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DEVELOPMENT OF A COMPLEX FOR INDIVIDUAL DOSIMETRIC CONTROL

At present, practically all branches of industry, many branches of science use sources of ionizing
radiation (IR). Nuclear power plants, gamma plants of various capacities, flaw detectors, counters and many
other equipment are widely used in the defense complex, medicine, agriculture. However, the most
important sector of the use of IR in Ukraine after the elimination of nuclear combat potential is nuclear
power. The country has five nuclear power plants (NPP) with reactors of two types, which generate about
40% of the country's total electricity.

In this regard, the problems of dosimetry, which today have become an independent scientific and
technical area of nuclear physics, are acquiring ever increasing importance. Dosimetry, in its essence,
solves the problem of linking physical quantities with the expected radiation effects of the use of IR.

When standardizing radiation doses for personnel in accordance with international
recommendations and rules, the issue of reducing the dose costs of personnel, and, first of all, repair costs,
arose sharply, since the main contribution to the collective radiation dose of NPP personnel is made by
maintenance and repair work. At the initial stage, it was possible to reduce the radiation doses mainly due
to the implementation of organizational measures of administrative increase in the requirements for the
guality of preparation and performance of work in the controlled access area. Further reduction of
personnel dose loads can be ensured by introducing ALARA principle into the NPP operation practice. To
do this, it is necessary to create a system for monitoring the radiation situation and personal dosimetry,
which could ensure the identification of areas with increased radioactivity and measure the full set of their
parameters (at least, dose, dose rate, coordinates, time point, personal dosimeter number) in real time.
without the participation of the wearer of a personal dosimeter, that is, within the framework of his normal
life and without his knowledge, if the dose rate does not exceed the maximum permissible level. When this
level is exceeded, the wearer of a personal dosimeter must be warned of the impending danger in order to
take part in actions to overcome it, but not as an intermediary in the process of the above measurements.

On the basis of this concept, a complex of individual dosimetric control is proposed in this work.

Keywords: nuclear power, personnel exposure dose, radiation monitoring, radiation dose rate,
personal dosimeter

Introduction. The main task of dosimetry — identification of sources ionizing radiation (IR)
that pose a threat to the environment and humans — today is solved using a variety of technical
registration tools with varying degrees of efficiency. In addition, the existing variety of terms and
values in this industry requires some clarification in order to convey the reliability of the presented
research results. Nowadays, almost all industries, many branches of science use IR. Nuclear power
plants, gamma plants of various capacities, flaw detectors, counters and many other equipment are
widely used in the defense complex, medicine, agriculture [1-3]. However, the most important sector
of the use of IR in Ukraine after the elimination of nuclear combat potential is nuclear power [4]. The
country has five nuclear power plants (NPP) with reactors of two types, which generate about 40%
of the country's total electricity [5, 6].

In this regard, the problems of dosimetry, which today have become an independent scientific
and technical area of nuclear physics, are acquiring ever-increasing importance. Dosimetry, in its
essence, solves the problem of linking physical quantities with the expected radiation effects of the
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use of IR. The main task of dosimetry — identification of sources radiation, posing a threat to the
environment and humans — today is solved using a variety of technical registration tools with varying
degrees of efficiency. A comparative analysis of such means and methods of their application for
registration and dosimetry is presented in this section [7, 8]. In addition, the existing variety of terms
and values in this industry requires some clarification in order to ensure the reliability of presented
research results.

Formation of the problem. The development of nuclear energy, the spread of nuclear
technologies have put forward new requirements for the control and metrology of ionizing radiation.
The modern level of nuclear instrumentation cannot fully satisfy them. The solution to this problem
can be provided by the development of: methods for choosing the optimal type of semiconductor
materials and controlling their properties to create uncooled detectors; sensors with higher resolution;
electronics with less noise; computer methods and information processing programs with lower
estimated costs; control systems for nuclear materials and the state of NPP protective barriers that
meet the requirements of existing automatic control of radiation safety (CRS).

Analysis of previous studies. The level of development and application of radiation
technologies is largely determined by the state of nuclear instrumentation. In a relatively short period
of time, this industry has gone through several stages of development, and each of them was marked
by the emergence of various devices that register and measure the parameters of ionizing radiation:
gas-discharge counters, scintillators, semiconductor detectors, and others. Their appearance and
further widespread use was provided in the past by works from Crookes, Rutherford, Geiger and
Miiller to the works of A.B. Dmitriev, S.N. Perelman, V.G. Tchaikovsky, and V.G. Baranov, which
are closer to us in time. I., Golbek G.R., Nemirovsky B.V., Yakubovich A.L. and many others. The
basis for the progress of nuclear instrumentation was the simultaneous development of two directions
- nuclear physics research and electronics. However, both directions at that time developed
independently, without proper mutual connection.

The advent of modern semiconductor sensors for the first time linked nuclear instrumentation
and electronics into a single complex — a semiconductor detector. It combines 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 the problem
being solved and parameters. The possibility of the appearance of such a complex is provided in
materials science by the works of Vavilov V.S., Baransky P.1., in applied nuclear physics research by
M.V. Maksimov, O.V. Maslova. and others. In these works, a technique was shown for the selection
of semiconductor materials and a design of sensors was proposed, directions for the creation of
electronics and computer programs for detectors were determined. This ensured the creation and
effective use of semiconductor detectors in dosimetry, radiation control of materials and technological
processes of nuclear power plants.

Main part. In this work, a complex is proposed, which consists of a main unit — an individual
electronic direct-display dosimeter (ID) and an expansion unit — "cassette boxes™ with individual
dosimeters nested in the compartments-cells. The multiplicity of the ID connection in the cassette
holder is 256 ID. The total number of serviced cassettes is limited only by the capacity of the battery
charging module for personal dosimeters (Fig. 1).

The development of modern detecting units designed to monitor the state of protective barriers
by measuring the dose rate of gamma radiation in the air as part of the radiation monitoring systems
of nuclear power plants is an important and urgent task. The detecting units of AKRB-03 system
currently in operation have exhausted their resource (AKRB — radiation safety monitoring equipment)
[9 - 11]. The system itself, developed more than 20 years ago, has not only exhausted its resource,
but is also morally outdated [12, 13]. It is obvious that new detecting units should have higher
metrological and operational parameters. A significant improvement in the metrological and
operational characteristics of detectors, as shown above, can be obtained only through the use of new
materials, in particular, wide-gap semiconductors such as CdZnTe [14].

The functions of the main unit are as follows:

— presentation of the interface to an individual dosimeter;
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— receiving information from an individual dosimeter (personnel number, route, dose, time,
errors, temperature, etc.);

— recording of service information into an individual dosimeter (time, dose limit);

— recharging the battery of personal dosimeter while it is in the cell.

Expansion unit (EU) — "cassette holder" serves as an intermediate link between the control
computer and the individual dosimeter. All records are stored and processed in a computer. EU
presents a computer interface for communication with a dosimeter. The control computer interacts
with EU via RS-232 or RS-485 serial interface.

Expansion nnit

1am 14N | 1AM

Expansion unit

| iAF | 1am

Expansion unit

F
[

—
3

fﬁ"a

k 14n | AN AN
Control Expansion unit
computer
P L D D D |

Personwel dose planning databaze IDS

Figure 1 — Block diagram of the individual dosimetric control complex

The individual electronic dosimeter is made in accordance with the requirements of the "Unified
requirements for individual dosimetric control ET IDK" and other regulatory documents, since works
on the basis of BDMG-CZT detection unit.

The sensitive element of the dosimeter is made on basis of CdZnTe crystal and is a complete
element of the detector. The dosimeter uses the algorithm for software correction of the “stiffness
course” of the recorded radiation, which was considered earlier.

Functionally, an individual dosimeter consists of the following units (Fig. 2):

— detection (detector, preamplifier, pulse normalizer);

— detector power supply (programmable voltage supply to the detector);

— temperature measurement (dose measurement correction is implemented on DS18B20);

— real time clock (for calculating the dose rate DS1302);

— indications and notifications (indication of time, ambient temperature, dose rate, dose,
thresholds for setting dose load, battery discharge, etc., indicator from NOKIA telephone);

— log memory (to save intermediate dose measurement results on the way of personnel and at
the workplace AT24C512);

— wireless interface (to receive access control labels for certain zones, as well as presence at the
workplace);

— single-wire interface (for data transmission through the main unit to a computer);

— power control (to control battery charging);

— microcontroller (for general organization of operation ATMEGABS device control).

The design of the dosimeter is a standard miniature plastic case from Bopla for hand-held
devices, BOPLA-Arteb 335 series in shockproof dust and moisture resistant design. Its three-
dimensional model is shown in Fig. 3.



Figure 1 — Block diagram of an individual dosimeter (functions of blocks in text)

For the first time, a complex of individual dosimetric control has been developed. The complex
consists of an individual electronic direct display dosimeter (ID) and an expansion unit (EU) with ID

located in the cells.

The use of such a complex will allow for the first time to create a system for monitoring the
radiation situation and personal dosimetry capable of detecting areas with increased radioactivity,
measuring a full set of their parameters in real time, the radiation dose of ID carrier, etc. and will

Detector f—ay Clok Wirsless
C Preampli- interface
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= AT . T
-
Compa- Wemory
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ensure the introduction of ALARA principle into the practice of NPP.

Figure 1 — Appearance of an individual dosimeter: D - dose indication;

K - indication of control dose levels

Conclusions. For the first time, a complex of individual dosimetric control has been developed.
The complex consists of an individual electronic direct display dosimeter (ID) and an expansion unit

(EV) with 1D located in the cells.




The use of such a complex will allow for the first time to create a system for monitoring the
radiation situation and personal dosimetry capable of detecting areas with increased radioactivity,
measuring a full set of their parameters in real time, the radiation dose of ID carrier, etc. and will
ensure the introduction of ALARA principle into the practice of NPP.
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A.T.H., mpo¢. ban3zak O.B., 1.T.H., ¢.H.c. CenwokoB O.B.,
A.T.H., mpod. €Epumenko H.A., Konosanenxo O.I.
PO3POBKA KOMIVIEKCY IHAUBIAYAJBHOI'O JOZUMETPUYHOI'O KOHTPOJIIO

Y oanun uwac npaxkmuuno eci canysi npomucnoeocmi, 6azamo zany3ei HAYKU 3ACHIOCOGYIOMb
oxcepena ionizyrouux eunpomintosans (II). Illupoxo euxopucmosgyromovcsa 6 000pOHHOMY KOMNJIEKCI,
MeouyuHni, CinibCbKOMy 20CR00ApPCMEL A0epHi eHepzemuuHi YCMAHOBKU, 2AMMA-YCHAHOGKU Pi3HOT
nomyscnocmi, oehekmockonu, aiuunvhuku i 6azamo inwioi anapamypu. QOHaK HAROIILUL AHCIUCOIO
2anys3to euxopucmanna Il na Ykpaini nicna nixkeioauii 001106020 sa0epHo20 nomeHyiany € amomHa
eHepeemuxa. Y kpaini npaytoc n'amo amomnux eaekmpocmanyiit (AEC) 3 peakmopamu 060x munie, aKi
eupoodnaoms 6au3zvko 40% eciei enekmpoenepeii kpainu.



Y 36'a3Ky 3 yum 6éce oinvuiozo 3HaueHHa HaAOysalOmMov NPOOIEMU 003UMEmPIl, AKA CbO2OOHI cmana
CAMOCMITTHUM HAYKOBO-MEXHIYHUM HANPAMKOM A0epHol (hizuku. /Jo3umempisn 3a ceocto cymmio eupiuiye
3a60anHA 368'A3Ky (Pi3uUHUX eUUUH 3 OUIKY8AHUMU padiayiiHumu epekmamu 3acmocysannsn I1.

Ilpu nopmyesanui 003 onpominenns nepcoHasly 6i0n08iOHO 00 MiXDICHAPOOHUX PeKOMeHOauill i npagu
20CMPO ROCMA10 RUMAHHA {000 3HUNCEHHA 00308UX UMPAM NEPCONAILY, i, 6 NEPULY Yepzy, PEMOHMHO20,
maxk AK OCHOBHUII 6HECOK 8 KONeKmusHy 003y onpominenna nepconany AEC enocams pobomu 3
mexHiunozo obcnyzoeyeannus i pemonumy. Ha nouamxoeomy emani 3uuicysamu 003u ONPOMIHEHHA
60aeanocsa, 8 OCHOGHOMY, 34 PAXYHOK GUKOHAHHA OPZAHI3AUINHUX 3AX00i6 AOMIHICHMPAMUEHO20
ni0BUUIEHHA 6UMO2 00 AKOCHI NIOZ0MOBKU MA NPOGEOeHHA POOim 6 30Hi KOHMPOJIb08AH020 OOCHIYNY.
Ilooanvwe 3nudICEHHA 00306UX HABAHMANCEHL NEPCOHALY MOYce Oymu 3ade3neuenHo 3a pPaxyHoK
enpoesaoiicennsn ¢ npakmuxy excnayamauii AEC npunyuny ALARA [3]. /Ina yvozo neodxione cmeopenus
makoi cucmemu KOHMPOAIO padiayiitnoi oO6CMaHo6Ku ma NEepcoHATbHOI 0o3umempii, AKa mozia 0
3abe3neuumu GUAGIEHHA OINAHOK 3 RIOGUUIEHOI0 PAdioaKMUGHICMIO | euMIploeamu noeHuil Hadip ix
napamempie (AK MiHIMYM, 003y, HOMYNHCHICIb 003U, KOOPOUHAMU, MOMEHM YACY, HOMEP NEPCOHATIbHO20
oo3umempa) 6 peaibHOMy Macuimadi uacy o6e3 yuacmi HOCIiA NEPCOHAIbLHOZ0 003UMempa, M. e. 8 PAMKAX
11020 HOPMAIBLHOI HCUMMEOIANLHOCMI | 0e3 1020 6i0oMa, AKUL0 NOMYIHCHICDb 003U He nepesULLye
2PAHUYHO 0onycmumozo piena. Illpu nepesunienni ybo2o pieHsa HOCI NEPCOHATBHO20 003UMEMPA NOBUHEH
nonepeodcyeamvbca npome, wio oMy 3azpolicye Hebenexa, uiobd ezamu yuacms 6 0iax no it nodonaunnio,
ane He 8 AKOCMI NOCEPEOHUKA 8 NPOUECi BUUE3A3HAYEHUX GUMIPIOGAHD.

Ha ocHnoeéi maxoi konuyenuii 6 Oaniii poOomi 3anponoHO6AHO KOMMNJIEKC IHOUBIOYAbHOZ0
003UMEemPUYHO20 KOHMPOJIIO.

Kniouoei cnosa: amomna enepzemuka, 003a ORPOMIHEHHA NEPCOHATY, KOHMPOIb padiauiitnoi
00CmMano068Ku, NOMYIHCHICHb 003U ONPOMIHEHHS, NEPCOHAILHULL 003UMEmp.
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COMPARISON OF THE EFFECTIVENESS OF METHODS TO OPTIMIZE THE
PARAMETERS OF THE MAINTENANCE STRATEGY
COMPLEX TECHNICAL OBJECTS

The present article is devoted to comparing the effectiveness of methods for optimizing the parameters
of maintenance strategy of complex technical objects. First of all, it concerns the methods for optimizing
the parameters of maintenance strategy by state, by resource and adaptive technical maintenance (TM). In
addition, a comparative assessment of indicators of target functions of the object without maintenance is
made. That is, the article is devoted to one of the important and not fully solved problems: ensuring the
reliability of operation of complex objects of machinery of ordinary and high responsibility.

The basic principles and elements of the construction of the methodology are considered, the
technology of performing the optimization task of the corresponding strategy developed by the authors
earlier is applied. The calculation of parameters under the condition of the optimal methods for solving
problems, namely, simulation and statistical modeling, is proposed.

The best strategy in terms of mean time between failures (MTBF) and unit cost of operation is the
""adaptive TM"" strategy. Then comes the ""condition-based TM"" strategy. The worst is the ""TM by lifetime"
strategy. The strategies ""TM on condition' and ""adaptive TM"" are very close to the obtained indicators.
This is due to their common essence - when TM is used information on the actual current state of the object.
The effectiveness of various TM strategies depends significantly on the reliability-value structure of the
object. If the distribution of the cost of renewable elements about correlates with the distribution of their
uptime indicators, the difference in the efficiency of different TM strategies is reduced.

The optimal parameters of different TM strategies depend significantly on both the reliability-value
structure of the object, and on the given requirements to the object's failure-free operation level.

Key words: complex engineering objects, maintenance strategy, change of inspection frequency,
maintenance and repair.

Introduction and problem statement. The process of maintenance of complex technical
objects is very necessary to improve their reliability and extend their technical life, especially when
these objects are impossible or impractical to replace with new ones. This is usually due to economic,
social, hazard and other some difficulties [1-3].

Despite the fact that complex objects in modern conditions have in their composition built-in
systems of technical diagnosis (STD), means of which are carried out continuous or periodic control
of the technical condition, as well as the search for faults and failures, to restore the resource is
possible only by conducting maintenance and repair (MAR).

The content of the MAR process depends on the complexity of the object, the design features
of the component and element composition, the presence and degree of development of the built-in
STD, the purpose of the object and the modes of its application. The content of the MAR process is
determined by the following main components:

- maintenance work;

- repairs (current, scheduled, preventive, etc.);

- conducting analyses and tests;

- providing TM and repair of spare parts for tools and accessories (SPTA).

Maintenance according to [4-6] is "a set of operations or operations to maintain the
serviceability or operability of the object during its intended use, downtime, storage and
transportation”. Further we will consider only TM when used as intended. TM consists in periodic
inspection of the technical condition of the object and replacement of its individual elements that are
in a pre-failure state. Maintenance is carried out when the object is in good or serviceable condition.
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Thanks to carrying out TM there is a "rarefaction™ of a stream of failures of object and at the expense
of it raises level of its reliability.

Repair according to [4] is "a set of operations to restore serviceability or operability of the object
and restore the resource of the object or its components. A distinction is made between routine and
scheduled repairs.

Current repair (CR) is designed to restore the performance of a complex object, carried out at
random moments of time, each time a failure of the object occurs. During maintenance, as a rule,
replacement of one or more components or elements, the failure of which led to the failure of the
object as a whole, is carried out.

Scheduled repair (SR) is designed to replenish the resource of the object, it is carried out at pre-
scheduled points in time. In the case of a planned repair, a large part of the elements of the object are
usually replaced. The greater the number of replaced elements, the greater the value of the resource,
which is accumulated as a result of the planned repair. In practice, for the convenience of planning
and organization of planned repair, the notion of type of planned repair is introduced. With the help
of the notion of type of repair the scope of repair is specified and the rules of assignment of terms of
their performance and ensuring. Most often two types of planned repairs are defined - major (MJR)
and medium (MR). In this case, it is assumed that the volume of overhaul is significantly greater than
the volume of medium repairs. As a result of performance of MJR is carried out close to full
restoration of the resource of the object. At performance of MR there is only a partial restoration of
a resource.

The MAR process is carried out according to the appropriate system, which is understood as a
set of interrelated means, documentation, and performers required to maintain the required level of
reliability of complex radioelectronic objects [7]. The elements (subsystems) of MAR system are [8-
12]:

- technical maintenance system,

- system of current maintenance,

- system of repair organizations,

- system of providing spare parts, tools and accessories;

- control system.

Figure 1. shows a typical schematic structure of the MAR process with the definition of the
person (operator) in the process.

Control svstem MAR

v by
Eepair body
Repair Maintenance
equipment " personnel ++ SPTAR Composition of SPTA
_Object ' SPTA-C
Amnaparvpa Service

o6 exTa PET [ persgm]_e]_ < SPTA-O

Figure 1 — Typical structure of the MAR process of complex objects

In general, there are several TM strategies for complex objects [3-13]. Of these, we will
consider comparisons of the following TM strategies:

- condition maintenance;

- adaptive TM;

- resource maintenance (durability restoration);
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- without TM.

A comparative study of different TM strategies

The complexity of TM processes and the variety of factors affecting them significantly
complicate the choice between different TM strategies. For an objective comparison of the advantages
and disadvantages of various TM strategies, it is necessary to ensure the approximate equality
(sameness) of the conditions in which they are applied.

When comparing different TM strategies, we will be guided by the following principles:

- it is possible to compare various TM strategies only by results of their application to the same
object;

- test objects on which comparison of strategies TM, should be comparable (identical) on
structure of time and cost of TM and CR;

- quality indicators of process TM (target functions) on which comparison of various TM
strategies, should be estimated on equal intervals of operation of object and at the identical parameters
of process of modeling (if comparison of strategies TM is carried out by results of modeling)

- characteristics of process TM received at optimum parameters of TM strategies should be
compared, that is potential possibilities of various TM strategies should be compared.

This study uses 4 test objects differing in their structural and reliability characteristics (the
characteristics of the test objects are given in [12,13]). This, among other things, makes it possible to
test and simultaneously demonstrate the "workability" of the developed methods for determining the
optimal parameters of different TM strategies with different initial data.

To ensure the comparability of the structure of time and cost of TM and SR, the same for all
elements and objects characteristics of maintainability and cost were set:

- average element recovery time =1 h;

- average duration of TM = 1 h;

- cost of the element =10 c.u. ;

- cost of the operation of current repair (replacement) of the element =1 c.u. ;

- cost of element TM operation = 1 c.u. .

The STD characteristics for the test objects are proposed as follows:

- duration of diagnosticsat TM =0.5h;

- cost of diagnostics operation at TM =1 c.u.

The same for all test objects are also set and indicators, which depend on the purpose of the
object - the specific loss of value, which is incurred by the external system (in which this object is
used) in the object failure state = 10 c.u. / hour, and in the TM state = 1 c.u. / hour.

For all test objects, the optimal parameters for the three TM strategies are determined using the
developed techniques. For brevity, as before, we will call them: "condition TM "adaptive TM" and
"resource TM ".

All calculations were performed for the duration of operation = 20 years at continuous operation
of the objects.

The optimal parameters of different TM strategies were determined under the idealized
assumption of the existence for test objects of measurable determinants for the least reliable elements

belonging to the set of renewable elements E_ . Subsets of potentially serviceable elements E_ were
specified such that all less reliable elements were included [14-15]. There were no elements in the
test objects whose reliability was lower than the reliability of any of the elements E  (E, < E)).

Obviously, under this condition with the optimal parameters of TM strategies provides the maximum,
potentially possible efficiency of TM, most likely unattainable in practice.
Table 1-4 shows the final results of calculations of the optimal parameters of different TM

strategies. Figures 2-5 show the corresponding graphs of average MTBF T, and specific cost of
operation C_—on the number of serviced elements, obtained with the optimal parameters of the
corresponding TM strategies. All detailed calculations, on the basis of which these tables and graphs
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are constructed, were given by this time in [16] (for object Test-1) and in the appendices (for objects

Test-2,3,4).

Table 1

Comparative estimates of the indicators T;, c,,, and K,, for the object Test-1 at different TM

strategies

TM strategy Condition TM Adaptive TM rizsi(r)lrerr?gnce Without TM

©

= T,.h 1660 1662 1609 1236

C
! 0,01461 0,01408 0,01695 0,02187

» o | c.u./hour

% § K. 0,99851 0,99877 0,99689 0,99919

E E P 0,180 0,179 0,184 0,085
Parameters of the | |Erw| =3 E.|=3 N, =1
optimal strategy TM ( U’ ={0,5:0,4:05} | U’ ={0,5:04;0,5} E' =3 ;

™ _
To"=1500 ) T*=1200h y*=045 =05 | T"=1400h

I". h ¢~ .cun'h
AY

i

ZaN:

©

3 -1

:a}

nE.)

T
me )

Figure 2 — Plots of dependence of indicators T,” (a) and C;ﬂ (b) on the number of elements

served under different TM strategies (Test-1 object):
1 - condition TM;
2 - adaptive TM;
3 - resource maintenance.
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Comparative estimates of the indicators T,, ¢, and K, for the object Test-2

at different TM strategies

Table 2

TM strategy Condition TM Adaptive TM Res_ource Without TM
maintenance
@
2 T,,h 695 702 676 294
C
w! 0,09852 0,08801 0,12009 0,66572
v o | c.u./hour
% § K., 0,98610 0,99374 0,97564 0,99708
_— O
2 § & 0,111 0,112 0,113 0,069
E:O =5 E:O =5 N:OZ 1
Parameters of the | . .l
optimal strategy TM | U, ={0,55;0,45; U;,={0,6:0,55,0,6, | |Ewa|=> _
(TOTP =600 h) 0,25,0,6,0,5} 0;51016} TTZ =240 h
T =250h y"=045; =05
I, .h T ocu/h
1200 0,8
1100 » o
1000 /7 o
- 0,6
00 \ ! 0.5
Be0 r 4 3 W
500 /
0,2
400
300 _f/n/ 0,1
200 0
0 1 2 4 5 & 7 8nlE) 0 1 3 4 5 7 8 n(E.)
a) b)

Figure 3 — Plots of dependence of indicators T, (a) and C;H (b) on the number of elements

served under different TM strategies (Test-2 object):
1 - condition TM;
2 - adaptive TM;
3 - resource maintenance.
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Comparative estimates of the indicators T,, ¢, and K, for the object Test-3
at different TM strategies

Table 3

TM strategy Condition TM Adaptive TM rF:]ZSi(r)]?err?:nce Without TM
@
% To, h 15194 15136 15009 9458
C
' 0,00154 0,00151 0,00169 0,00232
v o | c.u./hour
258 | K, 0,99982 0,99984 0,99967 0,99978
_— O
E § & 0,487 0,448 0,493 0,367
Parameters of the | |Ew|=3 EL|=3 N,=1
optimal strategy TM U’ ={0,5,0,5; 0,5} | U’ ={0,7;0,6;0,5} E:.l=4 -
™ _
(T,"=15000 h) T*=10500 h y=04: f=05 | T.=16000h
T h cT.cu/h
35000 0,0025
30000 (:1
o002

25000

20000

15000

10000

S000

0 1 2 3 45 6 7 B

a)

=

o nlE )

0,0015

0,001

0,0005

0123 456 7 85108

b)

Figure 4 — Plots of dependence of indicators T,” (a) and c;, (b) on the number of elements

served under different TM strategies (Test-3 object):
1 - condition TM;
2 - adaptive TM;
3 - resource maintenance.
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Comparative estimates of the indicators T,, ¢

at different TM strategies

yn!

and K_, for the object Test-3

Table 4

TM strategy Condition TM Adaptive TM Ezsi(r#err?:nce \_I/_Vl\l/}hout
@
g To' h 6575 5566 4879 914
C
ya ! 0,00668 0,00637 0,01180 0,02296
» o | c.u./hour
£8 K, 0,99736 0,99776 0,99323 0,99890
—_ O
E E & 0,268 0,209 0,311 0,113
.= =3 N;,=3
U, ={0,5;0,55; U’ ={0,55;0,55; E,il=3
0,65;0,85 0,55 . _
Parameters of _the | _, _ } s }_ 05 T.1=600h
optimal strategy TM | T« = 900N y =05 =0, E',|=3 ]
(Ty" =5000 h) T*,=6000 h
E:o3 = 4
T*,= 22000 h
T . h cT.cu/h
20000 0,025
12000
16000 Q /!/- 0,02
14000
12000 i 0,015
10000 — -
. .
2000 0,01
eODD "f @
4000 0,005
2000 :
o L2 0
00123 45 8 7 &8 3 10 nE7) 01 2 5 5 7 8 3 10 niE7)

Figure 5 — Plots of dependence of indicators T,

a)

served under different TM strategies (Test-4 object):
1 - condition TM;
2 - adaptive TM;
3 - resource maintenance.

k)

() and c;, (b) on the number of elements

For the object Test-4 given requirement T,” = 5000 hours at the optimal strategy "resource
maintenance” is not provided. Despite the fact, that all potentially serviceable elements are used.
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The "adaptive TM" strategy was not investigated separately. The adaptive TM /3 parameter

(exponential smoothing constant) was set to 0.5 for all test objects. This corresponds to a neutral
situation, when the "weight" of the initial data about the reliability performance of the elements
(always a priori information) and the data about the actual measured values of the determining
parameters (a posteriori information) is about the same.

Without going into the study of the "adaptive TM" strategy, we can assume that adaptive TM
is more advantageous in the case of unreliable initial information about the fault tolerance rates of the
object elements. Let us check this assumption as follows.

Let's calculate indicators T, and C,, for the test objects in the case when the average time to
failure of all renewable elements T_; is 2 times less in comparison with the indicators, at which the
parameters of the optimal TM strategy were calculated.

Obviously, in this case the indicators obtained in T, and C;l1 should be worse, in comparison
with the indicators T; and C_,, obtained at the initial values of T_;. Tables 5 and 6 show the values
of the coefficients of relative losses in the level of no-failure ;. and in the unit cost of operation

0., which were determined by the formulas:

i ¢ —-c
T T°-100; o, =———=>-100,
ya C

0 yI
where T, (C,,) - is the average MTBF (unit cost of operation), obtained with the optimal

5, =

parameters, provided that the indicators T_; correspond to the values set for the test objects in the

test examples;
T, (C;H) - the same indicators obtained with the optimal parameters, but provided that the

indicators Tcp. in the original data are reduced by 2 times.

Table 5
Coefficient of relative loss of reliability level &; (in %)
; Technical object
Type of TM strategy Test-1 Test-2 Test-3 Test-4
Condition TM 52 53 67 79
Adaptive TM 49 49 63 56
Resource TM 55 59 69 82
Table 6
Coefficient of relative losses of unit cost of operation J. (in %)
Technical object
Type of TMstrategy | roqy 4 Test2 | Test-3 Test-4
Condition TM 110 144 187 192
Adaptive TM 98 100 167 117
Resource TM 121 712 185 166

In Figure 6 and 7, the same coefficients are shown in the form of graphs.
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Figure 6 — Coefficient of relative loss of reliability level 6; (in %)
d ™
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/ \

. A
Figure 7 — Coefficient of relative losses of unit cost of operation 5% (in %)

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

The value of loss rate 0. = 712% obtained for the Test-4 object is not a random outlier or an

error. Such large losses in the unit cost at "resource maintenance" are explained by the high cost of
less reliable elements of the Test-4 object. This result is an additional confirmation of the critical
sensitivity of the optimal parameters of the "resource maintenance" strategy in the case of inaccurate
initial data about the reliability of the object.

Conclusions

The following conclusions can be drawn from the results:

1. This article considers one of the important and not fully solved problems: ensuring the
reliability of operation of complex objects of technology and the continuation of their technical life
by comparing the effectiveness of various TM strategies.

2. The best strategy in terms of average failure time T and unit cost of operation C, is the

"adaptive TM" strategy. This is followed by the "condition-based TM" strategy. The worst is the "TM
by resource” strategy. The TM strategy is considered better if the graph of function T, is located

higher (for function Cy*ﬂ , lower) with respect to the corresponding graph for the comparable strategy.

19



The TM strategy that is best behind the indicator T, is usually also best behind the indicator C;a'

and vice versa.

3. The strategies "condition TM" and "adaptive TM" are very close to the indicators obtained.
This is due to their common essence - when performing TM, information about the actual current
state of the object is used.

4. The effectiveness of different TM strategies depends significantly on the reliability-value
structure of the facility. If the distribution of the cost of the renewable (including maintained)
elements closely correlates with the distribution of their no-failure rates, the difference in the
efficiency of different TM strategies is reduced. This is well seen on the example of the Test-2 object,
for which the least reliable elements are simultaneously the most expensive.

5. The optimal parameters of different TM strategies depend essentially both on the reliability-

cost structure of the object, and on the given requirement to the level of the object fault-tolerance T,” .

The greater the given value T, , the greater the number of serviceable elements should be included
in the optimal TM strategy.
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1.T.H., nipo¢. JIenko C.B., k.T.H. 3inunk A.I'., k.T.H. JIenkos €.C., Bongapenko T.B.
NOPIBHSAHHS E@EKTUBHOCTI METOJAUK ONITUMIZALIL TIAPAMETPIB CTPATEI'TT
TEXHIYHOI'O OBCJYI'OBYBAHHS CKJIAJHUX OB €KTIB TEXHIKHA

Cmammsa npuceayeHa NnPOGEOeHHI0 NOPIGHAHHA epeKmuUeHOCMI MemoOuK onmumizayii
napamempie cmpamezii mexHiuno020 00cn1y208y8anHA CKIAOHUX 00 e¢kmie mexuixku. Ilepw 3a ece, ye
CHLOCYEMbCA MEMOOUK onmumizayii napamempie cmpamezii mexHiuH020 00CIY208Y6aAHHA 3a CHIAHOM, 3a
pecypcom ma adanmuenHozo mexHiunozo oocayzogysannsa (T0O). Kpim ubozo 3po6aeno nopieHANbHI OYiHKU
HOKA3HUKIE UiNbOosUX (PYHKUIN 00 €Kmy Oe3 mexniunozo oocayzoeyeannusa. Toomo cmammsa npuceauena
OOHITL I3 8AXCIUGUX T 00 KIHUA He D036 A3AHUX 3a0aU: 3a0e3neuenHI0 HA0IIHOCMI eKCHayamauii CK1aonux
00°€Kmie mexHiKu 36udaitHol ma ucoxoi ionosioanbHocmi.

Po3zenanymi ocHo6HI NpUHYURU Ma eSleMeHmU nody00su MemooOuKu, 3acCMmoCcO8aAHd MEXHO102iA
GUKOHAHHA 3060aHHA Oonmumizayii 6i0nogionoi cmpamezii, w0 po3poodiena asmopamu pauiuie.
3anpononoeano po3paxynox napamempis 3a yMogeo0 ORMUMATbHUMU MEemooamu eupiuleHHA 3a0ay, a
came imMimauyiiino CMaAmMuUCMUYHUM MOOENI0BAHHAM.

Kpawow 3a nokaznukamu cepeonb020 HANPAUIO6AHHA HA 6I0MO8Yy I numomoi eapmocmi
excnayamauii € cmpamezia "adanmuene TO''. Ilomim 110e cmpamecia "TO 3a cmanom". Haiizipworo €
cmpamezia "TO 3a pecypcom'. Cmpamezii "TO 3a cmanom' i "aoanmuene TO" Oysice oau3bKi 00
ompumyeanux nokaznuxkamu. Ile nosacnwemwvca ix 3azanvnoi cymuicmw - npu npoeedenni TO
sukopucmogyemusca ingopmayia npo gaxkmuuno nomounuii cman 06'eckma. Edexmuenicms piznux
cmpameciit TO icmomuo 3anexicums 6i0 HaodilinicHo-eapmicHoi cmpykmypu 06'ckma. Axwo po3nooin
eapmocmi  GIOHOGNIV6AHUX e/1eMEHMI8 OIU3bKO KOPEeaEMbCa 3 PO3N00iNoM IX NOKA3HUKIE
be3eiomoenocmi, giominnicme ¢ eghexmuenocmi piznux cmpamezinu TO ckopouyemocs.

Onmumanvui napamempu piznux cmpameziii TO icmomno 3anexcamv AK 6i0 HAOEHCHICMHO-
eapmicHoi cmpyKkmypu 00'ekma, mak i 8i0 3a0anoi eumozu 00 piens 6e3eiomoenocmi 06'ckma.

Kniouoei cnosa: cknaoui 00 €kmu mexHiKu, cmpamezia MeXHIYHO20 00CY208Y8aAHHA, 3MIHA
nepioouuHocmi KOHmMPOJi10, MEXHIUHe 00CNY208Y6AHHA | PEMOHM.
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METO/I KOMIIEHCAIIT MPOCTOPOBOI HEBUSHAUYEHOCTI NIPU BUMIPIOBAHHI
Y HAHOMETPOBOMY AIAITA30HI

B cmammi nposedeno ananiz ocHoenux decmadinizyrouux paxmopis, AKi € RPUUUHOIO 6UHUKHEHHA
opeiih)y npu nposeedenni euMipr08aHb CKAHYIOUUM 30HO06UM MiKpockonom (C3M) y nanomempoeomy
dianazoni. Busznaueno, wio mennoeuii opeiih € 0OCHO6HOIO NPUUUHOIO NPOCHMOPOBOT HEGUIHAUEHOCHI 6
mexaniyniin cucmemi C3M, ocKinbKu 6HACTIOOK MEN106020 POUWIUPEHHA MA CHMUCHEHHA Modice
cnocmepizamucsa 3miwienna 3onoa C3M abo 3paska 6e3 3acmocysannsa 0yovb-aKoi pywiinoi nanpyzu 00
n'ezoenekmpuuno2o npueooHo20 mexanizmy. Bcmanoeneno, ujo mennosuii opeiigh mosce mamu 3HaUHU
6NJIUG HA OOCMOGIPHICHb OMPUMAHHA GUMIPIOGAIbHUX PE3YIbMAMIE Y 6U2NAI YUPPOB020 300palicenHs,
OCKIIbKU 3HAYHO CHOMGOPIOE NOJIOMHCEHHA HAHOO00'E€EKMYy RpOMAZOM NOCAI006HO20 CKAHYBAHHA.
Po3pobneno memoou 013 komneHncayii npocmopoeoi Heeusnauenocmi C3IM ma iiozo n'ezoenekmpuinozo
RPUBOOHO20 MEXAHIZMY, a came: Zicmepe3ucy, noezyuocmi i menyoeozo opeiigy. /loseoeno, wio cicmepesuc
MONHCTIUGO 3MEHWUmMU, HPOBOOAUU CKAHYBAHHA 6 OOHOMY HANPAMKY, @ ONA YCYHEHHA HO63yHoCcHi
DPEKOMEHO08AHO pOOUmMU RAY3U Y KiTbKA XGUAUH NIC/A KONHCHO20 8eIUK020 PyXy cKanysanus. /loeedeno,
w0 opeilgh y 7-HanpAMKy moce po3enadacmpca K HEKOPeaboGaHy 6eUYUHY 00 NIAOUWUHU XY | MONHCTUGBO
YCYHYmMU RnEPEemeoPeHHAM OPUZIHAIbHUX Uugpoeux 300parcenv Ha 2padienmui. Excnepumenmu
ROKa3anu, w0 6UKOPUCHAHHA Mem ooy (ha3060i Kopenayil 011 6UMIPIOBAHHA 3MIUEHHA 080X ZPAOIEHMHUX
300padicensy € Oinbul epeKmueHUM, HINC GUKOPUCMAHHA GUXIOHUX 300padxcenv. Kpim mozo, y 0eox
ROCNIOOGHUX 2PAdICHMHUX 300paXiceHb, MONOZPAPIUHUX 3MIH HEMAE, A UKOPUCHLOBYIOUU 6]1ACHIUGICHb
3cysy nepemeopennsn Dyp'e, memoo hazo6oi Kopenayii morce nepemeopumu 3cyé npocmopoeoi oonacmi
Ha pi3nuulo az y wacmomHiii oonacmi. 3anponoHO6AHO MemMOOU PO3PAXYHKY, AKI AHANI3YIOMb GNJIUE
mMenie6020 po3uiupeHHsa npueoody damuuKka Ha 3a2anvHuil opeiid) cucmemu. Pesynomamu nokazanu, ujo
X0ua 006)CUHA PO3UWUPEHHS NPUBOOY OAMHUUKA € HAUOINbUIOW ceped YCiX OCHOBHUX KOMHOHEHMIE
cucmemu, ye moxce Oymu He OCHOGHOI0 HPUYUHOIO 3A2AlbHO20 Opeildy cucmemu.

Kniouosi cnoea: cxamywuuii 30HO008Ull  MIKDOCKON; AGMOMAMUYHA HAHOMAHINYAAYIA;
ABMOMAmMuU308ana nOCi008HA 00POOKa 300paricersb; Opeligh HaHOBUMIPIOBAHD

Beryn. Ckanyrounit 3oHmoBuit  mikpockon (C3M) oauH 3 0a30BUX 1HCTPYMEHTIB
HAHOTEXHOJIOT1i, OCKUJIbKY 3JaTHUM SIK BUMIPIOBATH pesibe(d 3 aTOMapHUM J03BOJIOM, TaK 1 TOATOMHO
foro moaudikysatu. OgHak, icHyro4l Ha n1aHui yac meronn C3M Bce 111e HeA0CTATHRO JIOCKOHAIII.
OcHOBHOIO NPo0IEMOI0, siIKa BHUKAE MpU poooTi 3 C3M € no3uIlionyBaHHS 30H/a, HA POOOTY SIKOTO
BIUIMBAIOTh YHCIEHHI JecTabuni3yrodi (axkTopu: 30BHIIIHI BiOpawmii, mymu, TepMonpendu,
HENIHINHICTD, TiCTepe3nc, MOB3YYICTh TOIIO. B pe3ynbrari MoripuiyeTbcsi TOUHICTh BUMIPIOBAHb,
3MEHIIYETHCS X JOCTOBIPHICTh, 3HU)KYETHCS TPAaHUUHUI 103B11 npuiagy. CloTBOPEHHS BEAYTh J10
HENpaBWJIbHOI 1HTepHpeTalii BUMIpPIOBaJIbHOI 1H(OpMalii Ta OTPUMaHHS HEJOCTOBIPHOTO
300pakeHHs penbedy HaHOO0O ekTa. ToMy, aKTyaJbHOIO € 3ajJadya pO3pOOKM HOBHUX Ta
YIOCKOHAJIGHHSI ICHYIOYMX METOJIB BHUMIPIOBaHHA HaHO00 €KTiB 3a gomomororo C3M i3
BpaxyBaHHSM BIUIMBIB 30BHIIIHIX JeCTa01TI3yI0unX (aKTOPIB.

IlocTanoBka npo6aemu. OTpUMaHHS pe3yIbTaTiB BUMIPIOBaHb 3a IOMIOMOT0I0 CKaHYIOUOTO
30H/I0BOTO MIKPOCKOMY y BHUIJISII LU(PPOBOro 300pa)keHHs € JOCUTh PO3MOBCIOKEHHUM METOI0M
IIpY BUPOOHMIITBI HOBUX HaHOMaTepialiB, JOCTIIKEeHHI (PI3UYHMX BIACTUBOCTEH HAaHOOO €KTIB Ta
JOCIIJKEHHS iX TeOMETPUYHMX ITapaMeTpiB. 3BaXKarouu Ha CTPIMKUN PO3BUTOK HAHOTEXHOJIOT1H, 115t
MOJATBIIOTO €(EKTHBHOTO BHKOPHCTaHHS I[hOTO METOAY ICHYE psl 3aaad, sKi BUMAararoThb
SAKHAWIIBUANIOTO BUpitIeHHs. OJIHIEI0 3 HUX € JIpeid mpocTOpoBOro MojoKeHHs HaHOOO €KTIB a00
3o1a C3M y mnponeci BumiptoBaHHs. [IpuumHoro 1mporo apeiidy 3a3Buyail BUCTYMAKOThH
nectabinizyrodi (hakTOpU HAaBKOJIMIITHHOT'O CEPEIOBHILA.

AHaJi3 ocTaHHiX aocailkeHb i myOJikaniid. TouHICT, BUMIpPIOBaHHS penbedy MOBEPXHI,
¢Gi3uuHI pO3MIpH E€IEeMEHTIB SKOTO JIeKaTh B Jiama3oHi BiJl JIEKUIBKOX aHTCTPEM A0 JEKUIBKOX
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JIeCATKIB HAHOMETpIB, 06arato B 4OMy BH3HAYA€THCS BEIUYMHOIO Jpeiidy CKaHyIOuOro 30HI0BOTO
MiKkpockorma. Sk mpaBuiio, apeid iHCTpYMEHTY BKJIOYaEe B ceO€ /1B OCHOBHI KOMIIOHEHTH: OJIHA 3
HUX BHKJIMKAaHA TEIUIOBOi JedopMaliclo MEXaHIYHUX BY3JIiB MOpWiaay, IHIIA - Kpiml
BUKOPHUCTOBYBaHMX I1’€30MaHiny/astopiB [1]. IlutaHHsMu po3poOKM HOBHX METOIIB i CHocoOiB
KOMITEHcallisl perdy 3aiimanocsi 0araTo BITYM3HSHHUX Ta 3aKOPIOHHMX BueHHX. ABTOpamull-5]
Oys10 po3p00JIEHO TIPOCTI MiAXOAN KOMIIEHCYBaHHSA apeidy, B AKUX Tependadaiocs, o MBHAKICTh
apeiidy 3anumaeTbes nocrinor. OHaK Take IPUITYHICHHS He BpaXxoBye TOU (akt, mo apeid, sk
MpaBUJIO, HE € JIHIWHUM. [HIIM miaxi mojsrae B OIiHII Apeidy metogamu ¢inpTpamii Kanmana ta
po3po0iii kommeHcaropa [2, 6-7]. Llelt meron € Habararo eeKTUBHIIINM, ajie HE BPAXOBY€E BIUIHB
30BHINIHIX JecTa0mi3yrounx (GakTopiB Ha Pe3yJbTaTH BUMIPIOBaHb [§].

[HImI i3 3amporOHOBAHMX METOJIB TMOB'I3aHI 3 YJOCKOHAJCHHSIM KOHCTPYKIIT TpHIamdy.
KomnencyBanns apeiidy BinOyBaeThCS HUIIXOM 3yCTPIYHOTO BKIIFOUEHHS IT'€30€JIEMEHTIB CKaHepa,
13 3aCTOCYBaHHSIM MaTtepiajiB, 10 MAlOTh MAJIWH KOE(IIIEHT TEIJIOBOTO PO3LIMPEHHS, a TAKOX 3
BBEJICHHAM TEILJIO130JIFOI0UNX 000JOHOK IS IOCATHEHHS TepMocTaoimizaiii npuctpoi [9, 10]. Axe,
11l TAXO/IM € TACUBHUMH 1 320€31eUyI0Th 3MEHIIICHHS TUTBKU TeMIIepaTypHOTro apendy.

e ogaum MetonoMm € BOyaoByBaHHS B C3M mniHIWHUX BUCOKOYYTIUBX X-, Y-, Z-TaTUYHKIB
TIOJIOKEHHS 30HJIa, KOXKEH 3 SKUX YIPAaBISETHCS 3a JOMOMOTOI0 3aMKHYTOI CIIIKYIOYOi CHCTEMH.
3aBAaHHA CHIAKYIOYOi CHUCTEMH MOJSIrae B TOMY, 100 MOCTIHHO KOMIIEHCYBaTH PI3HUINIO, IO
BUHUKAE MIX 3aJaHUM MEPEMIIICHHSM 30HAA 10 IMMOBEPXHI HAHOOO €KTa 1 HOro (GakTHIHUM
MIOJIOKEHHSM Yy MIPOCTOPI, 1110 BUMIPIOETHCS 32 JOTIOMOTOI0 JIATYHMKA MMOJIOKEHHS. Y IIbOMY BUIAJIKY,
U yCyHEeHHsI npelidy He moTpiOHa MOJepHi3allis CTaHAapTHOTO MIKPOCKOTIA, @ OCHOBHI HEIOIKH
MOJIATAIOTh B TOMY, IO Yepe3 BIUIMB HENIHINMHOI CKJIaJ0BOi HE BIAE€ThCA TOBHICTIO YCYHYTH
BUKIIMKAHI Apei()oM CHOTBOPEHHs HAa BEUKUX CKAaHAX, a 4yepe3 JOJATKOBI IIyMH, IIO0 BHOCATHCS
JaTYMKaMH 3aMKHYTHX CIIIKYIOUMX CHCTEM, YCYHEHHs Jpeidy mpu poOOTi MiKpocKoma modiu3y
abo Ha MEXi CBOro J03BOJIy € B3arajai HeMOXJuBUM [1]. [HIUMU HenoNiKaMu JTaHOTO METONIY €
1CTOTHE OOMEXKEHHS MIBUIKOCTI CKAHYBAaHHS, TIOB'SI3aHE 3 BETUKUMU MOCTIHHUMU 4acy iHTETPYIOUUX
JAHOK CHIJIKYIOUOi CHCTEMH, a TaKOX BEJMKE CIIOTBOPEHHS JIIBOTO 1 MPAaBOro KpaiB CKaHy depe3
HEY3TO/KEHICTh CIIAKYI0YOi CHCTEMHU MO KoopAuHaTi X B LIMX MICHAX MPH 3MiHI HAMpsSMKY
nepeMilIeHHs 30H/1a Ha TIPOTUIIEKHE.

MeToro cTatTi € po3poOka MeToy KoMIeHcallli mpocTopoBoi HeBu3HaueHocTi C3M Ta #oro
I'€30€JIEKTPUYHOTO NPUBOJIHOTO MEXaHi3My, a caMme: TiCTepe3ncy, MOB3y4YOCTI 1 TEIUIOBOTO Apeldy
[7] € akTyanIbHOIO Ta BUMArae MoAajbIIoro JOCTiKEHHS.

Bukiaa ocHoBHOro Marepiajy aociigxenns. Ciij 3a3Ha4uTH, 110 caMe TETUIOBUH Apeid €
OCHOBHOIO TPUYHHOIO TPOCTOPOBOi HEBHU3HAYEHOCTI B MexaHiuHii cuctemi C3M, OCKiTBbKH
BHACJ1/IOK TEIJIOBOTO PO3IIMPEHHS Ta CTUCHEHHS MOKe criocTepirarucs 3mimenHs 3ou1a C3M abo
3pa3ka 0e3 3acTocyBaHHs Oyab-fKOI pYIIIHHOI Hampyru A0 N'€30€IeKTPUYHOTO MPUBOJHOTO
MexaHizMmy. Takuii npeii Moxe MaTh 3HaYHUM BIUIMB Ha JOCTOBIPHICTh OTPUMAHHS BUMIPIOBATbHUX
pe3yabTaTiB 'y BUIJAI LUGPOBOTO 300pa)KEHHs, OCKUIBKM 3HAYHO CIOTBOPIOE IOJIOKEHHS
HaHOOO'€KTY MPOTSTOM TOCIIIIOBHOTO ckaHyBaHHs C3M.

IToseninka npetidy C3M sik mpaBUIIO € BUMAIKOBUM IIPOLIECOM, OCKUIBKU YAaCTKOBO OB’ A3aHa
31 3MIHAMH CTaHY HAaBKOJIMIITHBOTO CEPEIOBUINA, TAKUMH SIK TEMIIepaTypa, BOJIOTICTh, BiOpaIlis.

TennoBuit npeiid - HaOLIBII HEBU3HAUYEHUH (aKkTOp BUMIipIOBaHHs. SIK paBMIlo, TEIUIO, SIKEe
CIIPUYMHSIE 3MIHY TEMIIEpaTypy CKaHEpa, B OCHOBHOMY HAJIXOJUTh BiJl KOMIIOHEHTIB, sIKI MICTSTHCS
B cucreMi C3M, Koiu TemIeparypa HaBKOJHMIIHBOI'O CEPEJOBHUINA CYBOPO KOHTPOIIOETHCA. Y
kopryci C3M g 9ac mporeaypyu BUMIPIOBAHHS € KiTbKa KJIFOYOBHX KOMITOHEHTIB, TOOTO MPHUBI
JaT4iKa, KOHCOJbHUM HAaKOHEUHUK (HITPUA KPEMHII0), 3pa30K pemIiTku (KpeMHii) Ta miaardopma
3pa3ka (CTalib), Ikl MOKYTh BIUIMBATH HAa B3a€MHE PO3TAIIyBaHHS MI>K HAKOHEUHHUKOM 1 3pa3KkaMu. Y
Tabnuii 1 HaBe1leHO MeXaHIYHi 3MIHH PO3Mipy KOMIOHEHTIB BHACIIIOK TEIJIOBOTO PO3ILIMPEHHS Ha
1,0°C 3minu TemrepaTypH, PHUITYCKAOYH, [0 BUXIiIHI JUTSHKU 3pa3KOBOI MIaTGOPMH Ta PEIIITKH €
30HOIO CKaHYBaHHS.
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Taomums 1
[TopiBHSHHS PO3IIMPEHHS JOBXHHUA KOMIIOHEHTIB BHMIPIOBAJIBHOTO IMPHUCTPOI0 B yMOBax
miBUIIEHHS TeMiiepaTypu Ha 1°C

Konconpauit
. . 3pa3ok 3pa3ok
Komnonentu Tta wMmarepianu | [1'e30akTyaTop | HAKOHEUHUK e -
AFM (I13T) (HiTpuI p . p
. (kpemHuii) | (cramp)
KPEMHII0)
Jlinidinunii Koe(ilieHT 1 ~5%10% 3 % 106 2.6 x 107 1.2 % 107
TeroBoro posmmpenHs (/ K)
JloBxuHa NPAMOKYTHHKA | 4001 134 10 10
(MKM)
Koegimient TemnepatypHoro | 4 4 8,4 x 1072 1,82 x 102 | 28,2 x 107
po3mTpenHs (HM / K)

Jaui tabm. 1 BKasyoTh Ha Te, IO mpW 3MiHi Temreparypu Ha 1,0 °C 3aranbHa JOBKHHA
IIPUBOAY JaTYMKA € HaiOLIbIIOI IMOPIBHAHO 3 IHIIMMHU KOMIIOHEHTaMM, a OTXe, MOXe OyTH
HaANOIBII JOMIHYIOUHM (DAaKTOPOM 3arajibHOTO APEH]y CHCTEMH.

Hanpuxknan, Ha puc.l (a) ta (b) HaBeneHi uugposi 300paxkeHHss 10 x10 MKM HaHOOO’ €KTy 3
HaHO(yHKIisiME 32 gonoMororo C3M y pizauii yac T1 1 Te.

| DataZoom | 195.4 nm , DataZoom 195.4 nm

.| ‘ . |

T
0.0 2.87 1: Height 10.0 uml 0.0 105 1: Height 10.0 pm

Pucynok 1 — Ilpuknan BBy apeiidy B HAHOBUMIPIOBAHHSAX
(a) — mepme BuMIpIOBaHHS HaHOOO €kTy (0) MOBTOpPHE BUMIpPIOBAHHS HAHOOO €KTY 3
IHTEpBAJIOM Y 5 TOJIUH.

SAx mpaBuIio, 1l 3CyBH Ta HEBU3HAUEHOCT! CIPUYMHEHI HAHOIO3HWI[IOHYBAHHSIM BHUKOHABUUX
MeXaHi3MiB, BHpoOIeHHX 3 m'e3oenekTpuunHux marepiamiB ([[3M). BcraHoBineHo, 1m0 THUIOBUI
TeroBnii KoedimienT posmmpernns I13M npopierroe (1 ... 5) x10° /°C. Ile o3Hayae, mo 3MiHa
TEMIIEpPaTypy Ha OJIMH TPajyC COPUUYMHUTE EPEMIIICHHS MPUBOAY AaTYHKA B JOBKUHY MPUOIU3HO
Ha (40 ... 200) HM, IPUITYCKAIOYH, III0 HOTO MOYaTKOBA JOBXKHHA CTAHOBUTH 40 MM.

