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K.L. Dukhnevich, O.V. Kravets, O.V. Spirintseva
INVESTIGATION OF THE PARAMETERS INFLUENCE OF A CYLINDRICAL
INDUCTOR WITH TWO-LAYER INWALL ON ITS TEMPERATURE

Abstract. The thermal state of a cylindrical inductor with a two-layer inwall was investigated: the
inwall temperature of the inductor for 12 pairs of heat-insulating materials of the inwall layers
was calculated, and the influence of changes in the thicknesses of inner and outer inwall layers
for fireclay-asbestos pair on the inwall temperature.

Key words: thermal calculation, induction heater, inwall, temperature, heat transfer, cylindrical
workpiece.

Introduction. Heating of details in inductors at the expense of radiation en-
ergy is widely applied in many technological lines of the industry mainly due to the
high heating rate and non-contact method of energy transfer. However, for efficient
use of induction heaters it is necessary to increase the accuracy and reliability of
their design, which is achieved by analysis characteristics of the thermal calculation
of the system "heater-part", which must take into account the simultaneous action
of several factors that significantly affect the process heating: change of thermo-
physical properties of the material of the workpiece depending on the temperature,
the drop in its temperature due to energy consumption from surfaces, etc. [6].

Analysis of recent research and publications. Detailed review of research
and calculations of thermal and magnetic processes in inductors up to 2011, as well
as their impact on the optimization of the design and operation of inductors can be
found in [5].

Optimization of the design and geometric dimensions of the inductor associ-
ated with heat loss and magnetic field, are devoted to [9, 13].

Thus, the authors in [13] describe the method of design and optimization for a
small inductor; calculations are performed to minimize conductivity losses in wind-
ing by optimizing the volume of copper and the cross-sectional size of the conduc-
tor. The method combines analytical development with modeling using the finite
elements method, providing a significant reduction in computing costs. Parametric
analysis is performed to determine the optimally efficient induction system.
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In [9], the optimization of the thermal heating of the inductor is investigated,
which allows to reduce its size. The authors emphasize that complex forms are re-
quired inductor cores, and offer a specific methodology for determining the best
form factor to optimize the exchange surface on the inductor.

The authors of [11] perform a numerical calculation of the temperature field in
an aluminum inductor, which is confirmed by the results of physical experiments.

The purpose of the article [7] is to study the influence of geometric parameters,
namely the number of layers and cross-section of the copper busbar and coils of the
valve on the power and the speed of the inductor, which affects the temperature
change of its components.

In [14] a simple and accurate method of designing inductors with a gap is pro-
posed. The method is simple both in algorithm and in calculation, because it re-
quires only a small number of iteration cycles. The authors demonstrate that the
proposed method of calculation can easily include different models, which affect the
design of the inductor, including thermal characteristics: temperature, flux density,
heat loss.

The authors of [10] consider three-dimensional formulations of a mathematical
model of the process of eddy current induction in ferromagnetic materials in order to
calculate temperature fields of induction heating devices. Two calculation algo-
rithms have been proposed that can significantly reduce computer consumption
time with reasonable accuracy. Using the calculation of temperature fields in molds
and vulcanized products as an example, the authors confirm the validity of the pro-
posed approach.

When heated by electromagnetic induction, the shape of the coil and the air
gap between the inductor and the workpiece can affect the distribution of the heat
source. At work [8] used the finite element method to calculate the distribution of
heat sources by different initial parameters of the coil. As a result, changes were in-
vestigated heat source distribution.

In [12], the effect of eddy currents of superconducting magnets on the resulting
ohmic heating was investigated, which is an undesirable effect because it changes
the operating magnet temperature. Numerical simulation of these eddy currents is
important to compensate for the control of their adverse effects.

Thus, a review of recent studies shows that the thermal calculation of the in-
ductor as a whole and the determination of the thermal state of its individual layers
— very an urgent problem that can be used in the problems of optimizing its design

and functioning processes.
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The purpose of the study: to establish the effect of changes in the thickness
of the outer and inner layers of the two-layer inwall, as well as thermal insulation
materials on the temperature inwall of a cylindrical inductor for heating a metal
workpiece.

Presentation of the main material of the study. The mathematical model of
a cylindrical induction heating system includes three equations in partial derivatives
for cylindrical workpiece (1), inwall (2) and magnetic system of inductor (3), respec-
tively [5]:

ary(r,0,%,1) _a(T, ){ aZTl(r,e,x,r)+l 51“1(r,6,x,1:)4r 82T1(r,6,x,r)}r

o a? r & x?
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where R, R,, Rz, R, — radii of the workpiece surface, the inner surface of the in-
wall, the interface of the inwall and the inductor, as well as the outer surface the
magnetic wire of the inductor, respectively;

W(r,0,x,7) - the internal heat source of the workpiece;

Q,(6,1) - the function of the heat source of the inductor;

C, Cy, vV, Yo — heat capacity and specific the electrical conductivity of the workpiece

and the inductor, respectively.

Unambiguous solution of the system (1-3) is possible by setting boundary con-
ditions that involve determining the thermal regime on the side surface of the cylin-
drical workpiece, on its end surfaces, on the end surfaces of the inwall, on the outer
surface of the magnetic wire and on its ends, as well as the task of ideal thermal con-
tact between the surfaces of the inductor and the outer surface of the inwall [5].

This system is further complicated when the inwall has two layers, so to solve
the problem, the approach was used, proposed in [6], which is based on solving the
equation of heat balance between the workpiece and the inwall of the inductor.
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The design scheme of a cylindrical inductor with two layers of inwall is shown
in Fig. 1.

The calculations were performed according to the following data:

— the temperature of the outer surface of the workpiece T = 1250°N;

- the temperature of the outer surface of the inwall adjacent to the winding in-
ductor T, =30°N;

— the outer diameter of the outer (first) layer of the inwall d, =0,0741 ;

— the inner diameter of the outer (first) layer of the inwall d, =0,071 ;

— inner diameter inner (second) layer of inwall d; =0,0451 ;

— radius of cylindrical workpiece R =0,021 .

—1
g ™

/

8

1 — inductor magnetode wire; 2 — insulation;
3 — outer diameter d5 of the first layer of the inwall;

4 - winding (coil) of the inductor;
5 - inner diameter d; of the second layer of the inwall;

6 — inductor; 7 - medium for heating the workpiece;
8 — outer diameter d, of the second layer of the inwall

Figura 1 - Scheme of a cylindrical inductor

In the table 1 presents pairs of materials of the inwall layers used in the calcu-
lations and their thermal conductivity coefficients [1, 3-4]. Insulators are selected as
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follows in such a way that starting from the pair N2 2, the thermal conductivity of
the material of each layer of the inwall increases.

Fig. 2 represents the change in the temperature of the inwall on the inner sur-
face of the second layer depending on the selected pair of materials of the inwall lay-
ers of table 1. The presented diagram allows to obtain quantitative values of the in-
wall temperature for a cylindrical inductor with selected characteristics and confirms
quality-expected result: the desired highest temperature can be achieved by using
materials with lower thermal conductivity.

Table 1
Numbering of materials of inwall layers
and their thermal conductivity coefficients A, W/(m - E)
Inwall
1 2 3 4 5 6
layers
fire-
. ) . cement-
. chamotte, gravel, grit, resistant faience, .
internal . grit,
1,33 0,93 0,97 brick, 1,15 L9
1,05 ’
min. . .
. siliceous vermi- | granulated
asbestos, cotton fiberglass, )
external plates, culite, slag,
0,175 wool, 0,05
0,07 0,1 0,15
0,045
Inwall
7 8 9 10 11 12
layers
porous . ) asbestos cement quartz
. gritstone, | limestone,
internal | concrete, L5 L7 cement, slabs, glass,
1,4 ’ ’ 1,76 1,92 2,1
) thermoiz. | expanded .
slag wool, | glassine, bakelite,
external concrete, | clay conc- teflon, 0,25
0,167 0,17 0,23
0,18 rete, 0,2

In the second stage of research, the first pair of “chamotte-asbestos” was se-
lected as heat-insulating materials of the inwall layers of the cylindrical inductor in
order to establishing the effect of changes in the thickness of the inwall layers on its

temperature. The result is presented in Fig. 3.
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Figura 2 - The temperature of the inner surface of the inwall
depending on the pair of materials of its layers
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Figura 3 - The dependence of the temperature of the inwall
on the thickness of its layers

Analysis of fig. 3. shows that the change in the thickness of the inner layer of
chamotte has a much stronger effect on the change in temperature than the change
in the thickness of the outer layer of asbestos. In addition, the graph shows that it is
impractical to increase the thickness of the outer layer of asbestos more than 0.02 m
— this does not lead to a significant change temperature.

The presented results were tested at the XXI International Conference "Human
and Space" [2].

Conclusions. In the course of performance of the set task the following types
of works were carried out and conclusions were received:
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1) the algorithm for calculating the inwall temperature of the electric inductor
depending on the thickness of the outer and inner layers, and also depending on the
heat-insulating inwall material was created;

2) the testing of the created algorithm on the problem of this class with a

known solution obtained by Pavlov in [6] was performed;

3) the inwall temperature of the electric inductor for the following materials:
chamotte-asbestos, gravel-mineral cotton wool, grit-fiberglass, fire-resistant brick-
siliceous plates, faience-vermiculite, cement-grit- granulated slag, porous concrete-
slag wool, gritstone-glassine, limestone-thermoiz. concrete, asbestos cement-
expanded clay-concrete, cement slabs-bakelite, quartz glass-teflon), as well as in the
range of diameters of the inner and outer layers respectively (inner diameter of
chamotte varied from 0.02 to 0.045 m, outer diameter of chamotte — from 0.05 to
0.07 m and outer diameter of asbestos — from 0.074 up to 0.15 m) was calculated;

4) graphs of dependences of inwall temperature on type of heat-insulating ma-
terial, and also on thicknesses of external and internal layers inwall for pair
“chamotte-asbestos” of the electric inductor were constructed.

As a result of the performed investigations the influence of external and inter-
nal layers thickness of a two-layer inwall, and also heat-insulating materials on the
inwall temperature of the cylindrical inductor for heating the metal workpiece was
established.
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Hocnioncenns eniuey napamempie deowlaposoi pymepiexu
yuniHopuyHoz20 iHdyKkmopa Ha ii memnepamypy

Pozensdaemocs  docnioweHHsT menjiogoz0 CcmaHy 080waposoi  ¢pymepisku
UUNIHOpUYHO20 IHOYKMopa 011 dsaHadusimu nap menJoizonsyitiHux mamepianie. Hage-
0eHO MamemamuyuHy MoO0esb NPoyecy, cxemy YuaiHOpuuHozo iHdykmopa, mabauyio nap
doCaidncy8anux menjoi3onAyitiHux mamepianie wapie pymepisexu. Pospaxosavo ma no-
0ydosaHo diazpamy memnepamypu eHympiuiHb0i nosepxHi pymepiexu 6 3anexcHocmi 8id
napu mamepianis ii wiapie ma zpagixk 3miHu memnepamypu ¢ymepisku 6 3anexHocmi
8i0 moswjuH ii wapie 01 napu ,,wuamom-azbecm”.

HccnedosaHnue enusaHus napamempoe 08yXcotiHoli ¢pymeposku
YuIUHOpUYECK020 UHOYKIMOpa Ha ee memnepanmypy

PaccmompeHo uccnedosarue mennogozo coCmosiHust 08yxcJIoliHoti pymeposku yu-
JUHOpUUecko20 uHoykmopa 0ns dgeHadyamu nap meniou3oNAYUOHHbIX MAmepuanos.
IIpusedeHa mamemamuueckas Mooenb Npoyecca, cxema YUuauHopuueckozo uHoykmopa,
maobauya nap uccnedyempix meniou3onsyUoHHbIX Mamepuanos cioes gpymeposku. Pac-
cuumaHa u nocmpoeHa oudazpamma memnepamypusl 8HympeHHeili nosepxHocmu ¢yme-
POBKU 8 3a8UCUMOCMU 0M NApbl Mamepuaios ee Cioes, a makxie 2papuk usmeHeHus
memnepamypsl (hymeposKu 6 3asUcumMocmu om moaujuH ee cioes 0as napwl ,,wWamom-
acbecm”.

OyxHeBuu Kcewnist JleoHimiBHa — Marictp, Kadenpa aeporizpoMexaHiku Ta eHep-
romMacornepeHocy, JIIHITpOBChbKMIT HalliOHaIbHNI YHiBepcuTeT iMmeHi Onecst [oHuapa.
Kpasenps Osiena BosogumupiBHa — KaH[. i3.-MaT. HayK, [OLIEHT, IOLeHT Kade[-
pU aeporifpomMexaHikKuM Ta eHepromacoriepeHocy, [HIIPOBCbKUII HALIOHAJIbHUNI
yHiBepcuTeT imeHi Osecs ['oHuapa.
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O.C. BonkoBcbkuit, M.B. ITaueBcbkuit, €.0. O61IeHHMI
KOHIUIEITHIA EJIEKTPOHHOI'O I'OJIOCYBAHHS
HA OCHOBI TEXHOJIOTII BJIOKYEIH

AHomauyia. Y cy4acHomy 0eMOKpamuyHoMy yugposBomy CycniibCmsi 3pOCMA€E aKmMyasabHICMb
npogedeHHs BIOKpUMUX mMa 06'€EKMUBHUX 20/10CYBAHb 3 BUKOPUCMAHHAM HOBUX THGhopMayiliHux
mexHonoeil. IcHytoYT pileHHs 071 no0ibHUX cucmeM 20/10CYyBAHHS 30CepeO)eHl Ha MexHIYHUX
ma 10pudUYHUX NpobemMax, a He Ha 3aCMOCyBAHHI HOBUX THopmMayiliHux mexHonozil y cmadii
20/10CyBaHHA. byno nposedeHo aHani3 npobrem cy4dacHux subopyux cucmem, i, Ha niocmasi
aHan3y ix HeOoNiKi8 3aNPONOHOBAHO A/I20PUMMU, MA NPAKMUYHY peani3ayio cucmemu 2010Cy-
BAHHA HA OCHOBI 3aCMOCYBAHb MeXHOM021T ONI0KYeliH 31 CneyianbHOK peanizayien cmapm-
KOHMpakmis, y AKIl HeOONMIKU TCHYI0YUX cucmem yCyHymi.

Kntoyosi cnosa: 610k4eliH, cMapm-KOHmMpPAakm, cucmema 20/10CYBAHHS.

Bcryn Ta mocraHoBKa mpoosemMu. HuHi geMokpaTuuHe rojioCyBaHHS € O/i-
HMM i3 HaNOMYISIPHIIINX MeTO/iB BUPillIeHHS CYCITiIbHO BaXK/IMBUX IIUTAHb Y PO3-
BUHYTUX KpaiHax. Haio6inbIn momupeHM MeTOLOM TOJIOCYBaHHS € IarepoBa CUC-
TeMa. JlaHui1 MeTOJl Ma€ MeBHi HeIOJiKM, cepel SIKMX TeXHiuHi (dbanbcudikaliii, mo-
MWIKM B IMigpaxyHKax, BiACYyTHICTb IIPO30POCTI MPOBENEHHS), COLiajJbHI Ta
eKOHOMiuHi (BMCOKa BapTiCThb AJis 607keTy). EJIeKTpOHHI cuUCTeMM rojioCyBaHHS He
HaOyJIM CBOTO TONIMPeHHS Yepe3 MpobseMu 3 6e3mekolo, Bepudikallieo pe3yabTaTiB
ab60 HEKOPEKTHOI POOOTOI0 TPOrpaMHOTO 3abe3redeHHs [1, 2].

TexHosorist 6yokveitH (Bim aHria. blockchain maHIIOKOK O6JI0KiB  AAaHMUX)
MIPOIIOHY€E HOBi MOXKIMBOCTI JJIs1 pO3pOOKYM abCOMIOTHO iHIIMX BUAIB IMGPOBUX IMO-
CJIYT 3aBIOSIKM KTIOUYOBMM OCOOJIMBOCTSIM Ili€i TEXHOJIOTii, TaKMM SIK IIPO30picTh i
3aXUILIEHICTh Tpolecy mepefavi maHux. PO3poOHMKM MalOTh MOSKJIMBICTb BUBECTU
CUCTEeMYy TOJIOCYBaHHSI Ha HOBUIT iH(oOpMaIiiiHO-TeXHOJOTiUHMI1I piBeHb, SIKUIA
BiATIOBia€ CyyaCHMM BMMOram. 3aCTOCYBAaHHSI CMapT KOHTPAKTIiB y MO€OHAHHI 3
TEeXHOJIOTi€l0 OJIOKYEIH JOTIOMOsKe BUPIMMTH GiNbIIiCTh iCHYIOUMX ITPO6JIeM cydac-
HUX CUCTEM I'OJIOCYBAHHSI.

© Bonkoscbkuii O.C., ITaueBcbkuit M.B., O6umennuii €.0., 2021
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AHaji3 ocTaHHIX HOCTiAKeHb.BI0KUeiH-TeXHOJIOris y cucTeMax IudpoBOro
rOJIOCYBaHHSI BUKJIMKAE BEJMKUIL iHTepec, 10 MPU3BOAUTb OO IOSIBM 3HAYHOI
KiJIbKOCTi JocaimkeHb. Y poboTax [3-5] mocaimKyoThes mpobaeMy TpaauiliiiHUX BU-
O6opunx cucteM. ABTOPU CXOISTbCS HAa IOyMIN, IO iCHYIOUi MeTOoau, 30Kpema
eJIeKTPOHHI CUCTeMM, He MOXYTh 3a0e3IeuuMTy AOCTaTHili piBeHb IPO30POCTi Ta
HaAilfHOCTi, IO He II03HAYA€ThCSI Ha MOOBipi BMOOpLiB. Y IMX DOCTiIKEHHIX
PO306MPAETHCSI MPUHILIUI POOOTM TEXHOJIOTii OJIOKUEeiH, a TaKOX MepeBaru ii BUKO-
PUCTaHHS B CUCTEMi BMOOPIB.

V Tabs. 1 mpeacTaB/ieHO OIJISA, Ta aHali3 poOiT PO CHUCTEMM TOJIOCYBAHHS Ha
OCHOBIi T€XHOJIOTIii 6/I0KUEeliH.

Heo6xigHO HarojaocuTH, 1o 6e3IeKa roJ0CyBaHHS 3aBXIM € Haibi/IbIIOI0 ITPo-
6J1eMOI0 ITPY PO3TJISIAi MUTAHHS PO BIIPOBAMKEHHS IM(PPOBOi CHCTeMM TOJOCYBaH-
HS. Bci aBTOpM CXOOSIThCS Ha TOMY, IO 3 ypaxXyBaHHSIM OCOOJMBOCTE} TeXHOJIOTrii
0JIOKUeliH He MOsKe OYTH JKOIHMX CYMHIBiB y 3JaTHOCTi CUCTEMM 3aXMCTUTHU IaHi Bif
MOTeHIiiHMX aTak Ta danbcudikamii. CucTemMa TOJOCYBAaHHSI € CKJIATHUM
MeXaHi3MoM, i TIpu ii po3pobili MOTPiOHO BpaxoBYBaTH SIK JIOACHKMUI aKTOp, TaK i

0COOJIMBOCTi MPOBEIEHHSI TOJIOCYBaHb Y KOHKPETHIli KpaiHi.

Tabmuisg 1
Barnes A., Ben Ayed A. Boucher P.
3micT Brake C,Perry T. (2017)[4] (2016)[5]
(2018)[3]
AHaJti3 iCHYIUUX
BUOOPUMX CUCTEM ’ ' ’
Orsp TeXHOJIOTii 6JI0KYeitH - + -
[lepcrieKTVBY BUKOPUCTAHHS
TEeXHOJIOTii OJIOKUeitH + + +
y BUOOPUMX CUCTEeMAaX
[TpakTuyHa peasi3zallisi CucTe-
MM I'OJIOCYBaHHSI HA OCHOBI - - -
TeXHOJIOTi1 6JI0KYeiiH

He3Baxkaroum Ha Te, 10 aBTOPU MOSICHIOIOTb TEOPETUYHY OCHOBY TEXHOJIOTI],
ONMCYIOTh ITIePCIEeKTUBYM Ta IlepeBaru Moai6bHOi cucTeMu, SKOOHE 3 PO3IVISHYTUX BU-
I1Ie DOC/IiIKeHb He BM3HAUa€ CTPYKTYPY POOOTH CUCTEeMM IOJIOCYBaHHS Ha MPaKTHIIi,
i B HUX BiICYTHI KOHKpPeTHi MeTOAy, aJrOPUTMM Ta KOHIEINTU [JIsl MPaKTUUHOI
peasisaliii cuctemu.
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3 ypaxyBaHHSIM aHaJli3y HeHOJiKiB 3a3HAaUeHUX MIOC/IiIKeHb OY/I0 IOCTaB/IEHO
3aBIAaHHST PO3POOKM CHCTEMM T'OJIOCYBAaHHSI HA OCHOBi TEXHOJIOTii OJIOKUelH, CTPYK-
Typu ii pobOTH, a TAKOXX KOHKPETHMUX aJITOPUTMIB i Momeseit njs ii MpakKTUIHOI
peaJtizaiiii.

®opMyIIOBaHHSA IIijieit crarri. MeToo IOC/TiIKeHHST € po3pobKa iHdopma-
IIiifHOI CUCTeMM eJIeKPOHHOIO TOJIOCYBaHHS Ha 6asi TexHOJoTii 6;10KueitH Heobxin-
HO PO3POOUTHM aJTOPUTM POOOTU €JeKTPOHHOTO TOJIOCYBAHHS , 3 JOCTATHIM piBHEM
0e31eKM Ta aHaIi30M BCiX MOXKIMBUX OOMEXeHb CHMCTEMM, PO3POOUTU MPAKTUUHY
peaJtizailito CcTeMu, IPMUBECTYU MOAEIb POOOTH eJIeKTPOHHOIO TOJI0CYBaHHSI.

OcHOBHA YacTMHA. PO3TIsIHEMO ajJifOPUTM POOOTM TEXHOJIOTii OJIOKUeiiH Ha
KOHKPETHOMY MPUKIaJi r0OJIOCyBaHHS

Bubopenp xoue BMOpaTH MEBHOrO KaHAMIATa, TOOTO IEePEBECTM CBili TOKEH
(royioc) Ha agpecy 06paHOro KaHaUAATA.

LIS TpaH3aKklilisi MepecuIaeTbCsl B MEPEeXy, 10 CKIAJAEThCS 3 KOMII'IOTEpPiB,
piBHOMpaBHMX BY3/iB, 3BaHUX "Homamu" (Big aHri. Node - By3o:). LIst Mmepexka 3 HOZ,
HeobxigHa o6 06pobuTH (MiATBEpAMTH) 110 TPaH3aKIliio. IlepeBarolo € Te, 10 JaHa
Mepeska MOKe OyTM [elleHTpasli3oBaHa, IO 3HM3UTh MMOBIpHICTb CIIellia/ibHOTO
BTPYYaHHS B pOOOTY CHMCTEeMM Ta MiABUIIUTH IOBipy BUOOPIIiB.

Mepexa 3 HOJ MiATBEPAKY€E TPAH3aKIIil0 Ta CTAaTyC KOPUCTyBaya, BUKOPUCTO-
BYIOUM CHelia/ibHi aqropuTmMu. B iHIIMX cucTemMax MiATBepAsKeHa TPaH3aKI[isl MOXe
OyTM He JiuIlle "TOJIOCOM", a TAKOXK Iepegavelo rpoiieit abo JaHuXx.

[Ticng migTBepIskeHHS, TPaH3aKIisl TOEAHYETHCS 3 IHIIMMU MiATBEPAKEHUMU
TpaH3aKLisIMK, GOPMYIOUM HOBUIT 610K 1[I POBOTO PEECTPY.

HaHuit 610K AOMAETHCSI B OJOKUEH 3 BMKOPMUCTAHHSIM Xellla IOoNepeaHbOTo
6JI0Ky, TMM CaMMM MiClle KOXHOTO OJIOKY B JIQHIIIOXKKY CTa€ YHiKaJIbHUM i He
TiJIJIITae 3MiHi, TaK SIK y pasi Cripoby 3MiHUTY KOHKPEeTHMI 6JI0K BCi HACTYITHI 6/I0KM
CTalOTh HEe BaJiTHUMNA.

V pe3ysbTaTi TpaH3aKlIlisl 3aBepliieHa i 3amucaHa 10 6JI0KUeiiHy, 0 rapaHTye ii
IDOCTOBIpHICTb i 3aXMIIEHICTh, @ OOpaHMUI KAaHAMUIAT OTPUMYE "TOJIOC", IO aBTOMa-
TUYHO BimoOpaska€eThCs /ISl BCiX CIIOCTepiravis.

IIpakTHyHa peasisallisi cuMcTeMM roJIOCyBaHHS. Bumoru Ao cuctemu roso-
CyBaHHS:

e  AyreHTudikailisi. MOXIMBICTb TOJIOCYBAaTU Ma€ MeBHA KiJIbKiCTb JI0JEN,
gKi oTpuManu Ha 1e npaBo. CucTemMa He MNOBMHHA IiATPMMYBATMU IIpoiiecC
CaMOCTifHOI peecTpaliii, ClIMCOK BUOOPIIiB Ma€ OYTM IiIrOTOBJIEHMIi i 3aBaHTaKe-

HMI 3a3maeriab. besnocepeHbO Iepe roJI0CYBaHHSIM BMOOpellb TIOBMHEH ITPONTH
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IoIaTKOBUIL TIpoliec ayTeHTHUdiKallii, iHakiie ioro roioc ("TOKeH") He TIOBMHEH BU-
KOPUCTOBYBaTUCh. TaKox TIpoliec AomaTKoBoi ayTreHTudikaiii Ha Bubopuiii
OUTbHUIIL HEe TacTh MOX/IMBICTb TPETiM 0co6aM BUKOPUCTATU "TOJIOC" BUOOPIIS IM03a
Jioro Bigomy.

e AHoHiMHicTh. CucTeMa TroJIOCYBaHHSI IIOBMHHA BUKIIOUATU OyIb-SIKi
3B'SI3KM MiXX OCOOMCTiICTIO BMOOPIIS Ta 10ro "Tosiocom” (TOKeHoM). Bubopernp Ta #ioro
BMOip Ma€ 3aMIIATUCS TIOBHICTIO aHOHIMHMM IIiJ] 4ac Ta IiCjIst FOJIOCYBaHHSI.

e  TounicTb. Pe3ynbTaTu MoBMHHI 6yTM abCONIOTHO 00'€KTUBHUMU, KOKEH
"royioc” (TOKEeH) MOBMHEH BPaxXxOBYBAaTUCS, He MOXe OyTM 3MiHEHO, IpOoay06Ib0BaAHO
abo BUOAIEHO.

e  Bigkpuricte. CucTeMa INOBMHHA MAaTU MOXJIMBICTb MepeBipKM IIpollecy
rOJIOCYBAaHHS B PEXKMMi peajibHOTO Yyacy.

. 3axuiieHictb. CucteMa Mae 6yTM abCOMIOTHO 3aXMIlleHa BiJl pisHOTO BUOY
IIpOrpaMHMX aTak, MepexoIlyieHHs iHdopMallii TpeTiMu ocobamyu abo BTPyUYaHHS Y
MpOoLIeC TOJ0CYBaHHS.

e  MacmraboBaHicTb. CucTemMa Mae OyTH po3paxoBaHa MOXKIMBICTh MPOBe-
IeHHSI TOJI0CYBaHb (hefepasbHOro Y1 MYHIIIMIIATbHOTO MacIITabiB.

Oo6MeskeHHSI cucTteMU. [lepenbadaeThbcs, 10 BMOOPIli BUKOPUCTOBYBATUMYTh
3axuilleHi MPUCTPOi IJi rosocyBaHHS. He3Bakalouy Ha Te, 10 TEXHOJIOTiSI 6JI0KUeliH
rapaHTye Oe3leKy Ta 00'€KTUBHICTb IpPOIeCy TOJIOCYBaHHS, 3JIOBMMCHUK Mae
MOSKJIMBICTb 3MiHUTM BUOIp BMOOPIIS 32 JOTIOMOTIOIO IIKi[/IMBOrO IMTPOTPAMHOTIO 3a-
Oe3reueHHs, BCTAHOBJIEHOTO Ha MPUCTPOi TroysiocyBaHHS. TakoX OCOOIMBICTIO
TEeXHOJIOTii GJIOKUYEeITH € HEMOX/IMBICTh 3MiHM BMOOPY y pa3i MOMMUJIKM KOPUCTYBaya.
Bu6opelp MOKe BiIfaTy CBiit roj0c, TOOTO 3iMiCHUTY BUOip, IMie OOUH pas.

IIponoHOBaHa MOC/AiIJOBHICTD 3iliICHEeHHS IPOLeAypPH e1eKTPOHHOrO ro-
JIOCYBaHHSI Ha 0a3i TexXHoJIorii 0/1I0KYeiH 3a OMOMOT0I0 CMapT-KOHTPAKTY.

P03po6ieHO TTOC/TiTOBHICTD 3/iliCHEHHS TTPOIeIlypU €JIeKTPOHHOTO TOJIOCYBaH-
HsI Ha 6a3i TexXHoJIorii 6/10KYeliH 3 BUKOPUCTAHHSIM CMapT-KOHTPAKTY (puc.1).

CMapT-KOHTPAKT - yMOBa UM QJrOPUTM. NPU3HAYEHUI [JIS YKIaJaHHS Ta
MiATPUMKM KOHTPAKTiB, peasizoBaHMxX y OjoKueiiHi. CMapT-KOHTPAKTU [AlOTh
MOK/IMBICTb 3[ilicHIOBaTM KOH(QimeHIIiiHIi Ta HafiliHi omepaiii 6e3 yuacTi
30BHIIIHIX TTOCepeIHMKIB, OCKIJIbBKM caMe I TeXHOJIOTisl JO3BOJUTbh aBTOMAaTMU3yBa-
TU Ta 3aXUCTUTU Bif, 3MiH CUCTeMy LMOPOBOTO TOJIOCYBaHHS, TOX PO3IASIHEMO ii
0COO6JIUBOCTi.

CMapT-KOHTPAKT PO3MIllyeTbCSI y GIOKYEIiHi, e BCS 0T0 JIOTiYHA CTPYKTYypa
MIiCTUTBCS y MporpamMHoMy 6ioni. [IporpamMHmMii 610K TOB'SI3y€ ycCi BimOMOCTI, II0
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MAaIOTh BiTHOIIEHHS [0 IIeBHOIO CMapT KOHTPAKTY. JlaHi BiZOMOCTi MOXXYTb BUKOHY-
BaTU POJib BXOJY Ta BUXOMY MPOTPAMHOr0 KONy i MOXKYTb 3amycKaTu Oyab-siki Aii 3a

MeskaMy 6JIOKYENHY.
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OO6O0B'I3KOBMMM BAACTUBOCTSIMM CMapT KOHTPAKTY €:

e 3aCTOCYBaHHSI METOAY €JIeKTPOHHOTO IiAmMcy Ha 6asi myosmiyHMX abo mpu-
BAaTHMX KJIIOUiB, 1[0 3HAXOASIThCS Y ABOX i OiJibIlle CTOPiH Yyromau;

e iCHyBaHHS IPUBATHOI JelIeHTPa/i30BaHOTO CepeoBUINA, B IKOMY BHOCUTb-
€SI CMapT KOHTPAKT;

e CyTb JOTOBOPY Ta IiCHYBaHHS OOOB'SI3KOBMX IJIsI JOTO BUKOHAHHS
iHCTpYMEHTIB;

e TOYHO BimoOpaskeHi YMOBM ¥Oro BMKOHAHHS, IO ITiATBEPIKYIOTbCS
MiAMIMCOM YYaCHUKIB IOTOBOPY, Ta HAZIiMHICTD JKepesl JaHUX.

3HayHa KUIbKICTh Pi3HUX AOTOBIpHMX BIiZHOCHMH SIK MiX JIIOAbMM, TaK i MK
JIIOJICBKMM i JIepskaBHMMM OpraHaMy MOXKHA peasisyBaTy YacTKOBO ab0 ITOBHICTIO
aBTOMaTM30BaHMMM. Kpurnrorpadis, sika JIeXXUTb B OCHOBi CMapT-KOHTPAKTiB, HaJla€
OiNIbII BMCOKMIT piBeHb Oe3IeKM Ta 3aXMILNEeHOCTi, HiX TpaAullifiHi IOroBOpH,
3aCHOBaHiI BMKJ/IIOUHO Ha Jep>kaBHOMY MpaBi. TaKoX CMapT-KOHTPAKTU MOXYThb
3HWKYBAaTM €KOHOMIiYHiI BUTpATH, PU3UKU HEOOHO3HAYHMX TPAKTyBaHb IOTOBOPY,
PU3UKY BUKOPUCTAHHS "IOPUANYHUX MaxXiHaIiit" Ta JI0ACbKMi1 paKkTop.

V 11ii1 IOCJIiJOBHOCTI ITPOAyMaHMii IIPOLIeC Bif Mpuxoay BMOOPLSI Ha IiIbHUIIIO,
itioro aBTeHTMiKaIlii 1O ro/JOCyBaHHS 3a KOHKPETHOTO KaHaupaaTta. [Ijisi poboTu
IOAiOHOI cucTeMM PO3PO6IEHO CMapPT KOHTPAKT, IKMIi BKIIIOYAE:

1. Crpykrypu (mporpamm) ‘Tomocyroumit® Tta "Kangupat'. s peanisanii
(bYHKIIIOHYBaHHS CUCTeMM CTPYKTypa "KaHaugaT" MiCTUTD ITOJIS: iM'Sl Ta HigpaxyHOK
TOJI0CiB, BiggaHMx 3a maHoro KaHauzaaTta. CTpykrypa "Tomocylounii’ BKaouae B cebe
TIOJIST JIJIST:

e 3apaxyBaHHS TOKeHa (T0JIOCY) MiC/s YCHIlIHOI aBTOpu3allii /s 3/iliICHeHHS
rOJIOCYBaHHS;

e JIAHMX IIPO KaHIMAATA, 3a SIKOT0 BMOOpelb BiJIIaB CBiil roIoc;

e O/IepP>KaHOTO Xellla BUbOpIIs;

e iHAMKATOpA, UM rOJIOCYBaB BMOOPEIb.

2. Oyukuii (mporpamu) 'TonocyBaHHS", "ABTOpu3ailiii’, "CTBOpeHHSI TOJ0CY-
BaHHA", ‘'llinpaxyHKkm TroOJIOCiB". "3aBeplIieHHsS TOJIOCYBaHHS". BcTaHOBIeHHS
3aIIPOITIOHOBAHOI CUCTEMM Ha BUOOPUMX MIMBHUIX BifOYBAE€THCS HACTYITHUM YM-
HOM: Ha TepIlilt OisSHII Bpy4YHY 3amycKaeThcsi genesis block, mo cTBoproeTbes 3a
OIMCOM i MiCTUTbCSI B KOHirypaliiiHoMmy daiii.

TakoX Mpy CTBOPEHHI MpPOIleAypy TOJIOCYBaHHS O CMapT-KOHTPAKTy 3aBaH-
TaXKYIOTbCSI:
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* CITMCOK i3 HOMepaMM MacHopPTiB BMOOPIIiB (HaJga€ CTOPOHHIN BiAIOBimaIbHMIL
OpraH);

e CIIMCOK KaHAMUIATIB;

* Yac MpoBe/IeHHS r0JI0CYBaHHS.

Hani cucrema reHepye napu BUAy [HOMep MacropTa, MCeBAOBUIIAAKOBUIA ITiH-
Koz Tonocyrounit mpep sBisie TACIOPT CIiBpPOOITHUKY BMOOpUOi Kowmicii, i itoro
MPOCSITh BUTAIATY IOBi/IbHE TOJaTKOBE YMCIO a60 CJIOBO.

[Ticas upboro cucTeMa OOUMCIIIOE Xelll BiJl TphOX ITapaMeTpiB: HOMep IacIopTa,
TCEeBIOBUITAAKOBUI TiH-KOJ, 3reHepOBaHMI CUCTEMOIO, AOAATKOBe uucio]. laHe
IOAATKOBE YMCJIO (CJI0BO) BUKOPMCTOBYETHCS SIK "salt" (cisib), AJ1st TOTO, 1106:

e BUK/IIOUMTH IEPEXOIVIEHHS IpalliBHMKaMM BMOOPUYOro OpraHy ITIiH-KOiB
BUOOPIIiB;

e YHEMOKIMBUTHU Migdip 3T0BMUCHUKAMM Xellla.

Hani oTpuMaHMii Xell aBTOMAaTUYHO BiAIIPaBJSETHCS IO CMapT-KOHTPAKTy B
dyukiio auth (aBTopu3saiiii), i y KopucTyBaua 3'SIBJISIETbCS MOX/IUBICTh ITPOTOJIOCY-
BaTu. Ilicg LbOro KOpUCTyBay y TepMiHaJli TOJIOCYBaHHS BBOAUTDL CBOI JaHi, ITiH-
KOJl, IOJATKOBE CJIOBO ab0 KOO - Ha MiACTaBi LMX OAaHUX 3YUTYEThCS XeIl i
MOPIBHIOETBCS 3 TUM, SIKMI 3alMCaHUA Yy CMapT-KOHTpakT. Ilicjisi moOBHOI
aBTOpM3allii BiH rojocye.

3a 6askaHHSIM PO3pOOJIEHy CUCTEMY TOJIOCYBAaHHSI MOXKHA iHTerpyBaTu 3 Aep-
’KaBHMMU cepBicaMM, 110 3HAYHO CITIPOCTUTD Ipoliec Bepudikaliii, i JomaTkoBe ynuc-
70 (salt) He Oyme moTpi6HO. [IjIsT IIbOrO HEOOXimHA 3aBUAaCHA peecTparllis KOXKHOTO
yyacHMKa TOJIOCYBaHHSI y CepBici AepkaBHMX IMocayr. Y Takomy pa3si IIBK
3000B's13aHa HaZlaBaTy CepBiCy CIMCOK 3 HOMepaMmu IacIopTiB TPOMAa/sH, sIKi MalOTh
MpaBo 6paTy y4acTb Yy KOHKPETHOMY T'OJIOCYBaHHi, a CMCTeMa JIepsKaBHUX TMOCYT I10-
BMHHA BUJABAaTU MiH-KOJ KOKHOMY YYaCHMKY TOJIOCYBaHHS, 3a JOMOMOTOI0 SIKOTO
BiH 3MOKe mpoiTH imeHTUdiKaIlii0 HAa BUOOPYUili TiTbHMUIII.

BucHoBku. Ha miacrasi orisigy CuCTeM roJI0CyBaHHS Ta aHaji3y IX He[oUiKiB,
6yJi0 3ampoIOHOBaHO IHM(poBe BUpIillleHHS Mpo6JeMM Ha OCHOBI O0KYeITH
TEXHOJIOTii Ta PO3P00JIEHO MOBHICTIO aJITOPUTMIUHE BUPILIeHHSI TPO6IeMM. po3po6-
7eHo (QYHKIiIOHAIbHO MOBHY CUCTEMY €/IeKTPOHHOTO TOJIOCYBaHHS Ta CXeMy IpoBe-
IoeHHsS BMOOpPIB Ha OCHOBi TexHOJOTii OJ0KYeitH IIpY BUKOPUCTAHHI CMapT-
KOHTPAKTY.

LI cucteMa Mpu MogaablIOMy JOOIPAIIOBaHHI Ta BIIPOBAI)KEHHI MOKe 103BO-
JIUTU CTBOPIOBATU Ta NMPOBOAUTHU OOCTOBIPHY Ta MPO30pPY MNPOLEAYPY T'OJOCYBaHHS,

CKOPOTUTYM BUTPATH Iep>KaBy Ha ITPOBeIeHHST BUOOPUMX KOMITaHiiA.
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CrnpoeKTOBaHYy CUCTeMY roJIOCyBaHHSI MOXXHA 3aCTOCYBaTM y 6araTbOX BUMA-
Kax, HalIpUKJ/aJ, y TaKUX:

e Bubopwu mpesumeHTa, Mmepa MicTa, TOJOBU PerioHy, aje B IIbOMY BUITAIKY
MOTpiOHO Oyme [JOJaTKOBO peayli3yBaTM CUCTEMY MepeXeBUX BY3JIiB IS
PIBHOMipHOTI'O pO3IIO/IiTly HABAaHTA’KeHHST HA MepexKy.

e Bubopyu B HAYKOBMX Ta OCBiTHIiX 3aKjagax (BMbopu B AKagemii HayK, BUOOpU
KpallloTro BMKJajaya B YHiBepCUTETI, TOJI0OBYU CTYIEHTChKOI paay i T.n.)

e Jlep>kaBHi BUOOPH.

Oco6MMBiCcTIO pe3yibTaTiB JAHOTO JOC/iIKeHHS € TO (haKT, 1[0 CUCTEMY eJIeK-
TPOHHOTO T'OJIOCYBAaHHS 3 3alPOIIOHOBAHOI0 CTPYKTYPOIO MPM AOOMpallloBaHHI [Jis
KOHKPETHMX 3aBllaHb, @ TAKOX 3a JOTIOMOIOI0 BUPIlIeHHS MUTAaHb MacCIITaOyBaHHS
MO>KHA BIIPOBAIUTH B POOOTY JIepsKkaBHUX OpPraHiB, HAYKOBUX Ta OCBITHIX YCTAaHOB.

Kpim Toro, repembaueHO MOXK/IMBICTb iHTerpallii ImigcucTeMy aBTopu3aliii Ko-
pUCTyBaya 3 iCHylOUMMH Jep>KaBHUMU eJIeKTPOHHUMMU IMOCTyTaMu.
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KoHyenyus 3nekmpoHH020 20710COBAHUA HA OCHOBe mexHono2uu bnokyelin

B Hacmosuwee Bpemsa OeMOKpamuyeckoe 20/70COBAHUE ABAMCA O0HUM U3 CAMbIX nony-
JIAPHLIX MeM0008 pelueHus 00UecmBeHHO BAXHbIX BONPOCOB 8 pa3BUMbIX cmpaHax. Haubonee
pacnpocmpaHeHHsIM MemoO0oM 20/710CO0BAHUSA ABNAemca bymaxxHas cucmema. JJaHHeili memoo
umeem Hekomopsle HeAoCmamku, cpedu KOmopbix mexHuyeckue (gansbcugurkayuu, owubku 8
nodcyemax, omcymcmaue npo3payHocmu nposedeHus), COYUAbHbIE U IKOHOMUYecKue (BbICo-
Kas cmoumocmsb 014 6100xema). IneKmpoHHble cucmemsl 20/10COBAHUA HE NOJYYUAU CB0e20
pacnpocmpaHeHus u3-3a npobsiem ¢ 6e3onacHocmeio, sepuguxayueli pe3y1bmamos UaU HeKop-
pekmHol pabomoli npoepammHo20 obecneyerus [1, 2].

Concept of digital voting based on the Blockchain technology

Democratic voting is one of the most popular methods of resolving socially important is-
sues in developed countries. The most common method of voting is the paper system. This
method has certain disadvantages, including technical (falsifications, calculation errors, lack of
transparency), social and economic (high cost to the budget). Electronic voting systems have
not become widespread due to security issues, verification of results or incorrect operation of
software [1, 2].

Blockchain technology offers new opportunities to develop completely different types of
digital services due to the key features of this technology, such as transparency and security of
the data transfer process. Developers have the opportunity to bring the voting system to a new
information technology level that meets modern requirements. The use of smart contracts in
combination with blockchain technology will help solve most of the existing problems of modern
voting systems
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Blockchain technology is based on a transactional model. The principle of operation of

blockchain technology is shown in Pic. 1. Each user has his "wallet" with unique public / private
keys, which confirm any action of the user. Transactions (agreement, shipment), which are car-
ried out by all users of the system, are stored in successive blocks. Since the hash of the data of
the previous block is used when generating the next, the consistency of the data within the
blockchain is ensured.

BonkoBcbkuii Osier CTermaHOBMY - KaHAMIAT TeXHIYHMX HayK, IOIEHT Kadempu
KOMIT' IOTepHUX HayK Ta iHQopMaIliitHUx TexHOoIorii [ITHIITPOBChKOTO HAIliOHATLHOTO
yHiBepcuTteTy iMeHi Onecst T'onuapa (M. [IHiTpo).

ITaueBcbKkMit Muxaitio BoogumMmupoBud - acuCTeHT, Kademapa KOMIT'IOTEPHUX
HayK Ta iHQopMalliliHMX TeXHOJIOTii JIHIMPOBChKOTO HAI[iOHAJTLHOTO YHiBEPCUTETY
imeHi Onecst 'onuapa (m. JIHIinIpo).

Ooupenumnii €Bren OJ/IeKCaHAPOBUY — aCUCTEHT Kadeapu iHboOpMaLiiiHUX
TEXHOJIOTi/i Ta KOMIT'IOTepHOI iHXeHepii HanionanbHoro TY «/IHIMpoOBChKa

TIOJIiITeXHiKa».
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CEI'MEHTAIISI AEPOKOCMIYHUX 30BPAJKEHbD
3 BUKOPUCTAHHSIM 3rOPTKOBUX HEMIPOHHUX MEPEJK

AHomauyia. B pobomi 3anponoHoB8aHo HoBull MemMoO ceMaHmMUYHoi ceeMeHmayii aepoKOCMiYHUX
306paxeHb BUCOKO20 NPOCMOPOBO20 PO3PIZHEHHS HA OCHOBT 320pMKOBUX HEUPOHHUX Mepex ma
2eHepayii Macok. Peani308aHO Mepexy, WO CKAa0GEMbCA 3 OKpeMux Mepex O00HO20 KAacy.
CeMaHMUYHI 03HAKU BUKOPUCMOBYIOMbLCA O/ 3MEHWEHHA NOMUJIOK CeMAHMUYHO20 PiBHA KOH-
mypy. OCKinbKu He3anexHul mecm 8uUABUB 0eAKl HeOONIKU B8 NeBHUX KAACax 3eMHO20 NOKPUBY,
noodansui 00CNiOKeHHs 6yO0ymb npucss4YeHo NUMAHHAM CMBOPEHHS Kamasao2y HABYASbHUX
BUBIPOK 071 nidompumMKu ycniwHoi ougepeHyiayii 06’ekmis. 3a2an0mM OYiHKU MOYHOCMT OeMOH-
cmpylomb  CyYacHi Xapakmepucmuku po3pobiieHoi Mooesni, a MakKox egpexkmusHicms yiei
Komb6THayii Mepexi ma Habopis 0aHUX O Mecmosux pe2ioHiB. Pe3ysbmamu NoKazywms, w0
3anponoHoBaHull an2opumm Moxe egekmusHO NOKPAWUMU 3a2abHY MOYHICMb CeMaHmMuyYHoi
ceameHmayii 306paxeHb OUCMAHYIHO20 30HOYBAHHA BUCOKO20 NPOCMOPOBO20 PO3PI3HEHHA Ma
CKopomumu 3a2aibHUll 4aC HABYAHHA MA 4aC ceameHmauyi.

Knioyosi cnosa: ceemeHmauis, aepoKocMmiyHe 306pAXeHHSA, MAWUHHe HABYAHHA, 320pMKOBA
HelpoHHa Mepexa.

ITocraHoBKa npoo6iaemu. 3iioMKa 3eMJli 3 KOCMOCY IIMPOKO BUKOPUCTOBYETD-
Cs1 B pi3HMX Trayiy3six TOCIogapcTBa Ta chepax 6i3Hecy, y TOMY UMCIIi Jis YIIPaBIiHHS
TEPUTOPISIMU, MOHITOPUHTY HAA3BUYAMHUX CUTYallill, OJIS BUBUEHHS Ta €KOJIOTiu-
HMX JOCJIiIKeHb Halloi riaHeTu [1, 2]. 3a ;OMOMOrol0 CyIyTHMKIB BU€Hi Ta AOCTiA-
HUKM MOXXYTh 30MpaTu Ta 36epiraTu 300pakeHHSI BMCOKOI IPOCTOPOBOi 3IaTHOCTI,
SIKi TIOTIM MOXKHA OOpOOJISITM, CerMEHTYBaTu Ta KiaacudikyBatu. CermeHTallisi 30-
OpakeHHSI TIpU3HaueHa [JiI BigiIeHHS KOTepeHTHMUX obJacTeil Opyr Bim mpyra.
BcTaHOB/IEHHS TIOPOTOBUX 3HAU€Hb BUKOPUCTOBYETHCS [IJIS1 BUITYYEHHS TepeJHbOro
TJIaHy i3 ¢pOHY Ha OCHOBI iHTEHCUMBHOCTiI 260 KOJbOPY ITiKcesiB. OCHiIHMKM TaKOX
BUMKOPUCTOBYIOTbh TE€KCTYpPYy Ta NOJAIOTh iHIII (PakTOpMU [Js Kpallloro Po3[iJieHHS B
perioHax. BuiblI ckagHa BepcCiss MOXKe BapiloBaTUCS BiJl 3aCHOBAHOI Ha KOJbOPI [JIsT
BUKOPUCTAHHS GBI CKIATHUX JOMEHIB JJISI COPTYBAHHS PerioHiB. 3HAYHOIO I10-
IIMPEeHHS OTPUMaJIM IIpeIMeTHO-OpiEHTOBaHI MeToay Kiacudikaiiii, 3acHOBaHi Ha

© T'nartymenko B.B., 'nennuii 1.0., YooBuk I.M., llleBiioBa O.C., 2021
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TorepeHii cerMeHTallii 300paskeHb 3 HACTYITHMM aHa/li30M MapaMeTpiB BUIiIEHUX
30H. OfHAK iX 3aCTOCYBaHHS 10 pealbHUX aepOKOCMIUYHMX JaHUX YTPYAHEHO, OCKi-
JIbKU JIS1 IPUPOSHMX JTaHAmAadTiB 300pakeHHS BMCOKOI pO3/IiJIbHOI 3IaTHOCTI 3a-
3BMYAl MIiCTSITh iH(GOpMaIlil0 TPO TEKCTYPY i XapaKTepU3yThCS MJIaBHUMU Iepexo-
mamu. lle HeraTMBHO ITO3HAYa€TbhCS Ha SKOCTI cerMeHTallii: Ha MesKax CEerMeHTiB,
chopMOBaHMX 3a TaKMX YMOB, BUHMKAIOTh 30HM HeBM3HaueHOCTi. [HIIA mpobiema
00’€KTHO-OPi€HTOBAHMX METO/IiB MOJISITAE€ Y CKIAJHOCTI 3aCTOCYBAHHSI KOHTEKCTHOT'O
aHaJsi3y 10 pe3y/ibTaTiB cerMeHTalii [3, 4].

AHasi3 ocTaHHIX DOCTiAKeHb. B ocTaHHI pOKM BeIMKOI IOIY/JISIPHOCTI HaOy-
Jla CcerMeHTallisi 300pakeHb 3a [OMOMOIOI 3TOPTKOBUX HEMPOHHUX Mepex
(CNN) [3-6]. CyTT€BOI0 BiAMIHHICTIO LIbOTO MiAXOAY € aHOTYBAaHHS BiJHECEHHS KOXK-
HOTO ITiKCeJIs 10 TOTO UM iHIIIOTO KJIacy 00’€KTiB TaK, IO Mpoliec HaBYaHHS MMOIi0HMX
MepeX IOBHICTI0O KOHTPOJIIOEThCSI. B OCHOBHOMY, SIK BUILJIMBAE 3 HAa3BM, HEIPOHHI
3rOPTKOBI MepeXXi BUKOPUCTOBYIOTh OIlepallil0 3STOPTKY [J1s1 BUTyYeHHS 03HaK. byso
IOCTiIKeHO 6araTo HeMpOHHMUX MepesK, Mo0yJoBaHUX Ha 1[bOMY MPUHIMIII. AJle oc-
HOBHE BUKOPUCTAHHSI 3rOPTKOBUX HEMPOHHUX MeEpeX IOJISITA€ B iXHii I[IHHOCTI B
KOMIT'I0TepHOMY 30pi. [IpM BennKux posmipax 300pakeHb IMITyYHI HEIPOHHI MepesxKi
TaKOXX IMOBMHHI OYTU TOCUTDH BEIMKUMM IJIsI PO3MIllleHHS TaHUX, ajie 3i 3rOPTKOBMU-
MM HeIpOHHMMM MepeskaMy Lisl ITpobyieMa 3MEeHIIYEThCSI B reOMEeTPUYHIli porpecii,
OCKUJIBKM 3 KOXKHMM IIapOM PO3Mip JaHMUX CTAa€ BCce MeHIIMM i MmeHIIuM. 1li momerti
IIMPOKO BMKOPUCTOBYBAINUCS B MOJENSIX BUSBJIEHHS Ta Kiacudikaiiii 06’eKkTiB, Ta-
Kux K cimeiictBa VGG16 Ta ResNet [4-7]. Lleit MeTO[ TaKOX € OCHOBOIO CerMeHTallii
306pakeHb. [IepIIoio BiX0 ceMaHTUYHOI cerMeHTallii 6yia MOBHO3rOPTKOBA Mepe-
ska (FCN), mo 3ailicHioBana kiacudikalliio MmkcesiB 3a mikceassMyu abo MacKomw cer-
MeHTalii. 3 mossBoto FCN a1 ceMaHTMUHOI cerMeHTallii BiIKPMUIMCS HOBI MOKIMUBO-
cTi. Bunydyeni ¢yHKIlii MoskHa Oy/I0 He Ti/IbKM BUBOOUTU IJIs1 Kinacudikaliii 306pa-
JKeHb, ajie Terep iX MOKHA TaKOXX BMKOPUCTOBYBATM SIK BXiJHI JaHi AJj1s1 3aa4 Cer-
MeHTallii 306paskenb. FCN kimacudikye 306paxkeHHsT Jnille Ha piBHi MmikcesniB. Ha Bi-
IMiHy Bif kiacuuyHoi CNN, 10 BMKOPUCTOBYE IOB’SI3aHUII PiBeHb [JISI OTPUMaHHS
BEKTOpa O3HaK (pikcoBaHOI MOBXMHM il Kiaacudikalii micjasi 3ropTKOBOTO PiBHS,
TTOBHO3rOPTKOBA Mepeska MOKe MPUMaTy BXigHi 300paskeHHsT 6y/Ib-SIKOTO pO3Mipy
i BUKOPUCTOBYBATH PiBE€Hb E€KOHBOJIIOLi1 [J11 OCTAaHHbOTO PiBHS 3rOPTKMU, i, HApeIl-
Ti, TIepeiTY Ha KapTy 00’€KTiB 3 MTiABUINEHOI TMCKPETU3ALIIEI0.

MeTow maHOi po0OTM € pPO3poOKa METOHiB, aJTOPUTMIB Ta MHPOrPaAMHUX
3aco6iB, IO JO3BOJIMTb AaBTOMAaTM3yBaTM IIPOIeC CerMeHTallii Ta IOAAIbIIO]
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Ki1acudikallii CyImyTHMKOBUX 300paskeHb BMCOKOI TMPOCTOPOBOi 3HAaTHOCTI  Ta
MiABUIIUTY BiATIOBiAHY TOUHICTb 0OPOOKM.

BukinageHHsI OCHOBHOTO Marepiaay. Ha cborogHiiiHiii JeHb He iCHY€E YiTKO
pernaMeHTOBaHMX MpaBUj peasisdallii CTPYKTypU HEMPOHHOI Mepexi: KiJIbKiCTb Ta
opraHisailis mapiB, KiJbKiCTh Ta pO3Mip KapT O3HAaK, pO3Mip MaTpHUIb 3TOPTKMU,
BUOip anroputmy HaBuaHHS. [Ipu po3poobili ctpyktypu CNN cmig posymiti, mo He-
BeJIKa KiJIbKiCTh IMapaMeTpiB MepexXi Moyke 3HM3UTHU TOUHICTh cermeHTallii. OgHak
BeJIMKA KiJIbKiCTh MapamMeTpiB 30iJblllye 00UMC/IIOBAIbHY CKIAAHICTh Mepeki Ta He
3aBXOM 3abe3ledye MOKpallleHHsT KaacuikyBaJbHMUX 3[i0HOCTel Mepexi. Takum
YMHOM, PO3p0O0OKa ONTUMAIbHOI CTPYKTYpU HEMPOHHOI Mepexi € eMIipMuUHUM IIpo-
1IeCOM, SIKMi1 BKJII0YA€ BeJIMKY KiJIbKICTh eKCIIepyuMeHTaJbHUX JOC/TiaKeHb.

B poboTi 3anpornmoHOBaHO HOBMII MeETOH MYJbTUKIACOBOI CerMeHTallii
aepoKOCMiUHMX 300paskeHb BMCOKOTO IMTPOCTOPOBOro po3pi3HeHHsT Ha ocHOBi CNN Ta
reHepallii MacoK Ta peayi30BaHO Mepexy, 10 CKIANAEThCS 3 OKPEMUX MePexX OJHO-
ro knacy (puc.l). CroyaTky MM OTPMMYEMO MacCKy CermMeHTallii OKpeMMxX
iHOMBiMyaqbHUX KJIAciB OKpeMMMM MepexkaMyu HeKOAepiB, IOTiM 00’eIHYEMO Ta
3MIiJiICHIOEMO MOCTOOPOOKY JJIS1 CTBOPEHHSI HEOOXiTHOI BUXiTHOI MacKu. 3ayBaskuMo,
[0 TOUHICTh 3TOPTKOBOI MepeKi Jinile 3 OJHMUM K/IacOM HabaraTo BUIIA ITOPiBHSIHO
3 METpPMKaMM MOJeJeit, sIKi CerMeHTYIOTb YCi Kiacyu pa3om. Mu cripo6yBasii BUKOPH-
CTaTU 1[I0 BJAACTUBICTh MPU CTBOPEHHI MOAEJ, 10 MO€EJHYE OKPeMi CerMeHTOBaHi
Macku B €quHe 1jijie. TakMM UYMHOM, Y HAC € MacUB iHAMBIAyaJIbHMUX MEPEX 3rOPTaH-
HSI 11T OKpeMMX KiaciB. KoskeH Ki1ac MigK/II04aeThCs N0 BUXITHMUX JaHMUX 00’ €JHAHOI
MOJleJi KJaaciB JjIsI OTPUMMAHHSI OibII BMCOKMX pe3yiabTaTiB. Bxigni mani
MOINISTIOThCSI Ha 300paskeHHS po3Mipom 512 x 512 mikcertiB. ITotiMm 11i BXimHi 306pa-
SKEHHSI OTHOYACHO ITPOXOJISITh Uuepes JeKijibka OKpeMUX Mepesk Ta KOMOiHOBaHY Me-
pexy. KoskHa 3 11X Mepexk BUBOAUTb Macky. KpiMm Toro, BuaansioTbCcsl 06/1aCTi, 110
He nepeKpuBarThcs. IToTiM BUIaNSIOThCS BCi HecerMeHTOBaHi o6stacti. Hapemri, 3a
MOCTOOPOOKYM OTPMMAEMO BUXiIHY MacKy (puc.1).

InguBigyanpHi Mepexi aBastioTh co6oi0 Habip U-Nets, HaBUYEHMX CTBOPIOBATU
MacKy OLHOTO KJIacy, BiAIoBigHO 1 A5 Kiacy, o HaBYa€eThCs, i 0 — B iHIIOMY BU-
MajaKy. BXigHuMm gaHMMu 11 Mepexk € Te caMe BXifgHe 300paskeHHs, 110 i A1 Beiei
mogeti. IX BuBizg — e Macka OJHOro KJIacy 3 OOMHMIb Ta Hy/iB. Koxkna 3 mepex U-
Net 3acHoBaHa Ha apxiTekTypi MobileNetV2 [8, 9]. OcobnuBicTio MobileNetV2 € Bu-
KOPUCTAHHS 3aMiCThb 3BUYAHMUX 3aJMIIKOBMUX OJIOKIB 3BOPOTHUX 3aTMIIKOBUX
6710KiB. IXHa BimMiHHICTB MosIArae B TOMYy, 10 0OXif 3’€HY€e 6JI0KM 3 TUISLIKOBUMMU

ropJeuKaMu.
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PucyHok 1 - Monenb 06po6Ku

Komb6iHOBaHa Mepexka € OCHOBOIO Hamioi mogeri. [Togi6Ho o iHAMBiAYyaIbHUX
Mepek, KombOiHOBaHa Mepexka € Mepexeio U-Net 3 MobileNetV2 B sgkocri
Mmarictpasi. Ajie 3aMiCTh HaBYaHHSI Ha [IBilIKOBili Maclli Mepeka HaBUAETHCSI HA Ha-
3eMHMX JaHMX i TaKMM YMHOM BUJIA€ TTOBHY MAacKy MporHOo3yBaHHS. KombiHOBaHa
Macka CTBOpIOE 300paxkeHHs 512 x 512 mikceriB. IIpu 06pob1i 306paskenHst Blob-
00’€KTY BU3HAUAIOTHCS SIK 00JIACTh 3’€AHAHMX TIiKCeJIiB 3 OTHAKOBMM KOJIbOPOM ab0
iHTeHCHBHICTIO. SIKILIO perioH He MOB’SA3aHMIi 3 iHIIMM >KOTHUM 3i CBOIX IiKCeiB Hi
6esmnocepeHbO, Hi 10 [iarOHai, TO BiH BBaXXaeThCsl okpeMum Blob-06’ekTom. Ko
ro3HayeHunit KoskeH Blob-006’eKT, 10T0 MiTKM MepenaroTbCsl HACTYITHOMY OJIOKy. Y
pasi KoMOGiHOBAaHOI Mepexki rOTYEThCSI OKpeMMIi Habip 300pakeHb y rpagallisx ciporo
I7Is1 KOSKHOTO KJj1acy, 1100 Mo3HauMTy BifmoBigHi kinacu. [ToTim 1eit Habip 306paskeHb
repenaeTbCsl OO0 HACTYIHOro 6/10Ky. Jlami Mu BupansieMo 3 6a30BOro 300paskeHHS
MmiKcesi, IO He IIepeKpPMBAIOThCSI 3 Mackamu 300paskeHb KiaciB. CrouyaTky
CTBOPIOETHCS Macka BifITiHKIB Ciporo Ajisi KOKHOIO Kjacy B 6a30BOMy 300paskeHHi i
MOCTiJOBHO TIOPiBHIOETHCSA 3 MackKaMM 300paskeHb KjaciB, CTBOpEeHUX 3
iHOMBigyambHUX MepeX. SKIIO0 MmiKceab «HeBCTAHOBIeHUI» Ha 1 B 060X 300paskeH-
HSIX y Tpajallisix Cciporo, IMikceab BCTAaHOBMIOETHCS Ha 0. IIpy 1bOMY i30/IH0I0THCS
CIiJIbHI miKcesti Bim 300pakeHb. Ajie Ile TaKOX gae 6ararto mikcemiB 3 0 y 6a30Biii
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Macii. IIg mpobGiiema BUPIIIYETbCS B HACTYIIHOMY OJIOIi, B SIKOMY CIIOYaTKy
BM3HAYAETHCS MOPSITOK 3pOCTAHHS ITiKCeJIiB Kacy, a IMoTiM KJac, [0 Ma€ HaibiIbIry
KiJIbKICTDb MiKcesiB y 300pakeHHi. TakuM 4YMHOM, YIIOPSIIKYBAHHSI KJIaciB 3a IIUM
KpPUTEPieM i HaCTYITHUIA MPOLieC BUKOHYETHCS [1J1s1 KOSKHOTO 3 KJ/IaciB Ha OCHOBiI OHO-
r0 ¥ TOro X MopsAAKy. JIJs KOKHOIO ITiKcejis B 6a30BOMY 300pakeHHi 00MpaeTbCs
CerMeHT, SIKOMY BiH BiJiIOBiZae SIK B iHAMBigya/lbHilt Maclli, Tak i B KOMOiHOBaHiii
Macii. IToriM BM3Ha4alOThCA ITiKcei, 10 MaioTh 3HaueHHS 0 B 6a30Bili Macii Ta
criouaTKy He 6ynm kimacudikoBaHi sk kiac 0. TIoposkHeE Miclle 3alOBHIOETHCS 3HAa-
YeHHSIM KJIacy, SIKIIO ITiKce/ib 3HAaXOAUTHCS B OGHOMY 3 MOXX/IMBUX MiCllb 3pOCTaHHS.
Lleit mpo1iec MOBTOPIOETHCS /IS KOXKHOTO 3 Pi3HMUX KJIACiB, OO CTBOPUTU OCTATOUHY
po3IIMpeHy MacKy. Bpemrti pemrr, mo6 1mo36yrucs apredakrTiB, 3aCTOCOBYETbCS
cepelHE 3HAUEHHS CErMEHTOBAHMX ITiKCeNiB y Ojoii 8x8 mikcemiB. BimmoBimHmii
MIPOLIEC CTBOPIOE BUXimHe 300pakeHHST 512x512, gKke My 00’€¢AHYEMO 3 iHIIMMMU
00pi3aHMMM YaCTMHAMM 300pakeHHS, 00 OTPMMATU OCTATOUYHE 300paskeHHs, 10
KOPEJIIOE 3 BXiTHMM 300paskeHHIM. @parMeHT pe3y/IbTaTiB poOOTHM 3aIIPOIIOHOBAHO-
ro MigXoay mogaHo Ha puc.2.

- — - -

= P
) |
3 ’ ; i
: e
.

I roremt | | Grassione [ secow [ Soil [ Guikiing [ Rioed
PucyHoK 2 - ®parMeHT pe3y/bTaTiB pOOOTH HEMIPOHHOI Mepexki

151 OLIiIHKM SIKOCTi CerMeHTallil 3aCTOCOBAHO CTAaHAAPTHI MEeTPUKM, 30Kpema
IoT (intersection over union), 1O OIiHIOE GIM3BKICTH IlepeadavyBaHOI MacKu OO
opuriHa/ibHOI [6]. [l KOKHOTO Kjacy O06’€KTiB 3a | MO3HAuaeThCcsl KiTbKiCTh
IiKCeJIiB, Ie Kaac rnepeadauyeHoi Macky 36iraeTbcs 3 opuriHaabHuM, a 3a U KiJIbKiCTh
TMiKcesiB, e Xoya 6 oJHA 3 MacOK BKa3aja Ha 00’€KT JAHOTO Kjacy. 3HaXOAMMO
BimHomeHHs I/U. SIKicTh cerMeHTallii 300paskeHHSI — CepeIHE 3HAUEHHS JaHOi MeT-
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puku 3a Bcima knacamu. OIiHOUYHI iHIEKCM, OTpMMaHi B pe3yjabTaTi cerMeHTallii,

HaBeJleHO B Tabymii 1.

Tabang 1
Oninka Jic JIyra Tinui I'pyar | Bymisai | Jloporu
Precision 89 82 86 84 83 88
Recall 86 87 88 89 91 90
IoT 82 74 73 75 74 78

BucHoBKM. B po0OOTi 3amporoHOBAHO HOBUIT MeETOHA, MYJIbTUKIACOBOI
cerMeHTallii aepoOKOCMiUHMX 300pakeHb BMCOKOI'O ITPOCTOPOBOTO PO3Pi3HEHHS Ha
ocHOBi CNN Ta reHepailii Macok Ta peasi30BaHO Mepexy, 10 CKIaJAETbCS 3 OKpe-
MMX Mepex oAHOro kiacy. CeMaHTMYHI 03HaKM BUKOPUCTOBYIOTHCS [IJISI 3MEHIIIeHHS
IIOMMJIOK CEMaHTUYHOTr'O PiBHSI KOHTYPY. OCKIIbKM He3ale>KHUI TeCT BUSIBUB OesKi
HeIOJIiKM B MeBHMX KJIacaxX 3eMHOI'O ITIOKPUBY, MOAAbIII JOCTIIKeHHS OYIyTh IPU-
CBSITYEHO TMUTAHHSIM CTBOPEHHSI KaTajory HaBYaJbHUX BUOIPOK MJIS MiATPUMKMU
ycrimHoi  audepeniamii 06’ekTiB. 3arajqoM OILIiHKM TOYHOCTi Je€MOHCTPYIOTb
CyJyaCHi XapaKTepUCTUKM poO3po0ieHOi Momeni, a TakoX e(eKTUBHICTb IIi€i
KoMOiHaIii Mepexi Ta HabOpiB mJAHMX IJIsI TECTOBMUX perioHiB. Pe3ynbTaTy mokasy-
I0Th, IO 3alpOIIOHOBAHMII aAATOPUTM MOKe e(QeKTUBHO ITOKPAUIUTHU 3arajibHy
TOYHICTb CEMaHTMYHOI CermMeHTallii 300pakeHb OMCTAHIITHOIO 30HIYBAaHHS
BMCOKOI PO3[ibHOI 3JAaTHOCTI Ta CKOPOTUTM 3arajbHMII 4yaC HABUYAHHS Ta 4Yac
cerMeHralrii.
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CeaMeHmayus a3poKocMuyecKux uzobpaxexut
C Uucnonb308aHuUeM CBEPMOYHbLIX HelpOHHbIX cemell

B pabome npednoxeH HOBbII MemoO cezMmeHMayuUU a3POKOCMUYECKUX U306paxeHull Bbi-
COK020 NPpOCMPAHCMBEHHO20 pa3pelieHUs Ha 0OCHOBe CBEPMOYHbIX HEUPOHHbIX cemell U 2eHepa-
yuu macok. Peanu3osaHa cems, cocmosawas u3 omoesbHbix cemeli 00HO20 Kaacca, pabomarnujux
Had pacwupeHuem cecmeHmayuu. CemaHmu4eckue NPU3HAKU UCNONb3YIOMCA OIA YMeHbleHUs
OwuboK CeMaHmMu4eckoeo yposHA KOHmMypa. [10CKOIbKY He3aBuCUMbIU mecm BbiABUJ HEKOMO-
pble Hedocmamku 8 onpedesieHHbIX KNaccax 3eMHol nosepxHocmu, 0asnbHelwue uccnedo8aHus
bydym nocssweHbl BONPOCAM CO30GHUS KAmMano2a oby4arowux BbI60poK 018 no0Oep KU yc-
newHoli dughgepeHyuayuu obbekmos. B yesom, nosyyeHHble OUEHKU MOYHOCMU OeMOHCMpU-
pylom cospemMeHHble XapaKkmepucmuku pa3pabomaxHol modesnu, a makxe 3¢gekmusHocmb
amol KombuHayuu cemu u Habopos OaHHbIX 0I5 MeCmoBbIX pe2uoHos. Pe3ysbmamsl NOKa3bI-
8aiom, 4mo npeodsioKeHHbIl anzopumm mMoxem 3exmusHoO yay4wums ooy MoYHOCMb Ce-
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MaHmuyeckol ceameHmayuu u3obpaxeHuli OUCMAHYUOHHO20 30HOUPOBAHUS BbICOKO20 NpoO-
CMPAHCMBEHHO20 pa3pewleHus u cCokpamumes spems 0by4eHUs cezmeHmayuu.
Segmentation of aerospace images using convolutional neural networks

To solve practical problems, including for the management of territories, monitoring of
emergencies, for the development of the ecology of our planet, for the study and ecological
research of our planet, effective algorithms for the segmentation of multispectral images are
needed. In recent years, image segmentation using convolutional neural networks has be-
come very popular. A significant difference of this approach is the annotation of the assign-
ment of each pixel to a particular class of objects, so that the learning process of such net-
works is completely controlled. The paper proposes a new method for segmentation of aero-
space images of high spatial resolution based on convolutional neural networks and mask gen-
eration. Our model is based on a combined U-Net network with MobileNetV2 as the backbone. It
trains on ground data and provides a full prediction mask. A network has been implemented,
consisting of separate networks of the same class, working on the expansion of segmentation.
Semantic features are used to reduce errors at the semantic level of the outline. Since an inde-
pendent test revealed some shortcomings in certain classes of the earth's surface, further re-
search will be devoted to the creation of a catalog of training samples to support successful dif-
ferentiation of objects. In general, the obtained accuracy estimates demonstrate the modern
characteristics of the developed model, as well as the effectiveness of this combination of net-
work and datasets for test regions. The results show that the proposed algorithm can effectively
improve the overall accuracy of the semantic segmentation of high spatial resolution remote
sensing images and reduce the training time and segmentation time.
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K.C. Xab6apinak
OCOBJIMBOCTI POBOTU METO/IB ITIOIIYKY OBJINY
HA MOBUIbBHUX ITPUCTPOSIX

AHomauyis. Bce 6inbwa KinbKicmb 3aCMOCYHKIB BUKOPUCMOBYE NOWyK 06/1u4 6e3nocepedHbo Ha
mMob6inbHUX npucmposx. 00HAK, (OKYCOM Cy4yacHux OOC/IOXeHb 3G HANPAMKOM € NiOBULYEHHS
AKOCMI NOWYKY, HE3BAXAKYU HA Yac pobomu, wo pobums psA0 UiKasux ma epeKmusHUX an2o-
puUMMiB He3acmoCoBHUMU Y NPAKMUYHUX cuyeHapiax. Y oawili pobomi po3pobreHo adanmayii
n'amu «KAACUYHUX» mMa HelipoMepexesux a120pummis nowyKy 06uy 00 BUKOHAHHA HA MOGI/b-
Hux npucmposx. [lpoaHani308aHo Yac ma AKicme pobomu an20puMMis 8 3aneXHOCMi 8i0 pAdy
¢akmopis (wBudkocmi npoyecopa MobisibHO20 NPUCMPOIO, MUNOBO2O CUEHAPTI BUKOPUCMAHHS,
mouwj0), NOKA3AHO HeoYeBUOHY 3aN1eXHICMb 4acy BUKOHAHHA Bi0 3Micmy 306paxeHHA. Cnodisa-
EMOCb, WO HaBeOeHT NPaKMUYHI peKoMeHOayii w000 BUKOPUCMAHHA G/120pUMmMMIB NOWUPAMb ix
3aCMOCOBHICMb Y MOBINILHUX 3ACMOCYHKAX Ma NiowWmoBxXHyms NooanbWuli po3sumox ix moou-
¢ikayid.

