ISSN 2524-0056 (Print)
ISSN 2519-481X (Online)

BIMCHBKOBHUU IHCTUTYT
KHIBCBKOI'O HAIIIOHAJIBHOI'O YHIBEPCUTETY
IMEHI TAPACA IIIEBYEHKA

3bIPHUK HAYKOBHUX ITPALIb

BIMCHKOBOTI'O IHCTUTYTY KHIBCbKOI'O HAIIIOHAJIBHOT'O
YHIBEPCUTETY
IMEHI TAPACA IEBYEHKA

Buxoauts 4 pa3u Ha pik
Ne 84

3riqno Hakasy MOH Nel188 Big 24.09.2020, m. Nel56 [lomatky 5 «30ipHUK HAyKOBHUX Mpallb
BiiicbkoBoro iHctutyTy KuiBChKOTrO HalllOHaIBHOrO YHiBepcuTeTy iMeHl Tapaca llleBuenka»
BKJIFOUEHO 10 Kateropii «by» 3a crernianbHOCTIMU:

124 — «CucreMHHi aHATI3Y;

126 — «Iadopmariiitai cucTemMu Ta TEXHOJIOT1»

254 — «3abe3meueHHS BIHCHK (CHI)»

255 — «O30poeHHs Ta BINCHKOBA TEXHIKa»

KHUIB - 2024



ISSN 2524-0056 (Print)
ISSN 2519-481X (Online)

MILITARY INSTITUTE OF TARAS SHEVCHENKO NATIONAL
UNIVERSITY OF KYIV

COLLECTION OF SCIENTIFIC WORKS

OF THE MILITARY INSTITUTE OF TARAS SHEVCHENKO
NATIONAL UNIVERSITY OF KY IV

It comes out 4 times a year

Ne 84

According to the Order of the Ministry of Education and Science No. 1188 from 09/24/2020,
item No. 156 of Appendix 5 «Collection of scientific works of the Military Institute of Taras
Shevchenko National University of Kyiv» is included in category «B» by specialties:

124 — «System analysis»;

126 — «Information systems and technologies»

254 — «Supply of troops (forces)»

255 — «Armament and military equipment»

KYIV - 2024



YIK621.43
BBK 32-26.8-68.49

36ipuuk HaykoBHX mpanb BilicbkoBoro iHCTHTYTY KWiBCBKOTO HAIliOHAIEHOTO

VHIBEPCUTETY

imeni Tapaca llleBuenka. K.: BIKHY, 2024. Ne 84. 140 c.

I'onoBa pexakuiiiHoi KoJerii:

Jlenkos C.B. JIOKTOp TEXHIYHUX HayK, npodecop, BIKHY;
YiieHu peaakuiitHoi KoJierii:
AmnicimoB A.B. IOoKTOp (pi3MKO-MaTeMaTHYHUX HayK, mpodecop, wieH-kop. HAHY, KHY;
Bapa6am O.B. JOKTOp TEXHIYHUX HayK, mpodecop, HTYY KIII;
I'ynuenko 10.0. JIOKTOP TEXHIYHUX HayK, mpodecop, OHY;
Kupos I'.b. KaHIUIAT TEXHIYHUX HAYK, CTapIInil HayKkoBui criBpoOiTHHK, KHY
3acnaBcbkuii B.A. JIOKTOP TEXHIYHUX HayK, nmpodecop, KHY;
Kapnincsknii MLII. JIIOKTOP TeXHIYHUX HayK, mpodecop, YHT, Kpakis (ITonba)
Jlemix S1.1. JOKTOp (pi3MKO-MaTeMaTHYHUX Hayk, mpodecop, OHY;
Ietpos O.C. JOKTOP TEXHIYHUX HayK, mpodecop, YHT, Kpakis (Ilompma);
Horopimmii C. 1. JOKTOP TEXHIYHHUX HayK, mpodecop, KHY;
Toaoxk 1.B. KaHIWIAT MeJarorivHuX Hayk, gonedt, HY13Y;
Xaitiposa H.®. JOKTOp TEXHIYHUX HayK, npodecop, YHiBepcurer Ymea (ILBerwis);
Xuaanonin 10.1. JOKTOp TEXHIYHUX Hayk, npodecop, KHYBA;
ITaponosa H.B. JIOKTOpP TEeXHIYHUX HayK, npodecop, HTY XIII.

Peoakyiiina xonezia npacue 00 nokpawjenus smicmy ma aKocmi oQpopmieHHs 6uOaHHs i 6yoe 80sIUHA
asmopam ma yumavam 3a 6UCI08II08AHHS 34Y8ANCEHb | NOOANCAHD.

3apeectpoBaHo MiHICTEpCTBOM IOCTHINIT YKpaiHH, CBIIOITBO MPO JEPXKABHY pPEECTPAIIit0
JPYKOBAHOTO 3ac00y MacoBoi iHpopmarrii — cepist KB Ne 11541 — 413P Bix 21.07.2006 p.

Bimnosinuo no Hakazy MOH VYkpainu Binx 24.09.2020 Ne 1188 «36ipauk HaykoBux mpans BIKHY
imeni Tapaca IlleBuenka» BHeceHo 10 Kateropii «by (Texniuni Haykm).

3arBepmkeHo Ha 3acimanHi Buenoi pagu BIKHY Bim 21.11.24 p., mpoTokox Ne 3.

BiamoBimanbpHUMA 3a MAKeT:
Cortnikos €.0.

BimnoBimaneHiCTh 32 HOBH3HY 1 JIOCTOBIPHICTh HaBEICHHX
pe3yJIbTaTiB, TAKTUKO-TEXHIYHUX Ta EKOHOMIYHHMX IOKA3HUKIB 1
KOPEKTHICTh BUCIIOBJIFOBaHb HECYTh aBTOpHU. ToOuKa 30py peAKoierii
HE 3aBXKAM 30iractbcs 3 TIO3WIEID aBTOpiB. YcCi Marepiaiu
HaJpyKOBaHI B aBTOPCHKIH peMaKIii.

VYci crarti, mo NOyOmMKYHOTBCS y  30IpHUKY, TIPOXOIATH
00O0B'SI3KOBE PpEICH3YBaHHs, $KE 3MIMCHIOEThCS 32 aHOHIMHOKO
(hopMoOIO SIK JUIS aBTOPIB, Tak 1 Js peneH3eHTiB. He3Bakaroun Ha
MIePEeBIPKYy CTaTe Ha aHTHILIATIAaT OCTATOYHY BiAIOBINAIBHICTH 3a
TIariat HecyTh aBTOPH.

Bunanns 6e3komToBHe.

[IpumipauKH 30ipHUKIB 3HAXOAATHC Y HartioHampHIN 0i0mioTeri
VYxpaian im. B.I. Bepuaacekoro, y HaykoBii Oibmioremi im. M.
MakcumoBunya, y 6i0mioreni BificbkoBOro iHCTUTYTY Ta B HAYKOBHX
Oiutiorekax Ykpainu 3rigHo cnucky MOH. Enexrponna Bepcis
30ipHUKA pOo3MillleHa Ha BiAMMOBITHIX caiTax.

Bumanns ingexcyerses Google Scholar.

Anpeca pemakiii: 03189, m. Kuis, Byn. }O. 3manoscekoi, 81, ten./dpakc +38 (044) 521 — 33 - 82
Haxman 50 mpum. Enanpeca pempakropa: lenkov_s@ukr.net
Odiwtiiinmii caiit xxyprany: http://miljournals.knu.ua


mailto:lenkov_s@ukr.net
http://miljournals.knu.ua/

uUDC621.43

LBC 32-26.8-68.49

Collection of scientific works of the Military Institute of Taras Shevchenko National University of Kyiv.
K.: VIKNU, 2024. Ne 84. 140 p.

Lienkov S.V.

Anisimov A.V.

Barabash O.V.

Gunchenko Yu.O.

Zhyrov G.B.
Zaslavsky V.A.
Karpins’kyj M.P.
Lepikh Ya.l.
Petrov O.S.
Pogorilyy S.D.
Tolok I.V.
Khairova N.F.
Khlaponin Yu.l.
Sharonova N.V.

Chairman of the editorial board:
doctor of technical sciences, professor, VIKNU;
Members of the editorial board:

doctor of physics and mathematics, professor, corresponding member of.
NASU, KNU;

doctor of technical sciences, professor, NTUU KPI;

doctor of technical sciences, professor, ONU,;

candidate of technical sciences, senior researcher, KNU;

doctor of technical sciences, professor, KNU;

doctor of technical sciences, professor, UNT, Krakow (Poland)
doctor of physics and mathematics, professor, ONU;

doctor of technical sciences, professor, UNT, Krakow (Poland);
doctor of technical sciences, professor, KNU;

candidate of pedagogical sciences, docent, NUCP

doctor of technical sciences, profeccor, Umea University (Sweden);
doctor of technical sciences, professor, KNUBA;

doctor of technical sciences, professor, NTU KhPI.

The editorial board strives to improve the content and quality of the publication and will be grateful to

the authors and readers for their comments and wishes.

Registered by the Ministry of Justice of Ukraine, certificate of state registration of printed mass
media — KV series No. 11541 — 413P from 07/21/2006.
In accordance with the Order of the Ministry of Education and Science of Ukraine from September

24, 2020 No. 1188, «Collection of Scientific Works of the Military Institute of Taras Shevchenko National
University of Kyiv « is included in category «B» (technical sciences).

Approved at the meeting of the Scientific Council of VIKNU from 21.11.2024, protocol No3.

Responsible for the layout:
Sotnikov Y

The authors are responsible for the novelty and reliability of
the given results, tactical-technical and economic indicators and
the correctness of statements. The point of view of the editorial
board does not always coincide with the position of the authors.
All the materials are printed in the author’s edition.

All articles published in the collection undergo a mandatory
review, which is carried out anonymously for both authors and
reviewers. Despite checking the articles for anti-plagiarism, the
final responsibility for plagiarism lies with the authors.

The publication is free.

Copies of the collections are in the National Library of
Ukraine named after V.I. Vernadsky, in the scientific library
named after M. Maksymovych, in the library of the Military
Institute and in the scientific libraries of Ukraine according to the
list of the Ministry of Education and Science. The electronic
version of the collection is posted on the relevant websites.

The publication is indexed by Google Scholar.

Address of the editorial office: 03189, Kyiv, str. Y. Zdanovska, 81, phone/fax +38 (044) 521 - 33 - 82
Edition of 50 copies. E-mail address of the editor: lenkov_s@ukr.net
Official website of the journal: http://miljournals.knu.ua


mailto:lenkov_s@ukr.net
http://miljournals.knu.ua/

3MICT

BI.I.7ICI>KOBUA TEXHIKA 1
TEXHOJIOI'Il MOABIMHOI'O ITIPU3HAYEHHS

Banzak O.V., Lienkov S.V., Sieliukov O.V., Grabovsky O.V. Modeling detector for

_— Y 7
radiation monitoring systems
Nazarenko A.A., Banzak G.V., Lienkov S.V., Sieliukov O.V. Development of a 21
reliability model for a complex technical object
laiima 0.0., Onumenko O.A., IN'aiima O.0. MogentoBaHHs BOJHOT OBEPXHI B yMOBax 31
MOPCHKOT'O XBIJIFOBAaHHSI HA OCHOBI BEWBJICT-TIOIIOHMX (DYHKITIH
3aiines JI.B. PoGora mraly momo0 po3paxyHKy OOMOBHX CIPOMOKHOCTEH
MEXaHI30BaHOTO IAPO3ALTy Ta METOAMKA BM3HAYEHHS IMOBIPHOCTI YpaXeHHA LIl | 39
CydacHUMHU 3aco0aMu OE3MUIOTHUX aBialliiHUX KOMILIEKCIB
Mamiu B.B., Makcimenko 10.A., [dinuk B.O., lllepmarkin JI.}O., Aymkin FO. T. 47
JlocmiipKeHHs. METO0JIOT1 aHalli3y pO3BiayBaJIbHOI iH(pOpMaIIii
Muxaiisienko B.C., I'ynuenko 10.0., Jlemenko B.B., 3yii O.M. Metoauka cuHTE3y 54
HEYITKOI aJalnTUBHOI CUCTEMH YIIPABIIHHSA CKIAAHUM 00'€KTOM
SxoBenko B.B., IBanmos B. II., Maxkaaim O. B. AHani3 BIJIMBY OCKOJIKOBUX IIOJIB
pamialbHO-OCLOBUX OCKOJIKOBO-(DyracHUX CHAPS/IIB HA )KUBY CHITYy TIPOTHBHHUKA 67

TH®OPMAIINHI TEXHOJIOI'TI

Danso J.O., Druzhynin V.A. The integration of iot and mathematical models in climate 74
change mitigation
Ky3aBkoB B.B., CoaogoBunk B.I.,, Jlama B.I. Interpamis o0O’exkra T13-B3 B 82
ABTOMATHU30BaHY CHCTEMY YIIPaBIiHHS BOTHEM apTHIIEPil
Muxanabuyk B. B., [Ipy:xunin B. A. [IpurHideHHs] KOTHITUBHHMX yIEpeIKeHb MiJ dac 91
11eHTUdIKalli 0coOM Ta ii HaMipy B HEHPO-KOMIT FOTEPHUX CUCTEMAaX
OxpamoBuu M.M., T'axoBuu C.B., KoBans M.O., KpaBuenko O.I. Anani3 i ominka | 106
(GYHKIIOHYBaHHS CEHCOPHHUX MEPEX B YMOBAX 3aBa/I0BOI 0OCTAHOBKHU Ta KiOEPBILTUBY
Tpyrae C.I'. Ilinxomu moao 3MEHIICHHS MOXMOOK MpH oOuMcieHHI marematnyHux | 115
Mozeliei 60MOBHX Jii B KOMIT FOTEPHUX CUCTEMaX IMITAllIHHOTO MOJICTIOBAHHS
Jaui npo aBTOpiB 128
AddaBiTHHH MOKAKIHK 130
PenakuiiiHa moriTHKa Ta eTHYHI HOPMH 130
IMopsinok noganHs i opopmiieHHs cTaTei 10 «30ipHUKAa HAYKOBHX
npaubBilicbkoBoro iHcTuTYTY KHIBCHKOI0 HALLIOHAILHOTO YHIBEpCHTETY iMeHi 132

Tapaca llleBuenka»




CONTENTS

MILITARY EQUIPMENT AND
TWO-DESTINATION TECHNOLOGIES

Banzak O.V., Lienkov S.V., Sieliukov O.V., Grabovsky O.V. Modeling detector for

radiation monitoring systems !

Nazarenko A.A., Banzak G.V., Lienkov S.V., Sieliukov O.V. Development of a 91

reliability model for a complex technical object

Haisha O.0., Onishchenko O.A., Haisha O.O. Modeling of the water surface under the

conditions of marine waves on the base of wavelet-like functions 31

Zaitsev D. The work of the headquarters regarding the calculation of the combat capabilities

of the mechanism unit and the method of determining the probability of target hit by modern, 39

means of unmanned aviation complexes

Mamich V.V., Maksimenko Yu.A., Didyk V.O., Sharshatkin D.Y., Dushkin Yu. G.

Research of intelligence information analysis methodology 47

MykhaylenkoV., D.Sci. prof. Gunchenko Yu., Leshchenko V., Zui O. Methodology for 54

synthesizing a fuzzy adaptive control system for a complex object

Yakovenko V. V., lvantsov V. P., Makalish O. V. Analysis of the influence of fragment fields

radial-axial fragment-explosive projectile on the enemy's manpower 67

INFORMATION TECHNOLOGIES

Danso J.O., Druzhinin V.A. The integration of iot and mathematical models in climate 74

change mitigation

Kuzavkov V.V., Ph.D. Solodovnick V.1., Lapa V.I. Integration of v-f facility in automated 82

artillery fire control system

Mykhalchuk V. V., Druzhynin V. A. Suppression of cognitive biases in of a person and o1

his intention identification task for neuro-computer systems

Okhramovych M.M., Gakhovych S.V., Koval M.O., Kravchenko O.l. Analysis and assessment

of sensor network functioning features under jamming conditions and cyber influence 106
Trutniev S.G. Approaches to the reduction of errors in the calculation of mathematical
models of combat actions in computer simulation systems 115

Data on Authors 198

Alphabetical Index 130

Editorial policy and ethical standard 130

The order of submission and registration of articles to the ""Collection of scientific 132

works of the Military Institute of the Taras Shevchenko National University of Kyiv **




BIMCHbKOBA TEXHIKA I
TEXHOJIOI'Il HOABIMHOT'O TIPU3HAYEHHS

UDC 531:535 Dr. Tech. Sci., prof. Banzak O.V. (SUITC)
Dr. Tech. Sci., prof. Lienkov S.V. (VIKNU)

Dr. Tech. Sci., prof. Sieliukov O.V. (XGTU China)

Ph.D Grabovsky O.V. (SUITC)

DOI: http://doi.org/10.17721/2519-481X/2024/84-01

MODELING DETECTOR FOR RADIATION MONITORING SYSTEMS

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

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

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

The paper proposes a structural diagram and creates a multichannel digital amplitude analyzer that
provides selection of the input signal by the pulse shape at high loads, which is not available in existing
devices today. The use of such an analyzer made it possible to increase the energy resolution, stability of
the detector with an even greater increase in the input load of the measuring path.

Keywords: registration of ionizing radiation, nuclear process time, continuous spectrum, energy
resolution

Introduction. Currently, almost all industries and many branches of science use IR sources.
Nuclear power plants, gamma installations of various capacities, flaw detectors, counters and many
other equipment are widely used in the defense industry, medicine and agriculture. However, the
most important branch of IR use in Ukraine after the elimination of the combat nuclear potential is
nuclear energy [1]. The country has five nuclear power plants (NPP) with two types of reactors,
which generate about 40% of the country's total electricity [2].

In this regard, dosimetry problems are becoming increasingly important, which today has
become an independent scientific and technical direction of nuclear physics. Dosimetry essentially
solves the problems of connecting physical quantities with the expected radiation effects of IR use.
The main task of dosimetry - identifying IR sources that pose a danger to the environment and
humans - is today solved using a variety of technical recording means 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 [3]. In addition, the existing variety of terms and
quantities in this field requires some clarification to ensure the reliability of the presented research
results.



Main part

Analysis of initial parameters crystal. Semiconductor material for use in ionizing radiation
sensors must meet the previously specified conditions and be characterized by a set of the following
functional qualities [3].

To obtain a signal in the external electric circuit, in which the sensor is included, the charge
carriers must move quickly enough in the electric field of crystal, and to obtain a signal linear in
energy, its losses on the way to the electrodes must be minimal (absent). In the general case, this
means that it is necessary to ensure the highest value of mobility both types of charge carriers (with
their unipolar collection - mobility of electrons) and the minimum concentration of traps that
capture carriers in the process of their drift to the electrodes.

To register small signals, it is necessary to have minimal loss currents at sufficiently high
voltages applied to the sensor. This means that semiconductor material must be highly resistive. It
must effectively absorb X-ray or gamma radiation quanta in a sufficiently small volume. Therefore,

the greater the density of material and its atomic number Z, the greater absorption cross-section on
an individual atom and the ability of the material to slow down ionizing radiation as a whole. This
quality is fundamental for ensuring significant sensitivity of the sensor with its sufficiently small
dimensions. This quality plays a particularly important role in the case of high-energy gamma-ray
spectrometry, since the efficiency of recording high-energy gamma-quanta strongly depends on the
thickness of sensor and the properties of active medium (cross-section of the photoelectric effect is
proportional to Z°).

In some cases, it is also important to be able to create blocking contacts that would prevent
the transfer of free carriers into the working area of sensor, i.e. such contacts when the positive
electrode does not inject holes into the semiconductor, and negative electrode does not inject
electrons. The problem of creating blocking contacts is solved, as a rule, either by selecting
appropriate metals as contact materials, or by creating n*- and p*-regions in the semiconductor by
diffusion or ion doping with appropriate impurities. In this case, n’-contact is used as a positive
electrode, and p*-contact as a negative one. Such structures are called pin-structures [4, 5].

The listed requirements apply both to the quality of sensor material and to its design.

The structural diagram of the semiconductor sensor and circuit diagram of secondary
converter preamplifier, i.e. the entire detector, are shown in fig. 1.

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

pulse voltage drop ;_Q is in most cases not proportional to the energy lost by y-quantum. The
C

difference in the charge collection time leads to a spread in the duration, and therefore in the
amplitude of pulses. In addition, capacitance of the sensor itself does not remain constant.
Therefore, it is necessary to use a charge-sensitive preamplifier 1 in the detector circuit (fig. 1.b).

The equivalent circuit of the semiconductor sensor contains, in addition to the diode D itself,
depletion zone capacitance C;, parasitic capacitance Cs, leakage resistance R. and "trajectory”
resistance Rs. The latter is a combination of the resistances output electrodes. The diode capacitance
also depends on the voltage and quality of crystal.
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Figure 1 — Structure of the sensor (a) and equivalent circuit (b) for the semiconductor
detector: designations — in the text

This dependence can be approximately represented as [6]:

C, =2110°A(pU, ) 7 - PF, )
where A4 — is the area of sensor, sm>;
p — is the specific resistance of the semiconductor material;
Ub —is the blocking voltage.

The given dependence can be used for comparative evaluation of the sensor switching
modes.

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

The conversion of the energy lost by particle in sensor into an electrical signal of the
corresponding amplitude occurs with an accuracy characterized by the resolution of system[6]. The
latter depends on many factors, in particular, on the properties of the amplifier. Indeed, since the
amplitude of signal generated by semiconductor sensor is small, the distortion of amplitude
spectrum is caused, first of all, by modulation by noise pulses arising in it and in the resistances.
Chaotically adding up with useful signals, the noise "washes out" original amplitude spectrum. The
distribution of noise by amplitude is Gaussian:

U, -0)?

1 .e 20 2 (2)

o\ 27

— is the dispersion or mean square deviation of the amplitude U; from the mean

pU)=

where o2

value U .

Let us assume that all other factors distorting the signal amplitude spectrum are negligibly
small compared to influence of noise and register monochromatic charged particles leaving all the
energy in the sensor. In this case, the measured signal amplitude spectrum (fig. 2) is also

determined by expression (2). However, now U - is the average signal amplitude, and o is

determined by noise, where Ui =U,, s equal to the root-mean-square noise voltage . The
9



1
width of the curve at half-height is called the resolution EA (FWHM). Substituting the value into

equation (2), it is easy to obtain p(U) _1 p(U)- Having measured the resolution in energy units (in
2

electron volts), it is possible to determine what part of the energy corresponds to the noise level
recalculated to the input of a given amplifier [7].

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

determines the noise level, and with it the energy resolution of charge-sensitive preamplifier. The
current flowing through leakage resistance R, is another source of noise, which also leads to
deterioration in the energy resolution.

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

PU)
PU)
6 \<
4/‘\A N Q)
-
o}
Nl
)
U U
0 E., E

Figure 2 — Energy line expansion due to noise

To analyze the noise, let us consider in more detail the equivalent circuit of preamplifier.
Noise, like the signal, can be expressed numerically in units of voltage, charge, or energy. With

£
p

energy losses E, electron-hole pairs are formed N = , giving a charge Q on the total input

capacitance C. If TeszC is large compared to the charge collection time, then the signal

amplitude y- :%. For further consideration, we will take into account the action of the forming
circuits. As a result of passing through the differentiating and integrating circuits with 7,, =7, =T
(this case is often used in practice), the signal will decrease by a factor of ¢ = 2,72, i.e. will be

U _ Q . Similar reasoning can be carried out for noise, only starting with voltage UW, then
Ce

10



_Qu

moving on to charge Q =U (-e, the number of charge N, =—" carriers, and finally to the
w w q
equivalent noise energy [10]:
U, CeW,
wo q :
Often, when evaluating the noise properties of amplifiers, the signal-to-noise 7 :i ratio
Um
is used. Knowing and the signal, it is easy to determine y and 1 4.
“ 2
The spectral density of the parallel noise current is:
2
i
o _ogr o 4T |, 3)
Af R,

where | — is the sum (in absolute value) of all currents acting parallel to the sensor; Rp —is

the resistance of all resistors connected parallel to the sensor; Af _isa fragment of the spectral
characteristic; 7 — is the absolute temperature.

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

1 _q 1 @)
R, 2kT Rg

Parallel noise is frequency independent, but the voltage it creates on input capacitance C,
just like the input signal, depends on frequency inversely proportional to:

=2
u
i:4k'|'i 1

. (5)
Af Rp (&C)?

Another source of input stage noise is determined by the input amplifier device and its
amplification principle. This noise does not depend on the input elements, so it is convenient to take

it into account by the equivalent noise resistance RS , connected in series with the amplifier input.

For a field-effect transistor, the series equivalent noise resistance is Rq ~1,where S— is the slope
S

of the transistor's input characteristic. The intensity of the series noise is also frequency-independent

and is:

11



U2
=S —4KTRg- (6)
Af

In some cases, especially when registering X-rays, the noise component of transistors of

1
type T plays a significant role. This noise can be determined by the formula:

—2 Af

Us "1, (7)
Af @
where Af — is a constant coefficient depending on the transistor manufacturing technology
a=l.
The total noise voltage of the noise sources at the amplifier input is equal to:
_ A 8
U2 =@kt = L aktR + TTAf =N (w)af. ®)
p @ C f
where N () - is spectral density of input noise; Af — is the narrow differential frequency
bandwidth f =
2r

The frequency response K(w) of spectrometric amplifiers extends from low to high
frequencies and the noise U, level at the amplifier output is determined by the integral expression:

02 Z;TISOO‘N(W)HK(Q))‘Zda). )

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

Sz(t):zlﬁiwa(w)K(w)eja’tda).

Selecting the best frequency response of spectrometric path in order to obtain the maximum
signal-to-noise ratio is the essence of optimal filtering [10].

According to this theory, the square of the maximum possible signal-to-noise ratio is equal
to [11]:

2 _2TU ()
2 H
70U, (w)
where U (w)and U, (@) - are the spectrum of the signal and noise at the amplifier input,
respectively.

(n;.l/(l)aKC )
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It has been theoretically shown that the maximum signal-to-noise ratio in this case is
achieved with equal integration and differentiation 7 ~p=7rc =7 time constants. In this case, the

noise level is minimal at some optimal time constant 7y

70 =C RS Rp . (20)
Then noise level at the amplifier output is determined by integral expression:

_ 2.2 A
U2 =L [oN(w) 27 dp=dkr Rs . AKTT  Af (11)

“oer? 1+ w%c?)? 8r 8C2R, 2

As can be seen from (11), serial noise depends inversely, parallel noise — proportionally, and

noise of type : does not depend at all on z. The minimum noise 7=z value at is equal to

2 _KT |Rs (excluding noise of type :). Considering that with CR-RC formation the

amplitude of the output signal does not depend on 7, the minimum noise corresponds to the
maximum signal-to-noise ratio:

RC SZMaKc 2 Q Rp 2 (12)
1 vaxce T (e ) AKTC Re ( o m

This formula shows the ratio of output voltage amplitude to root-mean-square voltage of the
output noise. The input signal of the spectrometric amplifier is a charge Q or energy E released by
ionizing radiation in the sensor, so in practice it is common to express noise level also in units of

charge or energy. Taking 7752{0 =1, we find the equivalent root-mean-square noise charge for CR-
RC formation:

oc :(;)\/4ch 4/25 =1360 . (13)
P

where o, is the minimum possible noise charge.

The presented model of the primary converter allows, taking into account the real properties
of the crystal, to calculate the dependences of the energy equivalent noise on the time constant of
the input stage of the preamplifier (fig. 3).

When designing the analyzer, a comparison was made of two methods for determining the
amplitude, differing in resolution and computational costs: first is determining difference between
local minima and subsequent maximum; the second is determining difference between successive
maxima.

Figure 3 shows an out-of-scale image of a typical segment of the preamplifier output signal,
containing two pulses [12, 13]. The duration of the leading edge of individual pulse is — At=20 ns,

constant of the trailing edge is — & =2020 ps. The amplitude is expressed in ADC discretes. The
simplest first method for determining the pulse amplitude in such an input sequence is finding the
difference between the local minimum and the subsequent local maximum. Let us introduce the
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following notations for the input signal: fl(t) — function describing the decay of the first pulse;

f, (t) — function describing the decay of the second pulse.
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Figure 3 — Analysis of structure typical fragment input pulses of preamplifier

Time, s

Then, according to the first method, the amplitude of the second pulse is found as:

Ae=T,ts)- falt)
where t3 and t2 — are the moments of time indicated in figure 3.

True pulse amplitude:

A= f,(ts) - filts).

Hence, the error in determining amplitude is:

dA=A— A*=f(t,) - fi(ts).

(14)

(15)

(16)

Since the pulse decay constant is determined by the physical characteristics of the sensor
and preamplifier, it has a constant value for all input pulses [13]. Then absolute value of the input
signal at a given time t; can be expressed as follows:

[e¢]

f1(t1): 2 Ane_‘”n ’

Similarly for the moments of time:

o0

n=0

fl(t2)= > Ane—a(rn +4t) _paot, fl(tl)’

n=0

14

(17)
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0

fl(tS): Eo Ane_a(fn +T) _g-aT . fl(tl)’ (19)

where 8t =t, —t;, T =t3 —1;.

Substituting (18) and (19) into (16), we obtain:
dA= fl(tl)'(e_ ad —-e at ) . (20)

Because

St=(t3 —t;)—(t3 —t,)=T — At, (21)
where At =t3 —t, — is the duration of the leading edge, then:

dA= fy(t)-e T . (e—O‘At —1). (22)

From expression (22) it is evident that the error in determining the amplitude using the first
method depends on last maximum of the signal fl(tl) (sum of amplitude last pulse and the dips

from previous pulses), the time between the last and determined pulses T and the duration of the
leading edge of determined pulse At[14, 15]:

dA=(f,(t,),T,At). (23)

For a qualitative analysis of the obtained dependence on the spectrometer load value (the
number of pulses recorded in 1 s), we will assume that pulses of the same amplitude A are received
at the input. Then the mathematical expectation at ADC input:

® -aT

= Ae M" :L, (24)
n=0 ]__e_aTM

where T, — mathematical expectation of the pulse repetition period; 7; =1/F3 , where

F3; — loading frequency.

amnJii

Substituting (23) into (21), we obtain:

e

aAt _1
eaTM _1

Figure 4 shows a graph of the dependence mathematical expectation error on the loading
frequency for 4=700, At=20-10_93, a=20-10"% s. It is evident from the graph that the
magnitude of the error at a loading frequency of about 10°c™* can reach 1-2%.
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Figure 4 — Dependence of the expected error on the loading frequency when determining the pulse
amplitude by directly measuring it between minimums and maximums

This error can be avoided if we assume that the coefficient depends on the sensor and
preamplifier, i.e. is a constant value for a specific spectrometer and can be determined empirically.
In particular, using the notations in figure 4, we obtain:

o In(fy(ty))- |“(f1(t2)). (25)
ot

Then the formula for the second method of determining the amplitude takes the following
form:

A= fz(tg)—e_aT fl(tl) (26)

The price paid for increasing the accuracy in this method is an increase in the volume of
calculations. This should be taken into account when constructing spectrometers operating in real
time.

Mathematical expectation of the amplitude maximum sample:

Mo=A-"=A . (28)

The variance of the error in amplitude will be:

A% A2 _
Dg=—="({l-e /. 29
ST 12 12( )2 (29)
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The dependence of the maximum sample amplitude on the sampling frequency is shown in
figure 5, where for definiteness the true amplitude input pulses is taken to be equal to 700 ADC
quantization levels. The graph of the mathematical expectation of the maximum sample amplitude
shows the location of the peak on energy spectrum. With an increase in the sampling frequency
from 10 to 100 MHz, the magnitude of peak decrease from the true value (700) decreases from 1%
to 0.1%. The deviation limits characterize the peak width in spectrum, which affects the resolving
properties of spectrometer.

The amplitude of input pulses corresponds to 700 channel

Upper limit of deviation
700 R -
Mathematical - A
698 expectation amnauTyapl - i
o 696 —L =
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2 e
= e
g— 694 P :
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Figure 5 — Dependence of sampling error on its frequency

For a more complete comparison of the resolution methods described above, the process of
measuring pulse amplitude was simulated based on the model developed above [12,13].

At same time, the use of digital signal processing technique proposed in this work allows
both methods to obtain an energy resolution not exceeding 40 keV. This is sufficient to create a
dosimeter with compensation of the energy dependence sensitivity (EDS). In addition, these results
show that second method is optimal for creating high-resolution spectrometers - less than 10 keV.

Thus, a comparison of the two methods for determining the amplitude showed that at a low
loading frequency (<10° s™), first method is preferable: it is characterized by a smaller volume of
calculations with the same accuracy characteristics. At high loading frequencies (about 10° s™* and
more), preference should be given to the second method, which retains its accuracy and resolution.

Thus, the obtained model allows us to estimate the effect of sampling frequency on the
magnitude of shift peaks of the energy spectrum and resolution properties of the spectrometer when
choosing parameters of its hardware implementation.

Therefore, for the effective use of ADC bit depth, the constant component must be
subtracted from its input signal. The dynamic range of signal change must be matched with the
diagnostic range of ADC. To solve this problem, a corresponding circuit of the digital spectrometer
is proposed, shown in fig. 6.
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Figure 6 — Block diagram of digital spectrometer: X — adder; BA — buffer amplifier; DAC —
digital-to-analog converter

In this diagram, the processor, based on the analysis of signals from ADC, sets the required
gain factors of the first buffer amplifier and offsets for adder.

The maximum gain factor in BAL is selected so that when measuring the minimum
background, the signal at ADC input corresponds to its dynamic range. The minimum value of the
gain factor should match the input signal with the dynamic range of ADC at the maximum
frequency of loading pulses maximum possible amplitude and zero offset value.

For example, in order to improve the energy resolution, the sensor uses such a feature of
CdZnTe as a large difference in the mobility of electrons and holes. Thus, the use of digital signal
processing allows us to achieve a result similar to changing the configuration of the electrodes. This
allows us to create dosimeters that solve an important practical problem — compensation for the
energy dependence of sensitivity.

Conclusions. The paper presents a model of primary transducer — gamma-radiation sensor.
It is based on the following properties of a semiconductor crystal: maximum quantum efficiency;
maximum carrier mobility; minimum density of structural defects; maximum values of specific
resistance and density. The combination of these properties provides significant sensitivity of the
sensor with minimum crystal dimensions. The inconsistency of such a combination must be
eliminated both in the process of crystal manufacturing (for example, a high-resistance crystal can
be obtained by simultaneously using cleaning, components and compensating doping) and by
subsequent processing using the methods proposed in this paper (thermal field method, ionization
annealing).

The model of the primary transducer (sensor) allows calculating dependence of the energy
equivalent of noise on the properties input stage of preamplifier, taking into account the real
properties of the crystal. It is shown that:

— increase in the crystal volume, bias voltage and sensor capacitance increases the noise
level;

— results of the analysis in relation to CdZnTe crystals used in this work indicate the
possibility of sensor operating without cooling.
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A.T.H., npo¢. ban3ak O.B., a.1.H., npo¢. Jlenkos C.B.,
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MOJIEJIIOBAHHS JETEKTOPA JUISI CACTEM PATIALIIITHOTO KOHTPOJTIO

Xapakmepucmuku 0emeKkmopa GU3HAYAIOMBCA 20106HUM YUHOM (DIBUYHUMU 61ACHUBOCHIAMU
Kpucmana HanignpogioHuKa AK YYMAUBO20 e1eMEeHMa HEePEUHHO20 NepPemeopiosaia, a makxodxtc
0CO0IUBOCMAMU NPOUECY PEECMPAUil e1eKMPUYHOZ0 CUZHAITY.

Ilpouyec peecmpauii ionizyrouozo eunpominrweannsa (IB) nonazae y nepemeopenni HeeneKmpuunoi
GeIUYUHU, W0 XaApaKmepusye 1020, ejleKmpuynuil cuznain. Inakwe eucnoeniowuucy, y ceoiil
nepemeopocmubca 00UH 6U0 enepzii — enepeia IB — ¢ inwiuil, 3pyunimiuii ona 06podKu ma HAKORUYEHHA
iHhopmauii. Y oamuuxy eunpominio6anHs 6UHUKAE IMRYIbC CIMPYMY YU HARPY2U Y pe3yibmami ioHi3ayil
11020 AKMUBHO20 CePedosUa — HANIGNPOBIOHUKA, Yell IMRYIbC Hece senuKy ingopmauiro. Hacamnepeo,
GiH KOpeneEmvca 3 MOMEHmMoOM 4acy adepHozo npoyecy. Kpim mozo, imnynvc nazonouiye na ¢paxmi
GUNPOMIHIOGAHHA padiayii € Mmeicax minecHo20 Kyma, Ri0 AKUM OaAmuuK 6UOHO 6i0 Oycepena.
Amnaimyoa imnyavcy wacmo € miporo eHepzemMUYHUX empam GURPoMmiHloeanHs 6 oamuuxy. Dopma
iMnyavcy iOpi3HAEMbCA 01 PI3HUX 6UOI6 GUNPOMIHIOGAHHA, @ MAKOMC 0151 Pi3HUX obnacmell ma Kymie
HONAOAHHA GURPOMIHIOGAHHA 8 OAMYUK.

binvwicme ingpopmauii, nepedana imnynvcamu, xapaKmepusycmocsa 0e3nepepeHuUM CHeKmpom:
iMnyabC MOdHCe BUHUKHYMU Y Hac 3 Pi3HOI0 amniimyooto. Kpim mozo, enekmpuuni cuzHanu 3 oemexkmopa
6 3a2a1bHOMY 6UNAOKY HAOX00AMb HA M HEPewKod, W0 3HAUHO 3HUNCYIOMb O00CHIOGIpHICMb
inpopmauii, wo nepedacmuca. llepewtkoou mosxcyms 6ymu cnpuduneni napasumuumMu eaeKmpudiHuUMu
cuzHanamu (Wymu enemeHmie cxemu, 306HIWHI HABeOeHHA) abo cmoponHimu Odiceperamu IB.
Haoitinicmo eumiproeans 30i1buiycmscs, AKWLO CUZHATIU MAIOMb 6/1ACIUBOCHI, 8IOMIHHI 8I0 nepeuiKoou.

Y pobomi 3anpononosano cmpykmypny cxemy ma cmeopeno 0azamoKanHanbHUN WuPposeuil
aMnaimyOHuUll aHanizamop, w0 3a0e3neuye cenekuily 6xXiOH020 CUZHANY 3a (opmor imnyavcy npu
6eNUKUX 3ABAHMAMNCEHHAX, W{0 HEOOCHYRNHO HPUNAOAM, W0 ICHYIOMb. 3ACMOCYBAHHA MAKOZ0
ananizamopa 0036071U10 30iNbUWIUMU eHePZeMUYHY PO30iNbHY 30amHICMb, CMAOLIbHICMbL podOmU
Oemexmopa npu uie Oi1buiomy 30i1bWeHHT 6XIOH020 3A8AHMANCEHH BUMIPIOBATILHOZ0 MPAKHLY.

Knwouosi cnoea: peecmpauisa ionizyiouo2o 6unpominioeanns, 4ac a0epHozo npoyecy, beznepepeHuii
cnekmp, enepzemuyHuil 0036in
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DEVELOPMENT OF A RELIABILITY MODEL FOR A COMPLEX TECHNICAL
OBJECT

Complex technical objects today are of exceptional importance in modern society. First of all, we
are talking about various military and special-purpose radio-electronic systems, radar stations, automated
control systems (air traffic, energy facilities, etc.). The level of reliability such objects determines the
defense capability of the state, economic security, and the lives of hundreds and thousands of people.

Such objects belong to the class of long-term, reusable, and refurbished objects. They are usually
expensive and require significant costs for their operation. To ensure the required level of reliability
during their operation, maintenance (MC) is usually carried out, the essence of which is the timely
preventive replacement of elements that are in a pre-failure state.

A characteristic feature of complex technical objects for special purposes is the presence in their
composition of a large number (tens, hundreds of thousands) of different types of components that have
different levels of reliability, different patterns of their wear and aging processes. This feature requires a
more subtle approach to the organization and planning of MC during their operation. The DN-
distribution is used as a failure model for all elements and the object as a whole. The DN-distribution is
considered to be an adequate model of gradual failures both for electronic products and for various
mechanical units and elements. An important advantage of DN-distribution is that its appearance is
preserved when transforming the reliability structure of the system. It is this feature of DN-distribution
that made it possible to apply it to a system with a hierarchical structure.

The failure-free operation model (FM) allows obtaining estimates of the failure-free operation
indicators (FMI) of individual structural elements and the object as a whole based on the FMI
information of the elements lower structural level. FM represents hierarchical structural structure of the
object. Structural elements of a certain u-th structural level are a sequential (in terms of reliability)
connection of the elements of (u+1)-th level included in it. Individual structural elements can represent a
redundant group (parallel connection) of similar elements.

Keywords: complex technical objects, automated control systems, objects that are restored

Introduction. Complex technical objects of military equipment are of exceptional importance
in modern society. This primarily concerns various military and special-purpose radio-electronic
systems, radar stations, automated control systems (air traffic, energy facilities, etc.). The level of
reliability of such objects determines the defense capability of the state, economic security, and the
lives of hundreds and thousands of people. Complex technical objects are understood to be objects
consisting of a large number of different types of elements (tens, hundreds of thousands), each of
which can be a fairly complex technical device. Elements can be electronic, mechanical,
electromechanical, hydraulic, etc. The heterogeneity of elements leads to the fact that different
elements are characterized by fundamentally different physical processes (and, consequently, rates)
of degradation, leading to their failures. Objects can have an arbitrary reliability structure (usually
series-parallel). The structural structure of such objects is usually hierarchical, that is, the object
consists of subsystems, subsystems consist of units (cabinets), units consist of devices (blocks), etc.

Analysis of previous studies. The “surge” in the number of theoretical works on the issues of
maintenance complex systems occurred in the 70-s of the last century, which can be explained by
the mass production of complex military and special-purpose electronic equipment at that time
[1-6]. Currently, there is a decline in the number of scientific publications devoted to the issues
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maintenance of complex technical objects. One of the reasons for this, in our opinion, is a sharp
increase in the level of integration and reliability of component parts. Due to this, developers of
complex equipment were able to solve the issues of ensuring required level of failure-free operation
without significant costs for maintenance (or without maintenance at all). However, the same reason
(high integration and reliability of component parts) opened up the possibility of implementing
increasingly complex equipment with new functions, which was impossible with the old element
base. This again objectively leads to problems of ensuring reliability and, therefore, the question of
need for maintenance and the choice of optimal strategy for its implementation again becomes
relevant.

Main part

Model of failure-free operation of a non-repairable object. The developed model is
intended to obtain the probability functions of failure-free operation P(t) (or the distribution

function of the time to failure F(t)=1-P(t)) for the object as a whole and all its structural

elements based on the available information on the failure-free performance of the component
elements. The functions P(t) and F(t) are the failure-free performance indicators of non-

recoverable objects, therefore we will call the model a failure-free model (FM) of a non-recoverable
object.

The structural structure of a complex technical object is almost always hierarchical. Elements
related to different structural levels can be called, for example, units (cabinets), devices (blocks),
nodes (boards), etc. In this case, the object can consist of units, units - of devices, devices - of
nodes, etc.

Let us designate Ei;'k k-th element of u-th structural level, which is part of j-th element (u-1)-

th level. In this case, index ijk indicates chain of numbers of elements higher levels (including this
one) in the sequence of their inclusion in the elements of the previous (higher) levels. The
numbering of levels starts from the top, starting with the object level (u=0). The numbering of the
u-th level elements included in (u-1)-th level element is independent within this element. Thus, the
number of numbers in the lower index is always equal to value of the upper index u — number of
design level.

The object as a whole is considered as a zero-level element E°. It is always unique and is not
included in any other elements. Fig. 1 shows a fragment of the hierarchical design structure of the
object.

Each design element of a certain u-th level Ei‘;k can include design elements of the next (u+1)-

th level. In fig. 1, the lower-level elements are designated by circles, all other elements — by
rectangles.

The term design element will be used when it is necessary to pay attention to the place
occupied in the design structure of the object. Following the terminology adopted in [3, 8], we will
agree to call the design elements of the lower level zero-rank products (ZRP). ZRP can be either a
very complex device or consist of a single simple element (for example, a resistor, microcircuit,
transformer, bearing, etc.). ZRP is a non-separable element and is always considered as a single
whole.

We will formally represent the design structure of the object as a hierarchical list structure.

Each design element E; is considered as a list

E/  ={E/, Et, BN S=0,\E9_

ij..ro? ij..r1? ij..rs?

; u=0,U, 1)

u
ij..r?

where E'  —is the element of (u+1)-th level, which is part of element E

ij..rs

U —is the maximum level (nesting) of structural elements for a given RET object.
22



The object as a whole is represented by a list of 1-st level elements:

E'={E..E....E,..}: i=0,E.

)

u=0
u=1 E}
u=2 E}
u=3

Figure 1 — Fragment of the hierarchical structural structure of the object

ZRP elements are represented by empty lists.

The set of all nested lists of the form (1) is a mathematical model of the structural structure of
the object.

The reliability structure of the object can be an arbitrary series-parallel structure. This means

that each structural element E; can be either an ZRP element, or a series connection of its

constituent elements, or a redundant group of elements — a group of elements connected in terms of
reliability in parallel. Only elements of the same type can be elements of a redundant group.
Redundancy in groups can be loaded (permanent) or unloaded (substitute).

If an element E;  consists of series-connected elements of (u+1)-th level, then the
probability of failure-free operation of this element is determined as the product:
P(t/EiljJ...k) = HP(UE;j«)' (3)
VE} ke B}k

where r - number of element of the (u+1)-th level E;

+1

" » Which is part of the element of

u-th leve E; ,;

P(t/E;",) - probability failure-free operation of an element E.", .
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If an element E; , is a redundant group consisting of n identical elements connected in

k

parallel Ei;‘flko , then in the case of a permanent reserve the probability of failure-free operation for it

is equal to [1, 2]:

P(t/E’,)=1-[1-P(t/E,)]". 4)

ij..k

The model does not take into account the possibility of multiple failures, since within the
framework of the tasks for which this model is being developed, the probability of multiple failures
can be neglected.

From the above, it is clear that the initial information for the model should be the probability
functions of failure-free operation of ZRP P(t/e_) (e - designation of an arbitrary ZRP). For all

structural elements of higher levels, including the object as a whole, functions P (t/E; ) must be

calculated.
In practice, functions P(t/e ) are rarely known exactly. In the best case, the first two

moments are known and there are certain assumptions about the class of distribution laws to which
the function P(t/e_) possibly belongs. As a rule, only the estimate of the first moment (the

mathematical expectation of the time to failure) is known. In the worst case, neither the distribution
function nor its moments are known. Therefore, in practice, it is necessary to make an assumption
about the type of distribution law taking into account the type of a given element and the available
information about the physical laws of failure for elements of this type. The estimate of the average
time to failure of elements has to be specified based on information about analogous elements. The
developed model is intended to solve the problems of assessing the reliability of aging objects, so
we need to use the laws of distribution of the time to failure, taking into account the degradation
processes in the materials of different types of elements. Failures caused by various degradation
processes are usually called gradual [3-5]. At present, it has become generally accepted that gradual
failures occur due to the fact that the value of some determining parameter reaches the maximum
permissible value. Failure models based on the concept of the determining parameter are usually
called probabilistic-physical (VF-models) [6-8].

The most universal model of gradual failures is the diffusion non-monotonic distribution (DN-
distribution) [9].

For DN-distribution, the probability density has the following form:

f(t)=f(t;u,v)= Vt\/\/g_ﬂtexp(— ('[2;2‘;1 j ©)

where 4 - is the scale parameter (mean time to failure);
is v - variation coefficient.

The density function (5) corresponds to the integral function of DN-distribution:

“DN(t; ) =d| 14 2| 1A
F(t)—DN(t,u,v)—(I{V\/Ejﬂaxp(szq)[ y ﬂtj

at-1 2 at+1
=®| —= |[+exp| — |D| - , (6)
[v«/at} p(vzj ( v«/at)
where ®(z) :% jeXp(_ X?jdx - normalized distribution;
T
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a - the average rate of degradation process (average rate of change determining parameter),
equal to a=1/ .

The DN-distribution has one important property, which is that the variation coefficient of the
time-to-failure distribution coincides with the variation coefficient of the distribution of the random
variable of the determining parameter. This property, combined with the fact that the average time-
to-failure is equal to the inverse of the average degradation rate of the determining parameter, opens
up great possibilities for using the DN-distribution in maintenance modeling problems.

The versatility of the DN-distribution is that its variation coefficient (shape parameter)
practically coincides with the shape parameters of the DN-distribution and is approximately equal to
the inverse value of shape parameter of the Weibull distribution and alpha distribution [6]. This
allows using the DN-distribution as a model of failures of elements of various types with different
physical mechanisms of degradation processes. To ensure the adequacy of the failure model, it is
sufficient to correctly set the value of the variation coefficient. Recommendations for choosing the
variation coefficient are given in [8]. Table 1 contains some data on the characteristic values of the
variation coefficient taken from.

Table 1
Generalized estimates of coefficients variation of various physical processes

Type of Co_efflment of Name of elements subject to
g variation of the .
degradation . destruction

destruction
process
process

Fatigue (multi- Housing parts, rolling bearings,

cycle) 0,40 - 1,00 shafts, axles, springs, connecting

rods, bolts, etc.

Wear Housing parts, rolling bearings,

(mechanical- 0,20 - 0,50 shafts, axles, springs, connecting

chemical) rods, bolts, etc.

Plain bearings, shafts, axles, guides,

Aging 0,40 - 1,00 bushings, etc.

Electrical . Semiconductor devices, integrated

(electrolysis, N .

circuits, capacitors and other

charge 0,70 - 1,50 .

L electronic products.
migration,

electrodiffusion)

The selection of the numerical value of the variation coefficient from the specified range in
each specific case can be carried out taking into account the following general considerations: the
higher the average ratio of the load to the fatigue limit (strength), the lower the variation coefficient,
and vice versa, that is, the lower the loading coefficient, the higher the variation coefficient.

Taking into account all of the above, we select VF-model of DN-distribution as a failure model for
all structural elements and the object as a whole. The initial information for MC in this case is a set
of pairs of parameters of all ZRP elements. Based on this information, the corresponding parameters

<,ui,vi> for all other structural elements of higher levels should be calculated.

In [10], it is proved that if a system consists of elements whose failures are subject to DN-
distribution, then failures of the system are also subject to DN-distribution. The parameters of the
DN-distribution of the operating time to failure of the system (the scale parameter and the shape
parameter) depending on the method of reliable connection of the elements in the system are
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calculated using the following formulas. Calculation formulas for determining the scale parameter
and shape parameter for structural elements of higher levels (not ZRP):
Sequential connection of different types of elements:

y:%/i”; ™

i=1 Y,

N ny? N n
_ [y ' (8)
Y \/Z‘ 7 / \/le 74

where n, - is the number of elements of the i-th type;
4, - is the scale parameter of DN-distribution of the time to failure of elements of the i-th

type (average time to failure of elements of i-th type);
v, - is the shape parameter of DN-distribution of the time to failure of elements of i-th type

(variation coefficient);
N - is the number of element types in the system.

Series connection of identical elements:
U= L, /n; ©)

v=v,, (10)
where g, - is the scale parameter of DN-distribution of elements included in the system

(mean time to failure of one element);
n - is the number of identical elements in the system.

Loaded (constant) redundancy:

= (11)
v=v,/ Jn. (12)
Unloaded (replacement) redundancy:
M= (13)
V=V, /n. (14)

The formal descriptions of the constructive and reliability structures of the object introduced
above, the expression for the probability of failure of the object (or element) F(t) (6) and the
calculation expressions (7)-(14) together represent a mathematical model of the failure-free
operation of a non-recoverable object.

The prototype of the considered MC can be considered the model described in [12]. The main
difference between the MC and the prototype is the use of an important property of DN-distribution
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to preserve the type of distribution when transforming the reliability structure of the structural
elements (when switching from a sequential structure to a parallel one, and vice versa).

Model of failure-free operation of a recoverable object. In the above, a MC was developed
for the case when the object is considered non-recoverable. In the developed model

(a) hierarchical structural structure of the object is presented;

(b) reliability structure is determined by specifying a redundant group attribute for each
structural element;

(c) automatic (software) calculation of the parameters of the DN-distribution of the time to
failure for each of the elements of the object is performed.

Thus, MC contains all the information necessary for modeling failures of any of the structural
elements of the object.

However, this is not enough for the simulation statistical model (ISM), in which the
maintenance processes must be modeled. For the ISM, it is necessary to specify specific elements
whose failures-recoveries must be modeled.

Let us introduce the concept of a set of recoverable elements E_as follows (fig. 2). The set
E, must include structural elements that will be replaced in the event of object failures. The set E

includes the most repairable elements, that is, elements whose replacement time is minimal, these
are the so-called typical replacement elements (TRE). The set E_must satisfy the requirements of

completeness and non-redundancy.

Object

Figure 2 — Towards an explanation of set E_

The completeness requirement is that the set must include all elements whose failures can
lead to the failure of the object. Formally, the completeness requirement is ensured by the following
condition: there must not be a single path between the root of the tree (object) and a hanging node
(element- ZRP) that does not contain an element belonging to the set E_ (such an element must be
unique).

The non-redundancy requirement is that the set Emust not contain more than one element
belonging to the path between the root of the tree and any hanging node.

With such a definition of the set E and with the previously adopted assumption of a

sequential reliable connection of structural elements, the probability of failure-free operation of the
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object is equal to

Pt)=T]1-F®I] (15)

ieE,

where F, (t) - is the probability of failure the i-th element from the set E, .

The probability P(t) does not depend on the choice of the set E. .
Similarly, the value of the mean time to failure does not depend on and E,

T, = [P(t)dt. (16)

If the object is considered as recoverable, then the failure rate parameter @(t) and the mean
time between failures should be used as reliability indicators T, [14].
When connecting elements in series, the failure rate parameter is defined as the sum

o)=Y o), (17)

[15=.

where @, (t) - failure flow parameter of i-th element from the set E .

The failure flow parameter of i-th element @ (t) is found as a solution to an integral equation of the
following type [13, 14]:

o (t) = f () +j f (t—X)o, (x)dX. (18)

where f (t)- probability density of failure of i-th element (i € E,).
The failure flow parameter always has a steady-state value

o =lima(t).

t—oow

In this case, the mean time between failures of object is equal to

T,=1w".
For real technical objects within the operating period T, of interest to the user, steady-state

value of failure flow parameter may not occur. In this case, the mean time to failure of the object is
determined by the formula:

To :To (T3) =T 1 ) (19)
T { o(t)dt

The value T, (in contrast to Tcp) depends significantly on the choice of set E_. The higher

average level of elements included in E_, the greater value of T, . This is easily explained, since

when replacing larger structural elements, a greater number of serviceable elements are

simultaneously updated. Consequently, the higher structural level of restored elements (smaller the

level number u), the greater the proportion of elements is updated after current repairs, which leads
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to an increase in the indicator T,.

Conclusions. The failure-free operation model (FM) allows obtaining estimates of the failure-
free operation indicators (FMI) of individual structural elements and the object as a whole based on
the FMI information of the elements of the lower structural level. The FR represents the hierarchical
structural structure of the object. Structural elements of a certain u-th structural level are a
sequential (in terms of reliability) connection of the elements of (u+1)-th level included in it.
Individual structural elements can represent a redundant group (parallel connection) of similar
elements. Thus, with the help of FM, the representation of a hierarchical constructive structure is
combined with an arbitrary serial-parallel reliability structure of an object, which is an acceptable
representation for most technical objects encountered in practice.

The DN-distribution is used as a failure model for all elements and the object as a whole. The
DN-distribution is considered an adequate model of gradual failures both for electronic products
and for various mechanical units and elements. An important advantage of DN-distribution is also
that its appearance is preserved when transforming the reliability structure of the system. It is this
feature of DN-distribution that made it possible to apply it to a system with a hierarchical structure.
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PO3POBKA MOJEJII BE3BIZIMOBHOCTI CKJIAJHOT'O TEXHIYHOI'O OB'EKTY

Cknaoni mexniuni 00'ekmu cb0200Hi y cycninbcmei mMaiomov GUKIIOUHO 6aJXHCIUGE 3HAUEHHS.
Hoemvca nacamneped npo pizni padioeneKmponni Komniekcu 6ilicbKogo20 ma CReyianbHO20
npU3HaveHHs, PAdioNoKAYilHI CMAaHYil, ABMOMAMU306AH] CUCMEMU YRPAGTIHHA (ROBIMPAHUM DYXOM,
o0'ekmamu  enepzemuxku mouio). Bio piena 0e3siomoenocmi makux 00'ckmie  3anexcumsp
000poHO30amMHICIb 0epIHCcasU, eKOHOMIYHA De3neKa, HCUMmsA COmeHb ma mucay Jaoeil.

Taki 06'ekmu nanexcams 00 Ka1acy 00'ckmie, wi0 8iOHO6I0IOMbCA, MPUBATIO20 OAZAMOPA306020
3acmocysanus. Bonu, ax npasuno, € 0opocumu ma nompeoyome 3HAUHUX GUMPAM HA iX eKCnayamayiio.
Mna 3abe3neuennsa HeoOXiIOH020 pieHa 0e36i0mosHocmi 6 npoueci ix excnayamayii 3a3zeuuail
nposooumuvca mexniune oociayzosysannsn (TO), cymv AK020 nonszac y c60€4acHiil 3ano0ixncHii 3amini
enemenmis, wio 3HAX00AMbCA 6 CIMAHI nepeo 6i0M06010.

Xapaxmepnoio o0cobaugicmio CcKI1aOHUX MeEXHIYHUX 00'cKmie cneyianbHo20 NPUIHAYUEHHA €
HasaeHicmb y IXHbOMY CK1adi e6enukoi Kinbkocmi (Oecamku, CcomHi mucay) pPi3HOMUNHUX
KOMNJIEKMYIOUUX e/leMeHmis, W0 Maloms pizHull pieeHv HAOdiliHocmi, Pi3Hi 3AKOHOMIpHOCMI npoyecie
ixnvo020 3nocy ma cmapinua. Lla ocobnugicmy eumazae Oinvut MOHKO20 NiOX00y 00 opzauizauyii ma
naanysannsa TO y npoyeci ix ekcnayamauii.

Ak mooenv 6iomoe 0na ecix enemenmie ma 06'ckma 3azanom euxopucmogyemovca DN-po3nodin.
DN-po3nodin eearxcacmvca adexkeammnoro mooennio NOCHMYROGUX 6i0MO08 AK 6Upodie eneKmpoHHOT
mexHiKu, makK pi3HUX MexaniyHux ey3nie i enemenmie. Baoswcnueum oocmoincmeom DN-po3noodiny
makodc € me, w0 1020 6uU0 30epicacmvbca NPU NeEPemeEOpPeHHAX Hadiiinocmi cucmemu. Came uysn
ocoonueicmv DN-po3noodiny 003eonuna 3acmocysamu o020 00 cucmemu, Wio MAac i€papxiuny CmpyKmypy.

Mooens be3siomosnocmi (Mb) 00360151 ompumysamu oyinku nokasnukie dezeiomosnocmi (I15)
OKpeMux KOHCMPYKMUBHUX ejlemenmie ma o06'ckma 3azanom 3a ingpopmauiero npo IlIb enemenmis
HUMCHBO20 KOHCMPYKMUBHO020 pienA. Y Mb npedcmaenacmuca iepapxiuna KOHCMPYKmMuena cCmpyKmypa
06'ekma. Koncmpykmugni enemenmu 0eaKkozo u-20 KOHCMPYKMUGHO20 DiGHA € ROCHIO06HUM (Y ceHCi
Haoditinocmi) 3'€OHAHHAM elemMenmie, w0 6x00amev 00 Hb020 (U+l)-20 piena. OKkpemi KOHCMPYKMUGHI
ellemenmu Moxcymo Oymu pe3epeosanoro zpynor (napaienvhe 3'€OHAHHA) OOHOMUNRHUX e/leEMEHMIE.

Knrouosi cnoea: cknaoni mexuiuni 06'ckmu, a6momamu3o8ani cucmemu ynpaeiinus, 00'ckmu, ujo
8iOH0GII0I0MbCA
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MOJIEJIOBAHHSA BOJJHOI INOBEPXHI B YMOBAX MOPCBKOI'O XBUJTIOBAHHSI
HA OCHOBI BEMBJIET-IIOAIBHUX ®YHKIIH

Ouyinka mopexionocmi cyoen € eaxcaiueum emanom ix npoekmyeanus. Jlane nonammas
GU3HAYAEMBCA KOMNIIEKCOM 61acmugocmeil cyoHd, ceped AKUX HeBi0’€EMHUMU CKAAO0BUMU € PEMCUM
11020 Xumaeuyi, OYIiHKaA MOMCTUGOCMI GUHUKHEHHA AGUWIA CNEMIHZY, A MAKOMNC 3ATUEAHHA nanyou, a
MaKoc po32oHy 2pednoz20 2eunma. Yci yi aguuia € 00CMamnbo Hede3neyHuMu, a 0OHUM i3 OCHOBHUX
caxkmopis, wio ix eusnauaromes, € XapaKmepucmMuKa 600HoOI NOBEPXHi, Ha AKIll 3HaAX00umsca cyouo. Ilpu
HasaeHocmi idomocmell nNPo Ul0 NHOGEPXHIO CHIAE MONCTUGUM RHDPOGEOCHHA NPAMO20 OUHAMIUHOZ20
MOOENI08AHHA ROBEOIHKU KOPHYCY CYOHA HA XGUIAX i3 NOOATbUI0I0 OUIHKOIO nepeniueHux cKaaooeux
Mmopexionocmi. Takum yunom, aKkmyanvnor € po3poodKa cnocoodié 3a60aHHA XEUIbOEOI NOGEPXHI 011
nPOBEOEHHA MOOENIO6AHHSA NOBEOTHKI KOPNYCY CYOHA HA Hill.

Tpaouyiiinum nioxo00m 66aXHCAEMBCA ANPOKCUMAYIA XBUNbOBOI HOGEPXHI CYNEPnO3UUIEID
2aPMOHIYHUX 3A71€HCHOCHEN, MAKUX AK PIGHAHHA NJI0CKOI X8Uli. NPU UbOMY He 6DAXOGYIOMbCA PeaibHi
6/1aCMUBOCMI MOPCLKUX X6UJIb, AKI € 00MEHCeHUMU NO WUPUHI (y nonepeunomy nepepizi), @ maxkoxic ne
YmeEopwwms nepioouunol Kapmuuu. /[na HAOIUNCEHHA MO0O0eli X6UIb060I nosepxHi 00 il peanvHoi
dopmu Oouinvno nepeiimu 00 GUKOPUCMAHHA Gellg/lemie 3amicmb 2apmoniunux yukuyii. Beiienemu
Mawmov OCHOGHY WEHMPANbHY OUIAHKY, W0 (QAKMUUHO eKEIBAIeHMHA MOPCHbKIll X6éull, a MaKoyc
HegenuKi Kpailogi ocuunioioui Oinanxu. /[na 3mMeHUIeHHA GHAUBY UUX 0O0KOsUX OiLNAHOK 6 podomi
3aNPONOHOBAHO GUKOPDUCHAHHA NIOHeCeHHA mpaouyinHoi eeiteiem-QynKyii 0o cmenens (Ginrvute
00unuYi), W0 003601A€ MAllIHCe NOGHICIMIO NO30OYMUCA Yux OIAHOK HPU 3HAUEHHI NOKA3ZHUKA CHMENneHsA
He oinbuwe 3-4. OOHoGUMIDHI (DYHKUIOHANBHI 3A71€HCHOCI 3ANPONOHOBAHO 00’ €OHysamu y 080GUMIPHI
CIMPYKmMYpU, W0 HPU YMOBI 3A860AHHA PIZHUX 3A MOOYIEM X6UTbOBUX HUcel (MOOMO 006HCUH X6UIL NO
PIBHUM 0CAM KOOPOUHAM) 003807I€ CHEOPIOGAMU PeaNiCIMUYHI KADMUHU MOPCbKO20 X8UI0GAHHSL.

B pobomi peanizoeano npozpamuuit npoOyKm, wi0 00360.1€ OMPUMAHHA OUHAMIYHUX AQHIMayill
ROWIUPEHHA X6UIb, CHI6OPEHUX HA OCHOBI 3anPONOHOGARUX PYHKUIOHATbHUX 3anexchocmeil. Ompumani
Pe3ynbmamu Moxycyms 0ymu KOPUCHUMU RPU MOOETI06AHHI PEXHCUMIE PYXY KOPHycy CYOHA HA XGUNAX 3
BUKOPUCMAHHAM 3ACHOKOI8AYI8 XUmasuyi ma 0141 OUiHKU ix ehpexmueHocmi.