BinxuieHHs BiJi MOYAaTKOBOTO TMOJIOKEHHS JaTYMKA BHACTIAOK BIUIMBY JECTa0LII3yHOUnX
(akTOpiB pO3paxOBYETHCS 3a BETMUMHOIO MOX1AHOT Bl GyHKLIT w(t) ISt OCTAaHHBOTO MiIHTEPBATY
4acy BUMIpIOBaHb
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dw(t) 1
7 — _wlyata 1e yta'

A€ W — IUIAX Ha OCTAHHbOMY HiI[iHTepBaJ'Ii Bi,[[ IIOYaTKOBOI'O IIOJIOXKCHHA JaTYHKa.
HOI[&TKOBI/Iﬁ qac BI/IMipIOBaHB HaHOO6,€KTy BHU3HAYA€THCA HACTYITHUM YHMHOM

w(ty) = w et
— 2 (-
w(t, + t[lOZI)AOH = wye Y (tiettaon)

ne w(ty)- mapamMeTp BUSBICHHS BIIXHWICHb po3TainyBanHs nardnka C3M B k-My migiHTepBai
4acy BUMIpPIOBaHb; w(tk + tﬂOﬂ)aon - IOIyCTHME 3HAa4Y€HHs IapaMeTpa BIAXWIEHb BiJl IOYaTKOBOT'O

pO3TalIyBaHH: JaTYMKa, IO 3a0e3nedye BUKOHAHHSA BUMOTH f2(t) < Wy PO3B’A3K0M IIUX PiBHAHB
Oyze 3HaueHHs JOJATKOBOIO Yacy:

a (1) w(ty + tﬂoﬂ)aon
_ —tp,

tion = |tk — |-
4 w(ty)
Crin 3a3naunty [6 — 8], 110 301IBIIEHHSIM TPUBAJIOCTI MPOBEACHHS BUMIPIOBaHb IIPH CTAJIOMY
3HAYEHHI IMapaMeTpa BiAXWICHb BiJl MOYaTKOBOTO PO3TAIYBAHHS JIaTYMKA HE 3a/I0BOJILHIE BUMOTY
N(t) < wyop.. IHTEHCHBHICTB IPOSIBY 3CYBY JaMYHKa B IO3HIIIT Z JOPIBHIOBATHME

Az = Az004iA520,3, (1)

1e A, - T0YaTKOBa iIHTEHCUBHICTh MPOSIBY BiIXMJICHB BiJl TOYATKOBOTO PO3TAIIYBaHHS IaTYNKA
B MO3MIIi Z MpPU TOYaTKOBOMY BHMIpIOBAaHHI, A,; - CEpenHs BIAHOCHA IHTEHCHBHICTH MPOSBY
BIZIXWJICHb BiJI IIOYATKOBOTO PO3TAIIyBaHHS JAAaT4YMKa IPH IMiJBUIICHHI TEMIIEPATypi, A,, - CEPEIHS
BITHOCHA IHTEHCUBHICTb MPOSIBY BIAXWJIEHB BiJ] TOYaTKOBOT'O PO3TALIYBAaHHS JaTYMKa I11J1 BIULITUBOM
TEMIEepaTypHOTO PO3IIUPEHHS; d,3 - CEpPEeIHs BIJHOCHA IHTEHCUBHICTh MPOSBY BIAXWIEHb Bij
MOYaTKOBOI'O PO3TAlIyBaHHs AAaTYMKa MiJ BIUIMBOM IHIIUX JecTabimizyrounx (axropis. CymapHe
3HA4YCHHsI TIapaMeTpa MOTOKY IMpOsBY BiIXHJIEHH BiJl TTOYaTKOBOTO PO3TAIIyBaHHs HaTduka Oyne
JOPIBHIOBATH

nj
(‘)j = z Azoazlazzaz&
z=1

Jie N — KUTbKICTh BUMIPIOBAJILHUX ONEPALii 1Sl j — TOYKH Yy BITHOCHIA CHCTEMI KOOP/IMHAT.
JU1s TOYaTKOBOTO PEKUMY BUMIpIOBaHb, BUpa3 (1) MokHa 3amucaTi HACTYITHUM YMHOM

nj
1 1 1 1
o(©) = ) A0aYaFal.
z=1

3HaueHHs napameTpa BiI[XI/IJ'ICHL Bi,[[ MMOYaTKOBOTI'O PO3TAalllyBaHHSA JOaTYWKa HC ITOBUHHO
NEPEBUITYBATH JOIMYCTUMEC 3HAYCHHS:

W) gon = 7 0(8),
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ne A — koedillieHT T0JaTKOBOTO BHSBIICHHS BIIXWJIEHb BiJ MOYAaTKOBOTO PO3TAIlyBaHHS
natunka; w(t),o; — JAONMYCTHME 3HAUEHHS MapaMeTpa NpOsABY BiAXMIEHb BiJl IIOYATKOBOTO
pO3TalryBaHHs JaTYUKa i1 4ac MPOBEICHHS BUMIPIOBaHb B HAHOMETPOBOMY Jliara3oHi.

[Ipu GinpIl IHTEHCHBHOMY BIUTHMBI JIeCTa0LIi3yrounx (akTopiB, MaTeMaTHYHA MOJICIb PYXiB
naT4yrka Mae OyTd JOTpUMaHa PiBHICTb

e_Vticxl-xTT = B
Ae vt
ne B = vaAZO a(l) (1) (1) /Z”V/’IZO a(z)a(z)a(z) — KkoeimieHT 30UIBIICHHS 3HAYCHHS

napameTpa ImoToKy BlI[XI/IJ'IeHB BiJI TOYaTKOBOT'O PO3TAIIyBAHHS JaTYHKA.
[Tpu GinbII IHTEHCHBHOMY BIUIMBI JIeCTa0LIi3yl0unX (pakToOpiB yac MpoBeeHHs BUIPOOYBaHb
BU3HAYAETHCS 32 (OPMYJIOIO

1e t — Jac MPOBEJICHHS BUMIPIOBAHb B MTOYATKOBUX YMOBAX; (A, — KOSQIIIE€HT, III0 BU3HAYAE
IHTEHCUBHICTb BIUIMBY J1€CTa01Ti3yl0unX ()aKTOPiB B HOBUX YMOBaX.

Koedimient a;,, BU3HAYaeTbcs Mpu OOpOOII MaHWX TPO BIIXHMICHHA BiJl TOYAaTKOBOTO
pO3TalIyBaHHs JaTYMKA 32 YMOBH IiIBUIIICHOT IHTEHCUBHOCTI BIUIMBY 30BHIIIHIX JECTa0LTi3yI0UNX
(bakTopiB, OTPUMAaHUX B MEPIIUX MiAIHTEPBAIAX Yacy MPOBEICHHS BUMIPIOBAHb HAHOOO €KTY.

3a3Buuaii BupoOHMKH C3M MOXYTh 3alpONOHYBATH JESKI METOAM JUIS TIONIMIICHHS
HENIHIMHOCTI JaTYMKIB, Taki SIK TICTepe3uc Ta MOB3y4icTh. JlOBeIEHO, IO TiCTEPe3UC MOKHA
3MEHIINTH, NPOBOJSYM CKaHyBaHHS B OJHOMY HampsMKy, a /IS YCYHEHHS MOB3y4OCTi
PEKOMEHI0BAaHO POOUTH May3H y KUIbKa XBUJIMH MICIs KOXKHOIO BEJIMKOTO PyXy CKaHyBaHHS [2].

Hudposi 300pakeHHS PEKOHCTPYIOIOTHCS 3 TOmorpadiuHMX [aHUX, SKI TPEICTaBISIOTh
iH(poOpMallilo PO BUCOTY AMCKPETHUX TOUOK Ha MOBEPXHI 3pa3ka, TOOTO pi3Hi KOJIBOPH Y HU(PPOBUX
300pak€HHSIX MalOTh Pi3HY BUCOTY Tonorpadii 3paska.

Buknukani apeiioM CHOTBOPEHHS OINUCYIOTHCSA JIHIMHMMU TNE€PETBOPEHHSAMHM, SIKi
CIpaBeUIMB] y BUMAAKY, KOJU IBUAKICTh Ipeidy C3M 3MIHIOEThCS JOCUTH MOBUIBHO. B sikocTi
BUXI1/IHUX JaHUX BUKOPUCTOBYETHCS OJHA a0 JB1 Mapu 3yCTpiyHO CKaHOBaHUX 300paxkeHb (BCH)
penbedy moBepxHi. BiAMOBIAHO 10 3amMpONOHOBAHOTO CMOCOOY It BHUIPABJICHHS BUKPUBJICHD
HeoOXigqHO B KoxkHoMy BCHU posmizHaTH OofHY 1 Ty K OCOOJHMBICTH NMOBEPXHI 1 BU3HAYMTH 11
JaTepanbHl KOOPAMHATU. 3HAXOIA4M KOE(IIEHTH JIIHIHHUX MEepeTBOPEHb, pobiATh kKopekuiro BCU
B JIaTepabHOT 1 BEPTUKAIBHOI IUIOIMHAX.

[ToennaBum BunpasieHi BCU, BukoHyoTh ycepeqHeHHs penbedy B 001acTi iX MEPeKpPUTTSL.
Crnoci6 [103BOJIsiE  OLIIHIOBAaTHM MOXMOKAa BUIMpaBIeHHS Jpeidy 1 OTpUMYyBaTH BHIIPABICHI
300pakeHHS, MOXUOKA B SIKUX HE TIEPEBUIILYE JICSIKOTO HAIEepe] 3a/[aHOT0 3HAYCHHSI.

JloBezneHo, 1o npeid y Z-HampsMKy MOXe PO3IJIAAA€ThCs K HEKOpeIbOBaHA BEJIWYHHA IO
wiomuHu Xy. OTXe, BIUIMB z-Apeidy Moxe OyTH YCYHYTHIl TEpEeTBOPEHHSM OpHUTiHAIBHUX
1 poBUX 300paskeHb Ha TpajlieHTHI [5].

Jlnist KoMIeHcallii BIUIMBY Z-Apeidy 3apornoHOBaHO CIIBCTABIATH J1Ba HU(POBUX 300paKeHHs
HaHOOO’ €KTY, 3p00JICHUX Y Pi3HUH yac

hk+1(xl Y) = hk('x + Axk;y + Ayk) + AZkl (2)

ne Axy, Ay, Az, - npeiid y HanpsiMKax X, Y Ta Z BiIOBIJIHO MiX JBOMa IPOMIXKKaMH dacy k
tak + 1.
I'pagieHT X-HanpsMKy BUMIPIOBaHb MOKe OYTH pOo3paxoBaHUI HACTYITHUM YUHOM
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Giex(%,Y) = hye(x,y) = hye(x = 1, ). (3)

AHaJIOTIYHO TPAIEHT y-HANPSIMKY MOKE OyTH OOUYHCIICHHUH SIK

iy (%, ¥) = hye(x,y) — hye(x, y — 1. 4)

[TincraBuBmm (2) y (3) Ta (4), MU MOKEMO OTPUMATH

gkx+1(x;3’) = hk+1(x;Y) - h’k+1(x - 1,3’) =
= hp(x + Axy,y + Ayy) + Az — (b (x + Ax, — 1,y + Ay,) + Azy,) =

= gkx(x + Axlay + Ayk), (5)

gkx+1(x;3’) = hk+1(x;Y) - hk+1(x,y - 1) =
= hi(x + Axy, y + Ayy) + Az — (hy(x + Axy, y + Ay — 1) + Azy,) =

= gky(x + Axy, y + Ayy). (6)

[TotiM ycyBa€eThCs 3CYB y HANPSMKY Z.

Hamri ekcriepuMeHTH TOKa3aiw, IO BHUKOPUCTaHHS MeTOAy (a3oBoi Kopensiii Juist
BUMIPIOBaHHS 3MIIICHHS JIBOX TPAII€HTHUX 300pakeHb € OUTbII e(EeKTHBHUM, HI’)K BUKOPUCTAHHS
BUXIAHHUX 300paskeHb. KpiM TOro, y IBOX MOCIIJOBHHUX I'PaJl€HTHUX 300paKe€Hb, BCTAHOBIICHO, 1110
TororpagiuHuX 3MiH HEMAE.

BukopucToByroUH BIacTUBICTH 3CYBY IepeTBopeHHs Dyp'e, MeTon (a3oBoi Kopemnsiii Moxe
MEPETBOPUTH 3CYB IMPOCTOPOBOT 00JIACTI HA PI3HUINIO (a3 y YaCTOTHiH obmacTi.

Mu MOXKEMO OTUCATH APy MOCIiTOBHUX 300paxeHs s K hy (x,y) 1 hyyq(x,y), a ix rpagienTn
- 9k (%, ¥) 1 gr+1(x, y) Biamogiamo.

IMeperBopenns Dyp'e mst hy (x,y) i hypq1(x, y) € Hy, (fx, fy)i Hk+1(fx, fy). [Tpumnyckarouu, 1o
€ 3cyB mnepemimenusn(Ax, Ay) Mix JBOMa IOCIIZOBHHMH 300payKEHHSMH, 3B'S30K MiXK JBOMAa
nepeTBOpeHHsIMU Dyp'e 300pa’keHb MPEACTABIAETHCS K

Hk+1(fx' fy) = Hk(fx: fy)exp[_jzn(Axfx + Ayfy)]- (7)

[TepexpecHoro KOpemnsaiiHOK (YHKIIIEO IBOX KaApiB, 3pO0JICHUX Y Pi3HUI yac €

Ck,k+1(xf y) = 8_1 (Hlt(fx'fy)Hk+1(fx'fy)) = (S(X - Ax'y - Ay) (8)

OcCkinbKM g TOro, 00 YCYHYTH Jpei HampsMKy Z, BUKOPHUCTOBYIOTbCSI TI'paJl€HTHI
300pakeHHs, TO/1 CIiBBIAHOIICHHS (8) MOKHA IPECTABUTH SIK

Ck,k+1(xf y) = 8_1 (G;(fxlfy)6k+1(fx'fy)) = (S(X - Ax'y - Ay) (9)

VY orpumaHomy cmiBBigHOImIeHH! (8) ¢GyHKuii Gy ( fro fy) 1 Gk+1( fr fy) € JIBOBUMIPHUM
JIMCKpPETHUM TiepeTBopeHHIM Dyp'e g (x, V) 1 gr+1(x,y) Binnosigno, £~ mosnauae 3BopoTHE
neperBopeHHs Dyp'e Ta MO3Havae ckIaaHy crpsbkeny. PiBHSHHA (8) TaK0X € IMITYJIbCHOIO (PYHKIIIEIO
B IUIOILMHI XY, @ PIBHAHHS € OLIHKOIO Apei]y MiXK ABOMA MMOCIIAOBHUMH KaJIpaMHu.

[Tpunyctumo, mo apeiip C3M MoxkHa omucatd sIK 3CyB MK CHCTEMOIO KOOPJAMHAT 30Ha
045 (X5s) Vis) Zys) T4 CHCTEMOIO KOOPAWHAT BUMIipIOBAIBLHOTO 00°€KkTa Oyy(Xop, Yorr Zop) Y 0a30Biit
cucremi kKoopauHaT C3M Og.(Xsc, Voer Zoc), AK TIOKA3aHO HA PHC. 2.

V nporeci BuMiproBanHa C3M, 3011 IpUBOANTECS B Ait0 puBoaoM [13M. [Ipu 3MiHi Hanipyru
710 TIPUBOAY, AATYUK OyJie pyXxaTHCs y BIANOBITHUIN HAPSIMOK, TOAL SIK 30H] MOKe JIpeyBaTu mno
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BiJTHOIIEHHIO 10 0a30BOi cuctemu koopauHaT. OTKe, MM MOXEMO ONMHUCATH BIIHOIICHHS MiX
CHUCTEMOIO KOOPIMHAT 30H]1a Ta 0a30BO1 CUCTEMHU KOOPIUHAT HACTYITHUM YHHOM:

0B3 = 06c + B3B3,6C’ (10)

ne B3;;6c = (tsexs tocys tocz)™ — e BEKTOP HEpeBOY 3 OAHI€T CHCTEMU KOOPAUHAT B iHIIY.

AZBC
Hamyux
YBC
Os
______________ Kanmunesep
ZoB
Yo Bumiprosansruii Hanoob 'exm
XOB .\ Bumipiosamsna nramgopua
Oos XBC
O =

PI/ICYHOK 2 — Cucremu CKaHYBaHH: 3CM 3 BH3HAYEHUMH CUCTEMaMHU KOoopJuHaT

Takum 4YMHOM, SKIIO TiCTepe3Uc KOMIEHCYEThCsl 00 HE BPaXOBYE MOB3YUiCTh Ta HEMIHIHHICTD
KpuBoOi nepemimieHHs. [lepeBeieHHs 3 OJIHIET CUCTEMU KOOPAUHAT B 1HIIY Oy/e CKIIaJa€ThCs 3 ABOX
YaCTUH: OfHA - 1€ N €30-posmmpenns Il; inma — apeid /g6 30HAa WO10 6a30BOi CUCTEMH
KOOpJAMHAT, TOOTO

3133,6c = l-[p + A33,6c- (11)

3B'I30K TEpeBOAY CHUCTEMH KOOPJIMWHAT BHUMIPIOBAILHOTO 00’€KTy y 0a30By cHCTEMY
KOOPJMHAT MOYKHA 3aMHUCATH K

OOB = 06c + 3BOB,6C’ (12)

ne 3gsec = (tosx tosy tosz)®® - BEKTOp IepeBOMy, SKHH MICTHTh Juile Apeid Dgs Mix
CUCTEMOIO KOOPAMHAT BUMIPIOBAIBHOIO 00’ €KTY 1 0a30BOI0 CHCTEMOIO KOoOpauHaT. B3aemMo3B’s130k
BIJIHOCHOI CHCTEMM KOOPJMHAT BHUMIPIOBAILHOTO HAHOOO €KTYy 1 cHCTeMH KoopauHat O,
BHU3HAYAETHCS HACTYITHUM YHHOM:

O = Ogs + 3BOB,6C - 3833,60 (13)

[MepetrBopenns (12), (13) omucye BiaNOBIAHY 3MiHY MOJIOKEHHS BUMIPIOBAIBHOTO 00’ €KTY Ta
30H]1y, 110 MOK€ BIUTMHYTH Ha Tomorpagiuny KapTy i 4ac ckaHyBaHHS 300paxenb 3CM.

BucHoBKH if epcneKTUBU MOJAJIBIINX J0CTIKEHb

Buxoznsuu 3 npoBeieHUX JTOCIIIKEHb, MO>KHA 3pOOUTH BUCHOBOK, 1110 Apeid cuctemu ACM
HE TOBHICTIO 3aJI&KUTh B 3MIHU TEMIeEpaTypu CUCTEMH TiA 4Yac ii poOOTH, TOOTO TeIuioBe
PO3LIUPEHHS MPUBOY JAaTYMKA HE € €IMHUM JIOMIHYIOUUM (PaKTOPOM, IO CHPUUYHMHIOE 3arajbHUN
npeidp cucremu. Ilomanpine AOCTIIKEHHS Ci MPOBECTH AJI PO3YMIHHS 1HIIMX (DakTOpiB, IO
BIUIMBaIOTh Ha siBuie napeiipy C3M. Lludpose 300paxkeHHss HAHOOO'€KTy Ta HOro MOJOXKEHHS Y

28



cucremi koopauHat C3M mae OyTH KUIbKICHO BUMIPSHO 1 KOMIICHCYBATUCS 3 METOIO IMiJBUILECHHS
HaJIHHOCTI Ta MOKJIMBOCTI TTIOBTOPY HAHOBI3yasTi3allii Ta HAaHOMaHIITYJISAITI.

Cain TakoX MiJKPECIUTH, 10 BUKOPUCTAHHS MeToay (a3oBOi KOPEJSMii A BUMIPIOBaHHS
3MIIICHHS JIBOX TPATI€HTHUX 300paKeHb € OuIbll e(PEeKTUBHHMM, HIK BHUKOPHUCTAHHS BHUXITHHX
300pakeHb. KpiM Toro, y 1BOX MOCIITOBHUX I'PaJi€HTHUX 300paKeHb, TOMOTpa(iuHMX 3MiH HEMAE.
BukopucroByroun BiacTuBICTh 3cyBYy mneperBopenHss @Dyp'e, meron ¢a3oBoi Kopemslii Moxe
MEPETBOPUTH 3CYB IIPOCTOPOBOT 00JIACTI HA PI3HHUITIO (a3 y 4aCTOTHIHM 00acTi.

JITEPATVYPA:

1. Hectepor C.b. Cxanmupyromue 30H710BbIe MuKpockons! / Hecrepos C.b., JlornnoB b.A., 3unosa
0.C., Cabup3saos H.P. — M.: Uznatensckuii jom MOU, 2007 r., 200 cTp.

2. AnnpeeBa H.B. DkcnepuMeHTa bHbIE METOABI UCCICIOBAHUS: METOJUKH TYHHEIBHOM M aTOMHO-
cwitoBoii Mukpockormu / AagpeeBa H.B., 'abaymmua I1.I., XXypkur A.M. — Cankr-lletepOypr: CaHKT-
[etepOyprckuii rocy1apcTBEHHBIH NOJIUTEXHUUECKUH yHUBepeuTeT, 2015. - 105 c1p.

3. Bpombepr D. M. TecToBble METOJIUKHM MOBBIIIEHNUST TOYHOCTH M3Mepenuit / 3. M. Bpombepr. — M:
Oueprus, 2008. — 242 c.

4. KononoroB, C. A. HccnenoBanue W3MEPUTENHHBIX W KATHOPOBOYHBIX BO3MOXKHOCTEH CPEICTB
u3Mepenuit Hanometpooro auanazona / C. A. Kononoros // 3akonooamenvhas u npukiaduas memponozusi.
—2008. —Ne 3. -C. 19-25.

5. Tomya Il. A. Metpomnorus u cTaHIapTU3anys B HaHOTexHONMOTHsAX 1 HanouHayctpun / I1. A. Toxya.
// I3meputenbHas Texuauka. — 2008. — Ne5. —C. 5-7.

6. Optical coherence tomography today: speed, contrast, and multimodality / [W. Drexler, M. Liu, A.
Kumar Ta in.]. // Biomed. — 2014. — Ne19. — C. 12-109.

7. Optical coherence tomography: a review of clinical development from bench to bedside /[ A. M.
Zysk, F. T. Nguyen, A. L. Oldenburg Ta in.]. / Biomed. — 2007/ - Ne 12(5).

8. Pearson, E.S. Biometrika / E.S. Pearson, S.C. Chandra . — Annals of mathematical statistics, 1936. —
116 p.

9. Ferguson, T. S. Proceeding of the 4 Berkeley symposium on mathematical statistics fnd probadiliti /
T.S. Ferguson. — Annals of mathematical statistics, 2003. — 253 p.

10.AptiBup 1. [lopsiakoBbie CTATUCTHKY: Tiep. ¢ aHT. oj penakiueit [lerposa B.B. / T'. [[pitBua. — M.:
Hayxka, 1979. — 336 c.

REFERENCES:

1. Nesterov S., Loginov B., Zilova O., Sabirzyanov N. “Scanning probe microscopes” (2007) [MEI
Publishing House] 200 p.

2. Andreeva N., Gabdullin P., Zhurkin A. “Experimental methods of research: methods of tunnel and
atomic force microscopy” (2015) [ St. Petersburg State Polytechnic University], 105 p.

3. Bromberg E.M. “Test methods for improving the accuracy of measurements” (2008) [Energy], 242c.

4. Kononogov S. “Research of measuring and calibration capabilities of nanometer measuring
instruments” (2008) [Legislative and applied metrology], Ne 3, pp. 19 - 25.

5. Todua P. ‘Metrology and standardization in nanotechnology and nanoindustry” (2008) [Measuring
equipment], Ne5. - pp. 5 - 7.

6. W. Drexler, M. Liu, A. Kumar “Optical coherence tomography today: speed, contrast, and
multimodality” (2014) [Biomed], Nel9, pp. 12-19.

7. A. M. Zysk, F. T. Nguyen, A. L. Oldenburg “Optical coherence tomography: a review of clinical
development from bench to bedside” (2007) [Biomed], Ne 12 (5).

8. E.S. Pearson, S.C. Chandra “Annals of mathematical statistics” (1996) - 116 p.

9. Ferguson, T. S. “Proceeding of the 4 Berkeley symposium on mathematical statistics fnd probadiliti”
(2003), 253 p.

10. David G. “Ordinal statistics: trans. with English edited by VV Petrov” (2009) [Science], 336 c.

29



PhD Kataeva M.O.
METHOD OF SPATIAL UNCERTAINTY COMPENSATION FOR MEASUREMENT IN
NANOMETER RANGE

The article analyzes the main destabilizing factors that cause drift when measuring with a scanning
probe microscope (SPM) in the nanometer range. It is determined that thermal drift is the main cause of
spatial uncertainty in the mechanical system of SPM, because due to thermal expansion and compression
can be displaced SPM probe or sample without applying any driving voltage to the piezoelectric drive
mechanism. It has been established that thermal drift can have a significant effect on the reliability of
measurement results in the form of a digital image, as it significantly distorts the position of the nanoobject
during sequential scanning. Methods have been developed to compensate for the spatial uncertainty of the
SPM and its piezoelectric drive mechanism, namely: hysteresis, creep, and thermal drift. It has been shown
that hysteresis can be reduced by scanning in one direction, and it is recommended to pause for a few
minutes after each major scan movement to eliminate creep. It is proved that drift in the z-direction can be
considered as an uncorrelated value to the xy plane and can be eliminated by converting the original digital
images to the gradient. Experiments have shown that the use of a phase correlation method to measure the
offset of two gradient images is more effective than the use of original images. In addition, in two
consecutive gradient images, there are no topographic changes, and using the Fourier transform shear
property, the phase correlation method can convert the shift of the spatial region to the phase difference in
the frequency domain. Calculation methods are proposed that analyze the effect of thermal expansion of
the sensor drive on the overall drift of the system. The results showed that although the extension length of
the sensor drive is the largest among all major system components, this may not be the main cause of overall
system drift.

Key words: Scanning Probe Microscope; automatic nanomanipulation; automated sequential image
processing; the drift of new dimensions.
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ABOITAPAMETPUYHA OIITUMIBALIA IIVIAHY EKCIIEPUMEHTY ITPU
JOCJIIIKEHHI HIOPCTKOCTI HIOBEPXHI KPEMHIIO B ITPOLHECAX I'NIUBOKOI'O
IVTASMOXIMIYHOI'O TPABJIEHHS MEMC

Y nayui i mexuiyi ece 6invuie 3pocmac neodXioHicms payioHaIbHO20 UKOPUCHIAHHA NPAYL 6UEHUX
i incenepie, a makoxyc 3acobie euUpoOHUUMEA — MeEXHIYH020 oOraonanus i mamepianie. OOHuUM 3
HANPAMKI6 ni0GUUEeHHA NPOOYKMUBHOCHI HAYKOB8OT NPAYI € 3ACMOCY8AHHA NEPEO0BUX MAMEMAMULHUX
Memodig i o6uucnrosansnux 3acobis. /o maxux memoodis gionocumucs nnanysanns excnepumenmy. Hozo
AKICHA | ONMUMAIbHA Peanizayia 00368071A€ YCRIWHO UPIULY8amMU HAYKOGI, 6UPOOHUYI MaA MEXHON02IUHI
npoonemu.

B oanuii uac wmuupoko euxopucmogyroms pizHi Memoou niaaHy8aAHHA NPU NPOGEOEHHI 00CTIONHCEHD.
Ilnanyeanna excnepumeHmy HPURYCKAE OOHOYACHY 3MIHY 6ciXx axmopis, AKi enausearoms Ha
00CNi0NHCYBAHUIL NPOYEC, U0 00360I€ 6CMAHOBUMU CHYRIHb 83AEMO0IT (haKkmopie i 3MeHuWUmMU KiTbKiCHb
excnepumenmig. /[oyinbHo npoeooumu 00caion npu MiHIMAIbHUX éapmicHux eumpamax. Ane ¢ moii snce
MOMEHm npu NAAGHYAHHI wie OOHUM @axcaueum Kpumepiem € uac. Ile ocobnueo axmyanvno npu
oocnioycenni oopozux i mpueanux npouecie. Tomy mema nIAHYBAHHA eKCHEPUMEHMY NONA2AC 6
CMBOpeHHI cxeMU, AKA HeoOXiOHA 014 OMPUMAHHA AKOMO2a Oinbuwiol iHgopmauii npu HalimMeHUWIUX
sumpamax ma 3 HAUKOPOMUL0I0 mpueanicmio 00caioxcennsa. binvuw mouno nnanysanna ekcnepumenmy
MOIHCHA GUHAYUUMU AK RPOYEOYPY 8UOOPY YUCIA | YMOB NPOBEOEHHA 00CTI0i8, OOCHAMHIX 0N GUPIUIEHHA
HOCMABIEH020 3A60AHHA 3 He00XiOHOlw mounicmio. Baxicnueoro nepesazoro ¢ iiozo ynieepcanvnicmeo,
npuoamuicms ¢ eeauuesnin oinvuiocmi oonacmeit. 00’ekm 00cniddCEHHA: nPoyecu Onmumizayii naanie
bazamogaxmopnozo ekcnepumenmy 3a eapmicHumu i yacosumu eumpamamu. Illpeomem oocniorcennsn:
Memoo 06onapamempuydHol onmumizayii, po3pooaeHull Ha 0CHOBI ANZOPUMMY ZPABIMAaUiiiH020 ROWYKY 3
00n0M02010 Y3a2aIbHEHO20 KPUMEPII0 6apmocmi ma yacy npogeoenus excnepumenmy.Ilpu oocnioxncenni
WIOPCIKOCII RNOGEPXHI KpeMHil0 6 npouecax 2iudoKo2o naazmoximiyunozo mpaeienna MEMC
npPOAHANiz06aH0 npaue3damHicmo ma eghexmueHicmov memooy O06OnapamempuyHoi onmumizayii y
NOPIGHAHHI 3 NOYAMKOBUM MA ONMUMATILHUM NIAHAMU eKChepuUMeHmy (0e3 ypaxysanHs y3azaibHeHo20
Kpumepii).

Kniouosi cnoea: nnam excnepumenmy, RHOUAMKOGUIL NIAH, 2PAGIMAYINHUIL  NOULYK,
osonapamempuina ONMuMizayis, y3azaabHeHuil Kpumepiil, HOpMyI0Ui 3HAYEHH, 6APMICHLb.

Beryn. CydacHi MeToIu MJIaHyBaHHS €KCIIEPUMEHTY 1 00poOKHU HOTo pe3ynbTaTiB, po3po0IieHi
Ha OCHOB1 MaT€MaTUYHOT CTATUCTUKHU, TO3BOJISIOTh ICTOTHO CKOPOTUTH YUCIIO TOCII/IIB, MIABUIITUTH
TOYHICTh 1 3HAYHO 3MEHIIUTH OOCAT €KCIIEPUMEHTANbHHUX JOCiKeHb. Lle 3MeHIIye TepMiHM iX
MPOBEJICHHS 1 B 3HAUHIM Mip1 MIABUILYE iX €KOHOMIYHICTD 1 €(PEKTUBHICTb.

3HaHHA Ta BHUKOPUCTaHHS LUX METOAIB pOOUTH MpaI0 eKCIEepUMEHTAaTopa OuIbII
L1JIECTIPSMOBAHOIO 1 OPraHi30BaHO0, ICTOTHO MIABUINYE K MPOJAYKTUBHICTh Ipalll, TaK 1 HaAIHHICTh
OJIepKYBaHUX PE3YNIbTaTIB.

3a [OMOMOTrOK  pO3pOOJICHOr0 MeTony rpaBiTamidHoro momyky [1]  mpoBemeHo
JIBOMIApaMETPUYHY ONTHUMI3allil0 3 BUKOPUCTAHHSAM Y3araJbHEHOTO KPHUTEPiI0 BApPTOCTI Ta yacy
MIPOBEJICHHS eKclepuMeHTy. Peanizallis mosisirae y mepecTaHOBII PsIKIB MaTpHIll IJIaHYBaHHS Ta
3HAaXO/PKEHHS MIHIMaJbHOTO 3HAYEHHS BAapTOCTI MEPECTAaHOBKH (TPUBAJIOCTI MPOBEACHHS) IO
B1JIHOILIEHHIO JI0 MIEPILIOTO PsKa MaTPHULI.

[Ipane3natHicTh Ta eQEKTHUBHICTh JBOMApaMETPUYHOI ONTHMI3allii NpOaHaT30BaHO Ha
MIPUKJIAJI JTOCIIKEHHS MIOPCTKOCTI MOBEPXHI KPEMHIIO B IMpoIecax TIUOOKOTo TIa3MOXIMIidHOTO
tpasneHast MEMC [2].

OOG’eKT AOCHIKEHHS: TMPOIEC JBOMApaMETPUYHOI onTuMmizalii miaHiB 6aratodakTopHOTO
eKCIIEpUMEHTY 3a BapTICHUMH Ta YaCOBUMHU BUTPATAMHU.
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[IpenMeT nochimKeHHs: METOA OOYIOBU MaTpHIli IJIAHYBAHHS €KCIIEPUMEHTY, ONTUMAIIbHOT
3a BapTICTIO peajizallii Ta 4aCOBUMH BHUTpaTaMH, 3 BHKOPHUCTAHHSIM aJITOPUTMY TpaBITAIIITHOTO
MOIIYKY Ta y3araJlbHEHUM KPUTEPieM BapTOCTI Ta TPUBAIOCTI IPOBEACHHS EKCIIEPUMEHTY.

Merta mociipKeHHS: OIliHKa BIUIMBY y3arajJbHEHOTO KPUTEPIKO BapTOCTI Ta 4acy MPOBEIACHHS
EKCIICPUMEHTY Ha OITHMI3allii0 I1aHy 0araro(akTopHOIro eKCIIEPUMEHTY.

AHami3 icHywoumx nyoOJikaumiii. J[ns BupimeHHs 3amadyi onTuMizalii 3a BapTICHUMH
(4acoBMMH) BUTpATAMHU MOKJIMBE 3aCTOCYBAaHHS METO/IiB KOMOIHATOpHOI ontuMmizariii [3-6]. Bigomi
MPUKIIAIU 00yn0BH OaratoakTOpHHUX IUIaHIB €KCIIEPUMEHTY, 3aCHOBaHI Ha BUKOPHUCTAaHHI TaKHX
METOJIIB ONTUMI3allii: MeTo Taby — moiyky [7], crpubarounx a6 [8], mypammuuii aaroputwm [9].
byna noBenena epeKTHBHICTh 3aCTOCYBaHHS ITUX METOIB IPH JOCIHIDKEHHI POy Pi3HUX 00'€KTIB:
TEXHOJIOTIYHHX IPOLIECIiB, MPWIAiB, cucTeM. KOKeH 3 IIuX METOIB Ma€e CBOI MEpeBaru i HEOIKH.
IX cyrTeBMMM HelONiKaMM €: HM3bKA LIBHAKOif, HE 3aBXkKIU 3HAXOMUTHCS TOYHE DillleHHS, a
BJIAETHCSI 3HANTH JUIIIE OJIM3bKE 10 ONTUMAIBHOTO 3HAYCHHS.

3Bakarouu Ha 1€, JOUIJILHO JUIS MOPIBHSAHHS PE3YJIbTATIB ONTHUMI3allil IJIaHIB €KCIIEPUMEHTY
JOCIITUTH METO/] TPaBiTalliiHOr0 MoKy [1], B SKOMY BUKOPHCTOBYIOTHCS aHAJIOTIT PyXY TBEPIMX
TiN BHACHIZOK iX rpapitariitnoi B3aemonii [10]. Moro peamizawis monsrae y mepecTaHOBI PSIKiB
MaTpHIli TUIAHYBaHHS CKCIEPUMEHTY Ta 3HAXO/DKCHHS MIHIMAJIBHOTO 3HAYCHHS BapTOCTI
MIEPECTAHOBKH 110 BiJHOIICHHIO JIO MEPILIOTO PsIIKa MATPHIII.

[Tpukian 1BomapaMeTpUIHOI ONITUMI3AIIIT OYIIO PO3TIISTHYTO IIPH TOCIIHKCHHI pOTaTabeIbHOTO
[EHTPAJIBHOr0 KoMITo3uIliiiHoro rianysanus (PIIKIT) [11].

OcHoBHi Martepiaau xocaifzkeHHsl. J[1s1 TOCHIPKEHHS! TIOPCTKOCTI TMOBEPXHI KPEMHIIO B
mporecax rmuooKoro miazMoximMiunoro tpasieHHs MEMC 6yo po3po6iieHo anropuT™ onTuMizanii
IUTaHIB TIPOBEIEHHS EKCIIEPUMEHTY, IO 3aCHOBAHWH Ha BUKOPUCTAHHI METONY TpaBiTalliiHOTO
nomyky. Panime mum meronom Oyno AOCHKEHO (DOTOENEKTPHUHI MEPEeTBOPIOBAYl KYTOBHUX
nepemiiiens [1]. [Ipu 1iboMy, B SIKOCTI KPUTEPIitO ONTUMI3AIIi] 3aCTOCOBYBAIACh MiHIMaJIbHA BapPTiCTh
peanizanii excriepuMeHTy. OCHOBHOIO METOIO IIi€l CTaTTI € JOCIHiJKEHHS BIUIMBY Ha TMPOIIEC
ONITUMI3AIlil He TUIBKH BapTOCTI, aJie 1 TPHUBAJIOCTI MPOBEICHHS €KCIIEPUMEHTY

So = Z S;j = min; (D

j=21

n
0=,

=21

n

t;j; — min, (2)

M»@M»

-
1]
ey

ne S; j — BapTIiCTh YCTaHOBKY i-r0 (akTopy B j-My J0CITii;
ti j — TPMBANICTH yCTAHOBKH i-ro (akTopy B j-My 10CITiN;
K — KiJIbKiCTB (paKkTOpIB;
N — YUCIIO JOCHIIIB.

ITpu nocmimkenHi wiazMoxiMigHoro tpasieHHss MEMC Ta ckiajaHHi miiaHy eKCIEpUMEHTY
Oynu BpaxoBaHi TpH BXIIHUX (DaKTOpH MpoOIECy, IMOBIPHO 3/JaTHUX HAMOLIBIIO MipOIO BILUIMBATH
Ha ONTHMI3AIli0 MPOIIECY: X1 — BIIHOMICHHS TPUBAJIOCTI CTaiil macuBaIlii i TpaBJICHHs, X2 — TUCK B
peaxtopi, I1a, x3 — TemnepaTypa enexkTpoaa-mianoxxkorpumaya,°C.

Cepennboapudmernyne BiaxuieHHs npodinto € mapamerpoM ontumizaiii. s moGymoBu
marematuuHoi moneni y Burisiai U = f(x1, X2, X3) JI0CTaTHBO 3aCTOCYBATH MOBHHN (HaKTOPHUIA
excriepuMenT 2°.

[ToBHHMI onHC Mpoliecy TOCTiIKEHHS MIOPCTKOCTI MOBEPXHI KPEMHIIO B IpoIiecax TIuOoKoro
iazmoximiunoro tpasieHHss MEMC HaBezneHo y pooori [2].

VY 1abin. 1 nokazaHa no4aTkoBa MaTPHULS IUIAHYBAHHS €KCIIEPUMEHTY.
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ITogaTkoBa MaTpULA IUIAHYBAHHS €KCIIEPUMEHTY

Ta6mums 1

Howmep nocuimy daxTopu

X1 X2 X3

1 -1 -1 -1

2 +1 -1 -1

3 -1 +1 -1

4 +1 +1 -1

5 -1 -1 +1

6 +1 -1 +1

7 -1 +1 +1

8 +1 +1 +1

BaprocTi 3MiH 3HaueHb piBHIB (JaKTOPIB NMPUBE/IEHI B Ta0I. 2.
Tabmuus 2
BapTrocrti 3MiH 3Ha4eHb piBHIB ()aKTOPiB

[lepexin piBHIB Sx1, y.o. Sx2,y.0. Sx3, y.0.

-1 > +1 4 10 20

+1 —-1 6 14 16

Yac 3MiH 3HaUeHb pPiBHIB ()aKTOPiB MpUBEACHI B Ta0II. 3.
Ta0mmms 3
Yac 3MiH 3Ha4YCHb PiBHIB (PaKTOPIB

[Tepexin piBHIB tx1, XB. txo, XB. tx3, XB.

-1 —>+1 13 8 20

+1 —>-1 11 12 14

BapricTe peanizanii Ta TpUBaJIICTh MPOBEACHHS MOYaTKOBOTO IJIAHY €KCIIEPUMEHTY CKIIajae

Siou = 88 y.0. T2 thou =133 XB. BIAMOBIIHO.

OnTuMmalnbHI 3a BapTICTIO Ta TPUBAIICTIO MPOBEJIEHHS IUIAHW E€KCIEPUMEHTY, OTpUMaHi 3

BUKOPUCTaHHSAM METO/y IpaBiTALliIfHOTO MOIIYKY, IpeCcTaBieHi B Tab. 4.

Tabmuns 4
OnTuMalbHI IIJIaHU €KCTIEPUMEHTY, OTPUMAaH1 METO/IOM IPaBiTAI[IiHOTO MOIIYKY
BapricTh ekciepuMeHty, y.o. TpuBanicTe eKCIEPUMEHTY, XB.
Howmep dakropu Howmep daxkropu
JOCITITY X1 X2 X3 JOCITITY X1 X2 X3
1 -1 -1 -1 1 -1 -1 -1
2 +1 -1 -1 2 -1 +1 -1
3 +1 +1 -1 3 +1 +1 -1
4 -1 +1 -1 4 +1 -1 -1
5 -1 +1 +1 5 +1 -1 +1
6 +1 +1 +1 6 +1 +1 +1
7 +1 -1 +1 7 -1 +1 +1
8 -1 -1 +1 8 -1 -1 +1
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Bapricte peanizamii Ta TpUBaIiCTh MPOBEACHHS ONTUMAIBHUX IUIaHIB €KCIIEPUMEHTY CKIIaJae
Sonr = 64 y.0. Ta tonr = 48 XB. Y MOPIBHSAHHI 3 TOYaTKOBUMH TJIAHAMH €KCIIEPUMEHTY MaEMO BUTPAIII
y 1,4 ta 1,6 pa3iB BianOBiTHO.

Takoxx Meron rpaBiTamifHOrO TMOMIYKY OYJIO BHKOPUCTAHO MU JBOMApaMEeTPUYHOL
ONTUMI3aIll IUIaHy EKCHEpUMEHTY, J€ B SAKOCTI KPHUTEPil0 ONTHUMIi3alii BHUKOPHCTOBYETHCS
y3araJbHEHUH KpUTEPii BApTOCTI Ta 4acy NPOBEICHHS EKCIIEPUMEHTY

K1 K, .
N—lzsi_)j +N—22ti_>j—>m|n, 3)

ne S;_, j— BapTICTh MEPEXOY 3 I-TO EKCIIEPUMEHTY B |-HiA;
ti_,j — 4ac mepexofy 3 i-ro EKCIEPUMEHTY B j-Hii;
K,, K, — BaroBi koe(dilieHTH I BAPTICHOI'O 1 YaCOBOTO IIapaMeTPiB OITUMI3ALli] BIAIIOBIIHO;
1 2 s
N;, N, — HOpMyIO4i 3Ha4EHHS JJIs1 BAPTICHOTO 1 YaCOBOTO MapaMeTpiB ONTUMI3allii BIAOBIIHO.

Hopmytoui 3HaueHHs BU3HAYAIOTHCS HACTYITHUM CIIOCOOOM:
N1 = max {Sl—>2;51—>3; ...,Sz_,l,Sz_)g, ""Si_U" ---:Sn—l—m}; (4)
Nz = MmaX {t1—>21 t1_>3, ey t2_>1, tz_,g, . ti_U" ey tn—l—m}-

Barosi xoeditieatn K;, K, T03BOJSIOTH BapilOBaTH 3HAYUMICTIO BiAIMOBITHOTO Iapamerpa
ONTHUMI3AIlil: YUM BHIIE 3HAYCHHS BaroBOro KOCQII[iEHTa, THUM BUIIE 3HAYMMICTH BiIIIOBIIHOTO
rapameTpa OnTHMi3allii.

BuKOpUCTOBYIOYM  METOA  TPaBITAIMHOTO  TIONIYKY, IPOBEACHO JBOMAPAMETPUIHY
ONTHUMI3AIlI0 BUXIAHOTO IJaHy. byno oTpuMaHo onTMMaibHI IUIAHU JJs BaroBUX Koe(illi€HTIB
Ki=1,K, =2 ta K; = 2,K, = 1. Hopmytoui 3HaueHHst nopiBHiooTe N; = 40y.0., N, = 45 xB.
BiamnoBinHo 10 BaroBux Koe(ilieHTiB, OTPUMYEMO Taki y3araibHeHi kputepii ontumizamii: K{ = ==

40
0,025, K; = —==0,04 (Ky = 1,K, =2) 1a K{ = —= 0,05,K; =—= 0,02 (K; = 2,K, =1)

45 4 45
BiAMOBiAHO. [IMaHM eKClepUMEHTY, ONTHUMAalbHI 3a BapTICTIO Ta YacOM IPOBEICHHS 3
BuKopuctanusM K, ta K;, nokasano y Taoi. 5.

Tabmuis 5
OnTuMalibHI IIJIaHU €KCTIEPUMEHTY 3 BUKOPHCTAHHSAM y3arajJbHEHOTO KPUTEPIIO
Ki=1K,=2 Ki=2,K,=1

Howmep dakropu Howmep dakropu

JOCIi Ty X1 X2 X3 JOCIi Ty X1 X2 X3
1 -1 -1 -1 1 -1 -1 -1
2 +1 -1 -1 2 +1 -1 -1
3 +1 +1 -1 3 +1 +1 -1
4 -1 +1 -1 4 -1 +1 -1
5 -1 +1 +1 5 -1 +1 +1
6 +1 +1 +1 6 +1 +1 +1
7 +1 -1 +1 7 +1 -1 +1
8 -1 -1 +1 8 -1 -1 +1

[Ipu nocnigkeHHI ONTUMAJIBHUX IUIAHIB €KCIIEPUMEHTY 3 BUKOPHCTAHHIM Yy3aralbHEHOTO
KpUTEpito, MU 6aunMo, 110 MaTpHlll 3 BaroBuMu koedinientamu Ky =1, K, = 2TtaK; =2, K, = 1 He
BIPI3HAIOTbCA MK coboto. Ilpu mpoBeneHHI EKCHEpUMEHTY 31 3HAYEHHSAMH KOeQilieHTIB
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K, =1, K, = 2, BapTicTh peaiizallii Ta TpUBAIICTh MPOBEJACHHS TOCIIY CKIanae Sonr = 64 y.0. Ta
tonr = 88 XB. BIAMOBIIHO. 3Ba)KAI0YM Ha TE, 1110 ONITUMAJIbHI IJIAHU €KCIIEPUMEHTIB OJTHAKOBI, BaPTICTh
peastizariii Ta TpUBAIICTh MPOBEACHHS TEXHOJIOTIYHOTO MPOIIECY s BUMAAKY, komu K; =2, K, = 1
Taki K, 9k 1 npu K; =1, K, = 2, ToMy BIUTMB BaroBux KoeQili€HTiB HE3HAYHUH.

BucnoBku. Jj1s1 1BOnapamMeTprIHOI ONITUMI3allii I1aHiB 6araro(akTOpHOTO EKCIIEPUMEHTY 3a
BapTICHUMH Ta YaCOBUMU BUTpATaMU OYJI0 BUKOPUCTAHO METO/ IPABITAIIITHOTO TIOIIYKY.

JloBeneHa MoOro mpare3IaTHICTh Ta €(PEKTUBHICTh MPU JTOCHTIKEHHS IMIOPCTKOCTI MOBEPXHI
KPEMHIIO B IpoIiecax rmOoKoro miazmoximiunoro tpasieaas MEMC. Pesynpratu nokasanu, 1o y
MOPIBHSHHI 3 TTOYaTKOBUMH TUIAHAMH CKCTICPUMEHTIB, MA€MO BHUTPAIl 332 BAPTICHUMHU Ta YaCOBUMHU
BuTpatamu y 1,4 ta 1,6 pa3iB BiAMOBIIHO.

Y pe3ynabTari OCHI/DKEHHS BCTAaHOBJICHO, IO y HAINIOMY MPHKIAAI BIUIMB BaroBUX
KoeilieHTiB He3HaYHUH. Mae CeHC IOCHIAUTH JBOMApPAMETPUYHY ONTUMI3aIlil0 Ui OUIBIIOT
KUTBKOCT1 (haKTOPIB 1 3 OLIBIIOI0 PI3HUIICIO Y 3HAUYCHHSAX BaroBUX KOCQIII€HTIB.
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D.Sci. Tech., prof. Koshevoy N.D., Malkova A.V.
TWO-PARAMETER OPTIMIZATION OF THE EXPERIMENTAL PLAN WHEN STUDYING
THE ROUGHNESS OF THE SILICON SURFACE DURING DEEP PLASMA-CHEMICAL
ETCHING OF MEMS ELEMENTS

In science and technology, the need for the rational use of the labor of scientists and engineers, as
well as the means of production - technical equipment and materials - is growing more and more. One of
the ways to increase the productivity of scientific work is the use of advanced mathematical methods and
computational tools. These methods include experiment planning. Its high-quality and optimal
implementation allows us to successfully solve scientific, production and technological problems.

Currently, various planning methods are widely used in research. The planning of an experiment
involves a simultaneous change in all factors affecting the process under study, which makes it possible to
establish the degree of interaction of factors and to reduce the number of experiments. It is advisable to
conduct experiments with minimal cost. But at the same time, when planning, another important criterion
is time. This is especially true when examining expensive and time-consuming processes. Therefore, the
goal of experiment planning is to create a scheme that is necessary to obtain as much information as
possible at the lowest cost and with a short study duration. More precisely, the planning of an experiment
can be defined as a procedure for choosing the number and conditions of experiments that are necessary
and sufficient to solve the problem with the required accuracy. An important advantage is its versatility,
suitability in most areas. Object of research: the processes of optimizing the plans of a multifactorial
experiment in terms of cost and time costs. Subject of research: a two-parameter optimization method
developed on the basis of a gravity search algorithm using a generalized criterion of cost and time of the
experiment. In the study of the roughness of the silicon surface in the processes of deep plasma-chemical
etching of MEMS elements, the operability and efficiency of the two-parameter optimization method were
analyzed in comparison with the initial and optimal experimental plans (without taking into account the
generalized criterion).

Key words: experimental plan, initial plan, gravity search, two-parameter optimization, generalized
criterion, normalizing values, cost.
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YIHPABJITHHA BIBPALIECIO BIIVIA POTOPHOI'O THUILY 3A JOIIOMOI'OIO
PEXXEKTOPHUX PLJIBTPIB

Y pooomi na 6azi npowmuexu Arducopter ver.4.0.7, 6cmanosienoi na noibomui Konmponepu Ha 6a3i
Mikpokoumponepie cimeiicmea STM32F4, pozenanymi numanusa 3menuiennua enaugy eiopayin na IMU
(inepuyiiino eumiprosansvhuili npucmpiii) nHoaILOMHO20 Koumpoaepa. /locnioyicenns npoeoounucsa 6 xooi
JIbOMHUX GURPOOYBAHb MPbOX Myabmukonmepie 3 pamamu 250mm, 550mm i 850mm, 3iopanux e
nabopamopii. Biosnaueno, wio firware arducopter micmumso epekmugHuil incmpymenmapiit, ug0 0036013€
eunenamu pieeHs giopayii i kepyeamu nero. Ha niocmasi ananizy zpagikis eiopo-npuckopenus nokazauo,
W0 01 KOnmepos 3 pamoio, po3mipom menuie 250mm, eucoxo weuoxkicnumu (kv> 2300) momopamu i
Mmanumu nponenepamu (diamempom <5 ") ¢ akocmi muny 6iopo - i301AYIUHO20 mMamepiany Moxcause
GUKOPUCMAHHA Oeuiesol 6idpo3axucmy Ha 0CHOGI 060CMOPOHHbO20 CKOMYa 3 cninenozo mamepiany. /lna
konmepoe 3 pamoto 450, 550mm i 6invwe, 3 Huzbko weuoxkicnumu momopamu (kv <1000) i nponenepamu
diamempom oinvuwe 10 ", douinono euxopucmanua OinbW CKAAOHUX GIOPO NPOKAAOOK HA ZYMOGUX
amopmuszamopax. Y pooomi po3eiaHymo eUKOPUCMAHHIA RPOZPAMHUX (DiNbmpie 0N IMEHUIEHHA RIUBY
eibpauiii npayUux MOmopie Ha NOKA3AHHA aKceaepomempa i zipockona. B akocmi maxux inempis
BUKOPUCMOBY8ANIUCA OUHAMIUHI PeXceKmOPHI (hinbmpu, AKi 6 POGOMI HAIAWIMOBYBANUCA HA YACHOMHUIL
dianazon, nog'a3anuil 3 00ePMAHHAM 0BUZYHIE. SHUNCEHHA GIOPAUITIHO20 WIYMY PO3ZTAAHYMO HA OCHOBI
nonodceHHsa OpocenvHoi 3acninku. Yacmoma 6 cepeduni OpocenbHOT 3ACIHKU GUIHAUAEMbCA AHATIZOM
JHCYpHAaie, @ NOMIM 3MIHA NONOHCEHHA OPOCEIbHOT 3ACIHKU eulle cepeOHbol 6UKOPUCHOBYEMbCA 01
giocmedrrcennn 30invuiennsn yacmomu wiymy. Ha npuxnaoi cexcakonmepa 3 pamoio 850mm noxkazano, o
makxi inompu 3HAYHO CKOPOUYIOMb AMRIIMYOYy He MINbKU 6UAGIEHOI OCHOBHOI Yacmomu, a il 2apMOHIKU.
Bcmanoeneno, wio npu npagunbHomy eubopi mexaniunoi iopo3axucmy, sUKOPUCHAHHI PelCceKMOPHIX
¢inompie, momopu Konmepa MeHule HAZPiBAIOMbCA, i AK HACIIOOK - 3MEHULYEMbCA eHeP2Zia CRONCUBAHHS.
Ile ocoonueo nomimuo 011 mynomu Konmepos geauxozo posmipy. Iomiueno, wyo npu FPV nonvomax 3
Kypcoeolo 6ideo kameporo Ha eeaukomy konmepe (850mm) eiopauin eideo 300pariceHHA ROMImMHO
smenwmunaca. Iloxkazana moxncaugicms UKOpUCMAHHA GIOpAUIIHUX 2PagpiKie 01 8UAGIEHHA NPUYUUH
0eaKux agapiin MyabmuKonmepie, HANPUKIA0, NPU pyiHYy8aAHHI nponenepa.