Knrwo4osi cnosa: nowyk 061Uy, 4ac BUKOHAHHS, MOBINIbHI NPUCMPOi, HEUPOHHT Mepexi, Kpaliosi
064UC/IeHHA.

ITocranoBka mpooGsemu. [lonepenHbo Oy/0 MOKa3aHO 3HAUYIIICTh HMIBUAKOI
pPO6GOTHU aATOPUTMIB IMOUIYKY O6GIMY Ha MOOUIbHUX MPUCTPOSIX AJISI MPAKTUYHUX 3a-
CTOCYHKIB [1] TakMX, SIK BiACTeXXyBaHHS COHJAMBOCTI BOIISl IIiJl 4aCc KepyBaHHS, BU-
3HAYeHHS eMoIliif a60 CUCTeMM KOHTPOJIIO AOCTYITy [2]. OmHaKk, 3araJbHUM (OKYCOM
CYy4yaCHUX pOOIT € MigBUIIEHHS SKOCTi, He3BaskalouyM Ha vac poboTH, 1o poouTh 6a-
raTo HOBiTHiX SIKiCHMX PO3POO0OK HE3aCTOCOBHMMM Y IMPAKTUYHUX CIIeHaPisX.

B maniit poboTi: 1) mpoBeieHO ajanTallilo HU3KMU «KJIAaCMYHUX» Ta Helipomepe-
SKEBUX QJITOPUTMIB TMOILITYKY 00JMY IJiT MOOITBHUX MPUCTPOIB; 2) MpoaHaai30BaHO
SIKICTb Ta YaC BUKOHAHHS TaKMX aJITOPUTMIB B 3aJIeXKHOCTI Bifg psioy akTopis; 3) mo-
Ka3aHO HeOYeBUIHY 3aKOHOMIpHICTb, 11O YaC BUMKOHAHHS psAy QJITOPUTMIB 3ae-
SKUTB Bif, 3MicTy 300paskeHHs (KiJIbKiCTh 00/IMY, UM BOHM BeJIMKi ab0 MajeHbKi). 3a-
BISIKM IIbOMY aHasli3y, Oyme 3po6jeHO peKoMeHpallii IoAo TOro, sIKi aaropuTMu
CJIiI, BUKOPUCTOBYBATM B 3aJI€XKHOCTI BiJl IMIBMUIKOCTI ITpollecopa MOOITbHOTO MpPu-
CTPOIO Ta TUIIOBOTO CLI€HAPil0 BUKOPUCTAHHS.

© Xabapmak K.C., 2021
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AHaji3 ocTaHHIX DOCTiIKeHb i myosmikamii. /I moyaTky KOpOTKO PO3IJIsi-
HEMO ByKe yCTaJieHi MeTOIM TMOIIyKy 006/1my. [TepImM 3 TaKMX METO/IiB € KaCKaHMUI
kinacudikarop o6amu Xaapa [3], Takoxk BigoMmuii Sk meton Biosu-I>koHca. [jis
CBOTO Yacy lieji MeToJ, MPOIOHYBaB Kpallle CITiBBiTHOIIIeHHS SIKOCTi Ta yacy. ABTOpU
3aMpOITIOHYBa/IM IBUIKUIA MeToH, obuncieHHs GibTpiB Xaapy, Ha OCHOBIi SIKUX aji-
TOpUTM TpafieHTHOro OycTiHnry AdaBoost nepeg6adyae HalesKHICTb KOXKHOTO i3 peri-
OHiB 300paskeHHSI 0 KJIACiB «00aMuUs» UK «He o6amyust». KackagHa apxiTekTypa JIo-
3BOJISIE BUTpAYaTH OiJibllle yacy Ha pPerioHy, CXOXKi Ha 00/IMyYsl, Ta IMIBUIKO BiIKuaa-
TU YaCTUHU 300paskeHHs], 10 He € o6uyusiM. MeTog, IMOouTyKy 06/iMd Ha OCHOBI JIO-
KaJbHUX OiHapHMX maonoHiB (LBP) nmpomoBxkye ifgeto Bionu ta [I>koHca, ajne Bu-
KopucToBye LBP o3Hakmy, 110 € e MpoCTillMMM 0 o6uKcieHHs. SIK mpaBuio, e
JITOPUTM Mpallo€ MBUALIE, ajle Aelllo Tripiie rmonepeaHboro. 3araJibHOAOCTYITHI pe-
amisaiii 060x aaropuTMiB MOKHA 3HaiTH B 6ibmioreri OpenCV [4]. MeTon Ha OCHO-
Bi ricrorpammu opieHTOBHUX rpagieHTiB (HOG), mo4aTKOBO 3alIPOIIOHOBAHMI B [5]
NI TIOIIYKY JIIOMIeii Ta ITi3Hillle aJalTOBaHMii A0 IMOIIYKYy 06au4. B 11boMy meTomi
HOG peckpuriTopu moeanyoThest i3 SVM kinacudikaTopom. [JaHuit airopuTM peati-
30BaHO B [6].

Tenep Ginbl IeTasbHO PO3IASTHEMO Cy4YacCHi HelipomepeskeBi MeTOAY MOIIYKY
o6amu. Multi-task Cascaded Convolutional Networks (MTCNN) [7] — 1ie mepiinii i3
o0paHMX 151 TTOAAAbIINX MOCTiAKeHb METOIIB, 1[0 3aCHOBAaHMII Ha HEMIPOHHUX Me-
pekax. 3TiIHO aBTOpam, Kpally SKiCTb HaBYaHHSI MOKHA OTPUMATH, SKILO HaBYATU
HePOHHY MepesKy Bifpa3y JeKiJIbKoM 3ajauam: 1) MoIyK pamMoK o6/uy; 2) repe-
O6avyeHHST BipOrigHOCTi, [0 KOKHA 3 PAMOK MiCTUTh OOJMYYS; 3) BUAIEHHS ITSTU
KJIIOUOBUX TOUOK OOIMYUS, TaKMX SIK: OUYi, KIHUMK HOCY, KyTM poTa. TaKox 3aMiCThb
O Hi€l HEIIPOHHOI MepesKi aBTOpamMM 3allpONIOHOBAHO 3, SIKi BUKOHYKOTbCS OAHA Mic-
Jis iHmoi, a came: 1) Mmepeska nmporno3suiliii (P-Net) — mBuaKka mepexa, 1o onpaibo-
BY€ MojlaHe 300paskeHHs Y JeKiIbKOX MaciiTabax; 2) mepeska yrouHeHHs1 (R-Net); 3)
Mepeska BuBomy (O-Net). OcTaHHi ABi Mepexi OonpaIlboBYIOTh IepeadaueHHs, OTPU-
MaHi i3 momepegHbOro KPOKY, Ta Bigdi/bTPOBYIOTh a00 YTOUHIOIOTH iX. I (iabT-
patiii mepeg6ayeHb BUKOPUCTOBYETbCS TaK 3BaHMII aJTOPUTM I1OJaBIeHHS HeMakK-
cumymiB (NMS). Crig 3ayBaskuUTH, 10 A1 6araTboX METOIIiB POOOTH i3 00IMUUSIMU
nepen6avya€eThCsl BUPiBHIOBAHHS 00/IMYYSsT (KOJIM HEOOXiTHO TTOBEPHYTU 300paskeHHS
TaK, 106 oui 6y/nM po3TalioBaHi rOPU3OHTANBHO). I TaKMX BUIMAAKIB KIIOUOBUX
TOYOK, niepenbaueHux aaroputmom MTCNN, Gyzme OCTaTHBO. A, OTKe, TOJaTKOBUIA
Yyac Ha IMOLIYK KIYOBUX TOUOK iHIIMMU aJITOPUTMaMU HE BUTPAYaTUMEThCSI.
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BlazeFace [8] — HOBiTHSI po3po0OKa [Jis1 TIOIIYKY 00/INY, €A1HA 3 PO3IJISTHYTHUX,
SIKY OYJIO CITelia/ibHO PO3p0o06/IeHO A1 MOOIIbHUX IIPUCTPOiB. ABTOpamMu OYyJI0 B3SITO
3a OCHOBY BiJIOMOMY apxiTeKTypy AJis OLTYKY M0BibHUX 00’€KTiB SSD [9] i3 migme-
pexeto MobileNetV2 [10]. He3Baxkatouu Ha Te, 110 MobileNetV2 — 11e mepeska, opi€H-
TOBaHAa Ha MOOIJIbHI IMIPUCTPOi, aBTOPU MOMITU/INU, IO YCKIaJHEHHS TaK 3BaHUX Bot-
tleneck 6sy0KkiB (OCHOBHUMX OymiBHMX 0J0KiB Mepeski MobileNetV2) omHouacHo i3
3MeHIIIeHHSIM iX KiJIbKOCTi Ma€ TepeBaru 3a BiJHOILIEHHSIM 4acy A0 SKocTi. HoBuii
6s10k 6ys0 HaszBaHo BlazeBlock. HacTymHMM KpoOKOM OY/I0 CITPOILIEHHS apXiTEeKTYpu
SSD came 1711 ITOIIYKY 00J1M4, IPMOPaABIIY MOZIYJIi, III0 HE AOJABa/IM SIKiCTh caMe JIJis
1iei 3agauvi. I Ha ocTaHOK Oy/I0 TTOMidYeHo, 10 aaropuTM NMS (skuit 6y10 BUKOpHUC-
taHo i B MTCNN) ma€ momiTHi «CTpuOKM» y mepeabaueHHSIX paMOK 001MyUs Ha CyCi-
IHIX KaJpax, 110 MOXXe 3MeHIIyBaT/ IPaKTUYHY 3aCTOCOBHICTh aJITOPUTMY Ha Bifeo.
s BupiteHHs mpo6yiemMu, 6yJI0 3aITPOITIOHOBAHO OKPEMMIT HEBEJTMUKIIT MOY/Ib pe-
rpecii, 1o 3HaYHO cTabimi3ye nmependbaueHHs. OKpimM 06114, TaHUI aJITOPUTM TaKOXK
nepenbdavae KIOYOBi TOUKM (Y JAHOMY BUITAAKY Ie: OYi, ByXa, LIEHTP pOTa, KiHUMK
Hocy). Citif, 3ayBaXXUTH, 10 He3BaKalOuyM Ha 3HAUYHI HOBOBBEIEHHS JAHOTrO aJropu-
TMY, aBTOpaMM He OyJI0 IIOPiBHSIHO J0TO0 i3 a/JibTepHaTUBHMMM MeTomaMu. Kpim To-
ro, HaBUYaHHS BiOyBa/joCh Ha 3aKPUTOMY Habopi maHux. Y maHiil pobOTi Take MopiB-
HSHHS Oyfe BMKOHAHO. TakoX Ha BiIMiHY Bif po3rjisiHyTUX aaropuTmis, BlazeFace
TpaIfioe He i3 300pakeHHSIMM TOBITBHOTO pO3Mipy, a Ma€ nBi ¢ikcoBaHi Moaudika-
1ii: s pororpadiit Ha mepegHIO KaMepy i3 po3ainbHOIO 3HaTHicTIO 128x128 Ta Ha
3aHI0 — 256x256. ABTOpamu 6yJi0 3allpOIIOHOBAHO caMe 2 pi3Hi Mepeski, OCKIIbKU
IJIS1 TIepeIHbO1 KaMepy TUTIOBUM JOCUTDb BeJIMKi 00/MuYst, a IJIs1 3aAHbOI BOHU, SIK
IIpaBUJIO, Masi.

MeTo10 KaHOi pOo6OTH € PO3pOOKA MOOGITBHUX afanTalliil OMMCaHUX aJrOPUT-
MiB, aHaJIi3 SKOCTi Ta 4YacCy iX BUKOHAHHS, a TAKOX HaJaHHS NMPAKTUYHUX PEKOMEH-
nallin om0 ix 3aCTOCyBaHHS.

OcHoBHA yacTuHA. [Iis1 TpoBeleHHST eKCIIepUMEHTIB HaMu 6yJI0 po3pobJieHo
MOOGIJIbBHMIA 3aCTOCYHOK [Jisg omepailiifHoi cuctemu Android s momryky o6ymd
(puc. 1). Y MeHI0 KoHirypallii rnepemgdoauyeHo IMPOKMUI CIIEKTP Ha/lalITyBaHb
(puc. 1, 6). [lepmuM € po3gisbHa 3MaTHICTh 300pakeHHs, 1110 MOJAETHCS IO aarOpu-
TMY TOIIYKY 06/in4. TYT € i TUTIOBi 3HaUEeHHS [Ji1 BUKOHAHHS aJropuTMmin: 128x128,
256x256, 480x360, 640x480; i1 HAMHM3bKI: 32x32, 64X64 — 1110 JO3BOJUTH ITPOAHAJIi-
3yBaTU, UM € AJITOPUTMU 3TaTHUMMU 10 pOOOTH i3 300paskeHHSIMM i3 Ayske MaJjo Jie-
Tajisaiieo. HacTynmuuM MyHKTOM € KOH(irypalist Momes, e MOXXHa 006paTu ajro-

PUTM IOIIYKY 06/IMY, Ta UM XOUEeMO MM OTPMMYBATU 3 HbOTO iH(OpMaIlilo PO KiIio-
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YOBi TOUKM (SIKIIIO BOHA HasiBHA). [lasi mocTyrHa KOHQIrypaiiist 1iarHOCTUKH, sIKa Bi-
Io6payka€eThC MM Yac BUKOHAHHS aJrOpUTMY y Tabauii 3ropu (puc. 1, a). liarHoc-
THKa MOXe BimobpaskaTucsl y BUIJISIII cepeIHbOTO Ta BMOipKOBOI cepeqHbOKBaapa-
TUYHOTO BiIXMJIEHHS, pO3Pax0BaHOIO 3a 3aJaHMii IMPOMIXKOK Yacy, abo X y BUTJISII

MacCHUBY CIIOCTepeXKeHb i3 OKpeMMMM 3HaUeHHSIMM yacy poO0TH aJrOpUTMiB.

& You may procesd with takng ploiurs

Tirre {mnis) Cur  Mepan Std
Face Detaclion 1064 964 15,

Langmark Detecfion 00 00 G0

Face Delecior Resolulion

Total 1064 9641

BazeFooe Type

Foce Londmaerk Dztegtar

Shize Dibagnoaie

Slatistos cakculaion windos

a b
PucyHok 1 — IHTepdeiic MOOiIbHOIO 3aCTOCYHKY: a — ITOITYK O0IMYYs

Ta KIIOYOBMX TOUOK, b — manenp Ha/IallITyBaHb

Matoun Ha yBa3si omnepaliiiny cuctemy Android, y sskocTi anapatHoi miaTdop-
MM Hamu 0yso BimibpaHo 2 cmapTdoHM i3 mpouecopamyu Komiadii Qualcomm cepii
Snapdragon. IIpoiiecopu maHOi cepii MMPOKO MpeAcTaBaeHi Ha PUHKY, a OTXe, MPo-
BeJleHi HamMI eKcIlepMMeHTH 6ymyTh 3aTpebOyBaHi Ta Jerko BigTBopioBaHi. [Tepmit
nipoiiecop — Snapdragon 800 — 1e dmarmaHcbKkuii mporecop 2013-ro poKy BUITYCKY.
BpaxoByioun 3picT MBUIKOCTI poOOTH IIpollecopiB, ctaHOM Ha 2021-7 pik Takwmit
Mpollecop BUCTYIIAE HAa PiBHOMY i3 Mpoijecopamy HUKHBOTO 1[iHOBOTO CErMEHTY.
Hpyruit mpoitecop - Snapdragon 845 — dmarmaHcbkuii mpoiecop 2018-ro poky.
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[[InsixoM NpOBeleHHSI eKCIIEPUMEHTIB Ha HbOMY MM ITOKPUBAEMO Cy4aCHUI1 BEPXHiit
L[IHOBUI1 CeTMEHT.

KosxkeH i3 mpecTaBieHUX aJITOPUTMIB Oyjie OlliHeHO 3a TpboMa KpuTtepismu: 1)
yac BUKOHAHHS aJTOPUTMYy Ha MOOIJIbHOMY MPUCTPOIO 3a 3aJaHMX HalaIlITyBaHb Ta
rpoiiecopa; 2) YCHilllHICTh MOIIYKY 00/IMY Ha OJHOMY i3 TeCTOBMX ClleHapiiB; 3) Bi-
3yaJibHi 0COOIMBOCTI mepembaueHb aJTOPUTMY, TaKi SIK HeCTabiTbHICTh («TPEMTiH-
HsI») Tiepeg0ayeHHs Ha BiJieo.

ExcriepumeHTH. Ilepimmit ekcriepuMeHT OyJIO ITPOBEIEHO 3 METOI0 OIiHKM ce-
PeIHbOTO Yacy BUKOHAHHS aJTOPUTMIB i1 000X IIPOILIECOPiB, a TAKOX BMOiPKOBOIO
cepelHbOKBAAPATUUYHOTO BiIXMUJIEHHS yacy rnepeabaueHb. B Tabna. 1 mokasaHo pe-
3yJIbTATU eKCIepUMEHTY IJIsI 300paskeHb i3 PO3MAiIbHOIO 3MaTHICTIO 256X256. 3ara-
JIOM, Ha Oi/IbIII cTapoOMYy ITPOIIeCcOpi aiTOPUTMM BUKOHYIOTbCS ¥ 2,13 — 5,64 pa3siB mo-
Bile. IlikaBicTh BUK/IMKAE TOM (akT, IO BiZHOCHMIT 3piCcT yacy HJisi Helipomepexke-
BUX QITOPUTMIB € MEHIINUM, HiXX IJISI «KJIaCMYHMX», He3Ba)Kalouy Ha Te, 10 Hepo-
MepeskeBi aJIrTOpUTMM € 0OUMCITIOBAIBHO O/l cCKIagHUMM. Lle TpusBeno g0 Toro,
1110, HATIpUKJIaJ, KackaAay Xaapa novaay BUKOHYBaTUCh JOBIlIe, HiXX HelipomMepexeBi
aJropuTMu, Xxoua Ha Snapdragon 845 kackaay Xaapa BUKOHYBa/IMCh IIBUJIIIIE.

Tabmuus 1
IIBMAKICT BUKOHAHHS aJITOPUTMIB Ha MOOiJIbHMX ITPOIlecOpax.

H - cepenne, sd — BUGipKOBe cepeJHbOKBaApaTUUYHEe BiIXMICHHS

Snapdragon 845 Snapdragon 800 [lIBuIe

Anroputm .
4 (Mc) sd u (Mc) sd (pasiB)

MTCNN 98,9 24,1 210,3 100,4 2,13
BlazeFace 83,0 18,8 253,2 57,4 3,05
LBP 14,5 4,2 72,8 19,0 5,02
HAAR 71,2 7,2 401,8 87,6 5,64
HOG 25,2 4,0 90,6 28,1 3,60

[TonepenHbo 6y/10 BigMiueHO, IO OiNBIICTD BifiOpaHMUX aJITOPUTMIB MOKYTh
BMKOHYBATMUCh Ha 300paskeHHSX i3 Pi3HOI PO3AibHOWI 3HaTHicTI0. Ha puc. 2 roka-
3aHO YaC BUKOHAHHS B 3aJIESKHOCTI BiJl pO3Mipy BXigHOro 306pakeHHs [IJIs ITPOILieco-
pa Snapdragon 845, a Ha puc. 3 — gyist Snapdragon 800. PoskeBOI0 TOPM30HTATbHOIO
JIiHi€l0 TT03HAUEeHO OPi€EHTUP BMKOHAHHS aJrOPUTMIB y peaJibHOMY 4Yaci (25 KaapiB
Ha CeKyHAy). 3ayBaskMMoO, 110 OCKibKM 11t BlazeFace € gBi Moperti i3 pi3HOIO apXi-
TEKTYpOIO: [ 300paskeHb, 10 cororpadoBaHo HA GPOHTAIbLHY KamMepy i MalTh
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po3mip 128x128 (aBTOpamMm 3a3HaueHO, IO OOJMYUS Ha TaKUX 3HiIMKax, 3a3BUYAii,
IIOCUTH BeJINKi), Ta /I 300paskeHb Ha 3aHI0 Kamepy (e 06Muust MeHIIli) Ta po3Mi-
py 256x256, pe3ynabTaTy MiX IIMMM JBOMAa eKCIepUMMEHTAMM iHTEpPIIONIOBATU He
MOXXHa, TOMY 3aMipyu Ha pUC. 2, 3 mOKa3aHi OKpeMMUMM TOUKaMM, a MPOMiXKHI 3Ha-
YeHHS He MalOTh CEHCY.

I3 puc. 2, 3 MO>KHA 3pOOUTM BMCHOBOK, 1[0 aJITOPUTM Ha OCHOBIi KackajiB Xaapy
Yy BCiX CIleHapisix mpailo€ JOCUTh MOBiJbHO. [HIII X aJITOPUTMM MOXYTb BUKOHYBa-
TUCh OOCTAaTHbO MIBUAKO IJisg 300paskeHb 128x128 abo y meskux Bumagkax (LBP,
HOG) 256x256 Ha HOBOMY IIpoiiecopi, Ta auile nesiki 3 Hux (BlazeFace, LBP, HOG)
1151 306pakeHb He Oinbie 128x128 Ha cTapomy.

SIK 6ys10 MOKa3aHO, He BCi aJITOPUTMM € 3aCTOCOBHUMM (32 YACOBUX OOMESKEHD)
1711 300pakeHb BeIMKOro po3mipy. OmHak, Hamy He Oy/JI0 BKa3aHO, K 3aJIeKUTh
SIKiCTh pO3Mi3HaBaHHS BiJ po3Mipy 300paxkeHHsI. OCKiIJIbKM aJTOPUTMMH, IO IIpej-
CTaBJIEHO B JaHii pobOTi, 6y/10 HaBUEHO Ha pi3HMX Habopax JaHUX, TeCTyBaHHS Oy-
Ile IPOBeIeHO /151 HAIIIOTO 1IiJTbOBOTO ClieHapil0, a came MOOiTbHOTO 3aCTOCYBAaHHS Y

CUCTeMi KOHTPOJIIO JOCTYITY [2].
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PucyHOK 2 — 3aJjieXXHiCTh 4aCcy BUKOHAHHS aJrOPUTMIB Bif po3mipy
BXiZHOT'O 300paskeHHs 11 TIpoilecopa Snapdragon 845
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PucyHOK 3 — 3a/ieXXHiCTh 4YaCy BUKOHAHHS aJTrOPUTMIB Bif, po3Mipy

BXiZTHOTO 300paykeHHsI Aj1s1 Tipoitecopa Snapdragon 800

OTKe, y APYTOMY €KCIIEPUMEHTI KOXKHOMY i3 aJITOPUTMIiB MU BUCTABJISITUMEMO
OIIiHKY BiJI HYJIS O TPhOX IO OJHOMY Oaiy 3a: 1) Ha 3HIMKY, 1[0 HE MiCTUTH 00JINY,
aJTOPUTM He 3HAXOOUTh HeiCHYIoUi 06/Muusi; 2) aJITOPUTM 3HAXOIUTb OJIHE BeJIMKe
00IMYuUs, 10 MPUCYTHE HA 3HIMKY; 3) aJrOpUTM 3HAXOOUTh 0OMABA HEBEIMUKi 00-
nuyuusi. Pe3ysiibTaTy TeCTyBaHHS ITOKa3aHO Ha pUC. 4, e 3eJieHUM KOJIbOPOM MOKa3a-
He YCITillTHe BUKOHAHHS YCiX CIleHapiiB, a )KOBTMM i UepBOHUM — IBOX i OJTHOTO BiI-
MOBiAHO. 3ayBaXXMMO, 1110 B HAILIOMYy TE€CTOBOMY CepeaOBUILi XOAEH i3 aJrOpUTMiB
He 1epenbavyBaB 00IMYYST HA TTOPOKHHOMY (Maike 6i1oMy 3HIMKY), OT>Ke KOKEH i3
aJITOPUTMIiB OTpMMaB SIKHalIMeHIIe OguH 6al.

BisyanbHi 3ayBaskeHHs asroputMam. Kackaay Xaapa: Ha 300pakeHHSIX pO3Mipy
480x360 i Bullle JaHMIT aATOPUTM 3HAXOOUTh HEiCHYIOUi 00aMYUs], B OiIBIIOCTI BU-
MaJKiB TaKi «00JIMYYSI» TO 3 SIBJISIIOTHCS, TO 3HMKAIOTh HA CYCiIHIX KaJpaxX TeCTOBUX
ciieHapiiB. LBP: Ha 306paskeHHSIX po3Mipy 256x256 ab60 MeHIlle alTOPUTM He 3HAXO-
IuTh ofgHe abo obuasa ob6amuus. HOG: JocuTh SAKiCHO 3HaXOOUTh 00/IMYYST AJ1s1 3Hi-
MKiB 256x256 a60 Bume. MTCNN: 3HaxoguUTh BeJMKe OOJIMYYS HABiTh Ha 3HiIMKax
32x32, 1m0 poOUTH 10ro HaMOiMbII afaITUBHUM cepen oopaHux. BlazeFace mae aBi
dikcoBaHi kKoH(pirypalii Ta Ha 000X BifIpalboBye BigMiHHO. TaKoX CJIiJ 3ayBaskiu-
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TH, IO 3aBASIKM PO3pO6JIEHOMY MOMYJIIO perpecii, 1o crabinizye rnepembadyeHHs],

«TPEeMTiHHSI» paMKM 00JIMYYST HA CYCiIHIX KaJpax MaibKe BiICyTHE.

32x32
64x64
128x128

480x360

Posmip 300pazkerms

640x480

BlazeFace HAAR HOG LBP MTCNN
Asrroput™m

PucyHok 4 — O1iHKa po60TH aArOpUTMiB Ha TECTOBUX CIIeHAPisIX

B Ta6n. 1 Hamu 6yJI0 IOMiueHO, [0 CTaHAAPTHE BiIXMIEHHS IJIS1 PiSHUX ajro-
PUTMIiB CYTTEBO BiZIpi3HSETHCS — 1[iKaBO 3pO3YMiTM TaKy IoBemiHKy. Ha puc. 5 rmoka-
3aHO YaC BMKOHAHHS KOXKHOTO i3 aJITOPUTMIB B 3aJI€5KHOCTI Bif T€CTOBOI clieHu. Mo-
’KHA 1M00aumTH, 10 JJIS YCiX KacKaJHUX aaroputmis, a came: MTCNN, kackagyu Xaa-
pa, LBP HasiBHUMI1 CYTTEBUI 3pIiCT 4aCy BUKOHAHHS QJITOPUTMY B 3aJI€KHOCTI BiJ TUITY
CIIeHM, TOOTO aJTOPUTM «eKOHOMMUTH» 4ac Ha 0O6POOIli 300paskeHb, IO HE MICTSITh
perioHiB, CXOkMX Ha 00smuusi. Taka 0COOIMBICTb AJTOPUTMIB KOPETIOE i3 TUM, SIK
Mpalo€ MO30K JIOAVMHM — MM BUTPAyaeEMO 3HAYHO MeHIle Yyacy Ha pO3IMi3HaBaHHS
300paskeHb i3 3HAIOMMUMM HaM 00’€KTaMM, HiX i3 YMMOCh HEBiTOMMUM ab0 HEUiTKIM.
TakoxX IIikaBe Te, IIO0 HalicydacHimmi i3 o6paHux aaroputMmiB — BlazeFace — maitke
He Mae€ 3aJIeXKHOCTI Bif yacy s mogmenti BlazeFace (front) Ta mae ob6epHeHy 3aiex-
HicTb 1y1s BlazeFace (back). To6To kKoiu Kagp He MiCTUTh 006JINY, aJTOPUTM BUTpa-
yae 6isblie yacy Ha ix GiibIll JeTaJbHUIA MOUTYK, aHiX, KoM HasiBHe xoua 6 ofiHe 06-
mnyusi. Taka BiZMiHHICTH pOOUTH 11€¥i aITOPUTM MEHII 3aCTOCOBHMM 4Yepe3 BUIILY
00YMCITIOBAJIbHY CKIAOHICTh Y BUITAAKAX, KO OiNbILIICTh KaApiB He OyAe MiCTUTHU
06y us.

BostuHocTi. ABTOp BUpakae BAsiuHicTh Kopsimikiniii Jlapuci CepriiBHi K.(.-
M.H., JOlleHTy HallioHa/bHOTO TeXHIUHOTro yHiBepCcuTeTy «/IHIMpOBChbKa MOIiTeXHi-
Ka» 3a IUIiIHY AMCKYCil0 pob0TH Ta KOPUCHI 3ayBaxkeHHSI. POOOTY BMKOHAHO y pam-
Kax Aep>kaBHOI OI0IKeTHOI TeMaTuKy 3a Homepom: 0121U109787.
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BucHoBKM. B naHiit po60Ti 6y/10 po3pobeHo MOOiIbHI aganTallii ajst 5 anro-
PUTMIB MOIIYKY 00/IMY. 3 MPOBEIEHOT0 aHa/Ii3y MOXKHA 3pOOUTY BUCHOBOK, IO JIJIS
MIPaKTUYHOIO 3aCTOCYBaHHS Haikpamumu €: 1) BlazeFace, skuit mae crabinbHi Ta
TOYHI ITepenbavyeHHsI, OJHAK, METOJ, MPUitMa€e Ha BXif 300pakeHHS Jiniile ABOX (Dik-
COBaHMX PO3MipiB, HETUIIOBUM € i OiNbIINIT YaC BUKOHAHHS /151 TOPOKHIX KapTUHOK
TIOPiBHSIHO i3 300paskeHHSIMU 3 00amuusMu; 2) MTCNN eKOHOMUTbh 00UMC/TIOBaIbHI
pecypcu, Ko 06/1MY HeMae, Ta € HaiOiIbIn aganTUBHUM 0 Pi3HUX PO3MipiB BXij-
HIX 300paskeHb; 3) SKIIO K HaltOi/IbIlle 3HAUeHHSI Ma€ yac BUKOHAHHS, TO MOKe OyTU
BUKOpUCTaHuii MeTon Ha ocHoBi HOG meckpunropiB. Takoxk B po6oTi 6y/10 mmokasa-
HO, 1110 BUKOPUCTAHHS KAaCKaAiB i3 JeTEeKTOpPiB J03BOJISIE aAalITMBHO 3MiHIOBATM 4ac
BMKOHAHHSI METO/IiB B 3aJIEXKHOCTi BiJi CKJIQOHOCTI Ta 3MicTy 300pa’keHHS. ABTOD
CIIOiBA€ETHCS, IO OTPMMAaHI HOBI MPAKTUYHI pe3yJIbTaTU MOMMUPITh BUKOPUCTAHHS
ONMCAaHMUX METO/IiB Y MOOIIbHMX 3aCTOCYHKAX Ta IiJIITOBXHYTb ITOAAJBIINIA PO3BU-
TOK iX Moaudikairiii.
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OcobeHHOCMU pobombI Memod08 NOUCKA UL, HA MOBUNbHbLIX ycmpolicmsax

Bcé bonbluee Konuyecmso npunoxeHul ucnosb3yem NoucK Uy, HenocpeocmeeHHO Ha Mo-
6unbHbix ycmpolcmsax. 00HAaKo, hoKycoM coBpemMeHHbIX UCCIe00B8aHUll N0 HANPABACHUK ABNS-
emcs ysenudeHue Kayecmsa noucka, BHe 3agucumMocmu om spemeHu pabomsl, ymo desaem pso
UHmMepecHbIX U 3(eKmuBHbIX an20pUMMOB HenpuMeHUMbIMU 8 NPAKMUYecKux cyeHapusx. B
daHHol pabome pa3pabomaHo adanmayuu 5 «Kaaccuyeckux» u Helipocemesbix an20pUMMOB
noucka nuy, 015 BbINOJIHEHUA HA MOBUMbHbIX ycmpolicmsax. [lpoaHanu3uposaHo spems U Kave-
cmBo pabomsl a20pUMMOB 8 3aBUCUMOCMU Om pA0a ¢akmopos (ckopocmu npoyeccopa Mo-
6uNbHO20 ycmpolicmsa, MUNUYHO20 CUEeHapuUs UCNOb30BAHUA, U Op.), NOKA3AHO HeoYeBUOHYIO
3aBUCUMOCMb BPEMEHU BbINOJIHEHUA Om Co0epx)umMo20 u3obpaxeHus. Hadeemcs, ymo npuse-
OeHHble NpaKkmuyeckue peKoMeHOauuU KacamesbHO UCNOb30BAHUA A120pUMMOB yBeauqdam ux
npumMeHuMocms 8 MOBUJIbHBIX NPUJIOXKEHUAX U NoOmMoJKHym OasbHeliiee passumue ux Moou-
Qukayud.

Mobile Face Detection Algorithm Inference Traits

An ever-growing number of applications uses mobile face detection. However, most of the
modern research papers focus on increasing detection quality while paying no attention to de-
tection time. This means that many of the state-of-the-art algorithms are inapplicable on mobile
due to excessively large detection time.

The goal of this this paper is to adapt 5 of the face detection algorithms for inference on
mobile devices and analyze their performance characteristics. These algorithms include estab-
lished methods: Haar Cascades, LBP, HOG, as well as, novel neural-network-based algorithms:
MTCNN, BlazeFace.

The main research material. We conduct the experiments on three scenes typical for mobile
face recognition systems: when there are no faces, 1 or 2 faces. For testing we have implemented
an Android application. 2 widespread processors, namely Snapdragon 800 and 845, were selected
for time measurements. Having tested the algorithms, we note that all them can run at real-time
speeds for images of size 128x128 and only 2 of them (LBP, HOG) on 256x256 on the faster
Snapdragon 845. On the slower Snapdragon 800 only BlazeFace, LBP, HOG can run at resolutions
not higher than 128x128. We suggest not using Haar or LBP cascades in practice as their accu-
racy is quite low.

Conclusions. Based on the research conducted, we suggest that for the practical use-cases
the best algorithms are: 1) BlazeFace, which has stable and accurate predictions, however, the
method accepts only two image resolutions as input, in addition, higher inference time for empty

44 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucrtemHi TexHosorii» 6 (137) 2021 «System technologies»
images than for images with faces is untypical; 2) MTCNN, thanks to the cascaded architecture,
conserves the resources when input frames have no faces. This algorithm is also the most adap-

tive and can run at resolutions as low as 32x32 given that the faces are quite large; 3) in case if
inference time is of the most importance, we suggest using H0G-based algorithm. In this paper
we have also shown that cascaded algorithm architecture dynamically changes execution time
depending on image content and its complexity, which follows how we, humans, think. We hope
that the novel practical results obtained, will increase the use of the above-described methods in
mobile applications and will boost the development of the algorithm modifications.

Xao6apaak KocrsaTuH CepriiioBuy — acripanT, HallioHaabHMIT TEXHIYHMIT YHiBEp-

cuTeT «/IHIMpOBChbKa MOJiTexXHiKa», YKpaiHa.

Xao6apnak KoHcrantun CepreeBudu — aciypaHT, HalMOHaJIbHBIA TeXHUYECKUIL

YHUBepcuUTeT «/[HermpoBcKas MOJIUTEeXHUKa», YKpPauHa.
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L.I. Korotka
FORMATION OF A SET OF INFORMATIVE FEATURES WHEN DECIDING
PROBLEMS OF PREDICTING THE DURABILITY OF STRUCTURES

Annotation. The paper proposes a method for extracting informative features for the training
sample in the problems of predicting the durability of corroding structures. The work aims to
analyze and evaluate the informative features that improve the quality of the data and to struc-
ture them. Kendall"s method is used to determine the value of each trait. It is proposed to use
the training sample to work with a neural network or to build a fuzzy knowledge base only after
the formation of a set of information attributes on their value.

Keywords: information features, extraction and formation of information features, Kendall's
method

1. Introduction. Working with multidimensional data sets requires prelimi-
nary processing and analysis. This is due to many reasons, including the need to
lower the dimension of space; identification of informative signs and their assess-
ment; identification of abnormal or noisy elements in samples. These factors are
generally aimed at improving the quality of data, at the same time, the extraction of
informative features (IF) allows them to be structured [1, 2, 7, 8, 10].

The formation of a set of IF makes it possible to somewhat rank the variables of
the set under consideration. As a rule, the features that may be insignificant or not
too significant may be duplicated and/or even noisy. Therefore, the process of iden-
tifying and forming a set of information features when working with multidimen-
sional data in any subject area can hardly be overestimated [13].

2. The problem. The work will consider a training sample, which has been re-
peatedly used in training neural networks of different types in the tasks of predicting
the durability of corroding structures (CS) [4, 11]. However, for the first time, it is
proposed to consider the informative features of these data and evaluate them.

This approach can be useful both for training neural networks of various archi-
tectures [5, 6], and for clustering (clear or fuzzy [4, 9, 11]), and for building a knowl-
edge base when solving problems of this class.

© Korotka L.I., 2021
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Prediction of the durability of the CS (direct problem) is an integral part of the
problem of optimal design of corrosive structures, in which the direct problem acts
as the constraint functions (CF) of the inverse problem. The optimization problem
statement is formulated and known [3, 11, 12]. Both problems describe the process of
modeling the behavior of complex nonlinear dynamic systems that operate in an ag-
gressive environment. Problems of increasing the efficiency of computational meth-
ods of such systems occupy a special place.

There are enough works devoted to these problems because the reduction of
computational costs of direct and inverse problems is interconnected. The author
thinks it expedient to formulate a sequence of problematic aspects that are interre-
lated and lead to a change in computational costs when solving this class of prob-
lems.

When setting the problem of predicting the durability, the CS is described by a
set of independent parameters, each of which is characterized by a numerical value.
The structure operates in an aggressive working environment that causes corrosive
wear, which leads to a change in its initial geometric dimensions. At the same time,
the structure must maintain its bearing capacity, that is, satisfy the limitations in
strength and stability. The solution to the problem of predicting the resource of cor-
roding structures involves determining the value of the durability of the system, dur-
ing which it will function without failure.

In general, the mathematical formulation of the problem of predicting durabil-
ity can be written as follows:

t*=min{;}; i=1,N. (1)

Here t; is the durability of the i-th structural element, determined by the condi-
tions of strength and stability:

[o]-0i(t,vy)=0;  i=LN
) : (2)
G](t)—G](t,VO)=O; ]E]

Where [o] is permissible stress; o;(t) is stress in i-th element; a] is critical
buckling stress; v, is a corrosion rate in the absence of stresses; J is a set of com-
pression elements; N is the number of elements in the system; t* is definable dura-
bility.

There are a large number of mathematical models to describe corrosive wear,
which makes it problematic to build a unified approach to solving the problem. Note

ISSN 1562-9945 (Print) 47
ISSN 2707-7977 (Online)



«CucremMHi TexHouorii» 6 (137) 2021 «System technologies»

that the following assumptions are made for the considered corrosion process: 1)
corrosion occurs by an electrochemical mechanism and consists of the spontaneous
destruction of the metal in the electrolyte; 2) there is a case of general corrosion, the
mechanism of which is described for the entire surface of the structure; 3) irregular-
ity of corrosion is determined by the degree of inhomogeneity of the stress field over
the area of the structure.

The paper proposes to use Dolinsky's model:

%:v0[1+k0'€q], (3)

Where o, is the absolute value of the equivalent voltage; k = 0.003 MPa ' is a

coefficient taking into account the effect of stresses on the rate of the corrosion

process; where S is a vector of depths of corrosion of all elements.

As noted in the works [3, 4, 11, 12] the solution of this system of differential
equations is possible only numerically, since its right-hand sides are computational
algorithms. The stresses in the right-hand sides (3) are calculated using the equa-
tions of mechanics of a deformed solid: systems of equations of equilibrium and
compatibility of deformations, Cauchy relations, and physical relations (for elastic
bodies - Hooke's law). Consequently, the choice of the parameters of the numerical
procedures will significantly affect the error of the result obtained. With a decrease
in the integration step, it is possible to achieve greater accuracy, but this will nega-
tively affect the computational efficiency of the algorithm.

3. Analysis of requirements. Obviously, concerning the error of the obtained
solution & for the inverse problem, the following options are possible
D=D,uD,>Ds:

1) the first subset of points of the solution space D;, for which the error in cal-
culating the CF will exceed the maximum permissible £*: e>¢*;

2) the second subset of points D; for which the error is less than the permissible
e<e™;

3) the third subset Ds, the power of which is incomparably less than the two
previous ones, for which the error in calculating the CF turns out to be within the
permissible value, that is, in a certain neighborhood y : |¢—&* <y, which can be

considered as.

In the latter case, the conditions for the accuracy and efficiency of the compu-
tational algorithm are satisfied. It is obvious that the desired set of the solution
space, which does not lead to excessive computational costs and satisfies D=Ds. If
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the desired error of the numerical solution is given in advance, then such an ap-
proach requires a certain module for controlling the accuracy of the numerical result
for a given error [¢]. The problem statement is formulated:

{ht(g,z) — max
sle,hy)<[e]

Here € ={vy,k, 00,4y, Py} is a vector of factors influencing the value of the in-

(4)

tegration step h:;; where o is initial stress; Ay Py are geometric characteristics of

structural elements (area and perimeter, respectively).

Since the direct problem has been solved several times, therefore, there are
quite large amounts of data that are of an unordered nature. The author believes that
if we carry out a preliminary analysis of them, which consists of extracting informa-
tion about each feature, then it is possible to structure them in a certain way and,
according to the author, influence the efficiency of the computational algorithm.
This is the purpose of this work. Let us formulate the formulation of the problem of
forming a set of information features based on their value for the class of problems
under consideration.

Let us have input data in the form of a matrix C = {voi,aoi,AOi,PO,-,[g]}, i=L,N,

where N is the sample size. It is necessary, using clustering methods, to arrange the
features in descending order of their informativeness. Since quantitative features are
considered in the work, it is possible to use either the distance matrix approximation
method or the Kendall method to solve the problem. It is the latter that will be con-
sidered.

For each characteristic, the following steps must be performed:

1. Construct a frequency matrix for each feature C = {voi,aoi,AOi,POi,[g]}, here
i=1,N.

2. Find the change interval of the characteristic values, which is common for all
clusters.

3. Calculate Inf; (j = 1+ 5 is a number of features) as the number of objects of all
classes, the values of which for a particular feature did not fall into the joint interval.

Further, the features are ordered in descending order Infj, which corresponds to
their ranking of decreasing individual value. The quantities Inf; (j = 1+ 5) can be con-
sidered as weights of features: the larger the value of Infj, the more significant it is,
and, therefore, more objects can be recognized by this feature. Therefore, this fea-
ture is more informative.
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As you know, when the number of classes is more than two, Kendall's method is
applied to each pair of classes, and the weights obtained are averaged over the num-
ber of pairs [7].

4. Results of numerical experiments. Let there be a sample of volume
N=5000 samples, which is characterized by the following features
C= {voi,aoi,AOi,PO,-,[g]}. Based on the results of observations of objects using fuzzy

clustering [4], five clusters are considered, which are considered hereinafter as class
labels. We have a degeneration of the clustering problem into a classification prob-
lem. According to the steps described above, frequency matrices are built for each
feature: corrosion rate, initial stresses, and geometric characteristics of structural
elements (area and perimeter, respectively), errors.

The paper proposes to average the obtained weights not for each pair of
classes, but for all at the same time. This approach presupposes more stringent re-
quirements, however, according to the author, this allows taking into account the
individual value of each trait for all classes at the same time.

The results of numerical experiments are shown in Table 1.

Here are informative signs: Inf; is for corrosion rate vy; Inf; is for the informa-
tive sign for initial stresses o ; Infs is for area Ao; Infs is for the perimeter of the

cross-section of the structural element Py; Infs is for a given error [].

Table 1
Results of numerical experiments
Informative features for elements of the training sample
Inf; Inf> Infs Inf, Ings
0.7198 1,000 0.9936 0.9936 0.9698

Next, you can build informative features according to their value. The results
obtained indicate that the least informative feature is the corrosion rate, and the
most informative feature is the initial stresses. Therefore, it can be concluded that
for the further use of the training sample, for example, when training neural net-
works [11] or for classification [4], attention should be paid to the least informative
feature. It is possible, of course, to exclude it and not be considered as an input pa-
rameter when determining the parameters of numerical procedures. On the other
hand, v, - is a parameter of an aggressive environment that makes a significant con-
tribution to the operation of the structure. Therefore, according to the author, here
the problem can be solved by reducing the number of classes for this input variable.
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5. Results. The approach considered in the work allows you to streamline the
features and extract information about the information content of each of them.
This will allow, during further work with training samples, to structure the data and
improve the quality of their further use.
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DopmysaHHA HABOPY THhopMamuBHUX 03HAK
npu po38’a3aHHi 3a0ay nPo2HO3yB8AHHA 00820814HOCMT KOHCMPYKYill
Y pobomi 3anponoHosaHo cnocib6 3006ymms THOPMAMUBHUX 03HAK 018 HABYASLHOT BU-
6ipKu y 3a0a4ax Npo2HO3yBAHHA 00B208IYHOCMI KOPOOYIYUX KOHCMpYKUYilt. Memoto pobomu €
aHAaNI3 Ma OUIHKA TH(OPMAMUBHUX 03HAK, AKI 003BO/AMb NOKPAL4UMU SKICMb OQHUX ma
cmpykmypysamu ix. [na 3006ymms YiHHOCMI KOXHOi 03HAKU BUKOPUCMOBYEMbCA Memoo KeH-
danna. ponoHyembCca Kopucmysamucs Hag4yanbHow BUGIPKOK 018 pobomu 3 HelipOHHUMU Me-
pexamu abo 015 nobydosu He4imkoi 6a3u 3HAHb MiJIbKU NiCA opmMyBaHHA Habopy THopma-
MUBHUX 03HAK 3 iX THOUBIOYALHOK YTHHICMIO.
PopmuposaHue Habopa UHHOPMaAMUBHbLIX NPUIHAKOB
npu peweHuu 3a0a4 NPO2HO3UPOBAHUA 001208€4HOCMU KOHCMPYKUUL
B pabome npednoxeH cnocob u3sneyeHus UHGOPMAMUBHbIX NPU3HAKOB 01 0byYarowel
8bI60PKU B 300a4aX NPO2HO3UPOBAHUSA 00N2084HOCMU KOPPOOUPYUUX KOHCmMpYKyud. Lensto
pabomsl ABNAEMCA AHANU3 U OYEHKA UHHOPMAMUBHbIX NPU3HAKOB, KOMOPbIE N03BOAAIOM YyY-
Wwums Kayecmso OGHHbIX U CMPyKmMypuposams ux. [na onpedeneHus yeHHoCmu Kax0o2o npu-
3HaKa ucnosibzyemcs memoo Kendasnna. [lpednazaemcs npumeHams 00yyaruyo 8bI60pKYy 05
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pabomsl C HelpOHHOU cembto unu O/ NOCMpoeHUs Heyemkol 6a3bl 3HAHUL MOJILKO Nocse
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0.0. Linevych, T.A. Likhouzova
SEARCH ENGINES FOR VIDEO

Annotation. The article is devoted to an overview of search engines that process media
files. The relevance of the work is due to the fact that more and more information in the
Internet is represented not by text, but either images or video. The purpose of the study is
to identify problems that affect the search engines work performance. The key points for
any search engine are the form of saving the tag tags used in the search and the algo-
rithms used for the search (these factors determine the speed of the search), as well as
how accurately the tags characterize the video (this factor determines the accuracy of the
search). We are primarily interested in the accuracy of constructing tags that describe
video clips. To increase a system efficiency it is necessary to make a model that would si-
multaneously combine sound and images (i.e. combine information that was produced
during analysis of both), regarding the history of sounds and images of the video and
form logical connections with minimal information loss.

Key words: search engines, video analysis, tag building.

Introduction. The amount of video content in the World Wide Web actively
grows, hence an ability to examine it effectively becomes severe. To find wishful in-
formation users undergo a long and exhausting search in the Internet, caused by
software engines that provide more video records both that fill and unfill require-
ments. As a result users need to analyze those records to extract essential one.

According to web sources reports, based on society researches [1], the amount
of Internet content will increase up to 80% in 2021 year. It means that video content
popularity grows every day, thus video operations that ameliorate working with it is
a promising direction.

Research purpose. The aim of the research is to reveal problems that affect
video searching function efficiency of search engines.

The structure of a search engine comprises of three modules. Modules are re-
sponsible for:

© Linevych 0.0., Likhouzova T.A., 2021
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o video data receiving;
o data analysis;
o providing of analysis results in a structured logically correct way.

The research is dedicated to the data analysis module, which is planned to be
optimized in future studies. Hence now the task is to find a prototype system which
would provide users the most suitable video results according to users requirements.

System should be represented as a software system.

1.  System input data: video files.

2.  Files formats: MPEG, AVI, MP4.

3.  File attributes that will be analyzed:
e static;
e dynamic.

Static attributes: format, name, size, quality that help to estimate video analy-
sis (i.e. dynamic attributes) — speed of the process and quality of the process results.
Examples: time analysis of AVI format video file will vary from WMYV video, because
of files structures difference; meaningful file name may describe its content and
speed up its analysis; file size determines analysis time.

Dynamic attributes: sounds and images of video objects. Objects are natural,
artificial or abstract (something that can be comprehended intellectually e. g. defini-
tions or events) elements. Object is characterized by its state, behavior (that can be
described as an action list) and identity [2]. People examine characteristics of objects
with the help of sight, hearing, touch, smell organs. Considering that fact a video
provides sound and image information, people can use sight and hearing organs
without an ability to touch or smell it. From that fact it is can be inferred that sound
complements image and vice versa, because:

e image analysis provides information about objects

sizes/shapes/colors/origin/materials/use;

¢ sound analysis concomitant provides information about the actions of ob-

jects;

e analysis of sequentially connected sounds/images provides with processes

(actions) information that are performed by objects and object states changes

(more in [3]).

Based on the last dynamic attributes fact it was deduced a rule: to obtain com-
plete accurate information about the content of a video (compared to human capa-
bilities), a system should analyze each dynamic attribute of the video in the context
of the whole video (thus "analysis of related images/sounds sets" describes the proc-
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esses, rather than taken out of context, objects without knowledge of changes in
their states and behavior). This rule is applied during the review phase of existing
video analysis systems to determine its quality. A system is of a high quality if pro-
vides complete and accurate information about video content in the shortest possi-
ble time compared to existing analysis systems (including human).

Analysis of recent research and publications. Currently, there are many
search engines on the market that can work with video [4]. According to the scope,
they can be grouped into the following categories (for each of the categories given its
typical representatives):

e any (Amazon Rekognition [5], IBM Watson Visual Recognition [6]);

e recommendation systems (film or video clips searching — YouTube video

recommendation system [7]);

e manufacturing (image recognition/operational equipment — Cogniac [8]);

e sport (people recognition, events registration — Kinovea [9],

SkillSpector [10]);

e distance education (proctoring systems — Dartfish [11]);

e security systems (video surveillance, security, incident analysis [12]).

According to the input information, search engines are divided into those that
analyze:

e image (an overview of such systems is in [13]);

e image and sound (an overview of such systems is in [14]);

e image and text (an overview of such systems is in [15]);

e image, sound and text (an overview of such systems is in [16]).

Video elements that can be recognized by search engines in a recognition com-
plexity order:

e sound to text conversion (subtitles creation);

e image text recognition

e person face and identity recognition;

e object recognition by its characteristics;

e object trajectory recognition;

e events identification and description.

Video recognition (both sound and image) is a relatively simple task, which is
currently well developed and implemented in all considered systems at a high level.

To solve the problem of face recognition in most cases, classifiers are used,
most often based on the method of k nearest neighbors (kNN and the method of ref-

erence vectors SVM), and neural networks of different types [17].
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Recognition of objects by features is similar in principle to the recognition of
faces with their subsequent identification, but requires a much broader basis for the
preservation of reference samples and a more complex model for their classification.
There is also a need to re-train the model to add a new recognizable object. To solve
this problem, neural networks are mostly used [16, 17, 18]

Object trajectory recognition is a relatively new task that requires large com-
puting power to be solved. Now methods for its solution are offered: the hidden
Markov model, multi-object tracking on the basis of Siamese neural networks and
use of heterogeneous associative graphs [16, 19, 20].

And the last - identification, a coherent description of events or processes, can
be solved as a combination of previous tasks. Currently, there are few such solutions
and they can be improved [16, 21].

The results of the search engine work can be in the form of:

¢ video files or their fragments that match the specified search keys;

¢ a list of tags that best describe the video;

¢ alist of objects and/or people present in the video;

e alist of events recorded on video;

e detailed logically-connected structured text description of properties and

behavior of objects, and also directly or indirectly connected processes.

The key points for any search engine are the form of saving the tag tags used in
the search and the algorithms used for the search (these factors determine the speed
of the search), as well as how accurately the tags characterize the video (this factor
determines the accuracy of the search) [22-26].

We are primarily interested in the accuracy of constructing tags that describe
video clips. In this case, the greatest attention should be paid to the identification of
events and objects involved in these events.

Conclusions. The main problem of existing systems is the lack of a logically
connected detailed summary of video living/man-made/automatic systems [27],
which would describe the events, behavior, properties and relationships of the video
objects.

Excessive conversions of video information from data to text or image to text,
use of only one information source (either sound or image) lead to the loss of rela-
tionships and other information of objects. To increase a system efficiency it is nec-
essary to make a model that would simultaneously combine sound and images (i. e.
combine information that was produced during analysis of both), regarding the his-
tory of sounds and images of the video and form logical connections with minimal
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information loss. For example, let's describe a moment in time: there is a sound of a
shot, image with a bursting inflatable ball: first we combine sound and image - if the
human can describe the event, she/he immediately names and describes it, if not,
then can begin to create logical connections regarding event history, previously ana-
lyzed information about objects existed in a video and acquired for the life knowl-
edge base.

Thus, the next step in improving video systems is to create models (such as
neural networks), which can be used to build logical inferences as humans do.
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Iowykoei cucmemu

Cmamms npucesueHa 02130y NOuLyKosux cucmem, wio Moxicyms npayrseamu 3
mediagpatinamu. AkmyansHicms pobomu nog’a3aHa 3 mum, wo ece binvuie iHpopmayii i
iHmepHemi npedcmaejieH0 He mMeKCMoM, a 300paxeHHAMU abo eideo. Mema
docnidieHHs — sussumu npobaemu, Wo 8NaU8aAMs HA epekmueHicms pobomu noutLy-
K08UX cucmem 08 pobomu 3 mediagatinamu.

s ompumaHHs no8HoOi MouHoi iHpopmauii npo emicm 8ideo cucmema NOBUHHA
aHanizysamu KoxeH uHamiuHuii ampubym eideo 8 KoHmekcmi uinozo eideo (4inozo,
maxk Ak “amaniz Habopy noe’a3aHux 300paxeHb/36yKig” onucye npoyecu, a He 8UPSAHi 3
KOHmexcmy, 00’ekmu, 6e3 3HaHb NPO 3MiHU iX nosediHKu). /laHe npasuio 3acmoco8aHo
nio uac emany 02110y 8apiaHmis ICHYRUUX cUCMeM aHani3y 8ideo 011 BU3HAYUEHHS
AKOCMI cucmemu: CUCMeMa 88aXAEMbCS SIKICHOK, KOAU HAOAE MAKCUMAJIbHO NOBHY i
mouHy iHgpopmauiio npo emicm 8ideo 8 Hatlikopomuii CMpoKuU NOPIBHSIHO 3 ICHYHUUMU
cucmemamu aHanisy, BKAUAYUU JHOOUHY.

Knwouosumu momenmamu ons pobomu 6ydb-aKoi nowykoeoi cucmemu € ¢opma
30epexceHHs MimoK-mezis, no sKum 8i06y8acmscsi NOWYK, ma anzopummu, wo 8uKopu-
cmosyrmoscst 0711 nowyky (Ui pakmopu 06ymo811010ms WEUOKICMb NOWIYKY), A MAKOMC
HACKIJIbKU MOYHO MImKuU Xapakmepu3syroms 8ideo (ueti pakmop 00YyMOBIIE MOUHICMb
nowyky). Hac e nepwy uepey uyikasums mouHicms nobydosu mezig, uj0 onucyromeo
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gideohpazmenmul.

HatizonosHiwa npobaema icHyoUuux cucmem - 8idcymuicms no6yo0osaHoi no eideo
JI02iuH0-368's13aH0i demanwvHoi living system, sika 6 onucysana nodii, nogeodiHKy i
gnacmusocmi 06'ekmis yiei cucmemu. Bio 3atisux koHsepmauyiti daHux 38yK-mekcm, 300-
pPaxXceHHs-meKcm ma 8i0 8UKOPUCMAHHA Npu KOHeepmauii minvkKu 00HO20 Oxcependa
iH(popmayii (mineku 38yk ab6o minvku 300papiceHHs) 2youmscs iHQpopmauis npo 36'13Ku
Mix 06'ekmamu. [Ina nidsuujeHHs epekmusHoOCMi cucmemu eapmo 3podumu modes,
aKa 6 00HOUACHO noedHysana 38yK I 300paxceHHs (NPOAaHANi308aHy IHGopMayiv npo
HUX), 8paxos8ysana icmopiio 38yKie i 300paxceHs y 3dz2anbHili cucmemi 8cb020 8i0eo, U0
MU aHanizyemo, i ymeoprweana 0 J02iuHi 38'A3KU 3 MIHIMAAbHUMU eémpamamu
iH(hopmayii 3a paxyHoOK YHUKHEHHS, NPU MOXIUBOCMI, KOH8epmMayii.

INouckoewle cucmemolt

B cmamue 8binosiHeH 0030p NOUCKOBbIX CUCMEM, KOMOpble MOZYm 8bINONHAMb NO-
uck 8 meduagatinax. AkmyanpbHocms pabomsl 00yCn1081€HA MeM, Umo 8c€ OoJbllie UH-
(opmayuu 6 uHmepHeme npedcmasjieHo He 8 gude mekcma, a U300PaAMEHUAMU UIU 8U-
Oeo. Llenv uccnedosamus — 8via68UMb NPoOIEMBL, BAUAIOWUE HA I(PpekmusHoCcmb nouc-
K08blx cucmem, pabomarowux ¢ meduagatinamu.
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A.A. MapTMHEHKO
CTPYKTYPA TA AJITOPUTM POBOTHA
IHTEJIEKTYAJIbHOI CUCTEMU IIATPUMKU ITPUMHATTS PIIIEHD
IJIS ITEHTU®DIKALIL KYJIBTYPHUX HIHHOCTEN

AHomauis. Y cmammi po3ensdaemscsa anzopumm pobomu iHmMesnekmyanbHoi cucmemu niompu-
MKU npuliHamms piweHsb 10eHmugikayii KybmypHUX UYiHHOCmel 1 Kopucmysa4a 3 Hel, NUMaH-
HA BU3HAYeHHS OCHOBHUX CUyeHapiis pobomu i obmMexeHb. ABMOpoM HABOOUMbCS OOYT/IbHICMb
nodiny npoz2pamHoi peanizayii cucmemu Ha okpemi Moy, w0 00380UMb 3pO6UMU Npoyec Ma-
cumabysaHHa cucmemu MeHw mpyoomicmkum i 6inbw epekmusHum. Hasodumscs Habip iH-
cmpymeHmapito 014 BUPIWEHHA NOCMABieHo020 3a80aHHA. [lpu 4Yomy O0na ideHmugpikayii ma
aHami3y pizHUx munig 06'ekmis KyJbmypHUX YiHHOcmel Moxyme 6ymu nepedbadeHi pizHi munu
HelpOHHUX Mepex. TaKox BI03HAYAEMbCA CKAAOHICMb T KOMNAGKCHICMb NiOX00y BUPIWEHHS No-
CMassieHo20 3a80AHHSA, BU3HAYEHT Nepcnekmusu ma WAAXU N00anbWo20 O0CNIOKeHHA OaHOi
npedomemH+oi obaacmi.

Kntoyosi cnosa: anzopumm, cucmema niompumku npuliHAMmA piwieHb, HelpoHa Mepexa, 1Hme-
JleKmyanbHuli aHani3 0aHux, i0eHmu@ikayia KyabmypHux yiHHocmed.

Beryn. IIutaHHsS JOCTiIKeHHS Ta pO3pOOKM iHTeNeKTyaJabHOI CUCTeMU ITifT-
puMKY npuitHATTA pitensb (CIIIP) inenTudikauii kynbTypHux minHocrei (KII) € ak-
TYaJIbHUM Ta 3 ypaxXyBaHHSIM HasiBHOCTi Cy4aCHMX METOJIiB Ta 3ac00iB MOXKe OYTU
BUpillleHO. BenuKa KibKicTh TUITIB Ta pi3HOBMUAIB 00’ekTiB KL Mo)ke 3HAUHO yCKJa-
IOHUTK PO3POOKY MOJeJieit Ta airOpUTMiB, sIKi 6 BpaxoByBaju 61 BCi 11i 0COGIMBOCTI,
TOMY aBTOpaMy Ha HavyaJbHOMY eTalli, I arpobaillii pe3yabTaTiB, Ta AJIS TOIiIb-
HOCTI TIO/IAJIbIIIOTO PO3BUTKY CUCTEMM, POOUTHCS aKIIEHT Ha TaKMX 00’€KTaK SIK Kap-
TUHM (OPUTiHAJbHI XYIOXKHI TBOPU JKMBOIMMCY), SIK OJHOTO 3 TUMiB 00’ekTiB KII, aB-
TOpaMu OY/0 PO3IJITHYTO 1@ MUTaHHS B poOOTi [1]. 3 TexHiYHOI TOUKM 30Dy, Mpe -
CTaBJISIE iHTEpEeC caMe 06'€eKTU MaTepiaibHOI KyJbTYPH, 110 MalOTh XyIOXKHE, iCTOPU-
yHe, eTHOTpadiuHe Ta HAyKOBe 3HAUYEHHS i MigIsiraloTh 36epeskeHHI0, BiITBOPEHHIO
Ta OXOPOHI BiAMOBiAHO 10 3aKOHOAABCTBA YKpaiHN.

IToctranoBka mpooaemu. [Ipu imeHtudikaiii 06’ektiB Kl Ha mOYaTKOBOMY
eTarli KOpUCTyBavyaM Ta eKCIiepTaM JOBOAUTHCS MOKIaAaTUCS BUKIIOUHO Ha CBili 10-
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CBiJ Ta Ha HASIBHICTh B HUX JIOBiIKOBMX MaTepiasiB (KaTaJoOTiB 4 iHQoOpMaliiiHMUX
CUCTEeM 3 MMpeAaMeTHOi 06sacTi). SIK 3a3HAaYaAIOTh €KCIIePTH, PillleHHS PO JAeTalbHy
eKCIIepTU3y B CIielliajgi3oBaHMX JabopaTopisX MOBOAUTLCS MPUIIMATH, B OibIIOCTI
BUIIA/IKiB, BMK/IIOUYHO B pe3y/IbTaTi Bi3yaJIbHOTO OINISIAY OO0’€KTa Ta MOro IEeBHUX
03HaK UM XapaKTepUCTHUK, BigmoBigHo mo tuiry KII. Ha cboromHi He icHye yHiBepca-
JbHOI iHGpopMalliitHO-TOBiAKOBOI Ta/abo iHTenekTyanbHOi CIIIIP mas imeHTHdika-
1ii KII.

BripoBa/iskeHHSI Ta BMKOPUCTAHHSI CydaCHUMX MaTeMaTUUYHUX Ta IMPOTPaMHO-
araTpaTHMUX 3aco6iB, IMiJXOMiB Ta iHCTPYMEHTIB IPY CTBOPEHHI CUCTEM ITOJi6GHOro
TUITY Ta BUKOPUCTAHHSI CUCTEMHOTIO MigX0ay, Ha TYMKY aBTOpa, € OilbIl edeKTUB-
HUM.

Merta mociaigskeHHs. B pe3ynbTaTi aHasizy mpoaMeTHOI ranysi, po3pooku Mo-
noemi Ta metomiB imeHTudikaiii KII, cTBOpuTM Ta HagaTU KOPUCTYBauy IOi€eBUit iH-
CTPYMEHT /ISl BUPillIeHHSI TToCcTaB/IeHoi 3aaayi. [TigBuieHHs SIKOCTi Ta eeKTUBHOC-
Ti imeHTHdikaiii K1 3a paxyHOK BIIpOBAJI>KeHHSI Ta BUKOPMCTAHHS 3a3HAauYeHOi iHTe-
nextyanbHoi CIIIIP.

BuknageHHs1 OCHOBHOTO MaTepiajy OOCTiA)KeHHs. 3allpONIOHOBAaHA aBTO-
pPOM CHUCTeMa Ma€ BeJIMKi IepCrieKTUBY BUKOPUCTAHHS Ta BEJIMKY MOTEeHI[iiHY ayau-
TOpil0 KOPUCTYBaUiB. AJle, IK 3a3HAUYAJIOCSI aBTOPOM B CBOiX poboTax paHille, KOpU-
cTyBauam Oyje HaJaHO Pi3Hi MpaBa Ta mpaBa AOCTYITy. TakMM UMHOM CHUCTeMa, 0
pPO3pO06ISETHCS, Ma€ MpalloBaTH 3a BiAnoigHMMMU pexkumamu|1, 4].

OT>Xe aBTOpPOM IIPOIMOHYETHCSI B CHMCTEMi pO3pOOUTM NIBAa MPUHIIUIIOBO pi3Hi
peskumu ii poboTu:

— IndpopmaltiiiiHo-q0BiAKOBUIT pexkuM. B mepiry uepry mpusHaueHuit IS Ko-
PUCTYBAYiB, sIKi OyAyTh BUKOPUCTOBYBATU CUCTEMY JIJISI TTOLIYKY AOBiIKOBOI iHDOP-
Mallii 3a NeBHMMM O3HaKaMW, HAallpUKJad, Ha3Ba, aBTOP, PO3Mip i T.11. [laHUI pexxum
MoOyke OyTH IiKaBUM, HATIPUKIAA: IJIsT eKCIePTiB B 061aCTi KyJbTYPHUX I[iIHHOCTEM
Ta MpeaMeTiB MUCTEIITBA [J1s1 BUBYEHHS Ta BAOCKOHAJIEHHSI CBOiX 3HaHb; HaBYaJsib-
HMM 3aK/IaZaM; OpraHisalisim Ajisi CTBOPEHHS Ta HalIOBHEHHSI KaTaJIOTiB KyJIbTYPHUX
LIHHOCTEN Ta mpeAMeTiB MUCTELTBA; epeCciuHuM KOPUCTyBayaM CUCTEMU (TOCTSIM
pecypcy); iCTopuKaMm; ayKi[ioHaM 3 MPOAaXKiB KyJIbTYPHMX I[IHHOCTe} Ta IpeaMeTiB
MMCTeILITBA; TOIIO.

— Pesxum inTenekrtyanbHoi CIIIIP. B nepiry yepry ripmMsHadeHuit 111 KOPUCTY-
BauiB, SIKi OyIyTh BUKOPUCTOBYBATU CUCTEMY JJIsl aHATi3y 00’eKTaTa Ajisi GopMyBaH-
HSI TOBiIKM ITPY MIPUIHSITTI pillleHb 100 MOJaNbIINMX Iiit 3 06’ekToM. OKpiM IoIIy-
Ka CHiBITaAiHb 300paskeHHsT 00’€KTa 3 300pakeHHsIMM 0a3i maHux cucremu, Ta Gop-
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MYBaHHSI JOOATKOBMX IOBiIKOBMX BilOMOCTeN, Yy (YHKIiOHANA iHTeJeKTyaJlbHOi
CIIITP 3aknamaeThbes ¥ QYHKITS aHasli3y 1bOTO 00’eKTy. Ilig aHa/mi3oM, aBTOpOM po-
3YMi€TbCSI pe3yJbTaT PpOOOTM HEeIIPOHHOI Mepeski I BCTAHOBJIEHHSI OPUTiHATbHOCTI
00’e€TKy, 10T0 BiAIIOBiZHOCTI eTajOHOMY 300pa’keHHIO, 110 3HAXOAUThCS B 6asi ma-
HUX, @ TAKOXX CITiBBiJHOIII€HHS I0r0 OCHOBHMX O3HaK.

[HdopmarniiiHo-aHaMITUYHA CUCTEMA, [0 PO3POOJISIETHCSI B MeKax JOHOTO Hay-
KOBOTO JOCJIi/I;KeHHS Ma€ OyTY YHiBepcaJbHa Ta OXOILIIOBATH BCi aCIeKTH imeHTudi-
Katii Bcix TumiB KII, To6TO, Mpy MpOeKTYBaHHi CTPYKTYPU CUCTEMU, 3aKIaAAI0ThCS
MOSK/IMBOCTIi MIOAA/bIIIOT0 MacIITaOyBaHHS Ta BIOCKOHAJIEHHS CUCTEMMU.

Bysio puitHATO pillleHHsS YMOBHO PO3IIINTY PO3POOKY CMCTEMM Ha TPU OKpeMi
CKJIaJIOBi, 110 3HAYHO CITPOIIYE SIK eTall TPOeKTyBaHHS TaK i pO3pOOKM:

— «basa ganux Kl»;

— «AnHamituunmnit mogysb CIITIP»;

— «KopucTtyBaubKuii inTepdeiic».

B mocrimkeHHi akileHT poOUThCsT Ha imeHTHiKalii KyJIbTypHUX LIiIHHOCTEN Ta
ix pisHOMaHITTi, 10 B CBOIO Yepry opmye pi3Hi yMOBM i 0OMeskKeHHS /IS 3aBIaHHS
MIPUIAHSTTS pillleHHsT Ta GopMyBaHHS AOBiAKM. BpaxyBaHHS pisHMX KaTeropiit o3Hak
pisHux TumiB 06’extiB KlI, Ta moegHanHs B onHiin Bl Ta CIIIIP Bimpi3HseTbCs Bif
TUIIOBOTO pillleHHS 3ajauvi MpuitHATTS pimteHHs. OKpim mpolecy imeHTuikalrii
00’eKTa, 32 MEBHUMMM XapaKTepHMMM pMcaMM Ta MOKa3HMKaMM, CUCTeMa MaTuMe
3MOTY HaJlaBaTy aHAJIITUYHY JOBiAKY PO OPUTiHATIbHICTb, IPUHAIEKHOCTI PYKU aB-
TOpa, ernoxu abo yacoBoro miamaszoHy CamMe B Takii pisHmili Big icHyroumx CIIIIP i1
Oyme opuriHAJbHICTD ITiAXOMY pillleHHS 3a/1a4i Ta HAYKOBa HOBM3HA POOOTH.

Ockinbky Ha MOYATKOBIiN cTafii po3pobku Ajis anpobaillii po6boTH CUCTEMU aK-
IIEHT POOUTHCS Ha KapTUHAX, TO ISl 3a3aHAaYeHOi KaTeropii B mepury yepry Heoo6-
XiTHO BU3HAUUTU CIIUCOK O3HAK/KPUTEPIiiB, BAXKIMBICTb Ta aKTYJIbHICTb [[bOTO PO3-
TJISHYTO B po6o0Ti [2]. By/s0 rpoaHaii3oBaHo MpeaMeTHY 00JIacTh Ta BU3HAUEHO Ha-
CTYIIHUM TUIIOBUI CIIMCOK O3HAK/XapaKTePUCTHUK 1110 CTOCYIOTHCS KAPTUH:

— Twun (kapTuHa, ikoHa, (GOTO, YeKaHKa, BUpizaHa (TaHHO), BUIIIMBKA);

— HasBa (MoBa opuriHasy, aHIilicKa Ta yKpaiHCbKa MOBM);

— ABTOD (SIKIIIO BCTAHOBJIEHO, a60 KpaiHa Ta Miclie IMOXO/KeHHS);

— JlaTa cTBOpeHHS (SIKIIO YiTKO BCTAHOBJIEHO, 400 IIPUOIM3HII);

— TabapuTHi po3mipu (IOBXMHA, BUCOTA, IIMPUHA (MM));

— Maca (r);
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— Marepian ocHOBM (IepeBo, MeTasl, IUIaCTUK, ITOJIOTHO, Oymara, SIKIIO MOK-
Ha BM3HAUMTM KOHKPETHO, HANpUKIIAMA: AepeBo — OyK, Ay0, cocHa, 6Gepesa, TOIIO;
MeTas — 30JI0TO, CpibJ10, Mifb, TOIIO);

— Marepian (ons kapTuH dapba: akBapesb, ryaii, akpui, Macso, i T.11.);

— HasaBuicTs pamku(6arera) (Tak/Hi);

— Marepian pamMKu (mepeBo, MeTaJ, IVIaCTUK, Oymara, sIKIII0 MOKHA BU3HAUM-
TU: IepeBo — OYK, Iy, COCHA, TOIIO; MeTajl — 30JI0TO, CPibJ10, TOLIO);

— BnachHuk (¢isnuHa, opuaryHa ocoba, mepikaBa);

—  ®oTo (3 BU3HAUEHOIO SIKiCTIO Ta 6askaHO SIKiCHE Ta KOJIbOPOBe);

— JloBimka (omyc mpo MOK/IMBI 0COOMIMBI IPUKMETH: TIOAPSTIMHA, TISIMA, 3a-
CBiTH, TOILO).