Knwuosi cnosa: moodenioseanna noeepxmi, MopcoKe X6Unl08aHHA, 6eligiem-Qynxuyii, xumaeuys
CYOHA, Kilb06A XUMABUYAL.

Beryn Ta mocranoBka 3aaadvi. [lepeOyBaHHS Ha MOpPCHKOMY XBUIIOBaHHI € OJHIEIO 3
HEB1JI’€MHHX CKJIQJIOBHX MPOIECy eKcruryatanii cyneH. [loBeaiHka Kopiycy cyaHa y IITOPMOBHX
yMOBax BIUIMBAa€ HE TUIbKM Ha SIKICTh BUKOHAHHS HUM OCHOBHHMX KYpPCOBMX 3aB/aHb, a i MOXe
BIJIMBATH HA MOKa3HMKHU JKUBYYOCTI CyJHA B LUIOMY. B 3amexHOCTI Bl KOHKPETHHUX YMOB, IO
BUHHMKAIOTh MiJ 4Yac pO3MIIIEHHS CyJHAa Ha XBWIAX, MOXYTb BHUHHMKAaTH 3arpo3u sIK MicLeBIH
MIIIHOCTI (110 OCOOJMBO aKTyaJdbHO JUIsi OOJacTed KOHIICHTpalii JOKAIBbHUX MEXaHIYHHUX
HaBaHTaXXeHb THUMY OynapOa CynHA, MiCllb KPIIUICHHS MPOIMYJIbCUBHOI MiJICUCTEMH, KPIIJICHD
OOLIMBYU 10 €JIEMEHTIB KOPCTKOCTI KOPITyCy, TOIIO), TaK 1 3arajbHiil MILHOCTI Horo kopmycy. B
0COOJIMBO KPUTHYHUX YMOBAX IMO3A0BXKHS (KUIbOBA) XUTABHIISL MOXE MPUBECTH A0 3JI0MY KOPITyCY
CyJlHa (crepiily — MosiBa MJIAaCTUYHOTIO IIapHIpy Ha KOpIyci, Jalll — HOro po3puB), B pe3yJbTaTi YOro
3aTOIJICHHA BIAOYBA€TbCA 3a JIIUEHI XBWIMHU. TakuM YMHOM, BaXJIUBUM AacCIEKTOM IIpH
MIPOEKTYBaHHI Ta €KCIUTyaTalli CyJIeH € HEOOX1IHICTh YpaXyBaHHs PI3HUX PEXKUMIB XUTaBUIIl CyHA
Ta HACIIIKIB, 10 SKUX BOHU MOXYTb IpuBecTH [1].

OpxHuM i3 cnocoOiB OIIHKM HEOE3MeK, 10 BHHUKAIOTH IJIsi KOPIYyCYy CYAHA y IITOPMOBHUX
YMOBaxX, € MOJICIIOBaHHS IpOIlecy HOro pyxy Ha XBWISX, JJIS 4OTo, Oe3MepedHo, CIIij] 3a/1aBaTHCS
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MEBHOI0 KAPTHHOIO (XapaKTepUCTHUKAaMH) LUX XBWIb. CIiJg BIAMITUTH, [0 OCOOJIMBY pPOJIb
MOJIETIIOBAHHS PYXY KOPIIyCy CyJIHAa Ha XBWJISIX BIZIrpa€e B MpoOLECi OLIHKH e(EeKTHBHOCTI TaKUX
TEXHIYHUX MPHUCTPOIB, MPU3HAYCHUX JUIS CTaOuUTi3amii Cy/HA, SK 3aCIOKOIOBadl XWUTaBUIll. Tak, y
nornepeaHiii po6oTi [2] aBTopamu Oysi0 pO3TISHYTO CUCTEMY YNPABIiHHS 3aCIIOKOIOBAYE€M XUTABHIII
peakTHBHOI (aHAJOTIYHOI 10 BOAOCTPYMHHHOI) Iii, OIIHKY €(EeKTHBHOCTI SKOi JOLITBHO TaKOXK
MPOBECTH, PO3MIIIYIOUM CYJHO Ha TMEBHIM XBHIbOBIA MOBepXHi (Y AMHAMIYHOMY peXHUMi) 13
MOJTANTBIITMM BU3HAYCHHSM TTapaMeTPiB HOTO XUTABHIII PI3HUX THITIB.

Caix BIAMITUTH, L0 3aBJaHHS TIeOMeTpli XBMJIBOBOI MOBEPXHI y (OpMi, MaKCUMAaJbHO
ONMU3bKIN 0 pealbHUX MITOPMOBUX YMOB, IJIBUIIYE SKICTh MPOIECY MOJEITIOBAHHS Ta TOKPAILY€E
TOYHICTh MOTO pe3yibTarTiB (TOOTO MOMIMIIye iX BIAMOBIAHICTH 10 peanbHuX mporieciB) [3]. Takum
YMHOM, BHHHMKA€ HEOOXITHICTH Yy pO3pOOI METOay AampOKCHMAallii XBHIJIBOBOi ITOBEPXHi, sSKa
(bakTUYHO TIpecTaBiIsie COO00 TBOBUMIPHY (YHKIIIO BUIY:

z=f(x,y) 1)

baxxano, mo6 Bkazana QyHkmis (1) Oyna yHiIBepcaabHOI 1 MaKCHMMalbHO THYYKOIO,

JI03BOJISIFOYM [UITXOM HAJAMITYBaHHA CBOIX IapamMeTpiB MPOBOIUTH CHMYJIALIIO PI3HUX THIIIB

MOPCBHKOTO XBUJIIOBaHHS (BITPOBE, YCaMITHEHOI COJITOHHOI MPHUPOAU THIy I[yHaMi Ta XBHJIb-
BOUBIIb, 3aJTUIIKOBE 1 T.11.).

AHaJi3 ocTaHHiX AociaigkeHnb. [ OLiHKM HeOe3MeKku HalOUTbII HEraTMBHOTO CIIEHApIIo,
SKUM, O€3NMepedyHo, € BTpaTa 3arajbHOi MIIIHOCTI KOPITyCYy, CYJHO TPATUI[ifHO CTaBIsATh Ha
PE30HAHCHY XBHWIIO, JNOBXKHHA SKOI cTporo piBHa (xBuis Pima) abo 3HaXomuThCsS y TEBHil
BIJIMIOBITHOCTI 1O JOBXHHU camoro cyiHa [4]. Hampsm pyxXy XBWwii B 3araJbHOMY BHITAIKY
3aaeThes XBUIILOBUM BekTopoM K = {Ky, ky}, a mrykana 3anexHicts Ty (1) Mae Bu:

z(r, t) = A-cos(kr — ot + @) (2)

Jie Z — BUCOTA XBWJIbOBO1 TOBEPXHI HAJl piIBHEM MOPS IIPH CIIOKIHIN BOI;

I — paxaiyc-BekTop (ABoBUMIipHHH, ' = {X, Y}) TOYKH, J¢ BH3HAYAETHCS BUCOTA XBUIBOBOI
TTOBEPXHi;

A — aMIuTiTY 12 XBUII;

® - 9acTOTa XBUJI1 (IUKJIIYHA);

(o — MoyaTKoBa (haza KOJUBaHb.

PiBHsaHHS Tutockoi xBuii (1) Moke OyTH KOPHUCHHM Ui OKPEMHUX YACTHMHHUX BHUIAJAKIB (SIK,
HaIpUKJIaJ, aHaI3 3arajibHOT MIITHOCTI), ajie, 3BaKarouu Ha mpocTy Gopmy 3anexHocTi (2) — puc. 1,
0 HE BIJMOBIA€ peanbHId KapTUHI XBUIIOBAHHS, OYEBUAHO, IO I OUIBII JOKJIATHOTO
MOJICIIIOBAHHS, SIKE BKJIFOUA€E B TOMY YHCII 1 aHAJTi3 MICIEBOI MIITHOCTI, CIIiJ] IEPEXOIUTH 10 OLIBII
peanicTuyHUX Mojenei [5].

i 'f”*ﬂ'ﬂﬁfw
f it #’af.{t heny,
fﬁ; i 4’

1’}‘ ¥
J f#;'i; 7
n-;,, f' #ﬁ{f /f

Pucynok 1 — [Ipuknan peanizaiiii XBUIb0BOI MOBEPXHI HA OCHOB1 PIBHSHHS TIJIOCKOT XBHUTI (7151
napametpiB K = {0, 1}, A=2)

TpagumitauM ciocoboM OMMCaHHS OUTBII CKIATHOI XBUIHOBOI MOBEPXHI € BUKOPHCTAHHS
CICKTPAJILHUX XapaKTEPUCTHK XBHJIBOBOTO PO3MOILTY, 30KpeMa CIHEKTPAJIbHOI TYCTHHHU (SIK
GyHKIT OUKITIYHOT YacTOTH XBWJIb) €HEPrii XBHUIIOBAHHS, IO TPUIATAE HA OJUHUINIO TUIOIII
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noBepxHi [6]. Jlana BenuunHa mo3HavaeThes S(m) 1 Moxke 3amaBaTHCs (HOPMYJIaMH, IO JOLIIHHO
BHKOPHUCTOBYBAaTH B PI3HMX YMOBaX, a came: CIEeKTpoM bpeTmHainepa (MpUAHATHNA y SIKOCTI
MDKHapogHoro cragaapra y 60-i pp.), cnektpom Ilipcona-MockoBina (xapakTepHuid st TTHO0KOT
BOJIM, CTIHKOTO BITPY Ta PO3BHHYTOrO XBHIIIOBaHHs), criekTpoM JONSWAP (mns mpubepesxHux
30H), BITYM3HSHMMHU CHeKTpamMu Bo3HeceHcbkoro-HenBeraeBa Ta — AByXmapamMeTpHUYHHM
izeamizoBaHuM, crporieHuM 1 T.1. [7] YV BCixX 1ux BUMaaKax Biapi3HAETHCS (opMa CIEKTPY, OHAK,
IpU Tepexojai y 4YacoBy oOONACTh CKIAJOBUMH XBHJIIOBaHHS CTalOTh B LIJIOMY T'apMOHIYHI
KonuBaHHs BUAY (2). TakuM 4nHOM, pe3yibTyroua (hopmMa MOBEpXHI 3a1a€ThCst POPMYIIOI0 BUAY:

2(r,0) =3 A cos(k r — 0t +5) @)

i=1
Cnig BIIMITHTH, O pe3yabTaT MOOYIOBH TMOAIOHOI TMOBEPXHI 3HAYHO KpaIlle OIHKCYE
HeperyJisipHe XBHIIOBaHHS [8], sk MokHa 6auuTH Ha puc. 2.

Pucynoxk 2 — I[pukmnan peamnizaiiii HeperyJIspHOTO XBUITIOBAHHS 3a 3aJIeKHICTIO BUIY (3)

Crnig BiIMITUTH, IIO MPU BHUKOPUCTAHHI TAPMOHIYHOI 3aJIKHOCTI BUAY (2) Y SKOCTI OJHI€T
KOJIMBAJBHOI CKJIAJI0BOI, Y MOJENb 3aKJIAJA€ThCs Taka i 0COONMBICTh, SIK HECKIHYEHHI PO3MIpH
XBWJIOBOT KApTUHHU y TIONEPEUYHOMY HAMpsAMKY Ta ii TOYHHI HepioAnyHui xapaktep (xoua 1 3
BEJIMKHM Tiepio/loMm). PeanbHe XBWIIIOBaHHS XapaKTEPHU3YEThCS XBWISIMH, IO MAalOTh CKiHUCHHH
MOTIEPEYHHI PO3MIp, a TaKOXK TMOBHICTIO HEMEPIOAMYHUN Yy 4Yaci XapakTep. BiamoBiaHO, BUHUKAE
HEOOXiTHICTh y MoOyA0oBi (yHKIiOHATBHOI 3anexxHocTi (1), sika OM Kparie nepenaBajia peanbHy
KapTUHY XBHJIbOBOI IOBEPXHI y TOPIBHSAHHI 3 TPaAULIHHUMH METOJaMH, OCHOBAHUMH Ha
BUKOPHCTaHHI TAPMOHIYHUX 3ajIexHOCTeH [9].

Bukiaa ocHoBHOro marepiany. Ha BiiMiHy Bij 3aJ7€KHOCTI 13 IOCTIHHOIO aMILTITY 1010 (2),
MOKHAa po3risaatd QYHKMil, B SKHX aMIUTITyJa TOCTYNOBO 3MEHIIYETHCS (HANPHKIAZ, 3a
MIOTIEPEYHOIO 10 XBUJII KOOPAMHATO0). Taka 0THOBUMIpHA 3aJI€XKHICTh Y HAHUMPOCTIIIOMY BHUIAIKY
MAa€ BHTIIS;

=" (4)
X

XapakTepHoo ocoOnuBICTIO Tpadika (4) € HASBHICTh MIUPOKOTO LEHTPATEHOTO MAaKCUMYyMY
(aHANOTIYHO peaybHIN XBWIII) Ta HEBEJWKHUX OCHWISAIIA HAa HOTO TpaHUISX (IO TaKOX B ILIOMY
BIJIMOBiZa€ peanbHId XBHIBOBIA KapTuHi) — puc. 3. Sk Bimomo, cama Ha3Ba Takoi (yHKil
«BEUBJIET» MOXOIUTH Bif CIIIB «KOPOTKAa XBHJIbKa», IO Yy TOBHIM Mipi BiANOBiAa€ 3a1avi JaHOTO
nochimkenns [10]. OnnoBumipHi (QyHKIIT TaKOro poay MOXKYTh MaTH Pi3HOMaHITHI AWJIaTalliiHi
KOC(QII[IEHTH y YUCENBPHUKY Ta 3HAMEHHHKY, 3CYBHM Ta IHIII BapiaHTH IMEPETBOPEHHs (YHKIIIH,
OJTHAK OCHOBHA CYTb 3QJIMIIAE€THCS HE3MIHHOIO — Taka ()YHKIIisl MA€ OCHOBHY LIEHTPAJIbHY YaCTUHY
Ta MBUJIKO CTIAJA€ IO HYJIS HA KpasX.
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Pucynok 3 — XapaktepHa ¢hopMa (HyHKIIIT TUITY «BEHBIET»

Crig BiAMITHTH, IO HA OCHOBI BEHMBIJIETIB MOXHA 3BOJUTH CUCTEMH OPTOTOHAIBHUX (DYHKIIIMH,
MEPEXOISTYH JIO BIATIOBIIHUX PO3KJIAJIaHb JOBUIBHOT (DYHKITIOHATHHOI 3aJIe)KHOCTI B y3arajabHCHHMA
psang @yp’e mo BeitBner-nonioHUM ¢yskiism [11]. Lle mo3Bosse TOBOPUTH MPO 3aBAAHHS CIIEKTPY
MOPCHKOT'O XBWJIFOBAHHS, aJie 33JIaHOTO HE Yepe3 rapMoHiuHI (PpyHKIi, a BeWBIeT-moAioHi, Gopma
SIKUX € OUTBII OOTPYHTOBAHOIO 3 (D13MUHOT TOUKH 30Dy .

Onucany TOBENiHKY BEHBIET-MOAIOHMX (YHKLIA CIiJg ajanTyBaTH 1O JBOBHMIPHOTO
Bunanky (1). [Ipodinb, HaBeAeHMId Ha puUC.3, MOXKE MPUKIATATHCS SK O MOMEPEYHOTO Mepepizy
XBHJII (aJKe yCsiKa XBWJISI Ma€ CKiHUEHY IIMPUHY, TIEPIICHIUKYJIISIPHY HAPSIMKY ii HOIIMPEHHS, a He
MIPOCTATAEThCA 0€3 3MiH y HECKIHYEHHICTh, K 3aJIe)KHICTh TUITY (2)), TaK 1 J0 MO30BXKHBOTO (X04a
1y Jmemo MeHmd Mipi, a/pke peanbHHil XBWIHOBUH Mpo(dias 3a3BHUYail HE € CHUMETPUYHHM, a
Onmu3pkuil 10 Tpoxoinu). Jns BkazaHUX LIeH MPONOHYETHCS BUKOPHCTOBYBATH (YHKIIOHAJIbHY
3aJIC)KHICTh BHILY:

sin(k, (x = x, +V,t)) " sin(ky(y— Yo +Vyt)) "
(kx (X_ XO +th)) (ky(y_ yO +Vyt))
1e (Xo; Yo) — KOOPAMHATH LIEHTPY XBHIIL;
Vy, Vy — LIBUAKOCTI MEPEMIIIEHHS XBUII1 I10 OCAM;
N, M — MOKa3HUKM CTETEHS, [0 MOXKYTh MiJCHIIOBATH MOBEMIHKY Tpadika ¢yHKIii (5): SKI1o
BOHM OinbIiie 1, TO BEMBJICT IIBUIIIE CIIANA€E, a SKIIO MEHIIE 1, TO MOBIILHIIIIE.

Bxazana dopma 3anexxHocTi (5) 103BOJIsI€ peanizoByBaTh Pi3Hi BapiaHTH YCaMITHEHUX XBHJIb,
1110 TIOKa3aHi Ha puc. 4 — puc. 5.

z(x,y) = A- (5)

Pucynox 4 — Ipuknan peaxicTHaHOT GOpPMH XBHITi, IO 337a€THCS Y BUTJIISIII ABOBUMIPHOTO
BeiiBrety (keky =1:4,n=m=1)
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Pucynok 5 — Ipuknan peaxicTHaHOT GOpMH XBHITI, 1110 337a€THCS Y BUIJISII ABOBUMIPHOTO
BEUBIICTY, 13 IIBUIKHUM 3aTyXaHHsM 110 kpasiM (Kcky = 1:4, n =2, m = 4)

Sk BUIHO 13 TIOPIBHSHHSA puUC. 4 Ta puc. 5, 30UIbIIEHHS TTOKA3HUKIB CTETICHS M Ta N J03BOJISIE
3MEHIIUTH OOKOB1 KOJIMBAHHS, 3AJIMIIAI0YN B OCHOBHOMY TiJIbKH LIEHTPAIbHUN MaKCUMYyM (DYHKITIT.

Peanizarist 1aHOro MmiaXoay y CEpPeIOBHINI MaTeMaTHYHHX po3paxyHkiB Mathcad (puc. 6)
JI03BOJISIE TIPOBOJIUTH JMHAMIUHI aHIMAIlil TMOUIMPEHHs XBHJIb HA OCHOBI BEHBIETIB, IO 3arajoM
MarOTh IIJTKOM PealiCTUYHUN BU/I.

sm|:2m:-[x + va FRAME — xl}}:| " 5m|:2".ﬂ.'-[:‘_‘,-' + vy FRAME — 5,4}}} o

H r
Zlx, vy v, vy) = A - k}
; } 2-m{x + v FRAME — =0) 2m-{y + vy-FRAME — v}
N N
N=3 1=0N-1 ra = 200
md (2} md(3)

f«&i: md (ra) ﬂ*: md(1-ra) vE, = 1+ 3 VY, =2+ 3

{ N-1
Zlx.v) = N Z lex - xl}i.}-' - j,-{lli_\xi.v}-'i:. N

i=0

Pucynoxk 6 — Peaizartist 3anmponoHOBaHOTO PillIEHHS y MAaTEMAaTUYHOMY TaKeTi

Jnst yTBOPEHHSI KOMIUIEKCHOI XBHJIbOBO1 KapTHUHHU, SIKa OUYEBUIHO, CKIIAAETHCS HE 3 OJHIET, a
3 BEJIMKOi KUTBKOCTI XBWJIb, MOXKHA TIPOBOJUTH iX HakIaJaHHS 1o ¢opMyiii, aHanoriunii (3), ame
sKa OCHOBaHa HE Ha PIBHSHHI TUIOCKOI XBWJIl, @ Ha 3aJIeKHOCTI BUay (5). Binmosigna dopmyna i3

CKJIaJJaHHSM TIOKa3aHa Ha puc. 6 y Burisami ¢GyHkiii Z2(X, y). I[lpukian oTpuMaHOi XBHIBOBOI
KapTUHU MTOKa3aHO Ha puc. 7.
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Pucynoxk 7 — [Ipukinan AUISTHKY pealiCTHYHOT TOBEPXHI MOPCHKOT'O XBUJTIOBAaHHS, OTPUMAaHHI Ha
OCHOBI BeWBIET-MOMIOHUX (PyHKITIH

dopmyBaHHS KOHKPETHOTO Habopy (TOOTO mapameTpiB) QyHKIIOHAIBHUX 3aJICKHOCTEH BUIY
(5) Moxe BUKOHYBAaTHCS Ha OCHOBI 3HaHHS KOOPJWHAT PEaIbHOI MOPCHKOI MOBEPXHi, BUCOTH SIKOT
MOKYTb OYTH 3HSATHMH ITiJ] YaC MOPCHKOTO XBUITFOBaHHS [12].

BucHoBku. TakuM 4YHHOM, MOXHA KOHCTaTyBaTH, IO BHKOPHCTaHHsS BEHBIIETIB, SKi
MPEICTABISAIOT COOOI0 XBHJI OOMEKEHOI HIMPUHM, IO03BOJIIE MPOBOIUTH (HOPMYBaHHS BOJHOL
TTOBEPXHI MOP 1T YaC XBUJIFOBAHHSI Y O1JIBIN peaiCTUIHOMY peXuMi. BUKOpHUCTaHHS TaHOTO THITY
(GYHKIIH 103BOJISIE TAKOXK MTPOBOIUTH PO3KIaJaHHA (PYyHKIIIH (B T.4. JBOBUMIPHHX) B y3araJbHEHUN
pan Dyp’e mo cucTeMi OPTOTOHAIBHHMX BeWBIEeTIB. B poOoTi 3ampomoHoBaHa Mopaudikarlis
(dbopmynH, 110 33aJa€ OJJHY YCaMiTHEHY XBUJIIO, SIKa JI03BOJISIE THYYKO HAJAIITOBYBaTH MapaMeTpH i
30BHIIIHIN BHUTJIS] BIAMOBIIHOI T€OMETPUYHOI opMH 11i€l XBUIl. J[aHe mpeacTaBieHHs MOxke OyTH
KOPHCHHUM TIPY MOJICTIOBAaHHI MMOBEIHKY KOPIYCY CYyJIHA IiJ] 9ac HOTro 3HAXOKEHHS y IITOPMOBUX
YMOBax, 30KpeMa, TpH OMIHII edEeKTHBHOCTI pOOOTH 3aCIOKOIOBada XHUTaBHUIll (ITPU HASBHOCTI
TaKOT0 y CKJIa/li CyTHOBUX ITiJICHCTEM).
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Haisha O.0O., Doc. of Tech. Sci. Prof. Onishchenko O.A., Ph. D Haisha O.O.

MODELING OF THE WATER SURFACE UNDER THE CONDITIONS OF MARINE
WAVES ON THE BASE OF WAVELET-LIKE FUNCTIONS

The assessment of a ship’s seakeeping performance is a crucial stage in its design. This concept is
determined by a set of vessel properties, including the behavior of its rolling motion, the evaluation of
slamming occurrence, deck wetness, and propeller racing. All these phenomena are sufficiently
hazardous, and one of the primary factors influencing them is the characteristic of the water surface on
which the vessel operates. When information about this surface is available, it becomes possible to
conduct direct dynamic modeling of hull behavior on waves, allowing for an assessment of the listed
seakeeping factors. Thus, the development of methods for defining the wave surface to model hull
behavior on it is highly relevant.

A traditional approach approximates the wave surface by superimposing harmonic dependencies,
such as the flat wave equation. However, this does not account for the actual characteristics of sea waves,
which are limited in width (in cross-section) and do not form a periodic pattern. To bring the wave surface
model closer to its real form, it is advisable to shift to using wavelets instead of harmonic functions.
Wavelets possess a central main region that is practically equivalent to a sea wave, as well as small
oscillatory regions at the edges. To reduce the influence of these side regions, this work proposes raising
the traditional wavelet function to a power (greater than one), allowing almost complete elimination of
these regions when the exponent is set to a value up to 3 or 4. One-dimensional functional dependencies
are suggested to be combined into two-dimensional structures, which, by assigning different wave
numbers (i.e., wavelengths) along different coordinate axes, enables the creation of realistic sea wave
patterns.

The work includes the implementation of software that allows dynamic animations of wave
propagation based on the proposed functional dependencies. The results obtained may be useful for
modeling hull movement modes on waves using anti-roll devices and for evaluating their effectiveness.

Keywords: surface modeling, sea waves, wavelet functions, ship rocking, pitching.
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POBOTA HITABY IIOJIO PO3PAXYHKY BOMOBUX CITIPOMOKHOCTEN
MEXAHI3OBAHOTI'O MIIPO3JLTTY TA METOJIUKA BUSHAYEHHS IMOBIPHOCTI
YPAKEHHS OIJII CYYACHUMMH 3ACOBAMMU BE3NLIOTHUX ABIAIIIMHUX
KOMILJIEKCIB

B cmammi nagooumuca eapianm po3paxynKy 00i08ux cnpoMONCHOCHEN MEXAHI306aHOT
yacmunu (3’€OHaAHHA) 34 YMOBU OCHAWLEHHA iT 3aXIOHUMU 3PA3KAMU 030POEHHA, BIUICLKOBOT
mexnixu (OBT) 3 epaxyeannsam 6ionosionux Koeghiuicnmie 601i060i epekmugnocmi.

Busnaueno, wjo cmpykmypuuii niopo3oin 3a2anbHogiiicbk06020 wimaoy S3 npusnauenuii
ona opzauizauyii, KOOpOuHayii ma npoeedeHHsa NIAHY8AHHA 0010 (0iil), nidzomoeKku niopo3oinis,
YRPAGNIHHA HUMU 8 X00i 6e0eHHA 0010 (0ill), a MaKoHC NPOEEOeHHA MAKMUYHUX PO3PAXYHKIE
ma ni02omoeKa i HA0AHHA NPONOZUUIL KOMAHOUPY O/l 6UPOONEHHA eapianmis Oill, NPOBEOeHH:A
iX ananizy ma nopieHAHHA, 6 M.Y. NO YPANCEHHIO OPOHBLOGAHUX Uilew | MHcugoi cuiu
npomueHUKa.

Bu3naueni euxioni 0ani 011 npoeedeHHA pPO3PAXYHKY mpueanocmi pooomu wimady Ha
Micyi gakmuuna eiocmanv nynkmy ynpaeninua (I1Y) 6i0 Oitouux nonepedy niopo3oinis,
oonycmuma giocmany I1Y 32i0no 3 ymoeamu 0o6cmanoeku, uac Ha 320pmanHa ma po3oOpmaHnHi,
weuoKicme pyxy oirouux nonepeody niopo3oinie i Iy nio uac iiozo nepemiwgennsn. Ile 0ozeonsae
po3paxyeamu yac 04 NPURHAMMA PIWEHHA KOMAHOUPOM ma 4ac Ha GiONpaylo6aHH:
OUpPeKmMugHUX O0OKyMeHmi8 (NHOnepeoHb020 ma 00106020 PO3NOPAOHCEHb, 00I08020 HAKA3Y), 6
AKUX 6U3HAYEHI NOPAOOK Oill niOP030inie ma ix 00106i 3a60aHHA.

3 nepeniky po3paxyHKis, w0 nPoBOOAMbCA OP2AHAMU YRPAGIIHHA 6 CIAMMI PO32NAHYMI
001106i cnpomoNscHOCMI MexaHi308anoi uacmuHnu (3’€OHAHHA) NO YPANHCEHHIO HA3EMHOZ20
HPOMUBHUKA 602HEM MAHKIE, DONOBUX MAUWIUH RIXOMU, RPOMUMAHKOBUX 3AC00i6 i cmpineybKoi
30poi, 6 m.4. 3axXiOHUX 3PAa3Kie.

Bu3naueni nasuanvni 60ii06i nomenyianu 0CHOBHUX 3PA3Kié 030pPOCHHA ma 6illcbK0o6oi
mexHiKu 003601A10mMb  00paxyeamu NOMEHUIUHI 0008l CRPOMONCHOCMI  NIOPO30inie
OnepamueHO-maKmu4Ho20 Pi6Ha mMa UIHAYUMU ePEKMUGHICING CUCEMU 60ZHIO AK CKI1A0060T
nooyoosu 3a2aibHo8IICbK08020 0010 (Op2anizayii makmuyHux o0iii).

Busznauennsa empam oicueoi cuiu NpoOMUEHUKA GHACNAIOOK GUKOPUCHMAHHA MINbKU
cmpineuybkoi 30poi  3axiOH020 GUPOOHUUmMEA 00380JIAE€ GU3HAYUMU CMPYKmMYpYy ma
euesionoeanicmey 00106020 nopAOKy uacmunu (3’conannsn). Cxknadoeumu 0na po3paxyHKy
empam €: WIbHICMb 602HI0 CMPIIeYbKol 30poi  nidpo30inis, AKi 000poHAIOMbCA HA nepuliil
no3uyii y cmysi nacmyny niopo30inie, cniegiOHOuIeHHA WIIbHOCmEll 602HI0 CMPIIeubKol 30poi
niopo3oinie, AKi Hacmynaroms, ma niopo30inie, AKi 0OOPOHAIOMbCA mMa empamu npu 6UX00i
niopo30inis, AKi amaxyloms, Ha nepeoniil Kpaii 060poHu niopo30inie, AKi 000POHAIOMbCA.

Haegeodeni 3anexcnocmi w000 6U3HAUEHHA IMOGIPHOCHMI YPaXCeHHA WL 0YOb-AKOIO
30poc€to 3a He3aeNHcHOT ma He3MIHHIN KITbKocmi nOCmpinié 00368014€ PO3PAxXy8amu: nOMeHYiiHi
ModcaUBOCMI Yacmunu (3’ €OHAHHA) RO YPANHCEHHIO 3AC00i8 NOBIMPAHO20 HANAOY NPOMUBHUKA,
30kpema bnJlA.

Knwuoei cnosa: 00io6i cnpomodcnocmi, mexanizoeana uvacmuuna (3’cOHanns),
Koeghiyicnm 00110607 ehekmusnocmi, wimad onepamusHoO-MaKMUUHO20 Pi6HA, PO3PAXYHKOBO-
006i0K06i 00Kymenmu, iMOGIpHICIb YPAICEHHA, MEMOOUKA PO3PAXYHKY.

Beryn. [lutanHIo po3paxyHKy OOMOBHX CHPOMOXKHOCTEH MEXaHI30BaHMX IMAPO3/IIIB HA
CHOTOJIHIIIHIIT MOMEHT, Haxalb, B MyOiuHii cdepi NpUILISIEThCS HE 0CTaTHRO yBaru. B mepiof 3
motoro 2022 poky Cunu o6opoHu YKpaiHH oTpumanu Oe3npereieHTHY KUIBKICTh 030pO€HHS Ta
BIICPKOBOI TEXHIKH 3axigHOro BHpoOHHMITBA. O30poeHHs Ta BiiichkoBa Texnika (OBT), mio
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HaifllIa, BUCOKOTEXHOJOTiUHA, Ma€ BEIMYE3HHH CHEKTp TEeXHIYHUX XapaKTepUCTHK li
BUKOPHUCTAHHS JI03BOJISIE 30UIBIIUTH OOHOBI CIIPOMOKHOCTI YacTHH (3’€JHAHB) BCiX BHUIIIB Ta POJIB
BilickK (cmi) 30poitanx Cuit YKpaiHu mo0 ypaxeHHs sK OpOHbOBaHOT TEXHIKM MPOTUBHUKA, HOTO
’KMBOI CHJIM, TaK 1 3aI1aciB BIHCEKOBO-TEXHIYHOI0 MaiHa.

BianoBigHi po3paxyHKH Il TPUAHSITTS pimeHH;I 3arajJbHOBINCHKOBUM KOMaHIUPOM
yacThHU (3’€qHAHHS) HA Oil (mil) 3A1MCHIOITH odilepu Hl,[[HOpSII[KOBaHOI‘O mTaGy, SIKHIL B CBOIO
gepry 3abe3neuye €HICTh y poOOTi BCIX JIAaHOK OpraHy yIpaBJIiHHS, B3aEMOCYMICHICTb 13 mITabaMu
Bcix ckianoBux Cun o0opoHu nepkaBu Ta maptaepamu 3 HATO.

3a3Buuaii, mrTabd (myHKT ympaBmiHHA — [IY) omepaTnBHO-TaKTHYHOI JAHKH BKIIOYAE
HACTyIHI CTPYKTYpHI HiApo3auIn: ocoboBoro ckiany (S1); po3simyBanbHuit (S2); onepaTuBHUI
(S3); norictuku (S4); MUBUTBHO-BINCHKOBUX BiTHOCHH (S5); 3B’s13Ky (S6), iHmi [1]. OcoGauBocTi
OpraHizaliifHOi CTPYKTYpH KOXKHOTO KOHKPETHOTO ITaly, KUIBKICTh CITy>KOOBUX 0Ci0, 1110 BXOASTH
JI0 CKJIaqy MOro CTPYKTYpHHUX HiAPO3ILTIB 3aleXaTh BiA (YHKIIOHATFHOTO MpHU3HAYEHHS MITaly,
cried ik MOKIAICHUX HA HhOTO 3aB/IaHb, PEXKUMY HOro poOoTH Ta iHmmX (aktopis [2.3].

BinmoBigHO 10 OCHOBHHMX (yHKIINM 3 yHOpaBIiHHA MiApPO3AiTaMu cekiisi S3 BHUKOHYE
HACTYIHI OCHOBHI 3aBIaHHS: NPOBOJUTH HEOOXITHI TAKTUYHI PO3PaxXyHKH, TOTY€ IPOIO3UIIii
KOMaHJUpY IJIs BU3HAYCHHS BapiaHTIB il 1 0OpaHHS 3 HUX OCHOBHOTO: IPOBOJAUTH PO3PAXyHKH
00HOBHUX MOXKJIMBOCTEH MITATHUX, JOJAHUX MiAPO3JLIIB, MIPOPAXOBYE MOXKIMBOCTI MPOTUBHUKA Ta
OLIIHIOE MOYKJIMBI BTPAaTH MPOTHUBHHUKA 32 YMOBH MiATPUMKH apTUiepii Ta 1b0THOTO pecypcy biAK.
Came oriHka (MOPSIIOK) PO3paxyHKy OOHOBUX CIIPOMOKHOCTEH YAacTHHM (3’€qHAHHS), a TaKOX
PO3PaxXyHOK IMOBIPHOCTI ypa)KEHHS OYIb-sIKOT IIUTI 32 HE3AJICKHOI Ta 3aJIe)HOI KUTBKOCTI TTOCTPLITIB
PI3HOMaHITHUMH 3aC00aMH PO3TIISIIAETHCS B CTATTI.

AHani3 ocTaHHiX AocHiKeHb i myOmikaniii Ta mocraHoBka 3amaui. Ananiz [5-8]
CBiAUUTH, 10 1 y BiMicbkoBux myOmikamisx 'l 3C Ykpainu [5], 1 y BilficbKOBUX (HaBYaJIbHUX)
nocioHukax [6, 7], i B HaykoBHX MyOmikamisx [8, 9] po3KpHBAIOTHCSA TITBKHA YaCTKOBI MUTAHHS
po3paxyHKy OOMOBUX CIPOMOMKHOCTEH 4YacTUH (MIAPO3IUNB) 3 YpakeHHs NpoTUBHUKA. Y [7]
BH3HA4YCHAa METOAMKH PO3PaxXyHKY Yacy Ha IMiArOTOBKY MiJPO3IUTIB 10 BEIACHHS 000, pO3PaxyHOK
MapIiy, y4acTi MPOTUTAHKOBUX 3acO0iB Ta 3ac00iB MPOTHIOBITPSHOI 0OOPOHU B 000 (TaKTHMYHUX
IisiX), aje He HaBeJeHa 3arajbHa METOJWKa pO3PaxyHKy BOTHEBHX CIPOMOXKHOCTEH Ta
CIIPOMO>KHOCTI 10 YPa)KeHHIO KUBOI CHITM MEXaH130BaHO IMiIPO3/LTy Ha TAKTUYHOMY PiBHI.

VY [8] HamaeTbcs oOMEKeHI pO3paxyHKH OOMOBHX MOMKIMBOCTEH POTHOI TAaKTHYHOI TPYIIH,
IO TOCHUJIIOE OpuUragy TepuUTOpialbHOI OOOpPOHH. ABTOPHM HAroJjolylOTh, IO JUIA OOpaxyHKY
OOMOBHUX CIIPOMOXKHOCTEH HEOOXITHWMM aHai3 OOHOBHUX i, 30poi 1 OOWOBOI TEXHIKH, 3aBYACHHIMA
BUOIp TMOKA3HUKIB OOHOBHX MOMJIMBOCTEH, BUXOASYM 3 MPHU3HAYCHHS MiAPO3ILTYy, METH, SKa
JOCATAETHCSI B Pe3yJIbTaTi OOHOBUX MiK migpo3niay. Ha mo B cydacHHMX pealtisx 3aBkiau He Oyre
JOCTaTHBO Yacy, sIKUH 1 He BpaXOBaHWH B 1aH1il METOHUII.

Y [9] Bu3HaueHa METOAMKA PO3PAaXyHKY €(QEKTHUBHOCTI MNPUKPUTTS HA3EMHHUX CHII
nigposaizamu [1T1O npu BeneHHI JIOKaTbHUX KOH(DIIKTIB, ajlé He BPAaXOBAaHUW KUTBKICHO-SKICHHIMA
CKJIaJ| aBiarlii, JbOTHHH pecypc MPOTHBHUKA, THIH aBiabOMO, pakeT, MIJOTYEMUX Ta OE3MUIOTHUX
mitaneHux anapati tummy Shahed-136 (Iepanb, Opian-10), siki MarOTh BIIACHI XapaKTEPUCTUKH.

[TuTaHHIO OIIIHKU Ta BPaxyBaHHIO OOMOBHX CIIPOMOXHOCTEH YaCTHHU (3’€IHAHHS), KA Ma€
Ha 030poenHi mapk OBT 3axigHOr0 BUpOOHHIITBA, BpaxyBaHHS 00HOBOTO MOTEHIIATY BU3HAYEHOTO
3pa3Ky MpH MPOBECHHI 3arajIbHUX PO3PaxyHKIB CeKli€ro S3 mtady i mpucBsYeHa CTaTTS.

Mertoro cTaTTi € BH3HAUYEHHSA CTPYKTYpu HITAal0y (€IeMEHTY OpraHy yHpaBiiHHS), Horo
poOOTH 3 THUTaHHA PpO3PaxyHKy OOHOBHMX CIPOMOXKHOCTEM 4YacTUHM (3’€IHAHHA), IO
YKOMIUTIEKTOBaHa 3axigauMu 3paskamMu OBT, a Takok po3paxyHOK IMOBIPHOCTI ypa)KCHHsI IIUTi 3a
HE3aJIe)KHOI Ta 3aJIeKHOT KITBKOCTI MOCTPLTIB pi3HOMaHITHUMU 3ac00aMU BOTHEBOTO YPaKEHHS.

Bukiaaa ocHoBHOro martepiany. OnepatuBHui miapo3ain (S3) € mpoBiTHUM CTPYKTYPHHUM
Miapo3aiaoM mTaly, KU IpU3HAuYCHUH AJi opraHizallii, KOOpJAMHAIII] Ta MPOBEICHHS MJIaHyBaHHS
0010 (miif), MATOTOBKHM MigPO3IUTiB 10 0010 (i) Ta 3a0e3rmevYeHH sl yIpaBIiHHS HUIMU B XOZ1 HOTO
BEJICHHs, ITUIaHyBaHHS, OpraHizailii Ta NpUBENCHHS MiANOPSAIKOBAHUX MIiAPO3AUIIB y OOHOBY
TOTOBHICTh, KOHTPOJIIO PIBHS X 00HOBOI TOTOBHOCTI.
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Moro ocHOBHHMH 3aBIaHHAMHE € [3,4]: po3poOKa, opraHizaris i 3ifiCHEHHS 3aXOMiB MO0
3a0e3neueHHs MOCTiitHOI 00HOBOI TOTOBHOCTI MiAPO3ALIIB; PO3PAaXyHKH OOWOBHUX MOXKIUBOCTEH
MITaTHHUX,JT0aHUX MiAPO3ILUTIB, OLIHKA MOXJIMBUX BTPAT MPOTUBHUKA; 30ip, y3arajabHEHHS, aHAI3
Ta BIJOOpa)KeHHS JaHMX OOCTAaHOBKH 3a CBOI MIAPO3ALIN Ta CYCiAiB; (hOpMyTIOBAaHHS BUCHOBKIB 3
OLIIHIOBAaHHS CBOIX MIAPO3IUTIB 1 CyCimiB, MPOBEACHHS TAaKTHYHUX PO3PaxXyHKIB Ta IMIArOTOBKA i
HaJaHHS TPOMO3UIN KOMaHAMPY AJsS BUPOOJEHHS BapiaHTIB [Mid, MPOBEACHHS iX aHami3zy Ta
MOPIBHSHHS;, po3poOKa 00MOBUX HaKa3iB 1 PO3NMOPSIKEHB; JOBEACHHS 3aBlIaHb J0 MiAPO3ALTIB Ta
KOHTPOJIb X BHUKOHAHHS; OpraHizamiss Ta MiATPUMaHHS B3aeMOXli 3 MIiANOPAIKOBAHUMH,
B3a€EMOJIIFOYMMH BIMCHKOBUMH YacTHHAMU (TiIpO3IiIaMu), CycilaMH, OpraHaMy 1 MiApO3AiIaMH
IB® Ta IIpO; xoopaunaiis poOOTH CTPYKTYpHHUX MiIPO3AUTIB MITa0y 3 MUTaHb MiATOTOBKH 00O
(miif), opraHizarii ympaBTiHHS, B3a€EMOJii Ta BCEOIYHOTO 3a0E€3MEUYCHHSI; MiATOTOBKA JIOHECCHb,
3BEJIeHb 3TIIHO Ta HaJaHHS iX Y BHIIUH ITAa0; KOHTPOJIb 32 TOYHUM 1 CBOEYACHUM BHKOHAHHSM
MIIPO3J17IaMH HaKa3iB 1 pO3MOpsKEHb KOMaHIUPA.

Buxigaumu gaHuMu JUIsl TIPOBEACHHS PO3paxyHKy TPUBAOCTi poOOTH IITady Ha Micli €:
¢daktuuna Bigctawp [1Y Bing AitouMx momepeny Mmigpo3fiiiB, qomyctuma Biactans 1Y 3rigHo 3
yMOBaMH OOCTaHOBKHM, Yac Ha 3TOPTaHHSA Ta PO3TOPTaHHS, IIBUAKICTh PyXy IIIOUMX MOINEpery
migpo3ainiB 1 [TY mig gac #ioro mepeMimieHHs.

Tpusaunicts pobotu ITY Ha Micui t po3paxoBytoTs 3a hopmyioro [5,7].

t:(D_d 1 _1 60—t npu D > d,

i Iy

ne: D — pomyctuMma BifncTaHb MYHKTY YIIPaBJIiHHS BiJl JAIFOYUX TONEPEay BIWCBK 3TiAHO 3
yMOBaM# 00CTaHOBKU;

d — bakTHuHa BiACTaHb MyHKTY yIPaBIIHHS, KM;

V,, — WIBUAKICTH PyXy MiIPO3JALITIB, KM/TOJI;

V,,y — BUIKICTb PyXy IIyHKTY YIPaBIiHHSA M1J] 4ac NEPEMILICHHS, KM/TOJ;

T,;— TpUBAJIICTb PO3rOPTaHHS 1 3rOPTAHHS ITyHKTY YIPABIIHHSA, XB.

PimenHst Ta po3paxyHKOBO-IOBIIKOBI JOKYMEHTH O(OPMIIIETHCS CITY)KOOBUMH OCOOaMH
OTepaTuBHOrO MiApo3ainy (S3) y NeKiIbKOX MpUMIpHUKAX: |- MPUMIPHUK HANAETHbCA y BUIIMN
mTad, 2-i 3auIaeTbes B Tall 1 BAKOPUCTOBYETHCS JUISl TUIaHYBaHHS 0010 (fiit).

TaxkTuyHi po3paxyHKH BiJoOpa)karoTh KUJIbKICHO-SIKICHI IMOKAa3HUKH, MalOyTHI pe3yJbTaTh
3aCTOCYBaHHsI BIMCHK, 110 HEOOXiHI /ISl OI[IHIOBAHHS 1 MOPIBHSHHS BapiaHTIB AiH, (OpPMyJTIOBaHHS
3aMHUCITy 1 po3poOku maHy Ooro (miit). TakTuyHi po3paxyHKH 0HOPMITIOIOTHCS Y BUIJISII TaOJIUIb,
cxeMm 1 rpadikis.

3 mepeniky po3paxyHKiB, IO MPOBOJATHCS OpraHaMU YIPaBIiHHSA B CTATTI PO3TISHYTI
0O0MOB1 CITPOMOYKHOCTI O yYPaKEHHIO HAa36MHOTO MPOTHBHUKA BOTHEM TaHKIB, OOMOBHX MaIllvH
MiXOTH, IPOTUTAHKOBHX 3aC001B 1 CTPUIEIBKOI 3001, B T.4. 3aXiJHUX 3Pa3KiB;

L1i MOXITHBOCTI BU3HAYAIOTHCS 3a (hopmyitoro [5]:

> NT3-K,, Ky -K,,

N= i=1
KHB'Pﬁ

n
ne: Z IIT3 — cyMapHa KiJIbKICTh IPOTUTAHKOBUX 3aCO0I1B;
i=1
K.y — KoediuieHT eeKTUBHOCTI 30poi I 3a1aHOTr0 BUIY 30poi;
K33 — xoedimieHT 3acTocyBaHHs 30poi 7151 60pOTHOU 3 PI3SHUMU IIISIMU;
Kzp — KoedilieHT maHyeMUX BTpaT NPOTUBHUKA;
Ps;— OO0MOBUI NOTEHIIIAT;
K3 — xoedilieHT JOMyCTUMHX BTPAT CBOIX BIHCHK;
KoedimienTn, siki 3a3Ha4ueH1 B MonepeaHii GopMyIii BUSHAYAIOTHCS:
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y

fie: ) —3araibHa KiTbKiCTh MPOTHTAHKOBHX 3aCO0iB B MiAPO3/Ii;

i=1

y
Z: Ky -my B+ Ky -myy - B+ + K, -my, - By
=)

K; — KinbKiCTh IPOTUTAHKOBUX 3aC001B IEBHOTO THUITY, IO € B MAPO3ILII;
M; — KIJTbKICTh MiAPO3/UTIB, JIe € JaHa 30pos;
Ps; — OoifoBuii moOTeHITian A i-0r0 BUAY 30poi, KU BU3HAYA€ MOKJIMBOCTI IILOTO BUAY
30poi MO 3HUIEHHIO OPOHETEXHIKHM MPOTHBHHKA.

Tabmuus 1.

HaguanpHi 0010BI MOTEHIIAIH 030POEHHSI TA BIICHKOBOT TEXHIKH, B T.U. 3aX1JHOTO BUPOOHHIITBA

OBT BoiioBuii norenmian OBT BoiioBuii moTeHmian

T-64BM, T-72 3,1 MK IITKP “Kopcap” 0,82
T-80Y 3,2 MK [ITKP “Cryraa-I1" 0,92
T-90 3,4 100-mMm ITTT MT-12 0,8

BMII-1, BMII-1K 0,9 CIII'-9 “Cuauc” 0,3

BMII-2 0,92 PIIT"-7B (LGL-7, RPG-7) 0,08
BMII-3 0,94 PIIT- 16 (18,22) 0,12
BPM-1K 0,15 CITY IITKP “Javelin” 1,66
BTP-60, GTP-70 0,12 CITY IITKP “Tow-2" 1,1

BTP-80 0,14 CITY IITKP “NLAW” 1,85
“Abrams” 3,5 ITY TIITKP “Milan” 0,82
“Leopard -2” 3,4 ITY IITKP “Dragon” 0,71
M2 “Bradley” 0,9 105-mm 5O M-27 Al 0,34
BMII “Marder” 0,65 90-mMm 5O M-60 0,27
BTP M113 0,18 PIIT" 90-mMm M-67 0,32
M3 “Bradley” 0.89 44 yv “Panzerfaust” 0.084
60-mm M CMA 0,23 I13PK “Perun” 0,21
VAT-40 0,18 BM “Spartan” 0,74
240-mm MLRS 3,7 BM HMMWV 0,67
155-mm I FH-70 0,86 BM “Mastiff” 0,94
155-mm CI" M-109 1,9 3CVY-20-6 M-163“Vulkano” 0,79
120-mm CM M-113 0,92 3CY-35-2 “Gepard” 0,81
Mi-24 (Mi-35) 2,8 Mi-8MT (Mi-17) 1,0

3 METOI0 BU3HAYEHHS BTpAT KHBOI CHJIM MPOTUBHUKA BHACIIIOK BUKOPUCTAHHS CTPLICIIBKOT
30poi BUKOPUCTAEMO HACTYITHUI METOMYHUHN amapar.

. . . . . H
1. BuzHayaemo LIUIBHICTH BOTHIO cTpinenbkoi 30poi LI

dbopmyoro [5]:

C.3

n
H H
Z Nc.s, : Gc.s,
luH — _i=l
c.3

Z

MiAPO3/ILTIB, SKI HACTYHAlOTh, 3a

ne: N él 5. — KUIBKiCTh ofuHuIb C3 j-ro TUITy Yy MiApO3/ilax, SKi HACTYIIa0Th;
1

Gf 5, — 00l0Ba IBUAKOCTPLILHICTL C3 i-r0 TUITY MiAPO3/i/IiB, IKi HACTYNAOTh;
1

H
Z(b — (pOHT HACTYIY aTaKyl4Oro EHIeNIOHY;

N — KUIBKICTH THIIIB CTPLJIELbKOI 30p0i B MiAPO3/iiax, sIKi HACTYIAOTh.

. . . . . 00
2. Bu3HavaeMo HIUIBHICTH BOTHIO CcTpiienbkoi 30poi 111

C.3

Ha MepIIii MOo3ullii y cMy3i HacTyITy miIpO3AiiB, 3a popmyiior [5]:
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u §) 0
(o] 0!
Z NC.3Z' GC.31'
06 _ i=1
c3 ~ 06
Zy
Ie: Né’g — KiTbKicTh ouHUIL C3 i-ro TUIY y MiAPO3/AiIax, ssKi 00OPOHSIOTHCS
1
G06 6 o . . C3 . . .. . 6 X
¢ — OOIOBA IBUIKOCTPUILHICTH i-TO TUITY MiAPO3ALIIB, IKi 000POHSIIOTHCS;

00 . .. . .o
Z(b — (bpoHT 00OPOHH MMiAPO3IIIB, sIKi 0OOPOHIIOTHCS HA MEPIIii MO3MIIIT;

m — KibKicTh TUNiB C3 B mipo3aiiax, ki 000pOHIIOThCA.
3. Po3paxoByemo criBBiIHOIIEHHS MITbHOCTEN BorHIO C3 MiApo3auIiB, sIKI HACTYINAIOTh, Ta
HiAPO3ALTIB, AKi 000poHsI0TECA, C. 5 32 GOPMYIIOIO:

"
— C.3

Cc.3 - H_[O6 .
C.3
4. BusHauaeMO BTpaTd OCOOOBOTO CKJIAAy MHPOTHIIIOYMX CTOPiH, BUKOPHUCTOBYIOUM JIaHI
tabnuii. Brpatn po3paxoBaHi Ha MOMEHT BUXOJY MIAPO3ALUIIB, sIKI aTaKylOTh, Ha TIEPEIHIA Kpal
00OpOHM MiIPO3LITIB, IKi 000POHSIIOTHCS.

Tabmuns 2
Yac Temn BrpaTu npu criBBiTHOIIEHH] MITFHOCTEH BOTHIO
6y | HACTYTY, Bun 6010 (IpOTUBHUK:CBOI BIHCbKA), %
OO em/ron 1(1:1) ]0,5(1:2)/0,33(1:3)]|0,25(1:4)] 0,2 (1:5) |0,16 (1:6)
9 Hactyn 100 88 49 30 18 10
Jlens O6opoHa 2 28 56 84 100 100
5 Hactyn 100 48 30 20 15 11
Ob6opoHa 6 20 33 46 60 73
5 Hactyn 100 62 37 26 18 13
Hix O6opoHa 3 24 42 60 77 85
5 Hactyn 70 33 21 15 11 9
Oo6opona 6 15 23 32 41 49

VY pas3i HacTynmy MeXaHi30BaHUX (MIXOTHUX) MIAPO3AUTIB pa3oM 3 TAHKOBUMU B €JUHOMY
60l10BOMY NOPSIZIKY BTpaTH 0COO0BOTO cKiaay OyayTh Ha 35...50% HIpKYe HaBEACHUX y TaOIUIII.
IMOBIpHICTh YpaXKeHHS L1 OyIb-sSKOI0 30pO€r0 BU3HAYA€ThCs 3anexHicTio [10-12]:

W(n)=3P,,G(m),

ne: Pnm—IMOBIPHICTB TIOMTaIaHHS B I[UJTh PIBHO M CHAPSIIB MPHU N 3aIIaHOBAHUX MMOCTpPLIAX.

3a He 3ayexHol KinbKocTi moctpimiB (3aco0iB IO, ynapuux, FPV-npoHiB) Ta He3MiHHIH
IMOBIPHOCTI ypa)K€HHSI 3a OyIb-sIKOI KIUIBKOCTI MOCTPITMiB 3HAa4€HHA Pp, BU3HAYAE€THhCS 3a
dopmyioro [10]:

Pn=Cap"(-p)" " =Clp"g" ",

1ie: p — IMOBIPHICTh YpaXXCHHS B IUJIb IPU OJTHOMY 3aCTOCYBaHHI 3aCO0y BOTHEBOTO yYpasKeHHS
bnAK.

3a 3aneXHOi KITBKOCTI MOCTPUTIB B CXEMI JIBOX TPyN MOMIJIOK CTpUIbOM (Tiepima rpyma —
1HAMBIyasbHI, TOOTO Ti, [0 HE MOBTOPIOIOTHCS MPHU BUKOPUCTAHHI HACTYIHOTO 3 BpaxXyBaHHAM

BHECEHHX MOMPABOK, Ipyra — TPyIoBi, TOOTO Ti, MO MOBTOPIOIOTHCS TMPHU HACTYIHOMY MOCTPLi,
SIKMH TIPOBE/ICHO 0€3 KOPUTYBaHb) 3HAUCHHS P, BU3HAYa€eThes 3a popmyrnoro [10]:

P = [ o0, yO] -1 PO y )T [ (v, i d,

ne: P(Xr. Yr) — IMOBIPHICTh BIIyUEHHS B IIiJIb, IKa PO3paxoBaHa 3a YMOBH, 1[0 MOMHJIKA JAPYTOi
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rpynu Xr, Yr.
SIKmo moyaTok cHcTeMH KoopAMHAaT x(OYy CyMIIIEHO 3 LEHTpOM Il ¥ HampaBieHHS
KOOpJMHAT BiC1 MapayesbHl TOJIOBHIN BICI €IICY HOMUJIOK MEPIIOi IPYMH, TOJI:
1 L(x=x-%)°" (y=y,-y)°
— 1 1
p(.y) =] | exp{— [+ Ydxdy
2no 2

(3) X.nGy.n O x,n O yn

ne: X, Y, — KoopIuHaTH TOYKH NMPHUIILTIOBAaHHS;

0,,0 y.n — CEPEIIHE KBAJPATUYHE BIAXUIEHHS 1HIUBITyalbHUX TTOMHIIOK.

_ Onpum =0

JIJis OMUHUYHOTO 3aKOHY YPa)KeHHs, a caMe: G(m) IMOBIpPHICTb YpasK€HHsI 11111

Inpum >1
JOPIBHIOE IMOBIPHOCTI X04a O OTHOTO MOTPAIUISIHHA B Hel, TOOTO:

W (n) = Rn.l
3a HE3ANEKHUX MOCTPLIIB (Pi3HHX 3aC00IB YpaXkeHHs) 3HAUCHHS R, ; BU3HAYAETHCS SIK:
_ n
Rn.l =1- (1_ p)

[Ipy 3aleKHHX IOCTPUIaX B CHCTEMI [BOX TPyl NOMIJIOK CTpLIbOM 3HaueHHs R, 4
BH3HAYAETHCS 32 (DOPMYIIOIO:

Poa=] | -1-pOx YT [ (Yo ) dy,

BucHoBku. HaBenenwii amapar po3paxyHKy OOHOBHX CHPOMOXHOCTEH MEXaHi30BaHOI
yacTUHU (3’ €JHAHHS) 32 YMOBH OCHAIIICHHS 11 3aX1IHUMH 3pa3kaMu 030pO€HHS, BIHCHKOBOI TEXHIKH
(OBT) 3 BpaxyBaHHSIM BiIMOBIIHUX Koe(ilieHTIB O0HOBOT €(h)eKTUBHOCTI TO3BOJISIE CTPYKTYPHOMY
MiIPO3LTY 3arajbHOBIMCHKOBOTO MmTa0y S3 MPOBOIWUTH TAKTHUHI PO3PAXyHKH, 30Kpema, 1010
ypakeHHs1 OpOHBOBAHUX LIJIEH 1 )KUBOI CUJIM IPOTHBHHUKA.

BusnaueHuii mopsiok po3paxyHKy TPUBAJIOCTI poOOTH mTaby Ha MiCIll, BUXITHUMHU JaHUMU
gakoro e€: (aktuyHa Biacranb [1Y Bix Airounx mnomepeny MHiAPO3ALTIB, Yac Ha 3TOPTaHHA Ta
pO3ropTaHHs, MBUAKICTh PyXy AIFOYUX momnepeay miaposautiB 1 [TY mig gac #oro mepemiieHHs
JI03BOJISIE€ PO3paxyBaTH TEPMiH Yacy IIOA0 OpTaHizallii 0010 HIKYECTOSIOT TaHKH.

Amapar po3paxyHKy OOHOBHX CIPOMOXHOCTEH MeEXaHi30BaHOI YacTHHHU (3’€IHaHHS) TIO0
YpaXXEHHIO HAa36MHOTO MPOTHBHHKA BOTHEM TaHKIB, OOMOBHX MAaIlMH MiXOTH, MPOTUTAHKOBUX
3aco0iB 1 CTpiJIenbKOT 30poi, B T.4. 3aXiJIHUX 3pa3KiB Ta BU3HAUCHI HaBYAJIbHI OOWOBI IMOTEHIIIATN
ocHOBHUX 3pa3kiB OBT 3aximHoro BHpOOHHMITBA JO3BOJSIOTH OOpaxyBaTH IMOTEHIIHHI O00HOBI
CITPOMOYKHOCTI MAPO3IIJIiB ONIEPATUBHO-TAKTUIHOTO PiBHS.

Amnapar BU3HAUEHHS BTpPAT JKUBOI CHJIM MPOTUBHUKA BHACTIZIOK BUKOPHUCTAHHS TUTBKH
CTpiIenbKO1 30p0i 3aXiTHOrO BUPOOHMIITBA JO3BOJISIE BU3HAYUTH OOHOBUN TOPSIOK IiIPO3ILTIB,
HEOOXITHUX JJIS BIIOUTTS aTak, 30KpeMa, IITYPMOBUX TPy MEpe] MepeiHiM KpaeM 000pOHH.

B po0oTi Ha OCHOBI MPOBEIEHOTO aHAJI3y, 3alIPOIIOHOBAHO MIAXIJ A0 PO3PaXyHKYy OOHOBUX
CIIPOMOKHOCTEHM YacTUHH, (3’€qHaHHsS), Ha 030poeHHI K01 3HaxomuThcss OBT 3aximHOTO
BHPOOHMIITBA Ta PO3paxyBaTH iX IMOTEHIIHHI MOMJIHMBOCTI MO YPaKEHHIO 3aCO0iB TMOBITPSHOTO
Hanajay IpOTUBHUKA, 30Kkpema brJIA.
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Ph.D Zaitsev D.

THE WORK OF THE HEADQUARTERS REGARDING THE CALCULATION OF

THE COMBAT CAPABILITIES OF THE MECHANISM UNIT AND THE METHOD OF
DETERMINING THE PROBABILITY OF TARGET HIT BY MODERN MEANS OF
UNMANNED AVIATION COMPLEXES

The article provides a variant of calculating the combat capabilities of a mechanized unit
(compound), provided it is equipped with Western models of weapons and military equipment
(OMT), taking into account the relevant coefficients of combat effectiveness.

It was determined that the S3 structural unit of the combined military headquarters is
intended for the organization, coordination and implementation of battle planning (actions),
training units, managing them during the conduct of battle (actions), as well as conducting
tactical calculations and preparing and providing proposals to the commander for the
development of action options, conducting their analysis and comparison, including for defeating
armored targets and enemy manpower.

The defined initial data for calculating the duration of the headquarters' work on the spot
are the actual distance of the control point (PU) from the units operating in front, the permissible
distance of the PU according to the conditions of the situation, the time for folding and
unfolding, the speed of movement of the units operating in front and the PU during its
movement. giving. This allows you to calculate the time for the commander to make a decision
and the time to work out directive documents (preliminary and combat orders, combat orders),
which define the order of operations of the units and their combat tasks.

From the list of calculations carried out by the governing bodies, the article examines the
combat capabilities of a mechanized unit (compound) to attack the ground enemy with the fire of
tanks, infantry fighting vehicles, anti-tank weapons and small arms, including western samples.

The determined training combat potentials of the main types of weapons and military
equipment allow you to calculate the potential combat capabilities of operational-tactical units
and determine the effectiveness of the fire system as a component of the construction of a
combined military battle (organization of tactical actions).

The given dependencies for determining the probability of hitting a target with any weapon
for an independent and constant number of shots allow you to calculate: the potential
capabilities of a unit (combination) to hit the enemy's air attack means, in particular, UAVs.

Keywords: combat capabilities, mechanized unit (compound), combat -effectiveness
coefficient, operational-tactical level headquarters, calculation and reference documents,
probability of defeat, calculation method.
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JTOCJIKEHHS METOOJIOTTI AHAJII3Y PO3BIIYBAJILHOT IHGOPMAIIIT

Cno6o «maxkcoHOMIA» HOXOOUMDb 3 ZPEUbKO20 «MAKCICY, W40 03HAUAE YNOPAOKYBAHHA, ROOLN, A6O
nOpAOOK, ma «HOMOCY, W0 o3Hayac 3akoH. Knacuumi npuxnaou maxconomii — uye iepapxiuna
Knacugikayia ycix ycueux opzanizmie 3a cucmemoro Kapna Jlinuesa na wapcmea, munu, Knacu, paou,
POOUHU, pOOU Ma 6UOU, AKA WUPOKO BUKOPUCHOBYEMBCA 6 DION0ZIMHUX HAYKAX, @ MAKONC NepioouuHa
maonuysa enemenmie JImumpa Menoenecsa, euxopucmosysana Xximikamu. Takcomomia — ye
Knacugikayia ecix enemenmie neenoi odnacmi inghopmauyii abo 3nans. Bona eusnauac yro oodracme,
idenmughikyrouu, nazuearouu i Kamezopywuu éci piznomanimui 00’ckmu 6 wyini oonacmi. O6’cxkmu
Op2aHi308aHi 6 CNOPIOHEHI ZPYNU HA OCHOGI AKO20CH 3A2AIbHO20 (YAKMOPA, W0 RPUMAMAHHUIL KONHCHOMY
00°ckmy y 2pyni. Y nonepeonix cmammax mu GUHAUUAU PIZHUYIO MIIC 080MA PIZHUMU MURAMU
mucnenns, mucienuam Cucmemu 1 ma Cucmemu 2. Mucnenna Cucmemu 1 € inmyimuenum, uieuoxum,
ehexmuenum i uacmo 6ezoymuum. B oaniit pobomi giomiuacmocs, wo iHmyimueHne MucieHHA 4ACMO €
MOYHUM, alle 60OHO MAKOMC € 3A2AIbHUM 0HCEPENOM KOZHIMUBHUX YHEPEOHCceHb ma iHWUX iIHmyimuenux
HOMUJIOK, AKI npu3eooamev 00 Henpasunvho2o ananizy. Mucnenna Cucmemu 2 € ananimuunum. Bono
noginbhe, o060ymamne i ceidome, pe3yavmam po3cyonueo20 mucienua. Kpim cmpykmypoeanux
ananimuyHux mexnix, mucienna Cucmemu 2 0XONNIOE KpumuuHe MUCTAEHHA [ 6ecb CHeKmp
emMnipuunoz0 ma KinvKicnozo ananizy. Po3eidyeanvni ananimuxu 6 OCHOGHOMY HOKNAOAIOMbCA HA
inmyimugnuii cyo, npouec Cucmemu 1, y nodyoosi ceozo niniiinozo amanizy. Ilpasunvno euxonane
iHmyimueHe pOo3MIPKyGaHHA I[HOOI HA3UGAECMBCA MPAOUYIHHUM AHANI30M, NOECOHYE eKChepmu3y 3
npeomemmnoi oo6nacmi ma 0CHOBHI HAGUYKU MUCTIeHHA. [|0Ka306e MUCTIEHH, ICOPUYHUIL MEM OO, MENOO
Kelic-cmaodi, ma MUCAEHHA 34 AHAN0ZIEw — ue npukiadu yiei kamezopii ananizy B pooomi makooc
6iOMIYeHO, W0 OCHOGHA XAPAKMEPUCMUKA, AKA GIOPI3HAEC [HMYyimueHe pOIMIDKYBAHHA  6i0
CMPYKMYPOGAHO20 AHANIZY, NONAZAE 8 MOMY, W0 Ue 3a36UYAll € IHOUGIOYATbHUM 3YCULIAM, 6 AKOMY
DPO3YMIHHA 8 OCHOBHOMY 3ANUMWIAEMBCA 6 PO3YMi IHOUBIOYANIbHOZ0 AHANIMUKA, NOKU 60HO He Oyoe
3anucane y npoexm 36imy. Haeuanna uvoco muny ananizy 3azeuuail 30iUCHIOEMBCA Y GUULUX
HABUANbHUX 3AK1A0AX, 0COOIUEO Y CYCRINbHUX HAYKAX | SYMAHIMAPHUX HAYKAX, YACHO PA3OM 3 NEGHOI0
excnepmu3ow 6 Kpaini ado mogi. Mucnenna Cucmemu 1 abo inmyimueni MucieHHa Cymmeso
eiopiznacmoca 6i0 mucinennus Cucmemu 2, AKa XApPaKmepu3yEmovca YOMUpMa WUPOKUMU Kamezopiamu
ananimuynux memoodie. Bomna onucye npupody uux uomupvox Kame2opiiu, OOHI€I0 3 AKUX €
cmpykmypoeanuii ananiz. Inwi — ye Kpumuune mucieHHsa, eMRIpUYHUI AHANI3 MA KEA3IKINbKICHUIL
anani.

