKEHHs CiyxOu. BilicbkoBoctyk00BIIi
MOBHHHI MaTH MOYJIMBICTh pealli3yBaTH CBiil MpodeciiHuil MOTEHIIiaN Ta Kap'epHHiA picT.

4.3. CouianpHuil 3aXUCT BiICLKOBOCITY>KOOBIIIB Ta WieHIB IXHiX cimMeil. BilicbkoBocmyx00BI1i
MOBHHHI MaTH MOYJIMBICTh 3a0€3M€YHUTH TiJHUI PIBEHB )KUTTS COO1 Ta CBOIM CiM'sIM.

4.4. MopanpHO-TiIcuxoJoriunuil kiimat y 30poitHux Cunax. BificbkoBOCTyK00BIII TOBUHHI1
BiT4yBaTH ceO€ YACTHHOIO €JIMHOT KOMaH/IH, KA MPAIIOE HA CIUIBHY METY.

Jlis cTBOpEHHS YMOB Ui MOTHBALii BICHKOBOCITYXOOBIIIB A0 MPOXOKEHHS CIYKOU
HEOOXiTHO peai3yBaTH CyKYITHICTh 3aXO/IiB.

[To-nepue, nomynspu3aiiis BiicbkoBoi ciyx06u. HeoOxi1HO popMyBaTH y MOJIOA1 TO3UTUBHE
CTaBJICHHS JI0 BICbKOBOI CIIy>KOU Ta po3yMiHHS 11 BaKJIMBOCTI JUIsl 3aXUCTY KpaiHU.

[To-npyre, BAOCKOHAJIEHHS CHCTEMH BiIICHKOBOI OCBITH Ta MiATOTOBKU. BilichkoBa ocBiTa Ta
MiJIFOTOBKA TTOBMHHI 3a0€3MeYyBaTH MiATOTOBKY BIMCHKOBOCITYOOBIIIB 0 BUKOHAHHS Cy4acHUX
3aBJIaHb.

[lo-TpeTe, miABUIIEHHS pIBHS TPOLIOBOrO 3a0€3MEYEeHHS Ta COLIAJbHOIO 3aXHUCTy
BiiCbKOBOCTYk00B1iB. ['poiioBe 3abe3neueHHs] Ta COLaJbHUI 3aXUCT MOBHMHHI 3a0e3neduyBaTH
TIHUN PiBEHB JKUTTS BINCHKOBOCIYKOOBI[IB Ta YWIEHIB IXHIX CIMEH.

[To-yeTBepTe, CTBOPEHHS CIPHUATIMBOIO MOPAIBHO-IICUXOJOTIYHOTO KiIIMaTy y 30poiHHX
Cunax. MopanpHo-TicuxoiorivHui kimimar 'y 30poiiHux Cuiax NMOBHHEH CIPHUSATH peasizaiii
npodeciifHoro noTeHuiany BiHChKOBOCITYKOOBIIB Ta iXHIM MOTHBaMLIi 10 MPOXO/HKEHHS CITy>KOU
[5].

Jlnst eheKTUBHOTO CTBOPEHHSI YMOB JJIsi MOTHBALIT BIICBKOBOCTYXOOBIIIB 1O MPOXOKEHHS
Ci1y>k0M HEOOX1THO MOCTIHHO BJIOCKOHAJIIOBATH CHCTEMY KaJIpOBOi MOJITHUKU Ta BXKUBATH 3aXO0/1iB
10710 33/I0BOJICHHS MOTPEO BiiiCbKOBOCITY>KOOBIIIB.

Jlia peanizauii nux 3apaanb y 30poiiHux Cuiax YKpaiHu peani3yeTbesi KOMIUIEKC 3aX0/iB,
30Kpema:

1. BoockonaneHHsi cucteMu KoMIUieKTyBaHHs 30poitHux Cmii. 3 MeTor 3a0e3medeHHs
30poitaux Cuit sIKiCHUM 0COOOBHM CKJIaJIOM IPOBOJUTHCS POOOTA LI0JI0 3aIy4eHHS 10 BICbKOBO1
CIy’)kOM TpOMaJisiH, SIKI MaloTh BIJINOBIAHY OCBITY, MpodeciiiHi HaBUYKH Ta MOTHUBAIIIO 0
MIPOXO/IKEHHS CITY>KOH.

2. Po3BUTOK cHCTeMM BIMCHKOBOi OCBITH Ta MiJrOTOBKU. BilickkoBOCTY:k00BIII 30poitHIX
Cut OTpUMYIOTH SIKICHY OCBITY Ta MiJrOTOBKY, SIKa BiJIMOBI/Ia€ Cy4aCHUM BUMOTaM.
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3.Y 1oCKOHaNIEeHHS CUCTEMH COLIIIBHOTO 3aXUCTY BiiCHKOBOCITYKOOBIIIB.
BiiicekoBOCTY)KOOBITI Ta WICHH iXHIX CIMEH MaroTh JOCTYI JIO COIIaJbHUX TapaHTid, sKi
3a0e31euyoTh T'1/IHUI pIBEHb KUTTH.

4. CtTBOpeHHs YMOB JIi MOTHBAIlli BIHCHKOBOCIY)XOOBIIIB 1O TPOXOKEHHS CITY>KOH.
BiiicbKOBOCTYKOOBIISIM HAAAE€THCS MOXIIMBICTD JUIS peattizailii cBOro mpodeciiiHoro moTeHIjiany,
Kap'epHOTO 3pOCTaHHS Ta OTPUMaHHS KOHKYPEHTOCIIPOMOKHHX JOXO/I1B.

Cyuacna kampoBa moiithka 30poiHux Cun YkKpaiHu € e(eKTHBHUM I1HCTPYMEHTOM
3a0e3neyeHHs IXHbOI 00€3/1aTHOCTI Ta TOTOBHOCTI O BUKOHAHHS 3aBJaHb LI0JI0 3aXUCTy KpaiHH.
3aBasku npoBeneHuM pedopmam y 30poitHux Cuiax YkpaiHu cTBOpeHO TpodeciitHui,

0oe3maTHH, MOOLILHUMN, SKICHO IIIATOTOBJIEHHH Ta BCEOIYHO 3a0e3I1eueHni 0COOOBUH CKIIaI.
Cepen ocobnmuBOCTEH cydacHOT KaipoBoi ModiTUKH 30poitHrX Cril YKpaiHU MOKHA BHIUIHTH
TakKi 10 BUCBITICHO B TBOIMYHOMY Matepiaii 1.

Tabmuns 1

JHeski ocobmmBOCTI CydacHOi KanapoBoi moituku 30poitHnx Cun Ykpainu

Ne OcobauBocTi

CyTb pitieHHs

1 Opierraris Ha
npoeciiHiCTh

OmgauM i3 TPIOPUTETHUX 3aBAaHb KaApoOBOI TMOMTHKH € (opMyBaHHS
npodeciiHOro 0coO0BOro CKIafy, IKUH Mae HAJICKHUI PIBEHb MiArOTOBKU Ta
mocBimy. st mporo y 30poiiHux Cumax YKpaiHH peali3yeThCsi KOMITIEKC
3axXO0/1B, OO0 BAOCKOHAJIEHHS CUCTEMH BIMCHKOBOI OCBITH Ta IMATOTOBKH, a
TaKOX 3aJy4eHHsI MO BiHCHKOBOI CIyOW TpoMajsH, SKi MalOTh BiAMOBIIHY
OCBITY Ta npodeciiiHi HAaBUYKH.

2 IHHOBALIHHICTE.

36potini Cunv TOBHHHI OyTH TOTOBI JIO 3aCTOCYBaHHS HOBUX TEXHOJOTIH 1
METOJiB BeAeHHs OovoBux miil. Jns mporo y 30poiiamx Cmmax YkpaiHu
MPOBOJUTHCA POOOTa IIOJAO BIPOBAKCHHS 1HHOBAI[IHHUX MiIXOMIB JIO
KaJIpOBOTO 3a0e31eueHHs.

3 CrpsiMOBaHiCTh
Ha MOTHUBALIIIO

BaxxnuBoro ymoBoro 3abe3neueHHs 0oe3naTHOCTI 30poitHux Cuit € MOTHBAIlis
BiICHKOBOCITYKOOBIIB 10 TPOXO/DKEHHS ciyx6u. s mporo y 30poliHUX
Cunax VYkpaiHM HaJaeTbcs MOXJIMBICTH Ui peamizamii  mpodeciiHoro
HOTEHIlialy, Kap'€pHOTO 3pOCTaHHA Ta OTPUMAHHS KOHKYPEHTOCIIPOMOXKHHX

JIOXO/IB.

IDicepeno: chopmosano asmopamu 3a [6]

Cyuacha kaaposa nonituka 36poitaux Cuin YKpaiHu € BaKIUBUM (PAKTOpOM 3a0e3neueHHs
iXHBOI FTOTOBHOCTI /0 BUKOHAHHS 3aBJaHb 110JI0 3aXUCTYy KpaiHU. 3aBIsSKU MPOBEACHUM pedopmam
y 30poitHux Cumax VYkpaiHu cTBOpeHO mpodeciiHui, 0o0e31aTHUM, MOOIIBHMUNA, SKICHO
MiJITOTOBJIEHUNA Ta BceOIYHO 3ale3mneueHuil ocoOoBui ckiaa. lle € 3amopykoro yCHIITHOTO
BUKOHaHHA 30poitHuMu CunaMu YKpaiHu CBOIX 3aBJaHb Y 3aXUCT1 KpaiHH.

BucnoBku. CyuacHa kagpoBa noiitThka 30poitHux Cun YkpaiHu € BaxJIMBUM (hakTopoM
3a0e3neueHHs] iXHbOI TOTOBHOCTI J0 BHMKOHAHHS 3aBJaHb IOJO 3aXMCTy KpaiHHW. 3aBIsKu
npoBeaeHUM pedopmam y 30poiHux Cunax YkpaiHu cTtBopeHO mpodeciiiHuii, 0oe3qaTHUM,
MOOLTBEHUH, SKICHO MIATOTOBIEHUH Ta BcebiuHO 3abe3neueHuid oco0oBuii ckian. Lle e 3amopykoro
YCHIIIHOTO BUKOHAHHA 30poiiHuMu CuitlaMu YKpaiHu CBOiX 3aB/iaHb Y 3aXUCTI KpaiHu. OCHOBHUMU
3aBJIaHHSMHM KaJpoBoi mojiTHKU 30poiHux Cun Ykpainu €: @opMyBaHHS HEOOXITHOIO CKIaay
0CO0O0BOTO CKJIay BiIMOBIIHO 0 ToTped 30poitnux Cuit. [linroroBka Ta miaBUIIEHHS KBaTi(ikaril
0co00BOrO cKiany. 3a0e3leueHHs HaJIeKHOrO COLIAJBHOTO 3aXHCTy BIMCHKOBOCTYXOOBIIIB.
CTBOpEHHS YMOB JJIs1 MOTHBaIlii BiiCKOBOCTYOOBIIIB 10 MPOXOKEHHS CITYKOH.

CraTTs MIOKPECIIOE BaKIUBICTh KOMIUJIEKCHOTO MiAXOMy 10 (OpMYBaHHS Ta PO3BUTKY
KaJJpOBOT0 MOTEHI[ially, 0COOJIMBO B KOHTEKCTI BIHCHKOBHUX CHJI YKpaiHU. AHaIi3 HAyKOBUX Ipallb
BITUM3HSHUX BUEHUX 1 BIMCHKOBUX €KCIIEPTIB BUSBHB PI3HOMAHITHICTh MIAXOIB Ta METOIIB, SKi
MOXYTbh OYTH BUKOPHCTaHI1 JJIs1 MiJIBUIIEHHS e(eKTUBHOCTI KapoBoi noumituku. [ligkpecneno, mo
PO3BHUTOK KaJpPOBOTO TMOTEHIIATy € KIIOUYOBHM I 3a0€3MEeUeHHs] HaIllOHAThHOI Oe3MeKu Ta
o0opoHO3aTHOCTI YKpaiHU. Ba)JMBICTH 1BOTO acCHeKTy OCOOJIMBO aKTyaldbHa y KOHTEKCTI
Cy4aCHHMX BUKJIMKIB Ta 3arpo3.
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PhD Iefimenko A., Dr. Sci. Prof. Popov S., PhD Rozmaznin O.,
Dr. Sci. Stoyanova-Koval S., PhD Sokur N.

FEATURES OF THE MODERN PERSONNEL POLICY IN THE ARMED FORCES OF UKRAINE

This article focuses on the analysis of strategies and methods of formation and development of
personnel potential, with a special emphasis on the military sphere in Ukraine. It covers the research of
scientific works of domestic scientists and military experts, which highlight various aspects of personnel
policy, including general problems and specific challenges related to the formation of personnel in the
Armed Forces of Ukraine. Special attention is paid to the quality of higher military education, the use of
the competence approach, innovative pedagogical technologies and modern teaching methods.

The article also highlights the importance of these aspects in the context of Ukraine's national
security and defense capability. Through detailed analysis and discussion, the article contributes to the
understanding of how to improve the process of officer training, which is critical to maintaining and
developing an effective Armed Forces of the country. The article also emphasizes the need to integrate
theoretical knowledge and practical skills in the process of military education, which is important for
adaptation to the rapidly changing conditions of the modern military environment. Challenges and
prospects for the development of personnel potential are also considered, in particular in the context of
international experience and standards. The authors emphasize the importance of constantly updating
courses and training programs to ensure a high level of professional training. Special attention is paid in
the article to the analysis of modern approaches to military pedagogy and psychology, which play a key
role in the formation of effective and adaptive military leaders. The authors highlight how these aspects
affect the overall effectiveness of military forces and their ability to perform tasks in the conditions of
modern conflicts. The article's conclusions provide valuable recommendations for policymakers, military
educators, and leaders, emphasizing the need for continuous development and improvement of the military
education system and personnel policy. This will contribute to increasing the readiness and
professionalism of the Armed Forces of Ukraine, as well as ensuring their ability to effectively respond to
modern national and international security challenges.

Keywords: personnel policy, military education, Armed Forces of Ukraine, military personnel
policy, defense capability.
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JTOCJIIKEHHA EOEKTUBHOCTI METOJIY MYPAIIMHUX KOJIOHIA ITPH
ONTUMI3ALII INTAHIB BATATO®AKTOPHUX EKCIIEPUMEHTIB

Cmammsa npuceéaueHa 6UBYEHHIO e(heKmueHocmi memoody MypautuHux KOlOHIl y KOHmeKcmi
onmumizayii naawnie OazamoaKkmopHux excnepumenmie. Aemopu pemeibHO RPOAHANIZYEAIU
aKmyanbvHi npodnemu, W0 GUHUKAIOMb y npoueci onmumizayii OazamogakmopHux niamnie
eKcnepumenmie, RNpPOAHANI3y8aAnU 3HAUHY KIIbKICMb Memooie onmumizayii oazamogaxmopuux
eKcnepumenmie ma oOIrpyHmysanu HeoO0XioHicmy po3pooKu HOBUX ma Gitbul RPOOYKMUBHUX NIOX00i8
ona eupiuiennsn yux 3aedans. OCHOGHUI AKYeHM y cCammi pooumuvca Ha Memooi MypawtuHux KoaoHiil,
AKUIL 88AINCAEMBCA NOMYICHUM MA ePEeKMUGHUM THCIPYMEHMOM 07 WUOKOI ma pe3yibmamuenoi
onmumizauyii naanie dbazamophaxkmopnux ekcnepumenmia.

Cmammsa GKnI04aE 0eMANbHUI ONUC AI2OPUMMY MYPAWIUHOI KONIOHIT, cxemy 1020 podbomu ma
peanizayito Memooy MypamiuHux KoaoHin y eunaodi npozpamu, AKa HANUCAHA MOGOI0 RPOZPAMYBAHHA
C++. Aemopu Haeo0amMb KOHKPEMHI NPUKIAOU 3ACIMOCYBAHHA ANIZ0PUMMY 8 DIZHUX chepax, maKux, aK
GUXPOCIMPYMOGUIL  NEPEMEOPINeay, O0CTI0NCEHHA Npouecy GUMIPIOGAHHA WAIIbHOCHI  CHpYMY
2a71b6AHIYHUX 6AH MA AHATI3 OUTAHKU 6ePCMAmMOo0Y0i6HO20 Uexy 3 YUCI06UM RPOZPAMHUM YRPAGIIHHAM.

Y cmammi pemenwvno pozenanymo npooykmuenicmv Memody MypAwWIUHUX — KOJOHIl,
30CepedrHcyrUUCh HA 11020 eheKmueHOCmI RPU eUKIll KTbKOCHI (hakmopie ekcnepumenmis, 0001160
npu 30inbuieHHi KilbKOCMI YUHHUKIG ma eKcnepumenmie. Aemopu npoeooams analiz moyHocmi
pe3yibmamis ma HA2ONOWYIOMb HA GAMNCTIUBOCHI PEeMeIbHO20 6UOOPY napamempie Ons O00CAZHEHHA
ONMUMATLHUX PE3YTbIAmie 00CAI0NHCeHb. 3A60AKU Wil cmammi 4eHi ma nPaKmuKu 3Hat0yms YiLHui
iHcmpymenm  01a  onmumizayil ma  ROKPAWEHHA  Pe3yTbmamueHocmi  6azamogaxmopHux
eKcnepuMenmie y pizHuUX 2aay3ax HAyKu ma npomMuciaoeocmi.

Kntouoei cnosa: memoo mypamunux KoioHiil, 00C1i0NHceHHA, HazamopaKmopruil ekcnepumenmn,
npozpamue 3abe3neuentsn, anopumm, ONMUMIzauis, 6UMIpIO6AHHS.

Beryn. 3a 3pocTaHHAM BapTOCTI pecypciB Ta TOBapiB, HEOOX1HICTh B ONTUMI3allii TPOLIeciB
BUpOOHMIITBA cTae Bce Outbln aktyanbHO[1l]. KoxHa KoMIaHis mparHe 3aJUIIATHCS
KOHKYPEHTOCIIPOMO>KHOI0, 3MEHIIUTH BUTPATH Ta BUPOOHWYY BapTiCTh MPOAYKLIi, 301IBIIUTH
MPOAYKTUBHICTh Ta e(eKTUBHICTh. lle 03Hauae MakCMMaJbHY OINTHUMI3AllI0 KOXXHOTO €Taiy
BUPOOHMIITBA, TOYMHAIOUU 3 MOCTAHOBKM 3aBJaHb 1 3aKiHUYIOUM BHMITYCKOM T'OTOBOi MPOAYKIIii.
Tomy mnuranHs onTuMizauii 9acy Ta BHMTpaT € KIIOYOBUM B aHali3l OaraTo)akTOpHUX
€KCIIEPUMEHTIB JIJIsl BUBYEHHSI ITPOLIECIB BUPOOHUIITBA.

Ie Tako MoOpoXKy€e HEOOX1THICTh y MOIIYKY HalOUIbII €()eKTUBHOIO METOTy ONTHMI3allii
maaHiB 6aratodakTopHUX ekcrepuMeHTiB. O0'€KTOM HAIIOTO JTOCHIKEHHS € MPOIeC ONMTUMI3allil
IU1aHIB 6araTopakTOPHUX EKCIEPUMEHTIB 3 TOUKH 30py BapTICHUX Ta 4acOBUX BUTpaT. [Ipenqmerom
JOCTIPKEHHSI € METOJT MypalIMHOI KOJIOHIT JJI1 ONTUMI3allli BApTICHUX Ta YaCOBMX BUTpAT IUIAaHIB
OaratoakTOPHUX €KCIEPUMEHTIB Ta BIJIOBIIHE MPOrpaMHe 3a0e3MeueHHs Al HOro BUKOHAHHS.
OCHOBHOIO METOO HAILIOTO JOCIIIKEHHS € po3po0Ka METOy MypaIlIlHOI KOJIOHIT Ta BiANOBIIHOTO
IIPOrpaMHOro 3a0e3NeueHHs, Horo BNPOBA/HKEHHS Ul BUBYEHHS TEXHOJIOTIYHHMX MPOILECIB Ta
OIliHKA HOT0 €(DEeKTUBHOCTI.

AHani3 octaHHiX Aociigkenb. Ha cydacHuii MOMEHT, iCHYe 3Ha4YHa PI3HOMaHITHICTh
METO/IiB ONITUMIi3allii I1aHiB 0arato)akTOPHUX eKCIIEPUMEHTIB [2 - 7]. st onTuMizaliii nux riaHiB
MOJKHA 3aCTOCOBYBATH METOJIH, OMUCaHI B poboTax [8 - 12]. KoskeH i3 1IMX METOIB Ma€ CBOT TUTFOCH
Ta MIHYCH, a TaKOX BJIaCHY cneludiky 3acTOCyBaHHs. BiIbIIicTh METOAIB, SIKI MEpEBaXatOTh MPU
NparHeHHI 3HAWTH MAaTpPHUIIO IUIAHYBaHHS, IO Halkpaiie HaOIuWkeHa 0 ONTUMAJbHOI,
31IITOBXYIOTHCS 10 MPOOJIEMU MOTIPIIEHHS TOYHOCTI PIIIEHHS Ta 30UIbIIEHHS O0YMCIIOBAIBLHOL
MOTY>KHOCTI Ta 4acy, HEOOXiTHOTO il OOYHMCICHHS ONTUMAIIBHOTO IJIaHy €KCIIEPUMEHTY, KOJIU
KUTBKICTh (PAaKTOPIB 3pOCTAE.
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OTxe, BUHUKAE HEOOXIAHICTH PO3POOUTH METOA, SKHH J03BOJIMTH MPALIOBATH 3 OLIBIINM
quciaoM (PaKTOpiB, OTPUMYBATH ONTUMAJbHUN IUIAaH EKCHEPUMEHTY IWIBUJIIE Ta 3 MEHIIUMHU
O0YHCITIOBAILHUMH BUTpaTaMU. Y IIbOMY KOHTEKCTI PO3TJISIAETHCS MOXIIUBICTH BUKOPHUCTAHHS
METOAY MYpPALIMHOI'O aJITOPUTMY.

OcHoOBHi MaTepiaau Aoc/IixKeHHs Y Cy4acHOMY >KUTTI iCHY€ HEOOXIAHICTh aBTOMATH3AaIli{
Ta omTuMizamii miaaHiB OararodakTopHux ekcrepuMmeHTiB [12]. Ilpu 30idbIIeHHI KiIBKOCTI
(hakTopiB Ta KUIBKOCTI EKCIIEPUMEHTIB OUIBIIICTh METOMIB, sKi Oyau po3poOJieHi paHilie,
IIOYMHAIOTH /1aBaTH BEIMKY TOXUOKY, a00 SIKI0 OpaTH Ui IPUKIAaLy METOJI IOBHOIO Iepedopy, TO
K 9ac Ta OOYHMCIIOBAJIbHA TOTYXHICTh 3POCTalOTh B F€OMETPHYHIM Tporpecii 31 30UIbIICHHSIM
KUTBKOCTI (pakTopiB. Y 3B 53Ky 3 UM, Oyae po3po0sieHHI METO T ONTUMI3aIlil MypalIMHOI KOJOHI1
JUIsl ONTHMI3alii TulaHiB OaratoakTOpHUX eKCIepuMeHTIB. lleli Meroa mo3BoJisge Npu Mamii
OOYMCITIOBAJIbHIA MOTY)KHOCTI Ta HE3HAYHOMY dYaci OOYMCIIOBAHHS OTPUMYBAaTH XOpOIIi
pe3yabTaTu.

AJITOPUTM peaJiizanii MeToAy MypamMHOI KOJIOHIl

ANroput™M MeTOJly MYpPALIMHOI KOJIOHII BHUKOPUCTOBYEThCS Ul PpO3B'I3aHHA 3ajay
onTuMi3alii Ta Moxe OyTH peasli3oBaHUI HACTYITHUMHU KPOKAMHU.

Tniniangizanis
Kpoxk 1. CTBOpeHHsI MypalnHO1 KOJIOHIT 3 KUIBKICTIO Mypax Ta iHIIMMH MapameTpamu (KiTbKiCTbh
iTepaliii, KITbKICTh Mypax B KOXKHIN iTepallii).

Kpoxk 2. Po3mimienHst Mypax y BHITaJKOBHX MO3HUIIISX BiIIOBITHO A0 3a/1a4i.

Iuka itepaniii [y ko>kHOT iTepartii (IOKOJIIHHS ) KOJIOHII:

Kpoxk 3. Ilepemimenns mypax. Koxna mypaxa BuOMpae HaCcTyITHUI KPOK Ha OCHOBI pO3paxyHKY
BapTOCTI Nepexoqy B OyAb-akuil pspok maTpuii. HacTynHuM KpokoM oOMpaeThCcsl TOM psIOK,
nepexil Ha SKAW Mae HaMeHIry BapTicTh. Ha Takwii mepexim HaHOCHUTHCS (EPOMOH, KU
JOPIBHIOE OJIMHUII, Ha BCI 1HIII BapiaHTU NMEPEX0ly HAHOCUThCS (PepoMoH, sikuit gopiBHIOE 0.
Kpoxk 4. Ilicns BUKOHaHHS IEPEXO0.ly, Mypaxa 3HOBY IIPOBOJUTH PO3PaXyHOK BapTOCTI EPEXOY B
KO’)KHOMY HAacTYIHOMY DSJIKYy, KpiM THX B SKUX Mypaxa Bxke Oyna. Hanecenus c¢epomony
BiJI0YBA€THCS 32 CXOKHUM aJITOPUTMOM, IO 1 B KPOKY 3.

Kpok 5. 3aBepuieHHs itepauii Ta oLiHKa po3B’s3Ky. ITepallis BBa)Ka€TbCs 3aBEPLICHOI0 B TOMY
BUIMAJIKY, KOJIM Mypaxa mpounuia yci psaaku Matpuii. [lo 3aBepuieHHI0 30epira€Tbesi pe3ynbrar,
SKHH MOKa3ye BapTICTh BUKOHAHHS IUIaHY €KCIIEPUMEHTY.

Huxa nopiBHSAHHSA
Kpoxk 6. BuGip kpamioro po3s's3ky. OOpaHHs HallKpaoro po3B's3Ky, 3HalIEHOr0 MPOTIATOM YCiX
iTeparii.

Kpoxk 7. 3aBepmienns. [loBepHeHHs 3HalICHOr0 ONTUMAIBHOTO IUIAXY a00 pO3B'sI3KY.

Cxemy po0OTH alropuTMy MYpPAIIMHOI KOJIOHIT 300pakeHo Ha puc. 1.

Byno po3po6ieno mporpamue 3abe3neueHHs, 110 pealizye MeTO/] CHHTE3y ONTUMAJIbHUX 32
BapTICHUMM (YacOBUMM) BHUTpaTaMHu IUIaHIB 0araToakTOpPHOTO €KCIEPUMEHTY METO/I0M
MypaluHoro nomyky. Mosa nporpamyBaHHs — C#. [IpopaxyHKH BUKOHYBAJIUCS Ha KOMIT'FOTEPI 3
nporiecopom Intel Core 13- 3110M 3 wactororo 2.40 GHz.

Jlist po3paxyHKy MpUKIIaiB Oy1yTh BUKOPUCTOBYBATHUCH HACTYITHI MapaMeTpH MPOrpamMu:
- KUIBbKICTBH Mypax 230;
- KUIbKiCTS iTepartiit 500.

PesyabraTn ontumizauii Jlns npuknany Oyna IpoBeleHa ONTHMI3allis —IUIaHIB
6aratoakTOPHUX EKCIIEPUMEHTIB JJIs pI3HUX 00’ €KTIB.

IIpukaan 1. BuxpocTpymoBHii nepeTsoproBay

JUiss  BUXpPOCTPYMOBOTO  MEpeTBOpIOBaya OyJl0 ONTHMI30BaHO MOYATKOBUH  IUIAH
O6araTo(pakTOpHOrO E€KCIIEpUMEHTY, JaHl 3BeleHl y puc. 2. Bupimenns Oyno 3HaiineHo 3a 15
CEeKYH]I.

Mpuxkaag 2. JochaiakeHHs npouecy BUMIPIOBAHHS HIIJILHOCTI CTPyMYy rajbBaHiYHUX
BaH
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OntuMizalio BUXITHOTO IJIaHY EKCIIEPUMEHTY MpH JOCTIDKEHHI INpOoLecy BUMIPIOBaHHS
IIITBHOCTI CTPYMY TaJIbBaHIYHUX BaH MIPHUMH JAaTYMKAMHU TIPOBEIICHO 3a KPUTEPIEM CyMapHOI
BapTOCTi IpoBeAeHHs. [laHi 3BeneHi y puc. 3. Ha po3paxyHok 3Hamooumnocs 38 cekyHI.