B Tabmmui 1 HaBegeHO TUIIOBMIL IIepeJliK XapaKTePUCTUK AJIsT OTabIuIli 3 6a3u
IaHMX, 1110 BiATIOBiZaTMMe came 3a KapTUHI.

Tabmuisga 1

CHMCOK XapaKTepUCTUK TabauLi 3 KapTuHamu A1t 6a3u ganux KII

D)

MaTtepiaa ¢dpapbalakBapens, Tyall, aKkpHI, Macio, i

D)

T'aGapuTHi po3Mipa
(30m)
Baacuuk ((izH9HA, IOpHIHTHA ocoba, TepiKaBa)

Maca (T)

{(manHo), BHIIHTA)
TIOXOIKeHH)
a6o pHOIHIHHH )
MeTal — 30JI0T0, cpidiIo, Milsb..
Pamra ((6areT) Tax/Hi)
TloCcHIAHHA HA TKepeIo

MeTal — 30JI0T0, cpidiIo, Milsb..
®doTo (faxxaHO AKICHE Ta KOIBOPOBE)
KoedinienT gopipH 10 J:kKepeiaa

Ha3zea (MOBa OPHTIHATY, aHTJI. Ta YKP.)
T.IL. [UI BHIMHBKH — Oicep, HHTKH 1 T.IL.)

MHPHHA, (MM)

ID, yHiKaTbHHH iTeHTH]IKaTOP
Tun (kapTHHA, 1IKOHAa, OTO, deKaHKa, BHpi3zaHa
JOBKHHA, (MM)

JAaTAa CTBOpeHHA (IKINO MOKHA IiTKO BCTAHOBHTH,
6ymMara, abo: gepero — 6yK, 0y0, cocHa, Gepesa...:
6ymMara, abo: gepero — 6yK, 0y0, cocHa, Gepesa...:

Jdoeigka (0IIHC PO MOKTHEl 0COOIHEL IPHKMETH)

ABTOP (AKITIO MOXKHa BCTAHOBHTH, a0 KpaiHa Ta MicIlg
MaTepiaa ocHOBH(IepeBO, MeTAaJ, ILNIACTHE, TIOJIOTHO,
MaTtepiaa paMkH(IepeBO., MeTAaI, ITACTHK, TIOJIOTHO,

BHCOTA(TORBIIHHA), (MM)

IlogaTKoOBO, HA JYMKY aBTOPA, AOLIIJIBHO BBECTU TaKi XapaKTEPUCTUKU SIK: JIKe-
peJio HagxoskeHHs iHdopMatlii 7o B/I, Ta cTyIiHb TOBipy 10 HHOTO.

Ha pucyHky 1 HaBegeHO TUIIOBUII aJrOPUTM poOOTH iHTeneKTyasbHOi CIIITP
imentudikanii KI. B pobori [1] aBTOpamM B 3ampoOIIOHOBAHIi KOHIIEITYaIbHii
MOJIeJTi TaHOoi cucTeMy OyJI0 PO3T/SIHYTO MUTAHHS MOK/IMBOI pOOOTH 3 CMCTEMOIO 3a
pi3HMMM pOJISIMM Ta KaTeropisimm KOPUCTYyBauiB: caMe KOPUCTyBay, eKCIIepT,
anMmiHictpatop CIITIP, cucTteMHMii aaMiHiCTpaTOp IpOrpaMHO-arapaTHOTO
KOMIUIEKCY Ta PO3POOHMK CUCTEMINA.
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B maHiii po6oTi po3rasimaeThcsi came poboTa KOpUCTyBada Ta Oro mAii rpwu

imenTudikamii o6’eTKa.

Pewim iHdopmauinHol Pexcum ICANP
AoBIAKH Bubip pemmny
poboTtid
v
Kopueryaad ICNNP IKL aTpisye peanbHWi
BuaHaqeHHA of'eT Ana igeHTrdikauli (kapmHa, doTo,
napameTpie Nousyky Ixosa, Towo}
of'ekTy
h 4
CTBO;‘.:SHHH undhposoi 3a OpnoMoroio NporpEMHKO-anapaTHor
HONIT {CKaHYBaHH#R WOMMNEscy (hOTOANapaT, Ckanep, Towp)
chororpadysanta) KOPUCTYBAY POBUTE LWPOBY Koo 0B 'exTa
BeegeHHA napametpie of'exTa ipeHTudhikaLyl
nowyry
Hi + +
AHalnla_rcl nolwyk “P“EBHG_H"“IWWDW"' MpusegeHHAMepeTBOPeHHA Lndgposol konii
ob'exTia B 2a ol ob exTa — oB6'exta igenTdikauli 4o HopManeHoil
BEEOEHMA InenTudikauii KaHoH\Hol peansHoiiMacLuTaBHol diophm
napameTpami —_—
Mowwyk cxominx ob'extis N
3 5.0 KL Ta o6'exTa Mowwsyk cxome 95 etia s, Baslu OaHux
DopMyBaHHA Ta OpyK IneHTHdikaLi 3a — KyNETYpHUX WiHKDCTER ™ 3 of'ekTom
AOBKA 30BpanKeHHam ineHTMdikali 3 BMIHAYEHOIT TOMHICTIO
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PucyHoK 1 - Byiok-cxema aaroputmy poboTy KOpUcTyBada
3 iHTenekTyanbHow0 CIITP inenTndikamii KII
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SIK11I0 PO3TSIHYTU HaBeJleHYy 6JI0K-CXeMy aJrOpUTMy poOOTH CUCTEMU Ta KOPU-
CTyBaua, TO MOKHa 3a3HAUMTH, IO PoOOTa 3 CUTEMOIO BimOYBA€TbCS 3a TAKUMU
K/IIDYOBMMMU eTarnaMu:

1-if eTan. Bubip peskumy pob60TH, Ha SIKOMY KOPUCTYBau BU3HAYAETHCS 3 QYHK-
IIIOHAJIOM /IS BUKOPUCTaHHS : «[HGpopmalliitHo-g0oBigKoBUit» UM «Pexkum iHTesek-
TyanbHOi CIIIIP».

2-i eTar. 3a IOTIOMOTO0 CUCTEMM TEXHIUHMX (ITPpOrpaMHO-anapaTHUX 3aC00iB)
KOpUCTYBau poOuTh CKaH abo GoTo Komio o6ekTa s imeHTUdiKaIlii, JOIiIIbHICTD ii
BMKOPMCTAHHS 3a3Havaysacs aBTopaMu B poboTtax [3, 4]. dari BigbyBaeThcst mpoiiec
TIpUBeIeHHSs/TIepeTBOpeHHs 1I1MbpoBoi Komii 06’ekTa imeHTMUdikalii 10 BU3HAUYEHO]
MacuTabHoi ¢opmu AJjs1 MOAaIbIIol po60TH 3 IOUIYKY BiAmoBimHOCTel UdPOBOi
Komii 06’ekTa 3 00’eKTamm, IO MiCTIThcsS B 6a3i manux (BII), cucremi HeoOXimHO
MIpMBECTHU i1 A0 BCTAaHOBJIEHMX PO3MipiB. B maHomMy BuIIa[iKy, MOXHa BUKOPUCTOBY-
BaT OAVH 3 BilOMMX aJITOPUTMiB MacIITaOyBaHHSI.

ITicig npuBemeHHs M@PPOBOI KOITii 06’€KTa A0 3a3HaYEHMX (BU3HAUEHMX) 3HA-
UYeHb, BiH IMOJA€ETHCS Ha BXiZ HelipoHHO1 Mmepexi (HM), B maHOMY BUITaAKy ITPOBOIM-
BCSI eKCIIepMMEHT Ha 6a3i peKypeHTHOiI HelipoHHOiI Mepexi (PHM) tuny LSTM (Long
short-term memory, HM 3 10Broio KOpOTKOYacHOI NmaMm’sTTio).[6] Ha naHomy erarmi
cucremMa o6pobiise B/l muiie 3a 300paskeHHSIM 00’€KTa i BU3HAYAE CITiBITAAiHHS 3 BU-
3HAYEHON/3a3HaY€HOI0 TOUYHICTIO/MIMOBIPHICTIO Ta MPOBOAUTD OTO TEBHUI aHAJIi3.
[TutanHst BUKopuctaHHss HM, B gKOCTi iHCTpyMeHTapii0 MobymoBu cucTtemu, 6ysio
PO3IJISIHYTO aBTOPOM B po06oTi [5].

3-it eramn. Ilicas ompairoBands HM mudpoBoi komii 06’ekTa, 10 6y/10 MOoJgaHO
Ha ii BXifl, ccTeMa BIIOAAIbIIOMY MaTMMe IBa MOXJ/IMBI ClleHapii paboTu:

— gk 3HalaeHo B Bl K1, criiBriagiHHS, TO KOPUCTYBavy HaJA€ThCS MOXKJIIN -
BiCTb BM3HAUUTUCS 3 AOAATKOBMMM O3HAKaMM Ta cepep 3HaimeHux B BJl 00’eTKiB
(Bim omHOTO [0 HeKilbKa 00’€KTiB), MOJATH IIi O3HAKM Ha BXigHMII Iap iHIIOI JomaT-
koBoi HM i momaTkoBo mpoBecTyu MOIIyK i aHami3 06’ekra KL, nst 36iabiieHHST TOY-
HOCTi iteHTUdIiKaIlii;

— SKIIO CITiBIAAiHb 3a 300pakeHHSIM 3 3a3HaueHol0 TouHicTio B Bl KII He
3HaliJIeHO, TO KOPUCTYBAa4yy TaKOX HAJLA€ThCS MOXKIUBICTh BUSHAUUTUCS 3 O3HAKAMMU
00’eKkTa Ta cepef, BCix 00’eTKiB B B]l, (SKMX MOske OYTU COTHi TUCSIY Pi3HUX TUIIIB) i
MojaTy 1ji 03HaKM Ha BXigHmit map HM Ta momaTKOBO MpOBECTU MOILIYK i aHali3
o6’exrta KII s 306i/bllieHHST TOYHOCTI igeHTUiKallii, ajie 1le MOXe 3HAYHO 30i/Tb-
IIMTU Yac 00pOOKM.
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4-1 eran. @opmyBaHHs Ta ApyK noBiaku CIIIP, ge y BUIagKy SIKIO AOBiIKY
Oyme IMpUITHITO KOPUCTyBaueM 3a[0BiJIbHOIO, TO BiH 3aBepirye pPoOOTy 3 CUCTEMOIO.
B pasi, 9KII10 i yac 03HalioMJIeHHS 3 JOBiIKOI Y KOPMUCTyBaua BUHUKHYTh JOJAT-
KOBi IIMTAHHS Ta ifi€l 00 JOOATKOBOI MepeBipKM, TO BiH MaTUMe MOKJIMBICTh MO-
BEPHYTUCS Ha IMOMepeAHi eTany Ta JOOATKOBO YTOYHUTU O3HAKM/TapaMeTpy ieH-
Tudikallii Ta OTpMMaTH HOBY YTOUHEHY IOBiZIKY Bifl CUCTEMMU.

BucHOBKM. BUKOpUCTaHHS 3a3HaY€HOI B CTATTi CCTeMM ITOOYIOBaHOI Ha Oa3i
HEePOHMX MepesK Ta CydyacHUX MPOrpaMHO-anapaTHUX 3aC00ax TO3BOJIUTb KOPUCTY-
Bauy, B YMOBax HeBM3HAUEHOCTi Ta B yMOBax oOMeskeHHs Yacy, OTpUMaTH J0JaTKO-
BY IOTIOMOTY TIpU MPUMAHSITTI pimieHHs npy imeHTudikaiiii K1, BuKopucTaHHs cuc-
TeMM MOIiOHOTO TUITY € aKTyaJIbHUM Ta IMepPCIeKTUBHUM.

3ampoONOHOBAaHMIA aBTOPOM ITiAXiA 4O CTBOPEHHS 3a3HAUEHOI CUCTEMU € 3Pyd-
HMi Ta eeKTUBHMIA, Ma€ MOTY>KHUI TTOTEHITia JIJIs TTOa/IbIIOr0 PO3BUTKY Ta BIIOC-
KOHajieHHsT cumuTeMu. [ToemHAHHS B ONHIl cucTeMi 6a3 JaHUX Ta 3HAHb Pa3oM 3 I10-
TY>KHMM MaTeMaTMUYHMM i aHaJiTUYHMM arnapaTom J03BOJUTb BUIATU Ha Oibll BU-
COKMIt piBeHb B IMOPiBHSIHHI JIKIIIe 3i 3BMUaitHMMM 6a3aMM TaHUX Ta KaTaJoraMu.

TakoX mpu aHali3i IpeaMeTHOI raaysi aBTOpPYy MPUILIIOCS CTUKHYTUCS 3 Ta-
KMMU MUTAHHSIMMU, SIKi € 3aBJaHHSIM Ha MOAAJIbIlle BIOCKOHAIeHHS CUCTEeMU:

- ocobmBocTi pisHux KaTeropii KII Ta BigMiHHOCTI B migxomax 1o ix imeH-
Tudikarii;

- YyacoBi oOMeXeHHS igeHTUdiKalii;

—  HeoOXimHi iHCTpyMeHTH, 06aJHaHHSI, JJabopaTopii Ta TecTu,

—  JOBiIKOBi mKepena iHGopMallii, 3a JOIIOMOTOI0 SIKMX €KCIePTU OOrpyH-
TOBYIOTb 1 MiAKPIIUTIOIOTH CBOI BUCHOBKM;

- IOpUAMYHA TTPAaBOMIpPHICTh TUX UM iHIIMX BUMAIB AOCTIIXEHb MO igeHTudi-
Kallii Ta IOpUANYHI HACTIIKY IPUHSATUX pillleHb 110 izeHTHdikaii KII.
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Cmpykmypa u anzopumm pabomel UHmMenANeKMYyaabHOU cucmembl

noooep)XKu npuHamMuUA pewleHull 014 udeHmuguKayuu KynbmypHsix yeHHocmel

B cmamee paccmampusaemcs aneopumm pabomsi UHMenneKkmyaabHol cucmemsi nodde-
PXKKU NpuHsmus peweHuli udeHmuguKayuu KyJbmypHbIX yeHHocmel u nosb3osamess ¢ Hel,
80NPOCbI onpedesieHus OCHOBHbIX CyeHapues pabomsi U 02paHu4eHudl.

Asmopom npusodumcs yesnecoobpasHocme pazdesieHus npo2pammHoOl peanuzayuu cuc-
memu Ha omoesibHble MOOY/IU, YMO NO3BOAUM COeamb NPoyecc MaclumabuposaHus cucmemsl
MeHee mpydo3ampamHbim u 6osiee 3¢gekmusHbIM.

lpusodumcs Habop uHcMpymeHmapus 0415 peweHus nocmasieHHol 3adayu. [lpu yem 015
udeHmuuUKayUU U GHAU3A PA3HbIX MUNOB 00BEKMOB KY/JbMYpPHbIX UYeHHocmel mo2ym 6bimb
npedycmMompeHsl pazsie munsi HelipoOHHbIX cemeli.

Takxe omme4aemcs C0XHOCMb U KOMNJIEKCHOCMb N00X00a peweHus nocmasieHHol 3a-
0ayu, onpedesieHHble nepcnekmussl U nymu 0aibHelwe20 uccnedo8aHus 0aHHol npedmemHol
obnacmu.

The structure and algorithm of the intelligent decision support system
for the identification of cultural values

The article discusses the algorithm of the work of an intelligent decision support system
for identifying cultural values and the user with it, the issues of determining the main scenarios
of work and restrictions.

The author provides the expediency of dividing the software implementation of the system
into separate modules, which will make the process of scaling the system less labor-intensive and
more efficient.

A set of tools for solving the problem is presented, where a decision is made as such.
Moreover, for the identification and analysis of different types of cultural property objects,
different types of neural networks can be provided.

It also notes the complexity and complexity of the approach to solving the problem, certain
prospects and ways of further research of this subject area.

The use of the system specified in the article, built on the basis of neural networks and
modern software and hardware, will allow the user, in conditions of uncertainty and in conditions
of limited time, to receive additional help in making decisions in identification and CC, the use of
a system of this type is relevant and promising.

The approach proposed by the author to the creation of this system is convenient and
effective, has a powerful potential for further development and improvement of the system. The
combination of databases and knowledge in one system, together with a powerful mathematical
and analytical apparatus, will allow reaching a higher level of identification and analysis of
objects of cultural property in comparison with conventional databases and catalogs.
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The conclusions set tasks for solving organizational, legal and technical issues related to

the implementation and operation of the system.

MapTuHeHKo AHAPiii AHATOMiIOBUY — CTapIinii BUKIagay Kadeapyu mporpaMHoO-
ro 3a6e3reuyeHHs] KOMIT'IOTepHUX cucTeM HaiioHaJbHOTO TeXHIUHOTO YHiBEPCUTETY

«/JHIMTPOBCHKA IO TEXHIKa».

MapTbhIHEHKO AHAper AHATO/JMbeBUY — CTapIiuii mperojgaBaTeb Kadenapsl Ipo-
rpaMMHOI0 ObecreueHMs] KOMIIbIOTEPHBbIX cucTeM HallMOHAJIbHOTO TEeXHUYECKOIo

yHUBepcuTeTta «[[HempoBCKas MOJTUTEXHUKA».

Martynenko Andrii — Senior Lecturer of the Department of Software Engineering of
the National Technical University "Dnipro Polytechnic".
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I.A. borgaH, B.®. banakin, M.M. lllTtona, F0.M. HukonaeHko
MATEMATUHUYHA MOJIEJIb CWJIOBOI TA TE®OPMAILIITHOI B3AEMO/IIT
CMVYTU 1 BAJIKIB ITPU ITPOKATIII
3 IHTEHCHBHOIO IVTIACTUYHOIO JE®OPMAIIIEIO

AHomauis. Bce 6inbw )opcmki sumou nped'ssasiomscs 00 sKocmi Haghmoza3osux mpy6, 30K-
pema, 00 ix KOpo3iliHoi cmilikocmi. BUKOPUCMAHHSA By2/iieyesux Mapok 0/1A ix BU20MOBNEHHSA 34
mpaoduyiliHoo mexHos02iEl0 He 3abe3neyye 00CMAmMHb020 PiBHA 3axucmy 8i0 Kopo3ii abo €
Haomo dopoeum. 3acmocyBaHHA MexaHi3My THmMeHCUBHOi naacmu4Hoi Oegpopmayii dae 3mozy
3HQYHO 3MIHUMU 3epHUCMICMb 1 MUM camum NiOBULUMU MeXaHI4Hi saacmusocmi memasny ma
(020 Kopo3iliHy cmilikicms. Po3pobieHa cxema npocmozo npoyecy NPoKamKuU 3 X0J10CMuM posiu-
KoM nepedbayae BUKOPUCMAHHA THMEHCUBHOT naacmuyHoi Oegopmayii. MamemamuyHa mooesb
npouecy 00380/I€ BCMAHOBUMU CNPABXHIO cmyniHb Oegopmayii cmyau, cnpoekmysamu na6o-
pamopHull ekcnepumeHm, BU3HAYUMU KOPO3iliHy cmiliKicmbs Memany ma po3pobumu npomMuco-
BY YCMAHOBKY 015 06POOKU BHYMPiWHbOT NOBEePXHT mpyo.

Kntoyosi cnosa: iHmeHcuBHa naacmuyHa Ooegpopmayis, cMy2a, BASKU, MGMeMamuyHa Mooesb,
MexaHIyH1 81aCMUBOCMI, KOPO3ilHA CMIliKiCMb.

ITocTraHOBKa mpoo6eMu. YMOBM eKCILIyaTallii Tpy6 HachTorazoBoro coprame-
HTY BM3HAUYalOTh XKOPCTKI BUMOI'M [0 iX CTPYKTYPU Ta BJIACTUBOCTENM, 30Kpema, KO-
pO3iiiHOi CTiiiKoCTi. BiloMo, 1110 MeXaHi4Hi BJIaCTUMBOCTI i KOpO3iliHa CTiliKiCTh CTa-
JIeil iCTOTHO 3a/eXkaTb Bif CTyreHs moapiOHeHHS 3epHa i OMHOPIAHOCTI CTPYKTYPH.
OnmHMM i3 cI1oco6iB GopMyBaHHS IPiOHO3EPHUCTOI CTPYKTYPH, ITiABUILIEHHS MeXa-
HiYHMX Ta KOPO3iifHMX BJIACTMBOCTEI € iHTEHCMBHA IUIACTUYHA JAedopmalris.

3 MeTOo10 BU3HAUeHHS BIUIMBY iHTEHCUBHOI IUIacTUYHOI medopmaliii Ha medo-
pMalliiiHe ompalfoBaHHS CTaJieBUX CMYT Oysa po3pobjieHa cxeMa IPOCTOro MpoIlecy
MPOKATKM 3 XOJOCTUM POJIMKOM. MOKIMBUIA BIUIMB iHTEHCUMBHOI TIaCTUYHOI Aedo-
pMaliii B Takiii cxemi Ha CTPYKTypy MeTasy 3axkaAano po3po6Ku MaTeMaTUUYHOI MO-
IeJli, METOIO SIKOi € BU3HAUYEHHS BeJIMUMHM iCTMHHOI ITacTUUHOI medopmairii. ITe-
penbavyaeThCss HA OCHOBI pe3y/bTaTiB MaTeMaTUYHOTO MOJIeTI0BaHHS, Tab0paTOPHO-
ro eKCIepyMMeHTY TP MPOKATIi CMYT i BU3HAUEHHI iX KOPO3iliHO1 CTilIKOCTi B 3a-

© borpan JI.A., banakin B.®., IllToga M.M., Hukonaeuko 10.M., 2021
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MIPOTIOHOBAHII cXeMi po3pOOUTH IIPOMMUCIIOBY YCTAHOBKY JJIs1 00POOKM BHYTPIllIHbO1
TTIOBEPXHi TpyoO.

Pe3ysnbTaTi po6oTu. MaTeMaTMuHy MOJe/b 3alpOIIOHOBAHOI CXeMM MpOKaT-
KM 3 TIeBHOI0 BEJIMUMHOKI iHTEeHCHMBHOI IUIACTMUYHOI AedopMalii mepembayaeTbCs
OIMCAaTU YOTUPbOMA eTaraMu.

[Mepinit — BU3HAUEHHSI CUJIM TIPUTUCHEHHS XOJIOCTOTO pOJIMKa B MaTepiaa mpu
dikcoBaHiit BeIMUMHI 3yCUIUIS, TIPUKIATEHOT0 10 Bakesisi MexaHi3my.

Hpyruit — BU3HaYeHHS BeIUUYMHU CUIM TUCKY XOJIOCTOI'O POJIMKa Ha CMYTY, 1110
MIPOKATYETHCS Ta pobouMit BajioK.

TpeTiit — BU3HAUEHHS TJIMOMHYM BAABJIIEHHS POJIMKA B CMYTY P 3aJaHOMY Ha-
BaHTa)XeHHi B BiICyTHOCTi 06epTaHHS BaJIKiB.

YeTBepTuit — BU3HAUEHHS [i/iCHOTO Ta €KBiBaJIEHTHOTO CTyIleHs1 Aedopmarrii
CMYTM XOJIOCTMM POJIMKOM.

1. BusHaueHHSI cCuv BAABJIEHHS X0JIOCTOTO POJIMKA 3a JOMOMOTIOK BaXKiJIbHOTO

MeXxaHi3My Ha jabopaTopHoMy cTaHi «180» (pucyHoKk 1).

% ,DGECHH Banku
= \
AX chMyea

P — Bara BaHTaXiB Ha BiIbHOMY KiHIIi Baxessi; L = a + 6 — OOBXMHA BaXKeJs;

F, — cuna BoaBIoBaHHS POKKa B ocepefiok Aedopmaliii;
F - cuna, 3B0OpOTHA 110 BiAHOIIEHHIO A0 CU/IY BAABJIE€HHS Fy, (Cua peaxuii 3 60Ky
ponmuKa); £, — CUIa TepTs KOB3aHHS MiX BaskejieM i pOJIMKOM;
f — KoedillieHT TepTs KOB3aHHS; 4 — TOUKA KOHTAKTy BakeJis i pojMKa B MicClli ro-
PU30HTAIBHOTO JiaMeTpa POJIMKA; (p — KYT MiXK BakeJieM i BepTUKaIbHOIO BiCCIO;

0. — KyT MiX BakeJieM i TOpUM30HTaIbHOIO BiCCIO
PucyHok 1 — Po3paxyHKoBa cxema

3a nuIeMo BeKTOpHe CHiBBiAHOILIEHHS MTPY 3HAXO/’)KeHHi CMCTeMM B piBHOBa3i1
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—

F,=-F. (1)
3a nuiemMo piBHSIHHS 6a/laHCy MOMEHTIB, TOOTO PiBHSIHHSI piBHOBAaru BiTHOCHO
OIIOpU BaKeJIst
P-6-sin@+Fy, -a-sing—F-a-cos¢=0. 2)
P-6-sino+ f-F-a-sing—F-a-cose=0. 3)
Topi cuna peaxiiii 3 60Ky posiMka F BU3HAUUTHCS 3 BUPA3y

Fo P-g-sing

—, npu 0< a <90°. 4)
a-coseo—f-a-sing

BukopucrtoBytoun piBHSIHHS (1), OTpMaeMO BeMYMHY (MOAYJ/Ib) CUJIV BOABJIE€H-

HsI pOJIMKa
P.g-si
F,=F-= 6 - sin @ . 5)
a-cosQo— f-a-sin@
abo
P-s sin
F,= ? ©)

a cosQ— f-sing’
V pasi BigcyTHOCTi 06epTaHHS pOJIMKA i BaJKiB MOKHA ITOK/JIACTU B PiBHSIHHS (6)

f =0, Toni

_P-s sinp P-sg

Fy 1g0. (7

a cosQ a
2. BusHaueHHs BeJIMYMHU CUIM TUCKY pOJIMKA HA CMyTy TMpU TTPOKATI
(PUICYHOK 2).
Busnaummo Kyt o, 3 i Y 3 HACTYIHMX CHiBBigHOIIEHD [1]
cosy=Az+Bz_C2 , sinylel—coszy. 8)
2AB
V BigcyTHOCTI 06epTaHHS Fup =0, f1 = f> =0, Toxi piBHSIHHS piBHOBaru po-

KA HabyBalOTh TaKUil BULJISL:
2 X =+Fsina+Fsinf=F,, )
> Y =—Fcosa+F,cosB =0,

TOAI
F=— F,cosf . F,cosp ’ (10)
sina - cosP + cosa - sinf3 A
F,
Fy = 5 cosal (1)

- sina. - cosf + cosa. - sinf’
ne A =sino -cosf+cosa -sinf3.
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OcKi/lIbKM IMOYaTKOBA TOBIIMHA CMYTU /1 He mepeBuiye 1,5% Big cymu pamiycis
pobouoro Bajka i ponauka, mpuitmemo /=0, Toai o =f3 i piBHsaHHS (10), (11) TpaHCc-
dbopmyloTbCs y Bupa3s

Fgcosa F,

F=F= — =, (12)
2-.-coso-sina 2-sina

BusHauMMo o BiAMOBiAHO 0 piBHSHHS (8) MO CMiBBiAHOIIIEHHSIM:
24% - C?
242

cosy =

’

C=rythtry

A=ryth+r,

F,, Fy, — cyunv BOABIeHHs i TepTs 3 60Ky Baske/isi Ha PONIVK;

Fi, F» — cuna TUCKy 3 60Ky BepXHbOTO Bajika Ha POJIMK, HIDKHbOTO Bajka Ha
MeTas CMYTM i CMyT¥M Ha PONUK; f], fo — KoedillieHTM TepTs pOaMKa 3 BaJIKOM i PO-
VKA 3 CMYTOI0; 1, — paaiyc ponuka; 7, ) — paAiycy BepXHbOTIO i HUKHbOTO BaJIKiB

PucyHOK 2 — Po3paxyHKOBa CXeMa 10 BU3HAUEHHS BeJIMUMHI CUIIU TUCKY
poJIMKa HA CMYTY IIPY ITPOKATILi

sinylel—cosy2 , (13)

sino. = —siny,
C
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fle A=r+r, (r=n=nr) C=2r.
3. BusHaueHHS IIMOVHM BIABAEHHSI POAMKA B CMYTY IMpU 3aJaHOMY HaBaHTa-
’KeHHi Y BiZICYTHOCTi 00epTaHHSsI BajKiB (PMCYHOK 3).
YMOBU piBHOBAru y BiJICyTHOCTi 06epTaHHS BAJIKiB i posinKa
F=ocr-1-B, (14)
Ie o — MeXa INIMHHOCTI MeTay,
[ — noBkMHa ocepenky nedopmariliii;

B — mmpuHa cMyru.

hg , — TIMOVIHA BIABJIEHHS POJIMKA; 2¢) — LleHTPaJIbHUI KyT POMKa IPU BA,aBIeHHi

-P
PucyHok 3 - Po3paxyHKOBa cxeMa /10 BU3HAYeHHSI TJIMOVHA

BIIaBJIEHHSI POJIKA B CMYTY

IlyTy KOHTaKTy pOJMKa 3 CMyTol0 3aMiHMMO XOopAow. Topi, BUKOPMCTOBYIOUM

. . Ah ..
BiZloMe CHiBBIJHOIIEHHS B TeOopil MPOKATKU O = ? [2] i piBHsIHHS (14) BU3HaUU-

MO 2¢ 1 hg )
[
2(P =T (15)
ﬂ;dp
2¢
fnk S 16
5 (16)
TOZ1

h@.p. = \/E(P . (17)

4. BusHaueHHS [AiliCHOTO Ta €KBiBaJIEHTHOTO CTyTeHs nedopMailii CMyru Xo-
JIOCTUM POJIUKOM.

[MopiBHsIHHA cxeMM TedhOpMyBaHHS IIpU KPY4YeHHi IiJl BUCOKMM TigpocTaTmy-
HMM TUCKOM B KOBajjiax bpilkmeHa i B 3alIpONOHOBAHI CXeMi — TUCKOM XOJIOCTUM

76 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucreMHi TexHosorii» 6 (137) 2021 «System technologies»

POIMKOM [103BOJISIE 3pOOMTY BMCHOBOK IIPO iX aHa/Iorii0. MOXKHA MPUITYCTUTH, IO 32
YMOBM TTOBHOTO IMPUJIMUTIAHHS MeTay A0 TTOBEPXOHb CMYTH i pOjIMKa, 00'eM, 110 3HA-
XOIUTHCS MK HUMM ITiIBEPra€ThCs 3CyBY Ha BeJIMUMHY TepeMillleHHs [ onHiei 3
TIOBEPXOHbD, SIKA BU3HAYAETHCS 3 PiBHSAHHSA (14) (PUCYHOK 4).

BusHauuMo icTMHHY AedopMaliilo e MpU IMPOKATIi 3 POJUKOM 3 BUpPa3y OJIs

_ 2¢0-r
e—ln( > j (18)

Ie (¢ — MOJIOBMHA KyTa AYTM KOHTAKTy POJMKa 3 BaJIKOM, paf.;

KPY4YeHHH [3]

¥ — paniyc pojiuka, MMm;

h — TOBIIMHA CMYTU, MM.
b

dhl

"E_I',,ﬁ-'".

7

—.-:.‘h_.l

|

PucyHok 4 - Cxema aedopmaiiii B KoBazyax bpimkmeHa i mpu mpokariii 3 pojinkom

[yt 3icTaB/IeHHS CTYIeHi 3CyBHOI Aedopmailii mpy KpydeHHi 3i cTyrieHeM Jie-
dbopmallii mpy MpocToMy Mpolieci MPOKaTKM BU3HAUMMO eKBiBajeHTHY Aedopmalliio
B CITiBBiIHOIIIEHHI 3 KpUTepiem Miseca

e
Coxg = - (19)
V3

Crnipm 3a3HaUMTH, IO CTyMeHi gedopMaillii po3paxoBaHi IJjisi 3alIPOIIOHOBAHOI
CXeMU 3 BUKOPUCTAHHSIM piBHSHB (18) i (19) mpubiM3HO BiAIOBiIAIOTh TUM BeIUYM-
HaM cTyreHs gedbopMaliii, SIKi MalOTh Miclle B peaJibHOCTi. EKcriepMMeHTabHi 0C-
JigKeHHSI MiKpPOCTPYKTYpM IPOKATHOTO MeTady, O0ro KOpOo3iliHMX BIaCTUBOCTE
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IIO03BOJISIE BCTAHOBUTY 3aJIeXKHOCTI MiXK TEOPEeTUUYHMMM pe3yJbTaTaMi i eKcrepume-
HTOM, BUKOPUCTOBYBaHI Py MOAAIbIIOMY ITPOEKTYBaHHi.
5. PesynbTaTu pillleHHSI TECTOBOi 3a7ayi IO BM3HAUEHHIO BEJUYMHM iCTUHHOI
nedopmallii mpu 3aJaHUX YyMOBax MPOBeAeHHSI eKCIIepUMEHTY.
[TpokaTky 3aiicHOBaAu Ha ctaHi «180» [ITTY.
Marepian 3paskiB cranb 3 Ta cTanb 20.
Posmipu cmyr: H=1,5 mm, B=30 mm; L =400 MmMm.
HiameTtp poaukiB: 30 MM Ta 23,3 MM.
Marepiasn BasikiB — BMOiIeHII1 YaBYH.
Martepian poimKiB — 3arapToBaHa ormpaBoyHa ctajib 60C2XDA.
OOTHuCHeHHS y BajKax 3a nmpoxim Ak=0,2 mm.
Po3Mmipu efieMeHTiB BaxilibHOI cucTemu (ouB. puc. 1): a =500 mm; 6 =1570 mmMm;
% 5 3.
a
1. BusHauMmo cuIy BIABJeHHS pPOJMKa B pasi BiACYTHOCTi obepTaHHS, MTPuii-
maroun f=0i ¢=30°

F, :P-e sin @ :P-e

180,
a cosQ a

F, =195-3-0,5774 =338 kr.
ITpn @=20°, tgp=0,3640 i
F,=195-3-0,3640 = 213 K.
[Tpy HasiBHOCTI 06epTaHHs F), JIerko po3paxoBYEeThCs 3a GOpMyYJIO0 (6).
2. Po3paxyHOK cuau BIaBjeHHSI PoJMKiB F y pasi BigcyTHocTi cMyru, To6TO
h=0, Toni mpu dp =30 MM i r =180 MM
A=B=r+r, =195 Mm,
C=n+r =2r=360 Mmm,
A2 +B°-C* _24°-C* _76050-129600 _ 53550
2AB 242 76050 76050
¥ =90°+45°=135°, siny =0,7071,

sinol = siny% = 0,7071;9?3 =0,3830,

COSY = =-0,704142,

sinf3 =sina = 0,3830,

cosa = cosP =+/1-0,3830% = 0,324,
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oo 180;135 5o

I'padiuna mobymoBa miATBepaAMIa 3HAMAEHI KyTH o = § = 22,5°.
BinnoBigHo 1o piBHSHHS (12) BU3HAUMMO
F
F=F=—=2 = 38 _
2-sina. 2-0,3830

3. PospaxyHok cunu F' B pasi HassBHOCTI cmyru A=1,5 mm, d p=30 MM

441 xr.

A=195+15=196,5 mm, B =195 mm,
C=lf'l+l”'2 +h=3615 MM,

2 2 2
cosy = A +B~-C _ 38612 + 38025 -130682 — 0705226,
2AB

76635
npuiimaemo = —0,7071 =cos135°

¥ =90°+45°=135°, siny =0,7071,
196,5

sin o = sin yg =0,7071 =0,384,

b

sin 3 =sin yg = 0,7071£ =0,381.

b

Takum UMHOM, TPAKTUYHO O = 3 = 22,5°, TOOTO HasIBHOCTi CMYT|M B BajKaxX He-
3HAYHO BIUIMBA€E HAa Pe3yJIbTaTU PO3PaXyHKY.
[Tpuitmemo
sino. = 0,383 ; cosa =0,924 ;
sinf3 = 0,383 ; cosP=0,924;
TOx1

A =sina-cosB+cosa-sinf3=2-0,383-0,924 =0,708.
Busnauumo 3a popmyaamu (10)i (11)

F,cosp 338-0,924
Fi —_— —_—

=445 Kr,

A 0,708
o Fycosa  338-0,924 445 «r
27 A 0,708 '

4. Po3paxyHOK CUJIM BIaBJIeHHSI POJMKIB y pa3si BigcyTHoOCcTi cmyru (/4=0) nipu
dp =23 MM i r =180 Mmm

A:B:r+rp =180+11,5=191,5 mm,
C=2r =360 mm,
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242 -C*  73344,5-129600
2 42 73344,5

COSY = =-0,7670,

siny = /1 - cos2y =/1-0,7670% = 0,6416,, y = 40°,

sino = sinyé = 0,6416-191’5
C 360

=0,3413, o0 =20°,

cosa = \/1 —sin? o = \/1 —0,34132 =0,94,
Toni mpu ¢ =30°, I'p =23 MM, r=180 MM i a =3 =20°, oTpuMaemo
FgcospB  338-0,9460
A 0,6416

TakuM 4MHOM, 3MEHIIEeHHS JiaMeTpa poJiKa MPU3BOAUTD 10 30iTbIIeHHS CH-

F=F-= =495 «xr.

JIVi BOaBjieHHs ~ 11%.
5. Po3paxyHOK cuau BOaBjaeHHS poJivKa IIpy 3MiHi iamMmeTpa BaJKiB.

[Mpuitmemo /=0 mm, dp =30 MM, 7 =90 MM, TOAi

A:B:r+rp =90+15=105 mm,

C=2r =180 MM,
2 2 2 2
cosy = M2 -C2_ 200571800
24 2.105
siny =1 —cos2y =/1-0,21992 = 0,8832,

sino = sinyé = 0,8832-£ =0,5152,
C 180

cosa =1 —sin? o = /1-0,51522 = 0,8571.

Toni mpu ¢ =30°, 'y =30 MM, ¥=90 MM i o = f =21°, oTpumaemo
A=sina-cosP+cosa-sinf3 =
=0,5152-0,9335+0,8571-0,3583 =0,4809+0,3135 =0,7944.

Fgcosp  338-0,8751

A 0,7944

3MeHIIIeHHs AiaMeTpa Ba/IKiB B 2 pa3u MPU3BOISITh 10 3MEHIIeHHS CUIM BIaB-

=372 Kr.

F=F=

JIeHHSI posiMka Ha 25%.
6. Po3paxyHOK cyiIn BIaBjaeHHsS poinka J 23 MM.
[Tpuitmemo /4=1,5 mm, dp =23 MM, 7 =90 MM, TOmi

A=n+h+r,=90+15+115=103 mm,
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C=n+rn+h=90+90+15=18L5 mm,
B=n +7p =90+11,5=101,5 mm,

2 2 2
cosy = A+ B~ -C _ 10609 +10302 — 32942 05753,
2A4B 2-103-101,5

y=125°, siny=0,8191,
sin o :siny£=0,8191-£=0,4648,
C 181,5

b

B 101,5

sinB:sinyE:0,819l- =0,4580,
TOMI
F .
o cosf _ 338-0,8910 _ 301,158 —367.98 Kr,
A 0,4648-0,8910+0,8829-0,4580 00,4141+ 0,4043
Fy = 338-0,8829 364 xr.
0,8184

7. BU3HaueHHSsI iCTUHHOTO i eKBiBaJIEeHTHOTO CTYyIIeHI0 JedopMallii CMyTu X010~
CTUM POJIUKOM.

Bu3HauMMO JOBXUHY AYTM KOHTAKTy POJIMKa 3 MeTajoM / [Jis ABOX JiaMeTpiB
BasKkiB 360 mm i 180 MM Ta ABOX AiameTpiB poiaukiB 30 i 23 MM. Buxoasium 3 piBHSIH-
H4 (14)

F,=0cp-1-B,

TOni

1)

[ = .
GT-B

[Ipuiimemo MexXy IIMHHOCTI cTaiti 20 6( 5 =25 Kr/MMm?

—>d, =30um 1=ﬂ=0,593m
p 25-30
D,=360 mm 495 )
— dp=23jl/l]l/l [=———=0,66 mm
25-30
g —30um 1= T2~ 0,496
D=180mm P . 230 :
T dp =M IO 0486 mm
25-30

Busnaummo 2¢ 3 piBHSHHS (15) I/ KOKHOTO MO€JHAHHS JiaMeTpiB BaJKiB i
POJINKIB
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dp=30mm  2¢=0,00629 um
dp,=23mm  2¢=0,00302mn

dp =30mm 29 =0,00526.mn
d,=23mm 20 =0,00664 ymm’

D,=360 mm

D,=180 mm

IcTMHHY Ta eKBiBaJeHTHY AedopMaliii Bu3HauMMo 3 piBHSIHD (18) Ta (19)

2([)'7" e
e= IH(TPJ ) Coxg = e

0,00628-15
n—

— dp=3OMM e=1 s =-2,766 Mm
D,=360 mm ’ )
— dp=23MM ezlnM:—Zﬁﬁmw
— dp=30MM ezlnw:—2,94ﬂ4ﬂ4
D =180 mm 0006162-115 ’
- d,=23mm e=In—-—-"T"=-297 um

P 1,5

BucHoBKkM. [I0piBHSIHHA eKBiBajJleHTHOI Jedopmalii e,,, ponukom i medop-
Marlii Basikamu giametrpom 180 MM 3 ob6TucHeHHSIM Ah=0,2 mm; u=1,15; ¢=0,139
MOKa3y€e Ha MOPSIIOK OibIy BeIMUMHY Jedopmaliii poKoM.

Takum unMHOM, PO3pO6JIeHa MaTeMaTuYHa MOJe/b 3alPOTIOHOBAHOTO CIIOCO0Y
MPOKATKM 3 iHTEHCUBHOW TUIACTUYHOIO NedopMalli€io, TpoBefeHi po3paxyHKu na-
I0Tb MOSKJIMBICTh IPUITYCTUTYU 3HAYHI 3MiHM CTPYKTYpU MaTepiaay, 3MeHIIEeHHS po-
3MipiB 3epeH. OcTaHHE 0e3yMOBHO MOBMHHO BimoOpasuTucsi Ha 3MiHi (i3uko-
MeXaHIUHMX BJIAaCTMBOCTEN MaTepianay, a came ITiABUILEHHS 10ro KOpO3iiiHOl CTili-
KOCTi i piBHSI MeXaHiYHMX BJIaCTUBOCTEN.
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Mamemamuyeckaa modens cunoso20 u deghopmayUoHHO20 83aumooelicmsus Noa0CsI
U BAJIKOB Npu npoKamKe ¢ UHMeHCcUBHOU naacmu4veckol degpopmayuel

Bce 6onee xecmkue mpebosaHus npedbAsaAlOmMca K Kasecmsy Hegpmezazossix mpy6, 8
4acmHOCMU, K UX KOPPO3UOHHOU cmolikocmu. Mcnosib308aHue yenepooucmsix MapoK 018 UX u3-
20mosJieHUs N0 MpaduyuoHHOU mexHoso2uu He obecneyusaem 00CMAMOYHO20 YPOBHSA 3aL4U-
mbl OM KOpPO3UU UAU ecmb CAUWKoM dopozol. [lpumeHeHue MexaHu3Ma uHmMeHcusHol niacmu-
yeckoli dehopmayuu no3sosisem 3HAYUMeENbHO U3MeHUMb 3epHUCMOCMb U MeM CaMbiM NOBbI-
Cumb MexaHu4ecKue c8olicmsa Memanna u e2o KOpPo3UOHHyk cmolikocms. Pazpabomara cxema
npocmoz2o Npoyecca NPoKAmKU C XON0CMbIM POJIUKOM npedycMampusaem UCNO/b308AHUE UH-
meHcusHol nnacmuyeckoli degpopmayuu. Mamemamuyeckas moOesb N03B80JIeM yCMAHOBUMb
UCMUHHYI0 cmeneHb OegopMayuu nosockl, CNPoeKkmuposams 1a6opamopHbili IKcnepumeHm,
onpedenums KOpPO3UOHHYIO CMOUKOCMb Memanna u paspabomams NPOMbIWIEHHYIO YCMAHOBKY
0217 0bpabomku BHympeHHel nosepxHocmu mpyo.

Mathematical model of force and deformation interaction of strip and rolls during rolling
with intense plastic deformation

The operating conditions of oil and gas pipes determine strict requirements for their
structure and properties, in particular, corrosion resistance. It is known that the mechanical
properties and corrosion resistance of steels significantly depend on the degree of grinding of
the grain and the homogeneity of the structure. One of the ways to form a fine-grained structure,
increase mechanical and corrosion properties is intense plastic deformation.

In order to determine the effect of intense plastic deformation on the deformation
treatment of steel strips, a scheme of a simple rolling process with a blank roller was developed.
The possible influence of intense plastic deformation in such a scheme on the structure of the
metal required the development of a mathematical model, the purpose of which is to determine
the magnitude of the true plastic deformation. Based on the results of mathematical modeling,
laboratory experiment in rolling strips and determining their corrosion resistance in the proposed
scheme, it is envisaged to develop an industrial installation for processing the inner surface of
pipes.

The mathematical model of the proposed rolling scheme with a certain value of intense
plastic deformation is expected to be described in four stages.

The first is to determine the force of pressing the idler roller into the material at a fixed
amount of force applied to the lever of the mechanism.

The second is to determine the magnitude of the pressure force of the idler roller on the
rolled strip and the working roll.

The third is to determine the depth of indentation of the roller in the strip at a given load
in the absence of rotation of the rolls.

Fourth - determining the actual and equivalent degree of deformation of the strip by a
blank roller.
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Conclusion. Comparison of equivalent deformation e, roller and deformation rollers

with a diameter of 180 mm with compression Ah=0,2 mm; W=1,15; e¢=0,139 shows an order of

magnitude greater deformation of the roller. The mathematical model of the offered way of
rolling with intensive plastic deformation is developed, the carried-out calculations give the
chance to assume considerable changes of structure of material, reduction of the sizes of grains.
The latter should certainly be reflected in the change of physical and mechanical properties of
the material, namely the increase of its corrosion resistance and the level of mechanical
properties.

Borgan JIMmutpuii AjiekceeBUY - OUPEKTOP MO KayeCTBY U TexHoJoruu «VHTep-
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T.A. XXenpax, JI.C. Kopsikina, [I.M. l'apanxka, [1.0. Cepatok
CUCTEMA HIATPUMKU IMPUMHSTTS PIIIEHD [TPO BUKOPUCTAHHS
METAJIY B BATATOETAITHOMY ITPOKATHOMY BUPOBHUIITBI

AHomauis. lpedcmasneHa cucmema niompumku npuliHamms piweHb 6a3yemscsa Ha peanizayii
MamemamuyHoi MoOdesi 3a0ay4yi onMuUMasabHO20 BUKOPUCMAHHA Memajy 8 080emanHomy npoueci
(io2o po3nodiny npu BUpobHULMBI NPOKAMHOi npodyKyii, a came: Ha emani po3UBKU cmani 3
KOBWIA NpU KOHBEpMepHOMy BUPOOHUYMBT 1 nid Yac hopMyBAHHSA 3a20MIBOK 8 MAWIUHAX 3 Hene-
pepsHum aummsam. Kpumepiem onmumanbHocmi € MiHimMi3ayisa empam memany. llpu ybomy 8pa-
XOBYEMbCA BUO NPOOYKUITi, WO BUPOBASEMBCSA, T MOXAUBI BAPIAHMU PO3KPOIO B 0BOX nepedinax
npokamku. Baxnugoto yacmurorwo ClIIIP € nonepedHs ob6pobKa 8esUKO20 3aMOBJIeHHS, Ke MiC-
mume pi3HT munu npoOyKyii i neped6ayae BUKOHAHHA OeKiNbKOX NAasoK. 3anponoHosaHull es-
pucmuyHul aneopumm po3bumms BeUK020 3aMOBJIEHHA HA MAKI YaCMUHU, AKI MOXHA BUKO-
Hamu 8 Mexax Jauwe OOHIET NAasKu 3 sKomo2a 6i/bWUM 3aN0BHEHHAM Koswd. HagedeHi pe-
3ybmamu 06YUCTIOBANIbLHUX eKCnepuMeHmis niomsepoXyoms KOPeKmHIiCmbe MamemamuyHoi
mModesi 3a0a4i ONMUManabHO20 po3nodisy Memasy Ha BUKOHAHHA NJAHY BUPOBHULMBA NPOKam-
Hoi npodykyii. [lpedcmassieHi po3paxyHKU 0emMOHCMPYIMb MAKOX MOXAUBICMb 3ACMOCYBAHHA
po3pobsieHoi cucmemu Ha memanypeiliHux nionpuemcmsax nid 4ac sUPOOHUYMBA NPOKAMHOT
nNpooyKyii 0N15 3a6e3neyeHHs MiHIMANbHOT KIIbKOCMI nepeHanadoK 0b6NA0HAHHS Pi3a/bHUX MA-
WUH T payioHaabHe BUKOPUCMAHHA Memany.

Knwoyosi cnosa: sumpamuull KoegiyieHm memany, MipHiCmb, ONmMuMi3ayiliHa 3a0a4a PO3Kpor,
0B80emanHa Mooesb, 3aMOBJIEHHS, A120pUMmM.

ITocraHoBKa mpooOseMu. MeTaypriiiHa IIPOMMCIOBICTh € OIHI€I0 3 IPOBIJI-
HUX Taly3eil eKOHOMiKM YKpainu. [T mpomyKijis 3HaXOAUTh MIMPOKE 3aCTOCYBAHHS B
yCiX rajy3six HapOJHOTrO rOCIIOAAPCTBA. BHYTpIllIHi/i PMHOK MeTaJONpPOAYKIIii € 6a-
3010 PO3BUTKY KpaiHM. OCHOBHMMM UMHHMKAMM, SIKI XapaKTepU3YIOTb 3POCTAHHS
MONIUTY Ha METAJIONPOMAYKIIiI0 HAa BHYTPIIIHBOMY PUHKY, €: 3pOCTaHHSI MTOTPeOu B
MPOAYKIIii TipHMYO-MeTaayprifHOro KOMIUIEKCY; PO3LIMPEHHSI MacIITabiB OymiBHM-
IITBA i peanizailisi pe¢opM Y KUTI0BO-KOMYHaJIbHOMY I'OCHOAAPCTBi; iMIIOpTO3aMi-
IIeHHSI OKpeMMX BMiB MAaIIMH i YCTaTKyBaHHS; HEOOXigHICTb TeXHIYHOIro Iiepe-
OCHallleHHsSI OCHOBHMX (DOHJIIB rajyiy3eil eKOHOMiKM; peaJii3allisi HOBUX MPOEKTiB B
MIPOMMCJIOBOCTI Ta eHepreTuili, B Ieplly Yepry HalliOHaJbHMX; OHOBJIEHHSI MapKy
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PYXOMOTO CKJIa[y Ha 3a/Ji3HMUYHOMY TPAHCHOPTi; BiTHOBJIEHHSI Ta PO3BUTOK Mallly-
HOOYIyBaHHS Ta iH.

Sk 3a3HavaeTbCd B [1], pywWwiiiHMMM CUJIaMU B PO3BUTKY SIK BITUYM3HSIHOI, TaK i
CBITOBOI MeTaJIyprii Ha CbOTOAHIIIIHIV IeHb € MparHeHHs MmepeoBUX MeTaTypPTiliHUX
KOMIIaHil 3aJ0BOJIbHSITU 3alIUTU SIK PUHKY B IIJIOMY, TaK i OKpeMUX KJIi€HTiB, p0O3-
pobKa HOBUX IMPOAYKTIB, MiJlsKUTaIi3allisl TPOIEeCiB, YAOCKOHAJIEHHS HasIBHUX TeX-
HOJIOTi i iMIVIeMeHTallisl HOBUX «3eJIeHMX» ITPOEeKTiB.

CTUMYJIOBAaHHSI CTpaTeriyHMx 3pylleHb Ha MeTaJyPriiHUX IiAIIPUEMCTBAX
CIIpUsIE iX PO3BUTKY Ha iHTEHCUBHIili OCHOBi, JOCSATHEHHIO MO3UTUBHOTO e(deKTy B
OymiBHUIITBI, MalIMHOOYIyBaHHi, p036y0Bi OPOKHbO-TPAHCIIOPTHOTO KOMILIEKCY,
CTBOPEHHIO HOBUX pOO0YMX MicIllb i GOPMYBaHHIO IIepeayMOB [IJISI CTilIKOTO €KOHO-
MiUuHOTO 3pocTaHHS Kpaiuu [2]. Tomy mocmiimkeHHs 1pobJiem, TOB’SI3aHUX 3 iHTEH-
cudikaliero pobOTH MigMPUEMCTB METATYPriiiHOI Taly3i i BUPINIeHHSIM aKTyaJIbHUX
BUPOOHMUMX MTUTAHb, 3aCTYTOBYE YBaru 3 60Ky JOCTiTHUKIB Ta HAYKOBIIiB.

BaxknmuBuMM cTpaTerivHMMM 3aX04aMy PO3BUTKY ITiANIPUEMCTB MeTaayprifiHOi
ranay3i € CTBOpEeHHS Ta BIPOBAAKEeHHS HOBITHIX 1 YIOCKOHAJIEHUX TPAAMULIIIHUX TeX-
HOJIOTi}t, B TOMY 4YMCJli, eHepro- Ta pecypcosbepiratounx. B pobori [3] po3rasHyTo
TEeXHOJIOTiUYHMIf TTPOoIlec BUPOOHMIITBA METAIONPOKATY i 3aIIpOIIOHOBAaHA MaTeMaTH-
YyHa MOAeb 3a7auvi ONTMMAaJbHOIO BMKOPUCTAHHSI MeTaly SIK Ha eTarli pPO3JIMBKU
CTaJli 3 KOBIIA TIpY KOHBEPTEPHOMY BMPOOHMUIITBI, Tak i mijg yac ¢opMyBaHHS 3aro-
TOBOK B MalllMHax 3 HemnepepBHMM JUTTAM. [Ipu 1bOMy BpPaxOBYIOTbCS BCi BUIU
MPOAYKIIii, IO BUPOOIITUMETHCS, i MOKIMBI BapiaHTU PO3KPOIOBAHHS B IBOX Iepe-
minax mpokaTku. JJlaHa poboTa MpucBsSUYeHa po3poOlli aJropuTmy i Iporpamu, 1o
peastisye BKa3aHy MOJie/Tb, 8 TaKOX OOI'PYHTYBAHHIO MOSK/IMBOCTI i 0COGIMBOCTSIM ii
BUKOPUCTAHHS HA MeTanypriiiHUX MiAIpUEMCTBAX.

MeTa mociigskeHHs. Po3po6Kka cucTemMy MiATPUMKM MPUITHSTTS pillleHb 1OI0
BUKOPMCTAHHS MeTaJTy Iif yac 6araToeTamHoro BUPOOGHMUIITBA ITPOKATHOI MPOIYKIILii
B MeKax 3aJaHOro IJIaHy i 3a0e3TeueHHs 3HVDKEHHS eHepreTMYHUX Ta PeCcypCHUX
BUTPAT 32 PAaxyHOK BMKOPMCTAHHS PO3pOOJIEHOTO MAaTeMaTUYHOTO i ITPOTPaMHOTO
3a0e3meyeHHs.

AHani3 octaHHIX mocaimkeHb i myomikamin. OgHuM 3 HajieeKTUBHIIIMX
CII0C06iB BIOCKOHA/IEHHS ITPOKATHOTO BUPOOHUIITBA €, 6€3yMOBHO, BIIPOBAI>KEHHS
iHpopMaliitHux TexHosoriii. ToMy HeBil'€MHOI0 YaCTMHOIO CydyaCHUX IMPOKATHUX
CTaHiB € eJIeKTPOHHi CUCTeMU MPOeKTYBaHHS, PO3PaXyHKY, KOHTPOJIIO Ta 06Ky BU-
po6HMUMX mporieciB. Cepel OCHOBHUX HAIMPSIMKiB HAYKOBO-TEXHIYHUX OCSITHEHD B

o6s1acTi BUPOOHUIITBA JIMCTOBOTO i COPTOBOTO MTPOKATy B pobOTi [4] BUAiNeHi po3po-
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6Ka 3ac006iB KOMII'IOTEPHOT'O MOIe/TIIOBAHHS IIPOLIECiB BUPOOHMIITBA rapsiyueKaTaHuX i
X0JIOJIHOKATaHUX CMYT, apMaTypHOT0 MPOKaTy, KaTaHKM i mpo@iiB BUCOKOI TOYHOC-
Ti OJIsS1 MalIMHOOYIyBaHHS; IIPOrHO3YBAaHHS ITOKA3HMKIB SIKOCTi ITPOKATY; BAOCKOHA-
JIEHHSI TEXHOJIOTii iX BUPOOHMIITBA. ABTOPY 3a3HAYAIOTh, 110 HAa ChOTOHI HUMM PO3-
po6JeHO KOMIUIEKC MaTeMaTUYHMX MOJeNeil pPO3paxyHKy TeMIlepaTypHO-
MIBUAKICHUX, NedbopMalliiiH1uX, eHeprocUI0BUX MapaMeTpiB rapsiuoi MPOKaTKMU CMYT
i COpTOBOrO MPOKATy, a TaAKOK IMIPOTHO3YBaHHS MOKA3HMKIB MeXaHiYHUX BJIaCTUBOC-
Tei X BUAIB MpoayKiiii. Ha ocHOBI 1Mx Mofesneit po3po6seHO0 MeTo I BM3HAUEHHS
palioHaJIbHMX CXxeM BUMPOOHUIITBA rapsiueKaTaHOTo JIMCTOBOTO i COPTOBOTO MPOKATY
3 6e3mepepBHO JUTUX 3aTOTOBOK B JIMBAPHO-IIPOKATHMX KOMILIeKcax. MeTop 3acHoO-
BaHMI1 Ha aHaJi3i pe3yJbTaTiB MaTeMaTUMUYHOTO MO/e/I0BaHHS MapaMeTpiB IPOKaT-
KV i IPOrHO3YBaHHS MOKAa3HMKIB SIKOCTI IMPOKATY i3 3aCTOCYBAHHSIM TeOPil IPUAHSIT-
TS pimeHb. BiH 103BOjIsSIE OGIPYHTOBAHO MiAXOIUTU O BUOOPY KOHCTPYKTMBHO
CTPYKTYPHMX CX€M JIMBAPHO-TIPOKATHUX KOMIIJIEKCIB B 3aJI€>XKHOCTI Bifi MOKa3HMKIB
SIKOCTi MpOKaTy, 3aJaHOT0 COPTAMEHTY i IPOAYKTUBHOCTI.

B po6oTi [5] pO3IAsSIHYTO aKkTyalbHY Mp06JieMy BUPOOHUIITBA COPTOBOTO MTPOKa-
Ty B IIPyTKax Ha mirouoMy BupoOHUITBI cTaHa 370/150 BAT «<BM3 kepyioua KoMIla-
His xonauHry« BMK» (binopycs). HaBegeHO KOpPOTKY TEXHOJIOTiUHA MOJelb OTPU-
MaHHSI COPTOBOTO ITPOKATY B MPYTKAaxX, PO3POOIEHNI aJITOPUTM CUCTEMM BU3HAUEH-
HS OTITMMAaJIbHOTO PO3KPOI0 COPTOBOTO IPOKATY, SIKMI1 TO3BOJISIE HE TiIbKM 3HAUHO
3HU3UTU BTpaTHUI KoedillieHT MeTaay Ipy BUPOOHMIITBI, ajie /i KOHTPOJIIOBATU caM
MpoieC B MOMEHT PO3KPOIOBaHHS.

MeToauKy pO3B'SI3aHHS 3a7ayvi ONTMMAaIbHOIO PO3KPOIO, IO I'PYHTYETHCS HA
KOMOiHAaTOPHOMY aHaJli3i MOXJIMBMX BapiaHTiB (GOpMyBaHHSI PO3KpPiifHUX IIJIaHIiB
IIJIST pO3pi3aHHS JOBTOMIpPHOTO MPOKATY i 3iCTaB/JIe€HHS iX 3a KpUTEPieEM MaKCUMa/lb-
HOTO BMXOJY TOBApPHOIO IPOKATy 3aMOBHMUI (3a4aHOI) OOBXMHM I MaKCMMaabHOI
BapTOCTi TOBAPHOTO MPOKATY 3alPOMOHOBAHO B [6]. Ha mepiiomy eTtarii po3risgaBcs
JeTepMiHOBaHMI BUMALOK 3 BiIOMOI KOOPAMHATOIO TOPIS JOBrOMipHOIO MMPOKATYy,
a Ha IpPyroMy BUIIA[OK, KOJIY CTAHOBUIIE TOPLS JOBIOMiIPHOTr'O MPOKATy ONMMUCYBAJIO-
C IMOBIPHOCHMMM XapaKTepUCTUKaMK. ABTOpaMM BCTAHOBJIEHI 3arajibHi 3aKOHO-
MipHOCTI, SIKi 3a0€3I1euyI0Th HaiiKpaliyuii pO3Kpiii JOBrOMipHOro IIpOKAaTy Ha Pi3HUX
CTaJlisIX BUPOOHMUIITBA CTPUKHEBOTO ITPOKATY.

B maHiii cTarTi po3I/IsiLa€ThCS ABOETATHUIA TIPOLIEC PO3MOAITY MeTaly IIpyu BU-
POOHMIITBI COPTOBOTO ITPOKATy, MaTeMaTUUYHA MOJe/Ib ONTMUMIi3allii SIKoro oysna 3a-
IIPOTIOHOBAHAa B po60Ti [3], 6a3younch Ha pe3yabTaTax AOC/TiIKeHb B [7, 8].
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BukinageHHsI OCHOBHOrO Marepianxy mocaigkeHHs. CxeMa TeXHOJIOTiYHOTO
Tpoliecy BUMPOOHMIITBA TMTPOKATY BKJIIOUAE MOC/iOBHICTh HACTYITHMX oOrepariiii: 1)
BUIIJIaBKa CTaji, 2) po3/MBKa 3JUBKiB Y BUJIMBHMUIIi, 3) HarpiBaHHS 3/IMBKiB, 4) MpoO-
KaTka O0J1IoMiB, 5) 00pi3 G/II0MiB MMapoTiZpaBaAiYHMM HOKOM, 6) ITpPOKATKa Iepemiab-
HO1 3arOTOBKM, 7) PO3KPOIOBAaHHS IepeliibHOI 3aroTOBKM, 8) HarpiBaHHS ILTAHT-
3arOTOBOK, 9) MpokaTka mpodisiB ToToBOi Mpoaykilii, 10) po3kpoioBaHHS MMpodisiB
rOoTOBOI IpoayKilii, 11) 3aBepiaabHa 06po6Ka roTOBOI MPOAYKIlii. BoueBuab, KOKHA
3 orepalliii CYyTTEBO BIIMBAE HA BUKOHAHHS HACTYITHUX.

OTsKke, pO3Kpiit 3MUTKA 3i1ICHIOETHCS B IBa eTanu. Ha mepiioMy — BeCb 3JIMTOK
MOAINSIETHCS HA TepenisibHI 3arOTOBKM, MTOBXMHA SIKMX MOXe JieXXaTu B MexKax Bif
2,4m o 3,2Mm 3 kpokom 0,05m. Ha gpyromy — KoXkHa rnepeibHa 3ar0TOBKa PO3KOUY-
€TbCSI B TOTOBMIT BUPib (11Besiep, KyTOUOK, 6ajika, 00if ...) i JiIMTbCS HA MipHi IITaH-
v JoBxkuHOW0 12, 11,7, 9 a60 6 M 3rimHO 3aMOBJIEHHIO (BM3HAYAE€THCS JIOTiCTUUHUMMU
BMMOTaMM KJIi€HTA).

MateMaTu4HO 3amava copMy/ibOBaHa 3a HACTYMHMX MPUIMYIIEHb: a) BigoMa
KiJIbKiCTb GJIIOMiB MIEBHOTO Tepepisy, sIKy He0OXiqHO BUKOPUCTATH [/ BUTOTOBJIEH-
HS IIPOAYKIIii 3a r1aHOM; 6) MiXkK BMJIMBHUIIIMMU i 6II0MaMyM BCTaHOBJIEHA OJHO3Ha-
YHa BiATIOBiIHICTh, TOOTO BilOMO, 3 SIKOi BWJIMBHUIII MeTaJl pO3KATYETbCS Y OII0M
3aJIaHOTrO Mepepi3y; B) KOKHA IepeiibHa 3aroTiBKa PO3KPOKETHCS HA IITAHTU Tijlb-
KM OAHOTO PO3Mipy, IpU. [[bOMY MO/ 3[i1ICHIOETHCS 3 YPaxXyBaHHSIM Halepe[ po3-
paxoBaHOi METOIOM IMOBHOTO Iepe6opy ONTUMAaTIbHOI AOBXKUHM MepeAiibHOI 3aro-
TOBKM [IJIS1 KOYKHOTO BUAY MPOIYKIIii, TOOTO IJ/Is1 KOSKHOI JOBKMHM MepeibHOI IITa-
Hru. OCKiNbKM Jesiki epepisu 6/110MiB Tlepe6avyaloTh BUTOTOBJIEHHS HE OJTHOTO BU-
Iy TOTOBOTO BMPOOY, a Biipa3y Kijibka, KOMOiHYIOUM TOBKMHU TepeiibHUX 3ar0To-
BOK B Pi3Hili KiJIbKOCTi, MOXXHa MaKCMMAaJIbHO BUKOPUCTOBYBATU BCIO IOBXWHY
OTpMMAaHOTO 6;110Ma (BCI0 Macy HaJIUTOTO 37TUTKA).

3a3HayeHa BUIlle MaTeMaTMYHa MOJe/Ib Ilepe16ayac MOIIyK Takoi Macyu MeTasy
B KOBIIIi i TaKOTO ii po3Moisly Ha 3/IMBKM Ha eTarli 2), sIKi 6 J03BOJISIM Ha HACTYITHUX
orepallisix po3KpoBaTy IepeibHi 3arOTOBKM i TOTOBY MPOAYKILil0 3 OCTaHHIX, Mi-
HiMi3yI0uM MOXKJINBI 00pi3KM i BpaxoByIOUM MOTOYHMIT pO3Mip 3aMOBJIEHHSI Ha COp-

TOBMIA IIPOKAT:

Z(q,x) —> min, (1)
n q 4
Z(gx)=2| —"—— ¥ Xlength,-x," |;
n=1 ancnpn m=1.M; 0, =1 p=1
3a YMOB
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q+q,+...+q,<0; (2)
N
> x" =NumberZag?, m=1,2,...,.M;p =1,2,3,4; 3)
n=l1
bp
NumberZag? =——— m=12,....M; p=1,2,3,4; 4)
amounth,
4
> Zlength}ﬁ-xﬁ’"—LSO, n=12,...N; (5)
m=1,M;o,,= p=1 ac,p,
win <9 ,5q...» n=12,...N; (6)
x>0, xP" —yini, p=1,2,3,4,m=1,M; n =1, N; o, =1. (7

Tyr Q — MakcuMMasabHa KiAbKiCTh MeTally B KOBUIi (KIr); p— IyCTMHA MeTay
(kr/mM3); N - KiIbKiCTh BUWIMBHMIb JJII PO3JMBKU 3JUBKiBq ,n=1,2,...,N - Maca
3/IMBKY B N-ii BUAMBHMULI; ¢ . ,¢ . — MIHIMQJbHO I MaKCMMajJbHO MOX/IMBA Maca
37MBKY; M — KiJbKiCTb BMUJiB IPOAYKIIii, IO BUTOTOB/SETbCS; b :I,_M, p :1,_4;—

IJIaH BUTOTOBJIEHHS MPOAYKIIii (IITAHT) lp, p=1,2,3,4,— MOX/IMBI OOBXWHU IITAHT

BiAITIOBiAHO 3aMOBJIeHHIO; length” — omnTuMa/bHA JOBXMHA IepelilbHOI 3aroTiBKM

1711 BUPOOHMIITBA BifNoBiAHOI npoaykuii; NumberZag ! — KinbKicTb 3arOTOBOK [JI0-

P
m

BXUHU length” | aKy HeOOXiIHO OTPMMATH B pe3yabTaTi PO3KPOIO 3JIUTKIB [/ BUKO-

HaHHS 3aMOBJIEHHSI; amount! — KilbKiCTb IITAHT BiATOBigHOI NPOAYKLii, OTpUMaHa
TiC/Isl pO3KPOIO OAHI€] 3arOTiBKM JOBXUHMU length” ; x”" — KilbKiCTb 3arOTiBOK J0B-

XUHU length” , 9Ky OTpMMaeMoO MicCJIsi pO3KPOI0 N-TO G/II0MYy.

Skmio / - KiJIbKiCTb BapiaHTiB OJIOMIB, IO BiApi3HSIIOTHCS ILIOIIEI0 TIOTIepey-
HOTO Tiepepi3y, TO 3B'SI30K MiX G1I0MaMM Ta MPOAYKIIi€I0 BCTAHOBIIOETHCS 3@ JIOTO-
moroto Marpuui H ={h, },i= 1,I,m=1,M;3 eneMeHTaMMu:

_ |1, sKIIO 3 i-ro OMFOMY MOKHA OTPHMATH /1-Ty HPOJYKIIIO
fin = 0 y npOTUBHOMY BHIIAJIKY;

A oTXe, KOKHOMY iHJIEKCYy N MOCTaBJIeHMI y BiAIIOBIAHICTh HOMeEp Iepepi3y
6J1oMy, 1110 3a3HAUYMMO B MaTpuili D = {d ,-n}, 1= 1,_1, n= I,_N, eJIeMeHTH SIKOi BU3Ha-
YaloThCS 32 MPABUJIOM:

1, sKmIo n-if 6;110M Mae nepepi3 i-ro TUITY

0, y OpPOTUBHOMY BHUIAJKY.
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1
SIKiIo BeMUMHA O, = Z‘ihl.mdm JOpiBHIOE 1, iV BiATNIOBiAAaIOTh YOTUPY L He-

i=

Bif’emHi 3minHi x*". Komn o, 3MiHHOI x!”" He icHye.

. q Lo Lo _
IloBkKMHA N-TO OJIIOMY ITiC/IsI IPOKATKYU [, = —”p e a, = Zldina' , C = Zld. C.
anCnpP, i= i=

— po3Mmipu repepisy 6oMy.

PosrisgHeMo 0cob6aMBOCTI peasisaliii HaBegeHoi Mogmenri. ITo-nepie, 3a3Haun-
MO, o 3amgayva (1) — (7) € 3amavero 4aCTKOBO-1IiJI0YMCEIbHOTO JIiHIMTHOTO MpOorpamy-
BaHHS, OJ1s1 PO3B’SI3aHHS SIKOI 3aCTOCOBYETBHCS METOJ, TiJIOK Ta MexX. [To-gpyre, ocki-
nbku mozenb (1) — (7) cbopMyIbOBaHO B Meskax OJIHi€i MIaBKM, a pO3Mip 3aMOBJIEH-
HS (3arajiom) Ha MPOKaTHY MPOAYKILil0 3 OAHi€l MapKky CTaji MOXXe 3HAUHO MepeBu-
IIyBaTy PO3Mip OJHOTO KiBIlla, TO MOTPiOHO 3MiICHUTU PO3OUTTSI BCbOTO 3aMOBJIEH-
HSI Ha YaCTMHMU, KOSKHA 3 IKMX MOske OyTM BMKOHAHa 3a OJIHY IJ1aBKy. [Io-TpeTe, came
3aMOBJIEHHSI Ha MPAKTUIli BUMIPIOETbCSI He B IITAHrax MeBHOI JOBXWHM, & B TOHAX
rOTOBOI IPOAYKIIii. A, OTKe, peaJjisaliis mo6ymoBaHOI Mozei mepenbavae eTam Io-
repegHbOI 0OPOOKYM BUXIZHUX TaHMX, HA IKOMY: 1) 3 yCiX MTOTOUHMX 3aMOBJIEHb (O-
PMYETBCS €4MHE 3aMOBJIEHHS; 2) OTpPMMaHe 3aMOBJIEHHS, 1110 BUMipIOETHCSI TOHAMMY,
KOHBEPTYETHCS B Take, 10 BUMIPIOETHCS B IITAHTaXx TOTOBOI IMPOAYKIIii; 3) OCTAHHE B

CBOIO Uepry MOMiASEThCSI Ha IeKibKa YaCTUH Tak, 100 A1 KOXKHOI YaCTUHU BUKO-

4 M
HyBasacsl yMoBa po3B’a3HocTi 3agaui (1) — (7): Y. X mass ’b’<Q, ne mass’ — maca
p=lm=1
1 mTaHTM BiAmoBigHOI npoaykiii (maca 1 n.w. -1 p). Kpim TOrO, OLiHIOETHCS, CKIJIbKU

6JIIOMIB i SIKOTO Mepepisy MOTPiOHO BUKOPMUCTOBYBATH [IJISI BUKOHAHHS 3aMOBJIEHHSI :

PP -
massobhhisi =1,1,

PP
———massmbnhim < wi <

max min

0€ Mmax 1 M min — MAaKCMMaJIbHA 1 MiHIMaJIbHA KiJIBKICTh MeTaTy, 1[0 BMIIIYETHCS B
I

6moM. BennumHM y; BM3HAYMMO TakK, 1100 BUKOHYBAJIACh PiBHICTD Y w,=N.
i=1

Takum yMHOM, YXBaJIeHHS PillleHb PO BUKOPUCTAHHS MeTasly B IIPOLeCi BU-
KOHAaHHS 3aMOBJIeHb Ha COPTOBMII TIPOKAaT 3MilICHIOETbCS B PO3pOOJIeHii
KOMIT'IOTEpHili CUCTeMi 3a CXeMOl0, HaBeJleHO Ha puc. 1.