Kniouosi cnoea:makconomia, inmyimueHne po3IMIDKYGAHHA, AHANI3, MUCJIAEHHA 34 AHAI02IEI0,
eKxcnepmu3a Kpainu, CmpyKmypoeani ananimuiHni mexHiku, CneKkmp, eMnipudHull aHais.

Beryn. JlocBinm TpoBiAHMX BYEHHX aHANITHUKIB TOKa3ye, IO BEJIEHHS PO3BiAyBaJIbHOI
iHpopMatiifHOT poOOTH HEMOXKIIMBO 0€3 TaKCOHOMII SIK Kiacudikaropa BCiX eNEMEHTIB MeBHOI 00nacTi
iHpopmarii a6o 3HaHb. 3BUUANHO, ICHYIOTh LIHHI TAEMHHUIII, SKi MA€ PO3KPUTH PO3BijAKa — pedi, sKi
MO)KHa 3HATH Ta BIAKpUTH. AJle 1€l CBIT Takok Oaratuii Ha Ta€MHHUIl, MOB’s3aHI 3 MalOyTHIM
HaAMpsIMKOM TOMAIM Ta HamipaMM KIIOYOBHX akTOpiB. Taki pedi MaJTOHMOBIPHO OCBITIIOIOTHCS 3a
JIOTIOMOTO0 OJTHOTO JIMINIE IIMAaTKa CEKPETHOI PO3BiAyBalbHOI 1H(opMaIlii; 11e 000B’A3KOBO TEMH
st aHamizy IlpoTsarom ocTaHHIX JBaaIsATH POKIB OyJMW 3pOO0JIeHI BaXIWBI JIOCATHEHHS B
TICUXOJIOTTYHHUX JTOCIIKEHHSIX MO0 JIFOJACHKOTO Cy/LKEHHS. Teopist MoABIHHOTO MpoIiecy BUOyxia
K TEPEeBAXHUU MIXil, TNependadaroud [BI CHCTEMH NPUHHSATTSA pIlIeHb, SKi HA3WBAIOTHCS
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Cucremoro 1 ta Cucremoro 2. OcHoBHe BigmMiHHOCTI Mik Cucremoro 1 ta Cuctemoro 2 mosisrae y
IHTYITUBHOMY Ta aHAJITHYHOMY MHUCIICHHI [1].

Cuctema 1 € IHTYITHMBHOIO, IIBHJIKOIO, €()eKTUBHOIO 1 4YacTO HecBioMow. BoHa mpuponHO
BHKOPHUCTOBY€E HasBHI 3HaHHS, MHHYJI1 JJOCBIJIM 1 9aCTO JOBTOCTPOKOBY MEHTAIBHY MOJIEb TOTO, SIK
aroau abo pedl MpaIol0Th B KOHKPETHOMY cepenoBuili. Mucinenna Cucremu 1 gyxke CIOKyCIuBe,
OCKUIbKM BOHO MOTpeOye Majno 3yCHiib, 1 JO3BOJIAE JIIOASIM HIBUAKO 1 €(EKTUBHO BHPILIYBaTH
npoOJIeMH Ta IPUIMATH PIIICHHS.

IcHye GaraTo THMIB yIEepeKeHb, BC1 3 SIKUX MOKHA PO3TJISAATH SIK KOTHITUBHI YIIEpePKeHHS,
OCKUJIBKH BOHH yci (OpMYIOTBCS Ta BHSBIAIOTHCS dYepe3 HisbHICTE CucremMu 1y MO3KY.
[ToTeHwiifHi TPUYMHU YNEpeIKEHb BKIIOYAIOTh MNpPOQeciiiHuii TOCBiA, IO NPU3BOIUTH [0
3aCBOEHHS AHAIITHYHOI MEHTAJIBHOCTI, HaBYaHHsI a00 OCBITY, XapakTep BHXOBaHHS, THII
0COOHMCTOCTI, BUAUMUIA 0COOUCTHIT OCBIA a00 0COOMCTHH IHTEpeC y MEBHOMY pillleHHi [2].

VYci ynepemkeHHs, KpiM, MOXJIUBO, OCOOHUCTOrO YyINepeKeHHs A0 OCOOUCTHX IHTEpeciB, €
pe3yabTaTOM IIBHJKOTO, HECBIIOMOTO Ta 1HTYiTMBHOTO MuCIeHHs (Cuctema 1), a He pe3yIbTaToM
obmymanoro mipkyBaHHs (Cuctema 2). Mucnenns Cucremu | 3a3Buyail mpaBWIbHE, ajieé 4acTo
BIUIMBAIOTh HA aHali3 Ta MNPUHHATTS pilleHb B 0araTbOx Traiy3siX, TaKuX SIK ICHUXOJIOTid,
TMOJIITOJIOTsI, MEAWIIMHA, €KOHOMIKa, Oi3HEC Ta ocBita. Y Iiii poOOTiI JOTIYHO OmUcCaHO Oararto
yIepeKeHb, SIKi BIUIMBAIOTh Ha PO3BIAYyBAIbHUI aHami3. 3 TUX Mip COTHI KOTHITUBHUX yTEpeIKEeHb
OyJnu omucaHi y HayKOBIiil JiTepaTypi 3a JOMOMOTOIO Pi3HUX TepMiHiB. KOTHITHBHI ynepemKeHHs
MoAi0H1 10 ONTUYHUX 1UTI031i y TOMY, IO MMOMIJIKA 3aTHIIAETHCS IEPEKOHINBOIO HABITh TOJI, KOJIH
oco0a MOBHICTIO ycBimoMTiOe i1 mpupoay. Came yCBIIOMIIEHHS YIEPEKEHHS HE TIOPOIKY€E OB
TOYHE CIPHUUHATTS. TOMY KOTHITHBHI YIEPEDKEHHS Jy>K€ BaXXKO IOJIOJIATH, TOMY, IO JIIOAH
OisTbIIIe TIOMIYarOTh iICHYBaHHS Ta (PYHKIIOHYBaHHS KOTHITHBHHUX Ta MOTHBALlIHHUX YIIEPEHKEHB Y
IHIMX, HDK y camux cebe. Lle mosicHioe, oMy Tak 0arato aHaJITHKIB BBaXarOTh, IO 1X BJIAcCHE
inTyiTuBHEe MuciieHHs (Cuctema 1) € mocrathim [3].

AHaJii3 ocTaHHIX AocaiaxkeHb. AHali3 myOmikaiiid B 001acTi TakCOHOMIT SIK Kiacudikatopa
BCIX eJeMEeHTIB MmeBHOI oOmacti iHdopmarii abo 3HaHb. IcHye oOmupHa IniTepaTypa 1010
KOTHITUBHUX YNEpeKEeHb, 1HO1 Ha3MBAaHUX «EBPUCTHKAMM», KA MOSICHIOE, SIK BOHU BIUIMBAIOTh Ha
MUCJICHHS JIFOUHN y 0arathox ramy3sx [1, 2]. Bonu HagawoTh JOpOroBKa3 sl YHUKHEHHS OJTHOTO
a00 JEeKUIbKOX KOHKPETHMX KOTHITUBHHX YHEpEIKEHb, a TAKOXK IHIIUX MOMIMPEHUX IHTYITUBHUX
MACTOK ONHUCYIOTHCS Pi3HOMaHITHI moMmikd Cucrtemu 1, sKi mpu3HaAdeHi A7 YHUKHEHHS ILOTO
BUJly CTPYKTYPOBaHHX aHAJITUUYHUX TEXHIK. X04a Il TEXHIKH KOPHCHI, BOHU TaKOX HE TapaHTYIOTh
ycrixy. [Iutanus iHdopMaliifHO-aHATITHYHOT AISITBHOCTI PO3TISAAEThCA Y TaAKUX MyONiKaIisIX SK:
Bapenko B. M. Indopmaniiino-aHamiTiuHa [IIsUTbHICTh: HaBYalIbHUN mOCiOHUMK; [Ipomecu
po3BigyBasibHO1  misutbHOCTI. Crammapt HATO. Coro3Hunbka 00’e€qHaHa HactaHoBa AJP-2.1
(Bumanna B, Bapiant 1). Ympasminaa cranpaptusanii HATO. Ane, Ha IymMKy BUYEHHMX CydacHa
TeXHiKa 0€3 CHeliaJbHOr0 MPOrpamMHOro 3a0e3leueHHsT He 37aTHa 3aJI0BOJLHUTH TOCTIHHO
3pocTalouy NOoTpeOH MiIBUIIEHHS e(EeKTUBHOCTI PO3BilyBalbHOI AisibHOCTI. Ha 1ymMKy BilficbKOBHX
BUCHHUX MUISIX BHUpIMIEHHS JaHOi MNpoOJieMH € YTBOPEHHs CIELialbHUX aBTOMAaTH30BaHUX
iHpopmariiaux cucrem (AIC). B 3amexxHocTi Big mpeaMeTHOI ramdy3i, BOHH MOXYTh JyXKe
Biapi3zHsaTUC Mibk«IIcuxomoriss aHamizy pos3BiakW», Bhepmie omybmikoBaHa y 1999 por,
3aCTOCOBYBaliM ysiBlieHHS TBepcki Ta Kanemana no mpoOiem, 3 SIKUMH CTHUKAJIUCA aHATITHKU
po3Bimku. 3 momeHnty myOmikamii «Ilcuxomorii aHamizy po3BiIKW» IHINI aBTOPH, TOB’S3aHI 3
PosBigyBanbsHoto crimbHOTO0O CIIA (Brmiowaroun J[Dxeddpi Kymepa ta Poba JlxoHcTOHA),
BH3HAYMIIN KOTHITHBHI yIEpeKEHHS SIK OCHOBHY NMPUYKHY aHATITHYHUX HeBnad y [PV [5-7].

Merta crartTi. B ipoBeicHHI TOCITIKSHHSI METOOJIOTIS aHATI3y PO3BiTyBaIbHOT iH(OpMAIIii.
Bona npezcraniisie TAKCOHOMIIO 3 BOCBMH BiIMIHHUMH KaTETOPisSIMU CTPYKTYPOBAaHUX aHAIITHYHUX
MmetoziB. Kateropii 6a3yroTbcs Ha TOMY, K KOK€H HaOip METOMIB CIIpHs€ MOKPALICHHIO aHaTi3y
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pO3BiMyBabHOI  iH(oOpMalii 3a JOMOMOTOK SKMX BHYTPIIIHI TPOILECH PO3BiAYyBaJIbHOI
iH(popMaIiifHOT POOOTH BiIOOPAKAOTHCS 30BHI B CHCTEMAaTHYHHI Ta MPO30pHUH crocid, mob iX
MOKHa OYJIO CIIJIbHO BHKOPHCTOBYBAaTH, PO3BHBATH Ta JIETKO KPUTHKYBAaTH iHmMMMH. KoxxHa
TEXHIKa 3aJIUIIAE CIiJ, 32 SKUM 1HII aHAJTITUKU Ta KEPIBHUKU MOXYTh CIIJKYBaTH, 100 MOOAYUTH
OCHOBH CTPYKTYPOBAHOTO aHAJITHYHOTO CY/HKEHHS.

Bukiaang ocHoBHOro martepiaay. IlpoTsromM ocTaHHIX POKIB CTPYKTypOBaHiI aHaJTiTHYHI
TEXHIKH € TEXHIKaMHU Je-yrepelkeHHs. BoHM He 3aMiHIOIOTh iHTYITHBHMiI Cy/KEHHA. IX poib
MoJIsiTae B TOMY, 100 MiJiAaBaT CyMHIBaM 1HTYITHBHI Cy/XKEHHS, 1IeHTU(DIKYIOUH OUIBLINIA CIIEKTP
BapiaHTIB A7 po3riany aHamiTukamu. Hanpuknaa, Kimtouosi [IpunymieHns.

[lepeBipka mepenbadae imeHTH(]IKAmiF0 Ta pO3IIAA TOJATKOBHX TMPHUITYIICHb. AHaNI3
KOHKYpYIOUMX TinoTe3 mependavae iAeHTU(IKAII0 albTepHATUBHUX TiNOTE3, AaKLUEHT Ha
CIPOCTYBaHHI, a HE MIATBEp/DKCHHI TiMoTe3, Ta OUIbII CUCTEMAaTHMYHUM aHali3 JoKasiB. Yci
CTPYKTYpOBaH1 TEXHIKH, OMHCaHI y Iiil KHU31, MalOTh Po3.ia «Jlo/1laTkoBa BapTICThY, 110 OMUCYE, 5K
I TEXHIKA CIPHUSE TOJIMIIESHHIO aHaJli3y Ta JO0MOoMara€ 3MEHIIUTH KOTHITHBHI YIEpPEKEHHS Ta
IHTYITUBHI TIAaCTKH, YacTO POOJICHI PO3BIIHUKAMHU Ta TOB’si3aHi 3 MucieHHsMm Cuctemu 1. s
0araTbOX TEXHIK KOPUCTh € O4YeBHAHOI. JKomHA 3 HHUX HE TPETCHIYE Ha 3aBXKIH IPABHIbHY
BiANOBiAb. BoHM ineHTH(]IKYIOTH ambTEpHATHUBHU, $KI 3aCIyrOBYIOTH Ha CEpPHO3HE pPO3IIIS.
3BHYaiiHa KpPUTUKA CTPYKTYPOBAaHHMX AHATITUYHHUX TEXHIK MOJSATae B TOMY, LIO Y MEHE HeMae
JIOCTaTHhO dYacy, 100 ix BukopuctoByBaTH [4]. JlocBim 0araThOoX aHAIITHKIB MOKa3ye, MO IIs
KpUTHKA HE Mae mijfcTaB. barato TexHik 3a0MparoTh Aye Majo 4yacy. byp-ska HoBa piu nmorpedye
yacy Ha BUBYEHHS; aje, O/1y>K€ 3aCBO€HA, BUKOPHUCTaHHs CTPYKTYPOBAaHMX aHAJIITHUHUX TEXHIK
320IIa/PKy€ Yac aHaMITUKIB. Lle MoXke JOmoMOrTH 1HAMBIyadTbHIM aHATITHKAM TPAIIOBATH OB
e(peKTUBHO, OCOONMBO Ha IOYATKy IPOEKTY, KOJHM AHATITHK MOXKE IHAKIIe TPOXH OIyKaTH,
HaMaralo4mch 3pO3yMiTH, SIK NpOJAOBXKyBaTh. CTPYKTypoBaHI TEXHIKM MOJETHIYIOTh TI'PYMOBi
MpOIIeCcH, TOKPAIlyIoud KOMYHIKaIlilo, a TAaKOK MOJIETHIyIOTh 30ip Ta iHTepIpeTalito a10Ka3is. I, B
KIHLIEBOMY MIiJICYMKY, CTPYKTypOBaHa TEXHIKAa CTBOPIOE€ NPOIYKT, B SKOMY MIpKyBaHHS 3a
BHCHOBKaMH € OUIBII TPO30PUM 1 OUIBII JIETKO MPUHMAETHCA, HIK TOW, SKHH OTPUMaHO 3a
JIOTIOMOTOr0 1HIMX MeTofiB. Lle 3aomamkye yac, MBUAKO BiJ3HAYAIOUM MOTO PEIEH3CHTaAMHU Ta
peAakTopamM Ta TUM CaMHMM CTHCKAlOUd MPOIEC KOOpAUHALli. AHAIITUYHI METOIN € BaXKJIMBUMU,
ajie caM METOJl JAaJieKuil BiJ TOro, o0 rapaHTyBaTH aHAJIITMYHY TOYHICTH a00 3Ha4eHHsA. Meron
MOBHHEH OYTH MO€JHAHUHN 3 CyOCTaHTHBHOIO €KCIIEPTU30I0 Ta JOMUTIMBUM po3yMoM. | 11i, y cBOIO
4yepry, MOBUHHI MIATPUMYBATUCS 1 CTUMYJIOBAaTHCS OpraHi3alliiHUM CEpelOBHILIEM, B SKOMY
BUKOHY€ThCS aHai3 [5].

CyuacHe OadeHHs MalOYTHBOTO aHAJi3y pO3BIAKK € BIH BCEe OUIbIIE CTa€ CHUTBHUM
MIIPUEMCTBOM, 31 3MIHOKO aKIEHTY BiJ KOOPAHMHAIII MPOSKTHUX MPOAYKTIB JO PETYJISIPHOTO
OoOroBOpEeHHsI JaHMX Ta TINOTE3 Ha PAaHHIX eramax AociikeHHs. lle € Benaukoro 3MiHOI0O IO
BiJIHOIIIEHHIO JIO TPAIUIIITHOTO aHATI3Yy SIK MEePEeBaKHO 1HIMBITyaIbHOT AISUTBHOCTI, @ KOOPAMHALIIIO
K OCTaHHIM eram mpouecy. Y CHUIBHOMY IMiANPUEMCTBI CTPYKTYPOBaHI aHATITHYHI TEXHIKH €
MpOLIECOM, Yepe3 KUl BiIOYBaeThCs cIiBMpaLs. Tak camo, sIK Il TEXHIKM HaJIal0Th CTPYKTYpPY HaIluM
1H/IMBI Ty aJTbHUM PO3YMOBHM IIPOIIECaM, BOHU TAKOXK MOXKYTh CTPYKTYPYBaTH B3aEMO/III0 aHATITHKIB Y
Matii koMauai abo rpyri. OCKUTEKA PO3YMOBHIA TPOILIEC Y IIUX TEXHIKAX € MPO30pUM, KOKHUI KPOK Y
TEXHIIll CIIOHyKa€e 0 OOroBOpeHHs B KOMaH[l. Take OOrOBOpEHHS MO)KE€ T'€HEpyBaTH Ta OIIHIOBATH
3HAYHO OLIbIIE PI3HOMAHITHOI 1 HOBOI iH(OpMAIlii, HiXK TPyIa, sSiKa He BUKOPHCTOBYE CTPYKTYpPOBAHUI
npouec. Komn xomaHma Mae cmpaBy 3 CKJIaJHOIO MPOOJIEMOIO, CHHEPrisi KUIBKOX pO3yMiB, sKi
BUKOPUCTOBYIOTh CTPYKTYpPOBaHMH aHaii3, 3a3BUYail € e()eKTUBHILIOW, HIK JyMKa OJHOTO aHATITHKA
[6]. CtpykTypoBaHi aHATiTHYHI TEXHIKH, KOJIM BOHU MOEAHYIOTHCS 3 TPOrPAMHHM 3a0e3MCUCHHSIM,
TaK0>XX MOXYTb HaJ[aTH KapKac JUlsl KepyBaHHS areHTYPHOIO CIIIBIPALICIO Ta KOOPAMHALIEIO, 3’ € THYOUU
YICHIB KOMAaHIIU B PI3HUX OdicaxX, areHTCTBAX, YaCTUHAX NMEPEHACHUCHUX TPAHCTIOPTHUMH MPOOKaMHU
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METaIoJIiCiB, HABITh 1O BChOMY CBIiTY. [IUTaHHS Mpo Te, Yu pO3BiqyBaIbHHIA aHATI3 € YU IIOBUHEH OyTH
MHCTENTBOM a00 HAayKOI0, € OJHUM 3 JOBIOCTPOKOBHX CIIOPIB Y JITEpaTypi MpO pPO3BiTyBabHUI
aHayi3. 3 HaIIOi TOYKH 30Dy, PO3BIIYBATBHUI aHAII3 Ma€e acniekTu 000X cdep. Jliana3oH TisUTBHOCTEH,
0 MiNAAal0Th I TMOHATTS PO3BIAYBaJbHOTO aHANI3y, OXOIUIIOE BECh CIEKTP KOTHITMBHHX
3110HOCTEH JIFOIMHM, 1 HEMOXKIIMBO PO3IOUIMTH HOTO JIMIIIE Ha JIBI KaTEropii — MUCTEUTBO Ta HAYKY —
abo ckaszaTH, 110 BiH € JHIIE OJHUM 4YM IHIIMM. B Mipy Toro, Hackiibku OyAb-fiKa 4YacTHHA
PO3BIAyBAIBHOTO aHA3y € MHUCTEITBOM YHM HAyKOIO, II€ TOBHICTIO 3QJIGKHUTHh B TOro, SK
BH3HAYAIOThCA «MHCTELTBO» Ta «HayKa». PoO3BigyBalibHI aHAJIITUKU BUKOPUCTOBYIOTH IIHMPOKHIA
CHEKTp METOMIB JJIs1 pOOOTH 3 IIIe MIMPIIUM CIIEKTPOM IPEeIMETiB. X04a 1151 KHUTA aKIIEHTYEThCS Ha
00JacTi CTPYyKTYypOBAaHOTO aHAIIi3y, BAKJIMBO BU3HAYUTH IIEBHY MOYATKOBY KaTErOpH3aIlil0 BCIiX
METO/IiB, 00 MO0aunTH, /1€ BIHCYETHCA CTPYKTypOBaHMU aHami3. barato HOCHiIHUKIB TOBOPSTH
JUIle TpO JBa 3arajbHi MAXOAU [0 aHami3y, KOHTPACTYIOUM KBaJiTaTHBHE 3 KUIbKICHUM,
IHTYiTUBHE 3 eMIIpUYHUM ab0 IHTYITUBHE 3 HAYKOBUM. [HIIII MOXYTh CTBEP/KYBATH, 1110 ICHYIOTb
TPU BIAMIHHI TAXOAMW: 1HTYITUBHUM, CTPYKTYpOBAaHMH Ta HAyKOBHH. Y HalIil TakKCOHOMII MU
HaMarajucsi BUPIIIUTH ITI0 TUTyTaHWHY, ONMUCyo4un nBa THU MuciieHHs (Cuctema 1 ta Cuctema 2)
Ta BU3HAYaIOuMW 4OTHpU KaTeropii mMucieHHs Cucremu 2. IlutaHHsS npo Te, 4M pO3BITyBaIbHUI
aHaI3 € Y4 MOBUHEH OyTH MHUCTEHTBOM 200 HAYKOIO, € OTHUM 3 JJOBIOCTPOKOBHX CIIOPIB Y JIiTepaTypi
PO PO3BiAyBAIBHUI aHai3. 3 HALIOT TOYKH 30pY, PO3BIyBaJIbHHI aHAJI3 Ma€ acreKTu 000x cdep [7].
Jliana3oH isTbHOCTEH, 110 MiANMagaloTh il MOHATTS PO3BIIYBaJIbHOTO aHAII3Y, OXOILUIIOE BECh CIIEKTP
KOTHITMBHUX 3[II0HOCTEH IIOAWHHW, 1 HEMOXXJIMBO PO3MOAUIMTH HOro JuIle Ha JBI KaTeropii —
MUCTEITBO Ta HAyKy — a00 CKa3aTH, 110 BiH € JIUIIC OJHUM Yd 1HIIUM. B Mipy TOro, HAaCKUIBKH OY/Ib-
sIKa YaCTHUHA PO3BIIyBAILHOTO aHATI3y € MUCTEIITBOM UM HAYKOIO, 1€ TTOBHICTIO 3aJICKUTh BiJl TOTO, SIK
BU3HAYAIOTBCA «MHCTELTBO» Ta «HAayKa». TaKCOHOMis, OINHWCaHa TyT, BHU3HAYA€ YOTHUPH
(YHKIIOHAIBHO PI3HUX METOJOJOTIUYHUX MIAXOIM A0 pPO3BiayBajdbHOro aHamizy. Lli migxoam
BIPI3HAIOTHCA XapaKTEpOM BHUKOPHUCTOBYBAHMX AHAJTITMYHMX METOMIB, TUIOM KiJIBKICHUX
MOKA3HUKIB, SKIIO TaKi €, THIOM JOCTyIHHUX JAaHUX 1 THIIOM HaBYaHHS, SKE OYIKyeTbcs abo
BHMAaraeTbcs. Xo4da KOXXEH METOJl € BIAMIHHUM, MEKI MDK HHMH MOXYTh OyTH HEUITKHMHU.
Mertopomorisi po3BiIKH, SIKy BUKIAB MpakTHK ¥ metomonor Jkek J[leBic, — 1€ 3acToCyBaHHS
MPOLIECIB 1 LIHHOCTEN HAyKOBOIO AOCIIIKEHHS 10 cHeu(piYHUX YMOB CTpaTEridyHOi PO3BIAKH.
JloOpi KpUTHYHI MHUCIHUTENI 3yMHHSAIOTHCS W peiIeKTyIOTh, XTO € OCHOBHHUM 3aMOBHHMKOM, SIKE €
MUTAHHA, /1€ MOXHA 3HAaWTH Halkpaury iH(popMalliio, SK MOXXHA TEPEKOHJIHMBO apryMEHTYBaTH
CIpaBy Ta 110 HEOOXimHO AMs e(eKTUBHOI mepenadi iX moBigoMIeHHS. BoHM po3yMitOTh, 110 e
mpouec nepenadayae MepeBipKy KIIOYOBUX MPUIYIIEHb, MOIIYK AaHUX, SKI CIPOCTOBYIOTH IIi
MPUTYIICHHS, 1 PO3TJIAL PI3HUX TIOSCHEHb, HACKUIBKH I1e¢ MOXJTHBO CTPYKTYypOBaHMU aHami3
CTpyKTypoBaHI aHATITHYHI METOAM BKIIOYAIOTh IOCTAITHUW MPOIEC, SKAW 30BHINIHIM YHHOM
BUCBITJIIOE MUCIJIEHHSI aHAJTHKa TaK, 00 Horo Oyjo JEerko po3IJsSHYTH IHIIUMH, TUM CaMHM
JI03BOJISIIOUM HOTO TMeperisiaaTi, 0OroBOpIOBaTH Ta KPUTUKYBATH KPOK 32 KPOKOM. 3 Ii€l IPUUMHH
CTPYKTYpPOBAaHHMI aHaJli3 3a3BUYail CTa€ CIUIBHUM 3YCHJUISIM, B SIKOMY IIPO30PICTb aHATITUYHOTO
MpoIleCcy BiAKPUBAE Y4acTh aHATITHUKIB Ha Pi3HI, KOH(IIKTHI TOYKH 30py. BBaxkaeThcs, M0 el THI
aHaTi3y TIOM SIKIIy€ JEsKI HETaTUBHI HACHIIKA KOTHITUBHHX OOMEXKEHb OKPEMOTO aHaJITHKa,
BOYJIOBaHMX YSBJICHb Ta BCHOTO CIIEKTPY KOTHITHBHHX Ta IHIIMX aHATITHYHUX yrepemkeHs [8].
YacTto BUKOPHCTOBYIOTHCS TEXHIKH, Takl ik CTpykTypoBaHuil BpeHHIITOpMIHT, aHami3 CLEHapiiB,
MOKA3HUKH, aHalli3 KOHKYPYIOUHMX TilOTe3 Ta IEepeBipKa KIOUOBHX MpHIyIieHb. CTpPyKTypOBaHi
TeXHIKM BHKJIAJAIOTbCS Ha pIBHI KOJEKY Ta acHipaHTypd W MOXyTb OyTH BHKOPHCTaHi
aHaNITUKaMH, sIKi He MaloTh MiJTOTOBKH B CTATHCTHUIl, BUCOKIM MareMaTHili abo TBEpIuX HayKax.
KBazi-kinpkicHHI aHami3 32 JOMOMOIOI0 JAHMX, IO T€HEPYIOThCS eKClepTamMu: AHANITUKH YacTo
HE MalOTh EMITIPUYHUX AaHUX, HEOOXITHUX IS aHAJI3y PO3BIAYBAJIBHOI MpoOiIeMH. Y BIACYTHOCTI
EMITIPUYHUX JaHUX PO3POOJISIOTHCA 0arato METOMIB, SIKI TPYHTYIOTHCS Ha EKCIEPTHHX OIIHKAX
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KJIIOYOBHX 3MIiHHUX sK Bucokwmii, Cepenniii, Huspkuii abo Biacythiif, a6o 3a J0MOMOIOIO
MIPUCBOEHHS Cy0’ €KTHBHOI WMOBIpHOCTI. BHKOPHCTOBYIOTBCS CHemiaibHI MpOUEaypH JIsi 300py
WX OIIHOK, 1 3a3BWYali BOHHM IHTETPYIOTHCS B OUIBIINK MOJENb, IO OMUCYE KOHKPETHE SBHIIIE,
Take SK BPa3JIMBICTh IMBUIBHOTO Jilepa Mepel BiiCBKOBUM NEpEeBOPOTOM, PIBEHb IMOJITHUYHOL
HecTabiIbHOCTI 200 WMOBIpHUE pe3yibTaT 3akoHOAaBYOil auckycii [9]. o wiel kareropii BXOAATH
METOJIM, Taki K OaileciBCbke BUBEICHHS, IWHAMIYHE MOJCIIOBaHHS Ta cuUMYJAMis. HaBuanHs
BHUKOPHUCTAHHIO ITUX METO/IIB 3IHCHIOETHCS HAa PIBHI aCMipaHTYpH B TaKUX raiy3sx, Ik MATeMaTHKa,
iHopmariiiiHi  HaykW, OTepamiiHuil aHami3, Oi3Hec abo Hayku. Emmipuunmii aHamiz 3
BUKOPUCTAHHIM KUIbKICHUX JaHuX: KiIbKiCHI eMIIpUYHI 1aHl HACTUIBKHU BIIPI3HIIOTHCS Bl IaHUX,
IO TEHEePYIOTHCS EKCIEepPTaMHM, M0 METOAM Ta THIH MpoOJeM, sIKi BOHH BHKOPHCTOBYIOTHCS IS
aHaJizy, TaKOX Jyke pi3Hi. EKoHOMeTpruHe MOIETIOBAaHHS € OJHUM 13 3arajlbHUX MPUKJIa/liB I[bOTO
MeToy. EMmipuyHi 1aHi 30MparoThCs pi3HUMH THIIAMU JATYHUKIB 1 BUKOPUCTOBYIOTHCS, HATIPUKIIA],
B aHaui31. O7iHA 3 IIMX YOTHPHOX METOAMK HE Kpalla abo edeKTHBHIIIA 3a iHITy. Bci BoHM moTpiOHI
B pi3HUX OOCTaBMHaX, 00 ONTHUMI3ZYyBaTH HMOBIPHICTh 3HAXOJDKCHHS MPaBUJILHOI BiJIMOBI/II.
BukopucTtanHs KUIBKOX METO/IIB IPOTATOM OJHOTO aHAITHYHOTO MPOEKTY Mae OyTH HOPMOIO, a HE
BUHATKOM. Hanpukinaza, HaBiTh Ay»e KUIbKICHUN TEXHIYHMNA aHa/i3 MOXE BKIIOYATH HMPUITYIICHHS
PO MOTHBAIIO, HaMip a00 3MaTHICTh, SIKI HaiiKkpaiie OOpOOJISIOTHCS 3a TOTOMOTOK MiAXOJIB
KPUTUYHOT'O MHCJICHHSI Ta/abo cTpykTypoBaHoro anamizy [10]. OmgHiero 3i CTpyKTYpOBaHUX TEXHIK
JUISL TeHepallii el Moxe OyTH BUKOPUCTAHHS M ineHTH]iKalii 3MIHHUX, AKi CIiJ BKIIOYHUTU B
JUHAMIYHY MOJENb, 110 BUKOPUCTOBYE J1aHi, CTBOPEHI €KCIepTaMu, AJIs KUIbKICHOI OIIIHKH ITUX
3MIHHUX. [3 IIMX YOTUPHOX METOJIUK CTPYKTYpPOBAaHHUM aHaJi3 € HOBUM «TPaBIIEM Ha IOI», Tak On
MOBUTH, TOMY KOPHUCHO PO3TJISIHYTH, SIK BIH BIJHOCHUTHCS M0 MucieHHs Cuctemu 1. Mucnenus
Cucremu | moenHye eKCHEpTHY €KCHEpPTHU3Y Ta IHTYiTHMBHE pPO3MIPKYBaHHS B JISUIBHOCTI, sKa
BiIOYBA€ETHCS TIEPEBAKHO y TOJIOBI aHANITHKA. X04Ya aHATITHK MOXKe OTPUMYBATH BBiJl BiJ 1HIIMX,
aHAITHYHUN TPOAYKT YACTO CIPHUMMAETHCS SK MPOAYKT OJHOTO AaHANITHUKA, 1 AHAIITHK Mae
TEH/ICHIIII0 BITYYBaTH «BJIACHICTH» JO CBOT'O aHANITUYHOTO MPOAyKTy. PoboTa omHoro anamituka
0COOJIMBO BpasiuBa [0 IIMPOKOIO CIEKTPY KOTHITMBHHMX MacToK, omucaHux y «llcuxomorii
pO3BigyBanbHOrO aHamizy» Ta B Iiii kHu3i [11]. CTpyKTypoBaHH#l aHai3 CIAye MMOCTAITHOMY
mporecy, SKuid Moke OyTH BUKOPHCTAaHUH OKpEMHUM aHAIITAKOM, aji¢ BIiH YacTilie
BUKOPHUCTOBYETHCS SIK TPYIIOBUH MPOIIEC, OCKUTBKH caMe TaK OTPUMYIOThCSI OCHOBHI TepeBaru. Sk
MU OOTOBOPIOBAIM y TONEPEAHBOMY PO3[iTI, CTPYKTYPOBaHI TEXHIKH KEPYIOTh A1aJlOTOM MiX
aHAIITUKAMH 3 CIUIBHUMU 1HTepecaMu, KOJM BOHH KPOK 332 KPOKOM MPAIIOI0Th HaJ aHAITUYHOIO
npo6iemoro. KpuTHyHUM MyHKTOM € Te, IO TaKUil MiaXiJ BUKJIaIa€ YYACHHUKIB 3 PI3HUMHU THIIAMH
Ta pIBHSAMH CKCIEPTH3W Ha aJbTEPHATHBHI 17€i, JOKa3M a00 MEHTaJbHI MOJENI BXKE Ha pPaHHIX
eTanax aHaJITHYHOTO Tporecy. BiH MoXe TOMOMOITH eKcrepTaM YHUKHYTH JCSKHX 3arajlbHUX
KOTHITUBHUX MAacToK. CTPyKTypOBaHWU TPYIOBHH TMpoleC, SKUH ineHTH(]IKYe Ta OI[HIOE
NbTEPHATHBHI TMEPCIEKTUBU, TAKOXK MOXKE JOMOMOTTH YHUKHYTH «TPYHOBOi AYMKH», HAMOIIBII
MOLIMPEHOi MpoOJieMu y IpymnoBuX mpouecax. Komu BUKOPUCTOBYETHCS TPYNOK YM KOMaHJOIO,
CTPYKTYypOBaHI TEXHIKM MOXYTh CTaTHM MEXaHi3MOM Mg OOMiHy iH(OpMAaIli€0 Ta TPYHOBOrO
HaBYaHHs, SIK€ JOMOMarae KOMIIGHCYBAaTH TMPOTAJWHU abo cla0Ki CTOPOHM B EKCIEPTHIH
ekcrieptusi. Lle 0co0IMBO KOPUCHO IS CKIIATHUX MPOEKTIB, K BUMaraloTh CHHTE3y KUIBKOX THIIIB
excrieptusu [12].

BuCHOBKH Ta HanpsMKH NOAAJbIIMX [JOCTiIKeHb. TakuM YHHOM, B pe3yJbTaTi
JTOCJTIJDKEHHST METOOJIOTIi aHaji3y po3BiayBaibHOI iH(pOpMaIlii MOXHA 3pOOUTH BHCHOBOK IO,
TaKCOHOMisl, OTIMCaHa TYT, BU3HAYA€ YOTHUPU (PYHKLIOHATIBHO PI3HUX METOIOJOTIUHUX MiAXOIH J0
po3BimyBasibHOTO aHamizy. [li miaxoawm BIAPI3HAIOTHCS  XapaKTEpOM BUKOPHUCTOBYBAHUX
AQHATITUYHUX METOJIIB, TUTIOM KUIBKICHUX IMOKA3HUKIB, SIKIIO TakKi €, THIIOM JOCTYITHHUX JAaHHUX 1
TUTIOM HaBYaHHS, K€ OUIKYETHCSI a00 BUMAraeThCs. Xo4a KOKEH METOJ € BIIMIHHUM, MEXI MiX
HUMHU MOXYTh OyTH HeuiTkumu. [1o mepie 1e KpuTHIHEe MUCTICHHS, SIK BU3HAYECHO JTOCBIIYCHUMU
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cneriamicramu. [lo myre cTpykrypoBanuii aHaii3 CTpyKTypOBaHI aHAJITHYHI METOIU BKIIIOYAIOTh
MOETANHUM Mpolec, SKUH 30BHILIIHIM YMHOM BHCBITIIIOE MHUCIEHHS aHaimiTHKa. [lo Tperhe KBasi-
KUIBKICHUM aHaji3 3a JOMOMOIOI0 IaHUX, 1110 TeHEPYIOThCs excniepramu: [lo yeTBepre eMiipuuHuit
aHaJli3 3 BUKOPUCTAHHAM KUIbKICHMX AaHuX. OHa 3 LUX YOTUPbOX METOJIUK He Kpama abo
edexTuBHImA 3a iHnry. Bei BoHM MOTPiOHI B pi3HUX 00CTaBWHAX, MO0 ONTHMi3yBaTH WMOBIPHICTb
3HAaXO/PKEHHS TpaBWJIBHOI BIANOBIAl. BHKOpHCTaHHS KUIBKOX METOJIB MPOTATOM OJHOTO
AQHAJIITUYHOTO MPOEKTY Mae OyTH HOPMOIO, a HE BUHATKOM. Hampukiaza, HaBiTh y»Ke KUIbKICHUI
TEXHIYHUN aHaji3 MOKe BKJIIOYATH NPUITYIICHHS NpO MOTHBAIil0, Hamip abo 34aTHICTh, SKi
Halikpamie  OOpOOJSIOTBCS 32 JIONIOMOTOI0  MIAXOMIB ~ KPUTUYHOTO  MHCICHHA  Ta/abo
CTPYKTypOBaHOro asamizy. OJHi€l0 31 CTpyKTypOBAaHUX TEXHIK JUIsl TeHepauii iefi Moxke OyTu
BUKOPUCTAHHS I iAcHTH(DIKAIlT 3MIHHUX, SKi CIiJl BKIOYATH B JUHAMIYHY MOJENb, IO
BUKOPHCTOBYE JaHi, CTBOPEHI €KCIepTaMu, JJIsl KUMbKICHOT OIIHKU IIMX 3MIHHUX. [3 IUX 4OTUPHOX
METOJHMK CTPYKTYpOBaHWH aHAaJi3 € HOBHM «TPaBIIEM Ha II0JIi», TaK OM MOBHTH, TOMY KOPHCHO
PO3IIISIHYTH, SK BiH BiZHOCUTBbCS 10 MucieHHs Cuctemu 1. Mucnenns Cucremu 1 moenHye
eKCIePTHY eKCIePTH3Y Ta IHTYITUBHE PO3CYIDKCHHS B IiSUTBHOCTI, sIKa BiIOYBA€THCSA TIEPEBAKHO Y
TOJIOB1 aHANITHKA. X04a aHANITUK MOKEe OTPUMYBATH BBIJ BiJ 1HIINUX, aHATITUYHUHA MPOIYKT YaCTO
CHPUIMAETHCS SIK TPOIYKT OJHOTO aHANITHKA, 1 aHATITUK Ma€ TEHACHIIIIO BiIUyBaTH «BIIACHICTHY
JI0 CBOT'O aHAJIITUYHOTO MPOAYKTY.

JIUTEPATYPA:

1. "Curyamnis Oenrexna": y ['YP Ha3Banmm enunHmii Oe3meuHuil BapiaHT [uist pocisH B Kpumy.
Amxkenika bBaitbax 17:29, 27 Bepecus 2023 p. https://24tv.ua/chornomorskiy-flot-sevastopoli-vibuhi-
rozvidtsi-dali-poradu-rosiyanam_n2400724

2. Jlesuenko O. B., Binauk B. B., Yctumenko O. B. Po3Biaka Ta ino3emHi apmii. [Hpopmaniiina
pobota : HaBdanmbHUH ocionmk / — KuiB: «KHT», 2022. — 124 c.

3. bintel.org.ua/nukma/rozviduvalnij-proces-nato/

4. https://www.nato.int/docu/review

5. BiiicekoBuii cranmapt 01.101.004. Bunanus 2. Boenna po3sigka. Po3BigyBanpHO-iHpOpMaIiiiHa
nistmeHICTE. TepMinn Ta Bu3HaueHHs. — K. : MinicTrepcTBo 06oponu Ykpainu, 2015. — 26 c.

6. [Iponecu possinyBanbHoi aismibHOCTI. Ctanmaapt HATO. Coro3Huiibka 00’€JHaHa HACTaHOBA
AJP-2.1 (Bunanus B, BapianT 1)/ Yupasninus crangaprusanii HATO, 2016. — 80 c.

7. Caiir IMpuHIIITiB IIporuo3yBaHHs: : www.forecastingprinciples.com/
files/pdf/methodsselectionchart.pdf.
8. Paccen V. ®peHcke, «Takconomust JISt ONEPALMOHHBIXUCCIIEAOBAHUI,

OneparmonasiencenenoBanms 19, Ne 1 (ssauBapb-hespaits 1971).

9. Kaii P. T. JlapcoH, «TakcoHOMUS MPENIOCHIIOK ycIeXa HHPOPMAIMOHHBIX CHCTEM: HCCIICAOBaHHS
MepeMEeHHBIX aHann3ay, JKypHai MeHekMeHTa nHpopManronHbix cucteM 20, Ne 2 (ocens 2003).

10. OcHoBu po3BimyBanbHO-iH(OpMaMiiiHOi AistmbHOCTI: HacTaHoBa llITaby po3Biaku MinicTepcTBa
o6oponn BemukooOpwuranii. — K. : I'YP MO VYkpainun, 2015.— 51 c.

11. /defpol.org.ua/index.php/produkty-tsentru/49-shliakh-ukrainy-do-nato/1084

12. Mertoau4Hi pekoMeHnallii 3 po3poOKH pO3BiTyBabHUX OIIHOK (32 CTaHIapTaMH IPOBITHHX
kpain-wieniB HATO). — K. : I'YP MO VYxpainu, 2018. - 118 c.

REFERENCES:

1. "The situation is embarrassing™: the State Government named the only safe option for Russians in
Crimea. Anzhelika Baybak 17:29, September 27, 2023 https://24tv.ua/chornomorskiy-flot-sevastopoli-vibuhi-
rozvidtsi-dali-poradu-rosiyanam_n2400724

2. Levchenko O. V., Vinnyk V. V., Ustymenko O. V. Intelligence and foreign armies. Information work:
study guide / — Kyiv: "KNT", 2022. — 124 p.

3. bintel.org.ua/nukma/rozviduvalnij-proces-nato/

4. https:/iwww.nato.int/docu/review

52


https://www.nato.int/docu/review

5. Military standard 01.101.004. Edition 2. Military intelligence. Intelligence and information activities.
Terms and definitions. - K.: Ministry of Defense of Ukraine, 2015. - 26 p.

6. Intelligence activity processes. NATO standard. Allied Joint Instruction AJP-2.1 (edition B, version
1)/ NATO Standardization Office, 2016. — 80 p.

7. Forecasting Principles website: www.forecastingprinciples.com/ files/pdf/methodsselectionchart.pdf.

8. Russell W. Franske, "Taxonomy for Operational Research,” Operational Research 19, No. 1 (January-
February 1971).

9. Kai R. T. Larson, "Taxonomy of prerequisites for the success of information systems: research on
variable analysis", Journal of Management of Information Systems 20, No. 2 (autumn 2003).

10. Basics of intelligence and information activities: instruction of the Intelligence Staff of the Ministry of
Defense of Great Britain. — K.: GUR Ministry of Defense of Ukraine, 2015. — 51 p.

11. /defpol.org.ua/index.php/produkty-tsentru/49-shliakh-ukrainy-do-nato/1084

12. Methodological recommendations for the development of intelligence assessments (according to the
standards of leading NATO member countries). - K.: GUR Ministry of Defense of Ukraine, 2018. - 118 p.

Ph.D. Mamich V.V., Ph.D. Maksimenko Yu.A.,
Ph.D. Didyk V.O., Sharshatkin D.Y., Dushkin Yu. G.

RESEARCH OF INTELLIGENCE INFORMATION ANALYSIS METHODOLOGY

The word "'taxonomy"* comes from the Greek ""taxis' meaning arrangement, division, or order, and
""nomos' meaning law. Classic examples of taxonomy are the hierarchical classification of all living
organisms according to Carl Linnaeus' system into kingdoms, types, classes, orders, families, genera, and
species, which is widely used in the biological sciences, as well as in Dmytro Medeleev's periodic table of
elements, which is used by chemists. Taxonomy is a classification of all elements of a certain area of
information or knowledge. It defines that area by identifying, naming, and categorizing all the various
objects in that area. Objects are organized into related groups based on some common factor inherent to
each object in the group. System 1 thinking is intuitive, fast, efficient, and often thoughtless. This paper
notes that intuition is often accurate, but it is also a common source of cognitive biases and other intuitive
errors that lead to incorrect analysis. System 2 thinking is analytical. It is slow, considered and conscious,
the result of judicious thinking. In addition to structured analytical techniques, System 2 thinking
encompasses critical thinking and the full range of empirical and quantitative analysis. System 2 thinking
is analytical. It is slow, considered and conscious, the result of judicious thinking. In addition to
structured analytical techniques, System 2 thinking encompasses critical thinking and the full range of
empirical and quantitative analysis. Exploratory analysts rely primarily on intuitive judgment, a System 1
process, in constructing their linear analysis. Intuitive reasoning done right, sometimes called traditional
analysis, combines domain expertise with basic thinking skills. Evidential thinking, the historical method,
the case study method, and thinking by analogy are examples of this category of analysis. The paper also
notes that the main characteristic that distinguishes intuitive thinking from structured analysis is that it is
usually an individual effort in which the understanding remains largely in the mind of the individual
analyst until it is written down in a draft report. This type of analysis is usually taught in higher
education, especially in the social sciences and humanities, often with some expertise in a country or
language. System 1 thinking, or intuitive thinking, differs significantly from System 2 thinking, which is
characterized by four broad categories of analytical methods. She describes the nature of these four
categories, one of which is structured analysis. Others are critical thinking, empirical analysis, and quasi-
guantitative analysis.

Key words: taxonomy, intuitive reasoning, analysis, thinking by analogy, country expertise,
structured analytical techniques, spectrum, empirical analysis.
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METOJINKA CUHTE3Y HEUITKOI AJIAIITUBHOI CHCTEMM YIIPABJITHHS
CKJIAJHUM OB'€EKTOM

Bioomo, wo 6azamo cxknadnux cyonoseux o0'ckmie, 30Kpema, napozenepywoui 00'ckmu, maromso
HeNiHIlHI XapaKmepucmuKku, CKAAOHi O0/1A MOOENI06AHHA OUHAMIUHI eneMeHmU, HEeKOHMPOJIboeaHi
wymu i nepewikoou, 6e3niu 360pomMHUX i nepexpecHux 36’A3Kie ma iHwi hakmopu, w0 ycKIaoHIOIONb
peanizayiio onmumanbHux cucmem asmomamuynoz2o ynpaeninna (CAY). 3a ocmanni 06a decamunimmas
HOGI MemoOu YRpPAGIiHHA PO36UBAIUCA HA OCHOBI CYYACHOT ma KiacuyHoi meopiit ynpaeninua. Ak
cyuacHa (30Kpema, mexHoao2ii a0anmueHozo i ONMUMAIbHO20 YRPAGIIHHA), MAK | KIACUYHA meopin
ynpaeninua 6 3HauHiil Mmipi rpynmyeanuca Ha idei nineapuzauii cucmem. QOHaAK, HPAKMUYHO
RPUTHAMHUMU 00 6RPOBAOIHCEHHA 0e3 Nodanbwoi adanmayii moxcyms 0O0ymu minvku o00'ckmu 3
JUHITHUMU napamempamu i 3 HU3bKOI0 Yymaugicmio 00 308HIWHIX i 6HymPIWIHIX 30ypeHns. 3abe3neuumu
U AKicmo 0 HENHIHHUX CYOHO8UX 00'cKmis, AKI NPAUIOOMb 6 CKIAOHUX cheyudiunux i wacmo
HECHpUAMAUBUX HAGIZAUITIHUX YMO6AX I HA PIZHUX pedHCUMax 6 UWIUPOKOMY Oianda3oHi napoeozo
HAGAHMANCEHHA, PO3POOHUKAM, WL0 BUKOPUCHOSYIOMb mMpaouyiini memoou npoexmyseanns CAY,
0ocump CK1aoHo, a 3 ypPaxy8aHHAM 6cCix (paxmopie i Hemor caueo.

Yepes 3aznaueni nedoniku mpaouyiinux cyonogux CAY, ona niosuuienna ix epekmusnocmi npu
pobomi ¢ cneyughiunux ymoeax, cmae aKmyaibHuM GUKOPUCHIAHHA CUMOIO3y MPAOUUIIHUX | HOBUX
iHmMeneKmyanbHux mexHoa02iil HA OCHOBL anapamy Heuimkux ado Helupo-HeyimKux cucmem, AKi
YCHIWIHO 3aPEeKOMeHOy8anu cebe npu pooomi 3 HPOMUCTOGUMU CKIAOHUMU 00°ckmamu. B pobomi
3anpononogana memoouxa cunme3dy Heuimkoi adanmuenoi CAY ckaaonum cyonosum 00’ekmom
(napoeum Komnaom), AKill npayioc mpueanuili uac 3i 3minow napoeozo nasanmaxcenns. Ilposedeno
MOOENI08AHHA 3ANPONOHOGAHOI cUCmeEMU 011 MPLOX PElCUMIe pobomu cyoH06020 00’ckma ma
npoeedeno ouinKy nokasnukie axocmi adoanmugnoi CAY.

Kntouoei cnosa: memoouxa, cumnmes, cucmema a0anmueHoz0 YHPAGIIHHA, HedimKa J102iKa,
CKN1aOHUT 00’ €Km.

Beryn Ta mocraHoBka mpodsemu. 3 moyaTkoM 80-x pokiB MuUHYyJOro cromitrs B CAY
MOYMHAIOTh  €KCHEPUMEHTH 3 BIPOBA/KEHHA METOAIB  aJalTUBHOIO  YNpPaBIIHHA, LIO
BHUKOPUCTOBYIOTh aBTOMAaTUYHE HAJAIITYBAaHHS ITapaMeTpiB peryniaropis [1].

VY Takux cucTeMax MOBHICTIO aBTOMAaTHUYHE HAJIAIITYBAHHS MOXE 1HILIIOBATHUCS NTPU HACTAHHI
3a37aneriip 3a1aHoi YMOBH, HANIPUKIIAJ, TIPY 3MiHI HaBaHTa)KEHHS, 3MiHi 30BHIIIHIX BIUIMBIB, 3MiHI
MOXUOKM peryiroBaHHs, a00 Oe3lmepepBHO B Yaci. ABTOMATHYHE HAIAMITYBAHHS, SIKE 1HIIIFOETHCS
0e3 yuacTi JIOAWHM, HAa3WBAE€TbCA ajamnTaiiero. Pi3HOBUIOM anmamTallii € po3iMKHEHE KepyBaHHS
rapamMeTpamu perynsropa (TabiIudHe aBTOHAJIAIITYBAaHH), KOJIU 3a3/1ajierib 3HalAeH] mapaMeTpu
peryasTopa Ui pi3HUX YMOB poOOTH CHCTEMH 3aHOCSTHCS B TAOJHIIO, 3 SKOI BOHU BUTATYIOTHCS
IIpY HaCTaHHI1 YMOB, 3@ SIKUMH 1HILIIOE€ThCS afanTais.

Jlo HelaBHBOrO Yyacy BBAXKaJoCs, 110 PEryJIATOPH, HAJIAIITOBAHI B aBTOMaTUYHOMY PEXUMI,
3a3BUYail MpalioTh MEHII €PEKTUBHO, HIK Ti, 110 HAlAaIITOBaHI BpyuyHy. IloscHioBanocs 1e Tum,
0 KOMI'IOTEp HE MOKE€ BHUKOHYBaTH CKIaAHI 1 moraHo (opmMamizoBaHi 3aBIaHHS Kpamie 3a
mronuHy. OmHAK 3 PO3BUTKOM METOJIB TEOpii IITYYHOTO iHTEIEKTY, OCOOJIMBO Teopii HEediTKOI
JIOTiKH, CUTYaIlisl KapJUHAIbHO 3MiHMIacs. HewiTka morika J03BOJISE OMKMCYBAaTH 3HAHHS Ta JOCBIJ
eKCIIepTiB y raiy3i HajaromxkeHHss CAY Ta yCHIIIHO 3aCTOCOBYBAaTH MOro Ha MPaKTULI Y BUIJISAL
excnepTHuX cucteM. OTKe, BIPOBAHKEHHS MaTeMaTUYHOIO amapary Teopii HEYITKOi JIOTIKH B
CHCTEMH aJalTUBHOTO YIPABIIHHSA CKIaJHUMH CYyJTHOBHMH YCTAHOBKAMH € aKTyaJbHHM HAyKOBO-
MIPUKJIAJHUM 3aBAAHHSAM.
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Bimomo, mo cyaHOBI MapoBi KOTIH, SK OO’€KTH YIPABIiHHSI, BIAPI3HAIOTHCS IIUPOKUM
PI3HOMAHITTSM 32 CBOIMHU KOHCTPYKTHBHUMH XapaKTEpUCTUKAMHU 1 PEKUMHHMHU IapaMeTpamu,
MPAMOIOTh B MIHJIMBAX yMOBaX HaBITaliifHOI OOCTaHOBKM 1 3MiHI peXuMiB poOotu. I[lapose
HaBaHTaxeHHs CIIK B TpuBanux ekcrlyaTalifHuX pekumax (CTOSHKa C BAHTQ)KHHUMHU OIepaLisiMu,
XOZO0BUH) 3HaxomuThcs B Mexax 10 — 90 % Big HOMiIHANBHOI, a B pekuMax (IIBapTyBaHHS,
aBapiiHUIl pexxuM, 3ilomka 3 sikops) Moxe Oytu 3meHmeHe 10 20 —40 % Bil HOMIHAJIBHOTO.
Taxox, Ha mapoBe HaBaHTakeHHsT CIIK BrummBae xapakTep MOTOYHMX TEXHOJIOTIYHHUX MPOLECIB HA
Cy/IHl, IHTEHCUBHICTh POOOTH CHMJIOBOI YCTAHOBKH, LIBHJKICTH CyJlHA, pailoH IUIaBaHHS Ta Mopa
poky i T.1. [2-4].

BinnosinHo, 3 ypaxyBaHHSIM BHILEBUKIACHOI0, 3a/1a4a 10 po3poOLli CUCTEM YNpPaBIIIHHS AT
CIIK sik 00’ €KTY YIIpaBIiHHS € CKJIAHOIO 1 TPYIOMIiCTKOIO.

TakuM 9MHOM, AOCHIIKEHHS €(EeKTUBHOCTI 3aCTOCYBaHHS METOJIB TE€Opii HEUITKOI JOTIKU
st ananranii cynHoBux CAY Ha IpUKIIaAi mapaMeTpiB CyJHOBOTO TAPOBOTO KOTJIA € aKTyalbHIM
HAYKOBO-TIPUKJIAJIHUM 3aBJJaHHSM.

AHaJi3 ocTaHHiX po3podok i myOJikamiid. B nanuii yac € GM3bKO MIBCOTHI KOMEPIIIHHUX
npoaykTiB uid HanamtyBaHHs [11/[-perynsatopiB. Y Tomy umchi - Protuner ¢pipmu Techmation Inc.,
LabVIEW PID Control Toolset ¢pipmu National Instruments, Intelligent Tuner (Fisher-Rosemount),
Profit PID (Honeywell) Ta inmux [5, 6].

[lepeBaxkHa OiIBIIICTH POTPAM BHKOPHCTOBYE MOJIENb TEPILIOTO TOPSIKY 13 3aTPUMKOIO JIJIs
onucy 00'ekTa peryJoBaHHs. 3B'A30K 3 00JIaJHAHHAM BUKOHYETbcs 3a nonomoroto OPC cepsepa
SCADA.

VY ocranHiX Bepcifix KoHTposiepiB ABB micns imeHTHdikamii B pexumi peneiiHOro
PETYIIOBaHHS BUKOPUCTOBYETHCS JIOAATKOBHIA €TaIl 1IeHTU(IKAIIT 32 peakifiero 00'ekTa Ha BX1THUI
CcTpuOOK. Y 0OaraThoxX 3apyODKHHMX KOHTpPOJIEPAX 3aCTOCOBYETHCS NPUHIMI TaOIMYHOTO
Q/IATITUBHOTO YIPABJIIHHSA, SIKH BUKOPUCTOBYETHCS MPAKTHYHO Y BCiX MPOMHUCIOBUX KOHTPOJIEpax
IHIIINX BUPOOHUKIB.

Jani Ui BBEOEHHA B TaONUII0 OTPUMYIOTHCS ILUIAXOM BUKOHAHHS MpPOIEIypH
ABTOHAJIAIITYBAHHS I HEOOXITHUX PEKUMIB pOOOTH 00'€KTA.

Metonu amanranii [1IJ[-perynsTopis, o onvcaHi BUIIE, MAIOTh HE ONTHUMAIIbHI TOKa3HUKH
SKOCT1 TMPU KepyBaHHI HEJIHIMHUMH Ta CKJIQJHHUMH CHUCTEMaMH, 32 HEJOCTaTHBOI iH(popMaIlii mpo
00'eKT ympaBiiHHSA a00 B pa3i HEMOXJIMBOCTI MPOBEJCHHS aKTHBHOI iMeHTU(IKALIi yepe3 yMOBH
BUPOOHULTBA. XapaKTEPUCTUKH TUIIOBUX PETYJIATOPIB y TaKUX BHUIAJKaX MOXKHA MOKPALIUTH 3a
JIOTIOMOTOI0 METO[IIB HEYITKOi JIoTiku. HewiTke ymnpaBiiHHA, SK MPaBHIO, 3aCTOCOBYETHCS JUIS
CKJIATHUX 00'€KTIB, MmO (YHKIIOHYIOTh B YMOBaX HEBHU3HAUYECHOCTI. Taki 00'€KTH MiIJal0ThCs
4acTUM 3MiHaM 30ypIOIOYUX BIUIMBIB, L0 YCKJIAAHIOE e(DEKTUBHICTD TPATUIIIMHNX aJTOPUTMIB, aje
MPU IIOMY JOCHTH YCIIITHO KEPYIOTHCS TOCBIMYEHUMHU OTEPATOpPaMH B PEXKUMI JUCTAHIIIHHOTO
ynpaBiiHHA. {1 po3poOKM HEYITKOI CHUCTEMH aJalTHBHOTO YHPABIiHHA aBTOPH IPOMNOHYIOThH
METOJMKY CHHTEe3y HeuiTKoi ananTuBHOi CAY, sKa CKIaa€eThCs 3 €TalliB, IPEACTABICHUX HIKYE.

Po3pobka MaTeMaTH4YHOI MojJeJi KOHTYPY VIPaBJiHHA 3a J0NOMOIOI METOdiB
napaMeTpu4Hoi inentudikauii y nporpami System Identification Toolbox. Ilix gac poGotu y
nporpami OyJI0 BAKOHAHO HACTYIIHI €Taly MPOoLeCy MapaMeTpuyHoi ineHTudikamii (puc. 1 - 9):

Ha nmeBHOMYy etami Oyio 3A1MCHEHO BBEIEHHS EKCIIEPUMEHTAIBHUX JaHMX Ta MOOYIOBaHO
rpadiki eKkCrepuMeHTAIbHUX 3aexHocTeil (puc.l — 3).

3aBgaHHs MapaMeTpUyHOi 1eHTU(IKAIllT 3BOJUTHCS 10 MONIYKY TaKUX 3HA4YCHb MapaMeTpiB
MoJieni, sIKi 3a0e3MeuyoTh HalOiIbIry OMU3bKICTh 3HAUYCHb HA BUXOJI1, PO3PAXOBAHUX 32 MOJEIUIIO
Ta OTPUMAHHMX B €KCIIEPUMEHTI, TIPU OJHAKOBOMY 3HAYEHHI BXiHUX JIaHUX.

Sk kpuTepid OLIHKKM Mozaeni abo i TOYHOCTI BHUKOPHCTOBYETHCS CEPEIHbOKBAIPATHUHE
BIIXWJICHHS.
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A\ MATLAB 750 (R0078)

file Edt Debug Distributed Desktop Window Help
0d ‘ L TR ‘“ He e | Current Directory: | C:A\Users\Admin' Dacuments\MIATLAB M E]

Shorteuts (1] Howto Add [ What's New
0

Workspace
Stack: Base v »» B=[10 10 10 10 10 10 10 10 10010 10 10 10 10 10;
»> plot(H, 'Displapllame’, 'H', 'TDataSource', 'H'); figure(gef)

ArEEe(% M-

Name & Value Min - Max
> T=[01234567889101112 13 14 15];
EH <121 doukle> LU ¥ plot(T, 'Displayllame’, 'T', 'TDataSource', 'T'); figure(gef)
He <20 dookle> 0 15000
i A2l 0 X ”
»TE012345676889101112 13 14 15 16 17 18 19 200;

»» hold all;
v plot(T,P);

»P=[0001.051.091.11.21.3 1.4 1.41 1.5 1,55 1,58 1.6 1.6 1.6 1.6 L.q];

>» (10 10 1010 10010 1010 10 10 10 10 10 10 1010 10 10 10 10);
P 000405108 L1213 L4 LA L5158 108 LE LELE LLE L]

Pucynok 1 — [Iporpama jyist BBeIeHHS BUX1THUX JIAHUX 32 JIOTIOMOTOI0 KOMAaHIHOTO PsiIKa

(TOI[I/IHa, THUCK, ITOJIOKCHHSA IMAJINBHOI'O KJ'Ial'[aHa)

EKCHepI/IMeHTaJIBHa KpHBa pO3roHY IIOKa3aHa Ha pHUC. 2.

P, MIla

[

0

[ 1
0

2

T.¢

Pucynok 2 — ExcriepuMeHTanbHa KpUBa pO3roHy TUCKY MapH CyTHOBOTO MapOBOT0 KOTJIA
Mitsubishi MAC 60 npu HOMiHaTPHOMY NTAPOBOMY HaBaHTa)KEHHI

I'padiuna 3anexHICTh NOJOXKEHHS NAJIMBHOTO KJIallaHa MpeAcTaBiIeHa Ha puc.3.