Hpuxaan 3. JlocaigxkeHHs TiJAHKH BepcTATOOYAIBHOIO LEXY 3 YMCJIOBUM NPOrPAMHHUM
yHpPaBJIiHHAM

B sikocTi kpuTepiro onTuMizarii 0ysno 00paHo 3araabHUN yac poOOTH BEPCTATIB 3 YUCIOBUM
porpaMHUM yrpasiiHHsAM. Yac peanizaiii minany HaBeieHo Ha puc. 4. Ha BupimeHHs 3amadi
nporpami 3Ha100MI0Cs 45 CeKyHI.
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Pucynok 1 — Cxema poO0TH alropuTMy MypamnHoi KOJIOHIT
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NOLUYKY anroputm

Pucynok 2 — Baprocti (yMOB.OJI.) ONTUMI30BaHUX 3a pi3HUMH MeTofamu |3, 4, 5] naniB
6araTo(pakTOpHOrO EKCIIEPUMEHTY JISl AOCTIIKEHHSI BUXPOCTPYMOBOTO IEPETBOPIOBayYa
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Pucynok 3 - Baprocti (yMOB.0JI.) ONTUMI30BaHUX 32 pi3HUMH MeToamu [ 3,4] rutaHiB
6arato(akTOPHOIr0 €KCIEPUMEHTY AJIS TOCIIPKEHHS MPOLIeCy BUMIPIOBAHHS MIIJIBHOCTL
CTpyMY TraJIbBaHIYHHUX BaH
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MoyaTKoBMI NNaH MeTog obmexkeHoro MeTtoa mypawmHoro  MeTog0om NOLYKY 303yi
nepebopy NoLUyKRy

Pucynok 4 - Yacu peamnizaiii (roJuH) ONTHMI30BaHUX 32 PI3HUMHU MeToAamH [ 3] MIaHiB
EKCITIEPUMEHTY JIJIS JIOCIDKSHHI IIJITHKA BEPCTaTOOYAIBHOTO [IEXY 3 YHCIOBUM
MIPOrPaMHUM YIIPABITIHHIM

Oco0MBOCTI AJIrOPUTMY MYPaIIMHOI KoOJIOHII. Cria 3ayBakuTH, 110 BUKOPUCTOBYBATH
QITOPUTM MYpPAIIMHOI KOJIOHIT JOUUIBHO KoK (PakTOpiB OuTbie 3, a KUTBKICTh €KCIIEPUMEHTIB B
rwiadi Oinbmie 16. 3a TakMX yMOB METOJ] MYpAIIMHOI KOJIOHII 3HAaXOAWUTh Kpallui pe3yibTaT 3a
MEHIIIMKA Yac HIK METOJ| MOBHOTrO Tepedbopy. Takox ciif 3ayBakWTH, IO A0 BUOOPY KUTHKOCTI
Mypax Ta KUIBKOCTI iTepauiid ciil MiJXOAUTH 3 ypaxyBaHHAM HEOOXiIHOI TOYHOCTI/HasBHOL
00YHCITIOBAITEHOT TOTYKHOCTI. OTHAK OUTbIIA KUTBKICTh Mypax B KOXKHIN iTeparii He Hagae 100%
rapaHTiio 3HaXO0/PKEHHS HalKpaloro BapiaHTy po3B’si3aHHS.
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Ha puc. 5 300paxeHo BIUIMB KiTBKOCTI iTepalliii Ha 3HAXOJKEHHSI ONTUMAIBHOTO PO3B’SI3KY
(ymMoB.0z1.) Ta 4ac (CeK.) BUKOHAHHS PO3PAXYHKIB (BHKOPHUCTOBYIOTHCS 230 Mypax B KOXHIiM
iTepariii).
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e Halikpaluii pesybtat Yac BUKOHaHHSA

Pucynox 5 — BrumiB 3MiHM KIJIBKOCTI iTEpalliii Ha poOOTY aIrOPUTMY
Ha puc. 6 300paxeHO BIUIMB KIJIBKOCTI Mypax B KOXHIM iTepauii Ha 3HAXOHKEHHS
ONTUMAIILHOT'O PO3B’SI3KY Ta 4aCc BUKOHAHHS PO3PaXyHKIB.
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e HaIKpaLLWIA pe3yNbTaT Yac BUKOHaHHA

Pucynox 6 — BrummB 3MiHH KUTBKOCTI Mypax B KOXHIH iTepalliii Ha poOoTy alropuTMy

BucHoBkM. 3 HaBeleHUX JaHUX MO>KHA 3pOOUTH BUCHOBOK, 1IJ0 METOJI MYPALLIMHOTO MOLIYKY
JIOBOJI1 HE MTOTaHo cebe MoKa3aB B yCiX HaBEIECHUX MpHUKIaiax. Y KOXKHOMY IPUKIA/l €(pEeKTUBHICTD
Metoay ckiana Bif 20%. Meros MypalinHOTro MOIIYKY JTy>Ke Bpa3JIMBUMN JI0 KUTBKOCTI Mypax, 110
BUKOPHUCTOBYETHCS B KOXKH1H 1Tepartiii. OpKe ciiifl pO3yMHO CTaBUTHCS JJ0 BUOOPY LIbOTO MapaMeTpy
M1 Yac BUKOPUCTaHHS METOAY MYPALIHMHOI'O MOIIYKY.
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Doc. of Tech. Sci. prof., Koshovyi M. D., Kuraksin D.V.

STUDY OF THE EFFICIENCY OF THE ANT COLONIES METHOD IN OPTIMIZING PLANS
OF MULTIFACTOR EXPERIMENTS

The article is devoted to the study of the effectiveness of the method of ant colonies in the context
of optimization of plans of multivariate experiments. The authors carefully analyzed the actual problems
that arise in the process of optimization of multifactorial plans of experiments, analyzed a significant
number of methods of optimization of multifactorial experiments and substantiated the need to develop
new and productive approaches to solving these problems. The main emphasis in the article is on the ant
colony method, which is considered a powerful and effective tool for quick and effective optimization of
multivariate experimental plans.

The article includes a detailed description of the algorithm, the scheme of its operation and the
implementation of the ant colony method in the form of a program written in the C++ programming
language. The authors give specific examples of the application of the algorithm in various areas, such as
the eddy current converter, the study of the process of measuring the current density of galvanic baths,
and the analysis of a section of a machine shop with numerical software control.

The article carefully reviews the performance of the ant colony method, focusing on its effectiveness
with a large number of experimental factors, especially when increasing the number of factors and
experiments. The authors analyze the accuracy of the results and emphasize the importance of careful
selection of parameters to achieve optimal research results. With this article, scientists and practitioners
will find a valuable tool for optimizing and improving the performance of multivariate experiments in
various fields of science and industry.

Keywords: ant colony method, research, multivariate experiment, software, algorithm, optimization.
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TH®OPMAIINHI TEXHOJIOT'TI

YK 681.518.5 K.T.H., c.H.C. "'axoBuu C.B. (BIKHY)
K.T.H., c.H.C. ZKupoB I'.b. (KHY)

DOI: https://doi.org/10.17721/2519-481X/2023/81-08
KEPOBAHUM KOMYTATOP IIU®POBUX I AHAJIOT'OBUX CUTHAJIIB

Ha cvozo0niwniit dens y gilicokax 3opoitnux Cun YKpainu eukopucmogyemucs 6enuka KiibKicmp
CKJIAOHUX PAdiomexHIUHUX 00°€Kmis, AKI 3a PI3HUX RPUYUH MONCYMb UXOOUmMU i3 1a0y | nompedyromp
mepmin06020 GIOHO6NEHHA 8 YMO08ax 6edeHHsa Ooiiosux Oii. /lo maxux 00°’ckmie 6ioHOCUmMbCA
padionokauiitna cmanuyia (PJIC) 19K6 i it moougixauii. Pieenv diaznocmuunozo 3abe3neuenus 0anoil
PJIC He gionosioac eumozam, AKi 8UCYBAIOMBCA 00 CYUACHUX 3PA3Ki6 padioeeKmpOHHUX 3aco0ie
o3opoeuna (PE30). Tomy eunukae HeodXioHicmv po3podKu HOGUX aAOO 800CKOHANEHHA ICHYIOUUX
OIAZHOCMUYHUX CUCMEM mMa KOMRIEKCI8 KOHMPOAI0 MEXHIUH020 CMAaHy padioeieKmpoHHUX
komnonenmie PJIC. /Ina KoHmpoarw mexuiunozo cmany, nOwiyKy i 10Kanizayii HeCRPAGHUX e/leMeHmie
ma nposedenns pemonmuux podim na cyuacnux PE30 gimuusnanozo eupooHuymea 3acmocogycmsca
asmomamu3szosanuii diacnocmuynuii komnaexc (AAK) cepii «/Jiana». /lanuii komniexc npuzHadyeHuii
0N OiazHOCMUKU MA GIOHOGIEHHA CKIAOHUX UUPPOsUX i YUDPO-aHAN0208UX MUNOGUX e/leMeHMis
saminu (TE3) PE30.

Hoceio excnayamauii A/IK cepii «/[iana» nokazae neeni Moxicaueocmi uio0o 1020 y0oCKOHAIeHHA
3 Memow asmomamu3sayii npoyecy nioknioueHua 06’ckmy oiaznocmysanusn (0O/) 0o diaznocmuunozo
obnaonannn AJIK. Y cmammi 3anpononoeana cmpyKmypHa cxema Kepoearnozo KOMymamopa uyugposux
i ananozosux cuznanie peanizayia akozoy oonaonauua AJ/IK cepii «/liana» cymmeeo cnpocmumos npouec
nioknouenna O/, nodaui Ha HbO20 HANPYZ HCUGTIEHHA | NEPeBIPATbHUK MeCmosUX HoCi0oeHocmell. B
UIIOMY Ue ROKpauwiums aéMoMamu3ayilo npoyecy 0iazHoCmy8anHsa i SMEHWUMD 4ac 0ia2HOCMY8aAHHA,
w0, y 3a2a716HOMY 8URAOKY, Ridsuwums Koeiyicnm zomoenocmi PE30.

Modicnueocmi 3anponoHo6aAN020 KOMYmMAamopa cuzHanie po3paxosani ons diacnocmyeanna TE3,
w0 euxopucmogyromosca y PE30 na menepiwiniii uac, a makosc, 3a paxyHoK npozpamnozo KepyeanHs
KOMYMAmopom Cmae MONCIUGUM CHIBOPEHHA YHigepcanvHo20 npucmpor niokatouenns TE3 0o
diaznocmuunozo oonaonanus AJ/IK cepii «/liana» ado inuiux nepcnekmugHux 0iazHOCHMUYHUX CUCTHEM
PE3O0.

Kniouoei cnoea: keposanuii Komymamop, a6momamu306anuil OiazHOCMUYHUL KOMRIEKC, 00°cKm
diaznocmyeanns, PJIC 197K6.

Beryn. besneka nepsxaBu, B TOMy 4HCIIi 1 BINCHKOBA, 3aJIEKUTH BiJl HAJ1HHOI Ta 6e3nepepBHOL
POOOTH BEIMKOI KUIBKOCTI PI3HOMAHITHUX CKJIaJHUX TEXHIYHUX 00 €KTIB. 3 YChOI'O Pi3HOMAHITTS
TakMX 00’€KTIB, B OKpEMY TPyIly MOKHa 3BECTH CKJaJHI TEXHIYHI 00 €KTH paJloeNeKTPOHHOI
TEXHIKH, 5K, 3 MOMIALY HaIIHHOCTI, € BIIHOBIIOBAIBHUMH 00’€KTaMU. Benmuka KiNbKICTh TaKuX
00’€KTiB, BHUKOPUCTOBYIOThCSI y BIMCHKOBIM cdepl, Ta 3abe3neuyroTh HEOOXIHUN pIBEHb
6oe3narHocTi 30poitHnx Cun Ykpainu.

B ymoBax BeneHHs O0HOBHX /il CKOpOUEHHS Yacy Ha BiTHOBIICHHS 1X MpPaIe3aaTHOTO CTaHy
HeoOXiHO Ha/laBaTH MPIOPUTETHE 3HAUYEHHS B KOMIUIEKCI 3aXOJIiB 13 3arajbHOI0 CTabiIi3alli€ero
cutyanii. OlHaK MOTEHLINHHI MOXJIMBOCTI BIChKOBUX peMOHTHUX opraHiB (BPO), sxi moBuHHI
3aiimarucs BigHoBieHHAM PE30, npakTn4Ho peanizyloThcs He B TOBHOMY 00csi3i [1-3].

Jlnst HenmomyIeHHsT 3HWKEHHS PiBHS OOMOBOI TOTOBHOCTI BIMCHKOBHMX YaCTHH HEOOX1THO
MOKPAIIUTH MMOKa3HUKHU peMoHTonpuaatHocTi ix PE30. B nepiry uepry 1e crocyeTbes 3MEHIICHHS
cepeHbOro 4acy BiAHOBIEHHS. OJHUM 3 LUISIXIB PO3B’sS3aHHS J1aHOI MpoOJieMH € po3podka Ta
komruiekTaniss 3paskiB PE3O niarHOCTMYHMM KOMIUIEKCAMH 1 CHCTEMaMH, MiJl SIKUMH BapTo
PO3YMITH KOMIUIEKC B3a€MO3aJICKHUX TPaBUJI, METO/IB, aJTOPUTMIB 1 3ac00iB, HEOOXITHUX IS
3nificHeHHs1 aiarHoctyBaHHs 00’ekTiB PE30, a Takoxx TpeGa mosimmryBaTd 3arajlibHy CHCTEMH
TEXHIYHOTO OOCIIYyTOBYBaHHS 1 PEMOHTY.
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Jo takux PE30 wmoxna BimHectu PJIC 19)XK6, sska Ha CHOrOAHIIIHIA Yac aKTHBHO
eKCIUTyaTy€eThcs y BilicbKax. PiBeHb miarHocTuuHOTO 3a0e3nedyeHHs nanoi PJIC He BigmoBimae
BHUMOTaM, sKi BUCYBAIOThCs 10 cydacHuX 3paskiB PE30. [lng nmiarHocTyBaHHS Ta HpPOBENEHHS
peMoHTHUX poOiT Ha cydacHux PE30 BITYM3HSHOTO BUPOOHMIITBA 3aCTOCOBYETHCS
ABTOMATHU30BAaHUN JIarHOCTHYHUIN KOMIUIEKC cepii «Jliana». [laHuii KoMIUIeKe MpU3HAYCHUN IS
JIarHOCTHKW Ta BIIHOBJIEHHS CKJIQJAHMX HU(PPOBHUX 1 HMU(PPO-aHAJOTOBUX THUIIOBUX EJICMCHTIB
3amind [ 3, 4].

IlocTanoBka 3amaui. TakuM YMHOM, ICHY€E 3a/1aya 11100 MOKpaIIeHHs poOOTH BIHICHKOBUX
pemontHux opraHiB (BPO) 3a paxyHok po3poOKkM 1 BHUKOPHCTAHHS CY4YacHHX 3aco0iB
JiarHOCTYBaHHS THIOBUX eneMeHTiB 3aMminu PJIC19XK6, sxumu MoxHa noykomiuiekryBatu BPO.
B pamkax 3aranbHOi 3ajadi, MOKHA BUAUIMTH PAJ YaCTKOBUX 3ajnad. OAHIEI0 3 TaKUX 3a7ad €
CKOpOYECHHs cepenHboro yacy BigHoBieHHS PE30 uepe3 po3poOKy TEXHIYHUX pillleHb MO
YIOCKOHAJIEHHIO aBTOMaTHU30BaHOTO JIIarHOCTUYHOTO KOMILIEKCY cepii «/lianay.

MeTto10 cTaTTi € po3poOKM TEXHIYHHMX DIllIeHb M0 yAOCKOHaJeHHIo amaparypu AJIK cepii
«/iana». Y crarTi npeacTaBiIeHUN KEpOBaHUN KOMYTAaTOp HUGPOBUX 1 aHAJOTOBUX CHUTHAJIIB
BUKOPUCTAHHSA SKOTO IMOKPALIUTH MoKazHUKHU pemoHTonpuaataocti PJIC 197K6 i i monudikariii.

BuxiaieHHs1 OCHOBHOI0 MaTepiajy JociailxkeHHs. J[JI1 KOHTPOJIFO TEXHIYHOTO CTaHy,
MIOIIYKY HECTPAaBHHUX €JICMEHTIB 1 BITHOBIICHHS CKJIAOBHX elieMeHTIB 3pa3kiB PET Ha micmi ix
MOCTIMHOT JMCIIOKaIi Ha TeMepiliHiii 4ac BUKOPUCTOBYIOTHCS Pi3HI BHMIpPIOBAJIbHI IPHIIAIH,
CHCTEMH 1 AlarHOCTHYHI KoMIulekcu. OHUM 13 CydacHHMX IMPEICTaBHUKIB TaKOi BUMipPIOBAIBHO-
JTIarHOCTHUYHOT CHCTEMH € aBTOMATH30BaHHMM JIarHOCTHMYHUN KoMIUleKe «/liaHa» pi3HUX
Moaudikarii.

JiarnoctuuHi KoMmIuiekcu cepii «/liana» nmpusHaudeHi Ajig BUMipy, (OpMyBaHHS, KOHTPOIIO
SJIEKTPUYHUX BEIWYHMH, a TaKOX JUIS JIOKaJi3alii HeClpaBHOCTEW, peecTparii i BiloOpaKeHHS
PE3yNbTaTIB BUMIPIB 1 KOHTPOJIIO i 3aCTOCOBYIOTHCS B TPOMHUCIIOBOCTI ITPH pO3pOOITi, BUPOOHHUIITBI,
BUIIPOOYBaHHSX, PEMOHTI i TEXHIYHOMY OOCIIYyTOBYBaHHI CKJIQJIHUX PallOCTEKTPOHHUX TEXHITHUX
cucrem [3].

Kommiekcn ckiiaaroThes i3 MiCThOX MiJICKCTEM, BUKOHAHUX 110 MOAYJIHOMY MPHHLIUMY i
MPALIOI0YMX M1 KepyBaHHSAM 30BHIIIHBbOI [IEOM:

— migcuctema (OpMyBaHHS THMYACOBUX IHTEPBAIIB,

— miicucTeMa BUMipy THMYacOBUX 1HTEpBaiB;

— niacucreMa (hOpMyBaHHS PIBHIB CTUMYJIIOIOUMX CUTHAIIIB;

— miicuCTeMa BUMIpPY piBHIB CTUMYJIIOIOUMX BIUIMBIB;

— migcucreMa (OpMyBaHHS PI3HOMAHITHHUX AHAJOTOBUX CUTHAJIB, peecTpauii ¥ BUMIpY
napameTpiB curHaiis O/]

— migcuctema (HOpMyBaHHS KHUBIICHHS W KepyBaHHS BTOPUHHUMH JDKEpEJIaMH KHBIICHHS
00'eKTa J1arHOCTYBaHHS.

TexHiuHl JgaHi W OCHOBHI mapameTrpu OJoKy Oa3oBoro kommiekcy «Jliana-4.2 AIK»
npencrasiaeHo 'y Ilacmopri Ha BupiO. TexHiuHi JaHi 30BHINIHIX NpHIAAiB: ocuuiorpada i
aHai3aTopa CIeKTpa 3 FTeHepaToOpOM, IO CTEKHUTH HABE/ICH1 Y BIIMOBITHUX TEXHIYHUX JTOKYMEHTaX
Ha JaHi npuiaau [3].

VY3aranbHeHul cknaa komiiekcy «/liana-4.2 AIK» noka3anuii Ha puc.l.

Lentpansuum sapom komiuiekcy /1-4.2 AIK e Gmnok 0a3zoBuil i crneuiajgbHe HpOrpaMHe
3abe3neueHus (CII3).

KepyBanus 6a30BuUM OIOKOM 3HIMCHIOETHCS 3a JOMOMOTOK KEPYHOUOro KOMM'IOTEpa, IO
T IKJTF0YA€ThCs 10 6a30Boro 6soky kadenem USB.

Hnsa migkmoueHHs: o0'ekta miarHoctyBanHs (OJl) mo 6azoBoro OIOKY ¥ 10 30BHIIIHIX
MPUJIAJIB BUKOPUCTOBYETHCSA KOMYTYIOUHM MPUCTPIH.

VYes HeoOXxinHa Ui TecTyBaHHs M amiarHoctyBaHHsS O/l indopmaris 30epiraetbes B
peMonTHUX 0a3ax manux (PBJI).

Lentpansuum sapom komiuiekcy /1-4.2 AIK e Gmok 6a3zoBuil i creuiajgbHe HpOrpaMHe
3abe3neueHus (CII3).
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KepyBanus 6a30BuUM OJOKOM 3HIMCHIOETHCS 32 JOMOMOTOK KEpPYHOUOro KOMM'IOTEpa, IO
T IKJTF0YA€Thes 10 6a30Boro 6soky kadenem USB.

Komniaekce [1-4.2 AIK

Ba30BHit 010K (—)J1 USB Kepyrounii CII3 u ITI13
{} KOMITTOTEp
SOBHIIHI IPHATATH PBJI nng O]
KO.\I_YTYI‘O"-IHﬁ HpHC-TpifI g o 0 31T KOMILTEKCY
ox = H | 7i-4.2 ABK

Pucynok 1 — Cxnan komiuiekcy «/liana-4.2 AIK»

Jis migkmoueHHs: o0'ekra miarHoctyBanHs (OJ) mo 6a3zoBoro OJIOKYy W 10 30BHIMIHIX
IIPUJIaJIiB BUKOPUCTOBYETHCS KOMYTYHOUUN TPUCTPI.

VYes neoOXximHa i TecTyBaHHs i amiarHoctyBaHHsS O/l indopmaris 30epiraerbes B
peMonTHUX 0a3ax manux (PBJI).

CII3 xommuekcy J[-4.2 AIK i PBJI O/l po3mimarTscsi Ha KOPCTKOMY AHMCKY KEpPYyHOUOro
KOMIT'tOTepa.

Kommneken «/liana-4.2 AIK» mnpusHaueHi ans KOHTPOJO (YHKIIOHYBaHHS, BUMIpPY
napaMmeTpiB, J1arHOCTYBaHHS il JIOKami3allii HeCIpaBHOCTEW 0 3MIHHOTO €JIeMEHTa B HU(PPOBUX,
udpo-ananorosux i anagorosux O/l

Kommnekc /1-4.2 AIK nosBomnsie pobutu tectyBanHs O]l 3 Ooky KpailoBHX po3HIMaHb 1
BHyTpimIHbOCXeMHE TecTyBaHHs O/], y TOMy 4HCii mapaMeTpuyHe TECTYBaHHS I yCTAaHOBOK.

TectryBanus OJ1 3 60Ky iioro po3HiMaHb MOJATae B MOJaui MOCHIIOBHOCTI TECTOBUX BILTUBIB
Ha BX1JIHI KOHTAKTH KpaioBux po3HiManb O/l 3 HaCTYIHOO peecTparliero peakiliii recroBanoro OJ]
3 BUXIJJTHUX KOHTAKTiB KpaiiloBOro pO3HIMAaHHS i MOPIBHSAHHSAM iX 3 €TaJOHOM, 3alIMCaHUM B IaM'sITh
Kkepytouoro komm'rorepa. [logaua mNOCIIAOBHOCTI TECTOBUX BIUIMBIB 1 peecTpallis peakiiit
3NIIACHIOETHCS 3a JIonoMororo TectoBoro npouecopy (TII).

OO6’ekT niarHOCTYyBaHHS MIAKIOYAaeTbesa 10 MoaymiB TII, BTOpUHHUX JKepen >KUBJICHHS 1
30BHIIIHIM IpUiIajgaM yepe3 KOMYTYIOUHi mpuctpiii [3].

Komyryrouuit mpuctpiit siBnsie co60r0 Hablp KOHTAKTIB CKJIQJAHOTO TOJS ISl 31HCHEHHS
KOMYTAIIf{HOTO 3’€/IHAaHHS 3a JI0IIOMOTOI0 IIECTH BUJIB KOMYTALlIMHUX 3’ €JHYBayiB (IEPEMUYOK).
Jliia xoxxHoro O/l B onuci Ha HBOTO HAAAETHCA KOMYTalllifHa cxeMa, BIIIOBIHO /10 SIKOi 1HKEHEP
Ha poOoYOMYy MiCIli Bpy4HY NMOBUHEH 3pOOMTH BiANOBIAHI KOMyTaliiiHi 3’enqHanHs. Lleit mpouec
noTpelye 6araro yBaru, o0 YHUKHYTH BUXOJIy MIKPOCXEMHU 3 JIay 1 TOTPeOy€ TOCTATHBO BEIHKOT
KUTBKOCTI 4Yacy AJsl 3/1MCHEHHs omnepauii KoMyTyBaHHs. BiH He aBTOMaTM30BaHUM 1 He Mae
CBITJIOBOT 1HJMKAIl SIKI caM€ KOHTAaKTH CKJIagaHoro moyis miakmodeHi go OJ] 1y pasi
HEBU3HAUEHOCTI Yy TMpolleci /AlarHOCTYBaHHS BiJIBOJIIKAE€ YBary IH)KEHepa Ha HEepeBIpKY
MPaBWJIBHOCTI MiJIKJIFOUEHHS BIJMOBIIHUX KOHTAKTIB KpailoBUX po3HiMaHb O/I.

B crarTti npomnoHyeTbcs aBTOMaTtuzyBaTH mporec miakmoueHHs OJ 10 TiarHOCTUYHOTO
KOMIUIEKCY HUISIXOM 3aMiHl PYYHOTO NMPUCTPOI0 KOMYTallii KOHTAKTIB KpailoBUX pO3HIMaHb Ha
MIPOrpaMHO-KEpOBAHUN €NEeKTPOHHUI NpucTpiii komytamii. [lami po3risiiaroThCsi CTpyKTypa i
MPUHIMIT POOOTH KEPOBAHOTO KOMYyTaTopa LHU(POBUX 1 aHAIOTOBUX CUTHAJIB, SIKUH Ma€ CTaTH
YACTHHOIO JiarHOCTHYHOTO aBTOMATH30BaHOTO KOMILIEKCYy cepii «JliaHa». Moro 3aBnaHHsM €
KOMYTallisl CHTHAJIIB 3 TECTOBOTO MPOIECOpa, a TAKOXK HANPYT >KUBJIEHHS MOJIaHUX BiJ OJHOrO abo
Kinbkox Jokepen Ha Bxomu O/l i migkmrodenHs BuxoniB O]l mo mimcucTteMu aHamizy BUXITHUX
peaxkiiit O/I.
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B crarri 3ampomoHOBaHa CTPYKTypHa CXeMa KEpPOBAaHOTO KOMYyTaTopa CHUTHAIIB
MPU3HAYEHOTO Tl oprani3aiii niarHoctyBanHs udpoBux TE3 3 60ky 32 KOHTaKTIB KpaiiOBOTO
poszHimanHs ams O/1.

KomyTtaTop ckiiagaeTsest 3 HACTYIHUX (YHKIIOHATBLHUX BY3IiB (puc.2):

I[TEOM — npucrtpiit BBenenus indopmarii npo O/ i kepyBanus tectoBum npouecopom (TII)
JIarHOCTHYHOTO KoMILiekey «Jlianay;

TII — TecToBuil poLIECOP IarHOCTUYHOTO KOMILIEKCY;

MC — MIKpOKOHTpOJIEp, TPHU3HAYCHUW IS YOpaBIiHHSA CXEMaMH, SKI MAKIIOYEHI 10
KOMYTAaIlIHHOI KoJoaku (tuiatu migkimodeHas OJ1);

bnok iHgukamii — mpucTpiil A Bi3yalbHOTO KOHTPOJIIO HOMEPIB MiAKIIOYEHHUX BXOIIB 1
BUXOJIB IIATH I KJIFOYECHHS;

Jxepeno Hampyr — (GOpPMyE HAOpyrd OSKUBICHHSA, HEOOXiAHI Ui HOPMAaJbHOTO
¢dbynkmionyBanns O/

Kito4 xuBIIEHHS — €JIEKTPOHHA CXeMa, IO MiJKII0Yae BU3HAUCH] 3HAYCHHS HANpyT JHKeperna
JKHUBJICHHS JI0 BIJIOBIAHUX KOHTAKTIB Iu1aTH migkirodeHus OJ1;

MUX-DEMUX  —  cxewma, 10 peaiizye ¢byHKIii  MyJIBTHIUICKCYBaHHS -
NeMYJIbTUILIEKCYBaHHS,

[Tnara migkIrO4YeHHs — KOMyTamiliHe po3HiMaHHs A miakmodenns O/1.

o7 Buxp v |Buzzz |OUT-| OUT AN ey Thee
Hzepeno » Fmou T -DEMUX
HallpyT U EHENEHHA
wuenenns O] —"»
[ 3 [ 3 [ 3 [ 3
Lfrm "** L

Enox inguxamii niC TII
MOETICUEHOTO | | MiEpoKoHTpoIep YIpaEligEa TecToRuHA Tpolecop
raHany go Of] KOMYTaTop oM OIACHOCTHYHOTO Ko MIUIEKCY

L -~

IIEOM
IIpucTpif eEegeaaa Kogy OJ]

Pucynok 2 — CTpyKkTypHa cxema KepoBaHOT0 KOMyTaTopa

KepoBanwuii koMyTaTop mparroe HaCTYITHUM YHHOM.