Kniouoei cnoea: Arducopter, Ardupilot, GPS npuiimau, BIIVIA, AltHold, Loiter, RTL, Land,
PosHold, Auto, Notch Filters, STM32F4, Ilonvomnuit konmponep

Beryn. B nanuii yac BiJIoMo, 110 711 BUKOHAHHS TONOrpado-reoe3nyHoi 3HOMKH 3 METOI0
CKJIaJJaHH] IUIaHy MICHEBOCTI, OONPHCKYBAaHHS CUIBCHKOTOCIIOAAPCHKUX TIOMIB, IMPOBEACHHS
pATYBaNBHUX POOIT, BIICHKOBUX PO3BIAYBaIbHUX OIEpalliil IUPOKO BUKOPUCTOBYIOThCS OE3MIIOTHI
mitaneHi anapatu (BIIJIA) poTopHoro tumy (KBaapokomTepa, rekcakonTepu, oprokontepu) [1-3].
Jlia BupimieHHs Takux 3aBaaHb BIIJIA moBuUHEH BMITH IpalloBaTH B MOBHICTIO aBTOMaTUYHOMY
pexxuMi MpH 00JIBOTI TEPUTOPIi MO 3a7aHOMYy MapHipyTy. Jyke BakiIMBO, 100 MiA Yac MOJIbOTY
anapaT OyB JOCHTh CTIMKHI /70 30BHIIIHIX BIUIMBIB (HampHKJIaA, 1O MOPUBIB BITpY). Benuke
3HA4YeHHs JUId BHpIIICHHS II€pepaxoBaHUX 3aBJaHb, 3a0e3MeUeHHS CTIMKOCTI MOJBOTYy Mae
IporpaMHe 3a0e3MedyeHHsl, anapaTHi 3aCO0H.

Buxuaaa npo6Jsemu. 3 mxepen BiIOMO, IO A TIATPUMKH CTIHKOCTI MyJIBTUKOIITEP IIUPOKO
3aCTOCOBYIOTBCS MaTeMaTH4HI Mojeni, moOymoBani Ha 0a3i PID perymsropis [4]. s
¢byHKIioHyBaHHS X naHi Hagxoaath 3 IMU (akcenepomerp, ripockortt, koMrac), 6apogardikos, GPS
npuiiMayiB, JaTYUKIB ONTUYHOTO MOTOKY, COHApIB 1 T.11. i1 iX 00poOKH IIMPOKO BUKOPHUCTOBYIOTHCS
TaKi MaTeMaTHYHI MOJIeJTi SIK KOMIUIEMEHTapHUi GinbTp, GinbTp Mamksika, Ginstp Kanmana [5-7].
Bin sikocTi BUKOPHCTOBYBaHMX MaTeMAaTUYHUX MOJENEH, sKi BTUIEHI B MporpaMHe 3abe3neueHHs
MOJIOTHUX KOHTPOJIEPIB, B 3HAUHIN Mipi 3aNeXUTh CTiiKicTh moab0Ty BITJIA. Kpim niporo ocobnuse
3HaueHHs Ha noBeAiHKY BIIJIA mij yac monpoTy HagaroTh BiOpallii, BUKJIMKaH1 00€pTaHHSIM MOTOPIB.
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ABTOIIJIOT OCHAIIIEHO aKCEIEPOMETPOM, UyTIIMBUMHU 10 BiOpartiii. L{i 3HaueHHs akcenepomeTpa
o0'enHytoThes 3 JanuMu 6apomerpa i GPS nns oninku nonoxenns BITJIA. Yepes naaMipHi BiOpartiit
OLIIHKA TIOJIOKEHHSI MOXe OyTH nopymeHa. Lle mpu3BoIuTh 0 AyXe Morany poOoTy B peKUMax, sKi
3aJie)aTh BiJ TOYHOTO MO3UIIIOHYBaHHS (Hampukiaa, Ha konrtepe: pexxumu AltHold, Loiter, RTL,
Land, PosHold i Auto [8] - firmware arducopter).

AHAaJIi3 0CTaHHIX A0CTiIKeHb. J[7151 cTabIBPHOTO MOIBOTY KOIITEPA B TIEPITY Yepry HeoOXiTHO
3MEHIIUTH YacTOTYy 1 aMIUTITYyly BiOpallii, sSiKi € XapaKTepHUCTUKOIO POOOTH ABHUTYHIB (IIpOMENEpiB),
10 00epTaThCA i Yac monboTy. Lli BiOparii XapakTepu3yrThCsl BHCOKOIO YaCTOTOIO 3 HU3BKOIO
aMIuTiTy10r0. MeToro TaciHHs BiOpaiii € 3MEHIICHHS BUCOKOYACTOTHUX 1 CEpeIHhOYACTOTHUX
BiOparliif MOJILOTHOTO KOHTPOJIEPa, Ha IKOMY BCTAHOBJICHI OapoOMeTp, TIpOCKoM i akcenepometp. s
racinus BiOpaniii B BIIJIA mupoko BUKOPUCTOBYIOTHCS MEXaHI4HI BHOPOTAacHUTENH y BHIIISAII
CIIHEHOTro Marepiany, aHTUBIOpaIiiiHi AeMI(UPYIOIIME IUIACTUHA 3 TYMOBHUMH aMOPTH3aTOPAMH
JUIs KPITUIGHHSI IO paMH MYJIBTUKONTEpa MOJIBOTHOrO KOHTpoJepa i T.a. [9]. s momanpmioro
YCYHEHHS BIOpaIliii 3HaHIIUIA ITUPOKE 3aCTOCYBAHHS PEKEKTOPHUE (PUIBTPH, SIKI BAKOPHUCTOBYIOTHCS
B pi3Hux npommBkax BITJIIA [10,11]. PexxekTopHuii GiasTp - 1€ mporpaMHuil (piIBTp HIXKHIX YacTOT,
10 A03BOJISIE€ BUJIATUTH OUIBIITY YACTUHY 3IMIITUBLINXCS MICIsI MEXaHIYHOTO (inbTpa BiOpariitHoro
myMy. PosrmsiHyTi B poOOTI IMHAMi4HI peXeKTOpHUE (UIBTPH HAJAITOBYIOTHCS Ha JIiamas3oH,
MOB'SI3aHUI 3 YaCTOTOK OOCPTaHHS JIBUTYHA JIJIS ABUTYHIB MYJIbTUKONTEp. [l 1X aHANi3y HIMPOKO
BUKOPUCTOBYETHCSI MAaTEMaTHYHUH amapar JUCKPETHOro nepeTBopeHHs Dyp'e, 3acTOCYBaHHS SKOTO
BHCBITJICHO B po0oTi [12].

OcHoBHUIi MaTepiaJ i pe3yJbTaT pod0oTH. B po0O0TI pO3risgaoThCs TECTOBI MYIBTHKONTED
(puc.1), moGynoBani Ha 6a3i mpommBok Ardupilot ver 4.0.7 (2021p.), SIxi BcTaHOBJIEHI HA MOJBOTHI
KOHTpoJIepH 3 MikpokoHTposepamu STM32F4:

1. 'ekcakonirep 3 pamoro 850mMm. Motop BE4108-380kv, mponenep nBononareBuit 16x55;

2. KBagpokonTep 3 pamoro 250mm. Motop MT2204-2300kv, mponieniep TpuinonareBuid 5x45;

3. 'ekcakontep 3 pamoro 5S50mm. Motop A2212-1000Kkv, mponesnep aBosionareBuii 10x45.

VYcraHoBKa 1 HalalTyBaHHS MPOTPaMHOIO 3a0e3leyeHHs BUKOHYBajacs Tak, SK
MpeAcTaBiIeHo B poboTi [13,14].

. Ksagpokontep ¢ pamoi 250mm ’
FeKcaKonTep € pamoy 850mm F'eKcaKonTep ¢ pamoii 550Mm

Pucynok 1 — MynbTHUKONTEPH, 1110 TECTYIOTHCS

[MomepemHpO, K MMOKa3ana MpaKTHKa CKIIAAaHHS MyJIbTHKONTED [9], HOIBOTHHIA KOHTPOJIEP JUTS
KBaJpOKOINTEpa 3 pO3MipoM pamu He Oinbine 250 MM 1 BUcoko cipuTHUMHU MoTopamu (kv> 2300)
3aKpIIUTIOIOTh 3 BUKOPUCTAHHSAM JIBOCTOPOHHBOI'O CKOTYA 3 CIIHEHOTo Marepiany. Jljis KonTepoB 3
po3Mipamu pamu npubau3Ho Outbmie 450MM, Ha sKi BcTaHOBIIOBasMcs mMotopu 3 kv <1000,
MOJILOTHUM KOHTPOJIEP KPIIUISITH 10 paMH 3a IOTIOMOT' 00 aHTUBIOpallifHUX T'YMOBUX aMOPTH3aTOPIB.
KpiruieHHs TOJIbOTHUX KOHTPOJIEPIB POIIIIHYTUX B pOOOTI MYJIBTUKONTEP MOKA3aHO HA PUC. 2.
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MoneTHbiit [ BYCTOPOHHMM CKOTY U3 Pama 250mm MNoneTHbii Pama 550MMm Monethbin  PesnHosbiii  Pama 850mm
P P 0 maTep KOHTpoAnep e - P P Aemnoep

Pucynok 2 — CriocoOu KpiTuIeHHS JTTATBHUX KOHTPOJIEPIB 10 paMU MYJIbTHKONTEPa

B o00ox Bumankax, SKIIO He 3a0e3meuyeThesi aaeKkBaTHa BiOpOi30Jsilis, 301IBIIYIOTE Macy
aBTOMIOTAa JOJATKOBUM Ba)KKOM a00 3MEHIIYIOTHh JKOPCTKICTH aHTHBIOpaliifHOro marepiany, He
MEPEeBUIIYIOUYM JICIKOrO 3HAuYeHHs, SKe MigOUpaeThCsl MpH TECTyBaHHI Komrepa. SIKIo
BUKOPUCTOBYIOTbCS M'AKi BiOpamiliHi TPOKJIAIKH, TIOJBOTHUN KOHTPOJIEDP TOYHHAE CHUIIBHO
PO3ToiTyBaTUCS, IO TPU3BOAUTH JI0 HeNlepea0auyBaHOTO TIOBEAIHKH KOIITEepa.

Jlnisi momepenHbOoro HaJaIITyBaHHS aHTHBIOpAiMHUX TMPOKIAJAOK MK paMol0 KomTepa i
MOJILOTHUX KOHTposiepoM B firware arducopter BUKOPHUCTOBYIOTH TOBIJJOMJICHHS KypHaly (uier-
JaHUX, 5Kl 30epiratoThes B (haem-mam'sati apromisora (SD-kapTi) y BUIIsIII OaJIOK 1 sIKI MOXKYTb OyTH
3aBaHTa)KEHI MiCIIS TTOJBOTY.

KomitoBaHHs JIOTiB 3 TOJBOTHOTO KOHTpOJEpa BUKOHYETHCS 3a JIOMIOMOTOI0 MPOTOKOIY
MAVLink [15]. JIlns mporo KOMITFOTEp 31 BCTAHOBJICHOIO Ha3eMHOIO craHiiero (Mission Planner)
nigkimodaetbes 10 BITJIA 3a momomororo kabenro micro USB. Bubupaerscs Bknanka "DataFlash
Logs" (puc.3) i natuckaetbes kHomnka "Download DataFlash Log Via MAVLink". ¥V BikHi Mo)kHa
BuOpaTH 1ikaBATh Log files 1 ckomitoBaTu iX Ha KOMIT'FOTEp, HATUCHYBIIM Ha KHONkH "Download
All Logs" a6o "Download Selected Logs".

vibe

Servo/Relay Iorw tenemetpun il DataFlash Logs [ =
Download All Logs First Person KML
Uownload Uatar las! . 3
Pty —
Cene 0o -

Geo Reference Images

Pucynok 3 — KonitoBanns L0QS 3 niTanbaHoro KOHTpoJiepa

Jnia BimoOpaskeHHs TpadikiB HEOOX1THO MOBEPHYTHCS O MONEPEAHBOIO BIKHA 1 HATUCHYTH Ha
kHonky "Review a Log". Ilicns Bubopy (aiiny BiIKpUBa€eTHCS BIKHO SIK Ha puc.4.
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() Log Browser - 2021-07-12 06-02-04.bin

Value Graph

VIBE.VibeZ (Min: 0,03 Max: 34,25 Mean: 22,83) VIBE.VibeY (Min: 0,02 Max: 7,75 Mean: 4,93)
VIBE.VibeX (Min: 0,02 Max: 8,74 Mean: 5,64)
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Graph Right M ShowMap 1 UseTime [ Data Table B % Vode W Erors W MSG [ Events

Pucynok 4 — I'padiku 3nauens VibeX, VibeY Ta VibeZ nosigomnenns VIBE

VY upomy BikHI moOyaoBaHi rpadiku 3HaueHb VibeX, VibeY i VibeZ nmosimomienus VIBE.
Bonn moka3yroTh BiIXWJICHHS BUX1IHOTO CHTHAITy akcejaepoMeTrpa B M/ ¢ / ¢. 3 MaloHKy 4 BHJHO,
mo Jeski 3HayeHHs VibeZ nocsraiote 35 M / ¢ / c¢. 3rigHO 3 peKoMeHnamismMu pkepena [16]
npuiHATHI piBHI BiOparii Hwk4ye 30 M / ¢ / ¢. Ha piBHsax Bume 30 M / ¢ / ¢ MOXYTh BUHUKHYTH
npobnemu, a Ha piBHiAX Buiie 60 M / ¢ / ¢ Maike 3aBXAM BUHUKAIOTH MPOOJIEMH 3 YTPHUMAaHHSIM
no3utlii abo Bucotu. J[aHi Ha puc.4 BiAMOBITAIOTH TEKCAKONITEPY 3 pamMoro 550 mm.

| € Log Browser - 2021-07-16 06-08-35.bin -, o X

Value Graph

VIBE.VibeZ (Min: 0,03 Max: 15,42 Mean: 10,31) VIBE.VibeY (Min: 0,02 Max: 5,02 Mean: 3,33)
VIBE VibeX (Min: 0,02 Max: 9,53 Mean: 3,87)
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Line Number

Gragh Let [ Gragh Right Load Alog B ShowMsp [ Use Time [l Data Table [e7Mione B G MEwos MMSG MW Evens

Pucynok 5 — I'padixu 3Hauens VibeX, VibeY ta VibeZ nosinomnenns VIBE micis BcTaHOBICHHS
rpy3uKa
Jli1g 3MeHIIeHHs piBHA BiOpallii Ha TOJLOTHOMY KOHTpoJiepi OyB BCTAaHOBJIEHUH IPY3UK Baroro
6m3bpKko 7 rpamiB. Ha puc. 5 mokasani piBHi BiOparlii Jy1sl IbOTO BUMAAKY. 3 pUC. S BUIHO, IO BiOparrii
3MEHIIMJIUCS B JIBA Pa3u 1 MaKCUMasbHa BEIMYMHA HE TIEpeBUIIIIIAa 3HaueHHs 15.4 m/ ¢/ c. Ha puc.6
nokasani rpadiku BiOpariiii B 0e3BITpsHY moroay mis pam 250mMm 1 550MM B pasi, KOJIM MOJTHOTHI
KOHTpPOJIEpU BCTAHOBJIEHI HA IBOCTOPOHHBOMY CKOTHI1 31 CIIIHEHOTO MaTepiaiy.
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VIBE VibeZ (Min: 0,03 Max: 21,37 Mean: 10,72) VIBE.VibeY (Min: 0,02 Max: 9,15 Mean: 3,89)
VIBE VibeX (Min: 0,02 Max: 12,71 Mean: 7,13)
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Line Number

VIBE.VibeZ (Min: 0,03 Max: 95,13 Mean: 46,28)
VIBE VibeX (Min: 0,02 Max: 42,88 Mean: 11,93)
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Line Number

Pucynok 6 — I'pacdiku Bibpaniit ans pam 250 mm ta 550 MM BiIIOBIAHO AJIs
JIBYXCTOPHOHHOT'O CKOTYY 31 CIIIHEHOTO MaTepiainy

Bunno, mo anst pamu 250MM 3HaUEHHS IPUCKOPEHHS BiOpariii He mepeButryBaio 30m / ¢ / c.
Jis pamu 550MM TPakTUYHO HA BCIX JUISHKAX MOJLOTY MPHUCKOPEHHS BiOpalii nepesuirye 30M / ¢
/ ¢, mocsralo4d MakCUMaJIbHOTO 3Ha4eHHA 95M / ¢ / c¢. TecToBl MONBOTH MOKA3aiIH, IO B PEXKHMI
YTPUMAaHHSI BUCOTH TEKCAKONTEp MOBOIUBCS HeaaeKBaTHO. Tomy mis pamu S50MM ¢ MOTOpaMu
1000kv 1 mpomnenepamu 10x45 MoiabOTHUN KOHTpPOJEp 3aKPIIUIIOBABCS HAa paMi 3 BUKOPHUCTAaHHSIM
Kay4yKOBHX MPOKJIAIOK (IUB. pHC. 2).

BiOpamiiini rpagiku MOXyTb OyTH TaKoXK KOPHUCHMMM JJisi BHSBIICHHS IpPUYMH aBapii
MYJIBTHKOIITED.

(.7 Log Browser - 2021-07-07 17-14-37.bin
Value Graph
BARO.Alt (m) (Min: -6,21 Max: 16,54 Mean: 9,74) VIBE.VibeZ (Min: 0,03 Max: 122,97 Mean: 17,99)
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Pucynok 7 — I'padik anst BUSBIEHHS IPUYMHU aBapiil MyJIbTHKONTEPA
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Sx npuxnan Ha puc. 7 HaBeneHO rpadik, KU BimoOpaxae pi3kuil Crjieck BiOparlii B KiHITI
MOJIBOTY (3eNieHa KpuBa). YepBoHA KpHBa MOKa3ye BUCOTY MONbOTY Mo O6apomerpa. Ha Bucoti 15m
BUJIHO MK BiOpariii, micist IKOro KPHBa BUCOTHU PI3KO 3HMKYETHCA. Y I[bOMY MOJIBOTI TEKCAKONTED 3
pamoro 550 3a3HaB aBapii. 3riiHO pucC. 7 MOKHA 3pOOUTH BHCHOBOK, IO TAIIHHS OYJIO BUKIHKAHO
pyHHYBaHHSIM TIporiejepa B MOBITPi, a HE ygapoMm Horo o0 3emuto. Po3risiHyTe MexaHiyHe
nemripyBaHHS MoOXKe OyTH HENOCTaTHIM, 1 JUIsI BUAAJICHHS JOJATKOBUX IIyMiB HEOOXI1THO
BUKOPHUCTOBYBATHU MPOTpamMHy (HiTbTPAIIifo.

Jlnist aBTomisioTa BiOpaliitHuii ryM BUTIIsIA€ K Oyab-s1Ka iHIIa 00ypeHHs (HalpHKIIa, BiTep),
sIKe aBTOIIOT MOBHHEH BpaxoByBatH mis ynpasiinas BITJIA. ArduPilot BukopuctoBye nporpaMHuii
(GUIBTP HIKHIX YaCTOT, 1100 BUJAIUTH OUTBITY YaCTUHY IIOTO 3aJIMIIUBCS BiOpauiiHOro mymy. Ae
Taka (inpTparis Mae i HeOaxkaHUH MOOIYHUI ePeKT - BUAANIETHCS 1HPOPMAIIS PO OPIEHTAIIIO i
yIpasiaiHHI KonTepoM. TakuM YMHOM, X04a arpeCUBHA QiIbTpaIlis MOKE YCYHYTH BiOpaIliiHAM 1IyM,
BOHA TaKOX MOJK€ 3HM3UTH KepOBaHICTh Ta MBUAKICTh peakiii BITJIA. I{s nmpo6iema crae 0co0amMBO
TrOCTPOIO Ha KOITepax 3 JyKe€ BHCOKMM pPiBHEM BiOpalliifHOrO IIyMy Ha TrapMOHIKax oOepTaHHs
HECY4Oro rBUHTA.

Jl7is MyIbTUKONITEpa IPAKTHYHO BCl BiOpallii BUXOASTH BiJl ABUTYHIB, TOMY OLIbIlIa YacTUHA
BiOpaliifHOrO IIyMy IOB'SI3aHa 3 YacTOTOK O0epTaHHA ABUryHa. OTXKe, MOXIIMBO TEOPETUYHO
CKOHCTPYIOBATH MpPOrpaMHUNA QiIbTp, AKUN HALUICHUH TIIBKU HA I NIyM, 3ajIMIIAl04U B CIIOKOI
BCIO KOpUCHY iH(opmauito ripockomna. [y 11i€i ME€THM MOXKHa BHUKOPHUCTOBYBATH PEXKEKTOPHHUH
GbiIbTp, KU HALIIEHUH Ha BY3bKY CMYTY 4acToT - o0epranHs ABUTYHIB. ArduPilot migTpumye nBa
PI3HUX PEXEKTOpPHUX (UIbTpa: CTATUYHUN PEKEKTOPHUHM (UIBTP, SKUH BCTAHOBIIOETHCA HA
(dikcoBaHy 4YacTOTy, 1 JAMHaMIYHI peXEeKTOpHUE (IIbTPH, AKI MOXKYTh OyTH HaJAITOBaHI Ha
Jiamas3oH, MOB'A3aHAN 3 4acTOTOI OOEpPTaHHS JBHUTYHA Ui JIBUTYHIB MyJbTHKONTEp. JMHaMivHi
pekeKkTopHHE (PUTBTPU SBIAIOTH 0000 HAOIP 3 NEKIIBKOX (UIBTPIB, PO3MIMICHHX HAa TapMOHIKax
OCHOBHOT 4acToTH (iNIbTpa.

3 BBEACHHSM AMHAMIYHOI peXeKTOpHHU (imbTpamii morpeda B CTaTUYHOI PEKEKTOPHHUU
¢binbTpanii 3HWKyeTbes. OnHak cratuyHa (QUIBTpalis MoXe OyTH BHUKOpPUCTaHa JJsl MEBHOI
PE30HAHCHOI 4YacTOTi (HampuKiIaj, pamu konrtepa). TyT po3MSaeThCsi TUIBKM JUHAMIYHA
¢binbTpanid. ['nobanbHo AMHAMIUHA PEXKEKTOPHUH (1IbTpallis BKIOYAEThCS YCTAHOBKOIO IapameTpa
INS HNTCH _ENABLE = 1. Ilicns mepe3aBaHTaXeHHSI MOJILOTHOTO KOHTpoJiepa 3'SBISITHCSA BCl

JI0IaTKOBI mapameTpu (puc. 8).
Mission Planner 1.3.74 build 1.3.7563.27684 ArduCopter V4.0.5 (3f6b43e3)
£ v ©
@& Do O 5
DATA PLAN SETUP [ CONFIG | SIMULATION HELP
Flight Modes Command a |7Value | Unts | Options
INS_HNTCH_ATT 15 dB 530
INS_HNTCH_BW 90 Hz 5100
Basic Tuning INS_HNTCH_ENABLE |1 0:Disabled 1:Enabled

GeoFence

Extended Tuning |INS_HNTCH FREQ | e 10400

i P INS_HNTCH_HMNCS

|040:Disabled 1:Throttle 2:RPM
Advanced Params INS_HNTCH_MODE Sensor 3:ESC Telemetry
\ | 4:Dynamic FFT
Onboard OSD

MAVFtp INS_HNTCH_REF 0010
User Params

i&mmeler List

Pucynok 8 — YcranoBka 1ruHaMigyHOT peXeKTOPHOI (QimbTpanii

OcHOBOIO 11 poOOTH AMHAMIYHOTO PEXKEKTOPHOTO (PUIBTpa € YIpaBIiHHS HOro IIEHTPAIBHOIO
yactororo. Ardupilot 103BoJIsiE BUKOPUCTOBYBATH I'SITh CIIOCOOIB ynpaBmiHHA. TyT po3risigaeTses
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crocid Ha OCHOBI TOJIOKEHHS APOCENbHOI 3acCiiHKKA. B IbOMy BHIIQAKy 4YacToTa B CEpeauHI
JPOCETbHOI 3aC/IIHKM BU3HAYAETHCS aHAII30M JKypHAJIiB, a MOTIM 3MiHA MOJOXEHHS IPOCETbHOT
3aCIIHKM BHUIIE I[HOTO 3HAYCHHS BHKOPUCTOBYETHCS JUISI BIJICTEKCHHsI 30UIBIICHHS YacTOTH
BiOpamiitHoro mrymy. Jlisi BKJIFOUEHHS LBOTO CHOCOOY YIPaBIiHHS BCTAHOBIIOETHCS TMapaMeTp
INS_HNTCH_MODE =1. lo6 nHanmamTyBaTd AMHAMIYHHUN PEXKEKTOPHUH (IIBTP HaA OCHOBI
JPOCEIBbHOI 3aCiIiHKH, BAKJIMBO BCTAHOBUTH 0a30BHid PiBEHb, SAKUH 1ACHTH(IKY€E IIyM IBUTYHA Ha
piBHI IIMPSHHS APOCENbHOI 3aciHiHKU. [ IbOr0 BUKOPUCTOBYETHCS MAKETHUH MPOOOBIIOIPHUK
nepioanynoi aii IMU (uHepuumanbHOe BUMIPIOBAJIBHUNA MPHUCTPii) ISl OTPUMaHHS KYpHATIB IJIs
aHaii3y. Bin 3anucye Bucoko4yactoTHi aaHi 3 natuukis IMU B sxypHau ¢uieni-nam'sTi Ha aBTOMIOTI.
3ro/10M IIi JaH1 aHATI3YIOThCS MICIIs OTBOTY TSl IIATHOCTUKH MPo0IieM 3 BiOpaIli€ro 3a JOmOMOT 00
mBuAKoro nepersopeHHs Oyp'e (LII1D).

HITI® meperBoproe gaHi 3 THMYAcOBOi B 4YacTOTHY obOusiacTe. ToOTO naHi1 akceilepomeTpa,
3amucaHl M 4Yac TOJIbOTY, TEPETBOPIOIOThCS B rpadik, SKUH IOKa3ye dYacTOTH BiOparii.
Oco06muBicTiO TMX TpadikKiB € MK HA 9acTOTI 00epTaHHs JonaTi TBUHTA. e BUKIMKae MpuCcKOopeHHs
B Kopmyci MynbTHKONTEp, TOOTO BiOpallito.

Posrnsinemo mocniioBHICTh Ail. Cro4aTKy BUKOHYETHCS MEPENIoIbOTHA HACTPOHKa, TOOTO
BCTaHOBIIOIOTHCS y Bkiami "Full Parameter List" napamerpu:

1. INS LOG BAT MASK =1 ans 360py nanux 3 nepuoro IMU;

2. bir IMU RAW B mapametrpi LOG_BITMASK He moBuneH nepeBipsatucs. Hampukian,
3naueHHs napamerpa LOG BITMASK, sike BCTaHOBJEHO 3a 3aMOBUYBAHHSIM HE IepeBipsie OIT
IMU_RAW.

[TonboTHMIA 1 MICASTOMITHUHN aHAMI3:

1. BuxoHyeTbCsl 3BHYAHHMIA TONIT TPUBAIICTIO HE MeEHIIE 3-4 XBWIMH 3 HACTYIIHUM
3aBaHTaKEHHSIM XYPHAJIB (uieni-nam'sri;

2. B 3amymenoi nporpami Mission Planner maxxmars Ctrl-F, nani kaonka FFT, kHomka «HOBHIA
xypHait DF» 1 BuOupaerbes daiin sxypHany .bin (puc. 9).

[
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Pucynok 9 — I[ligroroBka g0 aHaiizy 3a JOMOMOTOO MIBUKOTO TiepeTBOpeHHs Dyp’e
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JlaH1 akcenepoMeTpa BiJoOpaxkaroThCsl Y BEPXHbOMY JIIBOMY BiKHI 3 BEPTHKAJIBHOIO BIiCCIO, SIKa
0 Mmokasajia amIuliTyAy, 1 TOPU3OHTAIBHOIO BicClo, sika 0 MOKa3aia 4acToTy. AMIUTITYyAa, 0 He
MacmTaOyeTbCsi 0 KOPUCHOTO 3HAUEHHS, IO O3HAuae€, 10 Trpadik KOPUCHHUU ISl BU3HAYCHHS
4acTOTH BiOpallii, ane He /UIsg BU3HAYCHHS TOTO, YU € PIBHI aMIUTITYAM 3aHAATO BUCOKUMH YU Hi. Y
KOH(iryparlii 3a 3aMOBYYBaHHIM BiZJOOpaxkar0Thcss HEOOPOOIIEH] JaHi aKkceIepoMeTpa i ripockora J10
ix ¢inprpanii. OigpTparis - e KJIIOYOBA YacTHHA 3arMO0IraHHs IMOMAJaHHIO IIYMYy B KOHTYpH 1
nasurynu [11J]-perynroBaHHs, TOMY BaXJIMBO MAaTH MOXXJIMBICTH MEPErJIAIATH JaHI MICHIA TOTO, SIK
BOHHM Oynu Bif(iIbTpOBaHi.

[Tpu BuOoOpi aiiny, HanmpuKIaL I KBaAPOKoITepa 3 pamoro 250MM rpadiku mpeacTaBieHi Ha
puc. 10. Tyt BUAHO 3HAYHUI MiK IIyMY, BiAMOBIAHUN 9aCTOTI 0OOEpTaHHS ABUTYHA.

FFT ACCO - 2021-06-29 10-29-41.bin - 996,2232hz input FFT GYRO - 2021-06-29 10-29-41.bin - 996,2371hz input

ACCO x (Min: 0 Max: 202 Mean: 10.2) GYRO x (Min: 0 Max: 40,94 Mean: 2,39)
ACCD y (Min: 0 Max: 208 Mean: 11) GYRO y (Min: 0 Max: 116,97 Mean: 5.43)
GYRO z (Min: 0 Max: 20,62 Mean: 1,18)

Pucynok 10 — Bibpamiiiauii mrym konrepa 3 pamoro 250mMm

Jis dinpTpamii MKy IIyMy BHKOHYEMO BH3HAUEHHS CEPEIHLOTO 3HAYCHHS JPOCEIBLHOT
3acIiHKY Npu 3aBHcaHHI. [l uporo neperasaaemo 3HayeHHs napamerpa MOT _THST HOVER 3a
yYMOBH, 1110 napameTtp BcraHoBieHH B 3HaueHHss MOT _HOVER LEARN = 2. JIns BUpoOOBY€eTHCS
KBazipokonrepa 3 pamoro 250 MM 1 TpunonareBumu mnpomnenepamu 5x45, MOT THST HOVER =
0.272.

Taxum ynHOM, 32 onomoroto rpadikis i napamerpa MOT _THST HOVER otpumana yactota
JBUTYHA JUIsl lupsitodoro nonboty hover freq = 170 I'm 1 3nadenss tsaru hover thrust = 0.272.
BukoHaeMo KOHOQIrypauito TapMOHIMHOI peXeKuii Uil peXUMy JApOCeNbHOI  3aciiHKH,
BCTaHOBJIIOIOYHM TaKi 3HAUEHHsI TapaMeTpiB:

1. INS_ HNTCH_ENABLE = 1, 115 BKJIFOUeHHs TapMOHIHOTO BUPI3Yy.

2. INS HNTCH_REF = 0.272, 1151 ycTaHOBKM OIIOPHOT'O 3HAUYEHHS TapMOHIHHOT pesKeKILii.

3. INS_HNTCH_FREQ = 170, 1y ycTaHOBKH OIOPHOI YaCTOTHU F'APMOHINHOI pexeKIIii.

4. INS_HNTCH_BW = 170/2 ~ 90, nis ycTaHOBKHM CMYTM IpPONYCKaHHS TapMOHIHHOL
PEeXEKIIii.

5.INS_LOG BAT OPT =2 s 3axOIUIeHHs JaHUX TipocKona micist QiabTpa.

[Ticna 3-4-X XBWJIMHHOTO TOJBOTY B TOMY X peXHMI rpadik BHIO3MIHUTHCS, 1 3HAUEHHS
aMILTITY/] 3HAYHO 3MEHILAThCA, K TOKa3aHo Ha puc. 11.
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FFT ACCO - 2021-06-29 14-54-13.bin - 996,1606hz input FFT GYRO - 2021-06-29 14-54-13.bin - 996,1432hz input

ACCO x (Min: 0 Max: 2,83 Mesan: 0,2) GYRO x (Min: 0 Max: 19 44 Mean: 0,18)
ACCO y (Min: 0 Max: 2,22 Mesn: 0,15) GYRO y (Min: 0 Max: 10,97 Mesn: 0,12)
ACCO z (Min: 0 Max: 6,48 Mean: 0,34)

Pucynok 11 — Pe3ynbrat Qinprpatii BiOpaliifHoro mymy kontepa 3 pamoro 250mMm

AHAJIOTIYHO BUKOHYETHCS QUIBTpaLlis s rekcakonrepa 3 pamoro 850mm. Puc. 12 - e
rpadiky aMIUTiTY A 1 9acToT A0 ¢inbrpanii, puc. 13 - micis.

FFT ACCO - 2021-06-25 19-43-58.bin - 999,5209hz input FFT GYRO - 2021-06-25 19-43-58.bin - 999,5281hz input

ACCO x (Min: 0 Mex: 307,79 Mesn: 6.46) GYRO x (Min: 0 Mex: 628,29 Mesn: 17.14)
ACCO y (Min: 0 Max: 173,11 Mean: 8,36) GYRO y (Min: 0 Max: 126,76 Mean: 4,56)
ACCO z (Min: 0 Mex: 339,89 Mean: 16,21) GYRO z (Min: 0 Max: 35,8 Mean: 1,85)

FFT ACCO - 2021-06-27 07-07-05.bin - 999,838hz input FFT GYRO - 2021-06-27 07-07-05.bin - 999,8392hz input

ACCO x (Min: 0 Max: 52,92 Mean: 1,03) GYRO x (Min: 0 Max: 10,37 Mean: 0,48)
ACCO y (Min: 0 Max: 47,58 Mean: 1,15) ‘GYRO y (Min: 0 Max: 7,97 Mean: 0.27)
ACCD z (Min: 0 Max: 34,4 Mean: 1.32) GYRO z (Min: 0 Max: 5.44 Mesn: 0,16)
CECE C o o . L

an o .
200 300 400
Freq Hz FreqHz

Pucynok 13 — Pe3ynbraT QuibTparltii BiOpalioHHOro nryMa Kontepa 3 pamoro 850Mm

Jlst rekcakonTepa 3 pamoro 850mm dimpTpartis mpoBoauiacs mo yactoti 801, Tomy mo Ha
Hii Oyna HalOLIbIIA aMIUTITY1a. BHACHIIOK TOTO, 110 BUKOPUCTOBYETHCS TUHAMIYHHM
PEXKEKTOPHUI QUIBTP, IKHI BpaxoBYe 1 rapMOHIKH, OyJa 3HAUHO NMPUTHIYEHA 1 aMILTIITy/]a Ha
gacTtoTi 40I'11. AHanmOriYHO BUKOHYBaIacs QUIbTpallis 1l reKcakonTepa 3 paMoro SS50MM.
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BucnoBxku

1. B xoai moiapoTHUX BUMPOOYBaHb MMOKA3aHO HA NPUKIAAaX TPHOX MYJIBTHKONTEpAx, IO
firware arducopter mictuth eeKTHBHUIT IHCTPYMEHTAPIi, 1110 TO3BOJISE BUSIBISTH PIBEHb BiOparii i
KepyBaTH HElO.

2. Ha miacraBi anamni3y rpagikiB BiOpO-TIPUCKOPEHHS MOKa3aHO, IO JUIsI KONTEPOB 3 PaMoOIo,
po3Mmipom MmeHmie 250mmM, Bucoko crnpuTHuMHU (kv> 2300) moTropamu 1 MajauMHu TIporiejiepamMmu
(miametpoM <5 ") B sKOCTi THIy BiOpO - 130JALIHHOTO Marepially MOKJIMBE BUKOPUCTAHHS
JIBOCTOPOHHBOTO CKOTYa 3 CIIHEHOro Marepiany. s kontepoB 3 pamoro 450, 550mm 1 Oinbie, 3
HU3bKo crputHuMu Motopamu (kv <1000) i mpomenepamu aiamerpom Oinmbine 10 ", momineHO
BUKOPUCTAHHS OUTBII CKJIAIHUX BiOPO MPOKJIAJ0K HA TYMOBHX aMOPTHU3aTOPaXx.

3. ITokazaHo, 110 micasi BUOOPY KOHKPETHOTO THITYy BIOPOI30JAIIHOrO MaTepiainy HEOO0XiqHO
MIPOBOJIUTH OIIHKY BiOPOI30JIAIIii 32 IOOMOTOI0 MPEICTAaBICHOI0 B PoOOTI iHCTpymMeHTapito. Ha
mifcTaBi i€l OLIHKA BHUKOHYBATH KOPUTYBaHHS BiOpOi30JALii (3MiHIOBATH HMPYKHICTh, JOAABATH
JTOJTaTKOB1 BaXKKH 711 OOBXKHEHHS TIOJILOTHOTO KOHTpPOJIEpa 1 T.1.).

4. Po3rnsHYTO BUKOPUCTAHHS NpPOTrpaMHUX (iABTPIB A 3MEHIICHHS BIUIMBY BiOpartiii
MpaIoI0Th MOTOPIB Ha IIOKa3aHHsS akcelepoMerpa 1 Tipockomna. B skocTi Takux (iibTpiB
BUKOPUCTOBYIOTHCS TUHAMIYHI peXEKTOpHUE PUIBTPH, SKi B poOOTI HAJIAIITOBYIOTHCS Ha Jliala3oH,
MOB'SI3aHUI 3 YACTOTO 0OepTaHHs ABUryHa. Ha npukiaji rekcakonrepa 3 pamoro 850MM 1oka3aHo,
O Taki (QUIBTPH 3HAYHO CKOPOYYIOTH aMIUTITYJy HE TUIbKM BHUSBJICHOI OCHOBHOI YacTOTH, a
TrapMOHIKH.

5. ¥V craTTi po3riIsiHYyTO 3HWKEHHS BiOpamiiHOTO IIyMy Ha OCHOBI IOJIOKEHHS APOCEITHHOT
3achmiHku. YacToTa B cepeArHI IPOCENbHOI 3aCIHKH BHU3HAYAETHCSA aHANi30M XypHAIiB, a MOTIM
3MiHa TIOJOXEHHS JPOCENbHOI 3aCiiHKM BUINE CEPeIHBOI BHKOPHCTOBYETHCS ISl BIICTEKECHHS
301IbIICHHS YaCTOTH LIyMY.

6. BcranoBieHo, 1m0 MpH MpaBHIBLHOMY BHOOpI MEXaHIUYHOi BiOpO3axUCTy, BUKOPUCTAHHI
PEXKEKTOPHOrO (PUIBTPIB, MOTOPU KOIITEpPAa MEHIIE HArpiBalOThCs, 1 K HACHIOK - 3MEHIIYEThCS
eHepris criokuBaHHs. 1le 0cOOIMBO MOMITHO 711 MYJIBTH KOIITEPOB BEIMKOTO po3Mipy. [TomiueHo,
o npu FPV nonboTax 3 KypcoBoro BiJieo KaMeporo Ha Benukomy komnrepe (850MMm) BiOpalig Bigeo
300pa’keHHS TTOMITHO 3MEHIIIMIIACS.

7. TlokazaHa MOXJIMBICTh BUKOPUCTaHHS BiOpaumiiHuX rpadikiB Ui BUSABJIEHHS NPUYMH
NeSIKUX aBapiii MyJbTUKONTED, HAPUKJIIAA, IPU pyHHYBaHHI IpoInesepa.
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D.Sci. Tech., prof. Myasishchev A.A., D.Sci., prof. Ovcharuk V.V., PhD Stepanenko Ye.O.
CONTROL OF VIBRATION OF ROTARY TYPE UAV WITH THE HELP OF REJECTION
FILTERS

In the work based on the Arducopter ver.4.0.7 firmware installed on flight controllers based on the
STM32F4 microcontrollers, the issues of reducing the influence of vibrations on the IM U (inertial
measuring device) of the flight controller are considered. The research was carried out during flight tests
of three multicopters with frames of 250mm, 550mm and 850mm, assembled in a laboratory. It is noted that
the firware arducopter contains an effective toolkit for detecting and controlling vibration levels. Based on
the analysis of vibration acceleration graphs, it is shown that for copters with a frame less than 250mm,
high-speed (kv> 2300) motors and small propellers (<5 ' foam tape. For copters with frames 450, 550mm
and more, with low-speed motors (kv <1000) and propellers with a diameter greater than 10", it is advisable
to use more complex vibration pads on rubber shock absorbers. The paper considers the use of software
filters to reduce the impact of vibrations of running motors on the readings of the accelerometer and
gyroscope. As such filters, we used dynamic notch filters, which were tuned in operation to the frequency
range associated with the rotation of the motors. Vibration noise reduction is considered based on throttle
position. The mid-throttle frequency is determined by analyzing the logs, and then the above-average throttle
position change is used to track the increase in noise frequency. Using the example of a hexacopter with a
frame of 850 mm, it is shown that such filters significantly reduce the amplitude of not only the detected
fundamental frequency, but also the harmonics. It was found that with the correct choice of mechanical
vibration protection, using notch filters, the motors of the copter heat up less, and as a result, the energy
consumption decreases. This is especially true for large multi-copters. It was noticed that during FPV flights
with a FPV camera on a large copter (850mm), the vibration of the video image was noticeably reduced.
The possibility of using vibration graphs to identify the causes of some accidents of a multicopter, for
example, when a propeller is destroyed, is shown.

Keywords: Arducopter, Ardupilot, GPS receiver, UAV, AltHold, Loiter, RTL, Land, PosHold, Auto,
Notch Filters, STM32F4, Flight controller
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3ACTOCYBAHHS 3rOPTKOBOI HEMPOHHOI MEPEXKI 3 IEKIJIbKOMA
BUXOJAMM JJ151 PO3IIBHABAHHSI OBITOBUX MOHET

Ilpobnema po3niznasanns 00i206ux MOHEem MoOYMce RHOCHMaAmMu AK nepeod 00Cei0YeHUMU
KoJlekyionepamu, maxk i neped 36UYAIHUMU MYPUCAMU aOO KOJEKUIOHEPAMU-HOYAMKIGUAMU.
Haiinezuum piwieHHAM 018 MUX, XMO He MAE 0OCHAMHbLO 3HAHb 0J1A CAMOCHMINHO20 PO3NI3HAGAHHA
MOHem, moyce cmamu pPO3Ni3HAGAHHA 3A 0ONOMO2010 NPOZPAMHO20 3AC00Y, NOOYO06AHO20 HA OCHOGI
Heliponnoi mepexci. OcKineku Oinbuwiicme Xapakmepucmuk MOHEM MOJMCHA GU3HAYUMU 34
300pasriceHHAMU agepcy ma peeepcy a cam npouec CmeopeHHs (pomozpadhiii 0111 po3ni3HABAHHA € WBUOKUM
ma He nompeodye 000amKOBUX SUMIPIOGATILHUX NPUNAOIE, HAUIZPYUHIMUM NIOX000M 0111 UPIWIERHA 0AHOT
npobdaemMu € po3ni3HABAHHA MOHEM 3d 300PAHCEHHAMU.

Y pooomi pozznanymo npoobnemy posniznaeannsa o06icoeux monem 3a 00NOMO2010 320PMKOGUX
HEUPOHHUX Mepedc, AKI MicCmAamy wiapu, NPu3HadeHi cneuiaitpbHo 013 podomu i3 300parceHHAMU.
Onucano mpaouyiitnuii nioxio 00 eupiuieHHA 3a0ayi PO3NIZHAGAHHA 300pajiceHb, AKUIL nepeddauac
GUKOPDUCMAHHA 36UYANHOT 320PMKOBOI HEUPOHHOI Mepexyci 3 O00HUM 6UXO00M, KOJIU KOHCHOMY
300paj)rcennio nOCMAEAeHo y GiON0GIOHICIMb KAAC, AKUIL 0OHO3HAYHO 11020 eu3znaydac. Ananiz 0anozo
niOX00y ma ompumanux pe3yabmamie nOKa3ye wio 0Aa GUPIUieHHA nOCmaenenoi 3aoaui 01 3iopanozo
HAOOpy 0anux, Koau 6UHUKAE 00CUMDb 8eJIUKA KIIbKICIMb Kacie, maKka apximexkmypa He € OnmuMaiabHOIo.
Jlna niosuwiennsa moyHocmi po3nizHAGAHHA 3anPONOHOBAHO APXIMEKMYpY 320PMKO080T HellPOHHOT mepeici
3 0eKiNbKOMa 6UX00amu, AKA nepeodauac po3zanyyHceHHsa CMpyKmypu HeupoHHoi mepedci Ha OeKinbKa
2inok Ha neenomy emani. Ilpu euxopucmanui maxoi HeupoHHOT meperici 300pParxceHHAM y iON0GIOHICHb
HAGOOUMbBCA NepeniK i3 0eKiIbKOX He3ANeHCHUX XaPAKMEPUCMUK 3AMICHb 00H020 CKIA0eHO020 K1acy.
Taxkum yunom 3aoaua po3nizHAGAHHA MOHEMU PO3OUCAEMBCA HA OEKiNbKa Nid3adau, KOMCHIN i3 AKUX
eionosioac okpema 2inka Heiiponnoi mepexci. Takodxnc ¢ pobomi 6ye nposedeHuii NOPIGHANbHUN AHAI3
pe3yIbmamis OMmpUMAHUX NPU 3ACMOCYBAHHI MPAOUYIHOT HelPOHHOT Mepeici ma mepeiici i3 OeKinbKkoma
euxooamu Oyau 6U3HAYEHHI NPUYUHU GIOMIHHOCIEI Y De3YTbmamax ma nepeeazu i HeOOIKU KOMHCHO20 i3
DO32IAHYmMUX Ni0X00ie.

Kniouoei cnosa: 32opmkosa HelpoHHA mepeica, HEUPOHHA Mepexca 3 O0eKLIbKOMA 6Uxooamu,
PO3NI3ZHAGAHHA 300paAXCeHb, MAWMUHHE HAGUAHHA, WIMYYHUIL IHME1eKm.

Beryn. Hymismartuka, ik Hayka 1110 BUBYA€ ICTOPi0 MOHET Ta iX BUI'OTOBJICHHS, 1, BJIACHE,
KOJIEKI[IOHYBaHHSI MOHET BUHUKJIE 111 3a yaciB J{peBHhOoro PuMy 1 3a Bech yac CBOro iCHyBaHHS HE
BTpayae CBO€i MOMyJsApHOCTI. HaBiTh y Ham yac, KOJIM CTPIMKO PO3BUBAETHCS OE3rOTIBKOBUMN
PO3paxyHOK, BUITYCK METAJIEBUX MOHET K I 00ITY, TaK 1 BUKJIIOYHO JJIsi KOJICKI[IOHYBaHHS HE
npunuHsieTbes. Curyanii, B SIKUX BHHHKA€ HEOOXITHICTb PO3MI3HATH MEBHY MOHETY MOXYThb
BUHUKHYTH 1 B KOJEKI[IOHEpIB, 1 B 3aI[IKaBJIEHUX JIFOJIeH, 1 B 3BUUYalHUX TYPHUCTIB. 3BUYAIHO, 1110
JOCBIZTUEH] KOJIEKI[IOHEPH BIIOPAIOTHCS BIACHUMH CHJIAMM, TPOTE I MOYATKIBIIB Ta 1HIIUX OCi0
Taka 3a/Jaya MOXE CTaTH CYTTEBOI MpobOieMoro. Y TakOMy BHUMAJKy HaWJIErmuM pilIeHHSIM €
PO3Mi3HaBaHHS MOHETH 3a JOIOMOTOI0 MPOrpaMHUX 3ac00iB, 10 HAJaayTh KOPUCTYBauyeBi 0a3oBy
iHopmartito po MoHeTy. Cepen ycix XapaKTepUCTHK MOHETH OUIBIIICTh, TaKl SK HOMIHAT Ta
IpOIIOBA OJUHMIIS, KpaiHa Ta piK BHUITYCKY, ITO3HAYEHHS MOHETHHX JIBOPIB Ta MPAaBHUTENIB MOXYTb
OyTH BU3HAUEHI 32 300paKEHHSIMU aBepCy Ta peBEPCY MOHETH, Ha BIIMIHY BiJl, HAIIPUKJIA, JlaMeTpy
Ta Baru MOHETH, BU3HAUEHHS SIKUX MOTpeOye M0AaTKOBUX IHCTpyMeHTIB. OcKiibKu ¢ororpadii
aBepcy Ta peBepcy MOCTAaTHHO JUIsl BU3HAUYEHHS 0a30BHX XapaKTEPHCTUK MOHET i CTBOPEHHS TaKUX
¢dororpadiii He moTpedye 6araTo 3ycuib Ta NPUIAAIB, [UII KOPUCTYBAaUYiB HAH3PYUHIIIUM ITiIX0/10M
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€ pO3Mi3HaBaHHSI MOHET caMe 3a HUMHU 300pakeHHsSMU. Ha choromHi HaWKpammM MiIXOI0M J0
pO3IMi3HABaHHs 300pakKeHb BBAKAETHCS BUKOPUCTAHHS 3TOPTKOBOT HEMPOHHOI Mepexi. Y maHii
poOOTI MpeACTaBICHO Pe3yIbTaTH 3aCTOCYBAaHHS HEHPOHHHUX MEPEX JJIsl pO3IMi3HaBaHHS MOHET Ha
MIPUKIIAJ JaTaceTy 300pakeHb, 1110 MICTUTh ¢oTorpadii cydacHHX 0OIrOBUX MOHET JCIKHX KpaiH
€ponu.

ITocTanoBka 3ajaui. 3a1a4a 1aHOTO JOCIIKEHHS MOJIArae y o0y10B1 3ropTKOBOT HEHPOHHOT
Mepexi Ui po3Mi3HaBaHHS 00IrOBHX MOHET KpaiH €Bpomu. 3aais MOIIyKY HalKpaoro pinieHHs
OyJ10 PO3TJIAHYTH TPAIUIIMHUNA TIX11 70 pO3Mi3HaBaHHS 300pa)K€Hb Ta BHECEHO 3MIHM JI0 MOJEII
HEHPOHHOT MepexXi 3 METOI0 MiJBUIICHHS TOYHOCTI PO3Mi3HABAaHHS 300pakKeHb 3 ypaxyBaHHAM
0COOIMBOCTEN BX1AHUX IaHUX.

Jlnst siKicHOro HaBYaHHS OyJb-sIKO1 3TOPTKOBOI HEHPOHHOT Mepexi HeoOXiIHO 3a0e3meynTH
SIKOMOTa OUIBIINKA TPEHYBAJILHUM JaTaceT pO3MIUueHUX 300pakeHb, TOOTO 300paKeHb, SKHUM
MOCTABJICHI Yy BIAMOBIAHICTG TEBHI Kiacu. J{Is mepeBaxxHOi OIBIIOCTI 3aday poO3Mi3HABAHHS
300pa’keHb HEBAXKKO 3HAMTH rOTOBI 1aTaCETH Ha clleliajli30BaHUX caiiTax y Mepexi [HTepHer, nporte
IUIsL TAHOTO JIOCTI/IKEHHS, 3a BIACYTHOCTI TOTOBOTO JIaTECETy, BUHHKAE HEOOXiIHICTh BIACHOPYY
PO3MITUTH 300pakeHHS, II0 3HAXOAATHCA Y BIIBHOMY JAOCTYII Yy Mepexi [HTepHeT Ta BiacHi
dororpadii.

AHaJi3 ocTaHHIX H0CTixKeHb. [Ipy BUHUKHEHHI 3a71a41 pO3Mi3HaBaHHS 300payKeHb 3a3BUYAil
BUKOPUCTOBYETHCS TPAAULIHHINA T1IX11 — BUKOPUCTAHHS 3BHYAIHOT 3TrOPTKOBOI HEMPOHHOI MEpexi,
ska Oyna Brepiue onucana Snom JleKynom y 1995 porti [1]. 3ropTkoBa HelipoHHA Mepexa Mpuiimae
Ha BXiJI TeBHE 300paKEeHHS Ta MOBEPTAE BEKTOP YUCEI, 110 BiOOPaKatOTh BIIEBHEHICTh HEHPOHHOT
Mepeki y BIMOBIAHOCTI 300pakeHHS KOXHOMY 13 3afaHux kiaciB. [Ipu TakoMy miaxoni KOxHe
300pakeHHS Y TPEHYBAJIHHOMY J1aTaceTi BU3HAYAETHCS OAHHUM 1 JIUIIE OJTHIM KJIacOM, SIKUH TOBHHEH
MOBHOIO MIPOI0 OXapaKTepU3yBaTH JaHE 300pa)KeHHsI 1 BU3HAYUTH BIAMIHHOCTI Bix iHIMX. J{s
pO3Mi3HaBaHHS OOITOBMX MOHET KOXHOMY 300paK€HHIO MOHETH Oylie TOpEeYHHUM MOCTaBUTH Yy
BIJIIIOBITHICTh XapaKTEPUCTHUKY, 1110 MICTUTh HOMIHAJI, TPOLIOBY OJUHMIIIO Ta KpaiHy MOHETH. Takum
9rHOM OyIyTh OTPUMaHI Kilacu BUIY «1 Komiiika, YKpaiHa» Uit KOXKHOTO i3 300pakeHsb. J{iist kpain
€Bpornu MOXHa OTPUMATHU JIEKUIbKA COTEHb TAKUX KJIACIB, 1[0 MPU HEBEIUKIN KUIBKOCTI 300paKeHb
y JlaTaceTi Mpu3Beie A0 JOCUTh MaJIOro 00CATY 300pakeHb Y KO)KHOMY OKPEMOMY KJIacl.

TpanuuiiiHa 3ropTKoBa HEHpPOHHA Mepeka, MPUKIAJ SIKOi 1MoJaHo Ha puc. 1, CKIagaeTbes 13
MOCJTIJIOBHOTO YepryBaHHs miapis 3roptku (convolution) i3 dynkuiero akruBarii ReLU, siki sBisiroTh
coboro Halip ¢iIbTPIB, IO MIiCJsS MPOXOHKEHHS MO 300pakeHHIO (POPMYIOTH Malld O3HAK JUIs
KOKHOTO (piIbTpYy, 1 arperyBanus (P0O0ling), ski BUKOHYIOTh MiABUOIPKY i CIYT'YIOTh JJISl 3SMEHILICHHS
po3niieHHs Mam o3Hak [2]. Ha Buxoni Takoi Mepexi po3MillleHO OJuH a0o0 JeKuIbKa 3BUYalHUX
MTOBHO3B’ SI3HUX HEWPOHHUX MIAPIB AJs KiacuPikarii 300pakeHHs.