IIpomemoHcTpyemo poboty CIIIIP Ha mpukaazgi 3agaui MiHimiszarlii BTpar
MeTaTy IIpM BUKOHAHHI 5 3aMOBJIeHb, CKJIaJ, SIKUX BigoOpaskeHuit B Tabs. 1 i MicTUTh
TUTI IPOAYKIIii (HOMep IIBeJiepa), ii JOBKMHY i MOTPiOHY Macy.
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Tabanug 1
[Ipuknapg 3amMOBJIeHHS
N 3amoBiieHHsa | N? miBesepa HoBxxuHa (M) Maca (1)
1 8;10; 16 9;11,7;6 14; 27; 24
2 12;12; 16 6;9;11,7 100; 25; 35
3 8;10; 14; 12 9;12;11,7;6 30; 27; 15; 5
4 8;12;14;10 | 12;12;11,7;6 | 10;29;10; 14
5 10; 14; 14; 16 | 9;11,7;6; 11,7 | 15;15;10;9

3 ycix 3amoBJieHb (POPMYETHCS €IVHMIL, COPTOBAHMIT 32 HOMEPOM MPOIYKIILii,

CITMCOK, Jie iKCY€eThCS 3arajibHa Maca BMPOOiB 3a ixX TUIIOM Ta mepepizom (TabiI. 2).

BBojx
3aMOBJICHD

L

DopMyBaHHA €AUHOIO
3aMOBJICHHS

I

Po30utTsa 3aMoBIIeHHS
Ha YaCTHUHH, 110
BUKOHYIOTBCSI B MEXax
oAHi€l IIaBKU

Jns BCiX 4acTuH
3aMOBJICHHSI
A 4

. . Busig
Po3paxyHOK K1JIBKOCTI1 .

. . pe3yJIbTaTiB
TePEAUTPHUX 3arOTIBOK

v @

BusnauenHs KiIbKOCTI
OJIIOMIB 11X TIepepi3iB

4

Po3B’sa3anus 3amaui
ornTuMizarii
PECYPCHHX BUTPAT Y
BUPOOHUIITBI

PucyHnok 1 - ITocmigoBHICTD Mpolieayp 3 06poOKM 3aMOBJIEHb,

110 BUKOHYIOThCS B po3pobiieHiii CITIIP
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OCKi/IbKM TEeXHOJIOTiUHMII Tpoliec mepenbavae oOMeskeHy KiJbKiCTb MeTay,
III0 BUKOPUCTOBYETHCS B MexkaxX onHiei rutaBku (Big 50T mo 60 T), TO BeauKe 3aMOB-
JIEHHS IIiJleclIpSIMOBaHUM I1epe60poM po36MBAETHCSI HA YACTMHM Tak, 11006 Maca KO-
’KHOI 3 HMX He BUXOAM/Ia 3a BKa3aHi rpaHuili. AJITOpUTM PO3OUTTSI po3pobIeHit Ta-
KMM YMHOM, I[00 Ha OJHY IJIABKY HNPUXOOMUIOCS SIKOMOTra MEHIIe TUIIiB MPOIYKILii.
Tak, 3aMOBJIeHHS 3 TabJI. 2 MMOiJieHO Ha 7 YacTuH, iHGopMailis Mmpo sIki HaBeJeHa B
tabs1. 3. Crig 3a3HaYMTH, IO HA MMPAKTUII YaCTHHA 3aMOBJIEHb MOXKe OYTU He BKJIIO-

YyeHa 10 JKOIHOI 3 IIaBoK. To/li BOHa JOJA€ThCS IO 3aMOBJIEHHSI HACTYITHOTO JTHS.

Tabanig 2
3arajbHe JeHHe 3aMOBJIeHHS
[IBenep N2 HoBXnHa, M Maca (1)
8 9 44
8 12 10
10 11.7 27
10 12 27
10 6 14
10 9 15
12 6 105
12 9 25
12 12 29
14 11.7 40
14 6 10
16 6 24
16 11.7 44

Ockinbku maTemaTnyHa mopnesb (1) — (7) 3agaui onTumisarii BUTpaT MeTanry
y IPOKaTHOMY BMPOOHMIITBI Mepenbayae miaH po3KpPOOBAaHHS GIIOMiB Ha MEPIIOMY
eTarli, BUMiplOBaHMIi B Ilepedi/ibHMX 3aroTiBKaxX, TO 00OB’SI3KOBO PO3PaXOBYETHCSI
TaKa KiJIbKiCTh I[MX 3arOTiBOK BiTIOBiIHOI MOBXMHM (IMB. OCTaHHi CTOBITUMK TabJI.
3), sIka JO3BOJUTb OTPUMATK Ha APYTroMY eTalli pO3KPOIOBAHHS 3MUTKIB MOTPiOHMI
o6c¢sr mpoaykiii. [Ipy 1IbOMy BpaxoBYIOTbCSI 3HaleHi TOBHUM IepebopoM ONTHUMa-
JIbHi BapiaHTM JOBXMH IepeliibHUX 3aT0JI0BOK AJ1s1 pacoOHHUX MpodiliB TUITY IIBe-

Jiep, 10 BUTOTOBJISAIOTHCS MpokaTHMM mexoM N22 (Ctan 550) ITAO “IM3” (m. [OHin-
po) [3].

92 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucreMHi TexHosorii» 6 (137) 2021 «System technologies»

Tabanig 3
[Tpukiazn 3aMOBJIEHHS Ha CiM MJIaBOK

Ne Tunu HoBxkuuu, | Macu, ToH | KinbKicTb nepeaiibHMX 3aro-
IJIaBKM | LIBejepiB M TiBOK, IUT (LITAHT)

1 8 8 9 12 44 10 139 (695) 29 (116)

2 10 | 10 | 11,7 | 12 27 27 67 (268) 87 (261)

3 12 52,5 107 (856)

4 12 52,5 107 (856)

5 10 | 14 6 11,7 | 14 40 38 (266) 94 (282)

6 14 | 16 6 11,7 | 10 44 19 (133) 90 (270)

7 12 | 12 9 12 25 29 54 (270) 59 (236)

B Tabs. 4 HaBe#eHi MOBXUHM MepeIiibHUX 3aroTiBOK, SIKi 3a0e3I1euyloTh Mi-

HiMaJibHi BTpaTy MeTaly Ha IPyromy eTarli po3KpOKBaHHS [IJisl MPOAYKIIii i3 3aMOB-

JIEHHS, 10 PO3IJISAAEThCS.

B Tabs1. 5 HaBeneHi pe3y/abTaTy Po3B’sI3aHHS 3amaui ontumisariii (1) — (7). s

KOXXKHOI 3 ITaBOK BKa)XKEMO: Macy MeTaJly, 110 ITOAA€ThCS B KOBIII; PO3ITOiT i10TO 110

0JII0Max; KiJIbKiCTb MepeIiIbHMX 3aroTiBOK, SIKi OTPMMAaHO y pe3y/abTaTi PO3KPOIO-

BaHHS 3a po3MipaMu, BiITIOBiIHO A0 MPOAYKIIii, 110 BUPOOIISIETHCS. Takosk po3paxo-

BaHMI BiICOTOK BTpAT MeTally ITiJT Yyac BUKOHAHHS 3aMOBJIEHHS.

Tabnuisga 4
OnTuManbHi JOBXKMHU TepeaibHUX 3arOTiBOK
HoBxXnHa [lepeTuH, HoBxuHa nepenispHol | KUibKicTh
Howmep miBesnepy, .
BUPOOY (M) MM*MM 3aroTiBKu, M LITAHT, LT
9 125*%125 2,75 5
8 12 125*%125 2,9 4
10 11,7 130*130 3,2 4
10 12 130*130 2,45 3
12 150*150 2,95 8
12 150*150 2,75 5
12 12 150*150 2,95 4
14 11,7 150*150 2,55 3
14 6 150*150 3,05 7
16 11,7 150*150 2,9 3
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Tabanuig 5

OnTumManbHMIT PO3IOIiT MeTaTy 1o 6JIFoMax, iX po3Kpiii i BTpaTu MeTary

N@ Maca Posniomin metany | Twur miBesiepy: KiibkicTh | 3arajnbHa | Brpatn,
TUIaBKU | METaTy 110 6/IFOMax rnepeaiibHUX 3aroTiBOK, | mMaca IIpo- %
B KOB- | N2 6si0- | Maca, Kr IIT IYKITii, KT
11i, KT My
1-6 7088,8 8(9): 21; 8(12): 0
1 57244 7 7328,2 8(9): 8;8(12): 13 54000 5,67
8 7383,4 8(9):5;8(12): 16
1-3 7156,1 | 10(11,7):0; 10(12): 22
4-6 7222,5 10(11,7): 17; 10(12): 0
2 56764 54000 4,87
6505,6 10(11,7): 0; 10(12): 20
8 71229 10(11,7): 16; 10(12): 1
1-7 7300,2 12(6): 14
3,4 55794 52500 5,9
8 4693,0 12(6): 9
1-2 73154 10(6): 19; 14(11,7):0
5 57000 3-7 7211,8 10(6): 0; 14(11,7): 16 54000 5,26
8 6310,3 10(6): 0; 14(11,7): 14
1-3 7291,4 12(9):15;12(12): 0
6 56378 4-17 7300,2 12(9): 0; 12(12): 14 54000 4,22
8 5939,1 12(9):9; 12(12): 3
1-6 7176,5 14(6): 0; 16(11,7): 14
7 57014 7 6310,3 14(6): 6; 16(11,7): 6 54000 5,29
8 7008,5 14(6): 13; 16(11,7): 0

OCKiZTbKM Ha MPaKTULl TOIMYCKAETbCSI 3HAUEHHS BTpaT MmeTtany no 10%, To Mo-

JKHa 3pO6I/ITI/I BMCHOBOK, IIIO p03po6neHa MaTeMaTu4YHa MOJeJIb JO3BOJIAIE BI/Ipi]lIy-

BaTy MpobeMy HaABUTPAT MeTajy ITij yac BUPOOHUIITBA IMTPOKATHOI MPOAYKIIii i Ki-

JIbKiCHO OOI'PYHTOBYBATY IMPUITHSATTS BigIIOBiZHMX pillleHb.

BucHoBKM. B naHiit po60Ti 6y/10 po3p06/iIeHO CUCTEMY MiATPUMKM TTPUIMHSITTS

pilleHb Mpo paiioHabHe BMKOPUCTAHHS METAJy ITiJi 4ac BUPOOHUIITBA COPTOBOTO

MpokaTy. B 0OCHOBi cucTeMM JIeXXKUTDh aJrOPUTM, IO peasi3ye MaTeMaTUUYHy MOZeJb

3a/4a4i ONTMMAaJbHOIO posnoniny MeTaJly Ha BMUKOHAHHS IIVIAHY BI/IpO6HI/IL[TBa Impo-

KaTHOI MPOAYKIii, SIKMi1 103BOJISIE MiHIMi3yBaTy He TiIbKM BTPATU METAJTy B MOMEHT

110T0 PO3IMBKY Y BWIMBHMUILI, ajie ¥ 0OPi3KM B XOJi pO3KPOIOBAHHS OTPUMAaHUX 3JIM-

TKiB Ha MepeisibHi 3aroTOBKU. [Ipy 11bOMY BPaxOBYETHCSI MOK/IMBICTh Hamepes, olli-

94

ISSN 1562-9945 (Print)
ISSN 2707-7977 (Online)




«CucreMHi TexHosorii» 6 (137) 2021 «System technologies»

HUTU ONTUMAIIbHUII pO3Mip IepeliibHOI 3arOTOBKM, BUXOASUYM 3 Oa’kaHOTO PO3K-
POIOBAHHS IO JOBXMHI 'OTOBOI MPOAYKILii, JOMMYCTUMMX IIJISI JAHOI MIPOAYKILii Mpo-
GdiniB mepeninbHOI 3aroTOBKM Ta 0OMeKeHb Ha Bary OJHOTO 3/IMBKa 3TOPU Ta 3HU3Y.
3amavy ys3arajJibHEHO Ha BUIIQOK, KOJM PO3Mip 3aMOBJIEHHSI IT€pPeBUILYE PO3Mip
TJIaBKM, @ TAKOX Ha BUIIQAOK IMapayieIbHOTO BMKOHAHHS KiJIbKOX 3aMOBJIEHb Ha
IIPOKATHY MPOAYKIIiI0 3 OAHi€l MapKu CTasi. Pe3ynbTaTy 00UMCIIOBAIbHUX €KCIle-
PUMEHTIB CBilUaTh IIPO MOK/IMUBICTb 3aCTOCYBaHHSI pO3p0O6IEHOTO aJITOPUTMY SIK OC-
HOBM CUCTE€MMU NPUIHSITTS pillleHb MPO pallioHaJIbHe BUKOPUCTAHHS MeTaly y Mpo-
KaTHOMY BUPOOHMUIITBI.

Po60Ty BMKOHAHO y paMKaX AepskaBHOi OIO/;KeTHOI TeMaTUKM 32 HOMEPOM:
0121U109788.
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Cucmema noddepxKKu NpUHAMUSA peweHuli 06 UCNoab308aHUU Memanna
8 MHO203MANHOM NPOKAMHOM npou3sodcmse

[TpedcmasneHHas cucmema 6azupyemcs Ha peanuzayuu mamemamuyeckol modenu 3aoa-
Yu oNmMuUManbHO20 pacxo0a Memasna 8 0BYyXamanHoM npoyecce e2o pacnpedesieHus npu npous-
godcmBse NpokamHol NpOOYKYUU, a UMEHHO: Ha 3mane pasausKU CMAau U3 KoBWA Npu KoHBep-
mepHoOM npou3sodcmse U npu ¢opMupoBAHUU 3020MOBOK 8 MALUUHAX C HeNpepblBHbIM UMbEM.
Kpumepuem onmumansHocmu s8asemcs MuHuMym nomepb memanna. llpu 3mom yyumsisaemcs
8UO npou3800UMOU NPOOYKUUU U BO3MOXHbIE BAPUAHMbI PACKPOA B8 08YX nepedesnax npoKAmKU.
BaxxHoti yacmeto Cl11P ssnsemcs npedobpabomka 606020 30KA3A, COOEPKALe20 pa3uyHbie
munsl npodyKyuUU u npedycMampusarwe2o BbiNoJHeHUe HeCKOJIbKUX NaasoK. [IpednoxeH 38pu-
cmuyeckuli anzopumm pazbueHus 601bW020 3aKA3G HA MaAKue 4acmu, Komopble MOXHO BbINOJ-
HUmb 8 npedesnax moJjibKo 00HOU NAABKU C KAK MOXHO NOJIHbIM 3aN0JHeHueM Koswd. [TpusedeH-
Hble pe3ysibmamsl BbI4UCIUMENbHbIX IKCNepuMeHmos8 nodmsepxoarm KOppekmHoCmb mame-
mamuyeckoli MoOesu 3a0a4u ONMUMAaibHO20 pacnpedesieHus Memanna npu BbINOJHEHUU NAAHA
npousgodcmsa npokamHol npodykyuu. [IpedcmasieHHble pacdemsl NOKA3bIBAIOM MAKXe BO3-
MOXHOCMb NpuMeHeHus paspabomaHHol cucmemsl HA MeMAnypauyecKux npednpusmusx npu
npou3sodcmse npokamHol npodyKyuu ON1s obecneyeHus MUHUMA/IbLHO20 KOIUYeCmBa nepeHa-
J1a00K 060pyO0BAHUSA PeXYUUX MAWUH U PAUUOHAIbHO20 UCNOIb308AHUA Memanna.

Decision support system for the use of metal in multi-stage rolling production

The presented system is based on the implementation of a mathematical model of the
problem of optimal metal consumption in a two-stage process of its distribution in the produc-
tion of rolled products, namely: at the stage of casting steel from a ladle during converter pro-
duction and during the formation of blanks in machines with continuous casting. The criterion of
optimality is the minimum loss of metal. This takes into account the type of products produced
and possible options for cutting in two rolling stages. The mathematical model is a problem of
partial-integer linear programming. For its solving, we use the method of branches and bounda-
ries. An important part of the DSS is the preprocessing of a large order containing various types
of products and providing for the execution of several heats. The proposed heuristic algorithm
for dividing a large order into parts that can be performed within only one heat with as complete
filling of the ladle as possible. Moreover, the received order, measured in tons, is converted into
that measured in the bars of the finished product. The presented results of computational ex-
periments confirm the correctness of the mathematical model of the problem of optimal metal
distribution when fulfilling the plan for the production of rolled products. The presented calcula-
tions also show the possibility of using the developed system at metallurgical enterprises in the
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production of rolled products to ensure the minimum number of changeovers of the equipment of
cutting machines and the rational use of metal.
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B.I. Kopnienko, O.B. I'epacina, /I.C. Tumodees, O.0. Cadapos, 10.B. KoBanboBa
MOJIEJII MOHITOPUHTY CAMOIIOAIBHOI'O TPA®IKY IHOOPMAIIIITHO-
KOMVYHIKAIIMHNX MEPEX JIJISI CACTEM BUSIBJIEHHSI ATAK

AHomayia. Po3enaHymi asmopeepeciliHi, hpakmansHi ma Mysbmu@pakmanbHi Mooesni mepexe-
8020 camonodibHo20 mpagiky, AKi 003807Al0Mb (popmMysamu ad0eKBaAmMHY emasnoHHy MOOesb
(wabnoH) «HOpManbHO20» MpPagiKy 1 3a Hel BUABAAMU AHOMAATT Mpagiky 8 cucmemax BUAB-
JIeHHA ma 3anobieaHHa amak. LLinaxom MoOesoB8aHHA BU3HAYEHO, WO CU2HAIU HelipoMmepexeso-
20 1 HeliposeliBniemHo20 adanmusHux Ginbmpis-anpoKCUMamopis, a Maxkox 2ibpudHoi ma bema
mysnbmuselisnemuux modeneli a0eKBaAMHI eKcnepuMeHmManbHoOMy CueHasy mpagika ma mawomes
810N0BIOHT CMAMUCMUYHT 3AKOHOMIPHOCMIT 1 Xapakmepucmuku.

Knioyosi cnosa: cucmemu BussneHHs amak, camonodioHull mpagik, MmyabmuppakmansHi selis-
Jiem modesni, adanmusHi GiIbMpuU-anpoKcuMamopu, asmope2peciliHi mooeni.

ITocraHoBKa Npoo6/ieMu. 3aXMUCT KPUTUUYHUX 00'€KTiB iHDPaACTPYKTYpH BiJ Ki-
bepaTak € HaA3BMYANHO BasKIMBUM. [Ipy 1IbOMY, HAIPUK/IAJ, O OCHOBHMX 3arpo3
IJISI TIPOMMCJIOBMX CUCTEM YIPABJIiHHS BiSHOCSITBHCS, 30KpeMa: MepexXeBi aTaku ye-
pe3 KOpIIOpaTMBHI MepexKi; aTaku Ha CTaHOApPTHI MepeXkeBi KOMIIOHEHTU; aTaKu TU-
Iy «BilMOBa B 06C/IyTOByBaHHi» Tomio [1].

OpHuM i3 pilleHb aKTya/lbHOI 3a7aui 3aXMUCTy iHpOpMaliiHO-KOMYHiKaIliitHUX
mepexk (IKM) Bim kibepaTak € po3poOKa Ta BIOCKOHaJIEHHSI CUCTEM BUSIBJIEHHS Ta
3anobiranust atak (CBA) [1-3]. [o0BHMM 3aBIAHHSIM TaKMX CUCTEM € came BUSIB-
JIEHHSI MepeskeBUX aTak, Crpod HeCaHKI[IOHOBAHOTO TOCTYMY Ta BUKOPUCTAHHS pe-
CypCiB Mepexi.

AHasi3 ocrtaHHIX gocaimkeHsb i myourikanivi. OcHoBHa 3amauya CBA 3BOAUTH-
sl IO OTlepaTMBHOTO BUSIBJIeHHSI BTOpTHeHb B IKM Ta iHillitoBaHHS e(eKTUBHOTO 3a-
XMCHOTO CIIeHapilo M0A0 MPUMMHEHHST (PaKTy MopyiieHHsT KoHimeHIiiHOCTi, g0C-
TYIHOCTI Ta IijicHOCTi iHdopMaliitHuX pecypciB, cepsiciB [4]. 3a crmocobamu BUSIB-
neHHs atak B CBA po3pi3HSIIOTh CUCTEMY BUSIBJIEHHS 3JI0BXXMBAHb Ta CUCTEMU BUSIB-
JIeHHSI aHOMaJtii [2-4].

TexHosorisl BUSIBJIEHHS aTak HAa OCHOBi aHOMaJIiii mo6yj0oBaHa Ha MPUIYIEHHI,

0 aHOMaJIbHA MOBeIiHKa Ccy6’ekTa iHpopMalliifHOi isyIbHOCTI (aTaka), 3a3BUYaii,

© Kopuienko B.I., I'epacina O.B., Tumodees [1.C.,
Cadapos 0.0., KoBanwosa 10.B., 2021
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MIPOSIBJISIETHCS SIK BiIXMJIEHHS Bif, HOpMaJibHOI MOBEHiHKM, 1110 MPOSIBISIETHCS B Me-
peskeBoMy Tpadiky. IIpu nibomy B mpoiieci @pyHKiioHyBaHHS CBA BMKOHYETBHCS MO-
HiTOpUHT MepexkeBoi akTUBHOCTi IKM, Ha OCHOBi YOro OIL[iHIOTbCS MOKAa3HUKU, 110
XapaKTepu3yloTh mTaTHe (yHKIioOHyBaHHSI IKM, TOOTO BU3HAYAETHCS «HOPMAJIb-
Huii» MepeskeBuit Tpadik. Omic/sa 3a CTaTUCTUUHMMU TIpaBUaaMu (KpUTEpiemM) IIpu-
JiMmaeTbCs pilieHHs o ctaHi IKM [2; 4-6].

l'ooBHOIO TepeBaroio Takoro miagxony B CBA € MOXX/IMBICTb B MpoOLieci MOHITO-
pUHTY MepeskeBOro Tpadiky BiIpi3HITU «HOpPMajbHY» MepeXXeBY aKTUBHICTb Bif
«@HOMAaJIbHOI».

OCHOBHMIf HEIOJIiK TAKOTO IiIXOMy TOJISITA€ Y CKIaTHOIIAX BM3HAUEHHS 11a0-
JIOHY «<HOpMajbHOTO» Tpadiky.

[Ipy 11bOMY NEpCHeKTUBHUM € BUKOPUCTAHHSI MOJeJieli 3aXUCTy Ha OCHOBI
posnizHaBaHHSI aHOMailt B IKM [7-10], ockifibku mOTOYHMIT Tpadik € peasisaili€io
BUIIQJIKOBOTO MPOIIECY, a 10T0 afieKBaTHA MOJe/b — CTATUCTUYHO CTiliKa 3aKOHOMi-
PHICTb LIbOTO MpOLieCy.

Tpadik B IKM € HeliHIIHMM CTOXaCTUUHMM ITPOIIECOM 3 BJIACTUBOCTSIMM CaMO-
Mo06M Ta 3 XaOTUYHOIO i paKTalbHOIO AMHAMiko. KpiM Toro, BCTaHOBJIEHO, IO
arperoBanmii Tpaik Bif pi3HMX mKepes Ha MaJMX YaCOBMUX MacCIITabaX ITPOSIBIISIE
MynbTUdpaKTaibHMIt Xapakrep [11, 12].

O1iHka XapaKTepUCTUK MepeskeBOro Tpadiky HeobximHa mJis 1MoOymoBU i0ro
aJleKBaTHOI MogeJi, 1[0 J03BoJjise chOpMyBaTU eTaJOHHY MOJe/b (11abJ0H) «HOP-
MaibHOTO» Tpadiky i 3a Hew BUSBIATU aHoMaJTii Tpadiky B CBA.

Takum 4MHOM, HEBMPIIlIEHOO 3aJauelo € MoOyaoBa afeKBaTHUX Mojieeil Mme-
pexkeBoro camornofioHoro Tpadiky, siki 6 m03BoJsIM iX BuKOpucTaHHsS B CBA mis
BUSIBJIEHHSI MepeskeBMX aHOMaJIiit B pea/ibHOMY MacIITabi yacy 3 IO0CTaTHbOIO edek-
TUBHICTIO BiTHOCHO ITOXMOOK Ta JOCTOBipHOCTI.

MeTa poGOTH — IOCTiIKEHHS Ta OOIPYHTYBaHHSI MOJie/ieil MepeskeBOro caMo-
noxi6Horo Tpadiky mJist BUSIBJIEHHS OT0 aHOMasIii Mpy BUKOPUCTAHHI B CUCTeMax
BUSIBJIEHHSI Ta 3aI100iraHHS aTak.

BuxknageHHsI OCHOBHOIO MaTrepiany mociigkeHHs. Mozeni mepexeBOro
camonofgioHoro Tpagiky. ®pakrasbHMM (CAaMOIIOAIOHMM) € CTalliOHAPHMIT BUTIAI -
KOBMI1 mpoiiec X i3 MOCTiitHUM cepeHiM i aBTOKOperiiiiHo QyHKIieio (AKD), axy
MO>KHA 3alMCaTH SK:

r(k) ~ L (t)k™” niput k — oo (1)
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ne L, — moBoJji 3MiHIOBaHa Ha HeCKiHUeHHOCTi GyHKIis, TO6TO Ajig x >0 BOHA Mae

limL (xt)/L,(t)=1; p=2-2H; 0< f<1; H - 1noka3Huk Xepcra.

ITokasuuk Xepcra H xapakTepusye CTYIIiHb CaMOIIO00M Ipoiiecy. BiH cBif-
YUTH PO HASIBHICTh TpeHJa ab0 IMpo BMUMAAKOBICTh IIPOILIECY, a TAKOK XapaKTepu3ye
eBOJIIONiI0 cucTeMu (mpotecy). Skmo 0,5 < H <1, TO poLec XxapaKTepu3yeTbCs TOB-
TOTPUBAJIOI0 MaM 'SITTIO i € MIePCUCTEHTHUM, [JisI SIKOTO MMOBIpHUM € 306epeskeHHS
TeHJEeHIlii eBOMIOIIiI cucTeMy B MaitOyTHbOMY. Ko K 0 < H < 0,5, TO 1ie TOBOPUTH
PO aHTUIIEPCUCTEHTHICTh Mporecy. Moro yacosi peanisanii MiHIMBI i ckIagaoTbCS
3 yacTuUx peBepciB cnag-migiiom. To6TO Aj1st HUMX 30iIbIIeHHS (3MEHIIeHHS) 3Ha4eHb
B MMHYJIOMY O3Hauae iiMOBipHe iX 3MeHIIIeHHs (30i/IbIlIeHHS) B MaltOyTHbOMY.

s camonomioHux mpoieciB AK® Mae 1OBroTpuBasTy 3aJeXKHICTh, CIIEKTPAIb-
Ha IIUIbHICTh ITiAKOPIOETHCS CTYIIEHEBOMY 3aKOHY, a PO3IOAIT Ma€ <«BaskKKU
xBicT» [11].

Skmo mucnepcist BUGipKOBOTO cepegHbOI0 MAa€ MOBIbHIIINMIA CIIajl, HiXK BeJIu-
YMHA, 3BOPOTHA JIOBXMHI BMOIpKM, TO JaHMIA IIPOIEC € CAMOIIOIiOHMM.

Hartuacrime pjs anpokcumallii ricTorpaM eKClepyuMeHTalbHUX OaHUX CaMOo-
MOAiOHMX IIPOLIECiB 3aCTOCOBYIOTHCS (YHKINi CyOeKCIIOHEHIiaJIbHMX 3aKOHIB pO3-
MOy, OJ1S1 TIepeBipKU afleKBAaTHOCTI SIKMX BUKOPUCTOBYIOThCSI KpuTepii 3roau Koii-
moroposa i ITipcoHa.

JlJ1s1 iepeBipKM HYJIbOBOI TiMOTE3M MPO HEe3aJIeXXHICTh 1 TOTOXHICTh PO3IOAITY
3Ha4YeHb YaCOBOTO PSIAY BUKOPUCTOBYETHCSI BDS-TecT, s5Kuil 103BOJISIE BUSIBUTU HeE-
JIHIMHICTh MOPOJIKYIOUO01 CUCTEMU, BiAPISHUTU BUIIAAKOBI CUCTEMMU BiJl, JeTepPMiHO-
BAHOTO Xaocy abo BiJ HeNiHITHUX CTOXaCTUYHUX CUCTEM.

Il1s1 BU3HAUEHHSI PeXUMY IMOPOIKYIOUOro IMPOLeCy OL[IHIOITh I0TO €HTPOITi0
KonmoropoBa K, sika XapaKTepu3ye MIBUAKICTb BTpaTH iHpopMallii Mpo cTaH JuHa-
MiUHOI cucTeMu B yaci. K-eHTpormis JOPiBHIOE HYJIIO IIPU PeryIsipHOMY PYCi, HECKiH-
YyeHHa JIJI1 BUTIaJIKOBUX CUCTEM, TTO3UTMUBHA i 0OMeskeHa JIJIst XaOTUUHUX CUCTEM.

3HaueHHs KOopeJsLiiiHOI eHTpoIil K. € HWKHbOI Mexero K-eHTpormii i 03B0-

JISI€ OLIiHMUTM iHTepBaja TOYHOI MPOrHO30BaHOCTI mporecy 7,.. 3a vac, 6iapmmnit 7.,
MO>JIMBE TiJIbKM CTaTUCTUYHE [TPOTHO3YBAHHSI.

Po3MmipHicTh ¢a30BOro mpocTopy d , MOUMHAIOUM 3 SIKOi KOpeJsiiiiHa po3Mip-
HiCTb D, TepecTae 3MiHIOBAaTUCS, € MiHIMaJIbHOK PO3MIpHICTIO BKJIaJeHHS aTpak-
TOpa (HaliMeHIIO 1[iJI0I0 PO3MipHiCTIO (pa30BOro MPOCTOPY, 1110 BMillly€ BeCb aTpa-
KTOp). TakuM 4MHOM, PO3MIpHICTh ¢ BU3HAYAE MOPSAOK MOPOAXKYIOUOI CUCTEMMU
(rmmbuny ii mam’sTi).
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Modeni ¢ppakmanvrux pyxie. ®paxranbHuit 6poyHiBcbKuit pyx (O®BP) — 11e mpo-
11ec, 110 Ma€ MPUPICT KOOPAMHATY OPOYHIBCbKOI YACTUHKM IIJIsT OYyAb-SIKOi TTapyu Mo-

MEHTIB yacy ¢ i ¢, BULY
H
x(O)=x(t,) ~Ee—t| ", (t21,), 0< H <], ()
ne x(t,) — KOOpAMHAaTa YaCTUMHKY B JesIKMUIi T0YaTKOBMII MOMEHT 4acy f,; & — CTaH-

OapTHUI rayCoOBUI BUMAAKOBUI MpOLeC 3 He3aIeKHUMM Tpupictamu; H — mokas-
HUK XepcTta. ®BP mae Hy/lIbOBe cepenHe, TUCIIEPCii0 IPUPOCTIiB, SIKa 301/IbITYETHCS 3
YacoM, a TaKOXX HeCKIHUeHHO BeJIMKMUI Yac KOpeJsiii.

®dpaxranbHuit raycoBuit mym (OIIII) — me cTporo caMoIoaioHMii B IUPOKOMY
CEHCi CTOXaCTUYHMI TIPOIIeC 3 HYJIbOBUM CepeaHiM Ta AUCIIEPCIE0 BULY

D[B, (6)~ B, ()] = D[e] =1, (3)
ne B, — ®BP 3 nokasuukoMm Xepcra H i AK® Buny

P = [+ 17 =k -1, @)
nekeN,O0<H<I.

s mo6ynoByu GBP 3aCTOCOBYIOTH, HAIIPUKIIA, METOM, Oi0pTOrOHAIBHUX BEJB-
JIeTiB, 3aJIeXKHUX Bim 3amaHoro 6asucy i mapamerpa Xepcra H . OCHOBHA ifes 1oJsi-
ra€ y BUKOPUCTaHHI IMCKpeTHOro BeliBieT-nieperBopeHHs ([IBII), meTanisyioui koe-
dirieHTM Ha KOSKHOMY PiBHi SIKOTO € He3aJIeXXHUMM HOPMAa/IbHO PO3TIOAiIeHMMU BU-
MaJiIKOBMMU BeJIMUMHAMM, a allpOKCUMYIOUi KoeillieHTU — pe3yabTaT BUKOPUCTAH-
HS ¢pakKTaqbHOI aBTOperpeciiiHoi iHTerpajsbHOi MOJe/Ni 3 KOB3HMM CepeaHIiM
(FARIMA) niporiecy:

B,(0)= Y@, (t=k)S"+> S 2w, (27— k), —b,, (5)
k=0 j=0 k=—c0
ne V¥, , ®, — 6iopToroHanbHuMIi BeiiB/IeT Ta BiANOBigHA i1 CKeliiHT QyHKII]; S,EH ) -
crarioHapuuii raycosuii mpouec FARIMA; ¢,, — Hesa/exkHi raycoBi BUIIAJKOBI Be-
JMYNHA, b, — KOHCTaHTa, Taka 10 B, (0)=0.

[TepeBaramu mopesneit ®BP i OTIII € B1acTUMBOCTI CaMOITOI00M i TOBrOTPUBAIOi
3aJIeXKHOCTI, 1[0 BiAIIOBigalOTh BJIACTUBOCTSIM €KCIIEPUMEHTANbHUX JAHUX, a TAKOXK
MOSK/IMBICTD iX aHAJITUYHOTrO TPaKTyBaHHS. [IpoTe, iX HeIOMIKM ITOJISATAaI0Th B 0OMe-
SKeHHSIX OMMCY MepexkeBoro Tpadiky i CKIagHOIIAX Migdopy 3HaueHb MapaMeTpiB
st reHepaiii Tpadiky, MOAiOHOrO A0 eKCIepUMMeHTaJbHMUX maHuX. KpiMm 1poro,
€OUHOTO TlapamMeTpa, IO XapaKTepu3ye KOpessliiiHy CTPYKTYpy (aCMMIOTOTUYHE
yoyBanHs) ®BP i OT'Ill, HegocTaTHBO [IJIT MOAEIIOBAaHHS TpadiKy.
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@pakTtanbHuit pyx JleBi € ysaranbHeHHSIM DPBP, mnpeacTtaBHMKOM Kjacy o-
CTiIKMX mpoleciB. BiH Mae BlacTMBOCTI caMOIIogo0u i HeCKiHUeHHMUI iHTepBaj KO-
pensiii. IIpupocTu gaHoro mpoiecy € caMomnomioHumu 3 H =1/al i 3alexkHUMU
OOMH Bif OJHOTO, @ TAKOX MalTh PO3MOIiN 3 «BaXXKMMM XBOCTaMM». BigmmoBigHO,
MojieNb BpaxoBye JiBa MokasHuku: Xepcra H e[1/2,1] i Jlesi al<[0,1]. Tlosutusamu
JIlaHO1 MofeJli € MOX/IMUBICTh 11 MaTeMaTMUYHOIO OIMMCY, @ TAKOX 30aTHICTb BPaxOBY-
BaTU PO3MOMIT 3 «BaXXKUM XBOCTOM». Cepen HeAOMiKiB BapTO BiI3HAUMTU HEOOXi-
HiCTh BpaxXOBYBaTM [IeKiJibKa MmapameTpiB, 1[0 BM3HAUYAIOThb CTaH Moesi (30Kpema,
IIJIsT BU3HAUYEHHS TIOKa3HMKa 1 BiACYTHIi NpSIMUIT METOZ, OL[iHKMN).

[TlepeBaru Mogeseit ppakTaabHUX PYXiB: KOHIIENTYaJbHO IIPOCTi; MOXYTb OMM-
caTy CKJIAIHY OMHAMIKy 6araTbox peajbHUX CHMCTEM; BiITHOCHO MaJie 4McJIo rmapame-
TPiB i iX BUMOip HAOUHMIT; MO3BOJISIIOTh BUSIBUTM CTiliKi CTAHM CUCTEMMU.

AsmopezpecitiHi Modesi TIPUITYCKAIOTh, 110 TOTOYHE 3HAYEHHS MTPOLIECY € CYMOIO
TIOCTiiHOI, 3Ba’KeHOi CyMM TOIlepeHiX 3HaueHb i MOxMOKkM mopesni. IIpukiagamu
Takux mogmesneii €: ARMA (aBToperpeciiiHa Mofe/ib KOB3HOTO cepeqHboro), ARIMA
(aBTOperpeciiiHa iHTerpajbHa MoOie/ib KOB3HOTO cepegHboro) i FARIMA.

IIpu oriHOBaHHI Ta igeHTUdiKalii MpolieciB O/ peai3aliii aBToperpeciitHux
Mojiejieit BUKOPUCTOBYIOTh TaKOX afdanTuBHi QinbTpu-anpokcumaropu (AD®A), mpo-
1ec aganTailii SKuX BK/IIOUA€ OI[iHIOBaHHS HIYKaHOTO BUXOMy (inbTpa Ta KOpery-
BaHHS J10T0 ITapaMeTpiB B 3aJIEKHOCTI Bij 3HAUeHHS BUXiTTHOI ITOXMOKMA.

Cepen, HUX MOXXHA Buninutu HevipoMmepexeBi (HM) Ta Heiipo-BeliBieTHi (HB)
A®A [11]. HeitpomepeskeBi (HM) Mopesi mpeAcTaBsiOTh 06010 HAGIp CIIOMyYeHUX
MiXX c00010 HEPOHIB, [IJISI IKMX MepeTBOPEeHHS BXiJJHOTO BEeKTOopa y BUXiTHUIT 3a/a-
€TbCS 3HAUEHHSIMM BariB Mepeski. BuxinHi 3HaueHHST HEMPOHIB 3aJieskaTh Bif BUOOpY
byHKIIii akTUBaIlIii.

Cepen HM mopesneil Halikpallli pe3y/JbTaTy IOKAa3ye TeTeporeHHa Mepexa, 110
CKJIAIA€TbCS 3 MPUXOBAHMX IIApiB 3 HeNiHiMHOI (YHKIIi€I0 aKTMBallii HePOHIB i
BUXiJTHOTO JIiHI/AIHOTO HelipoHa.

PiBHsgHHS AD®A Ha ocHOBI HM 1nipsiMOro po3mnoBCIOIKEHHS 3 NPUXOBAHMUM IlIa-
POM MIpPeLCTaBISIETbCS Y BUTJISIAL PIBHSIHHS 3TOPTKM [11]:

Ak+n]=Y FAD vl EQ o, lel-u,lk=7D}, (6)

reP leQ meQ
ne P — MHOXMHA IMOMH maM'sITi BifIIOBiJHMUX BXOAiB; F. — akTuBaliiiHa QYHKIis
BUXigHoro mapy HM; O — MHOXMHA BXO/IiB HEPOHiB; | — MOpsAaKOBMIT HOMep BXOIoY

BuxigHoro mapy HC; v, — BaroBi koedillieHTM BUXiIHOrO 1apy; F, — aKTuBalliliHa
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(byHKIIiS HeJIpOHiB NMPUXOBAHOrO LIapy; M — MOPSAKOBMUIT HOMep Bxony HM; v, —
BaroBi KoeilieHTH 3B'sI13Ky m-ro Bxoay i I-ro HelipoHa; u, — Bxig HM.
[TapameTpamu HacTpoiiku miei HM e {v,,v,,} Ca, e a — BeKTOp mapamerpis

HaBUYaHHSI Mepexi.

3a3Buyait Ay HacTpoiiky napameTpiB HM mpssMoro posmnoBcClOmkeHHS (6) BU-
KOPUCTOBYIOTh TPAiEHTHiI aJifOPUTMM, HAMTPUKIAJ, aJTOPUTM 3BOPOTHOTO MOIIM-
peHHS IOMMJIKM B IPOCTOPi ITapaMeTpiB a Mpu 3amaHii apxitektypi HM i cTpyKTy-
pHUX QYHKIIISX F .

[TepeBaramu HM Mopesneii €: aBTOMaTUUYHe HAOYTTSI 3HaHb; MacCIITa0OBaHiCTb;
MOKJIMBICTh HABYaHHS; HEIIHIMHICTh MoOfesieli; agallTUBHICTb; OAHOMAHITHICTh
aHasi3y i mpoekTyBaHHs. Cepel HeJ0JiKiB BapTO BiA3HAUNTU: CKIAIHMI aHaAJIi3 Ha-
BUEHOI MepesKi; mpoIiec iX HaBYaHHS BMMarae HeMaJio 4acy; TPyIHOIIi BMOOpPY anro-
PUTMY HaBUaHHS i apXiTEeKTypu MepeKi; JKOpCTKi BUMOTM 40 HaBYaJIbHOI BUOIpKUA.

@inbTpM 3 YACTOTHUM IIePETBOPEHHSIM MalOTh IlepeBaru Hana dinbTpamu 3i
3TOPTKOIO0 B YaCOBii1 00J1aCTi, 3aBASIKM CKOPOUEHHIO 06'eMy 00UMC/IeHb i TOKpalleH-
HIO BJIACTMBOCTI 30i5KHOCTi a/irOpuTMiB agarTailiii. [Ipu 1iboMy, B HaCJTiIOK 31aTHOCTi
MIPeICTABJISTY HECTAI[iOHAPHI CUTHAIM OiIbIN JOLIIBHUM € BUKOPUCTAHHS OUCKpe-
THOTO 4aC-4YaCTOTHOTO (BEBJIET) MEePETBOPEHHS, SKOMY MpPUTaMaHHiI BJIAaCTUBOCTI
OPTOHOPMOBAHOCTi, KOMITAKTHOCTi, BiTHOBJIEHHS 6€3 BTpaT i MaJoro 06'eMmy o6umc-
JIeHb.

[Mpuknagom Takoro QinbTpy € HelipoHHMI BeliBieT (HB) ADA [11], B OCHOBY
dinpTpalii sSKoro moknaameHa mpouenypa mpsimoro BIIL. [Ijs 3MeHIIeHHS BIUIUBY
myMy y QiabTpi 3[i/ICHIOIOTh TPEIIOJAMHI — IOPOroBe OOMeKeHHSI KoedillieHTiB
BeliByieT po3KkiaagaHHs. HM BUKOpUCTOBYETHCS AJ1s1 TPOTHO3YBAHHS 3HaUeHb Koedi-
Li€HTIB, MO IKUM 3a JOMOMOTOK0 3BOpOTHBOrO /IBIl BM3HaUYa€eThCs MTPOTrHO30BaHMIT
CUTHaJ.

PiBusuusa HB A®A mae Burisan:

P, L B
de+1]=>a,, ¢, k+1]+>>d, v, [k+1]. (7)
p=l =1 p=1

me ¢,y — Macimrabyroya i BiinoBigHa iii BeliBieT QyHKIii; L — KiJbKiCTh piB-

HiB PO3K/IaflaHHs; F, — KiIbKiCTh KoedillieHTiB Ha PiBHi poskinamauusd /; a, ,, d, , -

KoedillieHTV anmpoKcuMmaliii i meTtasisaiiii BiimoBigHO.
o mapameTtpiB ADA, 1110 HaBYAIOTHCS (aAAITYIOTHCS), BITHOCSTHCST TUIT 6a3uC-
HOTO BeJiBjieTa i , KiJIbKiCTb PiBHIB pOo3KjafaHHs L, a TaKOX IapaMeTpy TPemiosi-

nuHra i HM.
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Mynemugpakmanvti modeni I'PyHTYIOTbCS Ha BUKOPUCTAHHI MYJIbTUILTIKATHUB-
HMX KaCKaJiB, 10 3aCTOCOBYIOTD iTepaTUBHY IIPOLEAYPY.

CriouaTKy OOMHMYHMIA iHTepBa/I OUIMTHCS HA JBa PiBHi MiAiHTepBasau, Barosi
KoediieHT Akux r, i r, =1—r, BignosigHo. [IJig KOXXHOTO MifiHTEpBasy Mpolenypa
TIOBTOPIOETHCS. Barosi KoedillieHTM € He3aIeXKHMMM, BUTTAJKOBMMM i OTHAKOBO PO-
3MOAIIEHMMIU BeIUYMHAMU R € [0,1] 3 (QyHKIi€l0 pO3MoAiny BiporifHOCTI F,(x),
M[R]=1/2. Ha k -omy kpoui iTepaTusHoi mpouesypu mipa u(At, ) mifinTepsany mo-

BXUHU At, =2 —k 3a4,0BOJIbHSIE CIiBBIJHOLIEHHIO MaCIITaOyBaHHS:

Mu(ae, Y )= (mRe ) = arpoeler], ®)
sIKe BM3HavYa€ MyJIbTUdpaKTATbHNI TTpoIiec 3 QYHKITi€I0 MacIITabyBaHHS:
,(q) = ~log, M[R"]. ©)

3aBOaHHS KaCKaJHOTO MOZE/JIOBAHHS I0JISITA€ B 3HAXOAKEHHI pO3IOIiTy Bipo-
TiTHOCTi [IJIsT MHOKHMKIB R TaKoOro, 11106 BUKOHYBajIach PiBHICTH (9).

He MeHII mommpeHumMu € MyibTudpaKkTaabHi BeiiaeT moaeni (MBM) [12], mo
IO3BOJISIIOTh MOJIeTI0OBATU TO3UTMBHI YacOBi psSiAyM 3aJaHOi MOBKMHM. B OCHOBI iX
(GYHKITIOHYBaHHS JIEXKUTb METOJ, BEIBJIET IePeTBOPEHHS, a YaCOBUI Ma€ BUTJISII:

X t): ZUJO,k¢JO zz k‘//,k (10)

k i=J, k
ne g//j,k(t):2”21//( -"t—k),¢j,k(t):2”2¢( -’t—k) — BeiiBJIeT Ta BiJIIOBigHA JiOMy MacIl-
rabyioua  QyHKuis; W, = j x(th, ()dt -  meramisyoui  koediuienTy;
= J )dt - anpokcumylodi (cKejitiHr) KoedillieHTH; j — KiJbKicTh piBHIB

BeﬁBneT—po3KnaLLaHHﬂ; j=J, — HaliMeHIlIa PO3JiJbHA 3JATHICTh; k IOKa3ye MpoC-
TOPOBE PO3TallyBaHHS aHAi3y.

BpaxoByrouy, 10 Ha IPaKTULI 4YaCTO DPO3IVISILAETHCS OVCKPETHUI CUTHA
x(")(k) 3 KiHII€BOIO TPUBAJICTIO, IO aTIPOKCMMYE CUTHAN x(t) 3 PO3MIIBHOIO 34aTHIC-
TI0O 27", TO HamiBHeCKiHUeHHY cyMy B (10) Heo6XigHO 3aMiHUTU HaA CyMY 3 KiHI[EBUM
YMCJIOM MaciITabiB, T06TO 0< j<n:

Uj—l,k =2_1/2(Uj,2k +Uj,2k+l)’ (11)
ijl,k =27 (U_/‘,2k - Uj,2k+1 ) ’ (12)
Wi =4,,U,> (13)

ne A, - He3aJIeXkHi, BUMAJKOBi, CMUMeTpPMUYHi BiTHOCHO HYJsI 3MiHHI 4;, e[—l,l].
JL71st IPOCTOTH i THYYKOCTi reHepyBaHHsI MHOXHMKIB A4, BUKOPUCTOBYETHCS CUMET-

pUUHi 6eTa-po3Io/IiJ Ta PO3IOAiA TOUKOBMX Mac.
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Topi oTpumaeMo
Uj,Zk =277 (1 + Aj+1,k j-Lk o (14)
Uj,2k+1 =27 (1 - A_/‘H,k J-Lk (15)

CkeitniHr-koedilieHT, 060UMC/IeHi IpU JeTalbHill PO3IiIbHIi 34aTHOCTI, € BU-

XiIHMMY 3HAYEHHSIMU TIPOIIECY, TOOTO
"k]=2""U,,, k=0,.,2"~1. (16)

MynbTudpakTaabHi Mofesi 3a0e3euy0Th 'HYUKIllIMii 3aKOH MacHITabHOi 1mo-
BEeIiHKM i BIAJI0 BiATBOPIOIOTH TpadiK, arperoBaHmMil BiJ JeKiJIbKOX IKepesi, 1o ic-
TOTHO BifApi3HSIIOTHCS; aHAJITUUYHO IPOCTi. [IpoTe BOHM OILiHIOIOTH Ti/IbKM BEPXHIO
OTMHAIYY MYJIbTU(PAKTAILHOTO CIIEKTPY, 0 MOXKe MPU3BOAUTHU 10 TTOMUIKOBUX
pe3yJbTaTiB.

AHaji3 Ta MozenoBaHHSI MepeskeBoro Tpadiky. BUKOpUCTOBYBaBCS eKcIle-
pMMeHTanbHUII curHaa Tpadiky, 10 rnmepenaBaBcs yepe3 Mepexy [HTepHeT i SKuii
sIBJIsIE 00010 3anexxHicTh po3mipy Ethernet kafpiB B 6aiitax Bif yacy [13]. [Ias Toro,
100 MPMBECTM ITOYATKOBI AaHi 40 €KBiIMCTaHTHOI IIKaJIM 110 YaCoBiit oci Oysa mpo-
BeJieHa Mpolleypa arperailii 3 KpokoM B 5 C.

Pe3ynbTaTy aHaIi3y Ta MO e/IIOBaHHS HaBeleHi Ha puc. 1-3 Ta B Taou1. 1.

[TopomsKyrounii Tpoiec eKCrepuMeHTaJIbHOr0 CUTHAJIy Ma€ BJIACTUBOCTI, MIPU-
TaMaHHi caMOIIOIiOHMM IpollecaM: TimepoosiuHe yoyBaHHss AK® i3 3pocTaHHIM ya-
COBOi 3aTpuMKu (puc. 1,a), cTyreHeBuit 3akK0oH rpadika oro CreKTpajabHOI IIiTbHO-
cTi (puc. 2,a) Ta MOBOJi yoyBawuy aucriepcito (puc. 3,a). Ha rpadikax AK® Takosxk
HaBeleHi ix ampokcuMariii y Burasigi mosodi (ITY3) ta mBuako (IIY3) yoyBaroumx

3aJIe3KHOCTEI.
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PucyHok 1 - AK® exkcriepMeHTaIbHOTO (a) Ta MOJe/IbHUX:
HB A®A (6), Beta MBM (B) curHasis
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PucyHOK 2 - CrieKTpu eKCIepuMeHTabHOTO (a) Ta MOJEIbHUX:
HB A®A (6), beta MBM (B) cursasis
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PucyHoOK 3 - [Iucrnepcii ekcriepMMeHTa/IbHOTO (a) Ta MOJIe/IbHUX:
HB A®A (6), riopuagra MBM (B) curHasis

CurHan Tpadiky Mae (Tabs. 1) po3momin 3 «BaKKMM XBOCTOM» (TOKa3HUK «BasK-
KOCTi XBOCTa» CTAaHOBUTh « =1,4), ricTorpama eKcIliepMMeHTaJIbHOTO PO3IOLiMY 3rif-
HO 3 Kputepismu 3rogu Kosmoroposa i IlipcoHa Biamnosimae posnopiiy Ilaperto,
CKEeJIETOH BeJBJIeT-IePEeTBOPEHHST CUTHATY MA€ IepeBOIOIiOHY CTPYKTYpY, a TTOKa-
3HMK XepcTa Mae fiana3oH 3HaueHb [0,888; 0,980]. [Ipowec TakoX € HeliHITHUM Bi-
IMOBiAHO 10 pe3yibTaTiB BDS-TecTy. iroTe3u mpo TOTOXHICTh PO3MNOALTY 3HaYeHb
CUTHay puitManuch 3 BiporigHictio 95 %.

3HaueHHS KOpeJsLiiHuX eHTPOoii i pO3MipHOCTI aTpaKTOpY, a TAKOX iHTepBaJs
TOYHOI Mepea6avyyBaHOCTi (IVMOMHA TOYHOTO MPOTHO3Y) eKCIIePMMEHTaTbHOTO CUT-
HaJTy HaBeZieHi B Ta6I. 1.

[Ipu mopentoBaHHi y SIKOCTi Mogesneil Tpadiky BukopuctoByBanmuch HM i HB
A®A, a TakoxX MynabTU(GpaKTaJIbHI BeliBjieT mopenai nBox TumiB: MBM 3 Oera-
posmofisiom Ta riopuaHa MBM, B siKkiit 6eTa po3Iofil BUKOPUCTOBYETHCS Ha TPyOUX
MaciuTabax, a po3ro/IiJl TOUKOBMX MacC — Ha TOYHMX MaclITabax.
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Tabanig 1

XapaKTepI/ICTI/IKI/I E€KCIIepMMEHTAJIbHOT'O Ta MO E/JIbHUX CUTHAJIiB

Excniepu- .
Bera Tiopuana
MEeHTAa/b- HM A®A | HM ADA
. MBM MBM
HUM
AK® Imy3 my3
Criexktp CTyneHeBUi1 3aKOH
BeiiBner- . .
IepeBornonibHa CTPYKTypa CKeitieToHa

IepeTBOPEHHS
Iucmepcis IToBouti yoyBaroua

3aKOH po3IoAiny 3a

KpuUTepiem:
- Konmoroposa [TapeTto [TapeTto JlorHopM [TapeTto
- [lipcoHa [Tapeto JlorHopm | JlorHopm | EKcrioHeHI]
[Toka3sHMK «BasKKOCTi
~1,4 ~1,5 ~1,2 ~1,2 ~1,5
XBOCTa»
BDS-TecT XaOTUYHMI HeTiHiTHUII TIpo1iec
[TokasHuK XepcTa:
- TIepioioTpaMHMIt 0,980 0,940 0,884 0,936 0,974
MEeTO[I,
- MeToJ, arperoBaHoi1 0,888 0,843 0,869 0,687 1,454
aucrepcii
- R/S ananis 0,913 0858 0,877 0,788 0,764
Kopensiiina pos-
o 2,956 2,978 2,864 3,992 3,483
MipHICTb
KopensiiiiiHa eHT-
. 0,640 0,742 0,857 0,826 0,643
poris
[HTepBas MporHo-
. 2,525 2,178 1,886 3,063 2,987
30BaHOCTI
Po3mipHicTh ¢aszo-
P ¢ 3 3 3 4 4
BOTO IPOCTOPY

B pesynbraTi aganTaiiii Ta HaBuaHHSI mogeneii, AK® (muB puc. 1,0,B), ClIeKTpu

(nmB. puc. 2,6,B) Ta auciepcii (1uB. puc. 3,0,B) MOIEIbHUX CUTHAJTIB SIKiCHO BifITOBi-

namTh TpadikamM eKcriepMMeHTaTbHOTO curHaay. Kpim Toro, sIKicHi Ta 4McI0Bi 3Ha-
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YeHHS XapaKTepUCTUK MO e/JbHMUX CUTHAIB B IL[iIOMY BiAITIOBigal0Th XapaKTepUCTU-
KaM eKCIlepyMMeHTaTbHOTO CUTHAMY (IuB. Tabm. 1).

[Ipy ubomy 6eta MBM MaloThb MeHINy MOXMOKY BM3HAUEHHS XapaKTepPUCTUK,
HiX Triopuani MBM, a BimHOCHa cepegHbOKBaApaTUUHA ITOXMOKA allpOKCUMAIllii eKc-
TIepUMEHTAJIbHOTO CUTHAJTY 3a JoromMoroo HM ADA He nepesuiye 0,046.

CraTucTuyHa IepeBipKa 3a HelmapaMeTPUYHUM KPUTEPIEM 3HAKIB J0O3BOJIMIA
BCTAaHOBUTU aI€KBATHICTh €KCIIEPMMEHTJIbHOTO i MOJeJIbHMUX CUTHAJIB 3 piBHEM
3HauymocTi 0,01.

BucHOBKM

Po3riisiHyTi aBToperpeciiiti, GpakranabHi Ta MyIbTUGpPaKTAIbHI MOAENi Mepe-
’KEBOr0 caMoITofi6HOro Tpadiky, sKi 103BOJSIIOTh GOPMYBaTH aIeKBATHY €TAJOHHY
Mojiesb (11a6I0H) «<HOPMaJIbHOTO» Tpadiky i 3a He BUSBISITHU aHOMaTii Tpadiky B
CBA.

Bu3HaueHO, [0 CUTHAIM HEMPOMepeXKeBOro i HelipOBEeMBIETHOrO aJalTUBHUX
GinbTPiB-aIIPOKCUMMATOPIB, a TAKOXK TriOPMIHOI Ta 6€Ta MYJIbTUBEIBIETHMUX MOAEIeN
aZleKBaTHi eKcliepyMMeHTaJbHOMY CUTHaTy Tpadika Ta MarmTh BifIOBiIHi CTaTUCTU-
YHi 3aKOHOMIPHOCTI i XapaKTepUCTUKN.

IMomanpmri mocaigkeHHST MalOThb OYTM CIIPSIMOBaHi Ha pO3pPOOKY Ta BUKOPMUC-
TaHHS TIPOTHO3YIOUMX MOJIeeii camoronioHoro Tpadiky B CBA, 1110 1O3BOMUTD Mifl-
BUILUTY OTIEPATUBHICTb BUSIBJIEHHS aTaK.
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Modenu moHumopuxza camonodobHoz0 mpaguka

UHOPMALUOHHO-KOMMYHUKAUUOHHbIX cemell 014 cucmeM 06HaApY)eHUA amak

PaccmompeHsl agmopezpeccuoHHble, ppakmanbHele u MyabmugpakmanbHsie Mooenu ce-
mes020 camonodobHo20 Mpaguxa, Komopsie N0380aAM POPMUPOBAMb AOCKBAMHYIO 3MAJIOH-
Hyto MoOesib (WABMOH) «HOPMANIbHO20» MPAguKa U No Hell BbLIABAAMbL AHOMANUU MPApuKa 8
cucmemax o6HapyxeHus u npedomspawjeHus amak. [lymem modenuposaHus onpedesneHo, 4mo
cueHanbl Helipocemeso2o U HeliposeliBiemHo20 a0anmusHbIX (uUAbLMPOB-ANNPOKCUMAMOPOS, a
makxe 2ubpudHold u 6ema mynbmuselisnemHux modesell a0eKBAMHbI 3KCNepUMeHMaAabHOMy
cueHasny mpaguka u umerom coomgemcmsaytoljue cmamucmuyeckue 3aKOHOMePHOCMU U Xapak-
mepucmuxu.

Models of monitoring of self-like traffic of information
and communication networks for attack detection systems

Autoregressive, fractal and multifractal models of network self-similar traffic are consid-
ered, which allow to form an adequate reference model (template) of "normal" traffic and to
detect traffic anomalies in attack detection and prevention systems. Models of fractal Brownian
motion and fractal Gaussian noise were considered as models of fractal motions, because they
have self-similarity and long-term dependence properties that correspond to the properties of
experimental data, as well as the possibility of their analytical interpretation. When evaluating
and identifying processes for the implementation of autoregressive models use adaptive filters-
approximators, among which there are neural network and neuro-wavelet. The following were
used as multifractal models: a multifractal wavelet model with a beta distribution and a hybrid
multifractal wavelet model in which the beta distribution is used on a coarse scale and the dis-
tribution of point masses on an accurate scale By modeling as a result of adaptation and learn-
ing of models, autocorrelation functions, spectra and variances of model signals qualitatively
correspond to the graphs of the experimental signal. In addition, the qualitative and numerical
values of the characteristics of the model signals generally correspond to the characteristics of
the experimental signal. In this case, beta multifractal wavelet models have a smaller error of
determination of characteristics than hybrid multifractal wavelet models, and the relative root
mean square error of approximation of the experimental signal using a neural network adaptive
filter approximator does not exceed 0.046. Statistical verification by non-parametric criterion of
signs allowed to establish the adequacy of experimental and model signals with a significance
level of 0.01. Further research should be aimed at developing and using predictive models of
self-similar traffic in attack detection and prevention systems, which will increase the efficiency
of attack detection.

Kopuienko Basnepiit IBaHoBuY - 3aBimyBau kadenpu 6esmnekyu iHdopmalii Ta Te-
JIeKOMYHiKalliii, HalioHaJibHMIT TexXHiUHMUI yHiBepcuUTeT «[IHilmpOBChbKa MOJIITEXHi-
Ka», I.T.H., mpodecop.
T'epacina Onekcanapa BomogumupiBHaa — noieHT Kadeapu 6esmnexku iHGopmariii
Ta TeJeKOMYHiKalliii, HallioHa/ibHMIT TeXHIYHMIT YHiBepCcUTeT «JIHilMpoBChKa I0JIiTe-
XHiKa», K.T.H., IOLIEHT;
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B.VY. Irnatkin, C.B. AnekceeHko, M.I. T'opbiiiuyk
ABTOMATU3AIIIS PO3B’I3AHHS 3AZTAY OIITUMI3ALIIL
ITAPAMETPIB CUCTEM METPOJIOTTYHOTI'O OBCJIVTOBYBAHHSA
BUMIPIOBAJIbHUX 3ACOBIB ABTOMATHU30BAHUX
TEXHOJIOTTYHMX ITPOIIECIB TA IX BE3IIEKA

AHomauis. Asmomamu3auyis Mempoo2idHoi cayx6u nionpuemcmaa 00380/15€ 3MEHWUMU BUKO-
pucmaHHs poboyoi cunu O BUKOHAHHA 3aB0AHb 06C/Yy208YBAHHA 3AC00I8 BUMIPIOBAILHOT
mexHiKu 1 cKopomumu BUNAOKU NOMUJIOK nepcoHany. Y moli ke 4ac npoyec CmMBOpeHHs
8I0N0BIOHUX ABMOMAMU30BAHUX CUCMeM BUMQA2A€ piWeHHs pady 3a80AHb, NOB'A3GHUX 3
HeobXxiOHiCmMI0 onmuMmi3ayii napamempis NpoeKMoBaHoi cucmemu, wob 3abesneyumu ii Halisu-
wy egpekmuBsHicmb.

Y yiti cmammi pobumscs cnpoba supiwiumu 3a0aqy 0XonseHHs pi3HOMAHIMHuUx mooeneli 8 pam-
Kax cuHmesy i 00CNiOxeHHA iMimayiliHux Komn'tomepHux modened, AKI GKMUBHO BUKOPUCMOBY-
lomb 6a3y 0aHux 3acobi8 BUMIPOBAHHA nidnpuemcms. Po3po6ieHo i npo2pamHO peanizoBaHo
mooesib, AKa 003B0/IAE B THMEPAKMUBHOMY PeXUMI, BPAX0BYIOYU XAPAKMepUCMUKU, AKI HA0X0-
0amb 3 KanibpysanbHux snabopamopili  cayx6u, ma 300aBWUCE EKOHOMIYHUMU 1
MemposI2IYHUMU  KpUMEpPIAMU, BU3HAYAMU 3HAYEHHA ONMUMQAbHUX MDKNOBIPOYHUX ma
MIXPEMOHMHUX NPOMIXKIB, ONMUMAJIbHO20 YUCAA NepesipoK Y MIXPEeMOHMHOMY NPOMIXKY ma
iHwWi napamempu. lnaxom iMimayiliHo20 MOOeNOBAHHA OOCNIOKEHA 3ANEKHICMb NOKA3HUKIB
HaodiliHocmi 3BT 8i0 Axkocmi npogedeHHs Memposo2iYyHO20 00CY20BYBAHHS 1 pPEMOHMY.
Hocnioxenul  8naUB  MIXPEMOHMHO20 1 MIXNOBIPOYHO20 THMEPBANIB HA eKOHOMIYHY
echekmuBHiCmMb MempoI02iYHO20 00CY208YBAHHA. B pe3ynbmami ompumaHi 3anexHocmi, sKi
00380/1A10Mb MAKOX QOCAIOKYBAMU BNJIUB NAPAMempi8 SKOCMi 06C/1y208YBAHHA HA KOMNIEKCHI
NOKA3HUKU HadiliHocmi.

BuxopucmanHsa pe3ynbmamis 00CniOxeHHS 003B80/14€ B8 01G/102080MYy pexumi asmomamu308a-
H020 poboyozo Micys Memposo2a  Bupiwysamu  3ada4i  onmumizayii  napamempis
MempoJI02i4H020 00C/y208YBAHHSA 30 eKOHOMIYHUMU Kpumepiamu ma 06MexeHHAMU KOHKpem-
HO20 BUPOBHULMBA 30 NOKA3HUKAMU MempoJio2iyHoi HadiliHocmi 3acobis BUMIPIOBAHHS, NPOBO-
oumu 0igeHOCMUKy 1 npo2Ho3ysamu Memposo2iyHy HaoiliHicme 3acobis BUMIPHOBAILHOT
MexHIKU 3 ypaxyBaHHAM BNaUBY HA cucmeMy YNpasaiHHA AKOCMI nidnpuUEMCMBa, NoKpauysamu
MOYHICMb BUMIPIOBAHHSA 1 3MeHWYBAMU (IMOBIPHICMb BUHUKHEHHA NPUXOBAHUX BIOMOB.

© Irmatkid B.Y., Anekceenxko C.B., I'op6iituyk M.I., 2021
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Knioyosi cnosa: modentosaHHs, MemposoziyHe 06C/y208yBAHHSA, MOOeb MACOBO20 06C/Ty208Y-
BAHHS, MOOesIb CMAHIB 3aC006i8 BUMIPIOBA/ILHOI MEXHIKU, GBMOMAMU308GHA CUCMeMa KepyBaH-
HA.

ITocTraHoBKa nmpo6semu. I1ix meTposioriunum o6cyrosyBanHsiM (MO) 3aco6iB
BUMipIoBa/ibHOI TexHikM (3BT) po3yMiloTh KOMIIUIEKC 3aXO[iB, IO 3a0e3I1euyIoTh
TOCTIHY 34aTHICTb NPWIAiB IO 3aCTOCYBAHHS 3 HOPMOBAHOK TOYHICTIO, SIKi BKJIIO-
YyaloTh N0 cebe O0OJIK i ITaHyBaHHSI TIPUIAiB, IIaHYBaHHSI II€pPeBipOYHO-
PEMOHTHMUX POOIT, KOHTPOJIb CTAaHY NMPWIAiB i BUTyUYeHHS 3 00iry HempalesIaTHUX
3BT, kani6pyBaHHSI, METPOJIOTiUHY aTeCcTallil0 i peMOHT 3ac00iB BMMipIOBaJbHOI
TeXHIKMN.

[Tepen TMM SIK MPUCTYIIUTY 0 aBTOMaTMU3allil i pO3B’I3Ky ONTMMIi3alliifHMX 3a-
a4y, HeoOXigHO IpoaHasi3yBaTy BCIO CUCTEMY METPOJIOTiYHOTO OOCTYTOBYBaHHS i
cripobyBaTy IMOOyAyBaTy MOJeJIi ImpoleciB 006ciyroByBaHHs nmapky 3BT. Ycmix npu
CTBOpPEHHi eekTMBHOTO MIPOTPaMHO-aJITOPUTMIUHOTO 3abe3revyeHHsI
aBTOMAaTM30BaHOi, CUCTEMM METPOJIOTIiUHOro 06ciyroByBaHHs 3BT 3HaYHOIO MipoI0
3aJIEXXUTD Bif, AE€TaJIbHOTO aHAIi3y CTPYKTYpPU OIlepalliii i BUIiB MpoLeciB MacoOBOrO
00C/TyTOBYBaHHS, SIKi IIPOTiKAIOTh Y CUCTEMI.

Taki omepaiiii MeTpoJIOTiYUHOTO OOCTYrOBYBaHHS, SIK OOJIK MpPMIajiB, BU3HA-
YyeHHSI TepPMiHiB i IJIaHYBaHHSI TepioguMYHMUX IOBipok, BubOip 3BT 3a TOYHIiCTIO i
HaJIiliHiCTIO, TUIaHYBaHHS MOMoBHeHHS napky 3BT, po3paxyHOK UMCeTbHOCTI 06CTy-
TOBYIOUOTO TIepCOHaTy, BU3HAUEHHS UMC/Ia KaaibpyBaJbHUX i PEMOHTHUX POOOUYMX
MiCIlb, TIJIAHYBAHHS PO3MOAUIY TIPUIALIB MK MiAPO3IAiIaMK MiAIIPUEMCTBA, CKJIA-
IaHHS 3a9BOK Ha rpuabaHHs 3BT, KOHTpoOJb 3a CTaHOM, IepeBipKOW, PeMOHTOM
TIpWIaAiB 3MiCHIOIOTLCS Ha IMiAMPUEMCTBI, SIK MpaBWIO, PYYHUM CIIOCOOOM, IO
MpU3BOAUTH N0 HeedeKTUBHOTO BUKopucTaHHs 3BT, 3HM>KeHHS SIKOCTi MPOIYKIIii,
IO BUITYCKAETHCS, OO eKOHOMiuHuX BTpar. OTke, IpobseMa aBTOMaTH3allii
PO3B’SI3aHHA 3a7a4y ONTMMIi3allii mapaMeTpiB CUCTEMM METPOJIOTIUHOrO 0OCTYTOBY-
BAHHS € HaJ3BMUUAIHO aKTyaJIbHOIO.

Insi mocnimskeHHs TMpoleciB ekcrutyaTaiii i MO 3BT, BusiBieHHS BIUIMBY
MeTposioriuHoi HagiitHocTi 3BT Ha AoCTOBipHiCTh BuUMipioBasbHOI iHMOpMalii
MOBMHHI GYIyTh PO3pO06JIEHI METOIMKM aBTOMATM30BAHOTO PO3B’SI3KYy HACTYITHUX

3a/a4:
—  00po0OKa CTaTUCTUUHMX JaHMX IPO BiAMOBM, KaaibpyBaHHS i peMoHT 3BT;
—  OLiHKa i aHasi3 piBHA eKCIUTyaTaliiiHoi HagiliHoCTi mapKy 3BT mignpuem-

CTBa;
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- BU3HaueHHs yacy 3HaxomkeHHS 3BT B cuctemi MO, BOOpY onTUMaabHO-
ro 4Mcjaa MOBipOYHMX i PEMOHTHMX YCTAHOBOK, UMCEeIbHOCTI (axiBIliB 3 MOBipKM i
pPEMOHTY;

— OIVHAMiuHe KOperyBaHHS MIDKIIOBIpOUHMX i MI>KpDEMOHTHMX iHTepBaliB;

—  OIiHKa JOITyCTMMOI IMOXMOKM BUMipiB 3 BpaXyBaHHSIM IMOMMJIOK 1-T0 i 2-
I'o ponay;

—  OIiHKa BipHOCTi BMbOOpY i eeKTUBHOr0 BUKOpucTaHHs 3BT mpu KOHTPOJIi
rnapaMeTpiB BUMipIOBaHHS;

—  OIliHKa pallioHaJIbHOI HOMEeHK/JIATypy KOHTPOJIbOBAaHUX MapaMeTpiB;

— BU3HAUEHHS ONTMMAaJbHOI KiJIbKOCTi KaJiOpyBaIbHUX i pEMOHTHUX pP0O0OO-
YMX MICIIb;

- MPOTHO3YBAaHHS MOXJIMBOI KUJIBKOCTI BiZMOB; OITMMi3allisi ITapaMeTpiB
MO 3BT;

- pPO3paxyHOK HOPM 3amacHUX YaCTUH, OIL[iHKA PiBHS METPOJIOTIYHOIO 3a-
6e3reuyeHHs; OIliHKa Ipoilecy ekcruryaTtailii 3BT 3 BpaxyBaHHSIM KOHKPETHUX YMOB
3aCTOCYBAHHSI;

—  OIliHKa eKOHOMiuHOro edekTty Big BrpoBamKkeHHsI APM «EkcriepT-
MeTposor» Ha MiANpPUEMCTBI;

—  olliHKa edeKTMBHOCTI aBTOMAaTM30BaHMUX cucTeM yrpasiiHHSI (ACY) MO
3BT gk ingopmaliiiHO-A0BiAKOBOI cucTeMM;

- OLIiHKM i AOCTiI)KeHHS BIUIMBY MeTPOJIOTiYHO1 CK/IagoBoi HaaiiHocTi 3BT
Ha SIKiCTh MPOIYKIIii.

[TepepaxoBaHi 3afaui MalOTh OYTM peasi30oBaHi MPOrpaMHO i BMMAarawTh s
BUKOHAHHSI HasIBHOCTi 0asy JaHMX i TeXHIYHMX 3aC00iB aBTOMATM30BAaHOIO poOOUO-
ro micisg (APM) meTpoJiora.

AHaJti3 ocTaHHiX JOCATHeHb i myOurikanii. 3aaui MeTpoJIoTiYHOTO 06CTYTO-
ByBaHHS 3BT, sKi migjsiraloTb aBTOMaTHU3allii, IOBMHHI BU3HAYATHU BUOIp TEXHIUHUX
3ac00iB, 10 peani3ylTh ix BupilmieHHS B pamkax ACY (pexumu:, JOKaJIbHOIi
00uMCITIOBAJIBHOI Mepeski), APM.