Kopucrysau BBoguTh Ha [IEOM niarnoctudyHoro xomruiekcy kop (mo3Hauenss) OJ1. Jami
CII3 niarHOCTUYHOTO KOMILIEKCY BU3HAYA€ HEOOX1/IHI TECTOBI MOCIAOBHOCTI /IS J1arHOCTYBaHHS
OJ. IlepeBipsroui TECTOB1 MOCHIIOBHOCTI (hopMyroThes y Oori TectoBux nociigoBHocren (TII)
JTIaTHOCTHYHOTO KOMILIIEKCY.

Komannu aBTOMaTm3oBaHOTO yHpaBIiHHS, SKI TepenaroThes depe3 iHTepdeiic USB
HAJXOAUTh Ha MIKPOKOHTPOJIEp YIPABIIHHSI KEPOBAHHM KOMYTaTOpOM. MUKpPOKOHTpOIEP
BUpOOJIsie KOMaHAM YIPaBIIHHS CXeMaMM HIAKIIOUeHHs Jkepena Harpyr g0 O/, Bugae kepyroui
CUTHAJM NJs YIpaBIiHHS CXeMaMH MiAKIIOYEHHS TecToBUX mocmimoBHocTe mo O] 1 kepye
poboToro OJIOKY 1HAWKAIIIT TiaKIToueHoro karany g0 O/1.

brok inaukarii Bimobpaxae cTaH (aKTUBHUN/HEAKTUBHUN ) BXITHUX Ta BUXI1JHUX KAHAIB JUIS
Bi3yaJIbHOTO 1H(OPMYBAHHS KOPUCTYBaya Mpo Te, sIKi KpaioBl poO3HIMAHHS Ha IUIATI M1JKIIOYSHHS
O/l 3anisHi i Juist 4OTO caMe — Mojayi HampPyT KUBJIEHHS, TECTOBUX MOCIITOBHOCTEM a00 BUXITHUX
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peakuiit OJ]. brok iHnukanii siBisie co6oro Hadip 32-X CBITIOMIONIB, SKI MOXKYTh 3MIHIOBATH CBIii
KOJIIp B 3QJIEKHOCTI BiJl TOTO, IKY (DYHKIIIFO BUKOHYE KOHKPETHUH p03’eM Tutatu miakiaodeHas O/1.
11e Ja€ MOXJIMBICTh KOPUCTYBady HIBUAKO MEPEBIPUTH MPABWILHICTE 1 BIAMOBITHICTh MOIAHUX HA
Bxig O/l curnamis.

Sk BapiaHT YHpaBIiHHA CBITJIONIONAMH MOXKHA 3IHCHIOETHCS 3allUCOM B PETICTPU
JBOOITOBOTO KOJY, III0 J03BOJISIE BAOPATH OJMH 13 TPhOX PEKUMIB 1HIMKAIIIT:

1) OnumaHHs CBITIOMIONA - PEXHMM HANAIITyBaHHA KaHamy (OIMMaHHS 3I1HCHIOETHCS 3
yacTororo, popmosanoro curHaisom LED _CLK);

2) CBITJIOZIO/I TOPUTD - KaHAJl aKTUBHUH;

3) CBITIIOI0/1 HE TOPUTH - KaHAJ HEAKTHBHHIA.

Kittou xuBieHHs (cxema MiAKIIOYEHHS HANpyr KUBJICHHS) NMPU3HAYCHUH JJIs KepOBaHOi
KoMyTalii Ha BHU3HAueHWH po3’em muiatu migkmrodeHas O]l skupisuux Hampyr. Kirou (cxema
MIIKJIFOYCHHS) TIAKII0YaE KUBJICHHS HA BIAMOBIIHWNA KOHTAKT [0 CHUTHAJIAMH YIPABIIHHS 3
MiKpoKOoHTpoJiepa. s 3a0e3neueHHs] yHIBEPCATbHOCTI KEPOBAHOTO KOMYyTaTopa Kiou (cxema
MIJKITIOYSHHS] HAllPYTH JKUBJICHHS) TOBUHHA MAaTH MOXJIMBICTH IMIJKIIOYATH BU3HAUEHE JKEPETIO
HanpyrH 10 0yab-aKoro KoHTakTy (Big 1 mo 32) mnaru niaxmouenns O/

Jliana3oH poOoTH Kito4Ya (cxeMu) Mae 3HaxoauTuch Bix -30B 1o 30B (y 3aransHOMY BUIIAIKY
MOXKYTh OYTH 1HIINI 3HAYCHHS, 110 BH3HAYAETHCS MPHU3HAYCHHSM JIarHOCTUYHOTO KOMILICKCY).
Takum unHOM 3a curHanamu yrpaBiaiHHS Ha O]l yepe3 miuaTy MiAKIIOYEHHS HAAXOAATHh HAPYTU
KUBJICHHS JUTsI 3a0e31meueHHss HopMasibHOT poboTu O/, 110 mepeBipsaeThes.

Enementu MUX 1 DEMUX BUKOHYIOTH KOMYTallil0 CHUTHAJIB TECTOBOTO MpOIIECOpa
JTIarHOCTHYHOTO KOMITJICKCY Ha OJMH a00 Jekibka BXiaHux kaHaiB IN1-IN3» ayis mogaui TectoBux
nociigoBHocTel Ha Bxia O/l 1 oTpuMaHHs BUXIIHUX peakilii Ha 0JHOMY a00 JEKITbKOX BUX1THUX
kaHamiB OUT1-OUT3z. [Iponec minkiIo4eHHsT BU3HAYSHOTO PO3’€MY BiZOYyBa€ThCS Iif BIUIMBOM
KOMaH] YIpaBIiHHSA 3 MIKPOKOHTpOJIEpa KEPOBAHOTO KOMYTAaTOpa.

Jis 3ano0iraras BUXomy 3 Jiany enemenTiB cxemu MUX i DEMUX cri nepe0oaduT 3aXuctT
BiJl IOTPAIUISIHHS HANPYT >KUBIIEHHS OJIOKY KUBJICHHS Ha BX1AHI (BUXiJHi) KOHTaKTH 3a3HaY€HOL
CXEMH.

[Tpuctpiit BBegennst (IIEOM giarHocTruHOro KoMIUIiekcy «/liaHa») 103BoJsiE KOPUCTYBady
VIPAaBIISATH MPOIIECOM KOMYTAIlii, a caMme, BUOUPATH BXiJIHI Ta BUXIiJIHI KOHTAKTH 1 MPU3HAYATH M
pi3Hi ¢yHkuii. Komanau Bij KOpuUCTyBadya MOXKYTh 10/1aBaTHCS B OJOK YHpPaBIiHHS Yy MOBHICTIO
aBTOMATU30BAaHOMY PEXHMI (3a7a€Thes TITBKHU Ko mo3HaueHHs O/, 3 mam’situ CII3 Bubupaetnes
cxema migkmoueHHs OJ] 1 BHIA€ThCS KOJA YHPaBIiHHSA MIKPOKOHTPOJIEPOM KOMYTaTropa SKH’
ABTOMATUYHO MIJAKIIOYaE HEOOXiJHI KOHTAaKTH KpaWoBOTO pPO3HIMAHHA), a TaKoX V
HaMiBaBTOMATH30BAaHOMY PEKHMi, KOJIH KOPUCTYBad 3a JOMOMOTO BiAMOBITHOTO MPOrPaMHOTO
3a0e3neyeHHs 1 BIANOBITHOTO 1HTEpQeiicy (KOpUCTYBau caM «BPYYHY» BU3HAYa€ IiJIKIIOYCHHS
BXIJTHUX 1 BUX1JTHMX KOHTAKTiB).

BucnoBku. B crarti 0o0rpyHTOBaHO HEOOX1IHICTH PO3POOKH J10/IaTKOBOIO J11arHOCTUYHOTO
o0JaiHaHHs, SKHUM TPOMOHYEThCS YJOCKOHATUTH aBTOMAaTHU30BaH1 1IarHOCTUYHI KOMIUIEKCH cepii
«[iana». 3anponmoHOBaHI TEXHIYHI PINIEHHS II0AO0 peai3alii KEepOoBaHOI0 KOMYTaliiHOIo
npuctporo y ckinaai AJIIK cepii «/liana» IIpuctpiii 103BOJUTH CKOPOTUTH Yac Ha MEPEBIPKY
TEXHIYHOTO CTaHy LU(PPOBUX TUIOBHUX €JIEMEHTIB 3aMiHM Ta B LIJIOMY IOJIMIIY€E J1aTHOCTHYHE
3a0e3neueHHs! BiiCbKOBOTO PEMOHTHOT'O OpraHy.

BripoBa/pkeHHST  KEpOBAaHOTO ~ KOMYyTaropa  JIO3BOJIUTh  TOKPAIIUTH  MOKa3HUKH
PEMOHTONPUIATHOCTI PATIONOKAIIHHOT CTAHIII].
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MANAGED SWITCH FOR DIGITAL AND ANALOG SIGNALS

Currently, the Armed Forces of Ukraine use a large number of complex radio-technical objects,
which may malfunction for various reasons and require urgent restoration during combat operations. One
of these objects is the 719K6 radar station (RLS) and its modifications. The diagnostic capabilities of this
radar do not meet the requirements set for modern samples of radio-electronic weaponry (REW).
Therefore, there is a need to develop new or improve existing diagnostic systems and complexes for
monitoring the technical condition of the radio-electronic components of the RLS. For monitoring the
technical condition, locating faulty elements, and conducting repair work on modern domestic REW, an
automated diagnostic complex (ADC) of the "Diana’ series is used.

The experience of using the 'Diana’ series ADC has shown certain possibilities for its improvement
in order to automate the process of connecting the diagnostic object (DO) to the ADC diagnostic
equipment. The article proposes a structural diagram of a managed switch for digital and analog signals,
the implementation of which in the '‘Diana’ series ADC equipment will significantly simplify the process
of connecting the DO, supplying it with power, and testing test sequences. Overall, this will improve the
automation of the diagnostic process and reduce diagnostic time, which, in general, will increase the
readiness coefficient of REW.

The capabilities of the proposed signal switch are designed for diagnosing replacement elements
(DRE) used in REW at present. Additionally, through software control of the switch, it becomes possible
to create a universal device for connecting DRE to the diagnostic equipment of the ‘Diana’ series ADC or
other prospective diagnostic systems for REW.

Keywords: managed switch, automated diagnostic complex, diagnostic object, 7192K6 radar.
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®YHKIIOHAJIbHA MOJEJIb KJIACU®IKAILI ICEBJOBUIIAIKOBUX
NOC/IIAOBHOCTEN 3AIIN®POBAHUX TA CTUC/IMX JTAHUX
3AITIOBI'AHHIO BUTOKY KOH®IJEHINIMHOI IH®OOPMAIII

Pozznanyma 3a0aua nooyooeu gpopmanizoeanoi mooeni incaitoepa, AKa momrce 3acmoco8y8amucs
AK Y KomepuyiiHux maxk i oOepyucagnux komnauiax. Ilokazano, w0 3azpozu 6Oe3neku Oanux
XapaKmepu3yiwmsca HAboOPOM 86eKMOPHUX NOKA3ZHUKIE, AKICHUX ma KinbKiCHUX, 01 IX (opmanizauii
HeoOXiOHe 3acmocyeanHsa meopii HedimKux MHOMCUH ma Ouckpemuoi mamemamuxu. Iloxazano
HEMONCIUBICHb 3ACIOCYSAHHA eKCREPHHUX MPAOUYIHHUX Mem00ié OYIHOK 011 6U3HAYUEHHA Oinbuiocmi
PO32NAHYMUX NOKAZHUKIG.

Jna minimizauii pusuky eumoky Kongioenuiiinoi ingpopmauii npononyemsca popmyeamu zpynu
CnigpoOIMHUKIE ma Po3paxo8ysamu PU3IUK 6UmMOKY KOHMIOEHUIIHUX OAHUX 01 KOMWCHOI 3 HUX.

Po3pooka moodeni ncesdosunadkoeux nOCAiO06HOCMEN 00360UMb OUIHUMU CHIYRIHbL GHIUEGY
CMamucmuyHUX 03HAK, W0 6UMAZYIOMbCA 3 NCEBO0BUNAOKOBUX NOCTI006HOCHElL | BUKOPUCHOGYIOMbCA
6 npoueci ¢hopmysanna Kiacugikamopa, Ha MOYHICMb NPOBEOeHHA NpPouedypu Kiaacugikauyii.
Ompumani KinvKicHi 3HAUEHHA O03HAK 0036071AMb ORMUMIZyeamu KilbKicmov napamempie 3a ymosu
00mMpUMAaHHA HeoOXiOHOoT mounocmi, OUIiHUMU CKIAAOHICHb UKOHAHHA npoUedypu eudanennsn o3naxk. Ha
OCHOGI OMPUMAHUX PE3YIbMAMIE MOOENIOBAHHA, BUAGICHUX 0CO0IUEOCM el KlacUpikamopa HeodXiOHO
o0Tpynmyeamu 6uodip MamemMamuiHozo anapamy, w0 6 NOOATLUIOMY O00360UMb hnepeiimu 00
npakmuyHoi peanizayii anzopummy Kaacugikayii nocnioognocmeil, chopmoeanux anzopummamu
CMUCHEHHA ma WUppysanus oanux.

Ilposeoenuii ananiz 0ocnioxcenv y 0auiii npedmemuiin 001acmi 003601168 6UAGUMU NPAKMUYHY
npoodIeMy HAAGHUX MEXAHIIMIE 3AXUCHMY: HU3bKA MOYHICb GUAGTEHHA 3amiugpoeanoi ingopmauii,
yepes IxX cxX0MHcicmb 3 MUNOGUMU 8UCOKOCHMPONIHHUMU HOCTIO08HOCMAMU, BUKOPUCHAHHA CIIYHCO060T
iHghopmauii npumamannoi npoyecy nepeoaui, 36epicanna Kongioenuyiinoi ingpopmauyii. Taxum uunom
3a0aua knacupixayii 3amugposanux ma cMuUcaIuUx OAHUX € AKMYAIbHOIO.

Jna  eupimenna nocmaenenoi 3adaui  HeoOXiOHO: npoeecmu  ananiz  ocoodausocmeil
ynkuionyseanna nepcneKmugHux 3acooie 3an00icanns ma 6UAEAEHHA 6UMOKY KOHDIOeHUilinux 0anux,
GUAGUMU 0OMeICEHHS1, OB A3AHI 3 BUABIEHHAM CIMUCTOI ma 3auiudhposanoi inghopmauii, 06rpynmyeamu
GUDIP 8ION0OGIOHO20 03HAK06020 NPOCHOPY 011 MOOENIOBAHHS, CPHOPMOBAHUX ATIZOPUMMAMU CHIUCHEHHA
ma wiugppysanns inghopmauii, nces0osUnaAdKo8UX nOCcai00eHocmeil; po3pooumu mooenns, chopmosanux
anzopummamu CHMUCHEHHA ma WUQPYBaHHsa OAHUX, NCEB00BUNAOKOBUX RNOCTIO08HOCHEl, WO
GIOPI3HAECMbCA 610 BI0OMUX, 8PAXYEAHHAM IX CHIAMUCMUYHUX XAPAKMEPUCMUK.

Ilpeocmaenena moodenb nces0OGUNRAOKOBUX NOCTIOO6HOCHIEN, GIOPI3HAEMBCA 6i0 AHANOIE 3
8pAXy8AHHAM PO3ROOINY Oailm ma 3 8PAXYEAHHAM UACHIOM Oimoeux nionociiooeHocmeil 008xcunu 9
oim. /lna oyinku adekeamuocmi 3anponoHoeanoi Mooei nposedeHi eKCnepuUMeHmu w000 6U3HAYeHHs
mounocmi Knacugikayii ncee0o08UnAOKOBUX NOCAIO0BHOCHIEN AN2OPUMMAMU MAWUHHO20 HAGUAHHA.

Kniouoei cnosa: nceedoseunadkogi nocniooenocmi, QyHKuionaivHa mooenv, ingopmauinna
0e3nexa, mounicms Knacugpixauii, 3aumugposani, cmucii Oaui.

Beryn. [Hpopmaniiini TEXHOJIOTIT pO3BUBAIOTHCS 1y’KE€ CTPIMKO, 3pOCTA€ JOCTYIHICTh OCBITH
y cdepl KOMITIOTEPHHUX HAyK Ta BHUCOKHX TexXHoJjorid. Ha cboromui orpumaTté AOCTyN 0
iHopMallii, 1110 103BOJISE MOA0IATH MEXAHI3MH 3aXUCTY JaHUX HE BAXKO. JIFOJICTBO CTHKAETHCS 3
iH(hOpMaLIHHUMU CHCTEMaMU MOBCIOJIHO: BJIoMa, Ha poOOTI, 3alKUCYIOUYHUCh HAa MPHUIOM A0 JiKaps
Ta OTPUMYIOUM JEp>KaBHI MOCITYTH, BEJHMKA YacTKa MEPCOHAITYy Ma€ JOCTYI JI0 JaHMX KIIIEHTIB,
3axMIIeHuX iH(opMaliiHuX pecypciB, KoHDiaeHMiHHOT iHGopMarii kommawii [1 - 3].

He3Baxaroun Ha yJOCKOHaJICHHsSI MEXaHI3MIB 3aXMCTy BiJ KiOep3arpos, po3BUTOK 3aco0iB
3aXUCTy KOH(ineHU1HHOi 1HpOpMaIllii, 3pocTae KUIbKICTh BUTOKIB KOH(IIEHIIIHOI 1HQOpMarlii.
OnHi€l0 3 TOJNIOBHUX MPHYMH 3pPOCTAlOY0i KIIBKOCTI BHUTOKIB KOH(]ineHIiHHOT iHdopmarii -
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HasBHICTh BHYTPILIHHOTO MOPYLTHHUKA, 3aTHOTO TOTPUMYBATHCh BCTAHOBIICHHUX ITPABUJI Ta 3aXO0/IB
poOOTH 3 NaHWMH, 3MIACHIOBATH Tepenady KoHoimeHmiiHoi iH(opmallii 3a KOHTPOJIbLOBAaHUMN
iHpopMariiinuil mepumeTp Kommasii [4, 5, 9, 13].

3abe3neueHHs iH(popMaIiifHOi Oe3mekn KOH(DIACHIIIMHUX JaHWX Ta NPU3YIUHEHHS id
BHYTPIIIHBOTO MOPYIIHUKA 3IIHCHIOETHCS 3a JOMOMOTOI0 OpraHi3aliifHuX 3ax0/iB. BUKOHYeThCS
TEeCTyBaHHsI, TepeBipka (akTiB ixHbO1 Oiorpadii, Bigdip KaHIUIATIB, IPOTATOM MPOMIKKY 4Yacy
MOXYTb 3MIHUTHCS OaraTo (pakTopiB, OJIUH 3 SKUX - JOSUIBHICTB CIiBpoOiTHUKA [5 - 8, 22, 24].

[IpoBeneHuit anamiz I1HIUACHTIB i1HMOpMaIiiHOT O€3MeKHu, aHATTHYHUMH LEHTpaMHu
kommaniii SafeNet cBimuuTh mpo Te, 10 y BUMAAKaX BUTOKY KOHQIACHIIHHUX AaHUX OLIBII HIX
52% BUHYBATLSIMU BUSBJISUIMCS BHYTPIIIHI mopyuHuky [5, 19, 22, 27].

Ha TenepimHiéi yac 3aXucT BiJi BUTOKIB JaHHMX pealli3ye€Tbcsl 3acob0amMu 3amoOiraHHs Ta
BUSIBJICHHS BUTOKY KOH(QiAeHUiHHOT iHpopManii. OCHOBHIMH MeXaHI3MaMH 3aXHCTy BiJl BUTOKIB
JAHHUX, € METOAM, 3aCHOBaHI Ha IOLIYKY PEeryJsApHUX BHMpa3iB, CUTHATYp, LU(PPOBHUX 3IIIKIB,
BUSIBJICHHSI aHOMaJIiif, 3aCTOCYBaHHs aJrOPUTMIB MalllMHHOTO HaB4aHHs [8, 11, 12, 16, 17].

JlocTyIHICTh OCBITH Y c(hepi BUCOKHX TEXHOJIOTIM Ta PO3BUTOK 1H(GOPMAIITHUX TEXHOJIOTIN
BH3HAYAIOTh IIMPOKE 3aCTOCYBAHHS CUCTEM 00pOOKH, 30epiraHHs, epeadi JaHuX Ta, IK HACIIIOK,
3arpo3u iHQopManiifHoi Oe3meku. Y cydacHidl oprasizamii Oi3HeC MPOIECH HEMOXXIJIHBI 0e3
3aCTOCYBaHHS KOPIIOPATUBHUX MEPEXK Mepeaadi TaHUX Ta MEePCIEeKTUBHUX iHQOPMAIIITHUX CUCTEM.
3 KOKHHM POKOM 30UIBIIYIOTHCS 00csaru iHpopMaIlii, mo 00poOIsIOTECS, BIPOBAIKYIOTHCS HOBI
iHpopMaLiifHO - TIOIIYKOBI CHCTEMH, y TOMY YHCII CHCTEMH OOpOOKH Ta 30epeKeHHS
KOH(DIIEHIIINHUX JaHUX PI3HOTO PIBHS JOCTYIY. SIKIIO MEXaHI3MH 3aXHUCTy JaHUX BiJ 30BHILIHIX
3arpo3 JOCSTIN BIAMOBIAHUX T'apaHTOBAHMUX DIBHIB, TO CIIOCOOHM Ta METOIW NPOTHIIl iHCalaepy
c11a00 pO3BHUHEHI, B OLIBIIOCTI JOKYMEHTIB, III0 PETJIaMEHTYIOTh MOMITUKY 0e31meku KodiaeHIIHHIM
JaHUM KOMIIaHil, MICTSTbCSA TOCTYJATH IMPO BIACYTHICTH iHCaiaepa, IO TATHE IO 3POCTAHHS
HMOBIpHOCTI MopyIeHHs iH(hopMaIliitHOT Oe3MeKn JaHuX, 10 3axuinarTses [6, 9, 13, 17, 18, 26].

BianoBigHO 10 3BiTY MIXKHApOIHOTO €KCIEPTHO-aHATITUYHOTO HEeHTpy KommaHiid Group-1B
yacTKa iHcaiepiB, K JKepel 3apeecTPOBAHMX BUIIAKIB B OpraHi3allisix BUTOKY KOH(iAeHIIHHOT
iH(popMmarii, 3a nepiox i3 ciuas mo yepBeHb 2022p. cknana moHax 80%. Y 78% 3apeectpoBaHUX
BHUIIaJIKaX BUTOKY JIaHKX OyJI0 OpraHizoBaHo HaBMmucHe [13, 16, 26].

TunoBuMH BHYTPIIIHIMU MOPYIIHUKAMH € CHIBPOOITHUKY, SIKi 3aiiMAIOTh TEXHIYHY TO3HIII0
- He MIpUBiIeioBaH1 TexHiI4HI KopucTyBadi. O0'€KTOM aTaku € KOH(IACHIIIIHI JaHi opraHizarlii, Taki
K TporpamHe 3abesnedeHHs, (i3uuHe oOnanHaHHS, Oi3HEC-IIaHH, OCOOJIMBOCTI BUPOOHUYMX
nporeciB, OyXraaTepchbki 3BiTH, 0a3M TaHUX PI3HUX PIBHIB Ta 1HIII JaHi, sIKI MOXXKYTb MaTH JESIKY
LIHHICTh JJI1 BHYTPIIIHHOIO MOPYIIHUKA OCOOMCTO, abo A OTpUMaHHS [IJIOBUX IIepeBar.
AKTUBHA JISUIBHICTB 1HCaizepa, B OUIBLIOCTI, TPUBAE BiJl OAHOTO JO YOTUPHOX MICAILIB. SIKIIO
IUIAHYETHCS 3BUIBHEHHS BHYTPIIIHBOIO MOPYUIHUKA, TO B JaHUN MEP10/ BXOJAATh HACTYIIHI MOJII:
NPUAHATTS PIIICHHS NPO 3BUIBHEHHS; MEepioj 3J0YMHHOI aKTUBHOCTI; 3aMITaHHS CIiAiB, 1100
MiHIMi3yBaTu pU3UK BUsIBIICHHS [5, 6, 9 - 11].

PosrnsHyra 3amaua noOynoBu ¢opmalli3oBaHOi  MoJeni  iHcaliepa, sKa MoOXe
3aCTOCOBYBATHUCH K y KOMEPIIMHUX TaK 1 AepKaBHUX KoMmraHisx. [TokazaHo, 1110 3arpo3u 0e3nexu
JAHUX XapaKTepU3yITbCs Ha0OpPOM BEKTOPHUX IMOKAa3HMKIB, SIKICHMX Ta KUIBKICHHMX, AN iX
dbopmaizaiiii HeoOXiHE 3aCTOCYBAHHS TEOPil HEUITKMX MHOXXHH Ta JUCKPETHOI MaTEMaTHKH.
IToGynoBano ¢opmarnizoBaHy Mojenb iHcaiifiepa, 13 3aCTOCYBaHHSM PEHTHHIOBOTO METONY,
3aCHOBaHy Ha OaratokpuTepiaJbHOMY paHXupyBaHHI. Ha OCHOBI JIHIBICTMYHOTO MiAXOAY
poBeieHO (hopMaltizallito HediTKO1 iHpOopMaLlii 3 Tepexo1oM 10 KIIbKICHOT €JMHOI IKaIH. Takox
B poOOTI pO3MIAHYTO MpPHUKJIaJ BHU3HAUEHHS PIBHSA 3arpo3d BHYTPIIIHBOTO NOPYLIHUKA 13
noOyJOBOI0 CEMaHTUYHMX MoJieNell Ui rpynH chiBpoOiTHHUKIB. Iloka3aHO HEMOXKIUBICTD
3aCTOCYBaHHSI €KCIIEPTHUX TPAJAUIIITHUX METO/IB OIIHOK /IS BU3HAYCHHS OUTBIIOCTI PO3TIISTHYTUX
noka3HHKiB. [IpoBeeHo aHani3z 6aileCOBCHKOro MiAX01y BUPILICHHS 3a/1a4i, JI0BEIEHO, IPH LILOMY,
HEOOXIAHICTh TPOBEACHHS aHali3y BEJIUKOI KUIBKOCTI CTATUCTUYHMX JaHUX. 3alpONOHOBAaHO
BUKOPUCTOBYBaTH Mojieb beiokenena i lloptmida, sika 103BoJIsiE HABECTH PE3yNIbTAaTH Ha OCHOBI
BUKOPHCTaHHS HEMTOBHUX BIJIOMOCTEH Mpo 00'eKT, 1110 aHamizyethes [9, 13, 17, 18, 22].
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AKTyanpHICTh 1HCalijepa BHU3HAYA€THCS PEUTHMHTOBOIO OLIIHKOIO, HOrO CTAaHOBHIIEM B
perTuHTy. baratokpurtepiaibHe paH)KyBaHHS Tiependadae TpynoBe paHXKyBaHHs (KiIacudikarliio,
KJIACTepU3aIlif0) - BiJIHECEHHS CHIBPOOITHUKIB Ha OCHOBI JIHIHHOTO paHXyBaHHA [0
YIOPSAKOBAaHUX Tpym. ['0l0BHA mepeBara pedTUHIOBOTrO MiAXOMYy — KOMILUIEKCHUN XapakTep /10
OLIIHKK piBHS iHCainepchkoi Oe3meku. PeWTHHroBHWiA MeTOJ Mae HHM3KY ICTOTHHX HEIOJIKIB:
HEMOJKJIMBICTh 3aCTOCYBAHHS OJHAKOBUX apU(METHUYHUX OIepaliid A 3HaueHb MOKAa3HUKIB
MOJIeJTi BHYTPIIIHBOTO MOPYIITHHUKA, III0 BUMIPIOIOTHCS Y SKICHUX Ta KIJIBKICHHUX IIKaJax; y 3B'A3KYy
3 THM, 110 MOJIEJIb BHYTPIIIHHOT'O MOPYIITHUKA MICTUTh BEJIMKY KIJIbKICTh TOKa3HUKIB, SIKI MOKYTh
MaTd KOpPEJAIidHI 3B'I3KM MDK C00O0I0, IO BIUIMBAIOTh HA PIBEHb IHCAWIEPCHKOI OE3IEKH,
BUHUKAIOTh, B JIaHIi CUTYyaIlil, TPYIHOIII B KOMIUIEKCHOMY IIIXO/Ii OLIHKH PiBHS 1HCAHIEPCHKUX
aTak Ta 3arpo3 Mo OKPEeMHUX CHiBpOOITHHMKAX; BiACYTHS ¢dopmMalli3oBaHa MpOIEAypa BU3HAUYCHHS
3HAuYeHb KIJTbKICHUX Ta SKICHUX MOKa3HUKIB; BUKOPHCTaHa B HepopMalti3oBaHiii Mo/ieni iHcainepa
MPUPOJIHA MOBA 3pO3yMia aHAJITUKY, I0OpE Iepelac CEMaHTHKY MPEaMETHOI o0iacTi, ajne He
JI03BOJISIE OJTHO3HAYHO 1 TOYHO OMKCATH B3a€MO3B'SI3KM CYTHOCTHOCTEH, MPECTABICHI B MOJIEINI
BHYTPIIIHKOTO mopymiHuKa [ 14, 21 - 23].