Jlnst 61b1I0CTI 331a4 po3Mi3HaBaHHA 300paykeHb 3BUUHUM IT1IX0/I0M € BUKOPHCTAHHS IOTOBOI
apxITEKTypu HEUPOHHOI Mepexi, 3/1e0UIbIIOro OOMpaIOTh ApXITEKTYpH MEPEMOKIIB LIOPIYHOTO
smaranas ImageNet Large Scale Visual Recognition Challenge (ILSVRC) [3], mig 4ac sikoro
OLIIHIOIOTHCS QJITOPUTMM BHUSABIIEHHS OO0’€KTIB Ta po3Mi3HaBaHHS 300paxeHb. Haifwacrime
BUKOPHUCTOBYIOTh Mepexki VGG16 [4] abo ResNet50 [5], mo Oynu HaBueHi Ha HaAOOpi 300pakeHb
ImageNet, 1 3acTOCOBYIOTh METO/I NepeaBaIbHOTO HaBYaHHs, onucanuii CteBo bo3iHoBCchkUM [6],
JUIsl IepeHOCY HaBYaHHS 3 Benukoro natacery ImageNet na menmmii. Y naniit po0orti, 3 orisay Ha
cnenudiky BXITHUX JaHUX 1 OOMEXKEHICTb pecypciB Ui HaBYaHHS HEHPOHHUX MEpEeK,
BUKOPUCTAHHS TaKOrO MiJXOy HE HAJa€ CYTTEBO KpAIIOro pe3ysbTaTy i BUHHKA€E HEOOXIIHICTh Y
MPOEKTYBaHH1 BJIaCHOT HEHPOHHOI MepexKi.

OcHoBHa yacTuHA. [ TaHOTO TOCIiKEeHHs OyI10 310paHo JaTaceT, 10 MICTUTh O1TbIIIe HIXK
40000 3o00pakeHb MOHET, 10 HBOTO VYBIWNUIM cydacHi 00iroBi moHetu Ykpainw, I[lomermii,
BenukoOpuTanii Ta kpain €Bpocorody (ABcTpis, Angoppa, bensris, Barukan, I'peuis, Ipnannis,
Icnawnis, Iramis, Kinp, Jlatsis, Jlutea, JlrokcemOypr, Mansta, Monako, Hinepnanau, Himeuunna,
[Mopryramnis, Can-Mapuno, CrnoBauunna, Cnosenist, @innstaais, @paniiis, EcToHis), ychoro MoHeTH
HajexaTh 710 26 kpaiH. Yci 300paxkeHHs! Oyau MPUBEIEH] JO CHUIBHOTO BUIJISAY 1 MAlOTh MIUPUHY
300 mikceniB 1 BucoTy 150 mikcemniB, OCKITbKM KOKHE 3 HUX MICTUTH JBa KBaapatHux (150*150

50



MiKCeNiB) 300paXkeHHs, Ha SIKUX MOAaHo oTorpadii MOHETH i3 ABOX CTOpiH Ha OitoMy abo CBITIO-
cipomy ¢oHni. Jlatacer Oyno po3auieHo Ha 1Bl yacTuHu, 80% Bif 3arajgbHOi KUIBKOCTI CTAHOBJISTh
TpPEeHYBaJIbHI JIaH1, Ha IKUX MEpexa HaB4aTUMeThes, a 20% — TEeCTOBI, AKHX Mepeka «He Oauniay, Ta
Ha SIKUX TiepeBipsiaacs ii po6ota. I1i yac HaBUaHHS HEHPOHHOT MEpEeXi TPEHYBaIbHI JIaH1 OyJI0 3HOBY
po3aineno Ha 80% BUWKIIOYHO sl TpeHyBaHHSA Ta 20% aims Bamimarii mig 4ac KOXKHOI eroXH
HaBYaHHSI, 10 JO3BOJIWJIO MIBUAKO BU3HAUNTH MIepEHABYAHHS.

— CAR
— TRUCK
— VAN

[] —sicyeLe

f o7 A

‘ P i FULLY
INPUT CONVOLUTION + RELU POOLING CONVOLUTION + RELU  POOLING FLATTEN
i i A : © ; X J LATTE CONNECTED

R Y

FEATURE LEARNING CLASSIFICATION
Pucynok 1 — 3ropTkoBa HelipoHHa MepeKa

SOFTMAX

Yepes cneundiuni 0coOIMBOCTI BXIIHUX JAHUX, KIIBKICTh TPEHYBAIBHUX 300pa)KeHb IS
MOHET KO’KHOTO KJIaCy CyTTEBO 3aJISKUTH BiJ] 4acy, IPOTATOM SKOTO BOHA BHITyCKaJlacsi Ta TUPAXKIB
BUITYCKY. SIK HacCIiIOK, HaWOIIbIIMM HEJOJIKOM 310paHOro JaTtacery € HEepiBHOMIPHICTb
PO3MOAiIEHHS 300paKeHb 3a KJIaCaMH, HallPUKJIa/l, HAaliMEHIIIe YChOTO 300paskeHb 310paHo ISt MOHET
HEBEJMKOI AHAOpPPH, a HaiOinbmie — uis MoHeT HimewyumHH, sKi BUITYCKAarOTBCS OJpa3zy Ha 5
MOHETHHX JIBOpax IYy)K€ BEJIMKHMHU THpakaMH. 3arajioM, 300paxeHHs Oynu po3mojiieHi Ha 212
KJIaciB BUJIY «HOMIHAJ, TPOIIOBA OJAWHHIS, KpaiHa». Y jaTaceTi HasBHI 8 TPOIIOBHX OAWHUIIb:
KOIiiiKa, TPUBHS, TPOIII, 37I0TUH, ITeHH1, PYHT, €BpOLIEHT Ta €Bpo 1 8§ Hominaiis: 0.500, 1, 2, 5, 10, 20,
25 Tta 50. Takox HEOOXiAHO 3ayBakKMTH, IO O JaTaceTy OyJi0 BKIIOYEHO SIK 3BHYaiiHi 00irosi
MOHETH, TaK 1 aM’sTHI MOHETH, 110 OyJI¥ BUIYIICHI B 00IT MEHIIMMHU TUPAXKaMH, 11 TaKi MOHETH,
SK, HalpUKJaJ, MaM’sTHI YKpaiHCbKI TPUBHI Ta MaM’sITHI MOHETH HOMIHAJIOM 2 €BpO y KpaiHax
€Bpocoro3y. OcTaHH1 JOCUThH CUIIBHO YCKJIaJHIOIOTh PO3IMi3HABAaHHS, a/PKe YC1 MOHETH €BPO MalOTh
CNUIBHUM Au3aliH peBepcy, 1, X04a 3BUYaifHI MOHETH MalOTh 1HAMBIAYyalbHI JU3allHU aBepcy JUIs
MOHET KOKHOI KpaiHM 1 1HKOJIM 3a3Ha4Y€HHS Ha3BH KPaiHM, HA JESKUX MaM’ ATHUX MOHETaX BKa31BKU
Ha KpaiHy NOXO/DKEHHS € JOCUTh HEOMITHUMH 1 TS JIFOJJUHU.

Jliist pobOTH 13 HEHPOHHOIO Meperkero 0yi1o 3actocoBaHo cepenouiiie Google Colab, sike nanae
MOTY>KHOCTI JUIs CTBOPEHHS, HAaBYaHHS, TECTYBaHHS Ta BUKOPUCTAHHS HEHPOHHUX Mepex. biokHoTn
Google Colab wamaroTh MOXJIMBICTH TMpalfoBaTH 3 BiIKPHUTOI OI0JIOTEKOIO IS MAIIMHHOTO
HaBuanHs TensorFlow [7] Ta Keras [8] — nanOymoBoro Hax Heto. TensorFlow miarpuMye nekinbka
MOMYJIIPHAX MOB TPOTPaMyBaHHs, MPOTE HAHOUIBII 3pYYHUM Ta ONTHUMAIBHUM BHOOPOM € came
MoBa Python, sika 3a3Bu4aii BUKOPHCTOBYETHCS IIPH PO3POOIII HEHPOHHUX MEPEK.

BpaxoBytoun crienniky BXiJIHUX JJaHUX, K1 nepeadadaoTh npamokyTHe (300*150 nikceniB)
300pa)keHHS 3aMiCTh TPAAMLIHHO KBaJPaTHOIO Ta BY3bKO CTaHAApPTHU30BaHE MOJAHHS 300paKeHHs
(Bi cTOpOHM MOHETH Ha 0i710My ab0 cBiTI0-cipomy (oHi) i 0OMeXeHICTh pecypciB, 110 Hagae Google
Colab ans HaBuaHHS HEHPOHHUX MepeXk, OyJIO0 BUPIIIEHO 3aCTOCYBATH BIaCHY HEHPOHHY MEPEKY,
10 33/Ta€THCS KOZIOM TIPE/ICTABICHUM Ha puC. 2.

model = keras.models.Sequential([
keras.layers.experimental.preprocessing.Rescaling(1./255, input_shape=(15@, 300, 3)),
keras.layers.Conv2D(64, 3, activation='relu'),
keras.layers.MaxPooling2D(),
keras.layers.Conv2D(128, 3, activation="relu'),
keras.layers.MaxPooling2D(),
keras.layers.Conv2D(256, 3, activation='"relu'),
keras.layers.MaxPooling2p(),
keras.layers.Flatten(),
keras.layers.Dense(512, activation="relu'),
keras.layers.Dense(256, activation="relu'),
keras.layers.Dense(212)

Pucynok 2 — 3amanHs HEHPOHHOI Mepexi
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JlaHa HEelpOHHA Meperka € JOCUTh HECKIIQJHOIO 1 MICTUTh TPH MApH 1IapiB 3TrOPTKH, IO MICTAThH
64, 128 ta 256 dinbTpiB po3Mmipy 3*3 1 uepryroThcs 3 MapaMyu MaKCUMI3allIfHOTO arperyBaHHs (Max
pooling), mo micTaTh QiIBTPU po3mipoM 2*2, sKi BIIHAXOIATH i MEPEal0Th HA HACTYIHHU IIap
MakcHUMallbHe 3HaueHHsA. Ha Buxoni HeHpOHHOI Mepexi po3MileHO 2 MOBHO3B’S3HMX IIApHU i3
¢ynkuiero aktuBanii ReLU Tta kinmpkicTio HeiponiB 512 1 256 i onuH MOBHO3B sI3HUH map i3 212
HeWpoHiB 1t knacudikarii. 'pad oTpumManHOi HEHPOHHOT MEPEXKi MOAAHO HA PUC. 3.

Pesynprat poboTH Mepexi, OTpUMaHi micis HaB4aHHS mpoTsarom 10 enox mojaHi Ha puc. 4.
JIy1st HAOYHOCTI 111 TaHi OyJI0 MPEACTABICHO TAaKOX Y BUTIIAI TpadikiB TOYHOCTI PO3MI3HABaHHS Ta
¢yHKLIT BTpaT Ha TPEHYBAJIBHUX Ta BaJiIaliiHUX NaHUX (puc. 5).

input: | [(None, 150, 300, 3)]
output: | [(None, 150, 300, 3)]

rescaling_input: InputLayer

¥
input: | (None, 150, 300, 3)

output: | (None, 150, 300, 3)

rescaling: Rescaling

input: (None, 150, 300, 3)
output: | (None, 148, 298, 64)

conv2d: Conv2D

Y

input: | (None, 148, 298, 64)
output: | (None, 74, 149, 64)

max_pooling2d: MaxPooling2D

input: (None, 74, 149, 64)
output: | (None, 72, 147, 128)

conv2d_1: Conv2D

input: | (None, 72, 147, 128)

max_pooling2d_1: MaxPooling2D
output: | (None, 36, 73, 128)

input: | (None, 36, 73, 128)
output: | (None, 34, 71, 256)

conv2d 2: Conv2D

input: | (None, 34, 71, 256)

max_pooling2d_2: MaxPooling2D
output: | (None, 17, 35, 256)

input: | (None, 17, 35, 256)
output: (None, 152320)

flatten: Flatten

¥
input: | (None, 152320)

output: (None, 512)

dense: Dense

input: | (None, 512)

dense_1: Dense
output: | (None, 256)

input: | (None, 256)
output: | (None, 212)

dense_2: Dense

Pucynok 3 — I'pad HeilpoHHOT Mepexi
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Epoch 1/1e

818/810 [ 1 - 194s 236ms/step - loss: 3.9809 - accuracy: ©.1064 - val loss: 3.1180 - val accuracy: 0.2072
Epoch 2/1@
810/810 [ ] - 189s 233ms/step - loss: 1.2578 - accuracy: ©.6597 - val_loss: @.4496 - val_accuracy: @.8691
Epoch 3/1e
810/810 [ 1 - 189s 233ms/step - loss: ©.2589 - accuracy: ©.9241 - val_loss: @.3044 - val_accuracy: ©.9103
Epoch 4/1e
818/810 [ 1 - 188s 232ms/step - loss: ©.1232 - accuracy: ©.9628 - val loss: @.2728 - val accuracy: ©.9239
Epoch 5/1@
818/810 [ ] - 188s 232ms/step - loss: ©.0834 - accuracy: ©.9751 - val_loss: @.2574 - val_accuracy: @.9349
Epoch 6/16
810/810 [ 1 - 188s 231ms/step - loss: ©.8684 - accuracy: ©.9792 - val_loss: ©.3021 - val_accuracy: ©.9324
Epoch 7/1e
818/810 [ 1 - 187s 231ms/step - loss: ©.0559 - accuracy: ©.9837 - val loss: @.2058 - val accuracy: 0.946@
Epoch 8/1@
818/810 [ ] - 187s 231ms/step - loss: ©.0461 - accuracy: ©.9860 - val_loss: @.2041 - val_accuracy: @.9529
Epoch 9/1e
81e/810 [ 1 - 187s 23ems/step - loss: @.8418 - accuracy: @.9879 - val_loss: @.2009 - val_accuracy: ©.9531
Epoch 18/10
818/810 [ 1 - 187s 23ems/step - loss: ©.0259 - accuracy: ©.9915 - val loss: @.3338 - val accuracy: 0.9372

Pucynox 4 — Pe3ynbratu HaB4aHHsS HEHPOHHOT MEpExKi

Training and Validation Accuracy Training and Validation Loss
10 40 —— Taining Loss
r,r’""’_._J_._‘___—___‘__F Walidation Loss
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Pucynok 5 — I'pagix TouHOCTI po3mi3HaBaHHs Ta QYHKIT BTpAT

3a xapakTepoM rpadikiB BaliIallifHUX JTaHUX MOKHA MOOAYNTH, 110 30UTHIICHHS KUIBKOCTI
€roX MpU3BeJe NUIIe A0 TepeHaBYaHHs, KOJIM Mepeka MOYMHAE «3aBYaTW» TPEHYBalbHI JaHi,
30LIBIIYIOYM TPU I[bOMY TOYHICTh IX pO3Mi3HABaHHS, NpPU Maibke HE3MIHHIM TOYHOCTI Ha
BaJIialiifHUX AaHuX. TOUHICTH PO3Mi3HABaHHS Ha TECTOBHUX AaHUX cTaHoBuia 0,9365 (puc. 6).

254/254 [======================——=======] - 185 69ms/step - loss: 0.3274 - accuracy: 0.9365
[©.327374279499085396, ©.9365196824073792]

Pucynok 6 — Pe3ynbTatu TecTyBaHHS HEHPOHHOT MEpexi

[IpoTsirom poOGOTH HaJl HEHPOHHOIO MEPEKEI0 OYJIO MPOBEAEHO JEKIIbKA EKCTICPUMEHTIB 3 1i
YCKJIATHEHHSM IIISTXOM J0JJaBaHHS JOJAaTKOBUX IIapiB Ta HEHPOHiB, MPOTE TaKe YCKIATHEHHS ceOe
HE BHUIPABAAJIO, aJKE TOYHICTh PO3Mi3HABAHHS TECTOBUX JIAHUX HE 3a3Hajia CyTTEBOTO 301JIBIIICHHSI,
3ajgumaryuck  y Mexax 93-94%, mnpu oMy 3HayHO 301IBIIMBCA  00cAT  HEOOX1IHUX
00YHCITIOBAILHUX PECYPCIB Ta Yacy Ha HaBuaHHs. /{7151 301IbIIEHHS] TOUHOCTI pO3IMi3HABaHHS MOXHA
BHECTH 3MiHU JI0 JaTaceTy 300paxeHb, PO3IMIMPHUBIIH 1X 3a TOTIOMOTOI0 ayTrMEeHTallii 300paxeHb, a00
3aCTOCYBaTH 1HIIY CTPYKTYpPY HEHpOHHOI Mepexi. 3 ormsay Ha crnenudiky JaHUX, OJHHM 13
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MO>KJIMBUX BapiaHTIB JUIsl MiJBUILEHHS TOYHOCTI € BUKOPUCTAHHS 3rOPTKOBOI HEMPOHHOI Mepexi 13
EKIJIBKOMa BUXOIaMH.

Oruisig HeiipoHHOI Mepexi 3 Aekinibkoma Buxoaamu. [Ipu anami3i NpUYKMH TOCUTH HU3BKOI
TOYHOCTI BUKOPUCTAHHS KJIACHYHOI 3rOPTKOBOI HEHPOHHOI MEpei MOXHa MOMITHUTH OJHY 13
0COOIMBOCTEH JaHUX — MMOTOYHE BU3HAYECHHS XaPaKTEPUCTUK 0OIrOBHX MOHET («HOMIiHAJ, TPOIIOBa
OJIMHHUIIA, KpaiHa») Ha/la€ TIOCUTh BY3bKY Kiacu(ikalliro 300pakeHb 1 BEJMKY KiIbKICTh KJIaciB (a
came 212), B Mekax KOKHOTO 3 SIKHX € JOCHUTb MaJio 300pa)KeHb, a Majla KUIbKICTb 300paXeHb MpH
0araThoX Kjacax MpU3BOIUTH 10 3MEHIICHHS TOYHOCT1 HaBYaHHS.

[Tpu mopanbIIOMy pO3TJIIsAI MOKHA TOMITHTH, IO KOKEH KJac € CKJIaJeHHM 1 Horo MoKHa
PO3AUINTH Ha TPU OKPEMHX XapaKTEPUCTUKU: HOMIHAJ, TPOLIOBY OAMHMIIO Ta Kpainy. KoxkHa i3
TAaKUX XapaKTEPUCTUK OKPEMO HE € JOCTAaTHHOIO Ui OJHO3HAYHOTO BH3HAYCHHS TEBHOT MOHETH,
MPOTE HE BaKKO MOOAYMTH, IO IIPU PO3Mi3HABAHHI MOHET, HAPUKJIIAJ, BUKIIOYHO 32 HOMIHAJIOM,
MO>KHa OTPUMATH 3HAYHO MEHINTY KIJIbKICTh KJIACiB JJIS TAKO1 K KITBKOCTI TPEHYBAJbHUX 300paXKeHb,
10 TpHU3BEE 10 OUTBIIOI KiTBKOCTI 300pakeHb B MEKaX KOKHOT'O OKPEMOTo Kjacy, a OTXe 1 JI0
KpaluX pe3ysbTaTiB pO3Ii3HABaHHS 3a JAHOI XapaKTepUCTUKOIO. Lle cTocyeThes 1 po3mizHaBaHHS
MOHET BHKJIIOYHO 32 I'POIIOBOI0 OJMHUIICIO 4 KpaiHoto. [Ipu nmpoMy, B TOH yac, SIK pO3MIMpPEHHS
JaTaceTy 3a PaxyHOK JOJIaBaHHs, HANPUKIIAJ, 300pakeHb CydaCHUX OOIrOBHX MOHET IIE OJIHi€i
KpaiHu, 10 KOMOIHOBAaHOT XapaKTePUCTUKH HEOOXITHO 10/1aTH OJIM3BKO JAECATH KIIACiB, J0 MEperiKy
KJIaciB KpaiH MOKHA JOJATH JIMIIE OJWH KJIac, a JI0 MEpeNiKy KJIaciB TPOIIOBHX OJWHUIL Ta
HOMIHAJIIB — BiJ HyJIA IO IBOX KJIACiB.

VY BuUIaAKy, KOJIH HEBEIMKHUI 32 pO3MipaMHu JaTaceT MICTHTh BEIIMKY KiUJIBKICTh CKJIaIECHHX
KJIaCiB, MOKHA 3BEPHYTHUCS 10 MEHII MOUIMPEHOi apXiTeKTypHu 3rOpTKOBOI HEMPOHHOI Mepexi i3
nexinpkoma Buxoxamu [9, 10], mo mependavae oTpuMaHHS Ha BXiJ 300pakeHHS 1 TOBEPHEHHS
JEK1JIbKOX BEKTOPIB BiMOBIIHOCTEH, IO OJJHOMY sl KOKHOI 13 IeKITbKOX Kiacudikauiid. Heliponna
Mepexka 3 JeKiUTbKOMa BHXOJaMH pPeali3yeThCsl 3a PaXyHOK pO3TalyKCHHS HEHPOHHOI Mepexi Ha
MIEBHOMY €Tarli, 10 IPU3BOJIUTH JJO YTBOPEHHS ABOX a00 Ouibiie riok. Taki po3raayKeHHs MOXKHA
YTBOpIOBaTH Ha Oynp-skoMy erami HeHpoHHOI Mepexi (puc. 7). 3a3Bu4ail Taky MeEpexy
BUKOPHUCTOBYIOTh TO/1, KOJIM BUHUKA€ HEOOX1THICTh OTPUMATH JaHi pi3HUX (OpMaTiB 3a TOOMOT OO
PI3HUX MIAXOIB A0 iX 0OpOOKH, HAMPHUKIAM], KiIacu(dikallilo Ta pe3yabTaT PEerpecifHoro aHamizy,
MIPOTE BOHA € JOPEYHOIO 1 17151 300paKeHb, SIKi MOKYTh MaTH JICKiIbKa HEMOB’ sI3aHUX XapaKTEPUCTHUK.
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Pucynok 7 — I[Ipuxnanym HEMpOHHUX MEpPex 13 AeKUIbKOMa BUX0/1aMU

[lin vac po3mi3HaBaHHS OOIrOBMX MOHET 3a JIOINOMOIOI 3TOPTKOBOI HEHPOHHOI Mepexi 13
JIeKIbKOMa BUXOJaMU MO>KHA OTPUMATH TPH BEKTOPH BiAMOBITHOCTEH, 1O OJTHOMY JJIsl HOMIHANY,
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IPOILIOBOI OJMHMUII Ta KpaiHH, IPU I[bOMY TOYHICTH PO3Ii3HABAHHS JUISI KOXKHOI 13 XapaKTepPHCTUK
Oyze CyTTEBO OLIBIIOI0 332 TOYHICTh PO3MI3HABAHHS 3BHYAMHOIO MEPEKEI0 13 OJHUM BHXOJIOM 3
3aCTOCYBAaHHSIM CKJIQJICHUX XapaKTEPUCTUK Yy AKOCTi KiaciB. [lle omHiero 3 mepeBar Takoro miaxomy
€ MOXJIMBICTh OUIBIII TOHKOTO HAJIAINTYBaHHS HEHPOHHOI MEpEeXi Ta EKOHOMIii pecypciB mpu
HaBYaHHI, SKIIO MICIS PO3Tally)XeHHA Yy SKOCTI HIapiB TUIOK 3aCTOCYBAaTH IMONEPEAHbO HaBUEHI
MOJICJII, aKe 1HKOJIM MOJENi IS PI3HUX XapaKTePUCTUK MOXYTh HaBITh MOTpPeOyBaTH pPi3HOL
KUTBKOCTI €M0X TPEHYBaHHS.

VY naniii poOOTI BUKOPHUCTAHO HEHPOHHY MEPEKY 13 pO3TaTyKEHHSIM Ha TPHU T'UJIKK Ha MTOYATKy
MEpEexKi, MPUIOMY KOKHA 13 TIJIOK TPEJCTaBJICHA OJHUM IIApOM, SIKUH SBIII€ COOOK0 3BHYANHY
3TOPTKOBY MOJeNb. [ 3aranbHOI HEMPOHHOT MEpeKi BIIMIHHOCTI MiXK NMEBHOKO MOCIITOBHICTIO
apiB Ta MOJCIUTIO, SIKa sBIIsi€ COOOI0 TaKy camy IMOCIHIJOBHICTh IIapiB HE BHHUKHE, MPOTE L€
JI03BOJIUTH OKPEMO HABYMUTHU MEBHY T'UIKY Ta BUKOPHCTATH OTPUMAaHi Baru y 3arajbHiid HEHpOHHII
Mmepexi. Kox 3aranpHoi HepoHHOT Mepeski oJIaHO Ha pUC. 8, a MPEeACTaBICHHS Y BUIIISLII Trpady, Ha
puc. 9.

input = keras.layers.Input((15@, 300, 3))

value layer = value model(input)

currency_layer = currency model(input)

country layer = country model(input)

new_model = keras.models.Model(inputs = input, outputs = [value layer, currency layer, country layer])

Pucynok 8 — 3amanHst HEHpOHHOI Mepeki 3 TPhOMa BUXOJIaMU

input: | [(None, 150,300, 3)]
ouput: | [(None, 150, 300, 3)]

input_L: InputLayer

F

iput: | (None, 150, 300, 3) input: | (None, 150,300, 3) input: | (None, 150, 300, 3)

sequential_4: Sequential sequential_3: Sequential sequential_2: Sequential
output: (None, 8) output: (None, 8) ouput: | (None, 26)

Pucynok 9 — I'pad HelipoHHOT Mepeski 3 TpbOMa BUXOJaMHU

Mogaemi value_model, currency_model ta country_model BukopucTani y KOCTi 3rpyrmoBaHUX
mapiB 1 SBISIOTBCS MOJEISIMHU Il PO3II3HABaHHS HOMIHAlIy, TPOILIOBOi OJAMHHUII Ta KpaiHH
BinnmoBigHO. CTpyKTypa IIMX Mojeiei moaiOHa [0 TpaAMIiifHOI MOJeni 3TOpTKOBOI HEHMpPOHHOI
Mepexki (puc.2) 1 BIAPI3HAIOTHCS 3MEHILEHOI KIJIbKICTIO HEWPOHIB OCTAaHHBOIO IIapy JUIs
knacudikamii — 8 g Mojeneii HoMiHaly Ta TPOIIOBOI OAMHUII 1 26 17 MOJIeNi KpaiHu.

HaBuaHHs K0XHOT 13 MOzienel BiI0YBaloCcst OKPEMO, TPUUOMY PO3IO/ILIT JAHUX HA TPEHYBaJIbHI
Ta TECTOBI 3aJMLIMBCS HE 3MIHHUM, B TOM 4Yac K PO3MOALT JaHUX Ha BUKIIOYHO TPEHYBAJIbHI Ta
BaJIialiifHl BIAPI3HABCA JUISL PI3HUX Mojeseil. Pe3ynbratu HaBuaHHS MOZEN! JUIsl PO3Mi3HABAaHHS
HOMIiHaJy, T'pOIIOBOT OAMHHULI Ta KpaiHu nmoAaHi Ha puc. 10, 12 ta 14 BignoBigHO y BUIIII rpadikiB
TOYHOCT1 pO3Mi3HaBaHHA Ta (PYHKIII BTpaT Ha TPEHYBAJIbHHUX Ta BalifaliiiHUMX AaHuX. TOYHICTH
pO3Mi3HaBaHHA Ha TeCTOBUX AaHUX ctaHoBWiIA 0,9941 miis Hominanmy, 0,9989 s rpomoBoi oauHMII
ta 0,9641 nns kpainu (puc. 11, 13 Ta 15 BianosigHO).

3a oTpuMaHuMHU TrpadikamMu BUIHO, KOJIHM JUIi KOXXKHOI OKpPEeMOi MOJEi IMOYHMHAEThCS
MepeHaBYaHHs, 110 J03BOJISIE BUBHAYUTH HEOOX1THY KUTHKICTh €MOX HaBYaHHSI JJI KOKHOI OKpEeMOi
mojeni. IlpoananizyBaBIiM OTpUMaHI pe3yabTaTH Ul TECTOBUX JAaHUX MOKHA IMOMITHTH, IO
TOYHICTh PO3MI3HABaHHSA HOMIHAIY Ta TPOILIOBOi OJMHMII € JOCUTh BHUCOKOIO, MpUOIN3HO 99%, a
TOYHICTH pO3Mi3HaBaHHA KpaiH MeHIa, y Mexax 96-97%. MeHIla TOUHICTh TOSACHIOETHCS, 30KpeMa
OUTBIIIOI0 KUTBKICTIO KJIAciB Ta cHenu(ikor BXITHMX JaHUX, 30KpeMa HAsBHICTh Yy JaTaceTi
300pakeHb IMaM’ATHUX MOHET HOMIHAJIOM 2 €BpO YCKJIAJHIOE BHU3HAUEHHS MPHUHAIEKHOCTI IUX
MOHET JI0 TeBHOI Kpainu €Bpocoro3y. HeBaxkko mobdaunTH, 0 TOYHICTh PO3IMi3HABAaHHS HOMIHAIY,

55




rpOLIOBOI OAMHHMIII Ta KpaiHM OKpEeMO BHINA 3a pe3yiabTaT, OTPUMAHHM NpPU 3aCTOCYBaHHI
TPAIUIIIAHOT MEpEeXi, MPU IOMY MH 13 JOCHTh BHCOKOKO BIPOTIAHICTIO OTPUMAEMO IMPaBUILHO
BU3HAYCHUH HOMIHAJ Ta TPOIIOBY OJMHUINO. SIKIIO BU3HAYHUTHU 3arajbHy TOYHICTH PO3Ii3HABAHHS
300pakeHb K JOOYTOK pE3yNibTaTiB KOXXKHOI 3 TUIOK, MH OTPHUMAEMO MiJACYMKOBY TOYHICTb
BermmurHOI0 0,9574, 110 nepeBUIye TOYHICTh TPaIUIiIHOT 3ropTKOBOI HelipoHHOT Mepesxxi Ha 00,0209,
110 € JIOCUTh HEMOraHUM MpUpocToM. [Ipu OUIBII THYYKOMY HaJlalITyBaHHI 1 TPEHYBaHHI KOXXHOL
OKpeMOoi MOJielTi, 110 BXOAATH 0 CKJIaay 3rOPTKOBOI HEMPOHHOI Mepexi 3 TpbOMa BUXOAAMHU, MOKHA
1 Ha/1aJl MOKpaIIUTH OTPUMAHUI pe3ynbTar.

Training and Validation Accuracy Training and Validation Loss
100 06 S— 'I"a?ning Loss
/___//_'_‘—’A‘ Validation Loss
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080

0 2 2 & B 0 2 a 5 B
Pucynok 10 — I'padiku TpeHyBaHHS MOJeNi po3Mi3HaBaHHS HOMIHATY
254/254 [=======================—======] - 185 f9ms/step - loss: ©.0236 - accuracy: ©.9941
[0.823559754714369774, ©.994071900844574]

Pucynok 11 — Pe3ynbraT TecTyBaHHS MOJIENI PO3Mi3HABAHHS HOMIHAITY

Training and Validation Accuracy Training and Validation Loss
100 — — Jainingloss
/..-'—-__.,__ 0.30 alidation Loss
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Pucynok 12 — I'padiku TpeHyBaHHS MOJIEIi po3Mi3HABAHHS TPOIIOBOI OTUHHIII
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254/254 [==============================] - 18s 70ms/step - loss: ©.8035 - accuracy: 0.9989
[0.803485651919618249, 6.9988884925842285]

Pucynok 13 — Pe3ynbTaT TeCTyBaHHS MOJIEIi PO3Mi3HABAHHS T'POIIOBOT OAMHHMIII

Training and Vvalidation Accuracy Training and Validation Loss
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Pucynok 14 — I'padiku TpeHyBaHHS MOJIelTi pO3MTi3HABaHHs KpaiHU

254/254 [===== = === ] - 18s 7ems/step - loss: @.1752 - accuracy: 9.9641
[0.1752026081085205, ©.9640607833862305

Pucynok 15 — Pe3ynbraTi TecTyBaHHS MOJIENI PO3Mi3HABaHHSA KpaiHU

BucHoBku. 3a1a4ya po3nizHaBaHHS MOHET 32 300paXCHHAM 4Yepe3 CBOIO CHEHHU(IKy T03BOJISIE
3aCTOCYBATH JIEKUJIbKA MIXO0/11B A0 pO30UTTs 300paskeHb Ha KJIacH, a OTXKeE 1 10 MOOYI0BU 3TOPTKOBOT
HEHpOHHOT Mepexi. Y pobori Oyiao HaBEAEHO TPAJAMIIMHUN MiAXil, KOJIU KOXHE 300paskeHHs
BU3HAYA€THCS OJTHUM CKJIaIEHUM KJIacOM, 1110 OJHOYACHO BKa3ye Ha HOMiHaJI, IPOIIOBY OJAMHUIIIO Ta
KpaiHy 1 HEHpOHHA MepeXa Ma€ OJWH BUXIJ Ta MIAX1J 13 BUKOPUCTAHHSIM HEWPOHHOI Mepexi 3
JeKUIbKOMa BHMXOJaMM, KOJM KOXKHAa 13 XapaKTepPUCTHUK 300pa’keHHs SBISE COOOI0 OKpeMy
kjacuQikailiio 1 HepoHHA MepeXka Ma€e TPU BUXO/IHU, IO OJTHOMY JJIsl KOXKHOT 13 HUX.

UYepes BeNMMKY KiTbKICTh MallUX 3a 00CATOM 300paskeHb KJaciB MPH TPATUIIHHOMY MiIXOI1
pe3yNbTaT po3Ii3HaBaHHs BUSIBUBCS HE Hallkpamum, 93-94%, npu oMy po3raiykeHHs HEHpOHHOL
Mepexi Ha TPU TIIKHU JIUTs1 KOXKHOT OKPEMOi XapaKTepUCTUKH Ha/1aJI0 XOpoIuil pe3ynsTat y 99% s
HOMIHaJIy Ta rpoLIOBOi OJUHULI 1 95-96% 1 kpainu. [lepeBaroro Takoro migxoay € MOXKIUBICTh
OUThII THYYKO HAJAIUTYBaTH Ta HABUUTH OKPEMI MOJENl I KOXKHOI XapaKTepUCTHKH Ta
BUKOPHUCTATH iX y SIKOCTI IIapiB OKPEMUX T1JIOK HEHPOHHOI Mepexxi. HeomikoM Takoro mijixoay € B
JeKiIbKa pa3iB Ouibla KUIBKICTh MapaMeTpiB HEHPOHHOI MEpexi, 1110 03HAYAE CYTTEBE 301IbIIEHHS
yacy Ha i HaBYaHHS Ta BUKOPHUCTaHHS PECYpCiB, NMPH LOMY OKpeMe TpPEHYBaHHS BKIAJICHHX
MoJiesiel JTO3BOJUTh 3MEHIIUTH KUIBKICTh PEecypciB, IO OJHOYACHO 3aJlifHI MiJ Yac HaBYaHHS
MepexKi.
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Vaivala Ye.Yu., PhD Tsopa N.V., Shmidke V.S.
APPLICATION OF A CONVOLUTIONAL NEURAL NETWORK WITH MULTIPLE OUTPUTS
FOR CIRCULATING COINS RECOGNITION

The problem of circulation coins recognition can be faced both by experienced collectors and by
ordinary tourists or novice collectors. The easiest solution for those who do not have enough knowledge for
coins recognition on one’s own may be coins recognition using software based on a neural network. Since
most coin characteristics can be identified by obverse and reverse images and the process of creating coin
photographs is fast and does not require additional measuring devices, the most convenient approach is to
recognize coins by images.

The article considers the problem of circulating coins recognition by images using convolutional
neural networks, which contain layers designed specifically for working with images. The traditional
approach to solving the problem of image recognition is described, which involves the use of a regular
convolutional neural network with one output, when each image is assigned to a class that uniquely defines
it. The analysis of this approach and obtained results shows that to solve the problem for the collected
dataset, when there is a large number of classes, such an architecture is not the best. To increase the
accuracy of recognition, the architecture of a convolutional neural network with several outputs was used,
which includes branching of the neural network structure into several branches at a certain stage. When
using such a neural network, the image is matched by a list of several independent characteristics instead
of one composite class. Thus, the task of coin recognition can be divided into several subtasks, each of which
corresponds to a separate branch of the neural network. The results obtained using a regular neural
network and a neural network with multiple outputs were compared with each other, after that the reasons
for the differences in results and the advantages and disadvantages of each of the approaches were given.

Keywords: convolutional neural network, multi-output neural network, image recognition, machine
learning, artificial intelligence.
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MPOLIECHO-PU3UKOBUI NIAXIJ Y INIAHYBAHHI 3AXO/IIB KIBEPBE3IIEKHA
OB’€EKTIB KPUTUYHOI IH®OPMAIIMHOI IHOPACTPYKTYPH

Kibepoe3neka sak cman 3axumieHoCmi KPUMUYHUX 00°cKmie HayioHanbHoi iHpopmauyiiinoi
iHghpacmpykmypu ma okpemux ii cK1a0osux, 3a AK020 3abe3neuyemuca ix cmane QyHKuioHyeanusa i
DPO3GUMOK, CEO€EYACHE BUABNEHHA, 3ANO00IcAHHA, Helumpanizayia Kibep3azpo3 € aKmyaibHO 3aA0auero
cyuacnozo cycninbcmea. 3adezneuennsa Kioepoeaneku ma ynpasiainna Helo 6 op2anizayii € enepepeHum
UUKTIYHUM npouecom. Bin rpynmyembca na meopuomy nioxooi, pexomenooseanomy e NIST Special
Publication 800-53 ma 6 donyuenni npouecrnozo nioxody, nodano ¢ cmanoapmi ISO 9001:2000. Mema
00CNi0NCEHHA NONA2AC 8 MOMY, U{00 HA OCHOGI aHani3y ceimosux piuieHv ma nioxoodié 00 NIAHYEAHHA
3axo00ie Kibepbe3neku opzanizayiii 06rpyHmyeamu nioxio 00 NiaHy8aHHA 3aX00i6é KibepHemuunoi 6e3nexu
00’°eckmie Kpumuunoi ingpopmauiiinor ingppacmpyxkmypu.

Y cmammi npoananizoeano kniwouosuit 00ceio 3 piwienna ma nioxio 00 NIAHYEAHHA 3AX00i8
Kioepbesneku opzauizayin. Bcmanoeneno, wio 3abe3neuenna Kidepdesneku ma YNpaeniHHA Hew 6
opzanizayii € 6e3nepepeHum UUKIYHUM npoyecom. Tomy Haoano nepeeazy 3acmocy8anHI0 RPOUECHO20
nioxooy 3a cxemoro PDCA (Plan, Do, Chek, Akt). Ha niocmasi ananizy 3anpononosano oopamu 6a3oeuii
nioxio 0o naanysanHsa 3axo0ie Kioep de3nexu opzauizayin. Takum yunom, 00eprcano HAyKo8y HOGU3HY,
AKA NOAAAE 6 MOMY, W0 6nepuie 3anponoHO6aH0 00 YOOCKOHANEeHOi OHmOonocii Kidepbdesneku 010K
«3ax00U 3axXucmy» 00noGHUmMU mooennto npovecie 3a cxemorw PDCA. Ilpaxmuyune 3nauennsa nonazace 6
00NO0GHEHHI YOOCKOHANeHOT OHMOoN102Ii KibepOe3neKku, a came 610K «3ax00u 3axXucmy mMooeiiio npoyecie 3a
cxemoro PDCA, wio 0ae 3mo2y ompumamu mMemoouKky nianyeannsa 3axoodie 3adeneuenus Kioepoesnexu
00’°eckmie Kpumuunoi ingpopmauiiinoi ingppacmpyxkmypu.

Ilepcnekmueu nooanvuiux OO0CHIOINHCEHb Y OAHOMY HANPAMKY OOUIIbHO 30piEHmMyeamu Ha
00TPYHMYGAHHA NOCMAHOBKU 3A80AHHA U000 OOULTbHOCHIE PO3POOKU:

1) memoouku nnanyeanna 3axo0ie KibepOeneku 00°ckmie Kpumuunoi inghopmauiiinoi
ingppacmpyxmypu;

2) mMemoouku ouini06aHHA e(eKmueHOCMi GUKOHAHHA 3AX00i8, CHPAMOBAHUX HA 3A0e3NeYeHHs
Kibepbe3neku 00’ckmie Kpumuunoi ingpopmauiiinoi inghpacmpykmypu.

Kniouoei cnoea: nioxio, nnanyeanus, 3axoou, Kioepoesneka, 00’ckm KpumuuHoi iHhpopmauyiiinoi
iHhpacmpykmypu.

Beryn. Kibepbesneka — craH 3aXUIIEHOCTI KPUTUYHUX 00’ €KTIB HalllOHAJIBHOI iHpopMaLiiHOl
1H(}pacTPYKTypH Ta OKpEMUX 11 CKIIAJOBUX, 3a SIKOTO 3a0€3MeuyeThCsl X craje (yHKIIIOHYBaHHS 1
PO3BHUTOK, CBOEYACHE BUSBIICHHS, 3a00iraHHs 1 HeifTpaizanis KibepHETUYHUX 3arpo3 B iIHTEpecax
JIFOIMHHM, CYCIIIbCTBA, AepkaBu [1].

IMocTanoBka 3aBaaHHA i 3B’A30K ii 3 BAXKIMBUMH HAYKOBMMM 3aBAaHHsMU. Ha mincrasi
nosioxkeHb CTparerii HalioHanbHOI Oe3neku Ykpainu, BoenHoi noxtpunu Ykpainu ta Konuenmii
PO3BHUTKY CEKTOPY O€3MeKH 1 000poHH YKpaiHU BU3HAYEHO ONEPaTUBHY Lib «1.5. Y10CKOHaNEeHHs
cucrteMH KibepOe3mneku Ta 3axucty indopmarii» [2, c¢. 33], 3akony Ykpainu “IIpo ocHOBHI 3acamu
3abe3neueHHs kibepoOesneku Ykpainu” [3]; Crpaterii kibepOesneku Ykpainu [4]; Pimenns Paau
HalioHanbHO1 Oe3nexu 1 06oponu Ykpainu Big 10.07.17 “Ilpo ctaH BuKOHaHHs pimeHHs Panu
HaIlOHANLHOT Oe3neku 1 00opoHu Ykpainu Bin 29 rpymaas 2016 poky” “IIpo 3arpo3u kibepoe3merri
JIep’KaBU Ta HEBIAKIAAHI 3aXOAM 3 iX HeWTpamizarii’ [5]; mocrae aaMiHICTPATHBHO-PO3MOPSIUE
3aBJaHHS 100 HEOOX1IHOCTI pO3pOOKH METOAMKH TUTAHYBAHHS 3aX0/1iB KiOepOe3neKu opraHi3alii.

Bupinennsi HeBUpilleHMX paHille YACTHH 3arajibHOI NMPo0JieMH, SIKili MPUCBAYYETbHCS
crarTs. OHaK 3 HAYKOBOI TOYKH 30pY HEO0O0X1IHO IPOBECTH aHATi3 CBITOBHX PillleHb Ta MiAXOIIB 0
IUTaHYBaHHS 3aX0/1B KibepOe3neku opraHizaliil Ha Jo/1ep>KaHHs BUMOT II0J10 K10ep3axucTy 00’ €KTiB
KpUTUYHOI iH(ppacTpykTypH Bu3HayeHux B [locranoBi KMV [6], Ha mo Oyne 3opieHTOBaHE AilicHE
JIOCIIKEHHS.
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AHaJi3 ocTaHHIX JocaifkeHb i myduaikaniii. Jlana po6oTa € MpoAOBKEHHAM JOCTIKEHHS 3
morepeaHporo onucy “Maitdoyrre GesnexoBe cepemonuiie 2030 [7], po3MIUpPIOIOYN HAYKOBI MEKi
IOI0 peati3allii HeBiIKIAAHUX 3aX0/1iB JIEpKaBHOI MOJITHUKYU 3 HEHTpaui3zawii 3arpo3 kidepoesnexu
opranizatiii [5]. IIpu onpairoBaHHi MaTepiaiiB MiKaBUM BHSBHBCS JOCBI Ta pe3ynbTaT podotH [8],
B fAKii aBTOpWM JOCTIUKYBAIM IUTAaHHA MOXKJIMBOCTI YIpaBliHHA iH(pOpMaLiiHOIO Oe3MeKor0
iHpOpMaIiHO-TEIIEKOMYHIKAIIIHHIUX CHCTEM Ha OCHOBI mojenmi «plan-do-check-acty. ITurtanns
PO3pOOKH TWHAMIYHOTO TUIAHYBAaHHS Ta MPUHHATTS PIillIEHh HA OCHOBI HMOBIPHICHO-CTaTUCTUYHHUX
METO/IIB PO3IJISHYTO B auceprariii [9].

@opMyTI0BaHHA MeTH A0C]aigxKeHHs. Ha OCHOBI aHami3y CBITOBHX pIllIeHb Ta MiJXOMAIB 0
IJIaHYyBaHHS 3aXOJliB KiOepOe3neku opraHizaiiil 3ampomoHYBaTH MiAXiJ 10 IJIaHYyBaHHS 3aXOIiB
kibepOe3neku 00’ ekTiB KpuTHYHOI iH(popMmariitHoi iHppacTpykTrypu (OKII).

Bukiax oCHOBHOro marepiajy AocailxeHHsl. Y CBITOBIM Teopii Ta mpakTUIl HaOyB
MIPAKTUYIHOTO BIPOBADKCHHS mpotiecHui miaxia [10]. Bin nmputamanHuii cydacHOMY YSIBJICHHIO PO
(dbyHKIIOHYBaHHS oprasizaiii Ta iHpopmariiaux cucreM (puc. 1 — 2). IIponecHuii miaxia aeTanbHO
nojano B crangapTi ISO 9001:2000 i MinHO yBIMIIIOB Y MOBCSKACHHY AiSTIBHICT 0araTb0X CBITOBHX
KOMIIaHii, g omucy Oi3Hec-mporeciB. [lpomec — CyKymHICTh OpraHizaliiiHUX €JIEeMEHTIB,
BiJTHOIIECHB, PECYPCIB, IO PO3TIAAAIOTHCS Y IUHAMIIII.

Pucynok 1 — VaBienss npouecy

3py4HICTh y 3aCTOCYBaHHI LbOTO MIAXOJMYy MOJSATa€ TaKOX Yy TOMY, L0 CTa€ MOXJIMBUM
KOHTPOJIIOBATH IIPOXOKEHHS KOKHOTO Tporecy (puc. 2), yuM 3a0e3neuyeThesl i KOHTPOJIbOBaHICTh
(GYHKILIOHYBaHHS CHUCTeMU. TOMY TMpPOLECHHM MiAXiA € OCHOBOIO 3a0€3MEeUCHHs YIpaBJiHHS
(MEeHeKMEHTY) KibepOe3IeKH.

- " MpoeKTyBaHHs, TexHonorii, metoam, @
Wini 7a sapaul npoyecy | nnaHyBaHHs, AOKYMEHTaLis, pecypcu \/
opraHisauisa npouecy \/
MoTouHi
sapaui YnpasniHcbKi il Mapamerpu npouecy
—»| BumipioBaHHA napameTpis npouecy [
»| MpuiiHaTTa
onepaTusHUX > OuiHka napamertpiB npouecy ]
ynpasniHCbKuX
P'mﬁub : —»! KoHTponb napamerpis npouecéyf
AHaniTuuHa Axanis @l
indpopmauis cTaHy <
npouecy

Pucynok 2 — Cxema KOHTPOJIIO MPOLIECY Y CUCTEMI

Ha puc. 3 HaBeieHO CTpyKTYypYy MporieciB 3a0e3neueHHs kioepoesnekn 3a cxemoro PDCA (Plan,
Do, Chek, Akt), To6ro o3HauatoTh (IlmanyBanHsa 3axoxiB, BrpoBamkenHs 3axoniB, IlepeBipka
edexruBHOCTI, [Tokpamenns 3axois). [8].
3abe3neueHHs KibepOe3neku Ta YMpaBIiHHSA HEIO B OpraHizailii € 6e3mepepBHUM LUKITYHUM
nporiecoM. BiH IpyHTy€eThCS Ha TBOpUOMY Mmiaxoi 3rigHo pekomenaamid NIST Special Publication
800-53 [11]. Tomy Oe3nepevHOIO MIEPEBArOK0 € 3aCTOCYBAHHS MPOIIECHOTO MIAX0Y 3 11 MPOCTOTOIO.
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Henonikamu € TpyQHOIIl BIPOBAHKEHHS IIHOTO MiAXOMYy, TOB'A3aHI 13 CKIQJHICTIO 3
BH3HAYCHHSAM YITKOI 1HTETpaIii MIpoleciB B €IWHY CHCTEMY 13 3a 3HA4yHOI iX KUIBKOCTI,
NpoOJEMATUYHICTIO JOTPUMAHHS IHTEpECiB BCIX YYAaCHUKIB JIAHLIOTa IPOLECIB, PI3HUMHU
TIYMA4YCHHIMU 1 pPO3YMIHHAIM CTaHAAPTY Y PI3HUX KOHCYJIBTAHTIB (€KCIIEPTIB).

MnaHyBaHHA
Plan

Bumoru go
Kibepbe3sneku

3anpoBagKeHHA
Do

MNMoKkpaleHHA
Act

Mepesipka
Chek

Pucynok 3 — Ctpykrypa npotuecis 3abe3neueHns kidepoesneku 3a cxemoro PDCA

[IpakTHKa CBiAYUTH, IO MPOLECHUN TTiJIX1]T «3aIPAIIOe» TUIKH B YMOBaX CTBOPEHHS CUCTEMHU
30aJ1aHCOBaHUX TOKA3HUKIB B rayry3i 0e3nmeku. Ale 1e Iye He MPOCTO, OCOOIUBO 3 OISy Ha Te,
110 CUCTEMa YIpaBIiHHS (MEHEHKMEHTY) 1HpopMaIiiiHOi 0e3MeKH MOKH 1110 3HaXOUTHCS OLIbIIe B
o0uacTi Teopii i KOHIeNii, a He YCHIIIHOT MPaKTHKH.

Pa3oM i3 TMM KepiBHHUITBO Oprasizamii mepeciigye MeTy, o KidepOe3meka MOBHHHA
JOCATATHCS] €KOHOMIYHO BUIIPABIAHUMH 3aXO0/JaMHU, KOJH MOKJIMBUH 30UTOK € 3aHAITO BEIUKHM,
HEOOXiTHO TPUUHATH BIANOBIAHI 3aXOAM 3aXUCTy, ajié BOHM MalOTh OYTH EKOHOMIYHO
BurpaBaanuMu. OYEeBHIHO, IO OIMIHIOIYHM Po3Mip 30UTKY, HEOOXITHO MaTH Ha yBa3l HE TUIBKU
Oe3nocepe/iHi BUTPATH Ha 3aMiHy 00JagHaHHs a00 BiAHOBIEHHS iH(OpMAaIIii, ane i iHIII mapameTpH,
IPH SIKOMY JIOCATA€ThCS IPUIHATHHUI piBeHb Kibep3axuiieHocTi (puc. 4) [10].

i

3arpati Ha Geanenry

HOHOMMMHA pieHOoBara

aT

5

PiBeHb miHimanbHny

BenuKid pu3mk AocarHytnii Puaunk sigcyiii
(weaockonanuii 3axmct) a“ﬁ‘:&'::’o cri (mockonanwii 3axmcr)

Pucynok 4 — CniBBiJHOLIEHHS 3aTpaT Ha 3abe3neueHHs KibepOe3neku Ta
JMOCSATHYTUM PIBHEM 3aXHIIEHOCTI
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PiBenb pm3uKy € (yHKIII€I0 IMOBIPHOCTI peaiizaiii nmeBHOI Kibep3arposu, ska HalijIeHa Ha
BUKOPUCTaHHS TPHTaMaHHHUX 1d Ypa3lMBUX MiCllb, @ TaKOX pPO3MIpH MOXKIHUBOTO 30UTKY,
KPUTHYHOTO JUIS IIIHHUX aKTHBIB opranizauii. Buxozs4u 3 1poro, CyTh MPOMOHOBAHHUX 3aX0iB 00
YOpaBIIHHSA PU3UKAMHU TIOJIATA€ B TOMY, OO OIIHUTH iXHIA po3Mmip, po3poOutu e(PeKTHBHI i
eKOHOMIUHI 3axo1u KibepOe3nekn Ta 3HIKEHHS PHU3MKIB, a MOTIM IEPEKOHATHUCS, IO PU3UKU
YKJIJIeH1 B IPUAHATHI HOPMH 1 3aJTUIIAIOTHCS TAKHMHU.

B po6ori [12, c. 321] mpoBeaeHo AOAATKOBO OOIPYHTYBaHHS peati3alii NpUHIUITY PO3YMHOI
JIOCTaTHOCTI (DYHKITIOHYBaHHS KOMIUIEKCHOT cucTemu 3axucty iHdopmartii (KC3I) Ha mianpuemMcTsi.
TunoBa 3anexxHicTh BeMMUMHU 30UTKY mianpuemctsa (3) Big Baptocti mooynosu KC3I (B) HaBeneHa
Ha puc. 5. ABTOpaMH J0Ka3aHO, IO 13 3pocTaHHsAM BaptocTi mooymoBu KC3I Ha migmpuemcTsi
CIIOCTEpITaeThCsl 3HAYHE 3MEHIICHHS HMOBIPHOCTI HaHECEHOro 30MTKY mignpuemMcTBa Psg
(3MeHIIeHHs Bpa3iauBoOCTi iHGopmariiiitnoro pecypcy (IP)). 3 pucyHky TakoX BHIHO, IO
3aCTOCYBaHHS HaBITh HEJOPOTHX 3aXOJiB 1 3aco0iB Ha 3abesnedeHHs iHpopMamiiHOI Oe3nexu
mignpuemMctBa (Vex) pi3KO 3HUXKYE CyMapHUW 30MTOK mianmpueMctBa (Bsz). Tomy iHBecTHINi B
noOynoBy KC3I nyxe edexkTuBHI HaBiTh B MOPIBHAHO HEBEIMKUX PO3Mipax, a KpuBa 30UTKY (Bs) B
JEsIKiil To4lll Mae HalMEHIIIe 3HAYCHHS, IKE MOXKHA BBKATH ONTHUMAJIBHUM.

Hwon BPytV,
OnTHMaTBHUH PIBEHB | N\ V.= B)
BpasmuBocTeH [P :
. PAB)
_ — »
OnTumanbHa BAPTICTH MOOYAOBU B, yM. ox

Pucynok 5 — 3anexHicTb 30UTKy nianpueMcTBa Bijg BaprocTi modynosu KC3I

3poctanns inBectullii B mooynosy KC3I Buie 3a onTuManbHe 3HaUEHHS Be/ie A0 301TbIICHHS
CyMapHHMX BHUTpaT HiAnpueMcTBa. B 1pomy Bumajnky mnifBuiieHHs HanaiiHocTi podotn KC3I 1
BIJINIOBITHE 3HMKEHHSI KIMOBIPHOCTI NMOSIBU 30MTKY MiANPHUEMCTBA HIBEIOIOTHCS HAJIMIPHO BUCOKOIO
BapTICTIO 3a0e3neueHHs 1H(opMaliiHOT Oe3MeKH MiANPUEMCTBA.