H. % Xona KnamnaHa
T T

.

L

wal

Ho= 10 % uagy PO

1 L 1
[ W ]

- 1 1 1
H ¥ i
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Pucynok 3 — I'padik mosoxeHHs peryIodoro oprany (KiamaHy)



HpOI_ICC 3aBAHTAXXCHH CKCIICPUMCHTAJIbHUX JaHUX Hpe,Z[CTaBJ'ICHI/Iﬁ Ha puc. 4.

| P

> ‘

Pucynok 4 — [Ipo1iec 3aBaHTaKEHHS €KCIIEPUMEHTATBHUX JTAHUX
y Iporpamy napaMeTpu4HOi i1eHTrHdiKaIii

[Ipomecu po3paxyHKy 3HaueHb NapaMeTpiB MOJENl IEpIIoro MOPSAKY Ta MOPIBHSIBHI
XapaKTePUCTHKH €KCIIEPUMEHTAbHUX Ta MOJICIbHUX JaHUX MTOKa3aHi Ha puc. 5 —7.

Maasired and uirmdated mitel ot
T T T T

a2 1 1 1 1
] s 0 [0 E) ) »

Pucynok 5 — IlopiBHsUIbHUI aHaNI3 TaHUX €KCIIEPUMEHTY 1 MOJei
(ctyminb agekBaTHOCTI Mojieni = 78 %)

= -

3HavyeHHS MaTeMaTH4YHOi Mozeni (mepemaBayibHOI (YHKIT 1HEPIIMHOI JaHKH TEPIIOTro

MOPSAKY 31 JIAHKOIO 3aIi3HEHHS) IOKa3aHo Ha puc. 6.
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Frocess model with transter function
K
GiE) = o * exp(-Td*s)
1+Tp1*=

with K=016113

Tp1 =6.0812

Td = 3.3345
Estimated using PEM from data set mydata
Loss function 0.0150315 and FPE 0.020042

Pucynox 6 — Po3paxoBaHi 3Hau€HHs MaTeMaTUYHOT MOZEI]

[epernsn 3Ha4eHb aBTOpErpecii Ta CEpPeIHbOKBAIPATUYHOTO BIAXWICHHS MOXKHA MOOAYHTH
Ha (puc.7).

Judocerrelation of snsidsals for oulpet y1
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Pucynok 7 — KBagpaTuuHi BiIXUJIEHHS MOJICTbHUX JaHUX BiJ €KCTIEPUMEHTAIBHUX

Jns aHamizy MOXJIHMBOCTI MiABUIICHHA CTYNEHIO TOYHOCTI MOJETl MPOBOIMBCA IPYTHIA
eKCIIEpUMEHT Ha BHOIp MOpsAKy mojeni. Po3paxyHKoBi JaHi (MareMaThdHa MOJIENb) MOKa3aHi Ha
puc. 8.

Process modsl with transfer function
K
Gis) = * gxp-Td*s)
{(1+Tp1*s)(1+Tp2*s)

with K =016

Tp1 = 5. 4866

Tp2 =0.001

Td =3.5119
Estimated using PEM from data set mydata
Loss function 0.0154434 and FPE 0.0241514

Pucynox 8 — Po3paxyHKoBi 3HaUeHHS MepeaBaibHOI (DYHKIIIT iHepIiHHOT JTaHKH
APYTOTo MOPSAKY 3 JIJAHKOIO 3aITi3HEHHS
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[TopiBHsIBHUN aHAaII3 MOKAa3HHMKA aJeKBAaTHOCTI (TOYHICTH MOJENi) 3a ABOMa MOJEISIMHU Ta
eKCIIEpUMEHTOM TOKa3aHuil Ha puc.9.

Measured and simulated model output

= Pl 78 67

02 |
L] 5 10 15 i) 2% a0 s 40
Time

Pucynok 9 — I'padivni 3aJIeKHOCTI, 110 BiA0OpaKarOTh CKCIIEPUMEHTAIBHI J1aHi
3a JJIONMOMOTOFO 3aIPOIIOHOBAHMX MaTeMaTHUYHUX MOJICIICH.
(Crymiab anexkBaTHOCTI MOeNi Apyroro mopsaky 80%.)

Mojens TpeThOro MOPSAKY BHSIBIIIACS 31 3HAYCHHSIM TOYHOCTI 70%, TOOTO Tipine. Takum
YUHOM, Ha MiACTaBl MOPIBHIILHOTO aHai3y Oyso oOpaHO MaTeMaTUYHY MOJIENb JPYroro MOPSAKY
y BUTJISAII 1HEPIIMHOT JIAHKW 3 JIAHKOKO 3ami3HeHHs. Mojenb J1o0pe BimoOpakae eKCIIepUMEHT i
Moke OyTH BHUKOpPHUCTaHa JJs MoAaiblIuX po3paxyHkiB mapametpi [1IJ] — perynstopis y CAY
TUCKY NIapu CYZOBUX KOTIIIB.

Bubip cTpykTypM Ta aJroputMy HediTkoi cucremu ananrtanii mapamerpiB ITIJ -
peryasitopa. Sk crpykrypy agantuBaoro CAY 3ampornoHoBaHa cucteMa HewiTkoi amanTarii TT1J] —
perymstopa (puc.10) [7]. Ha Bxig HewiTkoro amanrtepa (HEUYITKOI €KCIIEPTHOI CUCTEMH, IO i€ 3a
anropuTMoM MawmIaHi) TOAAIOTBCS MapaMeTpd MaTeMaTHYHOI Mojeni 00'€kTa, a BHUXITHUMHU
JaHUMU € onTuMaibHI HanmamrtyBaHHa [IIJI - perynstopa. HanamTyBanHsS mnapameTpiB
peryiioBaHHS MOke OyTH aBTOMAaTHYHHM, 32 JIOTIOMOTOI0 OJOKY HEWIiTKOi Jioriku biok HewiTkoi
noriku ((a33i-010K) BUKOPUCTOBYE 06a3y MpaBHI HAAIITYBAaHHS Ta METOJAU HEUITKOT'O BUBEICHHS.
da33i-HanmamTyBaHHS JIO3BOJISIE 3MEHIINTH TIEPEPETYIIOBAHHS, 3HU3UTH Yac BCTAHOBJICHHS Ta
niasumuTH podactHicts [1I/[-perymsropa. [Iponec aBToHaNamITyBaHHS PeryisTopa 3a J0IOMOIO0
OJIOKY HEYITKOI JIOTiKM IMOYMHAETHCS 3 TIONIYKY MOYaTKOBUX HAOIIMKEHb KOC(]Ii€HTIB PerysTopa.
e pobuthcs msxom Ilurnepa-Hikomnbca, 3 mepiogy CBOIX KOJMBaHb Y 3aMKHYTOI CHUCTeMI i
neTIboBOro mocwieHHs. Jlam ¢opmyeTbest KputepianbHa (QyHKINS, HEOOXigHA I TIOIIYKY
ONTUMaIFHUX 3HAYCHB MApaMETPiB HAJIAITYBAHHS METOAaMH ONTUMI3alii [7].
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Pucynok 10 - Crpyxkrypa I1I]J] -perynstopa 3 610KkOM aBTOHAJIAIITYBAaHHS Ha
ocHoBI1 HeuiTko1 Jioriku: R — [TI]] — perynsitop, P — 06’ exT ynpaBiiHHS

AptonanamryBaHHs  [Il-perynsitopa  103BOJIsie  aBTOMATWM3yBaTH  NpoOIeC  BHOOPY
ONITUMAJIFHUX NapaMeTpiB, 00 3a0e3meunTH cTablIbHy poOOTY CUCTEMH 3a 3MIHM 30BHIIIHIX YMOB
a00 XapaKTEePUCTHK 00'€KTa YIPaBIIIHHS.

Eran crBopeHHsi HewiTkol aganTuBHOI cuctemu B pepakropi Fuzzy Logic Toolbox.
CniouaTky OOMpArOTh Jialma30HM BXITHUX Ta BUX1JIHUX CHTHAJIB OJIOKY aBTOHAJAIITyBaHHs, popmy
(GYHKIIH HaIEKHOCTI IIyKaHUX MapaMeTpiB, MpaBUia HEYITKOrO BUBEICHHS, MEXaHI3M JIOT1YHOTO
BHUBEACHHS, MeTon nedasudikaiii Ta giama3oHd MacTaOHUX MHOXXHHUKIB, HEOOXITHUX ISt
nepepaxyBaHHs YITKUX 3MIHHMX y HeuiTki. [TapameTpu Monemni oOMparoThCs 3 ypaxyBaHHSIM JaHUX
CIIOCTEPEKEHB K1 OYJIM OTPUMaHI Ha MOMEePEAHLOMY ETarll.

Bxigni gani — mapaMeTpu MareMaTHYHOi Mojeini (mepenaBanbHOi (QyHKINT 3 JIAHKOIO
3aTPUMKH), SIK1 3HAXOATHCA Y Alana3oHl B 3aJIEKHOCTI BiJl HABAaHTa)KEHHS CKJIaaHOTO 00’ ekTa: K —
koedinient mocunenns (0.3 — 1.5); T — nocriiina vacy (1 — 10); T,, — 3amizuenss (0.1 — 1).

Buxoan ananrusroro nanamrysauns I1IJ] — perynsropa: K, — koediuienT nponopuidHocTi;
K; — xoediuient qudepenuiroBanns; T, — mocriiiHa iHTerpyBanss (puc.11).

4\ Fuzzy Logic Designer: Object - O X
File Edit View
R 1L XXN
~ -
~ -
K ~ - Kp
;;; Object ::i
(mamdani) -
T - ~ Ki
- ~
- ~
X Xt LN
Tau Tu

Pucynok 11 — Pegakrop HamamryBaHHs BXiIHHX Ta BUXIJIHUX ITapaMeTPiB
HeuiTkoi amantuBHOi CAY y cepenosuiie Fuzzy Logic Toolbox

[Ticnst cTBOpeHHS 3araibHOI CTPYKTYpH y pemakropi «Membership Function» 3mificHIOIOTH
BBEJ/ICHHS 3HAUYEHb HEOOXIHUX MapaMeTpiB Ta THIy QYHKIIT HajgexHOCTI (puc.12 - 13).
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¥ Mambarship Funetion Editer Obj = (m ] » [ Membership Function Editor: Object = [m] =
P Objact
File Edit View File Edit View

. -]

4] Membership Function Editor: Object - [=] =
File Edit View .
; Mambership function plots = """ | 181
Fis e nC e P

Pucynox 12 — @ynkuii HanexxHocTi BxigHuX 3miHHUX K, T, Ty,

r ]
8 Membiership Function Editor; Object - (u] X [ Membership Function Editar: Object - o ®
File Edit View File Edit View

|
. 181 g Ao

' [# Membership Function Editor: Object - O *
File Edit View

it ot 181

Membership function plots. "

Pucynok 13 — ®yHkii HaIeKHOCTI BUXIAHUX 3MIHHUX Kp, K;, Ty
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Jamni nporec po3poOku mpaBui podoTH 6a3u 3HaHb HA OCHOBI JIOCBIAY €KCIepTa Mo PyYHOMY
HanamrtyBaHHIO KoHTpoJepiB CAY. [lns nporo BukopuctoByeThest MeHio «Rule Editor» (puc.14)
Jlesiki mpaBuiIa 3a SIKUMH OyJie TpaIfoBaTH EKCIEpTHA alaliTUBHA CHCTEMA:

1) Sxwmo (K, T, Ty, = A) tomi (K, = C)(K; = A)(T, =B);
2)  Sxmo (K, T, Ty, = B) Tomi (K, = A)(K; = B)(T, =C);
3) Sxmo (K, T, Ty, = C) tomi (K, = C)(K; = A)(T, =B).

4 Rule Editor: Object
File Edit View Options

1. 1f (K is A) and (T is A) and (Tau is A) then (Kp is C)(Ki is A)(Tu is B) (1)
2. If (Kis B) and (T is B) and (Tau is B) then (Kp is A)(Ki is B)(Tu is C) (1)
Kis C) and (T is C) and (Tau is C) then (Kp is C)(Ki is A)(Tu is B)

Pucynox 14 — ®@parmeHT npaBuil 3a SKUMHU TPAIIOE HEYITKA aJanTHBHA CHCTEMA

[Mpuknag poGoTu mporpamu MpoOIEeMOHCTpoBaHO Ha (puc. 15 - 16). [lns BimoOpaskeHHsS
3aIeKHOCTI BUX1IHOT 3MIHHO1 BiJl BXIIHUX MOKHA OTPUMATH MOBEPXHIO BIATYKY MPHU BiANOBITHOMY
BHOOPi MEHIO, TAKOXX MPH I[bOMY MOKHA 33/IaTH ITapaMeTp BiTOOPaKeHHSI.

& Rule Viewer: Object = 0 X &RuleViewer Chject O

File Edit View Options File Edit View Options

k=03 T=1 Tau=0.1 K=03 T=55 Tau =055
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4 Rulle Viewer: Object - o X
File Edit View Options
K=15 T=10 Tau=1
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Opened system Object, 3 ries

Pucynox 15 — IIpuanun po6otu nporpamMu npu (MiHIMaIbHUX, CEPEAHIX, MAKCUMAIBHUX ) BXiTHIX
napaMmeTpax Ta BiAMOBITHO OTPUMaHi ONTUMAaJbHI HAAIITYBaHHS
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[ — perynstopa CAY tucky napu

4\ Surface Viewer: Object = a X

File Edit View Options

X (input): K ~ ¥ (input): T «  Z (output): Kp -
X Mesh Points: 45 Y Mesh Points: ;5 —

el Lz [NaN NaN 0.55] RISURAIRISINY 1 1 Help | Close |
Ready

Pucynox 16 — I[ToBepxHs BiiryKy HEYITKOi CHCTEMHU

MopenoBaHHs HediTKOI afanTUBHOI cuctemMu y mporpami SimuLink. 3a nonmomororo
penakropa Simulink npomonemtoemo noseniHky cucremu 3 [1IJ[ -perynsTopom i mepeBipumo, sk
3MIHIOETBCS TIEPEXITHUHN MPOLIEC TIPH PiI3HUX MATEMATUIHUX MOJICIISX.

VY mozeni CAY (puc. 17) BUKOpHCTaH1 HACTYIIHI €IEMEHTH:

— Task: 3aBganHs un BXiJHA BEJTHMYMHA.
— Cywmatop: OJIOK TiJICYMOBYBAaHHS, JIe¢ OOYHCIIOETHCS MOMUIIKA SK PI3HUIS MK BXITHUM
CUTHAJIOM Ta BUXOJIOM CHUCTEMHU.
—  Controller: mpomnopmiitHo-iHTerpanbHO-audepeHiiansauii (PID) konTposep, skuii kepye
CUTHAJIOM PETYJIIOBAHHS.
Valve/Drive: niacumroBambHIA 0JIOK (MOKE TPEACTABISITH MPUBIJ a00 KJIamaH).
Object: 00'exT ynpaBimiHHS 3 GYHKIIEIO TIepeTaBaHHs
Delay: 010k 3aTpuMKH.
— Out: BuXia cucTeMu (CUTHAII HA BUXOI).

EnemenTn 00'eqHaHi B CUCTEMY 13 3BOPOTHUM 3B'S3KOM, J€ BUXiA BIUMBae Ha podorty PID

KOHTpOJIEpa Yepe3 cymMarop.

) e s Iy I R

Task Controller ValcaDrive Object Object Delay Cut

Pucynok 17 — 3aranbpHa MOZIEb CUCTEMH YIIPABIIiHHS
y mporpami Simulink (MatLab)

Bxingni mapamerpu mnepenaBaqbHUX (YHKIIH, SKi BioOpakalOTh TpU HaBaHTAXyBaJIbHUX
peXUMH poOOTH CYyTHOBOTO IMAPOBOT0 KOTIA (MiHIMAIBHUM, CepeIHIN, MaKCUMATbHUN):

—  Minimansni: K=0.3, T=1, T, = 0.1,
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- Cepenni: K=09, T=5,T,, =0.5;
- Makcumansni: K=1.5, T=10, T,, = 1,

[Tepeximni nponecu agantuBHOl CAY nokazano Ha puc. 18.

< out - O x

File Tools View Simulation Help »

@-OP® =-AQA-0C-FA-

Ready Sample based Offset=0 T=50.000
Pucynoxk 18 — IlepexiaHi mpouecu TpboX peKUMIB pOOOTH CyTHOBOTO 00’ €KTa yIPaBIiHHS 1O
KaHaJTy 3aBJIaHH MICJs HEYITKOro aJlanTUBHOro HajawmTyBaHHs [11/] - perynstopa

AHaii3 TMOKa3HUKIB SKOCTI mepeximHux mporneciB agantuBHoi CAY (puc.18) mokazas
OakxaHUM anepioJUYHUN THUI, BIJCYTHICTb MOMMWJIKM DETyJIIOBaHHS Ta PpErJIaMEHTOBaHUM dac
peryntoBaHHs. TakuM 4WHOM, 3allPOMIOHOBAHA METOAMKA YCHIIIHO peanizye eeKTUBHY afanTallilo
cynnoBoi CAY.

BucHOBKH Ta mepcneKTHBH MOAAJBIIUX AocaigxkeHb. Ananramis I1IJ] - perynsTopiB 3a
JIOTIOMOT'OF0 HEUITKUX €KCIIEPTHUX CHUCTEM BUKIIIOUA€ HEOOXITHICTh PYUYHOT'O HAJAIITYBaHHS, 1110 HE
TIIBKU 320IMA/KY€E Yac, a ¥ MiHIMI3y€e JIIOACHKI MOMMIKH, SIKIi MOKYTh BUHUKHYTHU TPHU CIIpoOax
HaJIAIITyBaHHA CHCTEMH Bpy4Hy. Lle 0cOONMBO KPUTHYHO y TPOMHUCIOBHX Ipolecax, e
HEMpaBUIbHE HAAIITYBAaHHS MOKE MIPU3BECTH JI0 CYTTEBHUX BTPAT a00 3001B y poOOTi 0012 HAHHS.

V pasi [11 ][] -perynaropiB HeUiTKa JOT1Ka MOKE€ BUKOPUCTOBYBATUCS IS

— aHaJTi3y MOKa3HUKIB AKOCTI TMEpEeXiTHUX MPOIIECIB Ta iX 3MiH;

— TPUAHATTI PINIEHbh PO KOPHUTYBaHHA KOE(DIIIEHTIB peryisiTopa 3ajeXHO BiJl CTaHY

CUCTEMH YIPABIIHHS;

— ABTOMAaTHYHOI ajamnTaimii Ta ONTHUMIi3alii MapamMeTpiB PeryisTopa B PEXHUMI PEaTbHOTO

4yacy Mpu 3MiH1 JUHAMIKH CHCTEMH.

[TepeBaru ekcriepTHUX CUCTEM aBTOHAJIAIITYBAHHS:

— aJanTHBHICTh: EKCIEPTHA CHCTEMa MOXKE aJamnTyBaTUCS JO 3MiH YMOB POOOTH CHUCTEMH

0e3 HeOOX1THOCTI BTpYUYaHHS OnepaTopa;

— THYYKICTb: BHKOPUCTaHHS HEUITKOi JIOTIKM JO3BOJIA€ THYUYKINIE pearyBaTh Ha 3MiHH

napameTpiB 00'eKTa KepyBaHHS B YMOBaxX HEBU3HAYCHOCTI Ta HAsBHOCTI JOCBIY €KCIEPTa;

— OITUMI3allis SKOCTI YIpaBIiHHA: aBToMaTnuHe HajamrtyBaHHs [1I]] - perynsropa 3unxye

CTaTUYHY IMOMUJIKY, TIABUIILYE CTIMKICTh T TOYHICTh CUCTEMH.
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TakuM YuHOM, BNpOBaJKEHHS HeWiTKuX azantuBHuXx CAY y TEXHOJIOTiuHI Mpolecu
CKJIaJHUX O0’€KTIB, Ha NPUKIAAU CYIJHOBUX TEIUIOBHX arperatiB MOK€ CYTTE€BO IOKPALIUTH
MMOKA3HUKH SIKOCTI MEPEX1THUX MPOLECIB.
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METHODOLOGY FOR SYNTHESIZING A FUZZY ADAPTIVE CONTROL
SYSTEM FOR A COMPLEX OBJECT

It is known that many complex maritime systems, particularly steam-generating units, exhibit
nonlinear characteristics, complex dynamic elements that are challenging to model, uncontrolled noise
and disturbances, numerous feedback and cross-links, and other factors that complicate the
implementation of optimal automatic control systems (ACS). Over the past two decades, new control
methods have been developed based on modern and classical control theories. Both modern (including
adaptive and optimal control technologies) and classical control theories have largely relied on the
concept of system linearization. However, in practice, only systems with linear parameters and low
sensitivity to external and internal disturbances can be feasibly implemented without further adaptation.
Ensuring this quality for nonlinear maritime systems, which operate under complex, specific, and often
adverse navigation conditions and across various operating modes within a broad range of steam loads, is
highly challenging for developers using traditional ACS design methods, and, considering all factors, it is
impractical.

Due to these limitations of traditional maritime ACS, enhancing their efficiency in specific
operating conditions necessitates the integration of traditional and new intelligent technologies based on
fuzzy or neuro-fuzzy systems, which have proven successful in handling complex industrial systems. This
paper proposes a synthesis methodology for a fuzzy adaptive ACS for complex maritime systems
(specifically, a steam boiler), designed to operate over extended periods under varying steam loads.
Modeling of the proposed system was conducted for three operating modes of the maritime unit, with
quality metrics for the adaptive ACS evaluated.

Keywords: methodology, synthesis, adaptive control system, fuzzy logic, complex system.
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AHAJII3 BIIVIMBY OCKOJIKOBHX I10JIIB
PAITAJIBHO-OCBOBUX OCKOJIKOBO-®YI'ACHUX CHAPAIB HA )KUBY CUJTY
ITPOTUBHUKA

3 ypaxysanna 0oceidy pociiicoko-YKpaincokoi 6iliHu cnocmepicacmsca menoeHuia opaxy 3acooie
YPaxyceHHA HCUGOi cunu NPOMUBHUKA, AKA ) C8OI0 4epzy € 00CMAMmHbLO 3axuuienor. /na ypaxy;cenns
Manux Z2pyn NPOMUGHUKA WIUPOKOZ0 3ACHIOCYGAHHA HAOYMu 0Oe3ninomui cucmemu AKI € 00cumb
MOOINbHUMU, MOYHUMU MA JIE2KUMU Y GUKOPUCHAHI, 30amHi NEPEHOCUmMU WIUPOKUI CHeKmp 3aco0ie
ypariceHHs 8 3anexycHocmi 6i0 xapaxmepy uini. Ilpome npu oinvuwt wupoKomacuimadHux i MacugHux
HacmynansHux O0iAX NPOMUGHUK AKMUBHO 3ACHIOCOBYE 3AcC0o0U padio-eleKmpoHHOi Oopomuvou, oOe
0e3ninomui cucmemu guaeaaomoca oezcunumu. Ipome ocnoenumu Handinow echekmusnumu 3acovamu
BHUWEHHA 60DPO0ICOT RIXOMU 3ANUUIAIOMbCA PAOIAIbHO-0CbOGI 0CKONK060-(yzacHi chapaou. Bpaxoesyouu
CnigBIOHOUIEHHSL 8APMOCII 80POIHCO20 NIXOMUHYS, AKUIL Y CBOI0 UeP2y 3HAXOOUMBCA 6 CYUACHUX 3Aco0ax
Oponeszaxucmy, ma cniggioHoOwIeHHA codisapmocmi iOAUmMUX 3 6i0N0GIOHOT MAPKU cmani 3 neeGHUMU
oomimKkamu padianbHO-0Cb080O20 OCKOJIKOBO-(Y2acH020 CHAPAOY NOMPIOHO20 KANiOpy CRiGIOHOUIEHHA
EKOHOMIYHUX 3ampam 3anuuaromecs 3a006i/1bHUM.

Y cmami nposeoeno ananiz ennugy ockonkosux nosnie padianbHo-0Cb08UX O0CKOJIKOBO-(Iy2acHUMX
CHapAaldie Ha Jcugy Ccuily HnPOMUGHUKA, AKA nepedysac € cydacHux 3acodax OpoHesaxucmy.
Ilpoananizoeano xapakmep Oii 0CKOIKOBUX NONIE PAOIANbHO-0CbOBUX OCKOIKOB0-PY2aACHUMX CHAPAODISB.
Ilposeodenuii ananiz nokazae, wi0 HAUOLIbUWL UMOBIPHUM 3ACOOOM YPAIHCEHHA HCUGOI CUIU HPOMUBHUKA
AKa nepedysac 6 CyHdacHUX 3aAco0ax OpoHe3axXucmy 4Yu YKPUMMAX J1€2K020 MUY € apmunepiicoki
cucmemu, w0 6e0ymb 6020Hb PAOIANbHO-0CbOBUMU OCKOIK080-(hyzachumu chapaoamu. Takum uunom 6
cmammi 3anPONOHOGAHO AHANIMUYHUIL 6upas, AKUil onucyemovca 3axonom Ilyaccona, w0 oace
MONCTIUGICHIL XAPAKMEPUIYEAMU [IMOGIPHICID YPANCEHHA HCUBOT CUNU NPOMUGHUKA, AKA 3HAXOOUMbCA
6 cyuacHux 3acofax OpoHe3axucmy uu YKpUMMAX J1€2K020 MUNY 3d YMOGU W0 0CO0006UIl CK1ao
npomueHuKa nepedysac 6 30Hi ypaxceHHA 0CKOJIKAB8020 NOJA padiaibHO-0Cb08020 OCKOIKO8O-(y2ACHO20
cHapaody. AnanimuqHuil eupasz moice Oymu GUKOPUCMAHUIL AK 0714 OUIHKU 8pAiCcalouoi 0il 0CKOIK08020
ROIA HA HCUBY CUNY HPOMUBHUKA 8 CYUACHUX 3ACO0aX OPOHE3aXUCmy YU YKPUMMAX 1€2K020 MUny max i
01 OUiHKU 8padxcarouoi Oii padianbHo-0CbOBUX OCKONKOBO-PY2ACHUX DOENPUNACIE 8 YIIOMY.

Knrouosi cnosa: ockonkoei nons, mMogipHicmo, yparxceHns, paoiaibHo-0Cb08i 0CKOJIK0BO-(hy2acHi
cHapaodu, 0CKO0K, 3akon Ilyacona, cnapso.

Beryn Ta moctaHoBka mpodsaemMu. SIK mokaszaB JOCBiA POCIHCHKO-YKpaiHCHKOI BiHHM Ta
aHaJ i3 OMpalbOBAHWX JDKEpes, HaWOIIbIl e(PEKTUBHUMHU 3ac00aMH yPaKCHHS JKHUBOI CHIIH
MPOTHBHUKA 3AJIMIIAIOTHCS PalioIbHO-0ChOBI OCKOJIKOBO-(pyracHi (POO®) chapsau. Amxe 1ei
TUIl CHApAIIB OAMH 3 HeOaraTboxX, SIKUH MoOKe e(EeKTHBHO ypa)kaTH >KUBY CHIIy NPOTHBHHKA,
IHAVBIAYaThbHUN OPOHE3aXUCT SKOI MOCTIHHO MOKPAITY€THCS.

B mHamnii crarti MU 3anponoOHYBaIM AaHAMITHYHUA BUpPA3, SKUH OMHUCYETHCS 3aKOHOM
Ilyaccona. lle mae MOXIMBICT OXapakTepu3yBaTH HMOBIPHICTb YypaKEHHS JKHUBOI CHJIH
MIPOTUBHUKA.

AHani3 ocTaHHiX aociaizkeHb i myOaikauiii. PesynbraT mpoBeneHOro aHamizy HayKOBHX
JOKEpesl Ta Tpalb TMOKa3ajld, IO BIAMOBIAHO J0 TPOBEICHHUX OCTIKEHb ICHYIOUHUX THITIB
OoenpunaciB  HaHOUIbII HMOBIpHMMH 3aco0aMH  ypaKEHHS JKMBOI CHJIM TPOTHUBHHKA €
apruiepiiicbki cuctemu [1], mo Beayts Boronb POO® Goenpunacamu [2], TakuM 4MHOM TSI )KHUBOT
CHJIM OCHOBHUM (DaKTOpOM BpaXXEHHS € OCKOJIKOBe rmosie. Ha TenepimHiii yac xapakrep
pyiHYBaHHSI HaBaHTAXEHUX BHOYXOM IIWIIHAPUYHUX OOOJOHOK JOCTaTHHO BHUBUCHUW. 3HAYHUUN
BHECOK B BUBUYCHHS XapakTepy BUOYXY, IpoOJieHHs 00OJOHKM HA OCKOJKOBI (pakuii 3podunu B.B.
CeniBanoB [8]. Jliteinuyk P. B., Jleuenko A. O. ta Knumenko B. B. B cBoix crarrsax [3, 9]
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JOCITIIMIA OCHOBHI YMHHUKH, SKI BU3HAYAIOTh MMOBIPHICTH YPa)KE€HHS €JIEMEHTIB MOTOPHOTO Ta
00HOBOTO BiAIICHHS JIETKOOPOHBROBAHOI TEXHIKU MPU BIUIMBI OCKOJIKOBUX OoempumaciB. OgHaK B
CBOIll poOOTI BOHM HEIOCTATHHO MAOCIIJWIM BIUIMB OCKOJIKIB Ha XUBY CHJIy NPOTUBHMKA SKa
3HAXOJIUTHCS B JIETKOOPOHBHOBAHIN TEXHIIIL.

MeTo10 CTaTTi € HaBEACHHS aHATITUYHOTO BUPA3y, 3aCTOCYBAHHS SIKOTO JIO3BOJIUTH OLIHUTH
110 ockoJKoBHX MoJ1iB POO® cHapsiB Ha KUBY CUITY NMPOTUBHHKA, SIKA 3HAXOJUTHCSA B CyYaCHHUX
3acobax OpOHE3aXUCTy UM YKPUTTAX JIETKOTO TUITY.

Buki1ag ocHOBHOrO Matepiajay. 3aJeXHO BiJl XapakTepy Hii OCKOJKOBOIO MOJS OCKOJIKH
MO>KYThb MaTH HaCTYIHI OCOOJIMBOCTI:

[TpuponHi (KpyroBi OCBOBI) YTBOPIOIOTHCS TMEPEBAXHO 3 CHApAIB BHUTOTOBIEHUX Y
pe3yNbTaTi MUIICHOTO BIJTMBAHHS KOPIYyCy. B 3aJeKHOCTI BiJl MapKH Ta CIUIABY CTajl 3aJICKHUThH
PO3Mip OCKOJIKY, aje HampsMOK Jii OCHOBHOI MacH OCKOJIKOBOTO MOJSI Ta iX KUIBKICTb € He
nepeaodauaysanoro [10].

[Tporuo3oBaHi (pagialbHO-HAMPABJICHI) MO JIETAIbHI MOXKJIMBOCTI SIKUX MOXKHA OMMCATH Ta
CIPOTHO3YBaTH 3a JIOTIOMOTOI0 MaTEeMAaTUYHOTO METOMY IOCIiKEHHsS (PAaKTHYHO TOJS 3aJaHOTO
npo6nenHs. [IpuHiun nid Takux MoJyiiB 0OYMOBJICHHUN SKICTIO CTall BUTOTOBIEHHS, KOHCTPYKIII€IO
0010BOT YacCTHHM CHapsIy (3 TOTOBUM 3a0iifHUM €IIEMEHTOM, BKPAIUICHHSM IHIIOTO Marepiany,
HaCi4KM, OTBOPHU Ta. iH.). [IpaBHJIBHO MPOrHO30BaHAa KOHCTPYKIIiS 1a€ MOXKIIUBICTh MPOTHO3YBaTH
Ta 3aJaBaTH Tpolec APOOJICHHs, 3MIHCHIOBATH OI[IHKY JIETAIIHOCTI 32 PaxyHOK HpPOTHO30BaHOI
MacH Ta KiTbKocTi ockoiki [10].

Hapocratoui, nornmHaro4i OCKOJIKOBI HOJISl YTBOPIOIOTHCS Y pe3ysbTati iHTepdEepeHIii XBUIb
(30BHiIIHI, O0KOBI1, PPOHTANBHI Ta 1H.) AKI YTBOPIOIOTHCS y HACTIAOK MPOIIECy AeTOHAIlIl BUOYXOBOI
pevoBuHu (¢izuka 3puBy). Kopmyc cHapsimy mij Ji€l0 BHYTPINIHBOTO THUCKY MOYWHAE HaOyBaTH
neBHO1 nedopmarii SK HACHIZOK y MICISX TPIIIMH BUBLIBHSIOTHECS MPOAYKTH BHYTPIIIHBOTO
BUOYXY SIKi y TOAAJBIIOMY HPU YTBOPEHI OCKOJKOBOTO TIOJISI MOXKYTh SIK ITiJICHITIOBATHUCS TaK i
MOTJIMHANACS B 3aJISKHOCTI Bil TOTO SIK JIaH1 XBWJII OyayTh HakiajgaTucs ofaHa Ha onHy. Came 1ei
¢dakTop (i3MYHOrO Mpolecy BU3HAYAE MOTYXKHICTh YJapHOI XBWJII Ta MiJCHJICHHS KiHETHYHOI
eHeprii npoaykTiB BuOyxy [9, 12].

Hu3bKOMBHUIKICHUMH OCKOJIKOBUMH IMOJISIMU MPUHHATO BBA)KATH OCKOJIKOBI TOJISI MIBUIKICTh
saxux He nepeunrye 300 M/c, pakTUyHO 11€ MO 103BYKOBI. Taki 1moss MaroTh MICIle Ha HE BEJIUKIH
BIJICTaHI BiJl €MIIIEHTPY BUOYXY KOJIM MPOAYKTH BHOYXYy CTPIMKO BTpaudalOTh KiHETHMYHY €HEPrilo,
ajie OKpeMi OCKOJIKH 32 paxyHOK CBO€EI MacH 30€piraroTh JOCTATHIO JIETATBHICTS [8].

BHCOKOIIBUIKICHUMHA OCKOJIKOBUMH IIOJISIMH CJIIJT BBAXKATH OCKOJIKOBI OIS MIBUKICT SIKHUX
nepeBuirye 300 m/c, paktuyHO 1e mons ki AiroTh a0 0,5 pamiyciB Bin kamiOpy cHapsmy. ani
OCKOJIKOBI T10JISI MalOTh BUCOKY IIBUAKICTh, MPOAYKTHU BUOYXY MiJCHIIIOIOTHCS yJIAPHOIO XBUJICIO, Y
pe3yabTaTi 4Ooro OCKOJIKOBE IOJie HaO0yBae MaKCHUMAJIBHOI JIETAIBHOCTI 32 PaxyHOK CTPIMKOTO
3pOCTaHHs KIHETUYHOI eHeprii.

Bracniiok BIUTHBY Bpakarouux (pakTopiB 0CKOIKOBOTO-TI0NIsI POO® Goenpuacis xuBa cuiia
MPOTHBHMKA 3a3HA€ CAaHITAPHUX BTPAT, a JIETKI YKPUTTA pyiiHyBaHH:S. Bpakatounmu ¢akropamu
3a0e3MeueHHs TaKoro pe3yasTary npu miapusi POO® 6oenpunacis € [7, 11]:

— Ta30n0i0HI IPOAYKTH BUOYXY;

— yJlapHa XBUJIS,

— OCKOJIKOBE TIOJI€;

KosxeH 3 okpemo B3ATHUX (akTOpiB ab0 iX CYKyHHICTh CIPUSE CAaHITAPHUM BTpaTaM. 3aJI€KHO
Bl TOYHOCTI BIyYaHHs, TIOTY>KHOCTI Ta BJIACTUBOCTEW OOMOBMX YaCTHUH CHApSIIB, a TaKOX BIJ
XapaKTePUCTHK CAMHX 3aXHCHHX OO'€KTIB pe3yJlbTaTH MOXYTh Biapi3HsaTucs. ExemenTtu 00'ekTiB
BpPaKAOTHCS B PE3YJIbTATI:

— (byracHoi aii mig yac BUOyxy Ooernpumacis B moBiTpi a00 Ha 3eMHii MOBEPXHI;

— OCKOJIKOBOT [1ii i1 yac BUOyXy Oo€erpuraciB B MOBITPi a00 HAa OBEPXHi;

— yZapHOi Jii Ipy OpsIMOMY BIIy4aHHI OO€npHnaciB B 00'€KT, IPOHUKHEHHI B IPYHT;

— CeMCMIYHOI i i 9ac BUOYXy OOEMpPHUITAciB B IPYHTI.
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Came OCKONTKOBa Ta OCKOJNKOBO-(yracHa mis OoempumnaciB 3a0e3nmedyroTh HaHOIIbIIy
JeTaNbHICTh Ta CaHITapHI BTpAaTH B MNpoTuUBHHKA. CaMe uepe3 1€ MH BBAXKAEMO JOLUIBHUM
MpOaHaTi3yBaTH OCKOJIKOBO-(yracHy nito POO® Goenpurmacis.

@DyracHOIO Ji€10 Ha3WBAIOTh HUIIIBHY CHITy Ooempumnacy, 1o BUOYXHYB B TOBITpi ab0 IpyHTI
Ha JesKkid BigcraHi Bixm o0'exra (minmi). Ha BiIHOCHO Manmx BiICTaHSX BiA €HIIEHTPY BHOYXY
Ooenpumnacy 10 o0'ekta gyracHa Jisi OOYMOBIIOETHCS JI€I0 Ta30Mo1i0HUX MPOAYKTiB BUOYXy. [Tpu
301IBIICHH] ITi€] BiJICTaHI BOHA SBJIE€ COOOIO CIUIBHY Jil0 Ta30MOMIOHHUX MPOAYKTIB BHOYXY i
yAapHOi XBWII, IO yTBOpujacs mix dac BuOyxy. Ha mocuth Benwkux BifAcTaHsaX ¢yracHa is
3yMOBJICHA JIHIIe Ai€r0 yaapHoi xBuii [3]. TakuM 4MHOM BIUIMB MPOIYKTIB BUOYXY HPOSIBIISIETHCS
Ha BiJCTaHsX, piBHUX 12 - 16 paniyciB Aii 3apsiay, a crijibHa Ais TPOAYKTIB BUOYXY 1 yIapHOi XBHUII
MPOSIBIIIETHCSL Ha BifcTaHax Onmusbko 20 pamiyciB. Pamiyc mii 3apsyy mMoke OyTH 3HAWACHHIA 3a

3arajabHO BiOMOIO (hOPMYIIOL0.
R,=B |[—M 1)
o 41Bgp ’

n€ Py, — rycTHHA BUOYXOBOI PEYOBHHHU OOEMPHIIACY;

M — Maca 3apsny.

Po3paxynku 3a ¢dopmynoro (1) paniyciB nxii 3apsaiB OoenpumaciB, MarTh IIUPOKE
3aCTOCYBAHHJI ITiJT YaCc PO3PaxyHKIB 3 METOI0 HAHECEHHS Yy/apiB MO KUBIM CHJIl MPOTHUBHUKA B XO/I1
BeZIeHHs 0oioBUX Jiil. Tako BOHa MEpeBaKHO BKa3ye, IO pajiyCH il MPOAYKTIB BUOYXY LHX
cHapsaaiB 122 mm., 152 mMm., 155mmMm, 82 Mm., 120 MM., 3HaXOAIThCS B Mekax 4-6 M., a paaiycu
crinbHOI J1ii MpOayKTiB BUOYXY 1 yAapHOI XBWIi 5-8 M. AJie Take pillIeHHs HE 3aBXIU € BIpHUM
OCKIJTBKM TPUWHATO BBXKATH M0 €(PEKTUBHICTH OCKOJIKOBOro mojsi POO® cuapsmy piBHa 0.5
paniyca Bin kamiopy [6].

JocBing 60ioBHX il MOKa3aB, IO KPYyroBi MOMIJIKM TOYOK BIy4YaHHS 122 MM., OCKOJIKOBO-
¢yracHi cHapsau camoxigHux rayouus 2C1 a takoxx MiHM KamiOpiB 82 mm. i 120 mMM., Ta iHIIMX
MOCTPAISTHCHKUX KaiopiB cTaHOBUTH 50-500 M.

3 3a3HaY€HOro BUILE, MOXHA 3pOOUTH BUCHOBOK, IIIO 30HU Aii MPOJYKTiB BUOYXY 1 yJIapHOi
XBHJII TTOPIBHSTHO HEBEJHKI BITHOCHO KPYTOBHUX MOMMJIOK TOYOK monaaanHs POO® Goemnpumacis. 3
LIOTO MO’KHAa 3pOOUTH BHCHOBOK, IO (pyracHa Jisi HE € OCHOBHUM BpakalouuM (PakTopom Juis
YpaKEeHHSI >KMBOI CHJIM TNpOTHBHUKA. OTXe >XMBa CHJa TNPOTUBHUKA TEPEBAKHO BPAKAETHCS
ockonkoBUMU nofisiMu POO® cuapsifis.

[Miquac neronamii POO® OGoempumaciB OKpiM MpOAYKTIB BHOYXy Ta YyHapHOi XBHII
YTBOPIOIOTbCS OCKOJIKOBI TOJIe, SIKI € TMPOAYKTOM JpobieHHs koprmycy POO® Goenpunacis.
OCKOJIKH, 10 YTBOPHIIMCS PO3JITAIOTHCSA B Pi3HI OOKH Bix TOYKM BHOYXY 1 IpH IMOIMAJaHHI B IUIb
3/1aTHI HAHECTHU Pi3H1 YIIKOIKEHHS.

B mepury depry eQeKTHBHICTH OCKOJIKOBOTO TOJIS 3aJI€KUTh BiJl HACTYITHUX KOHCTPYKTHBHHUX
napameTpiB camoi OoioBoi wyacTuHM: (opMa 1 BIACTUBOCTI MeETaldy KOPIYCy, KOedillieHT
HaIMlOBHEHHSI, BIACTUBOCTI BUOYXOBOi pEYOBHHHU, 3arajibHa Bara, 0COOJIMBOCTI KOHCTPYKIT 1 T. 1.

Buie BpaxoBaHe Bu3Havae Taki pakTopH sK:

— Bary OCKOJKIB, sIKI yTBOPIOIOTBCS ITiJl 4ac BUOYXY Ta iX 3arajibHy KiJIbKiCTb;
— TIOYaTKOBY MIBUKICTH OCKOJIKIB 1 XapakTep iX po3IbOTy B POCTOPI.

EdexTuBHICTD i1 OCKOJIKOBOTO IOJIS 3aJIe)KHa BiJI: Bpa)Karo4oi Jii OCKOJIKIB, BIACTaH1 A0 LI,
opieHTanii oci 6oenpumnacy oo il (KyTa 3ycTpidi 3 IUIOMMHOIO 3eMJI1).

Takum 4MHOM, T Yac BEACHHS 1HTEHCHBHHMX OOMOBHIX 1M 13 3aCTOCYBaHHSM YCiX HAsBHHUX
3ac00iB ypa)KeHHS HaWOUIbLIy KUIBKICTh BTpaT Y >KUBIM CHIII MPOTUBHHUKA 3a0€3MEUyIOTh came
POO® Goenpunacwu.

OcHOBHa yBary CTarTi CHpsSMOBaHa Ha OIIIHKY Bpaxarouoi aii ockonkoBoro moist POO®
CHapsAIB Ta iX BIUIMBY Ha JKMBY CHJIy HIpPOTHBHHKA, sKa IepedyBae B CydacHUX 3acobax
OpOHE3axHCTy.
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Jnst Bu3HaYeHHS MMOBipHOCTI ypaxkeHHs 11t POO® Goenpunacamu HE0OXiTHO TONEPEIHBO
BCTAHOBUTH B YOMY KOHKPETHO IPOSBJISIETHCS HUILIBHA CHJIa OCKOJIKOBOTO TOJIS, SIKE OTPAIUIIO B
L1IIb.

IcHye Tpu OCHOBHUX BHIM Bpa)karouoi J1ii OCKOJIKIB [4]:

— NMpoOUBHA His;

— 3amajJloBalIbHA JIis;

— IHINIOI0YA JTis.

[IposiB TOro 4m iHIIOrO BUAY Bpakaroyoi il OCKOJKY 3yMOBIIEHHUH KOHCTPYKTHBHUM
OCOOJIMBOCTSIMU YKPUTTA (IHIMBIAYaJbHOTO 3aXHCTy) Ta MICISI PO3TAIIyBaHHS >KHBOI CHIIH
NPOTHBHMKA, HAMPHKIAMA, 3amalbHI il XapakTepHi MpH NONaJaHHI OCKOJKIB B pe3epByapu 3
MajpHUM a00 1HII JIETKO3aHMHUCTI PEYOBUHH, a IHIIIIOIOTE Mii - TPH ypaKeHI OOEKOMIUIEKTY, YU
1HIIKX 3ac00iB ypaxkeHHs. Bpaxaroua J1ii OCKOJIKY IpOSIBISAETHCS B TPOOUBHIMN Aii.

TakuMm YMHOM Bpakaroua 0 OCKOJKOBOTO TOJII KOPENIOETHCS 3 IMOBIPHICTIO YpaKeHHS
KHMBOI CHJTM IPOTUBHUKA HACTYTTHUM CITiBB1IHOILICHHSIM:

PYPnp =1- }-1(1 — Pypi), 2)

ne | — KUTBKICTh JKHMBO1 CHIIA TPOTUBHUKA;

Pyp; — IMOBIpHICTh YpakeHHS 1-TO O1iIIs MPOTUBHUKA,

Pypyp, — AIMOBIPHICTE ypa)KeHHs )KHUBOI CUIIM IPOTHBHUKA.

CniBBigHOIIEHHS (2) BUKOHYETHCS TOJ1, KOJIM BPAXKAETHCS 3aJI0BUIbHA KUIBKICTD KMBOI CHIIN
MIPOTUBHUKA sIKA 3HAXOAUTHCS B pajiyci aii ockoikoBoro nojst POO® cuapsay (ix Mo)kHa Ha3BaTH
KPUTUYHUMH 1 HE KPUTUYHUMH) YPaKCHHS Xouya OM OJHOTO OiiIl 3HU3UTH OOE3MATHICTH KHUBOI
CUJIM TpOTUBHUKA. YpaxkeHHd BiJ 30% 3poOuth miapo3ain He Ooe3naTHUM. Tak, HMOBIpHICTBH
ypa)X€HHS 3aJ0BUIBHOI KUIBKOCTI JKMBOI CHUJIM TMPOTHBHMKA MOXXe OyTH po3paxoBaHa 3i
CHIBBIIHOILIICHHS:

Pyppp =1 — [IT_1(1 = Pypp][1 Cﬁp{}ypj]' 3)

1€ Pypy, — AMOBIPHICTh YPAKEHHS KUBOI CHIIM IPOTHBHUKA,

P*yp; — IMOBIpHICTB ypaskKeHHS i-TO BOPOXKOTO MiXOTHHIIS,

Peyp]' — MOBIPHICTh yPa)K€HHS J-TO BOPOXKHX MIXOTHUHIIIB);

| — He KpUTHUYHI CaHITapHI BTpaTH,;

£ — KpUTUYHI CaHITapHI BTPATH, sIKI HEOOX1IHO Ypa3uTH, 1100 BOPOXKUH MIAPO3ALT IIEpecTaB
(YHKIIIOHYBAaTH;

K — 3aranbHa KiTbKiCTh )KHBOI CHIT TPOTHBHUKA.

SIxkOu YMCIIO OCKOJIKIB, SIKI BIYYWJIM B JKHBY CHJy TPOTUBHUKA, MOXHa OyJI0 TOYHO
BU3HAYUTH, TO WMOBIPHICTh ypaK€HHS >KMBOi CHJIM NPOTHBHUKA MOXKHa OyJl0 po3paxyBaTH 3a
dhopmyItor0:

Pyp; = 1 — [1 — Pyp; (1], 4)

ne Pyp; (1) — IMOBIpHICTB ypake€HHs i-T0 MIXOTUHIIS OJHUM OCKOJIKOM;

N; — YUCJIO TOTPANUBIIUX B )KUBY CHITy MPOTHUBHHUKA OCKOJIKIB.

[IpakTuHO TIpH MOCTIMHIN CEpeIHIA T'yCTHHI OCKOJIKOBOTO TIOJISI B MOTOIll OCKOJIKIB € JIEsKi
BUIAJIKOBUM UYHWHOM pO3TAIllOBaHI HEOJHOPIIHOCTI «3rycTKW». Po3TamryBaHHS >KHBOI CHIJIH
MPOTHBHHUKA B OCKOJIKOBOMY TOJIi TAKOXK € BHITAJKOBHM.

OTxe, B PO3TIISTHYTUH CEKTOp NepeOyBaHHsI )KUBOI CHIIM MPOTUBHHUKA MOKE MOTPAINUTH Pi3HA
KUTBKICTh OCKOJIKIB. 3 Teopii WMOBIPHOCTI BIAOMO, IO SIKIIO TOYKH TIOMAJaHHS OCKOJIKIB
pPO3MOJIICHI HA TUIOIIMHI CTATUCTHYHO PIBHOMIPHO 1 HE3aJe)KHO OJHWH BiJl OJAHOTO, TO 3aKOH
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PO3MOALTY YHCIAa OCKOJIKIB, HIO TMOTPANMIN B JKHBY CHJIy TNPOTUBHUKA ONHCYETHCS 3aKOHOM
[Tyaccona. JlocmiaHi AaHi cBiAYaTh MPO Te, IO 3aKOH PO3MOILITY YUCIa OCKOJIKIB, SIKi TOTPANHIU B
KUBY CUJIy NMPOTHBHMKA, KYTOBI PO3MIpU SKMX Majl B IMOPIBHSAHHI 3 IIMPUHOIO CEKTOPA PO3NIBOTY
OCKOJIKiB, JilicHO Onu3pkuii 3akoHy Ilyacconma [5]. Tak sk cyudacHi 3aco0W pO3BIJIKH
apTWIEPIMCHKUX TAPO3ALTIB 3/MaTHI 3a0€3MeYnTH CTPIIBOy 3 TMOMUIKOIO, OUTbIe, HiXK po3Mipu
KHUBOI CWIM, YM YKPHUTTA INPOTUBHHUKA, TOMY 3'SICYBajocs, IO 3aKOH PO3MOJUTy OCKOJIKIB Ha
TUTOIIMHI YKPUTTSI MOKHA BBaXKaTH 3akoHOM IlyaccoHa, a KOOpAWHATHUN 3aKOH YPaK€HHsI JKUBOI
CWJIM MPOTUBHUKA Ma€ BUTIIAL [S].

Pypup=1— ™ ¥Pm (1), (5)

ne Pypy, (1)— WMOBIPHICTb ypaKeHHS JKMBOi CHJIM NPOTHBHHKA OJHHMM OCKOJKOM, SKHH
MOTPANMB B HBOTO; sSIKa MOXe OyTH BHU3HAYEHA aHAJIOTTYHUM YHUHOM 13 CIiBBIIHOIICHHS (3), Ae MM
Pypi (j) po3yMieTbesi HMOBIpHICTH ypaxKeHHsI I-T0 (j-r0) MiXOTHHISI MPOTHBHUKA OJHUM OCKOJIKOM,
110 OTPANUB B HHOTO;

M- CepeIHE YUCIIO OCKOJIKIB, 10 YPa3WIMKUBY CHITY TIPOTUBHUKA.

3i cmiBignomiens (5), (3) BumMBae, 1m0 A1 MPOrHO3YBAaHHS HAHECCHHS BTpAT JKUBIHM CHITi
MPOTUBHUKA 32 PaxXyHOK Jii ockonkoBux momB POO® cHapsmiB HEOOXiTHO OOYHCIUTH
iiMOBipHOCTI ypaxkeHHs Horo omHmm ockonkoM Pyp; (j) i cepenne w€mcmo ocKoNKiB IO
MOTPANUIIO B MICIE CKYITYEHHS JKUBOI1 CHJIM TPOTUBHUKA.

BHCHOBKH Ta MepCHeKTHBH MOAAJBIINX AOCTiIKeHb. OTXe CydacHHU PIBEHb PO3BUTKY
HayKH Ta TEXHIKA JA€ 3MOTY AOCTIIUTH €(PEeKTHBHICTH OCKOJKOBUX MOJiB POO® cHapsmiBTa ix
BILTUB HA )KUBY CWJIy MPOTUBHUKA MaTEMAaTUYHUMU Ta €KCIIEPUMEHTATLHUMHI METONaMU. A TaKOX
PO3pOOUTH UM YIOCKOHAIHMTH 1ICHYIOUl HayKOBI METOJU (METOIUKH) 3 METOIO OLIbII TITMOOKOTo Ta
JETALHOTO JOCIIPKEHHSI CTPYKTYPH OCKOJIKOBHX MOIIB. [IpoTe moeaHaHHS Yy TOJANBIIOMY JTaHUX
METOIB (METOAMK) 3 aHATITUYHUMH BHUPA30M, HATAIOTh MOKJIMBOCTI XapaKTepU3yBaTH HMOBIPHICTI
ypa)XeHHS KHMBOi CHIIM MPOTUBHHUKA SKAa 3HAXOAWTHCS B CydacHUX 3aco0ax OpOHE3aXHCTy 4H
YKPHUTTSX JIETKOTO THITY.

Omxe, NaHWi aHATITHYHUN BHpa3 MOXHA BUKOPHCTATH SK JUIS OLIHKH JIETAThbHOCTI
OCKOJIKOBHUX TIOJIIB, TaK 1 7151 OI[IHKK Bpaxkaro4oi aii POO® GoenpumnaciB Ha KUBYYICTh MiAPO3ILTIB
MIPOTUBHUKA SIKUH 3HAXOTUTHCS B CydacHUX 3aco0ax OpOHE3aXUCTy YU YKPUTTSAX JIETKOTO THITY B
LJIOMY.
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Dr. Tech. Sci. Yakovenko V. V., lvantsov V. P., Makalish O. V.

ANALYSIS OF THE INFLUENCE OF FRAGMENT FIELDS
RADIAL-AXIAL FRAGMENT-EXPLOSIVE PROJECTILE ON THE ENEMY'S MANPOWER

Taking into account the experience of the Russian-Ukrainian war, there is a trend of a lack of
means of defeating the enemy’s manpower, which in turn provides sufficient protection. To defeat small
groups of the enemy, unmanned systems have become widely used, which are quite mobile, accurate and
easy to use, capable of carrying a wide range of means of destruction, depending on the nature of the
target. However, with large-scale and massive offensive actions, the enemy actively uses radio-electronic
warfare, where unmanned systems are powerless, but radial-axial high-explosive shells remain the main
and most effective means of destroying enemy infantry. Taking into account the ratio of the cost of an
enemy infantryman who is in modern means of armor protection and the ratio of the cost of cast from the
appropriate grade of steel with certain impurities of a radial-axial high-explosive projectile of the required
caliber, the ratio of economic costs remains favorable.

The article analyzes the impact of the fragmentation fields of radial-axial high-explosive projectiles
on the enemy's manpower, which is in modern means of armor protection. The nature of the effect of the
fragmentation fields of radial-axial high-explosive projectiles is analyzed. The conducted analysis showed
that the most likely means of defeating the enemy’'s manpower, which is in modern means of armor
protection or light shelters, are artillery systems firing radial-axial high-explosive shells. Thus, the article
offers an analytical expression described by Poisson’s law, which makes it possible to characterize the
probability of damage to the enemy’s manpower located in modern means of armor protection or light-
type shelters, provided that the enemy's personnel is in the zone of damage of the fragmentation field of
the radial-axial high-explosive fragmentation field projectile. The analytical expression can be used both
to estimate the striking effect of the fragmentation field on the enemy's manpower in modern means of
armor protection or light-type shelters, and to estimate the striking effect of radial-axial high-explosive
munitions in general.

Keywords: fragmentation fields, probability, damage, radial-axial high-explosive projectiles,
fragment, Poisson's law, projectile.
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THE INTEGRATION OF 10T AND MATHEMATICAL MODELS IN CLIMATE
CHANGE MITIGATION

A strategy for using loT devices to collect real-time environmental data that takes into account the
most significant indicators is described. The advantages of using the Internet of Things have also been
determined, which makes it possible to monitor the state of the climate in a convenient mode with high
accuracy and speed. Because the task of analyzing using mathematical models to optimize energy
efficiency, monitor air quality, and strengthen sustainability efforts is complex, it requires the involvement
of specific specialists, such as systems analysts, mathematicians, and climatologists. Temperature,
humidity and precipitation, among others, are parameters obtained by using Internet of Things devices for
analysis. Climate models such as dynamic systems and simple low-order models for studying climate
variability are considered, and equations of momentum, thermodynamics, specific humidity, non-primary,
hydrostatic and thermodynamics connecting variable states are also described. The use of these equations
within the considered models and the values of their parameters are explained, some of which are the
result obtained with the help of Internet of Things technologies. It also describes the necessary
technologies needed to build an Internet of Things network: microcircuits, sensors, embedded computer,
wireless network and protocols.

Climate models of varying degrees of complexity are used to predict climate change and variability
on a global and regional scale. Mathematical and climate models are very important for preparing society
for the development and implementation of so-called adaptation strategies and measures necessary to
reduce the effects of climate change. Adaptation is understood as the process of society getting used to
current and predicted changes in the climate system and its impacts. The scientific novelty of the research
is determined by the fact that for the first time a review of the integration of 10T and mathematical models
for environmental protection was carried out, which made it possible to understand the regularities of the
construction of these mathematical models and to reveal the regularities of such integration.

The obtained research results, both theoretically and practically, serve as the basis for further
scientific and applied works aimed at improving and improving various aspects of the use of "Internet"
devices of things' to collect real-time environmental data and further analyze it using mathematical
models to optimize energy efficiency, monitor air quality and strengthen sustainability efforts. The
described strategy of using the Internet of Things and mathematical models is important for the life of any
person, the work of enterprises and authorities. In the long term, the use of Internet of Things
technologies and mathematical models in mitigating the effects of climate change can have a positive
impact on the development of the entire human civilization.

Keywords: internet of things; mathematical model; dynamical system; external forcing; governing
equation

Introduction. The relevance of the task of integrating 1oT and mathematical models in
mitigating the consequences of climate change consists of several factors. The first of them is the
need to create a strategy for using loT tools for climate control. The evolution of humanity has
caused a negative impact on nature, the extent of which cannot be estimated without the use of
modern concepts, one of which is 10T. The Internet of Things is a concept of a network consisting
of interconnected physical devices that have built-in transmitters, as well as software that allows the
transfer and exchange of data between the physical world and computer systems in automatic mode,
using standard communication protocols . loT-based solutions mainly solve consumer and
enterprise problems, however, some important global climate problems can also be solved with the
help of 10T technology. The combination of 10T technologies and mathematical models can provide
the means to optimize energy efficiency, monitor air quality, and enhance sustainability efforts.
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Solving the task of climate monitoring in real time using loT is described in works [1-5]. It is also
proposed to use the Internet of Things as an ecosystem of devices that allow to ensure energy
efficiency and safety in works [6,7]. Control of environmental pollution using 10T is mentioned in
works [8,9]. Mathematical modeling of climate changes in the context of external ergonomics
appears in work [10]. And work [11] describes a computational approach to the mathematical
model of climate change using heat and diffusion sources. The impact of climate change and
deforestation is mathematically modeled in work [12]. For greater use of 10T in mitigating the
effects of climate change, it is necessary to attract large financial and technical resources that can be
done by public or private businesses. Examples of the use of the Internet of Things by businesses in
Romania to determine the climatic prerequisites for the expansion of the Amurg variety in
Transylvania are given in work [13].

Analysis of latest research and problem statement. Formulating a strategy to integrate 10T
and mathematical models of climate change mitigation is a complex process that requires the
analysis of several different factors. However, before implementing this integration, it is necessary
to evaluate it and understand the impact it will have on optimizing energy efficiency, monitoring air
quality and strengthening sustainable development efforts in the future.

To form the integration of 10T and mathematical models, it is necessary to first analyze the
existing mathematical models of environmental data analysis. This may include an assessment of
the problem of modeling climate change processes, based on defined parameters.

The next stage is an assessment of the benefits of using the Internet of Things. It involves
analyzing the strengths and weaknesses of this concept to identify possible integration points. After
that, a strategy should be formed, which may include the development of technologies to build the
Internet of Things that meet the needs of analysis using mathematical models. The first stage is the
consideration of climate models as dynamic systems and the analysis of their sensitivity. At this
stage, the general appearance of the mathematical model is formulated thanks to a set of three-
dimensional nonlinear partial differential equations and a generalized discrete climate model and
stochastic climate models, which were first proposed by Hasselman, which must be taken into
account for the construction of climate models as dynamic systems.

At the second stage, the response of the climate system to external disturbances is evaluated
based on the sensitivity analysis of dynamic systems. The evaluation is based on information from
open sources. At the third stage, the sensitivity analysis of the chaotic dynamic system is
implemented. At the fourth stage, mathematical models of climate systems based on the main
equations (momentum, thermodynamics, precipitation) are considered.

A number of general scientific methods were used to perform the research stages of the
integration of 10T and mathematical models for environmental protection, namely: monitoring
method: used to collect, systematize and analyze information about mathematical models and the
concept of the Internet of Things; comparison method: came in handy when researching the
equations of mathematical models and their parameters; method of abstraction: used in the course of
research in order to highlight the main concepts and categories; abstract-logical and dialectical
methods of scientific knowledge, as well as the method of scientific abstraction, were used in the
study to form theoretical generalizations, clarify the conceptual apparatus, and formulate
conclusions.

That is why a number of unresolved issues arise in these conditions. The issue of creating a
software application based on the integration of 10T and mathematical models, which will make it
possible to monitor the state of the climate, optimize energy efficiency and strengthen efforts
towards sustainable development, requires additional research.

Presentation of the main material. The first step of this scientific research is the definition of
the main mathematical models of climate change and Internet of Things technologies that allow
obtaining data for these models.

There are several mathematical models for assessing climate change, the main ones being:
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—climate models as dynamical systems and their sensitivity analysis: (climate as a complex
dynamical system, climate system sensitivity to external forcing, sensitivity analysis of a chaotic
dynamical system);

—governing equations and low-order simple;

—models to study climate variability.

The relationship between the main mathematical models for climate change assessment is
shown in fig. 1.

Climate models
as dynamical |« >
systems

Low-order
simple models

Mathematica
| models for
assessing
climate
change

Figure 1 — Mathematical models for climate change assessment

Also, Fig. 1 shows that the use of climate models as dynamical systems and simple low-order
models are usually complementary when trying to assess climate change.

Mathematical modeling is the most effective tool for studying climate change and predicting
its future state in specific regions and at the global level. Mathematical modeling involves the
development of a number of complex mathematical models in which the simulated processes of
climate change are presented in the form of a dynamic system and described by a set of ordinary or
partial differential equations. These equations are based on the basic laws of physics, such as the
laws of conservation of mass, momentum, and energy. Some of the values used in these equations
are the result of the work of information systems built on the basis of the Internet of Things concept
and using the following technologies:

— a simple, compact technology is needed to identify each object. It is possible to collect and
accumulate information about a certain subject only if there is a system of unique identification.
Such functionality can be provided using RFID (Radio-Frequency IDentification) chips. They are
able to transmit information to reading devices without their own power source. Each chip has an
individual number;

— to monitor changes in the state of the element or the surrounding environment, objects must
be equipped with sensors;

— an embedded computer) must be used for processing and accumulating data from sensors;

— wireless network technologies (Wi-Fi, Bluetooth) can be used to exchange information
between devices;

— optimized and light-weight protocols such as MQTT are used for data transfer. They are
based on the principles of publication and subscription where each device (transmitter or sensor)
interacts with the program on the server (broker).

Using the concept of the Internet of Things to monitor climate change, through the use of
sensors, provides basic values of temperature, humidity, pressure, and others. These parameters are
then applied in mathematical models to process optimization and enhance sustainability efforts.

The next step of this scientific research is a review of the main mathematical models of
climate change and the equations used to build them.
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Ecological Site Classification (ESC) is a web-based decision support system that helps forest
managers and planners select tree species that are ecologically suitable for specific sites, rather than
selecting a species and trying to modify the site accordingly. Only mathematical modelling can
serve as the main tool for studying the Ecological Site Classification. In a formalized form, a model
of the ECS is a set of 3D nonlinear differential equations in partial derivatives that generates a
deterministic finite-dimensional semi-dynamical system:

= F(x, A f), x € {R}",
x|{t=0} = xO, t 2 0, (l)

dt

where X is the vector of state variables characterizing the system state at a given time t, x, is a given
initial state of a system, n is the dynamical system dimension, x € {R}" is the m-dimensional
parameter vector and f is an external forcing.