VY 3apyOiKHUX JOCHTIDKCHHSIX HATOJOIIYEThCS HA HEOOXIMHOCTI MPUUHSATTS BiAMOBITHHX
3aXO/iB MIOAO MPOTHAIl iHcalaepaMm. 3rigHO 31 CTaTHCTHKOK HarioHaJbHOTO IEHTPY Oe3meKu
[liBnenHoKOpeiicbkOi  pecryOmiku  Onm3pko  75%  BHTOKIB  KOH(QiAeHIiHOT iHpopMmarii
Bi/I0YBAa€ThCSA 3 BUHU MOTOYHUX a00 KOJUIIHIX CHIBPOOITHHKIB KOMMaHii. BinbmiicTe BUTOKIB
KOH(DIIEHIIINHNX JaHUX BIAOYBAETHCS Yepe3 HEIOCKOHANICTh 3aco0iB 3 iX BUSBICHHS 1
3ampoOBaKEHHS HEJIOCTAaTHIX 3aXO0/IiB 100 MPUITMHEHHS BUTOKIB iH(GOpMarii. biseiricts po0it i3
3abe3neueHHs iH(GoOpMaiiitHOi Oe3rmekn KOH(DIMEHIIHHNX JaHWX IIOB'SI3aHI 13 3aXHCTOM BiJ
MIPOBEJICHHISl 30BHIIIHIX aTak, 110 MiATBEPKYE aKTYaIbHICTh MPOBEIEHOTO aHAI3y JIOCIIKEHb
[6, 7,18, 19, 22].

OcHOBHMMH JDKEpellaMd 3arpo3 Ta aTak Jjs KOPHOpPaTUBHUX MEPEX €: TeXHIYHi, MI0
BIIHOCSITBCSI IO OCOOMUBOCTEH O0OCITyroByBaHHS, (DYHKIIOHYBaHHS, CTBOPCHHS IPOTPAMHO-
amapaTHUX, alapaTHUX, MPOTPAMHHUX 3ac00iB; CyO'€KTHBHI, BUKIUKaHI BIAMOBIAHUMH disIMH
CiBpOOITHUKIB KOMITaHi1. Y HaBEJEHHUX IPYyIax € MiKIac HKEePed, 0 BiTHOCUTHCS 10 iHCa1epiB.
Bi3HauaeThCsl TaKOXkK HAsSBHICTH 3arpo3 Ta aTak MPOMHUCIOBOTO LIMUTYHCTBA, IO PEaTi3yeThCs
IIK{TTUBIM TPOTPAMHUM 3a0€3IeUeHHSIM YW BHYTPIIIHIM MOPYITHHKOM, TaKOX pi3HHUX botnet
Mepex. OCHOBHUM 3ac000M MOIIMPEHHS Ta 3apa)KeHHS MIK1IJIMBOIO MPOTrPaMHOro 3a0e3MeUeHHS €
botnet mepexi. BigzHauaeTbcs MOXIMBICTH Iepeladl 1HCalaepaMH 3aXUIIEHUX JaHUX 3
KOHTPOJILOBAHOTO MEPUMETpa KOMIIaHii 3 BUKOPUCTAHHSAM CEpBICIB eleKTpoHHOi momTH [7 - 11,
17].

Jlns MiHIMI3alii pU3UKy BUTOKY KOH(QiAeHLiHOI iHdopMalii mponoHyeThcst (hopMyBaTH
IpyNH CHiBPOOITHUKIB Ta PO3PaXOBYBAaTH PU3UK BUTOKY KOH(PIACHIIMHUX JaHUX JIJIS1 KOXKHOI 3 HUX.
3anpomnoHoBaHMi MiaAXia mependavae BukopructanHs data leakage prevention (DLP) ta security
information and event managment (SIEM) cuctem. [IpudnHOIO BUTOKY NaHHX MOXYTh OyTH
MOJITHYHI, IHAMBITyalbHi, (DiHAHCOBI MOTHUBH MpAIliBHUKIB KommaHii [5, 6, 13, 18, 19].

AHaJi3 OCTaHHIX J0CJTi’KeHb Ta NMOCTAHOBKA 3aAavi. AHami3 JOCIIIKEHb MEpexeBOi
aKTUBHOCTI KOPIOPATHBHOI MEpeXi € KIYOBHMM KOMIIOHEHTOM 3amo0iraHHs Ta PaHHbOTO
BUSIBJICHHSI 3arpo3 Ta aTak Oe3mekd KOHQIASHIIWHUM JaHWM, IO BUXOJATH Bif 1HCAWIEpiB.
JloryBanHs mofiii Oe3neku Ta  (QYHKUIOHYBaHHS  1H(GOpMAILifHOI CHUCTEMH  MOXYTb
BUKOPHUCTOBYBAaTHCh Yy peaJIbHOMY 4Yaci Uil TPOBEICHHS aHaji3y, MpOTe 3aliCcH HEOOXiJTHO
Bi(1IBTPOBYBATH, OCKUIBKH HE BCi JI03BOJIIIOTH BHSIBUTH 3arposy, aTaky Oesneku aaHux. J[ns
pPO3pOOKM MoJedl TICEBJIOBUNAAKOBUX 4YHCEN HEOOXIAHO pO3IJISIHYTH pe3yjidbTaTH aHaji3y
JOCTIKeHb MPEeAMETHOI 00NacTi, BU3HAUMTH SKI O3HAKM HAWyacTillle BUKOPHUCTOBYBaHI, IO
OMHUCYIOTh CTHCHI Ta 3amudpoBaHi MOCHIIOBHOCTI. Po3poOka Momeni TICeBIOBUITAIKOBUX
MOCIITOBHOCTEH JTO3BOJIUTH OI[IHUTH CTYIIHb BIUTUBY CTATHCTUYHUX O3HAK, IO BUTATYIOTHCS 3
TICEBJIOBUIAJIKOBUX TIOCTIZIOBHOCTEH 1 BHUKOPHCTOBYIOThCS, Hajaajdl B mpoueci (GopMyBaHHS
KiacudikaTopa, Ha TOUHICTh IPOBEACHHS NMpoleAypH Kinacudikauii. OTpuMaHi KUIbKICHI 3HAUE€HHS
O3HaK JT03BOJIATH ONTHUMI3yBaTH KIJIbKICTh TApaMeTPIB 32 yMOBU IOTPUMaHHS HEOOX1AHOi TOYHOCTI,
OILIIHUTHU CKJIA/IHICTh BUKOHAHHS MPOIIeIypU BUJAICHHS 03HAK. Ha OCHOB1 OTpUMaHUX pe3ylbTaTiB
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MOJICJIIOBAHHS, BHSBJIEHUX OCOOIMBOCTEeH Kiacudikaropa HEOOXiTHO OOIpyHTYBaTH BHOIp
MaTEeMaTUYHOTO amapaTy, 0 B MOJAJbLUIOMY JO03BOJUTH MEPEUTH IO MPaKTUYHOI peastizamii
ATOpUTMY KJIacHiKalii MCeBIOBUMAIKOBUX MOCIiAOBHOCTEH, C(HOPMOBAHUX AITOPUTMaMH
CTHCHEHHS Ta mudpyBanHs ganux [5, 15 - 19].

[TpoBenenuii anai3 BIAKpUTOTrO Ta 3amIM(pOBaHOTO TpadiKy Ha OCHOBI MiAPaXyHKY €HTPOMil
OKPEMHUX CIIB JOBXKHUHOW 2..64 OiT, MOTOKY JaHUX, CTAHJAPTHOTO BIIXWUJIEHHS Ta CEPEAHBHOIO
3HA4YEeHHS 3a3HAYCeHUX BEIWYMH. J{JIs1 MPOBEACHHS €KCIIEPHUMEHTIB BUKOPUCTAH1 MTAKETH JIOBXXUHOIO
nmoHan 20 Oair: Bigkputux Ta 3ammdpoBaHuxX. Halikpamii pe3ynbTaTd IOCATHYTI TIPH
BUKOpHUCTaHHS anroputMmy C5.0, TounicTh kiacudikamii - 0,978, BUKOPHUCTOBYBAJIMCS IMAKETH
MEBHUX JI0ATKIB 1 mpoTokoJiB: skype, https, smtp, dtls, ssl, Idap, http, youtube, decphone, netbios,
dns, BUSBIEHO Y HUX CITY>KO00BI crienudiyHi 03HAKH, K1 JTO3BOJIAIOTH KJIAaCHU(pIKyBaTH 3 BUCOKOIO
TOYHICTIO TpadiK.

[lupoke BopoBapkeHHs GYyHKIIH 1mmdpyBaHHs iHopMmamii npu mnepemadi  JaHUX
MPU3BOANUTH 10 TOTO, IO BUKOPHCTOBYBaHI MeToau kiacudikarii 3ammdpoBaHoro Tpadiky He
CIPABIISIOTHCA 3 33]]Ja4aMi 3 BUCOKOIO TOUHICTIO, HAIIPUKJIA/, MPH Ki1acupikallii MOTOKYy JaHUX, IO
MalOTh CXOXi O3HaKW, IUQpoBi 3minku. IlponmoHyeTbes MeTo[ Kiacudikamii 3ammdpoBaHOTO
MOTOKY JaHMX Ha OCHOBI 3aCTOCYBaHHS JaHIIOriB MapkoBa Ta atpuOytiB. st 301IbIIICHHS
TOYHOCTI KJacu]ikaTopa 3aCTOCOBYIOTHCS HACTYITHI O3HAKH: JIOBKMHA IMEPIIUX JaHUX JIOAATKIB,
nosxkuHa ceptudikata y SSL/TLS cecisix. 3anpornoHoBaHe pillieHHS T03BOJIHIIO TOCSATTH TOUHOCT1
knacudikamii 3amudpoBanoro notoky ganux 0,907. Henonmikamu naHOTO PIllIEHHS, y BUMAIKAX
3MIH J0JaTKiB, HEMOXIIUBICTh MPABUIBHO I1X KIacU(]PiKyBaTH, OCKUIbKH 3MIHATHCS 3HAYCHHS
OirpaM, AomaTkd, sfKi He Opaay yd4acTh y HaBUaHHS Kilacu(ikaropa TaKOXK HEMOXKIUBO
knacudikyBatu. [ knacudikamii 3ammdpoBaHoro noroky ganux Big 10 pisuux I[HTepHeT
pecypciB, 3ampONOHOBAHUN AJTOPUTM OOYMCIICHHS BiJICTaHI MK KJIacaMu, IO OOpOOISETHCS
MeTosIoM k-Haitbnuxuux cyciai. [Ipu moGynoBi 03HAKOBOTO MPOCTOPY BUKOPUCTAHI CTATUCTUYHI
O3HAKH: CITY’)KOOB1 XapaKTEpUCTHKH MAKeTIB (MUKIHTEPBAJILHHUIA YacC MAKETiB 1 TOBXKHUHA), MEPEKEBI
xapaktepucTtuku Tpadika (IP-agpeca, Homep mopTy, KiIBKICTh MMAKETiB, TPUBAIICTh MOTOKY), AaHi
BcraHoBieHHs TLS 3'eqnanns (1oBkuHA My0II9HOTO KITFOYA, BIAOBIIH CEPBEPA), XapaKTEPUCTUKU
posnoainy 6Gaifr. CepenHsi TOUHICTH anroputMmy ckinaia 0,947, TOYHICTH alIrOpuUTMy MOOYA0BU
iiMoBipHOTO Jicy - 0,84, anroputmy modymoBu nepeBa pimens - 0,879.

Metoau rnmbokoro asamizy Tpadika, 3aCHOBaHI Ha CHUTHATYpHOMY IOIIYKY, HE 3/aTHi
BUSBIIATH 3allM(pOBaHMN MOTIK JAHUX, TAKOX IX OCOOJMBICTIO € CKJIQJHICTh Yy IPOBEICHHI
KJacudikamii CTUCINX 1 3aIMPPOBAHUX JAHUX, BAKOPUCTOBYETHCS PO3MOILT BIICTaHI XEMiHTa JUIs
nepmux Oait, IP-Ttenedonii 3ammppoBaHOro MOTOKY JaHUX, PO3MOALT € OIHOMHUM 3 IIKOM Yy
3Ha4yeHH1 4 0ita, J03BOJIsE, Ui 3alIM(ppPOBAaHUX JAHUX, 3pOOUTH BUCHOBOK PO PIBHOMIpHUI
posnoain Oit. s HezamudpoBaHoTo MOTOKY fAaHux I[P-tenedonii po3nonaiyi Mae MIKOMOIIOHY
dbopmy 3 MakcumyMoM y 3HaueHHi 0 Oit. Jlanuii miaxin 3actrocoByeThest amns nepmux 100 makeris,
HACTYIIHI TAaKEeTHU MAalOTh NOIIOHUI pO3MO/ILI 1 HE MOXKYTh 3aCTOCOBYBATHUCS JUIsl Kilacudikariii.

OcTaHHIM YacoM JIOCIIJDKEHHsS CHOpPSMOBaHI Ha BHUPILIEHHA 3ajadi  Kiacudikamii
3amu(pOBaHOrO IMOTOKY JaHUX, NpH Kiacudikanii Tpadiky AOJATKIB Ta PI3HUX MPOTOKOJIIB
BJIAJIOCS JJOCATTH BHUCOKHMX PE3YNbTaTiB, 3aCTOCOBYIOUH, IPU I[bOMY PO3MIpU HaKeTiB, BEIUUYUHU
MDKIAKETHUX IHTEpBaJiB, CIyk00BY iH(popMallito, Homepu noptis. TexHooris rIMO0KOro aHami3y
Tpadika He 3aCTOCOBYETBHCS AJIS 1HKAICYJIbOBAaHOIO YM 3allM(ppPOBAHOIO MOTOKY JaHMX 1 Ha
TeTepiHIA Yac € Hee()eKTUBHOI0. 3ampoIrioHOBaHA MOJIeh KiacudikaTopa Tpadika IPyHTYEThCS
Ha NMPUXOBAHUX JAHIIOrax MapKoBa, BUKOPHCTOBYIOUH, B JAaHOMY BUMAJIKY, K O3HAKH, PO3MIpH
MAaKeTIB, BEJIMYMHU MIDKIIAKETHUX 1HTEpBaJiB, Ta KOPEJIOBaHI 3a JAOMOMOrow mojeni ['ayccoBux
po3noniniB. JlaHuit miaxia 103BONMB TOCITTH TOYHOCTI Kiacudikaiii moToky aanux - 0,989.

VY pobGoti [20] mochimxyBaid MOXIMBICTH Kiacudikamii (aiiaiB HaWOUIbII MOMYISPHUX
¢dopmaris: doc, csv, docx, gz, gif, jpg, html, png, pdf, pptx, ppt, ps, swf, rtf, xls, txt, xml, xIsx. [{ns
(hopmMyBaHHS 03HAKOBOTO MPOCTOPY BUKOPUCTAHI MIAMOCTIOBHOCTI po3mipoM 4, 8, 16, 32, 64 GaiiT,
Ha OCHOBI IOCIIJJOBHOCTEH OynyBayiucs CIOBHMKHM iH(opmarii, mo mictate 1024, 1296, 1444
€JIeMEeHTa, CJIOBHUKIB JIOMYCKaJOCS HAKJIaJCHHS CIOBHUKIB. Jlaymi 3MiMCHIOBABCS MIAPaxyHOK
YacTOT 3HAXO/KEHHS MiJNOCHTIIOBHOCTEH Al KOXKHOTO THITY MOTOKY JaHuX. i1 moOynoBu
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kiacudikaropa oOpaHUl METO/ OMOPHUX BEKTOPIB 3 mapaMeTpoM - 32, METOJ MoKa3aB HAaBUILY
TOYHICTH KJIacH(iKaIlii Mpy BUKOPUCTAHHI JAHUX ITIAOCIIJOBHOCTI JIOBXKUHOIO 64 GalT 1 po3MipoM
cnoBuuka 1444. Tounicts knacudikaii, npu mpomy, gocsria 0.617. Bussnenus miapoOneHux
(cnotBopenux) ¢opMariB (aililiB € aKTyaJIbHUM 3aBJaHHAM Y KOMIT'FOTEPHIH KPUMIHATICTHIN -
MPUXOBYBaHHS BXKJIMBOI JUIs po3ciiayBaHHs iHpopmaii (¢daitniB), vacTiuau iHpopMmarii y daiinax-
KOHTEHHEepax MOJKe 3aTATHYTH CYTTEBO 4ac pO3CIiyBaHH:, K HACIII0K, Yac PeaKilii Ha IHIUICHT.

Hns xknacudikamii 300paxens popmatiB pdf, png, jpeg, gif i3 3amiHOI0 MariuHux OailT Ha
KOPUCTh KOMITHOTEPHOI KPUMIHATICTUKA Ta BHECEHMMH 3MIHAaMH JI0 PO3IIUPEHHs (aiiB, sSK
O3HAKM BUKOPHCTOBYBABCS 3a MaKCHUMaJbHMM 3HAYEHHAM HOpMalli30BaHUM po3nonun OGaitr. s
npouenypu kiacudikaiii BUKOPUCTOBYBAIHCA HEHPOHHI Mepexi, s BigOopy iH(pOpMaTUBHUX
O3HAK 3aCTOCOBYBAJIUCS I'eHETUYH1 anroputmu. O3Haku oOuMciaroBasncs B cepenoBuili MatLab,
Bi10Ip 03HaK reHeTHyHUM anroputMoM (100 mokomiab, momymsiis 3 256 OJUHUIIL, TEPEXPECHE
3HaueHHs 0,8, iMoBipHicTh MyTaltiid 0,034), HaBYaHHS HEHUPOHHOT MepeXi (IMBUIAKICTh HABYAHHS
0,3, 42 Bxoau, 1 mpuxoBanwmii map 3 3 By3aMu) BUKOHaHI y mporpaMHomy cepenoBuini Weka [21,
23]. Tounicts kmacudikarii 3i 3MiHeHUX 300paxkeHb (Gopmary png - 97,91%, mis jpeg i gif —
99,99%, nns tiff - 98,31%.

[Tpu knacudikarii cioTBopeHux GaiiB 4 knacis jpg, gif, png, pdf saxi BXoaaTe y Habip naHuX
ImageCLEFsecurity, B SIKOCTi 3HaKOBOTO IMPOCTOPY BUKOPUCTAHO PO3MOIi OAUT. 3aCTOCOBYBATUCS
3ropTkoBi HeipoHHi Mmepexi ResNet (Tounicts kmacudikamii 0,9997) ta VGG-16 (TouHicTh
knacudikamii 0,9993). BusHadeHnHs Tury ¢aiiiB Mo 3arojoBKy 1 PO3IMIMPEHHIO, IO MAaridYHHM
OaiiTaM, sIKi MICTATHCS B mepiux 2 - 46 Oaiftax ¢aiiny, € HeHaAIMHUM METOJIOM, OCKIJIbKU JaHa
iHpopmamis Moxxke OyTH Jierko 3miHeHa. st oTpuMaHHS 1HQOPMATUBHHX O3HAK, 3aCTOCYBAJIA
METOJ, SIKUIl J03BOJISIE€ IEPEBECTH YaCTOTU 3YCTPIYaIbHOCTI B (paiiiax CiiB B YUCIOBY KBaJIpaTHY
matpuito. [lani 6ymo Bukopucrano merox TF-IDF nist BupiBHIOBaHHS CTATHCTUKHU PO3MOILTY CIIiB
y nocmipkyemMux Qaiinax. Jns noOynoBu kiacudikaropa MOTOKY JaHUX BUKOPUCTOBYBAIMCS
AITOPUTMHU MAITMHHOTO HABYAHHS Ta OTPUMaHI HACTYIHI PE3ylbTaTH: IEPEBO pimieHs 95,76%, k-
HanonmmxK4ux cyciaiB 37,58%, sunaakosuii nic 91,86%, metoa onopHUx BeKTOpiB 68,7%, miHiliHA
perpecist 96,46%, anroputm XGBoost 97,74%, mynapTHHOMIaNBHUMIA Oaiiecchkuil KiacugikaTtop
96,72%.

Butik iHpopmanii € mopymeHHsM Oe3leKd JaHUX - [OPYHICHHSM BJIACTHBOCTI
KoH(iIeHIIiitHOCTI. 3pocia IHHICTh, B Cy4aCHOMY CYCHIBCTB1 HE TUTBKH IaHUX, [0 3aXUIIAIOTHCS
JIEP’KaBOI0, TaKOK MEPCOHAJIbHI JaH1, KOpPIopaTUBHA 1H(GOpMAIIis, TTO30BU 32 PO3TOJIOMIEHHS SIKUX
CTaHOBIISITH MUIBHOHU J10NIAPiB.

Jliga 3anoOiraHHs peanizaiii aTak Ta 3arpo3 BUTOKY KoH(ineHUINHHOI 1HpopMalii B
KOPIIOPAaTUBHUX MEPEkKax 3aCTOCOBYIOTh 3acO0M 3an00iraHHs Ta BUSBJICHHS BUTOKY naHuX (DLP—
CUCTEMH), SIKI € eJeMEHTOM 1H(popMaliiiHOI cucTteMu Oe3NeKku KopropaTuBHHX Mepex. DLP-
CHCTEMH JJO3BOJISIOTH 3HU3UTH PU3UK peai3allii aTak Ta 3arpo3u BUTOKY iHpopmarii. OgHak J1eski
MoOJIeNl 1HCaiiepiB, sIK1 3aCTOCOBYIOTHCS B KOMIIAHISIX, TAKOX Y JI€pKaBHUX, HE MICTSITh BUMOT 1
3aX0[IiB 3aXUCTY BiJl BHYTPIIIHIX 310BMUCHUKIB. HaBenaeHuit Gpakt Moxxke OyTH OJHI€IO0 3 MPUUUH
30UIBIICHHS YaCTKH iHCAWIepiB y pa3i BUTOKY KOH}iAeHiiHOT iHpopMmartii [7 - 10, 14, 18, 19].

BincyTHicTh y KOpropaTUBHIN Mepexi Mozesnel atak Ta 3arpo3 iH(opmallii BHYTPIIIHbOTO
3JIOBMUCHHKA OOYMOBIIIOETHCSI MPOBEJEHHSM OpraHi3alllifHUX 3aXO0JiB: BH3HAYEHHS TOCATOBUX
CHiBpOOITHUKIB, BIANOBIJAJIHUX 3a 3a0e3meueHHs iHpopMaliiHoi Oe3MeKH JaHUX; MPOBEICHHS
KOHTPOJIIO BHUKOHAHHS BHMOT HOPMAaTHBHUX MJOKYMEHTIB, SIKi PETJaMEeHTYIOTh 3a0e3TeueHHS
3axXHUCTy KOQ1ACHIIHHUX JaHUX; BCTAHOBJICHHS MOPSJIKY JOMYCKY CIIBPOOITHUKIB JUIs POBEICHHS
B1JIHOBJIIOBAJIbHO - PEMOHTHHUX POOIT MPOTrpaMHUX Ta TEXHIYHUX 3acO0IB; MOPSIKY OHOBJIEHHS
aHTUBIPYCHUX 0a3; BCTAHOBIICHHS MOPSAAKY PE3EPBHOT0O KOIIIOBAaHHS, apXiBYBaHHS Ta BITHOBJICHHS
0a3 1aHuX, [0 3HAXOATHCS Ha PI3HUX MEPEKEBUX PIBHSX l€papXii KOMITaHii.

HaBenenux 3axofiB HEOCTaTHHO, y pa3l HasBHOCTI B KOMMaHii iHcaijepa. BusBieHHs
BHYTPILIHIX MOPYIIHUKIB OpPraHi3alliiHUMU 3aX0/JaMU AYK€ BaXKKO, a TEXHIUHI 3aXOJH MOXYTb
CIPUSATH PO3CIiAYBaHHIO IHUUACHTY Oe3mneku iH(opMarllii, ajge y pa3i BUABICHHS Ta 3aTPUMAaHHs
3JTI0BMHCHUKA.
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OnHuM 13 MOXIMBUX CIIOCOOIB mepeaadyi, 3a MEpUMETp Oprasizamii, JaHUX JOTPUMAHHSI
BCTAHOBJICHUX TMpaBUJI O€31eKH, repeaada iHdopmailii B cTucIioMy abo 3amudppoBaHOMY BHUTJIIS/II.
Ha renepimHiii yac icHy10Th criocobu knacudikaii ctucioi Ta 3ammdposanoi iHpopmarlii, oJHaK
BOHU MarOTh HU3KY HEJOJIIKIB.

KiGeparaku, ocob6auBo Ti, sIKi HaliIeHI Ha iH(OpMaIiiiHi cucteMu oOpoOKH Ta 30epiranHs
KOH(IACHIIINHUX JaHUX, CTAlOTh BCE OUIBII IMIATOTOBIEHUMU Ta mnpodeciiauMu. Kputndni
HaI[lOHAJIbHI THPPACTPYKTYPH CTAIOTh OCHOBHUMH O0'€KTaMu KiOeparak, B HHUX OOpOOJIS€ThCS i
30epiraeThCsl HaWBaXKIUBIIIA 1H(OPMAITis, 3aXUCT SIKO1 cTae MpobIeMOI0, K JUIsl KOMIaHI|, TaK 1
JepkaB. ATakd Ha Taki KpUTHYHI 1HGOpPMAIIIiHI CHCTEMH BKJIIOYAIOTh MPOHUKHEHHS B MEPEKY
opraHizanii Ta BCTaHOBJICHHS IIKiJUIMBOTO MPOTPaMHOrO 3a0e3MedeHHs, SKi MOXYTh PO3KPHUTH
KoHbigeH iy iHpOpMAaIlif0, 3MIHUTH ITOBEIIHKY TEXHIYHOIrO 00maaHanus [13, 22, 24].

Jlana mpobiiema 3aroctpuiacs OCTaHHIM 4acoM 3 OTJIAAY Ha AisUIbHICTH iHcaiepis. 1106
BIIOpPATUCS 3 M€K TEHJACHIIEID, PO3POOJISIOTHCA HOBI MEXaHI3MH Ta CHCTEMH, SKI MOXYTh
3aXUCTUTH 1H(OpMaLiifHi cuctemu 00poOku nanux. [lopsn 3 mMexaHizMamu Oe3NeKd, TAKUMH K
aBTEHTH(iKallisg, KOHTPOJIb JOCTYIY, CACTEMHU BUSIBICHHS BTOPTHEHb T CUCTEMHU MPOTH/I1i BATOKAM
iHpopMarii po3ropTaroThCs SIK Apyra JiHis 000poHU. CUCTeMHU BUSBICHHS BTOPIHEHb HE MOXYTh
MPOTHAISITH 1HCAlIepaM, OCKIJILKH HaIllJIEH1 Ha 1HIII METOAM Ta MEXaH13MHU, SIKi BAKOPHCTOBYIOThCS
3JI0BMHUCHUKAMH. 3aco0u 3armo0iranHs, BUSBJICHHS BUTOKY JaHUX IMOBUHHI 3a0€31e4yBaTH BHCOKY
IIBUAKICTh BHUSIBJICHHS Ta HU3bKY YacTOTYy MOMMIJIKOBHUX TPHUBOI, HE BHUMAraruu, Mpu IbOMY,
3HAYHHUX OOYHUCIIOBATIBHUX MMOTY)KHOCTEH JiIst Kiacudikariii indopmartii [7, 13, 18, 19].

Jlnst  BUpIIIGHHS TIOCTaBJCHOI 3ajadi  HEoOXigHO: MPOBECTH aHali3 0CcOOJUBOCTEH
(GyHKIIOHYBaHHS MEPCIIEKTUBHUX 3ac00iB 3amo0iraHHsl Ta BUSBJICHHS BUTOKY KOH(IICHIIHHUX
JAaHUX, BUSBUTH OOMEKCHHS, IMOB's3aHI 3 BUSABJICHHSAM CTHUCIOI Ta 3amm@poBaHoi iHopmariii,
OOrpyHTYBaTi BHUOIp BiIMOBIZIHOTO O3HAKOBOTO MPOCTOPY Ui MOZENIOBAaHHS, C(HOPMOBAHUX
QITOpPUTMAMHU CTHUCHEHHS Ta wmudpyBaHHA 1H(OpMaIii, MCEBIOBUMAIKOBUX TOCIIIOBHOCTEIH;
po3poOuTH  MOAenb, C(HOPMOBAHMX AITOPUTMAaMH CTHCHEHHS Ta [MUQPPYBaHHA JaHHX,
TICEBJIOBUIA/IKOBUX IIOCIIJOBHOCTEH, IO BIAPI3HAETHCS BiJA BIJOMHX, BpPaxXyBaHHAM iX
CTaTUCTHYHHX XaPAKTEPHCTHUK.