Tomy sxHalikpaiior ctpaterietro, MaOyTh, € Bukopuctanus KC3I, mo 3a0e3nedye MiHIMyM
CyMapHHMX BUTpAT Ha ii BIPOBA/KEHHS Ta eKCIUTyaTalito. EQEeKTUBHICTh LIbOTO PillIEHHS MOXeE OyTH
MiATBEP/KEHA EKCIIEPUMEHTAbHUMH JIOCTKEHHSIMA. BUXOJs4M 3 11bOro, BUHHUKA€E JIOTIYHE
3anuTaHHsA: YU yCHiIHO JOCATHYTO PIBEHb 3aXMILEHOCTI OpraHizalii B 3aJ€KHOCTI Bl OOpaHHUX
3axo/iB kibepOesneknu? ToMmy Ha Hally AYMKY € JOPEUHUM 0OpaTH ajJbTepHATHBHUMN NUISIX MOIIYK
pIIIEHHST HayKOBO-TEXHIUHOI mpoOnemu 3abe3neueHHs kiOepOesnmeku OKII B ymoBax BIIMBY
kibeprpocTopy. Ciii KOHCTaTyBaTH, 10 Yac B HAYKOBUX JOCIIJDKEHHSAX HE JOCTAaTHbO MPHUIIIEHO
yBaru MOHATTSM «aKTHB» 1 «30MTKIB OpraHizauii» BiJl BTpaTu «akTusiBy. Came yepe3 BiACYTHICTh B
3BEpHEHHI IOHATh «AKTHBW» Oprasizaiii, HOro BTpaTH aKTHUBY, LI0 HE JO03BOJUIO 3HAXOIUTH
MPUYMHHO-HACIIIKOBI 3B'SI3KM HEOOX1HOI JJI1 MOJIEIIOBaHHS HaMripmioro Bapianty 3a0e3neueHHs
ki0ep6esnexu OKII.

Ha mizcraBi pe3ysabpTaTiB Ta BUCHOBKIB 3 aHAJII3Y BIIOMUX CBITOBUX PIIIE€Hb 100 TIaHYBaHHS
3aX0[iB, CHpSAMOBAHMX Ha 3ale3nedeHHs KiOepOe3nmekn opraHizamiii Ta OOpaHOro HUIAXY
nigBuiieHHs kidepoesneku OKII B milicHil cTaTTi MpONOHYeEMO 0OpaTH 3a CTPYKTYPY METOAMKHU
rtanyBaHHs 3axolliB KibepOesneku OKII monens PDCA Ta 10i1yduTH yIOCKOHAJIEHY OHTOJIOTIO
[13]. Pesymprar juis HAO4YHOCTI 300pasuMo Ha puc. 6. [lporec miaHyBaHHS, BIPOBAKEHHS,
MEPEBIPKU 3/IIHCHIOETBCS NI KOXKHOTO 3aco0y (Zi), Ta xomnonentu (Kj) OKII, ski BpasnuBi 10
JNECTPYKTHBHUX 1H(QOpMAIIHHUX BIUIUBIB. 3a pe3yibTaTaMH OIliHIOBaHHS €(EKTUBHOCTI BUKOHAHHS
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3ax0[iB, cCIpsMOBaHMX Ha 3abe3mnedyeHHs kiOepOesnexkn OKII mpuiimMaeTbes pillIeHHS IOJ0
MOAAJIBIINX A1 Ha HEOOX1AHICTh MOCHJICHHS (ITOKPAIICHHS ) 3aX0/11B UM JIMIIATH iX 03 3MiH.

— 3BOPOTHIN-3B'ASOK- - — - — - —
. . Bu3HaualoTb UiHHOCTI
3auikaBaeHi CTopoHu
J HamaranHa 40 MIHIMIZaLil N
BnposagKyioTb
LL06 3HM3UTH

( MoK palyeHHA J (BnposanmeHHn)

=%

-

3axoAam 3axmcTy

AKi MoXyTb 6yTn AAKi MOXKYTb MiCTUTH
nocna6neni

MoxyTb po3ymith

AreHTH 3arpo3

—

Maotb Hamipi Henpas omipHO BUKOpUCTOBYBaTM a60 NOWKOAUTH

> Bpa3snausocTi

BusHauvatote

\J

Pu3nkun

AIKi BUKOPUCTOBYIOTL

AKi nigsuniyyioTh bna

3arposu fina

———————————— —3BOPOTHIA 3B'ABOK— * — " — — — — = — e — e — e — e — e —

Pucynox 6 — Micue moneni PDCA B ynockoHasneHii oHToIor i Kibepoe3neku

OO6roBoproBaHHs pe3yJbTAaTiB. 3alIPOITIOHOBAHE PIlICHHS Ha pUC. 6 Ja€ 3aKOHHI ITiJICTAaBH JI0
3aCTOCYBaHHS IMPOLIECHOTO MiJAXOAY B IUIaHYyBaHHI 3axo/iB 3a0e3neueHHs kibepOesneku OKII, mo
3a0e3rneuyBaTiMe BUKOHAHHS BHMOT JOJCPXKaHHS MaKCHMAalbHOI €()eKTUBHOCTI MPOTHO30BAHHUX
pusukiB. CHIBBIIHOIIEHHS PHU3MKIB Ta HACHIJKIB HAOYHO JEMOHCTPYEThcsi Ha puc. 7. s
3abe3neueHHs ii (YHKIIOHYBaHHS HEOOXiTHO pO3pOOUTH METOAMKY OI[IHIOBaHHS €()EeKTUBHOCTI
BUKOHAHHS 3aXO[liB, CIIPSIMOBaHUX Ha 3abe3meuenHs kibepOesmeku OKII, mo i mpomoHyeThes y
MIJIYHKT] IEPCHIEKTUBY MOJAIBIINX JOCIIIKEHb.

e ] ™
Bpasnusictb

n3mk-Ppakrop Nol
\(p daktop )/

] N
Bpasausictb

n3mnk-pakrop No2

L (p dakTop Ne2) )
e N
Bpasnusictb

n3nk-pakrop NeN
\(p dakTop )/

Ve

-

\j

( N
h Hacniaku Nel
N J
4 B\
Kibeppusmnk > Hacnigku Ne2
N J
4 B\
Hacnigkn NeN
J L )

[ 3anobiraHHA j [ PearyBaHHsA j

A

pa3/IMBOCTAMM CUCTEMM | YCYBAOTHCA B pe3y/bTaTi peanisauji pusmki

[ 3axoam 3axXuUCTy | ynpaBRiHHSA Kibeppusnkamu, Lo BU3HAYaOTbCA j
B B

Pucynok 7 — Jliarpama aHaii3y KiGeppu3uKy

T

Knouosui
NOKa3HUK

Pesynpratn oOuuMCleHb 3a Ii€l0 METONMKOI Oyne BuXinHa iHpopMalis, fka IO JiHii
3BOPOTHOTO 3B’SI3KYy HAQAXOIUTHUME JO0 OJIOKY «IOKpALIEHHS» Mg NPUUHATTA pIIIEHHS
aJIMiHICTpATOPOM IIIOJI0 MOMAANBIIMX [il, a came BignmoBimHo A0 mozeni PDCA Ha 3MmiHy 3axofiB
3a0e3neueHHs KibepOe3neku opraHizaiii.
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Takum yuHOM, 10 MaiiOyTHHOI METOJMKH IUIAHYBAaHHS 3aXOiB 3a0e3mneyeHHs KibepOesneku
oprasizariii He0OX1JHO TaKOX TOTMOBHUTH JIOTIYHUM €TariOM METOJIMKH OIIHKH KiOep3aXHIIEHOCTI
oprasizaiii, ommc sKkoi momaHo B poborax [14; 15]. Mwu mnporHo3yemo, IO 3HAYCHHS
kioep3axumenocti OKIl HeoOXimHi aJis po3paxyHKy Ta OIlIHIOBaHHI €(EKTMBHOCTI BHUKOHAHHS
3ax0/IiB, CIIpSIMOBaHMX Ha 3a0e3neueHHs kibepOoeznexku OKII.

BucHoBkM 3 maHOro nocaigxeHHsl. TakuM YWUHOM, MOXKHA CGHOPMYITIOBATH HACTYIIHI
BHUCHOBKH:

1. [IutanHs TUTAaHYBaHHS 3aXO0/1iB 3a0e3eueHHs KibepOe3neKku € BKpaih KpUTUIHO HEOOX1THUM
s Bcix OKIL. TTo-niepre, misibHiCTh opraHizaiii Bce 6inbine nos’s3aHa i3 OKIL, a came 30upanssM,
0o0pobnieHHs Ta 30epiraHHsAM O€3MPEIEICHTHOI KIIBKOCTI JaHMX Ha KOMITHOTEpax Ta IHIIUX
npuctposix. [lo-apyre, He 3a0e3MeYeHHS CBOEYACHOTO IUTAHYBAHHS 3aXOMdiB, CHPSIMOBAHUX Ha
3abe3nedyeHHss kiOepHeTtnuHoi Oesmeku OKII opranizamii, 3pocrtae HMOBIPHICT, HACTaHHS IS
opraHizamii KaracTpopiuHMX HACHiAKIB MPOrHO30BaHMX B “‘MaiiOyTHbOMYy Oe3MeKoBOMY
cepenosuie 2030. AHaji3 CTpaTeriyHoro nepedayeHHs .

2. AHami3 CBITOBHX DillleHb MO0 TIUIAHYBAaHHS 3axoAiB 3abe3meueHHs KibepOesneku
oprasizaiiii niaTBepKye MepPCIeKTUBHICTh 3aCTOCYBAaHHS MOJieNi mpotieciB 3a cxemoro PDCA s
TUTaHYBaHHS 3aX0iB 3a0e3neuenHs kidepoesnexn OKII.

3. TlpomoHy€eTbCsi CTPYKTYpy MailOyTHBOI METOAMKH IUIaHYBaHHS 3aXOJiB 3a0e3MedYeHHs
kibep6e3nexu OKII mobyayBaTu Takum YuHOM, 100 BpaxoByBaja Jioriky Mozedni nporeciB PDCA.

HaykoBa HoBHM3HA. Briepiie 3ampornoHOBaHO 10 YAOCKOHAJICHOI OHTOJIOTIT KibepOe3neku B
OJIOK «3aX0/IM 3aXHCTY» JIOJIATH MOJIENb MporieciB 3a cxemoro PDCA.

IIpakTnyHe 3HAYEeHHSI B JOMOBHEH] YIOCKOHAIEHOT OHTOJOTI] Kibepbe3neku, a came B OJI0K
«3aX0/IM 3aXHCTY», MOJEIUIIO TporieciB 3a cxemoro PDCA, mo mae 3MOory oTpuMaTH METOIUKY
IUIaHYBaHHS 3ax0/1iB 3a0e3neueHHs kidepoesneku OKIIL

IlepcnekTHBM MNOAANBINUX JOCTiAKeHb JOLIJILHO 30pIEHTYBATH HAa OOTPYyHTYBaHHI
MOCTAHOBKH 3aBJIaHHSI 00 JOIILHOCTI pO3POOKH:

1) meTonuku TuTaHyBaHHs 3axoAiB kibepOesnexkn OKII;

2) METOAMKH OLIHIOBaHHS ¢()eKTUBHOCTI BUKOHAHHS 3aXO/IiB, CIPSIMOBAHUX Ha 3a0€3MEUCHHS
ki0epoe3nexu OKII.
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Ph.D. Kozubtsova L.M.
RISK PROCESS APPROACH IN PLANNING CYBER SECURITY MEASURES OF CRITICAL
INFRASTRUCTURE FACILITIES

Cybersecurity as a state of security of critical objects of the national information infrastructure and
its individual components, which ensures their sustainable functioning and development, timely detection,
prevention, neutralization of cyber threats is an urgent task of modern society. Ensuring cybersecurity and
its management in an organization is a continuous cyclical process. It is based on the creative approach
recommended in NIST Special Publication 800-53 and in the introduction of the process approach,
presented in the 1SO 9001: 2000 standard. The purpose of the study is to justify an approach to planning
cybersecurity activities of critical information infrastructure objects based on the analysis of global
solutions and approaches to planning cybersecurity activities of organizations.

The article analyzes the key experience in solving and the approach to planning cybersecurity
activities of organizations. It is established that the provision of cybersecurity and its management in the
organization is a continuous cyclical process. Therefore, preference is given to the use of a process approach
according to the PDCA scheme (Plan, Do, Chek, Akt). Based on the analysis, it is proposed to choose a
basic approach to planning cybersecurity activities of organizations.

Thus, the scientific novelty is obtained, which consists in the fact that for the first time it is proposed
to supplement the **protection measures® block to the improved ontology of cybersecurity with a model of
processes according to the PDCA scheme. The practical significance is to supplement the improved
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cybersecurity ontology, namely the ""protection measures' block with a model of processes according to the
PDCA scheme, which allows us to obtain a methodology for planning measures to ensure cybersecurity of
critical information infrastructure objects.

It is advisable to focus the prospects for further research in this direction on the justification of the
formulation of the problem of the expediency of development:

1) methods of planning cybersecurity measures for critical information infrastructure facilities;

2) methods for evaluating the effectiveness of measures aimed at ensuring the cybersecurity of critical
information infrastructure facilities.

Key words: approach, planning, activities, cyber security, critical information infrastructure object.
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AHAJII3 HABqAJIBHO-IH(DQPMAHIfIHHX CACTEM HOBOTI'O HOKOJIIHHSI
JJISA BE3IIEPEPBHOI IIAI'OTOBKU BIMCBKOBUX ®AXIBIIIB

B pobomi pozenamymi ocnoeni 3axoou ma pezyibmamu O0CAIONCEHHA | pPO36UMY HABUATIbHO-
ingpopmauiiinux cucmem (HIC) no6ozo noxkoninna ona deznepepenoi niocomosku @ilicbKkosux ¢haxisyie.
Icnye senuuesna KinbKicmb npozpam, AKi HeGHOW0 MIpO0 RIOGUWLYIOMb e(eKmUBHICMb HAGUAHHA 3a
00nOMO2010 OpP2aAHI3AYIl A0ANMUEHO20 0ianozy 3 Kopucmyeauem (AK 3 yUHeM, CHYOeHMOM, KypCAHMOM,
a0’ 1oHKmoMm, ciayxadem, makx i 3 euxkanaoauem). Ilpome na cyuacnomy emani, konu oocazu ingopmauii
CIMPIMKO 3POCHAalomsv, 6UHUKAE HEOOXIOHICHMb CHMEOPEHHA MAKUX 3aC00i6 NIOMPUMKU eNeKMmpPOHHUX
nioOpyuHuUKis, AKi 6 0au 3M02y Kopucmyeauesi He miIbKu nepeanadamu ingopmayiro, wio yikasums io02o,
WIAXOM Hagizayiil no 2inepcmpykmypax, a i 3a0asamu pi3Hi 6i1bul CKI1AOHI RUMAHHS.

B pobomi nasedeno opuczinanvhuit mamepian 3 numans, RO8'A3AHUX 3 POPMATLHOIO HOCHAHOBKOIO
Il pO36'A3AHHAM HAGUANLHUX 3A60AHb HA JIEKYIAX, NPAKMUYHUX HA 1A0OPAMOPHUX Podomax npu
camocminuniii niocomoeui cmyoenmie i Kypcanmis; MemoouKy niaaHy8anHs ma op2aHizayio HAGYaHHA i3
3acmocyeannam excnepmuux cucmem. Ocodaugy ysazy npudineno nUmaHHAM ROEMAnHO20 NIAHYGAHHA
HAGUAHHA 1l NPUCKOPEHOi camocmiiinoi niozomoeku i3 3acmocyeannuam HIC 3 enemenmamu wimyunoz2o
inmenexmy. Chopmynboeano 3a60anns i 0COOIUBOCHI BUKOPUCHAHHA OKPEMUX e/leMEHMIE HABGUATbHO20
npouecy Kypcanmie, cmyoenmie ma a0 1OHKmMIé GiliCbKOGUX HAGUAIbHUX 3AKAA0I6 MAKUX AK J1eKyis,
npaKkmuyHe ma Ja1a6OpamopHe 3AHAMMA, CEMIHAPU, KOHCYIbMAyisa, iHOUGIOYalbHI 3A80AHHA, KYPCO8i
pobomu, camocmiiine HA84AHHA.

Pozenanyma knacugpikayia HIC Ho6020 nokoninna, a came cucmemu: KOHCYAbmayiina,
JdiazHocmuyHa, Kepyioua, CYnpoGoocyloud, AKI Maiomsv GiON0GIOHO HACMYNHI NPUHAYEHHA:
KOHcynbmauia npu po3e'sa3yeanui 3ae0ansv i HNOWYKY IHgopmauii, OiacHOCMUKA ROMUIOK npu
D036'a3y8anHHI 3a60aHb, HAGUAHHA NOHAMMAM [ 6MIHHAM (HAGUYKAM) HA OCHOGL MOOENI06AHHA 3HAHD,
CHOCHIEDEIHCEHHA 3d NOGEOITHKOI0 KOPUCMYBAYA MA O0NOMO2A NPU NOMUIKOBUX YU HEPAUIOHANbHUX OiAX.
Ilpoananizoeani cmumynamopu npouecy Ri3HAHHA Y HAGUATLHO-IHPOPMAYITHUX CUCHEMAX:
iHmenexmyanvHe cepedosuuie, cinepcepedosuunie, MiKpoceimu, cneyianabii OKyaapu moui0 6U3Ha4eni ix
ocobnueocmi ma nepeesazu.

Kniouosi cnoea: HaeuanvHo-iHpopmauiiini cucmemu, enemMeHmu HAGYATbHOZO0 RpOYecCy,
CIUMYIAMOPU RPOUECYy RIZHAHHA.

Beryn Ta ananisz ocranHix gocaigkeHb. B nilicHMI yac HayKOBO-TeXHIYHUN mporpec i
BIIPOJKEHHs rainy3eil BUpoOHULTBAa Ta po30ynoBu 30poiiHux Cun Ykpainu Oe3nocepenHbo
MOB'sI3aH1 3 PO3BUTKOM aBTOMAaTH3allli Ta KOMI IOTepH3allii yciX YHpaBIiHCHKMX Ta BUPOOHMUYMX
nporieciB. Cepes Takux 3a7a4 0coOJIMBE MicIle 3aiiMae po3poOKa CUCTEM Ta METOJAMK BUKOPHUCTAHHS
KOMI'IOTEPHUX CHCTEM HaBuUaHHS (axiBLIB sK BIHCHKOBOrO TaK 1 I'yMaHITapHOTO, TEXHIYHOTO
HanpsIMKY, K1 6 MaKCUMaJIbHO BIJNOBIAAIU CBOEMY MpU3HAUYEHHIO. Uepes MiBULIEHHS CKJIaIHOCTI
Ta iHGOpMaIifHOI HACUYEHOCTI PI3HOMAHITHUX METOMK MiArOTOBKH BIChKOBUX (haxiBIliB BUHUKAE
HeOOX1HICTh y 3/1MCHEHHI €()EeKTUBHOIO KEepyBaHHs IpoliecoM HaBuaHHSA. OCKIIbKM HaBYaJbHA
cucTeMa CTae OUIbLI CKJIaJHOI Ta 0araToyHKI[IOHAJIBHOIO W NMpH3HAYeHA JJS PI3HUX KaTeropin
KOpHCTYBauiB, TO MOTpiOHA adanTauis A0 1HAWBIIYyaJbHUX OCOOJMBOCTEH KOXHOTO KOHKPETHOTO
KopuctyBaya. [Ipu 11boMy 37aTHICTH HaBYadbHO-iHGoOpManiiHux cuctem (HIC) aganrtyBatucs no
KOpHCTYyBadya € OJIHUM 3 INOKa3HMKIB ii e()EeKTUBHOCTI 1, K HACIIJIOK — 1HTeNeKTyalnbHOCTi. [lng
3a0e3neueHHs afanTalii 1o KOpUCTyBada po3poOsSIOTHCS MOJIENI TOTO, XTO HABYAETHCS, IPUIOMY
30epiraeTbcs iHGOpMaIis IPO KOKHOTO KOHKPETHOTO KOPUCTYBaya. TakuM YMHOM, Ha Cy4aCHOMY
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erari HIC 3100yBatoTh OUIBII CKIAAHY CTPYKTYpY W BKJIIOYAIOTH Y CBiM CKJaJ HE TUIBKHU OIUC
HaBYaJLHOTO MaTepiany, a il iHdhopmaIrito mpo KOPUCTyBaviB 1 0COOJIUBOCTI KEPYBAHHS HAaBYAHHSIM.
3apa3 € BenMuYe3HA KUIBKICTh IMpOrpam, SKi MEBHOI MIpOI0 MiJBUIIYIOTh €(PEKTUBHICTDH
HaBYaHHS 3a JIOIIOMOIOK OpraHizamii aJanTUBHOIO [JIaJory 3 KOpPHCTyBaueM (SIK 3 YYHEM,
CTYJICHTOM, KYpPCAaHTOM, aJ FOHKTOM, cliyxadyem, Tak i 3 BukiamadeM). [lepmi HIC OymyBamucs
BIJIMOB1THO JI0 TBEPOTO CIICHAPIIO MOJJaHHS HaBUaIbHOI iH(popMarlii it miamory 3 kopuctyBauem. [[o
TAaKWX CHUCTEM HaJeKaTh, HANPUKIAJ, MPOrpaMOBaHI HaBYaIbHI CHCTEMHM, a TAKOX EJEKTPOHHI
MiAPYYHHMKH, SKi ¥ 3apa3 He BTPa4yaroTh CBOE€I aKTyalbHOCTI ¥ mpuBabmmBocTti [1-5]. TIpore Ha
Cy4acCHOMY eTari, Koiu oOcsru iH(popMallii CTPIMKO 3pOCTar0Th, BUHUKA€E HEOOXIAHICTh CTBOPEHHS
TakuX 3aco0iB MATPUMKH €JICKTPOHHUX MIAPYYHHKIB, IKI O Iaau 3MOTY KOPUCTYBAaueBl HE TUIbKH
neperiasaaTy indopMmariito, o iKaBUTh HOTo, IUIIXOM HaBiramii 1o rinepcTpykrypax, a i 3a1aBaTtu
pi3Hi 0Lk ckiIaaHi mutands [6,8]. Lle mpuBOAKMTE 10 PO3LMIMPEHHS TUIIOJIONT IMTaHb KOPHCTYBaya,
3aBJISKM YOMY KOPHCTYBad 3a0MIaJKy€e Yac Ha MOIIYK Tiel abo iHmOl iHopmarii. YckiaaHeHHs
HOMEHKJIATYpH U 3MICTY, MOTpeda BIOCKOHAJICHHS 3ac001B OMUCY HABYAJIBLHOI'O Marepiaiy, ToOTo,
KpIM CTPYKTYpH U 3MICTy, HEOOX1THO TaKOX YpaxOBYBAaTH CEMaHTHYHI 3B'I3KH MK ONHMCYBaHUMHU
MOHATTSMH. BUKOPHCTaHHA Takoro MigXOAy JI03BOJSIE PO3POOUTH IHTENEKTyadbHI JOBIJKOBI
cucremu abo excneptHi cucremu (EC), axi HeoOxigni He Tinpku B ckiani HIC, a i y Oyap-skii
koMm'torepHiil cuctemi. EC € pi3HOBHAOM KOMIT'HOTEpHUX CUCTEM i €(pEKTUBHOI MiATOTOBKU
¢axiBLiB TyMaHITapHOTO 4YM TeXHIYHOTO npodimro. Crenudiunoro ocobmuBictio EC € HasBHICTH
0a3u 3HaHb, Jie 30epiraroThCsi PO3B'A3aHHA MHOXHHM 3aB/laHb, Y TOMY YHCII NPH BUKOHAHHI
1a00paTOPHUX Ta MPAKTUYHHUX POOIT, SIKI BXOAATH y Mporpamy HaBuaHHs. ba3a 3HaHb 0€3ynmuHHO
MOTIOBHIOETHCA 1 MOJIM(DIKYETHCS BIAMOBIIHO /10 IOCBiAY 3aCTOCYBaHHS i BUMOT CIIOKHUBAYiB.

VY naniii poOOTI HaBEIEHO OPWUTIHAJIBHUIA Marepian 3 MUTaHb, MOB'SI3aHUX 3 (HOPMAIBHOIO
IIOCTAHOBKOIO M pO3B'I3aHHSAM HABUAJIBHUX 3aBJaHb Ha JIEKILISIX, MPAaKTUYHUX Ha J1aOOpaTOPHHUX
poboTax MpHM CaMOCTIiHHIN MiATOTOBII CTYACHTIB 1 KypCaHTIB; METOIUKY TNIAHYBaHHS Ta OPTaHi3alliio
HaBYaHHS 13 3aCTOCYBaHHAM eKcHepTHUX cucteM. OcoOiuBYy yBary NpUIUIEHO HIUTAHHAM
MOETAITHOTO TVIAHYBAaHHS HABYaHHS U MPUCKOPEHOI CAaMOCTIHHOI MiAroTOBKH i3 3actocyBanHsaM HIC
3 €JIeMEHTAMH IITYYHOI'O 1HTENEKTY.

HanpsiMku Ta ejleMeHTH HaBYAJIbHOIO MpoLeCy KYPCAHTIB, CTY/AEHTIB Ta aJIOHKTIB
BiliCbKOBMX HABYAJbHHX 3aKJIAIiB. J/exyis — 11€ JOT14YHO 3aBepIllIeHUI, HAYKOBO OOTPYHTOBAHUH 1
CHCTEMAaTH30BaHUI BHUKJIAJ TEBHOTO HAYKOBOro ab0 HAyKOBO-METOAMYHOTO  IHUTAaHHS,
UTIOCTPOBaHMUM, MpH HEOOXiAHOCTI, 3aco0aMM HAOYHOCTI Ta JEMOHCTPALIEI JOCTIJIIB 3
BukopuctanHsM HIC. Jlekuist — ocHOBHUI BUJ 3aHATh, IPU3HAUYEHUX JJIs1 3aCBOEHHS TEOPETUYHOTO
Mmatepiany. Jlekiiss Mae HpPOBiAHY pOJib B OCBOEHHI JUCHHUIUTIHM. JIeKTOp BHOHMpae TrojoBHE 3
JTUCIUTUTIHY, M1IKPECITIOE€ HalOIBIIT BXKIIUBE, 110 CKJIaJIa€ OCHOBY KOHKPETHOI HAyKH, BUKJIAA€ BCE
HOBE, L0 3'IBWJIOCS B Haylli. Y LbOMY BIJHOLIEHHI HaBYaJbHI KHWUIH BIACTAIOTh BiJ JIEKTOPA.
KypcanTa Ta cTyieHTH TOBMHHI CKJIAJIaTH HA JIEKIII1 KOHCIIEKT. 3amuc BEJAEThCS CBOIMU CIIOBAMH, SIK1
BiJ0OpaxatoTh OCHOBHY JyMKY JiekTopa. HallO1IbIl BaXKIIMBI MOJIOXKEHHS JIEKTOP BUKJIAAa€ OUIbII
MOBUIBHO 3 HaroJ0coM — 1€ 1 Tpeba KOPOTKO BUKJIACTH B KOHCTEKT1. CKilaJaHHS! KOHCIIEKTY CTBOPIOE
CIPUHHATINBI YMOBH AJIs TOro, 00 3amam'sTaT Te, 10 FOBOPUTH JEKTOpP, TOMY IO B MpOLECi
OepyTh ydacTh CIyX, 31p Ta pyka, TOOTO BKJIFOYEHI BCl OpraHd CIPUNHATTS Ta 3amam'siTOBYBaHHS.
Bectu koHCHEeKT OakaHO Ui KOXKHOI JTUCHMIUTIHA B OKPEMOMY 30MINTI 3 MOJSMH, Ha SIKHX HOTIM
MOJKHAa POOUTH JJOTTOBHEHHSI.

IIpakmuyni ma nabopamopni 3anamms — 11€ BUJ HaBYAIbHOTO 3aHATTS, IPH IKOMY KYPCaHTH
Ta CTYJEHTH MiJ KepIBHUITBOM BHKJIa/Jada MPOBOJAATH HATypHI a0 1MiTalliifHI eKCIEPUMEHTH YU
nocmigu 3 BukopuctaHHsM HIC 3 MeTor0 NMpakTUYHOTO MiATBEPPKEHHS TEOPETUYHHX I0JI0KEHB
JaHOi HaBYAJIbHOI JWUCHUIUIIHM, Ha0yBalOTh MPAaKTUYHMX HABUYOK pPOOOTH 3 J1a00paTOpHUM
YCTaTKyBaHHSM, OOJaJHaHHAM, OOYHMCIIOBAIBHOIO TEXHIKOI, BHUMIPIOBAJIBHOIO amaparypolo;
OMaHOBYIOTh METOJIMKOI0 E€KCIIEPUMEHTAJIbHUX JOCHIKEHb Y KOHKpPETHIH NpeaMeTHIH ramysi.
3a3Buuail 1a00paTOPHI 3aHATTS MIPOBOAATHCS B CIELiaIbHO 00J1aIHAHNX HABYAJIbHUX JIaO0paTOpisiX,
B OKPEMHX YMOBax peajbHOro BHPOOHHITBA. [Ipy MUX 3aHATTAX BHKIAAa4 3 BUKopuctanHsMm HIC
OpraHizye JeTaJbHUA pO3MIIA] KypCaHTaMH OKPEMHUX TEOPETHMYHHMX TOJ0XKEHb HaBYaJIbHOI
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JTMCUUIUTIHY IUIIXOM BUKOHAHHS (PO3B'A3aHHs) BIAMOBIIHO c(hOpMYITbOBAaHHUX 3aB/IaHb, TECTIB TOLIO.
Ha npaktuuHux 3aHATTSAX BUKIAZau4 MOXKE 3IHCHIOBATH KOHTPOJIb 3HAHb, HAaBUYOK 1 YMiHb
CTYJICHTIB.

Ceminapcoke 3aHamms — 11€ BUJI 3aHSITh, HA KUX BUKiIagayd 3 BukopuctanusaM HIC opranizye
JMCKYCII0 HaBKOJO IOMNEpPEeIHbO BU3HAYEHOI TEMH, MO SKiil CTYIEHTH TOTYIOTb TE€3H BHUCTYIIIB,
pedeparu. Ha ceMiHapchbKOMY 3aHSATTI 3aCIyXOBYIOTHCS BUCTYIH CTYJEHTIB 3a CBOIMHU TE€3aMU
(pedepaTamu), a TAKOXK y MOPSAIKY AUCKYCIT 32 BUCTYIIAMH 1HIIMX CTYIEHTIB rpynu. Po3risaaorecs
MIATOTOBJICHI CTyIGHTaMH Te3u, pedeparu, iX BUCTYNH Yy AMCKYCii, YMiHHS (OPMYJIIOBATH 1
BiJICTOIOBAaTH CBOKO MO3MIiI0 Tomo. OIHKK 3a CEeMIHAPCHKI 3aHATTS 3aHOCATHCSA 0 JKypHAITY
BHKJIa/1aua 1 TOTIM ypaxoBYIOThCS IIPH BUCTABJICHHI ITiICYMKOBOI OI[IHKH 3 JIaHOI TUCIHUIUIIHH.

Oco61uB0oI0 (OPMOIO 3aHATH BHIMUX HIX CEMIHAPCHKHUX € y4acTb Y HAYKOGUX Md HAYKOBO-
NPAKMUYHUX KOHGhepeHyisx.

Koncynemayis — e Bu HaBYAJIBHOTO 3aHATTS, IPU SIKOMY CTYACHT OTPHMYE BiJIOBiJb BiJ
Bukiiagaua a6o HIC Ha KOHKpeTH1 3amuTaHHS, [0 BUHUKIM B MpPOLECI BUBYCHHS HABUYAIbHOI
JTUCIUIUTIHY, TP BUKOHAHHI KYPCOBHUX POOIT, IHIUBITyaTbHUX 3aBaHb 1 MIATOTOBII JI0 3aJiKiB Ta
icnuTiB. KoHcynbTallis Moxke OyTH 1HANBIAYaTbHOI a00 MPOBOAUTHUCS JUISl TPYIIU CTYACHTIB.

InouioyanvHi 3a60aHHs 3 OKpEMUX AUCUUILTIH (pedepaTH, po3paxyHKOBI 3aBaaHHs, rpadiuHi
poOOTH TOIIO) BHUKOHYIOTHCS KYpPCAaHTOM CaMOCTIHHO MpU KOHCYJIbTYBaHHI BHKIIagadyeM 0
KOHKpeTHOTO TepMiHy. Tema i 3MicT 3aBIaHHs pO3pOOIISAIOTHCS Ta BUJAIOTHCS 3a3/1aJIET1/1b.

Kypcosi npoexmu (pobomu) BHUKOHYIOTBCS 3 METOI 3aKpilsIeHHS, MOMIHOJICHHS 1
y3araJbHEHHS 3HaHb, OJICPYKAHMX 32 YaC BHBUCHHS TUCIMIUTIHA a00 Tpynu IUCHMILIH. Temnu
KYPCOBHUX MPOEKTIB (POOIT) BUAAIOTHCS, K MPABUIIO, 1HAUBIAYATbHO 1 3aBYaCHO. 3aXUCT KYPCOBUX
MPOEKTIiB (poOiT) MPOBOIUTHCS IEpea KOMICIEI y CKIaal JABOX-TPhOX BHKIANadiB Kadempu
BIIIOBIAHOT JUCLMILIIHU.

Camocmitina poboma, ika BAKOHYETBCS y Yac, BUIbHUHN B 000B'SI3KOBHX 3aHSATH B AyAUTOPIAX
1 1abopaTopisix, € OCHOBHUM 3aCO00M 3aCBOEHHSI CTYJIEHTOM HAaBYAJIILHOTO MaTepiany 1 BaKIHUBOIO
CKJIQJIOBOI0 YAaCTUHOIO MIiATOTOBKHU. {7 camMoOCTiHOT poOOTH HANArOTHCS BIANOBIIHI METOJMYHI
MaTepiany, a Takox (axoBi MmoHorpadii 1 migpyunuku. CaMocTiiiHa po6oTa MOXKe BUKOHYBATUCS Y
YUTATBHUX 3ajlaX 010J110TeK, HaBUYAJIBHUX JabopaTopisix, KOMM'IOTEPHUX KJacax, a TaKOX Yy
JOMAIITHIX YMOBax 3 BUKOpUCTaHHsIM auctanitiitnoi HIC [7-11].

OcHoBHI pe3yabTaTu Ja0ciailKeHb. Posrmsnemo knacudikamiro HIC 3rimHo 3 nuismu
(GYHKIIOHYBaHHS CKJIaJoM Ta MpHu3HaueHHsIM (Tabu.l). OmuieMo MOCHiIOBHO KOHCYJbTalliiiHI,
JlarHocTyroul, kepyroul 1 cynpoBomxkyoui AHC, — ockiibku 1ied MOpsAOK BIJIOMBAE CEPENHIO
CKJIaJIHICTh PO3POOJIEHHS CUCTEMH 1 11 MOXKIIUBUI FeHE3HC.

Koncynvmauiiina cucmema npuzHa4YeHa JUIS HAJaHHS JIOTIOMOTH KypCaHTy (CTYIEHTY) y
BUTJIAAL BUJAdl 1H(opMarlii 3a #oro 3amut abo po3B's3aHHs 3alpONOHOBAHOI'O HUM 3aBJaHHS 3
MO/IAJIbIINM TOSCHEHHSM (SIKILIO YY€Hb BUMaratume), ik 0yyio oTpuMaHo mojaHo iHdopmaliiro abo
po3s's3ok. Koncynpramiiina HIC cknagaerbess 3 HaBYaJIbHOIO cepeloBHINA iH(popMalliiHo-
JIOBIJTKOBOTO a00 PO3B'SA3yBAIBHOTO TUITY ¥ MIJICHCTEMH TOSCHEHHSI, a TaKOX, MOXJIMBO, MOJEII
yuHs. MoJienb 3aCTOCOBYETBCS Ul TOTO, 11100 00paTu CTHJIb CHUJIKYBaHHS y4yHeM 1 ¢ikcarii ioro
JISUTbHOCTI, HaNIpUKiIaa, GiKcye, K1 TUIH 3aBAaHb BIH PO3B'S3aB 3a IOMIOMOI'0I0 CUCTEM a0o0 Mpo K1
MOHATTS NpeAMETHOI 06J1acTi 3anuTyBaB iH(OpMaIifo. SKII0 B OCHOBI CUCTEMH JISKUTh HaBUAIbHE
cepenoBuiie 1HGOPMAIIHO-TOBIIKOBOTO THITY, TO TaKa CHCTEMa HA3UBAEThCS NUMALbHO-
8I0N0BIOHOI0 cucmemoro 1 11 IHTeNEeKTyalIbHICTh BU3HAYAETHCS IIMPOTOI0 MOBH 3aIUTIB 1 6araTcTBOM
acolllaTUBHUX 3B'A3KIB y 0a3i 3HaHb.
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Tabmuns 1
Turnosoris eKCrepTHO-HABYAIBHUX CHCTEM

Tun HIC Cknanx ta QyHKIil [TpusHaueHHs
Koncynpraniiina  [HaBuyanehe cepenoBuie.KoHcynbpTalis Ipy po3B'sI3yBaHHI 3aBIaHb
[TosicHeHHs. 1 monryky iHdopmarrii.

JliarHOoCTyIOUa Po3B'si3aHHs 3aBJaHb. JliarHOCTHKA TTOMUJIOK TIPH PO3B'sI3yBaHHI
JliarHocTHKa. 3aB/IaHb.
Mopenb KypcaHTa (CTyIeHTa)
Kepyroua Po3B'si3yBau 3aBiaHb. HaBuanus MOHATTSAM i BMIiHHSIM
JliarHocTHKa. (HaBMYKaM) Ha OCHOBI MOJICTIOBAHHS
KepyBaHHS KypcaHTOM 3HAHb.
(cTyneHToMm).
Mopenb KypcanTa (CTyIeHTa)
CympoBokyroua  ([HCTpyMeHTalIbHA cucTEMa CnocrepexeHHs 3a MTOBETIHKOO|
JliarHOCTHKA. KOpUCTYBaua  Ta J0TIOMOTa npy|
KepyBaHHS KypcaHTOM MMOMIJIKOBUX YW HEPaIllOHATLHUX JTisIX.
(cTyneHTom)

Hiaznocmyroua cucmema rnipusHaueHa 1Jisi TOT0, 100 BKa3yBaTH YYHEBI Ha 1Or0 HETIPaBHIIbHI
YSBIJIEHHS PO MPEAMETHY 00J1acTh, BHACIIIOK SIKUX BIH JIOIyCKa€ IMOMUJIKHM IIPU PO3B'A3aHHI M1€B-
Horo Tuiy 3aBnanb. JliarHoctytoua HIC ckmamaetses 3 inTepdeiicy, EC mo po3s's3anHio 3aBiaHb,
EC 3 piarHocTHKM MOMMJIOK 1 MoJieni yuHs. Y 1uiaHi rene3ucy aiarnocrytouy HIC moxxHa po3risaatu
SK TOTIOBHEHHs KoHCYNbTytouoi HIC, mo Bkitovae:

- po3mpeHHs iHTepdeiicy 3acobamu, sKi Jal0Th 3MOTY YYHEB1 BUKOPUCTOBYBATH KOMII'FOTEP
JUISE CAMOCTIHHOTO PO3B'sI3aHHS 3aBJIaHb (CIIOCTEPEKCHHS 332 BUKOPUCTAHHSIM ITUX 3aCO0iB 3 OOKY
CHCTEMH JI03BOJISIE BU3HAUUTH «IIUISX» a00 IMJIaH pO3B'S3aHHS 3aBJaHHS YYHEM 1 MOPIBHATH HOTO 3
TUIAHOM PO3B'S3aHHS CUCTEMH);

- po3pobieHHA Mozeni yuHs, o (ikcye HOro 3HaHHS i yMIHHS NPH PO3B'A3aHHI 3aB/aHb
TaHOTO THUITY;

- po3pobisieHHs i peanizauis y Buriaai EC MeTo/iB 11arHOCTYBaHHSI TIOMMJIOK YUHSI.

YacTo cucrtemMH JAaHOTO TUILY HAa3UBAIOThb [HMENEKMYATbHUMU Mpenylouumu, ado excnepmHo-
MPEHYIoUUMU CUCMeMamu, OCKITIBKA BOHH 3aCTOCOBYIOThCS Ul TPEHYBAaHHS PO3B'sI3aHHS 3aBJaHb,
KOJIM TIOCIIIJIOBHICTh 3aBJaHb MPOMOHYETHCSA BUKIIaaueM a00 Te€HEepPYyeThCs CUCTEMOIO Ha MiJCTaBl
napameTpiB, 110 33Jal0ThCs BUKJIaladeM ab0 CaMUM YUHEM.

Kepyroua cucmema npusHayueHa Jyisi KepyBaHHS IMI3HABAIBHOIO AISUTHHICTIO Y4Hs. BoHa €
posmupenHsaM aiarHoctytodoi HIC 3HaHHsAMHM mpo 1Tl QyHKIIOHYBaHHS CHUCTEMHM 1 CTpaTerisx
HaBYaHHsS. PO3pI3HAIOTh HABUAHHS TMOHATTSAM 1 BMIHHSAM (HaBUYKaM), a BIAMOBIAHI MpOrpaMu
HA3UBAIOTh HaguanbHumu ¥ mpenyrouumu. [Ipu Bcilf BITHOCHOCTI IIbOI'O PO3XO/XKEHHS, OCHOBHOIO
BIJIMIHHICTIO HaBYaJIbHUX IMPOTpaM BiJ TPEHYIOUHX € HASBHICTb Y MEPIIMX METH O3HAaHOMIIEHHS
YUYHIB 3 HOBUM MaTepiajoM.

Cynpoesodicyroua cucmema TpU3HAYCHA JUISI CTEKEHHS 3a MISUTBHICTIO KOPHCTyBada TpH
poboTi B Jeskiii (IHCTpyMEHTalbHIM) cHCTeMi Ta HaJaHHA WHOMY JONOMOTM NpPU BHUSBIICHHI
NOMUJIKOBUX a00 HepauioHanbHMX 1i. CympoBomxyroua HIC HiOM «3armsnmae» yepe3 miede
KOpHCTyBaua Ha €KpaH, HaMaraeTbCs 3pO3yMITH, L0 BiH POOUTH, OIIHUTH, SK BIH L€ POOUTH 1
BUPIIIUTH, Y1 NOTpiOHA oMy J0moMora, a SKIo MoTpiOHa, TO K Ifo ponomory Hajxatu. Cympo-
Boukyroua HIC mictuts yci komnonentu HIC, ane na Biaminy Big kepyrodoi HIC Bona:

- HE 3Ha€ METHU JiSUIbHOCTI KOPUCTYBaya i MOBUHHA 11 IPOTHO3YBATH, 1110 PO3ILIMPIOE PYHKIIT
EC 3a miarHOCTHKO0 MTOMUIIOK;

- € MEHIII KOMYHIKa0eNIbHOI0, 100 HEe BIJIBOJIIKATH KOPUCTYBava Bil pOOOTH.
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VY mnani reHesucy cynpoBomkyouy HIC MoxkHa po3ryisgaTu sik po3IIUpPEHHs J1arHOCTYI0YOi
HIC, To0TO:

- posmmpenHs ¢yHkid EC 3 miarHOCTUKHM MOMWIOK Ha MPOTHO3YBAHHS IUICH MISUTBHOCTI
KOpPHUCTYyBaya;

- 31CTaBJICHHS IOMUJIKOBUX CUTYAIlill 1 HAaBYAJIBHOI 1H(pOpMALii;

- po3pobka EC 3 kepyBaHHS BHMBYCHHSIM, IO MICTHTh CTpaTerii HaJaHHS JIOIOMOTH
KOPHCTYBA4CBi MPY BUSBICHHI TOMUIKOBUX 200 HEPAIIOHATBHHX JIii.

SIK BUIUIMBAE 3 BHILEBHUKIIAIeHOT0, HaOUIbm ckiaagHuMu € HIC ocranHix nBox tumiB. YacTo
came 3 HIMH 3B'SI3YIOTh Ha3BY IHTEIEKTYAIbHUX HaBYATHHUX 200 €KCIIEPTHO-HABYATLHUX CHCTEM.

CBoro vacy Oyna posmouarta crnpoda po3poOJICHHsI, TaK 3BaHUX, «CUMYAAMOPIE npoyecy
nizHanHay, a came [12]:

- IHTEJIEKTyaJIbHI CepeIOBUIIIA;

- rinepcepenoBuILa (rinepmenia);

- MIKpPOCBITH;

- cIieliaiabHi OKYISIPU TOIIO.

Ha Binminy Bix HIC, B inTenekTyanbHUX cepeoBHUINAX, Tiep-cepeIoBUIIaxX i MIKPOCBITaX He
BUSIBIIIETHCS KOJTHOTO HABYAIHHOTO BIUIMBY Ha PO3B'SI3yBaHE JIFOJUHOIO 3aBJIaHHs, TOOTO 3aBIaHHS
HaBYaHHS He po3B'sa3yeThes. OJIHAK, He3BAXKAIOUHU HA I1€, LI CUCTEMU YCIIITHO BUKOPUCTOBYIOTHCS 3
METOI0 HaOyTTsl KOPUCTYBAa4eM THX YU {HIIUX 3HAHb 1 BMiHb.

Po3sristaeMo 3a3HayeH1 cucTeMU OUIBII JOKIAIHO.

Inmenexkmyanshi cepedosunja MaroTh Ha METi 00'€IHATH TIepeBaru JIOJMHA H KOMITIOTEpa,
SK1 pO3TIISAIAIOTHCS SIK IHCTPYMEHT Mi3HAHHS. Y JIITepaTypi 4acTo 3a3HA4aloTh JEsIKi MOMEHTH, 110
PI3KO BiAPI3HAIOTH BIACTHBOCTI JIIOAMHHU BiJl MOXKJIMBOCTI MaluHu (Tadi1.2).

Tabmauus 2
IlepeBaru Ta He10JIIKH JIIMHU Ta KOMII'IOTepa
JIFOJIMHA KOMITTOTEP
IlepeBaru: IlepeBaru:
JloOpe po3B's3ye TBOPUI HeCTaHAAPTHI 3aBMaHHsA. |J[oOpe po3B's3ye  anroOpuTMiuHI  3aBIaHHS.
[[Iupokuii Kpyrosip. Benrka KOpoTKOYacHa NaM'sTh.
JloOpe opraHizoBaHa JIOBrOCTPOKOBA MaM'sITh. Henousiku:
Henmouikm: [Torano opraHizoBaHa JOBIOCTPOKOBA MaM'SITh.
Masa KOpOTKOYacHa MaM'saTh. BiscyTHiil Kpyrosip.
YacTo MOMUIISIETCA B AITOPUTMIYHUX 3aBJIaHHAX.Maibke  HE  CIOpaBIS€TbCA 3 TBOPUYHMH
3aBIaHHSIMU.

B minomy 1i TBep/UKEHHS IOKa3ylOTh, L0 MEBHUN CHUMOI03 JIOAMHM W MAaIIMHU MOXE
MepeBepIIyBaTH Te ¥ iHIIe OKpemMo. Takum YuHOM, HaeThes moain mpari. Came Takuil MOALT Tparli
BUKOPUCTAETHCS B TEKCT-TIPOLIECOPAX, Y IpadiuHUX pedakTopax. B iHTenekTyalbHUX cepeloBHIaxX
4acTO BUKOPUCTAIOTHCA MYJIbTUCEPEIOBHINA (MYIbTHMENIA), KOJU CIUIKYBaHHS KOMI'IOTEpa 3 yu-
HeM BiI0yBa€eThCs 3 BUKOPUCTAaHHIM Bipa3zy 0aratboX MojenbHOCTEN (300paXKeHHs, My3HKa, MOBa
i 1H.). MysibTHCEpEeIOBHINA, 3a3BHYAl, TTOEHYIOTHCS TAKOX 3 TiepcepeOBUIIIAMH.

l'inepcepedosuwye — 11e y3aralbHEHHS MOHATTS TIEPTEKCTY - HENIHIHHOTO CIIOCO0Y MOIaHHS
TekcToBo1 iH(opmarlii. ['inepcepenoBuiie ABisie COO0I0 MEPEXKY, Y By3jax KO MOXKYTh IlepedyBaTu
TEKCTH, KapTUHKH, BiIeo, aHIMaIlii, 3ByK a00 MporpamMHi MOJYJi, 110 BUKOHYIOTbCA. TakuM YMHOM,
rimepcepenoBHIle, K MPaBHIIO, 0a3yEThCS HA AKTUBHOMY BUKOPUCTAHHI MYJIbTHCEPEIOBHIIL

Y mikpocgéimax (iHONI X TaKOXX HA3WBAIOTh MOOENONYUMU Cepedosuuiamu) WIEThCs TPo
CTBOPEHHS 3a JIONIOMOT'0I0 KOMIT'FOTEpa IITYYHUX peabHOCTEN. Y TaKOMY IITYYHOMY CBITI MOXYTh
’KUTH MEIIKaHIl, Ta y4eHb — OJIUH 3 HUX. 3MIHIOIOUHU [TapaMETPH B IPUITYCTUMHUX MEXaxX, yIeHb MOXKE
“BruiMBaTH’ Ha “CBIT’ 1, CIOIJIAJAIOYM PE3yJibTaTH CBOIX BIUIMBIB, BIAYYTH BJIACTHBOCTI TaKOTO
cBiTy. Lls “ysiBHa peanpHICTh” CTBOPIOE pealIbHUI OCBiJ, KUl HEMOKJIMBO BIATBOPUTH 1HIIUMHU
3aco0aMu 3 MipKyBaHb O€3MeKH, 3 EKOHOMIUYHUX MPUYUH a00 3 MPUUKH (13UYHOT HEMOXKIIUBOCTI.

Ilin cneyianonumu oKynapamu po3yMilOTh TPHUCTPiM, IO Haragye OKYyJIspH, Ha
HaIIBIIPO30POMY CKJIi SIKMX, SIK Ha €KpaHi, 3a JOIMOMOTOI0 KOMITIOTEpa CTBOPIOIOTHCSI PI3HOMaHITHI
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300pakeHHs. L{i 300pakeHHsI HAKJIaJalOThCsl HA 300paKEHHS pPeajbHUX MPEIMETIB, J03BOJSIOUU
(haHTaCTUYHUM YWHOM 3MINIYBAaTH peajbHI W IITY4HI 300pakeHHs. BUKOpHCTaHHS CHemialbHUX
OKYJISIpiB J1a€ 3MOTY 3AIHCHIOBATH MIATPHUMKH BYHTEIS Ha €Tami MPAaKTUYHOTO 3aCTOCYBAHHS
OTPUMAHMX Yy TPOIleCi HaBYaHHS HABMYOK. TakK, Ha OJHIA 3 KOH(EpEeHIii 13 MTYy4YHOTO IHTEIEKTY
MOBIIOMJISUIOCST TIPO 3aCTOCYBAaHHSI TaKOrO THUIYy OKYJAPIB JJIi HAaBYAHHS IHXKEHEPIB MeEToaaM
PEMOHTY KOHTOPCBHKOi amapaTypu. Y I[bOMY BHIIQJKy OKYJSpU JO3BOJSIOTh HIOM HakiIalaTH
TEXHIYHE KPECJICHHS Ha amapaTypy, HIATPUMYIOYH IXHIO MMOCTIHHY BIAMOBIAHICTH MpU OyIb-SKHUX
MEePEMIIIIEHHSX CIIoCcTepiraya.

VY3araibpHIOIOYH CKa3aHe, CIiJ] 3a3HAYUTH, IO MiJCUIIOBAYl Mi3HAHHS 0€3 HaIpaBIISIFOYOTrO
BIUIMBY BUMTEJIS € BCE-0IHO Masloe(DeKTHUBHUMM JJIs 3aCBOEHHS HaBYAJIbHOI'O MaTepiaiy. 3po3ymiso,
10 HEOOXiHO KEPIBHHUIITBO BUKJIaa4a, PETENbHO MiiOpaHuii TUIaKTUYHAN MaTepial, o0 y4eHb
HE TUIBKU 3aCBOIOBAB CyMy 3HaHb, a i 11100 y HbOr0 BUPOOJISIIMCS HAA1MHI HABUYKH ¥ pO3BUBAIIOCA
MUCIICHHS.

Takum 4uHOM, BIIMIHHOIO PUCOIO IHMENEKMYaIbHO20 HABYANbHO20 CEped08UIya € Ta BEJINKA
pOJb, IO HPUAUIAETHCA B IPOIECI HABYAHHS BJIACHOMY IHTEJIEKTYaJbHOMY IOTEHLIATY YYHS.
Hocsraetbes ne nuisixom of0'enHanHs HIC 1 ctumynaropiB mi3HaHHS, TOOTO MEpexoaoM M0
eKCnepmHUX HAGUANIbHUX CUCTNEM HOB020 NOKOJIIHHAL.

Amnaniz HasBHuX 3apa3 HIC npuBoauTh A0 BHUCHOBKY, IO KOXHa 3 HUX MAae€ JIUIIE JEsKi
MO3UTHBHI siKOCTI. [IpoTe cykymHicTs BUMOT moa0 cydacHux HIC He 3a10BosbHSIE )k01HA 3 HUX. Lle
oOymoBmioe HeoOxiaHicTh roBoputu mpo HIC Hooco nokoninmsa, ski MalOTh NPUHIMIIOBI
BiIMIHHOCTI i mepeBaru mopiBHsAHO 3 iHmmMMHU kiacamu HIC. HIC HOBOro mokomiHHS 103BOJISIE
azipecyBaTHCs BiJpa3y /10 BCIX PIBHIB HaBUaHHSI W MOK€ BUKOPUCTOBYBATHCS MEAAaroroM camoi
MUPOKOi KBamiikamii, JOMYCKalOYM TaKOXX TIOBHE BHKOPHCTAHHS pPI3HOMAHITHHX CTOPIH
KkBamigikalii nmegarora.

HaBenemo ocHoOBHi sikocTi, sikuMu BoJofitoTh HIC HOBOro mokomiHHS (MIPH LBOMY ISt
cTuciocti HazBeMo ix nmpocto HIC).