V pasi 3acTocyBaHHSI KOMIT'IOTepiB Moske O0yTu ctBopeHo ACY MO 3BT, sika
I03BOJISIE HAMGIIbIII €EKOHOMIUHMM IIJITXOM BUPIIIYBaTy IIPAKTUIHO OYIb-SIKi 3amaui
MeTpoJIoTiyHOro 06c/yroByBaHHs 3BT, BKIouaouy CKIaAHi OnTMUMi3alliiiHi 3agadi.

Ha manmit yac sk 3a KOpJIOHOM, TaK i B Halllii KpaiHi po3pobiieHi cucTtemu, SIKi
aBTOMATM3YIOTh TeBHi QYHKIIii yripaBaiHHS MeTpoJIoridyHOoi ciry>k6m. Taki cuctemu
pi3HATBCS 3a CKIAJOM 3ajay, MeToJaM Ta MPUHLMUIIAM iX pO3B'S3aHHS Ta

Opi€HTOBaHi Ha KOHKpPeTHEe MiAIPUEMCTBO.
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Psn HayKoBMX TIpallb IIPUCBSIUEHMIA ITpo6GjaemMaM aBTOMAaTM3allil MisyIbHOCTI
MmetposioriB. Hampuximan, y [1] BigmivaeTbcsi, 110 aBTOMAaTM3aliisg IPOLECY
KaJiOpyBaHHS He € HOBOIO KOHIIEMIIi€l0, HaBIIaKy, BOHA IIMPOKO BUKOPUCTOBYETHCS i
mae BimuyTHi edektu. IIpoTe 0OOB'SI3KOBOI0 YMOBOIO IIPOBENEHHS TaKOTO
KaJiOpyBaHHS € HAsIBHICTh Y IJIaTHMKA MYJIbTMMETpPa KOMYHiKallifiHoro iHTepdericy.
[lIo6 ycyHyTu 1e oOMekKeHHS, BUKOPUCTOBYETHCS KOHIEIIiS aJTOPUTMIB
po3Tmi3HaBaHHS 300pakeHb. [HTepdeiic Ha OCHOBI KOMII'IOTEPHOTO 30py € OCHOBHUM
eJeMeHTOM aBTOMAaTM30BaHOI CMCTeMM Ka/liOpyBaHHS, Taka CMCTeMa aJallToBaHa A0
crreniiky pob0TH BiliChKOBUX METPOJIOTiUHMX J1Ta60paTOpiii.

Y pob6ori [2] ommcaHa HOBa aBTOMAaTMYHa CHUCTeMa JJIsi KOHTPOJIO i
KaJaiOpyBaHHSI eJeKTPUYHMX Kepesl i BUMIipOBaJbHMX IpunazmiB. Lls cucrema
II03BOJISIE KOHTPOJIIOBATY i KajiGpyBaTU BeJMKa KiJIbKICTh Pi3HUX Mojeseii ejleK-
TPUYHUX JKepea i BuUMipoBaJibHMX IpuiafiB. CucreMHe  06JIagHAHHS
HaJIAIITOBYETHCSI OTIepaTOPOM Ha OCHOBI KOHKPETHOI KajiOpyBaHHS, SIKY HEOOXiIHO
BUMKOHATHU. [leTalbHO OOTOBOPIOETHCS KOHCTPYKILiSI i peasisallisi MporpaMHOro 3a-
Oe3mnevyeHHs CUCTEMMU.

YV crarti [3] po3pob6iieHuit MeTOn BM3HAUEHHS MiHIMaJbHOTO 3HAUEHHS
JMIMOBIPHOCTI MpPaBWIbHOI OLiHKM pe3yibTaTiB BuMiptoBanb (PCEMR), Bukopucro-
BYIOUM YMOBHI ajaroputvMu. HOBM3HA MeToAy MOJATa€ y 3aCTOCYBaHHI MeTOZiB
TeXHIUHOI [iaTHOCTMKM 1O METPOJIOTiYHOiI CJIy>KOM cucTeMm 3B'sI3Ky. BuBepeHi
PIBHSIHHS MiJABUIIYIOTh TOYHICTh OI[IHKM MaTeMaTMYHOTO CIIO[iBaHHSI BiIXMI€HHS
BiJl IiliCHOTO 3HAUeHHSI, 1110 XapaKTepu3ye TeXHiYHMt CTaH 3aco0y.

OcTaHHIM 4YacoMm CyTTe€Ba yBara MNPUOUISIETbCS 3aCTOCYBAaHHIO BipTyalabHOI
meTtposorii. BipryanbHa metposorist (VM) — 11e MeTop, OL[iHKM SIKOCTiI BUTOTOBJIEHHS
TEXHOJIOTIYHOTO iHCTPyMEHTa Ha OCHOBi JaHUX, OTPUMAaHMUX Bif, TEXHOJOriYHOTO
iHCTpyMeHTYy, i 6e3 Pi3MUHMX MeTpOoJIOTiUHUX orepalliii. Y JOKyMeHTi [4] Bu3Haua-
IOTbCS PiBHI aBTOMAaTMu3allii BipTyaJbHUX MallH, POMOHYETHCS KOHIIEIMIIisI
aBTOMAaTMUYHOI BipTyasibHOI MeTposorii (AVM) i po3pobsseTbest cuctema AVM niis
aBTOMATUYHOTO PO3TOPTAHHS BipTyaJIbHMX MAIIMH B MaciITabax Bciei padbpukm.

B [5] 3ampomnoHoBaHa ifiess BUKOPUCTOBYBATH BipTyaabHY METPOJIOTiIO /ISl IPO-
THO3YBAHHS SIKOCTi KOJIiC HAa OCHOBIi TaHMX TIpoliecy, 3ibpaHuX 3 BepcTaTa, 3 HeBesu-
KM [IOTIOBHEHHSIM A0 (aKTUYHMUX METPOJIOTiYHUX HaHMMK. MeTolo JaHOTO
OOCJTiIKeHHST OYy/I0 3aIlpOTIOHYBATH IMiAXid A0 3acTocyBaHHsSI cuctemMu AVM B mac-
mTabax BCbOTO MiATIPUEMCTBA [IJII aBTOMaTu3aIllii 06pooxku Kosic (WMA) njist mocsr-
HEeHHsS TTOBHOI IMepeBipKM BCiX IpelusiiiHux eineMeHTiB WMA B yMOBax MacOBOTO
BUPOOHUIITBA.
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TeopeTUHMM MUTAHHIM MeTPOJOTIUHOTO obOciayroByBaHHS 3BT mpucssiueHa
MoHorpadis [6]. TyT po3TasHYTi TUIOBI MeTPOJIOTiUHiI 3aBAAaHHS, BUPIIIEHHS SIKUX
6a3yeTbCsl HA Teopii MMOBipHOCTEN i MaTeMaTUYHil CTaTUCTUIIi, Teopii iHpopMaliii.
HaBepeHi criocobu ormcy i HOpMyBaHHSI ITOXMOOK BUMipIOBaHb, TOCTiIKeHNI BIIJIUB
MOXMOOK BMMIipIOBaHHS Ha JOCTOBipPHICTh JOITYCKOBOI'O KOHTPOJIIO, PO3IJISIHYTI 3a-
coOM ompalloBaHHSI pe3y/abTaTiB BUMipIOBaHb Yy BUIIaAKaX TOBHOI i HEIOBHOIi
anpiopHoi iHdopmariii. Po3rasHyTi NMUTaHHS OILiHKM TOYHOCTiI iHdopMalliitHMX
omepailiii, a TaKOX MMUTAHHS BMOOpPY, MepemaBaHHS, I[IHHOCTI Ta CTapiHHS
iHbopmariii.

3amaui, siki BUHMKAIOTh TpU MOOYIOBI aBTOMATU30BaHUX CUCTEM YIPaBJIiHHS
METPOJIOTiYHMM OOCIYTrOBYBAHHSIM 3ac00iB BUMMIipIOBaJbHOI TEeXHiKM MOKHA
kiacudikyBaT 3a TpbOoMa TIpymamu: iHGOPMAIliifHO-IOBigKOBi,  IPOCTi
PO3paxyHKOBI i CKIaaHi onTuMisaniitHi. Y po6oTi [7] po3IISHYTI IPUHLUIIN TO6Y-
OB aBTOMATM30BaHMX CMCTEM METPOJIOTiYHOTO 3a6e3MmeueHHs.

Taki po3po6ku, sk AC MOII ExaltMOP, Bepcis 1.1, APM «MeTpoJior» Bepcii 5.0,
Komiviekc ACMO (aBToMaTu30BaHa CMUCTEMAa METPOJIOTiYHOrO 3abe3rneuyeHHS) —
po3pobka OO0 «DHepromaiutadb», M. CaHkT-IleTepbypr, mpeacrasiaeHa ¢ipmoio PB
Soft — dyHKIioHYylOUi Ha OUIBLIOCTI CyyacHUX IMiANIPUEMCTBAX SIBJSIOTH COOOI0
iHpopMaIliifHO-TIOIIYKOBI CUCTEMM, OpieHTOBaHi Ha 06poOKy iHdopmallii mpo craH
napKy 3BT Ta aBTOMaTu3allii 3agau 06J1iKy i KOHTPOJIIO, aje, SIK PaBUIo0, He Bpaxo-
BYIOTh PO3B'SI130K onTuMisaniiuux 3agady MO 3BT. IIporpamuuii kommiaekc ACMO
IO3BOJISIE  TIOBHICTIO TlepeBeCTM Ha IIporpaMHi  3acobu  aBTOMaTM3aIllii
IOKYMEHTOOOIT, ITOB'I3aHMi 3 TUIAHYBAHHSIM i 00JIiIKOM POOIT 3 METPOJIOTiYHOrO 00-
cryroByBaHHsI. OCHOBY IOOY[IOBM CHUCTEMM CKIaja€e eauHa Oasza pmanumx 3BT
mignpueMcTtBa. s i1 MATPUMKM i yIpaB/IiHHS 3aCTOCOBYIOTb CEPBEPHY CUCTEMY
ynpaBiiHHs 6aszamu maHux (CYBI) Microsoft SQL Server 2000 a6o GisbIll MOTYKHY
penaxkitito MS SQL Server Enterprise Edition. MosxknnBocti ACMO m03BOJSIIOTh aBTO-
MaTUYHO OTPUMYBaTM HeoOXimHy iHdopmaliito mjs mpoBemeHHs pobit 3 MO 3BT.
IaHa cucTeMa eKCILTyaTyeThcsl Oinbin HixkK Ha 120 mimmpuemcrBax PociiicbKoi
@epnepariii, HaIpuKIaL BigkpuTe akiioHepHe TOBapucTBO (BAT) «Bcepocuiickuii
Hay4YHO-MCC/IeIOBATENbCKU MHCTUTYT KabeJbHO! MPOMBIIIIEHOCT» M. MOCKBa,
BAT «IIpubop» OKB «ABuaaBTOMaTtuka» M. Kypcbk, BAT «Bubpatop»
npwiafgobyniBamii  3aBom M. CasHkrt-Iletepbypr Ta iH. [laHi cucrtemu €
iHdopMalliitHO-TIOITYKOBMMM CUCTEMaMM, OPi€EHTOBAaHMMM Ha 0OpoOKy iH(opmariii
npo crad mapky 3BT Ta aBTroMaTmsalii 3amad oOOJiKy i KOHTpoOMIO, aje He

pO3paxoBaHi Ha pO3B'I30K onTUMisaliiHux 3agad MO 3BT.
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ABTOMaTtu3oBaHe BupimieHHs 3amady MO 3BT, KpiM TpaauiliiiHUX MeTO/IiB,
nepenbavyae akKTMBHE BMKOPMCTAHHS MOesieil iCHYIUOi CHMCTeMM METPOJIOTiYHOTO
obcimyropyBaHHsi (CMO) it pesynbTaTiB MopaenioBaHHs. APM «EkcrmepT-MeTposior»
BiITHOCUTBCSI 10 KJIacCcy amanTUMBHMUX iHOpmalliiiHO-AoBiAKOBUX cucteMm. Ilepepn
CTBOPEHHSIM [AHOi CUCTeMM HeOOXiIHO BMKOHATM IIiJIMiI KOMILIEKC IONepemHixX
pOOIT: 0OCTesKeHHSI MapKy MpWIadiB; MOCTiIKeHHS Ipoilecy obciyroByBaHHsl 3BT,
BMBUEHHSI MIOYATKOBOTO CTaHy MapKy IpUajiB; BUSIBAEHHS JKepes i CIOXMBadiB
iHpopMmairii; BHUSIBIEHHS 3aKOHOMipHOCTei Yy (i3uili IpolieciB eKcIuTyaTarii
MpuaafiB, iX BiAMOB i BiTHOBJIEHb.

basza ganux (bJ1) CMO 3BT € cxoBuiiem iHpopmariiii rpo ctad napky 3BT i1 mo-
BMHHA ITiIJIATaTy BIUIMBY 3 OOKY HpeaMeTHOi obsacTi (TobTo icHylouoi CMO 3BT),
BUpaXkeHOi y BUIVISAI OaHMX IIOAO0 3MiHM cTaHy mapky 3BT; 3 6Goky mopereii
dyukuionyBanass CMO 3BT - y BUIVISZI BigoMocTeit Ipo 3MiHY CKJIagy 36epeskeHuii
OaHMX i BigHOCMH MiX HuMM. IIporpaMHe 3abe3IledyeHHSI CUCTEMM PO3PAXOBYE
BUXiTHI TIOKa3HMKM, SKi xapaktepusyioTb mAisnabHictb CMO 3BT. Ckimag i
BU3HAUEHICTh TAKMX KPUTEPiiB HAAXOOATH 3 00Ky Mopeseil GyHKIIOHYBaHHSI CUCTe-
Mu. CTpYKTypa BUXiTHUX TOKYMEHTIB MOXe 6yTu chopMOBaHa BiIlIOBiJHO 10 BMMOT
3aMOBHMKa 3a JJONTIOMOT010 YHiBepcaJbHUX MTPOTpaMHMX 3ac06iB [12].

IndopmariiiHe 3abe3redyeHHS MOXKe OymyBaTUCS SK Yy BUIJISIOI CUCTEMMU
JiHITHMX HAOOpiB maHMX, TaK i i3 3acTocyBaHHSIM cydyacHux CYB/I. [Ias mianpueMcTB
i3 mapkom 3BT mo 30 TucSIu IMITYK, B IKOCTi TEXHIUHMX 3ac00iB, TOCTATHHO IMEPCO-
HaJIbHOTO KOMIT'IOTepa, Ha 0a3i SKoro MoykHa 00JiagHATH aBTOMAaTMU30BaHE poboue
Mmiciie meTpoJsiora — APM «EkcriepT-MeTposor».

[IporpamHe 3ab6esneuenHss APM «Ekcmept-MeTposior» B IepcrleKkTuBi Oyme
dyHKIiOHYBaTM Ha 6asi po3pob/ieHMX aArOpUTMIB y Oyab SIKiil omepailiifHii
cucreMi, moumnHaoun 3 Windows 98 i Buiiie, Ta Ha nonyaspHux CYB]I.

IIpu cTBOpeHHi Takoi cucTeMM, TOOTO BM3HAUEHHI ii CTPYKTypM i XapakTepu-
CTUK, KePYIOTbCSI BU3HAUEHOI0, TTPaBMIbHO BMOPAHOI0 METOI0. 3 METOI0 YIIPaB/IiHHS
TIOB’SI3aHMII KpUTepilii eeKTUBHOCTI (KPUTepiit IKOCTi) GYHKIIOHYBaHHS CUCTEMMU
yrpaBiaiHHS (1iyiboBa GYHKIliS). BM3HaueHHS IMpaBWIbHO BMOpaHOi i peanbHOI
1I1JIbOBOi (DYHKIIii € HEITPOCTOIO i BiATIOBiAa/IbHOIO 3a7jauel0, OCKiJIbKM BOHA ITOBMHHA
CJIY’KUTU OI[iHKOIO SIKOCTi pOOOTM CUCTeMU YIpaBiiHHS, OyayuuM Mipoio TOTO,
HACKiIbKM 106pe 3a6e3IevuyeThcsl JOCSITHEHHSI MeTHU i, B TO¥ ke 4ac, (Y 6ibimocTi
BUIIA/IKiB), SIKOIO 1[iHOIO I1e 3a6e3Mevuy€eThCsl.

Mipa He0OXiTHOCTi CTBOPEHHS CUCTEeMM 3HAXOIUTHCS B IIPSIMiil 3a71€5KHOCTI Bif,
KibkocTi 3BT B 06c/yroByBaHOMY MapKy MiAnpueMcTsa. [Ipu 1pbomy, po3paxyBaB-
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myM ii  epeKTUBHICTb, OIIHIOIOTh Yac OKYMHOCTi. Kpurepiem mOIiIbHOCTI
aBToMaTu3ailii oociyropyBaHHs 3BT € 06’em mapky (MiHimanbHa KinbKicTh 3BT),
MIPU SIKOMY CUCTEMa OKYTA€EThCS 3a 3 POKMU.

MeTo10 pOGOTH € TTOCTAHOBKA 3a/1avi OXOTIEHHSI B3Ke CTBOPEHMX PO3Pi3HEHUX
MozeJieli B paMKax CMHTe3y Ta JOC/TiIKeHHS iMiTal[iiiHMX KOMIT' IOTePHUX MOJeei,
SIKi aKTMBHO BMKOPMCTOBYIOTh 0623y TaHMX MiAMPUEMCTB, eKcIuyaTyrounx 3BT.

Haji6inbI CyTTEBMMM pUCaMM TaKOi ITOCTAaHOBKM 3aJ1ayvi €:

- CTBOPEHHSI TMPOTpaMHMX 3aco0iB, SKi [JO3BOJSIIOTL CUHTE3yBaTH i
OOCJTiIKYyBaTU MOJIeJi Ha po60YOMY MicCIli METpOJIOTa;

- MOSK/IMBICTb CMHTE3Yy Mofesieli 3 pisHMM UMCIOM CTaHiB i KoHQirypartii
3B’SI3KiB, Y 3aJI€5KHOCTI BiJl HAsIBHOI TOCTOBipHOi iHpopMmaliii i MeTu aHasi3y;

- MOXJIMBICTb AOCIIKYBaTM MOAEJI eKCIulyaTallil K y CTaTuIi, Tak i B
OMHaAMIIi 3 SIBHMM YypaxyBaHHSAIM 3aTpMMOK pyxy 3BT Ha pi3sHuX [OigssHKax
TeXHOJIOTiYHOTO Tpollecy Ta iHmux oobmexeHs [8,9,11];

- IIMPOKEe BUKOPUCTAHHS B aHali3i HakomumyeHoi B 6asi JaHux
MiAIpMeMCTBa iHpopMalrii;

- BUKOPMCTAHHS BiiOpaHMX Yy XOMi MOC/iIKeHHSI Mofesel i pileHb mpu
3icraBneHHi miaHiB B ACY nignpuemcrsa [7, 8, 9, 13, 14, 15, 16].

BukiageHHs1 OCHOBHOro Mmarepiainy. SIK Biomo, Bifl SKOCTi MeTpPOJIOriYHOTO
ob6cinyropyBaHHs 3BT  3aneXuTh TOYHICTh TEXHOJIOTiYHOTO YCTaTKyBaHHS i
pe3ynbTaTiB BUIPOOYBaHb, OTXKe, SIKICTb TMPOAYKIlii, IO BUITYCKAETHCS, TOMY
rmouatkoBi xapakrepuctuku ACY MO 3BT (namnpukian, piBeHb medeKTHOCTi, yac
nepebyBaHHS B 00CTYrOBYBaHHi, CBO€UacHe MomnoBHeHHs napky 3BT Ta iH.) MOBMHHI
BM3HAUATMUCS HA OCHOBi BMMOT BMPOOHMIITBA i BUIIPOOyBaHb. A Iie O3HAUae, IO
repepaxoBaHi MOYAaTKOBI XapaKTepUCTUKU MOBMHHI BU3HAYATUCS HA OCHOBI aHaJIi3y
BIUIMBY METPOJIOTiYHOTO OOC/TYyrOBYBaHHS Ha BUPOOHMIITBO i (OpMysIioBaTUCS B
TEeXHIYHMX 3aBJAHHSX Ha PO3POOKY MOAiOHMX cucTeM. MawouyM Taki BMMOIM, 3a
IOIIOMOIOIO0 3raJaHuMx BHIIe MoZIejeli MOKIMBO BU3HAUUTM BCi HeoOXimHi
XapaKTEePUCTUKMA.

OnTumisailist BupobseHHs1 ynpasisounx pimedb B ACY MO 3BT rpyHTyeThCS
Ha 6a3i mogeseii (a60 omHiel KOMILJIEKCHOI 6araTornapaMeTpUYHOI MOJIesTi) IMporeciB
oocayroByBaHHS 3BT 3a KOHKpeTHMMM KpPUTeEpiIMM 3TifHO 3 MeTOAOM
IeKOMITO3UIIii 3arajibHOI MeTy (QYHKIIiIOHYBaHHS CUCTEMM.

Bubip 1inboBoi (pyHKIIii Bimobpaxkae 3MiCTOBHY MOCTaHOBKY 3agaui. [Topsiy i3
I[MM PO3POOJISIETECS MOAENb 3amavi, TO6To maeThes ii hopmasnizoBanmii onuc. Ha-
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CTYIIHMII KPOK — PO3p0OKa aJroOpuUTMYy pillleHHs i, HapellTi, po3po6Ka mporpamu abo
iHCTPYKIIiii (TTpM PyYHOMY CITOCO6i BUKOHAHHS POGIT).

SIK 1inboBY (PYHKIIiI0 MPM CTBOPEHHI BKAa3aHOi CUCTEMM [OLIIbHO BMUOpATHU
dyHKIIil0 BapTOCTi (MpUBeJeHNX BUTPAT), IKa BPaxOBYE BUTPATU Ha eKCILTyaTallilo
CUCTEMM i BTpaTVM OCHOBHOTO BUMPOOHMITBA. lle TOSCHIOETBCS TUM, IO MPU
PO3B’SI3KY 3a7lau aBTOMAaTM3allii 00CTyrOBYBaHHS 3i CTOPOHM «MeTacUCTeMM» 3aja-
IOTbCS Pi3HOMAHITHI XapaKTePUCTUKM METOMHIB PO3B’SI3Ky (00’eM mam’sTi,
TPUBAIICTh PO3B’SI3KY, HAAIMHICTh CUCTEMM Ta iH.). Y IMX YMOBaX OJHUM 3a[0BOJIb-
HSIIOUMM TTOKa3HMUKOM, SIKUI1 LO3BOJISIE CTBOPUTU €KOHOMIUHY CUCTEMY, € BapTiCTh.
Tomy HaOiMBIT MPUITHATHUM KPUTEPieEM € MiHIMYyM BapTOCTi.

Ha onrtumisanizo i aBTOMaTM3allild pPO3B’SI3Ky BUIE3raJaHMX 3aaau
MeTpoJioTiyHOro o6ciyroByBaHHs 3BT mjisi mOCsSirHeHHSI TEeBHOI 1JIi HarpaBIeHO
cuctemy APM «ExkcriepT-MmeTposior».

Kputepiit edeKTMBHOCTI, 3a SIKMM OIiHIOETHCS MOXJIMBICTb 3aCTOCYBaHHS
3ac00iB aBTOMAaTM3allii, 3aJeXUTh BiJ 06araTbOX UMHHMKIB, 30KpeMa, Big 00’emy
napky 3BT, 1ioro BapTocCTi

Ilo YMHHMKIB, 10 BIUVIMBAalOThb Ha KPUTEPiil, TAKOXX BiZHOCSTHCS YacTOTa
TOBIPOK MpWIaiB, IHTEHCUBHICTh 1X €KCIUTyaTallii, BUMOIrM 0 cTaHy mapky 3BT i3
60Ky BMpOOHMIITBA Ta iH. VY 3araJbHOMY BMIIQJIKy 3acTOCYBaHHSI 3aco0iB
aBTOMAaTM3allii MOXKJ/IMBE, KOJIM €eKOHOMIUHMIT e(eKT € BU3HAUAETHCS SIK

C C,+EK

€= (=
Wl WZ

)W, >0 (1)

ne C;, C; — cobiBapricTh piYHOro BMITYCKY IPOAYKINi (I — 3a BiICyTHOCTI 3ac06iB
aBToMaTu3allii, 2 — 3a HasgBHOCTI aBTOMAaTMU30BaHOI cuctemu); K, — omgHOpa3o0Bi
BUTpATU Ha CTBOPEHHS aBTOMAaTM30BaHOi cucteMu; E, — HOpMaTUBHUI KoeillieHT
BiAIIKOLYBAaHHS KaIlliTAJIbHUX BKIafeHb; W, — piYHMIT BUITYCK NPOAYKIIil B IePIIOMY
i Apyromy BapiaHTax.

[l 6iMbIIOCTI MiATIPMEMCTB MalIMHOOYAYBAaHHS I YMOBa BUKOHYETHCSI TIPU
KiJIBKOCTi mpuiamiB y napky mopsaky 10000 oguHUIp i 6inbire. IIpyu mpoMy ctif
nam’siTaTi, 1o B cobiBapTocTi npoxykiii (C;, C;) MTOBMHHI OYyTU BpaxoBaHi 30MTKU
BiJl 6paKy, iHaKIlle piuHMII eKOHOMiUHMIi e(eKT i3 BEJIMKOI IIMOBipHICTIO BUSBUTHCS
HETaTUBHUM.

[lpu JoKa/ibHiIA omnmTMMi3alii 3a [OOMOMOIOK AaHAJITUYHUX Mojesne
eKCIuTyaTallii (CrpoilleHa MOJie/ib eKCIUTyaTallii, MapKiBCbKa MOJe/b 3 AUCKPETHUMU
cTaHamMM i 6Ge3repepBHMM UYaCOM, AMCKPETHO-Oe3IrepepBHA MOZEIb eKCILTyaTallii

3BT) 3aCcTOCOBYIOTH TaKy LibOBY PyHKIIit0 [7-10]:
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1 )
I, = m(cw +C,(P;+P,)+C,P;+C,P,) = min (2)

ne Pi, P,, Ps, P, Ps— 7iMmoBipHOCTI 3HaxoAykeHHs1 3BT y cTaHax BiiMOBIHO:
— TIpale3faTHU i 3aCTOCOBYETHCS 3a IPU3HAYEHHSIM;
— 3 IPUXOBAHOIO BiIMOBOIO i 3aCTOCOBYETHCS 3a IIPU3HAUEHHSIM;
— IMpale3JaTHMI1 Ha MOBipIli;
— 3 IIPMXOBAHOIO BiIMOBOIO Ha MOBIipIli; OUiKyBaHHS PEMOHTY;
— PDEeMOHT.

Css= E,Ll;; — omHOpa30Bi BuTpatu Ha npuabanus 3BT; C, — BUTpaTu Ha mpoBe-
IeHHSI OJHi€i TOAMHM MOBipOUYHMX pobiT; C, — BApPTiCTh OJHi€l TOAMHM PEMOHTHUX
pobit; C, — miaTa mrpady (Hampukiam, cobiBapTicTh MPOMAYKILii, IO TilIa B 6pak
abo MoBepHYyJIacs 3 peKjaMalli€lo BHAC/IiIOK IPOBEIeHHS HeIOCTOBipHMX BUMIpiB).

PospobieHo i mporpaMHO peasi3oBaHO MOJedb, SIKa [JO3BOJSIE B
iHTepakTMBHOMY pexkumi APM, kepyrounch napamerpamu MO 3BT, BpaxoBywoun xa-
PaKTepUCTUKHU, SIKi HAAXOOATDh 3 MepeBipOYHMUX J1abopaTopiii METPOIOTIUYHOI CITYXK-
61, Ta 3aJaBIINCh E€KOHOMIYHMMM ITOKasHMKaMM, KoedillieHTaMM TOTOBHOCTI,
IOCTOBIPHOCTi, TE€XHIYHOTO BUKOPUCTAHHS, BM3HAUYATU 3HAUEHHS ONTUMAaJbHUX
MiXXITOBipOUHMX ITPOMIKKiB, Mi>KpeMOHTHMX IIPOMIXKKiB, yacy 6e3BiilMOBHOI po6OTU
3BT, uncia repeBipoK y MiXKpeMOHTHOMY NPOMIXKY Ta iHii nmapametrpu 3BT Ta MO
3BT [7, 8, 9].

dx mapamerpy CMO 3B BUKOpUCTOBYIOTBHCS: Tn — mepion ITOBTOPEHHS
repeBipoYHUX pOOIT; T, — YaC BUKOHAHHS IepeBipKu; T, — 4Yac BigHOBIeHHS 3B B
PEMOHTIi; &, — IMOBIpPHICTh ITOMMJIKOBOI [OIarHOCTMKM CXOBaHOlI BiAMOBM MNpU
nepeBipiii; B: — IMOBIpPHICTh MPOITYCKY (HEBUSIBJIEHHS]) CXOBaHOI BigMOBM IIpuU
repesipui; f, — IMOBIpHICTb MOBepHEeHHSI 3B 3 PeMOHTY 3i CXOBAaHOK BiJMOBOIO
(mepenb6avaeThCsl, M0 IBHA BiMOBA P PEMOHTI YCYBa€TbCS 6€3YMOBHO).

SIK XapaKTepUCTUKM BiMOB BUKOPUCTOBYIOThCS: Ty — cepenHilt HApOOiTOK (Ha-
MpalfoBaHHs) Ha SIBHY BiqMoBY; Tc — cepeiHiii HAPOOITOK HAa CXOBaHY BiIMOBY.

3a3HaueHi BeJIMYMHM BUKOPUCTOBYIOTHCS $SIK [apaMeTpu  PO3IOAijiB
iMOBipHOCTe}i BUHMKHEHHS BiMOB.

Mo>kHa BM3HauUNTY IOKa3HMKY HafiviHocTi 3B [8,9]:

a) KoeillieHT TOTOBHOCTI: K ___ K
" P +P,+P,
.. - . P,
6) xoediuienT BiporigHocti: Ky =———
P +P,
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B) KoeillieHT TexHiYHOrO BUKOpUCTaHHs: K, ~ P + P,

T
B
MoskHa TaKoX Bu3HauuTy unki 3B: 77 y= ?

5

1
P,-1

)

MiskpemonTHuii intepsan: 1), =T, —7,(

Ha puc. 1 -6 npuBeneHi pe3yabTaTU OOCAIIKeHb 3a/J€KHOCTel IMOKa3HMKIB
HaginHocti 3BT K., Ks, K 1 Tw BiI SKOCTI TIpOBeIEHHSI MeTPOJIOTiYHOIO
00CTyTOBYBAHHS i pEMOHTY [IJII eKCIIOHEeHI[iabHOi (1), audy3iiiHO-MOHOTOHHOI (2)
Ta OUPy3iiiHO-HEMOHOTOHHOI (3) mopeneii BimMoB. Po3paxyHKM TpOBeleHi [Jist
3HaveHb T, = 10000 rom, T,=5000 rom, T, = 4000 rom, a, = 0,05...1, B, = 0,05,

B,=0,25.
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PucyHOK 6 — BHHE);:IHiCTb K. 1 Tyyp BiZ By /

JlisT BM3HAUEHHS 00JIaCTi ONTUMAaJIbHMX 3HAUeHb IIepiofy IpOBeIeHHS

TOBipOYHMX POOIT i HaIpallloBaHb HAa MPMUXOBaHi BiIMOBM MOAAMO LIiIbOBY (PYHKILi0
B TAKOMY BUTJISIL:

H3BT:f(TM’Tn) 3

Pospaxyuku Oynu mpoBemeHi misg Bumagky Cs=0,025; C, =1,4; C, =3,0;

Cu=10; @ =0,050; B. =0,05; B,=0,25; 7,=8rom; t..=40rom; Tm=10rOx

(mouyaTkoBe 3HaueHHs Ty); T, = 2 ron; T,= 10000 rog; myist 40 3HaueHb Ty i 20 3HaUeHb

T. (rmouatkoBe 3HaueHHSI T.= 100 rom), BUKOPMUCTOBYIOUM PO3POOJIEHi aaropuUTMMU

onast mopeneit ekcruryatanii 3BT. Ha puc. 7 Ta 8 HaBemeHi 1moOymoBaHi ITOBEPXHi

I[iJTbOBO1 (DYHKIIi1.

oo o
o] Sa fd  Ba —_ = I'_-|I!
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i,
PucyHok 7 — KouTypHuii rpagik moBepxi 11iiboBoi ¢yHKIIii BapTOCTi
1711 BUTIaAKy audysiiitHoi Mojiesti BigMoB
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Ha puc. 9 306paskeHO [iajoroBe BiKHO MOAYJ/S OITMMi3sallii IlapameTpiB
HagiiHocTti 3BT, dyHKIiionytouoro B pamkax ACY MO 3BT. Mopy/ib CMHTe30BaHMi1
3a 40IomMororw cyyacHux MoB CYB/I. ATropuTM po3spaxyHKy HarnmcaHuii mosoro PHP
5.3. B o6macti mporpamyBaHHS sl iHdopwmariiiHux Mepexk PHP - opHa 3
TIOMYJITPHUX CKPUIITOBMUX MOB (pa3om 3 JSP, Perl i MoBamu, siKi BUKOPUCTOBYIOThCSI B
ASP.NET) 3aBasikm  CBOiffi  IIpOCTOTi, IIBMIOKOCTI BMKOHAHHS, Oarariii
(YHKIIIOHATBHOCTI i PO3ITOBCIOMIKEHHIO ITOYaTKOBUX KOiB Ha OCHOBI itieH3ii PHP.
PHP Bizpi3HSIETbCS HASIBHICTIO IApa i MOAY/IiB PO3IIMPEHb, 110 IMiAK/IIYaTbCS, IJIS
pobotu 3 6a3aMyM JAaHMX, COKeTaMM, AMHAMIYHOIO rpadikorw, KpumnrorpadiuyHumm
6ibmioTekamu, mokymeHtamu ¢dopmaty PDF. Bynb-xTo 6askaiounit Moxke po3poouTu

CBOE BJIaCHe PO3LIMPEHHS 1 MiAKIIOYNUTHA 110T0.

15 . :

1,004

~0T

=g
Pucynok 8 - IToBepxHs 11i/1bOBOI PYHKIIiT Lsen= f(Tw, Th):

1 — mapkiBcbKa MOJIeJib €KCILTyaTallii; 2 — AMCKpeTHO-6e3rmepepBHa MO/Ie/b
(PO3B'SI30K OTPUMAaHO /151 €KCIIOHEeHI[iaJIbHOI MO/ieJIi BiZMOB)
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PucyHok 9 - [liayioroBe BiKHO MpOrpaMHOro MOZYJ/ISI ONITMMi3allil mapaMeTpiB
HagiiHocTti 3BT

Inteprnperatop PHP migkmiouaeTbcs [0 Beb-cepBepa abo uyepe3 MOIYJIb,
CTBOPEHMI CIlelia/IbHO [IJIsSI IIbOTO cepBepa (Hampukiaf, ajist Apache a6o IIS), abo sk
CGI-pomatok. OKpiM 1bOTO, BiH MOXe BUKOPUCTOBYBATUCS [JISI BUPIIIEHHS
agMiHiCTpaTMBHMX 3amad B omepauiiiaux cucremax UNIX, GNU/Linux, Microsoft
Windows, Mac OS X i AmigaOS.

Po3po06sieHMiT KOMIIJIEKC IIPOrpaMHMX MOMYJ/IB (OOHATOK) CIOJydeHui i
TIOBHOIIIHHO Mpalioe 3 6a3ow0 ganux MySQL. MySQL - BiiibHa cucTeMa yIIpaB/liHHS
6azamu mauux (CYB). MySQL € pimeHHSIM [ Maaux i cepegHiX MPOTpaMHUX
NMpoAyKTiB. 3Bn4aitHO MySQL BMKOPUCTOBYETBCS SIK CepBEP, [0 SIKOTO 3BepPTaIOThCS
JOKa/IbHI ab0 BimgasieHi KIi€HTH, TPOTe B OUCTPUOYTUB BXOOUTH OibrioTeka
BHYTPIIIIHbOT'O CepBepa, siKa 403BoJisie BKAoUyaT MySQL B aBTOHOMHI ITporpaMu.

Po3paxyHKu [jisl TecToBoro Habopy mapameTtpiB (¢pikcoBane T,=5000 rom) mo-
Ka3yioTh, 1Mo MiHiMyMm I[[3r=0,2523 Bignosimae Touli T./T:=0,0631, mpu 1pomy
KoedinieHT roroBHOCTI mopiBHIOE Kr= 0,751, a koedinieHnT gocrosipHocTi K;=0,8238.

LIst mporpama J03BOJISIE TAKOX JOCTiIKYyBaTH BIUIMB ITapaMeTpPiB SIKOCTi 00CITy-
rOBYBaHHS Ha KOMIUIEKCHi ITOKa3HMKM HaAiiHOCTI (puc. 10).
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PucyHnok 10 — CimeilicTBO 3a/1e;KHOCTel MisKpeMOHTHOTO iHTepBasty Typ Bifl fp:
1 — ekcrioOHeHITiaJIbHA MOJIe/Ib BiIMOB; 2, 3 — nudys3iitHi Moaenri mpu
KoedinieHTi Bapiatii v= 1, kpuBi4, 5 - npuv=_0,2

BucHoOBKMU. BUKOPUCTaHHS KOMIUIEKCY B3a€MOIIOB’ SI3aHMUX MOZEJIei J03BOJISIE
B [1iaJIOTOBOMY PEXMMi aBTOMAaTM30BaHOTO POOOYOT0 MiCIis MEeTPOJIOra BUPINTyBaTH
3amavyi  omTMMi3allii = mapamMeTpiB = MeTPOJIOTIYHOrO  OOCJIYrOBYBaHHS  3a
eKOHOMIUHMMM KpUTEepisiIMM Ta OOMEXKeHHSIMM KOHKPETHOTO BMPOOHMIITBA 3a
MOKa3HMKAMM METPOJIOTiYHOi HaJiifHOCTi 3acobiB BUMipIOBaHHS, ITPOBOIUTHU
IOiarHOCTUKY i MPOTHO3yBaTUM METPOJIOTiUHY HaAiliHiCTh 3ac00iB 3 ypaxyBaHHSIM
BIUIMBY Ha CUCTEMY YMIpPaBAiHHS SIKOCTI MHiANPUEMCTBA, MOKPAILyBaTU TOYHICTh
BUMIPIOBAaHHS 1 3MEHIIYBaTU MMOBIPHICTb BMHMKHEHHS IIPUXOBAaHMUX BiJMOB.
OTpuMaHi pe3yabTaTy MOXYTb CBIJUMTU Ha KOPUCTb TOTO, 110 Ha L€l Yac iCHYIOTh
OOCTaTHI HampallBaHHS [AJj MOCTAaHOBKM 1 PO3B’SI3Ky 3a7adi KOMII FOTEPHOTO
CUHTe3Y i aHaji3y pi3HOMaHITHUX Mojeseli ekcrryaraiiii 3BT.

HaykoBa HOBM3HA. 3aMpONOHOBAHO CUCTEMHMII MiAXi 4O BUPILIEHHS 3aB-
IaHb MeTpoJjoTiuHoro obcayrosyBanHs (MO) 3aco6iB BuMiploBaibHOI TexHiku (3BT)
3 BUKOPUCTAHHIM 0as3u paHux I1po craH 3BT KOHKpeTHOTo MiAIpueMCTBa
(opraHizaiiii TOIIO) B peXMMi CUCTEeMM MiATPUMKU TIPUIHSTTS pillleHb 3a1a4
MO3BT (CIIITP MO3BT) Ha migcTaBi Moaesneii i mpoueayp BupimeHHs 3agady MO3BT,
MpUKJIaA, pillleHHS OJHi€ei 3 KOTPUX HaBeleHO B IIiii CTaTTi, SK 3aBOaHHS
KOMI'IOTEPHOTO aHa/lizy 1 CMHTe3y TIpM BMU3HAUYEHHI Ta MPOrHO3yBaHHI
eKCITyaTalliiHOl Ta MeTpPOJIOTIiUHO1 HaAiliHOCTi, BU3HaueHHs Buay 3BT 3 meBHUMM
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TOKa3HMKaMM i OOMeKeHHSIMM KOHKPETHOIO BMPOOHMUIITBA i 3aKOHIB pPO3MOIiTY
BimMoB 3BT i 06'eKTiB KOHTPOJIIO.
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Asmomamu3ayusa peweHus 3a0ay onmuMu3ayuu napamempos cucmembl

Mempo102u4ecK020 06CY)KUBAHUA CpedCcm8 u3MepumenbHoU MexHUKU
Asmomamu3sayus memposo2uyeckoll Cayx6bl npednpusmus no3gossem yMeHbWUmMb UC-
nosib308aHue paboyell cusbl 01 BbINOJHEHUS 3a0a4 06CAYXUBAHUS CpedCcms u3mepeHul u co-
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Kpamums Cyyau owuboK nepcoHana. B mo xe spems npouecc co30aHus coomsemcmsyujux
asmomMamu3upoBaHHbIX cucmem mpebyem pewieHusA pada 3a0a4, CBA3AHHbLIX C HEOOX0OUMOCMbIO
onmumMu3ayuu napamempos npoekmupyemoli cucmemsi, obecneyusanujue ee BbICOKYI 3ppek-
mugHoOCM®.

B smoli cmamee Oenaemcs nonsimka pewums 3a0ayy 0xsama pasiudHbix moodesell 8
PaMKax CUHMe3a U uccne00B8aHuUA UMUMAYUOHHbIX KOMNbIOMepHbIX MoOesell, Komopble AKMUBHO
ucnosib3ytom 6asy OaHHbIX cpedcms usmepeHus npeonpusmud. PaspabomaH u npoepammHo
peanu3o8aHa Mooesb, KoOmopas N0380JAem 8 UHMePAKMUBHOM pexxume, y4UmbIBAs XapaKkmepu-
CMUKU, Komopble nocmynatom u3 KaaubposoyHsix 1abopamopuli cayx6sl, U 3a0a8WUCL IKOHO-
MUYeCKUMU U Memposio2udeckuMU Kpumepusm, onpedensms 3HayeHue onmumasbHbiX Mexnose-
POYHBIX U MEXPEMOHMHbIX NPOMEXYMKO8, ONMUMAJIbHO20 YUC/IA NPOBEPOK B MeXPeMOHMHOMY
npomexymke u opyaue napamempsl. [lymem umumayuoHHo20 MOOeNUPOBAHUSA UCCI008AHA 30-
gucumocms nokasamesnell HadexHocmu 3CT om kayecmsa nposedeHUs Mempono2u4ecKo2o 06-
CYKUBAHUS U peMOHma. MccnedoB8aHo BAUSHUE MeXPeMOHMHO20 U MeXN0BepoYHbIl UHmMepsan
HA 3KOHOMUYEeCKYI 3¢hhekmusHOCMb MempooeUu4ecko2o 06CayXuBaHuA. B peynsmame nony-
YeHbl 3aBUCUMOCMU, NO3BOJIAIUUE MAKXE UCCIe008amp BUSHUE NnapamMempos Kayecmsa 06-
CIYXKUBAHUSA HA KOMNJIEKCHbIE NOKa3amesu HaoexHocmu.

Mcnonb3osaHue pe3ynbmamos ucciedoBaHus no3gossem 8 OUAN02080M pexume asmMo-
Mamu3uposaHHo2o0 paboyezo mMecma Memposoed pewams 3a0a4u onmuMu3ayuU Napamempos
MempoJ102UYecK020 06CYXUBAHUA NO IKOHOMUYECKUM KpUMEPUAM U 02PAHUYEHUAMU KOHKpem-
HO20 Npou3B0OCMBA NO NOKA3aMensM Memposno2uyeckol HadexHocmu cpedcms u3mepeHud,
nposooums GUAZHOCMUKY U NPO2HO3UPOBAMbL MEMPOJI02UYECKYI0 HA0RXHOCMb Cpedcms u3me-
pumesibHolU MexHUKU C y4emom BAUSHUS HA cucmemy ynpasieHus Kayecmgom npeonpusmus,
YAy4Wames moYyHOCMb U3MepeHUs U yMeHbWamb 8eposmHOCMb BO3HUKHOBEHUS CKPbIMbIX OMKQ-
308.

Automation of solving problems of optimization of parameters of metrological
maintenance system of measuring equipment

Automation of the metrological service of the enterprise allows to reduce the use of labor
to perform tasks of maintenance of measuring equipment and reduce staff errors. At the same
time, the process of creating appropriate automated systems requires solving a number of
problems related to the need to optimize the parameters of the designed system to ensure its
highest efficiency.

This article attempts to solve the problem of covering various models in the synthesis and
study of simulation computer models that actively use the database of measuring instruments of
enterprises. Developed and software implemented a model that allows interactive mode, taking
into account the characteristics coming from the calibration laboratories of the service, and
given economic and metrological criteria, to determine the values of optimal calibration and
repair intervals, the optimal number of inspections in the repair interval and other parameters.
The dependence of FTA reliability indicators on the quality of metrological maintenance and
repair was investigated by simulation. The influence of inter - repair and inter - calibration
intervals on economic efficiency of metrological service is investigated. As a result, the
dependences are obtained, which also allow to investigate the influence of service quality
parameters on complex reliability indicators.
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The use of research results allows in the dialog mode of the automated workplace of the
metrologist to solve problems of optimization of parameters of metrological service on economic
criteria and restrictions of concrete production on indicators of metrological reliability of
measuring instruments, to carry out diagnostics and to forecast metrological reliability of
measuring instruments. measurement accuracy and reduce the likelihood of hidden failures.
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I.0. Coxkoin, O.C. BoIKOBCbKUI
CUCTEMA KOHBEPTAIIMU VCXOJHBIX ITPOTPAMMHBIX KO/10B

AnHomauyus. Hapacmatowui o6vem mexHosnoeud, npekpawjeHue no00epxKu aKmuBHO UCNOJb-
3yemblx cpedcms paspabomku, ycmapeswiee API u m. 0., 8bi3b18at0m nompebHOCMb KOHBEpMa-
Yuu npo2pammHsix Ko008. B IT KoMNaHUAX U He MOJIbKO, 4aCMO BO3HUKAem 8oNnpoc no00epxKu
ycmapesuwezo 10, KomopbsiM npodoKAM NONb30BAMbLCA KAUEHMbI, IUGO Nepesood HbiHewHe-
20 10 Ha akmyanbHble mexHosno2uu. /4 npo2pammucmos payuoHasbHee B0CNOJIb30BAMbCA
KoHsepmauyuel, coxpaHus 60bLWY0 Yacms cywecmsyouell Ko0osol 6a3bl, Yem nepenucsIBams
sce 10 spyyHyto, daxe eciu noHadobumcs py4yHas Koppekmuposka. Ha daHHbil MoMeHm Kaye-
CMBEHHbIX CUCMeM KoOHBepmayuu Kooos cyujecmsyem HeMH020. B 6onbwiuHcmse csoem, cucme-
Mbl KOHBepMayuu pabomarom Henaoxo MoJbKO CO CXOXUMU A3bIKAMU NPO2PAMMUPOBAHUA. 3a-
0a4ya KoHBepmayuu npo2pammHbix K0008 Asasemcs 2ybokol u cnoxHoli memol. [poepammu-
CMbI NLIMAKMCA YAy4YWUMb MexXHOA02UU nepesood, CMaakuBasch co MHo2UMU mpyoHocmamu. B
0aHHOU cmambe paccmampusaomcsa 6a308ble NPUHYUNLI NOCMPOEHUA CUCMeMbl KOHBepmayuu
npoepamMmHbIx KOOOB U HeKOMopble 0CO6eHHOCMU npu eé Npakmu4eckol peanusayuu.
Knwo4esbie cnosa: KoHsepmayua npocpammHbIX KOO08, KOMNUAAMOP, NeKcudecKul aHaau3amop,
JIeKceMbl, CUHMaKcu4Yeckull aHanuzamop, abcmpakmHoe cUHmMakcu4deckoe depeso, depeso noJ-
HO20 pa3bopa, ceMaHmMuyecKull aHanu3, KOHeYHble asmomMamsl.

Bcerymiienme. Hapacraionimii 06beM TeXHOJIOTHIA, MpeKpalieHne IMOoAAepKKU
aKTUBHO MCIIOJIb3yeMbIX CPeACTB pa3paboTku, ycrapeiiee API u T. A., BbI3bIBaeT
MOTPeOHOCTh KOHBEpTaIUM ITPOrPaMMHbBIX KOJOB.

VY TexXHO/I0rui1 KOHBepTaLM IPOrpaMMHBIX KOJOB €CTb MHOKeCTBO KPUTUKOB.
OCHOBHOI MPUYMHON UX KPUTUKM SBJSIETCS TOT (GakKT, YTO KO, TreHepupyeMblii
OOJIBIIMHCTBOM CUCTEM IepeBOa, SIBJASIETCS TUIOXO YMTAaeMbIM M TpeOyeT PydHOi
IOpabOTKML.

OpHako, Ha npakTuke, B [T KoMITaHUSIX U He TOJILKO, YaCTO BO3SHUKAET BOIIPOC
nognepskku ycrapeniiero I10, KOTOPbIM MPOIOJIKAIOT TOJIb30BAaThCSI KIMEHTBHI, MO0
nepesona HbiHellHero [IO Ha akTyasbHble TexXHOJAOrMM. I IpOrpaMMMUCTOB pa-
IIMOHAJIbHEe BOCIMOJIb30BaThCsI KOHBEPTAIMel, COXpaHUB OOJIbIIYI0 YacThb CYIIeCT-
BYIOIIle}t KOJIOBOV 6a3bl, ueM mepernucbiBaTh Bce [10 BpyuHylo [4], Jaske eciu MOHA-
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IOOUTCS pyyHasi KOppeKTupoBKa. C TOUKM 3peHMs] KOMITAaHUY eCTh BO3MOKHOCTD C3-
KOHOMMTb OTPOMHOE KOJINYECTBO BpEMEeHM U MaTepUaIbHbIX CPEACTB.

Ha paHHBII MOMEHT KaueCTBEHHbIX CUCTEM KOHBepTaluM KOLOB CYILIEeCTBYeT
HeMHOro. /3 cucteM B OTKPBITOM AOCTyIe MOXHO BCcrioMHUTb GWT (Google Web
Toolkit) — 5To0 HaGOp MHCTPYMEHTOB [Ji1 pa3pabOTKM BeO-IPUIOKeHUil. B Hero
BXOJIUT KOMIIMJISITOP, KOTOPBIN MpeoOpa3oBbIBaeT KOJ HalMCAHHbBIN Ha Java B KO
Ha JavaScript [9]. Hekotopsie, IDE umetoT mogo6Hy0 BO3MOKHOCTb. Hampumep, IDE
Intelli] IDEA nMeeT BO3MOXKHOCTb KOHBepTallMM Kozda sI3bIka Java B Kop, si3bika Kot-
lin [10]. Tak ke ecTb HA60OpP HEKOMMEPUYECKMX MTPOEKTOB OT 3HTy3muacToB [11]. Heko-
TOpble CHMCTEMbI KOHBEpTAIlMM pa3pabaThIBAIOTCSI B KOMMAHUSIX [JISI BHYTPEHHUX
1iesieil M 3aKPBITHI OT I71a3 [IOCTOPOHHUX.

B 1iesiom cucTeMbl repeBoia KOAa MOXKHO pa3fenTb Ha ABa TUIA — 3TO CUCTe-
Mbl, B KOTOPbIX IIepeBelleHHbIN KOJ, He MOX0X Ha MCXOLHBIN, U CUCTEMBbI, KOTOpPbIe
TIBITAIOTCS COXPAHUTH CTPYKTYPY KaK MOSKHO O/yke K MCXOOHOMY KOy, IJjisT 00J1er-
YyeHMs pa3pabOTKM U OTJIaIKMA.

[lepBbIii THUI CUCTeM ObOecIleuuBaeT IMOJATOTOBKY KOZA K pa3BepThIBAaHUIO Ha
11e1eBOii TIaTgopme, IIpU 3TOM, MOAIepsKKA IMOJOOHOT0 KOJa MPaKTUYeCKM HeBO3-
MoskHa. K Takum cucremam otrHOcuTcs GWT. CBoo paboTy OHA BBITIOJIHSIET KauecT-
BEHHO ¥ MPUHOCUT T0JIb3y MPOTPaMMMCTaM, KeJaloluM pa3pabaTsiBaTh Ha MPU-
BBIYHOM [IJIS1 HUX s13bIKe. OTHAKO, BBIXOHOM KO/, Ha JavaScript siBisieTcs «Kaliei», B
KOTOPO¥1 0YeHb CJIOKHO pa300paThCs.

CucTeMbl BTOPOTO TUIIA SBJISIIOTCS Haubosiee CJI0KHBIMU. M Heo6Xoaumo 1e-
peBeCcTU UCXOLHBIM KO OLHOTrO A3blKa B KOJ IAPYroro, Ipu 3TOM COXPaHUB MUCXO[-
HOIO CTPYKTYpY, UTO IMO3BOJIMJIO Obl IIPOTPaMMMCTAM IepeiiTy Ha HOBbIV YPOBEHb
TEXHOJIOTMI1 U BBITIOJIHATD MOAAEPKKY IlepeBeJeHHOr0 Koa.

3aJava KOHBepTaluu NpOrpaMMHBIX KOAOB He TpuBMa/JbHas. Ha JaHHBIN MO-
MEHT, B O0OBIIMHCTBE CBOEM, CMCTEMbI KOHBEpTAIMY PaboTaIOT HEIIOXO TOJbKO CO
CXOKMMMU SI3bIKaMM MPOrpaMMUpPOBaHus [5].

MHorue nporpaMMUCTBI NBITAIOTCA YIYYIIUTh TEXHOJOTUU TlepeBoa. B smoxy
aKTMBHOTO Pa3BUTUSI UCKYCCTBEHHOTO MHTEJVIEKTA, KOTOPbIN yKe UCII0JIb3yeTCsI BO
MHOTMX CUCTeMax 0OpaboTKM M aHa/lM3a KOJa, HallpaBjieHMe pa3paboTKM CUCTEM
KOHBepTaluM KOAOB BbIXOAUT HA HOBBIN ypoBeHb. C BO3pOCIIel MOIYISPHOCTHIO
BbICOKOYPOBHEBBIX SI3bIKOB ITPOTPAaMMMPOBAHMS OOIIEro Ha3HaYeHMs C AYMHaAMuye-

CKOI1 TUNM3alyel 3aJjaya KOHBepTaLy CTAHOBUTCS aKTyaIbHOIA.
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IIpo6sieMa DOCIOBHOTrO IepeBoa MCXOAHOTro Koga.PaccMoTpumMm, mJist Ipu-
Mepa, ecTeCTBEHHbIEe SI3bIKM, KOTOPbIE MCITOMb3YIOTCS JIOIbMMU IJIs1 OOLIEHUS IPYT C
apyrom. CymiecTByeT MHOXKECTBO aBTOMAaTUYECKUX IE€PEBOAUMKOB €CTEeCTBEHHbIX
SI3BIKOB. /I MbI MOHMMAaeM, UTO Ka4eCTBO IepeBoia CUJAbHO 3aBUCUT OT rpaMMaTude-
CKOI1, JIEKCMYECKOM Y CUHTAKCUUECKOM CXOXEeCTU SI3bIKOB. EC/IM MPSIMOJIMHEHO BbI-
TIOJIHSITh AOCJIOBHBIN IepeBOJ, IPeI0KeHNsI, Mbl MOXXEM CTOJIKHYTBCS C IMOJHOI T10-
Tepeii CMbIC/Ia UCXOMHOM (pasbl. SI3bIK MPOrpaMMMPOBAHUS TaK K€ MCIIOIb3YeTCs
IJIS OOIIeHMsI, TOJIbKO 00IeHus mporpammucta ¢ DBM. C/IOXKHOCTDH mepeBoja, Tak
K€, 3aBUCUT OT CTEIeHM CXOKECTU JIEKCUIECKUX, CUHTAKCUUECKUX U CEMaHTUYECKUX
MIPaBUJI I3bIKOB. MbI JOJDKHBI ITIOHMMATh KOHTEKCT IepeBOoaAMMOi (hpasbl M 0COOeH-
HOCTM CHMHTaKCHMYECKOI pacCTaHOBKM OTAEIbHBIX €€ 3jeMeHTOB. TeM OoJiee coBpe-
MEeHHbIE SI3bIKM MMEIT OrPOMHO€ KOJIMYECTBO Pa3JIMUHBIX KOHCTPYKLMIA, KOTOpPbIE
He TOJIYYUTCS OJHO3HAUYHO MHTEPIIPETUPOBATh IJIS 1L[€JI€BOTO SI3bIKa, UYTO MIPUBOIUT
K IIPaKTUYeCKOJ HEBO3MOXKHOCTU OOCJIOBHOTO mepeBoaa. KauecTBeHHasi KOHBepTa-
LIS IPOTPAMMHBIX KOZOB MMEET CJIOKHYIO CTPYKTYPY.

Jramnbl KOHBepTanumn.B 1aHHOM cTaTbe pacCMOTPUM KIaCCUUYEeCKUI IMOAX0M K
KOHBEpPTALMM IMPOrpaMMHBIX KOLOB, KOTOPbIM MCIIOJIb3yeTCs, HallpuMep, B KOMIIN-
JIITOpaxX MCXOHOTO KO/1a.

B 1iesiom 3Tamnbl KOHBepPTALMY BBITISIASAT CAeQyI0IM oopa3om [3]:

1. Jlekcuuecknii aHa/IN3.

2. CMHTaKCHMYeCKUI aHa/In3.

3. CeMaHTMYECKMIT aHAIN3.

4. TIpouecc mepesopa.

VKpYHEHHAS CXeMa CUCTeMbl KOHBepPTaluy NPOrpaMMHBIX KOIOB IMpuUBeAeHa
Ha puc. 1.

PaccMoTpuM Kaxkabii STam B OTAEIbHOCTN.

Jlexcuueckuti ananu3. 1leapio JeKCMUeCKOTo aHa/IM3a SIBJISIETCST pa3bop MCXOTHO-
ro TeKCTa MPOorpaMMbl Ha 3HAUYMMble €IMHMUIIbI, COIJIACHO JIEKCHKe SI3bIKa. [laHHbIe
3HaYMMble eIMHULIbI Ha3bIBAIOTCS JieKceMaMu. [IpoBos mmapasielib C eCTeCTBEHHbI-
MM SI3bIKaMU, JIEKCEMbBI — 3TO CJI0Ba. B pe3ynbTaTe ieKcuueckoro aHaansa GopMupy-
eTcs Habop, TaK Ha3bIBAEMBbIX, TOKEHOB — OOBEKTOB MJIM CTPYKTYP, B KOTOPBIX Xpa-
HUTCS MHOpMauusi o HalimeHHOI jiekceMe [6]. CIMCOK TOKEHOB HEOOXOIUM IS
rocaeaymoIneit 060paboTKM MCXOTHOIO Kojia.
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PucyHoxk 1 — YKpyImHEHHAs cXemMa CUCTeMbl KOHBEpTaIMM ITPOrPaMMHBIX KOAOB

[Tomumo redepanyum TOKEHOB, IMpOoBeas JIeKCMYeCKMUI aHaJiu3, Mbl MOKEM OII-
peneyinTb COOTBETCTBME KOJa JIEKCHKeE sI3bIKa, T. €. OIIpedeJINTb JIEKCUUYeCKIMe ommo6-
K1 nMporpamMmmcCTa, IOCKOJIbKY HE MMeeT CMbIC/Ia aHaJIM3NPOBATDb U IIEPEBOAUTD JIEK-

CUUYECKY HEKOPPEKTHBDIN TEKCT.
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Cunmaxcuueckuti ananu3. Llenbio CMHTaKCMYECKOTO aHa/IN3a SBJISIeTCS BbISIBJIE-
HMEe U TIPOBEePKa CUHTAKCUYECKUX KOHCTPYKINIA UCXOTHOTO KOAA, COTIaCHO CMHTAK-
CUCY SI3bIKA. B ecTeCTBEHHBIX SI3bIKaX CMHTAKCUC — 3TO IMpaBujia COYETaHUS CIOB B
paMKax rnpepjoxeHus. Haripumep, ciaenyomiasi CTpoKa B SI3bIKe IPOrpaMMUPOBAHMS
Cu aBsI€TCS CMHTAKCUMYECKU TOITYCTUMON :

int num = 5;

A 3Ta CTpOKa JIeKCUYeCcK JOoMmyCcTuMa [7], HO CMHTaKCUUeCK/ HeBepHa:

int =5;

CUMHTaKCUMYEeCKMIT aHaIN3 UCIOIb3yeT pPe3yabTaThl MpeAbIAyIlero Jramna, T. €.
Hab0Op TOKeHOB, COOPMUPOBAHHBIN JIEKCMIECKMM aHAIM3aTOPOM.

Yaiie Bcero, Ha MPaKTUKe, JIEKCUMUYECKUI U CMHTAKCUUECKUIT aHaaU3aTop B3au-
MOCBSI3aHbI ¥ BBIIIOJHSIOTCS TOCaenoBaTenbHO. CMHTAKCUUECKUIT aHaIU3aTop, BbI-
MTOJIHMB 06pabOTKy O4epeqHOi KOHCTPYKIMM, 00paIaeTCcsT K JIEKCUMUEeCKOMY aHaJu-
3aTOpYy 3a cienyolein jgekcemoit. [Ipy 3TOM CMHTaKCUUYECKUiI aHaIM3aTOpP MOXKeT
3aTpeboBaTh «OTKATUTHCSI Ha3ad» IJIT 06pabOTKM KOHCTPYKIIUY 10 APYrOMY IpaBu-
ay. IIpy BOSHMKHOBEHUM HEOAHO3HAUYHOCTU ONpeaeseHNns TUIIA U TPaHUllbl Ouepes -
HOJ JIeKCeMbl aHa/IM3aTOPbl HAUMHAIOT QYHKIMOHMPOBATDH Mapasuie/ibHO JJIs pelile-
HUSI TaHHO¥ TTpobeMbl [3].

[lapasiesnbHOe B3aMMOJIEMICTBME MMEET BBICOKYIO CJIOKHOCTD IIPU peanusalumn
1 TpebyeT OOJbIIETO BpeMeHM aHaau3a UCXOAHOTO Koza [3]. Bo3aMoskHbIN criocob
n36eraHus rnmapaiebHO paboThl aHAIN3ATOPOB OYAET OMMCAH Aajee B CTaThbe.

B pesynbTaTe pabOThl CMHTAKCUMYECKOTO aHaaM3aTOpa CTPOUTCS abCTpaKTHOE
CMHTaKCUUECKOe JIEpeBO U JepeBO pa3bopa. AGCTpaKTHOE CMHTAKCUUYECKOoe epeBo
(ACI) o cyTu sIBasIeTCsl Mepapxuein ornepaTopoB U onepaHaos, rpu 3ToMm B ACII oT-
O6pachIBAIOTCSI CMHTAKCUMYECKMe MpaBuiia, He BIUSIONIME Ha OOIIYI0 CEMaHTUKY ITPO-
rpaMmbl. JlepeBo pa3bopa YUMTHIBAET BeChb CMHTAKCMC MCXOOHOTO KOfa, K IIpuMepy,
rpynmnupyoiye npaswia [12]. B pe3ynbTaTe paboTbhl CMHTAKCMYECKOTO aHA/IN3aTOPa
MbI MOKEM MPUCTYIUTh K GOPMUPOBAHMIO 00IEl CTPYKTYpPbl HAHHBIX MCXOLHOTO
KOJa.

Cemanmuueckuti aHanu3. B eCTeCTBEHHBIX S13bIKaX CEMaHTUUYECKUI aHAJIU3 T10-
3BOJISIET JOHECTU CMbICT UCXOAHOM (Ppa3bl uau Tekcta [1]. Taxk ke, 051 I3bIKOB ITPO-
rpaMMMPOBaHMs, 3a/1a4a CEMAaHTMUYECKOTO aHa/1M3a COCTOUT B TOM, UTOOBI M3BJIeUb
13 HopManbHOTO ONMCcaHMsI MHPOPMAIMIO O CTPYKType MPorpamMmmbi [8].

[Tpu bopmaabHOM OMMCAaHUM BO3HMKAET IMpobjieMa HaXOXIeHNUSI COOTBETCTBUS
MeXAy MPOM3BOJIBHBIMM rpamMmaTukaMu [8]. SI3bIkM MpOrpaMMMPOBAHUST MMEIOT

pasnanMuyHoe HasHaueHue U cdepwl mpumeHeHusi. Kak ommchiBajioch paHbliie, B CO-
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BPEMEHHBIX SI3bIKAX CYIIECTBYET MHOXXECTBO CMHTAKCUYECKMUX KOHCTPYKUMIA U, TaK
Ha3bIBA€MOI'0, «CMHTaKCMYECKOro caxapa», KOTOpble CeMaHTUYeCKM MOTYT BbIIIOJI-
HSTb OAHY U Ty e paboTry. M3 puMepoB 3TO MHOXECTBO KOHCTPYKLIUIA 0603HaUe-
Hus 6;10Kka Koga B PHP, 6o peanmsaiius «reTTePoOB» U «CETTEPOB» B OJHY CTPOUKY
B C# u T. 1. [/1oc KO BCceMy, sI3bIKM, KOTOpbIe 60Jjiee OpMEeHTUPOBaHbl HA aPXUTEKTY-
Py KOMIIbIOTEpPA, MOTYT COBCEM He MMETb CMHTAKCUUYECKOM KOHCTPYKIMM, KOTOpas
COOTBETCTBYET KOHCTPYKLIMM M3 BLICOKOYPOBHEBOTO $S13bIKa. B JaHHOM Ciiyyae Takxke
HeoOXOaMM CEMaHTHUYeCKMii aHanu3 u popMupoBaHme HabOpa KOHCTPYKIINIL, KOTO-
pble MOTYT PelIuTh JaHHYIO ITpobyieMy.

IIpoyecc nepesoda. Vicrionb3yst MHOpMaLMI0O M HAapabOTKM MPeAbIAyIINX 3Ta-
TIOB BBITOJIHSIETCS MepeBOJ, KOAAa MCXOLHOTO SI3bIKa B KOJ, LeneBoro. Ho, mipu mo-
CTPOEHUM ApPXUTEKTYPhbl CUCTEMbI, BO3HMKAET HEOOXOIMMOCTh pa3leuTh JaHHbIA
JTall Ha ABa:

1. TlepeBop KOLA MCXOSHOTO SI3bIKA B IIPOMEXKYTOUYHBIN S3BIK.

2. [lepeBo, KOJA MPOMEKYTOYHO SI3bIKA B Li€JIE€BOA.

Vicnonb30BaHMe MPOMEXYTOYHOIO fI3bIKa. [IpyunHa MCHOab30BaHMUS IIPO-
MeXXYTOYHO SI3bIKa COCTOUT B BOIIpOCEe MacCIITabupoBaHMs CUCTeMbl. V3-3a OTCYTCT-
BUMSI YHUBEPCAJIbHBIX MOZeEJIei COMOCTaBJIeHMSI TPOMU3BOJIbHBIX IPAMMATUK MHOTME
SI3bIKM OYAYT 006J1a[Ial0T YHUKAJIbHOM CeMaHTUKO [8]. DTO NMpMUBOAUT K HEOOXOIM-
MOCTM CO3/IaBaTh YHUKAJIbHYIO peannu3anuio mogenu s nepesoaa «Kog B Koay, uto
MIPUBOJUT K IIpo6ieMe MacIITabupyeMoCTH MOgOOHO CUCTEMBI.

Bo3bmeM, [jis1 ipuMepa, YeThIpe SI3bIKa MPOrpaMMMPOBAHMS, COBEPIIEHHO YC-
noBHO: Java, Python, C++ u C#. Ha puc. 2 cTpeskaMu IOKa3aHbl OTAe/IbHbIE peaju-
3alMu 3Tamna rnepeBoja si3bika. Kak BUIHO Ha pUCYHKe, IJISI KaKAO0r0 SI3bIKa U3 CIIU-
CKa HeoOXOIMMO Pean30BaTh CBSI3b C OCTATbHBIMMU SI3bIKAMMU.

Java C++

BN

Python C#

PucyHnok 2 - KonmuecTBo peanusalinit 3tTamna mpeobpasoBaHms Koja
6e3 MPOMEKYTOUHOTO SI3MKa
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Terepb BO3bMeEM BCe Te e SI3bIKM, TOJIbKO MCIOJb3yeM IIPOCJIONKY B BUIE
IIPOMEXYTOUYHOTrO SI3bIKa (PUC. 3).

Kak BuaumM HeobxomuMoe KOJMYECTBO peanu3alivii YMeHbIIMIOCh. B cxeme,
TIpUBEIEHHOM Ha pUC. 3 MPUUYMHA HAIMUMS Y SI3bIKOB JIBYX CBSI3€i C ITPOMEKYTOU-
HBIM SI3BIKOM COCTOMUT B TOM, UTO peanusaliyusi OJHO3HAYHOI'0 aJITOPpUTMa Ipeobpa-
30BaHMsI, KOTOPBINi CMOI ObI pabOTaTh B «00€ CTOPOHBI», SIBJISETCS OOJIBIION IIPO-
6yiemMoli. B JaHHOM aJropuTMe KOPPEKTHOCTh OOPATHOTrO IepeBojia 3aBUCUT OT BbI-

6paHHOI‘O IMPOMEJXYTOUYHO f3bIKa U CTEII€eHU pasm/[qnﬁ €ro C rnepeBoaMMbIMU 3bI-

Java \ / C++

Interlayer
_

Python \ C#

KaMMu.

PucyHok 3 — KonmyecTBO peanu3salnnii ararna rpeoobpa3oBaHms KOAA C UCITOJb-

30BaHMEM IIPOMEKYTOUYHOTO S3bIKa

Ho pgaxke B cityyae peanm3anuy IBOMHONM CBSI3U, Pe3y/IbTaThl BBEOEHUS [TPOMe-
SKYTOUHOTO $13bIKa OYEBUAHbBI ¥ MX MOXKHO XOPOIIO IMPOAEeMOHCTPUPOBATH C MTOMO-
b0 Tab.1.

V3 Tabn.1 BUOHO, UTO MPU MOAAEPsKKe ABYX SI3bIKOB IMPOTrpaMMMPOBAHMST KO-
JIMYECTBO HEOOXOIMMBIX peann3aliuii 6e3 MpoMesKyTOYHOTO SI3bIKa MeHbIIIe, YeM BO
BTOpOM BapuanTe. [Ipy TpEX si3bIKaxX — OHU CPABHSIIMUCh. A TIpU YETBIPEX U OoJlee,
MPEMMYIECTBO BapuaHTa C UCIIOJIb30BaHMEM MPOMEKYTOUYHOIO SI3bIKA SIBHO BbIZeE-
nsetcs. JIns cucteMbl 6€3 IMPOMEKyTOUHOTO si3bika hopMysia JIJisl onpeaeaeHms Ko-

nuuectBa peammsammit - X * (X — 1 rge X - kommuectBo MO IeP5KMBAEMBIX SI3bI-
KOB.

IJ1s1 cucTeMbl C MUCIIOJIb30BaHMEM IMPOMEXXYTOUYHOI'O S3bIKa — KOJIMYECTBO pea-

JM3aluii ompemenseTcs Kak: X * 2,
B 1ies10M Kcmonb3oBaHMe MPOMEXYTOYHOTO SI3bIKa CHUKAET CJIOKHOCTb CUC-
TeMbl KOHBEpTaIlMM MPOrpaMMHBIX KOJOB IIpu e€ MaciuTabupoBaHuy. OgHaKo, OT

BbI60pa IMPOMEXYTOUHOTI'O SI3bIKa BO MHOI'OM 3aBMCUT YCIIE€X peain3alii CUCTEMBI.
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Tab6nuua 1
KoinmuecTBo be3 nmpomesKyTO4YHOrO C npomMe>KyTOUYHBIM
SI3BIKOB sI3BIKA SI3BIKOM
2 2 4
3 6 6
4 12 8
5 20 10
6 30 12
7 42 14

OcoGeHHOCTH peaiM3alyUy CUCTEMbI KOHBEPTalMy MMPOrPAMMHBIX KOJIOB.

Ha ocHOBe pacCMOTpeHHBIX JaHHBIX MOXHO Ce1aTh HeCKOJIbKO BHIBOLOB:

1. Mogpenb JIeKCMUYeCKoro ¥ CMHTAKCUUEeCKOro aHaaM3aTopa MOXKHO CIelaTb
YHMBEpPCaJIbHOM, 3aMeHsS B Hel TOIbKO ITpaBuiia, akTyajbHble [/ aHaIU3UPyeMOro
SI3bIKa.

2. Tak Kak mpolecc CeMaHTUYeCKOro aHaaM3a HeBO3MOXHO IIPUBECTU K YHU-
BepcajbHOJ MaTemMaTuueckoi mozenyu M GOpMasbHbIM CPEACTBaM OIMCAHMS, OH,
COBMECTHO C 3TallOM I1epeBO/a, JO/DKEH peann30BbIBaThCS BPYYHYIO [ OTOEeIbHO-
IO S13bIKa IpOrpaMMupoBaHus [2].