[IpoBenenuit anamiz 00'ekTa IOCHITKEHHS Ta MPEIMETHOI 00JIacTi JO3BOJISE BHCYHYTH
rinmoTe3y Npo HASBHICTh Y CTUCIMX Ta 3alIM(pOBaHUX TaHUX CTATHCTUYHUX OcoOmuBOcTeil. B
pe3yibTaTi J0CHiIKEHb Y pa3l CIpaBeIMBOCTI BUCYHYTOTO MPUITYLIEHHS MOXJINBO c(hOpMYyBaTH
MOJIENIb  TICEBJIOBHITAJKOBHX IIOCIIOBHOCTEH, CPOPMOBAaHMX alTOpPUTMAMH CTHCHEHHS Ta
mu@pyBaHHS MOTOKY JAaHUX 1 PO3POOMTH METOJ 3aXUCTy KOH(QIIEHLUIHHUX TaHUX BiJl BUTOKIB
1H(popMalLlli Ha OCHOBI PO3MOALTY 3a3HAYEHUX THUIIIB JIaHUX.

AHani3 gociipkeHb B o0macti iH(opmaliifHoi 6e3MeKy MOA0 BHYTPIIIHIX 3TI0BMUCHHKIB
703BOJIsIE CPOPMYBATH MOJICIb aTaK Ta 3arpo3 KOH(IICHIIMHUM JIaHUM 3a JIOIOMOTOI0 OpraHi3arii
il BUTOKY 1HCalIepOM.

[IpoBenenuii anani3 10CHIKEHb Y AaH1M TpeIMeTH1i 00J1acTi 103BOJIUB BUSBUTH IPAKTUUHY
pobeMy HassBHUX MEXaHi3MiB 3aXUCTY: HU3bKa TOUHICTh BUSBJICHHS 3ain(poBaHoi iHdopMmarlii,
gepe3 iX CXOXICTh 3 THIIOBUMH BHCOKOSHTPOIIHHUMH IOCIITOBHOCTSIMH, BHKOPHCTAHHS
ciry>k60B01 iH(pOpMaLlii mpUTaMaHHOI Mpolecy nepeaadyi, 30epiraHis KoH}iIeHIHHOT iHpOopMaIii.
Takum ynHOM 3a71a4a KiIacugikaili CTUCINX Ta 3alu(PpOBaHUX JAaHUX € aKTYaIbHOIO.

@yHKIioHATbHA MoAeab KJaacudikanil mceBIOBHNAAKOBUX nociaigoBHocrteil. [Ipouec
dbopmyBaHHs KiacudikaTopa TMOCTIAOBHOCTEM WPEACTaBIA€ CYKYMHICTh I 3 BUIUICHHS
TMICEB/IOBUMAIKOBUX MOCTIIOBHOCTEH CTaTMCTUYHUX O3HAK, OOpOoOKY MOCIiJOBHOCTEH, BHOOPY
BIJIMOBIAHOIO MAaTEMAaTHMYHOTO amapary, MOLIyKy HahOuibll 1HGOPMaTUBHUX O3HAK, HAaBYAHHS
kiacudikaropa, MpoBeACHHS MPOLEypH TECTYBaHHS OTPUMAHOI0 Kiacugikaropa.

Ha puc. 1 npeacraBieHa cxema nporecy BUTOKY JaHUX B CTUCTIOMY/3amipoBaHOMY BHJII 32
KOHTPOJIbOBAHUH MEPUMETP KOMIIaHii.

BuyTpimHii nopymHuk (iHcaiifep) - NpuBUIeHOBaHUM KOPUCTYBay, psAI0OBUil CIIBPOOITHUK
KOMIaHii, WIKIUIMBE MporpamMHe 3a0e3ledyeHHs, BCTAaHOBJEHE BCEpEIUHI KOHTPOJIHOBAHOTO
nepuMeTpa MANPUEMCTBA Ha pobOouiid cranmii. Ilepemaua maHuMxX MOXe 3A1HMCHIOBATHCS
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CTaHJAPTHUMHU CIIOCOOaMHU Ta 3aco0aMu, Tak 1 3a JOMOMOTOI0 3ac00IB CTUCHEHHS/IIU(PYBaHHA
iHpopmarrii.

AmMiHEIiCTpaTOp Cepsep
MepexKl KePYyBaHHI MepPeKelo
Kopuctysau allj
~  BeG-ceprep 8
1IkigTHRE [ A Mepexa InTepreT
- DLP-cuctema i
I13, botnet @ =
! |
Ilomrorwuii ceprep X A
Kopuetyeau % Mepexepe
Mepe:xene P —
obnagHaHHg Ul

Tlepenaua TaHHX B 3alTH(POBAHOMY
OH CTHCTOMY BHIII

Tlepemaua TaHHX 1O

TpaUITIHAM KaHATIaM

Maiinouit ceprep

Pucynok 1 - Cxema nporecy BUTOKY JaHUX, pealli3oBaHa BHYTPIIIHIM MOPYIIHUKOM

VY pa3i BUKOpUCTaHHS 3aCO01B CTUCHEHHS/IM(PYBaHHS TaHUX ICHYIOU1 3ac00U 3armo0iraHHs
Ta BUSBJICHHS BUTOKaM iH(QOpMAIIil T03BOJISIFOTH 3/IIHCHUTH IIepenady iHpopMarlii iHcaiiepy yepe3
HasBHICTh MPAKTUYHOI MPOOJIeMH, IO IOJISITa€ B BUKOPUCTAHHI 3arojoBKiB (ailliB Ta HHU3bKii
TOYHOCTI Ki1acu(ikamii JaHuX.

OdyHKIioHaTbHA MOJENb (GopMyBaHHS Kiacudikaropa mpeacraBieHa Ha puc. 2. Ilepen
MOYaTKOM IMpotiecy hopMyBaHHS KiiacudikaTopa BXiJHa BUOIpKa MOTOKY JaHUX PO30MBAETHCSA HA
2 rpynu miaBuOIpoK: TeCTOBa, Mo BKIItoUae 20% eK3eMITISPiB BXiTHOT BUOIPKH TICEBOBHITAIKOBOT
MTOCJTIIOBHOCTI 1 HaBUAJIbHA, 110 CKIATAEThCs 3 80% €K3eMIUIAPIB BX1THOT BUOIPKH.

Fo————————mm—m—m————————

IModynoBa kiaacugikaropa

IIBII gas Kongepranis ITBIT MaremaTHYHHEH

HABYAHHSA B OiHAPHEE KOX amapar
kaAacHpikaTopa

e [

A 4

Busaauenns Ba3a 1aHHEX Q0podKA 03HAKOBOTO ModyxoBa
CTATHCTHYHHX I ) — . g - i
03HAK OpoCTopy kiaacudikaropa
03HAK
I—Kﬂacnq)mamﬂ MBI
A 4 A 4
IIBII nas Konsepranis IIBII

A 4

O64HCIeHES 03HAK Kaacadirarop

A 4

A 4

TecTA B OiHApHED Kog

Kaac
OBII

Pucynok 2 - ®yHkiioHaibHa MOJIENH MpoIiecy (popMyBaHHS KiacudikaTopa
Jlnst po3moainy BXiHOI BHOIPKHM TICEBIOBHUIAIKOBOI TOCIITOBHOCTI 3aCTOCOBYETHCS

nporenypa crpaTudikoBaHoro BUOOpy rpyr, 10 JO3BOJISE OTPUMATH pi3HI HAOOPU MOTOKY JaHUX
JUTSsl TIPOBEICHHS HaBYaHHs KiacudikaTopa (puc. 3).
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IMouarkoBuii Mmacus daiaiB

IlinBndipka 1718 HABYAHHS Hj:;':g?:ﬂ“ﬂiﬂﬂ ‘

ITinenbipka 1 IlinBubdipka 2 . IinBudipka K TTlinBub6ipka 1 ‘

| MinBubipka 1  IlinBubipka 2 Mineubipka K HinBubipka 2 ‘
- Hixeuoipka 1 ITinBudipka 2 ITinBudipra K

‘ IlinBuodipka 1 ineudipka 2 ITinendipkra K TMineubipka K ‘

AN S

[ [
HinBudipxu pis
TeCTYBAHHSA

HinBubipxu 118
HABYAHHS

Pucynok 3 - [Ipouenypa crpatudikoBaHoro BUOOPY Ipyi

B nonanbimomy He0OXiIHO MPOBECTH KOHBEPTALlil0 aHANI30BaHUX (ailiiB, 3 BIIKHIAHHSIM
nepmmx 10 kOaiiT, y OiHapHMIA BHUIIIAL A 3a0e3MeUeHHs] HEe3aJeKHOCTI, IO PO3POOISIETHCS,
MO/IeTIi TICEeBIOBUMNIAIKOBHUX MOCIIAOBHOCTEM, BiJ LIU(POBUX CUTHATYP, IO MICTATHCS B 3ar0JIOBHII
yacTUHI 3ammpoBaHUX Ta CTUCIHX (aiiniB. BBegeHHs moaiOHOT (yHKIIT 103BOJISE PO3TILAATH
(haiinu, sk O1HapHI MOCIIIIOBHOCTI.

Jliis Bu3HaYeHHS iHQOpPMAIfHUX O3HAK, 10 HAWOUIBII TIOBHO ONMUCYIOTH TICEBJIOBUIIAIKOBI
MOCIIJOBHOCTI Ta  JIO3BOJISIIOTH ~ BUKOPUCTOBYBAaTH  MOCHIJOBHOCTI  Juisl  Kiacudikamii
TICEBJIOBHITAIKOBI 3HAYCHHSI, BUKOHYEThCS (DYHKIIISI BU3HAUCHHS Bar MOCITIJIOBHOCTEH, sIKa pealtizye
OOYMCIIEHHSI BIJMOBIAHUX 3HA4YeHb TOYHOCTI NPOBEACHOI Kiacu@ikamii IS KOXHOTO KIacy
TICEBJIOBHITAJIKOBUX TOCTIOBHOCTEH Ta TpoBeACHHS s chopmMoBaHOro Kiacugikaropa
npouenypu tectyBanHs. CopMoBaHMii 03HAKOBUII MPOCTIpP, L0 JO3BOJIAE, JIJIS MOCIHIIOBHOCTEH,
JNOCATTH HaWOUIbIIOl TOYHOCTI Kjacudikauii Moxke OyTM BHUKOPHUCTaHHH SIK  MOJEINb
TICEBJIOBUITAIKOBUX TOCTIIOBHOCTEH, 3T1IHO 3 IEBHUMU METPUKAMHU.

O6pobka oTpumaHuxX i1H(MOPMAIIHHUX O3HAK, BUAAJICHHS BUKHUJIB JAaHUX 1 aHOMAaJTbHUX
3HaY€Hb JO3BOJUTH TMIABUIIMTH TOYHICTH Ta SKICTh Kiacu(ikaiii TMCeBIOBHUIIAIKOBUX
nocnigoBHocTell. Ha HacTymHOMy Kpoli HEOOXiJIHO BHM3HAUWUTH BIAMOBIIHUN MaTeMaTUYHHM
amapar, 10 JO3BOJHUTHh JIOCSATTH MAaKCUMajbHOI SKOCTI Ta TOYHOCTI Kiacudikamii
TICEBJIOBUITA/IKOBUX MOCIIJOBHOCTEH. AJITOPUTMH MAIlTMHHOTO HaBUYaHHSI TIOIISIFOTHCS Ha JIEKTbKa
KJIaciB, y Maricrepchbkiil poOOTI pO3riIsgatoThCs HelmapaMeTpUdHi (IepeBo pillleHb, BUIAIKOBUIA
JIiC), METPHYHI, 1110 BUKOPUCTOBYIOTH JIJIsl BU3HAYCHHS KJIACy TICEBIOBUTIAKOBUX MOCIIIOBHOCTEN
BiAnmoBiaHy Metpuky Bincradi (amroput™ KNN), Takok HEoOXigHO BHOpaTH METPHKY TOUHOCTI
Kiacudikairii mceBIOBUNAAKOBUX TOCI1TOBHOCTEH.

Bubip merpuku TouHOCTI Kiacu@ikarlii MCeBIOBUIMAAKOBUX MOCHiqoBHOCTEH. HaiiOinbim
MOIIMPCHAMH Ta 3aCTOCOBYBAaHMMH METPUKAMH JUUIS OI[IHKA pE3YJIbTATIB CKCIECPUMCHTIB
OTpPUMaHHUX 3 MAIIMHHOTO HaB4YaHHs €: Precision, Recall, Accuracy, F-mipa ta AUCROC [10 - 12].
Bulip BiANOBIAHOT METPUKHM 3aJ€XKHUTh B TUIy pO3B's3yBaHOi 3aaadi, Moxke (oKycyBaTH
HaAITyBaHHs KiIacudikaTopa Ha HaOip JaHHUX 3 IEBHUMU XapaKTEPHUMU PUCAMHU.

Ilepen BUOOPOM METPUMK BHU3HAYEHHS TOYHOCTI Kiacu@ikaiii TCEeBIOBUIIAIKOBHX
MOCIITOBHOCTEH alropuTMaMu MaIlIMHHOTO HaBYaHHS HEOOXiTHO, TOKIAJACHY B OCHOBY IIUX
METPHUK, PO3IJISIHYTH OJIHY 3 TOJIOBHUX KOHIICMIIA — MATPHUIF0 TOMHIJIOK. IS BHITaJIKy
BUKOpUCTaHHA OiHapHOi kiacudikamii MaTpuis MOMHIJIOK IpeiacTaBieHa Ha puc. 4. Ha puc. 4
HaBeJleHa rpadiuna inTeprpeTtanist meTpuk Recall (moBHoTa) 1 Precision (TOYHICTB).

Sk HaBeJEeHO Ha pHC. 4 MATPHIA IOMUIIOK IpeAcTaBisie coooro marpuio posmipy N x N |
ne N — xinbkicTh KIaciB MceBIOBUIIAIKOBHX TOCIIOBHOCTEH, 0 GEPYTh y4acTh y MPOBEIEHHI
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knacuikamii, y Bunaaky Oinaproi knacudikarii N = 2. CTOBII MaTpHILli IPEACTABISITh MHOXKHHY
nepeadaveHux Kiacu(ikaTopoM IICEBJAOBHIAAKOBUX TocCHigmoBHOCTeH. [lim dwac mpoBeneHHs
kiacudikarii 3Ha4YeHHsT KOMIPOK MaTpHUIll IHKPEMEHTYIOThCS Ha 1.

Ilepenbauenuii k1ac

0 1
= 0 True Negative (TN) t l;aIs; l;oisiiti;ei(;}:)i 7E
= |
| ——————
= I SO
Recall  Precision

PucyHnok 4 - Matpuiisi TOMHIIOK ITiJ] Yac MPOBEACHHs OiHapHOT
Kkiacudikaiii rmceBIOBUMAKOBHX TOCIiJOBHOCTEH

B 3anexHOCTI BiJl ICTHHHOCTI KJIacy TICEBJIOBHITIAIKOBOI MOCIIJOBHOCTI, IO aHAI3YETHCS,
pe3yNbTaT OIIHKHU IependadyeHoro KiacugikaropoMm KIacy po3MOAUISETHCS HA OJHY 3 YOTUPHOX
rpyi: BipHO BimHecenux 1o kinacy 1 (TP); Bipuo Bimnecenux no ximacy 0 (TN); HeBipHO BiHECEHHX
no knacy 1 (FP); neBipHo Binnecenux no kiacy 0 (FN).

YMOBHUH mpuKiIan Kiacudikamii MCeBIOBHUITAIKOBUX IOCIIJOBHOCTEH MpEICTaBICHUN Ha
puc. 5. OGnacte BUOOpPY kiacudikaTopa mHpeacTaBieHa 3adapOoBaHUM KOJIOM, MOBHI KIacu
TICEBJIOBHITAIKOBUX ITOCIIIOBHOCTEH € KOJOHKAMH 3 BHUIUICHHMH CHUHIM 1 YepBOHUM KOJIHOPOM
o0'exTiB. Buxonsuu 3 rpadiunoi iHTepmperalii Ta MNPEACTABIECHOTO OMHCY MOXHA 3POOHUTH
BHCHOBOK ITpo Te, mo MeTpuka Recall He xapakrepusye 3qaTHICTh Kinacu(ikaTopa KiacugikyBaTu
0o0u/1Ba KJIacH ICEBAOBHUIAIKOBOT IOCIIIOBHOCTI, € BIIOOPaKEHHSIM 3JJaTHOCTI 3HAXOIUTH 00'€KTH
neBHOro kiacy. Merpuka Precision 103Boiisi€ OLIHUTH, CKITBKH 00'€KTIB OJTHOTO Kjlacy oOpaHHX
KJIacu(ikaTopoM IIHCHO BITHOCATHCA 10 3amaHoro. [lommiku kinacugikaiii moauIsSIOTh Ha JBa
tunn: False Negative (mommnkoBo HeratuBHi), False Positive (momMuiaxoBo mo3uTuBHi). Y
CTaTUCTULII IEPIIUI TUIT TOMHIIOK - MOMUIKH II-ro pony, apyruii - momuinkoro [-ro ponay.

FN N

© TP | FP ®
© ‘.EOO
® ©
® O]
| o
® & o o

Hudpu ApxiBu
Pucynox 5 - Ilpuximan knacudikaiiii mceBa0BUMAAKOBUX MOCIITOBHOCTEH

o S
o (%)) 5
@

MeTpuKki TOYHICTb, TMOBHOTA, YacTKa MpaBWIbHHUX BIAMOBiACH, y (opmambHOMY BH/II
npeacrasieHi Bupasom (1):
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TP

Precision =—,
TP +FP
Recall = L, (1)
TP+ FN
TP+TN
Accuracy =

TP+TN+FP+FN’

ne TP - BipHO Ki1acudikoBaHi kiacudikatopom 06'ektu nepiioro kiacy, T'N - kinacudikoBani
BipHO 00'ekTH Apyroro kiacy, FP - xinacugikoBaHi HEBIpHO SK 00'€KTH MEPIIOTO KIacy 00'€KTH
apyroro kiacy, NF - knacudikoBaHi HEBIpHO K 00'€KTH IpYTroro Kiacy 00'€KTH MepIIoro Kiacy.

Takum yMHOM HaAWOLNBIII 3HAYEHHS TOYHOCTI 1 MOBHOTH CBiYaTh MPO BHCOKY 3/IaTHICTH
kimacudikaropa, OJHOYACHO JaHI METPHKH MaKCMI3yBaTh HEMOXIWBO. Il OIIHKA TOYHOCTI
Kiacudikaropa 3aCTOCOBYIOTh METPUKY F -Mipa, sKa € TapMOHIMHUM cepeaHIM MK TOYHICTIO 1
MOBHOTOIO, JIO3BOJISIE BPaxOBYBaTH OOWIBI XapaKTEPUCTHUKU (METPUKH). Y pa3i 3aCTOCYBaHHS
koedirienta f = 1 dopmyna (1) nadysae Buny F -mipu (2). Merpuka g — mean (3), BpaxoBye
MPaBUJIbHI BIIMOBIII 000X KIIACiB.
Precision - Recall

) 2. Precision + Recall ) ’

g _(TP j( TNj 3
mean TP+FN ) \TN+FP )/’

Mertpuka Accuracy (JacTka mpaBHJIBHHX BiJIOBIi/IEiT) BpaxOBYy€e MOMIIIKH Ki1acugikaTopa Ta

()

F1=(1+ﬂ2)-(

BC1 IpaBuiIbHI BianoBiai. OCKiIbKH BHOIpKa JaHUX € 30aJ1aHCOBAHOIO, JIaHa METpPHKa oOpaHa JJs
MIPOBE/ICHHS €KCTIEPHMEHTIB.

Marematuynuii  amapatr  (opMyBaHHA  KJacupikaTopa  ICeBIOBHMIIAJKOBHX
nociaigoBHocreil. [Ipy mpoBeneHi AOCHIHKEHHS B TMPEIMETHIH 00JacTi 3yCTpidaroThCs Pi3HI
HaOOpH JaHuX (B1AKPUTI HAOOPH TaHUX, 3T€HEPOBaH1 BUOIPKHU JaHUX ) JIJIS TPOBECHHS TeCTyBaHHS
QITOPUTMIB MAllTMHHOTO HaBYaHHS, B 000X BHMAJKaX BIJACYTHE OOTPYHTYBAaHHS pO3Mipy BHOIPOK
naHux. Js miATBep/KEHHS CTAaTUCTHUYHOI 3HAYyHIOCTI €KCIEPUMEHTIB, HEOOX1HO BU3HAUUTH
KUIBKICTh (DalIiB KOKHOTO KJIacy, HMDKHIO MEXY pPO3MIpy BHUOIPKH JaHUX, OCKUIbKH (PYHKIIIT
CTaTHUCTUYHOTO aHaNi3y JUIsl OTPUMaHHS O3HaK 3 iHQopmarlii, moTpeOytoTh YacoBUX BUTpat. Jls
BU3HAUEHHSI MIHIMAJIbHOI KUIBKOCTI JJaHUX Yy BUOIpPLI CKOPUCTAEMOCS Z-KpPUTEpieEM, 3HAYEHHS
kputepis ans 99% posipuoro iHtepBamy 2,577 [21]. OcCkinbkM 3HAY€HHS CTATUCTUYHMX
napameTpiB, OUCIEpCli OTPUMYBAHMX YacTOT MIAMOCIITOBHOCTEH OOMEXeHOi IoBXUHU N

HEBIZIOMi, CKOPUCTA€MOCS IJIAHOBAaHUM 3HAYECHHSAM JUCIEpCii, BU3HAYAEThCA 52, KpiM TOTO
of =n-1, 3nauenns N i t,;,5; HeBimOMi, 3HaueHHs t-KpuTEpis Moxke OyTH ampOKCHMOBaHO

JBOCTOPOHHIM Z -KpuTepieM. KinbkicTh haiiiiB y KOxKHIM rpymi BU3BHAYAETHCSI HACTYITHUM BUPa30M
(4):

N=4x8"X(2402 | @) +2215 12 (4)

[TonpaBounuii KoediieHT 22,2 BHOCUTBCSI y pa3l, 110 3HAUEHHS KpUTepis Z MEHIle

3Ha4YeHHs1 l-kpuTepTepio. Buxoasum 3 MpoBeAEHUX EKCIIEPUMEHTIB, BU3HA4YE€HA JIOBXXHHA
MIANOCTIAOBHOCTI - 9 OiT. 'pyHTyr04YMCh HAa ONHMCI CTATUCTUYHOIO TECTY Ha MiJAPaxyHOK He
nepeTuHaouux 1mabnoniB makery TectiB NIST [21], BU3HauuMO cepeIHbOKBAJApaTHUYHE
BIIXWJICHHS 1 MaTeMaTUYHE OYIKYBaHHS IS IIAMOCTIAOBHOCTEH TOBXKUHOIO 9 OiT (5):
M-m+1
g=—>=

om ()
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- 1 2.m-1
o —MX(Z—m—ZZ—mj, (6)

Ie M - moBkpHA aHa30BaHOI IOCIIMOBHOCTI B OiTax, M -IOBXKHHA IIANOCIIZOBHOCTI B
Oirax.
[TixcraBnsroun OTpUMaHi 3HAYCHHSI TSI JOBXXHUHM TTociioBHocTi M =700 1 m=9 oTpumaemo

3HAYEHHS MAaTeMaTU4HOro ouikyBaHHS 4 =9600 Ta cepeaHbOKBAJAPATUYHOTO BIAXUJICHHS ol =

18,1, BpaxoBytoun Bupa3 (4) MiHIMaIbHHNA po3Mip KOKHOI Ipymnu (aiiiB y BuOipui gopiBHIOE 8689
(aiimis.

Jis popmyBaHHs BUOIpKH BigiOpaHi TEKCTOBI (hailfid, M0 MICTSITh OCMHUCICHHHA TEKCT
YKpaiHCbKOI0 MOBOIO. BpaxoByroun crienudiky 3armpornoHOBaHOTO MiAXOAy Ta A 00'€KTHBHOCTI
knacudikaii, HeoOXiTHO 3a0e3NeUUTH PiBHICTH PO3MIpiB (ailiiB, M0 KIacU(iKYIOTHCS, BUXITHUX
MOCJTIZIOBHOCTEH aJITOPUTMIB CTHUCHEHHS 1 MMQpPYBaHHSI NaHUX, Oyn0 cHOpMOBAHO IBI Tpynu
¢aitnis: 3ammdposani (anropurmu mmppysanas Camellia, AES, RC4, 3DES), crucmi (¢aim 3
posmupenss: ZIP, RAR, GZ, BZ, XZ).

Jns  moOymoBu  kiacudikaTtopa IOCHIIOBHOCTEH HEOOXiTHO OOIpyHTYyBatu BHUOIp
BUKOPHCTOBYBAaHOTO MaTEMaTWYHOTO amapary, SKWid Oylne BHKOPUCTaHWI Juid peamizamii
kinacudikaropa. Ha tenepimHiii 4yac icHye Oe€3iid aJrOpUTMIB MAIIMHHOTO HABYaHHS, SIKi
JEMOHCTPYIOTh, IPU BHUPIIICHHI MIMPOKOTO KOJa 33/1a4, BUCOKi pe3yibraTd. B Tabn. 1 HaBeneHo
Habip QaiiiB MpoBeneHHs EKCIIEPUMEHTIB, /Ui BUOOPY MaTeMaTUYHOTO arnapary Kiacudikaropa.

Ta0mus 1
Habip daiiniB mpoBeeHHS €KCIIEPUMEHTIB
Anroputm MiTka KinbkicTb Po3mip
TIePETBOPCHHS KJIacy (haiiiB daiina, kb
AES (CBC) 0 2000 600
3DES (CBC) 0 2000 600
RC4 (CBC) 0 2000 600
RAR 1 2000 600
ZIP 1 2000 600
7Z 1 2000 600
BZ2 1 2000 600

PerpocniekTuBHUI aHami3 [03BOJSE€ BUAUIUTH QITOPUTMU MAIIMHHOTO HAaBYaHHS, SKI
3aCTOCOBYIOThCS TIpH Kiacuikaiii CTUCIMX Ta 3amu@pOBaHUX JaHUX, IO HAMOUIBII YacTo
3ycTpivaroThes B JiTepatypi [10].

3actocoByBaBcs ainroput™ KN N, st kinacudikaiiii OiHapHUX (aiiiiB, TOYHICTh Kiacuikariii
BIJIKpUTHUX, CTHCIUX/3amiMdpoBaHuX AaHux craHoBuwia 0,97. Jlng BusBIEHHS 3alIM(ppPOBAaHOTO
Tpadiky SSH 3acTOCOBYBAIUCS aITOPUTMHU aJallTUBHOTO OYCTHHTY Ta MOOYAOBHU JiepeBa pillleHb,
no3Bonmiu gocartu TtouHocti 0,72. Ilepenmana iHdopmaris, aas oOYMCIEHHST eHTpomii OJOKiB
JaHUX, TiaBaiacs MONepeaHboi 0OpoOKM 1 mepenadi Kiacu(pikaTopy OTPUMAHUX O3HAK JUIS
kyacudikailii Ha OCHOBI BUKOPUCTaHHS METO/Iy OITIOPHUX BEKTOPIB, TOUHICTH AopiBHIOBaia 0,79 s
CTUCIMX/3aIM(PPOBAHUX JAHUX.

Jna knacudikanii 3ammppoBaHrx, O1HAPHUX, TEKCTOBUX IaHUX 3aCTOCOBYBAINCS AJITOPUTMHU
moOy/I0BY JIepeBa pillieHb Ta aNTOPUTM OMTOPHUX BEKTOPIB, TOUHICTH cTaHoBmIA 0,89. Y poboTi [ 14]
JNOCTIKYETbCS MOMIIMBICTh Kiacudikamii CTHCIUX Ta 3alM(pOBaHUX JaHUX 3TOPTKOBUMU
HEHPOHHUMH Mepexamu anroputMoM i KNN. Haii6inbIioi TOUHOCTI, B TaHOMY BHIIAAKY, JOCSTIIN
BUKOPHUCTAHHS 3TOPTKOBHX HEHPOHHUX Mepex 3 TouHicTio kinacudikamii 0,68. ocmimkyerbes
MO>KJIMBICTh 3aCTOCYBaHHS aJrOPUTMIB MAlllMHHOTO HaBYaHHS Ha 3ajayax kiacudikauii ue VPN
Tpadika i VPN, y HailO1IbII Mi3HIX poOoTax.

Taxox, po3risiialoTbes aIrOPUTMU MAIIMHHOTO HABYAHHS, SIK1 MOKA3aJId HACTYIHI TOYHOCTI
knacudikamii: Bumagkouit mic - 0,91; mepeBo pimens - 0,91; morictmuna perpecis - 0,92;
kyacu(ikaTop Ha OCHOBI 3TOPTKOBUX HEMpOHHUX Mepex - 0,97; HaiBHMi kinacudikarop baiieca -
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0,35. 3acTocoByBaJIMCSI METOJl ONOPHUX BEKTOPIB Ta aJrOPUTMH MOOYIOBH BHIIAJKOBOTO JIICY,
MOKa3aJI HEBUCOKY TOYHICTh TIPH Kiacudikallii pizHux TumiB (aitmis: aymio - 0,63; Bigeo-daitm -
0,71; 300pakeHHs Ta TeKcTOBI (haiinu - 0,74.

TakuMm 4YMHOM, Ha TEMEpeUIHi Yac, MOXXHA 3pOOMTH BHUCHOBOK IPO HAMOUIBII YacTo
BUKOPHUCTOBYBaHI JITOPUTMHM MAIIMHHOTO HABYAHHA: TPajieHTHUH OyCTHUHT; BHUIAJKOBUH JIiC;
nepeBo pimeHb; KNN.