1. CtBopenns HIC no3Boisie 31iHCHUTH TTepexij BiJl HABYaHHS, KEPOBAHOTO TUTBKU CHCTEMOIO,
00 HABUAHHSA, KEPOBAHO20 SIK CUCMEMOI0, MAK I yyHeM. YUeHb CTa€ aKTUBHUM MapTHEPOM JiaNory i3
CHCTEMOI0, 3JITaTHUM HE TUTBKHU BiAMOBIIaTH HA 3alIUTaHHS CUCTEMH, aif 33/1aBaTH i CBOT 3alTUTaHHS,
Ha SIKi cucTeMa abo BiJMOBiAa€ Bipa3y, abo «Bee» KOpUCTyBaya 10 MPaBHIbHOI BiAMOBiAl. Takum
yuHOM, Aianor yuns 3 HIC yce 6i1b111e HabIMKaeThCs 10 )KUBOTO A1AJIOTy BUMTEIIS 3 YIHEM, JI€ YUCHb
Mae Ouibllie CBOOOIM, HIK 1€ JONycKanocs Ha paHHiX eramax po3Butky KCH. 3aBnpsgku wmii
ocobsmuBocTi HIC, cTBOprO€ThCS MOKJIMBICTh peani3oBYBATH YHIKaJIbHI, TI HaBUaJbHI KypCH, fKi
HaOIIBII MiAXOAATh KOXHOMY KOHKPETHOMY KOpPHCTYBaueBi, 1 THM caMHM Yyce Oiiblie
HabnmxaTHCs 10 1HIUBIyai3alli HapyaHHsA. KpiM Toro, peanizaiist mporecy KepyBaHHsI HABUaHHSAM
y IIbOMY BUIIQ/IKY 37100yBa€ ABOCTOPOHHIN XapakTep, ockiibku kopuctyBad HIC BriBae Ha nporiec
mianory. HeoOximHICTh po3riisigy JaHOi MpoOJeMU MOSICHIOETbCS THM, IO OpraHi3alis Ipoiecy
HaBYaHHS B CyYaCHMX HAaBUAJIBHUX CHUCTEMax 3J1HCHIOETHCS, BUXOJSYM 3 MO3MTHBHOI MOTHBALii
y4Hs, TOOTO 3a3JaJIeTib MA€ThCS Ha yBas3i, 110 KOPUCTYBay caM X04€ OTpUMAaTH Ti a0o 1HINI 3HAHHS
i yminns, a HIC y naniit cutyanii 3000B's13aHa BUCTYNaTH B SIKOCTI MOTo HaiifHOTO mapTHepa.
3azHaunMo Tako, mo konmu HIC 3pmatHa camoHaBuaTucsi, TO BOHa B NPOLEC] CIUIKYBaHHS 3
KOHKPETHUM KOPHCTYBaYeM MOJKE 3 YaCOM «ITOBUUTHUCS» B HHOTO i BUPOOUTH ONTUMAIIBHUH CIIOCIO
CHIJIKYBaHHSI, 3HAIOYW HOTO TIepeBaru i MOXJIMBOCTI XapakTepy.

2. Cucrema crae 3JaTHOI camMoOCmiuHo po3s'ssyeamu mi 3a80anHsA (BIAMOBIIATH HA Ti
3allUTaHHS), PO3B'A3yBaTH SKi BOHA TIOBHMHHA HABYMTH YyYHS. 3aBISKH I[bOMY 3'SBISIETHCS
MO>KJIMBICTB!

- OUIBIII SIKICHOT'O KOHCYJIbTYBAaHHS;

- OutblI IIMOOKOTO aHali3y BIANOBiAEH Y4YHS MPH TECTYBaHHI Ta 1CTOTHOMY CIIPOIICHHI
MiATOTOBKY TECTOBHX 3aB/IaHb.

Inakme kaxxyun, HIC Buctynae six ekcriepTHa CUCTEMa, IO € 3apa3 OJHUM 3 HaUTIOIIMPEHIIINX
HaNpsSMKIB PO3BHTKY HAaBUAIBHUX CHUCTEM, SKi JEIKHMH aBTOPaMH TaK 1 Ha3MBaIOTHCS
“aBTOMaTH30BaH1 HABYAJIbHUMH CUCTEMaMu’~ a0o0 “HaBYAIbHUMH €KCIIEPTHUMHU CUCTEMaMu .
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3.B HIC 3'sBnsierbcst Mmoorciusicmes Oibl NOBHO20 AHANIZY 3ACB0EHHA Mamepiany U
ncuxoghizuuHoeo cmauy yuHs 1, IK HaCIiJ0K, ORI aeKBaTHOI peakiiii cucteMu. Bulie Bxe Hiuiocs
mpo Te, 0 OAHHMM 13 3aBaaHb, moO moctaioTh nepen KCH, e amanTamist 10 iHIUBITyadbHUX
ocoOnmuBOCTeH yuHs. Uum OiabIe cuctema “3Hae” mpo y4Hsl, PO 1HAWBIAyaabHI 0COOJIMBOCTI HOTO
XapakTepy, YMOJOOaHHSX 1 MPO TOTOYHHMN CTaH SK PIBHA 3HaHb, TaK 1 MCUXO(I3ZUIHUX
XapaKTEePUCTUK, THUM OuUIbIIE aJeKBaTHOK Oynxe i1 peakilis, TOOTO BUOIp NOAANBIIUX i,
CIIPSIMOBAHUX Ha peaji3allito npouecy HaB4aHHA. [Hdopmarlist mpo yuHs 30epiraerbcs B MOACII yUHS
HIC, cmoco6iB moOymoBu sKoi € Takox 3apa3 uumainio. [IpuHiunu mooymnoBu Oynb-skoi HIC
JI03BOJISIIOTH IHTETPYBAaTH B CKJIAJI OAHIET CKIAIOBOI CHCTEMHU CYKYIHICTh Pi3HUX ITiJICUCTEM, IIIO
BHPIIIYIOTh 3aBJIaHHS, SIKI CTOCYIOTBCS JESKOi KOHKpeTHO1 npeameTHoi oonacti. B HIC manwit migxin
BUKOPHUCTAETHCS JIJIsl BKIIFOUCHHS B 11 CKJIaJ MiJICHCTEM, IO 3IHCHIOIOTh TECTyBaHHS CTaHy y4HS 3
METOI0 BUSBIICHHS SIK PIBHA 3HAHb 1 BMiHb, TaK 1 ICUXO(]I3UYHOTO cTaHy. Y HaBYAIBHUX CHUCTEMax
MOTIEPEIHIX IMOKOJIHb LI€ 3aBIaHHS BUPINIYBAJOCSd HE 3aBXIU YCHIIIHO, OCKUIBKH, MO-TIEpIIE,
CTPYKTypa CHCTEMHU CTa€ HabaraTto OUIbLI CKJIAIHOIO 1 Mpouec ii MPOEKTYyBaHHS CTa€ 3aHAATO
TPYAOMICTKHM, a IO-IPYTe, HE 3aBKIH B3a€MO/IIIO MiJICHCTEM BIABaJIOCs OIUCATH JOCUTH €JIETaHTHO
i 3py4HO U1 po3pobItoBaya.

4.V cuctemax NAHOTO KJACy Oiibi NOBHOW MIpPOI0 BUKOPUCAEMBCA APCEHAN CYYACHOL
oudaxmuku, TOO0TO Oinble 30iticHIOEMbCA npoyec KepysanHs HasyanHsAM. OCKUIbKUA HABUAHHS €
OJTHUM 3 HalOUTbII BaXJIMBUX BUIIB AISIBHOCTI JIIOAMHU 1 32 0arato pokiB 3i0paBcsi BETMYE3HUN
JIOCB1J1 B OpraHi3ariii mpolecy HaBu4aHHs Ta HOro aHamiisi, 0ys0 0 HeclipaBeATUBO YIYCKaTH 1€ 3 BUIY
il He BUKOpucTaTH iHpopMariro, mo 3iopanacs, npu peanizamii KCH. [Ipo6rema ckinagaerscs nuie
B TOMY, L0 METOJUCTH i AUAAKTUKH MPUCBIYYIOTH CBOI POOOTH PO3IJISAY B3a€MOJAIl BUUTENS i
y4HS, @ HE KOMIT'IOTepa Ta HOro KOpHUCTyBada. 3apa3 € BelM4e3Ha KUIbKICTh pOOIT, MPUCBSIYEHUX
kepyBaHHio HaB4aHHsIM Y KCH, ockinbku mpakTHka mokasana, 1o IpsiMo 3arnporpamyBaT Mmporec
HaBYaHHS (CIUIKYBaHHS BYMTEIS i yUHS ) IPAaKTUIHO HEMOJKIIMBO, 1 CIPOOH 3aMiHUTH 1IeW THYIKHUH,
JUHAMIYHUN TPOIEC SIKUMU-HEOYIb alrOpUTMaMu HE YBIHYAIIUCS YCMiXOM. 3BUYANMHO, € BEIHYE3HA
KUTBKICTh PO3POOOK, /I MUTaHHS KEPYBaHHS HABYAHHSM TOIO 200 1HIIIOI0 Miporo Ipopo0IIeHo, TpoTe
Ipu peaizaiii KOHKPETHOI HaBYAJIbHOI CHUCTEMH OOOB'SI3KOBO 3'SBIISIOTHCS TEBHI MEXIi, SKI HE
3aJI0BOJIBHSIOTH YC1 BAMOTH, BUCYHEHI Ha eTalll MPoeKTyBaHHs cucteMu. CiiijJl 3a3HaYUTH TaKOXK, 110
oprasizallisi KepyBaHHS HaBYaHHSAM € OJHUM 3 HallBaXJIUBIMMX nuTanb peanizanii KCH, ockinbku
KpUTEPIEM OILIHKH IXHbOI SKOCTI € 3AaTHICTh OPraHi30BYBATH ONTUMAJIbHUIN pexuM HaBuaHHs. [1pu
po3po0ienHi Oyab-sxoi IC nutanHa KepyBaHHS 11 QYHKIIOHYBaHHSAM IOCTAa€ HE MEHII FOCTPO, TOMY
3apa3 yxke € 0araTo pi3HUX IUIAXIB BHUPILIEHHS JaHOi MpoOjieMu, MPUUYOMY METOAM W 3acolu
IITYYHOTO 1HTEJIEKTY ICTOTHO MOJIETIIYIOTh i BUPIIIEHHS.

5. B HIC HOBOTO MOKOIIHHS nioguwyemucs pigensv inmepgeiicy, BiIOYBAEThCA HAOIUNCEHHS
11020 00 NPUPOOHO-A3UKOBO20 DIiGHA, 1O 3HAYHO TOJETIIye KOPUCTYBayeBl MpoLec Tianory i3
cucremoro. Kpim Toro, HeoOXigHO BpaxoByBaTH, 1o KopucrtyBadamu HIC e, sx mnpasuio,
HeMiAroToBIeH1 abo €1abo MiArOTOBJIEH! KOPUCTYBayi, SIKI C1a00 OpPIEHTYIOTHCS B JOCIIIKYBaH1H
HUMHM TPEIMETHO1T 00J1acTl i HaifuacTile He BOJIOIIOTH KOMITIOTEPOM. Y 3B'SI3KY 3 UM, 1HTEp(dEc
3 KOpUCTyBaueM MOBHHEH OyTH IPaHUYHO MPOCTUM 1 3pO3YMUIUM 1 MICTHTH JOCTaTHIO KUIbKICTh
MiKa30K, 10 CHPOIIYIOTh SK B3aEMOJII0 KOPUCTYBada 3 KOMI'TOTEPOM, TaK 1 MPOIEC 3aCBOECHHS
HaBYaJbHOro Marepiany. Opranizamis B3aeMOAil 3 KOPHUCTYBadeM NPUPOIHOI0 MOBOIO €
HaW3py4YHIIINM JJI HbOTO BapiaHTOM. 3apa3 € JOCUTh BeJIHMKa KUIbKICTh POOIT, MPUCBAYEHUX TaHOMY
nuTaHHio. Y neskux cydacHux HIC pobnste cipobu (i 4acom MIIKOM YCHIlIH1), MO0 peati3allii
iHTEepdeiicy 3 KOpUCTyBayeM MOBOIO, OJIM3bKOIO /10 TpUpoiHOoi. Hall011b1n nonyaspHUM BapiaHTOM
peaiizanii € BUKOPUCTaHHS 00MEXEeHOT IPUPOAHOT MOBH /7151 (POPMYBAHHS PI3HUX MOBIAOMIIEHB 5K
KOPHUCTyBay4a, TaK 1 CHCTEMH 3 OPIEHTAIII€I0 HA MPEIMETHY 00JIacTh, 3a KO BEJCTHCS HABUAHHS.
Leit miaxia HaliKaBIIIMi 1 A1cHO epeKTUBHUH y BUMAJIKY HAsIBHOCTI B JOCIIIXKYBaH1i IpeIMeTHIN
obmacTi cBo€i popmMarbHOT MOBH, HAINPUKIIAJ, MOBH, OOMEXKEHOI JeskuM Habopom (opmyn abo
reOMEeTpUYHUX 00'e€KTiB, ab0 cHeuialbHUX I103HAYEHb, JOCHTHb IPOCTO OCBOIOBAHUX 1 JIETKO
BUKOPUCTOBYBAHUX Y MPOIIEC 1aiory.
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[IpuknagamMu Takux MOB € (popManbHa MaTeMaTHYHa MoBa ab0 MOBa OIUCY B3a€EMHOTO
po3TallyBaHHS T€OMETPUYHHUX 00'€KTIB, J€ MOPS 31 CIOBAaMH MIPUPOAHOI MOBH BUKOPUCTOBYIOTHCS,
HaNpUKJIaJ, MO3HAYCHHS MapalielbHUX NpaMux “|” , mepneHAuKyIIpHUX npsaMux — | 7 1 T.1.
OpnHak aKkTyalbHUM 3aJIMINAEThCS 3aBAaHHS yHi(ikaiii crnocoOiB peaiizallii IpUpOTHO-MOBHOTO
iHTepdeiicy 0e3 npuB'I3KH 10 KOHKPETHOT MPEIMETHOT 00JIacCTi.

Kpim peamizanii npupogno-moHoro intepdeiicy, B HIC He MeHIT Ba)XJIMBUM MOMEHTOM €
2HyuKicms inmepgheticy, TOOTO 31aTHICTH CUCTEMU OTIEPATUBHO NepeOyI0BYBATH 30BHIIITHE poOOUe
OTOYEHHS KOpHUCTyBaua BIAMOBIIHO 10 peXuMy ii poboTu. JlocuTh MLiKaBUM € 3aBJaHHS
MO/ICJIFOBAHHS 30BHILIHHOTO OTOYEHHS, HAOIMKEHOTO JI0 PEATbHOT0, XapaKTEPHOTO JUIs PEAMETHOI
00J1aCTi, 0 PO3TIIAIAETHCSA, 3aBIIKH YOMY YUC€Hb HIOW MTOPUHAE Y BHYTPIITHIN CBIT TOCIIIKYBaHOTO
npeamery — MikpocBiT. TyT gyxe eeKTHBHIM € BAKOPUCTAHHS CUCTEM BipTyalbHOI peabHOCTI, SIKi
CTAalOTh yce OUTBII MONYASPHUMH i MOIUPEHUMH.

[TpoGiiemMaM JTFOIMHO-MAIIUHHOI B3a€MOJIT MPHUILISETHCS 3apa3 BEJIMKAa yBara, TOMY IO
001acTi 3aCTOCYBaHHS KOMIT'FOTEpa MOCTIIHO PO3LINPIOIOTHCS.

Criz TakoXK 3a3HAYUTH, 10 3aCTOCYBAHHS METOIB 1 3aC001IB IITYYHOTO IHTEIEKTY JIa€ 3MOTY
PO3pOOIIATH CKIaIHI i BOZHOYAC THYYKI CUCTEMH, IO € XapaKTEPHUMHU IS MPEHANCEPHUX CUCTIEM.
Takum 4rHOM, 3'ABISETBCS MOXIIMBICTH mepexony Bim AHC 10 iHTeneKTyanbHUX TPEeHaKEPHHUX
cucteM (ITC). IIpu nboMy JaHHii KJTAC CHCTEM € HAWO1IBII MEPCICKTUBHUM, TOMY III0 3aCTOCYBaHHS
iX 703BOJIsIE€ 3MIMCHIOBATH HABUAHHS JIESIKOMY KOMIUICKCY 6MIHb | HABUYOK, BUTPAYAlOYH Ha IIe
Habarato MeHIle 3aco0iB, HIK IpH poOOTi 3 peasibHUMHU 00'ekTamu, npwiagamu i T.1. ITC aBisoTh
c00010 OUTBII CKIIAIHUH KJIaC CUCTEM, OCKUIBKH B HUX MO€AHYIOThc MoxkiuBocTi HIC 3 mmpoxum
BUKOPUCTAHHSM 3aco0iB MynpTUMeAia U BipTyaibHoi peanbHocTi (BP), a Takox ycimskux
JIOJATKOBUX BUMIPIOBAIBHUX MPUJIAJIIB, 110 aHATI3YIOTh CTAH YYHS.

Takum umnom, HIC HOBOro mokoiiHHSI SIBISi€ COOOK CKIIAMHY i€papXidHy CHCTEMY, IO
CKJIAJJA€THCS 13 CYKYITHOCTI B3aEMOJIIFOUMX MIXK COOOIO IMiJICUCTEM, KOXKHA 3 SIKUX PO3B'SI3y€ ACSIKHMA
MEeBHUN KJIac 3aBAaHb 3 METOI 3a0€3MEeUYeHHS ONTUMAIBHOTO PEKUMY HABUaHHS 32 JOMOMOTOIO
KOMIT'IOTEpA.

BucHoBknu

1. B poGoTi po3risiHyTi OCHOBHI 3aX0/M Ta Pe3yNbTaTH JOCIIKEHHS 1 pO3BUTY HAaBUaJIbHO-
iHpopMaLiIHHUX CUCTEM HOBOT'O MOKOJIIHHS JUIs Oe31mepepBHOT MiArOTOBKY BIHCHKOBHX (axiBLIiB.

2. PosrnsayTa Kkiacudikaiiss HaB4aIbHO-1H(GOPMAaiiHOI CHCTEMH HOBOTO MTOKOJIIHHS, a caMme
CHCTEMH: KOHCYJbTallil{Ha, IIarHOCTUYHA, Kepyloua, CYIIPOBOKYIOUA.

3. [IlpoanamizoBaHi CTUMYJATOpPU MpOLECy IMI3HAHHS: 1HTEJIEKTyaJbHE CEpEJOBHUIIIE,
rinepcepeoBHILE, MIKPOCBITH, CIIELIaIbHI OKYJISPH TOILO.

4. HaBenmeHi OCHOBHI $IKOCTI BOJIOJIIHHS HaBYaJIbHO-1H(OPMAIITHOI CHCTEMOIO HOBOTO
MTOKOJIIHHS.

5. Takum ynnoMm, HIC HOBOro mOKOJIIHHS fBJISIE COOOI0 CKIIAJIHY 1€pApXidHy CHUCTEMY, IIO
CKJIQJIA€ThCS 13 CYKYITHOCTI B3a€MOJIIFOUUX MIX COOOIO MiJICUCTEM, KOKHA 3 SIKUX PO3B'SI3ye JEAKUIl
MEBHUI KIIac 3aBJlaHb 3 METOK0 3a0e3IeYeHHS ONTHMAJIbHOTO PEKMMY HaBYAaHHS 3a JIOTIOMOTOIO
KOMIT'FOTEpa.
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PhD Tolok 1.V., PhD Braun V.O., PhD Miroshnichenko O.V.,
PhD Pampukha 1.V., Solodeeva L.V.
ANALYSIS OF NEW GENERATION EDUCATIONAL AND INFORMATION SYSTEMS FOR
CONTINUOUS TRAINING OF MILITARY SPECIALISTS

The main measures and results of research and development of training and information systems
(NIS) of the new generation for continuous training of military specialists are considered in the work. There
is a huge number of programs which to some extent increase efficiency of training by means of the
organization of adaptive dialogue with the user (both with the pupil, the student, the cadet, the adjunct, the
listener, and with the teacher). However, at the present stage, when the amount of information is growing
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rapidly, there is a need to create such tools to support electronic textbooks that would allow the user not
only to view information of interest by navigating hyperstructures, but also to ask various more complex
questions.

The paper presents original material on issues related to the formal formulation and solution of
educational tasks in lectures, practical laboratory work in the independent training of students and cadets;
methods of planning and organization of training with the use of expert systems. Particular attention is paid
to the issues of step-by-step planning of training and accelerated independent training with the use of NIS
with elements of artificial intelligence. Tasks and features of use of separate elements of educational process
of cadets, students and adjuncts of military educational institutions such as lecture, practical and laboratory
employment, seminars, consultation, individual tasks, course works, independent training are formulated.

The classification of NIS of new generation is considered, namely systems: consulting, diagnostic,
managing, accompanying which have accordingly the following appointments: consultation at the decision
of tasks and search of the information, diagnostics of errors at the decision of tasks, training by concepts
and abilities (skills) on based on knowledge modeling, observation of user behavior and assistance with
erroneous or irrational actions. The stimulators of the cognition process in educational and information
systems are analyzed: intellectual environment, hyperenvironment, microworlds, special glasses, etc. Their
features and advantages are determined.

Key words: educational and information systems, elements of educational process, stimulators of
cognition process.
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OCOBJIMBOCTI BUKOPUCTAHHA CIIEHIAJIBHOI'O TIPOT'PAMHOI'O
3ABE3IIEYEHHS HA IIVIAT®OPMI ARCGIS JJIsI MOHITOPHUHI'Y 30H
KOH®JIIKTY

Y pobomi pozenamymo ocobaueocmi eukopucmanna cneyiaibHO20 NPOZPAMHOO
3abe3neuennsns na naameopmi ArcGIS ona ecix pienie micii OOH, sk zeonpocmopoeoi
naamghopmu MoHimopuHzy 300 KOHIIKMY ma naaHy8aHHa HOMeEHUIIIH020 Kypcy Oill.

Ha wmicii OOH noknadacmosca 00608°430K uwj000 3anobdizanna Hacuiabcmey, (y Oinvuiocmi,
CRPAMOBAHO20 NPOMU UUBITLHO20 HACENEHHA), A He uuie 0714 Peazy8anns mam, 0e 60Ho mpueace. /na
GU3HAUEHHA CHIYNEHI0O HANPYMHCEHOCMI 6 maKiil 30Hi, MIJNCHAPOOHI Mupomeopui opzanizauii
GUKOPUCHOGYIOMb PI3HOMAHIMHI CROCOOU OMPUMAHHA IHopmauil 3adiasuiu pi3ni cuiu ma 3acoou ons
ROOAILULO20 AHATIZY MA RPUTIHAMMA GI0N06I0H020 piwienHsA. MoHnimopunz 30HU 60EHHO20 KOHPAIKMY €
IHCIMPYMEeHMATbHUM 3AX000M Ma 6KAI0UAC YUK IHOpMayil, wio cK1aoacmsca 3 maKux a1aHoK, aK 30ip
oanux, ix o0podKa, ananiz ingpopmayii, RiIOMpuUMKa RPUIHAMMA PiieHb MO0,

Cv0200Hi yukn ingopmauii € saxcaueum 014 YceiOOMAEHHA CIMAHY KOHQAIKmMYy ma npuitHamms
piuienna npo HeooOXioHi 0ii 3 60Ky KepieHuymea micii. BiH HeOOMIHHO CMOCYEMbCA MEXHO02IUHO020
npozpecy ma ingpopmauyininux mexnonozii, 30kpema. Bionosiono, ennue akocmi moHimopuunzy mosice
Mamu maKmuyne, OnepamugHe ma cmpameziune 3HaUeHHA.

Humanns 00cnioxsceHHA ICHYIOUUX CUCHEM MOHIMOPUHZY 30H 60€HHUX KOHpaikmie ¢ miciax OOH
nompedyoms 0invui 0emanvHol yeazu. A 6UZHAYEHHA WINAXIE YOOCKOHAIEHHA MAKUX CUCHEM HA OCHOGI
CYUACHUX RPOZPAMHO-MEXHIUHUX DiWeHb HA 6CIX PIGHAX YNPAGIIHHA 3 YPAXYBAHHAM NPAKMUYHOZ0
00c6idy hopmyntoe npodiemue 3a60aHHA Ma NIOKPECTIOE 11020 AKMYATbHICHb.

Kniouoei cnosa: mupomeopui OOH; OBCE; cucmemu monimopunzy; cumyauiiina 00i3nanicme;
peazysanna nHa inyudenm; 6aza zeooanux, niamgopma ArcGlS, kapma de3nexu.

Beryn. Ha nanuit gac y cBiTI iCHye 3HauHa KUIbKICTh KOH(JIIIKTIB, SIKI BUMaratoTb BTpY4YaHHs
MDKHapOAHMX 0€3MEeKOBUX opraHizaliil, 30kpema, Opranizauii O6’eqnanux Hariit, OOH (the United
Nations, UN), Oprani3auii 3 6e3neku i cniBpooitHunTBa B €8pomni, OBCE (Organization for Security
and Cooperation in Europe, OSCE) Ta iHmmux.

CroronHi YkpaiHa HaJla€ BIHCHKOBHI KOHTUHTEHT Ta NEPCOHAN JJIS y4acTi y BOCBMH MICisX
OOH Ta omepaiisix 1Mo BCTaHOBJIEHHIO MUpPY. Y POOOTI BUKOPUCTAHUM MPAKTUYHHUM TOCBIA 111010
300py AaHUX, 0OpOOKH i aHai3y iH(POPMALli PO 1HIMIEHTH HACUJILCTBA Ta MOPYILIEHHs Oe3NeKku B
xo/1 npoeneHHs crabimizaniinoi Micii OOH y Jlemokparnuniii pecryomii Konro, ta HacminkiB
oOCTpiniB 3 OOKY HE3aKOHHHMX 30poiHHMX (opMyBaHb Ha MIBAEHHOMY CXOAl YKpaiHM — y XO.i
JISUTbHOCTI Haruig10Boi Micii npu CriijIbHOMY LIEHTP1 KOHTPOJIIO Ta KOOPAUHALIIT TUTaHb NPUITUHEHHS
BOTHIO Ha MiBJICHHOMY cX0/1 YKpainu [1].

Ha wmicii OOH mnoknanaerscsi 00OB’S30K 1010 3amoOiraHHs HacWIbCTBY (Y OLIBIIOCTI,
CIPSIMOBAHOT'O MPOTH IIMBUILHOTO HACEJIEHHS ), a HE JIUILIE [T pearyBaHHs TaM, Jie BOHO TpuBae. s
BU3HAUEHHS CTYNEHIO HAaNpYy>KEHOCTI B Takii 30HI, MDKHApPOJHI MHPOTBOpYI Opranizaii
BUKOPHUCTOBYIOTh PI3HOMaHITHI CIIOCOOM OTpUMaHHs iHpOpMallii 3a1iBIIH Pi3HI CHIIU Ta 3aCO0H 115
MO/1JIBIIOTO aHAJI3Y Ta MPUNUHATTS BIANOBIIHOTO pilieHHs. MOHITOPUHT 30HH BOEHHOTO KOH(IIIKTY
€ IHCTPYMEHTAJIbHUM 3aXO0/I0M Ta BKIIOYA€ UK iH(OpMaIlii, 10 CKIAJAEThCs 3 TaKUX JAHOK, SIK
301p maHux, ix 00podka, aHaii3 iHdopMaIlli, mATPUMKA TPUHHATTS PIIICHH TOIIO.

IMocranoBka npodaemu. L{uki iHbopMallii € BAXXIMBUM 7S YCBITOMIICHHS CTaHY KOH(IIIKTY
Ta NPUUHATTS pilIeHHS Mpo HeoOXiaHi 1ii 3 60Ky KepiBHULITBA Micii. BiH HEOIMIHHO CTOCYyeThCA
TEXHOJIOTIYHOTO Tporpecy Ta iH(MOpMaIiMHUX TEXHOJIOTiH, 30kpeMa. BilmoBigHO, BIIUB SKOCTI
MOHITOPUHTY MOK€ MaTH TaKTHYHE, OTIEPATUBHE Ta CTPATETiYHE 3HAUCHHSI.
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MupotBopui Micii BuMaraioTh iH(opMalii Ta po3BiAYBAIPHUX MAaHUX MJIS HAJEKHOTO
PO3YMIHHA 3arpo3 IMBUILHOMY HACEJIICHHIO Ta 3a0e3medeHHs1 Oe3neku nepcoHany. Lle MoxmmBo
JOCSITTH 3a paXyHOK YIOCKOHAJIEHb LIOJI0 IHTEerpauii, ynpasminHsa Ta oOMiHy iHpopmariieto (CIVIC
interview with MONUSCO civilian official, #68, Beni, February 2018).

B ocHOBY ()yHKITIOHYBaHHS pOOOTH CUCTEMH paropTyBaHHs B Micissx OOH nexuTth Tak 3BaHU
“posBinyBanbHul ki1’ (The Intelligence Cycle) [2]. Konu mukin iHgopmarii: 36ip, o0poOka (Ta
30epiraHHs), aHajii3, MJaHyBaHHS Ta NPUNHATTA pilieHb QYHKIIOHYE TO0Ope, MUPOTBOPLI MOXKYTh
BU3HAYUTU NPOOIEMHU 3aXUCTY, 30CEPEIUTH CHIIM Ta 3acO0M Ha HAWOUIBII 3arpO3/IMBUX IUISHKAX,
3anmo0irTi HaCWIBCTBY abo BiapearyBaTtu Ha HbOro. Konum nukn ¢yHKIIOHYE HE BAJIO, €IEMEHTH
Micii Bpa)aroThCsl aTaKaMHU He3aKOHHUX 30poitHuX (hopMyBaHb 1 Hee()eKTUBHO 3aXUINAIOTH IIUBLIBHE
HACEJICHHS.

Merta crarrti. IluTaHHs JOCHIUKEHHS I1CHYIOUHMX CHCTEM MOHITOPUMHIY 30H BOEHHHX
koHGuikTiB B Micisix OOH mnorpeOyroTe Oinbll aAeTanbHOI yBarn. A BH3HAYCHHS IUIAXIB
YIIOCKOHAJIEHHS TAKUX CUCTEM Ha OCHOBI CyYaCHHMX MPOTPaMHO-TEXHIYHMX pIllIEHb HA BCIX PIBHAX
YIIPaBIIiHHSA 3 ypaxXyBaHHAM HMPAKTUYHOTO JTOCBITY (hOpMYIIOE TpoOIIeMHE 3aBIaHHs Ta IiAKPECIIIOe
HOro aKkTyasbHICTb.

BukJjag ocHoBHOro Mmatepiajy nociaikennsi. Y Pozaini XVI HaBuansHOTO NOCIOHMKA 3 TIPaB
monuan [3] MokHa 3HaiTH Take TBeppkeHHs: “OOH mOBMHHA 3ampOBaJWTH HATAIITOBAHY
iHpOpMaIliiiHy CHCTeMY YIpaBJIiHHS Ta KOHTPOIO, o miarpumye I'IC (reoindopmaltiiiti cucremn),
Ui 3a0e3meueHHsl OUIbII y3TO/KEHOI ONepaTHBHOI B3a€MOJIl BiJl MATPyss 0 CEKTOpY Micii Ta
BUMIOTO mTaly, IO MiATPUMYETHCS MMOCTIHHOIO Ta HAIIIHOIO TIepe1adero rojocy, JaHuX Ta Biieo”.

I'eoindopmariiiiHi cucTeMu J03BOJSIOTH KOPHCTyBayaM 30upaTH, 30epiratu, MaHIyalOBaTH,
aHaJi3yBaTH, YNPABIATH Ta 300pakyBaTW IIMPOKUN CIEKTP JaHHUX, IO MICTATh reorpadidyHui
KOMITOHEHT (Hampukiaj, (i3udHl JaHi, Taki K peiabed MiCcIeBOCTI, rimporpadis, METEOpOJIOTis,
OTpUMaHi 3a JOTIOMOTOI0 JATYHKIB AWCTAHIIHHOTO 30HIyBAaHHS, COIIAJIbHO-CKOHOMIYHI 00’ €KTH,
Taki JaHi, K MOKa3HUKU AeMorpadii, 00’ €KTu TpaHCHOPTHOI iHGPACTPYKTYPH, IHIUIECHTH TOIIO).
AHaIITHK MOXeE BioOpakaTH BENHMKY KUIbKICTh iH(opMarlii, opranizoBaHy B IIapH, BUKOHYBATH
OOYHCIIEHHS Ha HHUX B IHTEPAKTUBHOMY pexuMi, 00 iAeHTUu]iKyBaTH BIJHOCHHH, BKIIIOUAIOYU
IIPOCTOPOBI Ta YaCOBI BUMIPH, 1 HaJlaBaTH Pe3yJbTaTH Y KapTorpadiyHOMY GopMmaTi ISl BKIOYEHHS
B JIO/IaTKH, TaKl K J0AATKU BeO-kapT. Taka mporpaMa Moke HaJlaTH 3arajibHy OIepaliifHy KapTUHY,
sIKa BUKOPUCTOBYETHCS JJI1 CUTYaTUBHOT'O YCB1IOMJICHHS, aHAJII3y Ta MOJIEJIFOBaHHSI B3a€EMO3B A3KIB,
3aKOHOMIPHOCTEH, TeHJIeHLIIN Ta MPOIECIB.

Posrnsinemo oco6snBocTi Bukopuctanns miatgopmu ArcGIS st Beix piBHiB Miciii OOH, sk
reonpOCTOPOBOI IIIATHOPMH MOHITOPUHTY 30H KOH(IIIKTY Ta MJIaHYBaHHS MOTEHLIHHOTO KypCy JiH.
Hanuii nporpamuuil npoaykr € aigepom I'IC Ta mae 3HauyH1 nepeBaru nepej KOHKypeHTamu [4, 5].
IlepeBaramMu nporpamHoro 3abe3nedyeHHs BiA Esri MokHa Ha3BaTH: 3a0e3MEUeHHS MMOBHOLIHHOTO
¢yukionany I'IC “3 kopobku™ 6e3 nporpamyBaHHs — BiJ HacTUIbHUX AoAaTkiB 1o I'IC mopranis 3
MOJKJIMBICTIO BIZICTIAKOBYBaHHS MOJIN B PEKUMI pealbHOTO 4acy, MacIITaboBaHICTh, MOXKIUBOCTI
U1 pO3pOOKH, PETYJIIpHI OHOBJIEHHS YCIX POAYKTIB, HASIBHICTh JOJATKIB /7S B11I0OpakeHHs, 300py
Ta aHali3y JaHUX, HAIWHICTh, BEJMKA KUIbKICTh HABUAIBHUX 1 IOBIIKOBUX MarepiamiB. TexHomorii
reornoptamiB Ta cepBepHux [1C (3okpema, ArcGIS Enterprise kommanii Esri) 103BOJSIOTH
OpraHizyBaTH OJIHOYACHHUU JOCTYN JI0 MEpPEerisidy, pelaryBaHHs Ta aHali3y JAaHUX HEO0OXiIHOMY
YHCITy KOPHUCTYBaYiB 32 paXyHOK PO3MEXYBaHHS JOCTYIy MK aBTOPU30BAHUMH KOPHUCTYBa4aMH,
abo Hajatu nmyOmiyHuid noctyn a0 aanux. ['IC mopram Moxe cTaTH MOTYXKHOIO IIATGOPMOIO st
B3a€MO/I1 MK PI3HUMH PIBHSMH YIPABIIIHHA B MUPOTBOPUYHUX MiCIsIX.

ArcGIS Mission — 1me BCEOXOIUTIOIYMI THCTPYMEHT T'€ONPOCTOPOBHX KOMYHIKAIliil Ta
curyamniifHoi oGizHaHocTi, goctynHuid B ArcGIS Enterprise 10.8 Ta misnimmx Bepcisx. ArcGIS
Mission — e mporpamMa Jutst MPOCTOPOBUX KOMYHIKaIiid Ta cUTyauiiHoi o6i3Hanocti. Micist ArcGIS
JI03BOJISI€ CTBOPIOBATH, AUTUTHUCS Ta KOHTPOJIIOBATH KapTH Ta 1HIII MaTepiajiu JiIsi BUKOPUCTAHHS B
omnepauisx. OTxe, MOKHA BIOPAAKYBATH YIPABIIHHA MICISIMH; OTPUMATH CUTYaTUBHY OO13HAHICTh
]l 9ac aKTUBHHUX MICIH; 3a0€3MeUnTH TE€OMPOCTOPOBHI, OJHOPAHTOBHM 3B’SI30K HA MICIIX; Ta
MIPOBOJIUTH OTJISIIU MicCIs BiAPsKEeHHS [6].

79



Pimenns ArcGIS nmns ynpaeninHsS Hag3Buvaiinumu cutyarismu (ArcGIS Solutions for
Emergency Management) Bkitodae HU3KY IIJIECIPSIMOBAaHUX KapT Ta Mporpam, po3poOiieHux, Mmoo
JOMIOMOTTH IEPCOHATY YIPABIiHHS HAA3BUYaHHUX CUTYAIil Ta TpOMaIChKO1 Oe3MeKH MiATPUMYBaTH
CUTYyaIiiiHy 0013HaHICTh MiJ Yac IHIUASHTY 4 moii [7].

[TinTpumMka cutyariiiHoi 00i3HaHOCTI BUMarae CIiBIpaii, oOMiHy iHPOpPMAIIEID Ta €IHHOTO
morasany Ha iHGopMmamiro mpo moxii. PimieHHs mnpo curyaniliHy 0O0I3HAHICTH BKIIOYAE
rapMoHizoBaHuii Habip cepiciB ArcGIS, siki “0XHUBIAIOTE” 1aHi PO MO Ta oneparii.

s indopmaris mepenaeTbcs s HAJaHHS 3arajbHOI ONEPATHBHOI KApTUHH B IPOIECi
PO3BHUTKY iHIMJIEHTY 4 NOi1. BOHa Tak0Xk BUKOPUCTOBYETHCS, SIK OCHOBA [T C(HOKYCOBAHUX KapT
Ta MpOorpam, Mo MATPUMYIOTh KIIFOYOBI 3aX0/I 3 YIIPABIiHHS HAI3BHYAHUMU CHTYaIlisSIMU.

Pimenns npo cutyarniiiHy 00i3HaHICTh BKIJIIOYA€ HU3KY IUTBOBHX KapT, SIKi y3TOJUKYIOTHCS 3
kiroyoBuMH  possimu  International Civil Service, (ICS) Ta ¢yHKIissMu, sKi BOHU ITOBHHHI
BUKOHYBaTH. AHAJITHK MOKE HAJIAIITYBATH 11l 30CepeKEH] KapTH, 1100 aHIMI3yBaTH AaHi PO NOoil
Ta omepallii Ta pO3IMUPUTH BUKOPUCTaHHS Teorpadiunoi iHdopmarii y BIAMOBIAHUX 3axodax 3
yIpaBIiHHS Ha/I3BHYaiiHUMU cuTyauisMu (puc. 1).

Operations Response Map .

Be

“ ) L) - B o

s ' o™ = n Nl

| Logistic Planning Map

Pucynok 1 — HanamroBani cokycoBani kaptu B ArcGIS

PimenHs npo curyauniiiHy 06i3HaHICTh BKJIIOYa€ HaOip Mporpam, I10 ONTHMI3yIOTh KIIOYOBI
poOoui mpoLecu YIpaBlliHHA HaA3BUYaHUMU CUTYallIIMU Ta CIIPOLIYIOTh B3a€EMO/IIIO 3 JAHUMH I1PO
aBapii Ta omnepaii. JlogaTku y3rojxyooTbes 3 KitodoBuMH poisimu ICS, Ta QyHKIisIMH, SKI BOHH
MTOBUHHI1 BUKOHYBAaTH.

IToindopMoBaHicTh PO CUTYALlIIO Ta BUKOPUCTAHHS L€l iHPOpMaLlii peasizoBaHi 3a paxyHOK
HaboOpy J10/1aTKiB, OPIEHTOBAHUX Ha MICIIO, 1110 JOCTABIISIFOTHCS Yepe3 3arajibHy OllepalliiiHy KapTuHy,
puc. 2.

Pucynok 2 — [ndopmariiiini maHeni pilieHHs Ipo CUTYyaliiHy 0613HaHicTh Ha ocHOB1 ArcGIS
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Ha puc. 3 npencraBneHuii npukian poOo4oro eKpaHy cepBiciB, AKi MOKYTb OyTH OpraHizoBaHi
HabopoM c(hoKycoBaHHMX KapT Ta noaarkiB. Lleit BMICT mogaHo B pillieHH] CUTYaIIHHOT 0013HAHOCTI
y 3arajgpHy OmepaliiiHy KapTUHY, sIKe TOKpalrye oOMiH iHpopMaIliero Ta 3abe3neuye eIuHe MicIe
JUTSl BUSIBIIGHHS 1H(OpMAIIii PO THIIUACHT YH MO0,

Common Operational Picture _

— — - L . ——
Situational Public Informational Operations Incident Status Incident Briefing
Awareness Viewer Resnonse Dashboard

T———_

Damage Assessment
Dashboard

Pucynox 3 — Cepgicu cutyariiinoi o6i3Hanocti va ArcGIS Online

CroinpHa omnepaTHBHA KapTHHA HANA€ MOXIIMBICTh LEHTpaM HaJ3BHYAHHUX OIEpaii,
KOMaHJUpaM Ta [epCOHally pearyBaTH Ha TOYHY Ta CBO€YacCHY 1H(OpMalil0 PO pearyBaHHS Ha
IHIIUICHT Y¥ MTOJIIF0 Ta 3/IIHCHIOBATH YIIPABIIHHSI HAMH.

CrnoctepexHi rpymnu (Tim caiitu (Team Sites)) MOXKYTh OHOBIIIOBATH 33 BUALICHUMU PO3ALIaMU
CcBOIi 3BiTHI (hopmu cutyaniiHux 3BiTiB (Situational Repor (SITREP)) B Collector y momi, kputiana
iH(pOpMallig IPO KOKHE MOMEPEHKEHHS] MOKEe aBTOMAaTUYHO 3aBaHTa)KyBaTUCS Ha i1H(OpMaIliiiHy
MaHeNb 13 €JIeKTPOHHOI KapTH 30HM BIANOBIIAIBHOCTI, IIOA0 MOIMIMPEHHS Oe3meKoBoi 1H(popMarllii
srigo SITREP micns cunxponizanii i3 xmaporo ArcGIS Online a6o Arc GIS Server uepes iHTepHET
13 BUBHAYEHUMH T1JIPO3/IAMH Y BCTAHOBJIEHOMY TOPSIKY TOCTYITY.

Konnenryansao, I'IC pimeHHs ckopouye manepoBi MOTOKM s BUKOPUCTaHHS BCi€i
iH(popMmarii (mpubau3Ho B 3 pasu), Tak, K AISJIBHICTh 30CEPEDKYETHCSI HA OJIHIN BeOmuaTdopmi,
JTOCTYIHIH K JUIs odicy, Tak 1 As Oy/Ib-SKOT0 MPUCTPOIO NEPCOHATY, L0 MPAIIOE B MOJIL.

VY xoj1 naTpy/toBaHHs BIHCHKOBHX CIOCTEPIrayiB € MOXKIIUBICTD 3a(iKCyBaTH HEOOX1IHI JaH1
Ta 3pobutu otorpadii y moui 3a JOMOMOT00 MOOLTHFHOTO MPUCTPOIO. 32 JOMOMOTOI0 CMapT(OHIB,
IUTaHIIETIB a00 KOMIT F0TEPiB KOKEH BIAMOBIATbHUM MPAlliBHUK 3 MOHITOPUHTY 30H KOH(IIKTY Mae
IIBUJIKUI Ta IPOCTUH JOCTYH A0 iH(popMallii, OTpUMaHOI BiJl HaTPyJIiB, BKIOYAOUH XapaKTEPUCTUKU
30HU BIJINOBIAATIBHOCTI (00CTEKEHHSI palioHYy), CUTYallito 3 0e3NeKkH Ta Oy/ib-sIKl 0OMEXEHHS B 01
(3MiHU B onepaTHBHIN 0OCTaHOBIII, TOITUPEHHS OMO3HIIIMHUX BiHCHKOBUX IPYI TOIIO).

BBakaeTbcsi, 0 y Cy4yaCHOMY CYCHUIBCTBI, BHKOPUCTaHHS MOOUIBHMX TEXHOJOTIH €
HAaWIBUAMUM 1 HalTOUHIIIMM crocoOoM 300py aanux. Tomy, mpoiec MOBUHEH OyTH NMPOCTUM Ta
BIOPSITKOBAHUM, 3a0€3MeUyI0Yd aBTOHOMHICTh Ta TOTOBHICTh BUKOPHCTAHHS, MacIITaOOBAHICTh 1
JOCTYIHICTh BUKOPUCTaHHSA KOPUCTYBAYEM 32 POJIIMU Ta TOBHOBAXKEHHSIMH.

Jlis BUKOHAHHS 3a7ad MOHITOPUHTY Ha TakTWUYHOMY piBHI, mnepcoHanmy OOH B mnomi
JIOBOJIUTHCS 30MpaTu 3HAUYHY KUIBKICTh JaHUX. THMOBMMHM Tpynamu MapaMeTpiB Ui BUKOHAHHS
naTpynoBaHHS BificbkoBuME crioctepirayamu B Micii OOH e: cutyartis 3 6e3nexoro, )KepTBH, JeTall
THIIMJICHTIB Ta KOHTaKTH ONMUTaHoi ocoOu. byno po3paxoBano 0:1m3bk0 90 pizHMX KOMOiIHALIN rpym
napameTpiB (aKTHBIB), SIKI MOKYTh CKJIaJIaTH €ITMHUN 1I1a0JI0OH, SIKUM BPaxoBYeE JaHi, 1[0 HEOOX1THO
30MpaTH 3a JOMOMOTOIO JIOJaTKiB BCTAHOBJIEHUX HAa CMapT MPUCTPOsX (cMapThoHax abo IIaHIeTax
3 onepauiiiHoro cucremoro Android un 10S).
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Po3ymHi mpucTpoi (cMapT(OHU Ta MIIAHIIETH) y TOETHAHHI 3 MOOLIBHUMH pillleHHsAMU Bif Esri,
skumu € nompatku Workforce (Workforce for ArcGIS), Collector (Collector for ArcGIS) Ta
Survey123 (Surveyl23 for ArcGIS), no3Bomistots ipu po6ori 3 miatpopmoro I'IC, MILOB odicy
(4u 1HIIOMY MAPO3/LTYy Micii) oTpuMyBaTH 3i0paHi gani y noui [8, 9].

3aBnsgKkM IHTYITHBHO 3po3yMinomy iHTepdeiicy ArcGIS Ta mpoctumu y BUKOPUCTaHHI
pobouumu TporecaMu 300py AaHUX B IOJI, MOXJIMBO 30€piratv JaHi MaTpyJIrOBaHHS, Y SKOCTI
ToukoBUX 00°€kTiB B ArcGIS Online Ta po3minryBatu Oynb-sKi iHIII JaHi, K ITOB’s3aH1 3aIIUCH, 110
MalTh BIJIHOIICHHS 1O €JIEMEHTIB MOHITOPUHTY, HANpUKIax IHOHACHTIB (13 (QopMyBaHHAM
IIONEPEKEHD ).

[IIo6 BHopsmKyBaTH TMpoOIECH Ta 3poOuTH 1H(POpMaIli0 OLIBII TOCTYITHOI, CBOEYACHOKO Ta
TOYHOIO, BilicbkoBUM crioctepirauam OOH (MILOB) npornonyeTbest BIPOBAAUTH MOIBOBI MOOUIBHI
nonatku ArcGIS. B nmporpami ArcGIS inTerpaitiis € 10CTyImHO 3a 1oroMororo BiacHoi cxemu URL-
anpec (URL scheme). L cxema € cTaHmapToM B3a€EMOJII1 MiJK JOJaATKaMU Ha MOOUTBHHUX TIPUCTPOSX
— Navigator for ArcGIS, Collector for ArcGIS, Explorer for ArcGIS ta Workforce for ArcGIS s
BIJJIQJICHOT'O YIIPABIIiHHS IHIIUMH TIOJILOBHMH IPOrPaMaMH Ta nepeiadi iM KOHTeKCTy [9].

Workforce interpyerbcst 3 yciMa monboBUMH jaoaatkamu Esri. [HTerpamis momatkiB y
Workforce nocsiraerbes nuisixom crBopenHst cxemu URL-agpecu 11t KOKHOTO €lIeMEHTY iHTerpartii
Ta 30epexeHHs Liel cxemu y daiini JSON mpoekTy. Asle Taka MKEJIEMEHTHA 1HTerallist Moxke OyTH
Takok crBopeHor0 B Workforce na amprepnatmBriii URL-cxemi Ta [103BOJISIE BUAO3MIHUTH
IHTEerparlito J0/1aTKiB.

Navigator URL-cxema BukopuctoByetbcst y Workforce, Collector ta Explorer. MoxHa
remepyBatu camy URL- cxemy Ta aMcraHLiiHO KepyBaTH aoJaTKOM Navigator i3 CTOpPOHHIX
J0JaTKiB, Yepe3 TEKCTOBE MOBIIOMIICHHS YU eleKTpoHHy momTy. Navigator URL-cxema moxe Oytu
napaMeTpu30BaHa TAaKUM YMHOM, 1100:

BiJI0Opa)kaTy BKa3iBKH JI0 OJHOTO MICIIS;

BKa3yBaTH BJIACHY MIOYATKOBY TOUKY;

copMyBaTH BKa3iBKH J0 IEKUIBKOX ITYHKTIB Ha MiCIIEBOCTI;

BMUKATH ONTHMI3aI[iI0 MapLIPYTY;

BCTaHOBJIIOBATH PEKUM TPEKIiHTY;

aBTOMaTHYHO PO3MOYMHATH HaBIrallio;

BMHKATH CIIOBIIIEHHS IICIIsl 3aBEPILICHHS HaBITaIlii.

[ukn iHdopMarii Isi MOHITOPUHTY 30H BOEHHMX KOH(JIIIKTIB MOYMHAETHCA 31 300py JaHMX.
MOXJIMBOCTI Cy4aCHUX TEXHOJOTIA JO3BOJSIOTH 30MpaTh BHCOKOTOYHI JaHl y TOdl Ta
3aBaHTaXXyBaTH iX, 10 cucTeMu (y XMapy), K 3 miclisg 300py, A€ € CTIMKHIA CTUIbHUKOBUH 3B’ S30K 13
JIOCTYIIOM JI0 IHTE€pHET, Tak 1 micist mpuOyTTsa a0 odicy. [ns Ge3mocepeHbOTO 3aBaHTaKEHHS
310paHuX JaHMUX 10 KOMI'IOTepy 3HaJ00UThCS iX 00poOKa — BU3HAYCHHS JAaHUX 3 KOOPJUHATAMH,
NepPEeTBOPEHHS iX y men-daiinu ta imnoprt ix 1o ArcGIS Desktop (puc.4).

IIpu mopiBHSAHHI CHCTEMH MOHITOPHHTY 30H KOH(ikTy B Micisx OOH 3 BUKOpUCTaHHAM
KJIACUYHUX TIJIXO/IB 10 MOHITOPUHTY MO>XHA BUSBHUTH, IO OLIbIIa YacTHMHA POOOTH IIOAO0 300py
JaHUX 3acTapija, HalpHuKiIaJ — BAKOPUCTOBYETHCS CHOCiO 300py JaHMX 3aCHOBaHMI Ha 3aJy4eHHI
3HaYHOro OOCATY pYy4yHOI Ipalli, BIJOKPEMJIEHUX MPHUCTPOIB, Ta BIIIPABIECHHI 3BITIB CTBOPEHUX 3
TEKCTOBUX JIOKYMEHTIB uepe3 emein. Lleit cmoci6 BukopuctoByroTh moHax 20 pOKIB.
3anponoHoBaHUil crocid, 13 BUKOPUCTAHHSIM CMapTQOHIB € OUIbII TOYHMM Ha €Tami OTpUMaHHS
JAaHUX 1 MBUAIIUM, HDK TPAJAULIAHUHA — 3 BUKOPUCTaHHAM eMeiln. PoGoTa TiM calfTy micns naTpyins
10710 BiAMpaBIeHHS JaHUX, BianoBigHO noiiB 3BiTY SITREP, 1o BepxHboro mraly (aHaNITHYHOTO
Bigainy JOC a6o JMAC) npu BHUKOpPHUCTaHHI 3alpOIIOHOBAHOIO CIIOCOOY BUKOHYETHCS BJIBIU1
HIBU/LLIE, HI’K TPU BUKOPUCTAHHI CIIOCO0Y 3aCHOBAaHOMY Ha €MEWJI.
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Pucynok 4 — Opranizaitist B3a€MOJi1 iIHCTPYMEHTIB CHEIiaIbHOTO TPOTPaAMHOTO 3a0e31eYeHHs
ArcGIS na piBHSAX MOHITOPUHTY 30H KOHQIKTY Micii OOH

MILOBSs Takox MaroTh (YHKIIOHAIBHY MOXJIMBICT MTOBIIOMIIITH TIPO 3MiHM Ha MiCLIEBOCTI
IUIAXOM CTBOPEHHsS (BHKOPHCTAHHS paHillle MiATOTOBJIEHOr0) THUMYacOBOIO IIapy JJis
0e31mocepeIHLOr0 OHOBJICHHS ICHYIOYOT €JIeKTPOHHOT KapTH [8].

Jlna nouatky po6otu komanga ['IC (a6o IT) moBuHHa po3pobutu 0azy reogaHux, sKa
HiATpUMYBaTHME KapTorpadidHi JOKyMEHTH Ha OCHOBI JJAHUX JUISI CUTYAI[ITHUX 3BIiTIiB Bi MaTpPyIiB
OOH. Ilortim IT-komanzga amantye 6a3y reojaHux, ik ocHOBYy ais (pynkuionyBanus B Collector.
Ockinbku cTpykTypH 6a3u reoganux Juist Collector Ta kepoBani naHi (data-driven) 10KyMeHTIB KapTH
MOXYTh JIEII0 BiAPI3HSAINUCH, ciiJ BukopuctoByBatu ModelBuilder mist cTBopeHHs Moneni, ska
Y3TO/IKY€E 3aITUCH MK HUMH.

ArcGIS Desktop Moxe ekcopTyBaTu KOXKEH 3amuc, sk okpemuil ¢aitn PDF, koxeH 3 skux
MOe OyTH Ha3BaHUH BIJMOBITHO /10 HA3BH IUILOBOI TOUYKH MTPU3HAYCHHS.

Jlns 30epiraHHs ICHYIOUMX KOHCTPYKTOpiB JaHuX [10] pexkoMeHayeTbCs BHKOPHCTATH B
ArcGIS abo ArcGIS Online ongHakoBy Mojenb MOTOKY AAaHUX. YHI(OpPMOBaHUMN HalllOHATbHHM
nepconan OOH mij yac mpoBeAeHHs NaTPyIiB — Y MeXax 30HU BiANOBIAAIBHOCTI CBOIX TIM CaMTIB —
rojaBaTUME 3BITH 3 Miclis 3a fonomororo Surveyl23 ta Collector. AnaniTuunuit Bigain (uepes3 odic
TiM caiiTy, ciBpoOiTHUKIB G2 1 G3 y cektopi Ta Bignosiaxi miapo3ainu FHQ — MILOB HQ, JOC,
JMAC) moxe Jerko mneperisiiaTd Ta pejaaryBatu pamoptu mnpo OesnekoBuil cran SITREP,
yBiimosmm B ArcGIS Online i nmeperyissHyBIIN 1aHi GYHKLIT MIapy piBHS HOMEPEKEHHS.