Since analytical solutions for the climate system models are commonly not available, we used
numerical methods to solve this Equation. The numerical solution of the discrete model equations is
only possible with the use of high-performance computers.

A generalized discrete climate model, which is used in computer simulations, can be written
in a formal form in the following way:

X = M{Olk}(xo), k = 1, ...,K, (2)

where M, 4 is a nonlinear model operator that propagates state variables from the initial time

to to time t;, (this operator indirectly contains model parameters, including external forcing) and K
is the number of time steps.

The system of equations of mathematical models that use parameters collected with the help
of Internet of Things technologies consists of the following:

— two momentum equations;

— the thermodynamic equation;

— the equation for specific humidity that describes the hydrological cycle;

— the continuity equation;

— hydrostatic equation;

— the equation of state.

The two momentum equations have the following form:

E;—I: acos(p[ NpsY cos ¢ + —(CD+K)+ RT{?;S+ az—Z]:Fu,
RTO 09
S+ Opsut | (@K + T o] = F, 3)

The mathematical statement of Newton's second law of motion is called the momentum
equation. As momentum is a vector quantity, the momentum equation is a vectorial equation.
The thermodynamic equation is written in the following form:

opsT 4 1 (('JupsT 4 d9ps cos @ T) 4 dopsT
at acosp\ 01 do do

ps udps 90ps\| _
[pga + J( ot + acos ol + ade )] o pS(FT t+e), (4)

Thermodynamic equations relate various thermodynamic quantities and physical properties
measured in laboratory or industrial processes.

The equation for specific humidity that describes the hydrological cycle is written in the
following form:
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dpsq 1 (aupsq 0\9p5cos<pq) dopsq _ _
ot +acos<p oA + fG10) + do _pS[Fq (C E)]: (5)

Specific humidity is defined as the ratio of air humidity to the absolute water vapor pressure
of the air.
The continuity equation is written in the following form:
ops 1 1 /0psu . 09pscos @
at +acosq0f0 ( o1 + do )619—0, (6)
The continuity equation is used to describe conservation of atmospheric mass. Conservation
means that in an isolated system that parameter remains constant. It’s not created. It’s not destroyed.
But it can move around. There are certain parameters (energy, momentum, mass, air, water, 0zone,
number of atoms, etc.) that must be conserved.
The hydrostatic equation is expressed as:

oo RT
w9 ")

The change in pressure with change in altitude is equal to the average air density multiplied
by the gravitational constant. The negative sign is due to the fact that pressure decreases with height
(usually when plotting a graph, values on the y-axis increase with height, this is the opposite of
atmospheric pressure). The quantity on the right side of the equation is the density. Air density is a
function of temperature and humidity. An increase in water vapor content and/or an increase in
temperature leads to a decrease in density. In very cold air, the air is very dense. Therefore, 0® / 09
is large in cold air (the change in pressure with height is large). This means that in cold air the
pressure drops quickly, and the thickness of the cold air mass is small (the atmosphere thins
vertically when it is cold). In warm air, the opposite is true, warm air expands and occupies a larger
volume. The thickness of warm air and the depth of the atmosphere are greater in a warm air mass.
Because warm air has a low density, the change in pressure with height in warm air is less than in
cold air.

The thermodynamic equation connecting the state variables is written in the form:

p = pRTy (8

The equation of state establishes a direct relationship between density and pressure, an inverse
relationship between density and temperature, and a direct relationship between temperature and
pressure.

Here ¥ and u are the meridional and zonal components of the wind; a is the Earths mean
radius; ¢ = do/dt is an analogue of the vertical speed in the o coordinate system; T is
temperature; @ — geopotential; Q = ¢ + f is the absolute vorticity, where ¢ is the relative
vorticity; f is the Coriolis parameter; K is the kinetic energy; R is the gas constant for dry air; q is
the specific humidity; C, is the specific heat of dry air at constant pressure; Ty is the virtual

temperature; and p is the air density. The terms F, and F,y describe the vertical friction and the
horizontal diffusion processes; € is the diabatic heating rate; Fr and F, describe the vertical and
horizontal diffusion of heat and water vapor, respectively; and C and E describe the source and sink
processes for water vapor, respectively.

The considered equations of mathematical models demonstrate the importance of monitoring
climate changes by means of the Internet of Things, as the equations contain parameters that are
physical quantities used to denote various climatic phenomena.

The last step of this scientific research was the determination of the climate response time to
various factors based on the equation of the two-block EBM model.

It is very important to point out that although the mathematical models developed in various
research centers fairly consistently predict warming in the future, the indicators that characterize the
response of the climate system to radiation pollution differ significantly from model to model.

Simple linear systems, such as the two-block EBM with additive stochastic forcing, which is
parameterized by Gaussian white noise, have proven useful for investigating climate change on time

78



scales ranging from years to decades. These models are able to explain much of the observed
climate change on time scales ranging from annual to several decades. The equation of the two-
block EBM model has the following form:

c (%) = AT —y(T = T,) + Fs
Co (B2) = y(T = Typ), (9)

where C is the effective heat capacity of the upper box, consisting of the atmosphere and the
oceanic surface mixed layer and characterized the climate system inertia; A, which is called the
climate feedback parameter, is the proportionality coefficient between the radiative response and
the global mean surface temperature (GMST); y is the deep ocean heat uptake parameter; Cpis the
effective heat capacity of the deep ocean; and Fj is the stochastic forcing.

The response of the climate to the radiation impact caused by human activity has a wide range
of time scales.

For example, the response time of the atmosphere is only a few weeks. The reaction time of a
system that includes not only the atmosphere but also the ocean layer is several years, while a
system that includes the deep ocean characterized by time scales from decades to centuries and even
longer.

Signs of the fundamental nature of the conducted research are that the research results can
become the basis for new fundamental, applied works and developments and that the research has a
broad theoretical base.

The scientific novelty of the conducted research is determined; the integration of 10T and
mathematical models for environmental protection was reviewed for the first time; revealed
regularities of building mathematical climate models; patterns of integration of the Internet of
Things and mathematical models were revealed.

Conclusions. The integration of the Internet of Things for climate monitoring and real-time
environmental data collection provides the necessary parameters for their further use in
mathematical models of climate change prediction. Mathematical models of climate change
predictions are based on a set of equations that have numerical values and are usually solved by
computer because of their complexity.

The use of 10T and mathematical models in the assessment of climate change contributes to
the optimization of energy efficiency, monitoring of air quality and strengthening of sustainable
development efforts.The use of climate models as dynamical systems and simple low-order models
are usually complementary when trying to assess climate change. For detailed modeling of physical,
chemical and biological processes in the atmosphere, ocean, land and cryosphere, it is necessary to
use the most powerful supercomputers capable of creating a forecast of climate change.

Global and regional climate change projections have a rather high degree of uncertainty for
scenarios of greenhouse gas emissions.The effectiveness of the scientific research is confirmed by
the fact that with the help of the review of the integration of 10T and mathematical models for
environmental protection, for the first time, the regularities of the construction of these
mathematical models and their integration with the Internet of Things were revealed.
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THTETPAIIISI IOT TA MATEMATUYHUX MOJIEJIEA Y IOM’IKIIEHHSI HACJIIIKIB
3MIHHU KIIIMATY

Onucano cmpamezilo GUKOPUCHAHHA RPUCMPOIE «iHmMepHem peueil» 011 300py Oanux npo
HAGKOUWIHE cepedosuwie 8 PeanbHOMy 4daci, uio 6paxoeye Haidinvuwt 3nauyuyi nokasnuku. Taxooc
GU3HAUEHO Nepesazu GUKOPUCHIAHHA IHmMepHem peueil, W0 0ac MONCTUGICIb MOHIMOPUmMU CHAH
KimMamy y 3pyUHOMY pedcumi 3 6UCOKOI0 mouHicmio ma wieuokicmio. OcKinbKu 3adaua aHanizy 3a
00NOMO2010 MAMEMAMUYUHUX MOoOelell 01a onmumizayii enepzoegexkmueHocmi, MOHIMOPUHZY AKOCHI
nogimps ma NOCUNEHHA 3YCUNL U000 CMANI020 PO3GUMKY CKIAOHA, MO 60HA NOMPEOYE 3ay4UeHH:A
OKpemux cneyianicmis, mMaKkux AK CUCMEMHI aHATIMUKU, MamemMamuku ma KiliMamoaiozu.
Ompumanumu, WAAXOM 6UKOPUCMAHHA RPUCMPOIE «iHmMepHem peueil» napamempamu 01 aHAni3y €
memnepamypa, 6onocicmev i onadu ma inwi. Pozenanymo maki xknimamuuni mooeni Ak OuHamiuni
cucmemu ma npocmi Mooeni HU3bK020 NOPAOKY 01 6UGHEHHA MIHAUGOCHMI KIIMANMY, MAKOMC ORUCAHI
PIGHAHHA: IMAYIbCY, MEPMOOUHAMIKU, RNUMOMOI 60J1020CHi, HenepeHocmi, ziOopocmamuyuHe ma
mepmoounamiku, uio 3'eonye 3minni cmamny. Ilosacneno eukopucmanmus uyux pieHAHL 6 pPAMKAX
POo32NAHYmMUX Mooeneil ma 3HaYeHHa IX napamempis, 4acmuHna 3 AKUX € Pe3yIbmMamom, wo OmpUMaHuii
3a 0onomozoi0 pooomu mexHonociii inmepuem peueil. Taxodc onucani HeoOXiOHi mexHO02il, W0
nompioui 0na no6yooeu mepedici inmepHem pedeil: MIKpOCXeMuU, CEHCOpU, 60Y008aHUll Komn’iomep,
0e30pomoea meperca ma npomoKoJu.
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Knimamuuni mooeni piznozo cmynens CKAaOHOCHI GUKOPUCHIOGYIOMBCA 071 NPOZHO3YEAHHA
3MIHU KaimMamy ma MIHAUEOCMI y 2100anbHOMy ma peZioHanbHux macuwimaodax. Mamemamuuni i
Kimamuuni mooeni Oyxce 8axsciugi 013 RiO2Z0MOBKU CyCRIIbCMEa 00 pPo3podKu ma peanizayii max
36aHux cmpameciil adanmauyii ma 3axo00ie, HeoOXiOHUX 013 3MeHUIEHHA HacioKie 3minu Kiimamy. ITio
aoanmauicro PO3YyMIEMbCA NPOUEC 36UKAHHA CYCRIIbCMEA 00 NOMOUHUX | NPOCHO308AHUX 3MIH
Knimamuunoi cucmemu ma ii ennugie. Haykoeow HOGU3HOI0 00CNIOMHCEHHA 8U3HAUEHO Me W0 nepuie
0ye npoeedenuii 02120 inmezpauii IoT | mamemamuunux mooeneil 011 3aAXUCHY HABKOAUWIHbLOZO
cepeoosunia, w0 0036071U0 3PO3YMIMU 3AKOHOMIPDHOCHI ROOY008U UUX MaAMEMAMUYHUX mooeneu i
eusABUmMU 3aKOHOMIpHOCIMI maKoi inmezpauyii.

Ompumani pezynomamu 00CHiONHCEHHA, AK Y MEOPEMUUHOMY, MAK | NPAKMUYHOMY NJAHI,
CIYHCAMb OCHOB0I0 0151 NOOATLUIUX HAYKOBO-HPUKIAOHUX NPAUb, CHPAMOGAHUX HA YOOCKOHANCHHA ma
NOKpAUW|eHHA PI3HUX ACHEKMie BUKOPUCHIAHHA NPUCMPOie «iHmepHem peueily 011 300py O0aHux npo
HABKOTUWIHE cepedosuye 8 peaibHOMy 4aci ma ix nooanbuiozo ananizy 3a 00ONOMO2010 MAMEMAMUUHUX
Mooeineil 01 onmumizayii eHepzoeheKmueHoCmi, MOHIMOPUHZY AKOCMI NOGIMPA MA NOCUNEHHA 3YCUTb
w000 cmanozo pozeumky. Onucana cmpamezia UKOPUCMAHHA [HMeEPHem peueil ma MamemMamuyHux
Mooeieil € 8a)ciueor 011 ycummsa 0yob-aKoi 0OUHU, POOOMU RIONPUEMCME ma opzaHie eénaou. B
00620mpueaniii nepcneKmusi came UKOPUCMAHHA MEXHON02II «(iHmepHem peueil ma MamemamuiHux
Mooeneii y nom’aKuienni HACAIOKI6 IMIHU Kaimamy modice 0amu NO3UMUGHUTL 6NIAUE HA PO3GUMOK BCIET
J1100CbKOI yuesinizauii.

Kniouosi cnosa: inmepuem peueili; mamemamuyHa mMooelb; OUHAMIUHA CUCMEMA; 306HIUIHIN
6NJ1U6; 20/106HE PIGHAHHA.
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IHTEI'PALIA OB’EKTA T3-B3 B ABTOMATH30BAHY
CUCTEMY YIPABJIIHHA BOTHEM APTHJIEPII

Aemomamu3zoeani cucmemu ynpaeiinnsa eoznem apmunepii (ACYea) siodicparome eaxcnugy poib y
cyuacnux 0oiiogux 0iax y npukopoonuux oonacmsax Ykpainu. Taxi cucmemu 003601310mb 3HAYHO
niosuwiumu egheKmueHicms 3aCMOCY8aAHHA He Nuuie OKPEMUX 602HEBUX 3AC00i8, a il y2PynO6aHb MAKUX
cucmem. Aemomamu3zayia nPoyecy ynpasiaiHHua 6ozHeMm 3ade3neuyc onepamueHy nepeoauy (po3nodin ma
nepepo3nooin) uyineekazanv, W0 NPU3EOOUMb 00 RNIOGUUIEHHA MOuUHOCMI ma egexkmuenocmi Oiil
apmunepinceKux niopo3oinie.

Ha npaxmuuyi, icuyroui ACYea maiomov psaod HeOoOliKie, maxux AK CKIAOHiCMb, eapmicmp ma
mpueani mepminu po3pooku. Hasaenicmv ma euxopucmanna Ha pponmi apmunepiiicbKux cucmem
DPO3POOKU MUHYI020 CHOAIMMA MA PI3HUX GUPOOHUKIE 3HAYUHO YCKAAOHIOE (A IHOOI — YHEMONHCTUBTIOE)
enposaoscennn ACYea, 6nacniook éiocymuocmi yrighikayii ma cmanoapmu3ayii KomnoHeHmis.

Oonum 3i wnaxie pozeumky ma eoockonanennuna ACYea € enpoesaodycenun ynighikosanoi cucmemu
asmomamu3oeanozo ynpaeninnua (CAY) 06’ckmom muny mpancnopmuuii 3acié — eoznesuil 3acio (13-
B3). Taka CAY moowce dymu euxopucmana ak ocuoséa o0na po3pooku nosux ACYea, a maxodxc ona
MoOepHi3ayii icHyloYuXx.

Y cmammi poszenaoaiomvca npunuyunu ma 3aedanun ACY eocnem apmunepii, a makoic
HPONOHYEMBCA HANPAMOK iX YOOCKOHAEHHA 3a 00nomo2010 CAY T3-B3.

Y knacuunux 3zadauax meopii aemomamuuno20 YnpaeniHHA UACMO GUHUKAE HEOOXIOHicmb
epaxysannsa oomexcenv na 3minni cmany. Hasaenicmos maxux oomedxcensb po32nadacmupcs 6 pamKax 080x
nioxooie. OOMeIHCeHHA MONHCYMb PO32NAOAMUCA AK NEGHI YMOGU, BUKOHAHHA AKUX He 2apAHMYEMbCA
pizuunumu eéracmugocmamu 06'ckma i NOGUHHO 3a0e3neUyeamucas HAIEHCHUM 8UOOPOM YNPABIIHHA.
Ilpu opyzomy nioxooi, oomexceHHa HA 3IMIHHI CINAHY 8PAXO0BYIOMbCA 3d 00ONOMO2010 66€0E€HHA HEIIHINHUX
cmamuyHux xapakmepucmuk i3 Hacuuenuam. Ilpu uyvomy, 6 moodeni 00 ekma oOmedxceHHA
HAKNA0aIOmvca He HA 6eKMOp 3MIHHUX CHAHY, A HA 6eKMOp iX NOXIOHUX — 6XIOHI CUZHAIU OKpeMUX
AAHOK cucmemu. Buxio 3minHux cmaHy 3a medwci, 6USHAYEHUMU CMAMUYHUMU HENIHIUHOCMAMU,
3a2a710M, MONCTUGUIL.

Knrouosi cnosa: nanuroz i3 oomedxcennam, 3acodbu asmomamusayii, mMexHiYHA cucmemd,
cmadinizayisa, agmomamuune KepyeanHsa, Mamemamuina mooev, napamempu.

IMocTtaHoBka 3agaui y 3arajbHOMYy BUIJsai. AHamiz Ta cuHTe3 CAY 3 00MexyBaueM y
00'eKTi yMpaBIiHHS 3 BIANOBIAHMMH TIOKa3HUKAMH, 3 MOXKIHMBICTIO KOHTPOJIO MapameTpiB
MEepIOJUYHUX PYXIB (KOJMBAaHb CUCTEMH), BU3HAUEHHSAM JMHAMIYHUX XapAaKTEPUCTUK 3a KOPHUCHUM
CUTHAJIOM € akKTyaJbHMM HAyKOBUM 3aBIaHHAM. BnpoBamxeHHs Ttakoi CAY € MOXIMBUM
HanpsMKoM yaockoHaneHHss ACY BorHem apTuiiepii.

AHaJTi3 0CTaHHIX J0CTiTKeHb | myOJaikaniii.

AHani3 myOumikaiiil oo iHTerpaii 06’ekra T3-B3 B aBTOMaTH30BaHy CUCTEMY YIIpaBIIiHHS
BOTHEM apTHJIepii CBITYUTh MPO 3pOCTAalOuMil iHTepec 0 BNpoBaKeHHS YyHiikoBaHux CAY B
apTusiepiicbkux cucreMax. OCTaHHI JOCHIKEHHS NIATBEPKYIOTh, 1110 BUKopucTaHHd CAY Moxe
3HAYHO MiJABUIMUTH €(EKTUBHICTh 1 TOUHICTh CTPUILOU, & TAKOXK CIPOCTUTH MPOIECH YIPABIIHHSA
BorHeM. Crarrss [1] mnpucBsideHa JOCHIKEHHIO MOXIUBOCTEH BrpoBamxkeHHs CAY B
apTWIEpIMCbKUX cHUcTeMax. ABTOPH CTaTTi HIAKPECHIoTh, 10 BukopuctanHs CAY Moxe
3MEHIINTH CKJIAJHICTh 1 BapTiCTh PO3POOKH apTHIIEPIHCHKUX CUCTEM, a TAaKOX IMOKPALIUTH iX
B3aeMOAiI0 3 IHIKMMHU cuctemamu. llyOmikamiss [2] mpucBsdeHa po3poOli HOBUX METOIB
yIpaBJiHHSA BOTHEM apTuiiepii 3 BukopuctanusiM CAY. ABTopu cTaTTi NPONOHYIOTh HOBUH MiJIX1]
0 yIOpaBIiHHA BOTHEM, IO Oa3yerbcs Ha BukopuctanHi CAY s koopAuHamii  miid

82



apTUWIEPIMCHKUX MiAPO3IiiB. BapTo 3ayBaknTH, IO BHACTIIOK IMIBUAKOTO PO3BUTKY HEHpOMEpex
3pocTae 3aIliKaBIEHICTh LIOJ0 BUKOpPHCTaHHA ITy4Horo inrenekty (III) y OoitfoBux nisx Ta B
nuBUTEHOMY mpocTtopi [3]. [Ty6mikarito [4] MPUCBIYCHO PO3POOII CUCTEMH YIPABIIHHS JPOHAMH 3
BukopuctanHsaMm III. ABTopu cTarTi miAKpecnooTh, 1o BukopucTaHHs LI moxe 3HaYHO
MOKPAIIUTH €PEKTHUBHICTh 1 TOYHICTH CTPibOU. Biimomy, aHami3 ocTaHHIX DKEpeN CBIAYUTH IPO
Te, o iHTerpauia o6’exta T3-B3 B aBTOMaTH30BaHy CHUCTEMY YIpaBIiHHS BOTHEM apTuiepii €
MEPCIEKTUBHUM HaNpsSMKOM PO3BUTKY apTuiepiiicbkux cucteMm. Bukopucranns CAY 1 LI moxe
3HAYHO MOKPAIIUTH €(EeKTUBHICTh 1 TOUHICTh CTPUILOM, a TAKOX CIIPOCTUTH MPOIECH YIIPABIIHHS
BOTHEM.

Jnist cTBOpeHHS yHi(iKOBaHOI CUCTEMH aBTOMATH30BAHOT'O YIPABIIHHSA KEepyBaHHsS 00’ €KTOM
TUIy TPAHCHOPTHUM 3acid — BOTrHEBMH 3aci0 NOTPIOHI BUKOHAaBYl MPUCTPOI 13 YJIAPHUMHU
B3aeMoJisiMU. Teopis CTBOPEHHS CUCTEM 3 TaKUMH BUKOHABUMMH IMPUCTPOSIMH 00’€THY€ TEOpito
KOJIUBaHb 1 TEOPil0 BiOpOyZapHUX Ta BiOpPO3axXMCHUX CHCTEM. barato JOCIiKEHb MPHUCBIYEHO
BUBYEHHIO LIUX cHcTeM [5, 6]. Okpema yBara y Teopii KOJIUBaHb MEXaHIUHUX CUCTEM MPUALIAETHCS
BUBYCHHIO CHCTEM i3 3ITKHCHHSMH Ta BH3HAUYCHHIO YMOB BHHHMKHEHHS IEPIOJMYHUX KOJHBAHb
pizHux TumiB [7, 8], po3podii METOIMKH PO3paXyHKY MEpiOJAUYHUX pexuMiB [9] Ta OTpUMAaHHIO
pexxuMiB ¢ 3amanumu napamerpamu [10], nocmimkennto 6igypxariit pyxy [11] Tomo. [Ipu npomy
BUKOPHCTOBYIOTKCS SIK TOUHI, TaK 1 HaOrkeHi metoau [12].

MeTor0 cTaTTi € PO3TIIs BapiaHTy CUCTEMH aBTOMATHYHOTO yIPABIIiHHS BOTHEM 13 HOBUMU
NPUHLIUIAMU YIPaBIiHHA (3 MOXMJIMBICTIO BKJIIOUEHHS €JIEMEHTIB IITYYHOIO IHTENEKTY JUIs
BpaxyBaHHS CTOXaCTWYHHMX 3MiH 30BHIIIHIX BIUIMBIB) i3 peai3amielo iHTYITUBHO 3pO3yMiJIOTO
iHTepdeiicy Ta CUCTEMU MiATPUMKHU TPUNHHSATTS PillICHb.

Bukian ocHoBHOro martepiajy. OfHUM i3 TPIOPUTETHUX HANPSMKIB PO3BUTKY 30pOMHUX
Cun 3anuiuaeTbcs BIOCKOHAJIEHHS CHUCTEM OOWOBOIO YMpaBIiHHA BIHChKaMH, BKIIIOYAIOUU
MOJIEpHI3allll0 HasgBHUX 3ac00IB Ta CHUCTEM MOJABIMHOTO NPU3HAYEHHS, BIPOBAKEHHS HOBHUX
cucteM 1 3aco0iB aBTOMATHKH Ta aBTOMATH3allii YMpaBliHHA BIHChKaMH Ta O30pOEHHSM 13
BUKOPUCTAHHAM JOCSTHEHb y Taiy3i iHpopMaliiHUX TEXHOJOT1H.

Cuctema ynpapmiaas BorHeM (CYB) abo aBToMarW3oBaHa cHCTEMa YIPABIIHHS BOTHEM
aptunepii (ACYBa) — aBTOMAaTH30BaHA CHCTEMa, M0 00’ €IHYyE KOMIUIEKC JATYMKIB Ta TEXHIYHUX
3aco0iB, 3a0€3Meuy0uH MOIIYK, BUSBJICHHS Ta 1IeHTU(DIKAIIIO IIJIEH, a TAKOXK IMiITOTOBKY CUCTEMU
030pO€HHSI 10 X BOTHEBOTO YPa)KE€HHs, HANpPSAMOK LTl Ta BHUPIMIEHHS 3aBJaHb BPAXECHHS L.
3aCTOCOBYIOTBhCSI Ha BIMCHKOBHX KOPAOJIsAX, IMJABOJHWX YOBHAX, JIiTaKaxX, TaHKaX, CAMOXITHUX
apTwiepiiicbkux  ycraHoBkax Ta  kommekcax [II1IO. Y  sxocTi  JaTyukiB — MOXYTb
BHKOPHUCTOBYBATHCh pajapu, iH(PpauyepBOHI NPHUCTPOi, JazepHi najexkomipu Tomo. [lo ckmamy
CHCTEMH YTIPABIIIHHS BOTHEM TaKOX BKJIIOYAIOTHCS MPULIIH, a Cepell BUKOHABUMX IPHUCTPOIB
MPUCYTHI cTab1s1i3aTOpH 030POEHHS, CHCTEMH MPOTPaAMyBaHHS Ta HaBEICHHs KEPOBaHOI 30poi.

[IpuknagamMu MOXYTh CIYXKUTH TPUNAHATI HAa O030pO€HHA CHUCTEMHU 3aXiJHHX IapTHEPIB,
30KkpeMa aBTOMaTu3oBaHa cucrtema ympabiiHHd (ACY) Bormem monboBoi aptuiepii ADLER
(Artillerie Daten Lage Einsatz Rechnerverbund) Ta ii monepnizauii ADLER II, ACY Boruem
MIHOMETHHMX TIiJPO3AUIIB Ta PEaKTUBHHX CHCTEeM 3ainmoBoro BorHio DVA Il (BupoOHwmiTBa
Himeuunnn), AFATDS (CIIIA), BATES (Benuko6puranii) Ta ATLAS (®paHniiii).

He € BUHATKOM 1 CUCTEMHU, III0 BUKOPHUCTOBYIOTHCS Ha CXO/A1 YKpaiHu B X0zl 00MOBHUX iil Ha
tenepimHid vac. [Ipukimagom cucteMu, IO peanidye aBTOMAaTH3allil0 TMPOLECY YHpPaBIiHHA
030pO€EHHAM, MOXKE OyTH IPOrpaMHUI KOMILUIEKC YIpaBiiiHHS BorHeM aptuiepii — ArtOS (Ykpaina,
Micro [[Hinpo).

ACYB BIANOBIJHOTO TUITY TPU3HAYEHA I BUPILIEHHS HACTYITHUX OCHOBHUX 3aB/JaHb:

- KOOpAMHAIis Jii 3aco0iB BOTHEBOTO YypaKCHHS 13 CHUCTEMaMH BHSBJICHHS Ta
CYHpPOBOKCHHS IT1ICH;

- ONTUMAJILHUHN PO3IOILT IIIICH;

- YOpaBIIHHSA CHUCTEMaMH BOTHEBOI MATPUMKH OOWOBMX il 3’€IHAaHb Ta 4YacTHH 3
ypaxyBaHHSIM CKJIaJHOI TAKTHYHOI 00CTaHOBKM a00 3a MOMNEPEIHBO CIUIAHOBAHUM CIICHapieM;
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- aBTOMaTH30BaHa 00poOKa Ta mepegaya Haka3iB Ta pO3NOPSIKEHb;

- BU3HAUCHHS CTaHy apTUJIIEPIHCHKUX CUCTEM, OOJIIK BUTpAT Ta KUTBKOCTI OO€MpUIIaciB;

- BUOip ONTUMANFHUX MICIIb PO3TAIIyBaHHS CUCTEM apTHIIEPIHCHKOI pO3BIIKY;

- VOpaBIiHHA Ta KOHTPOIb 3a MaTepiaibHO-TEXHIYHUM 3a0e3MeUeHHSIM apTUIepIHChKUX
M1PO3ILTIB.

MopnepHizallis iCHYHOUHMX 3aco0iB Ta CHCTeM, CTBOPEHHS HOBHUX BHCOKOMOOITHHUX
apTUJICPINCHKUX CUCTEM, JTO3BOJISE:

- 3J1HCHIOBaTH OJTHOYACHE BUKOHAHHS 0araTboX BOTHEBHX 337a4;

- 0oOMiHIOBaTHUCS MOBIIOMJIEHHAMHU y LIU(poBii Ppopmi;

- pO3ropTaTy amaparypy Ta BOTHEBi 3aco0M Ha Oy/Ib-sKiil TpaHCTIOPTHIM Oas3i.

VY 3aranpHOMY BUTAJKY, IIe 00’€HAaHI B €IMHY MEpEXy (CHCTeMy) aBTOMAaTH30BaHI poOodYi
MiCli, PO3TallOBaHI Ha KOMaHAHO-IITA0OHMX MalIMHaX. 3B 30K MK OKpeMHUMH (MOOLTEHUMHU)
KOMIIOHEHTaMH CHUCTEMH 3IMCHIOETHCS 32 JOMOMOTOI0 3ac00iB 3B’SI3KY KOPOTKOXBHIBOBOTO Ta
yJIBTPaKOPOTKOXBHJILOBOTO [Iiala30HIB JOBXMH XBWJIb. OOMiH iH(opMali€ero BiOyBaeTbCs B
aBTOMATHU30BAHOMY PEXHMMI B peaJlbHOMY 4aci.

CrerianiizoBaHe IporpamMHe 3a0e3MeueHHs y CUCTeMI YIPaBIiHHS BOTHEM JJO3BOJISE:

- MIPOBOJUTH CaMOCTIMHMM (HE3aJeKHO BiJ] JaHUX MYyHKTY YIPABIIIHHA BOIHEM) PO3paXyHOK
Ta BU3HAYEHHSI HAALITYBaHb JUIs IOCTPLIY;

- TepenaBaTH MOBIAOMJIEHHS B 1€papXi4HO CTPYKTYpPOBaHIM Mepexi 3 YHCIEHHUMU
KopHcTyBadyamMu (a0OHEHTaMH ),

- 3a0e3medyBaTH JOCTYIl BCiX KOPHCTYBauiB (aOOHEHTIB) 3a IOMOMOrol0 (YHKIIOHAJIBEHO
OpIEHTOBAHOI1 ajipecalrtii;

- 371IICHIOBAaTH yNpPaBJIIHHA NPIOPUTETaMU Ta Mepeady MOBIIOMIIEHb B PEXUMI MHOKHUHHOTO
JOCTYILY;

- oprasizyBaTH B3aeMoito 3 aHanorivauMu ACY 36poiiaux cun kpain HATO.

Posrnsinemo peanizarito MOMIOHMX CHUCTEM BITYM3HSHUMHU PO3POOHUKAMU Ha MPUKIAi
MIPOrPaMHOTO KOMIUIEKCY YIIpaBJIiHHsS BorHeM apTuiepii — ArtOS.

3actocyBanHs ArtOS 3HaYHO CKOpOUYy€ Yac MK MOMEHTOM BHSIBIICHHS I[iJII Ta BIAKPUTTSIM
BOTHIO, a TAaKOXX yCyBa€ MOMMJIKM NPHU po3paxyHKax. Takuii komiuiekc 31aTHuil BupinryBata 70%
TaKTHYHHUX Ta OOHOBUX 3aB/IaHb, 13 IKUMH CTHKA€ThCS apTuiiepis. Bci po3paxyHku BimOyBarOThCS B
aBTOMAaTHYHOMY PEXUMI 1 MOXKYTh OyTH IUCTaHLIWHO BiJNpaBiIeHI Ha apTUiIepiiChKuil 3acil.

Jani 1mim, BBeIeHI 3 IUTAHIIETY KOMaHAWPA, 3 YpaxXyBaHHSIM METECOPOJIOTIYHUX Ta
OaTiCTUYHUX YMOB Ul HALLJIIOBAaHHS BOTHEBOTO 3ac00y, OTPUMYIOTh OJHOYACHO BCi KOMaHIUPU
rapmat Ta HaBIIHUKHU OaTapei.

Kommieke 3MeHIIye 4dac, Ik BUTpAvyaeThCsl HA ieHTH(]IKali0 Ta ypaxXeHHS 00’ €KTa, B
YOTHPH pa3u (A0 TBOX XBUJIMH).

ArtOS cknanaetbes 3 KoMyHikarliiiHux Moy Mikrotik, anren MIMO (Multiple Input —
Multiple Output) Ta AirMax Omni, 6€31poBOI0BOT TOUKH AOCTYITY JUIS 30BHIIIHEOTO 3aCTOCYBAHHS
Rocket M, paniocraniiit Motorola, siki TpaHCIIOIOTH 3amM(poBaHuil CUTHAI, IUIAHIIETIB Sigma X-
treme PQ70 ta OyokiB iH(MOpMaIli A1 apTUICPIMCHKUX YCTAaHOBOK, CTBOPEHUX Y MPOTPAMHOMY
cepenosuiii Noosphere Engineering School.

Curyarisi, 3 KO0 3iTKHyJUCh 30porHi Cuiam YkpaiHu mig gac OOMOBHX IiH, 00yMOBIIOE
IIMPOKE BUKOPHCTAHHS BHUCOKOMOOUIBHUX TPAHCIOPTHHUX 3aCO0IB IMBUILHOIO BUPOOHMIITBA, Ha
SKUX BCTAHOBJICHI HETHMOBI BOTHEB1 3acoOu. [lepeBarn Ta HEAONIKM TaKMX CHCTEM PO3TJISIHYTI B
HaBYAJBHMUX 1 aHAMITHUHUX Marepianax [13]. Excruryarariss HIMBIIBHUX TPaHCIOPTHHUX 3aCO0IB Y
BOEHHUX YMOBAaX, 30Kpe€Ma 3 BCTAHOBJICHHMMM Ha HUX BIHCBKOBHMHU CHUCTEMaMH, MOPOAKYE psij
TEXHIYHUX MMUTAHb.

BaxxnuBi mepeBaru Takoro miaxoay — 1€ BUCOKa MOOUTBHICTh Ta HU3bKA BapTicTh. BogHoUac,
ICHYIOTh OOMEXEHHsS 3a OOHOBOIO MOTYXKHICTIO Ta 3aXHCTOM OCOOOBOTO CKJIaay, SKi CHiJ
BpaxOBYBAaTH NPH NMPUHAHATTI TAKTUYHHUX PIIICHb (MPU BUKOPUCTAHHI CHCTEMH ).
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Jlo OCHOBHUX HEJONIKIB HajeXaTh TakKi: BIJACYTHICTh BiJMOBIIHOCTI KOHCTPYKIIii
TPAHCHOPTHOI 0a3u O YMOB BHUKOPHUCTaHHS apTHIIEPIMCBKOrO 030pOEHHS; HEMOXKIIMBICTD
iHTerpYyBaHHs MoAiOHNUX cucteM B enuHy ACY BorHem (30pof).

VY [14] po3rasinaeTbcs HEOOXIIHICTh 1 MOMKIIMBICTh CTBOPEHHS YHI(iKOBaHOI cTa011130BaHO1
mwiardopmu mix ynpasiaiHaaM CAY. V Takiil cuctemi nepeadadaeTbcss aBTOMATHYHA KOMIICHCAITIS
JE€CTPYKTUBHOTO BIJIMBY Ha TPAHCHOPTHY 0a3y BiJl 3aCTOCYBaHHS BOTHEBOro 3acoOy. IIpu 1mpomy
KaHal KoMIleHcamii OyayeTbes sSK yIepelkKyBalbHa CHCTEMa AaBTOMATH30BAHOTO YIPABIIHHA
pPO3IMKHEHOTo THIy. BennunHa Ta HanpsAMOK KOMIIEHCAIITHOIO BIUIMBY BHU3HAYa€ThCS
ABTOMATHYHO Yy BIJNOBIIHOCTI 1O MOJETI MiJPECOPHOI YACTUHH TPAHCIIOPTHOTO 3aco0y.
[TouatkoBoto (BXiAHOIO) iH(OpMAILi€r0 AT PO3PaXyHKY HAmpsiMy Ta BETUYMHU KOMIIEHCAIIHHOTO
BIUIHBY €:

TUN TPAHCHOPTHOI 0a3u (KiHEMaTHMYHA cXeMa Ta TMapaMeTpud MOOYIOBH MiJPECOPHOI
YaCTUHH);

YlceJIbHE 3HAUYEHHS KyTa B a3MMYTajlbHIM IUIOIIMHI MK HalpsIMKOM BEJIEHHS BOTHIO Ta
MIPOIOJIBHOI Bici TPaHCTIOPTHOI 0a3u;

YrceJIbHE 3HAYEHHS KyTa BEIEHHS BOTHIO B TOPH30HTAJIbHIN IUIOLIHHI;

TEXHIYHI XapaKTePUCTHKH (TapaMeTpH) BOTHEBOTO 3aco0y;

XapaKTEepUCTUKH MEXaHIYHOi KOHCTPYKIIi, peani30BaHOI NpU BCTAaHOBJEHHI BOIHEBOTO
3aco0y Ha yHipikoBaHy IaTdopMy cradimi3amii (3CyB IICHTPY Bard B TOPU3OHTAIBHIA Ta
BEPTHUKAJIbHIN MJIONTMHAX).

[Tobynosa CAY, mo cki1agaeThes JIMIIE 3 OJHOTO KaHAIy YIpPaBJiHHS, HABEJIEHOTO BUIIE, HE
€ nouinpHoro. Taka cucrtema (T3-B3) edexTuBHa 1 31aTHA BUKOHYBAaTH 3aBIAaHHS SK CaMOCTiiHa
OoiioBa onuHung. Jlo ckiagy oOCIyroByrHOUOTro NEPCOHATYy HOBHHHI BXOAUTH (OKpIM BOJIS)
npodeciiii aptuiepuctd. BukopuctanHs mnoni6Hoi cucremu B enuHoi ACYB Bce me Oyze
YCKJIQTHEHUM.

Jns BupimieHHs 3aBJaHHS IHTErpaiii CHCTEMH BHUCOKOMOOLIBHOI TpaHCMOPTHOI 0asu
UBUTFHOTO BHpOOHUIITBA — BorHeBHid 3aci® (T3-B3) B eamHy cucreMy yIpaBlliHHS BOTHEM
3ampOITIOHOBAHO JIOAATH IIe TPH JoAaTKOBI KaHa CAY 3aMKHYTOTO THITY:

1) 175t aBTOMAaTUYHOTO MO3UIIOHYBaHHA YHi(pikoBaHOT 1aThOpMu B a3UMyTalbHIH IUIOMINHI;

2) s aBTOMATUYHOTO TIO3UIIIOHYBaHHS BOTHEBOI CHCTEMH B TOPHM3OHTAJBHINW IJIOIIMHI; B
000X KaHalax nependayaeTsCsi MOKIUBICTh TUCTAHLIHHOTO KepyBaHHS (HAIXOIKEHHS KEePYIOUHX
CUTHAJIIB BiJ] IICHTPY yYIPABIIHHSI BOTHEM);

3) nst crabimizanii pyXxoMol YaCTHHHU YHi()iKOBaHOI IIaT(GOPMH B TOPU30HTANIBHIH MJIOLIHHI.

OckiNbKM 1€ mpoIec BinOyBaTUMEThCS AaBTOMATHYHO (0€3 30BHINIHBOTO KEpPyBaHHSA),
00CIIyrOBYIOUHI TepCcoHaN M030aBIsA€TbCS HEOOX1MHOCTI BUOOPY TOPU3OHTANBHOI MOBEPXHI IS
TPaHCIOPTHOTO 3ac00y MepeJl BEAECHHSIM BOTHIO.

3aranpHa CTPyKTypa CUCTeMH yrpaBiinHs 00’ektoMm T3-B3 HaBenena Ha puc. 1.

brok naTtumnkiB 00’€HY€e B cOO1 BUMIPIOBaIBHI Ta 33/1al04i TaTYUKH BCiX KOHTYPIB KEpYBaHHS
CAY (imepuiiiHi BHMIiproBaui, NpHiiMad CyNMyTHUKOBUX curHaimiB cucremu GPS, cratuuni Tta
JTUHAMIYHI JATYMKH, JATYUKH KyTiB TOIIIO).
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Pucynoxk 1 — Ctpykrypa cuctemu ynpasiinas 13-B3

B sxocti 60pTOBOTO OO0YHMCITIOBaYa MOXKE OyTH BHKOPUCTAHO SK OJHOTUIATHUMA KOMIT IOTEP,
TaKk 1 MpocTi MikpomporecopHi cucremu. [lepeBara, He 3Bakatouu Ha OubII rabdaputu Ta OuiblIe
€HEPTOCIIOKUBAHHS, HATA€ThCs KOMIT toTepy. Lle 3a0e3meunTs OUbITy THYYKICTh BUKOPUCTAHHS Ta
3amac 00YUCIIIOBAILHOT MOTYKHOCTI.

Y xoHTypi crabimizamii twiatGopmMu 3 BOTHEBUM 3aCO00M MOXKIIMBO 33aCTOCYBAaHHS
yJIbTPa3ByKOBUX BHCOTOMIpiB (Masi rabapuTH Ta EHEProcloXKHUBaHH:, HE3HAYHA BapTICTh).

Taxum gnaOM, CAY yHidikoBaHoi mnatgopmu T3-B3 nmoBuHHA BKIIOYATH B ceOe YOTHPH
KOHTYpHU aBTOMATUYHOTO YIIPABIIHHA, TPU 3 SKUX 3aMKHYTOT'O THUITY 3 PETYJIIOBAaHHSIM 3a 3BOPOTHIM
3B'I3KOM (Ha pHUC. 2 TOKa3aHWM OAMH 3 HHUX), 1 P03’ €AHAHOTO TUITY 3 TTapaMETPaMH YIIPaBISIOUOTO
BIUIMBY, OTPUMaHUMU 32 MaTEMaTHYHOIO MOJIEJUII0, Ta BUKOHABYUM MPUCTPOEM 3 BIACTUBOCTIMHU
naHiora 3 oomexysauem (J10).

3BOPOTHIH 3B'SI30K

Pucynok 2 — ®ynkuionaiabHa cxema CAY

Ha cxemi puc. 2 mo3HadeHo: 3 — curHan kepyrodoi iHdopmarnii (B aHamorosomy abo
mudposomy Burusal) X, ; J — naruuk; P — perynarop, BII — Bukonasumii npuctpiii; OV — opran

ynpasimiaas; O — 00’ekT peryioBaHHs — yHipikoBaHa miardopma; Y (t) — YNpaBJISIFOYUI BILIUB;
YA (t) — curHai 30y/pKeHHs Bin moctpity; X (t) — MapaMeTp peryJitoBaHHs; X, — CUTHAJl Ha BUXOJI
nar4mka; e= X, — X, — moxuOka, 110 BMHUKAE NP BIAXWICHHI mapamerpa BiJ 3aBaaHHsa; MM —

MaTeMaTH4Ha MOJEIb IiJIPECOPHOI YACTUHHU TPAaHCHIOPTHOI 0a3u; Wl(S) — nepenaTtoyHa QyHKIs

00’ €KTy (BUKOHABYOTO MTPUBOAY) 3 OOMEKCHHSIM.
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[TapameTpu KOHTYpIB 3aMKHYTOTO THITy BH3HAYAIOTHCS BUKIIOYHO MOKIUBOCTSAMH (Pi3UUIHOT
peaunizaliii BUKOHaBYOTO MPUCTPOIO (MOTYXKHICTIO Ta 3amacoM eHeprii Ha Oopty). IlIBuakomis (yac
MEPeXiTHOTO TPOoIeCcy) B LUX KOHTYpax BIiOXOAWTh Ha npyruid mad. Ha mepmomy wmicmi —
BIZICYTHICTh I€peperyjIioBaHHA Ta TOYHICTb CTEXEHHS. /I KOHTYpIB pPEryJlOBaHHS BBEJIEHO
OOMEXEHHS:

- B a3UMyTalbHii miomuHi (20 — 340)0;

- y KyTomicHiii mommi — (0 — 80)°;

- Il cucteMu cTabimizanii miaaTgopmMu OOMEXKEHHS BCTAHOBIIOIOTHCS B 3alI€KHOCTI Bif
TaKTHUKO-TEXHIYHUX XapaKTEPUCTHK TPAHCHOPTHOI 0a3u. MakcuMasbHI KyTH pETyJIIOBaHHS HE
MIEePEBUIYIOThH 15%8 OyIb-sIKil TUTOIIHHI.

B sxocti BuKOHaBYOTO TpUCTpor0 KOHTYpY CAY pO3IMKHYTOrO THIY JUIsi KOMITEHCAIii
30yJUKYBaIbHOTO BIUIMBY Ha TPAaHCHOPTHY 0a3y pO3MNIAJA€TbCs BUKOHABUMI TiIPONPUBIA.
Bukopucranss TigponpuBoy 00yMOBIEHO HH3KOK OCOOIMBOCTEH (DYHKIIIOHYBAHHS MEXaHI3MiB Yy
LIbOMY KOHTYpi, @ TaKOX XapaKTepoM BIUIMBY BOTHEBOTO 3aco0y MiJ 4Yac 3acTOCYBAaHHS Ha
MiAPECOPHY YacCTHHY TpaHCHOPTHOI Oasu. Lleil BIITMB MOXXIMBO XapaKTepU3yBaTH SIK YIapHHUHA
(omHOpa30BUIT KOPOTKOTPUBAIHI BILIMB 3HAYHOI IHTEHCUBHOCTI).

Ha mepmie micue cepex BUMOT J0 PEryjsSTOpiB Yy HBOMY BiJHeceHO mBHAKOIIf0. Coaia
3ayBa)XWUTH, L0 HAsABHICTb TriAponpuBody mAo3Boise BigHecth CAY 1o kiacy cuctem 3
oOMexyBaueM B 00’€KTi yrpaBmiaHs. Lle BUMagoK, KoM 3aBISKH KOHCTPYKTUBHUM OCOOJTMBOCTSIM
a060 (i3uYHUM BIIACTUBOCTSIM OO’€KTY YIpPAaBIiHHA, BHXiJ] 3MIHHHUX CTaHIB 3a JesAKl MExi
MPUHIIMIIOBO HEeMOXJIMBHHA. JlaHka, BUXigHa 3MiHHA $KOi Ma€ TaKy BIIACTHBICTh, HAa3WBAIOThH
JaHKo10 3 oOmexyBaueM (J10).

VY npuBoiax MbOTO Kjacy BUKOPUCTOBYIOTHCS PEJICHHI 3aKOHH YIIPABIIHHS, IO MOSICHIOETHCS
MIPOCTOTOI0 BUPOOHHMIITBA Ta €KCIUTyaTallil peledHUX CHUCTEM, a TaKOXX MOXIIUBICTIO OTpPUMAaHHS
BHUCOKHX JUHAMIYHUX XapaKTEPUCTHK MPH Majux radapurax 1 Ba3l Kepyrodux NpucTpoiB. OKpiMm
peNeHNUX 3aKOHIB, B TaKUX CHUCTEMaX 3aCTOCOBYIOTh JiHIMHI 3aKOHU YIPABIiHHA, SIKI TaKOX
BOJIOZIIIOTH PAIOM MO3UTUBHUX BIACTUBOCTEH.

06’extu 3 JIO, € CyTT€BO HENIHIWHUMH, CTIEM(PIYHUMU CUCTEMaMH, a TOTpeda BpaxyBaHHS
o0MeXyBauiB BUHUKAE MIPU TOCIIKEHHI 0ararb0X TeXHIYHUX 00’€KTiB. [0 HUX HaJeXaTh 00’ €KTH
3 MEXaHIYHUMH OOMEKyBauaMH, OCHOBHOIO OCOOJIMBICTIO SIKHX € HasBHICTh YIapPHHUX B3a€MO/IIN.
HasBHICTh 7aHOK 3 yAapHUMH B3AEMOJISIMH € XapaKTEepPHOIO OCOOJIUBICTIO aBTOMAaTHYHUX
(aBTOMATH30BaHUX) CUCTEM. JIaHKM 3 MEXaHIYHMMH YNOpaMHU BXOJATh O CKJIALy YNpPaBIISIOUUX
MPUCTPOIB Ta30BUX Ta TIAPaBIIYHUX TNPUBONIB cTexeHHA. [lpu npomy I psdy cucTeM
(pomop1iitHi MPUBOX) yIapHi B3a€MOJIl BBaXKalOTh HeOakaHWMHU. B iHImUMX Bumaakax (peyeesi
aBTOKOJIMBAJIbHI CUCTEMH, CUCTEMH 3 30BHIIIHIM JiHIApU3yIOUUM BITMBOM) yIapu 00 oOMexyBadi
CTAHOBJIATH HEBIJI'€MHY YaCTUHY POOOYMX IPOIIECIB.

[Iponiec ynapy po3risgaeTbesi sIK MUTTEBA Jlis, sKa BIUIMBA€ HA 3MIHM CTaHy CUCTEMHU INPH
HE3MIHHUX I1HIIUX KoopauHaTaxX. J[ns ommcy ymapHOi B3aeMOJii BHKOPHUCTOBYETHCS KOHIICTIIIIS
HeioTOHA, sIKa BUKOPUCTOBYE KOE(Dilli€HT MPOMOPLIHHOCTI MK IIBUAKOCTSIMH TiJI, IO PyXalOThCH,
710 1 IMiCIIs yaapy.

VY mpocTtopi cTaHy CHCTEMH MOXKHA BHIUIMTH OOJIACTi, PyXH B SIKUX OIMHUCYIOTHCS PI3HUMHU
nudepeHiiaTbHIMA piBHAHHAME. [Ipu mepexoi 3 ogHiel obmacTi B iHIIy (pa3zoBa TPAEKTOPIS MOXKE
3aJMIIATHCA HETepepBHOIO (0OMexyBadl THIy HacMueHHs) a0o 3a3HaBaTH PO3pHBY (0OMexyBadi
TUIy ~MeXaHIYHuK omip). TakumM dYUHOM, CHCTEMH 3 OOMEXyBayaMH  OIHCYIOThCS
nuQepeHiaTbHIMU PIBHIHHAMHU 3 PO3PUBHUMH YaCTHHAMH, IPUUOMY PO3PUBHUMH MOXYTh OyTH 1
(ha3oBi TpaekToOpii.

3aBIaHHS JOCTIIKEHHS CUCTEM 3 OOMEXXEHHSIMHU, PO3TIISIHYTI B TEOPii KOJIMBaHb, MAIOTh CBOIO
crenudiky. Y OUIBIIOCTI BHUMAAKIB JOCHIIKYIOTHCS BUMYIICHI a00 IMapaMeTpUYHI KOJWBAaHHS
po3’eHaHUX MeXaHIYHUX cucTeM. HailOinp1nii iHTepec mpeacTaBise BUZHAYEHHS aMILUTITYA LHAX
KOJIUBaHb. Y KOHKPETHHUX 3aJa4ax, 3aCTOCOBYIOUM TOUHI METOAU, BUKOPUCTOBYIOThCS MAaTEMATUYHI
MOJIeNi HEBUCOKOTO (2-10, 3-r0) nopsiaky. 1110710 MOKIMBOCTI BUKOPHCTAHHS HAOIMKEHUX METOJIIB
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MOXXHa, 3 JEeSKHUMH 3acTepeKEeHHAMH, nocunatucs Ha Touky 3opy lO.I. Heiimapka, skwuii
3ayBa)KyBaB, IO ‘*...0COONMBOCTI JWHAMIKM CHUCTEM 13 yJapHUMH B3a€EMOJISIMU POOISTH
MaJIONPUAATHUMH 3aCTOCYBAaHHS BHBYECHHUX METOJIB THIy TapMOHIYHOI JliHeapu3allii, Majoro
napamerpa i ycepeaHeHHs .

3amayl JOCHIKEHHS CHUCTEM aBTOMATUYHOTO YIPaBIIHHS 3a3BUYail BIIPI3HAIOTHCS 3a
3MICTOM BiJl 3aJ]a4 Teopii KOJUBaHb. Y HHUX PO3IIIAJAIOTHCSA 3aKPUTI CUCTEMH BHCOKOTO MOPSIKY,
AKi, KpiM 0OMEXyBadiB, MarOTh iHII HemiHIHHOCTI. OnepkaHHs MEepPIOJUYHUX PYyXiB 13 3aTaHUMHU
napaMeTpaMu y I[IbOMY BHUIAJKy € HE JUIIe HEOoOXiJAHOI0, aje W HeIO0CTaTHbOIO YMOBOIO
3aJJ0OBOJICHHSI BUMOT, $IKi BHCYBAIOTBhCS JO CHCTEMH. TaKMM UYWHOM, TPH JOCIIIKEHHI CHCTEM
aBTOMaTMYHOI'O YIPaBJiHHA 3 OOMEXyBauaMu BiZIOMI METOJM TeOopil KOJMBAaHb BUSBIAIOTHCS
HEJ0CTaTHIMHU.

Otxe, cunre3 yactunu CAY 3 JIO gna cucremu T3-B3 mpezcraisie co00K0 aKTyaslbHY
HAYKOBY 3a/1a4y, B SIKill IO€JHAHO HAYKOBI ITOJIOKEHHSI TeOpii KOJIMBaHb Ta Te€opii BIOpOyAapHUX Ta
BiOPO3aXUCHUX CUCTEM.

Cuntesy perymnsaropiB crany (CAY) 3aMKHEHUX KOHTYPIiB MPHUIUTSIETHCS 3HAYHA yBara B psiji
JDKEpesl, a TOMY HE BHKIHMKA€ INPUHLMIIOBUX TPYIHOLIIB. BupimeHHs miei 3axadi 3Ha4yHO
CTIPOIIY€ETHCSI TPH BUKOPUCTAHHI CYYacHOTO IPOTPAMHOTO 3a0e3MeueHHs, MPU3HAYEHOTO IS
aBTOMaTH3allli MaTeMaTHYHUX Ta HAyKOBUX pO3paxyHKiB, Hampukiaja, makeriB Mathematica,
MathCAD, MATLAB, Maple.

[Ipu upomy cuctema mnporpamyBaHHsi MATLAB cyTTeBo Bigpi3HSETHCS BiJ 1HIINX
“MaTeMaTHYHUX® TIAKETIB HAsSBHICTIO B HIM JOJATKy [UISI CTPYKTYPHOTO MaTeMAaTHYHOTO
MonemoBaHHa Simulink, 1HCTpyMeHTIB, cHeLialbHO NPU3HAYEHUX Ui aHAII3y Ta CHHTE3Y
JTiHIHHUX cucTeM aBToMatuaHoro yrpasiiHHs (Control System Toolbox) Ta po3BuHEHOT 00’ €KTHO-
Op1EHTOBAHO1 AITOPUTMIYHOT MOBH, a TAKOK MOKJIUBICTIO JOCTYITY J0 CBOIiX (DYyHKIIIH.

Takum 4MHOM, 3aIPOIIOHOBaHA CUCTEMa (CTPYKTypa CHCTEMH 3 PEryJISITOpaMH MEBHUX THIIIB
y PI3HUX KaHallaxX YIpPaBIiHHS) y CKJIa/i BACOKOMOOUIEHOTO TPAHCIOPTHOTO 3aCO0y Ta HETUIIOBOTO
BOTHEBOTO 3ac00y MO)ke OyTH IHTErpoBaHa B €IUHY CHCTEMY ympaBiiHHsA BorHeM. Ilpu 1mpomy,
CKJIaJ] eKimaxy (3a HeoOXITHICTIO) MOKe OyTH CKOPOYEHUW O OJHIET JIFOJAWHH, 3aBJAaHHS SKOT
MOJISITAaTUME B JIOCTABLI TPAHCIIOPTHOTO 3aco0y 13 3aps/DKEHHM 1 TOTOBMM JIO 3aCTOCYBaHHS
BOTHEBUM 3aCO00M JI0 3a37aJieTip BU3HAUCHOTO Micis (mo3wuiii). [licms npuOyTTs eximaxx Moxe
OyTH MPUXOBAHO, 2 BUKOHAHHS OOHOBOTO 3aBJaHHS (HABEICHHS, BUKOHAHHS CTPLIHO, 3rOPTAHHS)
MOXe OyTH BUKOHAHO JUCTAHIIMHO Ta aBTOMATHYHO. 3a/a4i MPOBEICHHS MOMEPEIHIX PO3PaXyHKIB
3 ypaxyBaHHSAM reorpaiyHuX KOOpAWHAT, BHOIp 00'ekTa ypaskeHHsS, yaC BHKOHAHHS CTPLIbO,
CHUHXPOHI3aIlis 3 IHIMUMU TMOMIOHMMH CHCTEMaMH TOKJIAIal0ThCsl HA IEHTP NMPUUHATTS PIllIeHb —
LEHTP YIPaBIiHHS.

3aJIe)KHO BiJl PO3B’A3yBaHUX 3aad Ta TaKTUYHOI 00OcTaHOBKH, cuctemy T13-B3 mokHa
BUKOPHCTOBYBATH B CIUITYOMY PEKUMI, a 32 HEOOX1AHOCTI — TUCTAHIIIHO 3HUILUTH.

BucnoBku. OnHuM 13 HanpsMKiB CTBOpeHHsS (BaockoHasieHHs) ACYBa € mepeoOnagHaHHS
yHiikoBanumu 3acobamu CAY mHMpoKo 3aCTOCOBYBAaHUX Ha ChOTOJHI Yy BIHiChbKaxX CHCTEM THUITY —
BHCOKOMOOLTbHA TpaHCIOpPTHAa 0a3a MHMBIILHOTO BUPOOHUIITBA 3 HETHUIIOBUMH BOTHEBUMU
3acobamu. CTBOpeHHs (CHMHTE3, ajgamTallis, MOJEpPHI3allis) CUCTEMH AaBTOMATHYHOTO YIPABIiHHA
BOTHEM 13 HOBHUMH MPUHIUINAMH YTPABIIHHS, €JIEMEHTAMH IITYYHOTO 1HTEJIEKTY, 3 peai3aiicro
IHTYITUBHO 3pO3yMiJIOT0 iHTep(deiCy Ta CUCTEMHU MIATPUMKH IPUHHSATTS PillieHb J03BOJISIE CYTTEBO
CKOPOTHUTH Yac yIpaBIiHHA BOTHEBUMH 3ac00aMU Ta YHUKHYTH IOMUJIOK ONIEPATOPIB.

HasiBHicTh 0OMexyBada B KOHTYpPi CHUCTEMI YINpPAaBIIHHS CYTTE€BO BIUIMBAE€ Ha i1 JTUHAMIYHI
BrnactuBocTi. [IpencraBneHHs oOMexyBada OC3IHEPUIMHMM JIAHIIOTOM THIy HACHYCHHS
MPU3BOJNUTD J0 3HAYHUX MOXMOOK IMpH BUPILIEHHI 3aBIaHb aHali3y Ta cuHtesy CAY, TomMy Takuii
MiIXiJ € HempuIycTUMUU. [CHyroul MeToau MJOCHIKEHHS HENIHIWHUX CHCTeM Yy Teopil
aBTOMATHYHOI'O YIIPaBIiHHS, B OCHOBHOMY, Iiepen0ayaloTh HASBHICTh JIMIIE CTATHYHHUX
HEeJHIMHOCTEH, 1 1X 3aCTOCOBYBAaHHS JI0 CUCTEM 13 OOMEKyBadyaMu Ha MPAKTHII JCIIO0 yCKIaTHEHE.
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Takum YUHOM, HE3Ba)KAIOUH HA 3HAYHY KUTBKICTH POOIT, MPUCBIYCHUX CHCTEMaM 3 YIapHUMH
B3a€MOJIISIMHM, HasBHI pe3yJbTaTH MalTh OOMEXKEHE 3aCTOCYBaHHS JI0 CHCTEM YIpaBIIiHHSA
00’ekTaMu 3 OOMEXyBadaMH 1 HE JO3BOJISIIOTh BHUPIIIMTH DSl 3aBlaHb, [0 BHHUKAIOTH MPH IX
nociipkeHHl. Tomy anani3 ta cunre3 CAY 3 oOMexyBaueM y 00’ €KTi YIPaBIIiHHS 3 BiINOBITHUMHU
MOKAa3HUKaMH, 3 MOXIIMBICTIO KOHTPOJIO TapaMeTpiB MEpiOANYHUX pPyXiB, BH3HAUYCHHIM
JUHAMIYHUX XapaKTePUCTUK 3a KOPUCHUM CHUTHAJIOM € aKTyaJlbHUM HAyKOBUM 3aBJaHHSM.
Bnposamxenns takoi CAY € MoxauBUM HanpsMKoM ynockoHaneHHs: ACYBa.
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INTEGRATION OF V-F FACILITY IN AUTOMATED
ARTILLERY FIRE CONTROL SYSTEM

Automated artillery fire control systems (ACSaf) play an important role in modern combat
operations in the border regions of Ukraine. Such systems make it possible to significantly increase the
effectiveness of the use of not only individual firearms, but also groups of such systems. Automation of the
fire control process ensures prompt transfer (distribution and redistribution) of targets, which leads to an
increase in the accuracy and efficiency of the actions of artillery units.

In practice, existing ACSaf have a number of disadvantages, such as complexity, cost, and long
development times. The presence and use on the front of artillery systems developed in the last century
and by different manufacturers makes it much more difficult (and sometimes impossible) to implement the
ACSaf, due to the lack of unification and standardization of components.

One of the ways of development and improvement of ACSaf is the introduction of a unified system
of automated control (SAC) of an object of the vehicle-firearm type (V-F). Such an automatic control
system can be used as a basis for the development of new ACSaf, as well as for the modernization of
existing ones.

The article examines the principles and tasks of ACS artillery fire, and also suggests the direction of
their improvement with the help of V-F SAC.

In classic problems of the theory of automatic control, it is often necessary to take into account
restrictions on state variables. The presence of such limitations is considered in the framework of two
approaches. Restrictions can be considered as certain conditions, the fulfillment of which is not
guaranteed by the physical properties of the object and must be ensured by a proper choice of
management. In the second approach, constraints on the state variables are taken into account by
introducing nonlinear static characteristics with saturation. At the same time, in the object model,
restrictions are imposed not on the vector of state variables, but on the vector of their derivatives - input
signals of individual links of the system. It is, in general, possible for the state variables to go beyond the
limits defined by static nonlinearities.