VY psai poOiT 3a3HaYAETHCS, 1110 HAKOUIBITY TOUHICTH Y 33a4ax Kiacudikaiii 0e3nepepBHUX
Ta KaTeropiajibHUX 3HAYCHb MAIOTh AITOPHUTMHU JIEPEB PIlICHb Ta MOOYJAOBU BHIIAIKOBOTO JICY,
TaKOXK y 3a1a4ax OinapHoi kiaacudikamii. 3 miei mpuunau anroput™ KNN, nepes pitieHb, mooymoBu
BUIIA/IKOBOTO JIicy Oynu oOpaHi /it moOynoBH Kiacu(}ikaTopiB Ta MPOBEACHHS OLIHKU X TOYHOCTI.

JInst OIIHKKM aJIeKBaTHOCTI 3allpOMIOHOBAHOI MOJIENI TPOBEJCHI EKCIEPUMEHTH MO0
BU3HAYECHHS TOYHOCTI KJacH]ikamii ICEBIOBHUIIAKOBUX IOCTIJOBHOCTEH alropUTMaMu
MAaIIMHHOTO HaBYaHHS, OTPUMaHI Pe3yJIbTaTH MPEJICTaBlIeH] B Ta0I. 2.

Tabmurs 2
Ominka TounocTi knacudikarii [I1BIT anropurmMamu MalmmmHHOTO HAaBYaHHS TTPH
BUKOPHUCTAHHI MOJIEJIl HA OCHOBI I IMTOCIITOBHOCTEH OalT 9 OIT

Ne Anroputm Accuracy
n/m
1 Random 0,895
Forest
2 Decision 0,892
Tree
3 kNN 0,92

BucnoBku. I[IpeacraBiena Moienb NCEBIOBUITAKOBUX MOCIIJOBHOCTEH, IO BiPi3HAETHCS
Bil aHANOriB 3 BpaxyBaHHSAM pO3MOJAUTY OaliT Ta 3 BpaxyBaHHSM 4YacTOT OIiTOBUX
IMATOCHITOBHOCTEN TOBXKUHU 9 OIT.

IIpoBeneHo aHami3 O3HAKOBMX HPOCTOPIB, fAKI HaWYacTille BUKOPHCTOBYIOTHCS
kiacudikaropaMu mija yac Kinacugikarii mceBI0BUIAIKOBUX ITOCTIJOBHOCTEH, OOTPyHTOBaHO BUOIp
JOBKUHU T1AMOCIITOBHOCTEH, pO3MIpOM B JICB’SITh OIT.

Haiibinpin  4acTO BHMKOPHUCTOBYBaHI QJITOPUTMHU MAIIMHHOTO HaBYaHHS, B PI3HUX
JOCTIIKEHHSIX, TTOB'13aHuX 3 Kiacudikaiieto iHdopMarllii: rpagieHTHUN OYCTUHT; BUITaIKOBUH JIiC;
nepeso pimerb; KNN

Jlns OLIHKM aJIeKBaTHOCTI 3allpONIOHOBAHOI MOJIENI TPOBEJCHI EKCIEepUMEHTH 00
BU3HAYEHHSI TOYHOCTI Kjacu@ikaiili TCeBIOBUIIAKOBUX IMOCHIIOBHOCTEH  aJIropuTMamMu
MAaIIMHHOT'O HABYAHHS.

Haii6unpiry TouHICTh y 3afaudax kiacugikaiii Oe3nepepBHUX Ta KAaTeroplaJlbHUX 3HA4Y€Hb
MaloTh AITOPUTMHU JIEPEB pillleHb Ta MOOYAOBU BMIIAJKOBOIO JICY, TAKOXK Yy 3ajadax OiHapHOL
knacudikarii. 3 miel npuunau anroput™ KNN, nepes pilieHb, moOyI0BH BUIIAIKOBOTO Jicy Oyiu
o0paHi a7 moOy10BH KJIacU(iKaTOPIB Ta MPOBEIEHHS OI[IHKH 1X TOYHOCTI.
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Dr. Tech. Sci. Prof. Lienkov S.V., Ph.D Dzhuliy V.M.,
PhD. Mulyar L.V., Ph.D. Kubiavka M.B

FUNCTIONAL MODEL OF CLASSIFICATION OF PSEUDO-RANDOM
SEQUENCES OF ENCRYPTED AND COMPRESSED DATA
PREVENTION OF LEAKAGE OF CONFIDENTIAL INFORMATION

The task of building a formalized insider model, which can be used both in commercial and public
companies, is considered. It is shown that data security threats are characterized by a set of qualitative
and guantitative vector indicators, and their formalization requires the application of fuzzy set theory and
discrete mathematics. It is shown that it is impossible to use expert traditional assessment methods to
determine most of the considered indicators.

To minimize the risk of leakage of confidential information, it is suggested to form groups of
employees and calculate the risk of leakage of confidential data for each of them.

The development of a model of pseudo-random sequences will allow us to assess the degree of
influence of statistical features extracted from pseudo-random sequences and used in the process of
forming a classifier on the accuracy of the classification procedure. The obtained guantitative values of
the features will allow to optimize the number of parameters, subject to the required accuracy, to estimate
the complexity of the feature removal procedure. On the basis of the simulation results obtained, the
identified features of the classifier, it is necessary to justify the choice of a mathematical apparatus, which
will allow us to proceed to the practical implementation of the sequence classification algorithm formed
by data compression and encryption algorithms.

The conducted analysis of research in this subject area made it possible to identify a practical
problem of existing protection mechanisms: low accuracy of detecting encrypted information, due to their
similarity to typical high-entropy sequences, use of service information inherent in the transmission
process, storage of confidential information. Thus, the task of classifying encrypted and compressed data
is relevant.

In order to solve the given task, it is necessary to: conduct an analysis of the features of the
functioning of prospective means of preventing and detecting the leakage of confidential data, identify the
limitations associated with the detection of compressed and encrypted information, justify the choice of
an appropriate feature space for modeling pseudo-random sequences formed by information compression
and encryption algorithms; to develop a model of pseudo-random sequences formed by data compression
and encryption algorithms, which differs from known ones, taking into account their statistical
characteristics.

The presented model of pseudorandom sequences differs from analogs taking into account the
distribution of bytes and taking into account the frequencies of bit subsequences of length 9 bits. To assess
the adequacy of the proposed model, experiments were conducted to determine the accuracy of
classification of pseudorandom sequences by machine learning algorithms.

Keywords: pseudorandom sequences, functional model, information security, classification
accuracy, encrypted, compressed data.
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PEAJIIBAIIIA MOJEJIL I'PH 3 IBOCTOPOHHIM HIACJIIAKOBYBAHHAM JJIsA
BUITAIKY AHAJII3Y PI3HOPO3MIPHUX JAHUX

Hlupoke 3acmocy8anns 6 CyuacHuUx ymMoeax cucmem iMimayiitHo20 Mooen08aHHA 60ilosux Oiil nio
yac iX GUKOPUCMAHHA 6 CHMAHOAPDMU3OGAHUX NPOUEOYPAX RPUUHAMMA PIilieHb RPU3COOUMDb 00
niosuuiennsa epekmusrnocmi ma AKocmi cucmem imimayiitno2o mooenioéanua. B oocnioiceni npogedeno
ananiz piwiensv icposux mooeneil 6e0eHHs 08OCMOPOHHBLOI 2PUI3 NPOMUNEHCHUMU IHmMeEpecamu O/
GUNAOKY KOIU YUC06] 3HAYEHHA MaAlOmb pi3HOpo3mipuuii xapakmep. Kpim mozo, npoeeoeno pooomy
U000 PO3GUMKY MA 600CKOHAIEHHA i2p080oi Mo0deli 080CHOPOHHBOI 2pu. AxmyanvHicms pobdomu
00yMo61IeHA WUPOKOIO peanizayicto cucmem iMimauisino2o Mooento6antsa 601osux Oiil AK NPOZPAMHO20
3abe3neuenna komn’tomepuux cucmem 3 OC Android ma Windows. B poboomi oocnioxcyemuca
GU3HAYEHHA WAXIE Peanizayii payionalbHUX MIAHUX cmpameciil CKIAOHOI0 CUCIEMOI0 AK i2posux
Mooeneii 6e0eHHA 080CHIOPOHHBOI 2pu i3 NpPOMUNEHCHUMU IHmMepecamu 3 cionoeol0 moukoiw. B
3a3HAYEHUX CUCIEMAX NPEOCMABIEeHHA Yucesl 30IUCHIOEMbCA 3 NABAIOU0I0 KOMOI0. 3°AC06aH0, AK came
0c001UB0CMI NPEOCMABNIEHHA YUCeN GNIIUEAIOMb HA PE3YTbMamu MoOeI06anHs, KOAU 6UKOPUCHAHO
Ppisnoposmipni Oamni. Pesynomamu pobomu 003601amb GUKIIOYUMU HEOOCHOGIPDHI pe3yTomamu
iMimayinno2o MoOenv6anHa nio uac ix 6UKOPUCMAHHA 6 CMAHOAPMU306AHUX NPOUEOYPAX RPUTTHANM S
Dpiwens. Iloxazano, w0 3 6UKOPUCMAHHAM MAKCUMIHIHHOT cmpamezii CmillKi YUKIU 2pu Yymeoproeaniucs
mibKu 3 YPaxyGaHHAM 3HAUEHL e/leMeHmie mampuyi umosipHocmeil nepexoodie. Ile docazaemuvca
opmyeannam zpu, 3Hauenna UXIOHUX OAHUX 01 AKOT CKIAOAIOMbCA MIIbKU 3 HYNI6 | 00UHUUb. 3a
3a3Hauenux ymoe cmarwomsy 0ea 3asoanna. Lle docnidrcennsa enaugy ocobdaueocmeil npPeocmasienus
yucesn 6 naAAGAIOUOI0 KOMOIO Ha pe3yvmamu mooentoeanns. Ta po3eumox i 600CKOHANEHHA i2POGUX
Moodeneil cucmem imMimauiiinozo Moo0eat08anHs 00osux Oill 0N YCYHEHHA HeZAMUBHO20 GNHUBY IX
ROMUNOK HA Pe3yIbmamu GUKOPUCHAHHA CHAHOAPMU308AHUX RPOUEOyp RpulHamms piuieHvb. B
pe3ynvmami 00cai0HceHb 600CKOHANEHO i2P08y MO00eib 3 080CHIOPOHHIM RIOCAIOKOBYBAHHAM 01
GUNAOKY Pi3HOPO3MIpHUX 0aHux. Boockonanena moodens iopiznacmocs 6i0 6i00MuUX 6UKOPUCHIAHHAM 8
AKocmi Kpumepito OyiHKU eheKmugHOCmi pOOOmU MEXHOI02IYHOT cucmemu YnpagaiHH MHOMICUHU YCIX
00CAZHYmMUX pe3ynbmamie PYHKYIOHYE8aHHs 6UKOHYIOUUX eleMeHmi8 niocucmemu.

Kniouosi cnosa: 06ocmoponne niociioko8y8amHusa, CmilKi UWUKIU, pi3HOPOIMIPpHI OaHi,
npeocmagieHHA Yucen 3 n1aeaiouol0 KOmoro.

Beryn. OcranHiM 4acoM, B 3aJIeKHOCTI Biji crmeuu¢piku 3aBAaHb Ta PU3MKIB B 00i0BOi
0o0CTaHOBIII OpraHiB Ta 3aco0iB PO3BIJIKM, HE BHCTAuyae JIsl BUSIBICHHS 3aco0iB Ta 00’€KTIB
IIPOTHBHMKA Ha IUISHKAX MicueBocTi. [IpoBenennit anami3z pe3ynabTariB 00MOBUX il OKa3ye, 110
3pOCTaHHs 3yCWIb Ha 3a0€3MeUeHHs PO3BIIKUA CUJI Ta 3aCO0IB TPOTUBHHUKA B TIOPIBHSHHI OCTAHHIX
JIBOX POKiB 3pocio B 2—3 pasu. 1o nepiue, 11e KOHTPOJIb 32 BEAUKUMHU AUITHKAMH MICIIEBOCTI Ta, Ha
KaJb, 1€ 0araTo amapaTypu CTaporo mnapky. B Toi ke yac Ha mOpsIIOK 30UTHIIHIINCH MOYKITUBOCTI
NPOTHBHMKA, 110 HAINPABJIEHHI Ha MPOTHUAII0 POOOTI TEXHIYHUM 3aco0aM pO3BIAKH Ta OpraHam
po3Biaku. Ciiji 3a3HaYUTH, IO YITPABIIHHS CHJIAMH PO3BIIKY 31HCHIOETHCS peasizalliero ICHYIYnX
MOJIeTIel yIpaBIiHHS Pi3HOPIMHIUMYU cuilaMu 1 3acobamu. L{i mozeni noOpe onmcano y [1 — 4].

JlocBin OoioBUX i TTOKA3ye, MO AIIePEKTUBHOTO BUSBICHHS CHJI 1 3aCO0IB MPOTUBHUKA HA
JUISHII MICHEBOCTI, MOTPiIOHO MPOBOJUTH MEPEPO3NOALT TeXHIYHUX 3aco0iB po3Biaku (T3P) ta
MOPSAZIOK 3aCTOCYBaHHs opraHiB po3Biaku (OP), sxi OynyTs Halle()eKTUBHIII B TaHUN TIEpioj acy.
Iopsia 3 pob6ororo OP Ta T3P notpibHO BpaxoBYBaTH pi3HOMAHITHHUM BIUIMB MIPOTHUBHHKA.

AKTyallbHICTb pOOOTM OOYMOBJIEHAa IIMPOKOK peai3alli€l0 CHCTeM IMITaliifHOro
MO/IEJIIOBaHHs OOMOBUX JIiHl i/ yac IX BUKOPUCTAHHS B CTAHIapPTU30BaHUX MPOLeTypax MPUHHATTS
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pimens (decision making process). Ta BiAMOBIIHO 1 TUIATH 32 TOXUOKH B IPUHHSTTI yIIPaBIiHCHKUX
pimrens [5]. Cuctemu imiTariiHOr0 MOIETIOBAHHS OOHOBHX il peai3ylOThCS K IPOrpaMHe
3abe3neueHHs komm torepHux cucreM 3 OC Android ta Windows [6, 7]. B 3a3HaucHux
OIepaIlifHUX CHCTeMaX MPEACTaBICHHS YUCIOBHUX JTaHHUX 3/IIHCHIOETHCS 3 TUIaBAK0UY00 KoMoio [8],
110 HaKJIa/1a€ OOMEXEHHS Ha 3aCTOCYBaHHS TEOPETUYHUX PE3YIbTATIB TOCIIIKEHb IBOCTOPOHHBO1
I'PH 13 TPOTUIICKHUMHU THTEPECAMH.

AHaJIi3 0CTaHHIX JOCJTiZKeHb

OnrcoM po3noiiiB 00’ €KTIB PO3BIIKMA HAa MICIIEBOCTI paHimie Oysa mpucBsueHa podorta [9].
ABTOpH TIPOBENM TOCIIOBHY ampooOarlito Ta BepudiKaIio MOJEIl 3aKOHY PO3IMOALTY 00’ €KTIB
PO3BiAKH B MIMOMHI 00MOBUX MOPSAKIB. [ BITHOBIEHHS MOJENIEH 3aKOHY PO3MOALTY 00’ €KTiB
PO3BIIKK PO3POOICHO METO/T AlIPOKCHUMAIIT IIIUIBHOCTEN PO3IMOALTY HMOBIPHOCTEH 0araroxo10BOro
BUTIISAAY. AmpoOariisi mpoBeeHa Ha BiJOMHUX CTaTUCTUYHUX JaHUX INUIIXOM OaraToKpaTHOTO
BIJIHOBJICHHSI AHAJIITHYHOI CTPYKTYpH. AJie B JOCHIDKEHHI HE MPHUIIJICHO HEOoOXiTHOT yBarm
JUHAMIII TOCITiIKYBaHOTO TPOIIECY 32 YMOB MIPOTHUIII.

B poGoti [10] mocnmimkyeTbcss BH3HAUYCHHS INUIAXIB peatizallii pamioHaJIbHUX MIIIAHUX
CTpaTeriii CKIaJHOI0 CHUCTEMOIO SK IrPOBHUX MOJENEeH BEICHHS JABOCTOPOHHBOI TpH i3
MPOTUJICKHUMU 1HTEpecaMu 3 CIAJI0OBOIO TOUKOI. ABTOP 30CEpEIUBCS HAa OTPUMAaHHI ONTUMAaIbHOL
3a BU3HAYEHUMU KpuTepisMu Mmoaeni rpu. Cirill 3a3Ha4nTH, 0 peati3yBaT OTPUMaHi pillIeHHs Ha
omneparliiinnx cuctemax Android ta Windows 6e3 po3po0iieHHs crieliaibHuX METO/1iB BpaxyBaHHS
PO3PSAIHOCTI MPEACTABICHHS YUCIIOBUX 3HAYCHDb BUXITHHUX MapaMeTpiB ckiagHo. e oOymoBieHo
0COOJIMBOCTSIMH MPEACTABICHHS YKCeN 3 MJIaBal0u0r0 KOMOIO [ §].

B po6ori [11] orpumaHO irpoBi MoOjeni BEACHHS IBOCTOPOHHBOI T'PH i3 MPOTHIICKHUMHU
iHTEepecaMu NJs BUNAJAKY BU3HAYEHHS pAIliOHANBHOI CTparterii, KOMU MPOTHBHHUK HE aHaTi3ye
po0OTYy HAmIMX TEXHIYHMX 3acO0iB PO3BIIKM 1 MEPEMIKOAM JJISi HUX 3’ SBIISIOTHCS BHITAIKOBO.
JloriyHMM PO3BUTKOM MOJIENEH BeIEHHS JBOCTOPOHHBOI I'PH 13 MPOTUIICKHUMHU 1HTEPECAMHU cTaja
pobora [12] ne 3ampoNOHOBAHO TEOpPETHYHE pilIeHHS (OPMYBAaHHS ONTUMAIBHUX 3MiIIAaHUX
CTpaTeriil ympapiiHHS CKIaJHOI0 CUCTEMOIO JUISi KOHKPETHOTO MPAKTUYHOTO BUMIAJIKY.

Moxna 3ayBaxkuth, mo pobdotu [10 — 12] He BpaxoBYIOTh OCOOIMBOCTI peaizarii
AQHAIITUYHUX 3aJIEKHOCTEH B MPOTrpaMHOMY 3a0€3MEYEeHHI CHCTEM IMITAlliiHOTO MOJAETIOBAHHS
B3arajii Ta 0COOJIMBOCTI IPECTABICHHS YHCEN B IUIABAI0OYOI0 KOMOIO KOMII FoTepHHX cucteM 3 OC
Android Ta Windows. OTpumaHi pe3yabTaTi € CyTO TEOPETHYHI B BIAMOBIAHUX Taly3saX 1 CKIQIHO
pealti3yloThCsl B BUMAJIKY CIpoO iX mporpaMyBaHHs IONYISIPHUMHU 3aCO0aMH.

Oco6auBICTIO BUXIJTHUX JJaHUX € (DaKT iX pizHOpo3MipHOCTI. [1iJ pi3HOPO3MIPHICTIO MA€ETHCS
Ha yBa3l BUKOPUCTaHHs JaHuX onucanux sk float Ta dabble B mporpamuux peanizaiisix Mojaeeu.
Ane 3a3HaueHMil (QakT B BiZOMHX poOOTax 3 AOCHIPKEHHS MoJeliell JABOCTOPOHHBOI Ipu i3
MPOTUJIEKHUMU THTEpECaMu 3 C1AJI0OBOIO TOUKOIO HE BPaXOBYETHCA.

Jlns mpeAcTaBiIeHHS YHCEd B NPOTPaMHUX pealli3alisx Mojenell T'pu 3acTOCOBYETHCS
craugapt IEEE 754 [8], mo B3araji mMPOKO 3aCTOCOBYETHCS Y MIKPOIPOIIECOPHOT TEXHII Ta
IporpamyBaHHi. BuTbIIicTh CyyacHUX MIKpPOITPOIIECOPIB BUTOTOBIISETHCS 3 allapaTHOIO peai3alli€ro
dbopmary mpexacraBieHHs uucen BBeneHoro cranmaptom IEEE 754 [13]. Hi po3Butrok moB
IporpamMyBaHHs, Hi CIeliaJibHI METOJIH, L0 BHUKOPHCTOBYIOTHCS PO3POOHMKAMHU IMPOrPaMHOIO
3a0e3nedYeHHs], He 3MIHIOIOTh KapJIMHAJIBHO cUTYyaIllito. Lle mosicHioeThCst pakToM TOTO, 110 B CBITI
KOMIT FOTEpIB 1HIIOTIO MPEICTaBIECHHS YUCEIl IPOCTO HE ICHYE.

[Tomuiiku, siki BUTIKatOTh 3 BUKopucTaHHs ctannapty IEEE 754, 1 ski noB’s3aHi 3 TOYHICTIO
MIpeICTaBICHHUX YKcen, 1o0pe nmpoaHamnizoBaHo B [14]. B miif po6oTi BU3HaU€H1 TpaHUYHI 3HAYEHHS
MOXUOOK caMe MPeICTaBICHHS YKCeT, ajle Ha)Kallb B POOOTI HE pO3TIISAAINCh TUTAHHS BILTUBY ITHX
MOXMOOK Ha KiHLIEBUH pe3ynbTaT npoBeneHHs apudmerrnunux onepaiiii B OC Android Ta Windows
10.

Cripo6010 TocHiKeHHsI BIUIMBY MOXUOOK MPEICTaBICHHS YHCeN 3 TIABAal0Y0l0 KOMOIO MPH
MOJICJIFOBaHHI MPAKTUYHUX Tally3ed € pobora [15]. B poboTi mpoanHanizoBaHO BUTOKH BTpaTH
Mpale3JaTHOCTI CHCTEM [iarHOCTUKU. I[IporHO3yBaHHS 3HA4eHb [IarHOCTUYHHMX IapameTpiB
CKJIATHUX CHUCTEM 3 TPEACTaBICHHSM 4YHCE] 3 IUIABAIOYOI0 KOMOIO, aie crpod BUPOOJICHHS
MPAKTUYHUX PEKOMEHJAlii 3HMKEHHS BIUIMBY MOMMJIOK IPEJCTAaBICHHS YHMCEN 3a CTAaHAapTOM

90



IEEE 754 ne 3po06eHo.

Jlst cygacanx OC Android Ta Windows po3mip B 8 GalT € HUIIIBHUM. 3 METOIO BUTIPABIICHHS
cUTyauii 3alponoOHOBAaHO BUKOpUCTaHHA Apyroi pemakuii crangapty IEEE754 [16]. Ane Taki
MTOMMJIKY TIPEJICTABJICHHS YK CEJ 3 IJIAaBAF0UOK0 KOMOIO, SIK TOMUJIKH BUKJIMKAHI 3pYIICHHSIM MaHTHUC
(UMKITiYHI JipH), TTOMMJIKM BUKIMKAHI OKpPYIJIEHHSM (OpyaHHH Hy/b), TMOMHJIKA Ha TPaHUI
HOpMa/AeHopMa yuciia (d4rciia BOUBIN) HE YCYHYTI, 0 0OYMOBJICHO ITiIBAJIMHAMH 3aKJIaICHUMH B
CTaHJapT.

Meta crarti. MeToro poOOTH € PO3BUTOK 1 BIAOCKOHAJIGHHS ITPOBOi MOJENI BEIACHHS
JBOCTOPOHHBOI TPH 13 MPOTHIICKHUMH IHTEpECaMH JIJIsi BUKIIOYCHHS MOXIIMBOCTI HETaTHBHOTO
BIUTUBY TPEJICTABICHHS YHCENl B IJIABAIOUOI0 KOMOIO B KOMIT FOTEPHUX CHCTEMax IMITaI[ifHOTO
MOJIEIIOBaHHS OOMOBUX HiH.

Jlyis nocsATHEHHS MeTH OYJH IMOCTABJICHI TaKi 3aBIaHHS:

1. Otpumaru irpoBy MOJIeIb BeICHHS JBOCTOPOHHBOI I'PH 13 MPOTHIIC)KHUMH IHTEPECAMHU JIJIS
BHITIAJIKY, KOJIM YMCJIOBI 3HAUEHHS MAIOTh PI3HOPO3MIPHHIA XapakTep.

Buxiaax ocHoBHoro marepiajy. B irpoBiii mMomeni KOHQIIKTYIOUYlI CHCTEMH IMOMAFOTHCS
JIBOMa TPaBLSAMHU 13 MPOTWICKHUMH iHTepecaMu. 1—ii rpaBelb BUABISE OO0 €KTH Ta MPHIMAE
pIIIEHHS HA 3aCTOCYBAaHHSI OPraHiB PO3BIIKU Ta TEXHIYHHUX 3aC001B PO3BIAKU. 2—i rpaBellb BUSBIISIE
OpraH# Ta 3aco0U PO3BIIKH, KEPYE PO3MIIICHHSM Ta TIEPEMIIIICHHSIM 00’ €KTiB IS €)EKTUBHOTO 1X
3aCTOCYBaHHSI.

JlocimipkeHHsT TUTaHb 10 MiABHINEHHIO €()EeKTUBHOCTI BUSBJICHHS 00 €KTIB NMPOTUBHUKA
PO3IIISIHEMO Y BUIJISIII CKJIQJHOT cucTeMu. Hexail crucrema Ha 3aCTOCYBaHHsSI OpraHiB PO3BiJIKU Ta
TEXHIYHHUX 3aC00IB PO3BIIKHUS:, SIKOKO YIPABISIIOTh, (YHKIIIOHYE TPOTIroM Yacy T 3 MeToro
BUKOHAHHS 3aJlavi Mo 3a3Jaierifib 3aJaHoMy kpurepito edexktuBHOCTI E. AnTucucremasS: — 1e
MIPOTUBHUK, IO BHSBIISIE OPTraHU Ta 3aCOOM PO3BIAKHU, KEPYE PO3MIMICHHSAM Ta MEPEMIIICHHIM
00’ekTiB 711 e(hEeKTHUBHOIO iX 3aCTOCYBaHHS, 3HIDKYIOUM 3HAa4eHHs MokazHuka E cuctemu Si,
BUKOPHUCTOBYIOYM MHOXXHHY CUTHAJIIB IPOTUIIT

Y ={Y, Y5 YY) (1)

TakuMm YuHOM, OOMEXEHICTh TEXHIUHMX MOMKJIMBOCTEH KOHTPOJIIOBATH BCKO MIUISHKY
MICIIEBOCTI, /¢ 3HAXOIUTHCS TMPOTUBHUK, MPHUBOAUTH O BHUMOT BJOCKOHAJICHHS 3aCTOCYBaHHS
OpraHiB PO3BIJKU Ta TEXHIYHUX 3aC001B PO3BIIKM IIPU YIPaBIIiHHI HUMH.

Cucrema, SKOIO YOpPaBISAIOTH Si JUisl BITHOBJICHHS edekTuBHOCTI E, mae y cBoemy
PO3MOPSKEHHI MHOKHHY 3aC001B 3aXHCTy

X = { X0, Xgo Xy, X, . )

B sikoCTI MHOYKUHH MO>KJIMBO BUKOPHCTOBYBATH BEJICHHS YIIPABIIHHSA ACKIJIbKOMa OpraHaMu
PO3BIIKM Ta PI3HUMHU BHJIAMH TEXHIYHUX 3aC001B PO3BIKH,BUKOPHCTOBYBATH CUCTEMY YITPABIIIHHS
LIUMH 3aC00aMHU Syyyp. 3 MHOKHHAMU X Ta VY, sKi 3B'S3aH1 4aCOM 3aCTOCYBaHHs 3aC00IB 3aXHUCTY

T ={T T, T T 3)

m
1 3ac00iB mpoTUIIT

T ={T) T T, T (4)

J

ne T;— dYac OJHOPa30BOTO 3aCTOCYBAaHHS 3aco0y 3aXUCTy X ans YIIPaBJIiHHS OPraHOM

po3Binku abo T3P; T}’— yac OJIHOKPATHOIO 3aCTOCYBaHHS 3aco0y mpoTuiii ¥ j (mepemileHHs

00’€KTIB).
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VY KOXXHUH MOMEHT 4acy t 3HaueHHs e(pEeKTHBHOCTI Eij(t) CUCTEMH Si, AKOI YIPaBIISIIOTh,
BH3HAYAETHCS BIUIMBOM Ha Hei 3aco0y mpoTuail Yj (Yj €Y)13aco00oM 3aXHCTy Xi(xi € X); mpuiaomy,
IOPOTSrOM 4Yacy 3acTOCYBaHHS 3a3HAYCHHMX BIUIMBIB, Eij He 3MiHIOeTheA. Cucrema, SKOIO

YIPaBISAIOTh Si, Ma€ 3aco0M MPOTUAIl cucTeMu S: 1 BIAMOBITHUX 1M 3HAYECHHSAX €(EKTUBHOCTI
cucTeMHu Si JUIA Pi3HUX 3ac001B MPOTUIIT i 3aXHUCTy i Ma€ MOKJIMBICTD Y Mpotieci (yHKIIOHYBaHHS
BH3HAYATH 3aCTOCOBYBAHE CUCTEMOIO Sz 3aci0 mpoTuaii. Ls MOXIIUBICT XapaKTepU3yeThCs

= {8t .t (5)
ne t]y— qac, 1110 BUTPAYAETHCS CUCTEMOIO S1 Ha PO3IMi3HABAHHS 3aCTOCOBYBAHOTO CHCTEMOIO
S> 3aco0y mpoTtuaii Yj (Bin MOMEHTY IOYaTKy 3aCTOCYBaHHS 3aco0y MPOTUIIT Yj 710 MOMEHTY

BCTaHOBJICHHS (haKTy HOTro 3aCTOCYBaHHS).
MoxnauBocTi cucTeMH S: IO BHUSBICHHIO POOOTH TEXHIYHMX 3aco0iB PO3BIOKUA Si
XapaKTepU3YIOThCSI MHOKUHOIO

X X X X¢ X X
U= {4, 0 = {t) Lt (6)
P (S] tl?(_ 4ac, 10 BUTPAYaA€TbCA CUCTCMOIO S> Ha BHi3HaBaHHSI 34CTOCOBYBAHOT'O CUCTECMORO Si

edexruBHOCTI cuctemu X .