PaccMoTpuM BOMpOC pellieHus MapajiebHO paboThl CUHTAKCUUECKOTO U
JIeKCMYeCKOoro aHanmsatropa. YacTo pa3paboTuMKy SI3bIKOB MPOrPaMMMPOBaHUSI U
KOMIIWJIITOPOB UIAYT Ha HEeKMe orpaHnvyeHus cuHrakcuca. OGHUM U3 TaKUX OrpaHu-
YeHMI SIBJISIeTCS COTIallleHye O TOM, YTO IMPY BO3SHMKHOBEHUM MPOBIeMbI C orpese-
JleHMeM T'PaHMUIIbI JIeKCeMbl BbIOMpaeTcsl JeKcemMa MaKCUMMasbHOWM mjiuHbl [3]. Ha-
npuMep, B A3bIKe Cu cyiefyrolas onepanus

n =i++++4j;
JIeKCMYeCKUM aHaIn3aTopoM OyJeT pa3bura TakKuM 06pa3oMm:
n=it++ ++ +j;
Y CMHTaKCMYeCKMI1 aHAIM3aTOoP BbIJACT OIINOKY.

[Tocsie mpoBeneHMsT MPaKTUYECKMUX 3KCIIEPUMEHTOB C peaju3alyeil Jekcude-
CKOT'0 aHa/IM3aTOpa, MOXKHO Ce1aTh BeCOMbIN BbIBOZ,:

Hcrionb30BaHue peryisipHbIX BbIpaKeHUi IJIs1 BblAeeHUs JIeKCeM BbI3bIBaeT

MHO>XeCTBO np06neM. Ecnm cocTaBUTh CIIMCOK peryjasapHbIX Bpra)KeHMVI " UCITIOJIb-
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30BaTh MX IOCAeJ0BaTe/lbHO, TO ouepegHas jJekcema OyAeT OTHeceHa K IpaBuIy,
KOTOpO€ OMNMCAHO paHbllle B 3TOM CIIMCKe. B 3TOM ciydyae KOHCTPYKIMM, KOTOpPbIE
SIBHO CMHTAKCUYeCKM IOMYCTUMBbI OyIyT OINpenensiTbCsi HeBEPHbIMMU U3-3a OIIMOOK
JIEKCMYECKOT0 aHaIm3a.

Hanpumep, gnsa s3pika Cu BO3bMEM JBa IMPOCTBIX PETYISIPHBIX BbIpaKEHMS.
[lepBoe — peryaspHOe BhIpakeHMe KIIOYEBOIO CJIOBa ‘int”, BTOpoe — BbIpaskeHUe
uneHTudmkaTopa “[a-zA-Z_ | H\w*”. PacCMOTPUM CJIeIyIONIYI0 CTPOKY':

int intnum = 5;

CuHTaKCHMYeCKu AaHHOe BbipaskeHMe abCOMTHO BepHO. Ho, eciu mepBbIM B
CIIVCKE Pery/sSipHbIX BhIPAsKEHMIT OyIeT BhIpakeHue int”, TO JIEKCUMUECKMIT aHaIM3a-
TOP BBIAEJINT JIEKCEMBI CIeOyIIMM 06pa3oM (MpecTaBUM, YTO MpaBuiIa JJIs1 Bbie-
JIeHUS OTCTYIIOB, YMCeJI ¥ OTIePaTOPOB yyKe OIMCAHBbI):

[int][][int][num][][=][1[5][;]

CMHTaKCMYECKUIA aHaJIM3aTOp YBUAUT, UTO IOCJI€ yKa3aHUS TUIIA UAET He
uaeHTuuKaTop win GyHKIMS, a CHOBA yKasaHue TUIa, ¥ BblgacT omnobky. Ecrect-
BEHHO, MOKHO 100aBUTb IIPaBMJIO, UTO Iiepeld U IOC/e K/IIUeBOro CJIoBa AOJIKEH
UATU pasgennTeb. Ho 4To fenaTh B cydae, KOTJa KJIHOYEBOe CJI0OBO HAMMCAHO B Ha-
yajie TeKCTa, MO0 Mocjie Hero HeT HM OJTHOTO CMMBOJIA. Bce 3T MOMEHTHI TOJIKHbI
OBITh YUTEHbI B PEry/JSIPHOM BbIpaKeHUM, UYTO YBeIMUMBAET ero CJOXKHOCTb U pas-
Mmep.

Yaie Bcero B AuUTepaType PEKOMEHIYIOT MUCIIOJIb30BaTb KOHEUYHbIE aBTOMa-
ThI [3][6]. IIpM 3TOM anropuTM He IbITAETCS BHILEIUTD ONpefe/eHHOe IIPaBuiIo Lie-
JIMKOM M caMu MpaBuja Mpolle B peannsanyuy. B KOHeUHbII aBTOMAT IepenaeTcs
ouyepeHOV CMMBOJI MCXOAHON MOCAeN0BATeIbHOCTHU, TIPU 3TOM aBTOMAaT U3MEHSIET
CBOE BHYTPEHHE COCTOSIHME U BbIJAaeT 3TO COCTOsSIHME Ha Hapyxy. Torga, aroputm
pasbopa roayyaeTcsi HeCJIosKHbIM. HeoO6X01Mo MPOBeCT KaXKIblii CMMBOJ BXOJISI-
1Ielt CTPOKM uepe3 Habop KOHEUHbBIX aBTOMATOB - aBTOMAT OTpeAesieT YHUKAIbHbI
TOKeH. Ha Kaxkmoit uTepamnum mpoBepsieTcss, OCTAJICS M KaKoii-1Mbo aBTOMAT B aK-
TUBHOM COCTOSIHUU. EC/IM TAaKOBBIX HET, 3HAUUT, YaCTh CTPOKM 10 JAHHOTO CMMBOJIA
SIBJISIETCSI JIEKCEeMOVi. A JIs1 OTIpe/ie/ieHNsT TUIIa TOKeHa OyIeT MCII0Ib30BaThCsI aBTO-
MaT, KOTOPBI MTOC/TIeJHUM Ilepelies B HeaKTUBHOE COCTOSIHME [6].

BeiBoz. B mpoijecce MOCTOSSHHOTO TOSIBJIEHUSI HOBBIX SI3bIKOB IPOTPAMMUPO-
BaHMS, a TaKKe ClaZa BOCTPeOOBAHHOCTM CYIIECTBYIOUIMX, 3a7aya KOHBepTaLUyu
MIpPOrpaMMHbBIX KOJIOB CTAHOBUTCSI BCe OoJiee akTyaibHOM. OHa SIB/ISIETCS TJTyOOKOI 1
CJIO>KHOJ TeMo¥i. IIporpaMMMCThI MBITAOTCS YIYYIIUTD Ka4eCTBO Mpolecca nepeBo-

na, CTAJIKUBAACh CO MHOTMMMU TPYOHOCTSIMMU.
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JlaHHas1 CTaThsl HallpaBlieHHa Ha MOsiICHeHMe 6a30BbIX MPUHIIMUIIOB CUCTEMbI

KOHBepTalu KOZa ¥ HEKOTOPbIX HIOAHCOB MIPU €€ pean3aiiuin.
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Program source codes conversion system
The growing volume of technologies, the end of actively used development tools support,
outdated API etc., entails the need of program codes conversion. In IT companies and not only,
often begged the question of deprecated software support, which customers continue to use, or
translation of current software to actual technologies. It is more rational for programmers to use
the conversion and save most of code base, than rewriting all software by hand, even if manual
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adjustment is needed. At this moment, there are few high-quality code conversion systems.
Largely, conversion systems work well only with similar programming languages. The task of pro-
gram codes conversion is a deep and complex topic. Programmers are trying to improve transla-
tion technologies and facing with many challenges. This article discusses the basic principles of
building a system for program codes conversion and some features of its practical implementa-
tion.

Cucmema KoHBepmayii BUXIOHUX NPO2PAMHUX KOOi8

Hapocmartoquli 06cse mexHonoe2il, npunuHeHHs niompumKku 3acobis po3pobKu, o
aKmMuBHO BUKopucmosylmscs, 3acmapine API i m. 0., sukaukaloms nompeby KoHsepmauyii
npoepamHux ko0ig. Y IT KOMNaHiAXx 1 He MIiNbKU YACMO BUHUKAE NUMAHHA NIOMPUMKU
3acmapinoeo [13, skum npooosKyloMb KOPUCMYBAMUCA KAIEHMU, A60 nepeknady HUHiWHb020 [13
Ha akmyasabHi mexHonoeii. [Jna npoepamicmis payioHanbHIWe KOpUCMyBamucs KOHBepmMauiero,
36epiewu 6inbLWY YacmuHy 1CHy0Y0i K000BOi 6a3u, Hix nepenucysamu sce 13 Bpy4Hy, HaBIMb
AKWO0 3HA006UMbCA pyYHe KopuyBaHHA. Ha daHuli MomMeHm SKICHUX cucmeM KoHBepmauii Koois
iCHye Hebazamo. 30e6i/bL020, cuCmeMu KOHBepMAayii npayoms Heno2aHo auwe 3 nooibHuUMu
MOBAMU NPOo2paMyBaHHA. 3aBOAHHA KOHBEpMAyii npo2pamHux KoO0is € 2U6OKOK Ma CKAAOHOK
memoro. [Ipozpamicmu HAMA2aMeCA NOKPAWUMU MeXHOM021i nepexknady, CMUKAKYuch 13
6azamsma mpyoHowamu. Y yildi cmammi poensdaromscs 6a3081 npuHyunu nobyoosu cucmemu
KoHBepmayii npo2pamHux Kodis ma 0eski 0cobausocmi nio yac ii npakmuy4Hoi peanizayii.

Cokosn IBam OistekcaHApPOBMY - AacIlipaHT, Kadeapa KOMII'IOTEpPHMX HAYK Ta
iHpopMaIliitHux TexHosoril, [HIMPOBChKMII HaIliOHA/JIbHMUI YHiBepcuTeT imeHi O.
['oHuapa.
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€.1. bBynareupknii, B.I'. 3ajiies
IMTPO OJUH IIAXIA 10 PO3POBKU CUMVIJISITOPY PYXVY
ABTOHOMHOTI'O TPAHCITIOPTHOTI'O 3ACOBY 3 HABUYAHHSIM

AHomayis. ¥ cmammi po327140aEmMbCA NUMAHHA BUKOPUCMAHHA MPeHaxepis O YnpasaiHHA
PYXOM aBMOHOMHO20 MPAHCNOPMHO20 3aC00y ma po3pobKu HoBo20 cumynsmopy. OnucaHo
nioxio 00 CMBOPeHHA CUMYASIMOpY PyXy MpPAaHCnopmHo20 3acoby Ha mosi npozpamysaHHs CH.
lpu po3pobku 0n1s peanizayii cumynayiliHuX cyeH, BUKOpucmaxo 6azamonnamgopmosuli
iHcmpymenm Unity 3D. Y cumynayii sukopucmosyemscsi HelpOHHA Mepexa nNpAMo20 NowupeH-
HA, AKA HeMAE YIMKOi KIIbKOCMI HelipoHi8 BXIOHO20 PIBHA, MAE MIJIbKU CMAAull BUXIOHUL piBeHs,
AKUU CcKnadaemscs 3 0BOX HelpoHis: nepwul 8i0N0BIOAE 3G NPUCKOPEeHHS, Opyeul 3a
MOXIUBICMb aBMOMOOGINA nogepmamu 81180 60 B8npago. TAKOX y Mepexi HeMae Yimko
BU3HAYEHOT KiZIbKOCMI NpUX0BAHUX PIBHIB MA HEUPOHIB, AKI mam po3mawosaHi. Bci yi oaHi y
CUmMynayii Moxe BU3HaYamu cam Kopucmysad. Ha 8xio 0o HelipOHHOT Mepexi nodarmbCsA 3Ha-
YeHHA ompumaHi 3 nasepis. Jlazepu sumiptooms 8I0CMaHb 00 nepewKoou ma nooams 3Ha4YeH-
HA Ha 8xi0 00 HelipoHHOi mepexi. 06paHa cuemoioHa (yHKYiS akmusauii. [1s HABYAHHSA
HeUpOHHOT MepexXT BUKOPUCMOBYEMbCA AN20pUMM NiOCUNIEHO20 HABYAHHSA, 0 camMe 2eHemuyHul
anzopumm, AKUL 3acMOCOBYEMbCA 0 KOXHO20 aBMOMObI/IA, NOYUHAKYU 31 CMBOPEHHSA BIACHO-
20 CNUCKY 2eHiB KOXHO020 aBmMOMOOINA. Y Mepexi KOXH020 asBmoMoObiNA KIiNbKICMb 2eHi8
00pIBHIOE KiZlbKOCMIT Ba2. [J/1a nepuio2o NOKONHHSA Baz2u 3a0aHi Bunaokosum yuHom. OCKiNbKU ye
cumynsamop, byna cmsopeHa y3a2anbHeHa HEUPOHHA Mepexa 3 BeUKOK KiNbKICMI0 Haaawmy-
BAHb, 3 MOX/IUBICMIO 3MIHIOBAMU i1 CMPYKMypY: MOXHA 3MIHUMU KIIbKICMb HEUpPOHIB BXIOHO20
DIBHS, AKT 3a7eXXamb Bi0 Ki/IbKOCMI /1a3epis y asmomobins, ix 0anbHobiliHiCmb, Bucomy, Ha AKil
BOHU BU3HAYAOMb NepewKoou, nose ix sUOUMOCMI; 3MIHKBAMU KiZIbKICMb NPUXOBAHUX PIBHIB
ma KifbKicmb HelpoHis, AKi mam 6y0ymb po3mawiosaHi; Kepysamu npouecom mymauyii, axuli
BUKOPUCMOBYEMbCA Y 2eHeMUYHOMY G20pUMMI; BU3HAYUMU 3HA4YeHHA Mymayii ma 0iana3oH
sapiayil, y AKOMY 3HAYeHHSA MOXYmb 3MIHKBAMUCH, BMUKAMU MA BUMUKAMU (YHKUIO camo-
36epexeHHs, MiHAMU WBUOKICMb asmMoMobifs, NPUCKOPEHHS, BCMAHOBMOBAMU MAKCUMAJbHY
ma MiHIMAaabHY WBUOKICMb, pedacysamu napamempu, AKi 8i0nosidames 3a 00epmaHHs
asmomobina ma tio2o nnasHicms. Peanizauis npoekmy HadaHa y GitHub.

Knioyosi cnosa: cumynamop, Unity 3D, HelpoHHa Mepexa nNpsAMO20 NOWUPEHHA, QYHKUYIT
akmusayii, nnamgopma GitHub.
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Bcrynm i mera. bBesmijioTHi, aBTOHOMHi, CaMOKepOBaHi TaK Ha3MBalOTh
TPAHCIIOPTHi 3aco0M, SIKMM He IIOTPiOHA JI0AMHA B SIKOCTi Bomig. Ile He TimbKu
JIETKOBi aBTOMOOiJIi, SIK 3/1a€ThCSI Ha MepIINii OIS, 1ie IIe ¥ Mmoi3au, BAaHTaKiBKH,
CiTIbCBKOTOCITOAAPCHKI MAlIMHY TOIIO. 3a 1X YIIPaB/IiHHS BiAIIOBila€ aBTOMAaTU30Ba-
Ha CUCTeMa KepyBaHHS. B HACTYIHMIT yac KPYITHi aBTOMOOi/IbHI QipMyu mepeiiim
BiZl MeTOAiB KOMIT'I0TePHOIO MOeI0BaHHS Ha METOAM iMITalliiHOTO MO eTI0OBaHHS
Ha CHMMYJISITOpaX, BUKOPUCTOBYSI KOMIT'IOTEPHI MOZeJli, 00 MaTu MOXK/IUBICTb BU-
KOPUCTAHHS OTPUMMaHUX JAHUX Y CTEeHA0BUX icnuTax [1, 2].

CaMokepoBaHMii aBTOMOOiIJIb OJHA 3 HaAMCKIAOHIIMX i, OIHOYACHO,
HaMIiKaBillMX TeM B 00J1aCTi IITYYHOTO iHTeIeKTy cboroaHi. I[IpobseMa € ckiagHoOIO,
OCKiJTbBKM CMCTeMa IIpalfo€ B YaCTKOBO CIIOCTEPEXyBaHOMY, 6Ge3lepepBHOMY Ta
IVHAMIYHOMY cepefoBMIIi. B Takomy cepemoBuili CuCTeMa He TUIbKM ITOBMHHA
MiKTyBaTUCSI TIPO 3aBAAHHS KepyBaHHS, aje TaKOX MMOBMHHA MaTU KOHTEKCTHY
iHpopMalriro Mpo HaBKOJIMIITHE CEpeIOBUIIEe B MAaKCMMaabHO MOK/IMBI Mipi.

ABTOHOMHI TPaHCIOPTHI 3aCO0M BMMAaramTh IIMPOKOMACIITAOHOI po3poOKM Ta
TeCTyBaHHSI B UIMPOKOMY J[iara3oHi clieHapiiB, Iepil Hi’XKk BOHUM 3MOXYTb OyTU
PO3TrOPHYTiI Ta BUKOPUCTAHI [JIs1 peanbHOro cBiTy. OgHaK TeCTOBi MOI3IKM Y peasb-
HOMY CBiTi BMMararThb BeJIMKUX BUTPAT Yacy Ta KarmiTasny, i BIZTBOPUTU PiAKicHI Ta
HebOe3IeyHi CclieHapii MPakKTUYHO HEMOSK/IMBO.

Meta po60TH — 3aIIpOITIOHYBAaTH MiAXim peasisaliii iMiTaliiHOro Mo/ie/TII0BaHHS
Ha CUMYJISITOpax Pyxy TPaHCIIOPTHOTO 3aco0y 3 HaBUaHHSM, 6e3 BUKOPUCTAHHS
KOMEPIIHUX TTPOTPaAMHUX MPOIYKTiB.

Cumynanis. BoHa 103Bosisie epeBipsATH NMOBELiHKY aBTOHOMHMX TPaHCIIOPT-
HIX 3ac00iB Y BeJIMue3sHili KiJIbKOCTI CclieHapiiB, cepemoBuill, KOHGIrypailiii cuctemu
toio. Ile He po6UTH BUIIPOOYBaJIbHI MOJIIrOHY 3acTapiiMmu, ajge MOXKe AOTOMOITHU
30CcepeauTICs caMe Ha HeoOXiqHMX BUIIPOOYBaHHSIX [IJIsSI TIepeBipKu pe3yibTaTiB po-
60TM po3pobHMKiB, TOMIO. [loromarae 36epiraTu yac Ta KariTtaj, BUTpaueHuii Ha BU-
npoOyBaHHS Y pealbHOMY CBiTi [6].

ABTOHOMHMIT aBTOMOOGI/Tb 31aTE€H OPi€HTYBATHUCS Y ITPOCTOPi, BUKOPUCTOBYIOUM
pi3Hi nmpwiagy i MmeToau, Taki K pagap, aigap, GPS, omomeTrpu, KoM’ oTepHuUit 3ip
Ta iHmi. CyyacHi cucTeMM KepyBaHHS 3[aTHi iHTeprnperyBaTu iHdopMmaliilo 3
CEeHCOpiB abyM BMU3HAUMTU IIPaBWIbHMII HAIPSIMOK PYXy, a TaKOX imeHTUdiKyBaTH
IepelIKOAy i BiMOBiIHI ITOKaKYMKM. ABTOHOMHI aBTOMOOi/i MalOTh CUCTEMU Ke-
pYBaHHS, SIKi 3[IaTHi aHaJIi3yBaTM CEHCOPHI aHi i po3pi3HITH 00’ €KTM Ha IOPO3i, 10
€ Iy’ke BasKIMBUM TIpU CJTiIyBaHHI MapuIpyTy 10 6askaHOi TOUKM IpU3HAYEHHS, 60

aBTOMOOiTb TOBMHEH YHUKATYU 3iTKHEHb 3 Pi3HUMM 00’ €KTaMM.
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Huni aBTOMOGIIbHA iHAYCTpis 3a3HAa€ iCTOTHOI TpaHcdopMallii: HaiOiIbII BU-
pPOOHMKM MamuH criibHO 3 IT i TejekoM-po3poOHMKAMM WIyTh 1O CTBOPEHHS
TPAHCIOPTHUX 3aC00iB 3 MOXK/IMBICTIO IMOBHICTI0O aBTOHOMHOTO KepyBaHHS. TpeH[
BKe OUeBUIHUI B MaitOyTHbOMY O€3ITi/IOTHMII TPAHCIIOPT CTaHe MAaCOBUM SIBUIIEM,
aje Ha IUIIXy [0 eIOoXM IIOBHICTIO aBTOHOMHMX aBTOMOOiNIB Ie HaJaeXUTh
BUPIIINUTY MacCy 3aBaHb.

ABTOHOMHI TPaHCIOPTHI 3aCO0M BMMAaramTh IIMPOKOMACIITAOHOI pO3pOOKM Ta
TeCTyBaHHS B IIMPOKOMY [iara3oHi clieHapiiB, Tepil HiKk BOHU 3MOXYTb OyTU
PO3TOPHYTi Ta BUKOPUCTAHI [IJIST peasbHOrO CBiTy. OHAaK TeCTOBi MOi3OKM Yy peab-
HOMY CBiTi BUMararThb BeJMKMX BUTPAT 4Yacy Ta KamiTasny, i BIATBOPUTU PiAKiCHI Ta
Hebe3neuHi cieHapii mpakKTUYHO HEMOXIMBO. Came IJIs IIbOTO i MOTPiOHI cuMyIs-
TOPU.

Hamnpuknaz, € cumynsitop NVIDIA DRIVE Sim [4]. 3i citiB po3po6HukiB, NVIDIA
DRIVE Sim Bupimrye 1i rmpo6seMy 3aBASKM MacliTaboBaHil, ¢Gi3uuyHO TOUHIN Ta
pisHOMaHITHi cumynsaniiHii miatdopmi. 3aBasku DRIVE Sim po3pobHukm AV
MOKYTh MiABUIIUTH MPOAYKTUBHICTh, e(EeKTUBHICTb Ta MOKPUTTS TECTiB, IMPOCY-
BalUM Yyac BUXOAY Ha PUMHOK, MiHiMi3ylI0uM peajibHe BOIiHHS.

DRIVE Sim BMKOPMCTOBY€E BMCOKOTOUHY Ta Qi3MYHO TOUHY iMiTallilo [Jisl CTBO-
peHHsI 6e3MeYHOro, MacIITaboBaHOTO Ta €KOHOMIYHO BUTIZHOTO CIIOCOOY BUBECTU
Ha Halli AOpOrM aBTOHOMHI MaliMHM. BiH BUMKOPUCTOBYE OCHOBHI TEXHOJIOTiI
NVIDIA, Bxmouatrouyu NVIDIA RTX, Omniverse ta Al, 106 3a6e3Me4nTy MOTYKHY
XMapHy 00UMCTIOBAIBHY TUIaTGOpMy, 3IaTHY TeHepyBaTy IMIMPOKUIA CIIEKTP peasib-
HUX CIeHapiiB po3BUTKy Ta mnepeBipku AV. DRIVE Sim moxke reHepyBaTu Habopu
OaHUX, 00 HABUMUTHU CUCTEMY CIPUIHSTTS aBTOMOOiIS abo IepeBipuUTH Ipoliec
NPUIHATTS pimieHb. BiH TakokX Moke OyTM MigkiaodyeHuiri 1m0 AV-CTeKy B
KOHQirypailisix mporpaMHOro 3abe3rnedeHHs B MK/ abo amapaTHOro 3abe3neueHHs
B LMKJI JJIs1 TepeBipKy iHTerpanii cucremu. Mloro MoxHO 3amycKaTy SIK JIOKAIbHO,
TaK i 3 BUKOPUCTAHHSIM XMapHUX TE€XHOJIOTIIA.

OpnHax rmpobJiemMa IoJIsirae y TOMY, 1110 AOCTYII 10 IIbOTO CUMYJISITOPA HaJA€ThCS
nuiie obmMekeHOMY KOy pO3pOOHMKIB i BiH OyJe y paHHbOMY IOCTYIi He paHilie
HiX yriTKy 2021r0.

€ iHmi TpuKIagu CUMYJISATOPIB 3 BiZKpUTUM Komom, Hampukiaan CARLA [5].
CARLA 6yna po3pob6iieHa 3 HyJIS ST iATPUMKM PO3BUTKY, HAaBUYAHHS Ta ITePEBipKU
CUCTeM aBTOHOMHOTO BOAiHHS. Ha ;o#aTok 10 Koay Ta MPOTOKOJIB 3 BiIKPUTUM KO-
moMm, CARLA mpomoHye Bimkputi nmudpoBi axkTuBM (MichbKi I1aHu, OymiBii,

TPaHCIIOPTHI 3aco0M), SIKi Oy CTBOpEHi IS 1i€ei MeTM Ta MOXYTb BiIbHO BUKOPU-
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crtoByBaTucs. CuMyJsiliiiHa raTgopMa IiATPUMYE THYUKY crienndikaliito ceHcop-
HMX HabOPiB, yMOB HAaBKOJIMIITHBOTO CepeAOBUINA, TOBHMI KOHTPOJIb YCiX CTATUUHUX
Ta OIMHAMidYHMX (aKTOpiB, CTBOPEHHS KapT Tol[0. Ta HaBiTh y TaKuX BepCisx, 3
BiIKpUTUM KOJIOM, BCe Ile 3aJMIIAIThCS IMPO6JIeMM 3 JilleH3isIMM i pO3POOHUKY
IOBOJTi TIPOBIEMATUYHO IIOCh 3MiHUTH, TOPOOUTH, TIepenncaTi abo BUKOPUCTATH Y
BJIACHOMY ITPOAYKTi.

BimmiTumo po6oTy [3], e Ha HAII IOIJISII HOOpe HaJaHO OIS aBTOHOMHUX
TPaHCIIOPTHMUX 3aC00iB.

IncrpymenT Unity 3D. s cumynstopy Bukopuctano Unity 3D — 6arartorm-
1aTGOPMOBMII iIHCTPYMEHT [IJIsI pO3POOKM 6araTOBMMipHUX MOHATKiB, CUMYJISITOPIB,
irop, Toio.

[lle omHa 0COOMMBICTH IIe KOMOIHOBaHI ITAKeTH eJIeMeHTiB, IO IOJIErIIye CTBO-
pPeHHS MPOTOTUIIIB Ta HE BUKOPUCTOBYE BY3J/IM JepeBa yCIaaKyBaHHS. e akTyanbHO
IJISI pO3POOHMKIB irpOBMX JOAATKIB.

OcHOBHMI HeHoOJiK 1le BUKOPUCTAHHS CXeM Yy CKIaJHUX [OOAATKax.
baraTOKOMITOHEHTHi CIleHM AykKe YCKJIQAHIOITb Bi3yaJbHY 4YacTUHY poOOOTH ¥
penakTopi. TakoX € mpo6ieMa 3 30BHIlIHIMM 6i0ioTeKaMM, SIKi pO3pOOHUK ITOBU-
HeH ITiAKIIoUaTy BJaCHOPYY, 110 BUKIMKAE TPYAHOIII Ta BUTpauae b6araTo yacy. Ta-
KO OaraToruiaThOpMeHHIiCTh Iie 3aBXAM KOMIIPOMIC Yy ILIaHi ITPOAYKTUMBHOCTI,
nmam’siTi, cTabiIbHOCTI 3aCTOCYHKY Ha yCix omnepalliifHux cucTeMax Ta JeBaiicax.

OpHak He3BaXkawouu Ha Bce 1ie, Unity 3D Haiikpaiie niaxoauTs ajass moBu C# Ta
cepemoBuiia nporpamyBaHHs Visual Studio, 60 Bce 1ie Bke iHTerpoBaHe B Unity, a
6araTtoriaThOpMeHHICTb T03BOJISIE BUKOPUCTOBYBATU CUMYJISITOP Ha Pi3HMUX JeBaii-
cax Ta ornepariiiHuX CUCTeMax.

CumynsiTop po3pobsiennit y mporpami Unity 3D, misg unporo y Unity cTBopeHa
ClueHa IJisi CUMyJsnii «puc. 1». JIsS CTBOpEHHS CL€HUM BUKOPUCTOBYBAIUCH
CTaHIApTHi 3ac00M pegaKkTOpy pa3oM 3 BUKOPMCTAHHSM 06a30BUX acCeTiB, HAPUK-
nam, 3D Mopmesnb aBTOMOOiMSI, Ta OE3KOIITOBHI acceTu iHIIMX KOPUCTYBauiB, SIKi
MO>XKHa 3aBaHTa)KyBaTu 3i crierjiayibHOro MarasuHa Unity Asset Store, Taxi sIK 3aMKH,
nesiki Topu, Toulo. [Ij1s1 OCBiT/IEHHS CIleHM OYy/IM BUKOPUCTAHI cIieria/ibHi KOMITIOHEeH-
TU OCBITJIEHHSI, pa30M 3 HiYHMM CKaitOOKCOM, SIKMT T€K MiCTUTD Y CO6i KOMITIOHEHTY
OCBiT/I€EHHS.

Tpek cTBOpeHMIi 3i 3BMUAHMX TIPSIMOKYTHMX OO’€KTIB 3 IapameTpamu, SKi
pPOOJIATh 3BMUAHNI MPSIMOKYTHUK CXOXMM Ha CTiHy. [0 1IMX CTiH (Tlepemikon) Oysia
nomaHa (YHKIIiS KOJIisii, ika 06p0o06Jise 3iTKHEHHS aBTO 3 MEePeNIKogaMy Ta 3HUIILYE
aBTOMOOIJTb.
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Vci 06’eKTU Ta KOMIIOHEHTH, SIKi TIOBMHHI 6e31mocepeHbO MPUITMATU YyIacThb Y
cuMyJAaIii, o6’eqHaHI TOJIOBHMM KJIacOM KOHTpo/uilepoM. BiH 6esmocepeqHbo
BiZlIOBiga€e 3a CTBOpeHHS HOBMX IIOKOJiHb Yy CUMYJSIii, Ha MOYaTKy KOXHOI
iTepaitii. MicTuTh y c06i HaMamITyBaHHs JJIs1 3aBIaHHSI KiJTbKOCTi areHTiB, sIKi OyIyTh
OpaTy y4acTb y cuMysIsLii. ['0JJOBHMII Kjac MpuiiMae y SIKOCTi IapaMeTpa 00’€KT
aBTOMOOIJISI, IJIs1 SIKOTO BiH Oye 3aITyCKaTy CUMYJISIIIII0 Ta MiCTUTh CKPUIIIT, HAIIU-
caHuMit Iyt oOpoOKM yCiX clieHapiiB, BM3HAUEHMX Y CUMYJISILii, 3aIlyCKy HOBUX

iTepaiiii, iHimiaaizaiii kKamepu, Ul-KOMIIOHEHTIB, TOIIIO.

PucyHoxk 1 - CueHa cumyssiiii y Unity 3D

HeriponHa mepexka. Y cuMyJisiiii BUKOPUCTOBYETHCS HEIPOHHA Mepeska Ipsi-
MOTO TOIIMPeHHs. BOHA HEMae UiTKOI KiJIbKOCTI HeMPOHIB BXiTHOTO piBHS. TaKOX Y
MepexXi HeMa€ YiTKO BM3HA4YeHO1 KiJIbKOCTi IPUXOBaHMX PiBHIB Ta HEIPOHIB, SIKi Tam
po3ramoBaHi. Bci i gaHi y cumysisanii MOke BM3HA4aTH caM KOPUCTyBad. Mepexka
Ma€ TiIbKU CTaJnii BUXiAHMIT piBeHb, SIKUI1 CKIAJA€TbCS 3 NBOX HEVPOHIB Mepiinit
BiITIOBifa€ 3a IIPMCKOPEHHSI aBTOMOOIISI, Opyruit BiAMOBiZae 3a MOXKIMUBICTD
aBTOMOOIJISI TOBEPTATHU BJIiBO 60 BITIPABO «PUC. 2».
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3Ha“eHHA NoOOAKTLECA Ha
BXif AnNA HEAPOHHOT MepeXi

NpHcKopeHHA

A7

.(, ]
A:;o MNpuxosaHuiA OGepraHua
piBeHL
BxigHnia BuxigHniA

NepewxkogW plBeHs piEeHs

PucyHOK 2 - Mogienb HeiipOHHOI Mepexi AJi TPbOX Ja3epiB

Ha BXig mo HelipoHHOI Mepesi MOoAalThCsl 3HAUEeHHSI OTpMMaHi 3 ja3epis. Jla-
3epM BUMMIPIOIOTh BifICTaHb [0 II€peliKoaM Ta IOAAI0Th 3HAUEHHSI Ha BXiA 10
HellpOHHOI Mepexi. Jlazepu MOXyTb HmpuiiMaTu 3HadyeHHs y ngianasodi [0, 1]. Hdo
peui, came Tomy Oysa obpaHa curmoigHa GYHKILiS aKTMBallii, OCKiJIbKM BOHA iCHYE
caMe y miarmasoni [0, 1] Ta 0co6iMBO I06pe MiAXOAUTD IJIS 1IbOTO BUMAIKY. SIKIIO Y
MoJIi 30py Jiazepy (1le BiACTaHb Ky MOXXHA PeryjiBaTU y CUMYJSTOpi) HEMae Ie-
pelIKkoay BiH MMoJa€ 3HaueHHs 1 Ha BXiJ HeIIpOHHOI Mepexi. SIKIIo X mepeukoa € y
Ji0r0 mOoJIi 30py, TO UMM MeHIIa BiICTaHb A0 Iepeukoau, TUM MeHIlle 3HaYeHHs, sIKe
IIOBEPTAE jla3ep Ta MOJA€ Ha BXiJ HeifpoHHOI Mepexi. lami micist 06uMc/ieHb, Heil-
POHM BUXiTHOTO PiBHSI MAlOTh ABa 3HAUEHHSI, OJHE MPUCKOPEHHS, IpyTe 00epTaHHS.
IIi nBa 3HAUeHHSI BUKOPUCTOBYIOTbCS Y cTaHAApTHiNi disuii Unity Ta nuisixom reo-
METPUYHMX TTepeTBOPeHb PyXaloTh aBTO BIiepe] Ta MoBepTaioTh ioro. Taki obumc-
JIEHHSI POOJISITBCS IJ1s1 KOKHOTO aBTO Ha KOSKHE OHOBJIEHHS KaJipoBoro 6ydepy.

HaBuaHHSI HeNMpPOHHOI Mepexi. /[l19 HaBUaHHSI HeVPOHHOI Mepexi
BUKOPUCTOBYETHCSI aJTOPUTM IMiCMIEHOTO HaBYaHHS, a CamMe TeHeTUYHMIA aJro-
PUTM, SIKMIT 3aCTOCOBYETHCSI A0 KOKHOTO aBTOMOOi/NSI (areHTa). 3rigfHO 3 3aKOHY
IapBiHa, CyTHicTh (y poOOTi aBTOMOOiJb) 3 HaAMKpaIMMM TeHaMM, BUKMBAIOUM,
TIOIIMPIOE CBOI r'eéHM HACTYITHOMY ITOKOJIIHHIO, SIKe IMOIIMUPIOE 1X AaJli i 1aji, MOCTiiHO
PO3BUBAKYNCh.

3acTOCOBYIOUM IIeit TMPUHUMIT IJjisSi aBTOMOOIIIB, ITOYMHAEMO 3i CTBOpPEHHS
BJIACHOTO CIMCKY T'€HiB i1 KOXKHOTO aBTOMOOi/IS. YV HeMpOHHi MepexXi KOKHOTO
aBTOMOOIJIST KiJIbKiCTh I'eHiB TOPiBHIOE KiJIbKOCTi Bar. [Ijis1 Tiepiioro moKOJiHHS Baru
OymyTb 3ajaHi BUITAAKOBMM 4YMHOM. B IulaHi mporpamyBaHHSI - Baru (TeHM)
IpefCTaB/IeHi MacyBOM, SIKMI iHiliani3yeTbcs y AianasoHi Bif [-1,1]. 3HaueHHs O
IianasoHy y CUMYJISIii MokHa 3MiHOBaTu. [laji oO0MparoThCs HalKpallli areHTH,
TOOTO aBTOMOOIJIi, SIKi MPOXWIN HaMOLIbIIe Yacy y CUMYJISILiil. Y HACTYyMHil iTepalii
(TIOKOJTiHHi), KoM Mepeska Oy/e OHOBJIIOBATIUCh, 3HAUEHHS Bar OyAyTb 3aIUIIATUACS
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CTaTUYHMMM, a 3HAUYEHHS HEeNpPOHiB, ITif 4Yac CUMYyJSLii, OYAyTh 3MiHIOBaTUCh,
OCKUJIbKM BOHM 3a/Ie€KaTh BiJl HEMPOHiB BXiJHOI'O PiBHS Ta Bar Mepexi.

l'eHeTMUHMIT AJITOPUTM PO3IiIeHNIA Ha Pi3HI pO3ainn:

eBUIAAKOBA iHimiamizamig JHK;

*B1Oip Kpalyx aBTOMOOIJIiB 3a/1€5KHO BiJ PYHKIIii MpUCTOCYBaHHS,

eTIepexpeleHHs reHiB 0aThbKiB;

o myTailist HoBoi JJHK.

OCKinbKM 11e CMMYJISITOP, OyJla CTBOpEHa y3arajbHeHa HeiipoHHa MepexKa, 3 Be-
JIMKOIO KiJIbKiCTIO Ha/JIAlITYBaHb, 3 MOX/JIMBICTIO 3MiHIOBaTH i1 CTpyKTypy. Hampuk-
Jlal, MOXHa 3MIiHMTM KiJIbKICTb HENMPOHIB BXIJHOTO piBHS, SKi 3ajaeXaTb Bif
KiJIbKOCTi j1a3epiB y aBTOMOOiIs1. SIKIIIO aBTO Mae€ 3 ja3epu, sIKi BUMipIOIOTb BiCTaHb,
To Oyme 3 HeMpOHM BXiIHOTO piBHS, SIKIIO X aBTo mae 10 jasepiB, To 6yme 10
HeJpOHiB BXiAHOro piBHS. TakoXX MOKHA 3MiHIOBAaTU KiJIbKICTh IPUXOBAHMX PiBHIB
Ta KiJIbKiCTh HEMPOHiB, Ki Tam OyIyTh po3TaiioBaHi. KibKicTh HelipOHiB BUXiZHOTO
piBHSI 3aJMIIAETBCS HE3MiIHHOIO, 60 IIe € IPUCKOPEHHSIM Ta OOGepTaHHAM MJIst
aBToMOOGiss1. TinbKy 3i 3MiHOIO JIOTiKM HEMpOHHOI Mepeski MOskHa Oyme 3MiHUTH IIi
rnapameTpu.

[yist aBTOMOOGIST MOKHA BMMKATM Ta BMMMKATU (PYHKIIiI0 camo36epeskeHHSI.
MiHSITM IIBUAKICTh aBTOMOOIJSI, IMIPUCKOPEHHS, BCTAHOB/IIOBATY MAaKCUMMAaJbHY Ta
MiHiMaJbHY HIBUAKICTb, peJaryBaTy IlapaMeTpH, SKi BiAIOBigaiTh 3a 0b6epTaHHS
aBTOMOOIJIS Ta 110T0 TIABHICTb.

PucyHok 3 - [TouaTtok cumyssinii. [siTaecsT areHTiB

dk Oyn0 ckasaHO BHIe, MOKHA 3MiHIOBaTM KiJIbKiCTh Ja3epiB, ix

IalbHOOIIHICTh, BMCOTY, Ha SKiifi BOHM BM3HAUAIOTh IIepemIkoAu, IIoje ix
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BUAMMOCTi, HAaIPUKJIaZ, BOHM MOXYTb OyTM Ha/IalITOBAHi [JIS MOIIYKY Mepeniko/
TUIbKM CIiepeny abo IMOBHICTIO 3 yCiX OOKiB.

TakoX MO>KHa KepyBaTy IMPOLECOM MyTallii, SKuii BUKOPUCTOBYETHCS y TeHe-
TUYHOMY aJITOPUTMi, MOXXHA BU3HAUUTU 3HAUEHHS MyTallil Ta Aiara3oH Bapialii, y
SIKOMY 3HaU€eHHSI MOXYTb 3MiHIOBATUCh.

YV cuMyaaTOpi MOKHA 3MiHIOBATH KiJIbKiCTh areHTiB. 3i 30ibIIeHHSIM KiJTbKOCTi
areHTiB, My 30iJbIIYEMO IIBUIKICTh TPEHYBAHHS, 0COOJMBO Ha IEpIINUX iTepallisx,
OCKiIbKM KOXXeH aBTOMOOiJIb Ma€ CBOI BJIACHY MepeXy Ta BjaCHi 3HAUeHHS [Jis
Mepexki Ta uepe3 Iie MU ITOKPMBAEMO Oijibllle 3HaUeHb, SIKi SIK pa3 MOXYTb OyTU TU-
MM, SIKi HaM MOTPiOHi Ta [IJIs iX 3HaXOMKeHHS 3HaJ0OUTHCS MeHIIe yacy «Puc.3».

Y poboTi KOXeH aBTOMOOi/Ib Ma€ BJAaCHY HeINPOHHY Mepexy, i BOHa
OHOBJIIOETBHCS KOXKHOTO pasy, SIK MOYMHAETbCS HOBe MOKOJiHHSA. lleii ajroputm
oHoBJIeHHs HasuBaeThcsa «feedforward», TOOTO ajropUTM NPSIMOrO MOIIMPEHHS.
ABTOMOGiIi 6YayTh MaT B SIKOCTi BXiZHOTO piBHS BifCTaHi A0 CTiH, 1[0 OTOYYIOTh
MalllMHM 3a AOMOMOTIOI0 JaHMX BXiTHOTO PiBHS Ta Bar, Mepeska po3paxoBYy€ BUXiTHI
IaHHi, IKi 0yayTh 00epTaHHSIM i IIPUCKOPEHHSIM JJIS1 aBTOMOOITiB.

BucHoBku. CTBOpeHMUIt Yy poOOTi CMMYJISITOP 1ie 6a30Ba, Oe3KOIITOBHA, ITOYaT-
KoBa Bepcisl. CUMy/ISITOP MOKe OYTM 3aBaHTaKEHUM OYyIb-SIKMM PO3POOHUKOM 3
miatdopmu GitHub [7] Ta BuKopucTaHuii 1jisi peanisailii Ta TeCTyBaHHSI Pi3HUX
aJITOPUTMIB HaBUaHHS [AJ11 HEMPOHHOI MepeXi, y TOMY UMCJIi i1 BJIaCHOPYY CTBOpe-
HUX. Tak po3poOHUK, SIKUIT 3aBaHTAKUB CUMYJISITOP, 3MOSKe TIOPiBHSITU Pe3yIbTaTu
pob6OTM mporpaMy, IPOBECTM aHalli3 Ta BUSIBUTM HaMKpalli aaropuTMu Ijist
HefpOHHOI Mepeski MPSIMOTO MolMpeHHs. TakoK MOKHa Oye MOPiBHSTU pe3yJibTa-
TV poOOTM ITpOrpaMM Ta MIBUIKICTb HABYAHHSI HEPOHHOI Mepexki, 3SMiHMBIIIN Mapa-
MeTpPM HEHpPOHHOI Mepexki, ImapameTpu Jia3epiB, aBTOMOOiIiB, TOI[O0. Po3poOHMK
MOKe BiJJbHO BHOCUTM 3MiHM 0 KOIy Ta MepeBipsTy MOTPiOHMIT oMy QYHKIIiOHAI.
basoBa Bepcisi cuMysisITOpy, MOke OyTU B3siTa 3@ OCHOBY [JII CTBOPEHHSI OiJbIll
CKJIaJHOTO Ta (QYHKIIOHATBHOTO CUMYJIsiTOpa. @parMeHTH KOAY 1[bOTO CUMYJISITOpA
a60 06’extu cueHu Unity, MOXyTbh OyTM BUKOPUCTAHi B iHIINX AomaTKax. Ilicas BHe-
CEeHHSI 3MiH, PO3pPOOHMK MOKe 3aIlPOCUTU PEeBbI0 MOJAHOTO HMUM (YHKIiOHAIYy Ta
KOy Ta CTBOPUTH 3aMUT Ha I0JaBaHHS J10r0 KOy Y pero3uTopiit. IHII po3pooHUKM
3MOXYTb CKauaTy Bxke GibIl PYHKIIOHAIbHUII CUMYJISTOP Ta Y MaiiOyTHBOMY TeX
PO3IMIMUPUTH 710TO0 QYHKIIIOHA.
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On one approach to the development of a simulator of the movement
of an autonomous vehicle with training

The article deals with the use of simulators for controlling the movement of an
autonomous vehicle and development of a new simulator. The approach to creating a simulator
of motion of a vehicle in the C# programming language is described. In the development for the
implementation of simulation scenes used Unity 3D multi-platform tool is used in the
development. The simulation uses direct propagation neural network that does not have a clear
number of input level neurons, having only a constant output level, consisting of two neurons:
the first one is responsible for acceleration, the second one is responsible for the ability of the
car to turn left or to the right. Also, there is no clearly defined number of hidden levels and
neurons located there. All this data in the simulation can be determined by the user. The input
to the neural network values received from lasers. The lasers measure the distances to obstacles
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and feed the values to the input of the neural network. A sigmoidal activation function is
implemented. To train the neural network an augmented learning algorithm is used, namely, a
genetic algorithm applied to each vehicle, starting with the creation of each vehicle's own list of
genes. In the network of each vehicle the number of genes is equal to the number of weights. For
the first generation, the weights are set randomly. For the simulation, a generalized neural
network with a large number of settings, with it is possible to change its structure: it is possible
to change the number input level neurons that depend on the number of lasers at vehicle, their
range, the height at which they detect interference, field of their visibility; you can change the
number of hidden levels and the number of neurons that will be located there; control the
mutation process used in the genetic algorithm; define the value of the mutation and the range
of variation at which values can be varied; turn on and off the self-preservation, change vehicle
speed, acceleration, set the maximum and minimum speed, edit the parameters responsible for
the rotation of the car and its smoothness. Implementation of the project is provided on GitHub.
The simulator can be downloaded by any developer from GitHub and can be used to implement
and test various neural network training algorithms, including work of your own design.
06 00HOM nodxo0e 014 pa3pabomku cuMynamopa ABUXeHus
aBMOHOMH020 MPAHCNOPMHO20 cpedcmsad ¢ 06yyeHuem

B OaHHol pabome paccmampusaemcs npobsema UCNOJIb30BAHUA CUMYAAMOPO8 O/
ynpasneHus 0BUXeHUeM aBMOHOMHbLIM MPAHCNOPMHbIM CpedcmBoM U pa3pabomKu HOB020 CU-
My/1AMOpa, Komopbil ucnosib3yem A3blK Npoepammuposarus C#, cpedy peanuzayuu CyeH cumy-
nayuu 8 Unity 3D. ModenuposaHue ucnosnb3yem HelipoOHHYI cemb € NPAMbIM pacnpocmpaHeHu-
em. Co30aHHbIl cumynsmop asnsemcs 6a3osol, becniamHol u Ha4ansHol sepcuel. Cumynamop
MoXem ckayusamscAa mobbim pa3pabomyuxom ¢ GitHub u ucnons3osamsca 014 peanusayuu u
mecmupoBaHUs Pa3nuYHbIX G20pUMMOB 00y4YeHUs HelpoHHOU cemu, 8 moM yucre pabomsl
cobcmseHHoU pa3pabomku.

3aiiuneB Bagum I'puropoBmu — kauaugaT (izsmMko-maTeMaTUMUHUX HaAyK, MOLIEHT,
IoleHT Kadedpu KOMITI'IOTEPHUX TEXHOJOTi  JIHIlMpOBCHKOTO HallioOHAJIbHOTO
yHiBepcuTeTy iMeHi Onecst 'oHuapa.
bynareukuit €BreH IBaHOBMY - CTyaeHT [IHINIPOBCHLKOrO HAaIiOHAJBHOTO
yHiBepcuTeTy iMeHi Onecs 'oHuapa.

3arineB Bagum I'puroppeBuu — KaHaugaT GU3MKO-MaTeMaTUYeCHUX HaAyK, IO-
LIeHT, IOLEeHT Kadeapy KOMIbIOTEPHUX TEXHOJOTi [THEMPOBCHKOTO HAllMOHAIBHO-
ro yuusepcurera uMmeHnu Osecs 'oHuapa.

bynarenkuii EBrenuii IBaHOBMY - CTygeHT [IHENpOBCHKOIO HALMOHAIbHOI'O
yHuBepcutera umenu Onecs 'oHuapa.

Zaytsev Vadym Grigorovich - Ph.D., Associate Professor, Department of computer
Technologies, Oles Honchar Dnipro National University.
Bulatetskyi Yevhenii - student, Oles Honchar Dnipro National University.
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A.A. lemuniuH, 10.C. BypeHKOB
BEB-CUCTEMA MOJEJIIOBAHHS ITOBEPXOHb
HA OCHOBI ITATYEI KETMAJIA-POMA

Anomauyis. O0HiE 3 20/10BHUX BUMO2, KA BUCYBAEMbCA 00 NPO2PAMHO20 3a6e3neyeHHs mMoode-
Mo8aHHA 3D 06’ekmis, € MOXUBICMb BINILHO 3MiHIOBAMU OpMy NoBepxHi BOOHoYAc 3 ii npoxo-
OXeHHAM yepe3 BCI KOHMPOJIbHI MOYKU. B pobomi ompumaHo anzopummiyHy mooess nobyoosu
nosepxHi Epmima 3 ymosoto Kemmana-Poma ma HeHynb08UMU BEKMOPAMU KPYyYeHHS NOBEPXHI.
llokasaHo, wo ymosa Kemmana-Poma 0ae MoXuBICMb CKAGOBAMU OKpeMi namyi 3 2/1a0KiCmio
nepwo2o nopAoKy, Wo € 3anOpyKoK ep2oHOMIYHOCMI NosepxoHs. [TOKa3aHo, Wo okpemo 83ama
KOHMPOJIbHA MOYKA MAE JIOKANbHUL BNIUB HA NOBEPXHIO, A came Ha 12 HaBKOAUWHIX namyed.
Po3pobka npozpamHoi cucmemu MoOet0BAHHA NOBEPXOHb 06'EKMIB 3 KIIEHMCLKOK YACMUHOK Y
BU2n1A0T Be6-3aCMOCYHKY, AKul noby0oBaHO HA OCHOBI apximekmypHoz2o cmusto Single-Page
Application noka3zana, wo 00C8I0 KOpUCMyBa4Ya Maxko20 3acmocyHKy 6u3bKuli 0o 00cBidy Kopu-
CmyBaHHA 0eckmonHol npozpamoro. B moli xe camuli yac SPA 3acmocyHok He nompebye THcma-
JIAYTT ma Moxe 3 yCnixoM BUKOHYBAMUCh, K HG CMAUIOHAPHUX, MAK 1 HA MOBINIbHUX NPUCMPOSX.
Knoyosi cnosa: nosepxHa Epmima, cnnain Kemmana-Poma, NURBS, Single Page Application,
2/1a0KICMb NOBepPXHI.

ITocraHoBKa mpooieMu. ChOTOHI TTOBEPXHi Bilirpal0Th BasKIMBY POJib B PO-
60Ti KOHCTPYKTOPiB, BUEHUX, XYAOXKHMKIB, XipypriB i iHIINX JIt0/I€l4, 1110 TTOB’sI3aHi 3i
CTBOpPEHHSIM iHHOBAIliifHMX BUPOOiB. Po3pobKka mMe6s1iB, KOPITyCiB MalinH, Teaedo-
HiB, IIpeIMeTiB onry, OyaiBesib, HABiTh OpPraHiB JIOAVHM BigOyBa€eTbCs i3 3a/lydeH-
HSIM TeOMEeTPUYHOTO MOJIe/II0BaHHS TTOBepXoHb [1,2]. Ha TemnepiiHiit yac icHye 6ara-
TO METO/iB MOOYyI0BM MMOBEPXOHbD, SIKi JAalOTh 3MOTy BapiloBaTu dhopMy Mojesi Ha
OCHOBI 3MiHM MO3MIIil KOHTPOJbHMUX TOYOK. /10 TaKMX BiIHOCSIThCS, HATIPUKIIA, M0-
BepXHi, 10 MOOYAOBAaHO Ha OCHOBi MapaMeTPUUHUX KPUBUX: TPUTOHOMETPUUHOI
KpuBOI, KpuBOI1 be3be, B-crnaiiny, NURB-cnaiHy.

NURBS mMopentoBaHHSI [3] — TeXHOJIOTiSI HEOOHOPiAHMX palioHaJAbHUX B-
CIIJIalHIB, CTBOPEHHS TIJIaBHUX (GOpPM i Mozesieil, y IKUX HeMa€ TOCTPUX KpaiB, SIK y

MoiroHaJibHMUX Mogeseii. Came yepe3 IO XapaKTepUCTUKY aHaJ’[iTI/I‘-IHy MOeJIb
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NURBS 3acTocoByloTh B cucTemMax MogenioBaHHs Autodesk 3ds Max, Blender,
Autodesk Maya, ZBrush Ta iH.

KopoTkuit aHaji3 6a30BUX XapaKTE€PUCTUK TPiiKM HANIIOMYJSIPHIIIUX CUCTEM
MO/JIe/IIOBaHHS BUT/Isima€e HacTynHuM unHOM. Autodesk 3ds Max — npodeciiiHa 1po-
rpaMHa [IeCKTOITHa cucteMa 3D-MofentoBaHHS, aHiMallii, peHAepuHra Bi3yaJlbHUX
edexTiB i rpadiku [4]. [Ipaioe B oneparliiiunx cucremax Microsoft Windows (32-
6iTa/64-6ita). Autodesk 3ds Max mocTyIHa B 2-0X JIIEH3i/IHUX BEPCisiX: CTYIeHTChKa
- 0e3KOIITOBHA Bepcisl mporpaMu sIKy, OJJHaK, He MOKHa BMKOPUCTOBYBATU 3 METOIO
OTpUMAaHHS IPUOYTKY, a TAaKOK IMOBHA - (KOMEPIIiliHa) BepCist 3 BapTiCTIO miammcku 1k
€ Ha pik.

Autodesk Maya — geckronHuii rpadidyHuii pegakTop, Ojs MOIeII0BaHHS TPU-
BUMipHMX 00'€KTiB, aHiMallii, KOMIIO3UTUHTY Ta Bizyasisarii. B manmuii vac Autodesk
Maya € Haiibi/bIll PO3IIOBCIOIKEHOI0 CUCTEMOIO IIJIT PO3po6KM 3D rpadiku I KiHO
i Tene6auennsa. Criouatky pospobsena mis OC IRIX (mmmardopma SGI), 6yna mmopro-
BaHa mmig OC Linux, Microsoft Windows i Mac OS. 3 2013 poky Bepcii nmporpamu Bu-
ITyCKAIOThCS TiIbKU 1IJ1sI 64-6iTOBUX cucTeM. BapTicThb mignucku 1k € Ha pik.

Blender - BisnbHe i BinkpuTe mpodeciiiHe qJecKTOIIHe IMporpaMHe 3abe3rnedyeH-
HSI JIJISI CTBOPEHHS TPMBMUMIiPHOI KOMIT I0OTE€pHOi Tpadiku, 110 BKIIOYAE B cebe 3acobm
MOJIeII0BaHHSI, CKYJIbIITUHTY, aHiMallil, peHAepuHra, IOCTOOPOOKM 71 MOHTAaXY Bileo
3i 3ByKOM, KOMIIOHYBaHHS CI[eH! 3a JIOTIOMOTOI0 «By3/iB» (node compositing), a Ta-
KOX cTBOpeHHs1 2D-aHimaiiii. B gaHuii yac KOpUCTYETbCS BEIUKOIO MOMYJISIPHiCTIO
cepeq; 6e3KOMITOBHMX 3D-pegakTopiB B 3B'SI3KYy 3 J10T0 MBUIKMUM i CTaOIIbHUM pO3-
BUTKOM. [IOCTYIIHMIA [IJIsI KOMIT'10Tepa I1ig kepyBaHHSIM Windows, macOS Ta Linux.

V3arajibHIOIOUOK XapaKTePUCTUKOK HaBedeHUX MPOrPaMHUX CUCTEM € BUKO-
PUCTAHHS MOHOJIITHOTO apXiTeKTypHOTO CTWIK PO3POOKM ITPOTpaMHOro 3abesre-
YeHHSI, SIKUIA € BIaCTUBUM [IJISI eCKTOITHUX 3aCTOCYHKiB. [leCKTOIHi MporpaMHi CuUC-
TeMM BMMAararmThb iHCTaJALil Ha TOKJIbHUI KOMIT'I0Tep, 1[0 B CBOIO Yepry IMpuB’sI3ye
KOPUCTyBaya [0 MeBHOI orepaiiriHoi cucrtemu. [lepeBarow peasiszailii mporpaMHoi
CHUCTEM Y BUIJISI TECKTOITHOI'O 3aCTOCYHKY (puc. 1) € mBUAKiCTh peaiszarii 6i3Hec
JIOTiKM BIIPOJOBIK IepPIINX POKiB IMKIY PO3POOKM MPOrpaMHOro MpoayKTy. [Jo He-
JIOJIiKiB MOHOJIITHOTO apXiTeKTYpPHOTO CTWJIKO BiTHOCUTBCS 3pOCTarya CKIagHICThb
CUCTEMM 33 PaXyHOK BeIMKOi KiJIbBKOCTI MOZYJIiB Ta HEUITKUX 3a/JI€XXHOCTE MiXX HU-
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PucyHok 1 — Cxema apxiTeKTypy MOHOIITHOTO JOOATKY

AHaji3 ocTaHHiX HoCTimKeHb i myo6sikamiii. OcTaHHIM YyacoMm Bce OibIry
TMIOITYJ/ISIPHICTh cepejl pO3pOOHMKIB 3aBOOBYE apXiTEKTYPHUIA CTUJIb OTHOCTOPiHKO-
Boro iHTepdeiicy (Single-Page Application) — Be6 3aCTOCYHKY, SIKMii PO3TaIllOBaHO
Ha onHil cTopiHii [5]. SPA Hamae KopucTyBaueBi IOCBil, 6JM3bKUIT O JOCBiTY KO-
PUCTYBaHHS AECKTOITHOIO ITPOTPaMor0, 3 iHIIOTO GOKY 3aCTOCYHOK He MOoTpebye iH-
cTansii.

3 ToukM 30py nporpamHoi peasni3zailii, NURBS-noBepxHi, SIKi BUKOPUCTOBYIOTb-
csl B TiepesliueHOMY ITpOrpaMHOMY 3abesnedeHHi, 6yBaioTh ABOX BuIiB: CV (Control
Vertex)-nosepxHi Ta P (Point)-mioBepxHi [6].

Oco6mBicTio NURBS CV-nioBepxHi (1) € Te, 1110 BOHA HE ITPOXOIUTH 000B’SI3KOBO
yepe3 BCi KOHTPOJIbHI TOUKM, & HATOMICTb JiIlle KOHTPOJIKETHCS 1X MO3Ulli€to (puc.2).
[Tpu nepeminieHHi KOHTPOJIbHOI TOUKM, JesiKa YaCTUHA ITOBEPXHi, IO JIEXXUTD OJIVsKUYe
IO Hel, TATHETbCS B HANPSIMKY 3MillleHHSI, HEMOB MPUKpiIUieHa MPY>KMHOK. Taka mo-
Be/liHKa 3HAUYHO YCKJIaJHIOE KOHCTPYIOBaHHS. B Toii ke yac, XmMapa KOHTPOJbHUX TO-
YOK OJIOKY€E YaCTUHY eKpaHy.

> 02 o Ni p (N (V)W P,
Z ZOZ ?:()Ni, p(“)Nj, q(V)Wl’,i

re N; ,(u),N; ,(v) - B-cruaitn 6asucHi QyHKuii, P,-’ j — baniyc BeKTOPY KOHTPOIIb-

S(U,V) = (1)

HUX TOYOK, Wi,j — Baru BiATIOBigHUX KOHTPOJIbHUX TOUYOK Pi,j .

Ha Bigminy Big CV-moBepxoHb, P-moBepxHi yIpaBJsSIlOTbCS BepUIMHAMMU, IO
3HAXOJAThCSI Oe3rocepeqHbO Ha caMiii moBepxHi (puc. 3). Taka MoBediHKa mocsra-
€ThCS 3@ PAXYHOK MepepaxyHKy rnepeMillleHHsI OKpeMoi P TOUkM y 3MillleHHS BiaIio-
BimHOi CV TOUYKM, IIPMXOBAHOI BiJi KOpMUCTyBaua. B cBOW0 uepry, OCKiJIbKM 3MiHa II0-
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sutiii CV BepUIMHM BIUIMBA€E HA BCIO ITOBEPXHIO, TO OJIVSKHI 10 Hei P TOUKM TexX I10-
YMHAIOTh IJIMBTHU, 1110 YCKIAJHIOE MTPOLeC KOHCTPYIOBAHHS.

Pucynok 2 — NURBS noBepxHs Pucynok 3 — NURBS noBepxHs

tuiry CV tumy Point
Buxomsum 3 Toro, mo NURBS € HagMHOXWMHOIO 6araTbOX pi3HMX METOIiB
criaiiHiB [7], BukopuctanHsa NURBS B cucTremax mopentoBaHHS 1a€ MOK/IUBICTD €K-
CIIOPTYBATU MOJeJIi B iHIIIi CMCTeMM.

Baru Wi,j JO3BOJIIKOTb p06I/ITI/I TOYHMUI OMMUC KOHIYHUX ITIOBEPXOHD, i HaJaATb

KOpUCTyBaueBi Oi/ibllle KOHTPOIIO Hala GOpPMOI0 00’€KTy. Ajie TakMii KOHTPOJIb, Ha
TIPaKTULIi, BUSBJISIETbCS He Oyske eeKTUBHMM - X0ua KOSKHA TOUKA Ma€ CBOIO BJIACHY
Bary, i KO>)KHa Bara Mae€ JIOKQJIbHUI BIUIMB Ha MOBEPXHIO, 3MiHa Baru OAHI€i BepIIn-
HM TIpU3BOAUTH 0 3MiHM Bci€i moBepxHi. CTukyBaHHs natuyiB NURBS moBepxoHb
MOK/IMBE 32 YMOBM BMKOHAHHS HU3KM 06MeskeHb [8,9].

Po3BuTOK iHpOpMaliiiHUX MPOLIECiB CYTTPOBOJIKYETHCS TOSIBOI0 HOBUX BUMOT
IO aJITOPUTMIB MOJientoBaHHS. OAHI€I0 3 TOJIOBHMX BUMOT, SIKa BUCYBA€THCS 1O MIPO-
rpaMHOro 3abe3meueHHs] MOJeI0BaHHSI 3D 00’€KTiB, € MOXK/IMBICTh BiJIbHO 3MiHIO-
BaTu opMy IOBEpPXHi BOAHOUYAC 3 il MPOXOMKEHHSIM Uepes3 BCi KOHTPOJIbHI TOUKMU.
Taka BuMora Habysia aKTyaJIbHOCTi yepe3 HeoOXiZHiICTh YacTO BHOCUTMU IPaBKMU B
(dopmy Bupo6y Ha eTali MPOTOTUITYBAHHS 3 ypaxyBaHHIM KOHIEIIi “1o 6aumi, To
i orpumacem” (what you see is what you get).

Mera pocaimkeHHs. Buxonsun 3 BuUIlleHAaBeAEHOTO aKTyaJlbHUM € pO3pobKa
QJITOPUTMIYHOI MOJesli KOHCTPYIOBAHHS Takoi MOBEPXHi, 10: MIPOXOAUTD uepe3 BCi
KOHTPOJIbHI TOYKM, KO’KHA 3 TOYOK Ma€ CTPOTrO JIOKAJIbHUI BIUIMB, OKpeMi IaTyi aB-
TOMAaTUYHO CTUKYIOThCS 3 TiaakicTio Cl. s po3mmMpeHHsT ayAuTOpii KOpUCTyBauiB
QJITOPUTMIYHOI MOJesli OOILIIbHUM BUIJISITA€ peaji3allis CUCTeMU MOMEe/I0BaHHS Y
BUTJISIZi Be6-3aCTOCYHKY.
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BukiageHHsI OCHOBHOTO MaTepiaxy AOCHiaKeHHs. Po3TisiHeMO iHTepIios -
nito nosnoxkens aox Toyok P(0), P(1) ta gBox Hanpsmuux Bekropis P,(0),P.(1),
110 iM acoliifioBaHo (puc.4), B3[OBX MMapaMeTpPU4YHOI KPUBOI TPETbOrO IOPSIKY Y
Bursai (5):

P(t)=B, + Byt + Bit* + B,t°. (5)
3amaMo rpaHMYHI YMOBMU:

P0)=B,,P1)=B,+B,+B;+B,, P(0)=B,,P(1)=B,+2B; +3B,,

Ta CKJIAJIeMO CUCTeMY JIiHiMHMX PiBHSHb, 3 SIKOI 3HaliIeMo HeBimomi koedilieHTH

B, ,. HiacraBumo koediuienTm B; 4, B (5), Ta 3anuimeMo piBHSHHS CIUIaiiHa

EpmiTa:

"2 -2 1 17[P(0)]
3 3 -2 1|| Py
0 0 1 0||P©) )

1 0 0 0]|R®|

Po)=[t* & t 1]

@yHKIis (5) Mae HemepepBHi IepIly Ta APYTy MOXiTHOI MiXX TpPAaHMYHUMMU TOY-
KaMU (32 BUSHAUEHHSIM).

3HaueHHsI BEKTOPIiB IOXiZHOI B TOYIli Fi, i=0,1,2... 6yaeMo po3paxoByBaTu
SIK PISHUII0O KOOPAMHAT HACTYITHOI Ta IOIepeaHbOI KOHTPOJbHOI TOUYKM CIUIAHY
(puc.5):

VYMoBa (4) rapaHTy€e HeNepepBHICThb MepIIol MOXiIHOI B TOUI[i CTUKOBKM KYCKiB
CIIAMHY.
~ .
B(0) R 17‘ P
= & P
P(0) (1) 2
PucyHok 4 - IHTepnionsuis Epmira Pucynok 5 — Critaitn Kermasna Poma

B aHasoriuHmii Ccriocié oTprMMa€emMo piBHSIHHS ITaT4ya IoBepxHi Epmira:
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2 -2 1 1]
-3 3 -2 1
P(u,v):[u3 u> u 1] o o 1 ol
1 O 0 O
) - - (15)
P(0,0) P(0,0) P,0,0) P,0,1HI[2 -3 0 1743
P(L,0) P(0,0) P(L0) P(LD||-2 3 0 0y
P,(0,0) P,0,1) P,(0,0) P, (0,1)|| 1 -2 1 ofy
'P(1,0) PL1) PuL0) PyLD|[1 1 0 0]1

Bekropu kpyuyeHHs P, (u,v) po3paxyeMo 3a LOIOMOTrOI0 PiBHSIHHS KiHIEBUX

pisHuU1p [10]:
phJ :l(Pi+1,j+1 _ pitbil _picLjsl | pi-hj-ly
4

AnropuTMiyHa MoOZeJib, IO ePEeTBOPIOE KOPTEX KOOPAMHAT KOHTPOJIbHUX TO-
YOK Y TPMBUMIipHiI KoopauHaTu noBepxHi Epmita 3 ymoBoio Kermana-Poma, npep-
CTaBJIEHO HA pUC. 6.

Peasizailito mporpamHoi cuctemu (puc. 7) 6ya0 mpoBegeHO 3 BUKOPUCTAHHSIM
CKpUIITOBOI MOBM ITporpamMyBaHHs JavaScript, 6i6iorexku 3D rpadiku Three.js, 6asn
naHux MongoDb Ta Be6-(dpeiimBopky Express. Bukopucranus JavaScript mpoaukTo-
BaHO OMHAMIYHMM PO3BUTKOM 0iOGjIiOTEeK 3 BiZKPUTUM KOMIOM, SIKE CIIOCTEPIraeThCs
nicsis nosiBu pyinist Node.js, Ta mBuakoio eBosmolicio API 6paysepy Chrome. 3any-
yeHHs1 Oi6mioreku Three.js Hamaao0 MOXIMBICTh HOPOBOAUTHM  amapaTHO-
NPUIIBUIIEHY Bisyasisallito 3D-Mopeneit 6e3rnocepeqHbo y Be6-6paysepi, crimpalo-
ynch Ha cTangapT WebGL (ocHoBanmit Ha OpenGL ES 2.0).

Binxin Bim TpamuuiitHoi pensiniiiHOl cTpyKTypy 6a3u maHux Ha Kopuctb NoSQL
6a3u maHux MongoDB, 110 mo6ymoBaHo HaBK0JIO JSON-TIOAiOHNX TOKYMEHTIB 3 M-
HaAMiYHMMM CXeMaMM, 3p06MII0O MOKIMBMUM 306epiraHHs JaHMX B opMaTi KIi€HTCh-
KOT0 3aCTOCYHKY 0e3 KOHBepTallii.

I'pacdiuamii iHTepdeiic mporpaMHOi cuUCTeMM IpeacTaBieHo Ha puc.8,9. IH-
CTpyMeHTH iHTepdeiicy TO3BOISIOTh AOJaBaTH MaTUi 10 Kpalo MOBepxHi, epeMiIy-
BAaTy TOYKM B IIOLIi €KpaHy Ta B3JOBX OCeil KOOpAUHAT.
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Fél: ;unctiﬂn MixedDerivative(i,Jj)
Fa2:

Fai: let uvl = mathjs. ﬁubtractE 2UArray{i+1 j+1 IUArray i+1][ ;
Fed: let uv2 = mathjs.subtract(_2DArray|i- 20&rray j+1
Fag: peturn  mathis. multiplg.rr:ma-"hjs add

Fés: }

uvl INI

ce3: let p2u = mathjs.subtract(_20Array[i + 1

cad: let p3u = mathjs.subtract(_2DArray|l + 2
es: let p4u = mathJs.subtract{_2DArray[i + 2][]
Cen: plu = mathjs.multiply(plu, 8.5);

cer: p2u = mathjs.multiply{p2u, 8.5 ;

Ces: p3u nath%s .multiply(p3u, E 5

Cel: function computePointOnSurface{uval, vVal, }}
ca2: let plu = mathis.gubtract _2DArray[i + 1
|

+ 1]
~2DArray

20Array(i - 1][31);
+1], ZDArra; i - 11[%”’
+ 1], 2DArray 1][] + 1]);

ces: E4u mathjs.multiply{pdu,

Cla: et plv = mathjs.subtract Iﬂirray i+ 1], 2Dnrray = 11);
C11: let p2v = mathjs.subtract(_2DArray g + 2 o _2DArray ] e

ciz: let p3v = mathds.subtract 2DArray + zmr'ray 1 +1)[3.- 11);
C13: let pdv = mathjs.subtract Innrray I + 2], 20Array[i + 1][]]);
Cl4: ply = mathjs.multiply({ply, 8.5 j

C15: p2v = mathjs.multiply(p2v, 8.5 ,

Cle: piv = nath £ multlply p3v, E 5

C17: pdy = uath 5. multi

c18:  if (I_ ZI:I.tr*r'a ” I_ZD.ﬁ.rr-aj-,r |

C19: ! ZDhrray 1+2 I_ZDArray 1+2 ] }

ce: var pluv = new ﬂrr ay(e,e,8); ;

Cl1: var puv = new Array(@,8,8});

C22: var p3uv = new Array(@,8,8};

C23: var pduv = new Array(®,8,8);

C24: }

€25: else {

C26: var pluv = Mixedﬂeriuative?i,q},

C27: var pluv = MixedDerivative(i,j+1);

C28: var p3uv = MixedDerivative(i+1,j);

£29: var pduy = MixedDerivative(i+l, ]+1},

C3a:

C31: {et mFu = mew Array( 2.8 * Math.pow(uval, 2) - 3.8 * Math.pow({uval, 2) + 1.8,
C32: -2.8 * Math.pow(uval, 3} + 3.8 * Math.pow{uVal, 2),
C33: Hath.paw%uﬂal, 1) - 2.8 ¥ Math.pow(uval, 2) + uval,
Egg: Math.pow(uval, 3) - Math.pow(uval, 2));

C36: let mFv = mew Array( 2.8 * Math.pow(vwal, 3} - 3.8 * Math.pow(vVal, 2; + 1.8,
Cir: 2.8 * Hath.ﬁnw vwal, 3) + 3.8 * Math.ﬁnw vval, 2),
C38: Math.pquvVa s 3) - 2.8 * Math.pow(vWal, 2) + wWwal,
C39: Math.pow(wVal, 3) = Math.pow(v¥al, 2));

c4e: let pl = _2DArray[i

C4l:  let p2 = _2DArray[i +1

Cd2: let p3 = 2DArray[i+l

C43: let p4 = _2DArray[itl ]+l],

Ca4: let mBx = mathjs.matrix(

C45: pl e], pzta 5 p E& s P2V ﬂ”

Cd6: p3jal, pala], p3v

ca7;: ,plu[a], pul@], p:lw[@ pzw[aﬂ,

C48: p3u(a], psu[@], pluv[e], pduv]@ 1};

C49: let mBy = mathjs.matrix(|

che: pl[1l], p2 l s plv[1], p2v 1 :

C51: p3 + P3v[1 54

EEE. plu[ll pZu.I:!f pauv[lz_ Pluv[lll Ak

C55: pl 2 d p2 2 i plvE ], pzv 2 ]

C56: p3|2 piv|2

c57: p-lu[ q pzu 2 3 pluv[ pluv[ ] L

C58: p3uf2], pdul2], p3uv[2], pduv[2 ;

C59: let resX = mathjs.multiply(mathjs. multlply miBx , va s MFU);

Caa: let resY = mathis+multiply math]s.multlply mBy, mFv), mFu);

C6l: let resZ = mathjs.multiply(mathjs.multiply(mBz, mFv), mFu);

C62: return { xWal: resX, yVal: resY, zVal: res? };
Ce3: }

PucyHoK 6 — AnroputmiuHa Mofiesib 1oBepxHi Epmita 3 ymoBow Ketmasna-Poma
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Pucynoxk 8 — Burnsp rpadiunoro intepdeiicy Be6-3aCTOCYHKY,
peasli30BaHOrO 3a apXiTeKTypoio SPA
BucHoBKu. B po60Ti OTpMMaHO aarOpUTMIUHY MOAe/b MOOYIOBM MOBEPXHi
Epwmira 3 ymoBowo Ketmana-Poma Ta HEHYy/JIbOBMMM BEKTOpPaMM KPyUeHHS TTIOBEPXHi.
[TokaszaHo, mo ymoBa KeTmana-Poma a€ MOKIMBICTh CKJIEOBATM OKpeMi IaTui 3
IJIAAKICTIO MepILIOro MOPSIAKY, IO € 3alI0PYKOI0 eproHOMIYHOCTI OBepxoHb. [Toka-
3aHO, 110 OKPEMO B3S5iTa KOHTPOJbHA TOYKA MAa€ JIOKAJAbHUI BIUIMB Ha MOBEPXHIO, a

caMe Ha 12 HAaBKOJIMIIIHIX ITaTYe.
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PucyHok 9 —-Mogenb 000/10HKM cMapT(OHY, sIKa MpeIcTaBieHa

3a gonnomoroto 30 nmatyiB moBepxHi Kermana-Poma

Po3pobka mporpamMHoOi CMCTEMM MOJIE/IIOBAHHS IOBEPXOHb 00’€KTIB 3 KJIi€HT-
ChKOIO0 YaCTMHOIO Y BUIJISIAI Be6-3aCTOCYHKY, IKMi1 MOOYJOBAaHO HA OCHOBIi apxiTek-
TypHOro cTuao SPA, mokasasa, 10 JOCBiJ KOPUCTYyBaya TAaKOI'O 3aCTOCYHKY OJIM3b-
KU1 00 OOCBiy KOPUCTYBAaHHS OECKTOIMHOK Mporpamor. B Toit ke camuit yac SPA
3aCTOCYHOK He IMoTpebye iHCTasIIii Ta MOXXe 3 YCIiXOM BUMKOHYBaTUCh, SIK Ha CTalli-
OHApHUX, TaK i HA MOOUTbHUX MPUCTPOSIX.
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Web-system for modeling surfaces based on Catmull-Rom patches

Today, surfaces play an important role in the work of designers, scientists, artists, surgeons
and other professionals involved in creating innovative products. Development of utensils,
furniture, automobile chassis, phones, clothes, buildings, even human bodies involves
geometrical modeling of surfaces. NURBS modeling is the technology of non-uniform rational B-
splines creating smooth forms and models that have no sharp edges. The characteristic makes
NURBS as the analytical model of choice in Autodesk 3ds Max, Blender, Autodesk Maya, ZBrush,
and other modeling systems. A generalizing characteristic of the given software systems is the
use of a monolithic architectural style of software development, which is typical for desktop
applications. Desktop software systems require installation on a local computer, which in turn
binds the user to a specific operating system. NURBS accurately describe conical surfaces.
Although each control has its own weight, and each weight has a local effect on the surface, a
change in the weight of one vertex leads to a change in the entire surface.