[I{o6 mBuako HanamryBatu Collector Ta BHUIKO HOTO MOMKPUTH HA POSYMHUX MPHUCTPOSIX,
IT-cniBpobitHuk I'IC OOH cnepily mOBHHEH CTBOPUTH €TaJOHHI Ta peAaroBaHi IIapu KapT B
ArcGIS Online. Ockinbky O1bIIa YaCTUHA POOOTH OYIKYBAHO BUKOHYETHCS y MICIHSAX BiICYTHOCTI
CTUIBHHUKOBOTO 3B’S3KY, JIOLIJIBHO 3aBaHTAXXUTU MIJrOTOBJIEHI MAaKeTW TailsliB 0a30BUX KapT 0
Collector for ArcGIS myg noganeioro ix BAKOpUCTaHHS B aBTOHOMHOMY pexumi. Jlogarok Collector
for ArcGIS noctynnuii y iTunes abo Google Play myist BctaHOBIEHHS Ha cMapT MPUCTPIH.

Sxuo roBoputu npo kidbepodesneky goaaTkis Ta xmapu Ha ArcGIS Platform, 6yno oromnomeHo,
mo 3 2015 poky, opranizarmii MOXYTh JO3BOJIMTH y4acHUKaM 3 oOJjikoBuMH 3amucamu ArcGIS
BCTaHOBIOBaTH OaratodakTtopHy ayreHTu(dikamiro [11]. bBararodakropna aBreHTH(]IKAIiS
3a0e3neuye NOAATKOBHM PiBEHb aBTEHTU(IKAI] MiJl Yac BXOAY, BUMAralouyu KOJ MiJATBEPIKEHHS
IMEH1 KOpUCTyBaua Ta MapoJjisi Ha KO)KHOMY J0JaTKy.
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[Toka3HHKM Ha OCHOBI MisUIBHOCTI, 3BITH B PEXHUMI PEATbHOTO Yacy Ta IHIIA KOPUCHA
iH(dopmartis 3 TUIIOBOTO BeO-caiiTy opranizaiii Ha xMapi ArcGIS Online (manpuknan, Micii OOH),
MOXe OyTH JIOCTYITHOI y noaaTtky Activity Dashboard, skuii interpoBanuii B ArcGIS Online, ms
HaJaHHS 1HCTPYMEHTIB YIpaBIiHHSA caiToM aamiHicTpaTopamu. Humu moxyTth Oytu odinepu
BiaIiB mrtady micii G2, G3, JOC, IMAC.

VY Ttoii ke MoMeHT ArcGIS Open Data nospomsie opranizamii micii OOH BuUKOpHCTOBYBaTH
mwiarpopmy ArcGIS, mo6 Hagatu rpoMajChbKOCTI BIIKPUTHIA JOCTYI JO CBOiX KapTorpadidHux
nanux [11], Hampukmanm auHaMivyHA KapTa IONEpPEeKeHHs Npo 30HY KoHQukTy. Open Data
MIATPUMY€E BUKOPUCTAHHS BJIACHUX 0a30BHX KapT, HAMPUKIAJ BOHU MOXYTh OYTH CTBOpEHI
nigpo3aiiom I'IC Micii OOH. Takox mane mporpamHe 3a0e3nedeHHs HaJlae KaHal aKTUBHOCTI IS
MOBIIOMJICHHSI CTaTyCy 3aJlyd4eHHS IIepCOHAITy, BUKOPUCTOBYIOUH BEO-CaMT.

[Io6 po3pobuTH MiIiCHE PIIICHHS MOHITOPUHTY 30H BiANOBIAAIBHOCTI TIM CalTIiB BIHCHKOBHUX
cnoctepiradie OOH (MILOB Team Site) cnoyaTky HEOOXiAHO CKJIACTH TOYHY 0a30BY KapTy BCiel
CBO€ET 30HM BIAMOBITAILHOCTI (aHa 3a1a4a nokiaageHa Ha I'IC odic mrady cekTopy). Uepes Beaukmii
pO3Mip JAaHMX CYIMYTHHKOBHMX 3HIMKIB 13 BHCOKOIO PO3AUIBHOIO 3ATHICTIO, sIKIi MOTpiOHO Oyne
3aBaHTXUTH N0 Makery kaprorpadiunux ¢parmeHTiB ArcGIS Online, npu mnouaTkoBOMY
3aBaHTa)KEHHI, JAHUN TIPOIIEC BUMArae BUCOKOIIBUIKICHOTO IHTEPHETY.

3a monomororo aoaatky Collector for ArcGIS Oyab-sikuii TiM CalT TaKOX MOJKE IPAIFOBATH
IiJ] 9ac MPOBEJCHHS MOHITOPUHTY B PEKMMi OQUIaliH 3 KapTamu, M0 30epexeHi y Kemn mam’siTi
MOOUTHPHUX TMPHUCTPOIB ycCi€l 30HM BIAMOBITAIBHOCTI TIM CaWTy ab0 ii 4acTHHH, SKI TOKPHBAIOTH
00’€KTH TATPYJIOBaHHS 3T1IHO MIOTHXKHEBOTO Iany narpyiatoBanHs (Weekly Patrol Plan, WPP).
Honatok Collector for ArcGIS no3Bossie 30epiratu 6a30Bi KapTH, K IapyU HA KOKHOMY IPUCTPOI 32
JoromMoror makery TainmiB, Tomy UN MILOBs MoxyTe OyTH BIAKIIOYCHHMH TIIiJI Yac
naTpyJroBaHHsA, K Bij IHTepHETY, TaK 1 Bii BHYTPIIIHLOT MEPEXKI, 1 MPH I[bOMY MaTH JOCTYI JI0 KapT
TIM CaiiTy pa3oM i3 HAaHECEHHUMH 00’ €KTaMM Ta Ha3BaMH ITYHKTIB MPU3HAYEHHS TOIIO HA MOOUTEHUX
MPUCTPOSIX.

BukopucroByroun ArcGIS Pro (ArcMap), miaposnin I'IC Micii OOH mae 3mory cTBOpHUTH
MakeT TailiB 0a30BOi KapTu, SIKUH MOXKHA Oy/le 3aBaHTa)XyBaTH Ha MOOUIBHHM MPHUCTPIN Ams
BUKOPHUCTAHHS B aBTOHOMHOMY PEKHMI B OY/Ib-IKOMY MICLII 30HHU BIJIOB1IaJIbHOCTI TIM CalTy.

MoxHa BHMKOPHCTOBYBAaTH JIOJIaTOK JUI MOHITOPMHTY B aBTOHOMHOMY pexumi. Ilix gac
3HAXOKEHHS 11032 MEXaMH IMOKPUTTS MEPEKEI0 Mporpama He BHMarae MiJKITIOYeHHs, TOMY He
BUKOpPUCTOBYE CBiii 00uikoBuit 3anuc ArcGIS Online npoTsirom 1poro vacy.

3aB/aHHs 111010 pO3pOOKHU a00 MPUHHATTS MO/IEN Kilacy reorpadiyHuX 00’ €KTIB 3 aTpuOyTaMu
s popMyBaHHS CUTYaLIHHOTO 3BITY MOXKJIIMBO MOKJIacTy Ha niapo3ain IMAC abo J2/J3. Monens
Kjacy (pyHKLIM ciif CTBOPUTH 3a Jonomororo nporpamHoro 3abesneueHHs ArcGIS Desktop Ha
OCHOBI1 0a30Boi KapTH Micii 13 mojanbio myosikaiieto npoekty Ha ArcGIS Online abo ArcGIS
Server. KoxxHomy TiM caiiTy HeoOX1AHO BU3HAUUTHU MapaMmeTpu 300py JaHUX — HaAINPHUKIal, MaTU
po3TallyBaHHS BOKIMBUX 00’ €KTIB (aAMIHICTpAIlisl MICT 1 C1J1, HAIllOHAIBHI BIliCHKOBI Ta MOJIEHCHKI
MIAPO3JUIH, IIKOJIH, YHIBEPCUTETH, peliridiHi OyaiBii, MEAWYHI YAaCTUHU TOIIO), JOPOTH 13 iX
HAHECEHHUM CTaTycoM Oe3MeKkH (3eJeHHUIA, )KOBTUH, YepBOHUI ), MeX1 30HU BiAnoBigansHocti MILOB
TIM CalTy, pacTpPOBOI JllarpaMy MOTOYHOTO CTaHy OE3MEeKU Ta 30H BIUIMBY €JIEMEHTIB OMO3HUIIITHIX
apMIHCBKUX TPYII, SIKI MICTATh KOPUCHI JaHi U1 JOMOMOTH y TUIAHYBaHHI MaTPYIiB.

[Ticns Toro, sik 6a3a nanux 3Bity narpyis (SITREP) 6yne 3anoBHena, nigposain ['IC y mra6i
MO>KE€ aBTOMATH3YBaTH MpOIleC BUOOPY THUIIIB MOMNEPEIKEeHb, IHIIMIEHTIB Ta TUIY IIKOAMU 3aBJaHO1
UBUTBHUM 0cO0aM, a TaKoXX HEOOXIMHICTh mBHAKOI peakili 3 6oky OOH, mocnigoBHICTh, B SIKIH
noTpiOHO 30mupatu maHi (ans WPP um cnermianbHOro marpyssi) Ta MOPSIOK 3aBAaHTAXKEHHS i€l
iHpopmanii 1o Workforce. lng nporo cmouatrky crBopioroTh cueHapii Python g BumyueHHs
MapuIpyTiB IOJEHHUX MaTpyiB 3 0a3u naHux TwxHeBoro ruany narpymtoBanas (WPP) ¢opmary
CSV, a notiM 3aBaHTaxy0Th 3aBaanus 10 Workforce.

[IporpaMHi CKpUNTH MOXYTh 3allyCKaTHCS y BU3HAYEHUH Yac Ta BUJAISATH yCl BHUKOHaHI
3aB/IaHHS Mepe]] 3aBaHTaXEHHSIM MapIIpyTiB HACTYmHOro AHs. BilicbkoBi croctepirayi B TiM CalTi
(MILOBs) otpumytots noctyn no Workforce na cmapr-npuctpoi (tenedonax abo ruiaHmerax) B
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oici Ta 3aBaHTAXKYIOTh MapIIPYTH Ta 00’ €KTH NATPYJIs 3 HEOOX1THOIO AeTalli3ali€el0. Y CBOIO Uepry,
niepconai opicy MILOB (mtaby cexktopy MILOB, mtay micii) MOke BUKOPUCTOBYBATH IIPOrpamy
IUISL BIZICT@KECHHS WICHIB MaTPyJIsd, KOJIM BOHU 3HAXOAATHCS HA MAapLIPYTi MATPYIIOBAHHSA 115l 300py
JAHUX JIJI1 MOHITOPUHTY 30H BOEHHOT'O KOH(ITIKTY.

[Ticns myOmikarii CKOpUTOBaHUX O3HAK re000’ektiB uepe3 ArcGIS Online, y nomatky st
cmapt npuctpoiB (Hampukiazn, Collector for ArcGIS) moxkHa Oyzne TPOBOAUTH iX OIIHKY Y MOJI 3a
YMOBH MiArOTOBICHOT Tabmuii geodatabase (.gdb) quHaAMIYHOTO IIapy TEOMPOCTOPOBUX 00’ €KTIB.

3a momomororo noaarky Collector BifickkoBHi crocTepirad y moji ¢ortorpadye HEOOXiaH1
00’€KTH, 3a3Ha4ae X MiCIe3HaX0KeHHS (oTorpadis Moke OyTH 3HATA BiIJAJICHO), BU3HAYAE CTAaH
Oe3I1eKH, OIIHIOE CTaH IIKOAM 3aBJAHOI y pe3yJbTaTi 1HIUIACHTY (3a MOTPeOH) 1 OIiHIOE PHU3UK 3
BJIACHOT'O JIOCBIJy I[0JI0 TIOTIPIIEHHS CUTYAIlil 3 O€3MeKO0r0 (Haae peKOMEeH Iallii).

Unenn narpyns OOH (MILOB) MoxyTh, 00patu 3 610,110TeKH CUMBOJI HEOOX1THUH JIJIsI OTTHCY
TUIY IHIMIEHTY a00 00’ exTa naTpyaoBaHHs. Lle monermye ix Bi3yani3amiro Ha KapTi.

3i0paHi 1aHi MOHITOPHUHTY 30H KOHQIIKTY MOXKJIHBO €KCIIOPTYBATH PI3HUMH CIOCOOaMU —
BKJItOUatoun 1men (aiinu, 6a3m reomanux ta Tabmuii Microsoft Excel - mis 3abe3nedeHHs
cHiBpoOITHUKIB aHamiTuyHOro Binainy, G2 ta G3 mrady cekropy OOH (UN MILOB Sector HQ),
nigposairie mrady wmicii (FHQ) U2, U3, JOC Ta JMAC 3 Meror mnomaibinoi Bizyamizarii
npobieMHux obnacreit micii. (Cxoska iiess IOTOKY JaHUX Orjisaanacs y HuBLIbHIN cdepi B [12].)

Anminictpatopu Be6 moprany (ArcGIS Online) MoXyTh HamaBaTH JO3BIT 4Yepe3 poiii Ta
MMOBHOBAKEHHS 11010 PelaryBaHHs Kiacy GyHKIH (11apiB, aTpuOyTiB, 00’ €KTiB TOLIO) Ta MEPErsay
KapT 0e3neKkoBoi cuTyallii KopuctyBayamu (y TOMY YMCIIi, 30H OKpeMuX TiM caiitiB) B ArcGIS Online.

UYepes cepaic xmapu ArcGIS Online odic Tim caiiTy abo mtady TakoX MOKe HaJgaBaTH KapTy
13 JIONaTKOBMM YTOYHEHHSM IIOJO TMATPYIIOBaHHA (HAKa30M) Yy JOJATKH Ha CMapT MPHUCTPOI
(Navigator for ArcGIS, Collector for ArcGIS) nns uneniB natpysns TiM caifty. (BiH Moxe MicTUTH
KOHKPETHY ajJpecy i3 BKa3aHHSAM BYJHIb, MICT, CUI, Ta iHmHMX Micip). Cxoxa jdiroda cxema
3ragyeThes y poboTi y mxepeni [13].

BucnoBku. Iliciis BupoBa/pKeHHS Mojei 300py JaHHMX JUISi MOHITOPUHTY 30H KOH(DIIKTY
mupoTtBopusiMu OOH ninepu TiM caliTiB 3MOXKYTh IMOKJIAIaTUCS HA CIIOCTEPIrayiB, siki OyAyTh 37aTHI
30upaté 1 pemaryBatd JaHi ogHo4yacHO. KoM KOKeH mMaTpylib 3HAXOAWUTHCS B MeEXax 30HU
00CITyroByBaHHsI KOMYHIKAIIIITHOI Mepexi, Micas CHUHXPOHi3alii MOOITPHUX MPHUCTPOIB 3 XMapOrO
ArcGIS Online (moptanom). Odic Moxke 6aUNTH TOUKH, T0JaH1 HA KapTy TPYIIOI0 MaTpPyJIs.

Komu cniBpoGitHuk I'IC odicy mrTaby oTrpumye maHi (CXOXKYy CXeMy BHMKOPHCTAaHO Y
VYupasninai Kanactpy Pecniy6miku Yexis [14]), odiuep nepeBipsie 3MiHH, 10 B1IOYIUCS TOPIBHIHO
13 TomepeaHIM pa3oM, 1 PO3MOYMHAE MPOIEC BUKOPUCTAHHS IIMX JAHHUX JAJS OHOBJICHHsS 0a30BOi
KapTH, KapTu O€3MEeKH YU IHIIMX CHEllaJIbHUX KapT.

IIs cxema poOoyOro mporecy 03BOJSIE BECTHM apXiB 3aBEpPUICHUX 3BITIB MPO I1HIMIECHTH
(SITREP) na xaprorpagiuniit ocuoBi ['IC 1 noaanpmioro ix BAUKOPUCTaHHS.

ITporpamue 3a0e3neuenHss ArcGIS Enterprise no3Bomnsie ctBoputu IHTEepHET-TIIaThOpMY, A€
mrabH1 opinepu OOH, odinepu ananitnynux Bigauis (JMAC abo JOC), a takoxx MILOB B mta6i
Ta B MOJI MOXYTh OJHOYACHO OA4WTH PO3TAlIyBaHHS CBOIX OO0’€KTIB MOHITOPHHTY, a TaKOX
1H(popMallito, OB’ A3aHy 3 HUMH: MICLIE PO3TalllyBaHHS IHIIUJEHTIB (OMOBILIEHHS); THM Ta AETajl
IHIIUICHTIB; YUCENIbHICTD YWICHIB MATPYIIOBAHHS Ta iX OLIHKY (PEKOMEHAAIIIIO).

VY 1poMy BUIAIKY BCl €JIEMEHTH B JIAHIIOXKKY CTPYKTYPH YIPABIIIHHS Ta KOHTpOuto (odinepu
mrady OOH, ananmituuni odinepu niapo3ainis (JMAC a6o JOC), MILOB B mTaTi Ta Ha MICISX)
MOXXYTb MaTH CIPOIIEHUN TOCTYI 10 HeoOxinHo1 iHdopmarttii uepes moptan ArcGIS Enterprise, mio
JI03BOJIsI€ 3aCTOCYBATH BJIACHI HATAIITYBaHHS O€3MEeKH Ta HAIAIITYBATH CAMT.
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PhD Fedchenko O.P., Fedoriienko V.A., PhD Lavrinchuk O.V.
FEATURES OF USING THE SPECIFIC SOFTWARE BASED ON ARCGIS PLATFORM
MONITORING CONFLICT ZONES

The paper considers the peculiarities of using the ArcGIS platform for all levels of UN missions as a
geospatial platform for monitoring conflict zones and planning a potential course of action. The UN mission
is responsible for prevention violence (mostly against civilians), and not just for responding where it
continues. International peacekeeping organizations to determine the degree of tension in the area of
responsibility are using a variety of methods to obtain information from various sources as organs, forces
or means for further analysis and decision-making. Monitoring of the zone of military conflict is an
instrumental measure and it includes a cycle of information consisting of such links as data collection,
processing, information analysis, decision making etc. Today, the information cycle is important for
understanding the state of the conflict and deciding on the necessary actions by the mission leadership. It
certainly concerns technological progress and information technology in particular. Accordingly, of There
is tactical, operational and strategic importance may be as levels of the impact of monitoring quality.

The study of existing systems for monitoring war zones in the UN missions needs more detailed
attention. And the definition of improving ways such systems on the basis of modern software and hardware
solutions at all government levels, taking into account practical experience, formulates the problem and
emphasizes its relevance.

Key words: UN peacekeepers; OSCE; monitoring systems; situational awareness; incident response;
geodatabase, ArcGIS Platform, security map.
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THO®OPMAIIMHA TEXHOJIOI'ISI HABITAIIIL TA YIIPABJITHHA
IHOJIBOTOM BIIJIA HA BA3I CHHEKTPAJIBHUX ITOPTPETIB MICHHEBOCTI

Y cmammi 3anpononosana ingpopmauiitna mexnonozia nagizayii ma ynpaeninnua nonvomom bILIA
Ha 6a3i cnekmpanbHuXx nopmpemie micyesocmi. AKmyanoHicmes pooOmMuU GUKAUKAHA ROABOIO 8 WIUPOKOMY
oocmyni poOOmMOmMu308aHUX Oe3niTOMHUX IIMATbHUX ANAPAMie, W0 CHEOPIOE NPUHUUNOB0 HOBI GUKTUKU
w000 6uxody i3 1ady HagiauiliHo20 001a0HAHHA. 3a3HaAUeHe HA0AE MOMNCAUGICMb Op2anizayii
mepopucmudHuUM y2PynoeanHam Hagimo egekmugnoi Kidepamaxku no cucmemi Hagicayii i ynpaeiuinus
kinokoma BIIVIA. Kpim moco, naseni piwiennsa w000 xepysanusa nonvomom bII/IA onepamopom no
DAOdioKanany Moxucymo GiOHOCHO J1e2Ko 010Kysamucy 3acodamu padioenexkmponnoi 6opomwvou (PEB)
WTIAXOM OP2aHi3auii e1eKmpoMaAZHIMHUX NEPEUIKOO 0151 KAHATLY YRPAGIIHHAL.

Moorcnueum pimiennam ujooo 3axucmy 6i0 PEB mepopucmuunux yzpynoeans € eUKOPUCHIAHHA
3anpononoeanoi iHghopmauyiinoi mexnon02ii Hagizayii Ha OCHOGI NPOCMOPOGO-CHEKMPAILHUX NOPMPENie
micyeeocmi xoau BIIVIA opicnmyemuvca na nonepeonvo 3aseanmadiceni 0idaiomexku OpieHmMupie Ha
Micyeeocmi. Y 6unaoxy euKopucmanHa manoi KilbKOCMi ONOPHUX MOYOK YU OpicHmMupie ix MoicHa
chanvcughikysamu uu 3 HUWUMU, RPOME, NPU 6UKOPUCHAHHI 8€IUKOT KITbKOCHIE 00'€KMIB 3 yPaxyeaHHAM
He nuwie ix zeomempii, a i cnekmpanbHozo nopmpemy, ix anvcugicauina 6 ymosax euxody iz nady
Hagicayiitnozo oonadnauna ma 3acmocysauna 3acodie PEL mepopucmuunumu yzpynoeannamu
HPUHUUNOGO YCKAaoHIoombcA. ExcnepumenmansHo 6cmawnoeneno, wio npu 3acmocy8anHi Haidinivu
PO3ROGCIO0NCEHUX MA 0eUlesUX CHEKMPATIbHUX CEHCOPI6 ORMUYHO20 0iana3oHny cio épaxosysamu 6NnJI1UG
CMaHy O0CGIimaeHHA HA CHEeKMpAaibHi HOKA3HUKU 00°ckmie. Buxooauu 3 uyux MmipKyeanv, memoro
00CNi0NCeHb € PO3POOKA MEMOOUYHO20 NIOX00Y U000 KOPEKUIl 6NIUGYy 0CEIMAeHHA OA 6U3HAYEHHA 6
ONMUYHOMY 0iAnRA30HI CREKMPATILHUX HOpMpPenie 06 'ckmis.

Hocriddwcenns npoeoounucy é 1ab60pamoprHux ymosax ma 6e3nocepeonsbo Ha 00CAiOHOMY NOTbOCOMY
cmayionapi, y pe3yaomami AKUX 6CHIAHOGNEHI 3A/1EHCHOCMI THMEHCUBHOCMI CKAA008UX KOJIbOPY 6i0
eenuuunu LightValue na npuxnaoi waénony cipozo konvopy (nacuuenicms 69%).

Excnepumenmanvno niomeepoiceno, w0 npu 3MiHi 0CEIMAEHHA KAAiOpyeanHs CREKMpAaibHUX
OaHux Ha 0CHOGI cyxc6060i iHPopmauii 6i0 pomorxamepu moixce 30ilicHIOBAMUCH 01 PI3HUX Modenell
omoanapamis. /Ina npakmuyHux nomped nPoOCcmMoOpPo6o-cneKmpaibHoi Hagsicayii Kopexkyilo npu 3miHi
0C8iMneHHA OOUiIbHO NPOGOOUMU 3 GUKOPUCIAHHAM €KCNEPUMEHMAIbHO OMPUMAHUX 3A1eHCHOCHmEll
0711 KOHKpemHoi mooeni cencopnoz2o oonaonanns. Ilpu opzanizayii cucmemu nagizayii bIIVIA na o6a3zi
HPOCMOPOBO-CREKMPAILHUX NOPpMPEemie OOUIIbHO euOUpamu 6 aKocmi 06'ekmis opicnmauii maxi, wo
Maromob HAUOINbW cMadinbHi CNeKmMpPAanbHi NOKA3ZHUKU,

Kniouoei cnoea: ingpopmauiiina mexnonozisa, nagicayia ma ynpaeninnsa, BILIA, gomoxkamepu,
CHEKmMpAanbHi nOpmpemu Micyesocmi.

Beryn Ta mnocranoBka mnpoGiaemu. [losBa B IIHMpPOKOMY JOCTYIl pPOOOTOTH30BaHHUX
0e3MUJIOTHUX JITAIbHUX arapaTiB CTBOPIOE MPUHLMUIIOBO HOBI BUKJIMKM IIOAO BUXOAY 13 Jaay
HaBiraiiifHoro obnagHanHs. BapTicTh JOCTaTHHO JOCKOHAIMX KONTEPIB, 31aTHUX MPOJIETITH KiJIbKa
KUJIOMETPIB J0 MiClisl PU3HAUEHHsI, 110 Ha 3-4 MOPSAIKM MEHIIA 3a MiJIOTOBaHI BIHCHKOBI amapaTH.
3a3HaueHe HaJla€ MOXKJIMBICTH OpraHi3aiii TepOPUCTUYHUM YTPYNOBAaHHSAM HaBITh €()EKTHBHOI
kibepaTaky 1o cucTeMi HaBiramii i ynpasninas KinbkoMa BITJIA. Kpim Toro, HasBHI pillleHHS 100
kepyBaHHs noab0ToM BIIJIA omeparopoMm mo pajiokaHaly MOXYTb BIJTHOCHO JIETKO OJIOKYBaTHUCH
3aco0amu pagioenekTpoHHoi 60poThOu (PEB) nutsixom opranizarii eleKTpOMarHiTHUX MEPeLIKos
JUIsl KaHally yrhpaBiiHHA. binbmn 3axumieHuM € BukopuctanHs s Hasiramii BITJIA 3aco6iB
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CYIyTHHKOBOTO mo3uiiionyBanHs, Takux sk GPS uu 'JIOHACC. ITlpore, B pasi Hairamii BITJIA na
HEBEJIMKI 32 pO3MIpOM 00'€KTH MOXKYTh BUHUKHYTH MPOOJIEMH 100 TOYHOCTI MO3UIIIOHYyBaHHS. [[o
TOTO X MpHU MOOYIOBI CUCTEM CYITYTHHUKOBOI HaBirailii po3poOHHKamMu Oya 3akiiaficHa MOXIIUBICTh
BBEJEHHS ITOXUOOK [UIA [IMBUILHUX J1alla30HiB.

HonatkoBo 3acobamu PEB Moke 31iHCHIOBATHCH CIIOTBOPEHHS CHUTHAIB CHUCTEMHU
cynyTHUKOBOI HaBiraiii — GPS spoofing. V pasi TepopucTryHux il 1iJIKOM HMOBIpHA CUTYAILis, 110
MOTYXKHICTb Ta 1inecnpsMoBanicte PED mpu3Bene 10 BiAXUIEHHS MapIIpyTiB HA KiIbKA AECATKIB UX
HaBiTh COTEHBb METPIB, 110 HiBemtoe nepeBaru BIIJIA nepen nismotoBanuM anapatoMm. OCKUTBKH Taki
3aco0M HIMPOKO JTOCTYIHI, TO AJS iX HeWTpamizalii akTyaJbHUMH € pOo3poOKa HOBITHIX TEXHOJIOT1H
HaBiraiii Ta ynpapmiaHs nojb0ToM BITJIA ns 3a6e3nedenns epexkruBHOi mpoTuaii 3acodam PEB Ta
KibepaTakam TOIIO.

AHaJIi3 ocTaHHIX JociailkeHb i myOJikaniii. AHami3 MeToiB i 3aco0iB Ta YMOB HaBirartii
BITJTIA [1-7] cBimuuTh MPO HEOOXIAHICTh MOIIYKY HOBUX €()EKTHBHMUX TEXHOJIOTiM HaBiramii ta
yrnpasiiHHs mopotoM BITJIA.

BoproBuii kommuiekc HaBiramii Ta ynpaBiiaHg BIUIA, sk mnpaBmio, CKIamaeTbes 3
iHTerposanoi Hairaumiiinoi cucrtemu (IHC), mpuiimMaua cynmyTHHKOBOI HaBiramiiHOI CUCTEMH Ta 3
aBTOMIOTY, 110 3a0e3Mevye aBTOMAaTUYHE 1 HAIlIBABTOMATUYHE (AMPEKTOPHE) YIPABIiHHS 3160TOM,
[OJLOTOM JIiTaka IO 3ajlaHii MPOCTOPOBO-YACOBIM TpaekTopii 1 NOCaAKOW B OyIb-sIKUX
mereoymoBax. CydacHi BHCOKOTOYHI cuctemu Hairamii BITJIA 06a3yioTbcsi Ha BUKOPUCTaHHI
iHepuiiinux Hapirauiinux cucreM (IHC) [7], sxi MoxyThb OyTH JOMOBHEHI $K CHCTEMaMH
CYIIYTHHKOBOI KOPEKIIii, TaK i cuCTeMaMH HaBiraii rmo reodizuunux mossix 3emui [8-9].

IcHye nekinbka TUMIB CydyacHUX TPAAMIIMHUX HAaBIralliMHUX cUCTEeM. Alle KOAHA 3 HHX,
MPALIOI0YN OKpEeMOo, He 3abe3rneduye HeoOXiJHI BUMOTH IO SKiICHOMY Oe3lepepBHOMY Ta TOYHOMY
BU3HAYEHHIO MICIIETIOJIOKEHHS JITAJBHOIO arnapary He3aJeKHO BiJl MPOMJIEHOro IUIIXy Ta 4acy
poOoTH HaBiramiitHOi anapaTypu. 3aCTOCYBaHHS CYIMyTHUKOBHX HaBITallifHUX CUCTEM JUI KOPEKIIii
IHC npu3BoauTh 10 HU3BKOI 3aBaJOCTIMKOCTI CUCTEMH KODPEKIii, a TaKoX /10 HEaBTOHOMHOCTI
¢GbyHKIIOHYBaHHS HaBiraimiiHoi cucremu. Lux HemoiikiB mo30aBieHi KOpeNALiiHO-eKCTPEeMalbHi
CHCTEMH, L0 € X BEIMKOIO IepeBaroro. Y 3B'A3Ky 3 UM KOpENALIHHO-€KCTpeMallbHI CUCTEMHU
3HAWIIIN NIMPOKE 3aCTOCYBAaHHS B CHCTEMax HaBirailii, cepes] SKuX HalKpaluMH NMOKa3HHKaMH 3a
TOYHICTIO XapaKTEePU3YIOThCS ONTHKO-eNeKTpoHHI. OJHaK, NMpH BHpIlIEHH]I 3aBAaHb HaBiramii Ha
JISTHKaX MICIIEBOCTI 3 BUCOKOIO 00’ €KTOBOIO HACHYCHICTIO, KOJM MArOTh MICIE TIOPST 3 00’ €KTOM
npus’s3ku (OI1) iH111 sickpaBi 06’ exTH, 61u3bKi 3a napameTpamu 3 OIl, eekTUBHICTb POOOTH TaKUX
CHCTEM MOJKE€ BUSIBUTHCS HEOCTATHHOI. KpiM TOro, 3MiHa yMOB Bi3yBaHHS TaKOX MPHU3BOIUTH JI0
CIIOTBOPEHb Ta MOMMUJIOK, III0 0OYMOBJIEHO HEBIJMOBIJHICTIO TOTOYHOTO 300pakeHHs €TAJIOHHOMY,
chopMOBaHOMY 3a37aJIET1Ib.

MoxJIMBHM pillIeHHSAM 110710 3axucty Big PEB TepopucTHuHuX yrpynoBaHb € BUKOPUCTAHHS
HaBIraIii Ha OCHOB1 IPOCTOPOBO-CIEKTPAILHUX NOPTPETiB MicuieBocTi, Koiu BIIJIA opieHTyeThCs Ha
MOTIEPETHBO 3aBAaHTAXKEH1 010J110TEKH OPIEHTUPIB HA MICLEBOCTI. Y BUNAJIKYy BUKOPHCTAaHHS Majoi
KUIBKOCTI OMOPHUX TOYOK YM OPIEHTUPIB iX MOXKHA canbcudiKyBaTH 4 3HUILUTH, MPOTE, MpPH
BUKOPHCTaHHI BEJIMKOI KIJIBKOCTI 00'€KTIB 3 ypaxyBaHHSAM He JIMILE X T€OMETii, a 1 CIeKTPaIbHOI0
noprpery, ix (anbcudikallis NPUHIMIIOBO YCKIAAHIOETbCS. 3 IIi€l NPUYMHU IPOCTOPOBO-
CIEKTpaJIbHA HaBITallisl € OJHUM 13 MPIOPUTETHUX HAIPSIMIB PO3BUTKY KepyBaHHs BIIJIA B ymoBax
BUXOJly 3 JIaqy HaBirauiiHoro oOyagHaHHS Ta 3actocyBaHHs 3aco0iB PEB Ttepopuctrnunnmun
yIPYHOBaHHSIMH.

TpaguiiiiHo BUMipIOBaHHS CIEKTPATbHUX MOKA3HUKIB 00'€KTIB B YMOBaX 3MIHHOT'O OCBITJIEHHS
MO>KJIMBO OpraHi3yBaTu 3 BUKOPUCTaHHSAM aKTUBHOI'O CIeKTpanbHOro ceHcopy Raptor ACS-225LR,
BCTAHOBJICHOTO Ha JIITaKy, SKHM OCBITIIOBAaB OM Ha3eMHI 00 €KTH 3a JIOMOMOTOI0 TOTYXHHUX
CBITJIOMIONIB. 3  ypaXyBaHHSM CYTT€BHX OOMEXEHb IIOJ0  EHEepProo30OpOEHOCTI  Ta
BAHTAXKOIMITAHOMHOCTI HECTeEIlaTi30BaHNX Ta HaloOutbm po3mnoBciomkeHnx BIIJIA  moniibHICTH
BUKOPUCTaHHS Ha HUX JOJATKOBUX JIKEpeI OCBITJIEHHS Ha ChOTOHI € MaJIONIEPCIIEKTUBHOIO.

MosxmmBuMm misixoM (ikcartii 3MiHu ocBitieHHs i BIIJIA € BUKOpHCTaHHS J10JaTKOBOTO
3€HITHOTO ceHcopy. AmaparHa (ikcallisi OCBITJICHHS HE BUMaraTMMe Ha3eMHUX 1I1a0JOHIB, MPOTE,
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nigsuimTh Bapricth BIUJIA. Jlo Toro » Takuih migxim Oyae akTyaldbHHM JIMIIE B YMOBax
piBHOMIpHOTO OCBiTJIeHHsA. OMHAK, TPH HASBHOCTI XMap MO>XKJIMBI HEMPUHHATHO 3HAYHI MOXUOKH.
AJBTEPHATUBOIO CIEIiali30BAHOTO CEHCOPY € MOKJIMBICTh BUKOPUCTAHHS JUIs KaTiOpyBaHHS TaHUX
BiJl BOYJOBAaHOTO E€KCIOHOMETPY OCHOBHOT'O CEHCOPHOrO 00JiaHaHHS, TOOTO BpaxyBaHHS 3MiH
OCBITJICHHs1 0e3MocepeqHh0 B MOJHOBUX YMOBaX IUISIXOM BHKOPHCTAHHS CIIy)KOOBHUX JaHUX
HITAaTHOTO €KCIIOHOMETpY HHU(pPoBOi (hoTOKaMepu € MOXIIHUBOIO, MPOTe MOTpedye MEpeBipKH 4H
ajanTauii mij iHII MOJIeNi CEHCOPHOTO 00JIaIHAHHS.

[Ipn BuUKOpHMCTaHHI HANHOULIBII PO3MOBCIOKCHUX Ta JIEHMIEBUX CIEKTPAIbHUX CEHCOPIB
ONITUYHOTO Jiana3oHy CIiJ BPaxOBYBaTH BIUIMB CTaHY OCBITJICHHS Ha CHEKTPajbHI MOKAa3HUKH
00’exTiB. Buxoasuu i3 X MipKyBaHb, MemMOI 00CHi0HCeHb € PO3POOKAa METOIUYHOTO MIIXOAY
IOJ0 KOPEKIii BIUIMBY OCBITJIEHHS [UIs BU3HAUYEHHS B ONTHYHOMY Jiama3oHi CIEKTpabHUX
MOPTPETIB 00'EKTIB.

Bukiiag ocHOBHOro MaTepiaJy aAocia:keHHs. J[0CTiDKEHHS TPOBOAMIMCEH B TAOOPATOPHHUX
yMOBax Ta 0e3mocepeHb0 Ha JOCTIAHOMY MOJIHOBOMY cTalioHapi. B maboparopHux ymoBax mopsi
13 po3poo6nenumu mig BIUJIA (FC200) nudpoBumu doTokamepamu JTOCIHTIIKYBATUCH 1 cMapThHOHU
(AppleiPhone 5s TaLenovo s660).

JloCImipKeHHST TIOA0 BCTAHOBJICHHS 3aJI€KHOCTI 1HTEHCHBHOCTI CKJIaJOBHX KOJIBOPY BiJl
BennunHM LightValue 3aiiicHioBanuch Ha npuKiIazl MmabiIoHy ciporo Kojabopy (HacuueHicTb 69%),
HaJPYKOBAHOMY JIa3epHUM TPUHTEPOM Ha o(icHOMY marepi O1I0TO KOJIBOPY Ta 3pa3KiB MIICHHUIII,
po3minieHux Ha mabnoHi (puc. 1).

Pucynoxk 1 — 3pa3ok onTHYHOTO MIA0IOHY 13 3pa3KOM TIICHUIT
[TapameTrpu HanarompkeHHs poToKaMepu: «OaylaHc O1IOroy - sSICHA MOroja. 3MiHY BEJTWYUHU

LightValue 3nilicHIoBaM HIISIXOM KOpeKIlii eKcro3uilii B aiama3zoHi ev = -2.0 ... 2.0. Orpumani
pe3yNIbTaTH MPUBEICHO HA pHUC. 2.
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Pucynok 2 — 3anexHiCTh iIHTEHCHBHOCTI YepBOHOI CKJIAZI0BOT KOJIBOPY BiJ BETHUYUHH
LightValue nns pizaux mopneneii uudposux poTokamep

3a pesynpTaTaMu OOpOOKM EKCHEpUMEHTAJIbHUX IaHHUX OYyJ0 BCTAHOBJEHO, L0 XapakKTep
3aNeXKHOCTI Uid (QoTOKaMep € HEOAHAKOBHM. [l 3pa3Ky cIporo KoJbOpy HpH arnpoKcHUMalii
THIAHOIO 3aNIeXKHICTIO KOedIlieHT AeTepMiHaIii (Rz) st potokamep iPhone 5s, FC200 Ta s660
cranoBuB 0,957, 0,931 Ta 0,989 BiamosigHo. [ ekcroHeHIiaapHO1 3aexxkHocTi — 0,989, 0,996 Ta
0,996 BinnosiaHo. s KyKypy/I3H 3a aHATIOTier0 TIpH JiHiiHii 3anexnocti R? cranosus 0,993, 0,989
ta 0,989 BigmosigHo, 11 ekcroHeHmiaabHoI — 0,92, 0,991 Ta 0,986 BigmOBIgHO.

TakuMm 4MHOM, MOKHa 3aCBITYMTH, L0 XapakTep 3aJIEKHOCTI B MEBHIM Mipi BU3HAYa€ThCA
00’€kTOM MOHITOpUHTY. JIJIs MITydHOTO IMa0JOHY BIH OUIBII TOYHO OINHUCYETHCS HENIHIMHOIO
3aJIeKHICTIO, 10 YCKJIAHIOE KaniOpyBaHHS IIPU Pi3HOMY OCBITJICHHI. BcTaHOBJIEHO, IO XapakTep
MIOKa3aHO1 BHILE 3aJE€KHOCTI Oyae IHIMBIIyallbHUM JJIs KOXKHOI MOZENl KaMepH, IO CIiJ
BpaxoBYBaTH NpU iX BHUKOPHCTaHHI Ui NPOCTOPOBO-CIIEKTpalibHOI Hapiramii. bymo 3pob6ieHo
MPUMYIIEHHS, 1110 OUIbII TOYHO KOPEKIIII0 00 3MIH OCBITJIEHHS JUIsl MPAKTUYHUX MOTPEed MOXKHA
3pOOUTH, OTPUMABIIN €KCIEPUMEHTAJIBHY 3aJI€KHICTh JJIs 00'€KTIB Y MOJILOBUX YMOBAX.

ExcniepumeHTalbH1 JTOCHIIPKEHHST B TOJBOBUX yMOBax OyJIO TPOBEIECHO Ha JOCTITHOMY
crauioHapi kadenpu arpoximii Ta sxocti mnpoxykuii pocnuHHuuTBa HYBIll Vkpainu, ne
aHaJI3yBaJIOCh MIIIEHUYHE MOJIE 3 AUITHKAMH 3 PI3HUM CTAHOM MiHEPaJIbHOTO KUBJICHHS Ta IPYHTOBA
nopora (puc. 3). [lepen mocmikeHHIMU BOPOAOBXK 3-X HIB OMaJiB Ha AUISHII He Oyno i qopora
nepe0yBaJia B HOBITPSIHO-CYXOMY CTaHI.
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Pucynok 3 — locnigauii cTanionap kagenpu arpoximii Ta sKOCTi IPOAYKLIT pOCTUHHULITBA
HYVYBIll Ykpainu 17.05.20, Bucora nonsoty BITJIIA 100 meTpi

Hocaigu npoogumm 17.05.20 3 15 no 21 roguau. OCBITJICHICTH NPH IIbOMY CTaHOBHJIA BiJ
41500 no 500 mroke. IIpu BUMipax JIFOKCMETp pO3MilllyBaBCsi FOPU30HTAIbHO O€3 BUIIAAKOBOI TiHI 3a
paxyHOK BILTUBY XMap. Y pasi HASBHOCTI XMap ITiJ 4aC 3MOMKH Bi3yaJIbHO OI[IHIOBAJIA PIBHOMIPHICTH
OCBITJIEHHS BCiX OO'€KTIB y KaJpi, HEPIBHOMIpPHE OCBITIIEHHS He Jomyckajocs. B skocTi 00’€eKTiB
JOCIIDKeHDb 00Mpanu rpyHTOBY fopory (road) Ta 2 AUISHKH 3 MOCIBIB IMIIEHUINI 03UMOI B CTajii
Bererallii kojociHHs (0 — GoH, 1 — WTy4yHO BHECEHA HOPMOBaHA 71032 MiHEpAJIbHUX JOOPUB).

OtpuMaHi pe3ylbTaTH IIOA0 3AJIEKHOCTI IHTEHCUBHOCTI CKIIQJOBHX KOJIHOPY OO'€EKTIB Bif
BenmnunHM LightValue nonani Ha puc. 4.
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Pucynoxk 4 — 3anexxHicTh 4epBOHOT Ta 3€J€HOI CKJIaIOBUX KOJIHOPY IPYHTOBOI IOPOTH Ta JAUITHOK
MOCIBIB MIIEHHUIN 03UMO1 BiJ BeimurHu LightValue ge: road — rpynToBa qopora, 0 — 6€3 mTy4HOro
BHECEHHs 100puB, 1 — HOpMOBaHa 7103a
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Pesynbrat mochipkeHb MOKa3aid, IO HAa TMOYAaTKy (a3u KOJOCIHHS, 3a XMapHOCTI 4u
BeuipHboro ocBitineHHs (LightValue B mianmazoni 6-11), npu 3iiomii 6e3 Kopekiii ekcro3utlii (ev =
0) 3aJ1eKHICTh IHTEHCUBHOCTI CKJIaIOBHX KOJIbOPY B1JI piBHS MiHEPAJTLHOTO )KUBJICHHS (BMICTY a30TY)
POCIIMH BUPaXXEHAa MaKCHUMAJIbHO.

[Ipu BuUKOpHCTaHHI crOcoOy KamiOpyBaHHS 3 JIOAATKOBUM 3E€HITHUM CEHCOPOM, B SIKOCTI
KOTPOTO BUKOPUCTOBYBABCS JIFOKCMETpP, HENIHIHHICTD 3aJI€KHOCTI TaKoX crocrepiraerbes. Tak,
PI3HHII B MiHEPAIbHOMY KUBJICHHI Ma€ HAMOUTBIINI BIUIMB HA IHTEHCUBHICTh CKJIAJIOBUX KOJIBOPY
B niana3oHi ocitiaerocti 1000-20000 mrokciB (puc. 5).
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Pucynok 5 — 3anexHicTh IHTEHCUBHOCTI CKJIaJJOBUX KOJIbOPY 00'€KTIB BiJl BEIUUYHUHU
COHSYHOT'O OCBITJIEHHS

BcraHoBieHo, 1o JUisl poO3ISHYTHX OO'€KTIB HallMEHIIMH BIUIMB OCBITJIIEHHS Oyi0
3a(iKCcOBaHO JUIS JUISIHKY MIIIEHUYHOTO N0J1s 0€3 IITYYHOr0 BHECEHHS JJOOPUB, a MAKCUMAaIbHUM A5
IPYHTOBOI JOPOTH, IO AYyXe BaXJIMBO BpPaxOBYBaTW He Tilbku s Hasiramii BITJIA, a takox nms
BUpILICHHS 3aBJaHb IUIAHYBaHHS MAapILIpYTiB, KEPYBaHHsS 1 HaBiramii O€3MUIOTHOI TEXHIKH 13
3acTocyBaHHsAM naHux Bix BITJIA [10-12].

Takum umHOM, TIpM TOOYZOBI CHUCTEMH HaBiraiii Ha OCHOBI BHUKOPHUCTaHHS IMPOCTOPOBO-
CIEKTPAJIbHUX MOPTPETIB JOLUIBHO OPIEHTYBATUCS HA 00’ €KTH 13 CTaOUIBHUMU XapaKTePUCTUKAMHU
(cTIeKTpaIbHUMH MOKA3HUKAMHU ).

BucHoBknu

1. 3anponoHoOBaHO METOAUYHMUN MIJX1] 111010 KOPEKIli BIULIUBY OCBITJICHHS Ui BU3HAYEHHS B
ONTUYHOMY Jiara3zoHi CHEeKTPalbHUX MOPTPETiB 00'ekTiB. EKcriepuMeHTanbHO MiATBEPHKEHO, 110
IIpU 3MiH1 OCBITJIEHHS KaJlOpyBaHHS CIEKTPAJIbHHUX JAHUX HAa OCHOBI cIy»00BOi 1H(oOpMalii Bif
(doTokamepu Moke 3iHICHIOBAaTUCH JJIS PI3HUX MoJienelt poToanaparis.

2. 3aJe)XKHOCTI IHTEHCHBHOCTI CKJIAIOBHX KOJhOPY Bix BenmmumHW LightValue mnst pizaux
¢dorokamep Ta 00'€eKTIB MOHITOPHHTY Ma€ 1HAUBITyaIbHUNA XapaKTep.

3. JIns mpakTUYHUX MOTPed MPOCTOPOBO-CIEKTPATHHOI HaBITallii JOMITBHO KOPEKIIII0 MpH
3MiHI OCBITJICHHSI TIPOBOJAMTH 3 BUKOPUCTAHHSIM €KCIIEPUMEHTAIbHO OTPUMAHUX 3aJI€KHOCTEH ISt
KOHKPETHOI Mojielli ceHcopHoro obnmamHanHs. [Ipu opranizaiii cuctemu Hapiramii BIIJIA Ha 6asi
MIPOCTOPOBO-CIEKTPAIBHUX MOPTPETIB JOIUIBHO BHOUPATH B SIKOCTI 00'€KTIB Opi€HTalii Taki, 110
MaloTh HalOUIbII CTa0IbHI CIIEKTPaIbHI MOKA3HUKH.

93



JUITEPATYPA (REFERENCES):

1. Zakharin F. M., Ponomarenko S. A. On a scheme integration of inertial primary information sensors
with on-board Navigation Correctors Aircraft iEEE 4-rd international Conference «Methods and systems
navigation and movement control», Proceedings. Kyiv. 2016, 18-20 Ooctober, Kyiv, National aviation
university. p. 98 — 101.

2. Aniskevych L.V., Zakharin F.M. Method of complex processing of navigation information for vehicle
// 11 international Conference “Methods and Systems of Navigation and Motion Control”, 2012. Ukraine. P.
37-40.

3. Qin Yongyuan, Zhang Honggian, Wang Shuhua. Theory of Kalman Filter and integrated Navigation.
Northwestern Polytechnic University Press, 2012. 386 p

4. Panov A. P., Ponomarenko S. A. On the Application of NonHamiltonian Unnormalized Quaternions
of the Half-Rotation in the Strapdown inertial Systems // iEEE 3-rd international Conference Actual Problems
of Unmanned Aerial Vehicles Developments (APUAVD). Proceedings. Kyiv. 2015, 13-15 october, p. 265 -
291.

5. Zakharin F. V., Ponomarenko S. A. Concept of Navigation System Design of UAV // iEEE 3-rd
international Conference Actual Problems of Unmanned Aerial Vehicles Developments (APUAVD).
Proceedings. Kyiv. 2015, 13-15 october, p. 261-264.

6. Sotnikov A., Tarshyn V., Yeromina N., Petrov S., Antonenko N. A method for localizing a reference
object in a current image with several bright objects // Eastern-European Journal of Enterprise Technologies.
2017. Vol. 3. Ne 9 (87). pp. 68—74.

7. Zakharin F.M., Ponomarenko S.A. Concept of Desing Navigation Systems of UAV / IEEE 3-rd
International Conference “Actual Problems of Unmanned Aerial Vehicles Developments”, Proceedings. Kyiv.
National aviation university. 2015, 13-15 October, p. 261-264.

8. Panov A. P., Ponomarenko S. A. On the Application of Non-Hamiltonian Unnormalized Quaternions
of the Half-Rotation in the Strapdown Inertial Systems // IEEE 3-rd International Conference Actual Problems
of Unmanned Aerial Vehicles Developments (APUAVD). Proceedings. Kyiv. 2015, 13-15 october, p. 265-
291.

9. Jie Su A. Stealthy GPS Spoofing Strategy for Manipulating the Trajectory of an Unmanned Aerial
Vehicle // Jie Su, Jianping He, Peng Cheng, Jiming Chen. IFAC-PapersOnLine. 2016, Vol. 49 (22), pp. 291-
296.

10.Gunchenko Yu.A. S.A.. Shvorov V.l., Zagrebnyuk , V.U. Kumysh, E.S. Lenkov Using UAV for
unmanned agricultural harvesting equipment route planning and harvest volume measuring"/ Yu.A.
Gunchenko, // 2017 IEEE 4th International Conference on Actual Problems of Unmanned Aerial Vehicles
Developments, APUAVD 2017 — Proceedings, Kyiv. 2015, 13-15 october, p. 262-265.

11.Pasichnyk, N., Komarchuk, D., Opryshko, O., Shvorov, S, Reshetiuk, V., Oksana, B. Technologies
for environmental monitoring of the city/ Pasichnyk, N., //2021 IEEE 16th International Conference on the
Experience of Designing and Application of CAD Systems, CADSM 2021 - Proceedings, 2021, p. 40—
43, 9385213

12.Shvorov, S., Komarchuk, D., Pasichnyk, N., Opryshko, O., Gunchenko, Yu., Kuznichenko S. UAV
Navigation and Management System Based on the Spectral Portrait of Terrain // 2018 IEEE 5th International
Conference on Methods and Systems of Navigation and Motion Control (MSNMC), — Proceedings, Kyiv.
2018, 13-15 october, p. 68-71 , http://dx.doi.org/10.1109/MSNMC.2018.8576304.

D.Sci. Tech., prof. Shvorov S.A., PhD Pasichnyk N.A.,

PhD Opryshko O.0., Glugan F.V., Yukhimenko A.C.

NAVIGATION INFORMATION TECHNOLOGY AND UAV FLIGHT CONTROL ON THE BASIS
OF SPECTRAL PORTRAITS OF THE LOCATION

The article proposes information technology for navigation and flight control of UAVs based on
spectral portraits of the area. The urgency of the work is caused by the appearance in wide access of robotic
unmanned aerial vehicles, which creates fundamentally new challenges for the failure of navigation
equipment. This makes it possible for a terrorist group to organize even an effective cyber attack on the
navigation and control system of several UAVs. In addition, existing solutions for UAV flight control by a
radio operator can be relatively easily blocked by electronic warfare (EW) means by arranging
electromagnetic interference for the control channel.

A possible solution to protect terrorist groups from EW is to use the proposed information navigation
technology based on spatial-spectral portraits of the area, when the UAV focuses on pre-loaded libraries of
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landmarks in the area. In the case of using a small number of reference points or landmarks, they can be
falsified or destroyed, but when using a large number of objects, taking into account not only their geometry
but also spectral portrait, their falsification in the event of failure of navigation equipment and use of EW
by terrorist groups. complicated. It has been experimentally established that the influence of the state of
illumination on the spectral parameters of objects should be taken into account when using the most
common and cheapest spectral sensors in the optical range. Based on these considerations, the aim of the
research is to develop a methodological approach to the correction of lighting effects to determine in the
optical range of spectral portraits of objects.

The research was carried out in the laboratory and directly on the experimental field hospital, as a
result of which the dependences of the intensity of color components on the value of LightValue were
established on the example of a gray pattern (saturation 69%).

It has been experimentally confirmed that when the lighting changes, the calibration of spectral data
based on service data from the camera can be performed for different camera models. For the practical
needs of spatial-spectral navigation, the correction when the lighting changes is expedient to carry out using
experimentally obtained dependences for a specific model of sensor equipment. When organizing the
navigation system of the UAV on the basis of spatial-spectral portraits, it is advisable to choose as objects
of orientation those that have the most stable spectral indicators.