Keywords: chain with limitation, means of automation, technical system, stabilization, automatic
control, mathematical model, parameters.
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MPUTHIYEHHA KOTHITUBHUX YIIEPEIKEHD 1] YAC IIEHTUPIKALIII OCOBA
TA if HAMIPY B HEMPO-KOMIT'IOTEPHUX CUCTEMAX

Hocnioscennn npuceaueno npoonemi deneku ingopmayitnux cucmem y 6URAOKY pPO3Ni3HABAHHSA
ocobu ma it Hamipie 3a 0onomozoio enekmpoenyehanozpamu. Memoo nepeddaueHo 0na HeiH8A3UBHO20
HelupoKomn’I0mepHozo Inmepgeiicy, Mmodxce 3aCMOCO8YBAMUCy NPU DazamopieHesux O00CAiOHCCHHAX
(eMmouiliHuii iHmenekm, po3eUmMoK nam’ami, MOHIMOPUHZ CAMOROUYMMA, ORMUMI3AYIA RPUUHAMMA
piuiens), y 4oMy nonsazac iozo nepesaza. YHigepcaavHicmy Hellpo-KoOMn’ i0mepHozo inmepgeiicy 0036011¢€
GUKOPUCIMOBYBAMU 11020 01A KiIbKOX Yilell 00HOYACHO, HOCOHYIOUU DI3HI Memoou ananizy 00H020 Habopy
oanux (enyegpanozpamu, uacy 6ionogioi ma adexeammnocmi). 3anponoHo8ano NPUKIAOHUI KOMOIHLOBARUTL
nioxio 00 ouiHKU AKOCMI HA OCHOBI NPOEKMHUX NOKA3ZHUKIG 3a Pe3YIbmMaAmMu HONEPEeOHix 00CIi0HCEHD 3
YPaxyeanuam cheyudpiku 3aeoanv i poneii Kopucmyeawie, memooie 0OpoOKU Oanux, 00’ eKmueHocmi
oopanux mooeneii. Excnepumenmu npoeoounuca y 3mo0eib08anux ymosax y 06a emanu no 3 micauyi 3a
pe3yibmamamnu MmMpeHy8anHa HeUponIacmuUYHOCmi ma GUPiUeHHA 3a80aHb OMPUMAHHA OOCHIYnYy 34
HaaeHoCmi npae ma 6 ymosax nenepeodauenozo 3anumy. Bpaxoeano inougioyansnuii cmunb 6UKOHAHHA
3a60aHb, A 0711 RPOZHO3YGAHHA HAMIPY 3ACMOCOYEMbCA CIMpPamezia PO3NI3HAGAHHA eMOUill 3 MO0
nomoxy Yukcenmmizai. Pezynomamu ionogioaiomsv CyuacHum CcmMaHoapmam Heupoemuku ma
Heliponpasa. Koznimueni ynepeoxyceHHsa MOMCYMb He2ZAMUBHO GNJIUHYMU HA 3A60AHHA I0eHmMugikayii
A0o0unu ma it Hamipie, 01A Yb0O20 HPONOHYIOMbLCA MEMOOU NOM'AKUIEHHA. 3PYUHICMb GUKOPUCMAHHA
Modeni nonszac 6 npocmii inmepnpemauii 3iopanux oanux. /[na oyinku eukopucmano gponmanvua
anvha-acumempisn, nomenyian noe’a3anuil 3 NOOi€I0, GIOHOWEHHA ROMYICHOCHI cmyzu anvgha-dema
pummie cunxpouizauyii. Pesynomamu nepexkonyiomo, wi0 O04iKyeame 6RPOBAOICEHHA MoxHce Oymu
epexmuenum. Poooma epaxosye bazamuii 00ceio nonepeonix oocnioxicensy 3 ioenmugpikauii ocoou ma it
Hamipie HaA OCHOGI aHaNi3y elekmpoenyedanozpamu. Y ybomy 00ci1ioHceHHi 8paxo6ano HenoCmiitHicmy
EET o6pa3zy («6i00umKy MO3Ky») ma aKkueHmosano yeazy Ha ax3ciueocmi iozo oHO6IeHHA, NPOEEOeHO
eKcnepumMenm 6 X00i KOMRAEeKCHO20 00cioxycenns. Pe3ynomamom € 00rpynmysanusn eumoz 00 yacmomu i
npoyeoypu OHOGNEHHA <GIOOUMKIE MO3KYy», 3ANPOHOHO6AHI NOKAZHUKU AKOCHMI PO3NIZHAGAHHS,
npono3uyii 00 PaHMHCY8AHHA DIGHA HEUPOZPAMOMHOCHI HA OCHOBI MECHYB8AHHA MUNO0BOI OiAIbHOCHIL
Jlna eueuenns Hamipy ocoodu 3anponoHOGAHO  00CNIONCEHHA (OHOBGUX KOZHIMUBHUX CHAHIE i3
8paxy8anuam ix mpueanocmi ma iHMEHCUEHOCHMI MUNOEUX 3DA3KIE PUMMIE CUHXPOHI3aAUil, HA OCHOGI
AKUX NPOOOUNOCA MAWIUHHE HABUAHHA MOO0e1i NPUZHIYEHHA KOZHIMUBHUX Ynepeorcenv. Jlani
nopieHro8anuca i3 MOMeHmMamu eémpamu KOHmMPOJio, 0y10 6paxo8ano nompedy nepeocMucieHHs mda
OHOG/IeHHA Mepexc cunxponizauii mo3ky. ILli pesynomamu napasi € 6azoeumu i 6 noOANLUIUX
eKCHEePUMEHMAaX GUMA2Aloms OKpemoi yeazu, iX IPYHMOGHE O00CNiONCeHHA 0yde 6a)ciueum O0nsa
HOKPAUieHHs AKOCMI 0Y0b-AKUX 00CTII0NHCEHb 3ACMOCY8AHHA HellPOo-KOn’ IomepHux inmepgeiicie. Oyineno
PUBUK HeOANHCAHUX KOZHIMUGHUX CMAHIE | NOAGU KOZHIMUGHUX YHEPeOIHCeHb, nepeodaueno uUMozu 00
CKNIA0AHHA mMecmis 3 Memo 3anobdizauna makum cumyauiam. Bpaxoeano ennue ooceidy ma piens
mMpPeHoBaAHOCMI HellPOKOMN I0MePHOT 2paMomHocmi, iHOUGIOYaIbHOI npudamunocmi 0o pooomu 6 Heupo-
Komn’iomepHux cepeoosumiax (30Kpema ROMYMCHICHMb HeUpOCUZHAly ma 60100iHHA KOHmMPOIeM
MEHMANbHUX 3YCUIb, KOZHIMUGHUX 671ACMUBOCHIEN | eMOUIIHUX (hOHIE).

Knwuosi cnoea: Heiipobe3nexka, HeiHea3ueHuil Helipokomn'rwomepuuit inmepeeiic, EET-
i0enmudbikauin Hamipy, nom'aKuLeHH KOZHIMUBHUX YNEPeOIHCEeHDb.

Beryn. 3anaua ineHtugikamii ocoOu Ta i HamipiB cTaja THUMOBOIO Ui O€3MeKH CHCTEM i3
Helpo-KoMmI 10TepHUM 1HTepdeiicoM. ChOoro/HI 30KpeMa BUIUISIOTH TMOHSATTS «BIJOMTOK MO3KY»
(tunoBuii EET" 00pa3 ocoOu Ha OCHOBI CepeiHiX MOKa3HUKIB IUIACTUYHOCTI TAKUX SK BOJIBTaXI
o0paHUX JUISHOK Ta IHTCHCHBHICTh YTPUMAaHHS IIMX 3HAY€Hb IPOTATOM IIEBHOTO Yacy) Ta
«BIIOMTOK pO3yMy» (CBOEPITHHMI CTWUJIb MOBENIHKM IIiJ] Yac MJisUTBHOCTI, BHM3HAYAETHCS 32
CIIBBIHOIICHHSM Yacy peakilii Ta TOYHOCTI BIJAIMOBiJIEH 13 MOKa3HUKAMH KOTHITHBHUX METPUK
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TaKUX SIK 30CEPEIDKCHICTh, 3aaHTaXOBaHICTh, CTPEC TOMIO). 3aJIGKHO BiJ] THUIY MPOTIOHYETHCS
CTPYKTYpHUIl a00 QyHKIIOHAIBHUM WiAXiA 00 NPOEKTyBaHHS TECTiB, a TaKoX BIIMOBIAHI
aJTOpUTMH 30MpaHHs Ta 00poOKku nanux [1].

I3 mommpeHHsM IpUCTPOIB 13 HEIHBa3UBHUM HEHWPO-KOMIT IOTEPHUM 1HTEpdeiicom, 0coOIMBO
KOPHUCTYBAIIbKOTO PiBHSA, BIPOBAHKEHHSM MOHITOPHHTY CaMONOYYTTS Ta ONTHMi3amii MPHUAHATTS
pimenb y OizHeci (CHIA) 1 mocmimkeHHs ocBiTHIX mpoueciB (Kutaif), neritumisaiiero Takux
TEXHOJIOTIM JUId CHIAY0i €eKCNepTU3M y JAocyaoBid mpaxktumi (PpaHuisg) cTa€e MOMITHUM
OaraTorany3eBUi BIUIMB HEHPO-KOMIT IOTEpHUX IHTEpQeEiciB Ta MOCTa€ JIOTiYHE 3amUTaHHS MPO
MOYKJIMBI TIOAAJIBIII HANPSIMKU IXHBOTO PO3BUTKY, METOIM BUKOPUCTAHHS 1 Chepr BIPOBAHKECHHS.

KorHiTuBH1 ynepemkeHHsI MOXYTh 3HAYHO TOTIPIIUTH PE3yNbTaTd PO3Mi3HABaHHS OCOOH.
Tomy mom’siKIIeHHsI KOTHITUBHHX yrepemkeHb (Mitigation of cognitive biases) e akryanbHOO
3a/lauero B po3poOill MPOTOKONiB Oe3neku iH(OpMalIHHUX CHUCTEM, a CUCTEMH OCHAIEeHI Hehpo-
KOMIT FOTEPHUM MOJYJIEM MalOTh TIOMITHY ITI€peBary y BHpIlIEHHI Ii€i mpoOieMu Ta 3acTOCYBaHHS
HOBO1 TexHonorii. Helipo-kommn totepuuii iHTepdelic, oCHAIIEHU MOAYJIeM BUSBICHHS HeOaKaHUX
KOTHITMBHHUX IIIyMiB, a JIajli - IPUTHIYEHHS KOTHITUBHUX yIEPEIKEHb (Taka TEXHOJIOTisI MOXKe OyTH
peanizoBaHa y Mozeni QinbTpa eHiedanorpaMu), 103BOJIUTH ONTUMI3yBaTH Mpolec iaeHTudikarii,
MiHIMi3yBaBIIN HeOaKaHi BTPATH Yacy Ta KUTbKICTh IIOMHJIOK.

AHal3 ocTaHHIX JOCHiIKeHb. Y JOCHDKeHHI [2] BYeHI MNPOAEMOHCTPYBAIM, IO
enekrpoeHuedanorpagiuni  (EEI)) curHamu MOXyTb CIOy)KUTH — YHIKQJbHUMHM — O1OMETPUYHUMMU
imentudikaropamu. BusiBneno, mo nesHi komnoHenTu EEI, ski imeHTHdIKYI0TH 0c00Y, € CTaOLILHIMU B
pi3HUX 3amayax Ta mporsaroMm uacy. EEI' curHamm n03BONSIOTH pPO3PI3HUTH HABITH MOHO3MIOTHHUX
OMNI3HIOKIB, 0COOJIMBO, SIKIIIO BUKOPUCTOBYIOTHCS IaHi 3 Mi3HIIIE PO3BUHEHUX 00JIacTel MO3KY.

VY nmocmimxeHHi [3] BHCBITICHO METOA TOPIBHAHHA aMIDTTYX MDK MiBKyIsiMH MO3Ky (Inter-
Hemispheric Amplitude Ratio, IHAR), 11106 po3pizustu oci6 3a nornomororo EEI" Ha ocHoBI inenudikarii
YHIKQJIBHUX JaHUX. 3aBISKH 3arpONOHOBaHIM (YHKIT MOXKHA TOCATTH BHCOKOI TOYHOCTI 3 MAJO0
KUIBKICTIO CEHCOpPIB Yy TPOCTHX 3aBAaHHAX. IlepeBaroro migxomy € MOXIIMBICTh 3aCTOCYBaHHS JUIS
MOPTATHBHHUX TPHUCTPOIB 13 BOYJOBAHMMH MAJONOTY>KHHUMH MIKpOIpOIecOpaMu. TaKoXK TaKWil Mifxif
3a0e3nedye OUThIITy 3pPYYHICTh TPW HAaBYaHHI CHUCTEMH, OCKUIBKM HE TOTpeOye BEIMKOi KIIBKOCTI
HAaBYAIBHUX 3pa3KiB. Y 3alpoNOHOBAHOMY IJIXOZl HAMOLIbIIA TOYHICTH Oyia JOCATHYTa VIS JBOX
¢dpontanbaux map enekrpoaiB — FC5-FC6 1 F7-F8. byno Busnaveno, mo aist 300py manux EEID
HaKpalM eTaroM BIANOBIIHO 1O pe3ysbraTiB Oyma penakcamis (Toudictb 90%). HalOimbin
MPUIATHUMH aJITOPUTMAMK MallIMHHOTO HaBuaHHs Ut kinacudikamii € QDA, SVM, kNN. Kpim Toro,
cenekTuBHE posramryBaHHs enektponiB AF3, AF4, F7 i F8 Mo)kHa BUKOPHUCTOBYBATH Ui PO3POOKH
OLITBIIT )KOPCTKOT arapaTHOi KOHCTPYKIIii 3 BUCOKOIO MPOYKTUBHICTIO [1, 2, 4].

KorniTBHI yriepe/pKeHHs, BPaXxOBYIOUM CIEHU(IYHICTh IXHBOTO BIUIMBY, MOXYTh CYTTEBO
TIEPENIKOPKATH afeKBaTHIN 1IeHTH(IKaIli 0coOM Ta il HaMipiB, a TAKOXK MPU3BOIUTH 10 HEOKAHUX il
i yac MPUHHATTS pillleHb, 10 B CBOIO YEpry MOXKE MOTIPIIUTH a/JIEKBATHICTH MPOTOKOTY O€3IeKH,
p0o6OYOro MOPSAAKY 1 JOOPOOYTY, CAMOIIOUYTTS TMPAIIBHUKIB. 3 IIEI0 METOIO MPONIOHYETHCSI BUKOPUCTATH
MOyJIb BUSIBJICHHS PU3UKIB KOTHITMBHOI YIEPEHKEHOCTI Ta METOIM iX MOM'IKIIEHHS y CHUCTeMax 3
YKOPCTKOIO YMOBOIO ifeHTH(]iKamii (0OMeXeHa KUIBKICTh cripo0 1 4dac it Bignosimi). IIpomonyto
BUJITUTH TPU PiBHI HEHPOrpaMOTHOCTI JUIs INi€] 3a7adi: IMOYaTKOBHN piBEHb — BIACYTHICTH JOCBIIY,
HETPCHOBAHICTh CTaHy KOHTPOJIO, PIBEHb HABYaHHS — YCIHIITHE OBOJIOAIHHS HABHYKOI KOHTPOIIIO
30CEpPE/DKEHOCT], TPHIATHICTH 1O BHUKOPUCTAHHS MEHTAIBHUX KOMaHI, Ta piBeHb BIIEBHEHOI
HEHpOrpaMOTHOT 0COOH, 1110 BU3HAYAETHCS BOJIOMIHHAM 0a30BMM HA0OPOM MEHTAIBHUX KOMaH]I 1 100pe
PO3BHHEHHM KOHTPOJIEM BJIACHOTO MEHTAIBLHOIO CTaHy. PiBeHb BH3HAYA€THCS 32 THIIOBUM TECTYBAHHAM
Ta MiJABHUIIYETHCS B X0 HABYAHHSI 1 TpeHyBaHb [5-7].

JInst OIIHKM MEHTAIBHOTO CTaHy BUKOPUCTOBYIOTHCSI TUIIOBI TOKAa3HUKM Taki SIK CMyTH 4YacToT,
(bpoHTaTbHA aCHMETPIS, BiIHOIIEHHS MMOTY>KHOCTI PI3HMX CMYT Ta MOTEHITIa, MOB'I3aHKH 13 moIiero [2, 6,

8].
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[epcrieKTHBHIM HAIPSIMOM PO3BHUTKY TEXHOJIOTIi € METO]] BPaXyBaHHsI KOTHITUBHUX YIIEPEIKEHb,
3a SIKMM OL[IHEH] PU3UKU a0 peasibHi MPOsIBU KOTHITHBHUX YHEPEDKEHb (UTBTPYIOTHCS K HeOakaHUi
apredakT npu 331a4ax ineHTrdikarii ocoou Ta HaMipiB.

IMocranoBka 3agaui. [IpoGnema imeHTudikamii ocobu 3a BIACHUM HEHPOOOpa3oM
nependavyae BU3HAYCHHS IpaBa JOCTYIy KOpHcTyBada. JlaHy 3amady MoKHa C(OPMYIIOBATH TaK:
«UYwu BianoBigae EEI" MeTprka ocobu 110 31HCHIOE i1 HOPMalbHUM 3pa3kam?»

3 1i€0 METOI MPOTATOM POOOYOro Yacy 30UpPAIOTHCS 3pa3Ké 13 TMOMEPEIHBO 3aJaHUM
BUOOpPOM Ta iHTepBajaMU. J[OCTaTHBO YOTHUPHOX-I'ATH KOHTPOJBHUX I STHAAUSATUXBUIMHHUX
TECTIB MPOTIATOM HOpPMajabHOro poOodyoro dacy (4-8 romuH). MoxiauBi KOMOIHAIli TaKUX
MOKa3HHUKIB K 30CEPE/KEHICTh, KOTHITMBHHUN CTpeC, 4acToTa KJIIMaHHA OYMMa, CepeiHId dYac
peaxIlii Ta TOYHICTh BiAMOBiEH (MIPUYOMY UIS TIOJAIBIIOTO IMOPIBHSHHS aMILIITY BPaXOBYIOTHCS
IHTEHCHBHOCTI aKTHBAIlil HEHPOHHHUX OCEPEIKIB MPaBoi Ta JIiBOI MiBKYJIi MO3KY) [4, 9, 10].

AFT AFB

T8

Pucynok 1 — Cxema po3sramryBaHHs €JIEKTPO/IIB

He MeHIm BaxJIMBOI0O € mpoOiieMa BU3HAYCHHsS HaMIpy, SIKa JOCHIKYETHCS B KOHTEKCTI
pO3Mi3HaBaHHS €MOLii Ta MEHTAJBHHUX CTaHiB. TyT CyTTE€BUM € BpaxyBaHHS BITOUTKY pPO3yMy,
KWW MOJKE TIEBHOIO MipOIO TIepelaTh 1HAUBIIyalbHICTh KOPUCTYBaYa.

s 3agaua moxe OyTu copMmynboBaHa y TakoMy BUTIsAL: «Hu mpumycTumMi Hamipu ocoOwu,
ska 1) 3miiCHIOE 110 2) OTPUMYE JOCTYII a00 mpaBa?y.

3amada Moxke OyTH BHpIlIeHAa B MEXax MEperjsiily eMOIIHHOro CTaHy OcoOM B 4acOBOMY
OKOJII BAKOHAHHS 3aBJaHHS a00 Y MOMEHT 31HCHEHHS JTiH.

Arousal
A
High
Annoying Excited
Angery Happy
Nervous Fleased
Negative 2 1 Positive
w» Valence
[
3 4
Sad Relaxed
Bored Peaceful
Sleepy Calm
Low

Pucynok 2 — Cxema BU3HA4YEHHS HaAMipy BiJIIOBITHO /10 €MOIIIHOTO CTaHy

MokHBOIO (POPMOIO 3aXHCTy CUCTEMH € 3aCTOCYBaHHS OJOKYyBaHHS JOCTYITy a00 MOBTOPHUI
3anmuT ineHTudikamii. TexHomoris MEHTaTbHOTO MapoJII0 MOKe OyTH 3amporoHOBaHa K (opma
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KJIIo4a OoCTyMy. JJis 1bOro KOPUCTYBady 3a37aieTib MPOMOHYIOTh 00paTH BaplaHT MEHTaJIbLHOTO
3aBAaHHA (300paxeHHs, 3-BUMIpHUNA 00’€kT, TrpadiyHHi K04, MaTeMaTHYHUN MpPUKIA],
3BYKO3aIllC, CJIOBO) Ta (IKCYIOTh pEaKIilo-BiANOBIAb (MEHTaJbHE 3YCHWIUISI — 30CepemKeHa
aKTHUBallisl HEHPOHHUX OCEPE]KiB, BUKJIMKAaHA O3HAYEHUM CTHMYJIOM 13 BU3HAUEHOIO YHIKAJIbHOIO
Bianosiaato) (Puc. 3).

Bukiag ocHoBHOro marepiaiay. JlocnipkeHHS NPOBOAMIOCH B IMITOBAaHMX YyMOBax
MIPOEKTHOI JisiabHOCTI. [0 yBaru Opanucs NOKa3HUKM MEHTAJIBHOTO CTaHy MiJ 4ac OTPUMAaHHS
JOCTYyTy 70 3aXuIeHoi iHdopmaiii. B sikocTi 3aXucTy MpomoHyBalucs Maposi Ta MPOCTi MEHTaNbHI
o0pa3u. 3 METOI0 MiIBUIICHHS SIKOCTI 3aXUCTy OyJI0 BHKOPHCTaHO aJTOPUTM pPO3Ii3HABAHHS
IHAMBIAyaIbHOTO HEHpooOpazy o0coOM Ha OCHOBI CEpelHIX TMOKAa3HUKIB TUIIOBUX apTedakTiB:
94acToTa KIIMAaHHSI OYMMa, pellakcallisi, TPUBAIICTh MEPEOCMHCIICHHS, YaCTOTa COHJIMBOCTI, 8 TAKOX
TUMOBUX POOOYMX MMOKA3HUKIB 3 TOYHICTIO JO BH3HAUEHOI MOXMOKU: 30CEPEDKEHHS, CEepeiHi
9acTOTH CTaHy OaabOpPOCTI Ta CBIIOMOCTi, TPHBAJICTh Ta IHTCHCHUBHICTh MEHTAIBHOTO 3YCHILIS,
TPHUBAJIICTh Ta TOYHICTH peakiii Tomo. JIJis MigABUIICHHS SIKOCTI pe3yibTaTiB BUKOPUCTAHO MiJIXij
MOPIBHSHHS CEPEHIX aMILTITYy] aKTUBHOCTI MPaBOi Ta JIiBOI MiBKYJb MO3KY. KiHIIeBe OIiHIOBaHHA
3MIICHEHO Ha OCHOBI CYyO0’€KTMBHOTO TECTyBaHHS 13 JEKJIapalli€lo MpaBIUBOCTI JaHUX Ta

EKCIEPTHHX OI[IHOK TUIOBUX MOKa3HuKiB [3, 5, 10, 11].
3 attempts
2,5 minutes
Single Trial

Max dsec Max. 8 sec. Mental Effort

o Recall
{ Relaxafion Stimulation Max. 8 sec. l
Spacebar Keyboard Input

L J
T

Single Trial
up to 15 sec.
Pucynok 3 — Cxema excriepuMeHTy IS 30MpaHHs 3pa3KiB

Cepenniii yac 1 OJHOTO €Tamy MOJIMIIEHHS HEHPOIJIaCTUYHOCTI CTAaHOBUTH 3 Micsi. s
CTpaTerisi HaBYaHHS BKIIOYae 4 3aHATTA Ha TWxkIeHb Mo 30 xBWiIuH. /[Ba 3aHATTS 3 HaBYAHHSA
rpamotHocTi HKI BrimrouatoTs 8 BrpaB, siki 0a3yroThcs Ha 3aBJaHHSAX, IO PO3BHBAIOTH IaM SITh,
CIPUMHATTS Ta KOHTPOJb yBaru. [IpoBoaarbes ABi mpodeciiiHi cecii B cremialbHOMY CepeloBHIIi
JUIL 3aKpIIUICHHS HOBHX HAaBUYOK y TpodeciifHoMy po3B's3aHHI mpoOieM 1 craHi TpyAoBOi
nisuibHOCTI. [TapanenbHi 3aBIaHHs U1 BAOCKOHAJICHHS CBIJOMOT0 KOHTPOJIIO BKJIIOYAIOTh PO3BUTOK
TICUXIKH JUTSI TIIIBUIIICHHST €MOIIIHOTO 1HTEJIEKTY Ta PEeIyKIlii KOTHITUBHHX yrepemkenb (Taom. 1),
[5, 12, 13].

Iig yac OCHOBHOI YaCTUHM HaBYAHHS MPOBOAMIIACH SIKICHA OLIHKA MPUHHATTSA pimeHs y 30-
XBUJMHHUX [HKIaX TmpodeciitHol iSIpHOCTI Ha PI3HUX €Tamax MpPoeKTy, a TaKoX ¥
Hernepen0auyBaHUX YMOBAX.

Tabmms 1.
3a0e3neueHHs JOCTIIKCHHS
PoGoue cepemoBuiiie Microsoft Project, Visual Studio, Jupiter Notebook.
Po6. Craniis Dell Latitude 3570
Hocniza. cepenoButiie Emotiv LABS (HaBuanHs, TectyBanHs), EmotivPRO (36ip
nanux), PsychoPy (mogatkosi Tectn).

Metoau EETI’, ICA, SVM, P300, ERP

Bumorn Il piBenp HeiporpamorHocti, moceinm HKI Bim 3 wic.,
J10 cy0’€KTiB XOpoIlla HeMPOIIACTUYHICTh, BCI TEMIIEPAMEHTH
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[Tpu BUOOPI €IEKTPOIiB BpaxOByBaJacsi ONTHMAIBHICTh (iKcallii CUTHANIB TI€BUX IICHTPIB
(Tabx. 2). HasiBHe ycTaTKyBaHHS /J103BOJIsI€ BpaxyBaTH OMKMCAaHI B METOJaX BUMOTH 10 JOCIIJKEHHS
B ME€Xax 3alpOlOHOBAHUX 3aBJaHb.

Tabms 2.
KornituHi GyHKII y BiAMOBIAHOCTI 10 MO3uIIi# enektpoiB (cuctema 10-20)
TTo3uris DyHKIIi
AF3 Amamni3, gorika, aiuda
AF4 [IpuiiHATTA pileHs, yBara
T7 MognenHs, ciyx
T8 ITam’ 7B
Pz CeHcopuKa, TPOCTOPOBA CBIIOMICTh, 30CEPEIKEHICTh

[Ipobnema KOTHITMBHOI YNEpeKEHOCTI Mae HACTyIMHMH BHpa3: NpU MIATOTOBII 0
ineHTudIiKaIii ¢ BU3HAYMTH YW BUCOKHH PHU3UK KOTHITMBHOI YIEPEIHKEHOCTI B HANOIMKIMI
gac, a mija 4ac igeHtudikamii — M Mir OyTH HeOakaHWW MEHTAJIbHHUU CTaH abo pIlIeHHS
BUKJIMKAaHUA KOTHITHBHUM YIIEPEIKCHHSIM. 3 METOI ONTUMI3allii poOOTH CHCTEMH MPOIOHYO
BBOJUTH MOAYJb 1ACHTU(}IKAIl KOTHITMBHOI YHEpPEIKEHOCTI MapajenbHO 13 MOJyJeM
imeHTuiKarii.

JlomatkoBO cHUCTEMy MOXHA 3MIIHUTH 1HCTPYMEHTOM TpaHCKapHIaJIbHOI MarHeTo-
pe3oHaHCHOiI Tomorpadii, IO MOXKE TOM SKITyBaTH CTaH YIEPEIKEHOCTI ab0 aKTHUBYBaTH
30CepeKEHICTh Y1 HEOOXITHUIM HEUTpaNbHUM CTaH Ui 0C10 HUKYOTO PiBHS HEHPOrPaMOTHOCTI.

Hocmimkenns EED 31iWCHIOETBCS 3a METOIMKOI BHBYEHHS TOTCHINANTy (aKTHBAIIii)
OB’ S3aHOTO 3 MOJI€I0 (CTUMYJIIOM, MEHTAJIbHUM 3YCHIIISIM 200 CTaHOM).

[HTEHCUBHICTh TOTEHITIAy aKTHBAIlli OINHIOETHCS 3a aiama3oHoM moTykHocTi EET.
CriekTpanbHHI aHAT3 CUTHAITY 3[1HCHIOETHCS 32 aJTOPUTMOM IIBUAKOTO MepeTBopeHHs Dyp’e, 110
JI03BOJISIE BUIIJTUTH PUTMHU CHHXPOHI3AIlll Mi€eBUX HEHMpoHHUX ocepenkiB (Tabu. 3). Takum unHOM
MOXHa OTpUMAaTh o00pa3 KOXKHOTO cioBa (koewemu - 3a Heiixeonomom A.) tnepdopMaHCy
(MeHTanBHOTO 3YCWIIS, peakilii, pIIIeHHS) Ta OLIHUTH ¢OH MEHTaJbHOTO CTaHy (emorlii,
30CepeKeHICTh, penakcaitis) [14]. YacoBo-sikiCHE CHIBBIJHOIICHHS IIMX METPUK Ta pPeaKIlii
BITHOCHO IPUHHATHOI TOYHOCTI J1a€ ysIBJICHHS PO KOPEKTHICTh BUPIIICHHS 3a7a4l pO3ITi3HABaHHS.

Tabmung 3.
BiamnoBigHICTh pUTMIB CHHXPOHI3AIlil KOTHITUBHUM CTaHaM

EEI" Putm KorniTuBHMII nporiec/cTan

Anbda (8-13 ') 30CEPEKEHICTh, CBIIOMICTb, ysiBa

bera (13-30 I'n) aKTUBHE MHCJICHHS, MOTOPUKA, KOTHITUBHI
3aBJIaHHS

Tera (4-7 I'n) COHJIUBICTD, 3allaM'sTOBYBaHHS, TBOPYICTb,
danTazis

Henbta (0,5-4 I'm) MIMOOKHUI COH, BIJHOBIIIOBAJIbHI TPOIIECH,
(hopMyBaHHS CTIOTa/IiB, TEPEOCMUCIICHHS

Bumora mnoBTopHOi imeHTH]iKaIlil BUCYBaeTbcs y BUNAAKY 1) HEBIAMOBITHOCTI 00pazy
KOTHEMH JIOCTYITy HOPMAJbHOMY, OHOBJICHOMY IPOTSATOM OCTaHHIX 48 ToIWH 3HAYeHHIO abo 2)
HEBIJIMOBIAHOCTI JaHUX KOTHITUBHUX METPHUK THUIIOBUM, 3a(iKCOBAaHUM MpoTsarom octanHix 30-180
XB ITOKa3HUKaM.

Hamip omiHIO€TbCS K TOTEHIIHHO HEeOe3MeYHM, y BUMIAAKYy 1) BiAMOBIMHOCTI KOTHITUBHUX
METpUK HebakaHii jokamizamii (puc. 2, KBaapaHT 2) Ta 2) mpu 3iHCHEHHI Al HerepeadadeHnx
TUTIOBUMH 1HCTpYKIissMHA. [[si BUSBIEHHS IOTO CTaHY BHKOPUCTOBYIOTHCS METOIM aHATI3y

95



HE3aJIeKHIX KOMIIOHEHT Ta MOPIBHSHHS CEPeIHIX aMIUTITY]] CEHCOpiB pi3sHUX MiBKYyJb (AF3 i3 AF4
ta T7 13 T8).

PesynbraTi eKCHepUMEHTIB Ta poOOYMX HOCHIIHKEHb OIIHIOIOTHCS EKCIEepTaMH, 10 yBaru
OepyThCsl TaKOXX aHKETH CyO’€KTMBHOrO OIliHIOBaHHA. OIIHIOBaHHS 31HCHIOETHCS 3a METOJOM
OOTpyHTYBaHHSI YaCTKU YCHIITHOCTI JOTPUMAaHHS TMOKa3HUKA BIAHOCHO 1J€aJbHOTO 3HAYEHHS Yy
BijicoTkax. KiHIleBi pe3ynbTaTi MpeacTaBieHo y ¢hopmi Tabiuil Kopensiiii unHHuKiB [8, 15, 16].

Koenimueni mempuxu nepgopmancy, siki nopieHwowomuscs npu ioenmugixayii Hamipy ocoou.
KorHiTuBHMI CTpec YacTo € HAcIiAKOM 3aBjJaHb, $KI BHMMaraimTh IIOCTIHiHOI yBarum Ta
30CEPEHKEHOCTI, M0 MPHU3BOIUTH JI0 PO3yMOBOI BToMHU. CTpec MOXe CIIPOBOKYBATH TaKi EMOIIHI
peakiiii, K TpuBOra, pozdapyBaHHs a0O JpaTIBJIMBICTb, IO BIIMBA€ Ha BUKOHAHHS 3aBIAHHS.
Crpec akTuBYy€ Bich rinorairamyc-rino¢iz-Hagaupauku (HPA), mo npu3BoauTh 10 BUBUIBHEHHS
KOpTHU30Ily, TOpMOHY cTpecy. Crpec BinoOpaxaerscss Ha EEI-naTrepHax, Takux sK HiABHILIECHHS
aKTHUBHOCTI OeTa-XBWJIb (BKa3y€ Ha HACTOPOXKEHICTh 1 TPUBOTY) 1 3HW)KEHHS aKTHBHOCTI aibda-
XBHWJIb (BKa3zye Ha po3cnabieHHs). Came KOTHITUBHUIN CTpec BIAMNOBiJa€ HEEBHUM HaMipaM OCOOM.
Moro HaaMipHiCTh MOXe CHPHIMATHCS SK HEHNPHUITYCTHMHIl KOTHITHBHMI CTaH Ta CIPHAMATHCS
CHCTEMOIO fK 3arpo3a. B Takomy BumaJaky BapTO mepeadadyuTH 3aXOIU 3aXUCTY AJS MPOTOKOIY
Oe3mekn Taki K JoJaTKoBa ifeHTHdIKalis 0coOW, YTOYHIOIOYI 3alUTaHHA, NepeBipka poOodoro
MICIIS Ta 3BiT.

KorHiTuBHMII cTpec OIIHIOEThCS 3a CHeKTpanbHOIO ryctuHoro EEIDT curnamiB, okpemo ams
PI3HUX 4YacTOT. 3pOCTaHHS T'YCTMHM PI3HMX YacTOT 3a3BHYail BiAMOBIJA€ BUIOMY KOTHITUBHOMY

ctpecy [15].
P(f) = = |ENZ3 x(me /N | (1)

ne P(f) — moryxwuicts wactotu (f), (N) kinbkicTb 3paskis, X(n) — 3nauenns EET y
MutiBodbTax. Yactora quckperusanii curnamy 0.5 ['.
[ToryxHicTh yacTOTH curHaiy (mesHoro putmy EET):

BP = X2 P(f), ¥y

ne f1, f2 — xpaiiHi 3HaYeHHS YaCTOTH cMyTH B [ epriax.
JI71s1 OIIHKK KOTHITHBHOTO CTPECY BUKOPHCTOBYIOTH O€Ta i raMMa-4acTOTH:

PSDg =~ %32 15X ()12, 3)

PSD, =~ %525, X ()2, (4)

ANBTEpHAaTUBHO MOKHA OI[IHIOBATH PpIBEHb KOTHITMBHOTO CTpeCy 3a JOIMOMOTOIO

¢bponTanbHOi anbda-acumetpii (Frontal Alfa Asymmetry). Lleit mokazHuk 0Oa3zyeThcsl Ha pi3HMII

ab(}a-TOTYKHOCTI MIXK JIIBOIO Ta ITPaBOIO JIOOOBUMH YacTkaMu.[16] ®@poHTanbHa acumeTpis anbda-
CMYTH BUKOPUCTOBYETHCS TAKOXK /IS OLIIHKY €MOLIHOTO CTaHy:

FFA = log(Powery rignte) — 1og(Powery joft)- (5)

[Motenmianu, mnow’s3ani 3 mnomismu (Event Related Potential, ERP) - 1me Ttumosi
eJIeKTPO(i310JI0TIYHI BIAMOBIZAI MO3KY Yy BH3HAYEHOMY BiI4yTTi, KOTHITHBHOMY YH €MOIIITHOMY
cTa"i a0 MOTOPHOTO 3yCHJUIS, 1110 BUHUKIIHU 1] BIUTMBOM TIE€BHOI CIIOHYKH, Ta OyJH 3aikcoBaHi y
BU3HAUEHUX YacCOBO-TIOTY)KHICHMX OKoJaxX JociipkyBaHoi akTuBHOCTI. Kommonent P300, mio
BUHMKae npubiu3Ho yepe3 300 Mc micis MOYaTKy CTUMYJY, 3a3BHYail BUKOPHCTOBYETHCS IS
OIIIHKM yBaru:
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P3004,p,. = max(ERP3gqms) — baseline. (6)

[{i moka3HUKU MO>XHAa BUKOPHUCTATH Uil iAeHTU(]iKaIii 0co0u 3a JOMOMOTOK MEHTAJIBHOTO
KIIF0Ya JOCTYIy JUIS OLIHKH BIAMOBIAI HA CTUMYJ. Y TaKOMY BHITQJKy OIIIHIOIOTHCS MEHTAJIbHI
3ycuiIs. SIKIIO BIAMOBIAb TUMIOBA — IOCTYI HAAAETHCS, SIKIIO Hi — BAKOHYETHCS IPOTOKOJ O€3MEeKH.
Jis ineHTr(iKaIii 0coOr MOYKHA BUKOPUCTATH JIaHI HABYAHHS y THIIOBUX NMPO(GeCciiHUX YMOBaxX Ta
3aj1ayax, Iij yac mepeps Ta penaxcaiii abo orpumants goctymy [17],

0/ ratio = 22¥re (7)

Powerp
CrnexTpangbHa T'yCTHHA TETa-CMYTH [O3BOJISIE OLIHUTU aJeKBAaTHICTh KOHTposto. Came 1
4acToTa € I1HAMKATOPOM KOTHITUBHHMX YIEpeIKeHb, IO MOXYTh BHHHUKHYTH B HpoIleci
inenTudikaii ocoou (ppermMiHr, mapenomis, MPUB’sA3Ka). AKTHUBAIlIS TETA-9aCTOTH TAKOX MOXKE
CBIAYUTH MIPO po3CisHIiCTh yBaru [ 18],

1
PSDy = 334X (HI?. (8)
[IceBmoko mpuKiIaay po3Mi3HABAaHHS HaMipy MPECTAaBICHO Y JICTUHTY 1.

Jlictunr 1. IlceBnokon npuxnany BuBueHHs EEI" mannx ocoOu B THIIOBOMY 3aBJIaHHI

import numpy as np

import mne

from scipy.signal import welch
import matplotlib.pyplot as plt

# 3aBantaxxutu EEI’
# IlinTBepayKeHHS BBOJY CUPUX JaHUX
raw = mne.io.read_raw_fif('your_eeg_data.fif', preload=True)

# 3agaTu CIIEKTpP YacTOT MO CMyrax
theta_band = (4, 8)

beta_band = (13, 30)

alpha_band = (8, 12)

# Po3paxyBaru crieKTpajibHy T'YCTHHY 4acTOT 3a JONIOMOT010 (pyHKLiX Benua
def compute_psd(data, sfreq, band):
fregs, psd = welch(data, sfreq, nperseg=1024)
band_power = np.mean(psd[(freqs >= band[0]) & (fregs <= band[1])])
return band_power

# Po3paxyBaru BiTHOIIICHHS aKTUBAIlli TeTa-0eTa 4acToT
def theta_beta_ratio(data, sfreq):
theta_power = compute_psd(data, sfreq, theta_band)
beta_power = compute_psd(data, sfreq, beta_band)
return theta_power / beta_power

# Po3paxyBatu ppoHTaIbHY aCUMETPil0 anb(a-4acToTu
def frontal_alpha_asymmetry(data, sfreq, left_channels, right_channels):

left_alpha_power = np.mean([compute psd(data[ch], sfreq, alpha band) for ch in
left_channels])
right alpha power = np.mean([compute psd(data[ch], sfreq, alpha band) for ch in
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right_channels])
return left_alpha_power - right_alpha_power

# BuszHaunTH KaHaIM U1 QPOHTAIBHOI anb(da JacToTn
left frontal channels = ['AF3', "T7"]
right_frontal _channels = ['AF4', 'T8']

# BuainuTu enoxu Jis HOPMaJIbHOTO CTaHy 1 CIIOHYK 11eHTH(IKaLii

events = mne.find_events(raw)

event_id = {'baseline": 1, 'stimuli': 2}

epochs = mne.Epochs(raw, events, event id, tmin=-0.2, tmax=0.5, baseline=(None, 0),
preload=True)

# Po3paxyBaTu moTeHIiaJ MOB'A3aHUM 3 OAI€0 (1AeHTH(IKALIHHOIO CIOHYKOIO)
erp = epochs['stimuli‘].average()

# JlocmauTu BUILICH] CTTOXH
baseline_data = epochs['baseline’].get_data()
stimuli_data = epochs['stimuli'].get_data()

# JlocaiauTH 1aHl HETIAPHOTO KaHAITy
channel = 'PZ'
sfreq = raw.info['sfreq']

# Po3paxyBaru BiIHOIIEHHS TeTa-0eTa CMYT B MIJATOTOBII Ta CIIOHYII
baseline_theta_beta = theta_beta_ratio(baseline_data[:, raw.ch_names.index(channel), :], sfreq)
stimuli_theta_beta = theta_beta_ratio(stimuli_data[:, raw.ch_names.index(channel), :], sfreq)

# Po3paxyBatu acuMeTpiro (ppoHTAIBHOT aib(ha YaTOTH B IMiATOTOBII Ta CIIOHYIII
baseline_alpha_asymmetry = frontal_alpha_asymmetry(baseline_data, sfreq,
left_frontal_channels, right_frontal_channels)

stimuli_alpha_asymmetry = frontal_alpha_asymmetry(stimuli_data, sfreq, left_frontal _channels,
right_frontal_channels)

# BuBectn ERP
erp.plot()

print(f'Baseline Theta/Beta Ratio: {baseline_theta beta}")

print(f"Stimuli Theta/Beta Ratio: {stimuli_theta_beta}")

print(f"Baseline Frontal Alpha Asymmetry: {baseline_alpha_asymmetry}")
print(f"Stimuli Frontal Alpha Asymmetry: {stimuli_alpha_asymmetry}")

Aneopumm npueHivenus KoeHimusHux ynepeoxcenv npu EEI idenmucpixayii ocoou ma ii

Hamipy.

1. 3aBantaxutn nmani EEI' 3a poscimabneHoro cramy (baseline 30 ¢) Ha maHWil MOMEHT.
[TopiBHsTH 31 30epekeHUMHU B 0a3l JaHHX 3a JOMOMOIOI0 OLIHKH BiJHOIIEHHS CMYT 4acTOT Ta

(bpoHTATBHOT aCHMETIi.
2. [lepeBipuTH cTaH KOTHITUBHOI yIEPEIKEHOCTI 0COOU. SIKIIIO pU3HK BUIIHM 32 JOMYCTUMUN
— 3aCTOCYBAaTH MOM SIKIIEHHS KOTHITUBHUX YIIEPEIKCHb.
3. Bectu ymoBy inentudikaiii (stimulus 15-150 c). 3aBantaxkutu nani EEI' ta Bigmosini.
[TopiBHATH 13 TUTIOBUMU 1HAUBITyIbHUMU JaHUMHU.

98



4. SIxmo akTyanbHI JaHi BiANOBITAIOTh Iepen0aueHNM IOKa3HWKaM — TPONOBXKUTH. [laHi
OHOBUTH, 1eHTU(]IKAIIIO MATBEPAUTH. SIKIIO Hi — MEPEeBIPUTH 1Ie pa3. Y BUMAAKY HECHIBIAAiHb —
3aCTOCYBAaTH MPOTOKOJ OE3MEKH.

5. (JonmatkoBo, s BHMILMX pIBHIB 3aXMCTy) 3alpoIlOHYBaTH €JEeMEHTapHE KOTHITHBHE
3aBIaHHS HAa OCHOBI aHKETH NPOQeciiiHOi KOMIIETEHTHOCTI. BuMIpsTH piBEHb BOJOIIHHS
KOHTPOJIEM yBaru Ta MEHTAJIbHOI'O CTaHy, OLIIHUTH HEHPOTrpaMOTHICTb.

6. SIkio 3aBHaHHS BUKOHAHI KOPEKTHO — HaJaTH JIOCTYH. SIKIIO HI — 3aluUTaTH MOBTOPHY
imeHTudikaito.

7. Y pa3i MOBTOPHOTO HEMPOXOKEHHS 1MeHTU(diKaIlli a00 HEeOMYCTUMOCTI JaHUX BIAMOBIII
— 3aCTOCYBAaTH MPOTOKOJ OE3MEKH.

[IceBnoko1 BUKOHAHHS aJITOPUTMY HABEJEHO Yy JIICTUHTY 2.

Jlictunr 2. [1ceBnoko MpUTHIYEHHS KOTHITUBHUX YIIEPEIKEHb
nig yac EET inentudikaii ocobu Ta i1 Hamipy

import mne

import numpy as np

import pandas as pd

from sklearn.model_selection import train_test_split

from sklearn.ensemble import RandomForestClassifier

from sklearn.metrics import classification_report, accuracy_score

# 3aBantaxxutu EEI" mani

def load_eeg_data(file_path):
raw = mne.io.read_raw_fif(file_path, preload=True)
return raw

# Ilpenponecinr EET nanmnx

def preprocess_eeg_data(raw):
# Apply bandpass filter (0.1-40 Hz)
raw.filter(0.1, 40, fir_design="firwin")

# Apply notch filter to remove powerline noise (50 Hz)
raw.notch_filter(50, fir_design="firwin’)

# Resample data to 200 Hz
raw.resample(200, npad="auto")

return raw

# BuaineHHs enox JI0BKOJIa MapKepiB MO

def extract_epochs(raw, event_id, tmin=-0.2, tmax=0.5):
events = mne.find_events(raw, stim_channel="STI 014")
epochs = mne.Epochs(raw, events, event_id, tmin, tmax, baseline=(None, 0), preload=True)
return epochs

# BumineHHs MOTY)KHOCTEH pUTMIB (CMYTH 9acTOT)
def extract_features(epochs):
# Define frequency bands
bands = {
'delta’: (1, 4),
'theta’: (4, 8),
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‘alpha’: (8, 12),
'beta’: (12, 30)
}

features = {}

for band, (fmin, fmax) in bands.items():
power = mne.time_frequency.psd_welch(epochs, fmin=fmin, fmax=fmax, n_fft=256)
features[band] = np.mean(power, axis=1)

return features

# [TigroroBKa JaHUX JO HABYAHHS
def prepare_ml_data(features, labels):
X = pd.DataFrame(features)
y = pd.Series(labels)
return train_test_split(X, y, test_size=0.2, random_state=42)

# TpenyBaHHsS MOAei
def train_evaluate_model(X_train, X_test, y_train, y_test):
model = RandomForestClassifier(n_estimators=100, random_state=42)
model.fit(X_train, y_train)
y_pred = model.predict(X_test)
print(classification_report(y_test, y_pred))
print(f'Accuracy: {accuracy_score(y_test, y_pred)})

# I'onoBHa QyHkiist 00pooku EEI" Ta BU3HaueHHS KOTHITUBHUX YIEPEIKECHb
def main(file_path, event_id, labels):

raw = load_eeg_data(file_path)

raw = preprocess_eeg_data(raw)

epochs = extract_epochs(raw, event_id)

features = extract_features(epochs)

X_train, X_test, y _train, y_test = prepare_ml_data(features, labels)

train_evaluate_model(X_train, X_test, y_train, y_test)

# Moayib NpUTrHiY€HHS KOTHITUBHUX YIIEPEIKEHb
def preprocess_eeg(eeg_data):
eeg_data = remove_artifacts(eeg_data)
eeg_data = apply_bandpass_filter(eeg_data)
return eeg_data

def extract_features(eeg_data):
time_features = extract_time_domain_features(eeg_data)
freq_features = extract_frequency_domain_features(eeg_data)
spatial_features = extract_spatial_features(eeg_data)
return concatenate_features(time_features, freq_features, spatial_features)

def mitigate_bias(features):
normalized_features = normalize(features)
adapted_features = domain_adaptation(normalized_features)
return adapted features
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def train_model(features, labels):
model = initialize_model()
model = cross_validate(model, features, labels)
return model

def identify_intention(eeg_data, model):
preprocessed_data = preprocess_eeg(eeg_data)
features = extract_features(preprocessed_data)
mitigated_features = mitigate_bias(features)
intention = model.predict(mitigated_features)
return intention

# Main workflow

eeg_data = collect_eeg_data()

preprocessed_data = preprocess_eeg(eeg_data)
features = extract_features(preprocessed_data)
mitigated_features = mitigate_bias(features)

model = train_model(mitigated_features, labels)
intention = identify_intention(new_eeg_data, model)

# Ilpukiana 3acTOCByBaHHS
if _name__ =="_ main_ "™
file_path = 'path/to/eeg_data.fif’
event_id = {'bias_event': 1} # InenTudixarist BUnaaKy KOrHiTUBHOTO yIIE€peHKEHHS
labels = [0, 1, 0, 1, 0, 1] # O3naka (0: no bias, 1: bias)
main(file_path, event id, labels)

BucHoBku. E¢exTuBHICTH po3mi3HaBaHHsA OyJ0 OIIIHEHO 3a MOKAa3HMKAMU TOYHOCTI Ta
BYACHOCTI (BiAMOBiAHICT 00pa3iB 3a ONTHMaJIbHUK 4Yac). UMHHUKAMH SKOCTI OyJlO0 BH3HAYEHO
KHEUPOTPAMOTHICTH», «HEHPOIUIACTUYHICTD», «KITbKICTh YYACHUKIBY», «BIK», «CTaTh», «JIOCBII»,
CKJIAJTHICTh 3aBIAHHS/CTHUMYIY», TEMIEPAMEHT YYaCHUKA», «METOI», PETYJSIPHICTh 3aHSATHY.
Buma Tounicte posmizHaBaHHS (85%) Oyma mocsrHyTa y KOMOIHAIi: «THI 3alUTy OOCTYMY: 31
00’€KT», «THIN TIATBEp/DKEHHS: MEHTalbHa KoMmaHnma (3 KoH]irypamii i3 BpaxyBaHHSAM
MOCIIZIOBHOCTI)», «4 BOpaBU TPEHYBaHHS HEWPOIUIACTUYHOCTI 3 METOI0 YMOBHOI pexyKii
KOTHITUBHUX YIIEPEKEHb JBIYl Ha THKICHB», «3 OHOBJICHHS BIJOWTKAa pOo3yMy Ha JCHH JBIYI HA
THKJICHB», «METOJ| TOPIBHSHHS CEPeIHIX aMIUTITY MOTEHIaliB aKTHBAlii HEHPOHHUX IIEHTIB
PI3HUX TBKYJIb».

Heiporp. Hef@ponn. Kinekicte Bik Crate Oocein  CknagH. Temnepawr Meton  PerynApH.
He@porp. 0,834
He@ponn.
Kinekicts
Bik
CraTe
Oocein
CknagH. -0,404
Temnepaw 0,756
Metog
PerynapH.

Pucynoxk 4 — Kopemnsiis pakxropiB sikocti inenTudikaiii ocoou ta Hamipy B HKC 3a
pe3ybTaTaMu €KCIIEPTHOTO OLIHIOBaHHS
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Huxua sikicTs posmnizHaBaHHs (68%) Oyia y KOMOIHALT: «THIT 3alIUTY JTOCTYIY: CIOBO» «TUI
MiATBEP/DKEHHS: aKIEHT yBarowo (4 cioBa B JMOBUTBHIN KoH(iryparii)», «4 BIpaBu TpeHYBaHHS
HEHpOMIaCTUYHOCTI 3 METOI0 YMOBHOI peAyKLii KOTHITUBHUX yIEepeIKeHb JBI4l Ha THXKIEHBY, «2
OHOBJICHHS BIIONTKA PO3yMy Ha THXKJIEHBY, KMETOJ] aHAII3y HE3aJIeKHUX KoMIoHeHT» (Puc. 5).

e

L ]

. B mindprint

B intention

before after

PucyHok 5 — Pe3ynbTyroua ycmimHICTh 11eHTUdIKALI] 32 BAKOHAHHS MOAYJIS TIOM’ SIKIIICHHS
KOTHITUBHHX YIIEPEKEHb B CEpeTHhOMY Ha 8% BUIIA HIK NIPU 3BUYHIN ieHTHIKALT

Bapro 3ayBakuTu nesKi HeCNOAIBaHI pe3yibTaTH, 30KpeMa HEraTHBHY KOPEJALI0 [0
peryJisipHoOCTi TpeHyBaHb. Ha moyaTtkoBux eranax abo mpu BUCOKIM YacTOTI OHOBJIEHHS CTUMYJIY Ta
YMOB BHHHUKAa€ 3aTPUMKa peakilii CIPOBOKOBaHA YIEPEHKEHICTIO 3HAHHSAMH Ta IOCBIIOM. Y
BUTAJKy CKOPOYEHHS KUIBKOCTI 3aHATh a00 3amuTiB ieHTU(IKAIil, HIDKYIH 4acTOTI OHOBJICHHS
JAHWUX, 3HIKYETHCS TOYHICTh PE3yJIbTATiB Yepe3 CIaOKo TpeHOBaHy peakiito. [lcuxomoriuyHa
cnenuQiYHICTh TOCHIMHKEHHS 3MYIIy€e 3BaKaTH HAa BHCOKY HETaTHBHY KOsl i3 (hakTopamu
eeKTy CIIOCTEPEKECHHS: YUM OLIbIe pi3HUX CyO’€KTiB, THM HW)X4Ya TOYHICTh. Taky mpobiemy
Hapasi BUPILIYIOTh Ha eTami miadopy KaHauaaTtiB, oomexyrouu Bik Bix 30 qo 50 pokis. JomaTkoBo
BapTO 3BEPHYTH yBary Ha TEMIEPaMEHT, BKIFOUMBIIH LIEH MOKAa3HUK 10 00OB’I3KOBOTO TECTYBaHHS.
[TinGip 3aBmaHp Ta po3poOKa TECTiB, a TaKOXXK HaBYaHHS CyO’€KTIB MarOTh BHCOKY MO3UTHBHY
KOPEJISIIIIO 3 SIKICTIO Pe3yJIbTaTiB PO3Ii3HABAHHS.

KinbkicTh cy0’€KTIB 3a1€KUTh Bl KUTBKOCTI JaHUX, K1 OTPiOHO 30upatu. 11 OUIbIoi KUTbKOCTI
Cy0’€KTIB pEKOMEHJIOBAHO OOMEKYBAaTH KUIBKICTh EIEKTPOIIB Ta PO3POOIATH CKIIAJHIIII 3aBIaHHS,
30mparoun OuTbIIe JaHuX. BiIKpUTOI0 Mpo0IeMO0 PO3BUTKY TEXHOJOTII TaKOX 3aJTUIIAETHCS OYEBUIHA
HETIOCTIMHICTh Ta HEOJHO3HAYHICTH 00pa3iB, IO BOYEBHUbL 3yMOBJICHO T'CHICPHO-BIKOBOIO PI3HHIICIO
YYAaCHUKIB TECTyBaHb, E€MOLIHHMM KOHTpOJIEM (TEeMIIEpaMEHTOM), CTYHNEHEM HeHpOrpaMoTHOCTI Ta
HEMPOIUIaCTUYHOCT], THUIOBOK JUSUIBHICTIO MO3KY (3a0yBaHHS, HEWpPOBIJHOBIECHHS, CHUHANITUYHA
€BOJIIOIIIS Ta JETpaallisi), CTPECOBICTIO YMOB Ta CaMOIOUYTTsIM. BUpiIeHHs mpobaeMu JISKUTh Y IO
PO3pOOKH CKITQIHHUX aJITOPUTMIB 13 BUKOPUCTAHHSAM KUIBKOX (PUIBTPIB.

BaxmmBo Takok y3ro/pKyBaTH BJIacHI JaHi 3 KIIHIYHO Ta MPAaBOBO BH3HAYCHUMH CTaHIApPTaMH.
CrorozHi 3a1a4i ineHTH(iKalii ocobu Ta HaMipy 3a IOIOMOTO0 HEHPO-KOMIT IOTepHUX iHTep(EHCiB BKe
3aCTOCOBYIOTBCSI B €KCIEPUMEHTATBHUX JIOCYA0BUX po3ciiayBaHHsiX (Dpanmis). Y 2010 pormi Taki
TEXHIKH OyJI BBEJICHI B IPAKTHUKY Ta JeritumizoBani 2014 [6, 7].

Ha TouHicTh MOXXe BIUTMHYTH 30UTBIICHHS KUTHKOCTI Cy0’ekTiB. KpiM TOro, 1M1abioH CHUTHAIB
MO3KYy MOXYTh CYTTEBO 3MIHIOBATHCS 3 4acoM, IO BIUIMBAE HAa MPOAYKTUBHICTb. JIsi MPOIOBKEHHS
JIOCITI/PKEHHS TIEH TMiAX11 MOYKHA JIOAATKOBO TMEPEBIpHUTH 3a oroMororo cucremu EEID kimiHIYHOTO Kiacy,
1 iOTO CITif JOCHIUTH, 00 IEPEBIPUTH, UM MOXKHA JOJIATKOBO 3MEHIIIUTH KUTBKICTD €TIEKTPO/IIB.

Bapro nogaru, mo nesiki mprcTpoi BxkKe J03BOJISIIOTH 30MpaTy 1HPOPMAITIO BIPOJAOBK TPHUBAIOTO
yacy 13 BHcokoro skicTio. Hampuknan, EEI-rapuitypu stk Emotiv MNS Earbuds, mo mo3Bomnstors
(bikcyBaTH piBEHb yBaru Ta CTpecy MNpoTsroM KopuctyBaHHs. 2023 kommanist Apple oromocwia, 110
3amaTeHTyBasa HoBy rapHiTypy Air Pods Sensor System i3 marumkamu EEI. Cucrema ceHcopiB
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g.Pangolin no3Bomsie 3nimatm EEI curmam sik mMo3ky Tak 1 mepudepii. [lepeBaroro € 3pydHicTh
BUKOPHUCTaHHS MPOTATOM TPUBAJIOTO yacy [8].
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SUPPRESSION OF COGNITIVE BIASES IN OF A PERSON AND HIS INTENTION
IDENTIFICATION TASK FOR NEURO-COMPUTER SYSTEMS

The study is devoted to the problem of security of information systems in the case of recognition of a
person and his intentions using an electroencephalogram. The method is designed for a non-invasive
neurocomputer interface, can be used in multi-level research (emotional intelligence, memory
development, monitoring well-being, optimization of decision-making), which is its advantage. The
versatility of the neuro-computer interface allows you to use it for several purposes at the same time,
combining different methods of analysis of one data set (encephalogram, response time and adequacy).
An applied combined approach to quality assessment based on design indicators based on the results of
previous studies, taking into account the specifics of user tasks and roles, data processing methods, and
the objectivity of the selected models, is proposed. The experiments were carried out in simulated
conditions in two stages of 3 months each based on the results of neuroplasticity training and solving
tasks of obtaining access in the presence of rights and in the conditions of an unexpected request. The
individual style of performing tasks is taken into account, and the emotion recognition strategy based on
the Chikszentmihalyi’s model is used to predict the intention. The results meet modern standards of
neuroethics and neurolaw. Cognitive biases can negatively affect the task of identifying a person and his
intentions, for this, mitigation methods are proposed. The ease of use of the model lies in the simple
interpretation of the collected data. Frontal alpha asymmetry, event-related potential, and alpha-beta band
power ratio of synchronization rhythms were used for assessment. The results are convincing that the
expected implementation can be effective. The work takes into account the rich experience of previous
research on the identification of a person and his intentions based on the analysis of the
electroencephalogram. In this study, the impermanence of the EEG image (*'brain imprint') is taken into
account and attention is focused on the importance of its renewal, an experiment was conducted in the
course of a comprehensive study. The result is a substantiation of requirements for the frequency and
procedure of updating "brain prints', proposed indicators of the quality of recognition, proposals for
ranking the level of neuroliteracy based on testing typical activities. In order to study the intention of a
person, it is proposed to study the background cognitive states, taking into account their duration and
intensity of typical patterns of synchronization rhythms, on the basis of which machine learning of the
cognitive bias suppression model was carried out. Data were compared with moments of loss of control,
the need to rethink and update brain synchronization networks was taken into account. These results are
currently basic and require special attention in further experiments, their thorough investigation will be
important for improving the quality of any research on the use of neuro-computer interfaces. The risk of
unwanted cognitive states and the appearance of cognitive biases has been assessed, and requirements for
taking tests are provided to prevent such situations. The influence of experience and training level of
neurocomputer literacy, individual suitability to work in neuro-computer environments (in particular,
neurosignal power and control of mental efforts, cognitive properties and emotional backgrounds) are
taken into account.

Key words: neurosecurity, non-invasive neurocomputer interface, EEG-identification of intention,
mitigation of cognitive biases.
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AHAJII3 I OHIHKA ®YHKIHIOHYBAHHS CEHCOPHUX MEPEX B
YMOBAX 3ABA/IOBOI OGCTAHOBKHU TA KIBEPBILIUBY

Y cmammi 30iiicneno ananiz cy4acnux ceMcopHux mepexc i po3ensHymo 06a306i npunyunu nodyoosu
ma 3aCmoCy8aHHs Y cucmemax 6iticbkosoeo npusHayenus. Ocobnuea yeaza npuodileHa 60e30pomosum
cencoprum mepedxcam (PCM), ax nepcnexmuHoi mexHonozii, Ons peanizayii 8adxiCIU8020 HANPIAMY BOEHHOI
NOAIMUKU.

Lle cmano moocnusum 3a80aKu MIHIGmMOpU3ayii KOMHOHEHMIE Ma 3POCHAHHIO NOMYAICHOCTI
oouucnenv. CencopHi Mepedici, CKIA0arombcs 3 8eaUKoi KiibKoCmi MALONOMYIICHUX 6a2amo@yHKYiOHATbHUX
NpuUCmMpois, AKi po3eopmaromuvcst 8 neshil ceocpaiunitl 30mi. Xou Oinbuiicms 3 eremenmie maxoi meperci
Maomob 0omedceni Qizuuni pecypcu, 06 €OHAHI pa3oM, 0HU WEUOKO KOHPDIZYpYIOmMbCs 00 6UKOHAHHS Yil020
PA0Y YHKYIOHANbHUX 3A80AHb 3AXUCHY KPUMUYHOI IHOpacmpykmypu ma MOHIMOPUHZY HABKOIUUHBLO2O
cepeodosuya mowo. OOHAK 3 PO3BUMKOM MA MPAHCHOPMAYIEID 8Ce AKMUBHIULE OOCTIONHCYEMBCS 1l NUMAHHSL
iHghopmayiinoi be3nexu, OCKiIbKU PUSUKU HECAHKYIOHOBAHO20 OOCMYNY AO0 GMPYUAHHS MOICYMb CEPUO3HO
nidipeamu egpexmugnicms i HaodiliHicmsv yux mexuonoziu. Cnio 3ayeasicumu, wo came uepe3 GiOKpume
cepedosuiye nepeoaui iHpopmayii, HeobXiOHO 30MUCHIOBAMU OHOBNEHHS Memooié wugpysants ma
asmenmughikayii

3anpononosaro onuc ocobaueocmeti QYHKYIOHYBAHHA CEHCOPHUX MEPeNC 8 YMO08AX 3a8a0080i
obcmanoskyu ma Kibepsniugy, 3acCmocy8anHio iX 8 AKOCMI 8UCOKOepEeKMUBHUX | NePCNeKMUBHUX DILUEeHb &
cucmemi 360py ingopmayii. Mooicaugicme  po32opmanHs Mepesxci 8 CKIAOHUX YMOBAX, GIOCYMHICMb
NPOGIOHUX KOMYHIKAYIU | MIHIMANLHI PO3MIPU CEHCOPHUX NPUCMPOI8 pOOISMb MEXHOLO2IH0 CEHCOPHUX
Mepedc HAO36UYAUHO 2HYYKOK I npakmuuHol. Bowa nepedbauac maxcumanvHe SUKOPUCMAHHS
inpopmayitinux cucmem, wo Hadaroms Odocmyn 00 iH@opmayii 6 0yO0b-aAKULl YAC He3ANeHCHO 8i0
MICYE3HAX0OIHCEHHS KOPUCMY8aUa.

Kuwouosi  cnosa:  6e3dpomosa  ceHcOpHa — mepedca,  KOOPOUHAMOpP — Mepedci,  Oamuuxi,
Mapuipymuzamopu, iHhopmayitini cucmemu.

Beryn Ta moctanoBka npooJsemu.

CrparerivuHuM O0OOpPOHHHM OrojieTeHeM YKpaiHW, CXBajJeHO IO OJHUM i3 TEPIIOPSIHUX
HanpsMiB peasti3alii BOEHHOI MOMITUKH YKpaiHU € moOyaoBa cHCTeMH 00'€IHAHOT'O KEpiBHUITBA
cuiaMi OOOpOHM Ta BIMCBKOBOTO ympaBiiHHS y 30poiHumx Cuiax YKpaiHM BiZNOBITHO [0
MepeIoBOro JOCBiMy, NPUHIMUMIB 1 craHgaptTiB naepxkas-uwieHiB HATO [1]. Jdns peamizamii
BKJIMBOTO HANPSMY BOEHHOI MOJITUKH, MOIUIBHO MaKCHMaJIbHO BUKOPUCTATH OCHOBHI (DYHKIIIHA
iH(hOopMaLlIHHUX CHUCTEM, II0 HAAAITh AOCTYN A0 iH(opmamii B Oyab-sSKHUil Yac He3aleXHO Bij
MICIIE3HaXO/KCHHSI KOPUCTYBava. 3aBIsSKN [[bOMY BHHHUKA€ HEOOXiIHICTh 3aCTOCOBYBATH CHCTEMH
3B’s13Ky 7151 O6e3nepebiitHoro oOMiHy iH(oOpMaIli€ro, CBOEYaCcHOT Mepeaadyl HaKka3iB, PO3MOPSIKEHb,
10 3a0€e31eunTh sIKicHe Ta Oe3nepeliiiHe ynpaBmiHHS BIHCHKOBUMH ITiAPO3IiJIaMH.

30ip, omiHKa 1 mepeAaya iHbopMaIllii € )KUTTEBO BAXXKIMBUMU IIiJl Yac BeIEHHS OOMOBUX Jiif.
Jani ceHcopiB, 3a0€3MeIyI0Th TOUYKY BXOIY IS THX, XTO MOXKE 3aXOTITH BTPYTUTHUCS B CIIPUHHATTS
BiliICHKOBOTO TMEPCOHANTYy 1 KOMaHAMPIB, BCTABIIAIOYN HEMPaBAMBI JaHl ab0 B3araii BiIKJIIOYAIOYH I1Ii
JIaH1 B paMKax IUTaHy OOMaHy.