Muoxunu t*1 t¥ xapakTepu3yroTh yac 3ani3HioBaHHs iHbopMallii B cuctemax Si 1 Sa.

Benuuuna T € yac, HeoOXiHuUM cucteMi S; UIsi BAKOHAHHS HEIO B npoiieci QyHKIIOHYBaHHS
3apmaHHsA. 3a 4yac T BigOyBaeThcst OaraTopa3oBa 3MiHa 3ac0o0iB MPOTHAIT W 3aXUCTy 3aco0y
yIIPaBIIiHHS, TaK 110

TiX<T Ta ij<T_ (7

JlJis 3ampomnoHOBaHOl irpoBOT MOJENI PO3TJITHEMO BHIMAJIOK, KOJM OOHMIBA TPaBIsd MAaOTh
MOJKJIMBICTh BITI3HABATH 3aCTOCOBYBaHI B 16 MOMEHT ITPOTHBHUKOM CTPATETii, TOOTO BUKOHYETHCS

yMOBa
tix <T* T1a tjy <ij ) (8)

|

I'pa mportikae HacTynmHUM uynHOM. Hexail Ha mo4aTky IpH 3aCTOCOBYIOThCS €Kl CTpaTerii
X; Tay;. 1-i rpaBelp MpOTATOM Yacy tjy pOOUTH BIiI3HABAHHsA CTPATerii ¥Y; | MepeXoauTh 10 TAKOi
K cTparerii X; ), py AKIA 1J1s 1aHOT CTPATETIi Y; BUIpall CTac MAKCUMAJILHUM 1 DIBHUM Max; d;;.
[Micnst 3miEu cTpaterii 1-M rpaBieM 2-i TrpaBelb MPOTSATOM 4Yacy t; pOOWTH BITi3HABAHHS
3aCTOCOBYBAHOI 1—-M rpaBLeM CTparerii i MepexoauTh 10 Takoi xk crparerii ¥y, Ipu AKid juis
MaHoi crTparerii X; BUrpam cra€ MiHiMaabHUM 1 piBHEM Min; a;;. Ilicisa 3minu crparerii 2-m
rpaBlEM TOYMHAE aHawi3 cTparerii ¥;;y 1-# rpasens 1 Take iHue.

[ToBeninka, npu sKii rpaBelb CIIOYaTKy pOOUTH BII3HABAHHS 3aCTOCOBYBAHOI IPOTUBHUKOM
qyucToi CTparerii, a MOTIM BUKOPHUCTOBYE HAWBUTIAHINIY s cebe YHCTy cTpareriio, O0yaemo
Ha3WBaTH M1ICIIIKOBYBaHHAM. SIKIIO MACTIAKOBYBaHHS 31HCHIOIOTH OOMBA IrpaBlisd, TO OyaemMo
TOBOPUTH, 1110 Ma€ Miclie Tpa 3 IBOCTOPOHHIM M1/ICIIIKOBYBaHHSIM.

[licns 3aBmaHHs B Tpl MOBEAIHKM TIpaBLiB CTaBUThCS HACTyNHA 3ajada: B yMOBax
JIBOCTOPOHHBOTO MiJICIIAKOBYBaHHS HEOOX1IHO BU3HAUUTH cepelHiil 3a yac rpu 7 Burpam l-ro
TpaBIIs.

BucHoBKM Ta HanpsAMKHM NOAAJbIIMX JOCHiAKeHb. B pesynabrari JoCHiPKeHb
BJIOCKOHAJICHO irpPOBY MO/IEJb 3 IBOCTOPOHHIM Mi/ICIIKOBYBAHHSM JJIsl BUIIAJIKY PI3HOPO3MIPHUX
naHux. BiaockoHaneHa Mojenb BIAPI3HAETHCS Bl B1IOMUX BUKOPUCTAHHSM B SKOCTI KPUTEPIIO
OLIIHKHA €(EeKTHUBHOCTI POOOTH TEXHOJIOTIYHOI CUCTEMM YIpPaBIiHHS MHOXHHHU YCIX JOCATHYTHX
pe3yibpTaTiB (QYHKIIOHYBAaHHS BUKOHYIOUMX €JIEMEHTIB IiJICHCTeMH. IrpoBa Mozenb aganToBaHa
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JUISL CUCTEM IMITariiHOro MojaemroBaHHsa OoroBux ai Ha 0a3l 3 OC Android tTa Windows st
YIpaBIiHHS OpraHaMy Ta 3ac00aMHu PO3BIIKH.

Crin 3ayBakuTH, 10 BUKOPUCTaHHS OTPUMAHOI irpoBOi MOZENi B yMOBax, KOJIM HEBioma
cTpaTerisi MpOTHIIA NPOTHBHUKA IOKA3aJ0 HE JOIUIBHICTh OJHOYACHOTO 3aCTOCYBAaHHS BCIX
3ac00iB 3aXHCTy (IPOTHUIT), OCKIIBKHU 3POCTAE CKIAAHICTh CUCTEMH, IO IPU3BOAMUTH JI0 3HIKESHHS
1i HaMIWHOCTI.
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PhD. Semchak O.M., PhD. MaksimenkoYu.A., PhD. Mamich V.V.,
Sharshatkin D.Y., Dushkin Y.G.

IMPLEMENTATION OF THE ANALYSIS OF THE GAME MODEL WITH TWO-SIDED
TRACKING FOR THE CASE OF VARIOUS DIMENSIONAL DATA

The widespread use in modern conditions of combat simulation simulation systems during their use
in standardized decision-making procedures leads to an increase in the effectiveness and quality of
simulation simulation systems. In the study, an analysis of solutions of game models of conducting a two-
sided game with opposing interests was carried out, for the case when the numerical values have a
multidimensional nature. In addition, work was carried out on the development and improvement of the
game model of the two-sided game. The relevance of the work is due to the widespread implementation of
combat simulation systems as software for computer systems with Android and Windows operating
systems. The paper examines the definition of ways to implement rational mixed strategies in a complex
system as game models of conducting a two-sided game with opposing interests with a saddle point. In
these systems, numbers are represented with a floating point. It has been clarified how the specifics of the
representation of numbers affect the results of modeling when multidimensional data are used. The results
of the work will make it possible to exclude unreliable results of simulation modeling when they are used
in standardized decision-making procedures. It is shown that using the maximin strategy, stable game
cycles were formed only taking into account the values of the elements of the matrix of transition
probabilities. This is achieved by forming a game of values of the output data for which consist only of
zeros and ones. Under these conditions, there are two tasks. This is a study of the influence of features of
the representation of floating-point numbers on simulation results. And the development and improvement
of game models of combat simulation simulation systems to eliminate the negative impact of their errors
on the results of using standardized decision-making procedures. As a result of research, a game model
with two-way tracking for the case of multidimensional data has been improved. The improved model
differs from the known ones by using as a criterion for evaluating the effectiveness of the technological
control system the set of all the achieved results of the functioning of the executing elements of the
subsystem.

Keywords: two-way tracking, stable loops, multidimensional data, floating-point representation
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EnexkTpoHiky, TpaHCMOPTHUX TEXHOJOTIH Ta  JOTICTHKK JlepKaBHOTO  YHIBEpPCHTETY
IHTEIEKTyaIbHUX TeXHOJIOTIH 1 3B's13Ky (M. Omeca) ORCID 0000-0002-6649-5013.

Beabcebka Ouiekcanapa ApyTIOHIBHA, KaHIWIAT TEXHIYHUX HAYK, TOICHT, JOICHT Kadeapu
aBTOMaTH3amlii Ta eHeproMmeHemkMeHTy, Hamionanenuit aBianiitaumii yniBepcurer, ORCID ID:
0000-0001-9989-1891.

Bornanosuu Bosaoaumup FOpiiioBu4, IOKTOp TEXHIYHMX HAyK, Hpodecop, TOJOBHUMN
HayKOBUM CIIBpOOITHUK, [[eHTpanbHUIl HAYKOBO-IOCHIAHUA 1HCTHTYT 30poitHuX Cumil YKpaiHu,
3aciyxenuit aisy Hayku 1 rexniku Ykpainu, ORCID 1D/0000-0003-0481-9454.

I'axoBuu Cepriii BikTopoBHY, KaHIMIAT TEXHIYHUX HAYK, CTApIIMH HAyKOBUH
CHIBpOOITHUK, CTaplIMii HAYKOBUI CIIBPOOITHMK HAyKOBO-IOCIIAHOTO BIJIIUTy HAyKOBO-
JOCIiTHOTO TIeHTpY BilicbkoBoro iHcTuTyTy KHIBCHKOrO HaIliOHAIBLHOTO YHIBEPCHUTETY IMEHI
Tapaca llleBuenka, ORCID: 0000-0002-9135-6568.

I'eopragze OJjexcanap AMipaHOBHY, KaHIUIAT BINCHKOBUX HAyK, JOLEHT, 3aCTYITHUK
HavaJbHUKA KadeIpy KepiBHUITBA BilicbKamMH (CHIIaMH ) B MUpHUI yac HarionanbHui yHiBepCHTET
ob6oponu Ykpainu. ORCID ID: 0000-0002-9306-6660.

Joxyniii BosiomuMup, KaHIUAAT TEXHIYHUX HAYK, JOLCHT, JOIEHT Kadeapu KidbepOesmeku
XMenbHUIBKOTo HarioHansHoro yHiBepcutera, ORCID 0000-0003-1878-4301, SCOPUS ID:
57192704936.

Aymkin FOpiii  TeopriiioBuy, Bukinagau xkadeapu oprasizamii  po3BiAyBalbHO-
iHpopManiiiHoi poOOTH Ta TEXHIYHHUX 3ac00iB po3BinkH, BilicbkoBa akanemis (M. Oxeca), ORCID—
0000-0003-0449-0863.

€dimenko AHaroJiii €BreHoBHY, KaHIUIAT BIHCHKOBHX HAyK, JOICHT, JOICHT Kadempu
yIpaBIiHHS MOBCSAKICHHOIO JISTIBHICTIO BilichK, BilickkoBa akangemis (M. Oneca), ORCID ID 0009-
0009-1082-1885.

Kepeounosa Jlinia MuxkosaiBHa, crapmiuil Bukiagad kadenpu, kadenpu Merposorii,
SKOCTI Ta craHfaprtu3auii JlepaBHOTO YHIBEPCUTETY 1HTEJNEKTYalIbHUX TEXHOJOTIN Ta 3B A3KY,
(Oneca), ORCID 0000-0008-5433-5558.

Kupos TI'ennaniii bopucoBu4, KaHIWIaT TEXHIYHHMX HAyK, CTAapIIMA HAyKOBHM
CHIBpOOITHUK, AOLEHT Kadeapu paaioTeXHIKH Ta paaioeleKTPOHHUX cucteM, KuiBchbkuii
HalioHaNbHUHN yHIBepcuTeT iMeHi Tapaca llleBuenka Scopus 1D:57193847167 ORCID ID: 0000-
0001-7648-7992.

KoBaabs Mupocaas OgaexcanapoBuy, A0KTop ¢inocodii 3 iHPopMaliiiHOi TEeXHOIOrII,
HAayKOBUH CHIBpOOITHUK HAyKOBO-AOCIIJHOrO IeHTpy BilickkoBo iHcTHTYyTY KWuiBChKOTO
HaIioHaIbHOTO yHiBepcuTeTy iMeHi Tapaca IlleBuenka ORCID: 0000-0002-8374-7390.

KomoBuii Mukona JIMUTpoBMY, JOKTOp TEXHIYHHUX HaykK, mnpodeccop, mpodeccop
HamionansHoro aepokocMiuHoro yHiepcuretry iMm. M.€. )KykoBcbkoro «XapKkiBCbKUi aBlalliiHUI
iHCTUTYTY, Jlaypeart, [lep>kaBHpoi npemii Ykpainu B ranysi Hayku 1 TexHiku ORCID: 0000-0001-
9465-4467.

Ky6siBka MukoJia borianoBuy, kanaunatr TexHIYHUX HAyK, HAYaJIbHUK BTy HAYKOBO-
nocaigaoro reaTpy ORCID: 0000-0003-1745-7023.

Kypakcun [lenuc BouaoammupoBuu, acmipant HarioHanbHOro aepoKOCMiYHOTO
yHiBepcurety iM. M.€. )KykoBcbkoro «XapkiBChbKUN aBialliiHUN THCTUTYT.

Jlemenko Ouer IBaHOBHMY, KaHIMAAT TEXHIYHMX HayK, IOLEHT, 3aBinyBau Kadeapu
Enextponiku, TpaHCIOPTHUX  TEXHOJOTIM Ta JioTiCTUKH  Jlep>KaBHOTO  YHIBEPCUTETY
IHTEJEKTyaIbHUX TEXHOJIOT1H Ta 3B 53Ky (Oneca, Ykpaina), ORCID 0000-0001-8589-8596.

JlenkoB Cepriii BacuiiboBHY, TOKTOP TEXHIYHUX HAYyK, Ipodecop, 3aciyKeHHH Jis14 HayKu
1 TexHiku Ykpainu, Jlaypear [lepxaBHpoi npemii YkpaiHu B rainy3i HayKd 1 T€XHIKH, TOJIOBHUM
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HAyKOBHH CHIBPOOITHUK HAYKOBO-IOCIITHOTO IMeHTpYy BiiicbkoBoro iHcTuTyTy KHiBCHKOTO
HalioHaJapHOTO yHiBepcuTeTy iMeHi Tapaca lllesuenka, ORCID ID: 0000-0001-7689-239x.

Makcumenko IOpiii AHaToniiioBHY, KaHIUAAT TEXHIYHUX HAyK, HadaJbHUK Kadeapu
oprasizarii po3BiayBaJIbHO-IHPOPMAIIHOI pOOOTH Ta TEXHIYHHMX 3ac00IB PO3BiJKH, BilicbkoBa
axanemist (M. Oneca), ORCID - 0000-0002-1227-2009.

Mamiu BikTop BosoaumMupoBuY, KaHIUIAT TEXHIYHMX HAyK, JOILEHT, JIOIEHT Kadempu
oprasizaiii po3BiIyBaJbHO-iH(pOpMAIIIHHOT pOOOTH Ta TEXHIYHUX 3ac00iB po3BinkH, BilicbkoBa
akanemist (M. Oneca), ORCID - 0000-0001-5574-0901.

My:xenko Biktop MukoJsaiioBu4, KaHAWJaT BINCBKOBUX HAyK, MPOBIIHUA HAyKOBUU
ciBpoOiTHUK, LleHTpanpHuii HaykoBoO-mocmigHui iHcTUTYT 30poiinux Cun Ykpainu, ORCID
ID/0000-0002-5023-6463.

Myasp Irop BosionumupoBuY, KaHAUIAT TEXHIYHUX HAYK, JOIEHT Kadeapu kibepOe3nexn
XMenbpHUIIBPKOTO HalioHanpHOTro yHiBepcutera, ORCID:0000-0002-6659-605X.

IlerpoB BikTop AHaToqili0BMY, a7 IOHKT HayKOBOTO BiJUIUTy OpraHi3amii MmirOTOBKU Ta
aTecTallii HayKOBO-TIEAAroriYHUX KaJpiB HAYKOBO-METOAMYHOTO LIEHTPY OpraHizailii HayKoBOi Ta
HAyKOBO-TEXHIUHOI  AistbHOCTI  HarionaneHuit  yHiBepcuter oOoponu  Ykpainu, ORCID
https://orcid.org/0000-0001-7966-2020.

IlonoB Cepriii AdanacilioBu4, IOKTOp HayK 3 JEPKaBHOTO YIPABIIHHSI, KaHIUJAT
TEXHIYHUX Hayk, mnpodecop, npodecop kadempu oprasizaiii po3BidyBagbHO-iHPOpPMAIIITHOT
po6oTH Ta 0OMOBOTO 3aCTOCYBAaHHS TEXHIUHUX 3aC00iB po3BiakH, BilicbkoBa akaaemis, (M. Omeca),
ORCID ID 0000-0002-0729-9581.

Pozmaznin Ouexcanap IleTpoBMY, KaHIWIAT TNCHXOJOTIYHMX HAyK, IOLUEHT Kadeapu
BilicbKOBOTO JimepcTBa. BilickkoBa akanemis, (M. Oneca), ORCID ID 0009-0004-2764-2895.

Cemuak Ougexcanap MukoJsaiioBuy, 10KTop ¢inocodii, TomeHT Kadenpu yrnpaBiiHHSI
TisSIMH T APO3UTIB BIMCBKOBOT po3Biaku Ta Cuil cnemiaabHUX orepariid BiicbkoBoi akaaemii
(M.Oneca), ORCID — 0000-0002—4480-2393.

CenwokoB Ouiekcanap BacuiboBUY, JOKTOp TEeXHIYHMX Hayk, mpodecop, Jlaypear
HepxaBHoi mpemii YkpaiHu B raimy3l Haykd 1 TeXHIKH, Mpodecop aepOKOCMIYHOI KON
Cusncbkoro yHiBepcutety L[3soryn, Cisub, Kurait, ORCID: 0000-0001-7979-3434, Scopus ID
57205509194,

Coxyp Harans BonoaumMupiBHa, KaHIUAAT NOJITUYHUX HayK, JOLEHT, JOLEHT Kadeapu
rYMaHITapHHUX Ta COIIaIbHO-eKOHOMIYHMX JUCIUILIIH, BificbkoBa akaaemis, (M. Omeca), YkpaiHa,
ORCID ID 0009-0009-8814-7480.

CrosinoBa-KoBanb CaiTiiana CasiBHa, JIOKTOp €KOHOMIYHUX HayK, Mpodecop, TEXHIK
HaBYAJIbHO-TPEHYBAJILHOTO KOMILIEKCY, Kadenpu 3a0e3nedeHHs Bilicbk (cui), BilickkoBa akanemist
(M. Omeca) ORCID ID 0000-0002-1945-0509.

HubizoB Anapiii JleoninoBuy4, kaHTUAAT BIIICBKOBUX HAYK, CTAPIINI JOCTIIHUK, CTApPIIAN
HayKOBHH criBpoOITHUK, LleHTpanbHMil HAyKOBO-AOCTHIAHUNM 1HCTUTYT 30poitHux Cun Ykpainu,
Kuis, ORCID 1D/0000-0001-6555-5005.

Yepuux KOpiii OnexciiioBuy, KaHIUAAT TEXHIYHUX HAYK, JOLEHT, 3aCIyKEHUI MpalliBHUK
OCBITH YKpaiHM, NMPOBITHUM HAyKOBHH CHIBpPOOITHHUK HAayKOBOTO IIEHTPY, BiCBKOBHUIl 1HCTUTYT
KuiBcbkoro HanionansHoro yHiBepcutery imeHi lllesuenka, ORCID ID: 0000-0002-0780-6627.

Mapmartkin  Januno IOpiiioBuy, crapmmii Bukiagay kadeapu  oprasizamii
PO3BiTyBaIbHO-1H(MOPMAIIHHOT pOOOTH Ta TEXHIYHHX 3ac001B pO3BiJIKH, BilickkoBa akangemis (M.
Opneca), ORCID -0000-0002-3362-2469.
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Jlo penaxuiiiHoi koserii 30ipHHKa HayKOBHX Npaip BilicekoBoro incturyry KuiBcbkoro
HalloHaBbHOTO YHiBepcuTeTy iMeHi Tapaca IlleBuenka 25.01.2024 poky 3BepHYBCSI TpOMasTHUH
Vikpainn JIMTBUHOBCBKMI  €preniit  IOpiiioBuu, 1Iom0 MOpyHIEHHS —aKaJaeMiuHoi
NOOpPOYECHOCTI Yy CTaTTi TpoMaAsHUHA YKpaiHu OJIIMHUKA Jleonina BitaniiioBuua
"KommereHTHICTh cydacHOTo odinepa sk pe3ynbTaT MpodeciitHoi OCBITH: YIpaBIiHCHKUAN acmekT",
ska omyosikoBaHa y Bumycky Ne 55 (2017 pik) Ha c.216-221, a panime Buinuia y 30ipHUKY
MmatepianiB KoHdpepeHtii y M. [Tonrasa (2006 pik) — eneKTPOHHOT BepcCil HE iCHYE.

PepakuiiiHoro  kojeriero  OyJl0  peTeNbHO  PO3MVIAHYTO — Marepiajd  3BEpHEHHS
JIMTBUHOBCBKOI'O €Brena IOpiiioBuua Ta TPUHAHATO PIIICHHS NPO BIAKIMKAHHS JaHOL
myOiKarii.
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PEJAKIIAHA MOJITUKA TA ETUYHI HOPMUA
INPUHOUITN ®OPMYBAHHSA TA JOCTVYII JO 3MICTY «3BIPHUKA BIKHY»

Penakmiitna momitrka «30ipuuka BIKHY» 3acHoBana Ha mpuHIMMIax o0’€KTUBHOCTI Ta
HEYIEepe/DKEHOCTI MPpU BiAOOpi craTedt aist myOmikailii; BUCOKMX BHMOT JI0 SIKOCTI HayKOBHUX
JOCITIJDKEHb;, O0O0OB’SI3KOBOCTI Ta KOH(IAEHIIHHOCTI PEIEH3YBaHHS CTAaTeH;, JOJCp>KaHHS
KOJIET1aJIbHOCTI TpH BiA0OOP1 10 myOsikaIlii cTaTeii; TOCTYIMHOCTI Ta ONEPaTUBHOCTI Yy CHIJIKYBaHHI
3 aBTOPaMU; CyBOPOTO JOTPUMAHHS aBTOPCHKHUX 1 CYMDKHHX TpaB. 3aro0iranHs mpoTH3aKOHHUM
myOJTiKaIlisSIM € BiJIIMOBIIAJBHICTIO KOXKHOTO aBTOpa, peIakTopa, pelieH3eHTa, BUAABIIS.

Jlo npyky mpuiiMaroThCs OpUTIHAIBHI PYKONHUCH, SIKI HE OMyOJIIKOBAHO paHimie, He OyJo
BIIMPABIICHO JI0 IHIIUX PEAAKIIINA Ta Kl MOBHICTIO BiAMOBIAAIOTH BUMOTAM 111010 OOPMIICHHS Ta
MOPSAKY IMOJAHHS CTaTEH.

VY «36ipauky BIKHY» copmoBani HacTymHi pyOpuKH: BiiCBKOBa TE€XHIKa 1 TEXHOJOTii
MOJIBIHHOTO IPU3HAYEHHS, 1H(POPMAIliiiHI TEXHOJIOT 11, 3arajbHi TUTAHHS.

Penakiiss miaTpuMye MOMITUKY BIAKPUTOTO JOCTYIY Ta MPHHIIUIN BiIHHOTO MOIIMPECHHS
HaykoBoi iH(popmarii. [Ipumipaukn 30ipHUKIB 3HaX0aAThCS y HarionaneHiil 6i0mioreni Ykpainu
iMm. B.I. Bepnanacekoro, naykoBiii Oi6mioreri iM. M. MakcumoBuya, y Gi0mioreni BiiicbkoBoro
iHCTHUTYTY Ta iHIUX OibmioTexax Ykpainu. EnexTponHa Bepcis po3MillieHa Ha CaiiTi iIHCTUTYTY, Ha
cayrax HaBeIECHUX 010I1i0TEK Ta Ha caltax «301ipHUKA BIKHVY »:
http://miljournals.knu.ua/index.php/zbirnuk; http://mil.univ.kiev.ua/page/lib/31

ETUKA ITYBJIIKALIA

Penakmiiina koserist )xypHally BUMarae BiJl aBTOPiB HACHiyBaTh (JOPMAIILHUM Ta €THYHUM
MpaBWJIaM MiJATOTOBKY 1 MyOJIiKaiii HayKOBUX PoOOIT, 110 BOHU MOJAI0OTh 10 peaakuii kypHany. Lli
HOPMH 3YMOBJICHO CTaHIAapTaMH SKOCTI HAyKOBUX CTaTei, MIPUUHATUMH y CBITOBOMY HayKOBOMY
CIIBTOBAPHCTRI, 30KkpeMa myouikamiinumu npunmunamu Publishing Ethics Resource Kit (PERK),
pexomenpanismu Elsevier, Komitery 3 eruku myOumikaniidi (Committee on Publication Ethics,
COPE), eTMuHUM KOAEKCOM BYEHOTr0 YKpaiHH, a TaKoX JOCBIJOM pOOOTH 1HO3EMHHX Ta
YKpaiHChKUX MpOo(decioHAIbHUX CHUIBHOT, HAYKOBUX OpraHi3alliid, peKoJIerii Ta pejakiiii BUAaHb.

ETWYHI 30508’ I3AHHS PETAKITIITHOT KOJIETTi )KYPHATTY

Penakiiitna koserist y cBOil JisITbHOCTI:

— KepyeTbcsl MPHUHLUIAMHM HEYNepeKeHOCT], HAyKOBOI €THKH pELEH3yBaHHS, 3aXUCTy —
IHTEJIEKTYaJIbHO1 BIACHOCTI,

— Hece BI/IMOBIIAIbHICTh 32 PIBEHb HAYKOBOT'O HAIIOBHEHHS KYpHaIy,

— BHCTyHae npotu ¢anbcudikallii, naariaty, HaupaBJIeHHS aBTOPOM OJHOIO PYKOIUCY 0
KUTBKOX JKypHaJliB, 0araTopa3oBOro KOIIOBaHHS TEKCTY CTaTTi B PI3HUX MICISX, BBEJICHHS
IpPOMAaJICbKOCTI B OMaHy IIOAO pPEalbHOIO0 BHECKY KOXHOTO aBTOpa B OIYOJIIKOBAHY HAayKOBY
pobory;

— 3aJMIIae 32 COO0I0 MPaBO HANMPABUTH PYKOIHUC HA PO3IJIAJ] CTOPOHHBOMY PEIEH3EHTY, Y
TOMY YHUCIII peTeJIbHUI BiI0Ip Yepe3 «ciime» peleH3yBaHHs, BIAXWINTH CTaTTIO a00 MOBEPHYTH ii
Ha JIOOTPAIOBAHHS;

— MOK€ BIIXUJIMTH PYKOIIUC, SIKIIO BBA)KA€E, 110 BiH HE BiNOBIA€ MPOLIIO KypHATY, YA HE
BIJIMOBIJA€ €TUII Ta MpaBUiIaM 0(OPMIICHHS,

— Ma€ MPaBO BWIIYYUTH BXKE OIYOJIKOBaHY CTATTIO B pa3i BUSABJIECHHS MOPYIIEHHS OyAb-uuixX
mpaB a0o 3aralbHONPUIHATUX HOPM HAyKOBOI €THKH, PO JaHUHN (aKT BUIIYUEHHS CTaTTI pelaKilis
MOBIIOMJISIE SIK aBTOPY CTATTi, TaK 1 opraHizaiii, e OyJl0 BUKOHAHO JOCHIKEHHS Ta MOB1IOMIISE
PO 1€ Y HAaCTYITHOMY HOMepi.
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CriBpoOITHUKM penakiii He HaJaloTh HIIMM ocodaM iHdopMarlii, MoB’s3aHO1 13 3MICTOM
PYKOTHCIB, IO epedyBalOTh Ha PO3IJISAL, KpIM 0OC10, siKi OepyTh y4acTh y ii (paxoBiii OIiHII

3rifHO 3 MDKHApOJHUM 3aKOHOAABCTBOM WIOZO AOAEP)KaHHS AaBTOPCHKOrO IpaBa Ha
€JIEKTPOHHI 1H(OpMaIliliHI pecypcH, MaTepiaad CaluTy, €JICKTPOHHOTO XypHaly a00 MPOEKTYy He
MOXYTh OYTH BIATBOPEHI IOBHICTIO a00 YacTKOBO B Oynb-skid ¢Gopmi (€IeKTpOHHIH uun
JIpYKOBaHil) 06e€3 momepenHboi MHUCHbMOBOI 3roau penakiii »xypHany. I[lpu BukopucTaHHI
OnmyOTIKOBaHUX MaTepialiB y KOHTEKCTI IHIIMX JOKYMEHTIB OOOB’S3KOBO HEOOXITHUMHU €
MOCHJIAHHS Ha MEPIIOJKEPETIO.