One of the main requirements for 3D object modeling software is the ability to change the
shape of the surface freely as it passes through all control points. An algorithmic model of the
Hermit surface construction under the Catmull-Rom condition and nonzero surface torsion vec-
tors is obtained. It is shown that the Catmull-Rom condition makes it possible to glue individual
patches with first-order smoothness, which is a guarantee of ergonomic surfaces. It is shown that
a single control point has a local effect on the surface, namely on the 12 surrounding patches.
The development of a software system for modeling the surfaces of objects with the client part in
the form of a web application, which is based on the architectural style of SPA, showed that the
user experience of such an application is close to the experience of using a desktop program. At
the same time, the SPA application does not require installation and successfully runs on both
stationary and mobile devices.
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Beb6-cucmema modenuposaxusa nosepxHocmeli Ha ocHose namyeli Kammanna-Poma

B pabome nony4eHa anzopummuyeckas mModesb NOCMpoeHUs nosepxHocmu Ipmuma c yc-
nosuem Kammanna-Poma u HeHynesbiMu Bekmopamu spawjeHus nosepxHocmu. llokasaHo, Yymo
ycnosue Kammanna-Poma daem B03MOXHOCMb CKAeusames omoesibHble Namyu ¢ 21a0KOCMbio
nepsoeo nNopAaoKa, ABAAIOWUMCA 3G/1020M 3P20HOMUKU nosepxHocmed. [lokazaHo, 4mo omoess-
HO 83AMAsA KOHMPOJIbLHAA MOYKA OKA3bIBAEM JIOKA/IbHOE BIUAHUE HA NOBEPXHOCMb, A UMEHHO Ha
12 okpyxarouux namyedli. Pazpabomka npo2pamMmHol cucmemsl MOOeNUPOBAHUS NoBepxHocmeli
00beKmMOoB C KAUEHMCKOU 4acmbio 8 BUOE BEO-NPUNIOKEHUS, NOCMPOeHH020 HA OCHOBe apXu-
meKkmypHo2o cmuns SPA, nokasana, 4mo onbim nosib308amensi MAKo20 NPUNOKeHUs 6IU30K K
0NbIMy UCN0/b30BaHUS OecKmonHol npoepammel. B mo e spems SPA npunoxeHue He mpebyem
YCMAHOBKU U MOXem C YyCnexoM BbINOJHAMbCA KAK HQ CMAYUOHAPHbIX, MAK U HA MOOUJIbHbIX
ycmpolcmsax.

HeMunmmH AHATOJIiVi AHATOMIOBUY — NOLIEHT Kadeapyu aBToOMaTM3allii IMpoeK-
TYBaHHSI €eHepreTUYHMX TPOIeCiB Ta cuctem, HallioHanbHMIA TeXHIYHUIT YHIBEPCU-
TeT YKpaiHu "KuiBCbKuii OMiTeXHIYHUIA iHCTUTYT iMeHi Iropst CikopchbKkoro”.

BypenkosB I0piit CraniciaBoBuMY — MaricTpaHT Kadenpy aBToMaTu3allii IIPOEKTY-
BaHHSI eHepreTUYHMX IIPolleciB Ta cucteM, HallioHa/bHMI TeXHIUHUI YHIBEPCUTET

Vkpaiuyu "KniBCcbkuii rojiiTexHiuHmit iHCTUTYT iMmeHi Iropst CikopcbKoro”.

OeMunmMH AHATOMMUIT AHATOJMbeBUY — JOLIEHT Kadeapbl aBTOMATU3aIUM ITPOEK-
TUPOBAHUSL IHEPreTUUeCKUX IPOLLeCCOB U cucteM, HalMOHaNbHBIN TeXHUYECKUIA
yHUBepCcUTET YKpanHbl "KMeBCKuUi MOJUTEXHUYECKUI MHCTUTYT umenu Urops Cu-
KOPCKOro".

BypenkoB IOpuit CTaHuc/iaBoBUY — MarucTpaHT Kadeapbl aBTOMaTU3alUU MIPO-
eKTUPOBAHMS SHepPreTUUeCKMX MpoleccoB U cuctem, HallMoHaaibHbIN TeXHUYECKUN
yHUBepcUTeT YKpanHbl "KMeBCKui MoJUTeXHUYECKU MHCTUTYT umenu Uropsa Cu-
KOPCKOro".
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P.C. CutHuk, Bik.B.I'HaTyIl1eHKO
IIpoekTyBaHHS Ta JOCIiAKeHHS CMCTEMM MOHITOPMHIY PyXy TOBapiB Ta

pecypciB 3 3aCTOCYBaHHSM OJIOKYEITHY

AHomauis. [nobanizayis, po3sUMOK MiXHAPOOHOT Ma BHYMpIWHbOi MOP2iBAi, CMBOpeHHs 008-
WuX ma CKAAOHIWUX AHY0218 NOCMAYaHHSA, 361/1bWeHHA 06°eMiB npo0axis mosapis msazHyms
3a coboto 361/1bWEeHHA BUMO2 MA HABAHMAXEHHS HA THOPMAayiliHi cucmemu, SKi 3alimarmscs
YNPasAiHHAM MaA MOHIMOPUH2OM pyXy MOBApiB, pecypcis8 ma cuposuHu. ToMy aKmyasabHOK € 3a-
daya 0ocniOxeHHA ma npoekmysaHHs Hosux IT modenel 0N NAHY02IB NOCMAYAHHSA, WO
npusHayexi cnpocmumu ma 3pobumu npo3opiliuMu Npoyecu MOHIMOopUH2Y ma ynpasaiHHA py-
XOM mMOBapiB MiX pizHUMU Cy6’ekmamu 20cnodaptosaHHs. ¥ pobomi po3pobaeHuli npomomun
YNPAsAiHHA NGHY02AMU NOCMAYAHHSA HA OCHOBI BUKOPUCMAHHA MexHO/021i 6/10K4elHy ma
CMapmM-KOHMPAKMIB 3 BUKOPUCMAHHAM OeyeHmpani3osaHoi sipmyansHoi mawuHu Ethereum.
Knto4osi cnosa: 6n0k4eliH, cMapm-KOHMPAKm, AHYO2U NOCMAYAHHSA, NPOEKMYBAHHSA, MOOeb,
noeicmuka, pyx mosapis, Ethereum, Blockchain.

ITocranoBka mpoOsemMu. Bim HamaromkeHMX JOTICTUYHMUX MIPOIECiB Ta
JIAHITIOTIB MMOCTaYaHHS 3a/IeXKUTh MBUAKICTb ITOCTa4YaHHSI TOBApiB Ta pecypciB, iXHS
IIiHa, 6e3MeKa Ta IiIiCHICTh JOCTaBKI.

LIi mpoiecu ckIagarThcsl 3 6araTbox MAiii, Iepegad MixK IMOCTavyaJbHUKAMU Ta
pi3HMX JIOKaIliit, i UMM iX Oibllle, TMM yIIpaBIiHHS PyXOM TOBapiB Ta pecypciB cTae
Oi/IbIII 3aIUTyTAHMM Ta MEHII IIPO30PUM JJIS YCiX YUYaCHUKIB MTPOIeCy, B TOMY YMCITi
ISl KiHIIeBOTO CIIOXKMBava.

CyuacHi 1ubpoBi pillleHHs AJ1s1 YIIPaBIiHHS JIOTiCTUMKOIO Ta JaHIIoraMu IoCTa-
YaHHS MAalTh YMCJIEHHI HeJIOJiKM, IKi MalTh BIUIMB Ha SKIiCThb, Yyac Ta I[iHy IOCTa-
yaHHs. [IpyKIagaMu TakuUxX HeOJiKiB €:

- HeIpo3opa Ta CKJIaJHA CUCTeMa B3a€EMOil MK pPISHMMMU y4YaCHUKAMMU
JIAHITIOTIB MOCTavaHHS, SIK HACTIOOK — 3aTPUMKM, CKJIQAHOIi Y MOHITOPUHTY PyXiB
Ta JIOTiCTUIIi;

- HeJOCTATHiICTh ab0 HeIOCTOBipHiCTh iH(MOpMaIllii O ITOXO/KeHHI MPOIYKTIB,
CKJIaaHICTh Bepu@ikallii mMOXOomKeHHSI Ta OPUTiHAIBHOCTI TOBapiB KiHIIEM CITOXKMBa-

yeM;
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- O6pak aBTOMaTM30BaHMX IPOILIECIB Y JIaHIIOraX MOCTayaHHs (aBTOMaTUYHE
pearyBaHHS Ha MOZi1 Ta iHIIe);

- CKJIaJHMIA TIpoliec BIIPOBAIKEHHSI 3MiH Ta iHHOBallill y iHpopMaliiiHuX cuc-
TeMax yIIpaBJiHHS PyXy TOBapiB Ta pecypciBb.

LIi mpobyiemMu € aKTyaIbHi, i AJIS iX BUPIlIeHHS Y CYYaCHOMY MeHeIKMEHTi Pyxy
TOBapiB Ta pecypcCiB IPOMOHYETHCS BUKOPUCTAHHS iHMOpMAIiiiHMX CUCTEM Ha
OoCHOBi po6oTtu 6;10Kueiiny (Blockchain).

AHami3 ocTaHHIX DOCTiAKeHb i myoOsikami. biokyeitH — 1ie po3mofiieHa
CTPYKTYypa JaHUX, SIKa PeIUIiKYyeThCS Ta MOMIMPIOETHCS MiXK WieHaMy Mepexi. [lepiiia
crienudikaliisi 60k4yeifHy Oysa 3amporoHOBaHa pa3oM i3 IMGPOBOI BaTIOTO
Bitcoin y 2008 pori moauHoI0 mif rmceBgmoniMom Catoci HakaMmoTo, o6 posB’s3aTu
npobaeMy 1eHTpasisallii piHaHciB HaBKoJO 6aHKiB [1]. YV pe3ynabTaTi TOTO, SIK BY3/1
B Bitcoin (Tak 3BaHi MaliHepu) B3a€MHO IIepeBipsIIOTh Y3roAykKeHi TpaH3akIiii y
LIeHTpajIi3oBaHiii 0a3i maHmx, uum OjIO0K4YeiH Bitcoin BCTAHOBIIOE BIACHUKIB i
BKa3ye, YMM BOHMU BOJIOAiIOTH (111G POBi aKTUBM).

B cwhoromeHHi 0JIOKYeliHM BUKOPUCTOBYIOTb B OCHOBHOMY Yy cdepi
neneHTpanizoBanux ¢iHaHciB (DeFi) y BUIISAiI KPUIITOBAIIOT Ta iHCTPYMEHTIB 110
HUX Y BUIJSIAI  OOMiHHMKIB, O6ipX, ayKIlioHiB ToOmo. TakoX iCHYIOTbh
BY3bKOCIIelia/li30BaHi iHO3eMHi JOC/i/I;KeHHSI Ha TeMy BUKOPUCTAHHS OJOKYEIHY Y
MOHITOPMHTY MOCTaBOK (PyXy TOBapiB, pecypciB, OyIb-IKuX iHINX 06’€kTiB). Ha-
MIPUKJIAJ, AOC/TiIKeHHS Ha TeMy BUMKOPUCTAHHSI OJIOKYElHY [Jisi MOHITOPUHTY IIO-
CTaBOK pubOM Ha PMOOJIOBHUX ITiATIpueMcTBax HopBerii, Ta MOHITOpMHT 6e3MeYHOCTi
XapuyoBMX MPOAYKTIB MMif yac moctayaHHs y Kurai [2].

TakosK, Ha CbOTOOHIIIHIV AeHb, cepel BiTUM3HSIHUX HAYyKOBIIB Maike HeMae
TUX, XTO 3al/iMaBcd O BMBUEHHSIM BUKOPUCTAHHS TEXHOJIOTii OJIOKUEHY Y
JoricTMyHMX iH(GOpMaliiHMX CcHUcTeMaxX Ta JaHIorax II0OCTAauYaHHSI TOBapiB B
VKpaiHi.

Tomy po3pobka iHopmalliiiHOi cucTeMy Ta OOCTIIKEHHSI € aKTyaJTbHUM, SIKe
CIIpSIMOBaHe Ha €KOHOMIUHY Ta JIOTICTUYHY HOOIiTbHICTh BUKOPUCTAHHS GJIOKYEHY
y JIaHITIOTax MmoctayaHHs iHhopMalliifHUX CUCTEM.

MeTo0 OOCTIIKEeHHS € [JOCTIKeHHSI TexXHoJorii  OJIOKYeiiHy B
iHdopMalliitHuX cucTemMax mIjisi MOHITOPUHTY pyXy TOBapiB Ta pecypciB, 10 MOKe
TMOJIIIIIMUTY TIPOLIeCH BiICTEKEHHS Ta aBTOMAaTK3allii y JaHLIorax MoCcTavyaHHS.

OcHoBHa uyacTMHA. bJjioKYeiiH IIpalfioe SK po3lofijieHa 0a3a OaHUX, IO
36epirae 3amyucu B TOYHOMY IOPSIIKY, SIKi 00’€IHYETbCSI B OJIOKM, KOKEH 3 SIKUX

MiCTUTh YacOBY TIO3HAUKy, Xell TomNepefHboro OJ0Ky Ta caMi JaHi KOXHOI
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TpaH3aKIlii. 3aXMCTOM BiJl MiAPOOKM Ta CIIOTBOPEHHSI CIYTYE BKIIOUEHHS XeIlly BChO-
ro OJIOKy y HaCTymHMI OJIOK, a caMi TpaH3aKIlii MPOXOAsITh OTOBOPEHY BasliJlalliio
IO7s 3amucy y OyokueiiH. Hampukiaz, 3a MPUHLMIIOM A0Ka3y BUMKOHAHOI poboTH,
T06TO “Proof-of-Work”, B ikomy BajigaTopu-y4acHUKYM Mepesxki pobysaTh migdip xe-
mry TpaH3akiii. Takmii croci6 BUKOPUCTOBYEThCSI y Mepekax Ethereum Ta
Bitcoin [3].

Indopmaliiiini cucteMu I MOHITOPMHIY pPyXy TOBapiB 3 BUKOPUCTAHHSIM
TexHoJ0Tii Blockchain, 3rimHo mornepeHix qocaimKkeHb, MOXYTh MaTy HACTYIIHI ITe-
peBaru y IMOPiBHSIHHI 3 BUKOPUCTAHHSIM KJIaCMYHMX 3aC00iB: TOUHICTh iHbopmaIrii
10 BCbOMY JIAHIIIOKKY B OyIb-sIKiffi uyac i B OyIOb-IKOMY MiCIli, IPO30piCTh
iHbopmaiiii Ta JOK/IaAHA iCTOPIs 10O YCiX Mepeday Ta il y JIAaHIIOry [MOCTavyaHHS,
BiJICTEXXEHHSI YCiX [isKepeJl TOBapiB Ta pecypciB y MOCTaBKaxX OYIb-SIKUM YUYaCHUKOM
Mepexi, MexaHi3M CKPMIITIB, SIKi aBTOMAaTU3YIOTh YaCTUMHY POOOTH 3a AOIOMOIOI0
CMapT-KOHTPAKTIB TOLIO [4].

Indopmartiiiina cucrema it MOHITOPUMHTY PyXy TOBapiB B paMKax Ili€ei poboTu
oyme 6a3yBaTucs Ha crienudikaiiii 6;okueitny mepexki Ethereum (ETepiym).

Ethereum - 1e miaTdopma y BUIJISAI €0MHOI elleHTPasIi30BaHOi BipTyaabHOI
mammayu (EVM) Ha 6a3i 6/10KueiiHy, 10 mpaifoe Ha 6as3i cmapT-KOHTpakTiB. To6TO
Ethereum - 1e On0OKuUeliH-Mepexka 3 MOXKJIMBICTIO TPOrpaMyBaHHSI IOBeAiHKMU
TpaH3aKllili 3a JOIIOMOTr0l0 CMapT-KOHTPAKTiB [5].

CMapT-KOHTPaKTOM Ha3MBaIOTh MIPOrpaMy, sika 36epira€TbCsi Ta BUKOHYETHCS Y
6/10KueiiHi. BiH MO3BOMSIIOTL peaizyBaTy B KOJi MOXKJIMBOCTI, SIKi Hajlae 6JOKYeiH
st naHux. KoskHOMy cMapT-KOHTPakTy Mpu3HavaeTbest 20-6aiiToBa agpeca, sika €
jtioro yHikampHUM igeHTUdikaTopoM. [IJisT HamMcaHHS KOHTPAKTIiB Yy BipTyasbHiii
MamuHi  6/10KueitH-Mepeki Ethereum BMKOpPMCTOBYIOTH MOBY IIpOTpamMyBaHHS
Solidity.

Hosi 3amucyu 10 6y10KUeitHy Ta poboTa 3i cMapT-KOHTpPaKTaMy 3Mi/iCHIOETHCS
yepe3 CTBOPEHHS Ta MiANMCaHHS TPaH3aKIlilt yuacHMKaMy Mepeski 6;10KUeliHy.

Inst 1iboro Tpeba CTBOPUTM TPaH3aKIil0 3 HEOOXiTHMMM TapamMeTpamu s
Mmepexi Etepiym, Takumu gk “to” (ampeca Kyma ImepecuaaloThes maHi), “gasPrice”,
“gasLimit” - pisHoBup “ed”eprii”, To6To Komicii y Bamiori Ether mis mpoBemeHHs
TpaH3aKlliii (BOHa BUKOPUCTOBYETHCS SIK HAropoja [Jisl BaligaTopis, 10 BaldiglOyTh
Ta JOJAIOTh TPAH3AKIiI0 40 OJOKUYENHY), “nonce” - HOMep TPaH3aKIiii, 0 IPOBO-
IOUTBHCS 3 I[OTO akayHTy, data” - madi Bcepemuui TpaHsakuii, “value” - KiIbKiCTb
Ether s mepecunaHHs.
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[Ticast bOro TpaH3aKIIis MiAMMUCYETHCSI KpUIITOrpadiuHMM IIPUBATHUM KITIOUEM
aKayHTy, Ta MOCUJIAETHCS 0 OJ0KUeltHy Ha 0OpOOKY, e BUKOHYETHCS KO, CMapT-
KOHTPAKTYy [6].

Iist Toro, o6 po3pobuTy iHhopMalliiiHy cucTeMy IJ1s1 TAHITIOTiB ITOCTaYaHHS,
sgKa OyHe B3a€MOMISITM 3 Pi3HMMM CYO’€KTaMM, TAKOK ITIOTPeOYeEThCS Y3roskeHa
crenmdikallisi, 3rilHO SIKOi KOXXeH Y4YaCHMK JIOTiCTMYHOI Mepexi Oyne 3HATH, SIKi
BJIACTMBOCTI Ta [Iii € IJIs1 HUX AOCTYITHMMM, Ta SIK MPaBUJIbHO 3BepPTATUCS OO0 CMapT-
KOHTPAKTIiB, Ha SKii1 IIpallo€e cucTema.

Po3sriisiHeMO CIpoOIllleHMiT TPOTOTUIT MPOCTOI JIOTICTMYHOI CUCTEeMM, B SIKiii B
CUCTEMi JIaHIIIOTa TTOCTAYaHHS € P Cy0’€KTiB, SIKi BUKOHYIOTh CBOi pOJii — ITOCTa-
YyaJIbHUK, BUPOOHMK Ta TUCTPUO’IOTOP.

Tak, y mIpoTOTUIIi TTOCTAaYa/IbHUK HAZA€ CUPOBUMHY BUPOOHMKY, BUPOOHMK 3a
IOTOMOTOK0 CMPOBMHM BUTOTOBJISIE TOBAp, ITiCJS YOTO BifMpaBisi€ MOro OO0 OUCT-
pu6’10TOpa, SIKUT B3Ke 3aiiIMaEThCS peasti3allielo TOBapiB KiIi€eHTaM.

Ins mpuknagy Oyna B3sTa 3ajaua, Ae MeTalypriiiHuii 3aBoj (IOCTavYaabHMK)
BUpPOOJIsSie MeTasieBi IIeCcTepHi, SIKi BiH peasisye Ha MaIlIMHOOYIiBHUIT 3aBO, (BUPOO-
HMK). MammHOOYOiBHMIA 3aBoj, MOTpeOye MeTajieBi IIecTepHi, Ta 3a HasSBHOCTI
IOCTAaTHBOI KIJIbKOCTI AeTajieli BUTOTOBJISIE 3 LIbOTO pecypCy MallMHHI MexaHismu. Lli

MalIMHHI MeXaHi3MM JaJjli epeaalThCs IUCTPUO’I0TepaM.

[MocTaYanbHUK |[-==========ssmmmmmmmmmmmnnnane BupobHmk

BnokyenH

TpaHcnopTyBaHHA OwncTpub’ioTop

PucyHok 1 - Cxema B3a€MOZii y4aCHMKIB JIAHITIOTY ITOCTaYaHHS 3 6JI0KYETHOM

PeanidyBaTu Takmii JQHIIOT TIOCTAYaHHS MOXHAa 3a J[AOMOMOIOK CMapT-
KOHTPAKTiB Ta 3alyCTUTU I[I0 JIOTiKy y OJIOKYeliHi, ;e i Oyme 36epiraTtucsi Bcs
iHdopMallist Tpo BUTOTOBJIEHHS Ta PyX PecypcCiB.

Byne cTBOpeHO ABa CMapT-KOHTPAKTU — OAVH JIJISI YIIPaBIiHHS BUPOOHULITBOM
nertaseil Ta MexaHi3miB — ProductManagement, iHImii 1j1s1 KepyBaHHSIM BJIaCHUKA-
MM IPOAYKTIB JaHIora rnocrayadds — ChangeOwnership.
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[epminit KOHTPAKT Oyae MaT¥ MeTOAM IJIs1 3aIIUCiB PO BUPOOHUIITBO AeTasieit
Ta MeXaHi3MiB. [Ipyruii — meToau [JisS KepyBaHHSI MpPaBOM BJACHOCTI Ha HUX
(peecTpallist pecypcy 3a BUpOOHMKOM, Ta 3MiHa BJIaCHMKA Ha iHIITY agpecy).

KoskeH cy0’€KT JIaHIIOTY TOCTauaHHs Oyne mpeacTaBiasaTu coboio Ethereum-
aKayHT (raMaHellb) 3 BJIACHOIO aJpecor0, Ha SIKMi1 Ta 3 IKOTO OyIyTh 3Ai/ICHIOBATHUCS
nepemilieHHs1 TOBapiB. KoxkeH cMapT-KOHTPAKT TaKOX Ma€ BIACHY aJipecy y Mepexi,
Ha SIKYy IPOBOISITHCS TPaH3aKIlil /i BUKOHAHHS KOIY.

[Tepir 3a Bce MalOTh OYTU BU3HAUEHi CTPYKTYPH, 3 IKUMU OYIOYTh B3a€EMOIiSITU
(YHKIIiI cMapT-KOHTPAKTIiB. B X CTPYKTypax MarTb OYTH yCi 3MiHHi, SIKi IPUCYTHI
y MOAeJisIx aerajeit Ta MexaHi3miB. Cepel HUX: afpeca BOJIoaps BCepeAyHi Mepexi,
JaTa BMPOOHMIITBA, CEpiiiHMII HOMEp Ta TUII AeTali/MpoayKTy (manufacturer,
serial number, product_type, creation_date). Y rpoaykTi Takox mMa€ O6yTy 3MiHHA, B
sIKii1 30epiraeTbCcsl MacuB AeTaJieil, SKi BUKOPUCTaHi [JiS BUPOOHMUIITBA MeXaHi3My,
106 MO)KHA OYyJI0 MPOC/IiIKYBATHM iCTOPi0 BOJOAiHHS Ta BUPOOHMIITBA HABiTh OKpe-
MMX YaCTUH MPOAYKTYy. Lli CTpyKTypu MawTb OYyTH BiZOMMMM Ta OAHAKOBUMMU [JIs
060X CMapT-KOHTPAKTIB, SIKi BUKOPUCTOBYIOTHCS Y CUCTEMi, TOMY BOHM MalOTb OyTU
y3rOMKeHi MiX CTOpOHaMM 3asjajierigpb, Ta 6askaHo OoQGOpMJIeHi Y BUIJISAL
crienmikariii ajst iXHbOTO KOHKPETHOTO JIAHIIIOTY ITOCTauaHHS.

CurHatypu KOoHTpakTy ProductManagement, siIKuii BiZlOBifa€e 3a peecTpaliiio
TOBapiB, OYIyTb BUTSAATIA HACTYITHUM YMHOM:

- O@yukuig products, npuiimae productHash — xeir nmpoaykTy, Ta moBepTae 3a
XelIeM CTPYKTYpPY MPOIYKTY 3 TaHUMM PO BUPOOHMKA, CepiitHuit HoMep, TUII ITPOo-
OYKTy Ta jgarty BupobumuirBa (manufacturer, serial number, product type,
creation_date);

- O@yHkuig parts, npuitmae partHash - xem getani, Ta moBeprae 3a XelleM
CTPYKTYpY [eTaji 3 JaHMMM PO BUPOOHMKA, CepiiiHUiT HOMep, TUII JeTali Ta JaTy
BUpoOHMIITBa (manufacturer, serial number, part_type, creation_date);

- @yHKIig registerPart, mpuitMae cTpyKkTypy AeTasti (serial number, part_type,
creation_date), Ta peecTpye IeTasnb y 6JI0KUeiiHi;

- @yHkuig registerProduct, npuitMae CTpyKTypy MPOLYKTY pa3oM 3 MacUBOM
netaneii (serial number, product type, creation date, part_array), Ta peecTpye mpo-
IOyKT y 60K4eliHi;

- ®@yHkiIig getParts, nmpuitMmae xeI MpoayKTy, Ta IIOBepPTA€E MaCuUB AeTajei, sKi

MICTSATBCS Y IPOLYKTi.
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3a JOIMOMOTOI0 TakOrO KOHTPAKTy YYaCHUKM Mepexi MaioTh MOKIMBICTb
peecTpyBaTu Ta OTpUMyBaTH iHGoOpMallilo MoA0 AeTasneil Ta MPoAyKTiB. KOHTpakT
ChangeOwnership Ma€ HaCTyIIHi CUTHATYpPU:

- Oyukuig currentPartOwner, npuiiMmae xel feTasti, Ta MOBEPTAE MepeKeBY
ajipecy BJIaCHMKA AeTasi y 6JIOKJYeiHi;

- OyHkiig currentProductOwner, mpuiimae xelll MPOAYyKTY, Ta IOBEPTAE Me-
pexkeBYy aipecy BJlaCHMKA MPOAYKTY y 6JI0KUeliHi;

- KOHCTPYKTOp CMapT-KOHTPAKTy, W0 IpUIMaE MepexeBy aapecy CMapT-
KoHTpakTy ProductManagement, sskuit BUKOPUCTOBYETHCS /15 TTIepeBipKM iCHYBaHHS
MPOAYKTIB Ta JleTasei rmepes 3MiHOK 1XHiX BJaCHUKIB;

- @yukuig addOwnership, mpuiiMae TUIT Ta XeIll geTajli ab0 MPOIYKTY, BUKO-
HYy€ A0JaBaHHSI TOYAaTKOBOIO BJIACHMKA A0 MPOAYKTY abo AeTati, SIKIO BJaCHMK pa-
Hillle He 6yB 3apeeCcTpOBaHMIt 3a I[UM TOBAPOM;

- ®yukuig changeOwnership, mpuiimae TUI Ta xeul AeTtasai abo MPOAYKTY, BU-
KOHY€ 3MiHY BJIaCHMKA 10 IIPOAYKTY ab0 IeTasli, MOKe BUKOHATU TiJIbKM ITOTOUHMIA
BJIACHMUK;

- OyHKIii 3BopoTHOro BuKIMKY (ciayxaui) TransferPartOwnership Ta
TransferProductOwnership, 1110 BUKOHY€ETHCS TIPU 3MiHi BaCHUKA JIeTali/MIPOOYyKTY,
Ta CIIOBIIIAal0Th HOBOTO BJIACHMKA IIPO III0 MO0 3 XellleM AeTasli/IpOoayKTy;

Takum umHOM, KOHTpakT ChangeOwnership Bxke mMae OCHOBHi (yHKIIi, sKi
MOTpPiOHi 11 MOHITOpUHTY Ta (ikcallii pyxiB JeTajeii Ta MPOIYKTiB.

Cxema poboTy iHQOpMAILiMHOI JOTICTUUHOI CUCTEeMM, IO MpPaIlO€ 3a UMMM
CMapT-KOHTPaKTaMy HaBeJleHe Ha PUCYHKY 2.

‘ :ProductManagement ‘ :ChangeOwnership ‘

HOCTELIBJ'H:HVIK H H BMPO‘ﬁHVIK D,Mchl4I6’roT0p

|_| registerPart

partHash J_I

U addOw'nership o

¢ >
H isSuccess

regislerProduct U
H hd
D productHash H

isSuccess

changeOwnership

PucyHoK 2 - [liarpama moc/1iIOBHOCTI poOOTH JIOTICTUUHOI CUCTeMM Y OIIOKUeiHi
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BucHoBku. ITo6ymoBaHoO MPOTOTUIT iHQOpMAIIifiHOI cucTeMM 3 BUKOPUCTAH-
HSIM TexHoJsIorii OJIOKYeiftHy Ta CMapT-KOHTpakTiB. IIpoBemeHo ii aHasis,
IOCJIiI;KEHO BJACTMBOCTI po3pobsieHoi cucteMu. OTpMMaHO MPOMiXKHI pe3yabTaTu
MIPOTOTUITY CUCTEMM, 1[0 TPAITIOE€ Ha OIoKYelHi BipTyanbHOi Mamyuyu Ethereum 3a
IIOTIOMOTOI0 CMapT-KOHTPAKTiB, MpU3HaueHa [Jis YIIPaBIiHHS MPOCTUM JIAHIIIOTOM
MOCTayaHHS. 3p00JieHO BMCHOBOK IIPO TOKpAllleHHsI TIPO30pOCTi IpoIlecy
Bi/ICTEe;KeHHSI Ta aBTOMAaTM3allii y JIaHIIorax rnocravyaHHs. SIK mpukiam, po3pobsieHa
cUCTeMa JIaHILIIOTy MOCTavYaHHS JeTasieil Ta MexXaHi3MiB 3a y4acTi Cy0’eKTiB IMoCTa-
yaJbHMKA, BUPOOHMKA Ta AMCTPUO’10TOpa. [laHa poboTa KOpUCHA [JIsT ITPOEKTYBAHHS
Ta CTBOPEHHSI O1/IbII IeTaTbHUX Ta CKIAAHININX CUCTEM MOHITOPUHTY Ta YIIPaBIiHHS
PYXOM TOBapiB Ta iHIIMX BUIiB MOCTAaYaHHS HAa OCHOBI BMKOPMCTAHHSI TE€XHOJIOTiI
Blockchain.
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lpoekmysaHHA ma 00CNiOKeHHA cucmemMu MOHIMOPUH2Y pyXy mosapis
ma pecypcis 3 3acmocy8aHHAM 610KYeliHy

HocniomeHHs mexHonoeii 610kyeliHy 8 THopmayiliHux cucmemMax MOHIMOPUH2Y PyXy
mosapis ma pecypcis 08 NOAINWEHHA Npoyecis BIOCMeXeHHA ma asmomMamu3ayii y 1aHy02ax
nocmay4aHHA. [lobydosaHo npomomun iHGopmMayiliHoi cucmemu 3 BUKOPUCMAHHAM MexXHO02ii
6710k4eliHy ma cmapm-koHmpakmis.  [lpogedeHo ii aHanis,  docnidxeHo saacmugocmi
po3pobneHoi cucmemu. 3pobneHO BUCHOBOK NpO  NOKPAWEHHA npo3opocmi npouyecy
BiOCMeXeHHA ma asmomMamu3ayii y 1aHY2ax NOCMAaYyaHHA.

The Design and Research of a System for Monitoring the Movements of Goods
and Resources Using Blockchain

Recent research and publications. A blockchain is a distributed data structure that is
replicated and distributed among network members. The first blockchain specification was
proposed together with the digital currency Bitcoin in 2008 by a man under the pseudonym
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Satoshi Nakamoto to solve the problem of centralizing finances around banks. Today,
blockchains are used mainly in the field of decentralized finance (Defi) in the form of
cryptocurrencies and instruments to them. There are also a few specialized foreign studies on the
use of blockchain in the monitoring of supplies, but these studies are more focused on the
economic and logistical feasibility of using the blockchain in supply chains, without the exact
models of information systems on which such a system should work.

The aim of the study. Study of blockchain technology in information systems for
monitoring the movement of goods and resources, which can improve the processes of tracking
and automation in supply chains.

Main material of the study. The paper develops a prototype of the information system
for monitoring the movements of goods in supply chains, which is working above the Ethereum
virtual machine. The system is working using two smart-contracts and the paper describes the
exact structure and specification of smart-contracts and principles of communication between
them for the information system for monitoring the movements of goods.

Conclusions. The article presents a prototype of an information system using blockchain
technology and smart contracts which are working on the Ethereum network. Based on
prototyping of the information system for monitoring the movements of goods, it was concluded
that the transparency of the tracking and automation process in supply chains is improved. This
work is useful for designing and creating more detailed and sophisticated systems for monitoring
and managing the movement of goods and other supplies based on the use of Blockchain
technology.

I'natymeHnko BikTopis BosogumupiBHa - IOKTOp TeXHiYHMX Hayk, mpodecop,
3aBigyBau Kadenpu iHQopmallifiHMX TEXHOJIOTIi i cucTeM YKpaiHChKOTO JepskaBHO-
IO YHiBepCUTETY HayKu i TeXHOJIOTi.

CutHuk PomaH CepriiioBuu - acmipadT Kadeapu iHpopMalliiiHuX TEXHOJOTIi i
cucTeM YKpaiHCbKOTO JIepsKaBHOTO YHiBEpCUTETY HAYKM i TEXHOJIOT1i.

I'narymeHko Bukropuss BiragummupoBHA — JOKTOp TeXHMUECKMX HayK, mpodec-
cop, 3aBeayoias kageapbl MHOOPMAIMOHHBIX TEXHOJIOTHUIA U CUCTeM YKPaMHCKOTO
rOCyAapCTBEHHOTO YHUBEPCUTETA HAYKU U TeXHOJIOTUMN.

CeiTHMK PomaH CepreeBmnu — acniupaHT Kadeapbl MHOOPMaLIMOHHBIX T€XHOJIOTHIA
U CUCTEeM YKPaAMHCKOTO roCyLapCTBEHHOr0 YHUBEPCUTETA HAYKU U TEeXHOJIOTUIA.
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O.M. Haszapenko, I.A. Hazapenko, O.C. Imenko, T.M. Becapa6, M.B. Kyiik
MOJEJTIOBAHHSI CTPATETTYHUX ITPIOPUTETIB
NP TEPMOMOJEPHI3AIIII IIPOMICJIOBUX BY/IIBEJIb

AHomauyis. TexHonozis eeHepayii no3umusHux i0eli 6a3yembcs Ha OCbKOMY 00CBidi, nompebi
NOKPAUJeHHSA MEeXHOJI02THHO20 npoyecy abo 3MeHWeHHs eKcnayamauyiliHux sumpam supobHuUY-
msa ma 6a308ili KilbKOCMi NPOMUCIOBUX BIOX0018. B pobomi suB4aEMbCS nUMAHHA ayoumy
NPOMUCIIOBUX NJOW, Ma 02150 nepedosux mexHo02il BupobHUYMBA 6Y0iBebHUX MaMepianis 3
8ioxodis. [lomoy4Hi suMipu BUMpPAmM eHep20HOCIiB, nepesulyeHHa AIMImi8 ma 300POXYAHHA
pecypcis Bumazae opmMysamu HAyKOBO-MeXHOJI021YHI aKyeHmu O/f Po3pobKU Komb6iHayil
cymiwel npu ¢opmyBaHHi byoiBenbHUX Mamepianis. B x00i exkcnepumeHmis BUBYEHO
menJiomexHiyH1 81ACMUBOCMI NTHONAACMY, eKosamu, NiHONOAICMepoy, MiHepaabHOi Bamu, Ke-
pamsumy, ekogamu 3 Kepam3aumom. Jocniou nokaszywme, w0 cmaHoapmHi mexHosnoeii ymen-
JIeHHS He npaytooms NPOOYKMUBHO 'y pasi  npomuciosux 6ydigens i3  MiHIMAJbHUM
¢iHaHcysaHHAM. HeobXxiOHa iHMe2poBaHa mexHoM02is OMpPUMAaHHA CybnpodyKmy i3 BMOPUHHUX
pecypcig. Ayoum 810x0018 Ha NiONPUEMCMBI NOKA3A8 MOX/IUBOCMI BUKOPUCMAHHA NepBUHHUX
byoisesibHUX Mamepianig 014 2eHepayii cybnpodykmy. HassHe 061a0HAHHSA 3 MIHIMAbHUMU 00-
pobkamu 00380/1€ ompumysamu HOBUU NpoOyKm npu eHOomepMi4YHOMY Npoueci CnyyyBaHHs
Kepam3umy. MapkemuH2o8ull  GHAMI3 ICHYIOYUX 13071AUIUHUX mMamepianig 00818, WO
npucymdicme 8 Mmepexax byoisenbHUx npoOykmis He 3ab6e3nedye HOPMAMUBHT CAHIMAPHI yMOBU
, Hagimp 0718 npomucnosux 6yodisenb. Moxaugicms 00epxaHHA Mamepianis pi3HOi wWisbHOCMI
3py4YHa 017 BUKOPUCMAHHS Ha 6YOb-sKoMy niodnpuemcmsi, npu Budayi pekomeHoauill w000
niosuWeHHs mepMiyHo20 onopy 060JIOHKU. PemesbHe BUBYEHHS 2e0MempuYyHUX napamempis
6y0isesib Ma pe2ioHANbHI KAIMAMuyHi yMosu 0onomazarms po3pobumu mensomexHiyHul pos-
PAXYHOK ICHYI0Y020 CMAHy ma 3axodu no onmumizayii 1301ayiliHoeo cmaxy. CmaHoapmHi 6a3u
cmamuy4Hux O0aHUX no 1307AYidHUM Mamepianam Haoawme MOXAUBOCMI (HOPMYBAHHSA
pexkomeHOayili w000 niosuleHHs eHepaoeexkmusHocmi 6y0isesbHOi 06010HKU. Takox dopey-
HO 00CniOXeHHs cmaHy nepiody 30a4i 6y0isni 8 ekcnayamayito. Adanmayis icHyto4ux 6yoisesb
NPOMUCTIOBUX MA UUBINbHUX nompebye 6ifbw 2nubOKUX O0O0CNIOXeHb ma  NPaKMuyHUX
pexkomeHOayili no KoXHoMy BYOUHKY okpemo. [Tompeba 8 mepmMoMOOepPHI3ayii Yu peKoHCMpyYKUyii
6ydisesib 8 OCMAHHIl Yac cmano 0cobuBo akmyansHuM. [IposedeHi OOCTIOKeHHS MepMiYHO20
0nopy ompumaHo20 Mamepiany NOKA3ylomMb 3py4yHiCMb BUPOOHUYMBA BUPOOY OOMPUMAHHS
caHimapHux ymos 6yodisesib NPOMUCIOB020 NIONPUEMCMBA.

© Hasapenko O.M., Hazapenko I.A., Imenko O.C., becapa6 T.M., Kyrik M.B., 2021
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Knioyosi cnosa: eHepzosumpamu, ayoum, ekcnayamayiliHi sumpamu, kepam3um, 03006/1eHHS,
3pasoK, BCny4yBaHHs, eHOomepMiyHi npoyecu, 130AayitHul wap.

Bcryn. Martepiaim i MeTomu AOCHiIKeHb. TeHIeHIsT 340pOXKYaHHS
e€HepProHOCiiB BUMYyCHUIa BUPOOHMKIB ITepeiiTy Ha aJibTepHATUBHI IISIXYM 3aMillleHHS
TeIUIOBOTO 6ajlaHCy OCHOBHUX OymiBeab. MopanbHMii Ta Gi3sMUHMII 3HOC OCHOBHUX
dboHmiB moTpebye yBaruM aaMiHicTpaliii MiAIPUEMCTB M0 30i/JbIIeHHS BUTpAT Ha
TepMOMO/JIepHi3allilo 6y/iBeb, PEKOHCTPYKIIiIO iCHYIOUMX HMPUMILIeHb UM ITPOEKTY-
BaHHSI HOBUX O0'€KTIB 32 Cy4aCHMMM BMMOraMu eHeproeeKTUBHOTO OyIiBHUIITBA.
3ayyeHHST iHO3€eMHOTI'0 IOCBiy UM BUXOBAHHSI MOJIOAMX HAYKOBIIiB CTaBUTb TOCTPO
MIUTAHHS Tepen agMiHICTpalli€o MiAIPUEMCTB.

B po60Ti mpoAOBXKYIOTHCS TEIJIOTEXHIUHI TOC/IiIKEeHHST Ta MaTeMaTUYHi ITOITy-
KyBaHHSI Takux BueHux, ik Hukutun E.E., llleBuoB A.U., Bapannuk B.O., 3emsi-
Huit M.I'., Kapnenko [I.C., Iemko B.I., [Taton B.E., JonuHcbkuii A.A., binoxing B.[.,
HomonoB Bb.I., Bacok B.I., Kopo6ko B.Il., Eppromin O.0., TI'youHcbkuit M.B.,
ITpaugrias 1., XocokaBa T., [Bacaki M., Psibenko O.A., IIxaii A.A., EnostH C.M., ITaH-
tensT I.C., Manbko B.T'., KpaBuyk C.M., Ctons6epr @.3., Kaparsyp A.C. 3a rmorpebu
TIPOMMCJIOBIIIB TOMiOHI AOCTIAKeHHS MOKIMBO BMKOHATM B KOHKPETHUX YMOBax
BUPOOHMIITBA JIJIsT afaniTallii pe3yabTaTiB Mg HeOOXiIHi MOTY>KHOCTI.

MeTta Ta 3aBmaHHA. [laHa po60oTa BUMKOHYBajlach Yy BiJMOBIJHOCTI O BUMMOT
HAJifHOCTi CUCTeM TeIlyio3abesredyeHHsSI Ta 3a0e3IeueHHs CTaJIOCTi eKOHOMIUHOIro
PO3BUTKY MicT. BpaxoBaHi BuMMOru 3abesmneueHHsI CTaJIOCTi PO3BUTKY iHXKeHepii
CTOCYEThCS 6e3 BUK/IIOUeHHS BCix 06'ekTiB JKKI' Ta MpoMuCcI0BOCTi.

PesynabTaTi BOCHiIKeHHs. Pe3ynbTaTyl eHepreTUYHOro ayguTy IMpOMUCIOBOI
OymiBJi CcBimUaTh MO MepeBUIlleHy BUTPATY MO TEIUIOBiii, eIeKTPUUHIN eHeprii, 110
BKasye Ha (i3uUHy 3HONIEHICTb OTOPOKYBaJbHMUX CTiHOBUX Ta KpPOBEIbHUX
KOHCTPYKIIiii. 3acTOCyBaHHSI B SIKOCTi Kapkacy OyiBiai KOJOH Ta 3'€THAHUX
3aJ1i300e TOHHMMM IJIUTAMM HaJa€ MillHiCTh KOHCTPYKIIii Ta OYIiBHUIITBO BeJIOCh B
1965 potii 3 icHylOuUMX O6yIiBeIbHUX MaTepiatiB.

ITomicsune TerutocmoskuBaHHS 3a 2016-2018 pokyM ro0BHOro KOPIycCy, IMo0y-
TOBOTO KOPITYCY, ila/ibHi Ta 6JI0KY JOMOMIKHUX 1IeXiB IiAIPMUEMCTB IIpeCTaBIeHO B
tabn. 1. [l aHasi3y TEIUIOBTPAT BiJ MOTOJHMX YMOB B TAOJMINIO JOMAHO CepemHi
TIOMiCSITYHI TeMIlepaTypy HaBKOJUIIHbOTO CepeloBuIlla Ta IMIBUAKOCTI BIiTPY.
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Tabanug 1
TennocnoxuBaHHs 3a 2016-2018 poku
Mics1p 2016 2017 2018
E E E

s o |8 »|E s U |8 R|IE |gsulE »|E

= °. | &= Z°. | B el Soo |2 alE

& < |3 E|R & < |3 E |3 & <3 B R

A~ - S = &2 7| s = 22 RS

S |2 2| % s 2 = A4 | % S > 2 & | X%

S | Q E|¢ S = |Q E |8 s 5 3 5|8

L o— = =Y o = ==Y o= =

oo | & oM |9 oo | & M| 9 oo | o oM |9

H = H H o H o H H | © H | £ H |9
<) v < = B () v 5 8B |o v 5§ |85 B
S 3| gE2|s88|585|8E|82|28 gE|E g
g e|d Bl |8 B|lEE|8 |3 8|8 A

1 2 3 4 5 6 7 8 9 10
ciueHb -5,1 3,5 5223 -4,8 3,8 5422 | -2,4 4,1 4399
JIIOTUN 2,4 3,6 3086 -3,1 3,7 4945 | -1,7 3,9 | 4185
6epeseHb 5,2 3,8 2160 6 3,8 3204 | -0,3 4,2 4212
KBiT€Hb 12,9 4,1 816 9,2 4 830 | 13,3 3,8 1262
TpaBeHb 16 2,9 161 15,8 3,4 86 19,3 3,7 86
yepBeHb 21,6 2,9 72 21,4 3,1 83 22,8 3,5 83
JINTIeHb 23,9 3,1 86 22,5 3,3 75 23,8 3,1 86
ceprieHb 24,7 3,9 86 25,3 4,1 86 24,7 3,3 86
BepeceHb 16 2,9 72 19,2 3,8 72 18,6 3,9 69
’KOBTE€Hb 7,2 4.1 1090 9,4 3,9 930 | 12,4 3,5 601
JIMCTOTIA[, 2,2 4 2842 3,9 3,7 2473 1,4 4,3 2150
IPyJEeHb -3,2 4,10 | 4352 4,5 3,9 2804 | -0,9 4 4672
Bcboro 20046 Bcoboro 21010 Bcboro 21891

B rpadiuHomy BuUTIsAmi criokmBaHHSI TeruioBoi eHeprii 3a 2016-2018 poxku
OymiBesib TaIOMIOMIKHMX MPUMIllleHb MpeCcTaBaeHo Ha puc 1.
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CroXMBaHHA TenN0oBOl eHeprii 3a 2016-2018 pokn
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Pucynok 1 - TertocnioskuBanug 3a 2016-2018 poku, I'kan

TerioTexHiIUHMIT PO3paxyHOK IMOKa3aB 3aBMUCOKI TeMIIM €HeprOoCIOKMBAHHS

OyaiBesib, JIMIle 110 OAHiN CTiHi BUTpavaeTbes 0o 1147,39 MBTxroaut/pik, igCcyMKu

10 YOTMPHOM CTiHAM 3 3a/1i300€TOHHMX TUIUT 3 BikHaMM po3mipom 1,5 Ha 2 M cKIami
6119,42 MBT xroauH /pik.

PucyHok 2 — TepmorpadiuHa 37i0MKa KpOBeJbHMUX KOHCTPYKITiit

3arajbHa IJIOIIA CKIiHHS ckiana 2341 m?2 3arajgbHe TeIUIOCIOXUBAHHS CKIATy

KBT roayH Ha pik, 1110 BUIJISITA€ BKpaii HeraTMBHO.
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Pucynok 3 — TepmorpadiuHa 3ii0MKa CKITiHHSI KOHCTPYKIIii

TennmoBUTpaTH MO KPOBEJIbHIN KOHCTPYKIiI CKiIamanTb 34421,8 MBTxrogn/pik.
3aranpHUit Koe@illieHT Teruionepenayi TpaHcMmiciero cknamae 520060 Bt/K.
HopmatuBHMit KoedilieHT Teromnepenadi 17923 Bt/K.

BuyTpimHi Ternosi HagxomkeHHs 500,39 MBT xroauny/pik. COHSIUHI TemnIoBi
HagxomkeHHs1 240 Bt/m?. CoHsS'uHa ropu3oHTanbHa pagianis 240 kBrxrom/m?. 3a-
rajbHe PO3paxyHKOBe eHeproCIIOKMBAHHS TeIIOBOi eHeprii 134857 MBTxroz/pik.

PekomeHpgaliii mo mMopgepHi3aliii CTiH CeHABIY ITaHE/NSIMM OO3BOJISIE 3HU3UTU
CIIOKMBaHHS 10 3620 MBTx roaut/pik, 1o 69% 3arajbHOro 006CATY TEIIOCIIOKMBAH-
H4. [Ipy 1boMy MeTOZi IEMOHTa)XHI Ta MOHTAaKHi orepariii 3aiMyTb 40 4 MiCs1iB, Ta
OI0[IKET, SIKMI MiJAMPUEMCTBOM He 3aIJTaHOBAaHO.

Pobounmm  pimieHHIM € 00poOKa  iCcHYOUMX  3aji300€TOHHMX  CTiH
MOJTiCTepObHUM YyTeIlJIIoBaueM 3 apom 15 MM Ta HaCTyITHMM MOHTaxkeM IpodHa-
ctury C23 ToBmnHoio 0,6 Mm. List omepailist To TepMoMOJiepHi3allii 3HU3UTb 00CST
TeIUIOCIIOKMBaHHS Ha 42% no 4309 MBT xrog/pik.

3ajlydeHHSI HAYKOBOTO TOBApMCTBA MO3BOJISIE OTPUMATM HOBY OymiBelbHY
i3oA11il0 - eKoBaTy 3 JOJaBaHHSIM BCITyYeHOro KepamsuTy. Ha TepuTtopii BUpoO6-
HUIITBA ICHYIOTh CKIaAu 30epiraHHs Kepam3uTa [JjisI TOCIIOAAPChKMX 3aaad.
[TpomuciioBi mydesbHi Medi A03BOSIOTh MiATPUMYBATU TeMIIepaTypy BCITyueHHS
pisHuX OymiBesbHUX MarTepianiB Bim 75...350 rpag C. TemmepaTypa BCIyuyeHHS
IpibHOro KepaM3uty ckiaagae 175 rpang C, TpuBalicTh UMKy cKiaagae 120 XBUINH.
Hocnigxi maprii mo 10 kr 6y BUIpoOyBaHi B KOMOiHallii 3 eKOBaTO Mmifg TMCKOM 15
MIIa. OTpumaHi 3pa3ku MaiTb KoedimieHT TeruioBigmaui 1,21 Bt/m? K. Ilpu
HasIBHOCTi B MMPOMMCJIOBIiN OyAiBJi 03400/10BaIbHOTO IIApy 3 MOAiOHOTO MaTepiary
TeIIOCIOKMBaHHS ckiame 7500 MBTx ron/pik.

MiHimMa/ibHe OOMYCTMMe 3HA4YeHHS OMOopy TeIionepenadi 30BHIIIHbOI CTiHU
OymiBJIi Oj1s1 APYroi TeMIlepaTypHOi 30HU CTAHOBUTD Rymin = 2,8M2-K/BT.
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Tabmuig 2
HaiimeHyBaHHS MaTepiasiB 1Jist GOpMyBaHHS CeHABiUYy CTiHOBOI MaHesi
N¢ mapy HaiimeHyBaHHS ToBuMHA 11a- KoediiieHT
marepiany py, M terutonpoBigHocTi [ ,BT/MK
CwrikaTHa 1erJa 0,54 0,87
2 l'coBa mrykaTypka 0,02 0,3

Po3paxyHKOBMI1 OIlip Teruionepenayi 30BHIIIHbOI CTiHM BU3HAuaTbhCs 3a ¢op-

MYJIOKO:
+ 21-1 +o @

a; - KoeillieHT TeIIOBiaAIadi BHYTPIlTHbOI ITOBEPXHi OrOPO/IKYBaJIbHOI KOHCTPYK-
IIi1;
a, - KoeillieHT TerIoBiaaui 30BHINTHbOI ITOBEPXHi OrOPO/IKYBaAbHOI KOHCTPYKIIii;
di — TOBIIMHA i-1lIapy, pO3PaxXyHKOBOI KOHCTPYKIIii;
Ai — pO3paxyHKOBUIT KoedillieHT TeIJIONPOBiAHOCTI MaTepiany;
N — KiJIbKICTh LIapiB 3aXMCHOI PO3paxyHKOBO1 KOHCTPYKIIii.
3a [IBH B.2.6-31:2016:
a,=8,7 Bt/(Mm?xK);
a,=23BT/(M%xK).

Rup = = + o0 + 2=+ — = 0,85 M*K/BT.

0,87 0,3

Tak 9K ymoBa Ryp > Rymin He BUKOHYETHCS, KOHCTPYKIiSI CTiHM He BiAIOBifae
HOPMAaTMBHMM BMMOTaM 3 eKOHOMIUHO AOIIi/IbHOTO OTIOpY Tervionepeaayi. 3abesre-
YUTY HOPMAaTMBHE 3HAUEHHS OTIOpPY Tervionepenadi MOK/IMBO IIJISIXOM BJIAIITyBaH-
HS1 yTervTioBaua. HeoOXxi/lHa TOBIIMHA yTeIII0Baua BU3HAYAETHCS 3a (popMyIioro:

83 = (quin_,l_fl_?_z_l) " A3

=0 (2)

ks = 0,064 Br/(mK) . PO3paxyHKOBMIT Koe(illieHT TeIIonpoBigHOCTI MiHepa-

JbHOI BaTu nipuitHsaTuii 3a IBH B.2.6-31:2016.
Bs = (2,8—i—@—%— 1) 0,064 = 0,125 m.
87 087 03 23
[TpuitMaemMo TOBILIMHY yTeIUI0OBauUa, KpaTHY Moayiao 1/10M, 1o mae BeIMuynny
piBHY 13cM. 3 ypaxyBaHHSM HOBOi TOBIIMHI yTeIull0Bayda OIip Tervionepenavi 30B-
HIiIIHbOI CTiHM CKJIaJie:

O3 0,54 0,02 0,13
R + R
np = A1 Az A3 Ay 87 087 " 03 @ 064

13 = 2,89 m2-K/Br.
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Tak gk ymoBa Rup > Rymin BUKOHYETBHCSI, KOHCTPYKIIisl CTiHM BifoBigae Hopma-
TuBHUM Bumoram JIBH B.2.6-31:2016. «TemoBa i3onsilis OymiBesib» 3 €KOHOMIUHO
IOLIJIBHOTO OIOPY TeIlionepeaayi.

TemnepaTypa BHYTPIIIHbO1 MOBEPXHi OTOPOI>KYBaJIbHOT KOHCTPYKIIii:
tan = ta — (£52) = 20 - (2EE20) = 18,37 °C

Rypay 2.89:8,7

3)
TemnepaTypHuii mepenaj Mi>xk TeMIepaTypor BHYTPIlITHbOTO TOBITPS i TeMIie-

paTypoI0 BHYTPIlIHbOI MOBEPXHi OTOPOAKYBa/IbHOI KOHCTPYKIIii:

tup = ty — tyy = 20 — 18,37 = 1,630C € A t,=40°C @
Tabanug 3
[TopiBHSJIbHA XapaKTepUCTHKa MaTepiasiB
Ne HaiimeHyBaHHS ToBuMHa, MM KoeditieHT
/1 TEeIUIONPOBITHOCTI
1 EkoBaTa 3 KepaM3UTOM 15 0,027
2 HanwoBaHnii neHomnosniyperas 10 0,047
3 HanmnoBaHuii eHomnosiypeTas 25 0,043
4 basanbTOBE BOJIOKHO 50 0,046
5 [TiHomacT 50 0,057

3miHa KkoedillieHTa TeIUIOBigmaui B HAINpPSIMKy 3MEHIIeHHS, IIPOBOKYE
MIPOCTOPOBi 3MiHM B CTPYKTYpi MOeKyau yreruitoBaua. [lorpe6a 3MeHIIEHHST Baru
KOMOiHaIlii yTeruiroBaua — HAIlOBHIOBAua BMMaAara€ 3acTOCYBAaHHSI €HIOTEPMiuHUX
rpoiieciB Ta popMyBaHHS MaTpuili mig Tuckom 15 MIla.

3amy4eHHS HAYKOBUX ILIKLUI IO TEPMOi30JIs1lil OKpeMMX MOJIEKYJT HAIIOBHIOBAaYa
CTBOPIOE TepeayMoBM 1O (POpMYBAHHIO Ta PO3pOOIi HOBUX KOMITO3UIIiI MOJIEKY/T
yTeIviroBava [jis 3aCTOCYBAHHSI B PI3HUX Ta/ly3sSX HApPOAHOTO TOCIOAApPCTBA MpU
TepMOMO/IepHi3aIlii 6y1iBesb.

[MomibHi 3axomyM MOKIMBO IuBepcUiKyBaTM C TOYKM 30py LIIIBHOCTI
isonsaTopy, Baru, XiMiYHOI CTPYKTYypUM Ta METOAY HAaHECEeHHS Ha IIOBEpPXHIO.
EKOHOMIYHO JIOLiJIBHO MiAXOOMUTN KOMIIEKCHO [0 IIMTaHb TEPMOMO/IepHi3allil KOX-
Horo OymuHKy Ta Oymimi. Tinmbku Bim kBasiidikaiii eHeproaymurTopa 3ajexkiTh
KOMILJIEKCHICTD MiIXOAY Ta OOLIBbHICTb MPONO3ULili. Buxoasum 3 icHytouoi cutyarii
o crany JKKI' ta npomucioBuM OyZIiBisSM, € 6araTo BapiaHTiB AJisI BUPOOHUUUX
OOCTiIKEeHb.
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Tabnuug 4
[MopiBHSITbHA XapaKTepUCTUKA TOBIIMHM Ta BJaCTUBOCTEN MaTepiasiB
Ne HailimeHyBaHHS ToBuMHa, MM KoediiieHT
/1 TEeIUIOTIPOBIAHOCTI
1 ExoBara 3 kepamM3uTom 10 0,027
2 ExoBara 3 kepam3uTom 15 0,022
3 ExoBara 3 kepamM3uTom 20 0,017
4 ExoBara 3 kepaM3uTom 30 0,012
5 [Tinomnact 50 0,057

JlopeuHicTh mociimskeHb qoBeaeHo Kpuxkum ctraHoM JKKI' Ta rmotpeboio THyU-
KOTO peryjioBaHHS Temaodi3sMUHMX I[IOKA3HMKIB yTeIUIloBauviB. bBymiBenbHi
MaTepiaan OKpeMo MO KOXKHii MO3uIlii 110 KOXKHOMY 00'€KTY.

Oco6/MBOIO MEepeBaroi IPOLIeCy TepMOMOJepHisallii € CTiiiKuii IOMUT Ha
OymiBesbHI Marepianu. JlopeyHa JepskaBHa TMiATPUMMKA Ta IIOTOMKEHHS 3
BiTUM3HSIHMM BUPOOHMKOM Ta HAyKOBMMM IIKOJaMM [JI OIepaTMBHOCTI Ta
SIKICHOTO BUPpIiIlIeHHSI MUTaHb IiJBUIIeHHS eHeproedeKTMBHOCTI Mo kiaacy A (15 kBt
rOJIVH Ha PiK).

BucHOBKM. 3aIipolioOHOBaHA KOHIIEIIis TeHepallii TeXHOJIOTiii BMPOOHMUIITBA
Ta OCBOEHHSI METOM0JIOTisI TePMOMO/IEPHi3allii MPOMMCIOBUX Ta SKUTIOBUX OYIiBeJb
3MaTHA 3HMU3UTU eKCIUTyaTalliliHi BUTpaTH MO KOXKHii O6yAiBai Ha 37% y BuUIamkax
OJHOBapiaHTHOIO IIISIXy PEKOHCTPYKIIii Ta 72% mpu 6araToBapiaHTHOMY IPOEKTY
YIOOCKOHAJIEHHSI OTOpPOJIKYBaJbHUX KOHCTpyKIUi. Cama reHepaljiss MeTO[iB
OymiBebHUX CyMillleil TO3BOJISIE TIPUCKOPUTY OHOBJIEHHSI CMapT MicTa Ta 6araTbox
TeXHOMNapKiB YKpaiHu Ta CBiTy.

MopenboBaHi pe3yabTaTy MOPiBHIOBAINCS 3 JaHMMM OyIiBeJIbHOTO MaiIaHuM -
Ky IIPOTSITOM JBOX POKiB Ta OTPMMAaHO HACTYMHIi pe3yabTaTu:

1) IlocTifiHa TeHAeHIlisI 3MeHIIeHHS TerIOBTPaT CTiHOBMX KOHCTPYKIIii Ha
36% B I AITUPIYHOMY IHTEPBAJIi;

2) 3ampoIIOHOBaHO KOHIIEMIisl BUTOTOBJIEHHSI HOBUX OyIiBeJIbHUX MaTepiasiB,;

3) HocnigkeHo epeKTUBHMI BilBeeHHS BOJIOTU II0 OTOPOMKYBaJIbHUM KOHC-
TPYKLiSIM IIPpU 3aCTOCYBaHHI i30/15iTOpa (eKoBaTa+kepam3nuT 30 Mm);

4) BusHaueHO eKOHOMiUHi mepeBaru 03400/I0BaHHSI TIPOMMUCIOBUX OyIiBesb Yy
po3Mipi 6120 MBTxroza/pik rmpu omHOMY 00'€KTi.

ISSN 1562-9945 (Print) 183
ISSN 2707-7977 (Online)



«CucremMHi TexHouorii» 6 (137) 2021 «System technologies»
JIITEPATVYPA / JIUTEPATYPA

1. Ananis TapugoyTBOpPEHHS Yy CEKTOPi IIeHTPaji30BaHOIO TEIIOIOCTAYaHHsSI KpaiH

€sporericbkoro cowsy [Enexkrponnunt pecypce], / I'.I. l'eneryxa, T.A. Xenesua, A.L
BamrroBuii // AHanmiTuuHa 3amcka BAY N214. — 09 miotoro 2016 p. — C.45. — Pexkxum
noctymy: https://saf.org.ua/wp-content/uploads/2016/02/Position-paper-UABIO-14-
UA.pdf.
2. JlTayd E. MogepHM3aius pblHKa TEIUIOBO SHEPIUM U IMOBbILIeHNe 3Heprosddek-
TUBHOCTU 3IaHuit 00benyiHeHHo 'epmanuu / E. Jlayd // OHeprocosert. — 2016 — N21
(43). — C. 81-85.
3. dirypka M.B. AHaJti3 3HOIIEHOCTI TEIVIOBUX Mepek B YKpaiHi: mpobaeMu i mmisi-
xu BupimeHHs / M.B. ®irypka // EkoHomiunmii a”amiz. — 2015. — Tom 20. -
C. 306 - 311.
4. binopin B.JI. Bupo6yieHHs Ta CIIOXXMBAHHS TeIuioBoi eHeprii B YKpaini y 2005 —
2013 poxkax / B.[I. Binogin // IIpo6iemu 3aranbHOi eHepretuku. — 2015. — Bum. 1
(40). — C. 39 - 46.
5. Kopo6ko B.I1. EdbextuBHi 3axoau 3 moaepHisanii OEC Ykpainu ajis 3aro6iraHHs
il KOJarcy Ta IMiABUILEHHS PiBHSA OelieHTpanisalii reHeparii ejekrpuku / b.I1. Ko-
po6xo, O.M. Jlinauk, P.E. KanyHHikoBa // IIpoMucioBa eJleKTpoeHepreTuka Ta ejaek-
TpoTexHika. — 2016. - N22 - 3. C 16 — 22.
6. KOHKypeHTHMIT PUHOK TEIUIONOCTaYaHHS — OCHOBHA IT€peayMoOBa CKOPOYEHHS
BUKOPUCTAHHS rasy - EnexkTpoH. JlaH. - Pexxum IOCTYITY:
http://www.kmu.gov.ua/control/publish/article?art_id=248883910.
7. IlobymoBa edeKTMBHOI MOJIe/li pMHKY TeIJIOBOi eHeprii B peanisix Ykpainu / Kap-
nedko [.C., Iemko B.I. // EHepreTuka Ta enektpoudikaiisg. — 2016.— N°2. -
C. 18 - 22.
8. ITatoH B.€. IIpuopitetn HaiioHanbHOI cTpaTerii Termo3abe3neyeHHsT HaceTeHuX
nyHKTiB YKkpainu / b.€. IlaToH, A.A. Jonincekuii, B.M. T'eeup, B.I1. Kyxap, B.I. bac-
KOK, €.T. ba3seeB, P.3. [logoneus // Bichauk HAH Vkpaian. — 2014. - N29.- C. 1 - 19.
9. Binominm B.[I. IIporHo3Ha CTPYKTypa Temuio3abe3rneueHHs1 YKpaiHu Ha mepiof 1o
2040 poky / Binoninm B.[I. // TIpobiemu 3aranbHOi eHepreTuku. — 2016. — Bum. 1 (44).
- C. 24 - 33.

REFERENCES
1. Analiz taryfoutvorennia u sektori tsentralizovanoho teplopostachannia krain
Yevropeiskoho soiuzu [Elektronnyi resurs], / H.H. Heletukha, T.A. Zheliezna, A.L
Bashtovyi // Analitychna zapyska BAU N214. - 09 liutoho 2016 r. — S.45. — Rezhym

184 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucrtemHi TexHosorii» 6 (137) 2021 «System technologies»
dostupu: https://saf.org.ua/wp-content/uploads/2016/02/Position-paper-UABIO-14-
UA.pdf.
2. Lauf E. Modernyzatsyia rbinka teplovoi snerhyy 'y  povbishenye

anerhosffektyvnosty zdanyi obbedynennoi Hermanyy / E. Lauf // Onerhosovet. —
2016 — N21 (43). — S. 81-85.

3. Fihurka M.V. Analiz znoshenosti teplovykh merezh v Ukraini: problemy y shliakhy
vyrishennia / M.V. Fihurka // Ekonomichnyi analiz. — 2015. — Tom 20. - S. 306 — 311.
4. Bilodid V.D. Vyroblennia ta spozhyvannia teplovoi enerhii v Ukraini u 2005 — 2013
rokakh / V.D. Bilodid // Problemy zahalnoi enerhetyky. — 2015. — Vyp. 1 (40). -
S. 39 - 46.

5. Korobko B.P. Efektyvni zakhody z modernizatsii OES Ukrainy dlia zapobihannia
yii kolapsu ta pidvyshchennia rivnia detsentralizatsii heneratsii elektryky / B.P.
Korobko, O.M. Linnyk, R.E. Kanunnikova // Promyslova elektroenerhetyka ta
elektrotekhnika. — 2016. — N°2 - 3. S 16 — 22.

6. Konkurentnyi rynok teplopostachannia - osnovna peredumova skorochennia
vykorystannia hazu - Elektron. dan. - Rezhym dostupu:
http://www.kmu.gov.ua/control/publish/article?art id=248883910.

7. Pobudova efektyvnoi modeli rynku teplovoi enerhii v realiiakh Ukrainy / Karpenko
D.S., Deshko V.I. // Enerhetyka ta elektroyfikatsiia. — 2016.— N22. — S. 18 — 22.

8. Paton B.le. Pryoritety Natsionalnoi stratehii teplozabezpechennia naselenykh
punktiv Ukrainy / B.Ie. Paton, A.A. Dolinskyi, V.M. Heiets, V.P. Kukhar, B.I. Baskok,
Ye.T. Bazieiev, R.Z. Podolets // Visnyk NAN Ukrainy. — 2014. - N29.- S. 1 - 19.

9. Bilodid V.D. Prohnozna struktura teplozabezpechennia Ukrainy na period do 2040
roku / Bilodid V.D. // Problemy zahalnoi enerhetyky. — 2016. — Vyp. 1 (44). -

S. 24 - 33.

Received 13.10.2021.
Accepted 18.10.2021.

Modeling strategic priorities for thermal modernization of industrial buildings

The technology for generating positive ideas is based on human experience, the need to
improve the technological process or reduce the operating costs of production and the basic
amount of industrial waste. The work examines the audit of industrial buildings and an overview
of advanced technologies for the production of building materials from waste. Current
measurements of energy consumption, exceeding the limits and increasing the cost of resources
require the formation of scientific and technological accents for the development of mixture
combinations in the formation of building materials. In the course of the experiments, the
thermal properties of polystyrene, ecowool, expanded polystyrene, mineral wool, expanded clay,
ecowool with expanded clay were studied. Experiences show that standard insulation
technologies do not work productively in the case of industrial buildings with minimal funding.
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An integrated technology for obtaining a by-product from secondary resources is needed. Waste
audit at the enterprise showed the possibility of using primary building materials for the
generation of by-products. The available equipment with minimal modifications makes it
possible to obtain a new product during the endothermic process of expanded clay swelling. The
pressing of cotton wool with a lightweight expanded clay structure allows obtaining sheet
materials of the required density up to 1 by 1 m in size. The flexibility of the obtained material
allows it to be cut with a cutting tool to the required volume. The possibility of obtaining
materials of different densities is convenient for use in any enterprise, when issuing
recommendations for increasing the thermal resistance of the shell. The conducted studies of
the thermal resistance of the obtained material show the convenience of manufacturing a
product to comply with the sanitary conditions of an industrial enterprise. The experiments were
carried out according to standard methods. The need to transfer buildings of industrial
enterprises to an energy-saving heating mode is caused by the need to reduce the operating
costs of enterprises.