Keywords: information technology, navigation and control, UAV, cameras, spectral portraits of the
area.
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BITPOBA/IZKEHHSA ®AXOBOI'O KYPCY TAKTHUYHOI'O PIBHS L-1B AK OCHOBA
JAOIIIAT'OTOBKHU KYPCAHTIB 3A CTAHAAPTAMM HATO

B cmammi posxpusaromuvca mema, 3Micm, OCHOGHI NONOMNCEHHA OP2AHI3AUIl Ma NPOBEOEHH:
¢haxoeozo Kypcy npogheciiinoi giiicbkogoi oceimu maxkmuunozo piena (L-1B) (0oniozomoexka Kypcanmie) 3
Kypcaumamu Bilicbko6020 incmumymy, AKi He RpoOUWIIU 6CMYNHI 8UNPOOY6AHHA HA HABYAHHA 34
oceimuim pisnem “macicmp” na o6a3zi Bilicbk06020 incmumymy 3a ecima cneyianibHOCMAMU HA 6UNYCKOBUX
Kageopax Biiicbko6o20 incmumymy. Po3zznanymi 3a60anns, w0 nocmaeieHi HAYAIbHUKAM GUNYCKOGUX
Kagedp Biiicbko6020 iHcmumymy cniibhHo 3 HAYANLHUKAMU Kagheop 3a2aibHOGIIICbKOBUX OUCUUNIIIH,
Qizuunozo suxoseannsn, cneuianbHoi QizuyHol NiO20MOGKU i cnOpmy ma cneuianbHoi MOGHOT ni020mMOo6KU
w000 pO3POOKU HABUATLHOI NAAH-RPOZPAMU  (Haxoeo0zo Kypcy npogeciiinoi 6ilicbkosoi oceimu
maxkmuyuHozo piena L-1B 3a ecima cneuianvnocmamu. Buznaueni ymoeu uKkopucmanHa HA84aiabHOT
HAAH-RPOZPAMU; HABEOEHUIl 3A2ATbHUI PO3PAXYHOK HAGUAILHO20 Yacy 3a KypcC; GU3HAYEHUIl nepeik
3micmosux Mmooynie, y 3micmi AKUX OemAaibHO GU3HAUAIOMbCA KIHYeel pe3yibmamu HAGUAHHS;
Haodawmvca O0eaKi 0codAueocmi MemoouKu RNPOEEOCHHA 3AHAMb, GUOU KOHMPOJII0, PEKOMEHO08AHA
Jaimepamypa mouio.

Oo6rpynmosano cmpykmypy, 6U3Ha14eHo nopA0OK eukopucmanna nasuanwvhnoi Ilpozpamu naguanna
cayxauie Ha Kypci makmuyunozo piens LI1-B npodpeciiinoi giiicokosoi oceimu Biiicbko6020 incmumymy
Kuiscvkoco nauionanvnozo ymnieepcumemy imeni Tapaca Illesuenka, eusnaueno 3micm ma uac Ha
GUBUEHHS MO0V ma 3MICHOBUX MOOYi8, HABCOEHO NOPAOOK OUIHIOBAHHA YCHRIUHOCHMI HAGUAHHA
cayxauie Kypcy npogeciiinoi ilicbko6oi oceimu 3a 6cima cneyianbHOCmAMU.

Haeooamuvca eumozu Ilpozpamu npodgpecininoi giticokoe6oi oceimu IIBO ma ouikysanuii Kinyeeuii
pe3yivmam 6MiHb MaA HAGUYOK 6UEUeHHA molynie «Inousidyanvna 3a2anvHoGIiCbKO6A NIO2Z0MOBKA),
«Inougioyanvna paxosa niozomoeka», «Konexkmusna gpaxosea niocomosxa». Kpim mozo naoaromucsa oeaxi
DEKOMEHOauii uy000 po3podKu NAAHY-RPOPAMU (Pax0eoi Ri020MOBKU CEPHCAHMCHKO20 (CIAPUIUHCHKO020)
ckaady (Kypc nidepcmea cepeonvo20 pieHs) ma naAaHy-npozpamu (axoeoi nid2zomoexku ogiyepcvkozo
cknady (L-1B).

Kniouosi cnosa: ghaxosuii Kypc makmuuHozo pieHs, nepeUHHI Rocaou ogiuepcveKozo cknaoy, niaH-
npozpama haxoeoi niozomosku, Kypcu nioepcmea ohiuepcokozo ckiaoy, 3mMicmoeuii Mooyib HA6UAHHA.

Beryn. L-1B — ¢gaxoBuii kypc takruunoro piBHs (B3Boa) (TLP — Troop Leading Process). Ha
Kypcl 3/1MCHIOETHCS MIArOTOBKA 0ci0 Ha MEpBUHHI Mocaau o(pilepchbKOro CKiIaay 3a BiANOBIAHOIO
B1ICbKOBO-00JIIKOBOIO CHEIIaJIbHICTIO (TPYIO0 BIHChKOBO-0011KOBUX crienianbHocTel) y BBH3 Ta
BHII 3BO TakTHuHOTO piBHS.

[IporpaMa HaBuaHHs ciyXadiB Ha Kypcl npodeciitHoi BificbkoBoi ocBitu ([IBO) rpyHTyeThCS
Ha BuUMoOTrax mpodeciiiHoro crangapty [1] 3a BH3HAYEHOIO CHEIiaNbHICTIO M0A0 (OpMyBaHHS
3aragbHO-TIPO(DECIHIX Ta BIHCHKOBO-CIIEIIAIBHUX KOMIIETEHTHOCTEH BUITYCKHUKA Ta MIATOTOBKH 31
BCIX CIEIiaIbHOCTEH.

[Tporpama HaBYaHHS BKJIFOYAE YOTUPH MOJIYJI.

- 1-ii — 6a30Ba 3araJbHOBINCHKOBA MTiATOTOBKA;

- 2-# — iHIMBiTyaJIbHA 3araJIbHOBIMCHKOBA ITiITOTOBKA;

- 3-i1 — inMBiAyanbHa (haxoBa MiJrOTOBKA;

- 4-i1 — xonekTUBHA (haxoBa MIATOTOBKA
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[lo 3aBepiieHHIO HaBYaHHS eK3aMmeHalliiiHolo komicielo BBH3 3a yuacTio 3amoBHHKa
MIPOBOJIUTHCS ATECTAIIIS CIIyXadiB.

[Tnaau-iporpamMu  (axoBOi MIATOTOBKH CEPKAHTCHKOTO (CTapIIMHCHKOTO) CKIamy (Kypc
JEepPCTBA CEPEAHBOTO PiBHA) Ta odinepchbkoro ckiany (Kypc siaepcTBa o]ilepchbKOro CKiamy)
PO3pOOIISIOTECS 3 METOI0 BIOCKOHAJICHHA (PAXOBUX KOMIIETEHTHOCTEH, MPAKTHYHUX HABUYOK
BUITYCKHUKIB JIJI1 BAKOHAHHSI I0CaI0BUX 000B’SA3KIB 32 MallOyTHHOIO TIOCAIO0.

BuxonanHs 1utany-nporpamu (axoBoOi MATOTOBKH O(]IlepChKOro ckiany (Kypcy JiiepcTBa
odiepchbKoro ckiaay) 31HCHIOETHCS 32 PaXyHOK 3arajlbHOTO pe3epBy uacy, i 4ac OTpUMaHHS
BIJIIIOBITHOTO CTyNEHs BUIIOI (PpaxoBoi mepenBUIIOi) OCBITH. 3a pe3yibTaTaMHu HaBYAaHHS 32 LI€I0
MIPOrpaMoI0 BUIAETHCA CBIIOLTBO MPO MPOXOKEHHS HABYaHHS 3a IUIAHOM-TIpoOrpamoro (axoBoi
MirOTOBKHU O(IiIIEpCHKOTO CKIAy.

[Tnan-mporpama ¢axoBoi migrotosku L1-B  po3pobnserbcst poboyoro rpymoro, ska
CKJIaJJa€ThCS 3 MPEJCTaBHUKIB 3aMOBHHUKIB Ha MiATOTOBKY BiCHKOBHX (DaxiBIiB 3a CIELIaIbHICTIO Ta
MOTO/UKYEThCA 3 JAUpeKkTopoM JlemapraMeHTy BIMChKOBOI oOcBiTH 1 Hayku MO VYkpainm Ta
3aTBEPKYETHCS 3aMOBHUKOM Ha MIATOTOBKY BiJMOBITHUX (haXiBIIiB.

KonTponbHi 3ax011 € HEOOX1THUM €JIEMEHTOM 3BOPOTHOTO 3B’SI3KY B OCBITHBOMY Mpoirieci. Ha
kypcax [IBO L-piBHsSI BAKOPHUCTOBYIOTHCS TaKi BUM KOHTPOJIIO: BX1THUH, TOTOYHUH, CAMOKOHTPOJIb,
nigcyMkoBuii. @opMaMu KOHTPOJIIO 3HaHb €: YCHE Ta MHCbMOBE ONUTYBAaHHS, TECTOBI 3aBlaHHs (Y
TOMY YHCJ KOMIT IOTEpHE TECTYBaHH), €Ce, 3aXUCT iHAMBITyaTbHHUX, TPYHOBHUX Ta KOJIEKTUBHHX
MPOEKTIB, TU(epEHITIHOBaHI 3aTIKH.

BxigHuii KOHTPOJIb MPOBOAUTHCS B MEPIINH J€HB IUISIXOM BiIIPAIIOBAaHHS TECTOBUX 3aBIaHb
(715 IepeBIpKH MMOYATKOBOTO PiBHS 3HAHB) Ta MEPEBIPKHU PiBHSA (DI3WYHOT MATOTOBICHOCTI,

[ToTouHuii KOHTPOJH TMPOBOAMUTHCS IMIiJ Yac BCIX BUIIB 3aHATH y (QOPMi: KOHTPOJIBHHUX
OMUTYBaHb, JITIOYOK Ta CHIBOECIA 3 OKpEeMHUX MUTaHb. 3acO0M MOTOYHOTO KOHTPOJIIO: TECTOBI
3aBJaHHs, BUCTYIH (€ce) Ha ceMiHapax, KpyIJIMX CTOJaXx Ta BIAMOBIAl HA TPYMOBHX 1 MPAKTUYHUX
3aHATTAX.

CaMOKOHTpOJIb, TIependadae BIAMOBINI HAa TUTaHHS JJIS CAMOKOHTPOJIO, BHU3HAYCHI
CJIEKTPOHHUMH TiAPYYHUKAMH, TECTOBUMHU TMpOorpaMaMud Ta JIPYyKOBAHMMH HaBYaJIbHUMHU
BHJIAaHHSIMU;

[TincymMKoBHI KOHTPOJb 3a MOJYJb 3A1MCHIOETHCS MPOBEAECHHSAM Ipe3eHTallli MHUCbMOBHUX
poOIT, 3aXMCTOM 1HIMBIIyaJIbHUX 1 KOJIEKTUBHUX MPOEKTIB, €Ce, IPOBEACHHSM 31Ky (€K3aMEHY).

[Ticns 3aBepuieHHS Kypcy NpPOBOAMTHCA TMiAcyMKoBa atectauis. Jns i1 mpoBeaeHHs
HayanpHuKOoM BBH3 npusnauaerbcst komicis, 10 CKiaay sIKOT BXOJATh: aKaJIeMIYHUM JUPEKTOp
Kypcy Ta peIcTaBHUKH Kadeap, Kl IpuiiMail y4acThb Y MiArOTOBII CIyXauiB, a TAKOXK MPEICTAaBHUK
3aMOBHHKa Ha MIJATOTOBKY BIJNOBIAHUX BIHCHKOBUX (paxiBIIiB.

[TincymkoBa arecTarisi BKJIIOYA€: 3aXUCT AaKaJAEMIUYHOTO JIOCHIIKeHHsS (Mpe3eHTallis
pe3yiabTaTiB 1HAWBIAYATBHOTO JTOCHIPKEHHS Ta BIJMOBI/I HAa TMUTAHHSA); MiJCYMKOBE OIIHIOBAHHS
pe3yibTaTiB HaB4aHHA Ha Kypcax [IBO Bkirodae KOMITJIEKCHUN MiICYMKOBUHN eK3aMeH (ITiICyMKOBE
TECTYBaHHS) 1 CKJIQAAEThCA 13 CyMHU 0alliB, OTpPUMAHUX 3a BUKOHAHHS 1HJIUBITyaJbHUX 3aBAaHb Ta
KOHTPOJIbHUX 3axO[iB, HepeadadeHux poOodor MporpamMor0 HaByailbHOI aucuumiiau 3a 100-
0abHOIO IIKAJIOK0 Ta HALlIOHAJIBHOIO MIKAJIOI0

3aranpHa o1iHka 3a Kypc I[IBO L-piBHA cki1agaeTbes 3 pe3yibTaTiB MiJICYMKOBOTO TECTYBaHHS
Ta 3aXUCTY akajaeMiyHoi podotu (e BoHa Bu3HaueHa BBH3) 3 ypaxyBaHHSM OLIIHOK, OTpUMaHUX
cllyXadaMu 3a KO)XKHUH MOJYJIb (YacTKa OIL[IHKM KO’KHOTO MOJYJIIO BPaXOBYEThCS, BUXO/SUHU 3 4yacy,
BHJIUIEHOTO HA BUBYCHHSI BIATIOBITHOTO MOJIYIIIO).

AHaJii3 ocTaHHIX J0CTiIKeHb 1 mydaikaniii Ta noctaHoBKa 3a1ay4i. BiqnosigHo 10 BUMOT
Haka3y MinictepctBa o6oporu Ykpainu Big 30.11.2020 Ne 448 «IIpo opranizaiiro Ta mpoBeICHHS
KypciB mpodeciitHoi BiliCbKOBOi OCBITH Ta MiABUINCHHS KBamidikailii BiliCbKOBOCTYXOOBIIIB Ta
npauiBHuKiB 30poiiHux Cun VYkpainm y 2021-2022 pokax», Katamory kypciB mnpodeciitHOi
BiliCbKOBOi OCBITH Ta MiABHILIEHHS KBamiikallii BilicbKOBOCTYKOOBIIIB Ta MpAaIiBHUKIB 30pOHHUX
Cun Ykpainu y BUIIUX BIMCHKOBUX HABYAJIBHHUX 3aKJIaJlaX Ta BINCHKOBUX HABUAIBHUX ITIAPO3/ILIIB
3aKJIa/IiB BUIIOI OCBITH, 3aTBEP/KEHOTO IMEPIIUM 3aCTyMHUKOM MiHicTpa 000poHH YKpaiHH BiJ
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10.12.2020 Ne 19057/3 (Ne 29552/C Binx 11.12.2020), BupoBa)KeHHS B OCBITHIH MPOIIEC MEPEeTIOBUX
METOAMK TIArOTOBKH IMepcoHany 30poiHux cui aepxkas-uieHiB HATO 3 01 Bepecus 2021 poky
pO3MoYaTé MpoBeAeHHS (HaXxOBOro Kypcy TakTU4HOro piBHs L1-B 3 rpomaasHamu Ykpainu, ski
MalTh CTYIIiHb BHINOI OCBITM HE HWXYE «0akajgaBp» 1 3a CTaHOM 3J0pOB’S TpHUAATHI IS
MIPOXOJKCHHSI BIHCHKOBOI CITY>KOM Ha Tocagax MOJIOAIIOTO odinepchkoro ckiany 30poitaux Cui
VYkpainu TepMiHOM HaBYaHHs 12 MicsIIiB.

Amnani3 my6mikamiid [2-9] cBiqunuth, mo i B kepiBaux qokymentax 'l 3C Vkpainu [2], 1 B
po3po0IeHNX BiMCHKOBUX (HaBUalbHMX) MMOCiOHMKax [3], 1 B HaykoBHxX myOmikamisx [4-9]
PO3KPUBAIOTHCS MUTAHHA Ta AesKi npobiiemu BrnpoBamkeHHs craHaaptriB HATO B noBcskaeHHY
nismeHicTh 3C YKpainu, miaroToBKy Biickk (cui), ocBiTHIN nmporiec BBH3 (BHIT 3BO) tomo. Ase
MUTAHHIO BIPOBA/DKEHHS ()aXxOBOTO KypCy TaKTHYHOTO piBHA L-1B Sk OCHOBM [OMiArOTOBKU
KypcanTiB 3a cranaapraMu HATO ne posrisinanucs. Came boMy aclieKTy i IpUCBIYEHA CTaTT.

BiiicekoBuii iHcTuTyT iMeHi Tapaca IlleByenka sk oauH 3 HpoBiAHUX BilickkoBux BBH?3
VYkpaiau € B aBaHrapii KypcoBOi IMiJATOTOBKM KypcaHTiB. Po3poOisiena Ilnan-nporpama daxosoi
HiATOTOBKU OQIIIEPCHKOTO CKIIAAY € JJAKMYCOM CIIPOMOKHOCTEH aKaJIeMiqYHOTO AUPEKTOpa GaxoBOro
Kypcy, IUPEKTOPiB MOIyIiB (paxoBOro Kypcy Ta BiANOBIAaNbHUX 32 BUKOHAHHS HaBYaJIbHOI IJIaH-
nporpaMM Kypcy BHKOHATH Haka3 HadaibHHMKa BilicekoBoro inctutyty KHY imeni Tapaca
[leuenka Ne 90H Binx 09.08.2021 poxky [10].

Mertoro crarTi €: OOIpYHTYBaHHS CTPYKTYpH, BH3HAQUEHHS NOPSAIKY BHKOPUCTAHHS
HaByanbHOi [Iporpamu HaByaHHS ciyxadiB Ha Kypci TakTuuHoro piBHsS L1-B mpodeciitnoi
BiICbKOBOI OCBIiTH BiiicbkoBoro iHCTUTYTY KHiBCHKOTO HaIliOHATBHOTO YHIBEpcHTETY iMeHi Tapaca
[ITeBuenka, BU3HAYEHHS 3MICTy Ta Yacy Ha BHBUYEHHS MOJYJIB Ta 3MICTOBHX MOJYIIB, MOPSAIKY
OLIIHIOBAHHS YCIIIITHOCTI HABYaHHS CIIyXadiB Kypcy IpodeciiiHOi BiICBKOBOI OCBITH 32 OYAb-SKOIO
CHELIAIBLHICTIO.

BukJjag ocHoBHOro martepiajy. HaBuanpHa mian-nporpama € €IMHAM JOKYMEHTOM, B IKOMY
y3arajJbHIOETHCS 3MICT MIATOTOBKH CiIyXauiB Kypcy npodeciitHoi BiiicbkoBoi ocBith (L1-B) 3a Bcima
BiIICBKOBO-00JIIKOBUMHU CIICIIAILHOCTSIME T4 BUMOTH J0 IXHBOI KOMIIETEHTHOCTI.

HaBuyanbHa man-nporpamMa BUKOPUCTOBYETHCS 1] Yac:

- IUCTaHIIIITHOTO HABYaHHS CIIyXadiB;

- oprasi3ailii OCBITHBOTO MPOIIECY;

- aTecTallii ciyxadiB KypcCiB.

3aranpHuil po3paxyHOK HaBYaJIbHOI'O Yacy MPOBEIEHHH 32 TAKUX YMOB:

- KaJIeHJapHUI 00CsT Yacy MiArOTOBKH CKianae 12 HaBYabHUX THOKHIB 10 50 TOIUH, BCHOTO
— 600 HaByanbHUX (aKaJEeMIYHHUX) TOAMH, 3 HUX: 324 TOAMH MiJ KEPiBHUITBOM BHKIagada Ta 276
TOJIMHU CaMOCTIHHOT POOOTH.

KinbkicTh KaneHAapHUX TH)KHIB HaBYaHHS, 4ac IS MPOBEIEHHS KOMIUIEKCHOTO BUITYCKHOTO
eK3aMeHy Ta ioro ¢opMa MOXKyTh OYTH 3MIHEHI BIJIOBIAHO 0 BUMOT MiHicTpa 060poHH YKpaiHu,
HayvanbHUKa ['eHepanbpHOro mraly 30poitHux Cun Ykpainu.

OcHoBHI cKJ1a10B1 ()axoBOT MIATOTOBKH Ta TepMiHU ii npoBeaeHHs y 2021 pori:

- BificbkoBa mpaktuka (01.08-31.08);

- reopetruHe HaByanHs (01.09-04.10);

- mocwiieHa miaroroska Bunmycknukis (05.10-28.10), na 6a3i 169 HII cmt. [lecna (05.10-14.10),
y BilicbkoBHX yacTuHax 3amoBHuKa (15.10-28.10);

- BilicbkoBe cTaxyBaHHs (29.10-28.11);

- TeopeTruHe HaBuanHs (29.11-14.12).

HaBuanpHa rutaH-mporpaMa MiCTUTh MEpellik 3MICTOBHX MOYIMIB, y 3MICTI SKHX JI€TaTbHO
BU3HAYAIOTHCS:

- KIHIIEBUH pe3ynbTaT HaBYaHHS (3HATH, YMITH) 32 BUBYCHHSIM 3MICTOBOTO MOJTYJIS;

- TeMaTU4HI1 IJIAaHU BUBUEHHS 3MiCTOBOT'O MOZYJIS (PO3MOALT HABUAIBHOIO Yacy 3a 3MICTOBUMU
MOJYJISIMH, TEMaMH Ta BUJIAMU HaBYAJIbHUX 3aHSTH);

- 0COOJTMBOCTI METOIMKH TIPOBEICHHS 3aHITH Ta BUIM KOHTPOITIO;

- peKOMEH/I0BaHa JiTeparypa.
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Posrnstnemo Moy, 3micToBi Moayni (3M) HaBuaHHS Ta yac Ha iX BiAMPAI[IOBAHHS:

Mogayas 1. [nauBinyanpHa 3araibHOBIHCEKOBA miaArotroBka — 180 ro.

3M 1 - YopaiiHHS MiApO3iITaMH ITiJ] 9ac MiATOTOBKH Ta BeJeHHs 0010 (1iif) (pota) — 90 rog.

3M 2 - Besnieka BiificbK0OBOI AistIbHOCTI — 60 rog.

3M 3 - ®i3uyHe BUXOBaHHS Ta crienianbHa ¢iznyna miaroroska — 30 rof.

B pe3ynbTaTi BUBYEHHS MO0 1 ciiyxadi MOBUHHI:

- 3HATH: CYTHICTb, IIUII Ta 3aBJAHHS BIWCHKOBOTO YIPABIiHHS, CHUCTEMY YIIPaBIIiHHSA
BiliCbKaMH, BUMOTH JI0 HEi; poOOTy KOMaHAMpa 1 mTaldy 1Mo MPUHHATTIO PIIICHHS Ta JOBEICHHIO
00l10BHX 3aBlIaHb; BUMOTH KEPIBHUX JTOKYMEHTIB IIOJI0 OpraHi3alii ynpaBiIiHHS MiIpO3IiIaMu i
Yyac MIATOTOBKM Ta BEICHHs 0010 (IIiif); TCOPETHYHI OCHOBU O€3MEKH BIMCHKOBOI isUTBHOCTI,
0c0o0IMBOCTI 3a0e3neueHHs 0€3MeKH BiHChKOBOT MIsITLHOCTI MiAPO3/IUTIB ITiJT 9aC BUKOHAHHS 3aXO0/IiB
CITy’)KOOBO-00MOBOi [TISITBHOCTI; BUMOTH KEpPIBHUX JOKYMEHTIB MO0 3a0e3NedeHHs Oe3neKku
BIICHKOBOI JiSUTBHOCTI.

- BMiTH: BUKOPUCTOBYBATH Ha MPAKTHII IOJOXKEHHS OCHOB YIIPABIIIHHS [IPU BUKOHAHHI CBOIX
00OB’SI3KIB Mi/J Yac MiArOTOBKM Ta BeAEHHI O0HOBMX [iif BilicbKamMH (CHJIaMH), B TOMY YHUCII 3
ypaxyBaHHsIM gocBigy 3actocyBaHHs 3CY B OOC (ATO); BUKOpUCTOBYBAaTH Ha MpPaKTHLI
METOAOJIOTII0 TPUHHSATTSA pilleHb B PI3HUX YMOBaX OOCTAaHOBKH, BHUKOPHCTOBYBATH Yy CBOIH
MOBCSKJEHH1 poOOTi (hopMU Ta METOIU YIPABIIHCHKOT AISUIBHOCTI; PO3poOIsSTH, 0(hOPMITIOBATH Ta
KOpUCTYBaTHCs 00MOBUMH JOKYMEHTaMH 3 ypaxyBaHHsM J0cBiny 3actocyBanas 3CY B OOC (ATO);
OpraHi3oByBaTH JOTPUMAaHHS O€3MeKH BICHKOBOI AISUIBHOCTI B MIAPO3/1i; OPraHi30BYBaTH 3aX0IU
0e3meKu pu MpOBeIeHH] CTPiIb0, BOMIHHS Ta eKCIUTyaTallii 00HOBUX MAIlluH, PEMOHTI 030pO€HHS i
BiliCbKOBOI TEXHIKH.

Monayasb 2. [npuBinyansaa ¢axosa miaroroska — 180 rog.

3M 1 - MopansHo-ticuxonoriune 3a0esnedenHs (MII3) miarotoBku Ta 3acTOCyBaHHS
36poitaux Cun Ykpainu — 60 rog.

3M 2 - ChoinbHa JIOKTPUHA LMBUIBHO-BIMICHKOBOTO CIIBpPOOITHUILITBA y BIiAMOBIIHOCTI N0
craugapty HATO — 60 rog.

3M 3 - €BpoarnanTuuHa iHTerpais Ykpainu — 30 roa.

3M 4 - [nozemna moBa — 30 rog.

B pe3ynbraTi BUBYEHHS MOAYIIIO 2 CiTyXayi MOBUHHI:

- 3HATH: BUMOTU KEpPIBHUX JOKYMEHTIB I0JI0 OpraHizauii Ta mpoBeaeHHs 3axoziiB MII3;
0COOMMBOCTI KEpIBHUIITBa, opradizaiii ta mpoBeneHHs MII3 B miamopsaxkoBaHUX Migpo3/iiax;
NpPUYMHU CTBOpeHHS Ta MeTy AisuibHocTi HATO, ioro micie Ta 3aBIaHHS y Tainy3l Oe3mlexu;
crpykrypy HATO, opranizauiiiHo-ipaBoBe 3a0e3nedeHHs ii GpyHKuioHyBaHHs; cranaaptu HATO
(STANAG) sx BuSIB €(pEKTUBHOI CHUCTEMH YIPABIIHHS; ICTOPUYHI Ta MOJITHYHI MEPEeayMOBU
posmupenHss HATO, mepeBarum wieHcTBa B AJbsIHCI; ICTOpIilO, MOJIITHYHI Ta TMPaBOBI 3acaau
€BPOATJIaHTUYHOI 1HTErpallli YKpaiH1; OCHOBHI IPOrpaMu Ta MPOEKTH BIHCHKOBOTO CIIBPOOITHUIITBA
30poitnux Cun Ykpainm 3 HATO Tta mpiopuTeTHI 3aBIaHHsS CIIBPOOITHHULTBA 3 BIHCHKOBHMHU
CTPYKTYpaMu AJbSHCY; OCOOJHMBOCTI Opradizaiii Ta mpoBeaeHHs 3axoaiB MII3 miaroroBku ta
3aCTOCYBaHHS MiApo3aiiiB 30poitHux Cun YKpaiHnu; JIEKCHKY 3a TEMaMH 3T1HO 3 IPOrpamolo, 1110 €
HEOOXITHUMHU y mpodeciiHOMY CHUIKYBaHHI; TpaMaTU4yHl CTPYKTYpH, IO € HEOOX1IHUMH IS
BUPAXEHHS BINOBITHUX (YHKIIN Ta MOHATH; PaBUJIa CHHTAKCHUCY.

- BMIiTH: 3aCTOCOBYBAaTH 3HAaHHS B Mpo(eciiiHii IiSIBHOCTI y CTaHAAPTHUX Ta OKPEMHUX
HECTaHJAPTHUX CHUTYallisX; 3A1HCHIOBAaTH KEPIBHHUIITBO, OPraHi3allil0 Ta MPOBEAECHHS MOPAIbHO-
MICUXOJIOTTYHOTO 3a0e3Me4YeHHs B MiJMOPAIKOBAaHUX MIAPO3/iiIax; OpraHi30BYBaTH Ta MPOBOJUTH
3aX0JI1 MOPAJIbHO-TICUXOJIOTIYHOTO 3a0e3MeueHHsl MiArOTOBKU Ta 3acTocyBaHHs minposainis 3CY;
¢dbopmyBaTH B 0cOOOBOTO CKJIaAy BIIEBHEHICTh B IPAaBMIIBHOCTI IPUHHATHX pillleHh KOMaHTyBaHHS, Y
HaAIHHOCTI Ta ePEeKTHUBHOCTI ITAaTHOI 30poi 1 00MOBOI TEXHIKM, 3MILIHEHHS BIpU y MEPEMOTry HaJ
MPOTHUBHUKOM; C(hOpMyBaTH 3[aTHICTh y BIMCHKOBOCTY>KOOBIIIB 3aCTOCOBYBATH 3arajbHOIOCHKI
I[IHHOCT1, BUCOKOMOpaJIbHI I'yMaHHI HOPMHU HOBEIIHKH Y B3a€MHHAxX 3 TOBapUIIaMU MO CIYXOi,
pPO3BUBATH HAIIOHAJBHY TIJHICTH 1 TOPAICTh, NATPIOTU3M, TOTOBHICTh 3aXMILATH YKPAiHCHKY
Jep>kaBy 1 HapoJl Y KpaiHH; BU3HAYaTH MOXKIIMBOCTI OTPUMaHHS €(peKTHUBHOT TOTIOMOTH BiJl KEPIBHUX
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opraniB Opranizauii [liBHiuHOATTaHTHYHOTO J[0rOBOPY, 0OOPOHHUX Ta BIHCHKOBHUX B1JIOMCTB KpaiH-
yieHiB HATO mono po3B’si3aHHs mpo0OiieM, BUSIBICHHUX i1 9ac 3actocyBanHs 3C Ykpainu B paiioHi
nposeaeHHs OOC (ATO); nepekOHIMBO JTOBOJUTHU /IO IMiJUICTIIMX Ta TPOMaJsH YKpaiHu mepeBaru
nepeOyBaHHS YKpaiHCBKOI JAepkaBH y ckiaii [IiBHIYHOATIAHTUYHOTO AJBSHCY 3 TOYKH 30Dy SIK
3a0e3reueHHs] TapaHTOBaHOI HaIlOHaNbHOI Oe3neku, HaaiiHOoi 000pOoHW, Tak 1 BceOIYHOI
MOJIepHi3allii MOJITHYHOI, EKOHOMIYHO1, COIIAJIbHOI Ta MPABOBO1 CUCTEM; CAMOCTIHHO PO3B’SA3yBaTH
MOCTaBJICHI 3aBJIaHHS, HECTH BIAMOBIaIbHICTD 33 IPUUHATI PILICHHS; (POPMYIIOBATH apTyMEHTOBaH1
TBEPJKEHHS, JaBaTH MHCbMOBI BKa31BKHU; PO3ITi3HABATH BAKIUBY iH(OpMAIliO i 9ac 0OTOBOPEHbD,
TUCKYCIi, TeKIiH, Oeciy, o MOB’sI3aHi 3 HABYAHHSIM Ta IPOQeciero.

Moayas 3. KosnektuBHa (haxoBa miaroToBKa.

3M 1 - BiiicpkoBa npakTuka (Ha mocaaax 3a ¢axom) — 180 rox.

3M 2 - IlocuiieHa mpakTUYHA MMiAr0OTOBKAa BUITYCKHUKIB — 180 roz.

3M 3 - BiiicekoBe cTtaxyBaHHs (Ha mocagax 3a haxom) — 180 ro.

KomrmuiekcHuit micyMKoBUi ek3aMeH — 6 TO/I.

[TocnmimOBHICTP BUBYCHHS 3MICTOBHMX MOMAYJIB BHU3HAUAETHCS MIKIUCHUIUTIHAPHUMU
3B’sI3KaMU, K1 Iepe10av4aroTh JOTTYHY MOCI1JOBHICTh BUBYEHHS KIIFOUOBUX TEM 3MICTOBUX MOJIYIIB,
3a0e3neuyoTh GopMyBaHHS TPO(ECIHHUX KOMIICTEHTHOCTEH CIyXadiB Ta BUKOPHCTOBYIOTHCS
kadenpamu Ans yOpaBliHHS MPOIIECOM HaBYaHHS ciyxauiB. Peamizailis MDKIUCIUILUTIHAPHUX
3B’SI3KiB 3/1IICHIOETBCS Y PO3KJIIa/Ii 3aHATH, [0 KOPETYETHCA 3a MiJICYMKaMH BXiTHOTO Ta IIOTOYHOTO
KOHTPOJTIB.

3a 14 i IBUIIEHHS 3alliKaBJICHOCTI Ta €()eKTUBHOCTI HAaBYAJIbHHUX 3aHSATh BAPTO 3aCTOCOBYBATH
TEXHIYHI 3acO00M HaBYaHHS Ta HAaBYAIBHO-TPEHYBAJIbHI 3acO0M (MakeT, MAi04i CTEHAH, IU(POBI
ninra¢oHHI KaOiHETH, BiZ€O3amucH, 3aco0M 3BYKO3amlKCy Ta BiATBOPEHHS, IMITAIliifHI Ta i1HIII
3aco0mn).

CamocriitHa poOoTa ciryxadviB Ha Kypci OpraHi30BYETHCS 3 METOIO 3aKPIIJICHHS, TOIIUPECHHS Ta
MOTJMONEHHS 3HAaHb Ta BMiHb, OTPUMAHMX HUMH Ha 3aHATTIX IMiJl KEPIBHUIITBOM BHKJIaJaya.
CaMocTiiiHi 3aBJIaHHS TIOBHHHI OyTHM 3a0e3Me4eHi HaBYAIBHOIO JITEPATypolo, a TaKoX
po3pobiieHuMu Ha Kadeapax miIpydYHHUKaMH, HABYATbHUMH MMOCIOHUKaMH Ta KypcaMu JISKITii.

OniHIOBaHHS YCHIIIHOCTI HaBYaHHS 3/1HCHIOETHCS 3a JIOMOMOIOI0 MOJYJIbHO-PEHTHHIOBOTO
KOHTPOJIIO Ha mijacTaBi BuMor Haka3dy HavdanpHuka BIKHY Bix 06.06.2018 Ne75-u «IIpo
3aTBepAkeHHs [10510)keHHS PO CUCTEMY BHYTPILITHBOTO 3a0€3MeUeHHS SIKOCT1 OCBITHBOI NISJIbHOCTI
Ta sikocTi Bumoi Ocgitu y BilicbkkoBoMy iHCTUTYTI KHiBCBKOT0 HalliOHAIBHOTO YHIBEPCUTETY IMEHI1
Tapaca IlleBuenka» [11].

Metoau BXIJJHOTO KOHTPOJIIO: TECTYBaHHs, yCHa cmiBOeciia Ha BilicbkoBO-TIpodeciiiny
TeMaTHKy. MeToIu IMOTOYHOTO KOHTPOJIIO: YCHE OINUTYBAaHHS, NMHCHMOBHH EKCIpPEC KOHTPOJb.
Metoau MoOIyabHOTO (pyOiKHOTO) KOHTPOJIO: KOHTpOJIbHA po0O0Ta, TECTYBAaHHS, KOHTPOJIbHE
3aBaHHs. MeTOIM CaMOKOHTPOJIO: MHUTAaHHS CaMOKOHTPOJO. MEeTOo MiJCyMKOBOTO KOHTPOJIIO:
KOMILIEKCHUI eK3aMeH.

VY pa3l He cKiIaJaHHS OJHOTO 13 3aBJaHb BCTYIMHOTO KOHTPOJIO OQIUEp BBaKAETHCS
HEMPUAATHUM 1 JI0 3aHATh HE JIOITYCKA€ThCS.

UncenbHICT, HAYKOBO-TICJATOTIYHUX TMPAIIBHUKIB, IS TPOBEACHHS HABUAIbHUX 3aHSTh
3TiAHO TUIaHYy-TIporpaMu (paxoBoi MiATOTOBKU O(ILEPCHKOrO CKIIaay, BIOCKOHAIECHHS MPAKTUYHOT
MIITOTOBKU KYPCAHTIB Ta MPOBEACHHS 1HIITMX HaBUYAJIbHUX 3aX0/1iB 3a rutanHaMu BBH3 BuszHauaeThes
PO3paxyHKOM 00CSTy HaBYaJIbHOI'O HABaHTAKEHHs HAYKOBO-TIEArori4yHUX MPalLiBHUKIB Ta HIOPIYHO
BpPaxOBY€ETHCS IT1J1 Yac BIAMPAIIOBaHHS 3MIH JIO IITATIB.

BucHoBku. B cTarTi po3kpuTi MeTa, 3MiCT, OCHOBHI IOJIOKEHHS OpraHi3aiii Ta MpoBeIeHHs
¢daxoBoro Kkypcy mnpodeciiiHoi BilicbkoBOi ocBiTHM TakThuyHoro piBHA (L-1B) 3 kypcantamum
BilicbKOBOTO 1HCTUTYTY, SIKI HE IPOMIUIA BCTYIHI BUIPOOYBaHHS Ha HaBYAHHS 32 OCBITHIM PIBHEM
“marictp” Ha 6a3i BilicbKOBOro 1HCTUTYTY 3a BCIMa CIIELIABHOCTSAMM Ha BUITYCKOBHX Kadeapax
BiiicekoBoro inctutyty y 2021 porii.

ABTOPCHKUM KOJIGKTUBOM Oyiia peTenpHO po3rsiHyTa [Iporpama miATrOTOBKM IMPOBEICHHS
¢daxoBoro kypcy [IBO 3a Bcima crneniaibHOCTSIMM, 3alpOIIOHOBAHI 3MiHM 32 BCIMa MOAYJISIMU Ta
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3MICTOBUMH MOAYJISIMH. 3MIHU MOTOJDKEHI 3 HadyaJlbHMKaMH BHITYCKOBHX Kadeap, oOroBopeHi Ha
kadeapax Ta NpUHHATI Ha MbkKadeapanpHiid Hapaal 1J1s1 BUKOPUCTAHHS B OCBITHHOMY ITPOIIEC.
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PhD Zaitsev D.V., PhD Dobrovolskyi V.B., PhD Melnyk Y.I., PhD Sizov A.l.
INTRODUCTION OF THE T-LEVEL AS A BASIS FOR STUDENT TRAINING ACCORDING TO
NATO STANDARDS

The article reveals the purpose, content, main provisions of the organization and conduct of a
professional course of professional military education of tactical level (L-1B) (additional training of cadets)
with cadets of the Military Institute who have not passed entrance examinations for training at the level of
"master in all specialties at the graduating departments of the Military Institute. Considers the tasks set
for the heads of graduating departments of the Military Institute together with the heads of departments of
general military disciplines, physical education, special physical training and sports and special language
training to develop a curriculum for professional military education of tactical level L-1B in all specialties.

Defines the conditions of use of the curriculum; the general calculation of study time for the course
is given; a list of content modules is defined, in the content of which the final learning outcomes are
determined in detail; some features of the methodology of classes, types of control, recommended literature,
etc. are provided. Substantiates the structure, defines the procedure for using the Curriculum of students in
the course of tactical level L1-B professional military education of the Military Institute of Taras
Shevchenko National University of Kyiv, defines the content and time for studying modules and content
modules. military education in all specialties.

The article substantiates the structure, defines the procedure for using the Curriculum of students in
the course of tactical level L1-B professional military education of the Military Institute of Taras
Shevchenko National University of Kyiv, defines the content and time for studying modules and content
modules. military education in all specialties.

Key words: professional course of tactical level, primary positions of officers, plan-program of
professional training, leadership courses of officers, content training module.
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YBAT'A!
Penakuiiina xomeriss «30ipanka BIKHY» 3miiicHioe He3aexHe («cCIime») eKCIepTHE
pelCH3yBaHHS HaJaHUX JIO JPYKYy PYKOIMCIB Ta TMEpeBipKy ix Ha ruiariar. PeneHsyBaHHs
3MIIACHIOETHCS 32 aHOHIMHOIO ()OPMOIO SIK JJIS1 aBTOPIB, TaK 1 VI PELIEH3EHTIB.

VBAT A! SMIHWJIACS BUMOTI'H IO O®OPMJIEHHS CTATE!
(CrarTi, 10 He BiAMOBiTaI0TH BUMOTaM, MpUiMaTHCA 10 PO3IJISAY He OyAyTh!)

HOPATOK NIOJAHHSI I OPOPMJIEHHS CTATEFI 10 "3BIPHUKA HAYKOBHUX
ITPAIb BIMCBKOBOI'O IHCTUTYTY KHUIBCBKOI'O HAHIOHAJIBHOI'O
YHIBEPCUTETY IMEHI TAPACA HIEBYEHKA"

Jlo npyky mpUMaroThCs OpPHUTIHAJIBHI PYKOMHCH, SKI HE OIyOJIIKOBaHO paHilie, HE OyJo
BIJITPABJICHO JI0 IHIIMX PEIAKIlii Ta sKi MOBHICTIO BiJIOBIIaI0Th BUMOTAaM IIOJ0 OQOpPMIICHHS Ta
MOPAIKY MOJAHHS cCTaTeH.

3azanvHi 6umozu 00 MexXHIiuYH020 OPopMIeHHA cmamell:

Obcse pykonucy — He MeHIIIe 6 MOBHUX apKYIIIB YKPaiHCHKOIO a00 aHTJIiCHhKOI0 MOBaMH.

®opwmar apkyiia - A4 (210 x 297 mm).

Po3mip mosiB: BepxHe, HIKHE, TIpaBe, JIiBE — 2 CM.

OcuoBuuit mpudt — Times New Roman Nel2, uepes mixkpsiakoBuii inrepsai - 1,0. A63am mae
ctaHoBUTH 10 MMm.

CraTTs TOBHHHA MaTH TaKi HEOOXI1THI €JIEMEHTH:

VJIK,

Ha3zea cmammi, SKa JTaKOHIYHO BiJ0Opakae 3MIiCT Ta HOBU3HY CTaTTi;

anomauin;

écmyn ma ROCMAHOGKA 3adaui 4wu npodaemu y 3arajJbHOMY BHUITISANI Ta ii 3B 530K 13
BYIMBUMH HaYKOBUMH YW MIPAKTHUYHUMU 3aBJAHHSIMU;

ananiz ocmamHix 00cnidxcens 1 MyONMiKamiid, B SKUX 3alI0YaTKOBAHO PO3B’SI3aHHA JaHOI
npodJjeMH 1 Ha sKi CIHUPAEThCS aBTOP, BUAUICHHS HEBUPIIIEHHX paHIIIe YacTUH 3arajibHOl
poOeMu, KOTPUM MPUCBSIIYETHCS O3HaUEHa CTATTs, POPMYITIOBAaHHS II1JI€H CTATTi;

6UKNA0 OCHO6HO20 Mamepiany JIOCIIDKEHHS 3 TOBHUM OOIPYHTYBAaHHSIM OTPHUMAaHHUX
HayKOBHX PE3yJbTaTiB, MPAKTUYHUX PIILIEHb Ta €KCIIEPUMEHTIB;

6UCHOGKU 3 IAHOTO JOCII/KEHHS 1 IePCIIeKTUBU MOAABIIOT0 PO3BUTKY Y JAHOMY HAIPSIMKY.

CRUCOK Jlimepamypu,

References,

O0ami npo aemopie TphoMa MOBaMH.

AHnomauyia 0 CTAaTTI BUKOHYETHCA YKPAiHCHKOIO Ta aHTJIIMCHKOIO MOBAMH 3arajibHUN 00CST
KoxHO1 He MeHII Hixk 1800 3HaKiB, BKIIIOYAaIOYN KITFOYOBI CJI0OBA.

BoHna noBuHHa MICTUTH KOPOTKE MOBTOPEHHSI CTPYKTYPH CTaTTi, 1[0 BKJIIOYA€E BCTYIH, I 1
3aBJIaHHS, METOJH, PE3YIbTaTH, BACHOBKH.

AHoTaIiio apykyoth KypcuBoM, mpupt Times New Roman, Nell. Ilicns anortamii
PO3MIIIYIOTHCS KJIKYOBI ci1oBa (5—7 TepMiHIB).

Cnucok nimepamypu (References) noBuHeH BKItoUaTH He MeHII 12 mxepen, 3 skux 50 %
BH1aHi 3a octanHi 10 pokis. [Ipu nbomy He MeHI 25 % mxepern MOBUHHO BITHOCUTHCS 10 1HO3EMHOT
nepioauku. CaMOIUTYBaHHs aBTOPIB Y CIIUCKY JIiTepaTypy MOBUHHO OYTH, SIK IPAaBUJIO, HE OLIBII 32
15 %.

SIKI110 OCHOBHOIO MOBOIO CTATTI € YKpaiHChKa ab0 pociiicbka, TO 0(OPMITIOIOTHCS JIBa CIIUCKU
JTEpaTypu:

106



nepunii (CIHUCOK JIiTepaTypd MOBOIO OpHTiHANy Jpkepena) — 3rigHo Hakasy MOH Bix
12.01.2017 Ne40 Ta BiamoBimao g0 JCTY 8302:2015 «ladopmaris Ta JOKyYMEHTAIis.
biGmiorpadiune mocunaHHs: 3arajibHi MOJI0KEHHS Ta IPaBUIa CKIaaHH;

npyruii (REFERENCES) 3 ypaxyBannsam JICTY 8302:2015, nakazy MOH Big 12.01.2017
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Y sioomocmsax npo asmopie (ykpaiHCHKOIO Ta aHTTICHKOI0 MOBAMHU) HABOIUTHCS:

— IIpi3BHIIE, iIM s Ta IO 0ATHKOBI;

— HAYKOBUU CTYIIiHb, BYCHE 3BAHHS, [IOYCCHI 3BaHHS;

— 10cajia Ta Ha3Ba YCTAHOBH, JIe IIPAIFOE aBTOP, ii MiCIle po3TalryBaHHs (MICTO, KpaiHa);
— ob6nikoBwuii 3amuc aBropa ORCID;

— ajipeca eJICKTPOHHOT MOIITH, KOHTAKTHUI TeeOH.

Bumozu 00 oghopmnennn References

References moTpiOHO MPUBOAUTH OKPEMUM OJIOKOM, IIOBTOPIOFOYH TIOCTiIOBHICTh TIONIEPEIHBEO
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—3aMUC 3aBKIU TOYMHAETbCA 3 MpI3BUIIA aBTOpa, MOTIM, Yepe3 KoMy, iHimiamu (Mix
iHIIlaTaM# TTPOIYCKU HE CTABIIATHCS), 33 IKUMH B JAY)KKaX BKa3ye€TbCS JlaTa BHIAHHS, J[BAa aBTOPU
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MOBHHHO OYyTH BiTOKpeMJeHo «and» 6e3 KoMmu;
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Harvard British Standards Institution mosxHa 3HaiiT Ha caiiti Hayionanvhoi oioniomexu Ykpainu

imeni B.1. Bepnaocskozo ta onnaiin reneparopa nocuianb Cite This For Me.
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CXEMA O®OPMJIEHHS CTATEN
Y «3BIPHUKY HAYKOBMUX ITPALIb BIKHY»
YK HAYKOBHH CTYIiHb, BUCHE 3BAaHHSA
iHimia;m Ta npizBuie aBTopa (CMiBaBTOPIB)
Micue po6oTH aBTopa (CIiBaBTOpIB)

YK 32.973.202:07.681 1n.1.H., ipod. Crenanos C.B. (BIKHY)
K.T.H., C.H.C. YKkpaineus O.B. (BIKHY)
k.T.H. Canenko B.Jl. (BIKHY)

KEPYBAHHSA EJIEKTPOHHUMU ITPUCTPOSIMHU 3A TOITIOMOTI' OO
KECTIB
AHomauia 510 CTATTI BUKOHYETHCS YKPAiHCHKOIO Ta AHMIIMCHKOK MOBAMH
(3aranpHUI 00cAT K0xkHOT He MeHII HiXK 1800 3HakiB, BKIIFOYAIOUYH KJIFOYOBI CJIOBA).

Jna  Kepysanua eneKMPOHHUMU RPUCMPOAMU, OAA CYHYACHO20 KOPUCHYEaua
BANCIUBUMU KDUMEPIAMU € MAaKi, AK . 3PYUHICIb Ma nPoCcmoma Kepyeannsa. /[na mozo ujoo
Haoamu KOPUCmYyeauy Mmaxi MONCIUGOCMI Ma 3PYYHOCHI 6 GUKOPUCHAHHI, € 00CUmD
00UiNbHOI PO3POOKaA cucmemu, aKka 6 naoaeana maxi modxcausocmi. Kepysanns cucmemoro,
AKA NPAYIOE HA OCHOBI MHcecmie, € HAO3GUUAIIHO NEPCHEKMUBHUM, MA MOMce CYMMEROD
noaezuumu Kopucmyeady pooomy 3 Helo, moMY W0, Heecmu AKi ROMPIOHi 01 KepyeaHHs
CUCIEMOI0, MONHCYMb Oymu IHMYIMUGHO 3POZYMITUMU KOPUCHYB8AYY, NOPIGHAHO 3 IHUUMU
cucmemamu AKi nPayooms 3a 00NOMO2010 KOMOIHAYI K1aesiul.

Jlna eupinienna 3a0au Kepyeanus 3a 00N0OMO2010 HCECmie, NPONOHYEMbCA NPOZPAMHO-
anapamnuil KOMRAEKc, AKUI n00Y008aHUIl HA OCHOGT PI3HUX MOOYTIi6, KOIHCEH 3 AKUX 8 COI0
yepey GUKOHYE 6I0NO0GIOHY POb 6 cUCHMeMi, HANPUKIAO 3HAX00UMb MOYKY iHmepecy 3
MHOICUHU YU 6UPAX08y€ 21uduny cuenu. Takosc ¢ cucmemi € A0po, AKe 6i0nN06IOaA€ 3a AHAI3
Mooughikamopie ma xcecmie. Ha ocnoei oanux mooynie cmae modxciueo cmeopumu
cucmemy, aKa 6 npayl08ana Ha OCHOBi ycecmie. Ane 0nsa cmeopeHHsa O0aHoi cucmemu,
nompiono  eupimiumu  neeHi 3adaui, maki AK: cezmeHmauis, cKeaemusayis,
cnocmepesicennn. Koscna 3 akux micmums ¢ codi 6i0nogioni mamemamuyni mooeni ma
6U3HAYEHHA. 3aAnpPONOHOBAHUI NPOZPAMHO-ANAPDAMHUIL  KOMNJIEKC 0714 KePYyGaHH:
npupoonimu yncecmamu. Cymov npoZpamHo-anapamuozo KOMNAEKCY NOJIAAE 8 MOMY, W00
3abe3neuumu Kopucmyseaua makum inmepgeiicom, w00 6iH GUKOHYBAE8 poOOMY
3HAXO0AYUCH YACMKOBO 6i00AIEHO 8i0 PODOOUO20 MICUA, YU MAHINYII06A8 IHCIMPYMEHMAMU
Ha giocmani, moomMo 3a 00NOM02010 ycecmie. Buxopucmannusa npononoeanozo npozpamHo-
anapamnozo KOMHJIEKCYy 0036071uMb NOKPAWUMU  NOKA3HUKU  CHEPUIbHOCHI 6
onepauinnux, nioeuuwiumu mexHiuny 6e3nexy nio uac eUKOHaAHHA Oe3nocepeonvoi podomu
Kopucmyeaua 3 npuiadamu.

Kniouoei cnosa: wumyunuii inmenexm, KOHmpoyepu, MooyJi, ycecmu, 21udUHa cCyeHu,
mouka inmepecy, ananiz Moougikamopis, anaiiz dHcecmis, cezueHmauis, cKeaemusayis,
cnocmepedcenns.

BUKJIAZL OCHOBHOI'O MATEPIAJIY CTATTI

HEOBXIJHI EJIEMEHTH CTATTI:BcTyn Ta nocTaHoBKa nmpodJjeMu (3aaaui) y
3arajJbHOMY BMIVISIAI Ta ii 3B’S30K i3 BasKJIMBUMM HAaYKOBHUMH YHM NPAKTUYHUMU
3aBJaHHSMH; aHAN3 OCTaHHIX JOCHi/PKeHb 1 myOJikamiii, B #AIKHX 3aM04YaTKOBAaHO
PO3B’s13aHHS JaHOI MPoOIeMH i Ha AKi cIMpaeThesl aBTOP, BUAIJIEHHS HEBUPillleHUX paHile
YACTHUH 3arajibHOI MP00JIeMH, SIKUM NMPUCBIYYETHCSA AaHA CTATTA, (OPMYJIIOBAHHSA IiJIei
CTATTi (MOCTAaHOBKA 3aBJIaHHS), BUKJAA OCHOBHOr0 MarTepiajy MOCJHII:KeHHSI 3 MOBHHUM
OOTPYHTYBAHHSIM OTPHMMAHUX HAyKOBHX pE3YJbTaTiB; X NPAKTUYHOTO 3HAYEHHS Ta
pEe3yJIbTATIB CKCHEPUMEHTY UM BIPOBAPKCHHS; BUCHOBKM 3 JAaHOTO0 OCHiI:KEHHS i
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Ta0mui

Pucynku

NnepcneKTHBH MOJAJIbIINX I0CTiKeHb Yy 1anomy HanpsiMky. JlitepaTypa. References.

YBAT'A! Tabautii i pucyHKH APYKYIOTH MICIIS TOCHIAHB. SIKIO y CTaTTi KiIbKa TaOJIHITh
YH PUCYHKIB - iX HYMEpYyIOTb. 3arojloBKM TaOIUIb 1 PUCYHKIB HEOOXiTHO pO3MILIyBaTH IO
LEHTPY, a HyMepallilo TabauIb npaBopyd Bia Tadmumi (ctwie normal, mpudr — Times New
Roman Ne 12). Pucynku moBuHHI OyTH BUKOHaHI 3a jormoMororo peaakropa Word, srpynoBai
1 ABTATH cO00t0 onmH Tpadivauii 00’ ekT. POpMyNH Ta MO3HAYEHHS MO TEKCTYy 000B’S3KOBO
Habupatu 3a gonomoroto Equation Editor - penakropa ¢opmyn Word, a He y TekcToBOMY
pexumi. Y pegaktopi GopMyn MaroTh OyTH BCTAaHOBJIEHI TaKi TapaMeTPH - PO3MIpH: 3araabHHUH
— 12 pt. Benuki ingexcu — 10 pt, mani ingekcu — 7 pt, Benuki cumBonu — 14 pt. Majii CMMBOJIH
— 10 pt: cTunb: TekeT, GyHKLIT, 3MiHHI, MaTpULi-BeKTOpH, uncia — mpudt Times New Roman,
JUISL periT cTuitiB — mpudT Symbol, mpu npomy: cTpok. rpenbki — npsiMi. Benmuki 3a po3amipoM
BHpa3y Ta PiBHIHHI HEOOXITHO 3aMICyBaTH Y KUTbKa PSAAKIB.

JITEPATYPA

Ilepmmii (cimcox miTepaTypd Ha MOBI OpuWTiHay mkepema) — 3rigHo Hakasy MOH Ne 40 Bix
12.01.2017 Ta BiamosigHo 10 JICTY 8302:2015 «Indopmaris Ta mokymeHnTariis. biomiorpadivune mocunaHHs:
3aralibHi MOJIOYKCHHS Ta TPaBUIIA CKIIAIaHHSI»;

npyruii (REFERENCES ) 3 ypaxysanusam JCTY 8302:2015, nakasy MOH Ne 40 Bix 12.01.2017 ta
mixkHapoaHoro ['apsapacekoro ctuiro BSI (British Standards Institution).
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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
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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 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.
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