ETUYHI 3050B’AA3AHHA ABTOPA

ABTOp:

— Hece BIAMOBIAAIBHICTh 32 HOBH3HY 1 JOCTOBIPHICTh HABEACHUX Yy CTATTAX PE3YJIbTATIB,
TAaKTUKO-TEXHIYHUX Ta EKOHOMIYHUX IMOKA3HHKIB, KOPEKTHICTh BUCIOBIIOBAHb a TAKOXK 3a T€, 1110 B
Marepiajgax He MICTHThCS iH(OpMaIlis 3 0OMEKEHUM JOCTYIIOM;

— MOBMHEH UUTYBATH Ti MyOJiKallii, sIki MaJi BU3HAYaJIbHUH BIIMB HA CYTh BUKJIQJCHOTO Y
CTaTTi, a TaKOX Ti, AKI MOXYTh IIBHJIKO O3HAWOMHUTH 4YHWTa4a 3 OUIBII PAHHIMH NPAISIMHU,
BOXJIMBUMH JUISI PO3YMIHHS IIOTO JOCIDKEHHS, HEOOX1THO TaKOXK HAIC)KHUM YHHOM BKa3yBaTH
JDKepela MPUHIMIIOBO BAKIMBUX MaTepialliB, BAKOPUCTAHUX Y JaHii poOOTi, SIKIIIO BOHU HE OyiH
OTpHMaHi CAMUM aBTOPOM;

— 3a0e3meuye HeJOMYCTUMICTh IUIariaTy Ta MoJaHHs A0 MyOJikaiii paHilie HaAPYKOBaHUX
MaTepiajiB, y BUNAAKY BHUSIBJICHHS 3a3Ha4eHHX (DAKTIB BiJMOBIAAIBHICTH HECE aBTOP IOJAHUX
Marepiaiis.

CmiBaBTOpamM# CTaTTi MalOTh OYTH BCi 0COOHM, IO 3pOOMIIM BaroMuii HAYKOBHI BHECOK Y
nojany poOOTy 1 MOAUISIOTH BIANOBIJANBHICTE 32 OTPUMAaHI pe3yiabTaTH. ABTOpP, SKHHA MOJAE
pyKoIHC 0 IyOJTiKaIlii, BimoBijae 3a Te, mob 0 CIHUCKY CIBaBTOPIB OyJM BKJIFOYCHI TUTBKH Ti
0co0H, SKi BIJIOBIIaIOTh KPUTEPiI0 aBTOPCTBA, 1 Oepe Ha cebe BIAMOBINAIbHICTh 3a 3r0/1y 1HIINX
aBTOPIB CTATTI Ha 11 MyOIiKaIio B )KypHAJIi.
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YBAT A!

J1y1s1 aBTOpIB CTAaTeH JEM0 OOMpalbOBaHl BUMOTH 1010 OCOOMCTUX JTaHUX.

i maHHI MOAAIOTHCS YKPATHCHKOIO Ta AHTTIMCHKOK MOBAaMHU B TaKil MOCIiJOBHOCTI:
[IpizBuie
Imsg
ITo 6atbKoOBI (32 OakaHHSIM)
HaykoBwuii cTymninb Ta BUeHE 3BaHHS
Micue poboTu Ta mocasa
ORCID 0000-0001-3215-4400
SCOPUS ID 57193059215 (ripu HassBHOCT1)
Innexkc DBLP 10 (mpu HassBHOCTI)
e-mail:
M00.TenedoH

Hancunaru ckanoBaHi pucyHkH, popMyiin Ta TabJHIN HE TOITYCKAE€THCS.
Bes crarta opopmittoetsest ogqaum mpudrom Times New Roman BkazaHMMU HHXK4YE pO3MipaMH,
3BEpHITH yBary Ha GOpMyIIH, TAOIHUIII Ta PUCYHKH.

PEJAKIINHA KOJEIISI 3BIPHUKA BIKHY» 3AIHCHIOC HE3AJEXHE
(«CJIME») EKCONEPTHE PELIEH3YBAHHSA HAJAHUX JIO IPYKY PYKOIIMCIB TA
MEPEBIPKY iX HA IUIATIAT. PENEH3YBAHHSI 3IIHCHIOCTBCS 3A
AHOHIMHOIO ®OPMOIO SIK JJISI ABTOPIB, TAK I JJIsSI PELIEH3EHTIB.

MOPSAJIOK ITOJAHHSA 1 O®OPMJIEHHSI CTATEM 0 "35IPHUKA
HAYKOBHUX ITPAIlb BINCHKOBOI'O IHCTUTYTY KHIBCHKOI'O
HAIIOHAJIBHOI'O YHIBEPCUTETY IMEHI TAPACA HIEBYEHKA"

Jlo npyKy nmpuiiMaroTbCs OpUTIHAJIBbHI PYKOIIMCH, SIKI HE OMyOJiKOBaHO paHille, He Oyso
BIJIMTPABJICHO /0 1HIIMX PENaKIIiil Ta sIKi MOBHICTIO BiAMOBIAaI0TH BUMOTaM 10710 OOPMIICHHS Ta
MOPSIAKY IMOJAHHS CTaTEeH.

3azanvHi 6umozu 00 mexHiuH020 ohopmaenna cmameii:

Obcse pykonucy - peKOMEIyeTbCsi He MeHIIe 12 MOBHMX apKyWIiB YKpaiHCHKOIO abo
aHTTICHKOI0 MOBAMH.

®opwmar apkyia - A4 (210 x 297 mm).

Po3mip nosiB: BepxHe, HUXKHE, TIpaBe, JiBE - 2 €M.

HIpudt Texcry - Times New Roman Nel2, yepes mixpsiakosuii inTepsai - 1,0.

Ao63a1 mae cranoBuTH 10 MMm.

CrarTs MOBUHHA MaTH TaKl HEOOX1THI €JIEMEHTH:

YIK;

Ha3ea cmammi, sIKa JJAaKOHIYHO B1100pakae 3MICT Ta HOBU3HY CTaTTi;

anomauis ma Karo4o6i ciosa;

écmyn ma NOCMAHO6KA 3a0adi 4u npodaemu y 3araJbHOMY BHUTJISAI Ta ii 3B’S30K 13
BKJIMBUMH HAYKOBUMH YU MTPAKTUYHUMU 3aBIaHHSIMU;

aHani3 OCMAaHHIX 00CNi0MceHb 1 TIyOJIKaIlii, B SIKUX 3all0YaTKOBAaHO PO3B’A3aHHS JAHOL
npodjemMu 1 Ha SKi CIUPAETHCS aBTOp, BU3HAYCHHS HEBHUPINICHUX pAHINIE YAaCTHUH 3arajabHOi
po0eMu, KOTPUM MPUCBIIYETHCS O3HAUEHA CTATTs, (POPMYITIOBAaHHS METH CTaTTI;

6UKIA0 OCHO6HO20 Mamepiany IOCITIUKEHHS 3 TOBHUM OOIDYHTYBaHHSM OTPUMaHMX
HayKOBHX PE3yJbTaTiB, MPAKTUYHUX PIllIEHb Ta €KCIIEPUMEHTIB;

6UCHOB6KU 3 TAHOTO JIOCIIIJDKEHHS 1 TePCTIIEKTUBY MOIATBIIIOTO PO3BUTKY Y TAHOMY HAIPSIMKY.
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CRUCOK Jlimepamypu,
References,
O0aHi npo aémopie 1BOMa MOBaMHU.

Anomayia 10 CTaTTi BUKOHYETHCS YKPATHCHKOIO Ta aHTIIIHCHKOI0 MOBAMHU 3aralbHUN 00CAT
Ko>xHO1 He MeHII Hi>k 1800 3HaKIB, BKIIOYAIOYH KIFOYOBI CJIOBA.

Bona noBuHHA MICTUTH KOPOTKE TIOBTOPEHHSI CTPYKTYPHU CTaTTi, IO BKIIOYA€E BCTY, I 1
3aBJIaHHSI, METO/IH, PE3YJIbTaTH, BUCHOBKH.

AHoOTaIio JIpykyrTh KypcuBoMm, mpudTt Times New Roman, Nell. Ilicns anotarii
PO3MIIIYIOTHCS KJIIKUYOBI c1oBa (5—7 TepMiHIB).

Cnucok nimepamypu (References) nmoBuHeH BKIIOYATH HE MeHII 12 mxepedn, 3 skux 50 %
BuaaHi 3a ocranHi 10 pokiB. IIpu mmpomy He MeHm 25 % mxepen MOBHHHO BITHOCHTHCS JI0
iHO3eMHO1 nepioauku. CaMOLMTYBaHHS aBTOPIB Yy CIIUCKY JIITEpaTypy MOBHHHO OyTH, SIK IPABUJIO,
He O 3a 25 %.

SIKII0 OCHOBHOIO MOBOIO CTaTTi € YKpaiHChKa, TO O()OPMITIOIOTHCS JIBa CITUCKH JITEpaTypH:

nepmui (COUCOK JIiTepaTypd MOBOKO OpHUTiHAIy Jjpkepena) — 3rigHo Hakazy MOH Bin
12.01.2017 Ne40 Ta Bimnosimao mo JCTY 8302:2015 «Iadopmamis Ta AOKYMEHTAIis.
bibmiorpadivuae mocunaHHs: 3arajibHi IMOJ0KCHHS Ta MpaBujia CKIadaHH»,

npyruii (REFERENCES) 3 ypaxysanusam JICTY 8302:2015, nakazy MOH Big 12.01.2017
Ne 40 ta mixuapoanoro ["apBapiacekoro ctio BSI (British Standards Institution).

Ha aopecy peoxonezii (03022, m. Kuis, ¢yn FO. 30anoecvkoi, 81, men.: +38 (044) 521 - 33 -
82) maroms 6ymu nadicnani HacmynHi mamepianu:

eKCnepmHuuil 8UCHOB0K, TIPO MOXKIIUBICTh BIAKPUTOTO MyOIiKyBaHHS, 3aBIpEHUN M1€YATKOIO,
CKaHKOIIis HajcuiaaeThes Ha e-mail: lenkov_s@ukr.net

Bioomoecmi npo aemopie ous.na cmop. 150.

Bumozcu 00 oghopmnenns References

References moTpiOHO TPHBOAMTH OKPEMHM OJIOKOM, TIIOBTOPIOKOYM TOCIITOBHICTh
norepeqHbo HaBeaeHoro Crucky mitepatypu. Jxepena nmpu oMy 0(QOPMITIOIOTECS 332 TAaKUMH
ocHoBHumu nipaBwiamu (Harvard style odhopmienns BSI: British Standards Institution):

—3alUC 3aBXJIW MOYMHAETHCA 3 MpPI3BHILA aBTOpA, MOTIM, 4Yepe3 KoMy, IHIIianu (MK
1HiI[laJTaMH TIPOTTYCKH HE CTaBJIATHCSA), 3@ IKUMH B Jy’KKaX BKa3yeThCs JlaTa BUAAHHS; JiBa aBTOPU
B1JIOKpEMITIOIOThCS «and» 0e3 KOMU; K1JIbKa aBTOPIB PO3AUISAIOTHCS KOMaMH, ajle OCTaHHE MPI3BUILE
MOBMHHO OYTH BiIOKpeMJieHo «and» 6e3 Komu;

— BUTATHU 3 NyOJiKaliid, TOOTO Ha3BM cTaTel JKypHaJIIB, I1aB B KHUTaX HAaBOJATH y "nankax";

— Ha3Ba XKypHa1y a00 KHUTH 3aBXXIU BUJISIETHCS KYPCUBOM;

— iM’s1 BUJIaBIIsl BKa3y€ThCsI MIEPE]T MICIIEM BHJIAHHS;

— KOMHU BUKOPUCTOBYIOTh JJIS TIOJIUTY €JIEMEHTIB 3aIucy;

— U JDKEPENl YKPaiHChbKOI a00 pOCIChKOI0 MOBOIO, IO HaBOJsAThCS Yy References, Ha3Bu
cTareil ’KypHaliB, I'JJaB B KHMrax HaBOJATh JIATUHUIEIO (TpaHciiTepaliero) y "namkax" Ta
MepeKIIaIoM Ha aHTIIHChKY MOBY Y KBaJpaTHUX AyKkax. OHIIaifH-KOHBEPTEP 3 YKPATHCHKOI MOBHU
s TpaHcaitepanii: http://translit.kh.ua/?passport.

Ilpuknaou ogpopmnenns References 3a cmunem Harvard British Standards Institution
Kunura (JICTY 8302:2015)
[Hpopmaniiino-nicuxosoriuna 6oporh0a y BoeHHiH cdepi : MoHorpadis / I'.B. Ilesros, A.M.

lopnienko, C.B. 3ankin, C.O. Ciguenko, A.O. ®exmicroB, K.I. Xynapkoscekuit. X. : Bun.
Poxko C.I'., 2017. 276 c.
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Knura (Harvard style BSI)

Pievtsov, H.V., Hordiienko, A.M., Zalkin, S.V., Sidchenko, S.O., Feklistov, A.O. and
Khudarkovskyi, K.I. (2017), ”Informatsiino-psykholohichna borotba u voiennii sferi: monohrafiia”
[The information and psychological struggle in the military sphere], Rozhko S.H., Kharkiv, 276 p.

Crarr1 i3 nepionnunoro suaanus (ACTY 8302:2015)

Kapnenko, [.B. Cran Ta mnepcneKTUBUM PO3BUTKY 3E€HITHOTO PAKETHOrO O30pOEHHS
[ositpsaux Cun 36poiinux Cun Ykpainu / Hayka i texnika [loBitpsaux Cun 30poitnux Cun
VYkpaiau. 2017. Ne 2(27). C. 75-78.

Crarrs i3 nepioguunoro Buganus (Harvard style BSI)

Karpenko, D.V. (2017),”Stan ta perspektyvy rozvytku zenitnoho raketnoho ozbroiennia
Povitrianykh Syl Zbroinykh Syl Ukrainy” [The state and perspectives of the development of anti-
aircraft missile armaments in the Air Force of Ukraine], Science and Technology of the Air Force
of Ukraine, No. 2(27), pp. 75-78.

Muceprania (ACTY 8302:2015)

benosepos, 1.B. Penurno3nas nonutuka: auc. ... kauia. uct. Hayk: 07.00.02; zamunieHa
22.01.02; ytB. 15.07.02 / benoszepos MBan Banentunosuu. K., 2002. 215 c.

HMuceprauisa (Harvard style BSI)

Belozerov, 1.V. (2002),”Relyhyoznaia polytyka: dissertation” [The religious policy:
dissertation], Kiev, 215 p.

kepena eqieKTPOHHOTO pecypcy Bigaanenoro nocrymy (ACTY 8302:2015)

Pomanos B. K Bompocy o myTsx AOCTHKEHHSI HAallMOHAIBHOW O€30MacHOCTH B YCIOBUSAX
riIo0anu3anuu: mpo0IeMbl TEOPUH U MPAKTUKH B KOHTEKCTE BHENTHEH momuTiku Poccuu u [Tosbmm
[Enextponnuii pecypc] bezonacHocts u 06opona, 2016. Ne 1(2), C. 7-15. Pexum poctymy a0
kypH.: http://www.desecuritate.uph.edu.pl/images/De Securitate 12 2016.pdf.

[kepena eqeKTPOHHOrO0 pecypcy Bigganenoro nocryny (Harvard style BSI)

Romanov, V. (2016), K voprosu o putyakh dostizheniya natsionalnoy bezopasnosti v
usloviyakh globalizatsii: problemy teorii i praktiki v kontekste vneshney politiki Rossii i Polshi”
[To the question about the ways to achieve national security in the context of globalization: the
problems of theory and practice in the context of the foreign policy of Russia and Poland], Security
and Defence Journal, No. 1(2), pp. 7-15,
www.desecuritate.uph.edu.pl/images/De_Securitate_12 2016.pdf (accessed 12 July 2017).
(mpumitka: npu HaBenenni URL "http: /" mae OyTu BUKITIOYEHO).

binpm neranbHy iHGOpMalito 1moa0 opopMieHHs O0i10miorpadiuHuX MOCHIAHb 3a CTUJIEM
Harvard British Standards Institution moxHa 3uaiitu Ha caiiti Hayionanonoi 6ioniomexu Ykpainu

imeni B.1. Bepnaocskozo ta onnaiin reneparopa nocuianb Cite This For Me.

Penakuiiina xouaeria: e-mail: lenkov_s@ukr.net
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MpudTt

12 ot

12 nr
JKUPHU A

11 nT
Kypcus,
HCUpHUU

12 ot

CXEMA O®OPMJIEHHS CTATEHA
Y «3BIPHUKY HAYKOBUX ITPALlb BIKHY»
YK HAYKOBUH CTYIiHb, BUCHE 3BAaHHS
iHimia;m Ta npizBuie aBTopa (cnmiBaBTOPIB)
Micie po6oTH aBTopa (CIiBaBTOPIB)

YK 32.973.202:07.681 1.1.H., nipod. Crenanos C.B. (BIKHY)
K.T.H., C.H.C. YKpaineus O.B. (BIKHY)
k.T.H. Cajenko B.Jl. (BIKHY)

KEPYBAHHS EJEKTPOHHUMUA NPUCTPOSIMHU 3A JOITOMOI'OIO
KECTIB
Anomauyin 10 CTaTTi BUKOHYETHCS YKPAiHCHKOIO Ta AaHMJIIWCHKOKD MOBaMHU
(3aranpHUt 00caT koxHOI He MeHII Hik 1800 3HaKiB, BKIIFOUAIOUHN KITFOYOBI CIIOBA).

Jna Kepyeamwna eneKmpoHHUMU RPUCMPOAMU, ONA CYHYACHO20 KOPUCHYEaAud
GADICIUBUMU KPUMEPIAMU € MAKI, AK . 3PYUHICMb ma npocmoma Kepyeannusa. /na mozo w06
Haoamu Kopucmyeawy Mmaxi MONCIUGOCHI ma 3PYYHOCHI 6 GUKOPUCHAHHI, € 00CUMDb
00UiIbHOW PO3POOKA cucmemu, AKa 6 Hadasana maxi modxcaugocmi. Kepyeanns cucmemoro,
AKQ NPAYIOE HA OCHOGI JCecmie, € HAO36UYANHO NEPCHEKMUGHUM, MA MOJHCe CYHIMEGO
noewumu Kopucmyeauy pooomy 3 Hero, moMmy uio, dHcecmu aKi NOmpioni 014 Kepysanns
CUCIEMOI0, MOIHCYMb OYMU IHMYIMUGHO 3POYMIIUMU KOPUCMYEAUY, NOPIGHAHO 3 IHUWIUMU
cucmemamu AKi nPAYIOOMs 3a 00NOMO2010 KOMOIHAYI K1asiud.

Jna eupivienns 3a0au KepyeanH: 3a 00NOMO2010 Hcecmie, RPONOHYEMbCA RPOZPAMHO-
anapamuuil KOMN1eKc, AKUil no0Y008anuil Ha 0CHOGL PI3HUX MO00Y/1i8, KOMHCEH 3 AKUX 8 C6OI0
yepey GUKOHYE GIONOGIOHY pOIb @ CUCHeMi, HANPUKAAO 3HAXO0UMb MOUKY iHmepecy 3
MHOIICUHU YU 8UPaxo8yc 2niuduny cyenu. Taxoouc 6 cucmemi € a0po, aKe 6ionosioac 3a anaiz
mooucgpikamopie ma sncecmie. Ha ocnoei oanux mooynie cmae modxnciueo cmeopumu
cucmemy, aKa 6 npayloeana Ha OCHOGL ycecmig. Ane 0asa cmeopeHHa OaHoi cucmemu,
nompiono  eupiwiumu neeHi 3adaui, maki AK: Ce2MEeHmMAauia, CcKeaemuzayis,
cnocmepedicennn. Koycna 3 akux micmumo ¢ coodi 6ionogioni mamemamuyni mooeni ma
6U3HAYEHHA. 3anponoHOGaAHUIl NPOZPAMHO-ANADAMHUNL  KOMHIEKC 0711 KePYyGaHH:A
npupoonimu yncecmamu. Cymop npoZpamHo-anapanmnoz0 KOMRIAEKCy NOJIAAE 8 NOMY, W00
3abe3neuumu Kopucmyeaua makum inmepgeiicom, w06 6iH GUKOHYBA8 pPOOOMY
3HAX00AYUCH YACMKOBO 8i00ANIEHO 8i0 POOOUO20 MICUA, YU MAHINYII06AE IHCIMPYMEHMAMU
Ha giocmani, moomo 3a 00nOM02010 rHececmie. Bukopucmanus npononoeanozo npozpamHuo-
anapamuoz0 KOMNJAEKCYy 0036071UMb NOKPAWUMU NOKAZHUKW  CHEPUAbHOCHMI 6
onepauiiinux, nioguwiumu mexHiuny 6e3nexky nio uac eUKOHAHHA Oe3nocepeonvoi pooomu
Kopucmyeaua 3 npuiaoamu.

Knrouoei cnosa: wumyynuii inmenexm, KOHmpouepu, mooyJii, Hcecmu, 21udUHA CYEeHU,
mouka inmepecy, ananiz moougikamopis, ananiz rcecmie, cezmeHmauyisn, cKeaemusayis,
cnoCmepeyceHHs.

BUKJIA/L OCHOBHOI'O MATEPIAJIY CTATTI

HEOBXIJHI EJIEMEHTHU CTATTI:BcTyn Ta nmocraHoBKa npodJeMu (3agaui) y
3arajJibHOMy BHIVISIAI Ta i 3B’A30K i3 BaKIMBHMHM HAYKOBUMH YM NPAKTHYHHMU
3aBJaHHSIMM; aHaJII3 OCTAaHHIX IOCHUKeHb i myOuikaniii, B SIKMX 3am04aTKOBaHO
PO3B’s13aHHsI 1aHOI MPOOJIEMH i Ha SIKi CHUPAETHCS AaBTOP, BUIJIEHHS] HeBUPillleHUX paHiiue
YaCTHH 3arajibHoi NPo0JIeMH, IKUM MPUCBSYYETHCS AaHA CTATTS, POPMYJTIOBaAHHS Wiei
cTarTi (IOCTAaHOBKA 3aBJaHHS), BUKJAJ OCHOBHOIO MAaTepialy AOCTII:KEeHHSI 3 MOBHUM
OOIPYHTYBAHHSIM OTPMMAHMX HAayKOBUX pe3yJbTaTiB; iX NPaKTUYHOIO 3HAYCHHS Ta
pe3y/ibTaTiB  €KCIIEPUMEHTY YW BIPOBAKEHHS; BHUCHOBKM 3 HAHOIO [IOCJHIIKeHHH i
NePCNeKTHBH NMOAAJIbIINX J0CTiIKeHb Y JaHoMy HanpsiMKky. JlitepaTypa. References.

YBAT'A! Tabnuili i pucyHKH IpyKYIOTh MICHA MOCHIIaHb. SIKIIO Y CTAaTTi KiJIbKa TaONHIb
YM PUCYHKIB - X HyMepylOTb. 3arojioBKH TaOJUIb 1 PUCYHKIB HEOOXiIHO PO3MILIyBaTH IO
HEHTPY, a HyMepallito TabJuIih paBopyd Bia Tadmuii (ctwibs normal, mpudrt — Times New
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Roman Ne 12). Pucynku moBuHHI OyTH BUKOHaHI 3a J0moMoroto peaakropa Word, srpynoBaHi
1 SBJIATH CO000 OAMH rpadiunuii 00’ekT. DopMysM Ta MO3HAYCHHS MO0 TEKCTY 00O0B’SI3KOBO
Habuparu 3a pomnomoroto Equation Editor - penakropa dopmyn Word, a He y TekCTOBOMY
pexkuMi. Y peaakTopi hopMyJ1 MatOTh OYTH BCTAHOBJICHI TaKi TApaMETPH - PO3MIpPHU: 3arabHHMA
— 12 pt. Benuki ingexcu — 10 pt , mani ingekcu — 7 pt, Benuki cuMBoiu — 14 pt. Majii CUMBOJIM
— 10 pt: cTunb: TekeT, GYHKIT, 3MiHHI, MaTpHITi-BeKTOpH, unciia — mpudt Times New Roman,
JUIs petuty cTuiiB — mpudt Symbol, mpu npomy: cTpok. rpenbki — npsiMi. Benuki 3a pozmipom
BHpa3M Ta PIBHAHHS HEOOXiIHO 3aMHMCyBaTH y KUTbKa PSAKIB.

JITEPATYPA

Ilepmmii (cimcox miTepaTypd Ha MOBI OpuWTiHamy mkepema) — 3rigHo Hakasy MOH Ne 40 Bix
12.01.2017 Ta BiamosigHo 1m0 JICTY 8302:2015 «Indopmaris Ta mokymeHnTariis. biomiorpadivyne mocunaHHs:
3araJibHi TIOJIOKEHHS Ta NPaBUIIa CKIIAJIaHHsD»,

npyruit (REFERENCES ) 3 ypaxysanusam JICTVY 8302:2015, nakazy MOH Ne 40 i 12.01.2017 Ta
Mmixkaapoauoro I'apsapacekoro ctuimo BSI (British Standards Institution).

11 ot

11 oT

11 nm
Kypcuse,
HCupHui

JITEPATVYPA:
3PA30K

1. Jlenxor C.B., Tomok L.B., [{unapes B.M., JlenkoB €.C. MozenoBaHHs HpOIIECiB
BUTpavaHHsI Ta TIOMIOBHEHHSI pECYpCy YIrPpYIyBaHHS TEXHIYHUX 00’ €KTiB. Cucmemu 030pocHs
i giticbkoga mexuika. Xapkis. 2018. Bum. 1(53). C. 155 — 162.

2. XKupos I'.b., Jleaxos €.C., [unapes B.M., [Iporierko .M. MozemtoBaHHs TIporiecy
BiIMOB 00’€KTIB, 1[0 BITHOBJIIOIOTHCS 3 1€PAPXIYHOIO KOHCTPYKTUBHOIO CTPYKTYPOI. 30ipHUK
Haykosux npays Biticbkoeoeo incmumymy Kuiscbkozco nayionanvnozo yHieepcumemy iMeHi
Tapaca [llesyenxa. Kuis. 2017. Bum. 55. C. 30-39.

REFERENCES:
3PA30K

1. Lienkov, S.V., Tolok, 1V., Tsytsarev, V.N. and Lenkov, Ye.S. (2018),
“Modeliuvannia protsesiv vytrachannia ta popovnennia resursu uhrupuvannia tekhnichnykh
obiektiv”’ [Modeling of processes of expenditure and resource replenishment grouping of
technical objects], Systems of Arms and Military Equipment, No. 1(53), pp. 155-162.

2. Zhyrov, G.B., Lenkov, Je.S., Cycarjev, V.M. and Procenko, Ja.M. (2017),
“Modeljuvannja procesu vidmov ob’jektiv, shho vidnovljujut’sja z ijerarhichnoju
konstruktyvnoju strukturoju” [Simulation of the process of failure of objects that are restored
with a hierarchical constructive structure], Zbirnyk naukovyh prac’ Vijs’kovogo instytutu
Kyi’vs’kogo nacional’nogo universytetu imeni Tarasa Shevchenka, No. 55, pp. 30-39.

Prof. Stepanov S.V., Ph.D. Ukrainets O.V., Ph.D. Salenko V.D.
CONTROL ELECTRONIC DEVICES USING GESTURES

For management of electronic devices, for today’s user important Criteria are:

convenience and ease of management. In order to provide the user with such opportunities
and usability to use, it is quite reasonable to develop a system that would provide such
opportunities. Managing a gesture-based system is extremely promising, but can greatly
facilitate the user to work with it, because the gestures that are needed to manage the system
can be intuitive to the user, compared to other systems that operate using keyboard shortcuts.
To solve the problems of managing using gestures, a software-hardware complex is proposed
that is based on different modules, each of which in turn plays an appropriate role in the
system, for example, finds a point of interest from a plurality or calculates the depth of a
scene. Also, the system has a kernel that is responsible for analyzing modifiers and gestures.
Based on the data of the modules it becomes possible to create a system that would work on
the basis of gestures. But for the creation of this system, it is necessary to solve certain
problems, such as: segmentation, skeletalization, observation. Each of them contains the
corresponding mathematical models and definitions. Proposed hardware and software
complex for management of natural gestures. The essence of the software and hardware
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complex is to provide the user with such an interface that he was performing work while
being partially remote from the workplace, or manipulating tools at a distance, that is, using
gestures. The use of the proposed software-hardware complex will improve the sterility
parameters in the operating system, increase the technical safety during the direct work of
the user with the devices.

Keywords: artificial intelligence, controllers, modules, gestures, depth of the scene,
point of interest, analysis of modifiers, gesture analysis, segmentation, skeletonization,
observation.

Jani nmpo aBTopiB quB.cTOp.150

3PA30K
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