Modenuposarue cmpamezuyecKux npuopumemos
npu mepmomodepHU3ayUU NPOMbIWICHHbIX 30aHUU

TexHono2us 2eHepayuu nosoXumenbHbix udell 6asupyemcs Ha 4es0BeYECKOM onbime,
nompebHoCMU B8 YJyYWeHUU MexHO02UYeCcKo20 Npoyecca Uiu yMeHblWeHUuU 3KCNayamayuoH-
HbiX U30epxeK npou3soocmsa U 6a3080M KoJuYecmse npombilijieHHbIXx omxodos. B pabome
u3yyarmcs 8onpocsl ayouma npoMbiieHHbIX 30aHUl U 0630p nepedossix mexHoso2uli npous-
B00CMBA CMPOUME/IbHbIX MAMEPUAsos U3 omxo0o8. TeKywjue uMepeHUs pacxood 3Hep2oHo-
cumeseli, npesbilieHue 1UMUMOB U YOOPOXaHUe pecypcos mpebyem Gopmuposams HayyHo-
mexHoJlo2uyeckue aKuyeHmsl 08 pazpabomxu KomOuHayul cmecell npu GHopMupoBaHuU
cmpoumesibHbIX Mamepuanos. B xode 3KkcnepumMeHmos u3yyeHo menjomexHuyeckue csolicmsa
neHonsacma, 3K08amsl, NEHONOAUCMEPOsIa, MUHEPA/IbHOU BamMbl, Kepam3auma, 3K0BAMsbI C Ke-
pam3zumom. Onbimsl NOKA3bIBAKOM, YMO CMAHOAPMHbIe mexHoI02Uuu ymenieHus He pabomarm
NPOOYKMUBHO 8 C/ly4yae NPOMbILIeHHbIX 30aHUL C MUHUMAIbHBIM UHAHCUPOBaHuUeM. Heobxo-
OUMO UHME2PUPOBAHHAS MEXHOI02Us NOJyYyeHUs Cybnpooykma U3 BMOPUYHbIX pecypcos. Ay-
oum omxo008 Ha NpednpusmuU NOKA3aJ, BO3MOXHOCMU UCNOJb30BAHUA NepBUYHbIX CMpou-
meJibHbIX MamMepuanos 08 eeHepayuu cybnpodykma. Vmeroujeecs 8 Haau4duu 060py0o8aHus ¢
MUHUMQJIbHbIMU 00pabomKkamu no3sossem nojay4ams HOBbIU NPOOYKM npu 3HO0MepMuUYeCKOM
npouyecce BCNy4YUBAHUSA Kepam3uma. Bo3moxHOCMb nojyyeHuUs mamepuanos pasHol niomHo-
cmu yO06HO 0/1A UCNOMb30BAHUS HA O6OM npednpusmuu, npu ssloa4ye pekomeHoayul no no-
BbILIEHUIO MepMUYecKo20 conpomusieHus 060104Kku. [IposedeHHbie uccnedosaHus mepmude-
CKO20 CONpOMUB/IEHUS NOJIy4eHHO20 Mamepuana noKasbisarm yoobcmso npouzsoocmsa uzde-
JUs 0715 06100 HUs CAHUMAPHBIX YCA0BUL 30aHUL NPOMbILUIEHHO20 NPeonpusmus.
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0.0. 3axapos, T.B. CeniBbopcTOBa,
B.B. CeniBbopcToB, B.®. banakin, JI.B. Kamkina
JOCJII>)KEHHSI OCOBJIMBOCTEM IIU®POBUX 305PAJKEHD
METAJIOCTPVKTYVYP, 1O MICTATDb KAPBIAN

AHomayis. Cmamms npucssyeHa po3pobuyi iHpopmayiliHoi modeni npusHayeHoi 0714 aHanisy
yugpposux 306paxeHb Memanocmpykmyp 3 Kapb6ioHumu skpanaeHHaMu. [lposedeHul aHani3 ni-
mepamypHuUx OxepeJsi, BMCHOBAGHO, W0 OO0C/NIOXeHHS MemaaoCcmpyKmyp € aKmyasabHUM TH-
CMpyMeHmMoM OUIHKU SKICHUX Xapakmepucmuk. HassHicms kap6idis 8 cmpykmypi memany Mae
3HaYHUU B8nauB Ha (io2o AKkicmb. HasedeHull 02150 MemoOOUKU BUBYEHHI CMpPyKmypu memany,
BU3HAYEHO BAX/UBICMb emany 06pobKu 306paxeHHs memanocmpykmyp. OnucaHi 0CHOBHI cno-
cobu ompumaHHaA yugposux 306paxeHs cmpykmypu memany. [IpedcmasneHi 3pasxku memanoc-
mpykmyp, 3 kap6idamu. 3anponoHos8aHo npoyedypy yugposoi 0bpobru 306paxeHb memanocm-
PYKmMyp 3 KipbiOHUMU BKPANJIGHHAMU, KA CKNAOQEMbCS 3 nepeBe0eHHs 300paXeHHS 8 HaNiBMO-
HOBe, KOHMpPAcMyBaHHs Ma nopo2osoi 6GiHapizayii. [lpoOeMOHCMpPOBAHT pe3ysbmamu BU3HA-
YeHHs KapbIOHUX BKpanjeHs 13 3aCMoCcys8aHHaM npoyedypu yugposoi o6pobku 306paxeHs. [lo-
Ka3aH1 nepesazu ma HedoNiKu nioxody, BU3HAYEHT HaNPAMKU BOOCKOHA/IGHHS.

Kntoyosi cnosa: Memanocmpykmypa, kap6iou, 306paxeHHs, yugposa obpobka, HanismoHose
300paxkeHHs, KOHMPAcMyBaHHA, A0aNMuUBHe KOHMPACMyBAHHSA, 6IHapi3ayis, 2icmozpama.

BcTtym. B TenepiniHiii yac eKoHOMiKa YKpaiHM BUMara€e BOOHOYAC 3HMKEHHS
cobiBapTOCTi Ta BiAIOBIAHOCTI eKCIUTyaTalliifHUX XapaKTepUCTUK BUPOOIB MaIIMHO
OymiBHUIITBA, TOMY Ha BCiX eTarax BUTOTOBJEHHS MeTaJeBUX JleTaneil HeooximHmit
KOHTPOJIb SIKOCTi MpOAyKILii. [Iji1 OTpMMaHHSI MOBHOI KapTUHM IIPO CTaH MeTajy Ta
JOTO SIKOCTi Ha Makpo i MiKpO PiBHSIX BUKOPUCTOBYIOTh B TOMY UMCJIi aHaJIi3 MiKpoO-
nutidiB metany. Iligxim 3B’si3aHMi1 i3 aHaMi30M MiKponutihiB moTpebye 3amydyeHHS
BMCOKOKBaJTi(hiKOBaHMX €KCIEPTiB B rajy3i MaTepialo3HaBCTBA, 1[0 Y CBOIO Yepry He
BUKJIIOUA€E BIUIMBY «TIOACBKOTO (pakTOpy». 3 iHIIOrOo OOKY, MUTAHHS IMiABUIIEHHS
00’eKTMBHOCTI imeHTMiKaIii BJaCTMBOCTEN METaIiB i CIIJIaBiB BMMAaraioTh 3a/JIy4eH-
HSI Cy4YaCHMX METOiB 00pOOKM MaHMX, HATIPUK/IA[ IITYYHOTO iHTeJeKTy Ipu BUPi-
IIeHHi 3aaay4 Kiacudikailii Ta imeHTudikailii Makpo Ta MiKpo CTPYKTYp.

© 3axapos 0.0., CeriBbopcToBa T.B.,
CeniBbopcToB B.B., banakiu B.®., Kamkina JI.B., 2021
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B poboTi rmpeacraBieHnit OIS, IIPoIecy JOCTiIKeHHSI MaKpo Ta MiKpO CTPYK-
TYp, IO MIiCTSITh KapOiay, Bu3HAUeHHi crenydiuHi 0co6aMBOCTI, IO MpUTaMaHHi
IaHUM 300paskeHHsIM, 3alIpOIIOHOBAHO iHQOpMalliiiHy Moiesb iX 00poOKM.

Ananis crany mutaHHsa. O6'eKTaMM MiKpPOCTPYKTYPHUX HOCJiIKeHb CTAIOTh
MeTanorpadivHi nutidu — BHYTPIillIHI epepi3u MeTasly, BiAIIoaipoBaHi Ta IMPOTPYEHi
pi3HMMM MeTOJaMM, a OCHOBHMII 3aBIaHHSIM MeTasiorpadii € — BUsIBJIeHHS Ta pe-
€CTpallist HaiApiOHIMMX JeTaseii peabedy, O BUHMKAIOTH yepe3 CTPYKTYPHi Heo -
HOpPiAHOCTI B MeTasi [1]. PO3noBCIOAKEeHUM iHCTPYMEHTOM [Jj11 OTPUMaHHS 3HIMKIB
MEeTaJIOCTPYKTYP Y HAYKOBUX, HABYAJIbHMX, 3aBOJICHKMX Ta eKCIIePTHUX JIabopaTopi-
SIX € CBITJIOBA Ta €JIEKTPOHHA MiKPOCKOITisl. MiKpOCTPYKTYPHi AOCTII>KEHHSI MeTOAa-
MM CBIiTJIOBOI MiKPOCKOITii XapakTepusyoThcs 30inpieHHsam 10...2000 pasiB 3a mo-
ITIOMOTOI0 CBIiTJIOONITUYHUX MPWIAAiB Pi3HMUX TUITIB. MOXKIMBOCTI IIbOTO METOIY 00-
MesKeHi TpaHMYHUM JI03BOJIOM (TOOTO, MiHiMa/IbHOIO BifICTAHHIO MiXX IBOMa TOYKa-
MM, II0 pO3pi3HSIEThC) 6/m3bKo 0,2 MKM. lle mOB'SI3aHO 3 XBMJIbOBOIO IPUPOIOI0
BUIMMOTO CBITJIOBOT'O BMIIPOMiHIOBaHHS: yepe3 IudpakililiHi siBuIla geTali CTPyK-
TYpH, 10 MalOTh PO3MipyM MeHIIle TOBXMHM CBiT/IoBOi xBwiIi (500 HM), CTalOTh HEBU-
pasHuMu. PacTpoBa eeKTpOHHA MiKPOCKOIIiSI O3BOJISIE MiABUIIUTY 301/IbIIIEHHS 10
30000 pasiB, a po3ginbHy 3maTHICTB A0 5,0 HM. [IlepeBaroi MeTomy € BilHOCHA ITPOC-
TOTa MiATOTOBKM 3pa3KiB, a TAKOX MOXJIMBICTb MTOETHAHHS 3 JIOKAIbHUM PEHTTEHiB-
CbKMM Ta €HeproaucrnepciiHuM aHamizom. Jlesiki paCTpOBi MiKpOCKOIIM MalOTh CIie-
1iaJIbHi IPUCTPOI IJII OTPUMAaHHS KapTUH KaHaJTyBaHHS BigOUTUX eJeKTPOHIiB, 10
IO3BOJISIE BU3HAUATY OPi€HTAIIiI0 KPUCTATIYHOI PeNIiTKM OKpeMuX 3epeH abo yacTu-
HOK iHIMX (as.

[TpucTpiit MmeTanorpagiyHOro MiKpocCKoma CKJIaZa€ThCsl 3 BOX CUCTEM — OKY-
Jsipa Ta 06'€eKTUBA, SIKi ITpeACTaB/leHi TPbOMa CUCTEMaMM: OCBIT/IIOBAIbHOIO, MeXa-
HIiYHOIO Ta ONTUYHOIO, KOXKHA 3 SIKMX MOXXe BIIMBATU Ha SKiCTh BUXiZHOro 300pa-
KEeHHS i K HACTiIOK CIIOTBOPUTHU OI[iIHKY CTPYKTYPHUX OCOOIMBOCTEN MpecTaBe-
HIX Ha IMPOBOMY 300pakeHHi MeTaIoCTPYKTYPH.

BuBYEHHS CTPYKTYypU MeTaly BK/IIOYA€ JIAHIIOKOK TMOCTiTOBHUX OIepaliiii, oc-

HOBHI 3 IKMX [IpeCTaBJIeHi Ha PUCYHKY 1.
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PucyHok 1 - [TocnioBHICTD Omepallii mpy BUBYEHHI CTPYKTYPU MeTaly

O6po6IIi 300paskeHHsT TIepeiye BaXKIMBUI eTall OTpUMaHHS Hu@poBoro 306pa-
SKEHHSI, Ha SIKOMY MOXYTbh BiIOYTMCS CIIOTBOPEHHS Bi3yaJIbHOI SIKOCTi 300paskeHHS
nop’si3aHHi B ToMy uncii 3: OECF (omToeneKTpoHHA (PYHKIIiSI TIepeTBOPEHHST), pO3-
MipoM 300paskeHHs Ta PO3AiTbHOI 30ATHICTIO, ITYMOM (BiZHOIIEHHS CUTHAJI/IIYM),
KOHTPACTHICTIO 300pakeHHsI (KoedillieHT KOHTPACTHOCTI), Pi3KiCTIO 300pa’keHHS],
cipumu piBHSIMM, piBHEM YOPHOTO, TaMMa KajliopyBaHHSIM, HacCMUeHicTIo 6iioro (6a-
JIAHCOM), Yac Bifr'yKy, KOJIbOPOBMMU BJIACTUBOCTSIMU, KyTOM OIJISIAY [2 — 6].

MeTta po6oTu. IIpoBemeHHsT IOCTimKeHHS OcobimBocTeii 1MdpoBux 306pa-
’KeHb METaJIOCTPYKTYp MeTasliB i CIuIaBiB, sIKi MicTATh Kapb6inu. BusiBieHHst pakro-
piB, 110 BIUIMBAIOTh HA MOXK/IMBICTb aBTOMATMYHOTO BUIiJIEHHSI parMeHTiB 306pa-
SKeHHSI, 10 BiINOBiZal0Th KapOiJHMM BKIIOUEHHSIM.

OcHoBHMIT MaTepian. Bitomo, 1mo nmdposi 306pakeHHSI MiKPOCTPYKTYpU Ma-
TepiaiiB, 30KpeMa MeTaJIiB i CIIaBiB, CKIAMA€ThCS 3 KiHIIEBOTO YMCJIa €JIEMEHTIB —
mikcenmiB. Y 3B’S13Ky 3 LIMM, OCHOBHUM 3aBAaHHSIM HM(PPoBOi 06po6KYM 306paskeHHS
MeTasorpadiuHoi MiKpoCcTpyKTypu € (PoHOBA KOPEKILisl Ta BUIiIEHHSI TeOMEeTPUUHUX
006'eKTiB [IJI TIOJIA/IBIIIOTO PO3PAXYHKY Ta MOC/iIKEHHS, 8 TAKOX IMOKPAIeHHS SIKOC-
Ti 300paskeHb Ta YCYHEHHS Pi3HMX ITYMOBUX CKIamoBux. Cili 3a3HAYMTH, 1O BUII-
JIEHHSI TeOMEeTPUYHUX 0C0bMMBOCTeN IMBPOBUX 300paskeHb METANIOCTPYKTYP € BasK-
JIMBOIO 3a7jauelo MOB’SI3aHOI0 3 imeHTudiKaIlier0 MexaHiYHMUX Ta Pi3MUHUX BIACTUBO-
CTell MeTaliB i CIIaBiB [7].

Sk Bimomo, KapbimHa HEOZHOPOAHICTh € HedeKTOM MiKpOCTPYKTypM CTaJli,
MIPUUMHOIO MOSIBU SIKO1 HEpiBHOMipHe PO3MOiJieHHS ITePBMHHMX i BTOPUMHHUX Kap-

6imiB y MeTasti. Y ByIJIelleBMX Ta JIETOBAHMX CTaJISIX BYTJ/IEIlb MOXKe BUIIISATUCS Y BU-

190 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucteMHi TexHomnorii» 6 (137) 2021 «System technologies»

Al MetacTabiapHux ¢as — KapO6ifiB, 1[0 MOKYTh YTBOPUTY KapOigHy CiTKy (pucy-
HOK 2). V 3B’SI3Ky 3 HEOJHOPiIHICTIO KOHIeHTpallii Kapb6ifiB B 06’emi MaTepiany,
MOXe BMHMKHYTM 3HIKEHHS MIIJHOCTI Ta B’SI3KOCTi BCbOro Marepiaay B
uiomy [8 — 10]. O1iHKy Kap6igHOi HEOJHOPIMHOCTI MTPOBOASITH Y BiIMOBIAHOCTI 10
I'OCT 19265-73 pns mBuakopiskyuix craneir, TOCT 801-78 mjist migIMITHUMKOBOI CTa-
ni, TOCT 8233-56 gy craini, TOCT 5950-2000 a1 iHCTpyMeHTa/IbHOI JIerOBaHOi CTa-
ni [11]. 3pa3ku niggaoTh nutibyBaHHIO, TTOMiPYBaHHIO Ta TpaB/ieHHIO, Aajli Ha MeTa-
norpadiyHOMy MiKpocCKoIIi rmpu 36imbiieHHi X100 MPoBOASITH OIiHKY KapOigHOI He-
OOHOPiIAHOCTI 3a mormomorolo Iikaau, HaBegeHol B 'OCT Ha BigmoBigHy cTanb. Ha
migcTaBi omiHKM 6any KapOigHOI HeOTHOPIMHOCTI POOUTHCS BUCHOBOK IIPO SIKiCTh
JOCTiI)KyBaHOTO 3pa3ka [12].

Ha pucyHKy 2 TnipeacTaBiieHi puKIaau ubpoBux 300paxkeHb MiKpOCTPYKTYP 3
KipOimHMMM BKpaIJIEeHHSIMM — CBiTJIi DiJISTHKMA.
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100pm

PucyHOK 2 — ONITUYHI MiKPOCTPYKTYpHU
a — 60opHMit yaByH [13]; 6 — yaByH 3 BucokumM BmicTom Cr [13];
B — eBTEeKTUYHMI1 YaByH 3 38% Kapbinis, 1000X [14]; r — HesmeroBaHe 3ai30 [15];
I — MIBUAKOpi3a/ibHA CTa/lb S 6-5-2 [16], e — cTanb X121 [17]

s uudpoBoi 06pobKM 300paskeHb METAJIOCTPYKTYP 3 KipOimHMMM BKpaIlJIeH-
HSIMM OYJI0 3aCTOCOBAHO HACTYITHY ITOC/TiTOBHICTh (PUCYHOK 3) ITIepeTBOPEHHS BUXi-
JHOTO 300paskeHHsT 40 6GiHapi30BaHOIO 3 METOK BM3HAUEHHS HiJSTHOK 300paskeHHs,
SIKi BiITIOBigaroTh Kapbimam.

P L
KoHTpacTyBaHHA
i
Hanisvonope ricTorpami

FOBpAReH s o
3

Undpore
0paseHHA

Moporosa

Gimapixain

METAADCTPVETYRH

lisrorpama ANBOITHEHE
KOHTPBCTYERHHA
+

MCTorpamMi

PucyHnok 3 — ITocmigoBHicTh 1IMdpoBoi 060po6KM 11ppOoBOi 06p0OKM 300paskeHb Me-

TJIOCTPYKTYP 3 KipOimHMMM BKpaIlJIeHHSIMMA

B Tabmuui 1 mpeacraBiieHi pe3ynbTaTy 06p0oOKM 300paskeHHSI 60PHOTO YaBYHY,
TIpeicTaB/JIeHoro B poboTi A.M. lanbckoro «TeXHOJIorisi KOHCTPYKILIHMX MaTepia-
niB» [13]. Ins 1poro 3006pakeHHsI IPUTaMaHHAa KOTPACTHICTb, IO JO3BOIWIO 3 J0-
CUTh BUCOKMM CTYIIEHEM SIKOCTi BUIINTH (pparMeHTH, SIKi BigIIOBigaroTh Kapoimam.
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Pe3ynbTaT BUIIEHHS Ii/ITHOK 300paskeHHsT (PUCYHOK 2, a),

110 BiZIMOBiga0Th Kapbimam

Tabmuus 1

300paskeHHS

l'icrorpama

HamniBTOHOBe 306paskeHHs

KoHTpacTyBaHHS

AJanTyBHE KOHTPACTY-
BaHHS

IToporosa 6iHapi3artiis
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3acTocyeMo 3aMporOHOBaHY MpPOIeAypy 06po6KY 300paskeHb O MaKpPOCTPYK-
Typu ctaiti X121 (pucyHoK 2, e). Pe3ynbTaT 06po6KM 1[bOTO 300paskeHHSI ITpeiCTaB-
JIeHUt B Ta6au1i 2.
Tabnuis 2
PesynbTaT BUIiNIeHHS OiISTHOK 300paskeHHS (PUCYHOK 2, €),
10 BiIOBigarOTh Kapbimam

306paskeHHS licTorpama

BuxigHe xo6paskeHHS

HamiBTOHOBE 306paskeHHS

KoHTpacTtyBaHHs
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ApanTuBHe KOHTpPACTyBaHHA

IToporoBa 6iHapi3atiis

AHasi3 pe3ynbTaTiB 00pOOKM 300pakeHHST (PUCYHOK 2, €) A03BOJIMB BUSBUTHU
TOiSTHKM 3 KapOUIHMMM BKIIOUEHHSIMM, ITPOTe 10 IUX OUITHOK AoAaHi apTedakTu,
10 He € kapbimamu. bamaHcyBaHHST moporom GiHapmsailii B IbOMY BUITAAKY He TIPH-
3BOANTD A0 TMOKpAIeHHsS BUIIIEHHSI MepexXi KapOiJHUX BK/IIOUEHb Y 3B’SI3KY 3 Bifl-
CYTHICTIO KOHTPACTHOCTi Ha JaHOMY 300paskeHHi. 'icTorpamMmu IeMOHCTPYIOTh HasIB-
HicTb iHpOpMaliliHMX 03HAK B IIMPOKOMY CIIEKTPi CipuX KOJIbOPiB, TOMY JIJISI TAKOTO
KJIacy 300pakeHb MOTPiOHO PO3pOO6ISITY OiNbIl CKIAAHI TEXHOJIOTii 06po0OKM 300pa-
KeHb.

BucHoBKM. B xofi mpoBemeHHSI HOCTIIKEHHS 0COOJMBOCTeN HuUppPOBUX 30-
Opa’keHb METAJIOCTPYKTYP METAaJIiB i CIIaBiB, sIKi MicTSITh Kapbiay 6yJ1o:

1) 3armponoHoBaHO iHpoOpMaIliiiHy Moaeab 00pPOOKM MEeTaJIoCTPYKTYP, IO MicC-
TSTb KapOigHi BKIIOUEHHS;

2) 3aIpoIlIOHOBaHy iH(opMalliiiHy Mozaesb 3aCTOCOBAaHO M0 HMU(POBMUX 300pa-
>KeHb MeTaloCTPYKTYP;

3) BCTAHOBJIEHO, 110 JIesKi 300paskeHHSI MeTaJIOCTPYKTYP Bilpi3HSIOTHCS HU3b-
KOI0 KOHTPACTHICTIO, 110 MPU3BOANUTD A0 BUIIJIEHHS OKPIiM HiJSTHOK i3 KapoimHummu

BK/IIOUeHHSIMM (OHOBUX apTedaKTiB;
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4) 3aIPOTIOHOBAHO PO3POOJIEHHS KOMILJIEKCHUX MaTeMaTUYHUX MEeTOHIiB MJist
BUiIeHHST KapOiTHMX BKIIOUEHb Ha 300paskeHHSIX METAJIOCTPYKTYP, IO XapaKTepu-
3YIOTbCSI HU3bKOIO KOHTPACTHICTIO.
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Features of metal structures digital images containing carbides investigation

The analysis of microsections requires the involvement of highly qualified experts in the
field of materials science, which, in turn, does not exclude the influence of the "human factor".
On the other hand, the issues of increasing the objectivity of identifying the properties of metals
and alloys require the use of modern data processing methods, for example, artificial intelligence
in solving problems of classification and identification of macro and micro structures.The paper
presents an overview of studying macro and micro structures containing carbides process,
determining the specific features inherent in these images, and proposing an information model
for their processing.

The article is devoted to the development of an information model intended for the
analysis of metal structures digital images with carbide inclusions. The analysis of literary
sources 1s carried out, it is established that the study of metal structures is an important tool for
assessing qualitative characteristics. The presence of carbides in the metal structure has a
significant impact on its quality. A review of the methodology for studying the structure of a
metal is given, and the importance of metal structures image processing stage is determined. The
main methods for obtaining digital images of the alloy structure are described. Samples of metal
structures with carbides are presented. A procedure for digital processing of metal structures
images with kibide inclusions is proposed, which consists of image conversion to grayscale,
contrasting, and threshold binarization.

An analysis of the results of metal structures processing images made it possible to
identify areas with carbide inclusions, however, additional artifacts that were not carbides were
found in some images. Balancing by the binarization threshold in this case does not improve the
detection of carbide inclusions network due to the lack of contrast. Histograms demonstrate the
presence of information features in a wide range of gray colors, so for this class of images, more
sophisticated image processing technologies need to be developed.

In the course of digital images features study of metals and alloys metal structures
containing carbides, it was: an information model for processing metal structures containing
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carbide inclusions is proposed; the proposed information model is applied to digital images of
metal structures; it was found that some images of metal structures are characterized by low
contrast, which leads to the selection of background artifacts, except for areas with carbide
inclusions; the development of complex mathematical methods for the detection of carbide
inclusions in images of metal structures characterized by low contrast is proposed. Thus, the
article shows the results of carbide inclusions of the using the digital image processing
procedure. The advantages and disadvantages of the approach are shown, the directions for its
improvement are determined.
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akagemisi YKpaiHu.
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PE®OEPATU

YK 621.365.5

Oyxuvesny K.J1., Kpaseub 0.B., CnipiHuesa 0.B. [locnigeHHs BnAuBy napametpis
ABOLIAPOBOi (pyTepiBKM UUNIHAPUYHOrO iHAYKTOpA Ha Ti Temnepatypy // CuctemHi TexHonorii.
PerioHanbHuWit MixBY3iBCbKMI 36IpHUK HayKoBMX mpaub. - Bunyck 6(137). — Owinpo, 2021. -
C.3-13.

Po3rnapaeTbcs [OCNIAKEHHA TENJOBOrO CTaHy ABOWAPOBOi (yTepiBKM LMUNTHLPUYHOTO
iHAYKTOpa ANA ABaHAfLUATW Nap Tennoi3onsauidHuWx matepianis. HaBefeHO MaTeMaTuyHy MoAenb
npoLecy, Cxemy UMITiHAPUYHOrO iHAYKTOpa, TabNULIO nap AOCNiIAXKYBAHMX Tenoi3onauiiHmx
MaTepianis wapie ¢ytepiBkn. Po3paxoBaHo Ta NobyfoBaHO fiarpamy TeMnepaTypu BHYTPilWHbLOT
noBepxHi yTepiBKM B 3aN€XHOCTI Bif napu matepianiB ii wapiB Ta rpadik 3miHM Temnepatypu
(yTepiBKM B 3aN€XKHOCTI Bifi TOBLWWMH ii WapiB Ans napu ,Wwamor-a3bect”.

bi6n. 14,1in. 3, Tabn. 1.

YK 004.056.5

Bonkoscbkuit 0.C., Mayescbkuit M.B., 06uaeHHuit €.0. KoHuenuia eneKTpoHHOro ronocy-
BaHHA HAa OCHOBi TexHonorii 610KkyenH // CuctemHi TexHonorii. PerioHanbHUiA MiXBY3iBCbKMiA
36ipHWK HayKoBWX npaup. - Bunyck 6(137). — AHinpo, 2021. - C.14 - 23.

Y cyyacHOMy AeMOKpaTU4YHOMY LM(POBOMY CYyCMiNbCTBI 3pOCTAE aKTyaNbHiCTb NMPOBEAEHHS
BIAKPUTMX Ta OOG'€KTUBHMX rONOCYBaHb 3 BUKOPWUCTAHHAM HOBUX iH(OPMALINHMX TEXHOMOFIN.
IcHytoyi piweHHs g NOZIOHWMX CUCTEM TONOCYBAHHSA 30CEPEMKEHT HA TEXHIYHWX Ta IOPUANYHUX
npobiemax, a He Ha 3aCTOCYBaHHi HOBUX iH(OPMALINHUX TEXHONOTii y CTagii ronocyBaHHs. byno
NPOBEAEHO aHani3 npobiem cyyacHUX BMOOPYMX CUCTEM, i, HA MiACTaBi aHanily ix HepoNiKiB 3a-
NPONOHOBAHO aArOPUTMU, Ta NPAKTUYHY peanisallito CUCTeMU roNOCYBAHHA Ha OCHOBI 3aCTOCYBaHb
TeXHOMOrii 6/I0KYelH 3i cnelianbHOK0 peanizalielo CMapT-KOHTPAKTIB, Y AKIN HEAONiKN iCHYYNX
CUCTEM YCYHYTI.

bi6n. 5.

YK 004.9

MHatyweHko B.B., MTHeHnun 1.0., Yposuk I.M., Wesuosa 0.C. CermeHTauia aepoKOCMiuHUX
300payKeHb 3 BMKOPUCTAHHAM 3rOPTKOBUX HeWPOHHMX Mepexk // CuctemHi TexHonorii.
PerioHanbHMit MiXBY3iBCbKMI 36ipHMK HaykoBux npaub. - Bunyck 6(137). — [Owinpo, 2021. -
C.24 - 33.

Y po6oTi 3anponoHOBaHO HOBUI METOL CermMeHTaLii aepoKOCMiYHUX 306paXkeHb BUCOKOrO
NPOCTOPOBOrO PO3pPi3HEHHA HAa OCHOBI 3rOPTKOBMX HENPOHHWUX MepeX Ta reHepauii Macok.
CeMaHTWUYHi 03HAaKM BUKOPUCTOBYIOTLCS [l 3MEHLIEHHA NMOMUIOK CEMAHTUYHOTO PiBHA KOHTYpY.
Pe3ynbTaTi nokasytoTb, WO 3aNpONOHOBAHUA aNnropuTM Moxe etheKTUBHO MOKPALLMTM 3araibHy
TOYHICTb cermeHTaLii 306paxeHb AUCTAHLIAHOrO 30HYBAHHSA BUCOKOTO NPOCTOPOBOrO 03BONY Ta
CKOPOTUTU YaC HaBYaHHSA Ta Yac CermeHTauii.

bi6n. 9, puc. 2.
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YK 004.93
Xabapnak K.C. 0co6nuBocTi po60Tu MeToaiB nowwyKy 06J1My Ha MO6iNbHUX NpUcTposx //
CucTtemHi TexHonorii. PerioHanbHuWit MixBY3iBCbKMIA 36IpHUK HayKoBMX mpalb. - Bunyck 6(137). —
[Hinpo, 2021. — C.34 - 45.
MpoBeaeHo afanTalilo HU3KKM «KNACUYHMUX» Ta HENPOMEPEKEBUX aNrOPUTMIB NOLWYKY 0611y

Ans MOGiNbHMUX NPUCTPOIB, NPOAHaNi30BaHO AKICTb Ta YAaC BUKOHAHHSA TaKUX anropuTMiB. [ns npak-
TMYHOTO 3aCTOCYBaHHSA Halikpawmmu €: 1) BlazeFace, akuit mae cTabinbHi Ta TOYHi nependayeHHs,
OfjHaK, MeTof NpuiiMae Ha BXig 300paxeHHs nuwe ABox dikcoBaHux po3mipis; 2) MTCNN ekoHo-
MUTb 064YMCNIOBaNbLHI pecypcu, Koau 06any HeMAE, Ta € HabiNbL afanTUBHUM O pi3HUX po3Mipis
BXiHUX 300paeHb; 3) AKLLO X Hanbinble 3HAYEHHA MAE Yac BUKOHAHHS, TO MOXe OyTu BUKOpU-
CTaHuin meTop Ha ocHoBi HOG peckpuntopiB. Takox B pobOTi Gyno nokasaHo, WO KacKagwu i3
AETEKTOPiB afanTMBHO 3MiHIOIOTb Yac BUKOHAHHA B 3aNI€XHOCTI Bif CKNagHOCTI Ta 3MicTy 300pa-
KEHHSA.

bi6n. 10, in. 5, Tabn.1.

YK 004.043: 004.67

KopoTka J1.I. ®opmyBaHHA Habopy iH(hopMaTUBHMX 03HAK NpW PO3B'A3aHHI 3apay npo-
rHO3yBaHHA JOBroBiYHOCTI KOHCTPYKUiN // CuctemHi TexHonorii. PerioHanbHU MixBY3iBCbKMiA
36ipHUK HayKOBUX NpaLb. - Bunyck 6(137). — Axinpo, 2021. — C.46 — 53.

Y po6oTi 3anponoHoBaHO cnoci6 3800yTTs iHDOPMATUBHMX 03HAK AN HABYANbHOT BUOIPKM Y
3afja4ax MpOrHo3yBaHHS [OBroBiYHOCTI KOPOAYKOUMX KOHCTPYKLiN. MeToto poboTM € aHani3 Ta
OLiHKa 1HHOPMATUBHUX 03HAK, AIKi O3BONAIOTb NOKPALLUTMU AKICTb AAHWX Ta CTPYKTYpyBaTh ix. [ns
3000yTTA LiHHOCTI KOXHOT 03HaKM BUKOpPUCTOBYETLCA MeTof Kenpanna. MponoHyeTbes KopucTyBa-
TUCA HaBYaJbHOW BUOIPKOK Ans pobOTU 3 HEMPOHHUMU Mepexamu abo s NoOYAOBM HeYiTKOT
6a3yu 3HaHb TiNbKW micna GopmyBaHHA Habopy iHPOPMATMBHWUX O3HAK 3a iX iHAMBigYanbHOW
LiHHICTIO.

bi6n. 13.

YK 004.89

JlineBuy 0.0., Nlixoy3oBa T.A. MowykoBi cucremu // CuctemHi TexHonorii. PerioHanbHmiA
MiXKBY3iBCbKMI1 301pHMK HayKoBMX npaLb. - Bunyck 6(137). — lHinpo, 2021. — C.54 - 61.

CraTTs npucBsveHa OrnAfy NOLWYKOBMX CUCTEM, WO MOXYTb NpauloBatv 3 mepiadannamu.
AKTyanbHicTb po60TH MOB'A3aHa 3 TUM, WO BCe Ginble iHpopMauii i iHTepHETI npeacTaBNeHo He
TEKCTOM, a 300paxeHHAMM abo Bigeo. MeTa gociifKeHHs — BUABUTU NPobNEMY, WO BNAUBAIOTL HA
edeKTMBHICTb pOOOTH NOLWYKOBUX CUCTEM ANs poboTy 3 Meaiadainamu.

bi6n. 27,1in. 0, 7abn. 0

YK 004.048

MapTuHeHko A.A. CTPYKTypa Ta anroputMm po6oTu iHTeneKTyasbHOi CUCTEMU MiATPUMKM
NPUAHATTA piweHb ana ipeHTUdiKayii KynbTypHux uiHHocTen // CucTemMHi TexHosnorii.
PerioHanbHMit MixBY3iBCbKMIA 30IpHUK HayKOBMX npaub. - Bunyck 6(137). — [Owinpo, 2021. -
C.62 - 71.
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Po3rnspaerbcs anroput™m poboTH iHTeNeKTyanbHOi CUCTEMM MIATPUMKM NMPUAHATTA pilleHb
iaeHTUdIKaUiT KyNbTYPHUX LIHHOCTEA 1 KOpWUCTYBaya 3 HEwW, NWUTAHHA BU3HAYEHHA OCHOBHUX
cueHapiiB poboTu i obMexeHb. ABTOPOM HABOAMTHLCA [LOLiNbHICTb NOAINY NpOrpamHoi peanisauii
CUCTEMU HA OKpPeMi MoAyfi, WO A03BOAUTb 3pOOWTM MpOLEC MaclWTabyBaHHS CUCTEMU MeHL
TPYLOMiCTKUM i 6inbl edekTMBHUM. HaBoguTbes Habip iHCTpYMeHTapito Ans BUPilIEHHSA NoCTaBne-
Horo 3aBaaHHsA. [pu yomy pns ipeHTMdikauii Ta aHanisy pi3HUX TUNIB 00'€KTIB KyNbTYyPHUX
LiHHOCTEN MOXyTb OyTM nepembayeHi pi3Hi TUNMM HENPOHHMX Mepex. TaKOoX BiA3HAYAETHCA
CKNAAHICTb i KOMNNEKCHICTb NigXoAy BUPiLIEHHA NOCTaBAEHOrO 3aBAAHHS, BU3HAYEHT NepPCNeKTUBY
Ta WAAXM NOAANbLIOTO AOCTIAXKEHHSA AAHOT NPeAMeTHOT obnacTi.

bi6n. 6,in. 1, Tabn. 1.

YK 621.771:669.01(07)

borpan [1.A., banakiun B.®, ltoga M.M., HukonaeHko H).M. MaTtemaTuuHa mogenb CUNIOBOI i
necdopmauinHoi B3aemopii cmyru i BankiB npu npokatyi 3 iHTEHCUBHOW NNACTUYHOIO
nedopmauieto // CuctemHi TexHonorii. PerioHanbHWit MiXBY3iBCbKMIt 30ipHUK HayKOBMX npalb. -
Bunyck 6(137). — [IHinpo, 2021. — (.72 - 84.

Bce Ginbl XOpPCTKi BUMOTM NpeA'saBAAOTLCA [O AKOCTI HadTOora3oBux Tpyd, 30KpeMma, o ix
KOpO3iHOi CTiiKOoCTi. BuKopuCTaHHA ByrneueBux Mapok AN iX BUMIOTOBJEHHA 3a TPaguuiiiHOW
TEXHOJOri€l0 He 3abe3neyye AOCTaTHLOrO PiBHA 3aXMCTy Bif KOpO3ii abo € HaaTo Joporum. 3acTo-
CYBAHHA MexaHi3My iHTEHCMBHOT NNacTMYHOT fedopMaLii fAae 3MOrY 3HAYHO 3MIHUTU 3EPHUCTICTD i
TUM CaMWM NiABUWMTM MEXaHi4YHi BNACTMBOCTI MeTany Ta WOro KOpO3ilHy CTilKicTb. Po3pobneHa
CXeMa NpoCTOro NpoLecy NpPoOKaTKM 3 XONOCTUM PONIMKOM nepefbayac BUKOPUCTAHHSA THTEHCUMBHOT
nnactTuyHoi gedopmauii. MatemaTnyHa mogenb NpoLecy A03BONAE BCTAHOBUTM CNPABXKHIO CTYMiHb
Aedopmalii cMyru, CNpoeKTyBaTU NabOPATOPHUII eKCMEPUMEHT, BU3HAYUTKU KOPO3ilHY CTiMKiCTb
MeTasy Ta po3pobuMTH NPOMUCIOBY YCTAHOBKY AN 06pPOOKM BHYTPilIHbOT NOBEPXHi TPYO.

bi6n. 3, puc. 4.

YK 519.6

Xenpak T.A., Kopswkina JI.C., Tapanxa [.M., Cepaiok [.0. Cuctema nigTpUMKN NPUNHATTA
pilleHb NPO BUKOPUCTAHHA MeTany B 6araTtoeTanHoMy NPOKaTHOMY BUPOGHUUTBI // CuctemHi
TexHonorii. PerioHanbHUI MiXBY3iBCbKMII 30IpHUK HayKOBMX npaub. - Bunyck 6(137). — [Hinpo,
2021. - (.85 - 98.

MpencTaBneHa cucteMa MiATPUMKWM  NPUAHATTA  pilleHb 6asyeTbcs Ha  peanizauii
MaTeMaTW4YHOi MOAEeNi 3afayi ONTMMANbHOTO BUKOPUCTAHHA MeTany B ABOETANHOMY NpoLeci Moro
po3nofiny npu BUPOOHWLTBI NPOKATHOT NPOAYKLii, a came: Ha eTani po3/NMBKM CTai 3 KOBLUA MpK
KOHBEPTEPHOMY BMPOOHMUTBI i Nif yac hopMyBaHHSA 3aroTiBOK B MaWMHAX 3 HEMEPEPBHUM JINTTAM.
Kputepiin onTumanbHOCTI - MiHiMi3auia BTpaT meTany. BpaxoBytoTbcs BCi TMRM NpOAyKUii, Lo
BMPOONAETCA, i BapiaHTM poO3Kpow B ABOX nepeginax. [onepeaHs o6poOka 3aMoBNEHHs
nepef6ayae Moro po3OMTTA Ha TaKi YAaCTUHM, AKI MOXHA BUKOHATW B MEXax OfHI€T NNaBKM 3 SKOMO-
ra MOBHMM 3aMOBHEHHSAM KOBLA. 3aCTOCYBaHHA PO3p00/EHOT CUCTEMM 3a0€3neynTb He TifibKK
pauioHanbHe BUKOPWUCTAHHA MeTajy, ane W MiHiManbHy KiNbKiCTb nepeHanafok 061afHaHHA
pi3aNbHMUX MALIKH.

bi6n. 8,in. 1, Tabn. 5.
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YK 004.056:004.94

KopHieHko B.I., l'epaciHa 0.B., Tumocees [.C., Cacdapos 0.0., Kosanbosa H0.B. Mopeni
MOHITOpUHry camonofioHoro Tpadiky iHhopmauiitHO-KOMYHIKALIHUX MepeXx Ana cuctem
BUABJIEHHA aTaK // CuctemHi TexHonorii. PerioHanbHuil MiXBY3iBCbKUI 301 PHUK HAYKOBUX MpaLib.
- Bunyck 6(137). — IHinpo, 2021. — .99 — 113.

Po3rnsaHyTi aBTOperpeciiHi, dpakTanbHi Ta MynbTUGPAKTaNbHI  MOAENT MepexeBoro
camonogibHoro Tpadiky, fKi [03BONAIOTL (HOPMyBATU afeKBATHY €TaNoOHHY Mopenb (WwabaoH)
«HOpManbHOro» Tpadiky i 3a Helo BUABNATM aHOManii Tpadiky B cucTeMax BUABAEHHS Ta
3anobiraHHA aTak. LUnsaxom mMopmentoBaHHA BU3HAYEHO, WO CUTHANWU HEMPOMEPEXEBOrO i Helipo-
BEMBNETHOr0 aflanTUBHMX (iNbTpiB-anpoKCUMATOPiB, a TaKOX ribpuaHoi Ta 6eTa MynbTUBENBIET-

HUX MOAene afeKBaTHI eKCNepUMeHTaNbHOMY CUrHany Tpadika Ta MatoTb BifNOBiLHI CTAaTUCTUYHI
3aKOHOMipHOCTI i XapaKTepUCTUKM.

bi6n. 13,1in. 3, 7a6n. 1.

YK 519.281:621.317.088

IrHatkin B.Y., Anekceenko C.B., Top6iituyk M.I. ABTOMaTu3auia po3B’A3aHHA 3apau
onTumizauii napameTpiB cuctem MeTponoriyHoro o6cnyroByBaHHA BUMipIOBasIbHUX 3aC06iB
aBTOMaTU30BAaHMX TeXHONOrYHMX npoueciB Ta ix 6e3neka // CuctemHi TexHonorii.
PerioHanbHMI MiXBY3iBCbKMI1 36ipHUK HaykoBux npaub. - Bunyck 6(137). — [Awinpo, 2021. -
C.114 - 133.

3po6neHo cnpoby BUPILIMTK 3a[a4y OXOMIEHHS Pi3HOMAHITHUX MOfeNell B paMKax CUHTE3Y i
LOCNIAXEHHS iMiTaLiHWUX KOMN'OTEPHUX MOAENel, fKi aKTMBHO BUKOPWUCTOBYIOTb 6a3zy AaHMX
3aco6iB BUMipioBaHHSA NignpuemcTB. Po3pobneHo i nporpaMHO peani3oBaHO MOLENb, IKA LO3BONSAE
B THTEPAKTUBHOMY PEXMMi, 33aBIUNCb EKOHOMIYHUMMU i METPONOTTYHUMU KPUTEPIAMM, BU3HAYATM
3HAYEHHA ONTUMANbHUX MiIXKMNOBIPOYHMX Ta MIXXPEMOHTHUX MNPOMIXKIB, ONTUMaNbHE YUCNO
nepeBipoK Yy MiXXPEMOHTHOMY MPOMiIXKY Ta iHWi napametpu. OTPUMAHO 3aneXHOCTI, AKi J03BONA-
t0Tb JOCHiAXYyBaTW BNAWB NapaMeTpiB AKOCTi 00CNYroByBaHHA HA KOMMEKCHi MOKa3HUKM
HafiiHOCTi. BUKOpUCTaHHA pe3ynbTaTiB JOCNIKEHHA AaCTb 3MOTY B AialOrOBOMY PEXMUMi aBTOMA-
TU30BaHOTO poboyoro Micus MeTposiora BupiwyBaTM 3agayi  onTumizauii  napametpis
MeTpOJIOriYHOro 06CNYroByBaHHSA, NPOBOLMTM AiarHOCTUKY 1 MPOrHO3yBaTM METPOSIOTiYHY
HafiHiCTb 3ac06iB BUMipIOBaNbHOT TEXHIKW, NOKPALLYBATU TOYHICTb BUMipIOBAHHSA i 3MEHLIYBATH
MOBIPHICTb BUHUKHEHHSA NPUXOBAHMX BiMOB.

bi6n. 16, in.10.

YK 004.4

Cokin I1.0., Bonkoscbkuit 0.C. Cuctema KoHBepTauii BUXiAHWX NpoOrpamHux Kopis //
CuctemHi TexHonorii. PerioHanbHUI MixBY3iBCbKNIA 36IpHUK HayKOBKX npaLb. - Bunyck 6(137). -
[Oxinpo, 2021. — C.134 - 145.

HapocTatounit 0bcsar TexXHONOrii, NPUNUHEHHA MiTPUMKKM 3ac06iB PO3pOOKM, WO aKTUBHO
BUKOPUCTOBYIOTbCH, 3acTapine API i T. 4., BUKIMKAOTb noTpeby KOHBEpTALii NporpamMHux Kogis. Y
IT KoMnaHisX i He TiINbKKM YacTO BUHUKAE NUTAHHS NiagTPUMKK 3acTapinoro 13, sKUM NpoAoBKYIOTb
KOPWUCTYBATUCA KJiEHTH, abo nepeknagy HuHiwHboro M3 Ha akTyanbHi TexHonorii. [ns
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NpOrpamicTiB pauioHaNbHille KOPUCTYBAaTUCSA KOHBepTaLli€to, 36epirwm 6inbly YacTUHY iCHYOYOi
KogoBoi 6a3u, Hix nepenucyBatu Bce 13 Bpy4HY, HaBiTb AKLLO 3HAZOOUTLCSA PYYHE KOPUTYBAHHS.
Ha paHWit MOMEHT sIKiCHMX cMCTEM KOHBepTalii KOfiB icHye Hebarato. 3aebinbloro, cuctemu
KOHBepTaLii npauylTb HenmoraHo nuwe 3 noAibHMMWM MOBaMM MpOrpaMyBaHHs. 3aBfaHHA
KOHBepTaLii nporpaMHUX KOAiB € rMMOOKOI0 Ta CKAafHOW TeMmolo. [porpamicTu HamaralTbes no-
KpawuTyK TEXHOOrT nepeknaay, CTUKalounch i3 6aratbMa TpyAHOLWAMK. Y Lill cTaTTi po3rnsaaoTbes
6a308Bi NpuHLUMNK NOOYA0BM CUCTEMU KOHBEPTALLiT NPOrpamMHIUX KOAiB Ta AesKi 0Co6MBOCTI Nig yac
i npakTUYHOi peanizauii.

bion. 12.

YK 519.689:004.42

Bynateubkuit €.1., 3aiiues B.[. 06 ogHoMy migsnofi A0 po3po6KU CUMYNATOPY PYXy aBTO-
HOMHOrO TPAHCMOPTHOro 3acoby 3 HaBYaHHAM // (uctemHi TexHonorii. PerioHanbHuii
MiXBY3iBCbKMI1 30IpHUK HayKoBMX NpaLb. - Bunyck 6(137). — OHinpo, 2021. — C.146 — 155.

Y naHoi poboTi po3rNAfAETbCA NMUTAHHA BUKOPUCTAHHA TPEHAXEPIB ANA YNPaBIiHHA pyXOM
aBTOHOMHOFO TPAHCMOPTHOrO 3acoby Ta po3pobKa HOBOTO CUMYNATOPY Ha MOBi NporpamyBaHHs C#
Ta y cepepoBuwi ans peanizauii cumynauiiHmux cued Unity 3D. Y cumynayii BUKOPUCTOBYETLCA
HeMpOHHA Mepexa NPAMOro nowupeHHs. CTBopeHnii cumynsaTop - 6a30Ba, 6E3KOLTOBHA, NOYATKO-
Ba Bepcis. CumynaTop Moxe OyTH 3aBaHTAXKEHUM Oyab-AKUM po3po6HMKOM 3 nnaTdhopmu GitHub Ta
BUKOPUCTAHWUI ANs peanisauii, TeCTyBaHHA Pi3HUX aNrOpUTMiB HaBYaHHA ANA HEMPOHHOT Mepexi, y
TOMY YMCAi 11 CTBOPEHMX BNACHOPYYHO.

bi6n. 7.

YK 004.9

Hemunwmn A.A., bypeHkos H0.C. Be6-cuctema MopenioBaHHA NOBEpXOHb HAa OCHOBI nart-
yeir Ketmana-Poma // CuctemHi TexHonorii. PerioHanbHWit MiXBY3iBCbKUI 30ipHUK HAyKOBUX
npaub. - Bunyck 6(137). — Oninpo, 2021. - C.156 — 166.

B po6oTi po3rnsHyTo 3afa4y po3pobKM CUCTEMATU30BAHOT CYKYMHOCTI KPOKiB CUHTE3Y XUBOT
KapTUHW, IKa BK/IOYAE: CTBOPEHHSA aHiMaLii, reHepauia MapKepy, PO3MilLeHHA KapTUHU Ta MapKepy
Ha NNOWWHI ranepei; 3axonneHHA Bifeo NOTOKY; BiACTEXEHHA MapKepa AOMOBHEHOi peanbHOCTi;
No3nLioHyBaHHA 00’EKTIB JONOBHEHOT peanbHOCTI BiHOCHO MapKepa; BifoOpaxeHHs aHiMalii Ha
eKpaHi npuctpot. [lokasaHo, WO 3aCTOCyBaHHS HaBefeHOi MOCHifAOBHOCTI  anropuTMiB
KOMN'oTEPHOro GayeHHsA A€ MOXNMUBICTb MPOBOAUTM CTabiNIbHE PO3Mi3HABAHHA MApKepy, a METoaM
NPOEKTUBHOT reoMeTpii 03BONAIOTb BiAHAWTM PO3Mipy MapKepa Ta BU3HAYUTU NIOWMHY HOTO po3-
TalyBaHHA 418 NO3MLIOHYBAHHA aHiMaUii.

bi6n. 10, in. 9.

YK 004.623

Cuthuk P.C., THaTyweHko Bik.B. MpoeKkTyBaHHA Ta AOCNIAXKEHHA CUCTEMU MOHITOPMUHIY
pyxy ToBapiB Ta pecypciB 3 3aCTOCYyBaHHAM GnokuyeitHy // CuctemHi TexHonorii. PerioHanbHuit
MiXBY3iBCbKMI1 30IpHUK HayKoBMX NpaLb. - Bunyck 6(137). — OHinpo, 2021. - C.167 - 175.

JocnifxeHHs TexHonorii 61o0kyeiHy B iHHOPMaLiNHUX CUCTEMAX MOHITOPUHIY pyXy TOBApiB
Ta pecypciB Ans NOJIMNIWEHHA NPOLECiB BIACTEXEHHA Ta aBTOMAaTW3aLii y NaHUorax noctayaHHs.

MobyaoBaHO NPOTOTUN 3 BUKOPUCTAHHAM TEXHOMONT GI0KYEHY Ta CMApT-KOHTPakTiB. poBeaeHo
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il aHani3, @ocnimKeHo BNACTUBOCTI po3pobneHoi cuctemu. 3po6ieHo BUCHOBOK NPO MOKPALLEHHS
NPO30pOCTi NPOLLECY BiACTEXEHHS Ta aBTOMATM3aLLii y IaHLOrax NOCTaYaHHs.

bi6n. 6,in. 2.

YK 662.9

Hazapenko 0.M., HasapeHko I.A., Iwenko 0.C., becapab T.M., Kynik M.B. MoaenioBaHHs
cTpateriyHux npioputeTiB npu TepmomopaepHizauii npomucnoBux GyaiBenb 6noK4eiHy //
CuctemHi TexHonorii. PerioHanbHUI MixBY3iBCbKMIA 36IpHUK HayKOBKX NpaLb. - Bunyck 6(137). -
[xinpo, 2021. - C.176 - 187.

B po6oTi BMBYAETLCA NUTAHHA ayaUTY NPOMUCIOBUX MIOLY, Ta OFNIAZ NEPefoBUX TEXHONOri i
BUPOOHMLTBA OyaiBenbHUX Matepianie 3 Bigxofis. MOTOYHi BUMipK BUTPAT eHeproHociis, nepesu-
LWEeHHSA NiMITIB Ta 340POXYaHHA pecypciB BUMarae (opMyBaT HayKOBO-TEXHOOMYH1 aKLEHTH Ans
po3pobKM KOMOiHaLil cymileit npu dopmyBaHHi GyAiBenbHUX MaTepianiB. B xo4i ekcnepuMeHTiB
BMBYEHO TEMNOTEXHIYHI BNACTMBOCTI MiHOMNACTY, €KOBATW, NMiHOMONICTEpONy, MiHepanbHOi BaTH,
Kepam3uTy, eKoBaTu 3 Kepam3uToM. [loCnign noKasyioThb, WO CTAaHAAPTHI TEXHONOrT yTenneHHs He
npawuiooTb NPOJYKTMBHO Yy pasi nmpomucnosux OypiBenb i3 MiHiManbHUM  (DiHAHCYBaHHAM.
HeobxigHa iHTerpoBaHa TexHOMOrA OTPUMAHHA CyONPOLYKTY i3 BTOPUHHUX pecypciB. Ayaut
BiAX0A4iB HA MiANPMEMCTBI MOKA3aB MOMXAMBOCTI BMKOPUCTAHHA MEPBUHHUX OyaiBENbHUX
MaTepianiB na reHepauii cybnpopykty. HasBHe o6nagHaHHA 3 MiHiManbHUMU [OpPOOKaMu
LO3BONIIE OTPUMYBATW HOBWIA NPOAYKT MPWU €HAOTEPMiYHOMY NPOLECi Cy4yyBaHHSA Kepam3uTty.
MpoBeAeHi AOCNIAXEHHS TEPMiYHOrO ONOpY OTPUMAHOrO MaTepiany NOKa3ylTb 3pYy4HiCTb BUPOO-
HULTBA BUPOOY LOTPMMAHHSA CaHITapHUX yMOB Oy/iBENb NPOMUCIOBOrO MifNPUEMCTBA.

bi6n. 9.

YK 004.9:66.017

3axapos 0.0., CenisbopctoBa T.B., CeniBbopctoB B.B., banakiH B.®. Kamkina JI.B.
DocnipkeHHa ocobnusocTeit uupoBux 306parkeHb METANIOCTPYKTYP, WO MicTATL Kapbigu //
CucTtemHi TexHonorii. PerioHanbHuWit MixBY3iBCbKMIA 36IpHUK HayKoBMX npalb. - Bunyck 6(137). —
[Hinpo, 2021. — C.188 - 199.

CratTs npucBsiveHa po3pobui iHhopmaLiiHOT Mogeni npu3HayeHoi ans aHanisy uudposmx
306paxkeHb MeTaNOCTPYKTYP 3 KapbifgHUMK BKpanneHHaMU. [poBeAeHNIT aHani3 NiTepaTypHUX axe-
pe”n, BTCHOBNEHO, WO LOCHIAXKEHHS METaNoCTPYKTYP € aKTyalbHUM iHCTPYMEHTOM OLiHKM AKICHUX
XapakTepucTuK. HasBHicTb Kap6ifiB B CTPYKTYPi MeTany Ma€ 3HAYHWUI BMIMB HA iOro AKicTb. HaBe-
AEHWIt OrNAA METOAMKM BUBYEHHT CTPYKTYPU METaNy, BU3HAYEHO BAXIUBICTb eTany 06pobku 306-
paXKeHHs meTanocTpykTyp. OnucaHi 0CHOBHi cnocobu oTpUMaHHs LU pPoBUX 300paXKeHb CTPYKTYPK
metany. [lpencTaBneHi 3pasku MeTanoCTpykTyp, 3 Kapbigamu. 3anponoHOBAHO MpOLeAypy
uncdpoBoi 06poOKM 3006paxeHb METANOCTPYKTYP 3 KipOiAHUMU BKpPanNeHHAMM, AKAa CKNAFAETbCA 3
nepeBefeHH 300pa)KeHHs B HAMIBTOHOBE, KOHTPACTyBaHHA Ta Noporosoi 6iHapisauii.
pofeMOHCTPOBaHi pe3ynbTaTh BU3HAYEHHS KapbigHMX BKpamnseHi i3 3aCTOCYBaHHAM NpoLefypu
uncdpoBoi 06pobku 306paxeHb. MNokasaHi nepesaru Ta HeAOMIKM MiAxody, BU3HAYEHT HANPAMKM
BAOCKOHANEHHS.

bion. 17.
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UDK 621.365.5

Dukhnevich K.L., Kravets 0.V., Spirintseva 0.V. Investigation of the parameters influ-
ence of a cylindrical inductor with two-layer inwall on its temperature // System tech-
nologies. N 6(137) - Dnipro, 2021.- P.3 — 13.

The study of the thermal state of a two-layer inwall of a cylindrical inductor for twelve
pairs of heat-insulating materials is considered. The mathematical model of process, the
scheme of the cylindrical inductor, the table of pairs of the investigated heat-insulating ma-
terials of an inwall layers are resulted. The diagram of the inwall inner surface temperature
depending on the pair of materials of its layers and the graph of the inwall temperature de-
pending on the thickness of its layers for the pair "fireclay-asbestos" are calculated and con-
structed.

Bibl. 14, il. 3, tabl. 1.

YK 004.056.5

Volkovskyi 0., Pachevskyi M., Obydennyj E. Concept of digital voting based on the
Blockchain technology // System technologies. N 6(137) - Dnipro, 2021.- P.14 - 23.

Democratic voting is one of the most popular methods of resolving socially important
issues in developed countries. The most common method of voting is the paper system. This
method has certain disadvantages, including technical (falsifications, calculation errors, lack
of transparency), social and economic (high cost to the budget). Electronic voting systems
have not become widespread due to security issues, verification of results or incorrect opera-
tion of software .

Blockchain technology is based on a transactional model. The principle of operation of
blockchain technology is shown in Pic. 1. Each user has his "wallet" with unique public / pri-
vate keys, which confirm any action of the user. Transactions (agreement, shipment), which
are carried out by all users of the system, are stored in successive blocks. Since the hash of
the data of the previous block is used when generating the next, the consistency of the data
within the blockchain is ensured.

Bibl.5.

uUbC 004.9

Hnatushenko V.V., Gnennyi I1.0., Udovyk I.M., Shevtsova 0.S. Segmentation of aero-
space images using convolutional neural networks // System technologies. N 6(137) - Dni-
pro, 2021.- P.24 - 33.

The paper proposes a new method for segmentation of aerospace images of high spatial
resolution based on convolutional neural networks and mask generation. Semantic features
are used to reduce errors at the semantic level of the outline. The results show that the pro-
posed algorithm can effectively improve the overall segmentation accuracy of high spatial

resolution remote sensing images and reduce training time and segmentation time.
Bibl. 9, Fig. 2.
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UDC 004.93

Khabarlak K. Mobile Face Detection Algorithm Inference Traits // System technolo-
gies. N 6(137) - Dnipro, 2021.- P.34 - 45.

Five established as well as neural-network-based algorithms have been adapted for exe-
cution on mobile devices. Each method’s accuracy and inference time have been analyzed. We
suggest that for the practical use-cases the best algorithms are: 1) BlazeFace, which has sta-
ble and accurate predictions, however, the method accepts only two image resolutions as in-
put; 2) MTCNN saves computational resources, when there are no faces, and is the most adap-
tive method with respect to input image resolution; 3) if time is of most importance, HOG face
detector can be used. Also, we show that detector cascade adaptively changes inference time
depending on image content complexity.

Ref. 10, fig. 5, tables. 1.

UDC 004.043: 004.67

Korotka L.I. Formation of a set of informative features when deciding problems of
predicting the durability of structures // System technologies. N 6(137) - Dnipro, 2021.-
P.46 - 53.

The paper proposes a method for extracting informative features for the training sample
in the problems of predicting the durability of corroding structures. The work aims to analyze
and evaluate the informative features that improve the quality of the data and to structure
them. Kendall™ s method is used to determine the value of each trait. It is proposed to use the
training sample to work with a neural network or to build a fuzzy knowledge base only after
the formation of a set of information attributes on their value.

Bibl. 13.

UDC 004.89

Linevych 0.0., Likhouzova T.A. Search engines for video // System technologies.
N 6(137) - Dnipro, 2021.- P.54 — 61.

The article is devoted to an overview of search engines that process media files. The
relevance of the work is due to the fact that more and more information in the Internet is rep-
resented not by text, but either images or video. The purpose of the study is to identify prob-
lems that affect the search engines work performance. The key points for any search engine
are the form of saving the tag tags used in the search and the algorithms used for the search
(these factors determine the speed of the search), as well as how accurately the tags charac-
terize the video (this factor determines the accuracy of the search). We are primarily inter-
ested in the accuracy of constructing tags that describe video clips. To increase a system effi-
ciency it is necessary to make a model that would simultaneously combine sound and images
(i.e. combine information that was produced during analysis of both), regarding the history of
sounds and images of the video and form logical connections with minimal information loss.

Ref. 27, pic. 0, tabl. 0
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UDC 004.048

Martynenko A.A. The structure and algorithm of the intelligent decision support sys-
tem for the identification of cultural values // System technologies. N 6(137) - Dnipro,
2021.- P.62 - 71.

The algorithm of work of an intelligent decision support system for identification of cul-
tural values and the user with it, the issues of determining the main scenarios of work and re-
strictions are considered. The author provides the expediency of dividing the software imple-
mentation of the system into separate modules, which will make the process of scaling the
system less laborious and more efficient. A set of tools for solving the problem is presented.
Moreover, for the identification and analysis of various types of objects of cultural values,
various types of neural networks can be provided. It also notes the complexity and complexity
of the approach to solving the problem, certain prospects and ways of further research of this
subject area.

Bibl. 6, pic. 1, tab. 1.

UDC 621.771:669.01(07)

Bohdan D., Balakin V., Shtoda M., Nykolayenko Yu. Mathematical model of force and
deformation interaction of strip and rolls during rolling with intense plastic deformation
// System technologies. N 6(137) - Dnipro, 2021.- P.72 - 84.

Increasingly stringent requirements are imposed on the quality of oil and gas pipes, in
particular, on their corrosion resistance. The use of carbon grades for their manufacture using
traditional technology does not provide a sufficient level of corrosion protection, or is too
expensive. The use of the mechanism of severe plastic deformation (SPD) makes it possible to
significantly change the grain and thereby increase the mechanical properties of the metal
and its corrosion resistance. The developed scheme of a simple rolling process with an idle
roller assumes the use of SPD. The mathematical model of the process makes it possible to
establish the true degree of strip deformation, design a laboratory experiment, determine the
corrosion resistance of a metal, and develop an industrial installation for processing the inner
surface of pipes.

Bibl. 3, pic. 4

UbDC519.6

Zheldak T.A., Koriashkina L.S., Haranzha D.M., Serdiuk D.0. Decision support system for
the use of metal in multi-stage rolling production // System technologies. N 6(137) - Dni-
pro, 2021.- P.85 - 98.

The presented decision support system implies the mathematical model of the optimal
metal use problem in the two-stage distribution in the rolled production: at the stage of cast-
ing steel from the ladle in converter production and during billet formation in machines with
continuous casting. The optimality criterion is the metal losses minimization. We consider all
production types and all cutting options in two rolling redistributions. Pre-processing the or-
der involves its division into parts that can be performed within one melting, filling the
bucket as fuller as possible. The application of the system will allow to use of metal rationally

and minimize the number of readjustments of the equipment of cutting machines.
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UDK 004.056:004.94
Korniienko V., Gerasina 0., Tymofieiev D., Safarov 0., Kovalova Yu. Models of monitor-

ing of self-like traffic of information and communication networks for attack detection
systems // System technologies. N 6(137) - Dnipro, 2021.- P.99 - 113.

Autoregressive, fractal and multifractal models of network self-similar traffic are con-
sidered, which allow to form an adequate reference model (template) of "normal" traffic and
to detect traffic anomalies in attack detection and prevention systems. Models of fractal
Brownian motion and fractal Gaussian noise were considered as models of fractal motions, be-
cause they have self-similarity and long-term dependence properties that correspond to the
properties of experimental data, as well as the possibility of their analytical interpretation.
When evaluating and identifying processes for the implementation of autoregressive models
use adaptive filters-approximators, among which there are neural network and neuro-wavelet.
The following were used as multifractal models: a multifractal wavelet model with a beta dis-
tribution and a hybrid multifractal wavelet model in which the beta distribution is used on a
coarse scale and the distribution of point masses on an accurate scale By modeling as a result
of adaptation and learning of models, autocorrelation functions, spectra and variances of
model signals qualitatively correspond to the graphs of the experimental signal. In addition,
the qualitative and numerical values of the characteristics of the model signals generally cor-
respond to the characteristics of the experimental signal. In this case, beta multifractal wave-
let models have a smaller error of determination of characteristics than hybrid multifractal
wavelet models, and the relative root mean square error of approximation of the experimental
signal using a neural network adaptive filter approximator does not exceed 0.046. Statistical
verification by non-parametric criterion of signs allowed to establish the adequacy of experi-
mental and model signals with a significance level of 0.01. Further research should be aimed
at developing and using predictive models of self-similar traffic in attack detection and pre-
vention systems, which will increase the efficiency of attack detection.

Bibl. 13,ill. 3, tabl. 1.

UDC519.281:621.317.088

Ignatkin V., Alekseyenko S., Gorbiychuk M. Automation of solving problems of optimi-
zation of parameters of metrological maintenance system of measuring equipment //
System technologies. N 6(137) - Dnipro, 2021.- P.114 - 133.

The article attempts to solve the problem of coverage of various models within the
framework of synthesis and research of simulation computer models that actively use a data-
base of enterprise measurement tools. A model has been developed and implemented as soft-
ware, which allows, in interactive mode, by specifying economic and metrological criteria, de-
termining the values of optimal inter-verification and inter-repair intervals, the optimal num-
ber of checks in the inter-repair period and other parameters.

The use of the results of the study allows a metrologist to solve the problems of optimi-
zation of parameters of metrological service, to diagnose and predict metrological reliability
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of means taking into account the impact on the quality management system of the enterprise,
to improve the accuracy of measurement and reduce the likelihood of hidden failures.

Ref. 16, fig.10.

UDK 004.4

Sokol I., Volkovskyi 0. Program source codes conversion system // System technolo-
gies. N 6(137) - Dnipro, 2021.- P.134 — 145.

The growing volume of technologies, the end of actively used development tools sup-
port, outdated API etc., entails the need of program codes conversion. In IT companies and
not only, often begged the question of deprecated software support, which customers con-
tinue to use, or translation of current software to actual technologies. It is more rational for
programmers to use the conversion and save most of code base, than rewriting all software by
hand, even if manual adjustment is needed. At this moment, there are few high-quality code
conversion systems. Largely, conversion systems work well only with similar programming lan-
guages. The task of program codes conversion is a deep and complex topic. Programmers are
trying to improve translation technologies and facing with many challenges. This article dis-
cusses the basic principles of building a system for program codes conversion and some fea-
tures of its practical implementation.

Bibl. 12.

UDC 519.689:004.42

Butatetsky E.I., Zaytsev V.G. On one approach to the development of a simulator of
the movement of an autonomous vehicle with training // System technologies. N 6(137) -
Dnipro, 2021.- P.146 — 155.

The article deals with the use of simulators for controlling the movement of an autono-
mous vehicle and development of a new simulator. The approach to creating a simulator of
motion of a vehicle in the C# programming language is described. In the development for the
implementation of simulation scenes used Unity 3D multi-platform tool is used in the devel-
opment. The simulation uses direct propagation neural network that does not have a clear
number of input level neurons, having only a constant output level, consisting of two neu-
rons: the first one is responsible for acceleration, the second one is responsible for the ability
of the car to turn left or to the right. Also, there is no clearly defined number of hidden levels
and neurons located there. All this data in the simulation can be determined by the user. The
input to the neural network values received from lasers. The lasers measure the distances to
obstacles and feed the values to the input of the neural network. A sigmoidal activation func-
tion is implemented. To train the neural network an augmented learning algorithm is used,
namely, a genetic algorithm applied to each vehicle, starting with the creation of each vehi-
cle's own list of genes. In the network of each vehicle the number of genes is equal to the
number of weights. For the first generation, the weights are set randomly. For the simulation,
a generalized neural network with a large number of settings, with it is possible to change its
structure: it is possible to change the number input level neurons that depend on the number
of lasers at vehicle, their range, the height at which they detect interference, field of their
visibility; you can change the number of hidden levels and the number of neurons that will be
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located there; control the mutation process used in the genetic algorithm; define the value of
the mutation and the range of variation at which values can be varied; turn on and off the
self-preservation, change vehicle speed, acceleration, set the maximum and minimum speed,
edit the parameters responsible for the rotation of the car and its smoothness. Implementa-
tion of the project is provided on GitHub. The simulator can be downloaded by any developer
from GitHub and can be used to implement and test various neural network training algo-
rithms, including work of your own design.

Bibl. 7.

UDC 004.9

Demchyshyn A.A., Burienkov Y.S. Web-system for modeling surfaces based on Cat-
mull-Rom patches // System technologies. N 6(137) - Dnipro, 2021.- P.156 — 166.

An algorithmic model of the Hermit surface construction under the Catmull-Rom condi-
tion and nonzero surface torsion vectors is obtained. It is shown that the Catmull-Rom condi-
tion makes it possible to glue individual patches with first-order smoothness, which is a guar-
antee of ergonomic surfaces. It is shown that a single control point has a local effect on the
surface, namely on the 12 surrounding patches. The development of a software system for
modeling the surfaces of objects with the client part in the form of a web application, which is
based on the architectural style of SPA, showed that the user experience of such an applica-
tion is close to the experience of using a desktop program.

Bibl. 10.

UDC 004.623

Sytnyk R., Hnatushenko Vik. The Design and Research of a System for Monitoring the
Movements of Goods and Resources Using Blockchain // System technologies. N 6(137) -
Dnipro, 2021.- P.167 — 175.

Research of blockchain technology in information systems for monitoring the move-
ment of goods and resources to improve tracking and automation processes in supply chains.
Building a prototype using blockchain technology and smart contracts. Analysis, properties of
the developed system are investigated. Based on prototyping, it was concluded that the
transparency of the tracking and automation process in supply chains is improved.

Refs. 6., imgs. 2.

uUDC 662.9

Nazarenko 0., Nazarenko I., Ishchenko 0., Besarab T., Kulik M. Modeling strategic pri-
orities for thermal modernization of industrial buildings // System technologies. N 6(137)
- Dnipro, 2021.- P.176 - 187.

The technology for generating positive ideas is based on human experience, the need
to improve the technological process or reduce the operating costs of production and the ba-
sic amount of industrial waste. The work devoted the audit of industrial buildings and an
overview of advanced technologies for the production of building materials from waste. Cur-
rent measurements of energy consumption, exceeding the limits and increasing the cost of
resources require the formation of scientific and technological accents for the development
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of mixture combinations in the formation of building materials. In the course of the experi-
ments, the thermal properties of polystyrene, ecowool, expanded polystyrene, mineral wool,
expanded clay, ecowool with expanded clay were studied. Experiences show that standard
insulation technologies do not work productively in the case of industrial buildings with
minimal funding. An integrated technology for obtaining a by-product from secondary re-
sources is needed. Waste audit at the enterprise showed the possibility of using primary
building materials for the generation of by-products. The available equipment with minimal
modifications makes it possible to obtain a new product during the endothermic process of
expanded clay swelling. The possibility of obtaining materials of different densities is con-
venient for use in any enterprise, when issuing recommendations for increasing the thermal
resistance of the shell. The conducted studies of the thermal resistance of the obtained ma-
terial show the convenience of manufacturing a product for compliance with the sanitary
conditions of industrial buildings.

Bibl. 9.

UDC 004.9:66.017

Zakharov A., Selivyorstova T., Selivyorstov V., Balakin V., Kamkina L. Features of metal

structures digital images containing carbides investigation // System technologies.
N 6(137) - Dnipro, 2021.- P.188 - 199.

The article is devoted to the development of an information model intended for the
analysis of metalstructures digital images with carbide inclusions. The analysis of literary
sources is carried out, it is established that the study of metal structures is an important tool
for assessing qualitative characteristics. The presence of carbides in the metal structure has a
significant impact on its quality. A review of the for studying the structure of a metal is
given, and the importance of the stage of metal structures image processing is determined.
The main methods for obtaining digital images of the alloy structure are described. Samples
of metal structures with carbides are presented. A procedure for digital processing of metal-
structures images with kibide inclusions is proposed, which consists of image conversion to
grayscale, contrasting, and threshold binarization. Demonstrated results of carbide inclusions
determination using digital image processing procedure. The advantages and disadvantages
of the approach are shown, directions for improvement are identified.

Bibl. 17.
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