KoxHa oguHuIs BIHCHKOBOI TEXHIKM Mae CBiil ciif. Bin Moxe OyTu Bi3yajabHUM, 3ByKOBUM
a00 eJIeKTpOMarHiTHUM. BiH MoOXe MaTu BCl 1i O3HAKH, a TaKOXK BOJIOAITH TaKMMH O3HAaKaMH, K
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BHUXJIOITHI Ta3W TPAHCIOPTHHUX 3acO0iB UM JIiTakiB. BiliChKOBI MiAPO3AiIM Pi3HOTO MacmTady TakoxX
MaloTh XapakTepHi o3Haku. OCHOBHA iJiesl OJISTae Y BUKOPUCTAHHI CEHCOPHUX MEPEXK 1 AaTUHKIB,

SIK1 JJO3BOJISITH BUSIBUTH 3a3HAYEHI CJIiJIU BIMCHKOBOI MISILHOCTI 1 MpoiHGOpMYyBaTH KOMaHIUPIB MPO
BUSIBJICHI O3HAKH.

[Tporarom Garatbox poKiB apMmii 3axoxy HparHyiad Takoro crocoOy BeIeHHs BiiHH, 1€ O
CYKyTHICTh  «JIaTYUKIB» — BiIEOKaMep, TEIUIOBI3OpIB, pPAaTi0OaHTEH TOIIO — BUSBISUIA  LILi,
nepenaBaia JaHi HaWKpaIIOMy «CTPUIBILIO» — rayOWil, pakeTi 4d BiCHKOBOMY Kopabiro,—1 B
Takuil Ccroci0 yTBOpIOBaBCS O <«JIAHIIOT 3HUIICHHS» a00 3K, K 3apa3 KaXyTh, «IaByTHHA
3HUILIEHHSI» Oe3MpereIeHTHOI IIBUAKOCTI Ta €)eKTUBHOCTI.

Pangio, xomm'roTepHi Mepexi, CYNyTHHKOBI Cy3ip's 1 Ha3eMHl CTaHLli, TEXHOJOTIi
g pyBaHHs, IITYYHUHA THTEIEKT 1 BUCOKOIIPOAYKTHUBHI OOUHCIICHHS — OCh AEsIKI 3 TEXHOJOT1H, SKi
3apa3 IHTErpoBaHi B CEHCOPHI Ta KOMYHIKaI[llHI MEpexi.

Ha crorogni, omHi€lo i3 TEXHONOTIYHMX iHHOBalid € wmTyuyHuid iHTenekt (II). Horo
PO3BHUTOK Ta aKTHBHE BIIPOBAKEHHS, 31a€ThCSI, HE OMUHYJIHU XKOIHY cdepy KuTT Jroauan. [Ipore
JUIs apMiii, 0COONMHMBO 3axigHUX JEMOKpaTiii, IMTy4YHUH IHTEJIEKT YXe He HOBHHKA. Y HHU3IMI
00OpPOHHUX BIZIOMCTB JIeTIApTAMEHTH JaBHO PO3BUBAIOTH Ta BIPoBaKYI0Th L. s ykpaiHChKHX
Cun 000pOHU PO3BUTOK CUCTEM MALIMHHOTO HABYAHHS TIJBKU MOYMHAETbCA. TUM HE MEHIN, B 30HI
00HOBUX Jii BKE ICHYIOTh 3pa3Ku 030pOEHHS, SIKi MpaIorTh 3a gormomoroto III. OmHoro mHs iX
KUIBKICTh Ta CUCTEMHUH BIUIMB MOXYTb CTaTH HACTUIbKM BarOMHUMH, IO JIO3BOJMTbH MEPETOMUTH
no3uiiiay Gopmy BiiiHH.

B ymoBax akTUBHMX OOiB TOJOBHMM 3aBIAHHAM JJs YKPaiHCBKUX PO3POOHMKIB €
3abe3neucHus II-pimens mis Gpouty. Onnum 3 Hux € cucrema Griselda, sixka BuxopuctoBye 1111
Uit 300py PO3BIAYBATbHUX JAaHUX 1 MiJABHILEHHS CHUTYyalliiiHOI 0013HAHOCTI BilichKk. BoHa 3maTHa
00pOOIATH TUCSYI TOBIIOMJICHD 13 CyMyTHHKIB, O€3MiJIOTHHKIB, conmepex, 3MI ta 3mamanux 6a3
nanux Bopora [https://www.griselda.com.ua/].

Griselda 3a micsiip 00po0isie MOHAA 25 TUC IIUICH, a PEKOP/ 32 YaCOM 3 MOMEHTY OTPUMAaHHS
iHdopmartii mpo Bopora a0 ii MOSIBU B CHUCTEMI CTaHOBHB 28 cek. TexXHOJIOTis 1HTerpoBaHa i3
CHCTeMOI0 cuTyamiiHoi obi3Hanocti Delta, 3acrocynkamu st aptusnepucrtiB 1 TankictiB "bpons",
"Kpormmusa", "Ykpon" Ta "T'icApta".

AHani3 gociigkeHb Ta nmyosaikanii. HoBi MOXIMBOCTI CEHCOPHUX MEPEX MPHU BUKOHAHHI
CKJIaTHUX, CTPATEr1uHUX 3aBJlaHb, JAIOTh 3MOT'Y CIIOCTEpIiraTu, 3a 00MOBUMH LIISAMH, (PiKCyBaTH iX
y IPOCTOPi Ta IepeIaBaTH PO3BIAyBaIbHY 1H(GOPMAIIiIO IS TUTAaHYBaHHS 00HOBUX i [2].

VY poborti [4], mpoBeaeHO aHaNi3 3aBAaHb YIPABIIHHSI CEHCOPHHUMH MEpPEXKaMH, a TaKOXK
3aMpoONOHOBAHO (PYHKITIOHAIEHY MOJIETTh CHCTEMHU YITPABIIHHSI CEHCOPHOIO MEPEKEI0, OOTPYHTOBaHI
NpUHIUIH i1 TOOy10BH, CTPYKTypa Ta QyHKII. Y cTarTi [7] po3misaaloThCs MEPCIEKTUBU PO3BUTKY
TaKTHYHHUX CEHCOPHUX MEPEX, 3[INCHEHO KiIacu(iKaIliio 1 BUMOTH, 1[0 BUCYBaIOThCs 10 HUX. Kpim
TOTO, CTaTTs MICTUThH pe3yjbTaTh aHalizy MpoOjeM po3poONIeHHS TaKUX MEpEX 1 X PO3BUTKY B
CyYacHHX YMOBax. Y JOCHIDKEHHI [3] BUKOHAHO aHAJITUYHUHN OIVISA] Cy4aCHUX HAyKOBHUX TMpaIllb
CTOCOBHO CTaHy MOOUIBHHUX O€3qpOTOBHX CEHCOpHHX Mepex (mami —bCM), a Takox HagaHO
3arajbHe BHU3HAYEHHsI O€3APOTOBUX CEHCOPHUX MEPEK 3 MOOUIBHMMH CEHCOpaMH Ta HABOAMTHCS
kiacudikamis iXHbOT apXiTeKTypH.

[ToOymoBi TeXHIYHMX 3acO0IB BHSBJICHHS PI3SHOMAHITHUX JaTYMKIB CEHCOPHHX MEPEeK
npucBayeHa Oarato poOit HaykoBmiB: O.B. bapa6ama, }0.0.T'opaienko, C.B. I3s1eBuy,
A.A. €B1yx, S.1. Jlenix , B.I'. Mensuuk, B.A. Mokpurpekuii, O.B. Cerokos. [8,9].

[ToOy10BOIO, PO3rOPTaHHSAM CEHCOPHUX MEpPEX, a TAaKOK KOMYyBaHHAM JAHUX JIOCIIIKYBalll
HaykoBIIi, cepen akux: A.O. Ipyxwunin, O.B. Xyxk, C.B. Jleakos, B.O. Pomanos, B.A. Pomantok Ta
iamm [11,12].

BueHi 3BepTaloTh yBary Ha MOXUIMBICTH ITPOCKTYBAHHS Ta ONTHUMI3allli CKIAJHUX TEXHIYHHUX
CUCTEM 3aJIe)KHO BijJ] HACTYNMHHUX IIOKAa3HHKIB: OOpPaHOro TOKAa3HUKA SKOCTI, CEPEeIHBOTO Yacy
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3aTPUMKH TIOBIIOMJICHHS B MEpPEXi, HaTIHOCTI €EMEHTIB CHUCTEMH Ta BapTOCTiI NMPOCKTYyBaHHS
cuctemu. Ha temepimmHiii uyac 3HAYHI 3yCHJUIS CHOPSMOBaHI Ha MPOOJEeMy KHTTE3JATHOCTI 1
HAQIIMHOCTI Mepex sl 30€peKeHHs 3MaTHOCTI BUKOHYBAaTH 0a30Bi (pyHKIIIT HaBiTH IMiJl BIUIMBOM
nectabinizyrounx (akTopiB Ta B yMOBaxX KiOEpBILTUBY.

Takum 9YUHOM, BpaxOBYIOUM OCOOJIMBOCTI OyJOBH Ta eKCIuTyaTamii 0€3ApOTOBUX CEHCOPHUX
Mepek BUHHKA€E HEOOXIAHICTh 3a0e3MeUeHHs: CTaloro (GyHKIIOHYBaHHS O€3IpOTOBUX CEHCOPHHUX
MEpeX B yMOBaxX CKJIaJHOI 3aBaJ0BOI OOCTAaHOBKM;, MOXKJIMBOCTEW 3aXHCTy Bl KiOEpBIUIMBIB B
MpoLeci MOJANBIIOTO BiAHOBICHHS (PYHKI[IOHYBaHHS.

Metoro crarTi € aHanmi3 ocobauMBocTeW (DYHKIIOHYBaHHS 1 IPUKIATHOTO 3aCTOCYBaHHS
0e3IpOTOBUX CEHCOPHHX MEpexX, a TaKoXK peamizamii HeOoOXiTHMX 3axoAiB Oe3NeKku mpu
(YHKIIIOHYBaHHS B YMOBAaX 3aBa/IoBOi 0OCTAHOBKH Ta KiOEPBILIHBY.

BukianeHHsi ocHoBHOTro martepiaay. [Ipoiiec BucTexxyBaHHs O0HOBHUX 1iJieH, X QikCyBaHHS
y TIPOCTOpIi Ta Tepeada po3BiTyBabHUX JaHUX MPO MPOTHBHHUKA, CTAB HEBII €MHOIO OCHOBOIO IS
IUTAHYBAaHHS Ta BUKOHAHHS 3aXOIB MO BIAOUTTIO arpecii, sKa BUKJIUKaHA MPSIMHM 3aCTOCYBaHHAM
30pOIHHUX CHJI pOCIHCHKOIO (pesiepaltiero mpoTu Y KpaiHu.

BuxopucTtaHHs CEHCOPHHX MeEpeX Yy BIWCHKOBIM cdepi, oOymMoBIeHa HEOOXiIHICTIO
BUKOHYBAaTH 0a30Bi QyHKIIIT Ii/T BIUIMBOM JIeCTa01II3yI0uNX (PaKTOPiB,

IpU CKIIAHIH 3aBaZ0Bii 00CTaHOBII Ta B yMOBaX KiOEepBIUIHBY.

OnHuM 13 BapiaHTIB Ul BUPINICHHS 3aBIaHb HA3eMHOI PO3BIJKM € PO3TOPTAHHS CITYACTUX
CEHCOPHHUX MEPEXK.

MoxHa 3arporoHyBaTH HACTYIHY CHUCTEMY OpraHi3allii CITYaCTUX CEHCOPHUX MEpEeX, IO
CKJIaJIal0ThCs 3 IECTH €JIEMEHTIB, KOXKEH 3 SIKUX BCE OUIbLIEe CIMPAETHCS HA MIATPUMKY LITYYHOTO
IHTEJICKTY:

- CEHCOPHI €JIeMEHTH, SIKi 30UparoTh JaHi Mo Te, IO BiAOyBa€THCS;

- @JIEMCHT 3B'SI3KY, SIKWH Tiepeaac iHhOopMaIlito Mi>k CACTEMaMH Ta OIIePaTOpaMU;

- eJIeMEeHT Oe3IeKH, KU rapaHTtye, 110 JaHi, a TAKOXK JIiHi1 3B'A3KY, AKi 3'€ IHYIOTh JaTYMKHU Ta
AQHATITHUKIB, 3aXUIIEH] BiJ MiIpOOKH, TOUTKOIKEHHS a00 KpaliKKU JaHHX;

- eJIEMEHT/eJIeMeHTH OOpOOKH, sKi arperyrTh 1 aHANI3yIOTh JaHi 3 0ararboxX Kepen i
NPUKAHATTS PillICHb;

- JIEMEHT TPHUHHATTS pillleHb, HAa ChOTOAHI JIIOACHKHM, J¢ 1H(POpMaIlisl MepEeTBOPIOETHC Ha
JiI0;

- KOMIIOHEHT BIUTMBY, J€ 1HoOpMalis 1 pIilIeHHS TMEePETBOPIOIOTHCS Ha KIHETHYHI Ta
HEeKiHeTHYHi eeKTH Ha 1mojii 0010 ado B IHIINX CTPATETIYHUX 3aX0/aX.

OpHuM 13 KITIOYOBMX HACHIAKIB IBOTO € IHTErparlis pi3HUX cdep y COUIBHHUX OIepalisx,
Kpalia B3a€eMOis 1 CHHTE3 BIHCHKOBOI Ta HEBIHCHKOBOI MISUTBHOCTI Yy 3arajbHOHAIIOHAIBHIN
CTPYKTYDI.

Taka OymoBa CEHCOpHOI Mepexi [I03BOJIsIE BUSBIATH  pPO3TAllyBaHHSA JIIOACH Ha
MIIKOHTPOJIBHINA TEPUTOPii, BUCTEKYBAHHS iX TMEPEMIIIECHHS, a TAKOX 3IIHCHIOBATH MOHITOPUHT
€KOJIOTii, MOroau, 0OCTaHOBKH, a TOJIOBHE CIPHUsE 3al00IraHHIO BTPAT cepel 0COOMCTOro CKIIamy
IT1]T Yac BUPIIICHHS O0OHOBUX 3aBaHb.

Tepmin «cercopna mepexa» (Sensor Network), 3'SBUBIINCH MOPIBHSHO HEAABHO, ajie € BXKE
JIOCUTh YCTAJICHUM TOHSTTSAM, 10 XapaKTePU3Y€EThCsI, CTIMKICTIO IO BIJIMOBH OKPEMHX CJICMCHTIB
Mepexi. Mepeka CKIaaeThCs 13 BEMKOI KIJTbKOCT1, KOMIAKTHUX 1 JENICBUX HAMTIBIPOBITHUKOBUX
MPUCTPOiB, 1m0 00’€aHAHI MDK €000 0Oe3apoToBUM 3B'S3koM. EjemeHTH Mepexi He
00CIIyTOBYIOTECSl 1 HE BUMAraroTh CIELialbHOI ycTaHOBKH. KOKeH BY30JI Mepexi MOXKe MICTHTU
BOyZI0BaH1 AaT4YnKH (I3MYHUX MAapaMeTPiB HABKOJUITHBROTO CEPEJIOBHINA, HAMIPUKIIA, PyXY, PIBHS
BOJIOTOCTI TOBITPs, CBITJIA, TEMIIEPATypH, THCKY TOLIO, a TaKOX MIKPOCXEMHU Ui IMEPBHHHOI
00poOku 1H(DopMarrii 1 30epiraHHs OTPUMAHUX JAHUX.

Jns mpoTuaii HOBUM CEHCOPHMM TEXHOJIOTISIM HEoOXinHO Oyae po3poOUTH HOBI BHIU
aZIalTUBHOTO KaMy(IIsDKY, 3MiHN (DOPMH TPAHCTIOPTHHUX 3aC001B, KIOEpHETUYHOT BIWHHU 1 TIEPEIITKO/I.
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3araom, O6€3APOTOBY CEHCOPHY MEPEKY MOXKHA OXapaKTEPH3YyBaTH K MEPEKy CEHCOPIB, SKi
CHUTBbHO KOHTPOJIIOIOTH HABKOJHIIHE CcepeloBuile Ta 30uparoTh iHpopmarmito. Lli Mepexi
320€e3Meuy0Th B3aEMOJII0 MiX JTFOABMH 200 KOMIT IOTEpaMU Ta HaBKOJHUIIIHIM CepefoBHIIEM [3, 4].
IcHye Tpu THIIM TIPHCTPOIB, SIKI YTBOPIOIOTH 0€37pOTOBY ceHcopHYy Mepexy [5]. Croam BXOIUTH
koopauHaTop Mepexi (KM) —y Oyap-sakiii Mepexi Moke OyTH Jdiie oauH. BiH po3TamoBaHuil y
KOpeHi epeBa Mepesxi. Hactymuuit mpuctpiit — e By3au aaruukis abo FFD (Fully Function Device
— TpHCTpiii 3 TOBHUM HabopoMm ¢yHKIHiH). BoHM TMOBHICTIO (QYHKIIOHATBHI 1 MOXYTh
GbyHKIliOHYBaTH sAK MapiipyTtuzatopu. Haiimenmri — e cencopu abo RFD (Reduced Function
Device — npuctpiii 3 00MexeHUM HabopoM (GYHKIIiiT). BoHM € KiHIIEBUMH PUCTPOSMH 1 HE MOKYTh
OyTu mMapuipyTu3aTopamu (puc. 1).

& kv NErp ¢ PRFD

Pucynok 1- I[Ipuxmaam Tonosoriii CCHCOPHUX MEPEK

Benuka KUIbKICTh 1aTUYMKIB, BUIIAJIKOBUM YHHOM PO3TAIIOBAHUX BCEPEIMHI KOHTPOJIHOBAHOL
30HM a00 MOOIM3y HEl, YTBOPIOIOTH MEpEKi Ha OCHOBI BHKOpHCTaHHS (DYyHKIT camoopraHizarii.
OCHOBHUM 3aBJIaHHSIM JaTYMKIB € KOHTPOJb (PI3MUYHHMX IMapaMeTpiB CEPEIOBUINA Ta Tepenadya
iH(dopMalii A0 1HIIMX JATYMKIB 32 JOMOMOIOK TOCTIAOBHOTO MeToAy mepenadi. ToOTO By3mu
CEHCOPHOI MEpeXki € OJTHOYACHO TepelaBaueM 1 MpuiiMayem.

[Ipotsrom mepiomy mepeaadi, JaHi MOXYTh OOPOOIATHCS KiJTbKOMA TaTYMKAMU, 00 MeperTr
710 By371a IIJTIO3Y Ticis 6arato KacKaaHOi MaplIpyTU3alii i, HapeITi, JOCSITTH AaTYMKa YIpaBIiHHS.
Kopuctysau 3niiicHioe koHpirypauito Ta ynpasiainast bCM 3a gonomororo 670Ky ynpasiiHHs. Bin
BCTAHOBIIIOE 3aBJIaHHS MOHITOPHUHTY Ta 30Mpae KOHTPOJIbOBAHI J1aHi [6].

Posrasigatoun 3axoAM TEXHIYHOTO 3axXUCTy iH(popmanii, Mo HUPKYIe B 0€31pOTOBIi
CEHCOpPHIN Mepexi, HeoOX1JHO BHUSBUTU IMOTEHIIIHHI 3arpo3m Oes3meli, SKI MOMUISIOTHCS Ha
BHYTpIIIHI Ta 30BHIIIHI.
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Jlo BHYTpIimHIX (AKTOPIB BIIHOCATHCS HEHABMHCHI MOMWJIKH BUKJIUKAaHI HETIPAaBHIBHUM
HallallTyBaHHS MPUCTPOiIB, MOMMJIKA B OOCIyroByBaHHI abo ympaBliHHI Mepexkamu, 3001 B
KUBJICHHI, HEJIOJIIKA B IPOrpaMHOMY 3a0e3MeUeHH1, KIIIMaTHYHI YMOBH.

Ockinbku BCM vacTo po3ropratoThbcsi B HEKOHTPOJIbOBAHUX a00 HE3aXUILEHUX (Pi3MUHHUX
yMOBaX, BaXJIMBO OKPEeMO NPHUIUIATH yBary BIUIMBY aTak i 3arpo3 Ha BY3JIH Ta CEHCOPHU
Mepexi. Butok iHpopmarii yepe3 Qpi3sMUHUNA TOCTYN OO BY3JIiB MOXKE 3HUIIUTU ILITICHICTH 1
KOH(DiAeHIIHHICTh AaHUX, IO 00poOssroThea. Lle cTaBUTH Mij 3arpo3y HE TUIBKH OKpeMi
KOMITOHEHTH MEPEXKi, ajie i 3araibHy 0€3MeKy CHCTeMH B 1isiomy [7]

Jlo 30BHIIHIX (aKTOPIB CIIiA BiAHECTH (HAKTOPU IITYIHOTO BIUIUBY Taki ik DDoS-aTakw,
MITM-ataku moB’si3aHi 3 MEPEXOIUICHHSAM Ta MOAU(IKAIli€l0 JaHMX, IO MEPEeNaThCS Mixk
NpUCTPOSIMH. TakoX TPOTHBHUK MOXeE 3IiHCHIOBATH NEPEXOIICHHS 1 MiApoOKYy CHUTHaJiB
3MIHIOIOUH IiTiCHICTh iH(opMaIii ab0 BUKOPUCTOBYBATH MOTYXH1 JKepea paaioXBHIb HA THX
K€ 4acToTax, 1[0 i Mepexa, Il CTBOPEHHS 3aBaj] y nepejadl JaHuX.

Po3rasiHeMO MOKJIUBI 3aX01U JUJIs 3aXUCTY CEHCOPHOI MepeXKi BiiChbKOBOT'O MPU3HAYEHHS
BijJ 30BHINIHIX (pakTOpiB.

[TepmuMm 1 nyxe eheKTUBHUM criocoOOM MpOTHAIi 30BHIMIHIM (pakTopaM y 0e3apoTOBiil
CEHCOpHIM Mepexl JaTYMKIB pPO3BIAYBaJIbHOI'O NMPU3HAYECHHS € BUKOPUCTAHHS MIMU(PyBaHHS
nanux (Hanpuknag AES) mans 3axucty iHdopmarii, mo mnepenaerbcsi. BUKOpUCTaHHS HOBHUX
MiAXOMIB B METOJAX IMIH(PYBaHHA, a TAKOX IOKpAIIEHHI HAasSBHUX QJITOPUTMIB O€3MeKd Ha
MEpEKEeBOMY PiBHI MOXKE JOMOMOITH YHUKHYTH MIAMIHU JaHUX MaplIpyTH3alii Ta 3a0e3MmeduTu
JOJATKOBY IIUTICHICTD 1 KOH(IACHIIWHICTh TaHUX, THM CaMHUM YCHIIIHO NMPOTHIIATH aTakam THUITY
Black Hole i Selective Forwarding [8].

Takox [OIITPHO BUKOPUCTOBYBAaTH TNOTeHIian mry4Horo intenekry (LOI) mms
opranizanii ki6ep3axucty. Cucrtemu Ul maroTs 3aiiicHIOBaTH MOCTIHUI MOHITOPUHT Tpadiky
JUTsI BUSIBJICHHST aHOMaJIid, 1[0 MOKYTh BKa3yBaTH Ha ataku. Lle macTh 3MOry BUSBUTH ypa3iuBi
MiCI Ta BUKOHATH MEBHI Aii, HEOOXigHI JJIs CaMOCTIHHOTO BUIpaBlIeHHS. SIKIO BpaxyBaTu
BHCOKY MIBUAKICTh, HEOOXIMHY MJIsI MPOBENCHHS Oyab-sKoi Kibep-omepairii, O4e€BUIHO, MIO
Tutbku MexaHi3mu 1l 3gaTen epekTHBHO pearyBaTu Ha MOYATKOBHUX CTAAIAX CEPHO3HUX Kibep-
atak. Takum uwmnom, Il moxxe BHopatucss i3 HEIOJNIKAMU TPATULIMHUX 1HCTPYMEHTIB
kiOepOe3neku. [HIMMK acmekT, MO Mae 3HA4YeHHS ISl MoOYyJOBHM CHCTEM KiOepOesmeku i3
3actocyBanHs LI —y MailOyTHROMY MOKe OyTH 3aly4yeHHUH Yy KBAHTOBHX OOYHCICHHSIX abo
BHCOKOIMPOAYKTUBHUX KoMl oTepax [9,10].

Kpim wmoxnuBocteit LI Takox Tpeba BUKOPUCTOBYBATH TpPAAMIINHI I1HCTPYMEHTH
kibepOe3mekn  Taki  SIK  CHUCTEMH  CHUCTEM  BUsABJIEHHS  BTOprHeHb  (Intrusion
Detection System, IDS), cucrema 3anobiranss Bropraenb (Intrusion Prevention System, IPS),
cucteMa 3axucty kiHuneBux Todok (Endpoint Detection and Response, EDR), cucrema
ynpaBiiHHA iHpopmatiieio 1 momismu 6e3neku (Security Information and Event Management,
SIEM) [11]. Ix MokIHBOCTI MO BHABIEHHIO Ta MOHITOPHHTY BXiJHHX TOJiil y Mepexi, TAKUX SK
HOBI TIJKIIOYEHHS, NOTEHIIHHI mpobiemMu abo HE3BUYHA AKTHUBHICTh MJAalOTh YSBJICHHS
(daxiBiio 3 kibepOe3neKkn CBOEYACHO BIACTEKYBATH IMOJ1i, BUSBIATH MOTEHIIINAHI 3arpo3u Ta
pearyBatu Ha HuX [12].

Takox HE0OXiTHO TepeadaYuTH 3aCTOCYBaHHA MEXaHI3MIB aBTEeHTU(dIKaIii s
MiJTBEPKEHHS 1IEHTUYHOCTI MPHUCTPOIB y MEpexki, a TaKoX 3JiMCHEHHS aBTEHTH]iKallii
JaHUX, 1110 3a0e3Medy€e TOCTOBIPHICTh MOBIIOMJICHD MIISIXOM iMeHTU(]IKaIIT HOTO MOXOIKEHHS.
[IpoTuBHUK HE OOMEXYETHCS TUIIEC 3MIHOIO MakeTa JaHuUX. BiH MoO)ke 3MIHUTH BeCh MMAaKETHHIA
MOTIK, BBIBIIM JOJATKOBI MakeTH. ToMy ojaepKyBady HEOOXiMHO 3a0e3nmeduTH, mo0 JaHi, sKi y
Oyab-KOMY MpOLECi MPUHHATTS PillICHb, BUXOAWIN 3 MPABHIBHOTO JDKepena. 3 iHIIoro OoKy, mpu
MoOyIOBI MEpeXi JaTuyMKiB aBTEHTHQIKAIlS JTaHUX O03BOJISE OACP)KyBady NEPEBIPUTH, Y JaHI
BIJIIIPABJICHI 3asBICHUM BIANMPABHUKOM. Y pa3i ABOCTOPOHHBOIO 3B'SI3KY aBTEHTHU(IKAIsA JaHUX
Moske OyTH JOCSTHYTa 3a JONOMOIOK0 CYyTO CUMETPUYHOIO MEXaHi3My: BIANPAaBHUK Ta OAEpKyBad
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CHUTHPHO BUKOPHCTOBYIOTh CEKPETHUH KITFOY ISl OOYMCIICHHS KOy aBTCHTH(DIKAIlil TTOBIIOMIICHHS
BCIX mepeaanux aanux [13].

VYupasninag kiaoyamu B BCM € 10CcTaTHhO CKJIaJHUM 3aBJAaHHSM uYepe3 3HAuHy KUIbKICTh
BY3JiB Ta OOMEXEHI pecypcu KOXXKHOro 3 HUX. Po3poOka MexaHi3MiB pO3MOALTY Ta OHOBICHHS
KITIOYIB, SIKI aanTyrThCs A0 3MiH Yy TOMOJOTII Ta YIPaBIiHHIO BY3JIaMH, € Ba)KIUBOI YMOBOIO
MiATpUMaHHs 0€3MeKH MEPEXkKi B AMHAMIUHUX YMOBaX.

Jnist 3aXHCTy BiJl IOCTAHOBKY Pajio3aBall Cllij] 3aCTOCOBYBaTH BUKOpHUCTaHHS TEXHOIOTIH, SIKi
MIATPUMYIOTh JACKiIbKa 4YacToT abo KaHamiB A Tepenadi JaHuX, o0 3MEHIIUTH BIUIUB
iHTEephepeHIIi.

30UIbIICHHS KUJIBKOCTI CEHCOPIB Y MEpEXi JOJAATKOBO CTBOPIOE MPOOJIEMHU 3 OTPUMAaHHSM,
30epiraHHsM 1 Tepemadero JaHuX, OCKIIBKH TPATUINifHI METOAM MOXKYTh HE CIPABISATHCS 13
3HaYHUMHU 00’€MaMU JaHMX, IO TMOCTIMHO TreHepyIOThCs. BUKOpHCTaHHS 3aKOA0BaHOI nepenadi
CUTHAJIIB - U PYBaHHS, 3BYKCHHS 200 HaBIAKW PO3MIMPEHHS CIICKTPY CUTHAJIB, 110 IEPEAAOThCs
- HaibOumpm edexkTuBHUI cnoci® 3axucty 0e3IpOoTOBOI CEHCOpHOI Mepei. 3acTOCYBaHHS
TEXHOJIOTiil CTUCHEHHS JJAHUX Ta PO3pOOKa aITOPUTMIB Il BUOIPKOBOI mepenadi iHdopmariii Moxe
YaCTKOBO JIOTIOMOITH 3MEHIIMTH HAaBAaHTAKEHHS HAa MEPEXKY Ta ONTUMI3yBaTH ii MPOJYKTUBHICTb.
OnHak B IbOMY BHWIIQIKy 3aXOJM IOJO NPOTHIII arakaM Ha OE3JpOTOBI CEHCOpPHI Mepexi,
BUMAraroTh O1JIbIII )KOPCTKUX KPOKIB I0JI0 YIOCKOHAJIEHHS 3a3HaueHoro miaxoxy [14].

BucHoBku. TexHomorisi O€3ApOTOBHX CEHCOPHHX MEpPEX Ha CHOTOAHI € HaA3BUYANHHO
THYYKOIO 1 MpakTH4HOIO. BoHa BUKOpHCTOBYe iH(OpMaIliiiHi cucTeM, M0 HagaloTh AOCTYI 0
iHpopMarii B OyIb-IKHii 4ac HE3aJICKHO BiJI MIiCIIsl 3HAXOHKEHHST KOPUCTYBAya.

BiacyTHicTh TpOBITHUX KOMYHIKAIiii i MiHIMalbHI PO3MIPH CEHCOPHUX MPHUCTPOIB NAIOTh
3MOTY pO3TOpPTaTH MEPEXy B CKIaTHUX yMOBax. HeBuW3HauHa CTPYKTypa Mepexi, 3yMOBIIOE
HeoOXiAHICTh TepeaBaHHs MapuipyTHOi iHpopMarlii. JIerkicTb AOCTyNmy 10 KaHaNliB 3B‘SA3KYy SK
BIIPAaBHJIO MOKE BUKJIHMKATH psin cnemudiganx 3arpo3 mns bCM. [lns 3a0e3nedeHHs: HaaidHOTO
¢yskuionyBanHs BCM He0oOX11HO 3aCTOCOBYBATH 3aX0/M MO 3aXMCTy JaHUX Ha BCIX PIBHIX.

3Ha4yHa KUIBKICTh aTaK 31MCHIOETHCS Ha MEPEKEBOMY piBHI, TOMY INpH po3poOdii 3acobiB
3axucty BCM HeoOxigHO BpaxoByBaTH If0 0coOnuBicTh. Kpim 1poro, 3acobm 3abe3nedeHHS
6e3nekn y BCM matote Oyt eneproedexktuBHUM. [1ig 1i€l0 BUMOTOIO pO3yMI€ThCS T€, IO BY30JI
HE TIOBMHEH BHUKOHYBAaTH CKJIAAHUX OOYHCICHb, a TaKOX HEOOXIHO CKOPOTHUTH 4YacoBi 1
€HEepreTUYHI BUTPATH HA OOMIH MOBI1IOMJICHHSIMH.

Po6oue cepenoBuiie BCM 3 Touku 30py HamilHOCTI Mae TmeBHI Hemomiku. CKIaaHi YMOBH
CepelioBHUINA 3 BY3bKOCMYTOBUM 0araTO4acTOTHUM IIIyMOM INEpEIIKOIKAIOTh HAIIHHOMY 3B'SI3KY
yepe3 0OMEKESHUI peCcypcH KaHaiB.

Bukopucranas y meronax mudpyBaHHS HOBHX MIiAXOIIB pa3oM 3 IMOKpAIEHHSIM HasBHUX
aNTOpPUTMIB O€3TMEKH Ha MEPEKEBOMY PiBHI JACTh 3MOTY YHUKHYTH IIIMIHH JaHUX Ta 3a0€3MCUUTH
iX 3aXUIIEHICTh BiJi HECAHKI[IOHOBAHOTO JOCTyIy. ToMy B OITBIIOCTI BUNAAKIB 1€ 3a0€3MECYUThH
HaJIIHE CIIUIKYBaHHS B PEKHUMI pealIbHOTO Yacy.

[loro mojanpmMX peKOMEeHAAlid JUIs iHHOBAIIHOTO PO3BUTKY BITUM3HSHUX O€3IpOTOBUX
CEHCOPHHMX MEpEeX B CEKTopi Oe3meku Ta OOOpOHM YKpaiHM CHiJ BIIMITUTH MOXIIUBICTh
JOCITIUKEHb TI0 BIPOBADKEHHIO Ta eKCIulyaTalii Oe3IpOTOBHUX CEHCOPHHUX MEpex Ui
3a0e3meyeHHs] I1XHhOI CYMICHOCTI 3 IHIIMMH CEHCOPHUMH CHUCTEMaMH, Ta THYYKUMHU
aBTOMATH30BAaHUMH CHCTEMaMH YIIPABIIiHHS y BIIICHKOBIH cepi.

111



JITEPATYPA:

1. Vka3 [pe3unenta Ykpainu «[Ipo pimenns Pagu HamioHaneHoi Oe3meku 1 00opoHu Ykpainu Big 20
cepnast 2021 poky "IIpo Crpareriunuii o0opoHHHH Oronerenp Ykpainu"» Bim 17 BepecHs 2021 poky Ne
473/2021 URL.: https:// https://zakon.rada.gov.ua/laws/show/473/2021#Text (nata 3Beprenns:23.06.2023).

2. Onenbko I1.B., Jloxenko H. M. Opixoscekuii I1. B., Ikaes J[. P. 3a0e3neuenns HamidHOCTI Ta
Oe3nekn y cydacHHX O€3MpOBOJOBHX CEHCOPHHX Mepekax Ha OCHOBI BIOpPOBaKeHHS MeTpukH RSS.,
«[ToBiTpstHa Minb Ykpainm», HaykoBo npaktnuanii xypHai, HamionaneHu# yHiBepcuTeT 000poHH, Ne 1 (6).
2024 C.131-135. Hara 3BEPHCHHS: 12 JIUTTHS 2024. [Onnait]. JoctymHo
http://sap.nuou.org.ua/issue/view/18099/10998.

3. llpumena T.O., Jlucenko O.I. be3npoBomoBi CceHCOpHI Mepexi i3 MOOUIBHUMU CEHCOpPaMH.
[TepcniekTHBH TeNEKOMYHIKAITH: 30. MaTep. MixkHap. HayK.-TexH. kKoH(., M. Kuis, 21-25 xBiTHI 2015 poky.
Kuie: HTVY «KIll», 2015. URL:http://conferenc.its.kpi.ua/proc/article/view/104177 (mata 3BepHECHHS:
23.06.2023).

4. Xyk O. B., Pomaniok B. A., Cosa O. SI. MeTon070Ti4Hi OCHOBH YIIPaBIiHHS MEPCIEKTUBHUMHU
HEOJTHOPIAHUMH O€3MpPOBOJOBUMH CEHCOPHHMH MepeXaMH TaKTHYHOI JaHKH YIpPAaBIiHHS BifiCbKaMM.
[IpiopuTeTHi HANPSMKH PO3BUTKY TEICKOMYHIKAIIMHUX CHCTEM Ta Mepeka CIeliaJbHOTO Npu3HaueHHS //
K.: BITTHTVYY «KIII» 2016. C. 34 — 44,

5. Tewari N., Bhardwaj A. Flow Statistics Based Detection of Low Rate and High Rate DDoS Attacks
/Il International Journal of Scientific & Engineering Research. 2013. Vol. 4, Ne 5. P. 348 — 353.

6. Xiao P., He J., Chen Y., Fu Y. A new trusted roaming protocol in wireless mesh networks //
International Journalof Sensor Networks. 2013. Vol. 14, Issue 2. P. 109 - 119. doi:
10.1504/1JSNET.2013.056610 89

7. Minoukin A.l., Pomantok B.A., XKyk O.B. [lepcriekTrBY pO3BUTKY TAKTUYHHUX CEHCOPHUX MEPEK. //
30ipauk HaykoBux npaups BITI HTYY “KIII”- 2007. - Ne 4. C. 16 — 22.

8. Jlenix 1., T'opmieako 10.0, [H3sameBmu C.B., Hpyxuain A.O., €BTtyx A.A.,. JlemkoB C.B.,
Mensauk B.I'., PomanoB B.O. CTBOpeHHS MIKpPOENEKTPOHHUX JATYUKIB HOBOTO TMOKOJNIHHS ISt
IHTeJeKTyalbHUX cucTeM: MoHorpadis. Oxeca: «ActponpuHty, 2010. 296 c.

9. Jlenix S.1., Topmieako 0.0, HzsameBmu C.B., J[pyxkunia A.O., €Btyx A.A.,. Jleaxkos C.B.,
Mensauk B.I'., Ilpounenko B.O., PomanoB B.O. IHTenexkryambHi BUMIpIOBaJbHI CHCTEMH Ha OCHOBI
MIKpOEJIEKTPOHHUX JaTYHKIB HOBOTO MOKOJIHHS: MoHOTrpadis. Oxeca: «Actponpunty, 2011. 352 c.

10. Ilpo pimenns Pagun mamioHaasHOI Oe3mekn i o0oporn Ykpainu Bix 20 tpaBus 2016 poxy "IIpo
Crpareriunuii o6opoHHmii Oronerens Ykpaiau": Yka3 Ilpesunenta Ykpaiau Big 06.06.2016 Ne 240/2016.
URL: https://www.president.gov.ua/documents/ 2402016-20137 (nara 3BepaenHs: 23.06.2023).

11. Jlemix A.I., Topaienko 0.0, Hzanesnu C.B., Hpyxwunin A.O., €Bryx A.A.,. JlenkoB C.B.,,
Mensauk B.I'., Ilpomenko B.O., PomanoB B.O. MikpoeneKkTpoHHI TATYMKHA HOBOTO TIOKOJIHHS IS
IHTeNeKTyalbHUX cucTeM. MoHoTpadis. Oneca: « ActpompuaT», 2011. 92 c.

12. Jlenxor C.B., Jlemix f.I., Mokpunekuii B.A., Cenrokor O.B., Cmuntuna B.A B.O. 3a 3ar. pen.
Moxkpunbskoro B.A., JleakoBa C.B. HamiBnpoBiZHHKOBI ONTHYHI Ta aKyCTOEIEKTPOHHI CEHCOPH 1 CUCTEMHU.
MoHorpadisa. Oneca: «ActponpunT», 2009. 256 c.

13. KykoBcekmit I1.C. Amnamiz ypasnuBocTeil 0e3ApOTOBHX CEHCOpPHHUX Mepex, JlepkaBHuiA
yHiBepCUTET TeleKkoMyHikauiili «CyuacHuit 3axuct inpopmariin Ne 4(48), 2021 p. C 59-63.

14. Cobuyxk A.B., Kosams M.O., Kpapuenko I0.B., bapabam O.B. Marematnyna Mozenb
(YHKLIOHANBHO CTiliKoi 0e3mpoBigHOT ceHcopHoi Mepexi. HaykoBe mnepiogmune BupanHs «Cucremu
ynpasiiHHs, HaBiramii Ta 38's3Ky». [lonTasa, ITHTY, 2017. Bum. 6 (46). C. 122 — 126.

REFERENCES:

1. Ukaz Prezydenta Ukrainy (2021) «Pro rishennia Rady natsionalnoi bezpeky i oborony Ukrainy
"Pro Stratehichnyi oboronnyi biuleten Ukrainy"» Ne 473/2021 Available at: https://
https://zakon.rada.gov.ua/laws/show/473/2021#Text . (accessed 23 January 2023). (in Ukrainian)

2. Openko P.V., Dovzhenko N. M. Orikhovskyi P. V., Ikaiev D. R.(2024) Zabezpechennia nadiinosti
ta bezpeky u suchasnykh bezprovodovykh sensornykh merezhakh na osnovi vprovadzhennia metryky RSS.
[Ensuring reliability and security in modern wireless sensor networks based on the implementation of the
RSS metric.]. Povitriana mits Ukrainy», Naukovo praktychnyi zhurnal, Natsionalnyi universytet oborony, -1

112



(6).131-135. Retrieved from: http://sap.nuou.org.ua/issue/view/18099/10998 (accessed 12 July 2024) (in
Ukrainian)

3. PryshchepaT.O., LysenkoO.l. (2015) Bezprovodovi sensorni merezhi iz mobilnymy sensoramy
[Wireless sensor networks with mobile sensors]. Perspektyvy telekomunikatsii: Materialy naukovo-
tekhnichnoi konferentsii. Kyiv: NTUU «KPI». Retrieved
from::http://conferenc.its.kpi.ua/proc/article/view/104177 (accessed 23 January 2023)

(in Ukrainian).

4. Zhuk O. V., Romaniuk V. A,  Sova O.Y., (2016)  Metodolohichni ~ osnovy  upravlinnia
perspektyvnymy neodnoridnymy bezprovodovymy sensornymy merezhamy taktychnoi lanky upravlinnia
viiskamy [Methodological foundations of management of prospective heterogeneous wireless sensor
networks of the tactical link of military command]. Priorytetni napriamky rozvytku telekomunikatsiinykh
system ta merezha spetsialnoho pryznachennia // K.: VITI NTUU «KPI» 2016. 5. 34 - 44. (in Ukrainian)

5. Tewari N., Bhardwaj A. (2013) Flow Statistics Based Detection of Low Rate and High Rate DDoS
Attacks International Journal of Scientific & Engineering Research. Vol. 4, 5. 348-353. (in English)

6. Xiao P., He J., Chen Y., Fu Y. A(2013) A new trusted roaming protocol in wireless mesh networks
International Journalof Sensor Networks,14, lIssue 2. P. 109 -119. (in English) https:// doi.org/
10.1504/1JSNET.2013.056610 89

7. Minochkin A.l., Romaniuk V.A., Zhuk O.V. (2007) Perspektyvy rozvytku taktychnykh sensornykh
merezh [Prospects for the development of tactical sensor networks]. Zbirnyk naukovykh prats VITI NTUU
“KPI” 2007, 4, 16-22. (in Ukrainian)

8. Lepikh Ya.l., Hordiienko Yu.O, Dziadevych S.V., Druzhynin A.O., Yevtukh A.A.,. Lienkov S.V.,
Melnyk V.H., Romanov V.0O. (2010). Stvorennia mikroelektronnykh datchykiv novoho pokolinnia dlia
intelektualnykh system [Creation of new generation microelectronic sensors for intelligent systems]. Odesa:
"Astroprint”. (in Ukrainian)

9. Lepikh Ya.l., Hordiienko Yu.O, Dziadevych S.V., Druzhynin A.O., Yevtukh A.A.,. Lienkov S.V.,
Melnyk V.H., Protsenko V.O., Romanov V.O. (2011). Intelektualni vymiriuvalni systemy na osnovi
mikroelektronnykh datchykiv novoho pokolinnia [Intelligent measuring systems based on new generation
microelectronic sensors]. Odesa: "Astroprint”. (in Ukrainian)

10. Pro rishennia Rady natsionalnoi bezpeky i oborony Ukrainy (2016) "Pro Stratehichnyi oboronnyi
biuleten Ukrainy": Ukaz Prezydenta Ukrainy vid 06.06.2016 No240/2016. Available at:
https://www.president.gov.ua/documents. (accessed 23 January 2023). (in Ukrainian)

11. Lepikh Ya.l., Hordiienko Yu.O, Dziadevych S.V., Druzhynin A.O., Yevtukh A.A.,. Lienkov S.V.,
Melnyk V.H., Protsenko V.O., Romanov V.O. (2011). Mikroelektronni datchyky novoho pokolinnia dlia
intelektualnykh system. [New generation microelectronic sensors for intelligent systems.] Odesa:
"Astroprint". (in Ukrainian)

12. Lenkov S.V., Lepikh Ya.l., Mokrytskyi V.A., Sieliukov O.V., Smyntyna V.A V.O. za zah. red.
Mokrytskoho V.A., Lienkova S.V. (2009). Napivprovidnykovi optychni ta akustoelektronni sensory i
systemy. [Semiconductor optical and acoustoelectronic sensors and systems]. Odesa: "Astroprint”. (in
Ukrainian)

13. Zhukovskyi P.S.(2021) Analiz urazlyvostei bezdrotovykh sensornykh merezh [Vulnerability
analysis of wireless sensor networks] Derzhavnyi universytet telekomunikatsiii «Suchasnyi zakhyst
informatsii» 4(48), 59-63. (in Ukrainian)

14. Sobchuk A.V., Koval M.O., Kravchenko Yu.V., Barabash O.V. (2017) Matematychna model
funktsionalno stiikoi bezprovidnoi sensornoi merezhi [ Mathematical model of a functionally stable wireless
sensor network ] Naukove periodychne vydannia «Systemy upravlinnia, navihatsii ta zviazku». Poltava,
PNTU, 6 (46) 122-126. (in Ukrainian)

Ph.D. Okhramovych M.M., Ph.D.,Gakhovych S.V., Ph.D. Koval M.O
Ph.D. Kravchenko O.I.

ANALYSIS AND ASSESSMENT OF SENSOR NETWORK FUNCTIONING FEATURES
UNDER JAMMING CONDITIONS AND CYBER INFLUENCE

This article analyzes modern sensor networks and examines the basic principles of their construction

and application in military systems. Special attention is given to wireless sensor networks (WSNs) as a

promising technology for implementing crucial aspects of military policy. This advancement has been made
113



possible due to the miniaturization of components and increased computational power. Sensor networks
consist of a large number of low-power, multifunctional devices deployed in a specific geographical area.
Although most elements of such a network have limited physical resources, when combined, they can quickly
configure to perform a wide range of functional tasks such as protecting critical infrastructure and
monitoring the environment.

However, with their development and transformation, issues of information security are increasingly
being researched, as risks of unauthorized access or interference can seriously undermine the effectiveness
and reliability of these technologies. It should be noted that due to the open nature of information
transmission, there is a need to update encryption and authentication methods.

An overview of the features of sensor network functioning under jamming conditions and cyber
influence is proposed, highlighting their application as highly efficient and promising solutions in
information collection systems. The ability to deploy networks in challenging conditions, the absence of
wired communications, and the minimal size of sensor devices make sensor network technology extremely
flexible and practical. It allows for the maximum utilization of information systems, providing access to
information at any time, regardless of the user's location.
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HIAXO0An IoJa0 SMEHITEHHS TOXUBOK ITPH OBYHUCJIEHHI MATEMATHYHUX
MOJIEJIEX BONOBHUX JAIU B KOMIT'IOTEPHUX CUCTEMAX IMITAIIMHOTI'O
MOJIEJIOBAHHSA

Hayxosa cmamms npuceauena 00CrioxiceHHIo ma aHAizy Cy4acHux mMemooie 3MeHueHHsA NHOXUOOK
YUCETLHUX OOYUCTIEHHAX, WO € KPUMUYHO BaANCIUBUMU O NIOBUULEHHS MOYHOCMI ma HadiHoCmi
imimayitinux modenei 6otosux Oill. J{ocriodceHo Kinbka nioxodis, sKi MOJCYmMb Oymu 3acmoco8aHi Ons
oocsieHenHs yiei memu.

Hepwuii 3 posenauymux memooie — ye memoo Pynee-Kymma uwemsepmozo nopsoky, akuili € 0OHUM 3
HaunowupeHiuux mMemooie O YUCeNbHO20 pO38'A3anHA Ougepenyiunux pignans. Lleil memoo 003801s€
ompumamu 8UCOKY MOYHICMb PO38'A3Ki8 NPpU GIOHOCHO HEeGeNUKIU KibKOCmI 00Yuciens, wo pobums 1oco
ehexmuHUM 0151 BUKOPUCMAHHA 8 PeAIbHOMY YACi 8 KOMN TOMEPHUX CUCEMAX IMImayitiHo20 MOOeN08aHHA.

Jpyeuti nioxio, wo posensoacmscsa 6 cmammi, — ye sukopucmans areopummy Kaxana ons mounozo
cymyganus. Aneopumm Kaxama 0ozeonsie 3Haumo 3meHwiumu nOXUOKY, WO SUHUKAIOMb HPU CYMYBAHHI
8eUKOI KIIbKOCMI HuUcen 3 Nidéarodor KOMOKW, WO € 0CODAUBO AKMYANbHUM Y 8URAOKAX, KOAU HeoOXiOHO
00pobnAMU 8eNUKI 00CsA2U OAHUX 3 BUCOKOIO MOYHICTNIO.

Kpim moeo, y cmammi 0b62060pioemvbcs 3acmocy8ants 6UCOKOMOYHOL apugmemuru, sKa 0036015€
BUKOHY8amMuU 00YUCTIeHH 3 OLIbUIOW KIIbKICMIO 3HAYYWUX YUDD, HIdC Ye MONCIUBO NPU BUKOPUCMAHHI
CMAaHOapmMuUX Mmunie OaHuUX 3 NaA8a4or Komor. Lle docsaeaembcs 3a paxyHoxk NOOAHHA uyucen y 6ucifaoi
Macusig, ujo 00380Js1€ 30epicamu ma 06pooOIsIMU 000AMKOSI Oimu MOYHOCHI.

Vei 3asnaueni nioxoou peanizosani na moei npoepamyeanns Python, wo 3abesneuye ix oocmynnicmo
ma nezkicmo inmez2payii 6 icHyroui cucmemu imimayitino2o mooenosanns. Python, saedsxu ceoitt npocmomi
ma wupoxomy Habopy 0ioniomex Osi HAYKOBUX OOUUCTEHb, € [0ealbHUM GUOOPOM OISl peanizayii makux
aneopummise.

Takum wurom, cmamms HAOAE KOMNAEGKCHUU 027180 Memooi8 3MeHUIeHHS NOXUOOK ) YUCETbHUX
OOYUCTEHHAX, WO MONCYMb OYMU 3ACMOCO8AHI O NIOGUWEHHSI MOYHOCMI MAMeMamuyHux mooeneu
botiosux Oill. 3anponoHo6ani NiOXo0u MOAICYMb OYmMu KOPUCHUMU OJis PO3POOHUKIE IMIMAYIUHUX cucmeM, SKI
npacHymos ni0GUWUMU MOYHICMb MA HAOJIHICMb CB0IX MOOenel, a4 mMaKoxC Oas OOCHIOHUKIG, AKI
3AUMAIOMbCA YUCETbHUMU MEeMOOaMy ma ix 3aCMOCY8AHHAM Y DISHUX 2ATY35X.

Knrouosi cnosa: cucmemu imMimayitino2o MoOEnO8aHHs, MOYHICMb 0OPAXYHKIE OBIUKOBUX YUCEel 3
NIABAIOYOI0 KOMOIO, NIOGUUJEHHS MOYHOCME CUCeM IMIMAYIIHO20 MOOCTIO8AHHS, CUCTNEMU IMIMAYiiHO20
MoOenosanHs 60tosux Oill.

Beryn. Imitaniiine MozenmtoBaHHS OOHOBHX i € BaXJIMBHM 1HCTPYMEHTOM Y BiMCHKOBIM
Haylll Ta TPaKTHIN, IO JO3BOJISIE aHaNi3yBaTH CKIAIHI clieHapii Ta mpuiiMaTH OOTPYHTOBaHI
pimieHHs. 3 PO3BUTKOM KOMMI'IOTEPHHX TEXHOJOTiH, MOMJIMBOCTI MOJEIIOBAHHS 3HAYHO
PO3MIMPUIINCS, IO J03BOJISIE CTBOPIOBATH OLUIBIN peanicTHyHI Ta netanbHi moxeni [1]. Opnaxk,
TOYHICTh IIMX MOJIEJICH 3HAYHOIO MIpOIO 3aJIEKHTH BiJ MaTeMaTHYHHX PO3PaXyHKIB, SKI MOXYTb
OyTH TiAJaHi pi3HUM BHAaM MOXUOOK [2]. 3MEHIIEHHS WX MOXHOOK € KPUTUYHO BAXKIUBUM IS
MiABUIIEHHS HAIIHHOCTI Ta IOCTOBIPHOCTI Pe3yJabTaTiB MOJEIIOBAHHS, 1110, B CBOIO YEPTY, BIUIUBAE
Ha e()eKTUBHICTh BIICHKOBUX OMepalliii Ta MpUHHATTS pilieHs [3].

[Ipobnema 3MeHIIEHHST TOXHOOK Y MaTeMaTHYHUX MOJEISIX OOMOBUX il € aKTyaJIbHOIO SK 3
HAyKOBO{, TaK 1 3 MPaKTUYHOI TOYKHU 30py. HaykoBo 1151 mpobnema mos's;3aHa 3 pO3BUTKOM METOJIIB
YHCETHLHOTO aHaTi3y Ta ONTUMI3allii, sIKi IO3BOJISIOTH MMiABUIIUTH TOYHICTh PO3PAXyHKIB.

[TpakTu4HO, 3MEHIIEHHS NOXMOOK y MOJAENSAX CHpHUs€ OUIbII TOYHOMY IPOTHO3YBaHHIO
pe3yabTartiB O0MOBUX 1M, 1110 € KPUTHUHO BAKIUBUM JJIsl IPUUHATTS PILLIEHb Y pEaJIbHUX YMOBaX.

3aBIaHHSAM JIaHOTO JOCIHIIKEHHSA € PO3poOKa MiIXOMiB, SIKI JO3BOJSATH 3MEHIIUTH MOXUOKU
py OOYHCIICHHI MaTeMaTHYHUX Mojenel OoroBux mii. Lle Bkirouae B ceOe aHami3 iCHYHOUHX
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METO/IB, iX peasizaiii Ha MOBaX MPOrpaMyBaHHs BHCOKOTO PiBHS, pO3p0OOKa IMiIX0Ay IO T03BOJIHUTH
3MEHIIUTH 3HAYEHHS MOXMOKH MiJl Yac MAIIMHHOTO OOpaxyHKY ABIMKOBUX 4MCeN 13 IJIaBa04OIO
KOMOIO. YCIIIIIHE BHPIMICHHS M€l 3a/1adi CIPHUSATHME IiIBUIICHHIO €(pEeKTUBHOCTI iMiTaIiifHOTO
MOJIEJIIOBAaHHS Ta, SIK HACIII0K, OKPAIIEHHIO SKOCTI BIHCHKOBOTO IUIAHYBAaHHS Ta yNpaBIiHHS.

AHaJdi3 ocTtaHHiXx aochaimkeHb. Y crarti [4] aBropamMu pO3IISIAETHCS BUKOPHCTAHHS
LITYYHOTO 1HTENEKTY JAJs MOKpalleHHs BiicbkoBMX HaB4yanbHUX cumyisiniii B HATO. Ltyunwuii
IHTETIEKT JO3BOJIIE CTBOPIOBAaTWM OUIBII peaNiCTHYHI Ta aJanTUBHI CHEHapii, M0 JoroMarae
cojijiaTaM IIBHILIE HABYATHCS, THYUKIIIE MUCIUTH Ta Kpalle aJanTyBaTUCS IO HOBHUX CHUTYyallii.
TakoX IITYYHWI 1HTENEKT MO3BOJISIE IIBUAKO MOJETIOBATH HOBI 3arpo3u, IO POOUTH HABYAHHS
OLIBII aKTyalbHUM Ta €()EKTUBHUM.

B ocHOBI mokpamieHHS BIHCHPKOBHX HaBYAIBHUX CHUMYISIIH 3a JOMOMOTOI0 INTYYHOTO
IHTHJIEKTY, OINKCAaHUX Yy CTarTi, 0a3ylOThCS Ha MPUHIUMNAX: PEATICTUYHOCTI, aJalTHBHOCTI,
nepcoHai3aiii, e¢peKTUBHOCTI Ta aKTyaJIbHOCTI.

Y poOGoti [5] aBTOpaMu po3MIAJAIOTBCA Cy4acHI BHUKJIMKM Ta MOXIJIMBOCTI B 00macTi
MojientoBaHHs OoioBux Aiil. [IpoaHanizoBaHO, K 3MiIHM y BIHCBKOBIM cIpaBl, TEXHOJOTIAX Ta
TEOMNONITUYHIM 00CTaHOBIII BIUIMBAIOTh Ha AaKTYalbHICTh Ta €(EKTHBHICTh ICHYIOUMX METOJIB
MOJICITIOBAaHHS Ta PO3KPHBAIOTHCS ACIEKTH MO0 BIUIMBY HOBHUX TEXHOJIOTiHM, 3MIHH XapakTepy
Cy4yacHHUX KOH(IIKTIB, MOTpeda B OUIBIIIN peanicTUYHOCTI MOJENeH, BIPOBAXKEHHS 1HHOBAIIHHUX
M1JXO/IB A0 MOJIEIIIOBAHHS.

Meroro cTarTi € HaJaHHS PEKOMEHJALil I0J0 PO3BUTKY Ta BIOCKOHAJEHHS OOHOBMX
CUMYJISIIIIN JUIst Ol €(EeKTHBHOTO IUIAHYBaHHS, aHANI3y Ta TNPHHHATTS pIIIEHh B yMOBax
CY4acHOTO CBITY.

VY nmociipkeHi [6] aBTOpW pO3IVISAAAOTH 3aCTOCYBAaHHS METOJIIB MAlIMHHOTO HAaBYAHHS JUIS
BUPILICHHA 3ajlad CTOXaCTMYHOTO YIPaBIiHHA Ta Teopii irop. Pob6oTa 30cepemkyeTbess Ha MeToax
IMOOKOTO HAaBYAHHA, SKI BIAKPWIM MOXIIMBICTH PO3B’S3yBard NPOOIIEMH, HaBITh Yy BEIUKUX
po3Mipax a0 KOJIM CTPYKTypa AyXe CKJIaJHa, [0 MEepeBUIIye Te, 0 MOXHA JIOCITTH
TPaIULIMHAMU YHUCETPHUMH MeTodaMHu. Po3misimaeTscsi mMepeBaXHO Oe3mepepBHUM dYac i
oesnepepBHUid TIpocTip. bararo HOBHX mimxomiB 0a3yrOThCS Ha METOJaX HAa OCHOBI HEMPOHHOT
Mepexi ans po3B’si3yBaHHS JAU(EPEHLIANbHUX pPIBHAHb 13 YAaCTKOBUMH TOXITHHUMH BEIHMKOL
PO3MIPHOCTI YM 3BOPOTHHUX CTOXACTHYHHMX IU(EpEeHIllabHUX PIBHSAHb, a00 Ha 0e3MoJeIbHOMY
HaBUaHHI 3 MIIKPIIUIEHHSAM JUIi MapKiBCHKUX MPOIECIB MPUHHATTS pimieHb. Ll ctaTtd MicTHTH
BCTYII JI0 METO/IIB MAIIMHHOTO HaBYaHHS 1 MiJICYMOBY€E CydacHi pOOOTH Ha MepexpecTi MAIIMHHOTO
HaBYAHHS T CTOXaCTUYHOTO KEPyBaHHA Ta irop.

Crarts [7] mpencraBisie CUCTEMY Ha OCHOBI MAIIMHHOTO HAaBYAaHHS ISl TTPOTHO3YBaHHS
pe3ynbTaTiB MOPCHKUX OWUTB. ABTOpPH BHMKOPHCTOBYIOTH METOJ BHIIQJKOBOTO JICY AJISl aHAI3y
pi3HUX (paKTOpiB, IO BILIUBAIOTh HA PE3YyJIbTaT 000, TAKUX SK XapaKTEPUCTHUKHU KOpabiiB (OpoHs,
BOTHEBA Millb, IIBUAKICTb), IX PO3TAIlyBaHHS Ta CTPATETIs.

Cucrema mofentoe 01 Ta BpaxoBye pi3HI clieHapii, o0 nependaunT IMOBIPHICTh TIEPEMOTH
KOXHOT CTOpOHHU. J[OCHI)KEHHSI IEMOHCTPY€E MOTEHI[iaJl BUKOPUCTAHHS MAIIMHHOTO HaBUAHHS IS
BIMICAKOBOTO MOJICIIIOBAaHHS Ta TUTAHYBAHHS, JI03BOJISIIOYM OLIHUTH €(EKTUBHICTH PI3HUX CTpaTerii
Ta TaKTUK. Pe3yabpraTy mMoKas3yloTh, 10 TOUHICTh CUMYJISIIN JOCATAETHCS 32 PaXyHOK BUKOPUCTAHHS
aHcaMOJICBOTO METOAY, BpaxyBaHHS TEXHIYHUX XapaKTePUCTUK (0COOMMBOCTEH) 00’ €KTIB,
MOJICTIOBAHHS BEJIMKOI KUTHKOCTI PI3HOMAHITHHUX CIIEHApiiB Ta MPOBEACHHS ONMTHUMI3AIlil MOJENT i
HEOOX1TH1 TapaMeTPH MOJCITIOBAHHS.

Y pobGori [8] mocmimkyerbcsi 3poctaioda ponb mTyyHoro iHtenekry (LI) y cdepi
MOJICJIIOBAHHS Ta CUMYJALIl. ABTOpU po3misAaroTh, sk meronu LI, Taki sk MallMHHE HaBYaHHS,
IMOOKe HaBYAaHHS Ta €BOMIOLIMHI aJTOPUTMHU, MOXKYTh OyTH BUKOPUCTAHI JUIS MIOKPALCHHS Pi3HUX
ACTEKTIB MOJICITIOBAHHS Ta CUMYJISIIII.

VY crarti posmsinaerbes BukopuctaHHs LI mist cTBopeHHs Mopeneid, kamiOpyBaHHS Ta
BaJijamii Mojesei, onTUMI3allii eKCIIepUMEHTIB, aHalli3y pe3y/lbTaTiB CUMYJSIIl Ta yIpaBIiHHS
CKJIaTHUMH CUCTEMaMH.
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ABTOpU TaKOX OIHKCYIOTb BHUKJIMKM Ta MOXIIMBOCTI, MOB's3aHl 3 BukopuctanHsMm IIII B
MOJICTTIOBAaHHI Ta CUMYJIII, Ta MPOMOHYIOTh HAMpPsIMKU A MaiOyTHIX mgocmigxkenb. Crtarts
migkpecroe, mo iHterpamis Il Ta monmenroBaHHsS Ta CHUMYJSMii Mae 3HAYHWN TOTEHIIAN JUIS
BUPIIICHHS CKJIAQJHUX MPOOIeM y Pi3HHUX Tamy3sX.

[3 HaBenmeHOro aHai3y OCTAaHHIX MOCIHIIKEHh MU 0a4nMoO, 0 OCHOBHA HAyKOBa AisUTbHICTH
CHpPsIMOBAaHA HAa JOCSITHEHHA 0a30BOi TOYHOCTI CHUCTEM IMITALlIHHOTO MOJENIOBAHHS 3a PaxyHOK
BUKOPHCTAHHS EMIIPUYHUX JaHUX, pO3pOOKM aJanTUBHUX MOIENEH Ta BIPOBAIKCHHS
TEXHOJIOTIYHUX 1HHOBAIllM, Xo4a MaTeMaTW4Hi OOYMCIEHHS 1 YHMCENbHI METOOW BIAIrParOTh
KPUTHYHO BaXKJIMBY POJIb y 3a0e3MedeHHi TOYHOCTI Ta HaaiiHOCTI Mozeneit [9, 10].

MeTtoto po6oTH € po3poOKa METOAy MiABHILEHHS TOYHOCTI MaTeMAaTUYHHUX PO3PAXyHKIB B
KOMII' FOTEPHHUX CUCTEMax IMITAIIITHOTO MOJIEITIOBaHHS OOMOBUX Ii.

Bukiaa ocCHOBHOT0 MaTepiajty J0CaiTKeHHS

Sk mpaBmiIO, MaTeMaTH4YHI MOJENi, II0 BUKOPHUCTOBYIOTHCS Yy KOMIT FOTEPHHUX CHCTEMax
IMITal[IHHOTO MOJENIOBaHHA OO0HOBHX Mili OMHCYIOThCS IudepeHliiHuMUA piBHAHHAMU [11].
Bennunna mnoxuOku OOpaxyHKIB pIBHSHb HalpsMy 3aJe)KUTh Bl TOYHOCTI METOAY SIKHMM
BUKOPHCTOBY€ETHCSI.

JIJIsT KOMIT'FOTePU30BAHUX CHCTEM IMITAIlIHHOTO MOJCITIOBAaHHS OOWOBHX [id, e MOTpiOHa
BHCOKA TOYHICTh, Halkpaie miaxoauts Meron Pynre-Kyrra Uereproro [opsiaky [12].

[IepeBarn metony Pynre-Kyrra Yerseproro [lopsaxy:

1. Bucoka touHicTb. Lle 0c00aMBO BaXKIHMBO Ul MOAETIOBaHHS CKJIaJHUX CUCTEM, 1€ HaBITh
HEBEJIMKI TOXUOKH MOXKYTh IMIPU3BECTH JI0 3HAYHUX BiAXWICHB Y pPe3yJbTaTax.

2. Cra0OinpHicTh. € cTabiNbHUM [UIsi OaraTbOX THUIIIB 3a4a4, OCOOJMBO KOJIU KpPOK
iHTEeTpyBaHHS 00PaHO MPABHIBHO.

3. VuiBepcanpHicTh. [ligX0auTh IS MIUPOKOTO CHEKTpa 3ajad, BKIIOYAIOYM HEINiHIMHI Ta
HecTalllOHapHI CUCTEMH, SIK1 YAaCTO 3yCTPIYAIOThCS B MOZEIIIOBaHHI OOMOBUX [1H.

4. IIpoctota Peanizamii. He3Baxkarouu Ha BUCOKY TOUHICTh, METOJI € 3pYYHUM JUIS IHTETpallii B
KOMII'FOTEpU30BaH1 CHCTEMH.

5. EdextuBnicth. 3abe3nedye Xopommuil OalaHC MIDK TOYHICTIO Ta OOYHCIIOBAIIBHUMH
BUTpPATaMH, 110 BXKJIMBO JUIsl pEaJIbHOTO Yacy a00 BETUKUX CUMYIISLIH.

Po3rnsiHeMo po3B’s130Kk 3BUYAHHOTO AMQEpeHIiiiHoro piBHAHHSA MeTonoMm Pynre-Kyrtra [13]
Yerseproro Ilopsinky Ta AHaTITHUHUM METOAOM Ha TIPHKIAI:

dy _ (1)
xo Y

Meton Pynre-KyTra yeTBepTOro mopsiKky 00YMCIIIOE HACTYITHE 3HAYEHHS ¥ 3a (opmyIamu:
1. OOuncneHHs NPOMI>KHUX 3HAYEHB!

ki = f(tn yn)
h h
ko= (tnsgoom + 3K ),

h h 2)
k3 = f (tn+ Elyn + Ekz)'
ky = f(tn+h' Yn T hk3)r
2. OHOBIEHHS 3HAYEHHS V-
h
Yn41 = Yn T 5 (ky + 2ky + 2k3 + ky) (3)

Hocnin: IopiusHas MeTony Pynre-KyTra ueTBeproro nopsaky 3 AHamiTH4HUM Po3B'S3K0M.
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, . . d .

Po3B’skemMo nudepeHuiine piBHAHHS d—y = —2y 3 nouyatkoBor ymoBoro y(0) = 1 aHamiTHYHUM
X

METOZIOM.

Ie piBHSIHHS € JIHIMHUM 1 MOXe OyTH pO3B’si3aHE METOJIOM PO3IICHHS 3MIHHHX:
1. Po3minumo 3MiHHI:

@ _ —2dx;
y

2. IaTerpyemo oOHMIB1 YaCTHHH:

d
f—y=j—2dx
y

Inly| =-2x+C

3. 3Haiinemo y:
[TigHeceMo 0OMIBI YaCTHHHM IO CTENIEHS € JIsl yCYHEHHs Jorapudma:

—2x+C — pC . p—2x

y=e e

Tosnauemo e° sk HOBY KOHCTaHTy Ci:
y=Ce™?
4. BukopuctoByemo movarkoBy ymony y(0) = 1:
1=Ce?"=>(C =1
OTxe, aHATITUYHUN PO3B’ 130K PIBHSHHS:

2x

y(x) =e”

Lle#t po3B’s30K ONUCY€ EKCTIOHEHITIHE 3MEHIIIEHHS (DYHKIIT Y 3 pOCTOM X, 1 BiH € TOYHUM IS
OyIIb-SIKOTO 3HAYCHHSI X.

o .o . dy
]_[106 OOYHMCIINTH YUCEINBLHUN pO3B’}I3OK ,Z[I/I(I)epeHL[lI/IHOFO P1BHAHHA E = —Zy 3 IIOYaTKOBOIO

ymoBoro y(0) = 1 meromom Pynre-Kytra yerBeproro mopsaky Ha iHTepBaii x = 0 10 x = 1 3 KpokoMm
h = 0.1, BuKOHaEMO HACTYITHI OOUNCIICHHS:
JJ1s KOYKHOTO KPOKY N, 00YHCITIOEMO:

1. k1 = h'f(xn;yn) = h (_Zyn)
h k1 kl
2. k, =h-f(xn+5,yn+7) =h'(_2()/n+7))
h k k
3ka=h (w5 +) =he (=200 +D)

b4 ky=h-f(xn+hy, +ks)=h (=20, +k3))
OHOBITIOEMO 3HAUEHHS )

1
Yn+1 = Yn T+ g(kl + 2ky + 2k3 + ky)

OO0uncaeHHs A1 KOXKHOTO KPOKY
Kpox 1: x0=0,y0=1
ki=0.1-(-2-1)=-0.2
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ko= 0.1 (-2 (1-0.1)) = -0.18
ks=0.1- (-2- (1-0.9)) = -0.182
ke=0.1- (-2- (1-0.182)) = -0.1636

1
y2 =142 (=02 +2(-0.18) +2(-0.182) + (~0.1636) ~ 0.8187

Kpok 2: x¢= 0.1, y1 = 0.8187
ki=0.1- (-2- 0.8187) = -1.16374

ko= 0.1- (-2- (0.8187-0.08187)) = -0.147366
ks=0.1- (-2- (0.8187-0.073683)) = -0.148003
ks= 0.1 (-2- (0.8187-0.148003)) = -0.135139

1
y, = 0.8187 + E(_0'16374 + 2(—0.147366) + 2(—0.148003) + (—0.135139) = 0.6703

Lleit mporec MOBTOPIOETHCS ISl KOKHOTO HACTYIMHOTO KpoKy 10 x = 1. KiHueBuit pesysbrar
6yze HAGMIKEHNM 10 aHATITHIHOTO PO3B’ 3Ky y(X) = €~ Ha KOKHOMY Kpoui. UrcenbHi 3HAYCHHs
MOXYTh MaTH HE3HAYHE BIIXWJICHHS Y 3B’SI3Ky 3 OKPYIVICHHSIM, ali¢ y 3araJbHOMY BHUIJISIII OyIyTh
ONMU3BKUMH JI0 aHATIITUYHOTO PO3B’S3KY.

Ochb peamizaitis merony Pynre-KyTra ueTBepToro mopsaky ajst po3B'sizaHHs 1udepeHIiiHOTO

PIBHSIHHSA % = —2y 3 no4yatkoBoto ymoBotw Y(0) = 1 Ha MoBi mporpamyBanHs Python:

def runge_kutta_4th_order(f, y0, x0, x_end, h):
f: dynkuis, mo onucye audepenuiiine piasaus dy/dx = f(x, y)
y0: moyarkoBe 3HaUCHHS Y
X0: mouaTKoBe 3HAYECHHS X
X_end: kiHIleBe 3HaYCHHS X
h: kpok iHTerpyBaHHS
# Tmimiamizamis
X =x0
y=Yy0
results = [(X, )]

# Irepaist o Kpokax

while x < x_end:
kl1=h*f(x,y)
k2=h*f(x+h/2,y+kl/2)
k3=h*f(x+h/2,y+k2/2)
kd=h*f(x +h,y+k3)
# OHOBJICHHSI 3HAYEHHS Y
y+=(k1+2*k2+2*k3+k4)/6
# OHOBJIECHHSI 3HAYEHHS X
X+=h
# 30epeKeHHS pe3yIbTaTy
results.append((X, y))

return results

# BusHauenHs QyHKIIT A5 AudepeHIiiHOro piBHIHHS

def dydx(x, y):
return -2 *y
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# IlouaTkoBl yMOBH

y0=1

x0=0

x_end=1

h=0.1

# BuxonanHus Mmerony Pynre-Kyrra

solution = runge_kutta_4th_order(dydx, y0, X0, x_end, h)
# BuBeneHHs pe3yabTaTiB

for x, y in solution:

print(f'x = {x:.1f}, y = {y:.4f}")

IlosicHeHH::

Oyuxkiis runge_kutta_4th_order: Peanisye meron Pynre-Kyrra uwerBeproro mopsiaky. Bona
npuiiMae QyHkmito f, sika omucye nudepeHiiiine piBHsAHHS, mouaTkoBi ymoBu YO0 i X0, kiHIeBe
3Ha4YeHHs X_end, i Kpok iHTerpyBanHs h.

. . . . dy

Oyukiis dydx: BusHnayae npaBy yacTUHY TUPEPESHIIIHHOTO PiBHAHHS = -2y

Pesynbratu: 30epirarorbes y ciucky results i BUBOASTHCS Ha €KpaH.

Ile#i xom oOumcnioe 3HaYeHHA Y Ha KoxkHOMYy Kpoui X Bim 0 mo 1 3 kpokxom 0.1,
BHKOpHCTOBYI0UH MeTof] PyHre-KyTTa 4eTBepToro mopsiky.

HactynHuii Meron sKuil J03BOJSIE MIABHIIUTH TOYHICTH OOPaxyHKIB II€¢ KOMIIEHCOBAaHE
cymyBaHHs (AnroputMm Kaxana) [12], axuii mpu3HaueHU 751 3MEHILICHHS MOXHUOOK OKPYIJICHHS
NP TOJJaBaHHI BEJIMKOI KIJTBKOCTI YHCEN 3 IMJIaBalouor0 KoMor. BiH mpalitoe nuisxom 30epekeHHs
HEBEJIMKOI KOMIICHCAIlli, fKa KOPUTYE CyMy Ha KO)XKHOMY Kpori. lle 0coOmmBO KOpPHCHO, KOJIH
JOJAIOTHCS YMCa 3 Iy’Ke PI3SHUMH MOPSIIKAMH BETTHYHH.

[Tpunun po6otu anroputmy Kaxana

1. Imimiamizamis: IlouarkoBa cyma (total) BcraHoBmOeThcst Ha 0, a KOMITGHCAILS

(compensation) Takok BCTaHOBIIOETHCS Ha 0.
2. ITepartist mo yncnax: ajst KOKHOTO YHCIIA B CITUCKY:

OOUHCITIOETBCST KOpUTOBaHE 3Ha4YeHHS (Y) HUIAXOM BiJHIMAHHS KOMIICHCAIIi BiJl TOTOYHOTO
qHcla.

JlonaeThcst KOPUTOBaHe 3HAYCHHS JI0 TIOTOYHOI CYMH, OTPUMYIOUH TUMYACOBY cymy (t).

KommeHcartiss OHOBITIOETHCS, 00 BpaxyBaTH IMOXHOKY, sIka BAHUKJIA TIPH JT0/1aBaHHI.

OHOBITIOETHCS 3arajbHa CyMa.

3. Pesynprar: ITicis npoxomkeHHs Beix uncen, total MicTuts cymy 3 MiHIMaIbHOIO MTOXHOKOO
OKpYTJICHHS.

Anroputm Kaxana € e(deKTHBHUM METOIOM JUIsl 3MEHIICHHsS MOXHUOOK OKPYIVICHHS MpH
JI0IaBaHH1 YHCEN 3 TUIaBal0Y00 KOMOIO, OCOOJIMBO KOJIM YHMCIIA MAIOTh Pi3HI MOpsAAKH BennyuH. Lle
POOUTH 1OTO KOPUCHUM Y YHCETHbHUX OOUMCIEHHSX, A€ TOYHICTh € KPUTHUYHO BaKIUBOIO.

[TopiBHSIEMO pe3yJbTaTH 3BUYAWHOTO JOJaBaHHS 1 anroputMy Kaxana mns Tmpukiagy 3
YHUCJIaMHU 3 IJ1aBal0Y0I0 KOMOIO:

Yucia
a=1.0000001
b=1x10"

¢ =-1.0000001

3BUYaliHe 10/1aBaHHA
1. MonaBanus aib:
1.0000001 + 1 1 x 107'= 1.0000002
Yepes 0OMex)eHy TOUHICTB, pe3ynbraT Oyae okpynienuii 1o 1.0000001, Brpauaroun b.
2. lonaBanHs C:
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1.0000001 - 1.0000001 = 0.0
Pesynbrar 3Buuaiinoro nogasanss: 0.0
KomnencoBane cymyBanns (Anroputm Kaxana)
1. I"imianizanmis:
total = 0.0
compensation = 0.0
2. lonaBanHs a:
y = a - compensation = 1.0000001 - 0.0 = 1.0000001
t = total +y = 0.0 + 1.0000001 = 1.0000001
compensation = (t - total) - y = (1.0000001 - 0.0) - 1.0000001 = 0.0
total = 1.0000001
3. JlonaBanus b:
y = b - compensation = 1x107- 0.0 = 1x10”
t = total + y = 1.0000001 + 1x10”'= 1.0000002
compensation = (t - total) - y = (1.0000002 - 1.0000001) - 1x107=0.0
total = 1.0000002
4. JlonaBaHHS C:
y = ¢ - compensation = -1.0000001 - 0.0 = -1.0000001
t = total + y = 1.0000002 - 1.0000001 = 1x10”
compensation = (t - total) - y = (1x10™ - 1.0000002) - (-1.0000001) = 0.0
total = 1x10”
Pe3ynbrar KOMIIEHCOBAHOTO CyMYBaHHS: 1x107
Ileit mpukian AEMOHCTpYye, K anroput™M KaxaHa Mo)Ke 3HAYHO TOKPAIIMTH TOYHICTH
o0YnCIeHb, KOMHM JOAAIOTHCA YHCTA 3 PI3HUMHU MOPAJKAMU BEIWYHH, 3MEHIIYIOUH MOXHOKH
OKpYIJICHHS.
7PeaJ'Ii38.I_li}I anroput™my Kaxana ma Python mis npuxnany 3 uuciaamu 1.0000001, -0.0000001,
1x107":
def kahan_sum(numbers):
total = 0.0
compensation = 0.0
for number in numbers:
# KopuryBaHHs 4nclia 3 ypaxyBaHHSIM KOMIICHCAITi i
y = number - compensation
# TumuacoBa cyma
t=total +vy
# OHOBIIEHHS KOMIIEHCaIl1
compensation = (t - total) - y
# OHOBJICHHS 3araJIbHOT CYyMH
total =t
return total
# Crucok uucen
numbers = [1.0000001, 1e-7, -1.0000001]
# BUKOHaHHSI KOMIIEHCOBAHOI'O CyMYBaHHS
result = kahan_sum(numbers)
# BuBeneHHs pe3ynbrary
print(f"Komnencosane cymyBanus (Kaxan): {result}")
[loscHenns:
[Himanizamis:
Total — mouyarkoBa cyma, BcranosieHa Ha 0.0.
Compensation — mouaTkoBa KoMIIeHcallist, BctaHoBieHa Ha 0.0.
ukn oOuncIeHHS:

121



JI1s1 KO)KHOTO YHCIIa B CIIUCKY:

KopuryBanHs uncna: 0OUUCTIOETHCS Y SIK PI3HUI MK TOTOYHUM YHCIIOM 1 KOMIIEHCAITIETO.

TumyacoBa cyma: o0uucoeThes t sk cyma total 1.

OHOBIIEHHSI KOMIIGHCAIlli: OOYHCIIOETHCS HOBAa KOMIICHCAIsl 7S KOPUTYBaHHS TOXHOOK
OKPYTJICHHS.

OHoBineHHs 3arajbHoOl cymu: total oHoBIOEThCS 10 3HAYEHHS t.

Pesynprar:

ITicist BuKoHaHHs1 anroputMy KaxaHa, pesy/IsraToM € 6ibir Togna cyma 1x107, sika BpaxoBye
BCI JI0JIaH1 YMCIIa, BKIIIOYA0UH AyKe maie b.

Lle#t xox neMoHCTpye, K anroputMm KaxaHa Moxe 3HAYHO MOKPAIIUTU TOYHICTH OOYMCIICHbD,
KOJTY JIONAIOTHCS YHCIIA 3 PI3HUMU TOPSIKAMH BEITHIHH.

HactynHuii MeTos 11e¢ BUKOPUCTAHHS BUCOKOTOYHO! apU(PMETHKH, 1110 MOXKE OyTH KPUTUYHO
BaXUJIMBOIO JJIs1 3a0€3MEUEHHSI TOUHOCTI MOJIEIIOBAHHS CKJIAJHUX CIIEHApIiB, TaKUX K TPAEKTOPIL
CHApANiB, BHUTpPaTH pecypciB, ab0 JOTICTUYHI PO3paxyHKH. BUKOpUCTAaHHS BHCOKOTOYHOI
apu(GMETHKH JT03BOJISIE 3MEHIITMTH TTOXUOKH, SIKi MOXXYTh BIUTMHYTH Ha PE3yJIbTaTH MOJICIIOBAHHS.

[Tpuxman: ImiTaris po3paxyHKy TpaekTopii cHapsaaa

Y 1poMy NPHKIAAI MH BHKOPHCTOBYEMO Momayih decimal mis MomenmtoBaHHS TpaekToOpil
CHapsAa 3 BHUCOKOIO TOYHICTIO, II0 MO)XXe OyTH Ba)KIMBHUM IJI CUMYJALINA, 7€ HaBITh HEBEIHKI
MMOXUOKU MOXKYTh CYTTEBO BILTUHYTH Ha PE3YJIbTaT.

from decimal import Decimal, getcontext
import math
# BcTaHOBIEHHS TOYHOCTI JJIS BC1X OOYUCIICHB
getcontext().prec = 20
# OyHKIIA JUIst OOUUCTICHHS TPAEKTOPIT CHapsIa
def calculate_trajectory(initial_velocity, angle_degrees, time):
# IlepeTBOpeHHs KyTa B pajiiaHu
angle_radians = Decimal(math.radians(angle_degrees))
# O0O4HMCIIEHHS KOMIIOHEHT IIBUIKOCTI
velocity x = initial_velocity * Decimal(math.cos(angle_radians))
velocity_y = initial_velocity * Decimal(math.sin(angle_radians))
# I'paBiTartiiine MPUCKOPEHHS
g = Decimal('9.81") # m/c?
# OOuunCIeHHS TOJIOKEHHS CHAPsIa B MOMEHT Yacy
x = velocity_x * time
y = velocity_y * time - (g * time**2) / 2
return x, y
# Imimiamizamis mapaMmeTpiB
initial_velocity = Decimal('500.0") # m/c
angle_degrees = Decimal('45.0") # rpamycu
time = Decimal('10.0") # cexynmu
# OOuucIeHHS TPAEKTOPIi
position_x, position_y = calculate_trajectory(initial_velocity, angle_degrees, time)
# BuBeneHHs pe3ynbTaTy
print(f"TTonoxenns cHapsina uepes {time} cexynn: X = {position_x}, y = {position_y}")
[TosicHeHHs
Monyne decimal: BukopucTOoByeThCS JiIsi 3a0€3MEUEHHST BHCOKOTOYHOI apU(METHKH, IO
JT03BOJISIE YHUKATH MMOXUOOK OKPYTIIEHHS, SIKI MOXKYTb BIUTMHYTH Ha TOYHICTh MOJEIIOBaHHS.
OOuucienns TpaekTopii: ¢yHkmis calculate_trajectory oOumciroe TONOKEHHS CHapsaa B
MPOCTOPI Yepe3 3aJjaHruii Yac, BHKOPUCTOBYIOUH TTOYATKOBY IIBHAKICTB 1 KT 3aITyCKY.
I'paBiTarisi: BpaxoBy€TbCsl BIUIMB TpaBiTallii HAa TPAEKTOPIIO CHApsAA.
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3acTocyBaHHs

BoiioBi cumymsmii: A7s MOIETIOBAHHS TPAEKTOPIM CHApsAiB, pakeT Ta IHIIMX O0'€KTIB 3
BHUCOKOIO TOYHICTIO.

JloricTiuH1 po3paxyHKH: A7 MOJEIIOBaHHS BUTPAT PECYPCIB 1 4acy B 00MOBHUX yMOBaXx.

AHani3 cueHapiiB: 1715 OLIHKHY €(EKTUBHOCTI PI3HUX CTpATETii 1 TAKTHK.

Lle#i mpuknaag IOEMOHCTPYE, SK BHCOKOTOYHA apupMeTHKa Moxe OyTH BHKOpPHCTaHa B
cUCTEMAaX IMITAIIiHOTO MOZEIIOBAHHSA OOMOBHUX IiMl JUIg 3a0e3meyeHHs TOYHOCTI 1 HagiMHOCTI
004HCTICHB.

VY cucreMax IMITalIHHOTO MOJENIOBaHHS OOMOBUX [iM, JO€ MOXyTh OyTH HEOOX1aHI
oO4YHCIIeHHS 3 My>Ke BEIMKUMHU 4Hciamu [16], Harmpukiaa, A MOAETIOBaHHS BEIMKUX MacIiTaliB
a00 TpUBaJIMX MEPIOJIB Yacy, BUKOPUCTAHHS CTPOKOBOTO MOJaHHs a0 MOJaHHs Y BUIJISI MAacCUBIB
Moke Oyt KopucHuM. Lle mo3Bonse 30epiraté i oOpoOIATH BETUKI YUCHA, SKI BUXOMIATH 32 MEXI
CTaHJAPTHHUX THITIB JaHUX.

[Mpuxnan: JlonaBaHHS BETMKUX YUCEN TSI MOJICIIOBAHHS pecypciB

def add_large_numbers(numl, numz2):

# IlepeTBOpeHHS PSIKIB Y MAaCUBHU TGP
numl = [int(digit) for digit in num1]
num2 = [int(digit) for digit in num2]

# BupiBHIOBaHHS JOBKHMHH MAaCHBIB
max_len = max(len(numl), len(num2))
numl = [0] * (max_len - len(num1)) + num1
num2 = [0] * (max_len - len(num2)) + num2
carry =0
result =[]

# JlomaBanus udp 3 KiHIA
for i in range(max_len -1, -1, -1):

total = num1[i] + num2Ji] + carry

carry = total // 10

result.append(total % 10)

# JlonmaBaHHS 3aJMIIKOBOTO IEPEHOCY
if carry:

result.append(carry)

# IlepeTBOpeHHs pe3yNbTaTy B PSIIOK
result.reverse()
return ".join(map(str, result))

# Ilpukiaa BUKOPUCTAHHS JIJIs1 MOJICTTIOBAHHSI PECypCiB

# Hanpuknan, 3arajgbHa KUTbKICTh Oo€erpuraciB abo najabHOTO

resourcesl = "123456789012345678901234567890"

resources? = "987654321098765432109876543210"

total_resources = add_large_numbers(resourcesl, resources2)

print(f"3aranpHa kinbkicTh pecypcis: {total_resources}™)

[ToscHeHHs

[lepeTBOpeHHSI B MAaCHBH: KOKHA LM(pa BEJIUKOTO YKcia 30epiraeThbCsi B OKPEMOMY €JIEMEHTI
MAaCHBY, III0 JI03BOJIsSI€ BUKOHYBATH apu(PMETHIHI oriepartii 3 BEJIMKUMU YUCIIaMH.

BupiBHIOBaHHS JOBKHWHU: MAacHUBH BUPIBHIOIOTHCS 1O JIOBXKHHI, JONAIOYM HYJI HAa IMOYATOK,
1100 320€31eUYnTH KOPEKTHE J0AaBaHHSI.

ApudmernuHni omeparii: peasnizoBaHe JONABaHHS 3 YpaxyBaHHSIM IEPEHOCY, IO J03BOJISE
TOYHO OOYHCITIOBATH CyMY BEIHKUX YHCEIL.

3acTocyBaHHSI B MOZIENIOBaHHI 00MOBUX Mii: el miaxia no3Bosse e(EeKTHBHO MPAIIOBATU 3
Jy’K€ BEIUKHUMH YHCIIaMH B CHCTEMaXx IMITAIlIHHOTO MOJIEIIOBaHHS OOHMOBUX JiH, 3a0€3Medyroun
HeoOXi/IHy TOYHICTH 1 Jlianma3oH IS CKJIaTHUX OOYHCIICHb.
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Sk pe3ynbTar I JOCSITTH BUCOKOI TOYHOCTI B KOMIT FOTEPH30BAHUX CHCTEMaX IMITalliiHOTO
MOJIeIOBaHHS  OoifoBux mif  oO'emHaemo wmetoau Pynre-KyTtra derBepToro  mopsiuky,
KOMITCHCOBAHOTO CyMyBaHHs (anroputMm KaxaHa), BHCOKOTOYHOI apu()METHKH, Ta TIOAAHHS YHACET Y
BUIJISAIl MAaCHUBIB.

PosrstHeMO miporpaMHy peaizaiifo 3 KOMOIHOBaHHUM ITiTXOJIOM IIOAO 301TBIICHHS TOYHOCTI
MaTeMaTUYHHUX OMepaliid 3 IBINKOBUMH YHCIaMU 3 IJIABAIOYOI0 KOMOIO Ha MPUKIIAJl 3BUYAMHOTO
TU(EPEHLIINHOTO PIBHSHHSA:

dy )
dx y
Peanizyemo YUCETbHE PO3B'sI3aHHS nudepeHIiftHOTo PIBHSHHS
d
d_y = —2y 3a nonomororw merony Pynre-KyTra uerBeproro mopsjaky, KOMIEHCOBAHOTO CyMYyBaHHS
X

(anroputM KaxaHa), BUCOKOTOUHOI apu(METUKU Ta TIOAAHHS YHCEN Y BUIVISAI MAaCUBIB, HACTYTHUM
YUHOM.
Peamnizariis B Python
from decimal import Decimal, getcontext
# BcTraHOBIIEHHS BUCOKOI TOYHOCTI I O0OUMCIIEHD
getcontext().prec = 50
# Oynkuig s anroputMy Kaxana, 110 3MeHIye moxuOKu OKpyTIIeHHS
def kahan_sum(input_list):
total = Decimal('0.0")
¢ = Decimal('0.0") # KommeHcaris
for number in input_list:
y = Decimal(number) - ¢
t=total +vy
c=(t-total) -y
total =t
return total
# Merton Pynre-KyTra deTrBepToro mopsiaKy Ajsi YHCEIBbHOTO PO3B'A3aHHS AUQepeHIinHuX
PIBHSIHB
def runge_kutta_4th_order(f, y0, x0, x_end, h):
n = int((x_end - x0) / h)
y = Decimal(y0)
x = Decimal(x0)
results =[]
for _in range(n):
kl1=h*f(x,y)
k2=h*f(x+h/2,y+kl/2)
k3=h*f(x+h/2,y+k2/2)
k4 =h*f(x+h,y+k3)
# Buxopucranus anroputmy KaxaHa jJist TOUHOTO CyMyBaHHS
delta_y = kahan_sum([k1, 2 * k2, 2 * k3, k4]) / 6
y +=delta_y
X+=h
results.append((X, y))

return results
# Nudepentiiine piasans: dy/dx = -2y
def differential_eq(x, y):

return -2 *y
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# IlouaTkoB1 YMOBH ISl pO3B'SA3aHHS

y0 ="'1.0" # [TouaTkoBe 3HAYCHHS Y

X0 ="0.0" # IToyarkoBe 3HAYCHHS X

x_end ='5.0' # Kinmese 3HaueHHS X

h="0.1" # Kpok iHTerpyBaHHs;

# PosB's3aHHs AUQEpeHIIHHOTO PIBHAHHS

solution = runge_kutta_4th_order(differential_eq, y0, x0, x_end, h)
# BuBeneHHs pe3ysbTaTiB

for x, y in solution:

print(f"x = {x}, y = {y}")

BucHoBku. KomO0iHOBaHWH miAXiAg [03BoJsie €(QEKTUBHO pO3B'S3yBaTu AMQEpeHIinH1
PIBHSIHHS 3 BUCOKOO TOUHICTIO, 110 € BAYKJIMBUM JIJIsl MOJICITIOBAHHS CKJIAJTHUX MPOIECIB Y CHCTEMax
iMiTanifHoro MonentoBaHHs OoitoBux aiil. Meton Pynre-Kyrra ueTBeproro mopsaaky 3adesmeuye
TOYHICTh UHCEIBHOTO IHTETpyBaHHs, airoputM KaxaHa 3MCHIIye TTOXHOKH OKpYIJICHHS, a
BHUCOKOTOYHA apu(MeTHKa Ta TMOJaHHS 4YHCeNl y BHUINAAI MacHBIB JO3BOJSIOTH MpallOBaTH 3
BEJIMKUMH YHCIIaAMHU.

OTpuMaHi pe3ylbTaTd A03BOJSTH y MOJANBIIOMY MPOBOAUTU AOCTIIKEHHS MO0 CTIHKOCTI
YHCETPHUX METO/IB JI0 MOXHOOK BXiHUX JaHUX a00 3MiH MmapaMeTpiB MOJEIN, a TAKOXK PO3POOUTH
METOJI JIJIsl OLIHKH HaJiHHOCTI Ta BepHu]ikallii YucenbHuX Mosieeil y 60HOBHX CIleHapisX.
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Trutniev S.G.

APPROACHES TO THE REDUCTION OF ERRORS IN THE CALCULATION OF
MATHEMATICAL MODELS OF COMBAT ACTIONS IN COMPUTER SIMULATION
SYSTEMS

The scientific article is dedicated to the study and analysis of modern methods for reducing errors in
numerical calculations, which are critically important for enhancing the accuracy and reliability of simulation
models of combat operations. Several approaches have been investigated that can be applied to achieve this
goal.

The first method discussed is the fourth-order Runge-Kutta method, which is one of the most common
methods for numerically solving differential equations. This method allows for high accuracy of solutions
with a relatively small number of calculations, making it effective for real-time use in computer simulation
systems.

The second approach considered in the article is the use of the Kahan algorithm for precise
summation. The Kahan algorithm significantly reduces errors that occur when summing a large number of
floating-point numbers, which is particularly relevant in cases where large volumes of data need to be
processed with high precision.

Additionally, the article discusses the application of high-precision arithmetic, which allows
calculations to be performed with more significant digits than is possible with standard floating-point data
types. This is achieved by representing numbers as arrays, allowing for the storage and processing of
additional bits of precision.

All the mentioned approaches are implemented in the Python programming language, ensuring their
accessibility and ease of integration into existing simulation systems. Python, with its simplicity and wide
range of libraries for scientific computing, is an ideal choice for implementing such algorithms.

Thus, the article provides a comprehensive overview of methods for reducing errors in numerical
calculations that can be applied to improve the accuracy of mathematical models of combat operations. The
proposed approaches can be useful for developers of simulation systems who aim to enhance the accuracy
and reliability of their models, as well as for researchers engaged in numerical methods and their applications
in various fields.

Keywords: simulation modeling systems, floating-point binary number calculation accuracy,
improving the accuracy of simulation modeling systems, combat simulation modeling systems
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PEJJAKIIIMHA IMIOJITUKA TA ETUYHI HOPMHU
IMPUHOUIIN ®OPMYBAHHSA TA JOCTYII 10 3MICTY «3BIPHUKA BIKHY»

Penakmiitna momituka «30ipuuka BIKHY» 3acHoBaHa Ha mnpuHIUIIAX 00 €KTUBHOCTI Ta
HeyMnepeI)KeHOCTI MpH BimOopi craredt s myOmikaiii, BUCOKMX BHMOT JIO SIKOCTI HayKOBHUX
JOCTIIKeHb; O0O0OB’S3KOBOCTI Ta KOH(IACHLIMHOCTI peleH3yBaHHS CTaTei; J10Aep KaHHA
KOJIET1aIbHOCTI MpH BiAOOP1 0 myOsiKaii cTaTeil; JOCTYIMHOCTI Ta ONEPATHBHOCTI y CHIKYBaHHI 3
aBTOpPaMH; CYBOPOTO JOTPUMAaHHS aBTOPCHKUX 1 CyMDKHHUX IpaB. 3aroOiraHHs MPOTHU3aKOHHUM
My OJTIKAIISM € BIAMOBIIAIBHICTIO KOKHOTO aBTOPA, PEIaKTOpa, PeIeH3EHTa, BUIABIIS.

Jo npyky mpuiiMarOThCsl OpUTIHAIBHI PYKOIMCH, SIKI HE OMyOJIKOBaHO paHimie, He Oyso
BIIMPABIICHO 0 1HIIUX PEAAKIINA Ta SKi MOBHICTIO BIAMOBIJAIOTh BUMOTAM IOAO0 OGOPMIICHHS Ta
MOPSIAKY MOJAHHS CTaTeH.

VY «306ipuuxky BIKHY» cdopmoBaHi HacTynHi pyOpuKu: BiiCbKOBAa TEXHIKAa 1 TEXHOJOTii
MOABIMHOTO MTPU3HAYEHHS, IHPOpMaIliifHI TEXHOJIOT11, 3arajibHi TUTaHHSI.

Penakuis miaTpuMye TONITUKY BIAKPUTOTO JOCTYMY Ta MPHHIMIKA BUIBHOTO TMOIIUPEHHS
HaykoBoi iHpopmamii. [IpumipHuku 30ipHUKIB 3HaxoAsAThes y HarioHnanbHil Oi0niorewi Ykpainu
iMm. B.I. Bepnancbkoro, HaykoBii Gi0miorem iM. M. MakcumoBuya, y 0Oi0mioreni BilickkoBoro
IHCTUTYTY Ta 1HImMX 0i10mioTeKax Ykpainu. EnexkrponHa Bepcis po3MillieHa Ha CalTi IHCTUTYTY, Ha
cairax HaBEJEHUX 01010TEK Ta Ha cairax «301pHUKa BIKHVY»:
http://miljournals.knu.ua/index.php/zbirnuk; http://mil.univ.kiev.ua/page/lib/31

ETUKA ITYBJIIKALIN

Penakiiitna koJeris KypHaldy BUMAarae BijJi aBTOpIB HacliAyBaTH (popMaIbHUM Ta €TUYHUM
MpaBHUJIaM MIATOTOBKY 1 MyOJiKaIii HayKoBHX poOIT, III0 BOHU MOAAIOTH A0 peaakmii xypHamy. Li
HOPMH 3yMOBJICHO CTaHJapTaMH SIKOCTI HayKOBHX CTaTeH, NPUHHATHMHU y CBITOBOMY HayKOBOMY
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CIIBTOBApHCTBI, 30kpema myoOmikaniiaumu npuniunamu Publishing Ethics Resource Kit (PERK),
pexomennamnismu Elsevier, Komitery 3 ermku myOmikamiii (Committee on Publication Ethics,
COPE), ermyHMM KOJEKCOM BYEHOTO0 YKpaiHH, a TaKOX JIOCBiZIOM pOOOTH i1HO3EMHHUX Ta
YKpaiHChKUX MPO(eCiOHANbHUX CIUIBHOT, HAYKOBUX OpraHizalliii, peKoJeriil Ta peaaKiiii BUaaHsb.

ETWYHI 30B0B’SI3AHHS PEJAKIIIHOI KOJIETTT YKYPHATY

Penakiiiina xomerist y cBOil JisTTbHOCTI:
— KepyeTbCs TPHHIUIIAMH HEYNEpPEeKEHOCTI, HAyKOBOI €THUKM pELEH3YBaHHSA, 3axXHCTy —
IHTENEeKTyaIbHOI BIACHOCTI,

— Hece BiJNOBIJaIbHICTh 32 PIBEHb HAYKOBOT'O HAIIOBHEHHS KypHAIY,

— BUCTyMNae MpoTH Qanbcudikaiii, miariaTy, HampaBICHHS aBTOPOM OJHOTO PYKOMHCY A0 KiJTbKOX
KypHaJIiB, 6araTopa3oBOro KOIiIOBAHHS TEKCTY CTATTi B Pi3HUX MICISIX, BBEJCHHS IPOMAaICHKOCTI
B OMaHy IIOJI0 PEaJbHOTO BHECKY KOXKHOTO aBTOpa B OIMyOIIKOBaHY HAyKOBY poOOTY;

— 3ajMmae 3a co0OK MPAaBO HANPABUTH PYKOIKC HAa PO3TJISA CTOPOHHBOMY PEICH3CHTY, Y TOMY
YUCITI peTeNbHHUIA BiZOIp Yepe3 «CIire» PeleH3yBaHHS, BIAXWIHTHA CTATTIO a00 MOBEPHYTH ii Ha
JOOTPAIFOBAHHS;

— MOX€ BIIXWIMTH PYKOIHC, SKIIO BBaXKa€, IO BIH HE BiANOBiAaE MpodiuI0 KypHaITYy, Yd HE
BIJIMTOBITa€ €THII Ta TIPaBHIIaM O(POPMIICHHSI,

— Mae MPaBO BHJIYYUTH BXKE OIMyOIJIIKOBAHY CTATTIO B pa3l BHUSBIICHHS MOPYIICHHS OyAb-4HMiX MpaB
a00 3araJbHONPUHUHATUX HOPM HAYKOBOi €THKH, MPO JaHUW (PaKT BWIyYEHHS CTATTI PENaKIlis
MOBIIOMJISIE SIK aBTOPY CTaTTi, TaK 1 opraHizailii, e OyJ0 BUKOHAHO JOCIIDKEHHS Ta ITOBiIOMIISE
PO 11€ Y HACTYITHOMY HOMEDI.

CriBpoOITHUKM peakiiii He HaJaloTh IHIIUM ocobaMm iHdopMmarlii, MmoB’sa3aHo0l 13 3MICTOM
PYKOIHUCIB, 10 epe0yBaloTh Ha PO3IJISIL, KpIM 0Ci0, siKi 0epyTh y4acTh y ii ¢axoBiii OIiHII

3rifHo 3 MDKHApOJAHHMM 3aKOHOJABCTBOM IIOAO JOACPXAaHHS aBTOPCHKOTO TMpaBa Ha
€JIeKTPOHHI 1H(OpMAIliiHI pecypcH, MaTepiajid CalTy, €JIEKTPOHHOTO JKypHalTy a0o MPOEKTYy He
MOXYTh OyTH BIATBOPEHI IOBHICTIO ab0 dYacTKOBO B Oyap-skiii (opmi (eJEKTpOHHIA Yun
JIpyKOBaHil) 0e3 momepenHboi MNHCBMOBOI 3roAM pemakmii >kypHamy. I[Ipm BHKOpHCTaHHI
OIyOJIIKOBaHUX MaTepialiB y KOHTEKCTI IHIIMX JOKYMEHTIiB OOOB’S3KOBO HEOOXIIHUMH €
MOCHUJIAHHS Ha MEePIIOHKEPEIO.

ETHUYHI 3050B’AA3AHHA ABTOPA

ABTOD:
— Hece BIiAMNOBIIATIbHICTh 32 HOBU3HY 1 JOCTOBIPHICTh HABEJEHUX y CTATTAX PE3yIbTaTiB, TAKTUKO-

TEXHIYHUX Ta CEKOHOMIYHMX ITOKa3HUKIB, KOPEKTHICTh BHCJIOBIIOBAaHb a TaKOX 3a Te, IO B
Marepiajgax He MICTHThCS 1HGOpMAIlis 3 00MEKEHUM JOCTYTIOM;

— MOBHUHEH LIUTYBATH Ti MyOiKaIlii, SKi MaJd BU3HAYaJIbHHUH BIUIMB HA CYyTh BUKJIAJIEHOTO Y CTATTi, a
TaKOX Ti, SIKI MOXYTh IIBHJKO O3HAMOMHUTH YWTaya 3 OUIBII PaHHIMHU MPAISIMU, BAXIUBUMU IS
PO3yMIHHSA IIHOTO JOCTIIKCHHS, HEOOXITHO TaKOXX HAJICKHUM YHWHOM BKa3yBaTH DKepena
MPUHIUIIOBO BAKJIMBUX MaTepiajiB, BAKOPUCTAHUX Y AaHild poOOTi, KO0 BOHH HE OyJIM OTpUMaHi
CaMHM aBTOPOM;
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— 3a0e3mevyye HEAOMYCTUMICTh IUIariaTy Ta TOJaHHSA a0 TmyOsikarmii paHime HaapyKOBaHUX
MarepiajiiB, y BUNAAKY BHSBJICHHS 3a3HAUYC€HHUX (PaKTIB BIJIMOBINAIBHICTh HECE aBTOP IMOAAHUX
MarepiaiiB.

CniBaBTOpamMHu CTaTTi MalTh OyTH BCi 0COOHM, IO 3pOOWIIM BaroMHii HAyKOBUW BHECOK Y
noAaHy poOOTy 1 TMOAUIAIOTH BIAMOBIJATBHICT 3a OTPUMAaH1 pe3ynbTaTH. ABTOp, SIKUHA TIOJA€
pyKomuc 710 myOJTiKarii, BIAMOBIAE 3a Te, MO0 10 CIHUCKY CIIBaBTOPIB OYyJIM BKIFOYCHI TUIBKH Ti
ocoOu, sIKi BINOBIJAIOTh KPUTEPiI0 aBTOPCTBA, 1 Oepe Ha ceOe BIAMOBIAAIBHICTD 3a 3Ty 1HIINX
aBTOPIB CTATTI Ha 11 MyOJiKaIliio B )KypHaJIi.

YBAT'A!

Jli1st aBTOpIB cTaTe eMo 100MpalboBaHl BUMOTH MO0 OCOOMCTUX TaHUX.

[[i maHHI MOAAIOTHhCS YKPATHCHKOIO Ta AaHMIIMCHKOID MOBaMHM B TakKiid MOCIiJOBHOCTI:
[IpizBute_

Inst

ITo GatpkoBi (3a OaxxanHsM)_ HaykoBuii cTymiHb Ta BUeHe 3BaHHs_ Miciie poOoTH Ta rmocaja_

ORCID 0000-0001-3215-4400

SCOPUS ID 57193059215 (npu nHasiBHOCTI) [HIHekc DBLP 10 (pu HasiBHOCTI)

e-mail:__ mo0.Tenedon_

Hapncunatu ckaHoBaHi puCyHKH, GOPMYIIH Ta TaOIUI HE JOIMYCKAETHCS.

Bes crarts odopmitoetscss omHuM mipudgToM Times New Roman BkazanuMu Hux4e
po3MipaMH, 3BEpHITh yBary Ha (OpMyIH, TaOJULI Ta PUCYHKH.

PEJAKIIINHA KOJIEIISI 3BIPHUKA BIKHY» 3IIHCHIOE HE3AJEXKHE
(«CJIME») EKCIIEPTHE PELHEH3YBAHHSI HAJJAHUX JIO JIPYKY PYKOIUCIB TA
MEPEBIPKY iX HA ILIATIAT. PELEH3YBAHHSI 3AIIMCHIOETHCS 3A
AHOHIMHOIO ®OPMOIO SIK JJISI ABTOPIB, TAK I JIUISI PELIEH3EHTIB.

MOPSIJIOK TOJAHHS I O®OPMJIEHHSI CTATEM JIO "3BIPHUKA HAYKOBHX
MPAIlb BINCBKOBOT'O IHCTUTYTY KHIBCBKOI'O

HAIIOHAJIBHOI'O YHIBEPCUTETY IMEHI TAPACA HIEBYEHKA"

Jo npyky mpuiiMarOThCsi OpUTIHAIBHI PYKOIMCH, SIKI HE OMyOJIKOBAaHO paHimie, He Oyso
BIJITPABJICHO JIO 1HIIMX PEIAKIii Ta SKi MOBHICTIO BiAMOBIIAIOTH BUMOTAaM MO0 OQOPMIICHHS Ta
MOPSIAKY IOJAHHS CTaTeH.

3acanvhi 6umMo2u 00 MexXHiYHO20 OhopMIeHHA cmameil:

Obcsiz pykonucy - PEKOMENYeTbCs He MeHIIe 12 NMOBHUX apKyWiB yKpaiHCbKOIO a0o
aHIJTIMCHKOI0 MOBaMHU.
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®opwmar apkyma - A4 (210 x 297 mm).

Po3mip nomiB: BepXHe, HIKHE, TPaBe, JiBe - 2 CM.

HIpudt Texcry - Times New Roman Nel2, uepes mixpsiakoBuii inTepsain - 1,0.
Ao03arr mae cranosutd 10 MmMm.

CraTTs HIOBHHHA MaTH TaKi HEOOXI1/IHI €JIEMEHTH:

VIK;

Ha3zeéa cmammi, sKa JJAKOHIYHO B1I00paka€e 3MICT Ta HOBU3HY CTaTTi,
anomauia ma Ka4o6i cnoea;

6CMyn ma NOCMAHOGKA 3a0ay4i uu npodaemu y 3aralbHOMY BHIVIAII Ta 11 3B’S30K 13
BOKIMBUMH HAYKOBUMH UM MTPAKTUIHUMH 3aBIaHHSIMU;

aHaniz OCMaHHix 00caioXceHy 1 TyONiKalliid, B SAKUX 3all0YaTKOBAHO PO3B’SI3aHHSI JAHOL
npoodjemMH 1 Ha SIKI CHUPAETHCS aBTOP, BU3HAUCHHS HEBUPIIICHUWX paHillle YaCcTUH 3arajibHOi
poOJIeMH, KOTPUM TIPUCBIIYETHCSI O3HAYCHA CTATTS, POPMYITIOBAHHS METH CTATTI;

6UKNIA0 OCHOBHO20 Mamepiany JOCIIDKEHHS 3 TOBHHM OOTPYHTYBAaHHSIM OTPHUMAaHUX
HayKOBHX PE3yJIbTATIB, MPAKTUIHHUX PIIIICHb Ta €KCIIEPUMEHTIB;

6UCHOBKU 3 1AHOTI'O ,Z[OCJ'IiI[)I(eHH}I i HepCHeKTI/IBI/I mogaJbIIoro pO3BI/ITKy y ,Z[aHOMy HaHpHMKy.
CRUCOK Jlimepamypu,
References,

O0aui npo agmopie 1BOMa MOBaMHU.

AHnomauyia 0 CTAaTTI BUKOHYETHCS YKPATHCHKOIO Ta aHTJIIMCHKOIO MOBaMH 3arajlbHUM 0OCsT
Kko0xHO1 He MeHII Hixk 1800 3HaKiB, BKIIOYAIOYN KIIFOYOBI CJIOBA.

Bona moBHHHA MICTHTH KOPOTKE TOBTOPEHHS CTPYKTYpH CTaTTi, IO BKJIIOYA€E BCTYM, LM i
3aBIaHHS, METO/IU, PE3YJIbTaTH, BUCHOBKH.

Amnoranito ApykywooTh KypcuBoMm, mpupt Times New Roman, Nell. Ilicns anotamii
PO3MIIIYIOTHCS KJII04O0BI ciioBa (5—7 TepMiHiB).

Cnucok nimepamypu (References) nmosusHeH BKiIrouaTd He MeHIn 12 mxepen, 3 skux S50 %
BujaHi 3a octanHi 10 pokiB. Ilpu npomy He MeHm 25 % pKepesn MOBUHHO BIJHOCUTHCS [0
iHO3eMHOI1 nepioanku. CaMOIUTYBaHHS aBTOPIB y CIUCKY JIITEPAaTypH MOBHUHHO OYTH, SIK MPaBHUIIO,
He 01k 3a 25 %.

SIKII0 OCHOBHOIO MOBOIO CTATTI € YKpaiHChKa, TO O(OPMITIOIOTHCS JBA CITUCKH JIITEPATYPH:
nepmuil - (CMUCOK JIiTepaTypd MOBOIO OpHUTIHANY Jpkepena) — 3rigHo Hakasy MOH  Bin
12.01.2017 Ne 40 ta Binmosimno npo JACTY 8302:2015 «ludopmamis Ta JAOKyMEHTAIIis.
bibmiorpadiune mocunaHHs: 3arajibHi MOJOKEHHS Ta MPpaBUiIa CKIATaHHD;

npyruit (REFERENCES) 3 ypaxyBanasam ICTY 8302:2015, nakazy MOH Bix 12.01.2017

Ne 40 Ta mixuapoanoro ["apBapacekoro cruimto BSI (British Standards Institution).

Ha aopecy peokonecii (03022, m. Kuis, éyn FO. 30anoecvkoi, 81, men.: +38 (044) 521 - 33 -
82) maroms 6ymu nadicnani nacmynui mamepianu:

eKCnepmHuuil 6UCHOB0K, TIPO MOKJIMBICTh BIIKPUTOTO MyONiKyBaHHS, 3aBIpEHUN MEUaTKOIO,
CKaHKOIIiA HaacunaeThed Ha e-mail: lenkov s@ukr.net
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Bioomoscmi npo aemopie oue.na cmop.150. Bumozu 0o ogpopmnenns References

References morpiOHO TPHUBOAMTH OKpEeMHUM OJIOKOM, IOBTOPIOKOYM  TOCIIIOBHICTh
nonepeHb0 HaBeaeHoro Crmcky niteparypu. /Dxepena mpu 1boMy O(GOPMIIIOIOTECS 33 TaKUMH
ocnoBauMH TipaBuitamu (Harvard style opopmuenns BSI: British Standards Institution):

—3anuc 3aBXAM TOYMHAETHCSA 3 MPI3BUINA aBTOpA, IOTIM, 4Yepe3 KoMy, iHIIamu (Mix
iHII[laJIaM¥1 TIPOITYCKH HE CTABIISATHLCS), 32 IKUMH B JIY)KKaX BKa3y€ThCs JaTa BHIAHHS, JBa aBTOPU
BIJIOKPEMITIOIOTBCST  «and» ©0e3 KOMH; KilbKa aBTOPIB PO3IUIAIOTECA KOMaMH, ajieé OCTaHHE
NPIi3BHILE TTOBUHHO OyTH BigokpemiieHo «and» 6e3 Komu;

—BUTSITY 3 MyOmiKaliid, TOOTO Ha3BU CTaTeH KypHaJiB, IJaB B KHUTaX HABOJATH Yy "nmankax";
—Ha3Ba )XypHaTy a00 KHUTH 3aBXKIH BUIUIIETHCS KYPCUBOM;

—1M’s1 BUJABIIS BKA3Y€EThCS MEpe]] MICIIEM BHJIaHHS;

—KOMH BUKOPHCTOBYIOTB JJIsI [TOJILUTY €JIEMEHTIB 3aInCy;

—UTs JOKEpea yKpaiHChKOI abo POCifiChKOI0 MOBOIO, IO HaBOASAThCs y References, wassu
CTaTeil >KypHaliB, IJIaB B KHUTAaX HABOAATH JIATHHUIICIO (TpaHciiTepauiero) y "mamkax" Ta
NEepeKyIaioM Ha aHIIIIHChKY MOBY y KBaJpaTHUX AykkaX. OHIIaifH-KOHBEpTEp 3 YKPaiHCHhKOI MOBU
i Tpanciitepartii: http://translit.kh.ua/?passport.

Ilpuxnaou ogpopmnennsn References 3a cmunem Harvard British Standards Institution

Kuura (JICTY 8302:2015)

[adopmartiiino-nicuxonoriyaa 60poTe0a y BoeHHiH cdepi : moHorpadis / I'.B. IleBnos, A.M.
lNopaienko, C.B. 3ankin, C.O. Ciguenko, A.O. ®ekiicroB, K.I. Xynapkoscbkuit. X. : Bua. Poxko
CrI., 2017.276c.

Kunura (Harvard style BSI)

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

Crarrs i3 nepioguunoro suganus (ACTY 8302:2015)

Kapnenko, JI.B. Cran Ta mnepcrneKTUBH PO3BUTKY 3€HITHOTO pPAaKETHOTO O030pOEHHS
[ogitpsaux Cun 36poiinux Cun Ykpainu / Hayka i texnika IloBitpsaux Cun 30poitnux Cun
VYkpainu. 2017. Ne 2(27). C. 75-78.

Crarr4 i3 nepionnunoro Buaanas (Harvard style BSI)

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

Jduceprania (ACTY 8302:2015)

benozepos, N.B. Penurnosnas nonurtuka: auc. ... kaHa. uct. Hayk: 07.00.02; 3amumena
22.01.02; ytB. 15.07.02 / benoszepos MBan Banentunosuu. K., 2002. 215 c.

ducepranis (Harvard style BSI)

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

:xepena e1ekTpoHHOTO pecypcy Binganenoro pocryny (ACTY 8302:2015)
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PomanoB B. K Bompocy o myTsSX JOCTHIKEHHsI HAIIMOHAJIBLHOW O€30MacHOCTH B YCIIOBUSX
r1o0anu3anuu: mpoodJIeMbl TEOPUHU U TTPAKTUKU B KOHTEKCTE BHEITHEH noautuku Poccuu u [onbmm
[Enextponnmii pecypc]| besomacHocts m ob6opona, 2016. Ne 1(2), C. 7-15. Pexxum nmocTymy 10
KypH.: http://www.desecuritate.uph.edu.pl/images/De_Securitate 12 2016.pdf.

Jlxepeia eJIeKTPOHHOTO pecypcy BimnaneHoro nocrymy (Harvard style BSI)

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

binem getanpHy iH(OpMalio moao odopmiieHHS Oi0miorpadiyHUX MOCHUIAHB 33 CTUJIEM
Harvard British Standards Institution moxHa 3uaiiTi Ha caiiti Hayionanvhoi 6ioniomexu Yxkpainu
imeni B.1. Bepnaocskozo ta onnaiin reneparopa nocuiaanb Cite This For Me.

Penaxkuiiina koJerisa: e-mail: lenkov s@ukr.net

Mpudr CXEMA O®OPMJIEHHSA CTATEA
Y «(3BIPHUKY HAYKOBHUX ITPAIlb BIKHY»
YK HayKOBUH CTYITiHb, BUCHE 3BaHHS
iHinianm Ta npizBuie aBTOpa (cNiBaBTOPIB)
Micue poboTu aBTOpa (CI1iBaBTOPIB)

12 ot YK 32.973.202:07.681 n.1.H., mpod. Cremanos C.B. (BIKHY)
K.T.H., C.H.c. YKpaiHeus O.B. (BIKHY)
k.7.H. Canenko B.JI. (BIKHY)

12 mr KEPYBAHHS EJIEKTPOHHUMU ITPUCTPOSAMU 3A JOITIOMOI'OIO
JKMPHUHA KECTIB

Anomauia 10 CTAaTTI BUKOHYETHCS YKPATHCHKOIO Ta aHTJINCHKOI0 MOBaMHU

(3aranbHMi 00csT KOXHOT He MeHII HiXK 1800 3HakiB, BKIIOYAIOYH KIFOYOBI CIIOBA).
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11 or
Kypcue,
HcupHuil

12 ot

Jlna  Kepyeanns eneKmMpOHHUMU NPUCMPOAMU, O CYHACHOZO0 KOpucmyeaud
8adicIUGUMU KPUMEPIAMU € MAKI, AK: 3PYUHICMb MA NPOCMOMA KepyeauHs. /lna mozo w06
Haoamu KOpucmyeayy maxi MOMNCIUGOCHI ma 3PYYHOCHIE 6 BUKOPUCHAHHI, € 00CUMb
00UibHOI0 PO3pOOKa cucmemu, aKa 6 naoasana maxi moxcaueocmi. Kepysannsa cucmemoio,
AKA RPAauloc HA OCHOBI XHcecmis, € HAO3GUUANHO NEPCHEKMUBHUM, MA MOMHCE CYMIMEEO
nonezuwiumu KOpUCmyeaiy pooomy 3 Helo, HMOMY W0, Hcecmu AKI ROMPIOHI 0211 KepyBaHHs
CUCIEMOI0, MOMCYmMb Oymu IHMYIMUEHO 3pO3yMinUMU KOPUCHLY AUy, NOPIGHAHO 3 IHUWIUMU
cucmemamu AKi RPAUIOIOMs 3a 0ONOMO2010 KOMOIHail K1asiud.

/s supintenns 3a0au KepyeanHs 3a 00NOMOZ0H0 HeeCmie, NPONOHYEMbCA NPOZPAMHO-
anapamuuil KOMnaeKc, AKUIL noOy00BaAHUIl HA OCHOBI PI3HUX MOOYi8, KOMHCEH 3 AKUX 8 CEOI0
yepey GUKOHYE GIONOGIOHY POlb 6 cucHeMi, HANPUKIAO 3HAX00UmMb MOYKY IiHmepecy 3
MHOMCUHU YU supaxoeyc 2iuouny cyenu. Takooc 6 cucmemi € A0po, sAKe 6i0N0GIOAE 3a AHANI3
Mmooughixamopie ma scecmis. Ha ocnoei Oanux Moo0ynie CMAe MONCIUGO CHIBGOPUMU
cucmemy, aKa 6 npauloeana Ha OCHOGI jcecmis. Ane 014 CMEOPEHHA 0aHOi cucmemu,
nompiono  eupiwiumu  neeni 3adawi, maki AK: ceemenmauia, CcKeaemuzayis,
cnocmepedcennn. Koycna 3 akux micmums 6 cofi 6i0nosioni mamemamuuni mooeni ma
GU3HAUEHHA. 3ANPONOHOGAHUI NPOZPAMHO-ANAPDAMHUIL  KOMRAEKC 014 KepyeaHH:A
npupooninu yxcecmamu. Cyms npozpamHo-anapamuoz0 KOMRIEKCy HONA2AE 6 MOMY, W00
3abe3neuumu Kopucmyeaua makum inmepgeiicom, ui06 6iH 6UKOHY8as podomy
3HAX00AUUCH YACHKOBO 8I00AIEHO IO POOOUO020 MicUA, YU MAHINYII08AE IHCMPYMEHMAMU
Ha giocmani, moomo 3a 00NOM02010 IHcecmis. Buxopucmanus nponoHosanozo npozpamHo-
anapammnoz0 KOMRAEKCYy 003601UMb NOKPAWUIMU  NOKAZHUKU  CHMEPUNbHOCHI 8
onepauiiinux, nioguwumu mexHiuHy 6e3nexy nio 4ac 6UKOHAHHA Oe3nocepeonvoi pooomu
Kopucmyeaua 3 npunaoamu.

Knrouogi cnosa: wimyunuii inmenexkm, KOHmpoJaepu, Mooymi, ycecmu, 21uduUna CyeHu,
mouxa inmepecy, ananiz moougpikamopis, ananiz rHcecmie, cezmenmauin, cKeiemusayis,
CROCMEPeIHCEHHS.

BHUKJIAJL OCHOBHOTI'O MATEPIAJIY CTATTI

HEOBXIJITHI EJIEMEHTHU CTATTI:BcTyn Ta moctaHoBKa mpodiaemu (3agadi) y
3arajbHOMY BHIVIAAL Ta T 3B’fI30K i3 BaKJIMBHMH HAYKOBMMM YU NPAKTUYHUMH
3aBJAHHSIMHU; aHANI3 OCTAaHHIX JOCHDKEHh i myOaikaniii, B SKHX 3aM0YaTKOBAHO
PO3B’s3aHHS 1aHOI MPOOJIEeMH i Ha SIKi CIHPAETHCHA AaBTOP, BU/IIJIEHHS] HEBHPIillIeHUX paHile
YACTHH 3araJIbHOI NP00JIeMH, SIKUM NPUCBIAYYETHCSI JaHA CTATTA, (POPMYJIIOBAHHA LiJIei
craTTi (IOCTAaHOBKA 3aBIAaHHS), BHKJIAJ OCHOBHOIO MaTepiayly JOCJIIMKEHHSI 3 MOBHUM
OOIPYHTYBAHHSIM OTPUMAHUX HAYKOBHX pe3yJbTaTiB; IiX NPaKTHYHOTO 3HAYCHHS Ta
pe3ynbTaTiB  EKCHEPUMEHTY UM BIPOBA/KCHHS, BHCHOBKM 3 [JAHOIO OCJIIKeHHS i
MePCNeKTHBH MOAATBIINX T0CTiIKeHb Y JaHoMy HanpsaMky. JlitepaTypa. References.

YBAT'A! Tabnui i pucyHKH APYKYIOTb Micis NOCHIaHb. SIKIIO y CTAaTTi KijbKa TaOJIUIb
YM PUCYHKIB - X HyMEpYIOTb. 3arojloBKM TaOJHUIb 1 PUCYHKIB HEOOXiTHO pO3MILIyBaTu I10
[IEHTPY, @ HyMeparlito TabIuIb mpaBopyd Bif Tabmuii (crums normal, mpudrt — Times New

Roman Ne 12). Pucynku noBuHHi OyTH BUKOHaHI 3a JOIOMOTroo peaakropa Word,
3rpymnoBaHi 1 ABIATH c00010 oamH TpadidHnit 00’ekT. DOpMyNIM Ta MO3HAYEHHS II0
TEKCTy 000B’s3k0BO Habupatu 3a jgomomoror Equation Editor - pemaktopa dopmyn
Word, a He y TekcToBOMy pexxkuMi. Y penakropi GopMyn MaroTh OyTH BCTaHOBJIEHI Taki
HapaMeTpH - pO3MIpH: 3araJIbHUN

12 pt. Bemuki ingexcu — 10 pt, maui ingexcu — 7 pt, Benuki cumBonu — 14 pt. mani
CHMBOJTH

10 pt: crumb: Tekcrt, QyHKIIl, 3MiHHI, MaTpPUIi-BeKTOpH, ncia — mpudt Times
New Roman, ms pemru ctuiB — mpudt Symbol, mpu nboMy: CTpOK. TperbKi — mpsiMi.
Benuki 3a po3MipoM BHpasu Ta piBHSHHS HEOOXiJHO 3allMCYBaTH Y KiJIbKa PSAKIB.
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JITEPATYPA

[epmmii (crimcok JiTepaTypw Ha MOBI OpHTiHaNMy pkepena) — 3rimHo Hakazy MOH Ne 40 Bin

12.01.2017 Ta Bimgmosimao mo JACTY 8302:2015 «ludopmamis Ta mokymeHTamis. biGmiorpadidne
TIOCHJIAHHS: 3araljibHi MOJIOKEHHS Ta MPaBUIIa CKIIaJaHHS»;

npyruit (REFERENCES ) 3 ypaxysanusam JICTY 8302:2015, nakasy MOH Ne 40 Big 12.01.2017

ta MixHapomaHoro I'apsapacekoro crumo BSI (British Standards Institution).

11 ot

11 oT

JITEPATYPA:

3PA30K
1.JIenxos C.B., Tonok [.B., Liuapes B.M., Jlenkos €.C. MoaenoBaHHs poLECiB
BUTpPAaYaHHs Ta MONOBHEHHS pecirgc%yrpyn BaHHS TeXHIYHUX 00’ €ekTiB. CHcTeMu 030pOEHHS
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Dr. econ. sci. Prof. Stepanov S.V.,
Ph.D. Ukrainets O.V., Ph.D. Salenko V.D. CONTROL
ELECTRONIC DEVICES USING GESTURES

For management of electronic devices, for today’s user important criteria are: convenience
and ease of management. In order to provide the user with such opportunities and usability
to use, it is quite reasonable to develop a system that would provide such opportunities.
Managing a gesture-based system is extremely promising, but can greatly facilitate the
user to work with it, because the gestures that are needed to manage the system can be
intuitive to the user, compared to other systems that operate using keyboard shortcuts. To
solve the problems of managing using gestures, a software-hardware complex is proposed that
is based on different modules, each of which in turn plays an appropriate role in the
system, for example, finds a point of interest from a plurality or calculates the depth of a
scene. Also, the system has a kernel that is responsible for analyzing modifiers and gestures.
Based on the data of the modules it becomes possible to create a system that would work on
the basis of gestures. But for the creation of this system, it is necessary to solve certain
problems, such as: segmentation, skeletalization, observation. Each of them contains the
corresponding mathematical models and definitions. Proposed hardware and software
complex for management of natural gestures. The essence of the software and hardware
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
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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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